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XKypHan myOnuKyeT cTaThi O HOBBIX KOHKPETHBIX PE3YJbTATaX 3aKOHYEHHBIX OpH-
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M0 TPyNMaM CHEeIHAIbHOCTEH (B COOTBETCTBUM C pacrnopsbkeHneM MunoOpraykn Poccun
ot 28.12.2018 Ne90-p):
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2.2.13 —PajimorexHuka, B TOM YHCJIE CUCTEMbI M YCTPOMCTBA TEIEBUACHUS
2.2.14— Anrennsl, CBY- ycTpoiicTBa M X TEXHOIOIHH
2.2.15—-CwucreMsl, CeTH M yCTPOHCTBA TENCKOMMYHHKAIIUH

2.2.16 —Paguonokauus u paguoHaBUranus

Texuuueckue Hayku

1.3.8 — Pu3uka KOHACHCHPOBAHHOI'O COCTOSHIS

1.3.11 — ®u3uka nonynpoBOIHUKOB

1.3.14 — Tennnodusuka 1 TeopeTUIECKast TEIUIOTEXHUKA

2.2.13 —PapnorexHuka, B TOM YHCJIE CHCTEMbI M YCTPOHCTBA TEJICBHICHHS
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2.2.15 - CucreMsl, CETH H yCTPONCTBA TEACKOMMYHHKAIIUH

2.2.16 —Pajuonokauus u paguoHaBUranus

2.4.1—Teopernyeckas ¥ IPHUKIATHAS AEKTPOTEXHUKA

2.4.2 — DNEeKTPOTEXHUYECKUE KOMILIEKChI U CUCTEMbI

Bece pykomucH peneH3MpYrOTCs, TO Pe3ynbTaraM PELEH3UPOBAHMA PEIKOIIIETUS
INPUHUMACT pPELICHHUE O LEIeCOO0pa3sHOCTH OMyONMKOBaHMA MarepuanoB. J[ns aBTOpoB
NMyONMKAITNS SIBTISICTCST OCCIITaTHOM.
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PACYET SJIEKTPOMATHUTHOM COBMECTUMOCTH
PA/IMOOBOPYJIOBAHUA IIYHKTA YIIPABJIEHHUA BECIUJIOTHOM
ABUAIIMOHHOM CUCTEMBI CO CTAHIIMOHAPHBIMU HABEMHBIMH
PAJUOSJIEKTPOHHBIMU CPEJCTBAMHU

b.M. Aatunux, E.M. Bunorpapnos, E.1. TymanoBa, O.b. MyHkyeBa
Canxm-Ilemepbypeckuil 20cy0apcmeeHHblil YHUgepcumen meiekOMMYHUKayuil
um. npogp. M.A. Bonu-Bpyesuua

PaccmoTpena mponenypa pacdera JIEKTPOMAarHUTHON COBMECTUMOCTH Pagroo00pyIOBaHUS
nyHkTa ynpasnenns (I1Y) 6ecnmnorasiv BozaymHeM cyaaoM (BBC), comepxamum panuonepe-
natuyuk (PII) u pamuonpuemuoe ycrpoiictBo (PITY), ¢ okpykeHHeM Ha3eMHBIX CTAllMOHAPHBIX
panuoanexTpoHHbIX cpenct (POC), B cocraB kotopsix Bxomar PITJ] w/wmm PITY. Ilpounenypa
BKJIIOYAET aHAJM3 BIMUSHUS TIOMEX OT MepeaTuuKOB OKpYKeHuUs Ha npueM curHaina bBC npuem-
HukoM I1Y u BnusHue m3nyuyeHus nepenatuuka I1Y Ha mpueMm curHanoB npuemMHukamu POC,
oxpyxatomumu [1Y. [Ipeanonaraercs, 9To KaKk B IMHUU BBEPX, TaK M B INHUHM BHU3 UCIIONB3YIOT-
Csl CHTHAJIBI ¢ TICEBOCITydaifHOM nepecTpoiikoit padoueit yactors! (IIITPY). It oeHKH BIUSHAS
IIOMEX OT IepejaTINKOB OKPYXKEHHs Ha Ka4eCTBO IpHeMa curHaja npueMHUKoM ITY ncmomns3y-
eTcs 3all[UTHOE OTHOIIeHHUe. [Ipy oleHKe BIMAHHS W3IydeHHH nepepatunka I1Y ma pabory pa-
JIMOTIPHEMHBIX YCTPOMCTB OKPY)KCHHUSI OLICHUBACTCS YXY/IICHNE YyBCTBHTEIBHOCTH NIPUEMHHKA,
BBI3BaHHOE TIOMEXOH.

Kniouesvie cnoga: OecUIIOTHOE BO3MYIIHOE CYAHO, 3JIEKTPOMArHUTHAas COBMECTUMOCTb,
NICEeBOCTyYaiiHast IepecTpoiika pabouell YacTOTHI, 3alUTHOE OTHOIICHHE, YXyIICHUE TyBCTBH-
TEJIHOCTH MPHUEMHHKA.

DOI: 10.17212/1727-2769-2024-3-7-24

BBenenue

BecrmmnoTtnas asmanmonHas cuctema (BAC) cocTouT U3 IBYX OCHOBHBIX CTPYKTYD-
HBIX 3JIEMEHTOB: OecrioTHOrOo Bo3aymrHoro cyaHa (BBC), koTopoe Ha3bIBarOT Takxke
OecniioTHRIM JietarenbHbiM anmnaparom (BJIA) [1], u nynkra ynpasienus (ITY). ITY
SIBIIICTCSI CTAIMOHAPHBIM 35ieMeHTOM BAC, o kpaifHel Mepe, B TeUueHHEe ceaHca pado-
11 BAC. OcHoBHBIMH 3amadamu [1Y SBJISIOTCS Tepeiada CUTHAJIOB YIPaBJICHUS 000-
pynosanuio bBC u npuem undopmaruu, nepenasaemoit na I[1Y ¢ 6opra BBC. Munn-
MaJIbHBIA cocTaB paguoobopynoBanus [1Y Brimrouaer paguonepenarduk (PIIJI) u pa-
nuorpreMHoe yerpoiictBo (PITY), koTopbie COBMECTHO PEINAIOT 3TH 3a1a4H.

Pabora pagnotexamaeckoro obopymoanns BAC 0OBIYHO MPOUCXOIUT B CIOKHON
ANeKTPOMAarHuTHO# obcraHoBke (OMO), co3maBaeMol M3IMYUICHUSAMH DIIEKTPOTEXHIUE-
CKOTO, PaAHO3JICKTPOHHOTO B PAAHOTEXHHYECKOT0 000pyIOoBaHUs OKpykeHus1. OmHaKO
JUTSL paAMOTIPHEMHNKA, OCYIIESCTBIIIONIETO MPUEM CHTHAJIOB OT OIIPEIENIEHHOTO IMepe-
JTaTYNKa, ICTOYHIKOM MOMEXH OOBIYHO CIY)KHT APYTO MepenaTdrkK, 0COOEHHO Koraa
pedp uAeT o mojocax 4acToT, ucmoibdyeMbix bBAC. I'paxnanckue BAC mocraTouno
LIMPOKO HCIOJB3YIOT 4acToThl B okpecTHocTH 2,4 u 5,8 I'Tu. Ilpuuem omHa U3 HUX
(o6bryno 5,8 I'T) ucnons3yercst Ha nuaun [1Y—BBC, a apyras (2,4 [Tu) Ha nuann
BBC—IIY. Ilonoca gactoT 5850—6425 MI'11 BXOIUT B COCTaB O(UIIHATBLHOIO YaCTOT-

CraThst HOATOTOBIICHA B paMKaxX IPHUKIAIHBIX HaydHEIX ncciepoanuit CIIGI'YT, peructpa-
nuoHHbIN HoMep 124040300004-8 8 ETUCY HUOKTP.

© 2024 B.M. Antunus, E.M. Bunorpanos, E.J. Tymanosa, O.b. MynkyeBa



8 Bb.M. Aumunun, E.M. Bunozpados u op.

Horo pecypca BAC B Poccwiickoit @enepanun. [Tomoca gactor 2400-2483,5 MI'1 sB-
JseTCS HEMUIICH3UPOBAaHHON IOJIOCOH paguodacToT, ucnoibp3dyemoir BAC u pekomeH-
nmosanHoM I'KPY [2] mnst ycTpoiCTB Mamoro pammyca IEHCTBHSA, B TOM YHCIE IS
YCTPOWCTB, MCIOJB3YIOMHNX TICEBIOCITYYallHYI0 II€PeCTpOiiKy pabodell YacTOTHI
(ITITPY). B BAC rpaxaaHckoro MpUMEeHEHHs KaK B JIMHUU BBEPX, TaK U B JTUHUU BHH3
ucnojib3ytorcs curdanel [ITTPYU. Eciau obpaturcs k Tabiuie pacnpefencHus IMMoJIoC
4acToT [3], TO MOXKHO OOHAPYKHUTh, YTO HCTOYHHKAMHU IIOMEX B MOJIOCAX B OKPECTHOCTH
gactoTsl 2,4 [T OyayT paguonepeaaTyuky, MpUHAJIEKAIINE TOABHKHOMN, paauoio-
KaI[MOHHOW 1 (PMKCHpOBaHHOH ciry0am. COOTBETCTBEHHO B 3THX I0OJIOCAX YAacTOT pac-
M0JIaraloTCsl W TPHEMHBIE YCTPOWMCTBA 3THUX pPagMociayx0. UTo Kacaercs 4YacTOTHI
5,8 I'T', TO 371€CHh HCTOYHUKH PAJHOTIOMEX U IPUEMHHKHN PaJlMOCUTHAIOB IIPUHAIEKAT
TakKe (UKCUPOBAHHOM M DPagMONOKAIIMOHHON Ciry’k0aMm, a Takke (pUKCHpOBaHHOM
CITyTHUKOBOH cIyx0e.

Pagnorexumueckoe obopynoBanue I1Y paboTaeT B OKpYKEHHH HAa3eMHBIX paano-
aekTpoHHBIX cpenacTB (POC), B cocTaB KOTOPBIX BXOIAT KaK pavorepelaTINKH, TaK
u panuornpueMusie ycrpoiictea. Ilepegatunku POC MoryT co3maBaTh OMEXH IpHEM-
Huky I1Y, a npuemanku POC MOryT HCHIBITHIBATh MOMeXy OT nepenatuuka I1Y. Bo3nu-
KaeT mpobJemMa 3JIeKTPOMarHuTHON coBmecTUMOCcTH (OMC) pagruoTeXHHUECKOro 000-
pynosanus I1Y ¢ okpyxennem. Onerka OMC BKITIOYaeT /1Ba 3Tamna:

— aHaJIM3 M OILIEHKA BJIMSHMS NoMex oT okpyxatomux PITJ] Ha paboTy m xauecTBoO
IIpreMa T0JIE3HOTO CUTHasIa pueMHuKoM 1Y

— aHaJIM3 M OLICHKa BIMSHUS n3TydeHHid nepepatumka I1Y Ha pabory PITY POC,
okpyxaromux I1VY.

Lenpro HacTosmiel paboTHl BIseTCA mpornenypa aHanmuza OMC paxnoanmapaTypsl
ITY ¢ oxpyxatommumu POC. Pemenne 3Toif 3amauu pacCMOTPUM IIPH OTIPEIEICHHBIX
OTpaHUYCHUSX.

I'paxxmanckie BBC paGoTraioT B yCIOBHSX TOpOJa, MPHUTOPOTHON WM CEIBCKOU
MectHOCTH. [Ipu ananmze DMC 3TH paziudus NPUBOAAT K HEOOXOAUMOCTH HMCIOJB30-
BaTh pasHbIE MOJENU JUId OIEHKH IOTeph Ha Tpaccax paclpoCTpPaHEHHS Kak JUIs
MOJIC3HOTO CHUTHANA, TaK W JJIs moMeX. B janmpHeiimem B okpyxenuu I1Y Oymem pac-
cMaTpHBaTh TOJBKO Ha3eMHbIe cTanuoHapHble POC B yCIIOBHSX CEJIIBCKONW MECTHOCTH.
[Tpn oueHKe BIMSHUS BHELIHEH NMOMEXHM Ha KadeCTBO IpUEMa IOJIE3HOTO CHUTHaja He
paccmarpuBatoTcs HeiuHelHbie 3¢ ekt B PITY ITY u POC.

1. Ananu3 BiausiHUsI HoMex oT nepeaaryukoB PIC, okpy:xaomux ITY,
HA Ka4YeCTBO NMPHeMa M0JIe3HOr0 CUTHAJIA MPUEMHHMKOM NMYHKTA yNpaBJieHust

1.1. Mcxoanble JaHHbIE IJIA aHAJIN3A

Ilo ymomuaHuIO KOOpAMHATHI PacCMaTPHBAEMbBIX OOBEKTOB MMEIOT CEBEPHYIO ILH-
pPOTY M BOCTOUHYIO I0Aroty. IloaroMy HampsiMyro B 00O3HaU€HMSAX KOOPIHHAT 3TOT
(bakT HEe OTpaKaeTCs.

KoopaunaTs! aHTeHHBI TpreMHuKa I11Y:

— mmpoTa My , rpan.;

— Joirora &g, rpaj.;

— BBICOTA IIObEMA AHTCHHBI HAJl 3eMIICH /i, .

KoopanHaTel aHTEHHEI i-TO TIepeIaTINKa, ICTOYHUKA TOMEX:
— mMpoTa Mg, Ipaj.;

— joarora &gy, Ipal.;

— BBICOTaA NIOABbEMA aHTCHHBI Hall 3eMIIe hTi .
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Juarpamma HampaBineHHocTd aHTeHHBI (JJHA) pasbuBaercs Ha aBe oGmactu: 00-
nacts rmaBHoro Jenectka (I'JI) m obGmacte 60koBeIx senectkoB (BJI), kyma BkiIrodeHa
u 3agass nonycdepa. B yrimoBom Beipaxkernu obmacts ['J1 onpenenena mupunoit JJHA
o ypoBHI0 —31b. B 310it o6nactu k03 HUIHEHT yCHIeHnsT aHTCHHBI IPUHUMAeM paB-
HBIM MaKCHMAaJIbHOMY 3Ha4eHHI0 ycuileHus G, yKa3aHHOMY B clielU(HKAlUU aHTEH-
HbI. OctanpHast oosacts JIHA — 3to obmacts BJI.

Hannbie o monoxxernu I'JI IHA PIT[ u PITY, okpyxaromux ITV:

— asumyTansHoe Hanpasienue ['JI JIHA ¢ : 0°< @ <360°;

— yrmomectHoe Hampasierne I'JI JTHA 6: —90°<0<90°;

— mupuHa ['JI THA B ropu3oHTanbHOM MIIOCKOCTH O ;

— mupuda ['JT JITHA B BepTHKaIBbHOM IIOCKOCTH 3 .

VYron ¢ oTcuuTHIBaeTCS OT OCHU X, a O oT mockoctu x0y.

Tekymue koopaunarsl BBC (seratensHoro ammapara):

—mupora My , Ipaj.;

— JOIroTa &jp , Ipam.;

— BeicoTa aHTeHHbl BBC Han 3emuiei /gy .

WHaexcsl mapaMeTpoB U MEPEMEHHBIX, HCIOJIb3yeMble B JalbHEHIINX pacderax,
yKa3bIBaIOT, K KAKOMY YCTPOWCTBY WJIM OOBEKTY OTHOCHUTCS JIaHHBIH MapameTp WIH Iie-
peMeHHas1, a UMEHHO:

T — mapaMeTp WM IepeMeHHast OTHOCHUTCS K TIepPeIaTInKy;

R — mapameTp nim epeMeHHasi OTHOCUTCS K IPUEMHHKY;

i — HOMEep paccMaTpHUBaEMOr0 00BEKTa;

JIA — mapametp win nepemenHas otHocurcs kK bBBC (JietarensHOMYy armmapary).

3HaveHue JPYrux UHICKCOB B PACUETHBIX (POPMYJIax MOSICHAETCS IO Mepe MX IOSB-
JICHHUS.

[TapameTtpsr PITY I1V:

— pabouas yacrora PIIY fyp , MI'L;

— Bua Moxyssimuu curHana bBC: TITTPY,;

— IIMPHHA TOJIOCHI YacTOT, 3aHuMaeMas curaanom IITPY Bg , MI'n;

—yucio kaHanos curnana IIIPY M ;

— IIMPUHA TI0JIOCHI IIPOIyCKaHMs TpakTa mpoMexxyTounoi yactotsl (IT4) PITY Bp , MIL;

— ko3¢ uryent npsimoyronbroctr Tpakra ITY PITY 11, o yposrio p, ab;

— ko3 durreHT nmryma npueMHuka NF , nb.
Mapametprr PITJ i-ro POC:
— pabouas yactora PIIJL f7; , MI'n;

— momHocTs PIIJ P, nbwm;
— mmpuHa crexkrpa uznydenus PIIJT Br;, MIm.
3amutHoe oTHOmEHUE (S /1)y, AB.

HomycTuMoe YKCiIo MOPAKEHHBIX YACTOT (KaHAIOB) cUrHana J ., .

1.2. OTOOp MCTOYHMKOB MOMEX

Ot06op BhIMIOIHSETCS IO paccTosiHuio OT [1Y u o yacrore [4].

Omobop no paccmosanuio. Vicrounnk nomexu (nmepenatunk POC) cumraercs moreH-
LMAJIBHO OMAaCHBIM, €CJIM OH paclojiaraeTcs B Ipeaesax pajuoropH30HTa IMpHUEMHHKA
ITV. Ilpeanonarast 3emiro chepudeckoii, paccrosiuue dpy,. 10 pamnoropusonta PITY

IIyHKTa YIIPaBJICHUS

dpor =412\hg . (M
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VYromn, o0pa3oBaHHBINA B IEHTpe 3eMin Tpaccoit Mexay I1Y u ToukaMu pagnoropu-
30HTA,

Op = arctg(a’Rpr /R3) ,

rae Ry = 8500 KM — 5KBUBaJIEHTHBIN paguyc 3eMIIH.

JumHa myra GOJBIIOTO Kpyra MEXIy TOYKOW, Tae pasmemaercs 1Y, u ToukaMu
panuoropu30HTa

l R = 6 RR3'
3necy Rz — cpennuit paguyc 3emnu, Ry = 6375 kM.
VYromn, o0pa3oBaHHEIA B IIEHTpe 3eMil Tpaccoi Mexay [1Y u Toukol pa3MerieHus

nepenaTuuka 7I;,

d7; = arccos (sin (M7;)sin(Mp) +cos(Nz;)cos(Ng)cos (& —&p )) .

Vrael 8p u Op; MOJKHBI OBITH BBIPaXCHBI B paauaHax. PaccrosiHme mexay [TV

U nepegatyukoM I; 1o gyre OOJBIIOro Kpyra

Ir; =07 R3.

W3iyuenue nepenarunka 7; NOANIEKHT aHANU3Y 110 KPUTEPHIO PACCTOSHMS MEXKIY
ITY u PIIA 7; , ecim

Iy <. (2)

Ombop no uwacmome. Ilonoca vacror, 3aunmMaemast curaasniom [1ITPY, npocrupaercs
B IpaHMIAX (fimins fmax) = (Jor —=Bs /2, for +Bs/2). Oty mnonocy 3anumaror M
kaHanoB. Illupuna nojocel Bp, 3aHUMaeMasl OJHUM KaHalIOM (C Y4€TOM 3aLIUTHBIX
HHTEPBAJIOB), coriacoBaHa ¢ mojoco PITY ITVY u cocraBmsier

BR :Bs/M.

IenTpanbHble 4aCcTOTHL, IO KOTOPHIM IPOUCXOAUT IEPECTPONKa CUTHAIA!
S = Jmin +(G+1/2)Bg, j=0,12,..,(M-1.

[Iporecc 4acTOTHOTO 0TOOPa COCTOUT B BHIOOPE M3 MEPEAATINKOB, MPOIIEANINX OT-
00p 10 NATBHOCTH, TEX U3 HHUX, YACTOTHI KOTOPBIX f7; YHOBIETBOPSAIOT HEPABEHCTBY

Jor =Bs /2= fri < for +Bs /2.

IIycts Takux PIIJ] Oymet &, T.e. i =1, 2, ..., k. Ilpu ananmse Bo3neiCTBHA H3Tyde-

Hull nepegarunkoB POC Ha mpuemnuk ITY orpanuunMcs paccCMOTpEeHHEM MOMEX MO
OCHOBHOMY U JBYM COCEIHMM KaHanaMm npuema npuemuuka I1Y. IToatomy s kaxnon
u3 4acToT fr; (i =1,2,...k) Haxomum noamuoxectso wacror f;(j=1,2,.., m), or-

CTPOWKH MEX/y KOTOPbIMH Afj; OTIMYaroTCs He Gonee 4eM Ha 2,5Bp , T. e.

8y =| i - 1| £ 2.5y 3)

[ockonbky j-mMy snementy (kanamy) [IITPY curnama MokeT co3gaBaTbh MOMEXY
HECKOJIBKO IMEePEeNaTINKOB, A KaXKITOW M3 YacTOT TepeaTInKoB fr; (GopMHupyercs
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HEKOTOPOS MHOXKECTBO 3HAYCHMH OTCTpoeK Af; . OToOpaHHBIC 4acTOTBl fr; M HX

otcTpoiiku ot snemeHToB [IITPY curnana nojuexaTr AajpHEHIIEMy aHAIM3Y Ha MpeJ-
MET X JIeHCTBUTENFHOIO BIMAHUS HAa Ka4eCTBO ITpUeMa MOJIE3HOTO CUTHAA.

Jnst nanpHeiero aHanusza mepeisieM K PacCMOTPEHHUIO CUTYallMH B JI€KapTOBOU
CUCTEME KOOPJIUHAT.

