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CCC

CETU U CUCTEMbI CBA3U

4.1 AHanNu3 u cuHTE3
NMH(POKOMMYHUKALMOHHbIX
ceTem U CUCTEeM: 3aauvm u metoabl



OCHOBHbIE NOHATUA U EEE

on peneneH NUA (1 ) CETM W CUCTEMbI CBA3N

MeToa — COBOKYNHOCTb MPUEMOB 1 onepaLuin No3HaHUS U
NpakTU4eCKon OeATENbHOCTU; CrOcob JOCTUXKEHUS
onpeaeneHHbIX pe3ynsbraToB B NO3HAHUN U MPaKTUKE.
AHanNn3 n cuHTe3 ABnAtTCA Handosnee oMM
MeTodaMMu.

AHanus — npoueaypa MbICIIEHHOIO, a YacTo U pearnbHOro
pacyneHeHnsa nccnegyemoro oobekta (ABreHus,
npouecca), CBOMCTB npeamMeTa Unm OTHOLLEHUA MeXay
npeamMeTamMm Ha YacTu (NpuU3HaKu, CBOUCTBA, OTHOLLEHUS).
CuHTe3 —coeamnHeHne pasnnyHbIiX 3NIEMEHTOB, CTOPOH
npegmeTa B eAnHOE Lernoe (cucmemy), KoTopoe
OCYLLUECTBSAETCA KakK B NPaKTUYECKON AeATENbHOCTU, TakK U
B rnpouecce no3HaHus.



OcCHOBHbIe MOHATUA U C/CC

onpeneneHus (2)

Moaenb — 00ObEKT - 3aMecTUTeNb 00beKTa opuUrMHana,
obecrneynBarOLMN N3y4eHNE HEKOTOPbLIX CBOUCTB
opurnHana.

3amelleHne ogHoro obbekTa Apyrmm ¢ Lenbio
nony4yeHna MHopmMaunn o0 BaXKHENLLINX CBOUCTBAX
obbeKkTa-opurnHana ¢ NOMoLL b0 06beKkTa-Moaenu
Ha3blBAaeTCA MoAaenMpoBaHUEM.



Oco0OeHHOoCTH EEE

MaTeéMaTUn4eCKoro aHasin3a CETH M CHCTEMLI CBA3H

ceTeu
AHaJ'II/I3 Tpe6yeTCS:I ana HaxoXXKaeHNA aHalIMTU4YeCKUX

COOTHOLLUEHUX MeXay onpeaerieHHbIMN napamMeTpamMmu
ceTen.

@nrytu

[Tpouecc BbiBOAa OOpMYyn OCTATOYHO CITOXEH,
0CcobeHHO Ansa ceten ¢ 0oNbLUUM YNCITIOM SNIEMEHTOB.

Pe3ynbratbl UMeroT 60nbLLUYIO LEHHOCTb, MOCKONbKY AatoT
BO3MOXHOCTb aHanmn3a 3aBUCUMOCTU pe3yrnbraTa OT
N3MEHEHNS pa3nnUYHbIX (OaKTOpPOB.

Kak npaBuIio, aHarimTu4eckme COOTHOLLUEHUA MNMOJTyHaloTCA
Onsa ceten c HeBONbLLUMM YNCNOM CETEBbLIX 3NEMEHTOB.
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MpumeHsiemMble C/CC

MaTemMaTudyeckume metoabl ana oo

aHanusa ceteu
« Teopus maccoBoro obcnyxmeaHus

« MapkoBckMe npouecchl (Lenm)

 MeToagbl oM Py3HOU annpoKcUMaLmmn U
O0eKOMMo3nLmnn

 MeToObl TEOPUN KOHEYHBIX aBTOMATOB, CETH
[leTpu

 MeToObl TEH30PHOrO aHann3a

 MeToaObl Teopun rpados

 MeToObl TEOPUN MHOXECTB

« O@pakTtanbel 1 camonoaodHbIe NpoLuecchl

 MeTtoagbl ceTeBoro ncumncnenms (network
calculus).




m Ooowuin BuA EEE

MaTeMaTUu4YeckKkou moaenu

MaTtemaTtndeckoe BblpaxkeHue, onncbiBatoLlee
MaTeMaTU4ecKyo 3aBMCUMOCTb MeXxay BXOAHbIMU U
BbIXOQHbIMW JAaHHBIMU W NOKa3bliBaloLlas BUO TAKOW
dyHKUMOHAaNLHOU 3aBUCUMOCTM BMaa

U =1(x),
roe
X — COBOKYMHOCTb BXOOHbIX AAHHbIX;
f — 3asucumocme, KOTOpas 3annucaHa B Buae
MaTeMaTUYeCKON PYHKLNU;
U — COBOKYNHOCTb BbIXOAHbIX OAHHbIX.



m OnucaHue 3afaum C/CC

o n T M M M 3a u M M CETU U CUCTEMbI CBA3U

Llenb peLleHns 3agayn onTUMmn3aLunmn
3anncbiBaeTcss B BUAOE TaK Ha3blBaemMon uesiesou
¢pyHKUUU, ONa KOTOpOUM HeobXxoAuMMO OTbICKaTb
akecmpeMyM (MUHUMYM NN MAKCUMYM).

Ha Bxogdwuve B MYHKUUIO napamMeTpbl MOryT
HaknagblBaTbCA OrpaHWYeHns, YyKasbliBawllue, B
KakKux npegenax MoOrytT W3MEHATbCA 3HadeHud
MCKOMbIX NapaMeTpoB.



dopmynupoBKa 3agaum Cc/C/C

o n TM M M 3a u M M CETU U CUCTEMbI CBA3U

B onTMKn3aunOHHbIX 3adadax OTbICKMBAETCHA Takoe
3Ha4YeHune X, MNPU KOTOPOM Kpumepuu, XapakTepusyoLinm
Kayecmeo (byHKUUOHUpOBaHUs1 cucmemMbl (CKanspHas
BENMYKMHA) nony4vyaeTt HanbdonbLiee NN HanMeHbLLIEee
3HadeHue (NMMbo gocTuUraeT rpaHNYHOIO YPOBHSA):

U=f(x,y) — max.
roe
Yy — BEKTOp NepeMeHHbIX, He NoAAarLMXCA YrpaBneHuto,
HO BnuaArowWwmx Ha U (wymsbl, nomexu);
f — doyHKUMA, 3agatolasd OTHOLLIEHUA MexXay BCEMU
yKa3aHHbIMWN BENUYUHAMM.



3apada aHanu3a ceTen CBA3U EEE

CETU U CUCTEMbI CBA3U

OueHKa 3Ha4YeHU NPONyCcKHOM
CMNOCOOHOCTU, KayecTBa, HAOEeXXHOCTH,
YCTONYMNBOCTUN CETEUN CBA3N NPU
onpeaeneHHbIX napameTpax
NocTynarLlen Harpysku u
aucumnnmHax obcnyXmBaHuUsa 3asBOK.
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3afaya CUHTe3a ceTeun CBA3MU

HaxoxgeHne ontumMmaribHon, B HEKOTOPOM
CMbICIe, CTPYKTYpPbl CETU CBA3U, NPU 3adaHHbIX
napameTpax nporyckHon cnocobHOCTU KaHamnos.,
30HaX MNOKPbITUA, MHTEHCUBHOCTM MOCTYNaKLLEro
Tpadumka. [Npn cnHTe3de cetn obbIYHO NonaraeTcs
3aaHHbIM pacrnosfioXXeHne y3noB CETW.

