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MOJIEJIb OIIMBOK B COCTABHBIX KAHAJIAX CBSI3U

Xaman Moxammen, cryaent, lllnpoxos 1O. /I., crapmmii npenogaBarein
(Honeyxuti nayuonanvHvlll mexnuueckuil ynugepcumem 2. /loneyk, Ykpauna)

Onenka JIOCTOBEPHOCTHU uHOpMaIHH, nepeaBaeMon 1o KaHaJIaMm
TEJIEKOMMYHUKALUN, TPOU3BOAUTCS MO MAaTEMaTHUYECKAM MOJIENSAM IOTOKOB OIIMOOK U
KaHaIoOB CBs3u. Pa3paboTaHo MHOTO MOJEJNeH, YYHUTHIBAIOIIMX BIUSHUE OTIEIbHBIX
(bakTOpOB, XapaKTEPU3YIOMNUX KaHAJIbI CBS3M, HA JOCTOBEPHOCTH MEpeJaBacMON MO HHUM
uHpopmarmu: B [1] onpenenstorcs: pacrpeesieHiue omnO0OK U HHTEPBAJIOB MEKIy HUMH B
(UKCHpOBaHHBIE MHTEPBAJbl BpEMEHH; B [2] yCTaHABIHMBAETCs B3aMMOCBSI3H IMApaMETPOB
UMITYJIbCHBIX TIOMEX U 3aHSITOTO0 CTAllMOHAPHOTO CHMMETPHUYHOrO KaHama;, B [3]
OTIPENENAIOTCS  BEPOSTHOCTHBIE  XAPAKTEPUCTHKH WH(GOPMAIIMOHHOTO TOTOKA IPH
pa3MUYHBIX (PU3MUYECKHX COCTOSHHSAX KaHaia, B [4] s ompejieneHus MOTOKa ONIMOOK
WCMOJIB3YETCS COYETAHUE JIMHEMHOM M HEUPOCETEBOW MOJEIH, CBOMSIIMXCSA K CKPBITON
MapKOBCKOW Mojenw; B [5] onpeaensiroTcss 3aBUCIMOCTA  BOSHUKHOBEHUS TIOTOKA OIMIMOOK
OT pazMepa COOOIIEHHIA, MOJIETH IPyIITUPOBaHHs OMHUOOK 1 ap.[1]

OTM  Momenw  HE  YYMTHIBAIOT  TOTO,  YTO  TPAaHCHOPTHAas  CHCTEMa
TEJIEKOMMYHHUKAIIMOHHONH CETH MOXET OOBEAWHATh JIMHUM CBS3M C Pa3sIUYHBIMU
¢u3nYecKuMH CpeJamMH, TEXHOJOTHSIMHU TEpelayd M HCTOYHHUKAMHU IMOMEX, TO €CTh IS
obmena nHpopmanuen popmupyercsi cocraBaoi kanai (CK).

Lenbro naHHO# pabOTHI sABIsAETCA pa3pabOTKa MOJEIN MOTOKA OLIMOOK B COOOIEHUH,
MpoLIeIIUM uepe3 3BeHbs cocTaBHOro kaHana (CK) B TeneKOMMYHHMKAallUOHHOM CETH,
NPEICTaBUTEILHOrO Ha puc. 1. [2]
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Puc. 1 — CrpykTypa cocTaBHOIO KaHaja CBS3U

Kaxnoe 3BeHo CK xapakrepusyercs BXOAHBIM SH(t—r H) ¥ BBIXOJIHBIM S, (t—r j)

CUTHAJIaMU 33aJJaHHOM [UIMHBI CIBHHYTBIMH BO BPEMEHU OTHOCHUTEIBHO BXOJHOIO CUI'HAJIA
CK S,(t) Ha mHTEpBasIBI 3ama3/IbIBAHKS T;, U 7;, JNIATCIBHOCTHIO HAXOXKICHUS CHUT'HAJIA B

