EHT AXEOPOT TEXHOJIOTHSLIAPH YHUBEPCUTETH
=P XYIYPAJATH HIMHN JAPAXKAJIAP BEPYBUH
DSc.13/30.12.2019.T.07.02 PAKAMJUIA MUIMMI KEHT ALII

TOINKEHT AXBOPOT TEXHOJIOTHAJIAPH YHUBEPCHTETH

XACAHOB JOCTOH TYPAEBAY

TEJEKOMMYHHKAIVS OFLEKTH SHEPTHSA TABMHHOTH
MAHBAJIAPAHHHT CHMCH3 CEHCOP TAPMOKJIAP ACOCHJIATH
MOHHTOPHHT MOJAEJH

05.04.01 — TenexoMMYRHKAIHA BA KOMNBIOTep THIHMAPH, T&ICKOMMYHAKANHA
TAPMOK/IAPH BA KYpHAMaIapH. AXGopoTaapHH TAKCHMIAM

TEXHHKA ®AHJIAPH BYIIIYA ®AJICADA JOKTOPH (PhD)
JUCCEPTALIMACH ABTOPE®EPATH

TowxenT - 2022



VIK: 621.398.007(075)
®ancada noxropn (PhD) anccepranmsicu aBTopedepaTH MyHJAPHXKACH
Oraaenenne aBTopedeparta ancceprannn noxrtopa punocopun (PhD)
Content of dissertation abstract of doctor of philosophy (PhD)

Xacanos Jocron Tpaesuu

TenexommyHnKaLys 06BeKTH SHEPTHA TABMUHOTH MaHOaNnapUHHHT CHMCH3 CEHCOp
TapMOKJIap aCOCHAATH MOHUTOPHHT MOLEIH ......ccervererereescsssnssssssssenesssases .3

Xacanos JJocton Typaesuu
Mogens MOHHTOpPHHTa HCTOYHHKOB 3HeprocHabxeHHs 06BeKTOB
TENCKOMMYHHKALHH Ha OCHOBE ceTelt 6eCIIPOBOAHBIX CEHCOPOB ...cuueveerernirnanne 21

Khasanov Doston Turayevich ) .
The Monitoring model of power supply sources of telecommunications object based
ON WIrcless SENSOTMELS ...........oceuuvvuiriierierreeeeeseesiiessesnsssssssss s esessssssesesns 39

ILJION KHAMHTAH HILAp PYHXaTH
Crincok ony6mxoBaHHEIX paGoT
List of published WOrKS. .......cceeieereuiiieeeieeccireeeeeeeceeieeeeeeeessseeeeeees 43



TOIDKEHT AXBOPOT TEXHOJIOTHAJIAPH YHUBEPCHTETH
XY3YPHUJIATH WJIMHH JAPAXKAJIAP BEPYBYH
DS¢.13/30.12.2019.T.07.02 PAKAMJIA HJIMHH KEHT'AIIY

TOHMIKEHT AXBOPOT TEXHOJIOTHAJIAPH YHHUBEPCHATETH

XACAHOB JOCTOH TYPAEBHY

TEJIEKOMMYHHKAIIMSA OBBEKTH DHEPTHSI TABMHHOTH
MAHBAJIAPUHUHT CHMCH3 CEHCOP TAPMOKJIAP ACOCHJIATH
MOHHTOPHHI' MOAEJIA

05.04.01 — TerexoMMyHHKaNuS BA KOMIBIOTEP THIHMAADH, TENCKOMMYHRHKARIBS
TapMOKIapH Ba KypHimMajiaps. AxGoporaapas takcumnam

TEXHHMKA ®AHJIAPH BVIIHYA GAJICADA JOKTOPH (PhD)
AUCCEPTAIIHACH ABTOPE®EPATH

TomxenT — 2022



®ancada poxrope (PhD) nucceprammscummEr Mapsyca ViGexmerom PecuyGnmkaca
Bazapaap Maxxamaca xysypaaara Oamil arrecranna xomaccagcaga B2021.4.PhD/T2502 pakam
6anan pyiixarra onaATan.

Huacceprauns Myxamman an-Xopasmuii Hommparn TomkeHT axGopoT TeXHOROHANAPR
yHHBEPCHTeTHAA GaxapunraH.

JInccepranna astopedepatn yu tHnaz (¥30ex, pyc, uHram3 (pesiome)) Mnmuii kenram Be6-
caxapacuga (www.tuituz) Ba «ZiyoNet» axGopoT-tamnuM nopranmga (www.ziyonet.uz)
KOHIANITHPHITAR.

Hnmaii pax6ap: Canmuxos Hinxomxon Xakamopaa
Texuuka darnap pokropH, npodeccop

Pacmuil onnonenraap: Xamaamos YTxap Paxmaraiiacsaa
TexHHka Qannap noxropu, npodeccop

Kapamos [lep3on CoSapxonoraa
Texuuka ¢annapn 6¥iinua gancada noxropu (PhD)

ETaxva TamKaaor: Hasonii AaB1aT KOHIAIHK HACTHTYTH

Juccepranua xumosck Myxamman an-Xopasmuii Homuzary TomkeHT axGopoT TeXHONOrHANADH
yHnBepcuTeTd  Xysypupard  DSc.13/30.12.2019.T.07.02 pakamrm Wnmuit xenrammmnr 2022 #un
«Y» coar /9% aarn maxcnicuna 69116 Fragu. (Mansun: 100084, TomkenT maxpn, AMHD
Temyp k¥mach, 108-yit. Ten.: (+99871) 238-64-43; dhaxc: (+99871) 238-65-52; e-mail: tuit@tuit.uz).

Huccepramus Gunan Tomkent axGopor Texmonorusnapu yHnueepcHrerd Ax6opoT-pecypc
MapxaInja TAHHIIAIT MyMKRH (/7/ - pakam 6unan p¥iixarra onHHraH).

(Mansun: 100084, TomkenT, AMup Temyp kyaacn, 108-yii. Ten.: (+99871) 238-65-44).

Duccepramsa asropedepara 2022 fun « 4/ » 2 TAPKATHIRH.

(2022 it «_ 44 » _& - paxamnn peectp 6agHHOMAcH).

OEWALART

WO HSHKE
Sy W gy

M.M.MyxuTaaH0B
Hit napaxanap GepyBuH WIMRIT KeHram
paxcn yprnGocapH, T.¢.1., npogeccop

X.3.Xy=xamaros
< Hmuit napaxanap Gepysun wimuit
xeHram waMult koTuGu, PhD., nouwexnTt

P.M.Anaes

Hinmati papaxanap GepyBuu wiMnii
KEHrAL KOLKAArH WiMHIH ceMuHap
pancu YpunGocapu, T.¢.14., mpoteccop



KHPHI (dancada noxropn (PhD) nrEccepTalHEcH AHHOTAMHACH)

Juccepranma MaB3yCHHHHT Aoa3ap6amrH Ba 3apypard. JKaxonpma
TeJIEKOMMYHHUKALHA Ba aXG0OPOT TEXHONOTHA TH3HMIIAPHHHMHT YUTYKCH3 HILTAITHHH
TabMHHNAIAA HKTHCOAMI caMapanop 6¥nran SHepruid TAEMHHOTH MaHOanapuaan
¢doiimananuii, ynapHH CHMCH3 CEHCOp TapMOK/Iap OpKanH MOHHTODHHI Ba
6OIKApPHIN KypHIMATAPHHA TAKOMU/UIAIITHPHLITA KaTTa 5THOOP KapaTHIMOKAA.
Vmby #yHanumpa, >kymnanaH TeeKOMMYHHKALMA OOBEKTIApDHHH Y3NyKCH3
HIINAIKAA cCaMapany XHcoOnaHraH Kaita THIJIaHYBYH 3Heprus OHIal TabMHHIAM
BA YJIapHH CHMCH3 CEHCOP TapMOKJap OpKalTH MOHMTOPHHI KWIMILIZA TE3KOPJHK,
HIIOHWIMIHK, 6apKapoOp/MK Ba caMapafOpfHK mapaMeTpiapura 60oFmuK 6Ynran
3Heprud TABMHMHOTH MaHGanapunu MacodagaH Hasopar KWiMm, GomkapHm
MOJIe/INIapH, ANrOPUTMH, aNNapaT Ba JacTypHii TAbMMHOTH Xamaia ax60poT-yidoB
BOCHTAIApUHH HOab uyMKumra anoxuga axamuar Gepwimokaa. Iy sxymnanaH
PHBONUIAHTAH MamiakaTinapna, Xycycan ['epmanus, Byiok bpuranns, onanaus,
Hauus, Poccua, Xurol Ba SnoHusa Kabu JasnatiapAa TeIEKOMMYHHKAUHA
of6beKTnapu J>Heprus TasMHHOTH Manbanapunn IoT acocuna MacodanaH
MOHHTOPHHI' KWIMII XaMja GomKapyB THU3MMIIApPHHM MILIA0 YMKMII acocHii
Basudanapaan 6MpH XHcoGnaHMOKAA.

JKaxoHna TENeKOMMYHMKAUMA KypWIManapuHM HIIOHWIM, Y3NYKCH3 Ba
cudatiH 3Heprusa GunaH TabMHUHIAMAA “aKiUTH” EKTP TABMHHOTH TH3HMJIAPHHH
KyJUTalll XaMJia TAKOMHJUTAIITHPHINTA KApaTHIIraH KaTOp MWIMHMIA TAAKHKOT HIUIapH
onu6 GopwiMoxma. Ymby coxama, xxymnagad Smart Grid Tesummappa Katop
MyaMMOJIaDHH €YHJIHIIHra, XycycaH MacodagaH MOHMTODHHT, HKKH TOMOHJIama
ax6opoT TH3HMH, IHeprua capdhy Ha3opaTH, FHEPrUAra TanabHuHr opTHd Gopuimy,
JNEKTp TABMHUHOTH MaHOGamapumHu MacodalaH MOHMTODHHTM MOJEILTapH,
IrOpHTMIIADH, AAacTYpHii TabMMHOTIApH XaMAa YJapHH sXmmnam 6¥iinda
3aMOHaBHii Tanbupnap, KypuiMa Ba BOCKTaNapHH MILIA0 YHKHINra KaTTa 35THOOp
Kaparinmoxna. llly 6unan Gupra, loT TexHONOrHACH acocHna KaiTa THIUIAHYBYH
SHEpPrUA TABMHHOTH  MaHGanapMHM  MOHHTODHMHI  KWIMIN, 3HEPrHAHH
peXanalTHpHII XaMaa Oamopar KWIMIN, 3HEprua MaHOasapH MOHWTOPHHTHHH
TabMHHJIOBYH MHKPOKOHTpOJNepiap y4yyH OOLIKapHil anropHTMH, AacTypHit
TabMHMHOTIJIZPH Ba TEXHHK e4YHMIIapHHH HNab THKHm nonzapb xucobnanmokna.

PecnybnuxaMusna  TenekoMMyHMKauuss Ba axGopoT  TEXHOMOrHAIapH
COXaCHHH AHANA PHMBOXUTAHTHDHIIrA Ba TEJEKOMMYHHKaIHi OoOBEKTNapH Kaiita
THKIAaHYBYH 3HEPrHi TabMHHOT MaHGanmapuHH Maco(aBHif MOHMTOPHHIH
TH3HMJIAPHHY HILTA0 YHKHIITa KAPaTHIraH KeHT KYJIaM/IM HOpa-TaaOupnap aManra
omupwiMokma. 2017-2021 iunnappa ViGexucron Pecrrybnukacumm sHama
puBOUIaHTHpHWI 6 iiMya Xapakatnap CTpaTerHacHAa, XKyMIaaaH «... HKTHCOIHET,
WOKTHMOHI coxa, 6omKapys TH3HMHI2 ax6opoT-KOMMYHHKALHA
TEXHOMOTHANIAPHHH XOPHii STHIN, ... HKTHCOAMETAA DHEPTHA Ba pecypciiap caphuHH
KaMaifTHpHI, ... HINNab yuKapuIra 3Heprua TexkaiaNrad TCXHONOTHANIAPHH KEHT
xopuit 3THI Basudanapu Genrunanran’. Benrunanran BasndanapHs GakapHmya,

! YsGexmeron PecmyGmuxsca MMpesmnemrummmr 2017 imn 7 despangarm N-4947-con  «VsGexncron
PecrryGmmkacinm anana pusoxnanTapim 6§iimaa Xapaxatnap-crparermicu tyrprcananri Gapuonn
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KYMJIafaH TeNneKOMMYHHKauMd oOBEKTNapH SHepras MaubanapuHUHT CHMCH3
CEHCOp TapMOKJIap €p/iaMHAa MOHHTOPHHT XapaSHUHHHT HMHTALMOH MOJEHHHU
APaTHII, MOHHTOPHHT JXapaEHHHH aMaNra OMIMPHINTa MY DKaIanray CHTHAIUIAPHH
WIaK/UIaBTHPYBIH ax6opoT-YmIoB KypHiMa Ba BOCHTaNapuuy wumIab YHKMLM
MyXHM BazHdanapaan xucobnanany.

?36emc'rouu Peciy6imkacn Tlpesnpenmanunr 2017 fun 7 despangaru
[1d-4947-con «Y3bekncron Pecry6mukacHun suana PHBOXTaHTHpHID 6yAMYa
Xapakat/iap CTpPaTerMicH TYFpPUCHOANTH ®apmonn, 2019 fun 27 MapTAaru
[K-4249-con  «V36ekncron Peciybnukacuna anexrp 3HepreTuka TapMOFHHH
sIHaZIa PHBOXJIAHTHPHII Ba MCJIOX KAJIHII CTPATeTHACH TYrpHucHaanry, 2019 iun 22
aeryctaard I1K-4422-con “HIKTHCOZMET TapMOK/IapH Ba InKTHMOMH COXAHMHT
JHEPIHA CaMapaZlOPTHIHHH OLIHPHIL, SHEPIHA TEXOBIH TEXHONOMUANAPHH HKOPHH
STHIN Ba KAiTa THKIAHYBYH 3Heprus MaHGanapuun PHBOXIIRHTUPHIIHMHT TE3KOP
Jopa-Tanbupiapa TYrpucHia’ry, 2019 #un 4 okTaGpraru IK-4477-con “2019 -
2030 #wmap naepupa Y3bekucroH PecryGimkacuHunr «lmun» HKTHcOAnETTa
yTHI CTpaTerHACHHM TaCHMKIAml TYFpHUCHAA’rH, 2020 tiun 10 wmonnmaru
TTK-4779-corn “UKTHCONNETHHMHT SHEPrHs €aMapaJiopNMrHHY OMIMPHII Ba MABXYX
PeCYpClapHH ka6 3THII OPKAIM HKTHCOAMET TAPMOK/IAPHHHHT  &KWIFH-
SHEpreTHka MaxcyJoTiapHra KapaMIMrHHu KaMaliTupuura AoHp KyuMMua 4opa-
Tanbupnap T¥rpucnuna”ru Kapopnapu xamna Basupnap Maxxamacunusr 2020 imn
23 monpary 452-con “Kaifta THrIaHyBIH SHEprug MaH6anapu KypuiMajapHHKHT
Ba yJap/iaH HIab THKapWIaIuraH SHEPrUAHHHT HaBiaT XHCOOHHM IOpHTHIU YOpa-
Tanbupnapu T¥Fpuchna”rn Kapopu Ba MasKyp ¢daonuatra TerMmuH MeEpHii-
XYKYKHil Xy;okaTnapaa GenarunaHran BasudanapHu amanra ommpumaa ymb6y
. MHCCEpTaUHA TaKHKOTH MyalifH apaXalia XH3MaT K.

TaaxakoTnurr pecriy6auka ¢an Ba TEXHOJIOrHANADH PHBOAJIAHHIIH~
HHHT YCTyBOp HyHA/IHIL1apATa MOCTHTH. Y6y TagKuKOT My pecny6imka daH
Ba TEXHONOrHANAp PHBONUIAHHWIMHHHT IV. «AxGopornaurrupum Ba ax6opor-
KOMMYHPKALHA TEXHONOTHANIAPHAH PHBOMNUIAHTHpPHII» Xamaa II. «DHepreTHka,
SHEPrHA Ba pecypciiap TEXAMKOPIHIHY HYHANHILIAapH foupacHia GakaphiraH.

MyaMMoHMHr  YpraEmITaHIHK mapaxacn.,  TejleKOMMYHHKaLHs
OOBLEKTIAPMHMHT aBTOHOM OJHEPIH TABMMHOTH MaHGanapuHH Macodamau
MOHMTOPHHTH  jkapalHNapHHH TallKAN  3THm  TamoMWwulapH,  yjiapaa
KYJaHIaéTraH Typiy QU3KUK TabHMaThH CUTHan CeHcopiapura (Xapopar, HaMJIHK,
NCKTP TOK, KyWIaHWIl Ba X.KJIap KabM), Ynuanaérran QuauK KaTTANHKNApHH
y3aTHm, MuuioB Gepuil Ba CaKjIall YYyH Moc 6ymraH CHMrHanra (KywIaHHLI
KYPHHMIIMJArH MKKMNAaMYM CHIHAJra) aliylanTupu6 GepaguraH KypuaMa Ba
BOCHTaNnapra sra CHMCH3 CEHCOP TapMokjiap acocuaa Maco(anaH Ha3opaT
KWIHHATATAH SHEpPrus TAbMMHOTH MyaMMOINIapH €4uMM, CHMCH3 CEHCOP TapMOK
TYTYHN2pH YpTracuia YuaHTraH Ba y3aTHaasTran 3JIEKTp KaTTAIHK Ba NapameTpiap
6y¥inua ManTymoTnap Ba ax6opoTiapuu Kabyn Kunum, youtos Gepyi Ba y3aTHII
XapaHIapHHH TaAKkMKoTH G¥iHua 10KOpH napaxana wimmil HIIAHHKILIAD ONMU6
GopwiMokaa.



VYm6y Tammkor #ymamumura H.Schaumburg?, E.Ritchie’, R.Hanitch?,
L.Rampias®, B.IL.Munoe3opos®, Orod Raeesi’, Behnam Badihi®, Zhuoling Xiao® sa
GOIIKA TAHHMKIHM XOPIKHIT ONMMMIADHHHT HIMMIA HOUIapH GardmiaHra.
lllynnurnek  GenrunaHraH MyaMMOHH TaOKHK  KHWIMII — Macanajapura
pecmybnukamus onummapu M.d.3apunos'®, P.H.Hcaep'!, 10.B.Iluceuxuii'?,
J1.A.lasponGexos®®, P.K.Asumor', H.X.Cuamuxo'S, X.D.Xykamaroe'é ga
60IIKaTapHHHT WIMHHA WIUTapy GaFHILIaHTaH.

