| AXBOPOT TEXHOJIOTUAJIAPH YHHBEPCHUTETH
A ,/5‘ YPHIATH WIMMM JAPAJKAJIAP BEPYBUM
8.12.2017.T.07.02 PAKAMJIM HJIMMH KEHI'ALl

» I AXBOPOT TEXHOJIOTHAJIAPM YHUBEPCHTETH

ABIYXAIINIAPOBA MYBAPAK FAJITABAEBHA

TEJIEKOMMYHHUKALMUA TAPMOFUHHUHI" KEHT MOJIOCAJIH
HMMKOHHWINTH YTKA3YBYAHINK KOBUWINATHHH BAXOJIAU
YCVYJIN

05.04.01 - TenexoMMyHHKalLMA Ba KOMIBIOTE]: TH3UMIIApH,
TenexomMyHHKauus TapMOKIapH Ba KyprimManapn. AxX60poTHH TakcHMIAI

TEXHHKA ®AHJIAP BYHNYA ®AJICADA TOKTOPH (PhD)
JAUCCEPTAIIMSICU ABTOPEGEPATH

Tomxent — 2018



VIK:621.397

Texanxa daunapn 6yitnua pancada aoxropu (PhD) auccepraunsncu
asTopedepaTH MyHAAPHRACH

Ornasnenne asTopedepara anccepraunu aoKTopa dunocodun (PhD)
M0 TeXHHYECKHM HayKaM

Contents of dissertation abstract of the doctor of philosophy (PhD)
on technical sciences

A6ayx=annaposa Mybapak Banra6aesna
TenexoMmMyHHKAUHA TADMOFUHHMHT KEHI HOJIOCANH MMKOHHILTHIH
¥TKa3yBUAHAMK KOGHIHATHHY 6aX0Nam YCyMM . . .. ... ..vveeeennnn.. 3

Abayxamnapoea Mybapax Banra6aerna ¢
PaspaboTka MeTona OULEHKH MPONYCKHOI COCOGHOCTH IIHPOKOMONOCHOTO
JOCTYNa TENIEKOMMYHHKAHMMOHHOM CETH . . . ... .. ...................... 20

Abdujapparova Mubarak Baltabaevna
Designing method of broadband access throughput evaluation of
telecommunication network . ... .......... ... ... .. 36

JBJIOH KWIMHFAH HILIap pyitxaTi
Cnncok omybnukoBaHHBIX paboT
Listof publishedworks. . ....... ... ... .. ... ... ... ............... 40



TOMKEHT AXBEOPOT TEXHOJIOTHSLJIAPHA YHUBEPCHTETH
XV3YPUJIATH MJIMHH JAPAJXKAJIAP BEPYBUYU
DSc.28.12.2017.T.07.02 PAKAMUIA WJIMMH KEHT AL

TOHMKEHT AXBOPOT TEXHOJIOTHASLIIAPH YHHUBEPCHTETH

ABAYXAINMAPOBA MYBAPAK BAJITABAEBHA

TEJEKOMMYHHKAIIMSA TAPMOFHHUHI KEHI IIOJIOCAJIH
HMKOHUMJINTH VTKA3ZYBUAHJINK KOBHJIAATHHA
BAXOJIAII YCYJIH

05.04.01 - TenexoMMyHNKaUHs Ba KOMIBIOTEP TH3HMJIapH, Tenexouiuyuuxauna
TapMOKJIapH Ba KypwimaiiapH. AxGopOoTHH TakcHmJIall

TEXHHKA ®AHJIAPY BYIHHYA ®AJICA®A TOKTOPH:(PhD)
JANCCERTALMACH ABTQPEPERATI

Tomkenr —2018



®dancada xoxropi (PhD) auccepranuacu maplycs V3Gexncron PecuySauxacn Baupaap
Maxxamac xy3ypRasrs Oanit aTrectanus xomnccuachaa B2017.4.PhD/T520 pakast Giuram
p¥iixarra oannran.

JDoxTopaux miccepranys TotkeHT ax60pOT TEXHONOIHANAPH YHHBEPCHTETHAA baxapunran.

Hucceprauns astopedepats yu tHama (¥36ek, pyc, murnus (pesiome)) Mnmnil xenram seG-
caxndaciza (www.luituz) Ba  “Ziyonet” AxGopoT TamMM nopranima  (www.ziyonet.uz)
wofnaurrnpuiras.

Hamaii pax6ap: Xannkos Abayaxak AGayaxanposus
Texnuxa gannap nokropu, npodeccep

Pacmnit onnonentaap: Cunamxos Hirxosskon Xakimoans
TexHKKa dawiap nokroph, npodeccop

Xoaxaes Haaup Caankosuy
TexHuka hannapsi HOM3IONH, JOUESHT

Eraxus ramxnnor: «UZTELECOM>» akusfAopasKk KOMNAHRACH

Huccepras xmmoack Tomkent ax6opoT TEXHONOFHUIAPH YHHBEPCHTETH Xy3ypHOarH
DSc. 28.12.2017.T.07.02 Mnvuli xenrammunr 2018 fun * f:;" ?/ coar 'fv‘&"’“’ naru

Maxssicaa 6¥au6 Yramn, (Manann: 100202, TomkerT waxpi, AMip Temyp k$uacs, 108-yii.)
Ten: (99871) 238-64-43, daxc: (99871) 238-65-52, e-mail: tuit@tuit.uz).

Hucceprauna Gunan Touwikenr axGopoT Texnonorsanapn yuusepcurern AxGopor-pecypc
MapKasHia TAHUIAL MyMKHH. (£ 5 Yfpaxam Gunan pyhixatra omuuran). (Mamnn: 100202, Towxent
miaxpu, Amup Temyp kyuach, 108-yil. Ten: (99871) 238.64-44).

Huccepraipis mpeqxeyam 2018 jinn 2 ” ‘{'{ Jia TapKATHAN.
(2018 tom “2{" © narw_X pakamnn pecctp Gadunomack)

P.H.Vemanos
/ naapaxkanap GepyBtin HAMHI
ut passcy, T.¢.a., npodeccop

B.H. Paxuson
apakanap Gepysun wimitii
it koTuGu, T.¢.2., Jouent

Hnmuii
furaw

0 L
‘///fl/?/,,,, ’ M.M.Mycaen
4] fnth napaxanap Gepysun mamuit
KEHrall KOWKAATH UAMHIE CEMNHap
pasuich, T.¢.4., npodeccop



KHUPHMI (pancada noxropu (PhD) anccepraiMacHHHHAT AHHOTANMACH)

AucceprauMst MaB3ycHHH AojsapGamrm Ba 3apypatH. JKaxoHaa
3aMOHaBHA  TeneckoMMyHHMKalMd  coXacM  Tel  cyphamTiapia  jcuom,
TeXHONMOTHANAPHHHHT PHBONUIAHMII  JApadkacH, MYMLTUCEPBHC XH3MATIapH
6o3opyu HYHanuungard Ycuum, XKyMianaH, SHTH TeNeKOMMYHHKAinA Ba axbopot
TEXHONOrHANTAPHHY KYUTaHWTHILK Ba yRapHH KOHBEpreHuHAnam
UMKOHHATIIapUra anoxuaa TGO KapaTHAMOKAA. PuBosxnanran
Mamnakatnapaa, xymnana, AKL, Byiox Bpuranna, Huaepnanmus, [epmanun,
Ulseuns, @dpauuns, Xauybuii Kopes, Xuumucton, Poccus Ba Gomxa
Mamwlakat/iapla TNaKeTIH ONTHK KHPHII TapMOKNAPHHM XWcobnaiwl, KupHm
TAPMOFHHM TaKOMI/DIamTHpHW, WHTepHerra loKopM Teanukna kupuin, IP-
TeneBUAEHHE Ba TeledoH anoKacMHW TakOMM 3TyBuu Triple Play-xusmarnap
MOJIENH Ba AI0Ka KaHANHHHHT AHa/la KCHIPOK Nosocara Tanabi OUIHPHINNIa KaTTa
3bTHOOp KapaTwiMokaa. Ly >KuMXaT@aH TeNeKOMMYHUMKALMA TApMOKNapHHYHI
KEeHI' T[0JIoCa/I  KHPHL HMKOHHIUTMIHHUHT (TapMOFMHMHT) YTKA3yBYaHJHK
KobwmaTuHH Gaxonawi ycyanapMHH wuiab  uMKMra anoxupa 3nTHGOp
KapaTHAMOKJAa.

Jaxonma axGopoT Ba KOMMYHWKALUMCH TeXHONOTMANAPHH PHBOXK-
NawTUPHINTa, TENEeKOMMYHUKAUWS TapMOKAApPHUHUMI KEHT MOJIOCANH  KHpPHII
TapMOFMHHHI  ¥TKAa3yBYAHNWK KOOWIMATHHHM Oaxonmal ycysnapuuu Hmsnab
YMKHIZa TeNeTpaduka HasapmiACHAa eMWIANHraH Macajanap, HYKOTHWNAp Kam
IXTHMOIMK/IAp OWiaH §TKAa3MAMII BAa 3IEMEHTIApPMHUHT  YTKA3yBHAH/IMK
KOOHANATH HYTKHH 1I0KOPH cMdaT GMnan y3aTHII MIMHIi acOCcNapH APaTHIMOKAIA.
VYwby itfynanninga aboHeHT TapMOFH KHPHIII TapMOKJIapH MyaMMOMIapHHH Ba KEHT
NONocCanH KHPUII TapMOKNApHHH XOPHI 5THW YYYH ynapHU PHBONKIAHTHpWII
AynnapiHN  TAKOMWANAINTHPHLI, KHPHII  TAapMOFMHHHT  YTKa3yBYAHINK
KOOHNHATHHH 6axonallHUHT MATEMATHUK MOOEHMHH UINNA0 YHKHIL, KeHT NoJocaTH
aGoHEHT KMPHLI TAPMOFHHHMHI JTKa3YBYAaHIHK KOSWIMATHHM 6aXonail yCynuuu
HWab YHKHL, YNApPHHHT TAHJAHTaH TeneTpaduKa MaTeMaTHK MOIEHAWIa MOC
6ynraH TaHNAWHA ABTOMATIIAIITHPHATAH YCYIMHH WIIRA0 QHKWM, KEeHT TION0Cank
abOHEHT KHpWII TapMOFMHHMHT ¥TKA3IYBUAHNMK KOGHAMATHHHM XHcobRam Ba
faxonamr anropuTMM GunaH MOCTAWTHPHILME aMaira OWMPHII  MYXHM
pasudanapaax Gupn XucobnaHagy.

Pecniybnukamusga  axGopoTnalITUPHUIKK — PHBOXNAHTMPHINTA,  YeKka
TyMaHnap axoJHCHHHHFI XaM KeHr MNoJiocand MHTepHeTHaH ¢ofiganaHumnay
OUIHpHWIrA QTOXHAA IBTHOOP KApaTHAHG, KyMNalaH, MawiyMOTNap Y3aTHII
Te3NMrura MyBouK XM3Matnap K¥pcaTuiu cudaTiii, onepaTop Ba nposaiiaepra
Gornmk Oynran cababnapra k¥pa MawIyMOTIap y3aTHII YCKyHaCHHHHT
HOPMaTHBIAH OPTHK TYXTAnMIN AaBOMHIUTMIHMHEY, Y3WIMILIAP, TYXTATMULIApTra
0/HG KeJraH TENEKOMMYHHKALHA TApMOKAAPHHY TEXHHK KCIUTYaTalWd KWIHLTA
oup, vopa-Tanbupnap amanra oumpuaMoxna. 2017-2021 finnnapaa VaGexucron
Pecnybnukacuny  dHana pHBOXJIaHMID GYifiMua XapaxkaTiap CTpaTermichuua,
KyMnanaH «...HIHTEpHET TapMOFM OpKanH 3pxkuK Kupunaguran 6asaHu spaTvm,
..Pecry6nuka  axONMCHHMHT  10KOPH Teanukaa FIHTepHerra  ynawwmm,
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. TEJICKOMMYHHKALMA TH3IUMHHH KCHT xynamna MoOACpHH3auus KHJ'Ilrlll.L..))l

Basudanapn Genrmna6 Gepunrad. Ma3kyp BasHanapHn amaira OIIKPHILAR,
KYMJIaaH TeJIEKOMMYHHKAaLMA TApMOKJIapHHHNT Maructpal Ba abOHeEHT
MaliZlonapuaa YTKasyBuyaHINK KOOWIHATHHA OLIKPYBYH TanabnapHHUHE Y3rapui
TeHAeMIMANADMHA Xncofra onraH Xomfa abOHEHT KHPHID TapMOFHHHHT
MaTeMaTHK MOOENWMHM WIIIa6 YHKHUIN, MYJBTHIUIEKCODHMHT Y4 CaTXJM MOJIENH
acOCHEA KHPHID KOMMYTATOPH Ba arperauMa CaTXd KOMMYTaTOPHHHHI
YTKasyBUaHNMK KOOWTHMATHHH Oaxonaml YCYNHHM HIDIa0 9HKHIN, TamKHKOT
KAAMHTaH ONTHK KMPHII TApMOFHHWHI MOMAETH Ba  KHPHMI TapMoKnapHra
afOoMEHTNap YNAHMII CXeMaNapMHM HOwab YMKMIL, ONTHK  KHMPHMINHU
PeKAIAINTHPHIN YIYH TApMOKHM MOIECPHH3ALMSUIALLNAG KEHr TOMOCAIH KUpHLI
TapMOFH TEXHOJNOTASUIAPHUHK TaHIAIIHA aBTOMATIAWITHPHIIL MyXuM BasAdanapian
6npn xucobnanann.

Y36exncron PecmyGnukacu Ilpesupentusnnr 2017 #un 7 ¢espangarn
[®-4947-con «Y36exncton PecnyGaHKacHHH SHaja PHBOXJIAHTHpHMLI G¥itnua
Xapakatnap crpatervacn TyrpHcuaanrun dapmony, 2018 ¥mn 19 despanmarn
TID-5349-corn  «AXGOpoT TexHONOrMANap¥ Ba KOMMYHHKALHANApH COXacHHU
AHala TAaKOMWUIAITHPHII 4Yopa-TagOupnapH Tyrpuchga» ®apmonn, 2017 #nn
29 asryctaard IIK-3245-con  «AXO0poT-kOMMYHHMKallHi TEXHOJIOTHSIApH
coxacHga nolimxa OomwKapyBM TH3HMHMHH fHaja TAKOMWUIALITHPYHI dYopa-
TanOupnapn TYrpuchaanrn Kapopw, Basupnap Maxkamacuaunr 2018  iwn
7 mapraarn 185-coH «Anoka, ax0opoT/IaliTHPHID Ba TENEKOMMYHMKALVsA
XH3MaT/ap¥ cHbaTHHM sHaga AXIOWIAINTa AOHp Hopa-Tanbmpiiap TYFpHcHOanTH
Kapopn xampa maskyp ¢aonusarra TErHIUTH MenEpHii-XYKyKui XyxokaTnapina
6enrwiaHrad Basudanapry amaira ommpuuira ymby nuccepTalma TagKMKOTH
Mya#sH aapaxana Xu3maT KATaaH.

TagKHKOTHAHT pecnyOnnka ¢gaH Ba TeXHOMOTNAJIADH PHBOKIAHHILN-
HHHT' ycTYBop HyHannuutapura MocjaHrd. Maskyp TaakuMkoT pecny6iuka dan
Ba TEXHOJIOTMAMAp pHBOXNAHHMMHEMHT IV. «Ax6opormamrtvpum Ba axGoport-
KOMMYHHKALHA TEXHONOTISUTADHHN  PHBOXJIAHTHPHIY» YCTyBOp HYHanumu
HovipacHaa OaxapHiraH.

Myammonn ¥pranuwaranauk gapaxacn. CYHITH finnnapaa KeHrnosocamm
abOHEHT KMpHII TAPMOTMHIHT YTKa3yBYaHNHK KOOWIHATHHE Xucobnam, Gaxosaln
aIroOpHTMH Ba YyCY/UIapyHH MIpa6 wukum 6¥ivma wimufi  TagKMKOTNIAp
yTKaswiIraH xamMaa eTapny Aapakaja Hazapuil Ba aManuit HaTinkanap OJIMHTaH.
JKymnanan, xopwxuif omumnapaan S.Anick (AKLL), D.Mitra (AK1Ll), M.Sondhj
(AKIL), Z.Cao (AKIL), E.Zegura (AKLL), O.Osterbo (AKIL), K. Xiong (AKLI),
H.Perros (Amrmwmma), Guerin (AKIU), Ahmadi (AKUI), J.Cho (AKI) Ba
L.G.Kazovsky (AKLI) Ba Poccusuink onumnap; H.Cokonos, B.C.I'onsamreiin,
P.P.V6atinynnaes, H.H.Cnenon, H.I'.BakianoB Ba GOWIKANAPHMHT WIINapHIa
Kypub 9HKMWITaH.