K yacmHbim 3a0adyam CUHmMe3a MOXXHO OTHECTU
3aJa4un BblboOpa onTUManbHOM TOMOSIOrNN CETH,
BbIOOP ONTUMAaNbHOIO KONM4YecTBa U MecTa
pacnonoXeHus y3rnoB CBSI3U U T. [.
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OCHOBHbIE NMOHATUA U EEE

O n pene n e HNA CETM M CUCTEMbI CBSA3M

Teopus maccoBOro oocnyXxmBaHuUsA — TEOpPUSA ovepeaen, pasaen
TEopUn BEPOATHOCTEN, N3yyaroLmMn MaTeMaTUYECKMe MoaENu
pa3HOro poaa pearbHbIX Maccogoz20 obceryxueaHus cucmem.

ITN Mmogenu NnpeacTasnanT cobon criyvyanHble NpoLEecCh!
cneuuanbHOro Buaa, Kotopble Ha3biBalOTCA MHOrAa
npoueccamu obcnyxmneaHus. Yaile BCero ncrnosib3yeTcs
onuncaTernbHOEe ornpeaesieHne 3TUX NPoLEeccoB, NOCKONbLKY
doopmarnbHOE UX NOCTPOEHME OKa3bIBAETCA BECbMA CIOXHbIM
N He Bcerga apPeKTUBHLIM.

Cuncrema maccoBOro oo6cnyxmBaHus - NOHATNE, KOTOPOE
BKMNIOYAET B ce0s1 CnyYyanHbIn «BXOOALLNIA» NOTOK TpeboBaHNN
(3a81BOK, BbI30BOB, MNAKETOB), HYXXOAOLWMXCS B
«00CNYyXMBAHUNY, U MEXAHU3M (anropuTM), OCYLLECTBIISOLMIA
9TO «0bCnyXuBaHuey.
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Ocob6eHHocTu CMO ans EEE
aHaAJ1n3a y3n0B U ceTeﬁ CBS3U CETU M CUCTEMBbI CBA3M

@©nryTu

 BeposaTHocTHOE pacnpeneneHmne MOMEHTOB
NOCTYNSIeEHNN 3aABOK Ha 0bCnyXXnBaHme
(EANHWNYHBIX UNK rPYNNOBLIX)

 BeposaTHocTHOEe pacnpeneneHnemMm BpeMeEHM
NPOAOITKNTENBHOCTM OOCNYXNBAHUSA.

* OnuncaHune KoOHMUrypauum obcnyxmBaroLen
cucTeMbl (NapansnenbHoe, nocregoBaTenbHoe
UNn napannenbHo-nocrnegoBarenbLHoe
obcnyxusaHue).

« KonnyectBo 1 Npomn3BOaANTESIbHOCTb
oOCnyXmBaroLLMX KaHanos.

« [HucuunnunHom obcnyXnBaHua ovepean.

MOLWHOCTb UCTOYHUKA 3aSABOK.
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m 11apdiviC I Pbl CCICW , EEE
N\ aHarmM3npyemMblie C MOMOLLBbID e comn
CMO
 BepoATHOCTL HEMEOSIEHHOIo 0DCNyXMBaAHUSA
NOCTYNMBLUEWN 3aABKN.
 BepoAaTHOCTL OTKasa B 06CnyXnBaHMu
NOCTYNMBLUEWN 3aABKWN.
 OTHOCUTENbHasA N abcontoTHas NPOrycKkHas
CNOCODOHOCTb CUCTEMDI.
« CpeaHuin NpoLEHT 3asBOK, MOSy4YUBLLUMX OTKa3 B
obcnyXnBaHuu.
« CpenHee BpeMs oXxuaaHusa B ovepeau.
« CpenHas anuHa odyepeanu.
 CpegHuin goxoa oT YHKLUNOHNPOBAHUS
CUCTEMbI B €AUHULY BPEMEHMU
n gpyrue!
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Oo6wasn knaccudpukauua CMO CcCC

CETU U CUCTEMbI CBA3U

CHCTEMEI Maccogoro ob CJIIV EHE aHIA

C IOTEPANH C O3 AHHE M KO0 MOHHHp 0E AHHEIE

C O A CHIE M
EPEMEHH OFHIAHIA

P i
P

OHOHEEHHEIE MHOT OJIHERHEIE 4
|, C OTPaHHeHHEM MEeCT
TJTA 0 SHHA
£es IPHOPHTETOR C IPHOPHTETAMH
N C OrPaHM4EHHEM MECT H
MIHTEMEHOCTH 0FH AN

(c)Cokonos B.A.
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m Knaccudumkauma CMO EEE

Ke Hnanna_samapMHa CETWU U CUCTEMbI CBAI3U

A/B/C(:)D/E

A — 3aKoH pacripegerneHust BpeMeHun noctynsieHns 3aaBok (M—
9KCrMoHeHumanbHbIn, E—9pnaHroscknun, Hr runepakcrnoHeHumanbHoe
pacnpegeneHue c r atanamm, D—geTepMmMHUPoOBaHHbIN, G—
NPON3BOSIbLHbIN XapakTep pacnpeneneHns)

B — 3aKOH pacnpegeneHuns BpeMeHn obcnyxmeaHnsa npndbopamm 3asiBok,
noctynuewmnx 8 CMO;

C — uncno obcnyxusaroLwmx npudopos (1 — Ana ogHOKaHanbHOW
cucTtemsbl, | — ona mMHorokaHanbHon, "«" — 6eckoHe4YHo bornbLUoe
4YUCIIO0);

D — yncno mecT anga oXkugaHus (ECrim YNCIo MECT He OrpaHNYeHo, TO
OaHHOe 3Ha4YeHMe OnycKaeTcsd; ANA KOHEYHOro Ymucna MecTt
ykasbiBaetcs r unu n; "O" ykasbiBaeT Ha AUCLMNITMHY 0OCyXMBaHUS
C NOTepsAMM, CUMBON "«" rOBOPUT O HEOTPaAHNYEHHON EMKOCTH
bydepHoro Hakonutensa Ha Bxoge CMO.);

E — ancumnnunHa obcnyxmneaHus 3assok (FIFO, nepsbiM npuwen —
nepsbiM ywen, LIFO, nocnegHum npuwen -

nepsbiM ywen, RANDOM crniydarHbi nopsgok obcrnyXuBaHUS). 16




NMpumepsbl onncanmna CMO EEE

CETU U CUCTEMbI CBA3U

M/M/1 — CMO c ogHum obcnyxusaroLwmm npubopom, 6eCKoOHEHHON
ovyepenblo, 3KCMOHEHUMArbHbIMW 3aKOHaMM pacnpeneneHmnsa MHTepBarnos
BPEMEHU MEXAOY NOCTYNSIEHUAMN 3asiBOK N BPEMEHWN OBCIyXMBaHUS,
ancunnnuHon oocnyxumneaHuns FIFO;

E/H/l/r/LIFO — CMO c | obcnyxusatowimmm npmnbopamm, KOHEHHON
oyepenbto ASIMHOW I, SPSIaHroBCKMM 3aKOHOM pacrnpeneneHus
NHTEPBaNoOB Mexay MNOCTYNIeHNAMU 3asiBOK, rMNepPaKCnoHEHUNanbHbIM
pacnpeneneHnemM BpeMeHun obcnyxmneaHus npubopamu, ncumniInHoOn
obcnyxumeanus LIFO;

M/M/m — CMO ¢ akcnoHeHUuanbHbIM pacnpegeneHneMm MOMEHTOB
NOCTYNMEHNs 3as1BOK, 9KCNOHEeHUMarbHbIM pacnpeneneHmem BpeMeEHN
obcnyxunsaHusi TpeboBaHMin B M 0gUHAKOBbLIX napannesnibHo
paboTatowmx npnbopax, ¢ 6esrpaHnyHON o4epebto).

