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KHAPHAU (pancada noxropn (PhD) nrccepraunscH aHHOTAHECH)

JMuccepranna mas3ycHHuHr gon3apénurm Ba sapypasrn. JKaxoHnaa
TeICKOMMYHHKAl[MA TApMOK/NapHAa anoKa KaHannapd OpKamH y3aTHUNa&TraH
MaBIyMOTJIapHH Kalys KWIyBYHra Oy3WIHILIApCH3, KEYMKHUWIAPCH3 Ba TYJIHK
xonna ertu6 OGopumMHH TabMHHNAliMraH anropuT™M XaMmpa JpacTypHi
TabMHHOT/NAp aCOCHAA MIUIAiIHradH KypHIMalapHH TaKOMWUIAIITHPHINra KaTTa
3pTH6Op KapaTunmokaa. Ymby HyHanmMmza, >KyMinaiaH, TeJIeKOMMYHHKAITHSA
TapMOFH KaHA1 CaTXH MPOTOKOJUIAPH CaMapaJiIop/IMTHHH Gaxonam MOResUIapH Ba
ANTOPUTMIIAPH XaMJa YJIADHHHT YHYMIOPJIHIMHH OLIMPHIIAA COCAH TAPMOKHMHIL
anmnapar Ba AacTypHil TAbMHHOT/IAPHHH TAKOMHJUTAINTHPHINFA, ITYHHHIJEK, KaHa
caTXy NPOTOKOJUIApPH NMapaMeTp/lapHHH CO3jalll BOCHTAIAPMHH MULIA0 YHKMIIra
anoxuga bTHOOp Kapatwimokna. By Gopana pHBOMNUIaHraH MamiakaTiaapla,
xymnanan AKLI, Byiok Bpuranus, Iepmanus, Ilsenns, Opasuma, XadyOuii
Kopes, Xunmucron, Poccus xabH AaBnamiapaa anoka KaHannapH NpOTOKOJUIApH
YHYMJOPJIHTHHH OLUMPHII YYYH TelleKOMMYHHKALMA TADMOK/IAPHHHHT anmapar Ba
OacTypMii  BOCHTAIAapMHH  SXIIWIAll, KaHaln CaTXH  MNPOTOKOJUTapHHH
camMapafiop/JIMruHH Gaxonam MyXuM BasH(anapaaH 6MpH XHcobIaHMOKAA.

XaxoHna TenekOMMyHHKalUHA TApMOKJIapHAa Xankapo Ba coXara TerHiuiH
Karop acocuif cranaapTiapaa ax6opoTaapHH y3atdmaa Oy3uIHIICH3, KeIHKHIICH3
XaMAa HIIOHWIMIMTHMHH TAbMMHIOBYM ANrOPHTMIap Ba MOAEUIApHHH HILIA0
YHKHMIOra KapaTHWiraH Kartop WiMHi TaAKHKOT HOUIapH omu6 GopmiMokaa. Ymby
coxaia, xymiagaH TeJIeKOMMYHHKallHd TapMOK/apHAa MabjyMOT/ap y3aTHIIAA
KaHal caTXH NPOTOKOJUIapH camapamopsurdHuu [lerpu TypH acochpa 6axonam
MOJE/IapH, anropHMJIApH Ba [NacTypHii TabMHHOTIADHHH HOUIA0 YHKUIOTA
anoxuaa 3IpTHOOp KapatunMokma. Illy 6unan OHpra TesleKOMMYHMKAIHA
TapMOFHHHHI YHYMAOPJIHK KYpCaTKHWIApHHH XucoOyam, XHCOOnamHHHT
QHAIMTHK MOAJeNH Ba Oaxonall aIrOPHTMHHH HMab uHKMIm [pon3ap6
XHcobnaHMoKaa.

Pecrry6nukamu3na  axGopoTNAIITHPHIIHH  PHBOXKIIAHTHPHINIA, aXONHHHHT
6apua xatnamnapmnn HurepHer TapMorHpaH doimanaHum, xymnanaH,
ax60pOTHH IOKCPH TEXMHK/A Y3aTHIII HMKOHHATHHH TAbMHIUTAHINIaH TH3AMIZPHH
MINa6 vYMKMINra KapaTHIraH KeHr KaMpoBIH 49opa-TanGupnap amanira
ommpunmokaa. 2017-2021 #wwapna Vibexucron PecnyGnukacunM snana
pHBOXUTAaHTHpHI G¥ifnua XapakaTnap CTpaTerHiCHAa, >KymwiamaH «...HurepHer
TapMOFH OPK&JIH 3PKHH KHpHIamuraH 6a3anu aparuil, ..Peciry6nuka axonHCHHHHT
IOKOpH TeyMKAard HHTEpHETTa yIaHHIIH, ...Te/ICKOMMYHHKALMA TH3HMHHM KCHT
KyAamMOaa MOAEpHM3alHA KWIMM..»' Basudanapm Genrmiamran. Maskyp
BasnanapH¥ amanra ONIMPHIN, My >XyMJafaH alnoKa TapMOKJIapH KaHa/uIapH
napaMeTpllapHHH 10KOpH Camapany 6axonam ycynH Ba ANrOPHTMHHM HOUIA0
YHKMIN, XaMJa TAXJAHW] KHIMOIHHHE QHATHTHK MOJCIHHM HIUIA0 YHKHII MYXMM
Basudanapnan 6upu xucobnaHamm.

Y36eKuCTOH Pecnyﬁnmcacu Mpesvpenmuumnr 2017 #mn 7 ¢eppanmaru

Ws6

on  Pecry6 npesanenrmmmr 2017 fmn 7 despanmarn  I19-4947-comn  “Vsbexmcrom
Pecnyﬁnmcm sHana prBosnaHTHpum G¥irn Xapaxatnap crparernsca Tyrpucana”ry Gapaoms
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T1h-4947-con «Y3bexucton PecryGNHKacHHH SHana PHBOXIAHTHpHIN GYiiuua
Xapakatnap crpateruacH TyFpucmaasrh dapmonn, 2018 #mn 19 ¢eppangarn
IMd-5349-con  «AXGOPOT TeXHONOrwANapH Ba KOMMYHHWKAUMANAPH COXaCHHH
AHaa TAaKOMM/JAITHPHIN 9Opa-TaAOHpnapH Tyrpucuaa» ©apmonu, 2017 iun
29 asrycrmaru [I1K-3245-coH  «AXOGOpPOT-KOMMYHHKallMs TEXHOJIOTHsIapH
coxacHpa Jiofinxa OOmMKapyBH TH3HMHHH #AHafa TAKOMMIUIAIITHPHIN YOpa-
TanOupnapu T¥rpucHnanr Kapopn, Basupmap MaxxamacHHHHr 2018 #un
7 wmapraarn 185-coH «AJIoOKa, axGOpOT/JAIITHPHII Ba TENCKOMMYHHKALHA
XH3MaTiapH CHpaTHHH AHANA AXIDHIAMIA JOHP 4Yopa-TanOMpiap TYFPHCHIANTH
KapopH xamzma Maskyp ¢aonuaIra Terdliui MebEPHA-XYKYKHH XyxoKariapaa
Oenrmnanran BasuanapHH amManra OmMpHmra ymly AuccepTauMA TAAKHKOTH
MyalifH Aapaxajia XH3MaT KHiIagH.

TankukoTHHHr pecnyOnnka ¢aH Ba TeXHOJIOTHAIADH PHBOXJIAHHIIN—
HHHI' YCTYBOp HyRaJMmuiapura Mocaurd. Maskyp Tagkukor Pecny6mika dan
B2 TEXHONOrHAIAP PHBOXIAHHIIMHHHT 1V. «AxGopornammupnm Ba axGopor—
KOMMYHHMKAIUA TEXHOJNOTHANADHHH PHBOMUIAHTHDHIN® YCTYBOp HYHATHIIH
JoupacHaa GaxxapHiraH.

MyammoHHHr  ypraHmArapnEk  jgapaxacH.  TenexoMMyHHKaims
TapMOKJIGPHHH  XKOpMH  3THII, YNapHH  PHBONIAHTHpHID  HYMNapHHH
TAKOMAJUTAMITHPHII XaM/ia TEJIEKOMMYHHKAILMA TapMOKIapHAa KY/LTaHWIAIHraH
aNoKa KaHaNapH MpoTOKOJNIapH camapanopiurunn Iletpw TYpH acocuna
6axoam MomEJUTapH Ba ANTOPHTMIApDHHH TaAKMKH OYfiHda KEHr KaMpOBIH
HIMHA TafIKHKOTAAp o6 GOpHIMOKAA.

Ym6y taaxuxor iyuamumura Chen—Nee Chuan, EZegura Randy H. Katz,
Wenyu Jiang, D.Mitra, S.Anick, Henning Schulzrinne, H.Perros, L.G.Kazovsky,
M.Sondhi, Z.Cao, O.Osterbo, K.Xiong, J.Cho, H.Cokonos, B.C.I'onpamreiin,
H.H.Cnenos, U.I.BaxnaroB xamza OomKka TaHMKIH XOPHKMi{ ONHMMJIADHHHT
wiviit umnapu G6arumadrad., LUynwsraek, OenrunaHraH MyaMMOHH TaKHK
KHITHII Macananapura pecrmy6muxamus omumnapH JI.A.A6xynnaes, A.A. XanHkos,
T.HHmman6aes, W.P.Bepranos, HU.X.Cummukos, P.H.Hcaep, A.D.Annaes,
A M.Ommypanos, H.Vcmanosa, C.CIlapcues Ba 60MKaNapHHHT WIMHH HILIApH
GarvmuIaHTan.

Om6 GopwiraH TaYUIAUIAp  HATWXKANAPH WYHH  KYpCaTaMKH,
TENIEKOMMYHHKAIHA TAapMOKNAPHHMHI APATHII TEXHONOTHAIAPHHH  AOHMHMI
paBHIIAA MypakkabnanryBH Ba MaBJKy AJIapHHH TaKOMWUIALIYBH
TEICKOMMYHHKAIIMAT TAPMOKJIApHHHHI YHYMAODJIHTH Ba caMapajopiMriHM
GaxonanmHHUHT I0KOpH caMapaiy SHIH yCy/UTapH, MOAE/UIapH Ba &JIFOPHTMIIapHHH
ApaTHOl Ba MAaBXKyJUIaDUHH TaKOMHUIAIUTHPHII Xamja yJapHH amamHerra
TanbuKHHN Tanab sramu. FOKopHaa KeJSTHPHITaHIAapAaH, 3aMOHABHH MaTeMaTHK
annapar HErW3WAa KaHad CaTXH MPOTOKO/UIAPHHHHT YHYMIOPNHMIHHE GaxonamHy
AHTH CaMapaiTi MOZie/UIapH, AIrOpPHTMIIaPHHH APaTHI Ba aMATHETTa XOPHH ITHII
Macanapu erapmm papakaja YpraHHIMaras.

Tamoacornanr  aguccepramua  Gaxapwiran omilt  TabLaMM
MYacCACACHHHHT WIMHINI-TAAKHKOT HOUIAPH pekanapn 6mnan GoriHKIHIM.
Hucceprauua Tankukord TOWIKEHT AABMAT TEXHHKA YHMBEPCHTETH HIMHHA—
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TaAKHKOT MIUIAPH pexanapHHUHr NeA—5-42 — «ANpHOp HOAHMKIMK IIAPOHTHAA
TEXHOJIOTHK O0BEKTNApHH aBTOMAaTIAITHPHIIraH MOHHTOPHHIH Ba GOMKapHINHU
HHTeJINEKTYAIUTANIHHHT JacTypHiA HHCTpyMeHTan BocHTacH (2015-2017), OT-
©4-78 — «HpenTHOHKALMOH EHOAINYB AaCOCHAA AHHAMHK OGBEKTNIapHH afaNTHB
6oIUKapHIl CHCTEMANapHHM CHHTE3HHHHI HasapHii acociapy Ba MyHTasaM
ycyinapuuu Hmnab uukum» (2017-2020) maB3ynapuparn HIMHA—TagKHKOT
JoAiMXanapy JoHpacHAa GaKapwirad.

TagKaKoT MaxKcaAH TENCKOMMYHHKAUMA TapMOFH KaHajl  CaTXM
MpOTOKOJUIAapH camMapaopiuruHu 6axonameuHr ITeTpu TYpH acocupa Moae/Uiapu
Ba ATOPHTM/IAPHHM HILIA0 YMKHILAAH HOOpaTAHp.

TaaxuKoTHHAT Basudanaph:

TeJICKOMMYHHKallMs TapMOKJIapH (haosHATH camapajop/iMrura TabCHp
3TyBYH TypiiH (akTopnapHu xucoOra oJiraH Xonja MaslyMOTJIap y3aTHII KaHan
CaTXy [MPOTOKO/UIADHHMHT YHYMIOPIMIHHH 6axonmam ycymnapwHH TH3HMITH
TaxX/THT KHJIHI;

XalaKHUTIap TabCHPH OCTHAArH TAPMOKHHHI KaHAl CaTXH NPOTOKOJLIapH
camMapaJOpPJIMTHHH GaXONalIHHHT MaTE€MaTHK MOMOCIUIApH Ba ANTOPHTMIIAPHHH
HIUTA0 KHII;

KaHaJl caTXH NPOTOKO/UTAPHHH (AoNMAT pexHMIapUHH TaAKHK KWIHII Ba
YJIapPHHHT YHYMAOPJIHTHHY 6aXOoNamHHHT MOJEJN Ba AITCPHTMHHH HOUIA0 YHKHIL,

XanaKHT/IapHH XHucoOra onraH XonAa KaHan CcaTXd NPOTOKOJUIapH
YHYMAOPJIHTHHH &COCHH K¥pcaTridiiapHHH HMHTAIMOH MOJICITHHH HOLUIab JHKHII.

TaaxkukoTHHAT 00bexTH cHpaTHna I[leTpH TYpH acocHAa MABJIYMOTIAPHH
Y3aTHII KaHal caTXd MPOTOKOJ/UIAPH GAMAapafOpHIHHH 0axojiaml BOCHTAIApH
OJNIMHIraH.

TagKHKOTHHHT NpeMEeTHHH TEJIEKOMMYHHKALHA TapMOKHHHT' KaHaJI CATXH
MPOTOKOJUIapH YHYMROPJIHTHHH Tax,IHl KHAum, 6axonam ycyJurapH, MOAEIUIapH,
INOPHTMIIAPH Ba NACTYpHii BOCHTAIaPHHH TALIKWI STAH.

TaAKHKOTHHHr ycyanapu. JlHccepranns HINHAR TeleTpadpuka Ha3apHACH
yCyAnapH, JXTHMO/UIAD HA3apHACH Ba MaTEMaTHK CTaTHCTHKA, IJHCKPET
MaTeMaTHka, rpagyap HasapuACH BAa MAarTeMaTHK  MOJEJLTAIITHPHIIAAH
(oinanannnran.

TaAKHKOTHHHI BAMHI SHIMUTHTH KyHAHaarnnapaan néopar:

XQTaKHTAap TabCHPH OCTHAArH TEJIEKOMMYHHKALMA  TapMOKIapHia
MaBIyMOTJIADHA Y38THOI KAHAN CaTXM NpPOTOKOJUIADH  CaMapajOpJTATHHH
6axonauHHHr HOpaBIIaK BaKTH IleTpH TYpu MonenM ApaTwiras;

TENEKOMMYHHKAIIAS  TapMOFH  KaHal  CaTXd  NPOTOKOJUIAPHHHHI
CaMapajoOp/iHrHHH OCJITWIOBYH MAkAyMOT y3aTHMIN TE3NIHIH, YUUIAaHHO KOJMIN
BaKTH, y3aTHmia coAHp Gynamuran HYKOTHIINIED, MALIYMOT XOKMHHH AHHKIANI
ANrOPHTMH MILNA0 YHKHIIFaH;

MaBbIyMOTJIADHUHT HOAHHK/IMIH IIAPOHTHAA TEICKOMMYHHKAUMA TapMOFH
KaHal CaTXH IMPOTOKO/UIADH CaMapajiop/IMTHHHHT OIIHPHIN MOZAES/UIAPH Ba
IrOPHTMH HILNA0 YHKWIraH;

TE/ICKOMMYHHKAIHA TAPMOK/IapH/Ia Y3aTWIaETraH MablIyMOT/IAp TYNHK/IHTH,
aHHKJIHTH, TE3KOPJIMTHHH TAAKHK KWIHI Ba (axOJALIHHHr MMHMTAIHOH MOICTH
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ApaTHIraH.

