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BBenenue

Muorue CcIOXHBIE CUCTEMB HMEOT CETEBYI0 CTPYKTYPY, SBIAOTCA
TePPUTOPHATBLHO-PACTPENETEHHEIMI: PA3HOOGPa3Hble TPAHCTOPTHEIE CUCTE-
MBI, Tederpad, TeredoH, WHPOPMATNOHHO-BHIYRCIANTEIHLHBIE W TOMINBHO-
SHEPTeTHUECKNE CETH ... [eppuTOpHaTbhHO-pacupefeleHHble CHCTEMBI 3a-
MAI0T XO3AMCTBEHHYIO W YIPaBIEHUYECKYIO WHOPACTPYKTYPY CTpaHbl (Min
peruoHa, MeCTHOCTH, TMPOM3BOICTBEHHOTO KOMIIJIEKCA) W OT WX COCTOSHUS
M KavecTBa (PYHKIMOHWPOBAHUS 3aBHCUT HE TOJBKO CYIIECTBYIOIIHHE ypo-
BEHLH HKOHOMWYECKOTO PA3BUTH, HO ¥ BOIMOXHOCTH JaJLHEHIIETO pPOCTa.
HeficTBUTENbHO, Mas OOeCTeUeHs XO3IHCTBEHHBIX MEXaHN3MOB HEOOXOMH-
Ma HaJaXXeHHas CUCTeMa CBA3ed — OpraHmM3allMoHHas CTPYKTYpa, HO s
YCTAHOBIEHWS CBA3EH HYXHBI (U3NIECKWe TMYTH WX peaiusanun. [[poxram-
Ka HOBBIX MyTeH TpebyeT, Kak MPaBUJIO, 3HAYNTEILHBIX CPEICTB U BPEMEHM.
Takwum 06paszoM, OTCYTCTBUE WK GEMHOCTH HHPPACTPYKTYPHI CYIIIEC TBEHHO
TOPMO3UT TPOTIECC YCTAHOBICHUS CBA3EH, UTO, B CBOIO OUEPeNhb, 3aepKUBa-
eT DKOHOMUYECKHH POCT W, Kak cJencTBHe, GopMUAPOBaHKe WHOPACTPYKTY-
pHI.

C sKOHOMWYECKOH TOUKHU 3pEeHUs, HEPA3BUTOCTh, HEPA3BETBJIEHHOCTb WH-
dpacTPYKTYPHI CITOCOGCTBYET TaKkKe ee MOHOIOJIU3AINH, YCyTybisionei (B
OTCYTCTBHUE TEHTPATUIOBAHHON TOJTUTHKA YIIPABJICHNS ) SKOHOMUIECKYIO CH-
TYaluio  TEHIEHTIMY K KOHCepBAllun MHPPACTPYKTYPHI. 3aMeTUM, YTO MPO-
CTOE TOAAepKAHNE TEPPUTOPHATHHO-PACTPENETEHHBIX CHCTEM B paboveM co-
CTOAHWHA TIPEMNONaTaeT MOCTOIHHOE BHUMAHUE W COTMPSKEHO ¢ HECHMBOJH-
YeCKHMH 3aTpaTaMu. [[pr 3TOM TPyAHO OCTAHOBUTE TPOIECC Pa3pyIIeHus
MHPPACTPYKTYPHI, €CIU OH HAUNHAETCH.

CeTeBBle TTOTOKOBBIE CHCTEMBI 00J/Ial0T HEOXKWUTAHHBIMEA (M HETIPUsT-
HBIMY) CBOACTBAMHU YA3BAMOCTH: 33 CI€T MHOTOYMCJIEHHBIX CBs3ed W 3aBU-
CHMOCTEH B HHX HEpPeOKO MPOIBJIsSeTcs “KacKaTubli >ddekT”, Korma cbon
B OIHOM KaKOM-JTHOO MeCTe TPOBOTMPYET TEePErpy3KW W BBIXOH W3 CTPOS
MHOTHX [IPYTUX DIEMEHTOB CETH, TPUUEM Ha 3HAUUTEIHLHOM PACCTOAHAU OT
MCXOMHOM, BOZMOXKHO, HeGOIBITOR WM HEMOJATON HETOJIATKH.

Bce 510 06ycaoBanBaeT BaXHOCTHL CETEBBIX TEPPUTOPHATHLHO-pPACTIpene-
JEHHBIX CUCTEM, BBHI3BIBAET HEOOXOMMMOCTE HX MOMEJTUPOBAHUA W UCCTEMOBA-
HUS, B TOM qucie, GOPpMATbHO MaTeMATHIeCKUMU MEeTONaMU. 3a1adu, KOTO-
phIe 37ech BOZHUKAIOT A MaTeMaTHKa, CBI3aHEBI ¢ TPOEK TUPOBAHNEM HOBBIX



CHCTEM ¥ PA3BUTHEM CTapbIX, a Takxke (UTO, MOXKAJYH, maxke Gosee cylie-
CTBEHHO Ha MAHHOM HTame) ¢ Mpo0JeMaTHKOH TMPWHSATHS PEIIeHWH 10 HC-
MOJb30BAHUIO UMEIOIIUXCSA CEeTEBBIX CHCTEM: YIIPaBJIEHWIO TOTOKAMHU B CETH,
pacnpeneseHrnio ee PeCypcoB MeX Y MOJb30BaTEeNAMMU, — U ¢ aHAJU30M BO3-
MOXHOCTEN YIyUllleHus paboThl CETH 3a CUeT PallMOHAJIbLHOTO epepacipere-
JEHUSI TOTOKOB (BBIGOpa ONTHMATBHON MapuipyTu3anun). Kak mokassiBaer
ONIBIT CO3JIaHUs BTOPUYHBIX ceTel TeledOHHOU CBsA3M, TTocjaenHee TO3BOJISET
MOBBICUTH 3D HEKTUBHOCTH pabOTHl CETH B HECKOJBKO Pas.