Onub6 GopunraH TaxJIHJI HaTIKANApH ITYHH KYPCATAMKH, TEICKOMMYHHKAIMA
00BEKTNIapHHHHT 3HEPTHA TAbMHHOTH MaHOalapHHH CHMCH3 CEHCOp TapMOKJap
épnaMuaa MacodanaH MOHHTOPHHTHIA 3aMOHaBHI TEXHHKA BA TEXHOJOTHAIAPHH
KOMIUIEKC KYJ/Ulall, MOHUTOPHHT TH3UMM YHYH CHMCH3 CEHCOP TApDMOKHHHT TypP/H
XonatiiapH (YHKy pexuMuia 6ydepnam XycycHATAApH, BHPTYall XH3MAT Ky pcaTHI,
BaKT TakcHMOTH XaMaa CSMA/CA kaifra y3aTHII MCXaHH3MH) YIyH XH3Mar
KypcaTHIl MOJIC/UTapHHH JIOHHXajall, YNapHH aHATHTHK MOAC/UIAIITHPHIN,
TYFYH/ap COHH, YNIApDHHHT ¥3apo oiinauryB aCOCNapHHH TAWIKWI 3TYBYH TAPMOK
TOMOJNIOTHANAPHHH TaAKHK 3THILI, Xap GHp TYTyH Y4YyH 3HEprua TabMHHOTH
MaHOanapMHHUHI MMKOHHATHHH aHMKJIAm, OSNeKTP TAabBMHHOTH MaHOalapHHM
KaTTanMK Ba MapaMeTplapuHH MacopanaH MOHHTOPHHI TEXHOJIOrHACHHHM MIINab
YHKHII Ba aMaIHETTa KOpHil 3THID MacanainapH €TapiiH Japaxaja YpraHuiMarad.

Auccepranna TAIKHKOTHHHHT AuccepTauHs Gaxapmaran oumii TapauM
MYyacCcacaCHHHRAr WIMHH-TAAKMKOT HOUIAPH peXxaiapH GanaH GornHKIATH.
Muccepraumsa TaakukoTH TomKeHT axGopoT TEXHONOTHANApH YHHBEPCHUTETH
WIMHHA TAAKHKOT pexxacHHHHF BB-A3-027 «(Mycrakun s3Heprus MaH6an 6MHOHHHT
3NEKTP TAbMHHOTH OOLIKapyB TH3MMMHH MIUIA0 YMKHUI Ba KOpuif 3THID (2017-
2018), 574049-EPP-1-2016-1-IT-EPPKA2-CBHE-JP «Modemization of the

2 Schaumburg H. Werkstoffe und Bauelemente der Elektrotechnik Sensor-anwendungen. Stuttgart: B.G. Teubner,
2012.-420p.

3 E.Ritchie, L.Mihet-Popa, B.Jenson, and I.Blode “Condition Menitoring of Wind Generators”. IEEE Industry
Applications Conference 38rd IAS Annual Meeting 2003

4 Hanitch, R. and Quashning, V. Imradiance Calculations on Shaded Surfaces. Solar Energy, 62, 369-375. (2014)
Soldata Instruments.

5 Rampias loannis and Natalya Klimenko, “Experience of R ble Energy S use in Uzbekistan”. 3rd
Intemational Scientific Conference of PROMITHEAS “Energy and Climate Change™, 7th — 8th October 2010, Athens.
S$B.I.M sopos, .M. B B.I.Buraopunx u ap. [Mavenr SU 828184 Al, Bropauuit scrosHix murauns,
Odumansunit 6ronnerens Nel7, 1981 r.

7 Orod Racesi, Juho Pirskanen, Ali Hazmi, Toni Levanen, Mikko Valkama, Performance Evaluation of IEEE 802.11ah
and its Restricted Access Window Mechanism. // ICC’14 - W7: Workshop on M2M Communications for Next
Generation IoT.

8 Behnam Badihi, Fayezeh Ghavimi, Riku Jantti, On the Sy level Perfc Evaluation of Bl h § in loT:
Open Office Case Study. // ©2019 IEEE

? Zhuoling Xiao, Jic Zhou, Junjic Yan, Chen He, Lingge Jiang, Niki Trigoni. Performance evaluation of [EEE 802.15.4
with real time queucing analysis. // Ad Hoc Networks 73 (2018) 80-94. DOL: 10.1016/j.adhoc.2018.01.006

19 3apumos M.®., Ierposa H.10. Fucpronndopmaizontnii MCTOR aHAMINA H CHHTE3a YYBCTBATCILELX MCMEHTOS
cicTem ynpanncnnua // Jlaramm i cacremu. 1999. Ne 5. —C.10-16.

" P K. Hcaes. YeroiiunBocTs GynxIimoHHpoBaHH creTes B cereli caasn. Tamxent.: “Aloqachi”.-2017. -266 c.
210B.1 aii, MeTom 1 ycTpolicTsa AHCTAHIORHOrO MonaTOpHFTa: Jtccepramn // Tamxent, 2018, 154 .
1 D A.Davronbekov, U.T.Aliev, J.D.Isroilov, X.F.Alimdjanov. Power Providing Methods for Wireless Sensors.
International Conference on Information Science and Communications Technologies ICISCT 2019, Tashkent,
Uzbekistan - 2019.

14.15,16 Marenr PY3. UZ 1AP 20180443, Tpeo6pasonarens Toxn 8 Hanpaxenne, Opmmamenii 6ronnerems Nel,
2021r.
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Curricula in sphere of smart building engineering - Green Building (GREB)» (2016-
2019), 7/18 «'ubpun 3Heprus Manbanapuuu Kyiam OpKaJIi KOMMYHHKaLUANAp Ba
I0Ka OOBEKT/IAPHHHHT SHEPTeTHK CAMapaiOp/IMTHHH OLIMPHLI XaMAa SHEpreTHK
KYPCaTKUWIapHHH TakoMunamTupaw» (2018-2020), 609564-EPP-1-2019-1-EL-
EPPKA2-CBHE-JP «MechaUz: Modemnization of Mechatronics and Robotics for
Bachelor degree in Uzbekistan through Innovative Ideas and Digital Technology»
(2019-2021), AKT-A-2021-3 «Kaiita THKIaHyBYH 3Heprua MaHbGanapu acocHaaru
SHEPTOTH3HM 9YHKHMII NMapaMETPNAapHHH TaAKMK KWIHII NacTypuil TABMHHOTH Ba
CHMYJIALHOH CTEHAMHM TOXPUOABHI HAMyHaCHHM ApaTHIN Ba HULTAb 4MKHMIIY
(2021-2023) xampma Uzb-Ind-2021-94 «Energy Efficient Communication and Data
Flow in Smart City using CRN based IoT Frameworky (2021-2023) xankapo
nofiuxanapu Joupacuaa GaxapHirax.

TaaKHKOTHHHT MaKCAXH TENEKOMMYHHKALHMA 06BeKTH SHEPTHA TabMHUHOTH
MaHOQIapHHMHT CHMCHM3 CEHCOP TApMOKIap acoCHaar MOHHTOPHUHIHHH
MOJE/UTAIITHPHIN, TaAKHK ITHII B2 aMallM&T/Ia Ky Uiamzaas nbopar.

TagxkukoTHHHTr Basudanaph:

TENCKOMMYHHKalHA 06bexTapuna KyJUTaHWTaauraH SHEPrHS TabMMHOTH
MaHbanapu Typnapu Xamaa ymapHu MOHHMTODHHIH yCYJUIapH, KypWIMa Ba
BOCHTAJIADHHH TaXJIW1 KWIHIL,

(SHEPIrHA  TALMHHOTH MAaHOANAPHHUHT MOHMTODHHTHHM CHMCH3 CEHCOp
TapMOKIIapHHH KYPHII TAMOHHILTAPHHH TAXJIH Ba TANKHK STHIL,

TSICKOMMYHHKALMA OOBCKTNAPHHHHT SHEPTHA TabMHHOTH MaH6anapuHu
CHMCH3 CEHCOP TapMOK/IH MOHHTOPHHIMHHHT BOCHTANIADHHH MOZE/LTAIITHPHIIL,

TENICKOMMYHHKAUMA  OOBEKTH JHEPrHi  TAbMHUHOTH  MaHGANapHHHHT
MOHHTOPMHIH KypHManapuHu ¢pusuk Ba loT Monenunu umia6 yukum;

OHEPrHA TabMHHOTH MaHOANapHHM MOHMTOPMHTH HMMHTAUMOH MOZEINH,
IrOPHTMH Ba AaCTYpUH TABMHHOTHHH MLLA0 YHKHIL.

TaaxkuxoTHHHT ofbexTH cudaTHaa TENIEKOMMYHHKALUMsA OOBEKTHHHHT
OHEPrHA TabMHHOTH MaHOGANapHHHMHT CHMCH3 CEHCOD TapMOKIap acocHjaru
MOHHTOPHHTHHH KYpPHJIMa Ba BOCHTA/IapH OJIHHTaH.

TaakuKoTHHHr npeaMeTHHH TENICKOMMYHHKAUHMA OOBEKTH  3Heprua
TabMHHOTH MaHGANapUHH CHMCH3 CEHCOP TAapMOKITH MOHHTOPHHI apa&Hnapu
TallIKHJI 3TajH.

TaaxukoTHHHT ycyanapu. TagkHKOTIAp jKapalHHAA XaTONHKIAP Ha3apHscH,
CHTHAJUIaDHM Y3aTHIN Ha3apPHACH, MMHTAUHOH MOJE/UTALITHPHLI ycyJnapunad
doitnanauunran.

TaaKnKOTHHHT WiMHIl AHrIHIH Kylnaarunapaas HGopar:

SHEPrus TAbMUHOTH MaHOaIapHHHHT MacodaaH MOHHTOPHUHTH MablyMoT/Iap
Y3aTHII TU3UMHHA CHMCH3 CEHCOP TAPMOFHHM IIAK/UTAHTHDHIN TOTONOTMACH Ba
MOJEH MILTA6 YMKUraH;

TC/ICKOMMYHHKaUMs OOBEKTH 3HEprus TabMHHOTH MaH6anapununr IoT
acocunaru Maco(aaH MOHHTOPHHIHHH MOJIENH APATHIIFaH;

TENIEKOMMYHHKALMA OOBLEKTH HEPIUs TAbMHHOTH MaH6GanapHHHHT cHMCH3
CEHCOp TapMOKJIH M2CO(aKaH MOHHTOPHHTH HMHTALMOH MOZNENH Ba AITOPUTMH
HIIa0 YHKKIraH;
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WK MapoTaba TeNEeKOMMYHHKAUHA OOBEKTIapMHHHT SHEPruA TabMWHOTH
MaHOanapHHH CHMCH3 CEHCOP TApPMOK/IM MOHHTOPDHHTH TH3HMHHHHT TOKHHM
KYWIaHHIIra ¥3rapTHPHIL KyPHIMAacH MOAEIH APATHITaH.

TaxKHKOTHHHT aManHil HATHXKANAPH KyAHaarunapaad ubopar:

TEJNICKOMMYHHKaLUA OOBEKTIapH SHEpPris TAabMHHOTH MaHOanapHHH CHMCH3
CeHCOp TapMOKTY MacodaiaH MOHHTOPHHT KypHJIManapH, BOCHTaNnapy Ba AacTypuil
TAbMHHOT/IAPH MILTa6 YHKWITaH;

TEIEKOMMYHHKaLMA 00BEKTNapH 3Heprua TabMUHOTHHM [0T, cuMcH3 ceHcop
TapMOK XamIa MHKpOKOHTpoiulep OolukapyB Oijoku acocuza MacodamaH
MOHHTOPHHF KHJIHII TY3HIMacH, Mawilymomiap GazacH Ba ¢opMarH umuiab
YHKWIraH;

TEJIEKOMMYHHKaUHA OOBEKTNApDHHHHT SHEPrHA TabMHHOTH MaHOaTapUHHHT
MOHHTOPHHT XapagHuAaa KysutaHwtysu AVR MIKPOKOHTpOILIEPIH CHIHaN §T40B-
y3rapTHPHII KypHWIMACH HILTA0 YHKWIraH; )

SHEPrHsA TabMHHOTH MaHOACHHHHT CHMCH3 CEHCOp TapMOK MOXYJUIapH,
MHKpOKOHTposuiep Oomkapye Gmokm acocHaa MacodamaH MOHHTOPHHT
HMMHTALHOH MOACIHHHHT JACTYPHIif TABMHHOTH HILTA0 YHKHUITaH,

TaaKHKOT HATHKAJAPHHHHI HIMOHWIHIHIH. TagKUKOT HaTHWXKanapHHHHT
HIHOHWIHINTH JHEPrui TAbMHHOTH MaHOAIApHHHHT MOHMTOPHHI TH3HMH Y4YYH
WA YHKWIraH CHMCH3 CEHCOpP TAapMOK TY3WJIMII TaMOMWINApH, TaaKHKOT
MOJIE/IApH, MAaBIYMOTJIApHH Y3aTHIH YCyJUIapH, TaBcH(QJIapy Ba OJIMHTaH
TaIKHKOT/Ap HaTIXKaNapH YMyMKaOyn KHNMHraH Me30HIap acoCcHAa Kuécuii
COJIHIITHPHIL OPKANH H30XJIaHTaH.

TaKHKOT HATHKAJIADHHHHT HJIMHH Ba amanmil axamuatd. Tagkukot
HATHXaNapHHHHT HIMHIi axaMHATH MacodanaH MOHMTOPHHI TH3HMHHHHE CHMCH3
CEeHCOp TapMOK/IapHJa MaWTyMOTJIap Y3aTHII CaMapaJoOpIATHHH MapKoB 3aHKHDH
OpKanH GaxoNAlIHWHT aHAMUTHK MOAENHHM, MacodanaH MOHHTOPHHI MOJEIHIA
dolizanaHunyByH TOKHM KyWIaHMINTa ¥3rapTHpHIl KYPHUIMACHHHMHI MOJETHHU
Xamna IoT Ba CHMCH3 CEHCOP TapMOK TEXHOJIOTHACH acOCHAA TeJIEKOMMYHHKaLUA
0GBEKTNApH 3HEprud TAabMHHOTH MaHOanapHHH KaTTalMK Ba MapaMeTpiIapHHH
macogazaH MOHHTODHHIH MOJENYHH HULIA6 YHKHNTawIury Gunan 6axonaHam.

TamKHKOT HATWXAIAPUHHHI aManuii  aXaMHATH  TeJIeKOMMYHHKALHA
OOBEKTIAPHHHHT SHEPTHA TABMHHOTH MaHGANapHHU CHMCH3 CEHCOpP TapMOKJIapH
épaamupa macoanaH MOHHTOPMHI HACTypHil TAbMHMHOTH, TOKHH KY'WIaHHIOra
y3raprruu KypwiMmacd, loT, cHMcH3 ceHcOp TapMOK XamJa MHKpPOKOHTpOJUIEp
Goukapys 6JI0KH acOCH/a TeNeKOMMYHHKaLHA O0BEKT/IapH IHEPIUs TABMHHOTHHH
macod)alaH MOHMTOPHHI KHJIMII TH3MMH TY3WIMAacH, Mabiymoriap Gasacu Ba
topmarH, CHMCH3 CEHCODP TapMOK MOAYJUIapH, MHKPOKOHTpOJUIEp GOIKapyB GI0KK
4COCHAA 3HEPTHA TABMHHOTH MaHOacHHM MacodanaH MOHUTOPHHT KHIHIH GJIOKHHH
MU0 MMKUITAHIMTH XaMAa TOKHH KyWIAHHIITA Y3rap THPHII KypPHIMACHHKHHHT
(H3HK MOZIENIMHH APATHITAHIMIH GHIIaH H30X/IAHAIH.

TagKHKOT HATHXRAIADHHHHr XKopuii KwiHHHIM. TelekOMMYHHKaLMA
OOBEKTNAPHHUHT SHEPTHA TABMHHOTH MaHOanapHHH MacodanaH MOHHTOPHHI
MozeJuiapu G¥ituia olMHraH HaTHXXaNap acocHaa:



SHEPrHs TABMHHOTH MaHGanapHHHHT MacodaiaH MOHHTOPHHIM MaKTyMOT/Iap
Y3aTHII TH3AMMHH CHMCH3 CEHCOP TapMOFHHHM WIAK/UTAHTHDHIN TONOJOTHACH Ba
MOZIEJIH XaMAA TENCKOMMYHHKALMA OOBEKTIADMHMHI 3Heprus TABMMHOTH
ManbanapHEH CHMCH3 CCHCOP TAPMOK/IM MOHHTOPHHTH TH3MMHHHMHT TOKMHH
KyWlaHMura ¥3rapTHpHm  KypwiMacH  AxGopoT  Texmomoruanapy Ba
KOMMyHMKAIMANaPUHH PHBOXIAHTHPHII BasHPJIUIH Tacappydunaru
KOpXOHanapaa, Xycyca «¥36exrenekom» AK Tomxkent ¢unnanuuunr Siaru6ozop
TeNEKOMMYHHKaIMANap GorlaMacuaa CHHOBIAH YTKA3UII acoCH/Ia KOPHii ITHAraH
(AxGopoT TEXHONOrHA-Napd Ba KOMMYHMKAUMSJIADHHM  DHBOXNAHTHPHII
BasupnuraHuHr 2021 dimn 23 cenmabpmarn 33-8/6678-coH MamIyMOTHOMACH).
Vnmuli  TagKMKOT  HaTWXACHAA JHEPrHA  TABMMHOTH  MaHGanapMHUHr
HOCO3NMKJIApUHH ¥3 BAaKTHAA aHHKIAl Ba TE3KOD XM3MATr KYpPCATHII OPKAIH
KypHIIMaNapHUHT YMYMMH XM3MaT KYpcaTHill MyAaaTH 2-3 % ra y3aliTHpHITaH.

TEJICKOMMYHMKalMA OOBEKTH 3HEpruA TabMMHOTH MaHOGanapuupar IoT
acocupard MacolajlaH MOHHTODHHTHHH MOZENH XaMia TeJIeKOMMYHHKALHs
O0BeKkTH JHEprHs TABMMHOTH MaHGAIAPUHWHT CHMCH3 CEHCOp TapMOKIH
MacopaZiaH MOHHTOPHHTH HMMHTALHOH MONENM Ba anroputMH AxGopor
TEXHONOTHANApH BAa KOMMYHHKALHSANADHHH PHBOXIAHTHPHII  BasUPAHTH
Tacappydumard kopxoHanapaa, xycycan “ViGekrenmexom” AK OKuzsax
¢umuamuuuBr  ApHacoli  xamma SIHrHOGOA TyMaH —TeNleKOMMYHHKALWMSIAp
Gornamanapuna CHHOBAAaH ¥TKasMm acocMpa xopuit atmwmran  (Ax6opor
TEXHOJIOTHsIaDH Ba KOMMYHHKALMAIADHHHA PHBOXUIAHTHPHIN BA3HPIArHHUHT 2021
dun 23 cenrsbpparm  33-8/6678-coH MamwIyMoTHoMacH). ImMmuit TaIKMKOT
HaTIDKaCHAA I0KJIaMa, JHEPrus TABMHHOTH TH3UMM XapopaTH, Ky&m naHesap
I03aIapHHART YaHTJIAHTAHJIMTHHE HHOOATra onraH Xonna Ky&m  SHEprus
TabMHMHOTH ManGanapuHH MacodajaH MOHMTODHHI KWIHMII OpKANH YNApPHHHT
HIWIANI My/UIATH BA TEXHUK XONATHHH 4-5 %ra AXmHNam KMKOHM SpaTHIIraH.

