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BBegeHue

TeOpI/IFI onTMmMmm3auunm OCHOBaHa Ha NCMNoJib30BaHUU
MaTeMaTn4eCknx metTogoB AJ1id HaxXoxXgeHnNA ONTUMalibHbIX, B
ornpegerieHHomMm CMmblCrie, peLueHvuZ pa3JyIM4HbIX 3ada\u.

OnpepneneHne cmbicria ONTUMAanbHOIO pPeLIeHna SBMSETCS
3agaden npuknagHou obnactu. B obnactm  noctpoeHust wm
aKcnnyaTtauum ceTen CBs3n, MOryT paccMaTpmBaTbCsl ONTUMAarbHbIE
peLeHna B 4YacTu Bblbopa PM3NYECKON U JIOMMYECKOW CTPYKTYpPbI
CETN CBA3M, NapaMeTpPOB CETEBLIX 3MEMEHTOB, pacnpeaeneHus
pecypcoB, yrnpaBneHusi TpaPukoMm U KavyecTBOM OOCHYyXMBaHUSA C
y4eTOM HeoDXoaMMBbIX TpeboBaHUM N HOPMATUBOB U Ap.

OCHOBHbIE 3Tanbl NOSTyYEHNA ONTUMASbHOIO pPeLleHnsa COCTOAT
B OMNUCaHUM MOAENUN paccMaTpuMBaAEMON CUCTEMbI, OonpeaeneHunn
ueneBon QYHKUMW N HaxOoXOeHWn ee 3KcTpemyma. Peanusauus
9TUX 3TanoB 3aBUCUT OT CNEUUPUKM N CINOXHOCTU KOHKPETHOM
3aJa4m N MOXeT BbITb BbINOSHEHA Pa3NMYHbIMU METOJAMMW.

B pgaHHOM MaTepuane paccMaTpuBaloTCs  BO3MOXHblE
nogxodbl U MeToObl peLleHns NoAobHbIX 3aaau.



1. MoHATME onTMM3aummn

OnTMM3aumsa 370 NOMCK TAKOrO PELLEHNS), BO MHOXXECTBE BCEX BO3MOXHbIX PELLEHNIN, KOTOPOE NO
HEKOTOPbLIM NpU3HaKam nNpeanovTUTENbHee OPYrux.
Optimus (nart.) — ny4wun.

OnTuManbHOe COCTOAAHUE — TaKoe COCTOSIHME CUCTEMBI, B KOTOPOM fto6oe nameHeHne napameTpoB
yrnpaBreHns He NPUBOANT K XKenaemMbiM N3MEHEHUAM COCTOSHUS.

[na noctaHoBKM 3agaqn onTuMmMsauum Heob6xoaAnmMo UMETb:

1. MNpeagmeT onTMMU3aumm — oNnTUMM3npyemas cmctema (CBsiau)

2. BO3MOXHOCTb BNUAHUSA Ha cuctemy (Mogerib CUCTEMBI), NOCPECTBOM Habopa HEKOTOPbIX
napameTpoB

3. BO3MOXHOCTb OLIEHKN COCTOSIHUS CUCTEMBI (MOLENN CUCTEMDI)

OnTnMmuampyemas cuctema

[Moka3aTenu cocTosHUA

[MapameTpbl ynpaBneHus
Mopenb cnctembl

Kputepun ontumansHOCTH



1o coBpeMeHHbIM NpeLCTaBreHnsaM aHanua, CUHTe3 1 yrnpasneHne CNnoXHbIMM cUucTeMamMmm
npakTU4eckun ftoboro NPOUCXOXKAEHUSA, B TOM YMCIE, U CETEN CBA3M, BO3MOXHbI fLLIb HA OCHOBE
OnucaHus 3TUX CUCTEM B (popMe MaTeMaTUYeCcKnx Mogenemn.

[ns onucaHnsa TaknMx Mogenen xapakTepHo Hannyne AByX rpynn 9fIEMEHTOB, YBA3aHHbIX B €ANHYI0
CUCTEMY N B3aMOAEUCTBYHOLLNX OPYr C APYrOM:

-3HaYeHNS 3NIEMEHTOB OLHOWN rpynnbl MOTYT N3MEHATLCS B ONpeLeneHHbIX rpaHuLax;

-3HaYeHNA 3rIeMEHTOB BTOPOW rPynbl 3aBUCAT OT 3HAYEHUWN 3NIEMEHTOB NEPBOU rPynnbl.

[Mapamempsbi yripagrieHusi — napaMmeTpbl CUCTEMbI, KOTOPLIMU MOXHO U3MEHATb, N U3MEHEHNE
KOTOPbIX NPUBOANUT K UBMEHEHWUIO COCTOSAHUS CUCTEMbI (MapamMeTpoB PYHKLMOHNPOBaHUSA
CUCTEMbI)

[lokazamersiu cocmosiHUsi cucmeMbl — HEKOTOPbIE NapamMeTpbl CUCTEMbI, 3HAYEHUSA KOTOPbIX
XapaKkTepusyoT COCTOSIHNE CUCTEMbI UMM MHTEPECYIOLLIME HAC nokasaTenv ee
dYHKLUMOHNPOBAHUA.

Hanpumep, ecnu nog cMctemomn NOHMMaThb JIMHUIO CBA3U MeXAy ABYMS y3fiaMu CETU CBA3U, TO
napamMmeTpamu ynpaBneHus MoryT ObiTb, Takme napameTpbl, Kak YMCIO KaHarnoB
(coeanHNTENbHbIX NMNHWIA), NPONYCKHast CNOCOBHOCTL (ckopocTb M), Yncno pusndeckmx NUHUNM
(kabenen) n T.n., a NokasaTeNAMM COCTOSAHMUS MOTYT ObITb Takue napameTpbl, Kak BEPOSATHOCTb
noTepb (40NA NOTEPAHHLIX BbI30BOB), BpeMSA 4OCTaBKM NakeTa JaHHbIX, HAOEeXHOCTb JIMHUN
CBS3UN U T.M.

B Takom cny4yae MOXHO roBopuTb O NapameTpax ynpasfieHUs 1 LenieBon OyHKLNN.

OnTnmMmnsaumsa cocTouT B NMOUCKE Takoro Habopa napamMeTpoB yrpaBneHnd, Npu KOTOPOM Liernesas
dyHKUMA AoCTUraeT aKCcTpeMyma.

