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Hayr{Horo pyno B oArrreJrrr Ha Ar4 ccepralll4oHHy}o pa6 ory

CelesHesa Banenruna Muxaftroeuua <Paspa6ortca I4 I4ccneAoBaHue xapaKTepl4-

crr.{K cKaHr.rpyroxlxx aHTeHH MHnnr{MerpoBofo AIIana3oHa AnI4H BOnH)) Ha COI4C-

KaHr4e yqeHofi crerreHtz KaHAr.rAara Hayr( no uayuHoft (]treqlzaJIbI]ocru2.2,I4 -

AHleHuu, CBrl-ycrpo iicrsa Ir I4x rexl{ oJrof IZvI

[ucceprauuoHHa{ pa6ora B.M. Ce:re3HeBa rroAroror]JleHa Ha xacfeape crarl4:crlrqe-

cKofi paAuocpn:raxrz u nro6ulrsbrx cr4creM cBl3I{ (CP MCC) pa4raocprzruqecKofo cpar<y'nrrera

FIHfy H nocBnqeua pa:pa6orKe cKaHr4pyloulr4x aHTeHH Mr{.[nl4MerpoBoro Al4ana3oHa AnI4H

BOJ'IH I'l 14 CCneAOBaHI4tO l{X XapaKTep}rcTII K.

hcno,rssoeaHr{e MnrrJ'rr{MerpoBofo Auarra3oHa nnvH r}oJIH J{BJrtercq Kmotrenstu Sax-

TOpOM. nO3BOJrrrOLqr4M 3HaLrhTeJrbHo yBejluqr.{Tb LIaCTOTHyIO IIOnOCy UCnOIIb3yeMbIX cI4fHa]IOB

14, TeM caN{6rM, cyruecrBeFrHo noBbrcrrrb rlponycKHyro cnoco6uocrb clrcreM cBfl3Lr 5G no

cpaBr-reHr4lo c cr4creMaMl.t vro6u:rruofi cBg3rl qerBeproro rIoK,oJIeHllt, OAgaxo, A,'Itl ro.ro rITo-

6rr no:rgocrbro Ircrro.1lb3oBarb npel4MyulecrBa Mi4J'InuMerpoBc)ro AI4ana3oHa AIII4H BoJrI{, B QLr-

ly oco6euHocrefi r4x paclpocrpaHeHri.s ueo6xo4ulto pa3BeplblBarb Heo.qHopoAHble ce)TI4, co-

crorrulr4e 1r3 cyurecrByrourix 6omurux MaKpocor (c pa4rayc,cM nopsAKa 500-1000 r'rerpoe),

pa6orarcurux B .U,ralra3oHe HI{r(e 6 ffu, ri AononHr{Te-lbHblx MaJIbIX cor c ue6o,rsrunvu 6a-

3oBbrMu craHrIHrMr.{ (rouxar'au gocryna) Mlrnnl4MerpoBoro Atzarla3oHa c paAI'IycoM neilctsus

Ao 50 - 100 MerpoB, pa3MeulaeMbrx B Mecrax 6oltuoro c;KoIIJIeHI,It rollb3onareneft (hot-

spots). flprz eror\l Mannr4MeTpoeurfi AI4ana3oH npeAnotlafaeT0t l{cilollb3oBaTL' He TOJIT'KO AJlt

o6c,'ryxrueaHr4r rrorrb3oeareleft, HaxoAglllnxcq B 3oHe roKpbrfl4q valoil corl'I, Ho u Ang [epe-

laqu 6o,rsl[ofo tlorol(a AaHHIIX Me)KAy Mzl,tblMl{ 6agoelr]rau craHIIHtIMIi u 6olr,uul'tn 6aso-

BbIMr4 craHUr4tlMr4 MaKpocor, cBq3aHHbIMIl c onopHofi cetlro. 3ro nartraAblBaer )I(ecrKrre

rpe6OeaHTtt Ha XapaKTepnCTiZKu aHTeHHbIX CI4CTeM, I'ICnOnb3yeMbIX Ha ManL'IX 6a:Oeltx

cTat{ut4rrx. oH}1 AOJi)t(Hrr o6,raAa'rb BbrcoKt{M KO3or|lrlUI4eHTO]\{ ycuneHvlfl, O6eOneqHsaTb Bo3-

N,tOit(HOCTb CKaHupOBaHhfl B 6Ol6rUOy yfnOBOM CeKTOpe I{, B TO}I(g BpeMtI, I{MeTb IlH3Ky}O

cTor{MocTb.