TeNIEKOMMYHHKAUHA OOBLEKTIAPHHMHT JHEPrUs TAbMHMHOTH MaHOATAPHHH
CHMCH3 CEHCOpP TAapMOKIH MOHHWTOPHHTH TH3WMHHHHT TOKHHHM KywWIaHHIIra
¥3rapTepum KypuiMacH AXGOpPOT TEXHONOTHANApDH Ba KOMMYHHKALUMSIAPHHH
PHBOMUIAHTHPHIN Ba3HPJIMTH Tacapydumary KOpXoHanapaa, Xycycad Pannoanoka,
PamMOSIUMTTHPHIN Ba TeJICBHACHHA MapkasM JVKna cuHOBZaH yTkasmwiraH
(Ax60poT  TEXHONOTHANApH Ba KOMMYHHKALMSIADMHM  pPHBOXUIAHTHPHIN
BasUpIHMrAHMHT 2021 inun 23 centaGpaarm 33-8/6678-COH MaBIYMOTHOMACH).
WiMuit  TankuKoT HAaTHXKACHAA MOHHMTODHHT OPK&IH JHEPrus TABMHHOTH
MaH6alapHra TEXHMK XHM3MaT KypcaTHIu BakTWHH 10-15 %ra XMCKApTHpHIIra
SpHIIMITraH.

Tamkuxor HaTHKanapuHEHr anpoGaumacH. TaaKMKOTIAp HaTHXANapH
12 Ta xanxapo, 5 Ta pecny6uka wiMmii-amanuii KoHGEpeHLMANAP XaMaa HIMMi
CEeMHHapiap/ia MyXOKama KH/IHHIaH.

TagKMKOT HATHRANAPHHHUHT YbJCH KWIHHGAWIHIH. TaakMKOT MaB3ycH
Gyfimua xamu 34 Ta wiMali MuUtap, ynapaa ViGexucron Pecmy6mmkach
Hurenekryan My/ik areHT/IIMIH TOMOHMAaH 1 Ta MXTHpora nareHT onuHra, Onui

aTTeCTal|A KOMHCCHACH TOMOHHMIAH TaBCHA 3TWIraH HaMuii Hampnapaa 11 Ta
Makona, i1y )ymnanaH 7 Ta Xxopxul, 4 Ta pecry6nmuxa MUKECHIArH KypHa/LIapaa
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qon 3THAraH, 6 Ta OXM ydYyH ApaTWIraH JacTypuii BOCHTANApHH KA/l KHIHIN
ryBOXHOMANapy paCMHHIAIITHPWITaH.

JIuccepTaUMAHHHT TY3WIHINH Ba XaKMH. JliccepTalys HIIH KHPHI, TYpPTTa
606, xynoca, ¢oinanaswiran anabuétnap pyiixatd Ba miosanapaaH HGopar.
JluccepTalHAHHHT YMYMHIE XaokMH 120 GeTHH TalIKHII STamH.

JACCEPTAIMAHUHT ACOCHH MAZMYHH

KupHMml KHCMHIA JMCCEpTAalMsA MAaB3yCHHMHT A0Nn3apOimurd Ba 3apyparH
acocna6 Gepunrad, TankukoTHMHr VY3bexucron PecmybmakacH ¢an Ba
TEXHONOTHAIAPH  TAPAKKMETMHHHI  YCTYBOp  AyHaquMmuapura  MOC/HIH
KYpCaTWIraH, TalKUMKOTHHUHI MaKcay Ba BasHdanapy Genrunab oNHHraH, TAAKHKOT
o0BbEeKTH Ba MpeaMeTH AHMKIAHTAH, HATIDKANAPHUHT HIIOHTWIMMIH acoCiaHraH
XaMaa YNapHMHT Ha3apuii Ba amanuii axaMuaTH ouM6 GepHirad, TaAKHKOT
HATIDKANapHHH aMaira JKOpHH KUMHIN XOJNaTH, Hamp 3THIraH HOUIap XaMza
JUCCEPTALMAHHHT Ty3WIHIIM 6 #Hua MabTyMOTIap KEITHPHITaH.

Huccepraupsinunr «TelekoMMyHHKAIHS 06beKTIapHHHAT Ky&m 3Heprus
TALMHHOTHHH MacodaaaH MOHHTOPHHI TH3HMH Ba BOCHTAJIAPHHH TaXJIHII)
ne6 HomnaHran GupHHYH 600HMAA TelneKOMMYHHKALMA OOBCKTNAPHMHHHI 3HEPrHA
TAbMHHOTH MaHOWIADMHM KypHIl ycCyanapH Ba (YHKLHOHAN HMKOHHATIADH,
MacodanaH MOHMTOPMHTH XyCYCHATIIapH, KypHIManapH, BOCHTA/IapH IIYHHHITIEK
JHeprus TAbMMHOTH MaHOamapH MacodanaH MOHHTODHHT TH3HMNGPH TaXITHI
KWIHHraH Xama Kyprb Ynkuiras.

MOHHTOPHHI TH3MMMAA YPHAaTWITaH TeXHMK BOCHTANAp TYIUIaMHM acocHAa
onMcAaH onMHTaH OaTajcun MamIyMOTJIap acOCHAA XHM3MAT KypcarHm Ba
TapMHp/all XOAWMH TOMOHHAAH SPOKCHINMK cababH Te3poK aHMKIaHagH Ba
TysaTWwiagd. MOHMTOPHHI  TM3HMJIADMHUHT  KYJUIAHMINH  MPOQHIAKTHK
TAbMHpNAIIAA KAHTa THKIAW BA TYpHO KOMHIN BAKTHHH KaMaiTHpHIN XHcoGura
TEXHHK HOUTAaTHII kod(duuueHts Ownan GaxonaHaauraH TeNEKOMMYHHKALMA
00BEKTNIAPHHHHT HITOHWIMIATHHY OMMPHINTa MMKOH Oepamu. AMMO aManjiard
TeJIEKOMMYHHKALHA 06beKTNapH 3Heprus TABMMHOTH MaHGamapuHH Macogam
MOHMTOPHHT KWIMII TH3MMIApH SHEprUA TABMHHOTH MaHOanapWHM peaj BaKT
MOHHTOPHHIMHH aMajira OMIMPHII YYYH 3HI AXIIY eTHM XHcoOnanmaiinu. Masxyx
MOHHMTOPHHT TH3MMJ/IapH TEXHHK JKMXaTAaH OHp HeuTa YeKIIoBIapra sra.

IucceprauMs MmMAa Takiud ITWIAETraH MOHHTOPHHT MOIENH OOBEKTH
cudamhaa KalTa THKNaHYBYaH SHEPruA MaHOQIH JHEPrMA TABMHHOTH TH2HMH
Tanna6 omuurad. Ym6y mMonen Hadaxar sHeprua ManGanapura TerHIUTM KATTATHK
Ba napameTpliap (TOK, KyWwiaHHI, KyBsar, toknaMa, AKB 3apsjn MHKIODH Ba X.K.),
Ganku yHra TABCHp KWIYBYH TAalOKH OMH/UIADHHHT (XaBO XapopaTH, HaMIIHTH,
KypwIManap XapopaTd, TNaHelJap 103aCHAATH YaHMJAHTaHIMK Ba XK.
MOHMTOPHHTHHH XaM amanra omwupamd. llly Gunan Gupra Tamad 3TWiagTraH
MOHMTOPHMHT MOJEIN MOCNAIIyBYAH AT0KA apPXMTEKTypacura 3ra Ba Xap Kamjad
IDApOKTAa YHH KY/Iam MMKOHMATH MaBxyd. Ym0y XONaT TelleKOMMYHHKaluA
o6pexTapH HEPrus TAbMHHOTH MaHGATAPHHHHT HILUIAI CaMapafoPTMIMHH TYIIHK
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6axosam Ba MOHHTODHHI KWIMHASTTaH KaTTATHK Ba NapaMEeTPNapHUHT TYJIHK/INTH
acoCHAa yNapHH JHAJA AXIIMIIAN HMKOHUHH Gepaau.

Huccepraimsanunar «Macodagan MOHHTODHHT THIHMHHHHI' CHMCH3 CeHCOp
TAPMOKJIAPHHH KypHII TAMOHMLIApH» ne6 HOMIGHTAH MKKHMHUH 006u
MOHHTOPHHI' TH3HMJIApH. YIyH MaBIyMOT AIMAIIMHHII TAPMOKIAPHHH TALIKHI
STHII yCyJUTapHHH, MabIyMOTIIApHE Kalyll KHIMID Ba KAiTa HIUTAW TapMOKJIapH
Xamyia ynapaa Ky/UTaHHIaAMraH CHMCH3 CEHCOP TapMOK TEXHONMOTHANAPHHH TAIKHK
STHIra, my GWwiaH OMpra’ TaOKMKOT HIIMAA TamKMK 3THNASTraH MOHHTODHHT
TH3HMHHH KYPHII Y9yH CHMCH3 CEHCOP TapMOK TEXHONOIHACHHHM TaHnab onumra
OarunuIaHra”.

TenekoMMyHHKaums OGBLEKTNAapH 3HEpPrHs TabMHHOT MaHGANAPHHHHT
Macotasuil MOHHTODHHIH/IA A0Ka HHGPaTY3WIMackra aNOXMAa STHGOP KapaTui
JI03HM, TYHKH JI0Ka TAPMOFH 3JIeKTp HH(paTy3HnmMacuHKHT Y34 Kabu MyXHMIHp
Ba aJloKa TapMOFHIarx HOCONTHKIIAp 3HEprus TH3HMHOA HOCOINIHKIIAPDHHHT XKyaa
10KOpH (OM3HHH KenTHpHG unkapagu. Kafita THKNIaHyBYaH SHEPrus MaHOapHHM
MacopaBufi MOHWTODHHT TH3HMHM y4YyH TagkukoT HMIIMAA Y9Ta JAapaxa
GeNruanTas: CTRHIMSA Japakacd, TApMOK Aapakacy pa WIOBa Japaxacu (amamui
llapaxca) Ba ynap 1-pacMaa KenTHpHIraH.

— Tow Fraasruy ® Cencop Tyrynsp
..... Cuinsern rapmox Ky®a patseats k§1mum+s auxomepy
——— Prrcasraezn vaprox fMurysen mxad
Ccpeep xmmaTa t :
Ba Gomxapys

«

T - Kyt aanean
AKD ~ Auuynautep Csrnpew
06 W - llasos rexcparopn
AJoKa TapMorn MIT - Mapxaaiamran decpria

RGN

[Taprion aapamacn| | [/ C¥aruns m’ﬂw‘j AF - Junien cenepavop

1-pacm. MacodaBuit MOHMTOPHEr fapaKalapH

Cranuus Aapakacu: KyEul NaHEIUIAPH EKTp speprMACHHH MILIAG HMKapHI,
doitnananmun Ba MIIAN MyAJAaTHHH OWMDHII yyyH TYFPHOAH-TYFPH anoka
KWIHIIAg! Ba OIMHIaH MaBkJyMOTIapHM anMaluanunap.

Tapmok Aapaxach: Ky&l CTaHUMACH BA aCOCHI TapMOK ypracuaaru HIOHYWIN
anokaHH TabMMHTAHOM Ba Kynnab-xyssaTialimy. By AapaXa HIIOHYWIM, KeHr
MacmTabny Ba Te3kop GYMHINH Ba TypSH XWI Wiopasap YYYH XH3MaT Kypcarum
cudarHaHHT kKeHr Auana3oHHMHH (Q0S) KOHAHpUIY Kepak.

Unosa mapaxkacH: MOHMTODHHI MapKasH onepaTOPNaphra MOHHTOPHHT,
TaX/IHJI B4 HA30PaTHHUHT acocHit GyHKUMANAPHHN aManra oluMpHIura EpaaM Gepamm.

MOHHTOPHHT TH3HMHHMHI IOKODHAArH KOMIOHEHT/IapH Ba KypHIMAalapH
OpAacCHAArd CHrHa/UTH GOFNaHMII acocaH MKKH yCyjja aMaira OIUMpHIaAN: CHMIH
Ba CHMCH3 (panno curHauap &pramuia) 6ornaHum. CHMCH3 Ba CHMJIHM TapMOK
HMKOHHATNAPHHA WHOG2TTa ONMHO MOHHTOPHMHr TH3HMHHHMHT  CTaHIHA
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JapaxacHiard TapMOFMHU CHMCH3 TAPMOK TEXHOJIOTHACH acOCHAA KYPMII 10KOpH
CaMapafopiMKKa dra 6 aMIIH aHHKIaHaH.

MOHMTOPHHT TH3UMHHM KypMIIJArd acOCHit MyaMmoNapiaH OHpH 3Heprus
Man6acu MUKECHAArH MabTyMOT y3aTHII TAPMOFHHH TAIIKHJI 3THII XHCOONaHanH.
Bynpa ceHcop TyryHnap ypracuaa cudariH Ba HIIOHWIH ATOKAHW TANKHI STHII
YCYJUIADMHH aHMKJIAll XaMAa MOHMTOPHHT YYyH KyHHOarH CHMCH3 TapMOK
TeXHOMOTHAIAPHHM TaX/IWI KUAUIE Tanab sTviamm:

— Wi-Fi — cuMcH3 TapMOK TexHONoruaiapu ownacura mancy6 IEEE802.11
CTAHAAPTH HOMHHW ONFaH. VYpraHWIraH TaiKukorT wuumnapupa IEEES02.11
CTAHIAPTHHMHI ¥TKa3yBUaHNHK KOOWmmATH Ba 3Heprua capdm RTS/CTS
(Request/Clear To Send — ysatmm CYpoBH) KHMPHII MEXaHH3MJIAPHAAH
doltnananunran Kyiugara acocuii aHanuTHk udoaa Gyiinua Gaxonaxras.

P x8xL,
- n+m) . N
2:—0 'Z:-‘{ n ]ptnlp-v(l-pd) '(I‘P..)’.,.)

=

> (1)

1

afmer, -1 raeet [ ¥R —1Y
P (el IR EPRTRIS -y (T YT

x

6y epma: ;"™ — RTS/CTS kupum MexaHH3MnapuaaH ¢poHanaHwiras Xonaraard
YTKasyBYAHIHMK KoOWnMATH, p’> — nakernn MyBaddaxusTi y3aTHI
3XTUMOIUIHTH, P., — KOIH3HUAHHHT l03ara KeHII 3XTHMOIUIMTH, pP,, -—
NakeTAapHH XaToNMK GunaH y3aTHiHm dxTumowmard, L, — acochit MamtyMor

XaxMmd, Toon — RTS yuyH makcuman Kaifra ysaTHIUTap COHM, 7, —MaBIyMOT

NaKeTiap¥ ydyH MaKCHMaj KalfTa y3aTMmuiap COHH, 71,/ —TYKHAIyBRJIap Ba
XaTONUKJIAp COHM.

—Bluetooth (IEEE 802.15.1 crangapts) - 2.402 man 2,480 I'Tn rada 6¥nran
yTa 10KOpH HYacTOTa [Hana3oHHJa HIUIAfHraH XaMmna Ky3ranMac KypuiMmanap
Ypracuna Kucka Macodanapra ManIyMOTIApPHH Y38THIL BA LIAXCHI TADMOK/IADHHU
APATHII YYYH WULIATHNAIMIAH CHMCH3 TEXHONOTHA XucoGnanamu. YpraHunran
TAAKHKOT HIDHAR TApPMOKHWHT &COCHH TaBCHGMHM W(ORAnOBYH TApMOK
JTKasyBYAHNMK KOGHNHATH yuyH KyiiHaary aHanuTHK udoza Tamud sTunran:

n*8

= ’ 2
Tas(9) %+w+zr+2mu(xw:,+:,,) @

6y ephma: n—KopAMHaTopAaH OGOmKapWwnagWraH TyryHra Yy3aTHIaJHraH
Galfnapaaru acocuii MamIyMOT XaxMmi, § — xaBo6 nakeTmHumr Gaifrnapparu
acoCHi MabTyMOT XakMu, R, — HuTeHcHBIMK (bitrate), R, — kon xananmura (code

rate), S, — CaplOBXaHHHT OUTJIAPAATH XKMH, !, — TAKETHH Y3aTHIIAAH OJTHH YHH
KaliTa MLl yyyH Tanat THAAMraH BakT, ¢, — NakeT Kabyn KWIHHraHuaaH CYHr
YHH KaliTa HILnam yqyH Tanat STHWIaauraH BakT, I, — KaApaapapo OpanHK BakT, 7
— CHrHaN TaPKATHIMHHAHT KeTHKHIIH,

— Zigbee — 10KOpH Napakajard ajoKa NPOTOKO/UIADH TYINaMHHH ¥3 Huura
onrad, IEEE-uunr 802.15.4 cnenmdukammacura acocnaHraH CHMCH3 TapMOK
TexHonoruacuaup. Zigbee ne6 Hommamran ymby Texsosorma Gomika CHMCH3
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maxcuii TapMoknapura (CLLIAT), macanan Bluetooth &ku Wi-Fi xabu cumcus

TApMOK/Iapra KaparaHjia aHya COJifia Ba ap3oH TEXHO/NOrHA cH()aTHA APATHITaH.
TagRMKOT HOUIapHAA TAPMOKHHHT YTKA3yBYAHIMK KOOWIHMATHHM TaOKHK

STHIH Y4YyH Ky#HAard n$oaa IaK/UTaHTHPHIITaH:

S p;* ZIJJ. .,,,P(fui)P,(‘s-f)
4 ‘3 (Z”_,‘ ”(u)P(‘uI')‘ '*'Z,”(o/))

6y epma: S, - xap 6up YTHIN XONaTHAA y3aTHWIaHraH GHTIAPHHHT YpTada COHH,

t, —Xap OHp yTHII y4YH KeTraH ypTaya BaKT, /., —NakeTra MOC kelaJiurad GHTinap
COHH, #, — KalTa y3aTHII CIOTHHHHI AABOMMILTHIH, 7, , — Oydepnam monenuna
6enrunanran MapkoB XONaTHMHHHT GapKapop XOnar 3XTHMOJUIHIH, p(l,,/) —
OHpHAYH KaHAIHH CE3MII SXTHMOJUMTH, p,(f,,j) — GeNrwiaHraH TYTyHHHHT
KaHanra MyBa(GhakuATIM KHPHIN SXTHMOJUIMIH, f; — KaiiTa y3aTHII CAOTHHUHT
IaBOMMILIMIH, !, — BUPTyaJi XM3MaT KYPCaTHII BaKTH.

