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KHPHII (dpancada aoxropH (Phd) AECCEPTANHACHHHAT AHHOTALARCH)

JHcceprauus MaB3yCHHHHI Aon3ap6anra Ba 3apypath. JKaxonpa anoka
TapMOKJIapi 'GaoNHATUHH Gaxomam Ba MILIAI CaMapalOpIHIMHH TabMHHIIAII
MacajiacHra KaTra 3sTHOOp GepunMoKza. VNapHHHT MIUNAml CamMapajopJIMIHHH
OLIHPMII MAMJIAKATHHHT MOKTHMOMIf-MKTHCOAMI pPHBOKIAHHIIHHH JKafasuiai-
THPMIH JAacCTyDHHH Xai KHiHlra &paam GepamuraH MyXHM OMHUIapAaH OupH
xucobnanagu. XO03MprH  BakTAa caMapaid  GomKapumcus  ax6opor
TapMOKJIADHHHHT HOPMaJl HIINAWH MYMKHH 3Mac. Bupurun HasOataa, Oy karTa
Macodanapra TapKairaH Xapakargard oObexTnapHu Gomapum  y9yH
MYJDKaJU1aHTaH TaAKHK KWIHHAETTaH Kyl IOFOHAM HEPapXHK anokKa TapMOFHHH ¥3
HYHra ojraH KOMMYTaUHs/IaHQ[IHMaH aloKa TapMOKIIapura TaayUuTyKaugup. By
6opana KaXOHHHHT DHBOXNJIAHFAaH MamlakarTinapuza, xycycadH, AKIL, Espoma
HUtrrdoku masnariapH, Snonns, JKanybuit Kopes, Xuroili, Ascrpayma, Poccus
depepaunacH Ba OomKa MammakaTiapAa MaBxyA TapMOKIApPHHHI HOUIam
caMapafiop/IirHHH OIIMPMIIHH Ba caMapalnH GOINKAPHINHH TaKOMHJUIAIITHPHII
MyXHM axaMHAT Kach sTMokaa.

AMaTHETAa Xap XWI TYpAarH aloka KaHAIUIApHHHWHT CH(aTHHH AacTiaabke
faxonamiHH amalra OIIMPHII KyHa KWHHH Ba XO3MPrH BakIraua OyHpa#
TapMOKIapHUHT MIIAIN CaMapafopiMruHM Gaxonaiml ycyJulapH, MOREJUIapH Ba
aNropuTMiAapHd Hmua6 9HKMm OYiiMua WIMHI-TAIKHKOT HIOUIADH OJHO
6opunmokaa. llly OwnaH OHpra, Kyn NOFOHANH HEpPapXHK ajioKa TApMOFHHM
6olKapHmAa Kapop KaOy/l KWIHID MOZEJ Ba aNrOPHTMIIADHHH SPaTHII MyXHM
pasudanapaan 6HpH XHcobMaHAAM.

PecyGimkamusfa paBnar JacTypiiapy JOHpacHAa TeleKOMMYHHKaLHs
TApPMOK/IAPHHHHI HINOHUIWIHTHHH OMMPHIN, MaXaUTHii AacTypHil TaLMHHOT
6o30puHH  cHaTNM  PHBOXUIAHTHPHIN 6ymna Hopa-TagbHpnap amanra
ommpunmoxkma.  2017-2021  ifwwmapna  Vsbekucron  Pecry6mukachum
puBOXUIAHTHpHIN Oyitnaa Xapakatnap crTparermscupa, Xycycad, «AxGopor-
KOMMYHHMKaLHA TEXHONOrMANApHHA AHaJa PHBOXIIAHTHDHIN, HKTHCONMETTA,
HXTHMOHH coxara, 60MKapyB TH3HMJIapHra ax6opoT TEXHONOTHUTAPHHH XKOPHI
aTHm»' Basudanapu Genrunanras.

V36exucron Pecny6nuxacu Ipesunentununr 2017 diun 7 ¢deppanparn I1P-
4947-con  «V36ekucTon Pecmy6mMkacHHH AHaza PHBOXUTAHTHPHII  6YitHda
XapakaTiap cTpaTeruiacH Tyrpucuganry, 2018 iinn 19 ¢erpangaru Id-5349-con
«AXGOpOT  TEXHONOTWANapH Ba KOMMYHHKAUMAIADH COXacHMHH  sHaja
TAKOMWUTAIITHPHII 4opa-TanOHpnapy TyrpucHaantd apmomnnapu, 2017 itun
29 asrycrmarn [IIK-3245-coH  «AXGOpOT-KOMMYHWKAIMA TEXHONOTHAIAPH
coxacuaa nolfiuxanapHu GoIIKapHIl TH3HMHHM SHANA TAKOMHUIAIITHPHIN 40pa-
TanOMpnapu TYFpucHaanrth Ba Basupnap Maxkamacuiuur 2018 iimn 7 Maptaaru
185-coH  «Anoka, axGopoTJAITHPHID Ba TEJIEKOMMYHHMKALUMA XH3MAT/IApH

1 Vabexncron Pecnybmmacn [MMpesmacrmmummr 2017 #n 7 despanmmma [10-4947-cor  «¥abexkueron
Pecry6mixaciny arana preoxomasTapmn Gyiira Xapaxarnap crpareruscy Tyrpcraay ru Gapmonn



cubatian sHaga OmHMpHI 4opa-Tanbupnapn Tyrpucuoantu Kapopnapu xampa
Ma3Kyp ¢aomusrra TerwmmH GomKa MebEpuii Xyxokatnapaa OenrwnaHraH
Basubanapin amanra omuprmra yméy AMCCepTalHA TAOKUKOTH MakiTyM Aapakana
XHM3MaT KAynamu.

TamHKOTHERE pecnyfuinka ¢an Ba TeXHOJIOTHIADH PHBOZIAHHINH-
HHHT' ycTyBop liynanumnapura mociarn. Ymby Tagkukor pecrrybrmmka dan Ba
TEXHONOTHANIAP PHBOKIAHMIIMHMAT [V, «Ax6oportnamTupum Ba ax6oport-
KOMMYHWKAllds TeXHONOrHANIAPHHH PHBOXUIAHTHDHIO» YCTYBOp HyHamMum
AoupacHaa 6axapuiran,

Myammonnnr  Ypramanrammmk hapaxacu. Juccepraumana kypuwiraH
MyaMMonap xopwxuii omuMnapaan G.Carello, R.Matera, M.Piyro, D.Medhi,
MMinoux, TI.I1.3axapos, A.A.AmocoB, B.B.Jloxmotrko, H.H.Mowax,
I'.T Snoecknii, B.A Boratsipes, A.E Kyuepszeiii, I'.J1.5amapun, A.1.ITapMonos,
10.I1.3aityenxo, JIKneitnpok, B.I'.Jlasepes, C.M.Camoiinenko, B.A.Herec ea
6omxa omiMnapuuHr HIIApHAA KYPHO YMKHnraH.

‘Pecnybmuxamuspa aca 6y Myammonapra JK.A.AGnynnaes, M.H.Apunos,
A.A.YcmanoB, T.A.Banues, B.T.Ka6ynos Ba 6omxa ONIUMNAPHHHT WIMHI HIUNApH
Garumuianran. Xycycan npodeccop 3.T.AaunoBa TagKHKOT MITapUAa aloKa
TH3MMHHH GONIKAPHIN CaMapalOpNHIHHY GaXoNaIHHHT KYT1 ME30HIIH XKapa&HHHH
AIrOPHTMNAMNK TakM stra, npodeccop T.H.HumanGaesHuHr onu6 6opran
TaAKHKOT/IapH JacTypuit koHbHUTypauHsnaHaguran TapMOKJIapHHHT
KOMIIOHCHT/IapH Opachja OKMMJIAPHH GOIIKAPHII Ba TAKCHMIIAII KapaSHiapHHH
6axonawra Garmmnanran.

Taxmun wamkamapn wymn kypcaramuku, Tapkubuii (pamMo Ba cumim)
TPaKTra 3ra 6y1araH anoka TAPMOKNAPHHMHI HLLTAI camapaJOp/MruHy Gaxonatu
yCymnapH, Xamna Teskop Kapop kabyn kwimmra umkod Gepanurau
YMYMNAIITHPWIraH CaMapaOP/MK ME30HHHH MULIA6 YMKHMII MacaTaiapy eTapiH
Aapaxkana TaAKMK KWIHHMaraH.

Anccepranns  TagKUKOTHHHHT Auccepraums  GaxapwiradH HIMHIL-
TAAKHKOT MYaccacaCMHHHI WIMHAN-TAAKHKOT MILJIAapH pexaJapH Gwian
Gormaxnurn. [ucceprayma TAMKHKOTH Myxamman an-Xopasmuii HoOMHparx
Tomxkenr ax6opor TEXHONAOTHANIADH YHMBEPCHTETH Xy3ypHuaarH Ax6opot-
KOMMYHHKaI TEXHONOrHWsAIapH HIIMMA-MHHOBALMOH MApPKA3WHHHT  HIAMMI-
TaOKHKOT MIUTApH pekacHHHHT NeBB-M-®4-004 - «Bomkapuil TH3HMJIapH
HazapuacHaa anropHTMnaml NPHHUMIVIapHHM wWmnab udukum» (2017-2020)
dyHmamenTan noituxacu noupacuna Gaxapiiras.

TagKHKOTHHHI MaKcafH XTUMOJUTHK~BAKT XapaKTepHCTHKANApHIa KaTbHii
9eKIoBNap xoc 6ynraH kyn MOFOHANM HEpapXMK aloKa TapMOFMHM GolIKapHmaa
Kapop Kabyn KWl MOZiesi Ba AITOPHTMIIAPHHY HILIAG SHKHIL.

TaaxuKoTHHHI Bazndanapu:

anoKa TapMOFHHHHT aHANMTHK Ba HMHTALMOH MOJIEJUTapPMHH Ky pHlL;

xabapHu (nakeTnapHu) eTkasub Gepum BakTunp Gaxonamra HMKOH 6epaguran
TapMOK 3JIEMEHTHapHHHHT pajl 3THOLIApH Ba KaifTa THMKJIAHHMILIADHHH XHCo6ra

OJTMIN OPKAJIH TapMOKAArn MaKCHMaJl OKHMHH KYPHLI aJITOPHTMHHH HIUIa6 THKHII;
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JI0Ka TApMOFHHHHI MaKCAZHHH XHCOOra o/raH Xoina, yHHHT (yHKUHOHAN
HIIOHUNHITHIHHA 6aXoJ1am eYHMHHH HOLIZ0 THKHIL,

TapkHOHMil aNoKa TPaKT/apH OpKalH y3aTHIAQHMTaH XaGaplapHMHT aciura
TYFPWIMIHHH aHUKNIAI YCY/TMHH HOLNa6 THKHI;

aJ10Ka TaPMOFHHHHT HIWUTAIl CaMapajOp/fMIHHH YMYMJIAINITHPHITaH ME30H
&pnamuna 6axonam Ba Tanab KWIMHAAHIAH HIUTAN CaMapaJOpiHIHHA TabMHHJIAL
yCry6HHH HILIab YMKuLI; ,

al0Ka TApPMOFHHHHI MIUTAml CcaMapafopiuriHu OGaxonamza anoxupma
MONY/UIap KYPHHMIIHIA TAKWI OSTWIrAH YMYMJIAIITHPHITaH ME3OHHH
XHCOGNAUIHK Ba aN0Ka TAPMOFHHUHI MILIAMKHY GOLIKAPHIN KAPaEHUHH 3 HIHra
OJIraH RacTypiap MOKMYaCHHH HUUIZ0 SHKUII.

TaaKHKOTHHHT 06bEKTH KYTI HOFOHAIM HEPapXHK a0KA TAPMOFH EpAaMHuia
Xapakar/art TapkoK 06bexTIapHy GOIKAPHII THIUMM KapairaH.

TaaKHKOTHHHT NpeAMEeTH - KJN MOFOHANM MEPAPXHK AIOKA TAPMOKIAapH-
HHHT HIIUTalll cCaMapafoOp/MI¥HH Gaxonal Ba TAbMHHIIAN MOJENH, alFrOPHTMIapH
Ba AAaCTYPHI TABMHHOTH TaRKHK KHJIHHIaH,

TaakuKOTHHHT ycynnaph. JlHcceprauMs MIUMAAZ KYHWITAH MyaMMOJIapHH
CUHILAA 3XTHMOJLIAp Ha3apHACH annapaTH, CMMaBHil XM3MaT KYpCaTHIL Ha3apHACH,
Tacomuuii kapalHnap HasapHicH, axGOpOT Ba MIIOHWIHIHK Ha3apHACH,
INYHHHTAEK CTAaTHCTHK MOAE/UIAIITHPHII yCyJUIapuiaH ¢olinananum 61nan aManra
OLTHpPHIITaH.

TaaKMKOTHHHI MAMHIT AHMANHTH KyAHaarunapaas n6opar:

-TapMOK y3aThHul Mapuipytnapu 6yiinua roknamaHH GHMp TeKuC TaKCHMIIAI
Aymu opkamu (BakT Me30HH 6¥iinua) anoka TApPMOFMHHHI ¥TKAa3HIN KOOMIMSTHAAH
MakcuMan aapakana dofifanasuiira HMKOH GepagMraH HMHTALMOH - MOAEN
Kypuiirat,

- ysaTunaérrad xa6apnap oKMMIapHHM Xuco6ra ONyB4YH aNnoKa TAPMOFMHMHT
¢yHKUHOHAN MINOHWIMIMTHHH GaXoMalll e4MMH TaK/IH( KITHHTAH,

-TapkuOHii TpaxkTiapra sra GyNraH anoka TAapMOKNApHAA Y3aTHNAIMTAH
xa6apnapHHHT acNHra TYFPIWIMIHHK Gaxonaln yCyiH HILTA6 YHKAITaH;

- KYTl NOFOHAJIH HEPapXMK anoKa TaApMOFHHHUHT XOpHii XoNaTHHA 6axonamns
HIUTa0 YMKWITaH YMyMIAIITHPHATaH CaMapajopiMK ME30HH acoCHAa anoKa
TapMOFHHMHI CaMapaiH HWOUTAlIHHM TabLMHHMANAWraH omTuMan GomKapHm
TAbCHPJIAPHHH TaHNal YCITyOH TaKTHG KHITHHTaH.

TaaKHKOTHHHT aMa/lHil HATHXAJAPH KyHHRarunapnax Hbopar:

TapMOKHHHT ¥TKA3HII KOGHWIMATHAQH MakCHMaN Japakana ¢ofifanaHum sa
xabaplapHUHI MaKCHMaJl KeYHKHINMHH MHHHMA/UTAIITHPHINTa HMKOH GepanuraH,
TapMOK 3/ICMCHTAaPHHHHT pajl 3THMHUI2p Ba KaHTa THUKIAHMILIAPHHH XKCobra
OJIaZiuraH aoKa TAPMOFHAA IOKIAMaHH OITHMAN TAKCHMM/IAm aJTOPHTMH Hunab
YHKHIITaH;

TapkubHii  (panmo-CMMJIM)  aloOKa TpakTH GyitMua  ysaTWiagMraH
xabapnapHHHT ac/ura TYFPITHIHHA 6axonam MOAETH M6 YHKIWITaH;

KapanatTraH ajoKa TapMOFHHMHT MUUTAll CAMAapajopiMIrHHH OGaxonamra

HMKOH 6epanura HMHTALMOH-ONTHMALTAIITHPHIN MOJEIH HILNA6 YHKIITaH;
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aloKa TAapMOFHHMHI MOUIAII CaMapanopiMruHH Oaxonmampa amoxuaa
MOAY/UIAp KYPHHHMIIHAA TaWIKWN STHITaH YMyMIAIITHPHATAH ME30HHH
XHCOONAIIHA Ba aI0KA TADMOFHHHHT HIUTAIHHK GoIIKapHIN XKapa&HUHH ¥3 HYHIa
OfITaH AacTypiiap MaXMyacH HIUTab THKWITaH;

TapMOKHH MIIUTAI CaMapafOpJIMIHHHHT 3apyp KHAMaTHHH TabMHHIaHaHraH
MaBIlyM MyKoOnn 60MKapHm TabCHpNapH TYTUIAMHHH TONMINAAH HOopat 6ynran
aJ10Ka TAPMOFHHH caMapanu GomKapuim yciy6u taind 3TuaraH.

TagKHKOT HATHKANAPHWHMHI HIMOHWIHAHIHA. TagKHKOT HAaTHXAIapHHHUHT
HINOHWIAIATH a/10KA TH3HMIAPHAA OKHMIApHH TaBCH(UIAWIHMHI 3aMOHaBHi
ycy/ulapupad ¢oiimananran xonza Mmab YMKWIraH MareMaTHK MOAENHHHT
TYFpHINIH, YpraHWIa®TraH TH3MMHUHI AHAMTHK Ba HMHUTALHOH MOJETMHHHI
KHECHH TaXJIWIH, IIyHHHIIEK HUUTA0 9HKMIraH JacTypHii TabMHHOT TYIUIaMHIAH
¢oifizananran xonna Takpubanap HaTwkanapu 6wiaH TaCAHK/IAHTaH.

TagKHKOT HATHXAJAPAHHRT HWIMHI Ba aManuii axaMHATH

TagKUKOT HATWXANAPHHHHT HWIMHA aXaMMATH MyHAAH HOGOpaTkH, MuuIab
YHKHATAH KyN MOFOHAIM WEpapXHK aioKa TapMOFHHH Gomkapumza Kapop kabyn
KWIHII MO/IEJT B2 &/IFOPUTMII2PH al0Ka TADMOKIapHHH CaMapaiop/IMruHy 6axoanut
Ba OOIKAPUIIHK Hasapuii acOCNapMHH AHAJa PUBONJIAHTHPHIITA MabiyM OHp
XHCCACHHH KYIMmM CHnan H30XJIaHaIH.