OTUM JOCTUraeTca HOBOE KayeCTBeHHOe COCTOSIHME CUCTEMbI — OKCTPEMarbHOCTb pe3yrbTaTta ee
dYHKLUMOHNPOBaHMA NO 3ajaHHOMY KPUTEPUIO KadecTBa.



3agaum ontumusauum CC

« 3apauun BblIbOpa CTPYKTYpPbl CE€TH

1.1 BbIBOP Yncna ypoBHEN Mepapxmn

1.2 onTMMM3auma ypoBHS (YNCIIO U pacnpen. Y3nos, IMHUN)
2 PacnpeneneHue pecypcos

[MponyckHasi cnoCoOOHOCTb

[MponssoguT. y3noBs

« 3apauv Bblbopa nnaHa PyHKLMOHNPOBAHUA CETU
-3aja4ym NpoeKTUpoBaHnsA (BBOA pPeCcypcoB, BBOA YCIyr)
-3agadn akcnnyartaumm (ynpto npounss. Pacnp. Tpadomka)
« 3apayun pa3paboTKu nraHa NOCTPOEHUNA ceTn
-9Tanbl BBoga obopyaoBaHus

-3Tanbl BBOAA yCnyr

-3aMeHa obopyaoBaHu4

-BBO[, HOBbIX TEXHOJTOMNI



2. 9tanbl oNnTUMMU3aLnU

OCHOBHBbIe 3Tanbl ONTUMU3aLUN

1. ®opmynupoBka 3agauu

2. lNocTpoeHne mogenum cucrTemsol

3. BbiGbop napameTpoB ynpaBreHusl U nokasaTtesien COCTOSAHUSA

4. MNMocTpoeHune ueneBon (yHKLUN, CBA3bIBaOLWEN NapaMeTpbl yNpaBreHUs U nokasaTtenu
COCTOSIHUA

5. Bbibop MeToaa onTumMmusauumn LeneBoun hyHKLUN

6. PewweHue 3agauu

Ha atane hopmMynnpoBKuM 3agayum — HeobxoanmMo onpeaennTb NpeaMeTHy obnacTb, HacTosiLee
COCTOSIHME M YCNOBUS B KOTOPbIX HAX0AMUTCS uccnegyemas cuctema (CeTb Unn cuctema Cessn),
OnpeaenuTb XenaeMblin pesyneTaT (XKeraemoe COCTosiHME).

MocTpoeHne mogenm cUCTeMbl — 3aKNOYaAETCA B ONMMCAHUU CYLLECTBEHHbIX A9 peLleHns 3aga4dn
CBOWCTB CUCTEMbI, NX CBA3EN U 3aBUCUMOCTEN OT paga napaMmeTpoB.

B obwem cnyvae, Mogenb CUCTEMbI MOXET ObITb (OM3MYECKON, aHANUTUYECKON, UMUTALMOHHOM UIn
KOMOMHMPOBAHHOW (aHanNuUTMyeckasa n UMMTaUMoOHHas MOAENN ABMAAIOTCA MaTeMaTn4eCKuMm
MOZENAMN, UMELLIMMU PasIINYHYIO peanusaumio).

dunsnyeckan mogenb npeanonaraeT NOCTPOEHNe CUCTEMbI UK ee YacTu (HaTypHoe
MOZenupoBaHue).

AHanuTuyeckas mofesb npeanonaraeT onMcaHMe CBOMCTB UCCNeLyeMOn CUCTEMbI C MOMOLLIbHO
MaTeMaTn4eCcKnx BblpaKeHu (MeToa4oB).

MMuTaunoHHaa mogens npegnonaraeT OLeHKY CBOMCTB CUCTEMBI C MOMOLLbH YNCTEHHbIX METOA0B
(BO3MOXHO M C UCMOMb30BaHMEM aHanNUTUYeCKUX MoLenen) n peanusaumio B BUae nporpamMmmMHoOro
obecneyeHusa gna 3BM.



BbiGop napameTpoB ynpaBrieHMUs 3aknio4aeTcd B onpeaeneHnn Habopa (MHOXeCTBa)
NepeMEHHbIX MOCTPOEHHON MOAENWN, NUBMEHEHME 3HAYEHUI KOTOPbIX MPUBOAMUT K U3BMEHEHMIO
nokasartesie COCTOSHUS.

MoctpoeHune ueneBon PyHKLUN — 3aKOHAETCSA B ONUCAHUM (PYHKUMOHANbHOW 3aBUCUMOCTH
Mexay napameTrpamu ynpaeneHus (HezaBUCUMbIMU NMEPEMEHHBLIMWN) N HEKOTOPbLIM LIEMNEBbLIM
nokasaTtenem (3aBUCMMON NepeMeHHON).

[1na nocTtpoeHna ueneson OyHKLNM NCNOSb3YEeTCHA MOAESb CUCTEMBI, MOKa3aTernn CoOCToSHUSA
KOTOPOW CBA3bIBAOTCHA HEKOTOPOW (DYHKLIMOHATbHOW 3aBUCUMOCTbLIO C LlENeBbIM NnokasaTenem.

BbiObop meToga ontumusauum ueneBoun pyHKUMK. PellieHne 3agadn onTMMmn3auum Ha JaHHOM
aTare 3aknio4aeTcqd B OTbICKAaHUM TaKOro 3Ha4eHUsi napamMeTpoB yrpaBieHUsl, Npy KOTOPOM
aocTturaeTcs Heobxoanmoe 3HadeHue (06bIYHO, MUHUMYM UM MakCMMYM) LeneBon yHKuuK. [ns
peLleHns AaHHOW 3a4a4um, B 3aBUCMMOCTU OT BMAa LeneBon oyHKUNK, Hannyus n suaa
OrpaHN4YyeHnin Ha 3Ha4YEeHNS NepeMEHHbIX, MOTyT BbITb MCMOSb30BaHbI Pa3fiMyHble MaTeMaTn4eckmne
(aHanMTU4ecKne NN YNCreHHbIe) METOAbI.

PelwweHue 3agaum 3aknoyaeTcs B peanmsauumn BoibpaHHbIX METOA0B M BbIMONHEHUN BbIYUCIIEHNIA, B
pesynbrare KOTopbiX, OyaeT Nony4eHO NCKOMOE 3Ha4YeHne NapamMeTpoB ynpaBreHusl.



