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BBepeHune

[ocranoBka mpoOJembl. PazButue KoMmeloTep-
HBIX ceTed M HMH(pOPMAIMOHHBIX TEXHOJIOTHIl TpedyeT
KOMIUICKCHOTO PEHICHUS 3aJa4d IMOBBIMICHUS 3PPek-
TUBHOCTH TIepefadr WHPOpPMAINH, COBMECTHO C pelle-
HHEM 3aJaudl 3alluThl IepelaBacMoil uHpopmanmm.
Heobxonumocts obecrieueHust UHPOPMAITUOHHON Oe30-
MIACHOCTH TIOJIb30BaTENIe KOMIBIOTEPHBIX CETEH BBI-
3BaHa IIUPOKHM HCIIOJIB30BAHHEM HX B TOCYIapCTBEH-
HBIX U (PMHAHCOBBIX OPTaHM3AIMSX, B MPOMBILIIICHHBIX
NPEANPUSATHAX M B OpPTraHH3alUsIX OOOPOHHOTO KOM-
wiekca. [lepcreKTHBHBIM SBISETCS HAIpaBlCHUE II0-
BBIIICHUS YPOBHS 3alUINEHHOCTH KOMIBIOTEPHBIX
ceTeil, KOTOpOe CBSI3aHO C COBEPIIEHCTBOBAHHEM METO-
JIOB MapLIPYTH3ALNH TEePeAadr HHPOPMAIH B CETAX C
YYETOM PHCKOB ITOTEPH MHPOPMAINH, €€ MOANDHUKALIIH
W BO3JICCTBUI BHEIHUX (haKTOPOB Ha KaHAJbI Mepesia-
91 HHPOPMAIIHH.

AHanmu3 myOJIMKAIUNA. AHanu3 NOCIeIHUX HC-
cinenoBaHuil W mybnukamui [1] mo3Bomser chenaTh
BBIBOJI O TOM, YTO TOBBIIICHHE YPOBHS 3alUIICHHOCTH
KOMITBIOTEPHBIX CEeTel MOXKHO JOCTHYb METOJOM MHO-
TOKPUTEPHUAIILHOM MaplIPyTU3aLUU, KOTOPBIN II03BOJIS-
€T ydecThb KauyecTBO OOCIy)XMBaHMS M MH(OPMAIMOH-
HyI0 0€30I1aCHOCTh II0JIb30BATENeH KOMIIBIOTEPHBIX
ceteil. Hemocratox npeanoxenHoro B padore [1] meTo-
Jla MHOTOKPHUTEPHAIbHOI MapUIpyTH3aIllii 3aKITI09aeT-
csl B BHIOOpE €IMHCTBEHHOTO MapIIpyTa, KOTOPBIA CO-
OoTBEeTCTBYeT llapeTo-onTHManbHOMY pEIICHHIO —II0
HECKOJIbKUM KPUTEPHUSIM KauecTBa.

Hean padoThl 3aKitouaercs B pa3paboTKe MeToa
MHOTOITyT€BOM MHOTOKPUTEPUAIBHON MapHIpyTU3alUH
KOMITIBIOTEPHBIX CETEH.

MU3noxeHne oCHOBHOro marepuana

Peanuzanusi MHOTOKpUTEpUANILHON MaplIpyTH3a-
I COBMECTHO C IOMCKOM HECKOJIBKHX HE3aBUCHUMBIX

aNbTePHATUBHBIX MAapUIPYTOB TMO3BOJIAET YBEIUYUTH
JIOTYCTUMYIO Harpy3Ky B CETH, YBEIMUYUTh HAJEHKHOCTh
repeaddl TaHHBIX W CHU3HUTH PUCKU MOTepH HH(OpMa-
iy Wik ee Monudukanuy. CHIDKEHHE PUCKOB MTOTEPH
HHPOPMAILIUU WK ¢ MOTU(PUKAIIMK CBSI3aHO C PACIpPO-
CTpaHCHHEM OTPAHUYCHHBIX PECYpCOB HECAHKIIMOHUPO-
BaHHOTO JIOCTYTIAa IO HECKOJBKHM KaHajaM Ieperadn
HH(POPMAIIUHU TIPU PeaTH3aluyd MHOTOITYTEBOM MapIpy-
TH3AIUH.