Crenndvka 3a1ad TPUHATHS PellleHni (Kak YIPaBIIsSIOMINX, TaK ¥ TPOeK-
THPOBOYHBIX ) /IJISL CETEBBIX CHCTEM OIPENesIeTCs PEXK/Ie BCETO HATUIHEM ¥
TaKMX CHCTEM MHOTHX Pa3HBIX (HEeB3aMMO3aMeHseMBIX ) MoaTb3oBaTenel. Bo-
NMPOChl O KOHKYPEHIIUU MEXIY HUMM 33 Pecypchl CETH NPH OpTaHU3AIUU Ca-
MOCTOSI T€IBHOTO JOCTYIa WK 00 yueTe HHTEPEeCOB KAaXKIIOro IPU IeHTpaJIu-
30BAHHOM paclpelejeHni PecypcoB He UMeOT OJHO3HAUHBIX OTBETOB, XOTs
¥ TTPEeONoJeBalOTCA Ha TPAKTUKE, B OCHOBHOM, MyTeM CO3/1aHUs U30bITOUHO-
To pecypca. K coxanennio, B yCIOBUIX AeDUTIHTA PECYPCOB CeTH BOZHUKAIOT
W OTKa3bl, U TIOTEPH, W 3AJIEPXKKU, ¥ YXYIIIeHUE KauyecTBa CBA3U, IpUUEM,
3a9acTyio, He PaBHOMEPHO, a MJI OMHUX W TeX XKe ToJdb3oBaTeded. Fcam
NPUHITH BO BHUMaHUe, YTO OKOHEUHbIe TOJb30BaTe I OOJbIION CeTeBON CH-
CTeMbl arperupPoOBaHbl, 3TO — He OTHeNbHbIE JUIla, a IeJble KOJJIEeKTUBbI UIn
IPYNIbl HaceJeHus, TO NpobieMa HeMMCKPUMUHAPOBAHUS MOJb30BaTes el B
JT00LIX YCIOBUSX BBIXOMUT Ha MepBBHIM maaH. Kpome Toro, yxke cam ¢akT,
YTO C TEPPUTOPUAJIBHO-PACIPENeNeHHON CUCTEMON CBA3aHO BOJbIIOE KOJU-
YeCcTBO HaceJeHUs, TpelbiBJIseT K IIPOIlenype TPUHATHUS PelleHUH TOBBI-
lIeHHble TPeboBaHUS OTBETCTBEHHOCTH, 3aCTaBIIeT MO-UHOMY OTHOCUTHLCS
K PUCKY, BO MHOTOM OPMEHTHUPOBATHCA HA IPUHIIAI TapaHTUPOBAHHOCTH Pe-
3yabTaTa. 1 TyT MBI TOAXOnWM KO BTOPOH CHeNMpUIeCKON JepTe PeadbHbIX
CeTeBBbIX CUCTEM: CYIIECTBEHHOCTh HEKOHTPOJUPYEMBIX (HaKTOpPOB.

C upobriemoil TpUHSATHUS PelleHnit B YCIOBUSX HEONPENEeJEeHHOCTH CTadl-
KWUBAIOTCSA MCCTeNOBATENH GOIBIMTAHCTBA CIOXKHLIX cucTeM. las pacemartpu-
BaeMBbIX CUCTEM XapaKTepHO HAaJUuMe He TOJIbKO OObeKTUBHON, HO U CyOheK-
TUBHOM HEONPpPeNeJeHHOCTH, KOTJa HEKOTOpbhIe MapaMeTphl CUCTEMbBI U3BECT-
HBI OTIEJBHBIM TOJB30BaTe M, HO He m3BecTHBI JIIIP (aumy, mpuanmaro-
IIIeMY peIeHrs ) WK JIPYTUM TOJb30BaTe M. 3a CUeT MIMTENbHBIX CPOKOB
CO3MIaHUs TEPPUTOPUAIBHO-PACTIPEHe]eHHOR CUCTEMbI, YCIOBUs ee HYHKIU-
OHUPOBaHMUSA MOTYT OTJIUYATHLCA OT PACUETHBLIX NMPH NPOEKTUPOBAHUU, TO-
9TOMY e€CTeCTBEHHA UX KOPPEKTUPOBKA B IIpollecce MOCTPOEHUs CeTH U IpH
pacnpeneseHni TOTOKOB B TOTOBBIX CETAX, T.€. MHOTO3TAITHOCTh MPOIEenyphl
npuHsTUs peltenuii. OTBETCTBEHHOCTH 38 NPUHSTHIE pellieHus oOs3biBaeT



aKKypaTHO PasTPAHWIUTHL HeolpeleleHHBIe W CIyJYalHble HEKOHTPOJIUpPYe-
MBle (DAaKTOPHI: CIYIaHHOCTH NOKHA OBITH TeOpeTHIecKm oBocHOBaHA (M
MONTBEPKICHA CTATHCTHICCKAMH METONAMH ), NMEIOIIascs WHPOPMAIHI O
OYHKIUAX paclpenedeHuss QUTYPUPYIOIMINK CIAVIAUHLIX BEJIUUYWH TOJKHA
OBITH yKa3aHa SBHO. Ellle pa3 oTMeTHM B3aWMHYIO 3aBUCUMOCTEH DJIEMeH-
TOB CeTH, UYTO IPHABOAUT K HEMAPKOBOCTH CIYUANHLIX MPOIECCOB B CETAX.

Yxazanuble 0cOGEHHOCTH U3YyTaeMOT0 KIacCa CUCTeM HeoOXOnMMO UMeTh
B BUOY TP pa3paboTKe TeOPWH W METOMOB WX MATEeMaTHIECKOTO MOIEJIHPO-
BaHWA. Y MOOHLIN ammapaT AJS dTOTO TPEelocTaBIseT MaTeMaTHiecKas Te-
opus wccaenoBanus oneparuit [11, 38, 33], ofias MeTOmOIOTHS KOTOPOH 1
JeXKUT B OCHOBE MOfeJel, TpeniaraeMblX B TaHHOW KHUTE.

