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KUPHI (pancada noxropu (PhD) miccepraunsiciHHnr aHHOTALNSCH)

JuccepTaunst MaB3ycHHHMHT gon3ap6anru Ba 3apypati. Xaxonna cyurru
fiunnapaa 6ourka TapmoknapaaH Gapiin YnapoK KeHr XU3MaT Typ/lapHHH TaKIHM
3THI! HMMKOHMATHra 3ra O6ynraH MynbTHCepBMC TapMoKnapH Ttobopa KeHr
KynnaHunMokaa. PuBoxknaHran mamunakaTnapaa, kymnagad, AKLI, Byiok
Bputanua, Hupepnaupusa, Iepmanus, IlBeuus, dpanuna, XKany6uii Kopes,
Xungucron, Poccua Ba Oolika MamiakaThapaa MyNbTHCEPBHC TapMOK/IapH
taonuaATH caMapanOpJIMIHHH OLIMpHIUra anoxuja >bTHOOp KapaTwnagu. Suru
XH3MaT/IapHK JKOPHIt KWIHIL YYYH TEruUUTH TapMOK maHOanapu kepak 6ynanu.
Ily wHyKrau HasapmaH, MYJBTHCEPBHC TapMOFHHH 6olIKapHlll TH3MMHHWHT
camapaJiop/IMK KYpcaTKMwiapH MOJE/UIapH Ba alrOPUTMIApUHH HMILIab uMKHWIra
anoxuaa 3bTHOOp KapaTiMokga. Yby fyHanuwmaary sHr MyXuM mMacaianapian
6HpH MYNLTHCEPBHC TApMOK/IApHHH JKOPHil 3THIL, YyJapH{ PHBONUIANTHPHIU
AynnapuHl TaKOMWINAWITHPHIL, MyJbTHCEPBUC TAPMOKNAPHHHHI CaMapalop/iuK
KypcaTKM4NapuHN XKMCOONalIHMHT MaTeMaTHK MOACIHHHM Miab YMKHWL, HCHpo-
HOpaBLIaH TEXHONOTHANAp Ha3apHACHra acocllaHraH XojJa KaHanjJapHHHr
JTKasuul KOOWIMATH, MaKeTJapHH KeuMKHIIH Ba Gouika KypcaTKH4j1apiH
XHcobnall ycysuapHHH Hinab yukMin xucoGnaHanu.

Jaxonpa ax6opoT Ba KOMMYHHKALNA TEXHONOTHANAPHH PHBOX/IAHTHPHLITA,
MYNILTHCEPBUC TAPMOKIAPMHUHI CaMapajopiHK KypcaTKUWIapHHK Xucobnaw
yCy/inapu Ba pean BakT peXHMHOA WIOBaNapHM IOKOpH Aapaxaaa cupatiu
y3aTHIL YYYH 3NIEMEHTIAPHHHT YTKa3HI KOOWIHATHHH OIUIMPHLI, MablyMOT/IapHH
10KOpH cidaT GUNIaH y3aTHIIHHUHT WIMHIE acociiapH spaTHiIMoKaa. By iynanuiiia
MYAbTHCEPBUC TAPMOKJIApH Ba TPAHCMOPT TAPMOK/IAPHHHM JKOPHH STHLU, yJaapHH
PHBOXKIAHTHpPHIL RYN1apHHH TAKOMHIINALITHPHLI, HOPaBUIAH TYILTaMap HasapHs-
CH acocHla MyAbTHCEPBHC TApMOKJIapMHH GOLUKapuil MOAENNApH Ba aNropuTM-
napHHH MLUTA6 YMKHLI XaMAa MyJbTHCEPBHC TapMOK/IapH caMapaiop/iuk Kypcar-
Kkuunapuuu 6axonai Ba XMcoOnail anropyTMIApUHH HILA6 YHKULL MyXHM Basu-
danapnan Gupu xucobnawagu. Ymby MyaMMONapHH Xap TOMOHJIaMa Xajl 3THIU
mypakkab unMuil MyamMmo 6Y1u6, TenekoMMyHHKauMa 6o3opura Kupuiuaa pean
6owkapHil TH3UMAApHA2 GolIKapHIL XKapa&HIapHHUHT CaMapaopJIMTHHN TaxXJun
KM 6unan GOFNUK TAAKUKOTIAPHH YTKa3KIL 3apy pIHrHHY Genrunaiau.

Pecny6nukamusna ax6opoTnawtHpHiuHu ‘PHBOXUIAHTHPHLLTa, YeKKa TyMaH-
nap axOMHMCHHMHI XaM KEHI NoJIOcany WHTepHeTAaH ¢oiiaananHiiura anoxuia
3bTHOOp KapaTHaub, KymnagaH MablyMoT/iap ‘y3aTHIl Te3Nurura MYBO(HK
XH3Matiap kypcaTHn cHdaTHHH, q)onnananyaqunapra MyNETHCEPBUCITH XH3MAT

TYpRapuHH TabMHHNAW, LIy XU3MAT TypiapuiaH chdamiu doimananura oua
yopa-tanGupnap amanra owMpuaMoxkna. 2017-2021 #unnapaa Va6exucron
Pecriy6nukacHHM AHaja PHUBONTAHTHPHIL 6yiuva Xapaxa'map CTpaTernacuaa,
AKymnanaH «...MHTEpHET TapMOFH OpKan apKHH Kipunaauran 6asanu Apatuu,

...Pecrrybnuka  aXoJMCHHHHI  IOKOpH Te3nuKiaru HMureprerra  ynauuim,

..TENCKOMMYHHMKALMA TH3UMMHH KEHT KYJamMAa MOAECPHM3auuA Kwiuul...»'

| ¥36ekucron  Pecnybnmxack [Mpeampermmwnr 2017 fun 7 despanmarn  [19-4947-con  «V36ekucron
Pecrry6amkacHin anaza pHEOXnaHTHPHIN GFitiua XapakiTaap crpaternzcy T9rpucuua» ru dapmonu.



Basudanapu 6Genrunab Gepunran. Maskyp BasudanapHd amanra owHpuliaa,
KyMNajan  HopaBllaH TYnnamnap HasapMACH  acoCHOA  MyJILTHCEPBHC
TapMOKnapunn Gowkapui camapagOpMMrHHM TaAKMK KWIMILHMHT MOAGNH Ba
QITOPHTMHUHH HIWIA6 YMKULL, CYpOBNApHHM §3 BaKTHAA GaxkapHll SXTHMOUTUIHHY
TAPMOKHHHT  Tafi€prapiuk ko3QQUUMEHTH Ba IOKMAHTAHNMrHra GOFIHKINK
AAPDKACHHH  TAXNWIAHUHEG BHANHTHK MOMENHHM HILIA6 YHKHIL MyXHM
Macananapnan 6upu xuco6nanaau.

Y36exucron Pecniy6nuxacu [pesupentunuur 2017 jiun 7 ¢enpa:r‘1flarﬂ
[19-4947-con «V36exucron Peciy6nukacuuu aHana pusoxnaHtupniu 6yiinua
Xapakatnap crpareruscu Tyrpucuganr dapmonn, 2018 itun 19 despanaaru
I®-5349-con «Ax6opor TEXHOMOrHANapH Ba KOMMYHHKaUHAnapd COXacHHH
Allana TaKOMWNATHPHIL Yopa-Tanbupnapu Tyrpucuaanrn dapmonn, 2017 iiun
29 asrycrnaru  TIK-3245-con «AX6OpOT-KOMMYHHMKALUA  TEXHONOTHANAPH
coxacupa nofimxa 6OlIKAPYBM TH3MMHHH SHAZA TAKOMH/UIALITHPHLL ‘topa-
Tanbupnapu Tyrpucupanru  Kapopw, Basupnap Maxkamacuuunr 2018  iinn
7 wMaptaarn  185-con «Anoxa, axGopoTnawITHpMIl Ba TeNEKOMMYHHKAUHA
XH3MAT/IAapu cHaTHHM AHama sxwMNawra HoMp Yopa-TaaGupnap TYFPHCHAANTH
Kapopu xampa maskyp Gaonuatra Ternwnu Menépuil-XyKykuil XyxokaTnapna
6enrunanran Basudanapuu amanra owupuuira ywby aucceprauHa TaIKHKOTH
Myalisit Aapaxaza Xu3Mat Kunazau.

TaakukoTHunr pecriyGamxa than Ba TexHoNOrMsIApDH PHBOMIAHHMLIH-
HHNE yeTyBOp fiynaauwaapura mocamuru. Maskyp Tankukor pecny6nuka dau
Ba TEXHONIOFMANAp PUBONUIAHMIIMHUHE V. «Ax6opoTnawTupuw Ba ax6opot-
KOMMYHHKAUMA  TEXHONOTMANADUHM PHUBONUIAHTHPHMILY YCTYBOp HyHaIKIM
Jonpacuaa Gaxkapunras.

Myammonn ypranmaramnng Aapaxacu. CyHrru fiwnnapaa MyJabTHCEPBHC
TapMOKNIapUHHHT  caMapafoOpiUruHy  Gaxonam anropuT™miapy Ba XHcoGnaw
yCynnapunu umumab uukuw 6¥itnua wnmui TagKHKoTiIap onubG Gopuara Ba
MabllyM Hasapuii Ba amanu#t wamwkanap onumran. JKymmamaH, XOPWXKHit
onuMnapnad:  J.G.Andrews, F.Baskett, D.M.Chiu, M.Dohler, E.Gelenbe,
V.B.Iversen, R.R.Vager, M.Haenggi, F.Kelly, P.JKuhn Poccusnuk onumnap:
T'ILBawapun, [0.B.lalinamaxa, E.J|Bpwukos, JLP. w1308, I1.11.Bouapos,
B.M.Buwmnesckuii, B.B.I'nenenko, A.H.Oynuu, A WU.3eiipman, b.C.I'onpawTeiit,
B.IO.Kopongs, A.E.Kyuepsswiii, H.A.Cokonos, B.U.JToxTHH Ba GOlUKaIapHHHT
Huiapuaa Kypu6 unkunran.

Y36exucronna mypaxka6 crpykrypara sra Gnras anoka TApMOKIApHHW
Gowkapuw  camapamopnurmmm  Taxamn  KuMWHHHE Typau  KHXaT/1apH,
CaMapanOpAHK KYpcaTKMwiapy TaBcH(napy, TH3MM, TapMoknapuu GouiKapuin
CaMapajlop/iurMHK TAX/IWN KMAWIL Ba GaxONAWHMHC Typau ycyanapH G¥itnua
WIMHA TaaKHUKOT HUapH Kyitnaary O/NIMMNap TOMOHHAAH KYpuﬁ YHKHJIT'aH,
*ymnapa, JI.A.A6mynnaes, T.®.Bekmyparor, M.M.Kamunos, C.K.Fauues,
A.P.Mapaxumos, T.H.Huwon6oes, P.W.Hcaes, H.B.Ycmanosa, U.X.Cnanuxos,
A.3.Annaes, I.T Myxammanuesa sa Gowkanap.

Bupok, xosupru kynma mynetucepenc TapMoK/TapuHMHr  GOLIKapHLL
TH3UMNApHHU CaMapanopNUruHu owMpuw, ynapHH GaxonawHUHr MAaTeMaTHK
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Moaeny Ba GOWIKAapHIN aNrOPHTMNAPHHK APATHIIHMHT WAMHI acocnanran
ycy/napu Xamja uynapra G6aruuuiaHraH WiaMHi M3NaHHLUTAp €TapiiM Japaxana
ypraHunmarad.

}_Inccep*ramm TAAKHKOTHHHHI AHCCepTaALHSA Sa:Kapnmran onuit TapauM
MyaccacaCHHHHI HAMH-TAAKHKOT HILJIAPH peXxadapH 6unaH GOFAUKANIH.

Hucceprauus TagkHKOTH TOIIKEHT JAaBNaT TEXHUKA YHHBEPCHTETH WIMMiA
TaAKUKOT Munapu pexacHHUHr NeMTJ] 5-36-con “HedrekumEBnii Kypuima Ba
MaXMYanapHHHT  TEXHONROrHK  XaB()CHM3NMHTMHM  MOHMTOPUHIMHH  axGopor
aHaNMTHK HHTENNEKTYan CHcTeMacuHy Hnab yukuuw” (2012-2014), NeA5-42-con
“AnpHop HOAHMKIMK MIAPOMTHAAQ TEXHONOrHK ob6bekTnapuu Gowkapuil Ba
UHTEJUIEKTYaNNalliraH ~ aBTOMAT/IAITHPHATAH  MOHMTOPHHIHMHH  JacTypwii
HHCTpYMeHTan BocHTatapn” (2015-2017) masaycuparu nofiuxanap mompacuia
Gaxcapunrat.

TagKHKOTHHHI MaKCaalm MYALTHCEPBHC TApPMOKNapuaa 6Gowxapuiu
apa€HnapH camapafopauruHi 6axonallHUHE Helipo-HOpaBWaH MoAenIapu Ba
anropuTMNApHHK ApaTHIWIAAH HGopar.

TagkukoTHHHT Ba3ndanapu:

Te/leKOMMYHHKALIHA ~ TapMOKNIapd  Ba  XH3MamiapuHu  GouKapuin
»apatHNapHHHHT CaMapafopIMruHy 6aX0oNalHUHT TH3HMAN TAX/IUIH;

MYJIETHCEPBUC TApMOK/IApHU pecypciapHHH GoliKapuiu xapaéHHHM HEipo-
HOpAaBIIAH MOZEJUIAPMHH HILNAG YMKMIL;

Hefipo-HOpaBIIAH TEXHONOTHANAp acoCHia MYJIBTHCEPBHMC TapMOKapunu
GowikapuLl KxapaHlapMHH CaMapafiop/IMruHH GaxoNalHUHT ANrOPUTMIIAPUHH
ApaTHiL, :

TENEKOMMYHHUKaLUHA TapMOKTIAPDHHHHT Goun(apum TH3NMHAArH
HOCOIMK/IADPHY GallopaT/iall anropuTMIAPHHH MILIA6 YMKULL;

MYJLTHCEPBUC  TAPMOKJAPHHMHr  GowKapuiwl  TH3MMH  aonuatu
camMapanopMrHHK 6axonaliHUHT MMUTALMON MOICTIMHH APATHIL

MYNLTHCEPBUC TapMOKIapuuu Oolukapui skapa&unapuHu Tascudaapuiu
xucoOnaill Ba TAAKHK KWIHLWHMHE AaCTypHil M&KMyacHHH ApaTiwiaan nbopar.

TagKMKOTHUHr 00beKTH cudaTHaa MyJIbTHCEPBHC TapMOKIAPUHHMHT ¥3ura
X0C XyCyCHMATNApHHM Xucobra onrad xonaa GolKapHil skapaéunap ONMHraH.

TaaKHKOTHHHI FpPeAMETHHH MYJbTHCEPBHC TApPMOKNAapUHH OGolKapulu
camapaaopanruiu 6axonaluHUHE Hefipo-HOpaBIIaH MOAEN/ApH Ba aJITOPHTMAApU
XaMaa anropuTMHUK nac-rypnﬁ BOCHTACH TAWIKWI 3Taau.

TaaAKHKOTHHHI ycyanap. Tankukor Kapagnuna MaTeMaTHK
Moae/naTHpUIL, Tenerpaduka HasapuaCH, IXTHMOJUIAp Ha3apuACH Ba MaTEMaTHK
CTAaTHCTMKA YCynnap, rpadniap HasapusAcd, HOpaBIIaH TYINaM Ba MaHTHK
Ha3apuACH, HHTEJUIEKTyan OGowkapuil HasapuACH Ba TH3MMIM  TaxX/Wi
ycynnapHuaaH goitnanaHunras.

TaaKUKOTHHHT namuit anruanry KyfAnparunapaai uéopar:

nacTnabkH MabiyMOT/ap HOAHMK/IMCM IIApOMTHAA (AONHAT KypcaTyBuM
MYyNbTHCEPBHC  TapMOKNAapMHM  GOlIKApHII  TH3UMU  CaMapaJopMrHHH
6axonauHHHT HOpaBILIAH TYnnaM KYPUHUILKAATH MOAETH APATHIIraH;

MyJILTHCEPBHC TAPMOFH Ba YHHHT BOCHTaNapH TaBCHIapUHH aHHUKNAWHUHT
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Heiipo-Hopaswan Mozennapy uinab yukunran;

MYNETHCCPBHC TapMOFHM y4yH BakT TaBCH(IapH (KaHALTapHUHT YTKazuin
KobunusaTu, ax6opornapun ywnaun6 konuiuy Ba HYKOTHAKWM)MKM XUcOBAAWHUHT
HCHpo-lopaBiian  Mofennap acocumarM  XWCOGMNAUl  AnTOPUTMAApH  HMLITa6
- UHKMATal;

MYyJLTHCEPBHC TapMOFMHM GOWIKapHIl caMapamopiMruHu 6axoMaluHMHT Ba
YHUHT onTHMan KHAiMaTnapuuy Tonuimi MacanacH y4yH HMHTalUHOH MOAENH
ApaTHirai.

TaakukoTHuur amanuii HaTHKaJapH KyHuaarnaapaan néopar:

Hactypuit  TabMMHOT wakIMpa MyNLTHCEPBMC TapMOFH  GouIKapys
THU3HMHHUHT HII CaMapafoOpIMCHHH TaIKMK KHIHII Ba CH(aT KYpcaTKH4IApUHH
Gaxonaus yuyH AacTypuit MaxMya Hunab YMKUIraH.

