
- oT3brB
3apyoe)KHoro HarrHofo KoHcynbTaHTa Ha Al.dccepTarlr4oHrryro

Myxavre4xanoeofi Anrnauprr larerxanKbr3br Ha reMy <Mo4enrapoBaHne 14

pa6ory
aHanu3

rpa$ura rexnonorrafi MelKMaIIrI4HHoro B3auMoAeitcrsus v I4nrepuera Berqefi
(M2\zVIoT)>, upe4craBJleHHyro K 3arrdrrre Ha coucKaavre yrenofi crerreHu AoKropa
Sznoco$uu (PhD) ro crrer{u€urbHocrr{ 6D071900 - <PalnorexHr4Ka, oJreKrpoHr{Ka
r4 TeJreKoMMyHr4Kar{zH>)

HepannouepHocrb rpa$ura M2MAoT B reJreKoMMyHr{Karu4oHHbrx cerrx,
pa3nuz.ilrfl n cuequlSprKe npranoxenufi v cepBkrcoB, rrpr4BoArrrlr4e K ero pa3nkrqHbrM

csoficreaNa, IroBbIIrIeHHbre rpe6onanrax K KaqecrBy o6cnyxrEBa:r.r4fl. rpaSurca
rIpI{BoAtr K neo6xo4IaMocrrr pa":pa6orru HoBbrx Mero.{oB aHaJrvr3a

npofHo3t4poBaHLrt
Lftrrepnera seqefi.

VIs-za o co6eHno crefi rp aS ura M2iWIoT cyqe crByroilIue MeroAbr rrep eAaqr,r
paAr4opecypcoB B ucropklqecKu orrrr4Mr43r,rpoBaHHbrx cerrx irro6zlrnofi cBflgtr

AoDKHbr 6rrru ycoBepmeHcrBoBaHbl Arrfl o6cryxHnanvrfl rroJrb3oBarelefi
TpaAkII{uoHHbx ycnyr cBr3lr. Bne4penrEe HoBhrx MexaHr43MoB nepeAaqr4

rpa$ura rexnonorufi Me)KMarrruHHoro B3aprMoAeitcrn,ran

paAzopecypcoB MexAy MHoTLIMLT ycrpoficrBaMLr rpe6yer pa"apa6orr<u HoBbrx
MareMarllqe cKI4x uo,qeneft , orrr4cbrBarorqux o co6eHHo crr{ o6 crryNzn a:nprfl, rp a$zra
M2lWIoT.

Hactoxlq aA AvrcceprarluoHHar pa6ora Myxavre4xanoeofi A. A. tro cB.fl rrleHa
pa:pa6orKe MoAenLI cereBoro rpa$urKa, rrocryrrarorlero c ycrpoficrs M2I\4/IoT.
Anroporu [onyqeubr cneAyroqrre HoBbre HafrHbre pe3ynbrarbr :

- 
llpo anaJrlr3zp oBaHbr LT3BEqTHbIE METO,trbI MaTeMaTkIqecKoro

MoAenrpo Balnlzfl cereBoro rpa$zrca M2lWIoT;

- 
PeaJrI43oBaHa crurvrcrrrqecKar o6pa6orr<a vr aHarrvr3 peaJrbHoro rpa$zra,

nocryninorqero Ha cepBep B cerz LoRtrMlN;

- O6ocuoBaHa crerreHb caMoroAo1us, sxoryrrlero rpaSnra u pazpa1oraHa
MOAenU efo npofH o3lrpoBaHvfl;

cerenofi cepBep;

- 
Onpe4eJreHbr xapaKTepvrcTvrK[ Kar{ecTBa oocnpKr4BalItrfl, ceTeBofc)

