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ANrMOPUTMbl ®OPMUPOBAHUA MHOXXECTBA MAPLLPYTOB
NEPEAAYUN METAOAHHbBIX B OBJIAMHbIE AHTUBUPYCHBIE CUCTEMbI

Hannas cmamovs noceswena pazpabomke aneopummos GopMuposanusi MHONCECMEA MAPULPymos nepeoaiu
Memaoaunvix @ 061auHble aHmueupycHule cucmemovl. OmMaudumenvHol 0COOEHHOCbIO AIROPUMMOSE POPMUPOBANUS
MHOICECMBA MApupymos nepeoaiy MemaoanHbix A6Aemcs NOKA3ameny OnmumMu3ayuu U 6600UMble 0PaAHUYEeHUs

6e30nacHoU Mapupymu3ayuu.

Knrwueswie cnosa: qu)OpMaquHHO-meﬂeKOMMyHMKaLﬂlOHHble‘ cemu, obnaunvie anmueupycaul.

NMocTaHoBKa npo6nembl uccnegoBaHuA

ABTOpamMH TIpeUIOKEH MeTon Oe3omacHol Map-
HIPYTH3ALMA METAIaHHBIX B 00JIauHblE aHTUBHPYCHBIE
cucteMbl. OCHOBHBIMH COCTaBIISIIOIIMMH METOAA SIBIISI-
IOTCS:

— anroputMbl  (POPMHUPOBAHUST MHOXKECTBA Map-
LIPYTOB MEpeAadn MeTaIaHHbIX;

— crioco0 koHTpost uHui cBsizu TKC;

— MOJEJTM CHUCTEMBI HEHpOCETEBBIX JKCIEPTOB
0e30MacHO MapUIPYTU3ALHH.

JlaHHas cTaThsl IMOCBAIIEHA pa3pabOTKe allropHT-
MOB (popMHpOBaHMSI MHOKECTBA MapUIPYTOB Iepeaydu
MeTaJaHHbIX.

OTIMYUTENFHOH ~ OCOOEHHOCTBIO — ANTOPUTMOB
(hopMHUpPOBaHUST MHOXKECTBA MapIIPYTOB IIEpeladd Me-
TaJaHHBIX SBIISETCS MOKA3aTeld ONTUMH3AlUK U BBO-
JIMMBbIe OrpaHnuYeHHs1 0€30MIaCHOH MapIIPYTU3aIUH.

Ananuz nporecca (QYHKIIMOHHPOBAHHS TEIIEKOM-
MYHUKAlIMOHHOM CHCTEMBI, a TaK K€ HCCIeIOBaHUS
MPOIIECCOB  (POPMHPOBAHUS, Iepeladyd H 00pabOTKH
METaJIaHHbIX B OOJIAYHBIX aHTUBUPYCHBIX cHcTeMax [1-
17], no3BoNnMIN ONPENENUTh IIIOTHOCTh PAaCIpeaeIeHUs
BEpOATHOCTEH BpEMEHH Iiepenaun xeu-Qaina mera-
JIAHHBIX B 00JaYHbIe aHTUBHPYCHBIE CHCTEMBI, a TaKXe
00paboTKM M AOCTAaBKU KOMaHJ Mepeqadyl yrpaBleHusl,
copMUpOBaTh U MaTeMaTH4eCKu (opMaTU30BaTh 3HA-
HUSI 00 M3MEHEHUSIX U XapaKTepe MOBEIEHNST OCHOBHBIX
BEPOSTHOCTHO-BPEMEHHBIX ITOKa3aTeNied KayecTBa 00-
CITY)KMBaHUS B TEJICKOMMYHUKAIIMOHHOH CUCTEME.