3. Moaenu cetn cBA3U
3.1 NpeameTHana obnacTtb

Bbibop ToM nnn nHoM Moaenu cetTu cBA3M 3aBUCUT OT NpeaMeTHOW obnacTtu, T.e. OT TOro
KakMe CBOMCTBA CETU CBA3M npeanonaraeTcs onTuMmnanpoBaTtb. B kauecTtBe npmmepa
MO>XHO NPUBECTH:

-Ka4yeCcTBO 0OCNyxMBaHWs Tpaduka (NpegocTaBneHns ycnyr);
-Ha[leXXHOCTb CETU CBSA3U (OOCTYNHOCTb YCyr CBSA3N);
-3KOHOMMYECKNE NoKasaTenu.

[ns mogenupoBaHMsa KadyecTBa o0CcnyXnuBaHna Tpagomka UCNonb3yeTcss MOAENN CETH
CBA3U KaK cucTtembl MaccoBoro oocnyxunsaHma (CMO), nssecTtHble U3 Teopun
TeneTpaguka (Teopun MaccoBoro oocnyxneaHms).

,D,J'IFl mMoaennpoBaHNA HaAeXHOCTU CETU CBA3N UCNOJIb3YHOTCA MEeTOObl TEOPUN
HaaeXHOCTU, Teopun BepOﬂTHOCTePI N MaTeMaTUYECKOW CTaTUCTUKM.

,D,J'IFl mMoaesimpoBaHnAd 3KOHOMU4YeCKUX nokasarenemn NCNoJib3YKT METOObl SKOHOMUKW.



3.2 Mopenu cetu cBa3u kak CMO

%

A CeTb cBSA3U » B

QoS

MapameTpbl OYHKLMOHNMPOBAHNSA MapameTpbl HagEeXHOCTH

OcHoBHas 3aga4ya MoOenMPOBaHNA CETU CBS3U — ONPEAEnnUTb COOTHOLLEHNE
mMexay Tpadukom, pecypcaMmn CETU U Ka4eCTBOM OOCNYKMBaHUS



3.2.1 MMapameTpbl PYHKUMOHMPOBAHUS CETU CBA3N

MapameTpbl PYHKLMOHNPOBAHNA

MapameTpsl
OOCTYMNMHOCTU
BeposiTHOCTb BeposTHOCTb OTkasa
noTepw Bpl30Ba npu yCTaHOBMEHUN
ceccum
BeposatHpcTb .
pasbeanHerns BepoaTHOCTb HeycneLwHon

aBTopusauunmn

BeposTHOCTb
npepbIiBaHNS CECCUM

MapameTpsbl
[OCTOBEPHOCTU BpemeHHble
(ToyHOCTN) napameTpbl
(ckopocTu)
KauecTtBO BeposaTHoCTb
nepeaayun peyun oLnBok npy BpeMeHHble napameTpbl | BpemeHHble nepenaym

nepenade AaHHbIX YyCTaHOBMEHNSA

coefuHeHus
BepodaTHOCTb
noTepu AaHHbIX

NakeToB AJaHHbIX

10



3.2.2 lNpumepbl aHanUTU4Yecknx moaenu ceten cesasm kak (CMO)

CeTb cBA3M BbINONHAET paboTy no obenyxueaHuio Tpaduka. Tpaduk B ceTn CBA3N NpeacTaBnsieT
cobon npouecc NOCTynneHnsa n obcnyxmeBaHusa 3asBokK nonb3oBaTenen. [Npouecc NnocTynneHus
3as1BOK, Yallie Bcero, npeacraBnseT cobon crnyyarHbln npouecc. 3asBkn (BbI30BbI UMW NaKeThI
AaHHbIX) NOCTYNalT B CryyYanHble MOMEHTbI BpeMeHU. [Ans obcnyXnBaHms KaXKaon 3asiBkuM CETb
npenocTaBnsieT HEKOTOPbLIN PECYPC, €CAN B MOMEHT MOCTYMNSIEHNS 3asiBKM CBOOO4HbIX peCYpCcoB
HeT, TO B 3aBUCUMOCTM OT AUCLMNNUHbI OBCNYyXMBaHWA, 3asiBKa nonyyaeT nmdo oTkas B
obcnyxmneaHuu, NnMbo cTaBUTCA Ha oxmngaHume (B odepeab).

Z — criy4anHoe 41cno

CeTb CBSA3U 1 ee 3rneMeHTbl MOryT BbITb N .
npeacTaBneHbl Kak CUCTeMbl MacCoBOro O

o6enyxmsanns (CMO).

®yHKuMoHMpoBaHue CMO xapakTepusyeTcs Q L L —

napameTpamu Tpaduka, napameTpamu
NPOMYCKHOM CNOCOBHOCTM U NapameTpamu
KayecTBa 06CnyxmBaHus. \_

11




3.2.3 OnemeHTapHble CMO

O6o3HayeHnss CMO no Kenganny (Kendall's notation)

A) Tun notoka 3asiBOK

A/ B/ C/ K/ N/ D

CumBon HasBaHue OnucaHue
M Markovian [MpocTenwnm NoToK.
D Degenerate distribution [leTepMUHMPOBAHHbLIN NOTOK.
Ek Erlang distribution MoTok QpnaHra k-napameTp hopmbl.
G General distribution O6bwun Bng pacnpeneneHus.

MAP (Markovian arrival process) — NnpoMexyTKkn BpeMeHU Mexy Bbl30BaMu UMEIOT He SKCMOHEeHLMarnbHoe
pacnpegeneHuve.
BMAP - BO3MOXHO nocTtynsieHue k 3asBok B 0ANH MOMeEHT (K-cry4anHoe 4Yncro)
MMPP - NyaccoHoBckui npouecc MoaynmpoBaHHbIM MapKOBCKMM NpoLEeccoM.

3
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B) PacnpegeneHue BpeMeHu o6CnyxuBaHus

CumBon HasBaHue OnucaHue
M Markovian OKCnoHeHumnanbHoe pacnpeaenexHue.
D Degenerate distribution [eTepMmHMpoBaHHOE BpeMS 06CYXMBAHMS.
Ek Erlang distribution PacnpeneneHne OpnaHra.
G General distribution O6wwmin Bng, pacnpegeneHme.
C) Yucno ob6cnyxxuBarowmx yCTponcTs
K) Yncno mect oxnaaHus
N) Yucno NCTo4YHUKOB 3aABOK
D) AucumnnuHa BbIGOpa u3 ovepeaun

Cumson HasBaHue OnucaHue

FIFO/FCFS First In First Out/First Come First Served [MepBbIM BOLLES, NEPBbLIM BbiLLEN.
LIFO/LCFS Last in First Out/Last Come First Served MocneaHnm BoLwlen NepBbIM BbILLETT.
SIRO Service In Random Order CnyyvainHbiv BbIGOp 13 ovepeamn.
PNPN Priority service C nnoputetamu.

