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3ATAJIBHA XAPAKTEPUCTHUKA POBOTH

AKTYyaJIbHiCTh TeMHU. EdexTuBHiCTH (byHKIIOHYBaHHS MYJIbTHCEPBICHOT
TesiekoMyHikatiitnoi mepexi (TKM) 3anexxuTp Bif BENHUKOi KUTBKOCTI ()aKTOPIB 1 BU3HAYAETHCS
MIPOTOKOJIAMU PI3HUX PIBHIB, Cepell SKUX BKIUBE MICIIEC 3aiiMarOTh 3a7adi MEPEKHOTO PiBHS 1
30KpeMa 3aaadi Mapmpytu3arii. Ciif 3a3Ha4UTH, MO0 TEOPETUYHY OCHOBY 3HAYHOI OLTBIIOCTI
Cy4acHUX JITOPUTMIB 1 MPOTOKOJIIB MapHIPyTH3aIii CKIaJaloTh HEATaNnTUBHI a00 JOKaJIbHO
aJanTUBHI MOJEI, HANpUKIaJ, MOJEeIl HAUKOPOTIIOro NUIAXY, 0 OOYMOBIIEHO BIAHOCHOIO
MIPOCTOTOIO iXHbOI peanizanii. [IpoTokonan aganTUBHOI MapIpyTH3allii, MOOyAOBaH1 Ha JaHUX
moaensx, Harnpukinan RIP (Routing Information Protocol), OSPF (Open Shortest Path First), IS-
IS (Intermediate System to Intermediate System), PNNI (Private Network to Network Interface),
3a0€3MevyI0Th PO3PaxXyHOK HEOOXIHWX MAapHIPYTIB 3 aJanTalli€lo JIMIIE 0 3MIHU TOTMOJIOTIi
TKM. [Ilpaktuka CBiT4uTh, WO BHUKOPHCTAHHS TOJMIOHUX TMPOTOKOIIB TPHU3BOIUTH 1O
HEpaIiOHATBPHOTO BUKOPHCTAHHS JIOCTYITHUX MEPEKHUX PecypciB, MO, y CBOIO YEpry, €
MPUYMHOIO iX TIEpEeBAHTAXKCHHS Ta BHMAara€ BIPOBA/DKCHHS KOHIICIIIIN IMiIBUIICHHS SKOCTI
YIPaBIIIHHS MEPSKHUMU pecypcamu, Hanpukiaa Traffic Engineering (TE).

Posmmpenns meperniky 1, MmO BaXJIUBO, 3MICTY BHMOT [0 TEJICKOMYHIKAI[IHHAX
TEXHOJIOT1 ICTOTHO BIUIMHYJIO Ha 3MIHY caMOi TTOCTAaHOBKM MapIIPyTHUX 3a7ad 1 pakTopis, 110
MPUHAMAIOTBCS IO PO3MIIBIAY TIPH iX PO3B’si3aHHI. 3ajadya MapIIpyTH3aIlil Ma€ pO3TsaaTHCS K
KOMILJIEKCHA 3a/laya I0A0 ONTHMI3allil AOCTYMHHX MEPEKHHUX PECYpCiB IUIIXOM IXHBOTO
PO3MOAUTY MDK TIOTOKaMHU, IO HAAXOAATh Ha oOciayroByBaHHs. ['10puaHMI XapakTep CydacCHHUX
MEpeX 3 IHTerpaIli€r0 Pi3HUX TEXHOJOriH (y TOMY YHCIl 3 PI3HUMH PEKUMaMHU TMaKETHOT
KOMyTaIlii), 3a0e3rnedeHHsi rapaHToBaHOi1 siKOCTi oOcimyroByBanHs (Quality of Service, QoS) 3
BIICTe)KCHHSAM HE TUIBKM HOMIHANIbHOI, aje ¥ JOCTYMHOi MPOMYCKHOi 3/JaTHOCTI TPAaKTiB
nepenavi, a TakoX O0araTOUISXOBUH crOCI0 TPaHCHOPTYBaHHS MOBIIOMIIEHb € OCHOBHUMU
¢dakropaMu, 1[I0 BHU3HAYAIOTh HEOOXIAHICTH TMOIIYKY AaJlbTEPHATUBHUX MIAXOMIB [0
(dbopMynoBaHHS Ta PO3B’SI3aHHS MapUIPYTHUX 3a4ad. Y pe3yibTari HaOyBae akTyaJdbHOCTI
HAYKOBa 3a/1a4a I110/10 ONTUMI3allii IPOIeciB aJanTUBHOI MapuIpyTu3auii 3 miarpumkoro QoS y
riopuaaux TKM, posB’s3anHs sikoi mepenbadae po3poOKy BiAMOBIIHUX MOJENeld 1 METOMIB
MaplIpyTU3allii.

3B's130K po0OTH 3 HAYKOBMMHM NMPOrpamMamu, IJiaHaMH, TeMamu. Po6oTa BuUKoHaHA y
BIJIMOBITHOCTI 3 MOJIOKEHHAMHU ,,KOHIenIii po3BUTKY 3B’sa3Ky Ykpainu mo 2010 poky” Ta
,,JKOHIIeNIiT KOHBepreHIii TeleOHHUX MEPEeX Ta MEPEX 3 MaKeTHOI KOMYTalli€lo B YKpaiHi”.
Martepianu aucepTallii 3HAWIIIN 3aCTOCYBaHHS B HAyKOBO-JOCHITHUX poOoTax. 30Kpema B

po6oTi Nel29-1 ,Po3poOka TexHOJNOTii MOOYTOBM AKTUBHHX TEIEKOMYHIKAIIHHUX MEpPEeK,



METOJOJIOril 11X aHamidy Ta CcuHTe3y i 3a0e3nmedeHHs pO3MOAUICHUX iH(opMamiiHO-
obumncmoBaibHUX cuctem” (aepxk. peectp. Ne0101U005126), sika BuKoHYyBanach Kademporo
TEJIEKOMYHIKAI[IHUX cucTeM XapKiBChKOTO HALlIOHAJIHHOTO YHIBEPCUTETY PalioeIEKTPOHIKH, Ta
B po0oTi ,,TeopeTruHi IOCHiIKEHHS PEXKHUMY T'PYIIOBOTO BHKOPHUCTAHHS YaCTOTHHX IUIAHIB B
MEpeKax PyXOMOTO CTUIBHHKOBOTO 3B’si3Ky cranmaptie GSM-900/1800” (morosip b—1/4 mix
BIJUIUICHHSIM Pa/iOCNEeKTPOHIKM Ta 3aco0iB 3B’A3Ky AkaaeMii iHXKEHepHHX HayK YKpaiHu Ta
XapKiBCbKUM JIepKaBHUM HAyKOBO-TEXHIYHUM IIEHTPOM 3 MHUTaHb TEXHIYHOTO 3aXUCTY
1HpopMmarlii).

Mera poGorm mojsfrae |y NOIABUIIEHHI  MPOAYKTUBHOCTI  (DYHKIIIOHYBaHHS
TEJICKOMYHIKAIlIMHIX MEPEeX 3 TAPAaHTOBAHOIO SKICTIO 0OCTyroByBaHHS.

3aBIaHHSIMHU JOCJTiIZKeHHS €:

- aHaJI3 CyYaCHHUX Ta TMEpPCHEKTUBHUX TEIEKOMYHIKAIMHUX TEXHOJOrii 3 METOIo
(hopMyITIOBaHHSI OCHOBHUX BUMOT JIO METO/IIB MapIlIpyTH3aIlii;

- OIIHKA ICHYIOYHUX MIJXOIB /10 PO3B’A3aHHS MapIIPYTHUX 3a/1a4;

- po3pobOka anexkBatHoro onucy TKM, mo MICTUTh CTPYKTYpHY Ta (YHKI[IOHAJBHY MOJENi
nporieciB iHGOpMAaIIHHOTO 0OMiHY BIAMOBIIHO 10 chOPMYILOBAHUX BUMOT;

- oOrpyHTyBaHHsI Ta BHOIp CHCTEeMH IIOKa3HUKIB SIKOCTI MapIIpyTH3alii Ha MiACTaBi
MaTeMaTHYHOTO OTIUCY TEJICKOMYHIKAIIMHIX MEPEXK;

- po3poOka METOMIB amanTUBHOI Mapmpytu3aiii 3 miarpumkoro QoS B riopuaanx TKM 3
1EpapXIYHOIO CTPYKTYPOIO;

- omiHka e(heKTUBHOCTI (PYHKI[IOHYBaHHS MEPEKi 3 METOI MOPIBHSUIBHOTO aHai3y Ta BUOOPY
ONTUMAJILHOTO BapiaHTa METOy MapLIpyTU3allii;

- po3poOKa peKoMeH Al 00 MPAKTUYHO1 pealtizallii OTpUMaHUX PE3YJIbTATIB.

O0’exTOM HOCITiIzKeHHS Y AucepTaliliHiid poOoTi € mpouecu mapuipyrusainii y TKM.
IIpeameToM nocailzkeHHs — MOJENI Ta METOJM MapLIpyTU3awii 3 MIATPUMKOIO IapaHTOBAHOI
SKOCTi 00cimyroByBaHHs. MeToau AOCTiIKeHHsI MICTITh amapaT AudepeHIiifHO-PIBHUIEBUX
PIBHSIHb CTaHy, TEOPIii ONTUMAILHOTO YIPABIiHHS, TEOPIIO i€papXiyHUX OaraTOpiBHEBUX CHUCTEM,
MaTeMaTUYHUH arnapat AOCHiIKEHHs onepalliid, a TaKoX METOIH IMITalliIfHOTO MO/IETIOBaHHS.

HaykoBa HOBH3HA OTPUMAaHMX pPe3yJbTaTiB.

1. V poboti oxepxana mojAanbLlIMii PO3BUTOK JUHAMIYHA MOJIENIb MapuIpyTH3allii B
TKM, npencraBieHa CUCTEMOIO HEABTOHOMHUX PI3HUIIEBUX KEPOBaHUX piBHAHb cTaHy. HoBu3Ha
Mojeni moJisirae 'y ¢opmanizanii mpouneciB 0OCIyroByBaHHS 3 TapaHTOBAHOIO SIKICTIO B
riopuganx TKM nuisixom ypaxyBaHHS MOXKJIMBOCTI peaiizallii B paMKax €JMHOT Mepexi pi3HUX
cTpaTeriii mapuipytu3zanii (CTaTUYHOI W JUHAMIYHOT) 1 pI3HUX PEXHUMIB MaKeTHOT KOMYyTallii

BIMOBITHO 10 TUIy Tpaduka KOPUCTYyBauiB 1 iX BUMOr 1O PpIiBHSI 1 TapaHTi SKOCTI



oOciyroByBaHHs. 3abe3ledyeHHs] TapaHTOBAHOI SAKOCTI OOCIYroByBaHHS B paMKax MoJeni
3MIIICHIOETHCS IUISIXOM YBEICHHS BIAMOBIAHUX OOMEXEHb HAa MapLIPYTHi 3MiHHI, TOB'SI3aHUX 31
CIIOCOOOM BHKOPUCTAHHS JOCTYITHUX MEpPEXKHUX PEeCcypciB — 3 pe3epByBaHHAM abo 0Oe3
pe3epByBaHHS PU 0OCITYTOBYBaHHI IIOTOKIB.

