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KHPUI (pan goxTopH (DSc) AHccepTalHACH AHHOTAHACH

Jucceprauua MaB3yCHHHHr A0J3ap6iaHrH Ba 3apypartd. JKaxonpa kyn
MOFOHAIM CTPYKTypara ara 6ynraH TeneKOMMYHHKalHs TapMOKJIapHHHM TAOKHK
KWIMIIHMHE CaMapany ycCy/lapH Ba aIrOPHTMIApHHH ApaTHUIra HyHaTTHpUraH
WIMHIH-TQOKUKOT Huulapy onu6 Oopunmokaa. OHr momsapb Gynran wmunap,
KyMnajaH Kyn IOFOHand CTpyKTypara 3ra OynraH TelleKOMMYHHKALHs
TADMOKNApH CTPYKTYPaCHHH CHHTE3 KWIMINFa, KEJITHPHIraH YMyMTapMOK
Xapaxarmiap Me30Hd OyiiHya ONTHMAUAIUTHPHII AITOPHTMJIApHTa, KesHno
TYIIASTraH MabIyMOTNap OKUMHHHHT NPHOPHTCTIIMTHHH BA Xap XHI TyPAAJIHIHHA
XHCO6ra  ONyBYH  BAKT-OXTUMOJUIM  XapaKTEPHCTHKANTAPDHHH  XHcobGnam
AIrOPHTMUHH, XHCOONALHUHT JACTYPHii BOCHTAIapHHH HIWIA0 YHKHIIra aoXHaa
bTHOOp KapaTwimokaa. By 6opama xaXoHHMHI PHBOMUTAHraH MaMilaKaTnapHia,
wymnanad AKUI, Kauaga, Fepmanusa, Xany6uit Kopes, Xuroi, XuHaucToH,
xamzaa Poccus denepaumsacuaa Ba 6oi1ka Jasnariapaa Ky NOFOHAIH CTPyKTypara
sra 6ynran TeneKOMMYHHKALMA TapMOK/IapHHHHI CaMapai anropHTMIapHHH
HILTA6 YHKKI MyXdM BasHdanapaaH GHpH XHCOOMIAHMOKA.

JaxoHia Kyn NOFOH&IM CTPYKTypara 3ra OyaraH TeleKOMMYHHKauuA
TAPMOK/IAPH CTPYKTYPacHHH KENTHPHJIraH YMYMTapMOK XapakaTiap ME30HH
OPK&IH ONTHMAUTAIITHPUII aNTOPHTM/IAPHHH, TNPHOPHTETIH MahIyMOTiap
OKHMHMHMHT BaKT-3XTHMOJUTH XaKTEPUCTHKAIAPHHH XHCOONam anropHTMHHH
Wua6 YUKMIIra Ba TAPMOKHH ONTHMANl CTPYKTYPAaCHHHM aHHKNAIIra KapaTHiraH
HIAMH TaaKuKoT Muuiapu onu6 Gopunmokaa. llly 6unan GHp Katopzaa, Maxcyc
TalfHHJIaHTaH TEEKOMMYHHKALHs anoka TApMOKJIAPHHH KyPHIN YCITYJIapHHM Ba
nacTypuit Xuco6ial BOCHTANIApHHH HULTA0 YHKMII AoN3ap6 MyaMMo Xucobnanau.
K§n ROFOHANM TeNEeKOMMYHHKALHA TapMOKap CamapafOpJHIHHH OLIKPHII
yCYMUIapHHH, ONTHMALTAWITHPHII ~ aIFOPHTMJApPHHH, XaMJa MawiIyMoTiap
OKMMHMHMHI ¥pTaya YLUUIAHHG KOMNHII BAKT ME30HHM GYfn4a TapMOK TYryH/IapHHH
ONTHMAaJI JKOM/IAIITHPHLE ME3OHNAPHHH Ba JaCTYPHii BOCHTAIAPHHH HULTA0 YMKHIN
Jon3ap6 xucobnaHmokaa.

Peciy6nukaMu3ga XaM KyN MOFOH&IH  CTpyKTypara ara  6yarau
TENICKOMMYHMKALMA TAPMOK/NApHHH  ONTHMAUIAIITHPHUIL  ANMOPHTMIAPHHH,
y3aTIWIaéTraH MabyMOT/Iap OKUMHHHHT Xap XWI TypAATHrMHH, IPHOPHTETIHIHHH,
MLIOHWIMIMIMHH 3bTHOOpPra OMyBYH Ba BaKT-3XTHMOJUIM XapaKTepPHTKANapHHH
Xucobnail anropuTMHHH HIUTA6 YMKMIUra KApATWIrH HOpa-TanGupnasp amanra
ommMpunmokma. 2017-2021 funnapaa Y36ekucToH pecnyOnHkacHHH sHanA
PHBOAUTAHTHPHILI 6ytiuya Xapakatnap CTpareruiacuaa, KyMIIaJaH
«......HKTHCOIMET, IDKTHMOHM# CoXa, GOIIKapyB TH3HMHIa ax60poT-KOMMYHHKALHs
TEXHONOTHSANAPHHH KOpHA 3THII, JIaBNaT XH3MATIapHHH Kypcatm Ba Gy
XM3MaTAaH axojiH, XaMza TanbHpKopiuk cyObeKTnapH ToMOHWAaH Qofnananum
MMKOHMATNApHHH omupui”l Basudanapu Genrunadran. Maskyp Basuganapuu
aManra OWMPHIIAA MaBIYMOT/Iap OKMMHHHHT Xap XHI TypJaHrHHH,
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NIPHODHTETIMIHHH  XHMcoOra ONyBYH BaKT-9XTHMOJUIH XapaKTepHCTHKAIAPHH
Xucobnam  aIrOpuTMHHH, Ky NOFOHaNM CTpykTypara oJra Oyaran
TENICKOMMYHHKAHA  TapMOKJIApMHMHT  TOMOJIOTHK MOZieJUTapHHH.  Ba
ONTHMATAMTHPHII  AITOPHTMIIAPHHH HMILIA6 YHMKHMII MyXMM MacananapiaH
xHcoOnaHamy.

V36exucron Pecny6nukacu INpesupenrrununr 2020 iiun 5 okTa6paarn [10-
6079-corwm «Paxammn Y36exucron — 2030 CTPaTeruACHHH TaCAMKIAWl Ba YHH
Camapaiii aManra OMHpHIL 40pa-Tanbupnap TYFpucuaaru dpapmoru, ¥36ekucroH
Pecny6nukacu Ipesumentununr 2018 fimn 21 Hoabpnarn ITK-4022 — cowm
“PakaMJTH MKTHCOIMETHH PHBOXUIAHTHPHII MaKcaaHaa qu)pa'lysumgaHn AHana
MOACpHH3AIMA KWIHII 1Opa-TanOupnapy TYFpucuaa’ru Kapopu Ba Y36ekucron
Pecniy6mukacn Tlpesupentunnsr 2019 i 22 madinaru I1M1-4329 — counu
“Y36exucron Pecrry6nukacununr  axonu MYHKTJIapHAa TeJICKOMMYKHHKALHA
HH()PaTy3WIMacHHH PHBOXTAaHTHPHII G¥#iuda wopa-TanGupnap Tyrpucuaa’ry
®apmoHH, XaMza Maskyp ¢aomuaTra Termmam Gomka MeBBEPHIA-XyKyKHH
Xyjokatnapaa GeirunanraH sasudanaphu amanra OWHpHWIAA ymby aucceprauus
TaAKHKOTH MyaiisH Japaxaia XH3MaT KHIaH.

TaakuxkoTHHHT pecny6nnka tdan Ba TEXHO/IOr HsIapH
PHBOAJIAHHINHHMHI YCTYBOP HyHANMILIAPra MOCHHIH. Maskyp TankukoT
pecniybnuka dan Ba TEXHOJIOTHAJIAp PHBOKJIAHHIIMHUHT [V, “Ax6opornawrrupuur
Ba ax0opoT-KOMMyHHKaLus TEXHONIOTHSANIADHHH  PMBONUIAHTHPHII”  yCTYBOP
AyHanumnapura Moc xonaa 6axapunran.

Huccepranus MaB3ycH 6¥iinua xopmmmii HAMHIA-TAAKHKOTI2p mapXH.
Kyn noronanu CTpyKTypara sra 6ynaraH  TenekoMMyHHKaLusa TapMOK
CTPYKTYpPacHHUHI TOIOJIOTHK MopaeJUIapUHH, ONTHMAUTALITHPULI
IIrOPUTMIADHHH Ba XHCOGNAIIHMHI AacTypwii BOCHTaNapHHH, MablyMoTIap
OKUMHMHHHI TYPNWIHIHHY, HUIOHYIHINIMHA XMcO6ra OJlyBYH BaKT-3XTHMOJUIH
XapaKTepHCTHKANAPUHH XMCOGNAll ANTOPUTMUHH HILTa6 YHKMIUra Ba ApaTHILUra
HYHANTHPUAraH WIMHI TagKHKOT MUIAPH KAXOHHHHI €TAKYM HIMHIi MapKanapH
Ba O/Ii TakIUM Myaccacanapmua, Kymnanah: Eindhoven University of Technology
(Hupepnanag), Campus Pierre et Marie Curie Sorbonne Université (dpanuus),
Universit¢ du Québec en Outaouais (Kanapma), Massachusetts Institute of
Technology (CILIA), University of Oslo (Hopeerusa), ETH Zurich (LlBeituapusn),
Warsaw University of Technology (TTonbma) napuna onu6 6opunmoxaa.

Jlamnac-Criwirreec  MatemaThk anmapatd  &paamMupa  TapMoK OpKaJIH
Y3aTUNa&TraH MabllyMOT/ap OKHMHM XapaKTepHCTHKANApHHH XHCOGNaur Ba TapMOK
CTPYKTPaCHHH ONTHMAJLIALUTHPHII AITOPHTMIIAPHHH MITa6 YHKKIm npodeccop M.
A. BoHu-Bpyernmy mommm Cankr-Tlerep6ypr TENEKOMMYHHKauua  Jlasnar
yHuBepcureruaa (Poccus), Mocksa l0Ka Ba axOOPOTHAWTHPHIN TexHMKA
yHuBepcuteTHaa (Poccus), A, o. Mosxkaiick Homu Xapbuii-kocMunK
akanemuacuna (Poccus), Coser HUrtudoku mapmanu C.M. ByneHHsii HoMuparu
Xap6uii anoka axkanemuacuna (Poceus) onu6 6opunran.

JKaxoHHMHT  erakyy AaBiaTnapuaa  TeneKOMMyHHKaLus TapMOK

THPHUIHHHF CaMapany anropHTMIapHHH Ba TapMOKKa
Kb  Tymaérray TYPIIH  MabAyMOTNAp  OKUMHHUHT BaKT-3XTHMOJLIM
6



XapaKTepHCTHKIapHHK XUCOONall arOpHTMHHH HIWTa6 unkum 6yiinya Kyiinaaru
WIMHIA HaTHXalap OJIHHraH: ONTHMaJ TAPMOKIADHH TONMI MyaMMOJNapH —
KiacTepnap, ONTHMAN eYHMNap TOMHII yIyH, KHOUPYB TH3UMH aCOCHZA 3BPHCTHK
€4MMJIap Ba TApPMOKHHHI MaTeMaTHk MoaesutapH (Graduate School of Business and
Administration, CILIA), anoka TapMOK/IapHHH ONTHMALTAIITHPHIN MacanalapHHH
eyuw 6iiuua 3aMmoHaBuil HTaHManap keirrupriran (Maastricht Research School
of Economics of Technology and Organization, Hunepnanpmer), MabmymoTiap
OKHMHHHHI ypTaya YHUIAHHO KONMLI BaKTH YETHPMAacH acOCHAA, KENTHPHIraH
YMYMTapMOK  Xapaxar/jap Me30HH OyfM4a, TapMOK CTPYKTypacHHH
ONTHMALTAITHPHII MAacaIUIapHHH €YHII Y4yH >KapuManap ¢QyHKIMACHAAH
doilinanannm Tascus 3tHAraH (mpodeccop M.A. Bonu-bpyesud Homnu CaHKT-
HerepOypr TenekommyHukatms JlaBnar yHHBEpCHTETH, Poccus).

MyaMMoHHHr YpraHwiraiuk gapaxacu. Kyn noroHams cTpykrypra sra
6ynaraH TeneKOMMYHHKAUMs# TaMpOKJIAPHHH TalKHK KHJIMIIHHHT CaMapaiH
YCYJUIApHMHH Ba TypJId MabIyMOT/Iap OKHMH XapaKTePHCTHKATIADHHH XHcobmam Ba
TAPMOK CTPYKTYPacCHHH ONTHMAUTAIITHPHIN ~AITOPHTMJIAPHHH Ba  Maxcyc
TaliMHNaHraH TEJeKOMMYHHKALUA aoKa TapMOKIAPHHA KYPHII TaMOHHIIapHHH
Hunab ynkum macananapura Hryen vik Taii, Li Y.F., D. R. Miller, W. Ogryczak,
M. Piyro, Sansavini G., Zio E., A. Capone, R. Atar, W.J. Dally, Scott Pakin,
Abdullah Konak, P.Tseng, J.Stephen, K.C. Madan, I'.Tl. 3axapos, B.B.,
Jloxmortko, I'. I". SIHoBckwit, U. 5. Bypramwes, H. B. ITepmaxos, K. E.Camyiinos,
A. E. Kyuepssuiit, I'. I1. Bawapun, A. Y. Iapamosos, 10. I1. JI. Kne#tnpok, I'. ®.
SIH6b1x, Cronapos B. A., H. A. Cokonos, b. C. Ilonpauwrreiiy, I'. B. Yeunn, K. E.
Jlerkos Ba 60IIKa XaXOH OJIHMJIAPH KaTTa XHCCa KylIrammap.

Pecry6nukamMu3ga KYyn  TMOFOHAIH  TEJIEKOMMYHHMKAUMS — TapMOKJIapH
CTPYKTypanapMHH KeNTHDHIraH YMYTapMOK Xapakarnap Me3oHH G6¥iiuua
ONTUMAIIALITHPHIL AICOPUTMIAPH BA Xap XHI TypAard MabiyMoT/Iap OKHMHHHHT
BaKT-3XTHMOJUIH XapaKTePHCTHKATAPHHH XHCOO/ALIHMHT MATEMATHK MOZIe/UIapHra
Kapatwirad wiamuii  muap M.H.Apunos, T.H.Human6aes, P.U.Hcaes,
MM Mycaes, X.H.3aiiuuauHoB Ba 60WIKA ONMMIAPHHHI HIMHH HOLIApHAA
¥pranunrax. TenekoMMyHHKaLHs TapMOKIapHHHUHT BaKT-3XTHMOJLIH
XapaKTepUCTHKAMAPHHH XMCOONAIIHHHT MATEMATHK MOJICJUIAPHHH, CTPYKTypaBHH
napameTpnapuHM Xucobnam ycy/llapHHM MuUiad 9HKHII MyammonapH X.3.
Hram6epaues, 11I.M. l'ynamos, H.b.YcmaHoBa Ba 6OIIKAa ONMMMIIAPHHHT HIMMIA
HIlTapHaa KeaTnpub yTriraH.

TanxHKoTIap UIYHH KypCaTaAMKH, TH3MMIH €HIONIyBra acoclaHraH Kym
TNIOFOHANM CTPYKTypara 3ra Gy/IraH TeJIekOMMYHHKALAHA TAPMOFH CTPYKTYPaCHHH
ONITHMANNAIITHPHII MOJE/NAPH, YCYJI Ba AITOPHTMIIADHHH HIILIA6 THKHII €TapnH
Hapaxaga  ypraHuaMaraH.  MabiyMOTIap  OKMMHHHMHT  TYpP/IWIHTHHH,
MUIOHYIHWINTHHH Ba PHOPHTETIHTHHA XHCOOra OMyBYH XKApatHIapHH MaTEMATHK
annapatiap &paaMHa TAXIWI KWIHLI 3aMOHaBWH Taiabap AapakacHia TAIKHK
STHAMaraH. YMyMTapMOK Xapaxarnap MeE30HH 6yiinya TADMOKHHHI ONTHMAJ
CTPYKTypacHHH aHWKIAIIHMHT MaBXy[ OynraH anrOpHTMNapH, Xamja maxcyc
TAWHHJIAHTaH TEJIEKOMMYHHKALHA aI0Ka TapMOK/IapHHH TaIKUK KWIMII BA TypJIH



MabyMOoTIIap OKUMHHHHT BaKT-3XTHMOJUTH XapaKTepPHCTHKAIAPHHH
XHCOGNAIIHHHT aNTOPHTMIIAPH €TAPIIM Japaxajia YpraHuiMaraH.

Haccepranusa TAIKHKOTHHHAT JHCCEPTAUHA GaXKapHIral oiHil TabIHM
MYacCacaCHHHMHI  HAMMI-TAIKHKOT HIUIapH OmiaH  GornHKIMru.
Huccepramya TankukoTH Myxamman an-Xopasmuii Homuaary TowKeHT ax6opor
TEXHONOTHAIaPH YHUBEPCHTETHHHHT WIMMIA TAAKHKOT HIWIApH peKacHHMHT NeBB-
©4-011 — “CarHa/utapHH Ba TaCBHPIIapHH KaliTa MILTAI Macaianapuza mapanej
XHcoONamHH Ha3apHACH, METOUIApH Ba BOCHTANIAPHHH PHBOXUTAaHTHpHm™ (2019-
2020) u Ne®B — $3-2019080214 «PaBKynonna BazHATIApAA KYJUIAHYBYM KTl
¢$yHxumam pobor aparum™ (2020- 2021) MaB3ynapumaru Joiuxanapy qoupacuaa
6axcapunraH.

TagKHKOTHHHI MAKCAZH KJN NOFOHAIM TENEKOMMYHHKALHA TapMOK/IapH
CaMapafiOp/IATHHA  OUIMDHMINHHHT  IFOPHTMJIADH, MakIyMOTIap  OKHMH
XapaKTepHCTHKAapHHH XHCOGNaml MOZE/UTapH Ba TOMOJIOTHK CTPYKTypanapHHH
ONTHMA/UTAIITHPHIIHAHT TAKOMH/UTAIITHPHATAH YCY/UIADHHH MO0 9YHKHIIgaH
HOopar.

TaaKHKOTHHMHT BasH(panapu:

HIOHWIMIHKHH Ba TYPJIMIHKHH XHcobra olyBYH, TAPMOKHHHT anoxuia ¢aza
Ba TpaKTIapH ydyH, HHCOHii Ba aGCOMOT MPHOPHTETIIH MARITYMOTNap OKHMITapH
XapaKTepHCTAKANIAPHHH XHCOGNOBYH MOJI/IAPHH TAXITHIT KHITHIN,

yMyMTapMOK XapaXatiiap Me3oHH GyiiHua TelleKOMMyHHKalls TapMoK
CTPyKTypacHHH ONTHMALIAIITHPHIN AIrOPUTMIAPUHH HInab YKL,

MaBITyMOTIapHHHT TYTYHIapaa YpTaua yuuaHub Kouin BakT Me3oHH 6iin4a
Te/leKOMMYHHKALAA TApMOKIapH TYTYHIapHHH ONTHMAN >KOMNAIITHPHIL YCYIHHH
HIWIa0 YHKHII;

TAPMOKHHHT CTPYKTYpaBHil NapaMerpiapH Ba MabiyMOTIap OKMMHHHHI
BAKT - IXTHMOJUTH XapaKTEPHCTHKANAPHHH GOFnall MMKOHHHH GepyBUM aHAIHTHK
Momen Hipat THKHII;

K$/T1 [IOFOHAITH TENEKOMMYHHKALMA TADMOFHHHHI IPHOPHTETIIH MABITy MOTIAp
OKMMHHHHT BAKT-XTHMOJUTH XapaKTEPHCTHKANIapHHH XMucoGnaul airopHTMHHH
HIUTA0 THKMII,

Kym fIOFOHANH  TENECKOMMYHHKAallud  TapMOFH CTPYKTYpPacHHH
ONTMMAUIALITHPHII YCY/UTADHHH TAKOMHJUTAUITHPHLL;

Ky  MOFOHATH, Maxcyc TallMHIaHraH  TeJIEKOMMYHHMKAalLMsi  aloKa
TApMOKNAPHHH Ky PHII ycmyGHATHHH MULTA0 YHKHIIL

TagkuxoT obvexkrn cudatTHaa kYN NOFOHANMH  TEJICKOMMYHHKALMA
TApMOKJIapH Ba Xap X1 TYPAard ManIyMOT/ap OKMMHIa NPHOPHTETIH XH3MAaT
KWIHII TH3AMJIAPH OJTMHTaH.

TagKMKOTHHHI  NPeIMETHHH KYII  NOFOHA/NM  TENEeKOMMYHHMKAUMA
TapMOK/IapHHH TaAKHK KWIMII MOAE/UIapH, XapatHnapH Ba aIrOpUTMIApHHH
TAWIKHI ITaTH.

Tagxuxor ycyanapu. TaikukoTiap skapaguuaa anoka TapMoKiapH
Ha3apHACH, 9XTHMOJUIAp HA3apHACH, AMCKpET Ba IMAPTAH ONTHMALIAIITHDHIL
ycyunapunas ¢ofinanaHiiIraH.



TagKHKOTHHHI WIMHIE SHIWIHTH KyHnaarmiapaad n6opar:

TEJICKOMMMYHHKALUHA TAPMOKIADH CaMapafOpJHIHHH OIMPHII HMKOHHHH
6epyBun abcomor Ba HHCOMH NpPHOPHMTETNIH  MaBiIyMOTIap OKHMH
XapaKTePHCTHKAIaPHHH XHCOONIAUIHHHI MaTeMaTHK MOJEILTapH HIUIa0 YHKHIraH;

TAPMOKHHHTI CTPYKTYpaBuii napaMeTpiapi Guian MahiyMOTIap OKHMHHHHT
BaKT-3XTHMOJUIH XapaKTEPHCTHKAIApHHU OOFNall HMKOHHHH OepyBYH aHAIHTHK
MOJEJIb APATHITaH,

ONTHMAN CTPYKTYpaHH aHMKJall MMKOHHHH OepyBUH Kyl NOFOHAIH
TeJIeKOMMYHHKALHA TAPMOK CTPYKTYPaCHHH KyMYJISTHB YMyMTapMOK Xapaxatiap
Me30HH 6¥HH1a ONTHMAILIAIITHPHIN ANTOPHTMIAPH APATHITaH;

KaHAUTADHUHI YTKAa3yBYaHNHK KOOWIMATHHH TAHMall Ba MablIyMOTIap
OKMMHHHHI YIUIaHHO KONMMID BAaKTMHH KaMaHTHPHII WMKOHHHH OepyBun
TYTyH/IapHH ONTUMaN XOITAIITHPHII ME3OHH SpaTWITal;

Kemi6 Tymwa&IraH MawIyMOTIap OKMMHMHHHT HIDOHWIWIHTHHH  Ba
MPHOPHTETIIMTHHH XHcobra onMm1 HMKOHHHM OepyBuH BaKT-3XTHMOJUIH
XapaKTepHCTHKANAPHHH XHCOOIalll alFTOPHTMH APATHIITaH;

Kyn TIOFOHANMH TeIeKOMMYHHKAITHA TapMOK CTPYKTYPacHHH
ONTHMALTAIITHPUII YCYJUIapH TAKOMIUIAIITHPHIITaH;

ONMTHMaJI CTPYKTYpaHH aHHMKJalll YMKOHHHH GepyBuH KT NMOFOHAIH Maxcyc
TafiMHJIaHraH TeNeKOMMYHHKALMA anoKa TapMOKJIAPHHA KyPHII ME3OHH HOL1ab
YUKHIITaH.

