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<<,,{ero4rdp o B aHu e Lrrep arr.r BHrIX Ir o M exoy cro fi .Iunrrx KoAoB

Ha ocHoBe aHaJIr43a o6pasos otuu6oK)),

rrpeAcraBJreHHyro Ha colrcKaHl{e yveHofi creIIeHH KaHAvt[ara rexHI4tIecKI{x HayK

no cuequarrbHo crvr 05.12.I3 - cucreMbr, cerr{ r4 ycrpoficrsa reJIeKoMMyHI4rauIEfi

L. CoorsercrBne coAepr(aHrrf

cneuHaJrbHocrlr H orpacJrH HayKH

C o4epx aHlae Auccep r atq:an coorBercrBy er

HayKH) u racropry cnelll{€ilbHocrll 05.12.13

AHCceprarIrIH

3af,BJleHuofi orpacJll4

Cucreurr, cerla

3aflBJreunofi

(TexHI4qeCKUe

H ycrpoficrBa

reJreKoMMyHuraqufi, yrBepxAeHHoMy npHKa3oM BAK Pecny6JIHKH Eenapycr or

16.07.2015 Ne 179, a raMeHHo: n.4 - aHarrr43, cr{Hre3 vr orrrlaMla3aulafl. cI4rHaJIoB B

cerrx, cqcreMax u ycrpoficrBax reJreKoMMyHr{raqufi, BKrroqas HccJIeAoBaHHe u

paspa6orKy HoBbrx curH€uroB, MoAeMoB, KoAeKoB, MyJrbrI4nJIeKcopoB H ceJIeKTopoB;

n. 5 paspa6orKa u LrccJreAoBaHrae MeroAoB AocrI{)KeHvIs. noreHUvalruofi

roMexoycrofivuBocrr{ rd rpeAenurofi npoflycrsofi cuoco6Hocru cucreM cBfl3n.

[u cceprarlr{oH :nafl, p a6 ora c oorBercrByer orpacJILI TexHI4qecKI,Ie HayKH.

2. Hray.rHufi BKJTaA corrcKareJrfl B peneHrre HayqHofi saAa.ru c ollerrnofi ero

3HAqHMOCTH

,{ucceprarlnoHHafl, pa6ora ilocBflIrleHa perreHl{Io aKTyalruofi HayrlHofi, zagauvt

11o yBengrreHrrro e$QexruBHocrr.r AeKoAepoB HTeparuBHbIX rroMexoycrofiulrtBblx

KoAoB Anfl 6ecnpoBoAHbrx ceHcopHbrx cerefi c HH3KIaM gHeprouorpe6JleHueM vr



BbrcoKocKopocTHbrx paAHo- H orrrr{rrecKHx ceTer4 Ha ocHoBe alIuru3a AByMepHbIX

rpyrnoBbrx ouu6oK pa3nu.rHofi KparHo crkr.

Hayuuax HoBH3Ha [onyqeHHbrx aBTopoM pe3ynbraroB 3aKrroqaercfl, B

cneAyroqeM.

1. Anroponl pazpa6oraH vr npeAcraBJreH rpexKJraccosHfi rroAXoA K o6pasavr

ouru6oK, yrruTrrsarculufi [pH3HaKr{ oAHoKparHbIX I,I MHoroKparHbrx o[Iu6or KaK B

crpoKax, TaK r{ B cron6qax AeKoAupyerr,rofi MarpI,IqbI, tITo o6ecnerrnBaer:
- Bo3MolKHocrb Hc[paBJreHrarr otuu6oK KparHocrbro Ao qerbrpex;
- 3Harr[TeJrbHoe cHHXeHHe Bepo,rrrHocrr4 orun6oK c KparHocrbro [recru (s 7 u 2

pa3a) rro cpaBHeHrrro c AByxgTanHbrM u rpexsrarrHbrM AeKoAepaMr,r;
- BBeAeHHe rrpr,rHrll{noB ap;ailTnBHoro aHaJruga ouu6or Ha ocHoBe I,IX

KparHo crr\ rrro rroBbrrrraer s0Sexrr{BHocrb AeKoAIapoBaHHfl 6es 3HaqHTeJIbHoro

y B en H rI eIJId'fl, B bIrI I4C JTIATeJI b H O IA C JI O )KH O CTI4 .