TH3UMIIH TaxyIH acocuna MyNMETHCEPBHC TAPMOFH GOLIKAPYB TH3HMUHMHT
CamMapajiop/iHruiiy OMWIMPHIL yuyH 3apyp 6ynran GolkapyB TH3UMMHHHT BaKT-
IXTUMOJUIMK TaBCH(IAPUHH TAAKHK KMJIHIL aNropUTMH HILAa6 YHKUATrai.

Tankuxkor naTmwxanapumunr uwonunnauru. TaAKHKOT HaTH?Ka-"aP""""f
MLIOHTMAUIY HOpaBLIAH TYNNaMnap Ba MaHTHK, HEHPOH TapMOK/Ap, 3aMOHaBHIA
Gomkapui HasapusCHHHNT TachaMKnaHran ycynnapugan dofizananran xonaa
IXTUMOANIap Ha3apusACHra  acocsaHray TEJICKOMMYHHKALIHOH  TapMOKJIapHH
Gowkapuir konuenuuscu acocuaa onuHraH Hasapuiff Ba amanuii TagKMKOTIap
HaTHXXaapH Ba ynapHuHr ¥3apo Moc kenuiuu GiiaH acocnaHaau.

Tankukor HATHXANAPHUUKHT UAMMIT Ba aMAaJIHii AXaMHSATH.

Tankukor natwxanapuumnr wamuit axaMMATH M@bJyMOT/ap HOaHMKJIKIH
LIapodTHaa M)’HBTHCGPBHC TapMoKJapH Goml(apys TH3HUMHHHHT .
Camapallop/IurHU  TanKHK KMIMIWHHHF ABTOMAT/ALITHPHITaH MOZENIapH Ba
QIrOPHTMAAPHHH MIINAG YHKMaH n6opar. Ly Guran Gupra, auccepTauiina
Heiipo-Hopasiuan MOZC/TAPHHHT rubpua Xonga KYANaHWIMIIK MYJbTHCEPBHC
TapMOKNapUHHHT cuar kypcaTknynapuun arosa marematHk acocaa Gaxonauwira
HUMKOH Gepanm,

Tankukor HaTHXanapuuuur amanuii axaMMaTH OGOLIKAPHLE THIMMMHKHC
BaKT-OXTUMOJLMK TaBCHnapuny Gawoparnaw Ba Gaxonawra WMKOH GepyBuu
RacTypuit  MaxMya  kYpumMwmparn MYNLTHCEPBHC  TAapMOKJIapHHH
CAMAPANOPNUIHHN TANKMK KWIM Ba Gaxonaul BOCHTACHHH HULIA0 MMKMLIAAH
ubopar.

Taxxukor HATHXANADMHUNr  kopuii  KMaMmMmH.  MynbTHCEPBHC
TapMoKnapuaa  Gowkapum KAPAEHNAPHHUHT  CAaMapalloOpJMCMHH  TAAKMK
KWIMIIHWKT Hefipo-HopaBwan mopennaph Ba anroput™mnapu 6yiiHua ONUHraH
HaTxanap acocupa:

HOAHUKNHK wapontuga daonusr KypcaTyBuu MyNbTHCEPBHC TapMOKIAPHHH
Gouwrkapuw  Tisimu CamapaziopniruHy  GaxonaWHMHC HOpaBlWaH TYMIam
Kyputuwmnnaru monenn Kawkanapé Pagmo Tenesmpenms ysatmw Mapkasupa
Xopuli kunmiran (Vs6exucron Pecny6nuxacu AxGopor TexHomoruanapu Bsa
KOMMYHWKaUMANapHy pusosciaHTHpuur BasupauruHuar 2019 fiun 26 agrycraaru
33-8/5936-con MayMOTHOMacH). Hartwkama MynsTHCEpBMC —TAPMOFMAATH



ax6opotnap OKMMHHMHT TeanuruHM 20% ra, KaHaUIapHHHC  §TKasuiw
Ko6unuaTuuu 15% ra opTTHpHILra IpHILKMATAH;

MYJILTHCEPBHC TAPMOFH Ba YHMHI BOCHTanapH TaBCH(IAPHHH aHHKNAWHHUHE
Heilpo-HOpaBWaH MOAENNapH, MyNbLTHCEPBHC TapMOFH YUYH BaKT TaBCH(napuHu
XncobnalHUHT Hefipo-HOpaBIIaH MOJENNap acocHaaru XucoGnaw anropuTMaaph
“UMS” MUK Kawkanapé sinoatn Kapuu waxap Xu3MaT KypcaTil Mapkasuaa
xopuit kununran (V3bexucton Pecny6nukacu AxGopoT TeXHoNoruanapH Ba
KOMMYHHKaUUANAPHH PHBOXKNAHTHPHLI BasHpAUrHHKUHE 2019 itun 26 asryctaaru
33-8/5936-con MapnymMoTHOMacH). HaTtH:xaza MynbTHCEPBHC TApMOFH caMapaaop-
JIUTMHHHE acOCHil KypcaTkuunapy, AbHH ax60pOT OKHMHM HHTEHCHBIMTHHU 5-7%
ra OLMpHIN Xamaa axGopoTnapHu AYKOTHAHLI AapaxacuHu 5,2% aau 11.3% raua
KaMaiiTHpHLl HMKOHHHN GepraH;

MYNbLTHCEPBUC TapMOFHHM OoluKapHiu camapagopiauruHil 6axonallHHHr Ba
YHHHT ONTHMAaN KWAMATIADHHH TOMHIU MACANacH Y4yH WMHUTAUMOH Moaennaw
TU3HMH VaGex-PIHnonesm KywMa KopxoHacuHuHr “Y3M-Kapwn” ¢unuaniza
wopuii xunuuran (Vibekucron PecnyGnukach Ax60poT TexHonoruAnapH Ba
KOMMYHUKaUHANIADHH PHBOXIAHTHPUIL BasHpAHruHuur 2019 iiun 26 asryctaaru
33-8/5936-con mMabnymMoTHOMacH). Harikana MynsTHCEpBHC TapMOKMapHaa
TYpN¥ XUNAArd HOAHWUKIHKNAED WAPOMTHAA MablyMOTIAp OKUMHHH Gowkapui
xapaéHnapuiu camapagopnuruin 6axonaw umkonuun G6epub, axGopornapHuur
Aykormnmmn 7% ra kamaitniuM Xamaa axGopoTNapHW Y3aTHAMW AHMKAMCH
MaBXyA TH3uMnapra HucGara 5% ra 10KOpH 6YNMLIMHK KYpcaTran;

MyNBTHCEPBHC TaPMOFH YUYH BAaKT TaBCH(napuHu XucobnawHuHr eipo-
HOpaBIUIAH MOJEJNAp aCOCHAArH XHcobnal anropHTMiaapH »V36ektenekom” AK
®aproda (unnanuma sxopui Kunuuran (Y36exucron PecmyGnukacu Ax6opoT
TEXHOMOTHANAPH BA KOMMYHUKALMANAPHH PHBOMUIAHTHPHLL Ba3UPIMTHHUHT 2019
fiun 26 asryctaaru 33-8/5936-con mMabnymoTHOMacH). Hatuxkama MynbTHCEpBIIC
TAPMOKNAPUHMHT  GOLIKAPHII  HAPaEHAAPHHHUHT CaMAPafOPNMIuHK  Gaxonaw
KYpCaTKUuNapuHH, aX60poTNapHHHr RYKOTHAUILMHN KaMaiiTHPHIL Xamaa Xii3MaT
KypcarHIHBHr cidaTHHU 5—7% ra OLIMPHILTa FPULLKATAH.
© TaakuKoT HATHKARAPHHHHT anpobauusicn. Tanxuxor HaTwxkanapu 11 Ta
xankapo, 15 pecnybnuka unmuii-amanuit Kondepenuusnap xamaa Hamuii
ceMHHapnapaa MyXoKama KHIHHraH.

TaakuKOT HATIKANADHHHHT 3bJAOH KuaHHramaurd, Jucceprauus
maB3ycH 6¥iinua 36 Ta unmuit v, wy >xymnanaH, Xopuxuii xypHannapaa 3 Ta
makona, pecny6anka MuKECHAArk UMM XKypHAUIApAA 5 Ta MaKojia HOM 3THIrai,
2 Ta DXM yHyH ApaTHAraH AacTypHii Maxcy0T/iap ryBOXHOMACH OIMHIaH.

AucceprauusHHHI TY3HAHIIM BA XakmH. JluccepTauus KupHwi, TYpTTa
606, xynoca, ¢olinananunran agmaGuérnap pyixartd, Hawp STUAraH Hunap

pydixars Ba HnosanapgaH ubopar. JuccepraumaHMHr XakmH 115 caxudaiu
TALKK 3TajIH.



JAUCCEPTAUMAHHUHI ACOCHII MASMYHH

Kupumn kucMuna. auccepraums Map3ycHHHHT HON3ap6nuru Ba 3apypauru
acocnaHral, TAAKHKOTHHHT V36exucton Pecry6nukacu daH Ba TeXHONOrHANapH
TapakKHETHHMHI YCTYBOp MHyHaNMIUNapura MOCIHTH KypcaTuirad, HMIUHHHI
MaKcan Ba Basudanapy 6enrunaé oNHHraH XaMa TAAKHKOT OGBEKTH Ba npeaMeTH
aHHKIAHraH, OJIMHraH HATHXANAPHHHT HILOHWIMJMCH acocnab  GepunraH,
ynapHuHr Hasapul Ba amanuif axamuaTH ouu6 GepunraH, TaNKHKOT
HATHXAIAPHHH aMaija >XOpPHH KHNMII XOMaTH, Hallp 3THIraH HUUlap Ba
AUCCCPTAUMAHKHT TY3WIHLIK GYiinua MabTyMOT/Iap KeNTHPHAraH,

Hucceprauusuuur “MynbTucepBHC TapMOKIApHHK GolKapHm MyaMMo-
JapHHBHT 3aMOHABHIT X0a1aTH” 1e6 HOMNaHraH 6UpHHYM 606Kaa MYNETHCEPBHC
TAapMOKNApHHH GOIKapHIl KapadHWHMHI CaMapafiopiuK KYpCaTKHUNApPHHM
TAAKUK ITHW 6Yiinya wimuit HunauManap, Taknud 3TUIraH ycyanap Ba MoaeIap
THU3MMIIM KYpHO YMKWIraH Ba TaxJWI HaTWXanapu TakauM sTHiradH. Bo6aa
MYNIBTHCEPBHC  TapMOKJIapDHHH  GOIIKApHII  KAPAaEHHHUHT  CamapajopliukK
K¥PCATKUYIapUHY TEXHUK-WKTHCOAMH KOHUenuusara acocnaHu6 TaaKMK STHLI Ba
ONTHMANNAIUTHPHLI MaKcaara MyBOGHKIIHIH: acocnab Gepunran.

MabnymkH, MynbTHCepBUC TapMoknapu (MCT) 6y Typau Xunm XycycusaTnap
Gunan axpanub TypamuraH Mypakkal Kyn KOMNOHeHTIM o6bekT 6¥nub, y
NaKeT/n KOMMYTaUMA TeXHONOrMAcHaaH doiiganaHran Xofma HyTK, TacBMp Ba
MabyMOT/IapHH Y3aTHII Y4YYH MYJDKaniaHraH YHuMBepcan Kyn Maxcayiu
myxutaup. MCTHuHr acocuil BasudacH Typnu xun ax60poT Ba TeneKOMMYHH-
Kauua TH3MM/Iapd Ba HJIOBANApUHU ArOHA TPaHCNOPT MYyXMTHAA MLULNAWIMHU
TabMHHIAILHP.

Takcumnanran crpykrypara sra 6¥aran 3amoHasuii MCTHuHT dyHKUMOHAN
MOJEIH KHUpHLI, TPaHCMOPT, TapMOKHHU GOuIKapHIl Ba XH3MAaTAapHH GoLiKapHiu
noronanapunai n6opar. MCT GowKapys TH3MMJIaDMHUHI ¥3Mra XOC XyCyCHATH
ynapHUHT KYn 6OCKMUY/IM Ba MepapXHK Ty3WSMINFa 3ra skaunurpavp. MCTaa
OolKapuil kapa€HIapuHH TAAKUMK KWIHLWIHHHC acocuii Ba aomsap6 sasudacu
TAKAUM STWIAETraH XU3MATIapHUHT Kadonatnauran cudaTHHN TabMUHNARANIaH
TapMOKHH OOINKApHII TH3HUMMHHHT HUUIAIl caMapafop/uruHe  6axona
xucobnasany.

MCTHHHr caMapaJlOp/iHK KYpCaTKHuNapy F,,, TH3UMHHUHT KaToOp MYXHM
napamerpniapura 6ornuk. Ynap opacuaa aGoHeHT Ba TapMOK TepMHHaTapUHUHT
TeaNIWK MapaMeTpnapv, TH3UMHH HINATHII WAPTIapH Ba ycymiapu OGunax
6csrnnanaaurad MCTHHHI BaKT-3XTHMOJUIMK TaBcHgnapyu acocuit pon yitHaiiaun
Ba Ky#unzard ¢pyHkunoHan GorMKIKK opKanu TascudaHagu:

F"I'd' = {Fl-m,ax(k'-mn’sl )’ rn,in(’l.cp.t ’Ia)J'v i= l-;_;}

6y epna k,,,, — i-44 MaKeTAap OKHMHHH Y3aTHILAA KaHAIHHHr YTKA3WLI

kobunuath; fgp.e — i-4M NAKETVIADHMHT KEYHKHUII BaKTH; &,— TapMoOK
pecypcnapuHHHT caMapafiopiuK ko3 HUMeHTH.

10



AnoKa KaHA/NApPHHUHT YTkasuw KoOunuath KyHuparu ugona opkam
aHUK/aHAMH:

kl'""-”'"" (5' N'-"’JOP) = Z[Vlmr Nl.m,w ]9 i= ,n

=1
6y epma - N,,.,KypwimManap cond. Byupmait xonpma YpTaua KeYHKHIU
BAKTHHMHT MUHHMan KufiMaTH KyHHIard TEHrCH3NMKMK OpPKa/lH aHHK/IaHaH:

ti.yp.x.c = Ar g min[tm ('iuux) _tl (/‘lmy)] ]<l-clux s ‘l. Ip.3.xgu? I s ’ <n

6y epna £,(Ag,) Ba f(Au)- i-HUH MABITYMOT/IAD OKUMHHUMHT NaiN0 6ynuw
BaKTH; A, Ba A, - KOMMYTaTOPHHHT KHDHII Ba YMKHIUKAA MabITyMOT/IAPHHHT
naitno 6ynmwu  Teanurd; K, -i-HYH  MaBIYMOTNAp OKHMMHMHH  CHKMIL
KO3 pULIHEHTH.

Tapkuanamw Kepakku, kynna6 xonanapna MCTHHHr camapanopiaHrHHH
faxonaiw y4yH I0KOpHAa caHal yTHAraH ME30HNApAaH TalKApH, MHKAOPaH KuiHH
GaxonaHaauran Gup Heua y3ura Xoc Me3OHJap XaM Kyranaau. By mesonnapra
MaciTabnaHyBYaHAKK, GOLIKAPHITYBUAHIHK, Xap Xin Tpaduk TypaapuHH Kyurau,
JOKNAMAHMHT Y3rapuuutapura 6apkapopiuK, XanakHToapAOUIIHK, MOHTX KHIHLL
BA MIINATUILIHKHT OAAMIANNTY Ba GolIKanap KHpanu.

JucceprauusuuHr “Hefipo-HOpaBIIaH TeXHOJAOTHSAIAP acCOCHAA MYAbTH-
CepBUC TapMOKAAPHHHHT fomxapunl TH3MMHHH HAKJVIAHTHPHI” 1eb
HOMJIaHTaH MKKHHYH 606uaa MCTHH GomKapui xapa8HMHHHT pacMHil TaBcHOH
Gepunran Ba MCTHu Gowmkapuil TH3UMMHUHE (yHKUMOHAN 3/1EMEHTIAPHHHHT
Hefipo-HOpaBlIaH Mofjennapy W6 “HKWIraH, OYHHHr acocHaa MCTHhu
GoLIKapHLI TH3MMHHHHT MAHTHKUi1-Ba3HATIIH MOAENH APATHIaH.

MCTHH CHHTE3H YYYH TH3MM MOREJIHHH APATHIUra acoc TH3IHMIH EHAalyB
6ynu6, yHra MyBOHHK MCTuu MogennalTHpuI Ba ofiHXanamaa MyaMMonapHH
TH3MMJIH PABHIL/A DKPATHIL aMA/Ira OLIMPHIAH.

MCTuH TapTHGNAWITHPUNraH KOMIOHEHTNAp TYNnamMM cudatHaa Kypub
YUKAMMH3!

M, =<QFCKO>

6y epia Q - TH3UMHHHT Makcaad; F - TH3MUMHHHT QyHKuMscH; C -
dyHKuMANapHM MUUMATHIMWK TY3WIMacH; K - TH3WM O3JeMEHTIapH; ©-
TH3UMHMHT KUUIALIAHY TAUTKHIT KHITHLL.

LLIyHuHT YHYH MyJIbTHCEPBHC TapMOK/IapUHH ax6opoT obbexThapu Tynnamu
cubaTHAa Kapall MyMKHH:

s=1s,}

Xap Gup S, €S oObekTra YHMHr x; XONaT TaBCUQUHH x; =< A D >
KYpMHHMLIKAATH KOPTEXTa MOCIHIH Kyiunaau, Oy epaa 4 = {a}',a}, ,...,ag} — j~un
axGopor OGBEKTM XoCCanapH HOMNapH Tynnamu; Dy, ={d§. N’ P } - i-uM
ax60opoT 06BEKTH XOCCaNapHra MOC KeNaguraH oOMeHnap TYIIamu.

