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Moaudukanus MeTauI00PraHUuYeCcKOro XJI0p3aMeIIeHHOTO EPOBCKUTA MTPU TOMOIIHN
KaTHOHA ATUJIEHAMAMMOHUS MIPUBOJIUT K MOBBILICHUIO KAueCTBA MMOKPBITUHM 3a CUET cO3/1a-
HUS TIPAKTHYECKU CILJIOLIHOM 3€pHHUCTOM CTpyKTyphl. CBETONpPOIMyCKaHue MOAUDUIUPO-
BaHHBIX MEPOBCKUTHBIX IUIEHOK MOHMXKAETCSI BO BCeH 00s1acT BUAMMOroO crektpa. Takue
U3MEHEHHUS CTPYKTYPhl U KATHOHHOI'O COCTaBa NEPOBCKUTOB OJIArONPUATHO BO3AECUCTBYIOT
Ha ONTHYECKHE CBOMCTBA M A()()EKTUBHOCTH MIEPOBCKUTHBIX COJIHEYHBIX 3JIEMEHTOB.
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PAOVWOBOIH B TPOMNOC®EPE HA OCHOBE KOJIMMECTBEHHbIX
MOAEJNEWN N AAHHbLIX PEAJIbHbBIX CUCTEM
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Ilpedcmasnen ananus Kuo4esvlx QU3UUECKUX MeXaHUusMo8 — 3amyxauus u peppaxyuu
Ppaouosonn 6 mponocghepe — ¢ UCHONBL30BAHUEM KOAUYecmEeHHbIX moodenel pekomenoayuii ITU-R u
OAHHBIX IKCNIYAMAYUU DeasibHblX MPONOCEhePHbIX CUCMeM, BKII0YAs omeyecmeeHHble CIMAHYUU
«I'pozar u ucmopuueckyio TPPJI «Cesepy. Iloxazano, xax ammocgheproe noziowenue, eiusHue
0CaoKo8 U epadueHmol NOKA3Amens NPeIoOMIeHUs. ONPedesom HA0EHCHOCb U OAIbHOCHb CEA3U.
Ocoboe eHumanue yoeneno Npakmuyeckum acnekmam NpoSHOZUPOBAHUS YCIOBU pACnpoCmpa-
HeHusi U adanmayuy napamempos COBPEMEHHbIX CUCeM K USMEHsIouelics mponocoepuoi
obcmanoeke. Pezynbmamsl noOYeprusarom 6axdcHOCmMb UHMeZPAyuU paouomemeopososudeckKux
MoOenell 8 NPOeKMUPosanue U IKCHIYAMayuro mponocQepHuix TuHUL céa3u 0 obecneueHus ux
YCMOU4UBOU pabombl 8 CLONCHBIX KIUMAMULECKUX VCIOBUSX.
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ANALYSIS OF ATTENUATION AND REFRACTION MECHANISMS
OF RADIO WAVES IN THE TROPOSPHERE BASED
ON QUANTITATIVE MODELS AND DATA FROM REAL-WORLD
SYSTEMS

I. A. Zelinskiy, V. A. Fedorenko
Belarusian State University of Informatics and Radioelectronics, Minsk

The paper presents an analysis of key physical mechanisms — attenuation and refraction of
radio waves in the troposphere — using quantitative models from ITU-R recommendations and
operational data from real-world tropospheric communication systems, including the domestic
“Groza” stations and the historical “Sever” tropospheric radio relay line (TRRL). It demonstrates
how atmospheric absorption, precipitation effects, and refractivity gradients determine the
reliability and range of communication links. Particular emphasis is placed on practical aspects of
propagation condition forecasting and adaptive adjustment of modern system parameters to the
dynamically changing tropospheric environment. The results highlight the critical importance of
integrating radiometeorological models into the design and operation of tropospheric
communication links to ensure their robust performance under challenging climatic conditions.

Keywords: tropospheric communication, radio wave attenuation, refraction, tropospheric
fading, “Groza”, ITU-R.
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TponocdepHast cBsA3b, KaK TEXHOJOTHS 3aTOPU30OHTHON Mepeaaun paJliOCUTHAIOB, B
3HAYUTEIBHON CTENEHH OIpenenseTcss (U3NIeCKUMHU TPOIeCCaMH, MPOUCXOAAIINMH B
HIDKHEM ciioe atMocdepsl — Tpornocdepe. JIBa KIIOUEBbIX SBICHHS, OKa3bIBAIOIINX JOMU-
HUPYIOLIEE BIUSHUE HA KaUeCTBO U HAJIEKHOCTh CBSI3U — 3TO 3aTyXaHue U pedpakuus pa-
nuoBOJH. [loHMMaHue U KOIMYECTBEHHOE OMMCAHKUE STUX MEXAaHU3MOB SIBIISIOTCS OCHOBOM
JUISL IPOEKTUPOBAHUS, ONTUMU3ALMHU U MPOTHO3UPOBAHUS pabOThl TPONOCHEPHBIX JIUHUN
cBszu [1, 2].