2. Anropou cHHTe3HpoBaH cr{HApousufi AeKoAep rareparl{BHoro

pacruupeHHoro KoAa XeuunHra 8x8 cHMBoJroB. flora:ano, rrro ceMHKJIaccoB€uI

Knaccu$raraqus ouu6oK, BKJrroqarcqar oAHoKparHbre, AByKparHbre r{ MHoroKparHble

oruu6xu, a raKlKe ux rpocrpaHcrB.eHHoe pacnpeAeneHze (crporu v cror6qrr)

TI03BOJIflET:

- r4cnpaBJrsrb ouru6xlr KparHocrbto Ao ceMrl;

- yMeHbrrrarb BeporrHocrb ouu6ox c KparHocrbro AeB.rrrb B 20 pa:| ro

cpaBHeHuro c AByxsrarrHbrM AeKoAepoM, y 4 paza tro cpaBHeHuro c qerbrpexgTallHblM

AeKoAepoM, B 36 pa3 rro cpaBHeHrrro c AByxpexrrMHbrM AByx- rrrrugTarHblM

AeKoAepoM.

Anrop rroKa3€ur, rrro yBenr4qeHr{e KoAoBoi4 ug6rtrorrHocrr kr Bbrrrncruremnofi

cnoxHo crvr MolKer 6uru rdc[oJrb3oBaHo Anfl Aocrr.r)K eHnfl, BbrcoKofi eSSeKTr{BHo cru

AeKoAIIpoBaHLIfl, IITO nOArIepKuBaeT HOBH3Hy IOAXOAa B KOHTeKCTe CoBpeMeHHbIX

rpe6onauuit K cr4creMaM nepeAarrr4 AaHHIIX.

3. Anropona paspa6oraH HreparusHufi SopuupoBarenb KJraccoB o6pason

ouu6oK, ocHosaHnufi Ha HoBbrx noAxoAax.BseAeH MeroA HTeparr{BHoro yBenuqeHvrfl

KparHocrr.r Lr pa3MepoB 6asossrx o6pasoB, no3BoJrflrorquftyuurbrBarb 6olee cJrolKHbre

crpyKTyphr orrru6oK.

I4cxmoqarorcfl cuMMerpr{r{Hbre o6paur AJrfl MnHr.rMn3ar\krvr us6srrorrHocrlr u

orrruMrl3arr4vr HAeHTI{Suxaquu outu6oK, rITo cHrDraer BbrrrucJlr.ITeJrbHyro cJlo)KHocrb

Ha 33-44 % no cpaBHeHuro c paHroBbIMI4 u no3r,rrluoHHbrMr4 QopvrupoBare ilflMkr.

flpe4naraeurrfi [oAXoA aKTy€rneH p'nfl cno)KHbrx HTeparr4BHbrx KoAoB, rAe

rpaAHrII4oHHbre MeroAbr Moryr 6rrrr HeAocraroqHo eQSexrHBHbrMlr.



4. flpe4noxeHbl LtHHoBaIIproHHbIe noAxoAbr r o6ecreqeHlrro noreHrluanbHofi

rr o M exoy cro trv r{ B o crr{ 6ecnpoBoAHbrx ceHcopHbrx cerefi HI{3K}IM

gHeprouorpe6JleHrreM H BblcoKocKopocrHbrx paAuo- 14 olrurrecKr{x cerefi :
- pe€IJILI3oBaHa HHTerpar\ufl aH€ulr{3a rpocrpaHcrnensofi crpyKrypbr oruu6on;

Bce IrpeAJro)KeHHbIe pelleHlrf, racrroJlb3ylor xapaKTepr{crr{Kr,r oruu6ox B crpoKax H

crol6qax AeKoAupyenrofi MaTpr{IIhr, tITo [o3BoJrfler 3HaqrareJrbHo cHt43r{Tb

BepoflTHocrb oruu6ru;
- npelcraBJleH noAXoA B rlacrl{ rcou6HnnpoBanufl, TeoperlrqecKr.rx u