TanKMKOTHMHT aMmanHMii aXaMHATH TAPMOKJIApPHHHT 3XTHMOJLTHK-BAKT
XYCYCHAT/IADHHH XHCOONamija Ba YNapHHHT caMapaJop/MITMHH 6axonampa
¢ofipanapnm mymxuH. HMab uMkuiras ycyiiap Ba alropTMIApDHH KYiUtau
anoka TapMOKJIapHHH  MONC/UIAINTHDHIM  XaMAa ONTUMal  GOWKApHiu
XapakaTJIapHHH TaHJam MyaMMOJIaDHHH Xap TOMOHfaMa Xajd KWIMIIra HMKOH
Gepany. JucceprauMa HIOMAA MUWNA0 YHKUAraH Ba YpraHwiraH MMHTALKOM
MoJe/apH, HCTHKOO/UIH afloKa TapMOFHMHH GOLIKApMII TH3UMHMHMHI PALMOHAN
TY3WIHIDHHH acocnampa (oiianaHuin 6WiaH u3oxnaaHamH,

TagKMKOT HATHXKAJAPHHHHT XKOPHIl KHTHHUIIN;

Kyl TOFOHA/IH HEPapXHK aNoKa TAPMOFHHHHI HIUIAN CAMapafopiHTHHH
6axonam y4yH MIUTa0 UHMKHITAaH MOJeENap, aNTOpMTMIap Ba AacTypiap
«Y3bexrenekom» AK «Y3imobain» dumuanm daomuaTHaa KOpHH ITHITaH
(AXGOpOoT  TexHONOrMANAapH Ba KOMMYHMKAIMSIZDHHH  PHBOX/IAHTHPHIN
BasHp/MTHHUHT 2021 #inn 26 smeapaaru 33-8/574 con MawtymoTHOMacH). Mnmuit
TAAKMKOT HATIDKAaCHAA OJIMHTAH HATHXKanap CHHOB-KOHCTPYKTOPJIHK HILUTapHHH
Oaxapumpaa notiuxanamw BakTHHM 20-30% dousra KHUCKapTHpHIIra Ba aJIOKa
TapPMOFHHH GOILIKapHLl TH3HMNAPHHH PAUMOHAN TY3WIMACHHH acOC/AIlTra, XaMaa
YHHAHT HIIIAW HILOH'WIIHIHHH 10-20% dousra omupumra MMKOH GepraH.

TypM anoka KaHaulapu O6¥iuua ysatunamuran xabGapJIapHMHr aciHra
TYFPWIATHHY Gaxonaul MOJENM Ba aloKa TapMOFH JNEMEHTIApHHHHT pal
ITHULIAPH BA KalTa THKIAHHILIAPH OKHMJIApH acocHAa MIWIa6 YHKHIraH anoka
TAPMOFHTa l0K/IaMaHH ONTHMAan Takcumiam amroputmd «ASR-CABLE» OAXK
daomusTaa Kopuit 3THITaH (AXGOPOT TeXHONOrHANapH Ba KOMMYHHKAlMA-
JIapHHH PHBOXIAHTHPHII BasHpmarmHMHT 2021 #un 26 aupapparu 33-8/574 coH
MawTyMOTHOMacH). Hatiokana takmud) sTnran Tapkubuii anoka Tpakriapu 6yinua
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y3aTunaguraH  xabapmapHHHr  ac/iiMra TYFpHIMrHHH  Oaxomam — y9yH
PETPAHCIAIHANANLTH AT0Ka JIHHHACHHHHT MOAEIH, anoKa peTPaHC/IATOpIapHAaH
doiinanaHnm Ba SHr AXIIM PamMOY3aTHIN HYHATHIIMHM TAHIANIHHHT MaKCalra
MYBOQHKIIHIH MacanacHHH ONTHMAN eYHInra HMKOH Gepran.

TaAKMKOT HATHKANAPMHHHT anpo6amusacH. MasKyp TaaKMKOT HaTHDKa-
napy 4 Ta xankapo Ba 4 Ta pecny(iMka WIMHit-amMamMil aRbKyMaHiapHAa
MyXOKaMafaH ¥TKasHJIraH. .

TagKHKOT HATHXANADHHHHI JIBJIOH KEIHHIAHAHIH. JlMccepTalysHUHF
MaB3ycH GyiiMua xamu 16 Ta WIMHIl MII 90N STHWIraH, XKymiuanaH, Y36exncron
Pecnybnuxacu Onnuii arrecTauns KOMHCCHACHHUHI' TOKTOP/IMK AMCCEPTALMANApH
acocHit WIMHHA HaTWKATapHHH YOI 3THHI TABCHA 3THIraH WIMHI HANIp/IapHAa 5 Ta
MaKoJ1a, uryaapaaH, 2 TacH XopHxuii Ba 3 TacH pecny6nuKa KypHaUIapHIa Hamp
sTwirad xamzaa 3 ta OXM ydyH ApaTHIraH JacTypHii BOCHTANApHH Kaiifl KWIHII
ryBOXHOMANapH OJIHHIaH.

JrcceprauMAHHHT TY3HIHIIK Ba Xaxmu. JluccepTauus Kupum, TYprTa 606,
xynoca, ¢o#inananmnrad anabuérmap pyiitxaru Ba wnoBanapaaH HOOpar.
JuccepTauMAHHHT XakMH 117 GeTHH TalUKun 3Tagy.

JACCEPTAIIMSTHUHI ACOCHI MAZMYHH

Kupum KxcMHAa AHCCEpTallNid MaB3YCHHHMHT AON3apOAMMIA Ba 3apYPHATH
acocyaHraH, TaAKHKOTHHHI MaKca/H Ba Basu(anapH MaKWUIAHTHPWITaH, 00BEKT
Ba npeameT Tascudnanran. Yi6ekucron Pecny6imkacu ¢an Ba TexHONOTHANAP
TapaKKHETHHHHT YCTYBOp HYHalIMIUIapHra MOCIHIH KYpCaTAITaH, TARKHKOTHHHE
HNIMHI AHTHJTHTH Ba aMaiHii HaTikanapy 6aéH KHAHHIaH, OJIMHIaH HaTIDKAIapHANHT
HIIOHWIMIIMTH acocsiab GepHiraH, TAIKMKOT HaTHKANaPHHH aMaNAa XOPHI KW
XONIaTH, HAlp 3THIraH HITAp Ba JHCCEPTALHA TY3WIHINH 6¥fiHda ManiyMoTiap
KEITHPHITaH.

JHccepTalMAHHHT «AJIOKA TAPMOK/IAPHHE GoMIKapHm Ba YHHHI HILIAI
caMapagopaurnxu 6axosam» fe6 HomnaHran GupuAYIH 606Haa, MaBXKy yCyiulap
H30X/1aHraH Ba TAKMWI KWIHHTaH, WYHHHTIEK MYaMMOHHMHT Jom3ap6imry,
MacaJJaHMHI KYHMJIMIIH Xampa, KyHWwiraH macanaHd MaKcaiH Ba YHM €9HIN
ifynnapu ndonanaHrax.

AJlIOKa TapMOK/IApHHHHI HUUIANI CaMapafop/IMTH ME3OHJIaDHHH TAaXJHN
KwiHm §Tkaswirad Ba (oifinanaHyBYHnap TOMOHHAAH KapanadTraH anoka
TapMOFHra Kyiiunaauran Tanabnap xuco6ra omMHHIIN GHIaH TApMOKHHMHI MOLTAaII
caMapafopiHTHHM Oaxonam ME30HJapHHM TaHJaml acocllaHTaH. AJIOKa
TapMOKJIapPHHH GOIIKAPHIN YCYJUIADHHHHT TaXJIWIH KEJITHPWIraH Ba HMepapXHK
QIOKa TApMOKJIAapHHH HILIAll  CaMAapafOpJIMTHHH aHbaHaBHii  Gaxonam
YCYJUTapMHHHT KAMYHIHIJIAPH aHHK/1aHTaH.

Karra macodanapaa TakcHMAaHraH xapakaThard o0bexmiapHu GomKapHm
YUYyH MYJDKa/UIaHraH Kyn NOFOHAIM HEPapXHK anoKa TapMOFH KYpHG 4MKWIraH
(1-pacm).



cP
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1-pacm. K¥n moronann Hepapxuk ajioKa TapMoru
XPM - xapakatjard pagpoMapkas;
XO — xapakataaru o6sexT
CPM - cTanjoHap paaHoMapKas;
KC - xoMMyTaumsinam Mapkasu;
P - petpanciTop;
BAXM - 6om ax6opoT-xucobnai Mapkasu (MabTyMOT/IAPHH OTyBYH).
Anoka TapMOoFHMHMHr Basudacu Xapakaraarn anoka obbeKTIapHAaH
(aboHeHTnapnaH) Mapkasuii TyryHra xafapnapuu  Tanal  KWIMHagura
HIIOHWIMJTHK Ba GepriiraH ac/ura TYFPHIMKAR, 3 BAKTHAA eTKA3HII XucobnaHamy.
Tapmoxka Tymaguran xabapnap oOKHMH Ba XaJlaKHTJIApHHAT XapaKTepHCTHKaNapH
Ysrapumu MymkuHiHrH cababnu, anoka TapMOFMHUHT MyBad(dakHATIM HILIAMH
YUYH YHH Tanab KHIHHAOMIaH camapaZopiiHK AapakacHHH TAbMHUHJIAM MAKCaTHAa
6ouIKapHITHH aMara OLIHPUIN Kepak.
BYHMHT yqyH KyH#HJariwIapHH aManra OHpHII 3apyp:
1. TapMOKHMHI HILTAI CaMapafopAMIHHK 6axonan;
2. TapMOKHHHT Tanab KHNHHAAMIAH KIiam JAapaxcaCHHH TabMHHJIALL.
BupuHYH MacanaHM eqHIn KyHHAArWIapHH K302 TyTamH:
® anoKa TapMOFHHMHI HIWNAWl CaMapafOpNHrHHHHI SHr MabiIyMOT/IH
(undgopmatus) {R;} xycycuii Me3oHnapuHH Tamau;
e wmesonnapun ({R;} napamerpnapum) xmcobnam ycymnapuHM HILIa6
YHKHII,
® QIOKA TAPMOFMHMHI  MUUIAIl  caMapaiopiuruHH Ry = F(R))
6axonawHy yMyMIalTHPKIraH ME3OHHHH KOHCTPYKLHsTall,
Ry, KMAMAT - 60MKapHII TALCHPIADHHH TAHJIAI YIYH HILIATHIAIH.
WKKHHYK MacanaHM eddlll yJyH TapMOKHHHT Tanab KuaMHagMraH HiUiam
AapaskaCHHH, AbHU
Ry, — R, j=1,2,..
10



TabMHHNAIra HMKOH OepaguraH MamiyM «; OOIKapHIl TabCHPNapHHH
Hab uHKu ydyH W, pyXxcart 3THIraH TabCHpAap TYTiaMuaaH GYTHINH MyMKHH
6¥1raH KIIHK TabCUpNap TYILTaMHHH ({w,} c© W,) Tannamaan s6opar.

3nr axwy Gowkapuu Tascuph {R;} pacMUNANITHPHIraH ME30HIap acoCHAA
3KCIEPT TOMOHHIAH XHCOOTa ONraH Xo/Aa TaHlaHafa!.

JluccepTauMsHMHT «ANOKA TADMOFHHMHI HIUIANEHE GomKapHm
€aMapaOPIHIHHH 6aX0JanIHy AHANHTHK YCY/LIapm» A6 HOMJIaHTaH MKKUHTH
606upa, KapanaéTraH anoKa TAPMOFMHHHT WIOUTAI CaMapalOpIHIHHK TaHIAHTaH
Me30HIap — eTka3uG OepHml BaxkTH, (YHKIHOHAN HINOHWIHIHIH Ba aciura
TYFpUAuTH 6yiinia GaxoNamHUHT AaHANMHTHK MOJIeUTapH HILTab YHKAJITaH.

Kapanaérran TapMOK yuyH XaGapnapuu erka3u6 GepHIl BaKTHTa KaTbHil
qeKIallIapHUHT 6YIHIIH ¥3Hra Xoc. Arap anoKa TapMOFHHHHT HILIAIIH

n

P; = min,
=1

6ynca, camapann Oynamn, Gy epma P; — i —Hum xabapHu ¥3 BakKTHAA
eTKa3sWIMaciury Tydaitmm ifykoTHmap.

Xa6apnapHu ¥3 BaKTHAA eTKasHIMacnurura 6ornMK 6ynran HYKOTHIUIApHA
MHHMMAJUTAWITHPHIN YYYH alOKa TapMOFMAard ypraya KeUHKHIIHH MHHHMYMra
KEJTHPHII HynH OpKanH anoKa TAPMOFHHHHT YTKa3uIl KOOWIHATHAAH MaKCHMa
doiinananum kepak. Jlekun erkasn6 Gepum pakrura KaThuil Tanabnap 6ynranaa,
6ynpalt ¢ukp yHUanuk TYFpH XxHcobnanmaliny. By mynra OGormkku, yprada
KEYMKHII MMHMMYMH MabHOCHAA TapMOK OViiHua IOKNIaMaHHHT CaMapany
(onTMMan) TaKCHMJIaHMIIMAA XabapnapHH deKlaHraH eTkasHO6 GepHml BaKTHAAH
opTamMraH MablyMOT/IApHM Y3aTHIl MapmipyTiapH 6¥ymom MymxmH, Oy 3ca
Kapa/iaérra TapMOK y9yH MyMKHH 3Mac, YyHKH HYKOTHILIAPHH OPTHIIMFA OJIHO
KenaaH. ILIyHHHr yYyH anoKa TapMOFHHHHT HIULIAll CaMapaJOpJIHTHHH OMMpHIN
Ky#uparu Me3oH 6¥iinua Gaxonam maxcaara MyBodMK XucobnaHaay:

n;'ax{Tejﬁ} - min
i

6y epna T,js — TAPMOKHHHT j-HYH MapmpyTH 6yitnua {praua erka3n6 GepHiI BaKTH;

¥j € U, U — anoxa TapmMoFHars MapmpyTiap TYTUIaMH.

ByHna 6y maptra spHImuM yuyH KyHHaaruya 6ynumm sapyp:

Vy, Yy = ((yi EU&YEU)D (T =~ Te’;)) ABHH HCTATAH HMKKHTA
(¥1, ¥;) MapiipyTnap yuyH ynapaa xabapiapHHHT GYnHIM (€TKa3HIHIIH) BAKTHHH
TEHIIMMMHH  (MawIyM aHHKNHKAA) TabMHHJIAm kepak. Bomkaua afitraHna,
MapLIpYTAapHH 03MH-KYTIMH OHp TEKHC IOXIAHWIIMIA 3PHIIHI YIYH TapMOKAAarH
KHPHII OKMMHHH KaifTa TakCHMIal 3apyp.

Llynnaii xumub, erxasu6 Gepum BakTMHM Gaxonmam ycyyiM MaxcHMan (T-

ONTHMAN) OKHM MAacalaCHHH €YMINra KeNTHPHIAOH. Arap 6epunraH KHpPHII
OKMMHHHHT Ay MHTEHCHBJIHTHAA

11



TCJ; < Tes
Y; ev
Tes = Min
maprt Gaxkapmica, OKHM T-ONTHMAN OKUM Iedmnanu. By epla T.s — Makcuman
pyxcart 6epHiraH eTkasnb Gepum BakTH.
T-ONTHMAT OKHMHM KYPHII YYYH MOC IFOPHTM HIUIA0 YHKWIraH,
T—ONTHMal OKHMHH KYPHII aNrOPHTMHHUHT MOXHUATH
maxT,j6 - min.
mapr OaxapHiaIMIaH anoKka TApMOFMHHHT MapuIpyThapd G6ViiMua kupHm
OKHMHHHHT TaKCHMJIaHHIIAaH ubopar.

Kapanaérras anoka TapMorHa ;KyHaTyBIHAaH OyBUHra XabapnapHu eTka3u6
Gepypun Gapua MapmpyT/ap ONOMHAAH KPATIWIAAH. ANTFOPHTMHHHI OHPHHYM
KaJlaMH/ia TApMOKHHHT 6apJa MapLIpyT/apH ydyH IOKIaHHI Gup Xun 6¥mamm:

— Lxup
A= =<
6y epna S — MapmpyTiap COHH.

Kettnm {TJ} wuiimarsn, soun xaGapnaphn Gapua MapmpyTnapha 69w
ypraua BakTH XHcOOnaHagM Ba ynapAaH MaKCHMMal Ba MHHHMal OKHaHTaH
MapIIpyTiap aXpaTHiIafu:

{%gx T4} =14

min{Tig) = Tis
Ba MapmpyTnap O¥iiHda MamWIyMOTNapHH TAKCHM/IAHMIOM PEXaCHHHM Ty3aTHII
amanra omMpwiany, y A, Ba A, xuitmaTnapHH KyHuparu ¢opmynanap Gyinua
yarapTpuuan H6opar:
l; =A- AA}
Ar=2+02
6y epaa AA — OKMMHH Ty3aTHIIl OPLMACH.
Ty3arTyB4H NOPUMAHHHI KHIMaTH HT KMCKA Ba 3HT y3yH (BaKT MabHOCHAA)
MapmpyTiapia OY/MII BaKTHra Ba yJiap[ard OKHMJIaDHHHT MHTEHCHBJIMKJIapura
GOFIHK:

k=l

2

G (1 - Pk) -4

AL = min B/Iyp, min

6y epna @ - T? Ba T” HucOHit OFHIIHMHT YpTasa KMiiMaTH.

_TI-TT AT
TTI4+TT’ w2
TyzaruiuHy KyHuaard wapt 6axapiuaMaryHua aMalira oliMpHII 3apyp:
0<¢, (¢ <005
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6y epaa & - eTkasu6 Gepui BakTH G¥iiMua TAPMOKHH GMp XM IOKNAHHIIH
napaxacura Yexnam, y $poianaHyBIH TOMOHHAAH AYKOTHLLIAPHH TaX/TH/I KITHIN
acocuza Gepwiagy. ANTOPMTMra MapumpyT/iapia OKHMIIApHH palOHas Kalita
TakcumIam #ynu GuaaH xucobnaml BaKTHHH KaMalTHpamurad >kapagHiuap
KUPHTHIITaH.

VTkasunran 3KCMEPHMEHTNAp HaTIXacHaa Thex=Ff (Ap) GoFmMUKIHK
rpagurn KypunraH 6yym6, y xap Oup anoxupa BasHATAAa Te3Kop, Kymumda
xHcobnamnapcus xabapnapHHHT MaKCHMal KCYWKHIIMHY TYWaAWTraH OKHMHHHT
HHTECHCHBIIMIHra GOFIMKIMIHHA aHHKJIaITra HMKOH Gepamy.