3aryxaHue paguoBOJIH B Tponochepe 00yCIOBICHO MOTIOUICHUEM SHEPTHH CUTHANA
MOJIeKyJIlaMH aTMOC(EepHBIX Ta30B M pacCcesHHEM Ha THIpoMeTeopax (JA0Xkab, TyMaH,
cHer). OCcHOBHOM BKJaJ B IOIJIOLIEHHE BHOCAT MOJIEKYJIbl KUCIOPOJA U BOASHOIO Mapa,
KOTOpBIE UMEIOT PE30HAHCHBIC YacTOThl moruyomieHus. CormacHO pekoMeHaanusmM Mex-
nyHapoaHoro coro3a 3ekTpocBs3u (ITU-R P.676-13), nukoBble 3HAYCHUS TMOTJIOMICHHS
IUTsl KHCTopoia HabmogaroTess Ha yactotax okono 60 u 118 I'T, a ans BoxsHOro mapa —
Ha 22,2 u 183,3 I'Tu. Mexnay 3TuMu nukamu GOpMHUPYIOTCSI TaK Ha3bIBAEMbIE «OKHA IPO-
3pa4yHOCTU», TJe OclablieHne MUHUMAIbHO, U UMEHHO B 3THX AHAMa30HaX pealn3yloTcs
COBpeMEHHbIe TponocpepHble cucTeMbl. KoanuecTBeHHO MOrOHHOE OociabjeHue paccuu-
THIBA€TCS MO dMIHUPUYECKUM (hopMyrnaM, 3aBUCALIMM OT YacTOThI, TEMIEPATYPHI, AaBIie-
HUS 1 a0COJIIOTHOM BiIayKHOCTH [1].

JlaHHBIE peanbHBIX CHUCTEM, TaKMX KaK OoTeuecTBeHHas crtaHuus «['poza», moarsep-
KIAI0T, 4TO TIpH pabote B nuamnazone 4—6 [T BausiHUE ra30BOTO MOTJIOIICHHS HE3HAYH-
TeNbHO, OJTHAKO Ha yacToTax Bbime 10 [Ty oHO cTaHOBUTCS KPUTHYECKUM U TpeOyeT TIia-
TEJIEHOTO y4eTa MPH pacyeTe YHEPTeTUIECKOT0 OI0KETa JTMHUH.

JlononHuTenbHBIN BKIAJ B 3aTyXaHHe BHOCAT ocanaku. KoaddummeHt ocnabnenus B
noxne, cornacuo ITU-R P.838-3, pe3ko Bo3pacTaeT ¢ yBETUYCHHUEM YaCTOThl U UHTCHCHB-
HocTU Moxs. Ha wacrorax cBeime 15 I'T'n moskaeBoe 3aTyxaHue MOKET IPEBBIIIATH ra30-
BOE U CTAHOBUTHCS ONPEACISAIONNM (HaKTOPOM IPH pacueTe HAACKHOCTH CBSI3U. AHAIN3
JTAHHBIX JKCIUTyaTalliu TPONOCHEPHBIX JIMHUN B PErHOHAX C BHICOKOM BIAXKHOCTHIO MOKa-
3BIBACT, YTO UMEHHO JIOXKCBBIC 3aMUPAHUS SIBJISIOTCS OCHOBHOM MPUYMHOM BPEMEHHBIX
c6oeB B paboTe cucteM Ha yactortax Boiie 8 [T [3].

Pedpaxmus B Tpomochepe — 310 pusnyeckoe sBICHHE, 3aKIIIOYAIOIICECs B U3MCHE-
HUU HampaBlIeHUs PACIIPOCTPAHEHUsI PAHOBOJIH MPU UX MPOXOKIECHUH UYepe3 Tporochepy
BCJIC/ICTBUE HEMPEPHIBHOIO H3MEHEHUS IMOKas3aTels MPeOMIICHUS BO3AyXa C BBICOTOM.
[Tokazarens npesnomieHust N 3aBUCUT OT TEMIEPATYPbl, JABJICHUS U BIAXKHOCTH BO3/yXa U
B HOPMAJIBHBIX yCIIOBUSIX YMEHBIIAETCS C BBHICOTOM cO cpeaHuM TrpaaueHTtom (—40 N-emu-
HUI/KM). DTO TPUBOJUT K CTAaHAAPTHON pedpakuuu, KOTOpas yBEIUYHBACT PaJuOTOPH-
30HT NpUMepHO Ha 15 % no cpaBHeHMIO ¢ reoMeTprudeckuM. OTHaKO B pealbHbIX YCIOBH-
X 4YacTto HabmromaroTcs aHoManuu. [Ipu cyOpedpakmuu paguoropu3oHT COKpariaeTcs,
YTO MOXKET MPUBECTU K TMOSBICHHUIO «MEPTBBIX 30H». Haubonee mHTepecHa A TPOMO-
chepHOlt cBsi3u cBepxpedpakiivs, BOSHUKAIONIAs IPH UHBEPCUU TEMIIEPATypPhl U PE3KOM
MaJICHUH BIIAXXHOCTU C BBICOTOM. B Takux ycioBusx popmupyroTcs TpornocdepHbie BOJI-
HOBOJIBI, CIIOCOOHBIE NEPEHOCUTHh CHTHAJI Ha THICSYM KWJIOMETPOB, HO C KpaifHe Hempen-
CKa3yeMoil HaJexHOCThI0. KonmnuecTBEeHHBbIE MOJIENIN, OCHOBAHHBIE HAa JJAHHBIX METEO-
CTaHIMM U PaJMO30HAMPOBAHMS, MO3BOJSIIOT MPOTHO3UPOBATH BEPOSITHOCTH BO3HUKHO-
BEHUs cBepxpedpakiuu AJii KOHKPETHOW Tpacchl U BpeMeHu roga. Hampumep, uccneno-
BaHus B PecniyOnuke BypsTusi moka3anu, 4To B JETHHI MEPUOJT BEPOSTHOCTh OJIarompusiT-
HBIX JUIs cBepXpedpakuuu yciaoBuil Moxet nocturats 10-15 %, uto oObsicHseT Habir0-
JTaeMbl€ B IPAKTUKE PE3KUE BCIUIECKH YPOBHS CUTHAJIa HAa TPOIOCPEPHBIX IUHUSX [2, 3].