TagKHKOTHHHT aMA/Hi HATHXAJapH KyHBAarunapaau wGopar:

MaBIIyMOTJIaD HOAHHMKJIMIH IIAPOMTHAA BAa XANAaKUTIApD TAbCHPH OCTHAArH
TEIEKOMMYHHKAIMA TAapMOKJIapH YHYMIOPJIHIHHH TaXJHA KHJIHII MMKOHHHH
6epyBuH KaHal CATXH NPOTOKOJUIADHHH CaMapaliop/MruHK GaxonalsHMHr chgar
JKUXaTaAaH SHrH EHAaNyB TaKHG} STHIraH;

TYPJIH XaIaKHT/Iap TALCHPHARA KaHA CaTXH MPOTOKOJUIapH CaMapafop/IHrHra
TabCHP 3TYBYH 2COCHIH (haKTOPJIApDHH TaXJIHI KIWIHII Ba KYPCaTTHWIAPHHH TaAKHK
KWIHII acTypuii TABMHHOTH HIUIA0 YHKHIraH;

HopaBmaH BaKmIH ITeTpH TypH acocHIa TeJeKOMMYHHKalMA o0beKTnapHia
TalllKH TAbCHPIAPHHHT HOAHWKJIMIH LIAPOMTHAA KaApNapHH Y3aTHINAA KaHan
CaTXH MpPOTOKO/UIADHHMHI Kynali KHAMATIApHHH AHMKAAIlI YYYH JacTypHii
TabMHHOT MIIUIa0 YHKUIraH.

TaaKAKOT HATHRAMAPHHHHT woHWHANTH. TAAKHKOT HaTHRANAPHHUHT
HINOHWIMJIMIH KaHall CaTXH MNpPOTOKOJUIApDHHH YHyMaopiaurHHH Iletpu TYpu
acocupa Gaxosnam MOACIUIAPH B2 ANTOPHTMIIAPH, TAAKHKOT MOAEJ/UIapH, OJIHHIaH
TQAKHKOT HATIDKANApPMHH YMyMKalyn KWJIMHraH Me3OHNap acochia Kudcuii
CONHIITHPHIN OPKATH H30X/IaHTaH.

TaaKHKOT HATHALJIAPDHHMHI WIMHH Ba amMaamii axamuarH. Taaxkukor
HATHXANapMHUHT HWIMHA = axaMMATH  XalakMT/iap TabCHPH  OCTHAAru
TEJICKOMMYHHKAIMA TapMOKJapHAa MabJIyMOTJapHH Y3aTHII KaHan CaTXW
OPOTOKOJUIAPH CaMapalOpiHIHHH 6axoNaullHHHI HopaBmaH BakmiH Iletpn T¥pu
MOJIeJIH, YHHHT YHYMROPJIMK KYPCaTKHIapHAaH 6YnraH MabIyMOT/IapHH y3aTHII
Te3NINrH, YUUIAaHAG KONHII BaKTH, y3aTHIUAA COAMp Oynamuran HyKoTHILIap,
MabIyMOTIap XKMHHM aHUKJIam IrOPHTMH, MPOTOKOJUIAPHH
CaMapaJICP/IMTHHUMHT OIIHPHIN MOAEUIApH Ba a/iTOPHTMH XaMZa Y3aTHIaéTraH
MaBIYMOT/12p TYNHKJINIH, AHHKINTH, TE3KOPJIMTHHA TAOKMK KWIHMII Ba Gaxonaw
ME30HHHHHT HMHTALMOH MOJIEJTH HIILIald YHKWITAHIHTH GWIaH H30X1aHaIH.

TagKMKOT RATIXKANApDHHHHI aMamHii axaMMATH ManIyMOT/Iap HOAHHKIIHMIH
IMIapOHTHAA TENEeKOMMYHHMKAUHA TapMOKIapH YHYMAOPJHTHHH TaXJIHI KHIAD
HMKOHHAHH OepyBuH KaHaln CaTXH MNPOTOKO/UIADHHH  CaMapajopJiIMrHHH
6axOnamHHHT SHIH EHOANIYBH, TYpAH XalaKHTNAp TabCHPHAA KaHal CaTXH
MPOTOKOJ/UTAPH  caMapaIopJIATHTa TAabCHD 3TYBYH acoCHil KYpcaTrHwiapuHH
Tax/n KWIyBYM Xamia HopaBmiaH BaktaH Iletpn Typu  acocupa
TEEeKOMMYHHKAI[MA  TapMOFHAArd TalUKM  TabCHPNAPHUHT  HOAHWUKJIMIH
IIApOMTHAA KAAPJApHH Y3aTHINZA KaHAl CarXH NpPOTOKO/UIAPHHHHT Kynaii
KHMMMAT/IIApHHA aHHMKIall yYyH AacTypHil TapMHHOTIAp HIUIA0 YHKHATAHIHIH
6unan u3oxNaHagH.

TagKHKOT HATHAANApHHAHHT XKopHll Knnunumu. [Terpu TYpH acocuaa
TeNeKOMMYHHKAIM TApPMOFM KaHan CaTXH TNpPOTOKO/UIapH caMapaaOpJIHrHHH
6axonamHMAT MOAEI/UTapH Ba AINOPHTMIAPH Giida OJIMHIraH HaTwkanap acocuaa:

XaNakATIap TABCHMPH OCTHAATH  TEJICKOMMYHHKALMA  TapMOKJIapHaa
MabIyMOTJIAPHK Y3aTHII KaHan CaTXM MNpPOTOKOUIAapH  CaMapamop/iMrHHu
6axonammuur HopaBmaH BakDmM [letpn TYpH MozenH Ba KaHal CaTXM
NPOTOKOJUIapH YHYMJIODIIHTH KYpCaTKHWIapuaaH O¥raH MabIyMOTIapHH y3aTHIl



TEJMIH, YIUTAaHHO KOJMII BakTH, y3aTHIUAa comup OYnmamuran HyxoTwuminap,
MabIyMOT/Iap X@KMHHH aHHKIAM anropuT™MH AX6OpOT TeXHONOTHANapH Ba
KOMMYHHKAUHAIAPHHH PHBOXIAHTHPHII BasHPJIHTH Tacappydunaru
KopxXoHanapna, Xycycan “VibekrenexomM” AK aprona ¢uiHamHTa KopHi
kwmmnran  (V36exucron Pecny6mikacn AxGOpOT  TeXHoNoruanaps  Ba
KOMMYHHKalHAJIADHH PHBOXUIAHTHPHIN BasHpIHrHHUHI 2019 #iun 26 asrycraaru
33-8/5937-con MammymorHOMacH). Minmuii TagKMKOT HaTWKacHAa TAapMOKAA
comup G¥namuraH XanaKHTJIapHHHT TabCHP KYpcaTHIO JapaxacH IOKOpH Oynranzaa
Kaapfiap YiHaMMHMHT Kynail KUAMaTHHM aHHKIam opkaM axGopoTinapRu
AyxoTwinmuny 3-5% ra kaMalATHpHII HMKOHHHH GepraH;

MABIYMOTJIaPHHHI HOQHHKJIMIH IHAPOHTHAA TEJICKOMMYHHKAUMA TapMOFH
KaHal CcaTXH NOpoTOKOJUIapH CaMapafOpJIMFHHHHI OIIHpHII MOZEUIapH Ba
QINOPHTMH  XAMAAR y3aTHWIadTraH MabIyMOTNap TYJMKINTH, aQHMKIHCH,
TEIKONNIHTHHH TAAKHK KHIHM 83 Gaxonamt MEIOHAHMHT WMKTAUMOH MONENM
Ax60pOT TEeXHOJIOTHIapH BA KOMMYHHKALHSUTADHHH PHBONUIAHTHPHII Ba3HPIIUTH
Tacappy¢mnarn KopxoHanapaa, Xycycan Kamkaaapé Paano TejieBHACHHE Y3aTHII
Mapxasuna JYKra oxopuii smwiran (V3Gexucron PecmyGmmkacn AxGopor
TEXHONOTHANIApH Ba KOMMYHHKAIHAIAPHH PHBOXUIRHTHPHIN BasHPIMTAHHHAT 2019
Aun 26 asryctmarn 33-8/5937-coH MawiyMoTHOMacH). HMHIl TagkukoT
HaTWKAacHla HOpaBmaH BakmIM [lerpH TYpH acocHIa XanakWTiap TabCHPH
OCTHIArH KaHal CaTXM NpPOTOKO/UIapH CaMapajopiHMIHHM Oaxonmam Ba
6amoparnam opkanu axGopoTNap OKHMJIADMHMHT Te3KopnuruHdM 11% ra
OPTTHPHII HMKOHHHH GepraH.

TagKHKOT HaTIKANAPUHHHT aRpobGamaacH. Maskyp TAOKHKOTHWHI
Haszapuif Ba amanuil HaTkanapH 7 Ta Xankapo Ba 3 Ta Pecnybnmmka wiMHii—
aMasii alXKyMaH1apHaa Mabpy3a KWIHHTaH Ba MyXOKaMaiaH YTKa3sHITaH.

TagKHKOT HATHKAIADHHHAT YBJ0H KHJIHHraHMHATH. TagKHKOT MaB3ycu
6yfiuua xamu 21 Ta wiMmit W, wynaphaH 1 Ta moHorpadua, Y36ekucTOH
Pecmy6mmkacu Onuif aTTecTaims KOMHCCHACHHHHT JOKTOPNHK AHCCEPTALIASIApH
acocHil WIMMIl HaTIDKaNapHHH 4Won 3THmM OyiAda TaBCcHA >TwmaH wWiMHHA
Hampnapaa 8 Ta Maxona, 2 TacH pecimy6/IHKa KYPHAIUIADHAA Ba 6 TaCH XOPHKHIA
XypHalUlapAa Hamp KWIHHATaH Xamaa 2 ta OXM ydyH ApaTwiran AacTypHi
BOCHTAJIaPHH Kaiill KWIHIN ryBOXHOMAJIapH OJIMHTaH.

JAuccepTalgHMEr TY3HWJIHIODH Ba XaxmH. JlHccepTaums Kupuin, TYpTTa
606, xynoca, doiinananunran amaGuérnap pyiixaTd Ba WioBanapaan uGopar.
Aucceprauus xaxkmu 110 6eTnn Tamxun stanu.

JACCEPTAIIMSIHUHI" ACOCHI MASMYHH

Kapum KHCMHJa JHCCEPTALMA MAB3yCHHHHT NO/I3apONMIH Ba 3apypHaATH
acocnaHrad, TaAKMKOTHUHr Y3bexmcroH Pecny6rmka dan Ba TexHomorusnaph
TEPAKKHETHHHHT YCTYBOp HYHanHILAApHTE MOC/IHIH KJPCaTHITaH, HIIHAHT
Makcajl Ba Ba3H(anapu Xamia TAIKHKOT OGBeKTH Ba MpeaMeTH TaBcH(aHTaH,
TAAKUKOTHHHI WIMHH SHIH/ATH Ba amMaiHii HaTixkanapy 6aéH KHIHMHIraH, OJMHTAH
HATIKANAPHHHT HINOHWIHIHTH acocnab 6GepwiraH, ONMHraH HATHXANAPHHHT
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HWIMHI Ba aManHii aXaMHATH OYHO GepuiraH, TaAKMKOT HaTIDKANAPHHH aMaNHETTa
XOpHi KWIHIN XOMNaTH, Hallp 3TWITaH HIUIAP Ba JHCCEpTALMA TY3WIHIH OyitHua
MaBJIyMOT/IAp KEITHPHIIraH.

HMuccepraumsuuur  “IEE802.11ax  craHaapreaarn  NPOTOKOLIAp
YHYMOOPJIAIHIa TABCHP 3TYBYH OMRULIAp” ne6 Homnanran GupuHau Gob6upa
TeJICKOMMYHHMKAUHMOH TapMOKJIapHIard ajoka KaHAUIapMHMHI TypJapH, yjapra
TABCHP KWIYBYH XaNaKHTAap KaHal CaTXH MPOTOKOMNAapH YHYMIODJHTHHH
Caxo/JaHMHT MaBKYA YCYJUIAPHHH TH3HMIIM TaXJmumH, ax6opomiap ys3aTHm
KAaHAUIGPHHH TaAKHK KWIMIIHHHI 3aMOHABHIH YCYWUIapH Ba IrOPHTMAApHHH
Tax/IM kenTHpwirad. LIyHHHIeK TeNneKOMMYHHKAUMA TapMOKJIAPHHHHT a/oKa
KaHA/UIapH yHYMIOPJIHTHHH aCOCHIH KJpCaTKHWIapH aHUK a6 OJIMHraH.

ManinyMoTnapH4 ysarmmpa comup OynaauraH  XaronMKiap, ynapHM
aHuMKiam, Gaxonaml Ba Ty3aTHII YCy/UlapH KypuO 9ukuwiaraH. AnokKa KaHamM
OpPKallH ax0OopOTIApHHHT y3arwimmH MoGafiHMna ynapHMHT yCTHAA TYpIH
Y3rapTHpHMIUIAp amManTa omupriaamH (1-pacsm).

]
i
;
i
i
;
:
;
:
]
;
i
:
:
;
;
4

1
!
Av-:_KC..tDK KC | AV

1-pacM. MasiyMoT/Iap y3aTHII TH3HMH

6y epna, MMB — manymotnapra nuuios 6epum, AV — axGopoT y3rapTupruu,
KC — xanan catxu, ®K — ¢usuk kanan. By xonpma kagp masnymortiapra HImios
Gepysun KypwiManaH axGopoTHH ¥3rapTHpyBuHra Gepmnam. Bynma mactnabku
ax6opornap alipum kampnapra Gynumamu. Xap Oup kanp Gup-GupHra GOFIMK
6ynmaran Xonaraa aNoka KAHAIM OPKANHM Y3aTwiagy, MasllyMOTNapHH aloKa
KaHaNIapH OPKANH Y3aTHIDHMHT fAHa OHp MYyXMM xmXatu myHnaH HOopaTkh,
MabIyMOT/Iap NaKeTH alfpuM KHIHK Juammm Kaapnapra 6yym6 ormiHamm. By sca
¥3 HaBGaTMna MaRIyMOT/IapHH Y3aTHIN TEXTHIHHH KaMaifMIIWra, sbHM KaHan
CaTXH MPOTOKOJIH CaMapaXOPIHTHAK Macalfuumra onub Kenagy.

Taxmuuiap acocHAa KaHaN CaTXH MPOTOKOJUIapH CaMapafiOp/IMIHHH acocHi
Kypcarruwiapn aHMKna0 onuHagM. KaHan  carxu  MpOTOKOJUIAPHHHHT
camapagopiurura axGopor ManGaupaH abGonentra Gepunaérran  (olinami
ax6opoT/napHH €TKa3MIUHH Te3KOPJIMTH, AHHKIWINIH BAa HIIOHWIWIHIH KHDaIH.
Goltnamu axGopornap ne6 myHaal MarIyMoTNapra afTHMATMKH, KAAPIAPHHHT
XH3MaT MaKTYMOT/IRDHHH TaKPOpJaHHIIHAA ax60POTNapHH eTKa3HIMIIH XaKHAArH
canbuit Ba wxoGHii KBUTaHIMANAP KAApNapHU Kabys Kuwtypaura etn6 Gopmaiimn.
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Kanan carxu npotokosiapuns Gaxonamna qoiifananaqurad MOJAE/LIapHH 2
Ta acocHil rypyxra 6ynMm MYMKHH: OKHM MOJE/UIapH Ba OMMAaBHH XH3Mar
KYpcaTHIl TH3HMJIADH KYpHHHIUMIArH 3XTHMOJUIAp Ha3sapHACHra acociaHraH
Mozaesap

(2-pacm).
Kanaj catxd MOgeH
I
| ]
IXTHMOJLIHK MOJEJIH OKHM MOAECTH
[ | [ |
Ianamrnnc Imm‘ram!oq THCKPET YIYKCH3

2-pacM. AJTOKa KaHaTH MOJEITH

IOkopuaa KypcaTHiraH YCY/UIApHH KaM4HIHKIapHaaH ¢apkim ¥napok
lMerpu Typura acociaHraH MaTeMaTHK MOZeJ, KaHal CaTXH TNPOTOKO/UIAPHHH
caMapafiopiuruiy Gaxonmam ydyH TaHnab omummn Ba acocnasgM. IllyHuMHraek
ymOy 6o6aa kaHan caTXH MPOTOKOJUTAPHHH COIANIHHHT aCOCHH MPOTOKOIUIapH
AbHM TafiM ayT KAaTTAIHrH NPOTOKO/UIADMHH HIUIA pexuMiIapH axbGopot
Kanp/iapMHH ¥myamMH Ba MAaRIyMOTIApDHH Y3aTHII PEXHMIADH TaHnab ONHHIH.
IOkopHuaa kenTHpUATaH MaBTyMOT/Iap acocuzia AMCCEPTAINA HINHHHHI MaKCaM
Ba BasHdanapyu annxnab omHHIA.

