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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTHU

AKTyajJbHicTh Temu. [Ipuckopenuii po3BUTOK iHGOpPMaILIHHOI 1HGPACTPYKTYPH
Vkpainu Ta i1 iHTerpaiis 31 CBITOBOIO 1H(PACTPYKTYPOIO € OAHUM 13 MPIOPUTETHUX
3aBJaHb  BITUM3HSIHOI  1H(OKOMYyHiKamiiiHOT Tamy3i. OcHoBow  iHdOpMaILiiHOT
1H(GPACTPYKTYpH € cydacHI MyJbTHCEPBICHI TelnekoMyHikamiitHi mepexi (TKM).
EdexTuBHICT, (YHKIIIOHYBAaHHA TaKMX MEPEX BHU3HAYAETHCS HASBHICTIO Ta 00CITOM
pecypciB, HEOOXITHUX /ISl TIepeaaBaHHs 0 HUX Tpadiky 3 pizHUMH BUMoraMu. OHaK
pecypcu TENEeKOMYHIKAIIMHUX KaHajiB, a caMme, KaHajdbHa MPOIYyCKHA 3JaTHICTh Ta
po3mip OydepiB mMapmipyTH3aTOpiB Ha NUIAXY CIITyBaHHS IMaKETiB, € OOMEKCHHUMH.
Tomy omnHuM 13 HAWBaKIMBIIIMX HAMpsMIB 3a0e3MeueHHs] SKICHOIO Ta €KOHOMIYHO
OOIPYHTOBAHOI'O Nepe/laBaHHs 1HPOPMaLIMHUX MOTOKIB B TAKMX MEPEKAX € BUPILICHHS
3aBJaHHS 3a0e3neyeHHs e()EeKTUBHOIO pO3MOAULY PECYpCiB TeIeKOMYHIKalIHHUX
KaHaJiB.

[IpakTrka miATBEPIKY€E NOTPEOY 3aCTOCYBAHHS HOBUX JTUHAMIYHUX (a1allTUBHUX)
METOIB PO3MOJIY PECypciB TEJICKOMYHIKAI[IMHUX KaHaiB. Y HAyKOBIH JiTeparypi
HasIBHI pe3yJIbTaTU HAYKOBUX JIOCIIIKEHb, CIIPSIMOBAHUX Ha iX pO3pOOKY Ta peasisalliio.
[IpoTe akTHBHE BIPOBAIKEHHSI TAKUX METO/IB CTPUMYETHCS Ha JAHUMA 4Yac y 3B 53Ky 3
HEJIOCTATHICTIO IXHBOTO TEOPETUYHOTO OOTPYHTYBAHHS Ta HEIOCKOHATICTIO 3 TMO3UIIIN
MPAKTUYHOT IIIHHOCTI.

Cepen TepCHEKTHBHUX HAMNpPSIMKIB PO3B’SI3aHHS OKPEMHUX HAyKOBUX 3aJia4y
PO3MOTY MEpeXHHUX pecypciB MOxkHa Bim3HauuTH mpaui Jpobot O.A., JlaBpyta O.0O.,
Jlemenika O.B., [Toasuukosa K. O., Ycauera O.M.. HasiBHi migxoau MOxHA PO3AUTUTH
Ha JIBl TPYNH: MepIia rpymna OCHOBaHA HAa MOTOKOBUX MOJIEISAX Ta METOJAxX, Ipyra — Ha
MaKETHOMY aHai31.

HasBHI pe3ynbTaTl TEOPETUYHUX Ta EKCIEPUMEHTAIBHHUX pPO3pO00OK JTar0Th
MiJICTaBM BBakKaTh, 110 e(EeKTUBHA peajizallis Mpolecy po3MOAULy pecypciB
TEeJIEKOMYHIKAIIMHUX ~ KaHaJIB B  MYJbTHUCEPBICHMX  MEpekax, B  yMOBax
HECTAI[IOHAPHOTO BX1JIHOIO0 HABAaHTAXEHHS, MOXJIMBA HA OCHOBI 3aCTOCYBAaHHS MoOjeNel
Ta METO/IB, 110 0a3yIOThCs HA TAKETHOMY aHalli31 3 BUKOPUCTAHHSIM HAyKOBOT'O arapary
IHTEJNEKTYyaIbHUX cHUCTeM. PO3B’S3aHHIO OKpEMUX HAYKOBUX 3aJlady y I[bOMY HalpsSIMKYy
npucBsiueHo mparii  Abdeljaber H., Baklizi M., Chabaa S., Chrysostomou C.,
I'octea B.1., Jleapta B. FO., [Tonsnukosa K. O., Cynranosa A. X., ®omuna B. B..

Hait6inpmn moTeHIiiHi MOXKJIMBOCTI MarTh TIOPHIHI CUCTEMH, SIKI TIOEIHYIOTh
nepeBaru HEYiTKOI JIOTIKM Ta HEUpOHHUX Mepek. CydacHl TEJIEKOMYHIKAL[IHHI MEpexl
XapaKTEPHU3yIOThCSA IIBUIKOK 3MIHOKO CTaHIB, BHUMAJKOBUM XapaKTEPOM OUIBIIOCTI
IIPOLIECIB, BUCOKMM PIBHEM HECTallOHAPHOCTI Tpadiky, 10 HE A03BOJIAE 3a0€3MEUNTH
e(heKTUBHICTh iX (DYHKI[IOHYBaHHSI CTATUYHUMU MeToJaMHu. J{Jisi 3a06e3reueHHs] BUCOKOT
e(heKTUBHOCTI MPOIIECY PO3MOJAUTY PECypCiB TEJICKOMYHIKAIlIMHUX KaHallB HEO0OXiJaHa
HasIBHICTb IMOMNEPEIHIX JaHUX [P0 MOMXKJIMBI CTaHU TEIEKOMYHIKALIMHOI MEpexKl.
OTpumaHHS IUX AAHUX € MOXJIMBUM IPU BUKOPHUCTAHHI HEUITKMX cucTeM. HeuiTki
CUCTEMH [O3BOJISIIOTH 3HAXOAWUTHA HEJHIWHI 3aJI€KHOCTI MK MHOMXHHOK BXIJTHHUX
MOTOYHUX BEJIMYMH Ta BHUXIJIHUM I[apaMeTpoM, IO XapaKTepusye ManOyTHIM cTaH
TeJeKOMYHIKaliiftHOi Mepexi. HelpoHHI Mepexi J03BOJISIIOTH 3IIWCHUTH TOYAaTKOBE
HAJAIITYyBaHHS TMapaMeTpiB HEUITKMX CHUCTeM Ta iX ajanTaiiio B TIpolect
GbyHKIIOHYBaHHS TeNEKOMYHIKaIiitHOT Mepexi. ToMy akTyalbHUMHU € JOCIIIKEHHS,
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CIpsIMOBaHI Ha 3aCTOCYBAHHsS HAYKOBOT'O arapaTy HEUYITKHMX HEUPOHHHX MEpex s
MIJBUIICHHS €(EKTUBHOCTI PO3MOALTY PECYPCIB TEIEKOMYHIKAIIMHUX KaHAIIIB.

3B's130K po00OTH 3 HAYKOBMMH NpOrpamMamMu, njiaHamMu, TeMamu. Jlucepraiiina
po0OoTa moB’si3aHa 3 peanizailielo MojoxkeHb «KoHmeniii kKoHBepreHili TeaehOoHHUX
MEpeX 1 MEpeX 13 MaKeTHOI KOMyTaliclo B Ykpaini», «KoHImeniiew HaiioHaIbHOI
nporpamu  iHpopMaTuzamii» Ta «OCHOBHHMX 3acajl pO3BHUTKY 1H(OpPMAIIHHOTO
cycnuibctBa B Ykpaini Ha 2007-2015 poxw». JlocmikeHHs NPOBOJWIMCH B pamMKax
BUKOHAHHS HAyKOBO-JOCTHIAHULBKUX pobiT: mmpp «ludpa» (BilicbkoBuii 1HCTHTYT
TeJIeKOMYHiKaliil Ta iHdopmartuzanii) 1 «Merogu 1 Mopeni 3a0e3MedyeHHsl SKOCTI
oOCIyroByBaHHs, HaJIHHOCTI Ta Oe3nekd B 1HPOPMALIHHO-TEICKOMYHIKAIHHUX
mepexax» (NeJIP 01100004619, TlontaBchbkuid HallOHAIbHUN TEXHIYHUN YHIBEPCHUTET
imen1 FOpist KonapaTtioka).

Mera i 3apaui gociaigxenb. Metoo poOOTH € 3a0e3NedeHHs SKICHOTO Ta
€KOHOMIYHO  OOIpYHTOBAHOrO  TIepelaBaHHsA  IHQOpMAIiHHUX  TIOTOKIB B
TEJIEKOMYHIKAIIHIA Mepexi.

JI71st TocsiITHEHHS TTOCTABJIEHOI METH B poOOTI PO3B’si3aH1 TaKl 3aB/IaHHS:

1) anani3 HassBHUX METOIB PO3MOJILITY PECYpCIB TEIEKOMYHIKAI[IHHUX KaHAJIB;

2) po3poOka  HOBOTO  METOAY  PO3MOALITYy  MPOMYCKHOI  3aTHOCTI
TEJIEKOMYHIKaLIHHOTO KaHaIy;

3)  yAOCKOHAJIEHHA  METOJQy  YNpaBIiHHA  BIAKMJAHHSAM  [AKETIB Yy
MapIIpyTHU3aTOPAX TEIEKOMYHIKALIHHOT MEPEXI;

4) ominka e(eKTHUBHOCTI BUKOPHCTAHHSA TMPOIMOHOBAHMX METOJIB PO3MOMILITY
pecypciB TEIEKOMYHIKALIMHUX KaHadiB Ha OCHOBI MAaT€MaTUYHOTO MOJIEIIOBaHHS Ta
71a00paTOPHOTO EKCIIEPUMEHTY .

OO0’eKT AOCHIIKEHHS — TMPOIEC PO3MOJAUTY PECYPCIB TEIEKOMYHIKAIIHHUX
KaHaJIB.
Ilpeamer fociaiTskeHHsT — METOAM 1  MOJENlI  PO3MOALITY  pecypciB

TEJIEKOMYHIKaIlITHUX KaHAJIIB.

Metoan pocaigxenHsi. J{ns NpudHATTS PIICHHS PO TMEPEPO3NOILT MTPOITYCKHOT
3MIaTHOCTI BUXIAHOTO 1HTEp(eicy BHKOPHUCTAHO amapar JIHIMHOTO MpPOTpaMyBaHHS.
[Ipouenypa mpudHATTA pilIeHHS NpO ympaBiiHHS OydepHUM pecypcoMm 0a3yeTbcs Ha
BUKOpPHUCTaHHI Teopii iMoBipHOCTeH. Ha OCHOBI 3acTOCYBaHHS HEYITKUX HEUPOHHHUX
MEpeX 31MCHIOBAJIOCh MPOTHO3YBAHHS 1HTEHCUBHOCTI HAJIXOJKEHHS NAKETIB PI3HUX
KJIaCIB JUIsl IEPEJaBaHHs 110 KaHAy Ta BU3HAYaJIach IMOBIPHICTh BIAKUJAHHS NAKETy Y
TPaH3UTHOMY Mapuipytu3aTopi. [l oOrpyHTyBaHHS peKOMEHAAIL KIHIEBOMY
KOpUCTYBauy W00 IMepenadi  MyJIbTUMEIIMHUX TIOTOKIB 3 3a/JIaHOK0  SIKICTIO
BUKOpPUCTOBYBaBCSI MaTeMaTUYHMI amapaT IMOBIpHICHO-4acoBHX rpadiB. Ilepesipka
JIOCTOBIPHOCTI MPOMOHYEMHUX B POOOTI METOMAIB 3A1MCHIOBAjACs ILIIXOM IMPOBEICHHS
71a00paTOPHUX EKCTIEPUMEHTIB.