TaagKNKOTHHHT aMaanli HaTHRaNapH KyliagarniapaaH a6opar:

KeJITHPWIraH yMYMTapMOK XapakaTjap Me3oHH OyiHva Kyn noroHalIH Ba
CTPYKTypai TeNIEeKOMMYHUKALHA TapMOK CTPYKTYpPaCHHH
ONTHMAUTAIITHPHLIHMHT XHCoONal AacTypHii BOCHTacH MIUIal IHKUITaH;

M/M/1 mopenu acocHpa Maxcyc TaliMHNaHTaH TapMOK/IapAa MAKETNapHHHI
ypraua yuUiaHHG KONMII BAKTHHH XMCOONAWIHHHr AacTyphii BocHTacH Hmiab
YMKHITTaH;

Maxcyc TalMHJIaHraH TapMOK TYTyHHra KeiuM0 TymIyBYM HOKIaMalapHMHT
ypraua HHTEHCUBJIMTHHA XHCOONAWHHHT NaCTYpPHii BOCHTacH HILIA0 YAKHITAH;

TapMOK  TYTryHHMra TYWIyBYH MabIyMOTIap OKMMHHHHI  YMyMHiA
HHTEHCHBJIMTHHH XHCOOJIOBYH JACTYypHit BOCHTa HIILIA0 YMKWIraH;

MaKkeTNapHM yprava YMAaHHG KOMMII BakT Me3oHH O¥itmua Maxcyc
TafiMHIAHTaH TAPMOK/Iap CTPYKTYPACHHH ONTHMAILTAINTHPHIL AACTPYHH Xcobnam
BOCHTACH HULNA0 YHKWITAH;

TeJIEKOMMYHHKAIMA TapMOFHAA MIBIyMOTJIap OKHMHHHHT 3XTHMOJUTH-BAKT
XapaKTepHCTHKANIApHHH XHCoOmam AacTpyHii BOCHTacH HIWIab THKWIFaH;

KEJITUPHITaH YMyMTAapMOK Xapaxatiiap Me30oHH O¥iinaa TelekoMMYHMKAH
TAPMOFH CTPYKTYPacHHH ONTHMALTAIITHPAII JAacTpyMil BOCHTacH HILnal
YUKH/TaH.

TagKHKOT HATHXAAJIAPHHHHT HINOHWIITHATH. TaaKAKOT HATHXXKANTapHHHHT
HIIOHWIWTHIH TAKHKOT NaBOMHAA KYN NOFOHANH TEJIEKOMMYHHKAITHA TapMOK
CTPYKTYPACHHH ONTHMAUTAIITHPHII AITOPUTMIAPHHHHT Ba TYPNH MamIyMOTJIap
OKHMJIapH XapaKTEpPHCTHKANAPHHH XHCOONAIIHMHI MAaTeMaTHK MOJACJLNapHHHHT
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KATHHANMIH XaMJla ONIMHIaH HATHXATAPHHHT aMAIMETTa TAAOHK 3THITAHTHIHHH
TACMKIIOB'H IyBOXHOMANIAP BA AaNoaTHOMAanap GMaH H30XIaHaIH.

TaakaKoT HATHXaNAPHHHAT WAMMIt Ba aMaHii AXAMHATH.

Tankukor HaTWXanapuHMHT WiMMH aXaMmusTH NPHOPHTETIH TH3UMHHHT
CaMapallopIMIHH  OLIMPHUI HMKOHMHM GEpYBUM MaTeMaTMK MOJeNIapH,
TapMOKHHHI CTPYKTypaBHit napaMetpinapu 6uian MabIyMOTNap OKUMHHHHT BaKT-
XTHMOJLTH  XapaKTEPHCTHKANAPHHK GOF/All MMKOHHHH 6EpyBUH aHANUTHK
MOJie/Ib, TapMOKHHHT OITTHMas CTPYKTYpacCHHH aHHKall HMKOHHHH GepyBuH
ONTHMAITAITHPHII A/IFOPHTMIIAPH, KAHAIAPHHHT YTKA3YBYAHTHK KOGHTHATHHH
Tallall Ba MabIyMOT/ap OKHMMHHMHT YIUIAHHG KOJMII BAaKTHHH KaMaifTHpHII
HMKOHMHHM GepyBuM TyrywnapHu onTuman KOHNAIITHPUID Me30HH, Kenub
TYWA8TraH MABIyMOT/Iap OKMMMHWHT MIIOHWIMIHIMHE Ba NPHOPHTETIMTHHH
XHcobra ONMIm HMKOHHHH GepyBuM anroputMH, TapMOK CTpyKTypacHHHM
ONTHMAIIAIITHPHIN YCYJLNAPH Ba MAXCYC TAiHHIAHTaH TEJIEKOMMYHHKALHA ajloKa
TapMOIJTApHHH KYPHIIl ME30HH HIIIA6 YMKHIFAHIHIM GHIaH H30XJTaHaH.

Muccepraums  Hatwxanapumuer  amanuit axaMHATH Kyn TOFOHaIH
TC/ICKOMMYHHKAUHA TAPMOK/IAPHHH TaImKHK Kunuaa M/M/1 momen acockaa
Maxcyc TalHHTaHraH TapMoK/apaa NakeTAapHUHr Ypraua ymuaHuG Konmuim
BAKTHHH Ba KeNTHDWITAH  yMyMTapMOK XapakaTtnap Me3oHH 6¥iiHua
TEJIEKOMMYHHKAUHA TAPMOFMHHHT ONTHMA CTPYKTYpacHHH aHHKJIall HMKOHHHH
GepyBan Ba MablyMOT/Iap OKMMMHHHI K§1I NpPHOPHTETIHIHHH, TYPAWTHIHHA
XHCOGra ONYB4H BAKT-5XTHMONH XapaKTepHCTHKANApHH XMCOGNAM macTypuil
BOCHTANapUHH MULTA6 YHKUNrAHIHIH GHTaH HXOXTAHAIH.

Tamkukor  HaTmxanapuuumr xopuit  kwauHmme. Kyn  noronanu
CTPyKTypara sra 6yarau TCIEKOMMYHHKALKA TapMOKIAPHHH TAAKHK KHJIHLI
YCylnapu, Moznennapy pa /IropuT™MIIapH 6¥iinua onuHrad HaTiwxanap 6¥itnua:

ONTHMaIn TapMOK CTpyKTypacuum AHHKJIall HMKOHHHHM OepyBYH KYTl TOFOHAIH
Maxcyc TAHHIaHraH TeNnexoMMy HHKALHS a/10Ka TAPMOKJ/IapHHH Ky PHII ME30HH Ba
TapMOKHHHT OnTTHMan CTPYKTYPacHHH aHHKNalll HMKOHKHH 6epyBUH KYT IOFOHATH
TENICKOMMYHHKaLMA  TapMoK CTPYKTYpacHHH  KeITHpHAraH yMyMTapMOK
Xapaxatnap Mesonu 6yiinua ONTHMAJUTALITHPHIN AIrOpPHTMIIApH Y 36eKHCTOH
PecnyGnm(acu poJuin Kyunap 6o wwrabuHUEr alioKa, ax60porr TEeXHOJIOrHAnapy
B3 axGopoTnapun xumosnam Gow Gowkapmacura xopuii 3THaraH (Ax60poT
TexHonorusnapu sa KOMMY HHKALIHATapHHH PHBOXUIAHTHPHII Ba3HPIUIHHHHT 2020
25 HosOpnarn  Ne33-8/7130 - con MabTyMOoTHOMacH). Harmwkana
TeICKOMMYHHKALMA  TADMOFHHMHT  OITTHMan CTPYKTypacHHH aHHMKJamra Ba
ToRuXanam yuyn keraguran capdp xapaxamiapuu 13-17% raua kamalTupHmTa
SPHIIHITaH Ba Kapop Kabysn ki cudati axmHnanray;

TIPHOPHTETIH  TH3HM CaMapanopiUrdHM OLIMPHII HMMKOHHHH GepyBuH
a0CoMOT Ba HHCHHY TIPHOPHTET/IH MABITYMOTIap OKHMH XapaKTePUCTHKANAPHHH
XHCoSnatyuur MaTeMaTHk Mopeinapu Ba kenu6 TywaérraH MamIyMoT/Iap
OKHMHHHHT MUOHYIHIHrHY Ba NPHOPHTETIMIMHH XHCOOra ONHII WMKOHHHH

B, Typiu MabiTyMOT/1ap OKHMHHHHT BaKT-3XTHMOJLTH
\APAKTEPHCTUKANAPUHN  xpcoGam anroputmu  V36ekucton Pecny6nmkack
Mynogaa BaIUPNUrMHUAT aoka Ba ax6opoT — KOMMYHHKAUMA TEXHONOTHANAPH
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XapOuii MHCTMTYTMHHHT §OKan TapMoFMra >kopuii 3sTwnmu  (Ax6opor
TEXHONOrHANAPH B2 KOMMYHHKALHAIAPHHH PHBOAXJIAHTHPHII Ba3HPIHIUHUHT 2020
Aun 25 Hosbpmarm Ne33-8/7130 — coH MammymoTHoMacH). Hamkana,
HHCTHTYTHHHI JIOKAN TAPMOFHHHHI BaKT — 3XTHMOIUTH XapaKTePUCTHKANApHHH
'Xucobnaw BakTHH 15-20% raya KHCKapTHpHIIra SPHIIANTAH Ba MahiyMOT/Iap
OKHMMIHH y3aTHII cHdaTi OWIMpPHITaH;

Kyn TIOFOHA/H TeJICKOMMYHHKaLUSA TapMOK CTPYKTYpPacHHH
ONTHMAUTAIITAPHII YCYJUIapH Ba TAPMOKHHHI ONTHMaJl CTPYKTYPaCHHH aHHKJail
MMKOHHHH 6epyB4H KyN NOFOHAIH TEJEKOMMYHHKAUHMA TAPMOK CTPYKTYPacHHH
KCJITHPHWIraH YMYMTapMOK Xapaxariap Me3oHH O6¥ifHua onmuMamnamTHpHm
anropurMinapu “Ysbekrenekom™ AKra sxopuii sTriam (AXGopoT TexHONMOrHANapH
Ba KOMMYHHKAUHATApDHHH PHBOMUIAHTHPHID BasHpAMrHHHHr 2020 #mn 25
HoaGpaaru Ne33-8/7130 — con MasyMoTHOMacH). Hatmkana “Ya6exrenexoM” AK
TapMOKJIaDHHH  JIOHMXANAITHPHII Y4YH KeTaguraH capd XapakaT/JapHu
3-4 % raua xamailfTHpuiira Ba Kapop Kalyn KWiHMml cH(aTHHM OIIMpHIIra
SPHLIMNTaH;

KaHAMApHUHT  §TKAa3yBYAHIHK KOOWIHATHHH Tawnall Ba MakIyMOTIap
OKMMHHMHI YWINAaHWO KOMHII BAKTHHH KaMaHTHpHII WMKOHHHH GepyBuM
TYTYHNapHH onTuMan oinamrHpum mesonH “UNICON.UZ” OVKra xopwuii
aTHAraH (AX60pOT TEXHONMOTHANAPH Ba KOMMYHHKAUMANAPHHH PHBOXJIAHTHPHIN
BasUpMUrHHUHT 2020 #inn 25 Hoabpaarn Ne33-8/7130 — coH MamilyMOTHOMACH).
Harmwxaga kyn noroHanu TapMoKAa MablyMOT/IapHMHI YpTraya yUuIaHHO KoM
BaKTHHH KaMmaHTHpHIUra Ba KAHAUIADHUHT YTKa3yBYAHIMK KOOMIMATHHH
OLUHPHILLra IPHULIKIraH.

TagkukoT HaTHxKAIAPHHHHT anpo6anuscu. TaAKHKOT HaTWXanapu 7 Ta
Xankapo, 6 Ta pecny6nuka wnMmuii-amanuii KoHdepeHuHANapaa XaMaa WIMH
CEMHHapnap/a MyXoKamMa KHIHHIaH,

TagKHKOT HATIKANAPDHHHHT JBJIOH KHJIHHrawiumru. Jlucceprauus
MaB3ycH Gyiiuua xamu 31 Ta wiMuit uuap, ynapaan 12 Ta makona Y36exncton
Pecrry6nukacu OAK TaBcua 3TraH »KypHanapaa, 1y xymiaagaH 9 Ta pecrnyGnuka
Ba 3 Ta XOpHKHMIT MHKECHIATH XKypHAJUIApAa 40N STHIraH XaMaa 6 Ta XM yuyu
ApaTHIraH AacTypHii BOCHTAIApHM Kaiia KWIHII IYBOXHOMAlapH OJTHHTaH.

JHccepTauHAHHHT TY3HIHIIH Ba XaXMH. Jlucceprauus kupum, Geurra 606,
Xynoca, ¢poiinananunran anabuérnap pyiixati Ba wnosaiapaaH ubopar, xaxmu 194
caxudaHH TalKHI 3Taju.

JUCCEPTAIIUSTHUHT ACOCHIl MASMYHH

Kvpum KucMHIA AHCCEpTalWAs MaB3YCHHMHT N0N3apOnHrd Ba 3apypaTd
acoc/aHraH, TARKHKOTHHHI' MAKCa/IH Ba Basudanapy mWakUIaHTUPWITaH, 06 beKT Ba
npenMetd Tacunanran. Vabexucron Pecny6mukach ¢gan Ba TEXHONOrHANApH
PHBONIAHMLIMHHHT  YCTYBOp  HyHanuminapura  MOCIMIH  KYpCaTHIraH,
TAAKAKOTHHHT WIMHIl AHTHIIMIH Ba aMaJHil HaTHXKanapy 6aéH KWIMHIaH, OJIHHIaH
HaTWXAJIADHHHT HILIOHYIWIMIH acOCNaHraH, WIMHH Ba aManuii aXaMHATH Oo4HO
Gepuwirad, TAAKUKOT HATIDKAAPUHM aManHETTa KOPHH KWIHIL, HIOHHHT
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ampofauMicy, HAaWIp JTWITAH HIUIAD Ba AMCCEpTaUMs TY3WIHMIIK 6¥iinua
MabJTyMOTJIap KeJITHPHIIraH.

Huccepramusaunr Oupunun «Kym noromanm erpyxrypara sra 6yaram .
TeJIeKOMMYHHKAIHA TAPMOKIAPHHH PHBOXJIAHTHPHIN TAXJIHIH Ba MIApXw»
6061 1a KYTI NIOFOHANH TeIEKOMMYHHKALs TADMOFUHH PHBOXJTAHTHPHII Ba TAAKHK
Kwmm 6¥iiua anabuérnap MaHGanapuHMHT TAXTWIN BA INAPXM KENTHPWITAH.
TenekoMMyHHKALIHA TapMOK CTPYKTYPacH YHHHr acOCHH KOHCTPYKTYKTHB
XapakTepHCTHKacH (l1-pacMzaa xemTHpHIraH) Ba TeppHTOpuA O¥iiMua &fwirad
acTypuii-annapar BOCHTANapHMHT (KOMMYTAIMA MapKa3JiapH, aTOKa KaHaU1apH,
6omrkapys MapkaznapH Ba 6.) MaXXMYacH 3KaHJIATH AHUK/TAHTaH.

1-pacm. [TOFOHRCHMOH CTPYKTYPaSiH TENIeKOMMYHHKALIHS TAPMOFH.

Anoka TpaKTAapuHM Kyn Maporaba ynalinurad, #MpMk ysiuamoa Kypwiras
TEeNeKOMMYHHKALMA TapMOKJIapH TaXJIWIH MKTHCOOUH TOMOHZAH KJN NOFOHAaNH
TapMOKJIapHHHT CcaMapaii J3KAHIWTHHM aHHKMagy. ByHpmalt TapMoxmapHu
JIOHHXANAWTHPHII/IA AI0KA KAHAJUTADHHHHT YMyMHIt y3y HIIMK/IapH KMCKapHILIHTa,
Ba MY OpKan¥ YJNAPHUHI TaH HapXMHHMHI NacaifHIOHTa, anoKa KaHaJUTAapHHHHT
¥TKasyBYaHIMTH OWMIIHINHIA Ba TYTYH KyPWIMaNapuHHHT  camapanH
HIUIATHWIHIINTA, TAPMOKAA GOWIKApYB XapaHWHMHI COMJANalllyBUIa Ba TADMOK
peCYpCNapHHMAT  HKTHCOJA  KWIHHHIUra spuomnagd. Kyn  noronamm
TENICKOMMYHHKAUMA TapMOK/IADHHMHT OHMp HeYTa YCTYBOPNMKNADH: aloKa
KaHaJUTapH Ba TYTYH KyPHIMaNapHHHHT CaMapa/iy HILTaTHIHIIN; OKIIaMaTapHHHT
TapMOKHHHT TACTKH MOFOHACHAA MaKCHMajl paBHIIAA GOFNAHHILH; TapMOKAA
Gomkapys kapabHHHHHT COANANHTH; TapMOK pECYPCIapHHHUHT HKTHCOX
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KWIMHHIIK; TENCKOMMYHHKAlMA TapMOKIAPHHHHI CaMapaiM HIUTAWHWHT
OHIMILM TaAKHKOT Ba TaXJIWUIap aCOCHAA aHHKITaHIH.

OucceprauMAHMHI MKKHHYH «K¥m nmnoroHAIH TeIeKOMMYHHKAIHSA
TapMOKJAPHAA MABAYMOTJIAD OKHMHHHHI MPHOPHTETIR XH3MAT KH/IHIN
momesnapm» Go6uxa Jlannac-Crwrreec Yaraprupysuu (JICY) maremarnk
ANMapaTH acocMAa TYPAM MaBIyMOTJap OKMMHHMHT HucOmii Ba abcomor
NPHOPHTETIM  MaTeMaTHK Moje/nlapH Wmuia6  uukwirad. MasiaymoTiap
OKMMHHHHI' BaKT-5XTMMOJUIM XapaKkTepHCTHKANapuEk XucoGnam yuyn JICY
MaTtemaTHK anmapatH Ba Mi/Gi/1/e0  (GytopTManapHHHT Ke/M6 TyIIHII KOHYHH
IKCMOHEeUMaN KOHYH acoCHAa, GylopTManapra OMMaBHii XH3MaT KWIHII TacORH(Hi
KOHYH acocHa, Gup KypwiManu ¥ HaB6atyiap 4EKCH3) TypPHAArH OMMaBHI XH3MaT
kypcatuml (OXT) Tu3nmupaas ¢oiiganadray xonaa TypiH MabiIyMOTIap OKHMMIa
HUCOMH Ba aGCOMIOT NMPHOPHTETNH XH3MAT KWIMII aManra OomHpwiamh. Bup
qu3ui OXT ra P npuopuTeTiH makemiap OKHMH KeHO Tymca, maketnap
A.k=1,P UHTEHCHBAMK Owman ITyacCOH OKMMNApMHH TAaUIKHI 3TajlH.
ITakernapHuHr HHFMA OKUMH o=)"£ 3, HHTEHCHBIMK Gwian IlyaccoH okuMH

xucobsnaHagy Ba M/Gy/1/c0 Typuparn oMMaBHIi XH3MAT KWIHII TH3UMHZIA
KyHHAard HKKHTA jxapatH Ky3aTHIaau:

KyTHII 2apaHH, Takcumnam QyHKUHACH W, (1) 61naH XapaKTep/laHyBuH I,
Tacopuuii BakT Gunan;

XH3MaT KWIHII >kapa8HM, Takcumiaml QyHKumAcH H,(r) Oumnan
XapaKTepraHyB4H f,, Taconu(Hit Bakr GuaH.

Y xonpa k NpHOPHTET/IM NakeTHHHr Tacoaubuii ernb Gopmm 7, BaKTH
Ky#finaarn4a aHuKJIaHaaM:

fg =tatlu , k=1P m

6y eppa: ¢, -k NpHOPHTETNH NaKeTnapra XM3MaT KWIMIIHA KyTHII BaKTH; 7, — k
NIPHOPHTETIH NaKeTNapra XH3MaT KWIHII BaKTH; P — npHopHTETNap COHM;
TH3MMAA NaKETHHHT €THO KeJIHII BAKTHHMHI TAKCMMIIAII ¢yHKIMACH dca:

V() =W () s Hy (D), (2)

Oy epaa: * - CrunTeec 6ypamacu Genrucunm GuaMpamy.
Y3arum 6¥nuMHAa kK NPHOPHTETIH NakeTHUHT Ypraua eTHO KenHim BakTH (2)
HdoaanaH aHHKIaHAIH:

T, =[t-dv), ®3)

V3atm 6YnuMHAA K NMPHOPHTETNIH NaKeTiapra XH3MaT KWIMII BaKTHHH
TONMIN fy YJyH t BAKT MoGalinmpa k mpHOpHMTETnH naxernap OKHMHra XH3MaT

KWIyBYH H,(1) Takcumnam QyRKIMACHHMHT Jlarnmac-CTHNTBEC Y3rapTHPYBUYH
MaTeMaTHK annapaTHRaH ¢ofifananraH xonga Kyiuaarnia aHHKIaHaH.

13



0, =[e™aV, () =w, () b () | @)

6y epaa: v — ManayMOT/IapHMHT 3CKAPHG KOJHII MHTEHCHBANTH v =1/T, , Gy epna
T.— 3cxnpKb KONMMIIHUHT YpTada BakTH; w,(f)t — BakTH MoGaiiHuna k npyopuTeTn
HaKeT/iapra XM3MaT KHIHII GONUIaHHIMHHHUHT Ky THII BakTHHHHT Jlamnac-CTwieec
MaTeMaTUK ¥3rapTHpPYBYHCHIAH ONMHIraH W,(t) Takcumnam GyHKumacH; i, () -t
BakT Mo6aiinmaa k npuopuTeTIH nakeTnapra Xu3maT KwiMHuHr Jlamnac-
Crwrmbec MaTeMaTHK Y3rapTHpPYBUYKCHAAH OJIMHMaH TakcuMIall H, (1) QyHKuMscH.
K¥n noronanu TenekoMMyHHKaLHs TApMOFHAA NAKETIAPHUHT YpTaua eTH6 Keum
BakTH T OKMMJAPHHHI Xap Xwi1 MapmpyTiap 6¥iiHua OKaéTraH OKMMIApHHHT GUp
KucMHura HucbaraH xucoGnawami. Kyn noronanu crpykrypara sra 6ynran
TapMOKHMHT T-NIOFOHA OKalH Ba TapMOKOCTH r-MOFOHANapH YYYH YMyMTapMOK
6¥#inua nakeTIapHUHT eTHO KeNHII BaKTH KyHHAAard KypHHHUIra sra 6Ynanu:

1 R
T= x 2[2(,1,_1,,;”,_,,7;_,,) +2(A,,m,, Tr,r),, +(An,T, )], (5)
r=2

6y epna: A -xHpPHE KeJTyBYM OKHMHHMHT AHFMa HHTEHCHBIIHTH; R — NOFOHANap CoHH;
A - MawlyMOTIap  OKMMHMHHHT  KeNM6  TymMII  MHTEHCHBIHIH;
m, —I—IOFOHAJIarH AN0KAa KaHa/U1apH CoHu; m,_, — (r-1, r) - MHEEKCAH NOFOHANMap
Ypracumard TapMOK OCTH alOKa KaHa/UIapH COHH; N, - T - TIOFOHAJarH TYryHiap
COHH.