Ax6opot obbexTnapn SupHKMacH MabITyMOT/ap XONATNapu TYIUIAMH OPKAITK
Tascudnananu:



X ={"S.}'

Xs Tyruamra ¢yHKUHOHAN MyHOCAGATNap TYILIAMHHK YPHATHIL MyMKHH:
R={n}

6y.epna Rc Xgx X - X5, XONaTiapHH anMallHIl GpyHKUMATApH OpKany
aHWkNaHagurad ¢yHKUHOHAI MyHocabaTiap TYIUIaMH, MabiyMOT/apra MIUUIOB
Gepuwr pynKuMANapy TYMIamu; r,-MabIyMOTAapHH ONUI, F,-MAabIyMOTNApHH
y3aTuil, r;- MabliyMOTIapra HuLtoB Gepuil, r,-MabjJyMOT/NapHH cakiail, rg-
MabJTyMOT/IapHH aKC STTHPHILL.

Xap 6up MamymoTnapra MuUTOB Gepuin (QyHKUMANAPHHH YHMHT XONaTH
TaBCHGUHH X, =< A, ,D, > KYPHHHWIAArK KOPTEKra MOC Ke/HlKra Kyfinnanu, 6y
epaa Xg,- i-uM HUOB OepHill (YHKUHACH XOCCANapHHUHT HOMMApH TYMIaMu,
Dy ={d,',‘,d,}',...., dp } - i-up Mo O6epuit (yHKUMACHFA MOC KeJlaJHraH
JAOMCH/Iap TYIJIaMH.

Mawnymkn, MCTHK GOIIKApHIl TH3MMMHMHT Ty3WTHWH Kyn GOCKMUIH
HepapxMK JXKHUXaTAaH TaWKWMAWTHPMIraH Ty3wnuwra sra. LUyHHHr yuyH
MCTuu Gowkapywl >apaéHHHHHT CcaMapajopAMruHu Gaxonawga 6GoluKapuiu
TH3UMHHHHT TY3WIHIIMHA TaBcHdnam kepak. MCT Golukapys TH3UMHMAAry peai
Ba3HATAA HOAHMK XapaKTepAard TYp/H XuI TallKH OMMIUIAp TabhCHp 3TajM,
IIYHUHIICK TapMOK XOJIaTHArH y3rapHIuIap HoaHHK Tap3jaa conup 6ynaau.

Uly mynocabar 6unan GoimikapyB Momenuna YHMHr Tapkubuit KucMiapu
HOpaBiiaH TYMnamjap Ha3apHACH aCOCHAA IMAKIUIAHTUPMAMILH MYMKHH. Myaitax
Ba3HAT yuyH 6OLIKApHLI MOJICILTAPHHHUHT TYPAH XHUIT KYPHHKLINADH KYUTAHHUAHILH
MYMKHH:

M&nu =< T‘X’ Y;U,Q,Z,L,F,¢,G,C,A,B >

6y epaa( ={q/ u(g)} — XONAaTHUHI HOpABLIAH TYILIAMH; u(q) n(q) — HopaBLaH
TabayKuMK  Gyukumacy, u(q)€[01):G{g(g)} — HopaBwan ¥nuoB Tynnamu,
g(g)el0]].
M., =<T,X,Y,U0,0.Z,L.F,0,G,C,A,B>
6y cpma U={u/u(u)} — GOWKAPYBHHHI HOpaBILAH Tynnamu (kaHannap);
Z ={z/ p(=)} — HOpaBLIaH MaKca1ap TYIUIaMH.
M, =<T,X,Y,U0,0,Z,L.F.9,G,C,A,B>
6y epna5 ={c/ u(c)} — HOpaBIlIaH XapaxkaTjap TYIiamu,
Jucceprauus UIKAa MYALTHCEPBHUC TapMOKNApHHHHr cudaT kypcaTkuuna-
pHHH TaBCH(IIOBYH Kyiinaard napamMeTpnap aHMKIaHaam:
1.TapMOK YHYMIOPJIKTHHHHI HHTErpag BaKT XapaKTepHCTHKacH (TapMOK
TCE3IKOPJIUIH ): Tpa = Tf.‘m.w + Tc}w+ran6a+ Tacoat Tugas
n=l n

2.Kanannapuusr yTkasui KoSunuatu: DA AL S p,,y#n
1=l =i+l

12



!
3.Tapmox pecypcnapHUHT Taliéprapiuk 1apaxach: K, .., =——, Y n

1+, t

< kl m., K
4.Tpadukna conup 6ynanuran mynscaumanap: 7K moms < A ) = :——-—/1‘ ' ""p <l
= My ux " Py

N,
5.Ax60pOT NaKeTTApHHHHT HYKOTHIIHIL SXTHMOIUTHIH: P, = L

N

z
6.YMymuit yuunanu6 konuuuw sakth: [y = ZV: u”"
=)

7. KoMMmyTauuon Kypwimanapra TyWagTraH MablyMOT/IapHM yuula6 KOJMHHIIK-
HUHT YpTraua KuiiMaTu:

- 1

-
Pn 8 $as,

tal j=i+]
S.Xap GHP KaHanjaard nakerjiap y3aTm|"uIHHHHr ymﬂaﬂ“s KOJIHIII BaKTH:

= Z Zd"“"t +1

t=l joi+el
n-}{ n
UV fﬂ"w
9.KoMMyTaUHOH KypHAMATAPHHHT YHYMAODPJINTH: Z Zl,, ' S,
i=1 j=i+l

10.KoMMyTauMoH Ky puaManapHHUHT NOPTIap COHM:
n,
Sy, +HA|smt, r=12,.n,
=1

1, azap O, (4) = q,, 6ynca,
0, azap O, (1) # q, 6ynca.

> x,0,(a)+ Y b, () Smh, =1,
i=1
12. KoMMYTaUHOH KYpPHIMAIAPHHHT aJipecnap alBaNuHUHE Yayamu:
S uimt < M*,
i=l

13.BynapHn xucobra ofiraH X0nfa anoka KaHaIM Ba KOMMYTalHOH KypHAaManap-
HMHT CaMapajiopJIury:

E="ZZXUCU (A’I’Q‘ (jl) +Z Zyycy ('171: y(/l)s )+2

=1 j=l 1= j=t4l i=1

BouwikapyB TH3HMHHHHI CaMapalopjiMrd MYJIbTHCEPBHC TapMOK/Iapura
KMPHTHITAH YCKyHanapHuHr Xonatu Gunan taBcudmanamm. Bywpmait xomnmapaa,
TU3UMHMHT  HUUTAI  Kapa&HMHM MAHTHKHIl-Ba3HATAM MOAENNap 1lAKIHMAA
Tacupnait Kynaii xucobnananu.

11.MabayMoTNap y3aTHill TE3NUTH: b,(q,)=
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MCT  xonaTtnapuHH TaxjiMl KHAMII  MAHTHKHA-BA3MATIH  MOJENH
XONaT/IapHHHT PHBOMJIAHHMINKM KETMa-KeTJIMTHHK XapakTepflajuraH MaHTHKHi
ndopanamnap sa ¢ukpnap Tynnamu xucobnamamu. Y MaHTHKMit-BazuaTIu
monenra MyBodMK wWwak/aHTUpunagy Ba MCThunr 6apua acocuit Xonatnapu
yuyH Kyinanaad. MCT Golkapys TH3MMHHHUHT MILLTAIN KaPaSHHHUHT MAHTHKHii-
Ba3UATIM MOACH KyAHaru4a IaKkiIaHTHPUIraH,

Typnu xun sasuatnap masxya 6ynu6, ynapHuur naino 6ynuiM HuKH Exu
Talky cababnapra kypa 6ynuimu Mymxun (Po):

Y:(AVvPvV..VP.VE)> S, jeM,0e0.
AfipuM BasuaTnap 6eBocHTa OMHANApPra 01U KeJHILUK MYMKHH:
3j:S, > F, ieN, jeM.

AfipuM BasMATIApD OMH/UIapra Xamzaa Oolika BasusTnapra ONMG KenHwH

MYMKHH:
3 S, >(F,vS)), ieN, jeM, j'e M

Afipum omunnapuu (F;) 6up &ku 6up Heua BasHATIAp KENTHPHO uMKapuiuy

MYMKHMH;
F (S, v..vS,v..vS, ) F, ieN,(i=2), j'eM, jeM.
FiqSAS)V.v (S A5 >F, ieN, j'eM, je M.

k-uM Typnaru Xonar XONaTIapPHUHT KeHHMHIH PUBONUTAHMILK YUYH BasusTIap
OoMHJIapH/iaH GHPHHN KENTHPHO YMKApHIUM MYMKHH, Y TYFPUOAH-TYFPH XONaTra
onub kenmaiian, 6anky yHUHT KeMHIH PHBOXUIAHHILMIA ONKG Kenaau:

In:k:(F, - R)—>(F, >F)>(F,>R",ieN,leN, kek.

PHBOXNAHMIHUHT -AapakacHAa OMPHMHYM OapaXanu BasMATOAH Kamuaa

6uTTa j-uM Typaaru BasHATHUHT naiixo 6ynumn:
(R, vR,Lv..vR}) > R,, k=LK, jeM,iel,

6y epna /' — XonaTnap pHBOXUIaHKLI AapaXKaNapHHKHT YMYMHIt COHH.

f-4n puBONUTAHMII Aapaxkacupa Gapua j-uM aHMK OWp Ba3uAT TypnapHaaH
Ba3MATHHMHT BYIKYAra KeNHIUK:

(R, ARLA.ARL SR, k=LK, jeM,i'el,

MCTuusr uwnamM HaTHXacHaa Kamuaa OMTTa Typaard BasHATHMHE

BYKYAra KelHLIH:
(R'VR*V.VR') >R, keK
XonartnapHd Tax/Wil KWIMILHHHT KYpubO YHKWIraH MaHTHKMIL Moaenura

MyBOOMK  Ba3uATHM  OaxXoNalIHMHI  MaHTMKMA  SXTUMO/UIMK  MoJeNIH
UIAKJUTaHTHPUIIAZY.

Cababnappan OupuzaaH aHHK OMp BasHATHHHI BYXYyAra KeENHLIM
axrumosutnry (P;) Kyitunaru myHoca6ar 6yitua aHuKnaHagm:

]
3:P=1-T[(1-P), jeM,
o=]

6y epaa P, — o-uk caGabpaH j-un aHMK GUp Ba3sHATHHMHr BYXy/Hra KeNULUM
3XTUMOJUTHTH.
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MCT 6ouwkapys TH3MMHHUHT HILNAWK YYYH TakKNHQ KWIHHraH MaHTHKHHA-
BAa3MUATNH MOAEN TH3MMHHHT Keflaxakjard XoflaTMHM Gawopar KWl yYyH
GolKapHLl KApAEHHHMHT CaMapafOpfMIMHM TaXAun KwiMw Ba Gaxonamw
HWMKOHHMHH GepaaH.

JOuccepraukaHuur “MyJbTHCEPBHCIH al0Ka TAPMOKAAPHHU GolIKapHIn
TH3MMIAPHHH TAAKHK KWIHII aAropHTMaaph” ne6 Homnaxran yuunuu 606u
MCTHi 6oluKapyB TH3MMHHMHI CaMapaoOp/MK KypcaTKM4WwiapuHH HOpaBlUaH
MaHTHK Ba HeHpoH TapMOKIapHHMHT ad3annuknapuuu GupnawTHpraH rubpun
Hefipo-HOpaBILaH TeXHONOrHafaH ¢QofganaHHra acocsaHraH INAKINAHTHPHIL
Macananapura GaFuiLUIaHraH.

MCTaa 6omkapHil TH3MMJIaDHHH Hefipo-HOpaBllaH Mojen acocuia
WAK/UTAHTHPHIL ANrOPHTMH 1-pacMa KENTHPHIITaH.

Mwnab uMKMnraH Heiipo-HOpaBIaH MOAEN pean BaKTAa oKumnapHu MCT
KaHAIMAA Y3aTHII TYFPUCHAA Kapop Kabyn KW y4yH doiinananunany.

ByuuHr yuyH MCTaa cerMeHTNapapo MHTEPBATHHHI acoCHH napameTprapH
Tanuna6 onuuan. Kupuin napamerpnapu cudatiaa Kyiugarunap TaHnaHan:

6" _ onpMHrH TaKTAA OMMHFAH TACAMKMADHH KYTHIIHMHT XapaKaT/aHyBYH
ypraua AaBOMMIUIHrH; 67— XOpHH TaKTAa OJMHraH TACAMKMAPHH KYTHLIHHHT
ypTaua XapakaT AABOMMANUrH; 67— ONAMHTH TAKTJA ONMHraH CErMeHTIIapapo
MHTepBalHUHT KuiiMaTH. Wwna6 unkunaguraH HeHpo-HOpaBLIAH MOJENHHHT
YMKMII KATTIMCH OKOpMl TaKTAa YpHAaTWIMIUM Kepak Gymanuran 67
cerMeHT/Iapapo HHTepBall XHcobnaHanu.

CerMeHT/Iapapo MHTEPBANHM TaHNalWAa HeHPOH TapMOK/Iap apXHTEKTYpacH
GewTa HelipoHnap KaTAaMHAaH TAlKWI TOMraH.

BupHHuM Hefiponnap Katnamuna ¢assudukauuanaw amanu Gakapunanu.
Bysna xap OMp KMpHW KaTTanur¥ Y4YyH TablyKIMAMK GYHKUHARAPHHHHT
KuitmaTnapy xucobnanaau.

MKKMHYM HeilpoHnap KaTiaMuia arperauuanaw amanu 6axapunany, 6y xap
6Mp HOpABLIAH KOWAAHMHI XaKHKHILTMK flapakaci aHUKNALUra MYJDKAIIAHTaH.

Vupnud HelipoHnap KaTiaMH OpKanM arperauusanall  HaTHXAIapHHH
MebEpalTHpUIL HaKapunanu:

A
>,
ra]

TypTvHuM HelpoHnap KaTnaMH aKTHBRIAWTHPHII HOpaBIIaH KoMjanap
MHAWBHAYAT YHKHIITAPHHUHT KMMaTNapyHy XKcobnalra Mybkawtanrans:

H,=p0’™ +50" +46"™ + j, H, = p,07™ + 5,0 +q,6°™ + j,

Hy = p07™ + 5,07 + q, 0" + js,
6y epaa Py PassPyy sl’szw-"sn Gy3Gas-+sq5> jnjz’ ----- sjg' KuiimaTnapu

Hefipo-HOpaBIIAH  TH3MMHM  YpraHMil  HaTWXKAcHAR  aHWKMAHAQHraH
ko3 pHLHUEHTNIAP.

-
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T xypumn ycynuns Tannam

| - |
I 3xcnept yeynn —I I Mapaxerpix ycya I
| ]
Y
. (#, l‘,_) [7] ) #,) a,6 xUpHI Ba 6 YIKHW Y3rapyBuItapH yuyH
T.- [ a a. P I TAWTY KUK Gy HKLUKACHHI APATHLL
| . R= A Y —l {Mynocaﬁmap MATPHURCKHH Kypittu
i=1 {Bnpnmu KOSaaKH KYpIG urKknw
HKI arap a 6rca A BA 6 6§nca b axc xonga s "f:"'“" B YHKHL NAPAMETRAIPH Jpracknarn
6§nca B, *
T THPHIL
_—— ay, 61 / {Mnmyumpuu XupHTIL
v
L a(a), a(aal), a(a2), a(61), a(62), I {X&p Gup wepT yuyn napaxanspruis Xincobnaw

Tepm 4KstLIAn KOPASILIRH KONAANEPHI
WaKAnasTHpHWNI GHp XHARHrIIH TexwHpH

| An=a ] TepMm HHKHWN YHYH KECHIIMIHUKE
—_———— XaKixuiinux azpaxacu
| ay, a2y, Q4 ] {Tcpu HHKHLW WAPTAIPHHUKE Xap Gipn yuyH
' L2
I B=BvBivB, {Kounommm onepauracH

Med 1
AT ¥ Y&y P

1- Mapkasra HHTIINL YCYNH,
2- §praya Mapkasra HHTHIHW YCyat,
3- MaxciMym Mapkas ycyns,

l 2 3 4 4 ~ MaxcHMyMIaH max 5a min ycyns.
T T
— 6 §xuna xaxuxui kaitnaraap
L X.- 2 -2 B ,J 6Finua xarsitnnk aapaxaciuy xucobnai
Y PE— Xaxuxuitnux gapaxanaps Mrknascusn
L Z,~X.,B I xucobnaw

[ y=%, /21 I{lletbmndmmuux

Towom

1-pacm. MCTaa 6olukapyB TH3MMIAapHHHK HepO-HOpaBLIaH MOAEN acoCHAA
WAKUTAHTHPHIL aNropUTMH
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Hedazzuduxauuanaim amany HeHpoHNapHUHT GelMHYH KaThaMM OpKaH
6axapunaay, 6yHAa YMKUII KaTTATHTHHHHT KHMAMPHNAETraH KHAMaTH KyHuaaryu
dopmyna 6iinua xucobnanann:

8
5 = Zl £
dy.dygs by byyidyyd,g, by by, d, doy by B2y KOI(DGUIIMEHTAAPHH  ONTHLI
yuyn OuMpHHUM KaTiaM He/ipOHNapHHMHT Ba3H/lapUHH co3naml  3apyp,
Pis PaseeeosDys S SasenensSgs QisQaseeesys Jys Jpseeress Jy  KMAMATNADHH ONHUI YHYH -3Ca
TYPTHHYM KaTaM HeifpOHIIapHHUHT Ba3HAAPHHHM CO3Nal Tanab KunMHanu.