Huccepraimauuer “IIpoTokonap NapamerpiapHHH GaXonam MOReNTHHH
Hmnab uuKum” ge6 HOMNaHraH MKKANYH 600MAa AHAIMTHK KYpHHHIAA
HoAanaHraH KaHan caTxy NPOTOKOJUIAPHHH 6ax0NaMIHHHI HMHTALHOH XHCOOMam
Mozenu Takaud sTunrad. KaHan caTXH npoTOKOJ/UIapH NapaMeTpiapHHHUHT
ax6opoT y3aTHII TacHH(}apHra TALCHPH TaX/IW KWIHHraH. Jluccepranua Hiuuaa
IEEE 802.11ax crangapty O¥iimua axGopomiapHH y3aTml KypuO uwHKWIraH
6ymu6, 6yHaa MasIyMOTIap Y3aTHII Te3THTHHH OLIHDHIN aXOGOpOTIApHH LMK/IHK
KHCHII Xucobura TapMHHIaHamH. By 3ca, ym6y ycymHuHr ad3aumramup. Byausr
HaTIKacHAA TYPNMH UHMKIAp ydyH OHp He9Ta capiaBxanap ypuura OurTa
capnaexagaH ¢gofinanaHum xucobura MabnITyMOTIapHH ypTaua ymuianu® KomaMin
BaKTH KaMasay. TellekoOMMYHHKALMOH TapMOKJIapAa AI0KA KAaHAIMHHHT TYPJIH HII
pexHUMIapHIa: KyTHII peXHMM, N-KagamMra KaliTHII Ba CEJICKTMB TaKpOpJall
pexxumiapiaa ax6opoTnap anMamyBH KapagHMHHM TAIIKWLUIAI YCYJUIAPH TAX U
KuinHra. TeeKOMMYHHKAIHA TapMOFH/Ia MabJIyMOTIap Y3aTHII CaMapaJOp/IHIH
T's BaKT OpaNuFuAa y3atunattral Np OHTIAp COHM OPKAH aHUKJIAHAIHN, TBHH

Ve=N B / TS (1)

TenexoMMyHHKaUMA TapMorHAa xabap wmaHGam wnasGaTmarm KaapHH
y3aTraHJaH CYHI MawiTyM BaKT OpalTHFHAA YHH TaCAHFHUHM KyTaad. Kanan carxupa
KaJpHH y3aTHLl YaCTOTacH Ky#HHaarn GopMyia OpKaTH aHHK/IaHAM:
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=T +T_ +T +
data pr sig ex

N +N +8H +H +H+H+N] 2)
serv tail mac snap ip tcp data

+T
sym

dbps

6y epma, Tpr — kanp mpeambynacH y3yHImHrH; Ty, — anoxuga MaHIoHHM
y3yHwnurn; T — CArHan KeHralinm y3yHmurH; T, — OGMTTa CHMBOJ Y3YHIHIH;
Neery— Mafinonzard 6uTiap CoHH; Nayps— CHTHaNIAr# GHTIAp COHM; Nigit — GHTHHHT
OXMPrH KHCMH yI4aMu.
Arap xaiapHH Kaby/ KWIMHFAHIHTH TacAMFH Kenmaca KelMHIH Kajap To

TaCAHK KeITyHra Kagap ysaTHiMaiiad. By xonna anoka ceaHcH BaKTH KyHAuaaraya
TOMHIIAIH:

Tg =T, +FyTy _TB(l +P 4P, -PCPE), 3)

6y cpma, Pr — KaupHH KaifTa y3aTMII SXTHMO/UIMIH; Pc —  KaipHH

Ayxorwnmm €kH OyswmnnH sXTHMOUMIH; Pr — Xaro KaapHu XKabym Kumaum
3XTHMOJUIHTH,

TenekOMMyHHKAIHA  TapMOFMAA KaHal  CarTXH  NPOTOKOJUIapHHUHT
caMapaJiopTHTHHH 6axonami y4yH KaApHM y3aTHIl Ba KaOynuHH TacAMKiamra
KeTrad BaKTHH XucoOmamra acocnanrar R7T (Round-trip time) ycynnau
¢otinananam TaknAg sTunam:

N
RIT=N,_KKBC . S our
R R 'R Kon @

xuc.cuz,

6y epma, R — KaHan caTXu NPOTOKONMHH Y3aTHHIHMHI HOMMHAJI TE3NTHTH;
N — ax60poT KampHHHHT y3yHNHIH; Nxxsc— Kamp KBHTAHUMACHAArd GUTNap CoHu;
S — MaBTyMOTJIap Y3aTHII KAHANHHHHT Y3yHNHTH; Troy — ax00pOT y3aTHLIHMHT
KaJpiiap OpacHjary BakT uHTepBaM; Txoy = T; + T3 T; — Mysaddaxusarcus
y3aTWwiIraH KagpHH TaKpop Y3aTHIOra cap(uaHrad BaKT; 7; — TaKpop Yy3aTWIraH
KBHTAHIWMATA capPNaHraH BaKT; Ryu.q.. — CHTHAIHHHT TENHIH; Ryuc.cuz =Co* W, C, —
BaKyyMIard Te3NIMIH; J— CHTHAIHHHT HUcOWl Teanurn. Mucceprauusd HIOHAA
XATOJIMK/IADHH Ha30paT KWIMII Ba ax6GopoT OKWMHHM OomKapHm YYyH yuTa
MOJICNI: KYTHII peXHMH, N Kajnamra KaliTHII pe:KHMH Ba CEJIEKTHB TaKpopJjam
PERHMIIApH YIYH axGOPOTHH Y3ATHINHMHI pean Te3nury kYpub umKkwirad, Kanan
CaTXH NPOTOKO/UIAPHHM MNapaMeTp/IapHHUHT aMamuii KHAMaTIapHHH  Kajp
¥raamnapu, anoka KaHamW y3yHIMIH Ba OomkanapHu Y3rapTHpHO aHHMKiauml
MyMKHH. “N Kajamra KalTmil” MOACNH Y4YyH XalakuTiap MaBkKyl KaHawiap
IIAPOMTH/IA MABLIYMOT/IAPHH Y3aTHIN TEINUTH Ky AMAaruya aHuKIaHaIH:

— *
y= WOk, bt Dok pe

xadp (5)
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6y epna, Px=(I-(I-BER)¥)X — ofiHana KanpHH Oy3HIHII 3XTHMOJLIHTH;
Pc=(1—-(1-BER)")¢ - oitnana Xu3mMat KaApAapHHH Oy 3HTHIN SXTHMOJLTHIH.

Kanas carxy MpOTOKOMfIapH CaMapajiOp/IMrHHA TaKMKH LIIyHH KYPCATAHKH,
anoxa KaHa/UlapH OpKanH axGopoT y3arTMil TelIMrura ysarunaérrad axGopor
KaJpapHHH Y4amiapH MabiiyM Aapaxaja TabCHp KypcaTap KaH.

AnOoKa KaHAIapH OpKanM MaBJIyMOT/Iap Y3aTHInja Kyidnzaarn amawuiap
Gaxapunagu: OHTnap kanpnapra OYmuHazh, KaAp OKHMH GolKapHiamH,
Y3aTHINJArH XaTOJMKJIAp KaifTa MmuraHagd. Arap ax6opor xaHanu OMp Hedra
Tyryunapra sra 6ynca, Xxap 6uMp TyryHmaru Kaip ¥rdamiapHHH HHoOarra onraH
X0Naa, ynap KH4HK kaapnapra 6ynunaanu.

By BakTa MabJIyMOT/IapHH Y3aTHII BaKTH KyiHAarn4a aHMKIaHaH:

3 1fe
'Z ysam ~ tu5 -n+(n-1)- oun * ,.EII > Ll Itmap(n—l) + tlcadp ) ml) - ©

MamiTyMOT/IapHH Y3aTHINHHHI CaMapaiH TeHIH KyHHuaarada xucobianamm:

M- Lcap @

Ve

aM= n (L
(tu6-n+(n—l)-tm +i§11 >Ll[t¢(n—l) +t¢om2)+tx)-k

6y epna, f.s—Xap 6Hp TyryHAarn Kagpra MouIoB GepuIll BakTH; r— XYHATYBUIH
Ba Kabyn KMIYBYM OpacCHAArH OpPANHK TYFyHNap COHH; fu, — YH3MK O¥iiMua
CHTHAIHM Y3aTHIl BakTH; / — HHAMKaTop (QyHKUMACH; M — y3aTwiraH
MablyMOT/NAapHHHT (OiAam TalIKWI 3TYBYHCH, L — CaplaBXaHHHI Y3YHIIMIH;
tuatp — TMAKETHH KaApinapra 6ynumra capgnaHraH BaKT; m — Kaapjlap COHH;
tx— MabIIYMOTJIAPHH Y3aTHIIAarH KYTHII BaKTH; kK — TAKpOpaH Y3aTHILIApP COHH.

ManIyMOTJIapHH  Y33aTHIIHH OaXOfallHHHT MaTeMaTHK MOMCAH IIyHH
KYpcaTaMKH,, Kampiap COHH OPTTraHAa, OpalMK TyryHiapAa Kaapiapra 6¥mam
BAaKTH OpTaqM Ba OYHHHI HATHKACHAA MALTYMOT/IAPHH Y3aTHII TE/MIH KaMas .

XanakuT/iap TabCHpPHAA KaAp/iapHH Y3aTHII BaKTHAA KaHannara KeYHkum D
yMyMHit XoJ1aa Ky#iaars ugoaa OpKats aHMK/IaHATH:

N
D= Keum + S (8)
R quc.cuz.
6y epna, p — KaapHH MyBaGaKUATCH3 y3aTHII IXTHMOJLTHIH
p=1-(1- BER)"
Pean TeanHkHu xucoGnam ydyH Kyinaary ¢popMynanaH ¢olinaiannnran:
e
V= — p- ©))
Kaop

ANoKa KAaHAIHHMHT TYpAM HIl peXHMMApH: KyTHII pexuMH, N KamaMra
KaATHID peXMMH, CEJIEKTMB TaKpOpialll PeXHMIAPH YYYH KaApHMHT Yadam,
KaJpHHHT COHH Ba QIOKa KaHA/UIApHAArH XanakKHTJIapHH XHcoOra oiraH Xonna,
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MabIIyMOT/Iap Y3aTHIN TEJMrHHH aHWKJIAIIHMHT YCAYOHATH Ba TaliMep BaKTHHH
TaHNAUHAHT TABCHAHOMACH HIINA0 THKWITaH.

HuccepraupsHuar  “Kaman caTxd NpOTOKOLLIAPH  YHYMIOPIHIHHH
apEKnamed Herpn TYpn 6azacuaa MoaeanamTHpHI” HOMIM yuHHYM 606una
TeJIEKOMMYHHKAUMA TApMOFH &I0Ka KaHANapHaa MabIyMOTIAPHH Y3aTHIN
TEUINrd, KAHAIHHHT Yy3aTHUl KOOMMMATH KabH cHdaT KypcarruuiapHHM
6axonamIHHHT MaTEMAaTHK MOXENH XaM[a MaKIyMOT/Iap Y3aTHII XapaéHHHHHIT
HOpaBmaH-BaKnH [leTpH TYpH mWakmHaard MoAeJUIapH HOUIA6 YHKWIATAH.

TH3AMIH  SHOallyBap aCOCHAA TENEKOMMYHHKALMA  TapMOKJIapHAaa
MaBIIyMOTIapHH QJI0Ka KAHAIH OpKANMHM Y3aTHIl jkapa€HMAa KaHam caTXu
OPOTOKOJUIapH MapaMeTplapHHH  TARJIANIHMHT (YHKUHOHaN cxeMacH Huuab
YHKHATaH (3—pacm).

3—pacm. MasiyMoT/Iap y3aTHII POTOKOJUIAPHM NIapaMeTpNapHHH TaHNAIHUHT
(yHkumoHan cxemMacH
QyHKHOHaN cxemana axbopoT y3aTHIl >kapaHHIa TallKH OMHILIAp, TAllKH
(axTopnap TabCHpNapH Ba anoKa KaHa/UTapHIAa MaBXKyHd XalakuTiap TabCHPH
HHobatra ONMMHraH. MabiyMKH, y3aTHnaétraH axOOpOTNapHHHT TE3NHIH Ba
aHAKIHIH KYTu1ab omminap Ba xanakWmiapra GOFIHKAMp. AJIOKa KaHa/LIapH
opKasi ax60poT y3aTHIIHH KyHHOarn TYPTINK opkami ndosanaHamm:

S={®,E,c,0)}, (10)

6y epma, ®={P; P} — TawKu (AKTOPNAPHH MABIYMOTHHHI Y3aTHII
KapatHuMra Tabcupn; E={ ¢, &, &3} — ax60poT ys3aTMIl HMHTEHCHMBIIMIH;
C={ci, c3, ¢3, c4} — MPOTOKOILTAPHUHT acocHii mapaMeTpnapy; ¥Y={y,, y,.... Y.} —
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NPOTOKOJUTAPHHHT YHYMIOPAHK KYpcaTruiiapH.

Anoka KaHaUTapHAa XanaKWUTiap TabcHpHA2 KaApJIapHH ysardiira TabCHpH
® Tynnam maxnupa ugonanamraH: @; — XalakMTAAp HaTkacuAaa axGopotnap
OKHMHHH ¥3rapHIIMHH TaBCHGJIOBYH KATTANHKIAD; P2 — ax6opornapHH Gy3WIHIM
€k MYKONMIUMHM TaBCH(NOBYH  KaTTANHKIAP. AJIOKa KaHANApHHUHI
ManIyMOT/IapHM Y3aTHIN >XapadHua KUpMIl Y3rapyBaunapu: ¢ — TaCOMKHH
KYTMIO  Y3YHAHTH; {—KafpJlapHH TapMOKKa TYMHIl  HHTCHCHBRIMIHHM
XapaKkTepJIOBYH KaTTAIHKIAP = TYIUIaMH KY/UTaHWIraH.

Himna6 uukunrad GyHKUHOHAN MOJEN Y3rapyBYWIADHHHT §3ap0 OOFMHKIMTH
Taconuouii TacHHdaa OynraHaa YMKHII KATTAIMKIAPHH KHPHII KATTATHKIAp
6mwiaH ¥3apo GOFMMKINK KOHYHHATHHH IDAK/UTAHTHPHIN HMKOHHHH GepaH.

Hucceprauns HITHAA TENIEKOMMYHHKAUMA TAPMOFH KaHal CaTXH IPOTOKOMH
caMapamopiaurdid 6axosiam ydyH aqoka KaHa/iH KypHWIMAIApDHHHHT MOJEJUIapH
HILIa6 uukunrax (4-pacMm).

4-pacM. AJloKa KaHaJIM KypHIMaNapUHHHT HOpaBIaH BaKwm [Terpu Tipu
Mogesuiapu

Kanan caTxy NpOTOKONMHHHI caMapafOpIHIHHH Oaxonamiia HOpaBILAH

BaKT/H [leTpx TypH Ky#inaaruga TymnaM makinaa aHHKIaHaau:
I =(N, 14, 2,,S,), (11)

6y epna, N=(P,T,/,0)— HopaBmaH Bakmmm IleTpn TYpHHHHMT CTpyKTypacH:
P={py}, (i=1,...,n; n —o3MUMANAp COHM) — NO3HLMA Tyruiamu; 7I'={1.},(G=1,...m; m,
— yTmnap conu) — §Tumiap Tywiamm; 1 : PxT — {01 O:TxP— {01} — moc
paBHIlla KHPHII Ba YHKHID Jruin ¢yHKkuAanapy; s, =, 4, 4°) -
GOmNAHFHY MapKHDOBKA BEKTOPH. VTHILTADHHHT TApTHGCH3 GaXAPHIHIIH
MoOaitHuna, MapkeplapHHHT AHTH XOJITTa JTHILIAPH YJapHUHT CaK/IaHHI BaKTH
TyraraHMaH CYHI amanra OIIHpWIaJM Ba MapKEpPHHHT AHIM XOJIATH KyHHAAr#d
¢$opmyna 6yiinua aHHKNIaHaIN:

0_/0. 0 ,0\,.
=l ectaad
Kuprum d!.’_., YHKMII d;.' TIO3HIHANAPH dii Ky IIMa9HHIH (HHIHACHT/THTH )

3J/IeMeHTapH Ky#inaara ¢popmMyna opkanu aHHK/IaHamH:
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1 cel(t)), 1, €0t ),
axp p;el), azap p;€0())

L, = sd. = 3
y |0, azap p; el (tj ), ¥ 0, azap p; EO(tj ),

-1 azap piEI(tj)’ piﬁo(tj)’

d,.j= 1, azap piel(tj), p,.eO(tj), (13)

AJIOKa KaHAIHAA MaLTyMOT/Iap Y3aTHIIHMHT HOPaBIIAH BaKTIH Ilerpn Typn
Monenn HuUla6 wmxHiraH (5-pacM). Ym6y Momen acocmpa KapnapHH anoka
KaHAH OpKANIM y3aTHIHIIHHH HOpaBIIaH BaKTAHM [letpH TYpH maKIHAZ
H}oNanaHHIl yIyH NO3HUMANAP Ba YTHIUIAp TYIUIAMH aHuMKIab onmMHamH.