Co:4ana Lrvr:zTar\vro:eHas. MoAenb rpa$zra M2MAol nocrynarcqero Ha

tpa$axa c noMorrlbro LrMr4TarIHoHHoro MoAenr4po Ba:avrfl;

flparcrzvecKat 3Haql4Mocrb AlrcceprarluoHHofi pa6orbr cocrolrr B Haf{Ho-
o6ocnoeaHHofi pa":pa6oranHofi krMr4TarJvronnofi MoAenu cereBoro rpaQuxa
M2M/IoT, Koropaf, Mo)Ker 6rrm [pLIMeHeHa Ha cra4vrv rpoeKTltpoBa;avfi cerefi
Me)KMaIruHHoro B3auMoAeircrsus vr IrlHrepnera Beqefi. Pesynrrarrr AaHHbrx
AI4ccepraIIIloHHbIX' I4ccneAonauuit 6ynyt rroJre3Hbr B rrpeAcK€r3antrflx sHaqeHrafi
rpaQura Ha npeAcrotlque nepzoAbr BpeMeHkr, Koropar Aacr Bo3Molr(Hocrb
orleparopaM TeJleKoMMyunraqufi cBoeBpeMeHHo rrpLrHlrMarb ynpaBneHqecKue
peIxeHLIt ro BblAeneHr{rc pecypcoB, ueo6xoAnMbrx nnfl o6cnyxzBankrfl
rlocryrlarcqero rpa$ura. llparrnuecrcuir LTHTepec npeAcraBJr.rrer pe3ynbrarbr
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3KcrIepLTMeHTaJrbHbrx IaccneAor;aHuir. cereBoro rpaQlrxa, Anr orIeHKr4 uoK€r3areteit
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KarrecrBa o6cnyxuBaHvfl. Tpa$r4Ka Lr orleHKkr neobxo,4uvrofi nporrycruofi
cnoco6nocrvrvpa3MepoB 6ySepoe cereBbrx ycrpoficre, o6cryxuBaroulzx rpaQnr.

floryuennrre pe3ynbrarbr MoryT 6rrrr r4crroJrb3oBaHbr p.nfl pa":pa6orr<ra

rraogenefi 14 €urropr{TMoB orrpeAeneHlrr Kaqecrna obcryxvBantrfl. cereBoro rpaQzxa
M2lWIoT B cerrx cBfl3lr HoBoro rroKoJreHLrs 4G n 5G, anaJrtr3a r,r npoeKTLrpoBanr4fl

cereBbrx rexHoJrorrrfi, upusnaHHbrx rroBbrczrb ypoBeHb KarrecrBa o6cnyxuBaHvrfl,
orIeHKr{ Brrufr:atrs. crpeMrlTeJrbHoro pocra cereBoro rpaSrar<a M2lWIoT Ha KaqecrBo
o6clyxnBanurs, Apyn4x rroroKoB rpa$ura B cerrx cB.rr3Lr.

,{ocronepHocrb Ha) rHbrx rroJro)KeHrafi, uony.reHHbrx pe3ynbraroB Lr BbrBoAoB

3aKJ[OqaeTCr B KOppeKTHOM lICnOJrb3OBaIJIlkr reOpUU CLTCTeM MaCCOBOTO

o6crryxnBanrrvls, Teop?Ikr Beposruocrefi u MareMarz.recrcofi crutprcrr4Klr, TeopvLr
renerpaQllKa, Koropbre xoporuo rroATBepxrAeHbr u anpolupoBaHbr Ha rrpaKTlrKe.

B rpoqecce paborrr HaA Anccepraqurefi Myxaue4xaHoBa A.A. cyMena
pezurrl3oBarb clro co 6Ho crz K HafrHo-uc cneAoBareJrbcKofi pa6ore, rroKa3arb yMeHLre

o6o6qarr Ha)rqHo-TexHlIqecrgrro nkrreparypy n o6ocnoBarb BbrBoAbr c 3JreMeHTaMH

naywrofi HoBLT3HrI. B pe3ynbrare BbrrroJrHeHr4r Alrccepraqaonnofi pa6oru
AOICTiOpaHT IIOKa3UUI Ce6g, KaK OTBeTCTBeUUTTfi Vr .IeCrHrrfi HCCne,{OBaTeJrb.

