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BBEJIEHUE

B coBpeMeHHOI Teopur BOEHHOTIO TPOTHUBOOOPCTBA BCE OOJIbIIEE 3HAUCHUE
MPUIAETCS BHEAPEHUIO HOBBIX CUCTEM YIIPABIICHMS, OCHOBAaHHBIX HAa CETEIEHTPHU-
YECKUX MPUHIUINAX, TIPU 3TOM OCHOBOM TaKOW CUCTEMBI YNPABICHUS SBISETCS
nmojcucTeMa CBs3u. B crencrtBue 3TOro, ¢ OJHOM CTOPOHBI, CHUCTEMBI CBS3U
JIOJDKHBI COOTBETCTBOBAThH KECTKUM TpPEeOOBAHUSIM CHCTEMBbI YIPABICHUS BOM-
CKaMU U OPY>KHUEM, C JPYroil CTOPOHBI — B YCJIOBUSIX COBPEMEHHOTO ITPOTHUBOOOP-
CTBa OHU CaMU TOJABEPTaroTCsS NECTPYKTUBHOMY BO3JEHCTBHUIO CO CTOPOHBI MPO-
TuBHUKAa. OCHOBOW COBPEMEHHOI'O IECTPYKTUBHOTO BO3JCHCTBHUS HA CHUCTEMBbI
cBs3u (CC) siBnsieTcss MPUMEHEHHUE CPEJCTB paguod3JeKTpoHHOM 60prObl (POB) 1
pamuoasiekTponHoro mnonaarieHus (POII). Merogonorusi orneHKH BO3AEHCTBUS
POIT na CC B Hacrosiiee BpeMsl SIBISETCS JOCTATOUYHO Pa3BUTON, YTO aKTyaJlu3H -
pYyeT HampaBJeHUs HCCIeI0BaHuM B 00acTu obecrneueHus: nmomexo3anutel CC.

B Hacrosmieit MmoHorpaduu npeacTaBiIeHbl pPe3yJbTaThl UCCICIOBAHUS T1O-
MEXO3alUIIIEHHOCTH TPAHCIOPTHBIX HA3EMHO-KOCMUYECKUX CHCTEM  CBSI3U
(HKCC) Ha ceTeBOM ypOBHE ATaJIOHHOW MOJIETTH B3aMMOJICHCTBUS OTKPBITHIX CUC-
tem (OMBOC). Bonpocsl ¢pynkimonuposanusi CC Ha c€TEBOM YpPOBHE pacCMOT-
peusl B paborax C.E. Agamypoma, [I. beprcekaca, B.M. Buminesckoro,
O.B. Heitkcrpel, E.H. Kocskosa, C.M. Makapenko, A.W. Hazaposa, C.H. HoBu-
koBa, K.1. CprueBa. MeToquyecknM acnekTaM OLICHUBAHUS M MOBBIIIECHUS YCTOM-
YUBOCTH CBSI3M TOCBsIIeHbl paboTel  A.B. borosuka, E.B. ['peunmnnkosa,
A.l'. JanonoBa, B.B. UrnaroBa, E.E. UcakoBa, A.E.KyuepsiBoro, JI.B. Jlanm,
B.A. Heteca, B.IO. CtexonsaukoBa, B.K. ITonkoBa, nmpu 3Tom B 6oiiee y3Koit 00-
JACTU TOMEXO3AIIUIIIEHHOCTH (PaguOlIEKTPOHHOTO MOJABJIEHUS) UCCIEAOBAHUSA
npoBoauinuch IL.U. AutonoBuuem, B.U. bopucoseiM, B.W. BnaaumuposbiM,
B.M. 3unuykom, FO.JI. Kozupankum, B.®.Komaposuuem, M.A. KoubiHsIKOM,
A.N. KynpustnoBeivM, B.A. JlunataukoBsiM, C.M. Makapenko, A.A. Cupotoii,
B.T". Pam3ueBckum, FO.M. Ctapony6rieBbiM, A.M. UynHoBbIM. 3aada pa3paboTKu
AJIEMEHTOB HAay4YHO-METOJMYECKOTO amnmnapara MOBBIIMIEHUS YCTOMYUBOCTU CBS3U
Ha cereBoM ypoBHe DMBOC Hamnuta cBoe orpaxenue padborax C.U. babycenko,
A.A. bypoBa u A.B. Ilapmytkuna, npu stom crnenudpuka HKCC, cBszanHas c
TE€XHOJIOTUYECKUMU PEIICHUSIMU B 00JaCTU CIIyTHUKOBOMW CBSA3U, HE YUUTHIBAIACH.
BrimosiHeHHOE HccneqoBaHue 00001aeT, TOMONMHIET U Pa3BUBACT JaHHBIE PaOOTHI
OTEUYECTBEHHBIX YUECHBIX.

Martepuan paboTbl OpUEHTHPOBAH HAa MOATOTOBICHHOTO YUTATENS U aJApeco-
BaH MPENoaBaTeNisiM, HAyYHBIM PaOOTHUKAM, COMCKATEIsIM yUYEHON CTEINEeHH, Be-
IyIUM UccienoBanus B obmactu coepuieHcTBoBaHuss CC, a Takke B o0mactu
MOUCKa HOBBIX croco6oB noaaBieHus CC B yCIOBUSIX BOGHHOTO U PaJUO’JICK-
TPOHHOT'O IPOTUBOOOPCTBA.

B mepBoii rimaBe paGoThI MPOBEICH OOIUI aHAIU3 CIIOCOOOB TMOBBIIICHUS
MMOMEXO03aIUIIEHHOCTA TPAHCIIOPTHBIX CETEH CBSI3U CHEIUAIbHOIO Ha3HAYCHHS
(TCCCH) B gunaMuke paJuoO3JeKTpOHHOro KoHQuukTa. IIpu 3TOM B KauectBe
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TCCCH paccmarpuBaeTcsi TpaHCHOpPTHAasE HA3€MHO-KOCMUYECKAsl CEThb B COCTABE
HEeHTpadbHbIX cTaHlui cnyTHUKOBOM cBs3u (LICCC), a Tak:ke KOCMUUECKUX ariia-
patoB cBsi3u (KAC) na reoctrarmonapsoit opoure (I'CO). IlpeacraBnen ananus
MeToA0B NoBbIIeHUs noMexo3amuieHHocTH TCCCH n paccMOTpeHbl OCHOBHBIE
cnocoOsl BozzaeiicTBust cpeactB POIL. Tlokazano, uro crocoObl u cpeacTBa obec-
neueHus nomexo3amuiieHHoctu cBsizu B TCCCH opuenTupoBanbl Ha (usnue-
ckuii (IIITPY, cuctema aBTOMaTHYECKOTO PETYIMPOBAHUSA BBIXOJHOM MOIIHOCTH
NepelaTYuKoOB) U KaHaJbHBIM (MIOMEXOYCTOMYMBOE KOIUPOBAHHME) YPOBHU
OMBOC, B TO Bpemsl Kak Ha CETEBOM YpPOBHE, B JIOCTaTOYHO OTHAJIEHHOM mep-
CIIEKTUBE, MPEAIOJIATracTCs JIMIIb OpraHu3alus aBTOMATUYECKOM IMOBTOPHOM Iie-
penaym MakeToB B ciydae UX notepu. [IpoBeaeH aHain3 moaxoa0B K OLEHUBAHUIO
nomexo3zamuiieHHoctu TCCCH cornacHo ¢ TpeGOBaHUSMH COOTBETCTBYIOIIMX
PYKOBOISIIMX JOKYMEHTOB M UCCIEAOBAHUM APyruX aBTOpoB. Ha 0OCHOBE TaHHOTO
aHaju3a MpeUIoKEH MoKa3aTeap noMexo3amumeHHocTu CC — BEpOsSTHOCTh CBOE-
BPEMEHHOMW OCTaBKe nakeTa Pcy.

Bo Bropoii rinaBe pa®oOThl MpeICTaBIEHBI CIEIYIOUIUE AJIEMEHThl HAY4YHO-
METOANYECKOr0 anmnapara, ONMChIBAIOIIME U MO3BOJSIONINE MOBBICUTH TTOMEX03a-
munieHaocte TCCCH.

1. Mogens ¢ynkunumonupoBanuss ATM-mapuipyTu3atopa Npu H3MEHEHHUU
METPUKH KAaHAJIOB CBSI3U BCJEACTBUE BO3AeucTBUA cpeactB POII, oTnuuaromasics
OT U3BECTHBIX BO3MOKHOCTBIO OLIEHKHU mapaMmeTpoB kaHayioB cBsizu (KC) cereBoro
ypoBHsa DOMBOC kak pe3ynbraTta npeaHaMepPeHHbIX Bo3ecTBU cpeacts PO, ¢
Y4ETOM CXEM aJallTUBHOTO BHIOOpA BUAa MOIYJSILIMA CUTHAJIOB U CKOPOCTH MOMeE-
XOYCTOHYUBOI'O KOAUPOBAHUS.

2. Mogens ¢yHkunonupoBaHus MexysnoBoro coequnenuss HKCC B ycio-
BUAX Bo3aeucTBUs cpencts POII, comeprxainas opuruHagbHbIN MEPEXO] OT COOT-
HOILIEHUS] BPEMEHHBIX MHTEPBAJIOB CUTHAIU3AIMU K BEPOSITHOCTHBIM IMapaMeTpam
MapKOBCKOM MOJENH, MO3BOJISIOMINI MOJIYYUTh aHATIUTUYECKUE BBIPAXKEHUS JIS
3aBUCUMOCTH BEPOSITHOCTU HaxoxJeHus MexysnoBoro coeauHenus HKCC B pa-
00TOCTIOCOOHOM COCTOSIHMH OT 3HAUYE€HUU BPEMEHHBIX MHTEPBAJIOB CUTHAIU3AIUY.

3. AJIrOpUTM aIaliTUBHOTO M3MEHEHHUSI BPEMEHHBIX [1apaMETPOB CUTHAIU3a-
nuu B MexysiioBoM coenudHennn HKCC B ycnoBusix BozneiictBus cpencts POII,
OCHOBaHHBIW Ha WCIOJIb30BAHUU OPUTHHAIBHOU MOJENH (PYHKIIMOHHPOBAHUS Me-
xy3noBoro coenunenns HKCC B ycnmoBusix Bo3aeiictBus cpencts POII mis o6oc-
HOBaHMSI BPEMEHHBIX MapamMeTpPOB CHUTHAJIW3AlMU MPU 3aaHHBIX YCJIOBHUSAX BO3-
neiictBust cpencts POIL. TlpuMenenune manHOTO anroputMma oOecreduBaeT Oosee
aZeKkBaTHYI0 auarHocTuky (akra momasnenus KC nHa ceteBom ypoBHe DMBOC,
YTO MO3BOJIAET MOBBICUTH ycToWunBocTh HKCC myTreM QuHaMHYECKOTO M3MEHeE-
HUS BPEMEHHBIX MHTEPBAJIOB CUTHAIM3ALMKU UCXOJSl U3 OLICHKH WHTEHCHUBHOCTH
BO3AeHCcTBUS cpeacTB POIL.

4. ANTOpUTM MapHIpyTU3aui WHOOPMAITMOHHBIX ITOTOKOB MO KPAaTYaNUIITUM
U PE3EpPBHBIM IyTSIM Ha OCHOBE HCIOJb30BAaHUS CTPYKTYPHOH H30BITOYHOCTH
HKCC, ornamuaromuiicss OT HCHOJIB3YyEMOIO0 B PACHPOCTPAHEHHBIX MPOTOKOIAX
MapuIpyTuzanuu anropurma JledkcTpsl HOBbIMU (DYHKIITMOHATBHBIMU 3JIEMEHTAMH,
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o0ecreynBaIUMA BO3MOXHOCTh noucka B cTpykrype HKCC pesepBHbIX myTeit
OTHOBPEMEHHO C BEJEHUEM IOMCKA KpaTyaWIlIMX IYyTE€W, 4TO MO3BOJSAET CHU3ZHUTH
Bpemsi pekoHurypauuu nyreit B HKCC, BeizBannoe nogasinenuem KC HKCC
cpeactBamu POIL.

B TpeTheil rnaBe npoBeIeH aHAIN3 U3MEHEHUS LIEJIEBBIX MOKA3aTeNIe ToMe-
XO3aIIUIIEHHOCTH B 3aBUCUMOCTH OT 3HAYEHHMS CPEIHET0 BPEMEHU MEXKAY OTKa-
3aMu KC Torcxc. YMeHblIeHUE 3HaueHus BeposTHOCTU cBsi3HOocTH MHC P B ciy-
yae, €clid He UCHOJIb3YIOTCS pa3pabOTaHHBIE aJrOPUTMbI, MPUBOAUT K CHUKEHHUIO
BEPOSAITHOCTU CBOEBPEMEHHOW JTOCTAaBKU Makera Pcjy, a B Clly4yae, €Clu HUCIOJb3Y-
I0TCA pa3paOOTaHHBIE AITOPUTMBI — K MOBBIIIEHUI0 MUHUMAJIBHOT'O 3HaYEHUs Bpe-
meHu nuarHocTuku otkaza MHC Tiyars, IPU KOTOPOM OOECIEUMBAETCS 3aJJaHHOE

3HaYeHHE BEPOATHOCTH CBOEBPEMEHHOM nocTaBku makera [y . Mcmombzoanue

pa3pabOTaHHBIX AJITOPUTMOB IMO3BOJIIET 00ECIEYUTh 3aJJaHHOE 3HAUEHUE BEPOsIT-
HOCTH CBOCBPEMEHHOW JOCTaBku makera Fo'=0,9|T». =3¢ NpH 3HAYCHHAX

noct
cpennero BpemeHu Mexay otkazamu KC Tocke > 1,2 ¢, ipu 3ToM 3G HEKTUBHOCTH
ux ucnonb3oBanus Ey npu Tocke = 1,2...600 ¢ nmocturaer 80%, 4To mMO3BOJISET
CIeNaTh BBIBOJ O JOCTHUKEHUM 1€ UCCIICAOBAHMUS.

ABTOp BBIpaXkaeT 0JIar0JapHOCTH JIOKTOPY TEXHUUECKHX HayK mpodec-
copy E.B. TumodeeBy u noktopy TexHudeckux Hayk noueHty E.A. HoBukomy
3a KPOTOTJIUBBIM TPy MO MOUCKY OMMOOK M HETOUHOCTEH MPU PEICH3UPOBAHUM
MOHOTpaduH.

Jannast paboTa cTana BO3MOXHOW Oiaromapsi MOMOUIM M KPUTHUKHU JIIOJIEH,
KOTOpBIE BCSIYECKU MOJAJECPKUBAIA aBTOPOB B HUX HCCIECIOBAHUSAX MHTEPECHBIX U
BaYKHBIX BOIIPOCOB TEOPUH CUCTEM CBSI3U U PAJAMOAIEKTPOHHONU O0pHOBI. ABTOP BBI-
pakaeT rIyOOKYyI0 NMPHU3HATENLHOCTh 3aCIyKEHHOMY JesTento Hayku P®D mokTopy
TEXHUYECKUX Hayk npodeccopy I'.H. MaiblieBy, TOKTOpYy TEXHUYECKHX HAyK MpO-
deccopy K.IO. [IBeTkoBy, kaHaumary Texundeckux Hayk goueHty C.M. MakapeH-
k0. IMeHHO OHU CcrTOCOOCTBOBANIM CTAHOBJICHUIO aBTOPA KaK YUYE€HOTO, U 5 TOPXKYCh,
YTO UMEN BO3MOKHOCTh O0YUYaThCsl y TAKUX JIFOJIEH U paboTaTh PAIOM C HUMHU.

Bonpiryto mpu3HATENbHOCTh XOUETCSl BBIPA3UTh KOJIJIEKTUBAM Kadenpsl ce-
TEH U CUCTEM CBS3M KOCMHUUYECKMX KOMIUIEKCOB BOEHHO-KOCMUUYECKON aKaleMUU
umenn A.D. Moxaiickoro u kadeapsl TAaKTUKO-CIICIUATBbHON MOAroTOBKH Yepe-
MMOBEI[KOT0 BBICIIETO BOCHHOTO WHXEHEPHOTO YUYWIMIIA PAAUOIIEKTPOHUKH, TIIE
aBTOpPY MOCYACTIUBUIOCH MPOXOAUTHh Ciyxk0y. VX TBopueckas atmocdepa cmo-
coOcTBOBaja TJIOIOTBOPHON NEATEILHOCTH M OMpeeinia 001acTh HayYHBIX HH-
TEPECOB U HAIIPABJIEHUS UCCIICIOBAHUN aBTOPA.

Bonpmoe crmacu6o 3a o0iieHne, KPUTUKY B TOJJEPKKY B HAy4HOU padbote
MoeMy TiiaBHOMY BaoxHoBuTento — HO.C. MuxaiiioBoi, a Takxke JOKTOPY TEXHHU-
yeckux Hayk npodeccopy IL.A. Bynko, kaHauaaty TEXHUYECKHX HAYK JIOLEHTY
C.A. SIxymeHko, TOKTOpy TexHHUecknx Hayk mpodeccopy B.C. 'oHuapeBckomy,
NOKTOpY TexHuueckux Hayk mnpodeccopy A.C. IlonoBy, TOKTOpY TEXHUYECKHUX
Hayk mpodeccopy W.b. [lapamyky, MOKTOpYy TEXHHYECKHX HayK Mpodeccopy
N.IO. EpemeeBy, NOKTOpY TeXHHUYECKMX Hayk AoueHty A.B. [lapmyTkuHy, IOK-

9



TOPY TEXHUYECKUX HayK AoueHTy E.A. HOBUKOBY, KaHINIAaTy TEXHUYECKUX HAYK
nouenty E.H. KocskoBy, kaHnunary Texanueckux Hayk goueHty B.E. denoceeny,
KaHAuAaTy TexHudecknux Hayk goueHty M. T. OcramoBy, kKaHAMAATY TEXHUYECKHUX
Hayk A.B. KoxxakoBy, xanguaary texHuuyeckux Hayk noueHty C.H. Edumosy,
KaHAUAATy TEXHUYECKUX HayK A0LeHTYy A.D. AKMOJIOBY, KAHAUAATYy TEXHUYECKUX
Hayk B.M. KopoBuHy, kanauaaty texuauueckux Hayk E.A. BukropoBy, kannaunary
texunueckux Hayk E.C. AGa3uHoii, kaHauaaTy texuuyeckux Hayk A.A. Kopaib-
CKOMY, KanauaaTy Texundeckux Hayk A.P. [TaBnoBy, K.B. Ymanesy, C.X. 3unny-
pory, A.B. EdbpemoBy, C.M. [Ipuxoasko, B.B.T'anonoBy, E.A. AcTtaxony,
B.®. Bonkosckomy.

CuuTaro cBOMM A0JATOM UCKpeHHe nobnarogaputh A.B. babuua u Bech KoJi-
JIEKTHB BO3IJIABISIEMOr0 UM PEAAKIIMOHHO-U3/IaTENIbCKOr0O OTIeNa YepenoBenkoro
BBICILIETO BOCHHOTO WH)KEHEPHOI'O YUWIHILA PAAUOIIEKTPOHUKU O€3 MOMOIIU U
y4acTusl KOTOPbIX MOHOTpadusi He cMorja Obl BEINTH B CBET.

ABTOp OyIeT paa COTPYIHUYECTBY B paccMaTpuBaeMon 00JIAaCTH HCCIE0-
BaHUH, a TaK)K€ KOHCTPYKTUBHBIM 3aMEUaHUsIM 110 COAECPXKAHUI0 MOHOIpapuUU KO-
TOpbIE MOKHO HampaBiATh Mo aapecy: mikhailov-rom2012@yandex.ru

P.JI. Muxaiinos
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1 AHAJIM3 3BABUCUMOCTHU CBOEBPEMEHHOCTH
UH®OPMAIIMOHHOI'O OBMEHA B OCCCH OT YCTOMYUBOCTH TCC
B YCJIOBUSIX BO3JIEMCTBUSI CPEJCTB P3I1

1.1 CTpykTypa, TeXHOJIOTHYeCKHEe peleHns 1 nepcrneKkTuBbl pazsutusa TCC

Ha coBpemennom stane ¢popmupoBanus Boopyxennsix cun (BC) nauboinee
Pa3BUTHIX B BOGHHOM OTHOIIICHHHM CTPaH ONpPEACJICHbl OCHOBHBIC 3aJa4yd U Ha-
IIPaBJIEHUS COBEPIIEHCTBOBAHUSA CHUCTEMBl BoeHHOM cBsizu [1—4]. CormacHo
[5, 6-8], ocHOBY cuctemsl cBsi3u (CC), mO3BOJSIONICH yIOBICTBOPUTH COBPEMEH-
HBIM TpeOOBaHMSIM CHUCTEMBbI yIPABJICHUS BOWCKAMU U OPY>KHUEM, B 4acTU obecre-
YEHUsI YCJIYT M BBIMOJHEHUS] TpeOOBaHHWM MO MH(POPMAIIMOHHOW 0€30MacHOCTH,
MOMEX0- U Pa3BEI3aAlUIICHHOCTH, JOJDKHA COCTAaBJISATh MEPCIEKTUBHAS OO0BHEIH-
HEHHas cucTeMa CcBs3u crnenuanpHoro HazHaueHus (OCCCH).

[Ton OCCCH B MoHOrpadguu NOHUMAETCSI COBOKYITHOCTh aBTOMAaTHU3UPOBAH-
HBIX HU(POBBIX CETEM CBS3M CHEIUAIBHOIO Ha3HAYCHUS HA3eMHOr0, MOPCKOTO,
BO3JIYIITHOTO U KOCMUYECKOTO 0a3upOoBaHMs, OCTPOSHHBIX HA OCHOBE YHH(HUIIUPO-
BaHHBIX TEJICKOMMYHHUKAIIMOHHBIX TEXHOJIOTUH, 0ObEIMHEHHBIX €IUHBIM yIIpaBJIe-
HUEM M KOMITJIEKCHON MH(POPMAIIMOHHON 0€30MaCHOCTBIO U 00ECTIeUYNBAIOIINX Mpe-
JI0CTaBJICHUE MOJIH30BATENSAM TPeOYEMbIX YCIIYT 3aJaHHOr0 KauecTBa [1].

HNHurerpamus yciayr U mepexoa K CETeBBIM (CETEIEHTPUUESCKUM) TIPUHITUTIAM
ABJIIETCS HA CETONHSAIIHUMN JIEHb OJTHUM W3 MPUOPUTETHBIX aCIEKTOB COBEPILIEHCT-
BoBaHusl CC, KOTOPBIN MO3BOJISIET CYIIECTBEHHBIM 00pPa30M MOBBICUTH €€ YCTONUH-
BOCTh IIPU COKpAIIEHUH HEOOXOIUMOTO Ui OpPTaHU3AIMK CBSI3M KOJMYECTBA Harl-
paBJieHHM (KaHAJIOB) CBA3M U HOMEHKJIATYPHl PEaTH3yIOIIET0 UX TEIEKOMMYHHKA-
IIMOHHOTO O000pYJIOBaHMsI, BKJIOYash CPEICTBA CBSI3M M 3aIIUThl HWH(GOPMALUU.
B cBs3u ¢ atum nipuniunuanbHbiM oTiimarneM OCCCH ot CC npenplayiero noko-
JICHUS SIBJISIETCS TO, YTO OHA MPEJICTABIAET COO0N COBOKYITHOCTh (DYHKITMOHATIBHO U
TEXHUYECKH B3auMOYBsi3aHHBIX 1H(PpoBeix CC, MOCTPOCHHBIX HA OCHOBE COBpE-
MEHHBIX TEJIEKOMMYHUKAIIMOHHBIX TEXHOJIOTHM, 00bEIUHEHHBIX €IMHBIM Oe30mac-
HbIM WH(GOPMAIMOHHBIM MPOCTPAHCTBOM W YIPAaBIICHHEM, 00€CIIEUUBAIONIUX TIpe-
JI0CTaBIICHUE MOJIH30BATEISIM COBPEMEHHBIX YCIYT CBSI3U 33JJaHHOTO Ka4yecTBa.

Kaxnprit anemenT TenekoMmmyHukarmonHo nadpactpykrypst OCCCH pas-
BHUBAETCA Ha CBOUX TEXHOJOTMYECKUX MPHUHIHUIIAX U PEUICHUSIX, KOTOPbIE OIpee-
nsitores B [1]. Cozpanme OCCCH oOecnieunBaeTcsi myTeM PEIIeHHs CIIeTYIOMNX
OCHOBHBIX 3a1a4 [1, 5, 9]:

— UHTErpanus MH()OPMAIMOHHO-TEJICKOMMYHHUKAIIMOHHBIX CHUCTEM (CPEICTB),
OTHEBOTO MOPAKEHUS, PA3BEIKH, PATUOIICKTPOHHOU O0pHObI, HABUTAIIMH U CBSI3U;

— CO3/1aHUE€ €IUHOW TEXHOJIOTMYECKOM OCHOBBI IOCTPOEHHS CTALMOHAPHO-
nosnieBoil TpancnoptHoi ceth OCCCH, BkiIOuarlieil MarucTpajibHbIe, PETrHo-
HaJIbHbIE, TAPHU3OHHBIE, TPAH3UTHBIE Y3JIbl CBSI3U, CTAIIMOHAPHBIE U TIOJIEBBIE Y3JIbI
CBSI3U MTYHKTOB YIIPABIICHHUS;

— CO3[JaHh€ MPOTPaMMHO-ANMNAPATHBIX KOMIUIEKCOB IO MPEI0CTaBICHUIO
JIOJKHOCTHBIM JIMIIaM OPTraHOB BOGHHOI'O YIPaBJIE€HUS UH(POPMAIMOHHO-TEIECKOM-
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MYHHKAllMOHHBIX YCIIYI Ha OCHOBE MHTETpPAlUU MEPCIEKTUBHBIX CUCTEM U KOM-
IIJIEKCOB TEJIEKOMMYHUKAIUN, €IMHON TPAaHCIIOPTHOU Cpelbl, IPUMEHEHUS COBpeE-
MEHHBIX YIPABICHUECKUX, TEXHOJIOTHYECKUX U TEXHUYECKUX PEIIECHUN;

— CO3JJaHHE €IUHOM aBTOMAaTU3UPOBAaHHOW cucTteMsbl ynpasieHus CC, BbI-
MOJIHAIOIIEH PYHKIIMM MOHUTOPUHTA cOCTOSIHUS AnneMeHToB CC;

— co3JlaHue nojicuctemMbl nHGopmalnmonHoi 6ezomnacHoctu CC;

— CO3/1aHHE €IMHOM CUCTEMbI TEXHUYECKOI0 0OECIeueHUs CBSI3M M aBTOMa-
TU3UPOBaHHBIX cucTeM ympasieHus (ACY), Bxozsuiei B cocTaB YHUDUIIUPOBAH-
HOM CONpPSIKEHHOW CUCTEMbI TEXHUYECKOI'0 U ThUIOBOTO 00€CTIeUeHUs;

— obecrnieyeHne MHPOPMALMOHHO-TEXHOJIOTMYECKOW COBMECTUMOCTH pa3pa-
OaThIBa€MbIX CHCTEM, KOMIIEKCOB U CPEJACTB CBS3H;

— o0ecrieyeHne IJIAaHUPOBAHMUSI M KOHTPOJISL MCIOJIb30BAaHUS BBIJIEISIEMbIX
pecypcoB Ha pa3BuTHe U dKcmyaTauuo CC;

— CO3/1aHKe MPAaBOBOM U MaTEPHUAIBHON OCHOBBI CUCTEMBI.

Cornacho [5, 9, 10, 11], OCCCH cocTouT U3 311€J0HOB, MO KOTOPBIMU IO-
HUMAETCSl COBOKYMHOCTb TEJIEKOMMYHHUKAIIMOHHBIX CPEACTB M KOMIUIEKCOB, pa3-
MEIICHHBIX, KaK MPaBUJIO, B OJHOW OJHOPOIHON MPOCTPAHCTBEHHOU cpene (Koc-
MUYECKOU, BO3IYIITHOM, MOPCKOM, HA3€MHOI), COETMHEHHBIX MEXITy COOON B e1u-
HYIO C€Th, MPeAHA3HAYEHHYIO JIJIsl 0OecrieueHnst OTpeOHOCTEN B yCiayrax moJib30-
BaTeJIe HaXOAIIMXCA Ha 00BEKTaX Kak B JaHHOU cpejie, Tak U BHE ee. OO00IIeH-
Has ctpykrypa OCCCH npencrasnena Ha puc. 1.1.

leocTaLmMOHapHBIi BbicokoannmnTuieckuii
KOMMIIEKC. mobanbHas rpynnupoBka

KOMEeKe e
=== MC3 ¢ wmpoKononocHsIM1
KaHanamu csssu mexay KA

CamokoHurypmpyembie
CEeTY CBSA3M BO3AYLIHOTO
GasvposaHusl | ! e

T e e

_____ Bo3pgyLuHble yanbi
CBSI3U 1
peTpaHchsauumn

Y3anbl conpsibxeHusa
__ KOCMMYECKOro n

enoH Ha3eMHoro
CerMeHToB

HazemHas
LUIMPOKONOIOCHast
BOMOKOHHO-OMTUYecKas
ceTb cBsisv L|OO

N

HhzemHbn >

H cTauMoHapHbIN N
\

CeTtb IKMB 7
pagmnocsasmn /

CamoKoHdurypmpyemble
ceTu cBA3N

Mo6unbHble HazemHble y3nbl
CBSI3U U peTpaHCcnsiLmu,
06beauHEHHbIe
BbICOKOCKOPOCTHbLIMU
KaHanamu cBsisu

Mopcko# 3wenoH

Puc. 1.1 — O6o6mennas ctpykrypa OCCCH

Hazewmusiit smienon OCCCH BkitoyaeT B ce0sl CTallMOHAPHYIO U MOJIEBYIO
KOMIIOHEHTBI U CO3JAE€TCs C MCIOJIb30BAHUEM CETEOPUEHTHUPOBAHHBIX, YHUDUIIH-
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POBAaHHBIX CUCTEMHO-TEXHUYECKUX M MPOrpaMMHO-AIApPaTHBIX PEIICHUN C 3a-
JTAHHOM HOMEHKJIATypOU TUIIOBBIX KaHAJIOB CBSI3M U TPAKTOB MEpeaadyu B COOTBET-
CTBHM C HOpPMaMH BOCHHBIX cTaHaapToB [10].

HazemHblii  3menmoH  gBisieTcs  B3aMMOYBSI3aHHOM  COBOKYITHOCTBIO
CTAIllMOHAPHBIX U MOJABUKHBIX (TIOJEBBIX) Y3JI0B U JUHUN Pa3IMYHBIX POJIOB CBSI3H.
OH npencraBisieT cO00M OpraHU3aIMOHHO-TEXHUYECKOEe O0BEIMHEHUE CPEJCTB U
KOMILIEKCOB CBSI3U, Pa3BEPHYTHIX M0 €AMHOMY 3aMbICIy (Ha TEPPUTOPUM) B 30HAX
JEUCTBUM TPYNIUPOBOK BOMCK (CHJI) B Tearpe BOCHHBIX JEUCTBUU, apMUM U
JIPYTrUX BOMHCKUX (HDOPMHUPOBAHUM, BBHIMOJHSIOMIUX 3aJayd 10 00pa30BaHMUIO,
MapuIpyTU3alid U KOMMYTAIlMUd KaHAJIOB M TPAaKTOB B HMHTEpecax YIPaBIICHUS
Bolickamu. JlaHHBIC Y3JIbl U JUHUU CBSI3U (PYHKIIMOHHUPYIOT MO €UHOMY 3aMbICTY
U TUTaHY TIPU PEIICHUH 3a7a4y oOecrneueHus ynpapieHuss BC B MUpHOE U BOGHHOE
BpeMs, B Ppa3IMYHBIX YCIOBUSX BOCHHO-TOJIUTHYECKOW OOCTAaHOBKH U
o0ecreunBalOT B3aUMOJICHCTBUE C TEXHUUYECKUMHU CPEICTBAMU JPYTUX DIIEIOHOB.

CrannonapHass W 1ojeBas KOMIIOHEHTHl HazeMHoro »smenoHa OCCCH
peHa3HAYCHBI JJIsl OpraHu3alid KOMMYHUKAIIMOHHBIX PECYpCOB U UH(pOpMAIU-
OHHBIX YCIYT TpeOyemoro oobema u kauectna [10].

CraumonapHass W 1mojeBas KOMIIOHEHTBbl HazeMHoro »smienoHa OCCCH
BKJIFOYAIOT B3aMMOYBSI3aHHBIC JUHUSAMH PA3JIUYHBIX POJOB CBS3U Y3Jbl U KOM-
IJICKCHl CPEJICTB CBSI3M CTAIlMOHAPHBIX M TMOABMXKHBIX 00hekTOB BC, obecreun-
BaroIre oopaszoBaHue GyHKIIMOHAIBHBIX CETeH (CUCTEM): TPAHCTIOPTHOM CETH, Ce-
Tel J0cTyna, 0OBEKTOBBIX CETEH, CETEH CBS3U C MOABUKHBIMU OObEKTAMHU.

Bozaymneiii amenon (BD) OCCCH crpouTcs Ha OCHOBE CPEJICTB BO3-
NYIIHO-HA3€MHOM CBSI3U M PETPAHCISATOPOB CBSI3M HA JIETHO-MOJIBEMHBIX CPEJICT-
Bax pa3JuyHOro0 Ha3HAYEHUSI.

BD Bkitouaer B ceOst cpeAcTBa M KOMIUIEKCHI CBS3HM, Pa3MEIIEHHbBIE C HC-
M0JIb30BaHUEM [5]:

— JIETHO-TIOJBEMHBIX CPEJICTB BBICIIETO MOJMTHYECKOIO U BOEHHOTO PYKO-
BOJICTBA;

— JIETHO-TIOABEMHBIX CPEJICTB BO3IYLIHBIX KOMAHHBIX TYHKTOB;

— JIETHO-TIOJTbEMHBIX CPEJICTB BUJIOB U POJIOB BOMCK (B TOM 4HCIIe Ha Oecru-
JIOTHBIX JIETATEIbHBIX aNNapaTax);

— BBICOKOIIOAHSTHIX PETPAHCISTOPOB CBA3HU.

B cocta BO OCCCH BxomsT Ha3zeMHass U BO3JYyIIHAs KOMIIOHEHTHI, a
Takke ACY CBSA3bIO U 3JIEMEHTAMHM HAa3€MHOT'O U BO3AYIIHOTO 0a3upOBaHMUSI.

K BO31y11HOM KOMIIOHEHTE OTHOCSITCSI TPAHCIIOPTHAS CETh, BKIIFOUast OOPTO-
BbI€ KOMIIJIEKCHI CBSA3U, KOTOPHIMU OCHAIAIOTCSA PETPAHCIATOPBI TPAHCIIOPTHOMU
cetu BD, a Takke BO3AYLIHbIE MYHKTHI YIPAaBICHHUS, JETATEIbHbIC amnmapaThl
JaNbHEW, BOCHHO-TPAHCTIOPTHOW, (PPOHTOBOHM, apMEWCKOW aBUAllMM, aBHAIMHU
Boenno-mopckux cuin (BMC) u ap., T. €. 00bEKThI, KOTOPBIE HUCTIOIB3YIOT PECYPCHI
B5 OCCCH, HO He BXOIAT B €r0 COCTAaB.

K nazemnoi#t koMnonenTe BD oTHOCATCS Ha3eMHbIE KOMIUIEKCHI BO3TYITHOM
CBSI3U, pa3MelllaeMble HA Ha3eMHBIX y3/1aX CBSI3M, CTAlMOHAPHBIX U MOJABUKHBIX,
CPEACTBA COMPSKEHUS ¢ TPAHCHOPTHOW CEThI0 HA3€MHOIO AIIEJIOHA, T. €. HAa3eM-
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Has KoMnoHeHTa BD Oyner ucnonb30BaThCs s OPraHU3alUU JIMHUA TPUBSI3KU K
Ha3e€MHBIM MYHKTaM MNPUBS3KU U TPAHCIOPTHOM CETH, a TAKXKE JIMHUM MPSAMbBIX
CBsA3€H C y371aMU CBsI3U MyHKTOB yrnpasieHus (I1Y).

TexHUYecKoM OCHOBOW BO3AYLIHOI'O DIIEJIOHA B3aWUMOYBS3aHHOU TEJIIEKOM-
MyHHKaunoHHON uHppacTpykTypel OCCCH sBisieTcsi TpaHCIOPTHAsE CETh BO3-
OYLIIHOrO 0a3upoBaHUs, NOCTPOEHHAS! C MCIOIb30BAHUEM PETPAHCIATOPOB CBS3H,
CPEIICTB TE€JIEKOMMYHHUKALIUU U PETPAHCISALUN BO3YIIIHOTO 0a3MpOBaHUSI.

Mopckoii smennon OCCCH npencrapiseT u3 ce0s OpraHU3allMOHHO-TEXHHU-
YecKkoe 00beAMHEHNE OCHOBHBIX CHCTEMOOOPA3YIOUIUX 3JEMEHTOB: CTallMOHAPHO-
MOOWMJIBHBIX Y3JIOB CBSI3H, PaJUOIEHTPOB, PAaJUOCTAHIINIA, aBTOMATHU3UPOBAHHBIX
KOMIUIEKCOB CBSI3HM MOJBOJHBIX JIOAOK, HaIBOAHBIX KOpaOJieil, IeTaTebHbIX anma-
paToOB, COCIMHEHHBIX JIMHUSAMH Pa3IW4yHbIX ponoB cBs3u [10]. lna opranuszanuun
PaguOCBA3M UCHOJIB3YIOTCS PAa3JIMYHbIE JUANAa30Hbl PAAUOBOJIH, & TAK)KE KaHaJbl
CITyTHUKOBOW CBsi3U. JlJIsl OpraHu3alii MaruCTpPajbHbIX JIMHUWA CBA3U UCIOJIB3Y-
I0TCS, B TOM YHCIIE, apEHJOBaHHbIE B IPaKIaHCKUX CETSIX DJEKTPOCBS3MU (PEeruo-
HaJIbHBIX OMEPATOPOB) KaHAJBI CBS3H.

Bosmoxnoctn CC BMC onpenensitoT OCHOBHbIE CUCTEMOOOPA3yIOLIUE dJIe-
MeHThI [10]:

— CTallMOHApHBIC Y3JIbl CBsA3U oObenuHeHnit BMC (kak yacTd MOCTOSTHHOM
TOTOBHOCTH);

— NIOJIEBBIE TOJBHMKHBIE Y3JIbl, PAJUOLEHTPbl M PaJWOCTAHLIMH, CTAHIUU
CITyTHUKOBOM CBSI3HU;

— aBTOMAaTHU3MPOBAaHHBIE KOMIUIEKCHI CBSI3M MOJBOJHBIX JIOAOK, HAABOJIHBIX
KopaleH, JieTaTeIbHbIX annapaTos;

— JIMHUY Pa3JIUYHBIX POJIOB CBS3H.

Mopcko#i 311€JI0H UMEET B CBOEM COCTABE MOPCKOW M Ha3eMHBIN (CyXOmyT-
HBII) KOMIOHEHTHl. HazemHbI# (CyXOomyTHBIN) KOMIOHEHT BKJIto4aeT [10]:

— y31sl cBs3u (YC) ITY BMC;

— TPAHCIIOPTHYIO CETh CBS3U;

— CETHU PaJuoCBs3U, CIyTHUKOBOW CBSI3M U HABUTalIHH;

— LIEHTPBI YIIPaBJICHUS JdabHEN onepaTuBHOM cBsizu BMC;
— OJIFDKHEH OMepaTUBHO-TAKTHYECKOM CBSI3H;

— cHUCTEeMY OJMDKHEH TaKTHYECKOM CBSI3U.

MoOpCcKO# KOMITOHEHT, KaK IIPaBUJIO, COCTOUT U3 CPEICTB CBS3U U aBTOMATH-
3al[uy, pa3MElIaeMbIX Ha MOJBOJHBIX JIOJKAX, HAJABOAHBIX KOpaOJsaX, a s
PETPAaHCISIUMUA CUTHAJIOB HCIIOJB3YIOTCS CaMOJIETBI-PETPAHCIATOPBL. MOpCKoit
3IIEJIOH MCHOJB3YETCS COBMECTHO C Ha3eMHBIM 3LIENIOHOM, BO M kocMuyeckum
smestonom OCCCH.

Kocmuueckuit smenon OCCCH co3naercs Ha OCHOBE CPEICTB 3€MHBIX CTaH-
LU CITyTHUKOBOM CBSI3U M PETPAHCIISITOPOB CBSI3U Ha KocMHuueckux anmapatax (KA).

[Tpumensiembie B kocmuueckoM siienoHe OCCCH Ttexnonoruu obecrieuu-
BAalOT WMHTETPAIMIO PA3IWYHBIX BUIOB TpaduKa, YCTOMYMBOE B3aUMOJICHCTBHE
KOMILUIEKCOB IPOrpaMMHO-aINMapaTHbIX CPEACTB, HA CTAllMOHAPHBIX, MOJEBBIX U
MOABMKHBIX y3J7IaX CBSI3U PA3UYHBIX 3BEHBEB YNPABJICHUS U HOCUTENSIX OPYKUS
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MI0JIEBOT'O, BO3YIIIHOI'O U MOPCKOT'O 3IIEJIOHOB C IEJIbI0 00€CIEYeHHUs] BO3MOXKHO-
CTH oOMeHa BceMH BUAaMH MHpopManuu mexay Bcemu aboneHtamu OCCCH Bo
BCEX DIEJOHAX.

Crpyktypa kocmuyeckoro smenoHa OCCCH OyaeT KorepeHTHOM 1Mo OTHO-
HIEHUIO K CTPYKType cuctembl ynpasienus BC. Cuctema Oyner cTpouTbes He3a-
BUCHMO OT U3MEHEHUs cucTeMbl [IY U B TO e BpeMs COIIacOBaHHO MO BPEMEHU
(c omepexeHHEM) U MECTy HX pa3BEpPThIBAHMS, C YYETOM OOECIECUEHUS] MaKCHU-
MaJIbHO YI0OHBIX YCJIOBUM MPUBSI3KHU.

[lepenauy undopmanuu B CETAX CBSI3H, KOTOpbIe OyAYyT 3aJelCTBOBATh pe-
cypc KO, npeanonaraercsa ocymecTBUTh C MPUMEHEHUEM TEXHOJOTMH KOMMYTa-
1uu maketoB [12, 13, 14]. Mcnonb3oBaHHEe KOMMYTaIlMK TTAKETOB MO3BOJISIET 00€C-
MEYUTh KAYECTBO OOCTYKMBaHUsI a0OHEHTOB B COOTBETCTBUU C 3aJaHHBIMU 3Haue-
HussMH. VIco/ib30BaHME MAKETHOTO peKuMa padoThl JIeJlaeT BO3MOXKHBIM OpTraHU-
3aI[MI0 TTPO3PAYHOTO B3aMMOJICUCTBUS KOCMUYECKOIO DIIEJIOHA CBSI3U C JIPYTHUMU
smreioHaMu OCCCH B cootBercTBHM ¢ TexHonorusmu ATM, TCP/IP.

[TepcriekTuBHas cUCTEMa MOCTPOCHUSI CIYTHUKOB-PETPAHCIISITOPOB B CO-
CTaBe KOCMUYECKOT0 31IIeJI0HA TIPEAIoiaraeT Ba pexxuma pabdotsl [12, 13, 14]:

— TIpsiMast peTpaHCIISIIUS (KaHaJbI 3aIpoca pecypcoB GYHKITMOHUPYIOT B CO-
OTBETCTBUM C TpoTOoKojJaMu Ha ocHoBe S-ALOHA, P-ALOHA, R-ALOHA; xa-
HaJIbI IEpe/Iaun JaHHBIX — B PeKUME peTpaHcisiuu notokoB PDH);

— mepeqaya CUTHAJIOB ¢ 00paboTkoil Ha OopTy (B ATOM ciiydae BO3MOXKHA
opraHu3anus NepcoHaIbLHOr0 00CTyKUBaHUSI a0OHEHTOB B COOTBETCTBUU C TPeOO-
BaHUSIMHM K KauyecTBY 0OcCiIykuBaHUA To mporokony ATM, ¢ mapuipytuzanmeit
UH(OPMAIIMOHHBIX TTOTOKOB 110 TIpoToKoiy MPLS).

Ocob6enHocThI0 TOcTpoeHus Kocmudeckoro smenoHa OCCCH sBnsieTcs He-
00XOJIUMOCTh BO3JIOKHUTh Ha HETO Kak ()YHKIIMM YacTH TPAHCIOPTHOM CETH, CO-
eauHsoNe npocrpancTBeHHO pasHeceHHble yacth OCCCH, Tak u oOciyxuBa-
HUE TIEPCOHATBHBIX BHI30BOB a00HEHTOB. C y4eTOM NTaHHON OCOOEHHOCTH CTPYK-
Typa nepcriektuBHOU TpaHcmoptHo cetn OCCCH Oyner umeTh BHJ, TIpEACTaB-
JIeHHBIK Ha puc. 1.2. B nanpHeliieM Mnoji TpaHCIIOPTHON CEThIO CBSI3U CIEIUAIb-
Horo Ha3zHaueHus (TCCCH) B moHorpaduu OyaeT mMoOHMMATLCS TPaHCIIOPTHAs Ha-
3emHO-kKocmuueckasi cetb OCCCH B coctaBe TpeX IEHTpalbHbIX CTAHLMM CITYT-
HukoBoil cBsa3u (LUCCC), a Takxke kocmuueckux anmnapatoB cBa3u (KAC) Ha reo-
crauuonapHoii opoute (I'CO), kak 310 mokazaHo Ha puc. 1.2.

C touku 3penus opranuzanuu tpaHcnoptHoil cet, LICCC Oyayt ABasAThCA
rPAaHUYHBIMH MapHIPYTHU3aTOPAMH, Y€pe3 KOTOPbIE KOPPECIOHJICHTHI MOJIY4YarOT
J0CTyI K ee pecypcaM. J{ns MHOTOYHKIITMOHAIBHONW OOPTOBOM MHU(POBOH IIAT-
dopmer (MBLIT) KAC Tpancnoptras HazemHo-kocMmuueckas cetb OCCCH Oyner
SBIIATHCSI OTHOU M3 ceTel, GyHKuuoHupyromiei mocpenctsoM pecypca KAC. Yac-
ToTHO-BpemMeHHOH pecypc (UBP) Beigensiemsit qiist HKCC Oyzaet BolienaThest uc-
X0/ U3 3asBKM COOTBETCTBYIOIIMX OPraHOB BOCHHOI'O YMPABJICHUS U C YYETOM
o0ecCIieueHus! PECYpCOM JIPYTUX CETEH CBSI3U.
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Puc. 1.2 — Tpancnopraas HazemHo-kocmuueckas cetb OCCCH

[Ipennonaraercs, uyro pecypc K3 OCCCH Oynyr wucmnojib30BaTh
canenytomiue CC:

— CEeTH TIepelauM CIelUabHBIX CUTHAJIOB, TOMEXO03allUIICHHBIC,

— CETH CBSI3U CPEJICTB MPEbIAYIIEro MOKOJIEHUs ¢ 00pabOTKON CUTHAIOB Ha
o6opty (OCB) nuamazonoB C (4/6 I'Tu), X (7/8 I'Tu), P (0,2/0,4 I'T1) u ¢ npsimoit
perpancisuueit (ITP) nuanazonos C (4/6 ['T1), X (7/8 I'Tn), P (0,2/0,4 T'T1);

— nepcnekTuBHble ceTh cBa3u auanazoHa X (7/8 I'Tu) ¢ OCB Beicoko-
CKOPOCTHBIX cUTHaI0B 64—2048 (8448) xOuTt/c;

—ceTu TnepcoHanbHOM cBsi3M jauamnazoHa 20/44 ITuny ¢ OCBb  Huzko-
CKOPOCTHBIX cuTHajioB 2,4-9,6 kburt/c, ¢ pexumoMm paano-ATC c 30HaIBHBIM
00cITy>)KUBaHHEM, TTIOMEX03aITUIIICHHBIC;

—cetu cBsa3u auanazoHa 20/44 I'T ¢ OCB BBICOKOCKOPOCTHBIX CHUTHAJIOB
642048 x6uT/C, ¢ 30HATBHBIM O0CTY)KUBAHUEM, TTOMEX03aIUIIICHHBIE;

— ceTu nepcoHanbHOM cBs3u auanaszona 0,2/0,4 I'Ty ¢ OCbh Hu3kockopocT-
HBIX CUTHAJIOB 2,4—9,6 (64) KOUT/C, C KOJIOBBIM YIUIOTHCHUEM;

— CeTH CBSI3U C TOTPYKEHHBIMU TOJIBOJHBIMHU JIOJAKAMU BEpXHEH uacTu
nuanazona 0,2/0,4 I'T'iy ¢ OCh HuzkockopocTHbIX curdanos 0,2—4,8 kout/c.

Jlns cereli mepcoHaIbHOM CITYTHHKOBOHM cBsizu B aumamazone 0,2/0,4 I'Tn
UCIIOJIb3YETCS TEXHOJIOTHS IUPOKOIMOJIOCHOTO JIOCTYNAa C KOJAOBBIM pa3/ielieHuEeM
curHaioB WCDMA (¢ F; = 2,4 MTI'n).

CrbikoBKa clyTHUKOBBIX KaHanoB nepcrnektuBHbiX CC ¢ OCCCH pomxna
obecrieunBaThCs HAa KAaHAIIBHOM YPOBHE Ha CKOpocTsax 1,2 — 8448 kout/c.

[Tpu peanmmzanuu maketHOW koMmyTanuu Ha 6opty KAC mpenmonaraercs,
YTO JOJKEH KOMMYTHUPOBATHCS KaHajl (TPYINIIOBOM CUTHAN OT CTAHIIMH) LIEIUKOM,
a He pa30MBaTHCS HA TTAKETHI M HAPABIATHCS MO PA3HBIM MapiipyTaM. 3a 0a30BYIO
MOCJICIOBATEIPHOCTh TIPH IHUQPPOBOH 00pabOTKe, YIIIOTHEHUHU-PA3yIUIOTHEHUN
B3sTa mocienoBaTeabHOCTh 1500 Out/c (psia 0OpadaThiBaEMbIX CKOPOCTEH JOMKEH
CKJIQJIBIBAThCS UCXOIs M3 KpaTHOCTH K 1500 6uT/C).

IlepcniektuBHble OOpTOBBIE peTpaHcisiTopbl KAC OynyT pa3pabarbiBaThCs
Ha OCHOBE THOKOH pekoHpurypamuu 60pTOBHIX MU(PPOBHIX TUIATGOPM B YACTH aJI-
TOPUTMOB TIpHeMa W METOAOB IU(GPOBOM 0OpabOTKM CHUTHAJIOB Ha JUHUSIX
«BBEpPX», KOMMYTAIlUM CUTHAJIBHO-WH()OPMAIMOHHBIX TOTOKOB, YIUIOTHCHHUS W
dbopmupoBanust perpanciupyembeix curanoB Ha JuHHSIX «KAC-IICCCy». Ctpyk-
TypHasi cxema perpancisitopa ¢ OCb npuBeaena Ha puc. 1.3. B kauectBe O0opTo-
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BOTrO 0JIOKa KOMMYTallMM MAaKETOB M KaHAJIOB HamOOJee MPUEMIIEMbIM SBIISETCS
CIIEHHUAIIBHBIA MHOTONPOTOKOIBHBIN ATM-KOMMyYTaTOp, MO3BOJISIOIIANA PEATU30-
BaTh JIOObIE (PYHKIIMM KaK KOMMYTallid NakeToB, B ToM uucie MPLS/IP, Ttak u
(yHKUIMHM KOMMYTaTOpa KaHAJIOB U LU(PPOBBIX MOTOKOB C UCIOJIb30BAaHUEM OBICT-
poro mpeodpazoBanust Dypbe [15]. Cxema peanmmzauuu OCB, mpumensemas K
M (poBBIM MOTOKaM, peTpaHnciaupyeMbiM uepe3 KAC, npuBenena Ha puc. 1.4.

- Bnok mogynen Briok moaynew BopToBon kOMMyTaTop >
npvema n MOZYNSILUM 1 nakeToB/kaHanos
LMdPOBbIX J\ [EKOAMPOBaHUS! J\ J\ MtSEJl.-Iy?'IZVI J\ Bnok
| uneTpos —l/ KommyTaTop _‘/ KommyTaTop || KommyTaTop —l/ BEKTOpPHOIA —l/ CTBOMbHLIX =
KommyTaTop VH(OPMaLMOHHBIX LmMcbpoBbIX nakeToB MoZynsaLmm nepenaT mkos
|| nyseit MIA NMOTOKOB NoOTOKOB (ATM) ING

Puc. 1.3 — Cxema 6optoBoro perpancnsaropa ¢ OCh

Puc. 1.4 — Cxema peanuzanuu OCbh

B texnonorun ATM wucnonb3yroTcsi HeOOJIbIIHE MaKeThl (PUKCUPOBAHHOM
JUTMHBI (STYCHKH), UMEIOoIIe JIMHY 53 OaliTa, n3 KOTOphIX 48 0alT OTBOJATCS IO
JaHHbIe, a 5 O0alT 3aHUMaeT 3aroioBok. TexHnonorus ATM sBIIeTCS OpHEHTUPO-
BaHHOW Ha coeAuHEeHUe. BUpTyanbHOE COEIMHEHUE YCTAaHABIMBAETCS MEXIY Y3-
JaMU CETH KaXIbld pa3 Mpu HeoOxoammocTu nepenayu nHdopmaruu. Kaxmnomy
BUPTYaJIbHOMY COEMHEHUIO HA3HAYAIOTCA UJICHTU(DUKATOP BUPTYATHHOTO MMYTH H
UACHTU(PUKATOP BUPTyaTbHOTO KaHana. Kaaplii BUPTYaldbHBIM MyTh BKIIOYACT
OJINH WJIM HECKOJIbKO BUPTYaJbHbBIX KaHaATIO0B. /{151 corinacoBaHus ypoBHEW MOJAEIH
ATM c¢ ypOBHAMHM 3TaJOHHOM MOJEIM B3aUMOJICUCTBHS OTKPBITBIX CHCTEM
(BMBOC) BBomsT: dhuzmueckuit ypoBerb TexHosoruu ATM; yposeas ATM; ypo-
BeHb anantaiuu ATM (AAL — ATM Adaptation Layer).

B 3aBucumoctn oT Buga nepenaBaemoi nHbopmanmuu U Tpedyemoro QoS B
texHonorun ATM onpenensiercss Tun ypoBHs AAL (tabm. 1.1).
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Tabmuua 1.1 — XapakrepucTuka Tunos yposHei aganrauuu ATM [16]

Tum 1 Tun 2 Tum 3/4 Tun 5
BUJICO U BUJICO U UHTEpAKTUBHAs | Iepeaayda
XapaKkTepuCcTHKA ¢ ¢ p peil
TenedoHus TenedoHus nepeaada JTAHHBIX;
BH1a UH(POPMALIIT . .
C TIOCTOSIHHOM | € MEPEeMEHHOM | JaHHBIX; (PaKC; | DIEKTPOHHAS
CKOpPOCTBIO CKOpPOCTBIO JIBC 1noyTa
Bpemennas cBs3b
MCTOYHUK- Tpebyercs He tpebyercs
M0JIy4aTesb
CxopocTs nepenauu [TocrosiHHas N3menstomasics
C ycraHoBIIeHHEM be3 ycranoBneHus
PexxnM coenmmHeHUSs
COEJIMHEHUS COCTMHEHUS

B nacrosimee Bpemst B MBLIT KAC u IICCC 6yner peanu3oBaH ypOBEHb
apantauuu AALS, HO B nanpHelIeM NpU MPOrpaMMHON MOAU(PUKALIMH aJITOPUT-
muueckoro obecneueHuss MBIII KAC u IICCC mianupyercs MOBBIIMICHHUE HX
(GYHKIIMOHAIBHOCTH TYTEM JIOMIOJHEHHUST BO3MOXKHOCTBIO TMOJJIEPKKHA YPOBHEH
amantauud AALL ... AAL3/4.

KauecTBOo 0OCTY>XKHMBaHHSI COOTBETCTBYIOIIETO THIIA JAHHBIX PETJIAMEHTUPY-
€TCA PEKOMEHIALMSAMHU MEXIYHAPOIHBIX OpraHm3auui no crangapruzanuu: [TU-T
(cepus Y.2xx), ETSI (NGNR.I, R.2), 3GPP/IETF (xonuenuus IMS, R.5-R.7).
YucrieHHbIe 3HaUYE€HUS TMOKa3zaTelleld KadecTBa OOCIYXMBaHUSA TPU Tepenaye Tpa-
¢uKa pa3TUYHOro TUIA MPUBEJEHBI B Ta0d. 1.2.

Tabmuma 1.2 — JlomycTuMble 3HaYeHHUsI MaApaMeTPOB KayecTBa 00CTyKUBAHUS
NpH nepeaayve MyJJbTUMEINHNHOr0 Tpaduka [16]

Tun cepsrca [TapaMeTphbl Ka4eCcTBa 00CTYKMBAHUS
Bpewms Beposr-
BepostHOCTB
YCTaHOBIIEHHUSI wioma | SAACPKKa, | JuKMTTEp | HOCTH
coemunenus, | Do MC , MC OTEPH
COEIMHEHUS

C JAHHBIX

IP-tenedonus 0,5-1 103 25-500 | 100-150 103

BuneokondepeHus 0,5-1 1073 30 30-100 1073

Hudposoe itaeo 0,5-1 10°3 30 | 30-100 10°3

110 3aIpOCy
Iepenaya qaHHBIX 0,5-1 106 50-1000 — 106
TeneBu3NOHHOE 0.5-1 108 1000 B 108
BELIAHHE

Jns curHanmm3anuu 1 Mapupytusanui B ATM-ceTsx ucnoab3yercs npoTo-
koi PNNI (Private Network-to-Network Interface). IIporokon PNNI 6asupyercs
Ha MaplIpyTU3alUU OT UCTOYHHKA. [Ipu 3TOM KOMMYyTaTop, ONMXKANIIMI K OTIpa-
BUTEIIIO, BhIUKCIsAET MapuipyT yepe3 ATM-ceTh 10 KOMMyTaTOpa, OJIMKalIlIero K
MOJIy4aTeat0, KOTOPbIA OOBSBHII O JAOCTYNMHOCTH ajapeca mnoniyuarens. [ns map-
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HIPYTU3alUA OT UCTOYHHMKA BXOJHOW KOMMYTATOpP CO3/1a€T CIHUCOK MPOMEKYTOU-
HBIX KOMMYTaTOPOB B IMYTH CIIEJOBAHUS 3aMpOCa, HA3bIBAEMbIM TPAH3UTHBIM CITH-
ckoM DTL (Designated Transit List). J[sia onpeseneHus kaHaaoB CBSI3U B CETH, KO-
TOpbIE MOT'YT IPEIOCTAaBUTHh TpeOyeMoe KadecTBO OOCIYKMBaHUs, UCIOJb3YyeTCS
anroput™ obuiero koHTpoas poctyna B cetb (GCAC — Generic Call Admission
Control). B cooTBeTCTBUU € 3TUM aJITOPUTMOM, MIPU BBIUUCICHUHN MapIIpyTa YIu-
THIBAIOTCS TOJIBKO TE€ KaHaJbl, KOTOpPbIE MPOILIM MPOBEPKY U OOECHEeUYnBaIOT 3a-
JaHHBIA ypOBEHb KadecTBa oOciykuBaHus. Ilpu nepegade nHpopmManum Kaxablid
y3en, ykasanubelii B DTL, BeimonHser ¢pyHkuuu KoHTpodis goctyna B cetb CAC
(Connection Admission Control), Tak Kak €ro COCTOSHHE MOIJIO M3MEHHUTHCS CO
BPEMEHH, KOTJla OH IEepeaaBall JaHHbIE O HAJTUYMHU UMEIOIINXCS Y HErO PECYpPCOB
OCTaJIbHBIM y3J1aM ceTH. B ciyuae ecnu y3en He MOXKeT 00ecnevyuTh 3amnpalinBae-
MO€ Ka4eCTBO OOCITY>KMBaHMs, 3aJIHCTBYETCS CIEUaIbHbI MEXaHU3M OJIOKUPO-
BaHus (Crankback), B pe3ynbraTte KOTOPOro 3ampoc Ha COEMHEHUE BO3BpAIIACTCs
K y37y, co3aaBuiemMy cnucok DTL, u mpou3BOAUTCS TOIMBITKA PACCUUTATh HOBBIU
MapIIpyT K Y371y Ha3HAYEHUSs, C UCIIOJIb30BAHUEM HOBBIX JIAaHHBIX O COCTOSTHUU Pe-
CypcoB ceTH. J[aHHBIA MPOLECC MOMKET MOBTOPATHCS HECKOJBKO pa3 MEpPEn TEM,
KaK coeJiMHeHre OyIeT OKOHYATEIbHO YCTaHOBJICHO [17].