Ilepexoo k dexapmosoui cucmeme koopournam. Ilpu mepexoje MyHKT YIpaBICHUS
OyzeM cuMTaTh TOYKOW Hayaja KOOpAUHAT B ruIockocTH x0y, a BbICOTA aHTEHHBI MPH-
eMHHKa OyIeT KOOpAWHATOW Ha OCH /i, MEpIeHAUKYISIPHO# TurockocTH x0y B TOUKe,

rue pa3meraercs [1Y. Tak uro teneps koopanHartamu I1Y OynyT
(-XR’ J/R, hR) = (O’ 0’ hR)

YacTb NOBEPXHOCTH, HA KOTOpOi pacnonaratorcs ITY u otoOpanuslit nepenatyuk 7; ,
a TaKKe HapaBJICHUE OCEH JIEKapTOBOW CUCTEMbI KOOPAUHAT MPENICTaBIeHbI Ha puc. 1, a,

a Ha pucC. 1, 6 IpUBEAEHO OINPEEICHUE KOOPAUHATBL X7; .

a o

Puc. 1 — Onpenenienne 1eKapTOBBIX KOOPAUHAT nepeaaTynka I; , IOTEHIHAIbHOTO

HCTOYHHKA OMEXH
Fig. 1. — Finding of Cartesian coordinates of a transmitter 7; , a probable interferer

Kax cienyer u3 puc. 1, 6, umiHa nyru [,; , coeIUHAIOIIENH TOUKy pacnonoxenus ITY

M TOUKy nepecedyenns Mmepuauana I1Y u mapannenu 1yz;, cocraBiser
l; = Ry(Mg =Mz )(1/180), km. 4)

Jnvna Xopasl 7y,

COGI[I/IHHIOHICP'I 9THU TOYKH, paBHa
r =2Rzsin[ (ng —mp;)/2].

Koopaunater ITY u PITJI 7; B HCXOIHBIX JaHHBIX ONpEZEIEHBI B Ipaxycax. Beipa-

as apryMeHT CHHYca B paJuaHax, oJIyduM

. (Mrp—Mpz T
Iy = 2Rgsin (%@J , KM. )
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VYuTeBass, 9TO YIJIIOBOE PACCTOSHHE MEXIY PACCMaTPUBAEMBIMH OOBEKTaMH HE
TPEBBIIIAET TPAayca, MOKHO CUMTATh, YTO MPH TAKUX 3HAUCHUAX YTIIOB, BBHIPAKEHHBIX
B paauanax, sin(d) = §, u Toraa, kak cnenyer u3 (4) u (5), ry; =1, .

Ocb x sIBISIETCS] IPOEKIIMEN MepUInana, Ha KOTopoM Haxoautcs [1Y, Ha I0CKOCTh
x0y. TIpu onpezeseHUHM KOOPIMHATBI X7; HY)KHO B HOBBIX KOOpIHMHATaX COXPaHHUTb

3Ha4yeHue paccrosHus dr; . VI3 puc. 1, 6 cnenyer
dF; = hf + 713 —2hpry cos (90 +7).

INockonbky pa3sHOCTB (Mg —T7;) 3HAUMTENIBHO MEHbILE Ipaxyca, a Y =Mz —Ng;)/ 2,

HaiineMm, 9To c0s(90+7Y) = cos(90°) =0, Tak 4TO, C OMHON CTOPOHBI, YUUTHIBAS, UTO

=/

7 Xi»

xi

BOH cHcTeMe KOOpIMHAT BbICOTY aHTeHHBI I1Y hp u paccrosHue dp; IO ocu X, IOIy-

HOJIyYUM d%i = hjzg +rxzi = h}ze +l§l~. C npyroil CTOpoHsl, COXpaHssd B I€KapTo-

qUM d%- = hj% +x§,~ . CpaBHUBas IpUBEJICHHbIE 3HAYCHUA d7; , HalieM
Xri = Iy = Ly
Js moyueHusl KOOPIMHATBL y7; HaiieM, ucnoib3ys (3), 3HaueHue [y . AHalo-

TUYHO x7; OMpENENnM, uTo dpy; — pacctosHue Mexay 1Y u T; B miockoctu x0y —
C IOCTaTOYHON TOYHOCTBIO PABHO

dryi = Ip3- (6)

[Ipu ykazaHHOM Ha puc. |, @ HanpaBIeHUN Ocell KOOPIMHAT X U ), YKa3aHHOH HyMe-
palory KBaJAPaHTOB U IPUHATOM OTCUETC 3HAYCHUI IOUPOTHI U JOJT'OTHI CBA3b MEKIY
HOMEpPOM KB3JIpaHTa W KOOPAMHATAMH NepelaTyhka B reorpauyeckoil u JeKapToBOM
cucTeMax KoopauHaT naer Tabin. 1. Mcmonbe3ys tabdn. 1, HaiiieM KBagpaHT, B KOTOPOM
pacrosaraercsi aHaIu3upyeMblil IepeaTuuK.

Tabruya 1/ Table 1

CBfi3b KOOPAMHAT NepPeJaTYNKOB ¢ HOMEPOM KBAJPaHTa, B KOTOPOM HAXOJUTCS
nepesaTyuK

The relations between transmitter coordinates and the number of quadrant where
the transmitter is located

Ksagpant/ HUcxonusie koopaunatst PI1/T / 3HaK{ IEKapTOBBIX KOOpAHUHAT /
Quadrant Initial coordinates of transmitter Cartesian coordinate signs

I Nr SNg, @ 2 & x1; 20, yp 20

I Ny >N, & 2 &g xp; <0, yp 20

1 Ngi >Mg, & <&p X7 <0, yr <0

v Ny SNMg, ®p <&p x7; 20, yp; <0
Teneps

\d Izm- - x%,- , ecim PIIJI B I mm II kBanpanre,

yri = (7
—\d Izm- - x%[ ecau PITJI B Il mim IV xBanpanTe.
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1.3. Onpenenenne obaacreii B3aumoneiictsust JHA PITY I1Y u PIIJ 7;

Oo6nactu IHA, uepe3 xotopsie PII/] u3snyuaer, a PITY npuHHMaeT BHEIIHHE CUTHA-
JIbl, BIUSIOT HA YPOBHU CHUTHajoOB, mocrynatoumx B PITY. I'maBubiii nenectok JJHA
nepeaTyiKa WIH IPUESMHHUKA HAIPaBJICH HA MHTEPECYIOIU 00BEKT, €CITU JIMHHUS, CO-
SIMHSAIONIAsl aHTCHHY C OOBEKTOM, JISKHUT B IpeJeliaX TIAaBHOTO JICNECTKA JUarpamMmm
HaIpaBJICHHOCTH aHTEHHBI KaK B FOPU30HTAJIbHOM, TaK U B BEPTUKAJIBbHOMN MIIOCKOCTH.
Ecmm sta muans Haxoautces 3a npenenamu ['JI XxoTs 651 0HOM U3 yKa3aHHBIX JHarpaMM,
To JIHA HampaBieHa Ha 00BEKT OOKOBBIM JIETIECTKOM.

YTaB1, IO KOTOPEIME B BepTUKaNbHOH miockoctu JJHA i-ro PITJ] POC u PITY I1Y
«BHIAT» OPYT NIpyra ¢ y4eTOM NPHUHATHIX HAIpaBiIeHWH orcuera (puc. 2), CBSA3aHBI
MeXIy co00M, a UMEHHO!

hri

Puc. 2 — Onpenenenne obnacreit B3aumoneticraus JJHA PITJ]
POC u PIIY I1VY B BepTHUKaNbHOU MIIOCKOCTH

Fig. 2 — Finding of the interaction areas between transmitter
and receiver antenna patterns in the vertical plane

YKCII0BOE 3HAUEHHE YTJIOB ONPE/ENAET BHIPAKEHUE
hy; —h
A =arctg| L—LR |, (8)
RTi

Teneps, ecin Oy =360° ¥ BBIIONHSIETCS HEPABEHCTBO

to ['JT IHA PI1J] i-ro POC namnpasnen Ha [TY. Ecnu HepaBeHCTBO (9) HE BBIMONHSIETCS,
to JIHA PITJI i-ro POC nampasiiena Ha ITY GokoBeiM jenectkoM. Ecnu antenna PI1J]
i-ro POC umeer nHanpasieHnyo JJHA B ropusoHTanbHoil miaockoctu (Oy; < 360°)
1 BEHITIOJHSACTCSI HEPaBeHCTBO (9), TO He0OXOANM JaTbHEHIIIA aHAIN3 B3aHMOACHCTBIS
JMarpamMM HarpaBIeHHOCTH HCCIIEyeMbIX OOBEKTOB B TOPU30HTAILHOM IIOCKOCTH.

IIYV umeer Bcerna HampaBieHHYIO aHTeHHY, ['JI kotopoil HampasneH Ha BIIJIA.
[ToaTOoMy

Op = arctg hﬂ‘;‘—_hR ,

JIA

2 2
rae dya =4/X7a + ViIA -

3neck hj, — BBICOTA HOJIETA JIETATENLHOTO ANINApaTa, a Xjja , VjA — KOOPAMHATEL

anmapara Ha II0cKocTH x(0y, KOTOpBIe NIPH M3BECTHBIX IeorpapuuecKux KOOpAMHATaxX
BBC Ny ¥ &) BBIUUCIAIOTCA AHAIOTUYHO X7; U V7; , @ UMEHHO:
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XjA = Fia = 2R3 -sin[ (Mg —Mya) /2] K,
814 = arccos (sin(nyia )-sin(Mg) +cos(Mya ) cos(Ng ) cos(@ iz —2g)).

dya =la = R3dj1a,

\d J21A - xJ21 A> ccimu BAC B I unu II xBagpanrte,

Yna =
—Jd J21 A~ xJ21 A eciu BAC B III unu IV xBangpanre.

Tenepb, €CJIM HE BBINTOJIHACTCA HCPAaBECHCTBO
Op —Br/2<Ag <Op+PBg /2, (10)

to IHA mpuemnnka ITY nanpaBnena Ha POC OokoBeiM nenectkoM. Ecnm HepaBeH-
ctBo (10) BEIMOMHSETCS, TO HEOOXOIUM MANBHEWITUN aHAIN3 B3aWMMOICHCTBHSI JHa-
rpaMM HaIlpaBIEHHOCTH HCCIIELyEMBIX 00BEKTOB B TOPU30HTAILHOM IIIOCKOCTH.

Ha puc. 3 npeactaBineHo 0JHO U3 BO3MOKHBIX PAacIIONI0KEHHH ITIaBHBIX JIETIECTKOB
JuarpaMM HanpasiaeHHocTH anTeHH I1Y, PIIJL 7; u mectononoxenus bBC B miocko-

ctu x0y. U3 puc. 3 HaiizeM 3Ha4YEHUS YTIIOB:

Wy = arctg (yya / Xj14)s (11)
W, =arctg (yr; / xg;). (12)
s BBC
OR 4
Iy i
—_ VT >
0 Pr yia
drri
Or;
Yr
Y2
Xri Vi
1i Qri
v
X

Puc. 3 — Onpenencnue obnacreii B3aumoaeiicteus JJHA
PITJL 7; u PITY I1Y B ropu3oHTanbHO MIIOCKOCTH

Fig. 3. — Finding of the interaction areas between
transmitter and receiver antenna patterns in the horizontal
plane

OO0o3HauuM: Qp — yroiu, nog xotopeiM u3 I1Y Buana npoekuus BBC Ha ropuson-
TalbHYI0 TUIOCKOCTb; \Jf g — YTOJI B TOPU30HTAIBHON INIOCKOCTH, NOJ KOTOphIM u3 ITY

BugieH PIIJT 7; ; Y 7; — yroi B TOpU3OHTAIBHOM INIOCKOCTH, 110J] KOTOpbIM 13 1} BuzeH I1Y.
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Bce yriabl OTCUMTBHIBAIOTCS OT OCH X, MPOBEAECHHON B TOPU30HTAIBHON IJIOCKOCTU
Yyepe3 TOUKY pacIiojioKEeHHsI COOTBETCTBYIOLIETO 00bEKTa B ATOW IUIOCKOCTH, KaK IOKa-
3aHO Ha puC. 3.

Teneps I')I JIHA 7; nanpasieH Ha ITY, eciin

@7 =07/ 2S Yy S Qpy +oug; /2. (13)
a I'J JHA npuemnuxa ITY nanpasnen Ha PIIJL T}, eciu
QOr—Op/2<Yp <Qp+ap/2. (14)

Ecnu nepaBenctsa (13), (14), 06a uiu 0AHO U3 HUX, HE BBIMOIHSIOTCS, TO COOTBET-
crBytomas /IHA HanpaBiieHa Ha APYTroil 00bEKT OOKOBBIM JIETIECTKOM.
3HaueHus yrioB Qp, Wp, Yy; 4Yepe3 3HAYEHHs Y| U Y, , HOIYYEHHBIX C UCIOJb-

3oBanueM (11) u (12), npencrasiens! B Tadi. 2.
Tabnuya 2 / Table 2
Yrasl B maockoctu x0y, ceazpiBaromue ITY, PIIJT POC u BBC

Angles in the x0y plane associated with the control point, transmitter
and unmanned aircraft

x>0
y >0, xBagpanT | y <0, xBagpaur IV
Iy — BBC Iy & T Iy — BBC nyeT
VR =W YR =W, Vg =360° +y, Wp =360° +y,
vy =180° +y, vy =180° +y,
x<0
y >0, xBagpant I y <0, xBagpanT 11
Iy — BBC Iy & T, Iy — BBC Iy < T,
Wp =180° +y, Wp =180° +y, Wp =180° +y, vy =180° +y,
Wy =360° +y, Wi =W

PITJ1 7; u BBC Moryr HaxomuThCi B pa3HBIX KBaJpaHTaX. JTO OOCTOATEIBCTBO
HY)KHO YYMTHIBATh IIPU ONPENEIEHUN YIIIOB Qp, Vg, Yr; . Tak, ecnu PITJ 7; Haxo-
gurca B kBagpanre IV, a BBC B xBagpante II, To @p =180°+vy; (xBampanr II),
a yp =360°+y,, y; =180°+\y, (kBagpant IV, 3aeck W, <0). 3ameTum, 4TO €ciau
YR/ (@) = 360°+yo (W) 1 Wa 20,10 We/(OR) = Wa(Wy).

HUcnone3ys tabn. 2 u nepaserctsa (13), (14) onpenensiemM 06J1acT B3aUMOICHCTBHS
JHA PITY ITY u PIIA T; .

1.4. Ouenka noreps Ha Tpacce pacpoCcTPaHeHUs
B camom o6mem ciyuae notepu Ha tpacce PILJI 7; — PITY I1VY coctasnstot L, b,
rie

L=Leg+Lygp+Loacr +L (15)

pact Taz>
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31eCh Ly, — MOTEpH NPH PACHPOCTPAHEHHH B CBOOOJXHOM HpoCcTpaHcTse, Ab; Ly,q —

noTepu Ha Judpaxuuio paaroBOiH Ha cepuyeckoi semie, n1b; L

pact noTepu, CBA-

3aHHBIE C IIOMJIOIIEHUEM PAJMOBOJIH PACTUTENBHOCTBIO, Nb; L., — IOTEpH, CBA3aHHbIE
C TOTJIONIEHNEM PAJMOBOJIH ra3aMu atMocgepsl, 1b.

Kak cienyer u3 rpadukoB, mpuBeIeHHBIX B [5], MOTOHHOE 3aTyXaHHE 3JIEKTPOMAr-
HUTHBIX BOIH B rasax atMmocdepbl L., B oOmactu gacror 5...6 I'T'm cocraBnser
ot 0,01 1o 0,03 nb/kM 1 yOBIBaeT ¢ yMEHBIICHHEM YaCTOTHL. DTO TO3BOJISIET B MpeIenax
JTATBHOCTEH 10 PaJlorOpH30HTA, TAE TI0 pe3ysibTaTaM 0TOOpa MOTEHIMAIBHO OMACHBIX
MepeIaTYNKOB PACIIONararfoTCsl HCTOYHUKH BO3MOJKHBIX ITOMEX, U YacTOT, HCIONb3Y-
eMbIx rpaxganckumu BAC, npenebpeus norepsamu L, .

B Hacrosiiiee BpeMsi OTCYTCTBYIOT yHUBEPCAIbHBIE IPOLENYPHI IPOTHO3UPOBAHUS
ocia0lieHHs] PaMoOBOJIH PACTUTEIBHOCTBIO. HekoTopble MOJeny, MPUMEHUMBIE B KOH-
KPETHBLIX JUaria3oHax 4aCcTOT U NPH OMNPCACIICHHBIX TUIIAX PACTUTCIIBHOCTU, IPEACTAB-
neHel B [6]. Kak crnenyer u3 [6], moroHHOe ociabiicHHe, OOYCIOBICHHOE JIGCUCTOMN
MECTHOCTBIO, B Mmojoce dactor oT 1 mo 6 ITi cocrasmser or 0,2 mo 1,5 nb/m.
[Ipn 3HAYMTENBHBIX pa3Mepax JIECHBIX MAacCHBOB MEXIy HCTOYHHKOM BO3MOXKHOU
momexu (PII) u PITY IIVY 310 oOecmeynBaeT JOCTATOYHYIO Pa3Bs3Ky MPHUEMHHAKA OT
nomexu. ITomexa B 3TOM cirydae MOXKET BO3HHKATh B pe3yJbTaTe AUPPAKINH HU3ITyde-
HUSI TIepeslaTyhKa Ha JIECHOM MaccuBe. [Ipy OTCYTCTBMM HEOOXOAMMBIX AAHHBIX VIS

OLICHKN ocnabeHus PaCTUTCIIBHOCTBIO LpaCT 9THM cCJlara€MbIM 4YaCTO npeHe6peraK)T,

ocobenHo, eciu okpyxenue I1Y mpezncraBisier cob60il OTKPBITYI0O MECTHOCTb, JIMIICH-
HYIO JPEBECHBIX MACCHBOB. JTO HECKOJIBKO yBEJIMYMBaeT ypOBEeHb nomexu. Cutyarus,
xapakTepHas g aHanu3a OMC.

Horepn Ha 1upakuuio Ly,q PacCYMTHIBAIOT, HCHIONB3Ys [7]. PexomeHnamus mnos-

BOJIICT OIICHUTH MOTEPH Ha AU(PAKIUIO U pa3IHYHBIX BUAOB MPEISTCTBUI, B TOM
qriciie Ha CPepruIHOCTh 3eMITH.
INoTepu npu pacnpocTpaHeHUU B CBOOOJHOM IPOCTpaHCTBE L, , 1B, SABIAIOTCA CO-

CT&BJ’ISIIOLLICIZ BCEX BHUIOB pacHpOCTpaHCHHUSA pPAJUOBOJIH W OCHOBHBIMHU Ha Tpacce
ITY < BBC.

Ly = 32,45+201g(f[MT'u])+201g (d [xm]). (16)

1.5. Ouenka ypoBHsi nomexu Ha Bxoje PITY I1VY u ee BausiHus
Ha MPHEM T0JIE3HOT0 CHTHAJIA

OKBHUBaJICHTHAS MOIIHOCTh MCIIAOIICTO CUTrHaJIa [l] C 4acTOTOH fTi , IpUBCJICHHAA
KO BXOAYy INpHUEMHHKA Ha YaCTOTEC €ro HaCTpOﬁKPI fOR , ,HBM, co3gaBacMast 3JICMCHTY

[ITPY curHana, UMEIOIIEro 4acToTy f j» COCTaBJIsIeT

Li(for) = Pri(f1:) + Grg (f1;) + Grr (fr) = L(f7:) =Y — CF (M), (17)

rae Pr;(f7;) — MomHocTs nepenaruuka i-ro POC wHa wactote fr;, abMm; Grp(f7y)
Gpr (fri) — Kod(phHULMEHTH yCHIEHHMs aHTEHH Ha 4acToTe€ fr; COOTBETCTBEHHO,

AHTEHHBI NIePEeAaTINKa B HAIIPABICHNH Ha IIPHEMHHK W aHTCHHBI IIPHEMHHKA B HaIpaB-
JeHUU Ha nepenatduk, abu; L(f7;) — HOTepu B INPOCTPAHCTBE PACHPOCTPAHEHHs Ha

yacTtore fr;, Ab; Y — MOTepu U3-3a HECOBNAAEHMS NOJAPH3ALMI NPUXOIALIEH dJIeK-

TPOMArHHUTHO# BOJHEI M NPHEMHO# aHTeHHBI, Ab; CF(Af;) — x0ddduimeHT 4acTor-
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HOW KOPPEKINH, YUYUTHIBAIOIINN OCTa0JIeHNe TOMEXH M3-32 €€ OTCTPOUKH OT YacTOTHI
MTOJIE3HOTO CHUTHAJa M COOTHOIICHWS IMHPHUHBI CIIEKTPa MOMEXU W IIHUPUHBI IMTOIOCHI
NPONyCKaHWs NpUeMHKKa, Ab; Af;; — OTCTpoiika MEKIy 4acToTamu [r; i f;, ynoBie-
TBOpsttomas (3).

PesynbraTsl orieHkd obnacreit B3aumoneicteus JJHA PIIJ POC u IHA PITY I1Y
OMpPeNeISIFOT BbIOOP KOA(M(GUIMEHTOB yCHMICHUS MX aHTeHH. KoahGuimeHT ycuieHus
aHTeHHbI 110 I'JI IpUHUMAIOT paBHBIM MAaKCHMaJIbHOMY 3HaueHHIO ycuieHus G, yka-
3aHHOMY B CHEIM(HUKAIINHA COOTBETCTBYIOIICH aHTEHHEL. B 00macTi OOKOBOTO YCHICHUS
HCTIONIB3YIOT CTAaTUCTUYECKHE IapaMeTpsl aHTEHH, NpeicTaBieHHble B Tabm. 3 [8, 9].
Ycunenne mo 6oxoBeIM Jemectkam J|HA mnpuHUMArOT paBHBIM CpelHEMY 3Hade-
HHUIO M IUIIOC CPEIHEKBAJPaTUYeCKOe OTKIOHEHHE O C Yy4eTOM IOJLIpU3alHu B3a-

uMozaeiictyronmx anteHH o I'JI ux THA.
Tabnuya 3 / Table 3
CraTucTHYyecKue napaMeTpsl AaHTEHH B 00J1aCTH 0OKOBOI0 yCUJIEeHUS

Antenna gain in the area of side lobes

Koapdumuent ycunenus

. izati ,nbu/dBi | o, nb/dB
asrrerEs/ Antenna gain [onspuszanwms/Polarization mg , Abn/dB1 G-

Gy >25 nbu/dBi Jro6as/Any -10 14
10< Gy <25 abw/dBi Pabouas/Operating -10 11
Optoronansaas/Orthogonal —20 13
10 < G, <25 Bu/dBi Pa6ouas/Operating 0 6
Oproronanbnas/Orthogonal -13 8

Iotepu Ha tpacce PIIJL 7; —IIY ounenuBaror, ucnoib3ys (15) u Mojenu ciaraeMbix

9TOTO BBIPAKCHHMS, KAK OIMMCAHO BBILIIE.