[paKTurrecKl,rx yJry.IIuelaufit; yMeHbrueHl4e BeporrHocru ouu6oK H BblLrucrtrrelsuofi

cJIOXHOCTH AeJIaeT pe3yJIbTaTbI npHMeHrIMbIMr{ B peaJrbHbrx CkrCTeMax Ilepe4Alru kr

xpaHeHvr[ AaHHbrx;
- AocrLIfHyrbI a4anrvrBHocrb I{ Maclura6upyeMocrb; [pe4JroxeHHbre [oAXoAbr

MoryT 6utr a4arrrupoBaHbl AIrfl, ApyrI,IX KJIaccoB KoAoB r{ r{cnoJrb3oBaHbr B ycJroBktrx

BblcoKr{x rrJrorHocrefi ouru6or.

3. KonKperHble Hayqnble p$yJrbrarbl, 3a Koropbre corrcKareJrro Morrcer

6rrrr rrpucyxAeHa rrcKoMafl yqeHaq "crerreHb
CoucrareJllo Moxter 6urr [pucyxAeHa r.rcKoM€ur yqeHar creneHb sa

cJleAyroque pe3yJrbTaTbr.

1. Paspa6oraH €IJIropr{TM TpexKJraccoBoro cr{HApoMHoro AeKoAepa
I{TeparHBHoro KJracc[qecKoro KoAa XsnaunHra 7x7 cr{MBoJroB, orJrrrqarcu\uitcs, or

H3BecrHbIX AByxgralrHoro I,I TpexgTanHoro AeKoAepoB nu6opoM nocJreAoBareJrbHocrrr

onepaqnfi ucnpaBlrenufl, u crupanus, ouu6or crpoK u cror6qos AeKoAr,rpyervrofi
Marpr{qbr B 3aBr{cr,rMocru cir KJracca o6pasos oIuu6oK.

Hayvuar HoBI{3Ha [peAJlaraeMoro AeKoAepa cocror{T B ToM, rrro BBeAeHo HoBoe
pa3AeJIeHI{e ourn6orc Ha rprr Knacca, no3BoJrflrorqee aryailTupoBarb rrpoqecc

AeKoAHpoBaHI{s K KoHKperHoMy o6pasy ouu6or u sS$eru{BHo ynpaBJr.srb
' rrocireAoBareJrlHocrbro onepaqrft [c[paBJrexrrr ,r crvpanurs. ouru6ox. Ilpegcmanen

uonrtfi roAXoA K I{cnpaBJIeHI{Io v crupaHr{ro orun6ox AIrfl crpoK H cror6qos

AeKoAl{pyeuofi Marprtqbl, ytll{TbrBarouufi xapaKTeprrcrr{Kra Ka)KAoro KJracca o6pasoe

ouu6or u o6ecnerluBaroulufi 6onee roqHoe BoccraHoBJreHr{e AaHHbrx.
HayqHafl. vI upaKTl{rlecKar 3HarruMocrb AeKoAepa 3aKrroqaercf, B ToM, qro

o6ecneql4Baercfl yMeHbrlleHrle BepoflTHocrn 6rarosHx ouru6or Ao 6rl pa3a rro

cpaBHeHI{Io c AByxgTa[HbIM AeKoAepoM I{ Ao 3,0 pasa uo cpaBHeHr{ro c rpexerarrHbrM

AeKoAepoM. Brrnrpblluu Aocrllfalorc.r 3a cqer yBerurr eHufl. BhrrurcJrurelruofi

cJIOXHO CTI{ AeKOA[pOBaHrlrfl , O6yCIOBJTeHHOTO aH aJrr43OM O6paaOe OuIu6Or.