2. Po3zpobiieHo MeTo[ iepapxiuHO-KoopauHaLiitHOT MapuipyTu3anii B TKM piBas WAN
3 iEpapXxivyHOI0 CTPYKTYPOIO, HOBH3HA SIKOTO TOJISITa€ Y BUKOPUCTAHHI MPUHIIMITY Tiepea0adeHHs
B3a€MO/Iiil Ha PiBHI JIEKOMMO3HIIIi HAa MiAMEpexki (BepXHiil piBEHB), a HA PIBHI JEKOMIIO3HIIIT 3a
3MIHHMMH 4acy — NPUHLHUITY HIIbOBOI KOOPMHALIT 3 METOI0 peaiizalii napaaelbHUX 00UHCIeHb
(mmkHIA piBeHb). Lle n03BoJie cepBepy MapLIpYTIB BEpXHHOTO PIBHS B YMOBax MOCTIHHOTO
BIJICTE’KEHHS IOTOYHUX 3HAYEHb CTAHY OKPEMUX MIIMEPEX HUKHBOTO PIBHS IIUIKOM BHU3HAYaTH
MOPSIIOK MapUIpyTHU3allii Ha MDKMEPEXKHIN JUISHILL.

3. Po3zpobiieHo Meto iepapxiuHO-KoOpaAuHAILIHOT MapmipyTu3anii B TKM piBast WAN
3 1€papXidYHOI CTPYKTYpOIO, HOBH3HA SIKOTO TIOJSTa€ y BUKOPUCTAHHI TPUHIIMITY OI[IHKH
B3a€MO/II Ha PIBHI IEKOMIIO3HMLIIi Ha MiAMEpexXi, a MPUHIUIY LUIOBOT KOOPAMHALIT — Ha PIBHI
JIEKOMITO3HINT 3a 3MIHHMMH Yacy. lle mo3Boiisie cepBepy MapHIpyTiB BEpXHBOTO pPIBHS 3a
PaxyHOK BIJICTEXKEHHs JIUIIIEC TPAaHUYHUX 1/a00 cepelnHiX 3HA4eHb MapaMeTpIB CTaHY ITiAMEpPEK
HIDKHBOTO DPiBHSA (GopMyBaTh OOMEXKEHHS, IO 3aMo0iraloTh MEPEBAHTAKCHHIO MDKMEPEKHHUX
pecypciB, a (yHKIiIO BIacHE MapHIPyTH3alii TMOKJIACTH Ha MAapHIPYTH3aTOPH TMIAMEPEK
HIWKHBOTO PIBHA.

IIpakTHYHe 3HAYEHHs1 pe3yJabTaTiB podoTu. OTprMaHI HAYKOB1 PE3yJIbTaTH MAalOTh
MPaKTUYHY 3HAYUMICTh, OCKUTBKM BOHH MOXXYTh OyTH IIATPYHTSIM MEPCHEKTUBHUX MPOTOKOJIIB
MapmipyTtu3zamii 3 niarpumMkoro QoS y riopumaunx TKM. Marepianu aucepramiiftHoi poOoTH
TaKO>X BUKOPHUCTAHO B HaBUaJIbLHOMY Iporieci kadeapu TenekomyHikariitHux cucrem XHYPE.

OcoOucTuii BHecok 3100yBaya. JlucepramiiiHa poOoTa BUKOHaHa Ha Kadenapi
tesiekoMyHikaiitaux cuctem XHYPE. OcHoBHI pe3ynbTaTi poO0TH HajleXkKaTh 0COOMCTO aBTOPY
i MOBHICTIO onyOITiKOBaHi B (haxosii stiteparypi [1-18].

Y poborax, BHKOHAHMX Yy CHiBaBTOpPCTBi, ocobucro €BceeBiii O.FO. nHamexartb
HACTYNHI1 HayKoBl pe3ynbTaTH. B poOoti [1] aBTOpY HaylexuTh po3poOka (QyHKIIOHATBHOT
MojIeNl MpoIeciB MapuIpyTu3alii B TeNEKOMYHIKAIHUX Mepekax 3 IapaHTOBAaHOM SIKICTIO
00CITyroByBaHHs, a TaK0X METOJ PO3B’sA3aHHS MapHIpyTHOi 3amaui. B [2] aBTOpom 3pobieHo
OIJIAJ JIITEpaTypH IO IHTENEKTyaJbHUM MEpekaM Ta CUCTeMaM YIPaBIIiHHS, 3allpONOHOBAHO
HaNpsSMKHU peajti3allil NpUHIMIIB iHTeleKTyaabHuX Mepex B TKM BiiicbkoBoro npusHayeHss. B
po0ori [3] oOpaHo MaTeMaTWYHMH amapar Ta MPOBEAEHO aHajli3 0COOJIMBOCTEW 3aCTOCYBaHHS
lepapXiuHO-KOOPAMHAILIIMHUX METO/IB JI0 pO3B’sI3aHHA 3a/1aui €JIeKTPOMAarHiTHoi cymicHOCTi. B

poboti [4] aBTOpOoM OOIpPYHTOBaHO BHOIp MaTeMaTHYHOIO armapary, aBTOpPY HaJIEXKHUTh



METOJIOJIOTIS ypaxyBaHHSI B pamkax maremaruyHoi mojaeni TKM cratugHOro Ta TUHAMIYHOTO
wiaHiB po3nonuty iHdopmanii. B [8, 10] pospobiena MaremaTnyHa MOJAETb, YBEICHO
PO3MIMPEHUI CTPYKTYpHUN BEKTOp, 3pOOJICHO OTJIsij Jiteparypu. B pobortax [9, 12] aBTopom
OTpUMaHi YMOBH Pe3epBYBaHHS MEPEIKHUX PECYPCIB 3 MeTOI0 pearnizamii QoS-mapmpyru3arii. B
[14] aBTOpY HAJIEKUTH CEKBEHIIIITHA MOJIE)Ib MAPIIPYTU3ALIIi.

Anpodauisi pe3yabTaTiB qucepTanii IpoBoAUIachk Ha JIEB’ATH HAYKOBUX KOH(pEPEHITIAX
ta opymax: VI, VIII, IX Mixnapoanux koHpepeHIisx ,,[eopis Ta TexXHika nepenadi, npuiomy
i 00poOku HpopMmauii® (M. Tyamce, 2001-2003); kondepenuii ,,JHpopmariiiHi TeXHONOTIT
BiiicbkoBo-IloBiTpssHux Cun y XXI cropmut” (M. Xapkis, 2001); | MubkHaponHomy
panioenekTpoHHOMY Qopymi ,,IIpuknaana panioenekrpoHika. CTaH 1 MEPCHEKTUBU PO3BUTKY
(m. Xapkis, 2002); VI MixHapoJHOMY MOJIOADKHOMY QopyMmi ,,PamioeneKTpoHika Ta MOJIOIb Y
XXI cropiyui” (M. Xapkis, 2002); V MuixHapoaniii koHdepeHuii ,,EBomowis TpaHCTIOPTHUX
Mepek TenekoMyHikaiii. [Ipobiemu noOynoBu, po3BUTKY Ta yrpaBiaiHHsa (M. fira, 2002); 11l
MDKHApOJAHUX HAYKOBO-TPAaKTHMYHUX KOH(pepeHuiax ,llpobmemu ympaBiliHHS MepexkaMu Ta
MOCJIyraMu TEJIEKOMYHIKAI[Iil B yMOBax KOHKYPEHTHOTO puHKY” (M. Snra, 2002).

Iy6aikanii. OcHOBHI TTOJIOKEHHS IUcepTallii BUCBITIICHO Yy 18 poboTax, 3 skux 10 poOit
omyOJIIKOBaHO B HayKOBUX (paxoBuX BUAAHHSIX YKpainu [1-9] Ta 3a kopgonom [13]. Kpim Toro,
11l MaTepianan omyOikoBaHi B Bitomux gacomnucax [10-12] ta Te3ax momoBineii Ha KOH(EPEHITIAX
[14-18].

Crpykrypa aucepranii. [lucepramis CKIamaeTbCs 3 BCTYMY, YOTHPHOX PO3AUIIB Ta
BHCHOBKIB. 3arajJlbHuii 0O0CST aucepTaliiiiHoi poOOTH CcTaHOBUTH 176 cropiHOK, 13 HHX 18
CTOPIHOK 13 pucyHKaMu. CIHCOK BUKOPHCTaHHMX JpKepen MicTuTh 91 HaiimeHyBaHHS Ha 8
CTOpIHKaX.

OCHOBHHUI 3MICT POBOTH

Y Berymi  oOrpyHTOBaHa — akTyallbHICTh — JOCIUDKYBAaHOI HAyKoBOi IpoOiemu,
c(opMyIIbOBAaHO HAyKOBY 3aJady Ta MeETy JAOCHIPKeHb. 3a3Ha4Y€HO HAyKOBY HOBH3HY Ta
MPaKTUYHE 3HAYEHHS OTPUMaHUX y poOOoTi pe3ynbTariB. [IpuBeneno nani npo myoOmikailii aBTopa
3a TEMOIO JAMCepTallil.

Y mepmiomMy po3miai Ha miAcTaBl aHauily CTaHy Ta IEpPCHEKTUB PO3BUTKY
TEJIEKOMYHIKAI[IfHUX TEXHOJOT1H M0Ka3aHo, 1110 OCHOBHUM HaNpsSMKOM iX PO3BHUTKY € I0Oy10Ba
MYJIbTHCEPBICHUX MEPEX, K1 37aTHI 00CIyroByBaTH Pi3HOPIIHUI 3a TUIIOM Ta BUMOT'aMH LI0JI0
AKOCTi 00cayroByBaHHs Tpagdik. 3a BIICYTHOCTI €MHOT yHIBEpPCATbHOT TPAHCTIOPTHOT TEXHOJIOT 1]
TKM HocsaTh TiOpuIHMIA XapakTep, L0 MPOSBISETbCA Yy peali3allii y Mexax oJHiel Mepexi
TEJIEKOMYHIKAI[IHUX TEXHOJIOTI 3 pI3HUMH PEeKMMaMU IaKeTHOi KomyTauii, Hampuxiazn I[P

(Internet Protocol), ATM (Asynchronous Transfer Mode) Ta MPLS (Multiprotocol Label



Switching).