TapMOK CTaHAApPTHApHHHHT YTKA3YBYAHNHK KOOWIMATH Ba SHeprus
camapafiop/iura 6¥inaa Takkocnam rpadHknapy 2-pacMaa KenTHpunrad. Ym6y
rpadHKIap I0KOpHAA TANKHK STHIraH Xap 6Hp TapMOK CTaHAApPTH YIyH KeJITHpHO
yranran, rpaguknap 6¥iiuda HT I0KOPH KypcaTrHura ara 6y/ran XonariapHuHr
KHIMaT/1apH XOCHI KHIHHTaH.
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a) 6)
2-pacm. WiFi, Bluetooth Ba ZigBee cHMCH3 TapMOK CTAHAAPTJIAPHHHHT
¥rrasyRuanauk KoGunuaTH (a) Ba 3Hepras camapaaopaurt (6) 6¥iinga
TAKKOCJIAHTaH rpaQuriapH
MacodaBnif MOHMTOpPMHr TH3MMIapHAa acocHii MyamMonapiaH GupH
YNapHHHT 3Heprus TapMHHOTH XHcoGnanagu. llly caGabmu MoOHMTOpPHHT
TH3HMIIapHOa oOpjaT/a 3Hr KaM 3Heprus capHra sra KypwiMmanapaaH
tolinanannnagn. Konaeepca MOHUTOPHHT KWIMHAIMIaH OObeKTIapra YpHaTWIraH
CEHCOpAAp XyJa KHIHMK XaKMAArH MabIyMOT/ap TYTUITAMHHH XOCH KHIaAU XaMaa
6ynpmaii TM3MMIIap ydyH KOKOPM YTKa3yBUAHJIHKIA 3ra TEXHOJOrHanap Tanab
ITWIMalmH. YmOy acocnapha IMAK/UTAHTHPHNAETTAH MOHMTOPHHI TH3HMMHM YYyH
ZigBee TexHOMOTHACHHH Ky/UTam ad3a/UMKIIapUHH I0KOPH 6axonam MyMKHH.
Huccepramusaunr «MacodaaaH MOHHTOPHHT THIHMHHHMHI MAbJAyYMOT
y3aTHII TAPMOKIaPHHH KyPHII YCYJIH Ba MOAeam» Ae6 HOMJIaHraH yuYHH4H 6064
ZigBee acocHza SHEPrHs TABMHHOTH MaHOAIADHHUHI CHMCH3 CEHCOPTH MaBITyMOT
Y3aTHI TapMOFHHM KyPHMII TaMOAWINApMHK TOMONOrHANApHMHH, Macodasuii
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MOHUTOPHHT TH3HMHHHHI MabIyMOT QJIMalIMII TapMOK MOZENH Ba CHMCH3
CEHCOPNU MabiyMOT Y3aTHII TAPMOKIAPHHMHI TABCH(NApHHM TaOKMK 3THIIra
GaFuuLIaHraH.

TapMoK mapouTHaaH KenHO 9MKMO NMPOTOKOMHH TYFpH MOAEUIAIITHPHIN
AMHAMHK CHMCH3 TapMOKiap ydyH Kyla MypaxkaGaup. Bydepnam xycycusraHnu
HHobaTTa onMaif TypH6 NpoTOKONHY MOAE/UTAINTHPHIN aMaJiia YHHHT HITOHYUCH3 Ba
HoaHMK 6Ymmmmra ca6a6 6ynamu. TaOKHKOT/IapAa TApPMOKIAPHHMHI YHKY
pexuMHaaH kenu6 uMkuG pean BaKTAZ [OKNaMaHHHT CHMCH3 TapMOK
TEXHOJIOTHANIAPH MILIALIMIA TACHPUHH TaXIHI KHITHII y9yH MapKoB 3arKHpHAAH
dolinananmnran. Ymby monen ZigBee cranaapti yuyH 3 Ta cy® monemnapnaH
TAIIKH TONraH (3-pacu). '

3-pacm. MoOHHTOPHHT TH3HMJIApH YIyH ZigBee craHaapTH CHMCH3 TAPMOFH
HILIAM KAPASHHHHHAT cyGMoaenapu: N (1) — pakobaTnauryByu TyryHnap
COHMHHHI TaKCHMJIAHHIIK, p(f,,.t) — BUPTYaI XH3MAaT KYpCcaTHIl BAKTUHUHT
TAKCHMJIRHMIIH, p,(1,,.!) — KaHaira MyBah$aKuATIH KHPHII 3XTHMOJUTHTH,
Po(g.7) — KaliTa y3aTHII GOCKIUIapHHMHT TAKCHMJIAHHIIH.
MapkoB 3aHKHpPH Y3102 HKKH YiriaMmH TacoaudHil xapadHHH TaKIMM 3TaqH

(4-pacm), 6ynna b(t) Ba s(1) — Moc Xonaa TeckapH XucoOnam XucoGnarHim
XONAaTHHH Ba YHHHT JAPOKACHHHA TYIIMPTHPYBYH Kapatriapaup.

4-pacM. MoHMTOPHHT TH3IHMJIAPHAA anBee CTAHAAPTH acOCHAArH TAPMOK
CTAaHIMAIAPH X01aTHHH faxojamnH TaBcH(UIOBTH MapKoB 3aHKHPH
TapMokHuHr k-3neMeHTH XonaTH {i,/} kypuHumHpa &unamm, OyHaa i —
(0,1,..,m+4m) unTepBanaarn KuiiMaTmap OwiaH Keumkum OOCKHUH, m —
NaKkeT/IapHH y3aTHI 60CKH4IapHHUHT (YPHHHIIADHHHAT) MaKCHMan MHKAOPH, 4m
— y3aTHIIHMHT KymmMda Gockuwwnapy; / — (0,1,...,W-1) BakT HHTEpBANIMAA BaKT
6yiiMua keumkum Xxucobnarmud, W; =2'W, — KeUHKMIIHMHI i-OOCKHIAZA
“KOHKYpPEHIHA OHHACH™ Y3YHJIHTH.
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Mapkor samkupuzan ¢oiinananu6 P; OpKanTH TapMOK 3NEMEHTHHHHT
KYpuUnaéIran BaKT HHTEPBAMAA MABTYMOTHH Y3aTHII IXTHMOJUTHTH Ge/IrunaHraH.
Y KeyHKHIm XHCOG/IarHyM HoOMrava KaMaiiran BaKTAa NAaKEeTHH y3aTamH, SbHu {i,0}
xonatura xoinamany. Llynnan xenu6 gmuku6, kypunaérrad BakT HHTepBanHOa
TAPMOKHHHT k-3leMEHTHHHHI Y3aTHII 3XTUMOJUTMIY KyHHAArnua aHuK/IaHaIm:

- 201-R7) . C))
- 1-(2R)™'X1-F, -
nt-h ’+a—a"°"')+m[—*———*—‘ e raR) (I-P.")]

Tapmoxuuur 6MTTa 3MEMeHTH YUyH BakT HHTEpBaIMfa Y3aTHIOHH amaira
OLIHPHII 3XTHMO/UMIH P, Kyliuparura tedr 6¥nau:

B =1-[Ta-2). %)

=1
Ymby acocma TapMoKHMHT MyBadGakuATIH y3aTHII 3XTHMONHIH P,
KyHHJarn4a aHuKIaHaau:

= ZeaRlLO°R), ©)

KaHaniu HopMannamTHpuiran YTkasyBuaHARK KOGHWINATH BAKT HHTEPBAIHAA
y3atunaéiran axGopoTHHHr ypraua ¢olimanu loknamacHHuHr ymby BakT
HHTEPBATHHHHT YpTaya Y3YHIHIrHra HUCOAaTH KYPHHHAIMMHAA TaKIHM STHIAIH.\

TyiMHTaH XONaTAa TAPMOKHHHT KyTWIAéTTaH YTKasyBUaHMMK KOGHIHMATH
KyHuparn upoaanaH aHUKIaHATH:

2 . @)

s= -L
' -T,+P,(I-P)T,

A
1)

(-F)T +

lakernapuu ysarum  GOCKMWIApHHHMHI MakcuMan MHKIOPH  m=6,
“KOHKYpeHUHA OHHACUHMHT” MHHMMan y3yHnurd W,=8 ra TteHr G6ynranma
nakeriapHn MyBadGakuATIH Y3aTHII SXTHMOJUIHTHHHHT TapMOKIArd TyryHjiap
COHHTa GOFNHKJIHMK FpaduKNapH S-pacMaa KeITHPHIIAH.

g oss 1 E
g-g 1] b g.
E goa ]l & g
i | 3¢
o7 é 1.3 T’.'iyu.p :in - ’? @ n 0%, ;0 II) T’.I;‘ut’p :nn é [ 0
a) 6)

S-pacm. llaxernaprn MyBaQGdaKuaTIA y3aTHIN IXTHMOUIHTHHHHT TYTYHAAp
cOHHATa GOFIHKINK rpaduinapu: a) P, =0.136) P, =0
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TMaxkeTnapHH y3aTHll GOCKHWIApHHHHT MaKCHMal MMKAOPH m=6, TH3HM
oamacy AJ/u=40% ra Teur 6ynranma mnakernapHu MyBaddakuATIH y3aTHII
5XTHMOJUTHTHHUHT “KOHKYPEHLHA OHHACHHHHT” MHHMMAN Y3yHIIHIHIa GOFIHMKIHK
rpadHKnapH 6-pacMaa KeITHPHWITaH.

o o o o
8 ¢ 3 8
e o o

H r 8 B .

Myzadéaxnaran yrarum
IXTRMORIRM
°
8 S
Mynad@asxnaran yrarem
IXTUMOATHIN
8

o
8

6-pacM. Ilakernapan MyBadp$aKHATIH Y3aTHIN 3XTHMOJUTHTHHHHT
“KOHKYpeHIHsA OHHACHHHHT” MHHEMAJI Y3YH/IHIHTa GOFIHICTHK
rpaduxnapn: a) P, =0.15;6) P, =0

Ymby rpaduiap MOHHTOPHHT MOAEIMHMHI CHMCH3 CEHCOD TapMOFH YUyH
ONTHMAa/ TYTYHIap COHHHH aHHKJIall WMKOHHHHU Oepamn. I'paduxnap acocuna 4, 6
Ba 16 Ta TyryH yJyH ONMHraH WKobuii HaTwxalap ylapaaH KaTra MHKaopaaru (32
Ba 64 Ta) TYryHIap coHH TacHH(NapuaaH KeckMH (apK KHIMITY aHHK/IAHTaH.

Huccepraupanuur  «TelekoMMyHHKamHs OObeKTIADHHHHT  3Heprus
TALMHHOTH MaHGanapH MOHHTOPHHI TH3UMH Ba YIAPHH aManHéTaa Ky/L1anm
ne6 HOMNaHraH TYPTMHYH G6OOH TeNneKOMMYHMKAIMA OOBEKTNapH 3Heprus
TALMHHOTH MaH6anapuHW MOHWTODHHTH MMMTAllHOH MOJE/H, AITODHTMH Ba
DacTYpHii TAabMHHOTHHH HuLIa6 Yukum Ba IoT TeXHONOrHACH acocHparu moges
épraMKia MOHHTOPHHTHH aMasira OLIMPHIL Macanaiapura 6aruuuianras.

MOHUTOPHHT TH3UMH YITH0B MawIyMOTNApHHH HHFHII Ba Kalita Mmuam
Kapa€HnapHHH XiCco6ra onraH Xo/a, SHEprid TabMHHOTH MaHGACHHHHT KysaTwm,
ax60poT-yMoB THIMMHMHH MIUTAIIMHH HA30PaT KWIMIIHMHT IFOPHTMM HmUIab
YHKWIraH (7-pacm).

TenekoMMyHHKauMs OOBEeKT/IapH SHEPrus MaHGanapuHuHr MOHHTOPHHT
Mapkasu Gom-craHuua 6316, yHAa Xap 6P 0OBEKTHHHT Ky3aTHITAH KaTTAIMK Ba
napametpnap 6¥ifmua 6apua ManIyMOT/Iap anoXHaa HHFUmagm, napametpnap
Gyiinua ManTyMOTNApra HUUIOB Gepriiany, MOHHTOPHHT HaTKanapH Gelruianras
cTaHaapTIap GunaH TakkocnaHamd. TakKocnaHTaH KHHMATIAP aCOCHIA THSHMHMHET
WIl XOMaTH aHMKnaHamM. HasopaT KWIMHaIMraH 6apua o6BexTIapHUHT
aHWKNaHaguraH Xap OMp KaTTaIMK Ba MapaMeTpH TYFpHCHAaa MahlTyMoT/ap
TYNIaMH BaKT 6YHHYa KETMa-KeT MAH3WLUIH MAKETNAP KYPHHHINHAA pamuo &ku
CHMIIM ajioka KaHaUlapH €pAaMMIa CepBep KWPHIIHIA yiarunamm. Pean ymuos
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8-pacM. MOHHTODHHT XapaéHH TY3RIHIN CXeMacH

Xap kaHpali OOBEKTHHHMI 3HeprMA TabMHMHOTH MaHOanapm MOHHTODHHT
TH3HMH TY3Y/IHIOH acocaH 3 Ta KHCMZaH TaKHJI TONAgH: YIT90B KHCMH, CEpBep
KHMCMH (xucobnam) xamaa Be6 caxuda (Tacsupnam). Proteus mactypuit MyxaTHaa
ApATHIraH TeIEKOMMYHHKAUMA 00 BEKTAapHHHHT SHEPrHA TAbPMHHOT MaHOanapHHu
MacoaBuii MOHWTODHHIM HMMHTALMOH MOAENH 3 KucMuan ubopar (9-pacm).
IllakanaHTHpHAraH MOHHTOPMHI TH3HMH TYPJH XyIyZAa JKoiuaumraH SHEpPruA
MaHObanapuHu MacodafiaH MOHWTOPHHT KWIMINTa MY/DKawlanrad. Ym6y wmpga
HaMyHa cud)aTHaa MOHMTOPMHI TH3HMH BHPTYal MyXHTAa (axar 6uTTa 3HEprusa
MaHGacn YHyH amanra omupwrraﬂ

9-pacm. TenexoMMyHHKALHS 06LEKTH JHEPTAH TABMHROT MaHGaTapHHH
macodaBuii MOHHTOPHHIH HMMHTALHOH MOARIH!
a) man6a napamerpaapaHH yivam Ba y3aTHim; 0) xabys Kuasmm;
B) MaLJIYMOT/Iap aJMAIIHHHIN PAKAMIIH CHIHAN rpadury; r) Be6 caxuda.
Arap MOHMTODHHT KaTTANMK Ba NAPaMETPAAPHHHHI Ypraua KHHMAaTH
MebEplaH KaM KM yHAaH karta 6Ynca, y Xonga TH3HM ymly KaTTamk &xu
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napameTp GmlaH 06BEKTTa TEXHHK XH3MAT KJPCaTHII 3apypaTd TYFpHCHIa Kapop
Kabyn xunagu. Arap MOHHTODHHI KATTAIMK Ba NapaMeTPHHHHT YpTaua KuiiMati
Mebépra TYTpH Kejica, yHAa 00beKTra TEXHHK XH3MAT KYPCaTHil 3apyp SMaciHry
TyFpucHAa Kapop kxabyn xwinHany. Kapop kaGyn KWMIN HaTikanapu 3Heprus
TABMHHOTH MaHOacuuH Bomkapum Mapka3suHUHT MOHHTOPUAA aKC ITafH.

Vmna6 4qnxunran macodann MOHHTOPHHI MOJENH OpKamu pean BaKT
MacmTabuna OSHEPrHA HCTEBMONH, KyH J[AaBOMHAA OSHEPrHA TaBMHHOTH
manbanapuaaH xaHwanaH ¢ofiganaHraHnWK Ba INMKAaCTIAHWOUIAP XONAT/IApH
TYFPACHIArH MABTYMOT/IADHH TaX)WI KHAMII XaMmAa Y3NYKCH3 HILTAWHN amanra
OLIHPHII YUyH KEJITYCHAArH 3aXMpaJIapHH pexalaliTHPHIIra HMKOH Gepaau.

OHeprus TabMHHOTH MaHOQIapUHUHI MOHHUTODMHTHAA CHMCH3 CEHCOp
TapMOKJIap, MaHOalap COHMra MOC KeNauraH CHMCH3 TapMOK MOAY/UIapM Ba
MHUKPOKOHTPOJUIEp/ap GMOKMHH, Hmna6 YHKIWIraH anroput™ Gyiiuya ApaTwirad
JacTypHii TABMHHOTHH amManuii Ky/IMam OpKajiH TeJIEKOMMYHHKALHS o6BeKTIapH
SHEPrHA TabMHHOTH MaHOaNapMHHHT HIUIaIl MYAAATH Ba TEXHHK XOJNaTHHH
AXMUNANITa SpANTHIAN.

XVJIOCA

“TesleKOMMYHHKALMA O0BEKTH 3HEPrHs TABMMHOTH MaHOaNapyHUHI CUMCH3
CEHCOp TAapMOK/IAap acoCHIArH MOHMTODHHT MOAENH” MaB3ycumarn dancapa
noxropu (PhD) miccepranmsicu 6yiinaa onu6 GopHnran TAIKUKOTNAP HATIKACHAA
KyHuaard xynocanap TakIuM STHIaau:

1. imnab 4uxuiraH MOAe/U1ap XaMfa TaKOMWUIAIITHPWIraH MOHMTOPHHT
TH3MMH JHEPr¥A TABMHHOTH MaHOanapu Ha3oparH Ba HII XONaTHAA GYAHIIHHH
OKOPH aHHKJTHK XaMJia HINOH'WIMIMK GHIIaH aManra OIHPHIN UIMKOHH aCOCTIaH/IH.

2. TenexoMMYHHKalHsA OGBEKTIapH SHEPrusi TAbMHHOTH MaHOanapuHK pean
BaKTa MOHMTODHHTHHH aMaira OWMPHII OPKAIH HOCOINMMKIApHH Y3 BakTMAAa
aHMKJ/Iall Ba TE3KOP XM3MaT KYpCaTHIN HMKOHMATH APaTHIIH.

3. DnexTp I0K/IaMa KaTTATHK Ba NapaMeTpiiapH, 3Heprus MaHOacH xapoparty,
Ky&m maHesTap 103aapHHHHT YaHTJIAHTAH/IMTHHH HHO0AaTra oNraH Xojja Kyém
SHeprus TAabMHHOTH MaHOanapuHM MacodasaH MOHHTODHHI KWIMII acoCHAa
YJIapHHUHI MOUIAIN MYANATH Ba TEXHMK XONATHHH 4-5%ra AXmwiam HMKOHH
TabMMHJIaHH.

4. CHMCH3 CCHCOpP TapMOKIapH TAAKHKOTMHHI WILNA0 YMKMIITaH aHATMTHK
Hdonanapn acocnna 4, 6 Ba 16 Ta TyryH yuyH oNuHraH mwxo0uit HaTwxanap ynapaau
Karra MMKIopaard (32 Ba 64 Ta) Tyrywnap coHM TacHH(napugan KeckuH (apk
KWIHIIH aHUKJIRHOH.