2. Paspa6oraH ceMrdKJracconufi cl,rHApounrrfi AeKoAep r4TeparllBHoro

pacrrr4peHHoro KoAa XsunauHra 8x8 cLIMBoJroB, orJrr{qarou\vtficn or r{3BecrHbIX

ABYXsTAIHO|O, IIETbIPEX9TAIHO|O I,I ABYXPEX(}IMHOTO ABYX- NSTHSTAIIHOIO AEKOAEPOB

nrt6opoir,t rrocJreAoBaTeJrbHocrr4 ollepalluu rpaHcnoHl{poBa}Ir4fl.,ucrlpaBlreHvrfl, H

3ABIICI,dMOCTH OTcrnpaHvrfl. oruu6or crpoK H cror6qoB AeKoAzpyevrofi MarpHIIbI B

KJracca o6pasos ouu6orc.

Hayuuar HoBr43Ha npeAJraraeMoro AeKoAepa cocrouT B ToM, rrro pazpa6oraH

eSQexrusHHfi €rJropHTM AeKoAHpoBaHus, Ha ocHoBe onepallufi rpaHcnoHupoBar^nfl,

HcnpaBJreHrrfl vr crupankrfl, ouru6oK crpoK u cror6UoB, a4ailTupyeMbrfi rc xouKperHblM

KiraccaM o6pason oruu6ox. Bne4euo p€BAeJIeHHe ouru6or Ha ceMb KJIaccoB, rITo

rro3BoJrfleT r{cnoJrb3oBaTb orrTrirMr{3r4poBaHHbre aJrropuTMbr AIrfl Ka}KAoro KJIacca,

yBeruquBafl, TorIHocTb AeKoALIpoBaHI{t.

Hayuuax r4 [paKTrirqecKa.rr 3Haqr4Mocrb [peAJraraeMoro AeKoAepa 3aKrloqaercfl.

B ToM, rrro o6ecneqrrBaercfl yMeHbrrreHr4e Bepof,THocru 6urosHx ouu6oK Ao I,6 pasa

fro cpaBHeHr.rro c AByxsTalHbrM AeKoAePoM, Ao 4r9 pa3a no cpaBHeHI,Irc c
rrerbrpexgrarHbrM AeKoAepoM, Ao 1,1 pa3a rro cpaBHeHr{ro c AByxpexprMHbIM AByx-

fIflTHSTafrHbrM AeKOAepOM.

3. Paspa6oraH r4reparueHHfi QoprraupoBareirb KJraccoB o6pason ouu6or,

orJrrirqarcu1..uitcs. or H3BecrHbrx paHfoBoro v no3I{IIIdoHHoro SoprrarapoBarenefi
oneparlvrflMkr pacuupeHvrfl, MHo)KecTBa KJIaccoB 14 IIpOBepKH AI{arOHaIIbHOI'I

czMMerpr{rr 6asoeHx o6pason, no3BoJlrrcqufi rIoBbIcHTb sQQerrrBHocrb

AeKOAHpoBaHLI.fl CJIOIKHbIX HTepaTLIBHbIX KoAOB 3a CqeT KoMIaKTHOCTLI KJIacCoB.

Hayuuax HoBLr3Ha aJlropurMa cocrorlr B ToM, rrro rrpeAcraBJreHbl HoBbIe

o[eparlvrv pacruupeHufl MHoxecrBa KJraccoB ur [poBepKI{ Ar{aroHzurrnofi cI,IMMerpIdI{

6asosHx o6pason, Koropbre paHee He rrplaMeHflIrucb B paHroBbIX v [o3I{IIUoHHrIX

QopvrupoBareJr.rx. VrasauHbre onepallul4 rro3BoJr,sror 6oree roqHo

KJraccu$uqrpoBarb oruu6ru n yqurblBarb ux npocrpaHcrBeHrryro crpyKTypy.