Xo3upru BakTa MabJiyMOTJIApHH Y3aTHII TaApMOK/IapHHHHT HINOH-UTHJIMT HHH
xucobnam ycysiapura GaFHlUIaHraH e€Tapivya Kyn COHJIM MILIap MaBkyAd. By
ycyJulapaaH KYIMMWIMIH TY3WIMaBHii GOFNaHraHIMK XapaxTepHCTHKANapUHHHT
aHMK KuliMatTnapHHH xHcoOnamra MyJpxauiaHrad. ByHiaa TapMOKKa Tymuagurad
IoKIaMa KYpH6 umkwiMaiiau, 6y 6axonallHUHr axaMHMATHHH nacaiitupamu. By
WyHra GOFNHKKH, paj 3THIN AeraHAa KeHr MabHOJA KEUHKHUUIADHUHI pyXcaT
ITWIAOHraH KHiMaTnapaaH opTi0 KETHIIHHM TYIIYHHIN kepak 6ynamu. By xonza
Ky#innarura ara 6ynamns:

Hyapomm = P (max{T} < 7o)

3amoHaBuii aoka TapMOKIapHia “THPOaHUIHIJIADHH” OJIHHH ONHIN YIYH
KHPHII OKHMIapHHM GomKapumm aManra ommpwiagu. Camapanu GomIKapHI
anropuTMiIapHaa

VVes(Tig < Tes)
mapt Oyswnmaiimm. [leMak, KyTunMaraH TallKH TabCHpnap Gynmaranna anoxa
TapMOFHHH TYJIHK paj 3THIIH p¥i Gepmaiinu. Paxar aloka TApMOFHHHHT YMyMHH
HUUIAI caMapajiOpNury nacaliMimHaa KMCMaH paj STHIN ¥3 ypHura sra 6ymmmn
MYMKHH, ITYHra MyBO(¢HK a/10Ka TApMOFHHHHI HIUTAMI MITOHWIMIATHHH Ky#Haarn
Kypcarkuy 6Yitnua 6axonam Taknug ITHRamM:

H= 'l’;“”‘
ax

6y epma Ao, — anOKa TAapMOFH 3JIEMEHTNAPHHMHT paj 3THMIUIAPH Ba
Y3WIMIUIADHHE XHcoOra oflaiMraH anoKa TapMOFHAAarH MaKCHMajd OKHMHHHT
HHTEHCHBIIHTH;

Ahaxr — anoKa TApMOFH SNEMEHTIApHHHHr pal STHOLIApHHH XMcO6ra
ONMaliTNraH anoka TapMOFHAArH (sbHH abGCOMOT HIIOHWIH 3JIEMEHTIapra sra
6ynran anoka TApMOFHAATH) MAKCHMA OKAMHMHT HHTEHCHBJIMTIH.

HuccepTanus HITHAA peai HINOHWIKIIMKKA 5Ta 6YJIraH KaHanaa xabapnapHusr
ypTaya KeYMKHIIMHH XHCoOnal ycyny Taknud 3TWirad, yHMHr €paaMuaa TapMoK
INEMCHTIAPUHHHT paJll 3THOUIAPH Ba KaliTa THKIAHMIUIAPH OKUMH Xucobra
ONHHMIIH GHiIaH TapMOK MapmIpyTiapH 6yiinua xaGapnapHH eTKa3unmMIIH BAKTHHH
aHMKnaw MyMkvH. Kelfun T onrTuMan OKHMHM KypHil alTOPHTMHAAH doiiaanaHum
6unan 6epwiraH 4eKnauvapaa Ay, q, KHAMaTHE aHMK/IALI MyMKHH,

Hlynpait xumu6, Takmg STWITaH KYpcarkud HadakaT anoka TapMOFH
3NEMEHT/IapHHHHT Pajl 3TMACAaH HIIIALl TapaMeTpiapHHH, 6ankn Tapmok Gfiinga
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MaBIyMOT/IapHH TAKCHMMJIAHHMIIH Ba YTHmHHH xucobra onamu. Tapkubuii anoxa
KaHaJuiapu 6Yiiuwa yzaTwnaguraH XaOapiapHHHT acnura TYFpHAMPHHH Gaxonam

PETPaHCNALMAJIANLUTE CHMJIH Ba PaiMOKaHA/Ap KOMOMHAUMACHAAH TAWIKMI
TONTaH TApMOK MOJEITH Takumd STHIamK (2- pacm).

2-pacM. CHMIH Ba paiHOKaHAJIap KOMOHHAIMACHAAH TAIIKHJI TONTaH
TapMOK MOJeJIH

Monenna Kyfinnaru 6ermnanuiap Kabys KiWiHHTaH:

Yy, - panomanba TyryHu; Yp — palMOpeTpaHC/ATOp TyryHH;

Y,y — PagMOMamTyMOTnapHH kabyn KHNHII Ba ynapHH CUMIM KaHanra
(TapMOKKa) y3aTHIll TYTYHH,;

do — panMONMMHUAHUHT PETPAHCIATOPCH3 Y,y — Y,y y3yHIHIH;

dysad,-Y, Y, BaV,, Y, panvONHHUANAPHHHT Y3YHIIMIH,

@1 Ba @y — Y Ba Y Kabyn KWITH4iIap KMDHIUMIAa TabCHP 3TadHraH
XalaKHTJIApHHHT yp'raqa KBaApaTHK KHIMaTH;

E, Ba E; - V¥, Ba V,, kabyn kwiruwiap KupHIUMAArH CHrHaLIap
aMIUIMTYAaNapH;

E. Ba E, — ¥V, Ba Y, paguoy3aTkuwiapH XOCWN KWIAQMIaH CHTHaLnap
aAMIUTHTY IalTapH;

P, Ba P, - ¥V,—V, Ba V,— VY, panvoiuHuanapaard XaTojHKNap
IXTHMOJUIHIH;

P.- CHMJIH aJl0Ka NMHUACKHAArH (TapMOFHAATH) XaTONKIUIAP SXTHMOJUIHTH;

Po — perpancnarop Yy, — Y,y paIMONHHUANArH XaTONHUKIIAP IXTHMOJUTHIH.

Taxnud 3Twirad MoAe/ia HaTHXKaBHi XaTONUKNAP IXTHMOJUIMIM Kyiuaarnia
6¥namu:

Poysai = Py + P, + P, + P P,P. — PP, — P,P, — P;P,
E€KkH
Poynis = Pp+P. — P P,

6y epna P, — panHoTpaHCIALMOH IMHUAAArH XaTONUKNAP SXTHMOJLTHIH.

Juccepranys MIIHAA AT0KA KHCKA TYIKHHAM OHANasoHAa Ba WUMMYNECHH
XapaKTepIard Xajakuiap TabCHPHMAA amalra OMMPWIMILM XHcobra ommHMImm
OwiaH pagHOpeTpaHCALMOH al0KAa JIMHHACHHHHI XaTONHKJIAPH JXTHMOJUINTHHH
Xucobnam ycynu Tainid sTHiras.

AnokauuHr cudarura (Y3aTMIDHHHI ac/iira TYFPHIMIHra) paaMo-
TYNKARMAPHUHT TapKanHll ApTiapH, HOHocGeEpaHMHT XOJIATH, AHANA3OHHUHI

OaHIHK 3MWINTH Ba J3HI KaTTa napakajga MabTyMOT/IapHH Ka6yn KHJIAII
14



HYKTAacHJarH XaNaKuT/IH XoJatT KabH OMHILIap CE3WTapiH TabCHp 3TaHraH KHCKa
TYNKMH AHANAa30HIH PAAHOTAPMOKHH ¥3HIa XOC XyCyCHATNAPHHH XHco6ra onranaa
Tapkubuil anoka JMHUACHHMHI MINNAIl CAaMapafiopIMIHEH aciiura TYFPHIHK
Me30HM GViiuua Gaxonam HOOObeKTHB 6Ynumm mymkun. MacanaH, mopensa
Gepwiran aloKa NMHMACHHMHI YpTadalaulTHpHNraH napaMeTpiapuja Hasaphii
KUXaTAAH, pPeTPAHCIALUMANAUUIH  pPAfHONMHHAZArH, s VY, — V,— ¥V,
NUHUAZAFM XaTONMKNIAP IXTHMOLMMIH VY, — V. TyFpupaH-Tyfpu JHHHAAAIH
XaTONMHKNAP SXTUMOJUTHIHAAH KHIHK OYIHIIN Kepak.

Jlekun ¢, > @, 6ynranaa KYpcaTHITaH KOHYHHAT GaxapunMaiinu Ba GyHnaili
X0NAa YMyMaH QIOKa TapMOFHHMHI CaMapalopiuMruHu Oaxonamja xaTo
xynocanapra kenuin MyMkHH. Uy ca6abmn Gynpafi xaTtoHuur 6ymMacnury yayH
perpaHcisuMaiamaa xabapaapHd Kabyn KHIMII HyKranapuaa (Tyrywiapuia)
CHIHA/XQNaKUT HHCOaTHOArH IOTYKIap HMKOHMATIApPHHH aHHKinam GyiiMya
nactnabku xucobnamuiapHy amanra omupHm 3apyp. Hduccepraumsa Hmmpaa Oy
MacaNaHH €4MHl YCynmu KesTHpwiran 6ynu6, yHuHr &paammna sHT MakGyn
paaMoy3aTHII HYHANHILTApHHY aHHK/IAl MyMKHH.

HuccepraunsHunr «MMHTANHOH MOACIAIITHPHII yCy/UIapH EpaamMHaa
a/10Ka TAPMOFMHHNT HINIAINHHH GomKapum camapazopiMrdan Gaxomann
ne6 HomnaHraH yuunuM OoOMIa, Kapana€TraH aloKa TApMOFMHMHT HIUTau
CaMapajiop/IMrMHA  XyCYCHH ME30HJIap — MAaKCHMan KeYHKMIN, (YHKUMOHAN
HIIOH'WIMMHK Ba acnura TYFpHAMrH G¥iinua Gaxonam yqyn umna6 umkwirah,
TAAKMK KHIMHAQMraH al0Ka TApMOFH MMHTALMOH MOJEJUIAPUHMHT TaBCHdH
kenTupairad. IOkopupa alfrunrannappan kenu6 9uKn6 Ba TaAKHK KHIMHAXHTAH
alloKa TapMOFUHHHT Ty3WNMIUM CHMMETPHKINIK Tydaium (1-pacM) yHzaaH Kyiiu
TapMOKHH axpaTu6 onuuraH. Konran Ky#H TapMOKIapHH MOe/UIAIITHPHIN
TPAH3UT TYTYHIApPHH O pakamnam OpKamM amalra omHpwiagd. Arap XPM
Xabap/iapHH y3aTyBYH TYTYHHMHT pakaMH MOC XaGapHHHT NacnopTHra KHPHTHJICE,
y xonna 6y pakamra GOFIHK paBMIIIa MOC TPAH3HT TYTYHUHHHT PAKAMHHH &KH YHTa
MOC HaBOAaTHHHI pakaMHWHM TaHmam MyMkHH. By ymyman GyTyH TapMOKHHHT
HILTAIN MaH3apacMHH oONMWra MMKOH Oepami. Bynpail SHpammm Moaennu
Ce3wap/iH copjanaTupumra Ba XM pecypcllapHHH Teamra HMKOH Gepamu.
TpaHIHT TYTYHNap ydyH OMMaBHI XM3MaT KYpcaTWm TH3MMH cadaTHaa pean
HIJOH'IMAMK Ba YeKNaHMaraH Kyrum Hapbatwra sra 6Ymran THsHM KaGyn
KWJIMHTaH. Y3unran xabapra y3uiui MOMEHTHAAH Goulnad xusmar KypcaTunamy.
Xusmar kypcarum Bakra #;(j = 1, M - TyryH pakamu) napamerpura sra 6yras
SKCAOHEHUHAN TaKCHMOT KOHYHHTa 6¥itcyHann.

Kapana&rran TapMoKZars MakcHMan KeTHKHIIHY 6axonam yJyH HMHTALMOH
MOJIeAra TApMOK MapmpyThapH OYiiHda 10kiaMa TaKCHMOTH peXacHHH TY3aTHil
AMrOPHTMH KHPHTHATaH. Ty3aTHID aNTOPHTMHHHHT MOXHATH KyHHzaruda.
OnuHraH cTaTHCTHKa (Xap 6Mp MapipyT 6¥#ida eTkasu Gepum BaxrunmaT {T5}
KMiiMaT/iapH) acoCHEa anrcpUTM MapUIPYTJIapHH TaWiall 3XTHMOJUIMKIAPHHH
TYFUpRaiiny, AHH

j .
max{Tes} - min
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NapIra SpHMHII MaKCalua KHMPHII OKMMHHM KaifTa TaKCHMMJIAHHIOMHU
amManra omHpanH. ByHaa OKHM 3HT I0KOPH KeYHKHIITa 3ra 6Y/iraH MapIIpyTAaH 3Hr
IacT KEYHKHIMTa 3ra 6YAraH MapmpyTra KaiTa TakCHMIIaHa/IH:

{P,iax — 8, (Prax— A2 0)
P/ +A (R, +28<1)’

A Ty3aTHw kaaamH cHaTHAA MHHMMAI KEUHMKHINra 3ra G¥/iraH MapmpyTHH
TAHIAI 3XTHMOJH KMMMAaTHra TeHT KdiiMat TaHmaHad. By tokilamMa TakCHMOTH
peXacHIard KECKWH Y3rapHILIapHHHT ONIMHH onMmra Ba Oy GHnaH japaéHHM
MOCHHTHHH sxmmiamra HMKOH Oepamy. CTaTHCTHK MabiyMOT/IapHY TYTuiam
Makcamuaa 250 Ta xabapnapHu Monens 6iiiua rxasunmu. Taxpubanap acocnua
nc6oTanratky, 6y Mozienaa 6apKapop CTaHOHAP PEXHM YPHATHIIHIIH yIyH 3apyp
6Ynaguran MumuMan Xxabapinap COHM xucobiaHag. Arap OJUIHHTH caMapanH
CHHOBJIQD KeTMa-KeTIMIHra Kaparahja MaKkCHMail KEeUYHKHII KHAMaTH KaMmaifrad
6ynca, cuHOBnap KETMa-KET/IHIH CaMapal xucobnanagu. CamapacH3 Kerma-
KeTMK 6Y/rama anropuT™M Ty3aTHII NODUMACHHHM GYNHHMIIWHM Ky3fa TyTam.
ByHaa MapmpyTnap 6yiu4a AA Ty3aTyBUH OKHM MOPLMACHHHUHI KaMaAMIIK CONUp
6ynamu. Ketiun Ty3aTiiiraH 3XTHMOJUTHKIIap 6MnaH AHTH CHHOBJIAp KETMa-KeTIHIH
aMaira omupuIagH. Vrkazanrad TaxpHGanap HaTKacHAa KapanmaérraH TapMOK
MapmpyTnapn Gyiiuga xabapiapHH MakcHMan erka3ub OepMil BAKTHMHH KHpHII
OKHMHHHHT (YCTyBOP/IHKCH3 Ba Kyl yCTYBOPNIMKIIH OKHMJIp YYyH) lapaMeTpiapH
KuHMaT/Iapura GOFTHKIHIA rpadura Kyprirad sa 6epunraH yexkamnapaa anoka
TAPMOFM ¥Txaswil KOGHIMATHHHHI IOKOpH verapac aHMKNaHraH. Tamkuk
KHIMHASTTaH TapMOKHMHI MapIIpYT/IapH 6yiinua erxasu6 Gepuul BakTH {Tejﬁ]
FHCTOrpaMMacy KeJITHpPH/IraH (3-pacm).

NusuvaNoe O

Tz

o -

8 NTOPGUMSHUHE OXMPrg KACAMMN MapupyTaap
8 MTOPALMSHLUHE SHUPUHU KOAOAMII

3— pacm. Xabapnapuu erxasn6 GepHin BaKTHHH MapmpyTaap 6yimaa
TAKCHMOT FHCTOTPaMMacH
Slmun panr GWnaH HTEepaUMAHMHT OGHPHHYH KaJaMujars, Kuswi Gunax
HTEpalMSHHHT OXMPrM KaJaMHJarH eTKasH® Oepuiml BaKTHHHHT TaKCHMOTH
KuiimaTiapu Genrunanrad. Miuwiab YHMKHITAH WMHTAUHOH MOIGTHHHT MOCITHIHHH
TEKIIHPHIIHH AHATHTHK Ba UMHTALIMOH MOACILIAIITHPHINAA ONIMHIaH HATIDKANAPHH
TaKKocnam #ynu 6Hnan amanra OUIHPHII MyMKHMH. ATap MKKHTa Typad ycysulap
TaxMuHaH 6up HaTHxanapHu Gepca, GHHOGAPHH, yapHUHT GapKnaHHILK Aapaxacy
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)1301‘]1851(14 MaBTyMOTJIapHH anam XaTONIHKJIapUra TEHT 6y.l'lca, Yy Xonpa ynap
MOZIC/NAWITHPHAAETTaH TH3HMTa STapJIH Aapakajia MOC Aeb xucobnanand. Llynnaii
KWIMG, Taludg TWIraH MOACTHHHI MOCIHIHHH TEKIIMPHIUHH HOUIA0 YHKWIraH
aHanuTHK ycynaaH GofinanaHum 6unan amanra OWIMpHII MYMKHH.

Kapanaérran anoka TApMOFHHHHI MIIOH-UIWIMIMHHM 6axonam yqyH 10Kopuaa
TaBcudiairaH HMHTaUMOH MOJenra TapMOKHMHT paj STHIWIapH Ba Kalita
THKJIAHHUIIIAPHHK XHCOOTra ONajuraH KaHan MOZENH KHpUTHraH. TpaHsuT amoka
TYTYHNIapHAa JKaMaHraH TEXHHK BOCHTIapHHHT MINOHWIM/IMK XapaKTepHCTHKa-
NapMHM eTapnHua IOKOPH XHCOGNaHraH, HIYHHHT Y4yH TYTYHIAapHHHT pal
sTHILIapH Xuco6ra ONMHMAlaM. YTKaswiraH Taxpubanap Hamkacuaa
Kapanaérrad anroKa TAPMOFH YYYH TapMOK JIEMEHTIADHHMUHI paj ITHILIapH Ba
KaifTa THIIaHHILIapy XMcoOra ONMHraHaa MaKCHMaJl KeHHKHITHH TyIIagHraH OKHM
HHTEHCHBIHFHHUHT KHifMaTHra GOFMKNHIH rpadura KypHiraH.

