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oQ nqu anbHo ro oIrIIoH e HT a Ha AktcceprarlIarc Kyrys oua Huxuru Au arolr e Bkrvra

<P a":p a6 orKa MeroAoB rlpo crp aHcrBess ofi o6pa6 orx w c nytafiHbrx crrrHturoB B

npHJIoxeHI4kI K 3aAar{e noK€IJrl{3ar{vkt Ltcro.tHHKoB eu6paguu c HcrroJlb3oBaHr.reM

KOHeIIHO-oJIeMeHTHOIO MOAeJIIIpOBaHI4T>), npeAcTaBJIeHHyIO Ha COLICKaHLIe yteHOfi

creIIeHH KaHAI4Aara Q zs uro- MareMarr,rqecKr4 x HayK n o clequzlJrbHocrrM

1 .3.4 - Pa4uoQtr3r4Ka, 1 .3 .7 - Arycrura

Anrya.nrHocrb reMbr Alrcceprarlrru

B Hacrorrqee BpeM{ saxHofi npo6leuofi f,BJrf,erc, o6uapyxeHue

I,tcrorIHI,IKoB nosHueHHofi nu6poartllBHocTt4 B p€r3rurrHbrx MexaHr{trecKr,rx

cLIcreMax. floAo6sas 3aAarla peuaercf, rtpu AuarHocrrlKe 14 o6cnyxuna:anvr

npoMbIIxJIeHHoro o6opyAonanktfl, aBHarlr4oHuoft, paxerHo-KocMrauecxofi, naopcxofi

,t Apyrl4x BI{AoB TeXHLIKI4. I-{elrrc .f,BJI.[eTc, olpeAeJreHr.re HecTaHAapTHbrx,

ar,apuitu:rLx pexllMon pa6orbl, cHzxeHlre ypoBHfl rrryMa, [poBeAeHZe pa6or no

ycrpaHeHl{Io 4eQexron. OAnuu LI3 Bo3MoxHbrx [oAxoAoB f,BJrsercf,

ucIIoJIb3oBaHI4e KoHerlHo-srenaeHruofi MoAeJrH o6rerra. Bu6pa\uoHHoe rroJre,

pacctll{ThlBaeMoe c noMolrlbrc KoHerIHo-gJreMeHTHOfO MOAenHpOBAHLtfl, rrpLr

p€I3HbIx IIoJIoxeHI,Iflx I4crorrHrlKa conocraBrrflercfl. c floneM c rra6po4arqIaros. 3ro

noApa3yMeBaer rIpI{MeHeHI{e MeroAoB rpocrpaHcrBeHHofi o6pa6omu ctrrH€LJroB.

Oco6ennocrr4 o6pa6orru cprr*aJroB B AaHHoM cryrrae Moryr oKa3arb perlarouee

BJII4f,HHE KaqecTBo noKaJrLI3arlHH (onpe4eneHnlr HEI,I3BCCTHOfO

MecroIIoJIoxeHu.rI ucrotlHuKoB su6pa\uu). llpu.rranofi rrJroxoro pe3ynbrara B

AaHHoM crytlae MoryT 6uts He roJIbKo rrryMbr rr rIoMexH, Ho I{ HecoorBercrBH.rr

KoHellHo-sleuenruofi MoAeJIH (K3M) uccneAyeMoMy o6rexry. Paspa6orxa t4

anpo6aqu.a eSSexruBHbIx MeroAoB o6pa6orrn cr{rH€rJroB rpu noKanr43arlur{

. I{crotIHHKoB nu6pa:!.uu flBrflercfl xpafine arcryalruofi saqa\eir, He roJrbKo

aKycrLIKLI, Ho LI pa4uoQu3LIKH, [ocKoJrbKy pa4uo$z3r4rrecKr.re MeroAbI o6la4aror

srtcorofi crereHbro yHI4BepciIJIbHocrr4. 3SSexruBHbrMH MeroAaMH perueHn,

noAo6H oro n oAa 3a4a,t rBJlrrorcfl M eroAbr cr arkrcruq e cxofi pa4u o S n3HKr4.



AHa.rtlrs coAep]KaHufl A[cceprau[u

cnr{cKoB corpauleuufi

cTpaHr{rlax, coAepxr.rT

HAI{MEHOBAHLII..

flzccepral{HoHHa, pa6ora cocror{T r.I3 BBeAeHr.rf,, Tpex rJIaB, 3aKJIIorIeHI4r,

ric[oJrb3yeMbrx I{croqH}IKoB, u3noxeHa Ha 104

pr4cyHKa, 4 ra6ruqrt, n cfll{cKe I{crotrHLIKoB 82

u

44

Bo BBeAeHrrra rrpeAcraBneHa ranQopuaqzx o6 aKTyuuIbHocrLI TeMbI

r{ccneAoBaHr4fl. r4 crerreHra ee pa3pa6oraHHocru, cSopMyJrLTpoBaHbr IIeJIb, 3a4a'r^u