=n

nk
=%, m 1 ©)

ro 2 r—1,r
MarnymoTiap okumuMra HucOGuii Ba aGCOMIOT NPHOPHTETIH  XH3MaT
KWIHIOHMHT  MAareMaTHK MOAG/UIapH  acOCHarH HaTtwxanap 2 - pacMaa
KeJITHPHWITaH.
8

© -

=] 7
5 6

5
‘% 2 4 —0—AGcomor |
a = 3 =&—Hnconi 1
a 2 ~r—AGcomor 2
? —¥—HucGuit 2
£

0.1 02 0.3 0.4 05 0.6 0.7 0.8 09
AJOKa KaHaJUIapH I0KJIaMacH, p

2-pacM. AJIOKa KaHA/UTapH I0KJIaMaCHHHHI MAabJIyMOTIApHHHT YpTaua yuInauu6
KOJIHII BAKTHIa GOF/IMK/INTH.

Hamwkanap acocuga XyJioca KWIHII MyMKHHKH, aGCONOT NPHOPHTET, KarTa

OpPHOPHTETIap HUCOHI NPHOPHTETTa KaparaHjia YHUIaHUG KOJIHIN BaKTHHUHT Kam
6Ynrar kuliMaTHHM TabMuHNAO Gepanu, apHM aGcomoT mpHopureT 1 HuCOMii
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npHopuTeT 2 ra HAc6aTaH 1,75 MapTa kam 6¥nraH ymnaau6 Kojinm BakTHHH Ba 0,8
MapTa KaM OyniraH BakTHH TabMHHNA0 Gepamu.

HuccepraimaHuHr yuunud «Kyn moroHanH crpykrypara 3ra 6yaranm
TeIeKOMMYHHKAIIHA TAPMOKJIAPDHHH TAAKHK KHIHID» 0o0Haa 6Mp TyryHmm,
KNl NOFOHAIN TeJIEKOMMYHHKALKA TAPMOK XapaKTEePHCTHKANAPH TaAKHK KIWIHHIaH
/32 MAaKETNapHH YpTada yHnaHuG KOMHIN BaKT ME30HH O¥ifya TyryHIapHRH ONITHMAN
KOHAINTHPHIN, XaMAa KapuMa (QYHKUHACH YCyNnH &pAaMHAAa KENTHPHIraH
YMYTapMOK  XapaxarmiapH Me3oHM  6OyiiMua  TapMOK  CTPYKTYpacHHH
ONTHMAILMAWITAPUIN  MacananapH kypu6 uumxuwnran. Kyn  noronamu
TEJICKOMMYHHKALHA TapMOK CTPYKTYpPaJIapHHH ONTHMAUIAINTHPHIN KEJITHPHITaH
YMYMTapMOK XapaXaTJapHHH MHHMMAUIAINTHPYBYH X BEKTOPHH TaHIKHI
STyBYHNAPHHM TONHMIUra H{yHanTHpHWIagM Ba Yy Bekrop ¥3 Ttapkubura
Ky HHAArKIapHH OJaJiu: -

X:[ R,W,,Wr_l,,nb,,mﬁ,m,_,,:l
) )

6y epna:R—W,,r=1,R TOMONOTMANM TAPMOKHHHT NOFOHanap ComW; W_,r=2R
TIOFOHANIap YpTacHAard TapMOKOCTH TOMONOTHACH; 7, —r - IOFOHAAArH i - Typaard
KOMMYTaluss TYFyHJIapH COHHM (KOHLCHTparop/iap Ba MapKasuii KOMMyTaifus
TYTyHNIapu); m, —r — MOFOHAJary j - TypAard anoka KaHa/UlapH COHH; m, ., = (
r~1,r) MHAEKCIH NOFOHANAPAPO TAPMOKOCTH j — TYPAArH aNoKa KAHA/UIAPH COHM;
Kyn  NOFOHAIH  Ba CTPYKTYpPallH  TEJIEKOMMYHMKalHsd  TapMOKHH

ONTHMATAIITHPHIUHHHT  YMYMHI Macalacd KyhMOar KypHHHIO OJadH:
KEJITHPHIIraH YMyMTapMOK XapaxaT/lapHH MHHHMa/UIAIITHPHIN:

1(X) > min. 8)

KYNn MNOFOHAIM TeJIEKOMMYHHMKalua TapMoK (oiinanaHyBuunapura XusMmaT
KHJIHLI cH¢aTt aapaxkach 6axkapwiral Xonaa, fbHM Tosym curHanuuu T Tacopudmit
Bakr opnuruaa A {T <t} axTumonu Gunau eTH6 Kenuin BakTd Ba k IPHOPHTETIIM
nakeTnapHUHr eTHO KeNMl BakTnapH 7, GepwiraH t BakT MebépHAaH OHIHG

KerMacnurd Ttanab 3tunanw. Kyn noromanu crpykrypara sra GynraH
TEeJIEKOMMYHHKALHA TAPDMOFH YUYH KEJITHPHIraH yMyMTapMoK Xapaxarnapn I1(X)
Kyiuparu KypuHampa 6ynanu:

re2 | 7=1 A Weri ooy, r=2

A =ES {i W.Con, + i[Z"’C"""’"' + ]} s ©
—1,r

6y epna: R - noronamap conu; E, — xanuran XapaxaTA8pHHHI HOPMAaTHB
HKTHCOMMI camapanopnuk kodddmuuentu, E, =015; 1— C ={G’(K2,d?)} Tau
Hapxnap ¢yHkumacH Ounan ¢apkraHyBuM TyryH Typnapu (UIUmo3nap,
KOMMYTATOpJiap, CepBepap, MUWMH CTAHUMANAP) COHH, Oy epaa: G} -KOMMYyTauus
TyryHHHUHT Taiiéprapnuk K} kospdpuuentn 6unan nponanaHysuu caMapagopiHK
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KO3 GHLUEHTH, THKTaHKIN MHTEHCHRNHIY d7 , By epaa: i=1,1; n, —r — NOFOHamarK

i~ Typnaru koMMyTalms TyryHnapu cond; J — G ={V;,}; } - Tannapxnap pynkumscu
6unan Qapinanyeun anoka KaHalap TypiapH COHM, Oy epja: 4 - anoKa
KaHAIapH TEINATH, /,— anoka KAHAIKHMHT Y3YH/INTH, TaHEprapauk koadduuenTn
K, Ba THXIAHHII MHTEHCHBIIHTH dt,j=1J; m,, —T — MIOFOHAJArH j- TYPAArH alnoka
KaHanmmapn CoHH; J-Cf,, = {VJ,_,,,II,_,,} TaH Hapx ¢yHKuMHscH OumaH
¢apxnasyBsuu noronanapapo kasan Typnapu coxs, 6y epaa: ¥, _,,— NoroHanapapo
anoxa KaHaNap¥ Te3Nury, [, ,, — IOFOHANApapo aloKa KaHaJLIapH y3yHInry, K, ,,
Tafi¥prapiuk  ko3QQHUEHTH, d_ - NOFOHANApPap0 aNoOKa KaHAUIAPHHHHT
THKNAHHII MHTeHCHMBIMrH, Oy eppa: j = LJ; m,_,,— j- Typaars (r-1) Ba r
MOFOHANAPAPO KAHALIAP COHM;

W = I, arap j-xomMMyrauMs ~ Tyrysm r-mnoroHaaa koitnawmran 6ynca;
r _{0, akc  xonaa;

W = I, arap j-amoka Kkamanu Tr-noroHaga koinamran 6ynca;
710, akc xomma

1, arap j-amoka «kasmanu (r—1) Ownam r-norowamap  ypracHga
W,.,=1{xoiinamran  6yica;

0, akc xonga;

PopMyina (9) pa OHpUHUH KYUDAUTYBYM TYTYH KypPWIMAIADHHUHT KaITHTan
XapaxaT/apHHH, MKKHHYH Ba YYHHYH KYIITyBYWIAD MOC XOJIAA, HUKH3OHAIH
JIHHHA KypHIMAIapHHUHT Ba MOFOHANAPapO TAPMOKOCTH KalMTal XapaxaT/iapHu,
OXMPIrH KYIIWITYBIH 3Ca IKCIUTYaTaLMOH XapaXaTiapHH TallKWi KWiamH. Xap Xxun
TONONOrHK CTPYKTypanapra ara 6¥nran (PC-paauan ctpykrypa, XC - XankacHMOH
crpykrypa, IIC — mamxapamn crpykrypa, TBC-T§¥muk GornanraH CTpPyKTypa)
TeNICKOMMYHHKAIMSA TAPMOKJIAPH CTPYKTYPACHHH ONTHMANAIITHPHII MacanacHHH
€YHII XKapuMa ¢yHKIHACH YCYJIMHE KYJUTalll OpKalH aMaira olupwiany. Japuma
bymxumscn ycynuuuHr Kynaiery imynan u6opatkd, MMHMMAIUIALITHpHII
MacanacHHY eHHIIAA 9eTHpMaap GyHKUHACHHUHT HOYH3HIJTH, TH3HKIIH, ACCCH EKH
fccd 6YnMacmury acocuit axammsTra sra 6YnMalion. VHAaH TaloKapH, »kapHMa
dyHkupscH ycymana GomuiaHFHY HYKTAHMHI pyXcaT 3TWIMaH o6iactaa Gymumu
Tanab sTwmaiiny. XKapuma QGyHKUHACH YCyNM OpKanH edunaauraH MAacSiaHHHT
coananamyBy, Yerupmanap (yHKUMACHHM Ba TaAKMKOT Me3OHJapHHHM Xucobra
OJIyBYM yMyMIAIUITHPHIraH makcaany GpyHkupmanuHr F(X, h) Comnanruu makcanim
bynkuua GunaH  anMaWTHPWIMIIM Ba LIy OPKAIM TAAKMKOTIAp Xucobura
SpHIINIaIM:

F(X, h) = T (X) + P(h)¥(X) — min, (10)
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6y epaa: W(X) — «X» Bekrop dyHkumiacu, ¥(X) = 0 arap werapmanap Tanabu
Oaxapuica (FbHH KHAMPHIAETraH HYKTa PyXcaT JTHIraH o0nactaa €Kd YHHHr
yerapacHia xoitnamca), 8a ¥(X) #» 0 —recxapn xonaruaa; P(h)—h y3rapysunnunr
MOHOTOH paBMinga ¥YcyBuH d¢yHkumua. F((h) dyuxuusnmar wkuiimama T1(X)
QyHKLMA KuiiMaTi OunaH, pyxcar 3TWiraH obnactaa, Moc kenca KaGyJ1 KWIHHaaH,
arap pyxcar aTwiMaraH obnacrra Moc kesica y xonaa P(h)¥(X) sxapuma pyHKumACH
6wiaH aHuMKnaHagad. By ¢ymxumanuHr KuiiMaTH X HYKTaHMHF PyXCaT 3THITaH
ofbnactaaH y3oknamiHmme 6unaH omm6 Gopamn. TeseKOMMYHHKALHA TapPMOFH
CTPYKTYPaCHHM ONTHMALIATHPHII MAacajlaCHHH evHmaa Kalyn KunuHran
skapuMa (yHKIHiACH KyHHaarH KypuHMmaa 6¥namu:

2
h <& .
Foth=nen+ 23 inon 2y}, an
i=y

6y epaa: m,- werupmanap conu; h, 4 - 4> 0, i> 0 anropuTMiap napaMeTpnapH,
i=Lm,; [¢)' - W(X) dyHKuMAcH; @,(X)-uerupmanap dyHkumacH. Bakt axTHMomTH
XapaKTEepHCTHKaJIapHH bTHOOpra oAraH Xonaa, KEITHPHITaH YMYMTapMOK
XapaKaTyiap ME€30HH acOCHAa, K¥N MOFOHANMH Ba CTPYKTYPAJIH Te/ICKOMMYHHKALHA
TapMOOHHH TAOKUK KWIHII ONTHMALIAIITHPHII MacallaCHHU OUp Heda 6op eqHm
OpKaTH aManra OUIHPHIIAN Ba HaTHxanap oHHIH (3 Ba 4 - pacMnap). By pacmaa:
PC - pagvan crpykrypa; XC —xankacHMoH cTpykrypa; IIC —mnamkapacHMOH
ctpykrypa; TBC- Tynuk GornaHraH CTpyKTypa.

1000
900
800

5700

600

500

400

300

200

100

0

~=PC
-B~XC
—~TIC
=3TbC

KyMMynaTus xapaxcria
p, II(X), .6

2 2,5 3 3,5 4 4,5 5
TapMox obnacTy, kM

3-pacM. KyMMynaTHB XapaxaTnapHHHT TapMOK 00nactTu YiuaMura GOFIMKaMry

3x3, 4x4 Ba 5X5 KMJIOMETpIH KaM VYiuaMmH ofbmacTnap MHKHECHOA
KyMMYNATHB YMYMTapMOK Xapakatnap KHAMaTH KaM Y3rapagd, 4YyHKH
qerapanaHraH ofnacTiiapAa acocHil XapaxaTiap MHKAOPHHH TYTYHNapHHMHI TaH
HApXJIApH TAWIKAM 3TaJH, YJAPHUHI COHH 3Ca TAPMOK OOJAaCTMHMHI Yiuamura
GornuK 3mac, ynap ¢axar TapMOK CHFUMHM OpKaiM aHHKNaHagH Ba pagHan
TanofioruAny TapmoK Oolka TapMoknapra HuUcOaTaH KaM XapaXaTiH TapMOK
cubaruza aHuknadrad (3 pacum).
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Tapmoxmuunr R=2, 3, 4, 5 TOFOHANAp COHMHHHI KYMMYJIATHB YMYMT2PMOK
Xapaxarnapura Gormmkmuk rpaguru 3 — pacmpa Kemrapmarad. MKrucommi
KYpCaITHUiap HyKTaH HasapaH 2 Ba 3 NOFOHATH TApMOKIAp 4 Ba 5 MOFOHAM
TapMoknapra Huc6aran Gup (2-3) 6apobap kaM XapaxxaTiii 3KAHIHTH aHHK/IAHTaH,

Kyn noronamn TenexkoMMyHukalmus TapMOFHHM ONTHMAJLIAIITHPHLI YCYNH
KyMMYJIATHB YMYMTapMOK Xapakatjiap Me3OHH aCOCHAR TapMOKHMHI ONTHMAI
CTPYKTYPaHH aHHKNaW, my GwiaH GHp Karopla, TAPMOKHUHT NMOFOHAIAP COHMHU
Ba OXHpNam KypHIMaIapH COHHHH Xucobra oJIMIm MMKOHHWHH GepaiH.

3 A
&
g 25 s
/ == 200
§- . 2 // —tr— 100
? :g\l 5 b, N =&=50
4y w
E = bW/ =0=—10
1
_§_‘\ N———M"l El
g 0,5 —-———
% > % ~ N cl
~ M v
0 >
1 2 3 4 5

IToroHanap conu

4-pacM. KyMMyJISTHE XapaXXaTIapHHHT NIOFOHANIap COHH
OunaH GOFTHKIIMTH.

TenekoMMyHHKalMA TapMOKIapHRa TYFyHjiapra Tymla&rraH IOKIaMaHHHT
omn6 Gopumm HaTKacHAa Kequb Tyma&TraH MawTyMOT/ap OKHMHra XH3Mar
KWIHI Y4YYyH, TYFYHJapHHHr KyBBATHHH OIIHDHII &KH IOKJIaManapHH TEKHC
TaKCHMJIAI 3apypHATH naino 6§nagu. Lily HyKTau Ha3apiaH TeNeKOMMYHHKAITHA
TapMOK/IapHAa TYTYHJIapHH ONTMMan paBHINAA TaKCHMJIAll MacalacH MyXHM Ba
HOYM3HK/IH AMCKPET MaTeMaTHK AaCTypiall MacalacH xucobnaHamn. AHHK 6up
BaKT HHTEPBAINAA | TYTYHIa KeJIH6 TyagérraH I0KIaMaHHHT Ypra4ya HHTEHCHBIIUIH
Ky#unara ¢popmyna opKany aHHK/IaHaOH:

1=A=D A X+ DA%, (12)

=] 1=l
6y epma: n — y3aTyBYH TYryHiap COHM; A, — i TyryHra Kemu6 Tyma&rran
MabIyMOTAap OKMMHM HHTEHCHBIMTH; A,—j TyryHra kenu6 TywaérraH
MabLIyMOTNap OKHMMH MHTCHCHBIIMIM; X, — iTyTyHgaH j TyryHra 4
MHTEHCHB/IHK/A KeJH6 TYIIagTraH MablyMOT/Iap OKUMHHUHT GHp KUCMH; x, — j
TYTyBAaH i TYTryHra A, HHTCHCHBIIMKI2 KenHb TymaeTraH MabiyMOTiap

OKHMHHMHF 6Hp KHCMH. BUPHHYH KYIIHTYBYH i TYryH OpKalH 6olKa TyryHiapra
AyHarTHpHATaH XM3MAaT KHIMHMaraH pokilamanap HHFHHOHCHHH aHHKnaimm,
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OXHPIH KYIIMIyBYH 3ca OomIKa TyryHnapiaaH kequ0 TyIoraH lOKiIamanap
MMFUHOMCHHH aHUKIAAIH.

Arap xap GHp TyryHHH OMMaBuii XH3MAaT KWIHII TH3UMHHHHT M/M/1 Moaenu
cudaTuaa Kapaica, y Xonia, TyryHAapapo I0K/IaManapHH TEeKHC TaKCHMIAM yJyH
MaBIyMOTJIap OKHMHMHM Tawnaml yprava ymnaHu® KONHMID  BakTHHH
MHHMMaUTAIITHPHIN (hOpMyNacH OpKalH aMaJira OLIMPHIN MyMKHH G¥naau:

F-ifon-13(2) (13)

l-l =l

6y epaa: A~ TyryHra kenu6 Tyma&rran MabIyMOT/Iap HHTEHCHBITHTH; 7, - iTYTYHra
KemHb TymaérraH I[OKJIaMaHMHr ¥pTaya HHTEHCHBIMIH; . T, — iTYTYHIOAru
MaBTyMOTJIADHHHT YmnaHu®G KoMWIm BaKTH; /4 —i TYTYHHHHT XH3MAT KHIMI
HHTEHCHBIIHTH; n— TYTYH/Iap COHH.

MariryMOT/IapHu  TeKMC TakCHMMiaml HYnM OpKamH  IOKIaMalapHH
TaKCHMJIAIIHMHI MaTeMaTHK HYKTaH Ha3apAaH MaCajIaHMHr KYHHIHIHK KyHuzaru
KypuHumaa 6ynagm;

=—ZZ(w.

AEA

520, fsu, Z;mn
i=l =l

Oy epma: m- KabyJ1 KWIyB4YM TyryH/Iap COHH; W,,W,- Xap 6Hp ME30H YUyH OFMpPJIHK
ko3 uueHTapu, onatna w, =1-w;; T, —i Ba j - TyTyHJIap/iard MabJIyMOT/IADHHHT
yUUIaHHO KOMHMI BaKTH; f, —i TYTYHIAaH j TyryHra 1060pHnaéTraH MabiIyMoTIap
HHTEHCHBIMIH. VYmby xomaraa IoknaManap TYIywiapra IPHOPHTETCH3
MabJTyMOT/Iap OKUMH cHaTHAa kenu6 TymasnTu ael Kapanamu.

TyrynnapHn onTHMan >KOMIAIITHPHMII MacanacHMHM eyum ydyH (14) gm
ME30HHH TAKOMWUIAIITHPAMH3. i TYFyHAAa MaBIyMOT/Iapra XHM3MaT KHIHMII
HapXHHH GENTHIOBUM Z, Y3rapyBYMHH KMPHTHIaAH. Z, ¥3rapyBuH i TYTYHHHHT
KYIIHJITAQHINIHHA  €KH  apeHAa YJYyH KeTafMraH XapakaTiap MHKIOPHHH
aHMKIaiaHn. (14) Me30HTa TyryHnapZia MasTyMOT/Aapra XM3MaT KHAMID HapXHHH
Kymamu3 Ba Ky HHaarun cbopmy.na ONMHAIN:

-x»wz f; -7, )— mn, (14)

T3S

A4S j=l

+w,-f;-7’y+w,~j;.21)—>mh’ (15)

Typnu Tononorusnapra 3ra 6y.nraH TEJICKOMMYHHKaUHs TapMoknapuaa (PC-
pamvan cTpyKTypa, XC - XxankacHMoH CTpyKTypa, [1C — nawkapanu CTpyKTypa,
TBC-Tynux GoFnaHraH CTPyKTypa) ONTHMAl TYTYHIap COHHMH aHHMK/IAIja
NaKeTNapHUHT YPTaya yHUIAHHO KOJMIN BAKTH ACOCHH MapaMeTp 3KAHJIMIHHH
spTHOOpra onraH xonga, NakeTNapHUHIr Yprada ymnaHuG KOMHMII BaKTMHH
XucobnaHagH Ba HATWXKana TAapMOK TYTyHNap COHMHHHI MAabTyMOTIAPHHHT
ypraua ymnanu6 Konum sathra GormuKnuk rpaduru omuHan (5-pacm).
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5-pacM. TapMOK TyryHnapu coHuHMHT MabIyMOTNAPHUHT YpTaua yunanu6
KOJIMLI BAKTHIa GOFMMKIHK rpadury.

Tyrynnapuusr couu owmm6 Gopras capu mawymoTAapHHHT TYryHiapaa
YUUTaHHG KOMHIN BaKTHHUHT YpTaua KMAMATH OIHG 6opany. Pagyuan Tononorusu
TApMOKAIia 3HI' KaM MHKIOPAArH MabyMOTNapHHHC YUUTaHHO KONMII BaKTH
TapMHHMaHraH. Bapya Tononorusnu TapMokiapaa Tyrywiap conu 10 6ynranna
MabllyMOTIapHHHI' ¥pTada YmUIaHHG KONHIN BaKTHHHHI ONMTUMYM KHiiMaTH
MaBkyn.  Pagman  Tomomormk  crpykrypanu TapMOK  KyJUlaHWiraHga
MaRIyMOT/IADHHHT TYTYH/Iap/a YULTaHHG KOJNHMIN BAKTHHHHI MHHHMAT KHHMATH
Ky3aTtunamu: 40 Ta Tyryu 6¥nrauna 4 mc, 6y 3ca TYmuk Gornanran TapmoknaH (16
Mc) 4 6apobap xaM, Ba 3 6apobap kam narkapanu TapMoKaaH (12 mc),

Auccepraumanuar  TYpranam “Kyn mnoronanm TeJeKOMMYHHKALHSA
TapMOKJIADHHN TAAKHK KMJIHIIHHHE AIFOPHTMIIADHHM MINNA6 YHKHmM”
6061na Kym noronanu CTpyKTypara sra 6§iraH TenekoMMyHHKaLus TapMOKJIapHHH
ONTHMA/UTALITHPHIN  ANTOPUTMIApH KCNTHpWIraH.  SlpatunraH  anroputm
TENICKOMMYHHKALWMA  TapMOKIapHHH KyMMYJIATHB  YMyMTapMOK Xapaxat/iap
Me30HH G¥iiuda TapMOKHMHT oOIrTHMan CTPYKTYpacHHH aHukjam (6-pacM) Ba
TapMOKHHHT GHp HeuTa MapaMeTpnapHHM XHcoGam HMKOHHHH Oepagu xamma
AHTH TEXHONOTHANApra acoCNaHraH TapMoKnap napamMeTpiapHHH  Xucobnara
MoCnalraH anropuTM xucoGnaHam. Slpatunran anropuTM TEJIEKOMMYHHKaLHA
TaPMOKIAPHHHHI YMyMTapMOK KyMynATHB XapakaTnapHHu XMCOOnall, orrruman
CTPYKTYPaCHHM aHMKNaml Ba SHMH TEXHUK Ba CTPYKTYpaBuii ¥3rapuuiapra
MOCnaluum HMKOHHHH Gepau.

