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B cmamve paccmampugsaiomcs MAmemMamu4ecKkasi MoOelb 8bIYUCIEHUs. NAPAMempos 0/l ACUHXPOHHOU cemu nepeday OaHHbIX
€ 0OXOOHbIMU HANPABIIEHUAMU.

The article deals with the mathematical model for calculating the parameters of the asynchronous data transmission network
with bypass lines.

ITycTe Tomonoruyeckas cTpykTypa cet ATM (Asynchrous Transfor Mode) [1], npeacraBaseTcs HeOpHEHTHPOBAHHBIM

rpacbom © =12} rpe ¥ mmomectso yanos cetu, L= 0)} _ yHoxecTso Bersei, COOTBETCTBYIOLIKX TPaKTaM Mepefays

HHpOPMALHH, "‘f‘ =12.n _ CoceaHHe YIbl, n — 4HCNIO y3/710B MHOXecTBa V. B ommceiBacMol Mozenu cets ATM

paccMatpuBaetcs kak CMO ¢ sBHbIMH noTepsmu. KadecTBo 0OCTYXKMBAHHA Ha Takoll ceTH OBBIYHO OLEHHBAETCH
3HAYCHHAMH 3JTEMEHTOB HEKOTOPOr0 MHOMKECTBA F=ip '*}. rae snement £k — BEPOATHOCTL MOTEPL HArpy3KH Ha BETBH.

Tax xak cetb ATM npencTasisercs Kak cacTeMa OGCTYKHBAHNS C SBHLIMH TOTEPAMH, TO JUIA BCEX (ik) e L senmauna
; ; i =0
Pk mpunmmaet sHaverns b urrepsane (0;1], ecnu (4) € L (k) o P =0

Iycte it €CTb CPENIHAS HHTEHCHBHOCTL TM0TOKA MHOTOKaHAIbHbIX BRI30BOE (MB), mocTynawiero B ceth

ATM B ysen-ornpaeutens ! u npeanaswauenHoro yiny-aapecary /. Bemwanny (/) Gynem Haseieath xomHofi
Harpyskoit cetn ATM, xotopas NpeAcTaBnAeT coOON CpeaHee 3HAYEHHE MOCTYMAKWEH HarpyskH Mexay
COOTBETCTBYIOLLIMMH MapaMy Y3/0B B Yac Haubonblue warpyskd (UHH),

Mycrs %)~ cpennsa unrencusnocts obwero notoka MB, npoxonsuiero uepes ysen ! w npeanasnayeHHOro

yany J . Bemmauny L) Oynem HasbiBaThL y3noBoM warpyskoit ceth ATM. Ona BkmodaeT B ceff Kak BXOLHYIO

uarpysky /) tax n Harpysku U/} nocrynalomme B ysen I o BCEX CMEXKHBIX ¢ HHM Y3JI0B ! :
Tlpn onpeneneHNH NapaMeTpoB KauecTsa 0OCTyKHBAHMS Ha ceTH ATM xenaiotcs caegylouue gonyiiexHus 2] :
® HMCXOJHbIE MOTOKH MB, NOCTYMNMAaMHEe B CETh ABIAKOTCA MYyacCOHOBCKHMH,
®  CHCTEMa HAXOAMTHCA B COCTOSTHUM CTATHCTHHMECKOTO PABHOBECHS,
® CHCTEMa C ABHbIMH MOTEPAMH,
HE YYUTHIBAIOTCA MOTEPH B KOMMYTALIHOHHBIX M YNPaBIAIOIMX YCTPOHCTBAX;
®  BpeMs YCTAHOBJIEHHSA COEMHEHUS PABHO HYIIO.

Bemiuuba npomymenHOH WM M3GBITOYHOH HAarpy3kd 3aBHCHT OT BEPOATHOCTH NOTeph TpadHKa ‘U)

pacTpeniensemMoro ma Betsh UA) ﬂvcrs JeJ, roe / - MHOMecTBO Beex y3nos aapecatoB. Torma ans