5.Amya6 4YMKWIraH MOHHTOPHHT TH3MMHHM  TeNeKOMMMYHHKALUsA
obbextapHra xopuii KWIHIN KypHIManapHUHT HULTANI CaMapalOPUIuHy 4-4,5%
OIIHPHITWHM NCOOTIamH.

6. DHeprua TAbMHHOTH MAHOAIAPHHMHI HOCO3NMKJIAPHHM MUUIA0 YMKMIraH
macoajial MOHMTOPUHT TH3HMH aCOCH/A ¥3 BaKTHAa aHAK/Iam KyPHIMANapHHUHT
XH3MaT KY¥pcaTHil MyAAaTHHH 3-3.5% ra ommupuin MMKOHHHM Gepau.
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HAYYHBIN COBET DSc.13/30.12.2019.T.07.02 IO NPHCYKAEHAIO
YYEHBIX CTENEHEHN IIPH TAIUKEHTCKOM YHUBEPCHTETE
HHOOPMAIIHOHHLIX TEXHOJOI'HHA

TAIMKEHTCKHM#A YHUBEPCHTET HH®POPMAITHOHHBIX
TEXHOJIOI'HHU

XACAHOB JOCTOH TYPAEBHY

MOJEJIb MOHUTOPHHTA HCTOYHHUKOB SHEPIOCHABXEHHA
OBBEKTOB TEJJEKOMMYHHKAIIAH HA OCHOBE CETEH
BECITPOBOAHBIX CEHCOPOB

05.04.01 - TenekoMMyHHKANBOHHBIE H KOMOLIOTCPHLIC CHCTEMBI,
TeIEKOMMYHHKAIHOHHLIE CeTH H HROpPMANHOBALIE ycTpoiicTa. Pacnpexeacane
aadopManaH

ABTOPE®EPAT JHCCEPTAITHH IOKTOPA OHJIOCOPHH (PhD)
O TEXHHYECKHM HAYKAM

TamxenT-2022



Tema AREccepTamEH  aokTopa ¢anocodrr (PhD) 3apermcrpmposana B Bricmedt
aTTectanHoHHOH koMECcHH 0pE KaGmmere Mammcrpos PecnyGnaxa  ViGexncran  3a
Ne B2021.4.PhD/T2502.

JMuccepranas sunonanena B TaukeHTcKkoM yHHBepcHTeTe HHGBOPMALHOHHBIX TEXHONOIH. .

Asropedepar QHCCEpTaUHH HA Tpex s3bkAXx (ysGexckuii, pycckuii M aHramiickuit (pesiome))
pasMemeH Ha eG-ctpannue Hayunoro Coeera (Www.tuit.uz) H Ha HHGOPMAIHOHHO-06PA30BATENLHOM
noprane «ZiyoNet» (www.ziyonet.uz).

Haygamni pyi:onomuib: Caanaxon Haxomaor XaKaMOBHT
ROKTOp TeXHHUECKHX HAyK, mpodeccop,

OdHnERILHEBIE OUNOREHTEE Xampaamor YTkep PaxmaTanaesad
ROKTOP TeXHHUECKHX HayK, npoteccop

Kapamon Illep3on Cobnpxonosay
noxrop dunocodun (PhD) no TexHHYecKHM HayKaM

Beaymas opranH3anss: Hasonmiickaii rocyaapcTBennntii ropaLiii AECTHTYT

3amura nuccepranmn cocTonTes «_ 47 » ﬁga 2022 r. B [LW uacos Ha 3acenanun Hayunoro
Cosera DSc.13/30.12.2019.T.07.02 npu TamKeHTCKOM YHHBEPCHTETE MH(POPMALUMOHHBIX TEXHOMOIHH
(Ampec: 100084, r. Tawwkent, yn. Ammpa Temypa, 108. Ten.: (+99871) 238-64-43; ¢axc:
(+99871) 238-65-52; e-mail: tuit@tuit uz).

C nuccepranueli MoxHO 0o3HaKOMHTECR B HudopmaunonHo-pecypcom nentpe TamkeHTckoro
yHHBEpCHTeTa HEDOPMALHOHHBIX TEXHONOTHIT (perHcTpauMoHHbili HoMep Nel#)). (Axpec: 100084, r.
TamxenT, yn. AMup Temypa, 108. Ten.: (99871) 238-65-44).

AsTopedepar auccepTauny pasocnan « o/ » '§2022 ropa.
(peectp npoToxona pacceuiki Nef ot «_p7 > K 2022 roga.)
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M.M.MyxHTABHOB
b npeaccrarens Hayaroro Cosera
NO NPHCYXACHHIO YUEHBIX CTeNneHeH,

I.T.H., mpodeccop

X.9.XyxamaToB

Vuenmiit cexperaps Hayuroro Cosera

« IO NPHCYXJCHHIO YHEeHRIX cTeneHeH,
PhD., nouenr

P.M.Anaes

3amecTHTens MpEACEHATENA HAYTHOTO CEMHHAPA
npu Hayurom Cosere no npucyxaeHumto
yuéHBHIX cTeneHei, 1.T.H., npodeccop



BBEJEHHE (aHRoTalHA JHCCEPTANHH AOKTOPA dunocodpun (PhD))

AKTYaNLHOCTb H BOCTPe60BaHHOCTE TeMBI IACCEPTALIHH. B mupe Gonbimoe
BHMMaHWe  YNENAETCA  HMCTIO/Jb30BAHHIO - IKOHOMHUHBIX  HCTOTHHKOB
sHeprocHabxenus wia  obecreveHns GecnepeboiiHoii  paboTHl  CHCTEM
TejIekOMMYHHKaLMil H HHGOPMALMOHHBIX TEXHONOTHI, COBEPIIEHCTBOBaHHIO
YCTpOHCTB KOHTPOJIA M YNIPABNCHHA OCPEACTBOM cereii 6eCHpOBOAHBIX CEHCOPOB.
B aroii ofnacTy, B TOM YMCIE AUCTAHLMOHHOE YMPABJICHHE HCTOMHHKAMM
3NEeKTPOCHAOXKEHHA  CPEeICTB TeNneKOMMYHHKalmi, MOJENH,  aIrOPHTMEL,
annapaTHbie i POrpaMMHEIE CPE/ICTBA, OT KOTOPBIX 3aBHCAT NapaMeTpLI TOTHOCTH,
HAafeXHOCTH, CTaGMIBHOCTH M 3((EKTHBHOCTH NPH MOHMTOPHHIE HCTIHHKOB
B0300HOBJAEMOil 3Heprued M KOHTPOJ HX 4€pe3 CeTH 6ecnpoBOMHEIX CEHCOPOB,
ocofoe BHUMaHMe YAENACTCA PasBHTHIO WH(OPMAHOHHO-H3MEPHTEIILHBIX
cpencTB. B pasBHTBIX CIpaHaX, TaKHX Kak, [epManms, BemukoOpHTaHHS,
Tonnanaus, Nauus, Poccua, Kurait u SINoHu:, 0RO U3 OCHOBHBIX 33129 ABJIACTCA
paspaGoTka  cuCTeM  IHMCTaHUMOHHOTO  MOHHTOpHHra  H yTipaBJieHHA
3HeprocHaGkeHHeM 06BEKTOB TeNleKOMMYHHKawui Ha Gase loT.

B wmupe mnpoBoaMTCA pAX HayYHBIX HCCJICNOBaHHIi, HaNpaBiCHHBIX Ha
HCNONB30BaHHE H COBEPIICHCTBOBAHHE ((YMHBIX) CHCTEM 3EKTpOCHatKeHu NpH
ofecrneyeHnH TeSIeKOMMYHHKAIIHOHHOTO o6opynoBaHHs HaeXHOH,
6GecnepeGoiiHoi 1 KauecTBEHHOH JHeprueil. B aToit 061acTH, BKMOYai CHCTEMBI
Smart Grid, ocofoe BHHMAaHHE yIE/AETCS PEMEHHIO MHOTHX NMPO6IeM, TakHX kak
paspa6oTKka Mofesieli, anroOpHTMOB, NMPOTPaMMHEIX ofecriedeHuit i COBPEMEHHEIX
Mep MO HX YJy4IEHHiO, YCTPOHCTB H CPEACTB U4 ANCTAHIHOHHONO MOHHTOPHHIA
HCTOMHHKOB 3/IEKTPOCHaGKeHHA, ABYXCTOPOHHEH uH(OpMaIHOHHON CHCTEMEI,
KOHTpOJA 3HEpronoTpeGicHHd, YBEJIMYEHHA COpPOCAa HA SHCPIHIO. Ilpn >TOM
MOHHTOPHMHT BO30GHOBIIAEMBIX HCTOYHHKOB SHCPrHH Ha OCHOBE TCXHONOTHH IoT,
IIaHHPOBAHKE H POTHO3HPOBaHHE IHEPIHH, paspaboTka aroOpHTMOB YIIPABNICHAA,
NMpOrpaMMHBIX 06ecredcHHI H TEXHHIECKHX peuieHui s MHKPOKOHTPOJLIEPOB,
06ecneuHBAOMKUX MOHHTOPHHT HCTOYHHKOB 3JIEKTPOCHa(XKeHHA —CuMTaeTcs
aKTYaNLHEIM.

B pecry6imKe NPHHAMAIOTCA MacUITabHEIE MEPBI N0 JAILHEHIIEMY Pa3BUTHIO
OTPACIH TeJIEKOMMYHHKALMI H NH(OPMALMOHHBIX TEXHONOIHH, PA3BHTHIO CHCTEM
AMCTAHLMOHHOTO MOHMTOPHHIA BO30GHOB/IAEMBIX HCTOYHHKOB SHEPTHH B 00BEKTaX
TenexoMMyHHukaumit. B Crparerumn neficTsuii no NATH HaNpPaBCHHAM pa3sBHTHI
Peciybnukn  V36exucran B 2017-2021 romax omnpeacneHsl 3aladH 1o
«...BHEZIPEHHIO MH(OPMALMOHHO-KOMMYHHKALHOHHBIX TEXHOJIOTHH B SKOHOMHKY,
COLMANBHYIO cepy, CHCTEMY YNMpPABJICHHA, ... CHIKCHHIO 3HepronoTpeOneHus H
PECYPCOEMKOCTH B 3KOHOMHKE, ...paCIIHPEHHIO IHeprocteperalomux TEXHOJIOTHH
NpH BHEAPEHHH B MpOH3BOACTBO®'. OnHOM M3 BKHBIX 3a1ad MPH PEMCHHH
MOCTABJEHHBIX 3afaY, TAKHK KaK CO3[JaHHe MMMHTALMOHHOH MOJENH mpoluecca
MOHHMTOPHHIA C HCMOJb30BaHHeM ceTeli 6€CIpOBOAHBIX CEHCOPOB HCTOUHHKOB
3MeKTpOCHaOXKEeHNA OGBEKTOR  TENEKOMMYHHKAUMH  ABJIACTCA paspabotka

1Vxas [Npesaaerra PecrryGmnm Vs6exucran ot 07.02.2017 i )&YD;4947 «O crparerun acitcTsail no faTsECAMEMY

~
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HHGOPMANHOHHO-H3MEPHTENBHLIX YCTPOHCTB U CPENCTB, GopMHpYIOmMX CHTHAIB!
IUIA peayiH3alyH MpoLiecca MOHHTOPHHTA.

JlaHHOE MHCCEPTAMOHHOE HCCIIENOBAHHE B ONPEJEICHHOMN CTENEHH CITY>KMT
BBUIOJIHCHHIO 3aia4, MpeAycMOoTpeHHEIX B VYkase IIpesnpenra NeVII-4947 «O
NMPHOPHTETHELIX NSHCTBHAX MO NanbHekmemy pa3sBuTHIO Pecry6nuku Vibekucrany
ot 7 pespans 2017 rona, Iocranosnenwsx IpesunerTa NelMI1-4249 «O cTpareruu
JanbHeHmero pasBUTHA M pedOPMHMPOBAHHSA 3JIEKTPOIHEPreTHIeckod OTPaciu
Pecniy6rmaxn V36exucran» ot 27 mapra 2019 roxa, NelTl1-4422 «O6 yckopeHHBIX
Mepax MO TOBBIHEHHIO 9HEprodpeKTHBHOCTH OTpPacnelf SKOHOMHKH M
COLHANBbHON c(epbl, BHEAPEHHUIO 3HeprocOeperalomyX TEXHONOrHHM Pa3BUTHIO
B0300HORIIAEMBIX HCTOYHHKOB 3Heprum» oT 22 aBrycra 2019 roma, NelTI1-4477 «O6
YTBEPAICHHH CTpaTerHH no nepexofy Pecrmy6mukm Y3bekucran Ha «3eneHyIO»
IKOHOMHKY Ha nepHoa 2019 - 2030 rogos» ot 4 okTa6pa 2019 roga, Nelll1-4779
«O HOMONHATENLHBIX MEPAX IO COKPAMICHHIO 3aBHCHMOCTH OTpaciielf 3KOHOMHKH
ot TOIUTMBHO-3HEPreTHIECKOi TPORYKIIHH ImyTeM MOBBIMEHHA
3Hepro3(GEeKTHBHOCTH SKOHOMHKH H 3aJiCHCTBOBAHNA HMEIOLMXCA PECYPCOB» OT
10 mona 2020 ropa, 8 Pemennn Kabunera Munncropos Ne 452 «O mepax 1o
BEREHHIO TOCYAApPCTBEHHOIO YYeTa YCTAHOBOK EBO300HOBASAEMBIX HMCTOYHMKOB
3HepruM H BeipabaTsiBaeMoii MMM 3HeprHM» oT 23 miona 2020 ropa, a TaKKE B
OpYTHX HOpPMAaTHBHO-TIPAaBOBEIX MOKYMEHTaX, NMPHHATHIX B AaHHOH cdepe W
H3J10KCHHBIX B COOTBETCTBYIOMUX 3aKOHOJATENBHBIX aKTax.

CooTBeTCTBHE HCCJICA0BAHNS MPHOPHTETHLIM HANPAB/ICHAAM PA3BHTHA
HAYKH H TexHonormil Pecmy6nmxm Vibexucran. Juccepraums BHIMONHEHA B
paMKax MPHOPHTETHEIX HaNpaB/eHHUil Pa3sBHTHA HAYKH U TexHonoruit Pecry6nuxu
Vibexncran IV. «PassutHe MHpOpMaTHIaMH M uH(OPMALMOHHO-
KOMMYHHKAIMOHHBIX ~ TexHonorwi» W II.  «DHepretmka, dJHepro H
pecypcocbepexxenuey.

Crenennr H3y4eHHOCTH mpoGaembl. Bemyrcs Hayunele HCCNEIOBaHUA IO
TIPHHIMTIAM OPraHH3alHH NPOLECCOB MHCTAHIIMOHHOTO MOHMTOPHHTA ABTOHOMHBIX
HCTOYHHKOB 3JICKTPOCHA0XKEHHA O0OBEKTOB TENIEKOMMYHHKALIMIA, pEIIeHHIO 3aja4
JUCTaHIIHOHHOTO  YTNpaBlIeHHA  JMIEKTPOCHabxeHHEM Ha  OCHOBe  ceTeif
6ecnpoBOMHBIX CEHCOPOB C MCNMONB30BaHHEM B HHX JAaTiMKOB CHTHAIOB
paznu9gHOro  (HM3MYECKOTO  NPOHCXOXAEHHS (YCTpoHcTBa M CpencTsa,
npeoGpasylomue uaMepaeMble PH3HIECKUE BENHUMHBI, TAKHE KaK TEMIEparypa,
BJIAXHOCTB, /IEKTPHYECKHH TOK, HANPA)KEHHE U T.J.) B CHTHAN (BTOPUYHBIH CHIHAN
B BHA€ 3MCKTPHYECKOTO HANpsOKEHUA), MPUrOAMEIA AnA nepenaud, o6paboTku u
XpaHEHMsA, CO3AaHusA, npHema, o6paboTkH H nepenaun AaHHBIX U MHGOpMauwii 06
H3MEPAEMOMH H MEpEAaBacMOM CHIHANA MEXAY y3namH OecHpoBOAHON ceTd
MOHHTODHHTA.

OToMy HampaBNeHMIO HCCNCHOBaHMH TOCBAIIEHBI Hay4HBIE TPY/b

24



H.Schaumburg?, ERitchie’, R.Hanitch®, I.Rampias®, B.Il.Mmossoposa®, Orod
Raeesi’, Behnam Badihi®, Zhuoling Xiao’u apyrux H3BecTHBIX 3apyGexHBIX
yueHsX. A Takke HayuHbie pa6otei M.®.3apunopa’®, P.H.Hcaesa',
10.B.IIucenxoro'2, JI.A.Jaeponbekosa’®, P.K.Asumopa'é, H.X.Cuamuxosa",
X.9.XyxamaroBa'® H OpYrMX yH4eHBIX PecrmyGiIMKH MOCBAUICHE! HCCIICAOBAHHIO
YKa3aHHBIX npobniem.

Pe3ynesTars! aHanu3a NOKa3aiy, 4T0 KOMILIEKCHOE NPUMEHEHHe COBpEeMeHHEIX
METOZIOB M  TEXHONOTHH  [JUCTAHLHOHHOrO MOHHTOPHHIa  HCTOTHHKOB
J/IEKTPONHTAHNA OOBEKTOB TEJNEKOMMYHHMKAUHMKA C HCNOJB30BaHHEM ceTeH
GeCnpoBO/HEIX CEHCOPOB, Pa3HYHLIX COCTOSHHI ceTell GecnmpoBOAHX ceHCOpoB
s CHCTeMBl MoHWTOpHHra ((yHkumn Oydepuzaiuu B “chimieM” pexHMe,
BUpTYILHEIA cepBHc, pacnpenelncHue Bpemenn H CSMA/CA npoexTHpoBaHHe
Mojeneil BpeMeHH OOGCHyXHBaHHA MEXaHH3IMAQ NEPENavH), HMX aHATHTHYECKOS
MOJI&JIMPOBaHHE KOJIMYECTBO Y3/0B, HCCIIEXOBAHKE TOMOJIOTHI ceTeH, nexamux B
OCHOBE MX B3aMMHOINO PACMONIONKEHHsA, ONpeRe/ieHHe MOIHOCTH HCTOYHMKOB
JNEKTpOCHaOXKeHns A KOKIOrO y3na, paspaboTka TEXHONOTHH  AJiA
JMCTAHIIHOHHOTO MOHHTODHMHTA MCTOYHMKOB M N2apPaMETPOB IEKTPOCHADKeHHs,
BOMPOCH! pealiM3aMH H3yIeHb! HEXCCTATOTHO.