Tapmok  crpykrypanapuuu ONTHMA/LTAWTHPHII  AIFOPUTMH,  KyiiMaaru
Kanamnap 6¥#uya amanra OLUHpPHNAIH:
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6-pacM. YMyMTapMOK KyMMYJIATHB XapaxaT/iap Me30OHH G¥iinua TapMoK
CTPYKTYPacHHH ONTHMANAIITHPHIL AITOPHTMH.

Huccepraunsuunr 6emnHun «Maxcyc TalfHHIGHTaH TEJICKOMMYHHKALHS
al0Ka TAPMOKJIAPHHHM TAAKHK Kuaum» 6obuaa Maxcyc TalMHJIaHraH
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TEJICKOMMYHHKAIIHA 10Ka TapMOK/ApHHH JIofiMXasaml TaMOHWUIADHHH uuL1ab
YHKHII MacaianapH EpHTIITaH.

Xap Kannali TH3MM Ba YHUHr (yHKLHOHAN Basudanapuny Gaxapum
IMapTapyu MabIyM GHp MapaMeTpJIapHUMHI HHFHHAWIAPH Ba MaXCyc TaliMHIaHraH
TEJIEKOMMYHHKAIHA A10KA TAPMOKIAPHHUHI OMMaBHH XHM3MaT KYpCaTuil THIUMA
OpKaJIH XapakTepaaHaay (7-pacMm)

Tamku dakropnap
01,02, ....... On
Kuopum napamerpnape Ynxrm napameTpnapu
X1 \4 v \4 Y1
—_—> —>
X2 ——> TH3nM xonatn napaue'xpnapu —> V2
WL, W2, ........ , Wk
Xn —> T T > V¥n
Bomxapysuu TanCHpap
UL U2,....... ,Un

7-pacM. Maxcyc TaliHHIaHTaH TeJIEKOMMYHHKaIMA AI0Ka TapMOKIAPHHUHT
OMMaBHH XH3MaT KypCaTHII TH3UMH.

IOKopraa xenrTHpHWIraH Maxcyc TajfHHJIaHraH TADMOKHHHIT OMMAaBHIi XM3MaT
KYpcaTHlll TH3HMHIA MOC XOJJa, Maxcyc TaMHNaHraH TAPMOKHHHI MaTeMaTHK
MOZENH KyHHAArH KYpHHHUII OfIafiu:

YE =FX* (6),W* (1), U* (),0,0)), (16)

6y epma: Y* — Maxcyc TaHMH/IaHraH anoka TH3UMHHHHI YHKHW (Makcaniu)
CaMapajIOp/I-THHHHT COHH KypcaTruwiapd; X' (f)— KHpHMII MapameTpnapw;
W*(t)— TH3UMHHHT WYKM XOJIaTH napamerpnapy; O,(/)— GOMKApYBCH3 TaIIKH
TabcHpiap; U*(¢)— anoka TH3HMHHHMHT GOIKApYBUM TabCHpIap napamMeTrpiiapH.

Kupum napamerpnapy X* pextop opkany XapakTepaaHamH Ba KyHHIarn Tamkun
aTyBUWIap Tapkubuaax ubopar 6ynaau:

* =(Qk.q’I,ijm)’ (17)

6y epna: 0" — g TpadukHUHT k cuH(ura MaHCY6 6¥raH oXHpram KypHiManap
COHH;Y"— i Ba j TyryHnap ypracHiaard 4akHPHK/Iap MHTCHCHBJIMTH, 4YaK/COaT.
ANIOKa TH3HMHHMHT XONaT MapameTpiapH KyHHZaru BEKTOp OPKATH TaKgHM
ITANAOH:

t=(G.z,HE LV, P ’ (18)



BolKapyBuH TabCHpiap MapaMeTpiapH KyHMgarH BEKTOp OpKalH

udoganaHanu:
vt =4 sied,)], (19)

6y epna: A" Gowkapys TH3UMHHM XapaKTepIOBYH KaTTanmiiap; Si(M,) —h -
CaTX/I MaHTHKMI CTPYKTypaid M — XHMOA MEXaHM3MHHM aMaIra OIMpPYBYH
TasHYAM S-XH3MaT Typnap xasgcuznury. SIpaTwirad MOASTE MAaXCyC TaHMHIIaHraH
TeJICKOMMYHHKALMA 10KA TAPMOKJIAPHHHUHI KYPHIN XYCYCHAT/IAPHHH, XH3MAar
TypnapuHM Ba 3aMoHaBuil axGopoT TypnapuuH ¥3 uuMra onamu. Moaenb anoxa
TH3UMJIADHHHHT JKaHraBop TalEprapiMrdHM TAbMHMHIAN, Xamaa XapbHii anoka
TH3UMHHH MaKCalTH Kyjnall, TapMOKHH KypHINl JKapaéHIapHHH Ba MAaTeMaTHK
annapaTHH AHaNa TAKOMHLIAITHPHIN HMKOHHHH Gepam.

Maxcyc TaffHHIaHraH TeICKOMMYHHKAIHA ANOK2 TAPMOKIADHHHHI TasHY
CTPYKTYpanapH y9yH aHanuTHK Hopanap Kyiimaard 1-xagBania KeITHPHITaH.

1-XXagsan
TapMOK “I(pranap"
TypnapH COHH, M Kananmumr yprava ysynmrs, / Hsox
0,24Z,(np- I)JE +2Z,(n- P)(O,IJE +0,15) | p= b3
PC n-1 ) n,
Jnp  (n-1) z,27,
XC 0-1 22,
n
nc m=(n‘-l)-rg,+(nv—l)-n‘ 2122
n
TEC ﬁ"_z-_l) (0322, +0,13Z,)n —l(o,szz,+o,1321) Z22,
n —

Maxcyc TalfHHNaHraH  TENEKOMMYHHKAUMA  ajJoKa  TapMOKNapHHH
JoHHXanaTHPMII  TAMOHWIIapH Xap XWl CIpPYKTypaBHifi  BapHaHTJIap
napaMerpnapuaad u6opar 6¥nran, nactnabky MabIyMOTNIap acocuaa xucobnam
HMKOHHHH 0epyByH MyXaHJHCITHK MacalaJIapHMHH eIHIIHH Tanal sTagu.

MyMkHH Oynran TagHu  TonmonorwAnap  Kyiimparn  “Tlamxapamn
crpykrypa”(I1C),“Xankacumon crpykrypa” (XC), “Papman crpykrypa” (PC) Ba
“Tynnk, Gormanran crpykrypa” (TBC) nap opkanmm xapaxrepiiaHamu. Acocwif
CTpyKTypaBHil mnapaMeTpnapin O6up Oupnapm Ownan GOFnOBYM, TasHY
CTpyKTypanap y4yH Kyhujgard anatHTHK Hopanap xemtupwiamu: auamerp d, k
YYKKWJIAPHHHT YpTaua CaTXH, Mapulpy TJIapHUHT YpTaua y3yHITHTH T, m “KAppanap”
COHH Ba “ywiap” conH n (1-xansan ).

Kyn nmnoroHanM TEICKOMMYHHKALMA TApMOKJIADHHHHT CTPYKTypaBmii
TOMONOrMK BapHaHT/IADH KaM XapaxaTnun xucobnanamy. Llly ca6abnm, karra
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obnacrnap Gyfiuua &fiwnran Maxcyc TaliMHJIQHMAH TeNEKOMMYHMKALMA —anoka
TapMOKIapHHH JIOHHXANAWTHPHUIIAA TAPMOKHMHT ONTHMAI CTPYKTYPacHHH
HKTHCOZIMH Kypcarriwiap OpKaiHM TAaAKHMK KWIMHCAZ (AHHKIAaHCA) MaKcaara.
Myao?nx 6ynamu.

Y3rapysun N, OpkanM GHMTTa FOPH3OHTAN KaTopAa XKofUlalraH OXHpnami
KypwiManap CcoHMHH HKdonanaHca, m,- BepTHKAIb KaTOpAAarH oOXHpiam
KypaiManap connHd honanaiizu. Z,,Z, - TapMoK obnactunm nomanosau rirpu
TYpTOypUakHuHT TOMOHAAapH XucoOnaHazH. Maxcyc TaliHHIaHTaH
TENCKOMMYHHKALHA Al0Ka TapMOKJIAPHHHHT ONTHMaN CTPYKTYPacHHM aHHKJam
Y9YH KyHMAarH yMyMTapMOK KyMMYJSTHB Xapaxamiap ¢opMysnacHaaH
doiinananmmamy;

R 1 J J
n(x) = Z[EAZWW * q’ * ”:r +z",jr * Cf ‘m;r +Z”,1r—l.r * C;I-l.' * m]r—l,r] . (20)
ra2 i=] Jal J=1
(20) opmynaparu  Ysrapysumnap (9) <¢opmynaga  KeNTHpUAraH
¥3rapysunnapra moc kenamu. FOxopuparu (20) dopMynaHy MHHHMaLTAIUTHPHIL
Y4yH rio6an Ba siokan GynraH camapanu KHAMpYB yCysuiapuaaH doiinanannnany,
Macanad, Xy(QT CHHOBJIM KadawiH QirOpMTM Ba KHAMPYB HHTEPBAIHHH
KaMaiTHpyBYH Taconn(uit KHAHPYB ycysutapy. XKyt CHHOBIH KaiaMix aIropHT™
ycynupa uxTu€pHil X, HyKrajaH i xoopmuHata Gyiimda X{) =X{"+AX" kanam
TanUTaHamM. Arap F(X,,) < F(X,) 6¥ncay kagam xucobra onuHanu. Arap Kafam
MyBahpakuaTchs 6yica, y Xonga kapaMa KapiuH iyHanum 6YHiHda HKKM Kagam
TallUlaHajM, arap F(X,,) < F(X,) 6ynca y Hykra Xucobra olMHamu. AKc xonja

TH3HM OpKara X, HyKrara Kaiitagu Ba 601Ka koopauHara 6¥iiuya CHDKMII aManra

ounpunany. Xy(dT CHHOBIM KajamiH ITOPUTMH TyXTaraHpaH keliud, 6y 3ca
TIOKaJl 3KCTPEMYM HYKTaHMHT TOIUMMINHMIra Moc KkenraH Oynaau, AX Kupupys
KagaMHHH KamaliTHpHII amanra omupunand. Kumupys KajaMMHHHF MHHHMan
6ynran AX,,=1 KuiiMaTHra JpHINWITaHAa GOUIKApYB JKApadHM KMAMDYB
HHTEPBATHHH KamaiTHpyB4H Tacomudnii Kumupys ycynura 6epuiamu. Kunnpys
HHTEpPBAIMHH KaMaHTHpYBYH Tacomamduii KHAMpyB YCynH Kyhumnaru c¢opmyna
opKaH HponanaHamy:

Ax ={ ax[s] F(X)sF(X,.) } @

'T-ax, L F(x )2 FX,)

6y epma: [*1=(¢.{3n §,) - TADMOKHMHT  ONTHMAITAIITHPHITYBYH
napaMeTp/IapHHHHT 6apya ifyHamumnap 6yiinda TeKHc TaKCHMIIAHTaH Tacomuduit
Gupnaman BekTopH. (21) ra acocal, arap F(X,) HMHr KufiMaTH kamafiMaca
Tacomudnit fiynamumaary [+] kagam MyBaddakuaTcns xucobnanamu. AKc Xonaa
TH3UM X | HyKTara CWDKMIIW Ba TH3MMHH GomKapHIU XyQT CHHOBIHM KanaMH
anroputM  ycynura Gepuwnaguw. Tanab oasrwiraH  kepawid  KuiiMarmapra
SPHIIWraHAAH KeHHH mapameTp AX KuiiMatu Kamalitupwiagu, Oy Kuaupys
MalIOHMHHHI KaMaifHiiMra MoOC KelnagaM, SBbHH OSKCTPEMYM HYKTaHHHT
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TONMAralwIMK XonaTuHu Gwiaupamu. Wiynpaifi kw6, Kyt CHHOBIH Kamamiid
ANrOPUTMH JIOKaN MHHHMYM HYKTaCHHH KHWOHPHIUHH, KHIHPYB HHTCPBAIHHH
KaMaifrupyBud TacoaM@uii KMAHPYB yCyNH 3ca JIOKan MMHHMyMAaH Gomxa
XYAyAnards MHMHMMYMIAQ «Cakpam» HM aManra omupany. Humnab uvuxkairaH
xXucobnam nacrypuif MaxMyacH épramMuaa 6akapunral xucobammnap HaTHKacHAa
YMYMTapMOK KeJITHPHIIFaH XapaXaTJIAPHHHT Xap X/ TONONOrHAIH TapMOKHHHT
NOFOHANAp COHHIra GOFMMKIHMK rpadury oMMHAH (8-pacM).

3 N

=<z
g 25 X
3 /
g 2
+ 7 e
? :“. 15 X\‘s,(_-——w / ~tr=XC
a S
L -o-rc
g § =y PC
% g 05 ~ — re— e

x v 4'\ > v
¥ 0 L) L L] L] P

1 2 4 S

3
Iloronanap conn, R

8-pacMm. KyMysnaTHB yMyMTapMoK XapaKaT/IapHHHT IIOFOHANap COHHIa
60oFMHKIMK rpaduru.

TapmoK Typnu Tononoruany 6ynumunay Kareuii Hazap, R = 2,3,4,5 noroHanu
TapMOK/Iap HuHAa 2 Ba 3 MOFOHATH TapMOKJap 4 Ba 5 MOFOHAMM TapMOKJapra
HHCOaTaH KaM XapaxaT/H TapMOK/Iap SKaHNHTM aHWKNaHau. Pagman Tapmoknap
TYAHK GOFNaHyBUH TapMOKIapra HucGaran 5 6apofapra, XaiKaiH TapMOK/Iapra
HucOaraH 3 Gapobapra Ba namKapanH TapMOKapra HucGaran aca 2 Maporaba kam
XapKAT/IH SKAHIHTH aHHKIaHIH.

XVJOCA

K3¥n noronanu cTpykTypara 3ra 6YnraH TeleKOMMYHHKAIMA TApMOKJIApHHH
TAOKHK KWIHII yCYJUIapH, MOAE/UIapH Ba alropHTMAapH G¥itnda omu6 GopwunraH
TaIKHKOT/Iap HATHDKACHJIA:

1. MatiyMoTNIap  OKMMHHHHI  MIIOHUIWINTHHHM, NPHOPHTETIHTHHH
XHCOOMOBYH, BAaKT-OXTHMOIUIH XapaKTEPHCTHKANapHHH XucoOGniam HMKOHWHH
6epysun Jlarutac-CTiIThEC ¥3rapTHPYBYH MAaTEMaTHK anmapatH acocHaa, HucOmit
Ba abCOMOT MPHOPHTETIH MABIYMOTIIap OKHMH XapaKTePHCTHKAIaDHHHA XHcobnam
MOJeJUTapH TAXJIW/ KWIHHTaH.

2. TapMOKHHHT CTpPYKTypaBuif napaMetpnap¥ (aloka KaHALTAPAHHHT
jTKasyBYaHIH KOOGHITHATH, AlIOKA KaHA/UTapH COHH, NOFOHANAp COHH, KOMMYTalHs
TYTYHIapH COHH) OHIaH MaBIyMOTNAap OKHMHHMHT  BaKT-3XTHMOJLTH
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XapaKTepUCTHKANAPHHH (Ke/HO TYWAETraH MatiyMoTnap OKMMH MHTEHCHBIMIH)
6ornam HMKOHHHH OepyBYH aHAIMTHK Mopens ApaTwiraH.

3. TapMOKHHHT ONTUMAN CTPYKTYPAaCHHM aHMKJAIl MMKOHHMHH 6epyBuH,
TCJIICKOMMYHHKAMA TapMOFHHHHI BaKT-3XTHMOJUTH XapaKTepHCTHKaiapHura
4ernpMack 6ynraH, yMyMTapMOK KYMMYNATHE XapakaTiiap ME3OHH 6¥iinda, KyT
TIOFOHATH  TENICKOMMYHHUKAUMA TaPMOFMHH reorpaMK JKOINAUTyBHHHM Ba
MOFOHA/Iap COHMHH XHCOOra OmyB4YH ONTHMA/UTALITHPHII AATOPHTMIapH Huw1ab
YHKHITaH.

4. TenekoMMyHHKALHA TAPMOK/IADHHHT ONTHMAaJ TONONOTHACHHH aHMK/IALL,
KaHaJUTapHHHT §TKa3syBYaHIHK KOOWIMATHHY Tannam sa MaBITyMOT/Iap OKHMUHHHT
ymnaHu6 KOMHII BAKTHHH KaMaiTHPHII HMKOHMHH 6epyBuM TyryHJ1apHH OTTHMAT
JKOMIAIITHPHIN ME30HH APaTHIITaH.

5.Kemub6 TymaérraH MablIyMOTIap OKUMHHHHT HIIOHWIWIHTMHH Ba
TIPHOPHTETIIMTHHH XHCOOra OJHII HMKOHMHHM Gepypun, TYpHMH MawIyMOT/Iap
OKHMHMHHHT BaKT-9XTHMOJUIH XapaKTePHCTHKaapuHM XHcoOMaml — anropuTMH
APaTHIraH.

6.Kynm  moroHanH  TENCKOMMYHWKalWs  TapMOK  CTPYKTYpacHHH
ONTHMA/UIAIITHPHIN YCYJUIapH TaKOMHJLTAIITHPHIITaH.

7.K¥n noroHan¥ MaxCyCc TaliMHNaHraH TeNleKOMMYHHKallHi aioKa
TapMOFHHHMHI JIOHHXaNAITHPHII YCY/NapH Ba AacTypuit XMCOGMall MakmyacH
anoKa TapMOFHHH JOAMXanall skapalHHTa amanuii Ta6MK STHIAH Ba TAPMOKHMHT
ONTHMaJ CTPYKTYPacCHHH aHHK/all, NoHduxanam yyyu capd xapaxariapuu 13-17
% rada KaMalTHpHII HMKOHHHH GepraH.

8. Typ/iu MabJyMOTJIap OKMMHIa HUCOMH Ba aGcomoT NPHOPHUTET/IH XH3MAT
KWIMIIHHHT MaTeMaTHK MOJE/UIapH, XaMAa TApMOKHMHI BakT 3XTHMOJUIH
XapaKTepUCTHKANAPHHH XHMCOOMnaml AacTypuii MakMyacH JIOKQl TapMOFHHHMHI
BAaKT-3XTHMOJUTH XapaKTEepHCTHKAIApHHH Xucobnawi BakrHHH 15-20% raua
KHMCKapTHPHIITa SPHIIWITAHIHTH Hc6oTIaHraH,

9. Muccepraums  TaAKHKOTHHHHI aMmanuii Ba Hasapuil  HaTwkanapu
“UNICON.UZ” [aBnar yHHTap KOPXOHACHHMHI WJIMMHA TaAKMKOT MILJapura Ba
TEJICKOMMYHHKALHsA coXacHaa JlasnaT CTaHAapTAapHHH HIUIA0 YHKHLI XKapagHHra
TagbMK >THnAM. SpaTwiraH IrOPHTM Ba MOAELIAPHM aMalfia TAROMK JTHIU
HAaTHXacHa MabJIyMOTJIADHHUHT ¥pTaya yIU1aHH6 KONMMII BAKTHHH KaMaiTUpHIL Ba
TEJIEKOMMYHHKALMA TAapMOFH KAHAUTAPHHHHI ¥TKa3yBYaHIHK KOGHIHATHHM
OIIMPHIN HMKOHHHM Gepralyinru HcboTnaHrax.

10. TapMOKHH ONTHMALTAIITHPHIN YCYJIH Ba XHCOOIam XacTypHil MaXMyacH
“Y3BEKTEJIEKOM” aKUHANOPIIHK KOMITaHHACH TapMOKJIapHHH
JIOHMXANAINTHPHIN KapaéHHra TaAOMK 3THAAM Ba JIOMHXATAWTHPHMIN  yYyH
Keraaurad capd xapaxarnapHu 3-4 % ravua KamaifTHpMIUra pULUIWITaH,
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BBEJAEHHE (AHHOTauHa AHCCePTALHH AoKTOpa HayK (DSc))

AKTYyalbHOCTb H BOCTPeGOBAaHHOCTH TeMBbI AHccepTammH. B mupe
. MPOBOJATCS Hay4HO-HCC/IeAoBaTeNbckie pafoThi, HaNparieHHEIE HA pa3paboTKy
* 3(p(EeKTHBHEIX METOAOB H ANTOPHTMOB HCC/IEHOBAHHA TEJICKOMMYHHKALMOHHBIX
ceTéll ¢ MHOTOYpOBHEBOH CTpYKTypoil, HauGosnee akTyanbHEIMH ABMAIOTCA paGoThl
M0 CHHTE3y MoReNieli TEREeKOMMYHHKALHOHHBIX CeTel C MHOroypoBHeBOit
CTpyKTYpo#i, pa3paboTke QIrOpMTMOB pacyeTa BepOATHOCTHO-BPEMEHHBIX
XapaKTEepHCTHK TeJIEKOMMYHHKALIMOHHBIX ceTell ¢ MHOTOypoBHeBO# CTPYKTypoii H
ONTHMH3ALMH TeNCKOMMYHMKAlMOHHEIX ceTeli NO KpuTepuio obmeceTeBhix
MPUBECHHBIX 3aTpaT M COOTBETCTBYIOLIMX BBIYMCIIHTENBHBIX MPOrpaMMHBIX
cpeAcTB. B pa3BuTHIX cTpaHax MHpa, B ToM uHcie CIIIA, Kanape, I'epmaHum,
IOxnoit Kopen, Kurae, Huaun, Poccuiickoii degepaunu B Ap. BaXKHOE 3HaAYCHHE

HMEIOT pa3paboTku 3¢ ¢eKTHBHBIX ANTOPHTMOB HCCNENOBaHHA
TeNeKOMMYHHKAlLIHOHHBIX ceTeif ¢ MHoOroypoBHeBoii crTpykrypoii. Takoke
aKTyanbHBEIMH ABNAIOTCH pazpaGoTku aNrOpHTMOB TOCTPOCHHS

TEJICKOMMYHHKALIHOHHBIX CETei CBA3H CNELMANLHOrO Ha3HAYSHAY.