B pamkax coznaBaemoii B Hacrosiiee Bpemst OCCCH Benetcst pazpadorka KO3
B COCTaBe OpOUTANBHOM TPYNIUPOBKUA M 3€MHBIX CTaHIMMA, KOTOpas MO CBOMM BO3-
MOYKHOCTSIM M XapaKTepUCTHKAM JIOJKHA COOTBETCTBOBATH COBPEMEHHBIM TpeOOBa-
HUSIM TI0 YIIPABJIEHUIO BOMCKAMHU IIPU HOBOM CTpyKType ynpasienus. [Ipu stom KAC
Ha ['CO OyayT UHTErpUpOBaHbI B COCTAB TPAHCIIOPTHOW HA3eMHO-KOCMUYECKOH CeTH
OCCCH u npu nepemaue nHbopMaIMOHHOTO Tpaduka OyneT UCIOIb30BaAThC TeX-
HoJIorHs makeTHou nepenaun naHHbIX ATM. Takum 00pazom, aKTyallbHBIM SIBIISIETCS
UCCIIEOBAHNE BONPOCOB MOBBIIIECHUS YCTOMYUBOCTH MEPCIEKTUBHON TPAaHCIOPTHOM
HazeMHo-kocMuueckoil cetn OCCCH myTteMm cOBEpLIEHCTBOBAHMS MPOTOKOJIA Map-
mpytuzanuu PNNI, Bxozsiero B ctek npotokoiaoB ATM.

1.2 Anaan3 mnpouecca ¢PynxkumonupoBanuss HKCC B yciaoBusix
Bo3aeiicTBus cpeacts PIII

1.2.1 Ananu3 cpeocme paouolrieKmpoOHHO20 NOOAGIEHUA NPOMUCHUKA
U CnOC0006 UX NPUMEHEHUs

HazeMHO-KOCMHYECKUM CETAM CBSI3U MPUCYII AT CIEIHPUIECKUX 0COOCH-
HOCTEH, KOTOpBIE NEJIal0T MX YSI3BUMBIMU K BO3JECHCTBUIO CPEICTB PaJUO3JEK-
TponHoro nojasienust (POII) [18-20].

Bo-niepBbix, 3HauuTenbHasa ynaneHHocTh KAC oT moBepXHOCTH 3eMiH Jie-
JIAeT ySI3BUMBIMU MPUEMHBIE YCTPONCTBA OOPTOBBIX PETPAHCISIITIOHHBIX KOMITJIEK-
coB KAC u anmapaTypbl KOMaHIHbIX paaunoaunuil ynpasieHuit KAC ot uctounu-
KOB ITOMEX, PacIojaraéMbIX Kak B 30HE BOCHHBIX KOH(JIMKTOB, TaK U 3a UX TpeJie-
JaMHU, HA TEPPUTOPUSAX HEOPUIMATBHO y4aCcTBYIOIIUX B KOH(pIUKTEe cTpan. Hanu-
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Yhe B 3THX CTpaHax Kak CIEIUAIU3NPOBAHHBIX KOMIUIEKCOB POII, Tak u 3Ha4m-
TENBHOIO YUCJIa KOMMEPYECKUX, TOCYIapPCTBEHHBIX U BOCHHBIX CTAHLIMNA CITyTHUKO-
BOM CBfI3M, paOOTAIOIIMX B TEX K€ JUANA30HAX YACTOT, YTO U OTEYECTBEHHBIE CTAaH-
LIMH, MO3BOJIIET OCYIIECTBISATh IIOCTAHOBKY IIOMEX CPEICTBAM CIIyTHMKOBOM CBS3U
BC u apyrux rocynapcTBEHHBIX (CHIIOBBIX) CTPYKTYp B HauOojiee OTBETCTBEHHbBIE
MOMEHTBI OOEBBIX JEHCTBUM WIIM KPU3UCHBIX CUTyalusix. B wacTHOCTH, 30HOH pa-
JUOBHJIMMOCTH, U3 NPEIEIOB KOTOPOM MOTYT BO3/IE€HCTBOBAaTh HA3EMHBIE CPENICTBA
POIT KAC na I'CO, sBnsietcst mpakTruecku 1/3 moBepxHoctu 3emiu [19].

Bo-Bropbix, 6omnbmas ynaneHHocTs KAC Ha 'CO oT moBepXHOCTH 3eMild U
OTrpaHUYEHHBIE PECYpPChl MACChl W SHEPronoTpeOIeHMs, BbIACNIAEMbIE IS IMepe-
natouux yctpoiicte MBI, oOycnaBnuBaeT Majible YpOBHHM IUIOTHOCTH MOTOKA
MOIIIHOCTH MH(GOPMAILIMOHHBIX CUTHAJIOB, M3JIy4aeMbIX CIYTHUKAMHU CBS3M Yy IO-
BepXxHOCTH 3emid. J[aHHOE 00CTOATENbCTBO 00YCIaBIMBAET BO3MOXKHOCTD 3P dek-
TUBHOTO TMOJABJICHUS] HEMOMEXO3AUIMIIEHHBIX JIMHUM CITyTHHUKOBOM CBSI3U IIyTEM
ITIOCTAHOBKHM TOMEX MO BXOAY NPHEMHBIX yCcTpoMcTB 3C Ha3eMHO-KOCMHYECKOU
ceTu cBs3U. Bo3MoxkHble BapuaHThl mocTaHoBKM mnomex no Bxoay 3C m KAC
npeacrasieHsl Ha puc. 1.5 [19].

KA ceazn

KA POB

K { BIA

Camonet P2b c
3

/ ,,fff%‘?- i %%

CTanuHoHApHEIE MobHIEHEIE IIyckoRad YCTAHORKA
cpencTea P36 cpencTea P36 cpencTea P36

CTaHIHA CIVTHHKOBOI
cBAIM

Puc. 1.5 — Bapuantsl nocranoBku nomex no sxoay 3C u KAC

B-TpeThux, HEOOXOIUMOCTh peadu3alid B Ha3eMHO-KOCMHUYECKON CeTh
CBSI3W TPAKTUYECKH TI00aBHOW 30HBI OOCITY)XMBaHUS MPU 0OECTICYCHUU BO3-
MOHOCTH KOHIICHTPAIIMH PECYpPCOB MPOMYCKHON CMOCOOHOCTH B Tpenesiax or-
PAaHUYEHHBIX MO pa3MeEpPy PErMOHOB HAa MOBEPXHOCTH 3€MJIM, COOTBETCTBYIOUIUX
ONEepaTUBHBIM HAMpaBIECHUSIM BeAeHUs 00eBbIx AercTBUa BC, 3a cueT nu3MeHeHus
OpPUEHTALMM B MPOCTPAHCTBE IEPEHALEIMBAEMBIX OCTPOHANPABICHHBIX AHTCHH
KAC, a rakxe opouranbaoro maneBpa camux KAC [19].
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B-yeTBepThIX, 3HaUMTENBHBIE pa3Mepsl 30HbI paguoBuaumoctd KAC, a takxke
HaJu4yue y IEJIOro psiia TOCYIAapCTB KakK CHEIUATU3UPOBAHHBIX CIYTHUKOBBIX
cranunid POII, Tak u rpaxxaaHckux ctaHuuid ynpasieHHs KA mo3BOJSIOT MPOTH-
BOOOPCTBYIOIIEH CTOPOHE WM €€ HEeO(DUIMaIbHO Y4YacTBYIOIIUM B KOH(IUKTE
COIO3HUKAM OCYIIECTBIIATH MOMBITKU BBEACHUS JOKHOW MH(OpMAIMU B amnmapa-
Typy KOMaHAHbIX paauoanauil ynpasnenus KAC [19].

HauGonee BeposSTHBIMU Cpe/ICTBAaMU IMOJABICHUS IO BXOAY PETpaHCIsATOpa
cienyeT cuutats [19]:

— CIICMAJIU3UPOBAHHBIE CTAllMOHApHBIE U MOOWIbHBIE cTaHIuu omex (CII)
Ha36MHOI'0 U MOPCKOT'0 0a3upoBaHus;

— CTaHIIUU BOEHHBIX U KOMMEPUYECKHX CUCTEM CITYyTHUKOBOU CBSI3M (CTaIlHO-
HapHbIe, MOOWJIbHBIE Ha3eMHbIE, KOpaOeabHbIe), J0000pYJ0BAaHHbBIE MPUCTABKAMU
dbopMupoBaHUS TTOMEX;

— cpenctBa POII, pasmemennsie Ha KA.

HauGonee BeposTHBIMU CpeJCTBaMH TMOJIABICHUSI MO BXOJYy 3€MHBIX CTaH-
1y cieayert cuutath [19]:

— caMoJIeTHBIC (BEpPTOJIETHBIC) cpenicTBa komIiuiekca POII u3 cocraBa vacteit
U TIOJIpa3/IeNIeHU Pa3BEIKU U PAJAMOIIEKTPOHHONU O0PHOBI, pa3BEPHYTHIX B T€ATpPe
BOCHHBIX JCHCTBU;

— CII, ycraHaBnrBaeMbIe Ha camMoJIeTaX CTPATernuecKOr aBHalIlvu;

—CII, ycranaBnuBaeMble Ha OECHUJIOTHBIX JIETATEIBHBIX armaparax
(BIJIA) POIT;

— 3abpaceiBaembie nepenatunku nomex (3I11T).

CraumnonapHsle crienyanu3nupoBanubie cpeactsa POII MoryT ocymecTBisiTh
nonasienne KAC ToJIbKO B MPOMEXYTOK BpEMEHU OT Hauyajga OOeBBIX JAEHCTBUI
110 MOMEHTA X MOPAXKEHHUs IPU OTHEBOM BO3/I€HICTBUHU.

BeposATHOCTh BBIKMBAHUS CIEHHAIM3UPOBAHHBIX CTAIMOHAPHBIX CPEACTB
POII B ycinoBusax BeeHUs OOCBBIX JEUCTBUH COCTABUT:

0,7 — x 40 MuH OOEBBIX JECHUCTBUM;

0,6 — x 90 MuUH OOEBBIX JECHUCTBUM;

0,5 — x 300 MuH OO€EBBIX JECHUCTBUIA.

Ha Boopyxenuu cyxomyTHbix Boick CIIIA nmeroTcst TeXHUYECKHE CPEeICTBA
pa3BelIKM U MOCTAaHOBKHU MOMEX KOCMHYECKO# cBsizu [21-23]:

— KOMIUIEeKC panuopasBenku u paaunonoaasienus AN/ULQ-11 «Cedepm
JIunep»;

— aBTOMAaTHU3MPOBAHHBI KOMIUIEKC paJUOpa3BEAKU paauo- U paguopelieii-
HOM cBsi3u «Jledoke I'peity.

JlanHble 1O pa3pabaThiBa€MbIM M MEPCHEKTUBHBIM pa3padOTKaM CTalMOHApP-
HbIX cpeacTtB POII i cuctem CiyTHUKOBOM CBsI3U MpeacTaBieHsl B Tadn. 1.3 [19].

[TomumMO CTalMOHAPHBIX CPEACTB MOTYT OBITh HCIIOJIH30BaHBI MOOWIBHBIC
crieniaau3upoBanHbie cpenactBa POIL. OOmiee KoJIn4ecTBO MOOMIBLHBIX CPEJICTB
POII k 2011 r. morno nocturuyth 50—65 enunun. BepoaTtHOCTh TpUMEHEHUS J1aH-
HbIX cpenictB POII B ycroBusix 00eBbIX AEHCTBUI OUECHb BEIUKA.
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Tabnuua 1.3 — CtanmoHapHbIe CTAHIMY IOMeX CHCTeMaM CIIyTHUKOBOW CBSI3H

XapaKkTepUCTUKHU PaszpabatbiBaembie IlepciekTBHBIE

Tonocht paGounx sactor, [Ty 0,2-0,6; 1-2; 3,4-8,4; 10-14;| 0,2-0,6; 1-2; 3-9; 10-14;
’ 2040 20-100

MomHocTh  OHOrO — mepe- 10-20; 50-100; 10-100; 10-20; 50-100; 10-100;

natuuka (Hemp.), kKBt o 200 1o 200

HAuameTp mnepenaromei aH- 330 330

TCHHEI, M

Koadpdunuent yeusienusi| 27-34; 40—44; 60-65; 63—-67; 27-34; 4044, 60-65;

aHTCHHEI, 1b 67-69 63—-67; 67-69

MakcumanbHas SKBUBAJICHT-

Hasg  M30TPOITHO-U3ITydaeMast 77;94; 115; 117; 122 77;,94; 115; 117; 122

MOIITHOCTh, 1bBT

KonnuecTtBo nepenatynkon 510 510

IIoMeX
JI06pOTHOCTH MPUEMHOMN CHC-
tembl, 1b/rpan K (B momnua-

10-20; 26-33; 38—45; 46-48;| 10-20; 26-33; 38-45;

48-52 46-48; 48-52
Ma3oHax)
Bpewms ananuza curnaios, ¢ 0,001-0,1 0,001-0,1
Bpewms €aKIIMM CTaHIIUHU
p peaxh a 0,25-1 0,25-0,5
IOMeX, C
JlnHamuueckuiil 1uanasoH, 1b 60-80 60-90
[Ilupura monocel 0030pa
P p 0,01-2 0,01-2
OJHUM IIpueMHUKOM, [ Tl
KBazurapmonuueckue; KBazurapmonuueckue;
IIyMOBBIE; XaOTUYECKHUE; IIyMOBBIE; XaOTUYECKHUE;
UMITYJIbCHBIE; PETPAHCIUPO- [MMITYJIbCHBIE; PETPAHCIUPO-
OCHOBHBIE BUIBI IIOMEX BaHHBIC, CTPYKTYpHBIC (UMH- BaHHBIEC; CTPYKTYpPHBIC

TaIlMOHHBIE); MHOTOYACTOT- | (MMUTAIMOHHBIE); MHOTO-
HBIC; E3UH(DOPMUPYIOLIUE | YACTOTHBIE; Ae3MHPOPMU-
pymomue

BeposiTHOCTD BBIKMBaHUSA CIEIUATU3UPOBAHHBIX MOOMIBHBIX cpencTtB POIT
B YCJIOBUSIX BeJIeHUS O0EBBIX JICHCTBHUI COCTABUT:

0,8 — x 40 MuH OO€BBIX JCHCTBUIL;

0,7 — x 90 MmuH OO€BBIX JECHCTBUI;

0,6 — x 300 MuH OO€BBIX JCHCTBHIA.

B nacrosiee Bpemsi Ha BoopykeHuu cyxonyTHbIX Boiick BC CIIIA naxo-
auTcs MoOunbpHast cucteMa paanodnekTponHoit 6opsosl EFVS (Electronic Fight
Vehicle System). Cuctema EFVS 6pia paspaborana gupmoii «kFMCy» (CHIA) u
YCTAHOBJIEHa Ha T'YCEHUYHOM OpoHeTpaHcmopTepe. B 3Toil cucteMe HCHOJNb3Y-
€TCs 4acTh KOMILIEKCAa YHUBEpCAJbHBIX JaTdyukoB pa3eenku u POb IEWCS
(Intelligence and Electronic Warfare Command Sensors), co3ganHoro asis ooecre-
YEHUsl PAUOIIEKTPOHHON MOJIEPKKH, Paaro- U PaAUOIECKTPOHHOU pPa3BElKH,
paauoONEIeHIOBaHUSl U MU3MEPEHMsI pa3HULIbl BPEMEHU NpPHUXOJla CUTHajlIa U pas-
HUILIBI JIOIJIEPOBCKUX 4YacTOT. VI3MEHEHHE BPEMEHU MPUXO0Ja CUTHAA U Pa3HULIbI
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JOTUIEPOBCKUX YaCTOT UCIONBb3YETCs JJISI NEJIEHIallui NCTOYHUKOB CBSI3HBIX CHUT-
HAJIOB, IIPY 3TOM IPHUMEHSETCS YETBIPEXITIEMEHTHAS aHTEHHA. B KOMIUTEKC naTyu-
koB I[EWCS BXoasT Tpu CHCTEMBI C OOIIMMH PAAMO3IEKTPOHHBIMU MOIYJIS -
Mmu [24]:

1) yHuBepCalbHBIN JAaTYUK HA3€MHOI'0 0a3UpPOBAHUSA JUISl «TSKEIIBIX» JTUBH-
3Mii, B KQUeCTBE KOTOPOro OyAeT ucnoiab3oBarbes cuctema EFVS;

2) yHUBEpCAJbHBII JAaTUMK HA36MHOTO Oa3UpOBAHMS IJIs «IETKUX» JHU-
Bu3uii GBCS-L, pa3MmenieHHbId HA MHOTOLEJIEBOM KOJIECHOW MAIllMHE BBICOKOM
MPOXOJAUMOCTH;

3) yCOBEpIIIEHCTBOBaHHAsI CUCTEMA pajuoTexHudeckor pazseaku AN/ALQ-151
«Advanced Quickfix», ycranaBnuBaemas Ha BepTojiere EH-60 dupmbr «Sikorsky»
WM Ha CaMOJIETE.

Cucremamu EFVS u AN/ALQ-151 ocHaiieHsl OpOHETaHKOBbIE U MEXaHHU3H-
POBaHHbBIE JUBU3MH. BO3IYIIHO-IECAHTHBIE U «JIETKHUE» TUBU3UM OCHALIEHBI CHUCTE-
mamu 1 AN/ALQ-151. B coctas cucrembl EFVS Bxoaut o6opynoBanue o0be1uHEH-
HOM CHCTEMBI pachpeesieHUs] TAKTUYeCKo MH(OPMAIUK, CKPBITHBIX CUCTEM IEpe-
Jadu O0MbIIMX 00bEMOB HH(POPMALIMK B peUeBOil PopMe U TaHHBIX YCOBEPIIIEHCTBO-
BaHHOM CHCTEMBI OIPEICICHUSI MECTOTIONOKEHUSI BOMCKOBBIX 00BbEKTOB [24].

JlanHbIe 110 pa3pabaThIBAEMbIM U MEPCIIEKTUBHBIM pa3pad0TKaM MOOMIIbHBIX
cpeactB POII ayist cucteM CIyTHUKOB CBSI3M MpeJicTaBiIeHbI B Ta0. 1.4 [19].

Taomuna 1.4 — MoOMJIbHBIE CTAHIIMY MTOMeX KOCMHUYECKOI CBA3HU

XapaKTepUCTHKH Pa3pabatriBaemble [lepcriekTUBHBIC
[Tonocsl padounx yactot, I'T 0,2-2;3,4-8,4,10-14; | 0,2-2; 3-9; 10-14;
P i H 20-40 20-100
MoOITHOCTH OJTHOTO TIepeaTuYnKa 23:1.2:05-1 23:1.2:05-1
(menp.), kBT
JnameTp nepeaaroiieii aHTeHHBI, M 1,5-5 (mo 7) 1,5-7

MakcumainbHas SKBUBaJICHTHAs U30-
TPOITHO-U3JTydacMasl MOIIHOCTD, abBT

43-64; 76-83; 82-83;
83-89 (110 93)

43-64; 76-83; 82-83;
83-89 (710 93)

KonnuecTBo nepenaTunkoB momex 3-5 3-6
J1oOpOTHOCTH IPHUEMHOM CUCTEMBI, (-=6)-15; 21-27; 28-31; (-6)-15; 21-27;
nb/rpan.K (B mopauana3zoHax) 30-35 28-31; 30-35
Bpewms ananuza cursaios, ¢ 0,001-0,1 0,001-0,1
Bpewms peakiiuu cTaHIIMKM TOMEX, C 0,25-1 0,25-0,5
Junamudeckuii nuamnas3oH, 1b 50-80 50-90
[IIuprHa moiaockl 0630pa OJHUM 0,01-2 0,01-2

npuemMHuKoMm, [T

OcHOBHBIC BHABI IOMEX

XaoTUYECKUE UM-
MyJIbCHBIC;, PETPAHCITU-
POBaHHBIC; CTPYKTYP-
HBIE; MHOTOYaCTOTHBIC;
ne3uH(GOPMHUPYIOLTUE

XaoTUYECKUE UM-
MyJIbCHBIC; pETPaHC-
JIMPOBAHHBIC; CTPYK-
TypHBIE; MHOTOYac-
TOTHBIC; Ae3uHdOP-

MUPYIOIIIE
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Pemenue 3amau POIl u3 paiiona OappakupoBaHUs C MEPBOM IMOJOBHUHBI
1980-x rr. mo HacTosiiee BpeMs BoznaratoTcst Ha camoiieT EC-130H CompassCall,
BBINIOJIHSAIOIIMA MPEMMYIIECTBEHHO 3a/Jaud IMOJABICHHUSI CUCTEM CBS3M MPOTHUB-
Huka. B coctaB nmapka camoneroB EC-130H CompassCall Bxonar mects miat-
dopm moaudukanmu Block-20 u Bocemb 6ojiee COBEPILIEHHBIX CaMOJIETOB MOJAM-
¢dukaruu Block-30 (monepuuzanus 1999 r.) [25].

C 2004 r. mpoBOAUTCS MOJECPHU3ALMS BCErO IMapKa CaMOJETOB 10 YPOBHS
Block-35, B pamkax KOTOpoil Ha camoOJeTe YCTaHaBIMBAETCSI HOBOE O0OpYIOBaHUE
BCKPBITHS PaguOoIeKTpOHHOM oO0cTanoBku u POII. KioueBbiM smemeHTOM TMpo-
rpaMMBbl SIBIISIETCST OCHaIIeHue Bcero napka camonetoB EC-130H konTeitHepHo# cuc-
temoii POIT SPEAR (Special Emitter Array). OHa 1mo3BoJisieT U3JIydaTh CUTHAJIBI T10-
Mmex B auanazone 0,033 I'T'1y mo yeTblpeM HE3aBUCHMBIM JIETIECTKAM JUarpaMMbl Ha-
NPaBJIEHHOCTH aHTEHHBI, UCTIOB3YA 144 TUCKPETHBIX MEPENAOIIUX dIeMEHTa [25].

Jist Toro 4troObl Hauboyiee palMOHAIBHO MPOBECTH MOJEPHH3ALUI0 0Oe3
BPEMEHHOI'0 COKpAIIeHUs MapKa CaMOJIETOB, MPUHATO pElIeHNe HAa YCTaHOBKY HO-
BOT0 000pYy/I0BaHUS BO BpeMs IPOBEJICHUS TUIAHOBOI'O TEXHUYECKOT0 00CTyKUBa-
Hus u pemonta. Camonetr EC-130H CompassCall nomkeH octatbCsi Ha BOOpYXkKe-
Huu 10 2025 r. [25].

OcHOBHBIE XapaKTEPUCTUKH pa3padaThIBAEMbIX U MEPCIEKTUBHBIX CaMOJIET-
HbIX cpencts POII npencrasnenst B Tada. 1.5 [19].

Tabmuma 1.5 — CamoJgieTnblie cpeacta PIII

XapaKTepUCTHKH PaspabatsiBaeMble [lepcriekTUBHBIC
[Tonocsl padouux yactot, I'T 0,2-2; 3,4-8,4, 10-14; 0,2-2; 3-9; 10-14;
P i H 15-40 15-100
MoITHOCTh OTHOTO TIepeaTuYnKa o e
/uenp./, kBT 0,5-1; (1-2) 0,5-1; (1-2)
DOKBUBAJICHTHBIA JUAMETP TIepe-
JAIONIMX aHTCHH IS HaIpaBlie- 1; (3) 1; (3)

HUH «CaMOJICT-KOCMOC)
Koaddurment ycunenus mnepe-
JAIOIIMX aHTEHH JIs HallpaBJie-
HUMN «caMOJIEeT-KOCMOC», 1b
DKBUBAJICHTHBIN JUaAMETp Mepe-
JAOIIAX aHTEHH IS Hampaslie- 0,9-1,5 1-1,5
HUH «CaMOJIET-3EMIISI», M
Koaddurnment ycunenus mepe-
JAOIIAX aHTEHH ISl HampaBlie- 6-23; 27-32; 29-35 6-23; 27-32; 29-35
HHUM «caMoJIeT-3eMiIs», 1b
MaxkcuMmaiibHasi SKBUBaJCHTHAas
M30TPONHO-U3IyyaeMas  moul- | 39-57; (47-67); 61-67;
HOCTb B HampaBieHuu «camonet- | (73—-81); 63-68; (71-78)
KocMocy, 1bBT

6-24; (10-30); 28-34;
(33-41); 33-40;
(38-45)

6-24; (10-30); 28-34;
(33-41); 33-40; (38-45)

39-57; (47-67); 61-67;
(73-81); 63-68;
(71-78)
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MaxkcumaisHo 3 PeKTUBHO-U3TY-
YyaeMasi MOIIIHOCTh B HAIpaBJICHUN

39-56; (43-60); 60-65;
(67-72); 59-65; (62—68)

39-56; (43-60); 60—65;
(67-72); 59-65;

«camoneT-3eMis», 1bBT (62—67)
KonnuecTBo mepenatdyukoB Io- 5-10: (5-15) 6-12: (5-15)
MEX Ha OJTHOM HOCHUTEJIE

Bricora monera B pexume mo- 3-5; (5-20) 2-5; (5-20)

CTaHOBKHU IIOMECX, KM

VYnanenue 30HBI Oappa’kupoBa-
HUS OT JIMHAH COTTPUKOCHOBCHHUSI
BOMCK, KM

30-60; (60—120)

30-60; (60-120)

Bpewms peaknuu ctaHmmM momex
MIPH TIOJIABJICHUU PETPAHCIIATOPA
CBSI3M C 00pabOTKOM cUrHana, ¢

0,01-0,1 (ipu co3zmanuu
IIIYMOBBIX U
UMHUTAIMOHHBIX TTOMEX);
104-0,001 (mpu co3na-
HUU PETPAHCIMPOBAHHON
MTOMEXH)

0,01-0,1 (mpu co3na-
HUU IITYMOBBIX U UMU-
TalMOHHBIX TIOMEX);
104-0,001 (mpu co3-
JAHUU PETPaHCIUPO-
BAHHOM MOMEXH)

Bpewms peakuuu craHuuu nomex
MpU TOJIaBJICHUN 3€MHOW CTaH-
II1H, C

0,1-5 (mpu coznanuu
IIYMOBBIX © UMHUTAI[OH-
HBIX TTOMEX);
104-0,001 (mipu co3na-
HUH PETPAHCIUPOBAHHOM
IOMEXH)

0,1-5 (mpu co3zmanuu
IIYMOBBIX Y UMUTAIIH-
OHHBIX NTOMEX);
104-0,001 (mmpu co3-
JTAHUU PETPaHCIUPO-
BaHHOW NTOMEXN)

OcHOBHBIC BHUJbI IIOMCX

[IymoBbIe; XaoTHYECKHE
UMITYJIbCHBIE; PETPAHCITH-
POBaHHBIC; CTPYKTYpPHBIC
(umwuTar.); aesuHdopmu-

pyromiue

[IIymoBbIe; xaoTuue-
CKHE UMITYJILCHBIC;
PETPaHCIIMPOBaHHEIE;
CTPYKTYpHBIE (MMUTALL);
JIe3MHPOPMHUPYIOIINE

Janubie mo konudecTBy camoneToB POII, Haxomsmuxcs Ha 60EBOM JEKYyp-
CTBE C YYETOM pailOHOB MX AUCJIOKAlMM W pajanyca ACHCTBUS, MPEACTABICHbBI B

Tabm. 1.6 [19].

Tabmuma 1.6 — KoauvectBo camosieroB PIII, Haxoasimuxcs Ha 60eBOM JIeXKY p-

CTB€ B PAa3JUYHbIX PEruoHax

Paiton Atn. | Ces. | Uentp. | FOxu. | bmxk. |Lentp| Ham. 403010 Tux. | C-JI
mucn-im | ok-H | EBp. | EBpoma | EBp. | Boctok | Asus | Bocrok OK-H OK-H | OK-H
Kom. (uT) | 21 50 35 19 42 7 28 14 14 10

BIUJTA o6namaroT psSaoM TPEUMYIECTB Tepesl MIIOTHPYEMBIMH CPEICT-
BAMHU, B IIEPBYIO OYEPE]b — 3TO OTCYTCTBHUE PUCKA JJIs yesioBeka. Kpome Toro, npu
co3nannu BITJIA mporme ucrmonbh30BaTh TEXHOJOTHH OOCCIICUEHUS MAJIO 3aMeT-
HOCTH, YTO MO3BOJISICT UM MPHUOIMIKATHCA K IEeNM Ha OoJiee OIM3Koe pacCTOSHUE |
HaXOJUTKLCS B 3aJJaHHOM paiioHe Tpebyemoe BpeMs. bimzocts k 00bexTy POIL, B
CBOIO OYEPEb, CHUKAET DYHEPreTUUECKHUE 3aTPAThl HA IIOCTAHOBKY NOMEX, a TaKXKe
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oOecrieurBaeT MepexBaT MAJIOMOIIHBIX CUTHAJIOB, U3JTy4a€MbIX WHTEPECYIONIMMU
00beKTaMu, MPHU BEICHUU PAINO- U PATUOTEXHUYECKON pa3Beaku [26].

Bce cymectByronue u paspadatsiBaeMbie BIIJIA monpasnenstorcs Ha Tpu
OCHOBHBIX KJIacca: CTPaTErH4eCKre, TAKTUUECKNE U CIICIIMAIbHOrO Ha3HaueHus. B
Ka)XJIOM KJIacce CYIIEeCTBYeT Oojiee JeTalibHas Tpajaius: o pa3Mepy, JalbHOCTU
JNEUCTBUA, TPOAOJDKUTEILHOCTH U BBICOTE TOJIETA, & TAKXKE MO XAPAKTEPY UCIOI b-
30BaHus [26].

[TpumenutensHo K ManbiM BITJIA o6opynoBanne POII MmoxeT pazMemaTbes
Ha OTJEJIbHBIX 00paslax Mpu pelieHruH CIelUalbHbIX 3a7a4. ANmnaparypy pajauo-
AJIEKTPOHHOM 3alllUThl YCTAHABIUBATh HA HUX CUUTACTCS HEleaecoo0pa3HbIM U3-32
HEOOJIBIIINX PAa3MEPOB U CPABHUTEIILHO HU3KOM CTOMMOCTH amnmnapaToB. Haunbonee
NEPCIEKTUBHBIMU C TOYKH 3pPEHHS] OCHAUICHHMS cucTeMaMu u cpeacrBamu POII
cuntatorcst cpeanue BITJIA. CpaBHuTensHO HEOONBITHME pa3MEPhl U BHICOKAs Ma-
HEBPEHHOCTb, HAPSAy C JOCTATOUYHOW TPy30MOABEMHOCTBIO, JeialoT uX 3¢ dek-
TUBHBIMU CPEICTBAMHU ISl IPOHUKHOBEHUS B 3aIUIIICHHBIE PAOHBI U TPOBECHUS
paauosneKkTpoHHbIX atak Ha POC nporuBHuKa. [Ipu 3TOM 1715 MOBBIIEHUS CTE-
MIEHU KUBYUYECTH OHU MOTYT 000pYy/IOBAaThCSA U CPECTBAMHU WHIUBHUIYyaIbHON pa-
nuodIeKTpoHHOM 3amuThl. Ha Oonbmux BITJIA u3-3a UX BBICOKOW CTOMMOCTHU
CUMTAETCsl I1eJecO00pa3HbIM YCTAHABIMBATH CPEJCTBA WHAMBUIYAIBHOW pajno-
AJIEKTPOHHOM 3alUTHI, MPUYEM B PAJI€ CIy4aeB MOCTAHOBKA MTOMEX MOXKET OCYIIe-
CTBJISITHCSI TAKUMHU amlnapaTaMy U3 OTHOCUTEILHO O€30MaCHBIX paifoHOB [26].

CpenctBa POII, ycranosnennsie Ha BIIJIA u 3IIII, Moryr ocyuiecTBisITh
MOJIaBJICHWE B TEUEHHE BCEro Iepuojaa 00eBoro (PyHKIIMOHMPOBAHUS CHUCTEMBI.
OcHoBHBIE XapaKTepuCTUKU KomiuiekcoB POII, ycranaBimuBaembix Ha BIIJIA wu
31111, npexacrasnens B Tadm. 1.7, 1.8 [19].

Tabmuma 1.7 — OcHoBHBIe XapakTepucTuku cpeacts PIII, pa3MemeHHBbIX

Ha BILIVTA
XapakTepUCTUKU 3HaueHus
Juanazon (I'T') 0,2-0,4 1-2 4-6 7-8 2040
OUUM (abBT) 33 33 33 33 33
KV antenns! (1b) 8 8 8 8 8
Makc. TanbpHOCTD MmojieTa (KM) 2400 2400 2400 2400 2400
Makc. cKkopocTb moJiera (KM/4) 1000 1000 1000 1000 1000
Makc. BbIcOTa mojieTa (KM) 20 20 20 20 20
Tabnuna 1.8 — Dneprernyeckue xapakrepuctuku 3T
XapakTepUCTUKU 3HaueHUs

Huanazon (I'T) 0,2-0,4 1-2 4-6 7-8 2040
OUUM (abBT) 14 14 14 14 14
KV antenns (1b) 1 1 1 1 1
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JIs mojaBieHUs] KaHAJIOB KOCMUYECKOW CBSI3M pa3pabaThIBalOTCS Crelua-
nu3upoBanHbie cpenactBa POII, pasmemennsie Ha KA. [[aHHbIE cpelicTBa MOTYT
OKa3aTh CyHIECTBEHHOE nojasiieHue kak no Bxoay KAC, tak u mo Bxoay 3C mo
MOMEHTa UX YHHUUTOXKEHUS OTHEBBIMHM CpPEJCTBAMHU HA3€MHOIO, BO3AYIIHOTO WU
KOCMHYECKOTro 0asupoBaHus. OCHOBHBIE XapaKTEpPUCTUKHU KomIuiekcoB POII, pas-
MeleHHbIX Ha KA, npencrasnenst B Tabdiu. 1.9 [19].

Tabmuma 1.9 — Kocmuueckue craHnum (KOMILIEKCHI) MOMeX KOCMHYECKOM
CBsI3H (B COCTaBe MHOTOLIEJIeBOI KOcMHU4YecKoil cucteMbl PIB)

XapaKTepUCTUKU Pa3pabaTbiBacmbie IlepcniekTuBHBIE
Tonocst paGounx wactor, [Ty | 272 3484 10-14 15 5.3 9. 10-14; 20-100
2040
MomHoOCTh OJTHOTO TEpeaaT- 2-5: 10-50 2-5: 20-100
yuka /Henp./, KB
JuameTp mnepenaroumieid aH- 30 1 Gosee 30-50
TEHHBI, M
Koaddunuent ycunenns an- 30-50; 57-60; 59-60; 30-50; 57-60; 59—60;
TCHHBI, 1b 6063 60-63
HM;KCHﬁf;BHﬁHOB;‘;fBﬁj; 60-87; 94-97; 96-97; 60-87; 90-97; 97-98;
P i 97-100; 710 110 98-100; z10 110
MOIIIHOCTb, 1bBT
KonnuectBo  mepenaTynkoB
/peTpaHCasATOpOB/ MOMEX Ha 1-2 2-3
omaom UC3
f[;ci[;(;rgocg)/r a ;p?sl\g;o% (—1)—19; 25-31; 31-34; 0-20; 25-31; 31-34;
> AOAPA A 34-39 34-39
JTMaTa30Hax)
Bricora opout MC3-moctanos- 0,6-40 0.6-40

IITMKOB IIOMCX, TBIC. KM

ABTOHOMHBIN KOMILJIEKC ABTOHOMHBIN KOMILJIEKC
Tun NUC3-1mocTaBIimka moMex

POII POII
[TonaBnsiemble HampaBieHus| «KAC-3emsi»; «3emisi- «KAC-3emisay»; «3emid-
CBSI3HU KAC»; «kKAC-KAC» KAC»; «KKAC-KAC»
Bpems peakiuu mpu mojaB-
JICHWHA Ha3€MHOW CTAHIIMH:
— B peXUME TIPHIICIBHBIX T10- 0.1-10 0.01-1
MeEX, C
— B PEKUME PETPAHCIISIIINU, MC 1-10 1-10
PerpancnupoBanHsbie; my- | PeTpanciupoBaHHbIe; ITY-
OCHOBHBIE BB TOMEX MOBBI€; CTPYKTYPHBIE MOBBIE; CTPYKTYPHBIE
(MMUTALMOHHBIE); N€3UH- | (MMUTALUOHHBIE); 1E3UH-
dbopmupyroIIHe dbopmupyroIIHe

JIONIOMHUTENBHO K CHEUUAIM3UPOBAHHBIM CPEJICTBAM IMOCTAHOBKM IMOMEX
U1 LEeJIed pa3BEKW M MOCTAHOBKH HECJIOXKHBIX IO CTPYKTYpE NOMEX JIMHUAM
cnyTHUKOBOM cBsizu CIIIA pacmnonaraioT ceTbio TJ1I00aIbHO pa3MEUIEHHBIX CTaH-

27



nni cnexenus 3a KAC n nepexsara X paJHOCHUTHAJIOB B COCTABE LIEHTPOB U I10-
cTtoB cuctem crtpareruueckoil PPTP 466L u kKOHTpOnss KOCMHUYECKOTO MPOCTPaH-
ctBa SPADATS, a Takke CTaHUMHA CITyTHUKOBOW CBSI3U KaK BOEHHOTO, TAK U KOM-
MEPYECKOro Ha3HAuY€HUs OONBIION MOIIHOCTH. DTH CTAaHIMU IO JUana3oHaM pa-
00YMX YacTOT, TEXHUYECKUM MapaMeTpaM, MECTOIOIOKEHNIO U HAIMYUIO0 UH(ppa-
CTPYKTYPHI yIIpaBJICHUS TPUTOHBI 1l TocTaHOBKHU nomex KA. Jlns obecnieuenus
MCIIOJIb30BaHUS MEPEJaTYNKOB 3€MHBIX CTAHLMM CIYTHUKOBOM CBA3U B KaueCTBE
HMCTOYHUKOB TPEIHAMEPEHHBIX MOMEX MOYKET MPUMEHATHCS CEPUMHO BBIMYCKae-
Mas amnrnapaTypa paJuopa3BeKu, ynpaBieHus u popmupoBanus nomex [19].

Ha ocHOBaHMM aHanu3a TEXHUYECKHUX MMAPAMETPOB M COCTaBa CHCTEM CITYT-
HukoBoi cBsizu CIHJA u HATO ycranosneno [19], uTo cranmoHapHbIE CTaHIMU
ATUX CUCTEM 0€3 CYIIECTBEHHBIX 3aTpaT (B paMKax MporpaMm MOJAEpHU3AIMU) MO-
r'yT OBITH MPUCTIOCOOJICHBI 1OJ] CTAHIMIO TTOMEX B Auana3zoHax yactot 1,5/1,6, 4/6,
8/7ITu. Jns »tux ueneit Haubosiee MPUTOJHBI CTAIIMOHAPHBIE CTAHLUU CUCTEM
INTELSAT, NATO-SATCOM u DSCS c¢ snepronorenuuaiom 87-100 nbBT, a
TaK)K€ MHOTOJ[MAIa30HHBIC TOJIBMYKHBIE CTAHIIUU CITYTHUKOBOM CBS3W HOBOTO TIO-
konenust ¢ DM 80 nbBrt, kotopsie, 6narogaps yHudukauuu oOopyaoBaHHUS,
MOTYT KCIOJIb30BaThCA HEMOCPEICTBEHHO B PEKUME CTAHIIMH MTOMEX. AHAIU3 TO-
Ka3zaj, yTo 3(QPEKTUBHOCTh MPUMEHEHUS ITUX CpelCcTB B 1esix POII MoxeTr ObITH
NOBBIIIIEHA MYTEM MX YaCTUYHOM MOJEpHU3ALMH U JOOOOPYAOBAHUS CEPUIHO-
BBIIIYCKa€MOW aHAJIU3UPYIOIIEH W KOHTPOJIbHO-YIPABIAIOUIEH anmaparypoil s
dbopMupoBaHus TOMEX, OJIM3KUX K ONTUMAIbHBIM [19].

CrtaHUMM BOCHHBIX 1 KOMMEPYECKUX CUCTEM CITyTHHUKOBOU CBSI3U, 10000pY-
JIOBaHHbIE MPUCTaBKaMu (OPMHUPOBAHUS TOMEX, MOTYT OCYHIECTBIISTH IOJIaBlie-
nue KAC B TeueHnue Bcero nepuoga 6oeBbix jaeiictBuil. Mx komuuectBo B 2011 T.
MOIJIO COCTaBUTh BeIMUMHY nopsiaka S0—60 mit.

Pacnipenenenue mo permoHaM MHpa CTAllMOHAPHBIX CTaHIMM CITyTHUKOBOM
ces3u (¢ DM OGonee 87 nbBT), sBistonmxcs HanOoJiee OMacHBIMUA MOTEHITUAITb-
HBIMH UCTOYHHMKAMH TTOMEX JIMHUSAM CITyTHHKOBOHM CBsI3H, MpencTaBieHo B Tabdi. 1.10

[19].

Tabmuma 1.10 — PacnipeaesieHue mo pernoHaM MUPa CTAMOHAPHBIX CTAHIMIA

KonmndecTBo moTeHIIMANBEHO-0MACHBIX CPEJICTB
CIYTHUKOBOM CBSI3U
Pernonst
BOCHHBIX KOMMEPUECKHX
JCHC | Cartkom Intelsat HamuonanbHbie
Kontunent CIHIA:
1m06. Tuxoro o-Ha 18 (4) — 8(2) 4 (1)
1m00. ATnantuyeckoro o-Ha | 25 (7) 2 (D 2(1) 3(1)
AJsicka 5(12) — 3(1) 1(0)
Kanana, ['pennanaus 2 (0) 2 (0) 2 (0) 25 (4)
3anannas EBpona 23 (6) 19 (4) 34 (10) 3 (0)
3oHa ATIIaHTUKHU 5(1) 1 (0) 2 (0) —
3ona Tuxoro oxkeana 16 (6) — 14 (5) —
3ona Uuauiickoro okeana 2 (0) - H.n. —
Typums 2 (0) 3d) 3 (D) -
SAnonus 3 (0) — 7 (3) 9(1)

28




B ckoOkax yka3aHO MakCHMMAajabHOE YMCIO MEPEJAOLIUX CTaHIMM, KOTOpbIE
MOTYT OBbITh BblAesieHbl it POII muHMii ciyTHUKOBOM CBS3H.

B cuny cBoux cnenupuyeckux OCOOEHHOCTEH TpaHCIOPTHAas HAa3eMHO-
kocmuueckasa cetb OCCCH ys3Buma k Bo3aenctsuto cpencts POII, koTopsle B Ha-
CTOfIllee BpeMsl aKTUBHO coBeplieHCTBYIoTcs B BC Hambosee pa3BUTBHIX B BOCH-
HOM OTHOIIEHWU CTpaH, MPU ATOM BO3AeHcTBHIO OyayT moaBepratbes kak KAC,
tak U LICCC. IlepcnexktuBHbie cpenactBa POIl OynyT akTMBHO HCHOJIB30BaTh
CTPYKTYpHblE (MMUTAIIMOHHBIE) M J1€3MH(OPMUPYIOUIUE MOMEXHU, IPPEKTH OT
BO3JIEUCTBHSI KOTOPBIX MPOSIBISIIOTCSA HE TOJIBKO Ha (PU3UYECKOM U KaHAJbHOM, HO
1 Ha ceTeBoM ypoBHe DMBOC.

1.2.2 Ananuz cnoco6oeé u cpeocme nomexo3auyumul HA3eMHO-KOCMUYECKUX
cemell C6A3U 6 yC108UaAX 6030eiicmeus cpeocme PIIT

Cornacno [12] k HKCC npenpaBistorcs Caeayrone onepaTuBHO TEXHUYE-
CKHE TpeOOBaHHS B YACTH MTOMEXO03aIUIIEHHOCTH

1. ObGecnieueHre KOMIIJICKCHOM BBICOKOM TTOMEXO3AIIUIIIEHHOCTH OT pa3iny-
HOTO BHJa TOMEX: MUMITYJIbCHBIX, 3arpaJUuTeIbHBIX, CIIY4YalHBIX, TTOMEX BCIIEI C
paccrosinust He 6osee 50 kM (B HKCC mpeapiayiero mokojaeHust 3T0 pacCTOSHUE
cocTanisiio 500 kM) ¥ TOMeX M3-3a MHOTOJIY4€BOT'O PACIIPOCTPAHEHUS CUTHAJIA.

2. O6ecnieyenne IITPY B monoce 2 I'T va auaun 3C-KAC, 1 I'T1 Ha nu-
nuu KAC-3C.

3. OGecrnieyeHne BHICOKON pa3BeI3allUIIEHHOCTH.

4. OGecniedyeHre ycTOM4MBOM pabOTHI B YCIOBUSX BO3MYILIEHHON HOHOC(EPHI.

AHanu3 naHHbIX TpeOoBanui k cucteme [ITTPY mokasan, yto B ocHOBE Me-
tonoB nomexo3amuTtel B HKCC nexar cienyromue npuHIHIIbL:

— obecrnieuenue pabotel cuctemsl IIIMPY kak na nmuauu 3C-KAC, Tak u Ha
nuann KAC-3C B npeaenax mosiocsl, BeiaeeHHON 111 Ka-nquanasona;

— obecnieuenue s pexknma [TTTPY makcuManbHO-BO3MOXKHONW CKOPOCTH Tie-
PEKITIOYEHHSI YACTOT, ONPEIEIIEMON TEXHUYECKUMU BO3MOKHOCTSIMU annapaTyphl;

— cucrema IIITPY nomkHa 3¢ pekTHBHO paboTaTh COBMECTHO C Pa3TUIHBIMHU
BUJIaMH MOJYJISIUMU U KOJTUPOBAHHS;

— paznuuHblie mapameTpsl cucteMsl [ITTPY (ckopocTh mepecTpoiiku, BUIIBI U
CKOPOCTH KOJUPOBAHUS, BUIbI MOAYJIALIMHU U JIp.) AUHAMUYECKU MEHSIOTCS B 3aBH-
CUMOCTH OT TOMEXOBOW OOCTaHOBKH, UTO TO3BOJUT «Pa3MEHHUBATh» MOMEX03a-
IIUTY Ha MPOMYCKHYIO CIIOCOOHOCTb, T.€. B PEKUME BBICOKOW MOMEXO3AMIUTHI OY-
JIET HU3Kas MPOIMYCKHAs CIIOCOOHOCTH, & B PeKUME HU3KON IMOMEX03aIIUThI, KOTAa
OTCYTCTBYIOT ITIOMEXH, OyJIeT 00eCcTedYuBaThLCS BHICOKAS MPOMYCKHAs CITIOCOOHOCTB;

— cuctema nomexo3anutel KAC obecrieunBaeT 0OHApyKEHHE BO3ACHCTBUS
MpeJHAMEPEHHBIX MMOMEX CO CTOPOHBI cpeAcTB POII u HenmpenHaMepeHHBIX TOMEX
M B COOTBETCTBUHU C 3TUM YCTAHABIMBAECT TPEOYEMbI YPOBEHb MTOMEXO3AIIUTHI 32
CYET CHUKEHHUS NPOIMYCKHOUN crocoOHOocTH. [Ipu 3TOM naHHBIE Ha MEPECTPOUKY
CUCTEMBI TOMEX03aIUTHI JOJKHBI aBTOMAaTUYECKH AOBOIUTHCS 10 3C;
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—cucrema [ITMPY rubxo coueraeTcss ¢ ITUHAMHYECKON CHUCTEMOW MHOTO-
CTaHIIMOHHOI'O JO0CTyNa, KOTOpas MO3BOJIUT Hauboisee 3(p(PEeKTUBHO HCIOIB30BAThH
4acTOTHO-BpeMeHHOM pecypc KAC;

—Ha auaun KAC-3C, kak u Ha nuanu 3C-KAC, obecnieunBaeTcsi KOrepeHT-
HBIN TTpreM HH(POPMAITMOHHBIX MMAKETOB;

— JUIsl Tiepe/ladyd Pa3IMYHbIX BUIAOB HH(POPMAIMK HMCIOJIB3YETCS €IUHBIN
TPAHCIIOPTHBIM MOTOK JJAHHBIX, & CKOPOCTh IMepeayu JOJKHA THOKO MEHSTHCS B
3aBUCUMOCTH OT pecypca NpONyCKHOM ciocoOHOCTH, BbleneHHOM kaxaon 3C.

Peanuzamusa pexuma I[IIIPY na muauum 3C-KAC u KAC-3C mno3zBosser
obecneunTh ycrouuByro cunxponuzanuio B HKCC. Kpome Toro, 310 mo3BosisieT
o0ecrneynTh KOTEPEHTHBIN MpueM HHGOPMAIIMOHHBIX MAKETOB C HEOMpPEAeICHHON
HavyabHOUM (Pa3oi, 4TO JaeT JOMOJHUTEIBHBIN BBIMTPHIII M0 MOMEXOYCTONYUBO-
ctu 10 3 ab.

B 3aBuCHMMOCTH OT CUTHAJIBHO-IOMEXOBOW OOCTAaHOBKU YCTAHABIIMBAIOTCS
pa3IuYHbIE BAPUAHTHI YACTOTHO-BPEMEHHOTO JIOCTYIA, Pa3jivvHble JJIMHBI TMaKe-
TOB, Pa3JIMYHOE KOJUpPOBaHUE U pasznuuHble ctpateruu [1T1PY.

Hnst apdextuBHOM padoThl cuctemsl [ITTPY npenycmaTtpuBaeTcs: co3nanue
CUCTEMbI MOHUTOPHUHTA CUTHAJIBHO-ITOMEXOBOM 00CTaHOBKH:

— MOHMTOPHHT YaCTOTHOTO criekTpa B nosioce 2 I'T';

— MOHUTOPHHT Ka4yecTBa MprueMa HH(OOPMAIIMOHHBIX MTAKETOB.

MOHUTOPUHT YaCTOTHOTO CIIEKTPa MOXKET ObITh OpraHW30BaH Kak Mepe]l Ha-
qajioM paboThl CIIyTHUKOBBIX CTAHILIUW, TaK U B Ipoiecce ux padoTsl. Jjis MOHU-
TOPUHTAa U MIPUEMA MHOTOYAaCTOTHOTO CHUTHAJIa MCHOJbB3YETCS OAHO U TO K€ MpH-
€MHO€ YCTPOWCTBO. JlaHHBIE MOHMTOPHHIA MCIOIB3YIOTCSA JIJISI TOTO, YTOOBI HC-
KIIIOYUTH JIJ1s1 pabOThl YYaCTKU YaCTOTHOTO JIMANa30Ha, MOpPaXKEHHBIE MOMEXaMH.
JIaHHbIE MOHUTOPHUHTA IIEHTPAIN30BaHHO N0BOAATCS 10 3C M UCHONB3YIOTCS IS
dbopmupoBanust HoBoro 3akona ITITPY.

Kpome Toro, B mporiecce npuemMa HHPOPMAIIMOHHBIX MTAKETOB B MPUEMHOM
YCTPOWCTBE NPOUCXOAUT H3MEPEHHE OTHOILIECHHSI CHTHAJIa K LIYMY M TIOMEXE
(OCIIIT) myis kaXka0ro MmakeTa U OIEHKA KayecTBa €ro mnpuemMa. Ita nuHdopmanms
TaK)Ke UCIOJIb3YETCs NIl OIICHKH CUTHAIBHO-TTOMEXOBOM OOCTAaHOBKH M JIJISl TIPH-
HATHS peeHust 00 n3meneHuu 3akona ITITPY.

CoBpemeHnHas 3eMeHTHas 0a3a (CHHTE3aTOPhI YaCTOThI) MO3BOJIAET 0OecTe-
YUTh BpEMsI CTOSIHUSI Ha OJHOM 4acTOTHOM no3unuu nopsaka 100 mxc.

Paznmuunbie Metoapl KoaupoBanus uHpopmaiuu coBMecTHo ¢ [ITTPY Takxke
MO3BOJISIIOT MOBBICUTH moMexo3amumennocts HKCC. Ha muann KAC-3C Oynyt
HCIIOJIb30BaThCA CIEIYIOUIME BUAbI KOJUPOBAHMUS:

— CBEPTOYHOE;

— Pupa-ConomoHa;

— KOJIbI C HU3KOM MIIOTHOCTHIO poBepku Ha yeTHOCTh (LDPC — Low-density
Parity-check Code);

— xox boy3a-Hoynxypu-Xoksenrema (bUX).

Oco0eHHOCTh peanu3ali JaHHBIX KOJOB 3aKI0YaeTCa B TOM, YTO UX JAEKO-
JIEpbl PEATU3YIOTCS HA BBICOKUX CKOPOCTSAX M MPU 3TOM OPTraHU3YeTCsl UX KOHBEM-
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epHasi 00paboTka. J[OMOMHUTENBHO C KOAMPOBAHUEM OYAET HCIOJB30BATHCS TIE-
pPEMEKEHHE CHUMBOJIOB. J[JI1 JOMOJHUTEIBHOTO MOBBIMICHUS IMMOMEXO3AIIUTHI 32
CYET CYUIECTBEHHOT'O CHUKEHUS MPONYCKHON CIIOCOOHOCTH, B YACTHOCTH JIJISl IIEp-
COHAJIbHOW CBA3U, [JI1 KOJMPOBAHMS BO3MOXKHO HCIIOJIb30BAHHUE 7M-TIOCIIEI0BA-
TEJIBLHOCTHU WM 00Jiee MOILTHBIX KOI0B ThNna Puna-Manepa.

Cucrema aBTOMaTHYECKOrO PETYJIMPOBAHUS BBIXOJHONW MOIIHOCTH CIIyTHH-
KOBBIX CTAHIIMH TaKXe SIBJSETCS OJHUM U3 CIIOCOOOB MOBBILICHUS TOMEX03aIIHTHI.
VYcranoBka MuHMManbHOM MomHOCTH Ha KAC 1MO3BOJISIET YMEHBIIUTH BEPOST-
HOCTb OOHapyxeHHusl curHana cpeactsamu POII u, cienoBaTenbHO, BEPOSITHOCTD
ITIOCTAHOBKH NIOMEX.

Kpome TOro, mjisg moBbILIEHHUS MOMEXO3AIIUTHI IIAHUPYETCS OpraHU3anus
aBTOMAaTUYECKON NOBTOPHOW MEpenadyd MakeToB B ciydae uX norepu. JlaHHas
npoueaypa npeaycmorpena B mporokosne TCP/IP, ognako 3Ta npoienypa Heagan-
TUPOBAaHA Ui CIYTHUKOBOTO KaHajda MO MPUYMHE HEOOXOIUMOCTH pa3zpabOTKH
YCKOPHUTENS TEpeladynd MaKeTOB, KOTOPBIM aBTOMATHYECKH WHULIMMPYET MOBTOP-
HYIO [lepeiayy MOTEPSHHBIX TAKETOB.

CrniocoObl U cpeicTBa oOecreyeHus: MOMEX03alIUIIEHHOCTH CBI3U B TpaHC-
noptHo#l HazeMHO-kKocmudeckoil cetu OCCCH opueHTupoBaHbl Ha (QU3NYECKUI
(ITITPY, cuctema aBTOMAaTHYECKOT'O PETYIHPOBAHUS BBIXOJHOM MOIIHOCTH Iepe-
JATYMKOB) M KaHAIBHBIN (TOMeXoycTolduBoe koaupoBaHue) yposau SMBOC, B
TO BpeMsI KaKk Ha CETEBOM YPOBHE, B JOCTATOYHO OTJAJICHHON MEPCIEKTHUBE, MPE-
10JIaraeTcs JUIIb OpraHu3alus aBTOMATUYECKON IIOBTOPHOU Iepe/layu MaKEeTOB B
clIyyae ux mnorepu. Bmecre ¢ TeM, Haau4ue CUCTEMBI MOHUTOPHUHIA CUTHAJIBHO-
IIOMEXOBOM OOCTaHOBKH, CO3[1aBa€MOM /Jis MOBBIIEHUS 3()PEKTUBHOCTH PabOTHI
cuctemsl [ITITPY, nenaer BO3MOXKHBIM pa3pabOTKy KOMILJIEKCA CPEICTB IOMEX03a-
muThel cereBoro ypoBHa OMBOC, nns GyHKIMOHUPOBaHUS KOTOPBIX MOTYT HC-
I10JIb30BAThCS JAHHBIC TOTO MOHUTOPHHTIA.

1.2.3 Pe3ynrvmamot umumayuOHHO20 MOOEAUPOBAHUA

AHanu3 pyKoBOISIIMX TOKyMeHTOB [12, 27, 28], npoBeneHHbINH B paboTax
[5, 29], MO3BONIMII OTPENEIUTh TPEOOBAHUS K YCTOWYMBOCTH CBS3H, IPEIbSIBIISC-
MbIe K TpaHCHOpTHOM HazeMHO-kKocmuueckor cetu OCCCH ¢ yderom HeoOxonu-
MOCTH 00€CTIeUeHUs CBOEBPEMEHHOCTH OOEBOTO YIIPaBJICHUS BOWCKAMU, COSINHE-
HUSAMHU U TOAPA3ICICHUsIMHU B ycioBHsAX BozueictBusa cpencts POIIL. Ilokasate-
JeM, OTPaXKArOMIMM CIHOCOOHOCTh TPAHCIOPTHONW HA3EMHO-KOCMHYECKOW CEeTH
cBs3u OCCCH cBoeBpeMEHHO OCYIECTBIATH Nepeaauy Tpaduka, sBISICTCS BEpO-
SATHOCTh CBOCBPEMEHHOMU J0ocTaBKM makeTa (Pcj). g Tpaduka nepenayn qaHHBIX
3Ha4YEeHHUE ATOro IMoKazarens, onpenensemoe B [12, 27, 28], cocraBnsier Pcy= 0,9
3a BpeMsl JOCTABKH 1 o= 3 C.