! $a6exucron PecnyBnnkacu Ipesumewtamnnar 2017 Hun 7 geppannarm [10-4947-con  «¥3Gexncron
PecnyGrmxacHny SHAOA PHBO¥UIAHTHPA 6¥ihma Xapakatnap crparerugch Tirpncnaants Gapmons.
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Vi6exucTonna ontuk TEXHOJNOTHAUIAp acOCHIA KHPMIll TAPMOFMHMHI
moifxanaw kapafHM ycyanapH Ba  ONTHMH3AIFLUIAI  aNTOPHTMJIAPHHH
TaKOMWUIAWTHPHII Ba aBTOMATNAWITHPHI KyHAuIarn onumiap wiMni suwtapuna
Kypub uuKwiran, sxymnanas, J{.A.AGnynnaes, A.A.Xamkos, T.H.HamanGaes,
A.B.Con, H.P.Bepranos, P.H.Hcaes, AD.Ammaes, A.M.Dmmypazos,
C.A.Canunkosa, C.C.INapcues Ba GonIkanap KaTTa XHcca KyLurasnap.

BHpOK, XO3HPIrH KyHOa KHPHMII TaPMOFHHHHT YTKa3yBYAHAUK KOOWIHATHHA
GaxonalmHBHT MaTeMaTHK MOJENH, KEHT NONOCATH aGOHEHT KHPHUII TAPMOFHHHUHT
yTkasyBuaniuk KoGumusTHHH 6axonam ycynH, KEHI MONOCANTH aGOHCHT. KMpHII
TapMOFH TEXHONOTHACHHH TaHMAMIHH aBTOMATNALITHPWIIaH YCYJlapH, KeHr
nonocany aboOHeHT KMPHII TaPMOFHHHMHT YTKa3yBYaHIMK KOOWIHATHHA XucoGnawm
Ba Gaxonaw anropuTMiIapyHy HUDIa6 Yukumra Garnuutanran WM H3NaEMmNap
eTapnM fapaxana YpraHHAMaraH.

JuccepTanns TARKHKOTHRHHT AHCcepTALHA §axapuaran oanit Taninm
MyacCcacaCHHNIHT HIMMII-TAAKHKOT HULIAPH pexkaapu 6niian GOFAnKInrm.
Huccepraums tanxukoTH TomkeHT axGOpPOT TEXHOIOTHUANAPH YHUBEPCHTETHHMHT
AMMUM-TaQKMKOT  MOUIapH  pexXacMHMHr  NeAS5-023-con  «V36exmcron
TENCKOMMYHHKAHA TapDMOFMHMHI ONTHK KHPULI CaTXMHH peXaNalTHpRLI
YCYNHHM HuUal YHKMI Ba TaOKMKOTIam» (2012-2014) Mas3ycumarn jiodmxach
RonpacHaa 6axapHaraH.

TaaKUKOTHHHI MAKCaaH TENCKOMMYHMKAlMA TapMOKIADHHHMHT KeHr
nosiocany aGOHEHT KUPHLL TADMOFH FTKA3yBYAH/IUK KOGWIMATHHY 6axonam ycynn
Ba YHUHT (YHKUMOHAN XapaKTepHCTHKaNapHHH HIILTaG YHKAIIAaH uoopar.

TaaKHKOTHHHT BasHdpasapu;

V36exncron Pecny6nukachma MaBxyRX aGOHEHT KUPHILI TapMOKNapH
MyaMMONapiHH Ba KEHT RONOCANM KWDHLWI TapMOKJIApHHH JKOPWH 3THW ydyH
YiapHY PHBOUIAHTHPHUII HINAapHHY TAOKHK KIJIMIL;,

KHPHII  TapMOFHHHHI  YTKa3yBUaHIHMK KOOGMMMATHHM  GaXONamiHMHr
MaTeMaTHK MOJEAHHH HAab YuKunT,

KEHT NoJiocany abOHeHT KUPHII TAPMOFUHHHT YTKa3VBYAIMK KOGWIHSTHRY
6axonam ycynuHM ymnal YHKKLI;

KEeHT MOoNOoCaTH ,a00HEHT KHpWII TapMOFM TEXHOMOFHMACHHH TaHNALUHK
aBTOMAT/IAIITHPHJIITAH YCYJHHH UNINa6 YHKHIL,

KeHT noocany aboHeHT KNPHII TApMOFHHAHT YTKa3yBYaHANK KOGHWIHATHEN
XHcoGnawl Ba 6axonam aropHTMH Ba JaCTYPAHH MLLNAG YHKHLL,

TaakuxkoTHHHT  ofbekTH  cudarHna MYJNBTHCEPBHCIIK  TapMoOK
MHOPATY3WIMaCHHHHT TapKHOUI KUCMHHH TAalIKMA 3TYBYM KEHT NOJOCATH OMTHK
KHMPHII TapMOKJ1apH OTMHIaH.

TagKNKOTHHHI MpeAMETHHH KEHT mnoNoCanu aboHeHT KHPHIITHHHT
YTkasyBuaHNMK KOGWIMATHHH "Gaxoiaml ycynu, MaTeMaTHK MOEN, AHANMTHK
ITOPHTMIIAP BA ANTOPHTMUK-AACTYPHIt BOCUTANIAP TAaWIKMM 3TafIH.

TankukoTHUHT ycyanapn. TanKMKOT Xapa&HMNa MaTeMaTMK Ba CORMM
MORE/UTAMITUPHIL, TesieTpadyka HasapUsicH yCynnapy, 3XTHMOJIIap HA3apMsiCH Ba
MaTeMaTHK CTaTHCTHKA, XHCOGMaml MareMaTHKacH, TH3HMIH Jactypnam
TEXHOJNIOTHACH Ba XucoGnam Taxpubacu ycynnapu sa AIrOpHTMAApPULAH

7



¢otinanarnnray.

TaaKHKOTHHHET WIMHI SHIBANTH Kyluaariiapaan n6opar:

aGOHEHT/NIapHHHI 3aMOHaBWii KEHr ToJocany KHPHII TapMOKAapHIa
YTrasypuannBk KobwmmATHra TalabNapUHHHI  ¥3rapHll  TEHACHUMANAPHHH
xucobra onran xonna aGOHEHT KMPHII TADMOFHHHHT MaTeMaTHK MOZENH HuL1al
YHKWITaH;

MYJIETHIUICKCOPHHHT Y4 CaTX/IH MOJE/H acOCHAa KMPHIN KOMMYTAaTOPH Ba
arperanMs CaTXH KOMMYTATODMHWHI YTKasyBUaHIHK KOGWIMATHHM Oaxomau
YCYJTH HIUIA6 YHKANTaNH;

KEHT Mosiocany aGoOReHT KUPKII TAPMOFUHNHT YTKa3yBYAHIHK KOGWIHATHHI
Gaxonaw’ anropuTMH KeHr MONOCATH KAPHWAa Kyulanunanuran FTTB, FTTH Ba
FTTC TexHONOrHANapHH TaHIall OPKANA HULIA6 YHKuAraH;

TaAKMKOT KWINHTAH OITHK KHPHMID TApMOFHHHHT MOIEMH ba  KHpHW
TapMOK/apHTa aGOHEHTNapHA YNAHULI CXeMaNapH HIUTal YMKUIraH.

TaaKHKOTHHAT aMaTHil HaTHAKAJIaPH KyfiHaarnnapaaH nbopar:

" KeHT nonocany abOHECHT KHpHILl TADMOFHHHHT YTKa3yBUatIHK KOGHWIHATHHN
xucobmamy Ba Gaxomam [JacTypH YTKasyBUaRIHMK KOOWIHATHHY Oaxonmam
ANropHTMM acOCHAA HNWIa6 YHKHAIraH.

KeHT TOoRoCal KHPWIN TaPMOFWHWHT VTKasyBYaHIHK KOOHAWSTHHM
xHcobmam pa 6axonam ycynuaa xucobmam HaTmxkanaph acocuna FTTx (Fiber —
to —the «x») BpXUTEKTYPATH KEHr MNONOCAIM KHPHIUHMHI YTKa3yBYaHAHK
xobunnsaTuny Gaxonam Muwnmab YUKWIraH;

KEHT NoJI0Ccany ab0HEHT KMpHI TAPMOFMHHHT Y TKa3yB9aHIHK KOOWIMATHHE
xucoGnam Ba Gaxonam acocnna?sGexﬂcmH mapontnapuga FTTC Texsonorusacu
TaK;1a6 ONMHraHna, MALIYMOTIApP Y3aTHID MaKCHMall Te3NNry yeknannmy 6¥imia
5 M6wur/c Ba aGOHEHTHWHI KHpHII Y3eHAaH Makcuman ysokaukma 500 m pan
1500 M raua xoHIaINTHPHIT TH3HMH MILTA0 THKHIraH.

TaaKHKOT HATHKAJIAPHHUAT HITOHWIHIINTHY, TagKHKOT HATIKATAPUHHHT
HIUOHWIHINTHA aGOHeHTAApHUHT KHPHII TapMOKAapH YTKalyBIariMK KobunusaTura
TanabNapyHAHT Y3rapyill TEHACHUMSUIADHHM Xucobra onraH Xonga aGoHeHT
KAPHII TaDMOFWHMHT MAaTEeMaTHK MOJENH, KHMpPHIl KOMMYTaTOpH Ba arperaums
caTX¥ XKOMMYTATOPMHMHT YTKa3yBYaHJIMK KOOMINATHHM Gaxonaul ycyjiH OpKaiH
Hinab YHKWIraH MyNBTHIUIEKCOPHHMHT Y9 CaTX/H MOAeNH Ba KEHI IOJIOCaaH
kupumga xymwiammnaguran FTTB, FTTH sa FTTC TexHonorasiapHu TaHiau
yCys/m Ba MUINa6 YHKHAraH AacTypuit TabMHHOT GitaH M30XmaHaIM.

TagKuKoT HaTHAaNapHHRNHI HWAMHI Ba amanmii axamusTn. Tagkukor
HATIKANAPHHUHT WIMHI aXaMuaTH aGOHEeHTIApHM KHpHII y3enmaan Gepwumran
y30K Macodamarnm aGOHeHTNAapHMHI KHPHID TapMOKIapH YTkasyBYaHJIMK
KOOHIMATH TanabnapMHUHT Y3rapum TeHAeHUWsIapura OOFJMK xofifa Mumad
YHKHTaH MONenb, YCyJ, anTOpHTMIAp Ba HacTypHil MaxMya KeHT MONGCcanH
KHPHID TEXHONOTHANAPHHH TAH/IalIHH aBTOMAaTIAMITAPHIN Ba YHHHKamMsIIamra
HMMKOH SpaTHill, KeHr NoJccaiM KNpHUIl TAPMOKIApPHHA JIoMNXanaliga camMapanop
YKapaéHHN TABMHHNAM YYYH XH3MAT KWININK 6inaH M30XIaLanM.

TaAKMKOT HaTIKAIADUHHHI aMalui aXaMHATH KeHr IOJIOCANH KHpHII
TapMOKIIapHHN JiofinxXanamwThpyii Ba (olimananmm >kapatAuia WIATHM
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CaMapafOpAMIHHY OINMPHIL, AHTH KUPHUI y3€aH XOMIANyBHHH TaHNaIll, TapMOK
(aon 3neMeHTIApUHUHI TAaHJIAHTaH NapaMeTpjlapyaa Ba KeHT MOJIoCand KHpHIL
Te3NHrNHM OGaxXonaliHH -caMapajgop JXapadHjapHM TabMMHIAW Y4YyH XH3Mar
KunHy 61nan H3oxaHaau.

TaaKUKOT HATICKATAPHANHT KopHuit Kuaunnmm, KeHr nosocam KApAI
TaApMOFUHHHT YTKA3yBYAHMHK KOOGWAMATHHH XucoOiam pa Gaxonam ycyAu B2
anroputMH 6¥#ilda oNMHraH HaTKanap acocuaa:

a0OHeHTNapHHHI 3aMOHABHII KEHT Mojocai¥ KHPHII TapMOKJIapWHA
yTKasyBYaRIMK KOOWIHMATH TanaGnapMHMHT TEHACHIWSUIapHHHM Y3rapummra
acoc/aHraH aGOHEHT KHpHII TAPMOFMHUHT MaTeMatHk Monemn “VaGekrenekom”
AKuuur “TenexoMMYHHMKAlysi TPAaHCMOPT TAapMOFH' (IMATHHMHT amaniii
tdaonuaTira xopuit sTwirad (AxGopoT TEXHOROrWAUIapH Ba KOMMyHHKalUHAapHH
PHBONJIAHTHPHI Bazupaurueuur 2018 #mn 19 oktabpmarm  33-8/7820-con
MablyMoTHOMacu). HaTikama  ApaTwiraH  MoOIEN  TapMOKHHMHT  daon
3NIeMEHTIapUHHHT onTuMan XapaKTepHCTHKANADHHH {TKazyB9AHIIAK
KOOWIHATHHVHI MMHEMaN KYpcaTkudH 6¥iinma xucobnam MMXOHH ApaTHTaH,

KeHT TONoCaN¥ KHMpHIl TapMOFMHMHI YTKa3yBUaHNHK KOOHWIMATHHM
xucoGnaw, Gaxonmain ycynm Ba anropHTMH acockja HUUIA0 4HKWNraH HAacTyphil
MaMya “V3abektenekom” AKnmur “TeNekoMMyHMKALMA TPaHCHOPT TapMOFH”
dbunHanMHUHT aMamiit ¢aonuATHra XopH KWIHHTAH (AXOOpOT TEXHONMOTHANAPH
Ba KOMMYHHMKAaUMANApHH  pHBOXK/IAHTHPMIN  BasHpAMrHHWHT 2018  fimn
19 oktaGpaarm 33-8/7820-con mabmyMoTHomacH). Hatwkana TapMokaarn dgaon
JJIEMEHTNAPMHUHI TaHJAAQHraH ITapaMeTpilapuaa Ba KEeHr IOMOCA KHPUIN
TeINUrHHY GaxonamHn GesrwnaHraH MebépuAa TEXHOJOTHANAPHHH TaHNAIIHA
aBTOMaTJIAWUTHPHII UMKOHM ApaTHAraH;

MYJIBETHIUIEKCOPHIHT YU CaTXJTN MOJENH acoCHAa KHPHID KOMMYTaToOpH Ba
arperauMs CaTXM KOMMYTATOPUHMAT YTKalyBUAHNHK KOOWIHATHHH Gaxonam
ycynu “East Telecom” OAXK amanuil daonustnra xoputi kunveran (AxGopor
TEXHOJNOrMJIapy Ba KOMMYHHKAWANAPHH PHBOXIAHTHPHUIN Ba3HPIUTHEAKT 2018
finn 19 oktAGpmarn 33-8/7820-cod MawiymoTHOMacH). Harinkama xupum sHrH
y3eqnapuHu KONNAmTHMPHIN HYKTACHHM aHMKIAll, Xap OWp KHpHI Y3eaunaa
*Onalral yCKyHanap XapakTepuCTHUKalapHHH XHcoOnam, aDOHEHTNapHH KeHT
MONOCANH KHPHII OuMaH "TabMHHMALI Y4YyH anoka JIMHHAIAPUMHWHT 3apyphit
¥TKasyBUaHANK KOOHIMATHHH Xamaa aGOHEHTapra XH3MaT K¥pcaTHmza onTHMain
TEXHOJIOFMSHN TaHlaW, “MHHHMal YTKa3syB9awnMK KOOHWIHATH/KypHAMaHHHT
MuknMan 6axocn™ Gaxonamm Me3oHH GYifHya KeHr nojiocann KHpHII TapMOFU
XH3IMaT/NIAPHHH KOPHH STHIIHH OCOHMAMITHPHII HMKOHH APaTHIITaH.

TAaAKHKOT HaTIDKANAPHHWHr  anpoGauuscu., MasKyp TaOKHKOT
HaTwxanapy 10 Ta wnmuit-amanuit XoHgepeHLMAaa, Wy KyMmIanaH, 4 Ta Xalikapo
Kougepenuuss Ba 6 Ta PecrmyGnuxa wiMmit-amanuii  XoH$epeRUMACHAA
anpoGausiaan ran.

TanknKoOTIap HATIDKANAPHHHAT JBJIOH KWIHHHWN,  JuccepTaums
maB3ycu 6¥Hvda 18 Ta wimuil nm, iy >xymuanan xoprwkuii xKypHannapna | ta
Maxona, 4 Ta — pecny6inka MHKECHIArH JKypHaAa YOIl STHIraH, mry 6unan Gupra
OXM yuyH 6MTTa NaCTypPHUHT TYBOXHOMacH MaBKyll.
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JnccepTaUBAKNHT TYIHIMILN Ba Xaxmu. JlMcceprauua KupHw, TYpITa
606, xynoca, ¢olifanaHwiras apabuétnap pYiixaTH, Halp STHITaH HuUUIAp
pyixatu Ba WioBanaphaH nGopat. JIHCCEpTAUMAHMHT Xaxmu 118 caxudanu
TAWKWI 3TagH.