Pesynmarrr r{ccneAoBarrnfi 6lr'rnu cBoeBpeMeHHo ouy6rurcoBaHbr B rrepzoALrqecKr{x
r43AAEItrtD<. r4 AOKJIaAbIBaJrr4Cb Ha MeXAyHapOAHbrX 14 peClyOJrr{KaHCKr4X Har{HO-
rrpaKTrrrrecKr4x roH$epenqr{f,x.

flo uarepvanaM klccJreAoBarruit Myxaue4xraHoBa A.A. ouy6nnroBaJra 16

Ha)rrIHbD( pa6or, B ToM qLIcJIe 7 rry6turcar\krv B x{ypHaJrax, peKoMeHAoBaHHbrx

KOKCOH MranracrepcrBa HayKpr r{ Bbrcrrrero o6pa:onauux PecnyflturcuKasaxcrau,
6 crareftB Marepr{€urax Mex{AyHapoAHbrx ronQepenguit,3 crarbr4 B )KypHanax 5a^:rr
Scopus, iloflyqllna cBl4AerenbcrBo o BHeceHLrv cne4enzfi n rocyAapcrseHHrrfi
peecrp npaB Ha o6rexru, oxpaHrreMbre aBropcKrrM rrpaBoM, J\lb31349 or
22.12.2022r.

lzccepralluoHH€ul pa6ora Myxarr,re4xanoeofi Anrrr,rnprr,{anenxanKbr3br
rlp eAcraBnter 3aKoHqeHHyro Haf{Ho-v ccJreAoBarenbcr(yro pa6ory, BbrrroJrneHr{yro
aBTOpOM CaMOCTOTTeJTbHO lI B pe3ynbTaTe AOKTOpaHT BHeC CyUIeCTBeHHbrr4 BKJraA,

rlpeAno)KkIB pa3pa6oraHuyro vMvrrar\vroHHyro MoAenb arpenapoBaHHoro M2lWIoT
rpaSnra, nocrylaroulefo Ha cereBofi cepnep, npeAcraBnesnrrfi KaK caMorroAo6nrrfi
c I{crIoJIb3oBaHLIeM pacrrpeAerreHut flapero, paspa6oraHnafl. B cr4creMe MEIS

[vccepraq uoHnas. pa6ora BbrrroJrHe Ha Ha K€BaxcKoM s3brKe ra B coorB er cB?rv

c coBpeMenHofi nayruofi crkr[rkrcrr4rofi. B ALrcceprarlza qerKo orrpeAeneHbr rlenb r4

3AAAqId UCCneAOBaIIVIfl, paoKpbrTa HOBLT3Ha Vr TeOpeTI4qeCKar 3Haqr4MOCTb.

Arryanrnocrb LI BaxHocrb nayrnofi pa6oru, a raKlxe upuo6perennrrfi orrbrr
IIOcTaHOBKLI 3aAarl AJUI Har{HOIO I{CcneAoBaIJI|Ifl,IO3BOJIST .4OKTOpaHTy B OyAyIIIeM
rlpoBoAr4Tb HafrHbre zcnJreAoBaHvrfl, na 6olee BbrcoKoM ypoBHe.

Pesylrrarrr pa6oru Myxarr,re4xanoeofi Anruzpu,{anenxanKbr3br Ha reMy
<<Mo4ennpoBaHze n anarrv3 rpaQzra rexnonorrafi MexMarrrr4HHoro



B3arrMoAeircrsus ulturepuera Beulef4 (M2WIoT)> yAoBnerBop-{Ior rpe6onanzxnt

KOKCOH MFIBO PK r AoKropcKoir gucceprar\Lrw. a AoKropanr MyxaueA)KaHoBa

Alrnaupa,{alelxaHKbr3br Aocrofina [pr4cpKAeHut yreHofr crerleHr4 AoKTopa

Snnocofun (PhD) ro crleql{arlbHocrl4 6D071900 - xHI4Ka, SneKTpOHI{Ka
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Myxarrae4)KaHoBa Anrrvrupa ,{anenxanKbl3blHbll{ 6D071900