B MHpe NpOBOAATCA HAay4HbIE HCCENOBAHWA, HaNpaB/eHHBIE Ha pa3paboTKy
aNropUTMOB  ONTHMHM3aUMH CTPYKTYPhl TeJICKOMMYHHKAUHOHHBIX CeTell ¢
MHOTOYpPOBHEBO# CTPYKTYpOH IO KpHTepHIO 00IneceTeRbIX NPHBEACHHEIX 3aTPaT H
ONpPENCNCHUIO ONTHMANBHON CTPYKTYpHI cereif, a TakKe anropHTMa pacdera
BEPOATHOCTHO-BPEMEHHBIX XapaKTEPHCTHK MPHOPHTETHBIX MOTOKOB HH(OPMALMH
H CO3MNaHHIO NpOrpaMMHbBIX CpexcTB. KpoMe 3TOro axTyanbHBIMH SBIAIOTCA
pa3spaGOTKH METOAMKH TOCTPOCHHA M  BEIYHCIHTEJBHOTO NPOrpaMMHOIO
KOMILIEKCa TEJICKOMMYHHKAIIHOHHLIX CeTell CllelHanbHOro HasHaweHHsA. Taxxke
aKTyanbHBEIMH ABJIAIOTCS ONTHMANBHOE Pa3sMEIICHHE Y3IIOB IT0 KPUTEPHIO CPEHENO
BpeMeHH 3aJIEP)KKH, a Takoke pa3spaboTKi anropHTMOB ONTHMH3ALMH CTPYKTYPHI
TENIEKOMMYHHKAIHOHHEIX ~ ceTeli ¢ MHOrOypOBHeBOM  CTPYKTypod H
BBIYHCJIMTC/IHBIX NPOrpaMMHBIX CpeAacTBa, obecneyHBalOmMMX MOBHILICHHE
spdpdexTHBHOCTH HX GYHKUHOHHPOBAHHA.

B nameit Pecnybnuke npoBoAsTcs IIHpOKOMaclITaGHble HAydHO-
HCCIIEnoBaTeNIbCKHe paboTel Mo pa3paboTke anropdTMa pacdera BEPOSTHOCTHO-
BPEMEHHBIX XAPAKTEPHCTHK MOTOKOB HHPOpMAUMM H ANTOPHTMOB ONTMH3ALHH
TEJICKOMMYHHMKAUMOHHBIX CETell C MHOroypoBHEBOH CTPYKTYpoH C Y4HETOM
Pa3HOpPOJHOCTH nepenaBaeMoro Tpaduka, HaneXHOCTH. B crpareruu nelicTeuii mo
nanbHeimeMy pasBuTHiO PecmyOmukm VY3bekucran B 2017-2021 ropax
onpeneneHbl  TAKHE  3a0aYM, KaK  «...BHEApEHHE  HH(OPMALHOHHO-
KOMMYHHKALIMOHHEIX TEXHONOTH B 3KOHOMHKE, B COLManbHOM cepe H
YNpaBleHHH, ... COBEPUICHCTBOBRHHE CHCTEMB! MH(OPMAUMOHHBIX TEXHOJIOTHI,
noBbimenHe  3(QPEKTHBHOCTH, Ka4ecTBa OKa3aHWd M JOCTYNHOCTH
TrOCYAapCTBEHHBIX YCIYT [Jis HaceNeHHS W CyOGHEeKTOR NpepHHHMATENbCTBAY .
Tpu peannsauMH STHX 3aJa4, BaXHBIMH BOMpPOCAMH SBIAIOTCA paspaboTka

.
! Yxas [Npesnnenra PecrryGrm V3bexrcran YT1-4947 ot 7 ¢espanx 2017 roma «O crparerun aedtcTanit mo
manmsHefmesy paisHTHIO PeciyGmiku VaGexicrams
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AIINOPATMOB ONTHMH3ALIHH M MOAENeH TONOMOruM TENIEKOMMYHHKAUMOHHBIX ceTeil
¢ MHOTOYPOBHEBOH CTPYKTypOii M aNrOPHTMa PacueTa BEPOATHOCTHO-BPEMEHHBIX
XapaKkTepPHCTHK C y4eTOM pa3HOPOAHOCTH M NPHOPHTETHOCTH MOCTYMAIOLMX
TI0TOKOB HHGpOpMarH.

HauHoe mHccepTaumMOHHOE MCCNENOBAHHE B 3HAYHTENLHON CTEIEHH CITY>KHT
AL peaTH3auMM 3anad, NpeAyCMOTPEHHBIX B Yxaze Ilpesumenta PecryGnuku
V36exucran Ne6079 or 5 okTa0pa 2020 roga «OO yTBEepKAEHMHM CTpaTerMH
«ndpoeoii Y3bexncran-2030» M Mepax no ee 3(eKTHBHON peanuzauum»,
TocranoBnennem INpesuncHra Pecrry6mukn V3abexucran ot 21 Hos6pa 2018 roxa
NellI1-4022  «O Mepax N0 fJanbHeHmed  MoaepHM3alMM  UH(pPOBOI
HHQPaCTpYKTYpH B HensX pasBHTHA mHQpoBOHl  3KOHOMHKH», a TaKKe
nocraHornenueM Ipesnnenta Pecy6mukn V36exucran or 22 mas 2019 roxa Ne
IM-4329 «O wmepax no yckopeHmo Pa3’BHTHA TENIEKOMMYHHKALIHOHHOMN
HHO}PacTPYKTYpHI B HaceNCHHBIX MyHKTax pecnybnukH Y3bekucTan» ¥ B APYruX
HOPMaTHBHO-IIPABOBAIX NOKYMEHTAX, IPHHATHIX B JAHHOM cdepey.

CooTBercrBHe HCCIE10BAHNS MPHOPHTETHEIM HANPAB/ICHAAM Pa3BHTHA
HAYKH H TexHojorwli B PecmyGnmuke ViGexmeran. JlaHHoe MCCIemoBaHHE
BBOIONHEHO B COOTBETCTBHH C NMPHOPHTETHBIM HANpaBIeHHEM Pa3BHTHA HAyKH H
TEXHONOrHH B Pecniy6nuke IV — «PassuTHe MHGOpMATH3AIMH M HHGOPMALTHOHHO-
KOMMYHHKAIIHOHHEIX TEXHONMOTHIAY.

OG63op mayunmix HccegoBanmii Mo Teme auccepTammu. HayuHbie
HCCIICROBAHHWA, HanpasjcHHBlE Ha  paspaborky Mogenedi  Tononoruu
TENIeKOMMYHHKAIMOHHBIX CeTeli ¢ MHOroypoBHeBod cTpykrypoit (TC c MC),
AIOPHTMOB H BLIMHC/IHTENBHBIX MPOrpaMM ONTHMHM3ALUMH i PELICHHA 3a]a4H
npoektupoBadus TC ¢ MC, a Taioke anropurMa pacdera  BEPOATHOCTHO-
BPEMEHHEIX xapakTepucTHk (BBX) pasHopoaHBIX mMOTOKOB HH(opMaimu
TPOBOAATCA B HAYYHBIX LEHTpaX M B BBHICIIHX 00pa3oBaTeNbHBIX YUpEXKACHHAX
BeflymMx ctpaH Mupa, B ToM uucne: Eindhoven University of Technology
(Hupepnanzgn), Campus Pierre et Marie Curie Sorbonne Université (Dpanuus),
Universit¢ du Québec en Outaouais (Kanama), Massachusetts Institute of
Technology (CILIA), University of Oslo (Hopserna), ETH Zurich (Llseiinapus),
Warsaw University of Technology ([Tonsma).

PaszpafoTka airopHTMOB ONTHMM3aUMM CTPYKTYpbl ceTeii M pacuera
XapaKTEePHCTHK PasHOPOIAHBIX NMOTOKOB HHGopmammit Ha 6ase MaTreMaTHHecKoro
armapara  Jlannaca-Crunrbeca  mpoBomwics B Caukr-Ilerep6yprexom
TocynapcTBeHHOM YHHBEPCHTETE TeNeKOMMYHMKaLMii uMeHH mpodeccopa MLA.
Boru-Bpyesmua (Poccus), MOCKOBCKOM TEXHHYECKOM YHMBEPCHTETE CBA3H M
madopmatnky (Poccusi), BoeHHO - kocMmHueckol akameMuH HMeHH A.D.
Mozxaiickoro (Poccus), BoenHoit akazeMus cBa3u uMeHH Mapmana CoBeTckoro
Coioza C.M. Byznennoro (Poccus).

B pesynstare uccnesoanuii, NpoBefCHHBIX B BEAYIMX CTpaHaX MHpa B
obnactu paspaboriu 3ddexTHBHBIX AITOPHTMOB ONTHMH3ALMKK U pacueta BBX
PasHOPOIHLIX MOTOKOB HMH(OpMalMM TeNeKOMMYHHKALHOHHBIX ceTel, GbLIHM
HOy4eHs! CEAYIOIHE Pe3yNbTAaThl: NPHBEACHBI OMTUMAJLHLIE pEMIEHHA IO
npo6ieMaM MOMCKA ONTHMANLHBEIX CETeH-KIacTepoB, BPHCTHUECKHX MPOLEAYp
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pelCHHA M MaTeMaTHueckue MopesH cereil (Graduate School of Business and
Administration, CLIIA); npusenes 0630p pa3paboTok MO pemeHHI0 COBPEMEHHBIX
3aja4 ONTHMH3ALMH CTPYKTYpH! cereif cBasm (Maastricht Research School of
Economics of Technology and Organization, Hupepnangmi); npeanoxeH
ONTUMH3ALHKOHHBI MeTon IITPagHBIX (YHKUMHA, DO KpUTEpHIO oOmieceTeBBIX
TIpMBENCHHBIX 3aTParT, NPH OrpaHHYEHWsIX Ha CpelHee BpeMA 3afepXKKH IaKeTOB
uHpopmauvn  (Cankr-IlerepOyprckuit  ocynapcTBEHHEIE — YHHBEPCHTET
TenexoMMyHHKaLMii uMeHH npodeccopa M. A. Bonu-Bpyewua, Poccus).

Crenenn H3y4deHHocTH npofiaembl. B paspaGotke 3¢dekTHBHEIX METOZOB
HCCIIEOBAaHHI H AITOPHTMOB ONTHMM3ALHH CTPYKTYPhI TENIEKOMMYHHKALHOHHBIX
CeTeii ¢ MHOTOYpOBHEBOM CTPYKTYpPOH M pacdera XapaKTepHCTHK Pa3sHOPOAHBIX
TIOTOKOB HH(OpMAlHH, NPHHIHIIOB NOCTPOEHHA TeIEKOMMYHHKANMOHHEIX CeTel
cneuHansHOro Ha3HaYeHHA 3HaAYHTENIBLHELH Bkiian BHecn Hryen Jipik Taii, Li Y.F.,
D. R. Miller, W. Ogryczak, M. Piyro, Sansavini G., Zio E., A. Capone, R. Atar,
W. J. Dally, Scott Pakin, Abdullah Konak, P. Tseng, J. Stephen, K. C. Madan, I". I1.
3axapos, B. B., Jloxmortko, I'. I". SiHoBckuii, H. 5. Byprames, H. B. Tlepmakog,
K. E.Camyiinos, A. E. Kyuepsssiit, I'. I1. Bammapun, A. Y. ITapamonos, 10. I1. JI.
Kneitnpok, I'. @. SIu6s1x, Crondpos b. A., H. A. Cokonos, B. C. Fombamrreiin,
I'. B. Yeuun, K. E. Jlerxos u ap.

B PecryGnuke V36ekucraH alropHT™Mbl ONTHMH3aUHH CTpykTypsl TC ¢ MC
M0 KPUTEpPHIO OOIIEeceTeBHIX MPHBEACHHBIX 3aTpaT M MaTeMaTH4eCKHE MORETH
pacyera BEpOATHOCTHO-BPEMEHHBIX XapaKTEPHCTHK pPa3HOPOIHBIX MOTOKOB
HH(popMauun paccMoTpeHsl B paborax M. H. Apunosa, T. H. Human6aesa, P. H.
Hcaepa, M. M. Mycaesa, X. H. 3alinuauHoB u ap.

Bonpocet paspaGorku Meroauk pacdera BBX norokoB mAgopMammuu H
HCCNICIOBAHHUA CTPYKTYPHBIX TapaMeTpOB TeJIEKOMMYHHKAIMOHHEIX CeTei
paccmarpuBanucs B paborax X.3. MramGepauesa, I1l. M. 'ynamosa u H. B.
YcmaHoBOi.

AHann3 ucclieI0BaHHA B 3TOi 06/1aCTH NOKA3bIBACT, YTO B HACTOALIEE BpeMs
HEAOCTaTOYHO M3y4eHbl BOMPOCHl pPa3paGoTKH aNropHTMOB  ONTHMH3ALMH
CTPYKTYpBl TEJIECKOMMYHHKAUMOHHBIX CeTei C MHOrOypoOBHEBOH CTpYKTypoi,
GasupylomMXcs Ha CHCTeMHOM noaxoze. He [0 kxoHLa H3y4YeHHBl Takoke
MaTeMaTHYECKUii annapaT OnMCaHuA MPOLECCOB Nepeaayd pasHOPOOHOrO MOTOKa
HHbOpMalUHH, YUHTHIBAIOMMKE HAZEKHOCTh, a Talkoke NPHOPHTETHOCTH 3ITHX
notoxkoB  HHGopMauuu.  CymiecTBYION[HE  anrOPUTMbl  HCCIICAOBAHHA
TeJIeKOMMYHHKaUHOHHBIX ceTel, (OpMaTH3YIOMHX NMPOUECCHl ONTHMM3AIHH HX
CTPYKTYpbl NO KpHTEpHIO OOMIECETEBHIX NpHBEACHHHIX 3arpar, & TaKKe
TENeKOMMYHHKAIMOHHBIC CETH CBA3M CHECHHUANLHONO HA3HAYEHHA M aNTOpHTM
pacuera BEPOATHOCTHO-BPEMEHHBIX XapaKTEpUCTHK PasHOPOAHBIX MOTOKOB TaK:ke
HeZOCTaTOYHO HU3YUCHBI.

Cefi3b JHCCEPTAIIHOHHOTO HCCNEAOBAHHH ¢ IUIAHAMH HAYYHO-
HCC/IeAOBaTeNbLCKHX pafor Boicmero o6pa3oBaTeqbHOro y4YpexaeHHs, B
KOTOpOM BbINONHEHA AuccepTauud. MccneaosaHue BHIIONHEHO B COOTBETCTBHU
'C IUTaHaMM HayYHO-HCCNENOBATENLCKAX paboT TauKeHTCKOro yHHMBEpCHTETa
HHOpMALMOHHBIX TEXHONOrNi HMeHH MyxaMMaaa an-Xope3MH B paMKax IpaHToB
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NeBB-®4-011 «Pa3BHTHE TEOpHH, METOOB U CPE€ACTB HAPAIUISIIBHBIX BEIYUCIICHHH

B 3ajavax obpaGorkm curuanoB u m3oGpaxeHmi» (2019-2020) u NedB - B3-
2019080214 «Cosnanue MHOrO()YHKIHOHANILHOrO poGoTa A NPHMEHEHHA B
IpESBLMAHEIX CHTYaumax” (2020- 2021).

Hennio mecnenopanms ssaserca pa3paboTka aJropHTMOB H MoOJeEJCH
PacteTa XapaKTepHCTHK NOTOKOB MH(OPMAlMH, YCOBEPUICHCTBOBAHHE METOIOB
ONTHMH3ALMH TOMONOIHYECKOH CTPYKTYpH! TeJIEKOMMYHHKALMOHHBIX CeTell ¢
MHOroypoBHeBo# CTpyKTypoti, o6ecneauBalomux NossieHHe 3hHEeKTHBHOCTH UX
GyHKiHORMpOBaHMs.

3anaqm necaegoanus:

aHATH3 MAaTeMaTHIeCKHX MoOAeNel C OTHOCHTENEHBIMH H abGCONMIOTHBIMH
TIPHOPHTETaMH Ha OTAENBHEIX (a3ax M TPaKTax CETH C Y4ETOM Pa3sHOPOMHOCTH H
HaZIe’KHOCTH NOCTYNAIOUMX NOTOKOR HH(pOopMaLHH;

Pa3paboTka AMOPHTMOB ONTHMH3ALMH CTPYKTYPhl TEJIEKOMMYHHUKALIMOHHOMN
CCTH TI0 KPHTEPHIO OOMIECETEBbIX NPUBENECHHBIX 3aTPaT;

paspaboTka  KDHTCPHA  ONTHMANbHOrO  pasMelmleHHd  y3I0B B
TeJICKOMMYHHKALHOHHON CETH 10 KPHTEpHIO CpeaHell 3aiepXKH NOTOKOB
HHopManny;

pa3paboTKa aHANHTHIECKOH MOZENH, MO3BOJIOWEN CBA3ATh BEPOATHOCTHO-
BPCMCEHHEIE XapaKTePHCTHKM IOTOKOB HMH(POpPMAlMH CO  CTPYKTYPHBIMH
napaMeTpaMH CeTH;

pa3paboTka anropuTMa pacvera BepOSTHOCTHO-BPEMEHHBIX XapaKTepHCTHK
NPHOPHTETHLIX MOTOKOB HHPOpPMaLMH  TeleKOMMYHHMKAUMOHHBIX cereli C
MHOIOYpOBHEBOH CTPYKTYpOi;

YCOBEpIIEHCTBOBAHME METOAOB ONTHMH3ALMH TEJIEKOMMYHHKALMOHHEIX
cereil ¢ MHOIrOYpPOBHEBOI CTPYKTYPOii;

pa3paboTka KPHTEPHA MOCTPOEHHA ceTeil CBA3H CMELHAIBHOrO Ha3HauYeHHs C
MHOIOYpOBHEBOH CTPYKTYpOii.

OfnexToM HCCNEAOBAHHA SBJAIOTCA TEJIEKOMMYHHKAUHOHHBIE CETH C
MHOTOYPOBHEBOH CTPYKTypoif M MNpPHOPHTETHHIE CHCTEMbl OGCITy:KMBaHHE
Pa3sHOPOAHAIX OTOKOB HH(OpMaIHH.

IIpeaMeTOoM HCC/AEXOBAHHH SBIAIOTCA MOKENH, NMPOUECCH H AITOPHTMBI
HCCIIe/IOBAHHASA TENEKOMMYHHKALIMOHHBIX CeTell ¢ MHOroy pOBHEBOH CTPYKTYpOii.

Meroap! Hccen0BaHHA: B MNPOLIECCE HCCIEAOBAaHHUA HCHONL30BAIHCH
METOABI TEOPHH CeTeH CBA3H, TEOPHA BEPOATHOCTEIA, a TaloKe METOAb! JUCKPETHOH
H YCJIOBHO#H ONTTHMH3aLMH.

Hayynag HOBH3HA HCC/ICIOBAHHA COCTOMT B CJIEAYIOMEM:

paspaboTaHE! ~ MaTeMaTH4eCKHE  MOMENM  pacueTa  XapaKTepHCTHK
PasHOPOAHLIX MOTOKOB HH(GpOpMallMM ¢ OTHOCHTENBHBIMH M aGCOMIOTHBIMM
NPHOPHTETAMH, No3BoNsAoIHE ONpeAeuThL 3¢ dexTHBHOCTL
TEJIEKOMMYHHUKALIMOHHLIX CETel;

paspaboTana aHaNMHTHYECKAs MOZEb, MO3BOJAIOWIAs CBA3ATh BEPOATHOCTHO-
BpeMEHHble XapaKTepHCTHKH MOTOKOB WHPOPMALMM CO  CTPYKTYpPHBIMH
napameTpaMH CETH;
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paspaboTaHbi aJIFOPHTMbI ONTHMH3ALMH TEICKOMMYHHKAIIHOHHBIX CETeH ¢
MHOIOYpPOBHEBO#f CTPYKTYpOii 0 KpHTEpPHIO 00IeceTeBEIX KyMYNATHBHEIX 3aTPar,
MO3BOJIAIOMIHE ONpPENENHTh ONTHMAIBLHYIO CTPYKTYpY ceTeif;

paspaboTaH KpHTEpHii ONTHMANLHOrO Pa3MCIICHHS Y3/0B, HO3BOJIAIOIIHIA
MHUHHMMH3UPOBaTh CPENHIO0 3AJEPXKKY M BHIGpaTe MPOMYCKHYI0 CnocoGHOCTH
KaHasoB;

pa3paboTaH aIrOpHTM pacyeTa BEPOATHOCTHO-BPEMEHHBIX XapaKTEPHCTHK
Pa3HOPOIHBIX MOTOKOB HHOPMALHH, MO3BOJAIOIHI YIHUTHIBATH MPHOPHTETHOCTD
H HaJEXHOCTH NOCTYMAOMIHX [TOTOKOB;

YCOBEpIICHCTBOBAHEI METOZB! ONTHMH3aLMH CTPYKTYpBI
TEIEKOMMYHHKAIIHOHHEIX ceTeill C MHOrOypOBHEBOH CTPYKTYpOii;

pa3paboral KpHTepHii MMOCTPOEHHs TeJIEKOMMYHHKAIHOHHEIX CeTell CBA3H
CNIEUHAIBHOTO Ha3HAYCHHA, MO3BOJMIOIHI ONPEAENHTE ONTHMANEHYIO CTPYKTYPY
ceret.

IpaKTHYeCKHE Pe3yabTaThl HCC/IeN0BaHMS 3aKITI0Yal0TCA B CIEAYIOMIEM:

pa3paboTaH BEIMHCIHTENEHBIH NPOrPaMMHEIN KOMIUIEKC 1O ONTHMH3AIHH
CTPYKTYPHI TeJICKOMMYHHKallMOHHEIX CETeH ¢ MHOrOYpOBHEBOH CTPYKTypoii, mo
KpHTEpHIO 061eceTeBEIX MPHBEACHHEIX 3aTPaT;

paspaboTaH BEIMHCIHTENBHBIH MPOrpaMMHEIA NPOAYKT MO pacdeTy CpPeaHEro
BPEMEHH 3aJIEPXKKH MakeTa cereif CnemHanbHoro Ha3HaueHHA Ha OCHOBE MOZEITH
M/M/1;

pa3paGoTaH BHIMHCIMTENBHBIHA NPOrpaMMHEIH NPOXYKT MO pacueTy cpemmedi
HHTEHCHBHOCTH IIOCTYIJICHHA HArpy3KH Ha y3€J1 CeTH CNelHAIbHOrO Ha3HaYeHHA;

pa3paboTaH BBIMHCAMTENLHbI MpPOrpaMMHBI NpPOAYKT MO pacdery
CYMMapHOH HHTEHCHBHOCTH NOTOKOB HH(OpMALIMH Ha Y3€N CeTH;

pa3paGoTaH BHIMHC/IMTENBbHBIH NPOrpaMMHBIA NPOMNYKT MO ONTHMH3ALHM
CTPYKTYpH! ceTell cneLHanbHOr0 Ha3sHaU€HHA MO KPHUTEPHIO CPENHEro BPEMEHH
3aEPHKH NNAKETOB;

paspaboTaH BHIYMCNMTENBHBI NPOrpaMMHBIE NPONYKT IO  pacuery
BCPOATHOCTHO-BPCMEHHBIX  XAPAKTEPHCTHK  MNOTOKOB  MHQopMamMH B
TEJIEKOMMY HHKALIHOHHOH CETH;

pa3paboTaH BHEIYHCAMTENBHBI NporpaMMHbBLi NPOAYKT NO ANTCGPHTMY
ONTHMH3AUMH CTPYKTYpbl TENEKOMMYHHKALHOHHBIX CeTell MO KPHTEPHIO
ofmeceTeBbIX KyMYJIATHBHBIX 3aTpar.

JlocToOBepHOCTL HAYYHBIX Pe3ylbTATOB HCCIeJ0BaHHH oOecreTHBaeTCH
CTPOrOCTHIO HCIOJIb30BAaHHEIX MAaTEMaTHIECKHX MOJENIEH pacueTa XapaKTepHCTHK
Pa3sHOPOAHBIX MOTOKOB HHGOpMAUMH, C TNPHOPHTETHHIM OOCITYXHBAHHEM H
AITOPHTMOM ONTHMH3AIMH TEJICKOMMYHHKAITHOHHBIX ceTeli ¢ MHOrOypOBHEBOH
CTPYKTYpPO#H, & TaKKE KaueCTBEHHON H KONMWYECTBEHHOH OHEHKAMH MOJy9EeHHBIX
pe3yJIETaTOB, KOTOphIE MOATBEPXKIAIOTCS COOTBETCTBYIOIHMH CBHACTEILCTBAMH H
aKTaMH HX BHCAPCHMA.