Ilpvanunmuanbras cxeMa GYHKIMOHUPOBAHUS MHOTOIOIBL30BATENBCKON
MOTOKOBOW CETEBOW CHCTEMBI ONMUCHIBAETCSA U3BECTHON MaTeMaTUIYeCKOH MO-
JIeJIBI0, KOTOpast Ha3bIBAeTCsl MHOTONPOLyKToBast moTokoBas ceTh (MII-ceTs)
¥ 3ajlaeTcs ¢ MOMOIIBIO IBYX I'padoOB Ha OJHOM U TOM XK€ MHOXeCTBe Bep-
IIUH — Y3J0B ceTH. 1-i rpad — dusndeckuil — onpepesnsieT GU3MdecKyro
CTPYKTYPY ceTH, ero pebpa ry COOTBETCTBYIOT GUMUECKUM OTPe3KaMm Ju-
HUU CBA3U: HOpOTraM, JUHUIM JIeKTpo-Tepenay, TejedoHHOMY Kabealo,... —
TPOJIOXKEHHBIM OT OMHOTO y3Ja K APYTOMY. ¥Y3JBI CeTH COOTBETCTBYIOT JH-
60 MyHKTaM BXOfa/BBIXONa MOJB30BATENed — WX TONKIIOUEHUS K CeTeBOR
cucrTeMe, JUbO TMYyHKTaM MePEeKJTIOUeHUs ¢ ONHOM JUHWU CBA3M Ha APYrylo:
TepeKpecTKaM AOPOT, y3JTaM KOMMYTAIUX TeledOHHBIX MPOBOAOB ¥ T.1. B
nocJenHeM ciIyvyae BeplIMHbI GU3UUecKoro rpada ceTu HalbIBaIOTCIS TpPaH-
3UTHBIMU. HeTpaH3uTHLIE Y3JILI CETH ABISIOTCS BepITUHAMHA 2-TO — JIOTH-
yecKoro — rpada ceTu, Onpeelsiolero CTpyKTYpPY ¢Ba3eil MeXy MoJab30-
BaTeJdsMU — abOHEHTaMM CeTH, T.e. CTPYKTYpPY TpebOBaHUU Ha Tepenavy
MoTOKOB B ceTr. Pebpa sormueckoro rpada (rpada TATOTEHUH) COCMUHS-
OT Tapbl BXOHOB CeTH, MEXIY KOTOPLIMM HYXKHA CBsA3b, T.H. aDOHEHTCKUE
wiu TaroTetolme napbl p;. OObenuHeHre YKa3aHHBIX IBYX rpadoB B OHHY
cucremy — MIl-cerb — 06yCJIOBIEHO TeM, YTO CBI3b MEXIY Y3JaMH, CO-
elMHeHHbIMU pebpaMu JOruuyecKoro rpada, MoXKeT OCYIIeCTBIATHCA TOJbKO
mo pebpam dpuzmdeckoro rpada. Pebpa rpados ceTw MOTYT 6BITH KaK OpHEH-
TUPOBAHHBIMU, TaK U HEOPUEHTUPOBAHHLIMM B 3aBUCMMOCTHU OT KOHKPETHOU
cnenuGuKu 3alauu.

1

Haspanue ' muorOnponykToBas (“muoronponykToBuk”) mist MII-ceTn obbsicHs-

1 . o .

3nmeck u masee MU 3aMeYaHWH W OTCTYIJIEHWH HCIOJAb3yeTCs Gosee MENKUA 1mpudT,
YeM [Jis OCHOBHOTO TEKCTa. 1'akXke ¥ PAI MOKA3aTEIbLCTB MPUBOMUTCH METHTOM M MOXKET
OBITH ONYIIIEH IPH IIEPBOM IPOYTCHUH.



€TCdA HEB3aMMO3aMECHAECMOCTEBIO IIOTOKOB Pa3JUYHEBEIX TATOTCIOIIUX IIap, HaIIpHUMED,
nx TGJIGQ)OHHI)IX Pa3roBopoB. (j‘H/IT&GTC?I7 YTO 3TH IIOTOKH COOTBETCTBYIOT KaK ObBI
Ppa3HbLIM BUIAaM MTPOAYKTOB: OHW He CMENTUBAIOTCS, TPOXOMs TI0 pebpaM PpU3mIecKoro
rpada ceTH, ¥ He MOTY T MOAETUTHCI B IPYTON ponopiiuu. B mpoTuBHOM ciiydae, KO-
TIa pedb UAeT, TOTYyCTHUM, O CUCTeMe BOIOCHAOXKEHW ST, TOBOPIAT 00 OMHOMTPOMYK TOBOMR
IIOTOKOBOM CETH ¢ HECKOJBLKMUMHU NCTOUYHNKAMHU U cTOKaMu. MHOromoJIbL30BaTeIbLCKas
MOJEJb OTHOIPOLYKTOBHKA CyIecTBeHHO yke MII-ceTu, Ho ropasmo mpoiiie I Ma-
TCMATUYECCKUX PACUYCTOB. Tak uTo OUYeHDL y,[[O6HO7 €CJIn MOJeJb pea,JH)HOI;I ceTeBOH
CUCTEMEI yOacTCdAd NpPpeacTaBUTL B BUE OI[HOHpOI[yKTOBOI;I MHOTOKOBOH CeTH, MyCcTh,
¢ bousee caoxHOU cTpyKTypoit, ueM MIl-cers. Onwe mpumep momobHOTO TpeaCcTa-
BJeHMs AaH B [44] 1 KOHKPETHOH NPaKTUYECKOR 3a1aud MCCICHOBAHUS CETEBON
IMOACUCTEMEI SHEPIEeTUUYECKOI'O KOMILJIEKCa. Tem ne MeEHee, OJ4A DOJIBIIIOTO YHUCJIa Ce-
Tel CBSI3M, TAKWX KakK TejedOHHbIe ceTu miau ceTu IBM, onHonponykToBas ceTeBast
MoOOeJb OKa3bIBacTCAd HeaI[GKBa,THOI;I. HOBTOMy JaJiee 6yI[GT paccMaTpPUBATLCA 00-
miast Mopesb — MII-ceTh, SBIsONIasCcsS AOCTATOYHO yHUBEPCAAbHOM [75].