Caa3b TeMbI AHCCEPTANHH ¢ HAYIHBLIMH HCCJICAOBAHHAMH OpraHm3anmii
Buicmero ofpajoBamms, rae BLIDOJHEHa jHCCEPTANHOHHA:m paGora.
JluccepralMOHHOE MCCNEOBaHKe BHNIONHEHO B TamkeHTCKOM YHHBEpPCHTETE
HHGOPMALMOHHBIX TEXHONOTHit B paMKax BBRIOJICHHA CICAYIOINHX NMpoekToB: BB-
A3-027 «Pa3paGoTka M BHeJpeHHe aBTOHOMHON CHCTEMB! YIpaBJICHHs
snekTpocHabxenuem 3xanus» (2017-2018), 574049-EPP-1-2016-1-IT-EPPKA2-
CBHE-JP «Modernization of the Curricula in sphere of smart building engineering

2 Schaumburg H. Werkstoffe und Bauelemente der Elektrotechnik.S dungen. Stuttgart: B.G. Teubner,
2012. 420 p.

3 ERitchie, L.Mihet-Popa, B.Jenson, and 1.Blode “Condition Monitoring of Wind Gererators™. IEEE Industry
Applications Conference 38rd IAS Annual Meeting 2003

4 Hanitch, R. and Quashning, V. Irradiance Calculations on Shaded Surfaces. Solar Energy, 62, 369-375. (2014)
Soldata Instruments.

S Rampiasloannis and Natalya Klimenko, “Experience of Rencwable Energy Sources use in Uzbekistan™.3rd
International Scientific Conference of PROMITHEAS “Energy and Climate Change”, 7th~ 8th October 2010, Athens,
6 B.M.Mss pos, I'M. B B.I"Buraopumx u ap. Marear SU 828184 Al, BTopAMmsiii RCTOIHIK ITHTAHKA,
Odmumansnit Gromnerens Nel7, 1981 r.

7 OrodRaeesi, JuhoPirskanen, Ali Hazmi, Toni Levanen, MikkoValkama. Performance Evaluation of IEEE 802.11ah
and its Restricted Access Window Mechanism. // ICC'14 - W7: Workshop on M2M Communications for Next
Generation loT.

8 BchnamBadihi, FayezehGhavimi, RikuJantti. On the System-level Performance Evaluation of Bluetooth 5 in IoT:
Open Office Case Study. // ©2019 IEEE

9 Zhuoling Xiao, Jie Zhou, Junjie Yan, Chen He, Lingge Jiang, NikiTrigoni.Performance evaluation of [EEE 802.15.4
with real time queueing analysis. // Ad Hoc Networks 73 (2018) 80-94. DOIL: 10.1016/j.edhoc.2018.01.006

10 3ap M.®., Merposa U.10. Incpromudor ii MCTO/ 2HAMINA B CHHTE3a TYBCTBHTCILHAIX AICMEHTOB
crcrem ynpasnenss // aramxa n cucrems. 1999. Me 5. -C.10-16.

! P.H.Hcace. Yeroir 5 dy P o ceteii camsn. Tamxenr.: “Aloqachi™.-2017. -266 c.

12 10.B.INrcemat. M " ycTpoit 0 MoumETOpHHTa: lnccepranas // Tamxent, 2018, 154 ¢.

13D, A Davronbekov, U.T.Aliev, J.D.lsroilov, X.F.Alimdjanov. Power Providing Methods for Wireless Seasors.
International Conference on Information Science and Communications Technologies ICISCT 2019, Tashkent,
Uzbekistan - 2019.
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- Green Building (GREB)» (2016-2019), ~ 7/18 «[ToBpimenne
3Heproa¢PpeKTHBHOCTH KOMMYHHMKALUH U CPEACTB CBA3H H YCOBEPIICHCTBOBAHHE
SHepereTHYECKHMX MOKA3aTeNell 32 cueT HCNONb30BaHHA THOPHAHBIX HCTOYHUMKOB
aneprum» (2018-2020), 609564-EPP-1-2019-1-EL-EPPKA2-CBHE-JP «MechaUz:
Modemization of Mechatronics and Robotics for Bachelor degree in Uzbekistan
through Innovative Ideas and Digital Technology» (2019-2021), AKT-A-2021-3
«Co3ganne nporpaMMHoro ofecrevenus M paspaboTka oMbITHOro o6pasua
CHMYJAIMOHHOrO CTEHAA A1 HCCNEeNOBAHHA BHIXOAHLIX NMapaMeTPOB 3KOCHCTEMBI
Ha 6a3e B0306GHOBIAEMBIX HCTOYHHKOB 3HeprH» (2021-2023) n Uzb-Ind-2021-94
«Energy Efficient Communication and Data Flow in Smart City using CRN based
IoT Framework» (2021-2023).

Hensio HCCAeAOBAHAA SBAAETCA MOACAHPOBaHWE, HCCNENOBAHHE H
ApaKTHYeCKOE TMpPHMEHHE MOHHTOPHHTa HCTOUHMKOB  3JIEKTPOCHabiceHHs
TeJICKOMMYHHKAITHOHHEIX 00BEKTOB Ha OCHOBE CeTefi 6eCIPOBOAHEIX CeHCOpOB.

3apagH HecJIeIOBAHMA:

aHAJIM3 THITOB HCTOYHHKOB 3Heprocua6>xelma MeTofI0B, MPHGOPOB U cpeacTB
HX MOHHTODHHT2, HCIIOJIb3yeMBIX B 00BEKTaxX TENCKOMMYHUKAMI;

aHaNM3 M HCCNeloBaHHe NPHHUMIIOB TOCTPOEHHA ceTell GecnpoBOAHBIX
CEHCOpPOB /I MOHHTOPHHIA HCTOYHHKOB 3EKTPOCHA0KEHHUS;

MOJIENIHPOBAHHE CPEACTB MOHMTODHMHIA CeTeii OecpOBOAMEIX CeHCOpoB
HCTOYHHKOB JIEKTPOCHa0XKEHNA 00BCKTOB TEICKOMMYHHKALHIA;

paspaborka IoT-mMofenmu YCTPOHCTE KOHTPONA BENHYHH M MapaMeTpos
HCTOYHHKOB 3JIEKTPOCHa0XkeHHA 0OBEKTOB TEJICKOMMYHHKALMIA;

pa3pa6oTka WMMHTALMOHHOH MONENH, AITOPMTMAa M  NPOrPaMMHOrO
ofecnieueHna Afiss MOHHTOPHHTA HCTOYHHKOB 3/IEKTPOCHAGKEHHA.

O6nexTomM HecIeOBAHHA ABJAIOTCA YCTPOHCTBA H CPEACTBA MOHHTOPHHIA
HCTOYHHKOB 3/IeKTpocHabeHHA ofbekTa TenekoMMyHHKauMii Ha 6ase cereii
6ecrpOBOAHBIX CEHCOPOB.

IIpeameroM MCCAeAOBAHHA ABIAIOTCA TPOLECCHl, NpPOU3XOAAIME B
YCTPOHCTBaX M cCeTAX OecHpOBOAHBIX CEHCODOB MOHMTOPHHIA MCTOYHMKOB
3NEKTPOCHAGKEeHHA 06BEKTa TENIeKOMMYHHKALIHIA,

Meroas! HecsienoBalnd. B nponecce HCCenoBaHHI HCNIONE30BAMCH TEOPHS
omu60K, TeOpus nepeaad CUrHAIOB, METOABl HMMHTALMOHHOTO MOJIC/IHPOBAHHA.

Hay4uHas HOBH3HA HCCIeAOBAHHA 3aKUTI0YAETCA B CEAYIOMIEM:

pa3paboTaHbl TOMONOTHA MOCTPOEHHA M MOAENL GecnpoBomHOH CeHCopHO#
CETH CHCTeMbI Mepefauydl NAaHHBIX AHCTAHLHMOHHOTO MOHHTOPHHTA HCTOYHMKOB
3HEprocHabxeHus;

co3naHa  MOHeip  AMCTAHUHOHHOTO  MOHHTOPHHTA  HCTOYHHMKOB
3HeprocHabkeHHa 00LEKTOB TeJlekoMMyHHKanwit Ha ocHoBe loT;

paspaboTaHbl HMWTALIHOHHAd MOAEIb H &ITOPHTM JHCTAHUHOHHOrO
MOHHTOPHHTa HCTOYHHKOB 3JIEKTPOCHA0KEHUSA TeIeKOMMYHHKAUHOHHBIX 06BeXTOB
Ha ocHoBe GecnpoBoaHOl CEHCOPHOH CeTH;

BIEPBHIE CO3/]aHa MOJIENb yCTPOHCTBa NMpeofpazoBanus TOKA B HANpPHKEHHE
HCTOYHHKA YHeProcHabKeHUA CUCTEMBI IHCTAHIMOHHOrO MOHHTOPHHIA 00bEKTOB
Te/IeKOMMYHMKALMIA Ha OCHOBE GeCIPOBOIHOI CEHCOPHOI CeTH,
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IpakTHyecKHe pesyabTAThl HCCIeAOBAHNS 3aKII0YAI0TCA B CEAYIOMIEM:

pa3pa6oTaHbl YcTpoiCTBa, CpPEACTBa M NporpamMmHoe obecmedeHne A
IOUCTAHUHOHHONO  MOHHTODHHIA  HMCTOYHMKOB  JHEprocHabeHHA cereit
6GecnpoBOAHBIX CEHCOPOB 00BEKTOB TENEKOMMYHHKALIHI;

paspaboraHel CTpykTypa, Gaza paHHRIX M ¢opmar AHCTAHUHOHHOTO
MOHHTODHHI2 HCTOYHHKOB SHEpProcHabXeHHs OGBEKTOB TeJleKOMMYHHKalMi Ha
ocHoee IoT, GecnpoBogHOMH CEHCOPHOHW ceTH H MHKPOKOHTPOJUICPHOro 6noka
ynpasneHHs;

paspaoraHo nporpamMmHoe ofecnedeHHMe A HCCHIENOBAHMA MOJCIH
IHMCTAHLMOHHOTO MOHHTOPHMHIA Ha OCHOBE MopyJnei GecripooaHOH CEHCOPHOH
CETH MCTOMHMKA FHEProcHabeH A, MHKPOKOHTPOJLUIEPHOTO 6/10Ka yNpaB/ieHud,

paspaGoTaHO  MHMKPOKOHTPO/UIEpHOE  YCTpOHCTBO ~ H3MepeHHd  H
npeoGpazoBanus curHanop AVR, HCONb3yeMoE MPH MOHHTOPHHIE MCTOTHHKOB
SHeprocHafkeHHs 0GBEKTOB TeTEKOMMYHHKALHIA.

JI0CTOBEpROCT Pe3yAbTATOB HccaeaoBaHui. JIOCTOBEPHOCTE Pe3yNbTaTOB
HCCICAOBAHHA OOBACHACTCA COMOCTaB/IeHHEM pe3y/bTaToB HCCICAOBaHMA H
nocTpoeHMs ceTell GeCHPOBOAHBIX CEHCOPOB, pa3paGOTaHHBIX MUIA CHCTEMEI
MOHHTOPHHI2 HCTOYHHKOB 3HEProcHaGKeHHMA, METO[OB MepefatH NaHHBIX H
Pe3yJILTaTOB UCCIEN0BaHUI 10 CPaBHEHHIO C OOIIENPHHATEIMH KPHTEPHUAMH.

HayuHasdh H NpaKTHYecKas 3HAYHMOCTh Pe3y/LTATOB HCC/Ie10BAHHA.
HayyHas 3Ha4MMOCTb pe3yIbTATOB MCCIENOBAHMA OLEHMBAeTCS paspaboTioit
aHanmUTHYecKOl Mofeim oueHKH 3¢deKTHBHOCTH mepeiadd JaHHBIX B
6ecnpoBOAHLIX CEHCOPHBIX CETAX B CHCTEME AHCTRHIHMOHHONO MOHMTOPHHTIA IO
uermn Mapkoea, MOZIeSTH MpeoGpa3oBaTeNs TOKa B HaNpsOkeHHe, HCTI0MB3YyEeMOro B
MOJIC/TH AMCTAHIMOHHOrO HaGMoAeHHs ¥ MOZIelIH JHCTAHLMOHHOI0 MOHHTOPHHTa
pasMEpOB M  [apaMeTpOB  MCTOYHHKOB  JHEProCHaGceHHA 06BERTOB
TenekoMMyHHKaumil Ha ocHoBe TexHonoruH IoT u cetu 6ecnpoBOAHBIX CEHCOPOB.

MpaxrHueckas 3HAYHMOCTb PE3YNILTATOB  HCCICAOBAHHA obpecHaerca
nNporpaMMHBIM  ofecredeHHeM  AHCTAHLHOHHOIO  MOHHMTOpHHTa 06beKToB
TENeKOMMYHHKALMI C  HCIONB30BaHHEM ceTeli 6eCIPOBOJHEIX ~CEHCOPOB,
ycrpoiictea mpeofpazosatens Toka B Hanpsxenue, loT, cerr GecnpoBOHONO
CEHCOpa H MHMKPOKOHTpOJUIEpHOro 6/0Ka ynipaBiieHHs Ha 6ase Te/ICKOMMYHHKa-
IMOHHBIX CPEACTE NUCTAHLHOHHOTO MOHHTOPHHTa CTPYKTYPHl ~CHCTCMBI
HCTOYHHMKOB 3HeprocHabxenmus, 6azoifi M ¢QopmaToM HNaHHBIX, GecnpoBOAHBIM
JATYHKOM CETEBOro MOIYJiA, 610KOM AMCTAHIIHOHHOTO YNpaBieHHs HCTOUHHKOM
sHeprocHabxeHus Ha 6ase MHKPOKOHTpOJUIEpHOTO G6noka ympaBieHud H
¢u3uveckoit MOReNBIO MpeobpasoBaTelisa TOKA B HANPDKCHHE.

BueapeHue pe3yALTaTOB Hccaenosammil, [lo  pesynsTaTaMm Monene#
IMCTAHLHOHHOrO MOHHTODHHTa MCTOUHHKOB 3JIeKTpOCHabkeHms 06BeKToB
TeJIeKOMMYHHKaLHi:

TOMOJIOTHA TIOCTPOEHHA M MOZIENb GecnpoBO/HON CEHCOPHOH CETH CHCTEMBI
nepenauH AaHHBIX AMCTAHLMOHHOTO MOHMTOPHHIa M yCTpOHCTBa npecOpasoBaHHd
TOKa B HAaNpMKEHHE HCTOUHHMKA 3HEPrOCHaGXKEHHA CHCTEMBbl JHMCTAHIIHOHHONO
MOHHTOPHHTa OGBEKTOB TeleKOMMYHHKaIHil Ha 0CHOBE GecpOBOHOMA CeHCOpHOH
CeTH BHE/IPEHE! Ha NPeANPUATHAX MHHHCTEPCTBA 10 Pa3BHUTHIO HH(OPMAIMOHHEIX
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TEXHONOTHA H  KOMMYHMKalWM, B 4YaCTHOCTH B  SInru6asapckom
TeJICKOMMYHHKAIMOHHOM y3ne TamkeHTckoro dumuana AO «VY3bexrenexom»
(cnpaska  MmuHHMCTepcTBa IO Pa3sBHUTHIO HH(OPMALMOHHBIX TEXHONOrHA K
KOMMYHHKAL|y oT 23 ceHTa6pa 2021 rona Ne33-8/6678). B pesynvrare HayuHBIX
HCClleoBaHMA 33 CUeT CBOCBPEMCHHOrO BBLIABJICHHA HEMCNpaBHOCTEH B
HCTOYHHKaX 3HEProcHabKCHHA H ONEpaTHBHOrO OGCITYXHBaHHA oOmMH cpok
ciy0n1 060pyoBaHHs yBeNHUeH Ha 2-3%;

Mo JHCTAHIMOHHOrO MOHMTOPHHTa HCTOYMHHKOB 3HEProCHabXeHHs
00BEKTOB TeleKOMMYHHKaLH Ha ocHoBe [0T H HMHTaLHOHHAA MOJE/b H aNTOPHTM
IOHCTAaHLEOHHOTO MOHHTOpHHIa HCTOYHHKOB 3NEKTpocHabxeHus
TE/ICKOMMYHHKALMOHHBIX 00BEKTOB HAa OCHOBE GecnpoBoaHOl CEHCOpPHOH ceTH
BHEApEHH HAa NpEANPHATHAX MHHHCTEpCTBA MO Pa3sBUTHIO HH(OPMALHOHHBIX
TEXHOJIOTHI W KOMMYHHKAlHH, B JacTHOCTH B ApHacalickoM H SuruaGamckoM
paliOHHBIXTEJICKOMMYHHKAIMOHHBIX  y3nax  JDkusakckoro  ¢wmana AO
«Y36exresiekoM» (cmpaBka MHHHMCTEPCTBA MO Pa3BHTHIO HHPOPMALMOHHEIX
TexHoNnor#it M KOMMyHHKauuu oT 23 ceHtabps 2021 roma Ne33-8/6678). B
pe3yneTare HaygHRIX HCCIICNOBAHMIA 3a CYeT IMCTAHIMOHHOTO MOHHTOPHHIA
HCTOUHHKOB COJIHEUHOTO 3HEProCHa0XEHHA C YYETOM Harpy3KH, TEMIEpaTypsl
HCTOYHHKA SHEProcHabxeHHs, 3aNbUIEHHOCTH MIOBEPXHOCTEl CONHEYHBIX naHenel
NOSABHAACH BO3MOXHOCTh YIy4IIMTh HX CPOK CITY’KOBI H TEXHHYECKOE COCTOAHHE Ha
4-5%;

ycrpoiicTBo  mpeoOpasoBaHHs ToKka B HampskeHHE  MCTOYHHKA
SHEProcHabXeHHWs  CHCTEMEI  JHCTAHIMOHHOIO  MOHHTODMHTa  00BEKTOB
TeJleKOMMYHHKAIMI Ha OCHOoBe 6eCcnpoBOMHON CeHCOpHOH ceTH BHEApPEHO Ha
NPEANPHATHSAX MMHHCTEPCTBA O Pa3sBHTHIO HH(POPMALMOHHBIX TEXHONOTHI U
KOMMYHHKalMH, B 4acTHocTH I YII LleHTp pamiocBs3d, paaMOBEINaHHA H
TeneBHAeHHA (cnpaBka  MmuHHCTEpPCTBA MO pPa3BHTHIO HMH(OPMALMOHHEIX
TeXHONOTHIf M KoMMyHuKamuu oT 23 ceHrabpa 2021 ropma Ne33-8/6678). B
pe3ynbTare HayuHBIX HCCIENOBAaHHI  COKpallleHO BpeMA  TEXHHYECKOTo
obcimyKHBaHH MCTOTHHKOB SHEProcHabXEeHHA OOBEKTOB TEJIEKOMMYHHKALMI Ha
10-15%.

Anpobamua pe3yAbTAaTOB HCCHCHOBaHHA. Pe3ynbTaTtsl MCCAENOBaHHH
anpobupoBaHEl M oO6CykmeHst Ha 12 MEXEYHapoOAHBIX, 5 pecImyOMMKaHCKHX
Hay4HO-NPaKTHYeCKUX KOH(epeHLHAX H Ha HayTHBIX CEeMHHApaXx.