<<PaAuOrexHI{Ka, sJIeKTpOHI4Ka XeHe TeJIeKOMMyHuKaqutJIap) MaMaHAbIFbI

6ofirtnura (PhD) Snnoco$ur AoKropbl AepexeciH alry yuriH YcbIHbInraH

(MaIIIIIHaapanbIK o3apa opeKeTrecy xeHe 3arrap I4nrepHeri (M2IWIoT)

rexHoJlon{.ttnapbrHblr{ rpaSnrin MoAeilbAey XeHe TaJIAay) Ta(bIpbI6bIHAarbI

Alrc c epTaIIutnbIK xgylblcKa IuerenAiK F6IJI6IMLI Keqe cxIiHiII

fIIKIPI

TenerorraivrynuKarlr{f,nbr4 xednep4eri M2IWIoT rpaQrariuiq 6ipxemi

eMe'criri, orrbrr{ eprypni Kaairrerrepiue erereriH (ocbrMru€LJlap MeH (bl3MerrepAir{

epercmeniKrepiHAeri afiUprnaIIIbIJIbIKrap' rpa$I'IKKe KbI3Mer KopceTy cailacbrna

KOfuL-rAI.brH T€UrarrrapAbrrq:''xorapbrnaybl MaIrrLIHaapanbII( e3apa epeKeTTecy MeH

3arrap [rHTepHeri rsxuolorr4rJrapbrubll{ rpa$Ilrin ran4ay MeH 6orxayAblrl x{al{a

a.ricrepin $iprey Kax(er.rirlirine eKeneAi.

tutZtnmo1 
'rpaQu,riuiqi 

,epercruenirrepin e 6afirrattblcrbl Aecrypni 6afiraHrtc

rorsuerrepin nair1anarryllrblJlapFa KbI3Mer Kepcery yruin Taptrxkr

ogTafinaHAbrpbrnraH yflnbr 6afinanrrc xerinepiHAe paArlopecypcrap4n 6epyaiu

Ko.u€lr{brcrapbr e4icrepi xerin4ipinyi reper. KenrereH (YpbIJIFbInap apacblHAa

pa..TqopecypcrapAbr 6.pygtu xar{a MexaHu3M4epin eurisy M2}vVIoT rpatpurine

Kbr3MeT KopceTy epexluenirrepiH crauarrafrrrrn

MoAerrbAep4i e:ipneyAi : Ka)Ker ereAi.

Xaqa MaTeMaTLIK€UIbI(

xpIblcbl M2IWIoT
uo,uerin xacayFa

xY3efe acbIpbIJIAbI;

repis4ec 4epeNeci nerisAemeu xeHe oHbI

A. A. MyxanregxearroBaHblr{ ocbl Arlccepraul{flJlblK

rWbIJIrbInapbIHaH reniur,.rrycerin xipic xeninir tpa$zr
apHaJrraH. Aerop releci )KaI{a F6IJI6IMI4 HeT}IxCeJIep €UIA6I:

-M2IWIoT 
xeuilrin rpaQurri MareMarLIKaJIbI( MoAenbAeyAiI{ 6enrini

e4icrept r€uIAaHAbI; i 1:iiilriir

-LoRaWAN 
x€Iiicifrleri

crarLlcr?IKaJIbIK or{Aey XeH*s: tangay

-Kipic 
rpa$urtr\ l'tis-osiHe

6onxay Mo.qerlbAePi xad?iii$Au ;

cepBepre renin ryceriu HaKrbI rpaSuxri

-Xenirlir< 
cePtsdPG' rcerin

vvrvr arJtrs.nblK MoAeni xabbtlIrU
ryceriH ripic M2IWIoT rpaSurini4

-.U[Nruraqurlrr4] 
ir,rffimaey apKbrnbl xeninir rpaQnrre KbI3Mer Kopcery

c arracbrHbll{ cnrlarraMan?ppl' aHbIKTuuIAbI

,{ncceprarlr{rJrbrK:'. iiiyurrcrrrq reNipu6elix Mar{bI3AbIJIbIFbI e3rpJleHreH

M2M/IoT xeninir rpaol4finiq EMllrarlusnbrK rraoAelis MaIIrrIHaapaJIbIK o3apa

apeKerrecy )KeHe 3alapirilHrepHeri xeninepiH xo6alay xeseqiHAe KoJIAaHyra

6tnaasr. AnAarrr yaxrrlrrr(eseq4epine apHaJIFaH rpa$zrriq vren,qepiH 6onxay

reJreKoMrvfyr{vrKar\lrfl, onep'aropJrapbrHa renin ryceriu rpasurre KbI3Mer KepceTy

ynin Kaxerri p.rypoiapg"t 6eny 6ofisrsrua 6ac4apyublJlblK rueruirra,qep,qi

yu4t"rn", xa6rrnaay.u,,,,onfM*inair 6epe4i. Xeninir rpa$rErri eKcrlepl{Mentrir

3eprrey Herr4xreJrepi",.*"*.i MaKcarrapAa nafiganalyra 6onaAu: rpa$urtiq

Kbr3Mer KopceTy carIacbIHbILI KepceTxirurepiH 6atanay XeHe rpaQuxxe KbI3Mer

1.11iijri .
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KOpCereTlH X(eJIlJrlK