17



m AHanuTnyeckoe onucaHue EEE

CETU U CUCTEMbI CBA3U

M/M/1

Nonaraem 4yto A<,

roe A— MHTEHCUMBHOCTb NOCTYNakLWMNX 3aABOK, NPOMEXYTKHU
BPEMEHU MeXAy nocTynneHMnemMm LABYX nocrneoBaTeslbHbIX
3aABOK ONMNCbIBAKOTCA

dbyHKUMEN BUAA:

F(H=1-€e*,
roe
A—-WHTEHCUBHOCTb NOTOKa NOCTYyNatoLWKMX 3asaBOK,;
t— Bpems.

M —NHTEHCUBHOCTb OGCJ'Iy)KMBaHHFl NOTOKa 3aABOK, T.e. B

cpegHeM HenpepbiBHO 3aHATbIA KaHan 6y,£leT BbldaBaTb M
obcn YXKEHHbIX 3aABOK.

[poMexyTkn BpeMeHun mexay obcnyxuBaHuem ABYX
nocneaoBaTeNbHbIX 3a8BOK ONUCbIBAOTCA hyHKUMEH BUaA:

F(H=1-e™,
roe
M — NHTEHCMBHOCTb NOTOKA 0OCNYKEHHbIX 3aABOK;
t— Bpems. 18



r. AHanunTu4yeckoe

CcCC
onucaHue M/M/1 (2)

BepOFITHOCTI:: TOlIo, Y10 B CUCTEME HaxXodUTCA N

3aAdABOK.:

P=(1-nr",n=123,...,

A

rae TZEJ‘:L npnBedeHHad WHTEHCUBHOCTD

notoka (KoappuuMeHT 3arpys3ku), Kotopas
NpUHUMaeTca paBHOW MeHblle 1 T.e. ovepenb
He pacTeT 0e3rpaHu4yHO; 3TO npeaerbHbIN
cTauuoHapHbIN pexum pabotsl CMO.

N p_ P
ls—ZHXPn—l_pa rne P - npusegeHHas
n=0
A
MHTEHCWBHOCTL ~ MOTOKa, P=— |  T.e.

7,
BEPOATHOCTb TOIO, YTO KaHall 3aHAT.
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V7
AHanutu4yeckoe onuncaHue M/M/1 (3)

Cpe,D,HFIFI NPOAOJTKUTESNIBHOCTD I'IpBGbIBaHMFI
3aABKW B CUCTEME pPaBHa.

A (ux(1=-p)) -
CpefHee 4uCno 3adBOK B o4vepeauM Ha
obCcnyXnBaHme:
A p
L =L.——= .
()

CpEJEI,HFIFI NPOLAOJIKUTESIBHOCTD ﬂpEﬁblBaHMﬂ
3dABKHW B o4vepeln Ha 060ny>|<|4 BaHWE
COCTaBJiAeT.
W{; _ L, _ -P .
A (u(l=p))
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CeTb MacCoBOro EEE

o 6 cn y)KM Ba H Mﬂ CETU U CUCTEMbI CBA3U
CeMO

CeMO -
COBOKYMHOCTb
HECKOINbKNX CUCTEM
MaCcCOBOro
obcnyxmBaHus,
oOCnyXmnBatoLLnX
3adBKU

CMO1 n CMO4 onuceiBaloT npoLiecchl
doyHKUnoHmnpoBaHmsa YC — NCTOKOB U
ctokoB(nony4arenen) nndpopmaumm. CMO 2,3,5,6
ABnAt0TCA moagensamMmu anst TpaH3nTHbIX YC. CeMO MOXHO
npeacTaBuUTb B BUAE rpada, CTpyKTypa KOTOporo
onpeaensieTca NPUHUMNOM obcnyXxmnBaHus 3asiBOK.

CIO
IIO4
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MapKoBCKue npouecchbl EEE

CETU U CUCTEMbI CBA3U

CnyyaiHble nocrnegoBaTenbHOCTU, 06naaaloT MapKOBCKUM
ceolicmeoM ecn ecTb YCNOBHasA HE3aBMCUMOCTb MPOLLMOro U
OyayLero npy M3BeCTHOM HACTOSILLEM.

[unckpeTHasa uenb MapkoBa 3agaHa ecnu BbINOSHAETCA CBOUCTBO:
P[Xn — J | Xl — Il’ ><2 — I2""" Xn—l = In—l]: P[Xn — J | Xn—l — In—‘l]‘

B uenn MapkoBa NOTOK crly4YauHbIX BENUYNH ornpeaenaeTcs ToNbKo
BEPOATHOCTbLIO Nepexoda OT npeablayuiero 3HayeHmnsa cnyyvyanHom
BEJNIMYMHbBI K NOCneayoLLemy.

3Has Ha4yanbHOe pacnpeneneHne BEPOATHOCTEN, MOXHO HAUTU
pacnpegeneHve Ha niodbom ware. BenuyuHel i, MOXHO
NHTEPNPETUPOBATL KaKk HOMepa COCTOAHUN HEKOTOPOU AMHAMMNYECKON
CUCTEMbI C AUCKPETHLIM MHOXECTBOM COCTOSIHUM (TUNA KOHEYHOIO
aBTomara).
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OpHopoaHan uenb MapkoBa EEE

CETU U CUCTEMbI CBA3U

Ecnn BEpoATHOCTM nepexogoB He 3aBUCAT OT
HoMepa Wwara, To Takada uenb MapkoBa
Ha3blBaeTCcsl OAHOPOAHOW U ee onpeaeneHune
3agaeTcsa Habopom BEPOSATHOCTEMN:

pij — P[Xn — J | Xn—l — I]

[na opgHopoaHon MapKoBCKOM Lienn MOXHO
onpenenntb  BEPOSATHOCTU  nepexoga U3
COCTOSIHMSI | B COCTOSIHUE | 3@ M LUAroB.:

pi” =P[X ,m=ilX,=i1=> pi" " p;m=23...
k
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V7
HepocTaTky aHanMTUYeCKUX

MeTodo0B

1. 'POMO3OKOCTb BbIYMCIEHUN OSIA CIOXHbIX
Moaernen, peweHnst CNoXXHOW CUCTEMBI
anredbpandeckmnx ypaBHEHUN.