[Motepu Y wW3-3a HECOBMAJCHUS MOJAPH3ALUN HPUXOASIIICH 3JICKTPOMATHUTHON
BOJIHbBI U HpHeMHOﬁ AHTCHHBI OLICHMUBAIOT TOJILKO B TOM CJjlydac, €CJIn B3aHMOﬂeﬁCTBHe
JHA PITY u JJHA PIIJ] T; npoucxoiut mo rnasHeIM nenectkaM ux JIHA. 3Hauenue
noreps B jeuudenax s HanboJee 4acTO MCIOJb3yEeMbIX BHIOB MOJSIPH3ALUH MPE[-

craBieHsl B Taba. 4 [8, 9].
Tabruya 4/ Table 4
OcJ1a0JieHUe CHTHAJIOB NIPH HeCOBNAJleHUH NOJISIPH3AalHU ¢ IPMEMHO aHTeHHOMH

Signal attenuation due to polarization with receiving antenna

Tlossipu3anust aHTEHHBI HCTOYHHMKA IIOMEXH/
Interference source antenna polarization

Honﬂpmvaunﬂ AHTEHHBI np.nelv.mnxa/ Fopmo.ﬂranbﬂax/ Beprucanas/Vertical Kp.yrosaﬂ/

Receiver antenna polarization Horizontal Circular

neBast/ | mpaBasi/
G, <10 16 | G, >101b | G, <101b | G, >101b
0 A 0 A 0 . 0 . left right

I'opuzoHTanbHas/ Gy <1016 0 0 16 16 3 3
Horizontal G, >101b 0 0 16 20 3 3
BeprukanbHas/ Gy <101b 16 16 0 0 3 3
Vertical G, >101B 16 20 0 0 3 3
Kpyrosas/ nesas/left 3 3 3 3 0 16
Circular npaBasi/right 3 3 3 3 16 0
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Koadpunment vacrornoit koppexunu CF (Afl-j) MOJKHO IPEACTaBUTh B BUJE [9]
CF(Afy) = CF, + CF (). (18)

rae CF onpenensier ocnabnenue nomexu B PITY, ecim mosoca wactor, 3aHMMaemast
MEIIAONIMM CHUTHAJIOM, IIPEBBIIIAECT IIUPUHY IOJOCH TNPOIYCKaHUS HPHUEMHHKA,
a CF,(Af;;) ompezenser ocnabieHue 3a CYET OTCTPOHKH IIOMEXH OT 4aCTOThI HACTPOi-

ku PITY. B kauecTBe MareMaTH4eCKMX MOJeJel crnaraeMbix BoipakeHus (18) ucmosb-
3YIOTCS

0, ecmn Bg < Bp; (19)
' |101g(Bg / Bg), ecnmn Bg > By.
0, ecn | Ay | < Bp 12
CF,(8f;) = lg(Z‘Afij‘/BR (20)

, ecau |Af; | >Bgr/2,
lg(Tly) Y
rae I, — k03(dunueHT npsiMoyrosibHocTH Tpakta [1Y npuemMHuKa 1o ypoBHIO .

OOBIYHO 7S TpaKTa MPOMEKYTOUYHON JacTOTH B crierudukanusix PITY ykaspiBaioT
p =60 nb. Ecnu Beipaxkenue (20) naer 3HaueHue Oombie, yem 100 nb, To mpuHEMaeM

CF,(Af;;) =100 1.

Ecimn umeercs k& mepemaTyMKoB, CO3AIONINX IOMEXH MPHEMY j-TO 3IIEMEHTA II0-
JIE3HOT'O CUTHAJIA, TO O0IIast BHEIIHSSA [IOMEXa ITOMY DJIEMECHTY, IPUBEICHHAS KO BXOILY
PIIY, coctaButr

k
1; /10
1;(for)=10lg 2110 RN py, @1)
=

MousocTs none3Horo curiana S( f(p ) Ut KoHKpeTHOro nosioxenus bBC orHocu-
tenpHO I1Y

S(for) = Pr(for) +Gor +Gor —L(for» d) , nbm, (22)
rae d — paccrosiHue mexay bBC u ITV:
2 2 2 2
d =\/XJ1A +Viia +(hJ'IA —hR)»

a KOOPJHMHATBHI JIETATENILHOIO anmapara Xja , Vja ONPEAENAIOTCS aHaJIOTMYHO KOOp-

IUHATAM X7;, V7 -
Ilpu omneHke MOIIHOCTH MOJE3HOrO curHaima mnorepu L(fyr,d) Ha Tpacce

BBC—IIY paccmaTpuBaroTcs Kak MOTEpH B CBOOOTHOM TpocTpaHCcTBe (16).

Jns onenku kadectBa npuHumaemoro aniemeHta [I[IPY curnana ucnonssyem 3a-
LIUTHOE OTHOIIEHUE, YCTAHOBJIEHHOE AJISl CUTHAJIOB, MMEIOUINX MOIYJISALMIO HECYLIEeH
AQHAJIOTUYHYI0 MOAYJIALUY 31eMeHToB curHana [1ITPY.

C 3710l Lenblo A KaKIOT0 3HAUEHHUs j, IOBEP)KEHHOI'O BO3JCHCTBUIO MOMEXH,

BeramcisieM otHomenne (S/1;)= S(fop)—1;(for), Ab, u cpaBHuBaeM ero c 3a-

IIUTHBIM OTHOIIEHUEM (S/I)muI IUIST JAHHOTO BHIA IOJE3HOro cHurHaiga. Eciam
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($71;)<(S/1)say, 10 j-it Kanan (dacrora f;) IIIIPY curana mnopaxeH nomexoii u
kaudecTBO 31emMeHToB IIITPY curnana, mpuHUMAaeMOro Mo 3TOMY KaHally, HEAOIyCTUMO
HU3KO€. Bpruncisiem obuiee yucno J nopaxeHHbx kananos. Eciu J > J . TO nome-

Xa HEAOIMYCTUMO CHMKACT Ka4€CTBO NPUHUMAEMOI'0 CUIrHajia.

2. AHa1u3 BAMSIHMS TOMeX OT nepeaaTyuka ITY Ha kadyecTBO npuemMa
NO0JIe3HOT0 curHana npueMHukamMu PIC, okpyxalommumMu NyHKT yIPaBJIeHHs

AHanm3 MPOUCXOIUT BO MHOTOM aHAJOTHYHO pa3fieny 1, HO Temepb uMeeTcs: TOIBKO
OJIMH UCTOYHHUK MOMEX, NIEPEeNATUrK, pa3MmelleHHbld B [1Y, 1 MHOXKECTBO MOTEHUHUAIIb-
HBIX EPTB U3ITYUYEHHUI 3TOro nepeaaTurka, IpueMHUKOB, okpyxawomux 1Y, ITockonb-
Ky B paccMaTpUBacMON CUTYyallMH, KaK IPaBUJIO, HET BO3MOXHOCTH OLICHUTh YPOBEHb
MOJIE3HOTO CHUTHaja Ha BXOJE KaXXIOr0 M3 paccMaTpUBaE€MbIX NPHUEMHHUKOB, TO s
OIICHKH BITUSTHUSI TIOMEXH Ha KauecTBO pabotel PITY mcmonmb3yercst 3HaYCHUE JOMYCTH-
MOT'0 yXyIUIEHUS] YyBCTBUTEIBHOCTH IPUEMHHUKA IPU IEHCTBUU Ha €ro0 BXOJE BHELIHEH
TIOMEXH.

2.1. UcxoaHble JaHHBIE JJIM aHAJIUA3A

Koopaunate! antennsl nepenaruuka [1Y, uctounuka nomex:

— mupoTa Mg, rpan.;

— Jlonrora &g, rpaf.;

— BBICOTA II0lb€MA aHTEHHBI HaJl 3eMiiel /i .

[Hockonpky mepenatynk M npueMHUK [1Y HaxomsaTcst Ha OXHOM OOBEKTE, MOXKHO
cuuTaTh Ny =M U & =Xp .

KoopauHaTel aHTeHHBI IPUEMHUKA-KEPTBHI i-r0 POC:

— mupora Mg; , Ipai.;

— JI0AroTa &pg;, Ipam.;

— BBICOTA II0beMa aHTECHHBI HaJ| 3eMIIeH /ip; .

JlaHHBIE O MOJIOKEHUH TJIaBHBIX JETNECTKOB JUArpaMM HAINpPaBICHHOCTH U MOJSPU-
3allU¥ aHTEHH NPHUEMHUKOB, OKpyxaomux 1Y, aHamoruuHsl JaHHBIM Ui aHTEHH pa-
JIMONEPEaTINKOB, PACCMOTPEHHBIM paHee. JTO )K€ OTHOCUTCSA K TEKYIIUM KOOpPIHMHA-
taM BBC u mHzaekcanyu nmapamMeTpoB M MEPEMEHHBIX, UCIOJIb3YEMBIX B AaIbHEHIINX

pacuerax.
ITapameTtpsr PITY i-ro POC:
— pabouas gacrota PITY fyp;, MI'1;

— uyBcTBUTENBHOCT PITY Py, , nbwm;
— ILIMPHHA T0JI0CKI IIPOIYCKAHKs TPaKTa MpoMeskyTouHoi yactots! (ITH) PITY Bp; , MI';
— ko3¢ duimenT myma npueMuuka NF; , ab.

ITapametpsr PIT/I ITY:
— pabouas acrota for , MI';

—MomHocTs Fr, nbm;
— LIMPHUHA 0JIOCHI YacTOT, 3aHMMaemas curHanom [1T1PY BS , MI'n;

— 4ncno kaHajnoB curHana [ITIPY M .
JHomyctumoe yxyamerne ayBctBurensaocta PITY i-ro POC APy, , nb.
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2.2. OT00p NPUEMHHKOB, MOTEHIHAIbHBIX KEPTB MOMeX
ot uzanydenuii PII ITY

OT10op BBITIONHSAETCS TO paccTossHAUIO oT [1Y 1 1o wacrore.

Omoéop no paccmosinuro. IcTouHnk momexu (mepenatauk [1Y) cunraercs moTeHIu-
anpHO omacHbM, eciu PITY POC pacmomaraercst B mpexpenax pamumoropuszonta PIT
ITY. OT6op BBIIOIHACTCS C UCIIOIB30BAHUEM NTPOLEAYPHI, OIIMCAHHON BBHIPAKCHUSIMH B
unrepBaie oT (1) go (2), ¢ 3ameHol B HuX uHgekcoB R Ha 7', T Ha R, T, Ha R, u

apaMeTPOB, COOTBETCTBYIOLINX 3TUM HHJEKCAM.
Ombop no ywacmome. CUrHaI ¢ NCEBOCITyYaliHON NIepecTpOKoi paboyel 4acToThI
(ITITPY), ncrons3yemsrit epegaraukom [1Y, 3aHnMaeT 0OBIYHO OYEHB IUPOKYIO ITOJIO-
Cy 4acToT W 00JamaeT HU3KOH CIeKTPabHON IUTOTHOCTHIO MOIHOCTH B STOW MOJIOCE.
VYuuteiBas, uto BocipuuMInBOCcTh PITY mo coceqHemMy n mOOOYHBIM KaHAIaM IIpUeMa
Ha HECKOJBKO IECATKOB JEeLHOeN XYK€ TyBCTBUTEIBHOCTH NMPUEMHHKA, OIPAaHUINMCS
paccMOTPEHHEM IIOMEX TOJBKO II0 OCHOBHOMY KaHaly IpueMa npueMHHKoB POC,
okpyxkaromux IIY. B 3ToM cilydyae pacCMOTPEHUIO MOAJIEKAT IPUEMHHUKH, NIPOLLIEAIINE
0TOOp MO PACCTOSHHIO, pABOYHE YACTOTHI KOTOPBIX fyp; VAOBIETBOPAIOT HEPABEHCTBY

Jor =Bs /2= fopi < for +Bs /2.

Ilepexoo k oexapmosoii cucmeme koopounam. Ecnu pasnocts mupot ITY u PITJL 7;
BBIPa3UTh B Irpajgycax, TO

Xp; = 2R3 sin[(nT —nRi)/Z] KM.

Amnanorn4so, ucroins3ys (6), (7) u Tabnumy 1 ¢ 3aMeHOH B HUX WHJIEKCOB ITapaMeT-
poB R— I, T —-R, R,—T, n I,— R;, noxyuuM KoopauHatel oTobpanHbix POC,
conepxkamux PITY.

2.3. Onpenenenne odaacreit p3anmonericteusa JHA PILY IIY u PIIY R;

[Ipomomkas cpaBHEHHE CHUTYAINH, pAaCCMOTpeHHOH paHee B pazaene 1 (PITY ITY —
XKepTBa, nepenatanku POC okpyKeHHsI — UCTOYHUKH TIOMEX), C pacCMaTpUBAeMOH CH-
tyanueit (PIIJ IIY — uctounmk momex, mpueMHHKH POC OKpyXeHHS — >KEpTBEI),
HaiizieM, 9TO B HACTOSIIEH CUTyallMH ONpeAesieHne obIacTei B3anMOIeHCTBUS HHTEpe-
cyromx /JIHA MOXHO BBIIOJHHUTB, HCHOJIB3Ys! MPOLENYPY, IPUMEHEHHYIO AJIs pelle-
HUSl OTOW 3aJa4yd B MPEAbLAyHIeH cuTyanuu. [loMydnTh HEOOXOIMMBIC COOTHOIICHUS
MOJKHO, HUCIIOJIB3YA YKAa3aHHYIO BbIIIC 3aMCHY HHJCKCOB MNAapaMCTpPOB U TMCPEMEHHBIX
B BeIpaxkeHHsiX (8)—(14), B Tabn. 2 u Ha puc. 2 u 3. KpoMe TOro B MOSICHEHHAX K MOJY-
YEHHBIM TakMM 00pa3oM (opMysiaM ClIeAyeT TakXKe BBIIOJHUTH HEKOTOPBIE 3aMEHBI,
COOTBETCTBYIOIIME HOBOM cHTyanwu, uMeHHo: PIIJI 7 —PIIY R;, PIIV IIV—PIIJ

1Ty, PII[A i-ro POC—PIIY i-ro POC, I')I IHA npuemnuka [1Y— I'JI IHA nepenat-
yuka [1Y.

2.4. OueHka NoTeps Ha Tpacce pacHpPOCTPAHEHHS

IIpouenypa OLIEHKM MOJHOCTBIO COBNAJAET C MPOLELYypOM, paCCMOTPEHHON B pa3-
nene 1.4.

2.5. Ouenka crenenu onacHoctu nomexu s PITY POC ot nepenaruuka ITY

[ockonbKy B HCCIEYEMOM CUTYAIlMH PACCMATPUBAIOTCS IOMEXU TOJIBKO 110 OCHOB-
HOMY KaHally IpuemMa, TO MOIIHOCTb moMexu [ (for;), Abm, Ha Bxozxe PITY i-ro POC mo-
JKET OBITH BEIYMCIIEHA KAaK
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I(fori) = Pr +101g(Bg; / Bs) + Grr;(fori) + G pir (fori) —L(fori) =Y. (23)

3nece Py — MomHocTh nepenaruuka I1Y B nomoce Bg, nbm; Bp; u Bg — mnoisoca
MIpOoMycKaHus npueMHukKa i-ro POC u muprHa crekTpa U3IydyeHHus paguonepeaaTyuka
ITY cootserctBenno (mpeanonaraercs Bg; < Bg); Grpi(fori)» G rir(fori) — XK030-

(bUILMEHTH! YCUIIEHHS aHTEHH Ha YacTOTe fnp; COOTBETCTBEHHO, AHTEHHBI IIEpeAaTUNKa
T (IIY) B nHampaBneHuu Ha npueMHHUK i-ro POC R; W aHTeHHBI NpUEMHHUKA R;
B HanpapJieHuu Ha nepenatyuk 7 , n1bu; L(fyp;) — NOTEPH HA Tpacce pacIpOCTPAHEHUS
Ha 4acToTe fog;, Ab; y — HmOTepU U3-3a HECOBHAIEHMs HOJpU3ALUNA Hpuxopdiiei

3JIEKTPOMArHUTHOM BOJIHBI U IPUEMHOUN aHTEHHBI, 1b.

3HaveHre MOIIHOCTH nepeaardnka [1Y mosiydaroT u3 criennpuKanuy TeEXHUYECKUX
napametpos PITJI.

3HadeHus K03()(PUINEHTOB YCHIICHNSI aHTCHH BBIOUPAIOT 110 Pe3yJIbTaTaM OIpee-
neHus obnacreit B3aumopeiictus ux JJHA. Eciin Ha MHTEpecyomuii 00beKT Harpas-
JeH rinaBHBIA Jjernectok JIHA, TO KO3(QQHUUMEHT YCHICHHMS aHTEHHBI NPHUHAMAIOT
pPaBHBIM MaKCHMAJIBHOMY 3HAa4eHHIO ycwieHus (o, yKa3aHHOMY B crenudukamun
aHTECHHBI. B oGyiacTi OOKOBOTO YCHJIEHHSI HCIOJIB3YIOT CTATHCTUYECKHE MapaMeTpsl
aHTEHH, NpeJICTaBIeHHbIe B Ta0u. 3 [8, 9], ¢ MOsICHEHUSMU, IPUBEICHHBIMU K TaOJIUIIE.

3Ha4eHUs MOTEPh Y M3-32 HECOBIAJCHMS MOJISIPU3ALMN MPUXOJSIIEH 3JIeKTpoMar-

HUTHOH BOJHBI M PUEMHON aHTEHHBI B AeMOeax Iy HanboJee 9acTo UCTIONb3YeMBIX
BHJIOB TIOJISIPU3AIMU MPEACTABICHBI B Ta01. 4. VICONB3YIOTCS TOJIBKO TPU B3aHMMOJICH-
CTBUH aHTCHH 110 TJIABHBIM JICTIECTKAM X JHArpaMM HaIPaBICHHOCTH.

Kak oTmeuanocs paHee, MOCKOIBKY YPOBEHB IOJIE3HOTO CHTHAJIAa Ha BXOJE TPHEM-
Huka POC HeusBecTeH, TO Ui OIEHKM KayecTBa MPUHUMAEMOTO CHUTHAlla 3alllUTHOE
OTHOIIICHHE HE MOXKET OBITh MCIIOIh30BaHO. KITFOUEBBIM mTapaMeTpoOM paIuoNpUEMHU-
Ka, BIMSIOIIMM Ha pabouyro XapakTepUCTUKY JI000M CHCTEMbI, B COCTaB KOTOPOil OH
BXOJIUT, SIBJISICTCSI €r0 YYyBCTBUTEIBHOCTh. [103TOMY BIHSHHE MOMEXH Ha paboOdyio
XapaKTEPUCTUKY CUCTEMBbI MOXKHO OXapaKTepU30BaTh 3HAYECHUEM YXYIIICHUS 4YyB-
creutenbHOCTH PITY POC mox meiictBueM momexw. YXYIIICHHE YyBCTBUTEIBHOCTH
npueMHHKa APp; , 1b, MOXKHO OLICHUTB, HCIOJb3Ys ypaBHEHHE

APy =101g(1+i/n). (24)

rae k — HOMep paccMaTpuBaeMOro NPUEMHUKA, & { U N — COOTBETCTBEHHO MOIIHOCTH
MIOMEXH W IIyMa NPHEMHHUKA, NPUBEJICHHbIE KO BXOAY NpUEMHHKA, MBT. MomHOCTB
cobctBenHoro myma PITY onpenensier BeipaxkeHune

N =-174+101g(Bg )+ NF, 1Bm, (25)

rne Bp — momoca mpueMmHuKa, I'm; NF — ko3hHUMEHT nrymMa NpHeMHHKA, 1b.

MomHocTh nomexu jaaeT BeipakeHue (23). OgHako HYKHO ydecTb, uTo (25) u (23)
OTIPEJICNIAIOT MOIHOCTH B Jeubenax OTHOCHTENbHO MmniuBatTa (Abm), a B (24)
MOIIIHOCTH HCIOJNB3YIOTCSA B METPHUYECKHX eIWHUIaX. [1o3ToMy mepen HCIoip30Ba-
HueM (24) uxX HYXHO TIEepeBEeCTH B MUWJUIMBATTH (WiH BaTThl) CpaBHHBAs pe3yibTar,
MOJIy4eHHBIH U3 (24), ¢ MOMyCTUMBIM YXYIIIEHHEM YyBCTBUTEIBHOCTH, 3aJaHHBIM
B MCXOJHBIX TAHHBIX, OMPEICIAIOT CTEIEHb OMACHOCTH IIOMEXH, CO3[JaBAEMON H3ITy-
yeHueM rnepenaruuka [1Y.
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3akiaouenue

Paccmotpennas mponenypa ananmza DMC pagroobopynoBanms [1Y ¢ okpykeHHeM
SIBJISIETCSl COCTAaBHOM 4acThio oOrero anropurma oueHkn OMC BAC ¢ okpykeHueM.
[Ipoenypa paccmarpuBaeT B KadecTBe OkpykeHus [IY Tompko crammonapabie POC,
pacrioioXeHHe KOTOPhIX B PErHOHE, rae ucrnons3dyercs bBC mms pemeHns Kakux-mdo
HapO/IHOXO3IHCTBEHHBIX 33/1a4, 00bIYHO M3BecTHO. [Ipu BeIOOpE MecTa paszmeruenus 1Y
aHaJIM3 TI03BOJIIET U3 HECKOJBKMX BO3MOXKHBIX MecTomnoioxxenuid 1Y Haiitu Hambosee
yI00HOE MECTO, B KOTOPOM MOMHMMO TEXHHYECKUX TPEOOBAHHM, CBS3aHHBIX C IKCIUTyaTa-
mueit [TY, Bemonasrores TpedboBanus IMC paanoodopynoBanus [1Y ¢ okpyxeHHEM.
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CALCULATIONS OF ELECTROMAGNETIC COMPATIBILITY BETWEEN
RADIO EQUIPMENT OF A COMMAND AND CONTROL POINT
OF UNMANNED AIRCRAFT SYSTEM AND STATIONARY
LAND RADIO STATIONS

Antipin B.M., Vinogradov E.M., Tumanova E.I., Munkueva O.B.
The Bonch-Bruevich Saint-Petersburg State University of Telecommunications,
Saint-Petersburg, Russian Federation

An analysis procedure of electromagnetic compatibility between radio equipment of a com-
mand and control point (CP) of unmanned aircraft (UA) carrying a radio transmitter (RT) and a
radio receiver (RR) and stationary land radio electronic equipment (REE) stations containing
radio transmitters and/or radio receivers and surrounding the CCP is considered. The procedure
involves analysis of the scenarios where emissions produced by the surrounding transmitters may
have an effect on the quality of the signal received by the CCP receiver and where the emission
produced by the CCP transmitter may have effect on the quality of signals received by the recei-
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vers surrounding the CCP. It assumed that frequency-hopping spread spectrum signals are applied
in both downlink and uplink. To assess the interference effect from emissions of the surrounding
transmitters on the quality of the signal received by the CCP receiver the protection ratio is used.
To assess the interference effect from emissions of the CCP transmitter on the quality of the sig-
nal received by the surrounding receivers the receiver desensitization is used.