Kak 0bu10 ykazanno B [11 — 17], oOMeH meranaH-
HBIMH MEX]y IIPOrPaMMHBIM KJIMEHTOM U CEPBEPOM, B
o0IeM cirydae, OCYLIECTBISIETCS Yepe3 TpaH3UTHbIE
MapUIpyTU3aTOPhI, IOCIENI0BATENILHOCTh KOTOPBIX Ha
IIyTH OT OTIPABUTENS K IONy4YaTelllo B paMKax padoThI
omnpenenuM kKak Mapupyt [11 —17].

IIycte R = {Vn| ne I,N} — MHOJKECTBO MapIipy-
tuzaropoB B TKC, V, —n-ii mapmpyruzarop, N = |ER| -

YUCIIO MaplIpyTU3aToOpoB, I = {eg ‘E_, € 1,@} — MHoO-

’kecTBo KaHanoB cBs3u B TKC, rae Gé — & -1 kaHan

cBs3M, ©® — konmuecTBO KaHaioB CBs3u B TKC, |Z| -

MOIITHOCTh MHOXKECTBA Z.

WudopmanmoHHble akeTbl METaJAaHHbIX IS aHa-
JIM3a MPOrPaMMHOMY CEpPBEPY MOT'YT OBITh ITepeiaHbl 110
OTHOMY U3 MapIIpyTOB, COCTABJISIOIIUX MHOXECTBO

Nz{ns |se1,M},
rae mg = { 05 |GS,C €3; ce 1,@} —s-i  MapupyT,

sel,M, |ns| =¥, M —KonM4ecTBO MaplIPYTOB,
0

KHT s-My MapupyTy, ‘¥ — KOIMYECTBO KaHAJIOB CBSA3H

s,c KaHaJl CBA3U C HOMEPOM C, KOTOpLIﬁ IpyuHaajIc-

Ha $-M Mapuipyre.

®dopMupoBaHHE MHOXKECTBA N MapIIpyTOB Ipe-
CTaBJIICT COOOW CIIOKHBIA HMTEPAIMOHHBIA TIPOIIECC,
COCTOSIINH B BBHITIOJIHEHUH HECKOJIBKUX aJITOPUTMOB:

— QJTrOpPUTM MOHUCKA KpaTyalImmx myTed Mexmay
y3namu B TKC;

— ajroput™M (HOpMHUPOBaHUSA 0a30BOr0 MHOXKECT-
Ba MapUIpyTOB MepeAayll MeTalaHHbIX;

— auroputM 0e3omacHOil MapuipyTu3aluy Ha Oa-
30BOM MHOKECTBE IyTel Mepeaauyu MeTaJaHHbIX B IPO-
TpaMMHBIH cepBep.

BbiGop anropmMTma nomncka Kpatyamumx
nyten mexay ysnamu B TKC

IIpoBeneHHbIe MCCIENOBaHMS MOKa3ald, 4YTO pe-
LIEHUE 3aJa4d IOMCKa KpaTdyalIiuX IyTeH JeXHuT B
IUIOCKOCTH peIlIeHHs] OOLIeH 3alaud MapIpyTH3aluH
MeTaJ[aHHbIX B O0JIaYHbIE aHTUBUPYCHBIE cucTeMbl. [1o-
STOMY OJHUM U3 HEOOXOAMMBIX YCJIOBUH SIBIISIETCS HC-
HOJIb30BaHUE BBIOOpa 0a30BOTO aJIropuTMa IIOHMCKA
KpaTyalIiuxX MyTeW sBIAETCS MUHMMU3ALUS BBIYMCIIU-
TENILHOM CIOXKHOCTH, KOTOpass BO MHOIOM 3a/aeTcs
YHCIIOM ONepaIii CpaBHEHUS.

[IpoBeneHHbIE UCCIENOBAHNSA U AHAIN3 U3BECTHBIX
aJrOpUTMOB IMOHMCKa KpaTdaimmux myted [1, 4, 11-17]
MOKa3aJM, YTO OJIHUM M3 HanOojee ONepaTUBHBIX aJro-
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PUTMOB,  OTBEYAIOMIMX  33JaHHBIM  TPEOOBAHUSIM
(O(n2"n)) sBnsiercst anroput™ D’Esopo-Pape.