. I4reparunnrrfi npoqecc {opr"rnporalrut upI,IBoA}IT K co3AaHulo 6onee rouuartnrx u

o6o6ut€nnux KJraccoB oruu6or, rrro yrpoulaer rax o6pa6orKy vr coKpalqaer

Hs6rrroqHocrb trpu AeKoAr{poBanur4, trro rlo3BoJl.aer onrllMla3upoBarb

BbrrrracrnTeJrbHbre pecyp cbr 6es notepu rorlHocrl'I.
' HayuHafl, r4 rrpaKTr.IqecKafl, 3Haql4Mocrb aJlropurMa 3aKrloqaercfl B ToM, trro 3a

crrer yryrrueHHoro pac[peAeJreHr4rr ouu60K no KJIaccaM Aocruf:aercfl, yBeiIHtreHHe

eSSer<rr{BHocrr.r AeKoArapoBaHr{fl cJIoxHbIX HTeparI{BHbIX KoAoB, oco6euuo B

ycnoBr{flx eHcorofi nJrorHocrr.r oruu6ox ulru croxsofi crpyKTypbl MarpI4IIbI

KOAr4pOBAHVrfl..



4. 3arvreqaHnfl rlo Allccepralluu

1. O6rena nepeofi HraBbr, rrocBflrrlesHofi cpaBHr,rreJrbHoMy aH€IJrrI3y

loMexoy cro fi .tr{B bIX KoAoB, B LIAHTc g, us1strotlnblM.

2. Xors, cpaBHeHr.re c AByxgTaIIHhIM vI TpexorarrHblM AeKoAepaMLI

AeMOHCTpHpyeT yryq[reHr,re xapaKTeplIcTI{K, He npI,IBeAeHo cpaBHeHLIe C ApyrI4Mr4,

Bo3Mo)KHo, 6olee coBpeMeHHbrMH wfi4 aAanrHBHbIMIr MeroAaMH AeKoAI{poBaHI{fl

(rrrerogu Ha ocHoBe Marlr{HHoro o6yuenur; aJIfopIlTMbI Ha ocHoBe QarropHblx

rpaQon, [oJurpHbre KoAbr, €rJrropurMbl a4arrrnBHoro AeKoAHpoBaHa[), uro uoruo 6u

rrerqe o6ogHa.ruTb eSQexrr4BHocrb npeAJloxeHHoro roAXoAa.

3. 3na.rrrreJrbHoe roBbrrueHze BpeMeHnofi (n 2,4-3,3 pa3a) kr

rrpocrpaHcrBeHnofi cJrox(Hocrrr AeKoAepa BbI3bIBaer Borrpocbl o elo npuMeHI{MocrH B

ycrpoficrBax c orpaHrrrreHHbrMr{ pecypcaMu, TaKHX KaK ceHcopHble cern, tITo tpe6yer

AonoJrHrareJrbHoro o6ocuoBaHns. krrru npeAnoxeuufi uo cHI{xeHI4ro BblrllacJlurenrrrofi

Hafpy3KH.

4. HelocraroqHo paccMorpeH Borpoc, KaK npeAJroxeHHble AeKoAepbI 6yayr

Becrr4 ce6s, B ycnoBuflx lr3MeHrrroulefics nJIorHocrLI ouu6or ulwr uecra6LIJIbHbIX

[apaMerpoB KaHaJra, qro Mo]Ker oKa3arbcfl BaIKHrIM QarropoM Antr npaKTllrrecKoro

IICTIOJIb3OBAHH'I.

flpune4eHHbre Bbrrue 3aMerranr4fl, HI4 B roefi Mepe He cHIDI{aK)T nayuuofi 14

np aKTH.re cxofi 3HarruM o crlr noryrIeHHbIX pe3yJlbraroB.

5. CoorBercTBrre uayuHofi rcna.rrurfuKarllrlr coucKareJrfl yueuofi crerleHut

Ha KOTOpyrc oH rrpereHAyer

Ha ocHoBanvrr4 aHaJrnza coAeprKanufl, Ardcceprarlvrr4, racnoJrb3yeMblx MeroAoB

HCCJTeAOBAHVTfl. U r{HTepnpeTarlu[ UoIyrIeHHbIX pe3yJIbTaToB, rIX uayuuofi kr

rrpaKTuqecxofi 3HaqrdMocrr.r MoxHo cAeJlarb BbIBoA, rITo HayqHar xearurQnKar\ufl

aBTopa pa6orrr Xenr CrourxyaHb coorBercrByer y.rdnofi crerleHl{ KaHAuAara

TexHHrrecKHX HayK IIo cnerlr{€ubHocrr.r 05.1 2.I3 cr{creMbr, cerr4 u ycrpoficrBa

TeJreKoMMyHrmaqufi.