AnoKa TAapMOFMHUHI HKIIOHWIMIMIHHK 0axomam Yy4YyH MyJDKanaHraH
HMHMTALHOH MOJEIHMHI MOCJIHTHHH TEKIDHPHITHH ONfMHTH 60061a TaBcH@naHTan
aHATHTHK YCyN &paaMHaa VTKasHIl MyMKHH. TaAKHK KWIHHaguraH ajloka
TAPMOFMIA Y3aTHIIHHHT aciura TYFPWITHHM Oaxonam y9yH y3aTiiajMraH
xabapnapmarn xaToyMKiIapHH (Oy3WIMIUIapHHM) TAKCHM/IAHHMIIH >KapaSHHHHHT
KyliHoary MMuTauMsanam mofenH Tannd STunamu. Papa3  KWIMHAIMKH,
XaIaKUTAApPHUHT TabCHP JTHINH JAaBOMHIUIHIH 2lIeMEHTap JKYHAaTMAHHMHT
IaBOMHITHTHHM Komnaiimy, 6y kapana&rra xonaary kabu anoka kaHauiapy 6yitraa
eTapiuya XaTTa y3aTHI Te3HKIapuaa 6y mmy MyMKuH.

By Monenra MyBodHK, { —HIH XaGapHH j-HIH KaHan 6yitmaa t! Jej Y3ATHII BaKTH
tyoj
BaKTH) XaJaKWTAap aMIUIMTYJACHHMHT MOC KHIMaTH yHHHT Gepwirad TaKCHMMOT
KoHynura (P(U, >U)) 6ornuk pasumaa “onum”™ amanra ommpriany, 6y epna L; -
i-uu xabapHuHr y3yHmury; V; - j-wuu kanan 6¥ifuma ysatum Tednurn. Bomkada
aifTranaa, Yys3aTWIAJHIaH CHFHATHHMHT (XabapHMHr) Xxap 6Hp dneMeHTap
HKYHATMACHra TabCHP KHIA[IMIaH XalaKHTIap Japakanapyd aHHKIIaHAH.

Llynpait kw6, U} > Upyx WwapTra spummnranga xabapnap cHMBONHH Ba
XaNaKHTJIap HIOPaCHHH UXTHepHil Tanna6 onum Gunad yzaTunaguran Xxabapaaru
xaTonuiiaapuu (Oy3wnraH xyHarmaHu) Kalia 3THI MyMKHH. Macanan, arap 1
CHMBOJIHHH y3aTHLIAA MaHuii mmopara 3ra 6yaraH XamakuTaap aMmIUTHTYAacH
pyxcaT 3TWIaIHraH AapaxagaH omm6 kerraH 6ynca, y xonaa xyHarMa 6y3unany;
arap 1 CHMBOJIHHH y3aTHINJA Xajakumiap MycGar Himmopara 3ra G¥nca, y Xonaa
*yHaTMa TYFpH Kabyn kwimuHran xucobnanamn. Ba HuXoAT, 6y3unraH 3JIeMEHTap
AYHaTMANAPHUHT COHH Ba MIJIATANANUIAH KOAHH TY3aTHII KOOHIMATHTa OOFJIMK
paBHIIJA anoKa KaHaIM OYiiuua Kabyn KunMHraH Xxa20GapHMHT XaTOJNHJIHIH
aHHKJIaHamu. ByHJa TaAKMK KWIHHAETTaH anoka TapMOFHHHHT Y3aTHII aciHra
TYFPWINTHHHA XabapnapHu 6y3unuuuiapu 4acToTacH opxa.;m 6ax0.nam MYMKHH:

a
Pﬁya ;.Zm 'A .‘»,_‘ \::-;‘: IIM:VOMEDAGI

6y epaa a - 6y3wiraH (xaronuwm) xabapaap CoHy; .- \/ /2 y f%S'TET'

= -"—l NABOMHAJIA TEHT A ¢ BAKT OpaNHK/IApHIa (3/1eMEHTap JKYHaTMAHH y3aTHII
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A - y3aTinrad xabapnapHUHr yMyMuit COHH.

HUMOynuenM  Xanakdinap aMIUIMTYJQIApHHHHT TrHNepbO/IMK — TaKCHMOTH
NapaMeTPHHHHT TypAM KufiMariapd GuiaH yTkaswiras Taxpubanap HaTwxacuaa
Kapana€TraH anoka TapMOFH KaHawapu OyfiMva xaTonuknap TaKCHMOTH
THCTOrpaMMacH ojMHraH. Hmmnab 4HKuiIraH MOAENHMHI MOC/IHTHHHM TEKIUMpHIU
YHM aJIOKa KAHANADHHEHI ¥3rapMac XapaKTepHMCTHKANAapHAA aHANUTHK MOAENb
6unaH Takkocnam iy 6HnaH aManra OMHPHITaH.

JIMCCepTAUNAHHHT «AJIOKA TAPMOFHHHHI HILIAI CaMapagOpPJHIHHH
Gaxonam ycynd Ba Gomxapum yeayGm» ne6 HomnanraH TYpruHuH Gobuaa,
KapanaéiraH anoKka TApMOFMHMHI MIINAIl CaMapafopiMruHu Oaxonamn y4yH
Ky#iHaard KypUHHINAArd yMyMIAlITAPHITaH ME30H TG STHNaau:

R = {R;‘ * R3? * R3?,arap V;(R; = 1) 6§nca, }
o min{RS?, R, RS}, arap EI,(R{ < 1) 6¥nca
=Te‘ﬁ/ . —H . — _Et;'ro_an'rol
Ro= rgi Ba= s Ra=1= S
Oy epaa Teg, Tos- a10Ka TapMoFH G¥iiuia Moc paBuLIAa XabapaapHH eTkasub Gepui
BaKDJIAPHHHHT XHcoOnaHraH Ba Tanab KwinHanuran Kuiimatnapm; H, H® - anoka
TapMOFMHHHT MOC PaBMIIAA XHcOGnaHraH Ba Tajal KWIHHAIMIaH HIIOHWIKIHIH
KYpcarkuwiaph; Peyo, Paro - @10Ka Tapmoru G¥iimua Moc pasmuiga xaGapnapHu
eTKa3uIa XucobraHraH Ba Tanad KWIHHAMHTAH XaTONMHKAAP 3XTHMOJUTHIJIApH.

R; kuiiMaT xap kaHzaai xuiiMaTHHM Kabyn KwiHmm MyMkHH. R, xuiimar aca
6upnaH Katta 6 IMaiimy, 9yHkH GYHKIMOHAN HIDOHWIMWIMK KYPCaTKHIH MaKCHMan
6ynmumM MYMKHH IOKiamara Myka/utanrad. R; yuyn wndosa OGupman karra
6ynmaiinuran Tap3aa nryHaai TaHIaHraHKH, SBHH XaM Pygro <Prires XaM Paro™ Paaro
KuiiMatnapu camapacu3 xucobmavamm. By Pgro< P, O¥nraHaa xomuuHr
OPTHKJAMHTH OHiIaH €KH CHTHal OPTHKYAa KyBBAaT OHIaH y3aTWIMIIMHH aMaira
omupwiagn. By O6o06ga anoka TapMOFHHHHI HIUIAl CaMapaJOpiHTHHH
YMYMIIAIITHPHITaH Me30H O¥ifnua Gaxonail ycynu MUuial YHKHIraH, WyHHHIIEK
anoxXuaa MOAY/Iap Ky pHHMIUM/A TAUIKUI STHIraH TAHIauraH napametpiap 6yituua
6axonam MoaenH Ba yMyMIAIITHPHITAH KYPCaTKHYHH Xucobnam nacTypuHu ¥3
HYNra OJiTaH JAacTypnap MakMyacH Taknud 3THnraH.

Juccepranms MmKHAa camapanu 6omkapuin ycmy6u Ba 6y ycny6bHu amanra
OLUMpPAOMIaH XapaéH TakH( 3TWITaH. AJIOKa TAPMOFHHHMHT HUUTAIMHK GomKapHI
yayH TaBcH}aHraH ycyOHHM aManra OmHpaauaraH »xapaéH cxemMacH (4—pacm)na
KeITupwiraH. By epaa TabKuanam KEpakKW, anoka TApMOFHHHHI HMIUIALIUHA
Oomxapum 6yiinda AKyHuit eduMHH Kabyn KWIHID HadakaT anoka TapMOFHHHHT
XOJIAaTHHHM YMyMJIAIITHPWIraH Gaxonaw KuiiMaruHH Gwinmra, 6anku GolkapHin
o0BEeKTH XaKuia 103ara KENraH BasuATHHHI ¥3Mra XOCHMIM XaKuaa MabiyM
KymuM4a MabIyMOTHapHH XHcobra onmiura acocnaHagd. LlyHuHr ydyH anoxa
TAPMOFHHHHT HLINAL CAMapaA0pNMIHHE yMyMIAIITHPHATaH 6axocHHH 6omkapys
Gyiira Kapop Kaby1 KWiHILAA AKYHHIT Me30H GHIaH TEHIAMITHPHIN MyMKHH Mac,
yyHkd Oy Oaxo kabyn KuaMHaaMran KapopHM ¢akar MHMKAOpMEi KMXATAaH
Taiiépnalinn Ba acocnaim.
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AJI0Ka TAPMOFHHHHT
napaMeTpiapH Ba KHpAL
oxkumuuH TaBcnduaaiizaran
nacTAabkH MabLJIyMOTJapHH
KHPHTHUI Ba TY3aTHII
MoayJn

— 1

AJ0Ka TapMOFHAA OK/IaMAHH
TAKCHMJIALU PEAKACHHH
Ty3aTHll JacTypH
>

l A A

Peal HINOHWIHAHKKA Peat HIIOHYIMIARK Ba
ara 6yaran anoka [~ :’:ﬂ‘%::ﬁ:‘:;‘:;‘: l+—{ XanakaTAapra 3ra 6yaran

KaHATHHHHT MOAEH 4/10Ka KAaHANHHART

| MO/IeJTH

§ '
AJI0Ka TAPMOFHHHHT AJ10Ka TapMoTHEEHF AJI0Ka TAPMOFHHHHT
HILIAL CAMAPANOPAHTHH Bmjamang RULTAINHHA MOAC/IALITHPA
6axoaam MopeamTHPHM 6§iinqa 6¥iinua JxcoepAMeRTIAp
IKCHEPHMENTIAP —~+|  HATEKANAPH TAXIAAH BA
YMYMJ3UITHPHIIFAH HaT ang P!
Me30HHHH XHcbomam P TapMOKHH GomKapAmI
ManjTymotaap 6azace
aa 6yitaua xapopnaprH Kabya
cTYypH
Kmmm
AnoKa TApMOFHHHHF onTBEMAR Kordarypanusca  [Xa Tﬂpmm HOIame m
Ba OKAMJIAPHHA TAKCHM/ALI ONTHMAI PEAACH TamGmpon
KOHEKTHpagEMA?

4-pacM AJIOKA TAPMOFHHHHT HILJIAIIAHK BA GomIKapyBHHA 6axonam
JACTYPJIapH MAXMYacHHHHT 6;10K-CXeMacH

Tabkutanrannapra MyeoQHK, BILIa6 duxwirad ycry6 Xap 6Hpu anoka
TapMOFMHHHI 3apyp HIIAI CaMapaZoPJIMIy KHAMATHHH TAabMMHIIaf IAraH MabiyM
MyKoOun GolKapHIl TabCHpNapH TYIUIAMMHH (MHUTa0 YHKWITaH AacTyphap
KOMIUIeKcHaH (oiigananum Gwian) TonumpaH kOopaT. By TeHr axamHuATnn
6oIIKapHIl TaLCHPJIAPHAAH SHT AXIIKCHHH TaHiall (YMyMIIallTH-PHIFaH ME30H
6¥y¥inua) sxcnepT TOMOHHAAH amManra owwmpwiamy. Kyn ycrysopmuiumd xabapnap
OKHMHZIAa GOIMKApHII TALCHPNAPHHH TaHmam OKOPH YCTYBODJHMINIH OKHMIaH
Gomnab xap OMp yCTYBOpNMKIM OKHMAAp YYyH anoxMja amanra OIIpHIamH.
Ilynpait Kunmu6, paKaT HHCOH-MaMMHa GOMIKAPHII TH3HMWHH APaTHIN HATIDKACHAA
Mypakka0 TeXHHWK TH3HM OyiraH anoka TapMOFHHHHT CaMapaH HILIAIIHTa
SPHIIHII MyMKHH.
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XVYJOCA

“K¥ noFoHaIH HepapXHK aI0Ka TApMOFHHH GoIIKapHuIAA Kapop KaGyn KuiHin
MO/ Ba ITOpHTMIApH” MaB3ycHpard dancada nokropu (PhD) mucceprawmsacu
Oyiinua onn6 GopwiraH TaAKWKOTNAP HATHXKACHAA Kylnaarw xXynocanap TaKauM
ITHNAM.

1. TapMOKHHMHI ¥TKA3MII KOGHIHATHAAH MakcHMan napaxana doiinananun sa
xabap/apHHHT MaKCHMaJl KeYHKHLIMHY MHHAMAJUTAIITHPHINTa HMKOH GepajuraH,
TapMOK 3JIEMEHTIapHHHHT paj 3THIOUIapH Ba KaliTa THIIAHHILJIAPHHH XHcobra
oNlaguraH aJoKa TAPMOFHIa IOKIaMaHH ONTHMAN TaKCHMAlll AJIFTOPHTMH HILTa6
YHKHJTaH.

2. TapMOK 2N1eMEHTIapHHHHT MIIJaH YHKHIIH Ba KaHTa THIJIAHUILTADHHH XaMJa,
6omKapyB yCyJUIapHHM Ba y3aTHiIagrraH xabapnap OKMMIIapHHH XHCO6ra OJyBYH
aTOKa TapMOFHHHHT (YHKIMOHAN HIHOHWIWIHIH KYPCaTKM4YH TaKiH( 3THIraH,
Harmkaga xucoOnaHraH XapaKTepHCTHKaNap TY3HWIMaBHH  HIIOHUTHIIHK
KypCaTKHIHTa KaparaHza HHGopMaTHBpoK 6Yim6, pHBOXUIaHraH Ba MaBxKy/l alloKa
TapMOK/IapHHHHT (YHKIMOHAN MaKcagra MYBOQHKJIHK HapaKaCHHH aHHKIaII
HMKOHHMHH Gepamy.

3. Tapxubwii (paguo) aloxKa TpakTH Gyiinua y3aTunaauraH xabapnapHuHr aciura
TyrpunuruHE  Gaxonam  Moienn  Mowa6  uyMkuaraH. ByHama  anoka
peTpaHcnATOpnapuaaH  ¢oliganaHWm Ba PpagMOY3aTHWIHHHT 3HF  MyKOOHI
HYHANMIINHA TaHIAl MaKCa[ra MyBOQHKIHIH MAcalaCH eHIITaH.,

4. Kapanaérran anoka TapMOFMHMHI HIUIAIl CaMapajiOPNHTHHH KHMMar
TypaguraH pean TaxpubanapHu ¥yTkasmacgaH - eTkasub Oepum BakTy,
HIIOHWIMITMIM Ba aCJTUra TYFPUIHTH Me30HIapH G¥iinya 6axonalll y4yH HMHTALMOH
MoOZe/UTap HILIab yMKuaTraH.

5. Xap xun Typnapiard KaHauiapra sra 6¥nraH xapanaérraH KN noroHaIH
HepapXMK anoKa TApMOFMHHHI MILIAI CaMapafioPIMIHHK GaxoMnallHy yMymanl-
THpWIraH Me3oHM Taknud oTwiraH 6Ynub, y TapMOKHHMHr yHra Kyiiwira
Tanabnapra MyBoGUKIHArH AapakacHHH aKC ITTHPanH.

6. Mounab aukuwirad MMUTALIHOH MopelUlapiAaH doiimanaHum 6Hnan xap 6HpH
TapMOKHH HIUIAll CaMapafOp/MIHHHHI 3apyp KHHMAaTHHH TabMHHIalguraH
MaBIyM MyKOOHN GOIOKApMIN TABCHPAApH TYIUIAMHHH TonMWmAaH uGopar 6ynra
aJI0Ka TAPMOFUHHU camapamy GomKapum ycayou Taknud stwiran. By y3apo Tenr
OOlIKapHI TabCHpapMAaH SHT AXIMIMCHHH TaHiall (YMyMIAIOTHPWIFaH ME30H
O¥iinua) MyTaxaccHc (3KCMepT) TOMOHHAAH amalira OlIHpHIIaaH.

7.Taunanrad mezomnap 6yiinua anoka TApMOFHHMHI KLUIA CaMapanopiHruHH
6axonam y4yH HMHTAUHOH MOZEJUIap Ba ANIOXHAA MOAYILIap KYPHHHIIKAA TALIKHIT
STHAraH YMyMIAIITHPWITaH ME3CHHH XHco6naml HacTypHHH LIYHHHIAEK, ajioKa
TapMoFHHH GomKapyBHHH 6axonam 6Yifuya 6GolIKkapyBYH JaCTypPHH 3 HMHTa OIraH
macTypuii Maxvya unwtab uukuwiran. JlacTypHii MakMyana ONMHHraH HaTHXKaiap
CHHOB-KOHCTPYKTOP/JIMK MULIapuHH Gaxapumna yodiuxanam BaktHHu 20-30%
(oH3ra KMCKapTHpHIITra Ba a/l0Ka TAPMOFHHH OOMIKApHIN TH3MMJIAPHHH paltHOHAN
TY3WIMAacHHH acocialura XaMaa YHHHI Muuiam HmoHwiwmuruiu 10-20% dousra
OLIHPHIITa HMKOH GepaaH.
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BBEJAEHME (annoTaums fucceprauuu xokropa gunocodun (PhD))

AKTyanbHOCTD H BocTpe6oBanHOCTH TeMB! AHCCepTanHH. B Mupe Gommoe
BHMManMe Y/IENA€TC BOMPOCAaM OLEHKH M oGecnedeHus 3¢ pexTHBHOCTH
dyHKupoHHpOBaHHS CeTeH H CHCTEM CBA3H. Tosbmuennsa 3¢¢EeKTHBHOCTH HX
(GYHKUMOHUPOBaHHA ABJIACTCA OOHHM M3 BAXHBIX ¢daxropos, cnocobcTByIOmMX
pellleHHio MPOTPaMMBl YCKODEHHA COLM@IBHO — SKOHOMHUIECKOTO pasBHTHA
CTpaHbl. B Hacrofmee BPeMA HE BBISHIBACT COMHEHHd, €WTO HOpMalbHOE
dyHKumonnpoBanye HHPOPMAUHOHHEIX CeTeHl HEBO3MOXHO Ge3 3pexTHBHOrO
ynpaeneHus HMH. B NepBYIO OYepe/ib 3TO OTHOCHTCA K KOMMYTHPYEMEIM CETAM
CBS3H, K YHCITY KOTOPBIX OTHOCHTCA HCClleflyeMast MHOTOYPOBHEBaA HepapXHIecKad
CeTh CBf3M, TNpENHA3HAUYCHHAA JUIA YNpaBeHHA TMONBIDKHBIMH ofbekTamy,
paccpenoToueHHBIMH Ha GONBINMX paccTOAHMAX. B pa3sBUTEIX CTpaHax MHpa, B
yacthoct B CLUA, crpanax Eeponefickoro Coto3a, Snonum, IOxmHoii Kopee,
Kurae, Poccuiickoit Qenepaliiy NPOBOAATCH HMCCICAOBAHHS, HaNpaBIEHHBIE Ha
noebimenye 3dexTuBHOCTH paboTsl cymecTBylomux ceredl H 3¢dexTHBHOE
yNparneHHe HMH.