OcHOBHasi uaes MeTOAa MHOTOIYTeBOH MHOTO-
KpUTEPUATTLHOM MapHIPyTU3AIMK 3aKITI0YAeTCs B JBYX-
STalHOM pEIIeHUHU 3aJa4d TMOBBIIICHUS YPOBHS 3aIllH-
LIEHHOCTH MOJb30BaTeNell KommbloTepHO ceTu. Ha
IepBOM 3Tarie HHPOPMAIMOHHAs 0E30MacHOCTH IMOBBI-
[1aeTcss METOJIOM MHOTOKPUTEPUATbHONW MapIpyTH3a-
[IUU, KOTOPBIH YYUTHIBAET KPUTEPUU KauyecTBa Tepesa-
9l WHPOPMALMH COBMECTHO C KPUTCPHSIMH 3alUIICH-
HOCTH IiepeJaBaeMoil MH(POPMAIUU OT HECAHKIMOHU-
poBaHHOrO jnoctyma. Ha BTOpom sTame peanu3yercs
MHOTOITyTEBasT MAPIIPYTH3AIHS CPEIH BCEX MHOTOKpH-
TepUANBHBIX MapIIPyTOB, HMEIOMINX HanOosee OIH3Kie
OIICHKH IO BEUYMHE CKASIPHON CBEPTKH HECKOJBKUX
KpUTEPHEB KayecTBa Iepeaadn MH(GpOpMaruu U ypOBHS
ee 3aIlUIIECHHOCTH.

Peanu3zanuio MeToaa MHOTOITYTEBOW MHOTOKpPHUTE-
pUANTBbHON MaplIpyTHU3alMd OMUIIEM Ha MaTreMarude-
CKOW MOJIeln KOMIIBIOTEPHOI ceTH B BHUIE Tpada, Bep-
IIUHBI KOTOPOTO MOJAEITUPYIOT Y3JBI-UCTOYHUKA H Y3-
JIBI-TIPUEMHHAKH HH(OpPMAIMH, a BETBU rpada COOTBET-
CTBYIOT KaHaJlaM Iiepeadd HH(OpMAIIHH.

Ha mepBom 3tamne chopmynupyem 3agadqy MHOTO-
KpUTEPHALHOW MapHIpyTH3alul Ha Tpade Mexay
Y3JIOM-UCTOYHHKOM H Y3JIOM-TIPHEMHHKOM HH(OpMa-
LIHH.

BBeneMm cucteMy YacTHBIX KPHUTEPHEB KadyecTBa,
KOTOpasi, ¢ OJTHOW CTOPOHBI, XapaKTEepHU3yeT KadyeCTBO
nepeqadyd WHGOPMAIMK OT Y3Ja-HCTOYHHKA K Y3IIy-
MIPUEMHHUKY, a C IpYrOi CTOPOHBI, XapaKTepU3yloT ypo-
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BEHb 3alIMIOICHHOCTH MpelaBaeMoil HWH(GOpPMAIH OT
HECAaHKIIMOHUPOBAaHHOTO AocTymna. [Ipemmonoxum, 9To
CKOpPOCTh TMepelayd JaHHBIX OILIEHUBAETCS YaCTHBIM

*
KPpUTCPUEM KadeCTBa I] , BpeMs 3aJICPKKH TCpeaavdun

*
JAHHBIX 3a4a€TCAd YaCTHBIM KPUTEPUEM KadeCTBa 12 5

HAJISKHOCTh Mepefadydl HMHPOPMAIMK  YIUTHIBACTCS

*
YaCTHBIM KPUTCPUEM Kadye€CTBa 13, PUCK TMOTCPU HH-
(bOpMaIII/II/I njimn ce MO[[I/I(bI/IKaHI/II/I OLICHUM YaCTHBIM

* (V)
KpHUTEpUeM KadecTBa Iy u T.1. B 3TOM cucteme wact-

* *
HBIX KpUTEpHEB KadecTBa I; u 1, omeHMBarOT TeXHMYeE-
CKME XapaKTepHCTHKH KaHala nepeaadd MHQOpMaIuu.
o o *
YacTHeI KpUTepui KadecTBa I; OllEHMBAEeT HaJEK-

HOCTh Mepenadyn MHPOPMAIMH B YCIOBHAX NEHCTBHA
BHYTPEHHMX M BHEUIHUX ITOMEX. Y POBEHb 3alIUIIECHHO-
CTH KaHalla TNepefaud JaHHBIX XapaKTepusyercs puc-

*
koM I, morepu mHpopManuu unu ee MOAU(UKALUH B

mnmponecce nepeaaiu JaHHbIX. B paCCManHBaeMOﬁ CHC-
TEMC YaCTHBIX KPUTCPUCB Ka4CCTBA YdCTHBIC KPUTCPHUU

* * *
kauecTBa I;, I, I HeoO6XomuMo MHHMMM3HPOBATH, a

o o *
YaCTHBIM KPUTEPUU KadCCTBa 13 CJICAYCT MaKCUMU3U-

POBaTh. HpHBeZ[eM BCC YAaCTHBIC KPUTCPUU KA4YCCTBA K
CJIy4Jar0 uX MUHUMMU3ALNU. C oot OCJIbI0O MaKCHMMU3H-

o o o *
PYECMBIU YaCTHbIM KPUTCPHUU KadYC€CTBa 13 3aMCHUM Ha

MHUHUMU3HPYEMBI  YacTHBI  KPUTEpUH  KauecTBa

Iy =15, —I; , TOe I;m — MAaKCHMAaJIbHO-BO3MOKHOE
3Ha4YEHHE HAJIEKHOCTH, KOTOPOE 3a1aeTCs TEXHHYECKH-
MM XapaKTEPUCTUKAaMU KaHaJla IePeaaun JaHHbIX.