INCCEPTAUUSIHUHT ACOCUH MASMYHU

Kupnur KHCMHA2 ZWCCEPTalMA MaB3yCHHHHT HOM3ApGIMIM Ba 3apypHATH
acoc/aHTaH, TAIKAKOTHEAT Ya6ekncron Pecrybnikack ¢daH Ba TexHomorusuiapH
TApaKKHETHHWHT YCTYBOp HyHaNnmmunapura MOClAr# K¥pcaTWirad, TAOKHKOTHUHR
Makcaz Ba Basutanapy Genrunab onuMHran xamaa TaaKuKoT oGBEKTH Ba fIpeAMeTH
4HMKNTAHraH, ONMHTAH HaTIDKaNapHUHI HIIOHWIWIMICH . acocnab Gepwuaral,
YNapHUHT Ha3apHA Ba amannfi axammaTH oumG GepunraH, TaJKHKOT
HaTWXKajapuH¥ aMaila J>KOpPHif KwiMIl XOnaTH, Haulp 3TWAraH WOUlap Ba
AVCCEPTALMAHIHT Ty3WIHIDH 6Y#da MasyMoT/ap KeTTUPHIraH,

HuccepTatHAHT “Te/IeKOMMYHHKSUUA TAPMOFHHNNHT KeHT N0J10CAH
KHPHII TEeXHONOTHANAPDH Ba YTKasyBYaHAWK KOGHAMSTHHH Gaxosaam
yeyanapuunnr 0030pH” ne6 Homnamran 6upuHunm 606upa OnNTMK KMpHIL
TapMOFHAa KY/TaHWIANWUTaH TEXHONOTHsIap 0630pH Ba YHWHT YTKasyBYAHJIHK
KOOWIMATHHH 6aXx0nall YCYNNapHHWHT TaX/MWIH KENTHDHNANH. Y36eKHCTOH
PecryGnukacHHHHT MaBXyN KHPHII TapMOK/IapH XOMNATH,. YNapHHHT AyHE
XaMKaMUATHZA Ba XyCycaH, Y30CKUCTOHIa PHBOXIIAHHL TAMOHWLNADH, YIapHH
PHBOXNAHTHPHUIHKHT [apT-MIAPOMTNAapH Kapanaid. IlakeTnn oONTHK KHpHI
TapMOKIAPHHH XHCOONALIHMHT acocwii ycynnapw, aitHan, kyn manGanapiaH
MaBbAyMOTIap GrnaH HULNALHHUHE CTOXACTHK HA3apMACH acCOCHIA, NAKeTIH TApMOK
y4yH Onpuiay Ba WKKMHYM Dpnanr gopmynanapy acocuia Ba MYXaHAMCIMK
ycmyOusTn acocupard Xucobnam ycynnapu kypwiran. Bo6aa  macamaumur
YMYMHH KYHHIHINN KeTTHPHIITaH,

/36eKHCTORNATH TEIEKOMMYHHXalusA TapMOKNapuaa OMMaBHIA Xofnnapaa
TeneoH A7TOKACH YIYH XOC TamolfiiLlapaa JOWWXANaHTaH Ba KypuwiraH KHpPHIO
TapMOKNapH KYJUIaHWIagn. Moc paBumia, HTka3suil Hojiocacy TOHA 9acToTa
(TY) xanamra KyHunamuran TanaGnap GwnaH auuknanran, Ilaxap Ttenedon
Tapmorn ydyH (LUTT) yuyH Kupuuml TapMOFMHMHI HaMyHaBuit CTpyKTypacu
Kylivgary 3feMeHTIapAaH wnbopar: aGonent kommiektn (AK), kommyTauus
CTaHUMACH KpOCCH, Kaben Takcumnanaauran wkad (TIL), TakcumIoBuM KyTHYa
(TK) Ba tenedon annapatu (TA).

YabekucTonnarn KMpHII TapMOKJIapy CTPYKTypaBni
XapaxTepHUCTHKANAPHHUAT GopMan Taxymwim Kydupmars xynocara omub kenamu:
HucGaTaH KMCKapok (kymummuk MJIX Mamnakatnapuna) aGOHEHT JHHUANADH
(AJT) xDSL Typuaary Ba 6010ka 3aMOHaBMI TeXHHK BOCHTaJIapHHM HUcOGaTaH OCOH
Kynam HMMKOHWHM Gepany, NEKWH aKcapusT Xxonma aGoHEHT xaGentapumaH
dotinananum mapoutnapuy TYU  kananura KaparaHga KeHTrpoK YTkasum
NMoJIOCacHHA Tanab KWIYBYKH KEHT MONOCANM CHIHANHHM Y3AaTHII YYYH KEpaKiu
XapaKTepucTUKanaphyu Gepunran Hopmanapna cak/ialn IMKoHUHM Gepmatinm. TIL
Ba TK napnma kaben TonalapnHu KpOCCHpOBKA KWIMID —KypWIManapH
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ysaTwnaéTran curHannapra (aifbmkca TY kadan §Tka3ull I0N0CaCHAAH
TalWIKapHAary CUTHa/UIapra) XaTonuk KHPHTaOH.

Knpum tapmoxnapusn kypvnaa IITT napaa xymokydTan kabennapaaH sa
KTT napaa xaso 3amknpapWHA KYSUIRHULI y30K NaBpH Tyraad. X03Hpry KyHia
TeNCKOMMYHUKalwa OnepaTOpHra KMPHII TapMOFHHH TaKOMIUTAIITHPHIL YIyH
TYPAH TEXHOJOTHANAPHH KYJUIamra HMKOHHAT MaBxyd. bapua TeXHOJNOTHATApHA
yuTa IrypyXra axpaTvill MyMKHH: CHMIH, CHMCH3 Ba KOMOWHaLMAIaHraH.

Byrynru xynna onepatopnapra y3aTWi MyXHTH OpKAIM y4 XH3MaTHH -
WUHTepHeTra toKopH TeanuKkaaru KApum, [P-tencsunenme Ba TesieOH AJIOKaCHHH
TaKnuM 3Tysun Triple Play-xn3matnap Moaeni yctyBopaup. SIHIH TEXHOJIOIWANAD
aJioKa KaHATHHHHT HAAA KEHIPOK MOJOCAacHHY Tanal KwiaaH.

OMmMasuii doitnanaHAnagnran aaoKka TAapMOKIApMHM KyPHIUHH Tpaduk
KaHa/UTapH 3apypuil PecypCHHH aWMKIall MaKCajuAa YTKasHIl KOOGH/HATHHE
Xucobnall Ba TeNEeKOMMYHHKALMOH KyPWIMAanap XaKMHHH MHHAMALIALITHDHIN
acocuna onTHMaamTHpHW - Gynap TeneTpaguxa HasapHACHAA aHbaHABHIH
€dMIaguras Macanajiapgup. TesmedoH anoka TapMOFMHMHT Ba YHHHI aloXWaa
MEMEHTIIAPHHUHT §TKA3YBYaHIMK KOGHIMATH HYTKHH IokopH cudar Owian
y3aTHIl  wmapTnapuHi  Oaxkapuuima  Yakwpuxiaap — Gyiinua Gepunran
3XTUMOINIMKAATH #HYKoTHUUIap GWilan ?‘rxas;munm MYMKHH OyAraH oxjiama
XKagaumry 6unaH GenrmiaHamu. ‘

AGOHEHT KHPHII TAapMOFMHHHI Y'rxaayaqax-umx Koﬁvmwmmn Ba
MILTATWIAAMIAH TEXHONOTHANAP XaXKMHHH Gaxonaml Yy4yH Hasapult Ba
MyXaHOUCITHK ycynap Kymnamwiamu, Hasapuit ycyn keiftumvamak Gavadcun
MYXaHOUCNHK YyCynapn EpaaMuAa aHWKIaldTUpWIagiraH KHPHID TapMOK
Y4acTKacH napaMeTp/iapHHH OlepaTHB Gaxonaura HMKOH Gepain.

Typnu xunpars TpadHK TapMOKNApH XapaKTepHCTHKANAPHHH TamKHK
KWIMID Hasapuii ycynnapupa GMp HedTa EHIamysnap MabiyM. YJIapHHHT
KYruunurn Mypakka® 6ynnG, rokopy XucoGnawi KyBBATnapury tanab Kuiaamm.
MapkoB 3amKHMpnap ycynu GyHra MECONIIND. v

Kenr nonocasu KHpHID TapMOFMHHMHT YTkasyBU9aHNMK KOGHIHATHHH
Xncobnam ycynnapuHuMHr YTKasWiraH Tabpugu ONTHK KHMpWMII TapMoFH daon
JNEeMEHT/IapH MapaMeTpiapuHH XHcoGNalll y4YyH y4Ta MCTHKOONME YCYITHH
aHHKJIalira AIMKOH Gepau — Oup Heuta maHGanapaaH MakIyMOTAap GHNAH MIIani
CTOXaCTWK MOAeNH, acHHXpoH IP TapMoKknap mnapaMeTpnapWHy JDpJaHT
thopMynanapHHH KyJUlaml acockaa XHCOGall YCYIH, MyXaHINCIHK YCY UIapH.

Bup Heura MaH6anapaaH MabJIyMoTiap GMIaH HULIA CTOXACTHK MOIEIHM
KAUIAN KaMYWIHKKA 3ra — Y KOMIBIOTEp TapMOKiapHAary TpadmkHn (MHTepHeT-
TpadHkHH) KaliTa WIamra Apaiay, aMMO KHDHII TapMOFH TabMUHJIAIH JIO3MM
OGynran pean BaKT KyAnaHunriapu (TesiedoHHMs, BHIEO YAKUPHK, BHIEO-
KoH(epeHu-aNoKa) TpagurHHM Xucobra oimMaimi. Maskyp mofemHu Kymia6
onTHMaN YTKasyBUAHNHMK KOOWIMSTH KYpcaTKuuyu acocuna TapMOK daon
3MEMEHTIapH ONTUMA XapaKTEPUCTHKANIAPHHM TYFPH XHco6Nab Gynmaiimy.

NGN TapMmoKIapn QoS acocuit napametpmapu 6¥nran Tpadmx
napaMeTPNapUHM  TABCHQNANIMMHT  OCOH Ba  caMapami  ycynnm  feb
TabpH(IaHaAMraH acuHxpoH IP  Tapmoknap  mapamerpnapuem Spaanr
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dopmynanapnuu  Kyanam acocuAa Xucobnaul ycyna aManga Kyda  kyn
Y3rapysunnapra sra. Amanma ymyMuii Xucobnam ycynmuHH fpaTHiLla Xucobnaw
KyBBaT/IapH HYKTaM HazapHiaH KOMMBIOTEp Ba MHCOH KyBBAaTjlapura IOKOpH
Tanab4yawTHry Gunan Mypakkabnawnb keranu.

Typnu xun TpadMKHHHT KAPMII TapMOFMHK XHcobnaml yCyINnapHHHHT

o630pu (Hasapuii Ba MyXaHIHCIIHK), MyXaHAACIHK YCY/IHHAHI acOCHH aHAINTHK
KOMIAJapy KHpMII TapMOKHHM KYpHMII Y4yH 3apypwil daon Ba cycr xMXo3nap
COHMHH, TapMOK XapaKTEepHUCTHKANapHHHN XucoGnamra IMKOH Gepany, IyHHHI IeK
JIoHiXaonau TagKNKoTNapy GOCKUYMHAA Maxap ONTHK KHPHII TAPMOFHMAH KypHiIra
KalHTal Xapaxkamiap yMyMuil GaxocwHH OepHIUra MMKOHMAT ApaTHUIMHH
K¥pcataamn.
: Huccepramuananr  “MynbTHRAEKCOD  ACOCHAATHKEHr  MONOCAJIN
KHPHIHHHT JTKA3YBYAHAHK KoOmwanatRan Oaxosaw moaenHun Hunab
unknw” ge6 HomaaHTaH MKKMHEYHN 606Maa ApaTHIraH KeHr Mojiocaii KUPHIMHHHT
YTrasyBuaHNHK  xoOmimsaTuHM GaxoMawlHWHT HAa6 uvkwnraH MmateMaTHk
MoOJleIn  KenmrmpuaraH, XHcoOMalHMHr  Kaita MIInaHraH  HaTImKanapu
KeJITHPHUATAH.

"~ Kupnmr TapMorn aGoHeHTHapra Xu3MaT KypcaTagMraH KHpHUIl caTx
kommyTatopsiapn  (KCK) pan wbGopar 6ynu6, ynmap arperaums catxu
koMmyTatopiapn (ACK)ra ynawrad, Gapua KOMMyTaTopiap 3ca fAPO CaTXH
kommyTtaropaapu  (JICK)ra - 6ornadran.dolinanaHysyunapfiaH  TapMOKKa
kesaguran okuman (PTO) kxupum TapMOFHHH, |-pacMOa KypcaTWATaHIex,
ommaBhit xmMat kypcatrm Th3uMH (OXKT) €pmamMuma MOReNNAMITHPHIMIIH
MyMKHH,

Yeknmanran Hasbamnapun ©OTO KCK, ACK Ba JSICK mnoprnapu
Takaumnafimn. Xap 6np HasGatra 6urra cepsep TOMOHMAAH XH3MaT KYpcaTHIaAH,
y ®TO ynaupmun Ouwnmppagy. YNaHMIIHWHT YTKAa3yBUaHNMK KOOHWIMATHHU
aHrmatagurad xusmat kypcatumt tesnury KCK auur Gapua HapbaTnapn yuyH,
xamaa ACK Gapua vaBGaTiapy yuyH Xam 6up xun 6ynagn. ®apas xunaiuimk,
uij =123 KCK, ACK Ba ACK xomMyTaTopnapd Xu3MmaT KYpcaTHIl Te3NHIH
6yncun. OXKT yura aapakagary MyJisTHTUTHKaTopsiapaaH u6opat 6¥nanu.

Bupurun gapaxka MynsTHIUiekcopnapaad (CM) ubopat 6§5m6, ynapHuHr
xap 6mpn KCK xmamar kypcaTaguran Mabiym coupard dolnanadysaunapau
Gwiavpamn. Xap Oup doitnananysun IlyaccoH auckper okumu (I1710)
KypuHmnnga wndogananany, seHM Xap Oup xusmataaH  dolinanaHyBuuHH
“Sxunrad-YuMpHIraH” npHHOMMM acocHaa TaHaddycnap Ounam wmmaliguran
xapaH mManbacnanp, yHaa “on” pa “off’ gaBpnapH KMiiMaTJapH 3KCMOHEHLUMAN
TaKCUMJIAHraH 6¥nanu.

Tlaketnap ¢raxart IlyaccoH TakcnMoTHra ara Gyaran “on™ maBpu nasoMuzxa
kenagy. Xamma ab6onentnap 6up xwi ITJOra ara xe6 raxmmn kunmnaan. KCK ,
ymymuii conunu N; ae6, ACK conunn N, ne6 Genrnnatimus.
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1- pacm. Quckper Hyaccon ®TO oxumut OXKT moaenn

Maakyp xommyTatopnap SICK 6unan ynaHrad, y Y3 HasGaTHpa sapo Aapakana
naxeTny IP TapMorit GunaH ynauras.

TaakukoT kwmmm yayn OXKT MyssTHILIEKCOpNIapHHHT y4Ta JapaXacHra
6Ynuuran. KCK Ba ACKnaH xyHatvml >kapaéHueu TaBchdmadivms. IO
ManbGanHuHr ¢aon pexuMu cexyHanapaa udoxanawrad 1/« KMHMaITa, NaccHs
pexuMy: 1/8 kuitmatra sra 6Ynaau. Xap Oup Man6a ¢aon saxT naepuaa Gurra

6mok y3atand. BrnokiapHM y3aTHIN Te3NnHTH 7:— Bapuya N Mman6anapaan
a

l/ﬂ

6nox/c napaa ndonanaHran y3aTHin yMyMuli Te3HTH A = ;/—:'Tra TeHr 6¥nanu.
at /g

R - man6aHHEr MabyMOT/IapHHH y3aTHIU 3HI IOKOPH Te3auru 6¥acun. V xonaa,

6ut/cnapna uomanaHraH MyABTHIUIEKCOPTa KeNMIUIap YMyMHH T9acTOTacH

oy N 1 1

A= mRa =AR= ra Ter 6ynamm.t — MyNLTUIUVIEKCOPHHHT CeKyHAnapaa
a g .

ndonananrad Yprasa Gyuunk naspu, p 3ca yHUHT dolnananum kod(HuneHTH

OyncuH. T MKKH GJOK KeTHIIH BAKT OpMFH EpNaMHza aTMpOKCAMALUs KHIaMHU3,
-1 .

AbHU T =27 = (N % = % ~ MYJIBTHIUIEKCOP Gann 6§iran BakT KucMH, p ra
Tedr, Oy epia p=A/u . u XaM GuT/c Aa YnuaHagu, ALHM S/(S + 1) =p, Gynnan
KenuG wMKaAmAKH § = 7 = - x 3 =1

E R X
L. - NRB :
? 1 113 A A u-m a
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Manb6a “KQHQIMHMHT  OKBMBATEMT KEHMIMIH®  HaBbaTh  Xu3Mmat
KypcaTwnanurai BakT cudaTHAa aHMKNaHamH, Gy 3ca HYKOTUILNAD KagalMurH &
ra Moc KeJialM Ba KeJTHIN ¥pTada Ba IOKOPH Teanukapu opacuna 6ynagu.

Man6bara kepak 6ynanural KaHANHUHT 3KBUBAJIEHT KCHITIMIHEN XHcobnam
YUyH Typnu annpoXCHMALMANap Taknud KWIMHraH. VYnapmaH 3Hr Kkyn
KyJuaHWiaguraH anmpokCHMalMAnapHHAT Gupna, Xap 6up Man6a
i=12,..Nyayn -[Ryp;(1/2)] yuta mapamerpmap ©6HMNaH XapaKTepJaHyB4H
Y3myKid KedyeaH xkapatéH (YIOK) meran TacaBByp éTamm.

