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BBenenue

Teopus teneTpaduka — Kak CaMOCTOSITENIbHAS TUCIUIUIMHA BBIJCIUIIACH U3
TEOPUH MACCOBOI'0 OOCITY>)KMBaHUS U Pa3BUBAIACH B TEUEHUN HECKOJIBKUX JECSATHU-
JIETUH MOYTH UCKITIOUUTEIBHO JIJISl HY K] UCCJIeIOBaHUS U pacuéra TejaedOHHOro
Tpaduka. [losBrenue Tpaduka TaHHBIX BO BTOPOU MOJIOBUHE MPOIILJIOTO BEKA HE
MOTJIO CYIIIECTBEHHO U3MEHHUTH JTO MOJOKECHHE, TTOCKOJIBKY 00BEMBI 3TOTO Tpadu-
Ka ObUIN MPEHEOPEKUMO MaJIbI.

IToka3aTeabHO B 3TOM IIIaHe, YTo Bo3HMKIIAsA B 80-X romax TEXHOJIOTHS
ISDN (Integrated Services Digital Network) — mudpoBast cets ¢ mHTErpanuei
CITyk0, IpeHa3HauYeHHAas JUTsl COBMEIICHHSI YCIYT TeIe(QOHHON CBSI3U U OOMEHA
JAaHHBIMH, paccMaTpuBaja Tpauk JaHHBIX KaK HEUTO HeCymecTBeHHoe. IMeHHO
10 3TOM MPUYMHE UHTETPUPOBAHHBIN Tpaduk 6a3upoBalics, B OCHOBHOM, Ha ‘“‘Cy-
MEePCKOPOCTHBIX” NU(PPOBBIX KaHANAaX B 64 KOUT/C U MIpeaiaran KOMIbIOTEpaM Uc-
M0JIB30BATh JJI1 0OMeHa OeCTIepCIeKTUBHBIN CI0c00 KOMMYTaluK KaHaioB. B ko-
HEYHOM CuéTe, MMEHHO 3TH JiBa (hakTOpa U ONpPESTIIIN MeYaIbHYI0 CYyIb0Y 3TOM
TEXHOJIOTUM Ha IpaHuIle BEKOB (MakcumainbHas ois Tpaduka ISDN nvurae He
npeBsbimana 5%).

OcrtaBus B ctopone ISDN, o0patnm BHUMaHUE HA CTPEMHUTEIEHOE YCKOPEHNE
NaKeTHBIX TeXHOJIOTHH B (hukcupoBaHHBIX (X.25, Frame Relay, ATM, MPLS) u
moompHBIX (GPRS, EDGE, WCDMA, HSPA, WIMAX, LTE) cetsx. 3akon Mypa
TOP)KECTBYET KaK BE3JIC.

Kakue acriekThl B ’TOM pa3BUTHH OKa3ajdu HauOOJIbIIee BIMSHUE HA (OPMHU-
pOBaHWE HOBOM MapagurMbl TEOpUHU TeaeTpadrka?

B mepByto odepens 3To BXOAHOW MOTOK. biaroaeHcTBre 6€3 mocieeicTBHs
BJIPYT 3aKOHUYMJIOCh U Ha CMEHY UJICAIbHBIX BO BCEX OTHOIIIEHUAX MTyaCCOHOBCKUX
MOTOKOB MPUIIUTH MOHATUS CaMOIIOI00HOTO TpaduKa, TaueuyHOl HArpy3KH U JIp.

Crnenyromuii He MEHEe BaXKHBIN aCMeKT CBS3aH C JUCITUTUTMHON 00CITyKHBa-
HUs. Ycinyrd TeneoHHOM CBs3M (0COOCHHO aBTOMATHUYECKOM) MPU CITOCO0e KOM-
MyTaIMy KaHAJOB MPEIOCTABIISUTUCH MOYTH UCKITIOUUTEIBHO T10 cucmeme ¢ sI8Hbl-
mu nomepamu. Cama cuctema ATC u He nipenrnoaraina Kakux-1u00 MecT st
XpaHeHus GparMeHTOB peueBoil nHpopMmaluu. B To ke BpeMs, caM TPUHITATT
KOMMYTAIUHU MTaKeTOB (IPUMHU — COXpaHU — Nepeaail Jaybliie) npernoaaracT opra-
HU3AIMIO OYepEICH B KaXIOM y3JIe KOMMYTAITUH U, CIIEI0OBATEIbHO, 00CTyKHUBa-
HUE TI0 cucmeme C HesIBHbIMU NOMEPMU.

Hanee, pocT MponyCKHON CIIOCOOHOCTH KaHAJIOB. B mocieaHue rojibl cepTH-
¢buruposansl TexHosoruu Ethernet 8 40 u 100 I'6uT/c Ha OJIHY CIIEKTPAIBHYIO CO-
CTaBJISIONIYI0. U [1€710 3/1€Ch HE TOJIBKO B KOJTMYECTBEHHOM pocTe. B anoxy “uun-
cToir” TenedOHUHU Kakoi Obl OOJIBIIION HU ObIJIa CKOPOCTh (hM3UUECKOTO KaHaa,
KOKJIOMY COSAMHEHUIO TTPEIOCTABIISIICS B MOHONOIbHOE lladeHue HeOOBITION pe-
cypc aToro kanania. [Ipy koMMyTaIuy nNakeToB Jaxe B PeKUME BUPTYaIbHOTO Ka-
Hajla B pacropspKeHHE MepelaBaeMoro rmakeTa Ha HeOOIbIIONH MPOMEKYTOK Bpe-
MEHU TIPEI0CTABIISAECTCA BECh KaHAIBHBIN pecypce. OTCro/1a, MEHSETCS OJIUH U3
TJIaBHBIX TTApaMETPOB UCCIEAYEMbIX B 3a7a4ax Teopuu Tenerpaduka. Bmecto ana-



JIM3a MHOTOKaHAJIbHOW CUCTEMBI U OTIPEACNICHUS YMCiia KaHaJI0B, HEOOXO0UMBIX
JUTsl TiepeiaduM 3ajaHHOTo Tpaduka npu TpedyeMoi BEpOSITHOCTU SIBHBIX NIOTEPh, B
COBPEMEHHBIX CETSAX OCHOBHOM XapaKTEPUCTUKON CTAHOBUTCS BEPOSITHOCTH TIEepe-
Jlayyl TIaKeTa M0 OJTHOKAHAIBHOM CUCTEME C 3aJEP>KKOM HE XYKe TOMyCTUMOH (pa-
3yMeeTCs C YUETOM OXHUJaHUsI B ouepeu). T.e. HAIUIO KapAUHAIbHOE U3MEHEHUE
1IEJIeBON (PYHKITUN PACUETHON CXEMBI.

U naxonen, uzmMepenue oobéMa Tpaduka (moToku, TroteHus). Koneuno Ip-
naHru, uian TY-kaHansl, niam yncio 30-KkaHaabHBIX Tpynl, T.€. MoTokoB E1 (B mpo-
CTOHapobe «ABymek»). Ho BcE ato He mis Internet u B cuctemsr All-IP ¢ Takumu
EIUHULIAMHA U3MEPEHUN HE BOMAENIb. JJIs1 MyJIbTUCEPBUCHBIX CETEN C COBOKYII-
ueiM KouTeHTOM Triple Play (A, V, D) nyxHa enuHas, yaqoOHas /i BCeX BHIOB
MIOTOKOB €JIMHUIIA, HAIIpUMep, OaiT/c (ocTaBUM OUT/C Kak Bceraa s Pu3nuecKux
KaHaJIOB). MOXHO OIepupoBaTh U MOTOKAMU MAKETOB/C, HO TOJBKO, €CJIH B pac-
CMaTPUBAEMOI CUCTEME JIMHBI MTAKETOB MOTYMHEHBI OJJHOMY U TOMY K€ pacrpe-
neneHuto. Tenepp M00bIe MOTOKU JIETKO CKJIAJIBIBAIOTCS U Pa3/IETsIOTCs, HO PeUb —
TobKo Kak VOIP.

AHaJIN3y COBPEMEHHBIX TPOOJIEM B TEOpUU TeleTpadrKa MOCBSIIEH LETbIH
psa MoHorpadwii [2, 4, 5, 6, 7, 8, 11]. CiioskHOCTH ITOCTaBJIICHHOM 3a/1a4u (Peyb,
KaK MpaBwio, UAET 00 aHANIU3E MYJIbTUCEPBUCHBIX CUCTEM) MPEIONpEEIIa U
MaTeMaTUYECKYIO CJIIOKHOCTD MOJYUYCHHBIX PEIICHUM, OOJIbINAsI 4YaCTh KOTOPHIX
3aMHTEPECYET HAyUHbIX paOOTHUKOB, B TOM YHUCJIE U COMCKATENIeH YUEHBIX CTere-
Hel. OJIHaKo, JIs1 CTYJAECHTOB UHXKEHEPHBIX (DaKyJIbTETOB U OCOOCHHO JIJIsl CTY/ICH-
TOB 3a0YHOTO 00y4YeHHUs, BO u30exkanue GopMyIbpHON EPEHACHIITIEHHOCTH, MPH-
XOJIUTCS TIIATENIbHO (QUIBTPOBATH BKIFOUAEMBIN B JICKIIMOHHBINA KYpC MaTepHall.
EctecTBeHHO, UTO (mibTpaliys ynpoIiaeT 3aaavy, a YIpoIeHne JOCTUTraeTcs
BBOJIOM MHOTHX OTPAaHUYEHUM, KOTOPHIE OTIAJISIOT MOCTPOCHHYIO aHATTUTHYECKYIO
MOJI€NIb CUCTEMBI OT peaibHON cucTeMbl. C ATUM OTJaJICHUEM TIPUXOAUTCS MU-
PUTKCS paid JOCTYITHOCTH MPETOaBaeMOro MaTepuania.

B nacTosmiee nocoOue BKIIIOUEHBI MaTEpHUaIIbl, UCIIOIb30BaHHBIE aBTOPOM B
y4eOHOM MpolIecce B TEYEHUU HECKOJIBKUX JIET IPU MPOBEACHUU 3aHSATUI 10 JUC-
nurinae Teopus Tenerpaduka Ha OYHBIX U 3a04HBIX (akynbTeTax CeBepo-
Kaskazckoro ®@unmana Mockosckoro Texunueckoro YHuepcutera Cssasu u MH-
dbopmaTukmu.



1. IlIpeameTt Teopum Tesierpadpuka

Teopus Tenerpaduka (TT) Hayunas qucuuIuiMHa, MpeIHaA3HAYCHHAS IS
H3Yy4YeHHUsI TIPOLIECCOB OOCTY)KMBaHMS CHCTEMaMH pacipeaesieHus: nHpopMarmu
MOCTYMHAIOIINX ITOTOKOB COOOIICHUH M KOJUYECTBEHHAs OIleHKa KauecTBa 00Cy-
’KHBaHMUS.

Matematnyeckast MOJENb MPOoIecca OOCTYKUBAHUS BKIIIOUAET YETHIPE OC-
HOBHBIX DJIEMEHTA:

- cUcTeMa pacrpeneneHus naopmaiuu (cucrema 0OCITy KUBAaHUS — y3JIbI,
JIUHUU CBSI3H, CETH);

- BXOJHOM ITOTOK COOOIICHHIA;

- TACIUTIIINHA O0CTYKUBAHWS;

- XapaKTEePUCTUKH KauyecTBa 00CTyKHUBaHHUS.

TT pemaer cnenyromnue 3a1a4u:

- ICCJIEIOBAaHUE BXOJHOTO TTOTOKA BHI30BOB M OTIMCAHUE €T0 XapaKTEPUCTHUK;

- ICCJICIOBAaHUE U HAXOXKJICHUE ONTUMAJIbHON CTPYKTYPBI CHCTEMBI 00CTTY-
’KUBaHMUS,

- ICCJICIOBAaHUE U OTIPEJICIICHUE ONTHUMAJIbHBIX aJITOPUTMOB O0CITYKUBaHHS
BBI3OBOB;

- OIpeIeNICHNEe TTPOITYCKHBIX CIIOCOOHOCTEH CTPYKTYPHBIX DJIEMEHTOB CHCTE-
MBI (Y3JI0B U JINHUH CBSI3HU);

- OIpeIeNIeHrne KaueCcTBa 00CITYKUBAHUS BHI30BOB.

JlomuHnpytomee nonoxenue B TT 3aHUMAIOT 3a/1a4n aHAJIA3a — ONIPEIeIIe-
HUE XapaKTEPUCTHUK KadecTBa OOCTYKUBAHUS B 3aBUCIMOCTH OT TIapaMETPOB U
CBOMCTB ITOTOKA BBI30BOB, MTAPAMETPOB M TUCIUILIMHBI CHCTEMBI 00CITY )KHBaHUS.
Bbonee crnoxxHOM siBIsieTcs oOpaTHas 3a7a4a — 3a7a4a CHHTE3a, T.€. HaX0XKICHUE
rapaMeTpOB CUCTEMBI B 3aBUCHMOCTH OT CBOMCTB BXOJIHOTO TTOTOKA U TPEOYeMOoro
KauecTBa 00CITy)KUBaHUS.

2. MecTo Teopuu TeseTpaduka B MEeTOAAX aHAIM3A

TK-cucrem

Jist miccliemoBaHuUs TIPOIIECCOB B PA3IMYHBIX PEATbHBIX CHCTEMaX, KakK mpa-
BUJIO, CO3/IAI0TCS MOJICIH, OTPAKAIOIIUE CBOWCTBA CUCTEMBI, CYIIICCTBECHHBIE JITIS
LeJIe JaHHOrO aHanu3a. Hanpumep, 11 n3ydeHus 3aBUCUMOCTEN MEXKIY HaIpsi-
YKEHUEM, TOKOM ¥ COMTPOTUBJICHUEM HCIIOIB3YETCSl aHATUTHYECKAst MOJIENb — 3aKOH
Owma (U = IR).

HauGosnee momynsipHbIe MOJEIH, UCTIOIB3YEMBIC JIJISI U3YUCHUS TEICKOMMY-
HUKAIIMOHHBIX CHCTEM U pasiudaroniuecs (HopMon 0ToOpakeHHsl 00beKTa, Tpe-
CTaBJIeHBI Ha puc. 2.1.

[Tpu HATYpHOM MOJICTMPOBAHUH XAPAKTEPUCTUKN UCCIEAYIOTCS HAa peaTbHOM
o0wbekTe. Moenpb agekBaTHa, HO BO3MOXKHOCTH orpaHndeHbl. Henmb3s, Hanpumep,
JUTS TICJIeH SKCIIEPUMEHTA MTOIPOCHUTh A0OHEHTOB 3BOHUTH Yallle U TOBOPHTH
MEHBIIIE.



ITpu MaTeMaTH4YECKOM MOJIETUPOBAHUH PEATbHOMY OOBEKTY YCTaHABIMBACT-
Csl COOTBETCTBHE HEKOTOPOTO MaTEMAaTHYECKOr0 00beKTa — MoJenu. B 3aBucumo-
CTH OT CJIOKHOCTH MOJIEIH CO3AETCS Ta WU UHASl CTENEHb NPUOIMKEHUS MOIETN
K pealbHOMY OOBEKTY. Pa3inyaroT aHaTuTHYECKOE U HMUTALIMIOHHOE MaTeMaTuye-
CKO€ MOJEINPOBAHUE.

MGTOI[BI MOACITIUPOBAHHUA TCIICKOMMYHHUKAIIUOHHBIX CUCTCM

Harypnoe Maremarunueckoe

AHanuTHYECKOE MmutaymoHHoe

Puc. 2.1. OcHOBHBIEC BUBI MOJICTTUPOBAHUS

AHanuTuyeckoe — rnpouecc PyHKIMOHUPOBAHUS CUCTEMbBI OTOOpaKaeTCs
(YyHKIHMOHAJIBHBIMH COOTHOIIEHUSAMH (YpaBHEHUSIMU ) WM JIOTUYECKUMHU YCIOBH-
SAMH. YpaBHEHHUS PEIIAIOTCS B 00ILIEM BHUJIE€ WU YHCICHHBIMU METOIAMH.

NMuTtanmoHHOE — mpoliecc PyHKIIMOHUPOBAHUS CUCTEMbI BOCIIPOU3BOIUTCS C
ITOMOUIBIO MOJEIIMPYIOLIEr0 aIropuTMa — nporpammsel 1t 9BM. 1Ipu mHOTO-
KpaTHOM BOCHPOU3BEACHHUH CITyYaillHbIX COOBITHI, BEIMYMH U (PYHKIUHI U TIOCTIe-
JyIolel CTaTUCTUYECKOM 00paboTKe pe3yIbTaTOB OMPENEISIOTCS CTATUCTUYECKHUE
XapaKTEepUCTUKHN 00beKTa nccienoBanus. [IpakTnyecku HeOrpaHUYEHHBIN Kiace
UCCIIEyEMBIX CUCTEM.

I1o cpaBHEHMIO C AaHATMTUYECKUM MOJEITUPOBAHNEM UMHUTALIMOHHOE IT03BO-
JISIET TMOIY4YHUTh CKOJIb YTOJHO TOUHOE OTOOpa)KeHUE pealbHOro o0beKTa, mpasia
3a cC4ET BpEMEHH U JICHET, 3aTpaueHHBIX Ha pa3paboTKy MOJEIUpYyIoLei Ipo-
IPaMMbl, 1 MAaIlIMHHOTO BPEMEHHU PACXOyEMOI0 Ha NMPOroHsl. THOrAa Ha 310 yXo-
JAT THUA U MECSILBI.

AHanMTUYECKOEe MOJICTUPOBAHKE MPU HATUYUU NPEABAPUTENIBHO pa3pado-
TaHHOTO MAaTEMATHYECKOTO aIlapara mo3BOJISIOT JIETKO MOJIy4aTh HYKHbBIE Xapak-
TepuCTUKU. OJIHAKO aHAUTUTUYECKOMY OMTMCAHUIO MOAAAETCS TOJIBKO OYEHb Orpa-
HUYEHHBIN KpyT cucteM. B 0CHOBHOM, 3TO cucteMsbl 0e3 nocneaeicTsus. [loatomy
py BBIOOpE MOAXOASAIICH aHATUTUYECKON MOJIENI U3 UMEIOIIETOCs Psiia MPUXO0-
JIUTCA 1eJ1aTh JONYIIEHHUS O XapaKTepe pEeAIbHBIX IIPOLIECCOB, YTO, B KOHEYHOM
c4€Te, es1aeT MOJEIb MEHEE aIeKBaTHOM.

Teopus Tenerpaduka — uccieJoOBaHUE TEIEKOMMYHUKALMOHHBIX CUCTEM Me-
TOZOM aHAJTUTUYECKOI0 MOJIEJINPOBAHMS.



3. bazoBble MOHATHSI TeOPUM TejieTpadpuka

Coolmienue — 310 Gopma npeacTaBIeHUs HHPOPMAIUHI, UMEIOIIAsi IPU3HAKU
HayaJla ¥ KOHLA, U IpeIHa3HAYeHHAs U1 IepeIaun 4Yepe3 CETh WM KOMMYTall-
oHHYI0 cuctemy. CooOIeHrne XapakTepu3yeTcsi TUIoM, 00bEMOM, (OpMOH TIpe -
CTaBJIeHUs HH(POPMAIIUH, aJ[pecaMH OTIPABUTES U MOJIydaTessl U JPYTUMH aTpH-
OyTaMu, HEOOXOIUMBIMH ISl €r0 MPOABUKEHUS IO CETH.

[Tpumepsr coobmienuit — |P-maker, TeaepoHHbII pa3roBop, Tenerpamma, Gax-
cUMUIbHOE cooOienue, TB-curnan u 1.4.

B teopuu tenerpaduka pa3nuyaroT Ciaeayoe BUIbI COOOIICHMIA:

- 00CIy’KEHHOE — TIepe/laHHOEe Yepe3 CETh CBSI3U WM KOMMYTAIIMOHHYIO CH-
cremy (KC);

- IOTEPSIHHOE — MOCTYIUBILIEE B CETh CBSI3HM, HO HE MEPEJAHHOE MOJHOCTHIO
MOJIy4aTeNl0 MO Pa3HbIM MPUYMHAM (3aHATOCTh WJIM HEJAOCTYIMHOCTb COEIUHU-
TEJbHBIX JIMHUH, TOBPEXKACHUS, U T.1.);

- 33/Iep’KaHHOE — MTOCTYIHBILIEE B CETh U 0XKUIAIOIIEE Hadalla Iepelayuu;

- YCJIOBHO MOTEPSHHOE — MOCTYNUBILIEE B CETh U 3aJ€P>KAHHOE CBEPX JOITYy-
CTUMOT'O BPEMEHH.

BbI30B — TpeOoOBaHKME MCTOYHUKA HA YCTAHOBJIIEHHE COEIMHEHHUS, MOCTYIUB-
niee B ceThb cBsA3u, KC, koMMyTalimoHHOE 000pYyI0BaHKE, C LENIbI0 Mepelayu Win
00CITy>KUBaHUSI COOOIIICHMUS.

Heo0xoaumMo OTMETUTb, UTO BBI30B, B OTJIMYUE OT COOOILEHUS, XapaKTEePHU3y-
€TCS TOJIbKO MOMEHTOM MOCTYIJIEHUSI U HE UMEET JIIUTEIbHOCTH.

B xauecTBE HCTOYHUKOB BBI30BOB MOTYT BBICTYNaTh NEPCOHAIBHBIN KOMITbIO-
Tep, TenedoHHbIN, TenerpagHbi WM (DAKCUMUIBHBIN anmapar, aOOHEHTCKUN
TEPMHUHAJI, YIIPABJISAIOMIEE YCTPOUCTBO. YacTo OOHU U T€ K€ yCTPOMCTBA MOTYT
CIIY’)KUTh U ICTOYHUKAMH, U IPUEMHUKAMU BBI30BOB.

Bubl BEI30BOB:

- 00CITY>KEHHBIN — MOJTYYUBIINN coelUHEHUE. Pa3nmnyaroT moaHOCThIO 00CITy-
YKEHHBIN BBI30B (IMOJYUYUBIIUN COCTMHEHHUE C TPEOYEeMbIM MPUEMHUKOM) U YaCTUY-
HO OOCITYKE€HHBIN BBI30B (MOJTYYMBIINN COETMHEHUE HA YYACTKE CETH);

- YCHEUIHbIA — OKOHYMBILHKACS Nepeaadyeil cCooOIEeHus: IPUEMHUKY;

- MIOTEPSIHHBIA — MOJYYMBIIAN OTKa3 B YCTAHOBJIEHWU COCIUHEHUS. BBI3OBHI,
MOJIYYMBIITNE OUTUOOYHBIE COSTMHEHUS, TAKKE OTHOCATCS K TIOTEPSHHBIM.

- 3aJICP’)KAHHBIN — 0KUJAOIIMN HA4YaJIa YCTAaHOBIICHUSI COCIMHEHUS.

- IEPBUYHBIN — TIEPBBIN JIJIs1 JAHHOTO COOOIIEHUS BBI30B;

- IOBTOPHBIA (BTOPUYHBIN) — MOCTYNUBIIUN B CETh CBSI3U Y€pEe3 HEKOTOPBIi
IPOMEXYTOK BPEMEHHU IOCIIE€ TOro, KaK OblT MOTEPsIH MPEeAbIIYLINil BbI30B, COOT-
BETCTBYIOIIUNA TOMY K€ COOOIICHHUIO.

3anartue — ar000€ HCMOJIb30BaHUE MPHOOpa, JIMHUHU, YCTPOMCTBA C LENbBIO
YCTaHOBJICHHS COEIMHEHUSI HE3aBUCUMO OT TOTO, 3aKOHUYMUJIOCH OHO Nepeaadeit co-
OOILIEHHS WJTH HET.

3aHsATHE XapaKTepU3YyeTCss MOMEHTOM 3aHATUS U JUTUTEIbHOCTBIO 3aHSATHS.

OcBoOOXkIeHHE — BO3BpAIlCHUE TMPUOOpA, JIMHUHU, YCTPOUCTBA B HMCXOIHOE
coctosinue. OCBOOOKIEHNE XapaKTePU3yeTCsl TOJIbKO MOMEHTOM HACTYIUICHUS.



C y4eToM JaHHBIX OMPEJEeICHUH MOXKHO OIpEeIuTh MepBoe 0a30BOe MOHS-
THE TeOpHUH TeaeTpadrka — MOTOK BHI30BOB.

[ToTOK BBI30BOB — 3TO MHOKECTBO MOCIIEIOBATEIbHBIX MOMEHTOB MOCTYILIE-
HHS BBI30BOB.

AHAJIOTUYHO MOXHO OTNPEICTUTh TOTOKH COOOIIEHUH, 3aHATHH, OCBOOOXKIE-
HUI WK IPYTUX OJHOPOIHBIX COOBITHIA.

4. TIoToOKH BHI3OBOB

[Tox MOTOKOM BBI30BOB IOHMMAIOT IIOCJIEIOBATEIBHOCTH MOMEHTOB ITOCTYII-
JICHUS BBI30BOB Ha 00CTy>KUBaHUE COOOMICHH: 1y, Ty, ....1k .. ..,

[1oTOK BBI30BOB Ha3bIBACTCA NETEPMUHUPOBAHHBIM, €CJIU MOCIIEI0BATEIIb-
HOCTh MOMEHTOB IOCTYILJIEHHSI BBI30BOB 3apaHee ONpeAciieHa U U3BECTHA, U CIIy-
YalHBIM, €CJIM ATa MOCJIEN0BATENBHOCTD CIIy4alHa.

Ciry4aiiHble TOTOKHM BBI30BOB XapaKTEPU3YIOTCS CIyYaHBIMU MHTEPBAIAMHU
MEKly MOMEHTAMH UX BO3HUKHOBEHHUs. CydaiiHble IOTOKH 3aJaF0TCS BEPOST-
HOCTHBIMU 3aKOHAMHM PaCIIpEIEICHUs.

4.1. CBOMCTBA U XapAKTEPUCTUKHA MOTOKOB BBI30BOB

CnyualiHble TOTOKH BBI30BOB KJIACCU(UIIUPYIOTCS B 3aBUCUMOCTH OT HAJIU-
Yusl WIK OTCYTCTBHS TPEX CIEAYIOLIMX CBOMCTB: CTALIMOHAPHOCTh, OPJIMHAPHOCTb,
IIOCJIEACHCTBHE.

[TOTOK BBI30OBOB HA3bIBACTCS CTAMOHAPHBIM, €CJIM C TCUCHUEM BPEMEHU €T0
BEPOSITHOCTHBIE XaPAKTEPUCTUKU HE U3MEHSFOTCS.

Haubornee yacto B kauecTBE TaKOM BEPOSTHOCTHOW XapaKTEPUCTUKH UCIIOJIb-

3yeTcs BenmyuHa Py (t) - BepositHOCTS OCTYIIIeHNs K BBI30BOB 32 Bpems t .

Jlig craninoHapHOro nmoroka Py (t) 3aBucHT TONBKO OT BENMUMHBI HHTEPBAJIA

{ u He 3aBHCHUT OT TOTO, T/Ie HAXOAMTCS STOT UHTEPBAJL.

PeanbHbIli NOTOK BBI30BOB UMEET, KAK MPABUIIO, SBHO BBIPAXKEHHBIA HECTALIU-
OHapHBI xapakTep. HabmrogaroTcsi cyTouHble, HEJEIbHbIE U TOJAWYHbIC KoJieOa-
HUsl. OJTHaKO BHYTPU CYTOK OOBIYHO MOHO BBIJICIUTH OTHOCUTEIHHO HEOObIITNE
MIPOMEKYTKA BPEMEHHU, B TEUCHUE KOTOPBHIX MOTOK MOMXHO CUMTATh CTallMOHAp-
HBIM.

IMocseneiicTBHE 03HAYACT 3aBUCUMOCTD BEPOSITHOCTHBIX XapaKTEPUCTHUK TO-
TOKa OT MPEBIAYIIHIX COObITHI. OTCYTCTBUE MOCIEACHCTBUS 03HAYAET, YTO MPO-
IUTBIE COOBITHS (MOMEHTHI TIOCTYIUJICHUS! BEI30BOB JI0 MOMEHTa t 1 TIpoliiecc ux 00-
CJIY’KMBaHU ) HUKAK HE BIUSIOT HA MOCTYIJICHUE BBHI30BOB MOCJIE MOMEHTA t.

Jpyrumu cioBamMu, OTOK CUMTAETCS MMOTOKOM C MOCJHEAEHUCTBUEM, €CIIU BE-

POSTHOCTB TIOCTYTIIEHKS BLI30BOB B uHTepBane [t1, 12) 3aBucur or uncna, Bpemenu
NOCTYIUICHHUS U JUTUTENBHOCTH O0OCITY’KUBAHHS BBI30BOB JI0 MOMeHTa {7 .

Takum 00pa3oM, s IOTOKa 03 MocneneiiCTBYS yCI0BHAS BEPOSATHOCTH MO-
crymrennss K BeisoBoB B muTepBaie [t1, 1), paBHa GesycaosHoit. [ToaToMy TaKoit
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MOTOK MOXHO 33/1aBaTh cemeiicTBoM Ge3ycnosHbix BepostHoctedl Pj(t,t,) mo-

crymienns | BeI3oBoB B mHTepBane [ty t2).
CranmoHapHblil MOTOK 0€3 MOCIeASHCTBUS MOXKHO 337aBaTh CEMEUCTBOM Be-

postrocteii P (t) mocrymnenus | BBI30BOB B M0GOM MHTEpBasIe MTHHOM t .

Ecau nmotok IMOCTYyIacT OT OOJIBIIION I'pyIIibl HCTOYHHUKOB, TO TaKOU ITOTOK
OM30K K IIOTOKY oe3 HOCHGHGﬁCTBHH. Ecan 4ucino MCTOYHHUKOB MaJIo, TO ITOTOK
HMCCT ABHO BBIPA’KCHHOC HOCJICI[GﬁCTBPIG.

HaanMep, IMPCAIIOJIOKHUM, YTO YHCIIO MCTOYHHUKOB N :10 Ecnu Bce oHmM

1
CBOOOJHBI, UMEEM HEKOTOPOE 3HAYEHHE BEPOSTHOCTH pko (t). Ecnu xe Hekoro-

poe unco eTouHnKOB 3aHsTo, Hanpumep, N, =6, 10 pg(t) < prl(t). Yncmo

CBOOOJIHBIX MCTOYHUKOB 3aBUCHUT OT MPEABIAYIIUX COOBITHM (OT KOJUYECTBA BhI-
30BOB B MPEIBIAYIINE MOMEHTHI BPEMEHH, a, CJIEA0BATEIbHO, OT YKUCJIa UCTOYHHU-
KOB, CIIOCOOHBIX T€HEPUPOBATh HOBBIC BBI30BHI). TakuM 00pa3oM, B 3TOM Cilyyae
HMMEET MECTO SIBHO BBIPAKEHHOE MOCJICICHCTBHE.

C pocTom 00I111ero ynciaa UICTOYHUKOB MTOCTEIICHHO YMEHBIIIACTCS J0JIs 3aHs-
TBIX UCTOYHHKOB IO OTHOIIEHHUIO K OOIIEMYy MX YHCIY, COOTBETCTBEHHO, Ociabe-
BaeT IOCIEACHCTBIE OTOKA, M IIPU KAKOM-TO OoibIIoM 3HadeHnH N ero MoskHO
HE YYHUTHIBATb.

[TonsaTre GoJbIIOE WM Majoe KOJUYECTBO MCTOUYHHUKOB HYXKIACTCS B yTOY-
Henuu. Hanpumep, 300 UCTOUYHMKOB 110 OTHOIIEHHUIO K 10 KaHajmaM MOXHO YCJIOB-
HO CYMTaATh 0ECKOHEYHO OOJIBIINM, a Mo oTHoIeHuIo Kk 200-M kaHaiaM — Cou3Me-
puMbIM. Torma B o0IIeM BHIE MOXKHO TOBOPHUTH 00 OTCYTCTBHUH ITOCJICIACHCTBHSI,
ecJIM Yrciio ucTouyHnKoB N MHOT0 O0JIBIIIEe YKCIa KaHAJIOB V, T.€. eciiu N>>v.,

[ToToku ¢ moclieecTBUEM MOPA3ICIAIOTCS Ha TTOTOKU C MPOCTBIM U Orpa-
HUYEHHBIM TiocneaecTBueM. OCOOEHHOCTU MOTOKOB C MPOCTHIM MOCIEeHCTBUEM
OyIyT pacCMOTpPEHBI HUXKE.

OpAuHAPHOCTL O3HAYAET MPAKTUYECKYIO HEBO3MOXXHOCThH TPYIIOBOTO IO-
CTYIUICHUS BBI30BOB. MIHaUe roBOpsi, BEPOSITHOCTh MOCTYIJICHUSI ABYX U 00Jiee BbI-
30BOB 3a J1000# GeckoHeyHo Manblii nHTepBan Bpemenu Al ects Benuumna Gec-

KOHE4HO Masias Gosee Bbicokoro nopska, gem At, To ects Piso (At) = o(At).
JIns HeOpAMHAPHEIX TIOTOKOB BBOAUTCS HE3aBHCHUMAS OT BBI3BIBAIOIINX MO-
MEHTOB (DYHKIIUS HEOPIMHAPHOCTH MOTOKA P, paBHas BEpOATHOCTH MOCTYIICHHS

rpymmst 13 | BEI30BOB B 115060 BBI3BIBAIOIIMI MOMEHT.

Br130BbI B MHPOKOMMYHUKAITMOHHBIX CUCTEMAX, KaK MPaBUJIO, OpJAUHAPHBIE
13-3a OTCYTCTBUS CHHXPOHM3MA B UHUIMAIIMY BHI30BOB Pa3JIMUYHBIMU MOJIb30BaTE-
nasmu koHTeHTa (A, V, D). OgHako moTok TenerpaMm K ornepaTopy Ijis ux oopa-
OOTKH MOET ObITh HEOPIMHAPHBIM, TaK KAK OHU MOTYT MOCTYyNaTh TaYKaMHU.

K OCHOBHBIM XapaKTEpPUCTUKAM CIy4YalHBIX TOTOKOB BHI30BOB OTHOCSITCS:

- Beaymiasi QyHKIIHS;

- MapameTp;

- HHTEHCUBHOCTb.
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Benymas pynxuns noroka X(0,t) ecrs maremarnueckoe oxunanue uncia

BBI30BOB B MHTEPBAJIE [0, t). @yuxupst X(0,1) - HeorpunatensHas, HeyGbIBaromeii
U B MPAKTUYECKUX 3a/1auax HEMpepbIBHA M MPUHUMAET TOJBKO KOHEYHBIC 3Haye-
HUSL.

IMapamerp noroka A(t) B MomenT Bpemenu U ecTs mpesen OTHOLIEHHS Be-

POSITHOCTHU HOCTYIUICHHS. HE MEHEE OJIHOTO BhI30Ba B UHTepBane [t, t+At) k Benn-
unne sToro uuTepsana mpu At — 0:
A(t) = lim Piza(LIAD
At—0 At

Kak BuIHO, TIOCTEIHAS (OpMyJia MMOJHOCTHIO aHATOTHYHA (HOPMYJIIE IS IIPO-
U3BOAHOW (yHKIH. [Ipon3BoIHAsS GYHKIMK PACTIPEICICHUS — 3TO TUIOTHOCTh Be-
positHocTH. TakuM 00pa3oM, mapamerp MOTOKa OMPeIeseT MIOTHOCTh BEPOSTHO-
CTH HACTYIUICHHS BBI3BIBAIOIIINX MOMEHTOB B MOMEHT BpemeHH [ .

[TapaMeTp CTalMOHAPHOTO TMOTOKA A €CTh MaTEMAaTHUSCKOS OXKHMIAHUE YHCIIA
BBI3BIBAIOIINX MOMEHTOB B €IAWHHILY BPEMEHH.

MHTEeHCHBHOCTH CTAIIMOHAPHOIO NMOTOKA [/ €CTh MAaTEMaTHYECKOE OXKH/Ia-

HHC YHMCJIa BBI3OBOB B CAMHUITY BPCMCHHU.
I[JBI HCCTAIMOHAPHBIX IIOTOKOB BBI3OBOB PA3JIMY4arOT CPpCAHIOIO M MI'HOBCH-
HYIO HHTCHCHBHOCTH.

Cpennsis unrencusnocts L(ty,t,) B unrepsane [t1, t2) ects mMaTemarnye-
CKO€ OKHJIaHUE YKCJIA BBI30BOB B OTOM UHTEPBAJIE B €IMHULY BPEMEHU:

:u(t]_ltZ) — i(o,tz) _)_((O’tl) .

t, —t;
MrHoBeHHas HHTEHCHUBHOCTh — 3TO MPOU3BOAHAS BeayIllel (yHKIIMU TOTOKa
110 BPEMEHU:

)= lim x(0,t + At) — x(0,t) :)—('(t).
At—0 At

Heo0xoauMo OTMETUTh, YTO MHTEHCUBHOCTh XapaKTEepU3yeT MOTOK BHI30BOB,
a TapaMeTp XapaKTepu3yeT IOTOK BBI3BIBAKOIIMX MOMEHTOB. [loaTtomy Bcerma

1(t) > A(t), a paBeHCTBO UMEET MECTO JIUIIb JJIsl OPAMHAPHBIX TIOTOKOB, KOT/IA B
060 BBI3BIBAIONINI MOMEHT MOCTYIAET TOJBKO OJMH BHI30B. AHAJIOTUYHO IS

CTallMOHAPHBIX TOTOKOB UMeeM M > A,

4.2. TlpocTeHmuii MOTOK BHI30OBOB

[ToToK BBI30BOB, 001a1at0IIMI TpEMS BbIIENPUBEAEHHBIMUA CBOMCTBAMHU
(CTalMOHAPHOCTHIO, OPAUHAPHOCTHIO U OTCYTCTBUEM MOCIIECHCTBHUS ), HA3bIBACTCS
npoctedmmM. OH onuckiBaeTcs 3akoHOM Ilyaccona:
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P(t) =Sk, (4.1)

rie Pi — BeposSTHOCTH mocTyIuieHus 32 Bpemsi t poBHO | BBI30BOB (I = 0,00),
A — mapaMmeTp MOTOKa, paBHBIM CPETHEMY YKCILy BBI30BOB 3a €IMHUILY BpeMe-
HU.
Pacuér BepoaTHOCTEN Pj MOXKHO IPOBOJIUTH B CIEAYIOIIEN NTOCIEN0BATENBHO-
CTH:

Po (1) = et Py (1) = (At)e ™ u manee o pekyppeHTHOII GopMyIe:

Piaa(t) = Pi(t) M/(i+1)

[Ipocreiinmii MOTOK BHI30BOB (MJIM MTyaCCOHOBCKUI MOTOK) BOBHUKAET B TEX
ClIydasix, KOTJa 3TOT MOTOK 00BEAUHSIET OOJBIIIOE KOTMYECTBO (TEOPETHUECKU
OEeCKOHEYHOE) HEOOIBIINX TOTOKOB, HM OJMH U3 KOTOPBIX HE SIBISIETCS IIPEBAJIH-
pytommmM. Kak OblI0 MOKa3aHO BhIIIE MPOCTEHIINIA MOTOK BOZHUKAET B TEX CIyYa-
X, KOTJIa YMCJIO UCTOYHUKOB BBI30BOB N>>V, TJ1€ V — 94HCII0 00CTYKHBAIOIITUX
ycrpoiicts (kanaioB). Eciim N > Vv, To 3TOT OTOK, Kak OyJIeT oKa3aHO HUXKE,
KI1acCu(UIUpPyeTCs: KaK TPUMHUTHBHBIMN.

HawnGosee THTUIHBIM MPUMEPOM MPOCTEHIIIETO MOTOKA SBIISIOTCS TTOTOKH
BBI30BOB B Tene(oHHBIX ceTsix. Hampumep, TenedonHbie ceTr 00111ero nojib30Ba-
Hus (ToOII), peueBoit Tpaguk B COTOBBIX ceTsiX, Tpaduk IP-renedonuu B Internet.
B 10 ke BpeMsi KOMIIbIOTEPHBIN TpadUK HOCUT SIBHO BHIPAKEHHBIN TTAYSUHBIN Xa-
pakrtep, Tak Kak (OpMHUPYETCSI TOTOKOM TPYIIIbI TAKETOB B MOMEHT TOSIBJICHUS Ha
BXO/I€ B CETh JUIMHHOTO (MHOTOIIAKETHOT0) coobieHus. bonee Toro naxe pacmpe-
JieJIeHe MOMEHTOB BOSHUKHOBEHHUS COOOIIEHNH, KaK 1 MOMEHTOB Hayaja CeCCHIA,
110 MHOTOYHMCJICHHBIM HAOJIOICHUSIM OTJIMYAETCsl OT MyacCOHOBCKoro. Hambosnee
94acTO MPOCTEHUIINI TTOTOK OMUCHIBAETCS MO0 MyaCCOHOBCKUM pacipe/eieHeM
YHClia BEI30BOB MOTOKA A 3a BpeMs 1, 1100 9KCTIOHEHIIHAIBHBIM pacipe/ieIeHueM
WHTEPBAJIOB MEKTy BHI30BAMHU.

a) BapuanTsl myaccoHoBckoro pacnpenenenus (1) npeacrasiensl Ha puc. 4.1
KaK 3aBUCUMOCTH BeposaTHOCTH Pi(t) oT yrcia BbI30BOB (1), MOCTYIUBIINX 32 BpeMs
t st 3HaveHuit mapametpos: At = 0,5; At = 3; At = 10. 13 rpadukoB BHIHO, UTO C
yBEIMYECHHEM At orudaroiias CMEIAeTCsl BIIPABO U MPUHUMAET CUMMETPUYHBIN
BU/T IPUOJINKASICH K HOPMAIBHOMY 3aKOHY pacrpe/eeHusl.

J1J1 TyacCOHOBCKOTO pacipeeeHHs CyIIECTBYET OUEBHIHOE PABEHCTBO:

w —
Yizo Pi(At) =1
Marematuieckoe OKHUjaHIE YHCIIA BBI3OBOB JUIs [IOTOKA A 32 BpeMst t paBHo:
L (At)
Mi= Y2 iP(Ae) = N2, i C o=t = 3
XapakTepHOH 0COGEHHOCTBIO TYaCCOHOBCKOTO pacnpe)leneHI/Iﬂ SIBIISICTCSL pa-

BEHCTBO MaTEeMaTHYECKOTO OXKUIAAaHUs U aucnepcus, T. €. D1 = M i = At. [TosTomy
IIPU IPAKTUYECKUX UCCIENOBAHUAX IS IPOBEPKU TMITOTE3BI O IPUHAJIEKHOCTH
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KaKoro-110o0 MoToKa K IyaCCOHOBCKOMY B TMIEPBYIO OUEPEIb MPOBEPSIETCS PABEH-

ctBo D | =M | U TOJIBKO ITOTOM ACJIAKOTCA Oolee ACTAJIbHBIC aHAJINU3bI.
A A
Pi(t) Pi(t)
\ At=0,5 T =3
AN /7 RN
\ / \\
AN / AN
AN / AN
\\\\\__ i / S~ i
B —
0O 1 2 3 4.............. 0O 1 2 3 4 5.............
t Pi()
At=10
///’——\\\
e N
/ AN
/ AN
// h
AN
N
/// \\\
———-———’/ \\\__——----‘ I

0 123456789 101112......ccciiiins

Puc. 4.1. Orubaromiue pacnpeeeHuid MyacCOHOBCKOTO MOTOKA

HHTepecHble CBOMCTBA MTyaCCOHOBCKOI'O OTOKA, UCIOIb3yEeMbIE MPU aHAIIN3E
MIOTOKOB B CETSIX CBS3H:

- cymMMa N IyacCOHOBCKHUX MOTOKOB C MapaMeTpaMHu Aj TOXKE ITyaCCOHOBCKUHN
MOTOK C mapaMeTpoM A = Y7 A;;

- pa3JiesieHne IMyacCOHOBCKOIO MOTOKA A Ha N MOTOKOB € BEPOATHOCTHIO P,
rae Y.i-; P; = 1 co3aaét N myacCOHOBCKUX MOTOKOB C mapaMmerpamu A = AP;.