D¢} dhexTHBHOCTD 3TOr0 ANrOpUTMa MOJATBEPKIALT-
csl C OJTHOM CTOPOHBI Pe3yNbTaTaMy UCCIeOBaHUN psijia
aBTopoB [1,4, 11-17], a ¢ mpyroil cTOpoHBI pe3ynbTa-
TaMH IKCIIEPUMEHTOB, MPOBEJCHHBIX C MOMOIIBIO UMH-
TAlMOHHON MOJAEH.

Buemnunii Bun uHTepdeiica OCHOBHON Hporpamm-
HOM KOMIIOHEHTHI (OCHOBHOI'O ITOJIsI) MMHUTALMOHHOM
MOJIENIU TIpe/icTaBlIeH Ha puc. l.

B xome MojenupoBaHus BBIIONHSIIUCH WMHTAIH-

oHHbIE Tpouenypsl ¢yHnkuuonupoBanuss TKC c¢ pas-

JIMYHON TOIOJIOTHEW U KOJMYECTBOM Y3JIOB Nor 100
10 2000. Bec oTaenpHBIX TUHUHA CBSI3U COOTBETCTBOBAJ
BO3MOYKHOM OCTATOYHON IPOMYCKHOW CIOCOOHOCTH
peabHBIX KaHAJIOB CBSI3H.

Ha puc. 2. npencraBieHsl pe3yibTaThl UCCIIE]0Ba-
HUSI W3BECTHBIX AJITOPUTMOB ITOMCKa KpaT4aWIIUX ITy-
Teil B BUjE TpaMKOB 3aBUCHMOCTH YHCJa OIepanuii
CpaBHEHUsI OT YMCIIa BepIIUH rpada.

U3 rpaduxoB puc. 2 BuaHo, uto anroput™ D’E-
sopo-Pape mMmeer mpenmyiiecTBa Mo CpaBHEHHIO C H3-
BeCTHbIMU airoputMamu Jleiikctpel n bennvana-Popaa.
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Puc. 1. Baemrnmii Bun naTEpdEtica OCHOBHOH Mpo-
rpaMMHOI KOMIOHEHTHI UMUTaIMOHHON Monenu TKC
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Puc. 2. I'paduku 3aBUCMMOCTH YHUCIIA OIICPAIIHIA
CpaBHEHHs OT YKCJIa BepIIvH rpada 1 pa3InaHbIX
aNTOPUTMOB TIOMCKA KpaTyalIux myTeu

JIi1s1 noATBEP KACHUS TOCTOBEPHOCTH MTOJYIE€HHBIX
pe3yNnbTaToB ObUIM TPOBEAEHBI DPACUETHI, COOTBETCT-
BYIOIIHE YCIIOBUSM MOJIETUPOBAHMSI:

— CTeleHb CBA3HOCTH CETH BHIOMpaslach Cllydaid-
HBIM 00pa30M B pamKax auanazona: ot 5 go 10;

— YHCJIO DKCIIEPUMEHTOB Ha KaXKJOM M3 3TarloB,
KOTOpBIM XapakTepusyercss KoimuuecTBoM Yy3i10B TKC

N =100.

BeinBunyTas B paboTe TUIOTE3a O HOPMAaJbHOM
pacrnpeneneHuy caydyaiHOW BEIMYMHBI YUCIIa Oepariyii
CpaBHEHHs B aJrOpUTMax ObUla MPOBEpPEHA IO KPHUTE-

pHIo coracus xz ITupcona [3]:

k
2 * * 2
=N ([P -P) /P,
i=1
rae k — uucio pa3psaoB (MHTEPBAIOB) CTATHCTHYECKOTO
sk
psana, P, um P, — «cratuctuueckas» U TeopeTHuecKas
BEPOSATHOCTU «IONAJaHUsD BEIMYUHBI CPEAHErO YHcia
oriepayii cpaBHEHHS B i-1 pa3ps.
ITpoBeneHHas mpoBepka JoKa3aja MPaBRONOR00-
HOCTb TMIIOTE3BI O TOM, YTO BEJIMUMHA YHCIIa ONEepaluii