HaykoBa HOBHU3HA OTPMMAaHUX pe3yJbTaTiB. [1i/1 yac po3B’si3aHHS MOCTaBICHUX
3a/1a4 OyJIM OTPUMaH1 HACTYIHI HOBI HAYKOBI PE3yJIbTaTHU:

1. Bnepmie po3po0iaeHO METOJ JUHAMIYHOTO PO3MOJIIIY MPOMYCKHOI 3/1aTHOCTI
TEJEKOMYHIKAIIMHOTO KaHay, SKWUH, Ha BIAMIHY BiJ HasABHHX METO/IIB, Iependadae
BUKOPUCTAHHA HEWPO-HEUITKOTO MPOTHO3YBAaHHA JUIsl BU3HAYEHHS 1HTEHCHUBHOCTI
HAJXO/DKCHHS TIAKETIB PI3HUX KJIAciB JUIA IepelaBaHHSA IO KaHaldy. 3acTOCYBaHHS
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METO/ly J03BOJII€E MAKCUMI3yBaTU CyMapHHUIl BUTpall Ta 3MEHIIUTH BTPATHU TMAKETIB B
pe3yabTari nepenaBanHs iHGOPMAIIMHUX MOTOKIB M0 TEICKOMYHIKAIlIMHIM KaHaJIaMm.

2. Brepiie Ha OCHOBI BUKOPHUCTAaHHSI IMOBIPHICHO-4acCOBUX TpadiB po3poOsIeHO
MaTeMaTU4IHI MOJEI IepeaBaHHs MYJbTUMEIIMHOTO IMOTOKY B TEICKOMYHIKAIIHHIN
Mepexi, fKi, Ha BIJIMIHY BIJ HasSBHUX, BIJIOMBAIOTh 3aJEKHICTh XapPaKTEPUCTHUK
JIOCTaBKU IIbOTO TMOTOKY BiJl IMOBIPHOCTI HAsSBHOCTI OITOBMX TOMHJIOK y TaKeTi Ta
IMOBIPHOCTI HOTO BIJKUJAHHS BHACIIJOK MEPEBAHTAXKECHHS MaplIpyTU3aTOPIB.
BuxopucranHg Monened 03BOJSE OLIHUTH CEPEAHI0 TPUBAIICTH MYJIbTUMEIIAHOTO
MOTOKY, NEpeaBaHHs SKOr0 MOXXHa 3AIMCHUTH NP 3aJlaHiil IMOBIPHOCTI BIAKHJIaHHS
MaKeTy.

3. YaockoHalleHO METOJl HEWpO-HEUITKOro YIpaBIiHHS BIJKUIAHHSIM MaKeTIB Y
TPAH3UTHOMY MAapIIPyTU3ATOPl Y YACTUHI TOTO, 10 B MPOIeci 0OUYMCIEHHS IMOBIPHOCTI1
BIJIKM/IAHHS TIAKETy BpaxOBYETbCA 3MIHA MPOMYCKHOI 3/IaTHOCTI KaHally, IO
BUJIUIAETHCS JJIi OOCIIYTrOBYBaHHS TaKETIB PI3HUX KiaciB. 3acTOCYBaHHS METOIY
JTIO3BOJISIE 3MEHIIUTH CEPEHI0 MAKETHY 3aTPUMKY W CKOPOTUTH BTpaTH IMAaKETIB Y
MOPIBHSHHI 3 BAKOPUCTAHHIM HasiBHUX METOJIIB YIPABIIHHS YEPraMu.

[IpakTnyHe 3HAYeHHH OTPUMAHHUX Pe3yJbTATIB MOJSITA€ Y MOXIMBOCTI iX
3aCTOCYBaHHs i1 OOYZOBH anapaTHO-MPOTPAMHUX 3aCO0IB 3 PO3MOJIIY MPOITYCKHOT
3MaTHOCTI  BUXIAHOTO 1HTepdeiicy Ta ympaBiiHHS BIIKMJIAHHSIM TIAKETIB B
MapIIpyTH3aTOPaX TEIEKOMYHIKAIHHUX MEPEK.

Pesynprat gucepramii BUKOPHUCTAaHO B HaBYAIBHOMY Tporeci Kadempu
«boloBOro 3acTocyBaHHSI MaTeMaTUYHOrO Ta MporpamHoro 3adesnedyeHHs ACY»
BilicbkkoBOTO 1HCTUTYTY TeJIEKOMYHIKalliid Ta iHdopmaTu3alli, 30KpemMa, B Mpoleci
BUKJIQJaHHS HaBYAJIbHOI JUCHMIUIIHU «AmapaTHi 3aco0M Mepex CHeliaibHOro
npusHaueHHs» (akT peanizaiii Big 18.03.2015 poky).

VY pamkax aucepTaiiiHOro JOCHIKEHHS OTPUMAHO MATEHT Ha KOPUCHY MOJENb
«Crioci0 HEHpO-HEUITKOTO  YNpaBJIiHHA IMAKETHOI 4YEPror BHUXIJIHOTO IOPTY
MapHIpyTu3aropa TeleKOMyHIKalliiHoi Mepexi» (Ne72989 Vkpaina. u 201200752;
3asiBi1. 25.01.2012; ony6:1. 10.09.2012, bron. Nel7).

Oco0Oucruii BHecok 3100yBaya. OCHOBHI pe3yJbTaTH JAHCEPTALIHHOI POOOTH
onyOJIiKOBaHO B cHeliaii3oBaHux (axoBux BumaHHAX [1-17]. Bci ocHOBHI HayKoBi
pE3yNbTaTH, MPEACTABIICHI 10 3aXUCTY, OJICPKaH1 aBTOPOM CaMOCTIHHO.

Kpim Toro, y po6orti [1] aBTOp IpoOBIB aHadi3 METOAIB YIPABIIHHS 3aBYaCHUM
BIJIKM/IAHHSIM TIAKeTiB; y [5, 6] aBTOp MpOBIB aHajl3 ICHYIOUHMX METOMAIB PO3MOILITY
NPOMYCKHOI 3JaTHOCTI TENEKOMYHIKAI[IHHUX KaHaJiB Ta OOIPYHTYBaB HEOOXITHICTH
BUKOPUCTaHHS AMHAMIYHUX METOMAIB; y [6] aBTOpOM po3poO0JIEHO METOJ PO3MOJILTY
MPOMYCKHOI 3JJaTHOCTI TEJIEKOMYHIKAI[IMHOTO KaHaly Ha OCHOBI pIIIEHHS 3ajadi
JiHIMHOTO TIporpaMmyBaHHs; y [7, 17] aBTOpoM pO3pO0JICHO HEUPO-HEUITKI CHUCTEMU
MPOTHO3YBAHHS BX1HOTO HABAHTAXKEHHS JJII METOJY PO3IMOAUTY MPOMYCKHOI 31aTHOCTI
TEJeKOMYHIKallfHOro KaHaly; y [9] aBTOpoM yAOCKOHAJEHO METOJ YMpPaBIIiHHS
BIIKUJIAHHSM TaKeTiB Ta IMPOBEACHA OIliHKa Horo egekTUBHOCTI, y [8] aBTOpOM
pO3pO0JIEHO MaTeMaTW4yHI MOJENl TepelaBaHHs MYJbTHMEIIMHOTO TIOTOKY B
TEJICKOMYHIKaIlliHI Mepexi Ta OOIpYHTOBaHI pEKOMEHMAIll HJs  KIHIIEBOTO
KOPHUCTYBaua 11010 TPUBAIOCTI MOTOKY (Ta 00’ eMy 1H(hOpMAIIii), 1110 MOXKE TTepeaaTucs 3
3aJIaHOIO SAKICTIO.
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Anpobauisi pe3yJbTaTiB aAucepraunii. Pesynsratu po6oT 00roBOpEeHO Ha TaKUX
HaykKoBHUX KOH(pepeHIisax 1 popymax: HaykoBo-npaktuuna koHpepeniis «[adopmariitai
TexHosorii Ta iHgopmariiiina Oe3reka B Haylll, TeXHIill Ta HaB4YaHHI» (CeBacTOIOJb,
2009); 9-a mnHaykoBOo-TexHIYHa KoH(pepeHmis «MaremMaTuyHe MOJETIOBaHHS Ta
iHdopmartiitni  TexHomyorii» (Opeca, 2009); 5-wii HayKOBO-NIPAaKTUYHUN CEMiHAp
«IIpiopuTeTHi HaANpPSIMKA PO3BUTKY TEIECKOMYHIKAIIMHUX CHCTEM Ta MEpex
cnenianbHoro mnpuszHadeHHs» (Kuis, 2009); 4-uit MixHapoaHuil pagloeNeKTPOHHUI
bopym «llpukianna pagioenektponika. CtaH Ta nepcrneKTuBu po3BUTKY — MP®-2011»
(XapkiB, 2011); 19-a mixHapogHa HayKOBO-Te€XHIUHa KoHGepeHuisa «ludopmariitai
cuctemu 1 Texnonorii» (Huwxuiit Hoeropon, 2013); HaykoBo-npakTuuHa KOH(pEpEHLIis
«3actocyBaHHs 1HGOPMAIIMHUX TEXHOJIOTIN Yy MIATOTOBI Ta AISUIBHOCTI CHJI OXOPOHHU
npaBonopsaaky» (Xapkis, 2013); 12-a mixHapoaHa HaykoBa KoH(epenuis «Modern
Problems of Radio Engineering, Telecommunications and Computer Science —
TCSET’2014» (JIsBiB, 2014); Second International Scientific-Practical Conference.
Problems of Infocommunications Science and Technology (IEEE PIC S&T°2015),
(Xapkis, 2015).

IMyoaikanii. OcHOBHI pe3yibTaTH AMCEpPTaliifHOi poOOTH omyOiikoBaHO B 18
HAyKOBUX MpaIsiX, Cepell SKUX 7 cTareid HaJApyKOBaHO y (axoBHX BHAAHHIX YKpaiHU
[1-6, 9], 2 cTaTTi — y HAyKOBUX MEPIOUYHUX BUAAHHSIX 1HIIMX JAepkaB [7, 8], a Takox 8
Te3 JOMOBiAeH y 30ipHHKax Mpalb HayKoBUX koH(pepeHuiil [10-17]. 3q00yBau mae ogun
NATEHT Ha KOpPHUCHY Mojenb [18].

Crpykrypa Ta 00’°eM aumcepramii. J(uceprauis CkiagaeTbcs 31 BCTYIy, TPbOX
pPO3AUTIB Ta BUCHOBKIB, CIIUCKY BUKOPUCTAHOI JITEpAaTypH, JOJATKY. 3arajbHUil 00CsT
JUcepTaliitHoi poOOTH CTaHOBUTH 172 CTOPIHKH, Y TOMY YucHi 145 CTOPIHOK OCHOBHOTO
TekcTy, 45 pucynkiB Ta 17 Tabnuip. COUCOK BUKOPHUCTAHUX JpKepesa MicTuth 205
HaliMEeHYyBaHb Ha 24 cTopiHkax, 1 1ogaTok Ha 1 cTOpIHII.

3MICT POBOTH

VY BeTymi 00TpyHTOBAHO aKTyalbHICTh TEMU Ta HAYKOBHX 3aa4; C(OPMYIHOBAHO
METy JUCepTaliitHol poO0TH, OKa3aHi 00’ €KT, MPEIMET, HAyKOBa HOBU3HA 1 MIPAKTHUYHA
3HAYMMICTh OTPUMaHUX PE3yJbTaTiB; BiJ0OOpaKeHO 0COOUCTHI BHECOK 3/7100yBava, JaHi
Ipo peaizallio, anpooarii Ta myOsikaii pe3yJbTaTiB J0CIiKECHb.