Bwmecte ¢ TeM, Kak MokKa3aHO BBIIIE, IPOTOKOJBI MAapIIPYTU3AIMU B COCTaBE
creka TexHosoruu ATM co3naBanuch N UCIOJIB30BAHUS B HEBOCHHBIX CETAX
CBSI3U, UTO, B COBOKYNHOCTH ¢ ysa3BuMocThi0 HKCC nepen Bo3nelicTBuEM CpelicTB
POII, yka3biBaeT Ha HEOOXOAUMOCTh UCCIEA0BaHUSA UX (YHKIIMOHUPOBAHUS B yC-
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noBUAX LeneHanpasieHHoro noxasnenus KC cpencreamu POII. /lanHOoe uccneno-
BaHHE OBLIO MPOBEIEHO HA OCHOBE MOJIENN TPAHCIIOPTHON HA3€MHO-KOCMUYECKOU
cetu OCCCH (cM. puc. 1.2), pazpaboTaHHOM Ha OCHOBE MPOTPAMMHOIO MPOAYKTA
[30].

[IpuHATHI cneayomnue OrpaHuyeHus UMUTALIMOHHOTO MOJIEIMPOBAHUS:

1. KonnuecTBo KiaccoB cepBuca — 3.

2. Ilpouent KC B cern, Ha KOTOpbIE BO3AEUCTBYIOT cpexncrBa POII —
0...60 %.

3. O6beM BXogHOro 6ydepa Mmapmpyruzaropa — 10° max.

4. O6beM BBIXOTHOTO Oy(epa mapmpyTuzatopa — 10? naxk.

5. NUnTencuBHOCTh MHGOpMarimonHoro tpaduxa — 10-Mbut/c.

6. UnTencuBHOCTH cityxebHoro Tpaduka — 1 Mout/c.

7. lIponycknas cnocooHocth KC 1 MapmpyTtuzatopos — 2 Mbut/c.

8. Bpems 3anepxkku B KC — 100 mc.

Pe3ynbpTaThl MOZEIMpPOBaHUS IPUBEEHBI HA puc. 1.6.
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MpoueHT KC B ceTu, Ha KOTOpblE BO3OENCTBYIOT CpeacTBa

Pan
Puc. 1.6 — HpOTOTI/IH CCTHU CBA3H B paMKaX UMHUTALIUOHHOT'O MOACIIMPOBAHUA

Pe3ynpTaThl MpOBEACHHOTO MOJEIMPOBAHUS MMOKA3BIBAIOT, YTO MIPH BO3/CH-
ctBuu cpenctB POII tonpko Ha 20 % KC B CC, BeposITHOCTh CBOEBPEMEHHOM J10C-
TaBKU IMaKeTa CHIXKAETCS 10 BeauuuHbl Pcy= 0,82, 4TO NpOTUBOPEUYUT yKa3aHHBIM
BBIIIIE TPeOOBAHUSM IO YCTOMYMBOCTH, MPEIBSIBISEMBIM K TPAaHCIOPTHOM Ha-
3eMHO-KocMuyeckoi cetu OCCCH.

1.3 AHanIu3 Hay4YHO-METOJAHYECKOro amnmnapara peumieHusi 3aaad
MapupyTuzanuu B Hejsax odecnedenusi ycroitunBoctu HKCC nHa cereBom
ypoBHe DMBOC B ycioBusix Bo3aeiictus cpeacts PIII

1.3.1 Ananusz no0xo0008 K oueHke yCmoudueoCmu ceasu

B Tedyenne npoIOIKUTEIBHOTO MPOMEXKYTKA BPEMEHH IO YCTOMYUBOCTHIO
CBSI3M ITIOHHMAaJlach COBOKYIHOCTb TPEX CBOWMCTB: HAJIEKHOCTH, >KUBYYECTH U
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nomexoyctoiuuBoctd [31]. ABtopsl MoHorpaguu [31] ykasplBasid, 4TO
IIPUMEHEHUE HWHTETPAIBHOM KAaTEropuud YCTOMYMBOCTH HE IIpeAIonaraet
JUKBUJAIIUN COCTABISIONIMX €€ MOHATUM. [Ipr 3TOM HaZe)KHOCTh OTpaXkaeT BIMSHUE
Ha PabOTOCMOCOOHOCTh CUCTEMBI TJIABHBIM 00pa30M BHYTPUCUCTEMHOTO (haKTopa —
CIIy4aifHbIX OTKa30B TEXHHUKH, a MKHUBYUECTh € XapaKTepu3yeT YCTONUHBOCTH
CUCTEMBI CBSI3U MPOTUB JICUCTBUS MPUYNH, JISKAIINX BHE CUCTEMbI U TIPUBOISIINX K
pa3pylIeHUsIM WIA 3HAYUTEIBHBIM TTOBPEKICHUSIM HEKOTOPOW YacTU €€ IJIEMEHTOB.
[TomuepkuBanoch, 4TO HAJCKHOCTh W JKHUBYYECTh — CYIIECTBEHHO pa3IMYHBIC
MOHSATUS W CaMOCTOSITCNIbHBIE TMPOOJIEMBbI, TPEOYIONIUE CBOMX pEHICHUN TpH
pa3paboTKe U COBEPIIIEHCTBOBAHUY CUCTEM U CeTel cBs3u [32].

B paGore [33], aBTropamu JaBajioCch CIEAYIOIIEE  OMpeeSieHUE:
«Y CTOMYHUBOCTh — CITIOCOOHOCTH CETH COXPaHATh PabOTOCIIOCOOHOE COCTOSIHHE BO
BPEMEHHM M B YCJOBHUSX, CO3/1aBa€MbIX BO3JICMCTBUSIMHU BHEIIHUX M BHYTPEHHUX
necTpykTuBHbIX akTopoB ([ID)». [Ipu 3TOM MOSACHSIIOCH, YTO YCTOMYMBOCTH
XapaKTEepU3yeTcs CBOMCTBAMHU HAJACKHOCTH M JKMBYYeCTH. [lamee yKa3bIBajioCh,
YTO CBOWMCTBO HAJIGKHOCTH JOJDKHO oOecreunBaTh (PYHKIIMOHUPOBAHHE CETH
CBSI3M M €€ DJIEMEHTOB B YCJIOBHUSIX JICUCTBUS BHYTPEHHHMX HEIpPEIHAMEPEHHBIX
(cnyuaiinbix) JId, a JKUBy4YeCTh — CBOHCTBOCETH COXPaHATh CIIOCOOHOCTH
BBITIOJIHSITH TpeOyeMble (YHKIIMU B YCJIOBHUSX, CO3JaBaeMbIX BO3JICHCTBHEM
BHemHuX JID [32].

B pabGore [34] npuBomsTCS ONpeACCHUS TMOHSITHH YCTOWYUBOCTH,
IIEJIOCTHOCTH W O€30MaCHOCTH E€JUHOM CETH CBS3M, HCIOJB3YEeMBIX B 3aKOHAX
«O texHuueckoMm perynupoBanuu» (2002 r.) u «O cBs3u» (2003 1.). B wactHOCTH,
B HEHl Jaercs cleayioliee orpejaesieHne: «YCTOWYUBOCTh (PYHKIIMOHUPOBAHMS
€IMHON CETH DIIEKTPOCBA3U — CBOMCTBO CETH CBSI3U BHITIOJIHATH CBOM (DYHKIIUU TIPH
BO3/ICHCTBUU BHEITHUX JI€CTA0MIN3UPYIOMINX (DAKTOPOBY.

B Hacrosimiee BpeMs TpebOoBaHUS K YCTOWYMBOCTH (YHKIIMOHUPOBAHUS
CeTell AIEeKTPOCBSI3U, BXOJSIIUX B COCTaB CETU CBS3M OOINETO MOJIb30BAHUS, U
MeTo bl uxX npoepku yctaHoBieHbl B 'OCT 5311-2008 [35]. B nanHOM HOpMa-
TUBHOM JIOKYMEHTE IIPUBEICHBI CIEAYIOIINE OCHOBHBIE ONPEIETICHNUS.

YcroiiyuBocTh GYHKIUOHHMPOBAHUS CETH IJIEKTPOCBS3H — CIIOCOOHOCTD
CETH DJEKTPOCBSI3M BBIMIONHITH CBOM (DYHKIIMM TPU BBIXOJE M3 CTPOS YacTH
AJIEMEHTOB CETH B PE3YJIbTATE BO3ACUCTBUS JecTabmin3upyomux ¢pakropos [35].

HecTabunu3upyoimmii pakTop — BO3JCUCTBUE HA CETh JIEKTPOCBS3H, UC-
TOYHUKOM KOTOPOTO SIBIISIETCS (PU3MUECKUIN MM TEXHOJIOTHYECKUI MPOIECC BHYT-
PEHHETO WJIM BHEUIHErO MO OTHOIICHHUIO K CETU 3JIEKTPOCBS3U XapakTepa, PUBO-
JAIIee K BBIXOZY U3 CTPOSI 2JIEMEHTOB ceTu [35].

Ko3(dpuimueHT roTOBHOCTH — BEPOSTHOCTD TOTO, YTO OOBEKT HAXOIUTCS B
paboTOCTIOCOOHOM COCTOSIHMHM B JIF000H MOMEHT BPEMEHH, KPOME TUIAHUPYEMBIX
MEPUOJIOB, B T€UEHNE KOTOPHIX MPUMEHEHNE O0BEKTa MO HA3HAYCHUIO HE TPEIy-
cMmatpuBaetrcs [35].

HageskHOCTh ceTH 3JIeKTPOCBSA3M — CBOMCTBO CETH AJIEKTPOCBA3U COX-
paHATh CIIOCOOHOCTH BBIMOJHATH TpeOyembie (YHKIIUUA B YCIOBHUSX BO3JICUCTBUS
BHYTPEHHUX JI€CTAOMIM3UPYIOUX (PAKTOPOB (T. €. COXpaHATh BO BPEMEHU B yC-
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TAHOBJICHHBIX IIpelejiaXx 3HAYeHUs BCEX MapaMeTpoOB, XapaKTEPU3YIOLUIUX
CIIOCOOHOCTDH BBINOJIHATH TpeOyeMble (DYHKIMH B 33JIaHHBIX PEKUMAX U YCIOBUIX
MPUMEHEHUS U TEXHUYECKOro oOcmykuBanus) [35].

Buyrpennuii gectaduinusupyrommii pakTop — 1ecTabuInN3upyromui gpak-
TOp, UCTOYHUK KOTOPOT'O PACIOJI0KEH BHYTPU CETU JEKTPOCBS3H MM €€ 3IEMEH -
TOB [35].

KuBydecTb CeTH 3JIEKTPOCBSI3M — CBOMCTBO CETH JJIEKTPOCBSI3H COXpa-
HATH CIIOCOOHOCTBH BBINOJNHATH TpeOyemble (YHKUHMHU B YCIOBUAX, CO3[1aBAEMbIX
BO3JICHCTBUSIMU BHEIIHUX JieCTaOuIu3upyomux Gakropos [35].

Buemnuii necradwiansupyomux GakTopoB — jaectabuin3upyronmi dax-
TOP, UICTOYHUK KOTOPOTO PacIO0KEH BHE CETH dJIEKTPOCBs3H [35].

PabdoTocnoco0HOe COCTOsIHME — COCTOSIHUE O0BEKTa, NP KOTOPOM 3Haue-
HUS BCEX IapaMEeTPOB, XapaKTEPU3YIOMIUX CIMOCOOHOCTh BBIMOJIHATH UM CBOH
(yHKIIMU, COOTBETCTBYET TpeOOBaHUSAM UM HOpMaMm [35].

Cpennee BpemMsi MexAy OTKa3aMH — OTHOIICHHE CyMMapHOW HapaOOTKu
BOCCTAHABJIMBAEMOr0 00bEKTa K MATEMAaTHUYECKOMY 0XKHMJIAHUIO YHMCJIa €r0 OTKa30B
B T€UEHHUE ITOM HapaboTku [35].

Hanpasienune cBsi3u (OCHOBHOEe HaINpaBJICeHHE CBSI3H) — COBOKYIHOCTH
JUHUYN TIepeiauu 1 y3JI0B CBsI3U, 0OecreunBaromias CBI3b MEX1y ABYMS MyHKTaMU
CeTH Juisi oOecrieueHus ACSTENIbHOCTH OPraHOB TOCYAApCTBEHHOIO YIPAaBIICHUS,
000pOHBI, 0€30MaCHOCTH, OXPaHbl MPABOMOPSIKA, MOOMIN3AIMOHHON TOTOBHOCTH
IIpU YpE3BbIYANHBIX CUTyalusix [35].

BeposiTHOCTDH CBA3HOCTH (CBS3HOCTH) HANIPABJIEHUS JIEKTPOCBSA3M — Be-
POSITHOCTh TOTO, YTO Ha 33JJaHHOM HAMPABJICHUU SJIEKTPOCBI3U CYIIECTBYET XOTS
OBl OJIMH MYTh, 10 KOTOPOMY BO3MOKHA TIepeaada HHPOpMaluu ¢ TpeOyeMbIM Ka-
4eCcTBOM U 00beMoM [35].

I'pad cerm cBsI3M — maTemaTuyeckass MOJENb CETH AJIEKTPOCBS3H, IMpE-
CTaBJISItONIAsi COOOM COBOKYMHOCTHh BEpIIMH (Y3JIOB CBSI3M) M COCAMHSIONIUX UX
pebep (uHui cBsizm) [35].

DiieMeHT (00BbEKT) CeTH IJIEKTPOCBA3M — OTOOpakaeMble Ha Trpade ceTu
AIIEKTPOCBSI3W BEPIIMHAMHU M peOpaMu y37bl CBSI3M U COCAMHSIONINE HX JIMHUH
(COBOKYMHOCTb JTUHUI) CBsI3H [35].

Bmecte ¢ Tem, kak moka3aHo B pabote [36], yCTOWYHBOCTH CBSI3H, SBISSACH
OJIHMM M3 OCHOBHBIX cBOlcTB CBC, XapakTepu3yeTcsi HEKOTOPBIMU TEPMUHOJIOTH -
YECKUMHU OTIIMYMMHU B XOJI€ CBOEH OLIEHKE. Tak, B COOTBETCTBUM C PYKOBOIAIINMHU
JOKYMEHTaMH, B KauecTBe BHeIIHMX (D paccmaTpuBaroTcs OTAEIBHO OOBIYHOE U
AJIEPHOE OpYKHE€ NPOTUBHHMKA, & TAKXE ECTECTBEHHbIE W IPEIHAMEPEHHBIE
nomexu. B [37] oTpakeHa cmnenuduka OIEHKH YCTOMYMBOCTH CHCTEM BOCHHOM
ces3u (CBC), Brimroyarorias B ceOs:

Kupyuectb — cnocooHocth CBC oOecnieunBarh ynpaBlieHUE BOHCKaMU, CH-
JaMU U OPY’KHEM B YCJIOBHSX BO3JAEHCTBHSI OOBIYHOIO M SIAEPHOIO OPY>KHSI MPO-
TuBHHKA [37].

IMomexoycToitunBOCTH — criocooHocTh CBC oOecrnieunBaTh ymnpaBieHHE BOK-
CKaMH, CUJIaMU U OPY>KHEM B YCIIOBUSX BO3JECHUCTBUS €CTECTBEHHBIX NTOMeEX [37].
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IHomexo3amuimeHnocts — crnocodHocts CBC obecnieunBaTh ympaBieHUE
BONCKaMH, CHJIAaMH M OPY)KHEM B YCIOBHUSIX BO3JCHCTBUS MPEIHAMEPEHHBIX IIOMEX
npoTuBHUKA [37].

Hane:xnocth — ciocoonocts CBC o0ecneunBaTh CBsI3b, COXpaHsis BO Bpe-
MEHU 3HAUEHUS DKCIUTyaTallHOHHBIX MMOKa3aTellell B MpejenaxX, COOTBETCTBYIOIINX
YCTIOBHSIM DKCIUTyaTallii, TEXHUYECKOTO OOCTY)KMBAHUS BOCCTAHOBICHHUS U pe-
MoHTa [37].

B pa6ore [38] mokazano mecto yctoitunBoctu CBC B 00mieit cucreme
yIpaBJiieHUs BOWcKaMu U opyxxueM (puc. 1.7).

CUCTEMA YNPABJNEHNA BOUCKAMU U OPYXKUEM (CYBO)
NH®OPMALIMOHHbLIW OBMEH B CYBO

CBOEBPEMEHHOCTb OOCTOBEPHOCTb BE3OMACHOCTb
f Cucrema BOEHHOM CBA3N (CBC)f Cucrtema 06paboTku u XpaHeHus
nHdopmaLmmn
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KOMMJEKC CPEACTB BO3OENCTBUA NPOTUBHUKA HA MIHOOPMALIMOHHYIO CPEQY

Puc. 1.7 — Mecto ycroiiuuBoctu CBC B cucteMe yrnpaBieHUs BOHCKaMU
U OpYXKUEM

[loHsiTHE YyCTOMYHMBOCTH CBSI3H U METOJIbI €€ OLICHUBAHUSA OIPEIEIISIOTCS CO-
OTBETCTBYIOIIMMHU PYKOBOJSIIMMU JOKYMEHTaMH. B yclioBHsIX, KOrja BO3JIEUCT-
Bue BHyTpeHHHX [[®, Bnusromux Ha HaaexkxHocTh CC, B mocTtaTouyHoir Mepe (op-
MaJM30BaHO, a BEPOSITHOCTH BO3JEHCTBUS OPYXKHUSI NMPOTUBHHMKA HAa MH(]pacTpyk-
Typy TpaHcnopTHOU HazeMHO-KocMmuueckor cetn OCCCH (cBONCTBO KUBYYECTH)
HaMHOTO HMXXE, HEKEJIU BEPOATHOCTh Bo3aehcTBHs cpenctB POII, ocobyro Bax-
HOCTh A1 noBbiieHus ycrounBoctd HKCC, kak KOMILIEKCHOTO CBOMCTBA, MPH-
oOpeTaeT MOBHIIICHUE TTOMEXO03aIUIIICHHOCTH.

1.3.2 Ananuz HMA uccneoosanus 3¢pghekmoe om 6030eiicmeus cpeocme
P3II na cemesom yposne IMBOC

B Hacrosiiee BpeMs B HauOoJiee pa3BUThIX B BOCHHOM OTHOIIEHUU CTpaHax

AKTHUBHO COBEPILIEHCTBYETCS HAyYHO-METOAMYECKUM ammapar BeneHus: uHpopma-
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IIHOHHOTO MPOTUBOOOPCTBA, B TOM UKCJI€ B MH()OPMAIIMOHHO-TEXHUYECKOU chepe.
B coOTBETCTBUM C COBpPEMEHHBIMM B3IUIAaMH, WH(OPMAIIMOHHOE MPOTUBOOOP-
CTBO B TEXHUYECKOH chepe NOCTHraercs 3a CYET IMPOBEIECHUS MHPOPMALIMOHHBIX
ornepauuii, MNPEACTaBIAIOIUX COO0M KOMILIEKC WH(OPMAIIMOHHO-TEXHUYECKUX
BozaeicTBuil (MUTB), peanu3yemsbix 3a cueT NpUMEHEHUs] HH()OPMALIMOHHOTO OpY-
xus. B paMkax pa3sButus Teopuu npuMeHeHus HacTynareabHblX U TB paccmarpu-
Ba€TCsl KOMIUIEKCHOE TPUMEHEHHE Pa3JIMUYHbIX BUJIOB BO3JCHCTBUIM B paMKax €JH-
HOM MH(pOPMALIMOHHOM orepanuu, B ToM yucie [39]:

— panuosnexkTpoHHoe noaasnenue (POII);

— (pyHKIIMOHATBHOE MOPaXKEHUE CIIEIIMAIBHBIMU MPOTPAMMHBIMU CPEJICTBAMU;

— (pyHKIIMOHATIbHOE TOpaKeHHE DJIEKTPOMArHUTHBIM U3JTYYEHHEM.

[Ipu sTOM pazBUTHE METOAOJIOTUU MIPUMEHEHUS JAHHBIX BO3JIEUCTBUMN TIpe-
JyCMaTpuBaeT U3MEHEHHE OObEKTa BO3ACHCTBUS C OTIEIBHBIX KaHAJIOB M Y3JIOB
CBSI3M Ha OTIEJbHBIE CETH, 00JIACTH MAPUIPYTU3ALMHU U TEJIEKOMMYHHUKAIIMOHHbIE
y3nbl. Takum oOpa3zoM, ocCHOBHOW 3(dekt Bo3zaeiicTBusi nepcnektuBHbix UTB
NPOTUBHUKA OPUEHTUPOBAH HA KaHAJIbHBIA, CETEBOM M TPAHCIOPTHBIM YpPOBHHU
(GYHKIIMOHUPOBAHUSI CUCTEM CBSI3M, KOTOPBIC SIBJISIIOTCS TEXHUYECKOW OCHOBOM
MH(GOPMAIIMOHHOTO MTPOCTPAHCTBA.

Jnst Benenuss MHPOPMALMOHHOTO MPOTUBOOOPCTBa B HH(OpPMAIMOHHO-
TEXHUUYECKOU cepe Hanbosiee pa3BUTHIMA B BOCHHOM OTHOIIEHUU CTPAHAMU CO3-
JaHbl OT/AENbHBIE ToJpa3feieHus (KnOepHeTHUeCKre KOMaH0BaHUs), OCHOBHOM
LEIbI0 KOTOPBIX SIBJISIETCS KOOPAMHAUMS U KOMIUIEKCHOE NPUMEHEHHE CPEICTB
WTB npu BeneHnnr BOEHHOTO MPOTUBOOOPCTBA B MH(GOPMAIITMOHHOM MPOCTPAHCTBE
C LENhI0 JE30pTaHU3allMi CUCTEMbl BOEHHOI'O YIIpPaBIICHHsS NpPOTUBHHKA. Kpome
TOTr0, corjacHo «BcectopoHHeMy 0030py COCTOSHUS U TIEPCTIEKTUB Pa3BUTHUS BOO-
pyxennbsix cun CIIA» (2010), omHUMH U3 CEMH MPUOPUTETHBIX 00JIaCTe Ha-
y4HO-HccienoBaTenbckoil padorsl (HUP) sBistitoTcst pa3paboTku B 00JaCTAX KH-
o6eprexnonoruii u POIL IIpu stom vHa HUP MO CIIIA wuspacxomgosano B 2014 r.
oomnee 14 mupa nomn. Takum oOpa3oM, B Omkaiiiiee BpeMs ClaeayeT 0KHaaTh Io-
SIBJICHUSI HOBBIX BHJI0B M crioco0oB M'TB na CC, B TOM unciie 1 OpUEHTUPOBAHHBIX
Ha HoBbIe puHUMNIKI noaasienuss HKCC.

HUTB cpeactBaMu TEPPUTOPUAIBHO PACHPEICICHHOW PA3HOPOJHONU IPYIIIHU-
poBku POII ¢ ogHOBpeMEHHBIM BBIOOPOYHBIM MPUMEHEHHEM CPEICTB (HYHKIIHO-
HAJIBHOTO TOPAXECHHSI B paMKax €IWHOW WH(POPMAIMOHHON OIepanuy MO3BOJIUT
peanmu3oBaTh A((PEKTUBHOE MPOTHBOJACUCTBHE CETCICHTPUUECKOMY MPUHITUITY
yIpaBJICHUS.

B oredecTBeHHOI Hayke 0coOeHHOCTH Bo3aeicTBUsA cpeactB POII Ha cetu u
cucTteMbl BOeHHOU cBsi3u uccnegoanuck B PI'HUMUIL] POb O3C3 (r. Boponex),
BYHI BBC «BBA wumenun mnpod. H.E.Xykosckoro u FIO.A. I'arapuna»
(r. Boponex), BAC umenn C.M. byaennoro (r. Cankr-IletrepOypr), BKA nmenu
A.®. Moxatickoro (t. Cankr-Ilerepoypr), BMUPD umenu A.C. I[lomoa BYHI]
BM® (r. IlerponBopern), BAI'II BC P® (r. Mocksa), 4 [IHUN Muno6oponsI
(r. KO6unennswiit), 24 [THUM Mwunoboponsr (r. [letpoasoper), 27 IITHWUN Mun-
oboponbl (. Mocksa), 16 IHUM Mwuno6oponsl (r. Mocksa), 'HUMN IIT3U
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OCTIK (r. Boponex), Axagemuss ®CO (r. Open), UIIIN umenu A.A. Xapke-
Buua PAH (r. MockBa), OAO «Konuepn «Co3Be3gue»» (r. BopoHex),
OAO «Konnepn «Cucremnpom»» (1. MockBa), HUUN «Macmrtab» (r. CaHKT-
[lerepOypr), CIIMUPAH (r. Caukr-IlerepOypr), HIIO «WUmmynsc» (r. CaHKT-
[TerepOypr), OAO «HUUN «Pybun»» (r. Cankt-lIletepOypr), UBM CO PAH
(r. HoBocuobpck), [THUPTU (r. Mockga).

Tak, B paborax A.U. Ilanmusa, C.A. Bakuna, JI.A. lllycroBa, B.W. bopucosa,
I''". Ty3oBa, M.B. MakcumoBa, B.B. 3s6m0Ba, H.W. Kanamnukona, B.B. KonmbI-
koBa, JI.M. ®unka, I.H. AMuanroBa noipoOHO HCCIEA0BAIUCH BOMPOCHI MTOMEXO-
YCTOMYMBOCTH JUJISL PA3JINYHBIX KAHAJIOB PAINOCBSI3U IIPU BO3eHCTBIM cpeacTB POIL

B pa6ortax B.W. Baragumuposa, A.H. Ilyrununa, C.U. babycenko, P.A. Uep-
BuHCKoOro, B.B. Hcaesa, B.C. [lupymoBa uccieqoBaauch U3MEHEHUSI NTapaMETPOB
CUCTEM PaJMOCBS3U KaHAILHOTO ypoBHs Mojaenu DMBOC B ycrnoBusix BO3JeHCT-
Bus cpeacts POII, onenuBaercs 3¢ PeKTUBHOCTh KayecTBa (DYHKIIMOHHUPOBAHUS
CHUCTEM CBSI3U B COCTaBE CHUCTEMBI YIpaBlieHUs! Boiickamu. OJIHAKO 0COOCHHOCTHIO
JTAHHBIX pa0oT SIBISETCS PACCMOTPEHHE HEMOCPEICTBEHHO MpoIliecca MOaBICHUS
JUHUNA PaJNOCBs3M 0e3 ydeTa BO3JACHCTBUS JNECTPYKTHBHBIX (DAaKTOPOB Ha MpPO-
IIECChl KOMMYTAIIMU U MapIIpyTU3AIlMU B y3J1aX CBSA3U U CTPYKTYPY MepeaaBaeMbIX
0 CETH MH(POPMAIIMOHHBIX MOTOKOB. B TaHHBIX paboTaxX TakKe OTCYTCTBYIOT CHC-
TeMHbIE uccieaoBanus 3QphexToB BozaecTBus cpencts POII Ha ceTreBoM ypoBHE
OMBOC. He yuutsiBaiochk u BiausHuEe cpeAactB POII Ha mporeccsl mapuipyTusa-
MU B PACIpEACICHHBIX CETIX, a TAKXKE B CETAX C JUHAMUYECKU U3MEHSEMOU TO-
nosoruei. Kak mpaBuiio, He paccMaTpuBaJIUCh BOIPOCH 00eCIeUeH s 3aJJaHHOTO
KayecTBa OOCTY>KUBAHUS B PACIPEICICHHBIX CETIX, HAXOISAIIUXCS MO BO3IEHCT-
BueM cpeacts POII. B paborax B.B. AkbamieBa uccieaoBairch BOIPOCH BO3/EH-
CTBUSI CPEJCTB (PYHKIIMOHAIBHOTO TMOPAXKEHHUsS DJIEKTPOMATHUTHBIM HU3IyYEHHEM
Ha COBPEMEHHBIE TEIEKOMMYHHKAIIMOHHBIE CHCTEMBI, OJHAKO HE paccMaTpuBa-
JIUCH BOTIPOCHI BIMSIHUS JAHHBIX CPEJCTB HA CTPYKTYPY WH(POPMAIMOHHBIX MOTO-
KOB M BIUsSHUE d()(PEKTOB JAaHHOTO BO3ACHCTBHS HA (PyHKITMOHUPOBAHUE MMPOTOKO-
JIOB KaHAJIBHOTO U ceTreBoro ypoBueir OMBOC.

Heo6xonumo oTtmetuth, uTo B paboTtax A.B. borosuka, B.B. Urnarosa,
C.E. AnanypoBa,  B.K. IlonkoBa, JIL.b. borycmasckoro, JI.A. Pactpuruna,
®.A. Cxnspesuua, B.IL IllyBanoBa paccMaTpuBaJINCh BONPOCHI BIUSIHUSL BO3IEH-
CTBUS IECTPYKTUBHBIX (DaKTOPOB M AMHAMUYECKOTO M3MEHEHHUS TOIMOJOTHUU CETH
Ha MPOIIECCHI CETEBOTO YPOBHs. MI3MeHeHHEe MOTOKOB COOOIIEeHMI B y31aX HHPOP-
MallMOHHBIX CETEH B CHIIYy PEKOH(MUTypallud MapIIPYTOB COOOIIEHUI Ha CETEBOM
YPOBHE WJIM OTKa3a OTAECIbHBIX AJIEMEHTOB ceTr uccienoBanu JI.b. borycnaBckuid,
JI.A. Pactpurun, ®.A. CxisapeBud. Bornpocsl nHpopManimoHHOT0 0OMeHa B CETAX
CO CJIOHOM CTPYKTYPOU M JUHAMUYECKON TOMOJIOTHEH pacCMaTpUBAIHNCh B pado-
tax O.1O. I'pomosa, B.O. JlpaueBa, K.A. HaGarosa, O.I'. UBanoBa, A.A. Copo-
kuHa, M.}O. CamconoBa. OiHaKo B JaHHBIX paboTax HE YUUTHIBAIMCH CIICM(pUKa
CBC u 0COOCHHOCTH MOpPaXEHHUS €€ DJIEMEHTOB BO3JICHCTBUSIMH, OPHUEHTHPO-
BaHHBIMU Ha ceTeBoil ypoBeHb DMBOC. B pabotax A.B. borosuka, B.B. Urna-
toBa u B.K. IlonkoBa He paccMmaTpuBaiuch OCOOEHHOCTH MPOIECCOB MapuIpy-
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TU3alIMUU B CETSIX BOGHHOM CBSI3U C IEPEMEHHOM Tomoioruid, a B paborax C.E. Ana-
AypoBa — MOAPOOHO pacCMaTpPUBAIUCH IMPOLECCHl MapIIPYyTH3aLHUH, YACTUYHO
paccmatpuBatotest dpdekTsl oT BozaeicTBust cpeacts POII, ogHako He y4TeHO
MHOT000pa3ue 3(pPeKToB OT TAKOTO BO3ACHCTBUSA HA MapIIPYTU3ALUIO B CETH.

B nocnennee BpemMsi akTUBHO BEAYTCS MCCIEIOBaHUS B OOJACTH Pa3BUTHS
kak cpencts POII u ®II, Tak u cnoco6oB ux npumeHenus i MUTB no otHomre-
HUIO K 3JIEMEHTaM cHcTeM BOoeHHOU cBs3u. K paGotam B nmaHHOW 00nacTv CTOUT
otHect Tpyabl C.H. I'punsenra, FO.W. Crapoay6uesa, B.IO. Xpamosa, I1.11. AuTo-
HoBnya, C.C. CemenoBa, E.B.I'peunmnnkoBa, A.E. Konapateesa, B.C. Ilupy-
MoBa, B.W. Emenuna, C.1. Makapenko. Kak npasuno, UTB opueHTHpoBaHBI Ha
Jerpajauio MpoIeccoB HHHOPMAITMOHHOTO 0OMEHA B y3JlaX CBA3M, MIPEKpaIleHUe
J0CTyNa K yCayraM CBS3M M pa3pyllieHrne WH(OOPMAIMOHHBIX MOTOKOB. Takum 00-
pa3zomMm, onucaHue 3(p(EeKTOB TAKOro BO3ACHCTBUS CBSI3aHO C IMpoleccaMu odpa-
00TKM HMH(POPMALMOHHBIX MOTOKOB B Yy3JaX CBSI3U, C BOINPOCAMH H3MEHEHUS
CTPYKTYpPbl MH()OPMAIIMOHHBIX TOTOKOB, C MOSBIEHUEM CBOWCTB HECTAllMOHAPHO-
CTH M OCOOEHHOCTAMM MX JajbHelIe o0paboTku, ¢ PyHKIIMOHAIBHON U CTPYK-
TYpHOM Jerpajanuei ceTu BCIeCTBUE OTPAHUYEHHOM TOCTYITHOCTH €€ PECYPCOB.

AHanu3zy BO3MOXHOCTH KOMILIEKCHOTO Bo3zaeicTBUsa cpeactB POIl nHa
YPOBHU TPAHCIIOPTHOM MOJCUCTEMBI: (DU3UYECKOTO, KAHAIBHOTO U CETEBOI'0 YpOB-
Hel B cTpykType OMBOC nocsuieHo uccnenoBanue [40]. JlaHHOE nccnenoBaHue
onpenenstor ook CC B miaHe BO3MOXKHOCTEH alanTallud U OTpaxkaeT 3P (EeKThI
B3aMMO/JICMCTBUSI CUTHAJIOB M TToMeX (puc. 1.8).
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N3BecTHbIE MeTOoAbI NOAaBMEHNSA CBA3MN
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- CHWXEeHWe JOCTYNMHOro YacTOTHOro pecypca,

- CHWXKEHWE BEPOATHOCTM NPaBUIbHOTO 0BHAPYXeHWs curHana,
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)i - [ [ ;
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KaHanbl u ceTu - YBENUYEHVE BPEMEHMN [OCTABKMN KafpoB,

Mepenava curHanos
n cumeoros no JIPC

9
Mepenaya kagpos
BHYTPM KaHana u

pagmnocBsiaun CETV PAINOCESIAN - CHWXXEHWe BeposaTHOCTM gocTyna aboHeHToB k CPC,
MHOXXECTBEHHOro JocTyna L pan \- yBEMUYEHME COOBLLEHNIA, JOCTaBNEHHbBIX C OLIMBKaMM. )
| T
| | [ 1 [T
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i7 lMepcnekTUBHbIE MeTOALI NOAABNEHUSA CBA3M

Mepenava naketoB
no ceTsaim
paguocBsA3n n
rnobanbHbIM CeTaM
CBSI3N

CeTeBoOW ypOBEHb
CeTu pagmocsasn B
cocTaBe rnobarnbHbIx
ceTen cBA3n

- AMHaMn4ecKkoe N3MeHeHne Tonosnorn cetu,

- YMEHbLlLUEeHNne CBA3HOCTU CEeTH,

- yBenumyeHmne BepoATHOCTU OTKasa B OGCJ‘Iy)KI/IBaHVII/I aboHeHTa,
- YBENU4eHne BpemMeHn MapLipyTn3aulmm nakeTos B CETH,

J

YpPOBHM TPAHCNOPTHOM
L noacuctembl mogenu OSI| Pewiaembie yHKUMMN A dekTbl 0T BO3AENCTBUA NOMEX

Puc. 1.8 - DMBOC u 3 pexTsl OT BO3ACUCTBUS TOMEX

Crnenyer OTMETHTH, UTO B yKazaHHBIX pabotax CC dhopmanusyercs MmoiIHO-
CBSI3HBIM Tpadom, pedpa KOoToporo GopMaIn3yroT O0muUN paguoKaHal, MPeCTaB-
nsromuid cobor cBoeoOpa3HbIii mHTEp(deiic, uepes kotopsiid cpenactsa POII B3an-
MOJICHCTBYET C TPYIIIION y3JI0OB Ha JoKaabHOU obnactu [22]. [IpuHoumn uHboOpMa-
LIMOHHOTO OOMEHa, OCHOBAHHBIM Ha IIMPOKOBEHIATEIHLHON PACCHUIKE MAaKETOB B
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ceTy no oluiemMy paauokanany, npumensercss B Mesh-cetsix (IEEE 802.11s), ko-
TOpbIE MOT'YT OBbITh BHEAPEHbI B Ha3eMHbIi nojieBoil cerment OCCCH [5, 29], on-
Hako Kk TpaHcnopTHo HKCC naHHbBINM MOAX0 HEIPUMEHUM.

OneHka (GyHKIMOHMPOBaHUS METO10B Mapiupytu3au B CC B 3aBUCUMOCTH OT
npoueHTa KC, Haxoasumxcst B HEOIPEAEIEHHOM COCTOSIHUHY, a TAK)KE OT NHTEHCUBHO-
ctu moctynawmero B CC Tpaduka, kak BO3MOXKHOTO 3¢¢ekra OT BO3ICHCTBUS
cpencts POII, mpousBenena B padote [41] (pe3ynbTaThl npuBeeHbI HA puc. 1.9).
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Puc. 1.9 — Ouenka 3¢ppeKTHBHOCTH PYHKITMOHUPOBAHUS METOI0B MapIIPyTH3AIUU

Ha puc. 1.9, a npuBenen rpaduk 3aBUCUMMOCTH HMHTETPAIBHOTO KPUTEPUS
Ka4yecTBa OOCITYXKUBaHUA TOJIb3oBaTeNel ceTH (EqQos) sl TUHAMUYECKUX METO/OB
MapIIpyTU3aIuu TIPU HayalbHBIX ycloBuaX. Ilpu yBenuueHuun ciyxeOHON Ha-
rpy3ku B 10 pa3 mosiydeHbl 3aBHCUMOCTH, HM300pakeHHBbIe Ha puc. 1.9, 6. Ha
puc. 1.9, ¢ nmpuBeneHbl pe3yNbTaThl UCCIAEIOBAHUMN IS CiIydas YBEJIWYCHHS WH-
TEHCUBHOCTH MH()OPMAIMOHHBIX IIOTOKOB B 5 pa3 ¢ 10 - 10 1o 50 - 10° mak./c nmpu
MHTEHCUBHOCTU TeHepauuu ciayxeOHoi Harpysku 0,01 - 10° mak./c. Anamus pe-
3yJIbTaTOB paboThI [41] MOKa3pIBaeT, YTO yBEIMYCHUE CIY)KCOHOW HArpy3KH, CO3-
JaBaeMoi MeTonaMu Mapupytuzanuu B 10 pa3 mpUBOAHUT K CYIIECTBEHHOMY H3-
MEHEHHUIO BIUSHUS Ha UHTETPATbHYIO OIICHKY KauecTBa OOCTY>KUBAHHUS, TIPH STOM
UTPOBBIE METObI MAPIIPYTH3AIIMU TTOIBEP>KEHBI STOMY BIUSHHUIO B OOJBIIEH CTe-
MeHU. AHaTOTUYHBIN ((EKT JOoCTHTraeTCs NMPHU yBEIWYEHUHW WHTCHCUBHOCTH WH-
(bopManMOHHBIX TOTOKOB B ceTH. [Ipu 3TOM BBIBO B HEPAOOTOCTIOCOOHOE COCTOSI-
Hue 10-20 % KC cooTBeTcTBYET CHMXKEHUIO EqQos 10 0,9. Ilpu BeIBOAE U3 CTpOs
25-27 % KC, ceTb cHmWKaeT kadecTBO oOchyxuBaHusi meHee 0,8, mpuueM mpwu
JajdbHEUIIEM YBEIIMYEHUHM KOJIM4YeCcTBA HepaboTocnocoOHbIXx kaHaioB B CC
(cBeime 27 %) yxynmenue 3(QGeKTHBHOCTH (DYHKIIMOHHPOBAHUS aAITOPUTMOB
MapHIpyTH3aIlUU B CETH CTAHOBUTCS HEOOPATUMBIM.
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B Hacrosimiee Bpemst 3 dextsl oT BozaencTBua cpeacts POIl Ha ceTteBom
ypoBHe DMBOC HenocTtaToyHO M3y4yeHbl. TeM He MeHee, psij padoT, MOCBAIICH-
HBIX pa3pabotke 3nemeHToB HMA B naHHO 00s1acTH, yKa3bIBalOT HA MPUHLUIIH-
aJBbHYIO BO3MOXHOCTbH MOJIABIICHUS CETEH CBSI3U Ha ceTeBOM ypoBHe DOMBOC. Ins
pa3pabOTKU aJeKBAaTHBIX MEp MPOTUBOJAEUCTBUS YIpo3€ MOJO0OHOrO MOAABICHUS
HEOO0XO0UMO TpoaHaM3UpoBaTh (PpyHKIUKU ceTeBoro ypoBHs DOMBOC npumenu-
TEIBHO K MX MCIOJIb30BAHUIO JUJISl MOBBIIIECHUS MTOMEXO03aIUIIEHHOCTH, a, CIEI0-
BaresbHO, 1 yctoitunBoctn HKCC.

1.3.3 Ananuz HMA obecneuenusn ycmoiiuugocmu cemeil c633u Ha Cemeeom
yposne IMBOC

C poctom TpeboOBaHMII K 00ECHEUEHHIO YCTOMUMBOCTU CBSI3M, BCE OOJIbIIE
BHUMAaHUS YAENSIETCs CpeCTBaM MapuIpyTu3auu. [I[ppauHa 3TOro COCTOUT B TOM,
yro ¢yHkunonan Diff Serv, ocHoBaHHBII Ha MPUOPUTETHOW 00pabOTKE MaKETOB
Ha y3nax (mapupyTtuzatopax) CC, cnocobeH MoBbICUTh YPOBEHb KauecTBa 00CIy-
xuBaHus (QoS — Quality of Service) Ha OTIETBHBIX JIEMEHTAX CETH, B TO BpeMs
KaK MMEHHO MapUIpyTH3allMsl SBISAETCS MWHCTPYMEHTOM OOecredeHHs! TpeOyeMbIX
3HAYCHUHN KIFOUEBBIX MEXKKOHIEBBIX QoS-mokazareneir. Takum 00pa3om, TEXHO-
JIOTUW MapIIpyTHU3aIMU BBIIUIA 32 PAMKUA CPEICTB MOKMCKA JIUIIb JIOCTYIHBIX Map-
HIPYTOB B CETH; MPOTOKOJ MapHIPyTU3aLMKU B UJIeajie IOJDKEH 00ecreunBaTh pac-
YeT OJHOTO MJIM HECKOJBKUX MyTeH JOCTaBKU MAKETOB, BJOJIb KOTOPBIX OYAYT BBI-
MOJIHATHCS BCE ONMUCAHHBIE B JIOTOBOpE TPEOOBAHMS K KAaYeCTBY OOCITYKUBaHUS,
qTO sBIseTcs Gopmyoi koHueniuu QoS-mapmpyrtusamnuu [42, 43], onpenensto-
i€l HaIpaBJIE€HUE PA3BUTHUS MOJENIEH, METOMIOB, a TAKXKE, BIIOCIEIACTBHH, AJICO-
PUTMOB U IPOTOKOJIOB MaplIpyTU3AIUH.

BBuny aktyanbHocTH 3aaa4 Q0S-MapupyTHU3alUU ¢ TOYKH 3PEHUSI KaK TE€O-
pUM, TaK W TPAKTUKH YYEHBIMH U TPOU3BOJMUTEISIMU CETEBOIO0 OOOpYIOBAHMS
IPEMJIOKEH PsiJi PA3HOIJIAHOBBIX PEHICHUN, OTIWYAOIIUXCA CTEIEHBIO y4eTa CO-
ctosiHusg CC, BBIYMCIHUTENIBHOW CIIOXKHOCTBIO, YPOBHEM TapaHTHUH OTHOCUTEIBHO
KayecTBa OOCITY)KMBaHHUS, a B KOHEUHOM HTOTe, W MpPEArojaraeMoi 00JIacThiO
npuMeHeHus. TakuM 06pa3oM, HEOOXOAUMO IPOBECTH AHATU3 TEXHOJIOTHUYECKUX U
TEOPETUUECKUX PEIICHUN B 00JaCTH MapLIpyTU3allMi Ha OCHOBE KauyecTBa 00CIy-
KUBAHUS U1 CPABHEHUS MX NPEUMYIIECTB U HEJOCTAaTKOB, a TAKXKE ONPEIEICHUS
HanboJee MepCleKTUBHBIX MMyTeH MOBBIIEHUS YCTONUYNBOCTH CBSI3U.

CpenctBa MOJACPKKU KauecTBa OOCITYKUBAaHUS B COBPEMEHHBIX MPOTOKO-
JaxX MAapUIPYTU3ALMHU B MOCJIEIHEE BPEMsI IBOJIIOLMOHUPOBAIM, MPEKIE BCETO, 3a
CUeT MEepecMOTpa METPHUK, MCIOJIb3yEeMbIX NMPHU BbIOOpe MapuipyTa. Bo-mepBsix,
IIPOUCXOJIUT OTKA3 OT TOMOJOTMYECKUX METPUK — YHCJIa NEPENPUEMOB, XapaKTep-
Horo s npotokoia RIP (Routing Information Protocol), u ocymecTBusieTcs: me-
pexon Ha QOS-METpUKH, OCHOBAHHBIE HA y4€T€ OCHOBHBIX MOKa3aTeaell KayecTBa
00CITy>)KMBaHMsSI: CKOPOCTH TEpeayu, CPEAHUX 3aJep>KEK, YPOBHS MOTEPh B TPaK-
Tax nepeaadu cetd. B pesynbTaTe MapuipyThl epeAadyy NAaKeTOB TOTO MM MHOTO
Tpaduka NpokaapiBaloTcs ¢ yuetoM QoS-nokaszareneil. Bo-BTopbIX, yBeInyuBa-
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€TCSl YMCIIO TMPOTOKOJIOB, KOTOPHIE MOAACPKUBAIOT TaK Ha3blBa€Mble KOMOWHUPO-
BaHHBIC METPUKH, B paMKaX KOTOPBIX YUUTHIBAIOTCS OJHOBPEMEHHO HECKOJBKO
OCHOBHBIX QOS-1oKa3zarenen.

OnHako CyIecTBYIONIME B HACTOAIEE BPEMSI TPOTOKOJIBI HE B MOJTHOM Mepe
OTBEYAIOT TpeOOBaHUAM KoHIENUu QoS-MapuipyTH3aiuu, MOCKOIbKY B HUX 3a-
JIOK€HA MJesl MOMCKAa KpaTYaWIlero myTA B OJHOM, MYCTh JaXK€ KOMIIO3UTHOM,
MeTpHuKe 0e3 ydera JOCTUraeMbIX MPHU 3TOM 3HA4YeHMH Opyrux MmeTtpuk [44-50].
Tak, Hampumep, HecMOTpsi Ha TO, yTo B paMkax npotokojia EIGRP (Enhanced
Interior Gateway Protocol — ycoBepiIeHCTBOBAHHBIM MPOTOKOJ BHYTPEHHETO
IIUTI03a) MPU BHIOOpE MapHIpyTa MOXKET YYUTHIBATHCS MHOXECTBO IOKa3aTesen
KauecTBa 00CIy>KMBaHUS (3aJIepiKKa, 3arpy3Ka, HaJEKHOCTh, MPOMYCKHAs CIIOCO0-
HOCTh), UCIIOJIb30BaHHE KOMOUHUPOBAHHON METPUKH BOBCE HE TapaHTUPYET Hau-
nydmiero nytu. bonee Toro, 3anepxkka, ucnonsdyemasi B EIGRP, saBnsiercss anmu-
HUCTPATUBHO Ha3HAYaeMbIM IIPU HACTpOMKe mHTepdeiica mapamMeTpoM U B 001IeM
CIy4yae MOKET HE COOTBETCTBOBATh TOW BEJIMYHMHE 3aJCP)KKH, KOTOpas Ha CaMOM
Jieie UMeeT MECTO Ha JaHHOM uHTepdeiice.

Hpyroit mpo6iaemMoii, CBA3aHHON C MPUMEHEHHEM CYIIECTBYIONIUX MPOTOKO-
JIOB MapIIPyTH3AIMH, SBISICTCS HECOATaHCUPOBAHHOE HCIOJBb30BAHUE CETEBBIX
pecypcoB. B ocHOBY Hanbosiee BaKHBIX MPOTOKOJIOB MapIIPyTHU3AIUU MOJI0KECHBI
AJTOPUTMBI HAXOXJICHHs KpaTdaiiiero mytu B rpade ([eiixctpsr niu bennmana-
®dopna) [44-50], pe3yabraToM pabOThl KOTOPBIX SBISETCS OJWH, KpaTdyaWlliuid B
BBIOpAaHHOUN MeTpuKe, MyTh. [IOCKOIBKY HU B OJTHOM U3 YIOMSIHYTBIX BBIIIE MPO-
TOKOJIOB B METPHUKY HE BXOAMUT JOCTYIHas (HE 3a/eliCTBOBAHHAs) IMPOITYCKHAs
CIIOCOOHOCTh TPAKTOB Iepefauu, BCerjaa i 3aJlaHHON Tapbl ajgpecaToB B Kaye-
CTBE KpaTyaiiiiero OyaeT BBIOUPAThCS OJUH U TOT K€ MYTh, YTO B KOHEUHOM HUTOTE
NPUBOJUT K €ro Meperpyske Jake MpU HAJIMYUU CBOOOJHBIX 0OXOAHBIX MapIIpy-
TtoB. Uckmouenue coctasiser anroput™m Constrained Shortest Path First (CSPF),
npumensiembiii B cetssx MPLS TE nns pacuera mytn kommyranmu meTok (Label
Switching Path, LSP) u y4uThIBatonuii mpu 3ToM TEKYIIYIO 3arpy>KeHHOCTh TpaK-
TOB Tiepenaun U atpudyThl HOBoro LSP. IlenecooGpa3ubiM pemieHnemM B JaHHOM
CUTYallUU SIBJISIETCSI MHOTOITYTEBasi MapUIpyTU3alus ¢ OaJaHCUPOBKOM HArpy3Ku
HE TOJIbKO MEXIy MyTSIMH PaBHOM CTOMMOCTH, HO U MEXIY IyTIMH HEPaBHOU
ctoumoctu [51], KoTtopas mpucyTcTByeT Toibko B mpotokonax IGRP (Interior
Gateway Protocol — mporokon BHyTpeHHero nuio3a), EIGRP u BayTpumomenHoit
Bepcuu BGP — iBGP (Interior BGP). IIpu stom, kak mpaBuio, pydHas OaiaHCcH-
POBKa MEXIy MapuIpyTaMH C Pa3iM4YHOW CTOMMOCTBIO B paMKax JaHHBIX MPOTO-
KOJIOB TpeOyeT JOTIOTHUTEIBHBIX HACTPOEK U 3a9aCTyI0 MU HE UCIIOJIb3yeTCS.

Boluncnenue Mapuipyta B pacCMOTPEHHBIX BbIIIE MPOTOKOJAX MaplIpyTH-
3al[MU KaK BHYTPEHHUX, TaK U BHEIIHUX (MEXKCETEBBIX MM MEXKIOMEHHBIX) peau-
3yeTCsl paclpeieICHHO M B MOMEHT MOCTYIUICHHS TpapuKa B CETh, T. €. IO Tpebo-
BaHuto. OHaKo, KaKk OTMEUYaeTcss B psje padot [52-56], nmpu mepexone k QoS-
MapuIpyTHU3alMU 3aCTyKUBAIOT BHUMAHUS CIEAYIONINE MAPIIPYTHBIE KOHIEIIIHH.

Nmeetcst B BUY BO-TIIEPBBIX, KOHUEMIIHS EHTPATU30BAHHOTO BBIUMCIICHUS
myTel B paMKax MapuIpyTHU3allid OT UCTOYHUKA, KOHUEIIHS CEpBEpa MapIIpyTOB
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[57-58], BO-BTOpBIX, KOHLIENINA NpeABbrunciaenHus nyreu [57, 59-61]. Ilpu peme-
HUU 33/1a4 BHYTPEHHEH MapupyTu3aluu (YHKIMU CEpBEpa MaplIPyTOB B 3aBHU-
CUMOCTH OT CETEBOM apXUTEKTYpbl BO3JAralOTCsA Ha pPa3jIM4HbIE YCTPOMCTBA: 3jie-
MEHT BblUMCIeHUs nmytei B noMeHe MPLS [62-65]; Opokep mpomycKHOM crioco0-
HOCTU B oMeHe [P-cetu [57, 66—68] win nHOE CrelMaIu3upoOBaHHOE YCTPOUCTBO,
HarpuMep, cepBep MapupyTtusanuu s cered MPLS [58, 64] wnu ynpasnstonias
Mapuipyramu BGP-mmatdopma [67]. Hanumume equHOro 1EeHTpa ympaBieHUs B
ceTH (IOMEHE) MO3BOJISIET HE TOJBKO PEIIMTh 3ajJady MaplIpyTH3alud ONTH-
MaJbHO C TOYKH 3pPEHUsSI BCEl CETH M €€ TEeKYLIEro COCTOSHUS, HO U 00eCleyuTh
pelIeHue 3a/1ay ynpaBlIeHUs JOCTYIIOM U PE3EPBUPOBAHUS PECYPCOB, YTO HEMAJIO-
BaXXHO JJIs o0ecrieyeHus rapantupoBaHHoro QoS B nenoM. MacimradbupyemMocTs B
YCIOBUSX LIEHTPAJIM30BaHHOTO MPUHATHS perieHus cepBepoM RS obecnieunBaercs
3a cueT nmpeABbluMciIeHus nyted u miig MPLS — 3a cueT npeaBapuTenbHOro ycra-
HOBJIEHUS ITyTHU KOMMYyTauu Metok LSP [57].

[Iporokon mapmpyrusaumu PNNI, ucnonb3yembli B COCTaBE TEXHOJIOTHU
ATM, peanusyer CTpaTeruto MapupyTH3alUA «OT UCTOYHUKAY, MOAJIEPKUBaAsi KOM-
MO3UTHYIO METPUKY O KJIFOYEBBIM TOKA3aTelsiM KayecTBa OOCITYKMBaHHS, K KOTO-
pbIM, OTHOCSITCSI TIPEXKIE BCEro, JOCTYIHAsl CKOpocTh meperaun siueek (AvVCR —
Available Cell Rate); makcumanbHas 3aaepkka nepenaun siueek (MaxCTD —
Maximum Cell Transfer Delay); npouent noteps (CLR — Cell Loss Ratio) — cpeanee
KOJIMUECTBO MOTEPSHHBIX BO BpeMs mepeaun siueek; pazopoc 3aaepxku (CDV — Cell
Delay Variation); makcumansHas ckopocTh nepemaun (MaxCR — Maximum Cell
Rate) [68]. OnHako Hapsay ¢ TPaAUIIMOHHBIMH JOCTOMHCTBAMHM, C TOYKU 3PEHUS
NOJICPKKU (PYHKIIMOHATBHOCTH KadyecTBa OOCHTY>KUBAHMS, TaHHBIA MapIIpyTH3HU-
PYIOLIMI MTPOTOKOJI ABJISIETCA U CUTHAJIBHBIM MTPOTOKOJIOM, OTBEUYAIOIINM 32 yCTa-
HOBJICHHE coeIuHEeHus 1 obecriedyeHrne QoS Ha OCHOBE pe3epBUPOBAHUS PECYPCOB.
WuTerpanus B paMKax OJHOTO MPOTOKOJIA (PYHKIIMI MaplIpyTU3alliyd U CUTHAIH-
3aIMM 3aMETHO TMOBBIIIAET €r0 BO3MOXKHOCTH C TOYKHU 3peHUsl oOecreueHus Kade-
CTBa 0OCITY)KHBaHUS.

B o6nactu BHemHe# (MeXCETEBOW WIIM MEXKJIOMEHHOW) MapIIpyTH3aINU
BBIACJISIIOTCS JIBA HAIpaBJICHUS pa3BuTusA. llepBoe CBA3aHO € HCMIOJIb30BaHUEM
npoTokoJia norpannyHoro uuio3a BGP u ero QoS-pacmupenus [50, 68]. Kak u3z-
BecTHO, BGP sBnsieTcs mpoTOKOIOM MaplIpyTHU3ALUU AUCTAHIUOHHO-BEKTOPHOTO
TUIAa, B KOTOPOM pEIICHHE O HANpPaBJICHUU MPOABUKEHUS MaKeTa MPUHUMAETCS
KOKIBIM y37I0M B oTAeiabHocTH (moaxon hop-by-hop) [50-51]. OrcyrcTBue Ha
MapuIpyTU3aTope HHPOpMAIMKU O TEKYIIEM COCTOSHUU BCEH CETH HE MO3BOJISET B
ycinoBusix npuMmeHeHuss BGP mony4uTe B KOHEYHOM HUTOre MapuipyT, ONTUMallb-
HBIU C TOYKH 3pECHUS BCEU CETH.

Jpyroi moaxoa K MEKCETEBOW MaplIPyTHU3alUH 3aKII0YAECTCS B UCIIOJIb30-
BaHUW MapIIPYTHU3aIlUK OT UCTOUHHUKA [54, 65, 69]. X0Ta MapmpyTU3aius OT UcC-
TOYHUKA HMMEET CBOM CIIOXKHOCTH, CBA3aHHBIE, HalpHUMeEp, ¢ HEOOXOJIUMOCTBIO
cbopa noapoOHON MH(OpPMALUU O TOMOJOTUU CETH, UIMEHHO OHA MOTEHIHUAIBHO
crocoOHa 00ecneYnTh pacyeT TaKOoro MaplipyTa, BI0JIb KoToporo QoS-tpeboBa-
HUS TapAaHTUPOBAHHO BBINOJHAIOTCS. MacuTabOupyeMoCcTh B 3TOM Cilydyae odecne-
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YUBAETCS 3a CYET HMEPAPXUUYECKOIr0 MPEACTABICHUS TOIMOJIOTHYECKON HHOpMa-
nuu [69].

Takum 00pa3om, XOTS MapHIpyTHU3alKs NOTEHLUHUAIBHO SBISETCA OJHUM W3
HanOoJiee eMCTBEHHBIX MEXaHU3MOB B IUIAHE IPEIOCTABICHUS KauecTBa 00CHy-
KUBaHUS, HA MPAKTUKE B pPaMKax CYHIECTBYIOIIMX MPOTOKOJIOB MapUIPYyTU3ALMH
1no00HbBIe (PYHKIIMU OCTAIOTCS HEpEaIM30BaHHBIMU B MOJHOW Mepe. B nenom Ha
OCHOBAaHHUHU BBISBIICHHBIX HEJIOCTATKOB CYIIECTBYIOIIUX MPOTOKOJOB U C y4E€TOM
MEPCHEKTUBHBIX KOHIENIMI MOXXHO C(POPMYIHPOBATH TPEOOBAHUS K MPOTOKOIY
MapuipyTu3auun B coBpeMeHHbIX CC. Bo-mepBbIX, MpOTOKOJ MapLIpyTH3aluu
JOJKEH OTBeYaTh KOHIenuuu QoS-MapuipyTU3aluH, T. €. ONEPUPOBATH HE TOJIBKO
HOMHHAJIbHBIMHU, HO U JOCTYIHBIMHU CETEBBIMHU pecypcaMu, UH(OpMaIus O KOTO-
pBIX JOJKHA OOECleyuBaThCA IMYTEM MX IMOCTOSHHOIO MOHMTOPUHIA, a TaKXKe
oOecreynBaTh MapUIpPyT HE MPOCTO MUHUMAJILHOM CTOUMOCTH, & TaKOH, BAOJb KO-
TOPOTO TAPaHTUPOBAHHO BBIMOJHAIOTCS TpeOOBaHUS MPUIIOKEHUN KaK K MoKa3aTe-
JSIM CETEeBOM MPOU3BOJUTENBHOCTH, TaK U K MOKa3aTesIIM BOCIPUHHUMAEMOro Ka-
yecTBa 00CIIy)XKMBaHUsA. BO-BTOpBIX, IPOTOKOJI MaplIpyTU3aLUU JTOJKEH oOecrie-
YiBaTh COATaHCUPOBAHHOE HCIIOIB30BAHUE CETEBBIX PECYPCOB, UTO TPEOYET mepe-
X0J1a OT OJTHOMYTEBBIX K MHOTOMYTEBBIM CTpaTerusiM. B-tpeTbux, 3agaya Mapuipy-
TU3alUU JIOJDKHA PEIIaThCsl COTVIACOBAHHO (B KOMILJIEKCE) € 3a/1auaMM YIpaBICHUS
JIOCTYTIOM U pe3epBUpPOBaHuUs pecypcos [69-70].