K; — OuTtnapma YnmyaHaguraH, HaBOATHMHT 4YeKIaHIaH YSYHIMIH VJIUOBH
6ymcun, y xonga KCK {rkasysuarmnmnk KoOunuaTH Kyiinaarnua aHuKanagy

Bz min[y + o/~21In(e) ~- ln(Zn),Nel] ¢))]
By epna: B; ~KCK ¥TrasyBuaHauk KoOHIHITH;

&— NaKeTNapHUHT HYKoNHU KodQPHLIHEHTH;
N— MmymeTHnNekcopra KMpyBun Yxmam Myctakun IMIO mau6Ganapu comm,
4 3ca 6ut/c ndoRanaHanUrau-xu3MaT KYpcaThLl TE3NUIY,
y- Gapia mManGanapgaH MabsTyMOTNRap y3aTHII YpTaua Te3NHTH, Ba o- 6apya
maHOanapnan MabayMOTIap ysaTmul Gapua TE3NMKJIAPHHMHT CTaHAapT
YeTNAHNIIWIAPHHYET WHFRHONCH Y o = R, \/Np,(1 - p,) dopmyna 6¥itvua
xHcobnananu;
€;— K2HAJTHUHAT 3KBUBAJICHT KEHIJIMIH, Y Kyfinaruia aHHKIaHaau

ey, = {[R; In(1/€) — Ka(ax + B)] + {[Ry In(1/2) — Ka(a + BV +
+4K4R, Bin(1/€)} (2In(1/2)1.
IIIyHHHr yayH 6u3 Kylisagarura sra 6ynaMus:
‘ ey =1 —Ka+(n — Ka)* + 4Kamip1) /2y, - Ry =
= Ry/(a + B)In(1/€) - Ky + J [Raa+BYM(E) - Ka| + 4Ky x @
X Ry/(a + B)In(1/€) X (B/(a + B) - Ry/2Ry/(a + B)In(1/e) .

XHcoOnalNapHHAT  COHNAM  HaTHXKalapHH  KenTHpamus.  Kupuw
KOMMYTaTOp/1apH ¥TKa3yBHaHIHK KOOHIHMATHHUHT COHAM KMAMATNapUHN Ba yHTa
V36exncton PecriyGnmxacuma ynmauwraH aGOHEHTNAp COHMHM  ONHIN YUYH
XH3MAT/apra KUpMil TE3JNTHHHHT yuTa TYpAd npodunu uumab umkungu ma
TecThalfaH YTkasunan.

 ®olinanavyByngaH KelaAuraH OKHMHHM KMDHII RapaXkacuiard KOMMYTaTop
TapMOFHTa YJIaHHUIK YIYH eTapny 6Ynran YTKka3ysBuYaHnnK KOSWIMATUHMHT 2 Ba 3-
pacmnapia KeATHpAnraH COH KuiMarnapu XucoGnaHmoy. Yiap keHr nojocanm
XHM3MaT/iapra Moc KeRuuIM yuyH Koknama npoduimnapira Moc xonaa R, ManGaHHHr
SHT IOKOpH TEINMHKIIapH KuiiMaTiapura acocnaHraH, ' '
2-pacMmaH  kYpuHn6  TypuGmuku,  ¢olamaHyBuMmaH  TApPMOKKa
YTrasyB4aHINK KOOWINATMHE OpPTHILM, MacanaH, 20 M6ut/c ra optum, KCK ra
TOKOpH Te3ukna kupmiiga 200 gaH OpTHK nopT/iapra XW3MaT KypcaTtvm
VMKORWHH Gepmatimu. ADSL do#inananysunnapura XusMaT KYpcaTHUI yayH
Y3aTHUIHWHT HHCGATaH NacT Te3nuivlapy Tanab KwiuHamy (2 M6ut/c atpoduna).
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Wyuunr yuyn KCK ra ynauraH nopTiap COHH OKOPHPOK G¥nanu — rpaduxka
k¥pa 2500 opTuk ¢olinananysaunap ynasaam.
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wor - ccow - _',_.S‘pra’aa YITHI
300 NG s - TesTITHY
130y -\ ont0 . . .
o -\ N , [Iue rzatina
L= od
e . \ = tesanrn ke
2000 .
ey LR B
24 . . . v i ; v -
. s 5 ™ * i P
! * ’ i Mrerrd p. M8in/c
2- pacm. DSLAM komyTatopu 3- pacm. DSLAM xkomyTaTopn
KHpHI HMKoHufinurn Kg - KHPHU BMKOHHIIANIHY -
5 MB 6ynranna- toiinananysun oknmn
doilinananysun oKHMHHE §TKA3yBUYAHINK KOOHWIHATH

$TKa3yBUAHIHK KOOMIHATH

3-pacmaan kypusuG TypuOGawkm, ¢oiinananypywiaplal KApHI TapMOFHTa
y3aTHIIHUHT nacT Teanuinapuaa KCK doitnanaHysdunapy COHu Ba JKBHBANEHT
yTKasyRuaWIMK KOOGHAMATH Gup-6upuman keckHmH (apk Kwiamd, IOKOpH
TeINMKIapAa KuiiMaTnap TeHrnamamw, 6y aca ypraua lowiama y Maub6a (R;)
IOKOPH TE3NHUIMIAH YCTYH dKaHAWrnAaH qanonar Sepain.

(1) Ba (2) opmynanap xap Gup arperannoH gapaxkanard abOHEHTNAp COHH
Ba YTKasypuamNuK KoOwmsaTH Tanabnapu opacupard MyHocabathu Gepamm.
Bepunrau aGoxeHTnap COHM YUYH Xap 6up arperauMoH Japaxala kepaknn 6ynran
YTKasyBUaHNMK KOOGWIHATH Ma3kyp ¢opMynanap épnamnaa 6axonaHuIIy MyMKHH.
AxcuHua, Xap Gup arperauMoH fapaka XaxXMHHH Genrunab; xalma abOHEHTIapHA
Kynna6-KyBBaTNAl MyMKHHIKTHHH QHHK/I3I MYMKHH.

Iuccepranuannur  “Kenr noJI0CaJIH KHpHII TApPMOFHHHHT
¥Tkasysuanank kobunuaTuun Gaxonaws ycyamHn uowiabé yuknm”  aebd
HOMJaHraH Y9YMMuH G6GoOMaa KeHr Tmonocann KHpHINAA KyUlaHHIaAuraH
TEXHONOTHANAPHM  TAWIANIHMHT  Hasapuii  acoCNaHMIDH Ba  KOHZANapH
WAK/UVIAHTHPWIMILY KeATHPHIraH Ba YRap acochma MUuiab YHKIraH KHpma
TAPMOFHHMHI YTKasyBUAHJUK KOGHAMATHHH Gaxonall anropHTMH KeNTHPHITraH
(4-pacm).

AnropuT™ y4 Kncmzad nbopaT — MabAyMOTNapHH KMPMTHLI, XucoGiauwm,
HaTIDKaNapHH YHKapuw. MablyMOTAapHM KHMpHTHII KyifiBpary amannapnau
nbopart:

1. Maxammsi xolf XxapUTacCHHH yram.

2. Maxauwmit Kolinw Macwrrabra xypa onTuOypuawiapra (“cotanapra’)
6ymum.
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4- pacm. Kenr nosiocann KHpHI TAPMOFHHUHT YTKA3yBUAHIIHK
KOOHIBATHHY XHcoGaal aJiropHTMA
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3. “Cotanap”mn xypunnw yyacTkanapuHy Genrmnawy — HoTypapaoit 30Ha,
XYCyCHH cexTop, KYTIKaBaT/iH KypwiIHil, MasMypHit Gunonap.

4. Xapwura maciurabunu aHMKNAW(TIMKCENE/KM),

5. Maexkyn xupum y3ennapuAW XapuTara Gornawr (Mamxyn ATC nap
6uHonapu).

6. Xap 6up “cora’ma xusMaTiap Gyitmua aGouenTnap Xakuoa
onpgepenuranianran MabIYMOTNAPHH KHPHTHIN.
Xucobnam Kucvu 61p Hewa xucoGranUiapaaH nGopar:

1. “Cora”umnr Hinrnnau Teanurn 1- gopmyna EpraMuaa Xucobranamm.

“Cora”marn Gapya MaHGanapfaH KHDHID HHFMHOM TE3NHIMHWHT HKKUTA
KUAMATHHH XHCOGNawI 3apyp, CYHIPa YHIaH MaKCHMA KMHMAT TAHNAHALM.

Xucobnauap saTikacuna, JacTyp TAIOH MYNbTHNNEKCOPTa YAl MYyMKHH
oYaran a0OHEHT/IApHWHT MaKCHMal COHH (aGoHeHTNapHHHI  XH3MaTnapra
Tanabunan kenub unkuG) xaxuaa ax0opoT unkapanu

2. MaBixyn ATCnapuy xu3Mmart k¥pcatiio XYIyIapH xucobnauany.

3.Kynnanmnaguran  Texsonorusnapra 6ornuk, ~ xonga  “coTa’marn
JTKasyBUaHIMK KOBHIMATHHHHT XapaKTepHCTHKANapH XHWCOONaHAlH, MHNHHMan
¥TrasyauaHTHK KOGHANATH/KYPHIMAHMHT MHHAMAN Hapxu Mme30HH 6Yitnua
ONTHMAN TEXHONOYHA TaHNaHamu (5-pacMra Kapasr).

Maumymotnaphu YHKAPHII-2NFOPUTMHHHT KHCMMIUp, YHOa
XHCOONANUIAPHUHT AKYHHI HaTWXKanapH KypcaThiagy, *KyMnanaH Kyiuparunap;

-AIHTH KHPHLI y3e/AaPHHHHF KONaltyBH;

-Xap GHp KMpHII y3ennaa xoiNamagnral Kypuimanap XapaKTepUCTHKANAPH;

-6apua aGoHeHTNapHY KeHITIONOCAMM KHDHIN GHIaH TanMHWIAII YUYYH anoxa

JIMHUANIApHHMHT 3apyp 6YnansraH MHHHMAaN YTKa3yBYAHANK KOGUIHATH.

Mina6 wukunras anroputM MaBXyR KHDHIU Y3eNAapHHUHT §TKA3yBUAHIHK
KOGHNRATHHM XuCOGNallHM COARANAWITHPHIUrA Ba aXONHMHH KEHT NONOCANK
XH3MaTHapra IXTREKNAPHNAH KeMiG YHMKMG, pHUBONNAHMII HMCTHRGONApHHH
Xucobra ofraH XONfa KHPHIUHWHT AHTH  y3e/lapHHH NpPOTHO3NAITa
MYJDKaaHTaH.

Huccepraunsannar  “Kenr monocanu KHPHWHBHT  YTKa3yBUanmiK
KOOHAUSTHRY 6axonaml yCyJMHHHT anpobanusicn” ne6 HoMMaHraH TYpTHHUN
Gobnaa MaBkyn KHpHLI Y3JUTADRHHHT YTKA3YBUaHINK KOGHNMATHHM XHCoGnaur
Ba Gaxonam Ba ¢oAanaHyBUHNapHH KEHT MOJIOCANM KMPHII XM3MaTiapHra
axrréxnaprnan kennb 4NKUG, TapakkuET HeTHKGOWTapUHYM HOGaTra onné, aurn
KUpHUI y3eJUIapHHR npornodnam 6Yiinua nmna6 yukunran Hactypuil TabMHHOT
TaBcudnanran. TakmMd KHWIHHraH anropuT™ acocHaa MuLTa6 YHKMATraH nactyp
KHpHII  y3e/UlapHHH “MHHHMan  YTKa3yBUaHTHK KOOHIMMAT Ky pHIIMAHHHT
MHHHMMal HapXH” MeE30HH Oyiivua kofnamTHpuint Ba Tana6 KUIMHTaH
YCKyHa/IapHHHI XapaxTepHCTHKAIAPHHK aHUKNAWl KOHUATHRH GepIH

XVJIOCA

“TeNeKOMMYHMKALIMA ~ TADMOFMHHHT  KeHT  [OMOCANH  MMKOHMIUIHCH
YTkasyBuawauk KOOWMATHHM Oaxonawl ycyau™ Maesycuparm IHcCcepTanms
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6¥itnua o6 GopwiraH TaXKMKOTJIAp HaTWXackHAa KyHnmarn xyJgocanap TakKaHM
THIAAU:

1. TapMOKHNHI XQUIKacUMOH Ba JapaXTCUMOH TONOJIOTHAMApH acocHOa KeHr
NONOCAIN XNPMINHH CamMapaly Tamlkwl 3THI BapHaHTAapH Huiab uyukiras.
VHUHT KyInasWwiHoin  TapMOKHMHT  XaNKacHMOH  TOMOJOTHACH  TapMOK
pecypcnapura aGoHeHTnap TeHr XYKyKIM ynaHHWmra WMKoH 6epamm. Taxnnd
3TWITAaH YCYJ ONTHK TApMOKHHHI HapaXxTCHMOH TOMONOTHNAPUHA Kyainaw Kin
coHnu aboOHEHTNapHN yialura, 0y KeHr Tonocaii TapMOKHH PHBOXITAHTHPHIIHH
Ce3WNapny Japakaja COAAAIALITHPHIITZ Ba KHPHID TapMOFH TaHHapXHMHH
KamaliTHpH1l UMKOHNHHU Gepaaw.

2.Y36exucTon Pecny6nnxacu keur nonocani aGOHEHT KMPHII TapMOFHHHHT
PHBOXJIAHHKII MCTHKOO/IM  BapHaHTAapH  TUSMMJIALITAPYMII  acoOCHAA
TEXHOJIOTHANIAPHHH TAHJIAIl YCYAWHH HUUTA0 YAKHIITA XH3MAT KANaIH.

3.AOOHEHTNIapHUHT 3aMOHABHH- - KEHT nosacand ~ KHPHWI  TapMOKJapH
¥TKA3yBYAHIMK KOGMNMATHTa TanaGmapnHUHT ¥3rapHml  TeHAeHUMANApWHU
Xucobra oarad xojga aOoOHEeHT KHpHII TapMOFH MaTeMaTWkKk MONENW HIuU1ad
YHUKWIraH.

4 Kenr monocanH KupMIl TapMOFHHHHT VYTKa3yBYaHNMK KOGWIMATHHH
XHcoGnall Ba MYALTHANEKCOPHHHHT YWY CaTXJIH MoOAENMHHM Gaxonam ycyn Ba
aJITOPUTMH acocHAa TapMoK (aon NMEMERTIapUHHHT TaHJIaHTaH napaMeTpiapHia
Ba KEHr MOJOCalM KHPHII TEe3NHWTHAH Gaxonawr OenrwnaHraH Men&puaa
3NeMeHT/Iap HapXMHH MHHHMAJUIAIITHPUII HMKOHHHH Gepaan.

5.Kupum TapMOKTapyHH MOJEpHH3aLWsUIalmna THOPHMR TeXHOMOTHANAPHH
Tannam, ¢gaxar FTTH onTHK TEXHONOTHSAHH TaHiamra Kaparanga 40% nxrnconuii
camapa (¥TkasyBUaHIMK KOOWIMATHHH Xucobnall ycyny Ba Gaxonaim anropuTMy)
Gepuwsra  wmkonw  Gepaau.  Wkrncoamii  xwcobGnammap — VY3Gexucton
Pecnybnuxacnaary noptiap ypTada Hapxura acocnadrad xonma FTTH - 200 —
250 wm.6., FTTC — 45 w.6., FTTB - 50 m.6. Ba aGoHeHTIapHNHT TEXHOAOrNsANAp
6¥iinua ¥praua takcumnaHumu, rubpunr TexHonoruapap - 40%, FTTH — 20%,
FTTB — 40% 6ynuIOnHy TauWIKWI KWIMLI UMKOHHHY Gepaau.

6.TenexoOMMyHHKalVsl TADMOFH KEHT MONOCATN KHPUIINHUHT YTKa3yBYaHnnK
KOGHIHATHHH XHcoGnail Ba 6axoMal alroOpuTMH Ba NaCTypHH TabMAHOTA MILTa6
YuMKWIraH. ByHaa KuphUl AHrH y3eJ/UTapHHH JKoMnamTupum >koluHH, Xap Onp
KHpHIII y3enuaa JKollaliraH YCKyHanap XapaKTepHCTHKanapuHH, aGoHeHTIapHN
KeHT Monocanu xupuim GunaH TabMHHNALL YUYH al10Ka JIMHUANAPUHUHT 3apypHit
Y¥TKazyBUaHINK KOOHANATHHH Xama aGoHeHT/Iapra XM3MaT KypcaTiniaa onruMan
TEXHOJIOr¥A TaWlawl “MHMHMMaT YTKa3yBYaHINK  KOOWMATH/KyPHAMAHHHT
MuHuMan GaxocH” Gaxosam Me3oHM G¥ifuua KeHr HOnOCaNM KHPHII TapMOFM
XHM3MaTJapHHH KOPHI KWIHHHIIKHA OCOHIAITHPHIUTa XM3MaT KANagH.