Ha migcraBi amamisy Mexani3MiB mintpumku QoS mokazaHo, 1o 3abe3medeHHs
ypaxyBaHnHa QOS-BUMOr Ha eTami pO3paxyHKy MapIIpyTy € HEepCHeKTHBHHM HampsSMKOM
po3Butky TKM. Ha mincraBi anamisy meroaiB Mapmpyrusanii y cydacHux TKM Oymno
cOpMyYIIbOBAaHO BUMOTH 0 METOJIB PO3B’S3aHHS MapUIPYTHUX 3a7ad B MYJIbTHCEPBICHIH
Mmepexi. Cepell IMX BUMOT OCHOBHMMH € Taki: BHOIp Mapmipyty 3 ypaxyBaHHAM QoS-Bumor
MOTOKIB Ta MParHeHHs J0 30aJaHCOBAHOTO BUKOPUCTAHHS MEPEKHHUX PECYPCIB, aIallTUBHICTH /10
3MIH YMOB (YHKIIIOHYBaHHs, OpPIEHTYBaHHS Ha BHUKOPUCTaHHsS y TiIOpUJIHUX Mepexax Ta
Mepexax 1€epapXiuHOi CTPYKTYpPH.

BiamoBinHO 10 MPOBENEHOTO y pO3ALIL aHai3y Oyso chopMyIbOBAaHO HAYKOBY 3a/1auy,
Ha pO3B’S3aHHA $KOI HalUleHa juceprauiiiHa po6orta. TnymauenHs TKM sk ckmagHOl
JTUHAMIYHOT CHCTEMH Ta peai3allist Juisl 11 JOCTIIKEHHS CUCTEMHOTO MIIX0y a0 MOXJIHBICTh
chopmyIrOBaTH OKpeMi 3a/adl Ha JOCHIDKEHHS, PO3B’S3aHHSA SKUX Oyno 3abe3rnedeHe B
HACTYITHUX PO3/IUIaxX JUCEPTaIlii.

VY apyromy po3aijai po3pobieHo cucremy maremarnaHux moneneit TKM, ska MicTUTH

CTPYKTYpHY Ta (QyHKIIOHATBHY wMojaeni. JIms TomaHHs CTPYKTypH Mepexi B poOoTi

BUKOPHMCTOBYBABCs OpicHTOBaHHil 3Baxkenuii rpad, sepmmnu sxoro Vi, 1=1,N wmoxemorots

Bysmu TKM, a myru Ej j, i,j=1,_N , 1# ] — tpaktm nepemadi. B poni OCHOBHHX

XapaKTEPUCTUK By3JliB 00paHO 00cAr iXHbo1 OypepHoi mam’aTi X; , & TPAKTIB mepenadi — ix
NPOMYCKHY 3AaTHICTH Cj j

Ha mixcraBi BiamosimHocTi cpopMoBaHMX BUMOTr 10 (yHKIIOHaIBHOTO omucy TKM
MPOBEACHO aHANI3 ICHYIOUMX MOJENeH MapiipyTh3aiii, 110 BU3HAYUB TNPIOPUTETHE

BUKOPHUCTAHHS amapaTry pi3HUILIEBHX PIBHSAHB cTaHy Mepexi. JluHamiuHa MOJeNnb MapuIpyTu3anii

B TKM HaBeneHa y BUIUISAI CHUCTEMH 3 N(N —1) HEAaBTOHOMHHUX JIIHIHHUX KEPOBaHUX

piSHI/II_IeBI/IX piBHHHB CTaHy BUTJIA LY

N . . .
xi,j(k+1) = x; ; (k) - El bi | (k)[ui(jT)J (k) +uf (k) +uly) (k)]+

=i
A (c1) ] () ] ()]
+ > bm,i(k)[um,i (K) +up i’ (K) +um ] (k)]+yi,j(k), (1)
m=1

m=#i, j



re i, J=LN,i#j; Xi, | (K) — obesr manux, mo 3Haxo/aTHCS B MOMEHT Hacy [ na Bysni Vi

Ta npusHaueni Bysiry V j (TpaKTyeTbcs jami sK 3MiHHA CTaHy); bi,l (k)=Ci,| (K)At (

k=0,12..., At=t 1 —tx); ui(’(iT)j (k) — wactka npomyckuoi 3natHoCTi Tpakty Ej |, sxa
BHJUIETBCS B MOMEHT wacy (ks mepemaui Tpadika, mpusHadeHoro Bysny V j> v
BIJIOBIIHOCTI 31 CTATUYHUM IUIAHOM PO3MOJLTY iH(opMarii (TpakTyeThCs JMaii SK CTaTHIHA
MapIpyTHa 3MiHHA); ui(,'i‘)j (k) Ta UI(,ZII)J (K) — wacTku mpomycKHOT 3/1aTHOCTI TPAKTY Ei,l , SIK1
BUJIUISIOTBCS B MOMEHT uyacy tk s mepemaui tpadika, mpusnauenoro Bysmy V j> B peXUMI
BIpTYaJIbHUX 3’€/IHAHb Ta JaTarpaMHOMY pEeXHMI BIAMOBIIHO (AWHAMIYH1 MapLIpPYTHI 3MiHHI);
Yi, j (k) = Ci, j (k)At, Ci, j (K) — inTencuBHICT HAIXOKEHHS HABAHTAXKEHHS B MOMEHT 4acy
ty ma Byson Vj, sxe mpusnagene Bysziny V j-

Ha BBezeHi 3MiHHI 3 METOI0 BHUKJIIOYEHHS MOXJIHMBOCTI MEpPEBaHTaXCHHsS €JIEMEHTIB
TKM, mo mnoB’s3aH0 3 oOMEXeHICTI0O OydepiB depr Ha By3jJax Ta MPOIMYCKHUX 3JaTHOCTEH

TPaKTIB Mepeaayi, CiiJ] HaKJIacTH OOMEKECHHS

N .
OSXi,j(k)SX{T?X, (2) D Ui(jT)J(k)SWi(jT) <1, 3
j=1
¥ @] (x) 3 Wi (1)
ZUH (k)SWiJ . (4) 2 Uil (k)SWiJ : ()
j=1 j=1

- . Pam— . . CT . . .
e 1, ) :1, N , 1# ] ;Wi,l — YacTKa MPONYCKHOI 31aTHOCT! TPaKTy Ei,l , IKY BUJUICHO s

() )

peaiizaiii CTaTHYHOT MapLIPyTU3aLii; Wi | Wi — HacTku MPOMYCKHOI 31aTHOCTI TPaKTy
) )
Ei |, fKI BMAUIEHO JUIi peali3allii, BIINOBIIHO, PEKHMMIB BIPTYaabHOIO 3’€HAaHHA Ta
1

nararpamHoro, 1 — Wi(TT) = Wi(llg) + WI(T) :

Bci mapuipyTHi 3MiHHI, HE3Ba)KalOUM Ha THUI MapLIPYTHOT CTPATETii Ta peXUM MaKeTHOI
KOMyTallii, MatoTh OyTH OLIbIIE HYJIA, IO OB’ sI3aHe 3 iX (PI3UYHUM 3MICTOM.

B po0oTi fK OCHOBHI XapaKTepUCTHKH 3’€JHAHHSI Ha MEPEeKHOMY piBHI Oyio
BUKOPHCTAHO MPOINYCKHY 3aaTHicTs mmsaxy Cyp; (N), mo Buminserscs ams mepemaui makeris
Tpadika (N), yac ix gocTaBku THOCT (n) ra itoro Bapiamis (mxutep) J(N). Binnosizso a0 mux

XapaKTepUCTUK OyJ0 BBEIEHO TPH JOJATKOBUX OOMEKEHHsS Ha MapLIpyTHI 3MIHHI, BUKOHAHHS



AKX TapaHTye HeoOXimnmii piBeHb skocTi obcmyroBysanns Ttpadika (N) 3a BBegeHHMH

XapaKTepUCTHKAMH
Cun M2C™ (M), ©)  TaoerM<T™ (M), ) IM)<I™ (), ©®)
e cmin (n) - npomyckua snatHicTs WULIXy, sky notpebye tpadixk (n); TTEX(n) -

. . . . max
MakCUMaJIbHUM uac oOCHyroByBaHHs Tpadika B TpaHCIOPTHiM Mepexi; J (n) -

MaKCUMAaJIbHO MPUITYCTHMAa BeTUYNHA JDKUTEpa i Tpadika (n) .

3a yMOBH HyMepallii BepIIMH y HUISXY HOuMHAI0YM 3 oauHuLi fo O ioro mpomyckua

(8)d

sgataicts  Cppp (N) = min [Ci Ui +1], ne d — HoMep Bysma-oTpumyBaua. Jlns

(i,i+1)
BU3HAYCHHS THOCT (n) Ta J(N) MokHa BUKOPHCTOBYBATH CTATMCTHYHI i aHATITUYHI METO/IH.

Hanpuxnan, B Mexxax Teopii MacoBOro 00CIyroByBaHHs

T d-1 L
wer®= 5 g
i+l T =X+

ne Csjj4+1 —IHTEHCHBHICTH arperoBaHoro motoky B tpakti Ejj,q1; L — cepenns nosxuna
) EH

nakera B Tpadixy (N).
Y 3aranbHOMy BHIAAKy 4ac OOCIyroBYBaHHsi Ta BENMYMHA JDKUTEPA 3ANEKUTH Bill

JTUCIUILUTIHM OOCIyroBYBaHHS IIaKETIB y By3jJax Mepexi. Hampuknan, s AUCIUIUTIHA

CIpaBeUTMBOTO 3BaykeHoro oociyropyBanas WFQ

o, +dL d=1 on +dL
Troer(M="-—+ % ' J(n)=-"—=,
' i=1 Cii+1 M

ne Op — po3Mip “KOp3MHM MapkepiB” (mapaMmerp ajJropurMmy npodintoBaHHs Tpadika); Ip —
rapaHToBaHa IIBMIKICT nepeaadi a1s tpadika (n), Ih =Cyp ().

VY marpuuHiii popMi cuctema piBHSAHb (1) HaOyBae BUTTISAAY

X(k+1) = X(k)+B(k)U (k) +Y(k), )
ne X (K) — Bexrop cramy mepexi B moment vacy tyg; B(K) — marpuus, enementamu sixoi e

BenMYuHE T bi, j (k) 3 ypaxypammsam 3maka B piBusmni (1); U (K) — mapmpyrauit Bextop

U(k)=U (5) (k) +U (m) (k) +U (cr) (k); Y(k) — Bextop aGoHEHTCHKOTO HaBaHTAXEHHSL.



Tyr u (e (k), u ) (k) Ta U (n) (k) - Bextopu, mo 06’eaHyIOTH MapmIpyTHi 3MiHHI
Ui(jT)j k), Ul(,li)J (k) ta UI(,ZII)J (k) Bimmosimmo.