Ecaw w3BecTHa KommuecTBeHHAs Mepa TpebOBaHWN — 3aIBKH HA TTOTO-
KM — TSTOTEUIUX T1ap, To pedpaM Joruueckoro rpada ceTu TPUITUCHIBA-
I0TCS COOTBETCTBYIOITME YUCTa d; YCIOBHBIX E€IWHUIl MOTOKA [JIsi HAHHOM
abOHeHTCKOW Taphl P;. B Tex Xe YCIOBHBIX eIWHHUIIAX TMOTOKA M3MepseTCs
¥ TmponyckHas cnocobHocTh pebep duznueckoro rpada ceru. CooTBeTCTBY-
OllIMe YMUCIA ¢ OTPAHUUYMBAIOT CYMMapHbIW TMOTOK BCeX abDOHEHTCKUX Tap
Mo maHHOMY pebpy ri. 3amaua pacipeleieHuss TOTOKOB B CETH COCTOMT B
TOM, 4YTOOBI BLIOPAThL MapUIPYThl cOeIUHERMs aDOHEHTCKUX Tap B CeTH, T.€.
NPOJIOXKUTH 110 pebpaM Gusnueckoro rpada nyTu HJs BCeX Map y3JoB, CO-
eIMHEHHBIX peGpaMu JOTHIecKoro rpada (HampuMep, 3amada CO3MAHAS BTO-
PUUHOM ceTH TeseOHHOM CBs3M Ha Haze WMelolencs mepBuaHoi ). [Ipr sTom
HEOBXOIMMO YIOBIETBOPATH OTPAHWUIEHUSM ((PU3NIECKUM ) IO TPOIY CKHOR
CTIOCOGHOCTH W JKeJATEIBHO YIOBJIETBOPUTEH OTPAHWIEHUSM (JOTHICCKHM )
0 OMHOBPeMeHHOMY obecliedeHnIo TpebOBaHWH Bcex Toab3oBaTeldel. Feam
5TO BO3MOXHO, TO CETH HAa3BIBAETCA donycmumot, B TPOTHBHOM CIyYaE CETh
HYXIaeTCs B Pa3BUTUM — HaPaIIMBAHUK TPOINYCKHOM CIIOCOGHOCTH UMeErO-
ITUXCS UIH CO3MAHUHU TOTMOTHATENLHBIX pebep duzmdeckoro rpada MIl-cern
— ¥ B TaKOM pacipefeJeHu TOTOKOB, KOTOPOEe TT03BOJUIO0 Obl MAKCUMAJIbHO
COTJIaCOBATh MHTEPEChl PA3JUUHbIX TOJb30BaTe e, 1-1 3anavua Ha3bIBaeTCs
2adaueli cunmesa, 2-s — 3adaueli anaau3a (K Hel eCTECTBEHHO OTHOCHTCS U
3amada mpoBepku monycTuMocTu MII-ceTw,  monck momycTUMOTO pacipene-
JEHWSI TIOTOKOB B CJIyYae NONyCTHMOCTH). /laHHas MOHOTpadus MOCBSIIEHA
3ajave aHaJJu3a, MOCKOJIbKY 0e3 ee pellleHUs HeJdb3s aleKBaTHO CHOPMYJIu-
pOBaTh IIeJU CUHTEe3a, ¥ B 3TOM CMbICJe TMOJyYaeMble pe3yJbTaThl CIyXKaT



TaKXe PElIeHUIO 3adaud CUHTEe3a.

YxaxeM, 9TO TpUMeHIeMas MOIENb IBJASIETCS TOBOJLHO Ipyboil Monesabio QyHK-
IMOHUPOBAHUS CJOXKHOM CETEBOW CUCTEMBI, OHA OTpPaxXaeT JUlllb XapaKTepHBIE ce-
TeBble CBOMCTBA: HAJWYME BXOMIOB, TPAHCIOPTHBIX MarucTpaJeil U BO3MOXHOCTEH
TIEPEKJIIOUEHMS ¢ OHOM MarvcTpaJy Ha APYTryio, a TakKXe CyIIeCTBOBAHUE Pa3Jjiny-
HEIX TIOJB30BaTeel, acCOMUPYEMBIX KaXABIN ¢ Mapol BXOIOB CUCTeMEI. [lanbHel-
11ee JIOTUYECKOE YCIOXKHEHWE MOJEIN, CBA3aHHOE € JAOMYCTUMOCTBIO HECKOJBKAX —
GoJiee IBYX — BXOJOB [IJIsL OMHOTO MOJB30BaTeNs (OMHOTO BUAA MPOAYKTA), He BHO-
CUT NPUHIUNHUAIBHO HOBBIX MOMEHTOB M B HaCTOSAIIEH paboTe paccMaTpPUBATHCS HE
6ynet. KpoMme Toro, Mofesib He YyUUTHIBAET SBHO U PANa PUINIECKUX XapaKTepH-
CTHK, HAIpUMEDP, OTPAHUYUYEHUS IO IPOIYCKHOW CIIOCOOHOCTY TPAaH3UTHBIX BEPIIUH
(vHOT A WX ymaeTcs 3a/aTh U B paMKaxX TaHHOH MOIENH! IIyTeM BBEIEHUS TOTOJIHA-
TeJbHBIX “QUKTUBHBIX’ BePIUH U pebep ¢ OrpaHMYEeHHOW MPOIMYCKHOU CIOCOOHO-
CTBIO, HO B 00llleM cjaydae MoOaBJISIIOTCS HOBBIE JIMHEHHBIE OI'DAHUUYCHUS HEPaBEH-
CTBA, CBS3BIBAIOIINE CyMMapHBIE IOTOKK Ha CMEXHBIX pebpax) MiIH JKe 3aJepKKY 10
BPEMEHM M BEPOSTHOCTDH NOTEPHU U OMIMOOK TPU MPOXOXKIECHUM TTOTOKA B BEPIIMHAX
¥ Ha pebpax (cunTaeM, 4TO 3TH XapaKTEePUCTHKA OTPAKEHBI B TTPOIY CKHOR €IOCO6-
HOoCTH). Boubiiol Habop IPYTHUX BaXHBIX XapaKTEPUCTHK TO/UKEH YUUTHIBATECS C
TIOMOIITBIO HEJMHEUHBIX, 3a49acTyi0 KOMOMHATOPHBIX, OTPAaHUYEHUN Ha pacipeaee-
HME TOTOKOB, HAIIPUMED, OTPAHUYEHUS 110 YMCIAY TPAH3UTHBIX BEPIIMH B MaplIpy-
Te COeMUHEHWs TITOTEIEHR napbl (4TO COOTBETCTBYET OTPAHUIEHHOMY BDEMEHH
OXHMIAHUS, CIENHATBHBIM YCJIOBUAM MO NEPKAHUS KAauecTBa CBSI3H ¥ T.I1.) WJIH 10
qucyay pebepHo-HemepeceKalonXes MaplIIpyTOB AJs HEKOTOPBIX TITOTEIONIUX T1ap
(aTo cooTBeTCTBYET TPeOOBAHMAM MO HAAEKHOCTH CBSI3M [/ 3THUX T1ap).