7.Kenr nonocanu abOHEHT KMPHIT TAPMOFAHUHT YTKa3yBUAHINK KOGUTHATHHA
Xucobnaw Ba Gaxonail acocHna ¥Y3bexkucron mapoutnapnaa FTTC Texronorusacu
TannaG ONMHHILN, MALIYMOTAP Y3aTHLI MAaKCHMaA TE3UIH YekIauumy 6yitmia
5 M6ut/c 6¥nuiun Ba aOOHEHTHHHT KHPHLU y3enHAaH MaKchnMan y3okinkaa S00 M
aaH 1500 M raya xoinamwTupHin TaiHdnapn HImnad THKUATaH.
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HAVYHBI{ COBET DSc. 28.12.2017.T.07.02 1O TIPUCY X AEHIIO
" YYEHBIX CTENEHEHN ITPU TALIKEHTCKOM YHUBEPCUTETE
UHO®OPMALMOHHBIX TEXHOJIOI'MiA

- TAIUKEHTCKHY YHHUBEPCUTET MTHOOPMALIMOHHbLIX
TEXHOJIOTHI

ABIYIKATITIAPOBA MYBAPAK FAJITAFAEBHA

«Pa3paboTka MeTOaA OLIEHKH NMPONMYCKHOM crnocodHoCTH
IIMPOKOMNOJOCHOr0 AOCTYINA TEJCKOMMYHHKALMOHHOI
CeTH»

05.04.01- TenexoMMyHVKaUMOHHEIE X KOMIBIOTEPHEIE CUCTEME], CETH 1
ycrpolicTsa TenekoMMyREKaLMiA. Pacnpenenenue nidopmannu

ABTOPE®EPAT JUCCEPTAIINH
JOKTOPA ®HNJIGCO®HH (PhD) IO TEXHMHECKUM HAYKAM

Tawxkent —- 2018



Tema nuccepraumn gokropa dunocodun (PhD) no Texmumueckmss naykam
aapericrpuposana 8 Beicueit arrectaumonnoit xomuccun npu Kabnuere Munucrpon
Pecoy6nuka YiGexucran 3a Ne B2017.4.PRD/T520.

Hoxtopckas  misccepraums  BhimONHEHa B TalIKEHTCKOM  YHWMBEPCHTETE
uHGOPMAMOBHEIX TEXHOMOrH.

AnTtopedhepar muccepranmM Ha TpEX s3bixax (ysGekckwit, pycckml, aRTmiciosit
(pe3sioMe)) pasmemeH Ha Be6-CTpamine Hayunoro cosera (www.tuituz) # Ha
Hndopmamionno-oGpasosatennHonm noprane «ZiyoNet» (www.ziyonet.uz).

Hayunuiii pyxosonurenn: Xanuwos Aéaysrxak AGRynxanpornu
NIOXTOP TEXHU4ECKHX HaYK, npodeccop

Odunnansusic onNonenTLY: Cuaaakos Haxomson Xakamosuu
AOKTOP TeXRHYECKHX HAYK, npodeccop

Xom:aen Hagnp Cannkonuy
Kananaart TexHH4ecKHX HayK, AOUEHT

Beayman opranmauun: Axusoepnas kKomnaana «UZTELECOM»

3awmTa AHCCEpTaUHK COCTOHTCA «i-?» ‘/’/ 2018 r. B ‘/_4 é-;coa Ha 3aceNaHHK
Hayunoro cosera DSc.28.12.2017.T.07.02 npu TawkestckoM YHHBEpCHTETE HHGOPMAUHOHHBIX
Texuonornii (Aapec: 100202, r. Tawxent, yn. AMupa Temypa, 108.Ten.: (99871) 238-64-43; ‘daxc:
(99871) 238-65-52; e-mail: tuit@tuit.uz).

C nucceprauueit MoxHO 03HaXOMHTECA B HHopmaunono-pecypcrom uentpe Taumxentexoro
YHHBCPCHTCTA MHGOPMAUMOHHLIX TEXHONOTHIt (PErHCTPAUMOHHLIR HOMEp Nﬂf;?Anpec: 100202, r.
TawkenT, yn. Amupa Temypa, 108. Ten.: (99871) 238-65-44.

Astopedepat nucceptauu?asocnnu « i »_ 17 2018 roza.
(npotokon pacceuikn Ne &S ot « 26 7O 201

M.M.Mycaen
cenaTeNih HayMHORO CEMHHAPA TIPH HAYYHOM
COBETE O NPHCYKACHHIO YYEHBIX CTenexei,

I.T.H., npogieccop



BBEJAEHHE

AKTyanLHocTh #  BocTpeGoBaHHOCTE Tembl Auccepranuu. B mupe
COBPEMEHHas OTpacih TeMeKOMMYHIKauuH neMOBCTPHpyeT 6ypHeie TeMNE pocTa,
ocofloe BHHManue ofpamiaeTcs Ha pa3sBUTME B  HAMpaBJIEHUM  PbIHKa
MYNLTHCEPBHCHBIX YCHYr, BHEJpPeHHe HOBBIX TEJEKOMMYHHKAUMOHHBIX H
HHQOPMUMOHHBIX TeXHONOIuil, Ha MX KOHBEPreHUMIo. B pa3sBHTRIX CTpaHax,
Takux kak, CIUA, BemikoOputanns, Hnnepnanmer, I'epmannsa, llseuws,
®panmn, Oxnas Kopes, Uuans, Poccus M Apyrux rocyfgapcTsax, obpamaror
ocofoe BHHMaHHe Ha pacyeT TAKeTHBIX ONTHYECKMX ceTell HOCTyma,
YCOBepHIEHCTBOBaHME ceTell nocTyna s NpenocTaBNeHHs BbICOKOCKOPOCTHOIO
Joctyna B HHTepHeT, BHeapeHnme Momenu cayx0sr  Triple Play mna
npegocTasieHus IP-teneBuaenus u TeneoHHOH CBA3M, MOBHIEHNE TpeGoBaHHi
Ha yBeIMYEHHEe NOJIOCHI NpOMyCKaHWA KaHanoB cBsA3H. C 3Tol TOUKH 3peHns,
ocoboe BHUMaHMe yRensAercs palpaboTke METOAOB OLEHKY MPOMyCKHON
CNOCOGHOCTH IHPOKOMNONOCHOr0 AOCTYTIAa TENEKOMMYHNKALHOHHO CeTH.

B mupe cosnaloTcs HayuHble OCHOBBI N0 Pa3BHTHIO HH(OPMAHMOHHBIX M
KOMMYHHUKALNOHHEIX TEXHO5IOTH, AN pa3pabOTKH METOROB OLEHKH MpPOITYCKHOM
CMOCOOHOCTH IMPOKOMONOCHOTO KOCTYNa C MPHMEHEHWEM 3a/1av, pemiaeMbIX B
TeopuH TeneTpahika, Ha OCHOBE BEPOSTHOCTH MOTEPh H NOBBIMIEHHUA MPOITYCKHOMN
CMOCOOHOCTH 3NIEMEHTOB MUl Mepefaqyd NpPHAOKEHHH PpeanrbHOro BPEMEHM C
BBHICOKUM KauecTBOM., B 3ToM HampaBneHHH oAHON mn3 BakHelunx 3amay
CYHTAETCs BHEApEHHNE ceTeli MHPOKOMONOCHOTO ACCTYNA, YCOBEpIUECHCTBOBAHHE
MyTeA ¥X pa3BHTHA, pa3paboTxa MaTeMaTHuyeckoit MO@enHM W METOIOB OUEHKH
nponyckHo#f ~ cnocoGHocTH  cetelt jmocryma,  paspafoTka  MeETONOB
aBTOMATH3INPOBaHHOIO BbLIOOpa TEXHONOTHI MHOCTYMa B COOTBETCTBMH ¢
BLIOpamHOIt MaTeMaTHYecKol MOLENbIO TelleTpaduka, BRIIONHEHHE COTJIACOBAHHUSA
aIrOpUTMOB PacyeTa H OLIEHKH NPOIYCKHON cnocOGHOCTH MPOKONONOCHOH ceTH
aboHeHTCKOro mocryna.

B Pecnybnuke ynensevcs ocoboe BHUMaHHE pa3BHTHIO HHGOPMAaTH3ALMM
~ obmecTBa, TIPEOCTAaBICHHUIO INMPOKOMONOCHOTO AHocTyma ® WHTepHeT nns
XKUTENEH OTAAICHHLIX PailoOHOB CO CKOPOCTBIO TNEpeNavii NAaHHBIX AOCTATOUHONH
ANs TPEROCTARIIEHN YCIYT ¢ 3aIaHHBIM Ka4eCTBOM, NPHHATHIO CTIELMANLHEIX Mep
110 TEXHMIECKOM SKCIUTyaTalluH TENEKOMMYHHUKALMOHHBIX ceTell i YMEHbIIEH s
MEPHOAOB CBEPXHOPMATHEHLIX OCTaHOBOK, NepephlBoB B pabore ofopymosaHns
nepenayy AaHHLIX NO NpHYNHAM, 3aBUCAILMM OT OMeparopa H nposaiigepa. B
«CTpateruy neiicTBMH HO NATH NIPHOPHTETHBIM HaNpaBJICHUAM M0 JanbHelemy
passuTnio Pecrry6nuku Vabeknctan B 2017-2021 romax»® onpeneneHs! 3anauu
«...co3maTe 6a3y mia ceobonHoro Bxofa B ceThb MHTepHeT,... 08 NOAKNOYEHUA
wuTenelt Pecrry6nvky K BBICOKOCKOPOCTHOMY HHTepHeTy, .... TNpOBECTH
UIKPOKOMAacIITabHYI0 MOAEPHI3ALMIO CHCTEM TENIEKOMMYHHMKALNH ... ».

BbinofiHeHHE yKa3aHHEIX 3aiay, B YaCTHOCTH, C YueTOM TeHHEHUHi
TpeboBaHHi N0 YBEJIWYEHIIO NPOMYCKHON CIOCOGHOCTH TENEKOMMYHHKALWMOHHOMH

: Mupaees IILM. Crpaterns nctersuit no nam NPHOPUTETHLIM HANpaBRcHUMAM pa3BuTHA  Pecnybanku
Yabexncrar 8 2017-2021 romax, TTpunoxenne Ne 1, x Viasy Tpesnzeirta Pys o1 07.02.2017 r. N YT1-4947
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CEeTH Ha MarucTpanbHOM M aGOHEHTCKOM ydacTkax pa3paboTka MaTeMaTH4EeCKOH
MoNeNK ceTell aOOHEHTCKOro KOCTyna, paspafoTka MeTola OHeHKH NMpOIyCKHOH
CrOcOGHOCTY KOMMYTaTOpa J0CTyNa HKOMMYTATOpa YPOBHS arperaluy Ha OCHOBE
TpeX ypOBHEBOW MOIENM MYNLTHIUIEKCOpa, pa3paboTka MOAENH HCCIEHyeMOro
CeTH ONTHUECKOTO JOCTYTa M CXEeME! NOIKMOoYeHHA aGOHEHTOB K CeTAM HOCTyna,
DS TIMAHUPOBAHHA  ONTHMECKOTO JOCTynma TpHM  MONICpHH3AalMK  CeTH
aBTOMATH3alMA BHIGOpA TEXHOJIOTHH CETH IHMPOKONOJIOCHOIO A0CTYTIa CYHTAETCA
OXHMM U3 BaxkHeHIIMX BONpoCoB.

JlaHHOE JHMCCEPTAHOHHOE KCCea0BalKie B ONpee/IeHHON CTENeHH CIyXKHT
BEINOJIHEHMIO 3ajay, NpeAYCMOTPEHHEIX B Ykase Ilpesmmenta PecriyGmukh
VaGekuctan ot 7 debpans 2017 roga NeVYI1-4947 «O crparernu neficTeui 1o
nansHelimeMy pa3BuTHIO Pecmy6nuku V3iGekuctan», B Vkase Ilpesnnenta
Pecry6nuku ViGexnctan ot 19 despana 2018 roma Ne VII-5349 «O mepax mo
paneHefilieMy COBEpLICHCTBOBaHMIO cdepsl HHOOPMAUMOHHBIX TEXHOJNOTHH H
KOMMyHRuKaumiy, B [TocTanornenvn Ipesnnenta PecnyGmmkn V36ekuctan ot 29
asrycTta 2017 roga Ne TI1-3245 «O Mepax no panbHeAnieMy cOBEpPIICHCTBOBAHHIO
CHCTEMBI YIpaB/IeHUA NPoeKTaMi B chepe HHPOPMALTHOHHO-KOMMYHHKALHOHHEIX
TexHonoruii», B ITocTanoenenun Kabunera Munncrpos PecyGnukn Y3bexncTan
oT 7 mMapTa 2018 roga Ne 185 «O mepax no nansHefilneMy ymyJIeHHIO Ka9ecTBa
ycayr ceasu, uHboOpMaTM3alMM M TENEKOMMYHHKaumil», a Takke B HApYFuX
HOpPMaTHBHO-IIPABOBBIX JIOKYMEHTaX, MPHHATHIX B AaHHOH cepe.

CooTBeTCTBHE HCC/ICAOBAHNA NPHOPHTETHLIM HANPABAEHHAM Pa3sBUTHS
HAYKH B TexHonoruit 8 Pecny6inke VYiGexucran. JaHHoe uccieqoBaHHe
BHITIOJIHEHO B COOTBETCTBUH C MPHOPHTETHLIM HaNpaBJICHHEM Da3BHUTHA HAyKH H
TexHonoruii PecryGnuxu ViaGexuctan IV. «PasBurHe wndopMatHsauud M
VH(}OPMALMOHHO-KOMMYHHKALMOHHEIX TEXHOMOTHIM).

CreneAb H3ydYeHHOCTH npobnembl. 3a nocneauye rofbl OCYMECTBIAOTCA
HayJHBIE MCCNIefoBaHusA MO pa3paloTKe MeTONOB pacyera, ajJrOpHTMOB OLUEHKH
NpoNmycKHON CMOCcOOHOCTH CeTM JOCTYNa M TONYYEHHl  ONpelelieHHbIe
TEOPETHUECKHE U NMPAaKTHUECKHE pe3yNbTaThl. B 4acTHOCTH, B TpyAax 3apyGekHbix
yuennix: S.Anick (CUIA), D.Mitra (CLIIA), M.Sondhi (CIIA), Z.Cao (CLLA),
E.Zegura (CHIA), O.Osterbo (CLLIA), K.Xiong (CLA), H.Perros (Anrmus),
R.Guerin (CILIA), H.Ahmadi (CHIA), J.Cho (CIUA), L.G.Kazovsky (CLLA),
pocciiickux yuéunix H.Coxonopa, B.C.lonsmmreiina, P.P.V6aiixynnaesa,
H.H.C:tenosa, U.I". Bak1aHoBa H JIp. paCCMOTpPEHEI 3TH BOTIPOCHI.

B VibekncraHe npobiiemel coBepileHCTBOBAHMA METOZIOB H ANropHTMOB
ONTHUMH3ALMH ¥ aBTOMATH3ALNKM NMpPOLECCOB NMPOSKTHPOBAHHA CETH HOCTYNa Ha
OCHOBE ONTHYECKHX TEXHOJIOTHH PacCMOTPEHE! B TPYAAaX OTEYECTBEHHBIX YUEHEIX,
Takux kak L A.AGmynnaes, A.A.Xanukos, T.H.HumanGaes, A.B.Con,
W.P.Bepranos, P.W.Ucaes, A.D.Asnnaes, A M.Dmmypamos, C.A.Camuuxosa,
C.C.INapcues u np.

Ho, B HacTosiinee BpeMA MaTeMaTHYecKHe MOAENH OLEHKM IpOMYyCKHOMH
cnocoOHOCTH CETH AOCTYNd, METOARI OLEHKM fpomyckHoli crocoOHOCTH
MHPOKONONOCHOTO JOCTYTa, METOAbl ABTOMAaTH3alUWM BHIGOpPAa TEXHOJOTHH
UTHPOKOTIONOCHOH ceTh aGOHEHTCKOTo HocTyNa, pa3paboTKa alirOpHTMOB pacdeTa
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A OUEHKM - mpomyckHOM  cRHOCOGHOCTH IIHPOKONOJIOCHOTO  JOCTYNA
TEICKOMMYHHKALIMOHHO CETH M3y4eHbI HEAOCTATOTHO.

' Cesi3e  anccepraumonHoro mccnenoBamms ¢ NaHaMH  Hay4Ho-
HCC/IEN0BATeIbCKUX PaGoT Bhiciuero ofpasoBaTensHoro yupexaeHus, rae
BhiNoJneHa puccepTaums. JIHCCEPTALMOHHOE HCCHENOBAaHHE BLIIONHEHO B
PaMkax  HayYHO-HCCNeNoBaTeNbcKMX pabor  TaumkeHTckoro YHHBEPCHTETA
MHGOPMAUHMOHHEIX TexHomorni, Ne A5-023 «Hccnenosanme H pa3paboTka MeToza
TUIAHNPOBAHHA YPOBHS ONTHYECKOTO JOCTyna TeNeKOMMYHHUKAalMOHHOH CeTH
V36exucranan (2012-2014), '

- Ueasio necneoBanns seasercs pa3paboTka MeTola oueHKHM NpPOMYCKHO#
CNOCOGHOCTH  TMMPOKONONOCHKIX ~ ceTell  aGOHEHTCKOro JocTyna H nx
bynxkunonaneHbIX XapaKTepHCTHK.

3anaum necnenosaunn:

Hccnenosanue npobiicM CyLIECTBYIOWMX CeTell aGOHEHTCKOro nocrymna
Pecriy6mmxn Vi6ekucran u TyTell ¥X Pa3BHTHA 11 BHCAPEHNA HIMPOKONONOCHOTO
IOCTYNa;

Pa3paboTka MaTemaTHdecKoi MoOZeNV OLEHKH npomyckroit crnocodHOCTH
cetefi goctyna;

Pa3paboTka MeToNa OLEHKH NPOMYCKHON COCOGHOCTH IHPOKOTIONOCHBIX
ceteit aGoHenTCKOTO NOCTYTIA;

paspaGoTka  aBTOMaTM3MPOBAaHHOrO  MeTona BHIGOpa  TEXHONOTHM
WHPOKOMOJIOCHOTO AOCTYN,;

pa3paGoTka anropuTMa W NpoOrpaMMLl pacuéTa H OLEHKN TpOMyCKHOMH
COCOGHOCTH IMPOKOTIONOCHBIX ceTeli aGoHeHTCKOTo IocTyma.