5 — pacM. Kanpnap y3arym sxapaéHHAT HopaBmaH BakT/H TleTpu T¥pu MoneH

AJIOKA Kahanu QaonuaTi AMHAMHKACHHH XMCOGra OraH Xonaa Kyduaark
NO3MIMANAP AHUKNAG ONMHAM: Pi— KAHA KaAPHH Y3aTHIN XONATH; P KAIpHHU
y3aTdill KypH/Macuja Typuil XONaTH; P3 — KaAp CHIHal IAKIMHH y3rapTrHpHI
XONAaTH; P4 — 10K KaHaNHHK 6Y/mam XoNaTH; ps — KanpHu KaGyn KumHmra Taliép
XONnaTtH; ps — Kabyn KwryBYMAard CHTHan Y3rapTUprHYHH 6ymwam xonaty; p; —
KabyJl KHITyBIH MabnyMmoT KaGyNl KWIHIIra Talép Xonarw; ps — xazapra Ga¥poxua
KYHHII XONATH; Py — y3aTyByM KAAPHH ANOKA KAHAMHTA GEPHIN XONATH; Pio — KAlp
xa6ap Kaby KWTyBuMra KeHIm XONATH; P1) — KALP XaTOMUIH TEKIIHPHUIL XOJIaTH.

Bynpa,yTmnap rynnamu T={tl, ...t6} — amannap (Ymumnap) GaxapwrHmu
WIapTHapUHH TacHupnafmy, SHHYU: ¢, — KAAPHH Y3aTHIN RKapalHHHHHI XOJIaTH;
2 — KalpHH aNOKa Kawanura GepHIIHH TYraTHil XONaTH; t; — KaapHH Kabyn
KHIMIN aMajifa OIMpPHITAHIHK XONATH; &4 — KaApPHH KaGy/l KHIHII TyraraHiHra
Xonatd; s — KaJApHM XaTONHMIH TEKWHMDHII XONAaTH; ts — Kagp TYrpH KaGyn
KHWIHHFaHIHTH TYFpUCHIA KBHTaHIMA GepHil Ba KaGyJ KWwIyBuM KeHHHIH KaapHH
KalyJ/ KW/THIITa Tali€pMUrMHUHT XONaTH. MapKupoRKa | amManapHH Gaxapuura
Tal€pIMK XOnaTHra Moc kemanM. MablyMOTIapHH aloka KaHAIH OpKaM
Y3aTHIIHHHI HOpaBaH-BaKmIH IleTpH TYPH MOICIMHH KypHII /IFOPHTMH HIL1a6
YMKHITaH(6-pacM).
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6-pacm. Kanpnap y3arnm skapaCHHHHHT HopaBiaH-BakTm [leTpH TYpH
aNropATMHA

Hopapmas-saktnu IleTpH TYpH Monemiapd MawTyMOTIapHH Y3aTHINTA
TABCHP 3TYBYM TAIKM XANAKATIAGp Ba GOmMKA OMWLIADHHHT 3XTHMOJJTHTHHH
xucobra onum uMkoHMHH Gepamu. Illynumrmex ym6y MoAeNHH —anoka
KaHA/UIapHHH NOHMXATAIITHPHII/IA BA TEIEKOMMYHHKALKMA TApMOFH KaHaJl CAaTXH
MPOTOKOJUTapHHH CaMapazOpIHrHHH 6axonamra TaTOHK 3THIN MyMKm-l IdmnaS
YHKUITaH HopaBlaH-Bakmm [letpr T¥p mum )
CaTXH NPOTOKO/UIRPHHH CaMapaJio $Hdlo &hm cmpaqv’ hi@Mh’Mﬁn
KYpcaTKi'UlapH, SbHH KaApJIapHHHT ‘li! ! H,
KaAp/apHUHT Oy MHOIMHUHT YpTava BakTH, nanﬁﬁ-}'-ﬁh-h RagDHpH




YNapHHHT anoKa KaHATHAA OYMMINMHMHT Yprada KuiiMaTnapuHM aHMKIALI
HMKOHHHM Gepanu. JlucceprauyA HINHAA 3XTHMONUIHK—BAKT TaCHH(NApHHH
6axonam macananapunu eanm y4uyH INetpn TYpu KypuHMmmaary rpad Moaesiapu
Hua6 gmkwirad (7-pacM). ByHaa TH3HMHHHr umuiam skapa@HM  MabiayM
XONHCAIapHH TAacHHGNOBYM XONaTnap alMamMHYBH cH$paruaa Kapanagd.
TuzamuuHr xap GHp xonaTra YTHIIH SXTHMOJUIMK XapakTepura sra. TH3MMHHUHT
6up xonargan Gomkacura YTHIOH MabllyM TAKCHMOT KOHYHMATHIa GYiHCyHyBum
Tacomuduit xatranuk Ownan wudopanaHuG OGupop amanHM GaxapHIMIIMHK

Kypcarazm.

7-pacM. AJTOKa KaHATHA MabJyMTJIap Y3aTHITHUHT MOJETHH
MaBITyMOT/IAPHHH y3aTHII MOJEITH

Ierpu 1¥pu Mopmenupa rpad TyrynnapH BakTAH-3XTHMOJUTHK TacHMQura
JragMp. KaHaNapH XojarnapH OGunal, rpad maxobuamapu 3ca — 3XTUMOSUIHK—
BAKT TacHH(napH GHNaH HHTepNpeTaLMsANaHaaH.

Huxnap Ky#unaruga yTamnap KypHHMmnAa udonanasamgs

Wn_-)n,ll; WIZ_)WD_)MI; WIZ_)WD—)WN—)WQI; u’ll_)n,ﬂ'

XabapnapHH y3aTMill SKBHBAICHT BaKT ¢yHkumacu — W Ky#munaruga
aHHKJIaHAH:

W (s)= (W14 Wys + W)Wy 3¥347 3 5) (1~ W)y ) — W) gy 33 ~ W) oWy (W3 Wy ~ 141 =
} Pydg Uy = Xayhyy = Xy =90 + Py Pyl By - ) 1)
- - ) -
(,14_,{,,142,13(,11 _,X%_,)z(m_m_p i _M_’)_qz]]

PigAy Hhos (-9 4y

6y epma, P; xampnapHM TapMOKra TYMMIU 3XTHMOJUIMIH, A —KaApJapHH
y3arum JKapaBHnapMHH  uMHTeHCHBIMIH, S —Jlarmac ¢yHxumsacn. Hopasiuax
Baktny Iletpn TYpH Maremarmk MOAE/IAPHMHI KY/UIAID OPKANM OJIMHTaH
HATIKANAPHA TEJICKOMMYHHKAIMA TAPMOKJIAPHAA aHATMTHK YCYJUIApHAA ONMHraH
HaTkanap 6mnaH Takkocnam, TaknK( ITWITAH MOXENHHHT ANEKBATIMTHHH Ba
ah3a/mMrHHN KYpcar 6y 3ca TENEKOMMYHMKALUMA TApMOKIapH (aoMHATHHH
TAKHKOT YTKASHITHHHT KyJiait HMKOHHHH Gepau.

JMCCEPTALMAHMHT  “TenexOMMYHHKAIHE TAPMOFH KaHAN  CATXH
NPOTOKO/UIADHHHHT YHYMAOPAHIHHH 6axoJalIHHHr Me30HH, HMHTALMOM
MOJI¢JIH Ba QIrOpHTMIapHHE HIIa6 Yaxum” ge6 HomnaHrad TYpTHHUM Gobu
TICKOMMYHHKAUMA TapMOFH KaHal Carxy MpOTOKO/UIapH CaMapajOpHTHHH
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6axonallHHHI MOJE/UTADH Ba aNrOPMTMIAPHHH TAaXpHOa TANKMKOTHAA Kymnam
HaTWwKanapu Keatupunrad. Muwnab uukwiran XHcoOGmam MoAEtapH ApaTHiraH
JacTypuii MaKMyaHHHT acocH 6ynu6 xusmar Kunaad. IEEE 802.11ax cranpapm
MabIyMOT/I2p Y3aTMIUHMHI HMHTAUMOH MOMEIH YMYMIIAIIaH CTPYKTypaBHi
cxemacn 8-pacmpaa Kenrupwirad. MawiyMOTAapHH Y3aTHIMHHHT HMHTAIHOH
MOJEJIH A0KA KaHANHHUHT TYPAH MU Pe)KHMAApH: KyThi, N Kaaamra KaiTHIO Ba
CEJIEXTHB TaKpopiall peXXuMIIapHAa KaHal CaTXH MPOTOKOJUTapH YHYMAOPIIHTHHH
6axonam Ba TaAKHK ITHII HMKOHHHH 6epau.

8—pacm. IEEE 802.11ax craHmapTH aCOCHAA MaTyMOTIIap y3aTHIDHHHT
HMHTAHOH MOJEH

AHANUTHK Ba HMHTALMOH MOAEJ/UIAp HATIDKANapH XallakKHTiAap HapakacH
Typmuya Oynranpa ¥3apo cCONMMIITHpWIraH. Xanakyrnap AspakacH BER=10"
6ynranma WKKana MojeNb HaTIKanapuHHHT ¢apks 0,2 M6/c ra ¢apk
Kunanu (9-pacm) Ba 6y 5ca MOAEJIHMHTI aICKBATIHTHHH KypCaTaan.

R TR ‘

TaKkKocnais HaTvoxanapwu

9—pacm. BER=10"° 6WT/H XaTONHKAA TAKKOC/IAHI HATHXKANAPH

HWMHTaIMOH Ba aHA/IMTHK MOAE/UIAN HAaTHOKANApH MYHH KYPCaTagHKH, aloKa
KaHaJUIaPH OPKAJIH Y3aTWIAéTraH ax00poT OKMMHHHHT peall Te3THIrH XalaKHTjiap
MaBxya O¥nranzma acocaH kanp ¥iMaMH Ba COHHATA GOF/IMK 3KaH.
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XVYJOCA

“Iletpn  TYpH acochga  TenEKOMMYHHMKALMA TapMOFH  KaHam carxu
IIPOTOKOJUIApH CaMapafiOPAMIHHH GaxoNallHHHr MoZJe/napu Ba anropyrMnapu”
Mas3ycupiaru ¢ancada aoxropn (PhD) amccepraumscu 6¥ituda onu6 6opunran
TaAKHKOTIIAp HATIKAcCHAA Ky AHAars Xynocanap TakaHM THNaOu:

1. TenekoMMyHHKals ~ TAPMOKIapH  TH3MMIM  TaxJiHI  acocHua
MaBIlyMOT/NIAPHH Y3aTHII KAHAIUTApHAA TYPNH XHJI XaNaKWTNApHUHT MaBXyUTHIH
KaHal CaTXH MpPOTOKOIApHHH OaxXONAIHHHT  YCYJ/UIADMHHMHT  TanKMKOT
HMKOHHATNAPH YeKNaHrAHIHIHHA KypCaTau.

2. ANOKa KAHAHHHHT TYP/H MII PeXUMIAPHIA Y3ATHIAETraH KaiplapHHHT
§maamu, conM Ba XalaKMT/IapHH y3aTHII TETHrHra GOFIMKIMIHHA XHCOGra ONiraH
X011, KaHa CaTXH NpPOTOKO/UIApPHHH caMapajopJHrHHA Gaxonam yCyniH Huwiab
YHKWIraH.

3. Tv3suMIH EROANTyB 2COCHAR KAaHAN CATXM MPOTOKOJUIapH NapaMeTpiIapHHH
TaHJall Ba anoKa KaHanH OyifHua MawIyMOT/IADHH Y3aTHII JKapa&HHHU
GyHKIHOHAN CXeMach MOIENH HILTA6 SHKHITaH.

4. AX60pOT KOMMYHHKALMA TapMOKIAPHIA MABIYMOTIAPHH Y3aTHIIHHHT
KaHalm CaTXH MNpOTOKO/UIAPHHH CaMapafOpJIHTHHH 0aXONamHHHT HOpaBluaH
BakTH Iletpu TYpu Mopmenu umnab 4YHKWIraH. By mozens xanaxurnapHu
axGopoTnapHu y3aTHIn KYpcaTrHWIapura TAbCHPHHH 6axonall KMKOHHHH GepraH.

5.Kanan carXH mIpOTOKOMH CaMapafOpNUTHHH OaxoNAaHWHT HmLiab
YHMKWIraH HopaBmaH BakTnH Iletpm TypH MomeNH anoka KaHaTH OpKaIH
MaRIyMOT/IapPHH y3aTHHI JKapadHHra KyJ/UIaHHIHIOH ax60poThap OKMMHHH y3aTHIN
BaKTHHH 4,2%-7,5% KaMaifTupHII MMKOHAHHA GepaH.

6. MasnyMoT/Iap aHMKMAac/iMrH MapoOMTHAA KaHaT CaTXH MNPOTOKOJUTapH
CaMapaZIOp/IMTHHHHT KYpCaTTHWIapH IapaMeTpiapH (MawiyMOT/Iap y3aTHIl
TeaNuryn, ynuiab KoJMII BaKTH, MAbJyMOTIAPHH HYKOTHIMIIH, KaApHH Yauamu,
KalpHH ¢opmary, TaliM-ayT BaKTH, TacAMKIaHMaraH Kagpjiap AapYyalapHHHHT
ymaamnapn sa Gomxanap)HH aHHKMAIN AITOPHTMH MULIA6 YHKWTaH. SlpaTinran
MOZe/l Ba anNrOpMTMHH aMmanuif TaaOHMKH TapMOKNa MaBIyMOTIApHH
AYKoTAIHIHEK 3-5% ra KaMa#THPHII HMKOHHHH GepraH.

7. TenexoMMyHMKauMsA TapMOKJIAPHAA Y3aTHIASTTaH MabiyMOT/IapHKHT
TYNMHKTATH, OYTyHWIMTH Ba TEe3KOP/MHTHHM TaXJWl KWIMII Ba OaxonammHHHT
HMHTAlHOH MOJME/UIAINTHPHINHHHI JacTypuii MaxXMyacH HIUIa0 YHKWAIraH.
(Ax6Gopornapud yzaTvin Ba Kalysn KWIMIDAA XaTONapHH aHHKiam aactypu //
NeDGU 05939).

8. TagkukoT HaTHxKanapu «¥36ekrenexom” AK daproHa ¢umand Ba
Kamkanapeé “PTVM” AYKce wWm xapaéHura Tapbuk stwiran. Iletpu Typu
4COCHJAA XaNaKWT/Iap TAaLCHPH OCTHAArH KaHal CaTXH MPOTOKOJUIapH
camapanopiuruHH Gaxonam Ba Gamoparnam aarOpHTMH XaMaa AAcTypHif
Bocuracunn Kamkanapé PTYM xynnam opkamd axGopoT OKHMJIAPHHMHT
TesxopnHrHHH 11% ra opTTHpHII HMKOHHMHH GepraH,
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BBE/AEHME (ausoTauus auccepraunn gokropa dpriocodun (PhD))

AKTyanbHOCTL H BOCTPeGOBAHHOCTL TeMbl guccepranuu. B Mmupe B
nocneauee BpeMs ocoboe BHUMaHHE YeNAETCA COBEPIIEHCTBOBAHHIO YCTPOHCTB
TeNEeKOMMYHHKALHOHHBIX ceTel, ()YHKUHOHHPYIOIMX Ha OCHOBE ANMOPHTMOB H
nporpaMMHBIX  obecnedeHHi, mo3Bongomux obecneynTs  LEJOCTHOCTH,
HOCTOBEPHOCTH H TOYHOCTH, NEPENABacMBIX HHQOpPMALHH MOJIYyIaTeNo 6es
HoTeps H 3aaepiek. OMHO H3 Hanboee akTyaNnbHLIX 3a1a4 B 910# cepe Beaymad
MECTO 3aHHMACT COBEPLICHCTBOBAHHE aNNapaTHLIX H MPOrpaMMHBIX ofecreqeHHH
ceTeff, a TakKke pa3paGoTka MHCTPYMEHTOB /Ui HACTpoiiKH NapaMEeTpoB
MPOTOKOJIOB KAHATLHOrO YPOBHA, BKOYad MOAEAM M QINOPHTMBI OLCHKH
3¢ (}eKTHBHOCTH MPOTOKOJIOB KAHANBHOrO YpOBHA B CeTH. B 3T0M HampaB/iCHHH
onpeseNeHHEIe ycnexy AOCTHIHYTEI B BEMyMHX cTpaHax mupa Takux kak CIIA,
BenukoGpuranus, [epManus, lllBeums, ®panumua, IOxuyro Kopes, Wuma,
Poccna M ap. yaensercs NpPHCTAaHHOE BHHMaHME COBEPIICHCTBOBAHHMIO
annapaTHIX M NpPOrPaMMHBIX OOeCneqeHMil TeNCKOMMYHHKAIMOHHBIX CeTeH,
NO3BOJAIOMINX YBeTHIHTD 3 PeKTHBHOCTH MPOTOKONOB KaHasa CBA3H.