Mwna6 uukuarad MONENHMHI MLAAW camapajopiuruHu Gaxomam yuyH
MatLab & Simulink mactypuii myxutupa MCT kanannapn Gyiinua axGopor
CerMeHTNapH Ba TAaCAMKIALUIADHHW Y3aTHIIHMHT MMHTAaUMOH MOJENH HuLiab
YHMKWIraH, YHAAa CerMeHT/Iapapo MHTEpBaIHH Heipo-HOpaBIAH MOJE acocHAa
TaHnall amManra OLIHPHITaH.

JucceprauusaHuir “MyabTHCEPBHC TAPMOKAaPHHH GomKapHm xKapagHn
cAMAPAROPAHIrHHK 6aX0NAA2 MMUTALMOH MOAEIAMITHPHITHHHET AACTYPHil
maskmyach® 1e6 HoMJIaHraH TYpTHHYM 6061 TapMOK caMapaZOpPIUTHHUHT aCOCHiH
cudaT KYpcaTKMUNapuHH aHMKIAW UMKoHMHM Gepaauran MCTuu Goukapuiu
MAPAEHUHHHT CamMapafopNurMHM 6axonaiml yyyH MMHTALMOH MOAE/UIALUTHPHIU-
HHHC JacTypHit TAbMHHOTHH HILNA0 YHKHLLra GaFHiIIaHraH.

HMwuna6 unkunran camapaaopiuMkHy Gaxosall Moae/uIapH Ba aJiIrOPHTMIIapH
acocuaa MCTHUHT HIUNAW jKapa8HHHH UMHTALMOH MOZENUIAIITHPHIL AACTypHHA
Maxmyacu aApatwirad. JacTypuit MaxMya anoka KaHALIAPMHUHT YTKazHil
KOOGMAMATH, MaBIYMOTIap MNaKeTJAapHHHHI KEYMKHIl BaKTH, KYTHII BaKTH,
wynuuraek MCTHHHr caMapagopnuruHu  auuiiaw  Makcaguaa MCTuubr
GolIKApHIl TH3UMMHM HILNAll OHHAMHKACHMHM  XapakTepjlaiauraH Xu3mar
kypcatuii cudaTH KkaGH KYpcaTKMWIapHMHT MakiIyM KuiAMamiapu acocuia
MCTuunr Xonatnnu Gaxomawt Ba caMapaZOpMIMHH aHMKJIAIl MAacanacHHH
eumira UMKoH Gepanu.

By nactypuit Maxmya fnactnabku MabAyMOT/Iap HOAHHKJIHIH IIApOWTAa-
puaa MCTHauHr camapanopiik K¥pcaTkuinapuHH 6axonaw yuyH MyJokannaHraH.
Hdactypufi MaxMya acocuaa CerMEHTJIAapapo HMHTepBAHM TaHAall  Ba
NaKeTNapHHHT HAYKOTWIMIUMHY  MYJILTHCEPBHC TApMOKJIAPHHHHI  (aonuatu
caMapafiopITHTHra TabCHPH YUYH HMHTALMOH TAAKHUKOT/IAp YTKa3HIIH.

ByHnunr natmkacuga mactnaé MCTaa cerMeHT/apapo MHTEPBAIHHM TaHsaul
Ba mnakeThapHUHr HAykormnumwnHn MCTHuHr daonuaTH caMapanopnurura
TaBCHPH YYYH MYJDKainaHraH Heiipo-HOpaBIIaH Mope/Ulap MULIA0 MKHATaH,
Magxyn MomesniapaaH dapkiu pasutina 6y Mopesniap HopaelaH HEHpPOH TapMOK
annapariapuaas ¢ofinananura acocnaHagu.

Fuzzy Logic Toolbox nactypuit Bocuracu &pmamupma Heiipo-HopaBluaH
MOJIEIHY CO3Nalll MapaMeTpiiapy aHWKnaHanaH.la,6-kagpaiapaa OMpPHHYH Ba
TYPTHHYH KAT/IaM HEeAPOH/IAPHHH YKUTHII HATHXANAPH KEJITHPHIITaH.
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Hefiponnapan YKUTHIL HaTHXKanapH

1a- xansan

Mapamerp dy de ’&l hy dyl d.vZ
Kuiimar 3:85 25,4 3,83 27,3 3,75 28,57
Tapamerp h.vl h)'2 d:l dzz hzl h:z
KuiiMat 3,635 26,87 3,584 27,87 3,588 289
16- xamBan
ITapamerp P 2 Py P4 Ps Ps Py Ps
Kuiimar 16,2 -86,5 | -354 | 407,1 388 | -312,7 ] 40,1 | 425
lNapamerp | s, 85 S, S5 S S5 54
Kuiimar 72,3 41,1 | 2357 | -582,7 | -134,8 | 4254 | -91,1 | 123
Tlapavetp | g, % A A gs % | & | %
Kuiimar | -121,9 | 3089 | -527,2 | 4523 | 105,1 | -218,7 | 115,2 | 2257
Tapaverp | 7 J Js Ja Js J S|
Kuiimar 91,1 1475 | 399 | -9,2 348 | -112 | -176 | 11,8
2-xansan
HMMUTaUHOH TaIKHKOTNIApHHU YTKa3HIl yuyH AacTIabKH MabiyMOoTIap
ITapameTpHUHI HOMH KuiimMatn
MasiIymMoT/1ap OKHMHAArH CerMeHTIap COHH 300
CerMeHTHHHT GMTAM JaBOMHINUIY 15 x6ut
AJlOKa KaHaIJIapHUHT YTKa3HI KOOHIHATH 2 Méur/c

OnuHraH HaTwKanapH¥ XyOaM IoyHfalh aacmabku  makaymornap Gwiad
TaKKocnaul y4yH HOpaBLIaH YMKMLI TH3HMHM KY/UIaHHLIM &COCHEA CErMeHTIapapo
WHTEpBAIHY Tawiall aMaira OWMpIITad MozenaaH doiipananmu 6unaH HMHTALMOH
TafKMKOT YTkaswiau. TaaKMKOT HaTiDKanapy MawiyMOT/IAD OKMMHHHM  y3aTuil
NIaBOMHIUTHIY Ba CerMeHTIApPHUHT HYKOTWIMLINHH KaHATHHHE YTKa3uil KOOGWIHMATHIA
GOFNMKTHKIApUHY aKC STTHpaaUraH rpaduiiapaa 6epunras (2 Ba 3- pacMaap).

»uo

Asoouxinnn, o
¢ 8 8 8 § §

MIAIY MOTRZD OKNXKNRN YEITHI

19 3 0 O N 0 NV 0 X

Kmazzapone fressos xobamern, %

2-pacm. MabjyMoTSIap OKUMHHHK Y3ATHII A2BOMHILTHIUHH KAHALIAPHHHT
JTKa3HI KOGUAHATHIA 6OFAMKAUIH




2
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Cermcusngpuuir R§xprranis, %
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N
s ‘§}
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= R
10 0 30 & N 0 ® N0 W
K 9 & %
3-pacm. CerMeHTIAPHHHT HYKOTHAMIIMHY KaHALLTAPHUHT FTKAMI KOORAHATHEA
6OFIMKANIH

Kypcatunran rpapuxnapaa  OKopHmard  orpH  uuM3uKmap  Gunan
CerMeHT/Iapapo HHTEpBaJIHH Heiipo-HOpaBlllaH MoJeN acochaa ¢doiinanannnan
OJIMHIaH MabIyMOTJaD OKHMHHHM Y3aTHII XapaKTepHUCTHKalapH, MacTk¥ 3rpH
unsuknap Guinan 3ca MaBXyZ TH3MMHHHT KY/UIaHHIUM acocHAa CErMeHmiapapo
MHTePBAIHH TaHNAall HaTHXanapy Gepuiran.

Kypcarunran GOFMMKIMKIAPHM TAXNHN KWIHW WIYHH KYPCATRUKH, Kauan
Oyiinya MabyMOT/NIapHH Y3aTHILAA CErMEHTIapap0 HWHTEPBAIHH TaHMAWl y4HYH
HE/PO-HOpABIIAH TH3MMHHHI KY/NaHMLIM ax6opoTAapHH AYKOTWIMUMHA 5,2—
11,3 % ra Ba MabTyMOT/Iap OKMMHMHH Y3aTHIUHUHT ¥pTaua BakTHuu 7,1-12,3% ra
KaMal THPHLIHH TabMHHNANOU.

Slpatunran nactypuii Maxmyanap acocuaa (NeDGU02630, NeDGU05940)
MMHTALMOH TaAKUKOTNAp HaTIKANapH IUIyHH KYpCaTAWKH, TaKMu} KWIMHAETraH
TAKOMHJUTALITHPHIraH YCYTHHHT KyyuiaHuwH Tail Drop ycynunan ¢oiinananuura
KaparaHaa nakeTNapHUHT Ypraua Keumkuwmnu 7-8 % ra xamaitrupuu Ba RED
yCyNHra KaparaHia nakeTnapHuHr HykoTwinwmuau 10% ra xamaiiTHpRI Xampaa
MaBITYMOT Y3aTHIIHHHT YpTaya BAKTHHH KHCKapTHPHIL HMKOHMHH Gep/H.

Xynoca kunu6 myHM aitTHm Kepakku, Aucceprauma ummaa Gepunran
YCYMHMHT KJMaHMIIM acocMia TYpAM cHHQAapaary Mnakeriapra XH3Mmar
KypcaTHlll YHyH aXpaTHRaanrad KaHaNIapHHHT YTKasHIl KOGWIHATHHY Y3rapuliH
IIAPOHTIapUAA TENECKOMMYHHKAUMOH TapMOK TPaH3WT MaplUIpyTH3aTropiapHia
naxeTnapHy Tauab o6opui caMapaoOpIMrHHH CE3HNapy OLHPHIIH MyMKHH.

XVJIOCA

“MynbTHcepBuC TapMoKnapuaa GolkapHil xapaéHTapMHMHT CaMapaaopin-
FMHM TAAKHMK KWIMWHKMHT Heiipo-HOpaBIIaH MOJE/UIapH Ba AArOPHTMIIApH”
MaB3yCHAard Aucceprauua Miux Gyinua yTkaswiraH TAAKHKOT/IAP HaTHXanapH
KyiiHaarn xynocanapHu Kunira HMKoH 6epanu:

1.Tusuwiu EHRaWyB acocuia MYALTMCEPBHC TapMOKMapHHU Gomkapum
caMapajiopNIHrHHUHr acocHil cudaT KypcaTKHWIapH, ynapra TabCHpP 3TYBYM
acochii dakTopnap, ynapaa coaup 6ynaauran Typau sxapasinap TaXaul KWIMHOM.
By 3ca MyNBTHCEpBMC TapMOFH CaMapamopfMK KYpCcaTKMWIApHHHHT ¥3apo
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GornuKIurunm TaCBHUPJIOBYH MYNBTHCEPBHC TapMOFHHMHI ax60poT MOICHHHH
Hasapui TYInam waknuaa Kypuill MMKOHUHK 6epau.

2.MynsTHcepeHC TapMokiapu daonuaTnaa coaup OynaauraH Typnaum xun
HOAHWKIUKNAD, ynapHu 6oluKapyll TH3UMM CAMapaJoOpNIMTHra TakCHPHHH
GaxonamuuHr Hopasman TYnnaM Mofeniapy Ba aNropUTMIIapH MILIa0 YHKHAAM.
By 3ca MCT ¢ynxumonan 6n0k1aps TEXHONOMHK XONaT/apuHu GamopaTiaus
MacanacHHy EUHIIHK aBTOMAT/IAIUTUPHIL HMKOHHATHHY Gepany.

3.MynbTucepruc TapMoknapy KypwuiManapn daonuaTHaa coaup Gynamuran
BAIMATIADHH  Taxsuia Kunuit Ba GaxonallHHUHT MaHTHKHHA-BAZUATIIM  MOJICNH
MuIab amkwiran. By 3ca My/NsTHCEDBMC TAapMOKIApH GOWIKAPHIL TH3HMH
Camapajop/iuruiu Typnu BasusTiapAa Gaxonmam Ba TYFpH Kapop Kabym Kunuul
MMKoiuHy Gepamn.

4.MynbTHcepBHC TapMOFHHH GolKApUILHKUHT acocuii dyHKUMOHan Gnoknapu
GaonuatH, ynapum  acocwmii KypcaTKHWIapH: MamiIyMOTJIapH¥  y3aTHL
HHTCHCHBJINTH, NMaKeTNApHUHI KEUYMKHMIUH Ba HYKOTHIIHILIAPHHH aKC 3TTHPYBYH
Geur KaTnamnM KYpuHMIIra 3ra Hefipo-HOPABIUAH MONE/UIAPH MUUIAG 4MKHNAH.
Slpatwnran  xucobnam  MopennapuHu  Kyanaw  ax6opoTiaapHM  HYKOTHAML
RapaxacuH 5,2-11,3% Ba MabnyMOoTnap OKMMIApMHM Y3aTHWIHHMHT YpTaua
BaKTHHU 7,1-12,3 % ra kamaiiTHpHin MMKOHHHH Gepau.

5MCT Gowkapuiu xapadHMHMHI anOKa KaHanM y3aTHIl QYHKUMACHHH
Xucobra onraH xonja TeNMuK TaBcH(NapH (KAHALTAPHUHT YTKA3UIL KOGHIUATH,
NMAaKETAAPHHHT TYTUNHO KONMLUM)HH aHMKNALIHWHT IOKOPH camMapafopJiMKKa 3ra
anropuTMNApH MIAG YHKHIIH.

6. MynsTHCEpBUC TapMOFMHM GOLIKAPHIL BA YHMHT KypUAManapHuu Heiipo-
HOpaBilal MOACJUIAPYHM ILAKJUIAHTUPHIN XaMAa TALITyKAWIHK (QyHKUMACHHUHT
Taunal aropuTMM Muwiab uukunrad. By anroput™m askcnepTnap xysnocanapu
acockjla xapatira Moc KeJaural TaaulyKIMaMK QYHKUMACHHHHT TYPH, WAKIK
BA 11apaMeTpNApHiii aHMKall YCYNHHH aBTOMAT/IalTHPHLL UMKOHMHK Gepaau.

7.MynbTHCEpBHC TapMOKIapH KOH(UIYPALMACH Ba HILIAL PEXXUMIAPHHHHT
Jaura xoc xycycuatnapm xucofra ONMHMIIKM acocuia ApaTWIraH anoka
KaHaJUTapuHH GOLUKAPHUIUHMHI MLUIALI CaMapafopiuruHy (YTKasuil KoOMMATH,
NaKeTIapHX KEYMKWIUM BaKTHHHM) Gaxonaml aNropUTMAApHHUHC KYUIaHWIHLIK
ax6opoTnapHUNr AYKoTHAMWM 7% ra Kamalinwy, XamMaa axGopoTapHH y3aTHIMIL
aHHKJIUTH MaBKy /1 TH3UMANapra Huc6araH 5% ra 1oxopu 6yaumnnm Kypcatan.

8. MynbTHCepBHC TapMOKJIapKHH GowmKkapui JKapa&HHUHHMHT
€aMapaopiNruHy TaAKMK KWIKMIL Ba 6axonauHHHT Hefipo-HopaBIaH MOJeNNapH
Ba QIrOPHTMJIapH acocHia APaTHIraH AacTypHii MOXMYaHHMHI KYUIaHWAMILH
ax6opoTnapHUHr HYKOTHAMIIMHA KAaMANTHPHMII XaMAa XHM3MAT KYpCATHIIHHHT
cudatnnu 5-7% ra Ba y3aTuil KaHaiu YTkasuw KoGwinaTuHu 15%ra ownpum
umkonuu 6epan.
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HquHBlﬂ COBET DSc.28.12.2017.T.07.02 1O MPUCYXAEHHIO
YYEHBIX CTENEHEN IIPU TAIIKEHTCKOM YHHBEPCHUTETE
UHO®OPMAIIMOHHBIX TEXHOJIOTHii

TAIMKEHTCKHH YHUBEPCUTET MHOOPMALMOHHBIX
TEXHOJIOTHI

LIEPBOBOEBA I'YJIPYX BAXTHEPOBHA

HEUPO-HEYETKHUE MOJEJIM H AITOPUTMBI HCCJIEAOBAHUSA
3®PEKTHBHOCTH NPOLECCOB YIIPABJIEHHUA B
MYJbTHUCEPBHCHBIX CETAX

05.04.01- TenexkoMMYHHKAUHOHHbIC H KOMIILIOTEPHBIE CHCTEMBI, CETH H YCTPOiCTBA
TenexoMMyHuxaunit. Pacnpenenenne undopmaumu

ABTOPE®EPAT IHCCEPTALIMH JOKTOPA ®HJIOCCOPHH (PhD)
IO TEXHHYECKHM HAYKAM

Tamxent - 2019



Tema auccepranun noxtopa punccodun (PhD) no TexHHTECKHM NAYKAM JAPErHCTPHPOBANA

B Bricuueii aTTecraunentoii komucens npn Ka6:
A PhOTE. pn Ka6unere Munncrpos Pecny6auku Yibexucran 3a Ne

Jucceprauin soinontena B TawkeHTckom yHuBepcireTe HHGOPMALHOHHBIX TeXHONOTHA.
Asropedepar auccepraunn Ha TpEx s3bikax (y3bexckuil, pycckmii, anrauiickmuii (pestome))

pasMeluen Ha ae6—c1'pam|ug Hayunoro cosera (www.tuit.uz) u Ha Hudropmauronno-o6pazosaTensHOM
noprane «ZiyoNet» (www.ziyonet.uz).