OcHoBHoOM (yHKkumen ceteBoro ypoBHs DMBOC sBnsieTcst MapuipyTH3anus
MHPOpPMAIIMOHHBIX NakeToB. HecMoTpss Ha TO, 4TO B COBPEMEHHBIX IPOTOKOJAX
MapLIpyTH3auu OO0JIbLIIOE BHUMAaHUE YAesseTcs oOeCleYeHUI0 KayecTBa 00Ciy-
JKUBAHUs, AJITOPUTMBI, JIEXKAIIUE B UX OCHOBE, HE PACCUUTAHBI HA IICJICHAIIPABIICH-
HOE€ BHEIIIHEE JIECTPYKTUBHOE BO3/elcTBUE. MoauduKkanus anropuTMoB Mapuipy-
TU3alUU TO3BOJMUT ydecThb 3PdekT oT Bo3aeicTBus cpencts POIl Ha cereBom
ypoBHe DMBOC u tem cambiM n1oBbIcUTH ycTounBocTh HKCC.

1.4 IlocTanoBKA 32124y HCCJIe10OBAHUA

1.4.1 Boioop u obocnoeanue nokazamesnsn Kayecmea u Kpumepus peuieHus
3adauu

B cootBercTBUU ¢ neicTByomuM B Hactosiiee Bpems [OCTowm [35] moka-
3ateneM yctoitunBocTu CC sBisieTcst 3HaueHne BeposiTHOCTU CBsi3HOCTH NHC P,
o, KOTOPbIM TOHUMAETCSI BEPOATHOCTh TOrO, YTO HA 3aJaHHOM HAaIlpaBJICHUU
CYIIIECTBYET XOTs OBl OJIUH ITYTh, IO KOTOPOMY BO3MOXKHA Tepeaada HHPOpMaIHH
¢ TpebyembiM kadecTBOM (QoS) u 00beMoM:

Pes=P(kqos =1 | {Ok} € {Opes}), (1.1)

rne koos — KOaMuecTBO paboTocnocoOHbIX myTel Ha 3amanHoM WHC, obecneun-
BAOINX 3aJlaHHOE KadyecTBO obOcmyxkuBaHus QoS; Oy — Ka4ecTBO 00CITyKHBaHUS,
obecneunBaeMoe myTsamMu (mytem) Ha 3aaHHOM MHC; Qrpes — TpeOyemblil ypoBEHB
KadecTBa 00CITyKUBaHMUSI.
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Kak moka3zano panee, yCTOMYHMBOCTh TPAHCHOPTHOM HAa3€MHO-KOCMHUYECKOU
cetu OCCCH xapaktepu3yercsi BEpOSITHOCTHIO CBOEBPEMEHHOM JIOCTABKM MAKETA.
B cBs3u ¢ aTuM, B pabotax [71, 72] mpoBelieH aHAIU3 METOAUK pacueTa 3TOro Imo-
kazatens s TpaHcnopTHbeIX CC, OCyIIECTBISAIOMMX Nepenadyy HH(pOpMaluoH-
HOro Tpaduka B COOTBETCTBUU ¢ TexHoiorued ATM, u npensoxkeHo cienyrouee
AQHAJIMTUYECKOE BBIPAYKEHHUE:

Pcz[ =P, npKrP B

C.

T <T™ (1.2)

JI0CT JIOCT 9

rae Py — BEpOATHOCTh 0€301IMO0YHOM JOCTABKH MakeTa; Pe; — BEPOSATHOCTH CBSI3-
Hoctu UHC; Kr — xoapdunuent roroBHoctn MHC; 77 — 3amaHHOe 3HaYeHUE

nocr
MaKCUMaJIbHOTO BPEMEHHU JIOCTaBKH TaKeTa.

BepositHocTh 6€301mMO04YHONM J0CTaBKU makera Pp, ompenensercs crnocoo-
HOCTBIO TPUMEHSIEMON CUCTEMBI MOMEXOYCTOMYMBOIO KOJIWPOBAHUSI OOHAPYKU-
BaTh W UCIPABISITH OIMIMOKH, BO3ZHUKAIOIIUE MPU MpUeMe UHPOPMAIITMOHHOTO Ta-
kera. B pamkax moHorpaduu cieinaHo JOMYIIEHUE O TOM, YTO OIIMOKH, BO3HU-
KaroIue MpHu MpueMe makera, OyAayT oOHApY>KUBATHCS U HCIPABIISITBCSA C TTOMO-
b0 CUCTEMBI IOMEX0YCTOMUMBOI0 KOJIUPOBAHUS B MOJHOM 00beMe, T.€. Prp= 1.

B cootBerctBUM c BbipaxkenueM (1.2) BepoatHocTh cBsisHOCTH MHC Py
CIIYXKUT IS ONUCAaHUS CIIOCOOHOCTH CTPYKTYphl cetr CC obecneyuTh CBSI3HOCTH
rpada, ee popManu3yoIIero, B YCIOBUAX UCKIIOUCHHUS OTISIBHBIX pedep (rmoaas-
nenust ornenbHbiXx KC) mim BepuiuH (MpuBeieHHe B HEPAOOTOCIIOCOOHOE COCTOSI-
HUE y370B cBs3M) [36]. Kpome Toro, 3HaueHue BepositHocTU cBsizHOCTH MHC Py
3aBucut ot tuna MHC, nmoctpoenHoro B CC ucnonab3yeMbIM MPOTOKOJIOM Map-
mpyTtu3anuu. Tak, B cnydae ecniu MHC npencrasnser coboil mocienoBaTeIbHOE
coeMHeHue 35eMeHToB (puc. 1.10), To, mpuUMeHsIs U3BECTHBIE BHIPAKEHUS U3 TEO-
pUU HaAEKHOCTH, MOITYy4YUM BepOosATHOCTh CBA3ZHOCTH MHC P 1, ¢ y4eTOM BEPOSIT-
HOCTHU pabOTOCTIOCOOHOTO COCTOSIHUS OTAEIBHBIX 3JIEMEHTOB Ppag 5nv [73]:

PCBI :HPpaGan‘v' (13)
v=l

[Tox amemMeHTOM COeAMHEHUS TOHUMACTCS KaHAJl UITH Y3€JI CBSI3HM, UMEIOIIHI
COOCTBEHHBIC 3HAYCHHUS YCTOMYMBOCTH K BO3JCHCTBHIO BHEIIHUX M BHYTPEHHHUX
JI®, ompenenseMpIx IMOKa3aTelieM BEPOSTHOCTH PabOTOCTIOCOOHOTO COCTOSHHUS
Ppa6. 51 v B COOTBETCTBHM C METOANKOM [36].

Bls.onv :(I_PHTBV)(I_PPBHV)(I_P@HV)(I_ onw), (1.4)

rae Purs; — BeposITHOCTh oTka3a 3nemeHToB MHC BcnenacTBue mHGOpPMaIMOHHO-
texHuueckux BoznaeictBuit (MUTB) [74]; Pponi — BEpOATHOCTh OTKa3a BCIICICTBUE
BosneiicTBusa cpencts POIl kommuectBa KC B MHC Gombiiero, 1ubo paBHOTO Be-
muanHe pebepHoit cBsizHOCTH Tpada, dhopmammsyromero MHC; Porn; — BeposT-
HOCTh (pu3nuecKkoro mopaxeHus y3ioB cBs3u MHC Gonbiiero, mubo paBHOTO Be-
JUYWHE BEPIIMHHOU CBA3HOCTH Tpada, popmanmsyromero MHC; Py ; — BeposT-
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HOCTh oTka3a 3neMeHToB MHC Benmencrue Bo3nerictBus BHyTpeHHUX Jd u ecre-
CTBEHHBIX IIPOLIECCOB HAJEKHOCTH.

Ppa6 a1 2 pa6 .4
pa6 o 1 pa6 1. 3 pa6 L 5

Puc. 1.10 — MHC c nmocnenoBaTeIbHBEIM COETMHEHNEM DJIEMEHTOB

B ciry4ae HE3aBUCUMOCTH 3JIEMEHTOB U BO3MOXKHOCTU OCYILECTBIIATh PE3€Ep-
BupoBanue nyreil, UHC umeer Bun, npeacrasieHHslii Ha puc. 1.11.

P P, on. 14
pab. s 12 pab. a1
Ppa6. o 13 P

Ppa6. o 11 pab. sm. 15

I)pa 1. j2
F’pdﬁ oL j3

P ija6 o J(z,-1)

Ppaﬁ o J2 P
pab. o J3

P

pab.om. J1

pab.on. J(z,-2) pab.om. J z,

Puc. 1.11 — MHC ¢ napajuienbHO-M0CI€I0BATENbHBIM COSTMHEHUEM JIEMEHTOB

B caydae nezaBucumocTu snementoB nyteil B MHC u oTcyTcTBUUM nepece-
YEHUI, TPUMEHSSI U3BECTHBIE BBIPAXKEHUS U3 TEOPUHU HAJAECKHOCTH, IMOJTYUYUM CyM-
MAapHYIO BEpOSATHOCTh CBSAZHOCTH I Takoh cTpyKTypbl MHC Py o [73]:

J
2:1_H H pab.smv |° (15)
J-

B ciydae cMemiaHHOM CTPYKTYpbl MyTEH, B TOM YHCJIE NP HAUIMYUU UX T1€-
pecedeHui, MOJy4YUM CTPYKTypy, HpeACTaBlIeHHYIO Ha puc. 1.12. Jlnga Takoit
cTpyKTyphl yTeit B coctaBe MHC npumensietrcs ero pazoueHue Ha OTAeIbHBIE TO-
CJIeIOBAaTEIHbHO OOBEIMHEHHBIE 00JACTH, C MOCICIYIONINM BBIUYMCICHUEM BEPOST-
HOCTH CBSI3HOCTHU Py CHauaja BHYTpH Takou oOiacTH, 3ateM B 1ieiom 3a MHC.

Ha npaxtuke Bua, npeactaBieHHbiid Ha puc. 1.12, umetor UHC, ucnons3ye-
Mmbie potokoigamu PNNI B cetsix MPLS (ATM, ASON, IP-MPLS), pa3outsix Ha
MHOXECTBO JIOMEHOB MapuipyTu3anuu. [Ipu 3Tom Kaxkaas 001acTh COOTBETCTBYET
OTJIEJIBHOMY JJOMEHY, a MaplIpyTU3aTOPhI, B KOTOPBIX MEPECEKAIOTCA MYTH, COOT-
BETCTBYIOT TPAaHUYHBIM MaplipyTuzaTtopaMm. JlONMOJHUTENbHBIE MYTH B KaXKIOM
JIOMEHE JJ1 cXeM coeauHeHni Ha puc. 1.11 u 1.12 coOTBETCTBYIOT NpUHILUITY pe-
3epBupoBaHus coequuennit 1+1 unum 1:1 [75].
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Ppaﬁ. 9. 252 Ppné.an. 2j(z;-1)

})pa6. am 21 pab.om. 2,3

P

PpaG. 1. 12 pab.on. ijP H Ppa(,v o1 2(z;-1)

‘! P pa.on. 2,73 Broson 2z, -2)

Rx\(’). on. 2 jz;

R B

P

: P .
P pag.an. 1J(z,-1) pab. 1. 2J(z,-1)

pag.on. 172
PpaG.an. 1J3

Puc. 1.12 — MHC co cMmemanHOM CTPYKTYpOUr

Ha ocHOBe M3BECTHBIX BBIPAKEHUN M3 TCOPUM HAJIEKHOCTU C YUETOM BhIpa-
xenud (1.4) u (1.5) monyduM CyMMapHYIO BEpPOSTHOCTb CBSI3HOCTU JJIsI TaKOM
ctpykTypbl UHC Py 3:

d J[

Zj d-1
PCB3:H I_H I_H%adanv .lt‘l[[;)adsm.v’ (16)

i=1 j=1

r7ie TIepBas 4acTh MPOU3BEIICHUS ONPEIECACT BEPOSTHOCTh CBA3HOCTH JIOMEHOB, a
BTOpasi — BEPOSITHOCTh CBA3HOCTH TPAHUYHBIX MaIlIPyTHU3aTOPOB.

CylleCTBEHHYIO POJIb B ONPEACICHUN BEPOSTHOCTH CBOCBPEMEHHOM IOC-
TaBKU TakeTa Pcjy urparoT BpeMeHHble napaMmetpbl (yHkimoHnupoBanus MHC u
€ro peakiluu Ha OTKa3 3JIEMEHTOB, ompejeisseMbie KO3(h(HUIIMEHTOM TOTOBHOCTH
HNHC Kr. Beipaxenne mis koddduimenta roroeaoctd MHC nomkHO onpenensTh
HE TOJIbKO J0JII0 BpeMeHHn paborocnocoOHoro cocrosauss MHC mpu oTkaze ero
OT/EJBHBIX 3JIEMEHTOB C YY€TOM BPEMEHU Ha BOCCTAHOBJICHHE 3JIEMEHTOB, HO U
BpEMs PEAKLMM MPOTOKOJIA CUTHAIM3AIMU Ha TMAarHOCTHUKY OTKa3a U BOCCTAHOB-
JeHre CcBs3u (Uiu pekoHdurypamuio). Kpome toro, ajisi COBpeMEHHBIX MPOTOKO-
JIOB MapuIpyTu3anuu camo noHsatue otkaza KC HECKOJbKO OTIUYAECTCS OT MpPUHSI-
Toro. [IpoToKoNbl pearupyroT HEe TOJBKO Ha MOJHYIO YyTepro paboTOCIIOCOOHOCTH
3JIEMEHTOM, HO U Ha YaCTUYHOE MOHMWKEHUE €ro XapaKTEPUCTHUK, MPUBOJSIICE K

IIPEBBIIICHUIO BPEMEHH JOCTaBKH MMaKeTa 3aJaHHOTO 3HaueHus T2 . Takum oOpa-

noct
30M, ocobeHHoctu ¢yHkmonupoBanus CC Ha cereBom ypoBHe OMBOC mpu
MapHIpyTH3aIUK HHOOPMAITMOHHBIX TIOTOKOB MPOSIBISIIOTCS B (POpME 3aBUCUMOCTH
3Hauenus ko3 dunuenta roropHoctd MHC Kr 0T BpeMeHHBIX HHTEPBAJIOB CUTHA-
JU3alliy U BpEMEHHBIX MapaMeTpoB oTka3oB KC:

Ky = F(T s Toer Tor Tore ) » (1.7)

Mard > = 0K > 7 pek > o

rae Tom ke — cpeanee Bpemsi padoTel Mexy oTkazaMu KC, Tyyars — BpEMs AUArHO-
ctuku otkaza MHC; Tox — Bpems oxxunanus BoccraHoBieHUs CBsi3u B UHC, Tpex —
BpeMst pexkoHurypanuu nyteit B MHC.

Bepb6anbHo 3amaua uccnenoBanusi GOpMyIUPYETCsS KaK MOBBIIMICHHE YCTOM-
YUBOCTU TpaHCHOPTHOW HazeMHO-kocMmudeckor cetn OCCCH mo nokazatento Be-
POSITHOCTH CBOEBPEMEHHOU JOCTaBke makeTa Pcy 3a cueT pazpaborku HMA map-
mIpyTU3aud MH(OOPMALMOHHBIX MMOTOKOB, MO3BOJSIONIMX MOBBICUTH KOAhPUIU-
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entT roroBHoctu MHC. B marematuyeckom Buje 3aada GopManu3yeTcs: ciaeaylo-
UM 00pa3om.

JlaHo:

PCI[ = PnpKFP<:B Tz[oc1‘ S T;[f)f:ll‘ ’

P K
E, =| =22 -1 |x100% =| —=—1|x100%,
CIl Krl

KF = F(];uarﬂ’z-:)m’z;ex’TOTK KC)’

P =097 =3c.
Haiitu:

Py > PE|T* <3c.
(T;lHarH’T:»K’Y;eK) ’ s (18)

Ey — max

rae Pcj — BEPOSITHOCTh CBOEBPEMEHHOM JOCTAaBKHU MAKETA; Trocr — MAKCUMAIIBHOE
BpeMs JOCTaBKM makera; 7. — 3aJlaHHOE€ 3HAYEHUE MaKCHMaJIbHOTO BPEMEHH

oot
JIOCTaBKM TakeTa; Pcyi1 — BEPOSITHOCTh CBOEBPEMEHHOM JOCTABKH MakeTa 0e3 Hc-
MOJIb30BaHMs Pa3pabOTaHHBIX ANTOPUTMOB; Pcji2 — BEPOATHOCTh CBOEBPEMEHHOM
JIOCTAaBKH TaKeTa C MUCIOJIb30BAaHUEM pPa3pabOTAHHBIX AITOPUTMOB; Pc; — BEpOAT-
HocTh cBA3HocTH UHC; Py, — BepossTHOCTH Oe30111M004HOI focTaBKU nakeTa; Kr —
koadunnent roropaoct MHC; Kr | — xoaddurment roroBaoctn UHC 6e3 uc-
MOJIb30BaHMS pa3padOTaHHBIX ANTOPUTMOB; K 2 — Koaddunment roroBuoctd MHC
C HCIIOJIb30BaHUEM pa3pabOTaHHBIX ANTOPUTMOB; Ey — mokazaTenb 3()(PeKTUBHO-
CTH WCIIOJIb30BaHUS Pa3pabOTaHHBIX aITOPUTMOB; 1o kCc — CPEAHEE BPEMS MEXKITY
otkazaMu KC; Tyars — BpeMs auarHoctuku otkaza MHC; Tox — BpeMs OXUgaHUS
BocctaHoBieHus cBsA3u B MHC; Tpex — BpeMs pexoHpurypauuu nyreit B UHC.

ITokazarenb 3¢(HEKTUBHOCTH HCIIOIB30BaHUS pa3paOOTaHHBIX AJTOPUTMOB
Ey otpaxaet nmpupoct 3HaueHus kodpouiment rorouoctu MHC Kr BenencrBue
UCIIOJIb30BaHMs pa3paboTaHHbIX dneMeHToB HMA wmapmpyTtuzanuu uHbOopMaliu-
OHHBIX MTOTOKOB.

1.4.2 Pamku uccneoosanuii

1. HazeMHO-KOCMHUYECKAs] CETh CBSI3M — TPAHCIOPTHAsI HA3€MHO-KOCMUYE-
ckas cetb OCCCH B cocrtaBe 3-x LICCC u 4-x KAC na I'CO, coenmHEHHBIX C T10-
MOIIBbIO MEKCITYTHUKOBBIX JTuHUM cBsi3u (MJIC) (puc. 1.2).

2. Ypoenb OMBOC, Ha KOoTOpOM paccMaTtpuBaeTcs (PYHKIHOHUPOBAHHE
TpaHcnopTHOU HazeMHo-kocmuyeckoit cetu OCCCH — ceTeBoi.

3. OrpanuyeHusi MO0 TEXHOJIOTHU CBSI3M — ACUHXPOHHAs Tepeada JaHHBIX B
COOTBETCTBUHM C TexHOJIorhuern ATM.
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4. OrpaHuyeHus 1Mo paccCMaTpUBaEMOMY MPOTOKOIY MaplIpyTHU3aIlUUd — IIPO-
TOoK0J PNNI.

5. OrpaHuyeHus MO PacCMATPUBAEMOMY MPOTOKOJY CUTHAIM3ALUKU — MPO-
toxoxa Hello.

BbiBOABI 110 EPBOMY pa3esry

1. B pamkax coznaBaemoii B HacTosiee Bpemss OCCCH Benetcst pazpadoTka
K3, cocrosimero u3z opbutansHoi rpynnupoBkd KAC U 3eMHBIX CTaHLUNA, KOTO-
past M0 CBOMM BO3MOXKHOCTSAIM M XapaKTEPHUCTHKAM JOJKHA COOTBETCTBOBATH CO-
BPEMEHHBIM TPeOOBaHUSAM 10 CBOEBPEMEHHOCTH, YCTOMUMBOCTU U O€30MTaCHOCTH.
[Tpu aToM KAC na I'CO O6ynyT HHTErpupOBaHbl B COCTAB TPAHCIIOPTHONW HA3E€MHO-
kocmuueckoit cetu OCCCH, u npu nepenaue napopmaiionHoro tpaduka oyaer
UCIIOJIb30BaThCsl TEXHOJIOTUS NakeTHOU nepenayn gaHHbix ATM. Takum o6paszom,
aKTyaJbHBIM SIBJISIETCS MCCJIEIOBAaHUE BOIMPOCOB YCTOWYMBOCTH MEPCHEKTHBHOMN
TpaHCIIOPTHOW HazemMHO-KocMuueckol cetn OCCCH, mocTpoeHHON Ha OCHOBE
texHosioruu ATM, k Bozaeicteuto @, Baustomum Ha CBC.

2. B cuny cBoux crnenu@puueckux OCOOEHHOCTEH TpaHCHOPTHAas Ha3eMHO-
kocmuueckas cetb OCCCH ysi3BuMa k Bo3aelicteuto cpencts POIL, kotopsie B Ha-
CTOfIEEe BpeMs aKTUBHO Pa3BUBAIOTCA, NMPU ITOM BO3ICHCTBUIO OYyAYyT MOABEP-
ratbest kKak KAC, tak u LICCC. IlepcnektuBHbie cpeactBa POIl OynyT akTUBHO
UCIIOJIB30BaTh CTPYKTYpHBIC (MMHUTAIIMOHHBIE) W JE3WH(MOPMUPYIOIIHE TTOMEXH,
3h}exThl OT BO3ACHCTBUS KOTOPBIX MPOSBISIOTCS HE TOJBKO Ha (DU3UYECKOM U
KaHaJIbHOM, HO U Ha ceTeBoM ypoBHe DMBOC.

3. CnocoOsl U cpeAcTBa OOECMedYeHUs] MOMEXO3AIUIIEHHOCTH CBSI3U B
TpaHcnopTHOM HazeMHo-kocMmuueckoit cetu OCCCH opuenTupoBanbsl Ha pusnye-
ckuii (ITITPY, cucrema aBTOMAaTHYECKOTO PETYJIMPOBAHUS BBIXOJHON MOIITHOCTH
NepelaTiuKoOB) W KaHaJIbHBIA (ITOMEXOYCTOMYMBOE KOJIWPOBAHUE) YpPOBHHU
OMBOC, B TO Bpemsi Kak Ha CETEBOM YpPOBHE, B JIOCTaTOYHO OTJAJIECHHOM mep-
CIIEKTUBE, MPEAIOJAraeTcs JIMIIb OPraHU3alusl aBTOMAaTHYECKON MOBTOPHOU Ie-
penayu makeToB B Cllydae MX Motepu. Bmecrte ¢ TeM, HalMyue CUCTEMbl MOHUTO-
pUHTa CUTHAJIBHO-TIOMEXOBOM 0OCTAaHOBKH, CO3/1aBa€MOM IS MOBBIICHUS dhPek-
TUBHOCTH paboThl cuctembl [IITPY, nemaer Bo3MOXKHBIM pa3pabOTKy KOMILIEKCa
CPEICTB MMOMEX03amuThl cereBoro ypoas SMBOC, nns GyHKIMOHUPOBAHUS KO-
TOPBIX MOTYT UCIIOJIb30BaThCA IAaHHBIE 3TOI0 MOHUTOPHUHTA.

4. IloHsiTHE YCTOMYMBOCTHU CBSI3M UM METOJIbl €€ OLEHUBAHUS OMPEHEISIIOTCS
COOTBETCTBYIOIIMMU PYKOBOJSIIIIMMU JOKyMEHTaMU. B ycloBHUSIX, KOT/la BO3/EH-
ctBue BHyTpeHHHX @, Bnustomux Ha HagexHocTh CC, B I0OCTaTOYHOU Mepe
dbopManmu3oBaHO, a BEPOSTHOCTh BO3ACHCTBUS OpPYX HUS NMPOTHBHHKA Ha HWH()pa-
CTPYKTYPY TpaHCIOpTHON HazeMHO-KocMmudeckoit cetn OCCCH (CBOWCTBO XKUBY-
4EeCTH) HAMHOTO HIDKE, HEXKEIIn BEPOSITHOCTh Bo3ekcTBus cpencts POII, ocobyro
BXXHOCTH JyIsi ToBbIieHus1 ycToiunBocTd HKCC, kak KOMIUIEKCHOTO CBOMCTBA,
MPUOOPETAET MOBHIIIICHUE TTOMEXO03aITUIIIEHHOCTH.

5. B Hacrosmee BpeMst 3pdekTsl oT Bo3aekcTBus cpeacts POII Ha ceTeBoM
ypoBHe OMBOC HenmocTtaTtouHO M3y4deHbl. TemM He MeHee, psll padoT, MOCBSAIICH-
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HBIX pa3pabotke 3nemeHToB HMA B naHHOI 00s1acTH, yKa3bIBalOT HA MPHUHIIMIIH-
aJBbHYIO BO3MOXHOCTbh MOJIABJICHUS CETEH CBSI3U Ha ceTeBOM ypoBHEe DOMBOC. Ins
pa3pabOTKH aJeKBAaTHBIX MEp MPOTUBOJAEUCTBUSA YIpo3€ MOJOOHOIO IMOAABICHUS
HEO0O0X0UMO TpoaHaIu3upoBaTh (PpyHKUKU cereBoro ypoHs OMBOC npumeHu-
TEJIBHO K UX UCIIOJB30BAHUIO IS MOBBILIEHUS TOMEXO3AIIUIIIEHHOCTH, a CIIE0Ba-
TenbHO, U ycronunoctn HKCC.

6. OcHoBHOI QyHkUen cereBoro ypoBHs DMBOC sBusieTcss MmapuipyTusa-
1y MHGOPMAIMOHHBIX MakeToB. HecMoTps Ha TO, YTO COBpEMEHHBIE MPOTOKOJIBI
MapuIpyTH3aLUU COAEPKAT MHOKECTBO Pa3IMYHBIX MEXaHU3MOB 00€CIIeUeHUs Ka-
yecTBa 00CTyKUBaHUS, aITOPUTMBI, JIEKAIlle B UX OCHOBE, HE PACCUMUTAHbI Ha I1€-
JICHANPaBJICHHOE BHEILIHEE JECTPYKTUBHOE Bo3aeicTBUe. Monudukanus airo-
PUTMOB MapUIPYTU3ALMH MO3BOJIUT ydecTh 3pdekT oT Bo3aeicTBusa cpeacts POII
Ha cereBoM ypoBHE DMBOC u Tem cambim noBbicuTh ycTonunBocth HKCC.

7. IlpoBenena popmanuzanus penraeMoi 3aJja4u MOBbIIIIEHHUE YCTOHYMBOCTH
TpaHCIIOPTHOM HazeMHO-KocMuueckoil cetn OCCCH no nmokaszaTesnto BEpOSITHOCTH
CBOEBpPEMEHHOM JocTaBke maketa Pcy 3a cuer pa3padbotkn HMA mapupyTtuzanuu
MH(POPMAIIMOHHBIX MTOTOKOB, MO3BOJIAIOIINX MOBBICUTH KOA(PPUIMEHT TOTOBHOCTH
HNHC. Kputepuem pelieHrs MOCTaBIEHHONW HAy4YHOMW 3a/auu sBisieTcst oOecreye-
HUE (PYHKIIMOHMPOBAHUS AJTOPUTMOB MApPUIPYTHU3ALUU U CUTHAJIU3ALMKU C 000C-
HOBAaHHBIMHM BPEMEHHBIMHU NapaMeTpaMy JUArHOCTHUKH OTKa30B B KaHalaX CBSI3H
HKCC B uHTepecax HOCTHKEHHMS 3HAUCHHUS BEPOSITHOCTU CBOEBPEMEHHOM J10C-

TaBKU Takera Pcjy He MeHee 3amanHoro Fi' =0,9(T,0" =3¢, Ipu MakCUMaJbHO

J0CT

BO3MO>XHOM 3HAUYCHHHU I10KA3aTCJIA 3(1)(1)€KTI/IBHOCTI/I HCIIOJIB30BaHUA pa3pa60TaH-
HBIX aJITOPUTMOB CUTHAJIU3AllUH U MaplIpyTU3alTuH Ey.
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2 PABPABOTKA MOJIEJIEN Y AJITOPUTMOB MAPIIPYTU3ALIUA
B HKCC

2.1 O0ocHoBanue HanpaBjeHuil nopbimeHuss ycroimuupoctu HKCC
Ha ceteBoM ypoBHe IMBOC B yciioBusix Bo3aeiicreus cpeacts PIII

Kak noka3zan ananu3, mpoBeeHHBIN B M. 1.2, B HacTosIIE€e BpEMSI OTCYTCT-
ByloT 3neMeHTel HMA, mno3Bossitomue oueHuBaTh 3()QPEKT OT BO3AEHCTBUS
cpeactB POII Ha cereBoM ypoBHe DMBOC. JlanHOE 00CTOSATEIHLCTBO 00YyCIIaBIU-
BaeT HEOOXOAMMOCTh (OpMajM3alMi 3aBUCUMOCTU IOKa3aTesled (yHKUIMOHUPO-
BaHusi cereBoro ypoBHs OMBOC ot Tex mnoka3zateneid (PU3NYECKOTO YpOBHS
OMBOC, u3MeHeHne KOTOPBIX SABISIETCS CIAEACTBUEM BO3AEHCTBUS cpeacTtB POIL
Hcnonp3oBanue 3TUX 3aBUCUMOCTEN TIPU MOJU(PUKAIIMKN aITOPUTMOB MapIIpyTH-
3aIuu TO3BOJUT ydecTh dhdektT oT BozneiicTBus cpencts POIl Ha dusmyeckuit
ypoBeHnb OMBOC na cereBom ypoBHe DMBOC.

Beuny Toro, uto HKCC OyneT ucnoiab30BaTh pecypc KOCMUUECKOTO JIIIe-
nona OCCCH, B xoTopom mnepenadya MHOOPMAIIMOHHBIX MOTOKOB BEAETCS IO
texHojioruu ATM, UMEHHO NaHHAs TEXHOJOTHS W OyJIeT paccMaTpuBaThCS B
TaJdbpHEUIIEM.

ITpouiecc mapuipytuzanuu B TexHoJaorun ATM 10CTaTOuHO MOJHO OMKCAH B
pabotax [76, 77]. OcobenHocThio TexHOTOTUH ATM sBAsSIETCS TO, YTO MPOTOKOJI
mapuipytuzaiuu PNNI BbIoNHSIET HE TOIBKO (PYHKIIUIO MOUCKA KpaTUyalIIuX my-
TEll Ha ATale YCTAaHOBJEHUS COEAUHEHHM MEXAY HMCTOYHUKOM M MOJIydaTesieM
JTaHHBIX, HO U BbIsBIeHHE 0TKa30B KC ceTu Ha sTame cOOCTBEHHO Mepeaayun 3THX
JAHHBIX MyTEM NEPUOJUYECKOTO OOMEHA CIYKEOHBIMH IMaKeTaMH MEX]y COCE]l-
HUMU KomMMyTaTtopamu. [Ipu moucke kpatyamux nyrer B mpotokose PNNI npu-
MEHSIETCS aNropuT™M JIeWKCTphl, B TO BpeMsl KaK MOPSIOK OOMEHa CIy>KEOHBIMU
naketamu onpenaenseTcs nmpotokosoM Hello. O6o061menHas cxemMa MapipyTH3aIuu
B TexHosorun ATM nipencrasieHa Ha puc. 2.1.

Takum 00pa3zom, MOKHO BBIIEITUTH JIBA OCHOBHBIX HAINPABIIEHUS COBEPIIECH-
CTBOBAaHUS MEXAHU3MOB MapuipyTu3auuu B npotokone PNNI 1 nmoseienus yc-
toitunBoctu HKCC Ha ocHoBe TexHoimoruu ATM B yclOBHSIX BO3ACHCTBUSA
cpeacts POII:

— monudukanus anroputma J{eiKcTpsr;

— Monu(UKaIMs anropuT™Ma, JIEKaIero B OCHOBE MPOTOKOJIa OOMeHa Ciy-
xebnpiMu naketamu Hello.

Anroput™ [ledKcTpsl, npeaioxeHHbid B 1959 r. [78], cuntaerca oqHuUM U3
HanOosee dQGEeKTUBHBIX ANTOPUTMOB PEIICHUS 3a/aud MOWCKA KpaT4auimx my-
Teil. [Ipu ocyniecTBIEHNN TOUCKA KaXKIOMY peOpy MPUCBAUBAETCS ONpPEAECICHHBIN
Bec, cooTBeTcTBYrOmMi Metpuke KC, dbopmanuzyeMoro um, 3HadyeHHUE KOTOPOU
paccuuThIBaeTCs NpoTOKojIoM Mapuipytuzauuu. [lopsgok pacuera metpuku KC B
texHonornu ATM npusenex B 1. 2.2.
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Puc. 2.1 — OGoOuieHHas cxema MapuipyTu3anuu B Texnonoru ATM

[Ipu onucanum anropuTMa BBEJICHBI CIEAYIONNE 0003HAUCHNUS :

G(U, V) —rpad cetu;

n — KOJIMYECTBO BEPIIUH B rpade;

i=1,...,nj=1, ..., n— IEepeMEHHbIE, CAHETUUKHN BEPLINH;

U\ — HauasibHasi BEPIINHA;

V(U;, U;j) — Bec pebpa, COEIUHSIONIETO i-10 U j-I0 BEPILUHBI,

d; — pacctosaus ot Bepiunbl U; 10 Bepusbl U, ;

{ — IepeMeHHas1, ONpPEAEAIONIas MOCIEIHIO TOMEUEHHYIO BEPIIHHY;

P — MHOX€CTBO TOMEUYEHHBIX BEPILWH;

D={d;},i=1, ..., n — MHOXECTBO PacCTOSIHMI O MOMEUEHHbIX BEPIINH OT
Ha4yaJlbHOI BEPIINHBI.

Ilar 1. [lepen HayaaoM BBINIOJHEHUSI AJICOPUTMA BCE BEPLIMHBI U IYT'H HE
nomedeHbl. Kaxx0il BeplIMHE B XOJE BBINOJIHEHUS AJITOpPUTMa MPUCBAUBACTCS
4HCIIO d;, paBHOE JIJTMHE KpaTyaiiiiero myTu u3 BepiuHsl U; B BepmnHy U;, BKITIO-

YaIoIIero TOJIHKO MoMeUeHHbIe BepiuHbl. [lonoxute di =0u d;, =, i =2, ..., n.
ITomeTuts Bepmmny U; 1 nosioxurs ¢ = Uj.
Ilar 2. J{ns kaxaoil HermoMeueHHo# BepuiuHbl U, i = 2, ..., n CICAYIOUIUM
00pa3oM mepecunTaTh BEIUIUHY d ;,
di=min {d,;, d,+ Wt U))}, (2.1)

rae (¢, U;) — Bec pebpa, COeAUHSIONIETO MOCIEeIHIO U3 TTOMEUYCHHBIX BEPIIUH { U
HEMOMEYEHHYI0 BepnnHy U,

Ecnu d;= oo nna Bcex HEMOMEUEHHBIX BepmnH U;, 3aKOHUHUTH MPOLEAYPY
aNrOpUTMa: B UCXOJAHOM Tpade OTCYTCTBYIOT MYTH U3 BepimnHbI U B HETIOMEUYEH-
HbIC BEpPIIWHBL. B MPOTHBHOM Ciydae MOMETUTH Ty U3 BepMH U;, s KOTOPOU
BeJIMUMHA d; ABJsieTcs HauMeHnblinei. [lonoxuts ¢ = U,.
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1

BBoJ HaYAJIBLHbBIX IAHHBIX:

rpad cetu - G(U, V);

KOJINYECTBO BEpIINH B rpade — n;

MepeMeHHbIe, CUSTYNKH BepuuH: i =1, ..., n; j=1, ..., n;
HavanbHas BepiuHa - Uy;

Bec pebpa, COeTMHAIONIETO i-10 M j-10 Bepumnsl, - V(U;, U));
d; - paccrostHEs 0T BepiuuHbl U 10 BepimuHsl U ;

t - HepeMeHHasl, OLPE/IEISIFOLIAst OCIEIHIOK [IOMEUCHHYIO

BEPILHUHY.
y

Zﬁneueﬂue Heo0X0JMMBIX MHOKECTB M ONpe/esieHHe HAYAJIbHBIX 3HAYEHHI
9JIeMEHTOB MHOKeCTB

P - MHO)KECTBO TOMEUYEHHBIX BEPILHH;

L={l;},i=1, ..., n - MHOXECTBO CMEXHbIX IOMEUEHHBIX BEPIIUH, /= U; — nomeueHHas

BEpLINHA, Yepe3 KOTOPYIO JOCTUIHYTa BepiinHa U; , 10 OKOHYaHUH PabOThI alropuT™Ma

COJZIEPKUT KpaTyaiiliie MyTH K KaXJ0H BeplInHe;

D={d;},i=1, ..., n - MHOXXECTBO PaCCTOSHHI 0 TIOMEYCHHBIX BEPIINH OT HAYAIBHOI

BEPIIMHBI,

OHpCI[BJ'IBHPIC HavaJbHBIX 3HAYEHWH MHOKECTB:
D={g}; R={o}; L={0}; Z={0};P={0}; C={0}; W={o}; S={0}

v

4.
|_ Onpenenenne U kak nociaenHeil moMe4eHHOU BepiuuHbL: 1=U, |

; v

3aiaHKe pacCTOSHHIA 10 BCEX BEPIIHH: d; =0, i = 2...n |

v

6.
|_ TTometka Bepumnst Uy: Uy € P |

— 3.

[ 1

Ectp
HeT HETOMEUYCHHbIC BEPUINHBI:

U, ¢ P
Ul —

A
| 8. Onpenesenne |
| Jlns Beex BEpUIHH, |

HETNIOMEYCHHBIX BEPUINH: JAOCTHIaeMbIX
yepe3 |
I VU |U, ¢ P noMedeHHbIe |
| * BEPUINHEL |
| - |
I Br160p MHHEMaIBHOTO PACCTOSHHSA
110 Bepumusl U |
| d;=min {d;, d,+ V1, U)} |
I |
X | OnpejesieHne MOMeYeHHON BEPUINHBI N

| | H MOHCK KPaT4aiiliero myTx
— 11.
I TIpucoenue Bepunne U; ¢ MEHEMAIbHBIM

TEKYIIUM BECOM 3HAUCHUEC nocnem—[eﬁ TIOMEYEHHOM:
t=i | d;=min {d}

— 12. *

I

I

I

I

I

, I
Buecenne Bepumnst: U|d =min {d ;} I
I

I

I

I

I

10. Tocturuytst
BCE BEPIINHEI

VU, |d(U;) %%

HET

B MHOXXECTBO TIOMeUeHHBIX BepuinH P: P =P U U;

I
I
I
I
13.
['pad cern sBsterTcst | 14 *
|
I
I

HECBASHBIM. Buecenne paccrosuus ot BepunHel Uy 10
Jo MHOXecTBa BepIUNH BepIIMHBI U; B MHOXECTBO pacCTOsHUM D:
{Ud(U)=o0} D=DUd,
myTeil ot BepmuHBl U, - HET =
—_—————____—_—————— =
»
>
15. A

BoiBoz 1151 BceX HOMEUEHHBIX BEpLINH Kpa’maﬁmnx pacc’rom—mﬁ J10 HUX M UX BECOB U3 MHOXKeCTB D 1 L

v
( KOHEIL D)
Puc. 2.2 — Anroput™m JlelKcTphl
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Ilar 3. Eciiu He BBITIOJTHAETCS YCIOBHE:

U ¢P

1

i=1n ’
TO 3aKOHYMUTH NPOLEAYPY; KpaTUanllMii IIyTh U3 BeplunHbl U B BepiuuHbl U; Hall-
NeHbl. B MpOTUBHOM ciiydae nmepenTy K mary 2.

CrenyeT OTMETUTBH, UTO KaXKAbIM pa3, KOrJa IOMEYaeTcs HEKOTOopas BeEp-
muHa (He cuuTas BepuuHbl U)), moMedaeTcs pedpo, SBISIONIEECs BXOIAIIUM B
JaHHYIO BeplIMHy. Takum oOpa3om, Ha JI00OM 3Tame aaropuTMa B KaXkIyr Bep-
HMIMHY 3aXOJUT He Oosiee 4eM OJIHO momeueHHoe pedpo. CienoBaTebHO, MOXKHO
clenaTh BBIBOJ O TOM, YTO MOMEUEHHBIE peOpa 00pa3yrT B UCXOAHOM Tpade je-
pPeBO € KOpHEM B BepuinHe Uj, Ha3pIBaeMOE J1€pEeBOM KpaTUyalIlInX IyTEH.

EnuncrBennsiii myTh OT BepuiuHbl U; 10 mo0o# BepuuHbl U;, mpuHaie-
Kalen 1epeBy KpaTyalllux MyTeH, sIBIIETCS KpaTYaMIINM IIyTeM MEXIy yKa3aH-
HbIMU BEPLIMHAMH.

Ecnn kpatyanmemy nmytu u3 BepmuHbl U; B BepuimHy U; B aepeBe Kpart-
Yalmx MyTel IPUHAJJIEKUT BEPIIUHA £, TO YaCTh 3TOrO MyTH, 3aKJIFOUEHHAs Me-
xay U; U 1, aBisercss KpaTyaullUM IIyTEM MEXJy 3TUMHU BeplInHaMu. [lelicTBu-
TEJNBbHO, eciiu Obl Mexay BepmnmHamu U; U ¢ cyniecTBoBai 0osee KOPOTKUM IMyTh,
TO YIOMSIHYTBIM BBIIIE MyTh MEXAy BepmnHamu U; u U; He Mor Obl ObITh Kpat-
yaitiimum. [lockonbKy Ha Bcex stamax anroputma JleMKkcTpbl moMeueHHble pedpa
00pa3yioT B UCXOJHOM rpade IepeBo, allrOPUTM MOKHO paccMaTpuBaTh Kak Mpo-
LHeaypy HapalluBaHUs JiepeBa ¢ KopHeM B BepumnHe U;. Korma B aToi mpouenype
HapallMBaHMUs HE OCTAETCS HETIOMEUYEHHBIX BEPIIWH, MPOLEIypa MOXKET OBITh OC-
TaHOBJICHA.

Oco0GeHHocThI0 aropuT™Ma JIeMKCTpHI ABIISIETCS TO, UTO MOMEYEHHBIE pedpa
HE MOTYT 00pa3oBaTh B UCXOAHOM Tpade IUKI, TaK KaK B aJlfOPUTME HE MOMKET
NIOMeuYaTbCs pedpo, KOHIIEBBIE BEPIIMHBI KOTOPOTO YK€ MmomedeHbl. [Ipumenu-
TEIBHO K MOUCKY KpaT4alIINX MyTed MpH MapLUIPyTHU3aLHUHA 3TO 03HAYAET, YTO pe-
3epBUPOBAHUE KpATYAHIIETr0 MyTH MOKET OBITh OCYIIECTBICHO TOJIBKO TMPH TO-
BTOPHOM MPUMEHEHHH anropuTma J{elkcTpbl Ha rpade, popMaInu3yroneM UcCXoI-
HYIO CeTb, MPU yJaJeHUU pedep, BXOIANIUX B OMPENEICHHBIA 10 TOro KpaTdai-
muil myTh. Hampumep, Takoi BapuaHT paccMoTpeH B pabdote [6].

[Tpunamun padotel nmpotokona Hello mpenycMmarpuBaeT HaxoXIeHHE KOMMY-
tatopa ATM B 0HOM M3 YeThIpeX cocTossHuM (puc. 2.3).

B paGoTocniocOOHOM COCTOSSHHHM COCEIHHE KOMMYTAaTOPhl OOMEHHMBAIOTCS
ciyxeOnpiMu naketamu Hello ¢ mepuogndHOCTRIO, OnpenensieMoil BpeMeHEM Tu-
arHocThKU 0TKa3a MHC (Tyuars). IIpu oTkaze KC kommyTaTtop mepexoauT B Co-
CTOSIHME OTKa3a, OJHAKO YCTAHOBUTH 3TOT OTKAa3 MOXET JUIIb Ojarogaps TOMY,
gT0 BpeMsi quarHoctuku otkaza MHC Tjyars UCTEKIIO, a comyxeOnbiii nakeT Hello ot
COCeHEro KoMMyTaTopa He moctynui. Bo3aMmoxeH kpaTkoBpemeHHbI 0Tka3 KC,
MpU KOTOPOM 32 BpeMs Tuarn KC ycrieBaeT u oTKa3aTh, U BOCCTAHOBHUThCS. B ciy-
qae, eClIM MoJA00HOE BOCCTAHOBJIEHHE HE IPOU30LUIO, KOMMYTATOP MEPEXOAUT B
COCTOSIHUE OXHUJAaHMsI, B KOTOPOM IIPOJOJIKAET Nepeaady nH(popManuu U ciryxeo-
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HeIX makeToB Hello B pacdere, 4To mpowm3olia moTepsi CaMoOro CIIy)KeOHOTO Tia-
KeTa B pab0TOCIIOCOOHOM KaHajie CBsI3U (JI0KHBINM OTKA3).

PaboTocnocobHoe

CocTosiHue oTKa3a
CcOoCTOsiIHUe &%

T

T. Tp.marH

auars =
Cnyx. nakeTbl Cnyx. nakeTbl

o J J
1T <

CocTosiHne oxunaaHn
%

CnyX. nakeTbl

% UHd. nakeTbl ;@
. J \ J

Puc. 2.3 — BosmoxHble cocTosiHUA KommyTatopa ATM

CocTtosiHue
pekoHdurypaumm

T AT

B coctosiHuM 0XugaHus KOMMYTATOP HAXOAUTCS B TCUCHUE BPEMEHH OXKHJ1a-
Hust BocctaHoByieHus cBsizu B MHC (7o), mocie yero audo mocTynaeT CiayKeOHbIN
nakeT Hello, u ocymectBisieTcsi nmepexox B pabOTOCTIOCOOHOE COCTOSTHHE, OO
npuHuMaeTcs pemenue 06 otkaze KC, 1 koMmmyTaTop epexoquT B COCTOSHUE pe-
KoHuryparuu. B cocrtossHuM pekoH(puUrypanum, IISIIerocs B T€UEHUE BPEMEHH
pexoHpurypaumu nyreid B MUHC (7pe), Ipekpalaercs: oTnpaBka HHPOPMALIMOHHBIX
naketoB 1o oTkazasmeMy KC, npousBonutcs yBepomienue o6 orkaze KC y3na, oT-
BETCTBEHHOTO 32 U3MEHEHHE KOH(MUTYpaAIUK MyTeH, MOMCK HOBBIX MyTel U OOHOB-
JIeHUE TaOJMIbI MapIIPYTU3ALlUY, a TAKKE TIEPEKIIOUYEHNE Ha 3TH HOBbBIE ITyTH, TO-
CJIE Yero KOMMYTATOp MEPEXOAUT B pabOTOCMOCOOHOE COCTOSHUE M HAYMHAET OT-
paBKy WH(GOPMAIIMOHHBIX TTAKETOB COTJIaCHO OOHOBJIEHHOM TaOJIHIIE MapIIPyTH3a-
muu. Bpems pexondurypauuu nyreir B UHC 3aBUCHT Tpex, TJIaBHBIM 00pa3oM, OT
Mmaciiraba cetu. BpeMeHnHble HHTEpBaJIbl TMAarHOCTUKUA M OKUJAHUS ONPENEISIOTCS
koHpuryparueit mporokona Hello. ITo ymonganuio nmporokoa PNNI ycranaBnuiBaer
CJIEYIOIINE BPEMEHHBIE MHTEPBAJIbl CUTHAM3AIMU: 1 arn = 15 C, Tox= 75 C.

B pabotax [79—84] nmpou3BOAMIOCH UCCIIEIOBAHUE BIUSHUS JITTUTEIHHOCTH
BPEMEHM TMarHOCTUKHU HA Pa3iIMUHbIEC apaMeTphbl CETEBOr0 YPOBHA. AHAIU3 ATUX
paboT mokasai, uyTo yBenuueHue BpeMern auarHoctuku otkaza MHC Tyyars MO3BO-
JSIeT CHU3UTh HHTEHCUBHOCTH CIyKeOHOro Tpaduka (puc. 2.4), HO, BMECTE C TEM,
YBEIIMYEHUE JAHHOTO MHTEpBaia MPUBOJUT K POCTY YHCIIA MOTEPSIHHBIX 3asBOK Ha
oOcmykuBanue (puc. 2.5) ¥ CHUKEHUIO CTETICHH aJ€KBATHOCTU TAaOJIHUI] MapIIpy-
Tu3auu (puc. 2.6), KoTopas OnpeeseTcsl OTHOIIEHUEM KOJIMYECTBa MapIIpyTOB,
Ha MOMEHT OOpalleHus UMEIOIUX METPUKY, COBHAAAIOLIYI0 C METPUKOM, 3amlu-
CaHHOM B MapuIpyTHOM TaOuIlle, K KOJUYECTBY YCTapEBIIMX BCJIEACTBUE OTKa3a
KC mapuipyros.
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Takum 00pa3oM, OJJHUM U HamOOJiee MEPCIEKTUBHBIX HAMPaBICHUU MOAU-
dukammu anropurTMma, Jexamero B ocHoBe mportokona Hello, sBnsercs 3amanue
TaKUX 3HAYEHHUU BPEMEHU TUATHOCTUKU 1 yary M BPEMEHH OXKUAAHUS 1y, KOTOPBIE
Ob1 obecrieunm HeoOxoaumoe 3HaueHne koddduimenta roroBHoctn MHC Kt ¢
Y4€TOM BPEMEHHBIX MmapameTpoB BozaeicTBus cpeactB POII na KC u, B cooTBeT-
cTBUU C BbIpaxkeHueM (1.8), Tpedyemoe 3HAUYECHHE BEPOSTHOCTH CBOCBPEMEHHOM
JNIOCTaBKHU nakeTa Pc.
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2.2 Moaeas pynkuuonnposanusa ATM-mapmpyrusaropa npu M3MeHEHUH
METPUKH KaHAJIOB CBA3M BCJIeACTBHE Bo3AelcTBUA cpeacTs PIII

Jlnst obecrieueHrs BHICOKOM MOMEXOYCTOMYMBOCTH COBPEMEHHBIX PaJHOKa-
HAJIOB CBSI3U UCIOJB3YIOTCS CUTHANIBI C PA3JIMYHBIMUA BUJAMHU MO YJISIIIUU U TTIOME-
XOYCTOHYUBOT'O KOJIUPOBAHUS C TIEPEMEHHOM CKOPOCTHIO, CXEMbI IPUMEHEHUS KO-
TOPBIX AJANTUPYIOTCS K CUTHAJIBHO-TIOMEXOBOW OOCTAaHOBKE B MHTEpPECax JIOCTHU-
KEHUSI MaKCUMaJIbHOW OUTOBOM CKOPOCTH NEpe/ayd B TEKYIIUX yclIoBUAX. Bme-
cTe ¢ TeMm, B paborax [85—87] mokazaHo, 4To BapbUpoBaHUE d(PPEKTUBHON OUTO-
BOM MPOIYCKHOM CIMOCOOHOCTH OTACIBHBIX KaHAJIOB CBSI3M HETaTUBHO BIIUSET Ha
(G yHKIIMOHUPOBaHUE TTPOTOKOJIOB MapIIpyTU3allUU CETEBOro ypoBHs. Takoe Hera-
TUBHOE BIIUSIHUE OOYCJIOBJICHO YKECTKOM pEeakiuei MPOTOKOJIOB MaplIpyTH3AINU
Ha U3MEHEHHWE METPUKHU OTJICJIbHBIX KaHAJIOB CBsI3U B cocTaBe ceTu. [Ipu oOHapy-
KEHUU TaKOTO M3MEHEHHUs MPOTOKOJ MapHIpyTHU3aIlMU MPEKpaIlaeT nepenady uH-
dbopmaruu, OMoBeIIaeT CMEXKHbIC MapIIPYTU3aTOPbl 00 U3MEHEHUU METPUKU OT-
JIebHBIX KaHAJIOB B CETH U MEPECUUTHIBAET TOMOJIOTHIO CETU B COOTBETCTBHUH C
HOBOM MeTpuKol kaHana. Kak mokaszano B m. 1.2.1, TpaHcniopTHAasE Ha3eMHO-KOCMH-
yeckast cetb OCCCH Oyner moaBep:keHa BO3JACHCTBUIO pa3nuHbIX cpeacTB POII,
OJIHAKO B YCJIOBHUSIX allpUOPHON HEW3BECTHOCTH KOHKPETHOTO BUA M MHTCHCUBHO-
CTH TIOMeX HEOOXOIMMO OTPEACIIUTh HAUXYAIINA BO3MOXHBIN BapUAHT CUTHAIBHO-
nomMexoBoi 00cTaHoBKU. C 3TOH 1ENbI0 HEOOXOIUMO MTPOBECTH aHAIN3 OPTaHHU30-
BaHHBIX PAUOTIOMEX, KOTOPHIE MOTYT OBITh UCIIOJIb30BAHBI MPOTUBHUKOM.

Jlist co3manus OpraHU30BaHHBIX PAJHONIOMEX MPUMEHSIOTCS CIEeIHaIbHbIE
CpeIICTBA M YCTPOMCTBA (CTAHIIUU U MEPEAATYUKH PAIUOTIOMEX, TUTOJIbHbBIE, YTOJI-
KOBBIE U JIMH30BBIE OTpa)kaTenu, paanoiokanuonusie 1 MK-noBymku u np.). Cos-
JaHUE TOMEX BO3MOXKHO TaKKe MpeHaMEpPEHHBIM BO3JCHCTBHEM Ha Cpeay pac-
NPOCTPAHEHHS SJEKTPOMATHUTHBIX BOJIH, NPUHUMAEMBIX PaTUO3IEKTPOHHBIMU
cpeactBamu (POC). B pesynbrate BO31€CTBUS HA CPEAY MOTYT BO3HUKATh UCKYC-
CTBEHHBIC JIOKAIbHBIC WJIU MPOTSIKEHHBIE 00pa3oBaHUs (HANpUMeEp, UCKYCCTBEH-
HbI€ MOHU3UPOBAHHBIE 00JaCTH B aTMocdepe), mapaMeTpbl KOTOPBIX OTIUYAIOTCA
OT MapaMeTPOB OKPYKAIOIIEH Cpellbl paclpOCTPAHEHUS SJIEKTPOMATHUTHOTO H3-
Jy4EHUs OT UICTOYHUKA K MPUEMHOMY YCTPOUCTBY [88, 89].

OpraHu3oBaHHBIC PAANOIIOMEXH MOXKHO Kiaccupuuuponath [89] mo:

— cnoco0y hopMUpOBaHUS;

— KOHEYHOMY pe3ynbTaty (3ddexry) Bozaeiicteus Ha POC;

— COOTHOUIEHHUIO IIUPUHBI CIIEKTPa MOMEXOBOI'0 CUTHAJA U MOJIOCHI IPOITyC-
KaHus nojasirsieMoro kaHajia POC;

— KJIaccaM M Ha3Ha4YeHUIo mojaBiasteMeIx POC;

— croco0am co3JaHus U T.1I.

B 3aBucumoctu ot cnocoba gopmupoBaHusi (00OpazoBaHMs) OpraHU30BaH-
HbIE PaIUOTIOMEXH MOT'YT OBITH [89]:

— aKTUBHBIMU;

— MACCUBHBIMU;

— KOMOMHHPOBAHHBIMU (AKTUBHO-TIACCUBHBIMHU).
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AKTHUBHBIC OpTraHM30BaHHBIC PAJUONOMEXHM CO3JAIOTCS CIEIUATbHBIMU TIe-
peAaTYMKaMH WIH CTAaHIUSAMHU PaAUONOMEX, U3TyYarolUMU TTOMEXOBBIE CUTHABI
TOM WJIA UHOU CTPYKTYPBI.

[To ctpyktype (3aKOHY M3MEHEHHsI MapaMeTpPOB BO BPEMEHH) MOMEXOBbIC
CUTHaJIbI MOTYT OBITh [89]:

— JETEPMUHUPOBAHHBIMU (HECTYYaHHBIMU) WU CITy4YalHBIMU,

— HEeTMPEPHIBHBIMU UJIU UMITYIbCHBIMU;

— HEMOJyJIUPOBAHHBIMU WJIM MOJYIUPOBAHHBIMU.

JleTepMUHUPOBAHHBIC TTOMEXOBBIE CUTHAJIBI — CUTHAJIBI, OMMCHIBAEMBIE OIpe-
JIeNICHHOM (PyHKIIMEH BpeMEHH. DTO, HapUMEP, HEMPEPHIBHBIE HEMOYJIMPOBAHHBIC
BBICOKOYACTOTHBIE CHHYCOUJIATbHbBIC KOJEOaHUs, HEMPEPhIBHbIE CUHYCOUJIAIbHbBIC
KoJ1e0aHMs1, MOYJIUPOBAHHBIE 10 aMILTUTY 1€ CHHYCOUIaJIbHBIM KOJIeOaHUEeM.

CrnyyaiiHble MTOMEXOBBIC CHUTHAJbl — CUTHAJBI, MapaMeTpbl KOTOPBIX (WU
XOTsI OBl OJIMH U3 MapaMETPOB) U3MEHSIOTCSI BO BPEMEHH CITy4aiiHbIM 00pa3oM, T.e.
SIBJISIIOTCS CIIy4alHbIMM (DYHKIIUSAMHU BpeMmeHHu. [IpuMepoM cityaT 1IyMOBBIE IO-
MEXOBBIC CUTHAJIBI.

HenpepbiBHBIE TTOMEXOBBIE CUTHAJBI — 3TO BBICOKOYACTOTHBIE JACTEPMHUHU-
POBaHHBIE WJIU CITyYaiiHbIe KoJIeOaHUsI, HEPEPHIBHO U3MEHSIONTHNECS BO BPEMECHH.

NMmynibCcHBIE TTOMEXOBBIE CUTHAJIBI MPEJCTABIISIOT COOOM MPEPHIBUCTHIE BO
BPEMEHH MOCIIEI0BATEIHOCTU BHICOKOUACTOTHBIX KOJICOaHUH.

[TapaMeTpbl HenmpepbIBHBIX (aMIUIUTYAa, YacToTa, (paza) W HMITYJIBCHBIX
(amIuIMTYyMa, JUIMTEIBHOCTh HMITYJIBCOB, BPEMEHHOE IOJIO0KEHHUE OTHOCUTEIIBHO
UMITYJIbCOB TOJIE3HBIX CUTHAJIOB) MOTYT U3MEHATHCS MPEJIHAMEPEHHO BO BPEMEHU
0 JAETEPMUHUPOBAHHOMY WJIM CIy4ailHOMY 3aKOHY B COOTBETCTBHUU C 3aKOHOM
M3MEHEHHMsI TTapaMeTPOB MOYJIUPYIOIIETO Koyebanus. B aToM ciiyyae momexoBbie
CUTHaJIbl HA3bIBAIOT MOYJIUPOBAHHBIMU.