0) DxcroHeHIaIbHOE pacnpeencHue (puc. 4.2.) onpeaenseT BEpOITHOCTh
P(z <t) Toro, uto oT HEKOTOpOoro MmomeHTa t = 0 HHTEpBaJI 10 OUEPEHOTO BBHI30BA
(2), 6yner menbie nepemennoii t. [lpeodpasyem P(z <t) =1 - P(z > t). Beposr-
HOCTb P(Z > 1) paBHOCHIIbHA BEPOSTHOCTU TOTO, YTO BHYTPHU MPOMEXKYTKA JITUHOM {
HE TIOCTYIIUT HU OJIMH BBI30OB, a 3TO B COOTBETCTBUU ¢ (4.1) onpeaensiercs Kak
Po(t) = e™. Takum 00pa3oM, HAXOIUM:

Pz<t)=1-P(@z>t)=1-Po(t)=1-e™ (4.2)

Hudbdepennupyst (4.2) 1o t, HAXOAUM ILUIOTHOCTH SKCTIOHCHIIMAILHOTO pac-
npenenenus p(t) = Ae™ ¢ mapamerpom A. s 5KCIIOHEHIIMATIBHOTO PACHPEICICHHUS
OTIpeJIeICHhl MATEMAaTUYECKOE OKUJIaHNE JUTUTEIILHOCTH TIPOMEXYTKOB MZ = 1/A,
mucniepenst Dz = 1/)2 u cpenHexBanpatiaeckoe otkionenne oz = VDz = 1/A. Ipu
aHaIHM3e CIIy4ailHBIX TTOCJIeIOBATEIHLHOCTEH HapyIIeHne paBeHcTBa Mz = 6Z cpazy
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OTBCPractT ruroTe3y 00 OKCIIOHCHIMAJIBbHOM pacCpCACIICHUH IIPOMCIKYTKOB, a CJIC-
A0BATCJIIbHO, U TUIIOTC3Y O HpOCTGfIHIGM IIOTOKC.

0 t

Puc. 4.2. 3KCHOH€HHI/IEU'IBHO€ pacupeaciICHNUC HHTCPBAJIOB MCKIY
BbI3OBaMH

4.3. TloToku C MPOCTHIM MOCJIEACUCTBUEM

OpauHapHBI OTOK, MApaMETP KOTOPOTO Ayt IOTHOCTBIO ONPEAEIIAETCS CO-
ctostaueM I(t) oOcyKUBaIOMIEH CHCTEMbl B MOMEHT t, Ha3bIBaeTCsl IOTOKOM C ITPO-
CTBIM IOCJIEICUCTBUEM. B JaHHOM Cilydae mocieAeiCTBUE BBIPAKAETCS KOCBEHHO
yepe3 HEKOTOphIE MTapaMeTphl, HAIPUMED, TAKUE KaK KOJIMUYECTBO AOOHEHTOB, 10-
BTOPSIOLINX CBOM BBI3OBHL. [Ipy mpoCcTOM NOCAEAECHCTBUN HE OTCIIEHKUBAIOTCS MO-
MEHTBI MOJYyYeHHUs 0TKA30B Pa3IMYHBIMU a00OHEHTAaMU. DTUX MOMEHTOB MOKET
OBITh OY€Hb MHOTO U B TAKMX YCJIOBUSIX HEBO3MOKHO TOJYUYUTh 0003pHUMbIC aHa-
JIMTUYECKHUE BBIpAXKEHUSI. BMeCTO 3TOro paccMaTpuBaeTCs BIUSHUE HA BXOIHOU
MOTOK BBI30BOB TOJBKO OOIIIET0 YKCia 3TUX aOOHEHTOB. IMEHHO B 3TOM COCTOUT
CMBICJI IPOCTOTO (B CMBICIIE YIPOIIEHHOT0) nocienencTeus. [I[pumepamu moTOKOB
C MIPOCTHIM TOCJIEICUCTBUEM SIBIISIFOTCSI TOTOKUA C MOBTOPHBIMU BBI30BaMHU U MPHU-
MHUTHUBHBIE TOTOKH.

a) [ToToku ¢ MOBTOPHBIMM BHI30BAMU BO3HUKAIOT B CUCTEMAX C MOTEPSIMU B
TeX Cydasx, Korjga abOHEHT, MOJyYrB OTKa3 B YCTAHOBJICHUM COCIUHEHMUS, HE TIO-
KUJAET CUCTEMY, a JIeJIaeT MOBTOPHBIE BHI3OBHI IS IEPEAAUYM TOTO K€ CaMOro CO-
oOweHus. B 3Tom citiydae B cucTeMy NOCTYIAeT CyMMapHbIA MOTOK, COCTOSIIMIMA
Y3 TIEPBUYHBIX U TOBTOPHBIX BHI30BOB:

A=A+ B,

31ech A — BXOJHOM MOTOK MEPBUYHBIX BBI30BOB, | — YMCIIO HCTOYHUKOB, T10-
BTOPSIIOIINX BBI30BHI, 3 — HHTEHCUBHOCTD IMOTOKA MOBTOPHBIX BBI30BOB OT OJHOTO
a0OHEHTa, KOTOpas CBA3aHa C MHTEpBaJIaMU BPEMEHHU MEXIYy MOBTOPAMH COOTHO-
menueMm = 1/t,.

B naHHOM cily4ae WHIEKC | TIOKa3bIBACT, YTO CYMMAapHBIN BXOIHOM MMOTOK 3a-
BHUCHUT OT YMCJIa ICTOYHUKOB, TOBTOPSIOLIMX BBI3OBHI, T.€. KOCBEHHO OT MPEABICTO-
pHUU COOBITHIA.
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0)_IpMMHUTHBHBIM HAa3bIBACTCS OPJMHAPHBIA TMOTOK C IMOCICACUCTBUEM, Y
KOTOPOTO MapamMeTp A HM3MeHsSeTCs IPONOPIHOHATBHO YHCTy CBOOOTHBIX HCTOU-
HUKOB Harpy3Ku:

[IprMepoM NPUMHUTUBHOTO IMOTOKA SIBJSFOTCS] TIOTOKU BBI30BOB B YUPEXKICH-
yeckoit ATC, B KOTOpOi HOBBIE BHI30BBI MOT'YT HHUIIMUPOBATHLCS TOJIBKO CBOOO/I-
HbIMHU a0OHEHTaMHU, T.€. a0OHEHTaMH, KOTOPBIE€ B JAHHBIII MOMEHT HE 3aHSThI pa3-
roBopoM. A Tak kak yncio aboHeHToB Y ATC orpanndeHo, TO IEpEMEHHBIM SIBJISI-
€TCsl U YUCIIO CBOOOTHBIX a00HEHTOB. [103TOMY HHTEHCUBHOCTH BXOJJHOTO IMTOTOKA
paBHa:

Ai=aNi=a(N—1)

Ir7ie 0. — MapaMeTp OJJHOTO UCTOYHUKA (MHTEHCUBHOCTH BHI30BOB) B CBOOO/I-
HOM cocTostHuH, N — 001IIee YKCII0 UCTOYHUKOB BBI30BOB, | — YUCIIO 00CTYKHBac-
MBIX BBI30BOB.

B naHHOM ciTy4ae MHJICKC | TIOKa3bIBaeT, YTO CYMMAapPHBIN BXOJHOW MTOTOK 3a-
BHUCHUT OT YKCJIAa CBOOOJHBIX UCTOUYHUKOB, T.€. KOCBEHHO OT MPEABICTOPUU COOBITUI

BeposTHOCTh MOCTYIJIEHHSI BBI30BOB B NMPUMUTHUBHOM MOTOKE MOJYHHSIETCS
pacnpeneneHuio bepnyinu:

pe () =CRa*@-a)N*,

rae a = %_'_ o - HHTCHCHUBHOCTDB HAIrpy3Ku OT OJHOI'O HCTOYHHKA.

[IpMHUTHBHBIN TTOTOK, KaK 000 IMOTOK C TOTEPSAMHU, TOKE MOYKET HHUITUHU-
pOBaTh MOBTOPHBIE BBHI3OBBI. B 3TOM cilydae HHTEHCUBHOCTH BXOJHOTO ITOTOKA OY-
JIeT paBHa:

Aij = ofN —1—J) + jp.
3/1eCh YUCIIO CBOOOIHBIX HCTOYHUKOB YMEHBIIIACTCS KaK 3a CUET pa3roBapu-
BaroIMx ab0HEeHTOB (1), TaK ¥ 3a CYET TeX, KOTOPBIC TIOBTOPSIOT CBOU BBI3OBHI (]).

4.4. [ToTOKM MYJIBTUCEPBUCHBIX BBI30BOB

Xapakrep MOTOKOB B COBPEMEHHBIX CETsX. Kiaccuueckas Teopus Tese-
TpaduKa JI0JIroe BpeMs pa3BUBAJIaCh UCKIIIOUUTENLHO I HYX 11 Tenedonuu. 13y-
YeHUE TOBEICHUS Telle(POHHOTO aOOHEHTA MPUBEIIO K BHIBOJIAM O ITyaCCOHOBCKOM
XapaKTepe MOTOKa TEIE(POHHBIX BRI30BOB M SKCITOHCHITMAIIBHOM pacipe/ieICHUN
MPOJIOIKUTEILHOCTH Pa3roBopa.

OTan4uTeIbHON 0COOCHHOCTHIO MOTOKA TeNIe(POHHBIX BHI30BOB SIBJIETCS €r0
OJTHOPOJHBIN xapakTep. M X0Ts cylecTByeT 00JbI10€ KOJTUYECTBO padboT, OCBSI-
HIEHHBIX Pa3HO MPUOPUTETHBIM BBI30BaM, OOCTY>KUBAHHE dTUX BBI30BOB IIPOU3BO-
JIUTCS, KaK MPaBUiIo, C OMHAKOBOM MHTEHCUBHOCTHIO.

B s10xy MyJIbTHCEPBUCHBIX CETEH HOBBIM TUITMYHBIM aOOHEHTOM CTAHOBSITCS
orepaTopbl NEPCOHATBHBIX KOMIBIOTEPOB (PC), XOTs ceTeBble aHATUTUKH TIPEape-
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KaloT B OJIv>Kaiiee Bpemsi orepexaroiuii poct Tpaduka MEKMAIIMHHOTO 0OMeHa
(M2M).

HccnenoBanus NOBEIEHHS ONEPATOPOB MOKA3AIIH:

- IOTOKH MAKETOB, a B OOJIBIIMHCTBE CIy4aeB U MOTOKU TPEOOBAHUI HA yCTa-
HOBJICHHE CEAHCOB CBSI3H HE SBJIAIOTCS ITyaCCOHOBCKUMU;

- IJIMTEIBHOCTU CEAHCOB OIMMCHIBAKOTCS PACTIPEAEICHUSIMU HE MOKA3aTEIbHO-
ro THIIA, a JIOTOHOPMAJIBHOTO, T.€. XapaKTEPU3YIOTCS HATUYUEM “BECOMBIX XBO-
CTOB”;

- IOCTYIUICHHS MTAKETOB, a TAK)Ke TPeOOBaHMS HA YCTAHOBJICHHE CEAHCOB CBSI-
31 KOPPEJIUPOBAHBI.

['maBHBIN HEJOCTATOK ITyaCCOHOBCKUX MOJIENEN — HEJJ0OLIeHKa 00pa3oBaHus
nayeyHoi Harpy3ku. Kpome Toro, oOMeH cooOIeHUs MU B KOMIIBIOTEPHBIX CETSX,
KaK TIPaBUJIO, HOCUT IXOIUIEKCHBIN XapakTep (MOATBEPKIACHUS O MPUEME, OTBETHI
Ha 3alpocChl B YCIyrax KIMEHT-CEPBEPHBIX CUCTEM U JIp.).

HccnenoBanus pa3iMyHbIX TUIIOB CETEBOTO Tpaduka 3a MOCIeAHUE MOATopa
JIECSATKA JIET JOKa3bIBAIOT, YTO CETEBOM TpaPUK ABIISIETCS HE TyaCCOHOBCKHM, a
camonofo0OHbIM (self—similar) unu dpakransabiM (fractal) mo cBoeit mpupose.
«Camono1ooue» MnpeacTaBiIsieT coO00M CBOMCTBO MPOLIECCa COXPAHATh CBOE MOBE-
JIEHUE U BHEUIHUE MPU3HAKU [TPU PpACCMOTPEHUH B pa3HOM Maciurade. 13 sToro
CJIEIYET, YTO MCIOJb3YEMbIE METOJIbI MOJICTUPOBAHMS M pACUETa CETEBBIX CUCTEM,
OCHOBAHHbBIE HA UCIOJIb30BAHUH MTyaCCOHOBCKHUX MOTOKOB, HE JJAIOT MOJTHOU U
TOYHOM KapTHUHBI TPOUCXOJISAIIETO B CETH.

Kpowme Toro, camono1o0HbIH Tpapuk uMeeT 0coOyI0 CTPYKTYpY, COXpaHsIIo-
IIYIOCS IPU MHOTOKPATHOM MaciTabupoBanuu. B peanuzanuu, kak nmpaBuio,
IPUCYTCTBYET HEKOTOPOE KOJIMYECTBO BHIOPOCOB MTPU OTHOCUTEIBHO HEOOJIBIIIOM
cpenHeM ypoBHe Tpaduka. JJaHHoe sSiBIeHUE yXyAIIaeT XapaKTePUCTUKH (YBEIH-
YUBAET MOTEPH, 3aJCPIKKH, IDKATTEP MAKETOB) MPU MPOXOXKICHUNU CaMOIIOI00HOTO
Tpaduka yepes y3ibl ceTd. Ha mpakTuke 3To MposiBISETCS B TOM, UTO MAKETHI, PU
BBICOKOI CKOPOCTH MX JIBUKEHHUS 10 CETH, MOCTYNAIOT HA y3€J HE M0 OTEIbHO-
CTH, a LIEJION MAYKOU, YTO MOXKET MPUBOJAUTH K UX MOTEPSAM U3-3a OTPAHUYEHHOCTH
oydepa, pacCUUTaHHOTO MO KJIACCUUYECKUM METOIUKAM.

Ha puc. 4.3 npeactaBneHbl BpeMEHHBIE pean3allii peaTbHOTO CETEBOTO
(camonono0HoOro) Tpaduka (ciaesa) U TPAIUIIMOHHON HeCaMomno100HOM (myacco-
HOBCKOI) MoJienu Tenerpaduka (crpaBa) Ipyu pa3iduyHbIX MaciTabax BpEMEHHON
ocu. CBepXy BHU3 MACIITa0 BPEMEHHOM OCU YKPYITHSETCS U KpUBasi MyaCCOHOB-
CKOI Harpy3kH Bc€ 00JIblIe MPUOINKACTCS K CBOEMY CpEAHEMY 3HAYCHHUIO.

[Ipu peanbHBIX 3HAYEHUSIX BEPOATHOCTEN noTepsb (Hanpumep, npu P <0,1)
NOTEPH OMpPENEIAIOTCS IMEHHO BRIOpOCaMu Harpy3Kku, a He e€ CpeJTHUMU 3Haye-
HusMu. [ToaToMy pacuér kaHaIbHON CKOpPOCTH (MM YKCiIa KaHAJIOB) MPH CIJIa-
YKEHHOM XapaKTepe Harpy3ku (IyacCOHOBCKasi Harpy3Ka) MpUBEAET K CYIIECTBEH-
HBIM OIITUOKaM, T.€. peajgbHO OyayT BO3HUKATH TOPA30 OONbIINE TOTEPH, YEM
TpeOyeMble 1J11 HOpMaJIbHON paOOThl CUCTEMBI.
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Puc. 4.3. Bpemennsie peanuzaiuu caMorogo0HOr0 1 HECaMOTI0100HOTO
TpaduKoB

4.5. Pacy€r MyJIbTHUCEPBUCHBIX MOTOKOB.

['maBHON 0COOEHHOCTHIO IIOTOKOB B COBPEMEHHBIX CETSAX SBIISICTCS IIEPEXO]T
OT TpeOOBaHMI Ha MPEIOCTABICHHE CTAHJAPTHOTO TeNIe()OHHOTO KaHaja B PEKUME
KOMMYTAIIUX KaHAJIOB K ()OPMHUPOBAHHUIO MTOTOKA MTAKETOB JIJIs JIFOOBIX BUIOB Tpa-
¢duKa 1 00CITY)KMBaHHUIO ATOTO MOTOKA B PEKUME KOMMYTAIIMH MakeToB. B ceTsix
Internet mpuHATO ONpeneNATh MOTOKK HAIPY30K KaK HEKOTOPbIH KOHTEHT Triple
Play (A, V, D). Ilpu aTom, eciu ayuo U Buieo WHGOPMAIIHS HOCUT SIBHO BbIpa-
YKCHHBI MOTOKOBBIN XapakTep (MHTEHCUBHOCTh BXOJHOTO IMOTOKA NTAKETOB 3aBHU-
CHT TOJIBKO OT CO3/IAOIIETO €ro MPUJIOKECHHUS U HCIIOJIB3yeMOM MPOLEAYPhI CKa-
THS), TO TpaUK JAHHBIX 110 CBOCH MPHUPOJIE ABJISICTCS BCIICCKOBBIM, TaK KaK BO3-
HUKACT B MOMCHT HHUIIMAJIN3AIMU OOMEHA, M €0 HHTCHCUBHOCTh B KAKOW-JTHO0
TOYKE MYTH ONPEICIIACTCS HE XapaKTePOM JIaHHBIX, a TIPOITYCKHOW CIIOCOOHOCTHIO
9TOTO MYTH.

B cBsi3u ¢ 3THM, B cCaMOM OOIIEM CITydae MOKHO TOBOPHUTH O TIOTOKE ITAKETOB
Ha BXOJIE CETH I KaKOT0-JI100 y3i1a ceTH (Harmpumep, MopT KOMMYTaTopa Wi
MapuIpyTU3aTopa) Kak 0 CyMME OTAEIBHBIX TOTOKOB

A=Yk . A [makerni/en. Bp.],
rie | — BHAI BXOJHOro moroka, 1=1K.
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Mo’kHO, KOHEYHO, CKa3aTh, UTO, €CIM COCTABJIAIOIINX IOTOKOB Aj JOCTATOYHO
MHOTO U CpPeJId HUX HET MPEBAIUPYIOIIET0, TO CyMMapHbIil MOTOK A Oyzaer mpo-
creimuM. Ho Takoe 00betuHeHNEe HU KOUM 00pa3oM He o0JIeryaeT 3a/1a4u aHaju-
3a, TaK KaKk 00CITy>KMBaHUE ITHX TTOTOKOB B CETU JJOJHKHO BECTHUCH 110 CYIIIECTBEH-
HO pPa3HbIM aJTOPUTMaM.

DJeMeHThI MyJIbTHCEPBUCHBIX CETeH (KaHalbl, MOPTHI U JIp.) 00Ja1al0T KO-
HEYHOH MPOMYCKHON CIIOCOOHOCTBIO, M3MepsIeMoil 00bIuHO B OuTax. [losTomy xe-
JaTEeNBHO JIsl 000 KOMOMHAIIMY TOTOKOB UMETh COOTBETCTBYIOIIUI OUTOBBIN
AKBUBAJICHT — OMTOBBIA BXOAHOU MOTOK — C [OUT/C], 4TOOBI COMMOCTABIIATH BO3-

MOKXHOCTH 3JICMCHTOB CCTH C ITOCTYITIAOIIUM IIOTOKOM. Taxoi OMTOBBIN ITOTOK
MOJKHO OIIPCACIINTDb KaK

C=8Y%K,24Q =X 4 g

rJie Aj — ”HTEHCUBHOCTh BXOJIHOTO MTOTOKA ITAKETOB I-T0 BUJA B CEKYHILY,
Qi - mmHa nakera B OaiiTax, (j - JJIMHA TTaKeTa B OMTaX.
B npocreiiiiem cirydae, e Ha 3JIEMEHT CETH MOCTYNal0T TpU OUTOBBIX IO~
Toka: ayauo — C*, Bugeo CV u manubix CP, MBI OIyYMM CyMMapHBIH GMTOBBIN
IIOTOK:

C=CA+CV+CP (4.3)

IToTokm B ceTsix. CitosKHOCTh aHaM3a MOTOKOB B CETEBBIX CTPYKTYpax Co-
CTOWT B TOM, YTO MHOTOYHCIICHHBIE U, KaK ITPABUJIO, PA3HOPOIHBIC TIOTOKU HC-
MOJIE3YIOT OJTHU M T€ K€ PECYPChl U KOHKYPUPYIOT 32 UCIIOJIb30BAHUE ITHX PECYp-
coB. [IoTokH B ceTsx, a KOHKPETHEE - HHPOPMAITMOHHOE TATOTCHUE MEXKTY Y3JIaMH
CETH 3a1a€TCsl OOBIYHO B BUJIE MATPHUIIbI TIOTOKOB (MAaTPUIIbI TATOTEHUI) pa3Mep-
HOCTH N, TJIe N — YKCJIO Y3JIOB B CETH. DJIEMEHTAMH 3TUX MATPHII SIBIISIFOTCS MTOTO-
KM MEX]Ty COOTBETCTBYIONTUMU y3JaMH, BRIpKEHHBIC B TTaKeTax, OalTax wim Ou-
tax. Kak npaBuio, "HTEHCUBHOCTb MH(POPMAITMOHHOTO OOMEHA BBIPAXKAETCSA B Ia-
KeTax (4Jaie B 6aiiTax - Kak 0ojee yHuBepcaIbHOM Mepe), a MOTOKU, TIpeIHa3HAa-
YEHHBIE JIsI COMTOCTABJICHUS C TIPOIMTYCKHBIMU CITIOCOOHOCTSIMU KaHAJIOB — B OUTax.
[Tpu aTOM U181 OTIpeieNieHrs CYMMapHBIX TOTOKOB OT COCTABJISIFOIINX Pa3HbBIX Ka-
TEropui UCIOJIb3YETCsl OOBIYHOE TIPABMIIO CIIOXKEHUsI MaTpull. Tak, Hanpumep, 1o

aHajioruu ¢ (4.3) MOXKHO HalTH CyMMapHYIO MaTpUIly OUTOBBIX MTOTOKOB JJIsl KOH-
terrta Triple Play.

C= ||Cij|| = ||CijA|| + ||CijV|| + ||CijD|| (4.4)
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5. XapaKTepUCTHKH KayecTBAa 00CayKNBAHMSA

MCD paccmaTpuBaeT KauecTBO 0OCIyKUBAHUSI KaK Pe3yJbTaT COBMECTHOIO
MPOSIBIICHUS] XapaKTEPUCTUK OOCITYKHBaHUs. JTOT PE3yJIbTAT OMPECINIAET CTEICHb
YIOBJIETBOPEHHOCTH IMOJIH30BATENS MPEIOCTABICHHOW MY YCITyTOM.

CreneHb yIOBICTBOPEHHOCTH YPOBHEM OOCITY>KMBAaHUS MOXET OLICHUBATHCS
TaKUMH XapaKTePUCTUKAMMU:

- obecrieueHue oOcTy)xuBaHu (Service support);

- yIpaBisieMOCTh 00cayKuBaHus (Service operability);

- BOBMOXHOCTH o0cykuBanus (Serveability);

- 0e30IacHOCTh 00CITyKMBaHHMS (Service security).

XapakTepucTuk ofecredeHus: OOCHYKMBAHUSI OTPAXAIOT CIOCOOHOCTD
OmnepaTopa nIpenoCTaBIsATh YCIYTH U CIOCOOCTBOBATH MX MCIOJIb30BAHUIO. XapaK-
TEPUCTUKUA YNPABJIAEMOCTH OOCITY)KMBAaHUSI OIICHUBAIOT yA0OCTBO U MPOCTOTY
MOJIb30BaHUs ycliyraMu. Bo3MoKHOCTH 0OCITY)KHBaHUS, B CBOIO OYEPE/Ib, MEISITCA
Ha TPU TPYINIbL, JJIsI KOTOpEIX B pekoMeHaanuu MCO E.800 npennaratorcs takue
XapaKTEPUCTHUKU:

- IOCTYIHOCTB ycayr (Service accessibility);

- HENPEPBIBHOCTH 00CTy>kuBaHus (Service retainability);

- TOJIHOIICHHOCTH O0CITy>KMBaHHMsI (Service integrity).

XapakTepUCTUKHA JOCTYMHOCTH YCIYT OIIEHUBAIOT BO3MOXKHOCTh HX TOJTydYe-
HUs (C 3apaHee crenuUIIMPOBAHHBIMU JIOMYCKaMU U ¢ COOJIIOJIEHUEM JIPYTUX 3a-
JTAHHBIX YCJIOBHI) IO 3aMpocy MOJIb30BaTeNsl. XapaKTePUCTUKUA HEMPEPHIBHOCTH
OOCITY>KUBaHUS OMPEACISIIOT BO3MOXKHOCTh IMOJIb30BAHMSI MOJYYEHHOM YCIyTOH C
3aJlaHHBIMU aTpUOyTaMHu B TE€YCHHUE 3alpOIICHHOTO WHTEpBajia BPEMEHH. Xapak-
TEPUCTUKU TOJHOIIECHHOCTH OOCTY>KUBAHUS — MEPHI TOTO, YTO 00CTy>KUBaHUE, OY-
JTy4U TIOJTYYEHHBIM, IPOUCXOAUT 0€3 3HAUUTEILHOTO YXYAIICHHUS.

XapakTepuCTUKH 0€30MacHOCTU CBSI3aHbI C TAKUMHU ACHEKTaMU (PYHKIIMOHU-
pPOBaHUS CETH CBS3M, KaK HECAHKIIMOHUPOBAHHBIA MOHHTOPHUHT, KYJIbHHUECKOE
UCTIONb30BAaHUE, 3JI0HAMEPEHHOE TMOBPEKIACHHUE, HEMpaBWIbHOE MPUMEHEHNE,
oInOKa 4eJIOBEeKa, CTUXUMHOE OCJICTBHE.

MynbTHCEepBHUCHAS C€Th 00CTYyKHUBAaeT Bce BUIbI Tpaduka. OJIHAKO, yCTaHAB-
JMBaTh OJMHAKOBBIE TPEOOBaHUS K MOKazaTessiM KadecTBa obciy:xkuBanus (QoS)
JUTSL BCEX BUIOB Tpaduka HE MPEICTABIACTCS PA3yMHBIM MO TEXHUYECKUM U JKO-
HOMHUYECKUM cooOpaxkeHussM. MC3O B pekomenmauuu Y.1541 Beigenus miecth
kiaaccoB (COS — Class of Service), pasiuuaroniuxcsi BEIMYMHAMH TOKa3aTesen
QoS. B tabnune 5.1 nmpuBeneHsl 3HAYCHHUS TpexX mokazareneit QoS mis mectu
KJIACCOB. DTH 3HAYEHUS OMPENEISAIOTCS IS CIEIYIOIINX oKa3aTeNei:

- IPTD — 3anepxka nepenoca IP makeros,

- IPDV — Bapuarnus 3aaepxku IP maketos,

- IPLR — nons notepsinabix [P makeTos.

3navenus noau uckaxeHHubix [P naketor (IREP) B Tabnuie 5.1 He mpuBOaAT-
s, OTOT TOKa3aTellb He MMEET OTHOIIEHHUS K pacCMaTpMBaeMbIM B JaHHOM KOH-
tekcre Bonpocam. CumBon "U" (mepBast OykBa B cioBe "unspecified") ykaspiBaer
Ha TO, YTO MOKa3aTemb JJIs JaHHOTO Kiacca 00CTyKUBaHUSI HE HOPMHUPYETCH.
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Ta6nuna 5.1. Kimacceel o6cinykuBanus s IP makeros

Kiacc QoS IPTD IPDV IPLR
0 100 mc 50 mc 103,
1 400 mc 50 mc 1073,
2 100 mc U 1073,
3 400 mc U 1073,
4 lc U 1073,
5 U U U

[Ipumeuanus:

1) IIpu GoJsbIIOM BpEMEHU PACHPOCTPAHECHHSI CUTHAJIOB MOTYT BO3HHMKATH
cioxHOCTH i KiaccoB "0" m "2" ¢ coOnoneHrneM HOPM Ha CpeHee 3HAUeHHe
BpemeHnu 3a1iepkku [P nakeros. Benuuunsl [IPTD onpenenens! 1ist MakCUMaabHOU
JUTUHBI HHGOPMAIIMOHHOTO 1MoJIs raketa 1500 6aiTos.

2) Bennuuna IPDV omnpenensiercss pazHulieldd MEXIy BEpXHEW TpaHUIEH, B
KauecTBE KOTOpoi pekoMmenayercs 99,9% KkBaHTUIIb, U HHXKHEN TpaHULEH 3a1€epK-
KM, U3BMEPEHHON B TEUEHHE MHTEpBaJla OLUEHKU. B KauecTBe JIMTENBHOCTH TOTO
WHTEpBaja MpejiaraeTcsi BeIOMpaTh oaHy MUHYTY. Bce atu coobpaxenuss MCO
CUMTAET MPEABAPUTEILHBIMU U TPEOYIONTUMU JOMOTHUTEIBHOTO U3YUYCHUS.

3) Ota BenMuYMHA 3aBUCUT OT €MKOCTU TpakTa oomeHa makeramu. [Ipuemie-
Masi BEJIMUMHA BapHualluy JOCTUTAETCS JJi TPAKTOB C MPOIYCKHON CIIOCOOHOCTHIO
2048 xout/c u 6oJee, a TakKe P JJIMHE THHOPMALIMOHHOTO MOJIS MTAaKETOB MEHEE
1500 GaiiToB.

Kinacc oOcmyxuBanus "0" mpegnazHadeH s oOmMeHa mH(opMmaimeit B pe-
aJIbHOM BPEeMEHH (B YaCTHOCTH, JIUIS pE€YM C UCIOJb30BaHHueM TexHosioruu VOIP).
OHn npemycMaTpuBaeT CO3/laHuE OTAEIBHON ouepeau C MPUOPUTETHOU 00pabOTKOM
naketoB. [[s kiacca oocmyxuBanus "0" xapakTepHbl OTpaHUYCHUS HA MPUHITUIIBI
MapuIpyTU3aLHUHA U JIOMYCTUMOE PACCTOSIHUE MEXIY B3aMMOACHCTBYIOIIMMU TEp-
MUHAQJIaMHU (BpPEMsSI PacpOCTPAHEHUSI CUTHAJIOB). MHTEpaKTUBHOCTH AJIsI Kjacca
"0" ompenensercs kak "Bbicokas" — high.

Knacc o6cmyxuBanus "1" Takxke npeaHazHayeH Juisi oOMeHa nHbopMalmein B
peaJbHOM BPEMEHH, HO C MEHEE KEeCTKUMU TpeOboBaHusMu. [loaToMy HakiaabIBa-
IOTCSI MEHEE JKECTKHE OTPAHUYCHUSI HA MPUHILMITBI MAPIIPYTU3ALMU U BpeMs pac-
MIPOCTPAHEHUs CUTHAJIOB, 4eM i kiacca "0". Takke mpeaycMarpuBaercsi co3ia-
HUE OTJCIBHOMN ouepe I ¢ MPUOPUTETHON 00pabOTKOM MAaKETOB.

Knacc oGcayxkuBanust "2" opueHTHpOBaH Ha OOMEH JAHHBIMH C BBICOKOM
CTEIIEHBIO MHTEPAKTUBHOCTH U €My, Kak u kinaccy "0", mpucBO€H ypOBEHb BBICO-
KO MHTEpaKTUBHOCTU. K 3TOMY Kiaccy OTHOCHUTCS U CUTHajbHas WHQpOpMaIlusi.
Jlst kmacca oOcmy>kuBaHus "2" XapaKTepHbI TAKKE KE OTPAHUYCHHS HA TIPUHITUTIBI
MapuIpyTH3alUA U BpEeMsl paclpOCTPAaHEHUs] CUTHAJIOB, Kak jis kiacca "0". [lns
MaKeTOB ITOro Kjacca (opMupyeTcst CBOSI odepenb Ha 00paboTKy, KOTOpas OCy-
HIECTBIIETCS CO BTOPBIM MPUOPUTETOM. DTO O3HAYAET, UTO MaKeThl kiaaccoB "0" u
"1" UMEIOT MPEUMYIIIECTBO Ha 0OPaOOTKY.
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Knaccy o6cnyxkuBanus "3", npenHazHaueHHOMY JjIsi 0OMEHa ¢ MEHee BBICO-
KM YPOBHEM HMHTEPAKTHUBHOCTH, MPHUCYIIU TE K€ OTPAHUYCHHUS HA MPUHIUIIBI
MaplIpyTHU3aluKd U BPEMs paclipOCTPAaHEHHUs CUTHANIOB, 4TO U Kiaccy "1". O0cy-
KMBAHHE MAKETOB ATOr0 KJACCa JOJDKHO OCYLIECTBISTHCA CO BTOPBIM MPUOPUTE-
TOM.

Knacc o6cnyxuBanus "4" npennasHaueH A oOMeHa pa3indHoi uHQopMa-
LUEN C HU3KOM BEPOATHOCTHIO MOTEPH (KOPOTKHE TPaH3aKI[MH, IOTOKOBOE BUJEO U
npouue). JlomyckaroTcs JUIMHHBIE O4epeu MAaKeTOB Ha 00paboOTKy, KOTOpasl ocy-
HIECTBJISIETCS. CO BTOPBIM NMpUOpHUTETOM. HHKakue orpaHuyeHrs Ha MaplIpyTH3a-
IIUIO0 U BpeMsI IOCTaBKHU COOOIIEHNN HE HAKIIAbIBAIOTCA.

Kinacc o6cnmyxuBanus "5" opueHTHpoBaH Ha Te |P-nipuitokeHus, KOTOpbIe HE
TpeOyIoT BhICOKMX moka3areineil Q0S. CooTBeTCTBYIONIUE MAKETHI POPMUPYIOT OT-
JIEJIbHYIO OY€pe/ib; 00CIIy>)KMBaHHE OCYLIECTBIISIETCSI C CAMbIM HU3KUM NPUOPUTE-
TOM (B JaHHOM CiIy4yae OH HMMeEeT TpeTuil HoMmep). Hukakue orpaHudyeHus Ha
MapHIpyTU3ALUIO U BPEMsI IOCTAaBKH COOOIIICHHI HE HAKJIA[bIBAIOTCS.

Cama dopma Tabmuilpl 5.1 TOBOPUT O TOM, YTO 3asIBKM B MYJIBTUCEPBUCHOU
CETH OOCITYUBAIOTCS MO aJITOPUTMY C MPUOPUTETAMHU U OXuaanuem. [ He3Ha-
YUTEJILHON 101U 3asBOK (BEpOSATHOCTh Takoro coowiTus cocrasisieT 0,001) nomyc-
KAIOTCSl TOTEPHU.

6. IMcuumInHbI 00CTyKMBAHUS

Hau6onee ynorpebumsbie B coBpeMeHHbIX TK-CTpyKTypax JUCIUIUIMHBI 00-
CITy’KUBaHUS BBI30BOB MPEJCTABICHBI Ha OIOK-cXxeMe puc. 6.1,

I[I/ICHI/IHJII/IHBI O6CHy)KI/IBaHI/IH

be3 morepn C aBHBIMU C yCIOBHBIME Komb6unupoBaHHbie
MOTEepSIMU noTepsIMHU JTACIUATUIAHBI
C oxugaHmem C NoOBTOPHBIMH BBI30BAMHU

Puc. 6.1. lucuuminnapl 006CITyKUBaHUS

Hucuunnuna «be3 morepsy» npeaycMaTpuBaeT 00CIy)KUBaHUE MOCTYMUBIIETO
BBI30Ba B JIFOOOM cityuyae U 0e3 Kakoi-m1uoo 3aaepxku. [ npocreiiiero notoka
BBI30BOB (TEOPETUYECKH OECKOHEYHOE YMCIIO UCTOYHUKOB) 3TO O3HAYAET HATHUNE
OECKOHEYHOT0 YKclia 00CTY)KHBAIOIINX YCTPOUCTB (Hampumep, kananos). [Ipu
IPUMHUTHBHOM TIOTOKE, XapakTepHOM 171 yupexaeHueckux ATC ¢ orpaHIdeHHBIM
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YHICJIOM UCTOYHUKOB BBI30BOB N, 00cCIyKHBaHKe 0€3 MoTeph BO3MOKHO TOJIBKO,
€CJIM YUCJI0 UCTOYHUKOB HE MPEBBIIIAET YUCIIO KaHaloB V, T.e. ecnu N < V. [Ipak-
TUYECKH TaKO€ COOTHOUIEHUE BCTPEUAETCSA PEAKO, KAK SKOHOMUYECKH HELIETIECO-
oOpaszHoe. [loaTomy oOCTykMBaHUE C JUCITUTUTMHON O€3 TOTEPh HOCUT, B OCHOB-
HOM TEOPETUYECKUIN XapaKTep.

OOcnyXkuBaHUE C SBHBIMH TMOTEPSMHU MPEANOIaraeT, YTO BBI3OB U COOTBET-
CTBYIOIIIEE €My COOOIIEHUE MPHU MOJYYCHUU OTKa3a B HEMEIJICHHOM OOCTyXUBa-
HUM TOJTHOCTBIO TEPAIOTCA U Ha 00CIHyKMBaHUE OOJbIIEe HE MOCTYMAIOT, MO Kpai-
Hel Mepe, B TaHHyto cucteMy. OObIYHO HabIr01aeMoe Jkellanne abOHEeHTa TIOBTO-
PUTH CBOI BBI3OB JIJISl TIEPE/IaYM TOTO KE CAMOT0 COOOIIEHUSI COOTBETCTBYET JIHC-
IUIUTMHE C TOBTOPHBIMU BBI30BaMHU.

VYcnoBHBIE TOTEPU BBIPAKAIOTCS B 3aJEp’KKE IMepeaur COOOLIEHUsI CBEpX
JOMyCTUMOro cpoka. [IoHsTHE — TOMYyCTUMBIN CPOK — YTOUHSIETCS B KaXKJOM KOH-
KPETHOM CIIy4yae ¥ BBOAMTCS B CBSA3M C TEM, YTO JUIs JIFOOOH KOMMYTallMOHHOM CH-
CTEMBI, a TeM OoJiee JJi1 CETH HEOOXOAMMO HE HYJIEBOE BpeMs XOTs Obl AJi Oopra-
HU3aIlMK OOCTYKHBaHHUS HOBOTO BBI30BA.

OOcnykuBaHHE C YCIOBHBIMU MOTEPSIMU MOKET OBITH OPTaHM30BAHO MO CH-
CTEME C OKHUJAHWEM COEJIMHEHHUS U C NOBTOPEHUEM BBI30BOB. B mepBoM ciyuae
3a/iep>KaHHble MCTOYHUKH CTAaHOBATCA B OYEpPEIb M OOCIYXHUBAIOTCS IO Mepe
0CBOOOXKIEHHsI 0OCITy)KMBAIOIIUX YCTpoilcTB. Bo BTOpOoM ciydae, HE OOCITyX eH-
HBIE UICTOYHUKU 00pa3yroT Kak Obl aKTUBHYIO OU€pelb U TIOBTOPSIFOT BBI3OBHI Uepe3
CllydaiiHble WIH AETEPMUHUPOBAHHBIC TPOMEXYTKHA BPEMEHHU BIUIOTH JI0 YCTAHOB-
JeHus coeauHeHus. [Ipu 3Tom pa3rpaHMuMBaIOTCs MOHATHUS OTEPHU BHI30BOB U I10-
TEpPHU COOOIICHUMN, TIOCKOJIBKY MOTEPS OTAEIbHBIX BBI30BOB (TOIBITOK) HE BENET K
SBHOM moTepe cooOuieHus. [Ipoucxoaut Tonbko 3ajepikka OOCTyKUBaHUS, T.C.
BO3HUKAIOT YCIIOBHBIE TOTEPH (MIOTEPU BPEMEHH) KaK U B CUCTEME C 0XKHJIaHUEM.

JucuuninuHa oOCIyKUBaHUS ¢ MOBTOPEHUEM BBI30BOB MaTeMaTHUYECKU Ooliee
o011ast MOJIETb 10 CPAaBHEHUIO C JUCHMILUIMHAMU C SIBHBIMHM MOTEPSIMU U C 0XKMJIa-
HueM. C pOCTOM HHTEHCHBHOCTH TMOBTOPEHUS MPOMEKYTKH MEXAY COCEIHUMU
MOTIBITKAMHU YMEHBIIIAIOTCSA U MPU WX CTPEMJICHHH K HYJIIO BCE TOMBITKU CIUBAIOT-
csl B HempephriBHOE oxupanne. C Ipyroi CTOPOHBI, C YMEHBIIICHHEM WHTEHCHBHO-
CTH TIOBTOPEHUS, KOTJa MPOMEXYTKHA MEXAY COCETHUMH TOIMBITKAMH MOTYT yBe-
JMYUTHCS HACTOJBKO, YTO MOBTOPHBIC BHI3OBHI OYAYT KaK ObI TEPATHCS Cpenu Iep-
BUYHBIX, JaHHAs] MOJAEINh MPUOIIKASTCS K MOJENU C MOoTepsMU. Tak Kak mMaTema-
TUYECKasi MOJIeNIb CUCTEMBI C TMOTEPSIMH TPOIIE, YeM CHCTEMBI C TIOBTOPHBIMH BbI-
30BaMU, TO Ha MPAKTUKE MPU MalibiX noTepsix BbI30BOB (P < 0,01) mpumensitoTcs
MOJIEJIH C MOTEPSMHU.