Hayunmiii pyxosoauTens: Mapaxnmos Asaykon Paxusosn4
HOKTOp TEXHHYECKHX HayK, npocdeccop

Oduusanbisie onnouenTs: I0cynGexoe Auszbex HoanpGexosny
ROKTOP TeXHHYEeCKHX Hayk, npodeccop

Icaes Puxcut Heaxoasaenun
KAHOAHAAT TEXHHUECKHUX HAYK, npodeccop

Beaymas opranmsauns: TamkenTckHii HHCTHTYT HIDKEHEPOB
AX€/1e3N0AOPOXHOTO TPAHCNIOPTA

. o
3aimra AKCCEPTALNN COCTOMTCS «&» Z & 2019r.8 /f uacos Ha 3aceaanun Hayunoro
cosera DSc.28.12.2017.T.07.02 npu TawkeHTcKOM yHuBepcHTeTe HH()OPMAUHOHHBIX TeXHonoruh

(Aspec: 100202, r. TautkenT, ya. Amupa Temypa, 108.Ten.: (99871) 238-64-43; daxc: (99871) 238-65-
52; e-mail: tuit@tuit.uz).

C aucceprauueit mokuo omaxomutsca B UndopMaumonio-pecypctoM entpe TalkeHTekoro
YHUBEPCHTETa HHOPMALHONHLIX TeXHONOFHHA (perucTpausoHuslii HoMep Neta_?gz Agnpec: 100202, r.
Tauwkent, yn. AMupa Temypa, 108. Ten.: (99871) 238-65-44.

Astopedepar tuccepraumn pasocnai « O» _ oL 2019 ropa.
(npotoxon pacchinku Ne /ol ot «el6» 22 2019 1),

(npotokon pacceuixu NeKot L6 #saddpn 2019 ropa)

H.X. Cnaauxos
f HAy4HOro COBETA NO NPUCYIKACHHIO
yueHbIX creneneli, A.T.H., npodeccop

K.X. Ixymauos
VYyeHblif cexpetaph Hay$HOTO COBETa M0
NPUCYXAEHHIO YUEHBIX CTeneHel, A.T.H., AOUEHT

H.B.Ycmanosa

Tpencenarens Hay4HOro CEMHHAPA fIpH HAyYHOM
coseTe M0 NPHCYKACHUIO YuSHBIX cTencHell,
A.T.H., AOUEHT



BBEJIEHUE (auHoTauus AuccepTauHy gokropa gpuinocopun (PhD))

AKTyalbHOCTL H BocTpeGoBaHHOCTL TeMbl AuccepTauun. B mocrnentee
BpeMA B MHpe Bce Gosble NMPHUMEHAIOTCA MYNbTHCEPBHCHBIE CETH, B KOTODEIX
OTJIHYMA 32KITIOYAIOTCA B NPENOCTABIEHHH LUKPOKOro CeKTpa ycuyr. B pa3ssuThX
CTpaHax,Takux Kak, CILIA, Benuko6puranus, Hunepnanaus, I'epMaHua, [seuns,
®panuns, IOxuas Kopes, Unaua, Poccus u apyrux rocyaapcTeax, obpatuaior
ocofoe BHMMaHWe Ha MOBBILEHWe 3hdexTHBHOCTH (yHKUMOoHMpoBaHHs MCC.
BHeapenHe HOBEIX ycayr TpeGyeT COOCTBETCTBYIOWMX CeTeBbIX pecypcoB. C aTok
TOYKH 3peHKA, 0coboe BHUMaHHe yaensercs paspaboTke MoAeseH 1 anropuTMoB
HccnenoBaHus noxasareneit sddexTHBHOCTH CHCTEMBI ynpaslieHus
MYNILTHCEPBUCHON CeTH. B 3TOM HanpaBfieHHMM OAHOM M3 BaxHEHIIMX 3ajaq

CYHHTAeTCd BHEAPCHHC MYJIBTHCCPBHCHBIX cerei, yCOBEpILIEHCTBOBaHHE nyTeﬁ HX

passuTHs, pa3paGoTka MaTemaTHueckofi Mogenu pacueTa MoKasaTelei
3¢ }eKTHBHOCTH MyNLTHCEPBHCHON CeTH, MeTOABl pacyera Mokasarened
nponyckHoift cnocoGHOCTH, 3ajepikka MakeToB M Ap., OCHOBaHHBIX Ha TEOpHH
Hefipo-HEUETKHUX TeXHONOrHiA.

B MHpe cO30alOTCA HayuHble OCHOBBI AN pa3sBHTHA HMH(OPMALMOHHBIX H
KOMMYHHKAUMOHHBIX TEXHONOTHi, pa3spaGOTKH METOJOB pacueTa MoKasaTesneh
3¢ eKTHBHOCTH MyNbTHCEPBUCHOI CETH H MOBBILIEHUA NPOMYCKHOH cNOco6HOCTH
3NMEMEHTOB JJIA Mepefaul NpHIOKEeHHHl peansHOro BpeMEHH C  BBICOKHM
KayecTBOM. B 3ToM HanpamjieHHH oOfHOM M3 BakHeHIUMX 3ana4 cuuTaeTc
BHeJIpeHHe MYJILTHCEPBUCHBIX M TPAHCMOPTHbIX CeTei, YCOBEpILIEHCTBOBAaHHE
nytefi Mx pa3sBuTMA, paspaboTka Mogenedl W aNrOPMUTMOB  YMNPaBICHHA
MYNbTHCEPBHCHON CeTH, OCHOBAHHOIO Ha TEOPHH HEUETKHX MHOXECTB,
aNirOpUTMOB pacueTa M OLEHKH nokasateneit 3¢ deKTHBHOCTH MYJIbTHCEPBHCHOM
cetH. KoMmniekcHoe peueHuHe nepevHCNEHHBIX 3aaad NPEACTABIACT C/OXKHYIO
HayuHylo npoGremy M onpenenser Heo6XOAUMOCTb MpPOBENEHWS HCCIECAOBaHUi
CBA3aHHBIX C aHaNH30M 3((PEeKTHBHOCTH MpPOLECCOB YNpaBJieHHA B pealbHBIX
cHCTeMax ynpaBieHHs, MOCTyNaoIMX Ha TENeKOMMYHHKAIIHOHHbIH PLIHOK.

B Pecnybnuke VY3iGekuctaH yaensercs oco6oe BHHUMaHHE pPasBHUTHIO
HHopMaTH3IaLMK ofilecTBa, MpPeAOCTaBleHHI0 LKPOKOMONOCHOTO AOCTYMa B
Hurepher ana sxurenefl oTnaneHHbIX pailoHOB CO CKOPOCTHIO NMepenayt AaHHbBIX,
JOCTaTOYHOR INA MpPemoCTaBieHUs YCIYr C 3ajaHHbLIM KayeCTBOM, MPUHATHIO
creunanbHbIX Mep MO MPEROCTABJICHHIO PazMMYHBIX BHAOB MYJIbTHCEPBHCHBIX
ycnyr nonme3oBarensM. B «Crpaterun peiicTBMff no nATH NPHOPHTETHLIM
Hanpas/ieHUAM Mo AanbHefiluemy pasBuTHio Pecrmybnmku VYi6exucran B 2017-
2021 romax»' onmpeneneHbl 3aauM: «...co3naTh Gasy ani csoGoaHoro Bxopa B
cerb UHTepHer, ... N4 (OAKMOYEHHA kuTenedi PecrmyGnuku «k
BbICOKOCKOpocTHOMY  WHTepHery, .... TmnposecTH  LmMpokomacwiTabHy:o
MOJEPHHU3ALMIO CHCTEM TEJIEKOMMYHHKALMA ...». BeInonHeHue yKasaHHbIX 3ajad,
B YacTHOCTH, pa3paboTka MOAENH M AaNrOpMTMOB, NO3BONAIOLHX HCCNEHOBATH
s¢¢exTusHocTs ynpaBnenus MCC Ha OCHOBE TEOPHH HEUETKMX MHOXECTB,

! Mupanges LILM. Crparerin geitcreufi no nam -npnopmcmuu Hanpasnesam passutua Pecnybmixi
Y36exucran s 2017-2021 rogax, Mpunoxenne Ne 1, x Yasy [Mpesugenra Py3 01 07.02.2017 r. N YI1-4947
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paspaboTka ananMTHYECKOH MOMENH, NO3BONSAIOWEH NpPOBOAMTL aHAIH3
3aBUCHMOCTH BEPOSTHOCTH CBOEBPEMEHHOro o6Cny;kMBanWs 3ampocoB  OT
3arpyeHHOCTH, ABJIAIOTCA BECbMA AKTYaNLHLIMK H BOCTPeGOBaHHBIMH.

Haunoe auccepTauloHHoe HCCIENOBaHHE B ONpEACNCHHON CTENEHH CITYKUT
BBUTONHCHHUIO 3ajay, MpPEeXyCMOTPEHHbIX B Vkase [Ipesumenta Pecmy6nuxu
¥Y36ekucran or 7 despang 2017 rona NeVI1-4947 «O crpareruu meictsuii no
nansuciuemy passutuio PecryGnuku  ViGekucran»n, B Ykasze [Ilpesnnenta
Pecny6nuku Y36exuctan ot 19 despans 2018 roga Ne VII-5349 «O Mepax no
JanbHeiillieMy COBEpIIEHCTBOBAHHIO cdepsl BHpOpMaUUOHHEIX TEeXHOJIOTHA H
xoMMyHukauuit», B [ToctaHoBnenuy Ilpesunenta Pecny6nukn Y36ekuctan ot 29
asrycrta 2017 roga Ne IN1-3245 «O Mepax no nansHefiemMy coBepiIEHCTBOBAHUIO
CHCTCMBI yTIpaB/icHHA npoeKTamu B chepe HHGOPMaLMOHHO-KOMMYHHKALHOHHBIX
TexHonoruii», B [ocratosnenuu Kabunera Munncrpos Peciy6auku Y36ekucran
ot 7 mapta 2018 roaa Ne 185 «O mepax no nancHeiieMy ymyulleHHIO KayecTea
ycuyr cea3u, MHGOPMATH3ALUMH H TENICKOMMYHHKalUMiiy, a Takke B APYFHX
HOPMaTHBHO-TIPABOBLIX IOKYMEHTAX, MPHHATBIX B AaHHOI cdepe.

CoorBercTBHE HCC/ICAOBAHHS NPHOPHTETHLIM HANPABJIEHHAM PA3BHTHS
Haykn H TexHonoruii B Pecnybimxe VYiGexmcran. JlaHHoe HccneaoBaHHE
BBIMOJIHEHO B COOTBETCTBMHM C MPUOPHUTETHLIM HANpPABIEHUEM PA3BUTHA HAYKH H
TexHonoruii Pecny6Gnuku Y3bekucran 1V. «Passute uugopMarHzauuu M
undopMauHoHHO-KOMMYHHKALIHOHHBIX TEXHOJIOTHiT»,

Crenenb M3y4eHHOCTHM mpo6Giemsl. 3a nocnealue roawl OCYLIECTBIAIOTCA
Hay4HbIE MCCJICZIOBaHMA MO pa3paboTke METONOB pacuera, alrOpMTMOB OUEHKH
3(pCKTHBHOCTH  MYBTHCEPBMCHBIX CeTeif M  mnonyueHsl OnpenencHHbIE
TCOPETHUCCKHUC H NMPAKTHUECKHE Pe3yNsTaThl. B yacTHOCTH, B TpyAax 3apy6eskHbIX
yucHbix: Andrews J.G., Baskett F., Chiu D.M., Dohler M., Gelenbe E., Iversen
V.B., Yager R.R., Haenggi M., Kelly F., Kuhn P.J. Poccuiickue yuenste: Bawapuu
I".I1, I'afinamaxa 10.B., Buiukos EJI., 'nnazos JI.P., Boyapos [1.I1., BuimHeBckuit
B.M.,, 'nenenxo B.B., Aynuu A.H., 3eiidman A H., Koponés B.10., Fonpawreiid
B.C., Kyuepssniit A.E., Cokonos H.A., Jloxrun B.H. u np. paccMoTpeHbl 3TH
BOMPOCL.

B Takom HanpaBneHHH OTpPOMHBI BKJIan BHeCHNH ClAeAyIOlIME YueHble
Y36ekucraua: A6aynnaeB [.A., Bekmyparos T.®., Kamunos M.M., Fauues CK.,
MapaxumoB A.P., Humon6oes T.H., Hcaes P.U., Ycmanosa H.B., Cuaaukos
H.X., Annaes A.3., Myxammaauesa JI.T. u ap.

BMmecre ¢ Tem, HeoOxoaumbl AanbHeiilune yrnyGneHHbie HCCAEROBAHHS
NpOLICCCOB  YMpaBJIEHHA B CO3JaBaEMblX CHCTeMaX YINpaBlCHUA CETAMH
CNEAYyIOWero MoKONEHHs, HampaBlAeHHble Ha nosbilieHud 3¢ dekTHBHOCTH
NPOLIECCOB YIIPaBleHUA C y4eTOM crelnpHKY MyJIBTHCEPBUCHBIX ceTeid.

CBA3b  AMCCEPTAUHOHHOIO HCCJEA0BAHHA ¢ IUIAHAMHM  HAY4HO-
HCCJIeA0BATeNbCKHX paboT Boicuiero o6pa3zoBaTeNbHOro Y4HpexaeHus, rae
BBIMOJHEHA AuccepTauMs. JIMCCEPTALMOHHOE MCCEQOBaHHE BBHIMOJHEHO B
paMKax Hay4HO-MCC/ICAOBATENbCKHX paboT TalIKeHTCKOro rocyaapCTBEHHOro
TexHuueckoro yHusepcurera umenu W. Kapumosa, Ne UT/-5-36 «Paspabotka
nudopmMannoHHO-aHANUTHYECKON HHTEJICKTYaNIbHOIE CHCTEMbl MOHMTOpHHIa
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TexHoJoru'eckolf Ge3onacHoCTH HE(PTEXHMHYECKHX YCTAaHOBOK 1 KOMIJICKCOB)
(2012-2014) u  NeA-5-42  «IlporpaMMHO-HHCTpYMCHTANBHEIC ~ CPCACTBA
MHTESUIeKTYaNnu3auun  aBTOMaTH3MPOBAHHOrO MOHWUTOpHHTA M YNpas/clHA
TCXHONOrH'ECKUMH OOBeKTaMH B YCNIOBHAX anpHOpHOH HCOMPEACNICHHOCTHY
(2015-2017).

Lleabio miccepTamim ABAACTCA pa3paGoTka HeipO-HEUCTKHX MOJACHCH M
aITOPUTMOB OLECHKH 3(PEKTHBHOCTH NMPOLECCOB YNpaBneHua B MyNbTHCCPBUCIHBIX
ceTsax.

3agaum nccslea0BaAHHA:

CHCTEMHBIt aHanu3 OLEHKH 3(PPEXKTHBHOCTH NPOUECCOB YIpPaBnCHHA
TeJIeKOMMYHHKALHOHHEIX CCTAX M CEPBHCOB;

paspaboTka Heiipo-HeueTkoif MoJenH NpoOLECCOB YNpaBleHud pecypcaMH
MYJbTHCEPBUCHBIX CeTeil;

pa3paboTka anropuTMOB OLCHKH 3(()eKTHBHOCTH MpOIICCCOB YMpaBiCHHA
MYJIBTHCEPBHCHBIX ceTeil Ha OCHOBE Helipo-HeueTKOH TEXHONOTHH;

paspaGoTka anroputMoB  opManM3aUMM  HEHPO-HCUCTKHX — Moaclcii
3/1IeMCHTOB H CHCTEMb! YNPaB/eHUA MyJLTHCEPBUCHBIX CETCH B LIEJIOM;

paspaboTka MMHTAUMOHHOH Moeny oueHku 3(QexTUBHOCTH Hpollecca
ynpaBlieHHA MYJIbTHCCPBUCHBIX ceTei;

pa3paboTka KOMMeKca NporpaMM HCCAEQ0BaHHA H pacyeTa XapakTCPHCTHK
fIpOLIECCOB YNPaBNeHHUA MYJILTHCEPBUCHBIX ceTel.

O6nexTom HCC/ICROBAHMA  ABJAIOTCA npoueccht  ynpasicliug
MyIbTHCEPBUCHSBIX ceTeil (MCC), ¢ yueToM ux cneunuyeckux ocobeHHOCTCI.

IIpeameroM HcC/EAOBAHHA ABNAIOTCA MOJACAM M &IOPHTMbl OLEHKH
9(peKTHBHOCTH yMpaBleHUA MyJLTHCEPBUCHON ceTH M  AIrOPHTMHYCCKH-
nporpamMMHbIe CpeacTBa.

Meroast uccnegoBanuii. B npouecce uccnenoanua NpHMEHCHB! MCTO/bI
MaTeMaTH4ECKOro MOAENNPOBAaHYA, TCOpUH TeneTpaduka, TCOPHN BEPOATHOCTCH U
MaTeMaTuueckoil CTATUCTHKH, TeOpUM rpad)oB, TEOPUH HEYETKHX MHOXKCCTB H
JIOTHKH, TEOPHH MHTEJUICKTYA/ILHOTO YMNpaBAeHUs, TEOPHH HEPapXHYCCKHX
CHCTEM, CHCTEMHOI'0 aHaNn3a.