Boob1iie roBops, pebpa dusnyeckoro rpada MII-ceTn MoryT pa3audaThbecs U MO
WHBIM XapaKTepUCTHUKaM, KPOMe MPOIYCKHOU CIIOCOOHOCTH, HAIIpUMED, 1O CTENEHU
3aIUIIEHHOCTH. B TakoM ciydae yAOOHO TMPENCTaBUTh, YTO WMeeTcsd KakK OBl He-
CKOJIBKO (m3uuecKuX TpadoB PasHBIX KaTeropuil (HampuMep, COCTOSIIMX U3 pebep
¢ He MeHbBIIIEH 3alTUITeHHOCTRIO, YeM TpebyeTcst LI [aHHOM KaTerOpUn ), B paccMa-
TPUBATH HECKOJBKO OMHOTUNHEIX MII-ceTelt, oTanuaiomuxcsa Juib GU3TIECCKUMHA
rpadamu. Arajgoruuno u mis noabzoBaTedeid MIl-cetw mMoryT cyiecTBOBaTH pas-
HBEle KAaTEeTOpuy OOCAYyXHWBaHWs, TOTIAa MOXHO paccMaTpuBaTh MIl-ceTu mas He-
CKOJIBKMX JIOTWYECKMX T'padoB, HapuMep, cHavaJja HAJs HOJb30BaTesJel BBICIICH
KaTeropuu, a MOTOM Ha OCTABIIEHCS MPOIMYCKHOM cmocobHOCTH pebep PU3nuecKoro
rpada ceTwm — IJ TMOJL30BATENEN OCTAJLHLIX KaTeropuit. KoHKpeTHHIN TpuMep
yueTa CUCTeMbl KaTeropuil oTpebieHus npoaeMOoHcTpupoBan B [36].

Takum obpazomM, maHHas 6a30Bas MOIENhb JIOMYyCKaeT olpeneleHHOEe pac-
HIWpeHne, XOTA, KOHEYHO, HE ONUCHIBAET BCero paszHooOpa3ws 3allav, BO3-
HWKAIOIWX B CeTEeBBHIX cUcTeMaX. TeM He MeHee, OHa TMO3BOJSET M3YyYaTh



ceTeBBIe 3a7auy € HeolpeleleHHBIMA (HaKTopaMu, He 3aTeMHSS CIeuDuKA
mpobaeM, CBI3aHHBIX € HEONPeAeTeHHOCTHIO.

Coruacro 6a30Boit Momenu, 3anada ananausza MIl-cetu zaBucuT oT NBYX
BeKTOpOB d ¥ ¢ nepemenHbiX. [loaTOMY B Hell BO3ZMOXHA HEONPEIEJEHHOCTD
OBYX THTOB. 1-s CBA3aHA C BEKTOPOM TPeGOBAHWHE W MOXKET TPaKTOBATHCS
KaK cyObeKTUBHAS: BEKTOP TPeGoBAHUYN MOTL30BATENeH, XOTS U 060HEeKTHBHO
CYIIECTBYIONTNHN, He M3BECTEH WY HETOUHO U3BECTEH JUITY, TPUHIMAIOIIEMY
peleHns. — BBHIOMPAIOIIEMY Y TH COeNMHEeHNUs aBOHEHTCKUX Tap (cM. rar. 1).
B paccmaTpuBaemoi mocTaHOBKE pedb UIET O BRIOOpE OMTHMAJBHEIX MapPIIIPyTOB, a
HEe 0 TeXHUYECKOR peasn3alul yKa3aHHOT'O BbI60pa. Tak uaTo BOIIPOCEI, CBA3aHHEIE
C aJanTWBHON MapHUIpyTHU3alluel, He TOMHUMAIOTCS.

B cayuae moanocThio HeM3BECTHLIX TpeOOBaHWH BOZHUKAET 3a/1aUa MHO-
TOKPUTEPHANHHON MaKCUMU3ANWHA BEKTOPA 2 PE3YILTHPYIONIAX TTOTOKOB Z2;
oJast Bcex abomeHTckux map p; MIl-ceTu, Ha3pIBaAeMOTO MYA4bMUNOMOKOM.
Ee pentenvenm siBasiercss MHOXeCTBO ONTUMaJbHbIX mo Ilapero u DmxBop-
TY MYJLTHUIIOTOKOB, T.€. BEKTOPOB MOTOKOB, He YBEIWUWBAEMBIX HU 1O Of-
HOM KOMTIOHEeHTe 6e3 yMeHbIITeH!sT KaKoi-1ubo u3 npyrux [67]. Dopmarbromy
ONUCAHUIO, CBOMCTBAM M MeTOHAM PellleHus 3TOM 3ajauM MOCBAIIEHA TJ. J.
Hpyroll xpalHui ciaydaid — TOYHO M3BECTHHIX TPeOGOBAHUN — IPUBOIUT K
BBIOOPY KOHKpeTHO# mapero-onTuMaabioi (110) Toukwm, sBasioreiics pete-
HUEeM COOTBETCTBYIOIIEH 3a7adl COTJIACOBAHUS WHTEPECOB ITOJIL30OBATEJEH,
oH paccMoTped B Ta. 2. [[poMexyTounble BapHaHTHI: M3BECTHLIX TPAHUIL
IS BEKTOpa d ¥ M3BECTHOW (DYHKIMH pactpenesenus (¢d.p.) HA 3aIaHHOM
MHOXeCTBe BO3MOXHBIX 3HAUEHWH, — WCCIEIOBAHB B Ta. 1 u 1. 4.