B obmiem ciaydae cyMTaeM, 4TO KayecTBO 0OCIiIy-
’KUBAaHHUS W ypOBEHb MH(POPMALMOHHOH Ge30macHOCTH
NOJIL30BATENsl OLUEHUBAETCS N MUHUMM3UPYEMBIMU
KputepusaMu kadectsa Ij,I,,...,1, . Ha ocHoBanmm Tex-

HUYECKHX XapaKTEPUCTUK KaHAIOB mepepayn HHOp-
Maiuy, TpeOOBaHMH K KayecTBY OOCTyXMBaHUS H
YPOBHIO HH(OPMAIMOHHON 0€301MacHOCTH 33Jal0TCs
MIpeeNbHO-A0MYCTHMbIC 3HAUEHHUS YaCTHBIX KPUTEPHEB

kagectBa I, 15, Iym - 3aTeM mepexonnm k cucreme

OTHOCHUTCIIbHBIX YHYaCTHBIX KPpUTCPUEB KadycCTBa

L /L > 1o /o sees Iy /1 » AMIANA30H H3MEHEHHS KOTO-

PBIX 3aJaI0TCA OTPAHUICHUAMMU!

L —
0<—<I,i=1Ln. N

Iim

M3BecTHO, 4TO 3a/a4a MHOIOKPUTEPHAIBHON OII-
TUMU3ALUU SIBJIIETCSI HEKOPPEKTHOM, TaK KaK YacTHBIE
KPUTEPHH KadecTBa KOHQIMKTYIOT MEXAy COOOM.
VYiydmieHne OJHOTO YacTHOTO KPHUTEpHs KadecTBa
yXyIIIaeT OJUH WIM HECKOJbKO APYTMX YacCTHBIX KpHU-
TepHeB KauecTBa. Perynspuzaius HEKOPpEKTHOW 3a1a-
Y MHOTOKPHUTEPHATIbHON ONTUMHU3AIMK BBITOIHIM
CKaJSIpPHOU CBEPTKOM YaCTHBIX KPUTEPHEB KauecTBA IO

HEJTMHEWHOHN cXeMe KOMIIPOMHCCOB [2]:

n o n
J=2— %20, > o =1, )
i=1]— 1 i=1
im
rae I; —i-if yacTHBIN KpUTEpUil Ka4ecTBa; Ol; — BECOBBIE

kodpunneHTs; L

im — TPEACIbHO-AOITYCTUMOC 3Ha4C-

HHUE YaCTHOT'O KPpUTCPUA Ka4€CTBA Ii .

[MpennaraeTcs mpucBamBaTh BETBSIM rpada Bec
(MHY) TPONOPUNOHANBHBIA CKaJsIpHON BenuduHe J,
KOTOpasi ONpPENEISAETCS 110 HEITMHEMHON cXeME KOMIIPO-
MHCCOB (2).

MaremaTtndeckasi MOJIENIb KOMITBIOTEPHOW CETH B
Buze rpada, Beca (IUIMHA) BETBEH KOTOPOTO PaCCUUTHI-
BAIOTCSl TI0 BBIPAXCHUIO (2) MO3BOJAET pPealn30BaTh
MHOTOKPUTEPHAIBHYIO ONTUMH3ALUI0 MapUIPyTOB Iie-
penaud MHPOpPMAIMU OT Y37Ia-UCTOYHHKA K Y3IIy-
MIPUEMHHUKY ITyTEM MUHUMH3AINU KPUTEPHUS KadeCTBa:

r n
mjnL:ZZ

J j=li=lq_

(Xij

n
0420, Yag=1, (3)
i=1
ijm
rae lj;— i-ii yacTHBIA KpuTEpHil Ka4yecTBa B j-i BETBH
rpada; Ijj, — IpenenbHO-IOMYCTHMOE 3HAYCHHE i-IO
YaCTHOTO KPHUTEpHs KauecTBa B j-ii BeTBU rpada; o;i—

BecoBbIe KOA(QUIMEHTH; N — KOJHUYECTBO YaCTHBIX
KPUTEPUEB Ka4yecTBa, I — KOJIMYECTBO BeTBeW rpada
BIOJNb MapuipyTa oOT Y3Ja-UCTOYHHMKAa K  Y3iy-
MIPUECMHHUKY.