Keywords: unmanned aircraft, frequency-hopping spread spectrum, electromagnetic compati-

bility, protection ratio, receiver desensitization.
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MATHEMATICAL MODELS OF RADIO WAVE PROPAGATION
IN HETEROGENEOUS ENVIRONMENTS FOR WIRELESS NETWORKS.
REVIEW

V.I. Popov
Riga Technical University, Riga, Latvia

The issue of ensuring uniform radio coverage of service areas and the associated reliability of
mobile radio systems in the 3G and 4G standards requires a lot of attention upon designing cellu-
lar mobile networks. One of the main tasks at the first stage of designing is the mathematical
modeling of radio wave propagation under the influence of the environment.

This work provides classification of mathematical models of radio wave propagation in cellu-
lar mobile communication systems, the algorithm of calculating radio signal strength at the re-
ceiving point depending on the distance between the mobile and the base stations, as well as fac-
tors and conditions affecting radio wave propagation are specified.

Keywords: mathematical models, radio wave propagation, heterogeneous environment, wire-
less networks, cellular networks of mobile communication (CNMC).
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Introduction

Currently problems of radio wave propagation (RWP) in cellular networks of mo-
bile communications (CNMC) are dealt with in many works [1-16]. Various methods
of classification of mathematical models of RWP in the decimeter and centimeter wave
band applied to CNMC are considered in them.

Depending on environmental influences, both deterministic and statistical models
can be used for modeling RWP; often semi-deterministic, semi- empirical and empirical
models are applied.

Deterministic mathematical models are based on the use of the physical laws of
RWP. The calculation is based on single-ray, double-ray or multi-beam models of
RWP. They take account of influencing factors of obstacles in the path of radio wave
propagation and local conditions in the radio channel (Fig. 1): attenuation in free space,
reflection from objects, diffraction due to obstacles, absorption, refraction and cross-
polarization of electromagnetic waves (EMW).

Semi-empirical and empirical models are based on path loss formulas, including a
number of empirical correction factors picked up by experiments. The accuracy of cal-
culated results in such a case depends on the preciseness of the correction factor values
and restrictions having significance within the chosen frequency range and for the spe-
cific environmental conditions only.

It is important to point out that results of experimental research for the real environ-
mental conditions are often used to determine a path loss of EMW propagating along
the terrain. Mathematical models of RWP in the heterogeneous environment, for exam-
ple, have their own laws of attenuation for different surroundings and allow calculating
median values of the received power depending on the distance to the receiver (consid-

The study was done in an initiative way.

© 2024 B.W. Ilomos
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ering ITU-R, CEPT recommendations). Combined methods represent a blend of deter-
ministic and statistical models. RWP models based on these methods may be applied for
more accurate measurements in specific situations.

BTS

Fig. 1 —Impact of Obstacles on Radio Wave Propagation
Puc. 1 — BnusHe NpensITCTBUNA Ha pacIpOCTpaHEHUE PAIHOBOIH

Nowadays the majority of CNMC operators are using mobile network development
and monitoring software products that are based on models listed above. Sadly, imper-
fections of digitized maps, approximation and averaging of path loss values lead to rela-
tively large calculation and planning errors. Improvements in model simulation accura-
cy have been made possible lately by introducing geographic information systems
(GIS), which use high-precision maps and geographical databases.

1. Classification of RWP Models in CNMC

Let’s consider mathematical models of radio wave propagation in CNMC assuming
standard conditions and propagation regimes are in place. Most characteristic regimes of
wave propagation between the base transceiver station (BTS) and the mobile station
(MS) in the real world conditions are generalized in Table 1 and serve as a basis for
further mathematical model classification. The following abbreviations are used in the
Table: R is reflection, EMW is an electromagnetic wave, NLOS is line-of-sight;
NLOS is non-line-of-sight; D/EMW is diffraction of the electromagnetic wave,
A/EMW is attenuation of the electromagnetic wave.

Table 1/ Tabauya 1
Distinctive RWP Regimes in CNMC
Orinyurenbnsie pexkumbl RWP B CNMC

No. Conditions RWP model, regime, cell type
1 Ay
e ’ N Free space
r LOS

:E:/‘ macrocell
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Continuation of the Table 1 / IIpodonicenue mabn. 1
No. Conditions RWP model, regime, cell type
P A
T ¢ G 5 A two-ray model
A, (2) LOS+R/EMW
l I”z macrocell
12 ¥
7 e
3

A multiple ray model
The Log-distance path loss model
LOS+NLOS+D/EMW+ZR/EMW;
macrocell, microcell

A multiple ray model for urban conditions
Lee model
LOS+NLOS+ZR/EMW;
macrocell

A multiple ray model for urban conditions
The Okumura model
LOS+NLOS+ZR/EMW;
microcell

A multiple ray model for urban conditions
TheOkumura-Hata model
LOS+NLOS+XZR/EMWi

microcell, picocell

A multiple ray model for urban
conditions
TheCOST 231-Hata model
LOS+NLOS+XZR/EMW;
microcell, picocell

Multiple ray model for urban conditions
The Walfish-Ikegami model
LOS+NLOS+XD/EMW;
macrocell, microcell, picocell

Multiple ray model for urban conditions
The Hata-Davidson model
LOS+NLOS+XZR/EMWi
microcell, picocell
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The End Table 1 / Oxonuanue mabn. 1

No. Conditions RWP model, regime, cell type

10
Radio wave propagation through the forest

A semi-deterministic model
LOS:1+A/LOSFr+Lateral/ EMW+LOS>
microcell, picocell

11

Radio wave propagation in free space with
the reflection from the forest
The deterministic model
NLOS+ZR/EMW;
microcell, picocell

This paper, as it follows from table 1, examines 11 path loss mathematical models,
which represent the approximation of the received signal strength in relationship to the
distance between BTS and MS, taking into account environmental conditions, as well as
transmitter and receiver antennas parameters. The determining of received signal
strength for an array of distances allows finding the maximum radius of BTS cell cover-
age area R, (fig. 2) for a downlink transmission when P. is equal to the MS receiver

sensitivity B.i,, Which is one of the main tasks in mobile cellular network area cover-

age planning.

0— ! ! ! | | | | !
1 S S S — Okumura-Hata Model |1
! ! ! ==== Pt min = —&1 dBm !
T -
1 i 1 1
1 I 1 1
[ | | P Lo Lo b | PP
i i i i
1 i 1 1
1 I 1 1
ST | N B -
1 I 1 1
1 i 1 1
44 [ [ L P [
E 1 I 1 1
& i i i i
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= 1 1 1 1
o 1 1 1 1
[ DU, TSR e CERTE RCTIITAS YRR SRR PR PRy frees
i 1 1
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1 i 1 1
| i ) |
[ [ Lo P T P [
1 I 1 1
1 i 1 1
400 b n I
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Fig. 2 — Finding Cell Tower Maximum Coverage Radius Using the Okumu-
ra-Hata Model (Prmin = —81 dBm, Rimax=1.021 km) [2]

Puc. 2 — OmnpezeneHHe MaKCHMAIbHOTO paadyca MOKPBITUS BBIIKH
COTOBOIA CBs13U ¢ mcnonb3oBanueM Moaenun Okymypa—Xara (Prmin = —81 nbm,
Rmax = 1,021 kM) [2]
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2. RWP Models in CNMC

Mathematical models, which determine the power of the harmonic electromagnetic
wave (EMW) aired by the BTS antenna and received by MS, are shown in table 2 with
the following set of parameters: P; is a BTS transmitter power, dBm; f'is an operational
frequency, MHz; / is an operational wavelength, m; G, G, is BTS, MS antenna gain; 4;,
h, —BTS, MS antenna height, m; r is the distance between the BTS transmitter and the
MS receiver, km; f is a norming frequency, fo = 1 MHz; Ao is a norming wavelength,
Ao =1 m; hyis anorming height, 4o = 1 m; ro is a norming distance between BTS and
MS, ro =1 km.

Table 2 / Tabnuya 2
RWP Mathematical Models

Matemarudyeckue Mmojaeau RWP

No. Model Formulae

1 Le-of-sight LOS in
P.ios =P +101gG, +101g G, —201g(4m) +

3
+201g(£‘]— ZOIg[V 10 )< 0,
0 o

where B g is a received signal strength in the free space
(LOS) environment, dBm;

2 | The two-ray model LOS; B.=P1os +10Igy ;
+Ro/EMW (TR model)

2 ht hy hthr
y=1+R"+2R-cos (p+4n-73 , 0.8r>r>187;

A-7r-10

P. =P, +101gG, +10lgG, +201g[:;J+201g(:(’)J—

103
—401g(r 10 ]
)

where P. is a median power level at the receiving point

for point-to-point RWP, dBm; v is a value determined as a
function of the terrain parameters, dBm; R is a coefficient
of reflection, R<1; ¢ is areflection angle, usually

¢ =3.142 rad,;
3 The Log-distance M
path loss model B.=Fros - IOnIg[r] —(&EXy),
LOS+NLOS+ D/EMW + 4 . 0
+SR/ EMW, where #n is an attenuation exponent, n =2 for the free space
(TR model) (LOS), n=2.7-3.5 for the suburban area (LOS/NLOS), and
n=3-5 for the urban area (NLOS); X s is a random value
for normal (Gaussian) distribution with a zero mean, represent-
ing a signal attenuation condition, which was caused by its
fading (in case of no fading X, =0);
4 The Lee model [ ’ ] [ f J
LOS+ZR/EMW; B = Fo—10y-lg| — |~ 10n-lg| —— |+10lg(a) ,
"0 f n0

2
_ ht hr ’ P;’”W '103 GtGr
0(() =5 5 |7
htnO hrnO PtnO 4
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Continuation of the Table 2 / I[Ipoodonsicenue mabn. 2

No. Model Formulae
2, if h.>10m;
v_{L if b, <3m,

where o is an adjustment factor; F,,;» —is a BTS transmitter
power, mW; P, is power at the r, point, dBm,
P.g=-45dBm for free space, P.j =-49 dBm for Rural
area; P =-61.7dBm  for the suburban area,
P.y=-70 dBm for the urban area, for the metropolitan cen-
ter, y is a path loss correction due to distance, Y =2 for thefree
space, Y=4.35 for the rural area, y=3.84 for the suburban
area, Y =3.68 for urban area, y=3.05 for metropolitan area;
n is a frequency correction factor, recommended values are
2 <n <3; n=2 for the open, rural, suburban area, f <450 MHz;
n =2 for the urban, metropolitan area, > 450 MHz; v is a MS
antenna height correction factor; f,, is a nominal frequency,
Sno =900 MHz; F,, isa nominal BTS transmitter power,
B,y=10 W, h,,is anominal BTS antenna height,
hypo =30.48m;  h,,o is anominal MS antenna height,
R0 =3m; 1, is anominal distance between BTS and MS,
0 =1.6 km.

5 Okumura model Limitations: frequency range /' = 150-1920 MHz; BTS antenna

LOS+XZR/EMW;

height /4, = 30-1000 m; MS antenna height 4, = 1-10 m; dis-
tance between BTS and MS r = 1-100 km;

Li=Ly10s _Amu(.f7r)+H(ht)+H(hr)+Garea >

B =P os— A, ")+ HM)+H)+G,ep

lOlg[ fy J, if h.<3m;
hrnO

H(h)=

h
201g[ L J if 3<h,. <10m.
hrnO
Here L,, is path attenuation, dB; 4,,,(f,r) is median attenu-
ation relative to free space (determined from the fig. 3), dB;
H(h,) is a BTS antenna gain factor, dB; H(h,.) is a MS an-
tenna gain factor, dB; /,,(1s a nominal BTS antenna height,
hypo =200 m;  h,,, is anominal MS antenna height,
hpo =3 m; G

wea 18 S gain correction factor depending on

the environment (see Fig. 4), dB.

The Okumura-Hata model
LOS+XR/EMW;

Limitations: frequency range /= 150-1500 MHz; BTS antenna
height /; = 30-200 m; MS antenna height 4, = 1-10 m; dis-
tance between BTS and MS r = 1-20 km;

P, piara =B —69.55— 26.161g['}{] _

7
0




MATHEMATICAL MODELS... 31
Continuation of the Table 2 / I[Ipodonsicenue mabn. 2
No. Model Formulae
6

—(44.9 ~6.551g [h’]]lg[rJ +
hg )

+13.821g[2’]+a(f,h,ﬂ)+1<(f);

0

{1 dlg (%J - O.7j~ h, — [1 .S6lg [70) - 0.8J for open,

suburban, urban area,

2
8.29[lg(1‘54 :’ ]:I —1.1 for metropolitan area,
70

a(f,h.)=
£ <300MHz,

2
3.2|:1g (1 1.75 :r]:l —4.97 for metropolitan area,
r0

f=300MHz;

2
4.78[lg(;ﬂ -1 8.33lg[;j +40.94 for open area,

0 0

K(f)= 2{1g(2fgﬂz +5.4

0 for urban, metropolitan area;

for suburban area,

where a(f,h,.) is a correction factor for MS antenna height, dB;
K(f) is a correction factor that depends upon the environ-
ment, dB.

7 The COST 231-Hata
model
LOS+XZR/EMW;

Limitations: frequency range /= 150-2000 MHz; BTS antenna
height /; =30-200 m; MS antenna height A4, = 1-10 m; dis-
tance between BTS and MS r = 1-20 km;

—p-A-Blg| L L3 -
P.=P-4 Blg(foJ+13.821g(h0]+a(f,hr)

—[44.9—6.551g[2’;ng[;]—c;

S S
a(fh)=|1.11g| L-|-0.7 |n. - 1.561g| L |-0.8],
) ( g(fo] 7] [5 g(.foJ ]

where A is an attenuation component, dB (4=69.55 dB
for 150< /<1500 MHz, 4=4633 dB for 1500< f'<
<2000 MHz); B is a frequency correction factor ( B =26.16
for 150 < <1500 MHz, B=33.9 for 1500 < f <2000 MHz);
a(f',h,) is a correction factor for the MS antenna height, dB;
Cis an attenuation correction factor, dB. It depends on the
environment (C =0 for open, suburban and urban area, C =3
for Metropolitan area), dB.
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Continuation of the Table 2 / I[Ipodonsicenue maon. 2
No. Model Formulae
8 The Walfisch-Ikegami | Limitations: frequency range f'= 800-2000 MHz; BTS antenna
model height A, = 4-50 m; MS antenna height 4. = 1-3 m; distance
LOS/NLOS+ XD/EMW;

between BTS and MS r = 0.02-5 km.

I* gl
_':[A’)“ |
4| |3 T |
oo T i
[ — !
oo - — _|oo
= a0 0o oo\, ~ADO||
n| |22 a0 Do ool\ . /loo]| ™"
c oo !
oo oo oa oo oo ;
0 u 1 ml 9 nlln
BTS b W MS

rt T

_ LO + Lrts + Lmds’ if Lrts +Lmds <0, .
Lo, if Lrts +Lmds > O,

Ly =—32.45- 201g(rJ - 201g(]{] :

) 0

L =169 +101g[WJ—IOlg[fJ—ZOIg[Ah’j—Lm :
wo fo ho

~10+0354p, if 0<@<35°
Loy =12.5+0.075(¢ - 35), if 35° <@ <55°,
4-0.114(¢—-35), if 55° < <90°

r f b
Lyas ==Ly, =k, —kylg| — |—kplg| =— [+91g| — |;
‘mds bsh a d g[roJ f g[foJ g(bo]

—181g(1+Ah,), if Ah, >0,
b if Al <0;

>

54, if AR >0,
k, ={54—0.8Ah, if Al <OAr=0.5,
54—1.6r-Ahy, it A <OAr=0.5;

18, if A, >0,
k, =
471182152 i A <o;
Iy,

—-4+0.7 (L - J for suburban, urban area,
925

—-4+1.5 (L - ) for metropolitan area,

925

kp=
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Continuation of the Table 2 / I[Ipodonsicenue maon. 2

Model

Formulae

Liog =—42.6— 26lg(rJ - 201;{?} :

o 0

Fros = b +Lios =F —42.6—- 261%[:]— 201%[]{] ;
0 0

Fxwos=H+Ly.

Here P.[ggis the received signal strength in the line-of-sight
(LOS) environment, dBm; P.Njog is the received signal
strength in the non-line-of-sight environment, dBm; L, is
a path loss, dB; Lj g is apath loss for thefree space environ-
ment, dB; L, is a free space loss, dB; L, is a diffraction and

scatter loss, dB; L, is amultiscreen diffraction loss, dB;

A}
L,,; is an orientation loss, dB; L, is a shadowing gain due to

theBTS antenna location, dB; & is an average building separa-
tion, m; w is an average street width, usually w = 0.5b m;
hy, is an average building height, m; Ak, =h, —hy, is the BTS
antenna height above the rooftops, m; Ah. =h, —h, is the
distance between MS antenna and rooftops, m; ¢ is a street
orientation angle with respect to the direct radio path, ¢ =90°
in the worst case; k, is a correction factor, dB; k; is a dis-

tance factor; k r is a frequency factor.

TheHata-Davidson model
LOS+ZR/ EMW;

Limitations: frequency range /= 150-1500 MHz; BTS antenna
height 4 =30-2500 m; MS antenna height 4= 1-10 m;
distance between BTS and MS » = 1-300 km.

P. =P, yara — AChy ;1) + S1(1) + Sy (B, 1) + S3() +S4(f 1) 5

7

P jata = B - 69.55— 26.161g[]{]—

0

—[44.9 - 6.551g[htj]lg[r] +
ho rO
+13.82lg(:’] +a(f,h)+K(f);
0

0, if » <20 km,

0,62137(r — 20) x
Ahy,r) =

h if 20 <7 <20 km;
121.92

x[0.5+0.151g(
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The End Table 1 / Oxonuanue mabn. 2

Model

Formulae

< 0, if r<64.38 km,
)=
107 0.174(-— 64.38)  if 64.38< r <300 km:

0.00784(h, —300)lg(9'98) , if h, 2300m,

r

Sz(hpr) =
0 if ht <300m;

S .
1500 )’

2501g| ——
g( s )

0, if »<64.38 km,

Sy(fH=

S =
4O 011200 — 64.38)lg(15;0J if 64.38<r <300 km.

Here Py, is thereceived signal strength for the Okumura-
Hata model, dBm; a(f, h,.) correction factor for the MS an-
tenna height, dB (see the Okumura-Hata model); A(k,7),
Sy(r) is distance correction factors, dB; S,(h,r) is a BTS
antenna height correction factor, dB; S;(f) is a frequency
correction factor, dB; S4(f,r) is afrequency and distance

correction factor, dB.

10

RWP through the forest
(1, 15]
LOS1+A4/LOSF+Lateral/E

P. = B 105 = Oyrr +101g[(r)] ;

MW+ LOS: I 0.185 dB/m for operational frequency f = 900 MHz,
mF=10.36 dB/m  for operational frequency /' = 1800 MHz;
¢(r)=10%1""
11 | RWP in a free space with

the reflection from the
forest [15]
NLOS+ZR/ EMW;

p - RGO | FEF 00,
(4m)

2 2 ?
Ve 171N
where P. is a median power level at the receiving point for
point-to-point RWP, W; F;(0) —BTS antenna radiation pat-
tern, F;(0)=1 for omnidirectional antennas; V. is the volume
of the forest, m*; ¥, =1 m3— norming volume, ¢ is an angle

between the direction of the main wave and its reflection from
the forest; o(¢) is an effective scattering area of a volume

unit, m?  — distance between BTS and forest, km; 7, is

the distance between the forest and MS, km
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3. Calculation Algorithm for RWP Models

TheRWP numerical calculation algorithm based on the examined mathematical
models is shown in Fig. 5. The values of received signal strength for every model are
found by using formulas from Table 2 with appropriate standard BTS and MS para-

meters.
< Calculation of Radio Wave Propagation >

¥

Initial parameters
Py, P mins Gy, Gy, hy, he, S

Calculation of maximum
cell coverage radius Ryax

. Input
Variable parameters Pr) Pp .
H(r), Pemin Fmins
Calculation of received signal strength P, using RWP mathematical models
— — o — g <8
= B 3 3 3 3 g1155 Peto(i) == Pr int5?
g < ° K] o o £ ] L u= no
B 3 e 3 £ E = € = ) g o
£ < 2 = s E c 3 £ lgs
o € 7 & ® S 3 o e &g
3 > d © T T i 3 € ®||us
@ ® ° 5 . T g 2 E o £ Output
aQ = Q © — = > @ 3 L& pu
o <] =3 5 5 0 < s Q 2 “ o .
3 2 = 2 g N el Q = £ €9 Rinax = i
£ = 3 o 5 I 4 2 s ||laB
- = = o - © s S
o O 2 T z = us-_)
Calculation of maximum cell coverage radius Rpyax
Output
Pr, Riax

C e

Fig. 5 — Algorithm for RWP Calculation Using Mathematical Models
and Standard BTS and MS parameters

Puc. 5 — AnroputMm pacuera PBII ¢ ucnonb3oBaHueM MareMaTHUECKUX MOJIENIEH
u cragaaptHbix napamerpos BTC u MC

As it follows from the right part of the flowchart (Fig. 3), the maximum radius of
BTS radio coverage area R,,,, depends on the values of MS receiver sensitivity P, i,

and received signal strength P. () for corresponding RWP model.

Example of the Rmax numerical calculation using the proposed algorithm (Fig. 5).

To estimate the influence of the environment on the received signal strength
(for downlink transmission), calculations of the proposed algorithm were made using
the Mathcad engineering software. Comparison of the results, visible in Fig. 3, are true
for the following parameters:

— BTS transmitter power: B. =50 W (47 dBm);

— Operational frequency: f'= 900 MHz (A = 0.33 m);

—BTS, MS antenna gain: G, =10, G, = 1.

Environmental conditions, specific for every mathematical model (Tab. 2), were
also taken into account.