OfrexTom mccnegoBanns ABAAIOTCA WHPOKONONOCHLIE ONTHYECKHE CETH
AOCTyNa, NPEACTABAMOIME COGOMH COCTABHYIO HaCTh MyMNLTHCEPBUCHON CETCBON
HHQPacTpYKTyph!. , . .

Ilpeamerom mccneqoBaHMs ABIMOTCA METON  OLEHKH TPOIYCKHOMK
CMIOCOBHOCTH  INMPOKOMONOCHOTO  aGOHEHTCKOro BocTyna, MaTeMaTHdeckas
MOZeNk, aHAMTHIECKHE ANTOPHTMBI H JIFOPATMHYECKH-TIPOrPaMMHEIE CPeICTEa.

MeToapl necnenosannit

B npouecce Hccnenosanms NpHMEHESHL! MaTeMaTHYECKOC M YMC/IEHHOE
MONEAMpOBAHHE, METOAB!I TEODHH TeleTpaduka, TeOpDHM BepoATHOCTEH M
MaTEMAaTHIECKOH CTAaTUCTHKH, BBIYUCAHTENBHON MaTeMaTUKH, TEXHOJNOTHS
CHCTEMHOTO NpOrpaMMMpOBaHHA H HCIONL3OBAHHE METONOB BLIYHCIMTENLHOrO
3KCNIEPHMEHTA U airOPUTMOB.

Hayunas HoBisua nccieioBanns 3aK/I092€TCA B CNCAYIOWEM:

paspaGoTaHa MaTemaTHYeckad MoOZENb CETH aGOHEHTCKOro JocTtyna,
YUHMTLIBAIOIAA TEHACHUMN W3MEHCHUs TpeGoBaHuli aGOHEHTOB K NpOIYCKHOM
CITIOCOGHOCTH COBPEMEHHEIX CeTelf aGOHEHTCKOTO MOCTYIa;

pa3paGoTaH MeTON OLEHKH TNPOMYCKHON CHOCOGHOCTH KOMMYTaTopa

- ACCTyNia H KOMMYTaTopa ypOBHA arperauMy Ha OCHOBE TpeXypOBHEBON Mozeny
MYJIBTHIUIEKCOpA; .

paspaboras anropuT™ OLICHKH nponycKHo#i cnocobHocTH

ITHPOKOTIONGCHBIX CeTeH aGOHEHTCKOrO OCTYTa Ha OCHOBE BEIGOPA TeXHONOTHA,
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wsspokononiocHoro aoctyna — FTTB, FTTH u FTTC,

paszpaboTatia MopeNk ONTHHECKOH ceTn OoCTyna H CXeMBI TIONKIIOUYEHHSA
aboHeHTOR B ceTaX HOCTYTA. .

IIpakTiyecKkHe Pe3y/IbTaTbl HCCIENO0BAHNIE 3AKTIOYAIOTCA B CRELYIOWIEM: |

Ha OCHOBE ITOPHTM3 OLEHKH TPOMYCKHONi cmocoGHOCTH pa3paGoTaHa
nporpaMMa pacdera M OUCHKM NPOIMYCKHORK CMOCOGHOCTH IHPOKOMOIOCHOIO
gocTyna.

Ha OCHOBE pe3ynsTaTOB pacieTa M ONEHKH TNPOMYCKHON CHocoGHOCTH
IHPOKONOJIOCHBIX ceTel HoCTyna paspaboTaa OLiEHKa PONYCKHOMN CIIOCOGHOCTH' |
INKPOKONONOCHOTO JOCTYIa ¢ apXnTektypoit FTTx (Fiber-to-the «x»). '

Ha OCHOBE pacyeTa Y OLEHKH NPOIYCKHON CNOCOGHOCTH MUPOKONOROCHBIX
ceTeli aGOHEHTCKOro IOCTYNA YCTAHOBJEHO, UTO Tiph BuiGope TexHonorun FTTC B
ycnobuAx V306eKHCTaHa, MaKCHMANbHAas CKOPOCTb MNeEpenaud NaHHBIX HMMeeT |
orpasudeHns 10 SM6ut/c 1 paccToAHmio oT 500M A0 1500M ot yana aocTyma 1o
pacnonoxenns aGoHenra. oo

HocToBepHocTh pe3yibTaToB HCCNieJoBaHUS NooTBEPXkKAaeTCA " -
MaTeMaTHieCKOH MoAensio CeTH alOHEHTCKOro nocTyma Ha  OCHOBE
TPEXypOBHEBOH MOAENH MYyNLTIUIEKCOPA, YMHMTHIBaIOWIEH TeHACHLUMH H3MEHEHNs
Tpebopanuil aGOHEHTOB K MPOIYCKHON cnoco6HocTH, paspaoTaHnoro Ha eé
OCHOBE METONA OLEHKM IPOMYCKHON CrMoco6HOCTH KoMMyTaTopa HOCTYNa M
KOMMYTaTOpa ypoBHf arperauMi, MmeTona Bribopa texmonormit FTTB, FTTH,
FTTC u paspaGoraHHBIM IpOrpaMMHEIM o6ecrieueHneM.

Hay4Hasi M npakTHyeckas 3HAYHMOCTL Pe3YNLTATOB HCC/IEI0BAHMS.
Hayunas 3Ha9MMOCTL MONYHMEHHBIX Pe3yNETaTOBR HCCAEQOBAHMIE 3aKOYAETCS B
TOM, 4TO pa3pabGoTaHHble MOAENb, METOL, AITOPHTMbI U NMPOrPAMMHLIN KOMIUIEKC
TO3BONAIOT ABTOMATHINPOBATE W YHNGUUNPOBATE Mpouecc BLIGOpa TEXHONOTHA
HIMPOKOMOJNIOCHOTO  HOCTYNa B 3aBMCHMOCTH OT TEHACHOWK H3IMEHEHHs
TpeGopanuit  afoHeHTOB X  NpOMYCKHOM  chocoGHOCTM,  ofecmeunBaTh
3¢peXTHBHOCTL TPOLIECCA NPOEKTHPOBABHA WIMPOKOTIONOCHEIX cerTel HocTyna
TpH 3ajiaHHON yAaNeHHOCTH aGOHEHTOB OT y3Na NOCTYNA.

[IpakTdeckas 3HAYMMOCTh MCCIENOBAHNN 3aKMOYaercsi B MOBLIMIEHHH
abdexTHBHOCTH TPOEKTHPOBAHKA ¥ _HCMOJB30BaHUA UIMPOKOMONOCHBIX CeTel
AocTyna, BRIGOP MECTONONAOKEHNS HOBOTO Y3Na NOCTYNA, BHIGpaHHbie NapaMeTphl

aXTHBHBIX 3JIEMEHTOB CIyXaT st ofecneuenns 3¢ dekTHBHOro npolecca ONeHKH
CKOPOCTH IHMPOKOIONIOCHOrO AOCTYIA

Buenpenne pesynabTaToB HccienoBaHmii. Ha ocHOBe MOMy4eHHBIX
pe3ynbTaTtoB  pa3paGoTaHHOrO METOAa M  anropHTMa pacyeTa H  OLEHKH
IPOIYCKHOM CNOCOGHOCTH MIHPOKOMONIOCHOM ceTn mocTyna:

MaTeMaTHYeckas MOIENb CeTell abOHEHTCKOro NOCTyna, YWHTHIBAIOIAS
TCHACHUMM M3MeHeHuA TpeGoBaHnli abOHEHTOB K NpomMyckHo#t CHOCOGHOCTH
IIKPOKOTIONOCHOTO MIOCTYIIA, BHEAPEHA B NMPaKTHYECKOH NeATENHHOCTR (HNHana
«TenekomMmyHnkauus Tpaucriopr Tapmorm» AK  «ViGexrenexom» (cmpaBka
MrnyucTepcTBa o pasBHTHIO HH(OPMALMOHHBIX TEXHONOTHI M KOMMYHMKALMil
Pecrybmixn V36exucran ot 19 oxtabps 2018 roma Ne33-8/7820). B wrore,
CO3JaHHaA MOAC]L TIO3BONACT BBMMHMCIATS ONTHMANbLHEIE XAPaKTEPHCTHKA
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AKTUBHBIX 3JIEMEHTOB CETH N0 MHHHMANLHOMY 3HayeHMIO TOKa3aTens
nporyckHo#t cnocobHoOCTH; :

NporpaMMHELIR KOMIUJIEKe, pa3paboTaHHLI Ha OCHOBE MeTOma M aNropHrMa
OLIEHKH pacyeTa NPONYCKHOH cnocoGHOCTH CETH UIAPOKOMONOCHOIO HOCTYHA,
BHeAPEH B mnpakThueckolt HesTemcHocTH ¢wiHana  «TenckoMMyHWKanMs
TpancnopT Tapmoru» AK «¥Y36exrenexom» (cnpaBka MUHMCTEpCTBA N0 Pa3BUTHIO
HH()OPMALIMOHHBIX TEXHOMOTHIA ¥ KOMMYHHKaumi Pecrrybmuxu Va6ekuctan ot 19
oktabps 2018 roma Ne33-8/7820). B wrTore, co3naHa  BO3MOKHOCTH
ABTOMaTH3HPOBAHHOIO BEIGOPA TEXHONOrHN NPH 3aJAHHBIX MTapaMeTpax aKTHBHBIX
MEMEHTOB CETH H NPH 3aJlaHHOM  KPUTEpPHHM CKOPOCTH LUMPOKONOROCHOrO
RocTyna;

METOA ONEHKH TMpOMNycKHO## crmocoOHOCTM KOMMyTaTopa HOCTYna Mo
KOMMYTaTopa YpPOBHA arperaiMd, OCHOBAaHHLIA Ha TpeXypoOBHEBOW MoAcKiH
MyNbLTHIUIEKCOPa, BHEAPEH B mpakTHyeckoii AeatensHocTH OAO «East Telecom»
(cipaBka MuunctepcTsa N0  pa3BHTHIO MH(OPMALMOHHLIX TEXHONOTHHA M
koMMyHUkaumii Pecrrybnukn Vabexucrad ot 19 okta6pa 2018 rona Ne33-8/7820).
B wrore, cosfaHa BO3MOKHOCT, YBEMHUMTL CTENEHL BHENPEHWA YCAYT
WIHPOKOMOIOCHOTO AOCTYNA, Ha OCHOBE YNPOUIEHNA MNOMCKA TOYKH pa3MelIeHHA
HOBOTO y3na ROCTYNa, pacqeTa XapaKkTEPHCTHK 00OpYIOBaHAS, pasMemaeMoro Ha
KaKIOM y3ne, pacueta HeoGxomumoif mpomyckHolf criocoGHOCTH NWHMI A
ofecriedeHns abGOHEHTOB [UMPOKOMONOCHKIM JOCTYMOM, a Takke BhIGOp
ONMTHMAIBHON TEXHONOTMM MpPENOCTAaBREHHUA YCIYr aGOHEHTaM MO KPWTEPHIO
OLleHKH  (MHHMMaNbHasd  MNPOMNYCKHa#  CHOCOOHOCTH/MMHMMaNibHas  lieHa
ycTpo#cTBay.

Anpobauns  pesynbTATOB  MCC/eAOBaHMS.  PesynbTathl  JaHHOTO
nccnenoBanns 6uiu obcyxnensl Ha 10 HaywHO-NPaKTHUECKUX KOH(EpEHUMAX, B
TOM 9HClie 4 MEXRYHapOAHLIX M 6 PeclyGIHKaHCKHX HAyqHO-NPAaKTHIECKHX
KoHepeHIMAX.

ITy6nukauns pesynsTaToB wuccienosanus. [lo TeMe AMcceprammm
omyGymkoBans! 18 HaydaHeix paGor, B ToM umcie | CTaThl B WHOCTPAHHOM
KypHale H 4 B pecnyONMKaHCKMX JKypHAnaX, NOMYYEHO CBHAETENLCTBO O
perucTpauMy nNporpaMMse! JUIA 3/IEKTPOHHO-BLIYHCIHTENLHEIX MALIWH.

CrpyxTypa u 00bem auccepranim. JanccepTauma COCTONT M3 BBEACHHA,
YeTHIpéX [JIaB, 3aKMOYEHHHA, CMHCKa HCNONB3OBaHHON  NMTEpaTypsl ¥
npuioskennit. O6Lem auccepTaunu cocrasnser 118 crpaunnu,

OCHOBHOE COAEPXAHUE JUCCEPTALINIU

Bo BBegeHnn 0GOCHOBaHEI aKTYaNbHOCT H BOCTPeGOBAHHOCTh TEMbI
AACCEPTAlH, [OKa3aHO COOTBETCTBME MWCCNENOBAHHIT C  MPHOPHUTETHBIMEI
HanpaB/iecHWAMH Ppa3BHTHA Hayku W Texnojoruii PecniyGnuku V3bexkucran,
dopmynupyercs uenk u 3apaum, a TakKe OGBEKT M NpEAMET HCCEAOBaHMA,
H3NOKEHEl Hay4dHad HOBM3HA, MNpaKTHYeCKHe pe3ynsTaThl HCCHENOBAHNS,
o60CHOBaHa  NOCTOBEPHOCTE TMONYMEHHLIX  PpE3yNETATOB, PAcKphiTa  MX
TEOPETHYECKaA W NpakTHYeCKas 3HaYMMOCTB, NMPHBEAEH MepeveHh BHEOPEHMH B
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NpakTHKY pe3yNbTaTOB HCCAeA0BaHHN, cBeacHs 06 onmybankopaHHBIX paboTax H
CTpYKTypa AHCCEpTauuH. ‘

B nepsoit rinase auccepraumu «0030p TeXHONOrHE ¥ METONOB OUEHKH
MPOMYCKHOI cnoco0HOCTH HIMPOKOIOICCHOrO JocTyna
TeNeKOMMYHHKAHOHHOI CETHY, NpPHBOAUTCA 0630p TEXHOJIOTHH,
HPHMEHAIOUIMXCA Ha ONTHYECKON CCTH JOCTYyNa, H aHATM3 METOHOB OUEHKH €&
nponyckHo# cnocofHocT. PaccMaTpHBaloTCA CyHmecTBYIOIREE COCTOSHmME ceTeli
goctyna Pecriy6iuke V3bekucTas M TpPeANOCHUTKM HMX Ppa3sBHTHA B MHPE H
PecrryGnuke Y36€KHCTaH B TaCTHOCTH. PacCMOTpPEHBl OCHOBHEIE METOMB! pacdéTa
MaKeTHBIX ONTHYECKHMX ceTel NOCTYMNa, a HMEHHO Ha OCHOBE CTOXacTHUIECKOi
TeopHH paboTel ¢ NAHHBIMH OT HECKOJIBKHX HCTOYHMKOB, Ha OCHOBE NepBoil W
BTOpOH Qopmynbl DpnaHra ANs TMaKeTHOM CeTM M Ha OCHOBE HHMKEHEpHOM
MEeTOAVKH. B ritaBe npusenena o6imas NOCTaHOBKA 3aaqH. ,

B nopasnsiomem GONBIIMHCTBE CITy4aeB Ha TENEKOMMYHHKAUMOHHBIX CETAX
V36eKkHCTaHa  JKCILTyaTHPYIOTCA CETH  JOCTYNa, CHpOEKTHpOBAHHEIE H
TNOCTPOEHHBIE MO TpHHUMNAM TesiepoHHoN cBa3H. COOTBETCTBEHHO, HOJ0CA
TIPOTIyCKaHUA onpenenanach TpeCoBaHMAMH K KaHamy ToHambHOM uvacToThl (TY).
Tunosasi cTpykTypHas MOAENb CeTH ACCTYNAa A rOpOACKOi TenedoHHOM ceTh
(I'TC) Brmouaet cnemyromue anemeHTsl: aGoHentcxuii koMmiekT (AK) 1 kpoce
KOMMYTaUMOHHON cTaHUMH, mwkad kabGensHpii pacnpenenurensuuiit  (11P),
pacupeaenuTenbHy1o kopobky (PK) u Tenedonnblii annapar (TA).

DopManbHbIi aHANMM3 CTPYKTYPHBIX XapaKTEpUCTMK ceTeli noctyna B
V36exucTaHe NO3BONAET CHENATh CAEqyIowMil BHIBOX: Gonee KOPOTKHME (UeM B
GonsucTee crpan CHI') aGonentckne numun (AJD), NO3BOIMOT CPABHATEIEHO
npocto npuMeHATs oGopynosanue THma XDSL M ApyrHe coBpeMeHHble
TEXHWMECKMC  CDEICTBA, OAHAKO YCNOBMS  JKCITyaTalMu  GONLIWMHCTBA
aGoHeHTCKMX kabeneli He TIOIBONMMIM COXPAaHMTh B  3aJaHHBIX HOpMax
XapakTepUCTHKH, HeoOXoouMMble OJis NeEpeaadl MIMPOKOMOJNOCHEIX CHTHANOB,
TpeGyiomux Gonee WHPOKOH TONOCH! MPOIYCKAHKS N0 CPABHEHMIO ¢ KaHanoM TU.
YcrpoticTea KpoccHpoBkH kaGenbubix kun B LLIIP 1 PK BHOCAT MCKaXeHMA B
llepelaBaeMble  CHTHaJIbl, KOTOphle ©0CO00 3aMeTHRl 3a HOpeJejaMH IONOCH!
npoItyckanns xaHana TU. , ‘

HnurensHsiif nepHox uUCHONL30BaHMA MHOTOMapHEIX KaGemelt B I'TC u
Bo3aymueix neneit B CTC ansa nocTpoeHHs ceTell HocTynma 3akoHwmicia. B
Hactosince Bpema OmnepaTopy TeJIeKOMMYHHKAUHHi NOCTYNHLI  pa3NiHuHbIE
TEXHONOrMN I MOAEPHHU3ALNK ceTell xocTyna. Bce Bumsl Texnonornii MoxHO
PasfenHTb Ha TPH TPYNTILL: [POBOAHLIE, GeCHPOBOAHbLIE H KOMGHHHPOBaHHETE.