HenpepbiBHBIE MOIYJIMPOBAHHBIE TIOMEXOBBIE CUTHAJIBI B 3aBUCUMOCTH OT
MOJYJIMPYEMOTO MapaMeTpa MOApa3/esaioT Ha aMIUTUTYIHO-, YaCTOTHO- U (a3o-
MOAYJIUPOBAaHHbIE CUTHAIBL. VIMIyJIbCHBIE MOMEXOBBIE CUTHANbBI, TapaMETPhbl KO-
TOPBIX M3MEHSIOTCS BO BPEMEHHM MO CIy4alHOMY 3aKOHY, Ha3bIBAlOT XaOTH4E-
CKMMU UMITYJIbCHBIMU TIOMEXOBBIMU CUTHAJIAMH.

Bre16op cTpykTypsl TOMEX0BOTO curHana (mpu (GOpMHUPOBaHUH B IepeaaT-
YUKaX WU CTAHLUMIX MOMEX IMpu opranuzauuu POII) mpoTUBHHKOM OCYIIECTBIIS-
€TCSl B 3aBUCUMOCTH OT CTPYKTYpPbl TOCTPOECHUSI IPUEMHOI'O YCTPOMCTBA U CTPYK-
TYpBI TOJIE3HOTO cUTrHaia mnojasisemoro POC, ot tpebyemoro (3amaHHOTro) 3(h-
¢dexTa BO3IEMCTBUS TOMEXOBOTO CHUTHaNA (MTOJABJICHHUE MOJE3HOTO CUTHAIA, Mac-
KHPOBKA IMOJIE3HOT'0 CUTHAJIa UM €r0 UMUTALUS U JIp.).

AKTHUBHBIE PaJUOTIOMEXH UCTIOJIB3YIOTCS A nojasienus POC.

[laccuBHBIE OpraHM30BAaHHBIE PAAMONOMEXH BO3HHMKAIOT BCJEJICTBUE OTpayKe-
HUsl (paccesiHus) JIEKTPOMArHuTHOW »Hepruu, uznydaeMoil POC, oT MCKycCTBEHHO
(MpeTHaMEePEeHHO) CO3/IaBaeMbIX 00pa30BaHMil (001aKOB WIIM TPOTSKEHHBIX TIOJIOC JTU-
MOJIBHBIX OTpakaTesiel, YrOJIKOBBIX WM JIMH30BBIX OTpaXkaTeseu, a3po3oiei u ap.).
[TomexoBbI CUTHAJI, BO3HUKAIOIIWNA 32 CYET OTPAXKECHHMSI, YAl BCETO SIBIISIETCS CITy-
YaiiHbIM. Tak, Npu OTpayKEHUH OT 00JIaKa AMIOJIbHBIX OTpaXkaTeNell pe3yIbTUP YoM
MOMEXOBBIN CHTHAJI, BO3JIEMCTBYIOIMI Ha monasisiemoe POC, mpeacrapnsier co0oit
CYMMY 3JIEMEHTAPHBIX CUTHAJIOB, OTPAXKEHHBIX KAXKbIM U3 JTUIOJIEH NCKYCCTBEHHOIO
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00pa3oBaHusl, MONABIIMM B TOJI€ 3pEHHS JUarpaMMbl HAIpaBIEHHOCTH aHTEHHBI IO-
nasisieMoro POC. Bo Bcex mpakTUYECKU BO3MOXKHBIX CUTYaIUsIX UCKYCCTBEHHOE 00-
pa3oBaHUE B LEJIOM U KaKAbI OTpaXkaTelb B OTAEIBHOCTU MEPEMEILAOTCs ClIydai-
HBbIM 00Pa30M OTHOCHUTENBHO JIPYT Apyra. 3a c4eT U3MEHEHUs MPOCTPAHCTBEHHOI'O MO-
JIO’KEHUS aMIUTUTY/IbI, (Da3bl U 4aCTOTHI (JOTUIEPOBCKUE MPUPALICHHS YACTOT) IEMEH-
TapHBIX CUTHAJIOB U3MEHSIOTCSI BO BPEMEHHU M0 CilydyailHOMY 3akoHy. Ciy4yaiiHbiM Oy-
JET U pe3yJIbTUPYIOIIMIA TOMEXOBBIN CUTHAJI, BO3AeHcTBYromMiA Ha POC.

CrtpykTypa (mapameTpbl) MOMEXOBOIO CUT'HaJIa, BO3JIEUCTBYIOIIETO HA IO-
nasisiembie POC, Oyner onpenenstbest CTpYKTypoit nosiesHoro curtana POC, B3a-
MMHBIM MPOCTPAHCTBEHHBIM MOJIOKEHHEM noaasisiemoro POC, konnyecTBOM 3e-
MEHTapHbIX OTpakaTeJsiel, MOMaBLIUX B M0JIE€ 3pEHHUs TUarpaMMbl HAITPaBICHHOCTH
aHTeHHbI noaasisiemoro POC [89].

[laccuBHbBIE pagMONOMEXH MPUMEHSIOTCS JUIsl TOJABIEHUs pajuo- U OI-
TUKO-JIOKAIIMOHHBIX cpeacTB. [Ipu co3aHuM MacCUBHBIX PaJMONOMEX MOTYT pe-
IaThCS 3a7]a4¥ MACKUPOBKHU WJIM UMUTAIIUN CUTHAJIOB.

KomOunupoBaHHble (aKTUBHO-TIACCUBHBIC) OPTraHU30BAHHBIE PATUOTIOMEXU
00pa3yloTcs 3a CYET OTpa)KeHUs (paccesHus) JIEKTPOMArHUTHOW SHEPrUH, U3Jy-
YaeMoOM CTaHIIMEH paJroloMeXx B HANpPaBICHUH MCKYCCTBEHHOTO HWJIM €CTECTBEH-
HOT'O 00pa3oBaHUs.

CrpykTypa MOMeX0BOIr0 CUTHajia, BO3JAEHCTBYOMIEr0 Ha noaasusemoe POC,
OTIpeJIENISIETCSl B 3TOM CIIy4yae CTPYKTYpPOMl MOMEXOBOIO CHrHaja CTaHIUU MOMEX,
napaMeTpaMy OTpa)karollero oopa3oBaHus, B3AUMHBIM MMPOCTPAHCTBEHHBIM T0JI0-
KEHUEM HCTOYHUKA OOJIydeHHs (CTaHIIMM MOMeX), 00JlydaeMoro oopa3oBaHUsS U
noaasisieMoro POC, cKOpOCThIO U3MEHEHUSI B3aMMHOI'O IPOCTPAHCTBEHHOIO IO-
JIO’KEHUA U IPYTrUMH (aKTopamu.

B 3aBUCUMOCTH OT KOHEUHOTO pe3yJibTara Bo3aeicTBusi Ha POC akTUBHBIE U
NaCCUBHbBIC PAIMOTIOMEXH pa3neisitores [89] Ha:

— MacKUpPYIOIIHE;

— UMUTHPYIOLIHE.

Mackupymoiue paguornoMexu (MacKHpYyIOIIMe TOMEXOBbIE CUTHAJIBI) CO3AI0T
Ha BXOJIe MPUEMHOT0 ycTpoicTBa nojaniusgemoro POC memaromuii ¢hoH (B H0MOTHE-
HHE K (hoHY, 00pa30BaHHOMY BHYTPEHHUMH IIIyMaMH MPUEMHHKA), KOTOPBIA UCKITIO-
YaeT WIM 3aTPyAHSET MOydeHue mosne3Hod uHpopmanuu. CTpyKTypa pe3ysbTH-
PYIOILIETO CUTHaja, AEMCTBYIONIEro Ha BXxojie npueMHuka POC, MOXeT B 3HAUUTEb-
HOM CTENEHU OTIIMYAThCS OT CTPYKTYPhl IPUHUMAEMOTO MTOJIE3HOTO CUTHAJIA.

MackupoBaHuE MOXKET OCYIIECTBIATHCS:

— [0 MapaMeTpaM MOJEe3HOr0 CHUrHajla (aMIUIUTYJE, HECyIled 4acToTe,
daze, ciekTpy);

— 0 TIapaMeTpaM MECTOTOJIOKEHHS JTUCIOIUPYEMOT0 00BbeKTa (YrIIOBBHIM
KOOpJIMHATaM, JTaJIbHOCTH );

— 10 pajuajbHON CKOPOCTHU JABUXKEHUS (IOIMJIEPOBCKOMY MPHUPAIICHUIO Yac-
TOTBI CUTHAJA) U T. [I.

B pesynbpTate MackupoBaHUs YXYIIIAIOTCS XapaKTEPUCTUKH OOHAPYKEHHS
(cHMXKaETCs BEPOATHOCTHh MPABUIBHOIO OOHAPYKEHHSI WM MOBBIIIAETCS BEPOSIT-
HOCTb JIO)KHOW TPEBOTH), YXYAIIAKOTCS pas3pellaras crnocOOHOCTh U TOYHOCTh
OmpeJieNICHHs] TapaMeTPOB MOJIOKEHUS AUCIOLUPYEMbIX O0BEKTOB, 3aTPYAHSAETCS
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BBIJICJICHUE TIepeJaBaeMbIX COOOIIEHUN (KOMaHa) B JUHUAX PAJAUOCBSI3U U Tele-
yOpaBJeHUs, YBEJIMUYMUBAIOTCS OIIMOKU OMpPEACNICHUS] MapaMeTpOB CUTHAJIOB pas-
BenbiBaeMbiX POC, BHOCATCS OMMOKU WM MPOUCXOJUT CPHIB aBTOMATUYECKOTO
COMPOBOXKICHHUSI 11eJIH (110 HAMPABICHUIO, JaTbHOCTH, CKOPOCTH).

O} hHeKTUBHOCTh MACKUPYIOUIUX PATUONIOMEX 3aBUCUT OT YaCTOTHOM U Bpe-
MEHHOU CTPYKTYPhl MOMEXOBOI'O M TOJIE3HOT'O CUTHAJIOB U MX SHEPreTUYECKOTO
COOTHOIIIEHUA Ha BXOJE NpueMHukKa nojasusiemoro POC [89].

B kauecTBe aKTHBHBIX MAaCKUPYIOIIUX PAAUOIIOMEX HCIOIB3YIOTCS MPEUMY-
IIIECTBEHHO HETPEPHIBHBIC IIYMOBBIC CUTHAJBI. [lacCUBHBIE MAaCKUPYIOIIUE paiio-
MMOMEXH CO3/IaI0TCSl UCKYCCTBEHHBIMU 00pa30BaHUSIMU OOJIBIIION MPOTIKEHHOCTH.

Nmutupyromye paauornoMexyu BHOCST JIOKHYI0 HHGOPMAIUIO TP TIpUEeMeE U
o0paboTke curHanoB, npuHuMaeMbix POC. 3HaueHuss mapaMeTpoB HUMHUTHPYIO-
IIETO MOMEXOBOI'0 CUTHAJIA (TMOJIsIpU3alis, HeCyIlas 4acToTa aMILTATYIbI, BUJ MO-
TyJAIUA U Ap.) OOBIYHO OJIM3KM K 3HAYEHUSM IMapaMeTpPOB TMOJIE3HBIX CHUTHAJIOB,
ucrnonb3dyeMbix B POC nns nmonydenus nosie3Hod mHdopmanuu. mutupyroiue
PaIMOTIOMEXH HUCIIOJB3YIOTCS MPU PaguodJIeKTpOHHOM ToaaBieHuu POC cBs3w,
KOMaHHBIX PaAUOJIMHUIN yripaBieHus [89].

B 3aBUCUMOCTH OT COOTHOIICHHS IITUPUHBI CIIEKTPA PATUOTIOMEXH U TOJOCHI
nponyckaHus nojasisieMoro kanaiga POC pannonomexu noapasaesstorcs [89] Ha:

— TIPUIIEITBHBIC;

— 3arpajuTebHbIC.

[TpunenbHBIMU U 3aTPaIUTEILHBIMU PAIUOIIOMEXH MOTYT OBITH 1O HECYIIEH
4acToTe, MO0 YacTOTe MOAYJISIMU HECYIIero KojeOaHus (Hampumep, Mo 4acToTe
CKaHUPOBaHU), MO TOTUIEPOBCKOM YacTOTE.

[IpunenbHble pagHONOMEXH O YAaCTOTE XapaKTEPHbI TEM, UYTO MIMPHUHA UX
CIIEKTpa COM3MEpHMa C IIMPUHOM IMOJIOCHI MPOIYyCKaHUsl MOJABISIEMOrO KaHaya
POC (npu ycnoBuu, 4TO CpeAHssi 4acTOTa MOMEXOBOTO CUTHAJIa IPUMEPHO paBHA
PE30HAHCHOM YacTOTE MOJABISIEMOTO KaHama). Tak, NpUIlelIbHbIE PaIUOIIOMEXH T10
HECYIIIEN 4acToTe MMEIOT IIMPHUHY CIIEKTPa, COM3MEPUMYIO C LIIMPUHON CHEKTpa
MOJIE3HOTO CUTHaja (IIMPUHOW MOJIOCKHl MPOIMYCKAHUSI IPUEMHHKA) MTOAABISEMOTO
POC, a npuienbHble MO JOIUVIEPOBCKOMY MPHUPAIIEHUIO YAaCTOThl OTPa)KEHHOIO
CUTHAJIa — C IIUPUHOM MOJOCHI MPOMYCKAHUs Y3KOMOJIOCHOTO (QUIBTpA.

3arpaauTenbHbIE PaMONIOMEXH UMEIOT IIUPUHY CHEKTPa, CYIIECTBEHHO (B
10 u Gosiee pa3) MPEBBIMIAIONIYIO TOJOCY MPOIMYCKAaHUS TMOAABISIEMOTO KaHala
POC. IIpu npuMeHeHnU 3arpauTeNbHbIX PAIUONIOMEX UMEETCSI BO3MOKHOCTh OJI-
HOBPEMEHHOTO MOJaBiIeHUsi oMHOTUNIHBIX POC, paboratomux Ha OMU3KUX HECY-
IUX 4YacToTax (paguomnOMEXH, 3arpauTesibHble MO HECYIEW 4acToTe), WU IO-
JABJICHUSI COOTBETCTBYIOIIMNX KaHaloB POC mpu OTCYTCTBUU TOYHBIX JAHHBIX 00
X mapamerpax (paaHoNOMeXH, 3arpaJUTelibHble M0 YacTOTE€ CKAaHWPOBAHUS, IO
JOTUIEPOBCKOMY MPUPAILEHHUIO 4acTOThI) [88, 89].

[Ipu paBHBIX MOUIHOCTSIX MEPEJATUYMKOB paaronoMex 3(pPeKTUBHOCTb CO3-
JaHUS 3arPaTUTENbHBIX 110 YaCTOTE paguornoMex Hike 3((HEeKTUBHOCTH MPUIIEIIb-
HBIX, TaK KaK CHEKTpajibHas MJIOTHOCTh MOCIAEIHUX BbIIIE. DTO O3HAYAET, YTO MPHU
CO3/IJaHUU MPULIETBHBIX paiMonoMeX obecrieuynBaeTcsi 00j1ee BHICOKOE OTHOUIECHUE
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MOIITHOCTH TOMEXOBOTO CHUTHajla K MOIIHOCTH TIOJIE3HOTO CHUTHAaja Ha BBIXOJE
npueMHnka POC u Tem caMbiM OombIuit Memaromuit 3QpGexT Bo31ecTBUS.

[TpunenbHBIMA U 3arpaguTEIBHBIMA PAJAUOIIOMEXH MOTYT OBITH W TIO APY-
UM TlapaMeTpaM: MO HANpaBJICHUIO, NaIbHOCTH, MOJISIpU3allUU, KOy, JJIUTEIbHO-
CTHU U TIEPUOY CJIEAOBAHUS UMITYJIHCOB.

PanunonomMexu MOXHO KiacCU(pUIUPOBATh TAaKXXe MO KjaccaM U Ha3Hade-
HU noaasiasieMblx PO C unu noxasiseMbix kaHaiaoB POC [88, 89]:

— IIOMEXHW PaJiu0- U ONTHUKO-IJIEKTPOHHBIM CPEJCTBAM CBSI3M, HaBUTAIWU,
JIOKaIlUM, YIIPaBIeHUsI 00 bEKTaMU;

— panuoniomexu PJIC, paGorarouumu B pexume o030pa WIM aBTOMaTUye-
CKOT'O COMPOBOXKIACHUS 1I€JIU U T.]I.

Buipl moMeXoBbIX CUTHAJIOB TpH TojaBieHn POC pa3nuyHbIX KIacCOB U
HA3HAYCHUS, PA3IMYHBIX KaHaJoOB oTaelbHOro POC MOryT CyIiecTBEHHO OTIIHU-
yathcs. s monasienuss POC KOHKpeTHOTO Kilacca, Ha3HAYEHUSI U TUIA C Tpe-
Oyemoii 2 PEeKTUBHOCTHIO 3a4aCTy0 HEOOXOAUMBI HE TOJIBKO OMpe/eJICHHbIE 3Ha-
YEHUsI DHEPTUU MTOMEXOBOI'0 CUTHAJIa, HO U OMpEJACIeHHAasl ero CTPYKTypa, MUHH-
MajJbHO HEOOXOJAMMOE KOJMYECTBO MCTOYHUKOB TIOMEX U OMNPEACIICHHOE IPO-
CTPaHCTBEHHOE IMOJIOKEHHE OTHOCUTENIHLHO MOJABISEMOI0 CpEJCTBa, T.€. OMpee-
JIEHHBIN c1oco6 co3aanus paguonomex [88, 89].

Crnioco0 co3manus paaronomex (Crnocod NpuMeHeHUs! CPEACTB CO3JaHusl pa-
JMOTIOMEX) TIpeycMaTpUBaeT NMPUMEHEHHUE TaKUX BHUJJIOB TMOMEXOBBIX CHUTHAJIOB
(ryMOBBIX, HENPEPHIBHBIX, JETEPMUHUPOBAHHBIX, CIyYalHBIX, MOIYJIUPOBAHHBIX
o aMIUIUTYJe, YacTOTe W T.JA.), a Takke ACHCTBUI (MM IMOCIIEeN0BAaTEIbHOCTH
JIEWCTBHI), B pe3ysIbTaTe KOTOPHIX oOecreunBaeTcs TpedyemMoe cHmkeHue g hek-
TUBHOCTH (PpyHKIHOHHpOoBaHUS POC.

CoBpeMeHHBbIE yCTPONCTBA (OPMUPOBAHUS MPETHAMEPEHHBIX MMOMEX 00a-
JAI0T HEOOJIBITUMHU MacCOrabapuTHBIMU CBOMCTBAMU M MOTYT U3Jy4aTh B HY>KHOM
pekuMe U ¢ TpeOyeMOlW MOIIHOCTHIO B aBTOMAaTHYECKOM WM MOJyaBTOMATHYe-
CKOM peXXHMe JIF00YI0 U3 NMPUBEICHHBIX B Ta0. 2.1 momexy [90].

Tabmuma 2.1 — Knaccudukanus npeHaMepeHHbIX MoMeX

I1o mogaBJIsieMoO# 10JI0CE YACTOT

[IpuniensHbIE | Ckoup3siue | I'pebGenuarsie | 3arpaauTenbHbIe
ITo aMnJIUTYIHO-BpEeMEeHHOI orudaroniei
MonaynupoBaHHbIE
(9acTHBIN cnillzllaﬁp— MMUTAIMOHHBIC) Hemoznyuposansie
ITo ammumutyne | Ilo gacrore | ITo daze CunycouJanbHbIe | IIlymoBbIe
Ilo cnoco0y n3ayyeHus
HenpepsiBHbIE | NmnynbcHbIE

O6mas kiraccudukaiys moMex rnpuseaeHa Ha puc. 2.7 [89].

Cnoco0 co3gaHus momex BbIOMpAeTcs MPOTUBHUKOM C YUYETOM CTPYK-
TYpHl U pUHIHATA YHKIIMOHUPOBAHUS TTOAABIISIEMOTO CPEJICTBA WU CUCTEMBI.
Bnusnue nmomex Ha 3ddektuBHOCTh (GyHKIHMOHUpOBaHUS POC BbhIHYX)IaeT
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MPOTUBOOOPCTBYIOIIME CTOPOHBI MPUHUMATH MEpPbI, HANpaBJICHHBIE, C OJHOU
CTOpPOHBI, Ma OOecrneYeHUue YCTOMYMBOIO (PYHKIIMOHMPOBAHHUS COOCTBEHHBIX
POC B ycnoBusax paguonomex u, ¢ Apyroi CTOPOHbI, Ha CHUXKEHUE 3(PPEeKTH B-
HOoCcTH (yHKIMOHUpoBaHUS POC mpoTHBHUKA NyTEM CO3JaHUS PATHUOTIOMEX.
[Ipu 3TOM MPOTUBOOOPCTBYIOIIME CTOPOHBI CTPEMATCS NPUMEHATH PaJIHMOIO-
MEXH B MaKCHMaJbHO BO3MOXXHOW CTENEHHM O0eCIEeuUMBAIONIUNE CHUKEHHE 3 (-
¢extuBHOCTH POC npOoTHUBHUKA.

Knaccudukaumsa nomex

1. Mo npoucxoxaeHuo

4. Mo cnocoby Bo3aencTBUsA

6. Mo Tuny

6.2 o yacmome

J 6.1 B 3agucumocmu om
1.1 BHympeHHue _ J -
| ymp L 4.1 Ha cucmemy | eo3delicmeus Ha cuzHan
_4/’ B \\ e h
— [Lpo6oasie ) \_ BHympucucmemMHble ) AddumueHsle )
. J
L Mexcucmemnbi D) 4 A
e Tennoesie ) N excucme e ) {_Mynemunnukamueneie )
| 4.2 Ha npuemMHuk |
Jl 1.2 BHewHue L P
/ N
P N —_ BHympukaHanbHele ) 6.3 o HasHaveHuto |
~ AmmocepepHeie ) p g | (npedHnameperHbie)
P < —_ITo cocedHemy kaHany )
= Kocmuueckue ) P - — Lllymoesie )
— [1o 3epkanbHOMYy KaHany )
[ N N ¥
[ POMBIWIIeHHbIe ) MmumayuoHHble

| /Oom paduomexnuqec:(ux\‘

e N
= Mo no604HbIM KaHanam )

_( BHe pa6oyel nonocsi >

\ ycmpolicme J
—tCHEnpeaHaMEpeHHble)\
N

T
=4 lMpedHamepeHHbIE ) I

4.3 Ha aHmeHHy |

2. Mo cnocoby

¢ opmupoBaHusa
e A N
k_ KmueHble )
/ n N
S laccueHble )
e N

{ AKkmueHo-naccueHble )

3. Mo o6bekTy Bo3gencTBus

/7 ™
\CpeacmeaM paauonoxauuu/ )

-
Cpedcmeam cesizu )

J
N
wu )
J
N
Cpedcmeam ynpaeneHus )

Cped
P

NN NN

N

/ N
—( Mo anasHomy nienecmky )

/ N
—(_[o 3adHemy nenecmxy )

e
— go 60ko8bIM nenecmka@w

5. Mo koHe4YHOMY pe3ynbTaTy

BO3AENCTBUSA
~
.
/

\

~

Mackupyrouwue

/
~

Nmumupyrowue )

— HAesuHgpopmupyroujue
—_ 3azpadumenbHbie
= lMpuyenbHbie —

|/~ MpuyensHo- |\
\_ 3azpadumensHbie )

| | 6.3 Mo 3akoHy usmenenus

| 60 8peMeHU |

|—< JemepmuHupoeaHHbie
L Cny4aliHble

HenpepbigHbie

e ——
Y3kononocHele )

J
S
\Cocpedomowem-:ble/)

e
.
e

o\
$ LlupokononocHble )

" o cmpyxmype )
(o Gansmoomu )

WNmnynbcHele
bt IMepuoduyeckue

Puc. 2.7 — Obmas kinaccudukaius momMex

— o dnumensHocmu

Jlis mopaBieHusl TpaHCOPTHOM HazeMHo-kocmuueckon cetu OCCCH, wuc-
MOJIB3YIOIIEH, KaK 3T0O Moka3aHo B 1. 1.2, pexxum [ITTPY, MoryT npumMeHsThCs pasz-
JMYHBIC BUBI OPTAaHU30BAaHHBIX OMeX. OCHOBHBIMH BHIAMH TIOMEX, KOTOPHIE CPaB-
HUTEJIBHO MPOCTO peanu3ytotrcs B cucreMax POII, sBnstores (puc. 2.8):

— IIyMOBAsi 3arpaJiuTelIbHAs IOMEXa;

— IIyMOBasg I1OMCXa B

4aCTH I10JIOCHI,

— MOJINTAPMOHUYECKAs TOMEXa;
— OTBETHAas (peTpaHCIMPOBaHHAs) IOMEXaA.
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Puc. 2.8 — OcHOBHBIE BUIBI IOMEX, BO3JICUCTBYIOIINX Ha cucTemsbl cBsa3u ¢ [TTTPY

Bunpl momex peanusyroTcss B COOTBETCTBYIOMUX cTaHiusax nomex (CII).
Bce muoroo6paszue BapuantoB CII onpenensiercss B OCHOBHOM ITYTSMH, KOTOPBIMH
UX pa3pabOTYUKHU CTPEMSTCS CKOHLIEHTPUPOBATH OrPAaHUYEHHYIO MOIIHOCThH Te-
pPENAaTYMKOB B ONPEIEICHHBIX YaCTOTHBIX JIUANAa30HaX, BPEMEHHBIX UHTEPBAJaX U
MPOCTPAHCTBEHHBIX CeKTOpax [88, 89].

Haubonee ynuBepcanbHOM M YCTOWYUBOM K Pa3IWYHBIM CIIOCOOaM MOMEXO0-
YCTOWYMBOCTH SIBIISIETCS IIYMOBas 3arpajuTesibHas noMmexa (puc. 2.8, a), MoJienb
KOTOpOM TIpeAcCTaBisgieTr coOoi orpanwueHHbld 10 mojoce ABIII co
CHEKTPAJIbHOM IJIOTHOCTEIO MOLIHOCTH Gj [88, 89]:

G, =F /W,

3arpaguTenbHas MoMexa JOJDKHA MEepeKphIBaTh YaCTOTHBIA HMANa30H Cpe-
ctBa paguocszu (CPC) u npu coorBerctBytoueit momHoctd CII B cocTtosiHun
nogaBuTh CPC npu mo0kIX criocobax mepecTporKy 4acToThl. B BUIy 3HAUYMTETHHOTO
gacrotHoro auamnazona CPC ¢ ITITPY mMomHOCTh nepenaTyrka momMex J0/bKHA OBbITh
nocratouHo Oounbmio. B cBsa3m ¢ atum CII 3arpagurenbHOro BUAa MPEACTABIISICT
OONBIITYI0 OMAacHOCTh C TOYKM 3pEHHS O00ECHeueHUs DIEKTPOMArHUTHON
coBMectuMocTH (OMC) i apyrux paanodJIeKTPOHHBIX CPENCTB, paboOTarOmuX B
TOM ke auana3one 4actoT. [Ipu stom cama CII ctaHoBuUTCS panno3aMeTHOUN U, B
CUJIy 3TOT0, YS3BUMOW LIEIBbIO AJII CAMOHABOSIIMXCS MO PAJAHOU3IYUYEHUIO PaKeT
[88]. BeienctBre 3TOoro, mMpuMEHEHHE 3arpauTeIbHON TOMEXH 000CHOBAHO JIUIIL B
nepuon nopassenku CPC, ¢ nienpro onpeneneHns mapaMmeTpoB MPOTOKOIOB PU3nIe-
CKOr'0, KAHAJIbHOT'O U CETEBOT0 YPOBHEM.

MOoMHOCTE ITyMOBOM MTOMEXH MOKET OBITh HCTIOJB30BaHa Oosee dhpexTrB-
HO 3a CUET COCpPEIOTOYECHHUSI €€ B OrPAHWUYEHHOU IOJIOCE YacTOT, 3HAYUTEIHHO
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MeHblIel, yem nuana3zoH yactot CPC c IIITPY. Takyro momexy NpUHATO HA3bIBATh
IIYMOBOM IMOMEXOM B YacTU MOJOCHI (COCPEIOTOYEHHOM MO CHEKTPY MOMEXOM,
MOMEXOM C YaCTHMYHBIM IepekpbiTueM cnektpa curHainoB CPC) — puc. 2.8, 6.
CrnexrpanpHas INIOTHOCTh MOITHOCTH IIIYMOBOW IIOMEXH B YACTH MOJIOCHI G MOXKET

OBITH MpeJICTaBlICHA B BUJIE JIBYX ypoBHei [88, 89]:
P,/ (yWs); B momnoce (yWy)
7 0; B monoce (1-y)W,,

rjae Y — KoahPUIueHT, XapaKTePU3YIOIIHUI YacTh MOJIOCH], 3aHUMAaeMYIO0 TTIOMEXOH,
0<y<l.

CnekTpasibHasg MJIOTHOCTh MOIIHOCTH LIYMOBOW MOMEXH B YaCTH IOJIOCHI
BO3pactaeT B 1/y pa3 mo CpaBHEHHUIO CO CHEKTPAIbHON IMJIOTHOCTHIO MOIIHOCTH
IIyMOBOM 3arpagurTesbHON moMexu. CTaHUMS UIyMOBBIX MOMEX C PABHOMEPHO
pacupeeIeHHOW MOIIHOCTBIO B MpEAEiax IMOoJIOChl YW, MOomaBisIET 4aCTOTHBIE
aneMmeHnThl curHana ¢ [IIIPY ¢ BeposATHOCTBIO Y. BEpOATHOCTH TOTO, UTO ITHU KE
JacTOTHBIC 35ieMeHThI curHana ¢ [ITTPY ne mogaBnsroTcs momexoit pasHa (1 — ).

B pabote [91] paccmaTpuBaroTCsi BO3MOKHOCTUA TPEXYPOBHEBOW IIYMOBOM
MIOMEXH, CHEKTPaIbHAs INIOTHOCTh MOIIIHOCTH KOTOPOU:

P,/ (7, W), Brionioce (y,W)
G, =P,/ (y,W); Bmomoce (y,W;)

J

0; Bmonoce (1-y, —y,)W;

b

rae Pji, P» — MOUIHOCTh 1OMeXH OOJIBLIEr0 W MEHBIIEr0 ypOBHEH, COOTBETCT-
BEHHO; 3a CUeT BbIOOpa 3HaueHuul Pj; u Pp= P;— P;; Takas momexa uMeer J0noJ-
HUTEJIbHYIO CTETIEHb CBOOOIBI.

TpexypoBHeBas nomexa sBisieTcs: 3G(HEKTUBHOM sl CXeM IpreMa, CUTHa-
JIOB C TECTOM MOPOTra OTHOLIEHUS] CUTHAJIOB, COOTBETCTBYIOIIMX cuMBosIaM | u 0, u
CTHpPAHHEM CHUMBOJIOB, IMOJIBEP>KEHHBIX BO3JICUCTBUIO TToMeX [88, 91].

C unenpro mosbieHus: pdextuBHoctu CII cnekTp mymMoBOW MOMEXH B
YacTH TOJIOCHI IEJIeCO00pa3HO CKAYKOOOPa3HO MO CIy4alHOMY 3aKOHY IepeMe-
maTh 10 BCeMy auarna3ony 4actot, 3annmaemomy CPC c IIITPY. IIpu nanHoil Mo-
7€l TTOMEXH Ui JIFoOOr0 OTHOILEHUSI CUTHalI-omexa Py/P; UMEeeT MeCTO OITH-
MAJIBHOE 3HAYEHUE Yonn COOTBETCTBYIOLIEE MAKCUMAIIBHOMY 3HAUYCHUIO MOJABJIsIC-
MO TOJIOCHI YacCTOT TpHU KOTOpoil momexoyctoiunBocth CPC Oyaer MuHUMAIb-
Holl. Ilomexa ¢ Takumu napamerpamu siBisietcss Hauxyauen maiua CPC. C uenbro
TEKYILIEeW ONTHUMHU3AIMU IIUPUHBI CIIEKTPa MOMEXU B YaCTHU IMOJOCHI U MOIIHOCTHU
nomexu B CII HeoO6xoaumo umets ctanuuto PTP 1yis usmepenus napameTpoB cCUr-
HanoB nogasiaseMbix CPC [88, 89].

Hust CPC ¢ IIITPY >¢ddexkTuBHON MOMEXOW TPH OMPEAETICHHBIX YCIOBHIX
SABJISIETCS TOJIMTapPMOHUYECKass momexa (MHOTOTOHAJIbHAsi MOMeXa), Mpe/CTaB-
nsoIas cooot Habop U3 / HEMOAYJIUPOBAHHBIX FAPMOHUYECKUX KOJIEOaHUIN paB-
HOW MOUIIHOCTH, PAaCIpPENEIICHHbIX N0 IHana3oHy 4actoT Ws B COOTBETCTBUH C 3a-
JTAHHOM MOCTAHOBIIUKOM MTOMEX CTpaTerueu puc. 2.8, 6.
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L 2P,
J(t)= Z %6”4 cos(® 1 +¢ ;).
i=1

Jlis co3nanus 3¢HEKTUBHON MOJIMTAPMOHUYECKONW TTOMEXH TpedyeTcs: 10CcTa-
TOYHO TOYHOE HABEJICHHE Y3KOIOJIOCHBIX MOMEX HA IEHTPAIbHBIC YaCTOTHI KaHAJIOB
CPC c IIITPY, a Takxe obecrnieueHue Ha BXo/e i-ro kaHaya npuemanka CPC onpene-
JIEHHOT'O COOTHOIIEHHSI MOIIIHOCTH NIOMEXU FP; U MOIITHOCTH cUrHana Ps:

b_B

I o

I7ie 00 — HEKOTOPOE MOJIOKUTEIBHOE YUCIO (apaMeTp pacipeiesIeHUs MOIIIHOCTH),
BBIOMpaeMOE MOCTAHOBIIIMKOM IMMOMEX B COOTBETCTBUHM C 3aJJaHHON CTpaTerueu ta-
KUM 00pa3oM, 4TOObI ONITUMU3UPOBATH 3 PeKTUBHOCTH TomMexH [88, 89].

Crnenyer 3amMeTuTh, 4TO 3(HPEKTUBHOCTh TAPMOHUYECKOU TOMEXH, JCHCT-
BYIOIIIEH B TOM € KaHaje, B KOTOPOM HaXOJWUTCS U CUTHAJ, 3aBUCUT OT PA3HOCTHU
da3 mexay nomexoi U curHanioM. [Ipu HeOGmaronpusaTHeIX (Pa3oBBIX COOTHOIIIE-
HUSIX U paBeHCTBE P = Py momMexa MOXET MOJHOCThIO MOJaBUTh MOJIE3HbII CUTHAI
[88, 89].

Cpennsis MOIIHOCTh TMepeaaTyMKa MOJIUTapMOHUYECKON MOMEXH B Cilyyae
PaBHOMEPHOI'O pacpeeNIeHUs] Y3KOMOJIOCHBIX MOMEX MO BCEM YACTOTHBIM KaHa-
nam puana3zoHa CPC nomkHa ObITh B My pa3 0oJiblile MOIIHOCTH MOJIE3HOTO CUT-
Hana. TakoB sHepretuueckuil Beiurpeiil CPC ¢ IITIPY nipu Bo3necTBUM Ha Hee
nojurapMoHuyeckon nomexu. B npocteiimeit onHokanansHoi CPC ¢ ITITPY nons
YACTOTHBIX KAaHAJIOB, MOPAKEHHBIX MOJIMrapMoOHUYeckoi nomexoit /M; B stom
cilydae oJiHa rapMoHudeckas nomexa npu Bozzaeicteuu Ha CPC ¢ TITTPY, umero-
mel, Hanpumep 10° xaHaIoOB, MOXKET NPUBECTH K MOSBIEHHIO OLIMOKU C BEPOST-
HocThIO 1073, uTo sIBHO HemomycTHMO NpH HUPPOBOH nepenade nuapopmanun [91].

AHanu3 BBIMOJIHEH B BUJE 0000IIEHNS YaCTHBIX PE3YIbTATOB M3JIOKEHHBIX
B paborax [92, 93]. Hmwkeyka3zaHHbIe MaTeMaTHYECKUE COOTHOIICHUS U Tpaduye-
CKH€ 3aBHCUMOCTH IIPUBEJICHBI B paboTte [92].

O} exTBHOCTD BO3ACHCTBUS HTYMOBBIX TOMEX B YaCTH MOJOCHI OMIPEIesi-
€TCsl CpeHE BEPOSITHOCTBIO OMMOOYHOTO TIPHEeMa CUTHAJIA WM CPEHEN BEpOsIT-
HocThio ommOku (CBO) Ha cumBon — Pr. u B ciydae nepefaun curnainoB mo KC ¢
IITTPY onpenensiercs kak [92, 93]:

1f Gy R s
P —lyez[Es+YK5PS] + 1(l—y)ezEGO,

rae E; — oHeprusi curHaja, B JJaHHOM CiIy4ae SHeprusi HHPOPMAIMOHHOTO OuTa
(Es = PsTy); y—xoaddurueHT, onpenensonuii 4acTh mojaockl curnaia ¢ [1T1PY, 3a-
HUMaeMol noMexoi; G — CreKTpaibHas MIOTHOCTh MOIIHOCTH MOMEXH B IOJIOCE
yactot Wi (Gj=F;/Wy); P, — MOIIHOCTb IIOMEXH.

Ha pwuc. 2.9 crutomHpiME THHUSMU H300paKeHbl TPaQUKA 3aBUCUMOCTH
CBO Hna 6ut Pgkak ¢yakiuu ot ko3 dunuenta y npu E;/Go = 13,35 nb (uro co-
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OTBETCTBYET BEPOATHOCTH OMOKK Pr =10 B OTCYTCTBUM IOMEX), SKBUBAJIEHTHOE
OTHOILIEHUE CUTHAI-TIOMEXA (o) = Ks Ps/P; BHICTYIIAET B KAYECTBE MAPAMETPA.

W3 rpaduxoB Ha pucyHke 2.9 BUIHO, YTO JJI KaXXIOTO OTHOLIEHUS] CUTHAJ-
MOMeXa CYLIECTBYET ONTUMAIBHOE 3HAYEHUE Y = Yopr, TP KOTOpOoM CBO Ha 6uT
PE(yopt) MMeeT MakcuMaibHoOe 3HaueHue. lonaras, uyto E; >> Go u pemast ypaBHe-
Hue dPg/dy nonyuum makcumanbayto CBO nHa Out nipu nouynoit UM [94]:

~

Pe’ .
—; —<1 y=y
K P, K P,
P ~
FE max 1 1 f)] -1 P] >1 1
—exp| —— ; =
2| 2\ kP kp !
: 7.k 005
Fe = m_saE
107"
0 1005
10°° 1505
107 2005
N 2505
~
1075 ~ -§_ 3005
3505
10°
10 10°° 1072 "' 7 10°

Puc. 2.9 — 3aBucumocts CBO Ha 6uT Pr Kak GyHKIUU
ot koddunmenta y nipu Ey/Go = 13,35 nb

IIpu y = yopt IKCHIOHEHIIMANIBHBIN XapakTep 3aBucumoctd CBO Ha Out Pr
M3MEHSETCS] Ha JIMHEHHBIN, 4TO MPUBOJUT K 3HAUYUTEIbHOMY YMEHBILICHHUIO TTOMe-
xoycroiuuBoctu aBonuyHoit CPC c IIITPY no cpaBHEHUIO C MOJABICHUEM TaKOMN
xe CPC Bo BceM Juana3zoHe NepecTPOUKU YaCTOTHI.

Ha puc. 2.10 uzo6paxens! rpadpuku CBO Ha 6UT Pr B 3aBUCHMOCTH OT (oxs’
Y MOIIHOCTU COOCTBEHHBIX LIYMOB MPUEMHHUKA, MPEIACTABICHHBIX B ITAHHOM CIIY-
yae otHourenueM E;/Go = 13,35 1B, rae g = K Po/P;:
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Puc. 2.10 — 3aBucumocts CBO Ha 6uT Pg Kak QYHKIUH OT OTHOLIEHHS G o

N3 rpadukos Ha pucynke 2.10 BugHo, uto CBO Ha OUT mpu 3alaHHOM OT-
nourenun E;/Go NpU yBEIMYEHHH OTHOLIEHHS (o> CTPEMUTCH K Pr= 107; yuer
IIIYyMOB MPUEMHHUKA, KaK U CJIEI0BAJIO 0KUIaTh, TPUBOAUT K Bo3pacTtanuro CBO Ha
out. Orubaromas rpadguku (IITpUXOBas JUHUSA) OTpakaeT MakcumanbHyto CBO
Ha OUT PE max TIPU Y = Yopt-

B o6mmem ciayyae npu M-uwanoit mopysstignn, M= 2% (k=1,2,3...), ¥ = Yopt,
makcuMmanbHass CBO Ha OUT Pgmax CPC ¢ TIITPY B ycnoBUsX BO3IEHCTBUS HaM-

Xyamied IIyMOBOHW TIOMEXH B YacTH TIOJIOCHI OINpeaeNseTcss M3 BbIpae-
Hus [92, 95, 96]:

BG, E,
- ; p S > y = Y()pt
ES Gj
.PE'maX ~ kES
M e_sz ) S ES 1
4 ) p Gj > Y

3necy Es/G; OTHOLIEHHWE 3HEPrUU CHUTHaNa Ha OUT E, K CIEKTpabHOU
IJIOTHOCTH MOIIHOCTU noMmexu G; (0e3 yuera BIUSHHUS COOCTBEHHBIX IIYMOB
MPUEMHUKA):

oy

Ly
G

J

rae R, — CKOpPOCTh Mepefadu JABOMYHBIX CUMBONOB (Rp = 1/Th), ¥ = Yopt= pG; /E.
3nauenust napametpoB P(k ) < 0,37 u p(k) < 3,01 nb nns pa3nuuHbIX k TPUBEICHBI
B Ta0JI. 2.2 110 JaHHBIM U3 HCTOYHHKA [96].
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Tabnuua 2.2 — 3nayenust napameTpos P u p
M B p, 15
2 | e'=0,3679 | 3,01
4 0,2329 0,76
8 0,1954 —0,33
16 0,1803 —0,59

BlWIN|—

AHanu3 3HaYeHUH, IPEJICTaBICHHBIX B Ta0J. 2.2, TOKa3bIBAET, YTO MPHU BO3-
nevicteur Ha M-nunyro CPC c IIIIPY HauxXyammx mIyMOBBIX IOMEX B YacTH IO-
nocel MmakcumainbHas CBO Ha OUT yMeHBIIaeTCsl C pOCTOM pa3Mmepa aidaBuTa CUT-
Hana M, Ho Bce paBHO CBO Ha OUT MMeeT TUHEHHYI0 3aBUCUMOCTb, a 3TO 3HAYH-
TEIBHO CHUXkaeT nomexoycrounBocts CPC ¢ ITITPY.

ITpu Bo3zneiictBun Ha CPC c IIIIPY u M-u4HO#Nl MOAYJISLMEN IIMPOKOIO-
JIOCHOM IIyMOBOM IOMEXU C PABHOMEPHO PACHpPEAECICHHON MOIIHOCTBIO BO BCEHU
nosioce yactoT Wi(y = 1) CBO Ha 6uT Pz MOXeT ObITh IPEICTaBlIeHA B BUJIE:

-1

1 M 1\ G P,
Po=———> (-1)"C} exp —k(l——j |
Z(M_l) m=2 m Es KSP5
Cm M!
rae: Cy, = ——————— — coueranus m u3 M.
m!(M—m)!

O} heKTUBHOCTh BO3JEHUCTBUS TAKOW IIMPOKOIOJOCHON IIYMOBOM TMOMEXH
Ha M-wynyro CPC c TIITPY 3naunTensHO ycTynaeT 3(pGeKTUBHOCTH HAUXYAIICH
ITyMOBOM IMOMEXH B YaCTH MOJIOCHI [88] .

Ecin npuHATH, 4TO A HAUXYAIIUX IOJIOCOBBIX M HE3aBUCUMBIX MHOI'OTO-
HQJIBHBIX NIOMEX MUMEET MECTO ONTUMAJILHOE 3HAYEHUE OTHOUIEHUS! CUTHAJI-TTIOMEXA
Olopt, OTpaHnueHHoe npenenamu (0; 1), a B kaXKJ0M cerMeHTe M-U4HOro cCUrHajaia uMe-
eTCsl OJJHa TapMOHMYEecKas rnmomexa (n = 1), yactora KOTOpOW COBMAAET C LIEHTPab-
HOW 4aCTOTOM CErMeHTa, TO Ha ocHOBe [4, 74] MakcumainibHass CBO Ha OuT:

-

1 E M k E,
_; _AS_7 amt:_ -
2 G,k MG,
J J
])Emaxz
M E M
v . 2 gl
e /G, G,k

Ha puc. 2.11 uzobpakens! rpaduku 3aBucuMocty MakcumansHorr CBO Ha 6ut
PE max KaK (YHKIIMM OTHOILLEHUS CUTHa-iomexa Es/G; ipu k = 1 u k = 4 B ycnoBusix
HAMXY/IIINX MTOJIOCOBBIX MHOTOTOHATIBHBIX TTOMEX MPH 7 = | (CIIONTHBIE TUHIH).

Ananu3 npuBeeHHbIX HA puc. 2.11 rpaduKoB 3aBUCUMOCTH Py TTO3BOJISIET
CeNaTh CIeAYIONINEe BEIBOIBI:

— B ciyvae BozaenictBug Ha CPC c [IIT1PY u M-uuHoil Monynsiuuend Hauxy/-
[IMX MHOTOTOHAJIBHBIX TIOMEX UMEET MECTO JIMHEHHAS 3aBUCUMOCTD PE max JUTA BCEX
3HAYCHUHN Prmax < 1/2, BMecTe ¢ TeM paboune xapakrepuctuku (PX) cucremsr pamno-
CBSI3U YXY/ILIAIOTCA C YBEIMYCHUEM Kk B COOTBETCTBUU CO 3HaueHuem M /k;
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Puc. 2.11 — 3aBucumocts MmakcuMaiibHO CBO Ha OUT OT OTHOIIIEHUS
CUTHAJI-IIYM + rmoMexa

— HaUXyJIIIIMe MHOTOTOHAJIbHBIE MOMeXu A(PEeKTUBHEE HAUXYAIIUX ITyMO-
BbIX IIOMEX B YaCTH MOJIOCHI, TaK, NMPH HeOoibIIoM 3HaueHuu k (k=4, M =16)
makcuMmaiibHasgs CBO Ha OUT Prmax YBETUYMBAETCS MPUMEPHO Ha TIOPSIOK IO CPaB-
HEHUIO C Prmax NPU JCUCTBUM HAUXYALIECH MIYMOBOW MOMEXH U OJHOM M TOM K€
OTHOILIEHUH CUTHAJI-IOMEXaA.

Taxum oOpazom, HaMXy/IIeH MOMeXoH 1o Moka3aTeato MakcuMmanbHoit CBO
Pemax B YCIIOBUSIX, KOT/Ia IPOTUBHUKY HEU3BECTEH MpUMeEHsAeMbI pexxum [TTTPY,
ABJIIETCS IIIyMOBasi IOMeXa B YaCTH IMOJOCH YaCTOT, MPU 3TOM KO3PUIIMEHT, OTI-
penensronnii 4acte mojockl curnana ¢ IITPY, 3annmaemon mmomexou y JOIKEH
COOTBETCTBOBAaTh ONTUMAJIbHOMY 3HAYEHHUIO Yopr. B Cilydae, eciii IPOTUBHUKY W3-
BeCTeH nmpumMmeHsieMblid pexxum TI1PY, nauxymimie momMmexoi OyaeT SABISATHCS MOTH-
rapMOHHYECKas IOMEXaA.

Oco0eHHOCTRIO TpPaHCIOPTHOM HazemMHO-KocMmuueckor cetn OCCCH,
byHkimonupytomei mo Texnonorud ATM, sBiseTCS MOCTPOCHUE BUPTYAIbHBIX
myTel W KaHaioB, 1oapoOHO ormmcanHoe B 1. 1.1. Kaxneiii VPC Oyaer 3aHnMaTh
OMPEICJICHHYIO MOJIOCY YaCcTOT B KaHAJaxX CBS3U, KaK 3TO MOKa3aHo Ha puc. 2.12.

Takum o6pa3om, BozaeiicTBue cpeactB POII Ha TpaHCTIOPTHYIO HA3€MHO-
kocmudeckyto cetb OCCCH OyneT npuBOoAUTH HE TOJIBKO K MOJABICHUIO PU3H-
yeckux KC, HO U K MOHMXKEHUIO METPUKH BUpTyalbHbIX nyTeld VPC. B HacTos-
mee BpeMs U3BECTHO HECKOJIBKO MOJIX0A0B K OMUCAHUIO0 TOA0OHOTO pagnodeK-
tpoHHOTO KOoH(pmuKTa Mexay CC u cpeactBamu POII. Tak, B padortax [97-99]
ObTa paccMOTpeHa JAWHAMHYECKAs MOJEIb PAJTMOIICKTPOHHOTO KOH(MIMKTA,
COOTBETCTBYIOIIAsA METACUCTEME «CHCTEMa CBSI3U — CPEJICTBO PATUOIIECKTPOH-
HOTO TOJABJICHUSY.
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VPC, VPC, VPC; VPC, VPC,
_—- CnyxebHble VCC
VCC; ...VCC, VCC; ...VCC,VCC; ...VCC, VCC; ...VCC, VCC; ...VCC,

Puc. 2.12 — Pacnipenenenue yacrornoro nuarnasona KC mexny VPC

B pa6otax [97, 98] mokazaHO, YTO OTOOpa)KEHHEM PA3BHUTHS PAJTHOIJIEK-
TPOHHOTO KOH(JIMKTa Ha mapamMeTphbl KaHayia CBS3U SBJISIETCS MEPUOIUICCKOE H3-
MEHEHHE ero MPONyCKHOU crocobHocTH. s ¢opMann3oBaHHOTO OMUCAHMS TIe-
PHUOJMYECKOTO HM3MEHEHHS IPOITYCKHON CIIOCOOHOCTH KaHajla CBSI3M B paboTax
[97, 98] npeyiokeHo UCIOIb30BaTh 3aBUCUMOCTh MTOKA3aTeJsl OTHOIICHUS CUTHAI
K CYMMe IIIyM U IoMexa, (opMain30BaHHYIO BBIPAKEHHUEM:

(2.2)
Fy (Qmins Fos P Vsl s )
Fz(QminvFs9Laan¢jntcxx>tPn’t) P. =P,

E max

q(t)=

T71€ ¢min — 3HaUeHHe OCIUIT B KC, npu kxoTopoM HEBO3MOXKHA mepenada uHPOp-
manuu; Fs — nonoca yactotr CPC; P; — MOITHOCTh IOMEXH; Y — KO3(PPUIUEHT, Xa-
pakTepusyrouuii yacTh noJiockl yactor VPC, 3anumaemyto nomexoit 0<y<l; Pg —
CPEIHSsI BEPOSTHOCTh OIIMOKK HA OWT; L — 4MCIO HEMOAYJIUPOBAHHBIX TAPMOHU-
YeCcKUX KoJIeOaHMit; w; U (@ — 4acToTa W HayanbHasg ¢aza i-ro TapMOHUYECKOTO
KOJIEOAHHUS; foxs — BPEMsI, HEOOXOAMMOE JJIsl CMEHBI CUTHAJIBHO KOJOBBIX CO3BE3-
I, fpr — BPEMS PEAKLIMU TTOMEX.

B pa6orax [97-101] uccnenoBanuck Bompock yctoiunBocTa CC B yCIOBUSAX
JTUHAMUYECKOTO U3MEHEHHS CUTHAIBHO-TIOMEXOBOW 00CTAHOBKH IO/ BO3/ICHCTBAEM
npenHaMepeHHbIX moMeX. OHaKO BOMPOCH! PEAKIMH CXEM aJalnTHBHOTO BBIOOpA
BHJIa MOJIYJISIIUM CUTHAJIOB U CKOPOCTH MOMEXOYCTOMYMBOIO KOAUPOBAHUS B YCIIO-
BUSIX M3MEHSIOILIENCS CUTHAIILHO-IIOMEXOBOM 0OCTAHOBKH HE UCCJIEN0OBAJINChL. B Ka-
YeCcTBE O0BEKTA, HA OCHOBE KOTOPOTO MPOBOJIUIUCH UCCIICIOBAHUS B COOTBETCTBUU
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C OIMMMCaHUEM TpaHCMOPTHOU HazeMHO-kocMuueckor cett OCCCH, Ob1u BHIOpaHbI
ka”aybl ciiyTHUKOBOM cBsi3u HKCC Ha ocHoBe cranmapra DVB-S2.

OueHnBaeMbIe TapaMeTpPHI:

— OLICHKa BIUSHUS MAapaMeTPOB M3MEHEHHS! CUTHAJIbHO-IIOMEXOBOM oOcTa-
HOBKU Ha OMTOBYIO CKOPOCTb KaHaja CBS3U CO CXEMOU aJanTUBHOTO BbIOOpA BUAA
MOJAYJISIUU CUTHAJIOB U CKOPOCTU MTOMEXOYCTOMYMBOIO KOJUPOBAHUS;

— OLICHKa BIUSHUS MAapaMeTpPOB M3MEHEHHS! CUTHAIbHO-IIOMEXOBOU 0OCTa-
HOBKHM Ha PEXHUMbl (DYHKIIMOHMpPOBaHUA CHYTHUKOBBIX KaHainoB SCPC (Single
Channel per Carrier — oquH KaHajl Ha OJHY HECYIIYI0), YTO COOTBETCTBYET HaJIU-
yuto onHoro BuptyanbHoro kanaita (VCC) B cocrae VPC, u MCPC (Multiple
Channels per Carrier — HECKOJIbKO KaHaJlOB Ha OJIHY HECYIYI0), YTO COOTBETCT-
ByeT Hanuuuio nByXx u 6osee VCC B coctaBe VPC;

— OLIGHKa BJIUSHUS MapaMeTPOB M3MEHEHHS! CUTHAJIbHO-IIOMEXOBOW 0OCTa-
HOBKHM Ha TokaszaTtenu MeTpuku otnenbHoro KC B cocraBe cetu 11l MPOTOKOJIOB
MapIIpyTHU3aIuu;

— OLIGHKA BIUSIHUS CII0)KHOCTU CXEMBbI aJJalTUBHOTO BBHIOOpA BHUA MOJYJIS-
[IUU CUTHAJIOB U CKOPOCTHU MOMEXOYCTOMYMBOrO KOAUPOBAHUS HA U3MEHEHUE Ou-
TOBOM MPOMYCKHOM CIIOCOOHOCTH M TOKa3aTenb MeTpuku otnensHoro KC.

B kadecTBe MCXOIHBIX JAHHBIX HCIOIB30BAIHCH paboThl [102—106] u pe-
3yJlbTaThl MATEMATUYECKOTO MOJEIUPOBAHUS CHEKTPaIbHON A((HEKTUBHOCTH Ka-
HasioB DVB-S2 [107].

DIEMEHTOM HOBHU3HBI MPEIJIOKEHHOW MOJIENN SBISIETCS JOTOJHUTEIbHAS
OLICHKA MapaMEeTPOB CETEBOTO YPOBHS B YCIOBUSX JONYIIEHUS O KBa3U-TApMOHH-
YECKOM 3aKOHE M3MEHEHUS MPOIYCKHON CIIOCOOHOCTH KaHAJIOB CBS3U KaK pe3yiib-
TaTa NpPEeIHAMEPEHHBIX MOMEXOBBIX BO3AEHCTBUH. Takke K 3JIEMEHTY HOBHU3HBI
CTOUT OTHECTHU Yy4YeT CXEM aJalTHBHOTO BBHIOOpA BUIA MOAYJSIUUA CUTHAJIOB H
CKOPOCTH IOMEXOYCTOMYMBOrO0 KOAUPOBAHUS.

Oco0eHHoCThI0 peanu3aiuu nporokona DVB-S2 mis kaHanoB cryTHUKOBOU
cBs3M saBigerca Hannuue pexkuma ACM (Adaptive Coding and Modulation) ms
aJanTUBHOTO BHIOOpPA BHU/A CUTHAJA M CKOPOCTH KOJUPOBAHUS B 3aBUCUMOCTH OT
OCIIIT na Bxoae mpreMHHUKA. DTO MO3BOJISET OCYIIECTBIATh THOKOE PEryanupoBa-
HUE MMapaMETPOB KOAUPOBAHUS U MOAYJIALIMY MEpeJaTYuKa B 3aBUCUMOCTH OT 3Ha-
yeHuss OCHIII Ha BXoae NpUEMHHUKA MPU 33JaHHOM YPOBHE JIOCTOBEPHOCTHU
npueMa. [Ipu 3ToM napamerpbl KOIUPOBAHUS U MOJYJISIIUA MOTYT U3MEHSTHCS OT
Kajapa K kajapy. B cranmapre DVB-S2 npenycmarpuBaroTcs cieayoommne CKOpocTu
konupoBanust FEC (1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/5, 5/6, 8/9 u 9/10) npu emkux
Bujaax moayisamuu (QPSK, 8-PSK, 16-APSK u 32-APSK). Iis 3amiuThl OT OIIH-
00k mpuema curHasoB B ctangapte DVB-S2 ucnons3yercs nepemekenne TaHHBIX
Y HaJIOKEHHE JBYXYpPOBHEBOTO Koja Njisi mpsiMoi koppekiuu omubok FEC. B ka-
YeCcTBE BHYTPEHHEro kojaa ucnoiyibdyerca koa LDPC, B kauecTBe BHELIHETO — KOJI
bUX (xon boy3a-Hoynxypu-XokBenrema). Takum oOpazom, Omarogapsi BO3MOXK-
HOCTH aIallTUBHOTO BHIOOpPA BHUAA MOJYJISIIUUA U CKOPOCTEM KOJMPOBAHUS KAHAJIBI
MOryT paboTtath B mupokoMm auamnazone 3HaueHuid OCIUII ¢ mokazarenem crek-
TpanbHON A(DPEKTUBHOCTH, OJIUZKHUM K TEOPETUYECKHU JOCTHAKUMOMY. Tak, KaHal
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ces3u DVB-S2 moxer padortats npu OCIIT ot —2,4 n1b (Mmogynsauus QPSK, cko-
pocth koja R = 1/4) no 16 nb (Mmoxymsiiusa 32-APSK, ckopocts xkoma R = 9/10),
MpUYEM JIJI1 ATOTO KaHalla JOCTYIHbBI nokazaTenu dddekTuBHOCcTH crekTpa oT 0,5
1o 4,5 (out/c)/T'u. CxeMbl aJanTUBHOTO BBIOOpA BUAA MOAYJSLUUA U CKOPOCTH KO-
nupoBanus 11t DVB-S2 npuBenens! B Ta6i. 2.3 Mo JaHHBIM, IPEACTaBICHHBIM B
pabotax [102—-107].