Hay4ynas H DpaKTH9YecKas 3HAYHMOCTH Pe3yJIbTATOB HCC/IeJ0BaHHA.

HayuHasi 3Ha4¥HMOCTB pe3y/IbTaToB HCCIIEAOBaHHMI 3aKmodaerca B paspaborke
MaTeMaTHYecKuX MojeJieil, TNO3BONAIOIIHX onpeRenuTs 3P PeKTHBHOCTL
NPHOPHTETHBIX CHCTEM OOCTYXKHBAHHS, AHAIMTHYECKOH MOMENH, NMO3BOAAIOMIEH
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CBA3aTh BEPOATHOCTHO-BPEMEHHBIE XapaKTepPHCTHKH MOTOKOB HH(oOpMaLHH CO
CTPYKTYPHBIMM NapaMeTpaMH CETH, alrOPHTMOB ONTHMH3ALMH, ONpeeAiomHX
ONTHMANIbHYIO CTPYKTYpY ceTe, KDHTEpHii ONTHMAIBHOIO pa3MelleHHs Y3/0B,
MHMHMMH3HDYIOIIHX CPEJHIO 3aJEepKKY H BBIOpaTh NMPOMYCKHYIO CHOCOGHOCTH
KaHaNoB CBA3H, anropHTMa pacieTa BepOATHOCTHO-BPEMEHHBIX XapaKTEPUCTHK
Pa3’HOPOOHBIX IOTOKOB MH(OpPMAaLMM, YUMTHIBAIOIIMX [PHOPUTETHOCTh M
HAJIOKHOCTh MOCTYNAOIIMX [OTOKOB, METOJOB ONTHMH3aLMH H KpPUTEpHi
MOCTPOCHHA TENEKOMMYHHKAIHOHHBIX CeTel CBA3eH crnelHalbHOro HasHaueHHf,
ONpEeAS/IAIOMHX ONTHUMANBHYIO CTPYKTYPY CeTeM.

[IpakTHyeckas 3Ha4YMMOCTh pPe3YAbTATOB HHCCEPTALMH BRIpAXKAETCA B
pa3paboTKe BHIYHCIMTENBHBIX MPOrPaMMHBIX KOMIUIEKCOB pacyera CpeaHero
BPEMEHH 3aJIEPIKKH MaKEeTa CETeil CNeLManbHOro Ha3Ha4eHusd Ha OCHOBE MOJENH
M/M/1, ONTHMH3ALMH CTPYKTYPH  TEJEKOMMYHMKALIMOHHBIX ceTeli ¢
MHOFOYPOBHEBO# CTPYKTYpO#, 10 KPHTEPHIO 00MECEeTEBBIX NPHBENCHHbIX 3aTpaT,
pacueTra BepPOATHOCTHO-BPEMEHHBIX XapaKTEPUCTHK pa3sHOPOAHBIX IIOTOKOB
HHOOPMaIHH, TO3BOJAIOIIMX YYHTHIBAT: MPHOPHTETHOCTh M  HAJEKHOCTH
MOCTYNalOWHX NOTOKOB.

BreapeHde pe3yJbTaTOB McwieRoBaHust. Ha oCHOBe momydeHHBIX
pesy/nbTaToB 1O pa3paboTke METONOB, MOAENEH M AITOPHTMOB HCCIEAOBAHHA
TENCKOMMYHUKALIHOHHBIX CETEH ¢ MHOTOYPOBHEBO# CTPYKTYpOii:

paspaboTaHHbie alTOPHTM ONTTHMH3ALUH CTPYKTYPEI CeTeil CBA3M M KpHTepHil
NMOCTPOCHHS TENEKOMMYHHMKALMOHHEIX CeTel CBA3M CNELMANBHOrO Ha3HAYEHHs,
[O3BOJIAIONINE  ONPEACNHTh ONTHMAIbLHYID CTPYKTypY CeTeii, a Takoke
NpPOrpaMMHEI  KOMIUIEKC BHeApeHb! B [ 71aBHOM ynpaBneHMHM  CBA3M,
MH(OPMALMOHHEIX TEXHONOrMii M 3amUTH uHGopMaumu [enepanbHoro llltaba
Boopyxenubix Can Pecriy6nuku Y3bekucran (Cnpaska MuuuctepcTa no
PasBHTHIO HHGOPMALMOHHBIX TEXHONOTHH M KOMMyHHKaumii Ne33-8/7130 ot 25
HOAbpa 2020 r.). B pesynsrate ompeneneHa onTHMalbHaA CTPYKTYpa CE€TH H
DOCTUIHY ThI COKPAILICHHE 3aTPAT HA MX [IPOEKTHPOBaHHKe Ha 13—17% u yryumeHue
Ka9eCTBa NMPHHATHA pellieHHit;

paspaboTaHHble =~ MaTeMaTHYECKHE MOJENM pacueTa  XapaKTEepPHCTHK
Pa3’HOPOJHBIX MOTOKOB HMH(OPDMAUMHM C OTHOCHTENLHBIMH H  a0COMIOTHBIMH
NPHOPHTETAMH, @ TaKkKe QIrOPHTM pacieTa BEpPOATHOCTHO-BPEMEHHBIX
XapaKkTEPHCTHK PasHOPOIHEIX MOTOKOB MH(OPMalUMH, NO3BONAIOMNE YYHTHIBATDL
NPHOPHTETHOCTE M HAACKHOCTh MOCTYNMAIONIHX NOTOKOB BHEAPEHbI B JIOKANBHOIl
ceth BoeHHOro HHCTMTYyTa CBA3H M MHGOPMALMOHHO-KOMMYHHKALHOHHBIX
TEXHO/IOrHA MHuHHCTepcTBa  0GOpoHbI Pecry6muku  Vibexucran (Crpaska
MHHHCTEPCTBA MO Pa3sBHTHIO HHOPMALHOHHBIX TEXHOJOTHI W KOMMYHHKaiu#i
Ne33-8/7130 or 25 Hoa6ps 2020 r.). B pesynptate HOCTHUTHYTHI COKpaLEHHE BpeMs
paciera XapakTepUCTHK JIOKQIbHOH CeTM BOEHHOTO MHCTHTYTA Ha 15-20% M
TNOBELIIEHHE KAYeCTBa Niepeaayy NOTOKOB HHpopMaly;

pa3paGoTaHHBIE METOAbl M  AIFOPHTMBI  ONTHMM3ALMU CTPYKTYpbI
TE/ICKOMMY HUKALMOHHBIX CETeH M0 KPUTEPHIO O61IECETEBBIX IPUBENEHHBIX 3aTpaT,
TNO3BONAIOKME ONPEACNHTE ONTHMATHHYIO CTPYKTYPY TeNEKOMMYHHKALMOHHBIX
ceTeli ¢ MHOrOYpOBHEBO#H CTPYKTYpOii, M IPOrpaMMHBH KOMILIEKC BHeIpeHbl B AK

34



«Y3BEKTEJIEKOM» (CnpaBka MHHHCTEPCTBA N0 Pa3BHTHIO HH(OpMaHOHHBIX
TexHonoruii u koMMyHuxauuit Ne33-8/7130 ot 25 Hoabps 2020 r.). B pesynbTare,
IOCTHTHYTHI COKpAIiEHHE 3aTPaT Ha MX MPOEKTHPOBaHHe Ha 3 - 4 % M NOBLIIICHHE
Ka4ecTBa MPHHHMAEMBIX PELICHHI;

pa3paboTaHHblii KpUTEpHit ONTHMANBLHOIO Pa3MELUCHHA Y3108, MO3BOJIAIOLINH
MHHHMHM3HPOBATL CPEJHIO 3ajepXKy W BhOpaTh NpOMyCKHYIO crnocobHOCT
KAHANOB CBA3K BHEAPEH B HAYYHO-MCCIENOBATE/BCKHE M MPOM3BOACTBEHHBIC
TIPOLLECCH! FOCY 1aPCTBEHHOr0 YHHTapHOrO MPEANPUATHA «UNICON.UZ» (Cripaska
MuHucTepcTBa MO pa3BUTHIO HH(POPMALHOHHBIX TEXHOJIOTH M KOMMYHHKaLHi
Ne33-8/7130 or 25 woabps 2020 r.). B pesynsrare JOCTHIHYTHI MHHAMH3ALWA
BPEMEHH cpeaHeil 3alep)KKH MOTOKOB HH(GOPMALWH H MOBLIMICHHE TPOIYCKHOH
CNOCOGHOCTH KaHaNoB B TeNEKOMMYHHKALMOHHOH CETH C MHOTOYPOBHEBOH
CTPYKTYpOii.

Anpo6auusi pesyibLTaToB HccjieAoBaHus. TeopeTHieckHe H NPHIIAZHLIC
Pe3yNETATBl MCCIEAOBAHMSA, NPOBENEHHOr0 B pPaMkaX MNaHHOH AuCCCpTAlMH,
JDoKnaasBanuck U obcyxaamuck Ha 7 MexIyHapOAHBIX H 6 PecryGIHKaHCKHX
HayYHO-NIPAKTHYECKHUX KOHEPEHIHAX H B HayIHBIX CEMHHapax.

Ny6aukauny. [To TeMe auccepTaLny oMMy 6IMKOBaHE! 31 HayuHas pabora, H3
HEX 12 Hayu4HBIX cTaTeii (3 — B 3apy6eXHBIX H 9 — B PECTyOTHKAHCKHX JKypHanax,
PeKOMEHIOBAaHHBIX Bhicielf ATTeCTAHOHHOH Kommuccueit mpu Kabunere
MununcrpoB Pecry6nuku V3bekucraH s nyOnuKalMM OCHOBHBIX HAy9HBIX
Pe3yJILTaTOB JOKTOPCKHX AMCCEpTalMil), a TakKe NMOITyHCHE 6 CBHAETEJILCTBA O
PerucTpauMu NporpaMMHeIX cpeacts s IBM.

O6BbeM H CTPYKTYpa AuccepTalMH. Jlucceprauus COACPRUT 194 cTpaHKll K
COCTOMT W3 BBENEHMA, MATH [NaB, 3aK/IIOYUCHHA, CIMCKA HCIOJIb30BaHHOH
JIMTEPATYpbl H MPUIOKEHHA,

OCHOBHOE COJIEP)KAHHME JHCCEPTAIINHA

Bo BBexeHmH OGOCHOBAaHa AKTYalbHOCTh H BOCTPEOOBAHHOCTH TEMEI
aucceprauuy, cOpMyIMPOBaHBl LiEH K 33/ia4H, BBIABJICHBI 00BEKT U mpeaMeT
HCCIIe/IOBaHHA, OMpENENEHO COOTBETCTBHE HCC/IENOBAHHA 1O NPHOPHTETHHIM
HanpaBJICHHAM pa3BUTHA HayKH H rexHonoruii Pecry6nuxu  Y306ekucTaH.
V30kKeHs!l HayuHas HOBM3HA M MpAaKTHYeCKMe Ppe3yJbTaTsl HCCIEN0BaHHA,
060CHOBaHa JOCTOBEPHOCTb MOMYHYEHHBIX Pe3yNbTaTOB, MPHBCACHEI cBeJeHus O
BHEJIDEHHH pE3yJILTATOB MCCNEN0BAHHA B MPAKTHKY, PE3y/bTaros anpobatu
paboTsl, a Tatoke cBelcHHA O MyOMHKALMH pE3YNLTATOB paboTsl M CTPYKTYPHI
JHccepTalHH.

B nepBoit rnmaBe AauccepTaLHH «O630p H aHAJH3 Pa3BHTHA
TeJeKOMMYHHKAUHOHHBIX ceTeif ¢ MHOTOYpPOBHEBOH CTPYKTYpOiD» NpUBeCH
0630p M aHanM3 NUTEpaTypHBIX WCTOYHHKOB MO HCCNEAOBaHUI0 H Pa3sBHUTHIO
TEJIEKOMMYHHKALIMOHHBIX CETeA C MHOTOYPOBHEBOH ctpykrypoif. CTpyxrypa
TEJIEKOMMYHHMKALIHOHHOM CeTH  ABIAETCA €€ BaxkHeifmell KOHCTPYKTHBHOM
XApaKTEePUCTHKOH H MPEACTABIAETCS TEPPHTOPHANBHO PASHECCHHBIM HabopoMm
NpPOrPaMMHO-aNMAPaTHBIX CPeacTs (UEHTPOB KOMMYTallH, KaHanoB CBA3M,
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UEHTPOB ympamjeHuii U T. A.). BBIACHEHO, YTO 3KOHOMHYHO TNOCTPOCHHAsA
TeNeKOMMYHHMKAUMOHHAsd  CeThb CBA3H  KpynHoro Macmraba — ABnseTcs
MHOIOYPOBHEBOH, BKIIOYAIOWEA MHOTOKPATHO MCHIOJIb3yeMbie TpakThl (Puc.1)

:1

OJIb30BaTC/IbCKad

Cers nocryma < ()
‘4’ ‘\ ‘

Puc. 1. CTpykTypa MHOTOYpPOBHEBO#H TEIEKOMMYHHKALMOHHOHK CETH.

ITpH npoexTHpOBaHHU TakoH CETH CHIDKaeTCs 0611as NPOTAKEHHOCTh KaHANIOB
CETH, a CNeJOBATENIBHO H UX CTOMMOCTb, 3()(EKTHBHO HCMONRL3YIOTCA Y3NOBOE
obopynoBaHHe M KaHanbl CEeTH, YNpoILlaeTcA NpoLEAypa YNPaBlIeHHd CETH H
JOCTHTaeTCs onpefieNieHHas 3KOHOMHSA PeCypCOB CETH H T.1,

BeiAB/IEHO, YTO MHOIOYPOBHEBbIE TENIEKOMMYHHKALHOHHBIE CETH OTJIHYAIOTCA
PAAOM MNpPEHMYINECTB, K KOTOPHIM MOMKHO OTHECTH: CHIDKEHHE ofmei
NPOTAKEHHOCTH KaHAJIOB CETH, a CNEIOBATENBHO H MX CTOHMOCTH; 3¢dexTuBHOE
HCNONB30BaHUE Y3NOBOro oOCOpyHOBaHHWA M KaHalIOB CBA3M; obecneycHue
MaKCHMAaNLHO BO3MOKHOTO 3aMBIKAHHS Harpy3KH Ha HIDKHUX CTYIICHAX HepPapXHH;
ynpomieHHe NpoUeAyp yNpaBIeHHs CEThI0; JOCTHXEHHE ONpPEACNCHHOH IKOHOMHH
pecypcoB cerd;  noBbllleHHE  3(PHEKTHBHOCTH (yHKUMOHNPOBaHHA
TeNEeKOMMYHHKAUHOHHBIX CETel.

Bo Bropoii rnase aucceprauuu «MoaeqH NPHOPHTETHOro 06CaYKHBAHHSA
NOTOKOB HHPOPMALMH B TeJeKOMMYHMKAILIHOHHOH ceTH ¢ MHOroypoBHeBO#
CTpyKTypoii» pa3zpaoTaH @IFOPHTM pacHeTa XapaKTEPHCTHK Pa3HOPOOHEIX
MOTOKOB HH()OPMALIMH C OTHOCHTENBHBIM U aGCOIMOTHBIM MPHOPHTETAMH HAa OCHOBE
npeobpazopanua Jlannaca-Crunteeca (IJIC). [ina pacyera XapaKTEpHCTHK
Pa3HOPOAHBIX MOTOKOB MH(pOpMalHH HCMONBL3YIOTCS MAaTeMaTH4YeCKHii annapar
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(TUIC) u cucremsr Maccooro ofcmyxupanus (CMO) tunma M,/G,/l/o
(3KCMOHEHUMANBHEIH  3aKOH  TNOCTYIUIEHHA  3adBOK, cnyvaiiHpii  3aKOH
obcy>KUBaHHA 3a4BOK B CHCTEME MacCOBOTO OOCITYKHBaHHA C OHHM npubopoM H
6ecKOHEUHOM Ouepesibio) C OTHOCHTENBHbIMH M aGCONIOTHBLIMH MPHOPHTETAMH
o6CITy)KMBaHHA pa3HOPOAHBIX MOTOKOB HH(popmaiumu. IIycTe makeTs c | o
NPHOPHTETaMH MOCTYNAlOT B ofHonuHeiiHylo CMO u obpasyioT MMyaCCOHOBCKHit
MNOTOK C HHTEHCHBHOCTBIO 4, ,k =1, P . CyMMapHBIif IOTOK ABMNAETCA MyaCCOHOBCKHM
C HHTEHCHBHOCTBIO o= Y 2,4, . B CMO THnia Mi/Gi/1/= NpoTeKaloT 188 OCHOBHEIX
npouecca:

NpOLIECC OXKHAAHMSA, XapaKTepH3yeMbldi CydaHHBIM BpEMEHeM [, ¢
¢ynxupeit pacnpeaenenus (OP) Wi (1);

npouecc 0GCTyKHBaHHA, XapaKTepH3y€eMBblii CITy4aiiHbIM BPEMEHEM {,; C oP
H,(t).Torna cmyvaiiHoe Bpems NOOCTaBKH [MakeTa C k-m npuoputeToM 6yaer
OnpenenaThCa Kak:

ty =ty +ty,k=LP, m

rje: 1., — BpeMs OXKHAAHHS Haqano o6CTyKHBaHHS NaKeTOB K —I'0 MPHOPHTETA; 1y —

BpeMs 00CITY)XKHBAHHA MakeToB k —r0 MpHOPHTETA, P — yncnio mpHOpUTETOB. TOrAa
dynxums pacnpenenenus (OP) BpemeHH NpeGbIBaHHA MAKeTa B CHCTEME:

Vi) =W, ()*H, (), )

rae * - CTHITBEBCOBCKAA CBEPTKA.
U3 BeipakeHua (2) momyyaercs cpeiHee BpeMs npe6biBaHuA makera k-ro
TIPHOPHTETA B 3BEHE NepeaayH:

7, = [r-d%,0), 3)
0

Jna HaxoxnaeHus BpeMeHH 06CTy)XHBaHHA !, VAKCTOB k-ro mpHopuTeTa B
3BEHE MepefavH BOCHOJibiyeMcs Mpeobpa3oBaHHEM (TUIC) ¢ ®P H,(r) BpemeHu
06CI Ty KMBaHHA MakeToB k —T0 NpHOpHTETa B MOMCHT BPEMEHH t.

Q)= Te"'d V() =w () -1 (), 4)

rle: V - HHTEHCHBHOCTB CTapeHus nHpopMalnn v = 1/7,,rne T, —cpenHee BpeMs
crapenus; - w,(v) - IUIC ot ®P W,(r) BpeMEHH OXHIOaHHA Hauala obciyxuBaHus
naxetoB k-ro npHopuTeTa B MOMEHT BpeMenH t; h,(v) - TIJIC ot ®P H, (1) BpeMenn
o6CayKuBaHKA NakeToB k-ro NPHOpHTETa B MOMEHT BpEMEHH t. Cpe/iHee BpeMs
OOCTABKHM TaKeTa UIA MHOroypoBHeBoii ceTH T BBIMMCIACTCA MO PaNIHIHBIM
MapUIPyTaM OTHOCHTENTbHO A0JH MPOTEKAIOILETO M0 HHM roToka. Mcxons u3 AByx
BO3MOXHBIX CMOCOGOB YCTaHOBNEHHA TpakTa (BMPTYalbHOro KaHana) nanis
MHOTOYPOBHEBOH CTPYKTYpBI 4epe3 YIbl I-H CTYNEHH M MOACETh r-H CTymeHw,
ofmecereBoe BpeMs AOCTaBKH MOXHO MPEACTAaBHTb B BHAC:
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r——z[u Ay, T+ 2R, m, T, + @y, T ®)

rae: A - CyMMapHas HHTEHCHBHOCTD BXOAIIEro NOTOKA B ceTh; R - 9uco cTyneHe#
HepapXuH; A - HHTEHCHBHOCTb ITOCTYTUIEHHA MOTOKOB HHpoOpMaLIVH; .
n,— 9HCJIO Y3/IOB KOMMYTAIIHH Ha r-ofi CTYNEHH; M,- YHCIIO KaHaoB CBA3H r50it

CTYNICHH; m, iy HHCIIO KAHAJIOB CBA3H B Me)l(ypOBHeBOﬁ MOACETH C HHACKCOM (l'-
Lr).
n
m,, = %1 mr-—l g nr-l ’ (6)

B pesy/sTate MpOBEAEHHBIX MCC/IENOBaHKH, HA OCHOBaHHH pa3paboTaHHBIX
aNrOpATMa M MaTeMaTHIeCKHX Mofesedl MPHOPHTETHOro 06C/TyKUBAHHA TOTOKOB
HHpOpMAHM C OTHOCHTEJILHBIMH H abCOMOTHBIMH IIPHOPHTETAMH, MOMy4YeHbI
YHCIEHHBIE pe3yNbTaThl PHc.2. Pesynsrarel MOKa3sbIBalOT, 4TO abCOMOTHBIH
MIPHOPHTET AjlA CTAapIIMX NMPHOPHTETOB o0ecrmeunBaeT MEHbIIEE BPeMs Nepeaadn
110 CPaBHEHHMIO C OTHOCHTE/IbHBIM IIPHOPHTETOM AJIA CTapIHX MPHOPHTETOB, T. €.
abcomoTHeili npuopurer 1 ofecnednBaeT MEHBIIYIO 3anepxKy B 1,75 pa3s uem
OTHOCHTENEHBIH NPHOPHTET 2, B OTHOMIEHHH OTHOCHTENBHOro npuopurera 1 B 0,8
pasa MeHbIIIe.

8

e I

7

6

5

3

chzMsl 3anep;m(u nakera, T, MC

1

0
y

3arpy3ka xaHalia CBS3H, p

Prc.2. I'paduk 3aBUCHMOCTH cpefHeil 3aep)KKH NAKETOB OT 3arpy3Ky KaHaJoB
CBSA3H C OTHOCHTEJILHBIMH H a0COMIOTHBIMH NIPHOPHTETAMH.