Hapsiny ¢ OCHOBHBIMU JUCIUTIIIMHAMHU OOCITYKUBAHHS — C SBHBIMH U YCJIOB-
HBIMU TOTEPSIMU — BO3MOXKEH PsiJi KOMOMHUPOBAHHBIX AUCHMILIMH. B cucremax ¢
OKUJAHUEM YacTO OIPAaHUYMBAIOTCS BpeMsl MpeObIBaHUS B O4YEpeId WIM JJIMHA
ouepenu, winm oba orpanuueHus Bmecte. [Ipu oOCIyXMBaHUHM C MOBTOPEHUEM
BO3MO>XKHBI OTPAaHUYCHUS HA YUCIIO MOBTOPHBIX TMOMBITOK WM YHCIO UCTOYHUKOB,
MOBTOPSIIONINX BBI30BHI (YCIOBHAS IJTMHA OUEPEIN).
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Mogenu ¢ KOMOMHUPOBAaHHBIMU MOTEPSIMU TTO3BOJISIOT ONPEAEIUTh Oosee pe-
aJIbHbIE — C IPAKTHMYECKON TOYKU 3PEHUS] — aJITOPUTMBI OOCIIYy>)KMBAHMSI 3asBOK.
OOciy>)kMBaHUE ¢ OrPaHUYEHUEM IPOLIETYPHOIO BPEMEHH JABHO MCIOJbB3YETCS B
Tene@OoHHBIX cTaHIMsIX. Hampumep, ecnu Bbl cibllinTe akyCTHUECKH CHUTHAI
"Ot1Ber craHUuMH", HO HE HAaOWMpaeTe HOMEpP B TEYEHHUE HEKOTOPOTO HHTEpBaJa
BpPEMEHH, TO 0OCIy:KUBaHHE OyJeT mpepBaHO. BbI ycablMTe aKyCTUYECKUI CHUT-
Haia "3aHsaTo".

C anropuTMoM, KOTOPBII OrPAaHUYMBAET YUCIO MECT JUJISl OKUIAHUS, MHOTHE
aOOHEHTBI CTAJKUBAIOTCS MPHU TMOMbBITKE JT03BOHHUTHCS JO CIPABOYHOU CITYKOBI
"09". Eciu Bce omepaTtopbl 3aHATHI, Bac mocTaBAT B o4epeapr W MOMPOCST MOJI0-
xn1atb. Eciin ke 3aHATHI U Bce MecTa Juisl oxxunanus (3amnosiHeH Oydep oxuaaro-
IIMX 3apOCOB), TO BEKJIMBBIA T0OJIOC MPUHOCUT Bam CBOM M3BUHEHMSI U MPOCUT
HNOBTOPUTH BBI30B MO3KeE (IOTEPs BbI30Ba). HeKoTOphIE clipaBOYHBIE CUCTEMBI, HC-
[0JIb3yEMbIE B TEIE(POHHON CETH, CoueTaroT 00a BUAA OIPAaHUYECHUN — MO M-
TEJIBbHOCTH OXKUAAHUS U 10 YUCITY MECT B OUEpEIH.

3asBKM MOTYT 00OpabaThiBaThCsl 0€3 mpuopurera. Takod aJrOpUTM XapakTe-
pEH, HalpuMep, AJIs1 YCTPOMCTB YHPABICHUS AJIEKTPOMEXAHUYECKUX KOMMYTallU-
OHHBIX cTaHUMW. [IpropuTeTHbIE cTpaTernu 0OpabOTKU 3aIBOK MOYKHO Pa3/IEIUTh
Ha TPU OCHOBHBIE TPYIIIbI, KOTOPBIE CIEAYET paccMOTpeTh noapodHee. KomOuuu-
pPOBaHHBIE AJNTOPUTMBI MPEAYCMATPUBAIOT MEPEXO] K MPHOPUTETHOMY OOCITYKHU-
BaHUIO MIPU ONPEJEICHHBIX YCIOBUAX (HAIpUMEp, pe3KUi pocT Tpaduka, MpuBo-
JSAIIANA K CHUKEHUIO TTIOKa3aTesel kauecTBa 00CITyKUBaHUS).

Jljis aHanu3a NPUOPUTETHBIX CTPATETUH 1es1eco00pa3HO BBECTH MPOCTYIO MO-
nenb. Bee 3adBKU, NOCTyNaIKE B CUCTEMY, IEIATCS HA TPYNIbL, KOTOPBIM IIPH-
cBauBaeTCs mpuoputeT oT 1 10 K. 3asBka ¢ MEHBIIIUM HOMEPOM MPHOPUTETA HMECT
IPEUMYIIECTBO Tepe]] 3asiBKaMH C OOJIBIIIMM HOMEPOM.

[TpuopuTteTsl MOTYT OBITH OTHOCHUTENbHBIE U a0COIIOTHBIE. B cucteme ¢ ot-
HOCUTEJIbHBIMU IPUOPUTETAMU OOCITYXKMBAaHUE 3asBOK He mpepbiBaercs. Jlomy-
CTHM, 3asiBKa C IIPHOPUTETOM | 3acTayia BCe OOCIyKHUBAKOLIME TPUOOPHI 3aHATHI-

Mu. Torna oHa BCTaeT B o4epe]p Mepea BCEeMH 3asgBKaMH, UMEIOUIMMU MEHbIIHNA
HPUOPHUTET, T.€. IS KOTOPBIX | > |.

Cucrtembl ¢ aOCOJIIOTHBIMM MPHOPUTETAMU OCHOBaHbl Ha MpEpbIBAHUU 00-
CIIy’KMBaHHUs 3asBOK. Takas BO3MOKHOCTb IPEILyCMOTPEHA IS BCEX CIIy4aeB, KO-
rra oOcimyKuMBaloTCs 3asBKU Oosiee HU3KOro mpuopurera. [lpu 3tom moryt wuc-
M0JIb30BaThCSl PA3IMUYHbIE BapHAHThl BO3OOHOBIEHUS MPEPBAHHOTO Mpolecca 00-
clTy>kuBaHMs 3asBOK. HeoOX01MMOCTh B aOCOTIOTHBIX MPUOPUTETAX MOKET BO3HU-
KaTbh, HAPUMEp, B CIydyasx, KOrJa OYEHb CPOUYHBIN YNPaBIAIOMIMA MaKeT HE MO-
YKET JKJaTh OKOHYAHUS MepeJadyu JUIMHHOTO U HE OYE€Hb CPOYHOIO IMakeTa (Hampu-
Mep, B TexHosoruu Frame Relay mmHa nakera MoxeT 10X0auTh 10 4500 Oaiir).

bonee 100 ner — BpeMs MOYTHU UCKIIOYUTEIBLHOTO TOCHOJCTBA TeIePOHHON
CBSI3M — OCHOBHOM JIMCLUHUILTMHON SABJISIOCH 00CIy)uBaHue ¢ norepsamu. [lo Tako-
My NpUHLUNY (GYHKIMOHUPYIOT U COBPEMEHHBIE CETH C KOMMYTAllUEH pedyeBBbIX
kaHaoB B T¢GOII u B cotoBeix cetsix (mokosienus 2G u 3G). B 1o xe Bpems cu-
CTEMBI C KOMMYTAaIME€H MakeToB ¢ Jr0ObIM BuaOM Tpaduka (A, V, D) peanusyior
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JUCLMIUIMHY C 0KHJIaHUEM, IOCKOJIbKY HaKeT, IOCTYNAOIMUN B y3€]1 KOMMYTAlUU
ceT (HampuMep, B MaplIpyTU3aTop), PU 3aHATOCTH KaHajla Hy»KHOI'O HalpasJie-
HUSl, TToMenaeTcst B ouepensd (0ydep oxxumanus) u OyAeT BBOJUTHCS B KaHAI IO
Mepe ero OCBOOOXKICHUS C COOJIIO/ICHUEM YCTAaHOBJICHHBIX MPABUII 1O 00CTyKUBa-
HUIO Pa3HOMPHOPHUTETHBIX BUAOB Tpaduka. [lo TakoMy npuHIMMY (yHKIIMOHUPY-
10T Internet u maketusie pesxxumbl B cOTOBBIX ceTsax (GPRS, EDGE u cotoBas cetb
gyeTBEpTOTo nmokoseHus — LTE).

Ctporo roBopsi, B TaKETHBIX CETSIX MPUMEHIETCS KOMOMHUPOBAHHAS TUCIIH-
IUTMHA 00CITYKMBaHUSA, TaK Kak Oyepbl OKuAaHMs AJIsl TAKETOB BCETAa OrpaHuye-
HBI 110 00BEMY, @ KOHTPOJIb BPEMEHHU MIPEObIBaHUS TAKETOB B JJIOOOM 3JIEMEHTE Ce-
TH U B CETU B IIEJIOM SIBJISIETCSI 00s3aTENIbHBIM TPeOOBaHUEM JUIsSl CETEBBIX aJro-
PUTMOB.

/. Harpy3ka, paboTa u ux BUIbI

7.1. OO1me MOI0KEHUSA

J71s XapaKTepUCTHKH TpoIiecca 00CTy>KUBAHUS B CETSAX U OT/ICIBHBIX
yCTPOMCTBAaX MUCTOJIB3YIOTCS TOHATHS HArpy3Ku U paboThl. Harpyska, oOcmyxuBa-
eMasi MHOTOKaHaJIbHBIM YCTPOMCTBOM B MOMEHT BPEMEHH 1, €CTh UHCIIO 3aHSTHIX
muaul i(f) B 9TOT MOMEHT. [Ipn m3MepeHusIX Ha KOHKPETHOM ITy4YKe ONPEIEISIFOT
CPEIHIOI0 HHTEHCUBHOCTh O0CTYKEHHOW Harpy3Ku KaK CpeHEE YUCIIO 3aHATHIX
JVHUH 32 onpeaenEHHbIN MPOMEKYTOK BpeMeHU. IHTEHCUBHOCTD HAarpy3KH U3Me-
psercs B 3pinanrax (Opin). OnHa HENPepBIBHO 3aHATAs JINHUS O0CTYKUBAET
Harpy3ky B 1 Opi.

OOpazoBaHue MHOIOKaHAJIbHBIX ITyYKOB SIBJISIETCS ClIEUU(PUKON TOTOKOBBIX
BUJI0B Tpaduka (A, V), npu KOTOPHIX KaXKIbIH KaHaJT MOHOIIOJIBHO 3aKPETUISIEeTCS
32 KOHKPETHBIM UH(POPMAIMOHHBIM 00MEHOM (Tesie(hOHHBIN pa3roBop, TEIEMPo-
rpamMma, BueokoHpepenuus). [Ipu 3ToM ckopocTHOM KaHan, Hanpumep, E1 (2048
kOuTt/c) pazousaercs Ha 30 kananoB OLIK (64 x6ut/c).

B KOMIBIOTEPHBIX CETAX C TpahUKOM BCIJIECKOBOTO XapaKTepa HE LEIeCo-
0o0pa3HO MPOU3BOJUTH TAKOE pazjieieHue. MoKHO MoKa3aTh, YTO MPH pa3ieiCHUH,
Hanpumep, ogHoro kaHana 1GB-Ethernet na 10 xananos FastEthernet, t.e. eciu
pa3outk ckopocth 1000 Mout/c Ha 10 xananos mo 100 Mout/c, To Bpems nepena-
YH [MaKETOB N0 TAKUM KaHaJlaM YBEJTUUYHUTCA.

B sTHux ciaydasx Harpysky, 0OCIy>KEHHYIO0 OJJHUM KaHAJIOM, MOXHO OLICHH-
BaTh TOJBKO B JIOJISIX dpJIaHra, I3MEPEHHYIO KaK J10JI1 BpEMEHH 3a OIpeeIEHHbIN
IPOMEXYTOK, B TEYEHUH KOTOPOro KaHai Obu1 3aHAT. [Ipu aTOM oOcityxeHHast
Harpy3ka 0 <V, <1 Opa.

Paboty no nepenade uHbopMaluu, BHITOJIHEHHYIO CHCTEMOM 00CITyKUBaHUS
3a MPOMEXYTOK [t1, t2), MOKHO ONpEAENIUTh KaKk CyMMapHO€E BpeMs 3aHSATUS BCEX
JIMHUH 32 9TOT MIPOMEXKYTOK, HIIM KaK MPOU3BEACHUE CpPeIHEH MHTEHCUBHOCTH 00-
CIIy’)KeHHOH Harpy3ku Y, (i, t2) Ha BeJIMUMHY 3TOr0 MPOMEXKYTKA, T.€.:

A =Y,(ty, t2)* (t2 —t1)
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PaboTa u3zmepsieTcst B yaco-3aHATUSAX WK B Dpi-dyacax (MUIIETCs: Y-3aH WK
Opi-u).

Hapsny ¢ oOciy>keHHOM Harpy3Koi, BAXKHOE 3HAYEHUE MPU aHAJIM3E CUCTEM
MMeEET NOCTYIAOIIAsl HArpy3Ka, KOTOpast ONpeAeaeTcs Kak MPOU3BEICHUE UHTEH-
CUBHOCTH MOTOKA BBI30BOB Ha CpeAHEE BpeMs OJHOTO 3aHATHs: Y = At. Pa3HOCTb
MEK]ly IOCTYMaromel U 00CTy>KEeHHOW Harpy3KkaMu Ha3bIBaeTCsl U30BITOYHOM
Harpy3koil — ¥,. Bce Tpu Buia Harpy3ku uzMepsaroTcs B Dpaanrax. [Ipu atom mo-
cTynarmouas Harpyska Y =Y, + VY,

Pabora, kak ¥ MHTEHCUBHOCTb HAarpy3Ku, 00JiaJJaeT CBONCTBOM aJJUTUBHO-
CTH.

Harpy3ska uaeaibHoOl cucTteMbl 0€3 MOTeph Ha3bIBAE€TCS MOTEHIIMATBHOM.

Pa3HoCcTh MeXIy MOTEHIMATBHOM M OOCITY>KEHHON Harpy3kamu Ha3bIBaeTCs
IIOTEPSHHON Harpy3Kou.

CocrostHue 11060r0 00CITYKUBAIOIIETO TPUOOpPa MOKET OBITh MPEICTABICHO
C TIOMOIIIBIO TIEPUOJIOB 3aHATOCTH M CBOOOJHOCTH. 3a MCKJIIOUEHHUEM CUCTEM, pa-
OOTalOIIKX MO PACHUCAHUIO, JIIUTEIBHOCTh KaXJOr0 M3 3TUX JBYX NEPHOJOB
MPECTABISAECT COOOM CIIydallHyIO0 BEIUYUHY.

Tepuodn sanamocmy

/o N

Bpema

AN T

Hepuods ceofiodHocmu

Puc. 7.1. JIBa cocTosiHUSI 00CTYKMBAIOLIET0 TPUOOpa

s tenedoHHON HArpy3Kd BechbMa CYIIECTBEHHBI TpHU MapameTpa. Bo-
MEPBbBIX, BAXKHO 3HATHh YMCJIIO UCTOUYHUKOB Harpy3ku — N. XapakTepHble mpUMeEpbI
ATOTO MapameTpa — Ynuciio abOHEHTOB, MOAKIIOUEHHBIX K ATC, uin uncio TepMu-
HAJIOB, BKJIIOUEHHBIX B KOHIIEHTpATOp. BO-BTOpPBIX, HEOOXOIUMO ONPEICIUThH
CpPEIHEE YHUCIIO BBI30BOB, IOCTYMNAKMIIUX OT OJHOTO MCTOYHUKA 34 €OUHHUILY Bpe-
MeHU — A. B TpeThux, clieyeT OlIEHUTh MaTEMAaTUYECKOE OKHUJIaHUE JITUTEIHHO-
CTH 0o0CIyXuBaHUsS OJHOTO BbI3oBa — t. Torga mocTtymaroras Harpys3ka ompee-
JIUTCS Kak

YV =Nt

7.2. I3MeHeHue Harpy3Ku BO BPEMEHH
Harpyska B TeIeKOMMYHUKAIIMOHHBIX CHCTEMaX 3aMETHO MEHSIETCS B Te€Ue-
HUE JTHA (KoJIeOaHMsI MOXKHO TIPOCIEIUTh TaKXKe MO THAM HEIeNd, MecsIam, ro-
nam). Pacder 060pynoBanus, HEOOXOAUMOTO JiJisi OOCTY>KUBaHUS, HAIPUMED, Te-
nedoHHOro Tpaduka, ocymecTBisieTcs Aid yaca Haubonwieit Harpysku (HHH). B
HEKOTOPBIX IMyOJIMKAIUSX Mpesaraercs — B gonoiaHenue kK YHH — Beiaensars me-
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puoa HanOoJbIe Harpy3ku. Ero qiuuteabHoCTh (Tmax) MOXKET OBITh pa3IMYHOMN B
3aBHCHMOCTH OT IIeJH, 111 KOTOPOH HEOOXOAMMO 3HATh IEPUO MAaKCHMAIIbHOM
Harpy3ku. OHa MOKeT ObITh MEHbIIIE WK 00JIbIlIE OAHOrO Yaca. B paccmaTpuBae-
MoM cirydae (Puc. 7.2) Tmax coCTaBIISIET TpH Yaca.

Tenedouan
HarpysKa

Bpewma

T CYTOK
THHE 13 24

Puc. 7.2. Yac u nepuos1 HauOobIIEeH HATPY3KU

Hons narpysku, coznaBaeMoil B YHH — Yypy , yacto onenuBaercsa koapdu-
IIMEHTOM KOHIEHTpauud —Kuypypr. JUIS €ro OLEHKH HEOOXOAMMO TAKKe 3HATH
CPEOHECYTOUYHYIO HAarpy3ky Ycyr. Torma
k _ y‘[HH

YHH ~— y .
cyT

JlnanazoH u3MeHeHHs 3Toro koddduimenta 3HauuTeneH. s MHOTHUX Tele-
(GbOHHBIX CeTeil B KPYIMHBIX ropogax oH cocTaBisieT okoiyio 0,1. B MeHee KpyIHbIX

ceTsx BenmunHa Kepppy Mosker mocturats 0,2.

Brinenenne UHH wnm neprona MakCMMalIbHOM HArpy3ku IMpeCienyeT KOH-
KPETHYIO IIeJib. YCTaHOBJIGHHbIE AJIMUHUCTpAIlMEH CBSI3M TOKA3aTelld KayecTBa
oOcy>kuBaHus TelehOHHON HATPY3KHU JTOJDKHBI COOJIIOIATHCS U B MEPUOJIBI BHICO-
koro Tpaduka. EcrecTBeHHO, 4TO B Apyroe Bpems (B YaCTHOCTH, HOUbIO) PECYPCHI
TenedOHHOM ceTh OYyIyT MCIONb30BaThesa HE Tak ¢ dexkTuBHO kak B YHH. [Ipas-
na, OnepaTop ¢ MOMOIIBI0 TEXHUYECKUX M MAPKETUHTOBBIX OMEPAIM MOXKET
00ecreynuTh SKOHOMUYIHOE (PYHKITMOHUPOBAHHE MH(HOKOMMYHUKAIIMOHHON CHUCTe-
MbI. HampumMep, MOKHO TIpejiaraTh MoJb30BaTelIsIM JbIOTHBIN Tapud I TOCTYIIa
B IHTEpHET B HOYHOE BpeEMH.

8. CucTteMbl ¢ SBHBIMU MOTEPAMHU

8.1. CuMBoIMYECKOE 0003HAYCHHE UCCIIEAYEMBIX MOJIeIei
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Jlig yno6cTBa JanbHENUIIEro U310KeHs BBEAEM CUMBOIMKY Kennama —
bamapuna a1 cucTeM MaccoBOro 0OCITyKUBAaHUS, KOTOpasi ObLIa MIpesIokKeHa
Oonee naTuaecsaTH JieT Hazaa Kennaminom. OHa Obl1a OCHOBaHa BCEro Ha TPEX
cumBoJiax. [y onrcanus 0oJiee CI0XKHBIX MPOLECCOB PYHKIIMOHUPOBAHUS CO-
BPEMEHHBIX HH()POKOMMYHUKAIIMOHHBIX CHCTEM 3Ta Ki1accudukaius Obljia I0moJI-
HeHa bamapuHbIM 10 IECTH CUMBOJIOB.

[lepBbIii pa3psii CAMBOIMKH OINPEAEIAET MOCTYNAIOIMMUN OTOK BBI30BOB,
BTOPOIl — 3aKOH paclpeieiieHus: BpeMeHu o0ciyxuBanusi. Tak cumBosamu M, D,
E, G B nepBoii mo3unnu 0003HAYaIOT COOTBETCTBEHHO: YKCIIOHEHIIUAIBHOE, JIe-
TEPMHHHAPOBAHHOE, 3pJIaHTOBCKOE U npousBoiibHOE (General) pacnipenenenue
IPOMEXYTKOB MEX/1y BbI30BAMH. DTHU K€ CUMBOJIBI BO BTOPOW MO3UIIMH 03HAYAIOT
COOTBETCTBYIOILLIUE PACIIPENEICHUS JIIUTEIbHOCTEN O0CTYKIUBaAHUS.

CHMBOJIOM V B TPEThEH MO3ULUHU YKA3bIBAECTCS YUCIIO 00CITYKUBAIOIINX PU-
00poB (kaHaioB). B 4eTBEPTOI MO3UIIMU CUMBOJIOM I' YKa3bIBA€TCS YHUCIO MECT
OKHJaHUs B odepeu. s cucTteM ¢ moTepsMH 3TOT CUMBOJI OITyCKaeTCsl.

Hanpuwmep, cumBosiel M/G/7/5 0603HauaroT, 4To paccMarpuBaeTcs 7-MH Ka-
HaJbHasl CUCTEMA, HA KOTOPYIO MOCTYIAET ITyaCCOHOBCKHII MOTOK BBI30BOB, 00-
CILy’KMBaHHE C TPOU3BOJIbHBIM PACIPEACICHUEM JIIUTEIIbHOCTEN, YHCIIO MECT
OXuaaHus B ouepenu paBHo 5. CumBonamu D/E/15 0603HauatoT 15-1 kaHAIBHYTO
CUCTEMY C MOTEPSIMH, C IETEPMUHUPOBAHHBIM BXOAHBIM ITOTOKOM H 3PJIaHTOBCKUM
pacrpeelieHueM JUTUTEeIIbHOCTEH 00cayKuBanus, a couetanne G/D/1/c0 0603Ha-
YaeT OJJHOKAHAJIbHYIO CUCTEMY C MPOU3BOJIBHBIM BXOHBIM IOTOKOM, IOCTOSIHHON
JUIUTEIBHOCTHIO 00CTYKUBaHUS U OECKOHEUHON OYEPEIBIO.

B cnenmanbHoO# nuTepatype npuMeHsercs 0ojee paciiupeHHasi U pa3Hoo0-
pa3Hasi CHMBOJIMKA.

8.2. O06o0061IeHHast MOJICNIb M KaU€CTBO OOCITYKMBAHUS

PaccMmoTpum V-kaHalbHYIO cuctemy oOcimykuBanusi M/M/V (TryaccoOHOBCKHIA
BXOJIHOM MOTOK U SKCIIOHEHIIMAJIbHAs IIUTEIbHOCTh 00CcTyKuBaHus). Bpems 00-
CITy’KMBaHUS OJIHOTO BbI30Ba MPHMEM 32 YCIOBHYIO eIMHUILY BpemeHu h =1 y.e.B.
Yucio 3ausaThix kaHanoB i (i = 0,V) Ha30BEM COCTOSIHUEM HCCIICTYEMOMN CHCTEMBI.
[TapameTp nmoToka BbI30BOB Aj BEIpa3UM B YUCIIE BHI30BOB/Y.€.B. ET0 MOXHO Tpak-
TOBaTh KaK MHTCHCUBHOCTh MOCTYAIOIICH HATPY3KU B COCTOSIHUU CUCTEMHI .
CMBICIT yCTTOBHOW €MHUIIBI BPEMEHU B TOM, YTO C €€ MMOMOIIBI0 MOKHO B J1ajib-
HEHIINUX MCCIeI0BaHUAX a0CTParupoBaThCsi OT KOHKPETHBIX SIUHUI] ACTPOHOMHU-
YECKOT0 BpEMEHH (CEKYH/Ibl, Yachl) U BOCIOIB30BATHCS TEM (PAKTOM, YTO OJIHA U
Ta K€ MOCTyMNAaloIIas Harpy3ka MOXeT ObITh BhIpaykeHa Kak Y = Al, Tak u kak Y =
Ah. A Tak xak h =1 y.e.B., To moJay4aeTcsi, YTO MOCTyIArOIIast Harpy3ka Y u 1o-
CTYNAIOIINN B y.€.B. IOTOK A YMCJIEHHO paBHBI. 3auch Y = /A B CTPOrOM CMBICIIE
— He KOPPEKTHA, TaK Kak Y u3MepsieTcs B DpiaHrax, a /A B BbI3/Y.C.B.

KauecTBo 00cmyKnBaHuUs B CUCTEMAX C MOTEPSIMU OLICHUBAETCSI BEPOSITHO-
CTSIMH TIOTEPb 10 BPEMEHHU, 110 BBI30BaM U MO HATPYy3Ke.

[Torepu o BpeMeHH — 3TO 10151 BPEMEHH, B TEYEHUH KOTOPOTO 3aHSTHI BCE
KaHaJbl (MpuOopsl), T.€. Pt = tyyy/Thas , THE Loy — BpEMs 3aHSITOCTH KaHAJIOB, a CJie-
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JIOBATEJIBHO BpEMsl, B TCUEHUU KOTOPOTO HOBBIE BBI30BBI ITOJIYHAOT OTKa3, & Tuas —
oO11iee Bpemsi HaOJII0ICHMS.

[Totepu mo BbI30BaM — 3TO A0S MOTEPSHHBIX BBI30BOB, T.€. Py = Cpor /Copmy,
TA€ Cpor - YUCIO MOTEPSIHHBIX BBI30BOB, Copy — OOIIEE YHCIIO MOCTYMUBIINX BbI30-
BOB.

[Torepu mo Harpyske — 3To 10Jis1 U30BITOUHOM HArpy3ky, T.e. Py =VY,/Y , rae
V¥, — n30bITOUHAs HArpy3Ka, a Y - 001as nocTynaronias Harpy3ka. HamoMunm,
gyto Y =Y, + VY, , e Y, — obciyxeHHast Harpy3ka.

Mexay 3TUMU OLICHKaMU, B O0ILEM CITy4yae, CyIIECTBYET CIEIYIOLIEE COOT-
HOIIICHHE:

Pt > PB > PH

PaBencTBo Hactymaer st cuctemMbl M/M/V | T.€. U1 IPOCTEHIIIETO BXOASIIIIE-

ro MOTOKA IMPH 3KCIOHEHIMAIBHON JJINTETLHOCTH 00CIyXKuBaHus. B 3ToM ciyyae:

Pt:PB:PH

8.3. HacTHble cityuau pacipeaesIieHUs] BEPOSITHOCTEH COCTOSTHUS

B Tabnuue 8.1 npeacraBieHbl YETbIPE YACTHBIX CIydasi OOCIyKUBAIOIINX CH-
CTEM:

2 Buja obciyxuBaHus (0€3 MOTePh U ¢ MOTEPSAMHM) U 2 TUIA BXOJHOIO MOTOKA
(mpocreimmii 1 npuMUTUBHBIN). [IpencraBiernHbie GOpMyIbl MO3BOJISIOT ONPEIe-
JMTh BEPOSTHOCTH 3aHATOCTH B TIPOM3BOJIBHBI MOMEHT BPEMEHHU POBHO | KaHAIOB
WM JIOJIIO0 BpEMEHH (Ha OECKOHEYHOM MHTEpBaJIc), KOT/Ia 3aHATO | KaHAJIOB.

Tabnuia 8.1. YacTHble cityyan pactpeesieHus] BEpOsITHOCTEH

[IpocTenmmii BXOOJHOM MOTOK [IpMHUTUBHBINA BXOAHON MOTOK
be3 morepn C norepsamu be3 morepn C norepssmMu
Pacnipenenenne | Pacnpenenenue Pacripenenenue Pacrnipenenenue
Ilyaccona OpnaHra bepnyum DHrcera
Al
Ab pPi=—%— = i ai(]-q)N-i i g
| =0,0 | = [ = . i = .
, =0V i =0,N; npu v>N i=0,\v; mpu
V<N

Ha puc. 8.1 npencrasneno pacrnpeneneHue [lyaccona st yucia 3aHsIThIX JU-
Huii ipu A = 3 Dpii. OHO B TOYHOCTH COBIIAJIAET ¢ MPEJCTaBICHHBIM Ha puc. 3.1
MyaCCOHOBCKUM pacmpe/e]ICHUEM YKClia BEI30BOB Ha HTEpBasie t mpu A = 3
BbI3/en1.Bp. O0a pacrnpenenenus u B popMyJIbHOM BHJIE U B TpaIecKoOM HJICH-
TUYHBI, HO COBEPILIEHHO PA3JIMYHbI [0 CMBICITY.

Pacnpenenenne Dpnanra (yceu€HHoe pacnpeaenenue [lyaccona) otpaxkaet
HanOoJIee PeaIbHYIO0 CUTYAITUIO MPU OTPAHUYCHHOM YHUCIe KaHAIOB (V < 00).
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HawnGosee BaXHBIM B paciipe/iefieHy DpJiaHTa sBISIETCS COCTOSHUE | = V, T.€. CO-
CTOSIHUE, KOTJIa 3aHAThI BCE KaHalbl. PazymeeTcs, 4To 3TO COCTOSIHUE, KOT/1a
HACTYTAIOT MOTEePH (OTKA3bI B 0OCIYyKUBaHHH), T.€.

P|:PV:Pt:PB:PH:EV(A).

P() &
Pacnipenenenue Dpianra
. - LI ~
. // ~ -~ ~, \. \
s AN
/ / ‘5 -
. ¥ NN\
/7 Ne
l. / A N
a4 N
7 ~ Pacmp. Ilyaccona
. ~ ~
i ‘,// - E)
i

0 1 2 3 4 5 v=6 7 8 9

Puc. 8.1. Orubaromiye pacnpeaeeHuid BEpOSTHOCTEH Yrces
3aHSATHIX KAaHAJIOB JJIsI IPOCTEHIIIEr0 BXOISIIETO MOTOKA.

[Tocnennee o6o3nauenue Ey (A) siBiseTcss oOIIENPUHITHIM 0003HAYCHUEM
dbopmynsl Dpnanra. Hanbonee yactas mpakTuueckas 3ajada ONpeAesieHus HeoO-
XOJIMMOT0 YUCJIO JIMHUU B My4Ke JIJIs1 00CTyKUBaHUS MOCTYIAIOIIEH HArpy3KH Mpu
3aJIaHHON BEPOSTHOCTU TOTEPb JAaHHOW (OpMyIJION B SBHOM BHJI€ HE pEIIaeTcs,
T.K. HEBO3MOKHO BBIPAa3UTh YUCIIO KaHAJIOB V Kak ¢yHKIuo oT A u P. B cBs3u ¢
ATUMU TPYIHOCTSIMHU (opmysa DpiaHra TadyaupoBaHa B Pa3IUYHBIX CIPABOYHU-
Kax M 3anayHukax. Kpome Toro B mocienHee BpeMs MOSIBUIOCH HECKOJIBKO YJ00-
HBIX MPOTpPaMM, MO3BOJISIOIIMX OUYEHBb JIETKO M3 TPEX BEIWYMH — Harpyska (VY),
YHCIIO KaHAIOB (V) U BEPOSITHOCTH MOTEePh P — HaliTu 1r00yI0 MU IBYX JPYTUX W3-
BECTHBIX.

Pacnpenenenusim bepHyuin U DHrcera NMOAYMHSIOTCS BEPOATHOCTH 4YMCIIA
3aHATHIX JTUHUNA TPU MPUMUTHBHOM BXOJHOM IOTOKE, OMPEACIIIEMOM 10 COOTHO-
HICHUIO:

Ai=aNj=a(N 1)
T 0. — HHTEHCUBHOCTbH OJJHOI'0 HCTOYHHUKA B CBOOOJHOM COCTOSIHUH
(BBI3/y.€C.B.),
N — o61iee unciio ucTOYHUKOB, Nj — 4rciIo CBOOOIHBIX HCTOYHHKOB, | — Kak
Be3/IC B JAaHHOM pa3Jielie — YUCIIO 3aHSATHIX HCTOUHHKOB.
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B dopmyne bepHymiu BennyrHa a onpenenseT BEpOsSTHOCTh OJTHOTO YCIIEII-
HOTO HUcTbITaHus ¥ paBHa — a = o/ (1 + o). Pactipenenenue DHrcera (Mim yceu€H-
HOE pacnpeiesieHre bepHyIin) OnuchIBaeT CUCTEMY C OTEpsiMU, Tak Kak V < N ,
a pacnpenencane bepuymm — cucremy 0e3 motepb (V > N).

AP(I)
Pacnpenenenne DHrcera
17T~ .
7 ‘ ~ R
- L - T ey ~
./ P S 4 ~
/ 7
S s S~ Pacnp. Bepuymu
7 |7 >
s Yo
7z ~.,
- , /
p
C - i

1
>
o 1 2 3 4 5 6 vi=7/ 8 9 N=10 11 v,=12

Puc. 8.2. Orubaromye pacrpeieieHuil BepOITHOCTEH ducel
3aHATHIX KAHAJIOB JJIsl IPUMUTHBHOTO BXOJISIIEr0 IMOTOKA.

8.4. IIpomyckHas cmocOOHOCTh KaHAJIOB JJISI CHCTEMBI C TIOTEPSIMU

[Tpouenypa 3aHATHSI OAHOTO U3 CBOOOJAHBIX KAaHAJIOB B IIyYKE MOKET ObITh
YIOPSIOYEHHOW WM CiiydaiiHOM. [Ipu yropsoueHHoi npoueaype, KaKk npaBuio,
3aHUMAaeTCsl CBOOOIHBIN KaHal ¢ MEHbIIUM HOMepoM. [Ipu cimydaitHoil — BeIOUpa-
eTcs JIF000W CBOOOIHBIN KaHall.

B 3aBUCUMOCTH OT peaJIN30BaHHOW MPOLEAYPHI 3aHATHUSA 110 PA3HOMY OITpese-
asieTcst Ko PUIMEHT UCTIOIb30BAHMS KaHaua 1|, O KOTOPbIM MOHUMAETCS A0S
BPEMEHHM 3aHITOCTH KaHAJIA.

[Ipu caydaifHOM 3aHSITHU BCsl OOCTYKEHHAsl Harpy3ka paBHOMEPHO pachpe-
JEJAETC MEXAY BCEMH KaHAJIAMH, IIO3TOMY MCIIOJIb30BaHNE KaHAJIOB OJIMHAKOBO
Y PaBHO:

Ner = Yo IV.

OTMeTHM, 4TO MTOKA3aTeNb 1| UMEET TPOMHON CMBICI:

- KO3 PUIIMEHT UCTIOJIb30BAHUS KaHAJIA;

- 10J11 BPEMEHHM 3aHIATOCTH KaHAJIa;

- HHTEHCUBHOCTb Harpy3ku, o0CIyKE€HHOU JaHHBIM KaHAJIOM B DpliaHrax.

[pu ynopsiio4eHHOM 3aHSITHU KOA(PPHUIMEHT UCTIOJIb30BAHUS I-T0 KaHala
OTIpEIETAETCS KaK Pa3HOCTh MEX/1Y U30BITOUHBIMH HAarpy3KaMy MpeabIayIInX Ka-
HaJOB ((paKTUYECKU TOI HATPY3KH, KOTOpasl SBISICTCS MMOCTYMAIONICH B I-bIii Ka-

HaJT) ¥ JJAHHOTO KaHaja (T.e. Harpy3Ku, KOTOPYIO HE CMOTJIM OOCITY)KUTh TIEPBBIE |
KaHaJoB):

Ni = Ri1 — Ri = AEi-1(A) — AEi (A) = A[Ei1(A) — Ei (A)]
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Koa¢punueHT nucnonp3oBanus MOCIEAHETO KaHAA B IIyUYKE SBJISETCS OUEHb
BaYKHBIM I10Ka3aTeJEeM, TaK KaK IMEHHO OH OIpPEZEIIsIeT BEPOATHOCTD OTEPH B
my4ke Py, 1 MOXET TOCTUTaTh EIWHUI U AK€ JI0JIeH MpoueHTa. B 1o ke Bpems,
KaHaJbl C MEHBIIMMU HOMEpPaMH, KOTOPbIE 3aHUMAIOTCS B TIEPBYIO OYepeib, o0ec-
NEYUBAIOT OCHOBHOM Mpomnyck Tpaduka. B MOmHbBIX myukax K03 PUIIMEHT uc-
M0JIb30BAHUS MEPBBIX KaHAIOB JOXOAUT 110 99% u naxe Boiwe. [Ipu 3TomM 3TOT KO-
3¢ GUIIMEHT TeM BhIIIIE, YeM OOJIbIIIe KaHAJIOB B IyYKE JJISl OJJMHAKOBOM BEpOSITHO-
CTH MOTEPb.

B cBs3U ¢ 3TUM Npu NPOEKTUPOBAHUU CETEH CTAPAIOTCSI OPTaHU30BBIBATH KaK
MO’KHO 00Jiee MOIIHBIE ITyYKH, OOBEANHSSI MEJIKHE TOTOKU C TIOMOIIIbIO KOMMYTa-
IIUOHHBIX YCTPOUCTB. B 11€710M Takue peneHus mo3BossoT YJKOHOMUTh Ha CTOM-
MOCTH KaHAJIOB, ITpaB/a 3a CYET 3aTpaT Ha KOMMYTAIlMOHHBIE CTAHIMH.

9. CucteMbl € OKUIAHNEM

9.1. Cucremsl ¢ 06CKOHEYHOM OYepeIbIO.

PaccmarpuBaercs maremaTudeckas mojaesb M/M/V/oo, T.e. V-KaHalIbHAs CH-
cTeMa, IMPOCTEHIITNI BXOHOM MOTOK, SKCIIOHCHIIMAIBLHOE 00CTYy>KUBaHHE U BO3-
MOYHOCTb O4epeIn 0ECKOHESYHOM JJIMHBI. 3a apamMeTp BXOIHOIO MOTOKA, KaK U B
CHUCTEME C MOTEPSMH, IPUHUMACTCS BeTUYMHA A BBI3/Y.C.B., KOTOpas YUCICHHO
paBHa mocTymnaoinei Harpyske. Hamomuum, uro Y = Ah =At, a h=ly.c.B. = ty6ex

ITpu 3aHATOCTH BCEX V KaHAJIOB MOCTYNHUBIINMA BEI30B CTAHOBUTCS B OYEPEb U
00CITy>KMBaETCs TIOCJIE HEKOTOPOTO OKUJaHUsl. B oT/IMuMe OT CUCTEMBI C OTEPS-
MH, TJI€ 32 COCTOSIHHE CUCTEMBI | IPUHUMAJIOCh YHCIIO 3aHITHIX KaHAJIOB, B CHCTe-
Max ¢ 0’KHMJaHUEM IO COCTOSIHUEM CUCTEMbI IOHUMAETCS CYMMApPHOE KOJIMYECTBO
BBI30BOB, HAXOISIIUXCS B OUEPEIU U HA 00CITYKUBAHUU.

BaxxHOI 0COOEHHOCTBIO CUCTEM C HEOTPAaHUUYEHHOW OUepEbIO SABIIAETCS TO,
YTO MAaTEMAaTHUYECKOMY aHAIU3Y MOAAI0TCS TOJIBKO T€ CUCTEMBI, Y KOTOPBIX BXO-
JSIIANA MTOTOK MEHBIIIE TTPOIMYCKHOM CITOCOOHOCTH CUCTEMBI, T.€. ecliu A <V,

B npotuBHOM ciiyyae, T.e. ecinu A >V, ouepeab OyieT pacTu 10 OECKOHEUHO-
cTH, e€ cocTostHue (JJIMHA ouepean) OyIeT 3aBUCEeTh OT MOMEHTA Hadasa paOOoThI
CHUCTEMBI (HaIpuMep, C yTpa WIM C Hadajla roja) U aHaJIN3 TaKOM CUCTEMbI HE
MpEJICTABIISICT MHTEpECa.

[TocKoJIbKY B CUCTEMAX C HEOrPaHUYEHHOU ouepepto Tpu A < V IOTEPH BbI-
30BOB OTCYTCTBYIOT, TO OOCITY>KE€HHasl Harpy3Ka Oy/IeT paBHa MOCTYIAIOIIEH, T.€.
Vo=V =A.

0.2. XapaKTepHCTHKH KaueCTBA OOCITYKUBAHUS 11 CUCTCMBI
M/M/V/0.

a) OCHOBHOM XapaKTEPUCTHKOM, HAMOO0JIEe YACTO UCTIOIB3YEMOM /IS TPAKTHU-
YECKUX PaCcU€TOB, ABJISIETCA BEPOSITHOCTH OKUJIAHMS JJIsI TIOCTYIHUBIIETO BHI30BA
P(y > 0), rne y — Bpemst oxxkunanus. [1o cyiecTBy, 3T0 BEpOSTHOCTb TOTO, YTO BBI-
30B JI0 Hayaja o0CiIy>KUBaHUs OyJIeT O’KUAATh OCBOOOKIeHUS KaHana. [ mpo-
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CTEUIIIETO ITIOTOKA BBI30BOB ATa BCPOATHOCTD COBIIAAACT C BEPOATHOCTBIO 3aHATO-
CTH BCCX KaHAJIOB WK C BEPOATHOCTBIO ITIOTCPHL IO BPCMCHU:!

Ey (A)
1-(3)[1- Ey ()]

P(y>0)=Poy =Py =32, P = =Dy(A).  (9.1)

B nanHoM cityyae cyMMHpOBaHUE MTPOBOJUTCS MO BCEM COCTOSIHUSIM, MPHU KO-
TOPBIX 3aHSATHI BCE KaHAJBI U UMEETCS 0UePe/Ib JTFO0O0M ITTMHBI: OT HYJIS 10 0E€CKO-
HEYHOCTHU. PacuéTHOE COOTHOIICHUE /JIsI BEPOSITHOCTH OKHUJIAHUS TTOTYYEHO Dp-
JIAaHTOM, Ha3bIBAa€TCS BTOPOM popMyoi Dpianra, o6o3Hadaercs kak Dy (A) u Ta-
OyJIMPOBAHO ISl IPAKTUYECKOTO MPUMEHEHUS. TaOIuIlbl, Kak U B CIy4dae MepBoi
dopmyisr — E;, (A), MO3BOJISIOT 110 JIFOOBIM IBYM M3 TPEX MapaMeTpoB — A, V, Py —
onpenenuTs Tpetuil. Hanbomnee koMmnakTHO BTOpas popmMysia DpiiaHra ONMUChIBACT-
csl uepes nmepByro GopMyity, Kak mokazaHo B (9.1).

W3 nepBoit u BTopoit hopmys Ipiianra cienyeT, 4To Dv (A) > Ev (A) . 910

O3HAYAeT, YTO MPHU OJIMHAKOBBIX 3HAYCHUSX HHTCHCUBHOCTH HATPY3KU U YUCIIE
JIMHUAN BEPOATHOCTH OKUJIAHUS B CUCTEME C OKHIAHUEM BBIIIE, YEM BEPOSTHOCTD
MOTEPH BbI30BA B CUCTEME C SIBHBIMU IMOTEPSIMH.

DTO OOBACHAETCS TEM, UTO B CUCTEME C MOTEPSIMU B MOMEHT 3aHSITOCTH BCEX
JIMHUM BBI30B TEPAECTCSA U HUKAKOTO BO3JACHCTBUA B JAJIBHEUIIIEM HA CUCTEMY HE
OKa3bIBaeT. B cucteme ¢ 0)XugaHueM MpHU TeX Ke YCIOBUSIX BbI30B CTAHOBUTCS B
ouepeb U OyAeT BAUATH HA JlalbHeHIIee PyHKIMOHUPOBaHUE cucTeMbl. [1pu
OCBOOOK/ICHUH JINHUU B CUCTEME C MOTEPSIMHU OHA MPEIOCTABIISIETCS MOCTYIAl0-
IIEMY BBI30BY, @ B CUCTEME C OXKHJIaHUEM — OkuaaromeMy. Takum oO0pa3om, BHOBb
MOCTYIUBILIEMY BbI30BY MPUXOJUTCA CTAHOBUTHCA B OUepeb. Tak Kak BbI30B HE
TepsIeTCs, a JIUIIb 33aJIeP>KUBACTCS, TO BEPOSTHOCTh Oxuaanus (9.1) Ha3pIBatOT Be-
POSITHOCTBIO YCIIOBHBIX TIOTEPb.