The received signal strength is heavily dependent on wave propagation conditions,
and it changes drastically with an increase in distance between BTS and MS (as it is
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shown in Fig. 6). For example, when distance » = 3 km, signal strength Pr = —44 dBm
for the LOS model, but in dense urban area conditions (the Walfisch-Ikegami model) —
Pr=-95dBm. The stability of the radio communication link depends on the MS re-
ceiver sensitivity level (Prmin). If Prmin = —93 dBm and the real path loss is equal to
the calculated one (using the Walfisch-Ikegami model), then a signal from BTS couldn’t
be received by MS already at a 3 km distance.

RWP modd

-10 Free space model BEE
-20 Two-ray model it
\ Multiple rav model e
-30 - Lee model e

g -40 n Okumura model
% 50 H:::‘E—'—- Olumura-Hata model  +vr
A o0 LY e-— ] | COST231-Hatamodel ¢+
\ Walfisch-Tkegami model **
70 — N

\\\
D] Free space model
\ e |
-80 -3

S —
L S E— —— %"’“‘q
7, —

-100 T min %
-110
0 0625 125 1875 25 3125 375 4375 3
», km

Fig. 6 — Comparison of the Received Signal Strength for 9 RWP models
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Experimentally gathered RWP data for Philadelphia, New York and Tokyo are
shown in Fig. 7 to compare the real signal attenuation slopes with the calculated results

(Fig. 6).
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Fig. 7—Received Signal Strength Relation to the Distance between BTS
and MS (r, km) for Selected Urban Areas [9]

Puc. 7 — 3aBUCUMOCTb MOLIHOCTH IPUHUMAEMOT'0 CUTHAJIA OT PACCTOSHUS
Mexay BTS u MS (r, kM) 111 BBIOpaHHBIX TOPOJICKUX TeppUTOpHii [9]
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As it can be seen in Fig. 3, the Lee model is most suitable for environmental condi-
tions in Philadelphia, while the COST 231-Hata model gives the best results for Tokyo.
Maximum cell coverage radiuses of the calculated path loss models for two different

MS receiver sensitivity settings (Prmin = [-81; —100] dBm) are visible in Tab. 3.
Table 3 / Tabnuya 3
Maximum Cell Coverage Radius Rmax for Given MS Receiver Sensitivity Prmin

MakcuMalIbHbIi pajlyc HOKPBITHA COThI Rmax 1J1 3aJaHHOI YyBCTBUTEIbHOCTH
npueMHUKa MS Py min

Rinax, km Rinax, km
RWP model Prmin=-81 dBm Prmin=—100 dBm
Free space model 210.253 1873.883
Two-ray model 19911 59.452
Multiple ray model 3.536 15.202
Lee model 2.818 11.827
Okumura model 2.077 9.141
Okumura-Hata model 1.255 4.584
COST 231-Hata model 1.026 3.748
Walfisch-Ikegami model 1.253 3.962
Free space model 2.526 8.837
Hata-Davidson model 2.526 8.837
Conclusions

1. This work discusses relatively simple RWP models for CNMC, which, using a
proposed algorithm along with appropriate software (such as Mathcad), allows deter-
mining the maximum coverage area of BTS cells based on environment characteristics.

2. Every mathematical model is presented as a function of the received signal
strength Pr (P1, Gt, Gr, f, ht, hr, ). Unlike in most of the models recommended by ITU-
R u CEPT, formulas in tab. 2 comply with the strict mathematical laws. Expressions
with common logarithms are reduced to dimensionless forms by introduction of the
norming parameters. For instance, the received path loss formula for the COST 231-
Hata model in the book [6] looks like this:

LCOST231 =463+ 3391g(f) —-13.82 lg(ht) — a(h,) +
+[44.9-6.551g(h,)|1g(r) + C. (1)

That path loss L, =101g(B./F) >0 doesn’t match the actual reduction in the sig-

nal level when the distance between BTS and MS increases, and expression (1), in over-
all, is mathematically incorrect, because quantities with dimensions are used as an loga-
rithm arguments. This work proposes the following formula:

h
P}’COST231 = f; —463—3391g(%j+1382lg[zj]‘f‘a(f,hr)—
J0O

—{44.9—6.55'1g(2’—fﬂ~1g(rij—c, ©)
0 0
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which corresponds to the path loss L, =101g(FP./F) <0 and shows the real attenua-

tion of the radio signal.

3. Path loss in Philadelphia, as shown in Fig. 8, where experimental (Fig. 7) and cal-
culated (Fig. 6) data are compared, can be expressed using the Lee model, whereas the
COST 231-Hata model is a match to the measured path attenuation in Tokyo. Visible
errors are possible due to the choice of parameters (BTS and MS antenna height, anten-
na gain, urban parameters, etc.).

-50 »
r Dhilagzlphis
\"'I\\ r New York
A
E‘ fio
70 ke
§ j'DI' COST 231-Hatamodsl
. -80 e
v R’Laanl}c.al
BEE
-90
-100 t‘:;—-_;-.,______
-110
1 15 2 25 3 35 4 4.5 5

», km

Fig. 8 — Comparison of the Experimental and Calculated Values of Received Signal
Strength in Selected Cities

Puc. § — CpaBHeHUE SKCIIEPUMEHTAIBHBIX U PACUETHBIX 3HAUCHUIN MOLIHOCTH
HNPUHUMAEMOr0 CHI'HaJIa B BBIOPaHHBIX TOpPOJax

4. As a first approximation, calculations of the median received power P.(») (for
downlink regime) can be made using estimated engineering formula (3):

r

P =P, 105101 lg(—j, 3)
"o

where 7y =1km is a norming distance, # is an attenuation exponent which depends on

the environment (Tab. 4).

Table 4 / Tabnuya 4
Dependence of the attenuation exponent on the environment features

3aBUCMMOCTH MOKA3aTeNs 3aTyXaHusl OT 0co0eHHOCTeH Oprmammeﬁ Cpeabl

Environment Attenuation exponent n
Free space (LOS) 2
Suburban area (LOS/NLOS) 2.7-3.5
Urban area (NLOS) 3-5




40 V.1 Popov

For example, if the received power in the LOS environment P.ng =-60 dBm
at the distance » = 1 km from the BTS, and FP. g =-75 dBm when the distance is

r =3 km, then the slope of experimentally acquired data for RWP in New York
(fig. 3.3) can be roughly expressed wusing (3) with the coefficient
n=(=75+60)/(-10-0,48) = 3,125.

5. The developed algorithm (Fig. 2), which was implemented using Mathcad soft-
ware, allows not only calculating maximum coverage area of BTS cell towers, but also
performing network clustering and designing the coverage map afterwards [1, 2, 11].
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MATEMATHYECKHUE MOJIEJIA PACIPOCTPAHEHMSI PAJJMOBOJIH
B HEO/IHOPO/IHbIX CPEJAX JJI51 BECITPOBO/HbBIX CETEM
OB30P

B.U. Ilonos
Puoiccruti mexnuyeckuil ynusepcumem

Bompoc obecrieueHnsi paBHOMEPHOTO PAJANONOKPHITHS 30H OOCTY)KMBAaHHMS M CBS3aHHON
C 3THM HAJIGKHOCTH CUCTEM MOOWIILHOHM paauocBsi3u B ctangaptax 3G u 4G TpeOyeT 0O0bIIoro
BHHMAaHUS MPU TPOSKTUPOBAHWU COTOBBIX MOOWIBHBIX ceTed. OfHOI M3 OCHOBHBIX 3aiad Ha
MIEPBOM 3Tare MPOECKTUPOBAHUS SIBISETCS MATeMaTH4eCKOe MOJETHPOBAHHE PACIPOCTPAHEHMS
PaznoBOIH MO BO3/ACHCTBUEM OKpY Karomei cpensl. B nanHoit paboTte npencrasieHa kiaccupu-
KAyl MaTeMaTHYECKIX MOJEIel paclpoCTpaHEHHUs PaIMOBOJIH B CHCTEMAaX COTOBOM MOOMIBHON
CBSI3H, JITOPUTM pacdeTa MOIIHOCTH PaAUOCHTHANIA B TOUKE IIPHEMa B 3aBHCUMOCTH OT PacCTOs-
HUS MEXITy MOOWIBHOW M 0a30BOIl CTAaHIMSIMH, a Takoke (PaKTOPHI M YCIIOBUS, BIMSIONINE HA pa-
JmocBs3b. PacnipocTpaHeHue BOJIH yKa3aHo.

Knmiouegbie cnosa: MaTeMaTHYECKHE MOICIH, PACIPOCTPAHEHHE PAJHOBONH, TeTEpPOreHHAs
cpena, 6eCrpoBO/IHBIE CETH, COTOBbIE ceTH MoOMIbHOH cBsizu (CCMC).
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Ldedepanvrviii uncmumym npomvlunennot cob6cmeenHocmu
2Hoeocubupckuil 20cy0apcmeenbiii mexnudeckuii yuueepcumen
SUncmumym zopnozo oena um. HA. Yunaxana CO PAH

[Iupokoe MCIIOTB30BAHAE MHUKPOAIEKTPOHUKH B PA3IMYHBIX OOJACTSIX HAYKH U TEXHUKH —
B COBPEMEHHBIX CHCTEMAaxX YMPaBICHHS, PaJHOTEXHUIECKUX yCTPOHCTBAX, MPUOOPAX U CPEACTBAX
aBTOMAaTHU3allMM B TPOMBIIUIEHHOCTH, CEIbCKOM XO3SIHCTBE, Ha TPAaHCIOPTE, A OOOPOHHBIX
neseil — o0ycClIOBIMBAET MEPBOOYEPEIHYI0 HEOOXOAUMOCTb pa3BUTHA 3ToH cepbl. Crparerus
pa3BUTHS NIEKTPOHHOU npomsbiiuieHHocTH PO no 2030 ronma cdokycupoBaHa B TOM uucie Ha
IIPOJABIKEHUM POCCUMCKOM 2JIEKTPOHMKHM HAa CYLIECTBYIOLIME U MEXIyHApOJHBIC PBIHKU, YTO
CONPSDKEHO B IEPBYIO OvYepelb ¢ HEOOXOIMMOCTBIO IIPaBOBOM 3aIIUTHI pa3padorok. [laTeHTHBIE
JIOKyMEHTHI SIBIIIIOTCS OOBEKTHBHBIM KPUTEPHEM OLEHKM MOTEHIMAla Pa3BUTHS TEXHOIOTHH.
B crathe olneHMBaeTCS AMHAMHKA HAYYHBIX ITyOJIHKAI[MH M MIATEHTOBAHMS B chepe MUKPOIIIEK-
TpoHuKH B HoBocubupckoit obnactu, B Poccun u B mupe. [lannas cdepa sABiseTcs AOCTaTOUHO
3pesoi, KOIMYEeCTBO HAyUHBIX IMyOJMKALUi U MAaTEHTOB B MHUPE BBIPOCIO 3a mocnexHue 20 net
He3HauuTenbHo. HalOmiomaeTcst yMEHBIIEHHE KOJIMYECTBAa POCCHUICKUX IAaTEHTOB B LEJIOM,
U TAaTeHTOB, IPAaBOOONANATEISIMH KOTOPBIX SBISIOTCS OpPraHW3allUM, 3aperuCTPUPOBAHHBIC HA
tepputopnu HoBocnOupckoil 061acTH B YacTHOCTH. ODTO SIBISIETCS PE3yJIbTATOM YXyIIICHUS
MOJIUTUYECKOW 0OCTaHOBKH B MHpe. BBeneHHE SKOHOMHYECKHX CaHKIHMHA NpoTuB Poccuiickoit
Odegepanuy CTaNO MPUYNHON, IO KOTOPOH 3apyOeKHbIe KOMIAHUM BBIHYXKICHBI OBUIM IIpeKpa-
TUTh UHBECTUIMN KaK B UCCIIEA0BAHMS U Pa3pabOTKH, TaK U B NPOHU3BOJCTBO POCCHHCKOM 37IeK-
TpoHukH. HekoTopsle poccuiickiue KOMIaHUM B 3TUX 0OCTOSATENBCTBAX MEPELIIH K OXPaHEe CBOMX
pa3paboTOK B pexxMMe KOMMEpUecKoi TalWHbl. Takke BBIBICHBI OCHOBHBIE NPaBOOOJIAfATENN
U YCTAQHOBJICHB! Y4EHbIC-HOCUTENIN TEXHOJIOTHH, KOTOpbIE Pab0Ta0T B OpraHM3alMAX dJIEKTPOH-
HOU MPOMBIIUIEHHOCTH, 3apEerHCTPUPOBAHHBIX B paccMaTpuBacMoM peruoHe. IlpousBeneH aHa-
JIM3 yPOBHSI Pa3BUTHSI MUKPOIIEKTPOHHBIX TexHoJorui B HoBocuOupckoilf 001acTH, KOTOPHIi
MIOKa3aJl, 9T0 OH COOTBETCTBYET MHPOBOMY.

Kniouesvie cnoga: IMIopTo3aMellieHue, MUKPO3JIEKTPOHNKA, TATEHTHAS aHATUTHKA.
DOI: 10.17212/1727-2769-2024-3-43-56

BBenenne

MHUKpPO3JIEKTPOHHKA IUPOKO MCIOJIB3YETCs B PA3IMYHBIX 001aCTAX HAYKH U TeXHHU-
KU, IIPY CO3JaHHH COBPEMEHHBIX CHCTEM YIIPABJICHUS, PAIUOTEXHHYECKHX YCTPOUCTB,
pUOOPOB U CPEICTB aBTOMATH3alMU B MPOMBIIUICHHOCTH, CEJIbCKOM XO3SIHCTBE, Ha
TpaHCIIOPTe, A1 OOOPOHHBIX IieNneil.

B 1990-x romax poccuiickasi 3JIeKTpOHHAs MPOMBIIIUIEHHOCTh HAXOJMJIACh B yIaKe
n3-32 OCTPOro (pMHAHCOBOTO W TOJIMTHYECKOTO KPHU3HCA, & TAKXKE OTCYTCTBUS 3aKa30B

* Ily6nukauus noArorosneHa B pamkax HUP «MeTononorus Uccie0BaHus U OLEHKH IO-
TEHIMATa Pa3BUTUS TEXHOJIOTHHA B 3JCKTPOHHOH mpombinuieHHOocTH HoBocmOupckoii obmactu
C WCTONB30BaHWEM NAaTEHTHOI'O CKPHHUHTA W aHAJdM3a IAaTEHTHOH aKTHBHOCTH: NEPCIIEKTHUBBI
MpUMEHEHHs B ApYrux peruoHax POy, mmdp 3-011-2024.

[lyGnukanus mOArOTOBJIECHA MPU YaCTUYHOU mojmep)kke MHUHHCTEPCTBa HAYKU M BBICILETO
obpasoBanus Poccuiickoit deaepanuu, npoekt no. FSUN-2023-0007.
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Ha pa3paboTKy W CO3/IaHUe HOBBIX AIICKTPOHHEIX m3nenuil. B [1] koHCTaTHpyeTcs yrpa-
Ta 10 50 % TexHOoJOoTHi MPON3BOACTBA MIEKTPOHHOI KoMHoHeHTHOH 0a3pl (OKB), pas-
pabotannoit B CCCP B 1970-1980-x romax, B TOM 4rcie HaOIIOAAETCS MPOTPECCHPY-
o1ee TexHoyiorndeckoe orcrapanue PO B obmactu TBepaoTenpHoil CBU-31eKTpoHNKH,
MOJTHOCTBIO yTPadeHbl KOMIIETEHIMH 110 CO3[[AaHUIO CPEACTB IMPOU3BOJCTBA Ul MUKPO-
anekTpoHuku [1]. BeneactBue »Toro poccuiickue 3JeKTPOHHBIE W3NENHs OKa3alucCh
HEKOHKYPEHTOCIIOCOOHBI Ha MHPOBOM PBIHKE, YTO JOIOJHHUTEIFHO YCYI'yOMIIo mOJIo-
KEHHE NPeANpHUATUi eKTpoHHOI npoMeinuieHHocTH. K 2007 roxy nons PO na mupo-
BoM paiHKe OKb cocrasisina Bcero 0,23 %; Ha BHyTpeHHeM pbiHKe DKb npoMsinuien-
HocTh P® obGecnieunBaer Tombko 37,5 % cnpoca. Be€ 310 cymiecTBeHHO MOBIHAIO Ha
Takue crpaTerndeckue cdepsl, Kak 000poHHas, KOCMUUYECcKas U HedrerazoBas 0Tpaciy,
aTOMHasl IPOMBIIIJICHHOCTb, aBHa-, CYJ0- 1 aBTOMOOWIECTPOCHNE, KOTOPBIE B OOJIBIICH
CTETICH! OCHAINAINCH UMIIOPTHOW 3JIEKTPOHUKOH, YTO HECOMHEHHO CHU3WIIO 0OOPOHO-
CIOCOOHOCTB CTPAHbI B YCIOBHUAX JEHCTBUS TOJIMTUIECKA-MOTHBUPOBAHHBIX CAaHKIUH.

B 2022 roxy npunsTa OOHOBJIEHHAs KOHIICTILUS TOCYIapCTBEHHOHN MOJUTHKH B 00-
JIACTH Pa3BUTHS AIEKTPOHHOH mpombInuieHHOCTH 10 2030 roma. OTMEUaloTCs Clenayo-
1iye IpoOJieMbl B pa3BUTHUHU OTPACIIM: HEXBaTKa MPOU3BOJCTBEHHBIX MoOIIHOCTEH B Poc-
CHUU, KpUTUYCCKAasA 3aBUCUMOCTD IPOLECCOB NPOCKTUPOBAHNA U BbBIITYCKA IMPOAYKIIUN OT
3apy0OeXHBIX TEXHOJIOTUH, a TAK)Ke OT ChIPbsl U MaTepuaioB [2], TPyJHOCTH C OCBOCHU-
€M TEXHOJIOTMYeCKHX mporeccoB Hmxe 180 HM, HEBO3MOXXHOCTb OOECIIEUHUTH PBIHOK
HEOOXOAMMOHN DJIEKTPOHHMKOM, HHU3Kasi MHBECTUIIMOHHAS IPHBJIEKATEILHOCTh, B TOM
qHcIe U3-3a HATMYHUS He0OpOCOBECTHOM KOHKYPEHIIMH CO CTOPOHBI 3apyOEXHBIX I10-
CTaBIIMKOB 3JEKTPOHMKH, BBICOKasi CTOMMOCTh NMPOM3BOACTBA B Poccum, a Takxke ocT-
pBIf eUIUT KBaTH(PUINPOBAHHBIX KaIpOB.

Tem He menee BTopoii stan Ctparternu (2022-2025 rr.) cpoKycupoBaH Ha POABH-
KEHUHM POCCHHUCKON 3JIEKTPOHUKH, B TOM YHCJIEC Ha MEKAYHapOIHBIE PBIHKU, YTO CO-
NPSHKEHO B MEPBYIO OYepelb C HEOOXOAMMOCTBIO IPABOBOW 3alWUTBl Pa3pabOTOK.
B cBsI3M ¢ 3THM NpeacTaBiIseTCss BO3MOXKHBIM OLIEHUTh JWHAMUKY M HOTEHIMAN Pa3BU-
THS TEXHOJIOTUH UMEHHO 4Yepe3 aHaJIn3 NAaTCHTHBIX JOKYMCHTOB.

1. ITocTanoBKAa 3a1a4u

MUKpO3JIEKTPOHUKON Ha3bIBAIOT DPA3/el JIEKTPOHUKH, CBS3aHHBIA C U3y4YECHUEM
1 TIPOM3BOJICTBOM 3JIEKTPOHHBIX KOMIIOHEHTOB C T€OMETPHUECKHMH pa3MepaMu MOopsi-
Ka HECKOJIbKHX MHMKPOMETPOB M MeHbLIE. Takue ycTpoicTBa OOBIYHO MPOM3BOAAT U3
MOJTYIPOBOIHUKOB M TTOJYIPOBOJAHUKOBBIX COEANHEHUH, HCHONB3Ysl (hoTOIHTOrpadhuio
U JerupoBaHue. TpaaunOHHBIC YCTPOUCTBA SIEKTPOHHON KOMIIOHEHTHOH 0a3bl, TaKue
KaK Pe3UCTOPBI, KOHJEHCATOPHI, KATYIIKH WHAYKTHBHOCTH, XHUObI, TPAH3UCTOPHI, H30-
JSITOpBI, NPOBOJHUKH, B MHKPOIEKTPOHHKE DPEAJN30BaHbl B BHIEC MHHHATIOPHBIX
YCTPOWCTB B HHTETPAJILHOM HCIIOTHEHUH [3].

B kadecTBe pernoHa ajis MpOBEACHHsI HccienoBaHus BeIOpana HoBocubupcekas 00-
nacts (HCO). CBsi3aHO 3TO C TEM, 4TO B PErMOHE MMEIOTCS HPENNPUATHS PaJNO0dIIEK-
TPOHHON MPOMBIIIIEHHOCTH, B TOM YHCJIE BXOIIUE B XOIUHT «PocanexTpoHukay [4],
takue kak AO «HoBocuOupckuii 3aBoj MOJYNPOBOJAHUKOBBIX IpHUOOpPOB BocToky,
AO «llIBabe-O6opona u 3amuta», AO «DkpaH-onTHueckue cucreMbny, AO «HoBocu-
Oupckuii 3aBox pamuoxperaneid «Okcumy». CyliecTBEHHA M HAyYHO-UCCIIEOBATEIbCKAsS
KoMmrioHeHTa. KoHueHTpanusi B pernoHe Hay4HbIX pabOTHHKOB B 1,5 pasza mpeBblnaet
oOmepoccuiickuii moxaszarens. HoBocnOupckue ydeHble COCTAaBISIIOT 5 % BCero poc-
CHICKOTO HAyYHOTO COOOIIEeCTBA M TOYTH MOJOBHHY 4Yucia yueHbXx Cubmpckoro De-
nepaiapHOro okpyra (CDO). CeronHs B HAyIHO-HCCIEIOBATEIHCKON M MHHOBAIIHOHHOM
ctepax 3aaATO 601ee 30 THICAY YeNmOBEK — Mo ToMy nokazaremo HCO maxonures Ha
nepBoM mMecte B CDO. Ilo 3arparam Ha HaydHbIE UCCIEJOBAHMS M ONBITHO-KOHCTPYK-
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Topckue pazpadbotkn HCO 3anmmaer mepBoe mecto B CPO u mectoe — B PO. HCO
BXOJWT B JECATKY BEIYIINX PEerHoHOB P® 1Mo KoiamyecTBY 3asBOK HA OOBEKTHI WHTEI-
JeKTyanbHOH cobctBeHHOCTH. [Ipm 3ToM 3a 2019-2021 rT. mcmons30BaHUE H300peTe-
HU M TOJIE3HBIX Mojened B cdepe MPOHM3BOACTBA KOMIIBIOTEPOB, AJIEKTPOHHBIX
1 ONTHYECKHX U3enuid cocTaBisiet 13,3 % ot o0mero ooGbeMa UCIoJIb30BaHus H300pe-
TEHUH U MOJIC3HBIX MOJENEH, U 3aHUMAaeT TPEThe MECTO B pervoHe (TOciie CEeKTOPOB
HaY4HBIX MCCJIEIOBaHUI U pa3paboTok u oOpa3oBanus). Takxke cienyeT OTMETUTD, YTO
HCO BbIOpana MuHHCTEPCTBOM 9KOHOMUYECKOTO pa3BuTHs P® Kak MUIOTHBIA PErHOH
JUTSL pa3pabOTKU THUITOBBIX MOJICNICH PA3BUTHUS TEPPUTOPUN C BBHICOKOM KOHIICHTpALUEH
WCCIICAOBAHUIA W pPa3pabOTOK, MHHOBAMMOHHOW WHQPACTPYKTYPHl U MPOHM3BOJCTBA
(Focynmapcreennas nporpamma HoBocubupckoii oomactin «CTHMyITUpOBaHHE HAYYHOM,
HAYYHO-TEXHHYECKON ¥ MHHOBAIIMOHHOH JeATeNbHOCTH B HoBOCHOMpPCKO# 00macTmy).