Y nmepmomy Ppo3aiii po3riSHYTO OCOOJIMBOCTI (DYHKITIOHYBaHHS Cy4acHHX
TEJICKOMYHIKAIIMHINX MEPEX Ta MPOAHAII30BAaHO ICHYIOYl Ta TEPCIEKTUBHI METO/IH
PO3IOLITY peCypCiB TEIEKOMYHIKAIIIHHUX KaHAIB.

CydacHa MyJIBTUCEPBICHA TEJIEKOMYHIKAIlIIHA MEpeka € CKIAJHOK CHUCTEMOIO,
¢byHKIIOHYBaHHs SKOi Mae 3abe3meuyBaTd AKICHHM OOMIH Pi3HOPIAHOIO 1H(GOPMAIIED
MDK ii By3JlamMH, 110 3 €JHAHI 3a JOMNOMOIOI BIMOBIJIHUX KaHaIIB. BaxiuBumu
pecypcaMu TEJIEKOMYHIKAIlIMHUX KaHAJIIB € MPOMYCKHA 37aTHICTh, 110 HAAAEThCS IS
NepelaBaHHs MAaKeTiB, Ta €MHICTb OydepHOi mnam’sTi BHUXIIHUX 1HTEp(QEiciB
MapHipyTu3aropiB. Big posmoainy HUX pecypciB 3alieKUTh SIKICTh OOCITYTrOBYBaHHS
KopucTyBauiB. [IpoBeneHuil aHaimi3 MOKas3aB, 110 MYJIBTUCEPBICHICTh, BHUITAJIKOBHM 1
HECTalllOHApHUN XapakTep HaBaHTAXKEHHSA, NpH (QyHKUIIOHYyBaHHI cydacHuX TKM,
ICTOTHO YCKJIQTHIOIOTh 3a0e3nedyeHHs €()EKTUBHOTO PO3IMOALTY OOMEXKEHHX pPEeCypciB
TEJIEKOMYHIKAI[IHHUX KaHAJIIB.
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HenockonanicTb  CTaTUYHOTO  HAJAIITYBaHHS [apamMeTpiB Ta HEAOCTaTHSA
TEOpEeTUYHA OOIPYHTOBAHICTh CXEM JUHAMIYHOTO HAJAIITYBaHHS € OCHOBHHUMH
HEJI0JIIKaMH HAassBHUX METOJIIB PO3IMOALTY PECYpPCIB TEJIEKOMYHIKAIIMHUX KaHaIIB, IO
HEraTUBHO BIUIMBAIOTH HA PE3YJbTaTH iX MPaKTUYHOI peasizaiii.

OnHUM 3 MEepPCIEeKTHBHUX HAIMPSMKIB PO3MOAULY PECYPCIB TEIEKOMYHIKAIlIMHUX
KaHaJliB € BUKOPUCTAHHS PIIIEHbh OTPUMAHMX HAa OCHOBI MOTOKOBHX Mojenel. Ane ix
BUKOPHCTAaHHS, B YMOBaX HECTAllOHAPHOCTI BXIJHOI'O HaBaHTAXXEHHs, IOTpeOye
pIIIEHHSI ONATKOBUX 3a/lad IIOJ0 KOPEKTHOTO 3HAXO/PKEHHS XapaKTEPUCTHK BXITHUX
notokiB. ToMy, 3a Takux yMOB, IPOINOHYETHCS IAUHAMIYHUN PO3MNOAUT IPOIYCKHOI
3IaTHOCTI Ta Oy(epHOro pecypcy 3A1MCHIOBATH 3 BUKOPUCTAHHSM MOJIENICH Ta METOJIB
Ha pIiBHI MakeTiB. Y 3B’sA3Ky 3 IIMM BHHUKIA MOTpeda y po3poOllil HOBUX Ta
YIOCKOHAJIEHHI1 HassBHUX METO/IIB po3noALTY IIPOITY CKHOT 3J1aTHOCTI
TEJIEKOMYHIKAIITHUX KaHAIIB Ta YIPABIIHHS BIJKUIAHHSIM MaKETIB y MapUIpyTH3aTOpax
TKM, siki OynyTh €(peKTUBHUMH B YMOBaX HECTAI[IOHAPHOCTI BX1JIHOTO HABaHTA)KCHHSI.
Peamnizariiss uux MeTojiB Mae OyTH CIpsMOBaHA Ha 3HWKCHHS 3aTPUMKH MaKeTIB Ta ix
BTpart, 30UIbIIeHHS 00csTriB 1H(OpMaIii, TOCTaBICHUX apecaToBi 3 MOTPIOHOKO SKICTIO,
Ta 3a0e3MeUYeHHs €KOHOMIYHOT OOTPYHTOBAHOCTI MEepEeAaBaHHs JaHUX.

Jlsist po3poOKU TaKMX METOIB PO3IMOALTY PECYPCIB TEIEKOMYHIKAIIHHUX KaHaJiB
OOTPDYHTOBAaHO BHKOPUCTAaHHS HAyKOBOTO arapary HEYITKHX HEUPOHHUX MEPEK,
OCHOBHMMH TIepeBaraMu SKHX € 3JIaTHICTh TOYHOTO TIPOTHO3YBaHHS BXIJTHOTO
HABAaHTAKEHHS 1 BTPAT MAKETIB, MOXJIMBICTh aBTOMAaTUYHOI'0 HAJAIITyBaHHS apaMeTpPIB
aAKTUBHOTO YTPABJIHHSA MAKETHUMHU 4YEpPraMH Ta aJ€KBATHOI ajanTallii 10 AWHAMIYHOI
3MiHM YMOB (pyHKIioHyBaHHs TKM.

Otxe, po3poOKa TEOPETUYHO OOIPYHTOBAHUX METOJIB PO3MOALTY KaHAIBHUX
peCypciB Ha OCHOBI 3aCTOCYBaHHSI HEUITKMX HEHPOHHUX MEPEX 3 METOK 3a0e3MeyeHHS
SAKICHOTO Ta €KOHOMIYHO OOIPYHTOBAHOTO TiepefaBaHHS 1H(QOpMAIIHHUX TOTOKIB B
TEJIEKOMYHIKAIIMHIA MEpPEeXKi € aKTyaJIbHUM HayKOBO-TEXHIYHUM 3aBlIaHHAM. Ha ocHOBI
JIEKOMITO3HUIIII I[bOTO 3aBJAaHHS BUOKPEMJIEHO HM3KY YaCTKOBUX 3aJlay JOCIIHKCHHS,
MOETaHe PO3B’A3aHHs SKUX BU3HAYAE JIOTIYHY IMOCHIIOBHICTh BUKJIAJCHHS PE3yJIbTaTiB
JcepTaliiHol poOOTH.

Y napyromy Ppo3aiii 3anpornoHOBaHO HOBUM METOJ PO3MOAULY MHPOMYCKHOI
3IaTHOCTI TEJIEKOMYHIKAI[IHHOTO KaHATy Ta po3po0JeHO HOBI MaTeMaTU4YHI MOJETI s
OLIIHKY €()EKTUBHOCTI PO3MNOJLITY PECYPCIB TEIEKOMYHIKAIITHUX KaHATIB.

Hexail € cucrema, B SIKId 3H1MCHIOETBCA NPUUHATTSA PILIEHHS OPO MOPSJIOK

BI/IMPABJICHHSI B TEJIEKOMYHIKAIIMHUI KaHall MakeTiB v MmoTokiB gaHux (v ={l, p}, ne
p - MakCUMaJibHE 4YHUCJIO BHU3HAUYEHUX TMOTOKIB). KoxkeH 3 MOTOKIB BIJHECEHO 0

okpemoro kinacy. Tak, makeTru, L0 HaJleKaTh V-My MOTOKY OyAyTh iMEHYBaTHCS
nakeramu kimacy v. J{is BpaxyBaHHS €KOHOMIYHOI CKJIAJ0BOi 3p00JieHe MPUIYIIEHHS,
I0 Iepefaya KOXHOIO IaKeTa Kacy v Mae YMOBHY BapTICTh, LIO JOPIBHIOE V.

[lepenaBanHsl MakeTiB 3AIHCHIOETHCS MPOTITOM IOCHIJIOBHUX ITMKIIIB, KOXKEH 13 SKUX
CKIamaeTbest 3 S TakTiB. Toi 4M 1HIMI TakT MOKe OyTHM BUAUICHWHA I Tiepenadi
OJHOTO TMEBHOTrO makeTa. KilbKICTh TakTIB y MeXax OJHOTO IMKIY BHU3HAYAETHCS
MIPOITYCKHOIO 3/IaTHICTIO KaHaTy, TOOTO MAaKCUMAJIbHOIO KUTBKICTIO IMAKETIB, M0 MOXYTh
OyTH 0OCIyroBaHi MPOTITOM TPUBAJIOCTI LbOrO MUKITY. [lepenaBaHHs MEBHOI KIJIbKOCTI
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MakKeTiB v KJIaciB B MeXaxX u IUKIIB OOCIyroByBaHHS MOXKHa OI[IHUTH CYMapHHM
YMOBHUM BHUIPAIEM )y OTPUMaHMM BiJ iX Iepe1aBaHHS.

SIKIo makeT HAAIMIIOB y CHUCTEMY B TOH MOMEHT, KOJM KaHal 3aiHATHIA
nepesaBaHHsAM JaHUX, TO BiH MOTpAIUIsiE y Yepry BIAMOBIAHOTO Kiacy. MakcuManbHU

pO3MIp MaKeTHOi Yepru kiacy v, nozHauumo Q,, v ={l, p}. BianosigHa MakcumaabHa
KUIBKICTh MAKETHUX 4Yepr OyJe p, IO BIAMNOBIA€ KUTbKOCTI BU3HAYEHHUX KJIAciB. SKIIO

y MOMEHT HAJXOJKCHHsI TMaKeTa BIAMOBIJHA yepra HE Ma€ BUIBHUX MICIlb, TO TMAaKET
BIJIKUJIA€THCS.

OyHKIIOHYBaHHSI TaKOi CHUCTEMHU IMPOTATOM JIBOX HAWOIMKYUX Y MalOyTHbOMY
IUKIIB LTIOCTPYE PUC. 1, HA AKOMY MO3HAYEHO TaKi BEJIUYUHU: Z, , — KUIBKICTh IIAKETIB

KJacy v, 0 HaAIWAyTh y CUCTeMY B LUK u; Y, — KUIBKICTh IAKeTIB Kjiacy v, fKi
OymyTh Hepeani o KaHany B WMKII u; R, — KUIBKICTb TAKETIB Kiacy v, sKi OyayTh

BIJIKUHYTI B LIMKJI U ; ¢, , — KIJIBKICTb NTAKETIB y Yep3l KJIacy v Ha MOYaTKy LUKIY U .