2. Cno)XHOCTb aHanMTU4ecKoro onncaHug
BbIYNCNUTENbBHbIX MPOLIECCOB CETEN CBA3U

3. HepocTtaTo4yHas pa3BUTOCTb aHaANUTUYECKOro
annapara B psae criydaeB He NO3BOSIAET
BbIOMpaTb ANnsa nccnegoBaHns Hambonee BaXHbIe
XapaKTEPUCTUKN CETEN, OCODEHHO NMpu onnucaHnm
npoueccoB PYHKUMOHUPOBAHUSA NPOrpaMmMHbIX
cpeacTB onepaunoHHbIx cuctem m gpyroro 0.
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4.2 CUHTeS3
NMH(POKOMMYHUKALMOHHbIX
ceTen: 3agayuvm u metoabl



I1Be yacTu 3agayun cuHTe3a EEE

c M CTe M CETU U CUCTEMbI CBA3U

3adaya cuHmes3a B o0OLleM BKIOYaeT B
cebsa co3gaHne CTPYKTYpbl

NPOEKTUPYEMOUN CUCTEMBI U paCYeT ee
napamMeTpoB.

ITU ABe YacTu 3aJa4vn cuHTesa
Ha3bIBalOT CMPYKMYPHbIM U
napamMempu4yecKUM CUHMe30M.
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[MapameTpun4yeckum cUHTE3 EEE

CETU U CUCTEMbI CBA3U

lMapamempu4yeckuli cuHme3 HeripepbI8HbIX cucmemM ODbIYHO
peann3yeTtcs ¢ NOMOLLbIO METOA0B WU anropuTMOB ONTUMU3ALNMN.
MeTtogbl onTMMM3aUMM TMPUMEHSIOT, Korga yrnpaensieMble
napamMeTpbl HENPEpPbIBHbI, T. €. MOryT npuHumMmaTb nobble
3Ha4yeHua B npegeriax HenpepbIBHOWM AONYyCTUMOK obnacTw.

Ona cuHTe3a OOBLEKTOB C  AUCKPETHbIMA  BHYTPEHHUMMU
napamMmeTpamu NCMNOIb3YTCH MeToabl OUCKpPemHoz20
MamemMamu4eCcKo20 rpo2paMMuUpo8aHUs.

Ecnn npu ontummusaumm 4YacTb YynpaBnsieMbiXx MapamMeTpoB
ONCKpeTHa, a YacTb napamMeTpoB MWMEeeT HenpepbiBHbIN
XapakTtep, 3ajada [omkHa pellatbcsl MeTogamMu Yacmu4HOo
OUCKPemHo20 rnpo2paMmMupo8aHus.
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CTPYKTYPHbIN CUHTE3 EEE

CETU U CUCTEMbI CBA3U

CTpyKTypa 0ObLEKTOB onpeaensieTcs npnpoaon
9JyIEMEHTOB M CNOCODOM X CBA3U Mexay cobon B
cocTaBe oDObekTa.

PesynstaToM cmpykmypHO20 cuHme3a OOMKHbl ObITb
NN NepeveHb TUMOB 3NIEMEHTOB BMECTE C Tabnunuen
COEVHEHWUN, NN CXeMa PacnosioKeHUs 3NEMEHTOB C
yKa3aHUeM UX TUMOB, NN CXema anroputMma u T. 1.

B obLiem criydyae CUHTE3 CTPYKTYPbI, ABMNSETCA 3aaden
BblOOpa HEKOTOPOro BapuaHTa, NpeacTaBnsatoLero
cOoO0ON 3NeMeHT CYEeTHOIro MHOXecCTBa.
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KombuHaTopHble meToAbI EEE

CETU U CUCTEMbI CBA3U

Korja MHOXEeCTBO BapuMaHTOB CUMHTE3a OKa3bliBaeTCs
KOHEYHbIM B TOM 4Yucre no MpUYNHE WUCKYCCTBEHHbIX
orpaHn4yeHnn 3agava CUHTE3a CTaHOBUTCS
KOMOWHaTOPHOMN.

Kom6uHamopHyro 3adayy MOXHO peluTb nyTem
aHanmsa 1 cpaBHEHUs BCEX BO3MOXHbIX BAPUAHTOB, T. €.
C NMOMOLLIbIO NOJTHOIo nepebopa eapuaHMos.

Ha npakTunke nosrHbin nepedbop obbIYHO NpeBpaLLaeTCcH B
HegonycTUMO  TpydoeMKyko  npoueaypy. [loatomy
NPUXOANTCA BbIMOSHATbL JNNLLBb YaCTUYHbIN Nepebop.
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Mpumep NnocTaHOBKU C/CC
ONTUMM3ALMOHHOM 3aaun oo

CTPYKTYPHOIro CUHTe3a

3agaHbl  4YUCIIO U PacnonoXeHUEe WUCTOYHUKOB W
nony4vyatenen wuHdopmauum, TpedoBaHUS K MOTOKaM
coobLleHnn Mexagy napamm  UCTOYMHUK—Nony4vaTernb,
N3BECTHbI CTOMMOCTU 0B60pYyaOBaHUSA CETMW.

@nrytu

Heob6xodumMo MuUuHUMU3UpOBamb CTOMMOCTb BCEX
NMIMHUMA  Ha  MHOXECTBE BO3MOXHbIX  TOMOMOrnn,
NPOMNYCKHbIX CMOCOBHOCTENM  KaHanoB nepedayn wu
cnocobax BbibOpa nyTu (MaplupyTta) nepegadv npwu
OrpaHUYEHNSIX HA MPOMYCKHYI CNOCOOHOCTb KaHaros,
CPedHIo 3adepXKy B nepegade wuHopmauum W
HaOEXHOCTb CETM.
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m YPOBHM CROXHOCTH Cc/C/C

3ana\_| CM HTe3a CETW U CUCTEMbI CBA3U

K ypoeHro crioxxHocmu 1 oTHOCAT Hanbonee npocTble 3agayn, rae
CUHTE3 OTCYTCTBYET.

Ha ypoeHe criokHocmu 2 — BbIOOP HYXXHOro BapmaHTta mn3
KOHEYHOIro MHOXECTBA, MPUYEM BCE 3NEMEHTbI 3TOr0 MHOXECTBA
3apaHee N3BECTHbI, UX KOSTMYECTBO HEBENUKO N CPaBHEHME BCEX
BapMaHTOB OCYLLECTBNSAETCS 3a NpUeMIieEMoe BpeMS.

K ypoeHro crioxkHocmu 3 OTHOCAT 3aa4yn BbiIbopa Ha MHOXECTBE C
B6oNbLWMM, HO KOHEYHBLIM YMCINTOM BapuaHTOB MPU YCIIOBUN, YTO YUCIIO
BapuMaHTOB U CaMWn BapuaHTbl 3apaHee U3BECTHbI.

K ypoeHro crioxkHocmu 4 oTHOCAT 3aga4yn BbiIbopa BapuaHTa Ha
MHOXECTBE C 3apaHee He N3BECTHbIM YMCIOM 3N1EMEHTOB UMK
BoOOLLe B BeCKOHEYHOM MHOXecTBe. Hanpumep, 3agada cnHtesa
NPUHUUNNATTBHON 3NTEKTPUYECKON CXEMBI.