MHOTOAIpecHoro ciydas, T.e. koraa | / | > |, npeamonaraem, uTo pacnoNoKeHHas Ha KaXKAOM Y3Jie CHCTeMa
PacTpe/icNieHHs  Harpy3kH  GYHKUHOHWPYET B peXHME pa3fiefieHHOro obcnykuBaHus (OTACTBHO MO KakIOMY

ik L
afpecary). 3TO 03HAYAET, YTO HA BETBH (ik) YUCNO BPEMEHHBIX KAHATIOB NOAPA3SNfeTCs HA Pa3psibl, KAXKIBIH 13
KOTOPBIX MPEACTaBAACT COOOH rpyrimy 06CTyKHBAIOUMX YCTPOMCTB B COCTABE BPEMEHHOIO LMKIA, HEOOXOTHMYFO A
nepeaqn Harpy3KH TONbKO JUTA Y3/a-aapecaTa J .
IMycTs A BEPOSATHOCTE MOTEPL HArpy3ku 47} wa setsu (ik) Tax kax cerp ATM npencrasnseTcs
CHCTEMOH 0BCiyKUBAHUA C ABHBIMHU MOTEPAMHE, TO Pi(j) HpHHAMAET 3Ha4denua B uHTepBane (0;1] ans kaxnoit seTey

(k) yuacTBylomel B mepesaue Harpyikd (). B npoTuBHOM ciyuae Wi ecnn KV €L nonaraem Peli) =g,
Pacuer BeposTHOCTEH MOTEph OTHOCHTENHHO Kaxloro agpecata B cetH ATM ¢ OGXONWEIMHM HANpPaBAEHUAMH
OCNOKHAETCA TeM, UTO 3TH BEPOSTHOCTH B OOLIEM Cyyae 3aBUCAT OT BEPOATHOCTEH fOTEph HA BCEX OCTAlbHBIX
BETBAX. 3Ta 3aBHCHMOCTb, C YYETOM 3alAHHOTO TUIAHA PacTpelefieHHs MOTOKOB WEDOPMALMH, NpeicTaRifeTCs
CIOXHO#H cucTemMolt HENHHEHHBIX ypaBHEHHH, KoTopas 0y AeT omicana HHxKe.
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ITycTs v (J )—Mepa, XapaKTepH3yiollias 3HaueHue u30bITOuHOH Harpy3kum ceth ATM s Beex BeTBeid,

TIPEAIIECTBYIOUIMX 10 BEIOOPY HaMpaBleHHK) (i) Hpyramu cnopamy BenndKHa 2ulJ) €CThb 0N Harpy3ku "i(f),
nocTynawomas Ha BetBb %) B cooTBeTCTBHM ¢ TUTaHOM pacnpenenexns. Ona pasna 0 , eciu petBb %) me

MCTIONB3YETCS HI B OZHOM W3 MyTeH coenumsmoitke yansl /,/, u pasna 1, ecnn seteb %) ansetcs Betebio myTH

mepsoro Bbibopa. B coctas nomm ¥k (/) BKJIIOYAFOTCA BEPOATHOCTH MOTEPh BCEX MpeIIIECTBYIOMX NAHHOM BETBH

(ik) Hanpapieaui. Obo3Hauum uepes Ki(7)  mmoxecteo Takux yanos Kk KOTOpbIE M3 y3na ! obpa3yioT Bce

npeawecTsylomme Betsn UX)  pexopsumme HampaBneHns. Bennunna i (J) npeAcTarngeT cofoif BepOATHOCTH

3aHATOCTH OOC/YKMBAHUEM HAMpPABICHUMA (i.k) o A

P (N=0,p (NP = H PN
[IpousseneHue 2u(f) PulJ) _ €CTh JI011 W3OBITOUHOM HArpy3KH Ha BETBH (), KOTOpas B 3aBHCUMOCTH OT
TyIaHa pachpeeiieHHs Harpysok OyeT riepenaBaThcsl Ha APYTHe cBoGOHbIe ana yana ! nanpaenenws, a B OTCYTCTBHH

- r > = .
TakoBbIX, B y3ne ¢ oHa BooGwIe GyneT TepAThCA. [pu 3toM, Harpyska /() cauTaeTcs moTepAHHol B y3ne  , eciu

3aHATH! BPEMEHHbBIE KaHAIbl Ha BCEX MCXOMALLMX HATIPAaBNEHUAX (k)
Brenem crneaytomee obo3HaveHne

hm(j):(f’m(j)[]_ﬂk (j)}; vl ’k .] eV, @)
riae hl) o [0;1) = xapakTepucTHKAa NpPONMYUWIEHHON BETBBIO (ik) Harpy3KH t'(j). DyHKUMS P (/)
npeactasnfer cofol YCIOBHYHD BEPOATHOCTL NPOXOKASHHMA HArpy3ku L) Yepe3s BETBb (ik), Npu 3aHATOCTH
o0Cy*HBAHHEM BCEX TMPEMILECTBYIOIUMX 3TOW BETBM HampaeieHuil. B nanbHeifeM, b (J) ByaeM Ha3bIBaTh

BEPOATHOCTBIO 0DCITYKMBAHUA HArpyY3KH 1) perapio (ik) , @ 3HAYCHHE ORIV NponyueHHoH BeTBbLIO (&)
HArPY3KOii.