CpaBHEHHs paclipeiesieHa 10 HOpMaIbHOMY 3aKOHY.
[Tonmy4deHsl OLEHKH W(E_,)(') MaTeMaTU4eCKOro
oxuganus u D

mucnepcun (G cpenmHe-

w(E)D w(E®
KBaJPaTHYECKOTO OTKJIOHEHHUS) CIy4alHOW BEJTHMYUHBI

YHCIia Orepalyii cpaBHEHUS W(E)(i) [3]:

. .
N;oc -o=/D _n:
» W@ T W@
k

D, e = (W@ - w @) /(N"1).

i=1

- k —-
w@W =Y wE)®

i=1

Bocmoiap30BaBIINCh, U3BECTHBIM BBIPpAXXCHUEM JIsA
pacucra I[OBCpPITeJ'ILHOfI BEPOATHOCTU OTKJIIOHCHHUA OT-
HOCHUTEJIBLHOM YaCTOTHI OT IOCTOSHHOI BEPOATHOCTU B
HE3aBUCHUMBIX HCHBITAHUAX, IMOJYUYCHHOC B PE3YJIbTATC
OKCIICPUMEHTA 3HAYCHUC MPOTHO3UPYEMOI'0 Yucja ore-
paunﬁ CpaBHCHUA «HE OTKJIOHUTBLCS» OT MaTeéMaTu4de-

CKOT'O OKHJIaHUS Gv(é)(i) Oosee yem Ha 1:
s v 1) o).

rae @ — gpynkuust Jlamnaca Buza:

(D(x) =

NP

IloBeeHHOE MMUTAIIMOHHOE MOACIUPOBAHUE I10-

! Te_t%dt [3].
0

KasaJjio, 4TO JIsd BCEX MCCICAYEMBIX BUJ0B JaHHBIX I0-
BEpUTCIIbHAA BCPOATHOCTH TOI'O, YTO 3HAYCHUE CTaTHU-

CTHYeCKOW BeMMUMHBI W(E) «HE OTKIOHHUTHCS» OT Ma-

TEMaTHYECKOI'0 OXKUAAHUS w(g_,) Oonee yeM Ha 1 paB-
HO: P = 0,98. Bbicokas cTeneHb COBMAJCHUS PE3YIib-
TaTOB UMHTAIIMOHHOTO MOZEITHPOBAHUS [TOATBEPIKAAIOT
JIOCTOBEPHOCTh PE3YJAbTaTOB aHAJIM3a AJrOPUTMOB IO-
HCKa KpaTYaIIMX IyTei.

Takum 00pa3zoM, MOKHO OTMETHTH Iienecoo0pas-
HOCTb ucnoib3oBaHusi anropurma D’Esopo-Pape B ka-
yecTBe 0A30BOT0 MPU MOUCKE KPaTHANIINX ITyTEH Mex-
ny yznamu B TKC.
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Anroputm chopmMmmpoBaHus
6a30BOro MHOXecTBa MapLUPyTOB
nepeaaym MmetagaHHbIX

JInst HaXOXKIEHUS MHOXKECTBA MAapIIPyTOB, HC-
KITIOUYAIOIIUX «TETIN» B pacCMaTPUBAEMOM aJTOPUTME
HCIONB3YIOTCS NMPOLEAYPHI, IPEACTaBICHHbIE Ha puUC. 3.