[IpemmeToM HcciienOBaHUS ABISIOTCS MATEHTHBIE TOKYMEHTHI, Kacarollnecs TeXHO-
JIOTHA MHUKPO3JIEKTPOHHUKH, IPaBO0OOIaIaTeNIMI KOTOPBIX SBIAIOTCSA HaydHBIE H 00pa-
30BaTeNbHBIC OPraHW3alWd, a TAaKKe HPEATPHSTHS PEaNbHOTO CEKTOpa SKOHOMHUKH,
pacnonoxxennsie Ha Tepputopun HCO. Beibop HaydHBIX 1 00pa30BaTENbHBIX OPTaHU-
SaHHﬁ, OTHOCAIIUXCA K OpTraHU3alusM SHeKTpOHHOﬁ IMPOMBINUICHHOCTHU, OCHOBBIBAJICA
Ha SKCHEPTHOM aHajM3€ MX MaTeHTHBIX mopTdeneid. Cpenu KOMMEPUECKHX OpraHu3a-
Ui 1715 aHaIM3a BRIOpaHbI Te OpraHu3anuu, kotopsie umeroT kogq OKBO/ 26 «IIpowus-
BOJICTBO KOMITBIOTEPOB, AIEKTPOHHBIX U ONTHYECKUX U3ATU» [S].

WHupopMaMOHHEIH TTOUCK MMPOBOAMICS CPEJACTBAMHU COBPEMEHHBIX 0a3 JaHHBIX, Ta-
KUX Kak OinekTpoHHbl apxuB 3asBok @OUIIC, mnaTeHTHBIX MOUCKOBBIX CHUCTEM
PatSearch, Espacenet, Orbit Questel, 6ubmmorek IEEE XPlore, Google Scholar,
E-library, KubepJleanaka. B cBsizu ¢ Tem, 910 cdepa MHUKPOIIEKTPOHUKH SBIISETCS
MUHAMAYHO Pa3BUBAIOIIEHCS, MHOTHE TEXHOJOTHH JOCTATOYHO OBICTPO yCTapeBaroT,
a TaKoKe B CBSI3U C TEM, YTO MAKCHUMABHBIA CPOK ACHCTBHS HCKIIOUYUTEIFHOTO IIpaBa Ha
nzobperenue cornmacHo 1. 1 cr. 1363 I'paxmanckoro Konekca Poccuiickoit denepanuun
cocrasister 20 ner, TayOonHa noucka Opita orpanndena gatoi 01.01.2004.

OOnacTh mMoucKa OrpaHM4eHa WHAeKcaMu MexXIyHapoHO# MaTeHTHOH Kiaccudu-
kauu HOL1L «IlomynpoBoaHUKOBBIE MPUOOPBI, HE OTHECEHHble K moakiaccy H10»;
HO3H «llenu nonHoro (akTUBHOTO M peakTuBHOro) compotusieHus»; HOSK «Ileuar-
HBIC CXEMBI; KOPITyCHl WM JCTalH JJICKTPHICCKUX MPUOOPOB; M3TOTOBIICHHE OJIOKOB
AJIEMEHTOB AIEeKTpHyYecKkol anmaparypb»; H10 «[lomynpoBoJHUKOBBIE TIPUOOPEI; SJICK-
TPUUYECKUE TBEPAOTEIbHBIE YCTPOICTBA, HE OTHECEHHBIE K OPYTUM Kiaccam»; B81B
«MUKpPOCTPYKTYPHBIE YCTPOWCTBA WM CHCTEMBI, HAlpuUMep MHKPOMEXaHHUECKUE
ycrpoiictBay; B81C «Crmoco0bl minm yCcTpoicTBa, CHENHANBHO MPeJHA3HAYCHHBIE IS
M3TOTOBIICHHS MITH 00pabOTKHA MUKPOCTPYKTYPHBIX YCTPOUCTB MM CUCTEM» [6], a Tak-
e KIIOYEBBIMH CJIOBAaMH «MHKPO3JIEKTPOHHUKA», «MHUKPOCXEMa», «HHTETpajbHAas
MHKPOCXEMay, «IUIEHOYHasi MHUKpocxemay, «BUCy, «Mukpompomeccop», «Ibe30Kepa-
MHUYECKUI», «ONTOIEKTPOHHBIN», «MHOIOCIONHAs IleyaTHas IUIaTa», «MHUKpOIIe-
PEKITFOUATEIbY, «KTPUITEPY, KIIHPPATOP», KKOMIIAPATOP», YCHUIIUTEIIbY, «TCHEPATOP»,
«PE3UCTOP», «KOHICHCATOP», «KATYIIKa HHIYKTHBHOCTH», «JIHOI», «TPAH3HCTOPY,
«HU30JISTOP», KIIPOBOJTHUK.

2. AHAJIM3 TUHAMUKH HyﬁJIl/lKa].II/IOHHOﬁ AKTHBHOCTH H NATCHTOBAHUSA
TeXHOJOTruid MHUKPO3JEKTPOHUKHU B MUpe€

[To nannemM IEEE XPlore Oputa onieHeHa MUpOBasi AMHAMIKA HAyYHBIX ITyOJIMKAITHN
Mo MHKpodIekTpoHuke (puc. 1). [louck mpoBommics Mo YHOMHUHAHUIO TEMBI B OO0
gacTh MyONUKamuu. 3a MUCCIeAyeMbIi Mepro BRIABICHO Ooiee 64 ThIC. MyOIMKAIHiL.
Jnarpamma puc. 1 oTpakaetr ToT GakT, 4To chepa MUKPOIISKTPOHHUKH SBISETCS TOCTa-
TOYHO 3pEJIOH, POCT KOJIMYeCTBa IMyOauKanuii 3a mocieaane 10 Jet He3HAYUTEeITbHBII.
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Puc. 1 — [luaaMuka myOIUKaIIiA IO TEME «MHKPOIICKTPOHUKAY
3a 20032023 rr. no gauaeM IEEE XPlore

Fig. 1 — Dynamics of publications on the topic “microelectronics”
for 2003-2023 according to IEEE XPlore

JumHaMuka TTaTEeHTOBAaHUS B MUpE OTpakeHa Ha puc. 2. Bpibopka MaTeHTHBIX ce-
MEHCTB BKJIIOUaeT B cebs 53 679 moxymeHToB. I'paduku IeMOHCTpUPYIOT HE3HAUYH-
TEJIBHBIA POCT KOJIMYECTBA 3aI1aTEHTOBAHHBIX peLIeHM, 3a 20 JIET KOJIMYECTBO NAaTEHT-
HBIX CEMEHMCTB YBEJIMYHMIIOCH Bcero B 1,5 pasa, 4To TakKe MOATBEP)KOACT 3PETOCTh
JTAHHOTO HAIpaBJICHUs MCCIEeIOBaHUN U pa3paboTok. [Ipu 3TOM ciemyer OTMETHTD 3Ha-
YUTENbHOE KOJWYECTBO MATEHTOB, NEHCTBHE KOTOPBIX MOJIIEPKUBAETCS MpaBoobIaga-
TCIIAMU, YTO CBH}IeTeJ’IbCTByeT 06 aKTyaﬂbHOCTM TCXHUYCCKUX pemeﬂnﬁ Ha l'[pOT}DKe—
HHUU JOJIIOoro BpeMeHl/I 1 HAJINYUU KOMMep‘IeCKOﬁ HpI/lBﬂeKaTeﬂbHOCTI/I.
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Puc. 2 — [IlnHaMuKa aTeHTOBAaHUS B c(hepe MUKPOIIEKTPOHUKU
3a 2004-2023 rT. B Mupe

Fig. 2 — The dynamics of patenting in the field of microelectronics
for 2004-2023 in the world

Benymumu urpokamMu Ha JaHHOM pBIHKE (pHUC. 3) SBIAIOTCS TaKHE MEKAyHapOIHbIE
xommanuu kak INTEL, koTtopast uMeeT B cBoeM mopTderne 2835 maTeHToB 10 MHKPO-
anekrponuke, Taiwan Semiconductor Manufacturing Company (TSMC) ¢ 1333 na-
teHTamu, Samsung Electronics (1310), IBM (1239). Takxke CylIeCTBEHHBIM IOPT-
(enem mareHTOB MO MUKpodsiekTpoHuke (1625) Bnanmeer ¢paHumy3ckuil HaydHO-
uccienoBaTenbckuii mHCTUTYT Commissariat a 1’énergie atomique et aux énergies
alternatives (CEA — Komuccapuar 1mo aTOMHOH M aJbTepHATHBHBIM BUIAM SHEPTHUH).
[Tpu sToM BenynMu KoMnaHusiMu 6osbiie 60 % MaTeHTOB IMOANEPKUBAETCS B CUIIE.

TexXHOIOTHH MUKPOAJIEKTPOHUKH B TepBYI0 odepens nateHTyIoT B CIIIA u Kurae
(puc. 4), toe Haxomsarca aub6o R&D moxapasmencHus KOMITAHHUH-MHPOBBIX IJTHACPOB
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B 3TOH cdepe, TUOO MPOU3BOACTBO MHUKPOIJICKTPOHHBIX HM3AeHHid. Poccust mpu 3ToM
HAXOAWTCS Ha 7 MECTe 10 KOJIMYECTBY IMaTEHTOB Cpequ Bcex cTpaH. Kpome Toro, 4acTp
3as1B0K (13 902) mogana B pamkax Jforosopa o mateHTHo# koomnepamnuu (PCT), koTopsrit
obecrieuynBaeT MpeaBapuTeNbHYIO IPABOBYIO OXpaHy TEXHHUYECKOTO PEUICHUs Ha TeppH-
topun 156 ctpan. Taxke 2202 3assBOK IIepBOHAYAILHO MOJaHO B EBpormelickoe maTeHT-
HOE BEJOMCTBO, YTO OOECHEeYMBAET 3alUTy TEXHHYECKUX PEIICHUH Ha TEepPUTOPHH
25 ctpan EBpomneiickoro corosa.

NTEL T |
CEA [
TSMC T |
Samsung Electronics lsm 300 =
BM
0 500 1000 1500 2000 2500 3000
KOIHYeCTBO IMIAaTEHTHRIX ceuei‘ich
OpaccmaTpHBaeTCS W onnepxHBaeTCA O xe noanep:xHBaeTCA

Puc. 3 — TOII-5 npaBooOnanateneii B cepe MUKPOITEKTPOHUKH
3a 2004-2023 rr. B Mupe

Fig. 3 —TOP-5 patent holders in the field of microelectronics
for 2004-2023 in the world
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Puc. 4 — PedTUHT TaTEHTHBIX BEJOMCTB NIEPBOT0 IIPUOPHUTETA IO KOJINYECTBY MATEHTOB
3a 2004-2023 rr. B Mupe:

US — CIIIA; CN — Kuraii; FR — ®pannus; JP — SAnounust; DE — I'epmanus; KR — Pecriy6iuka Kopest;
RU — Poccusti; TW — TaiiBanps; GB — BenukoOpuranus; [T — Utanus
Fig. 4 — The ranking of patent offices of the first priority in terms of the number of patents
for 2004-2023 in the world:

US — USA; CN — China; FR — France; JP — Japan; DE — Germany; KR — Republic of Korea;
RU — Russia; TW — Taiwan; GB — Great Britain; IT — Italy

3. AHAJIN3 TUHAMUKH NATEHTOBAHUS TEXHOJIOTHIi MHUKPOIJIECKTPOHUKH B Poccun

PesynbpraThl Mmoucka ¢ OrpaHMYEHUEM IO POCCUWCKOMY MAaTEHTHOMY BEIOMCTBY
BKIIFOYArOT B ceOs 2066 MaTEHTHBIX CEMEUCTB, OIS POCCUICKHUX MAaTCHTOB HE MPEBHI-
maet 3,85 % ot MmupoBoro kosmyaectsa. [Ipu s3tom 10 npaBooGiagaTensiM NpUHAIISKUT
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24 % pOCCHUHCKUX MATEHTOB, T. €. PHIHOK MHUKPOAJICKTPOHUKH B PD sBiseTCS BBHICOKO-
KOHKYPEHTHBIM.

JlnHamMuKa MaTeHTOBAHMSI MHUKPOIJICKTPOHHBIX TexHonoruii B Poccum ¢ 2004 roma
MOoKa3aHa Ha puc. 5. J[marpaMMel MMOKa3bIBAIOT, YTO KOJIWYECTBO 3AIIUINAEMBIX TEXHH-
YEeCKHX PEIICHWH OCTAaeTCsl B CpeIHEM Ha IOCTOSHHOM ypoBHE, m0 2015 roma oH co-
cTaBis1 npubausuteabHo 100 3asiBOK B TOJI, MOCIE CPEIHHA YPOBCHb CHHU3WIICS [0
80 3asBOK. BeposATHO, 3TO CBA3aHO C yXY/IIEHHEM IOJIUTHYECKOH 0OCTaHOBKH B MUDE,
BBEJICHHEM SKOHOMHUYCCKUX CAHKIMIA MPOTHB PD, 1Mo mpHUUMHE KOTOPBIX 3apyOerHbIC
KOMIIAHWU BBIHYKJICHBI OBLUTH TPEKPATUTh WHBECTUIIMH KaK B UCCICIOBAHUS U pa3pa-
0OTKH, TaK U B TPOU3BOJCTBO POCCHHCKOHN 3JIEKTPOHMKH, a HEKOTOpPbIE poccHiicKHe
KOMIIAHHH TIEPEIUTH K OXPaHe CBOMX pa3pabOTOK B peKUME KOMMEPUYECKON TallHBI.
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Puc. 5 — [lunamuka naTeHTOBaHHs B chepe MUKPOIIECKTPOHUKU
3a 2004— 2023 rr. B Poccun

Fig. 5 — The dynamics of patenting in the field of microelectronics
for 2004— 2023 in Russia

I[Ipu »TOM cCnexyeT OTMETUTh, 4YTO JIOJSl HWHOCTPAaHHBIX MpaBooOIazaTesnei
1o 2015 roga ve mpessimana 20 % (puc. 5). Hanbonpinee KoIMdecTBO MaTEHTOB IPHU-
HAJJISKUT MEXIyHapoaHelM koMmanwsM Johnson & Johnson Vision Care, BASF,
PHILIPS u np. (puc. 6).

Johnson & Johnsen Vision Care
BASF

PHILIPS

SNAPTRACK

XIAOMI

CEA

SAMSUNG

INTEL

Signify holding

GETTERS

0 5 10 15 20 25 30

KOTHYECTBO IATEHTHBIX ceMeHcTB
Puc. 6 — TOII-10 nHOCTpaHHBIX paBOOOIaAaTENEH 10 MUKPO3IEKTPOHKKE B Poccuu

Fig. 6 — TOP-10 Foreign Microelectronics patent holders in Russia

Cpenaun poccuiickuX opraHu3anuil 6e3yCIOBHBIMU JIMJIEPAMH I10 NATEHTOBAHUIO
MHUKPOIEKTPOHHBIX TexHoJorui sBistoTcst HOxkHO-Poccuiickuii rocynapCTBEHHBIH
yHHuBepcuTeT 3koHOMUKH U cepBuca (FOPT'YOC), JloHCko# rocyaapcTBeHHBIN TEXHU-
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yeckmit yamBepcuteT (AI'TY), MHCTUTYT OU3NKK TOITYynpoBOTHUKOB CHOMPCKOTO
otnenenus Poccmiickoit akanemun Hayk (MUPII CO PAH), xommanus «['pymma Kpewm-
Huil Om», HanmoHanpHBIH HCCIE0BATEbCKAN YHUBEPCUTET «MOCKOBCKHH HHCTHTYT
anekTpoHHOU TexHukm» (MUOT), Poccuiickuii GenepalibHbIN sAepHbIA 1IeHTp — Bee-
POCCHICKHMIA HAay4HO-HCCIIEIOBATENLCKMIA HHCTUTYT OKCIEPUMEHTAIBHON (DU3UKH
(POAL-BHUMND®) u ap. (puc. 7).
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Puc. 7—TOII-20 poccuiickux npaBooO1agaTeneii o MUKpo3JIeKTpoHuKe B Poccun:

TI'Y — Tomckwuii rocynapcrBenHbli yauBepeuteT; CIIBI'DTY — Cankt-IletepOyprekuii rocyapcTBeHHbIH
anekTpoTexHnueckuid yausepcuret «JIDTU» um. B.JM. YnbsHosa (Jlennna); HI'TY — HoBocubupckuit
rocynapcTBeHHbIH TexHnueckuil yausepeuret; UT CO PAH — Uucturyt termodusuku uM. C.C. Kyrare-
nagze CO PAH; PO um. B.A. KotenbHukoBa — IHCTUTYT paJMOTEXHUKU U 3JIEKTpOHUKU UM. B.A. Ko-
tenbHukoBa; HHI'Y um. H.U, Jlo6aueBckoro — HaruonanbsHblid uccnenoBaTenbekuii Huwkeropoackuit
rocyaapcTBeHHblid yHuBepcuter uM. H.M. JloGaueBckoro; BI'TY — BopoHEKCKH TOCYIapCTBEHHBII
texHudyeckuit yausepcurer; HUM DT — HayuHo-uccie10BaTeNnbCKUi MHCTUTYT 3JIEKTPOHHON TEXHUKHY;
MUCuC — HaumoHalbHbIH HCCIIEI0BATENbCKUI TeXHONOrnYeckuid yausepeuret « MU CuCy»

Fig. 7—TOP-10 Russian Microelectronics patent holders in Russia:

TSU — Tomsk State University; SPBSETU — St. Petersburg State Electrotechnical University “LETI”

named after V.I. Ulyanov (Lenin); NSTU — Novosibirsk State Technical University; IT SB RAS —

S.S. Kutateladze Institute of Thermophysics SB RAS; V.A. Kotelnikov IRE — V.A. Kotelnikov Institute

of Radio Engineering and Electronics; N.I. Lobachevsky National Research University — N.I. Lobachev-

sky National Research Nizhny Novgorod State University; VSTU — Voronezh State Technical Universi-

ty; NII ET — Scientific Research Institute of Electronic Technology; MISiS — National Research Techno-
logical University “MISiS”)

OcHOBHasi [10J1s1 IATEHTHBIX CEMEICTB MMEET B KaYeCTBE CTPAHbI EPBOTO MPUOPH-
teta Poccmiickyto ®enepanmro (puc. 8). Yacts mateHToB (406 en.) 3amumeHo B paMKax
JloroBopa o marentHoii koomneparnuu (PCT), a 109 maTeHTHBIX CEMENHCTB MepBOHAYAIb-
Ho nogaHo B EBporeiickoe narenTHoe BenoMcTBo. Kpome Toro, B Poccuu 3anarenToBa-
HBl pa3paboTKH, KOTOpble cTpaHo mepBoro mpuoputera umeror CIIA (US).
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B ocrampHbIX cTpanax, Takux kak Kurait (CN), @panmus (FR), l'epmanus (DE), Bemu-
koOputarus (GB), Kopes (KR), ABcrpamms (AU), moms ceMeHCTB, BKIIOYAIOIIAX
POCCHICKHIA TIaTeHT, He3HaYnTenbHa. ClelyeT OTMETUTh TaK)Ke, 4TO B OCHOBHOM pOC-
cHiicKue mpaBooOIaaTeN He CTPEMSITCS 3alllUIATh CBOM Pa3pabOTKH MO MUKPOAJIEK-
TPOHMKE Ha 3apYOEKHBIX PBIHKAX, YTO JIEMOHCTPUPYET HE3HAYUTEILHOCTh SKCIOPTHO-
ro NOTEHIIMaNa pa3paboToK B 3TOM chepe.
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IaTeHTHBIE BEIOMCTBA IIEPBOTO IIPHOPHTETA

Puc. 8 — PeTHHT TaTEHTHBIX BEJOMCTB IIEPBOT0 IIPUOPHUTETA IO KOJINYECTBY MATEHTOB
3a 20042023 rr.:

AU — Apcrpanus

Fig. 8 — The ranking of patent offices of the first priority in terms of the number of patents
for 2004-2023:

AU — Australia

4. AHAIN3 NATEHTHOMH AKTUBHOCTH OPraHM3alUii 31eKTPOHHOI
npombinieHHocTH HoBocubupcekoii ods1actu

JHaMuKka MaTeHTOBaHHUS MHKPO3JICKTPOHHBIX TEXHOJOTHHA OpraHU3alMsAMH, 3ape-
TUCTPUPOBAHHBIMH Ha Tepputopun HoBocubupckoit odmactu, ¢ 2004 roga mokazaHa Ha
puc. 9. BuaHo, 4Tto AMHAMHKA B 1I€JI0M COOTBETCTBYET OOLICPOCCUHCKUM TCHICHIIUAM,
mocie 2015 roma HaOIrOMAETCS CHMYKCHUE KOJMYECTBA MAaTEHTOB. boOmblnas yacte ma-
TEHTOB, MOJTyueHHbIX 10 2018 roja, He MOAMEPIKUBACTCS, YTO CBUACTEIBCTBYET 00 OT-
CYyTCTBUM KOMMEPUYECKOW MPUBJICKATEIIEHOCTH TAaTEHTOB, IOJYYECHHBIX Oojee 5 JeT
Ha3aj.
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Puc. 9 — JlunaMuka naTeHTOBaHHS TEXHOJIOTUI MUKPO3JIeKTpOHUKH B 20042023 rr.
B HoBocuOupckoii obmactu

Fig. 9 — Dynamics of patenting of microelectronics technologies for 2004-2023
in the Novosibirsk region

Cpenn HaydHBIX OpTraHU3aAINi HAWOOJbIIEe KONMISCTBO MATEHTOB, KACAIOIIUXCS
mukpoanekTponuku, nmeetr UPIT CO PAH (puc. 10), kak ObII0 OTMEUEHO paHee, WH-
CTUTYT HaXOIWTCS Ha TPEThEM MECTE IO KOJIMYECTBY MATEHTOB C chepe MHKpPO3JIeK-
TPOHHUKH CPEeIN POCCHUCKUX OpraHu3anuid. [1aTeHThI MOCBAIICHBI CIIOCO0aM HM3TOTOB-
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JICHUS 3JIEMEHTOB MHKPO3JIEKTPOHUKH, B YACTHOCTH TOJIYYECHHUsI CTPYKTYpBl KPEMHHH-
Ha-N30JSITOpE, KPEMHUM-Ha-carnupe, NHANEBBIX MUKPOKOHTAKTOB, CIIOS IIOJUKPHCTAI-
JIMYECKOTO KPEMHHUS, CIIOCO0aM CUMTBHIBAHUS CUTHAIBHOTO 3apsiaa ¢ MarpuaHoro [13U-
(GOoTONpPHEMHNKA, a TAKKEe PA3IUYHBIM KOHCTPYKIHMAM JIEMEHTa IaMATH IS DJIEKTPU-
YECKH NEPENporpaMMUPyEMOr0 IIOCTOSHHOTO 3alIOMHHAIOIIETO yCTPOUCTBA.