CpaBHUTENBHBINM aHAJIN3 JAHHBIX PEaJbHBIX CUCTEM, TaKUX Kak ucropuueckas TPPJI
«CeBep» u coBpemeHHast «I'po3a», IEeMOHCTPUPYET BOJIOLHUIO MOJIXOJ0B K Y4ETy 3THUX
MeXaHu3MOB. Ecii B MPOLUIOM MPOEKTHUPOBIIMKU 3aKIaJbIBATIM OTPOMHBIE 3amachl IO
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MOIIIHOCTU JJI1 KOMIIEHCALIUU HEMPEICKa3yeMbIX 3aMHpPAHUN, TO COBPEMEHHbBIE CHCTEMBI
UCIIOJIB3YIOT aIalITUBHBIC AITOPUTMbI, OCHOBAaHHBIE Ha TTOCTOSTHHOM MOHHUTOPWHIE KaHala
n KonmdyecTBeHHbIX Mozesax ITU-R. DTo mo3Boisier AMHAMHUYECKH NTEpecTpanuBaTh 4acTo-
Ty, CKOPOCTb TIEpeIadyu U MOITHOCTh, 00ECIIeunBasi CTAOMIBHYIO CBS3b IMPU MUHUMATBHBIX
sHepro3aTparax. TakuMm o0pa3oM, ITyOOKUN aHATN3 MEXaHU3MOB 3aTyXaHus U pedpakuun
C UCIOJIb30BAHUEM COBPEMEHHBIX KOJMYECTBEHHBIX MOJICNIEH U JAHHBIX PEAbHBIX CUCTEM
SIBJISIETCSI KIJIFOUOM K CO3/IaHHIO HAJISKHBIX, () (HEKTUBHBIX U SKOHOMUYECKH LIEJIECO00pa3HbIX
TPONOC(EPHBIX JTMHUMN CBSI3H, OCOOCHHO B yIAJICHHBIX U TPYJHOAOCTYITHBIX PETHOHAX.
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Paccmompena npobnema ananuza noxynamenvckoeo unmepeca. Ilpeonosiceno pewenue na
OCHOB8e UHMENNEeKMYATbHOU 00pabomku eudeonomoxa. Ilposedeno onucanue npoexma urgopma-
YUOHHOU CUCmeEMbl, 8 OCHO8e KOMOPOU Ppeanu3ayus aieopummos KOMHbIOMEPHO2O 3PeHUs U
pabomvl ¢ HEUPOHHBIMU CeMAMU 0N MOHUNOPUH2A NOCemumenell 8 pasiudnblx omoenax maza-
3una. Ucnonv3o8anue npedniodceHH020 no0xXo0d NO3601um Oonpedeiums YpPoseHb NOCeuwaemMocmu
Ppaszuvlx 00beKmos (0moenos MazazuHa), 6blAGUMb 30Hbl UHMEPECO8 U HA OCHO8Ee aHAU3A
nOMpedUmMenbCKux KOp3ut npeoiodCcUums peKomMeHoayuu 01s YeeaudeHus npooaic.
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CUSTOMER INTEREST ANALYSIS BASED ON VIDEO STREAM
INTELLIGENT PROCESSING
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The paper included the problem of customers interest analyzing. A solution based on video
stream intelligent processing is proposed. A description for an information system project is
provided, which based on the implementation of computer vision algorithms. It's proposed to use
neural network models for monitoring visitors in various store departments. Using the proposed
approach will allow us to determine the traffic level to different locations (store departments),
identify customers interested areas, and offer recommendations for increasing sales based on the
consumer baskets analysis.

Keywords: video analysis, computer vision, OpenCV, Python, people detection, sales ana-
lytics.

Llenpto paboThl sBiIsIeTCS pa3pabOTKa CUCTEMbl MHTEIEKTYalbHOIO MOHUTOPHHTA
MOKYTaTeIbCKONH aKTMBHOCTH B Mara3uHax. AKTyaJbHOCTh OOYCJIOBJIEHA HEOOXOIUMO-