13



M/M/V (OO c notepsammn)

T T A A 2« MHTEHCMBHOCTL BLI3OBOB

M WnTeHcuBHOCTb 0GCNy)VBaHNS

tO tl ti ti+1 t n
[  CpenHsis npogomkmTensHOCTL 06CNYXMBaHUS

MpocTenwunin NOToK BbI3OBOB OKcnoHeHumanbHoe pacnpeaeneHne BpemMeHn obcnyXxmBaHus
s SYREE S
pz<Zi=l-e”;, pz<Zij=l-e"; H=25

BepodaTHOCTL NoTepb Bbi30BOB 1 ®opmyna dpnaHra

Y
P 7 y MHTEHCUMBHOCTL Harpy3ku (Opn)
P = V(y) Ty yi V' Yucno o6cnyuBatoLLmx YCTPOMCTB (MUHUI)
b

pi BeposiTHOCTb NOTEpPb Ha i y4acTke ceTu

" Yucno yyacTtkoB cetu

" y




M/M/V (0O c oxxngaHmem)

BepOFITHOCTb 3aEPXKKHN

E, (y)

-2 (1-E,(»)
;

p=D,(y)=

Ev (y) - 1 dopmyna OpnaHra;
Y - VIHTEHCUBHOCTb Harpy3ku Opn.;

v - yncrno obecnyXmBatoLLnMX YCTPOUCTB.

2 ®opmyna OpnaHra

15



M/G/1

3agepkka Havana obcnyxueaHus (Bpemst oXXugaHusa)

- CpeaHsst NPOAOIMKUTESNbHOCTb 0OOCNYXMBaHUS (ed.BpeMeHN).

Gt - cpegHeKkBagparTtn4yeckoe OTKITIOHEHNE OJNMMTENIbHOCTH O6CJ'Iy)KIABaHMFI.

- napaMeTp NoToka (MHTEHCMBHOCTb 3asiBOK A1 CTaLMOHapHOIo NOTOoKa).

dopmyna Jlnttna

L=A1-W CpenHas gnvHa oyepenn

16



Teopema béepke

J ()

X({t) —»

fx)=1-e""

b(x)=1-e™*; u=

Il

Teopema bépke

s(x)y =u(l-y)-e

—p-(1=y)-x

5, I I I

20
20
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Annpokcnmauuna KnenHpoka

Ecnn BbinonHAETCA crneayoLwmnn psag yecnoBun:

-Ha y3Ibl CETU NOCTYMNaKT BHELUHME NOTOKN TpaduKka, KOTOpble MOXHO CHMTaTb
NpPOCTEULLNMU;

-BpeMsi 00CnyXnuBaHUs B y3rax pacnpegeneHo no nokasartesisHOMY 3aKOHY,
-CETb SABMSAETCHA CUINbHO CBA3AHHOW;

TO NpPU CpeaHNX U N BoNbLUMX Harpyskax yanbl CETU MOXXHO paccMaTpuBaTb Kak
He3aBucumble CMO Tmna M/M/1.

B psige cny4yaes, Korga BbIMOMMHAKTCA MNepevncrieHHble Bbille YCIoBUSA, CETb
MOXXHO NPeAcTaBUTb KaK CETb Kak ceTb U3 He3aBucumbix CMO tuna M/M/1. 3T1o
NO3BOMAET B 3HAYUTENLHOWM CTENEHU YNPOCTUTb aHanM3 PYHKLMOHNPOBAHUS
CETN CBA3MN.

18




3.2.4 NocneposaTtenbHoctb CMO
PyHKUMA pacnpeneneHna ans nocnenoBaTesisHOCTU YCTPOUCTB
h(x)
F(x) L(f j F(x)e ™ dt

1 61+l00 *

h(x)=L"{L(f (%)) L(g(x))}

n Yucno nocneposartenbHbix CMO

n
-1
h(x) =L (H L(fz (x))j fl (x) lMnotHoCTb pacnpeneneHnsa sBpemeHu obcnyxmsanunsa i CMO
i=1

h(x) lMnoTHOCTb pacnpeneneHnsa BpeMeHn obcnyxmBanna nocnegosarensHoctn CMO
L(fl (x)) MpeobpasosaHue Jlannaca f, (x)

L_l( ) O6patHoe npeobpasosaHue Jlannaca

19




[Mpumep nocnegosaTensHoctn CMO M/M/1

MM1 MM MM

ru(rwe) ™
h(x) = e M

_______ @+ (r—1)!

1.5 ! !

()
\_/
h(x)
_ 1
f=—ro
reu
]_—':




OueHka 3agepxkn n gpxuttepa (IPTD, IPDV)

h(x)

j h(x)dx = 0,999

Lyv

r
Ly = Z l;
i=1

0.5
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[ToTepn nakeToB gaHHbIX (IPLR)

Mopgenb obenyxusaHus B yanax cetn M/M/1/K (koHeuYHbIn pa3mep bydoepa)

BepoaTHOCTbL noTtepu B y3ne

120 () o<k<k+1 :
pr=91-y ;

[TakeT TepaeTca npu

P17 =1-(1-p)d-py)d—p;)

k=K+1 ,
IPLR =p=1-]](1-p,)

i=1

22




Owwnbku B nakeTtax aaHHbIX (IPER)

OcHoBHasi oons ownbok BO3HUKaET npun nepegade AaHHbIX No JIMHUAM CBA3N

MoTepu Ha yyacTke MapLupyTa
3aBUCAT OT TUMNa NUHUK Nepenaydn
N ee NPOTSKEHHOCTU U
HOPMUPYIOTCS ANS Pas3nnYHbIX
CUCTEM nepenaymn.

P17 =1-(1-p)A-p)d—p;)

IPER=p=1-T (1-p,)

i=1

23




3.2.5 NoTOKM OTNNYHbIE OT NPOCTENLLENO

35 200

Motok X =(X,,X,,.X,..) t=12,.. ” N R
ABTOKOpPPEnALMOHHAsA PyHKLMSA NOTOKa ST 100
15 i [ | 1| |
N-k . _ 10 50 i ‘v i H MH |
> (X -X)X,, —X : |
t T \ \
i=1 0 . . ) 0 ) . .
A Ty v T T
— O
I EullN
= TN

I I i W Mﬂ oo i
X(m) — (Xl(m),X2(m),--Xt(M)--); r (k) W W W W .