2-# TUT HeONpeAeJeHHOCTH CBA3AH C BEKTOPOM € MPONMYCKHON CIOCOOHO-
ctu pebep ¢uswdeckoro rpada MIl-cetw m TpakTyeTcs KaK oOBeKTHBHAS
HeOTpelleIeHHOCTh, He M3BecTHAsS B MOMEHT WMCCIeHOBAHUS CETH HU WCCIe-
HoBaTeNto, HU modb3oBaTenasMm. CumTaeMm, 4TO NMPUUYUHON ee BOIHUKHOBE-
HUS SBIsSEeTCS YMEHLIeHHe TTPOMYCKHOW CHOCOOHOCTY WU BBHIXON W3 CTPOS
OTHeTLHBIX pebep duamueckoro rpada MIl-cetw B pesyabrate aubo ciay-
JaWHbIX TOBPEeXACHWH ceTH, Jubo IeJeHAPaBIeHHLIX ee paspyllenuii. B
1-m caygae (cMm. 1. 5) 3amaeTcss ¢.p. BEKTOpa ¢ Ha MHOXECTBE 3HAUEHWH
ot 0 1m0 BekTOpa ¢”, COOTBETCTBYIONIEr0 H3HAYAJILHO MMEBILIEHACS IIPOITYCK-
Ho¥ cmocobnocTu. Bo 2-M caydae cTaBUTCS TapaMeTpudeckas 3amada Io-
WCKA HAMXYIOIETO Pa3pyIIafoNiero BO3MEHCTBUS OTPAHUUEHHOM MOITHOCTH
— paBHOU TeKyIleMy 3HAUeHWIO TapaMeTpa. Y KazamHas 3a1ada, Ha3BaHHas
3amadenn aHagusa ys3suMocTu MIl-ceTtu, mayvgaeTcs B raaBax 6 u 7. Ilpu
9TOM PACCMOTPEHBI MOCTAHOBKM KAK € U3BECTHBIM BeKTOpoM d TpeboBaHUK
moJsib3oBaTeded (Ti1. 7), TaK U ¢ CyObeK THBHON HEOIPeNeJeHHOCTRIO B WHPOP-



MUPOBAHHOCTH O BeKTOpe TpeGoBanui. [lis ciayvas HeuspecTHOro d B ri. 6
KcCleoOBaHa MHOTOKpUTEpUAJbHAA 3a7adya MOMCKa MUHMMAKCA BEKTOPa 2
TTOTOKOB BCeX TPONYKTOB. Ilpeasoxkensl U W3yUeHBI UTPOBBIE GOPMYITTPOBKHI
3a/1a9¥ aHAJIU3a YA3BUMOCTH.

Paszpaborannbie Momenwm oleHKW KadecTBa (GYHKITMOHWPOBAHUS — B
VCIOBUSAX HEMOJHOM MHPOPMUPOBAHHOCTU — MHOTONOJb30BATEIBCKUX CU-
CTEM CO CJIOXKHOW CeTeBOW CTPYKTYpO# (B TOM dUHCIe, TePPUTOPHAILHO-
pacIpeneseHHbIX ) TPUBOIST K MOCTAHOBKE HOBBIX, HECTAHTAPTHBIX KCTpe-
MaJdbpHBIX 3amad Ha MII-ceTax: MUHEMAKCHLIX, CTOXAaCTHIECKAX, MHOTOKPH-
TepUATBHLIX, JeKCHKoTpaduiecknx. B paboTe TpoBoguTCsS aHAIW3 BO3HUKA-
OIINX 337189 ONTHMU3ANNA, OGOCHOBBIBAETCS KOPPEKTHOCTE (YCTORINBOCTH
0 OTHOIIEHWIO K HeGOJBIINM M3MEHEHWSM MCXOMHBIX JaHHBIX ), 00CYXKIa-
OTCS BO3MOXKHbBIE TTPOIENYPhl UX PElIEeHUS.

Monorpadus cocTouT u3 7 TIaB, pa3bUTHIX Ha Taparpadsl, KOTOpbe B
CBOIO ouYepenh MOT'YT OLITH pa3OMTHI Ha pa3desbl, a pa3fedbl — Ha IYHK-
Tol. Hymepanus GopMys B paMKax OZHOH TJIaBBI SBJISETCS CKBO3HOH. s
pa3/IesoB MCIOJNb3yeTCs IBOWHAs (HOMep maparpada.HoMep pasmiena), a s
IYHKTOB — TpoiiHas HyMepaius. [[pu ccbikax BHyTpu maparpada (pas-
lesia) CTaBUTCS JWITL ONWH HOMep pasnena (myHkTa). llpm ccblakax u3
OpyIUX TJaB mobaBjseTcs HOMep TJIaBhl ¢ TOYKoi. Hymepalus pucyHKOB
n 6ubanorpaduIecKuX CCHIIOK — CKBO3Has IO Bcei paboTe. Paianl siek-
TPOHHOR BEPCHH, KaK IIPABUJIO, COLEPXKAT MO OmHOMY maparpady. Pucynku
IpuJaaraoTcs OONMOJHUTENLHO. Pas3buBKa Ha Gaiibl MpencTaBaeHa HIXKE B
Conepxanun. Hagee B HacTosIIeM daiie 1Js yIoOCTBa TOIb30BAHNASI KHATOR
IpUBEIEeHO TaKxXe JakIiovenue.

IIpoBenentbie wceareqoBaHusa U W3MaHue KHUTH OBLIH ITONIEPXKAHDBI TPai-
TamMu PODOHU mo mpoexTam NN. 95-01-00232, 96-01-00786, 98-01-00233, 98-
01-14090.



COOEP2KAHHUE

BBenenue.
T'nasa 1. 3agaua anajamu3a MHOTOIPONYKTOBOU MOTOKOBOM CETH
B cJydYae HETOYHO M3BECTHOTO BeKTOpa TpebGoBaHUM.