Cpenu oOpa3oBaTeabHbIX opranusaiuii auaepom sieisiercst HETY. Ero narenTs mo-
CBSIILIEHBI CIIOCO0aM M3TOTOBJICHUS MUKPOCXEM, B TOM YHCIIE MHOTI'OCJIOWHON TOHKO-
IUIEHOYHON CTPYKTYPHI, & TaKXKe KOHCTPYKIIUSAM Pa3IHUYHBIX MUKPOAJIEKTPOHHBIX H3JIe-
JIUH, TaKUX KaK MUKpoMexaHudeckuil renepatop, CBU-aTTeHr0aTop, XeMOpe3UCTUBHBII
ra3oBblil ceHCOp, KpHOTeHHbIN Manourymsmuil CBY-ycunurens u T. .

Cpenu mpennpustuii HauOoNbIIee KOJIMYECTBO MATEHTOB IO MHUKPOIJIEKTPOHHKE
nMeeT Hay4dHO-HCCIIe10BaTEICKUI MHCTUTYT NMEKTPOHHBIX prudopoB (HUMDII). Ia-
TEHTaMH 3alUIIeHbl KOHCTpYKIKH CBU-Monynel, Mcronap3yeMbIX B pagnodIeKTPOH-
HOH ammapatype, KOHCTPYKIUHU NPUEMHBIX YCTPOHCTB, CIIOCOO HAIBUIEHHS B BaKyyMe
TOIOJIOTMYECKOTO TOHKOIICHOYHOT'O PUCYHKA THOPUIHON MUKPOCXEMBI Ha MOJUIOKKY.

Crenyer OTMETHTbH, YTO TNPEANPHUATHS PEATBHOTO CEKTOpa SKOHOMUKH B IEJIOM
MEHbIIIE 3AIIUINAI0T CBOO MPOIYKIUIO TaTeHTaMH.
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Puc. 10— TOII-10 mpaBooOnanareneii mo MuUkpodekTporuke B HoBocubupckoit obmactu:

CI'VI'uT — Cubupckuil rocyqapCTBEHHBI YHHUBEPCHTET reocucTeM U TexHoiormit; Cu6I'YTU —
CubupcKkuii rocy1apcTBEHHBII YHHBEPCUTET TellekoMMyHuKaluii u uadopmaruku; Us1P CO PAH —
Wucruryt spepuoit pusuku CO PAH; MHX CO PAH — Uuctutyt Heopranuueckoi xumun CO PAH;
HAuD CO PAH — UnctutyT aBToMaTuku u 3nekrpomerpun CO PAH
Fig. 10 — TOP-10 microelectronics patent holders in the Novosibirsk Region:

SGUGIT - Siberian State University of Geosystems and Technologies; SibGUTI — Siberian State

University of Telecommunications and Informatics; INP SB RAS — Institute of Nuclear Physics

SB RAS; INH SB RAS — Institute of Inorganic Chemistry SB RAS; IAiE SB RAS — Institute of Auto-
mation and Electrometry SB RAS

B pesynbraTe aHanmn3a aBTOPOB MATEHTOB TAKXKE YCTAHOBJICHBI OCHOBHBIC HOCHTEIN
TEXHOJIOTHH TO0 MHUKpodIekTpoHuKe (puc. 11). Cpemun HMX MOXKHO BBHINEIHTH ClIe-
Ty FOIIUX.

I'punenxo B.A., 1-p ¢us.-mat. Hayk, pabotaeT B nabopatopun (HU3NIECKUX OCHOB
MarepuanoBeneHus kpeMuaus DI, ocHoBHas 001acTh €ro HHTEPECOB — CHHTE3 TUICHOK
HUTPHJA KPEMHUS, B TOM YHCJIE ISl CO3J[aHUsl 3JIEMEHTOB SHEPrOHE3aBHCUMOI pe3u-
CTUBHOM MaMsATH — MEMPHUCTOPOB.
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YecHokoB /[.B., kaHA. TeXH. HaAyK, JOLEHT, SIBISETCS PYKOBOAMUTENEM HAy4HO-
obpazoBarenpHo adopartopun CI'YIuT «Jla3epHble TEXHOTOTHH U ONTHYESCKHE MHK-
pocucTteMsl ais mpubopoctpoeHms». Ha 0asze imaGopartopuu co3laH HAYYHBIA 3afell,
KOTOPBIN B HACTOSIIIEE BpeMs peasinzyercs B yeiyrax ausaia-niearpa OO0 «ConeHHay,
paspabaTbIBaIONIEro MPUOOPHI U KOMIIOHEHTHI B 00JIACTH ONTHYECKOTO IPHOOPOCTpOE-
HUSI, OITO-, MUKPO- U HAHOJJIEKTPOHUKH, MOMC, CEHCOPUKH U THOKOM DJICKTPOHHUKH.

T'pruenko Bragumup AleKceeBHY
Kadog Oxer AnekcaHIpOBHT
UecHOKOB JIMHTpPHEH Bl1aTHMHDOBHY
HecHoxoB Braguvup BragaMHPOBHY
brikoBckag Enena ©enoposHa
Xpycrtanes BragHMHD ATeKCeeBHY
Pasunxus Braguvmap ITaB1oBHY
Map4yk Hrops BiaatHMHPOBHY
PyGanord Muxan1 [ pHTOpbeBHT

AnToHOBa FpHHa BeHHaMHHOBHA

Puc. 11 — TOII-10 aBTOpOB MaTEeHTOB — HOCUTENEH TEXHOJIOTHN 10 MUKPOAJIEKTPOHHKE
B HoBocubupckoii o0mactu

Fig. 11 — TOP-10 authors of microelectronics technologies patent in the Novosibirsk region

Hecmotpst Ha TO, 4TO poccuiickasi MUKPOJIEKTPOHUKA B 1I€JIOM 3HAYUTEIILHO OTCTAET
OT MHPOBOH, HOBOCHOMPCKHE Hay4dHbIE M OOpa30BATEIbHBIC OPraHM3ALMU MATCHTYIOT
pa3pabotku MupoBoro ypoBus. B wactaHoctu, MuctuTyT Termodusuku CO PAH 3anuma-
€TCsI Ta30CTPYHHBIM OCAXKICHHEM aJIMa3HBIX MOKPBITHH, KOTOPOE MOXKET OBITH IPUMEHE-
HO KaK JJIsl M3TOTOBJICHHS! NACCUBHBIX YCTPOMCTB (TEIIOOTBOAOB), TAK U B KaueCTBE
MTOJTYTIPOBOHUKOBOTO MaTepHaia (TI0JeBbIX TPaH3UCTOPOB ¢ yacToToi Bemme 100 [T,
nerexktopoB) [7]. Kpome toro, U'T CO PAH narenryer pa3paboTku, CBSI3aHHBIE C pa3-
JUYHBIMA TIEPEIOBBIMHU CIIOCOOAMHU OXJIAXKICHHS IIEKTPOHHOTO 000opynoBanus [8—10]

B HI'TY nomnyden xpuoreHHsli manomymsmuil CBY-ycunutens, KOTOphIH B TOM
YHCIIe HEOOXOAMM JUIsl MIPOBEJCHUSI UCCIENOBAaHNH, CBSI3aHHBIX C CO3/1aHHEM KBaHTO-
BBIX CHCTEM 00paboTKH HH(GOPMAIIMU Ha CBEPXIPOBOISIIUX KyouTax [11].

WucturyT dmsukn noxynpoBogankoB CO PAH 3annMaertcs BopocamMu pa3padOTKu
YHUBEPCAJIbHOW MaMsTH, KOTOPas MOXET COBMeEIIaTh B ce0€ IHEProHEe3aBUCHMOCTD,
BBICOKYIO CKOPOCTH pa®oTHI u Oonbmol HHPOpMaMoHHBIH 00beM. [Ipenoxens! pas-
JINYHBIE CTPYKTYPbl MEMPUCTOPOB — PE3UCTUBHOMU IE€PE3alUChIBAEMOM MaMATH, MPEJ-
CTaBILTIONIAHA cO00H CTPYKTYpy METaJUI-TUAJIIEKTPUK-METalll, B KOTOPOH TOHKHH CIOi
JIM3JIEKTPUKa 00paTHMO MEHSIET CONPOTHBJICHHE IPU I0Aa4ye MEePEeKIII0YAIOIIEro HM-
IyJIbca HAMPSHKEHUS M3-32 00pa30BaHMS M PACCACBIBAHKSA B HEM TOHKOTO IPOBOJSIIETO
kaHana (¢punamenra) [12—-14].

3akiaouenue

B cratbe mpoBencH aHanu3 JAMHAMUKU [IAaTEHTOBAaHWS TEXHUYECKUX PELICHUM II0
MHKPO3JIEKTPOHUKE. Y CTAaHOBJICHO, YTO JIaHHAs cdepa ABIAETCS 3PENoi, pOCT KOJIHUe-
CTBa Hay4HBIX NMyOJMKalMil U MATEHTOB B MUpPE He3HauuTenbHbId. B Poccuu Habmona-
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eTCs CHIDKCHHE KOJIMYecTBa mareHToB HaumHas ¢ 2015 ropga, yTo 0OYCIOBJIEHO Kak
YXOJIOM MHOCTPaHHBIX KOMIIAHUI C POCCHUICKOTO pBIHKA, TaK M CHIDKEHHEM HHTEpeca
OTEUYECTBEHHBIX OPTaHW3ALUH K 3aIUTe Pe3yIbTaTOB HHTEIUICKTYAILHON AESATEILHOCTH
¢ oMoIIblo natenTa. [1pu 3ToM opraHusaiuy, 3aperucTpupoBannsie B HoBocnbupcekoit
obylacTH, 00NAfaI0T BBHICOKMM MOTEHIMAIOM IS IaTCHTOBAHHSA CBOMX pa3paboTOK.
Jlunepamu nateHTOBaHUS B cepe MUKPOAIEKTPOHUKH TPAJAUIMOHHO OCTArOTCS Hayd-
Hble U 00pa30BaTeNbHbIC YUPEKICHUS, A1 KOTOPBIX, OJHAKO, IATEHT B OCHOBHOM He
SIBJISIETCSl MHCTPYMEHTOM KOMMEpLHUaIN3aliu pa3paboTOK, a HOCHT CKOpee HMHJDKe-
BBII XapakTep, HOATBEpXkIas HaJIW4Ne YHUKAJIbHBIX B MHPOBOM Macmrabe KOMIETEeH-
1uid. PBIHOK B 3T0M chepe BEICOKOKOHKYPEHTHBIH, YTO JOTOJIHUTEILHO CBUIETEIBCTRY-
€T 0 HEOOXOAUMOCTH 3aLIHIIATE MUKPOIJIEKTPOHHYIO MPOIYKIIHUIO.
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INVESTIGATION OF THE POTENTIAL FOR THE DEVELOPMENT
OF MICROELECTRONICS IN THE NOVOSIBIRSK REGION
BASED ON THE ANALYSIS OF PATENT PORTFOLIOS
OF ORGANIZATIONS

Filatova S.G.'?, Vostretsov A.G.>?, Protsenko N.V.!, Gonzhara T.V.!
Federal institute of industrial property, Moscow, Russia
’Novosibirsk state technical university, Novosibirsk, Russia
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Microelectronics is widely used in various fields of science and technology: in modern con-
trol systems, radio engineering devices, devices and automation tools in industry, agriculture,
transport and defense purposes. This determines the primary need for the development of this
area. The strategy for the development of the electronic industry of the Russian Federation until
2030 is focused, among other things, on promoting Russian electronics to existing and interna-
tional markets. Thus, the primary task is the legal protection of developments. Patent documents
are an objective criterion for assessing the potential of technology development. The article eval-
uates the dynamics of scientific publications and patenting in the field of microelectronics in the
Novosibirsk region, in Russia and in the world. This field is quite developed, the number of scien-
tific publications and patents in the world has grown slightly over the past 20 years. There has
been a decrease in the number of Russian patents in general and patents whose copyright holders
are organizations registered in the Novosibirsk Region, in particular. This is a result of the deteri-
oration of the political situation in the world. The imposition of economic sanctions against the
Russian Federation was the reason why foreign companies were forced to stop investing in both
research and development and in the production of Russian electronics. In these circumstances,
some Russian companies have switched to protecting their developments in a trade secret mode.
The main copyright holders and technology scientists working in electronic industry organizations
registered in the region under consideration were also identified. The analysis of the level of de-
velopment of microelectronic technologies in the Novosibirsk region was carried out, which
showed that it corresponds to the world level.

Keywords: import substitution, microelectronics, patent analytics.
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MO/JIEJIJMPOBAHUE CUJIOBOI YACTH DJIEKTPOMOBWJIS
HA BA3E E3/I0BOTI'O LIUKJIA

H.U. lypos, P.B. llladaaun
Hoesocubupcxuii 2ocyoapcmeennsitl mexHuyecKull yHugepcumem

Ha ceromusiHuii IeHb yiIydlleHHE CHIOBOI YacTH DJIEKTPUYECKOTO TPAHCHOPTHOTO Cpei-
CTBA, B YACTHOCTH JICKTPOMOOWIIS, SIBJISICTCSI OJHUM M3 OCHOBHBIX HAIPABJICHHUH HCCIICIOBAHUS
B 00JIACTH TPAHCIOPTHBIX cpencTB. M3-3a HECTAaOMIIBHOCTH yPOBHEH HArpys3KH, YacThIX TOPMO-
KEHUH ¥ pa3roHOB 3P (HEKTUBHOCTb UCIOJIb30BAHUS CHIOBOW YCTAHOBKH HY’KIAETCS B YJIydllle-
HHH C HCIIOJb30BaHUEM HOBEHIINX KOMIOHEHTOB U MeTOJ0B. Llens paboTsl — Ha 0a3e BCEMUPHO-
r0 €30BOr0 IHKJIa pa3paboTaTs d3PPEKTUBHYIO CHIIOBYIO YCTAaHOBKY 3JIEKTpOMOOMIL. B manHOM
HCCIIEN0BaHNN OBUT MPOBE/ICH aHAIN3 CYIIECTBYIONINX €3I0BBIX IUKIJIOB, BEIOpaH Hambolee OIl-
TUMANBHBI Ha OCHOBE €r0 XapaKTEePUCTHK B PA3IMYHBIX AKCILUTyaTAal[IOHHBIX YCIOBHSX. B pe-
3yJIbTaTe MOJYYSHHBIX PacyeTOB BbIOpaHa ONTHUMAJIbHAS MOLIHOCTb TATOBOTO 3JIEKTPOBHUIATENS
(T2). Ha ocHOBe BBHIOpaHHON MOIIHOCTH BHIOpaHa COOTBETCTBYIOIMIASI MOJENb JBUraTes, MO-
CTPOEHBI €r0 TATOBBIC XapakTepucTUKH. B mporpammHoil cpene “MatlabSimulink™ BeimonHeHo
MOJICTUPOBAaHHUE TArOBOTO MpHBOJa Ha Oaze e3goBoro mukiaa WLTC, npeacraBieHbl U ONMCaHBI
MaTeMaTH4YeCKU OJIOKH MOJICNH, TIOJTyYeHbI 3aBUcUMOcTH a(t), E(f) u V(S), koTopoe moaTBep>kaa-
0T aICKBaTHOCTh MaTEMaTH4YECKOI0 MOJIECIHUPOBaHUs. BBIOpaH COOTBETCTBYIOLIMH HAKOIIUTEb B
CPaBHEHHU C APYTUMU MOJETISIMH.

Knrouesuvle cnosa: cuioBasi yCTaHOBKA, TATOBBIN MpuBoj, e310Boi nukia WLTC, snekrpomo-
OMITb, HAKOITUTEJIb.

DOI: 10.17212/1727-2769-2024-3-57-68

BBenenue

B Hacrosmee BpeMs TOPOICKOW TPAHCIIOPT OKa3bIBaeT OTPOMHOE BIUSHHE HA TO-
pozackyto uHGpPacTpykTypy. B yacTHOCTH, BBIOPOCHI HE(TENPOLYKTOB 3HAYHUTEIBHO
YXYALIAT 3KOJ0TH0. Y yimydmeHne 3Toi HHPPaCTPYKTyphl — IPHOPUTETHOE HAIPaB-
JICHHE Ul UCCICIOBaHUN CO Bcero mupa. Kakaplii €Hb CO3[AIOTCS HOBBIC CHCTEMBI
U IPENIAararoTCs pa3InuHble METOIBI 10 YIYUYIIEHUIO CYLIECTBYIOIINUX BUIOB DJIEKTPHU-
YECKOro TpaHcnopTa. Tak, MPUOPUTETHBIM HalpaBICHUEM [JISl MCCIIelOBaTeIeH SBIIs-
€TCS HMMEHHO TOpPOACKOM DJEKTPUUECKUHA TpaHCHOPT. [OpoJICKON 3ieKTpudecKuit
TPAHCIIOPT UMEET PSJl MPEUMYIIECTB: OH SKOJIIOTUYCH, UCTOYHUKOM SHEPTHU CITYKUT
ANEKTPUYECTBO, KOTOPOE Topa3io JelIeBie, YeM He()TEHPOIYKTHl U MX KOHCTPYKITHS
3HAYUTEIBHO MPOCTa B MPOU3BOACTBE. K TOPOICKOMY AJIEKTPHYECKOMY TPAHCIIOPTY
MOJKHO OTHECTH: METpPO, TPaMBaH, dIEKTPOOyCH 1 nekTpoMobmimn u ap. Ho ocHOBHEIM
HEJOCTATKOM TAaKOT'O TPAHCIIOPTA SBIACTCS MEHBINUH 3amac XojAa, YeM Yy TPaHCIIopTa
C IBUTATEJeM BHYTPEHHETO CTOPAHHS.

PazpaboTka 3)peKTHBHOTO MPUBOA — IIEKTPOTEXHUUECKOr0 YCTpOiicTBa, obecre-
YHBAOIIETO JBWKCHNE TPU PA3THUYHBIX YCIOBUAX KCIUTyaTaIllH, — 3TO PEIICHHE HelI0-
CTaTKOB JJIEKTPUYECKOTO TpaHcmoprta [1]. DIEKTPOTEXHUUYECKOE YCTPOMCTBO MOMKET
BKJIFOYAaTh B 06651 JaT4YUKHU, aKKYyMYJISITOPHBIC 6aTape1/1, QJICKTPUYCCKUE OBUTATEIIN,
AJIEKTPUYECKHE Y3JIbI, KOHTPOJUIEPHI U TPeo0pa3oBaTes MOUIHOCTH [2].

Ha smexTpuyeckoM TpaHCIOPTE MPUMEHSIOTCS OOPTOBBIC M BHEUTHHE WUCTOYHUKU
nuTaHusA. Hanpumep, i METpo W TpaMBacB MOTYT HCIIOJIB30BaThCs BHEIIHUE HCTOY-
HUKH, MIEPEIAIOIINE SHEPTHIO OT CTAHIINH K OOBEKTY JBIKCHUS Yepe3 KOHTAKTHYIO CETh.

© 2024 H.U. Ulypos, P.B. [llabamma
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BoproBrie e MMEIOT OOIBIIe MPEHMYIIECTB, TaK KaK HEOOXOIMMOCTh B KOHTAKTHOM
CeTH OTCYTCTBYeT M MCTOYHHK HAaXOIWTCS HAa caMOM OOBeKkTe. BOpTOBBIE MCTOYHHKH:
AKB, cymepkoHIEHCATOPHI, MaXxOBHUKH, THIPABINYECKHE HCTOYHHUKHA W TOIUIMBHEIC
3JIeMEeHTHI [3].

KonTpons coctosiHus ypoBHSA 3apsna (HAampspKeHHE M TOK) IMPOBOIHUTCS BO BPEMS
3apsaku AKB [4].

CnoXHBIC YCIOBHUS 3KCIDTyaTalldd MOTYT HMPUBECTH K OBICTPOMY BBIXOIY U3 CTPOS
AKBD, nosTomMy aHajM3 NPOXOASANIMX IIMKIOB MOXET IOMOYb OLIEHHUTH Jerpasiaiuio Oa-
Taped. J[Isi TOUHOTO ONMMCAHWS MCTIONB3YIOTCS IUKJIBI IBHKCHHUS, C HENBbI0 N3MEPEHUS
rapamMeTpoB TOKa (MT'HOBEHHOT'0) MJIM CKOPOCTH [5].