MoJrruepiH 6aratay.

uunncrprliriniq FI{ECGI(EK YcbIHraH xypHarlAapblHAa

xailbmap€urblK ronsepenirvrflIrap Marepu€ulAapblHAa 6

6asacrrrrru{ xypHaJIAapBIII{a 3 MaKaJIacbIH XapLIfJIaAbI'

rq:pblnrblnapAbll{ 6y$epuepiniq XaNerri erxisy Xa6ineri r"reH

xeJIilIeplHAefi M2M/IoT

7 xapuflJIaHbIMbIH,
Ma(aJracFIH, SCOpUS

aBTOpJIbIK Iq:KbIKueH

xeHe 4asipri FbTJIbIMI{

3eprreyAir{ MaKCarbI MeH

TeoputJIbIK MarIbI3AbIJIbIFbI

Mar{bI3AbIJIbIFbI, COHAaft-aK

ArrrnraH HerlrxeJrep 4G xteHe 5G 
'aittalelr'Ic 

xedlepirl4eri M2M/lol
xeninir rpa$urre (br3Mer Kepcery calracblH aHbIKTay, (bl3Mer Kepcery callacblH

aprrbrpyra apH€urraH xednir rexHorlorllfinapAbl TaJrIay )KeHe xo6anay, M2M/IoT

xeninir rpa$urcriq x{brnAaM ecyiHil{ 6afi;lraurrc xeninepiH4eri 6acKa rpaQux

Fr3Mer Kopcery caracblHa ecepiH 6aranay vro,4elr4epi

arlroplrrMAep iH e: ipney yru i n nafi -Aanattbl JrybI rrayurin.

epex(eJrepAlr{, aJIbIHraH Herl{Xenep MeH TYxGrpbrMAapAblr{Frljilrrruu epex(eJrepAlr{, aJrbrHraH Herl{xenep MeH TY)KbrPbrMAaPAbril

cenluainiri xanuafi Kbr3Mer Kopcery xyfieciniq reoputcbl, bIKTLIM€uIAbIKrap

Teopqf,cbr xe6e MareMaTlrK€urbrK craTLIcTI{Ka, renerpaSux Teop}Itcbl egictept

.+?brc uaftaanarry 6onrru ra6rtlagu.
fluccepraur4,rMoH,j ]KyMbrc 6apucuuga Myxarrregxanoea A. A. FbTJIbIMI4-

3epmey ry\{brcrapsna'.Ka6inerrinirin xy3ere acbrpa aJIAbI, TrIJIbIMLI-TOXHI{K€UIbIK

a:e6uerrepai x(EurrrrrJrayii. xceHe FrIJIIIMI4 xar{anblK 3JleMeHTTepirvren

TpncrpbprlapAbr nerisgeyr,,4a6ileriH repcerri. ,{uccepralllltHbl opblHAay

narmneciHAe AorcopaHr oeiH' xayaurbl )I(eHe a1ar 3eprreymi periHge ropcerri.