K ypoeHro crio)kHoCcmu 5 OTHOCAT 3agayun, pelleHne KoTopbIX
BO3MOXHO TOJSIbKO Ha YPOBHE OTKPbITUN, T. €. NflaHNpoBaTb UX
peLleHne Henb3s.
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MeToab! pewenus sagaun  [[o[

Cpr KTy p H O ro c M HTe3a CETU U CUCTEMbI CBA3U

[lepebop BapmaHTOB U3 apXmBa TUMNOBbIX
CTPYKTYP

[lepebop BapnaHTOB, reHEPUPYEMbBIX N3
OUONMUOTEYHbIX 9NEMEHTOB

[locnegoBaTerbHbIA CUHTES3

BbligeneHne BapnaHTa n3 o600LeHHON
CTPYKTYpPbl

*/Ilcnonb3oBaHne 3BPUCTUYECKUX NPUEMOB
-CBefleHne 3a]a4n CUHTE3a K 3aja4ye OUCKPETHOIC
MaTeEMaTUYECKOro nporpaMmmMmmpoBaHmS
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[Mpouenypnbl pewieHus EEE

3ana '~| M c M HTe3a CETU U CUCTEMbI CBA3U

PelueHuve 3agaymn cuHTE3a B paMkax noboro
noaxoga obblYHO MMEET NMOUCKOBBIN XapaKTep,
rJe Ha Ka)XgoM Luare novcka BbIMOMHATCS TpU

npoLenypbi:

1. BbIOOP UMK reHepaunsa o4epeaHoro
BapuaHTa;

2. OlLleHKa BapuaHTa;

3. MPUHATUE peLleHns o ganbHENLINX
NENCTBUSAX.
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m OueHKka BapuaHTa EEG

CT py KTy p b I ceT M CETU U CUCTEMbI CBA3U

B obLiem cny4vae oueHka BapmnaHTa CTPYKTYpbl
Tpeoyer:

*d0OPMMPOBAHUA MaTEMATUYECKON MOOENN, TakK Kak
N3MEeHeHNe CTPYKTYPbl NPUBOAUT K USMEHEHUIO
BUOa ypaBHEHUU MOOENN;

*BbINOJIHEHUA I'IapaMeTpI/ILIeCKOVI onTMMmn3aunn, Tak

KaK CpaBHUBATb BaAPUaAHTbl CTPYKTYPbl UMEET
CMbICIT NMPU ONTUMAJibHbIX 3HA4YEHUAX NMapPaMeEeTPOB.
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OnTumusaumoHHble noaxoabi k [yl

pel_uele-O 3anaq CUHTEe3a CETM M CUCTEMbI CBA3M

1. OnpegensieTca CTPyKTypa CE€TM U NPOMNYCKHbIE
cnocobHocTn KaHarnoB cBA3n. OCHOBHbIM KPpUTEPUEM
ONTUManbHOCTU ABMSIETCH CTOMMOCTb CUHTE3NPYEMOM
cetTu. [llpu 3TOM OOBIMHO HE  Yy4YUTbIBAKOTCHA
HaEXXHOCTHbIE XapaKTEePUCTUKN CETH.

2. PeweHue 3agayn cuHTE3a B [Ba 9JTana. cHayana
HaxoguTcsl  CTPYKTypa, oOTBevawwas 3agaHHbIM
HaOEeXXHOCTHbIM N CTOMMOCTHbIM XapaKTepucTukam, a
3aTemM onpeaenarTca onTumarnbHble Mo BbIbpaHHOMY
KPUTEPULIO MPOMNYCKHbIE CIMTOCOOHOCTU KaHASI0B CETU
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m MaTtpuubl B 3agayax EGG

CUHTé3a CETU M CUCTEMbI CBA3M

[na onncaHnst CTPYKTYPbl CETU U KONUYECTBEHHbIX
OLIEHOK e€e 9fIEMEHTOB UCMNOMb3YIOT crieayoLlme
MaTpuLbl:

1. MaTpuua cBA3HOCTU (CMEXHOCTH).

2. MaTtpuua gnvH pebep (kaHarnoB CBA3N).

3. MaTtpuua nponyckHbIX CNOCODHOCTEN
(emkocTen) pebep.

4. Martpuua cTonmocTu (CTOMMOCTb pebpa mexay
y3rnamm)

5. MaTpuubl TaroteHun (TpedboBaHUin Ha nepenadvy
NOTOKOB MHpopMauun).
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MapameTpbl rpada cetn gns EEE

CM HTe3a M aHanM3a CETM M CUCTEMbI CBA3M

PaHazom nyTn HasblBaeTCcs YMCno pebep, odbpasyroLmx
OaHHbIN NyTb. [ponyckHas cnocobHOCTL NMyTH
ornpenenserca Havbonee y3kum MeCTOM — MUHMMAIIbHOM
NPOMNYCKHOW CrIOCODHOCTLIO pebep, obpasyoLlmx NyThb.

Cesi3HOCMbHIO CETN Ha3blBAETCA MMHMMANbHOE 4YKCOo
He3aBUCUMbIX NyTen Mexay nobon napou y3ros.

CeyeHue cemu — Hen3bbITOYHAA COBOKYMHOCTbL pebep,
KOTOpbl€ Ha0 N3bATb U3 CETU, YTOOLI HapyLUMach ee
CBSAA3HOCTb.

lMponyckHasi cnocobHOCMb ceveHust onpeaenseTcsa Kak
CyMMa NpOnycKHbIX CrnocobHocTen pebep, BXoAALWMX B
OaHHOE CeYeHme.
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[lpocTenLine CTpPYKTYypbl ceTeun EEE

CETU U CUCTEMbI CBA3U

CeTn ¢ napannenbHbIM COEANHEHNEM STIEMEHTOB.
CeTu c nocnenoBartenbHbIM COeOUHEHUEM
9NEMEHTOB.

CeTn pagnanbHbiM COEAUHEHMEM 3NEMEHTOB
(3B€30000pa3HbLIM) COeAUHEHMEM JJIEMEHTOB.

[pyrne cTpyKTypbl MOTyT ObITb NOMYyY€EHbI NYyTEM
KOMOWMHAaLWM NPOCTENLLNX CTPYKTYP.

CyulecTBytoLline cetu B 00NbLUNMHCTBE Cly4Yaes
ABNAKTCA MHOroypoBHeEBbIMU. CTPYKTypa CeTU
KaXkOoro ypoBHA MOXET obnagaTb CBOem
BHYTPEHHEN nepapxnen.
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OekomnoauumonHbin noaxoa k [«

3anaqe CMHTe3a CprKTypbl CETU U CUCTEMBbI CBA3U
CeTun

[lekoMno3nuuna no3BonsieET CBECTU PELLIEHNE
CITOXHOM 3adaum K psgy boree npocTtoix. B
NpaKkTUKe NPOEKTUPOBAHNS 0OLLada 3agada CUHTE3a
TOMOMNOrMYECKON CTPYKTYpPbI CETU pa3bmBaeTcd Ha
psa nops3agad:

*OrnpeaerneHne Ynucna n MecTornonoXXeHns y3nos
CBA3U;

*CUHTE3 MECTHbIX CEeTEeWN;

*CUHTE3 MarmcTparnbHON CETH.

PelleHne nepevncrieHHbIX YacTHbIX 3a4ad, B
COBOKYIMHOCTU COCTaBNsAOLWMX O0LLYIO 3aa4y
CUHTE3a, OCYLLECTBNAETCH, KaK npaBuno, C
NCMONb30BaHMNEM PUBIUXXEHHbBIX 38PUCMUYECKUX
Memoaoos. 39



4.3 MogenupoBaHue
NMH(POKOMMYHUKALMOHHbIX
ceTem U CUCTeM CBSA3M



OCHOBHbIe TpeboBaHUA Cc/C/C

n pen-bﬂ BlidemMblié K M Onen n CETW M CUCTEMbI CBA3M

MonHoTa Moaenu — Mmogernb AoMKHa NpegocTaBnsATb
nonb3oBaTeNto BO3MOXXHOCTb NOfyYeHust Heob6XOANMOro
Habopa xapakTepUCTUK, OLIEHOK CUCTEMBI C TPebyemon
TOYHOCTbIO U JOCTOBEPHOCTHIO.