Ha npakTHKe 04€eHb CJIOKHO OCYIECTBHTH NIEPBOHAYATBHYIO OLEHKY KalecTBa
PasNHMYHBIX THNOB JHHMIA cCBs3u. Hacrosamee BpeMA B MHpe, MPOBOASTCA
HcclenoBaHuA Mo paspaboTke MeTomoB, MoaeNcH H aNrOPHTMOB IS OLCHKH
NPOM3BOAMTEAPHOCTH TakMX cereli. B To e BpeMdA CO3faHHE Mozened u
anropUTMOB MPHHATHS PEHIEHUH ABNAETCA OXHOA M3 BAXKHBIX 3aja¥ B YNPaRICHHH
MHOTrOypOBHEBO# HEPAPXHYECKO# CETHIO CBAH.

B pamKax rocyZapCTBEHHEIX MPOrpaMM NPHHHMAIOTCA MEphI N0 MOBEIMIEHHIO
HAEXHOCTH TEJICKOMMYHHKALMOHHBIX CeTel, KA9eCTBEHHOMY Pa3BHTHIO MECTHOIO
phIHKa mporpaMMHoro ofecnevenus B Pecny6nuke ViGexucran. B crparerwm
neficTBuit o paseuTHio PecryGrmku Y36exucran Ha 2017-2021 roast onpeneneHs!
3ajayd, B  YACTHOCTH, «NanbHelimee  pasBHTHE  HH(OPMALMOHHO-
KOMMYHHKALMOHHBIX TEXHOJIOTHH, BHeApeHHe HH(OPMALMOHHEIX TEXHONOrHH B
3KOHOMHKY, COLMANbHYIO cepy, CHCTEMBI ynpasneHus»'.

JlaHHOe JHUCCEPTALMOHHOE MCCIEAOBAHHE B ONMPEMENICHHON CTeNeHH CITYKMT
BLINONLHEHHIO 3anad, ofosHaueHHBIX B VYkasax [Ipesunsenta PecnyGmuim
Vi6exucran NeVII-4947 ot 7 ¢espans 2017 r. «O Crparernu neiicreuii no
IanHeimeMy pazsuTHiO Pecry6nuku Vi6exkncran», NeVII-5349 ot 19 despans
2018 r. «O wMepax mno paneHelmieMy COBEPIICHCTBOBAHHIO  Cdepsl
HHQOPMALIHOHHBIX  TEXHONOrMH W  KOMMYHHKauwit», [locTaHORNEHHSMH
lNpesnnenta Pecmybnuku Vabekucran ot 29 asrycta 2017 roma Nelll1-3245
«O Mepax no panbHeHmEMY COBEPIICHCTBOBAHMIO CHCTEMBI YTPaBJICHHA
npoektaMu B cdepe HHPOPMALMOHHO-KOMMYHHMKAIIHOHHBIX TEXHONOIHH» H
Kaburera MunuctpoB ot 7 mapra 2018 roga Nel85 «O Mepax no panbHeimeMy
YIYYIIEHHIO Ka4ecTBa YCIIYT CBA3M, HH(OPMATH3AUMH M TEJIEKOMMYHHKAUMID a
Takke B JAPYTMX HOPMAaTHBHO-NPABOBBIX MOKYMEHTAaX, CBS3aHHHIX C 3TOH
JEeATENEHOCTHIO.

! Vras Ipesnacnara Pecnybmn Vibexsicran NeVI1-4947 or 7 denpans 2017 r. «O Crparernn gcifcrsaii no
nmansuciimeny passimino PecryGnnxn VaGexncrany.
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CootBererBue Hecnenopanns HNPHOPHTETHLIM HATIPABJICHHSAM PA3BUTHSA
HAYKH H TexHomorwii pecmy6amxw. J[aHHOe HCCNENOBaHHE BHITONHEHO B
COOTBETCTBHH ¢ MPHOPHTETHLIM HANMpaBNEHHEM Pa3BUTHA HAYKH U TEXHOJNOTHI
Pecny6muicn V3bexuctan IV. «Mndopmarusamus ¥ passuTe HHGOPMAIHOHHO-
KOMMYHHKAIIHOHHEIX TEXHOMOTHID).

Crenens mygennoctu npoGsembl. PaccMOTpeHHBIE B IHCCEPTaUMH
Tpo6reMEI H3yuanuce 3apyGeHbIMU yaeHBIMH kak G.Carello, R.Matera, M.Piyro,
D.Medhi, M Minoux, I'.I1.3axapos, A.A.AMocos, B.B.JloxMotko, H.HMomax,
I"'.I" SIHoBcKnit, B.A.Boratsipe, A.E.Kyuepssniii, ['.[1.Bamapun, A.HU.ITapMoHOB,
10.I1.3aifyenko, JI.Kneitnpok, B.I'.Jlazepee, C.H.Camoiinenko, B.A.Herec u
Apyrue.

B Hameii pecriy6nuke BRumEyKa3zaHHEIM NPOGNEMaM MNOCBAIIEHbI HAYYHBIE
Tpyant JUk. A. A6aynnaesa, M. H. Apunosa, A. A. Ycmanosa, T. A. Banuesa, B. T.
Kabymosa u pmpyrux yuemsrx. B wuacThocTn, MccmemoBauma mnpodeccopa
3.T.Amb10Bo#i NOCBsWEHET AIFOPHTMH3ALHIO IPOLECCOB aHAH3a 3P PEKTHBHOCTH
YTpaBNIEHUA CHCTeMO#i CBA3M B YCIOBMAX MHOTOKDHTepHanbHOCTH, a paGota
npodeccopa T.H.Human6aesa mocesieHa HCCIEAOBAHHIO H paspaGoTke MeTONOB,
A/IrOpHTMOB OLIEHHBAIOMIX MPOLIECC pacnpeaeNeHHs H YIpaBleHus NOTOKaMH Cpeau
KOMITOHEHTOB MPOrPaMMHO-KOHPHIYPHPYEMEIX ceTel.

Pesynbrathl aHamiza nokasbiBaloT, 9TO METOIBI OUEHKH 3(dEKTHBHOCTH
(YHKUHMOHHPOBaHHUA ceTel CBA3M C COCTABHBIM TPakToM (pagHo M MPOBOAHBIM), 2
TaKXKe BONPOCH! ONEPaTMBHOIO MpOLECCa NPHHATHA pemeHus Nno 06o6IeHROMY
KPUTEpHIO OLEHKH 3¢ )eKTHBHOCTH HEAOCTATOYHO M3YHEHEL.

CBa3b  JHCCEPTAIMOHHOTO HCCIEAOBAHHMS C IUIAHAMH  HAYYHONO
HCCTeAOBATEILCKONO0  yupexaeHus, [rde BLINOAHEHA  AMCCEPTALIMA.
Huccepraumontoe HccnemoBaHHE BLIMONHEHO B PaMKaX IIPOEKTA HAyuHO-
HCCNEAoBaTeNIbCKMX pabor HayuHO-HHHOBALMOHHOTO LEHTpa HHGOpPMALMOHHO-
KOMMYHHKAaLMOHHBIX ~ TexHonoru#i mpH  TamIKeHTCKOM  yHHBEpCHTeTe
MH(OPMAaITHOHHEIX TexHONOTHH HMeHH Myxammana an-Xopeamu BB-M-$4-004
«Pa3paboTka NMPMHUMNOB ANTOPHTMH3ALUMHM B TEOPHH YNPABJAIOUINX CHCTEM»
(2017-2020) cornacHo nyany HayaHO-HCCIEN0BATENBCKOH PaboT.

Hensio HccnenoBanms sBiserca paspaboTka Mopeneif M anrOpHTMOB
TIPHHATHA PEMICHHHA B YNpaBJICHAH MHOIOYPOBHEBOH HEpapXH4eCcKO# CeThio CBA3M,
KOTOpad  XapaKTepu3yeTcd JKeCTKMMH OIPaHHYeHHAMH Ha BEPOATHOCTHO-
BPEMEHHBIC XaPaKTEPHUCTHKH.

3apaun HecnegoBaHuA:

Pa3paboTka aHANMATHIECKOH M HMHTALMOHHON MOJIENTH CETH CBA3M;

pa3paboTka anropuTMa NOCTPOEHHS MAKCHMAEHOTO IOTOKA Ha CETH C yUeTOM
OTKa30B H BOCCTaHOBJCHMH e€ 3/1€MEHTOB, MO3BONAIOIIEr0 OLEHHTL BpeMA
JOBEICHHA CoobIEeHHs (NakeToB);

pa3paboTka peweHHs 110 OLEHKE HAIEKHOCTH CETH CBA3H, YUHTHIBAIOIIETO €€
(yHKIMOHANLHOE HA3HAYEHHE,

pa3spaboTka MeTona OnpeReneHnsa ROCTOBEPHOCTH COOGIEHHI, TIepeiaBaeMbIX
10 COCTaBHBIM TPaKTaM CBA3M;
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oleHka 3¢ deKTHBHOCTH ceTH cBA3H No 0606meHoMy KpuTepHIO H pa3paboTka
MeTomHKH obecnieueHus TpeGyeMoit 3(peKTHBHOCTH QYHKITHOHHPOBAHHS,

pa3paboTKa KOMIUIEKCAa MNpOrpaMM JUii  OLEHKH  3(¢deKTHBHOCTH
(YHKIMOHHPOBAHHS CETH CBA3H, BKITIOYAION{Hii MporpamMMy pacueTa o06061meHHoro
KpUTepHss U YNpaBJieHHA CETHIO CBA3H, OPraHM3OBaHHBII B BHAE OTACIBHBIX
Moxyne#.

O06bexTOM HKCCAe0BIHHA ABAACTCA CHCTEMa YNPaBNeHHA MOABHKHBIMH
paccpeaoTodeHHHMbI 00BbEKTaMH NMpPH MOMOIIH MHOTOYPOBHEBOH HEpapXH4ecKoi
CEeTH CBA3M.

IpeaMer Hcce0BAHHS — SBIAETCS MOAEGIH, AITOPHTMBI K IIPOTPaMMEI 1A
oueHKH U obecneuenus 3¢pEeKTMBHOCTH (PYHKUHOHMPOBAHHA MHOTOYPOBHEBBIX
HepapXH4ecKHX cerefl CBA3H.

Meroasl  HcoiegoBaHusi.  PemieHue  3aja4,  MOCTaBICHHBIX B
JMCCEPTALMOHHOM paboTe, MPOU3BOAMTCA C HCNOJIL30BAHHEM amapaTa TEOpHH
BEpOATHOCTE#, TEOPHH MaCCOBOro 00CITy;KHBaHHsA, TEOPHH CITy4aiHBIX MPOLIECCOB,
Teopuu uHGOpPMAaUMM H HaNEKHOCTH, & TAKKE METONOB CTaTHCTHYECKOTO
MOJIeIMPOBaHHA.

Hay4Hasi HOBH3Ha HCCJIEIOBAHHS 3aKIOYAETCA B CICAYIOMEM:
paspaoTaH HMMHTALMOHHBIH  MOJEAb  MO3BONAIOMHE  MAaKCHMAbHO
HCIIOJI30BaTh NMPOMYCKHYIO CMOCOOGHOCTh CETH CBA3H IYyTEM PaBHOMEpHOro (mo
KPHTEPHIO BpeMEHH) paclipeie/leHHs Harpy3KH 0 MapIupyTaM NepefadH CeTH;

Npe[UI0KEHO pellieHHE No OlieHKE QYHKIMOHANBLHOMH HaZIeXHOCTH CETH CBA3H
C y4eTOM NOTOKa NepefaBacMbIX CooOLeHHii;

paspaboran MeToZ OLCHKH JAOCTOBEPHOCTH MEPEAaBaeMbIX coobmeHuit s
MHOTOYpOBHEBOI HepapXH4€ecKoii CeTH CBA3H C COCTABHLIMH TPAKTaMH; -

NpeanoxeHa METOAMKA BhIGOpa ONTHMAaILHLIX YNPAB/IAIOMMX Bo3AcHcTBHI,
ofecneuusatomux  3pdexTuBHOe  (QYHKUHOHHPOBAHHE  MHOrOYPOBHEBOI
HepapxuMeckoif ceTH CBA3M No paspaboraHHOMY 0600IIEHHOMY KPHTEDHIO.

IIpaxrH1ecKHe pe3yabTaThI HCCAeJ0BAHHA 3AKTIOYAETCA B CEAYIOMEM:

pa3paboTaH anrOpHTM ONTHMANBHOIO pacHpeieiieHHd Harpy3kM Ha CeTH
CBA3H, IO3BOJIAIOMHI MAKCHMANBHO HCMONE30BATh MPOIYCKHYIO CIOCOOHOCTH ceTH
H MHHHMH3HPOBAaTh MAKCHMAJTbHYIO 3aJIEpKKY COOOMIECHHH ¢ yUeTOM OTKIOHEHHA
H c6poca CeTeBBIX JIEMEHTOB;

paspa6orana MoOAeNb IIA OUEHKH JOCTOBEPHOCTH NepefiaBaeMEIX COOOIeH
Juta cetelf CBA3H C COCTABHBIMH TPaKTaMHu;

paspaboTaHa HMMHTALHOHHO-ONTTHMH3ALHOHHAd MOAENb, MO3BOJIAIOMAN
OLEHHTE 3 PeKTHBHOCTD QYHKIIHOHMPOBAHHSA PacCMaTPHBaeMOM CeTH CBA3H;

pa3paboTaH KOMIUIEKC NporpamMM, BKIIOYAIOMMiX pacder 0606meHHOro
KPHTEpHs M mponecca ynpasieHHs paboToit ceTH CBA3H, OPraHH30BaHHEIH B BHIE
OTAENBHEIX  Momyne ans  oueHkd dpdexmnBHocTH M ofecnevcHus
(YHKLIMOHHPOBAHHSA CETH CBA3M;

npeanoxeHa Meroauka >(QEeKTHBHOrO yNpaB/ICHHA CETBIO  CBA3H,
3aKIIOYAlOMAad B HAaXOXKHEHHH HEKOTOPOrO MHOXECTBA ANBTCPHATHBHBIX

ynpassrOOIAX BO3JelcTBH, Kakaoe U3 KOTOpBIX obecreunBaer Heobxoaumoe
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3HavenHe 3¢peXTHBHOCTH (PYHKIMIOHHPOBAHHSA CETH.

JlocToBepHOCTS Pe3yJbTATOB HeC/Iea0BaHHA, JIOCTOBEPHOCTE pe3ybTaTOB
HCC/IEAOBaHHs NOATBEPXKA2ETCA KOPPEKTHOCTHIO pa3paboTaHHOM MaTeMaTHIeCKoii
MOZIENTH, HCTIONIB3YIOMHi COBPEMEHHBIE METOABI OMHCAHMA NMOTOKOB B CHCTEMax
CBA3H, M CHCTEM MacCOBOrO OOCHy)XHBaHHA, CpPaBHHTENBHEIM aHAMM30M
aHaIMATHIECKO# H HMHTAllHOHHON MOAENH, HCCledyeMoll CHCTeMBI, a TaKxe
Ppe3yJILTaTaMH MPOBEAEHHBIX 3KCMCPHMEHTOB C MCIIONBb30BaHHEM pa3paboraHHOro
KOMIUIEKCA ITPOrpamMM.

Hayunas m npaxkTHYecKas 3HAYHMOCTh Pe3yJIbTATOB HCCIEAOBAHHS.
Hayunad 3HAaYMMOCTh pe3yJbTaTOB MCCIENOBAHMA ONpefieNserci TeM 4YTO
paspaGoTaHHLIC aNrOPHTMB! M MOAENM NPHUHATHA peMICHHH B YNPaBICHHH
MHOTOYPEBHEBOH HEpapXHYECKOi CEThIO CBA3H ABNAIOTCA ONPEAEEHHBIM BIJIAZIOM
B JAaTbHeHmIee pa3sBHTHE TEOPETHYECKMX OCHOB aHanu3a M ofecnedeHus
s¢pdexrHBHOrO yripaBneHus GyHKLUHOKHPOBAHHEM CHCTEM CBS3H.

IpakTHueckas 3HaYUMOCTP HCCICOOBAHMA 3aK/OYaeTcs B TOM, YTO
pa3pabGoTaHHbIE anrOpHTMBI U MOMENH MOFYT OBITH HUCMOML3OBAHBI NPH pacuere
BEPOATHOCTHO-BPEMEHHBIX XApPAKTEPUCTHK ceTeli CBA3W M OLEHKE HX
3¢ dexTHBHOCTH, a TaKkKe MO3BOJIIET KOMIVIEKCHO pELUaTh 3a1a4y MOAENHPOBaHHUs
ceTeli CBA3M H BEIGOPA ONTHMANLHEIX YIIPABNAIOMHX BO3AeHCTBUN. IMUTALMOHHbIE
MOJIEJIH, pa3paboTaHHbe H H3ydeHHBIE B OMCCEPTALMOHHON paboTe, MOryT GEITh
HCIOJL30BAaHK! IPH 060CHOBAHHH PALlMOHANLHON CTPYKTYPBI CHCTEMBI YTIPaBIeHHA
MEPCNEKTHBHEIX KOMMYHMKAUHOHHBIX CEeTel.