Hay4unasi HOBH3IHA HCC/Ie/IOBAHHSA 3AKIIONAETCA B CCAYIOLIEM:

paspaboTaHa HEYETKO MHOMKCCTBEHHad MoOZAENb OUCHKH 3(GCKTUBHOCTH
CHCTEMbI yNnpaBfeHNsa MYJIbTHCEPBUCHBIX ceTeil, GyHKUUOHHPYIOILMX B YC/IOBHAX
HEOnpeaeNeHHOCTH HCXOAHOH MH(opMauuy;

CO3aHbl  HeHpo-HEYeTKHC  MOACNN  OnpeleNcliug  XapaKTCPHCTHK
MYJIBTHCEPBHCHO# CETH H e€ TeXHHUECKHX CPEACTB;

paspaboTaHbl ajIroOpUTMBI pacyeTa BpEeMEHHbIX XapaKTCPUCTHK (IponycK1ioit
cnecoGHOCTH KAHANOB, 3aAepkka H NoTepy HHGOpMaLMK U Ip.) Ha OCHOBE Heitpo-
HEYETKHX Moaeieit;

paspaGoTaHa CHCTEMa MMHMTALMOHHAA MOAEJb JUIA pelleHUs 3aJaduu OLCHKM
3¢pexTHBHOCTH M ONTHUMAIbHBIX  3HAYeHWIt  npoiecca  ynpasiclus
MyJLTHCEPBHCHOMH CeTH.

IpakTHyecKHe pe3yaLTATHI HCCNEA0BAHMIE 3aKNI0YAI0TCA B CIICAYIOUICM:
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PaspaboTano  uHcTpyMenTanbHOE cpenctBo aHanu3a  3¢heKTHBHOCTH
(yHKUMOHHMpOBaHHS cucTeMBI YNpaBJeHHA H OLieHKa KaueCTBEHHBIX MoKa3arenei
npouecca ynpasnexus MCC;

C NO3MUMH cHCTeMHoro anamu3a pa3paboTaH anropMTM HCCNEAOBaHHS
BEPOATHOCTHO-BPEMEHHBIX XapaKTEPHCTHK CHCTEMBI YNpPABNEHHS MO3BOAAOLIKH
OUCHHTS b dexTHBHOCTH Npouecca ynpasnenus MCC.

Hoctosepuocts pesyasTaTos ncenenosanus. JloCTOBEPHOCTE pe3yIbTaTOB
WCC/IEN0BAaHHA OGOCHOBEIBAETCA NpUMEHEHHEM TEOPETHYECKH OBGOCHOBAHHBIX
KOHLENUMA yNpaBneHus TenekOMMYHMKALMOHHBIMH CETAMH Ha OCHOBE TEOPHH
HEYETKUX MHOXECTB W JIOTHKH, HEeHpOHHLIX ceTell, TeOpUH BepoATHOCTeIl
HCTI0NIb30BaHHEM anpo6HpOBaHHBIX METOMOB COBPEMEHHOH TCOPHM YNpaB/ICHHS;
TOMYYEHHBIMH PE3YNLTaTAMH TEOPETUIECKHX M MPHKIAAHBIX HCCNENOBAHUH B HX
B3aHMHO#H COracoBaHHOCTHIO.

Hayunan u npaxtnueckas 3maummoctn pe3ynbTaToB HCC/IEA0BAHMA.
HayuHas 3ua4uMocTh pesynbTaToB MCClENOBaHMA 3aKMOuaeTcs B paspaboTke
MOJefielil ¥ WIrOpHTMOB aBTOMATH3HPOBAHHOIO HCC/EA0BaHHA s dexTHBHOCTH
CHCTEMbl  ynpaBnenus  MCC,  ¢GyHKUMOHMPYIOLUMMM B YC/IOBHAX
HeonpeneneHHocTH nHpopmaumu. Ipu 3ToM rHEPUAHBIR XapaKTep NPHMEHAEMEBIX
B paboTe Hefipo-HeueTkux Mopenedi MO3BONAET HA €NMHOH MATEMATHYECKOit
OcHOBe (OpManH30BaThH KauecTBeHHbIE MokasaTeny MCC.

ITpakTHyeckas 3Ha4MMOCTL pe3yNLTaTOR paGOTH 3aKOYaETCA B pa3paboTke
MHCTPYMEHTANLIIOrO CpeACTBa MCCIIENOBAHHA M oueHkH 3¢ dextneHocTH MCC B
BHMAC NPOrpaMMHLIX KOMILUIEKCOB, MO3BOJIAIOIMX MPOrHO3UPOBAaTh M OLEHHUTH
BEPOATHOCTHO-BPEMEHHBIE XapaKTEPHCTHKN CHCTEMB! YIPABECHHUA.

Bueapenne pesynntatoB ucoiegoBanmit. Ha ocHoBaHMM pe3ynbTaToB,
MONYYEHHBIX Ha HeApPO-HEYETKHX MOAENIX H aNropuTMax HCCAEAOBaHKA
ahdexTHBHOCTH NpoLIECCOB ynpaBNieHHs B MyIBTHCEPBHCHBIX CETAX:

MoZieNns OoueHKH 2¢deKTHBHOCTH NpoLIECcca YNpPABAeHHS MYALTHCEPBHCHON
ceTH, paGoraioweli B HeonpeseneHHo#t ¢opme, 6bula  BHeopeHa B
Katikanapsunckmii ueHtp paguosemanus (cnpaska MHHHCTepcTBa no pasBUTHIO
HH(OPMALMOHHBIX TEXHONMOTHHA M KOMMYHHKALM Pecny6nukn Y3bekncran Ne
33-8 /5936 ot 26 asrycra 2019 rona). B pesynsTare cKOpocTb nepenayH RaHHbIX
B MYJbLTHCEPBUCHOA ceTH Gpina yBenuyeHa Ha 20%, a npomyckHas crnocoGHOCTs

'KaHa10B Ha 15%;

HefipoHeueTkMe Mofenu AnA ONpeleneHHs MyNbTHCEPBHCHON CeTH M ee
WHCTPYMEHTOB, BBIYMCIHMTE/NbHEIE AIFOPHTMbI Ha OCHOBe HeHPOHHBIX Mozenei
AUIA BBIYHCNCHUA BPEMEHHBIX XapaKTEPHCTHK AN MynbTHCEpBHCHOHN cetH “UMS”
ObwecTso ¢ orpanHMyeHHOH OTBETCTBEHHOCTBIO rOPOA Kapum (cnpaska
Munucrepersa no paseuTio MHGOPMAUMOHHBIX TEXHONOTHH M KOMMYHUKALMH
Pecny6nukn V3bexucran Ne 33-8 / 5936 ot 26 asrycta 2019 roga). Buenpenue
NO3BO/IHNIO MOBBICHTL 3 EKTHBHOCTD MYNLTHCEPBHCHON CeTH Ha 5-7%, a TakKe
CHH3UTb NoTepH uHGOpMaLUK ¢ 5,2% no 11,3%.

CHCTEMAa WMMTALMOHHOTO MOAENHpOBaHMA Obuta BHenpena B Y36excko-
HMuponesnfickoe copmecTHoe npeanpuate «Y3H-Kapumu» gns  ouenku
3¢:$exTUBHOCTH ymnpaBieHMs My/TbTHCEPBHCHOH CETH M MOMCKA ONMTHMAIBHBIX
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3Hayenu#t (cnpaska MHHHCTEPCTBA 110 Pa3BHTHIO HHPOPMALMOHHBIX TEXHOMOTHH
U komMyHukauuit Pecrry6nukn Vsbekucran Ne 33-8 / 5936 or 26 asrycra 2019
roaa). B pesynbTaTe NO3BO/AIOT OUEHHTD 3¢peKTHBHOCTD NPOLIECCOB YNPaBACHHA
NOTOKaMi MNAHHBIX B  KOHTEKCTe pasMM4HBIX  HEOMpeAeNeHHOCTeR B
MYNIBTHCEPBUCHBIX CETAX, CHHKad MOTepH JaHHLIX Ha 7% H TOYHOCTH Nnepenavn
DaHHbIX Ha 5%.

BBIYMC/UTENBHBIE &IFOPHTMBI [JIA pacyeTa BpPEMEHHBIX XapaKTepPHUCTHK
MYIIbTUCEPBHCHOM CETH Ha OCHOBE HeHpo-HEUeTKHX MOZe/eH BHEAPEHH B
®epranckuii puanan AK «Y3bexrenekom» (cnpaska MUHHCTEPCTBA [10 pasBHTHIO
HH(OpPMaLMOHHBIX TeXHONOTHH M KOMMyHHxauuit Pecrmy6nuku Y3bexucran Ne
33-8/5936 or 26 asrycrta 2019 roma). B pesyneTaTe moiy4yeHa OLeHKa
3d)beKTHBHOCTH TMPOLECCOB YNpaB/ieHUs MyNBTHCEPBHCHBIMH CETAMH, T.e.
BpeMeHH XpaHeHHs MH(OPMAUMH, CHIDKEHHA MOTepb HHOOPMALMH M YTy IIEHHA
KadecTBa 06CITyKHBAHHA Ha 5-7%.

Anpofaumusi  pe3y/bTATOB  HMCCHAeQOBAaHHA. Pe3ynpTarel  Hacrosuero
uccnenopanus anpobuposaHbl M oGCyxaeHsl Ha 11 MeXmyHapomHeix, 15
Pecny6nukaHCKHX Hay4HO-MPAKTHYECKHX KOHGEPEHIHMAX H HayHbIX CEMHHapaXx.

My6auxauuss pesynbTaToB ~ Hccaenosanns. Ilo Teme nucceprauuy
ony6nukoBaHel 36 HayuHbIX pa6ot, B TOM uucne 3 CTaTbd B HHOCTPaHHBIX
KypHanax M 5 B pecrmy6/MKaHCKMX XYypHanax, nojy4eHo 2 CBUJETENLCTBA O
PErHCTpauuy NPOrpaMMBbl AA 3/1EKTPOHHO-BEIMHCHTENBHBIX MALLIKH.

CtpykTypa B o6bem auccepTaumu. Jlucceprauus COCTOMT M3 BBEAEHHS,
YeTHIpEX [NaB, 3aKMOYEHMs, CMHCKA HCMONb3OBAHHOH  JIHTEpaTyphl M
npunoxenuit. O6beM AUCCepTauMH coctasiser 115 cTpanuu.

OCHOBHOE COAEPXAHHE JNCCEPTALIIH

Bo BBeacHHH OOOCHOBaHA axkTyanbHOCTb M BOCTPEGOBAHHOCTB TEMBI
AMccepTauMHM, TNOKa3aHO  COOTBETCTBHE  WCCNCAOBAaHHA  MPHOPHTETHBIM
HanpaBNeHWAM pa3BHTHA Hayku M TexHonoruéi PecryGnuku VY3bexucran,
copMynupoBaHbl UENb W 3aaa4H, OOBEKT W NpeaMeT HCCIeNOBAHMSA, H3NOKEHa
HayuyHad HOBM3Ha, TNpPAKTHYECKHE Ppe3yNbTaThl MCCIEAOBaHMA, 06OCHOBaHA
[IOCTOBEPHOCTh MOJMYYEHHBIX PE3Y/NLTAaTOB, PacKpbiTa HMX TeopeTHYeCKad M
npakTHyYecKas 3Ha4HMOCTb, NPUBEACHBI aKTh! BHEAPEHHA B MPAKTUKY Pe3y/NLTATOB
HccnenoBaHuii, cseneHna 06 omybGnukoBaHHBIX pafoTrax M CTpyKTypa

auccepraumH.
B nepsoii rnase aucceprauun «CoBpeMeHHOE cocTOsHMe npoGaembl

ynpaBJieHHsI MYJbLTHCEPBHCHBIX ceTeiD» nposeaeH 0630p paboT, NOCBALIEHHBIX
HcenenoBaHuio 3¢eKTHBHOCTH MPOLIECCOB YMPABJIEHN] MYJNLTHCEPBHCHOM ceTH,
NpHBeeHsl pe3y/sTaThl CHCTEMaTH3MPOBAaHHOrO 0630pa M aHaNH3a OCHOBHBIX
CYLIECTBYIOIUMX METOJI0B M MOJe/eH HCCeN0BaHUA HANEXHOCTHBIX MOKasaTeneii
cereff  TeneKOMMYHMKAaUHH, o6ocHOBaHa Henecoobpa3sHOCTh  NpOBeAEHHs
HccnenoBaHuii HamEXHOCTH MYJIBTUCEPBHCHBIX CeTeil Ha OCHOBE KOHLENLINH
TEXHHKO-9KOHOMMYECKOIH ONTHMH3ALMN UH(OPMALIMOHHBIX CHCTEM.

HsBectHo, uto MCC saBnserci BecbMa CNOXHBIM MHOrOKOMIMOHEHTHBIM
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00beKTOM,  KOTOpBIf  XapakTepusyercs  pa3HOOOpasHBIMH  CBOWCTBaMH,
npeAcrasasiowe coboii YHHBEpCAIBHYIO MHOTrOLIENeBYIO cpeny,
NpeiHa3HAYCHHYIO AN  nepejauM  peud, H3o0paxkeHHS M JaHHBIX €
HCNONB30OBAHHEM  TEXHONOTMH KOMMYTauMH naketoB. OcCHOBHas 3ajada
MYyNBETHCEPBHCHEIX ceTell 3akiouaerca B obecneueHHM pabGoThl pasHOPOMHBIX
MH(OPMALIMOHHBIX H TEIEKOMMYHHKALMOHHLIX CHCTEM H MPHNOXKEHHIl B eAHHOI
TPaHCNOPTHO# cpeae.

OcHoBY ceTH cocTaBMseT yHuBEpcanbHas TPAHCMOPTHAA CETh, peanusyollas
(YHKUMM TPaHCTIOPTHOTO YpOBHA, YpOBHA YNpABNEHHS KoMMyTauueii H
nepenayiedi. OcobeHHOCTHIO0 cHCTeM ynpaBnenus MCC ABnseT MHOTOypOBHEBOCTh
¥ MepapXMYHOCTh CTPYKTYpEIL.

OcHoBHoO# M aKTyansHO} 3amaveil HccnemoBaHHA MpoLIECCOB YNMpaBREeHHs
MyNbTUCEPBHCHBIX CeTeil CBA3M AB/AETCA OLEHKa KayecTBa (yHKLMOHMPOBAHMA
CHCTEMBl yNpaBieHMs ceteid, obecneyMBalOIUX TapaHTHPOBAHHOE KaueCTBO
OKa3bIBAEMBIX YCMYT.

Ha kauectBeHHBle nokaszarenu MCC F4 CYIIECTBEHHO BIHAIOT, TaKHe
NapaMeTphl Kak CKOpPOCTHbIC MapaMeTpel o6OpymoBaHHil, BEpOATHOCTHO-
BpCMEHHbIE  XApaKTEPHCTHKH  TENCKOMMYHHMKAUMOHHBIX  ceTell  CBA3M,
o6ycrnoBnuBaeMbIe YCNOBUAMH M CIOCOGaMH, MPUMEHAEMBIMH B CHCTEM. Ipu
3ToM nmnokasatens 3¢dexkTuHocThn MCC  onuceiBaercA  QYHKLMOHANBHON
3aBUCHMOCTBIO:

Fp = {Flmax(k, ...,). mings,,.1,)] i=Tnf

rae k,,,— NMpOMyCKHasl CocoGHOCTh KaHana nepeAayH i-ro MoTOKa MaKeTa;
{,cp,— BPEMS 3a[EPXKKH i -TO nakeTa; £,— k03pPHuMeHT 3P PEKTHBHOCTH CeTeBLIX
pecypcos.

INporyckias cnoco6HOCTh KaHANOB CBA3M OMpeneNAeTcs CHEAyIOWNM
obpazom:

Kimn (& Ny1.om) = Z[VlmrN \roomb 1= 1’—”

tal
rae N, r,,,- konudectso o6opynosanus. [Ipu 3ToM MMHMMaNbHOE 3HauYCHHE
BPEMEHH 3aA€PXKKH BHIYHCIIAETCA HEPABEHCTBOM:
by = Argminft, (4,.,) - 1,(4,)) [<l—clx Slpsoom 1SiSn
rae 1,(4,) n t,(4,,)- BpeMa noaenenns i-ro notoxa uHpopMaLuu, A, M
Aewr= CKOPOCTH MOABJICHHA MHPOPMALIMM HA BXOIE M BBIXOAE KoMMyTaTopa; K.

- KO3 PHLIHEHT CKATHA i-rO NOTOKA JAHHBIX.

Cnemyer oTMeTHTh, 4TO B GOJBIUMHCTBE CAyYaeB /A OLIEHKH
appextusHocTH MCC, KpOME BbIllle MEpPeyHCIEHHBIX KPUTEPHEB, NPHUMEHAIOTCS
Takke HECKONBKO  CreuH(HHECKHX  KPHUTEpHeB, TPYAHO MOAAAIOLMXCA
KOJIMYECTBEHHON olleHke. K 3THM KpHTEpHAM OTHOCATCA MaciuTabGHpyeMocCTb,
YNpaBiAeMOCTb, COBMECTMMOCTb, NOAAEPXKKA pavMIMYHBIX BHAOB Tpaduka,
YCTOHYMBOCTE K H3MEHEHMAM Harpy3kH, MOMeXOyCTOMYMBOCTb, MpPOCTOTA
MOHT@Ka M IKCIUTyaTalllH u T.1.
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Bo Bropoit rmase muccepraumu «@PopManH3aiHA CHCTEMbl YIpaBieHHA
MYJbLTHCEPBHCHBIX ceTeii Ha ocHoBe Helipo-HedeTKo#t TeXHOJIOIHI»
npencrasnedo  ¢opmanHloBaHHOE ~ ONMHCaHHe  Mpolecca  ympaBiieHUs
MYNBTHCEPBHUCHBIX  ceTeif M pa3paboTaHbl  Heifpo-HedeTKoe  MOJEIH
(YHKIMOHANBHEIX 3/IEMEHTOB CHCTEMbI YNpaBIleHHs MyNbTHCEPBHCHBIX ceTell Ha
OCHOBE KOTOPBIX CO3JaHbl JIOTHKO-CHTYaUHOHHblE MoAenH ¢yHKUMOHUPOBAHHS
CHCTEMBI YNpaBIeHHA MYJIbTHCEPBHCHBIX CETei.