Tarcnn,t O6pa:otra, [OcTaBJIeHHAfl B AITccepTaUI4:a 3AIA\a paspa6orxu AeUeBbIX CKaHU-

pylou-l[x aHreHH Mr{nntrMerpoBoro Al4ana3oHa c BbIcoI(r{M xoecpcfuuueHToM ycr4ne]Hrlfl 14 pa-

6oqefi nolocofi qacror B HecKorrbKo fr.rrarepu tBJrtlercf, BecLMa aKTyanbHoil nJrq ycnelxHofo

pa3BeprblBaHuq cr4creM cBl:u rqroro IloKoJIeHI4t. Atcrya,rrnocrl nlr6pauHofi TeMbI Aliccep-

raqhu noATBeplKAaercr raKx(e 6olturzl,r qr4cJIoM ny6luraqufi n uayuHo-TexHlrrIecKux Lr3Aa-

Htrflx, IocBsrUeHHbIX 3ToMy BOIIpOcy, paspa6orxofi Hoestx penl'I3oB cTaHAaproB coroEJofr ceq-

su (5G NR) ra 6ecnpono4Horo Aocryna e tr4nrepuer (IEEE 802,11) H aKrI'isHofi pa6orofi npo-

ltoAuuoli B AalrHoM HanpaBneH[r.r B BeAyUIHX KOMnaHI4flX-][poI43BOAUTeIqX KOMMyI{I',IKauv-

oHHOfo oSopylonaHna (Hr-rawei, Samsttng, Intel, LG, Ericsott, Nokia 14 Ap.)'

Ce:re:Hee B.M. :axonqHJl Mar[IcTpaTypy paluoQu:uqecKoro cfaxynlrera HHfY uu'

ll.l4. Ilo6aLreBcKofo no HanpaBneHrro roAroroBKr.i 03.04.03 <PaAuo0HsHKa)) B 2015 roay' B

repr{oA c 2015 no 2019 r. o6yualcq B acnHpaHrype. o4uoepeneHHo c yue6ofi B acnnpaHry-

pe 14 troc.lre ee oKoHLIaHHe oH pa6oran tro coBMecrl{renbcrBy Ha xa$e4pe CP MCC B AoII)K-

Hocr2 M.raArrefo Hayr{Hofo corpyAHl{r(a. Telra Ar4ccepralru:a B.M. CeiresHesa cqroplul4poBa-

racb B xoAe Bbrlo,qHeHue ua rca$eape HayqHo-[ccJIeAoBareJrbcKHX ]r xo3AofoBopHbtx pa6o-

'fax. npoBoAI4 MLIX B L{HTepecax IT xOtr,tnaHufr., B KOTOprIX oH aI(TI'IBHO yqaCTBOBan'



B 4ucceprauliouuor.i pa6ore B,M. Ce;re3HeBa 6sr:ru peureFrr;r Ba)r(r{bre reoperr4qecKr4e

H npr4r(naAHbte 3aAarIU,

B nepeoii fJIaBe npeAcraBneu uo4po6Hstrt a:aarus pa3,rrr4qHbrx rcoHrlenqufi Ilocrpoe'
HLrfl. rt rexHojlorlTrt peatuzaUl4l{ cKaHl{pyrorql{x aHTeHH MrrrnrzMe'rpoBoro Ar{ana3oHi1 AntrH
BoJIH. ilpeAHa3HaqeHHbIX 4:r.a pa6orrr B crrcreMax vo6u:rlsoii pa4uoce.ssu 5G u 6eclpono4-
Hofo Aocryna n I4urepser Wi-Fi. Ha ocuoee npoBeAeHHofo aHaJrr43a nu6pauo HanpatBreHrre