Ceronns ans onepaTopoB NMPHOPATETHa MONENL MYJLTHCEPBHCHBIX YCIyT,
KOTrAa noJib30BaTeNIAM MO OAHOHA cpejie NepeaaYH NPEAOCTABIAETCS ONHOBPEMEHHO
TPH CepBUCA - BBLICOKOCKOPOCTHON HocTyn B VIHTepHeT, IP-reneBupmenve n
TenedonrHas ceass. Hosrie TexHonoruu TpeSyior Bee Gonsiueit WHPHHEI IOJIOCH
KaHajna cBa3M. :

OnTuMHusaups NOCTPOGHHA CETH CBA3H OOIIEro NONB30BaHMA Ha OCHOBE
pacteTa nporyckHoli cnoco6HOCTH ¢ ensio onpeneeHHs HeoGXoMMOTo pecypca
KaHAIOB  TpadMka W MUHUMM3AUMH OOBEMAa  TeEJEKOMMYHHKALMOHHOIO
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000pyaoBaHHA — 3TO 3aAa4H, TPAAMIMOHHO pEIUAEMBIe B TEOPUH TejeTpaduxa,
TponycxHas criocoBHOCTh TenehoHHON CeTH CBA3M M OTHENBHBIX €€ JJEMEeHTOB
XapaKTepH3yeTcs HHTEHCHBHOCTBIO HArpy3KH, KOTopas MokeT OLITh NpoTylieHa ¢
3aMaHHOi BEPOATHOCTHIO TIOTEPhL MO BbI30BAM IPH  BLIMONHEHAH YCNOBHA
Tiepeflaiy Pedyn € BEICOKHM KauyeCTBOM.

HOna ouenxu nponyckHoM cnocofHocTH aBomenTckolf ceTw gocryrla
ofbeMa  HCNIONB3YEMBIX ~ TEXHONOTHH  MCMONB3YIOTCA  TEOPETHYECKHE H
HHXCHepHbIe MeTompl. TeopeTndeckmnit MeTof NMO3BONKET ONEPATHBHO OLEHHTD
CeTeBbiE mNapaMeTpbl y9acTKa HOOCTYMNa, XOTOphle TOAfeXar HdaNbHeHmeMy
YTOUHCHHIO ¢ TOMOWBIO RETAJILHLIX HFOKEHEPHBIX METOLOB.

HssecTeH psal NOOXONOB B TEOPEeTMMECKHX MeTOHaX HCCIeBOBaHMI
XapAKTEPUCTHK ceTel Pa3sHOPONHOro Tpa¥Ka. BONBIIMHCTBO M3 HHX SBAMIOTCH
CIOKHBIMH W TpeOyloT = BhICOKOH BhIUMCHWTENLHON MomuocTH. ITpumepom
ABJIReTCA MeTOA MapKOBCKHX leneit.

TTpoBeneHHEIN aHalM3 METOAOB OLEHKH MpOMyckHolt crnoco6HocTh
LUIHPOKOHOIOCHOTO NOCTYNA BHIABHI TPH NEPCNEKTHBHBIC METOOUKHK JUIs pacyéTa
TlapaMeTpoB aKTHEHBLIX 3/IEMEHTOR ONTHMECKOH CETH AOCTyMa — CTOXacTHYECKas
MoOZenb paGoTBl € AAHHLIMM OT HECKOJNBKHX HCTOYHHKOB, METOHN pacuéTa
NlapaMeTpOB aCHHXPOHREIX IP ceTeit Ha ocHOBe npuMeHeHue dopMyn Jpnakra u
HHKEHEePHELIE METOMBI.

CroxacTHueckas MoOenb paGoTel ¢ NAaHHLIMHM OT HECKONBKMX HCTOYHHKOB
MMeeT CYIMECTBEHHLIM HEAOCTaTOK — OHa MOXXOAMT mia obpabGoTku Tpaduka B
KOMIIBIOTEPHEIX  cetax (MIHTepHeT-TpadMK), HO He YuMTBIBaeT Tpaduk
TpHNOXKEHMH peanmbHOro  BpeMeHW  (TenedoHMA, BHAEO BBI30B, BHIEO
KOoH(EpeHICBA3b), KOTOPBIA Aomked ofecneuuTs ceTh AocTyna, Mcnonssys
HAaHBYI0  MONENb, HEBO3MOXHO TNpaBWIBHO  paccuWTarh  TpebyeMble
XapakTePHCTUKH aKTHBHBIX CETEBLIX 3NIEMECHTOB Ha OCHORE 3aJlaHHOIO NoKa3aTens
npolTycKHo# cnocoGHOCTH.

MeTon pacuéra napaMeTpoB acCHHXpOHHLIX IP ceteil Ha ocHOBe npMMeHEHUA
dopmyn Dpnaura, KOTOPHIi B JMTepaType ONMMCHIBAETCA KaK WPOCTON W
sthdexTHRHBIH CTI0COD ONMMCAHHA NAapaMeTpPoB Tpadwuka, ABAMOMMXCA OCHOBHBIMH
napameTpam QoS B CETAX TENEKOMMYHHMKAalUMy CleOyIOMIEro TOKOJeHWs, Ha
caMOM Jefie COlEePKUT GonbLIce UHCno nepeMeHHsIX. Ha npaxTuke npu cosnannn
ofmero Merona pacuéTa OH CTAHOBUTCA CHOKHLIM M C BBICOKOH NOTPeGHOCTHIO B
KOMNLIOTEPHEIX H YETOBEYECKHX MOWHOCTAX C TOYKM 3peHHA BBIYHCINTENLHOM
MOLIHOCTH.

O63op MeroomMK pacuéTa CeTH [OCTyna pasHOpojHoro Tpaduka
(TeopeTHIeCKHX W MIDKEHEpHLIX) TI0Ka3al, YTO MIDKeHEpHLIe METOHbI [O3BOJITIOT
paccuuTaTh HeOOGXOHOMMOE [NIA NOCTPOCHMA CETH AOCTYNa KOJIMYECTBO aKTHBHOIO
H TIaCCHBHOTO 000pYNOBAHMSA, a TaKXKe ONpEeAeNBTh 0OIIyi0 OLCHKY KalMTANbHBIX
3aTpaT Ha TOCTPOECHHE OMTHYecKoM CeTH AocTyna Ha 3Tane TpPEeANpPOEKTHEIX
HCCNeNOBaHHIA,

Bo sTopott rnase aucceprauuu «Pa3paboTka MOAENH OLEHKH MpOIYCKHOM
CNOoCOGHOCTH  MIMPOKONONOCHOTO JOCTYNA HA OCHOBE  MYJLTHILIEKCOpay
npueeneHa paspaGoTaHHas MaTeMaTuueckas MoOIENib OUEHKW IPOITyCKHOIA
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€rocoGHOCTH 1MPOKOIONOCHOTO AOCTYNa, npousBencHa o6paboTka pesynbTaToB
pacuéra. .

CeTh HmoCTyma cocToWT n3 aboHeHTOB, obOCHy:KMBaeMpIX YcTpoficTBamu
KoMMyTaTopoB ypoBHs goctyna (KY]I), xotophie coeqMHEHb! C KOMMYTaTOpaMH
yposns arperauun (KVA), a Bce KOMMYTaTOphl COSAMHCHBI ¢ KOMMYTaTOp YPOBHs
sapa (KV$]). Cers moctyna ¢ notokami ot nosssosateneit k cetw (TIIC) moxer
OBITL CMOZENNPOBAHA C MOMOLIBIO CHCTEMBI MaccoBoro obcnyxkusanua (CMO),
Kax rmoxasaHo ua puc.l.

Ky
:“‘2, KVA.
N 153 Kv4
i : - Ve
LS £ I I ¢ R 22 4 &)
e u!
N
KV
M) va
[
2
Kva
Hy

Puc.1. Mogent CMO c auckpetseivMu nyaccodoscknvn TITIC noTokamu

Koneunsie odepeau npenctaBnsior Brixoawsie noptsl [HIC KV, XVA n
KV, Kaxnas oyepenb oGcny>KHBaeTCS ONHHM CEPBEPOM, KOTOPHIA 0603HauaeT
coeaunenne IIIIC. CxopocTe OOCHyKWBaHMA, ABIAIOWAACH IIPOMYCKHOM
CNOCOGHOCTEIO COSAMHEeHUs, OfMHAKoBa Ana BceX oyepenedt KV, a Taike mis
Beex ouepeneti kommytatopoB KVA. TlycTs, yj = 1,2,3 —ckopocTh 06CITyKHBaHUA
KV, KYA n K¥5. CMO cocToHT 13 TpeX YPOBHeil MyNbTHIUICKCOPOB.

TlepBriit ypoBeHb COCTOMT K3 MyNIbTHTUIERCOpoB (CM), KakKIEI! I3 KOTOPBIX
HOpencTaBNAET HEKOTOpoe 9ucio mose3oBaTedieli ofcmyxmpaeMix KV Kaxmurit
MONB30BATENb TNPCACTABIACTCA B BHAE AHCKPETHOIO IMYacCOHOBCKOrO MOTOKA
(ATIIT), T.e. KOKOOTO MOJIL30BATENASA YCIYT MOXKHO NPEACTABUTH B BHAEC HCTOYHHKA
nipoiiecca, paboTAloINEro ¢ nepephiBaMy 10 NPHHLUMITY "BKIIOYEHO - BRIUHOYEHO”,
rae 3HaueHHs «on» M «offy mnepHomoBR SBNMIOTCA  IKCNOHEHLMATHLHO
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pacnpenen&HHbIMH.

IlaxeTsi npuGHIBalOT TONBKO B TeYeHHe TEpHOmA «ony», KOTOpHHl mMMeeT
IlyacconoBckoe pacnpenencHne. Bce abOHeHTH NpeaNONOAMTENLHO HWMEOT
naentrubpie JTIIT. O6o3nayum obmee xonmuectso KV - N, N, - obuwee
xosmmaectBo KVA. 3TH KoMMyTaTopsl coeanHeHsl ¢ KV 51, koTophlii coefiitHeH ¢
nakeTHoi IP ceTrio ypoBHA sapa.

Jna succnenopanmd CMO pasnenesa Ha Tpu YpOBHA Mynb'mnnexcopon
Onumem nponecc otrpasku oT KV 1 KVA. AktusHuill pexxuM scrodruka JITITT
HMeeT cpeddee 3HaueHHe 1/a, a 1/ naccHBHEIH COOTBETCTBEHHO, BEIPAXKCHHBIE B
cekyHiax. Kaxpeli ncTOWHMK nepemaeT oAauH OGNOK 3a aKkTHBHBIH mepynox
BpeMenn. CKopocTs nepenaun 610koB 17— /a: 5 s OGuwasn cKopocTh mepesayu ot
Bcex N HCTOYHMKOB, BeIpaXcHHas B Gnok/c, Gymer pasHa A =-1-/a-—_'_’!7ﬁ. Mycte
R - mmxoBas CKOpOCTH IiepeladM OaHHBIX McTowHWka. Torxa, ofinas yacToTa
nomyxmenm B Mynb'runuexcop, BbIpakeHHan B 6UT/c, Oyzer pasHa

A= __'__Ra = ARa Iycts 7 - cpennuit neprox cBOGONHOCTH MYJNBTHILIEKCODa,

a'p
BRIDAKEHHBII B CEKYHIAX, 2 p - ¢ro Kko3$pQHUMEHT HCHONB3OBAHKA,
AnNnpoKCHMHPYEM T ¢ HOMOIIBIO BpEMEHHOT0 HHTEPBAA MeKIy NPHOLITHEM ABYX

- ~1 a+ff
Gnokos, T.e. 7=1"" -—(Nw_p =% S/(S+7) - TIPOUEHT BpeMenH, npu
KOTopoM MYJLTHIUIEKCOP 3aHAT, PaBHBI p, TAE p = A/u. 4 BhIpaxaerca B Our/c,
i 1 R
T.e. §/(S+ 1) =p W3 KOTOPOTO MOIYIAETCH, UTO S = Ll = u_lii X3~ —wmE X3
I - L]
» a+f

«OKBHBQICHTHAA  IUMpMHAa  KaHana»  OMNpE;esifcTci  Kak  BpeMms
obcimyxuBaRMA, € KOTOpLIM OGCHYMHBAaeTC oOuepeflb, 4TO COOTBETCTBYET
HHTEHCHBHOCTH NMOTEPh € H HAXOZHMTCH MeXAY CpeAHell ckopoCThio NPUOHLITHA U
ITHKOBOI CKOPOCTHIO NPHOLITHA.

Jnst BEMHCNEHNA JKBUBANICHTHOM MIMPHHB! KaHana, Tpe6yemoil HCTOYHNKY,
6LUIM NpeIoKEHBl pasNvHLIE armpokcHMaui. OfiHa n3 HauGonee LIMPOKO
NPHMEHAEMEIX amMIMPOKCHMaLMil BKMoYaeT B ce6s NpeanofiokeHne, IT0 Kaxapii
HCTOYHHK  ABASETCA  TPEPRIBHCTRIM  TeKywMM  npoueccom  (TITII),
XapaKTepusyeMbIM TpeMs MapaMeTpaMu [R;p,(1/a)] mna j =12,..N.

Ilyctes Ky Oymer pa3MepoM KOHEWHON UTHMBI Ouepeay, HM3MepHeMoll B
6urax. Torna npomyckHaa cnoco6Hocts KV ]I onpeaensierca dopmynoit

By 2 min {y +o/-2In(s) ~ In(27) ,Ne,} , 1)

rae: B, - nponyckHas cnocoGHocTs KV
£ - x03(PHIHEHT NOTEPD NAKETOB;
N - 4uCrO WOEHTHUHBIX He3aBUCHMBIX Herounukos JIITI, BXOAAUIMX B
MYJIBTHILIEKCOP, @ U - CKOPOCTH 06CITyKHBaHWA, BhIpaxeHHas B GHT/c;
Y- CPERHAA CKOPOCTh Nepefiain AaHHEIX OT BCEX HCTOUHHKOB, M O - CYMMa
CTAHAApPTHOIO OTKNOHCHHA BceX CKopocTeli mepefauy HaHHBIX OT BCex
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MCTO4HHKOB, PacCuHTbIBacMasd 10 opMyIie ¢ = R, \/Np,(1 - p,);
e, - 3KBMBaNeHTHas LIMpPHHA kaHa/Ia, ONpeAesAeTCH KaK
es = {[RyIn(1/¢) — Ka(a + B)) + {[R, In(1/£) — Ky(a + B +
+4K,4R, Bin(1/)) " (2in(1/e) 1.
IToaToMy mMeeM
e, =11 =Ky +(n — Ky)? + 4Kamp1)/2y, Ry =

= Rif(a+ Bin/e) ~Ka + ([Rta+ I (D) - K] +4kax @
X Ry/Ca + B)In(1/€) X (B/( + B) - Ry/2Rs [(a + B)in(L/e) .

IlpencTaBum YHCAEHHBIE Dpe3yabTaThl. I TIONY4YEeHHA KONMYECTBEHHBIX
BeJIMMHH MNPOMYCKHON CNOCOGHOCTH KOMMYTaTOPOB HOCTYNAa M KONMYECTBa,
NOAKMOUEHHLIX K HUM ab0HEHTOB B Pecny6iuke Vabexuctan, 6bUIH paspaGoTaHsi.
H NIPOTECTHPOBAHBI TPH PasIIHYHBIX NPOIIIA CKOPOCTH AOCTYNA K YCIYTaM. BeUTH
PaccUHTaHbl YHCIICHHBIE BEMHYHHBI MPOIYCKHO cnocoGHOCTH, HeoGXxoammMol oA
COelMHeHNs MOTOKA OT MOJIL30BATENS B CeTh KOMMYTATOpa YpPOBHA HOCTYIa,
npeAcTaBneHHble Ha pHC.2 M puc.3, KOTOPhIE OCHOBAHE! HA 3HAYEHHAX NHKOBOIH
CKOPOCTH MCTOYHHKA R, cornacHo mpodmnsMm HarpyskH WIA cOOTBETCTBYIOIMX
LIHPOKOMONOCHBIX YCITYT,

swooo IMca0 meToWMOB, N Ywcmo MerowmMsDB,N
3500 - LU . . T T T G000 e R - e am - —- - YCREIHCHIRAR CEOPOCTD
2000 - . N e e ’_.w-‘\ —?'_!E.pmqugq .
3300 - o BOOUO wove oo oo oo o Nore aone mas mmrmei o mar e o e e et ann
200 e 10000 . .. .. THEOBA3 CHOPOCTL
00 - —- nepexainR,
5= 1. e S O P
1000 -
w00 - 10900 -
PR ¢ T {3
? 2.5 9 1? 2%
1, M6it/c
Puc.2. lponycknasn cuocobnocTs Puc.3. Ilponyckaan cnocobnocrs
noToxa nonsiloBatens — KY npu noroxa nonslopatenas — KV .
K, =5 mera6aiir a) ¢ ycpeaHeHHoi CKOpPOCTLIO
nepenayH oT BcexX npoduieit

HArpys3k (Y);
6) ¢ NHKOBOI CKOPOCTLIO

nepeaaYM oT COOTBETCTBYIOMIETO
npodunn Harpyska R,,

W3 puc.2 BHAOHO, 4TO yBeNW4EHHE MPOMYCKHOM CIIOCOGHOCTH OT
NoNL30BaTENs B CETh, HampuMep, mopsaaka 20M6uT/c, He MO3BONHT OGCITYXHTEL
Gosee 200 mopToB BEICOKOCKOpOCTHOrO foctyna KV, TIpu ofcmyxknBanvy
nonn3oareneit ADSL Tpebytotca Gonee HM3KHe CKOPOCTH mepenaun (Topsaaka
2MG6urt/c). TlostomMy wucno mnopros, nomkmouewusix B KV, 6yner Bbime,
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COrNacHo rpaduky — Gonee 2500 nonn3oBareneii.