B mexax monerni (2)—(9) 3amaua mapmpyru3sairii Oyina chopMyibOBaHa K ONTUMI3aIliHA
3aJada II0J0 BU3HAYEHHS MapHIPYyTHUX 3MIHHUX UiJ:| (K) 3a massrocti o6Mexens (2)—(9)

[UIIXOM MiHIMi3alii pyHKIioHaTY

a_
W = zl[x T (K)Qy X(K)+U T (K)QuU (k)|— min, (10)
k=0

e Qx , QU — JlarOHaJIbHI BIJIMOBITHO HEB1I’€MHO Ta JIOJaTHO BU3HAYEHI BaroBi MaTpHIli, 1110

BHU3HAYAIOTHCS MPIOPUTETHICTIO YEpr Ha BY3JIaX Ta BaXJIMBICTIO U(POBUX TPAKTIB Iepenadl B
Mepexi.
Tperiii  po3gin  npucBsueHo  po3poOIll  METOMIB  1€pAapXIYHO-KOOPAMHALINHOT

MapmipyTtu3zaiii. [[ins nporo Oyna mpoBeneHa JEKOMIO3UINSI CTPYKTYPHOI Ta (YHKIIIOHAJIBHOT
mozeneit TKM. Ilpouec dyukuionyBanus (] -i minmepexi, = m MO>KHA OTIUCATH PIBHIHHIM

X g (k +1) = X g (k) + B (K)U § () + By (KU g (K) +Yq (K), (12)
e Xgq (K) — BexTop 3minmux cTany (| -i migvMepesxi; Ba (K) — maTpums, sxa MicTUTb eneMeHTH
+ bi, j (k) Taki, mo Bysmu Vj Ta V j Hanexatb 1o Q-i mizMepexi; Ba (k) — marpus, ska
MICTHTH eJleMeHTH + bi, j (K) raxi, mo Timekm omum 3 Bysmiz Vi Ta V j Hamexuth 10 (-i
MiIMEepexi; Ua (K) — BexTop ympaBminms Mapmpyramu BcepemuHi (-1 Mepesxi; Ua(k) -
BEKTOp YIPABIIHHA MapHIpyTaMyd MOMDK MiIMepeKaMu; Yq (k) — Bextop 30BHIimHBOrO

HaBaHTa)XXCHHs Ha By3nu (] -1 migMepexi.
Jlns 3abe3meueHHs IJEHTHUYHOCTI YOpPAaBIIHHSA CHOUIBHUMHU pecypcaMu Y Pi3HUX

. "
mAaMEpeCiKax Ha BEKTOpU U q (k) HaKJIada€TbCA 0OMEKEeHHS

Q
Ug(0 = 3 FegU(k), (12)
g%q

e Fqg — MaTpuils, sika mictuthb 0 Ta 1.

VY Mexax iepapXiyHOTro Mo aHHs LuIboBUH QyHKIioHAT (10) HaOyBae BUTIIALY



Q
W = > Wy — min,
q=1

o
Wq = Xq (2)Q§ X ¢(a) + :go[xg (K)Qx Xq(K) +

+UT (0QIUL (k) +UzT (0Q2UZ ()] (13)

TakuM umHOM 3ajady MapuIpyTH3alii 3BEIEHO [0 ONTUMI3aliiHOi 3axadi 11100

miHiMizalii (13) 3a HassBHOCTI 0OMeXeHb Ha 3MiHHI CTaHy Ta MapuipyTHi 3minHi (2) — (8), (11),

(12) 3 meToro BusHayeHHs sexropis U El (k)iU a (k).

[IpoBenenuii anayiz METOAIB pPO3B’s3aHHA CHOPMYJIBOBAHOI 3a7a4l ONTUMAIBLHOTO
yhpaBiiHHSA Ta lepapxiyHa cTpykTypa TKM Bu3HaumiIM npiopuTeTHE BUKOPUCTAHHS l€papXIdHO-
KOOpJIMHAIIIMHUX METOMIB pO3B’A3aHHS. Pe3ynbTaTH MNOPIBHSAJIBHOTO aHalli3y OCHOBHHX
XapaKTEPUCTHK  1€PAPXIYHO-KOOPIMHAIIMHUX METOJIB BU3HAYMJIM 3aCTOCYBAaHHS TaKUX
KOMOIHAII MPUHIUIIB KOOpAMHALIl: NpUHUUIN TependadeHHs B3aemoxid (IIB) nHa piBHI
JIEKOMITO3HITIT Ha MmiaMepexi (3agada BepXHboro piBHs, BP) Ta mpuHImMn mims0Boi KoopauHaIii
(IIK) mpu gexommo3uilii 3a 3SMIHHUMH Yacy 3 METOI0 pearizallii mapajelbHIuX 00unciieHb (3a1a4ya
HwkHboro piBasg, HP) (merom TIB-LIK); npunmun ominku B3aemoxin (OB) Ha piBHI
JEKOMITO3HIIIT Ha mimMepexi (3anada BP) ta mpuamun 1K na HP (Mmeton OB-11K).

Mertona mapmpyru3anii [IB-1IK rpyHTyeThCs Ha po3B’si3aHHI onTUMI3aiiiHOT 3a1a4i (13)
3a MapIIpyTHUMH 3MIHHEMH 3a gonomoroto npuHiumis [1B ta IIK. B pe3ynbsTaTi po3B’s3aHHs
3a/1a4ui BIAOYBAa€ThCSl Ha CepBEpax MapUIPYTIB JIBOX PIBHIB, A€ CEpPBEpP MAapHIPYTIB MEPEKi
(CMM) po3p’sizye 3amauy BP Ta moBHICTIO BHM3HA4Yae MapHIpyTH MOMDK IiIMepexamu, a
cepepu MapuipytiB migmepex (CMII) po3s’s3yrors 3amgaui HP Ta BH3HauaoTh Mapuipytu
BCEpEeIUHI MiIMEPEK.

ITpu 3actocyBanni merony LIK na HP 3agaua (13) nabyBae Burnsamgy

meMq(“); Mg()= min P9(Xq,Ug.Ug.uq); (14)
q'=q

a-1
P9 =X (2)Q5 Xq(a) + kzo[xa (K)Q§ Xq (k) +Ug (K)QJ Mg (k) +

FUET ()QLUE (K) + g (0] Xq (k) + By (U (k) + B (U (k) — X o (k +D]],

ne pd Jarpamxiat, askuil otpumano 3 (13) nuiaxom yBenenHs oomexxeHss (11); Hq — BekTop

MHOXHUKIB Jlarpanxa amst (] -1 niamepexi.



. * . o .
Ilpy dikcoBanux [L=|L JarpaHxia P9 mosxe OyTH NpeACTaBIECHUN y BUIJISAL

pd = > qu . Pe3ynpTytoui Bupa3u aj1st JarpamiaHiB MaloTh BUTJIIS
k=0

Ps! = Hq[X(0.U5 (0.U5 0]
RI = H [Xq (),Ug (K)UE (k) k|- gl (k=2)X g (K);

Pl = Xg (2)Q Xq(@) ~ g’ (@-DXq(@)

g

(15)

Ha X o (k),U4 (K),Ug (), k] = X (0QY X (k) +U 4T ()0QJ U (K) +

FUAT ()QIU G () + g (k)X g (k) + By (K)U 4 (K) + By (K)U (K) |
ne Hg X g (K),Ugq(k),Ug(K), k| - ravimsronian ws q-i minvepesi.
Taknm aunoM, MeTox [1B-1[K nepeabauae Taky MOCIIIOBHICTb iif:
1. 36ip mortounoi iHdopMamii mpo cTaH miEMepek, MOTOYHMX 3HadeHb U él* (k) Ta
bopmysanns s CMM sekropiz X (0), Y (k) ta B(k), k=0,a—1.
2. Po3e’s3anns Ha CMM 3anaui mimimizamii W 3a smirauvu U a (k) y BizmosimmocTi

10 obmesxens (2)—(8), (11), (12) npu dikcopanux U a* (k).

3. Poscunanus orpumanoro sexkropa U a* (k) 3 CMM na Bci CMII.

4. Po3B’s3anns Ha koxHOMYy CMII 3amaui HP, a came 3amaui minimizamii (13) 3a
sminanMu U él (K) mpu dikcosanux U a* k), k= m Ta oomexkeHHsx (2) — (8), (11). Ans
1bOTo 3acTocoByeThes mpunuumn LK, sxuii nepenbadae Taxe:

4.1. ®opmyBaHHS BEKTOpPa MHOKHUKIB ua .

4.2. MiHimi3artist qu (15) 3a 3minanmu U El (k) Ta o6mexennsx (2) — (8).
4.3. Po3p’s3aHHs 3ajadi Maxcumizanii M q (W) (14) 3a 3minEuME Jlarpamxa Hq

rpafieHTHUM MeTonoM. Skmo rpagienT ¢pynkuii M q (L) He € Gnu3BKO 10 HyIs, PO3PAXYHOK
* .
HOBOTO BEKTOpA Ly Ta Mepexi Jo 4.2.

4.4. Ilepegaua OTpUMaHUX 3MIHHUX U a* (k) no CMM.



5. Pos3m’szanns Ha CMM 3agaui wmiHimBanii (13) 3a 3MiHHEMH Ua(k) npu

¢ixcosanux U a* (k) Ta nassHOCTI 06MesxeHb (2)—(8), (11), (12).

6. 3a ymoBHu pocsrHeHHs (yHKII€0 (13) cBoro onTMyMy ab0 SIKIIO BHYEPIIAHO Yac Ha
PO3B’s3aHHA 3aadi MapHIpyTu3amii GopMyBaHHs Ha MiICTaBi MOTOYHUX 3HAYEHb MApIIPYTHHX
3MIHHUX MapmpyTHux Tabmumb, ski 3 CMM ugepe3 CMII Oyzme posiciano ycim
MapIIpyTU3aTopaM Mepexi. Y IpoTHISKHOMY pasi mepexia 1o 3.

Meton TIB-LIK mae Taki BIacTHBOCTI: peajli3y€ pO3AUIbHE YIPAaBIIHHSA MapUIpyTaMH
BCEpEIMHI Ta MOMDK MiaAMepekaMu, 3abe3nedye aJanTHUBHY MapLIpYTHU3alil0 3 MIIATPUMKOIO
QOS, BiBepTae MOXKIIMBICTh TIEPEBAHTAXECHHS, 3HAXOUTH TaKi 3HAYEHHS MapIIPYTHUX 3MIHHHUX,
SK1 MOKYTb OyTH peasizoBaHi y Oynp sikuil yac. Meros nependayae MocTiiiHE B1ICTEKEHHS Ha
CMM crany niiMepex.