B MHpe OCymecTBNAIOTCA Hay9HbIE MCCAENOBAHHs, HampaBleHHBIC Ha
COBEpLICHCTBOBAHMIO pa3pafoTke anMropHTMOB M Mogenel, 0GecnedHBAIOMMX
LEJIOCTHOCTH, 3alepXKH H HAJeKHOCTH, MNepeNaBacMbix HHQopMalmH B
COOTBETCTBHM C MEXAYHapPOAHBIM H OTpacieBHIM craujapToM. B 3To#l CBA3H
ocoboe 3HaueHHe yAesndercs paspaboTke arOpUTMOB H  MPOrpaMMHOIO
obecrieveHns ouUEHKH 3¢ (eKTHBHOCTH NPOTOKOJIOB KAHANBHOrO YPOBHA IIpH
nepegave NaHHBIX, B TCJICKOMMYHHMKAILIHOHHBIX CETAX HAa OCHOBC COBpEMEHHEIX
HH(GOPMALHOHHEIX TEXHONOTHMH, YTO YKAa3EIBaeT Ha BHICOKYI0 aKTyalnbHOCTh H
BOCTpeGOBaHHOCTb TAKOrO Pofia HCCIICROBAHHA.

B Pecny6imke mMpoKOMaciiTabHO peayii3yloTca MporpaMMbl O Pa3sBHTHIO
nudopmarusauuMu  obwectBa, no obecnmedeHHI0 BCex cnoeB obmecTsa
BO3MOKHOCTBHIO HCIONB30BaHHA CeTH MIHTepHeT, B TOM 4HCNe € MOMOMIBIO
BLICOKOCKOPOCTHOH mepenadu uHgopMammn. B «Crparernn peficTBHit IO NATH
NPHOPHTETHRIM HANpaBieHWAM N0 JaneHelimeMy pa3BHTHIO Pecrmy6rmmkH
Vibexucran B 2017-2021 ropax»l omnpefeneHsl 3afadd «...co3AaTh Gaszy mns
cBoGoIHOrO BBIXOAA B ceTh IHTepHET, A NOMKITIOUEHRA KuTeNe PecryOmukH K
BBICOKOCKOPOCTHOMY WHtepHery, ...TPOBECTH IAPOKOMacIITabHyI0
MOJICPHH3ALIMIO CHCTEM TEeJICKOMMYHHKaUH ...». BhIOJHEHHE yKa3aHHEIX 3a1a4,
B TOM 4McJie pa3paboTka BhICOKO3()peKTHBHOrO METOAa H AJIMOPHTMA 1A OUEHKH
napaMeTpoB MPOTOKONOB KAaHANBHOTO YPOBHA HA OCHOBE aHIHTHYECKOH MOACTH
OLIEHKH H aHaNN3a 3 PEeKTHBHOCTH KAHAJIOB CBA3H, AB/IAETCA aKTyalbHEIM.

JlanHoe AMccepTalMOHHOE HCCIENOBAHHE B OMPEREICHHOM CTENEHH CIyXHT
BHIOJIHEHUIO 3a/a4, NMpeAyCMOTPeHHHX B VYkase Ilpesupenta PecryGmuxu
Y3bexucran ot 7 ¢espara 2017 roga NeVI1-4947 «O crparerum AeAicTBHH# No
nampHeiimeMy pasBuTmio Pecry6nukn V3bekucraw», B Ykase I[lpesmienta
Pecry6imiku Y36exucran ot 19 despans 2018 rona Ne VII-5349 «O mepax no

.

!Crparernn aciicTsnii MO MATH NpROPHTETHNM HEanpanicHRIM patnaTas PecnyGmuxs Vibexucran s 2017-2021
romax, Mpunoxe:me Ne 1, x Yxasy ITpesanerra Pys 01 07.02.2017 r. N VT1-4947
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RaNbHEHIIEMY COBEPHIEHCTBOBAHMIO Cephl HH(OPMAUMOHHEIX TEXHONOTHH M
KOMMyHHKaUmiD), B [Tocranornennn ITpesunenta Pecrry6nukn Y36eKucTaH ot 29
asrycra 2017 roaa Ne ITI1-3245 «O Mepax no JanbHeAleMy COBEpIICHCTBOBaAHHIO
CHCTEMB! yNIPaRNCHHA NPOEKTaMH B cepe MHGOPMALOHHO-KOMMYHHKAUMOHHBIX
TeXHONOruiD, B [Tocranosnennn KaGunera Munuctpos Pecrry6muku Y36ekucran
ot 7 Mapra 2018 roga Ne 185 «O Mépax No JalbHejleMy yJy4lleHHIO KauecTBa
YChyr cBA3R, HRGOpMATHIAUMH H TENCKOMMYHHKAIMI», a Taloke B JAPYTHX
HOpMATHBHO-TIPAaBOBEIX IOKYMEHTaX, MPHHATHIX B JJaHHOH cdepe.

CootBercrene Hecaen0BaARNS IPHOPHTETHLIM HANPABJICHUAM Pa3BHTHS
HAYKH H TexHoloru#i B PecnyGamke Y3Gexmucran. JlanHoe wHccnenoBaHHe
BLHIONHEHO B COOTBETCTBHH C NPHOPHTCTHRIM HAMpaBlEHHEM Pa3BHTHA HayKH H
TexHonoru#i Pecny6muku Vsbexucran IV. «PasButne HH(pOpMATH3AUMH M
HE}OPMALIHOHHO-KOMMYHHKAHOHHBIX TEXHONOTHiD.

Crenens H3Y4e¢HHOCTH npobiemel. Hns BHEIIPEHHA
TEICKOMMYHHKAIIHOHHBIX ~ ceTell BegyTCd  INMPOKOMAcCIITaOHbIE  Hay9YHBIX
HCCJICAOBAHHA 1O COBCPIICHCTBOBARHHIO ITyTH HX pPasBUTHA, a TAKKE METOAOB H
ITOPHTMOB OLECHKH 3()(eKTHBHOCTH MPOTOKOJIOB KAHAIOB CBA3H, MPHMEHAEMEIE
B TE&JICKOMMYHHKaLUHOHHEIX CETAX.

Hayunrie paGorhi mHormx 3apy6exmbix yugnex; Chen-Nee Chuan,
E. Zegura Randy H. Katz, Wenyu Jiang, D. Mitra, S. Anick, Henning Schulzrinne,
H. Perros, L.G. Kazovsky, M. Sondhi, Z. Cao, O. Osterbo, K. Xiong, J. Cho,
H. Coxonos, B.C. 'onsamrreiin, H.H. Cnenos, U.I". Baknanos 1 Ap. NOCBACINHMBI
JAaHHOMY HaNpPaBJICHHIO MCCIIeN0BaHMIT. B Tpy#ax oTedecTBEHHBIX YHEHBIX, TAKHX
kak, JLA. A6nymnaes, A.A. Xamixos, T.H. Human6aes, W.P. Bepranos,
H.X. Cunmukos, P.M. Hcaes, AE. Amnaes, AM. DmMypanos, H.YcMmanosa,
CC. TlapcueB M gp. paccMOTPeHB! pasNWMHLIE acMeKTEHl  Pa3BHTHA
TEJICKOMMYHHKALHOHHBIX CETeit.

Pesynsratsi npoBemeHHbIX MccnenoBaHMit MOKasal, 4TO MOCTOSHHOE
YCIIO)KHEHHA HOBBIX TEXHONOIHH CO3JaHHA TENeKOMMYHHKAIMOHHBIX CeTel
MONCPHH3AIHA CyIIECTBYIOIOHX TpPeOyIoT pa3paboTku BEICOKO3(EKTHBHEIX
METON0B, MOAEINEH H aNrOPHTMOB OLIEHKH 3((GEKTHBHOCTH M NPOM3BOAUTENBHOCTD
¥ BHEIPCHHA HX HA NpakTHKy. OfHaKo, 3afiauH pa3paboTku BEICOK03¢eKTHBHBIX
METON0B, MOJeNel M AIrOPHTMOB OLEHKH NPOM3BOAMTENLHOCTH MpPOTOKOJOB
KaHAILHOTO YpOBHA Ha Oase COBPEMEHHOIO MaTeMaTHYECKOro anmnapara H
BHEAPCHHA UX Ha NMPAKTHKY H3Y4€HE! HEMOCTATOMHO.

CBE3bL  IHCCEPTALMOHHOIO HCC/IENOBAHHS ¢ IUIAHAMH  HAYYHO-
HCCIeA0BaTeNLCKHX pafoT BHicHIero o6pa3oBaTeBLHOTO y4UpexaeHHS, rie
BHIMIOIACHA mHccepTanng. JlHCCEpTAMOHHOE HCCNEXOBAHME BLIMONHEHO B
PaMKax HayJHO-HCCNIEN0BaTeNbCKHX MPoeKTOB TamKkeHTCKOro rocyaapCTBEHHOTO
TeXHHYeCKoro yHuBepcutera MMenH M. Kapumoa, Ne A-5-42 «ITIporpammHo-
HHCTPYMEHTQNBHBIE CPEACTBA MHTEJUICKTyaTH3aUMH  aBTOMATH3HPOBAaHHOIO
MOHHTODHHIa M YNpaBJICHHA TEXHONOTHYECKHMH OOBEKTaMM B YCNOBHAX
anpHopHoH  HeompesenenHocTHy  (2015-2017); OT-®4-78 - «Paspa6otka
TEOPCTHIECKHX OCHOB H PEryjdpHBIX METOAOB CHHTE3a aJaNTHBHBIX CHCTEM
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YNpaBNeHHA AHMHAMHYECKMMH ofbexTaMH Ha OCHOBE HICHTH(HRAUMOHHOrO
nomxoaa» (2017-2020).

Ienbio AMCCEPTALHOHHOM paGoThl aABnAeTcs paspaborka mopenedi o
WITOPHTMOB  OLEHKH 3(Q(EKTMBHOCTH NpPOTOKOJIOB KaHAILHOIO  YPOBHA
TeNIeKOMMYHHKaUHOHHO# ceTeil Ha Gaze cetu [TerpH.

3agagn HcceJ0BaHAS:

NMPOH3BECTH CHCTEMHEIN aHaiH3 METONOB OLICHKH MPOH3BOAHTENILHOCTH
MPOTOKOJIOB KaHAIBLHOTO YPOBHSA Nepeaadl JaHHBIX ¢ YI€TOM BIHAHHA Pa3THIHBIX
¢dakTopor Ha 3(QeKTHBHOCTh (YHKUHOHHPOBAHHA TENEKOMMYHHKALMOHHEIX
cerei;

pa3pafoTka  MareMaTHYeCKMX Mojejeii H  QIrOPUTMOB  OLCHKH
3¢ PeKTHBHOCTH MPOTOKOJIOB KAHANBHOIO YPOBHS TENEKOMMYHHMKAIIHOHHEIX ceTei
nofl Bo3eiicTBHEM NTOMEXOB;

pazpaoTrka Mmozxeneffi H  anropuTMOB OLEHKH MPOH3BOAHTEIBHOCTH
MPOTOKOJIOB  KAHAILHOIO  YPOBHA W  HCCICAOBAaHMA HX  PEXHMOB
(yHKIMOHHPOBAHHA;

pa3paboTka MMHTAUMOHHON MOJENIH OCHOBHHIX MOKa3aTelell IPOTOKOJIOB
KaHANLHOTO YPOBHS C YIETOM MOMeEX.

O6LeKTOM HCC/IeI0BAHHHA SBJIAETCA CPEACTBA OLEHKH 3((EKTHBHOCTH
MPOTOKOJIOB KaHANLHONO YPOBHA MpH nepefadH MHGOpPMALHH Ha OCHOBE CETH

Ierpu.
Ilpeamer HCCICJOBAHHSA COCTABIAETCS METOABI, MOJACNH H aNTOPHTMEI
OLIEHKH 3¢ pexTHBHOCTH MPOTOKOJIOB KaHaTbHOTO YpOBHA B

TENEKOMMYHHKALHOHHBIX CETAX H HX MPOrPaMMHEIX CpeACTB.

Meroan Hccnenosanmii: B mmccepranHoHHOH pabGoTEI  HCIONBE30BaHHI
MeToIOB! TeopHs TeleTpadMKa, TeOpHA BEPOSATHOCTER H MaTeMaTHIECKOM
CTAaTHCTHKH, [MCKPETHad MaTeMaTHKa, TeopHA rpad0B M MaTeMaTHYECKOro
MOJE/THPOBAHHA.

Hayunas HOBH3HA HCCJ/ICI0OBAHHA 33KIOY92ETCA B CIEAYIOMEM:

paspaoTtaHa  HedeTKo-BpeMeHHBle CceTH [leTpH MonenH, OUEHKH
3¢ peKTHBHOCTH MPOTOKONOB KAHAIBLHOTO YPOBHA MpH NepeAadn HHPOPMAUHH B
TeNIeKOMMYHHKAIHOHHBIX CETAX MOJ BO3IEHCTBHEM NOMEX;

paspaforaH  aNropuTM  onpeneneHHs  nokasareiell  3¢(peKTHBHOCTH
MPOTOKOJOB KaHAIBHOTO YPOBHA TEJIEKOMMYHHKAIIMOHHON CeTH: CKOpOCTh
nepeAaud [JaHHBIX, BpeMs 3aficpKKH, MNOTEPH NpH nNepepa4H, H ofbeM
HHpOpMaLHH;

pa3paboTaHa MOJE/H H aITOPHTMbI NOBHIIEHHE 3¢ eKTHBHOCTH MPOTOKOJIOB
KaHaIbHOTO  YPOBHA  TeJICKOMMYHHKAIMOHHOH CeTH B YCIOBHAX
HeomnpeneneHHOCTH HHpOpMalMH;

pazpaboTaHa HMHTallHOHHasi MOJEIH OIEHKH M HCC/IEOBAaHHA CKOPOCTH,
TOYHOCTH M TMOJNHOTE NEpeaaBacMbiX HHPOPMAIHH B TeJICKOMMYHHKaHROHHBIX
ceTdx.

ITpaxKTHYeCKHe Pe3yAbTaThi HCCISA0BAHHN 3aKII0YAlOTCA B CIIEAYIOMEM:

NpeanokeH Ka4eCTBEHHO HOBBIi MOAXOA ONECHKH 3ddeKrHBHOCTH,
NIPOTOKONOB KaHaNLHOro ypoBHSA I03BOJIAIOINK aHaIH3HPOBATE
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NpOH3BOAHTE/ILHOCTH, TEIEKOMMYHHKALMOHHBIX ceTeii, (GyHKUHOHMpYIOIHX B
YCNOBHAX HEONpEAENICHHOCTH MH(OpMalHY H HaXOAAmMICA NMOA BO3AEHCTBHEM
nomex;

pa3paboTaHO MpOrpaMMHOe O0ecriedeHHe A MCClIeAOBaHHs NoKasarened H
aHaniH3 OCHOBHBIX ()aKTOPOB, BIHMAIOMMA HAa 3(P(PEKTHBHOCTL NPOTOKOJIOB
KAHAILHOIO YPOBHA C Y4ETOM PazIHYHbIX BUAOB [IOMEX;

Ha OCHOBE HEYETKO-BpeMEHHHEle ceTH [letpu paspaboraHo mporpamMmHoe
obecnieueHHE ONpEAeNieHHs ONTHMANLHBIX 3HAYEHHM INPOTOKOAOB KAHANLHOIO
ypoBHS NpH nepefa4ye Kaapa B YCINOBHAX HEOMpeNENeHHOCTH BHEMIHHMX
Bo3elicTBHH.