B tpereeh rnase aucceprauuy «Mccie10BaHHS TeJIEKOMMYHHKAUHOHHLIX
cereii ¢ MHOrOypoBHeBOH CTPYKTYPOi» NpeOKEeHbl ATOPUTMBI ONTHMH3ALHH
TC ¢ MC no kpurepmio 06lneceTeBEIX NPHBENEHHBIX 3aTPaT M METOAMKA
ONTHMAJILHOTO Pa3MEICHHA Y3JIOB CETH N0 KPHTEPHIO CPpeIHEH 3aIEP>KKH NaKETOB.
Obmas 3amava onrumH3aumH cTpyktypst TC ¢ MC cBomMTCA K MOHCKY,
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KOMMOHEHTOB BekTopa X, ACCTAaBIAIOMEr0 MHHHMYM (YHKIHMH O6IMECeTeBBIX
NpHUBEICHHBIX 3aTPaT M BKIIOYAIOMIETo B CBO# COCTaB:

X=I.an’nwf-|p”wmyrmp-|,|]’ @
rae: R — uucno cryneHeif, TOMONOTHIO W,, r=1R, noacerell r-ofl CTyNmeHH,

TONOJIOTHIO W, ,,

r=2,R MEXYpPOBHEBBIX MOACETelA, 1, - IHCIO Y3NOB KOMMYTalHH

(KOHIEHTPATOB M LIEHTPOB Y3NOB KOMMYTAIWH) i-r0 THNIA NO 1-0# CTYNEHH, m, -
umcno kaHanos cBa3H (KC) j-ro Tuna no r-oi CTyneH, m, _,, - IHCIIO KaHAJOB CBA3H
(KC) j-ro TMma B MexypoBHeBoH moaceTH ¢ HHmekcoM (r-1,r). O6mas 3agada

ormrrumu3auu cTpyktTypel TC ¢ MC uMmeet cnenyromuii BHA: MHHHMH3HPOBaTh
ofmeceressie NPUBEACHHBIE 3aTPaTHl

I1(X) > min. (3)

Tpu BEIMOAHEHUM HOPM MO KadecTBY obcmyxuBaHns monszoBareneii TC ¢
MC, T.e. HOPMBI Ha cpeaHee BpeMs T, NOCTaBKH MaKeTa JaHHBIX k-ro NpHOpPHTETa

M BepOATHOCTS P, {T <t} AOCTaBKH MakeTa peun 3a crydaiinoe Bpems T, He ROIDKHA

NpesbIlaTe 3afaHHOro t. Jid MHOrOypOBHEBO#H TeNeKOMMYHHKALHOHHOH ceTH
obmeceTeBbie NpuBefieHHble 3aTpaTs! [1(X) umeer BuA:

nmx)= ZR:[E,,iW” *«C’*n, "'in *Ci*m, +in,_h_ *“Ci ., tmj,_,,]+§e,s,,(9)
re2 =] sl J=l
roe: R- 4Mcno ypoBHell TeneKOMMYHMKAlUMOHHON ceTH; E,- HOpMaTHBHEIA
KO3(h(HILMEHT I3KOHOMHUECKOMH 3¢ (EeKTHBHOCTH KanWTANBHLIX 3aTpar, E, =015;
I — uncno THNOB y3moB (UUTIO3EI, KOMMYTATOpEI, CepBEphI, pafoune CTAHLHH),
pasnuuaommxcs  ¢yHkuue  cToHMocTH ={G{(K§,d{) , rae G-
npoussoguteNbHocTs YK ¢ ko3dHuneHToM rorosBHoctH  KY,, HHTEHCHBHOCTBIO
BOCCTaHOBNEHHA d) , rae i=1,1; n,~uncno YK i-ro Tvna Ha r-ypoBHe,;
w ={l, ecou i-# VK moMemen B r—i0  CIymeHh  HepapXHH;
“ 10, ® npommononoxHOM chywae;
, ecmn j-# KC nomMemem B8 r—10 CIymeHs  HEpapXum,
{0, B NpOTHBONOJIOXHOM  CJIyuae;
1, ecma j-# KC nomoemen Mexagy (r-1)-#i =
W,, ={r—#t crynenaMH Hepapxum;
0, B TNPOTHBOMONOXHOM  Ciy4ac,

W =

r

J — yucno Tuno kaHanos cBasu (KC), pazmuuatommuxca QyHKuMedl CTOHMOCTH
C, ={V,,I,}, rae ¥, — ckopocTb B KaHane CBA3H, /,— JUIAHA KaHana CBA3H C

KO3 HUHEHTOM rOTOBHOCTH K, M C HHTEHCHBHOCTBIO BOCCTAHOBJICHHA d, j=1J
; M, — YHCNO KaHAIOB CBA3H j-rO THIIA Ha r-# CTyNeHH YpPOBHS; J — IMCIIO THIIOB
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MexypoBHeBbIx KC, paznuyaromuxcs ¢dyHKuMEH CTOHMOCTH C}-l, ={Vp-w’,»-.,},
rae ¥V, ,,— CKOpOCTh B MEXYPOBHEBBIX KC, I,,, — IMHAa KaHANOB CBA3M
ME3KyPOBHEBO# CTYTIEHH ¢ K03()()HIMEHTOM FOTOBHOCTH K, _,, M C HHTEHCHBHOCTBIO
BoccTraHornenus KC MexypoBHEBOH CTYMEHH dy.,,,raej=LJ; ghz,,_L,— YHCIIO
KAHAOB CBA3H j-ro THNA Ha (r—I)-# K r-i MexXypOBHEBOH CyNeHH; '

Mepeas komnonenTa B (9) mpeacTasiier cofoil kKanHTaNbHLIE 33TPaThl Ha
yanosoe ofopynoBanue, BTropas H TpeTbd - Ha JIHHEHHOe obopynoBanue
BHYTPH30HOBEIX H MEXCTYNEHUYATBIX MOACETEH COOTBETCTBEHHO, & NMOCICAHAA -
IKCIUTyaTalMOHHLIE pacxoipl. PemeHue 3aJauyd  ONTHMH3AUHK  CTPYKTYpHI
Te/IeKOMMYHHKALMOHHBIX CeTeil OCYIECTBIACTCA METOAOM WTpaHbIX (yHxumii.
Meroa wrpaduex ¢yHkumii yaobGen TeM, YTO CTPYKTypa OrpaHHYEHHH, MX
HEJIMREHHOCT, WIM JIMHEHHOCTh, INAAKOCTL HWIH HErNamKocTh, HE HrpaioT
NPHHUHIHANLHON POJIH NPH PELICHHH 3alau MUHUMu3auuy. Kpome Toro, Meton
wrpadpuex ¢ymikumii He Tpebyer, 4TOOBl HayalbHad TOUKAa NPHHAANEKANA
IOTyCTHMOH o6iacTH. YmpomeHWe 3afadH, pemaeMoli METONOM HMITPaHbIX
yHKLMii, JOCTHIaeTCA 33 CUET YCIIOKHEHHS HCXOAHOH LeNeBOH GyHKIHMH, KOTOpas
3aMeHsercs 0606menHo# nenesoit gynximeit F(X, h), yunrsisatomeii KpHTepuii
HCCJIEHOBAHHA ¥ (PYHKIHH OrpaHHYEHHA:

F(X, h) =TI (X) + P(h)¥(X) — min, (10)

rae: ¥(X) — ¢yuxuma Bextopa «X», npidem np ‘P(X) = 0, ecnu orpaHHveHHe
BHITIOJTHEHO (T.€. HICKOMAd TO9IKa HaXOAMTCA BHYTDH JONMYCTHMO# 06macT wim Ha
ee rpannne) H W¥(X) # 0 — B NpoTHBOMOJNIOXHOM ciyuae; P(h) — MOHOTOHHO
Bo3pacTalomad GyHKIMA nepeMeHHoil h .

3uauenne F(X, h) B momycrumo#t obmactn coenanaer ¢ II(X), a Brue
nonmyctumoi — onpenensercs wrpapHeM wiehoM P(h)¥(X). HauHaa ¢yHkums
6BICTPO BO3pacTaeT ¢ yaaleHHeM ToukH X oT nommycTuMoi obnacty. [1py pemieHun
3afaYH ONTHMH3aUMM CTPYKTYPH TENCKOMMYHHKAIIHOHHONH CeTH MpHHATa
mrrpadHas GyHKIMA cneayromero BHa:

. 2
FtR=n0+ 23 fmon+ 21}, any

rae: m,- YHCIIO OrpaHHYeHmii; h, 4, - mapaMeTphl anroput™a 4> 0, 4,> 0, i=1,m,
; [o - pymuxuma W(X); ¢(X) - dysxuma orpasndeHus. YncieHHOE HCCIEAOBaHHE
TC ¢ MC npoBogunuch MyTeM MHOTOKPAaTHOIO PEIICHHA 3aAa4 ONTHMH3alHH 10
KPHTEpHIO 001eceTEBBIX NPUBEREHHBIX 3aTpParT C y4eToM orpaHuuennii Ha BBX. Ha
OCHOBAHMH BHILIE H3NOXEHHOro ObUIH NMOJY4€Hb] PE3yNbTAThl, IPEACTABNCHHBIE HA
Puc.3. u 4. U3 pucyHKa BHOHO, YTO 3Ha49€HHA OOHIECETEBLIX MIPHBEACHHBIX 3aTpaT
BO3pacTaeT NpPH YBEJIMYCHHHH Pa3sMEPOB TEPPHTOPHHM CETH, NMPH PaTHYHBIX
tononormax, rae: [ICC-nonnocsasHas crpyktypa, KCC-konbuesas CTpykTypa
cetH, PLIIC-pemeryaras cTpykrypa, Pc-panuansHas CTppyKkTypa.
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588

y.e.

[IpuBepenHbie 3aTparhl,

TeppuTOpHi ceTH, KM

Puc.3. I'padHk 3aBUCHMOCTH 00ImeceTeBbIX KyMyIATHBHBIX 3aTPar OT
TEpPPHTOPHH CETH.

B obnact Maneix pasmepoB TeppHTOpHH 3x3, 4x4 U 5X5 KM NpHBeJieHHbIE
3aTpaThl MAJI0O H3MEHAIOTCA, YTO OOBACHAETCA TeM, YTO HAa OrpaHW4EHHOMH
TEPPHTOPHH OCHOBHYIO HaCTb 3aTPaT COCTABIAIOT CTOHMOCTD Y3/I0B, KOJIHIECTBO
KOTOPBIX HE 3aBHCHT OT Pa3MEPOB TEPPHTOPHH, a ONPEAENAETCA TONBKO EMKOCTEHIO
cetu. I'padpuk (Prc.4) nomyqen s yposrelt R=2, 3, 4, 5 1 Ha paTHIABIX EMKOCTAX
CETH.

A

3

3
E 25 X
a, /
s 2
™
% 15 - 200
et U]
5 ; ! MSO
) | —o=10
g 03 S0 o e
= 0 : . . - >
1 2 3 4 5
Yucno crynesei BepapXHH

Puc.4. I'paduk 3aBHCHMOCTH 06LIECETEBLIX KyMYJIATHBHBIX 3aTpar OT YHCIA
ypoBHeii ceTH.

Mony4eHHbIe pe3yNbTaThl NOKA3AIH, 970 B 3KOHOMHYECKOM OTHOMICHHH 2-3
YPOBHEBbIE CETH HAMHOIO MPEANOYTHTENbHEE YeM 4 - 5 YPOBHEBBIE CETH.

Mpennoxexnpift B [1aBeé NOOXOA K  ONTHMH3ALMH  CTPYKTYPHI
MHOTOYPOBHEBBIX  TeJICKOMMYHHKALHOHHBLIX CeTeil MO3BOJNAET pacdHTarh
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obimeceTesne NpHBeneHHbIE 3aTpaThl, ONPEAEIHTs ONTHMANLHYIO CTPYKTYpY, a
TAIOKE YYHTHIBATH HALEKHOCTE M IPOMYCKHYIO CIOCOGHOCTL KaHANOB CBA3H.

B cemix TenexoMMyHMKaUMM C yBEIHYEHHEM HArpy3KH Ha y3/bl NOABNAETCA
HEO6XOMMMOCTL HapalMBaTL MOIIHOCTE Y3IOB HIH GaNaHCHpOBaTh Harpysky s
obCITyHBaHHA NOCTYNAOWMMX NOTOKOB HHGOpMalMH. METoAHKa ONTHMATEHOrO
Pa3MeIeHHs y3I0B KOMMYTALMH B TeJIeKOMMYHHKALMOHHOM CEeTH npencramme'r
co6oii HeMMHelH Y10 3aaYy JUCKPETHOrO MaTeMaTHYeCKOro NpOrpaMMHpOBAHHS.
CpeHiOi HHTEHCHBHOCTB NOCTYNAlOMEH Harpy3KH Ha y3en i 3a onpeaeNeHHbLH
HHTEPBAI BPEeMEHH MOXHO HaiiTh o gopmyJie:

== ZA, x,+Z/l X . (12)

i=]

Ilepsas cymma onpenenser Ty qam HeoOCITyXKEHHON Harpy3kH, KOTOpYHO
y3eii i MepeHanpaBmI Ha ApyrHe y3iIbl, TOrAa KaK MOCNEHHAS CyMMa Ompeaenser
HarpysKky, MOCTYNHBINYIO M3 ApYrHX y3/moB ceTH. EciiH paccMaTpuBaTh KaXmbii
y3en kak CMO Thna M/M/1, To BbiGOp MOTOKOB AN GaNaHCHPOBKH Harpy3kH
MEKAY Y3NIaMM MOXHO NpOH3BeCTH NpH MHHMMH3ALUHH BpEMEHH CpejHeii
3aziepxku o dopmyne:

P L PR B ] I /N I 13
Fet$om=35(2%) a3

Maremariieckas nocraHoBka 3agaud 6anaHCHPOBKM HAarpy3kH mMyTeM
nepepacnpeaeNieHus NOTOKOB UMEET BHA:

7=“ZZ(w,

AT Jul

+w,-f, -T, )—min, (14)

£y 20, Zfi SHy Zfa

IIpennonaraem, 9To Harpy3ku Ha yJIbl IOCTYIAIOT B BUAE G6eCPHOPHTETHBIX
norokos HHQopmarmn. Moauduuupyem kputepuit (14) ans pemieHHs 3anavuu
ONTHMM3ALMH CTPYKTYphl Y3Nn0B. BBeemM mepemeHHylo Z;, o06o3Hauaiouryio
CTOHMOCTH 06CITyX1BaHUs NOTOKOB B y3nax i. [TepeMeHHas Z;, oTpaxkaeT 3aTpaTsi

Ha apeHiy HIH AoGaenenne yzna i. BxmnounB B KpHTEpHit (14) cToMMOCTH
ofciyXKuBaHUA B y3/ax, MOXy4YHM:

Sy

im) j=

L]

+wz Jy Ty +wy- f,Z,) - min. (15)

PaccunTaeM Cpe/iHIO BpeMEHHYIO 3aAeP)KKy MaKeTOB, YUHThIBAdA, YTO CPEAHAN
3a/iePKKa ABACTCH OCHOBHBIM NApPaMETPOM TeJIeKOMMYHHKANMOHHOM CeTH mpH

Onpe/ieNieHHH ONTHMAILHOTO KOJIMYECTBA Y3/I0B B CETAX C PpaziMiHOif TOMoNoruei.
B pesysraTe NOJMy4HM 3aBHCHMMOCTH CpefHell 3alep’KH NaKeTOB OT KOJIHYEeCTBa
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y3noB (Puc.5.). 'padHK 3aBHCHMOCTH CPEAHErO BPEMCHH 3aliCPAKKH Naxera oT
KOJIMYECTBA Y3NIOB CBA3H NPH Pa3IHYHBIX CTPYKTYPHEIX TONONIOTHAX NMOKA3LBaET,
YTO C YBCJIMYCHHEM KOJIHYECTBA Y3/IOB BpeMA 3alICPpKKH INOCTCNEHHO
YBECJIIHYHBACTCA. HPH HEKOTOPBIX 3HAYCHHAX KOJIMYECTBO Y3JIOB CBA3SH BEIIM'HMHA
cpenHeif 3aAepXKKH NaKkeTa pacnpe/eneHa HepaBHOMEPHO. 3TO BEI3BaHO TEM, YTO B
CeTH BO3HHKAIOT «CKa4yKH» pa3HOPOIHBIX NOTOKOB, CBA3aHHHE € GoNBmON
CKOPOCTBIO MepeaayH HHGOPMALMH B Y3JIaX CBA3H H HX IPO3PavTHOCTEHIO.

18 A
e X
s 16
E’ 14 e
/ A
§ 12 )Q\g(_——-—_)(
g 8 Y ~r —” —tr=PLUIC -3
§f 6 5 ——— " —~@=KCC-2
& Rl
a __W-gﬁ_ ~o=PC-1
: .
Q
& o >
s 10 20 40
KomaaecTBo y310B

Puc.5. I'padpuk 3aBuCHMOCTH cpeaHeii 3aaepkkn HHGOPMALHH OT KONHIECTBA
Y3/I0B CETH.

Cxaukoobpa3sHble 3HAaYeHMs cpefHel 3aep)KKH MakeTa NOKa3bIBAIOT, 9TO
Y36l CBf3H HMEIOT pa3sHble NpOIMYCKHble CMOCOOHOCTH H B HHX MOCTYNAlOT
PasHOPOIHbIC MIOTOKH C Pa3MYHBLIMH CKOpocTAMH. PC (pamuanbHas CTPYKTypa)
obecneunBaeT HaHMeHbIee BpeMs 3afiepikKH 10 CPABHEHWIO C OPYrHMH BHIaMH
Tononorux cereif. Ilpn konuiectse y3or cetr, paHoM 10, BO Bcex TOMONIOrAAX
HMEETC ONTHMYM HAMMEHBIIEr0 3HaYeHWdA cCpemHell 3aJepXKKH MaKera.
MunnMansHoe BpeMAa cpeaMelt  3amepxku naxkera Habmomaercs  NpH
ucnons3oBaHuu PC: oHO cocTaBnseT 4 Mc wia 40 y3noB CBA3M, WTO B YETHIPE pasa
menbme B ciryuae ITCC (16 mc), 1 B Tpu pasa MeHsime B ciryqae PIIC (12 mc) ans
TOT0 e KOIMHYECTBA Y3JIOB CBA3H.

B geTBepToil rnase anccepraumy «Pa3paboTka anropATMOB HCC/ISIOBAHHS
TeJIEKOMMYHHKAIIMOHHBIX ceTel ¢ MHOrOYPOBHEBOH CTPYKTYpoiD» paspaboran
anropuT™ onTHMH3aumHu CTpYKTypsl TC ¢ MC (PHc.6). ANrOpHT™M ONTHMH3AIMH
crpykrypsl TC ¢ MC npeacraBnser cofo#i nmpoueaypy KOMILUIEKCHO# 3ajiaiH,
OPHEHTHPOBAHHEIH HAa TNPHMEHEHHE TOIOJIOrHYECKOr0 TNPOEKTHPOBAaHMA H
NPOrHO3HPOBaHHA HX TEXHHKO-IKOHOMHUYECKHX NOKa3aTeeH.
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Puc. 6. Anroputm onTuMH3aumMH CTPYKTYPEI CeTel o KpuTepHIo of1eceTeBhIX
KyMYJIITHBHBIX 3aTpar.




TMpuBeaeM OCHOBHBIE AOMYLLEHHA; OMHOPOAHOCTD H PEryJIAPHOCTE TOMONOr Ui
OTAENIBHBIX TNOACETeH; OAHOTHMHOCTH TEXHHYECKHX CPEACTB CBA3H BHYTPH
OTHAENbHBIX CTyNEHeH HepapXHH; PaBHOMEPHOE pasMeIeHHe OKOHEYHLIX IMTyHKTOB
Ha TEPPUTOPHH; aNNPOKCHMALIMA TEPPHTOPHH CETH MPABHILHOH reOMEeTPHECKOH
durypoit  (npamoyroneHuk). JlaHHBIH anrOpHTM MO3BOJACT  PAacCUMTAThH
oflecereBble KyMYJIATHBHLIE 3aTpaThl, ONPEAC/IMTH ONTHMAILHYIO CTPYKTYPY
ceTeil, aganTHpPOBaTbCA Ha HOBbIE TEXHMYECKHE W CTPYKTYPHBIE H3MCHEHHA
TENECKOMMYHHUKALHOHHBIX CeTeH.

CymHocTh anroput™a onTuMuzaunn crpyktypst TC ¢ MC B mocTpoeHHH
wTpadHLIX (YHKUMH M peanu3alMM OCYIIECTRIAETCS CIEAYIOMmeH NOomaroBo
npouenxypoi (puc.5). [TpuBeneHHEIH aropyT™M ONTHMH3ALHH CTPYKTYPB! TCcMC
BK/IIOYEH B COCTaB BBIYHCIHTENLHOrO MPOrpaMMHOrO KOMILIEKCA ONTHMH3ALMH
CTPYKTYpPBI KpYNHOMacWITaGHBIX ceTell M YYHMTHIBAaeT HAJIEXKHOCTD, MPOITYCKHYIO
CHOCOGHOCTh KAHAJIOB CBA3H M NPHOPHTETHOCTH MOCTYMAOIMX [OTOKOB
uugopmauuu. [TpeanoxkerHsIit ANrOPHTM NO3BOJIACT PEIATh 3a/laTH ONTHMH3AIHH
¢dusMueckoil CTPYKTypsl ceTeli M ONpERENAeT ONTHMANBHYIO CTPYKTYpY
TENEKOMMYHHKaUHOHHO# CETH TI0 KPHTEPHIO 06IeceTeBBIX MPHBEACHHBIX 3aTpaT.

B naroii rnase mucceprauni «HccieaoBaHHe NMPHHIMNOB IOCTPOCHHA
TEJICKOMMYHHKAUHOHHBIX  ceTelf CBA3H  CHCHHAJBHOI0  HA3HAICHH®)
HCCMeN0BaHBI MIPHHLMIE! MPOEKTHPOBAHHS TeleKOMMYHHKAIIHOHHBIX cereli CBA3H
crienuanbHoro HasHauenus (TC CCH). Onucane mo6oii CHCTEMBI H YCIOBHH ee
(yHKUMOHMpOBAaHHA  XapaKTepusyeTcs  OMPE]ENCHHOH  COBOKYIHOCTHIO
napaMeTpoB H NpPEeACTaBIAETCA CHCTEMOH MAaccOBOro obcmyxuanua TC CCH

(Puc.7).

Bremmue (Gakropbl

01,02,....... On
BxoaHble napaMeTphl l l BriIx0QHEIE NapaMeTphl
X1 4 5> Y1
X2 —> ITapaMeTph! COCTOSHHSA CHCTEMBI —> V2
W1, W2, ... . Wk
Xn v - > Vn

Vpasnsiomme BO3CHCTBHA
UL uz,....... ,Un

Puc.7. CHCTEMa MaccoBOro 06CITyKHBAHHS TENCKOMMYHHKAUHOHHBIX CETeH CBA3H
CNELHAIBHOTO HA3HAYCHHS.

B coorserctBHH ¢ CMO CCH, npeacrasim o6ury o MATEMaTHHECKYIO MOAIENTb
CCH B cnegyloueM BHAE:

Y* = F(XE @)W 0).UF(0,0,00), (16)
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ree: ¥* - HEKOTOPHIH BHIXOAHOMN (LeNeBoii) KONMYECTBEHHBIA NOKa3aTelb
3(peKTHBHOCTH CHCTEMB! CBS3H CHELHANBLHOrO HasHaueHms; X £(t)— BxomHsIE
napaMeTpsl; W' (f)— mapaMeTphl BHYTPEHHErO COCTOSHHHM CHCTeMBL O,(f) —
HeynpaBngeMOe BHelIHee BO3elcTBue; U'(r) — MapaMeTphl YNPaBIAIOMEX

BO3fieficTBHl cucTeMBl CBA3H. Bxoambie mapamerpbl 3ajaloTcs Bekropom X k
KOTOpBIi MOXeT OBITE mpeAcTaBieH HabopoM MapaMeTpoB

x* =(Qk’q’me)' (17

rae: 0'™ — KONMIECTBO OKOHETHBIX YCTPOKCTB &-To Kutacca Tpaduka g-ro Tnna; ¥,
— MHTEHCUBHOCTb BHI30BOB MEXAY Y3/aMH CETH i M j, Bbi30B/4ac.
IMapameTpsl COCTOSHHA CHCTEMBI CBA3H MOTYT ObITh NPEACTARICHB BEKTOPOM
w* =(G,z,H:,V,,P) 18)
IMapameTphl yNpaBnfIOmMMX BO3AEHCTBHIET MOryT OBITH NpeACTaBiEHbI
BekTopom U*:

Ut =[4*, 5t M,)) (19)

rne: A* XapaKTepusyeT CHCTeMy ynpasnemms; S;(M,) — 6asossie S-ycnyru
Ge3onacHOCTH, peatu3yeMbie M-MexaHH3MaMH 3aLHTHl HA /-YPOBHE JIOTHYECKOH
CTPYKTYPBHI.