BHeapeHHe pe3y/IbTaTOB HCCIEI0BAHHS:

paspaboTaHHblE MONENM, QIrODHTMBI M [pOrpamMMel [0  OLIEHKE
sddexTrBHOCTH DYHKUHOHHPOBAHHA MHOTOYPOBHEBOM HepapXUUECKOil CETH CBA3H
BHEOpEHE! B MNpPakTH4YECKOH AeATenHOoCTHM ¢umana «Yimobaim AK
«¥Y3bexresiekoM» (cnpaBka MHHHCTEPCTBA MO pa3sBUTHIO HUHQOPMAUHOHHBIX
TEXHONOrAH K KOMMyHUKaLMi Pecrry6miky Y3bekucran ot 26 aupaps 2021 roga
Ne33-8/574). TlonydeHHBIC pe3yNBTATH! NO3BOTHIN B XOAC BEIMONHEHHS OMBITHO-
KOHCTPYKTOPCKHX pafoT COKpaTMTe BpeMsd mNpoekTHpoBaHMa Ha 20-30% H
000CHOBATh palMOHANBHYIO CTPYKTYPY CHCTEMEI YIIPABJIEHHS CETHIO CBA3H, 4 TAIOKE
TIOBBICHTD Ha 10-20% pacdeTHyI0 Haie)KHOCTD ¢ (byHKIHOHHPOBAHHUA.

MOJEJTh OLIEHKH IOCTOBEPHOCTH COO6IIEHHIH, NepeaaBaeMBIX 110 Pa3HOTHUIIHEIM
KaHalaM CBA3H ¥ allTOPHTM ONTHMAILHOTO PacnpeesiecHuA Harpy3K1 Ha CETH CBA3H
C YYeTOM IOTOKOB OTKa3OB M BOCCTAHOBJICHMH ee 3JIeMEHTOB BHEApPEHBI B
npakTHieckoli AeATelbHOCTH OO0 “ASR-CABLE” (cnpaBka MHHHCTEpCTRBa 1O
pasBHTHIO HMH(OPMALMOHHEIX TEXHONAOrHH M KOMMyHHMKaumii Pecny6nmku
V36ekncran ot 26 suBapa 2021 roma Ne33-8/574). B pesynstate, npeajioxeHunas
MO/IC/Ib JIHHHH CBA3H C PETPaHCALHEH JUIA OLIEHKH JOCTOBEPHOCTH NepeaBaeMBIX
CoOGMIEHMIt 0 COCTABHLIM TPaKTaM CBA3H NMO3BOHIIO ONTHMA/ILHO PellaTh 3aAady
0 uenecoofpasHOCTH MCMONb3OBAHHS  PETPAHCIATOPOB CBA3H M BhiGopa
HaWIy4mero HanmpaslieHHs pafiHonepenadH,

Anpobanus pesyabTaToB Hec/eA0BaHHd, PesynsraTel HecnenoBanus 6butH

ofcyxneHs Ha 4 MEXUIYHaPOIHBIX H 4 PecITyGNMHKAHCKMX HAaydHO-MPAKTHUECKHX
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KOH(epeHIHAX.

Iy6nukamuna pesyabTaToB Hccjaenopanmg. Ilo Teme IuMCCEpTAIHH
ony6nuKoBaHO Bcero: 16 Hayumbix paboT, B TOM WHCJe 5 cTarell B HayIHBIX
H3NIaHHAX, PEKOMEHIOBAHHBIX BHICIIelH arrecTalHOHHOH KOMHCCHH PecmyOnuka
V36ekucral K myOnuHKalMi OCHOBHBIX HAYy9IHBIX pe3yJ/IbTaToB JMccepTanuif, B3 HUX
2 - B 3apy6exHeIX B 3 - B pecnyGNMKaHCKHMX XXypHanax, a Takke MONydeHB
3 CBMAETENbCTBA O PErHCTPALIHH NPOrpaMMHBIX MPOAYKTOB id IBM.

Crpyxrypa H o6bem auccepranmmd. Juccepralis COCTOMT H3 BBEJICHHA,
YeTHIPEX [N1AB, 3AKTOYEHH, CIIHCKA HCTIONE30BAHHOMH JIHTEPATYPH! M PHNOXKCHAH.
O61eM auccepTauuu cocrasigerca 117 ctpauuu,

OCHOBHOE COJAEPXKAHHME JHCCEPTAIIHH

Bo BBeaenmH 0GOCHOBaHB AaKTYanbHOCTb H BOCTPeGOBAHHOCTL TEMBI
JMCCEpTalMH, ONpeie/eHs! LeaHd W 3aaain, oObeKT H mpeMET HCCICAOBAHHA,
NPUBOANTCH COOTBETCTBHE UCCIICIOBAHAA MPHOPUTETHBIM HAMPARJICHUAM PasBHTHA
Haykn M TexHonorwit Pecnybmukn VY3bekncraH, H3NOkeHa HaydHas HOBH3HA,
MPaKTHYECKHE  pe3yibTaThl  HCCIeNOBaHHA, 00OCHOBaHa  JOCTOBEPHOCTH
MONYYEHHEIX PE3YNLTATOB, PacKphIBACTCA TeopeTHiecKad H MpaKTHIeCKad
3HAUMMOCTE PE3YJILTATOB MCC/IEHOBaHHA, MPHBEACHE! CBEACHHA O BHEAPCHHH
PE3yNLTATOB MCCIICNOBAHHUA, @ TAKKe CBENECHHA 06 OMyGIHKOBAHHEIX paboTax H
CTPYKType AUCCEepTallHH.

B niepBoit rnase AUCCEPTALHH NOX Ha3BaHHEM «YNpPaB/IeHAE CeTIMH CBH3H
H oneHKa 3PPeKTHBHOCTH ee (YHKIHOHHPOBAHHD) H3VIOKEHB! H 060GIEHE!
CYUIECTBYIOIHME METOMbl, 8 Takke CHOPMYTHPOBAHBI aKTYabHOCTH MpOGNEMEl,
NMOCTaHOBKA 3aJaH, LeJb NTOCTAB/ICHHOM 3a/1a1A H OYTH €€ PCINCHAA.

TNpousseieH aHanu3 kputepnes 3gdeKTMBHOCTH (YHKITHOHMPOBAHHS CeTeH
CBA3H ¢ ydyerom TpeOoBaHMii, mNpeABABIAEMBIX  TOJNL3OBATEAMH K
paccMaTtpuBaeMoif ceTH CBA3n H 00OCHOBaH BHIGOp KPHTCPHEB KatuecTBa
dyHkuuonuposanus ceti. [IpuseneH 0630p METOIOB YIPaBNCHAA CETAMH CBASH H
BHIABNICHEI HEJOCTATKH TDAIMIMOHHBIX METOJOB OUEHKH 3Q(eKTHBHOCTH
(YHKUHOHHPOBAHHUA MPUMEHUTENEHO K HEPapXHIECKUM CETAM CBA3H.

PaccMaTpuBaeTcs ~ MHOrOypOoBHeBas  HEpapXuyeckai  CeTh  CBA3N,
npenHasHaueHHas A yIpaBJieHHA MOABIKHBIMH oOBEKTaMH,
PaccpeNOTOYEHHBIMHU Ha GONBIIMX PacCTOAHMAX (pHc.1).

ITPL] - mopaBH>KHO# PagVMOLIEHTD;

CPL] - craupoHapHbIii pagHOLCHTD;

KL - KoOMMyTalLMOHHBIi LIEHTD;

IO — nogswxHEIH 00BEKT;

P — petpancnaTop;

TUBIL - rnasHbli MHOPMALHOHHO-BEIYHCIHMTENBHEINA LEHTp (NOJTyYaTeNs
Hudopmanun).
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Puc.1. MHoroyposHeBas HepapXH4ecKasi CeTh CBA3M

HasHaveHne cerH CBA3M — CBOEBpeMEHHas MOCTaBKA COOGHICHHH OT
MONBIXKHEIX 00beKToB (aGOHEHTOB) B 3amaHHEIA y3en CBA3H C Tpebyemoii
HajCKHOCTHIO H IOCTOBEPHOCTELIO. B CBA3H € TeM, YTO NOTOKH NOCTYAIOIHMX B CETh
COOOIEHHH M XapaKTEPHCTHKH NOMEX MOTYT M3MEHMTHCH, A YCNemHoro
(YHKUMOHHPOBAHHA CETH CBA3M HEOOXOTHMO OCYINECTRIATL ynpasJieHHe elo.

Jna gero HeoGxomuMo:

1. Ouenuts 3¢peKTHBHOCTD hyHKIMOHHPOBAHMS CeTH;
2. Obecrnieants TpeGyeMelit ypoBeHs (yHKIHOHHPOBAHHS CETH.

Pemenue neppo#i 3aaun npeanonaraer:

e BHbop Haubonee HHPOPMATHBHBIX  YaCTHLIX KpHTepHeB {Rj}
3¢ dexTHBHOCTH (yHKUMOHHPOBAHNA CETH CBA3M;

® Ppa3paboTKy METONOB pacera KpHTepHEB (TapaMeTpoB) {Rj};

® KOHCTpPyHpOBaHHE 0GOGmEHHOH oueHKH R,gy = f(R;) addexTuBHOCTH
(YHKIHOHHPOBAHHA CETH CBAM.

3navenne Ro6y HCMOMb3YeTCs M BHIGOPA YNPaBNAIOMMX BO3AEHCTBHH.

Hns pemenus BTOpoi 3amaum - BEIpaboTkw HEKOTOpOro YNpaBMAlomero
BO3ACHCTBHA (;, MO3BONAIOMEro ob6ecHedHTh TpeOyeMslif ypoBeHb ee
¢yHKuHOHMpOBaHHU1, T.€.

R;-»Rj=1,2.,

HeobXonumo BhIGpaT M3 MHOMecTBa W, IOMYyCTMMBIX BO3ACHCTBHIL
MOAMHOXKECTBO BosMoxHbix BosnericTuit ({w;} © Wy).

Hamnygmee ynpasnsiomee  BosgeiicTBue BbIOHpaeTci Ha  OCHOBE
topmMaH3yeMbix KpHTEpHER {Rj} KOTOpbie 6yRyT YyHTEHB! IKCIEPTOM.

Bo Bropoii rnase miccepraumy, ozarnannenHol «AHANHTHYECKHE METOoABI
OueHKH 3QdeKTHBHOCTH QYHKUMOHHPOBaHHE H YOpaBieHHs CeTi0 CBA3M»
paspaboTaHs aHaIHTHYECKKE Mozenu OLIEHKH sddexruBHoCTH
GbyHKUMOHMPOBaHHA paccMaTpHBaEMON CeTH CBA3H MO BBIOpaHHBIM KPHTEPHAM:

BPEMCHH 0BE/ICHNA, HAZIEKHOCTH H AOCTOBEPHOCTH Nepenayn HHpOPMALHH.
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Jna paccMaTpuBaeMo# CeTH CBA3H XapaKTEpHO HamHIHE JKECTKOT0
OFpaHHYEHHs HA BpeMA J[OBEACHHA coobmeHWii. ByaeM CUHTaTs, HTO
¢dyHKUHOHHpOBaHHE ceTH cBa3H Oyner addexTHBHEIM, eClH

n

Z P; - min,
i=1

rie P; — noTeps H3-3a HECBOEBPEMEHHOCTH AOCTaBKH [ — o coo0meHns.

Jns MHUHMMH3aUMH TOTEpb, OOYC/IOBIEHHBIX HecBoeBpeMEHHOH AocTaBKoH
coofuenHii, He0GXOANMO MAKCHMANLHO HCIIONB30BATE MPOMYCKHYIO crtoco6HOCTD
CETH CBA3HM yTEM CBEAECHHA K MHHUMYMY CpefHei 3a/IepXKH B CETH CBA3H. OxnHako
TIPH HANHYHM JKECTKOrO OrpaHHYeHHA Ha BpemdA AOBEACHHA noO6HBIH HOAXO0X
ARNSETCA HE COBCEM YAATHBIM. 3TO CBA3AHO C TEM, ITO NPH 3(()eKTHBHOM B CMEICIIE
MHHMMYMa CpelHell 3aJepXKH pachpefie/ieHHH Harpy3kd IO CeTH MOTYT
CYILECTBOBATH MApIIPYTHI MepeRayn HHGOPMALHH, BpeMA NOBCACHAA cooOmeHHi
70 KOTOPHIM MOXET NPEBLICHTH OrPaHHHeHHe, a 3TO Ui PaccMaTpHBacMOH CeTH
CBA3H HEJONYCTHMO, TaK Kak MPHBOAMT K PasHOMY pOCTYy MOTEp. Tosromy nma
noBsiieHns  3¢peKTHBHOCTH  (YHKIUHOHMPOBAHHA  CETH  CBA3M Gonee
Lenecoo6pasHbIM ABIAETCA OLEHKa 3 HEKTHBHOCTH 1O KPHTEPHIO:

max{T,} - min ,
4]

rae Ta)Y — CpeliHee BpeMs JOBEAeHHA COOOMmEHHH N0 j-My MapIIpyTy CeTH;

¥; € U, U —MHOXeCTBO MapIpYTOB B CETH CBA3H.

TpH 3TOM N/ AOCTIDKEHMA ITOrO YCIOBHA HEOGX0AHMO:

Vo ¥y, (v € U&r € U) 2 (T{ = 1)

T.€. I8 MoBHIX ABYX MapmpyToB (i, ¥;) HEOGXOMMMO MONYHHTH PaBEHCTBO (c
HEKOTOpOii TOUHOCTLIO) BpeMeHH npeGrBaHHA (nonénem) Ha HMX COCOmeHHi.
HHaue rosops, Heo6xo/1MO Takim 06pasoM NepepacnpeieHTs BXOAHOH NOTOK B
ceTH, uTo6s! KO6HTLCH GoNlee WM MeHee PABHOMEPHOH 3arpyskH MapmipyToB H
MaKCHMaJTbHOTO HCIIO/Ib30BAHHS TIPOMYCKHOH CIOCOGHOCTE CETH.

Takum o6pa3oM, MeTOl OLEHKH BPEMEHH JOBEACHHA CBOAMTCA K PCHICHHIO
337294 0 MAKCHMANLHOM (T — ONITHMANBHOM) TIOTOKE.

ToTOK Ha3sbiBaeTCAd T — ONTHMAIHHEIM, €CIH NpH 3a{aHHOH HHTCHCHBHOCTH
BXOJHOTO NOTOKE Ay BHINOJHAIOTCA YCIOBHA:

T,f ST,
y] ev
T, = min

JIns NOCTPOEHHS T — ONTHMATBHONO NMOTOKA pa3paboTaH COOTBETCTBYHOMMMA
anroput™. CyTh aropuTMa MOCTPOSHHS T — ONTHMAIBHOTO NMTOTOKA 3aKITI0YaeTCA B
TAKOM paCTpee/ICHHH BXOJHOTO MOTOKA MO MApIIpyTaM CETH CBS3H, YTOGHI
BLINOJTHWIOCH YCIIOBHE:

maxT; - min.

TIpeaBapHTENBHO BLAEIAIOTCA BCE BO3MOXKHEIE IyTH CJIEA0BaHHsA coobmeHui

OT OTNPaBHTENA K NOMYYATEeNIO HA paccMaTpHBaeMoit ceT CBA3M. Ha nepoM mare
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PaboTE! anropuTMa 3arpy3Ka VIS BCeX MapIIPYTOR CETH OQMHAKOBA:

A, =%
I—'s
FA€ S — KONIMIECTBO MapILIPYTOR.

3avem suramcnmorea {7}, Tee. sHavemns cpemmero spemenu npeGhisasms

Coobmenui Ha BCceX MapIPYTaX M BHUIENAIOTCA MAKCHMATBHO M MHHHMAIbHO
3arpy>KeHHbIE U3 HHX:

Jy —
%?x{Tn } - Tﬂq
min{T} = 17
]
H NIPOH3BOZIUTCA KOPPEKUHA ILTaHa pacHpeselieHus HAjOpMaLMH N0 MapmIpyTaM
CETH, KOTOpad GyHeT 3aKMO9aTHCA B H3MEHEHHH Agu A, no dopmyinam
Ag=2,- M}
=2 +44
rae A — KOppeKTHpyIOMas NOpLKs NOTOKA.
Benumuuna koppektupyromeit NOpLMH, 3aBMCHT OT 3HA4YCHHN BpeMeHH

npeGhIBaHHA Ha KpaTJaiiineM H JTHHHeAmeM (B cMBICIIe BpEMEHH) MapLIPYTax H OT
HHTEHCHBHOCTH IIOTOKOB Ha HHUX:

G (1 -2 Pk) -4
=l

2

AL = min B/Icp, min

rae 6 — oTHocHTeNbHOE OTKIIOHeHHe TT 1 TTOT uX cpeaHHil 3HaUYeHHs,

g ToT" M+ X
STy dw=—g—

Koppexmmo Heo6xonmmo npomssomuts mo Tex f0p, NOKa HE BBIIOIHUTCA

ycnoBue:
<&, (5 <0,05)

A€ £~ OTPaHUYCHHA Ha CTENEHb PABHOMEPHOCTH 3arpy3KH CETH N0 BPeMEHH
AOBENCHHS, KOTOPOE 3a1aETCA NOMb30BaTeNeM CETH HCXOAA M3 AHAIN3a NoTeps. B
AITOPHTM  BKITIOYEHEI TIPOLICAY DB, YMEHbIalomMe BpeMA CYETa myTeM
PALMOHANEHOTO NEPEPacNpeeNeHHA NOTOKOB Ha MapIIPyTax.