EcTecTBeHHO BO3HMKAET BOMPOC: KAKKE OCOOCHHOCTH CUCTEM C OKUJJaHUEM
00yCJIOBIIMBAIOT UX MPAKTUYECKOE MMPUMEHEHNE U B KaKOW 00JI1aCTU KOMMYTall1-
OHHOM TEXHHKHU TAaKUE CUCTEMBI 11eJIeCO00pa3HO UCIIONb30BaTh? B cBs3u ¢ hTUM
HE00XO0IMMO, TIPEK/IE BCET0, OTMETUTH PA3IMUHbIN Ka4ECTBEHHBIN XapakTep sB-
HBIX M YCJIOBHBIX MOTE€Pbh. B cucreMax ¢ nmorepsiMu 4acTh BBI30OBOB TepseTcs (He
00CITy>KMBa€TCs), B CUCTEMAaX C 0KUJaHUEM OOCITY>KUBAIOTCS BCE MOCTYIAIOIINE
BBI30BBI, IIPY 3TOM YacTh U3 HUX C HEKOTOPOU 3aaepkKoil. [Ipu manbix BenmmunHax
MOTEPh, UCUUCIISIEMBIX MPOMUWISIMU U 1K€ HECKOJIBKUMU MPOIIEHTaMU, a0OHEHT
He omlyiaet Hey100cTB. [loaToMy B 00J1aCTH MaJIbIX TTOTEPh MPEANOUYTUTEILHEES
CHUCTEMa C MOTepsAMHU, o0Jaaaromasi 60jaee BHICOKON MPOMYCKHON CIIOCOOHOCTBIO.
[Tpu G0aBpIIMX 3HAYCHUSX TTOTEPh CUCTEMA C TIOTEPSMH HE 00€CTICUNBAET JIOJKHO-
ro KauecTBa 00CITyKMBaHUs a00OHEHTOB M HETIPUTOIHA JIJISI IPUMEHEHUS.

B cnydae 6onbnx moTeps HENMb3s OHO3HAYHO JAaTh OIEHKY CHUCTEMaM C
oxuganueM. Bce 3aBUCUT OT BpeMeHHU 3a/IepKKU 00CITy>KMBaHUsI BRI30BOB, HAXO0-
nsanmxcst Ha oxuganui. Heo6xoaumMo, 9ToOb! BpeMs 03KHIaHUS Havajaa 00CITyKu-
BaHMUSI JIJIS TIOJIaBJISTFONIETO OOJIBITMHCTBA BHI30BOB HE BBI3BIBAJIO HEYIOOCTB y
ab0HEeHTOB. IHBIMU CITOBaMU, CUCTEMBI C OKUIAHUEM CIIETyEeT MPUMEHSTh B TEX
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ClIy4asix, KOrja JJisl OBBILICHHS UCIIOIb30BAHUS KOMMYTAIIMOHHBIX YCTPOICTB
1[€J1€CO00pa3HO JIOMYCKaTh OOJBIINE YCIOBHBIEC MOTEPH (UCUUCISIEMBIE IECATKAMU
MPOIIEHTOB), €CJIK BO3MOKHO MPHU 3TOM 00ECIIEUUTh MAJIO OLTyTUMOE /Jisi aDOHEH-
TOB BpeMs 3a/I€PKKH Hadaia 00CITy>KUBaHUS.

B coBpeMEeHHBIX TETEKOMMYHUKALUAX, KaK TPaBUIIO, CUCTEMBI C MIOTEPSIMU
INPUMEHSIOTCS B CETSIX ¢ KOMMYTallMel KaHAJIOB (OTCYTCTBYET HENPHUITHOE CTOS-
HUE aDOHEHTA B 0YEpPE/IN), A CHCTEMBI C OKUJJAHUEM B CETIX C KOMMYyTalMel nake-
TOB. 37ieCb a0OHEHTHI HE UCIIBITHIBAIOT HEYJOOCTB, T.K. B OU€pPEIU CTOSIT HE OHHU, a
MAKeThl B y371aX KOMMYTaluy (MappyTH3aTOPbl, KOMMYTAaTOPBI).

0) BeposiTHOCTB NpeBbILIEHUS JUIMHON Ouepean 3aJaHHOM BEJIMYUHBI N ompe-
JIEJSIETCS C UCOJIB30BAHUEM BTOPOM (hopMyIibl DpiiaHra:

P(S > n) = Z;'x;v+n+1 P; = (A / V)n+1 Dy (A)

B) CpenHsis JuiHA OYepEear ONPENEIIIeTCS KaK:

S=32 (i—v)P =ADy(A/V-A)
l") CpeI[HHH JJINTCIIBHOCTDh O KU IAHU S paCCManI/IBaCTCH B IBYX BapI/IaHTaXZ
- ’Y_3 - CpeI[HSISI JJIUTCIIBHOCTD O KU AAHUA dJIs1 3aI[Cp)KaHHBIX BBI3OBOB, T.C.
MoACYUTAHHAA TOJIBKO CPCAU TCX, KOTOPLIC ITOCTYIIMJIN HA O6CHy)KI/IBaHI/Ie II0CJIC
HCKOTOPOTI'O OKUAAHUSA,
- 'Y_- CpCaHAA JIIUTCIIbHOCTD OKMIaHUA IJI1 BCCX BbI3OBOB, T.C. JIJIA JIIO6OTO
IMOCTYIMUBLICTO HC3AaBUCHUMO OT IIPOLUCAYPBI OKUIAHUA.

vs = 1/(V — A), Y =795 Dv(A)=Dy (A)/ (V—-A)
311eCh BEIMYMHBI Y, U Y BBIPAKCHBI B YCJIOBHBIX €AMHHUIAX BPEMEHH (y.€.B.).
1) BeposaTHOCTh 03kH1aHUsI CBBIIIE JOMTYCTUMOTO BPEMEHHU — 9TO TaK Ha3bIBa-
€MBbI€ YCIIOBHBIE IOTEPU. 111 yIOPSAA0OUEHHON OYEpEeIn 3Ta BEIUUYNHA MI0JYy4aeTCs
JIOCTATOYHO IIPOCTO:

P(y>t) = X2, P (y > t) Pi=Dy (A) e~V

3nech BenMunHa t; To’ke BbIpa)KEHA B YCIOBHBIX €IMHHIIAX BpeMeHHU (y.€.B.).

9.3. Pacuet cucteM ¢ 0)XUJAaHUEM MTPU OTPAHUYEHHOM YHUCJIE MECT

OXXKUITAHUA
PaccMmoTpum teneps ciydail, Korjaa B IPEAbIAYIYIO 3a/1a4y BBOASATCS CIIEIY-
IOIIME OTPAaHUYCHUS:

- YUCJIO MECT IS OKHUJIaHus KoHeuHo (I = CONst);

- BBI3OB, MOCTYNUBIINM, KOTJa V JIMHUW 3aHATHl U [ MECT OXKUAaHUS TaKXKe
3aHATHI, TEPSAETCSA U HE OKA3BIBAECT B JAIBHEUIIIEM HAa CUCTEMY HUKAKOTO BJIMS-
HUSL.

Od4eBHIHO, YTO TAaKasl CHCTEMA SBIISICTCS KOMOMHUPOBAHHON — C O)KHUJIAaHHEM U
notepsmu. [Ipu aTom ycioBue A <V TepsieT CMBICI U 00CTy>KeHHAasi Harpy3Ka Mo-



34

JKET OBITh MEHBIIIE IMOCTYIAOIICH, T.€. OIITh, KAK U B YUCTHIX CUCTEMaXx C MOTe-
psamu, A=Y =VY,+ VY.

Jns jasHOorO Citydasi IpUBEIEM TOJIBKO KOHEYHBIE COOTHOIICHUS.

a) BeposiTHOCTH TOr0, YTO NMOCTYNUBIINI B IPOU3BOJIbHBIA MOMEHT BBI30OB 3a-
CTaHET BCE JIMHMHU 3aHSTHIMU, HO XOTS Obl OJTHO MECTO OXKUAaHUs Oy/eT CBOOOAHO,
T.€. HACTYNIUT OXHJaHHE Hayaja OOCIyKUBaHHS B TeueHue BpemeHu y >0,

onpenensiercs: GopMyIIOi:

r
vil- A
Vv
p(y>0)= (v—A)
r
E,(A)+A|1- A
Y

6) BepOHTHOCTB TOI'o, 4To HOCTyHI/IBHII/Iﬁ BbI30OB 3aCTaHCT BCC JIMHUHU N MCCTa

OXKUIaHUA 3aHATBIMHU, T.C. HACTYIIUT ITIOTCPS BBI3OBA, OIIPCACIIACTCA (I)OpMYJ'IOﬁI
r

A
—A) =
r
u_FA 1-— A
E,(A) v

B) CpenHsisi JIUTENbHOCTD OKUIAHUS 3a/I€P’KaHHBIX BBI30BOB (B Y.€.B.):

-1 r(%)

U T

9.4. Pacuet cucteM ¢ 0)XMJAaHUEM MTPU OTPAHUYEHHOM BPEMEHHU

OXUJaHUS

DTO0, TaK Ha3bIBa€Masi, MOJI€JIb C HETEPIIENMBBIMU KIIMeHTaMU. OTiInYne 3TOU
MOJIEJIH 3aKJII0YAETCS B CIEAYIOLIEM:

- IPO/IOIKUTENBHOCTD OJKHAAHHS OTpaHNYeHa BpeMeHeM | (B y.e.B.);

- KaK/IBIH OKMJIAIONIHIT BBI30B TI0 MPOIIECTBUH BPEMEHH | TIOKHIAET CHCTe-

My (TepsieTcsl) U JadbHEUIIEro BIUSHUSA HA CUCTEMY HE OKa3bIBaET.

O4eBuHO, YTO TaKasi CUCTEMa TaKKe SBISETCS KOMOMHUPOBAHHOM.

a) BeposTHOCTh TOr0, YTO MOCTYMHBIINN BHI30B 3aCTAHET BCE JIMHUM 3aHS-
TBIMHU, HO XOTS ObI OJJHO MECTO OKHJIaHUS OKAXKETCS CBOOOJHBIM, TO €CTh HACTY-
MIUAT OKUJAHUE, OnpeaesieTcs: HOPMYIIOi:

V— Aef(va)T

p(y>0)=—
' % (A)+AlL—e )
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0) [JoJsis BBI30BOB, MOJYYMBIIHUX OTKa3 B 0OCITY>KMBaHUU MO MCTEUEHUU BpE-
MEHH OKHAaHUsA | (BEpOATHOCTD MOTEPB), ONpeenserTcs GpopMyIoi:

(V _ A)e—(V—A)T
P VA (A) + All—e )
B) CpeI[H}IH MJIUTCIIBHOCTD OKUAAaHUA CPCAU 3aJCPKAHHBIX BBI3OBOB!
- 1 Ter
7/3 = V—A _1_e—(V—A)T

10. Cucrembl ¢ NOBTOPHBIMY BbI30BAMHU

PaccMoTpuM cuctemy M3 V KaHaJIOB, C IPOCTEHIINM BXOIHBIM IIOTOKOM IIEp-
BUYHBIX BBI30BOB A. JITUTENIbHOCTh 00CTYKUBAHUS paclpesiesieHa 0 HKCIIOHEH-
IIHaJTbHOMY 3aKOHY CO CpeHel umTenbHocThio h = 1 y.e.B. [lapamerp moroka no-
BTOPHBIX BBI30BOB jf3: T/I€ | — YHCJIO HCTOYHUKOB MIOBTOPHBIX BBI30BOB, a f =h/ t;
— UHTEHCHUBHOCTh IIOBTOPEHUS BEI30BOB OJHUM UCTOUYHUKOM (BBI3/Y.€.B.).

B peanbHOI cuTyaluu B CHCTEMAX C YCIOBHBIMH MOTEPSAMU JUIUTEIBHOCTD
OKHJIaHUSI HE MOXKET ObITh OECKOHEUHOH. B cucteMax ¢ ouepesiMu OHa MOKET
OrpaHUYMBATHCS HETEPHEIUBBIMU KIMEHTAMM, MOKUIAIOIIUMH O4epe/ib, HE J10-
XKIABIIMCh Havasia 00CITyKUBaHUs, @ B CUCTEMAX C MOBTOPEHHUSIMU aOOHEHTHI MO-
T'yT [0 KaKOMY-JIM0O0 MpaBUILy HE TOBOJUTH CBOE MOBEIECHUE 10 adCyp/ia MPOoI0JI-
YKEHUEM CBOMX MOIBITOK 10 OECKOHEYHOCTH.

PaccMOTprM KOMOMHUPOBAHHYIO CUCTEMY C SIBHBIMU U YCIIOBHBIMU NIOTEPS-
MU, pabOTAaIOLIYyI0, HAIPUMEp, N0 CIAEAYIOMIEMY aIrOPUTMY:

- mociie 1-ro oTka3za aDOHEHT MOBTOPSET CBOM BBI30B ¢ BeposATHOCTHIO Hy, a ¢
BeposTHOCTHIO (1 — H1) oTKa3pIiBaeTcs OT moBTOpa (B MOCIEIHEM CIIydae MPOUCXO-
JTUT SIBHAS MOTEPSI COOOIICHNUS );

- [IPY OTKa3€ MOBTOPHOMY BBI30BY C BEpOsITHOCTHbIO Hy aboHEHT nmoBTopsier
CBOM BBI30BOB €lIE pa3, a ¢ BeposATHOCTHIO (1 — H) mokugaer cucremy.

Bepositnoctrt H1 u Hy mpuHsITO Ha3pIBaTh MEpOil HACTOWYMBOCTH AOOHEHTOB.
OYHKIIMOHUPOBAHNUE TAKOW CUCTEMBI 3aBUCUT OT KOHKPETHBIX 3HAUEHHH 3THX Be-
positHocTel. C ymenbienueM Hi u Hy cucrema ¢ moBTopeHneM npudiamxaercs K
cucreme ¢ notepsamu u pu Hy = 0 ctanoButcs eto. [Ipu aGCOIIOTHO HACTONYUBBIX
abonenrtax (Hi = Hy = 1) mapamerp j (41CII0 KICTOYHUKOB MIOBTOPHBIX BBI30BOB)
MOKET pacTu A0 OECKOHEYHOCTH, ecinu A > V. B cucteme ¢ 6eckoHeuHOM ovepe-
JIIO B 3TOM ClIy4ae 10 OECKOHEYHOCTH yBEJIMUYMUBAIACH JyIMHA ouepenu. [loatomy
3J1€Ch JUIsl aHAJIM3a TAKKE UHTEPECHBI TOJIBKO CUCTEMBI ¢ A < V.

B o01em citydae aHau3 cUCTEM C OBTOPHBIMH BBI30BAMU OUEHB CIIOXKEH,
MIO3TOMY HM>KE IPUBEJIEHBI PE3YJIbTaThl TOJIBKO JJII OJHOKAHAIBHOW CHCTEMBI C
aOCOJIFOTHO HACTOMYMBBIMU AOOHEHTAMM

- BEPOSITHOCTh NIOTEPU IEPBUYHOIO BBI30BA

P = A.

DTO0 BO3MOJKHO, TaK KaK B OJJHOKaHaJbHOU cucteme A < 1;
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- BEPOATHOCTDb IIOTECPU ITOBTOPHOTI'O BBI3OBA

Py =(A+B)/(1+P);

- BEPOATHOCTD IIOTCPU JI000T0 BEI30BA

Ps=A(1+B)/(1+ AP);
- CpeHee YHCIIO TIOBTOPHBIX MOMBITOK HA OJTHO YCTAHOBJICHHOE COSIMHEHUE
Q1 (B maHHOM citydae U Ha 1 iepBUYHBINA BBI30B Q7)

Qi=Q2=A(l+B)/(1-A);

- CPCAHCC YUCIIO NCTOYHHUKOB, ITIOBTOPAIOIINX BBI3OBbI

J=A(1+B)/B(L-A).

11. YnpasisieMble 3J1eMEHTbI CETH CBSA3M M MeTO/AbI
ornpeaeJeHUsi XapaKTEePUCTHK CeTH

11.1. OOwwme cBeneHus

beicTpblie Temnbl pa3BUTHs ceTell cBsi3u U OBM, Oonbiioii 06beM 000pyao-
BaHMsI, WCIIOJIH3YEMOTO Ha TaKUX CETAX, JEJAl0T BeChMa BAXKHOW MpoOJeMy ITO-
BbIIEHUS A(PPEKTUBHOCTH (PYHKUMOHUpPOBaHMS ceTed. MHpopMannoHHas ceTb
WU €€ OTJIeIbHBIC YacTH OOCITYKMBAIOT TIOTOKH COOOIIEeHNH (TeaedOHHBIX, Tele-
rpadHbBIX, Tepefady JaHHBIX U JIPYTUE), XapaKTEPHOM OCOOEHHOCTBHIO KOTOPBIX
SBJIIETCSI UX HEMPEPHIBHOE M3MEHEHUE BO BPEMEHHU KakK IO BEJIMYMHE, TaK U IO
HaIpaBJICHUSM.

CTpyKkTypa CeTH U €€ TEeXHUYECKHE CpelcTBa (MyYKH KaHaJOB, KOMMYTallU-
OHHOE 000pyZ0BaHMUE) B Tpoiiecce HYHKIIMOHUPOBAHUS CETH Pa3BUBAIOTCS U yBe-
JUYHUBAIOTCS B 00bEMaxX TOJIBKO Yepe3 OINpeACICHHBIE TIPOMEKYTKH BpeMeHHU. Ta-
KM 00pa3oM, PaBUWIIBHO CIPOCKTUPOBAHHAS CETh, HAWIYUIITUM 00pa3oM 0O0CITy-
YKUBAFOIIAsl 3aJaHHBIC TTOTOKU COOOIICHHM, SBIIICTCS ONTUMAILHOM JIUIIL B TEUe-
HUE HEKOTOPOTO, CPABHUTEIHHO HEOOJIBIIIOTO TIEPHO/Ia BPEMEHH.

[TocTOSTHHO M3MEHSIONUECS MMOTOKU COOOIICHWA MPUBOAAT K TOMY, YTO BO3-
HUKAET HECOOTBETCTBHUE MEK/Ty CXEMOMW IMTOTOKOB U CTPYKTYPO# CETH. ITO HECOOT-
BETCTBHE OOYCIIOBIICHO KaK OOIIMM yBEIMYCHHEM ITOTOKOB, TaK M UX Tepepacipe-
JiefieHreM 1o HamnpasieHusM. O01iee yBeandeHne 00beMoB TpeOOBaHMI Ha Tiepe-
nady cOoOIEeHNH B TEUEHHWE HEKOTOPOrO0 BPEMEHH KOMIIEHCHUPYETCS 3amacaMu
TEXHUYECKUX CPEJICTB, @ B JAIBHEHIIIEM JOJIKHO OBITh YYTEHO OUYEPEIHBIM Pa3BU-
THEM CETH.

[lepepacnpenenenue MOTOKOB COOOIIEHUN B Tpeeiaax MPUMEPHO OJMHAKO-
BBIX OOIMMX OOBEMOB MPHUBOJIUT K YMEHBIIEHUIO COOTBETCTBHUSL CTPYKTYPHI CETH
W3MEHEHHOMY pacIpeeieHUI0 MOTOKOB COOOIIEHUM, CHIKEHNIO 3 (PEKTUBHOCTH
GYHKIIMOHUPOBAHUS CETH M YXY/AIICHUIO KadecTBa oOcimykuBaHUs. Takum oOpa-
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30M, BO3HHMKAET Mpo0OsieMa BOCCTAHOBIIEHUSI COOTBETCTBUSI MEXKIY pacipenesieHu-
€M MOTOKOB U CTPYKTYPOM CETH, KOTOpas MOKET OBbITh pelleHa 3a CUeT BBEICHHUS
YIPABJICHHS HA CETH.

VYrpaBiieHHe Ha CETU CBSI3U MOKET OBITh ABYX TUIIOB:

- 33 CYET YIpaBJEHHUS pecypcaMu CeTU (TEXHHMUYECKHUMH CPEJICTBAMM, 3aJ10-
YKCHHBIMH B JIMHUSIX CBS3U U y3JIaX KOMMYTAIlUN);

- 33 CUET yNpaBJIECHUS MOTOKAMHU COOOIIECHUN (M3MEHEHHE MyTeil mepeaadu
COOOIICHHI MPaKTHIECKH 0€3 OrpaHNYeHHsI 00BeMa TTOTOKOB).

B03MOXHO OJHOBpPEMEHHOE yIpaBJI€HHE W MOTOKaMHU, U pecypcamu. Kpome
TOTO, CYHIECTBYIOT U UCIIOJIB3YIOTCSI TAKUE METOJbI YIIPaBJICHUS, KOTOPhIE MOXKHO
CUMTATh U METOJIaMH YIIPABJICHUS MMOTOKAMHU, U METOJaMH YIpPaBIICHUS TeXHUYE-
CKUMH CPEACTBAMU CETH.

[Tpo6siema noBbIIeHUS YPPEKTUBHOCTH CETEH Ba)KHA HE TOJIBKO TOTOMY, YTO
NIO3BOJISIET IMOJYYUTh CYLIECTBEHHBI 3KOHOMWYECKUW BBIMIPHINI. B HEKOTOPBIX
Ccllydasix 3TO — €JUHCTBEHHAsI BO3MOKHOCTh 00ECeUnTh Nepeady nHdopmaluu B
TpeOyeMbIX 00beMax, T. €. 0e3 MOBbIIIEHUS 3PPEKTUBHOCTH CETh HE MOYKET OBITh
noctpoeHa BoooOmie. [loatoMy Meronwl aHanu3a, CUHTE€3a U ONTHUMH3ALUU CETH
NpUOOPETAIOT UCKIIFOUUTENIHOE 3HAUYECHUE, & B CBSA3U C ITUM U METOJbl TEOPUU Te-
aeTpaduka, H03BOJISIONIME PEIIAaTh OTAEIbHBIE 33Ja4H UCCIEIOBaHUS CETEM.

HeobxoaumocTh ynpaBieHHUs! CEThIO CBSI3U (M3MEHEHUE CTPYKTYPbI, UCIIOJIb-
30BaHME AJANTUBHON CTPYKTYPhl, I3MEHEHHE HAIIPaBJICHUS Mepeaadyd COOOIICHUI
U JPYTU€) CTaBUT LENbIA PSAJ CIOXKHBIX, ClIEUU(PUUECKUX 3a7ad TEOPUU TEIETpa-
¢uka. BonbIIMHCTBO 3TUX 33/1a4 A0 CUX MOP €IIE HE PEIICHO, a YaCTh U3 HUX JIaXke
He cQOopMyIMpoBaHa OJDKHBIM oOpa3zoM. OAHaKo pelleHue OTAENbHBIX 3ajad,
CBSI3AHHBIX C YIPaBJICHHEM Ha CETU CBS3U, YXKe celyac MOXKET ObITh MpPOMILIIO-
CTPUPOBAHO METOAAMH T€OpUHU TeneTpaduka, U B HEKOTOPBIX CIyyasiX CyIIECTBYET
BO3MOKHOCTh OIIEHUTH 3(P(HEKT OT HCIOIb30BaHMSI TOTO HIIA JAPYTrOro crocoda
YIPaBJIEHUS HA CETU CBS3U.

K Meronam teopun teneTpaduka, KOTOPbIE UCIIONb3YIOTCS AJI ONpPEeeIeHUS
OTJIEJbHBIX XapaKTEPUCTUK CETH CBSI3H, MOKHO OTHECTH:

- METOJl ONpPENENEHUsI YUCIa COCIMHUTENbHBIX YCTPOUCTB B ITydKax, 00OCIy-
YKUBAIOMIMX U30BITOYHYIO HATPY3KYy (METO/ SKBUBAJIEHTHBIX 3aMEH);

- METOJIbl ONpENETCHUsI XapaKTePUCTUK YIPABISEMbIX MPOLECCOB, BOZHHUKA-
IOLLMX KaK MPHU yNPaBICHUN TOTOKAMU, TaK U TIPHU YIPaBICHUHN CTPYKTYpaMHU;

- METO[Ibl, UCMOJb3yEMbIE NP OINPEACIICHUN XapaKTEPUCTUK HMH(OpManuu,
NIEPEIABAEMOM 10 CETH C LIEJIbIO YIIPABICHUS OTACIbHBIMH 3JIEMEHTAMHU CETH WU
CETBIO B LIEJIOM (METO/ YKPYITHEHUS] COCTOSIHUI), U JIP.

B maHHOM pa3znene paccMaTpuBarOTCs BOIPOCHI, CBSI3aHHBIE C YCTAHOBIIEHUEM
COEMHEHUHM N0 OOXOAHBIM ITyTSIM, KOTOPBIE MOYKHO CUMTAaTh METOAOM YIpaBlie-
HUS KaK TIOTOKaMH, TaK M KaHAJIaMHU Ha CETU; OXapaKTepU30BaHbI 3a/1a4l, BO3HU-
KaroIue Mpy JUHAMUYECKOM YIPABICHUU Ha CETH (YIPaBJICHUH IMMOTOKaMU COO0-
IIEHUI); YKa3aHbl OCHOBHBIE UJEH MPUMEHEHUSI KPOCCOBOM KOMMYTAIIMU Ha CETH
CBs3M (YIpaBlieHUE KaHAJIAMH CBSI3M M KaHaJlaMU KOMMYTAllUH), & TAKXKE pacCMOT-
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pPEH METOJ| YKPYNHEHHS] COCTOSHMM My4yKa, MO3BOJISIIOUIUN OMpeNeNsiTh BakKHbIC
XapaKTEPUCTUKH YIIpaBIsIollel nH(pOpMaIuu Ha CETH.

11.2. Pacuer yncna TUHAN B 00XOIHBIX ITy9IKax

VYcra"HoBineHue coequHEeHUM Mexay adoHeHTamu pa3audHbix ATC pailioHu-
pPOBaHHOU Telle(OHHON CETH OCYIIECTBIISIETCS C MOMOIIBI0O MEKCTAHIIMOHHBIX CO-
eauauTeNbHbIX JTUHUHN (CJI). Tlpu 3TOM 7151 yIIydIIeHUs] UCTIOJIb30BAHUS COETUHU-
TEJIbHBIX JIMHUMA U TOBBIIICHUSI BEPOATHOCTH YCTAHOBJICHUS COSAMHEHUSI CUCTEMbI
aBTOMATHYECKON KOMMYTAIMU MO3BOJISIOT, IOMUMO OCHOBHOI'O IyTH YCTaHOBJIE-
HUS coelnHeHus (IyTH MepBOro BRIOOpA), UCIIOIB30BATh OJIMH MJIM HECKOJIBKO 00-
XOJHBIX MyTeW (ITyTH BTOPOTO M MOcJeayioniero Beioopos). Hanpumep, Ha cetw,
cozeprkaiiei yereipe pailonHsix ATC, ynpouieHHas cxema KOTOpoil IpUBeAeHa Ha
puc. 11.1, ycranoBieHue coeAMHEHUN MEX 1y aOOHEHTAMU, BKIIFOUCHHBIMU B
ATC 4 n ATC B, MOXeT NpOnU3BOAUTHCA € UCIIONb30BaHUEM OHOU n3 CJI myuka
AB (myTh nepBoro Bbioopa), Ho eciu Bce CJI 3TOro myuka 3aHsThl, TO MOKHO HUC-
1oJib30BaTh 00XoAHbINA myTh ACB (IyTh BTOpPOro BbIOOpa) C 3aHATHEM OJHOU M3
CJI myuka AC u oxguoit u3 CJI myuka CB (c 3aHATHEM JIBYX COEAUHUTEIbHBIX JIU-
HUH, T.€. M0 OJHOM JIMHUU B KaXJOM M3 ITy4YKOB, COCTABJISIIOIINX OOXOHBIN MyTh).
Ecnu sxe Bce CJI xoTst 661 B 0JTHOM U3 paccMaTpuBaeMbix myykoB (AC unu CB) 3a-

HATBI, TO MOXHO HCIOJIb30BaTh OOXOJHBIM IMyTh TPETHETO BbIOOpPA, HAIpPUMEP
ADB.

D

Puc. 11.1. Cxema cetu ¢ yeTbippmsi PATC

Takum 00pa3om, OCHOBHasI 4acTh TeNe(HOHHON HArpy3KH, MOCTYIAIOIICH
or aboneHToB ATC A k abonentam ATC B (MHTEHCHUBHOCTH IMOCTYHAIOIIEH
Harpy3ku Yag), Oyner obciyxkena CJI myuka 4B, olHAKO HEKOTOpasl 4acTh ATOM
Harpy3Kd B MOMEHTBI 3aHSITOCTU BCEX JIMHUH Mydka AB Oyner npejaratbes myd-
kaM AC u CB, cOCTaBISAIOIIMM IIyTh BTOPOTO BBIOOpA. DTy YaCTh HArpy3KH Hasbl-
BalOT M30bITOUHOM Harpyskoi R g . CrnemoBarensHo, mydok AC nomkeH obciy-

’KMBAaTh KaK ITOCTYMAIONIYI0 HArPY3Ky Y ac, TaK M H30BITOYHYIO HATPY3KY Rap .
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Kpowme Toro, ecnu CJI nyuka AC UCIIONB3YIOTCS TAKXKE U JIJI1 YCTAHOBJICHUS
coenunenuit Mexay ATC A u D (Y ap) o ooxomnomy nmytu ACD B ciyuae, koria
Bce CJI myuka AD (miyTh mepBoro BbiOOpa) 3aHATHI, Toraa mydok AC Oymet o0cy-
’KMBaTh IIOCTYMAIOILYI0 HArPY3Ky Y ac, U30BITOYHYIO Harpy3Ky R,g (ocraBmryrocs

4acTh Harpy3ku Y ap, HE OOCITY)XCHHYIO IydkoM AB), U U30BITOYHYIO HArpy3Ky
Rap (ocraBiyrocs OoT Harpy3ku Y ap, IpeuioxkeHHo myuky AD).

PaccmoTprM MOJTHOAOCTYIIHBINA MTy4YOK U3 V JIMHUM, HA MEPBYIO JIMHUIO KOTO-
pPOTO MOCTYNAET MOTOK C MHTEHCUBHOCTHIO Y. BBI30BBI, MOCTYNAIOIKUE B MOMEHTHI
3aHATOCTH NEPBOU JIMHUU, MPEJIAratoTcs i1 00CIy>KMBaHUSI BTOPOM U MOCTETY-
IOIMM JIMHUSIM TTy4Ka U 00pa3yroT W30bITOUHBIN MOTOK JJIsl IEPBOM JIMHUM MTy4Ka.
AHanoOruyHbIM 00pa3oM MOXHO pacCMaTpUBaTh M30BITOYHBIA MOTOK JUISI TIEPBBIX
JBYX JIMHUM My4Ka, MOCTYNAOIMUNA HA BCE OCTaJIbHBIC JUHUU, U U30BITOYHBIN MO-
TOK JUIs JIF0OOro 4Mcia NEPBBIX Vi JUHUM paccMaTpUBAeMOro Iydka, MOCTYIato-
LMW Ha OCTaJbHbIE V — V1 JIMHUM ITy4Ka.

Ha puc. 11.2 npuBeaeH MOTHOIOCTYIHBINA My4YOK, COJEpKAIIUA V JTUHUHI, Ha
KOTOPBIM MOCTYNAET MOTOK //;, XapaKTepU3YIOLIUNCA UHTEHCUBHOCTBIO HArpy3Ku
V. U36bITOuHBIA 10TOK [T, CO37aeT HMHTEHCUBHOCThL Harpy3ku R . Ecmu cuurarts,
YTO MOCTYyHAOIMUN MOTOK [/I; MpocTelinii, TO U30BITOYHBIM TOTOK [/, HE OyneT
npocTeHIuM. BbI30BBI 3TOr0 MOTOKA MOTYT HOSIBUTHCSI HE B JIFOOOH MOMEHT pac-
CMaTpUBAEMOT0 IIEpUOAA, a TOJIBKO B T€ MOMEHTHI, KOIla BCE V JIMHUM Iy4YKa 3a-
HSATBI, T. €. BBI30BBI U30BITOYHOIO MOTOKA COCPENOTOUYEHBI TOJIBKO Ha YacTH pac-
CMaTpUBAEMOT0 MHTEpBaja BPEMEHHU, 3HAUYUT U30BITOUHBIN MOTOK O0Jiee KOHLIEH-
TpupoBaH. Ilpu ogHON U TOM e Harpy3ke H30BITOUHBIM MOTOK TpeOyeT Ooblie
JIMHUM JJ11 CBOETO 00CITY>)KMBaHUS, YEM MPOCTEHIITNI TOTOK.

I
Y
)
| >
. V
)
R [ D
IIu

Puc. 11.2. Cxema noJIHOIOCTYITHOTO ITy4Ka
JInst XapakTepUCTUKU CTaTUCTUYECKUX (CITydalHbIX) KOJIeOaHU U30BITOYHO-
ro IOTOKAa KPOME MHTEHCUBHOCTU HAarpys3kd, T. €. CPEJHEHl BEJINYUHBI (IIEPBOTO



40

MOMEHTA CIy4ailHOW BEJIMYMHBI), UCMIONB3YIOT TaKXke aucrepcuto D, koTopas amns
MPOCTEUIIEro MOTOKA paBHAa MAaTOXKUJIAHUIO, a JJI1 U30BITOYHOTO MPEBBIIIAET €TO,
T.€. 1711 U30BITOYHOTO MOTOKA:

D>R (11.1)
11.3. MeToa 3KBUBAJIEHTHBIX 3aMEH

Pacuér yncna nuHUi B 00XOJHOM MyYKe KaHAJOB PACCMOTPHUM C TIOMOIIBIO
MeTona BuilkuHCOHA Ha mpuUMepe CXeMbl, IpeacTaBlIeHHOM Ha puc. 11.3a. Ha my-
YOK KaHaJIOB V MOCTYNAIOT TpHU U30BITOUYHBIX MOTOKA R1, R 1 R3 0T BXoasmux mo-
TOKOB Y1, Y2 u ¥Y3. MaremaTuueckue OXUJaHUS W30BITOYHBIX MOTOKOB OMpEJe-
JSIOTCS KaK (PYHKITMH Yrciia KaHAJIOB M BEJIMYUHBI BXOISAIIETO MOTOKA!

Ri=ViPi =V E.u(Vi),

rie Evi(Vi) — BeposTHOCT 0TKa3a B Ipe0CTaBICHUH KaHaa 11 cucteMbl M/MIV.

Ecnu nucniepcust BXOIAIIET0 MPOCTEHUIIIETO MOTOKA PaBHA €r0 MaTOKUIaHHIO,
T.€. Di = R;, To 130bITOUHBIN TOTOK 00J1a1aeT OOJBIIEH Aucnepcuei, KoTopas
OTIPEICIIACTCS KaK:

Di=Ri (1 Ri + Vi+1+ R;—Y; )

lyl 1y2 lyg lva

Vi ) V3
RXE)l Rlez R’:sﬁ):a

Vi R|D >v2
RlD

) ' )

Cv (v

J J }
oI ol
a) 0)

Puc. 11.3. Metox 3kBUBaJIEHTHBIX 3aMEH
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Cpennee 3HaueHHE HATPY3KU U AUCTIEPCHsT 00BETUHEHHOTO N30BITOYHOTO TIO-
TOKa PaBHBI CyMME COOTBETCTBYIOIIMX MapaMeTPOB 3TUX MTOTOKOB U B OOIIEM CITy-
gae (s K TOTOKOB) paBHBI:

R=R;+Ry,+...+ Ry, (11.2)

D=D;+D,+...+ Dy. (11.3)

Pacuer o0xoaHoro myuka mo puc. 11.3a 3akitouaercss B ONpeaeIeHUN Yucia
nuHMH V, ecau 3ananbl XapakTepuctuku notoka R u D, u yxazana nomycrumas
BEPOSITHOCTH MOTEPH Posx HA 0OXOTHOM MyUKe.

OcHoOBHas ujiesl METOJIa YKBUBAJICHTHBIX 3aMEH 3aKJII0YAeTCS B TOM, YTO CXe-
Mma (puc. 11.3a) 3amensiercs Ha cxemy (puc. 11.36) ¢ Takum pacdérom, 4TOOBI CO-
XPaHUTh XaPAKTEPUCTUKUA U30BITOUYHOTO MOTOKA Y. [Ipu aTOM ompenensitorcs Be-
JUYUHA HEKOTOPOH HSKBHUBAJCHTHOM ((DMKTUBHOW) MOCTyNaroIiell Harpy3ku Y,
MPOCTEHIIEro MOTOKA BEI30BOB M HEKOTOPOE (PUKTUBHOE YMCIIO JIMHUHN V5 B TIpe-

BAapUTEIBHOM ITyYKE TAKHE, YTO HA BBIXOJE Iy4YKa V5 MBI MOKEM IOJYyYUTh TaKHe
xe 3HadeHus s R u D, xakue Obutn nosydeHnsl Hamu 1o ¢-nam (11.2, 11.3) ans
cxeMsbl puc. 11.3a.

C Ipyroil CTOpOHBI, IPEABAPUTEIIBHBIN ITy4YOK V5 M PACCUUTHIBAEMBIN ITy4OK V
COCTABIJISIIOT OJWH OOIIMI MOJHOJOCTYIHBIM My4OK JUHUK Vy, I8 KOTOPOTO
HaWJICHa THTEHCUBHOCTH ITOCTYNAOIIEN HATPY3KHA Y, W MOKHO ONPEIEINUTH BEPO-
ATHOCTB MOTEPH Py

g onpeneneHust 3Ha4eHUH Y, U V5 MOKHO BOCIIOJIB30BAThCS MPUOIHKEH-
HBIMHU (POpMYJIaMHU:

V,=D+32(2-1) n Vo=V, 55— — R — 1.
R R

Bennunna noreps P, OnpenensieTcss mo 0O4eBUAHOMY COOTHOLIEHUIO KaK:

PBKB =R P06x / ya-

Hanee, moyib3ysch nepBoil popMysioil IpiaHra, MOKHO OMPEACIUTh B CXEME
puc. 11.30 cymMapHO€e 4Kcio JIMHUNA B OJTHOJOCTYITHOM ITy4Ke, 00CITy>KMBAIOILIEM
Harpy3Kky Y, ¢ OTEPSIMHU Py, T. €. ONIPEIECITUTE CYMMY

V=V, + V.
W HakoHen, KICKOMOE YKCIIO JIMHUM, B PACYETHOM Iy4YKe, OAMHAKOBOE IS
cxeM puc. 11.3au 11.36, onpenenurcs Kak
V=Vz-V,

Uwucna nuauit Vy U V, MOTYT OBITH IPOOHBIMU, M X CIIEAYET UCIIOJIH30BATh B
TaKOM BHJIE JI0 MOJTY4YEHUs pe3ynbTaToB s V. 3HaueHue V 1enecoo0pa3Ho
OKPYTJISITh J10 LIEJIOr0 YKCia B CTOPOHY YBEIUYEHHUS.

OTMeTHM, 4YTO Cpeau MOTOKOB B cxeMe puc. 11.3a, moctynarommx Ha 00X0/1-
HO My4OK, HE 0053aTeNIbHO, YTOOBI Bce ObUTM M30BITOUHBIMU. MeTo/] pacuéra He
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U3MEHUTCS, €CJIM OJIMH UK 00Jiee OCTYMAOIIUX TOTOKOB OyAyT IPOCTEHIITUMU.
Hampumep, ecnu HeoOX0IMMO y4ecTbh COOCTBEHHYIO HArpy3Ky 0OXOJHOTO ITyYKa..

12. Anaau3 0ydepHoOil maMATH y3J1a KOMMYTAaIlUU

12.1. IIporecc 6ydepuszanuu B y3j1€ KOMMYTaIlMU U CXEMBI Opra-
HU3aIuu 0ypepHoi mamsTu

CoBpeMeHHBIE Y3JIbl KOMMYTAIlMU COOOIIEHUN (TAKEeTOB) HUCMOJB3YIOT IS
npuema, repeaadd u o0paboTKH COOOIICHHUH OTpaHUYCHHYIO Oy(QepHYI0 maMsTh.
CtpykTypa nmamsTd, B KOTOPOM CKAaIUIMBAaIOTCS COOOIIEHUS OT MHOTOYHUCICHHBIX
OJIHOBPEMEHHO pabOTAIONIMX KAHAJIOB CBS3M, B 3HAUMTEIILHOM Mepe OmpenesseT
IPOMYCKHYIO CIIOCOOHOCTH y3I1a.

OyukimonnpoBanue YK BKIIOYaeT MHOTOATANHBIN Tpoiecc Oydepuszanuu
coobmienuii (makeroB). HecMoTpsi Ha TO, YTO TOCMOACTBYIOIIUM METOJAOM KOMMY-
Talli B COBPEMEHHBIX CETAX SIBJIAETCS METOJ KOMMYTAI[UU [MAKETOB U UTO KOMMY-
Talusl MaKeTOB B MEPCHEKTUBE OYAET €IUHCTBEHHBIM CIIOCOOOM KOMMYTAallMU B
cetsx NGN (mBmxkenue k All-IP), emé cymectByror cetn, Hanpumep, Tenerpad-
HbIE, B KOTOPBIX MIPUMEHSIETCS METOJ KOMMYyTaluu cooOieHuil. B nanHoM paszne-
Je mpouecchl Oydepusanuu B y3i1axX KOMMYTalUd PacCMaTpPUBAIOTCS Ha MPUMEPE
KOMMYTallMU COOOIIEHUI pa3au4yHON AMHbI. OJHAKO, IPEICTaBICHHAs HUXKE Me-
TOJMKA aHaJIN3a B PaBHOW CTENEHU MOAXOIUT U JJIs1 KOMMYTAIIMU TAKETOB.

Bxopsiiee B y3en cooOlieHre 3anuchiBaeTcs B 0y(epHyIo maMsaTh CO CKOPO-
CTHIO KaHaJIa Mepeavyu JaHHBIX. 3aTeM 00paldaThIBAETCs MPOIIECCOPOM Y3Iia, BbI-
MOJTHAIOIIMM TpeOyeMoe OOCTy)KMBAaHHUE COOOIICHHUS U OINMPEACIISIONINM HaIlpaB-
JICHWE BbIAYM, U NEPENAcTCs N0 KaHally B BeIxogsmeMm u3 YK nanpasnenun. Ko-
nus npunsToro B YK cooOmienus xpanutcs B OydepHO mamsTH 10 MOJTydeHUs
KBUTAHIUU (JIOTUYECKOTO TOATBEPKIACHUS) 0 0€30mMMUO0YHON JTOCTaBKE COOOIIIe-
HUS aJpecaTy WU NPOMEXKYTOYHOMY y31y. OTCYTCTBHE KBUTAaHUUU B TEUEHUE
OIPEICIICHHOTO WHTepBaia BpeMeHu (time-out) BeIHYKIAeT MOBTOPUTH TIepeaavy
COOOIICHMS IO BBIXO/SIIEMY KaHally B HalpaBJIEHUU ajpecaTta. ITo 00ecrneynBaeT
JIOTUYECKYIO 3allIUTY OT OIIMOOK B Mepeaye U BO3MOKHON OTEpU COOOLIECHUS U3-
3a OTCYTCTBUS cBOOOHBIX Oy(depoB B nmpuHumatoieM YK. IIpu oTcyTcTBUM MecTa
B OydepHoii mamsatu Bxoasiee B YK coobiienue noixyyaer otkas. Torga coobuie-
HUE HaIpapiseTcss MO JAPYroMy MapuipyTy WIH 3ampoc MEePUOJMYECKH MOBTO-
pseTcs.