B ocnose noctpoenus cucTeMHolt Moxenu cuuresa MCC Hcrnonme3yem
CHCTEMHBI TOAXOA, B COOTBETCTBMH € KOTOPBHIM, MPOM3BOAMTCA CHCTEMHAA
JCKOMMNO3KUUMA 3a/1a4 MOAENHUpPOBaHHS U npoekTHpoBanus MCC.

Bynem paccmatpusate MCC kak ynopaaoueHHbi# Ha60p KOMIIOHEHT:

M,, =< Q,F,C,K,0>

rae Q - uelb CUCTeMBl; F - GyHKUHH CHCTEMB]; C - CTPYKTYpa peaH3alluy
bynkumii; K- KOMIMOHOBKA 3JIEMEHTOB; ©- opraHm3auus (yHKUMOHMPOBaHMA
CHCTEMBI.

IMoaTomy paccmotpuM MCC, npeskae Bcero, Kak COBOKYNHOCTE abCTpaKTHBIX
MH(OPMalHOHHBIX 06BEKTOB:

S={SJ}

KaxxnoMmy 00BeKTy S, € S nMocTaBUM B COOTBETCTBHE ONHCAHHE €ro COCTOAHNUS
X5, B BHAC CHCAYIOWIEro KOpTexa: xg =<4;,Ds >, TAe 4y ={a§‘,a§',...,a;' } -
MHOECTBO HMEH CBOHCTB j-ro uHpopMalHoHHoro obnexra; Dy = {d§ ,d; seendls, } -
MHOECTBO /IOMEHOB COOTBETCTBYIOIUMX CBOWCTB i-ro HHQOPMALMOHHOrO
o0bexTa.

Torma coBOKYmHOCTh MH(IOpMAaUMOHHBIX 00BeKTOB 6yner OMMCHIBATHLCA
MHOXECTBOM COCTOAHMIH MH(opMaLMH:
X ={x, }
Ha MHOXECTBO X, MOXIHO YCTaHOBHTb MHOXECTBO (YHKUHOHANBHBIX

OTHOLLICHHIA:
R=1{r}

TAe RC X5 x X5 - MHOXECTBO (DYHKIHOHANBHBIX OTHOLIEHHIH, ONpefeAeMbIX
dyHKUMAMM CMeHBI COCTOAHME X, TO €CTb MHOXeCTBO (yHKuuii obpaboTku
uHbopMaunu; r, - nosmydvesue uHdopMauumu, r- nepemaua unHdopmaumu, r,-
06pa6oTka MHQoOpMauMH, r,- XpaHeHHe HHOpMauuH, r,- oTobpaxeHHe

uHdopmaumnu.
Kaxnoit ¢ynkuun ob6paborku HMHPOpMAUMM TOCTaBHM B COOTBETCTBHH
OMHCAHHE €€ COCTOSHHS B BUAE CNEAYIOMEro KOpTexa: x; =<4, ,D, >, rae Xy, -

MHOECTBO MMeH cBoficts i-ii QyHkumn obpabotkn D, ={d},d2,...d3}

MHOXECTBO JOMEHOB COOTBETCTBYIOILMX i- dyHKuMH 06paboTku.

MssectHo, uTO0 CTpykTypa cucTembl ynpasneHus MCC  umeer
MHOFOYPOBHEBYIO HMepapXH4YeCKH OPraHM30BaHHYI0 CTpyKkTypy. Iloatomy ansa
oueHkdH 3¢dexTHBHOCTH mpouecca ynpasnenua MCC HeobGxommMo onmcats

CTPYKTYpPY CHCTEMBI YNPABAEHHA.
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H3sectiio, uTo B peansHoM cifyuae Ha cucTeMy ynpasienus MCC aeficTyioT
pasnutlbIC BHCHIHKC (haKTOPEI, MMCIOLME HCONpEAENeHHbI XapaKTep, a TakxKe
M3MCHCHHA COCTOANNA CCTH MPOHCXOAAT HEUCTKUM 06pa3oM.

B aToli cBasM B Momenum ynpaBnenna e& cocTaBnsiomMe MOrYT
(OpMY/IHPOBATECA B KOHUEMUHMAX TEODHM HEYETKMX MHOXecT. TOria B
3aBHCUMOCTH. OT KOHKPETHO/i CMTyauMH BO3MOXKHBI pasfiHuHble BapUaHTh!
MoJICICit ynpaBieHus:

My, =<T,X,Y,U.Q.Z,L,F,0,G,C,A,B >

l‘lleé ={g/ #(q)} — HedyeTkoe MHOXKeCTBO COCTOSAHMI; u(g) — HeweTkas
Gbyukumus npunaanexxHocry, #(g)e[0,1]; G{g(q)) — MHOXKECTBO HEHETKHUX Mep,
g(g)e[0.1].

My, =<T,X,Y,U,0,Z,L,F,p,G,C,4,B>

rael ={u/ #(#)} — HEUeTKOEe MHOXECTBO YnpaBieHuil (KaHaIOoB); Z={z/ u(z)}
= HEYCTKOE MHOXXECTBO LIEJIeid.

' My, =<T,X,Y,U,0,Z,L,F,,G,C,4,B>

rneC = {c/p(c)} — HeueTkoe MHOXKECTBO 3aTpar.

B aucceprauMonnolt paGore onpeneneHsl CnemyloUME NapaMeTpi,
XapaKkTCpU3YIOLIHe Ka4eCTBEHHbIE MOKA3aTeaH MY/IbTHCEPBUCHBIX CCTEi:
1.Bpems peakiuu cetu: Tpp =Ty + T +Topp+ T + 70

n-l n

2.Tpomycknas cnocoGHOCTL kananos: Y, ».d, AN <p .y #n

1=l fxis]

t v,

3.Koadpuument rorosnoctn: Kp=—L—, Y =4

TR

< p— < C’.'”Jl

4.TMynscaumnu kananos: Tuw(Cimn < Aou) = Z— <1
i=] Aimx P
N,
N,

5.BepoATHOCTE noTepy nakeros: P, =

P
u *
T vy,
6.Cymmapnas 3afiepxka BpeMenu: I, = Z viu"
=]

7.Cpejuice 3naucHme 3afiepKKH HIbOPMaLMK B KOMMYTALIHOHHOM 060pYOBaHHH:
1

f,=————
ﬁ. - "z_ld""’l 21/
1 ) =i+l g
8.Bpems 3anepxKn NMPH Nepenayy NakeTos M0 KKAOMY KaHATy:
el o
=2, 2 di"t, +1,
=} fuis)
9.ITpon3BOAHTENLHOCTD KOMMYTALHOHHOTO 060PYAOBAHHA:
m~loon
5.5 A svi
il fuiel
10.KonuuecTso nopToB B KOMMYTaLHOHHOM 060pYAOBaHHH:
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nk
Zy,, +|A,| Smf. y=12,.,n
=]

. |' " =q.,
11.CkopocTs nepenauu ungopmaunu: b,(g,)= ecnu G, (H)=q,
. 0, ecru Q) (u)# q,.

3 x,b,a,)+ D y,b,0q,)Smy, j=1n,
1)

) {l, ecnu KY v, € K naxodumea e yenu rr,,, € I,

u 7¢ ~
! 0, ecru KY v, € K naxodunica e yenu @, € 1.

Ny
v b h

12.Pa3mep Tabnuue! aapecoB KOMMYTALBOHHOrO 060pY10BaHHA: Sum <M,

=1
13.3¢¢dexrusHOCTD KOMMYTaLHOHHOrO 060PYAOBAHHA H KaHANOB CBA3N:
" m~ L/
E= };i:,x,,c:,“ (4,00 dZ)+ Y Dy, 60t (A, Oy (ad, )+ ZC.”
i=l i inl jaie il

OddexrnBHOCTL ¢yHKUHOHHpPOBAHHA CHCTCMBI ynpasJjiecHUs
XapakTepusyetrca  cocrosHueM  ofopynosanus  BXOAAWMX B COCTaB
MyJIbTHCEPBHCHBIX ceTeil. B 3ToM cryuae ynobHeM ABndeTCA dopmanuzauusa
npouecca GpyHKUMOHHPOBAHNA CHCTEMbI B BUAE JIOTHKO-CHTYalIHOHHEBIX Mozencit.

JIOrMKO-CHTYaUMOHHad  MOfeNs  aHanu3a  COCTOAHMA  00OpYAOBaHHA
NpeacTaBnseT coboit COBOKYNHOCTb JIOTMYECKHX BbIpAKEHHMA M BbICKasbiBanuil,
XapaKTepH3yIOlUX NOC/Ie/0BaTeNbHOCTb Pa3sBUTHA COCTOAHMH M NpPUMCHIMA JUiA
BCEX THNOBBLIX cocToAHH#i MCC.

Jlornko-cHTyaumonHas Mozenb mnpouecca (yHKUHOHMPOBAHHA CHCTCMBI
ynpaenenns MCC dopmupyeTcs ciiefylowum oGpasom.

IMyeTh CYIIECTBYIOT CHTYauU#H, BO3HWUKHOBEHHC KOTOPHIX MOXET 6bITb
06ycnoBneHo oaHON WIH HECKONbKMMH Pa3fHYHbLIMH MPHYUHAMH BHYTPCHHCTO
XapakTepa WM BHellHeii NpHYHHOR (F,):

I (Pvhv..vR)>S, jeM0e0. .

HekoTopble CHTYaUHH MOTYT NPHBOAMTH HEMOCPEACTBCHHO K (haKTopaM:

3:5,~»F, ieN, jeM.

HekoTopsle CHTyauuu MOTYT MPUBOAMTH Kak K (aKkTopaM, Tak M K ApYrHM
CHTYaLMAM:

3':8, > (FvS)). ieN, jeM, j'eM.

HekoTopeie dakTopsl (F) MOryT ObiTh BhI3BaHbI OJNIOH MIIM HECKONLKHMH
CUTYaLUAMH:

(S, v..vS,v..vS ) Fie N,(i=2),j'eM, jeM.
3i:[(S,AS,)V..V(S, A8 )] > F i€ N, jleM,jeM.

COCTOSHHMA k- O BHAA AA JanbHeRIIEro pa3sBUTHA COCTOAHMA MOTYT OLITh
BbI3BAHbI OAHMM M3 (JAKTOPOB CHTYALMH, KOTOPas HEMOCPCACTBEHHO HE NIPHBOANT
K COCTOSIHHIO, & IPUBO/MT K €€ AanbHeHleMy pasBUTHIO!

Bn:k:(F,,-—)R")j)(Fj-)lv‘,)-—)(F,—)R").leN.IE N,keK.
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BosnukHOBeHHE CHTyalMu XoTa 6Ll ONHOrO BHAA OT j-ff KOHKPETHO
CHTYallH Ha i’ -M YPOBHE pa3BHTHS:

(R VR, v.VRY) >R, k=LK, jeM,iel'
rac I' — obiuee KoNHM4ECTBO YpoBHElH pa3BHTHA COCTOSHHMH.
Boauuknqscuuc CHTyauuil Bcex BHIOB OT j -ii KOHKPETHO#H CHTyallMH Ha /' -M
YPOBHC pa3BUTHA:
Ry ARG AAR >R, k=1K,jeM,i'el'
BosiukiioBenMe KOHKpeTHOH cHTyauun XoTa Gbl OAHOrO BHAA B pe3yJbTaTe
dynxunonnposanns MCC:
(RRVR*v.vR)> RkekK
B cootsetcTeHM ¢ paccmoTpeHHOM Noruueckol MoaeNBIO aHANH3a COCTOAHMI
(opMUpYETCR TOFMKO-BEPOATHOCTHAR MOJIENb OLEHKH CHTYaLWUH.
BepoATHOCTL  BO3HMKHOBEHMS KOHKPETHOM CHTyauuu (P,)OT oaHOH u3
NPHYHH ONpPEAENAETCA 10 COOTHOLIEHHIO:

y:p,=1-]Ja-P,). seM,
o=l

Tae F,— BEPOATHOCTh BO3HMKHOBEHHA j-fi KOHKpETHOH CHTYaUHH OT O -if

MPUYHHBI.

Ipejuosxennas noruko-cutyatnontas Moaens GyHKUHOHHPOBAHHA CHCTCMEI
ynpasicius MCC no3sosseT aHanu3Mposath M OUEHMBaTh 3((eKTHBHOCTD
fipoliecca  ynpasicHUA € LEeNbIO NPOFHO3UPOBAHHA MOBEHACHHS CHCTEMBI B
Oynyicm.

Tperss rmaBa jmuccepTauMH  «AJFOPMTMBI  HCCJIEAOBAHMSL  CHCTeM
YHDPABJCHHA MYJABTHCEDBHMCHBIX ceTeii CBSI3W» MOCBAlIEHA BOMpocam
thopmanuzaumn noxasateneit >pdexTHBHOCTH cHcTeMEl ynpaBnenns MCC Ha
OCHOBE NpKMeHeHus rubpumHoll Helipo-HeueTkolf TexHonoruu, codetarouledi
NPCHMYLICCTBA HCYETKOH JIOTHKH K HEpOHHBIX ceTeil. PaspafoTanHblil anroputm
Gopmanuzaumu uelipo-Heyetkolf Monenu >NEMEHTOB M CHCTEMbl YNpaBieHus
MCC s uenom npeacrasneH Ha puc 1.

Paspa6orannas Heuerkasa HeHipoHHAA MOAEND B AanbHelLueM fIpHMEHeHa ans
NpUHATHA PpeliCHUs O mnepeflaye NOTOKOB pealbHOr0 BpEeMEHH MO KaHaly
MyJnBETUCEPBHCHOMN ceTH.

HAns  pewenns dTofi 3amauu BLIGpaHBI MapaMeTphl MEXCErMEHTHOrO
HHTCpBaNa npu nepeaau uugopMauuy B MyasTHCEpBHCHOi cetu. B kauectse
BXO/IIIBIX NapaMeTpoB BuIGpatibt cieaylomme:

0™ _ nonywennas B NpenBIyLIEM TaKTe CKONB3ALAA CPEAHAR MTHTENBHOCTS
OXM/IaHHA foaTBepsxcaAeHuit; 07— nosyvenHas B TeKylleM TaKTe CKOJb3Alas
CpCauAA  JUIMTENBHOCTD  OXHIOAHHA MOATBEpIKAEHWH; &7 nomyvyeHHoe B
npeabUTywieM TakTe 3HAuYeHHE MeEXCerMeHTHOro HHTepsana. Beixomoft
nepemetioft Hefipo-HeueTkolf Moaesnyn ABNAETCS MEXCErMEHTHBI MHTepBan =,
KOTOpBIA yCTaHaBjIMBaeTCs B TEKYIIEM TaKTe.
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ApXHTEKTYpa HeApOHHON CeTH MEXCErMEHTHOro HHTEPBANa COCTOMT M3 NATH
HEHPOHHBIX CNOEB.

B nepsom cnoe HeiipoHoB BhInOnHsercs npouexypa da3sudpukauun. Ipu
STOM BBIMHCAAIOTCA 3HAaYeHHA (QYHKLMIT MPHHALTEXKHOCTH A KKA0H BXOAHOMH
BEJTHYHHBI.

Ha BTopomM cnoe HeiipoHOB BLINONHAETCA NpOUEAypa arperHpoBaHMs,
NpeAHa3sHau€HHan MIA ONpeaeneHnUs CTeNeHH HCTHHHOCTH KaKAOro HEveTKoro
npaBuia.

Ha TperseM cnoe ocymectenserca HOpManMsammMs  pesynbTaTos
arperHpoBaHus;

J,

J=2
J,

r=1
YersepTolit cnoii HeHpOHOB MpeAHa3sHauyeH A1 AKTHBH3aLUHHW BLIYHUCIIEHHA
3HaYEHUl BLIBOJOB HEYETKHX NpaBu CIEAYIOLMUM 06pa3oM:

H =p0"™ + 50" +4q,6™ + Jus H, = p,07™ + 5,6 + q,0"™ + j,,

Hy = p,07™ + 5,07 + @67 + jy,

TO€ Pys Pyseeess Pys Sy3Saseess Sgs Q15 Gaerers Gg» Jis Jaseeees J3 ~KOIPDHLMEHTDI,
3Ha4YeHHs KOTOPBIX ONpEAeNsloTCS B pe3ynbTaTe 0OyuyeHHA Helipo-HeueTkoi
CHCTEMEI.

[Tpouenypa nedassndmuxauuu ocyluecTnserca Ha MATOM CNOE, B KOTOPOM
BBITHCNIAIOTCA HCKOMOE 3HaYCHHE BEIXOAHOH BeNHUMHEI MO dopmyne:

[
5= g,.
ra]

Hns onpenenenns 3nauenuii koapduumenTos Aoy By By iy dys By B
dyy, d.3,h, Wb, , OCyILleCTBASETCA HACTpOliKa Beca HelipoOHOB NEpBOro Ci104, a Wi
BLIYHCAICHUA  3HAYEHHi P1s Daseeres Pys 8138y 5000y Sgs GusGaseeeesdys Jis Jroeoenes Jg
HEOGXOAMMO HaCTPOUTH BeC HEeHiPOHOB YETBEPTOrO CIOS.