Coorromenna (16-19) mO3BOAAIOT YCOBEpIIEHCTBOBAaTh MAaTEMAaTHYECKM
anmapar, ¢ TIOMOIBIO KOTOporo MoxHo Oymer HOeTAmbHO HCCIEAoBaTh
OpraHM3alHOHHLIE H TEXHMUECKHE aCeKThl NOCTPOEHHA U NPHMEHEHMA BOEHHBIX
CHCTEM CBsi3H, C LeJblo obecriedeHus GoeBodf TFOTOBHOCTH CHCTEMBI CBA3M.
ITpoekTHpOBaHHE  TENIEKOMMYHHKALHOHHBIX ceTefi CBA3M  CHELIHANTLHOro
HasHaueHHe TpebyeT peIICHHMA HHXKEHEPHBIX 3afad, MO3BOJIAIOWMX MPOH3BECTH
pacteT ee MapaMETPOB HA OCHOBaHMH MCXOAHBIX [JAHHBIX BCEX BapUaHTOB
¢usnueckoit CTpyKTypBIL.

CrhexTp BO3MOXHBIX TONOJNOTHH Xapakrepusupyercs HaGopoM 6a30Bbix
CTPYKTYP, BKIIOYAIOIIHX «MOMHOCBA3aHHYI0 ceTh» ([ICC), «pamnanbHylo ceTb»
(PC), «xonsuesyio ceth» (KCC) u «pemeruaryio cets» (PLUC). Jna 6a30Bbix
CTPYKTYp NMPHBOAATCA AHAINTHYECKHE COOTHOLIEHHA, CBA3LIBAIOIIHE OCHOBHEIE
CTPYKTYpHbIe MapameTphi: AnaMeTp d, CPeAHION0 CTENeHs BEpIHHLI K, cpenmion
JTHHY MapuipyTa %, Yucno pebep m M umucno sepuuH n (tabnupoa 1). Takue
CTPYKTYpPHHIE TOMONOrM4YeckHe BapHaHTHl TC 49acTo OKA3HIBAIOTCA MeHee
noporocTofiumH. IT103ToMy, npH NPOEKTHPOBAHHH GOMBUIMX TEPPUTOPHATLHO
PacCpeROTOYEHHBIX TEIEKOMMYHHKALMOHHBIX CEeTeH CHELMANbHOTO Ha3zHAueHMs
Hesnecoo0pasHo MCCIEAOBATL BOMPOCH! ONMpEEEHHs ONTHMANLHOM (H3MYecKoH
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CTPYKTYPphI ceTell o oflneceTeBRIM NPUBEAEHHBIM 3aTPATaM, T. €. CTOHMOCTHBIM
KpHTEpHAM.

IMepemennoii n, O0GO3HAYEHO WYMCNO OKOHEUHEIX MYHKTOB B OJHOM
FOPHU3OHTAJILHOM PARY, @ m, - B BEPTHKANBLHOM. Z;,Z, — CTOPOHE! NPAMOYTOIbHHKA
B KM.

Jna  onpepenenusa ontuManbHoif crpyktypel TC CCH ucnomssyem

cnexyiomyio GopMyny obimecereBsIx NPHBEACHHBIX 3aTPAT:

R 7 J J
M) = Z[E,,ZW,, G un, W, «Crom, + W, ., wCha, .mﬁ_,,]. 20)
ra2 J=1

) Jul

AHaMTHYECKOE COOTHOLEeHHe i 6a3oBkix crpykxryp TC CCH

Tabmvma 1.
Thns TIpaneaann
cereit Yncno pebep, m Cpennsas ANHHa Kasana, / e
n
0,24Z,(np-1) |2 + Z,(n- p)O,1Jnp +0,15) p=—=
PC ol (np )J; (- PYOLJnp +015) p Py
Jnp  (n-1) Z,x2,
KCC n-1 ZZ:
n
PUIC | m=(n,—1)-n,+(n,~1)-n] ZiZ;
”

Hec n(nz- 1) (0322, +0,13Z,)n— l(0,3222 +013Z,)
2 o

Z22,

IepemenHble paHHOH (OPMYNBI COOTBETCTBYIOT MNEPEMEHHEIM B paHee
npusencHuoii ¢opmyne (9). HAna muEuMuzaumM  ¢yHkumH (20) Oymem
HCTIoNE30BaTh 3P ¢EKTHBHBIC METOAR! ONTHMHA3ALHH CTPYKTyph CCH Takue Kkak:
JIOKANbHBLIH H robanbHEI MOHCK, HAPHMEP, MAaroBbiii AIMOPHTM MapHLIX NPob
(IUAIT) u cnyvaiineiii MOHCK C yMeHbIIEHHeM HHTepBana noncka (CIICYHUII).
Cornacio merony LUAI, u3 npoussoibHOH ToYKA X, Renaercd mar no i-i
KoopauHate X)), =X\"+AX". OH 3acuuThiBaercd, ecmu F(X,,) < F(X)). Ilocne
HEyAa4YHOro Iiara fejaercd ABONHOH B MPOTHBOMOJIOXXHOM HANMpPaBJICHHH, H OH
3acuMThIBaercs, ecmu  F(X,,) < F(X)). B npoTMBHOM ciiydae cHcTeMa
BO3BpALIaeTCA B HCXOAHYIO TOUKY X, H MPOH3BOAMTCA CMEHICHHE IO JPYTHM
koopauHataMm. Tlocne ocraHoBku LIIATI, 9TO COOTBETCTBYET HAXOXICHHIO

47



JIOKATLHOTO 3KCTPEMyMa, MPOU3BOAMTCA yMEHbLIeHMe wwara moucka AX. Ilo
JOCTHXECHHIO MHHHMAIBHOrO 3Ha4YeHHd Wiara moucka AX_ . =1 npou3BomuTcH

nepenada  ynpasnenus CIICYHUII. B pexyppentnHoii ¢opme CIIcYHII
3aMHCHIBETCA CIEAYIOMMM 06pazom:

[N

Ax ={ AX[*]] F(X))SF(X,.) } an

" |-AX,L F(X)2F(X,,)

rne:  [1=(¢.¢0n &) - enuHmHBIA ClyuaifHbI  BEKTOp, paBHOMEPHO

PaclipefieNieHHbIl M0 BCEM HaNpaBNEHHAM MPOCTPAHCTBA ONTHMH3HPYEMBIX
CTPYKTypHBIX napamerpos cetd. CornacHo (21), war B ciy4aiHOM HanpaBjiCHHH
(-] cauraerca HeynaunrIM, ecniu 3HaveHnE F(X,) ne yMmenblaercs. B mpotusHOM

Crydae cHcTeMa cmemaercs B Touky X, M ynpasnenue nepemaerca IIATIL Ilo

AOCTIKEHHIO 3a/1aHHOTO 06BeMa BEIGOPKH MPOM3BOANTCA YMEHBLICHHE NapamMeTpa
AX, WTO COOTBETCTBYET yMeHblIEHHIO 06NacTH MNOWCKA, T. €. TPOHMCXOAWT
JokanusaumMa sxcrpeMyma. Takum obpasoM, meromom LUAIT HemocpencTeeHHO
OCYWIECTRIAETCA MOMCK JIOKAIBHOTO MHMHHMyMa, a MetogoM CIIcYUIT —
(BBINPBLIrHBAHHE» U3 JIOKATHHOTO MHHHMyMa B 30HY NpPHTKEHMA ApYroro
MHHMMYMa. Ha OCHOBaHHHM BHIIENPHBEAEHHBIX NPHHUMIIOB MNPOEKTHPOBAHHA
cereli 6pua paspaboTana BEIMHCIHTENbHAS nporpaMMa Ha aseike Python, c
TIOMOmBIO  KOTOPOH 6bUT MNpOM3BEAEH WYMCIEHHBI aHAIH3  CTPYKTYPHBIX
napametpoe TC CCH H nomyuensl pe3ynbTaThl ONTHMH3aUMH (pH3MUECKOH
CTPYKTYPHI CeTeli ¢ pasiin4HO# TOMOoNOrHei.

3

g
%2 P
g‘ ’ / —=MCC
g 15 ) ] // / e
3 ‘ "ﬂ'—’//
3 = : 8 —&-PlIC
= ! cnf2) -
3 &l = =z PC
g 0S — " . —
= - " 5
Q, o T T T 7
= 1 2 3 a 5
Uuco cryneneit RepapxuH, R
Puc.8. Cpaduk 3aBucumocTy o6mecerernix KyMyJATHBHBIX 3aTparT OT YHCIa
CTYTEHEH.

To pesynpraram MHOTOBAapHaHTHBIX PacyeToB, MPOBEACHHBIX C MOMOMIBIO
BLIYHCITUTE/ILHOTO NPOrpaMMHOrO KOMIUIEKCA NOJyueH TpaduK 3aBUCHMOCTH
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o6uIeceTeBLIX NPUBEAEHHBIX 3aTPAT OT YHC/IA CTyNEHeH HEPAPXHH MPH Pa3THYHbIX
Tonosoruax cetu (Puc.8).

[Momyuennsie pe3ynbTaThl MORTBEPXKAAIOT, YTO A CeTedl C YPOBHAMH
R = 2,3,4,5 Haubonee onmTUManBEHBIMH, HE3ABHCHMO OT TOMOJIOMHH, ABJIAIOTCA CETH
C YpOBHAMH 2 4 3 MO CpaBHEHMIO C CETAMH C YPOBHAMH 4 u 5. I'padpuxu
nokasbIBaloT, uTo PC oxasanace B 5 (114Tb) pa3 9KOHOMHHEE [10 CPABHEHHIO C ICC,
B 3 (TpH) pa3sa no cpasHenmio ¢ KCC u B 2 (1Ba) pa3a 110 CPaBHEHHIO C PUIC.

3AKJIIOYEHHE

[To MTOraM MpOBENEHHBIX HCCeAoBaHHMH “MeTo/bl, MOAETH H ANTOPHTMEL
HMCCIIEOBAHMA TENEKOMMY HHKALHOHHBIX CeTel C MHOTOypPOBHEBOH CTPYKTYpoO#i™:

1. PaspaGoTaHbl  MaTeMaTHUeCcKHE MOAENH  pacueTa  XapakTepHCTHK
PasHOPOAHBIX MOTOKOB HH(OpMAUHWH C OTHOCHTENBHEIMH H aGCoMOTHEIMH
NPHOPHTETAMH, HA OCHOBE MaTEMaTHYECKOro annapara npeobpasopanus Jlannaca-
CTHITBECA, O3BONAIOMNE YIHTHIBATH HANEKHOCTD, IPHOPUTETHOCTB H paccuHTaTh
BEPOATHOCTHO-BPEMEHHBIE XapaKTEPHCTHKH NTOTOKOB.

2. PaspaboTaHbl anropHTMBl ONTHMH3AUHH CTPYKTYPbI MHOTOYpPOBHEBOH
TeNleKOMMYHHKALIMOHHO# CETH 0 KPHTEPHIO 0611eCETEBBIX KyMYIATHBHBIX 3aTpar,
C MCMO/Nb30BaHMEM MeTona WTpadHBIX (YHKUMH, MO3BOMAIOMHE ONPENCTHTD
ONTHMANBHYIO CTPYKTYpY CeTei, IPH OrPaHHYEHHUAX Ha BEPOATHOCTHO-BPEMEHHEIC
XapaKTEPHCTHKH, C ydYeroM CTyneHedl HepapxuH H reorpadHIecKoro
PacnoyioKeHHs CETH.

3. Paspa6oTaH KpHTepHii ONTUMATBHOTO PasMEILCHHA Y3UIOB FO3BONAIOIIHIA
MHHHMH3HPOBaTb CPEJHION 3aePXKKy [MOTOKOB uHpopMalMH M BHIOpaTh
NMpPOMYCKHYI0 CNOCOGHOCTh  KaHaloB CBA3H M OnpeaeNHTh ONTHMANLHYIO
TOMONOTHIO TEJIEKOMMYHHKALHOHHBIX CETEH.

4. PaspaboraHa aHanMTH4€CKad MOACIIb, no3pofAiolas CBA3ATh OCHOBHBIC
BepOSTHOCTHO-BPEMEHHBIE XapaKTEPHCTHKH TIOTOKOB HH(opMaLH
(MHTEHCHBHOCTb TOCTYIJIEHHA TOTOKOB HH(QOpMaLMH) CO CTPYKTYPHBIMH
napameTpaMH CeTH (1HCIIO KaHANOB CBA3H, THCIIO cTyneHei HepapXHH, THCIIO Y3708
KOMMYTaLMH).

5. PaspaboTaH anropuT™ pa
Pa3sHOPOAHBIX MOTOKOB uHpopMaLHH,
H HaIeKHOCTD MMOCTYNAIOHIHX TTOTOKOB.

6. YcoBepIIEeHCTBOBAHbI METOJBI ONTHMH3ALIHH CTPYKTYPpBI
TENEeKOMMYHHKALMOHHBIX ceTedl MHOFOYpOBHEBOH CTPYKTYpO#.

7. PaspaGoTaHHble NrOPUTM ONTHMH3AUHH CTPYKTyphI Cereil CBA3H H
BLIYMC/IUTENbHDII MPOrpaMMHBIH KOMILIEKC BHEZIPEHB! B POLECC NPOCKTHPOBAHHA
ceTeli CBA3M CNELMANBLHOTO HA3HAUEHHA H MO3BONHIH COKpaTHTD 3aTpaThl Ha
npoexTHposaHue Ha 13-17% u NOBBICHTE KayeCTBO MPUHUMAEMBIX pellleHH.

cyeTa BEpOATHOCTHO-BPEMEHHBIX XapaKTePHCTHK
[O3BONAIOIHI YYHTBIBATb IPHOPHTETHOCTD
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8. PaspaboTaHHEle MaTeMaTHYeCKHE MONENH paciyeTa XapaKTEepPHCTHK
Pa3sHOPOAHBIX NOTOKOB HH(OPMALHH H BEITHCITHTETHEIH POrpaMMHBIH KOMILUIEKC
BHEIpEHH! B MpOIECC pacdyeTa MapaMeTpoB JIOKANBHOM CeTH M JOCTHFHYTO
COKpauIeHHe BpEMEHH pacteTa XapaKTepPHCTHK JIOKAIBHEIX cereit Ha 15-20 % .

9. Teopetudeckne M NpakTHYeCKHe Pe3yNbTaThl  AHCCEPTALHOHHOIO
HCCIICROBAHHA BHEApPEHbI B HayYHO-HCC/IENOBAaTENILCKHE M INPOH3BOACTBEHHbIE
nponeccel  [ocymaperBensoro yHurapuoro mnpeampuatui  «UNICON.UZ».
PaspaGoranHsie anroputv M MOENH MO3BONMIM MHHHMH3MPOBaTh CPEIHErO
BPEMEHH 3a/IeP/KKH NOTOKOB HH(OpPMALH M NOBRICHTH NPOIMYCKHY10 cnocobHocTh
KaHanoB B TeJICKOMMYHHKALIMOHHOM CeTH ¢ MHOrOYPOBHEBO# CTPYKTYpOH.

10. PaspaGorannbie anropuT™M ONTHMH3ALMH TEIEKOMMYHHKALIMOHHOMN CETH C
MHOrOYpOBHEBOH CTPYKTYpPO#i H BEMMHCIIHTENbHEIH MPOrpaMMHBLH KOMILTEKC 6bUTH
BHCAPCHH B TMPOLICCC NPOCKTHPOBaHHMA TEJICKOMMYHHKAaUHMOHHEIX ceteli AK
«Y3BEKTEJIEKOM» 4 NO3BOIIM COKPATHTH 3aTPaThl HA MPOEKTHPOBAHHE Ha 3 -
4%.
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" INTRODUCTION (abstract of DSc dissertation)

The aim of the study is to develop algorithms and models for calculatlng the
characteristics of information flows, to improve methods for optimizing the
topological structure of telecommunication networks .with a multi-level structure,
ensuring an increase in the efficiency of their functioning.

Research objectives: L.

analysis of mathematical models with relative and absolute priorities on
individual phases and paths of the network, taking into account the heterogeneity
and reliability of incoming information flows;

development of algorithms for optimizing the structure of a
telecommunications network according to the criterion of general network reduced
costs;

development of a criterion for the optimal placement of nodes in a
telecommunication network according to the criterion of the average delay of
information flows;

development of an analytical model that allows linking the probabilistic-
temporal characteristics of information flows with the structural parameters of the
network;

development of an analytical model that allows linking the probabilistic and
temporal characteristics of information flows with the structural parameters of the
network;

development of an algorithm for calculating the probabilistic-temporal
characteristics of priority flows of information in telecommunication networks with
a multi-level structure;

improvement of optimization methods for telecommunication networks with a
multi-level structure;

development of a criterion for building special-purpose communication
networks with a multi-level structure.

The object of the research is telecommunication networks with a multi-level
structure and priority systems for servicing heterogeneous information flows.

The subject of the research are the models, processes and algorithms for
researching telecommunication networks with a multi-level structure.

Research methods: In the process of research, the methods of the theory of
communication networks, the theory of probability, as well as the methods of
discrete and conditional optimization were used.

The scientific novelty of the research is as follows:

mathematical models have been developed for calculating the characteristics
of heterogeneous information flows with relative and absolute priorities, which
make it possible to determine the effectiveness of telecommunication networks;

an analytical model has been developed that makes it possible to relate the
probabilistic and temporal characteristics of information flows with the structural
parameters of the network; a criterion for the optimal placement of nodes has been

developed, which makes it possible to minimize the average delay and select the
bandwidth of the channels;
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algorithms for optimization of telecommunication networks with a multi-level
structure have been developed according to the criterion of total network cumulative
costs, which make it possible to determine the optimal structure of networks;

a criterion for the optimal placement of nodes has been developed, which
makes it possible to minimize the average delay and select the bandwidth of the
channels;

an algorithm for calculating the probabilistic and temporal characteristics of
heterogeneous information flows has been developed, which makes it possible to
take into account the priority and reliability of incoming flows;

improved methods for optimizing the structure of telecommunication networks
with a multi-level structure;

a criterion for the construction of telecommunication networks for special
purposes has been developed, which makes it possible to determine the optimal
structure of networks.

The practical results of the study are as follows:

a computational software complex has been developed to optimize the structure
of telecommunication networks with a multi-level structure, according to the
criterion of general network reduced costs;

a computing software product has been developed for calculating the average
delay time of a packet of special-purpose networks based on the M/ M / 1 model;

a computational software product has been developed for calculating the
average intensity of load inflow to a special-purpose network node;

a computing software product has been developed for calculating the total
intensity of information flows to a network node;

a computational software product has been developed to optimize the structure
of special-purpose networks according to the criterion of the average packet delay
time;

a computational software product has been developed for calculating the
probabilistic and temporal characteristics of information flows in a
telecommunications network;

a computational software product has been developed according to the
algorithm for optimizing the structure of telecommunication networks according to
the criterion of general network reduced costs.

The reliability of the research results is ensured by the rigor of the used
mathematical models for calculating the characteristics of heterogeneous
information flows, with priority service and an optimization algorithm for
telecommunication networks with a multi-level structure, as well as qualitative and
quantitative assessments of the results obtained, which are confirmed by the relevant
evidence and acts of their implementation.

Scientific and practical significance of the research results. The scientific
significance of the research results lies in the development of mathematical models
that make it possible to determine the effectiveness of priority setvice systems, an
analytical model that allows linking the probabilistic and temporal characteristics of
information flows with the structural parameters of the network, optimization
algorithms, determining the optimal structure of networks, the criterion for the
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optimal placement of nodes, minimizing the average delay and choosing the
bgndwidth of communication channels, the algorithm for calculating the
probabilistic and temporal characteristics of heterogeneous mformathn -ﬂoyvs,
taking into account the priority and reliability of incoming flows, optimization
methods and the criterion for constructing telecommunication networks of special-
purpose communications that determine the optimal structure qf networks. )

The practical significance of the dissertation r&fults is expressed in .the
development of computer software systems for calculating the average delfay time
of a packet of special-purpose networks based on the M/ M / 1 model, optimizing
the structure of telecommunication networks with a multi-lew.?l structure, acoordmg
to the criterion of general network reduced costs, calculating thg probabﬂnspc-
temporal characteristics of heterogeneous information flows, allowing to take into
account the priority and reliability of incoming flows. )

Implementation of research results. Based on the results obtained on .the
development of methods, models and algorithms for the study of telecommunication
networks with a multi-level structure: oo

the developed algorithm for optimizing the structure of com!numcatlon
networks and the criterion for the construction of special-purpose
telecommunication networks, which make it possible to determine the optimal
structure of networks, as well as the software complex, have been introduced in the
Main Directorate of Communications, Information Technologies and Information
Protection of the General Staff of the Armed Forces of the Republic of Uzbekistan
(Reference of the Ministry for the Development of Information Technologies and
communications No. 33-8 / 7130 dated November 25, 2020). As a result, the optimal
structure of the network was determined and the cost reduction for their design was
achieved by 13-17% and the quality of decision-making was improved;

the developed mathematical models for calculating the characteristics of
heterogeneous flows of information with relative and absolute priorities, as well as
an algorithm for calculating the probabilistic-temporal characteristics of
heterogeneous flows of information, allowing to take into account the priority and
reliability of incoming flows are introduced in the local network of the Military
Institute of Communications and Information and Communication Technologies of
the Ministry of Defense of the Republic of Uzbekistan ( Reference from the Ministry
for the Development of Information Technologies and Communications No. 33-8 /
7130 dated November 25, 2020). As a result, the optimal structure of the network
was determined and the cost reduction for their design was achieved by 13-17% and
the quality of decision-making was improved;

the developed methods and algorithms for optimizing the structure of
telecommunication networks according to the criterion of network-wide reduced
costs, which make it possible to determine the optimal structure of
telecommunication networks with a multi-level structure, and the software complex
have been introduced into JSSC UZBEKTELECOM (Reference of the Ministry for
the Development of Information Technologies and Communications No. 33-8 /
7130 of 25 November 2020). As a result, the costs for their design were reduced by
3 - 4% and the quality of the decisions made was improved;
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the developed criterion for the optimal placement of nodes, which allows you
to minimize the average delay and select the bandwidth of communication channels,
was introduced into the research and production processes of the state unitary
enterprise "UNICON.UZ" (Reference of the Ministry for the Development of
Information Technologies and Communications No. 2020). As a result," the
minimization of the average delay time of information flows and an increase in the
throughput of channels in a telecommunications network with a multilevel structure
have been achieved.

Approbation of research results. The theoretical and applied results of the
research carried out within the framework of this dissertation were reported and
discussed at 7 International and 6 Republican scientific and practical conferences
and scientific seminars. .

Publications. On the topic of the dissertation, 31 scientific works were
published, of which 12 scientific articles (3 - in foreign and 9 - in republican journals
recommended by the Higher Attestation Commission under the Cabinet of Ministers
of the Republic of Uzbekistan for the publication of the main scientific results of
doctoral dissertations), and 6 certificates of registration were received software for
electronic computers.

The volume and structure of the thesis. The thesis contains 194 pages and
consists of an introduction, five chapters, a conclusion, a bibliography and an
appendix.
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