Ortanbl niepenayu 1no KaHajiaMm cBsi3u YK BXOISIIMX W BBIXOISIIUX COOOIIe-
HUW XapaKTEepPU3YIOTCSI OCOOCHHOCTSIMU JIMHEHHBIX MPOTOKOJIOB, OMPEACIISIONINX,
1o cymecTBy, 3¢pHEeKTUBHYIO CKOPOCTh Tepeaaur o kanaiaMm. OcoOEHHOCTH 3Ta-
OB KBUTHPOBaHUS u fime-out ompeaensioTcsi CeTeBbIMUA MPOTOKOJIAMHU MEXKY3J10-
BBIX CBSI3€M U CKBO3HOT'O B3aHUMOJICMCTBUS MCTOYHHUK-aapecaT. MeToabl JOCTaBKU
MaKeTOB (JaTarpaMMbl, BUPTYaJIbHbIE COCUHEHHS U T. JI.) CYLIIECTBEHHO BIHUSIOT
Ha BpeMsl XpaHEeHMs] Komuu cooOuieHus (makera) B OydepHoil nmamsaru YK-
OTIPABUTEJIS.
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Takum oOpaszom, noctynusiiee B YK cooliienue 3anumaer OydepHyro mna-
MSTh B T€UEHHUE CIIEIYIOUUX UHTEPBAJIOB BPEMEHHU:

- 3aIIUCh CO CKOPOCTBIO KaHaJla CBSI3U;

- 0)KHJIaHUE B 0Yepe I Ha 00pabOoTKy B MPOIECCOPE;

- 00paboTKa B MpoLIecCcope;

- OXKHUJaHNe OCBOOOKIECHHUS KaHaJIa B HallpaBJeHUH Bbixoaa u3 YK;

- nepenada u3 YK 1no BBIXOAHOMY KaHally CBS3H;

- OKHMJIaHWE€ KBUTAHLHUU OO0 yAa4YHOW JTIOCTaBKE C BO3MOKHBIM IOBTOPEHUEM
10 UCTEYCHUH WHTEepBaja time-out.

CooOiieHue (mMakeT) OCBOOOXKIAET 3aHMMAEMyI0 MM IaMSTh IOCJIE BbI-
MOJIHEHUSI BCEH TociieIoBaTeNbHOCTH onepauuid. KoHkpeTHbIii Habop 3TanoB 3a-
BUCUT OT peannzanuu YK u ero QpyHKIMi, a Takke OT MCHOJb3yEeMbIX CETEBBIX
TeXHOJOrui. OnucaHHbI MHOTO3TANHbIA MPOIECC aAeKBATHO OTPAXKAET WU3BECT-
HbIE TIPOLIETYPbl KOMMYyTAaIlUu COOOIIEHUN (MAKeTOB) JJISl PA3IUYHBIX CTPYKTYD
OydepHoIt mamsTH y3ia.

B y3ne xomMyTamuu ¢ OOJIBIIMM YUCJIOM KaHAJIOB (HampaBJIeHUi) CBsI3U Oy-
dbepHast mamMaTh pa3zOuBaeTCs Ha y4dacTku (Oydepsl) s mapaiebHOTO 00CTy-
YKWBaHUsI HECKOJBKUX cooOIIeHni (maketoB). CriocoObl pa3oreHus: pa3HOOOpa3HEI
Y 3aBUCAT OT METOJIa OpraHU3allK NaMsATH. Pa3nnyaroT cTaTuueckue U AMHaMuyde-
CKHUE METO/BI.

B nepBoM ciyyae 3a KaXIbIM KaHAJIOM KECTKO 3aKpeIuIsieTcs OAUH WA He-
CKOJIbKO Oy(epoB, B KaXkIblid U3 KOTOPHIX MOXXHO 3alUCaTh COOOIIEHUE MAaKCH-
MaJbHOM JUIMHBI. DTOT METOJ OTiHuYaeT Hea((EeKTUBHOE UCHOJb30BaHuE Oydep-
HOM mamsTu. [Ipu Gonee panuoHaNBHBIX JTUHAMHYECKHX MeToaax OydepHas ma-
MSATh SIBJISICTCS OOIMM JJIsl BCeX KaHaIoB pecypcoM. Ilonck cBobGomHOro Oydepa
IIPU 3TOM OCYIIECTBJISIETCS JIUILb B MOMEHT MOSIBJICHUS 3aripoca Ha Hero. Kaxapiii
Oydep MoxeT OBITH BBIZIEIICH I Jto0oT0 KaHana. Pazmep Oydepa moxeT onpene-
JSTHCSL COOOIIEHHEM MAaKCUMAaJIbHOM JUIMHBI WM ObITh MeHbIIE ero. B mocnennem
ciy4ae JUisl MpueMa COOOIIEHMs BBIAENSETCS Lenoyka OydepoB W maMsiTh MpHU
00JIb1IIOM pa3z0poce AJIUH COOOIIEHUN UCTofib3yeTcs dhPeKTUBHEE.

Onuniem Oosiee moApoOHO CXeMy OpraHM3aluu NamsaTu ¢ Oydepamu Ha Mak-
CUMaJIbHYIO JJIMHY cooOuieHuil. B mpocTeiiiiem ciiydyae Takas namsiTb OpraHu3y-
€TCsl U3 UJECHTUYHBIX PABHOJOCTYIHBIX Oy(depoB. DTa cxeMa IHUPOKO MPUMEHSET-
Csl B y3J1aX KOMMYTAIIMM MAKeTOB M cooOuieHui. [Ipn 3ToM MHOTOATanmHblii mpo-
necc Oydepuzanuu MoOxeT ObITh (POpMaIM30BaH B BUJE oAHOpoAHOU cetu MO.
Brinenenre Ha BXOjE y37a KJIACCOB COOOIICHHWM C 3apaHee M3BECTHOW JTMHOMN
MO3BOJISIET OPTraHU30BaTh MaMATh CeKIusaMu OydepoB (cekmus Ha kiacc). O0beM
UJCHTUYHBIX Oy(EepOB CEKIUU OMPELISIETCS] MAaKCUMAILHOM JTTMHOW COOOIIEeHUH
COOTBETCTBYIOIETro Kiacca. Takasi CTpyKTypa MaMsTH, MO CPaBHEHHUIO C MPOCTEM-
1Iei, TO3BOJIAET IKOHOMUTH HEOOXOAUMYIO Oy(pepHyIO MaMsITh.

Amnmapatypa nepeadr JaHHBIX 3a4acTyio He GOpMHUPYET CBEJECHUUN O JTHHE
nepeaBaeMbpiXx cooOieHnii. B 3ToM ciydae SKOHOMHS TaMATH CEKIIMOHHOMU
CTPYKTYPBI MOXET JOCTHUTaThCSA 3a CUET MEPENUCH MPUHATHIX B OOIIETOCTYITHBIN
nyJl COOOUIEHMH B CEKUUMU MEHBIIMX pa3MepoB. OObeM MaMsITH CEKIMOHHOU
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CTPYKTYPbl MOXKET ObITh ONpeJieSieH ¢ OMOIIbI0 Moaenel ceteit MO ¢ HecKob-
KUMH KJIaccaMu COOOIICHHM.

PaccmoTpum, HaKoHEII, CXeMy OpraHU3alluu JUHAMUYECKON MaMsITH C I1enod-
Kol OydepoB. Pa3nuyator aBa Buia TakoW maMsTH: HENOYKU OyPepoB, pe3epBUPY-
eMble B MOMEHT MOCTYIIJICHHUS] COOOIICHNSI U3BECTHON JIMHBI, U LIETIOYKH, (POPMHU-
pyeMble TI0 Mepe 3aroTHEHUS COOOIIEHUEM OUepeHOoTo Oydepa.

B mepBoMm ciyuae cBeneHus O AJUHE TMEpenaloTcs B Hayane coodmieHus. B
MOMEHT MPHUXOJa B y3eJl OHO MOXKET MOJYYHTh OTKa3 B MpHEME MPU OTCYTCTBUH
COOTBETCTBYIOMIEro koianuectBa 60ydepos. [loBenenue YK mpu 3Tom onuceiBaeTcs
ceTbio MO ¢ HECKOJIBKUMU KJlaccaMu COOOIIEHUH, TIe KJIacC COOOIIeHUs onpe/e-
JISI€TCSI KOJIMYECTBOM TpeOyeMbIX Oy epoB.

CxeMa opraHu3zalMy MaMsTH BTOPOTO THUMa HE TPeOyeT CBEIEHUN O JIJIMHE
coobuenuil. IlamsaTe mpu 3ToM ucnoiab3yeTcs 3PPEKTUBHO, OJHAKO BO3MOYKHBI
OTKa3bl B MpUEME H3-3a OTCYTCTBUS CBOOOAHBIX JIOMOJIHUTEIBHBIX Oy(epoB B
npouecce npuema coodbmenus. dynkuuonnpoanue YK B 3T0M ciydyae onuchiBa-
ercst cetbto MO ¢ Kiaccamu COOOIIEHUMN, TakKe ONPEEIsIEMbIMU KOJIUYECTBOM
TpeOyeMbIX coo0IIeHUM OydepoB, HO ¢ 00JIee CIIOKHBIM B3aUMOICHUCTBUEM MEXKITY
KJIACCaMHU.

OTMmeTuM, YTO aHaJIM3 OMMCAHHBIX CXeM opranuzauuu OydpepHoit namsatu YK
C YYETOM MHOTrO3TAHOro mnpouecca Oydepuszanuy NpUBOIUT K HEOOXOJUMOCTH
pacueta cereid MO ¢ OJHUM WJIM HECKOJBKUMHU KJIaCCaMH COOOIIEHUH, 4TO Ompe-
nensieT 0000IIEHHBIA TOIX0I K MCCIEIOBAaHUIO BONIPOCOB Oy(depusanuu B y3iax
KOMIIBIOTEPHBIX CETEH.

Huxe B MOCTAaHOBOYHOM IIJIaHE PACCMOTPEHBI AITOPUTMBI PEUICHHs 3a1ad
JUTSL IBYX Pa3JIMUHBIX CXeM opraHuzanuu OydepHoi namsata YK:

- OJTHOPOJIHBIN TYJT PABHOJIOCTYMHBIX Oy(hepoB;

- ITyJI C pa3/ieJICHUEM Ha KJIACChl MO JUTMHE COOOIIEHUH.

12.2. Ananu3 oTHOPOIHOTO ITyJla PaBHOJIOCTYITHBIX OyhepoB

Paccmorpum mozpens YK ¢ mpocrenmien ¢cXeMou OpraHu3alnuvu NaMsTH, CO-
cTosiiei u3 0ydepoB Ha MaKCUMAIBHYIO JTUHY cooOmienuii. dopmanuzanus MHO-
rO3TAITHOTO TMpoliecca Oydepusauu i1 3TOW cXeMbl HanboJiee MpocTa U B TO Ke
BpEeMs BKJIKOYAET OOIIME JIJIsl BCEX CXEM ATaIlbl.

s pacuera 0ydepnoit mamsatu YK mMoxeT ObITh (OpMaIBHO TIPEACTABIICH B
BHJIe OTKPBITOI cetn MO ¢ o6mum Hakorutenem B N 6ydepos, oTkazamu, 6110-
KUPOBKOM U MyaCCOHOBCKUM MOTOKOM IMOCTYIIJIEHUI COOOLICHUI B HaKOMUTENb C
uHTeHCUBHOCTHIO A (puc. 12.1).

[TepBBIM OOCITYKHBAIOIINM OJIOKOM B CETH SBJISICTCS MHOTOJUHEHHBIN LIEHTP
oOcnyxkuBanus «llamsate». Hucno o6cimykuBarmux NpruOOPOB 37€Ch PAaBHO YHUCITY
mecT HakormTens N ; ogepens oTcyTcTByeT. JTHTENEHOCTE OOCTYKUBAHHS TIPH-
OOpOB B 3TOM LIEHTPE paBHA BPEMEHU Nepe/layl BXOISIIEro cOOOIIeHUs O KaHa-
Jy CBSI3U.
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Namate

ewrp1 i ] [J 3 []
N npufiopos

Puc. 12.1. Cxema OydepHol naMsTi B BUsie OTKpbITOM cett MO

Bo Btopom omnomuueriHoM 1ieHTpe «lIporeccop» IHMTENBHOCTH 00-
CIIy’)KMBaHUS paBHA BpeMeHU o0paboTku coolrmieHus: B mpoieccope YK. O6ciy-
JKWBaHUE COOOIICHUN B ATOM IIEHTPE OCYILECTBISETCS B COOTBETCTBUU C JUCIIHU-
nHou FIFO (mepBbIiM mpUILIEN — EPBBIM OOCTYKEH).

Brinemum rpynmy 3 L menTtpos, dopmammsyrommx pabory L Berxomsmmx
kanasoB YK. Kaxaoe coobmienue, 006CIy>keHHOE BO BTOPOM ILIEHTPE, C BEPOSITHO-
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CTBIO Pj, J =1L nocrymaer Ha 0GpaboTky B | -# EHTp TPYIIIBI BBIXOSIIAX

kaHanoB (B + P, +...+ P =1). Jlucuuniuna obcaykuBaHUs ouepeneil B LieH-
Tpax sroii rpymmsl - FIFO. Coobuienust, mpomieanme 00CayKUBaHUE B | -M II€H-

Tpe YNOMsSHYTOM Tpymmbl, ¢ BeposTHocThio 1— F j TIOCTYIIAlOT B COOTBETCTBYIO-

nmil neHTp ACK, HopManu3yromuid 0XKUIaHue JOTHYECKOro MOATBEPKICHUS T1e-
pelaun 1o KaHany j. B IpoTHBHOM cilydae ¢ BEPOATHOCTHIO F j oTH COOOILIEHUs

nocrynator B uentp 10 j» MOJICIHUPYIOIIHIT 3a/ICPKKY time-out, mociie KoTopo¥
OCYILECTBISIETCST TIOBTOPHOE OOCITY)KMBAaHHUE COOOIICHUS B | -M IIEHTPE TPYIIIbI

BBIXO/AIINX KaHAIOB. BEposSTHOCTH F i ] = l, L ONPEAEISAET YCIOBUSA HEYJAUYHOU

nepesaul CooOIEeHUsI COCEAHEMY Y3JIy WM ajipecaTy, BKJI04asl OTCYTCTBHE B IO-
CJIEIHUX CBOOOHOM Oy(epHOil maMsITH.

[Tpubop uentpa «llamsaTb» mocne OKOHYAaHHSI OOCTYKHBAHUS COOOILECHHA
OsIoKHUpyeTcsl (He 0CBOOOKIAETCs) A0 TEX MOp, MOKa HE 3aBEpIIUTCA OOCITyKUBa-
Hue coobmenuss B ogHoM u3 1eHTpoB ACK. CoobmieHusi, nocTynarouuye B pac-
cmaTpuBaeMyto cetb MO, MOTryT MoJy4yaTh OTKa3, €CIM B MOMEHT UX MOSBICHUS
Bce puOopsl neHTpa «llamsaTe» OJ0KMpOBaHBI WM 3aHATHL. THTEHCUBHOCTH BXO-
JISIIETO B CETh MOTOKA 3aBUCUT OT YMCJIA 3aHATHIX MECT Hakomutens N U umeer
BHU/I:

0, mpu n=N
An) =
A, mpu n<N

Maremarnueckas mozaens YK MO3BOJISIET ONpENeNuTh 3aBUCUMOCTb Be-
POSITHOCTH OTKa3a OT KosmuecTBa MecT (0ydepoB) Hakonurens. [lo »Toit 3aBuCcH-
MOCTHU, UCXOi U3 JONMYCTUMOM BEPOSITHOCTH OTKa30B BXOJSIIMM B y3€ll cO0OIe-
HUSIM, JIETKO OIpeACIUTh 00beM Oy(depHO maMsTH.

Ananmm3 omucanHo MO B 00meM ciydae TpH IMPOU3BOJIBHBIX pacIpe-
JENEHUSIX JJIUTEIbHOCTH OOCIYKMBaHUSI COOOILIECHUI B LIEHTPax C AUCLMIUIMHOU
FIFO M0HO OCyIIEeCTBUTH C TIOMOIIIBIO MPUOINKEHHBIX METOIOB.

12.3. AHanu3 myJia ¢ pa3/ieJIeHueM Ha KJIacChl MO JIMHE COOOIIEHUH.

Kak oTMeuanock paHee, 00JIb1I0M pa30pocC AJIMH COOOIICHUH AeIaeT Hepalu-
OHAJIbHBIM UCIOJIb30BaHUE OJTHOPOHOTO MyJia paBHOJIOCTYMHBIX OyhepoB. Co-
3/1aBaeMble TIpu 3ToM Oy(depa Ha MaKCUMaIbHYIO JITTHHY COOOIIEHUS IPUBOISAT K
ype3MepHo OoJibioi 0ydepHoit namaru YK. Bmecte ¢ TeM pazaeneHue BXosiie-
ro B YK noroka coo01ieHuii Ha KJIacChl MO JJIMHE COOOIIEHHM M03BOJISIET OpTraHHu-
30BaTh 00JIe€ SKOHOMHYIO CEKIIMOHHYIO CTPYKTYpy OydepHoil mamsatu. Kaxaomy
KJIACCY COOOIIEHHUI CTaBUTCS B COOTBETCTBHE CEKIUSI MAECHTUYHBIX Oy(depoB, 00b-
€M KOTOPOM COOTBETCTBYET MaKCUMaJIbHOU JAJIMHE COOOIEHUS OJJTHOTO KJlacca.
[Tpu 3TOM HambosIee CyeCTBeHHAs! IKOHOMHSI IOCTUTACTCS JIJISl «IIOJTUMO/1AITh-
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HBIX)» pacHpeesIeHUH JJIMH BXOAAIINX COOOIEHUH, KOI/1a JUIMHbI KOH-
LHEHTPUPYIOTCS OKOJIO HECKOJIBKUX 3HAUECHUH.

Bo03M0XHOCTB BBIZIETIEHUS YKA3aHHBIX KJIacCOB Ha Bxonae YK onpenernsercs
HaNIMYueM HHPOpPMAIIUH O AJTUHE MepeaaBaeMbIX coo0meHnid. Paznidaror nsa
cirydas:

- JUTMHA TIepeIaeTCs B HaYajIe caMoro COOOIICHHSI UITH ONpeiesieTCs] B MO-
MEHT NOCTYIUIEHUs coobuieHus B YK nHbIM 00pazom;

- CBEJICHUS O JUIMHE OTCYTCTBYIOT B (hopmare cooOIIeHus U He GOPMUPYIOTCS
anrapaTrypou rnepenadn JaHHbIX.

B nocnennem ciyyae npueM cooOILEHUI BCEX KJIACCOB OCYIIECTBIISIETCS B
CEeKIMIO ¢ OydepamMu Ha MAaKCHUMaJIbHO BO3MOXKHYIO JJIMHY cooOueHuil. [1o okoH-
YaHWU BBOJIAa COOOLIEHUI OHO NEPETHUCHIBAETCS B CEKIIUIO T0IIyCTUMO MEHBIINX
OydepoB COOTBETCTBYIOIIETO KJlacca.

B paccmatpuBaemom citydae YK MoxeT ObITh (pOpManbHO MpEICTaBIEH B BU-
ne oTkpwiToit cetn MO ¢ R kmaccamm cooGmienmii, oTkazamu, GIOKHPOBKOH 1
MyaCCOHOBCKUMHU TIOTOKAaMHU TOCTYIUIEHUH COOOIIEHUN COOTBETCTBYIOIIUX KJlac-

coB ¢ uHTeHCUBHOCTAMU A, (r =1, R). OCHOBHOE OTIMYHE ITOH MOJEIH OT OMHU-

CaHHOM B IpeIbIIyIIeM MyHKTe COCTOUT B 3aMeHe oHOro HenTpa «[lamare» Ha R
AHAJOTMYHBIX HEHTPOB. Yncno npubopos B KaxkJaoM I -M HeHTpe paBHO N, ; ode-
peab OTCYTCTBYET. JTUTETbHOCTh 0OCITY)KMBaHUS TIPUOOPOM B TAKOM IICHTPE PaB-
Ha BPEMEHHM TMEpeAayd BXOJAIIETO COOOIIEHHs Kiacca I 1O KaHally CBS3U.
OcTanpHBIC IEHTPBI COXPAHSIOT CTPYKTYPY, OMPEACICHHYIO B MPEABITYIIEM TyHK-
Te.

BeposatHocTh niepexojia COOOIIEHUN MEX Ty IIEHTPaMu CETH 3aBUCUT OT KJlac-
ca coobmenns. Coobmenne knacca I (r =1, R), o6cmyxenHoe B mentpe «IIpo-
1Ieccop», ¢ BEPOATHOCTBIO P (R) (J=L1 L) nocrymaer B j-ii nentp rpymimsl BbI-
XonAmux KaHaymoB. [1o okoH4aHWHM OOCTY>KMBAHUSI STUM LIEHTPOM OHO C BEPOAT-
Hocteio 1—F; (r) mocrynaer B j-it nentp ACK.

Mecto, 3aHaTO€ cooOleHneM Kiacca I OJOKUpYEeTCs 10 3aBepIICHHs 00-
ciyxuBaHusi coobmenust B omHoM u3 11eHTpoB ACK cetn. CooOlienue kiacca r
npu noctymieHud B cetb MO mnosydaer oTkas, eciii BCE MeCTa HaKomuTens I 3a-
HATHI. [Ipy 3TOM 3aBUCUMOCTH MHTEHCHUBHOCTH BXOJSIIET0 MOTOKa Kiiacca I OT
4UCIIa 3aHATBIX MECT N, COOTBETCTBYIOLIEIO HAKOIUTENS UIMEET BUIL!

0, mpu nr = Ny,
Ar(ny) =
Ar, npu Ny < Nr.

Onucannas cetb MO nMeeT MyJIbTHUIUTMKATUBHYIO (POPMY peIlIeHUs B MPe/-
MOJIOKEHUH IKCITOHEHITUATBHOTO PACIpeIeNICHNs BPEMEHH 0OCITYKUBAHHS B y3J1axX
¢ mucrutuinHou B ouepenu FIFO. IIpu stom cpeanee BpeMs oOcayKuBaHUsT cO00-
HIEHUI BCEX KJIACCOB OJIMHAKOBBI.
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13. PacyéT XapaKkTepUCTUK y3JI0B KOMMYTAUUM B CETAX

OCHOBHBIMM XapaKTEPUCTUKAMH OMPEAEIAIOIINMH Ka4eCTBO (PYHKIIMOHUPO-
BaHUs CETeH mepeiayn NaHHBIX, KaK U BOOOIIE JI0ObIX ceTel ¢ KOMMYTAIlUe ma-
KETOB, SIBJIIFOTCS JUIUTEIBHOCTH 3a/IEPKEK MAKETOB, BKIIIOYAs JUKUTTED, U BEPOAT-
HOCTH IIOTEPh NAKETOB. MICTOUHMKAMU 3a1€pKEK U MOTEPD SBIAIOTCS y3JIbl KOM-
MYTallH U KaHAJIbI CBSA3M, YEPE3 KOTOPBIEC OTH ITAKETHI Nlepeaarorcs. Huxke mpuso-
IATCS. METOJAMKH PACYETOB OCHOBHBIX BEPOSITHOCTHO-BPEMEHHBIX XapaKTEPUCTUK
JUIS y3710B KOMMYTAallMU [IAKETOB.

13.1. PacueT JIUTENbHOCTH 3aJIEPIKEK B y3JI€ KOMMYTAIUHU [TaKETOB

PaccmarpuBaercs 3agada pacuera cpeiHel IITUTEIbHOCTU 3a/IEPKEK B y3IIe
KOMMYTAIIMU NaKeTOB. TepMUH «y3ell KOMMYTalliu TaKeTOB» O3HAYaeT 3/1eCh U
KOHIIEHTpATOp (CTATUCTHUUECKUI MYJBTUILIIEKCOD), U Y3 BUPTYaIbHOM KOMMYTa-
uu naketoB (cetn X.25, Frame Relay, cetu ATM) u mapiipytusarop (cetu IP).
VY3en kKoMMyTaluu MaKeTOB MOKET OBbITh IPEICTABJICH B BUJIE JIEMEHTA C MHOXE-
CTBOM BXOJTHBIX KQaHAJIOB U OJTHUM BBIXOJIHBIM KaHAJIOM (KOHIICHTPATOP) UITU JJIe-
MEHTa C MHO>KECTBOM BXOJHBIX M BBIXOJHBIX KAaHAJIOB (KOMMYTATOP, MApIIPyTH-
3atop). C ucmoiap30BaHNEM CUMBOJIMKK KeHania Takue ceTeBbie SJIeMEHThI MO-
T'yT OBITh IPEJICTABIICHBI CHCTEMaMH MaccoBOro odcyxuBanus Buaa G/G/1 umm
G/G/n (mpon3BoIbHBIC BEPOSITHOCTHBIE PACIPEICIICHHS, OMIMCHIBAIONINE M BXO/ISI-
Ui MOTOK 3asiBOK (B HAIIEM CIIy4ae - MaKeTOB WJIM MPOTOKOIBHBIX OJIOKOB), U
BpeMs ux oOcyxuBaHusl. OTMETHUM, UTO MPHU aHAIIM3€E y310B KOMMYTAIIUH TTaKe-
TOB YaCTO HCIOJIB3YIOTCA MOJICTH C OJHUM OOCTYKUBAIOIUM MPUOOPOM, TO €CTh
cuctembl G/G/1.

Cpenusis nimHa ouepeau B cucteme M/G/1 (mmyaccOHOBCKHI TTOTOK IMaKETOB
Ha BXOJ€, IPOU3BOJIBHOE paclpeiesieHue BpeMEHU 00CITy)KMBaHUsI) IpU OECKo-
HEYHOM pa3Mepe Oydepa pacCunuThIBaeTCs 1O KiIaccuueckor dhopmysie XuHIMHA-
[Tonsauexa:

2 1+C 52
R 2(1-p)’
rae p = , - Harpyska CHCTEMBI MaCCOBOTO o0ciry>kuBaHus (OTHOILIEHUE UHTEH-

q=p+p p <1 (13.1)

CHUBHOCTH BXO/IAIIETO TOTOKA 3asIBOK K MHTEHCUBHOCTH UX 00CITY>KHBaHHMS)
2 _ D)
S (£5)?
MEHHU 00CITyKUBaHUS,
D(t,) - nucniepcus pacnpeeseHus BpeMeH! 00CTy)KUBaHUS
t, - cpemHee BpeMs 00CTyKHBaHHS IIPOTOKOJIBHOTO 0JI0Ka (aTarpaMMsl, a-
KeTa, Kajpa, TYCHKN) B CUCTEME.
Jis onpeieNieHrst CpeIHeH TITUTSIILHOCTH 3aiepskku B cucteMe M/G/1 Boc-
noJsib3yemcs popmyinoit Jlurrna:

— KBQIpaTUYHBIA KOYDPUITUEHT BapHaIliu pacpe/IeIICHIS Bpe-

g = i,

rJie § — CPeaHss JUIMHA OYepeId B pacCMaTPUBAEMOM CHCTEME.
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Torz:a cpeanAasa AJMUTCIbHOCTD 3aACPIKKH OIIPCACTIUTCS KaK:

— q - 1+C2
tg= 7= E[1+ ps = ) (13.2)

Jlnst pacueTa cpeiHe JUIMHBI OUYepeIr U CPEAHEH NTUTEIbHOCTU 3aI€PKKU
HE0OXOMMO 3HATh 3HAYEHUS AUCTIEPCUN U MATEMATUYECKOTO 0KUIaHUs (MU KO-
s dunrieHTa Bapualvu) pacipeiesieHus BpeMeHU 00CTyKUBaHUs MaKeTa Wi JIto-
00ro Apyroro NPOTOKOJBLHOrO OJI0Ka (BpeMsi 00CITy>KMBaHUS TPOTOPLIMOHAIBHO
JUTHHE MPOTOKOJILHOTO 0y10Ka). B Tabm. 13.1 mpuBeaeHbI BRIpaXKCHHS IJIs pacueTa
KBaIPaTUYHBIX KOA((DHUIIMEHTOB BapUallMi HEKOTOPBIX PACTIPEACIICHUM, TPUMEHSI-
EMBIX TIPH OIIEHKE CpeHEN JIIUTEITLHOCTH 3aJePKKH B ceTsx HTepHeT.

['unepakcnoHeHInanbHOE pacnpeneiaeHne GopMupyercs myTeM CyMMHpPOBa-
HUSI HECKOJIBKUX IKCTIOHEHIIMATBHBIX PaCPEICICHNH; KaXX10€ BXOIIEe B CyMMY
pacrmpeziesieHue Ipy 3TOM B3BEIIMBAETCS, 1 CyMMa BECOB paBHa enuHuIie. B Tab.
13.1 runepsKCHOHEHIIMAIEHOE PACTIPEICIICHHIE MPEJICTABICHO IS CIIydasi, KoTa
pe3yNIbTUpYIOLLEE paclipeiesIiCHUE COAEPKUT JBE cocTaBistonue. Bec oaHoit co-
CTaBJISIONICH paBeH S, Bec BTOpoi cocTtanistomnieit paseH (1-S).

['eomeTpuueckoe pacnpeseneHue, NpeacTapisonee B Ta0IUIEe €TUHCTBEH-
HOE€ JJUCKPETHOE paclpeieIeHHe BEPOATHOCTEN, UCTIOIb3YETCS IPUMEHUTENBHO K
HEKOTOPBIM MPUJIOKEHUSIM ISl ONTMCAHUS PacpeieICHUU BpeMEHU TPeObIBaHUS
CHCTEMBI B OIIPEICTICHHOM COCTOSTHUH. [ eoMeTprueckoe pacipeiesieHie XapaKTe-
PHU3YETCS BEPOSITHOCTHIO pi MPEOBIBAHUS CUCTEMBI B 3TOM COCTOSIHUH U BEPOSTHO-
CTBIO 1- pj HAXOXKICHUS CUCTEMBI B IPYTOM COCTOSIHHUH.

[MapameTpsr cuctem Buaa G/G/1 ¢ 6eckoHeUHOI MaMAThIO HE MOTYT OBITH pac-
CUMTAHBI TOYHO TIPH PACIPEICTCHUIX MApaMETPOB BXOSAIIUX MIOTOKOB, OTIUIHBIX
OT IyacCOHOBCKOT0. OJIHAKO CYIIECTBYET HAOOP MPUOIMKEHHBIX (POPMYJI, TO3BO-
JSIFOIINX PacCYUTATh OUepean 1 3aaepKku. Hike nmpuBeaeHs! GopMyIibl 1S pac-
yera cpefHel AauHbI odepenu B cucreme G/G/1, oTKya JIErko MOXKET OBITh MOJTY-
YyeHa CPeHsS JUTUTEIbHOCTD 3aIEPKKU:

_ p(Cé+ C)

5= p[t 4 PCatCs
_ _ pCi+cCé
Qs = 20—p) (13.5)

rae CZ u CZ- kpagpatvuHbie KOY(POUIUEHTH PACIPEAEICHHS BXOAAIIETO TI0-
TOKa MPOTOKOJIBbHBIX OJIOKOB U BPEMEHU UX 00CITYy>KHUBaHMsI, COOTBETCTBEHHO.
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Tabnuna 13.1. KBagpatuunbie K03GQUIIMEHTHI BapUallUK J1JIsI He-
KOTOPBIX paclpeIeJICHUN

Pacnpenenenne Kosdppunuent C?
DKCIOHEHIINATbHOE C?=1
1
Opnanra Cc?= p (K -riopsiiok pacmpeaesieHu DpIianra)
['mnepakcrioHeHIu- 1-25+252 0<S< 1
ansiaoe (H) 25(1-5) 2

(S — mapameTp rUIEePIKCIIOHEHIINATBHOTO pacipe/iese-
HUS JUISI CYMMBI JIBYX SKCIIOHEHT)

[eomeTpuueckoe C?=p;,0<pi<1
(Geom))| Pi— IMapameTp TeOMETPUICCKOTO pacTIpeeIICHHUs
[TocTosHHOE BpeMs 00- C2=0

ciry>xuBanus 3asBkH (D)

N3 dhopmyi 11st OIIEHKH CPEIHUX JIJTUH ouepeiel (3aepKeK) BUHO, UTO B
3HaMEHaTele Kaxa0u GopMysIbl MPUCYTCTBYET MHOKUTEND (1-p), KOTOPBIN ABIIS-
€TCs TIOJIFOCOM YPABHEHUS.

[Tpu npuOIMHKEHUH p K STUHUIIE TIOJTFOC CTPEMHUTCS K HYJTIO U KPUBBIC IS
ouepene (3aepxkeK) cTpeMaTcs kK OeckonedHocTH (puc. 13.1). OTo sBieHME
JOJDKHO YUUTBIBATHCS TIPH BBIOOPE HATPY3KH, YTOOBI 00€CTICUNTh TPAHMIIBI JJTH-
TEJILHOCTH 33IeP’KEK B COOTBETCTBUU C HOPMAaMH KadecTBa 0OCTy>KUBaHUS,

[Tpubnmxenue (13.3) ceogutcs xk hopmyne XununHa-Ilonsueka, To eCTh sIB-
JsIeTCsl TOYHBIM JUTst cuctembl M/G/1. Vicrionb30BaHUE TOM WMITM UHOW TPUOJTHKEH-
HOM (OpMyJIBI JJIS pacyeTa OYepeid OMPEEseTCsl TEM, HACKOJIBKO pacIipeerie-
HUE BXOJIAIIETO MOTOKA OTINYAETCS OT IMyaCCOHOBCKOTO, a TAKkKE OT HArpy3Ku 00-
CJIy’KMBAIOLLET0 YCTPOMCTBA p.

13.2. PacueT BepOSITHOCTH MTOTEPH B y371€ KOMMYTAIIUH ITAKETOB

Emie oqaum BaxkubIM nmapameTpom QoS B ceTsiX mepenadyu TaHHbIX SIBISICTCS
BEPOATHOCTbH NOTEPh NaKkeToB. MIMeeTcs psii MPUUKH, U3-32 KOTOPBIX MMaKEeThl HE
JIOCTaBJISIIOTCS B MyHKT Ha3HAUCHUSI.

Cpenu OCHOBHBIX IPUYUH OTMETUM HCKa)KEHHE MTAKETOB B Mpoliecce nepea-
9K 4yepe3 CETh, MPEBHIIICHUE «BPEMEHHU KU3HW) MAKETOB, a TAK)KE 0TOPOC MTaKETOB
B y3JIax MIPU OTCYTCTBUU CBOOOJHOTO MecTa B Oy(pepHOM HakomuTene y3ia.

[Tocneanee siBIeHNE BCTPEUYACTCs B TOM ClTydae, €CITM HAaKOTUTEh HMEET KO-
HEYHYIO EMKOCTh MMaMsTH. BepOSITHOCTH MOTEPH OMpEeIeTCsl Kak BEPOSTHOCTh
nepenoyHeHus 0yPpepHOro HaKOMMUTEJIS.
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Puc. 13.1. 3aBUCHMOCTb JJIUTEIBHOCTH 33JICPKKU B y3JI€ KOMMYTa-
MU OT Harpy3Ku IIPHU pa3HbIX BUAAX PACIpPEEICHUS XapaKTepUCTUK
BXOJISIIIETO TOTOKA U BPEMEHH OOCITY)KUBaHUSA

B manHOM pazzene paccMaTpuBaeTCs 3aada pacueTa BEPOITHOCTH TIEPETOJ-
HEHUS TTaMSTH B y3JIe, KOTOPBIN B OOIIEM BUJIE OMMMCHIBACTCS CHCTEMON MacCOBOTO
oocnykuBanus Buna G/G/1/N. Haunem ¢ Mojenu mpocTeiiineii CHCTEMBI C Imyac-
COHOBCKHUM BXOJISIIIIMM ITOTOKOM M 9KCTIOHEHIIMAIbHBIM PacTpe/Ie]ICHUEM BpEMEHU
00CITy>KMBaHMS, a 3aTEM PaCCMOTPHUM 0o0Jjiee 00IIHE MOJICIIH CHCTEMbI MaCCOBOTO
00CITy>KUBaHUS.

Cucrema M/M/1/N. BeposiTHOCTb NEPENOTHEHUS aMSATH ONPEAEIISIETCA Ha
OCHOBE IPOIIECCOB TMOEH U PA3MHOXKEHUS U paBHA:

1—
Pioss = 1— pl\/’)“ pN (13.6)

OueBuiHO, uTO 1py 3HaueHUAX p~« 1 g cucremsl M/M/1/N MosxkeT OBbITH
WCITOJI30BaHa CJICIYIONIAs alllIPOKCUMAIINS

Ploss ~ pN (13-7)
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Ha puc. 13.2 npencraBieHbl 3aBUCUMOCTH BEPOSITHOCTH MEPENOTHEHHSI 1a-
MATH Pj,ss OT pazMepa mamsatu Hakorutesst N, n3MepsieMoro B 4nciie TPOTOKOIb-
HBIX OJIOKOB (ITAKETOB, KaJPOB, SIUEEK), IPU PA3HBIX 3HAUECHUSAX HATPY3KH 0. DTH
3aBHCHUMOCTH paccuuTanbl o Gopmyse (13.7). 3ametum, 4To 1151 PUKCHUPOBAHHO-
ro pazmepa 0ydepa BepoSATHOCTb MEPETIOTHEHUS BO3PACTAET MO0 MEPE YBEIUUCHUS
Harpy3KH p.

1.E+00

1. E-02

1.E-06 —

1. E-08 —

P=05 0.7

1.E-10

Puc. 13.2. BeposaTtHOoCcTh OTEPH KaK PyHKIMS pazmepa OydepHOro
HAKOTHUTENIS MPU Pa3HbIX 3HAUCHUSX P

[Tpu 3a1aHHOM BEPOSITHOCTH MEPEIOTHEHUS MAMSTH CYIIECTBYET MaKCHMalb-
HOE 3HAYCHUE HArPy3KHU y3Jia, MPU KOTOPOU CHCTEMA C OUEPEISIMH YIOBICTBOPSET
TpeOOBAHHUSAM K BEPOSATHOCTH MOTEPh, ONPEACIICMBIX HOPMAaMH TSI TOU BEPOSIT-
HOCTH.

N3 ypasuenus (13.7) MOXHO TakKe MOTYyYUTh HEOOX0UMBIN pazmep Oydepa
B y3JIe, UCXO/S M3 BEPOSTHOCTH NOTEPh. Pelenne ypaBHEHHSI OTHOCUTEITBLHO eM-
koctu Oy(depa N BeipaxkaeTcs cienytomieit hopMyoii:

In(Pipss)
N ~ —=—= 13.8
In(p) ( )
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Cucrema G/G/1/N. ITonydeHne TOYHBIX PEIICHHI B 3aMKHYTOH (opme st
CHCTEM TAaKOTO THIIA TIPU U3BECTHBIX PACIPEICIICHUSIX BXOISIIETO OTOKA U BPe-
MEHHU 00CITY»KMBaHUS, 0COOCHHO MPH KOHEYHOW EMKOCTH HAKOMUTEIS, COMPSDKEHO
CO 3HAYUTEIIBHBIMU TPYAHOCTAMU. bosiee 3 PeKTUBHBIM SBIIETCS UCTIOJIL30BAHUE
PUOJIMKESHHBIX, HO IPOCTBIX B IPUMEHEHUH OIIEHOK, 0a3UPYIOIIUXCS Ha KBajpa-
TUYHBIX KO3 (PuleHTax Bapuaui BXOSIIEro MOTOKa U BPEMEHU 00CTyKUBa-
aust. [Ipubmmkennas GpopMysia i OIEHKH BEPOSITHOCTH IMOTEPh B CHCTEME, €CIIH
9TU MApaMeTPhl PACHIPEICICHUI BXOSIIETO MOTOKA U BPEMEHU 00CTYKUBaHHUSI
U3BECTHBI, IMEET CIICYIOIINN BHI:

2
1-p Zzr 2N
~ ci+cC
Poss = Z p-at=s (13.9)
>———>N+1

3Has pacnpeesieHus: BXOIAUIEro MOTOKa U BpEMEHHU 00CITyKUBAHUS U, TAKUM
00pa3oM, NOJyYUB 3HAYEHUS KBAAPATUYHBIX KO3()PUIIMEHTOB BapHaLlUU, MOYKHO
paccyuTaTh BEPOATHOCTh OTEPH B IOBOJIBHO CIOKHOM CUCTEME, TOITyCKasl, YTO
3TH OLEHKHU OYyAYyT NPUOJINKEHHBIMHU.

14. AHajIM3 MyJIbTHCEPBUCHBIX CeTel

14.1. OcobeHHOCTH aHANIN3a MYyJIbTUMEIUIHOTO Tpaduka B ceTsx |P

Ceronns Bech ceTeBoi Tpaduk MIHTEpHET MpaKTUYECKH MOYKHO pa3IeIuTh Ha
JIBa Kjacca - Tpaduk, nepenaBaeMbii 1o ynpasieHueM npotokosna TCP u tpa-
¢buk, nepegaBaeMsblil o yrpasieHueM mporokonaa UDP.

[Tponopiuu tpadukxa TCP u UDP u3mensiiich 04eHb Majio B TEYEHHE M0-
cnennux 5-7 net. [pumepno 90% tpaduka nepenaercs yepes3 coequnenus TCP.
[Tpunoxenus, Bausitonye Ha poct Tpadpuka TCP, pa3BuBaroTcs 04eHb OBICTPO, B
HIEPBYIO ouYepe/ib, Oaroaaps pa3HoOOpa3HbIM WED-IIPHUII0KEHUSIM U OJIHOPAHTO-
BbIM (peer-to-per) MexxceTeBbIM coequHeHUsIM. B To jxe Bpems HaOroaeTcs pocT
00veMoB u Tpaduka UDP B cBsi3u ¢ HapacTaroiel momyaspHOCThIO HOBBIX MIPH-
noxxeHui, Takux kak VOIP, IPTV u ap. [Ipumepnsie 06bembl Tpaduka UDP cero-
JTHSI COCTABJISIIOT OKOJIO 9%, OJTHAKO CJenyeT OKUIATh CYIIECTBEHHBIA POCT 3TOTO
KJ1acca Tpaduka B OJIMKAMIINE TOBI.