Becosbie koo duimenTs a5 B (3) MO3BONAIOT 3a-

JaTh MPUOPHUTET TEX KaHAJOB Ieperadyd WHQopMmaluy,
KOTOpbIe HMEIOT OOJBIINA YPOBEHb 3aIlUIICHHOCTH
uHpOpManuu, YeM apyrue. BecoBwle k03(HUIIMCHTHI
Oijj TaKKe JA0T BO3MOXKHOCTb IOBBICHTb YPOBCHb

nHpOpManMOHHON 0e30MacHOCTH 3a CYET YCTYIOK B
Ka4ecTBe 0OCIy)KHBaHHS KOMIIBIOTEPHOH CETH.

3amaya MUHUMHU3AIUN KpUTepus KadecTBa (3) u3-
BECTHA Kak 3ajjaya O KpaTdaiIlieM IIyTH MEXIYy y3JIOM-
HUCTOYHUKOM H Y3JIOM-TIpueMHUKOM. CliesoBaTenbHo,
NIPUMEHEHNE /I pacdera BecoB rpada maremaruye-
CKOM MOJIeNM KOMIIBIOTEPHOH CETU CBEPTKU IO HEJIU-
HelfHO# cxeme KOMIIPOMHUCCOB (3) CBOAUT 3a1ad4y MHO-
TOKpUTEpHAIbHON MaplIpyTH3aLUU K U3BECTHOM 3aja-
YH O KpaTdaHIleM IIyTH, KOTOpas MOXeT OBITh pelreHa
anroputMoM JleWKcTphl MO0 MapaieIbHBIMUA CPEICT-
BaMU MapIupyTusanuu [3].

PaccmoTprM mONOXKHTENBHBIE KadecTBa Mapuipy-
THU3aIUA COTJIACHO BBIpaXKEeHHIO (3), KOTOPOE MOXKHO
HMHTEPIPETHUPOBATh KAK MHOTOKPUTEPHAIIBHYIO ONITUMU-
3alMI0 ' XN YacTHBIX KPUTEPHUEB KauecTBa IO HEJU-
HEWHOW cxeme KOMIpoMHUCCcOB [2]. MapiipyThl niepena-
4y WHGOPMAIMY, BBIOpPAHHBIE COIJIACHO BBIPAKEHHIO
(3), obmamatoT cBoiicTBOM onTHManbHOCTH 10 Ilapero,
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TaK KaK ONTHMHU3alUsl CBEPTKU IO HEIIMHEWHOH cxeme
KOMITPOMHCCOB JaeT onTuManbHoe 1o Ilapero pemenue
[2]. IToaTOMY HOMNBITKA YIYYIIUTh MapLUIPyTHU3ALUIO 110
OJHUM YacTHBIM KPUTEPHSIM HEU30E€KHO NPHBENET K
YXYIIICHUIO OLEHOK 10 IPYTUM YacTHBIM KPHTEPHSIM
kauecTBa. Kpome Toro, HenuHelHas cxeMa KOMIIPOMHUC-
coB (3) obxagaeT CBOWCTBOM ajanTalul K W3MEHEHHIO
3HAYCHHUII YaCTHBIX KpUTEpHeB KayecTBa Ij;. Ecii onun

M3 YaCTHBIX KPUTEpHEB Ij; mpubmmKaercs kK CBOCMY

npeaCIbHO-A0ITYCTUMOMY 3HAUCHUIO I TO COrJIaCHO

ijm >
BEIpakeHUIo (5) Bec j-if BeTBH rpada cTtpeMurcs k Oec-
KoHeyHOcTH. CIeoBaTeNbHO, B HPOLECCe MApUIIPYTH-
3allMM ITyTeM pPEIICHHUs 3aJa4yl O KpaTyauieM IMyTH 3Ta
BeTBb rpad)a W COOTBETCTBYIOIINH €ff KaHAN Iepenadn
JAHHBIX HCKIIOYAeTCsl W3 KpaT4aiIInx MapIIpyToB IO
TexX IMOop MOKa 3HaueHHE YAaCTHOIO KPUTEpHs KadyecTBa

Iij OyZeT HaXOIUThCsI BOJH3H MPEACTbHO-T0MYCTUMOTO
3HAYCHHS Iijm . Korga curyanus B KOMIbIOTEpHOM ceTH

U3MCHUTCA, YTO MNPUBCACT K YAAJICHHUIO YaCTHOI'O0 KpH-
TCPpUA Ka4eCTBA IU OT CBOCTO IMPEACIbHO-AO0ITYCTUMOT'O

3HaueHusa | TO 3HAaUYCHHE Beca J3TOM BETBH rpaq)a

ijm >
CTaHeT COpa3MEpPHMBIM C BECaMH JPYTrUX BeTBeH rpada
1 JaHHAs BETBb BHOBH OyNET y4acTBOBAaTh B IPOIIECCE
MapIIpyTH3aIlUN COBMECTHO C IPYTUMHU BETBAMH rpada.