6. PenoMeHAarIrrH no nparcrurrecKoMy HcrroJrb3oBaHrrro pe3yJrbraroB

flony.reHHbre B AncceprarluoHnofi pa6ore Xesr CronrxyaHb p$yJrbrarbl MoryT

6urs r{cnoJrb3oBaHbl Ha npaKTI4Ke crrellH€trrt4cTaMu,' 3aHI{MaTOITIHMHCt

rpoeKrrrpoBaHrreM sQQeru{BHbrx cucreM npoBoAuofi v 6ecuposoAHofi IIHQponofi

cB.f,3r.r: rroABux<:nas. cBn3b (G/5G); 6ecnpoBoAHbre cerr{ (Wi-Fi, ZigBee, LoRa);

cnyrHr4KoBas cBr3b; cr.rcTeMu IrlurepHera neu1efi (IoT); ceHcopHbre cerra r{ r.A.

Bce pazpaioraHHbre airropr.rrMbr 6ynyr oco6enHo Bocrpe6onaHbr B ycJloBwtx,

rAe rpaAr4rlr{oHHbre MeroAbr r{cnpaBJleHl4fl olun6ox wt6o HeAocrarorrHo eSQerrHBHbI,

nucorofi rrJlorHocrbro oruu6or. VuurarbHble csoficrsa
5

rua6o He cnpaBJrflrorcfl c



npeAJroxeHHbrx perueHlrfi AeJraror ux nepcleKTI{BHbIMt4 AJIfl I4c[oJIb3oBaHHt B

peaJrbHblx cl{cTeMax.

7. 3arc.nrcqeHlre

Anrop Ar,rcceprarlr4oHnofi pa6oru XeHr CroHrxyaHb 3acJlyxHBaer

rpucy)KAeHufl yueHofi crerreHla KaHAr{Aara rexHI,IqecKLIX HayK rlo cflequ€UlbHocrn

05.1 2.I3 - cucTeMbl, ceTI{ LI ycTpoficrna TeJIeKoMMyHI'Iraqufi.

,{ucceprarlr{oHnafl pa6om Xeur CrcnrxyaHb paccMorpeHa Ha HayrrHoM

co6pauuu Vupex Aenufl. o6pasoBaHvfl, <<EeropyccKas rocyAapcrBeHHat aKaAeMI4s

cBs3rD) (npororor Ng or 12 aercaipt 2024 r.) Ha ocHoBaHLII4 rIpI'IKa3a peKropa

aKaAeMnu J\b 310 or 05 .12.2024 r., Ha KoropoM colrcKareJlb BbIcrynI{JI c AoKJIaAoM.

B ronocoBaHrrr,r flpuHflIrvrWacrve yqacrHHKI'I HayqHoro co6paHvIfl,, I4Meloque

yrreHbre creneHra AoKTopa HayK - 3 .renoBeKa I{ KaHAvr$ara HayK - 15 qeJIoBeK.

3A - 1.8, IIPOTI{B - HET, BO3AEP}KAJII4Cb - HET.

flpe4ceAareJlb HayqHoro co6p anufl:

A-p. rexH. HayK, npoSeccoP,

3aB. xaQe4pofi 3OX B.VI. Kyprualuee

Srcnepr:
KaHA. Que.-rurar. HayK, AoIIeHT, B. B. ,.{y6poncrcuir
npopeKrop ro HayqHofi Pa6ore

Cercpetapb HayqHoro co6p anvIfl,i

KaHA. Que.-vtar. HayK, AoIIeHT, ilL C. rc. MuxseBl{rr3aB. raQe.qpofi I4KT
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