B cetsax |P npucyTcTByeT Takxe mpagux ynpaesnenus, KOTOpbIi popMUpyeT-
Csl pa3JIMYHBIMU MMPOTOKOJIAM CUTHAIU3AINH U YIPABICHUS CEThI0. XOTs 00padboT-
Ka Tpaduka yrnpaBieHUs: He0OOX0AUMa JJIsl HOPMAJIbHOTO (PYHKIIMOHUPOBAHMUS Ce-
TH, €ro 00beM oTHOocuTeNnbHO Mal (1 — 1 5%) 1 He BIuseT CymecTBEHHO Ha COOT-
HOIIIEHHE 00bEMOB TPa(UKOB B CETH.

Mogenu cereii MmaccoBoro oociyxuBanus (MQO) NpUMEHSIFOTCS TS aHAIHU3a
XapaKTEPUCTUK MPOTOKOJIOB PAKTUYECKN BCEX YPOBHEW (B MEPBYIO OYEPEDH BTO-
poro, TpeThero u 4erseproro). Ha kaHaibHOM YpOBHE 3TH MOJENH UCIIOJIb3YKOTCS
s onpeneneHuss 3¢G(EKTUBHON CKOpOCTH Tmepenayu JaHHbIX. [lpu anammsze
CKBO3HBIX MPOTOKOJIOB (TPAHCIOPTHBIA YPOBEHB) Moieu Teopun ceteil MO 1no3-
BOJISIIOT HaXOJIMUTh MEKKOHIIEBYIO 3aJI€PKKY COOOIEHUN (ITAKeTOB), OMPEEIATh
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IapameTpsl yNpaBJICHUs. MOTOKaMH U T.1. CeTeBble MOJENM OTIENBbHBIX KOMIIO-
HEHT KOMITBIOTEPHOW CETH aJeKBATHO OTPa)Kal0T MHOTO3TAIHBIA Ipolecc odpa-
00TKHM cOOOIIEHUI (ITAKETOB) B 3TUX YCTPOMCTBAxX, MO3BOJISAS HE TOJBKO pacCyu-
THIBAaTh XapaKTEPUCTUKH, HO M OCYIIECTBISATH BBIOOP PA3IMYHBIX NApaMETPOB,
HanpuMmep 00beMoB OypepHOI maMATH y3710B KOMMyTaluu. CI0XKHYIO CTPYKTYPY
OTJENbHBIX Y3JI0B HEOOXOAMMO YUUTHIBATh M MPU pacuere TPAHCIOPTHOM CETH B
uenoM. B To ke Bpemsi HEOOXOIUMOCTh PEIICHUS] ONTUMHU3AIMOHHBIX 3a7a4 (BBI-
OOp TOMOJIOTMHM M MPOMYCKHBIX CIIOCOOHOCTEN KaHAJIOB CBS3U, OTBICKAHUE OITH-
MaJbHBIX MapLUIPyTOB U T. [1.) TpeOyeT NPUMEHEHUS YIPOIIECHHBIX MOJEIIEN CeTel
MO, no3BOJSAIOMUX HAXOAUTh SIBHBIM BUJ 11€J1I€BOM (DYHKIUH, B KAYECTBE KOTOPOH
OOBIYHO HCIIOJIB3YETCSl BPEMsI 3a/lep>KKH cooOuieHnil (makeros). Takoil ynpoleH-
HBIA MOJIX0J TpeOyeT NajJbHEHIIEro yTOUYHEHNUs XapaKTEPUCTUK CETHU C MOMOIIBIO
0osee peasbHBIX MOJENEH, YUYUTHIBAIOIIUX OCOOEHHOCTU CETEBBIX MPOTOKOJIOB.
OTO NPUBOJIUT K UTEPALIMOHHOM MPOLENAYPE MPOEKTUPOBAHUSA KOMIBIOTEPHBIX Ce-
TEH.

[Tpu anann3e MyJIbTUCEPBUCHBIX CETEW B 3aBUCUMOCTH OT BHJIa TPAHCIIOPT-
HOT'O IPOTOKOJIA, B c€TAX HTEpHET NPUHATO pa3innydaTh TpapuK TPEX OCHOBHBIX
THUIIOB: 3JaCTHUYHBIN, IOTOKOBBIN M pEaJbHOTO BPEMEHHU.

TepMuH «21acmuynbIti» TPUMEHSETCS K TpauKy, CO31aBaeMOMY IIPH Hepe-
Jaye JaHHbIX o1 ynpasiaeHueM nporokona TCP, u ero Ha3BaHue CBSA3aHO C TEM,
YTO CKOPOCTh MEPEIayl MOKET UBMEHATHCS B IIMPOKUX Ipeeiax B OTBET HA U3-
MEHEHUs Harpy3ku cetu. Tpaduk 3Toro Buaa 4yBCTBUTEIEH K MOTEPSIM U MAJIO
KPUTUYEH OTHOCUTENBHO 3a/I€PHKEK.

Ilomoxoeuwlii TpaQUK NOPOKAAETCS MPUIIOKEHUSIMHU, CBA3aHHBIMHU C IIEpe/ia-
4eil ay1uo ¥ BUICOMH(pOpMALMKU. DTH MPUIIOKEHUS TEHEPUPYIOT IOTOKU AKETOB,
UMEIOLINE ONPEIETICHHYIO0 CKOPOCTh Mepeaayuu, KOTopast JoJKHa ObITh COXpaHEeHa
BO BpPEMS CE€AHCA CBA3M IIyTEM OIPaHUYEHUS 3aJI€PKEK, HO IPU ITOM JOITYCTUMBI
Oosee JUIUTENbHBIE, 10 CPABHEHUIO C TPA(PUKOM PEaIbHOTO BPEMEHH, 3aJ€PKKHU, U
ATOT THUII TpapuKa OTHOCUTEILHO MaJIOYyBCTBUTEIEH K IOTEPSIM.

Tpaghux peanvroco épemenu JOMYCKAET OTHOCUTENBHO HEOOJIbIINE JJIUTEIb-
HOCTH 33I€p’KEK U MaJIOUyBCTBUTEJIEH K nmoTepsaM. Tpaduk 3Toro tuma cozpaercs
B cucreMax |P-tenedonuu n BuneoxkonpepeH-cBsa3u. M moTokoBelil Tpaduk, 1
TpaduK pearbHOTO BpeMEHU NiepeaaroTcs no1 yrnpasieHuem nporokoja UDP.

B knaccuueckux cerax |P mpucyTcTBOBal TOJBKO 3MaCTUYHBIN Tpaduk, KO-
TOpBIA 00cmy)kuBajcs no npunnuiy best effort. s coBpemennsix cereii IP, rie
uMeeTcs TpaduK BCEX TPEX TUTIOB, TPEOYETCs MUPOKUA HA0Op TTOKa3aTeNIeH ma-
paMeTpoB KadecTBa 0OCITy)KMBaHUS, HAYMHAS OT MapaMeTpoB ypoBHs best effort u
3aKaH4YMBas MapamMeTpaMu, COOTBETCTBYIOLIMMH TpaduKy peagbHOr0 BPEMEHH.

[IpenmnonoxxeHneM, HEOOXOAMMBIM JUIsI BO3MOXXHOCTH HCIOJIb30BaHUS
aHAJIUTUYECKUX Mojienel ceteir MO, sBIsIeTCSs MPEANOoIOKEHUE 0 HE3aBUCUMOCTH,
CYTh KOTOPOI'O COCTOMT B TOM, YTO BPEMEHa Iepefadyd coOOIleHuH (Makera) 1o
pa3HBIM KaHaJlaM CBSI3M TMPEIOJIAraloTCsd HE3aBUCHUMbBIMU CITyYalHBIMU BEIUYH-
HaMu. B TO ke Bpemsi OY€BMJIHO, YTO JJIMTEIBHOCTH OOCITYXKUBAaHUS MAKETOB OJ-
HOTO COOOIIEHHS B Pa3HBIX KaHajaX MPONOPIUOHAIBHBI JJIMHE 3TOr0 COOOIEHUs
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Y, CJIIEI0BATEIbHO, 3aBUCUMBI. J[ONTOJIHUTEIBHBIE 3aBUCUMOCTH BHOCATCS IPOLEC-
camMu cOOpKH M pa300pKH COOOIIEHUI Ha MakeThl. TeM He MeHee, MHOIOYHUCIIECH-
HbI€ CPaBHEHUS PE3YJIbTaTOB AHAIUTUYECKOTO MOJEIMPOBAHUS C TIOMOIIBIO ceTel
MO u pe3ynbTaTOB UMHUTALMOHHOTO MOJEIMPOBAHUS WM U3MEPEHHI Ha pealib-
HBIX CETAX MOKa3aJd, YTO IOCTYJMPOBAHUE HE3aBUCUMOCTH HE BHOCHUT CyIIle-
CTBEHHBIX IMOTPEIIHOCTEH. YKa3aHHBIN (PaKT OOBSICHIETCA CIECAYIOUIMMH MPUIH-
HaMHU:

- HApYyLICHHEM KOPPEISUUU MEXAY UIMTEIbHOCTAMH OOCITYXUBAHHS H
JUTMHAMHU COOOIICHUH (TIaKeTOB) M3-3a BOCCTAHOBJICHHS IIOCJIE€ OMMOOK (HAmpw-
Mep, Ha KaHAJIbHOM YpPOBHE);

- 00BbEIMHEHUEM Pa3IMYHBIX HE3aBUCHUMBIX BXOJSAIIMX ITOTOKOB B OJHOM
UCXOJAIIEM KaHAJIE;

- ACIIOJIb30BAHUEM B OCHOBHOM CPEIHHX XAPAKTEPUCTUK, KOTOPBIE MEHEE
qyBCTBUTEJIbHBI K OITMCAHHOM BBIIIE 3aBUCUMOCTH.

3HAUNUTEIBHOE BIMSHUE HA XapAKTEPUCTUKU CETU MAKETHOW KOMMYTAIUU
OKa3bIBAIOT CIIOCOOBI JOCTABKU MAKETOB (JaTarpaMMbl HJIM BUPTYaJIbHbIE KaHAJIbI)
¥ METOJIbl MapuIpyTu3auuu. MoaeampoBaHue pa3InyHbIX CIIOCOOOB JOCTaBKH Ia-
KETOB U METOJOB MapUIPyTH3aLUU OCYIIECTBISETCS MyTEM BbIOOpPA COOTBETCTBY-

fortero thna ceti MO U MaTpullbl MapuIpyTOB HP, j|l» CTPYKTypa KOTOPOii y4HTHI-

BaeT W Tomoyiornio cetn. Hampumep, B kauecTBe MOJENHN JAaTarpaMMHOM CETH CO
CIly4ailHOM mpoueaypoi BbIOOpa MaplIpyTOB YAaCTO MPUMEHSETCS OTKpBITas WU
3aMKHYyTasi ofHOpoaHas ceTb MO, a JjIsl MOAETMPOBAHUS TOCTOSTHHBIX BUPTYallb-
HBIX KaHAJIOB (C BO3MOXXHBIM HAJTMIMEM aJIbTCPHATUBHBIX MyTEH) U (DUKCUPOBAH-
HOU MapuipyTtu3auuu - MoAenb ceTd MO ¢ HECKOJbKUMH KJIacCaMU COOOILEHUH.
[Tpu 5TOM yueT Ciry»KeOHBIX COOOIICHUI MOMKET ObITh OCYIIECTBICH Pa3IUYHBIMU
crnocobaMy B 3aBUCUMOCTH OT HMCHOJIb3YyEMbIX MPOTOKOJIOB: JIMOO yBEIMYEHUEM
JUTUTEILHOCTH OOCITY)KUBaHUs COOOIIeHU B Moaenu cetu MO, nmubo BBeAcHUEM
JOTIOJTHUTEIHLHOTO TMPUOPUTETHOTO Kilacca CIIY>KEOHBIX COOOIICHHM (IIMHa CIy-
KEOHBIX COOOIICHUI 3HAYMTEIIFHO MEHBIIIE TTaKeTa JAHHBIX ).

B zaxmrouenue ormerum, uto mojnenu cered MO (kak u mroOble Mare-
MaTHUYECKHE MOJIEJIN) HE B COCTOSIHUM MOJHOCTBIO OTPA3UTh CJIOKHBIE U MHOT000-
pa3Hble WH(HOPMAITMOHHBIE TTPOIIECCH B KOMITBIOTEPHBIX CETSIX U, KPOME TOTO, MX
UCIIOJIb30BaHUE OOYCIIOBIICHO PSIIOM TMPEATONOKEHHH (TaKhX, KaK MPearoioxKe-
HUE O HE3aBUCUMOCTH).

TpyaHOCTH aHanmM3a CETEBBIX CTPYKTYP MPOWLIIOCTPUPYEM Ha pUMEpEe aHa-
J¥3a TMPOIMYCKHON CIIOCOOHOCTH CETH B CAMOM MPOCTOM BapuaHTe — ABYX Y3JIOBast
CeThb C IByMsI OJIMHAKOBBIMHU KaHallaMu, Hanipumep, B 100 Mout/c (Puc. 14.1). Jla-
*e (HOpPMYITUPOBKA ATON 3a/1a4d B TOCTAHOBOYHOM TUIAHE — HE OJTHO3HAYHA.

VK 1 VK2 VK 3
O O O

Puc. 14.1. Cxema TpEX y3JI0BOM CETH
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Kaxoit moTok MOKeT MpOmyCcTUTh 3Ta ceTh? MOXKHO JIM CONOCTABIISTH C MPO-
MyCKHOM CIIOCOOHOCTHIO 00BEM TIEpe1aBaeMoro 3ToH ceThio Tpaduka. [laxe He
KacasiCh OUY€Hb BKHBIX BOIIPOCOB O JUCIHIUINHE 00CTyKHUBaHUS (TIOTEPU WITH
ouepenn) U o0 kadecTBe oOcmykuBanus (Q0S, SLA), 3ToT BONpoC HE OAHO3HAYCH H
HE MOYKET PaCCMaTPHUBATHCS OTAEIBHO OT CXEMBI PaCIpPEIeIICHUs TOTOKOB.
Hanpumep, npuBenénnas Ha puc.14.1 cetb 715 MOTOKOB, 3aAaHHBIX MaTpuiiamu Cq
i C, OyeT MpomycKaTh pa3IMIHbIE CYMMAapHBIE TTOTOKH.

- 70 O - 0 70
Ci1 [Mout/c] = |70 - 70 C, [Mour/c]=| 0 - 0
0 70 - 70 0 -

OueBuziHO, yTO AJis TAroTeHUs: C; OUTOBBIN MOTOK MO CETH B LIEJIOM OyieT
BABOE O0JsibLINM, yeM 1St Cp, a IPU CTPEMIICHUH CTENIEHU 3arpy3KH KaHaJIOB p —
1, 3TO MpeBBIIIEHNE MOKET CTaTh €I OOJIBIIUM 3a CUET BOZMOKHBIX MPOOJIEM B
y3ie YK 2 1 noTokoB, 3aaHHbIX MaTpulen Cy. A eclii UCXOAsIIMe U3 y3JI0B
MOTOKHM OYAYT pacipenensiThCs Mo APYTUM y3J1aM B KaKOH-1100 IpOMOpLMH U J1a-
€ MOTYT ObITh aCUMMETPUYHBIMU KaK, HAaIpUMeEp, B MaTpulle TArorenuid Cz, To
3a/1aya emé 0oiiee ycioxHsaeTcsa. Takum o0pa3om, Jaxe ais TpEX y3JI0BOU CETU B
3aBUCUMOCTH OT KOHKPETHOI MaTpPHUIIbl TATOTEHUI CyMMapHas pOITyCKHas CIo-
COOHOCTB CeTH OyAeT pa3InyHOM.

- 50 20
Cs [Mo6ut/c] = (100 - 40
45 25 -

B Teopuu rpadoB ectb TeOpeMa 0 MaKCHUMaJIbHOM MOTOKE: MaKCUMaJIbHBIN
ITOTOK MEX/y ABYMS BEPIIMHAMYU PABEH MUHUMAJIbHOMY IIOTOKY CPEIH BCEX CeYe-
HUH, pa3AeNaioMX 3T BEPIIUHBI. JTa TEOPEMA CTOJIb K€ OUEBHJIHA CKOJIb U Oec-
ITOJIE3HA, TaK KAK CIIPABEJINBA TOJBKO JJI JBYXIIOJKOCHOM CETH, T.€. 1JIsSI CETH, B
KOTOPOM TOJIBKO OJIMH y3€Jl OTIPABUTEIb U TOIBKO OJAUH y3€J NOJIy4YaTelb.

JlocTatoyHo npuOIMKEHHBIE aHATUTHYECKUE MOJIEIH /111 MHOTOTIOJIFOCHBIX
ceTell emé He CO3/JaHbl, MOATOMY OOJILIIMHCTBO PACUETOB IPOU3BOASTCS HA
YPOBHE MaTeMaTHUYECKUX 0KUIaHU HHPOPMAIIMOHHBIX TOTOKOB I10 3apaHee
YCTaHOBJICHHBIM MapIIPyTaM.

PaccmoTpenHble B IpeAbIAyIIEM pa3eiie IPUMEpPhl BBIYUCICHUN JUIMTENbHO-
CTH 3aJI€PKEK U BEPOSITHOCTH ITOTEPH MO3BOJISAIOT IPOBECTU OLIEHKU I H30JIMPO-
BAHHBIX CETEBBIX y3JIOB. BhIUNCIIEHNE CKBO3HON BEPOSITHOCTH IIOTEPH B CETH, YUU-
TBHIBAIOIIECH TOJILKO MOTEPH B y3J1aX M3-3a MEPENOTHEHM TaMATH, SIBJsIETCs OoJiee
CJOKHOM 3aaaueil. OxHako, npuHsaB runorte3y JI. KieitHpoka o He3aBUCUMOCTH
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y3J10B B ceTH MIHTEepHET, MOKHO CBECTH pacyeT MoTeph B CETH, coaepkamieit K y3-
JIOB, K IPOCTOM popMmyiie:

Plossnet =1- II§=1 1- Plossk (14.1)

r1e Pyyss, ,, - BEPOATHOCTH CKBO3HBIX MIOTEPH ISl CETH,
Pyyss, -~ BEPOATHOCTB MOTEPH B y3JI€ C HOMEPOM K.
[Tony4yeHus JIUTENBHOCTEN CKBO3HBIX 33JI€PKEK B CETU PACCMOTPEHO HHXKE.

14.2. Pacu€Tt BpeMeHHU 3aJePKKH TOCTAaBKU MAKETOB B CETAX

s moctpoenust moaenu cetu MO, onuceiBaromiei GyHKIIMOHUpOBaHUE Oa-
30BOIl ceTH, KOTopas BKiIIOYaeT M KaHaloB nepenayu qaHHbIX U W y370B KOMMY-
TallMy AKEeTOB, HEOOXOAMMO BBECTH PsAJl YIPOILAOIIUX HpeanooxeHuit. [lepsoe
U3 HUX - [IPENIOJIOKEHUE O HE3aBUCUMOCTH - MO3BOJISIET YCTPAHUTh 3aBUCUMOCTh
MeX/1y BpeMEHaMU 00CITy’)KMBaHUs B KaHaJIaX U COCTOUT B TOM, YTO JUIMHA MAKETa,
TIOCTYHAOIIETO B I-if KaHall, BRIOMpAeTCs HE3aBHCUMO B COOTBETCTBUU C TUIOTHO-
CTbIO pacIpe/leICHUS:

f(x) = be™

rae D - cpenmsst ninHa nakera, m3amepsiemas B 6utax (Gaifrax).

[Tporecc mocTyrieHus NakeToOB B CETh SIBJSIETCS TyaCCOHOBCKUM C IapaMeT-
poM A, (makeTos/c), rae I - HOMEp mapel Y3elI-UCTOYHHUK — y3en-aapecar. Bee

naphbl YIopsiI0YEHbl B COOTBETCTBUM ¢ HOMepamu 1,2,..., R. Mapuipyt nakeros I -
ro kjacca (mepefaBaeMbIX B I -l mape MCTOUYHHUK-aJpecar) ONpeesseTcs MaTpu-

weit [Py (1)

mmii o6cmyuBanue B | -M kanane, nocrynur notom B j -it kanan (I, ] =1, M),

, TAC PlJ (r) - BEPOATHOCTh TOI'0, YTO IIAKECT I -r0 Kjacca, 3aKOHYHB-

Paznuunbie criocoObl 3a7jaHusl MATPUIIBI HP, j (I’)H ONPEAEISAOT TUIl MapIIpy-

TU3allMM Taketa B 0a30Boil cetu. Hampumep, mpu MCHONb30BAaHUM MOCTOSHHBIX
BUPTYAJIbHBIX COEIUHEHUHN U (DMKCUPOBAHHON MapIIPYTU3ALMH COOTBETCTBYIOLINE

DJIEMEHTHI Pij (r) npurmmaror mumie nBa 3Hauenws: 0 u 1. B paccmaTpuBaeMoit

MOJIENI TaKKe Mpernoiaraercs, 4yTo o0beMbl OypepHbIX HAKOMUTENE HE OrpaHu-
YEHBI U MOATBEPKAECHUE 00 YCIEIIHON JOCTABKE MAKeTa MepeJacTcsi MTHOBEHHO.
CrnenanHble BbILIE MPEANOIOKEHUS IMO3BOJSIOT TMOJHOCTHIO ONPEASIUTh
Pa30MKHYTYI0 HEOJIHOpPOAHYI0 ceThb MO, Moaenupyrouyo (QyHKIHOHUPOBAHHE
0a30BOM ceTH mepefaud JaHHBIX. B ykazannyio cetb MO mocTynaroT I KJIaccoB
IyacCOHOBCKUX MOTOKOB MAKETOB ¢ MHTeHCHBHOCTAMH A, (r =1,R), Mapupyt

KaXJ0T0 M3 KOTOPBIX XapaKTEPU3YETCS MaTpULIEH HP'J (F)H OyHKIMA pacnpene-

JCHUA MJIMTCIIBHOCTU O6CJIy}I<I/IBaHI/I$I MMakeToB I -To Kjacca B |-m LOCHTPEC CCTH

MO, i =1, M, KOTOpbIA MOJETUPYET COOTBETCTBYIOIIMI KaHal Mepeaadyd JIaH-
HBIX, SBJIAETCS JKCIIOHEHLHUANIBHONW ¢ mapameTpoM g4, = C;b, (makeros/c), rae
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C; - npomyckHas crnocoOHocTs | -ro xanana, usmepsemas B out/c, a b, -cpenuss

JUIMHA [TaKeTa I -ro Kjiacca.
WMHTEHCHBHOCTE IIOTOKA ITAKETOB Kiacca I, MocTymaromux B | -if KaHan A,

YIOBJIETBOPSIET YPABHEHHIO OajlaHCa TOTOKOB!

M
e = A + ) Agp Pilr).
4=1
31ech

s 1, eciu nomox A, nocmynaem 6 1 —ii kanan
i =

0, 6 mnpomusnom cnyuae

[Toroku makeToB, nocrynarommx B | -i xanan A;, u o6mmuii moroxk A, mo-

CTyrIaIOH_II/Iﬁ B CCTb U3BHC, paBHbI, COOTBCTCTBCHHO:

R R
M=) Mr A=) A
r=1 r=]

O06o03HaunM TaKKe 4epe3 p;. 3arpysky | -ro xaHama makeramu I -To Kjacca u
0 ooyt 3arpysky kanana | . Torga:

R
Pir = /lir Pi = ;pir'

[Ipu pacu€re onrcaHHON HEOJHOPOAHOU OTKpBITON cetn MO omnpenensroTcs
BEPOSTHOCTH CTallMOHApHOro cocrosuus cetu P(N), roe n = {nl, Ny ey Ny }, a

3HAa4YCHHUA N;, I =1, M o3HayarT YKUCJIO MAaKETOB, OKUAAIOUIUX Tepeayu U Te-

penaBaeMbix 1o | -my kanany. [Ipu 3TOM, BEPOSITHOCTH OJTHOTO M3 N COCTOSIHUI
paBHa:

M
Pm) = [] A(n).

=1

[Ipennonaras, 4To nepeaavya NakKeTOB MO KaHAIIY OCYIIECTBISIETCS B COOTBET-
ctBun ¢ guciuuimaor FIFO, m3 mociemnero BBIpaXEHHS MOXXHO OTPENCTUTh
CpeaHee KOJIMYECTBO NakeToB B | -M kaHane:
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|_i :L
1-pi

H CPEAHEC YUCJIO ITAKECTOB B CCTHU B LICIIOM.

Mo
L= —_

B To e BpeMs M3BECTHO, YTO B cOOTBeTCTBUH ¢ opmynoit Jiuttna L = AT,
rae | - cpenHee BpeMs NpeObIBaHKs MaKeTa B CETH (3a[ep:KKa HaKeTa).
Takum 00pazom,

Mo M

HaHHOG BBIPpAKCHUC, BIICPBLIC IIOJYYCHHOC KHeﬁHpOKOM, HNMCCT Ba’XHOC
SHAYCHUC JIs1 aHAJIM3a U ITPOCKTUPOBAHNA KOMIIBIOTCPHBIX ceTei.

15.YnpaBjieHue NOTOKAMHU B CE€TH C MAKETHOI KOMMYTaluei

15.1. MeToapl yripaBiieHUsI TIOTOKaMU

VYpasieHre NOTOKOM MPEAHA3HAYEHO JI1 OTPAHUYEHUS 3arPy3KH OCHOBHBIX
pecypcoB cetu (0ydepoB YK u kaHalloB CBSI3M) U COTJIACOBAHUSA CKOPOCTH TEpe-
a4y MHQGOpMAaIMK UICTOYHUKOM CO CKOPOCTBIO IIpUeMa ajipecaToM. SBissIch Baxk-
HEHIIMM KOMIIOHEHTOM CETH NAKETHOM KOMMYTAILMH, YNPaBICHUE MOTOKOM pea-
JIM3YETCSl Ha Pa3HbIX YPOBHSX IPOTOKOJIOB: OHO MOXET OCYLIECTBISATHCS MEXKIY
cocennumu YK 6a3oBoit cetu; mexnay YK uctounukom u YK agpecatom 6a30Boit
CeTH; MEXay IMapamMu, OOMEHHBAIOIIMMUCA HMHpopManueil, u T.1. BeinmonHenue
GyHKIMNA COTJIacOBaHUS CKOPOCTEH M HAIEKHOM Tepenayu uHbopMalmy Ha BCeX
YPOBHSIX MPOTOKOJIOB 0a3vpyeTcsi Ha MEXaHM3Max KBUTHUPOBAHMS M KOHIEIIUU
OKHa. YKa3aHHbIE MEXaHU3MBbI CITy’KaT Takke 3(PPEKTUBHBIM CPEIACTBOM OOPHOBI C
neperpy3Kon pecypcoB CETH.

OTcyTcTBHE YyOpaBICHUS MCIOJIb30BAHUEM OTPAHMYEHHBIX PECYpCOB CETH
IpU YpE3MEPHOM YBEJIMYEHHH MOTOKA TPEOOBAHMI OT OJHOIO WJIM TPYHIIbI abo-
HEHTOB MOYKET MPUBECTU K PE3KOMY YBEIMUYCHHUIO BPEMEHH 3a1€PKKUA U (M) Ta-
JIEHUIO MTPOU3BOAUTENILHOCTU CETH BIUIOTH A0 00pa30BaHUs MOJHOCTBIO OJIOKHPO-
BAHHBIX YYaCTKOB, B KOTOPBIX Iepejaya JIaHHBIX OKa3bIBAETCS HEBO3MOKHOMU.
[TpuunHa mosiBIeHUs OJIOKMPOBAHHBIX YYACTKOB U MAJICHUS TPOU3BOAUTEIBHOCTH
CETH MPHU TEperpy3Kax MOTyT OBITh pazaudHbIMH. OTpaHUYMMCS HILTIOCTpaIiuei
ATOTO SBJIEHUS JIMILIb Ha ABYX NPOCThIX puMepax. Ha puc. 15.1 noka3zaHnsl g8a y3-
Jla KOMMYTAIMU MMaKETOB, CBA3aHHBIC KaHAJIOM Tepenadn AaHHbix. Ecim OydepHas
namsiTh y3Jia A 3aHsTa NakeTaMu JJid y3ia B, a maMmsTh y3/1a B 3aloJHeHa nakera-
MU, NIpeAHa3HAYEHHBIMU Y311y A, TO IIepeaya MeXy HUIMH HEBO3MOXHA M3-3a OT-
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CYTCTBHSI CBOOOJHBIX Oy(depoB M yKa3aHHBIM y4acTOK OKa3bIBAETCS IMOJIHOCTHIO
3a0JIOKUPOBAHHBIM.

A B

BB (B

porex %a
Puc. 15.1. Puc. 15.2

Ha puc. 15.2 uzobpaxken YK, B KOTOpBIN MOCTYMalOT JBa MOTOKA MaKETOB.
[TakeThl KaXI0TO MOTOKA MEPENAIOTCS 10 CBOEMY, MCXOJSIIEMY U3 y3Ja KaHaiy.
Ecnu Bce Oydepa YK 3aHaTHI makeTaMu OJHOTO M3 MOTOKOB, HallpUMEP MEPBOTO,
TO Tepe/aya MakeToB MO BTOPOMY KaHaly OKa3bIBAe€TCS HEBO3MOXHOWU. JTO Tak
&Ke, KaK ¥ B TIEPBOM CIIy4ae CHIKAeT MPOU3BOAUTEIBHOCTh YK U COOTBETCTBEHHO
MIPOU3BOIUTEIEHOCTD CETH B IIEJIOM.

B oOwmewm ciydyae npu mneperpy3ke CEeTH 3HAYUTENIBHO BO3pPAaCTaeT BEPO-
ATHOCTh TOTO, YTO MAaKEThI, MOCTynaroume B ouepennoil YK, He 3acraior B HeM
cBOOOIHBIX Oy(pepoB. DTH MaKeThl B 3aBUCUMOCTH OT UCIOJIb3yEMOr0 B CETH IPO-
TOKOJIa nepenaroTcs nmoBropHo mbo cocequum YK, nubo YK ucrounukom. Yem
CWJIbHEE Neperpyska, TeM OOJIblIasi YacTh PECYpPCOB CETH 3aHSATa BBINOJHEHHUEM
HNOBTOPHBIX I€pesay U, CIEI0BATEIbHO, TEM HUKE MPOU3BOAUTEIBLHOCTh CETH, HE
3alMIIEHHON OT meperpys3ku (puc. 15.3).

MpowasoguTenbHOCTE

Harpyakn

Puc. 15.3. CHrukeHne nporu3BOAUTEILHOCTH CETHU MPHU MEPErpy3Kax

CHCTEMBI CETEBOTO yIPaBJIEHHUS JTOIKHBI TOCTOSTHHO KOHTPOJIUPOBATh COCTO-
SITHUE CETH U Mpe0TBpaIiaTh BOSHUKHOBEHHE OIMACHBIX Neperpy3ok. Yaiie Bcero, B
KaueCTBE OCHOBHBIX CHMIITOMOB CETEBBIX MEPErpy30K PacCMATPUBAIOTCS CIECHY-
IOLLME CUTYALINH:

- MaKCUMaJbHas 3arpyK€HHOCTh MaruCTpaJIbHBIX KaHaIOB MpeBbImiacT 70%;

- IOTeps MaKeTOB (KaJAPOB, AUeeK) NpeBbimaeT 2-3%;
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- BpeMsI 33/IEPKKHU MTAKETOB B ceTH yBennuuBaeTcsa Ha 10%;

- 3HAYUTEJIbHOE BO3PACTAHUE YMCIIa HECOBIIAICHUN KOHTPOJIBbHOW CYMMBI;

- IPUJIOKEHHUS TOCTOSIHHO CTAJIKUBAIOTCA C TaM-ayTaMu;

- Ouenust PVC, 1.e. cuTyanus, Korja npoJjo>KeHHOE 10 CETH BUPTYaJIbHOE CO-
enuaenne (PVC), B cuty kakux-1u00 H3MEHEHHH B CeTH (OTKa3bl, OUCPE/IH) MEHSI-
€T MapuIpyT COEAMHEHUS, U KOT/Ia 3TH U3MEHEHUs] IPUHUMAIOT HENPEPHIBHBIN Xa-
pakrep.

3ammra OT MEeperpy3Kd JIOCTUTAETCS MPU YNPABIECHUU BXOJIHBIM MOTOKOM
(orpannuyeHrH MOTOKA) B y37ax 0a30BOW CETH Mepefayu JaHHbIX. [Ipu sToM pas-
JUYAIOT METObI II100aTBHOTO U JIOKAIBHOTO YIpaBlieHUsl Harpy3Kou. ['modanbHoe
yIOpaBJICHUE MPEJIoiaraeT 100 OrpaHMYeHre OOIIero KOJIMYecTBa MaKeToB, Ie-
penaBaeMbIX B 0a30BOM ceTH (M3apUTMUYECKOE YIpaBJCHHE), MO0 OrpaHUYCHUE
YHCJIa NAKETOB B KaXJIOM BUPTYaJbHOM COCAMHEHUM WCTOYHMK-apecaT WIH B
rpynnax BUPTYaIbHBIX COEUHEHHUN (MEXKKOHIIEBOE YIPABIIEHUE), TUOO HCIIOJIB30-
BaHHWE KOMOHMHAIIMKM 3THX METOJOB (IBYXypOBHEBOE yIpaBjieHue). B ornuume ot
100aNbHOT0, JIOKAJIBHOE YIIpaBieHUe He TpeOyeT HHPOPMALMU O KOJIUYECTBE I1e-
peaBaeMbIX MO CETH MAaKETOB M OrpaHUYMBAET MOTOK B YK Ha OCHOBE JIOKAJIbHOM
uH(pOpMaIUK, Kacarollencs TONIbKO TaHHOTO y3J1a.

W3apuTMuueckoe yINpaBlI€HUE PEATM3YeTCs C MOMOUIBI0 MCIOJIb30BAaHUS B
CETH OTPaHUYEHHOIO YHUCJa CIIY>)KEOHBIX MaKETOB, COJEPKAIIUX Pa3pelleHHs] Ha
nepeaavy MakeToB JAHHBIX. BO3MOXHO HECKOJBKO CIOCOOOB MOJIyYEHHS pa3pe-
nieHuid. B mepBoM clilyyae makeT, MOCTYNUBIIUMK B y3ei-aJpecar, OCBOOOXKIaeT
IPUHALIEKAIIEE €My pa3pelIeHUE W OHO 3aXBaThIBACTCA NAKETOM, OXKUAAIOLIUM
nepenaun. Eciau B y3i1e OTCYTCTBYIOT IAKETBhI, 0KMIAKOLIME NIEpPENadu, TO paspe-
[IEHHE HAYMHAeT IUPKYIUPOBATh 110 CETU CIy4YalHBIM 00pa30M U 3aXBaTbIBAETCS
B [IEPBOM XK€ y3JI€, [JIe¢ UMEIOTCS IAKEThI, OKUJAoIIKe repeaadd. Bo BTopom ciry-
yae KaXIbld y3€Jl COJNEPKUT OTPAHUYECHHBIN IIyJl Pa3pelIeHUU, YTO ITO3BOJISET
YMEHBUIUTD 3aJEPKKY MMAaKETOB M3-3a 0XKUIAHMS Pa3pelCHUM, LUPKYJIUPYIOLIUX
M0 CETU ClydaliHbIM 00pa3oM. Bo3MorkHa u KOMOMHaIMs 3TUX Moaxoa0B. Hemo-
CTaTOK OMMCAHHOTO METO]Ia I100aIbHOTO YIPABIEHUS COCTOUT B OTCYTCTBUH Y10~
BJIETBOPUTEIILHOW MapIIPyTU3aLUN PA3PENIEHUN U TPYIHOCTIX MIPAKTHYECKOMN pe-
an3aluu.

Peanuzauus paznooOpa3HbIX CIOCOOOB MEKKOHIIEBOTO YNpaBlIeHUs Oa3upy-
€TCsl Ha MEXaHU3ME€ OKHa, OTPAaHUYMBAIOLLEM YHCIIO AKETOB B KAXKI0M BUPTYallb-
HOM COEIMHEHMH (TpyIa BUPTYalbHbIX COeNUHEnHii). Pasmep okna N; aus I -To

BUPTYAJIbHOTO COEJMHEHUSI BHIOMPAETCS 3apaHee U OMpPEAeIIeT YMCIO MaKETOB,
KOTOpbIE MOTYT OBbITh MepefaHbl U3 y3JIa-UCTOYHMKA 0€3 MOATBEPKIEHUS O Mpa-
BHJIBHOM TIpHEMe y3oM-anpecatoM. CYETYHK YnClIa TAKeTOB B | -M BUPTYaibHOM
COCIIMHEHUY NIEPBOHAYANILHO yCTaHaBIMBAeTCsA B cocrosgnue N;. Kaxnapii mepe-

JAHHBIM ¥ HETIOATBEPKICHHBI NAKET YMEHBIIAET COCTOSIHUE CUETUMKA HA €INHHU-
ny. Ecinm cocrosiHME cYETYMKAa paBHO HYJIO, TO HOBBIE MAKETHl B JAHHOE BUPTY-
aIbHOE COEMHEHUE He MepenaroTcs (MOTOK MakeToB OT MCTOYHUKA MPUOCTAHAB-
muBaercs). Kaxaplii mMpaBUIbHO NMPUHATHIA B aapecare MaKeT MOATBEPKIaeTcs
WHJMBUAYAIBHO, puyeM npuem KBuTaHunu ACK B y371€-UCTOYHUKE YBEIUYUBACT
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cocrosnue cueTunka N; Ha exunuiy. [Ipy u3MeHeHuH COCTOAHMS cueTyrKa ¢ 0 Ha

| UCTOYHUK TTOTOKA TTAKETOB BHOBB MEPEBOAUTCS B AaKTHBHOE COCTOSTHUE.

Mopens cetu MO st uccneoBaHUsl XapaKTEPUCTUK HamOoJiee OOIIero
JIBYXYPOBHETO TJI00aJBHOTO YIpaBieHUs, OOBEIUHSIONIET0 H3aPUTMHUYECKOE U
MEXKOHIIEBOE yIPaBIICHUE, paCCMaTPUBACTCS HIKE.

Hapsigy ¢ onucaHHBIM BbIIIE MEXaHU3MOM TJ100aJIbHOTO YIPABICHUS B Y3JIax
CEeTHM 4YacTO MPHUMEHSIOT JIOKAJIbHOE YIpaBJICHUE, B COOTBETCTBUHM C KOTOPBIM
orpaHM4MBaeTCs auO0 obiiee yucio maketoB B YK, nubo konuvectBo Oydepos,
BBIJICIISIEMOE Pa3HBIM KilaccaM MmaketoB. [IpuHammexxHocTs Bxoaammx B YK mnake-
TOB K Pa3HBIM KJIaCCaM MOXKET OMPEIEIAThCSA MO Pa3HBIM MPU3HAKAM: MO0 YHUCITY
MPONJICHHBIX MAKETOM TPAH3UTHBIX YYaCTKOB, IO MPHUHAJICKHOCTH K BHPTYyallb-
HBIM COCTMHECHHSIM, TI0 BBIXOSIINM U3 y3JIa HalpaBJIeHUsIM U T. 1. OrpaHndeHHas
paBHOAOCTYyIHAs maMATh YK mpu meperpy3kax MOKeT MPUBOIUTH K CYIIECTBEH-
HOMY TIa/ICHUIO MPOIYCKHOM CIIOCOOHOCTH y3Ja 3a CUeT 3axBaTa MmaMsaTu Oojee
WHTEHCHUBHBIMU TOTOKAMH OTJIEIBHBIX KJIACCOB W TOJHOW OJIOKUPOBKH JPYTHUX.
JlokanpHOE yIIpaBieHUE, OTpaHUYMBAIOIIEE YUCIO OydepoB, NOCTYMHBIX «IHEP-
TUYHBIM» TIOTOKAaM, 4YacTO Ha3bIBAIOT ynpaBieHueMm Oydepamu. Takoe ynpaBieHue
HanOoJIee TUITMYHO JUIS TIEPETPY3KH, BEI3BAHHON PE3KUM YBEIIMYEHUEM MHTCHCHB-
HOCTH MOTOKA MAKETOB B OJJHO UJIM HECKOJIHKO BBIXOASIIMX HAMPaBICHUH y3Ia.

Paznuuaror quHaMUYecKOe U CTaTHYECKOE YIpPaBJICHHE pacipeneiieHueM Oy-
depoB. JluHamuyeckoe yIpaBieHHE SBIAETCS HauOoyiee oOmIel cTpaTeruei
yhpaBieHus OydepaMu U COCTOMT B IPUHITHH PEIICHUS O BBOJE NakeTa B Oydep-
HYIO IIAMATHh B MOMEHT €T0 IOCTYIUJIEHUS B 3aBUCUMOCTH OT cocTosiHuA Y K. OnHa-
KO ITUPOKOE HCIIOIB30BAHNUE TOTO YMPABIICHHUS] OTPAHUYCHO TPYIHOCTSAMHU IpaK-
TUYECKOHN peanu3anuu. YacThIMH CTydasiMUd THHAMHYECKOTO YIIPABJICHHUS SBIISIOT-
Csl JIETKO peaqu3yeMble Ha MPaKTHUKE Pa3IMYHbIE CTAaTHYCCKHE MEXaHU3MBI pac-
npenencHus O0ydepos: pacnpeaeneHue 6e3 orpanuueHuid (CS) - mo0oMy BXOJs-
eMy COOOIIEHUIO MPEOCTABISETCS 0001 cBOOOAHBIN Oydep; hUKCupoBaHHOE
pactpeneneHue (CP) - 3a KaXIbpIM KJIACCOM ITaKETOB 3aKperuisieTcss GUKCUpOBaH-
HOe uucio 0ydepoB; pacnpenerneHrue ¢ OrpaHuYeHIEM MaKCUMAJIBHOTO YHcia 0y-
dbepoB s paznuuHbx KiaccoB (SMXQ); pacmpeseneHue ¢ rapaHTHPOBAHHBIM
MUHUMYMOM OydepoB, 3aKpETUICHHBIM 3a KaXIbIM KilaccoMm maketoB (SMA); pac-
npeesieHre, IBISIoIieecss 00beIMHEHUEM IBYX MPEIBIIYIINX METOJOB JOKAIbHO-
ro ynpasieaus (SMQMA).