3BeHEe T;, OINpENEIIEMON CKOPOCTBIO Mepelayd U JUIMHON COOONIEHHS HAINYUEM

HE3aBHCHUMOI0 OT MCTOYHHUKOB IMOMEX APYIMX 3BEHbEB HMCTOYHUKA HMITYJIbCHBIX MOMEX
(omnbok) WII ;; reHepupyrOmIEro MMIYJILCHBIX MOMEX (OIMMOKH), PACHPEIE/ICHHbIE M0

IIyaCCOHOBCKOMY 3aKOHY CO CPEe/IHEH 4acTOTOi cneqoBanus f:
i
(t7,)

P(ij —Tj):T'exp(— ijj), (1)

i
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rae P(i i—T j) - BEPOATHOCTH TOSABIEHUS i, OIIMOOK HAa MHTEPBAIE T; OT i- o MCTOYHMKA

momex. [3]

AHanu3 npoxoxjeHusi coobuieHus: yepe3 3BeHbss CK mokaspiBaeT, 4TO MPOUCXOAUT
HaKaJIMBaHUE OLIMOOK U COBOKYMHOCTh BHOCUMBIX OLIMOOK B KaXKJOM M3 3BEHBEB, KPOME
MEePBOro, MPEJCTABISAET MHOTO MEPHYIO CIYyYallHYI0 BEJIHMYMHY, 3aKOH paclpeneleHUs
KOTOPOW B CHJIy HE3aBHCHMOCTH MCTOUYHHMKOB IOMEX 3BEHBEB MOXET ObITh HAWIEH uepes
oJHOMepHbIi pactipenenenus (1) 3senbeB CK:

P(i,T,i,T,.d T, )= exp{— i f,T, }]l[ A : (2)

k=1 I

Jns xkaxzaoro 3BeHa CK c yuerom (2) mMoryt OBITH ONpeAeneHbl BEPOSTHOCTHBIC
XapaKTePUCTUKHU cooOmeHus. [4]
BeposTHOCTh NPOX0KIEHUS COOOILEHUS YEPE3 3BEHO O€3 OLIMOO0K:

P(mj :O,Tj):exp{—i fka} 3)

BeposATHOCTB MOsBIEHHUST M| OIIMOOK C YYETOM UX IPYNITUPOBAHUS:

i ™
- -2 Tk
Pm,,T)=~" L e &, (4)
m;
i
rae m; :ij , I, =0,1,2... - CyMMapHO€ KOJMYECTBO OLIMOOK B COOOIIEHHH IPU

k=1
nepenaue 1o «j» 3seHbsm CK.[5]
JIBoiiHbIE OIIMOKKM BHECEHHbIE B pa3HbIX 3BeHbsAX CK B cooOueHun MoryTt ObITh
CKOMIIEHCUPOBAHHbIE, €CJIM OHU [IONAIAI0T HA OJUH OUT. BEpOoATHOCTB 3TOr0 COOBITHS

Po(mj = 2’TJ): P(mH :LTH)' P(mj :LTJ): fiaTiafir; .expl_(fjflijl + fJTJ)J» (%)
re 7; - JUIATCIbHOCTh Oouta curHana B - M 3BeHe CK.

CpaBHUTEIBHBIC 3HAYEHUS, JOCTOBEPHOCTH cooOmeHus miuHor N =12550 Owur,
nepegaBaemoro 1mo CK u3 1ByX 3B€HbEB, B KOTOPBIX JICUCTBYIOT TOMEXH C YaCTOTAMHU

f,=1,=05%, (6)
V,,V, - ckopoctu nepenaun B 3BeHbsIX CK, P, - moOuToBast BEpOSITHOCTH OIINOKH.