500 4000

ArpermpoBaHHbI/ MOTOK

(m) _ 1 2000
Xt __(Xtm—m+1+"‘+Xtm)
m OO 0.5 1 1.5 2 2.5 00 0.5 1 1.5 2 2.5
x 10° x 10°
Camonofo6Hble NOTOKU
r, (k) =r(k); m=23,...  cTporo camMmonofoBHbIii B LUIMPOKOM CMbICHE
limr, (k) =r(k) aCMMMTOTMYECK CaMOmNoaoGHbLIM
m—>0
[ ] [9)
1-H CTPOro CaMonofoBHbIN B y3KOM CMbICIIe
m X" =X P A Y

0< H <1 «koadbduumeHt XepcTa

H =0,5 npocrteiwmii notok  [{ > (0,5 camonogo6Hbii notok [ < (),5 aHTMNEPCUCTEHTHbIN NOTOK

4 )




OueHka koapduumeHTa Xepcta n AKO

_ MeTOJJ, aHalnim3a nameHeHun4a amcnepcmmn
(m)

| P&
D(X)

B=2-2H

2

J = (2H —2)In(m)

H

log k

0.8

0.6

0.4

0.2

30

40

r(k)= %((k P2 T 4 (k- 1))
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I'Ipmmep peanmsaumﬁ HpOCTGVILIJGFO, camonogo6bHoro n dHTUNEPCUCTEHTHOIO NMOTOKOB

MpocTenwnin notok H=0,5 Camonono6Hsbin notok H=0,9

450,00
400,00
350,00
=
S 300,00
|
& 250,00
8
© 200,00
=]
S
= 150,00
T
100,00
50,00

0,00

AHTUNepcucTeHTHbIN notok H=0,3
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Gl/G/1

7 y-t (D,+D, L7 HepaseHcTBO KuHrmaHa
T (Kingman)
- it (D,+D,\t*+D, | -
T, ~ Y ¢« ——t | ———=|+f  Annpokcumaums Mapluana
2(1-y) 4 a”+D, (Marchall)
f - CpeaHss NPOAOIMKUTESNbHOCTE OBCNYXMBaHUA (e4.BpeMeEHN)

- AUCNepcust MHTePBanoB BPEMEHN MeXay MOMEHTaMM NOCTYNNEeHNs NakeToB (en.BpeMeHn?)

D

a

D, - aucnepcus Bpemern o6enyxvBaHus nakeTos (ed.BpemeHu?)

Y - NHTEHCUBHOCTb Harpysku (Opn)

@ - UHTEHCUBHOCTb NOCTYMNSIEHNSA NAKETOB (MaKeToB/C)
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3.3 Moaenu HapeXXHOCTU ceTn CBA3M

3.3.1 O6Gwume onpeneneHus

B ortpacrim cBasm pgeuctsyer [OCT P 53111-2008, onpegensawowmm  yCTOMYNBOCTb
YHKLUMOHNPOBAHNA CETU CBA3M obOLlero nonb3oBaHus. Huxe npuBedeHbl onpeaeneHnsa cormnacHo
AaHHOMY [JOKYMEHTY.

1 YyCTOMYMBOCTb (PYHKLMOHUPOBAHUA CETU 3neKTpocBa3n: CnocobHOCTb CETU INEKTPOCBA3M
BbIMOSMHATE CBOU (PYHKLMKM NPU BbIXOL4E U3 CTPOS YacTU dNEMEHTOB CETU B pesynbrarte BO3AENCTBUS
Aectabunmanpyowmx akTopos.

2 pecrtabunusnpyrowmin daktop: Bosgenctenme Ha ceTb 3NEKTPOCBA3M, MCTOYHMKOM KOTOPOro
ABNSETCA PU3NYECKUN UITN TEXHONOMMYECKUN NPOLLECC BHYTPEHHErO UM BHELWHEro No OTHOLUEHUIO K
CETN ANEeKTPOCBA3N XapakTepa, NpuBoasiLLee K BbIXogy U3 CTPOS 35IEMEHTOB CETH.

3 k03dhdDUNUMEHT roTOBHOCTU: BepoATHOCTb TOro, 4Tto OO6BLEKT HaxoauTcsi B paboTocnocobHOM
COCTOSIHMM B NOOGON MOMEHT BpPEMEHWN, KPOME MNfaHUpyeMbIX MEPUOAOB, B TEYEHWE KOTOPbIX
npuMeHeHne obbeKTa NO Ha3HAYEHMIO HE NpedycMaTpuBaeTCs.

4 Koa(hbpUUMEHT onepaTMBHOM FOTOBHOCTM: BepoATHOCTb TOro, 4To OOBLEKT HaxoauTcsa B
paboToCnoCcCOBHOM COCTOSIHUM B NHOOOM MOMEHT BPEMEHN, KPOME MNaHUpyeMbIX NepPUoLOB, B TeYEHNE
KOTOPbIX NPUMeHeHNe 0bbeKTa Mo Ha3Ha4YeHUo He NpegycMaTpmMBaEeTCs, N, HAYMHaAsA C 3TOr0 MOMEHTA,
bynet paboTtatb 6€30TKa3HO B TeYeHME 3a4aHHOIo MHTEpBasia BpeMEHN.

5 HageXHoCTb ceTu anekTpocsa3n: CBOWCTBO CETUM 3rEKTPOCBA3N COXPaHATb CMOCOBHOCTb
BbIMNONHATL Tpebyemble QYHKUMM B YCOBUAX BO3OEUCTBUS BHYTPEHHUX OECTabUNN3NPYIOLLNX
(rakTopoB (T.e. COXpaHATb BO BPEMEHM B YCTAHOBMEHHbIX Npedenax 3Ha4YeHus BCEX NapameTpos,
XapaKkTepusyrLLNX CNOCOOHOCTb BbIMOMNHATL TpebyeMble OYHKUUM B 3aaHHbIX peXMMax U yCrioBUAX
NPUMEHEHNS N TEXHNYECKOTO 0B6CNYyXMBaHUS).
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O6wue onpeneneHusn

6 XmBy4yeCcTb ceTu anekTpocBsa3n: CBOWCTBO CETU JNEKTPOCBA3N COXPaHATb CMOCOBHOCTb
BbIMONMHATE  Tpebyemble  (OYHKUMM B YCNOBUAX, CO3[0aBaeMblX BO3OEUCTBUSMU  BHELLUHMX
Aectabunmanpyowmx akTopos.