15.2. CereBas MoJi€Jib TI100IBHOTO YIIPABICHUS

PaccMoTpuM 6a30BYI0 ceTh Hepenadyd AaHHBIX, BKmowaromyo W  y3mos
xkommMyTaruu maketoB 1 M kamanmos cBs3u. OueBnaHO, 4TO 06IIEE KOJTHIECTBO
BUPTYAJIbHBIX COEUHEHUH (M COOTBETCTBEHHO YHCIIO KJIACCOB MAKETOB) PABHO

R=WW -1).
ITycte N,, r =1, R - pasMep OKHa I -TO BUPTyaJbHOIO COCIUHEHUS; A, -
WHTEHCUBHOCTh ITyaCCOHOBCKOTO TMOTOKAa TAaKETOB B I -€ BUPTyaJbHOE COCIMHE-
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Hue. CKOpPOCTh MOCTYIJIEHUS MTAKETOB B I -€ BUPTYaJIbHOE COCAMHEHUE 3aBUCUT OT
gucina 0 < R, < N, He 3aKBUTUPOBaHHBIX IIAKETOB, HAXOAALIMXCSA B 3TOM COE/U-

nernn; ecn Ry = N, | 1o OuYepeHON MakeT F-ro Kjiacca He MPUHUMAETCA B
CETbh.
Takum 00pazom,

Ara an RT < Nf‘a

0, mpu R, = N,,
H, CJICJ0OBATCIBbHO, B Ka4CCTBC MOJCIN paCCManI/IBaCMOﬁ 6330BOI>1 CCTU C
MCKKOHIICBBIM MCXAaHNU3MOM ynpaBHeHI/Iﬂ IIOTOKOM MOKHO HUCIIOJIB30BaTh 3aMKHy-

TYIO HCOOHOPOAHYIO CCTh MO ¢ R KJ1aCCaMM IIaKCTOB.
HPGIIHOJIO)KI/IM JOITIOJHUTCIBHO, YTO KOJINYCCTBO 6Y(1)epOB B y3J1aX HC OIpa-

HUYEHO, BpeMeHa Ilepeiadd makeToB o R -my kananmy R =1, M He3aBUCHUMBI U

Aj(Nr) =

pacpeaciICHbI 110 3KCITIOHCHINAIbHOMY 3aKOHY CO CPCIHHNM 3HAYCHUCM %bC )
r

Y MapupyT MaKETOB I -T0 KJjacca ONPEeIIeTCs MaTpULIEH HP, j (I’)H, r=1,R. To-

rr1a TOJy4yeHHas 3aMKHyTas HeoaHopoaHas cetb MO sBisieTcs JOKaJbHO-
cOaaHCUPOBAHHOW U JIJISl pacyeTa €€ XapaKTEPUCTUK MOTYT ObITh HCIIOJIb30BaHbI
IpUOIMKEHHBIE METO/Ibl, OIIICAHHBIE BBILIE.

Pasmep okHa N, I0JDKEH BBIOMPATHCSA JOCTATOYHO OOJIBIIUM, TaK YTOOBI IPU
GIyKTyarusx moToka B HOPMAJIbHOM PEXUME HE CHUKAIACh MMPOU3BOAUTEIHHOCTh
(oTrcyTcTBOBaNa OJOKMPOBKA) U B TO K€ BPEMs BUPTYaIbHOE COCIMHEHHE OBLIO
HAJIe’KHO 3alUILIEHO OT Ype3MEpPHOro yBeIUYeHHs B HeM noToka. Ecnu neperpys-
K€ IOJIBEpKEHBI BCE WJIM OOJBIIMHCTBO BUPTYAIbHBIX COEIMHEHUH (001as nepe-
Ipy3Ka CETH), TO HapsLy ¢ orpanndcHusMH N, (OrpaHMYEeHHs IEPBOrO YPOBH:A)

11€71€CO00PAa3HO MCIONIB30BAHUE JOMOJIHUTENLHOrO orpanndenust N, (orpanude-

R
HHE BTOPOTIO YPOBHs) Ha 00IIIee YUCIIO MAKeTOB B ceTH, Takoro, uto Ng < D" N, .
i=1
PaccmoTtpum Gosiee mOAPOOHO CETEBYIO MOJEIbh OMUCAHHOTO BBIIIE Me-
XaHW3Ma JBYXYPOBHErO III00AIbHOIO yrpaBieHHs. [IpeamonoKuM, 4TO MHOMKE-

CTBO BHPTYaNnbHEIX coobmenuii pazouto Ha D < R memepecexarommxcs rpymm.
Kaxnas j-arpyma (] =1, D), o603nauaemas Q2 j » MOXKET TIPE/ICTABIATH co0oii,

HalpUMep, MHOKECTBO BHUPTYAJIbHBIX COCIMHEHHH, HCXOMAIIMNX W3 |-TO y3ia
KOMMYTallMM NakeToB. lIpeanonoxuM Takxke, 4TO Ha NEPBOM YPOBHE BBEJICHBI
!

orpanuuecHus N j Ha KOJMYECTBO MAKETOB, KOTOPhIE MOTYT HEPENaBaThCA B j -it

rpymnne. OuesuaHo, uto mpu D = R xaxnas rpynna conepxur ogno upryansHoe

!/
coemuaeane u N j = N i
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CocrosiHue cetn MO, MozenupyroLieil OnMcaHHOe JBYXypPOBHEBOE YIIpaBiie-
Hue, onpesensercs Bekropom S =1{S;,S,,...,Sy }, e Sk ={Sg1,..sSpr} H
Sgy - YHCIO MAKETOB I -To Kinacca (I -ro BUPTYalbHOTO coeuHenus) B R -m ka-
Hase. J[onmycTiMbIe COCTOSIHUS YIOBJICTBOPSIOT YCIOBHSM

M R
Y. > Sk < Now ZZnRﬁ:N'
B=1r=1 R=1rell,

rie Ng, = 0, eciM MappyT MakeToB Kinacca ' He Mpoxoaut vepe3 R -if kaman

(3mech ISl MPOCTOTHI MPENIOiIaraeTcs, 4To MapuipyTH3anus sBiseTcs (GUKCUpPO-
BaHHOM). CoxpaHsis BCce MPEANOJIOKEHUS U BBEICHHbIE 0003HAUEHHUS, JIETKO BH-
JIE€Th, YTO CTAI[MOHAPHBIE BEPOATHOCTU COCTOSIHUM CETU UMEIOT BUJ

Nar
G_h H SR' H nRr [bCR‘ +
R

rae Sp = X Sgr; Ary =/, eciu MapuIpyT IAKETOB I -ro Kiacca HPOXOAUT ye-
r=1
pe3 R-ii kanan, u Ag, =0 B npoTHBHOM City4ae.

Hcnonp3yst COOTBETCTBYIOIIME (POPMYJIIbI, MOXKHO JIETKO OIPENEIUTh OCHOB-
HbI€ XapaKTEPUCTUKH 0a30BOM CETH, B KOTOPOHM peanu30BaHO ONMMCAHHOE BBIIIE
JIBYXYPOBHEBOE YIIPABJICHUE TOTOKAMH.

16. PacuéT 4yncJia KaHaJ0B B COTOBBIX CeTSX

Pacuér yucna KaHaJIOB B COTOBBIX CETSIX MPOBEAEM Ha NMPUMEPE aHAIM3a J10-
ctyna moouneHbix ctaniuit (MC) k 6a3oBoit craniuu (BC) B cetu cranmapra
GSM mys peueBoit unpopmarmu. Crangaprom GSM npenycmaTtpuBaeTcsi padbora
pEUYEeBOro TpakTa B PEXKUME KOMMYTAIMM KAHAJIOB TMOJ| YIPABICHUEM CHUCTEMbI
curHanmzanuu SS-7 (Ilakerneie pexxumsl GPRS u EDGE B nannom ciywae He
paccMaTpUBaIOTCS).

B cranmapre GSM wucnonb3yercss y3KOMOJOCHBI MHOTOCTAHIIMOHHBIN [10-
CTyll C YacTOTHO-BpeMEHHBIM pazjaeieHuemM kaHaioB (TDMA). B crpykrype
TDMA xaapa GSM/900 conepxutcs 8 BpeMEHHBIX TO3HIINHN (OKOH) Ha KaXKI0U U3
124-x necymux. Kaxxmoit MS s nmepenaun peuu npeaoCTaBiIseTCs OJJHO U3 OKOH
Ha yacToTe nepenayn B mosoce 890-915 MI'ny (nmuuus “BBepx’’) U OAHO U3 OKOH Ha
yacToTe npuema B mosoce 935-960 MI'u (munus “BHu3”). Kaxxnas mosnoca pasje-
neHa Ha 124 gacToTHBIX KaHaia ¢ pasHocoM B 200 kI'i. Takum obpazom, puzuue-
ckuii kaHan B crannapte GSM mpencraBiser co00ii KOMOWHAIIUIO BPEMEHHOTO |
4acTOTHOTO pasfeieHus curHaioB (Bcero - 8x124=992 ¢usnueckux kaHamia).
JnuHa BpemeHHoro okHa cocrtaBiger 0.577 wmc. [lnuHa kampa paBHa 8 X
0.577=4.616 mc. Ilpu pmurensHOCTH OHOTO OUTa paBHOM 3.69 MKC, UTO COOTBET-
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CTBYET KaHaJIbHOM CKopocTH B 271 kOuT/c, MHPOpMaIIMOHHASI CKOPOCTh B KaXKJIOM
U3 8-U BpEMEHHBIX KaHaIOB cocTaBisieT 24.7 kOut/c (cymmapHas HHGOPMAIIMOH-
Hasi CKOPOCTh B OJIHOM YacCTOTHOM KaHajie cocTaBisieT §x24.7=197.6 x6ut/c).
CHIWKEHHE CKOPOCTH CBSI3aHO C TE€M, YTO B CTPYKType okHa u3 156.25 6ut undop-
MAaIMOHHBIMH SIBJISIOTCS TOIBKO 114 Our.

PaccmarpuBas otaenbHyro coty ¢ ogHoil bC u mHoxkectBoM MC kak cucremy
MacCOBOTO OOCIY)KMBaHUS, ONPEACIUM HEOOXOIMMOE YUCIIO padounx KaHAJIOB B
BbC npu 3aaHHON BEpOSTHOCTH NOTEPU BBI30BA M3-3a UX 3aHATOCTU. [locie 3toro
MO3KHO OyZIeT ONpeAeTuTh HE0OX0AMMOE YHCIIO YaCTOTHBIX KaHaoB B bBC.

Br16op ymcna pabouux 4acTOT B Ka)XIOW COTE, a TakkKe uyucia padodux u
YIOPABJISIIONIUX KaHAJIOB MPOU3BOJUTCS B 3aBUCUMOCTH OT Harpy3KH, CO3/1aBaeMoi
aboHeHTaMu JdaHHOU coThl. @upma Motorola npennaraer s onpeaeaeHus: Yucem
KaHaJIOB pacCUUTHIBATh 001IyI0 Harpy3Ky Ha bC B mpeamnosaokeHuu, 4To Harpyska
oT oAHOro aboHeHTa (yAesbHas Harpys3ka) coctaisieT y = 0.025 Opn (D10 coor-
BETCTBYET TUIUYHOMY IIOTOKY BBI30BOB C MHTEHCHUBHOCTBIO A = 1 BbI3/4ac mpu
CpeaHel MPoI0HKUTENHLHOCTH pazroBopa — t =90 c).

Tabm. 16.1 comepxut cBeAcHUS, HEOOXOMUMBIE IS ONPEACIICHUS Yncia Ka-
HaJIOB, a CIEJ0BaTeNbHO, U YKciia yacToT Ha bC, B 3aBuCMMOCTH OT yucia abOHEeH-
TOB (HAarpy3Kku), oOCIy>KMBaeMbIX 3Toi craniueil. B cranmapre GSM B kaxmom
YaCTOTHOM KaHaJle UMEETCS 8 BPEMEHHBIX OKOH, M3 KOTOPBIX HEOOJbIIAs 4acTh
BbIIensieTcs moa kaHansl ynpasierus (CCH), a ocHoBHast yacTh - moj paboumne
kaHanbs! (TCH). Hanmpumep, npu 4-X 9acTOTHBIX KaHaMax U3 32-X BpEMEHHBIX OKOH
30 oTBeneHbl MO paboure KaHaJbl, a JIBa OCTaBIIMXCS OKHA HCIOJIB3YIOTCS MOA
YIPABJISIONINE KaHATIBI.

Ta6numa 16.1. 3aBUCHMOCTh YKCeNl KaHAJIOB PA3JIMYHBIX TUIIOB OT HArpy3Ku

Yucno 4acTOTHBIX Yuciao pabounx Harpy3ka B DOpnanrax (V)
KaHaJIOB Kaunanos P..= 0.01 P.=0.02
1 7 2.5 2.94
2 14 7.4 8.20
3 22 13.7 14.9
4 30 20.3 21.9
5 38 27.3 29.2
6 45 334 35.6
7 53 40.6 43.1
8 61 47.9 50.6
9 69 55.2 58.2
10 77 62.6 65.8

O6mas tenedonnas Harpyska Ha bC B uac nanbomnbmeit Harpy3ku (UHH)
OTIpEeIETISETCS KaK:
V =Ny = Nit, (16.1)
rae N —uncno aboHeHToB, oociyxuaembix qanHo bBC B YHH, a y —
yaenbHas Harpy3ka oT ogHort MC. BennunHa 00CTyKuBaeMoi Harpy3Ku 3aBUCHUT
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KaK OT YKcjia KaHAJIOB, TaK U OT TpeOyeMoro kauecTBa o0CITyKUBAHUS, KOTOPOE B
JTAaHHOM CJTy4ae 3a/1aéTcsi B BUC JOIMYCTUMON BEPOSITHOCTH MOTEPH (BEPOATHOCTH
OTKa3a B PEJOCTABICHUH KaHama - Po).

Jlst pacuéTa 4nciia 9YaCTOTHBIX KaHAJIOB IPU M3BECTHOM YHUCIIe a0OHEHTOB
HeoOxoaumo 1o Gopmysie (16.1) HaliTu Harpy3ky B Dpianrax u mo tadir. 16.1 mo-
J100paTh COOTBETCTBYIOILYIO CTPOKY JIJIsl TPEOYEMOro KauecTBa 00CITyKUBAHUSI.

Hanpumep, npu uucie abonentoB N = 300 mo (16.1) momyuum Y = 7.5 DOpa.
Torna, mpu TpedyeMom KauecTBe oocmykuBanus — He 6omee 1% moteps (Pon=
0.01), npunércs BbIACIUTH 3 4acTOTHBIX KaHana (22 kanana TCH), Tak kak 2 4da-
CTOTHBIX KaHaJa MPH 3TUX TPEOOBAaHUAX CMOTYT OOCITYKHTh TOJIBKO 7.4 Dpi
Harpy3ku. Eciu ske cMAT9uTh TpeOOBaHUS 110 TOMYCTUMBIM ITOTEPSIM, HAIIPUMED,
YBEIUYUTD JOMyCTUMBIE TTOTEpH 10 Por= 0.02, TO MOKHO OOONUTHCH 2-51 4aCTOT-
HbIMU KaHanamu (14 kananoB TCH).

Pacuét nporyckHOM CHOCOOHOCTH COTOBBIX CUCTEM JUisl cTaHapToB 3G u
4G, KOTOpBIE MTpeAHA3HAYEHBI B OOJIbIIIEH CTENEHU I Mepeadyn JaHHBIX B Ia-
KETHOM PEKHME, TOJDKEH YUUTHIBATD HEBIA PSAJ] TAKAX YACTO PATAOTEXHUUSCKUX
aCIIEKTOB KaK PacTPOCTPAHCHHE CUTHAJIOB B CIIOKHOM penbede, CreuduKy Tex-
Hosioruii QAM, OFDMA 1 MIMO. 3Ti 0cOO€HHOCTH BBIBOJIAT JAaHHYIO 3a7a4y U3
o0JacTH 3a7a4, perraeMbIx Teopuei TeneTpaduka, SBISIOMENHCs, IO CYIIECTBY,
pacnpocTpaHEHHEM TEOPUH MACCOBOTO OOCTY)KHBAHMS HAa TEIEKOMMYHHUKAITMOH-
HBIC CHCTEMBI.

17. UccoienoBanue TeJIEKOMMYHHKANTUOHHBIX CUCTEM U

ceren METOJA0OM MMUTAINUOHHOI'O MOACJINPOBAHUA

PaccmoTpeHHbIE BBILIE AHAIMTUYECKAE METOIBI UCCIIENOBAHUS TEIIEKOMMYHU-
KALIMOHHBIX CETEW U UX 3JIEMEHTOB OYEHb yI00HBI, JOCTYIHBI, HE TPEOYIOT 00Ib-
X (PUHAHCOBBIX U BPEMEHHBIX 3aTpaT, HO 00JaJat0T OJTHUM OYE€Hb CYIECTBEH-
HBIM HEIOCTAaTKOM, 3a4acTyI0 JeJIaloIUM UX Oecrnosie3HbpiMu. [Ipuunna ux Henpu-
TOJHOCTH JIJI1 MHOTHX PEAJIBHBIX 33/1a4 KPOETCs B TOM, YTO NOJIyYEHNE aHAIUTH-
YECKHUX PELICHUI CBA3aHO C MIPUHATHUEM LIEJIOTO Psia TONYIIECHUHN U MIPEKIE BCETO
MIPEATNIOJIOAKEHNE O TyaCCOHOBCKOM XapPAaKTEPE BXOIHOIO MOTOKA U IKCIIOHEHIU-
aJIbHOM paclpelelIeHU! JUINTEIbHOCTH 00CITYy)KUBAaHUSI, a TAKXKE OTCYTCTBUEM
KOPPEJSILUNA MEXKIY MPOLECCaMH B PA3JIMYHBIX y3J1aX M KaHaIax. OTO NO3BOJISIET
paccMaTpuBaTh aHAM3UPYEMYIO CUCTEMY Kak cucTeMy 0e3 MmociaeAecTBYs, YTo
3HAYUTENIbHO YIPOIIAeT MaTeMaTHUeCKHUe BhIKIaAKH. OCOOCHHO TPYIHBI JIJIs aHa-
JUTUYECKUX PEIICHUI BOIPOCHI, CBA3aHHBIE C aHAIN30M, a TeM 00Jiee C CHHTE30M
KOH(HUTypanuu ceTu.

B cBsI3u ¢ 3TUM BeCbMa aKTyaJIbHBIMM CTAHOBATCS 324U UCCIIEAOBAHUS TE-
JEKOMMYHUKAIIMOHHBIX CUCTEM U CETEN METOAOM UMUTALIMOHHOTO MOJAEINPOBA-
HUsL. DTOT METOJI MPEyCMATPUBAET CO3JaHNE KOMIIBIOTEPHOU IMPOrPAMMBI, HMU-
THUPYIOLLIEH MOCIEN0BATEIBHO BO BPEMEHH BCE MPOLECCHI, TPOUCXOAIINE B UC-
cinexyemon cetd. [Ipu 3TOM HyKHO UMETH B BUJY, UTO K MOHSTHIO “‘BCE MPOLIECCHI”
HYKHO MOJIXOJUTH € 0O0JIBIION ocTOpoxkHOCThIO. Hanpumep, Mmonenupys cetb ¢
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KOMMYTAIMEN MMaKETOB, MOXKHO B KAUECTBE MOAEIUPYEMBIX AJIEMEHTOB paccMar-
PHUBATh TOJIBKO Y3JIbI (MapIIPYTU3aTOPBI, KOMMYTATOPbI) U KaHabl. [Ipu aTOM
MMUTALMU OJIEXKAT BpEMEHA 3aJIEP>KEK MAKETOB B y3JaX U KaHaJIaX B COOTBET-
CTBUU C TEM WJIH UHBIM PACIPEIEICHUEM JUIMTEIbHOCTEN 3TUX 3aJEPIKEK.

OnHako, IpH KeJlaHUU TOJIYYUTh 00Jiee TOUHBIE PE3yIbTaThl, MOYKHO KasKIIbIH
y3€J1 pacCMaTpyBaTh Kak COBOKYITHOCTh HECKOJIBKUX MOPTOB (KOHTPOJIEPOB),
IIEHTPAITBHOTO0 MUKPOITIPOIIeCcOpa, OOIeH muHbI, mamMsaTH (Oydhepsl 0KUIaHNs) U
np. XKenas moryduTsh e 0oJjiee TOUHbIE PE3YJIbTAThl, MOKHO KaXAblid KOHTPOJI-
Jep MPEeICTaBIsTh COBOKYITHOCTHIO MUKPOIIPOIIECCOPa, TaMSITH, UHTEP(EcoB U
Ip., a paboTy KakI0r0 MUKPOIIPOIIECCOPa, B TOM YUCIIE U LIEHTPAIbHOTO, UMHUTH-
poBaTh paboToii ycTporicTBa ynpasieHus, AJIY u mpoleccopHon MmaMsTH.

[Tpu 607BIIOM KETaHUH MOKHO UMHUTHPOBATH pabOTy ONEpallMOHHON cucTe-
MBI M pacCIIpOCTPAaHEHUE MIEKTPOMAarHUTHOM BOJIHBI IO JUHUM CcBs3U. Ho! Uem
0oJbllIe MBI OyJ1€M POHUKATh BIIIyOb MPOUCXOISIINUX MPOLIECCOB, IETATU3UPO-
BaTh UX U UMUTHUPOBATH 3TH IIPOLIECCHI C MIOMOLIBI0 MOACIUPYIOLIEH IPOrPaMMBl,
TeM 0oJiee TPOMO3IKUMH OyAyT 3TH MPOTPaMMBbI, TEM OOJIbIIIE JHEH, MECSLIEB, a
MOKET OBITh U JIET TPyAa BRICOKOKBaIU(ULIUPOBAHHBIX TPOrPAMMHUCTOB OyAET
MOTPAaYEHO HA CO3/IaHNE TaKOW MPOrpaMMBlI.

Hpyrum ¢hakTopoM, OrpaHUYUBAIOIINM KEJIAHUE UCCIEI0BATENS YPE3MEPHO
yIrayOnsThes B 1eTanu GyHKIHOHUPOBAHUS MOJIETUPYEMOM CUCTEMBI, SBIISIETCS
MPOJOJKUTEIBHOCTD MPOTOHA, KOTOpast Juisl Habopa TOCTaTOYHON CTATUCTHKU TO-
K€ MOXKET MPOJIOJKATHCS THU U MecALbl. J[00aBUM K 3TOMY, YTO HMUTALIMIOHHOE
MOJIEJTMPOBAHUE HE MO3BOJISIET IO HAOOPY MCXOJHBIX TaHHBIX (PacHOIOKEHNE
aOOHEHTOB, TATOTEHUE MEXKIYy HUMU JJIsl pa3InYHbIX BUIOB Tpaduka, TpeOOBaHUS
10 HaJEKHOCTH U MHOTO€ JIPYroe) CHHTE3UpOBaTh HykHbIe ceTH. Kak npasuio,
IpoIEAypa CHHTE3a CETH 3aMEHICTCS aHaIu30M OoubiIoro koauuectna (20 — 40)
pa3IUYHBIX BAPUAHTOB IPOEKTUPYEMOM CETH, IPEIOCTABISEMBIX IPYIIIION 3KCIIEp-
TOB, U BHIOOPOM HAWJIy4YLIETro BapHaHTa Mo pe3yJbTaTaM aHajau3a.

B kadecTBe npumepa, B IPUIOKEHUHU NPEICTABIEHBI IB€ UMUTALIMOHHBIE MO-
nenu, ucronbzyeMble B MTYCH CK® npu nzyyeHnn Takux AUCHUIuiMH Kak «Ce-
THU CBSI3W» U « MyJIbTHCEPBHUCHBIE CETU CBA3N:

- UccnenoBanue mpoIyCcKHON CIOCOOHOCTH CETU ¢ KOMMYTAIMel aKeTOB;
- MonenupoBaHue MyJIbTUCEPBUCHON CETU CBSI3HU.
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[Tpunoxenue

JlaGoparopuasi padora Ne 1. ViccnegosaHue
NPOMYCKHOM CNOCOOHOCTM CETU C KOMMYTaLMWEN MNaKeToB

1. Henp pabGoOThl. M3yunTh NPUHIMILI OPraHU3alUKd WHPOPMALMOHHOTO
oOMeHa B CETH C KOMMYTallMeil TMaKeTOB C JEUTarpaMMHBIM PEKHMOM.
HcenmenoBarh 3aBUCMMOCTh KaYECTBEHHBIX MOKA3aTENEN CETH OT CTPYKTYPBI CETH
Y KaHAJIbHOM €MKOCTH.

2. Kpatkue cBeeHust 00 00bEKT€ MOJICTUPOBAHUS

2.1. O6mue npunumel nocrpoenus cetu KII.

Cetrp ¢ xommyTtanueit naketo (CKII) mpencraBnsier co0oil COBOKYIMHOCTb
nentpoB kommytanuu mnaketoB (LIKII) m xananoB mepenaum nannbix (KII) ux
COEIMHSAIOIINX.

Kommyranus mnakeroB (KII) mnpexgycmarpuBaer pa3OuBKY JUTUHHBIX
COOOIICHUII HAa OTAENbHbIE MOPLUUMU - MaKEThl, CHAOXKEHUE KaXJOro IMaKeTa
aJpecoM ToJiydarenass M JPYrMMH HEOOXOAMMBIMU JUIsl TEepedadyd IO CETH
aTpuOyTamMu U MOCIEA0BaTeNbHYIO NIepenavy naketoB ot ogHoro LIKII k apyromy
no LIKII nonyuarens. [Ipu 3TOM ceTh B COOTBETCTBUU C MPOTOKOJAMHU CETEBOTO
ypoBHsL (3-mit ypoBeHb OMBOC) BBINONHAET NPOIEAYPHl MapIIPyTHU3AIHH,
3alMThl OT OIMOOK, opranu3auuu ouepeaent (0ydepuzanus B LKII), ynpasnenus
NIOTOKaMH U JIp.

Pa30OuBka cooOIIEHNI HA MaKeThl BBIMOJHIETCS Ha YPOBHE TPAHCIIOPTHOTO
kaHana (4-w1ii ypoBenb OMBOC), KOTOpbIN BMECTE C IPYrUMHU (HUKEICKAITUMH )
YPOBHSIMU peayiu3yeTcsi B aOOHEHTCKOM KOMIUIEKTE, HampuMep, ¢ MOMOUIbIO
cOopIIrKOB/pa30oopiIMKoB makeToB (packet assembler/disassembler - PAD).

JIst KakZIoro makera B COOTBETCTBHM C €r0 aJPECHBIMHM IPU3HAKAMU MBI
oynem paznuuath [[KII-ornpaButens u LIKII-nmonyyarens. [lepBolit oOecnieunBaeT
aboHeHTy-oTnpaButento Touky Bxojga B CKII, a Bropoll - TOUKy BbIXOAA K
a0OHEHTY-TOJTy4aTellto.

JlnvHa moJjs AaHHBIX B PA3JIMYHBIX MPOTOKOJAX CTPOrO HE OrOBapUBAETCH.
Hanpumep, B ceTsix X.25 pekoOMeHAyeTCd MaKCUMaJbHas IJIMHA - 128 OKTETOB, HO
JOITyCKAroTCs 3HaueHust oT 16 10 1024 oKTeTOB (JUCKPETHO - B 3HAYCHHAX 2" ).

JleitarpaMMHBIM PEXUM IEpeJayd IaKeTOB, PaCCMAaTPUBAEMbIA B JaHHOU
paboTe, B OTIMYMU OT PEXUMa BUPTYaIbHBIX KaHAJIOB, MPEAINOJaraeT BbIIavy
NAKeTOB B CETh 0€3 MpeaBApUTEIBLHOTO YCTaHOBJIEHHUsS coequHeHus. Ilpu stom
MAaKEThl MEPENATCA HE3aBUCUMO JApPYr OT apyra, MoryT goBoautbes no LIKII
noJiy4aresis 1o pa3au4yHbIM MapuipyTam H, B 00IIEeM ciiyyae, MOTYT MOCTYIAaTh K
a0oHEeHTY (Ha 4-bIil YpOBEHB) HEYNOPSAIOYCHHO, a TAKXKE C TIOTEPSAMU WU TyOJIIMU
MTaKETOB.

Opna w3 rnaBubix 3amad [IKII - mapmipytusamusi makeToB, T.€. BBIOOP
HanpasJjeHus nepenayu. [Ipu neneHTpain30BaHHOM AITOPUTME MapLIPyTU3ALUN
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kaxapli LIKII pemaer 3Ty 3amady camMOCTOATENBHO IO 3apaHeEe OINpPEACIICHHBIM
MapupytaMm (cratuyeckas HpoLeAypa) WM HAa OCHOBAHMM TEKYIIEW CETeBOM
uHbOpMaIlMU O 3arpy3Ke M HCIPABHOCTH CETU U €€ DJIIEMEHTOB (IUHAMHUYECKas
npoieaypa).

B mobom cayyae kaxaeidi LIKII comepxut Tabmuily MapuipyTH3aIUH
(CTaTUYECKYI0 WIM JMHAMUYECKH OOHOBIIIEMYIO), B KOTOPOM KaXJaoMy aJpecy
noJtyqaresis (WIn aJipecy CEeTH, B KOTOPOM HaXOAUTCS MOIy4aTellb) COOTBETCTBYET
onHO n3 ucxomamux u3 panHoro LIKII Hampasienuit nepenaun nanHsix. Yacto B
TabNIMIIaX MapIIPyTU3alUK YKa3bIBalOT HE OJHO, a JIBa WJIM TPU HAIpPaBIICHUS
BBIJIA4H, YIIOPSIOYEHHBIE B IOPSAJIKE PEANOYTUTEILHOCTH.

Hpyras BaxHas 3amada LIKII - opranmsanus npuema, XpaHEHUs W BbLAAYU
IIAKETOB B KaHaJbl CBA3U. IIpy 3TOM 04epeHOCTh BBIIAYM MOXKET OTIMYATHCS OT
npunuuna FIFO (nepBeiM npuiuén - nepBbiM 00CIyEH) U yUYUTHIBaTh Pa3InyHbIC
OpU3HAKU MakeTa (BUJ COOOIIEHMs, KaTeropus CpoyHocTd M 1p.). B ciyuae
3aHATOCTH HauOoJiee MPUOPUTETHOIO HAIPABIICHUS, MTAKET MOXET ObITh BbIIAH B
ClIelyIolee MO ONTUMAJIBHOCTU HallpaBiI€HUE, a NpPH €ro OTCYTCTBHM MaKeT
yCTaHaBJIMBaeTcd B oyepenb (Xxpanurca B Oydepe oxunanus). Ecnu maker
noctynaer B LKII B MomeHT, Korja 3aHATBl BCE€ KaHabl B TpPeOyeMbIX
HaIpaBJICHUSX U 3aMojiHeH Oydep oXKuaaHus, TO OH TepseTcs (B COOTBETCTBUU C
peanr30BaHHBIM POTOKOJIOM).

Ouepenu nakeroB B LIKII HeratTMBHO BIMSIIOT HA TJIABHBIN MTOKA3aTENb CETH -
BpeMs JOBEACHUS (3a4€pKKH) makeToB. OJIHAKO 04Yeper 3HAYUTEIBHO MOBBIIIAIOT
KOA((UIUEHT UCIIOJIb30BAHNS KAHAJIOB U MO3BOJISIIOT COKPATUTh MOTEPU MAKETOB
B CETHU.

2.2 .UccnenyeMble 3aBUCUMOCTH.

K umcny rnaBHbIX mokazarenedi kadectBa (QyHkiumonupoBanus CKII
OTHOCSATCS:

- Bpems noBeaeHus nakeros ot LIKII-ornpasurens no LKII-monyyarens;

- BEPOATHOCTh IMOTEPHU IMAKETOB B Mpoliecce Mepenayu (YHUUTOKEHUE WU
HCKa)KCHUE).

XapakTepHOil 0COOCHHOCTBIO TpeOOBaHUN K BPEMEHHU JTOBEICHMUS SIBIISICTCS
TO, YTO CPEOHUE 3HAYECHUS O3TOTO BPEMEHH, KOTOPHIE, KAK MPABUJIO, JIETKO
ONPEAEISAIOTCS AHAUIUTUYECKUMH METOJAMHU, HE HMHTEPECYIOT 3aKa3uhKa CETH.
bonee BaXHBIM SIBISETCS TOKa3aTeldb BEPOSITHOCTH TMPEBBIIICHUS BPEMEHU
JIOBEAICHUS OMPENEIEHHOTO Mopora, 3ajaaBaeMoro s kaxmou napel LIKII, mu6o
Ui cetTd B 1eioM. Takum oOpa3om, Tiepea aHaJUTUKaMH CTOWT 3ajada B
onpenenenun pacnpenenenus P(T) - BepodarHocTelt noBeneHus nakera 3a spems T.

[IpakTtuecku TpeOoBaHWE 3aKa3uMKa MOXKET 3a7aBaThCA KakK JIOMyCTHMas
JI0JIS1 TIAKETOB, JOBOJMMBIX 3a cBepxaomyctumoe Bpemst P (T>T,n) < R.
Hanpumep: Pns(T>1c) < 0.01, T.e. He mMeHee 99% Bcex mepeaaHHBIX IMAKETOB
JIOJDKHO OBITH JOBECHO 3a BpeMsl, He MpeBbIIaroniee 1c.

Bpems noBeneHus NaKeTOB 3aBUCUT OT TAKKX MAPAMETPOB CETH, KAK:

- UHTEHCUBHOCTH U PaCTpeIeICHHE BXOIHBIX TOTOKOB,
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- KOH(UTypaIus CeTH,

- 4KCJla KaHAJIOB B BETBSIX M KaHAJIbHBIE CKOPOCTU MEPEAAUYu JAHHBIX,

- npou3BoauTenbHOCTH LIKIT 1 mmurensHOCTh 00padoTku makeToB B LIKII,

- aITOPUTMBI MapIIPYTU3AINH, YIIPABICHUS TOTOKAMH, 3aIUThI HH()OpMAaIuu
v Jp.

Bxonubie notoku B CKII MoryT ObITh 3a/1aHbl B BUJI€ MaTPUIbl MHTEHCUBHO-

cTeH BXOAHBIX IIOTOKOB A, QJICMCHTDBI KOTOpOﬁ ﬂul] OoIIpCACIIAIOT HHTCHCUBHOCTD

noroka ot abonenToB LIKII-i, anpecoBannoro abonenram LKII-j.
BeposiITHOCTB TOTO, YTO OTIPABUTEIEM CITy4aifHO BEIOPAHHOTO MMaKeTa
spisiercst LIKII-1, MOXXKHO ompeienuTh U3 MaTpuIbl A Kak:

VI V4~ (1)

rae A; - cymmapHbiii motok, ucxomaumii u3 LIKII-otnpasutens i, Ay -
CyMMAapHBI NTOTOK, ucxoasmui u3 Becex LIKII-otnpasurteneit. OueBuaHO, 4TO

A
BeposiTHOCTH TOTO, 4TO MOJy4YaTeeM CIy4yallHO BBHIOPAHHOTO IMaKeTa, UCXO-
nsero u3 LKII-1 sensiercsa LIKTI-j, onpenensercs kak:

B]_:/fb//fi | ;Pij:]. ?)

Kpome 3HaueHMII WHTEHCUBHOCTH, BXOJHBIE IIOTOKM XapaKTEPU3YHOTCS
pacnpeneieHueM  HMHTEpBAJIOB  MEXKJIy  BbI30BaMM  (MOXKET  3a7aBaThbCs
WHIUBUIYAIBHO JJI1 KaXJIOr0 MOTOKA, HO, KaK MPaBUJIO, 3a/1a€TCS OAMHAKOBBIM
JUTsl Beerd ceTH). To e caMoe MOKHO CKaszaTh M O JJIMHE MepeaBaeMbIX TAKETOB -
JUTSL YIPOILLUEHHUS aHalM3a NPUHUMAETCS, YTO CPEAHUE 3HAUEHUS! U pacipeiesieHus
JUTMH MTAKETOB OJIMHAKOBBI JJIs JIFOOBIX Map aOOHEHTOB.

Kondurypanuss cetu u KaHajdbHas €MKOCTh CETH 3aJal0TCsi MaTpulen

KAHAJIOB V, DJIEMEHTHI KOTOPOM Vij ONpPENEIIOT 4MCJIa KAaHAJIOB, UCXOIALINX U3
LIKTI-1 u Bxomsmux B LIKII-j.
HeobxoaumMo OTMETUTH, UYTO pealbHbIE CETH C KOMMYTallMeld IMaKeToB

CO3JIA0TCs, KaK IPaBWIO, U3 OJHOKAHAJIBHBIX BETBEM Pa3JIMYHOM MPOITYCKHOM
CIIOCOOHOCTH.

3. Bonpochl j1d JOMAIITHEW TTOJATOTOBKHU

3.1. UTto Takoe METOJ KOMMYTAalMU MTAKETOB?

3.2. Kakue cymiecTBylOT peKUMbl KOMMYTAIlMA MAKETOB U B YeM HMX pa3iiu-
yue?

3.3. Uto saBisieTca UCTOUYHUKOM ItakeToB mia CKII?

3.4. UeM pernaMeHTUpyeETCA IJIMHA TTakeTa?

3.5. Ins dero co3narotcst TaOIUIBI MApIIPYTU3aLUK U Kakas “HGOpMalus B
HUX COJACPIKUTCS?
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3.6. Kak opranusyercsa Bblmada naketoB u3 LIKII B xkananwl nepemauu naH-
HBIX?

3.7. Ha kakue nokazarenu cetu KII Biusitor ouepeau k kananam [1/]?

3.8. Kakue ocHoBHBIe moka3zaTenu kaudectBa (pyHkunonupoBanus CKII BbI
3Haere?

3.9. Kak 3agatorcst Tpe6OBaHUS KO BPEMEHH JTOBEICHUS TAKETOB?

3.10. Ot kakux mapaMeTpoB U Kak (KaYECTBEHHO) 3aBUCUT BpeMs JOBEICHUS
MaKeToB?

3.11. Kak 3a/1at0TCsi ”HTEHCUBHOCTH BXOJIHBIX ITOTOKOB MTAKETOB?

3.12. Yo 03HA4arOT U YeMy paBHBI BepostHocTH Pi u Pij?

3.13. KakuMu napamMeTpamu XapaKTepU3YyIOTCs JJIMHBI TAKETOB?

3.14. Kak 3agarorcs KaHaJIbHBIE EMKOCTH B BETBIX CETU?

4.0mmcagne NMATAITMOHHON MOJEIN

4.1. Peann3anuisi OCHOBHBIX 3JIEMEHTOB MOJIEIIH.

B npencraBieHHOM B IMyHKTE 4.2 JTUCTUHIE MOJECIUPYIOMIEH NPOrpaMMBbl 3a
€AMHUILY MOJEIBHOIO BPEMEHH (€.M.B.) IPUHAT UHTEpBas B 10 MKC. DTO O3HAUaeT,
YTO BpeMsl Tepefayu Makera aauHou, Hampumep, L = 500 OailT mo kaHamy co
ckopocThio C =2 MOuUT/C COCTaBUT:

T = 8L/C = 8*500/2*10° = 2000 mkc = 200 €.Mm.B.

Boe16op LIKII-oTnpaBuTeNs BBIOIHSIETCS B COOTBETCTBUU C PACHpPe/IEICHUEM
BepositHocTe (1), mpeacrtaBieHHsiM B ¢pyHkuuu ¢ metkoit OTP. A BeiGop LIKII-
nony4darens g gaHaoro LIKII-otnpaButens - B COOTBETCTBUU C PSAOM pacmpe-
JIeJICHUN BEpOsITHOCTEH (2), MpeACTaBICHHBIX B (DYHKIUSAX C YUCIOBHIMH METKaMU
Al, A2, A3, ..., rne nocneanue uudpst ( 1,2,3...) - Homepa LIKII-oTnpaBuTenei.

B nannoit Momenu koHbUTypalus CeTH B SBHOM (rpaduyeckoM) BHUJE HE
3a/1aeTcs, HO MPUCYTCTBYET B IUIaHE pacnpeneneHue nadopmaruu. B Gynkmmsx c
yuciaoBeiMu MeTKamu All, A12, Al13 ... kaxaomy y3i1y NOJy4aTelal0 CTaBUTCS B
COOTBETCTBUM OJHA W3 BeTBel, mcxomsmmux u3 LKII 1,2,3... . Peanu3zoBana
CTaTUYECKas Mpoleaypa MaplIpyTH3alUKU C OJTHUM IyTEM K afpecaTy U3 Ka)Jaoro
y3I1a.

Uucna kaHallOB B BETBSAX YyCTaHABIMBAIOTCS, Kak o00buHO B GPSS,
oneparopoM STORAGE, B kotopom uaentudpukarop B12 cooTBETCTBYET BETBH,
ucxomsamen u3 LIKII-1 n Bxogsmen B LIKII-2. B ncxogHom BapuaHTe BCE BETBU -
OJTHOKaHaJbHBIE.

KananpHbIE CKOPOCTH 3a7a10TCS B BUAE YUCIIA €AUHUL MOJEIBHOTO BPEMEHH,
HEOOXOAMMOro JUisl TMepeAadyd NakeTa CpelHed IMHbI (B paccMaTpUBAEMOM
BapuaHTe 3Ta ajiuHa paBHa 500 Oaiitam). Pacnipenenenvue BpeMeHU Tepeaadyu 1o
KaHaJlaM B BETBSIX MpeJcTaBiieHo GpyHkimen ¢ metkoi TPRD.

JIns makeToB, OKMIAIONIMX Hayaja MepeJayd B KaHajbl CBSI3U, B LIEHTPAX
KOMMYTAITUU BBIJIEIICHBI OTACIbHBIC Oyhephbl OXUAAHUS JUIST KOKIO0N HUCXOSIIEH
BeTBH. Pacmpesnenenne yucen MeCT OXKHUIAHUS O BETBAM 3aMaéTcs (QYHKIHEH ¢
MeTkoit DQ.
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B HCXOJHOM BapHaHTC BCC MCIKY3JIOBBIC IMOTOKHU ﬂulj PaBHbI MCXKIY COOOM.

[Ipu cocraBieHUH TAOIMIl MAPUIPYTU3ALMKU BBIOMPAIUCH KpaTyallIue MO YUCITY
BETBEU IIyTH, & [IPU HAJIMYUHU HECKOJIBKMX PABHOLICHHBIX IIYTEH B IEPBYIO OYEpEb
(1711 HEKOTOpOM OMpEeNeIEHHOCTH) BBIOMpAIUCh HAKJIOHHBIE (Ha rpade) BETBH,
3aTE€M BEPTUKAJIbHBIE U B ITOCIEAHIO0 OYEPED - TOPU30HTAJIbHBIE BETBU.

B pe3ynprare 3xcnepuMeHTa B CTAHIAPTHOM OTYETE BBIIAKOTCS:

- pacrpeneaeHue BpEMEHU JI0BEICHU TAKETOB 110 BCEM MapIIPyTaMm,

- pacrmpeneiaeHue BPEMEHU JOBEICHUS MAKETOB IO OJHOMY U3 MapIIPYTOB,
yKa3aHHOMY B orieparope ¢ metkoit MRSHR,

- YHclia 3asBOK 3a MPOTOH Ha BbIJIauyy MAKeTOB MO BETBSIM (MaTpula
OBVETV) u no mapupyram (Marpuna OBMARSH).

- 4Yyclia OTKa30B (JIMKBHJALMS TMAaKeTa) M3-3a 3aHATOCTH KaHAJIOB U MECT
oxxkujanus ¢ ykazanueMm Homepa BetBu (Matpuinia OTVETV) u Homepa mapuipyrta
(matpunia OTMARSH),

- BEpPOSTHOCTH OTKa30B 1o BeTBsiM (matpunia VVETV) u mo mapmpyram
(matpuiia VMARSH).

Pacnipenenenus BpeMeHM NPEJCTABISAIOTCS B TaOIUYHOM M rpaduyecKoin
dbopwme.