Tabnuua 2.3 — [lapameTpbl cXeMbl 3IaNITHBHOI0 BHIOOPA BHIa MOAYJAUN
CHIHAJIOB M CKOPOCTH IOMEXOYCTOMYMBOr0 KOAMPOBAHMSA I KaHajla
DVB-S2 [102-107]

OCLIII B mosoce Tun Cxopoctb Kosdpuuuent spdexruBHOCTH
yacToT KaHana [nb] | curnama | KogupoBanus, R cnektpa [(6ut/c)/T'1]
—2,35 1/4 0,49
—1,24 1/3 0,66
—0,3 2/5 0,79
1 1/2 1
2,23 3/5 1,19
3,1 (;P:S;( 2/3 1,32
4,03 3/4 1,49
4,68 4/5 1,59
5,18 5/6 1,65
6,2 8/9 1,77
6,42 9/10 1,79
5,5 3/5 1,78
6,62 2/3 1,98
7,91 8-PSK 3/4 2,23
9,35 =3 5/6 2,48
10,69 8/9 2,65
10,98 9/10 2,68
8,97 2/3 2,64
10,21 3/4 2,97
11,03 16-APSK 4/5 3,17
11,61 I=4 5/6 3,3
12,89 8/9 3,52
13,13 9/10 3,57
12,73 3/4 3,7
13,64 4/5 3,95
14,28 32}iPSSK 5/6 4,12
15,69 8/9 4,4
16,05 9/10 4,45

Ha pwuc. 2.13 npuBenensl pe3ynbTaTbl MOACIUPOBAHUS 3HAYEHUN IOKa3a-
Tens >QPEKTUBHOCTU CIIEKTpa IS 3aJaHHOM BEPOATHOCTH OIIMOKU maketa 1077
st kanasioB DVB-S2, npencrasnennsie B padote [107].
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Puc. 2.13 — Pe3ynbTaThl MOICTMPOBAHUS 3HAUEHUN MTOKa3aTens KodpuuueHTa
s dexTuBHOCTH criekTpa Jyist kaHaaoB DVB-S2

O¢ddexTruBHas OUTOBas MPOIYCKHAs CIOCOOHOCTh KaHalla CBA3U B I0JIOCE
1 'y paBHa cnekTpaqbHOM 3(P(HEKTUBHOCTH KaHajda M 3aBUCUT OT CKJIaJbIBAIO-
HIeHcsl CUTHAJIBHO-MIOMEXO0BOM 00cTaHOBKU. TakuM 00pa3oMm, OHA OMNpeAeNseTcs
3nauenneM OCIII ¢(¢), a Tak’ke eMKOCTbIO MCIOJIb3yeMoro curuana I(q) u cko-
pocThio Kona R(q):

Cinq) = 1(q) R(q) (2.3)

B pexxume paboter SCPC Bcsi cCKOpOCTh Nepenaun B KaHane V(q) ucromnb3y-
€TCs ISl COEIUHEHUST «TOUKa» — «TOUKay MEeXAy NByMs aboHeHTamH. COOTBETCT-
BEHHO, OUTOBAsi CKOPOCTh MEpeaun B KaHaJE C MOJ0CON F OyIeT COCTaBIATh:

Vscee(q) = F I(q) R(q). (2.4)

B pexxume MCPC, nipu BpemennoM paznenenuu aboHeHToB TDMA (Time
Division Multiple Access), CKOpoCTh mepenadn B KaHaje OyAeT CHHXKATHCS IMPO-
MOPLUHUOHATBHO UHPOPMAIIMOHHON HArpy3ke OT aOOHEHTOB. [Ipu 3TOM BO3MOMXKHO
JIBa BapuaHTa BPEMEHHOTO pa3/iefieHns a0OHEHTOB:

— (UKCHPOBAHHOE PA3CICHUE MPOTIOPIIMOHAIBHO KOJTUYECTBY a0OHEHTOB N
WM HHPOPMAIIMOHHON HArpy3Ke OTAEIbHBIX Aa00OHEHTOB A,;

— CIIy9aifHBIA MHO>KECTBEHHBIN TIOCTYI a00OHEHTOB.

[Tpu PukcupoBaHHOM pa3ACICHUH KaHAIa MPONOPIHUOHATEHO WHTEHCUBHO-
cti nHpOpMaIMOHHOTO Tpaduka Ha N aODOHEHTOB CKOPOCTh MEpeAaun, TOCTYITHAS
KaXJI0My a0OHEHTY, COCTABUT:

Vacre (q) = F I(q) R(q)/N. (2.5)

Bpewms 3agepkku mipu niepegade cooOmeHust 00beMOM Diyes [OWT] TTO TaKOMY
KaHaJy COCTaBUT:

— mes _“sot. (26)



r7ie: dsot — JAIBHOCTh CIIYTHUKOBOTO KaHajla B KM (B pa0oTe HCIONb3YEeTCs AOIY-
IIEHUE O TOM, YTO JAJBbHOCTh paBHa BbicoTe opOuThl KAC, 4yTO Mpu HaX0XKIAECHUU
CIYTHHUKA Y JIMHUUA TOPU30HTA MOXET MPUBECTU K CYIIECTBEHHBIM MOTPEIIHOCTAM
BbruncieHuit); ¢ = 300 000 xkm/c.

dakTruecku BbIpakeHUs (2.4—2.6) omnpenensioT 3aBUCUMOCTh MapaMeTpoB
KaHAJIbHOTO CIYyTHUKOBOTO KaHajla OT IMapaMeTpoB (PU3MYECKOTO YPOBHS NpH
¢yHKumoHupoBanuu kaHanos B pexumax SCPC u MCPC.

PaccmoTpuM moxkasarenu cereBoro ypoBHs. Mertpuka M, xak OCHOBHOM
MoKa3aTesb KauecTBa KaHajla CBA3U Ha ceTeBoM ypoBHe Moaenu OSI, onpenensier
KOJIMYECTBEHHYIO MEpy KaueCTBEHHBIX XapaKTEpUCTHK KaHajla CBA3UM — BPEMEHU
nepenadu, HaJeKHOCTH U CKOPOCTH. [Ipy BBIYMCIEHUU MYTH B CETAX MPOTOKOJIBI
MaplIpyTU3alUU HUCIOIB3YIOT KPUTEPUH MHUHUMHU3ALMM TIOKA3aTeslsl METPUKH

nyTH ZM,. — min.
1

Mertpuka i-ro KC B npotokosie PNNI Beruucnsiercst mo ¢popmyane [76, 77, 87,
108-118]:

Mi:—"'Tsam(q)’ (27)

rae: Vi(g) — ckopocTh nepefadn B KaHajle CBA3M, ONpenelisieMas B COOTBETCTBUU C
BhIpakeHusIMU (2.4) u (2.5), [0ut/c]; Ty — 3aepiKKa Tepejadyu B KaHaJle CBS3H,
onpejensgeMas B COOTBETCTBUH ¢ BeipakeHueM (2.6) [c]; K = 108 [6ur].

Dddextom ot BozaercTBus cpenacts POIl na KC Ha cereBoM ypoBHE OyjaeT
ABJATHCS yBennueHue 3HaueHuss metpuku KC. B ciyyae nonHoro nonasnenust KC
(M;= 0) naHHBIX MPUOCTAHABIMBACTCS, U MAPIIPYTU3ATOP OCYIIECTBIISIET IMEPECUET
nyTel nepenau B ceTh. BmecTe ¢ TeM, B ciyyae, ecinu cyMMmapHas Metpuka KC B
cocraBe VPC mpeBbICUT MakCHUMAIbHO JOMYyCTHUMOE 3HAUCHHE (M, >MVQ,;’gj) U HE

Oyner oOecreunBaThCs Mepeiayda makera 3a 3aJaHHoe BpeMsl, Takke OyIeT ocyie-
CTBJISITBCS TIOMCK HOBOT'O MyTH Tiepenayu Tpaduka. Takum oOpa3om, TOTOKH OTKa-
30B B oTnenbHBIX KC 1 VPC O6ynyT B cyMMe COCTaBISATh MMOTOK OTKA30B COEUHE-
Husg ATM, kak 3To moka3aHo Ha puc. 2.14.

KC 1 ‘o oo /Oﬂia\?’ — »

¥

KCn +-o—e—o— ¢\
@

VPC; |

ot

VPC,

coef.
ATM

Bpewms paboTbl coeguHeHus ATM t

Puc. 2.14 — Ilotok oTka3oB B coenquuennu ATM
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BpeMmeHHBIM IapaMeTpoM, XapaKTEPHU3YIOIIUM IOTOK OTKAa30B B COEIAUHE-
Hun ATM sBisieTcss cpepHee BpeMs MEXIy OTKazamu coenuHeHus ATM, npu
TOM HauOoJbllIee BIMSHHE HA €ro BEJIMYMHY OKAa3bIBAIOT 3HAYEHUS CPEIHETrO
BpEMEHM Mexay oTkazamu otaeibHbIX KC, Tak kak Bo3xeiictBue cpencts POII
OPHEHTHUPOBAHO, B IIEPBYIO OYEPEb, HA OIHOE noaaBienune KC.

CxeMa B3aMMOCBSI3M UCCIEAYEMBIX KaHAJIBHBIX U CETEBBIX MapamMeTPOB AJIS
CIyTHUKOBBIX KaHanoB DVB-S2 npusenena Ha puc. 2.15.

VI3aMeHeHne curHanbHo-NoOMexXoBol 06CTaHOBKM-

OTHOLLEHUsI curHan/LyM+nomexa BO BPEMEHU: F (qmin P, tCKK’tPH’t)

)=
Fi-luymoBas nomexa; q( P =P
Fo- MonvrapMoHnyeckas nomexa. £, (qmin’FS’L’W/i’ (P./i’tcxk’tPH’t) £ Ema
v
—>| CkopocTb nomexoycTtonuusoro koga R(q) |_> CnekTpanbHas
— adheKkTMBHOCTL KaHana
CTaHDnchSczBm“ —>| NHdpopmaumoHHaa éMKocTb curHanos /(q) |—> cBSI3U
—’I Monoca YyacToT kaHana: Fg | CinAq) = I(g) R(q)
v L 2
CkopocCTb Nepeaayu B KaHarne CBA3n V(g)= FI(q) R(q)
1
A 2 L 4
Pexum SCPC | KonuyectBo aboHeHTOB ceTn N | | Pexxum MCPC
Vq)= F 1(q) R(q) l l
v
D. d, MCPC c dmkcrpoBaHHbIM pasaeneHnem aboHEHTOB M0 BPEMEHN
T, (q)=—7o+ =2 le— N
Vig) ¢ M(q) = F I(g) R(9)/N
v
MeTpuKa i-ro kaHana cBssu MeTtpuka VPC; OueHka cpeaHero BpemMeHu OueHka cpefHero BpemeHu
K mexay otkasamu VPC Mexay oTkazamu
M, =——+ Tmi (q) Mw)c, = Z M, i T I M i coeanHeHna ATM
V. (CI ) iej orvpc; [Mypc, > Mypc, Tore ATM
L 7
OLieHKa CpefiHero BpemMeHmn Mexay oTkasamm KC T ppexci|M; =0

Puc. 2.15 — Cxema B3aUMOCBSI3H HCCIICTyEMbIX KaHATbHBIX U CETEBBIX MTapaMeTPOB
JUIsl CITyTHUKOBBIX KaHalioB DVB-S2

Pa3paboranHas Mojzenb MO3BOJISAET KOJWUYECTBEHHO OIECHHUTH 3(PGEKThl OT
BozneiictBus cpencts POII Ha ceteBom yposae DMBOC. Kpome Toro, onenka xa-
pakTepa moTtoka oTtka3oB coeauHeHust ATM, caenanHas Ha OCHOBE pa3paOOTaHHOMN
MOJIEIIH, TIO3BOJISIET PACCMOTPETh Mpollecc (HYHKIIMOHUPOBAHUS MEKY3JI0BOTO CO-
€IUHEHUs TpaHCcHopTHOW HazeMHo-kKocMuueckoit cetn OCCCH BC P® mnpu Bo3-
nevictuu cpeacts POII B ienoMm.

HccnenoBanne BIUSHHS U3MEHEHUS CUTHAJIBLHO-TIOMEXOBOM OOCTAaHOBKH Ha
XapaKTEPUCTUKU KAaHAJIBHOTO U CETEBOr0 YPOBHEMW MpeCTaBIeHO B 1I. 3.1.

2.3 Moaejab PyHKIIMOHUPOBAHUSA MexKYy3J10B0ro coefunennsas HKCC B
ycaoBusix Bo3aeicTBus cpeacts PIII

PaccmoTpum Mexy310BO€ COCIMHEHUE MEXAY a0OHEHTAaMH B TEXHOJIOTMHU
ATM, nporniecc PyHKITMOHUPOBAHUSA KOTOPOT'O OMPEALIACTCS MOMEX0YCTOMYUBO-
cteio KC. B cnyuae orkaza KC BcemenctBue BozneuctBusi cpencts POII
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coequnenne HKCC mpoxoaut uepe3 CHEAyIOIYH MOCIEA0BATEIIbHOCTh CMEHBI
coctosiHuii: pabotocnocodbeH — otkaz KC — okujgaHue BOCCTaHOBJIEHUE CBSI3H —
U3MeHeHHe (PEeKOH(UTypalus/KOppeKIus) COOCTBEHHBIX TAPAMETPOB B HHTEPECax
BOCCTaHOBJIEHHSI pab0OTOCIIOCOOHOCTH — pabOTOCIIOCOOEH.

Brenem crnenyromue o60o3HaueHus st hopMaauzaiuu npouecca QyHKIumo-
nupoBanusi coequnenuss HKCC (mpu momyiieHHM O IMyacCOHOBCKOM XapaKTepe
nporuecca oTkazos/Bocctanoienus KC):

So, S1, 82, S3 — cocTosinus, B KOTOpbIX Haxoautcs coeaqunenue HKCC;

Aork k€ — MHTEHCUBHOCTE 0TKa30B KC coenunenus HKCC;

Usocr K€ — MHTEHCUBHOCTH BoccTaHoBIeHUsI KC coequuenuss HKCC;

Torcke = 1/hoc kc, — cpennee Bpems mexay otkazamu KC coequnenuss HKCC;

Tsocr ke = 1/Msocr ke — cpenee Bpemst BocctaHoBieHus KC coenunenust HKCC;

K: — xoappurment rorosnoctu MHC;

T warn — BpeMst quarHoctuku otkaza MHC;

Tox — BpeMst OKuJaHUsI BOCCTAHOBIICHUSI CBSI3H;

Toex — BpeMst pekoHurypanuu nyreit B UHC.

dopMmanu3upyeM paccMaTpUBaEMbIil Mpoiiecc (PYHKIIMOHUPOBAHUS COEIIH-
Henust HKCC B Buie MapKOBCKOTO IIpoliecca CMEHbI COCTOsIHUM (puc. 2.16).

PaboTocnocobHoe
COCTOSIHNE

CocTosiHne
oXuagaHus

CoctosiHne
oTKasa

CocTosiHne
pekoHdurypauum

Puc. 2.16 — ®opmanuzoBaHHbIi MapKOBCKHi mporiece (PyHKITMOHUPOBAHUS
coequnennst HKCC B ycnoBusix otkazoB KC

B mnpencraBnennoit moxaenu mporecc (GYHKIMOHUPOBAHUS COCAMHEHUS
HKCC npencrapieH B BUjie MOCIEI0BATEIbHOCTH MEPEXOJA MEKIY Pa3IUYHbIMU
COCTOSIHUSIMH:

So — «paborocnocodHoe cocrossHue» coequnenns HKCC;

S| — «cocrosaaue orkaza» KC, xorga coenqnnenne HKCC oTka3 He guarHo-
CTHPOBAJIO U MPOJIOJKAET UCIIOJIH30BATh KaHAJ CBA3U KaK pabOTOCIIOCOOHBIH;

S> — «coctognue oxunanus», korga coenuHenne HKCC auarnoctuposaino
otka3 KC, HO 0)uJjaeT BOCCTAHOBIICHUS CBSI3U B HEM;

S3— «coctosaue pekoHdurypamuny», korqa HKCC nuarnoctuposano, 4to
BOCCTAHOBIICHHSI CBA3U B KaHaJje HE MPOM30ILIO, U 3alyIleH MPOUECcC U3MEHEHHUS
COOCTBEHHBIX MMAPAMETPOB B UHTEPECAX BOCCTAHOBIICHUS PaOOTOCIIOCOOHOCTH.

B nauanbnbiii MoMeHT Bpemenu coeaunenne HKCC naxogutcs B «paboTo-
CcrocoOHOM cocTosiHuu». B cinydae otkaza KC oHO mepexoIuT B COCTOSIHUE «CO-
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CTOsiHUE OTKaza» So —Si. Ecim 3a mepuon quarHoCTUKU 1yarn KC ycmen orka-
3aTh U BOCCTAHOBUTHCH (T yuarn > Tork ke + Tsoer kC), TO CUCTEMa BO3BpAIlACTCS B
«paboTocnocobHoe coctosinue» S1 — So. Ecnum 3a BpeMst Tiyarn KaHaAT HE yCIIEN
BOCCTAHOBUTBLCS (Tyuary < Torxkc + Tsoerxc), To coenunenne HKCC muarnoctu-
pyeT OTKa3 KaHajla M MepexoIuT S; — S2 B «COCTOAHHE OXuaaHus». Eciu 3a
BpeMs oxuganus kaHall BOCCTAHOBUTCH (Tyuarn + Tox > Torxkc + Tsoer kC), TO CO-
equnenne HKCC nepexonut S> — Sp B «pabOTOCIIOCOOHOE COCTOSIHUE», B MPO-
TUBHOM CIIY4a€ (Tyyars T Tox < Torxkc T Twoer kC) OHO TIEPEXOTUT S> — S3 B «COCTOSI-
HUE PEKOH(Urypalru», MOCle Yero BOCCTAHABIMBAET CBOE «pabOTOCIOCOOHOE CO-
CTOSIHHE» S3 — So.

[TapameTpsl nepexo0B S;—S; ONpeAeAtoTCs BEPOSITHOCTSIMU pjj 3aBUCSIINX
OT BEpOSITHOCTU OTKa3a Por(f) U BEpOSTHOCTH BOCCTAHOBICHUS Pyocr(f) KaHATIOB
CBSI3U 3a BpeMs f, a TakKe OT BpeMeHHbIX napametrpoB coenunenuss HKCC: Bpe-
MEHHU JUArHOCTUKU OTKa3a KaHala 7Tuarn, BPEMEHU OXKHMJIAHHUS BOCCTAHOBJICHUS
CBSA3U Tox, BpEMEHU M3MEHEHUS (PeKOH(UTYpalus/KOPPEKINs) COOCTBEHHbIX Ma-
paMeTpOB B MHTEPECAX BOCCTAHOBIJIEHUSI PAOOTOCIIOCOOHOCTH 7T pex.

Jlnst BpeMeHHBIX mapaMeTpoB: Tom ke = 1/AorkkCy Tsoer k€ = 1/Usoer KC> T uarns
Tox, Tpex — BBEIEM JIOMYILIEHHE O IYaCCOHOBCKOM IIOTOKE MPOIECCOB OTKa3a U
BOCCTAHOBJICHUS M, COOTBETCTBEHHO, JKCIOHEHIIMAIBbHOM paCIpe/IelieHUH Bpe-
MeHU Torckc U Troer KC, KAK ATO TIOKa3aHO Ha puc. 2.17. JlanHoe gomymieHue 060c-
HOBaHO B 11.3.1.

1
7 Touaen

P(T,, <T,.)=e "

BO3HWUKHOBEHUA OTKa3a

P(T,..,>T,,)=1-¢ "

ouazn omx
1 ; -
. =a

MNoTHOCTL pacnpeneneHnsi BEpOSTHOCTU

0 7-OTK

TumarH

Puc. 2.17 — IlosicHeHHe K AOIMYIIEHUIO O TyaCCOHOBCKOM ITOTOKE MPOIIECCOB
O0TKa3a ¥ BOCCTAHOBJICHUS

BeposiTHOCTB pop TOTO, YTO MHTEPBAT JUATHOCTUKU 7T jyary MEHBIIIE BPEMEHU
cpennero BpemeHu Mexay otkazaMu KC Toxc, To ecth KC 3a Bpems nuarto-
CTHUKHU HE OTKa3aJ M IPOJI0JKAeT paboTaTh:

T,

Jwmard

Poo = P( T < T ) =€ ™. (2.8)

JTHarH o
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BeposTHOCTH po; TOTO, YTO UHTEPBAT AUATHOCTUKU 1 jyarn OOJIBIIIE BPEMEHU
cpennero BpemeHu mexay otkazamu KC 7o kc, TO €CTh KaHaI CBSI3U 32 BpEMS JTH-
ArHOCTUKU Tjyarn OTKA3aJl U BO BpeMs MPOBEJICHUS TUATHOCTUKU OOBEKT YCTaHO-

BHJI 3TOT OTKa3 — CUCTCMaA ICPLIIa B «COCTOSAHUC OTKA3a»:
T,

JIMard

Por = P(Tpary > Toperc ) =1—€ ™ (2.9)

Mard otk KC

BeposSTHOCTH pip TOTO, YTO 3a UHTEPBAI JUATHOCTUKHU Tyary KAHAT YCIICT W
OTKa3aTh, 1 BOCCTAHOBUTHLCSA, B PE3y/IbTaTe CHCTEMa BHOBb Tepenuia B «pabOTo-
CITOCOOHOE COCTOSTHUE:

T;:[HETH

+T ):1—6 Tone ke Hoer ke ) (210)

Boct KC

Pro=P(Tprn > T,

JUard otk KC

BepOSITHOCTB P12 TOro, 4TO 3a UHTCPBAJI JUAI'HOCTUKU Tgmam KaHaJI yCIICII
O0TKa3aTb, HO HC YCIIC]I BOCCTAHOBUTHCA U CUCTCMaA IICPLCILIa B «COCTOAHUC OXKHUIAA-
HUA» BOCCTAHOBJICHUS CBA3U.

T}JHarH

+T ): e Ty ke oo kC ‘ (21 1)

Mard otk KC Boct KC

P2 =P(Tpr < T,

BepOHTHOCTL P20 TOT'O, YTO 3a BPCMA MHTCPBAJId JTUAI'HOCTUKHU T)marH U BpCMA
OXHNIJaHUA Tonc KaHaJI YCIICH U 0TKAa3aTb, 1 BOCCTAHOBUTLCA, B PE3YJILTATC CUCTCMA
BCPHYJIACh B <<pa6OTOCHOCO6HO€ COCTOSAHHUCH.

T, JIMarH +];)>|<

Pao = P( T + T > Topecc + T ) =1—€ e (2.12)

JUarH otk KC BocT KC

BeposiTHOCTB p23 TOTO, UTO 32 BpeMs HHTEpBaJia TUATHOCTUKH 1 yyarn U BPEMSI
oxxkunanusi Tox KaHaJ ycmell OTKa3aTh, HO HE YCIENT BOCCTAHOBUTHCA, M CHCTEMA
nepelnia B «COCTOSHUE PEKOHDUTYypaIum»:

T, +T

JMardH 0K

Pos = P( T + Toe < Ty + T ) =€ (2.13)

JIAard otk KC Boct KC

Bpems pexkoHdurypamuu mpUHITO pacHpepesieHHBIM IO 3KCIOHEHIHAb-
HOMY 3aKOHY C MAaTEMaTUYECKUM OKUAAHUEM Tpex. B 3TOM citydae BEpOSTHOCTD P33
TOTO, 4TO 32 BpeMs Ipex OOBEKT ycIied U3MEHUTh CBOM MapaMeTphbl U CUCTEMa Iie-
pelia B «paboToCIOCOOHOE COCTOSIHUE:

po=P(t>T,)=¢", (2.14)

pek
a BEPOSITHOCTH TOTO, UTO 32 TOXKE BPeMs 1 pex MPOJIOIDKACTCS pEKOHPUTYpALINSA:

pu=P(t<T,)=1-¢". (2.15)

pex

®opmanuzanus pynkuuonupoBanus coequnenuss HKCC B Buae MapkoB-
CKOT'O Ipolecca ¢ JaHHBIMU MEPEXOAHBIMU BEPOSITHOCTSAMHU p;; MMO3BOJSET COCTA-
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BUTH YPaBHEHUS IJIi COCTOSHMHA CHCTEMBI, MPHU JOMYIICHHH O CTAIIMOHAPHOCTH
npoiiecca ee (PyHKIIMOHUPOBAHUS

P(S))pio + P(S,) Dy + P(S3) 3y — P(Sy) Por = P(Sy) Py + P(Sy) Poy = 05
P(S)) por = P(S) Py, = P(S)pyy = 0;

P(S)p, = P(S,) Py — P(S,)py; = 0;

P(S8,) Py = P(S;) p3g — P(S;) Py + P(S;) P33 = 0;

P(S,)+ P(S))+ P(S,)+P(S,) =1.

Pemienve naHHOW CHUCTEMBI YpPaBHEHUU ITO3BOJUT IIOJIYYUTh BEPOATHOCTHU
HaXO0XIEHHS CUCTEMBI B COOTBETCTBYIOLIUX COCTOSIHUAX, B 3aBUCMMOCTH OT IIepe-
XOJIHBIX BEPOSITHOCTEM:

P(SO) — p30 ,
Po1P3o T PoiP12Pso T P30 T Po1PraPos

P(Sl) — p01p30 ’
PoiP3o t Po1P1oP3o + P3o T PoiPraPas

P(S,) = Po1P12P3o : (2.16)
PoiP3o T PoiP12Pso T Pio T Po1PraPas

P(S,) = Po1P12Pos

Po1P3o t Po1P12P3o + Pso T PoiPraPas ’
P(S,)+P(S)) + P(S,)+ P(S,) =1.

[IpoBenem uccnenoBaHuEe U3MEHEHUS EPEXOAHBIX BEPOSITHOCTEN pj; B CHUC-
TEME B CJIEAYIOUIUX TUIIOBBIX CUTYaLIUSIX.

1. Ilepuon, AMAarHOCTHKU OTKa3a Tyyars HAMHOTO MEHBILE CPEAHETO0 BPEMEHH
Mexay otkazamMu KC Tyke ¥ BpeMeHn BoccTaHOBIEHUSI KC Tyoer xc, HAIPUMED
Twarn=0,01; Toxxc=1; Tsoerxc =0,25, B 3TOM cllydae BEpPOSTHOCTH TOTO, YTO 3a
BpeMs 1y KaHAT OTKAXKET, OYCHb HU3KA, YTO OO0YCIaBJIMBAET 3HAUYCHUE poo—> | U
cooTBeTCTBeHHO 3HaueHue P(Sp)— 1. Omnako ecnu ke otkaz KC Hactymaer, To
MPOMCXOUT CBOCBPEMEHHAS €r0 JUArHOCTUKA M CUCTeMa u3 paboTOCOCOOHOTO CO-
CTOSTHUSL Sp IEPEXOJUT B COCTOSHUE OTKa3a S, U3 KOTOPOro 6e3 moreph BpEMEHH Ha
OKUJIaHUE BOCCTAHOBJICHHS CBS3HM IMEPEXOJIUT B COCTOSHUE PEKOH(PHUTYpAIMH CHUC-
TEMBbI S3 € TOCIEAYIOINIUM BO3BpallleHUEM B PpabOTOCTIOCOOHOE COCTOsTHUE So
(puc. 2.18, a).

2. Ilepyost AMArHOCTUKU OTKA3a 1 yyars COMOCTABUM CO CPEAHHM BPEMEHEM Me-
xay otkazaMu KC Tockc, €ro BpeMEHEM BOCCTAHOBIEHUS Thocr ke, @ TAKKE CO BpEMe-
HEM OXKUJAHUS BOCCTAHOBIECHHS CBSI3U Tox Lmarn = (1/Aorckc) + (1/Usocrkc) = Tox, Ha-
npumep (puc. 2.19, 6): Tyarn= 0,8; Tox= 1,25; Torxxc=1; Tsoer k¢ = 0,25. B sTOM
ClIyyae MpHu OTKa3e KaHajla CBSI3M MPOUCXOJUT CBOEBPEMEHHAS €r0 JUArHOCTHKA, U
cucTteMa u3 paboToCroCOOHOr0 COCTOSIHUSL Sy MEPEXOAUT B COCTOSIHUE OTKasza Si.
N3 coctostHus oTkaza S| mocie 0XXHUAaHUS BOCCTAHOBJIEHUS CBSI3U B TEUCHHM 1 oy
CUCTEMa TIEPEeXOJIUT B COCTOSHUE PEKOHUTYypaluu S3 ¢ TOCIETYIOIIeM BO3Bpa-
nieHueM B pabOTOCIOCOOHOE COCTOsSIHME Sp (B Cilyyae €clid CHCTeMa He ycrena
BOCCTAHOBUTBCA 3a BpeMsi oxulanus Tox). B cioydae, ecnu Ha Bpemsi OXKHIAHUS
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T« KaHAN CBSA3M YCIEN BOCCTAHOBUTHCS, CHCTEMa Cpasy K€ MEPEXOIUT B COCTOS-
Hue So.

3. Ileproa AMArHOCTUKH OTKA3a Tjyarn HAMHOTO OOJIBIIE CPEIHETO BPEMEHU
mexnay otkazamu KC Toncxc ¥ BpEeMEHHM BOCCTAHOBJICHHMS KaHala CBSA3H Tgocr KC,
Hanpumep: Tyarn= 3, Tox =35, Torxkc= 1, Tsoer kc = 0,25. B 3TOM ciydae npu oTkasze
KC He mpoucxXoauT CBOEBPEeMEHHAs €r0 JTUAarHOCTUKa M CHUCTeMa U3 paboTOCTO-
COOHOTO COCTOSIHUS S) IEPEXOIUT B COCTOSTHHE OTKa3a S, U3 KOTOPOTO HE MOXKET
nepeT B COCTOAHHE pEeKOHpuUrypauuu S; (depe3 cocrossHue S2), a cieaoBa-
TEJIbHO, U B pabOTOCTIOCOOHOE COCTOSIHHE S), OKHIas MOKa UCTEUET OYepeaHON
MEPUOJ AUATHOCTUKU. [Ipr 3TOM CyIIeCTBEHHO MOBBIMIAETCS BEPOSTHOCTD Pio, UYTO
cucrema 3a BpeMs [juaru YCIIEET CAMOCTOSITETFHO BOCCTAHOBUTHCSA. (DaKTHUECKH
TaKOE COCTOSIHUE COOTBETCTBYET «HEOOHAPYKEHHOMY OTKa3zy», TaK Kak IMpH Ha-
CTYIUICHHUH OTKa3a J0 HCTCUEHHUS BPEMEHH OYEPEJTHOTO TEpUOoaa IUArHOCTHKHU
Tyyarn CHICTEMA HAXOAUTCS KaK ObI B PaOOTOCIIOCOOHOM COCTOSTHHH U TPOJOJIKAET
UCIIOJIK30BaTh OTKAa3aBIIui kaHan (puc. 2.18, 8).

[TepexonHble BEPOATHOCTH p;; U KOHEUHBIE BEPOSITHOCTU P(S;) HaX0XKICHHS
B COCTOSIHUSIX S; JIISl BBIIIEPACCMOTPEHHBIX TUTIOBBIX CUTYAIIUSAX W MPU yKa3aHHBIX
OrpaHUYEHUAX MPUBEACHBI HA puc. 2.18.

Puc. 2.18 — 3naueHust nepexoHbIX BEPOSITHOCTEN

st perienus 3agaun 000CHOBaHUS BPEMEHHBIX MapameTpoB (YHKIIMOHU-
poBanusi coenuHennss HKCC u3 (2.16), ¢ yuetom (2.9-2.15), cokpaiast 1 npuBoas
0/I00HBIE, TIONYYUM BBIPAKEHUE ISl 0OECTICUeHHsI 3aIaHHOTO YPOBHS BEPOSITHO-
cti P(S)), KOTOPBIH 10 cBOeMY (DU3UYECKOMY CMBICITY SIBISICTCA KOA(DPHUITUEHTOM
roroBHoct MHC Kr:

-1

e e (217
T JAuarg JAuarts T

(l_e otk KC ) 1+677;)TKKC+I;100TKC +(l_e ZZJTKKC )_1 +e 0TKKC+7;100TKC

JIMard

OTnUuuTEeTFHON OCOOEHHOCTBIO TMpeJIaraeMoid MOJIENH, IO CPABHEHHIO C
aHaJoramH, sIBJII€TCS €€ YHUBEPCAIbHOCTh IPUMEHEHHUS JJIsl MOJAEIUPOBAHUS 00b-
€KTOB CBSI3H, (DYHKIIMOHUPOBAHUE KOTOPBIX 3aBUCUT OT cBsizaHHOTO ¢ HuMu KC.
Kpome Toro, B pamkax mpeaioKe€HHOW MOJENIN BIEPBBIE CTPOrO YBSI3aHbBI 3HAYe-
HUSI BPEMEHHBIX UHTEPBAJIOB JTUATHOCTUKU (7 juarn) U OXKUJIAHUSI BOCCTAHOBJICHUS
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cBs13U (Tox) co cpennum BpemeHeM Mexay otkazamu KC Ty ke, @ clie1oBaTeIbHO
Ha OCHOBE JIaHHOM MOJIeNId BO3MOXKHA pa3paboTka snemeHToB HMA mnoBbiiieHus
kod(ppunmentom roroHoct MHC Kt myTem aganTUBHOTO M3MEHEHHS dTUX WH-
TEPBaJOB B 3aBUCUMOCTH OT TEKYIIET0 3HAYEHUS 7 ori KC-

UccnenoBanue noBeieHUs KOHEYHBIX BEPOSITHOCTEN COCTOSTHUM cucteMbl P(S)),
OTpeIeISIEMBIX B COOTBETCTBUU C BhIpaxkeHUssMU (2.16), npencTaBiieHo B 1. 3.2.

2.4 ANropuTt™M aganTUBHOIO0 H3MEHEHHMSl BPEMEHHBIX MapaMeTpoOB
CUrHAJIM3anuu B Mexy3a0BoM coeauneHuu HKCC B ycioBusix Bo3aeiicTBUs
cpeacts PIII

Pa3paboTanHblii aITOPUTM OCHOBBIBACTCSI HA OMUCAHHOW MOJAEIH (DYHKIIHO-
HUpOBaHUs Mexy310Boro coeauHennss HKCC B ycrmoBusix BO3IEHCTBUSL CPEJICTB
POIl. AHanu3 moBejieHHsS KOHEYHBIX BEPOSTHOCTEHW COCTOSIHUM cucTeMbl P(S)),
MPOBEACHHBIN B 1. 3.2, MOKA3bIBACT, UTO YBEIMUCHUE OTHOIMICHUS T on/ T yparn > 5 HE
NPUBOJUT K MOBbIIEHUIO K03 dunnenta roropHoctd MHC Kt (puc. 3.12). Takum
o0Opazom, 1enecoodpa3Ho B pa3pab0TaHHOM alroputMe onpeneiuTb Tox/Tuarn = 5,
YTO MOJTBEPKIAACTCS HCIOJIB30BAHUEM AHAJOTMYHOTO OTHOIIEHHS B MPOTOKOJIE
PNNI [76] u 6au3koro Kk HEeMy 3Ha4€HHUS B JAPYTUX PaCIpPOCTPAaHEHHBIX MPOTOKO-
nax Mmapupytusanuu. Tak, nis nporokosia OSPF otnomenue Tow/ Tpars = 4, @ 1181
npotokojia EIGRP Tou/Thyarn= 3 [108]. Kpome Toro, ananus 3HaueHui mapamer-
poB KadyecTBa oOcimykuBaHus B ceTsx ATM npu nepenave tpaduka ypoBHS ajar-
taiiuu AALS (. 1.1, Ta6a. 1.1-1.2) mo3BoJisieT 3aaaTh HIHKHUN TIOPOT JJIS 3HAYE-
HUS BPEMEHHM TUATHOCTUKH 1 yuars. 3aJEPKKa B Iepenaue MHGOPMAIMOHHOTO Ta-
kera B ceTsx ATM nys ypoBHs amantaruu AALS coctaBnset 50 mc (tabia. 1.2). B
CJIydae €ClIi BpEMEHHOW MHTEPBAJI JUATHOCTUKU 1 juarn HE TIPEBBICUT ATOTO 3HAUE-
HUSI, CUCTEMa CHUTHAJIM3AIlMM HE CMOXET aJeKBAaTHO KOHCTaTUpoBaTh oTka3z KC
BBHJIY TOT'O, YTO CITy>KEOHBIC TTAaKEeThl OYIYyT OTIPaBIATHCS KoMmMyTaTopoM ATM c
MEPUOJIOM MEHBIIIUM, HEKEJIU BO3MOJKHAs pa3HUIA B 3aJCPKKE MEXKIY MNPHUXO-
JaMH TUX MTAKETOB Ha COCEHUM KOMMYTATOP.

AJNTOPUTM aJIaliTUBHOTO U3MEHEHUSI BPEMEHHBIX MMapaMETPOB CUTHAIU3AIUU
B Mexy3inoBoM coenquHennn HKCC B ycnoBusax BozaerictBus cpencts POII npen-
CTaBJIeH Ha puc. 2.19. BxogusiMu napameTrpaMu ajirOpuT™Ma SIBISFOTCS

— 3a/IaHHBII YPOBEHb BEPOSATHOCTU CBOEBPEMEHHOM JOCTABKU MMaKeTa Pgy;

— cpeanee BpeMs Mexay oTkazaMu KC Tor ke

— 3HaYEHHE BEPOSITHOCTH CBA3HOCTU coeauHenus MHC P;

— cpeanee BpeMst BoccTaHOBAEHUSA KC Thoer kc;

— onpeaeneHHoe npotokoiaoMm PNNI Bpemst nuarHoCTUKY T jyars PNNI;

— 33JlaHHasi TOYHOCTh BBIYMCIICHUH €.

3anaHHbBIi yPOBEHb BEPOATHOCTH CBOECBPEMEHHOM JIOCTABKM MaKera Pl

onpeensieTcss TpeOOBaHUAMHU 10 YCTOMYMBOCTH CBSI3H, MIPEABIBISIEMBIMU K TPaHC-
noptHoi HazemMHO-kocMmuueckor cetn OCCCH. 3naueHne BEpOSATHOCTU CBA3HOCTH
coenunenust UHC P, 3a061aroBpeMeHHO onpeaensiercs: ucxoas u3 crpykrypsl CC u
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3HAUYEHUN BEPOSTHOCTUH padborocnocoOHOro coctosHus 3neMeHtoB  HMHC
(cm. m. 1.4). Tlpouecc onpeaeneHus: 3HaYCHUSI CPETHETO BPEMEHHU MEXKIy OTKa3zaMu
KC Toxc MyTeM HMCHOJIB30BAHUS CHCTEMbl MOHWUTOPHHIA CUTHAJIBHO-IIOMEXOBOU
00CTaHOBKM M MEXaHU3MOB cUrHain3auuu npotokoia PNNI onucan B . 4.1.

( HA4YANO )

I \PZT cn )_P(?
BBeopg 3agaHHoro \P(T )= 0
aHaverus Ly

3HAUGHUN Peo, £, & BbqucneHme

nepBOW MPON3BOSHOM
I— 2. | I yHKUMN

T,qmarH/ ,cunarH PNNI i

T/:LmarH PNNI j

‘“I”/(T ) d\{]( lmuH)
JMard
[ns Bcex KC;: dT e
VKC, |zeVPC 9 |
" BbluncrneHue
4. Ouenka napalvleTpOB BTOPOW NPOM3BOLAHOMN
yHKuMoHnposaHus KC PYHKLM
(TOTK Kcil TBOCT KC /) l{,// ( ) — d LP( ;maru) . ¥ (T
CUCTEMON MOHUTOPUHra s dTWaIH -7 _M
CUrHanbHO-MOMEXOBOWA — (T )
06CTaHOBKV| Onpe,qeneuue BpeMeHHOro nHrtepBana l
AWarHoCTUKN Tgyary MeToaoM HbloToHa
BblqmcneHme TeKyLLEero Her 15. Ha
3Ha4eHmA Pcﬂ Tanarn < 50 MC
)= Pyx
g 16.
17.
1 - [ T/:LmarH i~ Tu,marH PNNI iI [_ qmm
T il L
e — 18 1
OnpepeneHne Ty
To»(i =5 prlaru i
Ycnosue |
6. KoppekuMn Topam i — 19. -
”“;;“’ BbiBOA 3Ha4eHun
Lﬂ( ”"“‘”‘) PC‘J T,u,marHiVl Toxi
Ja 20. CTers csian HeT

npogorkaeT
BBsoga 3apaHHOro 3HauyeHnsA BEPOATHOCTH

M N OnpeaeneHve BpeMeHHOro paboTy?
CBOEBPEMEHHOI AOCTaBKM ;:\Ilée-ra, 3Ha4YeHUn O G e KOHEL|
BEPOATHOCTM CBA3HOCTM M TOYHOCTM BOCCTaHOBNEHMS CBA3N To

BblYMCrieHU

Puc. 2.19 — Anroput™m aganTUBHOTO U3MEHEHUSI BPEMEHHBIX MapaMeTPOB CUTHATU3AIUN
B Mexy310BoM coenuHeHnn HKCC B ycnmoBusix BoznecTBus cpencts POII

B xozne paboTsl anroputMa OCyIIECTBISIETCS pACUET TEKYIIETO 3HAUEHUS Be-
POSITHOCTH CBOEBPEMEHHOW nocTtaBku mnaketa Pcjy (puc. 2.20), npu >ToMm

Tox= STyars (OJIOK 5). B cnyuae ecau P., > P*', alrOpUTM 3aKaHYMBaeT paldoTy.
Pl yLI CJ1 CJ1 y

C y4eToM OTHOIIEHHS MEXKy 3HaUCHUSIMU BPEMEHHBIX HHTEPBAJIOB CUTHATIU3AIUU
Tox= 5T warn ¥ BolpakenueM (2.17) Boipaxkenue (1.2) nig onpeneseHus: BEPOSTHO-
CTH CBOEBPEMEHHOM JIOCTABKM NakeTa Pcj, TPUHUMAET BUA:
P 2.18
CL[( /:marH) = ) ( ’ )

1 1 1 TXT o
7Tﬂuam = 5 ‘maarm T 7jmarH A

l—e Towke l+e Torc ke +Thoer kC +(1—€ Torc ke )71 +e Tore ket Thoer kC
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JIJis BBIYMCIIEHUS! 3HAYCHUSI BPEMEHU JTUATHOCTUKH 1 jyarn, HEOOXOIUMOTO ISt
00€CIIeYeH s 3aJaHHOr0 YPOBHS BEPOATHOCTU CBOEBPEMEHHOM JTOCTABKM IaKeTa Pgy

IIPU ONPEACIICHHOM 3HAYEHUU BEPOATHOCTH CBs3HOCTH coenauHeHuss MHC Py B
onoke 7 BBoguTcs QyHKIMS W( 7 yyarn), OTIMCAHHAS BhIpaXkeHUEM (2.19).

P. - (2.19)
(T ) = iy . 1 . fa

Jmard Jtuars

(1—6 Lo ke ) 1+e_ToIKKC+TBOCTKC . +(1—€ Toncke )—1 +e Torc ke +Thocr ke

Onpenenenue 3HAYEHUS] BPEMEHU JAMATHOCTUKU Tjuars METOAOM HbroTOHA
npousBoauTcs B Osokax 8—14. Jlns onpeaenenust HanpaBlieHUs] TPUOINKEHUS BbI-
quCHeHUN Tyuars HaxoasTCs mepBasi (00K 8) u BTOpas (070K 9) MPOU3BOJHBIC
bysxuun Y(Tanarn)-

[lepBas npousBoaHas pyHkuus (2.19) onpezensercst BBIpaKeHUEM:

T T arm ~Twarn=Tore=Tsocr ke - ~ Tarm
Tore ke + hoer ke T ke + hoer ke Tone Torcke
e +e e TOTKKC +T:3()CTKC +7:)TKKC e e _1
AV (T )
dT =-P cB r T T 2
JIMarH T;maru =7 T;man-x L marn” Lotk KC™ 4 Bocr
Tom e Torc e+ hoer ke Tonc e+ soer ke -1
(T:)TK e + ZLOCT e ) ];‘)CT e e e OTK _ 1 e OTK BOCT + e OTK BOCT + e _ l
1- Tywaru 1 7T awarn Twars
T. T. +T, T,
e lowke (]—Z)TKKC+7—;300TKC)+7—;)TKKC co Tomkethake |, Tonke _q
+ 2
_@ -7 T:man-l _Tquan-x T ke~ Troer ke
Tonc ke Torc ke woer ke Tore e+ Thoer ke -1
(Y—Z)TKKCJ’_T;OCTKC)];OCTKC e e —ljle te +e -1

Bropas npousBoanas ¢pynkiuu (2.19) onpenensercs: BEIpaKCHUEM:

2
5T arnTom ke ~Tore ke +3 Dmarn Tork ke + Tuwarn Tooer ke —Tor ke Twoer ke

dz‘P T (Tom ke hocr KC)TBOCT
Jard e
2 = CB E +
dT;(I/IarH _ T:wmrH -7 Tuuaru 7Tnmm - otk KC ’Tsocr KC

T. T e+ T, +T, —1
(T:)TKKC"'I:;QCTKc)TOCTKC el e otk KC -1 eonl(C Boer KC +e orx KC T gocr kC +e -1

B

T arn ~Twarn = Tor ke ~Taoer kC 1 Tiarn - Tarn
Tor ke +Thocr kC T ke +lhocr kC Tomc ke Tom kc
2e te 2T<m< kc€ - eTom ke T 7—:3()CT kc€
+ 2
Tiarn 7 Tyarn ~Tarn—Tore ke~ Taoer ke
) _ Lavaru
2 Torc ke Tor ke HThoer kC Tor e+ Thoer kC —1
(7:)TI(KC+7-ISOCTKC) T;GCTKC e e _1 e +e +e _1
_ Tawarn
e To ke
+ ~+
_ Tiarn 7 Taparn ~Twars = Tor ke ~Tsoer kC
2 Tow ke Tor ke +Thoer kC Tork e +Tsocr kC -1
T .xc |ele ~1jle +e +e -1

82



T Lo i~ ke ~Tcr

Tomc ke T ke +Thoer kC Torc ke o kC
e 27—;1‘1( KC + Y—I;OCT KC e te
2
Tuwarn 2T arn—Tonc ~Twarn =Tor ke =Tsoer ke
T +T T ‘ 2 el e Tonc ke -1 eﬂ,.KKC+EQC. K 4o T ke + Thoer ke +e—1 -1
otk KC Boct KC Boct KC
3T ars + Tor ke + Thoer kC Tawarn
e Tor ke +yoer kC e Towxe 1
+ 7|
Tiaru T Tparn ~Tarn —Tor k¢ ~Tsoer ke
T +T 2 el e Torc ke -1 eTmKKc‘*’Tmu K 4o Torc ke +Thoer kC + e—l -1
otk KC Boct KC
1 Tarn T T arn = Tywarn =Torx ke =Tooer kC
Torc e Torc e +Toer ke Torc e +Thoer ke -1
_ZPCB e e +e +e TI)TK KC + 7:3()CT KC +
T T T
Tor ke +Hvoer kC Tor ke +woer kC -1 Ty ke
+e| 2e +e +e ||e -1\T e X
7 Twarn ~Larn = Tor ke ~Taocr kC 1 Lavarn 1L
Torc ke +lhocr kC Torc ke +Toer ke Ty ke Tomc ke
e +e 27;1‘1(6 - ez:)TK KC + T;om KCe
X
3
L 7T ywarn ~Tarn —Tor k. ~Tsoer ke
2
2 To ke T ke +Thoer kC Tor e+ Twoer kC -1
(TOTKKC"'TBOCTKC) Toerxc | €] @ —1e te +e -1
_ D ~Tox 2T « k¢ Hyoer ke Tiarn
Torcke Torc Kc+To KC
e ]:)TK KC + ]-;ZOCT KC + T:)TK KCe
3
Twarn 2T arn=Tox Tawarn = Torx ke ~Tyoer
T +T 2T 2 el e Tow ke -1 eTorr\KC+]:zoc1KC +e TmKC*z«ch +e—l -1
otk KC Boct KC BOCT

B Onoke 10 ocymiectBisieTcss onpeaeieHUe HapaBiICHUs] TPUOIMKEHUS
BBIUUCIECHUN T uary. B Cllydae, eciiu nmpou3BeeHUE NEPBOM U BTOPOUW MPOU3BOI-
HBIX OTPUIATENIbHO, MOUCK OCYIIECTBIISIETCS CJEBa M MEPBOHAYAIBHO 3a]1a€TCA
Tparn = 0, KAK MUHUMAJIbHO BO3MOKHOE 3HAUEHUE BPEMEHH JUAarHOCTUKU. B mpo-
TUBHOM ciy4ae 3a1aeTCsl 1 yarn = 2 Torx kC, KAK MAKCUMAJIBHO BO3MOYXKHOE 3HAUEHUE
BPEMEHHM JTMArHOCTHKH, 000CHOBaHHOE B 1. 3.2 (puc. 3.9).

B 6nokax 13—14 npou3BOANTCS UTEPAITUOHHOE BBIUYMCICHUE 3HAUCHUS T yarn
¢ TpeGyemoi TOUHOCTH €. [Ipu JOCTHIKEHUN yCIIOBUS:

P ()

JIMard

AK (T )

JIMard

2€,

B O1toke 19 oCyIIecTBIISICTCSl BEIBOJ] 3HAYCHUS BPEMEHH TUATHOCTHKH 1 jyary, HEOOXOTH-
MOTO JIJIs1 00ECTICUCHMST 33J]JAaHHOTO YPOBHS BEPOSTHOCTH CBOEBPEMEHHOM JOCTABKH Ta-
KeTa P.; TIpU ONpeeIeHHOM 3HAYEHUU BEPOATHOCTH CBA3HOCTH coenruHeHns MMTHC P
B cnyuae, ecnu 3HaueHHME BPEMEHU IHUArHOCTUKUA Tyarw HE TPEBBICUT 50 MC
(610K 15), nemaercst BEIBOA O HEBO3MOXKHOCTH OOECTICYEHUSI 33JJaHHOTO YPOBHS BEPO-
ATHOCTH CBOEBPEMEHHOM JIOCTABKY NAKETa Pl TIPU NCXOIHBIX YCIOBHAX (010K 16).
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OnpeneneHue 3HA4YEHUs] BPEMEHHM OKUJIAHHUA BOCCTAHOBIICHHS CBSA3HU
Tox= 5T ars ipouzBoautcs B 0510ke 17. [Ipu npogomkenuun padotsl CC (6510k 20)
OCYIIECTBIISIETCS TEpEX0/l B OJIOK 3 171l pacyeTa 3HAYEHHs] BPEMEHH JUArHOCTUKH
Tyars 11 qpyrux KC mapmipytuzatopa. B npotuBHOM ciiyyae paboTta aaropurma
3aKaHYMBAETCS.

Takum oOpa3om, B pe3ysbraTre padoThl AITOPUTMA OMPEACIIAIOTCS 3HAUCHHUS
BPEMEHU AUATHOCTUKU Tjyars U BPEMEHU OKHIAHUSI BOCCTAHOBJICHUS CBA3U 1 oy,
IIpU KOTOPBIX OOECreuYrBaeTCsl 3aJJaHHBIM YpPOBEHb BEPOSITHOCTH CBOEBPEMEHHOMU
JOCTaBKU MaKeTa P B YCIOBHMAX BO3AeHCTBHA cpencts POII, xapakrepusyrome-

rocsi 3Ha4CHUSIMU cpeHero BpemeHu Mexay otkazamu KC 7o ke.
Onenka 3pPpeKTUBHOCTH pa3pabOTaHHOIO AJIrOPUTMA MPEACTABIEHO B II. 3.2

2.5 Auroput™ MapmIpyTH3anuy MH(OPMALUOHHBIX MOTOKOB 10 KPATYAHIIINM
U pe3epBHBIM MYTSAM HA OCHOBE MCIOJIL30BAHUSA CTPYKTYPHOI M30BITOYHOCTH
HKCC

Ilenbto pa3paOOTKU aJropuTMa SIBJISETCS COKpALIEHHE BPEMEHH PEKOH(U-
rypauuu Tpec. B pabore [119] nokazano, uto qist pesepBupyembix KC Bpems pe-
KOHQUTypauuu Tpex ONPENENIETCS B COOTBETCTBUU C BbIpaykeHUEM (2.20):

T =Tper ¥ Tryn + 7, (2.20)

TEepPeK 2

rie Tysen — BpeMs yBenomieHust o0 otkaze KC y3na, 0OTBETCTBEHHOr0 3a peKOH(pU-
rypamuio nytei; Trnun — BpeMsi, He0OXOAUMOEe IS HOBOT'O MOMCKa KpaT4aiimx
nyTeH; Thepexn — BPEMSI IEPEKIIIOUEHNS HA PE3EPBHBIE ITYTH.

Bpewmst yBenomiienust 00 otkaze KC y3i1a, OTBETCTBEHHOTO 32 PEKOH(MUTYPAIHIO
myTeH, Tysen 3aBUCUT OT BPEMEHM Iepeaull MEKAY OTAEIbHBIMU Y3J1aMH COOOIIEHHS
00 oTkase T, ¥ OT KOJIMYECTBA YUACTKOB CETHU djj, MEXKITY Y3710M, OOHAapYKUBILLIUM OTKa3
KC (y3en i), u y3110M, OTBETCTBEHHBIM 32 TIepeKIIoueHue myten (y3en j) [119].

Tynen = Tyl 2.21)

Bpemsi, HeoOxoaumoe Jj1s1 HOBOTO MOMCKA KpaTJdaluX MmyTeH, Timm 3aBUCHT
OT UCHOJIL3YEMOT0 aIrOpUTMa MOKMCKA KpaTyalnx myTel, a Takxke pazmepa CC.

Bpems nepexitoueHust Ha pe3epBHbIE YT Tpepexs 3aBUCUT OT OBICTPOAEHCT-
BUSI MaplIpyTu3zaTopa (KoMMyTaTopa).

Takum o0pa3zom, cokpalleHHe BpeMEHH PEKOHPUrypauuu 7Tpex BO3MOXKHO
OCYIIECTBUTH MTyTEM CHIDKCHHS BpeMeHu yBeaomiieHus 06 otkaze KC y3ma, oTBeT-
CTBEHHOT'O 32 peKOHQUrypauuio mytei, Tysen 1 BPEMEHU, HEOOXOAUMOIO Uil HO-
BOTO MOWCKA KpaTtyalmux nytei, Tiun. CHUKEHHE BpEMEHH yBEIOMJICHUS 00 OT-
kaze KC y3na, OTBETCTBEHHOTO 32 peKOHGUTYpaluio NyTeH, ysey JOCTUTACTCS Y-
TE€M OpPraHU3alUU BO3MOXHOCTH MEPEKIIOYEHHS HA PE3EPBHBIC MapIIPYTHI B CIIY-
gae otkaza KC y3nom, OmmkaimiuMm K 3TOMY OTKa3y. B aTom ciydae, coriiacHO
BBIPAKEHUIO (2.21), KOIMYECTBO YYacCTKOB CE€TH djj, MEXAY Y3JIOM, OOHapyKUB-
muM oTka3 KC, u y3710M, OTBETCTBEHHBIM 3a MEPEKIIOUEHUE MyTei, a ciaegoBa-
TEJNBbHO, U CaM BPEMEHHOW MOKa3aTeNb Iyse; OyAYT paBHO HYINI0. CHUXKEHHUE Bpe-
MEHH, HEOOXOIUMOTO JIJIsI HOBOTO MOUCKA KpaT4almux myTed, Tium, TOCTUTaeTCs
MOCPEACTBOM 3a0JIarOBPEMEHHOTO MOUCKA KaK KpaTyalllliX, TaK U pe3epPBHBIX IY-
teil B CC u 3aHeceHue ux B TaOJIMIIbI MAPIIPYTU3ALIUH.
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B xone pa3paboTku anroputMa nposeneHa Moaudukanuu anroputma Jleik-
CTPBI, U B HETO JONIOJHUTEIBHO BHECEHBI U3MEHEHHUsI, HAIPABJICHHBIE HA PACIIH-
peHue ero PyHKIMOHATBHOCTH, CBA3aHHOU C (POPMHPOBAHUEM PE3EPBHBIX MYyTEU B
COOTBETCTBUM C BBILICYKa3aHHBIMU II0JIOKCHUSAMHU. B OCHOBE IpeniaraemMon mo-
nuuKauy anroputMa JleMKeTpsl JexaT clieyrole NOJ0KEHNU.

1. Ilpn nOCTMKEHNH OYEPETHONW BEPIIMHBI 3aIIOMUHAIOTCS UCXOMSIINE BEP-
IIMHBI BXOJSIIMX B 3Ty BEPIIMHY pedep, Kak MOTEHIMAbHbIE 3JIEMEHThl Oyny-
IIEr0 Pe3epBHOrO MyTH K 3To# BepuuHe (puc. 2.20).

,uOCTI/IFHyTbIe Ha
TeKyLleM Lare BepLUnHbI

McTouHmnk

R.=[B, C, D] — noTeHumanbHbIe 3NeMEHTbI
ByayLuero pe3epBHOro nyTu K BeplumHe A

«f»- KpaTuaiiwme nytu
@ [JoCTUrHyTbIE BEpLUMHBI

Puc. 2.20 — 3anuce moTeHIMATBHBIX 3JIEMEHTOB Oy IyIIET0 PE3ePBHOTO
NyTH K BEPIINHE

2. IIpu ouepennom mare (GyHKIMOHUPOBAHUS AJITOPUTMA JIOCTUTHYTas Oue-
penHas BepUIMHA MPOBEPSETCA KaK MOTEHUUAJIBbHBIA 3JIIEMEHT PE3EPBHOIO IMYTHU
JUISL BCEX YK€ JOCTUTHYTHIX BepIIMH. EcCiM OHa sABISETCA MOTEHUUAIBHBIM 3Jie-

MEHTOM PE3EPBHOTO MYTH, GOPMHUPYETCS PE3EPBHBIA MYTh K paHee JOCTUTHYTOU
BEPILIHHE Y€PE3 TOJIBKO YTO JOCTUTHYTYIO.

BHOBb AOCTUIHYTbIE HA
oyepefHOM Liare BepLmHbl: [B, D]

’
LY ’
. U
. ’l
At

l
"’
.o h
R.=[B, C, D] — noTeHumanbHble 3feMeHThbI
6yayLero pe3epBHOro nNyTu K BeplunHe A

CpasHenue [B, C, D] v [B, D] npuBoauT K BbIBOAY,
4YTO pe3epBHble NyTH K A nexat Yyepes Bu D

Puc. 2.21 — ®opmupoBaHue pe3epBHOTO MYTU K BEPLIMHE
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3. Ecnu k paHee JOCTUTHYTOM BepIIMHE yxKe ObLIu ChOPMUPOBAHBI pPE3EPB-
HbIE YT U OHA y4acCTBYET B CO3/IaHMHM HOBOT'O PE3EPBHOIO MYTHU K OUYEpPEIHOM
BEpIIMHE, TO K 0YePETHON BEpIIMHE POPMUPYETCS MHOXKECTBO PE3EPBHBIX MYTEH C
BKJIIOYEHHEM B HUX BCEX BO3MOXHBIX BapUAHTOB PE3EPBHBIX MyTeH CPOpMHUPO-
BaHHBIX paHee. [Ipuyem, eciaum B pe3epBHBIN MyTh BXOJUT caMa OYepeaHas Bep-
IIMHA, TO TAaKOW MyTh, BO N30€KaHKE ITUKIIOB, B pE3EPBHBIC HE BKIIFOYALCTCHI.