[lycTh TpOrpaMMHBIA KIUCHT OOJIAYHON aHTUBU-
PYCHOM CHCTEMBI HHCTAJUTUPOBAH HA HEKOTOPOM Y37 1,
OTHOCUTENIBHO KOTOPOTO CYILECTBYIOT MHOMKECTBa:

U= {ua |N(ua) c N} — YPOBHEW HepapXuu Ha Jepe-
ul

B€ JIOIYCTHUMBIX MapmpyroB; Ng,, = U N(u,) —uc-
=1
o

KOMBIX IIyT€H Ilepefauyd METaJaHHbIX; Np5 C Nguz —

MHOYKECTBO MApIIPYTOB Iepelayd METaJaHHBIX, BBI-
OpaHHBIX M3 MHOXECTBA Ng,, A1 MOBBILEHUA 0€30-
MACHOCTH, TAE U, — HOMEp YPOBHS HEPAPXUH.
BhIIBUHYTBIC IPEATIONOKEHNUS, @ TAK)KE OCHOBHBIC
MpOLIEAYPHl PACCMaTPUBAEMOTO alnroputMma (Gopmupo-
BaHHUsA 0a30BOr0 MHOXKECTBA MapIIPYTOB Iepenady Me-
TaJaHHBIX TO3BOJIIOT CHOPMYIHPOBATH ONTUMH3AIIM-
OHHYIO 3aJ[auy IOBBIIICHUS OMEPATUBHOCTH IepeNayn
METaJlaHHBIX B IIPe/ieslax MHOKECTBA MApIIPYTOB N g !

T (Np) — min; (1)
U] = {ug [ N(ug) = N} 2)
U]

|
Noas = uu_IN(ua), Ul =1, |u| < ma{(|nm|; (3)
o I\

m

ul
Ngs = U Ngas(ug) s )
ug =1
Poes 2 Pﬁesﬂon : (%)

rne Pg — JomycTAMasi BEPOSITHOCTh 0e30MacHOM
63}10“

nepeaavyun JaHHbIX.
B Tom cj1y4dac, €Ciin HE HaWJICHO HH OJHOr'O pac-

HpEJIeIeHNs. U3 MHOXKECTBA  N,g , YAOBJICTBOPSIOLIETO
OrpaHHueHHIo (5), HeOOXOAUMO PaCHIUPUTh N5 IIy-

TeM ero o0beJMHEHUsI C MHOXKECTBOM MapUIPYTOB Clie-
JIYIOIIEro YPOBHS HEpapXuu B cOOTBETCTBUH ¢ (1) — (4).

Crnenyer 3aMETHTh, YTO IIPH PEIICHUU MOCTABIICH-
Holt 3a/1aun opMHUpoBaHUs 6a30Boro Ng,, MHOXKECTBA

MapIIpyToB Nepeaayd MEeTaJaHHbIX W3BECTHBIMHU aJro-
pUTMaMH TIOMCKa KpaTdaiimmx myreit [1,4, 11-17] B
OOJNIBIIMHCTBE TPAKTHYECKUX CIy4aeB IPHUXOAUTCS
CTaJIKMBATBCS C MPOOIEMOH «3alUKIIMBAHUS) JaHHBIX B
HAMJEHHBIX MYTAX («IIEeTeIb»). DTO NPUBOAUT K YBEIHU-
YEHHUIO BPEMEHU epeiaud HHPpOpMaIMOHHBIX MaKETOB,
a 3a4acTylo M HX motepe. M30exaThb «IeTeNby MOXKHO
BBe/IS OrpaHUYeHusl (YCIOBUE MOCTOSIHHOTO OTCYTCTBUS
«TIETEIIbY), MIPECTAaBICHHBIE B BUJIEC BBIPAKECHHIA:

T i < T jmin s (6)

T jmin < Tikj, k<R, (7

Hauarno

»
»

2

3anpoc Ha ysen
NpOrpaMMHOro cepeepa
(Yne)

YMC aktvBeH?
HeT na

v

BhinonHeHue npoueaypbi
3anycka Tabnuubl
MapLUpyTU3aLMK

Mepesop YINC B aKTUBHbINA
pexum

I

I A

Mouck kpaTyanLero nyTm
k YMC ¢ nomoLbio
anroputma D’Esopo-Pape

-7_;