7 paboTtocnocobHoe cocTosiHne: CoctosiHne obbekTa, NPy KOTOPOM 3HAYEHUS BCEX NapaMeTPOB,
XapaKTepusyrLmx CnocobHOCTb BbIMNOMHATL UM 3aaHHble (PYHKLUWK, COOTBETCTBYIOT TpeboBaHUAM
NN HOpMaM.

8 cpegHaa HapaboTka Ha oTka3: OTHOWweHMe CymMMapHOW HapaboTKM BOCCTaHABIMBAEMOrO
oObekTa K MaTeMaTM4eCKOMY OXUOAHUIO YNCa ero OTKa3oB B Te4eHMe 3TON HapaboTKu.

9 BEpPOATHOCTb CBA3HOCTM (CBSA3HOCTb) HanpaBfeHNsa areKTPoCBA3N: BepoATHOCTb TOro, YTO Ha
3ajaHHOM HanpaBfeHUN 3NEeKTPOCBA3M CYLLEeCTBYET XOTA Obl OAWH MNYyTb, MO KOTOPOMY BO3MOXHa
nepegayva nHpopmauumn ¢ TpebyemMbiMn Ka4eCTBOM U 06 BEMOM.

10 BHyTpeHHM fgecTtabunusnpyrowmin gakrtop: Lectabunuanpyowmin - aktop, WCTOYHMK
KOTOPOro pacnosioXXeH BHYTPU CETU INEKTPOCBSA3N U €€ SNIEMEHTOB.

11 BHeWHMN gectabunusnpytowmin aktop: Lectabmunusanpyrowmin aktop, MCTOYHMK KOTOPOro
pacrnonoXeH BHE CETU NEKTPOCBA3MN.

12 HanpaeneHue cBA3WM (OCHOBHOe HarnpasrieHve cBA3n): COBOKYMNMHOCTb NMUHUW rnepedayn u
y3noB CBA3N, obecnevmBatoLLlasa CBsA3b MeXay ABYMSA MyHKTamMu ceTu Ana obecneyvyeHunst 4esaTenbHOCTU
OpraHoB rOCyOQapCTBEHHOrO ynpaBreHusi, O060poHbl, 6e30nmacHOCTM, OXpaHbl NpaBoNoOpPsaKa,
MOBUNN3aLMOHHON FOTOBHOCTU NPWU Ype3BblYarHbIX CUTYyaLMsIX.

B kauyecTBe nokasaTensa HaJeXHOCTU KaHarnoB 3MNEeKTPOCBA3N NPUMEHSIETCA KO3I(PMULIMEHT FOTOBHOCTU
Kr kaHana anekTpocBsA3un, onpeaensemMblii BbipaXKeHUeM:

Kr = To/(To + Ta), (1)

roe To - cpegHee BpeMsl HapaboTKM Ha OTKa3 KaHana aneKTPoCBA3W;

TB - cpeagHee Bpemsi BOCCTaHOBMNEHUS paboTOCNOCOGHOCTU KaHana aneKkTPOCBA3N. 29



Mnnioctpauun (HageXxHoOCTb CETEN CBA3N)

Alcatel-Lucent Bell Labs
YA3BMMOCTU CUCTEMbI TENTEKOMMYHUKaLIN

N o~ WON-=-

CLLA (FCC)

Fpynna cdakTopoB

OTKa3bl TEXHUYECKMX CPeacTB

Meperpy3ku ceTtn

Owmnbkn MO

Owunbkn nepcoHana

Banganuam

HenpegHamepeHHas paspylumntenbHas 4esTenbHOCTb NAEN
MpupoaHble SBNeHUs

Hdonsa ot o6uwero
KornnyecTBa OTKa3oB, %
19
6
14
25
1
24
11

MoTepyu Nnonb3oBaTenbL-CKOro
BpeMeHHU, %
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3.3.2 HapeXXHOCTb NPOCTEULUMNX CTPYKTYP
(nocnepoBaTenbHOEe M NaparnsenbHOe BKIIIOYEHUE 3JIEMEHTOB)

P1

P2

P3

Pn
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P1

N

P3

P2

P4

3.3.3 MocToBasa cxema BKNHOYEeHUA

P1

P2

P=p,PW|es)+qsPW |e;)

P P(W |es)=(1-q,9,)1~-q,9,)

P4

P1

P3

P

<

P2

>

P4

P=p;(1-9,9,)1-959,) +qs0-10~-pp;)1=p,p,))

Wles)=1-(-pp;)1-p,p,)
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3.3.4 MeToa pekomMmno3numu

{ P2P3
P4

P5P6

P7|P8 |

P7
P1
L1 P5 | P6
P8

P2P3 || P4

P5P6(P7 || P8)

PP |l ps=1-(0-p,p;)d—p,) -

P1(P2P3 || P4)

P |l pg =1-(0=p;)A = pg)

P5P6(P7 || P8)

P1(P2P3 || P4) || P5P6(P7 || P8) [—

P=pd-(0-p,p;)d=p )| pspsd—0—p;)1A-pg)) =

=1-(0-pd-0-p,p;)A=p )AL= psps(1—(1—p,)1- ps)))
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3.3.5 MeTop BkntoyeHusa-ucknro4veHus (IE — Inclusion — Exclusion)

[lycTb rpad cetn nmeeTt / nyTen Mmexay 3agaHHbIMU OBYMS y3riamu

E . CobbITne, KOTOpOe 3akfo4aeTcs B TOM YTO BCe aieMeHTbl nyTn Tj
J ncrpaBHb

P(E)=]]r

ieTj
Cuctema 13 [ paboTtaert, korga pabortaeT XoTs Obl
OOVH NyTb _ : :
3.5 MeTop nobaenenusa-yganenus (IE — inclusion-exclusion)
/ HepaBeHcTBa BoHGeppOoHU
P= P,,(U Ejj
/=1 P<S,
/
P:Z(_l)k—lSk PZSI _S2
k=1 P<§ -85, +85,
Skz ZR(EzlﬂEzzﬂﬂEzk) P2S1_52+S3_S4

1<i1<i2<.. <ik<I]
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MeTopn BKIIOYEHUA-UCKNIOYEHUA (npumep)