§1. Onucanwe momenu “MII-cers”.

§2. OB600ITIeHHbIe TTOCTAHOBKY 3a0aYi aHAJIU3A [TOMYCTUMOCTH

IJIsi HETOYHO U3BECTHBIX TPEeOOBAHUM.

2.1. Tapanmuposannsiti nodzrod. 2.2. Caabas nocmanosxa. 2.3. Cue-
WAHHBIE NOCIMAHOBKU.

§3. ObecreueHHOCTb TTOTOKOBBIX TPeGOBaHUE KakK Mepa

nonyctumoctu MIl-cetu. Ouenku nis oGOBINIEHHBIX TOCTAHOBOK.

3.1. Kouxypenmunoe pacnpededenue nomoxos u MAKCUMUNHAT oBecne-
YEHHOCb NOMOK06bir mpebosanut. 3.2. Bepruid ouenka MaxcumMunnoy
0.0.M. 044 HEMOUHO u3eecmubit mpebosanut. 3.8. Lapanmuposannoe 3ua-
yEHUE MAKCUMUHHOT 0.1.1M.

T'nasa 2. 3amaua aHadM3a MpeNeJbHLIX BO3MOXHOCTEH

ceTH Mo oGecnevyeHuIo TPeGOBaHUHN TTOJb30BATEEH.

§1. CymepkoHKypeHTHOe (HOpMAaTHBHOE) paclpeniejeHne MOTOKOB.

1.1. llocmanosxa 3adavu. 1.2. Ceeprronxypenmmuoe pacnpedesenue no-
moxos. 1.3. Jlexcuxoepagug yposuei o.n.m. 1.4. Ceolicrmea cynepronky-
PEHMHO20 PEULEHUA.

§2, §3. 06 olleHKax ypoBHEH MaKCUMUHHOW OOeCIeYeHHOCTH

B clyvyae HETOYHO U3BECTHBIX TPeOOBAHUM.

Y CcTORUUBOCTH CYIEPKOHKYPEHTHOTO pelleHus.

§4. MeTomb! moucka CYyNepKOHKYPEHTHOTO pPellleHus.

T'nasa 3. 3amaua aHaJiM3a MHOTONPOAYKTOBOU MOTOKOBOM

CeTH B CJydYae HEM3BECTHOTO BEeKTOpPa TpebGoBaHUM.

§1. MHorokpuTepuaJgbHas MTOCTAHOBKA 3ala9¥ aHAJIU3A.

§2. MeToibl anmpokcuMalun MHOXKeCTBa 3GHeK TUBHBIX

MYJIbTHUIIOTOKOB € MOMOIITEI OOPATHOR JOIHYECKOH CBEPTKH.

T'nasa 4. 3amaua aHaJiM3a MHOTONPOAYKTOBOU MOTOKOBOM

CeTH MJsi CJAYYauHOro BeKTopa TpeboBaHWM.

§1. BepositHocTHBIe GopMyaupoBku 3anauu anaauza MIl-ceru.

§2. CroxacTuueckue GOpMyJIupOBKEU 3a1aun ananusa MIl-ceTu.

T'nasa 5. 3amaua aHaJiM3a MHOTONPOAYKTOBOU MOTOKOBOM

CEeTH CO CJYYaWHOM IIPOINYCKHOM CIIOCOBHOCTLIO.

§1. BepositHocTHBle popMyaupoBKu 3anauu anaauza MIl-ceru

TJIs CAYYalHOU MPOMYCKHON crocobHoCTH pebep.

§2. CroxacTuueckue GopMyIupoBKEU 3a1aun ananusa MIl-ceTn



TJIs CAYYalHOU MPOMYCKHON crocobHoCTH pebep.

T'naBa 6. 3amaua aHaJIM3a MHOTONPOAYKTOBOU MOTOKOBOM

CeTH MPHU HECJYUYaNHBLIX TOTEPAX MPONYCKHON CITOCOGHOCTH.

§1, §2. Crenuduka HECTYyIaARHBIX TOTEPh MPOMYCKHON CMOCOOHOCTH.

T'apanTupoBanublil ypoBeHb 06ecieueHHOCTH TpeboBaHUH

KaK CKaJsApHas XapaKTepucTuka yszsumoctu MII-ceTn.

§3. 3anaua anaausza yszpumoctu MIl-ceTn

B caydYae HEM3BECTHOTO BeKTOpa TpebOBaHWH.

84. MeTonmsl penrenus JUHERAHON MHOTOKpPUTEPHAIHHON

3aJaud aHaJu3a ysI3BUMOCTH.

T'napa 7. 3agaya HOpMATHBHOIO aHAJNK3A YA3BUMOCTH
MHOTOMPONYKTOBOM MOTOKOBOM CETH .

§1. IllocTanoBka 3amadu.

§2. HekoTopblie npuMepbl pelieHus 3a1aum.

§3. TeopeTuko-rpadoBbie XapakKTEPUCTUKM YI3BUMOCTH

7 XKWBYYECTH MHOTOIOJB30BATEIHCKIX CETEBBIX CHCTEM.

3akaiouenne.

Caoucok aureparyphl.