T, <T,

i,j min

Tk.jmin STi.]f./”k c®

T s —y

3anyck TecToBoro
curHana no sbibpaHHoMy
mapLipyTy

MapuwpyT
na KOMMNPOMETNPOBAH,

-10J_

BrokvpoBaHne mapLupyTa
(YnaneHue u3 cnucka)

-11_+_

MoBTOpHbIN 3anyck
anropuTMa novcka
KpaTyaiwero nytn k YINC

|

HeT

-12J_

3anucb HaaeHHoro My
B Tabnuuy
MapLUpyTU3aLmum yana

-13_+_

Onpepnenenne y3nos-
NPEEeMHUKOB

X

1 [EpEHOC jaHHbIX O
KpaTyaiLumnx MapLipyTax k
YIMC w3 y3nos-
NPEeeMHNKOB

IR 2

dopmupoBaHue
Tabnuubl 6a3o0Boro
MHOXeCTBa MapLLpyTOB
nepesaym MeTagaHHbIX

16

KoHew

Puc. 3. CtpykTypHas cxema anropurMa GOpMHUpPOBaAHHS
0a30BOr0 MHOXKECTBA MapUIPYTOB MepeIady MeTaJaHHbIX

rae Ty jmin — KpaTHailiee «paccTosiHue» (MHHAMAIb-
HOe BpeMs IMepeaayd HH(MOPMAIMOHHBIX aKETOB) OT
y31a k k agpecary j; T,y j — «pacCTOSHHE» (Bpems me-

penauu MH(GOPMALMOHHBIX TaKETOB) OT y3Ja 1 K ajpe-
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cary j uepe3 y3eln k. DTo yciioBue IpoBepsieTcs Ha 1iare
7 paccCMOTPEHHOT0 aJIrOpUTMA.
B orinuune ot u3BecTHBIX anroputmos [1, 4, 11-17]
B KOTOPBIX HE YUUTHIBAETCS BO3MOXKHOCTH KOMIIPOMETa-
uuu (B pe3ynbrare kKubepaTtaku) MapuipyToB, B pa3pabo-
TAHHOM aJITOPUTMe 3TOT (hakrop yureH (mwaru 7-11).
ITocne Toro kak chopmupoBaHo 0azoBoe Ny,

MHO)KECTBO MapILIpPYyTOB Iepeiaud MeTaJaHHBIX Heo0-
XOJIMMO TIPOBOJUTH TTOCTOSIHHBI MOHUTOPHHI KaHAJIOB
CBSI3W WM QJIalITUBHO M3MEHATH TaONUIBI 6a30BOr0 MHO-
)KECTBa MapUIPYTOB B Cllydae aHOMAaJbHBIX U3MEHEHHUI
B IIOKA3aTellsiX TECTOBBIX CUTHAJIOB. JIJIsl pemieHus 3Toi
3aJauyl MpeJHa3HauYeH allrOPUTM Oe30MacHOl Mapuipy-
TH3aIMM Ha 0a30BOM MHOXKECTBE MyTEH repenayu Me-
TaJlaHHBIX B IPOrPaMMHBIN CepBEp.

Anroputm 6e3onacHon MmapLupyTM3aLmm
Ha 6a30BOM MHOXeCTBe nyTen nepeaaym
MeTafaHHbIX B NPOrpaMMHbIN cepBep