4.2. JINCTHHT MOAEIUPYIOLIEH TPOrPAMMBI

, MOJCJIb CETU KOMMYTAaIlUU IMMaKETOB

; 1 equHMIIa MOJENBHOTO BpeMEHHU paBHa 10 Mkc

vhdpot equ 5000 ;MHTEHCHBHOCTH BXOJHOTO ITOTOKA (YMCIIO TTAKETOB B CEK)

tpred equ 4000 ;momycTHMOE BpeMsl TOBEICHHUS MTAaKETOB B CETH

dqg function p$vetv,d24 ;pacmpemencHue yUCIa MECT OKUIAHKS B BETBIX CETH

12,10/21,10/23,10/32,10/34,10/43,10/14,10/41,10/
56,10/65,10/67,10/76,10/78,10/87,10/58,10/85,10/
15,10/51,10/26,10/62,10/37,10/73,10/48,10/84,10

tprd function pSvetv,d24 ;mpormyckHbIE CHOCOOHOCTH KaHAJOB B BETBSAX CETH

12,200/21,200/23,200/32,200/34,200/43,200/14,200/

41,200/56,200/65,200/67,200/76,200/78,200/87,200/
58,200/85,200/15,200/51,200/26,200/62,200/37,200/

73,200/48,200/84,200

aal equ 1 ;HOMepa y3JI0B

aa2 equ 2

aa3 equ 3

aad equ 4

aad equ 5

aab equ 6

aa’ equ 7

aa8 equ 8

aall equ 11 HOMepa TaOJIHI] MapuIpyTH3AIIH

aal2 equ 12
aal3 equ 13
aal4d equ 14
aal5 equ 15
aalé equ 16
aal7 equ 17
aal8 equ 18
bl2 equ 12 ;HOMepa BeTBel
b21 equ 21
b23  equ 23



b32
b34
b43
b14
b4l
b56
b65
b67
b76
b78
h87
b58
b85
b15
b51
b26
b62
h37
b73
b48
b84
b12
b21
b23
h32
h34
b43
b14
b4l
b56
b65
b67
b76
b78
b87
b58
b85
b15
b51
b26
b62
h37
b73
b48
h84
mrez

obmarsh matrix
otmarsh matrix
vmarsh matrix
obvetv matrix

equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
equ
storage
storage
storage
storage
storage
storage
storage
storage
storage
storage
storage
storage
storage
storage
storage
storage
storage
storage
storage
storage
storage
storage
storage
storage
matrix

otvetv matrix
vvetv  matrix

tdov
tmar
otp

table
table

function

OB NJNwWoONUUIRPRPOUUIOONNOOOOOPRREPE DWW
P RROWNNOPRPOGIOCITOONOOONOOIOR,DWEADN

PR RPRRRPRPRPRRPRPRPRRPRPRPRERRPRPRERRERRPRRERRER

5,1

8,8
8,8
8,8

8,8

8,8
8,8

73

;HOMEpa BeTBei

;HOMEpa BeTBei

JaHciIa
KaHaJI0B
iB BETBSIX

CETH

m1,0,200,40
m1,0,200,40

rnl,d8

.125,1/.25,2/.375,3/.5,4/.625,5/.75,6/.875,7/1,8
rnl,d7 ;TIOTyJaTenu

aal

function
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.143,2/.286,3/.429,4/.572,5/.715,6/.858,7/1,8

aa2 function rnl,d7
.143,1/.286,3/.429,4/.572,5/.715,6/.858,7/1,8

aa3  function rnl,d7
.143,1/.286,2/.429,4/.572,5/.715,6/.858,7/1,8

aad function rnl1,d7
.143,1/.286,2/.429,3/.572,5/.715,6/.858,7/1,8

aab  function rnl,d7
.143,1/.286,2/.429,3/.572,4/.715,6/.858,7/1,8

aab function rnl1,d7
.143,1/.286,2/.429,3/.572,4/.715,5/.858,7/1,8

aa’ function rnl,d7
.143,1/.286,2/.429,3/.572,4/.715,5/.858,6/1,8

aas8 function rnl1,d7
.143,1/.286,2/.429,3/.572,4/.715,5/.858,6/1,7

aall function p$pol,d7 ;Ta0JIMIa MapLIPy TH3AIUH
2,12/3,14/4,14/5,15/6,15/7,15/8,15

aal2  function p$pol,d7
1,21/3,23/4,23/5,26/6,26/7,26/8,26

aal3  function p$pol,d7
1,32/2,32/4,34/5,3716,37/7,37/8,37

aal4d function p$pol,d7
1,41/2,41/3,43/5,48/6,48/7,48/8,48

aal5 function p$pol,d7
1,51/2,51/3,51/4,51/6,56/7,58/8,58

aalé  function p$pol,d7
1,62/2,62/3,62/4,62/5,65/7,67/8,67

aal?  function p$pol,d7
1,73/2,73/3,73/4,73/5,76/6,76/8,78

aal8 function p$pol,d7
1,84/2,84/3,84/4,84/5,85/6,85/7,87

mrshr equ 17

raspr function rnl,c24
0,0/.1,.104/.2,.222/.3,.355/.4,.509/.5,.69/.6,.915/.7,1.2/.75,1.38/
.8,1.6/.84,1.85/.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/.999,7/1,8

per variable 100000/vhdpot

mr  variable p$otpr#10+p3$pol

pu variable p$pol+10

ku variable pS$otpr+10

i variable p$vetv/10

ji variable p$vetv@10+10

jli variable p$vetv@10

oger variable (ga$hl12+qga$hl4+ga$bl5+ga$h73+ga$h76+qash78)/6
isp variable  (sr$b12+sr$b14+sr$b15+sr$h73+sr$b76+sr$b78)/6000
vetv fvariable 1000#mx$otvetv(p$iii,p$jjj)/mx$obvetv(p$iii,p$jj)
marsh fvariable 1000#mx$otmarsh(p$otpr,p$pol)/mx$obmarsh(pSotpr,p$pol)
ver fvariable x$otkaz#1000/(n$fin+1)+0.5

ot fvariable x$otkaz/n$fin

zz  fvariable x$zader/n$fin

generate  v$per,fn$raspr
assign  otpr,fn$otp
assign  pol,fn*otpr
assign mar,vémr
assign  ku,v$ku

cicl assign vetv,fn*ku



aaa

otk

fin

assign
assign
msavevalue
test ge
gate snf
queue

75

iii, viii
jiivsiij

obvetv+,v$iii,v$jjj,1

g*vetv,fn$dg,im
p$vetv,otk
p$vetv

enter p$vetv

depart
advance

p$vetv
fn$tprd,fn$raspr

leave p$vetv

assign
teste

ku,v3jj
v$pu,p$ku,cicl

tabulate  tdov

teste

p$mar,mrshr,aaa

tabulate  tmar

test g

m1,tpred,fin

savevalue zader+,1
transfer ,fin

savevalue
msavevalue
msavevalue

savevalue
msavevalue
msavevalue
msavevalue
msavevalue
msavevalue
msavevalue
msavevalue
msavevalue

otkaz+,1
otmarsh+,p$otpr,p$pol,1
otvetv+,v$iii,v$jjj,1
verot,v$ver
vvetv,v$iii,v$jjj,vivetv
obmarsh+,pS$otpr,p$pol,1
vmarsh,p$otpr,p$pol,vémarsh
mrez,1,1,n$fin
mrez,2,1,v$ot
mrez,3,1,v$zz
mrez,4,1,v$isp
mrez,5,1,v$oger

terminate 1

5. JIabopaTopHoOe 3a1aHHe

5.1. Wzyuutrs wmonens CKII, cnocoOsl
CUMTBIBAHUS PE3YJIBTATOB DKCIIEPUMEHTA.

5.2. 3mepuTh BBIXOJHBIE MapamMeTpbl IS 3aJaHHBIX B pabOTe HMCXOAHBIX
naHHbIX U koHpurypauuu CKII (ogHOponHas CTpyKTypa THUNA ‘‘CIUTIOIIEHHBIN
Ky0” - puc.Il.1).

B pesynmpTupyromenn marpunie MREZ ocHOBHbIE pe3ynbTaThl IPOrOHA
(bUKCUPYIOTCA B CIEAYIONIEH MOCIE0BATEIbHOCTH:

@\® g\z

@
9, —0

BBOJa MHCXOAHBIX OAaHHBIX U

Puc. I1.1. Cxema mozenupyemotii cetn
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-V — 1-4 cTpoka MaTpHIlbl - YUCIO0 00pabOTaHHBIX MAKETOB (HOBEAEHHBIX U
CHATBIX C oOcimyxuBaHus). OHO paBHO YHCIYy TPAH3aKTOB, YCTAaHOBJICHHBIX B
komannae START;

- N - 2-1 CTPOKA - YUCJIO TMOTEPSHHBIX (HE TOBEACHHBIX) MAKETOB, T.C. CHATHIX C
oOCITy’)KMBaHHS M3-3a 3aHSATOCTU BCEX KAHAJIOB W MECT OKHUJaHHsS B Oydepe B
KaKON-11M00 U3 BETBEH MO MapIIpyTy MEepeIadyn dTOro MaAKETa;

- Z - 3-4 CTpPOKa - YMCIIO TAaKeTOB, JOBEAEHHBIX 10 ajapecara 3a BpeMs,
npeBbliaroniee jgomyctumoe. Jlomyctumoe Bpemsi JoBeACHUS Thon 3amaércs
onepatopoM [PRED B enunuiax MmojzensHoro Bpemenu. Hampumep, oneparop

TPRED EQU 5000
yctanoBUT joryctumoe Bpems B 0.05 ¢ (Hamomuum, uto 1 e.M.B.=10 MKc);

- K - 4-s cTpoka - cpennuit K03 HUIMCHT UCTIOIB30BaHNUS (CPEIHSS 3arpy3Ka)
KaHaJIOB I10 BCEU CETH.

- (| - 5-51 cTpOKa - CpeHsIs JJIMHA OYeper K KaHallaM IO BCEH CEeTH;

5.3. I3MeHUTh UCXOJHBIC JAHHBIE, YCTAHOBUB BXOJIHOM MOTOK A TI0 HOMEpam
Opurang B cooTrBercTBUU C Tabu. I1.1. BxoaHoil moTok 3ama€rcs omepaTopoM
VHDPOT B uncnax nmakeToB B CEKyHIY.

Tabnuua I1.1. BeiOop BXOJHBIX TapaMETPOB MO HOMEPY OpuUTraibl

Howmep Gpuras 1 2 3 4 5 6 7 8 9 10

Bxonanoit motok, tTeic | 4.8 | 49 | 51 |52 | 53|54 |55 |56 |57 5.8

CHATH 3aBHCHUMOCTBH IMOKaszateiae N, Z, K u ( OT HU3MEHCHHUS BXOIHOTO
notoka A BToukax A; 1.4 A;1.7 A u 2 A. Pesynbrarsl 3anectu B Tabi. 4.2.

Tab6suua [1.2. Pe3ynbTarsl 3KCIEPUMEHTOB MO MPOrOHAM

Ne skcniepumenTa 1 2 3 4 5

VcmoBus A, 5000
C, 2
Q 10

Pe3yub- d 013

TaTbl yA .007

k 728
q 1.724

5.4. JIng HOMUHATIBLHOTO BXOHOTO MoTOoKa A (Tadum. 4.1) CHATH 3aBUCUMOCTh
OCHOBHBIX TIOKa3zaTene N, z, K m ot yucna mect B Oydepax oxumanus - Q.
3nauenus Q 3amatorcs B omeparope DQ FUNCTION P$VETV,D24 s
Kaxaoi u3 24-x setseil. B ucxognom Bapuante Q =10. 3nauenuss Q B mporoHax
ycraHaBinuBath paBHbiMHu 0, 5, 10, 15 u 20.

5.5. Ins HOMUHAJIBHOTO BXOAHOrO motoka A (tabn. 4.1) u 3HaueHuit Q
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paBHBIX 10-U CHATH 3aBUCUMOCTh OCHOBHBIX MOKaszatesed N, z, K u (  oT
CKOPOCTH MAarucTpajipbHOro kanana. B ucxomnom Bapumante C = 2 Mout/c.
3nauenuss C B mpoOroHax ycTaHaBIMBaTh paBHbIMU 1, 2 u 4 MOut/c. KananpHbie
ckopocTH 3amarorcs (ynkmmein TPRD FUNCTION PSVETV,D24. B
MCXOJTHOM BapHaHTE B 3TOM ONEPATOpPE ISl KaXI0M U3 24-X BETBEl yCTAaHOBJICHO
3nayenne 200 e.m.B. (Bpems mepenayn nakera JiauHONW B 500 GaliT mo kaHamy C
nosiocoit B 2 Mowut/c). g ckopoctu B 1 MOUT/C 3TO BpeMsi HY)KHO YBEIHUUTH
BJIBOE, & JIJIsi CKOPOCTU B 4 MOWT/C — yMEHBIITUTH BIBOE.

[TonoOpaTh OMBITHBIM MYTEM MHHMMAJIbHO HEOOXOIUMYIO KaHAJIbHYIO
CKOPOCTb ISl BBIMOJHEHUSI CJICAYIOMUX YCIOBUUA (OTAENBHO IO KaXIOMY
YCIJIOBHIO):

- XapaKTEepUCTUKA MOTEPh, KaK MAKCHUMAJIbHO JOMYCTHUMAs OIS MOTEPSHHBIX
nakeToB: P < 0.05. Onpenensiercs kak 3Haueaue d B MREZ;

- XapaKTEepUCTHKA JIOBEACHUS, KaK JOMyCTUMAas JO0JiA MAaKETOB, JTOBOAUMBIX 3a
cBepxaomyctumoe BpeMs: P,o(T>0.1¢c) < 0.05. Onpenensiercs kak 3HaUCHUE Z B
MREZ.

3apukcupoBaTh B OTYETE KAHAIBHYIO CKOPOCTb, JOCTATOYHYIO JJIs1 BHITOJTHEHUS
000X yCIIOBHIA.

5.6. IlepecTpouTh mapaMeTphl CETH CIEAYIOIINM 00pa30M: 3aMEHUTH OJHOKA-
HaJbHBIE BETBU C MPOMYCKHOM ciocoOHOCThIO C = 2 MOUT/C Ha MHOTOKaHaJIbHbIE
BETBU C 32-s51 KaHAJIaMU B KaXXI0H BETBU M CKOPOCTHIO B K)KJIOM KaHaJe, paBHON
C; = 64 x6ut/c. Yncna kananoB u3menstorcs B onepatope STORAGE, a kanans-
Hble ckopoctH 3anatorcs pyukuueii TPRD  FUNCTION  P$VETV,D24. Uc-
xoaHoe 3HayeHue 200 e.M.B. He00X0JMMO 3aMEHUTH JJIs KaXKIOW BETBU Ha 3HAYe-
Hue 6250 e.M.B. (Bpems miepenauu nakera JiiuHoi B 500 6aiT o kaHaty ¢ moJio-
coit 64 x6ut/c). Takum 0Opa3zoM, MPUMEPHO COXPAHSIIOTCS MPOITYCKHBIEC CIIOCO0-
HOCTH BETBEMU.

[TpoBecTu pOTOH 1711 HOMUHAJIBHOTO BXOAHOTO moToka A (Tabm. 4.1)m Q =
10. TTonygyennsle pe3ynbTathl (N, Z, K ¥ () ¥ TUCTOIPaMMBbI COIIOCTABUTH C pe-
3yJabTaTaMM 10 1. 5.3 1y1s Tex ke 3HaueHuit A u Q.

6. OT4éT mo padore

6.1. Omucarp pabory mozenu CKII m mnepedeHb BBOAUMBIX B MOJEIb M
U3MEPSEMBIX TTapaMeTPOB.

6.2. IToctpouTts rpadmku 3aBUCUMOCTEN U TUCTOTpaMMBbI 110 mm. 5.3, 5.4 u 5.5.

6.3. O0BSACHUTH PE3yJIbTaThl U3MEPEHHUI 1O 11. 5.6.

7. KoHTpOJIbHBIE BONIPOCHI

7.1. Kak BeIOMpaeTCs € IMHUIIA MOJEIHLHOTO BPEMEHH?

7.2. Kak ¢opMupyercss CcyMMapHBIi BXOJHOM MOTOK MAaKETOB?

7.3. Onummre mnporeaypy (popMupoBaHUS YACTHBIX TIOTOKOB  (OT
koHkpeTHoro LIKIT-otnpaBurens k konkpetHomy LIKII-nomyuarento).

7.4. Onuiure npoueaypy GopMupoBanus TaOIHUIBI MAPIIPyTH3ALUH.

7.5. OOBsicHUTE 3aBUCUMOCTb OCHOBHBIX TIOKa3aTejed ceTh OT oObema
OydepoB OkuIaHKUS U OT UHTEHCUBHOCTH BXOJTHOTO IMOTOKA.
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JlaboparopHas padora Ne2. MoaenupoBanue
MYJIbTUCEPBUCHOW CETH CBSI3U

1. [{enb paboOTHI:
N3yyuTh OCHOBHBIE MPUHLHUIIBI TOCTPOCHUS HWMHUTALMOHHBIX MOJENeH
CJIO’KHBIX MYJIbTUCEPBUCHBIX CETEH CBS3H.
O3HaKOMUTBCSI C OCHOBHBIMH MPUEMaMH aHAIHM3a CJIOXKHBIX CETEeH CBSI3M Ha
MMHTALMOHHON MOJIEIIH.
2. Onucanne MOJIEIINPYEMON CUCTEMBI
Monenupyercs MyJIbTUCEPBUCHASL CETh CBA3U T'OPOJCKOro MaciuTada, cocTo-
smas u3 8-u coctaBHbIX Y3710B (CVY), CBA3aHHBIX B KOJIBIIEBYIO CTPYKTYPY OMTO-
BOJIOKOHHBIMH JIMHUSIMH 110 TexHojoruu SDH (puc. I1.2).

V¢

A 4

SDH

@- O

Puc.I1.2. Cxema MyIbTUCEPBUCHOM CETH.

Kaxnpiit uz 8-u CVY (puc. I1.3) sBisieTCs COBOKYIMHOCTBIO y371a a0OHEHTCKO-
ro J0CTyna, y3ja KOMMYTallMM BTOPUYHOU CETH M MYJBTHUIUIEKCOpPA MEPBUYHON
cetr (MyapTUILIeKCOp SDH).

g < > R Y3en

o < - > Vien " KoMMY- > Arperar-
H : e HbIC KaHa-
ET < . ) ADM Tauum mr SNH

Puc. I1.3. ADM — mynbpTumiekcop BBoJa-BbIBO/IA.
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NmuTtupyemas cucrema He MpearosaraeT pealus3aluo Kakoi-Inbo KOHKpeT-
HOW TE€XHOJIOTMH a0OHEHTCKOT'O I0CTYIa WIK KOMMYTAllUd BTOPUYHON CETH.

B wactu aGOHEHTCKOro JOCTyma 3TO MOTYT OBITh JIOOBIE TEXHOJOTUU TOJI-
JIEpKUBAIOIME TOTOKK ayauo+Buaeo+nanHble (Tpuaga A+V+D) wnmu mrobyro
yacTh u3 Hux. Hanmpumep, XDSL, ISDN, IP-nakets1, FR, ATM u np.

B yacTu y31na KOMMyTaIi BTOPUYHON CETH UMUTHPYEMasi CHCTEMa pean3y-
€T peXUM paldoThl, OMU3KUI K pexxuMy ObicTpoil kommyTanuu maketoB (bKK),
HaIpumep, 1o Texuonoruu DTP.

3. Onucanne UMATAITMOHHON MOJAEIIN

3.1. I'eHepanys BXOAHBIX IOTOKOB

Mojenb UMUTHPYET OCTYIIEHUE TTOTOKOB TPEX BUJIOB!

e TenedoHHBIE BBI30BBI C YCTAHABIMBAEMBIMU UHTEPBAJIaMH MEXY BbI3O-
BaMM CyMMapHOTO MOTOKa BBI30BOB B CETh — 1, ¥ IIPOIOIKHTENBHOCTBIO 00CITy-
’KuBaHus (pasrosopa) - t4, ;

e  Br3ossl BuneokoHpepencnssu (BKC) ¢ unrepBanamu
JKUTEIBHOCTBIO 00CIyKHBanus - tV, |

e Tlorok (aiiioB ¢ HHTEPBAIAMU MEX/Y UX MOCTYIUIEHUAMH B CETh - 12, 1
00BEMoM daitnos - QP, onpenensemom dpyukiueit ¢ umenem dlina.

WHTEHCUBHOCTH  KaXJOTO0 M3 BXOJHBIX TIIOTOKOB U  JUJIUTEIBHOCTH
OOCIIy’)KMBaHHUsl YCTaHaBJIMBAIOTCS He3aBUCUMO (3  OTAENBHBIX oIlepaTopa
generate).

Pacnpenenenne oOMMX TOTOKOB MEXAY BOCEMbBIO y3JaMH OTHPABUTEINS
3agaéres  ¢ynkumein OTPR. B wucxomHoM BapmaHTe 3TO pachpeiesieHue
pPaBHOMEPHOE, T.€. JII00O0I BBI30B JO00T0 BUIa MOXKET ¢ BeposiTHOCTHIO 0,125 (T.€.
1/8) mocTynuTh B OJIUH U3 8-U Y3JIOB.

Bocemp ¢ynkuuii ¢ metkamu Al,A2,...A8 omnpenensitor parnpeneneHue
BBI30BOB OT Ka&XJOr0 y3Jia OTHpPaBHTENS K CEMH Y3JlaM [ojdydareis. OTu
pacmpeziesieHus: OTMHAKOBBI JJIsl BCEX BUIOB TpaduKa.

B ncxomHoMm BapuaHTe 3TO pacmlpeielieHue paBHOMEPHOE, T.€. MOJydaTeaeM
J1000T0 BBI30BA JIFOOOTO BUJA MOXKET ¢ BepoaTHOCThIO 0,143 (T.e. 1/7) cTaTh onuH
U3 CEMU Y3JIOB.

Br13oBam (TpaH3akTaM) NprUCBauBaIOTCS IPUOPUTETHI:

- Tenedonnbie — 2-i1 mpuopuTeT (BHICIIHIN);

- BKC — 1-i1 npuopurer;

- Jlannbie (¢aiinst) — 0-it mpuopuTeT (HU3IINN).

- tV, u mpoxon-

3.2. O0cayxxkuBaHue BbI3BOB

Bce BBI3OBBI OOCITY)KHMBAIOTCS B PEXHME BUPTYAIbHBIX COCIUHCHHHA C
BBIJICJICHUEM M3 00IIEero KaHAJLHOTO pecypca OnpeaeIéHHON KBOTHI:

- 151 Tee(OHHBIX BBI3OBOB — 1 KBOTa, 3a KOTOPYIO NMPHUHATA KaHajIbHAs
ckopocTh OIIK — 64 x6ut/c (ctangapt DSO);

- it BKC — 6 kKBOT, 4TO COOTBETCTBYET CKOpocTu 384 KOuT/C;
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- I TIepelauyd JAaHHBIX NPUHIT TUOKUW aldropuT™M, IMPU KOTOPOM ISt
nepenaun (Qaina BbIIENSETCS TOJIBKO ONpeneNéHHas 4YacTh M3 CBOOOJHOW B
JTAHHBII MOMEHT I10JI0CHI KaHaJla. JTa YacTh MOYKET yCTAaHABIMBATHCA B MApaMETPe
- doly.

[Ipouenypa yCTaHOBJIEHHS COEIUHEHUS COCTOUT B CIEAYIOIIEM:

- IOCJIE ONPEIETICHUSI HOMEPOB Y3JIOB OTIIPABUTENS U MOJIydaTelis MporpaMma
OINpeAENsIeT KpaTyaiee HapaBIeHHUE 110 KOJbIy OT OTIPABUTENS K MOIYYaTelto.

- 10 KaXJ0W BETBU 3TOT0 MAPUIPyTa OMPENEIAETCS BO3MOKHOCTD BbIJICICHUS
HE00X0IUMBIX KBOT moJiockl (it TJI® — 1 xBora, [{ns BKC — 6 kBOT, /U1 JaHHBIX
— ycTaHoBJIeHHas B nmapamerpe doly moms cBOOOAHBIX KBOT);

- coeaqunenusa s TJI® u BKC ycTtaHaBnuBaroTCs, €CJIM 10 BCEMY MapIIPYTy
UMEIOTCSI COOTBETCTBYIOIIME cBOOOAHbIE KBOTHI (1 kBoTa st TJID u 6 xBoT 11
BKC). B npoTuBHOM cily4ae 3TU BbI30BbI YJAISIOTCS U3 CUCTEMBI U (PUKCUPYIOTCS
KaK MOTEPSHHBIE;

-npu nepefade QaiioB I KaKIOW BETBH B YCTAHOBJICHHOM MapIIpyTe
ONPENENSIOTCA HEOOXOAMMBIE BEJIMYMHBI KBOT M MUHHUMAJIbHAasg M3 HUX
BBIACIISIETCS 111 BCEro coequHeHus. [Ipu HEeBO3MOXXHOCTU BBIACIECHHS B KaKOW-
au00 BETBU MO MapuIpyTy HU OJHOM KBOTHI mepenaye ¢aina OyaeT oTkazaHo U
¢dukcupyercs noreps (aiina,;

- TOTIOJTHUTEIILHOE TPEHMYIIECTBO MOTOKOBBIM BHaaM Tpaduka (A u V) B
JAHHOM aJIrOpUTME OO0ECHeuYMBAETCs OpPraHu3alMedl TaK Ha3bIBAEMOI'O pe3epBa
MIOJIOCHI B TPAHCIIOPTHOM MojyJie (rezp). CMBICT 3TOro pe3epBa COCTOHT B TOM,
4YTO MpPU OINpPEAECHUH BO3MOXHOCTH BBIJIEICHHUS KBOT i nepenauu (aiina
JNaHHBIX (OMpeJeNIeHue J0JM KBOT U3 4YMcla CBOOOJHBIX), pe3epBHas MOJOCa
UCKJIIOYAeTCs U3 PaCCMOTPEHMsI. DTO pe3epB AJis ayIM0 U BUJEO TpaduKa.

OO11ee KOJIMYECTBO KBOT B BETBU OINPEAEISAETCS CIEAYIOIUM 00pa3oM.

Jnst tapacnoptHoro moxayiss STM-1 (ckopocts 155.52 M6ut/C) 00BEM
KoHTelHepa cocTaBisieT 2430 0ailT, U3 KOTOPBIX ISl Tepefaadyn UHGOpMaIiu
MOTYT HcnoJib30BaThes 2349 Gaiit. OctanbHbie 81 OalT — cTaHIApTOM OTBEACHBI
1O/ yIIpaBJICHHE.

Konretinepsr B SDH nepenatorcst ¢ uatepBanamu 125 Mxc. OuudpoBanHast
peub TpeOyeT mepenauu Mo OAHOMY OalTy Tak ke Kaxable 125 Mkc (dactora
muckperuzanuu 8 kI'm). CrienoBaTenbHO OJHA KBOTa COOTBETCTBYET 1 OailTy u
obmrast monoca kaHana STM-1 cocrasnser 2349 kBoT. IMEHHO U3 ATOrO YHCla
OyIyT 3aHUMAThCS KBOTHI JJI1 BCEX BUJIOB MH(OPMAIIUU B UMUTALIMOHHON MOJIEINH.

Monenupyromas nporpaMMa MpeAcTaBiIeHa HIKE.

* 1 enquanna MmoaensHoro Bpemenu = 0.1 ¢

a equ 1 ;IHTEPBAJIBI MEXY TI]-BbI30BaMH( BBI3/C)

WV equ 2 ;AHTEPBAJIBI MEKAY BKC-BBI30BaMH ( BBI3/C)

d equ 1 ;UHTEPBaJIBl MEXY MOCTyIIIeHHeM ¢aiinos ( ¢/c)
doly equ 0.2 ;J10JIs1 CBOOOIHOM TIOJIOCH IS Iepeiaun (aiina
rezp equ 150 ;pe3epBHas ToJI0ca JUTS ayAN0 U BUIEO Tpaduka
asr equ 1800 ;CPeIHSS ITUT. pa3roBopa

vsr equ 3000 ;CPEIHSIS IJIUT. BUICO-KOH(pEPEHIIUH

tpred equ 20 ;TIPENIeNIbHO JJOIYCTHMOE BPEeMsI 3a/IEpXKKH (aiioB
adlit  fvariable int(asr#fn$raspr) ;JUINTEIBHOCTH 8-00CITy>KUBaHUS

vdlit  fvariable int(vsr#fn$raspr) ;JUINTEIIBHOCTH V-00CITyKHBaHHS
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nkvot equ 2349

kvot  variable int(r*vetv#doly) ;KBOTHI JuIst Iepenayn JaHHBIX

dlina  function rnl,d10 ;JUTHHA TiepeaBacMoro (aiina B kGaiTax
0,1/.2,10/.3,50/.4,100/.5,200/.6,500/.7,700/.8,1000/.9,1500/1,3000

tim  fvariable int(fn$dlina#1.25/p$kvota) ;npomomkurensrocTs nepenaun daiia
aver  fvariable mx$mitog(2,1)/mx$mitog(1,1);BbraucieHne Bep.loTepH a-BbI30Ba
vver  fvariable mx$mitog(4,1)/mx$mitog(3,1);Beruncienne Bep.moTepu V-BI30Ba
dver  fvariable mx$mitog(6,1)/mx$mitog(5,1);Bb1u.Bep.oTKa3a B nepeaue haiina
zsr  fvariable x$tzad/n$zz ;Bbiu.cpemnero BpeMeHu 3anepxKKu (dailia B ceTH
zver  fvariable n$zzz/n$zz  ;BeIU.Bep.npeBbIIICHNUS t-TOMYCTHMOTO

obkrit fvariable ;0000IEHHBIH KPUTEPHIA
(autmx$mitog(7,1)+vu#mx$mitog(8,1)+du#mx$mitog(9,1)+zu#mx$mitog(11,1))#10

gru  variable  x$gru@1000000+1 ;HoMepa rpymm st link m unlink

au equ 50 ;ycnoBHas CTOUMOCTb IOTEPH a-BBI30BA

vu equ 25 ;ycioBHas CTOMMOCTb IIOTEPU V-BBI30BA

du equ 10 ;ycioBHas CTOMMOCTH OTKa3a B nepenaue Qaitia

Zu equ 7 ;yclOBHasl CTOMMOCTB 3aJIep>KKH (aiina cBepx t-momycTumoro

aal equ 1 ;nomera uzlov

aa2  equ 2

aa3  equ 3

aad equ 4

aab equ 5

aab equ 6

aa’ equ 7

aa8 equ 8

aall equ 11 ;nomera tablitz marshrutizayii

aal2z equ 12

aal3 equ 13

aal4d equ 14

aal5 equ 15

aalé equ 16

aal7 equ 17

aal8 equ 18

b12 equ 12 ;nomera vetvey

b21 equ 21

b23  equ 23

b32 equ 32

b34  equ 34

b43  equ 43

b45  equ 45

b54  equ 54

b56  equ 56

b65 equ 65 ;nomera vetvey

b67  equ 67

b76  equ 76

b78  equ 78

b87 equ 87

b81 equ 81

b18  equ 18

mitog  matrix ,13,1 ;MaTpHIla HTOTOBBIX PE3y/IbTATOB

obmarsh matrix  ,8,8

otmarsh matrix  ,8,8

vmarsh matrix  ,8,8

tdov  table m1,0,10,50

tmar  table m1,0,10,50

aotp function rnl1,d8 ;BBIOOP OTIIpABUTEIS a

.125,1/.25,2/.375,3/.5,4/.625,5/.75,6/.875,7/1,8

votp  function rnl1,d8 ;BBIOOp OTIIpaBHUTEIS V

.125,1/.25,2/.375,3/.5,4/.625,5/.75,6/.875,7/1,8

dotp function rnl1,d8 ;BBIOOD oTmpaBuTens d

.125,1/.25,2/.375,3/.5,4/.625,5/.75,6/.875,7/1,8
aal  function rnl,d7 ;BBIOOP MOJTyyaTesIst
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.143,2/.286,3/.429,4/.572,5/.715,6/.858,7/1,8

aa2  function rnl,d7
.143,1/.286,3/.429,4/.572,5/.715,6/.858,7/1,8

aa3  function rnl,d7
.143,1/.286,2/.429,4/.572,5/.715,6/.858,7/1,8

aad  function rnl,d7
.143,1/.286,2/.429,3/.572,5/.715,6/.858,7/1,8

aab  function rnl,d7
.143,1/.286,2/.429,3/.572,4/.715,6/.858,7/1,8

aa6  function rnl,d7
.143,1/.286,2/.429,3/.572,4/.715,5/.858,7/1,8

aa7  function rnl1,d7
.143,1/.286,2/.429,3/.572,4/.715,5/.858,6/1,8

aa8  function rnl,d7
.143,1/.286,2/.429,3/.572,4/.715,5/.858,6/1,7

aall function p$pol,d7 ;tabliyi marshrutizayii
2,12/3,12/4,12/5,12/6,18/7,18/8,18

aal2  function p$pol,d7
1,21/3,23/4,23/5,23/6,23/7,21/8,21

aal3  function p$pol,d7
1,32/2,32/4,34/5,34/6,34/7,34/8,32

aal4 function p$pol,d7
1,43/2,43/3,43/5,45/6,45/7,45/8,45

aals5 function p$pol,d7
1,56/2,54/3,54/4,54/6,56/7,56/8,56

aalé  function p$pol,d7
1,67/2,67/3,65/4,65/5,65/7,67/8,67

aal7  function p$pol,d7
1,78/2,78/3,78/4,76/5,76/6,76/8,78

aal8 function p$pol,d7
1,81/2,81/3,81/4,81/5,87/6,87/7,87

bl2  storage 2349 ;BEJIMYMHBI KBOT B BETBAX
b21 storage 2349

b23 storage 2349

b32 storage 2349

b34 storage 2349

b43 storage 2349

b45 storage 2349

b54  storage 2349

b56  storage 2349

b65 storage 2349

b67 storage 2349

b76  storage 2349

b78 storage 2349

b87 storage 2349

b81 storage 2349

b18 storage 2349

raspr function rnl,c24 ;Ta0JIMYHOE HKCIIOHCHIIMAIBHOE pacIipe/IeIICHIE
0,0/.1,.104/.2,.222/.3,.355/.4,.509/.5,.69/.6,.915/.7,1.2/.75,1.38/
.8,1.6/.84,1.85/.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/.999,7/1,8

mrshr equ 17

per  variable 100000/vhdpot

mr  variable p$otpr#10+p$pol

pu  variable p$pol+10

ku variable p$otpr+10

i variable (p$vetv-p$vetv@10)/10

ji  variable p$vetv@10+10

jii variable p$vetv@10

isp variable  (sr$h12+sr$b23+sr$b34+sr$b45+sr$h56+sr$h67+srsh78+sr$b81)/8
marsh fvariable mx$otmarsh(p$otpr,p$pol)/mx$obmarsh(pSotpr,p$pol)
ver fvariable x$otkaz/(n$fin+1)+0.5
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generate A, fn$raspr,,,2 ;TeneOHHBII TTOTOK
assign  otpr,fn$Aotp ;YCTaHOBKA OTIIPABUTEIIS
assign  pol,fn*otpr ;yCTaHOBKA TMOTy9aTeIst

msavevalue mitog+,1,1,1
assign  ku,v$ku

aaa  assign  vetv,fn*ku
gate snf  p$vetv,Aotk
assign  ku,v$jj
teste  v$pu,p$ku,aaa
assign  kvota,1
assign  ttt,v$Adlit
transfer ,obshee

generate  VV,fnSraspr,,,1 ;BUIICOKOH(EPEHIICBA3D
assign  otpr,fn$Votp
assign  pol,fn*otpr
msavevalue mitog+,3,1,1
assign  ku,v$ku

vwv  assign  vetv,fn*ku
testge  R*vetv,6,Votk
assign  ku,v$jj
teste  v$pu,p$ku,vvv
assign kvota,6
assign  ttt,v$Vvdlit
transfer ,obshee

generate  D,fn$raspr ;TIOTOK JIAHHBIX
assign  otpr,fn$Dotp
assign  pol,fn*otpr
msavevalue mitog+,5,1,1
assign  ku,v$ku
savevalue delta,Nkvot
ddd assign  vetv,fn*ku
testge  R*vetv,rezp,Dotk  ;peseps nomocer st A u V tpadukoB
testge  delta,R*vetv,metl
savevalue delta,R*vetv
assign  kvota,v$kvot
metl testg  p$kvota,0,Dotk
assign  ku,v$jj
teste  v$pu,p$ku,ddd
assign  ttt,v$tim
*
obshee assign  ku,v$ku
savevalue gru,v$gru
assign  gru,x$gru
assign  mar,v$mr

cicl assign  vetv,fn*ku ;BBIOOP BETBH 110 TAOJHIIE MAPIIPYTH3AIUH
assign iii,v$iii ;FICXOJIAIIUH y3eI BETBH
assign  jjj,v$ijjj ;BXOJIAIIIIN y3€] BETBU
split 1,met

gate snf  p$vetv,Dotk
enter p$vetv,p$kvota
link gru,fifo

met assign  ku,v3jj
teste  p$ku,v$pu,cicl
advance  p$ttt
unlink  gru,un,all,gru,p$gru
teste  O,pr.fin
savevalue Tzad+,ml
testg  ml,Tpred,zz

zzz  savevalue chzad+,1
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*zz  tabulate tdov
zz  teste  p$mar,mrshr,fin
* tabulate  tmar
transfer  fin
Aotk msavevalue Mitog+,2,1,1
transfer otk
Votk msavevalue Mitog+,4,1,1
transfer otk
Dotk msavevalue Mitog+,6,1,1
otk  savevalue otkaz+,1
* MSAVEVALUE OTMARSH+,P$OTPR,P$POL,1
*fin SAVEVALUE VEROT,V$VER
* MSAVEVALUE OBMARSH+,P$OTPR,P$POL,1
* MSAVEVALUE VMARSH,P$OTPR,P$POL,V$MARSH
fin teste tgl,1,final ;TPAH3aKT MOCICIHAN?
msavevalue Mitog,7,1,v$Aver
msavevalue Mitog,8,1,v$Vver
msavevalue Mitog,9,1,v$Dver
msavevalue Mitog,10,1,v$Zsr
msavevalue Mitog,11,1,v$Zver
msavevalue Mitog,12,1,v$obkrit
msavevalue Mitog,13,1,N$fin
final terminate 1
un  leave p$vetv,pSkvota
terminate

3.3. Perucrpanus coObITHI B MOJ1eJIe
Kpome pe3ynbTaToB, MOMEIIAEMbIX B CTaHIAPTHOM OTYETE, B JAHHOU
MOJIEJIA CHUMAIOTCSI CIIETYIOIINE XapaKTEPUCTUKH:
a). Marpuiia mitog B BuJE BEKTOpa CTOJIONA:
e 1-s crpoka — obmiee unciio TJID BrI30BOB;
®2-51 cTpoKa — 4rcio nmoTepssHHbIX TJID BRI30BOB;
¢ 3-51 ctpoka — obmee urnciio BKC BBI30BOB;
®4-5 ctpoka — ymncio norepsHHbIx BKC BbI130BOB;
®5-51 cTpoKa — 00111ee YKCII0 MHUITUUPOBAHHBIX (aitinos [1/];
®6-51 CTpOKa — YHMCIIO MOTePSHHBIX ¢aitnos [1/1;
o 7-s1 ctpoka — 10151 moTepsHHbIX TJID BbI30BOB (Pror1iio);
e 8-s1 crpoka — 10151 motepssHHBIX BKC BB130BOB (Por.BKC);
©9-5 ctpoka — aoss nmotepsHHbIX (aitnoB [1/1 (Pyormn);
©10-1 cTpoka — mons QailioB, 3aJAepKAHHBIX CBEPX AOMYCTUMOTO BPEMEHU
(ov). HomycTumoe BpeMs 3aJIepKKH yCTaHABIUBAETCs B mapameTpe Tpred.
e11-a cTpoka — cpeaHee BpeMs 3a7epxKKku (ailiaoB Ty,
e12-5 ctpoka — OOOOLIEHHBIN KpUTEpHUM MOTEpPb, MOJACUUTHIBAEMBINM Kak
CyMMa B3BECIIICHHBIX MIOTEPh
KzPTJI(i)*VTJI(b-i-PBKC*VBKC+PD*VD+PZ*VZ
rae Pi— 107M COOTBETCBYIOIIUX MOTEPH MO pe3yjIbTaTaM MPOroHa;
Vi — Bec COOTBETCTBYIOIIUX IMOTEPh B OOOOUIEHHOM KpPUTEPUH -
yCTaHaBJIMBaKOTCS B mapametpax A, , Vy,Dyu Z, .
e13-s1 cTpoka — oOIIee YKCIO MPOIYIIEHHBIX Yepe3 MOJENbh TPAH3AKTOB —
BBI30BOB.
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6). OBMARSH — matpuna (8*8) — oO1iee 4ynciio BHI30OBOB MEXK/y TapaMu
y3JI0B;

OTMARSH — matpuna (8*8) — uncia mOTepsSHHBIX BBI30BOB MEX]Y Mapamu
y3JI0B;

VMARSH — matpura (8*8) — moJist mOTEpsIHHBIX BEI30BOB TTO MATPHUIIAM.

4. JlabopaTtopHoe 3a1aHuE

4.1. OtkpeiTe mnporpammy moaenrpoBanus MCC u coxpaHuTh €€ moa
nmeneM IMCC.

4.2. 3anycTUTh MOJENb U 3a(pUKCUPOBATH OCHOBHBIE PE3YJIbTAaThl IPOrOHA,
npejcTaBieHHbIe B MaTpuiie Mitog.

4.3. CHATh 3aBUCUMOCTH XapaKTEPUCTHUK, PEICTaBICHHBIX B MaTpuiie Mitog
(cm. . 3.3) OT cleayIoIUX NapaMeTpPOB:

- 710751 CBOOOJHOM MOJIOCHI, BBIAEIAEMON Uil nepenadyu (aiaos (mapamerp
doly);

- pe3epB MOJIOCHI [T MPUOPUTETHHIX TpadukoB A u V (mapamerp rezp).

4.4. TlpoBecTd ONTUMHU3ALMIO CHUCTEMBI MO OOOOIIEHHOMY KPHUTEPHUIO S
(MUHUMU3ALMS TOTEPh) B 3aBUCUMOCTH OJHOBPEMEHHO OT JBYX IapaMeTpasB,
npuBeEéHHBIX B 11. 4.3 (doly u rezp).

4.5. [IlpoBecTn ONTUMHU3AMIO CUCTEMBI NPU PE3KOM  HU3MEHEHUU
COOTHOIIIEHHSI HArpy30ok Mo BujaaM Tpaduka. Hampumep, TpadukoB peun u
JaHHBIX.

5. Conep:kanue oT4éTa

3adukcupoBaTh B TAOJIMYHOM BHUJE PE3YNIbTAThl MPOTOHOB MO MyHKTaMm 4.3,
4.4 n 4.5 n noctpouth rpaduKu 3TUX 3aBUCUMOCTEH.

6. KonTpoibHbIE BONIPOCHI

6.1. Onumure CTpyKTYpy MOJEIIUPYEMOM CETH.
6.2. B 4émM 0cOOEHHOCTH MYJIBTHCEPBUCHBIX CETEM.
6.3. B kakoM BuIe BBOAATCA B MOJEIb MApamMeTPbl HArpy30K IO BUAAM
tpaduka (A, V u D).
6.4. Kakas nonoca nponyckanus Boiaensiercss B moaenu MCC st kKaxaoro
BUJIa TpaduKa.
6.5. OOBSICHUTH X0/ KPUBBIX B Tpadukax mo myHKTy 4.3.
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