Puc. 2.22 — [Ipumep nocTpoeHns pe3epBHBIX ITyTEH K BEPIIUHE

4) Bce pesepBHBIC IMYTH K BEPIIMHAM CETU YIOPSAOUYMBAIOTCS B COOTBETCT-
BUM C MUHHUMM3AIUECH BECOB M BHOCATCS B TAOJWIy MapUIPyTH3ALMH HapSAy C
KpaTyadimuM myteMm. [Ipu oTka3e 3JeMEHTOB KpaTyaWliero myTH IS Tepeaadu
BBIOMpAETCSl PE3ePBHBIN MYyTh C MUHUMAJIbHBIM CYMMapHBIM BECOM, HE COJEpKa-
U OTKa3aBIIKE 3JIeMEHTHI (puc. 2.21).

OcHoBHOM Bec PesepBHblit Bec
nyTh yTh
UEDA 5
UA 1 UKBA 6
UEKBA 9

Puc. 2.23 — IIpumep nocTpoeHus pe3epBHBIX MyTEH K BEPIIUHE
CxeMa anropuTMa MapHIIpyTH3alUHd WHPOPMAIMOHHBIX TOTOKOB IO KpaT-

YallIUM U PE3EPBHBIM MYTSAM Ha OCHOBE HMCMOJb30BaHUSA CTPYKTYpPHOM HU30BITOU-
Hoctu HKCC npusenena na puc. 2.24.
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( HAYANO )

. |

BBOA Ha4anbHbIX AAHHbIX:
rpac cet - G(U, V);
KONMYeCTBO BEPLUUH B rpace — n;
nepemMeHHble, CHETYNKN BEPLUNH:
HavarnbHas BeplmHa - Uy;

Bec pebpa, CoeanHAIOLLEro i-io 1 j-to BeplumHbl, - (U, U);
dj - paccTosiHUs OT BepLumHbl Uy A0 BeplumHbl Uj ;

t - nepeMeHHas, onpegensioLlas nocneaHow
NOMEYEHHYIO BEPLUMHY.

B YU
3M1eMEeHTOB MHOXeCTB

P - MHOXECTBO NOMEYEHHbIX BEPLUNH;

L={},i=1, ..., n - MHOXECTBO CMEXHbIX NOMEYEHHbIX BEPLUH, /= U;— nomeyeHHas

BepLUMHA, Yepes KOTOPYIO AOCTUTHYTa BepLumHa U , Mo OKOHYaH!u paBoTel

anropuTMa CoAepKUT KpaTyanLumMe NyTu K Kaxaoi BepLUnHe;

D ={d}, i=1, ..., n - MHOXECTBO PacCTOSIHW O NOMEYEHHbBIX BEPLUWNH OT HaYansHON

BEPLUMHBI;

R ={r} - MHOXeCTBO BEPLUMH NOTEHLMaNbHbIX PE3EPBHbIX NyTel;

C={cj} - MHOXeCTBO BecoB pebep noTeHuMarnbHbIX pe3epBHbIX MyTel;

S={sj) - MHOXeCTBO BECOB pPe3epBHbIX NyTel k BepluuHe U ;

Z={z}} - MHOXXECTBO pe3epBHbIX MyTel B BepLNHY U;KaXaplii 3NeMeHT z;

npeacTasnseT cobon Habop BepLUNH Pe3epBHbIX NyTei.

|_3. v

OnpepeneHune HavanbHbIX 3HAYEHNIA MHOXECTB:
D={a}; R={a}; L={o}; Z={a};P={a}, C={a}; W={a}; S={o}

v

4.

r Onpepenexue U; kak nocneaHein noMeveHHon BepluuHbl: t=U, |
. y

r BapaHue paccTosiHWi A0 BCEX BEPLIUH: dj=, [ = 2...n |
6 y

|_ MomeTka BepLunHLl Us: Uy € P |

Ectb
HEMoMeYeHHbIE BEPLUNHBI:

Onp I
[ns Bcex BEpLUNH,
HEMOMEYEHHbIX BEPLLUMH: AOCTUraembIx I
yepe3

VU, |U, ¢ P nomeyeHHbIe I

9. * |

Bbi60P MMHMMAIBHOTO PACCTOSHUS
[0 BepwiHbl U, I
d;=min{d; d+ Wt U)} I

BepLMHBI ANs CNeAYHoWero uMkna

MpuceoeHue BepwmnHe U; C MUHMMATbHBIM
TeKyLMM BECOM 3HaYeHUe NocneHel NoMeYeHHOI:
t=i| d;=min {d }

v

12.
BHeceHue BeplumHbl: U |d =min {d }
B MHOXECTBO MOMEYeHHbIX BEPWUH P: P =P U U;

_ 14, L 2

BHeceHue BepLwnHbl U;, cmexHol Beplumte U;
yepes nomeyeHHoe pebpo, B MHOKECTBO CMEXHbIX
NOMEYEHHBIX BEPLIMH L:

= U

- 15. '

BHeceHWe paccTosiHus OT BeplumMHb! Us 10
I BepLUMHbI UjB MHOXECTBO paccTosiHui D:

HocTurHyThbl
BCe BepLUnHbI
VU‘Td?U, # 00

ABNSAETCA HECBA3HBIM.
[lo MHOXecTBa BepLUNH
{Ui[d(U )=}
nyTeii OT BepluHbl Uj - HET

I
I
I
padch ceTn I
I
I
I

24,

®dopMupoBaHue
NoTeHUNanbHbIX Pe3ePBHbIX
nyren

rF—_——————

BHeceHue BeplumnH U; cmexHbix Bepinte U,
B MHOXECTBO BEpLUMH NOTEHLManbHbIX pe3epBHbIX nyTei R:

I VU |d, # 0 1 ={U, "(U/.,Ul)iw} |
-7, |
I BHeceHve BecoB BxoasLnx B BeplumHy U, peGep B
MHOXECTBO BECOB pefep noTeHUMarnbHbIX Pe3epBHbIX nyTein C: I
I . jer
¢, =VU,U)| I
| RAL#D
_—— e — — — — ]
y ®opmMupoBaHue

pe3epBHbIX NyTen

Cpeav NOMeYeHHbIX BEPLUMH
MHOXecTBa L (KOTOpbIe [OCTUMHYTbI MO
KpaTyanMM MyTsM) Takue, Yepes KoTopbIe

MOrYT GbITb NOCTPOEHBI PE3epBHbIE NyTH
{nyn il =2V (U, U) # o

— 19.
BHeceHne B MHOXeCTBO

pesepBHbIX NyTeit Z nyTeil Yepes BepLUNHLI U3 MHOXeCTBa L
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®opM1poBaH1e TaBnuL, MapLIPYTU3aLK B y3Ne-UCTOHIKE 1 MPOMEXYTOUHBIX y3nax

[ 1

L]
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Puc. 2.24 — Cxema anroputMa MapupyTU3aui HHPOPMAITMOHHBIX TIOTOKOB TI0
KpaTyalllluM U PE3€pBHBIM IMYTSIM Ha OCHOBE MCIOJIb30BaHUs CTPYKTYPHOU
M30BITOYHOCTH HA3€MHO-KOCMUYECKOUW CETU CBSI3U
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BxoanpiMu napamerpaMu airoputTMa siBISIFOTCS:

— opueHTUpoBaHHbIl rpad cetn G (U, V);

— KOJIMYECTBO BEpIIUH B rpade #;

— Beca pedep, COeIUHSIOIINX NPOU3BOJIBHBIE i-10 U j-10 BepiuuHbl V(U;, U)).

Jlns oGecnieueHust pabOThl AIrOpUTMa MOMUMO UMEIOLIUXCS MHOXKECTB (P —
MHOECTBO MOMEUEHHBIX BEPIIUH, L. — MHOXXECTBO CMEXKHBIX MOMEUYEHHBIX BEp-
IITUH, MHOXECTBO PACCTOSIHUWA 110 TOMEYEHHBIX U BEPIIUH OT HayaJlbHOU Bep-
IIUHBI) BBOJSTCS CIICIYIONINE TOMOJHUTEILHBIE MHOXKECTBA.

1. R — MHOK€ECTBO BEPILIMH MTOTEHIMAIBHBIX PE3EPBHBIX MTyTeH. B 3T0 MHOXKE-
CTBO BHOCATCS JOCTUTHYTBIE BEPILIMHBI, CMEXHBIE paccMaTrpuBaemMoin. B nanpHen-
IIIEM DJIEMEHTBl MHOXKECTBA UCTIONB3YIOTCS MPU HAXOXKICHUU PE3EPBHBIX IMyTEH.

2. C — MHOXECTBO BeCOB pebep MOTEHIMAIBHBIX PE3epBHBIX MyTeil. B 310
MHOECTBO BHOCSITCS Beca pedep, UCXOMSIINX U3 BEPIIUH, BHOCUMBIX B MHOXE-
CTBO R M BXOJSIINX B pacCMaTPUBAEMYIO BEPIIUHY.

3. Z — MHOXXECTBO PE3EPBHBIX IMyTEH B BEPIIUHY, COJECPKUT PE3CPBHBIC MYTU
B paccMaTpUBaeMyl0 BEpPIIMHY, COPMHPOBAHHBIE B pe3yJbTaTe MPOBEACHUS JIO-
TUYECKUX OTepaIiuii HaJl BXOISIIMMHU B HETO AJIEMEHTAMH M DJIEMEHTaMU MHOX€-
crBaMu R U L.

4. S — MHOKECTBO BECOB PE3EPBHBIX MYyTEW K BEpIIMHE. ITO MHOXKECTBO CO-
JIEPKUT Beca IMyTeH U3 MHOXKECTBA Z M UCIIOJIB3YETCS I PAH)KUPOBKHU PE3EPBHBIX
yTel TIPH BBIBOJE PE3YJIbTATOB PAOOTHI aITOpUTMA.

K HOBBIM 351eMeHTaM anroputMa oTHocsTes 6ioku 16-23, 25. B Grnokax 1617
peanuzyercsi GOpMUPOBAHUE IIEMEHTOB MHOKECTBA BEPIIUH R K TEKyIlIeH paccMar-
pUBAaEMOl BEpIIMHE 3a CUET MCIOIB30BaHMs mojioxkeHust Ne 1 o mMogudukanum aj-
roputMa. Jlanee B 61okax 18-23, myTem nepeceueHus JI€MEHTOB MHOXecTBa R U L,
a Takxke Z, OCYIIECTBIsIeTCS (POPMUPOBAHUE PJIEMEHTOB MHOXKECTBA Z C YUETOM IIO-
noxenus Ne 2 mo moaudukanuu anroputma. B 6ioke 25 ocymiecTBisieTcss paHXu-
POBKa PE3EPBHBIX IMYTEH MO0 CyMME BECOB, BXOSIINX B UX COCTaB pebdep.

[Tpumep, MOsSICHAIOMMIA MPUHIUI (DYHKIIMOHUPOBAHUS aITOpUTMa MapIipy-
TU3alUU THHOPMAIIMOHHBIX TOTOKOB MO KpaT4YallliuM M PE3€PBHBIM MYTSAM Ha OC-
HOBE HCTOJB30BaHus CTpyKTypHOH u30biTounoct HKCC, npuenen Ha puc. 2.25.

Ha nyneBom mare (puc. 2.25) npeacraBiieH UCXOAHBIA rpad U 3a7aHa MaT-
punia BecoB pebep rpada, a TakkKe 3HAUCHHUS IJIEMEHTOB MHOXKECTB, 3aJJaHHBIX B
6mokax 1-3 anroputma (puc. 2.25).

Ha mare 1 gocturatorcs Bepuunsl: Uz, Uz, Us (a1 HUX pacctosinue ot U
d; # o) u nomeyaetcs BepunHa Uy (f = Us) Kak uMeronias HAaMMEHbIIIee paccTos-
HUEe OT BepuinHbl U] cpeld HEMOMEUYEHHBIX BepIIHH (d4 = 3), UTO COOTBETCTBYET
osokam 8, 9 anroputMa. IIpu 3TOM B 351eMeHTHI Ry, R3, R4 MHOXeCTBa R BHOCSTCS
CMEXHBIC BEPIIMHBI UMEIOIINE BXOAHbIE pedpa B BepimHbl Uz, Us, Us (B Ry — Uy,
Us; B R3— Uy, Uz; B Ry — Uy, Us, Us). OnHoBpeMeHHO B 35ieMeHThl (o, C3, C4 MHO-
xectBa C BHOcATCS Beca aTux pedep B C»—4, 7; B C3—5,5; B Cs— 3, 1, 2). Vke
Ha JIaHHOM 3Tarie BO3MOXXHO (POPMUPOBAHUE PE3EPBHBIX IMyTeH K BepmuHaMm Ua,
Us, UsB cootBeTcTBUM € ONoKamu 16—23 anroputma.

PaccMmoTpum moapo6HO popMuUpoBaHUE PE3EPBHBIX MyTEH A BepIIUHbI U
(puc. 2.26), npousBoaumoe B 0j0kax 16—23 anropurma.
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Puc. 2.25 — [Ipumep, NOSICHAIOMMA MPUHINAN (PYHKITMOHUPOBAHUS aJITOPUTMA

DNEMEHT MHOXKECTBA 5] eR COACPIKUT OABC NOCTHUIHYTHIC BCPIIHWHBI, UMCIO-

e Bxonubie B U, pebpa: Uy u Us. Ha manHom miare anroputma uyepe3 myTh U B

BepminHy U, JEXHUT KpaT4aullvi MyTh C MUHUMAJIbHBIM CYMMAapHBIM BeCOM 4.

Kpome Toro, BepmmHoii, 4epe3 KOTOPYI0 MOKET ObITh TOCTPOEH PE3epBHBIN MYTh

B U», aBnsercs BepmnHa Uy, Bepmmna Uy qoctiknma o KpaTdauiiemy IyTH Ha

JaHHOM mare yepe3 U, U dyepe3 BEepIIMHBI NOTEHUHAIBHBIX nyTed Uz u Us. On-
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HaKO Ha JaHHOM Iare BepimuHa Us elne He JOCTUTHYTa (ds= o), TO €CTh B dJie-
MEHTHI §2 IyTh Yepe3 3Ty BepUIMHy A00aBieH He OyzaeT. Jlo0aBisatoTCs pe3epBHbIE
yTH U3 d4 U s4 uaymue B U, uepe3 BepinHy Us:

—kpatyadiimuit nytb B Uz uepes U, (z2=UUs Uy, s2=Co(Us) +
+dys=17+3=10)

—pe3epBHbld TyTb B Ui uepes Us (zo=UiUsUs Us, s2=C(Us) +
+z4(U3) =7+ 1+5=13),

[Tyt uepes peseps z4 = U; U, Us He nob6aBnsercs, Tak Kak OH yXXe coaep-
XKUT BepnHy Ub.

OGS

[Ria Cl]

[Si: Zl]

Puc. 2.26 — IIpumep dhopmupoBaHus pe3epBHBIX MyTEH s BepIIuHbI U

Ha mare 2 nomeuaercs BepmnHa U, Kak MMEIOIIAsi HAUMEHBIIIEE PACCTOSI-
HUEe OT BepmuHbl U; cpeau HemoMmedeHHBIX BepiuH (ds= 3). Comepkxumoe MHO-
xkectB R, C, Zu S He MeHsIeTCS.

Ha mare 3 nmomeuaercs BepminHa U3 Kak MMEIOIIAsi HAUMEHBIIIEE PACCTOsI-
HUE OT BeplMHbl U cpein HeOMEUYeHHBIX BepinH (d3 = 5). [Ipu 3TOM B a51eMeHT
MHOecTBa R — r4 (BepmnHa Us) no6aBisieTcst JOCTUTHYTas cMexkHast BepuinHa Us.
B snemeHTax MHOXECTBa Z MPOU3BOJUTCA MEPECUET PE3EPBHBIX MYTEH K BEPIIU-
HaMm U, Us, Us, a TaK)Ke BHECEHUE BECOB ATUX MyTEH B MHOXKECTBO S.

Ha mare 4 nomeuaercs BepmnHa Us Kak UMEIOIIAsi HAMMEHBIIIEE PACCTOsI-
HUE OT BepinHbl U] cpeau HEMOMEUYEHHBIX BepIIUH (d7 = 5). AJTOpUTM 3aKaHUHU-
BaeT paboTy, Tak Kak B rpade He 0CcTaoCh HEMMOMEUYECHHBIX BEepIIUH. B pesynbrare
paboThl anropuTMa MOCTPOCHBI KpaTdailine MmyTH KO BCEM BepiimHam rpada, a
TaKX€ HAWJCHbI PE3EPBHBIC IyTU K KAXA0M BepliuHE. /laHHBIE pe3epBHbBIC IyTH
pamkupyroTca mo Becy (650K 25 anroputma) U B JadbHEHIIEM MOTYT OBITh HC-
MOJIb30BAHBI MIPU OTKA3€ KpaTyauIlero myTH.

BriBoABI 10 BTOPOMY pa3jaeiry

1. Jns noBeimenust ycroiunBoctd HKCC Ha ocHoBe TexHonorun ATM B
ycioBusix Bo3aencTBus cpenctB POIT M0OXHO BbIIETUTH 1Ba OCHOBHBIX HaIpaBiie-
HUSI COBEPIICHCTBOBAHUS MEXaHU3MOB MapLIpyTU3auuu B poTokose PNNI:
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— Moaudukanus anroputMma J{eMKCTpbl, JeXkKallero B OCHOBE MOKMCKa KpaT-
yanmux nyrei B HKCC;

— Moau(UKaLUs alropuTMa, JIEKAIEro B OCHOBE IMPOTOKOJIA OOMEHa Ciy-
xeoHbiMu naketamu Hello.

2. Bnepsble nonydeHa Mozenb pyHkimonupoBanuss ATM-mapuipyTuzatopa
IIPY U3MEHEHUH METPUKHU KAHAJIOB CBSI3M BCJEACTBHE BO3AEHCTBUS cpencts POII,
OTJINYAIOIINECS OT M3BECTHBIX BO3MOKHOCTBIO OLEHKHM napameTpoB KC cereBoro
ypoBHsa DOMBOC kak pe3ynbraTta npeaHaMepPEHHbIX Bo3aecTBUI cpeacTB POII, ¢
Y4€TOM CXEM aJallTUBHOIO BhIOOpA BUJA MOIYJSILIMA CUTHAJIOB U CKOPOCTH MOMeE-
XOYCTOMYUBOI'O KOAUPOBAHUS.

2. Pazpaborana Mopenb (QYHKIMOHHUPOBAHUS MEXKY3JIOBOIO COEAMHEHUS
HKCC B ycnoBusix Bozaeicteus cpenacts POII, coaepixaiias opurniHaIbHBIA TIe-
PEXO0 OT COOTHOILLIEHHS] BPEMEHHBIX UHTEPBAJIOB CUTHAJIU3AIMU K BEPOSTHOCTHBIM
napaMeTrpaM MapKOBCKON MOJIENM, MO3BOJSIOIIMMI MOTYyYUTh AaHAIUTHUYECKUE BbI-
pa)xeHus NI 3aBUCUMOCTH BEPOSITHOCTH HAaXO0XKJIECHHUS MEKY3JIOBOIO COCIMHEHUS
HKCC B paboTocrnocoOHOM COCTOSSHMM OT 3HAY€HUH BPEMEHHBIX HHTEPBAJIOB
CUTHAJIU3ALNH.

3. Pa3paboTan anropuT™m aganTUBHOTO M3MEHEHHUS BPEMEHHBIX MapaMeTpoB
curHanu3auu B Mexy3noBoM coenuHeHun HKCC B ycnmoBusiX BO3IEUCTBUSA
cpenctB POII, ocHOBaHHBINM HA UCIOJIL30BAaHUU OPUTMHAIIBHON MOJEIN (PYHKIMO-
HUpoBaHua Mexy3snoBoro coenuHeHuss HKCC B ycnmoBusixX BO3IEHCTBHUS CPENCTB
POII nnis 060cHOBaHMS BPEMEHHBIX MAPAMETPOB CUTHAIU3AIUHN TTPH 3a]JaHHBIX YC-
noBusix BozaeiictBus cpencts POIL [Ipumenenue ganHoro anroputma obOecreyu-
BaeT 0oJie aJeKBaTHYIO AMArHOCTUKY (akTta monasineHus KC Ha ceTeBOM ypoBHE
OMBOC, uto no3BoisieT noBbicuTh ycTounBocth HKCC myTtem nmHaMu4ecKoro
U3MEHEHNS BPEMEHHBIX UHTEPBAJIOB CUTHAIM3ALNUUA UCXOMAS U3 OLEHKU MHTEHCHB-
HOCTH Bo3aeucTBUs cpeacts POII.

4. PazpaboTan anropuT™M MaplipyTH3alUd HHPOPMAIMOHHBIX MOTOKOB IO
KpaT4allliuM ¥ PE3€PBHBIM ITYTSIM Ha OCHOBE HUCIIOJIB30BAHUS CTPYKTYPHOU M30bI-
tounoctn HKCC, ornuyaromuiicss ot ucnonb3zyemMoro B nporokosie PNNI anro-
putMa JIeWKCTpbl HOBBIMU (PYHKIMOHAJIBHBIMHU JJIEMEHTaM, O00ECTIeUUBAIOIINMU
BO3MOKHOCTb ntoucka B cTpykrype HKCC pe3epBHBIX myTeill OAHOBPEMEHHO C Be-
JCHUEM TIOMCKa KpaTyalIluxX MyTei, 4TO MO3BOJSET CHU3UTH BpeMs PEeKOHQUry-
pauuu nyteir B HKCC, BrizBanHoe nonasinenueM KC HKCC cpencrsamu POIL
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3 UCCJIEJOBAHUE MOBBIIIEHUS YCTOMYUBOCTHU HKCC
B YCJOBUAX BO3JEUCTBUS CPEJCTB P3II

3.1 MoaenupoBanue pyHKIMOHUPOBAHMS MAPILIPYTH3ATOPA NPH U3MEHEHU U
METPHKH KAHAJIOB CBSI3H BCJIeCTBHE Bo3eicTBHA cpeacTs POIT

MopenupoBaHie NPOBOAMIOCH B TPU 3Tala Ha OCHOBE pa3pabOTaHHOU B
n. 2.2 mozaenu pynkuronupoanusi ATM-MapuipyTu3zatopa npyu U3MEHEHUU MET-
puku KC BcneactBue Bo3znerctBus cpencts POIL. Brawane uccnegoBanuce ka-
HaJbHbIE XapaKTEPUCTUKU — MPOMYCKHAsA CIOCOOHOCTh M BpeMs Mepeadu pH U3-
menennn OCIIII. B kauectBe nuamnasona uzMeneHuss OCIHIII nmpuHuMaeTcss vH-
TEpBaJl CHW)KEHUA 3HaUeHU QyHkuuu ¢(f). Ha BTopoM 3Tamne uccienoBaauch ce-
TeBble xapaktepuctuku — metpuku KC VPC, a Takke MIOTHOCTb BEPOATHOCTHU
pacnpeniefieHus BpEMEHH MEXy OTKazamu coeauHeHuss ATM npu aHaioruyHom
nonymieHnuu. Ha TpeTbem sTane ucciaenoBaluch KaHaIbHbIE U CETEBBIE XapaKTepH-
CTHKHU B ycloBusax nepuoanydeckoro uzmenenuss OCUIII npu gomyuieHun o ToM,
YTO TMEPEKIIOUCHNE BHJIOB MOJIYJSALUNA M COOTBETCTBYIOLIUX CKOPOCTEH KOIOB
npoucxXouT MrHOBeHHO (BpeMsi BoccTaHOBIEHUS KC Tyoer ke = 0).

HccnenoBanue BIUMAHUS U3MEHEHUS CUTHAJILHO-TIOMEXOBOM OOCTAaHOBKM Ha
POIYCKHYIO criocoOHOCcTh kKanana SCPC.

B cooTBeTcTBUUM CO CXE€MOM, MPUBEAECHHON Ha puc. 2.15 1. 2.2, npoBeeHO
UCCJIeIOBaHNE BIUSHUA U3MEHEHHUS CUTHAJIBHO-TIOMEXOBOM OOCTAHOBKHU IO TOKA-
3atento OCIIT ¢(¢) Ha mponyckHY0 criocoOHOCTh 6a30Boro KaHaja cBsa3u SCPC ¢
MIUPUHON ToJIoCkl YacTOoT F'= 8960 I'. OrpannyeHus Ha UCXOAHBIE TAHHBIE MO-
TETUPOBAHUS: Gmin = —2,35 1b; A = 0,986; Dmes = 256 6UT; dsot = 35876 xm (I'CO).

Ha puc. 3.1 npencrasnens rpadpuku usmMeHeHus: ckopoctu nepenaun B KC
Vinz B pacuetre Ha 1 't monocel wactot F npu uzmenennn OCHIIT ¢(7). I'myOuna
U3MEHEHUs ¢(f) onpeaensaeTcs: MapaMeTPOM Gmin.
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Puc. 3.1 — U3menenue ckopoctu nepegaun kaHaiga SCPC B pacuere Ha 1 I'ig
Ha puc. 3.2 npencraBiieHa 3aBUCUMOCTh MPOMYCKHOW CIOCOOHOCTH 0a3o-

BOI'0 CIIYyTHUKOBOTO KaHana Vscpc ¢ monocou F = 8960 ['u, paccunrannsie B 1. 2.2
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B COOTBETCTBUM C BhIpakeHHeM (2.2). JlaHHas 3aBUCUMOCTH XapaKTepHa i Ka-
Hasta SCPC, B KOTOpOM OTCYTCTBYIOT JONOJIHUTEIbHBIE MEXAHU3MBI PA3ICICHUS
MPOMYCKHOM CITIOCOOHOCTH MEXAy a0OHEHTaMMU.
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Puc. 3.2 — Usmenenue ckopoctu nepegaun 6azooro kanana SCPC
¢ mupuHOU nojuocsl /= 8960 I'n

HccnenoBanue BIUMSAHUS U3MEHEHUS CUTHAJIBLHO-TIOMEXOBOM OOCTAaHOBKM Ha
ckopocTh nepenaun B kaHaie MCPC ¢ ¢ukcupoBaHHBIM BpPEMEHHBIM paszjerie-
HUEM a0OHEHTOB.

N3menenne ckopoctu nepefaun B KC cyiiecTBeHHO BIMSET Ha XapaKTepHu-
CTUKH KaHasbHOro ypoBHs OMBOC B ciyuae, eciid 3TOT KaHaJl UCIIOJIb3YETCS ISt
OpraHu3alU CETU MHOKECTBEHHOro focTymna. Ha puc. 3.3 npencraBieHbl pacyeTsl
g ckopocTH niepenadn B KC mist cetu u3 N aOOHEHTOB, BBITIOJTHEHHBIE JIJIsT KaHa-
0B DVB-S2 B 1. 2.2 B COOTBETCTBHH ¢ BBIpaOKEHHEM (2.3) TIpH CIASAYIOIMIMX OTpa-
HUYCHUAX: Gmin = —2,35 1B; Dmes = 256 OUT; dsor = 35876 xm (I'CO); N =2, 4, 8.
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Puc. 3.3 — M3MeHeHHE CKOPOCTH Mepeaun B a00OHEHTCKOM KaHaJIe CBS3H
it N aOOHEHTOB

AHanu3 rpaduka, NpeJCcTaBICHHOTO Ha puC. 3.3, MOKa3bIBAET, YTO CKOPOCTh
nepenadn B aDOHEHTCKOM KaHaiie Vicpc TP PUKCUPOBAHHOM BPEMEHHOM pa3Jie-
JIEHUU OOpaTHO MPOMOPIMOHATbHA KOJUYECTBY aOOHEHTOB N M MPSIMO MHPOIOp-
nuoHanbHa 3Hauennro OCHIII g.

HccnenoBanne BIUSHUS M3MEHEHUS CUTHAJIHLHO-TIOMEXOBOM OOCTAaHOBKH Ha
CETEBBIE NTAPAMETPbI CHYTHUKOBBIX KAHAJIOB.
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Ha puc. 3.4 npencraBieHbl pacyeThl CETEBOTO MapaMeTpa — METPUKU KaHAJIOB
cBsizu DVB-S2, B cooTBeTCTBUM ¢ BhIpakeHueM (2.7) m. 2.2, Ajis cliy4aeB, Korja Ka-
HaJl cBs3M mpejcTaBieH B Buae kaHana SCPC u xanana MCPC ¢ ¢ukcupoBaHHBIM
BPEMEHHBIM pa3zieieHneM a0OHEHTOB (AJ1s1 KoJmuecTBa a0oHEeHTOB N = 2, 4, 8).

OO61ue orpaHUYeHUS TIPU MOJAETUPOBAHUU: Gmin = —2,35 1B; Dmes = 256 OuUT;
dsot= 35876 xm (I'CO).

-
(]
)

o 3

o F=8960 'y

® Ginox = 40 (1605)
. A =0,986

Q £ 10° -Q\GQ :Z%j.?/;fpan -
o> g 8

92 | Alaq e
25 Q B e

5 3 Qg g MN=d
g = 10° Qo 08 o

sE Teee.gg N=2
T O “Seo

< e

5 10° Mscrc (NZ1),

= 5 0 5 10 15

OTHoLeHne curHan-wym q [ab]

Puc. 3.4 — Ouenka n3MeHEHHUsI METPUKU KaHAJIOB CBSI3U

AHanu3 rpad@udecKux 3aBUCHMOCTEH, MPEJICTaBICHHBIX Ha puc. 3.4, moka-
31 cleyrolee MOoBeeHUEe METPUKU KaHana cBsizu M(q). Ilpu ¢ukcupoBaHHOM
BpEMEHHOM pazjesneHuu aboHeHToB il kaHaia MCPC u nns SCPC yBenudenue
KOJIMYeCTBa aOOHEHTOB NMPUHIUIIUAIILHO HE U3MEHSET 3aBUCUMOCTH M(q), a TUlIh
MOBBIIIAET 3HAUYCHUSI M Ha BEJMYUHY, MPOMOPIMOHATBHYIO KOJIMYECTBY aOOHEH-
ToB N. MoMeHTHI BblJlauu coobmieHuit 00 nsmenenun metpuku KC M(q) Ha Benu-
yuHy 6o1ee 10 % Ha pucynke 3.4 0603HaU€HBI 3HAYKAMHU.

Kak yka3zano B m. 2.2, 3JeMEHTOM HOBU3HBI MPEII0KEHHON MOJEIN SIBIIS-
€TCs1 IOTOJHUTENbHAS OLICHKA TapaMeTPOB CETEBOTO YPOBHA B YCIOBHUAX JIOIYIIE-
HUSl O KBAa3U-TAPMOHMUYECKOM 3aKOHE M3MEHEHHH MPOIYCKHON CIIOCOOHOCTH KaHa-
JIOB CBSI3M KaK pe3yJjbTaTe MpeJHAMEPEHHBIX OMEXOBBIX Bo3aencTBU. C yueToM
atoro gonymenus nokaszatenb OCIIIT ¢g(¢) Oynet onpeaensaThes BIPaKCHUEM:

A A
10lg| ¢, Ecos(Zﬁfpan(t—tPP))+(1—Ej >,

q(t) = [nb], (3.1)

IOlg(Qmax)’ t < tPP

IA€ ¢max — 3HaueHne OCIIII B ycnoBusiX OTCYTCTBHUSI MPEIHAMEPEHHBIX MOMEX;
A —3Havenwne, ompenenstoniee rayouny m3menenus OCHIIT g(f) oTHOcHTENnBHO
0a30BOT0 3HAYCHHUSA (max (A =0...1); fpog — YacToTa HM3MCHECHHS IIOKA3aTeIIs
OCHIII ¢(¢); tpp — NIUTENBHOCTh BEACHUS PAMOPA3BEAKU MEpe] [UKIOM IMOAaB-
neHusd (1o ymosidanuio tpp= 0).

N3menenne OCHIII B cooTBeTrcTBUUM ¢ BbIpakeHueM (3.1) mpuBeAeHbI Ha
puc. 3.5. OCHOBHBIMU MapaMeTpaMH MPEIHAMEPEHHBIX TOMEX, OMPEACIISIOIMMU B
ATOM CJIy4ae U3MEHEHHE CUTHAIbHO-TIOMEXOBOW OOCTaHOBKH, SIBJISIIOTCS: 3HAUCHUS
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A, xoropsie onpenenstor rnyouny uzmenenuss OCIIT ¢(7) otHocuTenbHO 6azo-
BOTO 3HAYCHHUS (max; SHAYCHUS fpor7, KOTOPHIE OMPEACTSIOT MEPUOANIHOCTD U3MeE-
Henus nokazatenst OCHIIT g(¢).

J g TR ] " qg ﬁ\lwﬂi\ﬂlrﬁ
Lg[ . rf % :E \1=1/’fp3n‘1 !,f i \ 2] 3|'|2, 3 \ {f \ | 3
S v > YR A A I I TRV
A0 p A e ] L Lo e e s Wy s s B S A
c ( | 3 l ( | b | . ) A | !
3 \ i I ( [ |
0 . 3 IRV R N A A R YA O N
o 5 b\l N 2 5fH-- H—mk———'—t ——————— \+~—§—~H fffffff H
o = \ | | b ‘
5 ] I . \{ (- F=8960 I'y
o F=8960 T | | 3 0o LB '{J'Ll Grax = 1625
0 Qmax = 164D o { i | \ |y A=0.1
= feon = 1 = | B
: -5 ‘ ‘ ‘
0 1 2 3
-5 3 Bpewms t

Puc. 3.5 — U3sMeHeHHe CUTHAJILHO-IIOMEXOBOU 00cTaHOBKH 110 mmokasarearo OCIIIT
B COOTBETCTBHH C BbIpaxkeHueM (3.1)

B kauecTtBe MTOroBOro mokasaTtejisli KayecTBa q)yHKIII/IOHI/IPOBaHI/ISI KaHaJ1a
CBsA3H Ha CCTCBOM YPOBHC B YCJIOBUAX H3M€HHIOIII€ﬁC$I CHUT'HAJIbHO-IIOMEXOBOM 00-
CTAaHOBKH MPCAIaracTcia UCI0JIb30BATh MHTCHCHUBHOCTD COO6IIICHI/H>'I 00 U3MEHEHUH
MCTPUKH )MM, BbIJABACMBIX MApHIPYTU3ATOPOM HAa OCHOBC dHAJIM3a IIapaMETPOB Ka-
HaJIOB CBA3H, PACCUUTBIBACMYIO KaK CPCAHCC 3HAYCHUC KOJIMYCCTBA COO6HICHI/H>'I B
CANHHUIY BPCMCHMU:

1

- . -1 =
Ay > N[, N

LM . >1,1M.
=T l {9 i ’ i-1 (32)

0,M,<1,IM,

1abn 1€1,,5,

OreHKY HHTEHCHUBHOCTH Ay TIpEJyIaraeTcs BECTH B JiBa 3Tara. CHavaa ore-
HUTh WHTEHCHUBHOCTBH BBIJJAYM COOOIICHUN 00 M3MEHCHHUU METPUKHU Ay Ha JJIH-
TeapHOoCTH Tosryriepuoaa nsmenenuss OCIHIIT g(¢) mpu ¢<€ [0, 1/2fpom]:

(3.3)

= Y N[N, =

B {1, M, >1,1M
2fp317 1€[0,1/2 fporr]

0,M,<1,1M,,’

a B JalbHEHIIIEM OIICHUTh 3HAYCHHE WHTECHCUBHOCTHU Ay C YUETOM Ay H fpon Ha
BceM dTane GyHKInuoHupoBanus ¢ € [0, o).

AHanu3upys Moka3aTeilb MHTCHCUBHOCTH BBIJAYM COOOIIEHUH 00 M3MEHe-
Huu Metpuku KC Ays1, paccunThiBaeMblil B COOTBETCTBHM C BbIpaxkeHueM (3.3),
MOXXHO CHIEJNIaTh clieaytoriee BeIBOABL. [Ipu hukcupoBaHHOM BpEeMEHHOM pasfeie-
Huu abonenToB st kaHana MCPC u gnst SCPC rinyouna uzmenenus OCIHIII ¢(z),
3a/laBaeMasi rmapaMeTpoM A B BBIPXKEHUU, ONpPEIEsieT UWHTEHCUBHOCTb BbIJAYU
coobmennit 00 n3meneHnu metpuku KC Ay 1, mocTynaronux 3a oJuH MOTyTIePUO.
Bo3fercTBHS 1/2fpor. YBenmdeHne mapamerpa A BEJET K YBEIHMYCHUIO MHTECHCUB-
HOCTH Ay 1 (pHC. 3.6), pu 3TOM 3HAYCHHE WHTEHCUBHOCTHU BBIIAYU COOOIIEHUN 00
n3meHeHnn merpuku KC Ha maTepBane 1/2fpon MOKHO anmpOKCUMHPOBATH YOBI-
BAIOILEN KBa3U-IKCIOHEHIIMAIBbHOW 3aBUCHUMOCTBIO.
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F=8960 'y
Gmax = 40 (164B)
| A=0,6...0,986 [

. feon =1
= £0..1/2fb0n

MHTEHCUBHOCTb COOOLLEHUI A, | 06
M3MEHEHUN MeTpUKM B kaHane DVB-S2 [¢]

"
SCPC(MCPCM &
(MCPCY/ B

=N W Hh OO N O

)
-5 -397 0 5 10 15
OTHolleHve curHan-wym q [AB]

Puc. 3.6 — OuieHKa MHTEHCUBHOCTH BbIIaUX COOOIIEHUM 00 N3BMEHEHUU METPUKH
KC A1 B 3aBucumocTu ot riryouns! uamenenns OCIHITT

CrarucTuyeckasi OllEHKa IJIOTHOCTH BEPOSTHOCTH BbIJauu COOOIIECHHI 00
u3sMeHeHuu MeTpuku KC f*(Ty kc) Ha unTepBae ¢ € [0, ©0) npyu U3MEHEHUHU TTOKa-
satesnst OCHIIT g(f) B coorBeTcTBHM C BhipakeHueM (3.1) mpuBeneHo Ha puc. 3.7.
3HavueHUS] MHTEPBAJIOB BPEMEHU MEXKIY MOCTYIUICHUSIMH OTACIBHBIX COOOIICHUIMA
T« kxc HOPMHUPOBAHBI K 3HAUEHUIO Tieproa BozaeicTust T = 1/fpon. AHanu3 rpa-
¢ukoB Ha puc. 3.7 moKa3bIBAET, UTO pacnpesesieHne BpeMeHU Tor ke AJI1 KaHAJIOB
SCPC u MCPC ¢ ¢pukcupoBaHHOM BPEMEHHBIM pa3jiejicHuEM a0OHEHTOB MOXKET
OBITH aNMPOKCUMUPOBAHO KBA3H-IKCIIOHCHITUAIBLHON 3aBUCUMOCTBIO.

DVB-S2
F=8960 'y
Qmax = 40 (164B) | |
A=0,6...0,986
feon =1
t=0..1/2fpan

KC

)
oo o
~ 0 ©

B
\

N

T

0 0,1feon  0,2/foon  0,3/fean  0,4/fpan
BpemeHHOI MHTepBan t Mexay curHanamu o6
n3MeHeHUn MeTpuKK [1/fean]

Puc. 3.7 — Cratuctuueckas olleHKa IUIOTHOCTH BEPOSITHOCTU BbIIaYU COOOIIEHUIN
00 u3menenuu MeTpuku KC f*(Tor kc)

T

(

Soo0o0e o
- N w s o

06 nameHeHun meTpukm KC
OTK

CTatucTmnyeckas oLeHKa NnoTHOCTU
BEPOSITHOCTU Bblgayvn coobLLeHN

JlonmoTHUTENbHOE UCCIIeA0BaHME Mokasano, yto s kaHama SCPC u MCPC
yBelIMYeHUEe/ YMEHBIIICHNE BBIJCICHHON TOJIOCH YacToT £ s xkanamoB DVB-S2
HE MeHseT noBeAeHue GyHKIUU M(q), mpeacTaBieHHOe Ha puc. 3.4, a TUIIbL yBe-
JTUYUBACT/yMEHBIIIACT €€ 3HAYCHHUS HA BEIUYHMHY, MPOMOPIIMOHATBEHYIO 3HAYCHHUIO
MIOJIOCHI YacCTOT F' B BbIpaKEHUAX. 1Ipyn M3MEHEHUN BBIIEIEHHON NOJIOCHI 4acTOT F'
JUIS1 YKa3aHHBIX CITy4aeB UHTEHCUBHOCTD Ajs | HE U3MEHSAETCS.

Takum oOpa3oM, pe3yabTaThl UCCIAEAOBAHUS MHTEHCUBHOCTH BBIIA4YHU COOO-
meHnid o0 M3MEHEHWHM METPUKHM KaHaja CBA3M Ay | Ha HMHTEpBAjJ€ BPEMEHU
te[0, 1/2fp>m] MOKA3BIBAIOT, YTO YCIOXKHEHHUE CXEMBbI aallTHBHOTO M3MCHECHUS T1a-
paMeTpoB KaHajia CBS3U (BHAA MOAYJSILIUM M CKOPOCTH KOJUPOBAHHUS), a TAKKE
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YBEJIMYEHHE 3arpy3kKd KaHajda MHOYKECTBEHHOI'O JOCTYIIA, BEAET K YBEJIMYECHHIO
3HAYEHUS A 1.

Hccnenyem 3Ha4eHHsT MHTEHCHMBHOCTH BBIJAUM COOOIEHUH 00 W3MEHEHUH
METPUKU KaHajla CBSI3U Ay Ha MHTEpBajie BpeMeHH € [0, c0) ¢ yueToM pe3yJbTaToB
MOJIYYEHHBIX 171 Ay Ha momynepuoae BozaedcTBust te [0, 1/2fon]. B ciydae
te[0, ) 3a KaxIbIM ToMynepuo BpeMenu f <€ [n/2fpom, (n+1)2feon], n=0,1,2, ...,
OyZeT MPOUCXOJUTh MPOLECC U3MEHEHUSI METPUKH, aHAJIOTMYHBIA MPEACTaBICH-
HOMY BbIle st nonynepuona t€ [0, 1/2fpsmn] (n = 0). [Ipuuem eciiu n — HEYETHOE,
TO 3TO COOTBETCTBYET MOJYNEPUOAY CHIKEHUSI METpUKU M(q), a n — 4eTHOE COOT-
BETCTBYET mosymnepuony pocra metpuku M(q). [Ipu 3ToM B 3aBUCHMOCTH OT Ha-
CTPOMKH MPOTOKOJIA MAPIIPYTU3ALUU COOOIIEHUsI 00 U3MEHEHUU METPUKUA MOTYT
OTIIPABIATHCSA B JIBYX CIIy4asix: IPH MOBBIIIEHUS METPUKHU KaHaa (yXy/ALLIEHUE ero
KayecTBa); MPU U3MEHEHUH METPUKH KaHajia CBA3W (YXYILIECHUS WU yJIy4IlICHUS
ero kavectna). Bropoii citydail mo3BojsieT MapiipyTH3aToOpy ONepaTUBHO, B IMHA-
MUKE, pearupoBaTb, B TOM YHUCJIE, HA YJIy4YlIEHUE MapamMeTPOB KaHaja CBSI3H, OJI-
HAKO 3TO, KaKk OyAeT MOKa3aHO HWXKe, BEET K YBEIUYEHUIO (YIBOCHUIO) UHTEH-
CUBHOCTH BBIJIaY¥ COOOIIEHUI 00 N3MEHEHUH METPUKHU KaHaJla CBS3H.

[lonHast MHTEHCUBHOCTH COOOIIEHUI 00 U3MEHEHUH METPUKH KaHalla CBS3U Ay
OyzeT onpeaensIThCs 3HAYSCHUEM UHTEHCUBHOCTH Ay/1 U YACTOTHI BO3ACUCTBUS fpoT:

— IS CIy4asi peakiiy TOJbKO Ha MOBBIIICHHE METPUKU KaHalla

M= feor hr1 [€7]; (3.4)

— A Cliydas pCaKIUKU Ha U3MCHCHHUC (I'[OBI)IHIGHI/IG )41 CHI/I}KGHI/IC) MCTPHUKHU
KaHalla

Me = 2 foorn g1 [€7']. (3.5)

3aBUCUMOCTH MHTEHCUBHOCTH BBIIAYM COOOILIEHHU 00 M3MEHEHHH METPUKH Ka-
HaJIa CBA3U Ay TIPH Pa3IMYHBIX YaCTOTaX fpor1, PACCUMTAHHBIE IS CITydasi, OIpeese-
Moro BeipaxeHueM (3.5) g kananoB DVB-S2 ¢ SCPC, npuBenens! Ha puc. 3.8.

S «— £=0986
3:3 40 - A=079
g (<E O 36 i < - — N A=085
O o . =4 N
S 29 3y ~ | feon =4 .’
g:m3 7o
[oRN&} \
SEo 28 - A=075
T N Y <
3 29 24 A
o3 n>3 Jrom =2/ Voo |©
m 2 20 = - F=8960 ',
g 2o 16 - - ™ Gmax = 40 (163B) ||
0 ¢5 T L L A=05...0,986
= (;') g 12 S B R fean=1,2,4 H
g =0 / SR
o © 8 g =1 H. d
I o 4 mn— N
2
< 0
5 -397 0 5 10 15

OTHoweHne curHan-wym q [ob]

Puc. 3.8 — 3aBUCUMOCTh MHTEHCUBHOCTH A)s BBIAAYM COOOIIEHUI
00 M3MEHEHNH METPUKH KaHaJla CBSI3M MPHU PA3IMYHBIX YacCTOTaX fpon

AHanu3 rpaduyecKux 3aBUCUMOCTEN Ha puc. 3.8 MOKa3bIBaET, UTO YBEJIHUYE-
HUE YaCTOThI BO3ACUCTBUS fp3r1 BEJET K MPOMOPLIMOHAIBHOMY YBEIUYEHUIO UHTEH-
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CUBHOCTH BBIJJaUM COOOIIEHUN 00 M3MEHEHHWU METPUKHU KaHaja CBs3U Ay. WHTe-
PECHBIM BBIBOJIOM MO TpadUueCKUM 3aBUCUMOCTSIM, MPEJICTABICHHBIM Ha pU-
CyHKe 3.8, ABJISIETCS TO, YTO OJIHO M TO K€ 3HAYEHHWE MHTEHCHUBHOCTHU Aj)s MOXKET
OBITh JOCTUTHYTO KaK 3a CUET M3MEHEHHUs sHepretudeckux napamerpoB OCIHIIT
yepe3 mapaMeTp A, Tak U 3a CueT YBEJIWUYEHUs YaCTOThI BO3JEHUCTBUS fpor PU OT-
paHU4YeHHOM Juana3one riyouns usmenenuss OCHIII (puc. 3.9).

A /N /) Q\
A MR WP\

Vi ¢ | /\ £

¢< [ feom2 i K\ (
F=8960 IMy
“&;/ ‘&/ G = 40 (1636)
t=0..1/2fp3n 2
0

0,2 0,4 0,6 ,8 1
Bpewms t

Puc. 3.9 — BapuaHTbl JOCTUKEHUSI UHTEHCUBHOCTH Ay = 16:
1) A] = 0,88,fpgn] = 2; 2) A] = 0,56,fpg]‘[1 =4

Imax=16 Ab

-
[«

0,56

N
~

S,

=0,88
RSN

-
o

©
<

Mokasatenb OCLUM q(t), ob
o

]

o

[IpoBeneHHOe MOJETUPOBaHUE IMOKA3all0, YTO MpU (PUKCUPOBAHHOM Bpe-
MeHHoM pasznenennn adoneHToB 1t KC MCPC u SCPC nepuoandeckoe CHUXKE-
nue nokasatenst OCIUIT ¢g(¢) Bener Kk CHUKEHUIO MPOMYCKHONW CITOCOOHOCTH KaHa-
noB cBsi3u DVB-S2 u, kak cinejctBue, pocTy MHTEHCUBHOCTH BBIJAYM COOOIIECHUIN
00 m3menennn meTpuku KC Ay. 3HaueHHe CHUKEHHUS MPOMYCKHOM CIOCOOHOCTH
kaHayioB cBsi3u DVB-S2 onpenensercs mapamerpom rinyounsl uamenenus OCILIITT
A, a 3HaUE€HHE UHTEHCUBHOCTH Ay OTIpEENsieTcsl mapaMeTpaM A U 4acTOTOM u3Me-
Henus OCIUII fpop.

VYBenuueHne CI0KHOCTH CXEMbI aIallTUBHOTO BBHIOOpA BUIA MOAYJISIUU U
CKOPOCTH NOMEXOYCTOMYMBOIO KOAUPOBAHUS CYHIECTBEHHO YBEIMYHUBAIOT AUama-
30HbI 3HAYECHUN KaHAIBHBIX U CETEBBIX MMApPaMETPOB, B KOTOPOM HAOIIOJAIOTCS
MPOSIBIICHUE HETaTUBHBIX 3 PekToB oT nuHaMuueckoro n3menenust OCHIIL

[Tokazana BO3MOXHOCTH (hOPMHPOBAHUS HOBOTO BHJIa TIOMEXOBBIX BO3JECH-
CTBUM, 007a7ar0MUX HU3KOU dHEeproeMkocThio (A =0,6...0,8, 9T0 COOTBETCTBYET
q(t) = 16...4 n1b) npu 3a1aHHBIX YaCTOTHO-BPEMEHHBIX MapaMeTpax, KOTOpPbIE, KaK
MoKa3aHo B MccienoBanusx [74, 85, 86], MOMKHBI COOTBETCTBOBATh BPEMEHHBIM
napameTpaMm (QYHKIMOHMPOBAHUS MAapIIPYyTH3aTOpa W COCTaBISIOT 3HAYCHHS
1...10c (fpon=1...0,1 T'm). UccnemoBanbl 3PGEKThl OT TaKUX BO3ICUCTBUI
cpeacts POII Ha ceteBom ypoBHe DMBOC B BuIe M3MEHEHUS MMapamMeTpa UHTEH-
CUBHOCTH BBIJIaYM COOOIICHUI 00 M3MEHEHUHU METPUKH KaHalla CBSI3U Ay W TIOKa-
3aHO, YTO paclpeelIeHue BPEMEHHU BbIJIaud COOOIICHUN 00 M3MEHEHH METPUKHU
KC Tow ke nns xananoB SCPC u MCPC ¢ ¢pukcupoBaHHOM BPEMEHHBIM pa3ielie-
HUEeM Aa0OHEHTOB MOXKET OBITh AaNMPOKCHMHPOBAHO KBa3U-IKCIOHEHIMAIbHON
3aBUCHUMOCTBHIO.
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3.2 MoagenupoBanue (PYHKIHOHMPOBAHUSA MEKCETEBOI0 COeIUHCHUS
HKCC B ycaoBusix Bo3aeiictus cpeacts PIII

B cootBercTBHM € pa3paOOTaHHOM B M. 2.3 MOJENbIO (PYHKIIMOHUPOBAHUS MEXK-
cereBoro coennHenuss HKCC B ycnmoBusix Bo3nencTBus cpencts POII ucecnenyem mo-
BEJICHNE KOHEUHBIX BEPOSITHOCTEU COCTOSIHUM CHCTEMBI P(S;), ONpenesieMbIX B COOT-
BETCTBUU C BhIpaskeHUsIMH (2.8—2.16). Pesynbpratel uccnenoBanus 3aBucumoctu P(S;)
OT 3HaYEHUN 1 yyaru U Tox, HODMUPOBAHHBIX K CPEIHEMY BpeMEHU MexkAy oTkazamu KC
Torckc, TIPU PA3IMYHBIX 3HAYECHUAX Tpoerkc C YUYETOM CIEIYIOLIUMX OTrPaHUYCHMMA:
TOTKKC= 19 Tm/Iaer lTOI‘KKC---3TOI‘KKC; TO)K: ITI[I/IaI‘HSTI[[/IaI‘Hy TpeK= 10T01‘KKC3
Tsocrke= 0,01 Tomc ke, 0,25 Tk, 17oncke TpuBeneHsl Ha puc. 3.10, a—s.

TBOCT KC= TOTK KC
p

=0,8 |\
ol
T H
gz |}
S )
x Z0,6[

= Y, . —
g E . TQ)K_O--5 T, varH
= 0
5 805
S a —
E 3 =<
£ 204
Qo
o5 e
m LS) o LIS -

S p . Tox=0..5 Tarn

02| & -
AN
o B N
1 TOTK KC 2 TOTK KC 3 TOTK KC
Bpems anarHocTukm (Taarm)
a)

| TBOCT KC=0-25 TOTK KC

1.5 Tavaru

BeposATHOCTU HaxoxaeHus
cuctembl B coctosiHusix (P(S)))

1 TOTK KC 2 TOTK KC 3 TOTK KC
Bpemsa gnarHoctuku (Taparn)
0)
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| TBOCT KC=0-01 TOTK KC |
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Tox=0..5 Tpyaru

BepoaTHoCcTU HaxoxaeHus
cucTeMbl B cocTosiHuAX (P(S)))

o
N
‘\A
x\
.

0 1 TOTK KC 2 Ton( KC 3 TOTK KC

Bpems anarHocTukn (T ayar)

B)
Puc. 3.10 — 3aBUCMMOCTH KOHEUYHBIX BEPOSTHOCTEHN COCTOSIHUI crcTeMbl P(S;)
oT T)mam, TO)K, Tsocr kC

Ananu3 rpaduyecKkux 3aBUCUMOCTEH, MpuBeJeHHBIX Ha puc. 3.10, a—6, no-
3BOJISIET CENATh CIAECAYIONINE BHIBOBI.

1. OtHomieHue 7T ox/Typarn BIUSET HA OBICTPOTY cXOXIeHUs P(S;) K mpenesnb-
HbIM 3HaUYCHUAM. [Ipu Toux = 07 wyars, 3HaueHus P(So), P(S1), P(S2) nocturaiot cBo-
€ro MUHUMAJIBHOTO 3HaueHMs, a P(S3) — MaKCUMaJIbHOTO. Y BEIMYEHUE 3TOTO OT-
HOLIEHUSI BbILIE 3HAYEHUS [ ox/ T rmars = 5 HE BIUSET HA 3HAUCHMs BEPOSATHOCTEN Ha-
XO0XKJICHUS CUCTEMBI B Pa3IMUHBIX cOCTOSHUS P(S;)).

2. Ilpu yBenuyeHUM 3HAUYEHUH 7Tjyarn BEPOSTHOCTH PabOTOCIIOCOOHOTO CO-
crosiHust P(Sp) CHUXKAeTCs U CTPEMUTCS K CBOEMY IMPEACIbHOMY 3HAYEHUIO
P(So) — 0,5. IIpu sTOoM 3HaueHue BpemeHu BoccTaHOBIEHUS KC Tyoer ke OIpene-
JSIeT HAIMYWE U 3HaYeHne MUuHUMyMa GyHKmuu P(Sy).

3. Ve npu 3HaYEHUAX Tparn = 0,25 Tork k¢ (Tow = 5T puarn) 3HAUEHUE BEPOSIT-
HOCTH HaXO0XJI€HHUS B pabOTOCIIOCOOHOM cocTosiHuu P(S)) mpuHMMaeT KpUTHue-
ckoe 3HaueHue P(So)=0,9, a npu MeHbleM 3HaUCHUHU 1 ox < 5T jyars TPOUCXOIUT
CHUKEHUE 3HAUYEeHUN BEpOSITHOCTH 110 P(So) < 0,9, 4To sIBIAETCS HEMPHUEMIIEMBIM
3HaueHueM i kod¢unuenta roroBaoctu MHC K.

4. TIpn ymeHbeHUN 1 jyarn/ Torc ke CHIDKACTCS BIUSHUE 3HAYCHUE CPEIHETO Bpe-
MeHH BoccTaHOBIEHHUS KC Tyoer ke Ha BeposiTHOCTH P(S)), a TIPpU Tiars < 0,01 Ty kc Be-
POSITHOCTh HAXOXKJICHHSI CUCTEMBI B pabOTOCIIOCOOHOM cocTostHUM P(S)) mpakTu-
YECKH OT Tgocr kC HE 3aBUCHT.

HccnenoBanue mnoBeAeHUS KOHEYHBIX BEPOATHOCTEM COCTOSIHUM CHC-
TeMmbl P(S;) npu orpaHudeHUsIX Ha Tpuyarn U Tox B 3aBUCUMOCTHU OT 3HAUYCHUU
Tsocrkc W OTHOMEHHUS Thyarn/ Tork k¢ € yY9ETOM CIENYIONUX OTPAHUYCHUM:
TOTK KC — 1 ) T[LI/IarH = 0901 TOTK KC, 0,1 TOTK KC, 033 TOTK KC, 1 TOTK; Toxc = OTIII/IaFH .. -ST)Z[I/IaFH;
Toex = 10 Torcxc; Toocr ke = 0...1 mpuBenens! Ha puc. 3.11, a—s.
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Puc. 3.11 — 3aBUCHMOCTb KOHEUHBIX BEPOSITHOCTEH COCTOSIHUM OT T pocr KC
pu GUKCUPOBAHHBIX 3HAYECHUSAX Twarn/ Tork kC
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AHanu3 rpauyecKux 3aBUCUMOCTEH, MPUBEAEHHBIX Ha puc. 3.11, mokassl-
BA€T, YTO MPU YMEHBINEHUU T yarn/ Tork k¢ CHUKACTCA BJIMSIHUE 3HAUCHUS BPEMEHU
BoccTaHOBICHUSI KC Tyoer ke HA BepossTHOCTH P(S;), @ IPH T yarn < 0,01 Tork kc BEPO-
SATHOCTh HaXOXJICHUSI CUCTEMBI B pab0OTOCIIOCOOHOM cocTostHUU P(S)) mpakTuye-
CKH OT Tyocr kc HE 3aBUCHUT. TakuM 0Opa3oM, COKpallleHUE BPEMEHU BOCCTaHOBJIE-
HUS KC Tyoer ke 17151 IOBBIIEHUST P(Sp) 11€71€CO00pa3Ho JIUIb MPU 3HAUYCHUSIX Bpe-
MEHHOTO MHTEPBAJIA TUATHOCTUKHU T yarn > 0,01 Tor xc.

C poctom BpeMeHu oxkunaHusi BocctaHoBieHus cBa3u B MHC Ty pacrer
BEPOSITHOCTh pabOTOCIOCOOHOTO cocTosiHuA P(Sp), Tak Kak B 3TOM ClIy4ae BO3pac-
TaeT MepeXxoHas BEPOSTHOCTD p2o, TO €CTh YBEIUUYUBACTCS BEPOSITHOCTH TOT'O, YTO
CHUCTEMa yCIEEeT MEPEUTH U3 COCTOSIHUS OXKUJaHus S» B pab0TOCIIOCOOHOE COCTOS-
Hue So, MUHYS COCTOSIHUE peKoH(urypanuu S3.. B OTaeabHBIX Cilydasx MOBBIIIE-
Hue 3HaYCHUS Tox OT O 10 57 jyarn TO3BOMISIET MOBBICUTH BEPOSITHOCTh PAbOTOCIIO-
cooHoro coctostaus P(Sp) Ha 15-20 %.

OCHOBHBIM TMMapaMeTPOM, OMNPEICNAIONIeM HauboJiee CIOXKHBIC YCIOBUS
(YyHKIIMOHUPOBaHUS OOBEKTa CBSI3M, SIBJISIIOTCS 3HAUYCHUSI CPEIHETO BPEMEHU MeE-
x1y otkazamu KC, ynosnerBopsroniue yCaoBUO o ke < 107 ypars. Y CIIOBUS QYHK-
MOHUPOBAHUS, COOTBETCTBYIOMINE 3HAUYCHUAM TorkC < 10T mmarn, Torx kC =< Tsocr KC
emie Oosiee ycyryomnsieT AecTpyKTUuBHOE Bo3zaeicTBue oTka3oB KC Ha coennHeHue
ATM, U MUHUMHU3HUPYET 3HAYCHUE BEPOSTHOCTh HAXOXKJEHUS CUCTEMBI B paboOTO-
criocoOHOM coctostHun P(Sp).