JlocToBepHOCTL Pe3yaLTaTOB HCCJIeZ0BAHHA, O6ocroBriBaeTca
CONMOCTARJICHHEM MOAENCH H QINOPHTMOB IIPOH3BOJAMTENLHOCTH MPOTOKOJOB
KaHaMbHOrO ypoBHA Ha 6aze cern IletpH, Modeneli uccnenoBanmus, NOMyYEHHBIX
pe3yNbTaToB HCCIICAOBAHHA C OOMEIPHHATEIME ME30HAMH.

HayuHasl H NPAKTHYECKAA 3HAYHMOCTH Pe3yJLTATOB HCCIEAOBAHHS.
Hayqnad 3HaYHMOCTh Pe3yJIETATOB HCCIIENOBaHHMs 3aKIOYaeTcA B paspaboTke
HedeTKo-BpeMeHHEIe ceTH Ilerpn Monenn oueHkH 3¢¢EKTHBHOCTH HPOTOKOJIOB
KaHa/IBHONO YPOBHA IPH NepenavH HHpoOpMaLHM Mo TesIeKOMMYHHKAUHOHHBIM
ceTAM MOA BO3ACHCTBHAM TNOMEX, MOAENH M AATOPUTMEI  MOBBIULECHHA
3¢pexTHBHOCTH  MPOTOKONOB, MNOKa3aTeseli  MPOM3BOAMTENBHOCTH:CKOPOCTD
nepeJavH AaHHBIX, BPEMEHHBIE 3aJICPXKKH, TIOTeps NPH Nepeaady, onpeaeieHus
o6pema HHpOpMaIMH a Takke CO3RAHHOK MMHTALMOHHON MOMENTH HCCAEROBaHHA
H OlEHKH LEJOCTHOCTH HHA(QOpPMAlMH, TOYHOCTH M  OBICTpOAEiCTBHA
nepeAaBacMBIX HHpopMamHH.

IMpakTH4eckad 3HAYHMOCTb 3aK/OYaeTCs B HOBOM MOAXONE K OLIEHKH
3¢ $eKTMBHOCTH MPOTOKOJIOB KAHANBHOIO YPOBHs, o6ecneunBaromuii HccneaoBaTh
TeJIeKOMMYHHKALMOHHEIX CETEH B YCIIOBHAX HEONPENCNICHHOCTH MHQOpMALMH H
paspaboTku nporpamMMHOro ofecnedeHHs HCC/IEAOBAHHA OCHOBHBIX nokasarenei
BJTHAIONIHE HA MPOTOKOJNOB KAHAILHOIO YPOBHA MOR BO3AeHCTBHEM pa3IHYHBIX
NIoMeX, a Takke ONpeNCc/ICHAA PalHOHANBHBIX 3Ha4YeHHH MPOTOKOJIOB KAHAILHOFO
YpPOBHA NpH mepefaid KagpoB B YCJIOBHAX HEONpPENeICHHOCTH BHEMIHBIX
BO3/CHCTBHI B TeJIleKOMMYHHKAlIHOHHOH CeTH Ha Gase HeueTKo-BpeMeHHEBIe CeTH
IMetpn.

BHeapenne pe3yJbTaToB HCC/IeAOBaHHIA.

Ha ocHOBe nosy4YeHHBIX pe3yNbTaToB MccienoBaHusd d(¢eKTHBHOCTH
NPOTOKONOB KaHAILHONO YPOBHA TE/IEKOMMYHHKALHOHHOH ceTH Ha 0ase cemn
IMerpn.

pa3paGoTaHHbIH MoOZeNb OLCHKH 3((eXTHBHOCTH MPOTOKONOB KAHAILHOIO
YPOBHA nepelaid AaHHEIX Ha OCHOBE C HEYeTKO-BpeMeHHbIM cetd [lerpn mma
TEICKOMMYHHKAIIHOHHBIX ceTelf MpH BO3MAEHCTBHM MOMEX H CKOPOCTh Nepenavi
HaHHBIX, BpeMsA yAep)KaHHA, MOTEpH IPH TNepejave, AINOPHTM OnpeleneHHs
ofbeMa [aHHBIX [0 NPOM3BOAMTEJILHOCTH MPOTOKO/NA KAHAILHOrG YPOBHA
BHEAPEHH HA MPEANpHATHAX MMHHCTEPCTBA HH()OPMALMOHHBIX TEXHONOTHH H
CBA3M, B 4acTHocTH B Depranckom ¢mwmane AK «VY3Gekrenekom» (cmpaska
MunucTepcTBa N0 pa3BUTHIO UHGOPMALIMOMHBIX TEXHONOTHMH M KOMMYHHKALHI
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Pecrry6muku V36exucran Ne 33-8 / 5937 ot 26 aerycta 2019 roma). B pesynbrare
HayuYHbIX MCC/ICIOBAHMI yanioCh CHH3HTL NOTepH HHpopMauuu Ha 3-5% 3a cder
onpefeneHus ONTHMAIBHOIO KONHYECTBA KaipOB MPH BHICOKOM YPOBHE [OMEX B
ceTH;

MOZE/NH M ANrOPHUTME! MOBHILEHHA 3 ()EKTHBHOCTH MPOTOKONOB KAHANLHOIO
YPOBHS B TENICKOMMYHHKAUHOHHOH CETH B YCJIOBHAX HEONPEACNCHHOCTH AaHHBIX,
a TaKke MMHUTALMOHHAA MOJIENb KPHTCPHEB H3Yy4YCHHA H OLECHKH MOJIHOTH,
TOYHOCTH, CKOPOCTH MEepeAaBacMbIX JAHHBIX B TEICKOMMYHHKAIHOHHBIX CETAX,
BHeapeHsl B I'YII Ha npeanpuATHAX MHHHCTEpCTBa HHGPOPMAIHOHHBIX
TEXHONOrHI M CBA3H, B YacTHOCTH B KamkaZapbHHCKOM paaHOTENeBH3HOHHOM
uHeHTpe (cmpaBka MuHucTepcTBa  HH(ODMAUMOHHBIX  TEXHONOTHH H
KOMMYHHKaumii Pecrry6nukn Y3bekucran ot 26 asrycra 2019r. Ne 33-8/5937).
BHeapeHHe pPe3yNBTAaTOB HMCCACHOBAaHHA MO3BOJIUIO YBENHYHTH CKOPOCTE
HH(}OpMaIMOHHBIX MOTOKOB Ha 11%.

Anpobauust  pe3yAbTaToB  HCCAENOBaHHA. Pesymeratel  AaHHOrO
Hccnenosanus O6butH 0OCyXkieHsl Ha 7 KOH(pepeHIHMAX, B TOM dYHCie Ha 5
MEXIyHapOAHBIX H 2 PeCIyOMMKaHCKHX HayJHO-IPaKTHYECKHX KOHEpeHIMAX.

My6auxanna pe3yasTaToB HcchegoBanus. OmyOmmkosaHo Bcero 21
HayuHbIX paboT, B ToM umcie 1 MoRorpadus, 8 craredi B pekoMeHKOBaHHBHIX
Hay4HBIX MyONHKauUMAX O MyONHKALMH OCHOBHBIX HAYYHHIX peE3yABTATOB
IOKTOPCKHX Haucceprammi Bricmeit arrecramMoHHoH kommccHH Pecmy6imkn
VabekucraH, 2 omyOmkoBaHHBIX B Pecny6immkaHCKMX JxypHamax H 6 B
3apyGexHbIX JKypHanax. CBHOCTENLCTBA O PETHCTPALMH  KOMIBIOTEPHEIX
NporpamMM. .

Crpyxrypa u o6bemM aucceprammH. J{HCcepTalma COCTOMT H3 BBEACHHS,
YeTsIpEX TNaB, 3aKMIOYEHHMs, CIHCKA HCMONB3OBAHHOH JIHTEpaTypsl H
npunoxenuit. O6pem mucceprauyy coctaBnAet 110 cTpannm.

OCHOBHOE COAEPXKAHHUE THCCEPTAIIAH

Bo BBeaeHHH O0OCHOBaHE! aKTYaNmbHOCTH H BOCTPEOOBAHHOCTH TEMEI
muccepTanuH,  MOKA3aHO  COOTBETCTBHE  HCCICAOBAHHH  IIPHODHTETHEIM
HanpaBlieHHAMH pPa3BUTHA HAayKH H TexHonorumi Pecnybmmkm Vibexkdcran B
obnacTu TeneKoMMyHHKaUHH, chopMyIHpOBaHa LEe/b U 3aJaYH, a TaloKe 00BeKT H
NPENMET KCCNEN0BaHHs, HIOKEHL! Hay9Had HOBH3HA, NPAKTHUECKHE pe3yJILTATH
HCCJIEROBaHHsA, 000CHOBAHA IOCTOBEPHOCT MOAYYEHHBIX PE3Y/ILTaTOB, PacKphITa
HX TeOpeTHYeCKad H NMPaKTHYecKasd 3HAYHMOCTb, CBEAEHHA 00 Omy6NHKOBaHHBIX
paboTax M CTPyKTypa AHCCEpPTaLMK.

B nepsoli rnaBe  AHcceprauHH  «®PakTopnl, BIBRAIOmMHEE HA
NpOM3BOAUTENLHOCTL MPOTOKON0OB cTandapra IEES802.11ax» mnpom3seicH
CHCTEeMHBIH aHanH3 THMOB KAHAIOB CBA3H B TEJCKOMMYHHMKALMOHHEIX CeETAX,
CYUIECTBYIONIHE METO/Ib! OLCHKH NPOH3BOAHTENLHOCTH NPOTOKOJIOB KaHAIBHOIO
YPOBHs, aHATH3 COBPEMEHHLIX METONOB H AITOPHTMOB MCC/IEOBAHHA NEPERavH
JaHHBIX MO KaHanoM CBA3H. OmpejesieHbl OCHOBHBIE KAYECTBEHHBIE MOKA3ATENH
3¢$)eKTHBHOCTH KaHANIOB CBA3H TeIEKOMMYHHKAIHOHHEIX CETEH.
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OO6CYxnaloTcA OMHOKH BOHHKHOBEHHS B NMEpENayHl AAHHBIX, METONbI MX

o6Hapyxenns, onenxn H HCNpaBeHHA. B npouecce nepeRadd HRGOpMaLKH B HUX
BHOCATCA pa3fHIHbIE H3MEHEHHA (pUcyHoK 1).

BB i cmimimemimoimomame - eemommo -

on

Pucynok 1. CHcteMa nepenayun undgopMaumu

3pec, O/ — o6paborka nauHeX, [TH — npeobpazosarens uugopmanuu, KY —
KaHWILHBA ypoBeHb, ®Y — ¢usuueckuii yposens. B 31oM ciyusix kaap
nepenaaercas  OT ycrpolictea o06paGoTKM IaHHRIX K YCTPONCTBY CMeEHEI
uRdopmaiyH. B 3T0M citydae HexoaHas MHGOpPMaUKs pa3sGHBaeTCA Ha OTAENBHBIE
Kagpel. Kaxaeli kamp nepemaercd MO KaHAMY CBA3H B  HEMOAKTIOMEHHOM
COCTOAHHH. H3BECTHO YTO, BKHBIM 2CIIEKTOM IPH Nepefady JAHHBLIX MO KaHanam
CBA3M 3aKMOYaeTCHd B palOHeHMe MNaKETOB [AHHBIX Ha HECKONBKO KaJpoB
HeGonmbmoro pasMepa, YTo NMPHBOAMTL K CHIKCHHIO CKOPOCTH Nepeaady JaHHbIX,
TO €CTh YMEHBIICHHIO IPOU3BOXHTENBHOCTH MPOTOKONIA KAHAILHOTO YPOBHAL.

Ha OCHOBE aHanH3a onpeneieHbt OCHOBHBIE NIOKa3aTeNH
ITPOH3BOAMTENILHOCTH  MPOTOKONOB KaHAILHOrO ypoBHA. J¢¢dexTHBHOCTH
MIPOTOKOJNIOB KAHAILHOTO YPOBHA XapaKTEPH3YETCA CKOPOCTHIO, TOYHOCTBIO H
HaJIeKHOCTLIO Tepefavn nonesHofi HHGopMamMH OT MCTO4HMKa K aGoHenty. K
none3Holi HHMopmaumeli OTHOCHICA TE€ HHQOPMaLUMH KOTOpble, IpH
ny6nuposaHHe CIyx€OHBIX AAHHBIX Kaaphl, OTPMUATENBHBIE M MOJOXHTEIbHbIE
KBHTaHUMH O JAOCTaBKEe JaHHBIX He JOXOAMT A0 mnoiy4arens. Mopenu,
HCIIONIL3yeMble 11 OLCHKH MPOTOKOJMOB KaHANbHOrO YPOBHSA, MOXHO DPa3[elUTh
Ha 2 OCHOBHBbIE TPYNIELI: MOJACTH MOTOKOB H MOJCHH, OCHOBaHHBIE Ha TEOPHH
BepoaTHocTeit B dopMe cHcTeM Maccoro o6cmyuBaHus (PHCYHOK 2).

Fionm YpoBHHE xanan‘al
| : ]
[BepOATHOCTHAA MOZENh Mogens T0ToKAa
I l
[ I I I
aHATHTHIecKHH HMHTaIAs | mACKpeTHEDH Il}enpepbmmﬂ

Pucynok 2. Mogens kaHana caszn



B omiHYHE OT HENOCTATKOB OMMHCAHHLIX BbIIE METOHNOB, M OLCHKH
NPOM3BOANTENLHOCTH NPOTOKONIOB KAHANBHOrO YpoBHA Obula BhifpaHa H
ob6ocHOBaHa MaTeMaTHYeCKas MOZEJIb, OCHOBaHHAA Ha ceTH IleTpn npH nepeaadx
JaHHBIX. B 3TOM rnase Taroke BLIOpaHBI OCHOBHEIC NMPOTOKOJIE! JUIA HACTpPOHKH
MPOTOKOJIOB KAHANTLHOTO YPOBHA, T. €. peKHMbI 06paboTkH MpoTOKONOB, pa3Mepa
NpPOTOKOJIA BPEMEHH, pa3mepa HHGOPMALMOHHOTO Kaapa H PeXHMOB Nepenadn
Aannsix. Mcxons u3 aroro, 6bUIH onpeResIeHE! HeTH B 3a/latH JHCCEPTAIHH.

BTopas rnaea muccepraiMH «Pa3paGorka MOAENH OIeHKH NapaMeTpoB
NPOTOKOJ2» MNOCBAIEHa pa3paboTke  MaTeMaTHYeCKOH  HMHTAMOHHOH
BBIMHCAMTENBHON  MOIEMM OMCHKH  MPOTOKOJOB  KAHANIBHOTO  YPOBHS,
npencTaBieHHas B BHJAE aHAIHTHYECKOH 3aBHCHMOCTH. I[IpoaHanH3HpOBaHO
BIHAHHE MNapaMETPOB MpPOTOKOJa KAHAILHOTO YPOBHA H2 XapaKTCPHCTHKH
nepenaiy AaHHBIX.

B auccepraumoHHOM paboTe PpacCMAaTPHBAIOTCA BOMPOCH  INEpefadH
uHdpopmauH mo cranpaptoM IEEE 802.11ax, rae yBesM4eHHs CKOpOCTH
nepefayd AaHHBIX obecneumBaercs Oyaromaps MCNONB30BaHHS LHKJIMIECKOTO
cxaTHA WHGOPMALHH, YTO SBIAETCA BKHBIM NPEHMYIIECTBOM AAHHOTO cnocoba.
B pesynerare 3TOrO CpemHAs 3alilepXXKa BpPEMEHH yMeHbmaerca OJorapaps
HCTIO/IBb30BAHHA OJIHOTO 3aroJIOBKa BMECTO HECKOJILKHMX 3arojIoBKOB IUIA PasHBIX
LIUKIIOB.

INponsBeneH aHanu3 METOAOB OpraHH3alHH MeXaHH3Ma o6MeHa nHGpopMamuH
B TENCKOMMYHHKAIIHOHHBIX CETAX JUIA Pa3lNIMIHBIX PEXHMOB paboTH KaHANOB
CBA3H: pexXHMa OXHAAHWA, peXkHMa N-IaroBoro BO3BpaTa H peXHMa
-CEJIEKTHBHOIO NIOBTOPEHHA.

AddexmrHOCTE Mepenavn DAHHBLIX ONpeReIAeTCA KOJHYECTBOM Np OGHTOB
nepeaasaeMbIX BO BpeMEHHOM HHTepsae T, T.e.