Iyets & ( ) {V U, L"(j } ~ JepeBO MyTeil mepefaud Harpys3ku 50) W3 yana-uctounnka 4 o yana-
r g or Mgy £ 3 wy s 3 . Vu .
anpecata J , TIe v - MHOKECTBO BCEX Y3IIOB J€PeBa, =ik bk el (J)}={(z k ) ! ,k € (j)}
Kil(j)

Nnopaao4cHHOE MHOMKECTBO TaKHX Y3J10B k, KOTOpBIE 171
P

J i , (k) . G
afmpecata 00pasyloT BCe MCXOALIME M3 y3Nna  HampaBleHHs mMepefauk B JEepeBe myTed . Hna
NOCTPOCHHUA IepeBa myTed Mex/ay MoOoH napok yinoB BEIGMPAIOTCA COOTBETCTBYIOWIME CTOAGLb! MATPUL MAPLIPYTOR
Ha4yansHOTo y3na (y3na-0THNPaBHTENA) i BCEX TPAH3HTHBIX Y3108,

Tlpu pacnipeneneHyn BXOAHOH Harpy3Ku MEKIY Mapoil y3/oB 10 BETBAM JepeBa [1yTeii B NepByio ouepenis BuiGupaeres
NpAMOH MyTh Ha3HAYEHH, €C/TH OH MMeeTcs u ceofoneH. [TpH 3aHATOCTH NPAMOTO MyTH BXOIHAS HArpy3Ka Hampamisercs
[0 ONHOMY M3 MCXOIAILMX HanpasneHni obxoanoro mytu. Ilopanok Beibopa 00X0IHOTO MyTH ONpeaeNseTcs ero AIHHOK, &
TaKKe YHCIOM TPAaH3UTOB (B MEPBYIO OYepelb 3aHMMAKOTCA Kpardalilluue MyTH W MyTH, WMEIOMMX MEHBIIEE UMCIO
TPAH3HTHEIX Y4acTKOB). CaMbIM MOCNEIHNM HANPABIEHMEM  MCTIONB3YETCA myTh nocaeiHero Beibopa. PacnpeneneHue
BXOJHOH HAIPY3KH M0 BCEM MOCHEIYIOUMM BETBAM [ePeBAa NPOHM3BOIHTCH HA OCHOBE BEPOATHOCTEH 0GCTyKHBaHHA,

(mn) L'(j)

— MHOXecTBO ero BetBedl. ObGo3zHaunM uepes

.

BBIYACTEHHBIX Ha BCeX NpeAblyLIMX BeTBAX Jepesa MNyTell. B cBOW ouependb, MPOMYLLEHHAS BETERIO

Vi
Harpyska SBISIETCH ONHOBPEMEHHO H BXOHOM Harpyskoit ans yama e ('j). Takylo Harpysky OygeM Ha3blBaTh

LY u .
TPAH3HTHON HATpy3Koil Ha y3ne i . Myers 7 A% — BXO/IHaA HArpyska maepepa myTeil v . OBo3naumuMm uepes (k. J)

TPaH3HTHYIO HArpy3Ky Ha ysie i , 00pasyIOLIYI0 B NIPOLIECCE PAcrpeesieHis BXOIHOH HArpysKH 7 40 MO BETBAM JAcpeBa
u
. G"()j) k X0
MmyTeH H HpOXOJIEH.IBH qepes COCeIHHH C yBJ'lOM yaen
Y3/1e nepeBa OCYLUEeCTBIAETCA C MOMOLILIO CJ’lIEIIY!OII[EH (t)DpM’lebl

f;l(k,j)=f;4(i,j)_h[f(j)’ (3)

- i - P u .
rie el (]), LIk LeV () ; Cnenyet oTMeTHTD, Tak Kak B JiofoH y3en nepesa nyTeil, Kpome
HaYaIbHOTO, BXOAHUT TOJILKO OOHA BETBb, TO Ha 3TOM Y3Jie, He3aBHCHUMO OT BbIOOPa HCXOMAWNX U3 HETO HaNpaBlieHHt,