HeHOCpeZ[CTBeHHOe HCIOIb30BaHUE BCETO Haii-

JCHHOI'O MHOX>XCCTBA N6a3 HyTeﬁ nepeaaun Merajad-

HBIX QJITOPUTMOM, NPEIIOKEHHBIM B TMPEIbLAYIIEM
rozipasjiesie, He BCErJa BO3MOKHO M ONpPAaBIaHO. JTO
CTaHOBUTCS OCOOCHHO OYEBHIHO B CIIydae BBICOKOM
MIPOITYCKHOW CHOCOOHOCTH XOTSI ObI HECKOJNBKUX U3
MMEIOLINXCSl KAaHAJIOB CBSI3HM, CIIOCOOHBIX OOECIeuuTh
BBINOJHEHHE TPeOOBaHUI NpU Nepeaue MeTalaHHbIX B
y3IBl TPOTPAMMHOTO cepBepa. PacimmpeHue Takoro
MHO)KECTBA MPHUBOIUT K YBEIWYEHHUIO TaOJIUI] MapuIpy-
TU3AIMU Y3JI0B CBSI3H, YCIIOKHEHHIO IpoIecca pacrpe-
JIeTIeHNs IaHHBIX M, KaK CJEICTBHE, K CHIDKCHHUIO JIOC-
TOBEPHOCTH Tepeaud U WHPOpMaIMOHHOH Oe30macHo-
cti. [1o3TOMYy BO3HHMKaeT HEOOXOAMMOCTb B HaXOXKJIe-
HUHM TaKOrO MHOXECTBa MapUIPYTOB, HCIOJIb30BaHUE
KOTOPOTO B YCIIOBHSIX HAKJIAJbIBAEMBIX OTpaHHYCHUH
MO3BOJIUT OOECHEYUTh MAKCHMMAJIBHO BO3MOXKHYIO HH-
(dhopMaIMoOHHYI0 0€30MacHOCTh, T.e. B MOHHTOPHHIEC
KaHaJIOB CBSI3U M BHIOOpE M3 BCETO HAWMEHHOIO0 MHOXE-
ctBa Ng,, INyTell HEKOTOPOi (ONTUMANBHOI) COBOKYTI-

HocTH N5 MapupyToB. CoBpeMeHHbIe TpeOOoBaHUS K

KauecTBY npenocrasisiembix yciayr B TKC 3apatorcs B
rapamMeTpUIecKOM BHJIE, CHCTEMOMN OrpaHIYeHUH:

{PI/ICK S PI/ICK;[OH » Qe 2 Qllon’ T=< Tl[()l'l’ Poes = p6e3;[OrI } >

rac — aonyCcruMas BEPOATHOCTb HCKaXKCHUA

P
UCK orp

MH(OPMAIMOHHBIX AKETOB B Mporiecce nepeaauu; Qo —
JIOIyCTHMasi BEPOSITHOCTh TpHEMa HH(OPMAI[MOHHOTO
nakera 3a Bpemst T, He MpeBbIIIatoNIee JOMyCTUMOE.

B 10 ke Bpewmsl, B YCIIOBHSIX TOBBIIIEHHOH KHOEpO-
MACHOCTH TIPHM Tepefadye W o0pabOTKe MeETaJaHHBIX B
0071auHBIX aHTUBUPYCHBIX CHCTEMAX, BEPOSTHOCTh Pge,

Oe3omacHoOi nepeaaun IaHHBIX SABJIACTCA OAHWM M3 OIl-
J 8IS 110)1117D.€ ToKasareJen. HpPI 9TOM, 3aJada Oe3ormac-
HOHU MapmpyTusainiy JaHHbIX TpaHC(l)OpMI/IpyeTCH B Ha-
CTHYIO OITUMHU3AILIMOHHYIO 3a/1a1y BUA:

Pg.; — max, npu
PI/ICK < PI/ICK}:[OrI s T < TI[OI'I’ QC = QI[OI'I

B Takux ycnoBWsAX anroputM Oe30MacHOi Map-
HmIpyTH3alu Ha 0a30BOM MHOXKECTBE ITyTeH IMepeiadu
MeTaJlaHHBIX B MPOrpaMMHBIN cepBep MOXHO IpescTa-

BUTH B BUJIE pucC. 4.
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I
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yne

~
Mapupyt
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aa \ KYMC? /

N

BnokupoBka MapLupyTa B
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I
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12