CBOHCTBO aJanTallid HEJIUHCHHOW CXEMbI KOM-
mpoMuccoB (3) K M3MEHEHHUIO CUTYyaIlid B KOMIIbIO-
TEPHOU CETH MO3BOJISET MOBBICUTH HH(POPMAIOHHYIO
0€30MacHOCTh CPEICTBAMH MAapIIPYTU3ANUU CICAYIO-

mpum obpasom. Ilpexmonoxum puck Ig; morepu uH-

¢dbopManuu wiu ee MogupUKaNud B j-i BeTBU Tpada
WIK B COOTBETCTBYIOLIEM KaHale Iepenadu nHdopma-
UM YBEJIUYUBACTCS U NMPHOJIMIKAETCS K CBOEMY Ipe-
JICIIbHO-JIONYCTUMOMY 3HaYeHUI0 Iy, . OTo 3Hauw,

YTO CTOPOHA, MPOTHBOJAEHCTBYIOIIAS MOJIB30BATEISIM
KOMIIBIOTEPHO# CeTH, HallpaBmia OIpeJelieHHbIE pe-
CypChl HECaHKIIMOHMPOBAHHOI'O JIOCTyNa B HaIpaBie-
HUM Tiepetadn MH(OopMaIuu, KoTopas MOJCIUpPYeTcs
j-¥ BeTBbBIO Tpada. B aToM ciydae Bec j-ii BETBU Ha4Yu-
HaeT pe3Ko BO3pacTarh (TEOPETHUYECKH CTPEMHUTCS K
OCCKOHEYHOCTH), YTO MPHUBEAET K HCKIIOYCHUIO j-i
BETBU B IPOLECCE MapLIPyTHU3alMH W3 KpaTdaummx
MapuIpyToB, MO KOTOPBIM Iepeaaercs nHpopManus B
KOMIbIOTepHO# cetH. Takum 00pa3oM, MHOTOKpHUTE-
pHasbHas MaplIpyTH3alMs YYHUTBIBAET PUCK IOTEPH
nHpOpPMALNU WU ee MOAU(UKAMH U MOBBIIIAET UH-
(opMannoHHyI0 0€30I1aCHOCTh MOJIb30BaTENeld KOM-
nploTepHON ceTH. CienyeT OTMETHTh, YTO HCKIIIOYe-
HUE j-W BeTBU Tpada W3 MapHIPYyTH3AINH Ha BpeMs
HECaHKIIMOHUPOBAHHOTO JIOCTYIA HE MPUBOJIUT K OT-
KITIOUEHUIO T10JIB30BaTENsl OT UCTOYHUKA MH(POPMAaLnH,
TaK Kak MOCTYIUIeHHe MHPOPMALUK MPOJI0JKAETCS MO
JIpYyrUM KaHajaM Imepefadyd HH(OpMAIMH, KOTOphIe

XapaKTepU3yIOTCS MEHBIINMH PUCKaMH HECaHKIIMOHU-
POBAHHOTO AOCTYTIA.

PaccMmoTpum pexxuM paboThl KOMITBIOTEPHOW CETH
B CJIy4ae OTCYTCTBHUS PUCKOB HECAHKIIMOHUPOBAHHOTO

nocryma Izj=0, j=Lr. B stom cimydae cocrasisio-

1€ BECOB BETBEH rpada Mo 4acCTHOMY KPHUTEPHIO Kade-
CTBA I4; MAIOT MOCTOSHHYIO BEUIHHY OLy;.

Kaxk u3BecTHO n00aBIeHHE TOCTOSIHHON BETMYMHEI
K ONTHUMH3UpPYEMOMY KpuTepuio (3) He U3MEHsSeT pe-
3ynpTaT onTHMu3anuu. CreroBaTebHO, ONMTHMM3AINS
MapILIpyTOB B 3TOM CJIy4ae OCYIIECTBIAETCA MO APYTHM
YaCTHBIM KPHUTEPUSIM KauecTBa, KOTOPbIE XapaKTepu3y-
0T CKOPOCTh Tepenadu MH(OPMAINH, 3aJAEPKKY Iepe-
Jladu COOOIIeHUH 1 HaZe)KHOCTh pabOTHl KaHAJIOB Tepe-
naun nHpopmanuu. Torga MHOTOKpUTEpUaibHAs Map-
HIPYTH3ALHS 110 OCTATIBHBIM YaCTHBIM KPUTEPHUSIM obec-
NeynBaeT TpedyeMoe KauecTBO OOCITyKMBAaHHS IOJIB30-
Barelieli B mpeaenax orpaHudeHuit (1) W BeIOMpacT
MapuIpyThl Nepeaadn nHdopManuu, KOTopble Xapakre-
pU3YIOTCS HAaWMCHBIIMMH 3HAYCHUSIMH  OCTaJbHBIX
YACTHBIX KPUTEPHUEB KayecTBAa COTJACHO ONTHMAJIbHO-
ctu 1o Ilapeto [2].