» - b.(MF)=pp,
P.(MP,) = p,p;
\ P3 R(MP3) = P1P3Ps
- — P.(MP,)= p,p,p,

S, =F.(MR)+P.(MP,)+ F,(MP;)+ P.(MP,) = p,p, + Dy Ps + P\DsPs + D> D3 Py

S, = P (MEMP,) + P (MEMP,) + P, (MEMF,) + P.(MP,MP;) + P,(MP,MP,) + F,(MP,MP,) =
= D1P2D4Ps + P\P2P3Ps + P1Py D3Py + DiP3PaDs + PaD3DyPs + DiP2D3DaPs

S; = B, (MPMP,MP,) + P, (MPMP,MP,) + P.(MEMP,MP,) + P.(MP,MP,MP,) =

=4p\D,D3D4Ds

Sy = P.(MRMP,MP,MP,) = p,p, ;P4 Ds

P=8-8,+8,=8,=pp, + psPs+ P\P:3Ps + P,PsPys — (P P2 Ds + PP, P3Ps + PP D3Py +
+ PaD3PyPs + PP D3PsPs) + 2D, P, PsDyDs
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BbiBOObI

OnTuMmM3aumnsa ceTn CBA3UN ABMSETCA KOMMMNEKCHOW 3adaden O pelleHna KOTOpon
TpebyeTca pelleHne 3agad pasfMYHOro Xxapakrepa HaunHasi C ypOBHS afieMeHTa
CeTu [0 YPOBHSA ynpaBfieHUs U NSTaHUPOBAHUS €€ pa3BUTUS;

[nsa peweHna 3aay Ha pa3JyinydHbIX YPOBHAX UCTMOJIb3YHOTCA pa3finyHble MEeTOObl
onTnMm3aunmmn, no3sosnAdroLLne pellinTb 3agaydn JaHHOIo YPOBHA.

[na nocTaHOBKM 3aadn onTMMmn3auum TpedytoTca maTteMmaTndeckmue Mmoaenu
39N1eMEHTOB ceTeun CBA3N, NO3BONAoLWME NOCTPOUTL LeneByo PyHKUNIO, T.€.
NOCTPOUTL 3aBUCUMOCTb HEKOTOPOro napamMeTpa nin napameTpoB, OTpaXKaroLmx
9O (PEKTUBHOCTb, OT 3HAYEHUN NapaMeTpPOB ynpaBreHUs.
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3.4 UmntTaumoHHoe mogenmpoBaHue
3.4.1 InckpeTHble COObLITUMHBLIE MOaenu

MMuTaumoHHoe MoaenupoBaHue - 3TO MEeTO[ WCCReaoBaHusi, MNpu  KOTOPOM
nccriegyemasl cuctemMa 3aMeHsieTcsl ee MOoAenblo, KOoTopasi AO0CTaTOYHO TOYHO
onucbiBaeT ee ceoncTea. Mogenb ncnonb3yeTcss Ans NPOBEAEHNS SKCNEPUMEHTOB.
B pe3ynbTaTe akcnepuMeHTa nonyyalrT AaHHble, KOTOpble ABMSTCA pe3ynbTaTtamu
N3MEPEHUN W NoanexaTr cTaTUcTMyeckon o0paboTke Ans NONMyYeHUs OLIEHOK
YUCIEHHbIX 3HAYEHUIN nccneayeMbix NapamMeTpoB.

[Tpn NOCTPOEHNN NMUTALMOHHbLIX MOAENEN ceTen CBA3U, Kak NpaBuIio, NPUMeEHSTCH
ONCKPETHble cobbITUHBbIE Moaenu (discrete event driven).
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3.4.2 Obuwasa CTpykTypa MMUTaLMOHHON CODBITUMHON MOAENU

Ynpasnstowas
nporpamma
Ouepeab (cnncok) CyeTunk BpemeHun WHTepdelic ¢
cobbITUI nMmTauun nporpaMmmamu mogenu
Ouepenpb cobbiTui Ouepenpb cobbiTui
> Bpemst ummtauumn | CobbiTne Mpouecc HasHavYeHUus

to el12 P9
1 ell P11
t2 e3 P1

i i ¢ l tm e2 P2

P1 P2 P3 Pn

Co6op
CTaTUCTUKK




MopgenupoBaHue ceTtewn B3N

Aﬂ rOp[/lTM < WHnumanusauus >

[a
Ouepeab cobbITui
nycra?
Het
B3sTb cobbiTMe U3 ronoBbl o4epeaum,
npounTatb NOEHTUUKaTOP npoLecca
Ha3Ha4YeHus U nepegaTb ero 3Tomy
npoueccy.
MogenbHoe Bpemsi = Bpemsi BbIbpaHHOro
co0ObITHSA

O6HOBUTL NpoLEecC Ha3Ha4YeHus

MomecTuTb cobbITUA BblpaGoTaHHbIe
AaHHbIM NPOLLecCoM B o4epeb cobbITui

Het

JocTurHyT npegen
WHTepBana?

Oa

< OcTtaHoB >




PYHKUNOHUpPOBaAHUE COOBLITUMHON UMUTALMOHHON MOoaeNun

B obuwem cnydae, cobblTMinHas Mogenb BKMo4vaeT B ceba Habop npoueccoB
(nporpamm), UMUTUPYIOLWKMX npouecc o06paboTkn cobbITU npoucxoasawmx B
NMUTUPYEMON cUCTEME (CETU CBA3M) B MOMEHTbI M3MEHEHUSI €€ COCTOSIHUA. Takum
obpa3om, cocTosiHMEe MoAeNnn OOHOBNSETCA TOMbKO B MOMEHTbI BPEMEHMU,
COOTBETCTBYHOLLUME 3TUM COBLITUAM.

CobbiTe B Moagenu onucbiBaeTcd HabopoM xapakTepusyrlowmx ero gaHHbix. O6s3aTenbHbIM 31EMEHTOM
aTOro Habopa sBnseTca - MoAenbHOe BpeMs, T.e. MOMEHT BPEMEHW, KOorga 39TO COoOblTUe AOSMKHO
NPOU30NTU.