PesynbraTtel MmoaenupoBanus ¢pynkiuuornuposanus coenuHenus HKCC B yc-
JoBUSX Bo3aeucTBus cpenacts POII, cooTBeTCTBYyIONMX TPeOOBAHUSIM IO YCTOM-
yuBoctn HKCC, npuBenensl Ha pucyHkax 3.12-3.14. Ananu3 puc. 3.12 nokassbl-
Ba€T, YTO U3MEHEHUE Tyocr kC HE OKA3BIBAET CYIIECTBEHHOI'O BIMSHUS HA OTHOIIE-
HUE T yyars/ Tork kc, HEOOXOIUMOTO JJIs1 0OecnieueHus Tpedyemoro ypoBHs Kr. Takum
o0pa3oM, TpH JadbHEUIIEM MOJEIUPOBAHUU 3HAUCHUS Thocr ke OYJIEM IOJIAraTh,
yT0 BoccTaHoBieHue KC npoucxonut MrHOBEHHO (Tocr ke = 0).

K.=0,99; I
Teocr ke =0...1;

Tox /Tmara=1...10 “---11.0,006905

BpemeHu oTkasa KC
TnmarH /TOTK KC

OTHoweHne BpEeMEeHHOro
MHTEepBana gnarHoCTUKU Ko

0,006585

o o
BOCCTaH 0,8 AW

powe
O, ot
a0cr 4 Bne,.” 5 K

Puc. 3.12 — 3aBucumoctb TpeOyemMoro 3HaYCHUS T uarn/ Tore KC I OOCCTICUCHUS
3Ha4YeHUs KT P Pa3IMUHBIX 3HAUCHUSIX OTHOMICHUS 7 gocr ke
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Puc. 3.14 — 3aBucumoctu TpeOdyeMbIx OTHOMEHUN T auars/ Torc kC 7151 0OECTICUCHHS
3HaueHus1 Pcy IpU pa3NUYHbIX 3HAYCHUSAX Py

0€e3 UCITOIB30BaHMS Pa3pabOTaHHOIO alTOpUTMa MapupyTu3anuu (1)
U C HCTOJIb30BaHUEM Pa3pabOTaHHOTO aIrOpUTMa MapIIpyTH3AIUH (2)
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Puc. 3.15 — 3aBucumoctb Pcj OT OTHOIICHHS T pars/ Tor KC
0e3 UCToab30BaHus pa3paboTaHHOTO anropuTMa Mapupytuzanus (1)
U C MCIIOJIb30BaHUEM pa3pabOTaHHOTO aaropuTMa MapHpyTuzanuu (2)
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Ananu3 rpaduueckux 3aBHCHUMOCTEW, MpPEJCTaBIECHHBIX Ha puc. 3.13, mo-
3BOJISIET CHE€JaTh BBIBOJ O TOM, YTO U3MEHEHUE OTHOWIECHUS 1 ou/Tmyars BIMSIET HA
NOBBIEHUE T ypars/ Tork ke TULIL 10 3HAYCHUS Tox/ Tyars = 5 (OTMEUEHO Ha Tpadukax
KpacHOil nuHuein). Takum o00pa3oM, 1eIecooOpa3HO YCTAHOBUTh OTHOIICHHE
Tox/ Typarn = 5 1 UCTIONB30BaTh €r0 B XOJI¢ pabOTHI aIropuT™Ma aJanTUBHOTO H3MeE-
HEHHsI BpDEMEHHBIX [TAPAMETPOB CUTHAIM3ALNK B MEKY3J10BOM coenuHennn HKCC
B yclioBUsAX BozaencTBus cpeacts POII (1. 2.4).

C ydetroM 000CHOBaHHBIX BbIlIE 3HAUYCHUUN Tyocr ke M Ton/ Typarn, TOCTPOEHBI
3aBUCUMOCTU TpeOyeMoro 3HAYEHUS Tuar/ Tork k¢ OT Py IPU 3aJaHHOM 3HAYCHUU
BEPOSITHOCTA CBOEBPEMEHHOM J1OCTaBKM makera Pcy 0€3 UCIoiab30BaHus pazpado-
TAHHOTO AJITOPUTMA MapUIPYTH3ALUU U C €ro ucrosb3oBaHueM (puc. 3.14). Ana-
JU3 TMPEACTABICHHBIX 3aBUCUMOCTEH MO3BOJISIET ClieJaTh BBIBOA O TOM, YTO HC-
N0JIb30BaHKE Pa3pabOTaHHOTO AJTOPUTMA MapIIPyTU3ALUU MO3BOJIIET MOBBICUTH
OTHOIIEHUE 7 ox/ Traru, IPU KOTOPOM OOECIIEUMBAETCS 3a/IaHHBIA YPOBEHb BEPOSIT-

HOCTU CBOEBPEMEHHOM JOCTaBKU nakera Pl , Ha 63-64 %, B 3aBUCUMOCTH OT

3HaueHus BepossTHOCTH cBsizHOCTH MHC P BenemcrBrue 3TOro mpupoCcT BEPOST-
HOCTH CBOCBPEMEHHOM JOCTAaBKH MakeTa Pcy MPU UCIIOJIb30BaHUH pa3paboTaHHOTO
aNroOpuTMa MapIIPYTU3AIMK, MPEICTaBICHHBIM Ha puc. 3.15, MOXXET JOCTHUraTh
7 %, B 3aBUCHMOCTH OT UMEIOIIETOCS OTHOMEHHUS 7 yyarn/ T orx KC.

3.3 OneHka NOBBIIIEHHUS YCTOMYMBOCTH CBSI3M NPH MCIOJIb30BAHUM
paspadorannoro HMA u popmupoBanue rpaHUYHbIX YCJIOBUHA €10 MPpUMEeHeHUs

OreHKa MOBBIICHUS YCTOMYMBOCTU CBSI3U TPU HCIIOJI30BAaHUM pa3padOTaH-
Horo HMA B Buae anroputMa aganTUBHOTO W3MEHEHUS BPEMEHHBIX MapaMETPOB
curHaiauzanuu B Mexy3i0BoM coenrnHeHnn HKCC B ycioBusix BO3AEMCTBUS CPEICTB
POII u anroputMa mMapuipyTu3aiuu HHGOPMAIMOHHBIX MTOTOKOB MO KpaTYaWIINM U
PE3EpBHBIM IYTAM Ha OCHOBE HCIIOJIb30BaHUs CTpykTypHOU u30bITouHOCTH HKCC
NPOU3BOJWIIACH HA OCHOBE LIEJIEBBIX MOKAa3aTeNIel BEPOSITHOCTH CBOEBPEMEHHOM JOC-
TaBKU TakeTa Pcj v mokaszarens 3¢ GeKTHBHOCTH HCIIONB30BaHUS pa3padOTaHHBIX ajl-
roputMoB Ey, opmanuzoBanHbix B 1. 1.3. ['paduueckue 3aBUCUMOCTH HU3MEHEHUS
BEPOSITHOCTH CBOEBPEMEHHOM JTOCTAaBKHU MakeTa Pcj 0€3 UCIob30BaHus pa3paboTaH-
HBIX JITOPUTMOB M C HCIIOJIb30BAaHUEM pa3pabOTaHHBIX AITOPUTMOB TMPECTABICHBI
Ha puc. 3.16, a—6. B xone MoaenupoBaHusi yCTaHOBIIEHBI 0OOCHOBAHHBIE B 1. 3.2 3Ha-
yeHus BpeMeHH BOCCTAaHOBNIEHUSI KC Thoerkc= 0 M OTHOILIEHUSI BpDEMEHHOTO UHTEpBaJia
OKUJAHHWA BOCCTAHOBJICHUS CBSI3M K BPEMEHHOMY MHTEpBAIY AUArHOCTUKU
Tod Tyyarn=5, TakuM 00pa3oM, MPHUHSTHI CIETYIONINE YCIOBUS MOJCIUPOBAHMUS: HC-
MOJIb3yeTCsl pa3pabOTaHHBIN alropuT™M Mapmpytusaium, Pe = 0,93; 0,96; 0,99; 1; u
P =0,9. Kpome Toro, noxasano BiussHue BeposTHOCTH cBsisHocTH MHC P Ha 3Ha-

YEHUE BEPOSITHOCT CBOCBPEMEHHOM JIOCTABKM MakeTa Pcj. AHaIM3 NMpeIcTaBIeHHBIX
rpadMYeCKUX 3aBUCUMOCTEH TIOKa3bIBACT, UTO Pa3padO0TaHHBIC AITOPUTMBI TIO3BOJISIFOT
o0ecreunTh 3aJJaHHOE 3HAYCHHE BEPOSTHOCTH CBOSCBPEMECHHOM JOCTaBKH IIaKeTa
P =0,9 1pu 3HAYEHMHU CpeaHEro BpeMenu Mexay oTkazaMu KC Ty ke O0mbIIeM, He-

JKCIIW 3HAYCHHC, IIPU KOTOPOM PaCCHUTAHHOC C IIOMOIIBIO aJlrOpUTMa aJdallTUBHOI'O
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M3MEHEHHS BPEMEHHBIX MNapaMETPOB CUTHAIM3ALMU B MEXKY3JIO0BOM COEIUHEHUU
HKCC B ycnosusix Boznenctus cpeacts POII 3HaueHne BpeMeHM THAarHOCTHKM OT-
ka3a UHC Ty OyZeT mpeBblIaTh IOPOroBoe 3HaueHue, paBHoe S0 Mc, 000CHOBaH-
Hoe B II. 2.4. CHmxeHne BeposTHOCTH cBsa3HOCTH MHC P, B citydae, Korzia He HCIOJIb-
3yercsi pa3pabOTaHHBIA ANTOPUTM AJANTUBHOTO MU3MEHEHHs] BPEMEHHBIX NapaMETPOB
CUTHAJIM3AIMY, MMPUBOJNUT K CHIDKEHHIO BEPOSITHOCTH CBOEBPEMEHHOM JOCTABKM Ma-
kera Pcyp (puc. 3.16,a). B cnyyae, eciau HCMONB3yeTCs pa3padOTaHHBIA aITrOPUTM
aJIAITUBHOTO U3MEHEHUSI BPEMEHHBIX IapaMETPOB B MEXKy310BoM coenuHennn HKCC
B yCIoBUAX Bo3aeicTusa cpeacts POII, camxenune BepostHocTH cBsisHOCTH MHC Py
MPUBOJIUT K CHIYKEHUIO MUHUMAJIBHOTO BO3MOKHOI'O CPEJHETO BPEMEHHN MEX/1y OTKa-
3aMu KC Trx ke IpH KOTOpOM OyeT odecnieunBaThea £y = 0,9 (puc. 3.16, 6).

Bwmecte ¢ Tem, kak nmokaszaHo Ha puc. 3.16, a, Ipu NPEBBILIEHUH CPEAHETO
BpemeHu Mexay otkazamu KC 7o ke 3Hauenust 600 c, mpotokon PNNI 6e3 npu-
MEHEHUs1 pa3paboTaHHBIX AITOPUTMOB MO3BOJISIET 00ECIIEUUTh 3aJaHHBI YPOBEHD
BEPOSTHOCTU CBOEBPEMEHHOM TOCTaBKM nakera Pcy.
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Puc. 3.16 — 3aBucumocts Pcyy OT Tow ke 0€3 UCTIONB30BaHMsI pa3paOOTaHHBIX
QITOPUTMOB U C UCTIOJH30BaHUEM Pa3pabOTaHHBIX aJITOPUTMOB
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Ha puc. 3.17 npexacrapineHa 3aBUCUMOCTb MoOKa3aTessd 3(PPEKTUBHOCTH HC-
MOJIb30BaHMA pa3pabOTaHHBIX AITOPUTMOB Ey OT CPEIHEro BPEMEHU MEXIy OTKa-
3aMu KC Torcxc. IIpu 3TOM IPUHATO JOMYyHIEHHE O TOM, YTO BO3AECHCTBUE CPEICTB
POII He cnocoOHO ocymiecTBUTH noaasieHue Beex myteil B UHC, T. e. BeposTHOCTD
cBs3HocTH MHC Pgy= 1, uTo siBisieTcsi HauOosee OJIaronpusiTHBIM YCIOBHEM JIJIst
Cllydasi, KOrJla He UCTOJIb3YIOTCS pa3paboTaHHbIe aJIrOpUTMBI (M. pHc. 3.15, a).
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Puc. 3.17 — 3aBucumoctb Ev OT 1o kC

AHanu3 npeacTaBICHHON 3aBUCUMOCTH MO3BOJISIET CIEIaTh BBIBOJ O TOM, MAKCH-
ManbHas 3G(HEKTUBHOCTh MCIOJIB30BaHUS pa3pabOTaHHBIX aJTOPUTMOB B 3a/IaH-
HBIX yCJIOBHSX MojaenupoBaHus Ey= 80 % gocTuraercss npu 3HAYEHUU CPEIHETO
BPEMEHU MEXIY OTKazaMu Tockc, OJM3KOM K HAWMEHBIIEMY 3HAY€HUIO
Torckc=1,2 ¢, mpu KOTOpOM OOECHEeYHBAETCS 3aJlaHHOE 3HAYEHUE BEPOSITHOCTU
CBOEBPEMEHHOW JOCTaBKU mnakera Pl . IIpu npeBblIeHMH 3HAYEHHS CPEIHETO

BPEMEHH MEXY O0TKa3aMu 1o xc YpoBHs 600 ¢, mpuMeHeHue pa3paboTaHHBIX all-
TOPUTMOB CTaHOBUTCSI HedDPekTuBHBIM. KpoMe Toro, kak mokasaHo BBIIIE, MIPHU-
MEHEHHUE pa3pabOTaHHOTO aNTOPUTMA aJANTHBHOTO M3MEHEHHS BPEMEHHBIX TMapa-
METPOB CUTHaIM3alMnu B Mexy310BoM coequHennn HKCC B ycnoBusiX BO3A€HCT-
Bus cpeacts POII B ToM ciiyuae, koryia 3HaueHHE CPEAHEr0 BPEMEHU MEXIy OTKa-
3aMU  Torxkc HE TPEBBINIAET MOPOTOBOrO (B YCJIOBHUSIX MOJEIUPOBAHUS
Torxxc = 1,2 ¢) HEBO3MOXKHO. BMecTe ¢ TeM, kak moka3aHo Ha puc. 3.15, ucnomnn3o-
BaHME Pa3padOTaHHOTO ANTOpPUTMa MAPLIPYTU3ALUH B 3TOM CIIy4ae MO3BOJISIET IO-
BBICUTh 3HAYEHHE BEPOSATHOCTH CBOEBPEMEHHOI JOCTaBKHM MakeTa Pcjy Ha BeU-
quHy 710 7 %, B 3aBUCUMOCTH OT HEOOXOAUMOTO OTHOMICHUS 7 mars/ Tork KC-

Takum o6pazom, GhopMHupOBaHHE TPAHUYHBIX YCIOBHM MPUMEHEHUS paspa-
OOTaHHBIX aJTOPUTMOB BKIIFOYAET B CEOsl OMpEJEIeHNe HIDKHETO M BEPXHETO TO-
pora BpEMEHHOTr0 JMana3oHa, MNpU COOTBETCTBUU KOTOPOMY CPEIHETr0 BPEMEHU
MEXKy OTKa3aMU 1o k¢ UCIIOJIB30BAHHUE KAXKIOTO U3 aITOPUTMOB B OTAEIBHOCTH U
COBMECTHOE WX WCIOJIb30BaHUE d(P(HEKTHBHO C TOYKW 3PEHUS MOBBIIICHHS 3HAYC-
HUS BEPOSITHOCTU CBOEBPEMEHHOM JOCTaBKM TakeTa Pcj. AHanu3 rpaduyeckux
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3aBUCHMOCTEN, MPEACTABICHHBIX Ha puc. 3.14-3.17, nmo3BoyieT caenaTh BBIBOJ O
TOM, YTO pa3paOOTaHHBIA aIrOPUTM MapIIPYTU3ALUUA MOKET HCHOIb30BATHCS MPU
JOOBIX 3HAYEHUSIX CPEAHEr0 BPEMEHH MEXIy OTKa3aMu Torckc, B TO BpPEMs Kak
AJTOPUTM aJalTUBHOIO HM3MEHEHUsS BPEMEHHBIX IMapaMETPOB CUTIHAIU3ALUUA HE
MOKET OBbITh MCIOJb30BAaH B CIIy4ae, €ClId ONpPEIEIEHHOE C €ro MOMOIIBI0 BpeMs
nuarHocTtuku otkaza MHC Tyuarm HEe mpeBbicuT 3HaueHus S0 mc. [Ipu camom He-
OJlaronpusATHOM ciyuae, korja ctpykrypa CC xapakrepusyercs KorhpuuueHrom
BeposATHOCTU cBA3HOCTH MHC Py, cTpemsmielicss K 3aJaHHOMY 3HAUY€HUIO BEPO-
ATHOCTH CBOEBPEMEHHOM JOCTABKU MakeTa F.y'=0,9, a CIeI0BaTENbHO, HE00XO-

auMo obecneuuTh 3HaueHue koddpduuuenta roropHocty MHC K Gauskoe k 1,
OTHOLIEHHE BPEMEHHOI0 MHTEpBaJia JUArHOCTUKU K CPEAHEMY BPEMEHU MEXKIY
otkazaMu KC Thyars/Torc kc, KaK MOKa3biBaeT KpuBas 1 Ha puc. 3.14, 10KHO co-
CTaBISATh T yars/ Torc ke = 0,002354. JlaHHOE OTHOIIIEHWE TO3BOJSET OMPEACIUTh
HIDKHUM TIOpOT TMana3oHa cpejHero BpeMenu Mexay otrkazamu KC Ty ke, TpH-
MepHO paBHbIN 21 ¢. BepxHuii mopor auana3oHa CpeIHEr0 BPEMEHU MEXAy OTKa-
3aMu KC Ty ke, 10 JOCTHXKEHHUSI KOTOPOTO MCIIOJIb30BAHUE aJTOpPUTMa aJanTHB-
HOT'O U3MEHEHHUSI BPEMEHHBIX NTapaMeTPOB CUTHAIN3aluu 3OPEKTUBHO, 3aBUCUT OT
3a/IaHHOTO 3HAYEHMs BEPOSATHOCTH CBOEBPEMEHHOM JOCTaBKU nakera Pl W BEpo-

satHocTH cBsizHOCTH MHC Py, CormacHo TpeOOBaHUSM, MPEIbSIBISIEMBIM K YCTOM-
yuBocti HKCC nis obecrniedeHust BHIMOTHEHHS TPEOOBaHUN MO CBOEBPEMEHHOCTH
uHdopmanronnoro ooMena B CYBO, 3HaueHue BEpOSTHOCTH CBOEBPEMEHHOU
JIOCTaBKM TaKeTa IOJDKHO ObITh He Hibke 3HaueHus 0,9 (Pcp>0,9), 3nauenus
BEPXHETO Mopora Juarna3oHa cpeaHero BpemeHu mexay otkazamu KC 7o ke, 10
JOCTH)KEHHUSI KOTOPOT'O MCIIOJIb30BaHKWE aJrOPUTMAa aIalTUBHOT'O U3MEHEHUS Bpe-
MEHHBIX TapamMeTpoB cUTHanMu3auu 3¢G(HEKTUBHO, B 3aBUCUMOCTH OT BEPOSITHO-
ctrio cBsizHOCTH MHC P, mpuBeeHs! B Ta61. 3.2.

Tabnuna 3.2 — 3HayeHus BepXHero nopora nuana3zona 7Torx kc

Py ~0,9 | 0,91 [ 0,92 ]093]{094|095| 096 | 097 | 098|099 | 1
Bepx. | 14400 | 7200 | 3600 | 2280 | 1650 | 1320 | 1050 | 900 | 840 | 720 | 600
Inopor
TOTKKC,
C

AHanu3 3HAYCHWI, TPEICTABICHHBIX B Ta0j. 3.2, MOKa3bIBaeT, YTO Hau-
MEHbBLIEE 3HAYEHUE BEPXHETO MOpOra Auarna3zoHa CPpeJHEro BPEMEHU MEXIY OTKa-
3amMu KC Torckc, A0 TOCTUKEHHSI KOTOPOTO HMCIOJb30BAHUE AJITOPUTMA aIalTHUB-
HOT'O U3MEHEHUs BPEMEHHBIX NapameTpoB curHanuzauuu B coeguHennn HKCC B
yCIOBUSIX Bo3aeiicTBUs cpeAcTB POII, cooTBETCTBYET yCIOBUSM, KOT/la CTPYKTYypa
HKCC xapaxkrepusyercst BeposiTHOCTbIO cBA3HOCTH NHC P.

HauGonpiiee 3HadeHWEe HWIKHETO TOpPOTa JUANa3oHa CPETHEr0 BPEMEHU
Mexay oTkazaMu KC Ty ke, TP KOTOPOM BO3MOKHO COBMECTHOE MCIIOIB30BAHUE
aIropuT™Ma aJanTUBHOTO HM3MEHEHHUS BPEMEHHBIX MMapaMeTPOB CUTHAIU3AIUU U
pa3pabOTaHHOIO aJropuTMa MapUIPyTU3AIUU COTJACHO rpaduyeckoi 3aBUCHUMO-
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CTH, MNpEJCTaBICHHOW Ha puc. 3.14, B YCIOBHSIX C€aMOro HeOJIaronpusTHOTO
ciy4asi, korga crpykrypa CC xapakrepusyeTcss BeposATHOCTbIO cBa3HocTH MHC
P, crpemsmencs K 3aJaHHOMY 3HA4€HUIO BEPOSATHOCTH CBOEBPEMEHHOMN
JOCTaBKM TNakera F7'=0,9, ompenenseTcs OTHOUICHMEM OTHOLICHHE BPEMEHU

muarHoctukn otkaza HMHC x cpenHemy BpemeHn wMexnay ortkazamu KC
Tare/ Torc ke = 0,0037 1 cocraBnseT npuMepHo 14 c¢. HaumeHnblliee 3HaueHUE BEpX-
HEro Mopora JuarasoHa cpeiHero BpeMeHn Mexay otkazamu KC 7o ke COOTBET-
CTBYET aHAJIOTUYHOMY 3HAYEHMIO JUIS CIIy4as MCHOJIb30BAHUS TOJIBKO aJrOpuTMa
aZJaiTUBHOIO M3MEHEHUS BPEMEHHBIX MapaMETPOB CUTHAIU3ALMHU B COEIUHEHHUU
HKCC B ycnoBusx BozaeiictBus cpencts POII u cocrasnser 600 c.

3.4 Moaunpukanusa nporokosaa mapmpyruzanuua PNNI B cocraBe creka
nporokojaoB ATM

[TonyueHHble B XOJ€ MUCCEPTALIMOHHBIX MCCIIEIOBAHUN pPe3yJbTaThl, 00a-
JAI0IINe HAyYHOW HOBH3HOMW, MCTOJB30BaHbI JUISl MOAU(DHUKAIIMKA TPOTOKOJIA Map-
mpyTtu3anuu PNNI B coctaBe creka mporokoB ATM. Kak nokazano panee (1. 2.1),
npoTokoa PNNI mo3BosisieT oCylecTBIATh Kak MOUCK KpaT4allIuX MyTeW, Hc-
MoJIB3ysl anropuT™M JIeHKCTphl, TaK M TUArHOCTUKY paboTocnocodHoctu KC, uc-
nosib3yst npotokon Hello. Takum o6pa3zom, momudukamnuio mnporokona PNNI
MO>KHO pa3/IeNINTh Ha IBE COCTABJISAIOIIHE:

— monudukanuio npotokosa PNNI B yacTu mpoTokosia CUTHAIU3AIUY;

— moaudukanu nporokona PNNI B yacTu nmpoTokosa moucka KpaTtdai-
HUX ITYTEM.

[Ipu mommdukaruu nporokosa PNNI B wactu mpoTOKoJIa CHUTHATU3AIUU
BaKHO YYECTbh, UYTO IUIAHUPYETCS CO3/IaHUE CHCTEMbl MOHUTOPUHIA CUTHAJIBHO-
IOMEXOBOM 00cTaHOBKHM. DYHKIIMH, BO3JIaraeéMble Ha 3Ty CUCTEMY, B JOCTATOYHOM
Mepe KOPPEJIHUPYIOT C HA3HAYE€HUEM MPOTOKOJIA CUTHATIU3AIUY.

CucreMa MOHUTOPUHTA CHUTHAJIBHO-TIOMEXOBOM OOCTAaHOBKM CIIYXHUT JIs
obecrnieueHust 3PGHEeKTUBHON pPabOTHl CTAHIUKA CIYTHUKOBOM CBSI3U M IO3BOJISIET
IpU OpraHU3alUU CBS3U UCKIIOYUTH MMOPAXKEHHBIE MPEIHAMEPEHHBIMH U HEIPEI-
HAaMEPEHHBIMH TTOMEXaMH YYaCTKH YaCTOTHOTO auamnaszoHa u3 padotsr [13]. Taxxe
CHUCTEMa MOHHMTOPHHIA CHUTHAJIBHO-TIOMEXOBOW OOCTAaHOBKH TO3BOJIIET BBIIBUTH
(bakT MOCTaHOBKH MPOTUBHUKOM IMPETHAMEPEHHBIX TIOMEX U TIEPEBECTH CUCTEMY B
0oJee MOMEX03aIUIIIEHHBIN PEKUM WA UCKITIOYUTH MOPa’KEHHBIE YaCTOTHI U3 pa-
60ThI. Jlns ompeneneHus: MpaBUWIBHOW CTpaTEruul PaauoONpPOTHUBOICHCTBUS HEOO-
XOJIUMO TOJTy4aTh JOCTOBEPHBIE IAHHBIE O CUTHAIHHO-TIOMEXOBOM 0OCTaHOBKE.

Kaxap1ii mpueMHBIN TPAKT HA BBIXOJIC AHTEHHBI B X -MAIa30HE UMEET YacCTOT-
Hyto nosiocy 500 MI'q u B Ka-nnamazone nmeer yactornyro nonocy 2 ['To. Ipuem-
Hoe ycTpoicTBO KAC A0MKHO MPOBOJUTH MOHUTOPHHT B BBIIIEYKa3aHHBIX IMOJIOCAX.
VYuuteiBas, uro nHMopMalmonHas nojoca no npuemy B KAC coctapnsieT 3HaYCHHE
36 MI'u, 0630p Oosiee MIMPOKOI MOJOCHI HYKHO MPOU3BOAUTH MOCIEAOBATEIBHO.
s aroro KAC nomkeH mocieqoBaTeNbHO YIIPABISATh CUHTE3aTOPaMU 4acTOT B
CTBOJILHOM 4acTu OOPTOBOI'O PETPAHCIISIIIMOHHOTO KOMILIEKca JJisi 0030pa Oojee Miu-
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pokoi nonocsl. Bpemsi, HeoOxoaumoe [u1st 0630pa nosockl 36 MI'L, cocTaBiseT no-
psaaka 10 Mc ¢ pazpemienuem 1 k', O630p nonocet 500 MI'y notpeGyeT BpeMeHH
140 mc, a 0630p nosnocel 2 I'Ty motpedyeT Bpemenu 560 mc.

[Ipn co3maHuM CUCTEMBl MOHUTOPUHIA CHUTHAJIbHO-IIOMEXOBOM oOcCTa-
HOBKHM TUIAHUPYETCS MPOBOAUTH MOHUTOPHUHI YaCTOTHOTO JMAaNa30Ha MO JIBYM
BapuaHnTam [13]:

— B OIPEJIEIICHHBII MOMEHT BpeMeHH B TeueHue 140-560 mc npekpaniaercs
nepenaya no KC, mpu 3ToM Bce CIIYTHUKOBBIE CTAHIIMU MPUHUMAIOT B IPYIIIOBOM
CUTHaJIe 3amperT paboTaTh Ha u3iydeHue. [lo ucTeyeHuM 3TOro BPEMEHH CETh
CBSI3M MPOAOIKAET PYHKIIMOHUPOBATD;

—Tpu pa3padOTKe YacTOTHO-BPEMEHHOTO pecypca 3aJaloTcsi BPEMEHHbIE
OKHA, KOTOPbIE PE3ePBUPYIOTCS JIJIsl MOHUTOpPUHTA. [laHHbIE BpeMEHHbIE OKHA MOT'YT
ObITh CUHXPOHHBI ¢ 1HKIOM [ITTPY. Pa3mep naHHOr0 BpeMEHHOIO OKHA paBeH M-
TEJIBHOCTH Nlepeaud HMHPOopMaIMoHHOro nakera. Ero nimmHa mosxet ObITh OT 1,6 McC
1o 100 mkc. Ilepenava napopmannuu B 3TH KOPOTKUE UHTEPBAIbI BPDEMEHU TaK)Ke HE
npousBoauTcs. JlaHHble BpeMEeHHbIe OKHA IUKINYECKH OBTOpsitoTcs. Mcnonb3oBa-
HUE JIAaHHBIX BPEMEHHBIX OKOH MOXET JUHAMHYECKH MEHSTHCS MO KOMaHZE LeH-
TpaJibHOM cTaHIMK. TO €CTh OHM MOTYT MCIIOJIB30BATHCS U JUISl CBSA3H, U JUII MOHU-
TopuHra. B 3TOM cilydae, ecnu MCMONb30BaTh BPEMEHHBIE OKHA CO CKBAXKHOCTBIO
1:1000, uto coctaBur 0,1 % mpomyckHOW CIOCOOHOCTH, BpeMs aHAJIM3a pajrovac-
TOTHOTO criekTpa B nosnoce 2 [T coctaBut okono 1 mun. [Ipu sTOM Bapuanre mo-
HUTOPUHTA MPEeKpalleHue PYyHKIIMOHUPOBAHUS CETH CBSI3U HE MPOUCXOJIUT.

Takum 06pa3om, cucTeMa MOHUTOPUHTA CUTHAIBHO-TIOMEXOBOM 0OCTaHOBKHU
NO3BOJISIET TOJY4YaTh JAHHBIE O BPEMEHHBIX XapaKTEPUCTUKAX BO3AECHCTBHI
cpencts POII, HEOOXOAUMBIX JUIsl KOPPEKTHON paOOThl alropuTMa aJarnTUBHOIO
U3MEHEHNS BPEMEHHBIX NapaMeTpPOB CUTHAJIM3AlMU B MEXKY3JI0BOM COEAUHEHUH
HKCC B ycnoBusix BozaeictBust cpeacts POII, onHako He OCylIecTBIsIET MOHHU-
TopuHr uzMeHeHus: Mmetpuku KC. B cBsi3u ¢ 3TuM npeajaraercsi JONOJHHUTh CHUC-
TEMY MOHUTOPUHTA CUTHAJIHHO-TIOMEXOBOW OOCTaHOBKHM MPOTOKOJIOM CHUTHAIH3a-
muu Hello, ucnone3yomumM 17si onpenesaeHus BpEMEHHBIX WHTEPBAJOB JHArHO-
CTHUKU U OXHUIAHUS BOCCTAHOBJICHUS CBSI3U pa3paOOTaHHBIM XOJE JUCCEPTAIMOH-
HBbIX UCCJEAOBAaHUN aJIrOPUTM aJaNTUBHOTO M3MEHEHUS BPEMEHHBIX MapaMeTPOB
curHamuzanuu B MexysioBoMm coenuHeHun HKCC B ycnoBusiX BO3IEUCTBUS
cpenctB POIL. O6men ciyxebnpiMu maketamu B HKCC cornmacHo mpoTokoiy cur-
Hanmuzauuu Hello mo3BoauT cBOEBpEeMEHHO OIpeneNsaTh BEMUYMHY U3MEHEHUS OC-
HOBHOI XapaKTEpPUCTHUKHU ceTeBOro ypoBHs — MeTpuku KC, a Taxke AUarHOCTUPO-
Bath ¢akt monmHoro mojasieHuss KC. [lpumeHeHue mpoTOKOJa CHUTHATU3AINUH
Hello, ucnomip3yiomiero airoput™M aJanTUBHOTO U3MEHEHHUS BPEMEHHBIX MapaMeT-
pOB curHanuzanuu B mexy3inoBoMm coequHennn HKCC B ycnoBusx BO3aeWCTBUS
cpenctB POII, kpome Toro, orpaHuduT 00BEM CIy)KeOHOTO Tpaduka, MUPKYIHU-
pyromrero mo KC HKCC, uyto mo3Bonut 6osee 3 PeKTUBHO MCTIOIB30BaTh UME FO-
HIyrocs MponyckHyto cnocooHocts KC.

Momudukanus nporokosa PNNI B wacTé mpoToKoJia TTOMCKa KpaTdyanIImx
IyTe BKJIIOYAET B C€0sl MCIIOJIb30BAaHUE Pa3pa0OTaHHOIO ANrOpUTMa MapIIpyTH-

109



3alMM MH()OPMAIMOHHBIX MOTOKOB MO KpaTyalllIMM MU PE3EpPBHBIM MYTSAM Ha OC-
HOBE UCIOJIb30BaHUs cTpykTypHOH M30bITouHocTd HKCC, no3Bosstomero onHo-
BPEMEHHO C MOMCKOM KpaT4YauIlINUX IyTEHU OCYLIECTBIIATH IIOUCK PE3CPBHBIX IMyTEH
U COOTBETCTBYIOLEE NEPEHANPABICHNE NH(DOPMALIMOHHBIX MOTOKOB. PaccMoTpum
npuMeHeHue MoauduuupoBaHHoro nporokona PNNI nis moucka xkpaT4aliux u
pesepeHbix niyTedt B HKCC, umeroiero, ¢ yaeToMm 000CHOBaHHBIX B 1. 1.3 OCHOB-
HBIX PaMOK MCCJIEIOBAaHUM, BUJ, TPUBEICHHBIN Ha puc. 3.18, a.

Puc. 3.18 — Cxematnunoe otoopaxenne HKCC

[Ipeanonoxum, uto B pe3ynbTate Bo3aeicTBus nmporuBHuka [[CCC2 Obuta
YHUUYTOXEHa, KpOME TOro, MCKIIOUYEHa BO3MOXHOCTH Mepeiaud Tpapuka depes
TpaHCHOpTHYIO ceTh HazeMHoro smenoHa OALICC BC P®. Torna cxemaTuyHOe
oroopaxkenne HKCC nmpumet Buj, npencrapieHHbiil Ha puc. 3.18, 6. Metpuku KC
B coctae HKCC mnpucBoensl ciayuyaitHbiM oOpazoM. [Ipu uCHosib30BaHUM airo-
putMa J[eMKCTphI, OMUCAHHOTO B 1. 2.1, TaONUIIBI MapIIPyTU3AIUU B KOMMYTAaTO-
pax, Bxomsammx B coctaB [ICCC, OyayT uMeTh BUJ, MpeACTaBICHHBIA B Ta0d. 3.3.
Tabnuna wmapmpyTtuzanuu kommyrtatopa B coctaBe KAC 3 mpexacraBiena B
Tabs. 3.4. Tabnumel MapuipyTuzanuu KoMmmyTatopoB B coctae KAC, He BXOmas-
IIMX B COCTaB KpaTyaiiiero myTy, nHGOpMAaIuu HE COJepIKar.

Tabnuna 3.3 — Tabauubl MappyTuzanuu koMmyTaTopoB B coctaBe LICCC 1 u

nCcCccC3
OCHOBHBIE ITyTH
CocraB iyt Metpuka nytu
LHCCC 1 [HCCC1-KAC3-IICCC3 4
[HCCC 3 NHCCC3 -KAC3-IICCC 1 4
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Tabnuua 3.4 — Tabauna MmapmupyTuzanuu kommyraropa B cocrape KAC 3

WHC OCHOBHOM ITyTh
CocraB nytu MeTtpuka nytu
LICCC1-I1ICCC 3 KAC3-1ICCC3 2
LICCC3-1ICCC 1 KAC 3 -1ICCC 1 2

IIpu noxasnennn KC Oyznetr ocymecTBASATHCS MOUCK HOBOTO KpaTyaWIIero
MyTH, HE BKJIIOYarouiero B ceds noaasineHHbli KC, koMMyTaTopoM, BXOASIIUM B
coctaB LICCC — otnpasurtens undpopmanuu. Hanpumep, ecnu npu nepepade oT
HCCC 1 x HCCC 3 6wt mogasien KC KAC 3 — [ICCC 3, To npou3BOIUTCS yBe-
nomiienue LICCC 1 o ¢dakre mopaBieHus, U MOMCK HOBOTO KpaT4yallIero MmyTH
ocymiectBisieTcst 6e3 ydera storo KC. Pesynbratom 3TOro moucka OyJaeT MyTh:
HCCC 1 - KAC 3 — KAC 4 — IICCC 3. Ilocne obHOBNIEHUST TaOIULIBI MAPUIPYTH-
3aruu kommyTtaTopa B coctaBe KAC 3 (ynanenue nytu KAC 3 — ILICCC 3 u no-
6asnenue nytu KAC 3 — KAC 4) u tabnuibl MapuipyTH3alii KOMMYyTaTopa B CO-
ctaBe KAC 4 (no6anenue nmytn KAC 4 — [ICCC 3) ocymiecTBiIsIETCSl EPEKITIOUe-
HUE Ha 3TOT MyTh, U HHPOpMaLUg OyJEeT NnepeaBaThCs M0 HEMY BIUIOTH A0 (akTa
nonasnenus KC, BXoI41IMX B €ro COCTaB.

[Tpu ucnonb30BaHUU AITOPUTMA MAPIIPYTU3ALMH UHPOPMAIITMOHHBIX MTOTO-
KOB 110 KpaT4alIlIuM U Pe3ePBHBIM MyTSM Ha OCHOBE UCITOJIb30BaHUS CTPYKTYPHOI
u30biTounoctT HKCC, onmcannoro B m. 2.5, mpu MOUCKE KpaTyanIlero myTu ocy-
IIECTBIIACTCS TAKXKE MOUCK Pe3epBHBIX MyTel. Takum oOpa3om, TaOIHIbl MapIIpy-
TU3aluu KoMmyTatopoB B coctaBe KAC OyayT uMeTb BHUJ, NMPEJICTABICHHBIN B
Tabs. 3.5-3.8. Tabnuiupl MapuIpyTU3alMd B KOMMYTAaTOpaX, BXOJSAUIUX B COCTaB
LHCCC, 6ynyT uMeTh BU, IpeACTaBICHHbIN B Ta0. 3.9.

Tabnuna 3.5 — Tabauna mapupyruzanuu kommyTtatopa B coctaBe KAC 1

OCHOBHBIE TTYTH Pe3epBHbIil TyTh
MHC Cocran Merpuia Cocras nytu Mertpuka nytu
nyTH nyTu
HCCC 1 -1CCC 3 KAC1-KAC?2 5 — —
HCCC 3 -1ICCC 1 KAC2-TICCC 1 3 — —

Tabnuna 3.6 — Tabauna mapupyTuzanuu kommyTaTopa B coctaBe KAC 2

OcHoBHbIE ITyTH PesepBHbIil yTh
MHC Cocras Merpuka CocraB nmytn Mertpuka nytu
IIyTH yTu
HCCC 1 -IOCCC 3 KAC2-KAC3 5 — —
HNCCC 3 -1ICCC 1 KAC2 -TICCC 1 2 KAC2-KAC 1 5
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Tabnuua 3.7 — Tabauna MapmpyTuzanuu kommyraTtopa B coctase KAC 3

OcHoOBHBIE ITyTH PesepBHBII IIyTh
WHC CocraB Mertpuka C
— TyTH OCTaB IIyTH Mertpuka nytu
NCCC1-LCCC3 KAC3-1ICCC3 2 KAC3-KAC4 5
CCC3 -ICCC 1 KAC3 -1ICCC 1 2 KAC3-KAC2 5

Tabmuma 3.8 — Tabauuna mapmpyTuzanuu kommyTtatopa B coctaBe KAC 4

OcHoOBHBIE YTH PesepBHBII yTh
MHC Cocras Merpuxa CocraB myTn MerTtpuka nytu
yTH MyTH
NCCC1-1CCC3 KAC4-1ICCC3 3 — —
[NCCC3 -IICCC 1 KAC4-KAC3 5 — —
Tabnuua 3.9 — Tabéauupl MapmIpyTuM3anMd B KOMMYTATOPax B COCTaBe

OCCC1uIOCCC3

OCHOBHBIE IyTH Pe3epBHBIN yTh
CocraB MeTpI/IKa Cocras yTH MeTp HKa
IIyTH IIyTH yTi
occC1 | OCCC1-KAC3 - 4 1. CCC 1 -KAC2-KAC3 - 9
OCCcC 3 [HCCC 3
2. 1ICCC1-KAC3-KAC4 - 10
[HCCC 3
3.0CCC1-KAC2-KAC3 - 15
KAC4 -TICCC 3
4. ICCC1-KAC1-KAC2- 15
KAC3 -TICCC 3
5.0CCC1-KAC1-KAC2 - 21
KAC3 -KAC4 -1ICCC 3
nccc3 | OCCC3-KAC3 - 4 1. CCC 3 - KAC 3 - KAC 2—- 9
HCCC 1 I[ICCC 1
2. ICCC3 -KAC4-KAC3 - 10
I[ICCC 1
3. CCC 3 -KAC4-KAC3 - 15
KAC2 -1ICCC 1
4. ICCC3 -KAC3-KAC2 - 15
KAC1-1ICCC 1
5. 0CCC3-KAC4-KAC3 - 21
KAC2-KAC1-1ICCC 1

IIpu nomaBnenun KC, Bxoasimiero B Kpardamuii myTh, Hamnpumep KC
KAC 3 — CCC 3 npu nepegaue ot LICCC 1 x HCCC 3, oqHOBpEMEHHO C yBe-
nominenueM [ICCC 1 o dakre momaBiieHUsT OCYIIECTBIASTCS TIEPEKIIOUCHUE Ha pe-
3epBHbI TyTh KAC 3 — KAC 4. Takum 006pa3omM, COKpalaeTcs BpeMsi peKOH(H-
rypaluM, 4TO MO3BOJIAET MOBBICUTH MMoOKazarenb yctounBoctd HKCC, m kak
CJIECTBUE — BEPOATHOCTh CBOEBPEMEHHOMW JIOCTABKM NakeTa Pcjy.
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BbiBOABI 110 TPEeThEMY pa3jeny:

1. AHanu3 pe3ynbTatoB MojenupoBaHusi (yHkuuoHupoBaHus ATM-map-
LIPYTHA3aTOPA IIPU M3MEHEHUM METPUKHU KAHAJOB CBS3HM BCIIEICTBUE BO3JICHUCTBUS
cpeactB POII no3BossieT cuenath Caeayone KaYeCTBEHHBIE BBIBOIBI:

—u3meHenne OCIII Hanpsimyro BAMSET Ha U3MEHEHUE MTApaMETPOB CETE-
Boro ypoBHs — MeTpuk KC u metpuk VPC;

— otkassl oTAenbHbBIX KC n VPC, xapakrepusyronmecs cpeJHUM BpEMEHEM
Mexay otkazamu KC Toxc 1 VPC Ty vpc COOTBETCTBEHHO, IPUBOIAT K OTKa3y
coenuHeHuss ATM, npu 3TOM CyMMapHbIA IMOTOK OTKA30B XapaKTEpU3yeTCsl MIOT-
HOCTBIO BEPOATHOCTH PACIPENEICHUS] BPEMEHH MEXKAY OTKa3aMU COEIUHEHHUS
ATM f*(Torx aATM), KOTOpasi MOKET OBITh aNMpPOKCUMUPOBAHA IKCIIOHEHIIUATBHON
3aBUCHMOCTBIO;

— IIPY PAaCCMOTPEHNHN HAUXYJIIEH TOMEXU B KQUECTBE BO3JEUCTBUS CPENICTB
POII, naubonpliee BIUsSHUE HAa KOJUYECTBEHHBIE TAPAMETPhl CYMMapHOro MOTOKA
otka3oB coeauHeHust ATM Oyayt okasbiBath oTka3bl KC.

2. AHanu3 pe3ynbTaToOB MOJAEIUPOBaHUS (YHKIIMOHUPOBAHUS MEXKY3JI0BOTO
coenqunenuss HKCC B ycnoBusax Bo3zaeiictBus cpenacts POII mo3BossieT cruenarhb
CJIEAYIOIINE KAYECTBEHHBIE BBIBOBI:

— IIpYM OTHOIIEHUU BpemeHu auarHocthku otkaza MHC x cpennemy Bpe-
MeHn Mexy otkazaMu KC Tyars/Tork kc = 1/4 3HaueHue ko3¢ duimeHTa rorToBHO-
ctu UHC Kr npunumaer kputudeckoe 3HaueHnue 0,9. IIpu yBeamyeHUn OTHOIIIE-
HUSA T yare/ Tor k¢ IPOUCXOAUT CHUDKeHHE Kodddunuenta roroBHoctu MHC Kr
Huxe 0,9, 4yTo sBIsSETCA HEMPUEMIIEMBIM;

— OTHOILLIEHHE BpeMs OKHJlaHMs BoccTaHOBJIeHUs cBsizu B IHC ko BpemeHun
auarHocTuku oTkaza MHC 7o/ Thpars BIUAET HA OBICTPOTY CXOXKICHHS BEPOSTHO-
CTEH HaXOXKIEHHUS CUCTEMbI B PA3JUYHBIX COCTOSIHUAX K MPEACIbHBIM 3HAUEHUSM.
IIpu Tox = 0T ary 3HAYCHUS BEPOATHOCTEH HAXOXKJICHHS CHUCTEMBI B pabOTOCITO-
COOHOM COCTOSIHUM B COCTOSIHUM OTKa3a M B COCTOSTHUU OXKHUIAHUS JTOCTUTAIOT
CBOEr0 MUHUMAJIBHOTO 3HAYEHUS, @ BEPOATHOCTh HAXO0KJICHHSI CUCTEMBI B COCTOSI-
HUSX PEKOHPUTYpAIMU — MAaKCUMAJIbHOTO. Y BEJIWYEHUE ATOTO OTHOIICHUS BHIIIE
3HaUCHUA Tox/Tywarn = 5 HE BIMSET HA 3HAYCHHSI BEPOSITHOCTEH HAXOXKICHHS CHC-
TEMBbI B Pa3JINYHBIX COCTOSHUSAX;

— IIpU yBEJIMYECHUH 3HaUeHUu BpeMeHu quarHocTtuku otkaza UHC Tyyarm Be-
POATHOCTH PabOTOCIIOCOOHOTO COCTOSIHUS CHIDXKAETCSl U CTPEMUTCSI K CBOEMY Ipe-
nenbHomMy 3HaueHuto 0,5. Ilpu sTom 3HaueHuss BpemeHM BoccTtaHoBieHUs: KC
Tsocr kC OTIPENEISIIOT HATUYKME M 3HAYEHWE MUHMMYyMa (YHKIUUA BEPOSTHOCTH pa-
00TOCITOCOOHOI0 COCTOSIHUS;

— MIPA YMEHBIEHUH T yar/ Tor k. CHYDKACTCSI BIMSTHUE 3HAYEHUE CPETHETO Bpe-
MeHu BoccTaHOBIIEHUSI KC Tyoerkc Ha BeposiTHOCTU P(S;), @ pU Trars < 0,01 Torc kc Be-
POSITHOCTh HAXOXKJICHHSI CUCTEMBI B pabOTOCIIOCOOHOM cocTosiHuU P(S)) mpakTu-
YECKU OT Tgocr kC HE 3aBUCHT.
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3. I[IpoBeneH aHanu3 M3MEHEHUS LENEBBIX MOKa3aTesield paboThl B 3aBUCH-
MOCTH OT 3HA4YE€HUs CpeaHero BpeMeHu Mexay oTkazaMu KC 7o kc. YMEHbIIEHUE
3HaueHus BepoaTHoCTH cBsisHOCTU MHC Py B ciiyuae, €Ciu He UCHIOIB3YIOTCS pas-
paboTaHHBIE AJITOPUTMBI, MPUBOJUT K CHUXKEHHIO BEPOSITHOCTH CBOECBPEMEHHOM
JOCTaBKM TakeTra Pcj, a B cllydae, €Cld HCIHOJB3YIOTCS pa3paboTaHHbIE ajro-
PUTMBI — K TTOBBIIICHUIO MUHUMAJIbHOTO 3HAYEHUS] BPEMEHU JUArHOCTUKH OTKa3a
NHC Tyyars, TpU KOTOPOM OOECIIEUMBACTCS 3aJaHHOE 3HAYCHUE BEPOSTHOCTHU

CBOEBPEMEHHOM 10CcTaBKK makeTa F'. Mcrnonb3osanue pa3paboTaHHBIX ajlrOPUT-

MOB I103BOJII€T OOECHEeUYUTh 3aJaHHOE 3HAUEHHE BEPOATHOCTU CBOECBPEMEHHOMN
pocraBku makera Fu' =0,9|7,5. =3¢ Npu 3HAYECHUSX CPEIHETO BPEMEHH MEKIY

J0CT
otkazaMu KC Torckc> 1,2 ¢, npu 31oM 3¢ (PEeKTUBHOCTh UX UCIIONB30BaHUs Ey Mpu
Torxxc=1,2...600 ¢ mocturaer 80 %, 4TO IMO3BOJSIET CAEIaTh BBIBOJ O JOCTHIXKE-
HUU LETU UCCIIEOBAHUS.
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3AKJIIOYEHUE

B monorpadum mpeacTtaBieHO pelleHHE aKTyaldbHOM 3ajada pa3paboTKu
Hay4YHO-METOJIMUECKOT0 armapara MapuipyTu3ainui HHOOPMAIIMOHHBIX TOTOKOB B
HKCC B ycnoBusix pain0o3JIEKTPOHHOT'O TTOJABIICHUS.

OOGOCHOBAaHHOCTh M JOCTOBEPHOCTh IOJYUYEHHBIX pPE3YyJbTaTOB obecte-
YUBACTCS:

— 000CHOBaHHBIM BBIOOPOM OrpaHUYEHUN U JOMYUIEHUM MPU MOCTAHOBKE U
pELLIEHUN HayYHOH 3aJa4u;

— HEMPOTUBOPEUUBOCTHIO MOTYUCHHBIX PE3YJIbTATOB C PE3yJbTaTaMH HCCIIe-
JIOBAaHUU IPYTrUX aBTOPOB B JJAaHHOM MPEAMETHON 00J1acTH;

— ampoOarell OCHOBHBIX pPE3yJIbTAaTOB B IEUATHBIX TPyAax, JOKJIagax Ha
HAyYHO-TEXHUUYECKUX KOH(EPEHIIUAX U CEMUHAPaX.

B xone uccrnenoBanuii ObUTH TPUHSATHI P JOMYIIEHUN U OTpaHUYCHUMN, YII-
POIIAIOIIUX PeajbHbI MPOIeCC MApUIPYTH3aAUK WH(POPMAITMOHHBIX MOTOKOB B
TpaHCIIOpTHOW HazeMHO-KocMmHuueckoil cetu OCCCH. PackpbiTHe yka3aHHBIX He-
JIOCTaTKOB TO3BOJISIET BBIJICIUTH OCHOBHBIC HAMpPABJICHUS, TPEOYIOUIUE TaabHEeH-
IIETO UCCIICIOBAHMS.

B 1. 2.2 npu pazpabotke monenu ¢yukiuonupopanus ATM-mapuipyTusa-
TOpa NPU U3MEHEHUH METPUKH KAHAJIOB CBSI3U BCJIEACTBUE BO3JICUCTBUS CPEACTB
POII mpuHsATO AOMyIIEHHE O TOM, YTO MPOTHBOOOPCTBYIOIIAS CTOPOHA TPU BbI-
O0ope Hauxyuiel noMexu OyAeT OpUEHTUPOBATHCSA Ha MOKa3aTelbh MaKCUMAaJIbHON
CpellHel BEpOSTHOCTH OIMOKH Ha OUT, XapaKTepU3YIOIIUNA KaXIbld U3 paccMmar-
pUBaeMbIX BUAOB oMeXx. BmecTe ¢ Tem, B MOHOTpaduu HE pacCCMOTPEHBI BOIPOCHI
OJTHOBPEMEHHOTO MCIOJIb30BAHUS Pa3IMYHBIX BUIOB noMeXx. Kpome Toro, mpu uc-
cienoBanuu (yHkroHupoBaHuss ATM-MapiipyTi3aTopa Ha OCHOBE pa3padoTaH-
HOM MojieN ObUTIO MPUHATO TOMYIIEHNE O KBa3U-TAPMOHUYECKOM 3aKOHE U3MEHEe-
Hus ckopoctr nepeaaun B KC kak pesynbrare BozneiictBuii cpeacts POII Jlan-
HOE JTONYILIEHUE BBEJCHO C LEIbIO MOJYyUYCHHUS! YETKOM anmpoKCUMalUK pacipese-
JICHUS CPEIHETO BPEMEHHU MEXIY OTKa3aMH 1o xc. B Cilydae BO3IEUCTBUS MPOU3-
BOJIBHBIX IOMEX PACHPENIEIICHHE CPEIHEr0 BPEMEHU MEXAY OTKa3aMH Torckc B
o0IeM cirydae MOKET UMETh MPOU3BOJIBHOE pacipenenenue. B nanpHeifmem mnpu
paszButu HMA, nomydeHHOTo B paboTe, TUIaHUPYETCS PACCMOTPEHHUE Pa3TIMYHBIX
BHUJIOB DPACIHpEAeICHUN CpPEHEr0 BPEMEHHU MEXKIY OTKazaMH Torckc UM OLICHKA
BIIMSHUE UX BUJA Ha MokazaTenu ycrounBoctu CBC.

B 1. 2.3 npu pazpabotke Moaenn GyHKIIMOHUPOBAHUS MEKY3JIOBOTO COETH-
Henuss HKCC B ycnoBusix BosneiictBus cpencts POII Obuto mpuHSTO AOMyIeHNne
00 opauHapHOCTH MMoTOKa 0TKa30B KC B mexy3noBom coeaunennn HKCC. B To
xe BpeMms cpenctBa POII Oyayt okaspiBaTh Bo3neiicTBre Ha MHOXecTBO KC B co-
ctae HKCC, nmosToMy BO3MOKHA CUTyallusl, KOrJa NPy HAXOXKICHUU CUCTEMbI B
cocTosiHMM pekoHpurypainuu (puc. 2.16) BcaenctBue moaasieHus nepBoro KC,
MpoUCXOoauT nogasieHue cienyromero KC, u B pe3ynbrate cUCTEMa MEPEXOAUT U3
COCTOSIHMSI PEKOH(UTYpaIlid B COCTOSIHUE OTKa3a MHHYS paboTOCIOCOOHOE Co-
crtositHue. Takum 00pa3oM, HaIpaBICHUEM [AJIbHEHMIIIETO YCOBEPIIEHCTBOBAHUS
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pa3pabOTaHHON MOJIEIM SIBISETCS JIEKOMITO3UIIUSI COCTOSIHUM OTKa3a U COCTOSIHUS
OKMJAaHMUS Ha MOCJIEA0BaTEILHOCTL cocTosHUM «OTka3 1-ro KC» — «Otka3 2-x
KC» — ... — «Otka3 Bcex KC B coctae CC» m mociemnoBaTeIbHOCTL COCTOSTHUM
«Oxupanue BocctanoBjieHusa 1-ro KCy» — «Oxungannue BocctaHoBieHUs 2-x KCy —
— «Oxupanue BoccTaHoBieHUs Bcex KC B cocrae CC» COOTBETCTBEHHO.
Kpome toro, B pazpaboTaHHON MOJIETU YUYUTHIBAIOTCS TOJBKO OCHOBHBIE BPEMEH-
HbIE MTapaMeTpbl curHanu3anuu: BpeMs quarHocTuku otkaza MHC Tiyarm B Bpems
oxxunanus BocctaHoBineHus cBaAsu B MHC T B TO ke BpeMsa He paccMmaTpuBa-
JIMCh JIOTIOJIHUTEIIbHBIE BPEMEHHBIE MAapaMETPhl, TAKUE KaK BpPEeMs 3aJCPKKHU MO-
BTOPHOT'O BBIMIOJIHEHUS allTOPUTMA MOMCKA KpaTYaAWIINX MYyTEW, BpeMs 3aJEepKKU
MOBTOPHOU PacCChUIKU coobOmeHuit 00 nsmeneHnu metpuku KC u ap. Yuer stux
BPEMEHHBIX MapaMETPOB MyTEM BBEJICHUS B MOJAEIb JOMOJIHUTEIbHBIX COCTOSHUMN
U MEPECUYET MEPEXOHBIX BEPOSITHOCTEN TAKXKE SIBJISIETCS HANPABICHUEM €€ Jallb-
HEWIIIETO YCOBEPILIEHCTBOBAHUSI.
B 1. 3.2 noka3zano, 4to cokpaiieHue BpeMeHu BoccTaHOBIEHUS KC Tyocr kC
Jutst TioBbIeHus: ko3¢ durmenta roroeHoctd MHC Kr nienecooOpas3Ho Jullb Npu
3HAYEHUSIX BPEMEHHOIO0 WMHTEpBaja MUATHOCTUKHU Tryarn > 0,08 T kc. IIpu sTOM
YUHUTBIBAJICS TOT (akT, uTo TpedyeMoe 3HaueHue kodpdunnenta rorosuoctu MHC
Kr nomkHO OBITH MEHBIIIE, YeM 33/IaHHOE 3HAYCHUE BEPOSITHOCTH CBOCBPEMEHHOM

nocrapku naketa . =0,9. B cinydae cmsaruenns npeabasinsgembix k CC tpebosa-

HUW MO YCTOWYMBOCTU CBSI3U HEOOXOAUMO JIOMIOJIHUTENIFHO y4eCTh BIUSHHUE 3HA-
YEHUs1 BpeMEHU BOCCTaHOBIEHUS OTAENbHBIX KC Thoer k¢ HA 3HAUEHUS MOKa3aTe-
JIe YCTOMYUBOCTH CBSI3H.

B n. 3.3. npu onieHKe NOBBIIIEHUSI YCTOMYMBOCTHU CBSI3U MPHU UCIIOJIb30BAHUU
paspadoranHoro HMA ¢yHKIMOHMpOBaHUE TPOTOKoJa MapmpyTtuzanuu PNNI
paccMaTpUBaIOCh NIPU YCTAaHOBKE 3HAUYECHUI BPEMEHHBIX MHTEPBAJIOB CUTHAIHM3a-
YU 110 YMOJIYAaHUIO, TO €CTh MPU 3HAYEHUHU BPEMEHU NHArHocTUKU oTkaza MHC
Twars = 15 ¢ ¥ 3HaYEeHUM BPEMEHHU OXHUJAaHHUS BoccTaHOBIeHMsS cBsizu B MHC
Tox="5 c. B peabHOCTH OIEepaTOp MOKET YMEHBIIUTh 3TH 3HAYCHUS BPEMEHHBIX
WHTEPBAJIOB CUTHAJIM3ALUU 10 COOCTBEHHOMY YCMOTPEHHUIO, B TOM YHCIIE OPHEH-
TUPYSCH Ha CIIOKHBIE YCIOBHS (DYHKIIMOHMPOBAHUA CETH. B 3TOM ciyuae HE0OX0-
JUMO y4eCTh BPEMEHHBIE 3aTpaThl Ha pacdyeT HEOOXOIWMBIX 3HAYCHHH ATHUX WH-
TEPBAJIOB U UX KOPPEKLHIO.
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