7 0, Y 5 0, y
(u=1),1 D w1 } (u=1),1 > u,l q.. } ul >
~ v R 0o, ~ vR.. 0,
Z(ufl),z Yu—l 2 Zu 2 Yu 2
9 u-1),2 > > 9,2 %‘4’
v R(ufl),2 : vRu,z o
Z . Qv Y N Z N Qv Y
(u-1),v q(u—l),v (u=1),v S u,v qu’v u,v Ly
v R(u—l),v Lunkn (u-1) VRu,v Lukn u

Puc. 1. JIBa nukiu QyHKITIOHYBaHHS CUCTEMH PO3MOTY MPOITYCKHOI 31aTHOCTI
TEJICKOMYHIKaIIfHOTO KaHATY

Jns  epexkTMBHOTO pO3MOJAUTY MPOMYCKHOI 3JaTHOCTI TEJIEKOMYHIKAI[IHHOTO

KaHaly TpeOa 3HAWTH Takl 3HaYeHHs Y, ,, Npu 3agaHux v={l,p} Ta u, 3a SAKHUX

Vo
MaKCHUMaJIbHOIO Oy/e BEJIMYMHA yy — CyMapHUN BUIrpall BiJ] Ne€pelaBaHHs MAKETIB V
KJIACIB MPOTATOM # aHAII30BAaHUX IUKJIIB, a BTPATH MAKETIB MiHIMAIbHUMHU.
3abe3neuntu ePeKTUBHHI PO3MOILT MPOITYCKHOT 3JaTHOCTI TEIEKOMYHIKAI[ITHOTO
KaHaly MOJKHA 32 YMOBH HAsABHOCTI JIOCTOBIPHHX J@HUX IOJI0 3HAYEHb BEIMYUH Z, ,,

st v = {1, p} knaciB, B u IUKIax 00ciyroByBaHHs. [ljisi ofepaHHs 3HaY€Hb BEIUYHUH

Z,, JOLUIBHO 3acTOCyBaTH amapaT HEYITKOr0 HEHPOHHOI0 MPOTHO3YBaHHS.

OOrpyHTOBaHO i1HTEpPBaJ MPOTHO3YBAHHS OOMEXHUTH JIBOMa MOCIIJOBHUMHU ITUKIAMHU
obcmyroByBanHs (u = 2). [lepimmii nukiI mo3HayeHo — Mkl 1, apyruii — nukna 2. Toxi,
JUIl OTPUMAaHHS 3HA4Y€Hb NPOTHO30BAHUX BEIUYMH I V = {E} KJaciB Tpadiky, B
Me)KaxX BU3HAYCHMX IMKIIB 00CIYyroBYBaHHs, AOLIILHO BUKOPUCTATH HEUITKI HEHPOHHI
Mepexki ABoX TumiB. Helpo-HediTka cucTeMa MepIIoro THIy Mae OyTH BHKOpHCTaHa
JUIsL BUSHAUYEHHS BEJIMYMHU Z,v, Ta CHCTEMa APYroro THITy — s OOUHCIeHHS Z 2
Heiipo-HeuiTka Mepexa JIpyroro THIY (PYHKIIOHAIbHO BIAPIZHIAETbCA OUIBIIONO

CKJIaJHICTIO, 00 BOHA MpHU3HAYeHA AJIs MPOTHO3YBAaHHS BEIWYMH HAa IHTEpBaJl 4acy,
OUThIN BIAAAJCHOMY y MailOyTHE. AJTOpPUTM HEYITKOTO BHUCHOBKY JMJIsi HEYITKOI



7

HEHpOHHOI Mepexi mnepmoro Ta Apyroro Tuny — Cyreno 0-ro Ta 1-ro mopsuaky
BIJIMOBITHO. AJTOPUTM HaBUYaHHS HEHPOHIB i1 000X MEPEX — aJTOPUTM 3BOPOTHOTO
NOIIUPEHHS MOMUIKU. [IpOrHo3yBaHHS KUIBKOCTI MAaKETIB KJjacy v, IO HaIldayTh Y

CUCTCMY B I_II/IKJIi 1, TOOTO BU3HAYCHHS BEIUYUHHU Zl v s HPOIIOHYE€TBHCA BHiﬁCHmBaTH Ha

OCHOB1 BHUKOPUCTaHHS HEUYITKOI HEHWPOHHOI MepexXl MepIIoro THUIly, Ha BXIJ SKOI

NOAAIOThCS BeNUYUHU Z,, Z,, Z,. — 3Ha4€HH] KUIBKOCTI INAKETIB, SKI HaIiduuM y

cUCTeMYy B TpbOX IIONEpPENHIX LUKIaX a, b 1 c. BusHaueHHs BenuuuHU Z,,

MPOMOHYETHCSI 3/IIMCHIOBATH HA OCHOBI BHUKOPHCTAHHSA HEUYITKOI HEHMPOHHOI Mepexi

Jpyroro TUIy, Ha BXiJA AKOi NMOAAIOTbCS BeNIWYuHu Z,, Z;, Z,, 1 Z,, TOOTO 3HaYEHHS

KUIBKOCTI TIAKETIB, SIKI HATIUIUIN 10 CUCTEMHU MPOTATOM YOTHPHOX MOMEPEAHIX TIISTHOK
yacy k, [, m 1 n. Ilpu 1boMy TPUBAITICTh 3a3HAUYCHUX JUISTHOK Y JIBa pa3u OlIbIIa, HIK
TPUBAIICTH ITUKIIIB. BUX1THOIO BEJIMUUHOIO 111€1 HEUITKOT HEMPOHHOT MEPEK1 € 3HAUCHHS

Z,, — IpOTHO30BaHa CyMapHa KUIbKICTh MAaKeTiB, 0 HATIHAYTh 10 CUCTEMH Y ITUKIax |
1 2. Toxi Ha OCHOBI oAep)KaHUX 3HaueHb Z,, 1 Z, (pe3ynbTaTiB (PyHKIIOHYBaHHS

HEHPO-HEUITKUX CHUCTEM IEepUIOro Ta JPYroro THIIIB) MOXHA OOYHMCIUTH IIyKaHy
BEJIMYUUHY Z, , 3a TaKo (GOpMYJIOLO:

~ ~

ZZ,V :ZW_ZI,V‘ (1)

Pe3ynbTaTi 4MCIEHHUX IMITAIIHHUX EKCIIEPUMEHTIB, BUKOHAHUX B CEPEIOBHIII
MATLAB, cBigyaTh mnpo Te€, 0 TOYHICTh MPOTHO3yBaHHs, 3/1MCHIOBAHOTO 3a
JIOTIOMOT'0I0 CHHTE€30BaHUX HEUITKUX HEMPOHHUX MEpex, CTAaHOBUTH 94-97 %.

[Ipy HasBHOCTI MOCTOBIPHUX JaHUX PO BXIJHE HABAaHTXKCHHS I MalOyTHIX
[UKIIIB OOCIYroBYBaHHS, IOCTABJICHE 3aBJIaHHS PO3IMOAULY MPOIYCKHOI 3aTHOCTI
TEJIEKOMYHIKAIlIfHOTO KaHaly, MOYKHA PO3B’s3aTH HAa OCHOBI BUKOPWCTAHHS JIIHIMHOTO
nporpamyBaHHs. [{i1b0Ba QyHKITIS TPU ITLOMY Ma€ BU/;

p
27vY,,, Dmax, (2)

v=1
a cucreMa 0OMEXEHb Ma€ BUJI;

Y(u—l),v < q(u—l),v + Z(u—l),v;
Yu,v = qu-1),v + Z(u—l),v - Y(u—l),v + Zu,v;
Yu,v < Qv +Zu,v;

p 3
ZY(u—l),v < S; ( )
v=1

p
Y, <S.

=1

JlonaTkoBUMHU yMOBaMH € Takl oOMexeHHs: ¥, , 20 st v={l, p}, u=2.
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[To36aBnenHss Big HepiBHocTed y cucteMi (3) Oyno 37iHCHEHO BBEICHHSIM

nonaTkoBux 3MiHHUX X;, i ={l,(3u + p)}, 110 MarOTh HEBIJ €MHI 3HAUEHHS:

Y(u—l),v +Xi = bi > i :{17};
Y(u—l),v + Yu,v + Xi = bi , 1 :{(u +1),2M};
Y,,+X;=b;, i ={(2u +1),3u};

P (4)
2 Yoy t X =b;, i={Gu+1),Cu+ p);
v=Il
p
Y, +X;=b, i={Cu+1),Gu+ p)}.
=1
Je JUist i:{l,_u} Ta v:{ﬁ}:
bi = q(u—l),v + Z(u—l),v’ (5)
st i ={(u+1),2u} Tav= {G}:
bi = Q(u—l),v + Z(u—l),v + Zu,v ’ (6)
st | ={(2u+1),3u} Ta v= {G}
bi :Qv+Zu,vﬂ (7)
s i ={Bu+1),3u+p)} Tav= {G}:
b, =S§. (8)

I{inboBa (yHKIIS B KaHOHIUHIA (opMi, 3 BUKOPUCTaHHIM Koe(iuieHTiB d,,

n = {l,up} mae BUTIA;

dliflJ +d2)’1’2 +...+de1’p +d(p+1)Y2’1 +...+d2pY2’p +"‘+dquu,p — max. (9)

CucreMi JHIMHUX PiBHAHb (4) BIANOBIZAE MaTpULsl KOEQILIEHTIB A :‘

i={,Cu+p)}, j={,(pu+3u+p)}.

Ha ocHoBi Matpuili 4 ckilaZieHO MOYaTKOBY iTepaliiiny Tadnuio (auB. Tadma. 1). B
SKOCTI1 MPUKIAAY, I CKJIAJaHHs 1i€l TaOIuIll, pO3TISHYTO CUCTEMY B SIKIM PO3MOILIT
MPOMYCKHOI 3IaTHOCTI 3J{IMCHIOETHCS JIJIs IBOX KJIAaciB Tpadiky.

JInst monryKy pillleHHsI y MOYaTKOBIN iTepaliiiHid Tabauui noTpiOHO BU3HAUYMTH
MOTOYH1 KOJIOHKH 32 TAKUM MPABUIIOM:

Ilpaeuno 1. TloTouHa KoJIOHKA iTepalliiHOi TaOauIll — I1e KOJIOHKa HOMep 7, (e

a;l, ne

n={L(up +3u+ p)}), sIKa MICTUTb €JIEMEHT d, 13 MAKCUMaJIbHUM 3HaYCHHSIM.

VY 3HalIeHnX MOTOYHHMX KOJOHKAaX MOTPIOHO BU3HAYUTH MOTOYHHM €JIEMEHT 3a
TaKUM IIPABUIIOM:

Ilpasuno 2. I1oToYHMI €IIEMEHT — 1€ €IEMEHT a,, , TOTOYHOI KOJIOHKHU 3 TAKUMU

n

mta n, (ne m={,3u+ p)}, n={1,(up +3u+ p)}) npu sxux po0ytox a, ,b, Mmae

MIHIMaJIbHE TOJAaTHE 3HAYCHHS.



Taomung 1

ITouaTkoBa iTepariiiina TabauIIsI
J
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=) Bl Nl el s L=l =) Rl ) o)
(=) Bl el E=l E=l ) N} N
(=) Bl k=l E=) N=) ) N} N
(=3 Bl k=l Nl Nl Nl el Nl N
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[ToTiM TOYaTKOBY iTepaliiiHy TaOJUII0 TMOTPIOHO TMEPETBOPUTH Y ITEpaliiiiHy
TaOJIUITIO TIEPIIIO] ITepallii, 3MIHUBIITN 3HAYCHHS i1 €IEMEHTIB 3a TaKUMHU (HOpMYJIaMHu:

k
a .
ay' ==L, j={L(pu+3u+p), (10)
am,n
ak
Mg - lal i m, j= {1, (pu+3u+ p), (11)
m,n
k
pert Zpk Ok, (12)
4 1 k ,n° s
m,n
B _pk P gk 13)
1 1 k mn> 9
mn
ak
d¥ =dk ——Lak, j={1,(pu+3u+p), (14)
m,n

ne k —Homep itepartii ()11 eTeMEeHTIB MOYaTKOBO1 iTepamiitHoi Tadmuii k =0).
Koxnomy po3B’s3ky OyJe BIAMOBIAATH NEBHUW BUIIISAM 1TepaliitHOl Tabnaui, 3a
SKUM JUIsl BIJIOBITHOIO PO3B’SI3Ky MOKHA 3HAWTH IIyKaHI 3Hau€HHs Y, , 3a TaKkuM
MIPaBUIIOM:
Ilpasuno 3. 3HaueHHs Y,, JOpIBHIOE 3HAUCHHIO e€JIeMEHTa b; 3 TakuMm

i ={1,(3u+ p)}, npu sAKOMY, BIATIOBIAHUI LMKy u Ta KJIacy v KoediwieHt a; ; =1.