OnyGIHKOBAHHOCTL Pe3yJbTATOB HccaegoBamusa. Bcero mno Teme
IUCcepTalHH ONMyOnuKoBaHbl 34 Hay4Hble paGoTel, B TOM 4Hciae 1 mareHT Ha
H300peTeHne AreHTCTBa O HMHTENUIEKTyalnbHOH cobcrBeHHOCTH Pecmy6muku
VY3bekucral, 11 crareél B Hay4yHBIX M3AaHHMAX, peKoMeHZOBaHHBIX BAK, B TOM
qucine 7 3apy6esxHbix, 4 pecnyOIMKaRCKHX XKypHaJIax, ONy4eHbl 6 CBUETEILCTBA
06 oduiHaneHoO# perucTpalmy nporpamMm mis OBM.

CTpykrypa M o6uem mucceprammi. Jlucceprauus COCTOMT M3 BBEHEHMS,
YETHIPEX rNas, 3aKI09YEHHs, CITMCKA HCNOJIL30BAHHOM JIHTEPaTyphl H NPHJIOKEHHH.
O6bém auccepraumu cocrasnser 120 crpaHun,.
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OCHOBHOE COJAEP)KAHHE JUCCEPTAIIHH

Bo BBeACHHH 000CHOBaHbI aKTYaILHOCTh paGoTE H BOCTPEOOBAHHOCTD TEMB
AUCCEPTalMU,ONPEACNICHB LeJIb H 3aJa4H, o0beKT H NpeaMeT HCCICAOBaHUA,
MPHBOAMTCS COOTBETCBHE HCCIIE/IOBAHMI IIPHOPHTETHBIM HANIPaBIICHASM Pa3BHTHS
HaykH M TexHonoru# Pecnybnuxm VY3bexucraH, M3jOkeHa HaydHad HOBH3Ha,
NpaKTHYeCKHE Pe3yNbTaThl  HMCCNENOBaHHA, O00OCHOBaHa  HOCTOBEPHOCTB
MOMYYeHHBIX Pe3y/NbTaTOB, PacKpEIBACTCA TeOpeTHUeckad H IpaKTHIecKad
3HAUHMOCTE, NPHBEAEHBI CBEIEHHA O BHEAPEHHH PE3yNLTATOB HCC/ICROBaHHA, 4
TaKKe CBefieHHA 00 omy6MHKOBaHHOCTH Pe3yJIbTATOB H CTPYKTYpe AUCCEepTalii.

B nepBoif rnase quccepTaudt «AHAJIH3 CHCTEM M CPEACTB AHCTAHIHOHHOTO
KOHTPOJISi COJTHEYHOr0 3HEProcHa(KeHHE O0GLEKTOB TeJeKOMMYHHKANHI
aHANH3KUPYIOTCA M PACCMATPHBAIOTCA METOME! H (YHKUHOHANBHEIE BO3MOXHOCTH
CPeACTB TeNEKOMMYHHKaimii, 0cOGEHHOCTH, YCTpOHCTEA, CpEACTBa H CHCTCME
IOVCTAHLMOHHOTO KOHTPOMNS HCTOYHHKOB 37I€KTPOCHA0KEH .

Ha ocHOBe MMCTAHUMOHHO MOMy4YeHHOH HHQOpMaUMM OT KOMIUIEKTa
060pyfOBaHHs, YCTAHOBJIEHHOTO B CHCTeME MOHHTOPHHTa, Gyner BbuBIeHA
npuuMHa c60f M ONMEPATHBHO YCTpaHeHa CHELMACTOM MO O6CuyXHuBaHMIO H
pemoHTy. Micnone3oBaHHE CHCTEM MOHHTOPHHTA MO3BOJIACT MOBEICHTE HAEXXHOCTD
OOLEKTOB  TEJNEKOMMYHHMKAUMii, KoTOpas oOUeHHBaeTci  KoddduumeHToM
TeXHHYECKOH SKCIUTyaTaluH 3a CYeT COKpalleHMs BpeMeHM BOCCTaHOBICHMA H
npocroeB npu npodunakrMdeckux peMoRTax. OfHaKko CyImeCTBYIOIUHE Ha
OOBEKTaX TENeKOMMYHMKALM CHCTeMBI JUCTAHUMOHHONO  MOHHTOPHHIra
HCTOYHHMKOB JJIEKTPOCHa()KeHHs He CHMTaloTcs JydIIMM pemeHHeM s
OMEpaTHBHOrO MOHHTOPHHTa MCTOYHHKOB 3JeKTpocHabkenma. CymecTayromue
CHCTEMBl HMEIOT HECKOJIBKO TeXHHUECKHX OTpaHHM4cHMii. Bmecre ¢ TeM
npeanaraeMas  MOAENb . MOHMTOPHHra HMeeT THOKyl0 KOMMYHMKAIHOHHYIO
apXHUTEKTYpY ¥ MOXET HCIIONb30BaThCA B JIOORIX YCIIOBHSX.

B mucceprauun B KayecTBe 00BEKTa MpemiaracMolf MOIENH MOHHTOPHHIa
BuIfpana cucreMa Bo306HOBIAEMOro 3HeprocHabkeHHa. DT1a MOJIENb OCHOBaHA He
TONBKO HA pasMepax M napaMeTpaX HCTOYHMKA OJIEKTPOCHaOKeHHMA (TOK,
HanpsKeHHe, MOIHOCTS, Harpy3ka, 3apsa AKB 1 T.A.), HO H Ha BHEIIHHX ¢axTopax
(TeMnepaTypa H BIQKHOCTh BO3AYyXa, TEMNEPATypa CHCTEMHI, HAIMIME MBUIM HA
MIOBEPXHOCTH MaHEJH M T.J.)), a TaKKe OCYIECTRIACT HX MOHHMTOPHHT.
MpennaraeMas MORENb MOHHMTOpDMHIa HMEET THOKYI0O KOMMYHHKAIMOHHYIO
apXHTEKTYpy H MOXET KCIONB30BAThCA B JMOOLIX ycnoBuax. Taxad CHTyamms
no3sonseT 0GBEKTAM TEIEKOMMYHHKALIMIA B NOJIHOM Mepe OLleHHTD 3(pEKTHBHOCTD
paboTsl HCTOYHHKOB AMEKTPOCHatEHHA H B NalbHEAIeM COBEpPIICHCTBOBATh HX
Ha OCHOBE KOHTPOJIHPYEMBIX BEJIHIHH H NNapaMeTpPOB.

Bropas rnaBa auccepraupH «[IpHHIHIBI MOCTPOEHHSA ceTell GecpoBoaHBIX
CEeHCOPOB CHCTEM AHCTAHIHOHHOr0 MOHHTOPHHIA)» NOCBAIIEHA HCCIICIOBAHHIO
METOIOB MOCTpOeHHA ceTell OOMeHa HAaHHBIMH 1A CHCTEM MOHHTOPHHra, ceret
MOHUTOPHMHra H MpHEMa AAHHBIX U HCMONb3YEMBIX B HHX TEXHONOTHil ceTel
GecnpoBOAHBIX CEHCOPOB, & TalOKe BHIGOPY TEXHONOTHH cereli GecnpoBOAHBIX
CEHCOPOB A1 NIOCTPOEHHsA NpeiaraeMoi B HCClIeIOBaAHHH CHCTEMEI MOHHTOPHHT .
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[pH JMCTAHUHOHHOM MOHHTOPHHTE HCTOUHHKOB 3JIEKTPOCHAGKEeHHA
0GBeKTOB  TeJIEKOMMYHHKalMii  ocofoe  BHHMMaHHe  CNEAyeT  YOENATh
HH}pacTpyKType CBA3M, NOCKONLKY CeTh CBA3H TaK ke BaXHAa, Kak H cama
3nexTpuueckad HHQPACTPYKTYP2, @ HEHCIIPaBHOCTH B CeTH CBA3H HPHBOAAT K
OYeHB BEICOKOMY NPOLEHTY OTKA30B B CHCTEME 3JICKTPOCHA0MeEHHA.

Jina cHcTeMBl AMCTAHIMOHHOTO MOHHTOPHHTA BO306HORNAEMEIX HCTOUHHKOB
SHEPIHH ONpeJelieHs! TPH YPOBHA: YPOBEHE CTAHLIMH, YPOBEHDb CETH M NPHKIIANHONA
ypoBeHs (ypoBeHb HPHIOXKEHH:), KOTOPhIE NOKa3aHbl Ha pHC. 1.

e TORONPIDATHER @ Yaxu cencopen

u] am Garspcid
Ulxzd cSopa JaexTPOIRCPENN

- Conneanan nsuets
AKB - Axxywyastopisa Sarapes
BF - Bevporcurparop
C - esrrpaansonsusoe
AsexTpocuafenie
JAT = Jrseassil rexepriop

Pauc. 1. YpoBHH AMCTAHIHOHHOr0 MOHHTOPHAHIA

YpoBeHb CTaHUMHM: OOMeHMBalOTCA  HRDOpManmeil  HampaMylo M
oOMeHMBAIOTCA NONy4eHHOH HHpopMmauMei, 4ToObI yBEJIMIHTL BHIPaGOTKY
3JIEKTPO3HEPTHH, €e HCIOJIb30BaHHe H BpeMs 6e30Tka3Hoit paGoTsl.

VpoBeHb ceTH: NOANEPAKHBACT HANEKHYIO CBA3b MEXIY COJIHEUHOM cTaHuueH
H OCHOBHOI CETBI0. DTOT YPOBEHD JI0/DKEH ObITh HANEKHBIM, KPYNHOMACIOTaOHEIM
A OBICTpHIM, a TalkKe€ COOTBETCTBOBAaTH INHPOKOMY JHAaNa3OHy KadecTBa
obcayxupanns (QoS) st palIHYHBIX NPHIOKEHHIA.

Ipuknanpoii ypoBeHb: MNOMOraeT ONEpPaTOpaM LEHTPA MOHHUTOPHHIA
BBINOJHATE OCHOBHBIE ()YHKIHH MOHHTOPHHIA, AHAIH3A ¥ YIIpaBIeHHA.

Mexay BhIIENEpeYHCIEHHBIMH KOMIAOHEHTaMH M YCTPOICTBaMM CHUCTEMbI
MOHHMTOPHHIa CHIHANbHAA CBA3b OCYIIECTBIIAETCA B OCHOBHOM IBYMS CIOCOGaMu:
OPOBOJHOE WM C MOMOINBIO pagHocHrHanoB (GecnpoBomHoe coeguHenue). C
ydJeroM Bo3mokHoctel GecripoBomroli M MpoOBOAHON CETH MOCTPOCHHME YPOBHS
CTaHLHM CHCTEMBI MOHHTOPHHTA Ha OCHOBE TEXHOOIHH GecripoBoaHoHi ceTu Gyaer
HMETDb BBICOKYI0 3()()eKTHBHOCTB.

OnHo# H3 OCHOBHBIX NpoG/ieM NPH MPOEKTHPOBAHUKM CHCTEMbI MOHHTOPHHIA
ABIAETCA OpraHM3alMA CETH MNepelayd JaHHBIX HA YPOBHE HCTOYHHKA
JnexTpocHabxkeHua. 1o TpebyeT aHamM3a CIeMyIOMHMX TeXHONOrHii 6ecnpoBoaHoi
cerd And MAeHTU(PUKALMH H KOHTPONS KauyecTBa M HaJexkKHON CBA3M Mexay
CEHCOPHELIMH y3JIaMH:

— Wi-Fi — naspan B uectb cranmapra IEEE802.11, koTophiif OTHOCHTCA K
ceMelicTBy 6ecpOBOMHBIX CETEBBIX TeXHosoruii, B M3ydaeMEIX HcClieIOBAHHAX
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nporyckHas cnocobHocte M 3HepromorpeOnenne cranpapra IEEE802.11
OUCHHBAINCh MO CleAylomeMy 0a3oBOMY aHAIHTHYECKOMY BHIDAKECHHIO C
HCMONBL30BaHHeM MexaHH3MoB mepenaud RTS/CTS (Request/Clear To Send —
3arpoc nepesadx).

s p= x8xL,

= raary =] afnymy -
o lz: { )pcvlp.r(l_p—l) .(l'l’-r)‘.,.) , (1)

n
1

X
afmErg, -1 . . ramt [ Bt Time =1}
ot i e X (BT IR TR Yoo L P a-p =)
Toon 1 long 1
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3necs: T;F° — MpOINYCKHas CNOCOGHOCTL B Clydac MCIOJIL30BAHHA MEXaHH3MOB
BBosia RTS/CTS RTS/CTS, pi= — eposaTHOCTS yCHeIHOM Nepefadn MakeTa, P,
— BepOSTHOCTh BO3HHKHOBEHHA KO/UTM3HH, p,., — BEPOSTHOCTH OMMGOTHOM

nepenaun nakeroB, L, — o6beM OCHOBHBIX ONaHHBIX, Tio — MAKCHMABHOE
KOJIHYECTBO MOBTOPHO# nepemaun anA RTS, r,, — MakCHManbHOE KOJIHYECTBO
NOBTOPHBIX Nepejaq A NaKeToB AaHHbIX, 7,/M — KOJMYECTBO KOUIM3HHA H
omub6ox.

—Bluetooth (cranmapr IEEE 802.15.1) — cumraerca 6ecnpoBomnoit
TexHonoruel, paboTalomas B CBEpPXBHICOKOYACTOTHOM juamasoHe ot 2,402 no
2,480 I'T'u 1 ncnones3yeMas Ui nepeadd AaHHBEIX Ha KOPOTKHE PaCCTOSHHSA MEXITY
CTalHOHApHBIMH YCTPOHCTBAMH H U1 CO3MaHHA MEpCOHANBHBIX ceTell. B
H3ydeHHO!N paGoTe mMpennaraeTcs CIEAYIOMEe AHANHTHYECKOE BEIPKCHHE A
MPONMYCKHOM CMOCOOGHOCTH ceTH, KoTopad MpeACTaBnser cobofi OCHOBHYIO
XapaKTEepHCTHKY CETH:

n*8 , @
+2r+2max(t,, 1, +1,)

Tmz(""")=i+(m+s)1{¢ 8
RTR

sgech: M — KONMYECTBO OCHOBHBIX JaHHBIX B OaifTax, nepefaBaeMEIX OT
KOOpAMHATOPa K ynpasndemoMy y3ny, $ — pa3Mep OCHOBHBIX AaHHBIX B Gaifrax
OTBETHOTO NaxeTa, R, — MHTeHCHBHOCTS (bitrate), R, — MHTEHCHBHOCTE kofia (code
rate), S, — o6beM 3arajioBka B 6urax, !, — Bpems, HeoOxomumoe mia obpaboTku
maKeTa nepen ero nepemavei, ¢,, — Bpems, HeobxomuMoe s 06paboTkH makera
1IocJie ero NOMyveHHs, I, —MeXKaapOBOe BPEMs, ¢ — 3a1epKKa PacipoCTPaHEeH
CHrHaJ1a.

—Zigbee — 310 TexHonorua OecnpoBOAHOM CceTH, OCHOBaHHad Ha
cneundukauny IEEE 802.15.4, koropas BnovaeT B ce6a Habop MPOTOKOJIOB CBA3H
BEICOKOrO YPOBHs. JTa TEXHONOrHA, HasbiBaeMas Zigbee, paspaborana kak 6onee
AIpOCTad H AelileBas TeXHONOTHA, YeM Apyrue 6ecnpoBoHbIe NEPCOHATLHEIE CETH
(CLLAT), Takne xak Bluetooth win Wi-Fi.

B xome MCCleNOBaHHA ANA H3YYEHHA MPOMYCKHOH CHOCOGHOCTH
6GecnipoBoAHO#i ceHCOpHOH ceTH OBUIO CHOPMHPOBAHO CIIERAYIOMIEE BEIPAKEHHE:

1o =St o et Dy Fua Pl DR D) 3)
1y, (Y 10 TP N, + 2 Fon)
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31eck: S,— Cpe/iHee KONMYECTBO OHTOB, MEPeNaBacMBIX B KWKIOM NEPEXONHOM
COCTOAHHH, !, — CPEJHEE BpEMs, 3aTpPauMBACMOE Ha KKIbIA nepexon, /.., —
KOJIM9eCTBO GHTOB, COOTBETCTBYIOMMX MakKeTy, !, — MPONOJDKHTENLHOCTD COTa
TIOBTOPHO# NmepenayH, x,,, — BEPOATHOCTb YCTOHIHBOr0O MapKkoBCKOTO COCTOSIHMS,
onpeneneHHoro B Mofenn Oydepusamnu, p(l,,j) — BEPOATHOCTh OOHapyXeHHs
nepBoro KaHana, p,(f,,j) — BEPOATHOCTh YCNEMHOro BBOZA YKa3aHHOTO y3na K
KaHalNy, !, — TNpPOAODKMTENBHOCTh CJIOT2 MOBTOPHOM nepegaun, f, — BpeMs
BHPTYAITBHOIO 00CITyKHBaHMS.

CpaBHHTENIbHbIE FPa)HKH CETEBLIX CTaHAAPTOB MO NpPOMyCcKHOM cocoOHOCTH
H 3HeproddQexTHBHOCTH NOKa3aH Ha pHC. 2. DTOM rpadHKH OCHOBaHH Ha
3HAYCHMAX CHYy4aeB C HaMBHICINEH NpPOM3BOAMTENBHOCTHIO Ha Trpadukax,
MPUBEEHHBIX UIA KOKAOTO H3y4eHHOrO BILIE CETEBOr0 CTAHAAPTA.
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Pac. 2. CpaBunTensnblii rpadukn crangapros Gecnposoauoii cern WiFi,
Bluetooth u ZigBee no nponyckHoi cioco6HocTH (a) U
sHepro3dpdexruBHoCcTH (6)

OpHoO# M3 OCHOBHBIX Mpo0ieM B CHCTeMax AMCTAHLHOHHOTO MOHMTOPHHra
ABnAeTcd anekTpocHabxenue. [1o 31oit npHarHe B cHcTeMaX MOHUTOPHHIA OOBIYHO
HCIONB3YIOTCA YCTPOHCTBa ¢ HaHMEHbIIMM 3HepronorpebneHuem. Kpome Toro,
CEHCOpH, YCTaHOBJIEHHbIC HAa KOHTPOJIIHPYEMbIX 06beKTaxX, FeHEpHpPYIOT HEGoNb IO
Habop naHHBIX, H TaKkHe CHCTEMBI He TPEOYIOT BBLICOKO-IPOH3BORHTENBHBIX
TexHosoruii. MoxHO BEICOKO OLEHHTE NPEHMYILECTBA HCIIOIB30BAHHA TEXHOJIOTHH
ZigBee a1 chOpMHPOBAHHEIX Ha 3THX OCHOBAaX CHCTEM MOHMTOPHHTa.