'MbkocTb Mmopgenu — moaenb AOMKHa JaBaTb BO3MOXKHOCTb
BOCMPOMN3BOANTb pasfnunyHblie CUTyaumum npu
BapbUpPOBaHUU CTPYKTYPbI, anropuTMOB 1 NapameTpoB
moaenu. MNpuyem, cTpykTypa OormkHa ObITb ONoYHON, T.€.
aonyckatb BO3MOXHbIE 3aMeHbl, 4obaBreHns n
NCKIMOYEHNSI HEKOTOPbIX YacTen 6e3 nepenenkm BCeEN
Moenu.

KomnmeepHaﬂ peann3auuna mogesrin AorxxXHa

CcOoOoTBETCTBOBATbL UMEKLWLNMCA TEXHNYECKU peCypCaM. 41



M(::;g:; I\l:lnhc:.qenuposal-m;l EEE
YHUKaUMOHHbIX
cucTem

1. NocTpoeHne KoHuenTyanbHOW
(onucarenbHOW) Moaenn HEKOTOPOU
CUCTEMbI N ee dhopManunsaungd

2. AnroputMmmnsauma Mmogenm n ee
nporpamMmMHas peanumsauus

3. NonyyeHune n MHTEepnpeTauunsa
pe3ynsLTaToB MOOEeNMpPOBaHUS
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[TocTpoeHue KoHUuenTyarbHOU EGG
M One n M CETM U CUCTEMbI CBA3M

1. TllpoBeageHue rpaHuL Mexay CUCTEMOU N BHELLHEW Cpenon.

2. NccnepoBaHne mMoaernnpyemoro obbekTa C TOYKU 3peHnA BblaeneHnA
OCHOBHbIX COCTaBn4aArWwunx npouecca d)yHKLI,I/IOHI/IpOBaHI/IFI CncTeMbl (I'IO
OTHOWEHWNKO K Lendam MO,EI,eﬂI/IpOBaHI/IFI)

3. I'Iepexo,u, OT cogepxKaTtesibHOIro ormimcaHnAa CUCTeEMbI K CbOpMaJ'IVI3OBaHHOMy
ONnUcaHuo CBONCTB npouecca (byHKLI,I/IOHI/IpOBaHI/Iﬂ CUNCTEMBbI, T.€. K
KOHLI,eFITyaJ'IbHOI7I moaenu. McknovaroTcs HEKOTOPbIX BTOPOCTENEHHbIE
ANeMEHTbI OrNMncaHunA. I'Ipe,u,nonaraeTc;l, YTO OHN HE OKa3bIiBakOT
CyweCTBEHHOIO BITMAHNA Ha XO4 npoueccoB, UCClieqyemMbiX B CUCTEME C
NnomMoOLbO MOAENN.

4.  OCHOBHble aneMeHTbl Mogenu rpynnupyoTcs B 6rnokun. bnoku [-on rpynnbl
npeacTaBnalT cobon nmMnTaTop BO3nencTBus BHELWHen cpeabl. brnioku [1-on
rpynn siBASOTCS COOCTBEHHO MoAENb0 OYHKUMOHNpoBaHUS. briokn Il rpynnbl
HOCAT BCoOMoraTesibHbl Xapaktep 4nd peanusauum I-n v 1l-n rpynn n ans
domKcauum pesynstatoB MOAENTMPOBaHUS.

5. Tlpouecc dhyHKLMOHMPOBAHMA CUCTEMbI pa3dbmnBaeTca Ha NoanpoLecchl Tak,
4YTOObI NOCTPOEHNE OTAENbHBIX MOAENen noanpoueccoB 6bINo
3NeMeHTapHbIM N HE Bbl3blBano TPyAHOCTEN.

43



m O6wWwme NOHATUSA Cc/C/C

Monen n po BaHUA CETW M CUCTEMbI CBA3M

[log MmodenupoeaHuem nogpasymeBaloT NOCTPOEHNE
MaTemMaTtu4yeckon moaenu, kotopas UMeeT BUAa
doyHKLMOHanLHOW 3aBUCUMOCTH

y=T(X,%X,..X.)

B kauecTtBe pyHKUMK f MOXHO paccmaTpumBaTth

Takon nokasaTernb 3PPEKTUBHOCTU CUCTEMBI, KaK,
Hanpumep, NOJSIe3HYID CKOPOCTbL Nepefadun OaHHbIX, a
B Ka4yeCcTBe NapamMeTpoB X; - BCe NnapamMeTpbl JaHHOU
CETWN, OT KOTOPbIX 3aBnCUT f.
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Buabl mogennpoBaHud CcCC

CETU U CUCTEMbI CBA3U

HdemepmuHupoeaHHoe ModesniupoeaHue oTobpa)kaeT

OeTepMUHUPOBAHHbLIE MPOLECCHI, T.e. TakKne, B KOTOPbIX OTCYTCTBYHOT
BCAKME CnyYanHble BO3OENUCTBUA.

Cmoxacmu4yeckoe ModesiupogaHue oTobpaXaeT crnyvalnHble,
BEPOSATHOCTHbIE MPOLIECCHI U CODbITUS.

Cmamuyeckoe modesiupogaHue CryXuUT AN ONUCaHUS CITOXHOM
CUCTEMbI B KOHKPETHbBI MOMEHT BPEMEHU.

HuHamu4yeckoe modesniupoeaHue oTpa)kaeT NoBeaeHNe CUCTEMBI BO
BPEMEHM.

HduckpemHoe modenupoeaHue VCronb3yeTcs AN OnncaHus
MpoLIeCccoB, MPOUCXOOALLNX B OUCKPETHbIE MOMEHTbI BPEMEHMW.
HenpepbieHoe ModenupoeaHue UCNornb3yeTcs AN onncaHue
HenpepbIBHbIX BO BPEMEHU NMPOLIECCOB.
HuckpemHo-HenpepbieHOe ModesiuposaHuUe UCNornb3yeTcs Ans

Tex crny4yaes, Korga XoTAT OTPa3uTb Hannumne Kak ANUCKPETHbIX, TaK U
HernpepbIBHbIX MPOLIECCOB B CUCTEME.
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AnropuntMmmsauua moagenu un ee EEE

W=

CETU U CUCTEMbI CBA3U

peanusauus

Pa3paboTka mogenupytoLero anropmTma.
Pa3paboTka TekcTta nporpamMmmsl.

Bbibop TeXHMYECKOro cpeacTsa anga peanusaunm
KOMMNbIOTEPHOW MOAENMN.

JTan nporpaMmmMmnpoBaHnUda Moaenu
(NnporpamMMmnpoBaHne 1 oTnagka).