3eprrrey Herrrxerrepi i'udp:iu4i 6acsrnuuAapl:a ya(bIrbIJIbI xaputJlaHbl[,

xa-rbrKapanbr( xeHe pecryr$uuKaJrbrK FbIJIbIMI,I-[paKTI,IKanu4 ronQepeHll]ItnaPila

6a.nraarart. ,:,i'l"rif"

3eprrey MarepuaxAapbr 6ofinnura Myxarrae4xtaHoBa A. A. 16 TrIJIbIMII

eu6erin, oHbrH iuriHAe'rl(asd4cran Pecny6nl{Kacbl Frrlrru )KeHe xorapbl 6iniu

KopraJrarbrH o6reKTinep,rc;.;,r(yKbrKrapAblr{ MeMnererrir riginiNaiHe Irleliuemep,4i

.d?y ryparlbl rcyenir anuorliNs31349 22.12.2022 x.
Myxaryre4xaHoBa Aglrrvruprr ,.{anenxauKbl3blHbll{ ALIccepraIILIsJIbI( )IqMbIcbI

aBTopAbrrl os 6eriHure,.oprm4araH ToJIIIK TbIJIbIMTI-3eprrey x(lMbIcbIH YcbIHaAbI

*rrr. neruxeciHAe AoKropu"t Matlab NyfieciH4e e:ipneHren llapero ynecripirnrin

tafiAatatta orbrpbrn, os+eeine repi:4ec perin4e YcbIHbIJIFaH xeninir cepBepre

ryceriH 6ipir<ripinren MZIWIoT rpaSuriHiq eriplenreH I4MIdraI{LItrJIbIK uoAeliH

ycbrHa orblpblrl, eneyniLifid$ (ocru.
,,{uccepraqurlJlblK'; rxIMbIc Ka3aK rinisAe

crrrJrllcrlrKara cefirec : 
opbIIrA€uIAbI.'{zcceprar1.ufl'Aa

uiH4errepi HaKTbI aHpIKr€uIraH, xaq€ulblFbl MeH

ailrnurlaH. Frrrlrruu xqMblcrblH eserririri uen

rbrJrbrMr{ 3epney yruiH ruinAerrep (oroAbrr{ xolHa(T€ulran rexipu6eci AoKropaHrKa

6oramaKra )Kopapbr Aer{refi re rbrrrbrMrr 3eprreyJlep xyprisyre vryuxinlirc 6epeai.

Mlxar"regxraHoBa ;',Anruupa 
'{arerxanKbl3blHblr{ 

<<MaurunaapaJlblK o3apa

apeKerrecy x(eHe 3arrapr;tr4urepHeri (M2\4/IoT) rexnonoru.lJlapblHblH rpaSzriH

MoAenbAey xeHe rffiapt' ra4rrpu6blHAarbl AtIccepraIILItnbIK xlMbIcbIHbII{

Herr{xenepi I(p F;1{E MrruucrpniriniH Frrnrru xeHe xorapbr 6ilirr,r caJIacbIHAarbI

c€rrraHbr KaMraMacbr3 ery: rovrureriuir{ PhD AoKTopJIbIK Al4cceprallvrflcbrHa

KOfiUlarrrn 6apng4 TaJna$rrapFa x(ayar 6epe4i, uul AOKTOpaHT MyxauepKaHoBa



Arnrmpa ,{arenxaHKbr3br 6D071900 <<Pa4HorexHrrKa, oJreKTpoHLrKa xeHe
TerreroMrvrynrrKarlurnap)> MaMaHAbrFbr 6ofiunrua QurocoQlrr AoKTopbr FbrJrbrMlr

(PhD) 4epexeciH 6epyre rafiu4ru.
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Pecny1nurcaKasaxcmau,zopodAnmamat ,-::,
Vematpuadqamoe a*zycma dee marca,tu deadqamb mpembe?o goda.
Terccm-nepeeod dorcyueHma c pyccKozo nsbtKa Ha Ka3axcruit nsam *unonHeH nepelodquKow
Typapryusut Cauueil. ,,, ,i:i, ,

Ifodnuca:
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P e cny 6nuxa Rasaxcmau, zopod Anuamau
Vematpuadqomoe a6?ycma dee marcnau deadqama mpemueeo eoda.

fl, )I{aua6uile6a fynasada Auyapoeua, Homapuyc, deilcmeynu,1uil ua ocHonaHuu Jtuqercuu
Ne0000517, eutdauuoit Muuucmepcmaow locmuquu Pecnydnurcu Kasaxcmau 18.08.1999,

ceudemenucmryn nodnuuuocmu nodnucu JtuqHo u36ecmHozo tuHe nepeeoduurca Typapryarcat

Cauuu.

3aoezucmouDoqaHo 6 DeecmDe sa Ns
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