.
—10 4l—\\///

A4

BHeceHve nameHeHui B Brokiposka mapwpyTa
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Puc. 4. CtpykTypHas cxema ajropurMa 0e30macHON
MapIIpyTU3alud Ha 0a30BOM MHOXECTBE MyTeH
nepenayu MeTaJaHHbIX B IPOrPaMMHBIN cEpBep

XapakTepHOH OCOOCHHOCTBIO AJTOPUTMA SBIIACTCS
BO3MOXXHOCTh TIOCTOSTHHOTO MOHWTOpPHHTa W ydera Xa-
pakrepucTik kaHanoB cBs3u TKC Ha mapiipyrax B y3en
MPOrpaMMHOro ceppepa (maru 2-7). FIMEHHO MmO3TOMY
OJTHOW M3 OCHOBHBIX 3371a4 0e30MacHON MapIpyTH3aIu
SIBJISIETCSL ONPE/IEIEHHE U Y4eT XapaKTepUCTHYECKUX Ia-
paMeTpoB JIMHUI CBS3W, ONPEAENSIOMNX BO3MOXKHOCTH
KnubepaTaku U HecaHKIMOHUpoBaHHOTO Joctyna B TKC.

BbiBOoAabI

Taxum oOpa3zom, B paboTe pazpaboTaHbl alrOPUTMBI
(bopMHUpPOBaHUS MHOXKECTBA MapIIPYTOB Mepeaadn MeTa-
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JTAaHHBIX, KOTOPBIC SBJIAIOTCS YaCThIO METON O€30IMacHOM
MapIIpyTH3aIMHd METaJaHHBIX B OOJaYHBIC aHTHBHPYC-
HBbIC CHCTEMBI. PelreHre ONTUMU3AIMOHHOW 3a7]a4M BbI-
6opa u (popMupoBaHus 0a30BOr0 MHOXECTBA ITyTeHl ITe-
penavyd JaHHBIX IPOBEICHO MO KPHUTEPUI0 MHHUMYMa
BpPEMEHHU Tepeayll METaJaHHBIX Ha y3€J MPOrPaMMHOTO
cepBepa. B To ke BpeMs pelleHue YaCTHOW ONTHMH3AIIH-
OHHOM 3amauu (HOPMHUPOBAHUS MHOKECTBA BBIOPAHHBIX
MapIIpyTOB OCYIIECTBIISUIOCH TI0 KPUTEPHIO MaKCUMyMa
BEPOSATHOCTH 0E30MaCHOH Mepenavr TaHHBIX.
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AITTOPUTMU ®OPMYBAHHA MHOXXWHU MAPLUPYTIB NMEPEOAYI METAOAHUX
Y XMAPHI AHTUBIPYCHI CUCTEMU

O.A. Cmipnos, A K. [iguk, A.-M. [Ipees, C.A. CmipHOB

Hana cmamms npucestena po3pooyi ancopummis GpopmyeanHs MHOMCUHU MAPWPYMIE nepeoayi Memaoanux 6 XMapHi anmu-
sipycni cucmemu. Biominnoio ocobausicmio aneopummis ¢hopmysantisi MHONCUHU MAPULPYMIE nepeoayi Memaoanux € NOKA3HUKU

onmumizayii' i esedeni oomedcents: 6e3neunoi mapupymusayii.

Knrouogi cnosa: inghopmayitino-menexomynikayitini mepesici, XMaphi anmusipycu.

ALGORITHMS FORM A PLURALITY OF TRANSMISSION ROUTES METADATA IN CLOUD ANTIVIRUS SYSTEM
A.A. Smirnov, A.K. Didyk, A.N. Dreyev, S.A. Smirnov

This article focuses on the development of algorithms for forming a plurality of metadata transmission routes in the cloud
antivirus system. A distinctive feature of the algorithms forming a plurality of metadata transmission route is a performance op-

timization and security restrictions imposed by routing.

Keywords: information and communication networks, cloud antivirus.

152