[lpoBepka 4OCTOBEPHOCTU MOAENN Ha
PasfnM4YHbIX paboTaloLKnX TECTOBLIX NpUMepax.
CocTtaBneHme TeXHNYeCKon AOKYMEeHTauum
(nornyeckne cxembl, anropuTMbl MpPorpamm,
TEKCTbI Nporpamm)
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[MonyyeHne n MHTepnpeTauus EEE

B W

CETU U CUCTEMbI CBA3U

pe3ynbTaToB MoAennpoBaHUs

[TnaHupoBaHme ucnbiTaHnn Ha IBM Ha moaoenu
CUCTEMbI, COCTaBMEeHMe nnaHa nposeaeHus
9KCNepMMEHTa C YKasaHUeM KOMbnHaumnm
NnepeMeHHbIX U NapamMeTpoB, A KOTOPbIX OO KEH
NPOBOAMNTCS AKCMNEPUMEHT.

[TpoBegeHmne paboumnx/TeCToBbIX pacy4eEToOB
(KOHTpOsibHada KannbdpoBKka MOAENN)
Ctatuctnyeckasa obpaboTka pe3ynsratoB pacyeToB.
MHTepnpeTaumsa pesynsratoB MO4eNMpoBaHus,
nogBeaeHmne UToros

CocTtaBneHme NToroBoro oT4eTa n BblBOAbI MO
pes3ynsrataMm MoaennpoBaHus.
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CCC

CETU U CUCTEMbI CBA3U

MaTemMaTuyeckme moaenu v
noaxoabl K MOAENUPOBaHUIO

) Nry Ty

IMpouecc Maremarndeckasi Moae/Ib O0o3HaueHHe
(GPyHKUMOHMPOBAHUSA
CUCTEMBI
HenpepriBHo- Huddepenimanbhsie, D-cxema
JIE€TePMUHUPOBAHHBIN MHTETPAJIbHBIE, UHTETPO-
OAXOJ nuddepeHaibHble ypaBHEHUS
JluckpeTHO- KoHeuHble (TUCKPETHBIC) F-cxema
JIE€TePMUHUPOBAHHBIN aBTOMAaThI
OIXO0
JluckpeTHo- BeposaTHOCTHBIE aBTOMAThI P-cxema
CTOXaCTUYECKUN MOAXO0]
HenpepniBHO- CucremMa MacCcoBOTO Q-cxema
CTOXaCTUYECKUU MOXO]T 00CITy>KUBaHUS
O00011IeHHBIC JlexOMIIO3UIINS U aHAJIN3 A-cxema
(YHUBEDCATHHBIH) OTJICJIbHBIX YPOBHEH (arperarTon)
CUCTEMBI
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MaTtemaTnyeckoe mogenmpoBaHue EEG

CETU U CUCTEMbI CBA3U

[Nlog MamemMamu4yeckum
ModesiupoeaHUeMm
NOHUMAETCS npoLecc
yCTaHOBMNEHNS AaHHOMY
peanbHOMY OOBLEKTY
HEKOTOPOro
MaTeMaTU4ecKoro
obbekTa, Ha3biIBAaEMOro
MamemMamu4yeckou
MOOes1bIo N NccnegoBaHne
3TON Moaenu,
no3BonsaloLLEee NONMYyYNUTb
XapaKTepPUCTUKN
pearnibHOro oobekTa.

JTlobasa matemarnyeckad
Modernb, Kak N BcAKasi
apyrasi, onucbiBaeT
pearbHbI 0OBbEKT ML C
HEKOTOPOW CTENEHbLIO
NpUoNMXeHns. 49



UccnepoBaHMe maTeMaTUyeCKMX EEE

Mmozgerle v, CETM M CUCTEMBbI CBA3YN

1. AHanumu4eckul crnocob - rnorny4yeHue B
oOLleM BUOE 3aBUCUMOCTMU BbIXOOHbIX
XapaKTEPUCTUK OT NCXOOHbIX.

2. HYucneHHbIU crniocob - HeNb3s PeLlnTb
CITOXHble ypaBHEHMSA B obLiem Buae. Pesynesrathl
nony4arT ANns KOHKPETHbIX HadYarnbHbIX AAHHbIX.
3. KayecmeeHHbIU crnocob - HET BO3MOXHOCTU
NONy4YeHMNs KOHKPETHbIX peLleHnn, HO MOXXHO
BbIAENNTb HEKOTOPbIE CBOMCTBA OOBLEKTOB UK
peLleHn ypaBHEHUN, HANpPUMep, OLEHUTb
YCTOWYNBOCTL pPeLLEeHns.
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m ViMUTaLMOHHOeEe EEE

M O,qen n p OBadHMe CETU 1 CUCTEMbI CBA3U

AnropntTM MoaennmpoBaHusi BOCMPOU3BOANUT NpoLEecc
PYHKLMOHNPOBAHNSA CUCTEMbBI BO BPEMEHM.

NMNTUpPYIOTCS 3rnemMeHTapHble ABNeHus,
cocTaBnsoLme npoLecc PyHKLUNMOHMPOBAHNSA CUCTEMBI,
C COXPaHEeHWEM NTOrMYECcKOM CTPYKTYPbl 0OObekTa U
nocnegoBaTeribHOCTM NPOTEKaHUs npoLiecca BO
BpeMeHU. OTO NO3BOSSAET MO UCXOAHbIM AAaHHbLIM
NOMNyYnTb CBEAEHUSI O COCTOSIHMM NpoLecca B
onpeaerieHHble MOMEHTbI BPEMEHW.

npeI/IMyLLI,eCTBOM WMNTaUMOHHOIo MoaerimpoBaHnNA
ABINAETCA BO3IMOXHOCTb peLlEeEHNA CITOXHbIX 3aa\.
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MMuTaumoHHoe EGG
moaenuposaHue CMO

PaspabaTbiBaloTcAa anroputMel, BolpabaTtbiBaloLme cryvamnHble
peann3aunmn 3agaHHbIX COObITUM UMK NOTOKOB. MMUTUPYIOTCA BXOOHbIE
NOTOKW, 3a4al0TCS CnyyYanHble 3HaYEHNA BPEMEHU 00CNYyXMBaHUS
3a9BOK A5 KaXKO0ro KaHana, a Takke gucuuninHa obcnyXmBaHus
oyepean.

PaboTta anroputma 3akrno4aeTcs B MHOrOKpaTHOM BOCMPOU3BEeAEHUM
cllydauHbIX peanusaumn npolecca npuxoda 3asaBOK M npouecca mx
obcnyxmBaHunst Npm UKCUPOBAHHbLIX YCITOBUAX 3aa4u.

MeHss ycnoBus 3agayvn, napameTpbl BXOAHbLIX MOTOKOB N 3fIEMEHTOB
CMO, MOXHO Mony4ynTb Ka4eCTBEHHbIE NapamMeTpbl gaHHoro CMO npwu
TEX NN NHbIX N3MEHEHUSX.

OueHka kadecTBeHHbIX NnapameTpoB CMO ocyulecTBrnsieTcs nytem
cTaTUCTU4YeCcKom obpaboTKN BENUYMH, MNOSTYYEHHbIX B pe3yrisTaTe
MOOENnMpoBaHusL.
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CtaumoHapHbiit pexum CMO  [oJ[eJ[3

n p“ Monen M po BaH M M CETU U CUCTEMBbI CBA3U

CTaunoHapHbIi N YCTAHOBUBLLUUNCH PEXNM
CMO HacTynaert TOJIbKO nocne
OCYLLECTBIIEHMA 3HAYUTENBLHOro KOorn4vecTBa
NMMNTaLUMOHHbIX peann3auuni.