Cepen opepkaHuUX pO3B’s3KIB MOTPIOHO oOpaTw TOHM, IO MTPHU3BOAUTH [0
HallMEHIIIUX CyMapHHUX BTPAT MAKETIB, K1 JUISl ¥ IUKJIIB OOYHCIIOIOTHCS 38 POPMYJIOL0:

P
RZ = ZRu,v' (15)
v=1

Jis  TmpuUHHATTA ~ pIIEHHS  OpPO  PO3MOAUT  MPOIMYCKHOI  3/aTHOCTI
TeJEKOMYHIKaIlIHOTO KaHay TIpH TMepe/laBaHHl AaKeTiB JaHUX V KIIACIB MPOMOHYEThCS
METOJI, IO CKJIAJIA€THCS 13 BUKIIAJCHUX HIDKYE CTalliB.
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Eman I. ®opMyBaHHS 1TOYaTKOBOI 1TEpaIliitHOT TaOIHIT.

. . 0

Ha etani 1 BusHauarots enementu tabmn. 1. [Ipu mpoMy 3HaueHHs eneMeHTIB b,
.40

004KCII00Th 3a opmynamu (5)-(8), a 3HAUCHHS CINCMEHTIB d ; =y, BU3HAYAIOTHCS B

BIAMOBIAHOCTI 3 (9) Ta HAJIEKHICTIO JI0 KJacy v.

Eman 2. Tlomyk moTOYHOT KOJIOHKH 1TEpaIliiHOT TaOIHIII.

Ha npomy erami 3a mpaBuiaoMm 1 B iTepamiiiHid TaOaUIll OOMPAIOTH IMOTOYHY
KOJIOHKY.

Eman 3. BusHaueHHS TOTOYHOI'O €JIEMEHTA.

Ha mpoMy etami 3a mpaBuiaom 2 B iTepaliiHid TaOmuI 3A1HCHIOIOTH IOIIYK
IMOTOYHOTO €JIEMEHTA.

Eman 4. TlepeTBopeHHS iTepaIliifHOT TaOJIHIII.

Ha erani4 3a dopmymamu (10)-(14) 0oOUMCTIOIOTH €IEMEHTH TEPETBOPEHOI
iTepariitHoi Tadaui.

Eman 5. Tlouryk po3B’si3Ky.

Ha upoMy etarmi nepeBipsiOTh HasBHICTh €JIEMEHTIB 13 IOAATHUMU 3HAYCHHSIMU Y
psanky d It Sxio Taki eJIeMEHTH HasBHI, TO 3IMCHIOETHCS TMMOBEPHEHHS 10 eramy 2. B

IHIIOMY BMIIAQJKYy 3HAIEHO pO3B’SA30K, 3TAHO 3 SKUM IIyKaHI BEJIWYMHH Y,

BU3HAYAIOTHCS 32 MIPABUIIOM 3.
Eman 6. llepeBipka HasIBHOCTI aIbTEPHATUBHOTO PO3B’SI3KY.
Ha upomy etarmi y psiKy d; IIYKarOTh €JIEMEHT, 3HAYCHHS SKOTo JOpiBHIOE 0y

iTepaniiHiii Tabnuill, sika MICTUTh PO3B’SI30K, Ta JOPIBHIOBAJIO BiJl’€EMHOMY 3HAYCHHIO Y
iTepamiiftHiil TabuIll MONepeaHpoi iTeparii. SIKIo TaKoTo eIeMeHTa HeMae€, TO 1HIITUH
PO3B’SI30K BIACYTHIH 1 3IACHIOETHCS Mepexia Ao eramy 7. B iHIIOMY BUNIAAKY KOJOHKY
TaONMIl, 110 MICTUTh TAaKUH €JEMEHT, BBAXKAIOTh IMOTOYHOK 1 JJs MOUIYKY
aIbTEPHATUBHOTO PO3B’SI3KY TOBEPTAIOTHCS /IO eTary 3.

Eman 7. IIpuitHATTS pillICHHS.

Ha upomy erami misi KOXKHOTO 3HaWJeHOTro po3B’si3ky 3a (opmynow (15)
00UYHCITIOITh BTpaTH NakeTiB. [10TIM 13 MHOKUHM 3HAWJICHUX PO3B’S3KIB OOUPAETHCS

Take PpIIIEHHd IOJ0 3HA4eHb Y, ,, TNpU SAKOMY CyMapHl BTpaTH IaKETIB €

MiHIMaJIbHUMH.

Pe3ynbTaT BUKOHAHHSI YMCICHHUX PO3PAXYHKOBUX EKCIIEPUMEHTIB 3 PI3HUMHU
MOYAaTKOBUMU JTAHUMU TOKa3ajiH, M0 3aCTOCYBAHHS MPOIIOHOBAHOTO METOJY J03BOJISE
MaKCHMI3yBaTl CyMapHUI BUTpAIll BiJ] epeaBaHHs MaKeTiB B cepeaHboMy Ha 5,2% Ta
3MEHIIUTH BTPATH MAaKETIB B cepeHbOMY Ha 7,8% B mopiBHSAHHI 3 npioputetHuM (PQ)
ta mukIiyHuM (RR) oOcnyroByBanHsaM. PesynbTaTi oTpuMaHi Ha OCHOBI aHAJITUYHUX
pPO3paxyHKIB OyiM MIATBEPIXKEHI Cepielo  JadOpPaTOPHUX EKCIEPUMEHTIB, SKl
IpOBOJIMIMCH Ha 00naaHaHH1 KomnaHii Cisco Systems. B xoai sikux Oyino BCTaHOBJIEHO,
0 B YMOBax HECTAIlIOHAPHOCTI BXIJHOTO HABaHTAXCHHS, 3 3pPOCTAaHHSIM WOTO
IHTEHCUBHOCTI, METOJI, IO TPOIMOHYETHCS, TO3BOJSE 3MEHINUTH KiTbKICTh BTPAUYCHUX
naketiB B mopiBHsHHI 3 Weighted Fair Queuing (WFQ). Pazom 3 TuMm, cymaphna
KUIBKICTh TEpeJaHuX NAaKETIB MPOTArOM IMEepioy CIOCTEPEKEHHs 30LIbIIYETHCA B
nopiBHsAHHI 3 WFQ, 110 cBiuuTh npo OuIblly €(EeKTHUBHICTh BUKOPUCTAHHS PECYpCiB
TEJIEKOMYHIKALIHOrO0 KaHaly Ta J03BOJISIE OTPUMATH OLIBIIMI CyMapHHUIl BUTpall Bif
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nepeaaBaHHs MaKeTiB.

3MEHIIICHHS] TMOKAa3HUKIB BTPAYEHUX I[AKETIiB, IO CIOCTEPIra€ThCs B IMPOIIECi
3aCTOCYBaHHs MPOIIOHOBAHOTO PO3MOJLITY MPOMYCKHOI 3AaTHOCTI KaHAIIIB, HAJla€ 3MOTY
TaKOXX 30UIBIIUTH 00’€M TepemaaHoi MyJbTUMEIMHOI 1HdopMaIlli, mpo Io CBiTYaTh
pE3yNbTaTH MPEJCTABICHUX HIKYE TOCITIIKEHbD.

Hexait nepenanuii mo Mepexi MyJIbTUMEIIMHUN TOTIK HA MpUAMaIbHOMY OOII
HEMOKJIMBO SIKICHO BIATBOPUTH, SIKIO BTPAYCHO « TMAaKeTiB. Y BHUMAJKY YCIHIIIHOI
nepenayi [ makeTiB MiAPSAJ BBAKAETHCS, 110 JO IIbOTO MOMEHTY BTpaT MakeTiB He OyIIo.
Kpim Toro, 3aaHi HaCTyNH1 BETUYUHHU:

P, — IMOBIpHICTb BIJIKMJIaHHS TIEPEJAaHOrO MTAKEeTa BHACIIIOK IEPEBAHTAKEHHS;

P, — IMOBIpPHICTb BUKPHMBIICHHA IE€PEJAHOIO I1aKeTa BHACIIJOK HAasBHOCTI

OITOBUX ITOMUJIOK;
T — CepeliHIi IHTepBaJl Yacy MIXK NepeJaHuMU naketamu, 7 > 0.
Obmexenns: a >11 g >1.

HeoOximHo oaepkatu 3alIeKHICTh CEPEAHbOI TPUBAJIOCTI MYJIHTUMEIINHOTO
IIOTOKY, IIepefady SKOro MOYKHa 3[IMCHUTH 3 HEOOXIJTHOK SIKICTIO, BIJ BEIUYHUH Fp 1
Pr.

Jlnst  po3B’si3aHHS  TOCTaBJICHOTO  3aBAaHHS  MPOTOHYETHCS  3aCTOCYBATH
MaTeMaTUYHUN amapar iMoBipHicHO-4acoBux rpadiB (IUI) # tBipHHX (yHKIiH. Y
3araJbHOMY BUTIAAKY MPOIIEC, IO MOJEITIOETHCS, MOYKHA MPEJCTABUTH Y BUTIISIAI Tpady,
300pakeHOro Ha puc. 2.

f£.(z) :(z)  £i(z)

fizy ,/T\ fi(z)

50 £@ Nfz(@

Puc. 2. IUI', mo Mozaemoe nepeaaqy MyJIbTUMETIHHOTO
noTOKY put @ >1 11 ff>1
Bepmmnu 1150ro rpaga MOoAeNnoTh HACTYIHI CTaHu:
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«O», «1» 1 «a» — BTpadeHo, BianoBiaHo 0, 1 1 o makeru;

«1'», «2'», 1 « f'» — micas BTPAUYECHOI0 MAKETy YCIIIIHO MepeaaHo, BIAMOBIIHO 1,
2,1 3 makeTu;

«D» — makeT BiIKMHYTHI BHACIIIOK MTEPEBAHTAXKEHHS;

«E» — makeT cnoTBopeHui (HasBHICTh y MaKeTi O1TOBUX MOMMIIOK).