4a,rtHefiuax accneAoBa:auit. floxa:auo, r{To aHTeHHbr c JrrrH3aMV vr3 oAHopoAHoro LLr3.lleK-

TpUKa H IIaCCLIBHbIMII IIIOCKI4MLI OTpaI(aTe.[bHbIMH peIXeTKal\.{IZ tB-]l.flloT0.g nepcIOKTI4BHbIMI{

A,T.s I4c[onb3oBaHu.s npl4 pa3BeprblBaHrrr4 MaJrbrx cor B cerflx nao6lrnruofi eBfl3r 5G NI{ z ro-
qeK Aocryna Wi-Fi Ha ocHoBe craHAaproB IEEE 802.11ad u IIEEE 802.11ay. lauuEre aHreH-

HbI HMelor srtcoKafi xo:QcfuqueHT ycl4neHr.rs, rrrr4poKyro pa6ouyro nonocy qacror, npocryro
KoHcrpyKIII4Io, Hlr3KyIo crollMocrb I43foroBr'reHr4s v ilpu :)roM crroco6urr ocyulecrBnf,Tb

3neKrpoHHoe cKaHr4poBaHr{e nyr{oM B rur.lpoKoM ceKrope yfnoB.

Bropar rJ'IaBa rt4cceprarrr4r.r rrocBsLrIeHa pa:pa6orKe c]{aHr.rpyrcxlr4x Jrr4H3oBbrx aHreH-

HIIX cucreM, npoBeAeHbr pacqerrr nporlu,refi pas.nur,rHbrx ropor,rAanbHrrx Qoxycup)/roruux
J'n4H3 B npn6:raNeuli14 feoMerplauecrcofi onrrrKr4. CnpoexrupoBaHr,r roporrAaJrbHbre Jrr4u3br Lr3

froJ'rhSTrrrJreua (e : 2.35), r.rMeroull4e B Beprr4 KtuTr,sofi n:rocxoc'rr4 3rrJrrilluuecxnfi, 3oHHpoBaH-

Hrril (coc'raereFrurrfi ri3 orpe3Koe rznep6on) u 6u$orcanrurrit npo$rann. Pa:pa6oraHb,I rr co-

3AaHbI ABa npOTOTAIIa CKaHI,Ipyrcq[X JII{H3OBbIX aHTeHHLIX OI4CTeM C JrIrH3aMIZ, I,IMeH)ITIIZMI{

6n(loransHrrfr a soHuporaHurrfi rpo$unr4. B xaqecrse o6:ryvarel.fl B o6oux cnyqarx r4c-

rroJ'rL,3oBaJracb KoMrraKrHa-s 16-:relreurHax (2x8) @AP azana3oHa 57.24 - 65.88 ffu, o6,ra-

AaBruar $yHxulreii 3neKrpoHHofo cKaHr4poBaHr4q nyqoM B a3r{Myranr,nofi n:rocxocru.
Tperrn fi'IaBa nocBqureHa pa:pa(5orxe cKaHnpyrcqz)r aHTeHH c IIJrocKr{Ma orpaxa-

re;rbHbrMr.r pe[erKaMrr, r]opvapyrouru\{z Ar4arpaMMbr HanllaBrleHHocrrr 3aAaHHofo rvra.
Pa:pa6oraubr opnrrrHanbHF,Ie MoAeJra naccrrBHbrx rrJrocKl,rx orpa)r(areJrbHbrx peueror:, Qop-
Mpipyrcuux [H cexropHoro, KapaHAaurroro I4 KoceKaHcHofo rr4na. OrpaxtarerbHble peuer-

Kli 6rt,'u.r cHHre3rrpoBaHbi c rroMoulbro uoaucbriuupoBaHHofo aBTopoM LrrepauaouHofc, Mero-