Vp=Np /T M

B TeneKOMMYHHKALMOHHBIX CETAX HCTOYHMK HHQopManuM OxHIaeT
NOATBEPXKACHNA TNONydeHHH HH(ODMAIHH Yepe3 ONpENe/IeHHBIH MPOMEXYTOK
BPEMEHH.

YacroTa KaApoB Ha KaHAILHOM YPOBHE ONpeae/ieTcds mo clemyromel
dopmyne:

T =T +T_ +T +
data pr sig ex

N +N + B[H +H +H +H +N ] Q)
+T serv tail mac snap ip tcp data
sym Ndbp.t

rae, Tpr — MIMHA 3arofloBKH Kanpa; Ty, — JUIHHA OTHENBHOH 0OnacTH;
Te — ynnuHEHHA mnHHBI curnana;, Ty, — JUIMHA ORHOIO CHMBOJA;
Nsery — KOTHYECTBO GHTOB B 110J1€; Nispps— KOJHYECTBO GHT B CHTHANE; Niyy — pasMep
nocneAHero 4YacTH OuTa.
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Ecin nogTBepXkzaeHne He nonyteHo, cleaylomuii kanp He 6yleT nepenaH 1o
Tex Nop, NoKa He GyAeT NOJy4eHO NMOATBEPXKAEHHE. B 3TOM Ciydae BpeMs ceaHca
CBA3M OLIEHUBAETCA CSAYIOWHUM 06pasomM.

T =T +PT, —TB(I +P + P, -PCPE), 3)
rae, Pr — BEPOATHOCTH NOBTOPHOH MepefayH 60Ka Kaapos; Pc — NoTeps Win
NOBPEKIACHHE KAAPOB; Pr—BepOATHOCTL OMHGOTHOro MpHeMa Kafpa.
Ana  ouenkd  3(pQexTHBHOCTH NPOTOKONOB  KAHANBHOTO  YPOBHA
TEJICKOMMYHHKALMOHHON CeTH B paboTe mnpemioxeH HCMOML30BATL METON
OCHOBaHHBIE Ha pacdeta BpemeHH RTT(Round Trip Time):

N N 6 S
RIT =— 4+ HOKK +2%T

pac.cuz

rae, R - HOMHHaNIEHAA CKOPOCTL MEpeNaYd JAHHBIX 1O nmpoTokoiy obmeHa
KaHAILHOTO YPOBHS#;
N — mua kappa; Nygx — UHCIO OHTOB B Kagpe KBHTaHLHMH;

S — JHMHa KaHaIOB CBA3H; Tipx — BPEMEHHOH MHTEpBAN MEXIY KafpaMH;
Tipxe=T;+ T

T; —notpayenHoe Bpems Ha o6paboTky MHpOpMauuu; T, — MoTpayeHHOE
BpeMi MpH MOBTOPHOH mnepeAaus KBHTAHUHH Kampa;, Rpecae — CKOPOCTH
PacrnpoCTpaHeHHsd CHrHana B cpege nepefawd; Rpccw=Co © M, €, — CKOPOCTH
pacnpoCTPaHEHHd CHTHAIa B BaKyyMe; u — OTHOCHTEJLHBIHI CKOPOCTH
nepeaBaeMoro CHrHasa.

B muccepraumonmoli paGore 6bUIH NpoaHaNH3MPOBAHH TPH MOJETH
KOHTpONA omHGOK W ynpaBneHus HHGOPMALMOHHBLIMM TOTOKAMH: PEXHM
OXHJAHHMA, PEXHM BO3BpaTa Ha N — INaroB H peaibHas CKOPOCTh Nepefaun
AaHHBIX JJIA PEXHMOB CENEKTHBHOH MOBTOpeHHH. Ha ocHoBe 3THX BhIpaxeHui
ONpeAeNCHbLl  ONTHMAIbHbIE 3HAYEHHA MapaMETpPOB  NPOM3BOAMTENBHOCTH
[IpOTOKOJIa, BAapLHPYs pasMepa KkaapoB, MIMHY KAaHANOB CBA3H H TaK Jaee.
OneHka MPOW3BOAMTENLHOCTH MPOTOKONOB MEPENayH NAHHBIX NPH HATHIMH
IIOMEX KaHAIOB JUIA pexxnMa «Bo3spar Ha N-maros» ckopoCTs nepeaady AaHHBIX
ompenenserca no gpopmyne:

—C)*
}':ank.;.pgktpc
Kxaop (%)

rae, Py=(1-(I-BER)*)X — BepoATHOCTs HCKmKEHHA Kanpa B OKHE;
Pc=(1-(I-BER)™) — BeposTHOCTL MCKaXEHHS CITyKeGHBIX KAIPOB B OKHe.

Ha ocHoBe amanmusa 3peKTHBHOCTM NpPOTOKONOB KAHANBEHOrO YPOBHSA
BRUIR/ICH, YTO pa3Mep MepeliaBacMbiX MH(OPMALMOHHEIX KaJpoOB CYHIECTBEHHO
BJIHAET Ha CKOPOCTH NEepeiail AAHHEIX 110 KAHANaM CBA3H.

UTo mpH nepepaye NaHHEIX MO KAHANAM CBA3M BBUIONHAIOTCA CIEAYIOMME
onepaunn: OHTHI pasGMBAIOTCA Ha Kajpbl, KOHTPONHpyeTcA MOTOK Kaapos,
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o6pabaTbiBaloTcs ommOky npu nepenade. Ecnn HHGOpMAUHOHHLIA KaHaM HMECT
HECKONIBKO Y3MI0B, OHH MOApa3AeNfAloTcs Ha Gonee MeNKHe Kanpel ¢ Y4eTOM
pa3mepa Kaapa B KOKIAOM y3ne.

Toraa BpeMsa nepenadyy JAHHBIX ONPENEIACTCA ClEAYIOMHM 00pasoM:

n
thpeo =ty -n+(n=1)-1,,. +,~§11(L>L1Itxadp(n-l) *aop -ml) ©)

3¢dexTHBHAA CKOPOCTH NEpeAaTH JaHHBIX ONpeeNaeTca no opmyne:
M-L,.,

8 1l
toc n+(n—1)~tcwu+i§11 >L1It¢pm n_l+t¢pm-m2)+tm)-k

TRE, foc — BpeMs, 3aTpaueHHOe Ha o0paboTKy CHTHaNa Ha y3ne; n — YUCIOo
NIPOMEXKYTOUHBIX Y3/IOB MEXAY OTNPAaBHTENEM H NONYYaresieM; flux — BpeMs
nepeaavH Kanpa B JHHUH; [ - QyHKUHA HHOUKATOPa; M - MOJIE3HEIH OpraHM3aTop
NepefaBacMbIX AAHHBIX; L - OJIHHA 3arofloBKA; fuwyp — BPEMA, 3aTpadeHHoe Ha
¢$parMeHTaUMI0 Kafpa; m - KONHYECTBO KAIpOB; o — BpEMSA, 3aTpadeHHOE Ha
0XHAaHHE Mepell MOBTOPHOH mepenadeil; k — KOJHMYECTBO MOBTOPHEIX MOMEITOK
nepeaayy AaHHbIX.

W3 nonydeHHO#i MareMaTHYecKod MOZENIH OLICHKH MNEpeaavYH JaHHEX
CIIEHyeT, YTO C YBENMYEHHEM KOJIHUECTBA KAAPOB M BpEMs pasfclieHHs Ha
NPOMEXXYTOUHBIX Y3/1aX YBEIHYMBAETC, M, Kak cneicrsme, 3(dexTuBHas
CKOPOCTB Nepeiady JaHHBIX YMEHbIIAeTCA.

3agepkka D B kaHane npu népefade KaApoB MOA BIHARHEM NOMeX OOLIYHO
onpejeNsercs CAeAYIOMMM BRIPAOXKEHHEM:

™,

V3¢¢=(

N
D = _keum_ S ®)
R Rpac.cuz

e, p — BEPOATHOCThL HEYCNCHIHOM Nepeaatn Kanpa;
p=1-(1—-BER)".

PeansHaa ckopocTs mepenaiH HHQOpMalHM ONpENENsercH  CHEXYIOmUM
obpasom:

2 ®

PaspaboraHa pekomeHOaUMs MO BhIGOpY pexHMa OXHAAHHA, KOJHYECTBA
KaJpoB, pasMepa KaapoB M BbiGopa TalimMepa A pacdeTra CKOPOCTH NEepeAads
JaHHBIX I pa3lIMIHBIX PEXXHMOB PabOTEI KAHAJIOB CBA3H.

B Tperpefi rmase mmccepraunH «OmnpeneseHHe NPOH3IBOAHTEILHOCTH
NPOTOKO/IOB KAHAJBLHOr0 ypoBHE Ha Gase Ilerpm Mogenw» npejcTaBneHa
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MaTeMaTHYeCKHC MOJENH OLEHKM KAaYeCTBEHHBIX MOKasarelell Takux Kak
CKOpOCTb NEPSAatH NO KaHa/IaM CBA3H, NPOMYCKHad COCOOHOCTD KaHala, a TAKKe
MOZielM mpouecca nepeAauyd MHGOpMauMH B BHIE HEYETKO-BPEMEHHOH CETH
Ierpu.

Ha ocHoBe cucTemHoro noaxoaa paspaborana ¢yHKUMOHanLHA® cxema
npouecca Nepeaayd AaHHBIX MO KaHanaM CBA3H H BeiGopa napaMeTpoB
MPOTOKOJIOB NEpEAaTH NAHHBIX (PHCYHOK 3).

B ¢yuxumonansHo#i cxeMe ydITeHE! BIMAHNE BHEMHMX (akTopoB Ha nponecc
nepenauyd AAHHEIX NPH HAIHYHH NOMeX B KaHamax cBasu. H3gectno uTo,
CKOPOCTb H TOYHOCTH MNepenaBacMoil MH(GOPMALIMH 3aBUCAT OT MHOXECTBO
(axTopoB H nomex.

BaemmEe BaasHHE nOMCX08 _-Inm }__
basror TIOMEXH KIHATLEOTO YPOBHA o [Norepmmazpos |
(=)

o e

(%%n_‘@“nm (o)
Butop mpauerpos |- <.} Tlepenaa

s _
ém'7 v,
Bubop ¥ J
m}'m Cnycx
erpon o mpaerpan (= )] sampon o(v:)

TIoATSepRACRRE

e—sSesUsTesoEs: ST

S

PucyHok 3. @yHKiHOHaNpHasA cXeMa npolecca nepeaads AaHHbIX N0 KaHanaMm
CBA3H H BbIGOpa NMapaMeTpoB NMPOTOKOJNIOB NepeAadl JaHHBIX

B asToM ciyuae mepegada AaHHBIX MO KaHalaM CBA3M MOXKET OBITH
npencTaBiicHa 4eTBépTKOM:

S={®,E,c, ¢}, (10)
rae, P={®,;P;} — MHOXECTBO BHCIIHHX BO3AEHCTBMI, (aKTOpPOB, NMOMeX;
E={e), &5 €5} — wnTeHCHBHOCTL mepenaud ungopmaumn; C={c; c; c3 c —

rapaMeTps! NepefasH JaHHbLIX o KanapoM; ¥={ w, y,... y,} — NoKasatenu
NPCH3BOANTEILHOCTH NPOTOKOJIa KAaHAMBHOFO YPOBHA.
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BnusHue BHIMENEPeUHCIEHHBIX BHEMHHX (aKTOPOB Ha MPORECCH KANPOBOH
nepenaud JAHHBIX YUMTHIBAIOT CACAYIOMME BEIHYHHBI MHOXeCTBa @
@1 — BEJIHYMHE], XapaKTEpHU3YIOMHe H3MEHEHHE NOTOKOB HA(OpMalMK Py NoMeX;
@2 — BENTMYMHEI, XapaKTEPH3YIOUHE NOTEPH HWIH MCKAKEHHOCTh HHGopmawym. B
KayecTBE BXOAHBIX NEPEMEHHBIX NMpH nepenavH HHGopMauMH B KaHAIaX CBA3H
0603Hau€eHbl MHOXECTBOM =: & — JUIMTENLHOCTE OXHAAHHA H NOTBEPKACHH;
& — BEJTHYMHBI, XapaKTePH3YIOMMEe HHTEHCABHOCTD NOCTYIUICHHA KafpOB B CETH.

PaspaforanHat (pyHKUMOHATBHAs MOMENb MO3BOMAET CHOPMHPOBaTh 3aKOH
B3aHMO3aBUCHMOCTH BBIXOAHBIX BEJIMYHH C BXOIHLIMM BEJHYMHAMH, Koria
B3aHMO33aBHCHMOCTD MEPeMEHHBIX HAXOAHTCA CITy4aiiHOMH XapaKTepPHCTHKOMH.

B AuccepTaunoHHO# paGore GbutH paspaboTaHbl MOJENIH YCTPOACTB KaHana
CBA3H NA OUEHKH 3(QEeKTHBHOCTH NpPOTOKOjJa KAHAIBHONO  YPOBHA
TeNeKOMMYHHKALHOHHOI ceTH (PHCYHOK 4).

Ps

n o] P, 2 Ps
a)

Ps

PucyHOK 4. Mozie/iH HeueTko-BpeMeHHsI cetH ITeTpH s ycTpoiicTs KaHaa
CBA3H
Jdna ouenku 3¢pQeKTMBHOCTH MPOTOKONA KAHAIEHOTO YPOBHA B pabore
NPEMIOKEH METO] HeueTKol-BpeMeHHBIH cetH Ilerpu, 3amaBaeMoii gerBepkol
ciienyromum obpasom:

rae, N=(P,T.1,0) — ctpyxtypa HBCII: P={p}, (i=/,....n; n —KONMHYECTBO
TO3ULMI) — MHOXKECTBO nozmumii; T={t;}, (7=1I,...m; m — xonmH4ecTBO NEpexonoB)
— MHOXecTBo nepexomoB; [:PxT — {0,1}; O:TxP—> {O,l} — BXOAQHBIC H
BHIXOHBIE  NEPEXOaHbIE HHIHIOCHTHBE  QYHKIMH  COOTBETCTBEHHO;
Ho =8 12 ..., 44°) — HAUANBHBIA BEKTOP MAPKHPOBOK.

CoBMecTHMEIE MapKeph! MOFYT NEPEXOIHTL B HOBOE COCTOSHHE NOC/E TOrO,
KaK Mepexodsl BHIONHAIOTCA OecnopalowHo, onpedensemad cileaylomed
¢$opmyIoit N0 HCTEUEHHH BPEMECHH HX XpaHEHHA:

u0= (,,3, pgi,pgi> (iefl2,..n}) 12)

TOrga, BXOJHBIC d‘;, BBIXOOHBIC d; MNOJIOKCHHA HHIHACHTHBIX JICMECHTOB

d!.,. OMpeReNAIoTCs No chexytomel dopmyne:
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.

1, azap Piel(fj), . 1, azap piGO(tj),

d:= ’d--= 5
y 0, azap pieI(tj), y 0, azap P; EO(tj),

dij= 1, azap Piﬁl(tj), p,.EO(tj), (13)

Ha ocHoBe aTX npemmonoxenwi paspaGoTaH anropHTM NOCTPOCHHE
HeueTko-BpeMeHHbIH ceTH [letpu (HBCII) Moneu nepenaun AaHHBIX MO KaHANaM
cessn. Jina ¢opmammzaumu npouecca nocropene HBCII nepBoHaYambHO
OTNPCACAAIOTC BO3MOXHBIC MO3HIMH H NEpexolbl NpH Mepeavd Kaapos dYepes
KaHa/IoB CBA3H (PHCYHOK 5.). B 3TOM cilyuae onpezenens No3HLUMH H NEpPexos!
Q1A IPEACTaBNCHHA Nepeaid KaipoB Yepe3 kaHan cBasu B popme HBCII.

PucyHok 5. Hewerio-BpemenHsiii cets INetpu

C ydYeroM nMHaMHKH (YHKUMOHMDOBAHMA KAHANIOB CBA3SH OMNpENENEHbI
ClCAylolne MO3HUMH: p; — KaHAm NepefaeT Kaip; p; — KaAp HAXOAMTCA Ha
nepenaromeM ycTpoicTse; p; — Kanp npeobpasyercs Ha GopMy CUTHANA; py—KaHa
CBA3H CBOGOJEH; ps — IPHEMHHK rOTOB K NPHHATHIO Kalpa; ps — MPE06pasoBaTens
CHTHAla B MPHEMHHMKM CBOOOZEH; p; — NPHEMHHK TIOTOB K MNPHHATHIO
HHQOpPMaUHH; ps — nar ycTaHORNEH B Kajpe; po — NEpenatT Kaap Ha KaHAN CBA3M;
P10 — Kanp NpH6LI K NoMyyaTemo; p;; — NpoBepKa OMHGKH Kaapa.