MeTon MHOTOKPHUTEPHATBHOW MapLIpyTH3AINH
MOXET OBITh YCOBEPILIEHCTBOBAH, €CIIH €r0 COYeTaTh C
MHOI'OIYTEBOM MapILIpyTH3aluued, KOTopas IO3BOJISIET
HallTH HECKOJBKO HE3aBUCHMBIX NapajjielbHBIX Map-
LIPYTOB Tepenayd WHPOpMaluuu ¢ OJIU3KUMH OlCHKA-
MU 10 BeIpakeHuto (3). B atom ciny4yae yBenuuuBaercs
Ha/IeXHOCTh INEpeJadd AAHHBIX M CHIKAIOTCS PHUCKU
norepu uHpopManuu uin ee Mogudukanun. IToaTomy
npearaeTcsl Ha BTOPOM 3Talle PelIeHHs 3aJadd I10-
BBIIIEHUS NHHOPMAMOHHON 0€30MacHOCTH MEPEenTH K
PEIICHHIO 3a7adyil MHOTOIYTEBOW MapIIpyTH3alUH MO
onenkam (3). B 3amaue MHOTrOmMyTEeBOWH MapuIpyTH3a-
uu TpeOyeTcss HaWTH HECKOJBbKO MapaUIeNbHBIX U
HE3aBUCHMBIX MapIIpyTOB IepeJadd JaHHBIX MEXIY
Y3JIOM-UCTOYHUKOM M Y3JIOM-TIPUEMHUKOM HH(pOpMa-
I[UH, UMEIOIMe HAaNMEHBIINE XapaKTePUCTUKH JITHHBI
MapmpyToB 1o oneHkam (3). M3BecTHO, 4TO BpeMms
peleHus 3aJadu O KpaTdaiineM IyTH NpH OJHOILyTe-
BOW MapuipyTu3zanuu ainropurmom JleHKcTpbl pacteT
nporopuronansro O(N?), rie N — KOIHYECTBO y3II0B
KOMIIBIOTEpHOU ceTu. B cimydae mMHoromyreBoil map-
MIPYTHU3AIMK BpeMsl PEIIeHUs 3a4add MapIIpyTU3aluN
YBEIWYIUBACTCS MPOTMOPIHOHAIBHO KOJIMYECTBY HMCKO-
MBIX IyTed. B CIOKHBIX KOMIBIOTEPHBIX CETAX CyIle-
CTByeT mnpoOieMa peanu3allid MHOTOIYTEBOW Map-
HOIPYTH3AIMH W3-32 CYIIECTBEHHOTO YBEIMYEHUS Bpe-
MEHU MapuIpyTH3alUHi, KOTOpPOE MPONOPLUOHAIBHO
onenke K O(N?), rie K — KOIMYECTBO HCKOMBIX Mmap-
mpyToB. Pemum 3Ty npobieMy Ha OCHOBE Mapaijiellb-
HOTO alNTOpPUTMa OJHOIYTEBOW MAapIIpyTH3AIMH H
MOCJIEI0BATEIPHOIO MOKMCKA aNbTePHATUBHBIX Map-
IIPYTOB B KOMIBIOTepHOW ceTu. IlapasensHble anro-
PUTMBI OZHOIYTEBOM MapUIPyTH3AIUH UMEIOT OICHKY
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BpEMEHM pelIeHus 3aaadu o kpardaimem nytu O(N)
[3]. TlocnemoBaTeNbHBIH TMOWCK aJbTEPHATHBHBIX
MapuIpyToB MapajuieIbHBIMU aJrOpUTMaMU Mapuipy-
TU3alMKM XOTS M YBEJIWYHMBAIOT Bpems noucka K map-
mpyToB B K pa3, HO coxpaHsieT JIMHEUHBIH XapakTep
3aBUCHMOCTH BpemeH:n MmapmpyTm3amun K O(N) ot
CJIOXHOCTU KOMIIBIOTEPHOU CETH, OLIEHUBAEMOU KOIu-
yecTBOM y3510B N komnbloTepHO# cetu. Ilpennaraercs
HCTIONB30BaTh JUISI MHOTOITyTEBOH MHOTOKpHUTEpPHAIb-
HOW MapuIpyTHU3alMK MapajuleibHbIH aIrOPUTM OJHO-
MyTeBOM MapIIPyTHU3allUM, KOTOPHII OCHOBaH Ha