Meton mapuipyruzanii OB-LIK rpyHTyeTbCst Ha po3B’a3aHHI onTUMIzaliiHOT 3aga4i (13)
3a MaplUIpyTHUMHU 3MIHHHUMH 3a JjornoMororo npuHuumniB koopaunHanii OB ta LK. V pe3ynbrari

PO3B’si3aHHSA 33/1a4l BiJOYBAa€ThCS HA CEpBEpax MapIIpPyTiB JIBOX PIBHIB, ajie Ha BiaMiHy Big [1B-
K CMM BusHauae smme ominky wmapmpyraux sminaux U”(K), a CMII ocratouno

MPUHAMAIOTh PIIMICHHS BIJHOCHO MapIIPyTiB MOMDK MiAMEPEeKaMH Ta BU3HAYAIOTh MapIIPYTH
ycepenuHi miaMmepex. Takum uywmHOM, 3amadi BP Ta HP BimHocHO wmetomy TIB-IIK
MepePO3MOALICHO.

Metoa OB-LIK nepenbadae Taky mOCITIIOBHICTb JTIH:

1. 36ip iHpopmarii CMM npo cTaH HiAMEPEK y BHUIJAIAI OLIHOK CEPEIHIX 3HAYCHb

nocrynuoi mpomycksoi 3parnocti kananis ( B(K)), makcumanbhoro smauenns BximHOTO
max .
napantaxenns Y (K) =Y (K) Tta norounoro snauenns X (0), k =0,a—1, a Takox 36ip

*
HOTOYHUX 3HAUEHb Ua (k).

2. PosB’szanns Ha CMM 3anaui minimizauii gpynkuionana W 3a sminHumu Ua(k)
BiNmoOBiAHO 10 3i0panoi iHdopmarii Ta oomexenb (2)—(8), (11), (12). Orpumani 3HaUEHHS

TPAKTYIOThCA SK OLIHKU B3a€MOJIii U a (k) )

3. Po3cunaHHs BeKTOpa OLIHKHM B3a€EMO/IIN Ua (k) 3 CMM wna Bci CMIL.

4. Po3p’sizanns Ha CMII 3amauqi (13) 3a 3MiHHUMEI Ua(k) Ta Ua(k) BIJIMIOBIIHO [0
npunuuny LK mpu oOmexennsx (2)—(8), (11) ta 3 ypaxyBaHHSAM OTpPHUMaHUX OIUHOK (

Ua (k) < lja (K) ). 3actocysanns LIK nepenbauae Taxe:



4.1. ®opmyBaHHS BEKTOPAa MHOKHUKIB pa .
4.2. Minimizaniro qu (15) 3a 3sminauvu U (':‘ (k) TaU a (K) mpu obmexernsx (2) — (8) 3
YpaxXyBaHHSM OIHOK lja (K) mns xoxsOTO 9acosoro inTeprany K.

4.3. Po3p’s3aHHA 3amadi MakcuMizamii Mq(lvl) (14) 3a 3minaumu Jlarpamxa Hq

rpanicntaEM Metoom. Skmo rpamient Gynxiii Mg (1) me e Grusprum 10 By, po3paxyHOK
% .
HOBOTO BEKTOPA Ll Ta Tepexin o 4.2.

5. Hepecunanus orpumanux Ha CMIT sminanx U (,1* (k) TaU a* (k) no CMM.

6. Pos3p’szanng Ha CMM 3apmaui (13) 3 meroro QopmyBaHHA Ua(k) 3a yMOBH

(iKCOBaHMX BEKTOPIB Ua (k) Ta BizmosinHo mo 3i6panoi y m. 1 inpopmanii. Akmo GpyHioHaN

W' 6yne smaxomutucs 6iam3pko cBoro ontumymy, To CMM mae 103Bin Ha GopMyBaHHsS Ha
. . % %

CMIT mapmpyrrux Tabmmups ma mincrasi notoumnx smavems Ug (k) ta Ug (k). V

MPOTHIIKHOMY pa3i mepexia o 1. 3.

Meron OB-IIK na Biaminy Big Meroxy [IB-IIK He Bumarae HasSBHOCTI TOBHOL
iH(pOopMaIlii Mpo MOTOYHHUI CTaH MEPEXi Ta nepeadadae OCTATOYHHM PO3PAXyHOK MapIIpyTiB Ha
CMII. Bnacrugictio merony OB-LIK € iioro po6acTHIiCTh BITHOCHO KOJIMBaHb HABAaHTAXKEHHS
pu po3B’s13aHHI 3a1a4i BP, a omke 13amadi B iiomy.

B  4erBepromy po3mini Oymo  ¢QopmanizoBaHo  MOKa3HUKH — €(EKTHBHOCTI
(YHKIIIOHYBaHHSI MEPEXi, IPOBEJICHO €KCIIEPUMEHTANIbHE JOCIIKEHHS PO3poOIeHIX MoAeneit
Ta METOJIIB MapIIpyTU3allii 3 METOI0 MEPEeBIPKU iX aJeKBATHOCTI, OIIHKK €(EKTUBHOCTI Ta
PO3pOOKH PEeKOMEH AT 11010 MPAKTUYHOTO BUKOPUCTAHHS.

EdextuBHicTh (YyHKIIOHYBaHHS MeEpeXi OI[IHIOBAaNach 3a TaKMUMHU TOKa3HUKaMU, SK

nponyktusricts Mepexi P(K) Ta i mopmosame 3mawemms Py (K), a Takox xoedimient
BUKOPHUCTaHHS KaHAIBbHUX PECYPCIB OKPEMUX TPAKTIB Ki, j (k) ta mepexi B mimomy Kgp e (K).

3 MeTO0 MPOBEACHHS MOPIBHAJIBHOIO aHalizy Oylo BBEIEHO HOPMOBaHY NPOAYKTHBHICTH Ta

HOpMOBaHI/Iﬁ 00CsAT HaBaHTAXXEHHS 3a dYac MOJCIIOBAHHA TMa SKAM MICTUTh V YaCOBHX

inteppanis (Ty; = VAl), sxi y Mesxax Mozieni 6y10 BUSHAUEHO TAKMM YHHOM:



S PK) 5V (K)

Py ==L —100%, (16 Yoxn =K=L——100%,  (7)
3 C(k) At 2C(k)
k=1 k=1

N N .
ne P(K)=2 2> ¢ (k)uij, i (k), i# ] — upomyktusmicts mepexi ma K-y wacoBomy

i—1j=1

inteppani; C(k) - nmpomyckma  3matHicte  Mepexi Ha K-y  iHTepBai;
N N

Yexs (K) =2 2 Ypxi, j(K) — Bemmmna cymaproro HapaHTaxeHHS, IO HAIXOMMTH 10
i—1j=1

mepexi Ha K-y inTepsani; Yexi, j(k)f 00CST HaBaHTAKEHHS, IO HAIXOIUTH JIO BY3IIB
mepexi; N —uncno Tpakris mepenaui B TKM.

Sk BUXIiIHI JaH1 U1 €KCIEPUMEHTaIbHUX JOCTIKEHb BUCTYNAIOTh: CTPYKTypa Mepexi
Ta MPOMYCKHI 3/[aTHOCTI il TpaKTiB Tepeaui, 3a JonoMoroio skux popmyersest matpuns B(K);
noYaTkoBe 3aBaHTaxeHHs Oydepis yepr Ha Bysnax mepexi X (0); Benmumna aGoneHTCHKOTO
tpadika Ygx (K) i Toumicts 1i mpormosysamms AY (K), mpormosoBama BemwumHa BXimHOTO
nasanTaxenns Y (K) =Ygy (K) + AY(K); inTeppan mpormosysamms T Ta imTepsan

nepepaxynky At, T = aAt; saranbnuii yac mogemosanns Iy, i Benmuuna V, T, = VAL,
BpaxoByroun, 110 NPOLEC HAIXOKEHHS HABAHTAKEHHSA Yy MEPEKY € BUIAJKOBUM

TpoIlecoM, TpHIycKantocs, mo 3akoHoM posnojinenns Ygy (K) € mormopmanbnmit 3axon 3

2
napaverpasint M [y (K)]= Yoy pi. j (€)+ DY j (0]=0% (k).
[IpoBenene B poOOTI NOCHIHKEHHS BIUIMBY MapaMeTpiB MOJeNi Ha MPOAYKTUBHICTH

Mepexi MpoJEMOHCTPYBAIO, IO ONTHMAIbHHI iHTepBan mnepepaxyHky Al samexuts Bix

HEPIBHOMIPHOCT] HABAHTAXKCHHSI, IKE B POOOTI OLIHIOBANOCA 32 O j (k). Ha puc. 1 naBeneno

niarpamu Brpart npoayktuBHocTi AP (BimHOCHMI 00CAr HaBaHTaXKEHHsI, IKE He OYyJIO JOBEIEHO

KOpHCTyBayaM 3a 4ac |,;) A T0BHO3B’s3HOT Mepexi 3 N =5 Bysmis y 3anexHocTi Bin
‘ . _ 2

BeruunH Af i O 3 npunymenssam, mo M [yBXi, j (k)] =Yep: D[yBX” (k)]— o~ . Pucynox

1 IEMOHCTPYE MeXaHi3M 3MEHIIEHHs BTPAT IIUIAXOM peryimoBanns Af BianosinHo 10 o .
Sx Toxkazamo MOJETIOBAHHSA, peaji3allis BIACTHBOCTEH MPOTHO3YBaHHS MOJENi

MaplIpyTu3allii 103BoJisge MiABUIIUTH npoaykTuBHicTE TKM (puc.2) B cepennbomy Ha 14-18%



B 3QIEKHOCTI Bill CTPYKTYypH Mepexki. 3 pocTOM @ TeMIH NpUpOCTy P 3HIKAIOTHCA, 10

J03BOJISIE 3pOOMTH BMCHOBOK IIpo oOMexenHs a =5 . [ToBeinka MOJeni B yMOBaxX BHCOKOTO
3aBaHTaXEHHS (puc.3) JOBOJWUTH, IO peaii3allisi BIACTUBOCTEW MPOTHO3YBAHHS JIO3BOJISE HE
TUIBKA TIABUIIUTH TPOIYKTUBHICTH MEPEXi, ajne i YHUKHYTH TEpEBAaHTAKCHHS (SIKIIO IIe
KOPOTKOYaCHUM cTpUOOK HaBaHTa)KEHHs1) a00 3CYHYTH 4ac BXO/DKEHHS y LIEH PEKUM.

[opiBHsHHS sikocTi (QyHKmioHyBaHHS TKM 3 MapmpyTusamiero 3a ajiropuTMoM
HANKOpOTIIOTO MUIXY (TTYHKTHPHI JIiHIT Ha pHc. 4) Ta 3aMpONOHOBAHOTO MiX0AY (CYHUIbHI JiHiT
Ha puc. 4) NpOJEMOHCTPYBAJIO BUTrpalll y IMPOJYKTHUBHOCTI JJIsi HEMOBHO3B S3HUX CTPYKTYp 3

N =5Tta N =7 6nu3eko 30%, sixuii 3poctac Is CTPYKTYp OLIbIIoi po3mipHOCTi 10 40-45% .