. HaxosxeH1e TpaH3HTHBIX Y3/10B Ha KaKIOM
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& Wy s »
SHAUCHNS BCCX TPAHIUTHBIX HAPY30K ByNyT 0AuHaKoBRIMK. Takum obpazom, ans moGoro yana ! e V) G=u) H

kp KD m_,, s

BCEX Y3JI0B 1,2,...9, HMEET MECTO COOTHOLIEHHE

U . ; . .
AT O I U I ) @
o) i J. s
roe ¥ = BXOAHas HATpYy3Ka, MOCTYNalLlas Ha ¥3&n °, H peaHazHaYeHHas yany < , — YHCJIO HCXOAAMHX

us yama ! HanpaBleHuH. 3aMeTHM, 4TO B NAHHOM CYHae BXOAHBIE W TPAH3HTHbIE Harpy3kH NPHHUMNHANBEAO He
OTIHMAOTCA Ipyr OT Apyra. Huke Gymer noxasaHo, YTO TPaH3HTHBIE HAIPY3KH YIOOHO HCHOIBIOBATH IpH
BEMHCIACHHH y3/OBBIX HArpy3ok Ha moboM y3ne rpada G, KOTOpbIe B CBOIO OYepelih MEPefaloTcH COCEIHMM y371aM 1o
CTPOTO YCTAHOBJICHHBIM HanpaBieHW M. [Ipyrumu clOBaMH, TPAaH3WTHbIE HAIPY3KH BBOJSTCA NS TOrO, 4TOOBI B

g o
r.
Mpoliecce X Mepeavd WCKTOWYHTH LMKNMMECKHe MappyTsl. BXoaHas narpyska (/) wia moboro ysna

) up i
I pacnpenenserca no seem HCXOMILKHM M3 HEro HarpasIeHHAM (kye L'()) Myers &4/ CPENHAL HHTEHCHBHOCTD -

; o
Harpy3KH agpeca j , IPONYUIEHHAA BETBHID (Ik) €L (j) t O‘IBBH,.'_IHU, 4TO i

1] -
Ota (opMyia OZHO3HAYHO ONpPEJENAeT CTPYKTYPY pacnpeneneHns BXOAHOI Harpysku 1 () Mo JepeBy myTeH
G"())
4. Pacuer cymmapHoii nponyienHoi HAPY3KH
Obo3na4nm uepes 8ik (-] ) - CYMMAapHYI0 Harpy3sky, MpOMNyuieHHO! BETBbIO (ik) L. Haxoxnenne 37oii

HArpy3kH U8 Kax10H BETBH NMPOM3BOIMTCA NYTeM NOC/IESAOBATENHHOTO HAKOTUIEHMs Ha Hel Beex TIPOMYILEHHbIX
HArpy30K KaiJioro Aepesa myTeli, T.e.

sl ;g.k ) &

ITycts 1k, 1) y3noBas Harpyska Mo aﬂpecy‘] , oBpasyeman Ha yine ! npwm pacrnpeseeHnH BXOIHBIX

TPaHKOB M0 COOTBETCTBYIOMMNM JEPEBBAM MyTeil 1 NpeHA3HAYEHHYO sl NIepeNadt CoceTHEMY Y3y ke K" U )

Y3n0Bas Harpyska (k. j) B JAHHOM CHyHae MPCACTABAAETCA Kak COBOKYITHOCTh TPAaH3HTHBIX HAarpy3ok Ha yane !
OT BCeX [IepeBLEB MyTei, T.€.

s “(k,i
Ii("s]):%:r ( l)_ (7)

Teopema 1. Ina moboro yana ¢ € V {opmupoBaHKe YIIOBOI HArPY3KH OCYILECTEIAETCH N0 (opmyne

)+ 3G, R - |
!f(k,j):i‘(j) ;1(1 7) [(J'), Vk,j,[EV -

Hokazarennerso. Henonssya cootomenus (3), (4) u (7), nokaxem cnpaseniBocTs hopmysi (8). Ha kaxzom

j ik
yane ! u na kakzom HanpaBiaeHUH ( ) obpasyercs y3noBas Harpy3ka

t (k’j)=§ru(k,f)=r,- (k,j)+§z,. (k,j)= () uzﬂr[ G, Dy, (j):
=D+ 40DR ()

HeifcTBUTEIbHO, Harpy3ka Ha yane ! onpemenserca kak CyMMa BXOIHOM H Y3710BOH Harpy3ku, NOCTYNHBILKH B
; :

OT COCEIHEro y3na [ . Torma mns Bcex BXoasiumx B y3en l HanpaBieHUH (l I ), momyum
; B+ . . r(1)+ 20 ) ()
ff(kaj):z/: L(D(N] - !