NPHUHIUIE CHUCTEMOAHAIOTOBOTO  MOJEIHPOBAHMUS.
CornacHo 3TOMy MPHHLIMIY MaTeMaTHdeckas MOJEIb
KOMIIBIOTEpPHO# ceTH B BHJe rpada pazOuBaercss Ha
cucteMy (parmeHToB rpada, KakIsIH W3 KOTOPBIX
COJZIEPXKHUT BEPIINHY Ipada COBMECTHO C HECKOIBKIMH
BETBSIMU, BXOISMIMMHU B 3Ty BepmuHy [3]. Ecnu co-
eanHeHne (hparMeHToB Tpada COOTBETCTBYET TOIOIO-
T'MH KOMIIBIOTEPHOH CETH, TO TaKasl CHCTEMAa aHaJIOTOB-
¢parMeHTOB Tpada MOAEIUPYET KOMIBIOTEPHYIO CETh.
Ha cucreme ¢parmeHToB rpada MOXHO 3aaaTh Ha-
YJalbHYI0 U KOHEYHYIO BEPIINHBI, KOTOPHIE COOTBETCT-
BYIOT y3JIy-UCTOYHHKY M Y3JIy-TIPUEMHHKY KOMIIbIO-
TepHOH ceTH. Cpeau BCEBO3MOXKHBIX IyTeH MEXTy
HadaJbHOM M KOHEYHOW BepIIMHaMH Tpada, KOTOphIe
MIPOXOMAAT depe3 BETBU Kaxaoro (parmenra rpada,
MOXET HAaXOAMTHCS 3JIEMEHT Kparyaiumiero mytu. He-
00XOAMMBIM YCJIOBUEM MPHHAIJIEKHOCTH BETBU (par-
MeHTa Trpada KpaTdaillieMy IyTH SIBISIETCS MHHHUMH-
3alMg JIMHBI BCEX MAapIIPyTOB, KOTOpBIE BXOJIAT B
BepunHy (parmenra rpacda. IloaTomy Bo Bcex ¢par-
MeHTax Tpada HEeoOXOIUMO BBIIENATH U3 BCEX Map-
LIPYTOB, KOTOPBIE HMPUXOAAT B BEPIIMHBI (parMEeHTOB
rpada, MapmpyThl MUHUMaIbHOM JuinHbIL. [lapaniens-
HBIH aJITrOPUTM OIHOIYTEBOH MapUIpyTHU3AlMH OCHO-
BaH Ha IapauleJIbHOM BBIJICJIEHUHM B BEpPIIMHAX KaXK-
Jgoro ¢parMeHTta rpada MapHIpyTOB MHHHUMAlbHOU
JUIMHBl TIOCTIE YBEJMYEHHS XapaKTePUCTUKH JITUHBI
MapIIpyTOB Ha BeNWYUHY (2) BECOB (IUIMHBI) BETBEH
¢parmenTta rpada U B BBAAYE COIVIACHO TOIOJIOTHU
coequHeHUs (HparMeHToB rpada HOBOW XapaKTepHUCTH-
KM JUIMHBI KpaTdainiero mytu. Kak rmokasano B pabore
[3] mapamnenbHOE BBINOJHEHUWE TAaKUX ONEpPALMi BO
BCeX BepIIMHAxX rpada 3a R maroB yCTaHaBIMBaeT BO
BCEX BEpIIMHAX rpada CTalMoHApHbIE 3HAYCHUS JIIMH
KpaTyalimx MapuipyToB M3 Ha4ajJbHOH BEpPIIMHBI
rpada Bo Bce BepmuHB pparMeHTOB Tpada, rae R —
KOJIMYECTBO BEPIIHH BAOJb KpaTYalIIero Mapmpyra C
MaKCHUMaJIbHBIM KOJIN4ecTBOM BeTBed. Takum obpa-
30M, NapajuIeNbHBIN alTOPUTM OCYIIECTBISET IIO-
CTpOCHME JiepeBa KpaTyammx myTteil u3 ys3na-
HCTOYHHKA BO BCE OCTAJIbHBIE Y3JIBI-IPUEMHHUKH Trpada
KoMIIbloTepHOU ceTH. C 1eNblo BBIAEIEHUS U3 JepeBa
KpaTyailiux MapuUIpyTOB MaplIpyTa, KOTOPBIH COEIU-
HSET Y3€J-HCTOYHHMK C JIAaHHBIM Y3JIOM-TIPUEMHHUKOM,
BO Bcex (pparmeHTtax rpada 3amoMHHAIOT HOMEDP BETBU