B pesynsTate npoBemeHHLIX 3kcniepuMeHTOB 6T MOCTPOEH FpaiHK
3aBUCHMOCTH  Trax = f(A5x),  KOTOPBIE  mosposifseT  OMEPATHBHO,  Ge3
AOMOTHHTENEHBIX PacieToB B KaXEOM OTHebHONM CHTYalldH, ONpeeNiTh
MaKCHMAILHYIO 3aEpKKy COOOWeHui B 3aBucHMOCTH OT HHTEHCHBHOCTH
noctynaiomero notoka. B Hacroawee spems CyIIeCTByeT AOCTATOYHO MHOrO
paboT, mocBAIEHHBIX METOAaM pacyera HANEKHOCTH CHCTEM Mepead NaHHBIX.
BombmmHCTRO M3 3THX METOJIOB Hanpasneno ua BBIYHC/IEHHE TOUHBIX 3HA4YeHMIl
XapaKTEPHCTHK CTPYKTYPHOH CBA3HOCTH, Ipu 310M nocTynalomas Harpyska me
PaccMaTpHBaeTCA, HTO CHIKAET 3HaYHMOCTHL oueHiy. [TocneaHee o6ycloRneHo
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TeM, YTO NMOA OTKa3oM B Gojiee IIMPOKOM CMBIC/E HAO MOHHMATH MPEBBLIMCHHE
HONMYCTHMBIX 3HAYEHHI 3anepxek. B aToM ciyyae:
Hore = P (max{T{} < 7)

B COBpEMEHHLIX CETAX CBA3M OCYINECTRAACTCA YNPAaBIEHHE BXOMAIUIAMH
MOTOKAMH BO H36eXKaHHe TaK Ha3bIBAEMBIX «3aTopoBy. [TpH HamuaHy 3¢ peKTHBHBIX
IFOPHTMOB YIIpaBJiEHHsA YC/IOBHE:

47 (Tnj <7
He Hapymaercs. CreJ0BaTeNbHO, NMPH OTCYTCTBHH HENPENBHACHHBIX BHEIIHHX
BO3JCHCTBHH He ObIBACT MOAHBIX OTKAa30B CeTH CBA3H. VIMeer MeCTO JHMIb
YACTHYHBIH 0TKA3, 3AKMIOYAIOILHIICA B TOM, UTO CHIDKaeTCA obmas 3¢ ekTHBROCTD
(bYHKUMOHHPOBAHMA CETH CBA3H, B COOTBETCTBHH C Y€M MpearacTcd OLUCHHBATL
HaAEKHOCTh GYHKLIHOHHPOBAHHSA CETH CBA3H IO NMOKA3aTEIIO!

H= }';"‘”‘
ax

A€ Ay - HHTEHCHBHOCTH MakCHMATLHOIO MOTOKA HA CETH CBA3H € yHUETOM
OTKa30B ¥ BOCCTAHOBJICHHI €€ 3JIEMEHTOB;

A%, 2. - HHTEHCHBHOCT MaKCHMAIBHOIO NOTOKa Ha CETH CBA3H 6e3 ygera
OTKA30B €€ 3JIEMEHTOB (T.€. Ha ceTH abCcoMOTHO HANCKHEIMH 3/IeMEHTaMH).

Jlanee, B AWCCEpTALMH MpEAIaracTc METOX pacueTa CpEMHEH 3anepiiH
cooOLIeHHiT Ha KaHane C peanbHOM HAAEKHOCTHIO, C NOMOLILIO KOTOpOH MOKHO
ONpeeNuTh BpeMA NOBECHHs COOGMIEeH I 0 MapIIpyTaM CeTH C y4eTOM NOTOKA
OTKa30B U BOCCTAHOBJICHHIA €€ 31EMEHTOB.

3areM, HCIIOMB30BAB AIFOPHTM NOCTPOECHHA T ONITHMAIBHOrO MOTOKA, MOKHO
ONPERENHTD Apqy NPH 3aaHHEIX orpaHHYenusX.Takum oGpasom, OpennoXeHHENH
MOKa3aTeNb YYHTHIBAET HE TONBKO NapaMeTphl 6esoTkasHOH PaGOTEI ANMEMEHTOB
CETH CBA3M, HO M pachpelelicHHe H NPOXONICHHE HH(pOpMAIHH MO mefi. dna
OLIEHKH IOCTOBEPHOCTH MepeaaBaeMbIX COOGIIEHHH 0 COCTABHBIM KaHANaM CBA3H
npemiaraercd MOMAeNb CETH, COCTOAM[adA H3 COBOKYMHOCTH TNPOBOMHBIX H
PaHOKaHAJIOB CBA3M C peTpaHc/ALHel (puc.2).

e = s mimimimimemsmemomomememeome=2=

1 1
. P. .
! d1P1 % *p2 ! Fe

Y Ye

L -

Puc.2. Moaeab ceTH, coCToAmast H3 COBOKYNHOCTH NPOBOAHBIX H
PaAHOKAHAJIOB

Ha mogesnn noka3saHo:
Yy ¥ - y3€ paiuoKOppECOH/ICHTa H y3€ll pAiHOPETPaHCATOPa;
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Yun — y3ea npuema PajMoMEdOpMaLyK 1 Mepeauy ee B MPOBoAHON KaHan
CBsI3H;

d, — npoTskennocTs PanuommHuit 6e3 perparcisTopa Yy, — Y

d; ¥ d; — npoTxennocTs panxonuHuit Mexny Ve u Y, , Yo u Vo, ;

P HPp; — CPeAHeKBafpaTHYECKOe 3HAYCHHE NOMeX, AeHCTBYIOIMX Ha BXOoAE
NPHEMHHKOB ¥, u ¥, COOTBETCTBEHHO;

E;HE, - aMILIATYAa CUTHaNA Ha BXOHe TIPHEMHHKOB Yp H Y, ;

Ecn E, — aMmnmurypa CHrHala, co3naBaeMas papHonepenaryukamu Y, u Y,,;

P, u P; - BeposTHOCTS OIIMOKH B pamHONMHHUAX Yo=Y u Yp— Y

Py~ BeposTHOCTE OmMGKY B NpoBOAHOIH JuHUK (ceTH) cBA3M;

Py — BeposTHOCTS OmKGKY B PamHONMMHUAX Y, — ¥, .

B npennaraemoii monemu PE3YJIETHPYIOIIAA BEPOATHOCTE OLUMOKH 6yaer:

Posy =P, + P, + P + P P,P, — PP, - AP, - PP,

3

HIH
Posm = PBp+Py — PPy,

rae Py — BeposTHOCTS omm6Ky B PAAHOTPaHCHAUMOHHON JIMHKH.

Hanee B pabore TIpEAnIaraeTcs MeToA pacuera BEPOATHOCTH OWHMGKH B
PaHOPETPaHCIIHOHHOM JIMHAK CBA3M C YYCTOM TOTO, YTO CBA3b OCYILECTRAAETCA
B KOPOTKOBOJIHOBOM AMamnazoHe M TpY BO3NEHCTBMM NOMEX HMMIYJIECHBHOIO
XapaxTepa.

Yaursisas oco6ennoctu dyHKxuHOHHpOBaHMA pamHoceTH KOpPOTKOBOJIHOBOFO
AHanasoHa, rAe Ha KaYeCTBO CRA3M (mocroseprocTs nepenaun) cymecrsenmoe

apdexTuBHOCTH byHxunonmposanua cocraenoit JIMHHH CBA3H MO KPUTEPHIO
ACCTOBEPHOCTH MOXET OHITh HEOGLEKTHBHOM. Hanpumep, npu ycpenuennsix
NapaMeTpax JIMHMH CBS3HM, NpEACTABNEHHBIX Ha MOZIE/IH, TEOpeTHYECKH
BEPOATHOCTL OIMOKK B panuOnMHuK ¢ PeTpaHciAunedi, T.e. B muHun Y, — Yp —
¥4, HomkHa GbrTs MEHb1LIC, ieM Ha npAMoii paguonuumu Yy, — Y,

Onnaxo B criyyae ¢, > 2, Yka3aHHad 3aKOHOMEPHOCTh He HaGMIoAaeTCs U B
NMOROGHOM ciyuae MoxHO MPUATH K JIOKHOMY 3aKNIOYEHHI0O B  OLEHKe
3¢ dexTHBHOCTH cetH cBa3M B nenoM. IToaroMy, 910681 HCKMIOUMTE nonoGHyio
omH6Ky, Heo6X0aHUMO ocymecTBHTE TIpEABapHUTEIILHBIC PACYETEI N0 ONPENE/EHHIO
BO3MOXHOCTH BEIMI'DHILIA B OTHOILEHHH CHrHaJ/moMexa B TOYKax (y3nax) npuema
coobmenuli npu perpancnauuy. B AMCCEpTaUHH NMPUBOIHTCA METOJ pEICHHA
HaHHOA 3amauM, ¢ noMolwbio KOTOpOro MOXHO ONpEACIHTE Hawiy4lee
HanpaesieHHe pazHonepeayu.

B Tperneit rnase aucceprauny, ozarnasneHHoi «Ouenxa 3P dexruBHOCTH H
YUPABNCHHA CeTI0 CBA3H MeTONAMH HMMTALMOHHOIO MO/JeJIHPOBAHNSD)
TIPHBONMTCA OMHCaHME HMHTALMOHHBIX MoJeieH HccenyeMoit ceTH CBA3H,
paspaboTaHHBIX  mua OLCHKH  3(hdexTHBHOCTH ($yHKUHOHHpOBaHHA
paccMaTpHBacMOH CETH CBA3H MO 9aCTHBIM KpHTEpUAM: MaKCHMAITBHOM 3aICPKKH,
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YHKUMOHANBLHON HANEXHOCTH H JOCTOBEPHOCTH MNEpENaBacMbIX coobmenui.
HMcxona BHILIECKA3AHHOTO W B CHIy CHMMETPHYHOCTH CTPYKTYPHI (puc.1).
HCC/IEAyeMOii CETH CBA3H, BLUIETMM H3 Hee NoACceTh. MoaenupoBanue OTABHBIX
nojceTeil OCYLIECTRAAETCA NMPOCTOH MepeHyMmepauuedi TPaHIUTHBIX Y3MOB. Ecmm
3aHeceM HOMep KOppecrnoHaupyiomero yana [TPL] B nacnopT COOTBETCTBYIOIIEro
coobienns, TO B 3aBHCHMOCTH OT 3TOrO HOMepa MOXKEM MPOH3BOAHTE BEIGOP
HOMEpa COOTBETCTBYIOWIEro TPAaH3UTHONO y3fa HIIH HOMEp COOTBETCTBYIOMIEH
OvepeH K HeMy. DTO MO3BOJIMT MOMy4HTh KAPTHHY (YHKIHOHHPOBAHHA Bcell ceTH
B LICJIOM,

Tako#l NOAXOA MO3BONMT CYLIECTBEHHO YNPOCTHTH MOACTL H COKOHOMHTH
MallMHHEIe pecypchl. Ui TPaH3UTHBIX YNIOB B KayeCTBE CHCTEMEI MaccoBOTO
ofcimyxuBaHuA MPHHATA CHCTEMA C peaIbHO HaIeXHOCTEHIO, C HeorpaHH4eHHOH
JUIMHOH oOuepend oOxunammus. [lpepanHoe cooflueHne KO OOCTYXHBAeTCA C
MOMEHTa mpephiBaHHi. Bpems OGCITY)XHBaHHMA MNOMYHHACTCA TMOKa3aTEILHOMY
3aKOHY pacrpefiefieHus ¢ napameTpoM ;(j = 1, M — HOMep y3/1a).

JInst OLEHKH MaKCHMANbHOH 3afiepKKH Ha paccMaTpHBaeMof CeTH B
MMMTAUMOHHYIO MONENb  BK/IIOYEH  QIFOPUTM  KOPPEKTHPOBKM  Miana
pacnpeneneHns Harpy3ku no mapumpyraM cetd. CyTh arOpHTMa KOPpEKTHPOBKH
3aKimouaeTcs B cnepytomem. Ha ocHOBe MOTy4eHHOH CTATHCTHKH (3naveHuit {Tai}
BpeMeHM AOBe/ICHHs N0 KaXAOMy MapiipyTy) alrOpHT™M IPOH3BOAMT KOPPEKIHIO
BEpoATHOCTEH BHIGOpa MapIIPYTOB, T.€. OCYMECTBIACT [MepepaclpencicHne
BXOJIHOFO NOTOKA 10 MapIIPYTaM CETH C LEbI0 AOCTIKEHHA YCHOBHA:

J .
{«'}g{r"} — min

ITpu 3TOM nepepacnpeaensercs MOToK ¢ MapupyTa ¢ Haubonbwe 3aepKKoH

Ha MapuIpyT ¢ HaMMeHbIIeH 3aaepKKO: : -

{P,fm_,, —A, (Pl —020)
Pl + 8P, +0<1)’

B KauecTBe mara KoppeKuMd A BbifpaHa Be/MUHHA, COM3MCpHMai CO
3HaueHMeM BHIOOpAa MapUIpyTa C MHHHManbHOM 3aepkKOH. 1O MO3BOIHT
u3bexaTh Pe3KMX H3IMEHEHMI IUjaHa pacnpe/iefieHHs Harpy3Kd H TEM CaMbM
YAYYIIHTE CXOAMMOCTD TIPOLEAYPHI.

CratucTuka coBupaercs mociie KaxRoi CepHH MpOroHa IO MOAETH 250
coobmennii. DKCIEpUMEHTATEHO OBUIO YCTaHORJIEHO, YTO 3TO - MHHHMATLHOE
9HCII0 COOGEeHHH, KOTOpOe Heo6X0AUMO A TOTO, YTOGB! Ha MOZRITH YCTAHOBHIICA
YCTOMYMBBI CTAHOHApHBIA pexkuM. CepHio HCMAbITAHHH 6yneM cuMTaTh
sQpexTuBHOMN, ecNM 3HAYEHHE MAKCHMANBHOH 3a[CPXKKH YMEHBIIHIOCE IO
cpaBHeHHIO ¢ mpenburymeii 3dexrusHol cepueil. B cmyuae HeapdexTnBHON
CEpHM ANTOPHTM NpemycMaTpuBaer ApoGnenme mara xoppexuwn. Ilpu sToM
NPOUCXOIHT yMEHbIIIEHHE 3HAUEHHs KOPPEKTHPYIOWEH NOPLHA NOTOKa AA. 3arem
NpoM3BOAWTCA  HOBas  CepHaA  HCHBITAaHMA C  MOAKOPPEKTHPOBAHHBIMH,
BEPOATHOCTIMH BEIGOpa.
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IlepBblii War nrepauuu
ITocnenuwuit war urepauun

Puc.3. lncrorpamMma poBeaennsi coobmennii mo Mapmpyram

B pesyneTare npoBeNEHHBIX SKCIEPUMEHTOB OBUT MOCTPOEeH rpadHk
3aBHCHMOCTH MaKCHMAILHOIO BPEMEHH AOBeNeHHA COOOiieHHi MO MaplupyTaMm
paccMaTpHBaeMoil CeTH OT 3Ha4eHHIl MapameTpa BXOQHOrO MOTOKA (4 CiydaeB
6ecnpROPHTETHOrO H MHOTONPHOPHTETHOIO MIOTOKOB) H ONpeEAcieHa BepXHss
TpaHHLa DPOMYCKHON CIIOCOGHOCTH CeTH CBA3W NMPH 3afaHHLIX OrpaHHUYEHHAX, a
TalKoKe NPHBENCHA FTHCTOrpaMMa JOBEACHHA cO06GImeHuit {Tbj} Mo MapuipyTaMm A
GECMpHOPHTETHOrO MOTOKa CooSmeHu# (puc.3). 3efleHHBIM LIBETOB 06O3HAaYeHa
BpeMil NOBCACHHA Ha NMEPBOM IHAre HTEepaLyH, @ KpacHON — Ha MOCIIETHOM [iare.

B nomobHex  cmywasx NpoBepKa  afAeKBATHOCTh  pa3paboTaHHOi
MMHTALMOHHOH MOZENH MOXXHO MPOH3BECTH [MyTeM COMNOCTARJICHHA PE3yNLTATOB,
TIOMYMCHHEIX [IPH AHATTHTHYECKOM M MMHTAUHOHHOM Mozenuposauuu. Ecnau nga
PAUTHTHBIX METONIa IAIOT MPUMEPHO ONHHAKOBBIE PE3yNBTATHI, PHUIEM CTENEHb HX
Pa3MAHA COMOCTABHMa C MOMPENIHOCTLIO H3MEPEHHA HCXOHBIX AAHHBIX, TO 9TO
A3CT OCHOBAaHHE CHUMTaTh, YTO OHH B JOCTATOYHON CTENEHH AaXCKBaTHEI
MoJeHpyeMol cucreme. Tak, MpOBEPKY aNeKBaTHOCTH IMPEMIOKEHHOH MOAESTH
MOJKHO MPOBECTH, HCMOJB30BAB pa3paGoTaHHLIN aHANUTHYECKHH METO.

Ans OUEHKH HANeXHOCTH paccMaTpHBaeMOH CETH CBA3H B MMHTALMOHHYIO
MOJelIb, OMHMCAHHYIO Bbile, BIUTIOYEHa MOZIEIb KAHANIA ¢ YIETOM HHTEHCHBHOCTEH
€ro OTKa30B M BOCCTaHOBNeHMil. HagexmocTHelE XapakTePUCTHKH TEXHHYECKHX
CPEACTB, COCPEAOTOYCHHBIX B TPAH3UTHBIX y3nax CeTH, CYHTAIHCh JOCTaTOYHO
BLICOKHMH, B CBA3H C YeM OTKaspi Y310B He paccCMartpHBaMCh. B pesynbTare
NPOBEACHHBIX IKCIIEPHMEHTOB Gbyy AOCTpoeH rpadk 3aBHCHMOCTH MaKCHMaTbHOH
3aJ€PXKKH OT BEITHYMHE] HHTCHCHBHOCTH MOCTYNAalOWIEro MoTokKa A
PaccMATPHBACMON CETH CBA3M ¢ yueToM NMOTOKOB OTKA30B H BOCCTAHORNEHH ee
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371EMEHTOB.

TIpoBepKy afeKBaTHOCTH HMHTAUHOHHOH MOAENH, npeaHa3HadeHHOA 1A
OLIEHKH HAJIEKHOCTH CETH CBA3H, MOXHO MPOBECTH C MOMOMIEIO aHATHTHIECKOro
METOAA, ONHCAHHOTO B MpeAbLAyLeH riase.

JInd OUEHKH [OCTOBEPHOCTH MNepefadd B HCCIEAYeMOH CeTH CBA3H
npeznaraeTcs cleAyiolas Mofieb NPOLECca paciipe/iesieHns OHGoK (ucxaxeHnH)
B nepenaBaeMbix coobuenusx. IIpeanmonaraercs, 4To AMHTSIBHOCTD neHcTeus
NOMEXH TNepeKPHIBaeT ANHTENBHOCTh Mepefady MEMEeHTapHOH MOCEUTKH, HTO
BO3MOXKHO MPH JOCTATOYHO GOMBIUIMX CKOPOCTAX NepejiatH M0 KaHANaM CBA3H, KaK
B paccCMaTpHBaeMOM CiTy4ae. .