Hanpumep, notok naketoB (Tpaduk) MOXeT ObiTb NpencTaBfieH Kak MocrneaoBaTenbHOCTb COObITUIA
noctynnexHus naketoB. CobbITME MOCTYNNEHUs naketa nepefaeTcsl Mpoueccy UMUTUPYIOLLEMY ouvepenp.
OTOT npouecc, B CBOK o4vepenb, TOXe MOXeT BbipaboTaTb cobbiTue, agpecoBaHHOE ApPYroMy MnpoLeccy,
nmuTUpytowemy obcnyxuBatoliee yCTPOWCTBO M T.4. Takum obpasom, Kaxabli M3 MpoLeccoB, Nony4yvB
coObITe MOXeT BblpaboTaTb OOHO WM HECKONbKO COObLITUIA, agpecoBaHHbIX ApPYrMM npoueccam. Bce
BblpabaTbiBaeMble COObITMS NMOMELLAOTCA B 0Mepedb COObITMIA. Tam OHM ynopagovMBaloTCsl MO 3HAYEHMIO
MOLENBbHOIO BPEMEHMN.

B obwem uukne MMUTaAUMOHHOM MOAENM MPOMCXOAUT BblOOp U3 ronoBbl odYepean ovepenHoro cobbITus,
npupaBHMBAHWE CYETYMKA MOAENIbHOrO BPEMEHW MOAENbHOMY BPEeMEHW [AaHHOro coObITUS, nepepada
coObITUSI NpoLieccy Ha3Ha4YeHnsi, OOHOBMNEHME COCTOSIHUS MOAenu, nepedadya BbipaboTaHHbIX npoueccaMmu
coObITUA B oYepedb COObITMIA, ynopsigodeHve oyepean cobbiTuin U T.4., OO AOCTUXKEHUSI YCNOBUS
3aBepLUEHUS.

Taknm 06pa30M MoaeribHOeE BpeMA TeYeT «CKaydkamMun» oOT CcobObITUS K COObLITMIO, B MOMEHTbI 3TUX CKa4KOB
npon3BoanNTCA OOHOBIEHNE COCTOSAHUSA MOAENN.
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3.4.3 NocnepoBaTenNnbHOCTU COOLITUA

Takum oOpasom, OOHOM U3 OCHOBHbIX 3afjavy npu MNOCTPOEHUUN LOUCKPETHOW
COBbLITUMHON MOoLenNu sBnaeTcd nosiydeHne HeobxoaAMMOW nocriegoBaTeNlbHOCTH
cobbITUi, T.e. MocrnenoBaTesibHOCTUM 4ucen, NpeacTaBslowmx cobon MOMEHTHI
MOAENbHOr0 BpPEMEHU HaCTynneHna cobbiTin (UM MHTepPBanoB BPEMEHU MexXay
HUMMW).

Hanpumep, notok naketoB (Tpadwuk) B MoOAEenM MOXeT ObiTb npeacraBneH
NocrnenoBaTeNIbHOCTLID  YuCesl, UMUTUPYIOWMX UHTepBarnbl BPEMEHU MeXay
MOMEHTaMN NOCTYNSIEHUS MaKETOB.

B 3aBucMmMoCTM OT TOro, Kakow npoLecc MOAenupyeTcsi, 3Ta nocnenoBaTenbHOCTb
yucen AorkHa obnagaTtb onpeaeneHHbIMU CBOMCTBAMN.

O6bI4HO, ANA NOMydYeHUs Takux nocnegoBaTenlbHOCTEN UCMOSb3YIOTCA reHepaTopb!
NCeBOOCNYyYamMHbIX 4Yncen C HeobxoAUMbIMM CBOMCTBAMU (XapakTepucTukamm
nceBOocCry4yanHON BESTMYNHBI).

CywecTBYIOT HeKOTOpble MeTOoAdbl MNONMyYeHUss MNCEeBAOCHYYaWHbIX 4ucen ¢
TpebyeMbIMN CTaTUCTUYECKNMU CBOMCTBAMM.
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[Tony4deHne noToka cobbiTU C 3adaHHBIMWN CBOMCTBaAMM

MeTon obpaTtHOM hyHKLUN

Ecnu TpebyeTca nonyynTb CriydanHyo BeNIMYMHY C PyHKLNEN
pacnpeneneHus F(x), To cnegyet NonyYmTb CrydYanHyl BENUYMHY U C
paBHOMeEpPHOW PyHKUMEN pacnpeneneHnsa B guanasoHe [0,..,1), a
Tpebyemasn BennymHa byget paBHa:

§=F"(u)

F(x) F_l(u)
! dyHKUMs  obpaTHasa  pyHKUUK
F(u)
PyHKUMS a(x) ABMsieTCA
u obpatHoM K dyHKUMM f(x) Koraa

BbINoNHsaeTca ycnosue: y=f(x), x=g(y).

[ns Toro 4To6bl U3 yHKUUK f(X)
NONy4YnTb OBPAaTHY HYXHO peLnTb
ypaBHeHue y=f(x) OTHOCUTESIbHO X U
MOMEHATb MEPEMEHHbIE ¥y U X
05 5 MecTamMu.

0.5
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[Mpymep oNga SKCNOHEHUWanbHOro pacnpeaenenus

F(x)=1-e™

In(1—x)

F'(x)=

MCI'IOJ'Ib3yFI B Ka4ecTBe nepemeHHoﬁ CJ'Iy‘-IaIZHOG yucrno Uc paBHOMEPHbIM 3aKOHOM
pacrnipegeneHuna nosyymm cnyqaﬁHoe HYNCNo C 3KCNnoHeHuunaribHbIM pacrnpeaerneHnemMm BepoATHOCTHU

_ In(1 —u)

- - A
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OMMMpUYECKUA 3aKOH pacnpeaeneHus

[MycTb TpebyeTcs NONy4YnTb CryYarHyo BENUYNHY, NOAYNHSAIOLLYHOCS HEKOTOPOMY
SMMNUPUYECKOMY 3aKOHY pacnpeneneHns BeposaTHocTu. Hanpumep, TpebyeTcs

NMMUTUPOBATL HEKOTOPYHO CITy4anHY0 BENUYMHY, Mo pe3ynbTatam NpoBeLeHnsd
N3MEPEHNN.

£() 2 F(x) 1 P
0.8 /
0.6

X /
0.4

0.2 /

0.15

0.1

0.05
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On/off MogenupoBaHne camonogodbHOro NoToka

Oz )—

a1 111t 1t 1 1t T T 1T 1t 1

Ol’lOfl | TON | z.OF | | | | | |

t
2 117 1t 111 1t 11t 1 1 11 L,
OnOf?2 | | | | | |

S | 0 S S O O o

(B =AY _ap :ﬂjzo‘
F(x)-l—(;j /) ﬂ(xj E=27 PO (k—l a2
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[MpymMepbl CUCTEM UMUTALMOHHOIO MOAENMPOBaHNSA
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