Torna mmoxecrsBo mnepexonor T={1,, ..lg} - XapakTepH3yeT YCJIOBHs
BLIMOJIHEHHS OMNepauuii (mepexona) T.e.: ¢; — BHIONHAIOTCA ONEPALMH Nepeaayu
kajpa; 1; — 3aBepIICHA Nepefaya Kaapa Ha KaHall CBA3H; {3 — BBINOJHSACT NPHEM
Kajapa; 14 — 3aBEpIICHO MONYYeHHE Kanpa; fs — NpoBepeHbl OMHOKH Kaapa; fs —
nepeaaia KBUTAHIMHA O MOJIOKHTENBHOM NMpHEME Kaapa M MoaydaTels IOTOB K
OpHEMY ClleyIommero Kagpa.

T'OTOBHOCTL  BHNIONHEHMA OMEPALMM  COOTBETCBYET MAapKHDOBKH 1.
Paspa6oTan anropuT™ NOCTpOEHHs MOZEIH NepeayH NAHHBIX N0 KaHaNaM CBA3H B
BHAC HevdeTko-BpeMeHHON Iletpu (pucynok 6). Ciemyer otmerut, uro HBCII
NO3BOJIAET YUHTHIBATE BEPOATHOCTH BJIMAHMA BHEMIHBIX TNOMEX M JApPYIHX
¢axTopoB npu nepenauk NaHHLIX NO KaHanaM cBA3H. CNENOBATENLHO, 3Ty MOAEID
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MOXHO HCHONB30BAaTh MNpH MNPOEKTHPOBAHHM KAHANOB CBA3H M OLEHKe
3¢eKTHBHOCTH MPOTOKONOB KAHAILHOTO YPOBHA.

L_omam |
1

F = §iH = ¥ ; § marpuma sx0m 1 ssom

]
[Ipemsapuremaasonterxa 4 = {u, }.i=1.n, ]

_.k'cwermm :’ =i

=D

Ja
_.iBﬂsopmqm i=lmify =00 k=Fpk;
Her Tom
Na
Pacaér xounonenron ”i§= p'.2+j;?, ﬁ:l,z.....ki —j!i].

OPMHPOBAHHE PAIICPEACIHTEILHOTO BEKTOP2 KaXAoH BXOATIe MOSHIHA
'I =00, i, ....0) )

k-1
th = ?ua\/fy Bia
3

pacnipenenenne ypoBEeit OTHOCHTETEHOCTH BXOJHOI HosmE

P = bopumponanme BexTopa b = {'".:o"":lv—' f'g:}

Konen

PucyHOKk 6. ANropHTM NOCTPOCHHA MepelavH KaapoB B BHAE HEYETKO-
BpeMeHHoii cetu [erpn

PaspaGoraHHbie HEYETKO-BpEMEHHBIE ceTH IleTpH Mopesm mo3BonseT

OMpENENHTL KAYSCTBEHHBIE H KOJMUECTBCHHBIC NOKA3AaTelIH KAHANOB CBA3M,

oTpaxaomue 3((eKTHBHOCT TNPOTOKONIOB KAaHANBHOTO YPOBHA, K KOTOPEIM

OTHOCATCS CpefHsiA 9acToTa KaOpoB, MMCNMEPCHA BPEMEHH, CpelHee 3HAYCHHE
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KaJpoB B CHCTEME, BpeMs MpHOBIBAHMA Kagpa B CHCTEMe, CpeIHHii pasmep
crieqyiomero Kaipa H HX CpeiHee BpeMA NpHObIBaHHA B KaHAE.

Jna pemleHHs  3a4aY¥  OLICHMBAHHA BEPOATHOCTHO-BPEMEHHBIX
XapaKTEepHCTHK KAHAIOB CBA3H B JHCCEPTALMOHHOMN pabore paspatoransl rpado-
aHATHTHYECKHE MoAe/M B Buae cetH Ilerpu (pucynok 7). B aTom ciydae npouecc
(YHKUMOHHDOBAHMA CHCTEMBI MOXKHO pPacCMaTpHBaTh CMEHBI COCTOAHMIA,
XapakTepH3ylOmMe  onpefclieHHbie cobmmua. KaknoMy H3  cocrosaHuit
COOTBETCTBYET ONpe/e/ieHHad BepOATHOCTh. ITepexos CHCTEMBb! H3 COCTOAHHA B
Apyroe COCTOSHHE CBA3BIBAETCA C BLINONHEHHEM HEKOTOPOH omnepauuu,
ONHCHIBacMOH CITy4aiHOM BEMHUMHOMN C H3BECTHEIM 3aKOHOM pacrpe/esieHus.

B monems cetu Iletpu yanel rpada npeacTaBnsiorcs BEPOATHOCTHO —
BpEMEHHKIMH XapaKTepHCTHKAMH.

PucyHok 7. Mogrens nepefays JaHHBIX 110 KAHA/IaM CBA3H

B mopesnn IMerpn ayru rpada HHTEPHPETHPYIOTCA COCTOSHHEM KAaHAIOB
CBA3H, a y3nsl rpaja HHTEPNPETHPYIOTCA  BEPOATHOCTHO-BpEMEHHOI
XapaKTEPHCTHKOIH.

I{mcisl 3aduKCHPOBaHEI B BUZE NIEPEXO0B

WIZ_)H’ZI; WIZ —)Wn -_)"’N; n,u_)Wzs_)W:u _)u’ﬂ; n’l‘._)u/;l'
OxsuBaneHTHad W — ¢GyHKIMA BpeMeHH nepenayH cooOlIeHHns onpeaeniere
o gopmyne:
W ()= (W Wy + W))Wy qW3 Was) (1 = W))Wy | = W) Waaly ) — W)y (WagWy) — W4y =
2
Paty Uz = a2y = X3 = 9° + pypy Pty 134y =) )

= 5 ,

(A —sXA3 —%)  p,yq PyP3a, 91944 (15 — )

1y - Py - sXg - 12 A =SKA3 =8)  Padydy 234‘23_ 194414 -,
iy Z-s (=9 P4y

rae,l-p,=q; 1-p,=q,; 1-py=¢;; 1-p,=¢q,.

3nech P; BEpOATHOCTHL MOMAAaHMA KagpOB B CETH, A — HNpPOH3BOAAINAA
HHTEHCHBHOCTb MpH MNpoOLECcCEe IepefadyH KaapoB, S — ¢yHkumu Jlamaca,
CpaBHHTENILHBEI aHANM3 MOJNYYEHHbIX PEe3yJIbTATOB MaTEMaTHIECKHM MOAENSAM B
BHIE HedeTko-BpeMeHHble ceTH IleTpH ¢ aHanMTHYeCKMMHM METOJaMH MoKasa,
afieKBarROCTL Mopeineli M aApnderca Gonmee addekTuBHOM AAA MCCNEAOBAHMA
(YHKUMOHHPOBaHHA TEJIEKOMMYHHKaLHOHHEIX CeTel.

B uerBeproif rnase auccepraimH «Pa3paGoTia MMHTAUHOHHON MOZETH
AnNf OHEHKH NPOH3IBOAMTENLHOCTH MNPOTOKOJOB KAHANLHOrO YPOBHSD,
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NMPHBOIMTCA Pe3yNbTaTl NPHMEHEeHHs pa3paboTaHHBX MojeNe H anropHTMOB
oLeHKH 3(GEeKTHBHOCTH NPOTOKONOB KAHAIBHOTO YPOBHA B 3KCICPHMEHTAIBHEIX
HccneoBaHusaX. PaspaGoTaHHEIC BLIYMCIIMTENBHBIE MOJENH SBIIAIOTCH OCHOBOH
CO3MaHMA MPOrPAMMHOrO KOMIUIEKCAZ JUIA MpOBEJieHMs HMHTAHOHHBIX
skcnepumenToB. OGobImeHHas CTPyKTypHas CXeMa HMMHTAUMOHHOH MOJETH
nepenadd JaHHBIX 0O KaHaiom cBA3M A cranpapra IEEE 802.11ax
MpEACTAaBNEHa Ha pHCYHOK 5. HMMTallHOHHas MoOZens MepeRadn NRHHBX
MO3BOJIAET HCC/ENOBaTh M OLCHHTh NPOH3BOMMTE/LHOCTH  MPOTOKOJIOB
KaHaILHOTO YPOBHA Ha Pa3NMYHBIX peKHMax pabOTEI KAHAIOB CBA3M: PEKHM
OXHAAHNs, pexXuM Bo3Bpara N IIaros H CeNIEKTHBHBIA PEXKHM MOBTOPCHAA.

Pucynok 5. Crannapr IEEE 802.11ax — HMHTallHOHHAA MOAEJH NEpeAaty AaHHEIX
TpousseneH CpaBHMTENHLIA AaHANH3 AHAIMTHYECKOH ¥ HMHTANHOHHLIA
MOJENM Mpouecca nepefaud MHGOPMALMH NMpPH pasiMy ypoBHAX momex. Ilpw
3HaYeHHH ypoBHA momex BER=10" pesymbTatsi AByX MoAeneli paznHJaiorcs Ha
0,2 M6/c (pucyHOK 6), UTO NOKa3LIBAET aXEKBATHOCTh HMHTAIMOHHON MOJENH.
PE3VJIbTATE CPABHEHMHA i .

= o .

PucyHnok 6. CpaBHeHHE pe3y/IbTaToB MaTemMarHdeckoi monenu npu BER=10

P03)'J'Ib‘l‘a’l'b CpaBHCHHA WMHTAIlMOHHONO MOJC/HPOBAHHA H 2HANHTHYCCKHMX
Pac4yeToB IOKa3allk, YTO peajibHad CKOPOCTH HHd)OpM&[lHOHHO[‘O IIOTOKA 3aBHCHTH
OT pa3sMepa M KOJIHYCCTBA NEpeAaBacMbIX KaAPOB MO KAaHAIOM CBA3H NPH HAIMIH
noMeXx.
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3AKJIIOYEHHE

PesynbTaThl NpOBEAEHHBIX HCCNEAOBaHHE 1O Teme auccepraunn «Mogenu u
QIropHTME  OLCHKH 3()PEKTHMBHOCTM NpOTOKONOB  KaHANLHOTO YpOBHs
Te/IeKOMMYHHKaLUHOHHOMH ceTH Ha Gase cern Iletpu» mossonaT cdopmyaHposats
CleAYIOMHE BEIBOMBL:

1.Ha ocHOBe CHCTEMHOrO aHanM3a OmpejeliieHa OrpPaHHYEHHOCTH
CYNIECTBYIOMHX METOAOB OUEHKH NPOH3BOAMTENHLHOCTH MPOTOKOJOB Mepenady
JaHHBIX N0 KAHAIAM CBA3H NMPH HATHYHA Pa3fHYHbIX BHAOB ITOMEX.

2. Paspaboran cnocof oueHKH 3((QEKTMBHOCTH NPOTOKONOB KAHANBHOIO
YPOBHA C y9ETOM BIIHAHHA Pa3MEp NMEPEfaBACMbIX KaJpoB, KOJIMYECTBA KANPOB U
YPOBHA MOMEX Ha CKOPOCTh MEpeAaid MHGOPMAUMH Ha PAamMMUHBIX PeXMMAx
KaHanoB CBA3H.

3.C nozMUMH CHCTEMHOrO NOAXOAA CO3AaHa (YHKUHOHAILHAS CXema
Nepefadd [aHHBIX NO KAaHaNaM CBA3H W BEIGOpa MapaMeTpPOB MPOTOKONOR
KaHaIBHOIO YPOBHSA.

4. Pa3paboTanst HEYEeTKO-BPEMEHHbIE Ilerpu MOJZENH OLIEHKH
3¢peKTHBHOCTH NPOTOKO/IOB KAHAILHONO YPOBHA MpPH Nepeaail HHGopMauuu B
HHGOPMALMOHHEIX M KOMMYHHKALHOHHEIX CETAX MO3BO/MIOMME YYHTHIBATD
BJIHAHHA NOMeX Ha NOKa3aTe/IH NepeRayl AaHHEIX.

5.PazpaboTannbie HeYeTKO-BpeMeHHbIE ceTH [leTpu MogeNH KaHaIOB CBA3M
oneHkH 3¢ peKTHBHOCTH MPOTOKO/NA KAHANLHONO YPOBHS MO3BOJTMIIM YMEHBUIHT HA
4,2%-7,5% NOTOKOB NepefavH HH(POPMALIHOHHEIX TIOTOKOB.

6. PaspaboTaH BLICOKONPOH3BOAHTENLHLIH  BEMMHCIHTENBHBIH  ANTOPHTM
ompejencHus NapaMeTpoB 3((PEKTHBHOCTH NPOTOKONOB KAHANBLHOrO YPOBHA
(cKopocTh nepefaM NAHHLIX, BPEMs yaepikaHHd, NOTEPH NpH nepenade, o6beM
AaHHBIX M TJ.) B YCNOBHAX HEONMPEAENCHHOCTH HH(popMaumn. Peammsaums
AaHHOrO AITOPHTMA MO3BONACT CHHU3HTH MOTEPH AAHHBIX HA 3-5% NpH BELICOKOM
YpPOBHE NTOMEX B CETH.

7. Pa3paboTaH npOrpaMMHbIA KOMIUIEKC MMHTALMOHHOTO MOZAENHPOBAHHA
OLCHKH H aHamM3a MOJNIHOTH], WEJIOCTHOCTH M OwicTpopeiicteua nepenaBaemMotli
HHpOpPMAUMH B TENEKOMMYHHMKAUHOHHBIX CeTsX. [IpoBenéH HMHTALMOHHLIA
3KCIIEPHMEHT onpezesieHHs B3aHMOCBA3H MexIy BEJIHUHHAMM,
XapaKTepH3yIOMMMH  MNPOM3BOMMTENBHOCTH  KaHatoB  cBasH. (IIporpamma
onpeaeneHua omKHOOK Nepeaa s H NpAEMa HHpopMaLMK

8. Peaynsrarsl 3KCHEPHMEHTAMBHBIX MCCICAOBAHMY AMCCEPTALUMH MNPHHATHI
JUISl MPaKTHYECKOrO HCMONL30BaHug B MepraHckoM dutHane «Yabexrenekomy u
KamkapapeHHCKOM LIEHTpE pagHOBEIIaHHA. BHempeHue pesynsTaToB HayqHOro
HCCIENOBAaHHA HAa  NPEMNpPHATHAX  MO3BOJMIO  MOBBICHTH  CKOPOCTB
AEGQOPMALHOHHBIX TOTOKOB Ha 11%.
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INTRODUCTION (abstract of PhD thesis)

The aim of the research work is to develop models and algorithms for
evaluating the effectiveness of the data link protocols of telecommunication
networks on the base of Petri net.

The object of the research work is the tools of assessing the efficiency of
the data link protocols under transmitting information on the base of Petri net.

The scientific novelty of the research work is as follows:

fuzzy-time Petri nets of the model, evaluating the efficiency of the data link
protocols at transmitting information in telecommunication networks under the
influence of interference are developed;

an algorithm of efficiency indicators of the telecommunication network data
link protocols: data transfer rate, delay time, transmission losses and information
volume is developed;

models and algorithms to improve the efficiency of the data link protocols of
a telecommunication network in conditions of information uncertainty are
developed;

a simulation model for assessing and researching the speed, accuracy and
completeness of transmitted information in telecommunication networks is
developed.

Implementation of the research results

On the basis of the obtained results of the research of the efficiency of the
data linkprotocols of the telecommunication network on the base of Petri net.

developed a software tool on the basis of models and an algorithm for
evaluating the performance of telecommunication networks protocols was
implemented at the enterprises of the Ministry of Information Technologies and
Communications, in particular in the Fergana branch of JSC Uzbektelecom
(reference of the Ministry for Development of Information Technologies and
Communications of the Republic of Uzbekistan No. 33-8 / 5937 of 26 August
2019). As a result of scientific research, it was possible to reduce the loss of
information by 3-5% by determining the optimal number of frames with a high
level of interference in the network;

Computational algorithms based on the models developed by Petri, assessing
the effectiveness of data link protocols in telecommunication networks, introduced
in the SUE at the enterprises of the Ministry of Information Technologies and
Communications, in particular in the Kashkadarya Radio and Television Center
(reference of the Ministry of Information Technologies and Communications of the
Republic of Uzbekistan dated August 26, 2019, No. 33 -8/5937). The
implementation of the research results is allowed to increase the speed of
information flows by 11%.

Structure and volume of the dissertation. The content of the thesis consists
of an introduction, four chapters, a conclusion, a list of references and applications.
The volume of the thesis is 110 pages.
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