W3 pne.3 BrOHO, uTO NpH HeGOMBIIMX 3HAYEHMSX CKOPOCTH TEpefaud oT
TIO/IB308ATENA B CETh AOCTYNA YHCAO nomp3oBatencli N KYJl 1 akBuBaneHTHas
TIPOTTYCKHaA CrIOCOGHOCTD CYWIECTBEHHO OTAHYAIOTCA MEXAY coboit, Ha Gonblamx
CKOPOCTAX 3Ha4eHHs 3HAYNTEIILHO BRIPABHUBAIOTCS, UTO TOBOPHT O Npeobnananuu
cpemHe#t Harpy3KkH () Hall TMKOBOM CKOPOCTHIO HeTounnka (R)).

Dopmynst (1), (2) 327a10T OTHOWIEHNA MEXIY TPeGOBAHUSIMU NPOMYCKHOM
CTIOCOGHOCTH U 9HCHOM aGOHEHTOB Ha KakOOM arperaudoHHoM yposhe. Jis
3aJlaHHOTO YHcsia abOHEHTOB MPOIYCKHast CIIOCOGHOCTD, HEOBXOonMMas Ha KOKAOM
arperauOHHOM YPOBHe, MOXeET ObiTb OLEHEHa C TOMOMILIO 3THX (JOpMYyL.
AJISTEpHATHBHO, 3a1aBaf €MKOCTb KaXIOTO arperallHOHHOTO YPOBHs, MOXHO
OIpenenHTh, CKOJILKO a6OHEHTOB MOXKeT GbITH MOMAEPKAHO.

B Tpetheit rmase muccepTauvn «PaspaboTka MeTOma OLEHKM MNpPOMYCKHOM
CNOCOGHOCTH CeTH LIMPOKOMOJNIOCHOTO AOCTYNa» NPHBEAEHO TEOPETHUECKOE
oGocHOBaRMe M C(OPMYNHPOBAaHEI WpaBWIA 1O BHIGOPY HCTIONB3YEMBIX
TEXHONOTAH WIMPOKONOAOCHOre  HOCTYNA M pa3paboTaHHEIE Ha WX OCHOBE
aJIrOPHTM OLUECHKH NPOTTyCckHO? crroco6HOCTH ceTH rocTyna ( puc.4).

ARNTOpHTM JenuTcs Ha"l‘pii'qac‘m — BBOJ AaHHBIX, pac4érHas yacTb, BBIBOJ
RaHHLIX. BBON NAHHLIX BKMOYAET B ce6s CleayIomMe AelCTRUS:

1. NoAKMOYATE KapTY MECTHOCTH;

2. pa3bATh MECTHOCTD Ha LIECTUIPAHHUKY B 3aBHCHMOCTH OT MaciuTaba;

3. pasMETHTh Y4acTKM 3aCTPONKH «COT» — HeXW/as 30Ha, YaCTHHA CeKTop,

MHOTro3Ta)KHad 3aCTPOIiKa, aIMHHHCTPATHBHEIE 3AHUS;

4. onpenennTh MacwTal KapThl (MHAKCENL/KM);

5. BLIONHUTE TNPHBA3KY K KapTe TeKyIMX YaNoB HOCTYNa (3aamus

cymecreyromux ATC);

6. BBeCTH naHHbIc 06 aGoHeHTax AMGdepeHLNPOBaHHO IO ycimyraMm B Kaxnoit

«COTen,
PacyéTran 9acTs COCTOMT U3 HECKONBKMX BEIMUCIICHHIL:

1. paccyuTaTh CymMMapHYyIo CKOpOCTH B «coTe» fo hopmysie (1).

Heobxonumo paccuntaTh Apa 3HauyeHHA cymmapHoli CKOpPOCTH IOCTyna OT
BCeX MCTOTHHKOB B «COTEN, @ 3aTe€M BRIGPAT: H3 HUX MaKCHMATLHOE 3HAYEHHE,
B pesyiartare mpoBea@HHbIX pacuéToB, NporpamMma BHIBOAMT undopmanmio o
MaKCHMalbHOM KOAIMYeCTBE abOHEHTOB, KOTOPHIX MOXHO MNOAKMIOUMHTL K
STaNIOHHOMY MYNBTHIINEKCOPY (HCXONA N3 NOTPeGHOCTE! aBOHEHTOB B yCTyrax).

2. paccuuTaTh 30HY NeHCTBHA cymecTayrommx ATC;

3. paccquTaTL XapaKTepPHCTHKH NpONYCKHON CMOcOGHOCTH B coTe B
33aBHCHMOCTH OT INPHMEHAEMBIX TeXHONOruif, cienats BHIGOP ONTHMANLHOMN
TEXHONIOTHN 110  KPHTEPHMIO MHMHNMaNbHasd OpPOMYCKHAad  CNOCOGHOCTH
MHHHMaNbHas LieHa ycrpolicTsa (puc.5).

BeiBon manHEIX ~ 4acTe anropuTMa, rae yKasbiBaloTCA HTOTOBbIE pe3ynbTaThl

pacuéra, a UMEeHHO;

—~ MECTOMNOJMKCHHE HOBLIX Y3/I0B IOCTYNIa;
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HAYANO

Ananns Tana aecTpoitki
«COTHIN
SHIHCTPATHBII! JA 3 FTTB
371aRNE
HET
YacTHu# cekTop
HET xop. < 5 MGHT/C Kop. < 5 MGHt/c HET FTTH
oA OA
VDSL npaxoe | HA ysen - A | VDSL npasoc
BKIIOERHC Paccr. < 500 u Gorerrr <500 u BIOTIOMEHItE
HET HET
FTTC & accT. < 1500 M accT. < 1500 M LAY FITC
HET HET
FTTB A x0p. < 1 T'6rT/e
FTTH
HET
Co3gaHHe ROBOTO
MSAN FTTC

: ,

Puc.5. Anropnt™ BLIGOpa TEXHOMOTHH HOCTYNA

— XapakTepHCTHKM obopynoBaHNs, KOTOpPOE HOJDKHO OBITh pa3MEmICHO Ha
K2)XIOM Yy3JIe A0CTYNa;

— MHHHMaNbHa8 NpPONMYCKHast CNocOOHOCTh JIHHUI CBA3K, HCOOGXOAWMBIX Ans
obecniedeHns Bcex aGOHEHTOB IMMPOKONONIOCHLIM OCTYTIOM. '
PaspaGoranneiif anropurM npemHasHaueH A YMpOImEHMst  pacuérta

NIPOMYCKHOM CMOCOGHOCTH CYUIECTBYIOIMX Y3NIOB JOCTYNA M NPOrHO3MPOBAHMA

HOBBIX Y3/IOB OOCTYNa, B 3aBHCHMOCTH OT NOTPEOGHOCTH HaceneHHA B YCI/Tyrax

LIMUPOKOTIONIOCHOTO AOCTYTA, ¢ YYETOM NEPCIEKTHBBI Pa3BUTHSA.

B uetBEpTo#t riiaBe AuccepTaLMK « ANpoGaLMA METOAA OLICHKH NPOMYCKHOR
CMOCOGHOCTH HMPOKONONOCHOTO JOCTYTIA» NIPHUBEAEHO ONHUCAHME pa3paboTaHHOro
TIpOrpaMMHOTO ofecrieyeHns Mo pacdéTy M OUEHKM MponyckHo#t cmocoGHocTH
CYIICCTBYIOUMX Y3/I0B NOCTyNa H iIpOrHO3HPOBaHHS HOBBLIX Y3JI0B OOCTYNa, B
3aBHCHMOCTH OT NOTpeGHOCTH nonmp3oBaTeNelfl B YCHYrax IIMPOKOMONOCHOTO
OOCTyTa, ¢ YIETOM NEpCNeKTHBEI pasBHTAA. PaspaGoTanHas nporpamMma Ha OCHOBe
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TIPEUIOKEHHOr0 aNropUTMa MO3BONKIA PACHONOKHUTD Y3MEI NOCTYNA 110 KPHTEPUIO
«MHHHMaJIbHAs MPOMYCKHas CRocoGHOCT MHHMMaTbHAaA LCHAa YCTpOHCTBA» W
onpenennTs XapakTepHCTHKH TpeGyeMoro 060pyA0BaHA.

3AKJIOYEHME

Pe3aynnTaThl NpOBelleAHLIX HCCHEJOBaHHA 1O TeMe  AMCCepTaLuM
«Pa3pa6oTka MeTO4a OLEHKH MPONYCKHON CMocOGHOCTH  IMHPOKOTONOCHOrO
OOCTyna TeJAeKOMMYHHKAHOHHOIt CETH» NPEeAOCTaBAIOT CICAYIOLIME BLIBOARL:

1.PazpaGoTaHsl 3 dexTHBHEIE BApHAHTEI OpraHH3alHH CeTH
HIMPOKONONIOCHOTO JOCTYMNA Ha OCHOBE KONBHEBOH M APEeBOBHIHON TONOJIOTrHH
ceTd. BrisaBaeno, 4To KoJbileBas TOMOJOTHA AaeT NPeNMyIICCTRA PaBHONPABHOIO
MOAKIIOYEHHA TOUeK NPHUCYTCTBHS K pecypcaM CeTH; NpHMEHeHHe APeBOBHIHOMN
PON ofecneunBaeT MOAKTIOYEHHE GONBIOro MKcia aGOHEHTOB, HCIONB3YIOMFX
ORHO BOJIOKHO, YTO 3HAYMTENLHO CHIDKaeT CTOMMOCTD CETH JI0CTYIA.

2.CncTeMaTH3NPOBAHDI NepcneKTHBHBIC BapHaHTBHI pa3BHTHA
IIMPOKOTIONOCHBIX CeTelt aGOHEHTCKOro AOCTYna B pecryGimke Y3GeKkHcTaH, dTo
ABAAETCA OCHOBON A pa3paboTk MeToa BIGOpa TeXHONOTHH HoCTyTa.

3.PaspaboTana MaTeMaTHueckas MoHeNb ceTel aGoHeHTCKOrO NOCTYHa
OCHOBAaHHasA Ha M3MEHEeHHA TeHIeHIH TpeGoBarNH 110 TPOIYCKHOI CNOCOGHOCTH
IIHPOKONONOCHOTO 200HEHTCKOTO AOCTYTIA.

4, PacueT MpOIYCKHOM CIocoGHOCTH ITHPOKOMONOCHOH CETH 0CTyMa H Ha
OCHOBC MeTO[a H ANrOpHUTMAa OLECHKH mexyponnenoﬁ MOIENH MYNBTHIUIEKCOpPa
NpH 3aJaHHBIX MApaMeTpaX AKTHBHBIX JNMEMEHTOB M N0 3aJlaHHOMY KDHTEpHIO
OLEHKM CKOPOCTH IUMPOKOMOJOCHOTO AOCTyNa MO3BOJIAET MHHAMH3HPOBATH
CTOMMOCTHM JJIECMCHTORB.

5.9xoHoMIYecKui 3ddekT (MeTon pacuéTa H AIrOPHUTM ONEHKH NPONYCKHOA
cnocoGHOCTH) NMpH BLIGOpe TMOPHAHEIX TEXHONOTHH MOAEPHH3ALMH CETH N0CTyTIA
cocTaBIseT okoso 40% 1o cpaBHeHMIO ¢ BbiGOpOM TUCTO OITHYECKOH TEXHOJIOTHH
FTTH. DkoHOMH4eCKHE pacuéThl Ga3HpylOTCA Ha CpefiHeli CTOMMOCTH NOpTOB B
Pecry6nuke Vabexucra FTTH 200-250y.e., FTTC — 45y.e,, FTIB — 50y.e. n
CpeOHNX BeMMHHAX pPacnipeacncHHs a00HEHTOB MO HCTIONB3YEMBIM TEeXHOJIOTUAM
ru6puaxsle TexHonornu — 40%, FTTH —20%, FTTB - 40%.

6. Paspa6oTaHbl anropuTM W TporpaMmuoe obecreyeHne It pacuéra H
OLIEHKH nporyckHol CrocoGHOCTH OIMPOKOIIOJIOCHOTO nocTyna
TEJIeKOMMYHHKALMOHHON CeTH. DTO MO3BONAET ONMPENENAT TOTKH pa3MenieAnd
HOBOTrQ y3na 10cCTyna, XxapakKTepUCTHKH oﬁopynoaamm pasmemelmom H8 KaKIOoM
y3ane, mia obecriedeHus aGOHEHTOR LIMPOKOTONOCHBIM IOCTYIIOM, HeobXoIUMYI0
TIPOTTYCKHY10 CNIOCOGHOCTS JIMHUM, a Takoke BbIOpaTh ONMTUMAIBHYIO TEXHOJIOTHIO
ANsA NOAKMOoueHUs aGOHEHTOB MO KPHTEPHIO OLEHKH «MHHHMaNbHaid NpoITyCKHas
CNOCOGHOCTL/MHHMMANbHAA [IeHa YCTpO#icTBa», 4YTO IIO3BOJHT  YBEJIMYHTH
BHEAPEHHE YCIyT MHPOKONOJIOCHOTO AOCTYMa.

7.Ha ocHoBe pacueTa H OLEHKH MPOIYCKHO#! CNIOCOGHOCTH IMPOKOTIONOCHBIX
ceTelt aGOHEHTCKOTO MOCTYMa CHENAHO WpeQJIoKeHHe, 4WTo Tipu BEIGOpe
texHonorntt FTTC B ycnoBwix YalexucraHa, NMpH OTpaHHICHWH CKOPOCTH
nepegaun AaHHEIX 00 5 MGut/c, pacrnionoxenus abOHeHTa OT y3na AOCTYNa
IOmKHa GLITh HA paccToAHHMM oT 500M 1m0 1500M.
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INTRODUCTION (abstract of PhD dissertation)

The aim of research work is developing the estimation methods of
broadband access networks and its functional characteristics.

The object of research is broadband optic access networks, which is the
component of multiservice network infrastructure.

The scientific novelty of research work is as follows:

mathematic model for access level performance, which trend-aware of
subscriber requirements of service throughput in modern access networks has
worked out;

method for throughput estimation of access and aggregation switch based on
three-level model of static multiplexer has worked out; ) ,

algorithm for throughput estimation of broadband access network based on
FTTB, FTTH, FTTC broadband technologies selection has worked out;

model of optic access network and subscriber connection schemes of access
network has been worked out.

Implementation of the research results: on the practical venue, results are
based on designed method, throughput calculation and estimation algorithm of
broadband access network:

mathematic model of access level performance, which trend-aware of
subscriber requirements of service throughput in modem access networks, is
implemented on the practical venue of the Uzbek Telecom “Telecommunicatsya
transport tarmog’i” department (certificate 33-8/7820, as October 9, 2018 of
Ministry for Development of Information Technologies and Communications of
the Uzbekistan Republic). Developed model allows calculate optimal
characteristics of the active network elements based on optimal throughput/
optimal device price parameter.

software complex, designed on method and algorithm of broadband access
throughput estimation, it is implemented on the practical venue of the Uzbek
Telecom “Telecommunicatsya transport tarmog’i” department (certificate 33-
8/7820, as October 9, 2018 of Ministry for Development of Information
Technologies and Communications of the Uzbekistan Republic). As a result, it is
created opportunity of..automated technology selection based on specified
parameters of active network elements and specified criteria of broadband access
rate.

it is implemented throughput estimation method of access switch and
aggregation switch based on three level multiplexer model on the JV “East
Telecom™ practical venue certificate 33-8/7820, as October 9, 2018 of Ministry for
Development of Information Technologies and Communications of the Uzbekistan
Republic). As a result, it is increased implementation opportunity of broadband
access service based on search simplifying of new access node location,
calculation of equipment characteristics mounted in each node, calculation of
required line throughput for broadband access service providing and optimal
technology selection for broadband service providing on estimating criteria
“minimum throughput/ minimum price of device”.
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The structure and scope of the dissertation. The dissertation consists of an
Introduction, four Chapters, Conclusion, References and Appendices.
The volume of the thesis is 118 pages.
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