3akJjiloueHue

PeasbHbIe ceTeBbIe CHCTEMBI CJIOXKHBI X MHOTOOOpa3HEL. Beskas mMeeT
CBOIO CIENUMHKY, KOTOpas Ge3yCIOBHO He MOXET OBITH yUTE€HA CTOJb I'PY-
6ol MOIeBIO KaK paccMOTpeHHas B nanHO#i paGoTe MII-ceTs. B wacTHOCTH,
CeTH MeTPOIOJATEHA SBISLIOTCS OPUEHTHPOBAHHBIMH, IPHUIEM, KaXKIOMY pe-
6py GU3XIECKOTO U JIOTHIECKOTO TPadOB COOTBETCTBYIOT CABOCHHBIE TYTH —
B IIPSIMOM ¥ 0OPATHOM HAIPABJIEHUH — CO CBOMMHU 3HATCHUSIMU IIPOILY CKHOM
CIIOCOGHOCTH MM TOTOKOBBIX TpeboBaHui. T paHCIOPTHBIE CeTH, HAIPHUMED,
TPaHCIOPTHPOBKY SHEPrOHOCHTeel (rasa, HeTH, yIJIst), UMEIOT OUeHb pas-
HOpPOZHbIE pebpa GU3NIecKOro Tpada: 0T TPYOGOIPOBONOB IO KEJI3HOIOPOK-
HBIX JWHHH, — ¥ 331aTh B ONHMX eIMHUIAX KX IPOIYCKHYIO CIOCOGHOCTH
OKa3bIBAETCS CAMOCTOSATENIbHOM 3aadeil. B aHAJIOTOBBIX TelqeOHHBIX CeTsX,
KaK IIPABUIIO, HEJIb3s OGOUTH OrpaHWIeHHe 10 UHCITY TPAHZUTOB B Iy TAX CO-
eIUHEHNs] TATOTEIMNX nap. /LI KOMIBIOTEPHBIX CeTell CyIlecTBeHHa IPO-
faeMa paclpeIeeHHOTO yIPABJICHHUs MOTOKaMH (KOPPEKTHPOBKY LMy Tei co-
eIMHEHNs 110 JOKAJBHON HHGOPMAIMK O TEKYIIeH 3arpy3Ke CeTH) B PeXKUMe
peaJbHOTO BpeMeHH. KpoMme TOTO, [ MHOTHX OITOBOJOKOHHBIX ceTell He
CTOJBKO BaKHa IIPOIYCKHAS CIOCOOHOCTH peGep CeTH, CKOIBKO IIPOIYCK-
Has CIOCOOHOCTH BEPIIWH, TakKXkKe KPUTHIHBIM MOXET ObITH 4rcio pebep,
BBIXOISIIIUX U3 OHOM BEPIINHBI (OTPaHHIeHNe HA CTeleHb BEDIINH).

ITomo6GHBle NOMONHATENBHEIE YCIOBAS TPeOYIOT MOTHGUKAIUK 6a30BOM
MOJIEJIH, 334aCTYIO NOBOJILHO cepbe3HbX (cM. Beenenue). Onmako omu He Me-
HSIOT IPUHIAIHAIBHO OTHOIIEHHS K HEOIPEIeJeHHOCTH — HeOGXOTUMOCTD
IPUHAMATH BO BHHMAHUE BO3MOXHYIO HENOJHOTY HJIX HETOYHOCTH UHCIO-
BBIX TaHHBIX ¥ MOPSIOK IOJNYYIeHUs WHOOPMAIUK O HUX, PA3IHIe HHTepe-
COB IIOJIb30BATEICH CHCTEMBI, TeGHUIUT PECYyPCOB CeTH. JTHM BOIpPOCAM X
ObLTa MOCBSIIEHa HACTOSINAs KHUTA. ECIu Ipu MOIeTHPOBAHUN PeabHOM
CeTeBOH CHCTEMbI MbI BBIHIEM 3a KJIACC CHCTEM, ONMCHIBAEMBIX JTHHEHHBIMA
orpanndenusiMu 6iaoaroro Buma (1.1), (1.2), To M3MeHATCS MEeTOIB! PeIIeH s
BO3HUKAIOIINX ONTUMU3AIKOHHBIX 3a/1a4, & TOCTAHOBKY 3a/1a4, T.€. CIIOCOObL
ydeTa HeOIPeIeJeHHOCTH, OCTAHYTCS TaKUMU JKe.

YkasaHible COOOPAXKEHUS ¥ OIPENEIUINA TOCTAHOBOUHDIA XapaKTep KIH-
ri. ABTOpHI He CTABUIH cebe IeJbI0 MPeIIOKITE HabOp MeTONIOB peIleHns
BCEX CETEBBIX 3a7ad (XOTS U CTapaiich MOKA3aTh KMEIOITHECs TOIXOIBI K T0-
CTPOEHHIO TPebyeMbIX MEeTOIOB), HO 3aTO HONBITAINCH KIACCHPUIAPOBATE
THIBL X UCTOYHUKY HEONPEIeJeHHOCTH W IPUBECTH OCHOBHBIE IOCTAHOBKH
331297 aHAJIM3a BO3MOXHOCTEH (QyHKIMOHNPOBAHHS CETEBEIX CHCTEM B yCJIO-
BUSIX HeolpenieleHHOCTH. 1[0 GyHKITMOHATBHBIMA BO3MOXHOCTIMHA CHCTEMEL
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B pa60Te NMOHUMaJHUCh BO3MOXKHOCTHU OI[HOBpeMeHHOfI Inepenavdun 1o ceTu I1o-

TOKOBLIX TpeboBaHWY Toabk3oBaTexel. [Ipudem, mceaenoBaTenio 3T Tpebo-

BaHUs MOIJM OBITH HEM3BECTHBIMM TaKXXe KakK Hu IIpoIry CKHast CIIOCOOHOCTH

pebep ceTH.

HanmuM KpaTKu# 0630p OCHOBHLIX TIPENJOXEHHBIX TOCTAHOBOK B GopMe
pe3yabTUpyIolledl TabJaullbl ¢ YKa3aHueM MecTa B TeKCTe, I'lle OHU PaccMo-

TPEHHI.
Tabauma 1.
TUII HEOIIPEIEJEH- TPEBOBAHWUHU ITPOIIYCKHOU duc
HOCTH CIIOCOBHOCTH
HeOOILIINE BO3MYIIICHHUS §2.2 §2.3
C.B. C U3BECTHOH d.p. §4.1 §5.1 5.1.5,5.1.6.3
C.B. ¢ HEM3BECTHOH }.p. 4.2.1,4.2.4 §5.2 (Hagao0)
HaHbl CpelHee W OUCIEPCHS §4.2 §5.2 §5.2
M3BECTHO MHOXKECTBO de D ra.l ceC(y)886.2, 7.1
HeT WHPOPMATIN Max z ce C(y), v€(0,1) | Min Max z o BekTOpE
.3 §66.1, 7.2 §66.3, 6.4
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