ExcniepumeHTanbHe JOCHIKEHHS METOJIB 1€papXIuHO-KOOPAUHAIIMHOT MapIIpyTu3anii
MIPOJIEMOHCTPYBAJIO:

a) BHUCOKY 30DKHICTH METOJIB, IO MPOTOHYIOTHhCSA. KiTbKICTh HHMKIIB MiHIMI3AIII],
HEOOXITHUX /I OTPUMAaHHS ONTUMAIbHOTO 3Ha4YeHHs, ckiaamaae 2—4 mis [1B-IK, 5-8 mns OB-
K ta Mmoxe OyTu 3MeHIIeHa 3a paxXyHOK BUOOPY SIK MOYaTKOBHX 3HAYEHb BEKTOPY MapIIPyTHUX
3MIHHHX Pe3y/IbTaTiB PO3B’A3aHHS 33J1a4l Ha OTIepeTHBOMY KpoIli (10 1-3 Ta 4—6 BiIIOBIIHO);

0) 30mmkenas meroaiB [IB-IIK ta OB-IIK B ymoBax BHCOKOi CTaOUIBHOCTI BX1IHOTO
HaBaHTa)XCHHS, 110 CBIAYUTH PO JOIUIHHICT Mepexoay B 1ux ymoBax Ha Meton OB-1IK, sxuit
He ToTpeOye moCTiifHOTO OHOBJIeHHS Ha CMM iHdopmMallii mpo MOTOYHHI CTaH MEPEXi, YUM
JI03BOJISIE 3HU3UTH 00CATH CITy>k00BOTO Tpadika;

B) JOIUIBHICTH peaiizallii mpoueayp KOOpAHMHAIl 0COOJIMBO ISl CTPYKTYP 3 BHCOKHM
CTyNEHEM 3B’A3HOCTI Ha MDKMEpeXHHX [JUIAHKaX. BBeneHHs mpouenyp KoopauHaiii Ha
MDKMEPEXKHUX JUISIHKaX B Mexkax merony I[IB-IIK mo3Bossie migBUIIUTH TPOAYKTUBHICTH
Mepeski Ha Benuuuny Bif 15-20% (i ctpykrypu puc.5,r) no 50—65% (ans cTpykTypu puc.5,a)
BITHOCHO BWIIQJIKy BiJCYTHOCTI KoopauHamii (puc.6). Lle mocsraerbcst 3a paxyHOK yCYHEHHS
BTpaT, 110 BUHUKAIOTh BHACIIIOK HEPalliOHAIbHOTO BUKOPUCTAHHS MDKMEPEKHUX pecypciB abo
ix mepeBaHTaxeHHS. BBeneHHS KOOpAMHALII 3aJIeKUTh Bif CTYHEHS 3B S3HOCTI MEPEXi 1 €
HEOOX1THUM, HAMPUKIIAI, ISl MEPEeXi 3 §-MH BY3IIIB MPHU CIIBBIIHOILIECHH] 3B’ A3HOCTI BCEpEAUHI1

Ta IOMDK TiAMepekaMu He OuIbIie IBoX (puc.5,a-0).

BUCHOBKH
Y poGoTi po3B’d3aHa HayKoOBa 3ajaya II0J0 ONTUMI3allil MpOIEeciB MapuIpyTu3alii B

TiOpUIHUX TETEKOMYHIKAIMHUX MepeXkaX IIISTXOM PO3poOKH Mojelei 1 METOIB aJanTHBHOT



MapuIpyTu3alii 3 TrapaHTOBAHOIO SIKICTIO OOCIYrOBYBaHHS. 3a pe3ylbTaTaMH PO3B’S3aHHS
chopMyITLOBaHOT HAYKOBOT 33/1a41 MOKHA 3pOOUTH TaKi BHCHOBKH:

1. TlpoBenenwmii y poOOTi aHai3 JO3BOJMB BHIUIMTU SK OCHOBHI TEHJIEHIIII PO3BHUTKY
cydacuux TKM 3natHicTh 00CIyXuTH Tpadik pi3HOPIIHUHN 32 THIIOM | BAMOTAaMH 1 TapaHTyBaTH
3a0e3neueH s BiIMOBIIHOCTI HAJJAaHOTO PIBHSA SKOCTI 0OCIyroByBaHHsA HeoOXimHOMY. Po3rmsia
MapIIpyTHU3allii sik MexaHi3my 3abe3nedeHast QoS 103BoJMB cPOPMYITFOBATH BUMOTH JI0 METOTY
Mapmpytu3zanii B cydacHux TKM, cepen sikux € minrpumka QoS-BUMOT MOTOKIB; Opi€HTAIlis Ha
BUKOPHUCTAHHS B TIOpUIIHIA Mepexi; 3a0e3MeUeHHs] aJlallTUBHOCTI MPOIECY MapuIpyTu3arlii 10
MIHJIMBUX YMOB (DYHKIIIOHYBaHHSI CHCTEMH; peaii3allis l€epapXI4HOi cTpaTerii ymnpaBiaiHHS. 3
OTJISIAYy Ha Te, L0 KOJAEH 3 METOMAIB, Ha SIKUX IPYHTYIOTbCSI 3aCTOCOBYBAHI Ha IMPaKTHUIII
MPOTOKOJIM MapUIpyTHU3allii, He 3aJ0BOJIHHSIE TIOBHOIO MipOI0 cPOPMYIIbOBAHUM BHUMOTaM, Oyi0
MOCTABJIIEHO 3ajjadyy [IOAO0 ONTHMI3alii NPOLECiB MapIIpyTU3alii MIIIXOM PO3POOKHU
BIJINOBIAHUX 1€pApXIYHO-KOOPANHALIMHUX METO/IiB.

2. Jlnst po3poOku MeToniB Oyia moOymoBaHa cucteMa MareMaTnaHuX Moneneir TKM Ha
piBHAX 1 MopdosjorigHoro 1 (QyHKUIOHAIBHOIO ONHUCIB. SIK CTpyKTypHa MOJEIb
BHUKOPHUCTOBYETHCS Opi€EHTOBaHMKA 3BakeHUW rpad. IliarpyHTsSIM (yHKIIIOHATIBHOTO OMHUCY €
MOJIeNb, MPEJCTaBICHA CHUCTEMOI0 HEAaBTOHOMHHUX JIIHIMHMX KEPOBAHHMX DI3HUIICBUX PIBHIHB
CTaHy. 3 METOI0 OOMEKEHHsI BHYTPIITHOMEPEKHOTO Tpadika 1 3armo0iraHHs MepeBaHTaKEHHIO
MEpexXHUX eleMeHTIB (OydepHUX MpUCTPOiB BY3IIB Mepexi 1 i TpakTiB mepeaadi) y paMmkax
MoJieni Oyiu BBEIEHI BIAMOBITHI OOMEKEHHS Ha 3MIHHI CTaHy 1 MapuIpyTHI 3MiHHI. 3 METOIO
peanizanii B paMKax Mepeki MexXaHi3My 3a0e3ledeHHs] TapaHTOBAHOI SKOCT1 00CIyrOBYBaHHS
Oynu BBEACHI J0JAaTKOBI OOMEXKEHHS Ha MapIIPyTHI 3MiHHI, IO JO03BOJISIIOTH 3a0€3ICUUTH
rapaHToBaHe HaJaHHA HEOOXIJHOI CMYTM NPOIYCKAHHS, TapaHTOBAHUW 4Yac JOCTaBKH
KOPHUCTYBAIbKOTO Tpadika Ta rapaHTOBaHy BeMMYUHY pkuTepa. [lepeBara po3pobieHoi moaemni
MapIIpyTu3alii Mmojsrae B ypaxyBaHHI MOXJIHMBOCTI peaiizamii B paMKax €IJUHOI Mepexi
CTaTUYHOI 1 JUHAMIYHOI cTpaTerii MapupyTu3auii Ta pi3HUX PEKUMIB MAKETHOI KOMYTaIlii, a
TaKO Opi€HTAIlli Ha rapaHTOBaHe 3a0e3MeUeHHs He0OX1THOT TKOCTI HaJJaHUX MOCIIYT 3B'SI3KY.

3. Ha BigMiHy BiJ ICHYIOYMX MiIXOJIB 3a/laua MapLIpyTU3alii B paMKax MOJEJIeH, 1110
MIPONOHYIOThCA, Oyna pO3INIAHyTa AK 3ajada JUHAMIYHOTO PO3MOJUTY MEPEeXHHMX pecypciB i
copMylbOBaHa Yy BUIJISA1I 3ajadi ONTUMAJIbHOTO YIPABIIHHSA 3 KBaJIPAaTUYHUM ILUIOBUM
¢yHKIIOHATOM. BuKOpHCTaHHA 3ampONOHOBAaHOi (YHKLIOHAJBHOI MOJENi HalUIIoe Ha
peanizallito aJanTUBHOI CTpaTerii MapuIpyTu3allii, o nepeadayae BiICTEKEHHS CTaHy Mepexi
Ta Koro 3miH. [loOynoBa HUTBOBOTO (YHKI[IOHANTY HAa JESIKOMY BUIMEPEIHKYIOUOMY YaCOBOMY

IHTEepBaJli JO3BOJMTH pEali3yBaTH B 3alPONOHOBAHHUX METOJAX MapIIpyTH3allii BIACTHUBOCTI



MPOTHO3YBaHHS, 10, SK TMOKa3aJld pe3yJbTaTH MOJICNIOBAHHS, CIPHUSE MiJBUILECHHIO
MPOIYKTHBHOCTI Mepexki B cepennbomy Ha 14—-18%.