TpeTsa rnasa auccepraniH «MeToan! H MoJeJIH OCT POCHHA CeTH NepeaaTH
A3HHBIX CHCTEM JHCTAHIMOHHOTO MOHHTOPHHIa» MOCBALIEHAa HCCIIENOBAHHIO
MPHHIMIIOB M Tomonoruil cere#f GecnpoBOAHBIX CEHCOPOB MEpPeAavd JAHHBIX Ha
ocHose ZigBee, MonenaMm cerelf o6MeHa JaHHEIMM CHCTEMBI JUCTAHIHOHHOTO
MOHWTODHHTZ M OINMCAHMIO ceTel GECTPOBOMHBIX CEHCOPOB CeTeH nepemadH
DAHHBIX.

Jna nuHaMHYeCKHX OECIpOBOAHBIX ceTelf O4YEeHB CIJIOXHO OCYIIECTBHTh
NMpaBHIBHOE MOJCIHPOBAHME TMPOTOKOJA Ha OCHOBE CETEBHIX YCIOBHH.
MopenupoBanse mpotokona Ge3 ydera ¢yHkuun Oydepusauuu Aemaer ero
HEHAJIe)KHLIM H HEOTIPEACJICHHBIM Ha NTpaKTHKe. JIN1 aHaJTH3a BIHAHNSA 3arpy3KH Ha
OPOW3BOAUTE/ILHOCTL TEXHONOTHH GeCIpoBOAHON CeTH B peaylbHOM BPEMEHH Ha
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OCHOBE CIAILIETO PeXUMa HCMOJB3yeTcs Henb MapkoBa. 9Ta MO COCTOHT H3 3
cy6moneneii crangapra ZigBee (Puc. 3).

Py.1)

Puc. 3. Cyomoaenn nponecca pabore! GecnipoBoaHoii ceTH CTaHAAPTA
ZigBee ana cHcTeM MOHHTOPHHTA: N, (f) — pacnipefie/leHHe KOMIeCcTBa

KOHKYPHPYIOIIHX Y370B, p(f,,.!) — pacnpeneneHye BpeMeHH BHDTYANLHOTO
obcmyxuBanus, p,(f,,.f) — BEPOATHOCTb YCNEMIHONO AOCTYNA K KaHaNy, p,,(g,1) —
pacnpenesiecHHe 3TanoB 00paTHOMH CBA3H.

Cama uens MapkoBa npeAcTaBiser co6oif AByMepHEIi ciiyvaliHeni npouecc
(Puc. 4). ITpu 3ToM b(t) 1 s(t) - 370 MpoLECCH, NOHIDKAIOIHE COCTOAHAE CIETIHKA
00paTHOro OTCYETA H €ro YPOBEHb COOTBETCTBEHHO.

{1-Pk}{1-gK)/WO
L 09
" oA
\‘\\ “\\ \‘\
W W W\
K1-Pklox N AN
1 \

S

Puc. 4. [lens MapkoBa, ONHCHLIBAIMANA OLEHKY COCTOAHAA CTAHINHM ceTH
Ha OCcHOBe cranaapTa ZigBee B cHcTeMax MOHHTOPHHTA
Cocrosuue k-aneMeHTa ceTd 3anucriBaeTcs Kak {i,/}, 3aech i —3ran 3anepxKH
co 3HaueHusaMu B Juanaszode (0,1,...m+4dm), m — MaKkCHManbHOE KOJHYECTBO
3Tanos (MOMLITOK) NMepeaauy MaKeTos, Am — AOTMOAHUTENbHBIE JTanbl nepenayn; /
~CUETYMK BpEMEHH 3aJepiKKH BO BpeMeHHOM uHTepsane (0,1,...,Wi-1), W; =2iWy -
JUTHHA «KOHKYPEHTHOTO OKHa» Ha 3Tale j- 3a/IepxKH.,

33



Hcnone3ys uens MapkoBa onpenensercs BEPOATHOCTH Mepeladd AAHHBIX 3a
HHTEpBAN BpPEeMEHH, B KOTOPOM 3/IEMEHT CETH MpocMaTpHBaercd uepes P;. OH
NepefaeT MakeT, KOTAa CYETUHK 33afepXKH OOHYJNAercs, T.e. OH HAXOAHTCA B
nosumuu  {i,0}. Ilo3ToMy BeposTHOocT® mepemaun k-ro asnementa cetd B
paccMaTpHBaeMOM HHTEpBANlC BpEMEHH ONpEAEAeTcA CACAYIOIHM obpasom:

- 201-R) . @
zf/,(l-P.)ﬂ,_,,'..,...)w[a (2(1;,)»)(1 R) . pe2ny .(,_,,.A.))

'k &

Jnst omHOro 2NIEMEHTA CeTH BEPOSATHOCTH NEpeJadH HHTEpBala BpeMeHH P,
paBHa:

B, =1-]Ta-&)- Q)

=]

Hcxona u3 3toro, BEPOATHOCTH ycnemHo# nepefavid CEeTH ompeneniercs
CIeAYIOmHM 06pasoM:

P =z:.,’?:n:.,(l-ﬂ,)_ (6)

P

[ 4

Hopmam3oBaHHad NpoNyckHas CIOCOGHOCTh KaHana MNpEeACTaB/ferTcs Kak
OTHOIICHHE CpelHEH IoNe3Hol Harpy3kH HH$opMauHH, mepeaaBaeMoit 3a
HHTEpBa/l BpeMeHH, K CPEAHeil INHHe 3TOro HHTEpBajla BpEMEHH.

B cocrosHMHM HacHINEHHA OXHIOaeMaid NPONMYCKHAas CIOCOGHOCTL ceTH
onpeeserca cIeAyIOIHM BHIPRKEHHEM: i

5= bl . ™
Q-R)-T,+F,-F,-T,+F,(1-P)T,

I'paduk BepOATHOCTH YCmeLIHON NEpeAaYH MakeTa B 3aBHCHMOCTH OT
KOJIHYECTBa Y3JI0B B CETH MPH MaKCHMaILHOM KOJIMYECTBE 3TaNoB NepejatH nakera
m=6, MHHMUMAJILHOH JTHHE «OKHA KOHKypEHLHI» W;=38 npeacTasieH Ha puc. 5.

BeposTnocers yeneunsoi
nepeaasn
BepoaTunocrs ycneninod

07 " I R

B
0 2 El Q E] ® J
Koamectso yanos Konagecrso yaos

a) 6)

Puc. 5. I'padHKH 3aBHCHMOCTH BEPOATHOCTH ycnemHol nepeaayn nakeros
OT KOoH4ecTBa y310B: a) P, =0.1;6) P, =0
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I'paduku 3aBHCHMOCTH BEpOSTHOCTH YCMEMHON mNepefiayd NAKEeTOB OT
MHHHUMAJIBHOH JUTMHB! «OKHA KOHKYPEHUMH» NpH MaKCHMANIbHOM YHCIIE 3TamoB
nepeaauy nakeToB m=6, Harpy3ke cHcTeMH A/=40% npecTaBiaeHH Ha puc. 6.

- 1t T e S 1 e =3
2 T = 2= :
= 09 . = 0% 4
g g
Q@ ot o 0%
E = =
‘>‘. E o} 4 2 gou
E g ool gom
25 S oolf
E 209 E =04
2 - | g cef  ptat’
-9 ~e-ed g oy
] ——=fl —— ety
m % +2] & -2
; e mp L L N Mviteed
oH, [ ) ) w 0 0 B W W W W W W DS W
MHHHMANLHOH ANHHB MBHEMANLHOH JTHEB
«OKHA KOHKYPeRIHE» «OKHA KOHKYPEHIHID
a) 6)

Puc. 6. I'paduicH 3aBHCHMOCTH BepOSTHOCTH YCIICIIHOM NepeavH HAKeTOB OT
MHHBMAJILHOM JUTHHLI «OKHA KOHKYPeHLAm): a) F, =0.1;6) P, =0

OTH rpadHKH TO3BOJMIOT ONpENENHTh ONTHMAIBHOE KONHYECTBO Y3JIOB
MOJeJI MOHHTOPHHTA 1A ceTH GecnpoBomubix AariukoB. Ha ocHoBe rpaduxos
6bUIO YCTaHOBNEHO, YTO pe3yNbTaThl, MONy4eHHbIe WA 4, 6 U 16 yznoB, pesko
OT/IMHAIKCH OT KIacCH(pHKalMii konudecTsa Y3108 B GopmoM konugectee (32 H
64).

YerBepras rnasa auccepraimu «CHereMbl MOHHTODHHMIA HCTOYHHKOB
3JIeKTpocHalxennsa o006beKTOB TelekOMMYHHKamHil H HX NpHMeHeHHE Ha
NMpaKTHKe» NOCBALICHa pa3paboTke HMMHTAIMOHHBIX MoAeNel, alropHTMOB H
MpOrpaMMHOre oGecreueHns IUIA MOHHTOPWHIA 3JIEKTPOCHA0KEHHA 00BEKTOB
TeNleKOMMYHHKaLWif, MOHHTODHHTA C HCIOJIb30BaHHEM Mojeleit Ha ocHoee IoT
TEXHONOTHH. ’

B cHcreme MOHMTOpPHHra pa3paboTaH anroput™M KoOHTponda paborel
HH(}OpMaLHOHHO-H3MEPHTENBHOM CHCTEMBI, KOHTPOJNA HCTOYHHKA 3NIEKTPO-
cHabkeHUA ¢ yueToM npoueccos c6opa i 06paboTkH naHHLIX H3Mepennii (Puc. 7).

OObeKT TeNeKOMMYHHMKAIMI ABNAeTCA TrosoBHOM cramimed ueHTpa
MOHHMTOPHMHIA MCTOYHHKOB 3JIEKTPOCHR0XKEHHs, rae coOHpaloTcs BCe NaHHHE O
HabmopaeMBIX BEJIMIHHAX H MApaMeTpax KaXAoro oOBeKTa OTAeNbHO, JaHHBIE O
nmapamerpax o6pa0arTbIBarOTCs, pe3ynsTaThl MOHHTODHHTA CpaBHHBAlOTCA €
YCTaHOBIICHHBIMH HOpMaTHBaMH. Ha OCHOBE CpaBHEHHEIX 3Ha4EHHH onpenensercs
pabouee cocrosnue cucrembl. HaGop saHHBIX 0 KakaoM 0GHapy:xeHHOM pasMepe H
napamerpe BCeX KOHTpONMpYyeMBIX oOBEKTOB MEpEAacTCi Ha BXOX CepBepa MO
pagvo- WiH MPOBOAHBIM KaHajiaM CBA3H B BHAC IMOC/CAOBATENLHOCTH aNpPECHBIX
nakeToB mo BpeMeHH. [TocTynajomue Ha cepBep B peaibHOM MaciiTabe BpeMeBH
JaHHble, 00pabaTLIBAIOTCA, OMpPERENAETCH CPEqHEe MATEMaTHYECKOe 3HAYCHHE H
CpaBHHMBAeTCA C KPHTEpHEM, YCTAHOBIICHHBIM AJ1A 3Toro napamerpa (Prc. 8).

35



Ecnn cpennee 3naverme semramist win napaMeTpa KOHTPONA M yNpaBieHHA
MEHbIIE WIH 60Nbme HOPMEL, TO cHCTeMa NPHHMMAET peIieHHe O HeO6XOANMOCTH
OGCITY:KHBaRAS 0GbeKTa ¢ nanHOH BeyMuHON HIH napamerpoMm. Eciin cpenHee
SHA9CHHE NapaMeTpa KOHTpONA M yNpaBlieHHd COOTBETCTBYET HOpME, TO
NpYHHMACTCA DEIIEHNe O TOM, 9T0 TeXHMYeckoe OOCITyXHBaHHe oObEKTa He
Tpebyetcs. Pesymetati pememms orobpakaiorci Ha MommTope LleHTpa
YNpaBJeHHA HCTOTHHKAMH SHEpProCHal0KeHHA.

PaspaGotamnas mopem. mucrammmmonmoro MOHHTOPHHra MO3BOJIAET
AHATH3HPOBATE JAHHEIE 00 3HEPronoTpe6NeHHH B PeXHME PEATbHOro BpeMEHH, 0
TOM, CKOJIBKO HCTOYHUKOB 3JIEKTPOCHA0XKEHHA HCIIONB3YETCA B TeYeHHe AHA H O
KOJIMECTBE TPaBM, a Taloke ITaHHPOBATh Pe3ePBEI V1A 06ECNIeUeHH s HenpepHIBHOM
paboTel.

3a cuer npaxTHYeckoro npuMeHenHus cereil GECIPOBOAHBIX CEHCOPOB,
monyne# GecnpoBoHE cetedt u 6moka MHKPOKOHTPOJLIEPOB, COOTBETCTBYIOIIHX
KONIMMECTBY ~ MCTOYHHKOB, nporpaMMHoro ofecreueHHs, CO3ZaHHOro Mo
NPEMUIOKEHHOMY anropuTMy yiaydmeHa pa6ora H TEXHHYECKOe COCTOAHHME
00BEKTOB TeNIEKOMMYHHKAUHI HCTOYHUKOB BO30GHOB/AMOH SHEPIHH.

3AKJIIOYEHHE

B pesynerare uccnenosaumii mccepraumu noktopa gunocopun (PhD) Ha
TeMy «Mognenr MOHMTOpHMHra HCTOYHMKOB JHEProcHabXkeHHs OOBEKTOB
TENICKOMMYHHKALIMA Ha OCHOBE ceTel GecrpoBOAHBIX CEHCOPOBY» MpEACTABNCHB
CIICAYIOIIHE BRIBOJIBY:

1. Jlokasano, uTo paspaGoraHHbIe MONENH M YCOBEPIIEHCTBOBAHHAA CHCTEMa
MOHHTOPHHTA TMO3BOJIAIOT KOHTPOJIMPOBaTh M IKCIUTYaTHPOBaTh HCTOYHHKH
3HEProcHabXeHHA C BEICOKOH TOYHOCTBIO H HANEKHOCTBIO.

2. OniepaTHBHBIA MOHHTODHHT HCTOYHHKOB OHEprocHabxenus oGBEKTOB
TeNEKOMMYHHKaLHI Ha OCHOBE MpeIoKEHHOH MOAEN o00ecne HBaeT BO3MOKHOCTD
CBOEBPEMEHHOr0 O6GHapy keHHe HeMcnpaBHocTel M GBICTpOe 06CITy)KHBaHHE.

3. JIMCTaHIMOHHEIH MOHHTOPHHT HCTOUHHKOB CONTHEYHOTO SHEprocHabkeHns
C Y9eTOM BEJIMYMHB! W TapaMeTpoB IJNEKTPHIECKOK Harpy3kH, TeMIepaTyphl
HCTOYHHKA SHEProcHabxeHHs, 3abUIEeHHOCTH MOBEPXHOCTEH CONIHEYHBIX MaHesTeH
ONPEREIIAET BO3MOXKHOCTE NOBLINEHHA HX CpOKa CHYKOBI M TEXHHYECKOTo
COCTOSIHHA Ha 4-5%.

. 4. YcTaHOBJIEHO, YTO pe3yNBTATH, NOMy4YeHHEIE HA OCHOBa (OpPMHPOBAHHEIE
YpaBHeHHA uis 4, 6 M 16 ya10B c60pa ABIHHBIX PE3KO OTIHYAIOTCA OT pe3y/IBTaToB
¢ GonbmmuMH konuyecTBaMH y3noB (32 H 64) M OHM JOKa3aHLl ONpeAENAIOMHMH
daxropamu npu BrIGope HeOGXOMMMON CTPYKTYPEI CHCTEMEI MOHHTOPHHTA.

5. lokasaHo, 4T 3a cueT BHeApeHHs pa3paGoTaHHOMH CHCTEMbl MOHHTOPHHTA
Ha 00BEKTaX TeJIeKOMMYHUKALMH 3¢ ekTHBHOCTh YCTPOMHCTB NMOBBIIEHAa Ha 4-
4,5%.

6. loxasaHo, 4YTO CBOEBpeMeHHoe OOHapyXeHHe HEHCIpaBHOCTeH B
HCTOYHHKAX dHeprocHabxeHus Ha 6a3e pa3paboTaHHON cHCTEMBbI JUCTAHIIHOHHOTO
KOHTpOJIs NO3BOJIMIO YBEHYHUTH CPOK CITyk6b! ycTpoiicTs Ha 3-3,5%.
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INTRODUCTION (abstract of PhD thesis)

The aim of the research work is modeling, research and apply in practice the
monitoring based on wireless sensor nets of power supply sources of telecommunication
objects.

The object of the research work is the monitoring devices and tools based on
wireless sensor nets of power supply sources of the telecommunication objects.

The scientific novelty of the research work are as follows:

developed the principle of construction of topology and a model for remote
monitoring of power supply sources based on wireless sensor nets data transmission
system;

created the model of remote monitoring for power supply sources of
telecommunication objects based on IoT;

developed the simulation model and an algorithm for the remote monitoring of
power supply sources of telecommunication objects based on wireless sensor nets;

a model of a device of the converter of current into voltage was created the first
time for the monitoring system of power supply source of telecommunication objects
based on wireless sensors nets.

Implementation of research results.

Based on the results of remote monitoring models of power supply sources of
telecommunication objects:

The principle of construction of topology and a model for remote monitoring
of power supply sources based on wireless sensor nets data transmission and the
model of a device of the converter of current into voltage for the system of wireless
sensors nets for monitoring the power supply source for telecommunication objects
introduced at enterprises under the Ministry for Development of Information
Technologies and Communications, in particular at the Yangibazar
telecommunications network of the Tashkent branch of “Uzbektelecom™ JSC
(Reference No.33-8/6678 on September 23, 2021, of the Ministry for Development
of Information Technologies and Communications). As a result of scientific
research, the total service life of equipment has been extended by 2-3% through
timely detection of faults in power supply sources and prompt maintenance;

The model of remote monitoring for power supply sources of
telecommunication objects based on IoT and the simulation model and an algorithm
for wireless sensor networks of remote monitoring of power supply sources of
telecommunication objects introduced at the enterprises under the Ministry for
Development of Information Technologies and Communications, in particular at the
Amasay and Yangiabad district telecommunications network of Jizzakh branch of
“Uzbektelecom” JSC (Reference No.33-8/6678 on September 23, 2021, of the
Ministry for Development of Information Technologies and Communications). As
a result of scientific research, it is possible to improve their service life and technical
condition by 4-5% by remote monitoring of solar energy sources, taking into account
the load, the temperature of the power supply system, the dusting of the surfaces of
solar panels.
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The model of a device of the converter of current into voltage for the system of
wireless sensors nets for monitoring the power supply source for telecommunication
objects introduced in enterprises under the Ministry for Development of Information
Technologies and Communications, in particular at the Center for Radio
Communication, Broadcasting and Television SUE. As a result of scientific
research, monitoring has achieved to reduce the maintenance time of
telecommunications facilities by 10-15%.

Structure and volume of the dissertation. The dissertation consists of four
chapters, conclusion, list of references, annexes. The volume of dissertation is 120
pages.
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