CornacHo Toi MOJIEIH B TeHEHHE BpEMeHH NepeatH { -ro COOGmeHH:A 10 J-

My KaHaimy Txfep j = % , rae Li-nmuna i -ro coobmenns; Vj- CKOpOCTs nepeaatin 1o
|

j- My xamamy, uepe3 paBHbie NPOMEXYTKH BPEMCHH A t (BpeMsa mnepeAavH
3NEMEHTApHOi MOCHUIKH) MNPOH3BOAMTCA “po3LITPHIN”  COOTBETCTBYIOIIErO
3HAaueHMA AMIUTUTYAB! TOMEXM, B 3aBHCHMOCTH OT 3[IaHHOTO 3aKOHa e€e
pacnpenenenus (P(U, >U)). UHBIMH cnioBamH, ONpeAeNAIOTCA ypPOBHH foMex,
NEACTBYIOWMX Ha KOKEYIO 3JIEMEHTapHYI0 MOCHUIKY NEpEefasacMOoro CHrHaja
(coobuienns).

Takum o0pa3om, NpH ACCTIDKEHHH YCJOBHA UL > Upons “pa3sbirpas” CHMBOI
cooblienmit M 3HaK TOMexH, MoxeM 3adHKcHpoBaTh OMHOKY (HCKaKEHHYIO
nocsuiky). Hampumep, ecnu mnpdH nepefade CHMBONA 1 aMmmMTy/a HOMEXH,
MMeloleli OTPHLIATENBHEIN 3HAK, MPEBLICHNA AONMYCTHMBIH YPOBEHS, TO NOCHUIKA
HCKRXKAETCS; eC/M MIoMeXa HMEJa MOJIOKUTEbHBIH 3HaK NPH Mnepeaade CHMBOMA 1,
TO NOCBUIKA CHMTAETCA MPaBHIBHO MPHHsTOA. M, HakoHell, B 3aBUCHMOCTH OT THCIA
HCKOKEHHBIX JIEMEHTapHBIX MOCKUIOK H ucripansiommedi  croco6HOCTH
HCMOMB3YeMOro KOAa omnpeaensercd OmMHOG0YHOCTh MPHHATOIO coobmenns. IIpn
3TOM MOEM OLIEHHTh JOCTOBEPHOCTh MEPEauy B HCCNEAYeMOH CETH CBA3H 1epes

YACTOCTH HCKaXEHHA coobmeHuii:
a

Paex = Z

FZie Q- YHCIIO MCKAKEHHBIX (OMMGOYHBIX) COOOmeHHii;

A- ofmee YMCNO NepeaaHHBIX COOBMEHHH.

B pe3synbTaTe NpoBeicHUA OSKCHEPHMEHTOB C PadiHMIHBIMH 3HAUCHHAMH
NMapaMeTpa runepOONMYECKOro pacnpefeNieHHs aMIUTHTY[l MMIYJBbCHBIX MOMEX
NMONyyeHa THCTOrpaMMa pachpefiefieHus oHGOK Mo KaHanaM paccMaTpHBacMOH
ceTn ceasu. [TpoBepka anekBaTHOCTH pa3pabOTaHHOH MOJIENTH OCYIECTBJICHA ITYTEM
COMOCTABJICHHA €€ C AHAJTATHIECKOH MOAEIBIO TPH HEM3MEHHBIX XapaKTepHCTHKAX
KaHanoB CBA3M.

B uerBeproif IMaBe AWMCCEPTALMH, O3ar/IaBNEHHOH <«(MeToabl ONEHKH
3¢peKTHBHOCTH H METOAMKA yNpaBiieHHA PYHKIHOHHPOBaHHeM ceTeli CBA3M)
npepnaraercs  O0GOOMEHHBI  KpuTepuii A OUEHKM  3¢¢eKkTHBHOCTH
GyHKUMOHUPOBAHHSA PACCMATPHBAEMOi CETH CBA3M BHAA:



C. C. C:
Rosm = { R : R : R33,CECJIH v(R; 2 1) }
min{R7 * R » R$*}, ecnmn 3j(R; < 1)

Ty 1Pt — Pow|
Ry="9fp; Ra=H/y; Ry=1- Py P

rne H, H* - COOTBETCTBEHHO pacvieTHOe H TpeGyemoe 3HaueHHs MoOKa3aTelb
HAa[e:XKHOCTH CETH CBA3M;

Ty, Tg‘ - COOTBETCTBEHHO pacyeTHOe H Tpefyemoe 3HAUYeHMA BpeMEHH
ZloBeAeHHA coobmIeHuii 0 CeTH CBA3H;

Poms Py, - COOTBETCTBEHHO pacyeTHas u TpebyeMas OOCTOBEpPHOCTH
BEPOATHOCTH OMHUOKH NepefadH coobmeHHuii.

Benuauna R; MoXeT nNpuHHMarth /Mo6Lie 3HauyeHMs. 3HAYEHHS R, He
TPCBEIAIOT €JMHMIEI, TaK KaK IMOKa3aTelib (YHKIHMOHANBHON HAREXHOCTH
OPHEHTHPOBaH Ha MaKCHMAITLHO BO3MOXKHYIO HarpysKy.

Beipaxenne mia R; Bei6pano Takum o6GpasoM, 4ToGEI OHO HE MpeBLIMIANG
CIUHHALEL, NOCKONEKY He2(PEKTHBHBIMH ABNAIOTCA Kak 3HaueHus Pp, <Py Tak u
Pow> Pgy. Tlocnennee ofycriosnieHa TeM, wro npu P,y > Py, Mcnomesyerca
H30LITOYHOCTS KOZia, NPHBOAAIAN K YBETHIEHHIO 3aIepXKKH COOBIEHH 110 ceTH,
HITH pe3epBHad 9acToTa, TH60 OCYmecTBAACTCA Nepeaada ¢ HIMHINHEN MOLIHOCTEIO
CHrHana.

PaspaGoran meton oueHku 3¢exTuBHOCTH (YHKUMOHMPOBAHHSA CETH CBA3M
Mo 06o6ImenHoMy KpHUTEpHIO, a Taloke MPEATAraeTcs KOMIUIEKC mporpamm,
BIIOYalonmit B ce64 MOMENH OLEHKH N0 BLIGPaHHEIM MapaMeTpaM M NporpamMmy
Pacuera 0606meHHOro MoKasaresis, KOTOPEIE OpPraHH30BaHH! B BHAE OTACNBHBIX
Monyneif.

B nucceprauun npeasaraerca MeroKa 3()peKTHBHOO yIIPaBNCHHA U GIOK-
CXeMa poneAypEI, peaiu3yomeil 3Ty METORHKY.

Briok-cxema mpouenypri, peanmsyiolelf onmmcaHHyl0 METOAMKY YIIpaBneHus
byHKuHOHHpoBaHUeM ceTH cBA3HM npHBeAeHa Ha puc.4. 3meck Heob6xomumo
OTMETHTB, YTO NpHHATHE OKOHYATENILHOTO pelleHHS 1O  YIPABNEHHIO
bYHKIWMORMpOBatKeM ceTH CBA3M OCHOBLIBAETCA HE TONBKO HA 3HAHHH 3HaYeHHs
0000menHON oueHKM COCTOAHMA CETH CBASH, HO M Ha ydeTe HeKoTOpo#
AOMONHHTeNLHOM COBOKYNMHOCTH CBEICHHI 06 06BEKTe yrnpasnesus 1 o cneundHke
CloxwMBImelica cuTyaumu.

Nosromy nensss oroxmecrsnaTs o6obmeHHyl0 ouenky addexkTuBHOCTH
dyHiamonnpoBanma cetn cBAIM ¢ OKOHYATENBHBIM KpPHTEPHEM I/ MPHHATHA
PCIICHAs 1o ynpamnennio, T.K. OLUEHKH JHIIb TOATOTABIIMBAET, OGOCHOBBIBAET
Pelenue B konmuectenHoM oTHOMWEHHH. B CBA3M ¢ OTMEUEHHBIM pa3paGoTaHuan
METOMMKa 3axmowaercs B HaxoxaeHHM (C HCIIONb30BaHHEM Pa3paboTaHHOro
KOMIUiekca nporpamMM) HEKOTOPOro MHOXECTBA ANbTEPHATHBHBIX YNPAaBIIAIOIHX
BOSREHCTBHN, kaxmoe M3 KOTOpHIX OfecneuHBaeT HEOGXOMMOE 3HaueHHe
SdbexTuBrocTH dyHKUHOHMpOBANMS CeTH.
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Moneas BBoaa H

KOPPEKTHPOBKH HCXOAHBIX
AAHHBIX ONHCLIBAIOLITHX
napaMeTph! CeTH CBS3H B
BXOAHO# NOTOK

I

IIporpaMma KOppPeKTHPOBKH
naHa pacnpeae/ieHAs HATPY3KA
Ha CeTH CBA3H

Monaenn kanana cBa3H ¢ HmuaTauHoHHaa Moaeab Moaens xanana cssasa ¢
pea}lbllnoﬁ —P1 CeTH CBfi3H a MnoMexaMH H C pea.nbﬂoﬁ
HaACKHOCTBIO HACKHOCTBIO
& v
IIporpamma pacuera
ABanH3 pe3yALTATOB
oGo6mennoro KpuTepRa Ba3a NaHUMX PE3YIbTATOB FKCIEPEMENTOB 1o
oneHKH 3QGEKTHBHOCTH IKCIIEPHMEHTOB N0 MOZempoBAHI0
GynKuHOHHpOBAHAA CETH MONEHpOBAKES ceTa »|  pymumonnponanma cera
coma cBmA cBE3A H NpPHAATAS peMIeHnii no
YUPaBJIEHHIO CETBIO

CETH YAOBIETBOPAT
onTHMAALELIA IIan pacnpeeJicHHs NO0TOKOB ya

Tpebonauuam?

Puc.4.BioK-cxemMa npoueAyphl, peanusyomeii OMHCAHHYI0 METOAHKY
ynpaBieHHS (pYHKIHOHHPOBAHHEM CETH CBSI3H

OntaManuas kongurypauns cetn cemzan |48 'Dym“"nﬂpomﬂﬂe >§

Boifop Hawaydmero U3 3THX PaBHOLEHHBIX (M0 0000MEHHOMY KPHTEpHIO)
YIpaBIAIOIIHX BO3AeHCTBHH OCYIICCTBIACTCH 3KCIEPTOM. Tpn
MHOTOITPHOPHTETHOM MNOTOKE COOOIIeHMif BEIOOp YNPABIAIOIMX BO3MACHCTBHIH
OCYIIECTBIIAETCA OTAENBHO I KOKAOrO H3 MPHOPHTETOB, HAYHHAs C BEICHIErO.
TakuM 06pa3oM, TONILKO B Pe3yNbTaTe CO3AAHHS HEJIOBEKAa — MAUIMHON CHCTEMBI
ynpaBieHHs MOXHO  nobuTecs  TpeGyeMoro  ypoBHS  3¢ddexTHBHOCTH
(YHKUMOHHPOBAHHA CJIOXKHOM TeXHMYeCKOM CHCTEMBI, KaKOBOH sBiAercs
paccMaTpHBaeMas CeTh CBA3H.
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3AKJIIOYEHUE

Tpusenens cnepyromue BEIBOAB! B pe3ysTaTe NIPOBEAEHHBIX HCCENOBaHHiA
MO AuccepTauMOHHOA paGoTe AokTopa unocopun (PhD) Ha Temy «Monenn u
AIrOPHTME! NPHHATHA PELICHHH B YNPAaB/IeHHH MHOrOYpOBHEBOM HepapXH4eCKOi
CETBLIO CBA3MN:

1. PaspaGoTtaH aJTOPHTM OITHMANBLHOrO pacmpeneneHus Harpy3ku Ha CeTH
CBA3H C yUeTOM NOTOKOB OTKa30B H BOCCTAHOBJICHMI] ee 31EMEHTOB, NO3BONAIOLLHH
MaKCHMaNBbHO KCHOMB30BATh NPONYCKHYIO CIIOCOGHOCTD CeTH H MHHHMH3HPOBATh
MaKCHMAITEHYIO 3aepPKKY COOOIICHHIA.

2. TlpennoxeH nokasarenb (YHKUMOHANLHON HANEXKHOCTH CeTH CBA3H,
YuuTHIBalOmMKii, KaK MOTOKH OTKAa30B M BOCCTAHOBJICHHMIl 3MIEMEHTOB CETH, TaK H
METOAL! ynparneHus €10, H MOTOKH NepenaBaeMbIX coobmeHuit. Bouncisemas s
Pe3ylbTaTe xapaxTepucTHKA ABNACTCA Gonee MHpOpMATHBHOM, YeM MOkasarens
CTPYKTYpHO# Haie’)KHOCTH, M TO3BOJIAET OMNpENENHTL CTENEeHb COOTBETCTBUS
PaspabaTeiBaeMEIX M CymecTBYIOMIMX ceTeli CBA3M MX dyHKunOHaTEHOMY
HasHaveHmo,

3. Paspa6oraHa Mozenb OLEHKH AOCTOBEPHOCTH coobmeHui, nepenaBaeMbIx
N0 Pa3HOTUIMHEIM (panuonponozu{bm) KaHasiaMm cBasH. [Ipu 3Tom peuwaercs 3agava
0 LenecoofpasHOCTH HCIONB3OBAHHMA PETPAHCIATOPOB CBAZH M Bbeibopa
Hawnyumero HanpasneHus pagHonepeaady.

4. Pa3paGoTaHLI WMHTAIMOHHEIC MONENH [IA OLEHKH addexTHBHOCTH
byHxmmonuposanna paccMaTpHBacMOll CETH CBA3H MO KPHTEPUSM: BpEMEHH
HAOBCACHHMA, HafEKHOCTH H AOCTOBCPHOCTH, MO3BOJIAIOMIHE OCYIIECTBIATh OLICHKY
‘byﬂklmomlpoaanm cern 6e3 MPOBENCHMS JOPOrOCTOAIMMX  HATYyPHBIX
SKCIepHMEHTOB.

5. TlpemnoxeH 0GOGMmEHHBI  KPHTEPMH oueHKM  >((eKxTHBHOCTH

OHMpOBaHHs PacCMaTpHBAaEMOi MHOrOYpPOBHEBOH MepapXH4eCKoH ceTH
CBA3M C PAa3HOTHITHBLIMH KaHANAMH, KOTOPaA OTPAXAET CTeNeHb COOTBETCTBHA CeTH
NpENBABNAEMEIM K Hell TpeGoBaHHAM.

6. Tpennoxena Meromuka 3pQEKTHBHOrO ympaBneHHs CeTbio CBA3H,
SaKMOYalomas B HAXOKHEHMH HEKOTOPOrO MHOXECTBA ANbTEPHATHBHBIX
YUpaBnaromux BospeficTeui, KAKROE H3 KOTOpheIX obecneauBaer HeobXxommumoe
3HaYeHMe 3¢ hexTHBHOCTH GYHKIHOHHPOBaHHA CETH. BriGop Hawtyumero us stux
PaBHOUEHHEIX (N0 06O6mEHHOMY KDHTEPHIO) YNaBAIOIMX BO3AEHCTBHI
OCyWecTBnserca skcnepToM.

7. Paspa6oran kommnnexc nporpaMM, BKJIIOYAIONMI B ce0A yNpaB/IAIONyIO
TPOTpamMMy 1o uMHTAUHOMHOMY MONEMPOBAHHIO NO BHIGPAHHBIM KPHTEPHSM
Onerke sdypexTiBHOCTH (yHKLMOHHPOBAHHA H pacieTa 06061EHHOT0 KPHTEpHS, a
TaloKe ynpamnennio ceThio CBA3K, KOTODHIE OPraHH30BaHbI B BHAE OTAENBHBIX
Monyneit. Kommnekc nporpaMM MO3BONWIH B XOH4€ BBIMOJHEHHA OMBITHO-
KOHCTpyKTOpCKIX pabor cokpatuTe Bpems TfpoexTtHpoBaHud Ha 20-30% nu
o6ocHoBary, PalHOHaNEHyI0 CTPYKTYPY CHCTEMBI YTIPaBICHHA CETHIO CBA3H, a TAKOKE
TIOBLICHTE 1a 10-20% pacueTHy1o HATEXHOCTE €€ (PYHKIHOHHDOBAHHS.
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INTRODUCTION (abstract of PhD thesis)

The aim of the research work is to develop the models and algorithms for
decision-making in management of a multi-level hierarchical communication
network, which is characterized by severe restrictions on the probabilistic- temporal
characteristics.

The object of the research work is considered a system of dispersing moving
objects using a multi-level hierarchical communication network.

The scientific novelty of the research work is as follows:

an imitation model that allows to make the most of the capacity of the
communication network by a uniform distribution of the load on the network
transmission routes (in terms of time) is built;

a solution for assessing the functional reliability of the communication
network, taking into account the flow of transmitted messages is proposed;

the method for assessing the reliability of transmitted messages for
communication networks with composite paths is worked out;

a method of selecting the optimal management effects that ensure the efficient
operation of the communication network based on the generalized efficiency criteria
developed to assess the current state of the multi-level hierarchical communication
network is proposed.

Implementation of the research results. On the basis model and algorithms
for decision-making in management of a multi-level hierarchical communication
network:

developed models, algorithms and programs to assess the effectiveness of the
functioning of a multi-level hierarchical communication network was implemented into
the practical activities of branch "Uzmobile” JSC "Uzbektelecom” (certificate of the
Ministry for Development of Information Technologies and Communications of the
Republic of Uzbekistan dated January 26, 2021 No.33-8/574). As a result of scientific
research, the obtained results allowed to reduce the design time by 20-30% in the course
of the development work and to substantiate the rational structure of the communication
network management system, as well as to increase the calculated reliability of its
operation by 10-20%.

a model for assessing the reliability of messages transmitted over different types
of communication channels and an algorithm for optimal distribution of the load on
communication networks taking into account the flows of failures and restoration of its
elements were implemented into the practical activities of LLC "ASR-CABLE"
(certificate of the Ministry for Development of Information Technologies and
Communications of the Republic of Uzbekistan dated January 26, 2021 No.33-8/574).
As a result, the proposed model of a communication line with relay for assessing the
reliability of transmitted messages over composite communication paths allowed
optimally solve the problem of the expediency of using communication repeaters and
choosing the best direction of radio transmission.

Structure and volume of the dissertation. The structure of the dissertation
consists of an introduction, four chapters, conclusion, references and appendix. The
volume of the thesis is 117 pages.
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