[lepexoqu MDK 3a3HaYeHUMU CTaHAMU MOJICNIOIOThCS  pedOpamu  rpada.
Bumie3aznauenumM pedpam BiIMOBIAA€E OJTHA 3 HACTYMHUX (DYHKITIH:

fie)=0-Pp—Pg)z", (16)
fz(Z):PDZTa (17)
f3(2) = Pgz”. (18)

V3aransHeH1 Gopmynu Ay oduncneHHs TBipHux (yHkuii [YI', 300paxkeHoro Ha
puc. 2:

Fu(2)= Fy @I+ (@D + 2 @) 4t £P )] (19)

Fo(2)= fi(2)+ Fryn) () [ (2) + B F oy (1 (2), (20)
e

Fo@)= £+ @A @R LAl @, e
Pesynbryrouy TBipHY QyHKLI0 rpady F,(z) MOXXHa 3HAITH 3a (OPMYJIOHO:

Fel (Z)

Fele) = 1-F,(z)

(22)

CepenHsi TpUBaIICTh MOJIEIBOBAHOTO MpOLECY, (PAaKTUYHO, € CEPEeIHIM YacoM,
MPOTATOM SIKOTO MYJBTUMEIINHUM TOTIK MEePeaeThCs 3 HEOOX1THOK SIKICTIO. 3HAUYCHHS
1i€i BETUIMHN MOYKHA BU3HAYMTH 3a JIOITOMOTOIO BHPA3Yy:

_dF,(2)

T )
dz |z=1

(23)

[Ilykana Benu4MHA CEPEAHBOTO 00’eMy TepenaHoi iHdopmari, mepeaady siKoi
MOXXHA 3MIIUCHUTH 3 HEOOXIAHOK SKICTIO, € HAHOUIBIIUM HATypaIbHUM YHCIIOM, IO
3aJI0BOJIbHSIE HACTYITHIA YMOBI:

ng. (24)

Takum 4yMHOM, BUKOPHUCTAHHS aHAJITUYHUX CHiBBigHOIIEHB (16)-(23), mo3Bossie
OIIIHUTH CEPEAHIO0 TPUBAIICTh MYJIBTHMEIIMHOTO MOTOKY, TEpeaady SKOTO, B 3aJlaHUX
yMOBax, MOXXHa 3IACHUTH 3 HEOOXIJHOK SKICTIO. 3 BHKOPUCTaHHSIM BuUpazy (24)
MOYKHa OLIIHUTHU cepeHii 00’eM nepeaanoi iHopmauii V' Big napamerpis P 1 Py.
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6'em inchopmaunii (nakertis)

cepenHIn O

-
1073 2.107  3.107° 4.107° 5-107 6107 7.-107° &-107° P

iMOBipHiCTbL BiaKMAaHHA NakeTiB

Puc. 3. 3anexxnocti V' (Pp) npH pi3HUX 3HAUEHHAX Py

3a MOmoOMOroI0 MPEACTABICHUX TPa(IUHIX 3aJIKHOCTEH IS 3a/IaHUX MTapaMeTpPiB
MpoIleCy, 110 MOJICTIOEThCS, MOXHA OOIPYHTYBaTH PEKOMEHJOBaHUNH 00’eM
MyJIbTUMEAINHOI 1HpOpMaIlii, nepenava sikoi Oyae 3aificHeHa 3 HEOOXITHOIO SKICTIO.
Tak, sSKIIO0 BHACHIAOK MEPEIIKOJ] IMOBIPHICTH CIIOTBOPEHHsI MakeTa piBHA 5.107, a
IMOBIpHICTh BIIKHIAHHS TMaKeTa Yepe3 MepeBaHTAKCHHS MapIIpyTHU3aTOPiB CTAHOBUTH

1073, To 06’em MYJIBTUMENIMHOI 1H(QOopMaIlli He TOBUHEH TepeBuInyBatu 7174 makeTu.
Skmo K IMOBIPHICTh MEPEIIKOJ HE 3MIHWJIACh, a IMOBIPHICTh BIJIKWJAHHS ITaKeTa

36inpmmIacs o BenmmumHE 2-107° (3pociI0 MepexHe HaBaHTaXEHHS), TO He
PEKOMEHY€TbCs MepeAaBaTd MYJbTUMEIMHY 1HGOpMAaLio, 00’€M [KOI IMEpPEBUILYE
5299 nakeris.

Opnepxany 3anexHictb V' (Pp) MOXHA BUKOPUCTATH AJIS OIIHKK €(EKTUBHOCTI

PO3MOILITY PpecypciB  TEICKOMYHIKAIIMHUX  KaHaiiB. BiamoBimHI  po3paxyHKOBI
EKCIIEpPUMEHTH TOKa3aJM, 10 3HUKEHHS BTPAT MAKETIB, SIKE CIIOCTEPITaeThCsl BHACIIIOK
BUKOPHUCTAHHS MPOIMOHOBAHOTO METOAY PO3MOJIIY KaHAJIbHOI MPOIyCKHOI 3JaTHOCTI,
HaJIa€ 3MOTy B cepeaHboMy Ha 23,6 % 30u1buTH 00°eM 1H(pOpMaIlii, SKa MepelaeThCs
MYJIBTUMEIIMHIMH TTOTOKAMH.

Y Tperbomy po3aiai 31HCHEHO YJOCKOHAJEHHS METOay HEeWpO-HEUiTKOIo
VOPABIIHHSA BIAKUAAHHSAM TMAKETIB 3 BPAaXyBaHHAM JAUHAMIYHOI 3MIHM MPOITYCKHOI
3IaTHOCTI.

JvHaMi4HUN TIEpepOo3noalsT MPOMYCKHOT 3JaTHOCTI TEICKOMYHIKAIlIMHOTO KaHaTy
IpU 3aCTOCYBAaHHI MPOMOHOBAHOIO METOAY J03BOJISIE MOKPAIIUTH OCHOBHI MOKa3HUKU
AKOCTI 0OCIyroByBaHHs. AJie MOro 3acTOCYBaHHS HE JIO3BOJISIE TOINEPEAUTH
NMepeBaHTaXEHHS, 1[0 BHUHMUKAIOTh B  Mapmpytuzatopax. [Jius OGoporsbu 3
MEepPeBAHTAKCHHIMHU TPATUIIIAHO 3aCTOCOBYIOTHCS METOIW YIpaBiiHHS uepramu. [lpu
[IbOMY 3aCTOCYBaHHSl BIIMOBIIHOTO METOJYy YINpPaBIiHHA YepramMu MOBHHHO OyTH
Y3TOJIPKEHUM 3 PIIICHHSMHU MPUHHATAMU MIPU PO3MO1I TPOIMYCKHOT 3JaTHOCTI.

B po0Goti [13] 3ampomoHOBaHO MeTOJ YHpPaBIiHHS BiIKHIAHHSM MAaKETIB, IO

0a3yeTbcs Ha HEMpO-HEUITKOMY IIPOrHO3YyBaHHI BEIMYMHU Z,; (HAaBAaHTAXKCHHS B

NOTOYHOMY LHMKJI) 1 R, (BTpau€HOro HABAHTAXEHHS B HACTYIHOMY ILMKIl IpHU
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MaCUBHOMY YIIPABJIIHHI MMaKeTHO1 4eproro). [Ipu bomMy iMOBIPHICTh BIIKUAAHHS ITaKETIB
00UYHCITIOETHCS 32 POPMYJIOIO:

l

P==°. (25)
d

N

~

[Tporno3oBaHi 3HaueHHs Z,; Ta R, € BUXIJIHUMH BEIMYMHAMU JBOX BIANOBIIHUX
HEUPO-HEYITKUX cUCTeM. {1 oTpuMaHHS pe3ybTaTiB MPOTHO3Y HA BXOAM IIUX CUCTEM
NOJAIOThCS BeNMYMHU Z,, Z, 1 Z, — 3HAa4€HHS BXIJHOIO HABAHTAXKEHHSA Yy TPbHOX

NOTEPEeHIX UKIAaX. 3 METOI0 OACpKaHHs LUX 3HAYEHb MPOTATOM KOXKHOI'O MOTOYHOTO
LUKy I 30IMCHIOETHCS MIAPAXyHOK BEJIMYMHU Z; — INOTOYHOI'O HAaBAaHTa)XEHHs, TOOTO

KUIBKOCTI MAKETIB, [0 HAAXOAATh y BUXITHUN MOPT MapHIpyTU3aTOpa JAJI MOJAIbIIOIN
nepefavi mo ka"Hairy. B ymoBax OWHaMI4HOI 3MIHM TMPOMYCKHOI 3/IaTHOCTI KUIBKICTh
BIIKHHYTHX TIAKETIB 3aJ]aHOT0 KJIacy 3aJIeKUTh HE TIIbKH BiJI TMHAMIKM HAJIXOJKCHHS
MaKeTiB JaHOTO KJacy AJid MepeAaBaHHs MO KaHaly, aje ¥ BiJ TOro, Sike MOTOYHE
3HAYEHHS MPOMYCKHOI 3aTHOCTI KaHAy BUIUISIETbCS NJIsi NEpeIaBaHHS IUX IAKETIB.
ToMy akTyanpHOIO HAyKOBO-IPUKIJIAJHOIO 337au€l0 € BJOCKOHAJIEHHS METOIy
AKTUBHOTO HEWPO-HEUITKOTO YIPABIIIHHSA MAaKETHUMHU YepraMu B YaCTHHI ypaxyBaHHS
MO>KJIMBOI 3MIHU 3HAaY€Hb MPOITYCKHOI 3IaTHOCTI KaHaIy.

3rigHO 3 YAOCKOHAJIEHWM METOJOM HEMpO-HEYITKOTO YIPABIIHHSA BiIKHIAHHSIM
MaKeTiB y TPAH3UTHOMY MapIIpyTHU3aTOpi MAalOTh BUKOHYBATHCh TaKi €TaIlu:

1) IpOTATOM KO’KHOT'O IOTOYHOT'O IIUKITY BUMIPIOIOTHCS 3HAUEHHS BEJIMYUHU Z; ;

2) Ha BX1Jl HEMPO-HEYITKOI CUCTEMH, NIPU3HAYECHOI JJIsl IPOTHO3YBAHHS BEIMYMHU
Z ; OJIal0ThCs 3HAYEHHS BEWYUH Z,, Z;, 1a Z
3) Ha BX1J HEHPO-HEUITKOI CUCTEMH, IPU3HAYECHOI AJIsl IPOTHO3YBAHHS BEIMYMHU

~

R, mO1aX0ThCA 3HAYCHHS BeIMYuH Z,, Z,, Z. 1a V),

4) mIsXoM BUKOHAHHS TPOLEAYpP HEUITKOTO BHUBOJY HA BHXOJAaX BiAMOBIIHHX
HEHWPO-HEUITKUX CHUCTEM OJIEPKYIOTh 3HaYEHHS Pe3yJbTaTiB MPOTHO3Y, TOOTO BEIMYWH
Z,iR,;

5) nns KO>KHOTO TAKeTy, IO HAaIXOIWUTh A0 TPAH3UTHOTO MapIIpyTH3aTopa s
niepeaBaHHs 10 TICBHOMY KaHally, TEHEPY€EThCs TICEBJOBUIIAIKOBE YUCIO € y MexXax
[0, 1T;

6) 3a Qopmynoro (26) OOYMUCIIOETHCA IMOBIPHICTH 3aBYACHOTO BIIKHJIAHHS
MakKeTy, 0 HaTIIIIOB,;

l, Z;,<R,;

P, = (26)

R, ~ =~
Z—e, Z;>R,.

7) y pa3l BHKOHaHHS yMOBU (27) mnpuiiMaeTbcs pIlICHHS TMPO 3aBYaCHE
BiIKUaHHS IIHOTO TTAKETY.