4. Ha mincraBi 3ampornoHoBaHHX Mojened Mapmpytusanii B TKM 3niiicHeno ixHe
iepapxidHe MpeaCTaBIeHHS 1 PO3pOOIEHO METOAM i€papXidHO-KOOPAWHAIIMHOT MapHIpyTH3aIii
Ha 0a3l KOMIUIGKCHOTO  3aCTOCYBaHHS JI0  pO3B’si3aHHSA  copMynboBaHOI  3amadi
JEKOMITO3UIIIMHUX MPUHLIHUIIB. MeToan opieHToBaHO Ha BHKOopucTaHHS B TKM piBus WAN 3
iepapxiuHoto cTpykTyporo. Meton wmapmpyrusamii IIB-LIK rpyHTyeThCs Ha pO3B’s3aHHI
ONTHUMI3aLIHHOT 3a7a4l 3a JI0NIOMOIOI0 NMPUHIUIIB KOoOpAKHalli nepeadadeHHs B3aemoiil (I1B)
Ha pIBHI JEKOMMO3MIIi 3a migMepexamu Ta 1iiboBoi koopauHauii (LK) Ha piBHI gexommno3umii
3a 3MIHHMMHM uyacy. lle n1o3Boisie cepBepy MapuIpyTiB Mepexi B YMOBax IOCTIHHOIO
BIJICTE’)KEHHSI TOTOYHHUX 3HAY€Hb CTaHy OKpPEMHUX MIIMEPEX HUKHBOIO PIBHA IOBHICTIO
BHM3HAYaTH NOPSAJOK MapuipyTu3ainii Ha MibKMepexHid nuistHii. Meton OB-LIK 6asyerscs Ha
BUKOPUCTaHHI IPUHLUIY OIIHKHM B3aemojiil (OB) Ha piBHI JAeKoMIO3ulii 3a MigMepexamu, a
npuHiuny LK — Ha piBHI Aekommo3uiii 3a 3MiHHUMHU 4acy. Lle 103Boisie cepBepy MapuIpyTiB
Mepeki 3a paxyHOK BIIICTE)KEHHS JIMIIE TPaHUYHUX 1/a00 cepeHiX 3HaueHb MapaMeTpiB CTaHy
MiIMEpeX HIKHBOTO pIiBHA (GOpMyBaTH OOMEXKEHHS, sIKi 3amo0iraloTh IMEpEeBAHTAKEHHIO
MDKMEpPEXKHHUX pecypciB, a QyHKIIA caMe MapIIpyTH3allii MepeKIagacTbCsl HA MapIIPyTU3aTOPH
MiIMEpeX HIKHBOTO PIBHSI.

5. IlpoBeneHo eKcepUMEHTAIBbHE AOCTIDKEHHS PO3POOICHUX MOjeel 1 METOMIB,
pe3yabTaTH SIKOTO MPOJEMOHCTPYBAIIN:

- 3pOCTaHHsA MPOJYKTUBHOCTI 3a YMOB peaii3alii 3alpoNOHOBAaHMX METOJIB
MapIpyTu3alii MOPIBHAHO 31 CTaTUYHUM IUIaHOM po3mnoauty iHpopmauii Ha 10-30% pns
HenoBHO3B s3HUX cTpykTyp 3 N =5 T1a N =7, gxmii 3pocrae ansa crTpykryp Ounbmoi
posmipHOCTi 10 40—45%;

- 3amo0iraHHs JIOKAIbHUM  TEpPEBAaHTAXEHHSIM 1 OopoTe0y 3  rio0albHUMU
NepEeBaHTAKEHHIMU B MEPEX1 B LIIIOMY;

- miABUIIEHHA NpoAyKTUBHOCTI 3 30 1o 80 % mpu ciIbHOMY BUKOPHCTAHHI B MEPEX1
PI3HUX PEXHUMIB TAaKETHOT KOMYyTallii (i3 BCTAHOBJICHHSM 1 0€3 yCTaHOBJICHHS 3'€THAHHS);

- BHUCOKY 30DKHICTb METOJIB i€papXiuHO-KOOPJAMHALINHOT MapupyTHu3anii (HeoOXiqHe
yucao muKiIiB MiHiMizanii y Metoni [IB-IIK cknanae Big 2 1o 4 y 3anexHOCTI BiJ iHTepBaly
nporuo3yBanHs Ta 5—8 y meroi OB-1IK, siki MOXyTbh OyTH 3HHXKEH]1);

- JIOUUTBHICTh yBENIEHHS TMpOIeNyp KOOpAWHAIli OCOOIMBO B YyMOBaX BHCOKOT
3B’A3HOCTI BY3JIiB Ha MDKMEPEXKHIN JUISHII Ta BUCOKOTO PIBHS BXIJTHOIO HABAHTAXKECHHS;

- 30mmkenHs wMeronie [IB-IIK Ta OB-IIK B ymoBax cTa0iIbHOCTI BXIiTHOTO

HaBaHTAXXEHHsI Ta JOLUIBHICTh Mepexony B X ymoBax Ha meton OB-LIK, skuit He moTpedye



gactoro oHoBJeHHA Ha CMM iHdopmarliii npo MOTOYHUI cTaH MEpEeXi, YUM J03BOJISIE 3HUZUTH
o0csru ciry:k00Boro Tpadika;

- mnpioputeTtHe Bukopuctanus meroay [IB-IIK B ymoBax BHCOKOi AMHAMIKU BXIIHOTO
HaBaHTAXCHHS, 1[0 3yMOBJICHO MEHIIIOIO KUTBKICTIO HEOOX1THUX [UKIIIB MiHIMi3aITil.

6. 3a pe3ympTaTaMM MPOBEICHUX EKCIEPUMEHTAIBHUX JOCTIHKEHb PO3POOIICHUI
KOMIIJIEKC MPAKTUYHUX PEKOMEHJAIlI MIOJ0 pealizallii 3amponoHOBaHUX MOJENIeH 1 METOJIB
Mapipyru3samii. Pexomenpanii cToCcyroThCS HaWKpaluX BapiaHTIB peami3aiii CHHTe30BaHHX
MoJiene 1 MeroniB MapuipyTtuzamii B cydacHux TKM 3 BHOOpOM BeIWYHMH iX OCHOBHUX

rapameTpis.
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AHOTANISA

€BceeBa O.JO. Meroan  aganTuBHOI  MapmpyTH3amii B riOpuaHux
TeJIeKOMYHIKaliiHMX Mepekax 3 TapaHTOBaHOI0 SIKICTIO 00c/IyroByBaHHs. — Pykomnuc.

Hucepraniss Ha 3700yTTS HAayKOBOTO CTYNEHS KaHAWAATa TEXHIYHUX HAyK 3a
cnemianpHicTi0O 05.12.02 — TenexomyHIKaIliifHI cHCTEMHU 1 Mepeki. — YKpaiHChKa AepiKaBHA
aKajzieMisi 3aTI3HUYHOTO TPaHCIOpTy, Xapkis, 2004.

JlucepTarlito IpUCBsIYEHO MOLIYKY HOBUX IMIIXO/IB 0 PO3B’sI3aHHS MapIIPYTHUX 3a/1a4 y
TenekoMmyHikaniiHux Mepexxkax (TKM) 1 po3po6ii Ha ixHIM migcTaBl METOAIB aJanTUBHOL
MapIpyTH3alii 3 MiATPUMKOIO rapaHTOBaHOI SKOCT1 00ciyroByBaHHs B riopugaux TKM. Byno
c(hopMyIbOBaHO OCHOBHI BUMOTH J0 MeTOJIB MapupyTtuzauii y cydacaux TKM, cepen sxux €
BUOIp MapuipyTy 3 ypaxyBaHHsIM (QOS-BUMOr NOTOKIB Ta MparHeHHd 10 30ajaHCOBaHOIO
BUKOPHUCTAHHSI HAsBHUX MEPEXKHUX PECypciB, aJaNTHBHICTh A0 3MIH YMOB (YHKIIIOHYBaHHS,
OpIEHTYBAaHHS Ha BUKOPUCTaHHS y TIOpUIHUX MeEpexax Ta Mepexax lepapXidyHOoi CTPYKTYpH.
BinnmoBigHo 10 Hux Oyno po3poOieHo AuHaMIYHY (QyHKIioHanbHY Monaenbr TKM B mpoctopi
CTaHy Ta PO3pOOJICHO METOIU i€papXidHO-KOOpAMHAIIMHOT Mapripyrtusamii. [liarpyHTam s
METO/IIB MapIIpyTH3allii € po3B’s3aHHS ONTUMI3AIIHHOI 3a7a4il 3a JOIMOMOTOK KOMIUIEKCHOTO
BUKOPHUCTAHHS PI3HUX JCKOMIO3UIIMHUX TPUHIMIIB HAa BEPXHHOMY Ta HIKHBOMY PIBHSIX:
MPUHIIMITB Mepe10aYeHHs B3aEMO/IIH Ta IUTLOBOT KoopauHallii B MeToai MapmpyTtu3saiii [1B-1[K
1 IPUHIIMIIB OIIHKKA B3a€EMOJIIH Ta IIJILOBOI KOOpAUHAIi y MeToai Mapiipyrusarii OB-1[K.

KiouoBi cjioBa: TenekomyHikalliiHa Mepe)ka, rapaHTOBaHa SKICTh OOCIyrOBYBaHHS,

MapIIpyTH3allis, MOJIeTb y MMPOCTOPI CTaHy, 1€papXiyHO-KOOPAMHAIIIMHI METOIU MapIIpyTH3AILii.

SUMMARY

Evseeva O. Yu. Methods of adaptive routing in hybrid telecommunication networks
with guaranteed quality of service. - Manuscript.

Dissertation for the candidate’s degree of technical science in a specialty 05.12.02 -
Telecommunication systems and networks. — Ukrainian State Academy of a Railway Transport,
Kharkov, 2004.

The dissertation is devoted to the research of the new approaches to the decision of the
problems of routing in telecommunication networks (TN) and to the development of the methods
of adaptive routing on their basis with the support of the guaranteed quality of service (QoS) in
hybrid TN. The basic requirements to the methods of routing in modern TN are formulated as:
choice of a route in accordance with the QoS-requirements of flows, the attempt to balanced

usage of the available network resources, the adaptability to the changes of functioning



conditions, the orientation to the usage in hybrid networks and networks with hierarchical
structure. According to the requirements the dynamic functional model of TN in space of
conditions and the methods of hierarchical - coordination routing are developed. The solution of
optimization problem by means of complex using of various decomposition principles at the
upper and lower levels are in the basis of routing methods. These principles are: principles of
interaction prediction and purpose coordination in the routing method IP-PC and principles of
interaction estimation and purpose coordination in the routing method IE-PC.

Key words: telecommunication network, guaranteed quality of service, routing, model in

space of conditions, hierarchical -coordination routing methods.

AHHOTALIUSA

EBceesa O.IO. Meroabl aJanTHBHOM MApHIPYTH3alMM B THOPHMIHBIX
TeJ1IeKOMMYHUKAIMOHHBIX CeTSAX € TapaHTHPOBAHHBIM Ka4eCTBOM OOC/TY:KMBaHUSl. —
Pykomnuce.

Juccepranysi Ha COMCKAaHHWE YYEHOM CTeNeHW KaHIuAaTa TEXHUYECKHX HayK IO
cenranbHocTH  05.12.02 — TenekoOMMYHMKAalIMOHHBIE CHCTEMBl M CETH. —YKpauHCKast
roCyJlapCTBEHHAs aKaJIeMus KeJIe3HOJOPOKHOTO TpaHCIopTa, XapbkoB, 2004.