4TO H TpeGOBANOCH NOKA3ATh.
5. BeIuHc/IeHHE CTATHCTHYECKHX 1aPAMET OB,

y3en

Uy s u
I]ycn P‘ (J) — TEKYIaa BEPOATHOCTH NoTEPh BXOJAHOI Harpy3KH j (j) Ha BCEM MNPOTAKCHUH NEpera

u o U u .
myTei () 0T yama-uctounmka ¢ 1o y3na-anpecara J . Torna sennumma &1 (/) = I—Pi () npeacTasaser coboi
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=B = X k(N0 - B D] 2 k()
keK"()) s min kXD
WITH YIHTBIBAS HEPAaBEHCTBO (12), okoHuaTensHO ByneM HMeTE

T =ity

kek'()) e

TeOopeMa JoKazaHa, )
Harpysxy 6ynem cuutats novepsuHoii B yine, eciH 3aHATHI o0CnyXUBaHHE BCe BPeMEHHBIE KAHANBI TS BCEX

u Uyg » .
HCXONAUIMX U3 HETO HanpasneHuax. Ilycte ~ i (j)« BEPOATHOCTH MOTEPH BXOAHOH HArPY3KH hi (j) B y3Jne ! Torza
MW= [1relp
kek]'()) ) (13)

N 7] "
Teopema 4. {ns scex BeTBei (k) e L°()) crpabean4sa popmyna

2 () =1-111(j).
kek!' (/) (i4)

HNokasatenbeTBo. Yiopanouum sce HarmnpaeneHusa (k) e L'(j . Mycrs 9 HOMep BBIOHPAEMOro HanpasieHus

(k)& L' () ko€ Ki) 1romaran s " k=k, Lk_k Pix, (1) = i, (NPi,, () s

¢ yyetoM (2) nonyunm

a-1_ nonyyaem

2 )= X, ()= @ (XU Py (1) 40, GXE= pyy. ()
kK () ko €KY () B
Pt X1 = P, N+ @, (DA = P () = 0, (1) = 0ty (D) ity )+ 2, -

=0ty DPuty )+ -+ 0, (D) =0, Do, (D=0 (D=0 () (15)

15
U3 Boipaxenun ( ), C YUETOM COOTHOLIEHMs (0 , Noy4aem

mh= T1 pu)=ew (Dow ()
keek!' (/)

, (D=1
Honcm(??)n nocneanee Bbipaxenue B cootHowenwe (1) a tawke yunmresas, uwro @, (/) , nosy4aem
paBeHCTBO » TEM CaMbIM 3aBEpIas [OKA3aTeIbCTBO TEOPEMbI.

o ]
Hcronbsys Teopembl 2 i 4, Ans 3apanHoro muoxectsa 1 = Vhik(/)} Ha KaXJAOM y3le fepeBa myTeill Jerko
BRIMHCIAIOTC BCE TEKYUIHE 3HAUCHW: BEPOATHOCTEH MoTeps. Onnako Gonee yao6HO ONpENIeNATE JOMO HArPY3KH
TIOTEPAHHYIO B N€PEBE MyTeH, MOCNeNOBATENBHO CYMMHpPYS HOTH HAIPY3KH NOTEPAHHBIE B TPaH3UTHBIX Y3JaX 3TOro

niepeBa. BepoaTHOCTs noTeps Mekay napoit yinos ! p OMPEIE/IACTCA KaK OTHOWICHHE HATPY3KH, NMOTEPAHHON Ha
BCCX Y3nax MyTeH, k nocTynusuieii /3 /. B 31om ciiyuae BeposTHO® MoTeph A1 Aepesa myTelt Mexmy yinamu ! u J
COCTAaBHT

Y ()
sV ()

"
() (16)

?

P'“ (j) =

VIJ . r
rge V() -MOAMHOXECTBO BCEX Y3708 Jepesa myTeii Mexay yanamu * u J .
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