Aa, Koropbrii [ogso,.ran nonyrlr4Tr 6oree'foqHoe npu6:rultteHa,3 K rpe6yevoii tpopvte rJ]ilBHoro

nYLIa'

r{ernepraa rraBa nocB.silIeHa rrpa.KTr{qecxofi pealz:a\r4Lr pr3pa6orasnrx cKan:upyro-

ulr{x aHreHH MulJraMerpoBoro Arrana3oHa AnrlH BoJrH. B.M. Ce,resnenrrv 6suu paspa6ioraurt

ABa npororr{rra cKaHr4pyroulr4x Jrr4H3oBbD( aHTeHH c 6u$oxa,rbHbrM a 3oHrrpoBaHHbIM rrpocpu-

JrsMu. Lr ABa npororrrna aHTeHH c rrJrocKr{Mr.r orpa)r(areJrbHblNlz peulerKaMlr. flpoee4enbl IIo-

ApoOHbre SKcnepr{MeHTaJrbHbre I4ccJreAonaHr4rr xapaKTepr{crr4K rr3loroBJreHHblx npororlrlloB.

Ycrauos,'reHo, qro L3MepeHHbre xapaK'repLrcrr4KLr xopotuo cor.rracyrorcr c pe3yJlb'faraMu

3neKlpoMafHrrrHofo MoAenr.rpoBaH:z^s. B CST Microwave studio Ii orBerraror rpe6oei:IHliqM,

npeA:brBnrreMbrM craHAapraMz IEEE 802.11ad z IEEE 802.11ay K flprzeMo-nepeAaFcu-leMy

aureHFroMy o6opylonaHr{ro MaJ'rErx 6agoerrx crasuzii (rouerc Aocryra Wi-Fi) z pe,refiHux

cranqufi, pa6orarorqr{x B oKpecrHocrr.r qacrorbr 60 ffu Ha llaccroflsus,25 - 50 rnr u 100 -
3 00 l,r coorBercrBeHHo.

llo,ryueHuue B Ancceprarlnr{ pe3ynbrarbr r4Meror nprMyrc npaKruqecKyro HarIpaB-

,'reHHocrb H Moryr 6rnr ucnorL,3oBaHbr B cucreMax 6ecnpono4Hofo Aocryna e tr4urepHer H

pto6nllHofi coroeofi cBr3H MrznnrlMerponofo nI4 aIIzBoHa IJTI{FI BOJ'IH.



llpu esruo.nHeHuu Al4ccepralruonHofi pa6orsr B.M. Cele3HeB nporBu"n 6o:rtmy'ro ca-
MocToqretlbHocrb a IleneycTpeMJreHHocrb, TBopr{ecKnfr no4xc,4I( peileHl4lo cJTo)rGbIX 3aAarl.

B.M. Ce:re3HeB tBJlterct BblcoKoxealzfrrzqupoBaHH6rM c[eurza,TrrzcroM B o6racrz au-
TeHHbIX CIICTeM MI4nnLIMeTpOBOfO Al4arra3oHa IJIITH BOTIH, OH aKTT,IBHO 3aHr4MaerCl uayuuofi
pa6orofi coBMecrHo c rpenoAaBareJlf,Mr{ xa$e4pu CP MCC 14 nonb3yercs yBa)KeHrreM B

KonneKTuBe nat|le4psr.

OcnoeHsle pe3ynbrarbr Arrccepraquz ony6:urKoBaHbr n 15 pa6orax.
C'{ura}o, qro AIzccepralll4oHHar pa6ora B.M. Cene3HeBa yAoBnerBopfler BceM rpe6o-

BaHr4flM, npeAbtBnteMblM BAK PO K KaHAI4AarcKrzM Atrccep'raqtr.fiM, a caM aBTop 3acny)ro4-

Baer npl4cyxAeHIrs yveHofi crelleHu KaHAHAara rexHr4qecKr4x HayK rro clerlr4anbHocrr.r 2.2.I4
- Asreuur,r, CB9-ycrpoicrea 14 r{x rexHo rrorLrkr.
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