HuccepranionHas pa0oTa TMOCBAILEHA TOWUCKY HOBBIX IMOAXOJOB K PEIICHUIO
MapIIpyTHBIX 3aad B TelekoMMyHUKaHOHHBIX ceTsx (TKC) m pa3paboTke Ha HUX OCHOBE
METOJIOB  aJalTUBHOM  MapLIpyTH3aluud C TOJICPKKOM TrapaHTUPOBAHHOTO  KadecTBa
obcnyxuBanus B rudpunusix TKC.

[Tokazano, 4To OCHOBHBIM HampasieHueM pa3Butusi TKC sSBISIOTCS MYJIbTHCEPBUCHBIC
CETH, B Ka4eCTBE KJIFOYEBBIX MOMEHTOB MPH MOCTPOECHUH KOTOPBIX BBICTYNAIOT OOCIY:KUBaHHE
Pa3HOPOJHOTO MO THUIy U TpeboBaHUAM TpaduKa, a TaKKe TapaHTUPOBAHHOE OOecreyeHHe
TpeOyemoro ypoBHs KadecTBa oOciyxuBanHus (Quality of Service, QoS). B ycrnoBusax
OTCYTCTBHSI €IMHON YHHBEpPCAIbHOM TpPaHCHOPTHOW OCHOBBI MynbTucepBHCHBIe TKC HOCAT
THOPUAHBIA XapakTep, YTO TPOSBISETCS B HCIONBb30BAaHMM B TMpeAeiax OJHOM ceTu
TEJIEKOMMYHUKAIIMOHHBIX TEXHOJOTHH C pa3HBIMH peXKHUMaMH MaKeTHOM KOMMYyTalluHy,
Hanpumep IP, ATM u MPLS.

Ha ocHoBe aHanm3a MeTonoB Mapuipytu3anuu B coBpeMeHHBIX TKC  Obin
chopMynupoBaH psa TpeOOBaHUI K METOIY pellIeHUs] MapIIPyTHOH 3a7auu B MYJIbTHCEPBUCHOM

cetu. Cpenu 3THX TpeOOBaHMI OCHOBHBIMH SIBIISIIOTCS BBIOOp Mapuipyra ¢ ydetoM QoS-



TpeOOBaHMI TOTOKOB M CTpPEMJICHHE K COaJlaHCUPOBAHHOMY HCIIOJIb30BAHUIO HMEIOLIUXCS
CETEBbIX PECYPCOB, aJANTUBHOCTh K M3MEHEHUSIM YCIOBHH (YHKIIMOHUPOBAHUS, OPUEHTALIUS HA
HCII0JIb30BAHNE B THOPUAHBIX CETSAX U CETSIX UEPAPXUUECKOM CTPYKTYpBI, peaan3alus NPpUHLINIIA
HepapXU4eCKON MApIIPYTU3ALNH.

beuta paspaborana cucrema wmarematmueckux wMogneneid TKC Ha ypoBHsSX ee
Moposioruaeckoro u (YHKIMOHAIBHOTO OINUCAaHWK. B KauecTBe CTPYKTYypHOH MOJenu
UCTIOJNb3yeTCS OPUEHTHPOBAHHBIN B3BEIICHHBIH Tpad. B 0CHOBY (hyHKIMOHAIIEHOTO ONHCAHMS
MIOJIOKEHAa MOJEINIb IPOCTPAHCTBA COCTOSIHUS, TPEIACTaBICHHAs CHUCTEMOM HEaBTOHOMHBIX
JIMHENHBIX YIPABIIIEMbIX Pa3HOCTHBIX YPaBHEHHMH cOCTOSIHUA. OTiIMYUTENbHas OCOOEHHOCTh
MOJIENTU COCTOMUT B (pOpMAIM3ALMU MPOILIECCOB OOCIYKMBAHMSI TapaHTUPOBAHHOTO KavyecTBa B
ruopuanbix TKC myrem ydera BO3MOKHOCTH peajM3allii B paMKaxX €IMHOM CeTH pa3iIuydHBIX
CTpaTeruii MapmpyTu3aluu (CTaTUYECKON U JUHAMHMYECKOMN) U Pa3IMYHBIX PEKUMOB MaKETHOM
KOMMYTallU{ B COOTBETCTBUU C TUIIOM TpaduKa MoJib30Barenei U ux TpeOOBaHUSIMHU K YPOBHIO U
rapaHTusiM KauecTBa oOcmyxkuBaHusl. C 1LIEIbI0 OrpaHUYEHHS BHYTPUCETEBOTO Tpaduka u
MPEeIOTBPAILlEHUS] TePEerpy3Kd CETEeBbIX JJIEMEHTOB B pPaMKaxX MOJENH ObLIM BBEACHBI
COOTBETCTBYIOIIME OTPAaHMYEHUS Ha NEPEMECHHBIE COCTOSIHMS M MapLIpyTHbIE IepeMeHHbIe. C
LEJNbI0 pealM3allud B paMKaxX CETH MeXaHu3Ma oO0ecledeHus TrapaHTUPOBAHHOTO KayecTBa
o0CITy’)KUBaHUsI ObUIM BBEJIEHBI JIONOJIHUTEIbHBIE OTPAHUYEHUSI HA MapUIPyTHbIE NEPEMEHHBIE,
MO3BOJISAIOIINE O0ECIEUNTh TapaHTHPOBAHHOE KAayeCTBO OOCIY)KMBAaHUS B TEPMUHAX I0OJIOCHI
IIPOIYCKaHMsI, BPEMEHU JOCTABKHU Tpa(uKa U BEIUYUHBI JUKUTTEPA.

B pamkax pa3paboTaHHONH Mojenu, B OTJIMYME OT CYLIECTBYIOIIMX IOJIXOJOB, 3ajaya
MapuipyTu3aluy Oblla pacCMOTpPEHa Kak 3ajada pacHpelesieHHs CETEBBIX pEeCcypcoB U
copMylIupoBaHa B BHJE 3aJayd ONTHMAIBHOIO YIPABICHHUS C KBaJApPaTUYHBIM LIEIEBBIM
¢ynkumonanoM. Iloctpoenue wneneBoro (yHKLIMOHANAa Ha HEKOTOPOM  YIPEXAAIOLIEM
BPEMEHHOM HHTEpPBAJIE IO3BOJIWIO PEAIU30BaTh B INpeIaraéMbIX METOAAX MapUIpyTH3aluu
CBOMCTBA IPOrHO3UPOBAHMS, YTO, KAaK MOKA3aJId PEe3yJbTaThl MOJEIMPOBAHUS, CHOCOOCTBYET
MOBBIIIEHUIO IPOU3BOJUTEIBLHOCTH CETH.

Ha ocHoBannm npemnoxeHHslx Mozenedl mapupyrusanuu B TKC ocymecTtBieHo uX
HepapXUuecKoe MpeJACTaBIeHHEe M pa3padOTaHbl METOJbl HEPaAPXHUECKO-KOOPIUHALMOHHOM
MaplIpyTU3alui Ha 06a3e KOMIUIEKCHOTO MPUMEHEHHUs K PELIeHNI0 COPMYINPOBAHHON 3ajauu
JEKOMIIO3UIMOHHBIX NPUHIMIOB. MeTo1bl OpUeHTHpOBaHbl Ha ncnoJib3oBanue B TKC ypoBHs
WAN c uepapxudeckoi CTpyKTypoil.

Meron  mapmpyruzauuu  [IB-IIK  mpennonaraer — uMcnonp30BaHWe — MPHUHIUIA
npenackasanus B3aumojeiictBus (IIB) Ha ypoBHE IEKOMIIO3UIMM MO TMOACETSIM (BepXHUM

ypOBeHL), a4 Ha YpPOBHC JCKOMIIO3HWIUH II0 INCPEMCHHBIM BpPCMCHU — IIPpHUHIUIIA 1 (S (5):10) 4



koopauHaiuu (LK) ¢ nenpto peanuzanuy napaiiesibHbIX BBIUUCICHUN (HKHUN YPOBEHB). JTO
II03BOJISIET CEPBEPY MAapLIPYTOB CETU B YCIOBUSAX IIOCTOSHHOTO OTCIEKHBAHUS TEKYILHX
3HAUEHUHN COCTOSIHMSI OTAEJBHBIX MOJCETEH HUKHETO YPOBHS IOJIHOCTBIO OINPEAEIATh MOPSA0K
MapIIpyTU3aLUU HA MEKCETEBOM Y4aCTKE.

Meton OB-1IK ocHOBbIBaeTcs Ha MCIOJIB30BAHUM MPUHLMIIA OLEHKU B3aWMOAECHCTBUIN
(OB) Ha ypoBHE JEKOMIIO3UIIMH IO MOJCETAM, a mpuHIumna [[K — Ha ypoBHE 1eKOMIIO3UIIUU TIO
[IEPEMEHHBIM BPEMEHHU. DTO MO3BOJISIET CEPBEPY MApPLIPYTOB CETHU 3a CUYET OTCICKUBAHUS JIUIIb
MpeleNbHbIX W/HWIN CPEeIHUX 3HAUEHUH IMapaMeTpoOB COCTOSHUM TOJCETeH HUYKHEro YpOBHS
(¢bopMHpOBaTh OTpAaHUYEHUS, NPEJOTBPAIIAIONINE TEPErpy3Ky MEXKCETEBBIX pEecypcoB, a
(GyHKIMIO COOCTBEHHO MapLIpyTH3alMd BO3JO0XKHTh Ha MapLIPYTH3aTOPhl MOJCETEH HUYKHETO
YPOBHSI.

[IpoBeneHo sKCIEpUMEHTAIBbHOE HUCCIIEOBAHME pa3paOOTaHHBIX MOJENed U METOJIOB,
pe3ynbTaThl KOTOPOTO MPOAEMOHCTPUPOBAIM POCT MPOU3BOAUTENBHOCTH TMPU peaTu3aluu
MPeI0KEHHBIX METOJ0B MapUIpyTU3aIMH; [IPEIOTBPAILEHUE JIOKAIBHBIX MEPErpy30K U 0OpbOy
C TJI00ATBHBIMU MEPErPY3KaMU B CETU B 1I€JIOM; BHICOKYIO CXOJAUMOCTh METOJIOB NEPAPXUYECKO -
KOOPAMHAIIMHHOM MapIIpyTU3alluy; LEeNeco00pa3HOCTh NMPUMEHEHHs MPOLEAyp KOOpIUHALUU
MpU BBICOKOM MEKCETEBOM CBSI3HOCTHM W BBICOKOW 3arpy:keHHOCTH ceTH. llo pesympratam
IIPOBEAECHHBIX AKCIEPUMEHTAIBHBIX HCCIECOBAHUN pa3padOTaH KOMIUIEKC IPAKTHYECKHX
PEKOMEHAALNN IO peaIn3aliy IPEUI0KEHHBIX MOJEIIEH U METOA0B MapIIPYTU3aL1H.
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