Hns ouenxy 3¢pdexTHBHOCTH GYHKUMOHHPOBAHUA pa3paGOTaHHON MOAENH B
nporpaMMHoit cpene MatLab & Simulink paspaGorana MMHTaUMOHHAA MOJEsNb
nepefauyd MHGOPMAUMOHHBIX CErMEHTOB M MOATBEPXAEHHH IO KaHamaM
TEJICKOMMYHHNKALIUOHHOM ceTH, B KOTopoil peanuszoBal Hefipo-HedeTku#i BhIGOp
MEeXCErMeHTHOrO MHTepBana.

Yereépras riasa AHCCEpTaLHH «IIporpammubIii KOMILIeKe
HUMHTAUHOHHOTO MOJACJIHPOBAHHA OUEeHKH J¢ddeKTHBHOCTH mnpouecca
ynpasiewnss MCC» noceamleHa BonpocaM pa3paboTKM  NpOrpaMMHOro
KOMIUIEKCA HMHTALHOHHOIO MOAEJMpPOBAHMA JUIA OLIEHKH MCCIeJ0BaHuUA
addexTuBHOCTH dyHKUMOHHPOBaHKA npouecca ynpasneHus MCC, nossonsiolme
OnpenenuTb  OCHOBHBIE  KayecTBEHHble  mokasatenn  SddexTHBHOCTH
Te/IeKOMMYHHKaLIMOHHBIX ceTei.
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Ha ocHoBe paspaGoTaHHbIX MojeNell H aIropHTMOB OLICHKH 3(QEKTHBHOCTH
npouecca ynpasneins MCC co3niaHbl nporpaMMHbIE KOMIUIGKCH], NMO3BOJIAIOILHC
aBTOMATH3MPOBaTh pelUCHHA 3aJayd HWMHTAUMH npouecca (hyHKLMOHMPOBAHHA
cucrembl ynpasnedHus MCC. CucTemMb! HMHTaUHOHHOTO MOAEIHPOBaHMSA NpoLiccca
ynpasneHus MCC no3BonsioT OnpefenuTh Takue Nokasartesin 3¢(eKTHBHOCTH
CHCTEMbI KakK NpOomnycKHaa cnocobHocTh Katana CBA3M, 3a/1CPXKKa [1aKETOB, BpCMA
OXHAAHHA, a TaKKe, ApYrMe KauyecTBEHHbIE MOKa3aTe/lM XapaKTEpH3yIOLHC
NUHaMHKY cucTeMbl ynpasieHHa MCC, oueHky M 3¢¢)eKTHBHOCTR Mpouccca
ynpaBfieHuA. . B

[porpaMmHble KOMIUIEKCH! MpeaHasHa4YeHbl JUIA OLEHKH KayecTBEHHBIX
nokasarene#f npouecca ympaeineHHa MCC B ycnoBusax HeEONpeAENCHHOCTH
HCXOAHBIX NaHHBIX. B kauectsme TnpuMepa pacCMOTpPEHLI BOMPOCH! OlICIIKH
MEXCerMEeHTHOrO HMHTepBaja, M NOTEps MNaKeToB, BAMAIOLIME HA KayecTsa
atpexruenocTH npouecca ynpasnenus MCC.

ﬂ!‘lﬂ PEUWICHUA MMOCTaB/ICHHBIX 3anaau pa3p3501'ailbl BhIMUCIIUTCIIBHBIC
anropuTMsl BbIGOpa MEXKCErMEHTHOrO HHTEpBaNa, a TaKke BJAMAHHE MOTCPH
nHpopMaLMH Ha KayecTBEHHbIE MOKA3aTe/lH M NpPOH3BOAUTENBLHOCTH MpoLecca
ynpasneHus MCC B ycnoBusaX HeonpefeNneHHOCTH HCXoAHOH HHpOpMaLHH. DTH
MOAENN OCHOBaHbI Ha THOPMAHOM NpPHMEHEHHH METO/A0B TEOPHH HEYETKHUX
MHOXeCTB, HEHPOHHBIX CeTelt M HEueTKOi JIOTHKH, YUYMTHIBAIOLIHE IOCTOMHCTBEA
KaKA0ro U3 HUX.

Hactpoeunble napameTpbl Heiipo-HeueTkoll MOJICNH ONpPEAENAIOTCa ¢
NpUMEHEHHEeM nporpaMMHoro uHctpymenta Fuzzy Logic Toolbox. B Tabn. 1a,6
npeAcTaBNeHbl pe3ynbTaThl o0yuyeHus HeHpOHOB MEpBOro M YETBEPTOro CJios
HeitpoHHON ceTH.

Tabnuua la
Pesynbrarsl 00yueHHa HefipoHos

Mapametp|  d, d, hy hyy dy dy,
3HaueHue 3,85 25,4 3,83 27,3 3,75 28,57
napaMﬂp h)" hﬂ dzl d:z hzl h:z
3uauenue | 3,635 26,87 3,584 27,87 3,588 28,9

Ta6nuua 16
[Tapamerp | p P Py Pa Ps Ps P Py
3uauenne | 16,2 | -86,5 | -354 | 407,1 | 38,8 |-312,7 | 40,1 | 42,5
TNapamerp | 5, 5, s, 5, S5 S 5, Sg
3uavenne | 72,3 41,1 | 235,7 | -582,7 | -134,8 | 425,4 | -91,1 | 12,3
Tlapamerp G % 9 9 ds 9 U %
3uauenwue | -121,9 | 308,9 |-527,2 | 452,3 | 105,1 | -218,7 | 115,2 | 225,7
TMapamerp |  j J2 Js Ja Js Js J1 Js
3nauenne | -91,1 | 147,5 | 39,9 -9,2 348 | -11,2 | -176 | 11,8
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Ta6nuua 2
Hcxoatbie undopManyy and Co3aHus HMHTaLlHOHHOTO MOJENTHPOBaHHS

Ha3zsanne napamerpa 3uaueHue
Yncsio cerMeHTOB B MOTOKC IAHHEBIX 300
burosas anuna cerMenTa 15 x6ut
IlponyckHas cROCOOHOCT KaHana CBA3U 2 Mbéwut/c

Jng cpaBHEHMsA TMOJYYEHHBIX pE3YAbTAaTOB C TAKUMH kK€ MCXOAHBIMH
NauueiMM 6bla MpoBefeHAa HMMUTALMOHHBIE MCCAENOBaHMe Ha 6aze Heiipo-
HeyeTKHe MoJieNieil, B KOTopoit onpeneneHbl MeXCerMeHTHBIN HHTepBane U noTeps
nakcToB  nMpH  nepepaude  HHpopmauuu.  PesynwsTaThl  MccenoBaHue
WNIOCTpUpOBaHO B BuAe rpadukoB, KOTOpbie OTPAXAOT 3aBUCHMMOCTH
JUIMTCABHOCTH Ncpeaatii MoToka MHgpopMaLlMy M MoTeps CCrMCHTOB OT cpeateit
BO3MOXIibIii 1PONMYCKHON CNOCOGHOCTH TelieKOMMYHHKaUHOHHOro Kanana (puc.2
¥ 3 COOTBCTCTBEHHO).

;/
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KpHBbIMH, a HIKHHE KPHMBBIC NPEACTABAAIOT Pe3ybTaThl MEXCCTMEHTHOrO
yNpaBJicHHA Ha OCHOBE NPHMEHEHHA CHCTEMBL.

AHanu3 nonyuyeHHLIX pe3yNbLTaTOB MOKA3bIBACT, YTO [IPH Mepedaye NoToxa
nHpopMaUMK MO KaHaJly CBA3M NpHMeHeHue pa3paboranHoil Helipo-HEucTKOM
MofienH BrIGOpa MEXCErMEHTHOro MHTEpBana no3pojser 06CCeunTh CHHMXKCHHC
noteps HHOpMALUUH Ha 5,2—11,3 % n yMmeHbLIeHUE CPCAHCIO BPEMEHH Nepeain
NOTOKOB AaHHble HA 7,1-12,3 %.

Cnenyer OTMEeTHTh, YTO pa3paboTanHad Heiipo-HcueTkas Moacne Bblbopa
MEXCErMEHTHOIO MHTEpPBAIA B TENCKOMMYHHKALMOHHONH ceTH, B OTIHYMC OT
M3BECTHbIX, 6a3upyeTcs Ha UCMONL30BaHUM annapata HeucTKoN HEiPOHHO#N CCTH.

PezyneTaTel HMMHTAlUMOHHBIE MOACNMpOBaHHE NPHBEAEHHEIX Ha 6asc
pa3pa0oTaHHBIX MporpaMMHBIX KoMmsekcoB (NeDGUO02630, NeDGUO05940)
NoKa3blBalOT, YTO NPUMEHEHHE NPEANOKEHHOIO YCOBEPUICHCTBOBAHHOrO MCTO/1A
NO3BONAET CHHU3HTL CPEAHIO 3aACPXKKY nakeToB Ha 7-8 % no cpasuennio ¢
ucrnionp3oBaHueM Metopa Tail Drop u cokpaTéTh noTepu nmakeroB Ha 10 % no
cpaBHeHHnio ¢ MerooM RED M yMeHbIUMTL cpeAHee Bpemsa Mnepefaud MOTOKOB
DaHHBIX,

Takum o6pa3oM, BO3MOXHO, YTO TENEKOMMYHHKAlIMOHHAA CeTb MOXCT
3HAYMTENLHO  YBEJIMYMTb  MPOMYCKHYK  cnocobHOCTh B TPaH3MUTHBIX
MaplIpyTH3aTOpaXx fMpH H3MEHEHHH TPONYCKHOM CMNOCOGHOCTH  NaKcToB
Pa3sNMYHBIX K1AaCCOB HAa OCHOBE METOAA, HCNOL30BAHHOrO B AMCCEPTALMH.

3AKJIIOYEHHE

PesynbTathl NpoBencHHBIX MccieaoBanuii mo Teme aucceprauuu «Hefipo-
HeYeTKHe MOJENH H alrOpuTMBl HcchenoBaHHs 3(QCKTHBHOCTH NPOLCCCOB
YNpaBAEHHA B MYNETHCEPBUCHEBIX CETAX) MO3BOMAT CopMyJIHPOBATH CliCAYIOLIHC
BLIBOAIBI:

1.C nosuumii CHCTeMHOrO NOAXoAa onpeaesieHbl OCHOBHBIC KaYECTBCHHBIC
noxasarenu 3dgextuBHocTH ynpasnenus MCC, aHannu3NWpoBaHbl OCHOBHbLIC
dakTope!, BAMAIOWKE HA 3(QeKTHBHOCTh (YHKUHOHMPOBAlIMA CHCTCMbl. JTO
nossonser  (opManu3oBaTh  HH(OPMALMOHHYIO  Mojcnb  B3aHMOCBA3cCH
nokasarene#t 3dpdexrusHocT MCC B TeopeTeko-MHOXECTBEHHOM dopme.

2.Pa3paboTaHbl HEYETKO-MHOXECTBEHHEIE MOJENN U AIrOPHTMbI OUECHKH
s dexTusHOCTH (yHKUHOHHPOBAHHA CHCTEM yIpasJicHHA MCC,
(GYHKUMOHMPYIOLIMX B YCNOBHAX HEONPEACICHHOCTH HMCXOAHBIX NAHHBIX, HTO
NO3BOJIAET ABTOMATH3UPOBATh PELUCHHE 3a/1a4H MOHHTOPMHIA H NPOTHO3HPOBAHNUA
TEXHOJIOTHYECKHX COCTOSHH ($yHKUHOHANBHBIX y3J10B n
TeJIeKOMMYHHKALMOHHOH CEeTH B LieJ/IOM.

3.Pa3paGoTana  HeYETKO-CHTYalMOHHAA  MOJENb  OLCHKH  CHTyalui
BO3HHMKalOIMX B npoliecce dyHkuronuposanus MCC. ITo NO3BONACT ONCHHTEL
30 (eKTUBHOCT CHCTEMbI YMPABNCHHA M MPHHATL PCIICHUS B PalfIHUHBIX
CHTYaUHsX. -

4.Pa3paboTaHbl BbIYHCHAHTENbHBIE NATHCOMHBIE HEHPO-HEUETKHC MOCIH
NEATENBHOCTH  (YHKLUHOHATIBHBIX ~ Y3/I0B CETH, HX OCHOBHbBIE TOKA3aTeNu:
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MHTEHCHBHOCTb Mepeflayd HHopMaLMM, 3afepxka M [OTepd MaKeToB.
lNMpumeHeHHe  BBIMMCAMTENBHBIX  MoMenedl  MO3BONAET CHU3UTL  MOTepH
nudpopmaunn Ha 5,2-11,3% M cokpaileHns nepefaud AaHHbBIX MOTOKOB Ha 7,1-
12,3%.

5. PaspaGoTaHbl BEICOKOI(()EKTHBHEIE AJIFOPUTMBE ONpENeNEHHs CKOPOCTHBIX
XapakTepUCTHK npouecca ynpasneHus MCC, ¢ yueToM nepenaTodHoil eaHHHLbI
KaHaJIOB CBA3H, XapaKTepu3ylOLIHe MPOITYCKHblE CIOCOOHOCTH, BpeMs 3a[ePXKKH
HH(OpMaLHH KaHaNOB.

6. PaspaGoTan airoput™M aBTOMATH3UPOBAHHOTO (IOPMHPOBAHUS Heipo-
HeyeTkHx monenei npouecca ynpasneuus MCC H onpenenenus ¢opm, THIOB H
napameTpoB (pyHKUMH NPHHANIEKHOCTH.

7. Tlpumenenne pa3paOOTaHHBIX QIrOPUTMOB OLEHKH 3(peKTHBHOCTH
YNpaBieHHs, YUHTHIBAIOWHX KOHUTypauuu 1 pexumos pabotst MCC, nossonser
YMEHBIUMTh noTepy uH(opmauuun Ha 7%, a Takke [OBBICUTH TOYHOCTh
nepefasaemoit unppMaumu Ha 5%, MO CpaBHEHHIO C CYLIECTBYIOIIMMHM
CHUCTEMaMH.

8. TNpumMeneHve MpPOrpaMMHOr0 KOMIlexca pa3pabOTaHHOTO Ha OCHOBE
HeHipo-HeueTKHX MoMeneif M anrOpUTMOB NpH  HCCIENOBAHMH M OLCHKH
s dexTHBHOCTH Npoueccos ynpasieHns MCC, no3BoNMIO yBENHUUTL CHIKEHHE
noTepb HHQOPMALMH K YaydLIeHUs KauecTBa o6cmyxusaHus Ha 5-7% n Ha 15 %
NPOMYCKHYIO CIOCO6HOCTh KaHANOB Nepeaay.
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INTRODUCTION (abstract of PhD dissertation)

The aim of research work is the development of neuro-fuzzy models and
algorithms for evaluating the effectiveness of the management system of
multiservice networks.

The object of research is the management processes of multiservice
networks (MSN), taking into account their specific features.

The scientific novelty of research work is:

fuzzy multiple models have been developed for evaluating the effectiveness
of the management system of multiservice networks operating under conditions of
uncertainty in the source information;

neuro-fuzzy models for determining the characteristics of a multiservice
network and its means have been created;

algorithms have been developed for calculating the temporal characterlstlcs
(channel capacity, delay and loss of information, etc.) of multiservice networks
based on neuro-fuzzy models;

a simulation system has been developed to solve the problem of evaluating
the effectiveness and optimal values of the multiservice network management
process.

Implementation of the research results: based on the results obtained on
neuro-fuzzy models and algorithms for studying the effectiveness of control
processes in multiservice networks:

the model for evaluating the effectiveness of the management system of a
multiservice network operating in an indefinite form was introduced at the
Kashkadarya Broadcasting Center (Certificate Ne33-8/5936, as August 26, 2019 of
Ministry for Development of Information Technologies and Communications of
the Republic of Uzbekistan). As a result of applying scientific novelty obtained in
the thesis, the data transfer rate in the multiservice network was increased by 20%,
and the throughput - by 15%,

neuro-fuzzy models for determining a multiservice network and its tools,
computational algorithms based on neural models for calculating time
characteristics for the multiservice network “UMS” Karshi city limited liability
company (Certificate Ne33-8/5936, as August 26, 2019 of Ministry for
Development of Information Technologies and Communications of the Republic
of Uzbekistan). The implementation allowed increasing the efficiency of the
multiservice network by 5-7%, as well as reducing data loss from 5.2% to 11.3%;

a simulation system was introduced in the Uzbek-Indonestan—jei nture
Uzl-Karshi to assess the effectiveness of multiservice network management and
search for optimal values (Certificate Ne33-8/5936, as August 26, 2019 of Ministry
for Development of Information Technologies and Communications of the
Republic of Uzbekistan). The results allow us to evaluate the effectiveness of data
flow control processes in the context of various uncertainties in multiservice
networks, reducing data loss by 7% and data transfer accuracy by 5%;

computational algorithms for calculating the time characteristics of a
multiservice network based on ambiguous models were introduced in the Ferghana
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branch of Uzbektelecom Joint Stock Company (Certificate Ne33-8/5936, as August
26, 2019 of Ministry for Development of Information Technologies and
Communications of the Republic of Uzbekistan). As a result of the implementation
of the rescarch results, an assessment was made of the effectiveness of multi-
scrvice network management processes, i.e. information storage time, reduce
information loss and improve the quality of service by 5-7%.

The structure of the dissertation. The dissertation consists of an
Introduction, four Chapters, Conclusions, References and Appendices.

The volume of the thesis is 115 pages.
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