B Tekymiem ucciemoBannu ucnosib3yercs mukn WLTC, on Haubosiee TOYHO MpH-
OJIMDKEH K PealbHbIM YCIIOBUSIM KCILTyaTann. TOYHO OMUCHIBACT PErpecc M Mpolecchl
HarpeBa AKb u cuioBoil ycranoBku. C nomonibto nukiia WLTC cmonenupoBaHHBIN
MIPOLIECC ABMKEHUSI MAKCUMAIIBHO NMPHOJIMIKEH K PEAJIbHBIM JKCILTyaTallMOHHBIM [6].

1. BcemupHas rapMOHHM3UPOBAHHAS NPOLEAYPA UCIBITAHMIA
JIETKHX TPaHCHOPTHBIX cpeacTs WTLC

Ha puc. 1 npeacraBneH BcemupHsbIit e310B0i ik WLTC. 3TOT LMK UCTIONB3yeT-
csl BO BpeMsl dKcIutyaranuu asromoomieit. CymectBytot, nomumo WLTC, pa3ubie BU-
JIbl €3/I0BBIX IIUKJIOB: €BPOMEMCKUIi, AMOHCKUH, KUTACKUi, aMepuKaHCKui. Bce oHun
IPUMEHUMBI 1 UMEIOT CBOM IIPEUMYIIECTBA U HEAOCTATKHU [7-8].

e
iy
(]

Low Medium Extra High

b
a]

CROPOCTE, KM/
[
=]
[=]

S0

40

20

T T L] T L] T T T
O 200 400 500 800 1000 1200 1400 16800 1800
Bpema,c

Puc. 1 — BcemupHast rapMOHU3HPOBaHHAS IPOIIEypa UCTIBITAHUN JIETKUX TPAHCIOPTHBIX
CpenCTB

Fig. 1 — Worldwide Harmonised Light Vehicles Test Procedure

KputepusiMu IMKIOB CIIY)KUT UX MECTOIOJIOXEHNE U KaKie BUIBI TPAHCIIOpTa UC-
nosb3yrores. [loaToMy JuIs aHannu3a ¥ MOJENUPOBAHUS, TPUOIMKEHHOTO K PEaIbHBIM
YCIIOBHSM, BBITOJHEE Bcero Opath BceMHUpHBIH e3noBoit mukn WLTC, Tak kak oH
HambOomee 3HeprodpdekTuBeH W yHuBepcaneH. OH MPUMEHHM K aBTOMOOWJISM Mac-
coit mo 3500 xr. B 3aBuCcHMOCTH OT yCIIOBHH SKCIUIyaTalldd, HaIpUMep, TOPOACKOE
JIBUKEHUE WIIM [BM)KEHHE 3a TOPOJIOM, Yy IMKJIA Pa3INyYaloT pa3InyHbIE CKOPOCTHBIE
PEXUMBI:

1. Low — 56,5 kM/4;

2. Medium — 76,6 km/u4;

3. High — 97,4 xm/u;

4. Extra High — 131,6 km/4.
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Takske CyIIECTBYIOT TPU KJIacca SHEPrOBOOPYKEHHOCTH, 00IaaolIne TapaMeTpoM
MaKCHMAJIbHOTO YCKOPEHUS:
—xnacc Ne 1: menee 22 B1/kr; amax = 0,76 m/c%;
—xiacc Ne 2: ot 22 10 34 B1/kr; amax = 0,96 M/c?;

— xiacc Ne 3: 6onee 34 B1/kr; amax = 1,58 m/c?.

B J1aHHOM HCCIIeIOBaHUH TPUHST TPETHI KJIACC IHEPTOBOOPYIKEHHOCTH, Y KOTOPOTO
MMUKOBAasi CKOPOCTh nMocturaeT 3HadeHus B 120 xm/4. Kitacc MokeT BKIIFOYAaTh B cels
Takue aBromobOmnm, kak LADA Granta (53,3 Br/kr), LADA Priora (49,3 Bt/kr),
Chevrolet Niva (41,3 Br/kr).

2. Boi0op 3j1eKTpoABHUraTe/isi CUJI0OBOH YCTAHOBKHU

B kadecTBe MPOTOTHUIIA HCIIONB3YETCS MOJEIb OTEYeCTBEHHOTO aBToMoOmIT LADA
Granta. /lanasie LADA Granta npezacraBiess! B Ta0u. 1.

Tabnuya 1/Table 1
Texunyeckue xapaktepuctuku LADA Granta

Technical characteristics of LADA Granta

Kiace JInudprbex
JnuHa, MM 3995
upuna, MM 1805
Bricora, Mmm 1455
KonugecTto mect 4
CHapsikeHHas Macca, KT 1130
Tlonnas macca, Kr 1440
Momnocts JIBC, i.c. (xBT) 120 (88)
IIpuBon [lepennuit

MakcumalbHasi MOIIHOCTD DJIEKTPOIBHUIATENST ONPEIENISETCs CASIYIONINM 00-
pasom [9] (Tabu. 2, puc. 2):

Fnax = FVinax» 1)

rac V., — MaKCUMaJIbHAsl CKOPOCTb TPAHCIIOPTHOI'O CPCACTBA, M/C; F — taroBoe ycu-

max
Jine Ipyu MaKCUMaJibHOM MOIIHOCTH, H.

Tabruya 2/ Table 2
PacueTHble TaHHBIE /151 ONIPe/IeJIEHUs] MOIIHOCTHU IBUTATEIs

Calculation data to determine the engine power

v, o, F,xlc P, kBt
KM/4 H/xH | a=2w/c? |a=2,5M/c?| a=3m/c? |a=2wm/c? |a=25m/c?| a=3wm/c?

10 11,98 297 369 439 7,99 9,98 12,07
20 | 12,54 298 369 440 15,99 19,97 2401
30 13,26 299 370 441 24,59 29,89 35,87
40 14,45 300 372 443 33,05 40,87 47,95
50 16,43 301 374 445 40,89 51,06 59,59
60 18,34 304 376 447 50,01 62,03 72,91
70 20,79 307 378 450 59.02 71,89 86,04




60 H.U. lypos, P.B. Llabanun

P(V)

F.KET

= |
—_

Puc. 2 — 3aBECUMOCTB MOIITHOCTH OT CKOPOCTH IIPU PA3IHMIHBIX yCKOPEHUIX

Fig. 2 — Dependence of power on speed at various accelerations

TsroBoe YCHUIME€ MOXKHO BBIPA3UTh KakK

F =[102(1+Y)G, |a+ G, )

IJie @ — MyCKOBOE YCKOPEHHE TPAHCIIOPTHOTO CPEJICTBA, IPUHUMAeETCs a = 2...2,5 M/c?;
 — yJeJIbHOe OCHOBHOE conpoTuBieHue aBwkenuto H/kH; G, — nomnHslil Bec TpaHc-

noprtHoro cpeactsa, G, 1,44 1; (1 +7y) — ko3 dhuLnueHT HHEPIMY BPAILAOLIUXCS Macc,

mpumem y = 0,15.
VYenbHOe OCHOBHOE CONPOTHBIICHUE JBIKEHUIO MOXKET OBbITh HaiiJIeHO Ha OCHOBE
3MIIUPUYECKOH 3aBUCUMOCTH

®=12+0,001872. 3)

PesxxuM paboThl 3JEKTPOABUTATENS SIEKTPOMOOWIIS MMOBTOPHO-KPATKOBPEMEHHBIH,
B CBSI3M C Y€M, YUUTHIBAs MEPErPY30UHYI0 CIIOCOOHOCTh, MOXKHO BHIOpATh MEHEE MOIII-
HBIH JIBUraTellb, YeM IOJYYEHO B pacueTax. BriOepem Uit yCTAaHOBKM ACHMHXPOHHBIN
anekrpoaBurarenas Siemens 1PV5135-4WS24 (ta6u. 3, puc. 3) [10].

Tabnuya 3/Table 3
XapakTepuCTHKHN ABHIaTesIst
Engine characteristics
[Tapamerp Benuuuna
HomunansHoe HanpsbkeHue, B 520
HomwunansHas MonHOCTH, KBT 59
HomunanbHbIi KpyTsiuii MomenT, H - M 160
HomunanbHbIi TOK, A 145
HomunanbHast yacToTa BpaiieHus, 00/MuH 3000
MakcuManpHast 9acToTa BpauieHus, 00/MHH 10 000
Macca, kr 90
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|—M_max (300A) = = = -M_cont P_max - - - -P_cont
400 Nm | | | 160 kW
4 ! ™,
350 Nm M_max \ P_max 140 kKW
T 300 Nm 120 kW
= \ g
= 250 Nm I 100 kW =
= 200 Nm 4 — 1 80 kW
2 M_cont P_cont a
P
& 150Nm f == =F =3/ Fr==~> = — e =t 60 kW %
5 S I \__ =
= 100 Nm —— T-=-- — 40 kW
50 Nm P STt m-1 20kw
0 Nm = 0 kW
o 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Motor Speed [rpm]

Puc. 3. — XapakTepucTHKU JIEKTPOABUTATENS

Fig. 3 — Electric motor characteristics

3. MoaeaupoBaHue CUJI0BOM YacTH

C y4eToM BXOJAHBIX JTaHHBIX aBTOMOOWIIA, a TaK)Ke XapaKTEPUCTHK JABUTATENs Ha Oa-
3e mukiia WLTC 6put cmopenupoBaH peskuM nBrmxkerus [11]. Ha puc. 4 npencrasnena
HMHTAIIMOHHAs MoJeiab Ha 06aze LADA Granta. JlaHHas Mozeilb IIOMOraeT H30eXaThb
IPOMO3IKUX BBIYUCICHHUN U ITO3BOJISICT ONPEACIUTh HEOOXOUMBIC TaHHBIEC.

BAOK
PACHET PE3Y/IbT.CUbI

o
D BNoOkK
PACHET YCKOPEHHWA

™ . Fraduat
1
Compare

tyiga
,\I |
i
-
YNPABAAIOLLME
CHTHANBI B

Logiaal
Operstor Interval Test

Retavenal
m Derfvative war Cperaton

To Constant2

dg By
Productl intggratcer|
\ Consam2

P=Fp¥ ’E :JP([}dt

=

‘ . OrPAHM4EHUE
VYET KN,
HCKNIOYEHME A 3ODEKTUBHOCTH

OCH.CONPOT.AB TArOBOro NPUBOSA SnTOPM.

Puc. 4 — Umutanmonnast Mojenb Ha 60aze apromoomiss LADA Granta

Fig. 4 — A simulation model based on the LADA Granta car

B pesynbraTe MoaenrpoBaHus OBUIH MPOU3BEICHBI PaCYeThl YCKOPEHHUS, CHIIBI TSITH
U CHJIBI TOPMOKEHHS, UCXOAA U3 ypaBHeHHs HproTona. Pe3ynpTaTsl pacdeToB npuBee-
HEI B Ta0I. 4.

Bbrox ynpasienus 1, KOTOpBI TPOU3BOIUT PAcUeT CHIIBI OCHOBHOTO CONPOTHBIICHHUS
JIBU)KEHUS, IPEICTABIIEH HA puUC. 5.
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Tabauya 4/Table 4
IMosy4ennble pe3yabTaThl PACYETA CHJIBI TATH U CHJILI TOPMOKEHUST

The obtained results of calculating the traction force

V, km/4a Fra, H Fropw, H
65 285 -
70 265 —
75 248 -
80 219 -
85 215 194
90 202 182
95 191 173
100 182 164
105 173 158
110 166 149
115 157 143
120 152 138

Add w h/kh

b
Product1
2
u

v kmh

D (i e
*

Math
Function

Puc. 5 — brok ynpasnenus 1
Fig. 5 — Control unit 1
Tak kak B MMHTAIlMOHHOW MOJIENT COOpaHbl pa3Hble OJIOKU U C Pa3IMYHBIMU Mapa-
METpaMH, TO /I KOPPEKTHBIX PacyeToB HEOOXOJMMO, YTOOBI BBIYMCICHHUS CHJI ObLIN

NIPEACTaBIEHbl B OJHUX eIUHMIax u3MmepeHus. Ha puc. 6 nmpeacraBieH Takod OJOK —
nepeBoJia CAMHUL U3MCPCHUS.

H/kH

Product

Gain

Puc. 6 — bnok nepeBoaa eMHULL CHIT

Fig. 6 — Units of force conversion block
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[pu momomy mMog0OHBIX OJIO0KOB MOKHO BBIYHCIIHATE YCKOPEHHE IO (hopMyIIe
E
a=—"2 (4)
(L+y)*m

Hcnonb3yst 6110k «upravlenie», MOKHO U3MEHSTh PEKUMBI YCKOPEHHUSI H TOPMOKEHUS,
HCTIOJIB3Y TOCIIEI0BATEIEHOCTh, KOTOpasi ocHOBaHa Ha ke WLTC, 3HaueHust KOTOpoi
1 1 —1, cooTBeTCTBYIOLIEH YeThIpEM dTaraM IMKIa. Pe3ynbraThl pecTaBieHsl B Ta0. 5.

Tabnuya 5/Table 5
Buok «upravlenie»

The “upravlenie” unit

CKOpPOCTHBIE 3Tallbl 0 17 27 40

IMocaenoBaTenbHOCTE 1 1 -1 -1

B moznenn npucyTcTBYIOT OiiokH (cM. pHC. 5), OTBEHalOIlMe 3a BBIYHUCICHHUS II0
SHEpreTUKe.

JanHas Mopenb SIBISieTCSl KOPPEKTHOM, COTJIacHO TrpauKy YCKOPEHHUs Ha puc. 7.
OTO0 NOATBEPKIAET U BEIMUMHA YCKOPEHUS, KOTOPasi COOTBETCTBYET PACUETHOM.

a, M/c? ¥ ¥ Y ¥ ¥ ; -
s — -
2k :
1| b .
ol ]
-1 .
i _I) Low 1I) Medium III) High IV) Extra High |
0 5 10 15 7 20 25 77 30 t,c 40

Puc. 7 —I'pahuk 3aBUCHIMOCTH yCKOPEHHS OT BPEMEHU

Fig. 7 — Acceleration versus time graph

Jnst moctixeHus: ckopoctu B 120 km/4, Beioera (20 %) ¥ ocTaHOBKH MOTpeOyeTcs
1,388 M (v 0,385 kBT - 1) snepruu (puc. 8).

1,8 T T T T ' T

E, mJlx 8- -
148 \
1,2[8- -

1

0.8

0,6 ]
0.4 Pesxum Pesxmm OnexTpHYeckoe |
e TATH BeIDETa TOpMOKEHHe

0

0 5 10 15 17 20 25 27 30 t.c 40
Puc. 8 — I'padyik 3aBUCMOCTH SHEPTUH OT BPEMEHU

Fig. 8 — Energy versus time graph
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[Ipu Tako# sHeprur OOUIMI IyTh, KOTOPHIA MPOUIET 3ICKTPOMOOUIH, COCTABHUT
1247 M (puc. 9).

V. kat/u

120!

\

Pesary Peaa
TATH BbIOera

100!

80 DneKTpHuecKoe
TOPMOKeHHe

60

40

Puc. 9 — KpuBas IBUKEHHSI CKOPOCTH OT MPOIIEHHOTO My TH

Fig. 9 — The curve of the speed movement from the distance traveled

4. Bb160p HaKONUTEISA IHEPTUHA

Uro0Obl obecnieynTh IEKTPOMOOMIIL 3armacoM xona B 450 kM, moTpeOyercst HaKoMH-
Tenb 3Hepruu oobemoM B (450/1,247) - 0,38 = 137 kBt - 4, rue L = 450 kM — 3anac xona
anekrpomobmis, S = 1,247 kM — paccrosiaue, E = 0,38 kBt - 4 — sHeprus anekrpomo-
owms [12].

Jns onTHManbHOTO BBIOOpPAa HAKOMUTENS 3HEPTMH HEOOXOAMMO CPAaBHUTH CyIIE-
CTBYIOIIME AKKyMYJISITOPBI, KOTOpble OyxyT HauOoJee BBITOJHO HCIIOIb30BATHCS INPH
SKCIDTyaTanuu 3MekTpoMoOmwrs [13—15]. Kaxmplit T akKyMyJATOpOB C JIUTHIA-FIOHHOM
CTPYKTypoi HauOoJIee NepCreKTHBEH B KauecTBe GOpTOBOro Hakomuress. B tabmn. 6 cpas-
HMBAIOTCS Pa3JIM4HbIE THIIBI HANOOJIee YacTO MCIIONb3yeMBbIX JIUTHH-HOHHBIX OaTapei.

Tabauya 6/Table 6

CpaBHuUTeJIbHAs1 TA0ULA JIUTUH-UOHHBIX OaTapeii LFP, NCA, NMC

A comparative table of LFP, NCA, NMC lithium-ion batteries

XapakTepucTuka Exrmua NMC NCA LFP
W3mepenus
Oxcuppl HUKEsA, | OKCUIbI HUKEIS, KO- dochar
Marepuainsl KaToaa - Maprasiia, 6anpTa, aJTIOMHUHUS, Kenesa,
KobasbTa, JIUTUS JIUTHS JIUTHS
Hrothocts sieprit, Br - 9/kr 150-200 200-260 90-160
yaenbHas
Hanpspkenwe semMenTa
Makc./pabodee/ MUH. dJ1e- B 4,3/3,7/2,6 4,2/3,6/3,0 3,65/3,3/2,0
MEHTa MaKc./pabouee/MuH.
Yucio UKo — 1000 500 2000
Havano rermoBoro pas- oC 80 65 140
rOHA IIPH Tepe3apsiIKe
Pasorpes npit Tenzos0m °C 500700 739-1075 283-448
pasrose
Bbe3onacHocTh — Xoporio Y 10BIIETBOPUTEIBHO OT1inuHO
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Ucxons u3 Tabn. 6, BBUAY JIYYIINX MApaMETPOB, YeM C aHAJOTaMH, BEIOpaH THII Tsi-
roBOil akKyMymnsiTopHOit 6atapen LiFePOj.

[Ipu HanpspkeHUn akkymyssTopHoi O0atapen B 500 B, paBHOM HaNpsDKEHHIO MUTa-
HUSI TSTOBOTO OJIICKTPOJBHUIATENsl, HEOOXOAMMAas EMKOCTh HAKONHTENSI COCTaBHUT
137 000/500 =274 A - u.

ObecneunTh MOI0OHYI0 EeMKOCTh MOXKET COOpKa aKKyMyJISITOpHOH OaTapen Ha Oasze
cTaHAapTHBIX siueek Gopmara LiFePO4 32700.

[Mapamerpsr stueiiku LiFePO4 32700 6 Ah npencrasiens! B Tabi. 7.

Tabnuya 7/Table 7
Slueiika LiFePO4 32700 6Ah
The LiFePO4 32700 6Ah Cell

[Mapametp 3HaueHne
HomunansHoe HanpspkeHne 32B
MaxkcuManbHbII TOK pa3psiaa HemnpepsiBasIit Tok paspsina —3C (18A)
MaxkcuManbHBIH TOK 3apsiia MaxkcumanbHbIi TOK 3apsiga —1C (6A)
BHyTpeHHee conpoTuBieHne <8mQ
UYucno nukios 1o norepu 20 % emxoctu npu 1C 2000 rmknos/emkocts 80 %

Hns obecneuenust HanpspbkeHus 500 B monamoOurcst 158 sueex LiFePO4 32700.
O06mmas macca 6OPTOBOTO UCTOYHHUKA SYHEPTUU COCTABHT 524 KT.

5. BeiBoabI

Takum o0pa3oM, B poliecce JaHHOTO UCCIIEA0BaHNs ObUIH BHIIIOJIHEHBI CIIEAYIOIINE
3a1a4H.

— IIpoananu3uposan ki WLTC.

— OcyIIecTBIIeH pacyeT MOLIHOCTH JJIEKTPOJBUIaTeNs, KOTopasl cocTaBuia 59 kBT,
MOCTPOCHBI 3aBUCUMOCTH MOIITHOCTH OT CKOPOCTH U BBIOpaHa MOJIEIb 3JIEKTPOABUTATE-
a1 Siemens 1PV5135-4WS24.

— CocraBiieHa IMUTALIMOHHAS MOJEIb B IporpaMmuoi cpeae “MatlabSimulink™ wHa
6aze muxira WLTC, nony4eHsl 3aBUCIMOCTH YCKOPEHUS OT BPEMEHH, YHEPTHU OT Bpe-
MEHH, a TaKKe CKOPOCTH OT MPOHJIEHHOro MyTH. B X01e MoxenmpoBaHust PO IeHHBINA
IIyTh 3IEKTPOMOOMIA coctaBui 1247 M, a Ui JOCTHKEHHUS] MaKCHUMAaJIbHON CKOPOCTH
B 120 km/4 u BeIOeTa (20 %) motpedyercs 0,385 kBt - 4 sHeprum.

—UYroObl 00ecreunTh IEeKTpOMOOMIIE HEOOXOMMMBIM 3arnacoM xona B 450 kM mo-
Tpebyercst OyhepHbIii HAKONMHUTENb, 00BeM KOTOporo coctaBut 137 kBT - 4, a ero HeoO-
xonumast eMKocTh 274 A - u. Syeiiku LiFePO4 32700 6Ah Obliu IpUHSATHL B Ka4€CTBE
MPOTOTHUIA OY(hEepPHOTO HAKOTIUTEIS, KOTOPBIE pa3MEIICHBI B IIEKTPOMOOHIIE.
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MODELING THE POWER PART OF AN ELECTRIC VEHICLE
BASED ON A DRIVING CYCLE

Shchurov N.I., Shabalin R.V.
Novosibirsk State Technical University, Novosibirsk, Russia

Nowadays, improving the power train of an electric vehicle, particularly an electric vehicle, is
one of the major research areas in the field of transportation vehicles. Due to unstable load levels,
frequent braking and acceleration, the efficiency of the power train needs to be improved using
the latest components and techniques. The aim of the paper is to develop an efficient power train
for an electric vehicle based on the world driving cycle.
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In this study, the existing driving cycles were analyzed and the most optimal one was selected
based on its perfor mance under different operating conditions. As a result of the obtained
calculations, the optimum power of a traction motor (TEM) was selected. Based on the selected
power, the corresponding model of the motor is selected and its traction characteristics are built.

In the MatlabSimulink software environment the modeling of traction drive, based on the

driving cycle WLTC, is performed, the blocks of the model are presented and described mathe-
matically, the dependencies a(t), E(t) and V(S) are obtained, which confirm the adequacy of
mathematical modeling. An appropriate drive is selected in comparison with other models.

10.

11.

Keywords: Power train, traction drive, WLTC drive cycle, electric vehicle, storage.
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