P, >0 27)
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TouHicTe IPOTHO3YBaHHA BEeNUUYUH Z,; Ta R,, BUABIEHA B PE3yJIbTaTi YACICHHUX

IMITaIITHUX EKCIIEpUMEHTIB, CTaHOBUTh 95-97%. AHami3 mokaszaB, IO 3aCTOCYBAaHHS
MPOMOHOBAHOTO YJOCKOHAJCHOIO0 METOAY J03BOJISIE 3MEHIIUTH CEPEeIHIO 3aTPUMKY
nakeTiB Ha 8-9% B mopiBHIHHI 3 BUKopucTtanHsaM Tail Drop 1 CkopoTUTH BTpaTH MaKeTiB
Ha 7% B mopiBHsAHHI 3 BukopuctaHHsiM Random Early Detection (RED). Pesynbsrartu
pO3paxyHKiB Oyau B ILIJIOMY MIATBEPPKEHI B XOA1 OararouyuciieHHUX JabopaTOpHUX
EKCIIEPUMEHTIB, SIK1 IPOBOAUIUCH HA 00naaHaHH1 komnaHii Cisco Systems. JlabopaTtopHi
EKCIIEPUMEHTH TPOBOJMWJINCH B yMOBax HECTALlIOHAPHOTO Tpadiky 3 BUIAJAKOBUM
3akoHOM posnoauty Ilapeto. EQeKTHBHICTH MPOIOHOBAHOIO METOAY OLIHIOBAJIACh
IUIIXOM IOPIBHSHHS 3HA4€Hb MOKA3HUKIB CEPEHs 3aTPUMKa IAKETIB Ta pIBEHb BTpPAT
NAaKeTiB 3 3HAUEHHSAMU OTPUMAaHMMHU IPU BHUKOPUCTAHHI NACHUBHOTO YIIPABIIHHS Ta
aKTUBHOTO yIpaBiiHHS yeproro Ha ocHOBI RED. Takum 4rHOM, Ha OCHOB1 3aCTOCYBaHHS
IIPOTIOHOBAHOTO METOJTy, MOKHA 1ICTOTHO ITiIBUIIUTH €(DEKTUBHICTh BiKHMIaHHS ITaKETIB
B MapUIpyTHU3aTOpax TENEKOMYHIKAIIIHOI Mepeki B yMOBaX 3MIHHM MPOIYCKHOI
3aTHOCT1 KaHaJiB.

BUCHOBKM 110 POBOTI

VY nmwuceprariii HaBeIEHO TEOpEeTUYHE OOIPYHTYBaHHS 1 HOBE BHUPIIICHHS
aKTyaJlbHOI HAyKOBO1 3a/ayi, CYTHICTb SIKOi MOJsra€e y po3poOll TEOPETUYHO
OOTPYHTOBAaHUX METOJIB PO3MOAUTY KaHAJIbHUX PECYpPCIB Ha OCHOBI 3aCTOCYBaHHS
HEYITKUX HEUpPOHHUX Mepex. [y BupilmieHHs HaykKoBOi 3aaadi OyB BUKOPUCTAHUUN
HAyKOBUHM armapar HEYITKHMX HEHPOHHUX MEpEeXK, OCHOBHHUMHU TIEpeBaraMu SKOTo €
3MATHICTh TOYHOTO TPOTHO3YBaHHS BXIAHOTO HAaBAaHTAXEHHS 1 BTpaT IIaKeTIB,
MOJXXJIUBICTh ABTOMATUYHOTO HANAMITYBAaHHSA IMAapaMETPiB AaKTUBHOTO YIIPABIiHHS
NAaKeTHUMHU dYepraMM Ta aJeKBaTHOI ajanTamii A0 JUHAMIYHOT 3MIHM YMOB
¢ynkuionyBanHa TKM, 110 103BOAMIO OTpUMAaTH HOB1 HAyKOB1 pe3y/bTaTH:

. B pobori mnoka3zaHo, MLIO0 ICHYIOYl METOOU pO3MOAUTY PecypciB
TEJIEKOMYHIKALIMHUX KaHaJIiB MAaloTh psAJd  HEAONIKIB, OCHOBHHUMHM 3 SKUX €:
HEJOCKOHAJIICTh CTATMYHOTO HAJAIITYBaHHS MapaMmeTpiB Ta HEAOCTATHA TEOPETHUYHA
OOTPYHTOBAHICTh CXE€M JIMHAMIYHOTO HaJallITyBaHHSA. Y 3B 3Ky 3 IIUM ICHY€ moTpeda y
PO3p0o0IIi HOBUX Ta YIOCKOHAJICHHI HasBHUX METOJIB PO3IMOJLIY MPOIYCKHOI 3aTHOCTI
TEIEKOMYHIKAIIIMHUX ~ KaHaJliB Ta  YOpaBIIHHSA  BIJKWJAHHSAM  TAKETIB Yy
mapmpyTtuzaropax TKM. BcranoBineHo, 0 B yMOBaxX HECTAI[IOHAPHOTO XapakTepy
BXIJTHOTO HaBaHTAKCHHS, IIepeBary MarTh MOJEIl Ta METOIU, SKI OCHOBaHI Ha
MAaKeTHOMY aHaJli31 3 BUKOPUCTAHHSIM HAYKOBOTO armapary 1HTEJIEKTYalIbHUX CUCTEM.

2. Po3poOnenuii MeTon OWHAMIYHOTO PO3MOAULY MPOIMYCKHOI 3JaTHOCTI
TEJIEKOMYHIKALIMHOTO KaHally, SKUW mepeadadae BUKOPUCTAHHS HEHPO-HEUITKOTO
MIPOTHO3YBAHHS IS BU3HAYCHHS IHTEHCHUBHOCTI HAJXO/DKCHHSI TIAKETIB PI3HUX KJIaciB
JUIS TIepelaBaHHs IO KaHaly. BcTaHOBIIEHO, IO 3aCTOCYBaHHS METOAY B YMOBax
HECTalllOHAPHOT0 BX1JTHOTO HABAaHTAXKEHHS JI03BOJISIE MAKCUMI3YBaTH CyMAapHUW BUTpAILl
B cepenHboMy Ha 5,2% Ta 3MEHIIWTH BTpPATH MAKETIB B PE3yJbTari MepeaBaHHs
1H(hOpMaLIIIHUX MMOTOKIB MO TeIEKOMYHIKAI[IHHUM KaHallaM B cepeiHboMy Ha 7,8%.

3. Po3po6ieHo HOBI MareMaTu4H1 MO MepeaBaHHs MYJIbTUMEIINHOTO TTOTOKY
B TEJICKOMYHIKaIlIMHIA Mepexi, sIKI OCHOBaHI Ha BUKOPUCTAaHHI 1IMOBIPHICHO-4aCOBHUX
rpadiB, 1 BIZOMBAIOTH 3AJEKHICTh XaPAKTEPUCTHK JOCTAaBKH IIOTO TMOTOKY BiJl
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IMOBIPHOCT1 HAasiBHOCTI OITOBUX TMOMMWJIOK Yy TakKeTi Ta IMOBIPHOCTI HOro BIAKWIAHHS
BHACIIJIOK NIEPEBaHTAKEHHS MapILIPyTHU3aTOPIB.

4. 3anmporoHOBaH1 MOJENI JTO3BOJWIIN OIIIHUTH CEPEeAHIN 00’e€M MYIbTUMEINHOT
iH(bOpMAaIIl YU CEepelHI0 TPUBATICTh MYJIBTUMEMINHOTO TOTOKY, MepeaBaHHs SIKOTO
MOXXHa 3AIMCHUTH TpU 3aJaHiil IMOBIPHOCTI BIAKUAAHHS TakeTy. B pesymnbrari
BCTAHOBJICHO, IO 3aCTOCYBaHHsS MPONOHOBAHOIO MeETOAAa PO3MOALTY MPOIYCKHOI
37IaTHOCTI TEJICKOMYHIKAIIITHOTO KaHay J03BOJISiE€ 30UTBIINTH 00’ €M SKICHO MEepEeAaHuX
MYJIBTUMEAIMHUX TOTOKIB B cepenuboMy Ha 23,6 %.

5. YnockoHaneHO METOA HEHpPO-HEUITKOTO YMHpPaBIiHHS BIAKHIAHHSM IAaKETIB y
TPaH3UTHOMY MapIIPYTU3aTOPl Y YACTHUHI TOTO, 110 B IpoIiecl 0OYUCIEHHS IMOBIPHOCTI
BIJIKM/IAHHSI TIAKETY BPAaXOBY€ETHCS 3MIHA MPOIYCKHOI 3AaTHOCTI KaHAITY, sIKa BUJIIIISETHCS
17151 00CITyrOBYBaHHS MAKETIB PI3HUX KJIACIB.

6. IlpoBeneHa oOIlliHKA 3aCTOCYBAaHHSI YJOCKOHAJIIEHOTO METOAY HEHpO-HEuiTKOTO
VOpPaBIIHHS BIJKUIAHHSIM TIAKETIB T0Ka3aja, M0 WOro BHUKOPUCTAHHS J103BOJISIE
3MEHILUTU CEPEHIO TMAaKeTHY 3aTpUMKYy B cepelHboMy Ha 9 % W ckopoTUTH BTparu
MakeTiB B cepeAHboMy Ha 7 % Yy TOpIBHSHHI 3 BHUKOPHCTaHHSM HasiBHUX METOMIB
YIPABIIIHHS YepPTaMH.

[IpoBenena oIliHKa 3aCTOCYBaHHS OTPUMAHUX METOMIB PO3MOIUTY PecypciB
TEJIEKOMYHIKAIIIMHUX KaHaJIB TOKa3aja, IO IX peajizallis J03BOJUTh JOCSATTH
3HIDKEHHS 3aTpUMKM TMaKeTiB Ta iX BTpaT, 30UIblIeHHS 00csriB iHdopMailii,
JIOCTABJICHUX aJpecaToBi 3 TOTPIOHOI SKICTIO, Ta 3a0e3MedYeHHS EKOHOMIYHOI
OOIPYHTOBAHOCTI TepelaBaHHA AaHUX. Pe3ynpTaTH aHANITUYHUX PO3PaxXyHKIB OyiH
NIATBEP/KEHHI ~ 0araTOYMCIEHHUMH  JIaDOpAaTOPHUMHM  €KCIIEPUMEHTaMH,  SIKI
MPOBOAWINCH Ha oOnagHaHHl kommadii Cisco Systems B yMoOBaxX HECTaI[lOHApPHOTO
BX1JHOrO HaBaHTa)KCHHS 3 BUITAJKOBUM 3aKOHOM po3mnoainy [lapero.

TakuM YUHOM, CYKYITHICTb OTPUMAHUX B JIMCEPTAllli HOBUX HAyKOBUX PE3YyJbTATIB
J03BOJISIE  BBaKaTW C(HOPMYJIbOBaHY HAayKOBY 3ajady, fKa IOJisrae B Ppo3pooi
TEOPETUYHO OOIPYHTOBAHMX METOAIB PO3IOAUTY KaHAJIBHUX PECypCiB Ha OCHOBI
3aCTOCYBaHHSl HEYITKMX HEHPOHHUX MEpeX — BHPILICHOI, a IOCTaBICHY MeETy —
3a0e3mneueHHs SIKICHOTO Ta €KOHOMIYHO OOTpYHTOBAaHOTO IMepefaBaHHs 1HGOpMaIIMHIX
MOTOKIB B TEJICKOMYHIKAIIAHIN MEPExXi — TOCATHYTOIO.
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AHOTALIS

3nopenko FO.M. Metoau po3noainy pecypciB TEICKOMYHIKAIlIMHUX KaHAJIB Ha
OCHOB1 BUKOPHUCTaHHS HEYITKUX HEHUpPOHHMX Mepex. — Pykommc. [lucepramis Ha
3M00yTTS HAYKOBOTO CTYIEHA KaHIWJaTa TEXHIYHUX Hayk 3a (axom 05.12.02 —
TEJICKOMYHIKaIllifHI CHUCTeMHU Ta Mepexi. XapKiBCbKUI HaIlllOHAJbHUN YHIBEPCHUTET
panioeNneKTpoHiKu, M. Xapkis, 2016.

JlucepTallito MpUCBsIYEHO BUPIIICHHIO aKTyalbHOI HAyKOBOI 3a/1a4i, 10 MOJIATAE y
pO3po01Il TEOPETUYHO OOIPYHTOBAHMX METOIB PO3MOAUTY KaHAJIbHUX PECcypciB Ha
OCHOBI 3aCTOCYBaHHSI HEYITKUX HEHPOHHUX MEPEK.