HavanbHble peanusauun npouecca  MoOryT

CyweCTtBeHHO OTJIN4aTbCH oT
YCTaHOBUBLLUUNXCA.
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CpepncTtBa umutaumonHoro [o[eJ(e3

M Op,e.n M po Ba H M;I CETWU U CUCTEMDbI CBA3U

MMUTaUMOHHLIE MOOESNN ONUCLIBAKOT OOBLEKT
nccrnegoBaHUA Ha HEKOTOPOM A3bIKE, KOTOPbIV
oTODpaXkaeT afieMeHTapHbIe ABMIEHUS, COCTaBNSAOLWNE
CYTb PYHKLUMOHNPOBAHNA UCCIieadyeMOU CUCTEMbI C
COXpaHEeHMEM UX NTIOrMYECKOU CTPYKTYPHI,
nocnenoBaTtenbHOCTU NPOTEKaHUA BO BPEMEHM,
0CcoDeHHOCTEN U cocTaBa MHOPMaLMN O COCTOAHUN
npouecca.

ANropnTMbl, 3anoXXeHHble B OCHOBE MMUTALMOHHbIX
Moaenen, 4oCTaToO4YHO TOYHO BOCCO34atloT paboTy
pearnbHbIX YCTPOUCTB B CETU, YTO MO3BONSIET HA NX OCHOBE
CTPOUTb KOMMJIEKCHI MOAENNPOBAHNA CETEN CBA3MN,
Hanpumep, c nomoLlbto naketoB NetworkSimulator2 (ns2),
NetworkSimulator3(ns3). c4



Npouecc umutaumonHoro [oJ(e3[e3
MoﬂenMPOBaHMH CMCTeMbI CETU U CUCTEMbI CBA3U

I

I

I
1 2 3 5
Hmurtanua Bocnpons- ObpaboTEa [MocTpoeHue
caygafi e BZEEHHE PESYIILTATOR H KOPPERTH-T

Ny N OTEI
EosgeACTEHA P . MOAETHPO- POBKA
frocne g yenMod
BAHHA MO IETH

CHCTEMEI

Bribop OOTHMANEHOrO BApHAHTA

Bbnoku 1,2,3 npeacraesnsaoT onepauum No UCcriegoBaHMIO OQHOIO BapnaHTa
MOLENU, KOTOPbIE MOBTOPAITCS MNPU PasfINYHbIX peann3aumax cnyyYamHbix
npoueccoB, obpa3syst BHyTpeHHU unkn mogenuposaHus (LIMKIT 1). bnok 4
ynpaenseT n3aMeHeHna BapnaHToB mogenu. lNpn atom 6noku 1,2,3 (BHYTPEHHUN
LMKN) oxBaTbiBatoTcAa uensamu obpaTtHom ceasu (LUWMKIJT I, ontumunsaumal). Cesasb
3-4-2 oTpaxaeT agantaunto MmogennupyemMon CUCTeMsbl. [JMHAMNYECKUA LINKN
KoppekTnpoBku moagenu npeacrasneH 8 LWAKI 1. 55



m CTaTUCTUYECKOEe C/CC

M onen M po Ba H M e CETWU U CUCTEMbI CBA3U

[lon cmamucmu4yeckum MmoodesniuposaHuUem
NOHMMaETCs BocnpounaBeaeHue npun nomowm 3BM
npouecca PyHKLUNOHNPOBAHUA MaTEMaTNYECKOMN
MOJENN nccneayemMoro oobekTa ¢ y4eToM CriydanHbIX
doakTopoB.

MaTtemartunyeckasa mogens npeodbpasyeTcs B
Moaenupytowmnn anroputm. [pun kaxxgom 3anycke
anroputMa (McnbiTaHUN) UMUTUPYETCA UCCNeayeMbIN
npouecc. B pesynesraTe, nocne 60nbLIOro 4ucna
UCMbITaHWN, MNONy4YaeTcs cpeaHee 3HayeHne
MCKOMOro napameTpa no 605bLIoMYy KONMYECTBY
peanusaumnu.
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m MeTton MoHTe-Kapno EEE

CETU U CUCTEMbI CBA3U

PesynsratoM SBNAETCA MaTeMaTuyeckoe oXuaaHue
HEKOTOPOU cny4YaMHOW BenuyuHbl Y, KOTOpad 4alle
BCEro sABNAeTcA Hecrny4YyanHou @yHKUMEW criyYanHou
BeNMYnHbl X, UMetoLLien pacnpeaenerme p(x).

BoipaxeHne «cnyyYanHaa BenndmHa X UMeeT
pacnpegerneHne p(x)» o3Ha4vaer:

* NS HenpepbiBHOW Chny4YauMHOW BENUYMHbI, YTO ee
NIIOTHOCTb BEPOSITHOCTU paBHa p(x);

*ONA [OWUCKPETHOM CrnyvyamHOW BenUYMHbl (PYHKUUIO
p(x) Hago NoHUMaTb Kak PYHKLUNIO BEPOATHOCTW.

57



Pe3ynbTaTbl MMNTALMOHHOIO W EEE

CETU U CUCTEMbI CBA3U

CTaTU4eCKoro moaesimpoBaHusA

icnblTaHMA peanbHOU CUCTEMbI 3aMEHEHbI Ha
ncnbiTaHUA MmaTemaTnyeckon mogenu. Kaxxgoe
NcNblTaHMEe COMPOBOXOAETCA PacCYETOM.

B pe3ynbrate npoBoanUTCSA YNCIMEHHbLIW SKCMEPUMEHT Ha
9BM c maremartnyeckon moaenbo (Moaernb BbICTyNaeT
Kak 00beKT nccriegosaHus). lNpn peannsayum
NCNbITaHUA BO3MOXHbI U JTIOrMYeckne onepauunn.

PacuyeTHble U fIormyeckne onepauunm peanmayroTcs Ha
OBM ¢ nomMoLLb0 COOTBETCTBYHOLLMX anirOPUTMOB,
KOTOPbIE B COBOKYMHOCTM U COCTaBNAT MOAENUPYIOLLNA
anropuTmM.
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BbiBOoAbI Nno pasgeny 4 EEE

CETU U CUCTEMbI CBA3U

1. B HacTosLee BpeMda Ha CETAX CBA3M UCMNONb3yeTcs
borbLUoe KONM4ecTBO METOLO0B aHanun3a
XapaKTEPUCTUK KaHamNoB, CETEN N TpaduKa ceTen
CBA3N.

2. Knaccunyeckne metoabl TEOPUM MacCOBOIO
o0Cny>XnBaHUs He B MONHON Mepe NMPUroaHbl ANs
aHanu3a 6onbLUNX ceTen U CUCTEM, NOITOMY B
nocnegHee BpeMsi 4YacTO UCMONb3YOTCA METOAbI
MMUTALMOHHOIO N CTaTUCTUYECKOrO MOOENMNPOBAHUS.

3. MeTtoabl aHann3a U cuHTe3a KaHanoB U CEeTEN CBHA3MU
NPUMEHAIOTCA B CUCTEMHOM €OWHCTBE W MNO3BOMAOT
9P EeKTUBHO pellaTb ONTUMWU3ALUMOHHbIE 3aJadyn Ha

COBpPEMEHHbIX TENNIEKOMMYHUKaALNAX.
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