PesynbTaTsl uccnenosanus CK npuBeaeHHbIX B Ta0nuie 1

Tabnuna 1 - Pe3ynbTarsl SKCIIEpUMEHTA

[Tokazarenu
3B§§M Vi Vas P P10 | P(1)x10™* | P(2)x107 | P(2)x107™ | P(2)x10°
M6ut/c | M6urt/c ° o . 4 . .
1 1,0 - 0,9994 6 5,996 1,799 - 4,997
2 - 0,5 10,9988 12 11,985 7,191 - 9,987
CK 1,0 0,5 10,9982 18 17,967 16,171 5,98 14,94
CK 0,5 0,5 10,9976 24 23,942 28,73 11,97 19,95
CK 1,0 1,0 10,9988 12 11,985 7,191 2,996 9,987
CK 0,5 1,0 |0,9982 18 17,967 16,171 5,98 14,97
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Ha ocHOBaHMHM BBIIEN3I0KEHHOTO CIEAYET.

1. PeanbHble TENEKOMMYHHMKAIMOHHBIE KaHAJIbl CBSI3M IPENOCTABIISIIOT COOOMU
COBOKYITHOCTb OTJIEJIbHBIX TOCJEA0BATEIbHO COEAMHEHHBIX KAaHAJIOB C pa3jIMYHbIMU
napamMeTpaMu nepeiadu CoOOOIEHUH U UICTOYHUKOB MTOMEX.

2. MHcrounuku nomex B 3BeHbsiX CK QopmupyIOT MOTOK OmMHOOK ¢ OJHOMEPHBIM
IIyaCCOHOBCKHUM PacHpeIeICHUEM.

3. Ilpm mepemaue mo CK cooOmenusi B HeM (HOpMUPYIOTCS TPyNIOBBIE OMIMOKH,
NOTOKM KOTOPBIX B KaxaoM u3 3BeHbeB CK ONHMCBHIBAIOTCS COOTBETCTBYIOLIMMU
MHOTOMEPHBIMHU ITyaCCOHOBCKUMH PacpeeICHUSIMHU.

4. IlpennoxkeHHas MOJENb IO3BOJIAET 00Jiee TOYHO OMNPEAEIIUTh BEPOSTHOCTHHIE
XapaKTEPUCTUKH OLINOOK COOOIIEHUH.

Ilepeuensb cChUIOK
1. B.E. Aecenos, A.M. AnekcanapoB. O6 0IHOM METOJI€ UCCIIEJIOBAHNUS TIOTOKOB OIIHOOK
B kaHanax cBs3u. CO. «IIpoGnemsr nepenaun napopmanum». M — 1968 — T4. — Bem. 4. -
c.79-83.
2. M.B. ApcenbeB. [loBbileHre TOCTOBEPHOCTH TEpeAadn CIIyKeOHOU HH(POpMAIUU 10
3aHATHIM TeneOHHBIM KaHanaMm. ABTopedepat Ha couck. yu. Crenenn k.T.H. —-M. — 2007. —
c.2l.
3. B.M. Jleyansk, M.A.)KnanoBa. O0001IeHHass MapKOBCKasi MOJIe]Ih UCTOYHUKA OIIHOOK
q - WYHOTO IM(POBOrOo KaHajda HECKONBKHX (M3NYECKHX COCTOSIHMNA. Marematnka u ee
npuioxenne: XKUMO. —2010. — Beim. 1(7). —¢.33-40.
4. B.P. YakpsH. MHOTOMEpHBIE CTOXaCTHYECKHE M MMHUTALMOHHBIE MOAETH TeneTpaduka
Y KaHaJOB IEpeJayd JAHHBIX B YCIOBHUSX MoMeX. ABTopeBepaT Ha couck. yd. CreneHu
K.T.H. — PocToB Ha Jlony. — 2009. —c.17.
5. B.A. IleBneB, M.B. llypaHOB. OKCIEpUMEHTAIBLHOE OIPEAEICHUE PpaCIpEaEICHUS
omrOOK B KaHAJIE CBSI3U. DIEKTPOHHBIN pecype: http://www.nbu.gov.ua.

110