B po6oTi 3anmponoHOBaHO HOBUM METOJ PO3MOAUTY MPOMYCKHOI 3/1aTHOCTI
TEJIEKOMYHIKalIMHOrO KaHaly Ha OCHOBI HEHPO-HEUITKOrO0 MpOrHo3yBaHHs. BuzHaueHo,
10 3aCTOCYBaHHS MPOIOHOBAHOTO METOY T03BOJISIE 30UIBIINTYA CyMapHU BUTpalll BiJl
nepeaBaHHs MaKeTiB Ta 3HU3UTH BTpATH MakeTiB. Po3po0ieHo maTeMaTH4HI MOl
nepeaBaHHs MyJIbTUMEAINHOTO MOTOKY, LIO J03BOJISIIOTH BCTAHOBUTHU CEepeAHiN 00’ eM
MYJBTUMEIMHOT 1H(OpMaIi YM CcepeHI0 TPHUBAIICTh MYJIBTUMEIINHOTO TOTOKY,
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nepeaBaHHs SIKOTO MOXHA 3JIMCHUTH MPH 3aJaHiii IMOBIPHOCTI BIJKHJIAHHS IaKETy.
[IpoBeIeHO YIOCKOHAJICGHHS METOJy HEHPO-HEUITKOrO YIPaBIiHHSA BIAKUIAHHIM
MaKeTiB 3 BpaxyBaHHSIM JIUHAMIYHOI 3MiHM IIPOITYCKHOI 34aTHOCTI. Bu3HaueHo, 110
3aCTOCYBaHHS YyJOCKOHAJICHOTO METOAY JO03BOJISE€ CKOPOTHUTH BTpaTH MaKeTiB 1
3MEHIIIUTA CEPEJIHI0O 3aTPUMKY TAKeTiB B yMOBaxX JAMHAMIYHOI 3MIHH MPOITYCKHOI
31ATHOCTI.

Kiro4oBi ciioBa: BTpaTn nakeTiB, HeUiTKa HEHPOHHA MEpekKa, TAaKeTHA 3aTPUMKA,
MPOMYyCKHA 3AaTHICTh, PECYpCH TEIEKOMYHIKalIHHUX KaHaJiB, Tpadik.

AHHOTAIUA

3nopenko FO.M. Metoasl pacnpeneneHus pecypcoB TEIEKOMMYHHKAIMOHHBIX
KAHAJIOB HAa OCHOBE WCIOJIb30BAHMS HEYETKMX HEWPOHHBIX ceTre. — Pykomnwmce.
[uccepranysi Ha COWCKAHME YYEHOW CTENEHHW KaHIWIATa TEXHUYECKHX HAyK [0
cnennanbHOCTH 05.12.02 — TEnEeKOMMYHHMKAIMOHHBIE CUCTEMBI U CETH. XapbKOBCKHU
HAalMOHAJIBHBIA YHUBEPCUTET PAAUOIIIEKTPOHUKH, T. XapbKoB, 2016.

Jluccepranysi NOCBAILIEHA PEIICHUIO aKTyaJlbHOW HAyYHOW 3aJa4yd, KOTopas
COCTOMT B pa3pabOTKE TEOPEeTUYECKHM OOOCHOBAHHBIX METOAOB PpaCIpeIeICHUs
KAHAJIBHBIX PECYPCOB HAa OCHOBE IIPUMEHEHHSI HEUETKUX HEHPOHHBIX CETEH.

[IpoBeneH aHanmu3 CYLIECTBYIOLIIMX METOJOB  PACIPENCIICHHUS PECYpPCOB
TEJIEKOMMYHUKAIIMOHHBIX KaHAJIOB U BBIABIICHBI UX HEJOCTATKU. Y CTAHOBJIEHO, YTO OHU
UMEIOT CTAaTUYECKUM XapakTep, a TEOPETUYECKUE HCCIECIOBAHUS OTHOCUTEIBHO
CO3JaHUs ITUHAMUYECKUX METOJ0B OCHOBAHBI HA 3BPUCTHUUYECKUX MOJEIAX U SABIIIOTCA
HEJ0CTaTOYHO apryMEHTUPOBAaHHBIMHU. B CBA3M ¢ 3TMM 00OCHOBaHa NMOTPEOHOCTH B
pa3pabOTKEe HOBBIX M YCOBEPIICHCTBOBAHMM HMMEIOUIUXCS METOJOB PaCIpEACIICHUS
NPOMYCKHOW  CIIOCOOHOCTM  TEJICKOMMYHHMKAIIMOHHBIX KAaHAJOB U  YIPaBICHUS
OoTOpachlBAHMEM TIAKETOB B MapIIPyTHU3aTopax TEJIEKOMMYHHUKAIMOHHBIX CETEH.
YCTaHOBIEHO, YTO B YCIOBHMSX HECTAlMOHAPHOIO XapakTepa BXOASALIEH HArpys3KH,
MIPEUMYLIECTBO UMEIOT MOJEIIA U METOABI, KOTOPhIE OCHOBAHbI Ha MAKETHOM aHAJIN3E C
WCIIOJIb30BAaHUEM HAy4HOI'O allllapaTa WHTEUIEKTYaJbHbIX cHCTEeM. Peammsanus 3Tux
METOJIOB HAIlpaBJ€HAa HA CHIKECHUE 33JEPKEK IIaKETOB M MX IIOTEpPb, YBEJIMYCHUE
00bEMOB MH(pOpMAIUM, JJOCTaBICHHON ajpecaTy C TpeOyeMbIM KauyecTBOM, M
obecrieueHrne IKOHOMUYECKOM 0OOCHOBAHHOCTH MEpEAAaYu JAHHBIX.

B xone pemienusi mocTaBiIeHHOM HAy4yHOM 3alaud B JUCCEPTAIMOHHON padore
NOJTyYeHbl TaKue HOBbIE HayuyHbIe pe3yibTaTbl. B paboTe mpeniokeH HOBBIM METO[
pacnpezesnieHus: IpOnyCKHONW CIOCOOHOCTH TEIEKOMMYHUKAIIMOHHOTO KaHalla HA OCHOBE
HEHPO-HEYETKOTO MPOrHO3upoBaHus. OINpeneseHo, YTO NMPUMEHEHHUE MpeIaraeMoro
METOJa NO3BOJISAET YBEJINUNTh CYMMAapHBIM BBIMIPHILI OT IIEPEJaYu MAKETOB B CPEIHEM
Ha 5,2% W CHU3UTH UX MOTEPHU B MPOIIECCE MEPEJaYr NIOTOKOB B cpeaHeM Ha 7,8%.

Pa3paboTanel MareMaTuyeckue MOJENM Mepeayd MYJIbTUMEIUHHOr0 MOTOKa,
KOTOpbIE TO3BOJIIIOT YCTAHOBUTH 3aBUCUMOCTh CpEOHEro o0bemMa HH(POpMaLUH,
KAUYECTBEHHYIO NEpeaady KOTOPOH, MOKHO OCYLIECTBUTH IIPH 33JaHHOW BEPOSITHOCTH
orOpacbiBaHusl ~ nakeTroB. IlosydeHHble  MaTeMaTHYeCKUE  MOJEIM  Iepenayu
MYJbTUMEAUMHOIO TIOTOKAa OBUIM HCIHOJB30BaHbl JUIsl OLEHKH 3(P(EKTUBHOCTH
IPEUIOKEHHOIO METOAA paclpelneieHusl NponyckHol crnocoOHoctu. [lokaszaHo, 4to
OPUMEHEHUE IMIpeyIaraéMoro MeToJa paclpeieieHs] MPOIMYCKHOH CIOCOOHOCTH
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TEJIEKOMMYHUKAIIMOHHOTO KaHalla TMO3BOJSET YBEJIMYUTh OObEM KaueCTBEHHO
MepEIaHHBIX MYJIbTUMEAUNHBIX MOTOKOB B CpeiHEM Ha 23,6 %.

[IpoBeieHO  yCOBEPILIEHCTBOBAHME METOJda HEWPO-HEUETKOrO  YIpaBJICHUS
oTOpachiBAaHHEM TAKETOB C YYETOM JUHAMHUYECKOTO W3MEHEHHUS TMPOIyCKHOMN
CIIOCOOHOCTH  TEJIEKOMMYHHMKAITMOHHOTO KaHana. OmnpeneneHo, YTOo MPUMEHEHUE
YCOBEPUIEHCTBOBAHHOTO METOJA MO3BOJISIET COKPATUTh MOTEPU MAKETOB B CPEOHEM Ha
7% ¥ YMEHBIIUTH CPEIHION0 3a€PKKY MAKETOB B YCIOBUAX JTUHAMUYECKOTO U3MEHEHUS
MPOMYCKHOW CIOCOOHOCTH B cpeHeM Ha 9%.

Pesynbrarel pacyeToB ObUTH B IIEJIOM TOATBEPXKIEHBI B XOJE MHOTOUYMCICHHBIX
7a00paTOPHBIX HKCIIEPUMEHTOB, KOTOpPHIE MPOBOJIUIMCH HA OOOpPYIOBAHUM KOMITAHUHU
Cisco Systems. JlabopaTopHble 3KCIIEPUMEHTBHI  MNPOBOAWIHUCH B  YCIOBHSX
HeCcTalMOHApHOTO TpaduKa CcO CiIydalHbIM 3akoHOM pacmpenenenus [lapero.
O¢ddexTuBHOCTL TpeaIaraeMblXx METOJOB OIEHMBAJIACh IyTEM CpPAaBHEHMS 3HAYCHUH
noKasaresieil cpeHss 3aJep’KKa MakeToB U YPOBEHb MOTEPh MAKETOB MOJYUYEHHBIX MpPU
MCIIOJIb30BAHUM CYIIECTBYIOIIMX U MPEIaraéMblX METOOB.

[IpakTrHyeckoe 3HaAYEHHE MOJYYEHHBIX PE3YJIbTATOB COCTOMT B BO3MOXXHOCTU MX
MPUMEHEHUS IS OCTPOCHHUS alapaTHO-MPOTPAMMHBIX CPEJCTB JJIA pacipeneieHus
MPOITYCKHON CITOCOOHOCTH UCXOAIIEro uHTepderica u yrnpanieHus 3a0J1aroBpeMEHHBIM
oTOpachiBaHMEM MAKETOB B MAPIIPYTU3ATOPaX TEICKOMMYHUKAIIMOHHBIX CETEH.

KuarwuyeBble cioBa: morepu MaKeTOB, HEUYETKass HEWpPOHHAs CETh, INaKeTHas
3a/iep’KKa, MPOIYCKHAasi CIOCOOHOCTh, PECYpPChl TEIEKOMMYHUKAIIMOHHBIX KaHAJOB,

TpaduK.
ABSTRACT

Zdorenko Y.M. Methods of division of resources of the telecommunication
channels on the basis of using of fuzzy neuron networks. — Manuscript. Dissertation for
the candidate of technical sciences degree in speciality 05.12.02 — telecommunication
systems and networks. — Kharkiv National University of Radio Electronics, Kharkiv,
2016.

Dissertation is devoted to actual scientific task solution, which consists in
development of the channel resources division methods on the basis of using of fuzzy
neuron networks.

New method of division of telecommunication channel bandwidth is offered. It is
based on neuro-fuzzy prediction. It is revealed, that using of offered method allows to
increase a total benefit from packets transmission and to reduce the losses of packets.
The mathematical models of multimedia flow transferring are developed. They allow
setting of middle volume of multimedia message for transferring or middle duration of
multimedia flow, transmission of which can be implemented with determined
probability of packet dropping. The improvement of method of fuzzy neuron
management the casting-out packets is conducted. It takes into account the dynamic
changing of bandwidth. Defined, that using of the improved method allows reducing of
losses of packets and decreasing of average packet delay in the conditions of dynamic
changing of bandwidth.

Keywords: losses of packets, fuzzy neuron network, packet delay, bandwidth,
resources of the telecommunication channels, traffic.
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