(parmenTa, U3 KOTOpPOil B BepmuHy (pparmenTa rpada
MOCTyNMJIa XapakTepucTuka (3) KpaTdaWInero IyTH.
MeTooM CUUTHIBaHMS HOMEPOB BETBEil ()parMeHTOB
rpada NpUHAIUIEKANIMX KpaTyalIlMM MaplipyraMm B
o0paTHOM TMOpSAAKE U3 Yy3JIa-PUEMHHKA B Y3el-
HCTOYHUK HWHPOPMAIUH OMPEICNAIOT KpaTdyalimii
MapupyT MEeXIy HadyaJbHOW W KOHEYHOH BepIIMHAMHU
rpada.

Oco0eHHOCTh MHOTOITYTEBOH MapIIpyTHU3ALHN
3aKJII0YaeTcsi B TOM, YTO HeoOxonumo Haitm K > 1
napajuieNIbHBIX MapUIpyTOB, KOTOpPhIE MMEIOT Haubo-
nee ONMM3KHE XapaKTEPHCTHKU IO AJIMHE K KpaTdaid-
LIeMy MapupyTy, HO He UMEIOT 00X BeTBel rpada.

[Ipennaraercs pemnTh Takylo 3a1ady MHOTOITyTe-
BOW MapHIpyTH3alUK II0CIEIOBATEIbHBIM CIOCOOOM
COIJIACHO CIIEAYIOIEH METOJUKE.

1. OpHomyTeBasi MapUIpyTH3aIUs MapaIeTbHbIM
ITOPUTMOM TIOMCKA KpaT4aWInX IyTed Ha (parMeH-
Tax rpada.

2. HckmodyeHne HalJEHHOTO KpaTyailliero myTH
MECXKAY Y3JIOM-UCTOYHUKOM H Y3JIOM NPUCMHUKOM HH-
¢dopMar U3 TOMOJOTWUH Trpada, MOASIUPYIOLIETO
KOMITBIOTEPHYIO CETh.

3. Tlepexon x MyHKTY 1, eciu KOJMYECTBO Kpat-
YaWIINX MapIIpyTOB MEHBINE TPEOYEeMOTo KOJMYECTBA.

CoueraHue MapauIeNbHOTO ANTOPUTMa OIHOITYTE-
BOIl MapmpyTu3anuu [3] COBMECTHO C MOCHIEAOBATEb-
HBIM CIIOCOOOM MHOTOMYTEBOH MapIIPYTH3AIMU Ja0T
OLICHKY BPEMEHHM PEIICHNUs 3a7adl MHOTOIYTEBOI MHO-
rokpurepuanabHoit Mapupyruzanud K O(N), rme K —
KOJIMYECTBO NapajuleIbHbIX MaplIPyTOB, N — KOJIHYECT-
BO Y3JIOB KOMITBIOTEPHON CETH.

BbiBOoAbI

MeTton ~ MHOrOmyTeBOH  MHOIOKPUTEPHAIBHOM
MapUIpyTHU3aIllil UMeeT JUHEHHYI0 3aBHCHMOCTH Bpe-
MEHH MapUIpyTH3alUU OT KOJIMYECTBA aJbTePHATUBHBIX
MapHIPYTOB M CJIOXHOCTH KOMITBIOTEPHOH CETH.

[Tpenno>xeHHBIH METOA MMEET J[Ba YPOBHS IIOBBI-
IIeHUS] MHPOPMALMOHHONW O€30MacHOCTH IOJIb30BaTe-
JIel KOMIIbIOTEPHOI CeTH.

ITepBrIit ypoBeHb OOecneynBaeTcs IyTeM MHOTO-
KpUTEpUaIbHOM MAapUIPYTU3aLUU YUYUTBIBAIOIIEH Tpe-
O0BaHMS K Ka4decTBY OOCITYy>KMBAaHHS M PUCKU INOTEPH
WH(POPMAIIUH WU ee MOIU(pHUKALINH.

Bropoii ypoBeHb mHOBBIIIEHHS WH()OPMALMOHHOM
0e30MacHOCTH 00ECTIeYnBaETCsl MHOTOITYTEBOW Map-
HIpyTU3alUed M0 HECKONbKUM NapajjelbHbIM U He3a-
BHUCHMBIM KaHaJaM Iepeaadd MH(GOopManuu B KOMIIbIO-
TEPHOH CETH.
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RISE OF INFORMATIONAL SAFETY OF COMPUTER NETWORKS BY METHODS
OF MULTICRITERIA AND MULTITRAVELLING ROUTEING

O.P. Martinova, A.A. Zasjad’ko, V.L. Baranov

The offered method of multitravelling multicriteria routeing which has two levels of rise of informational safety of users of

a computer network.
Keywords: information safety, computer networks.
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