AucceprarlzoHnofi pa6orrr, [praBeAeHbr HayqHaf, HoBIa3Ha u [oJIoxeHI4r,

BrIHOCHMrIe Ha 3aIIII{Ty, CBeAeHLIf, O ILITIHOM BKnaAe aBTOpa, TeOpeTUrIeCrOfi n

[paKTurrecrofi 3HarruMocru. flpe4craBJreH o6sop r4ccJreAoBalrtui,t oreqecrBeHHblx LI

sapy6exnbrx crrerlLT€rJrr4croB rro reMe pa6omr. B o6sope amurkr3 cocrof,Hlls reMbl

AvrcceprarJvrt4 AorronHf,erc, yKa3aHlreM Ha HeAocrarKr4 pa6or v ocraB[rr{ecq

HeAocraroqHo paspa6oraHHbrMlr Bolpocbr JroKzrJrlr3aquu vu6poucrorlHltKoB.

llepnax rJraBa rrocBf,rrleHa orrruM€r[rsofi o6pa6ou<e npr4 perrreHr4ra 3a1aqur

JroKaJrr43arlr4r,r eAHHcrBeHHoro HcrorrHuxa ou5parJprtl llpe4cranJleHa IIocraHoBKa

3aIlal{kr, orucaHbr IlpuHrlun pelreHr.rf, LI MoAenb cHrHaJIa Ha ru6po4arukrKax,

pac[onoxeHHbrx n na6ope KoHTpoJrbHbrx rorreK Ha KoHcrpyKrIHI4. IIo cyru, sa1aqa

JroK€Lnr{3a\vkr flBnflercx o6paruofi za1a\eit. OurrE6r<u JroK€rJrr,r3arlrirr.r B rarcofi 3aAaqe

cB.rr3aHbr rra6o co cHraxeHueM orHorrreHLrfl cvrHaJr/ruyla, npr6o c paccornacoBaHueM

K3M r{ KoHcrpyKrlr,ru. Anrop yKa3brBaer, rrro AJu r{cronrsyenaofi MoAenr{ c}rrH€rJra

(roveunufi r{croarHraK c Her{3BecrHbrMrr MecrorroJroxeHaeM, opueHratlweit,

Soprraofi clrrHaJra v a44rTktnusrfi uryM Ha [arrtuxax) qenecoo6pasHo r{crroJrb3oBarb

MeroA MaKcr{MyMa npaBAono4oius,. Ha ocHoBe Mero.qa MaKcr4M€IJrbHoro

rpaBAorro4o6us aBrop Sopuynnpyer MeroA JroKarrr{3ayuu (u ero ynpouleHnufi

aapnanr), npeAcraBJrf,er AaHHbre anpo6aqun B gKcrrepuMeHTe c AByM,

KoHcrpyKur{flMra u vMHTarIuoHHoM MoAenr{poBaHLru. florasaso, rrro

pa:pa6orannrrfi MeroA r{ ero yrrpoIqeHurrfi aapuaur (n trplrMeHeHt4u K [epBoMy

co6ctseHHoMy BeKropy au6opouuoft KoppeJrf,rluoHsofi Marpr.rrlbr rrpuHf,roro

curuara) no3BoJlrror onpeAeJrflTb Heu3BecrHbre rrapaMerpbr eAr{HcrBeHHoro

I{croqHI,IKa c Megbrrrr{Mr{ ouu6xauu, rreM trpu ucnoJrb3oBaHI{I,I r{3BecrHbrx paHee



MeroAoB. flpuueu, aBTop o6ocnonar, rrro ycneruH€ur JroKturrr3aur{, Bo3MoxHa Ia

arr K3M 6es npegnapurenbHofi xoppeKrr{poBKr,r rapaMerpoB.

Bropar HraBa nocBrrqeHa cflyqaro, B KoropoM rrpeArroJraraercs laarrr4,r^vre

HecKoJrbKLtx oAHoBpeMeHHo pa6oraroqnx nn6poucrorrHrlKoB c Her43BecrHbIMI,I

rroJroxeHr4eM u opueuraquefi. r{ucro ucrorrHlrKoB TaKxe [peAnoJlaraercfl

Her43BecrHbrM. Ha ocHoee npuMeHf,Iorrlr4xcfl n pa4zoSr43uKe Mero.qoB, cBq3aHHbIx

c arropurMaMr4 cBepxpzBpeureHr4.s (Multiple Signal Classification - MUSIC) u

aHarru3oM co6crnenHbrx quceJr KoppenxquoHnofi Marpr.rrlbr [pr4Hf,Toro crrrHulrla,

aBTop Soprvryrzpyer co6crneHnufi MeroA onpeAeneHr{rr ,uvcra ucror{Hl4KoB

ou6payuu kt vrx JroK€LJrr43aqzu. Ha ocHoBe AaHHbrx gKcrrepilMeHTa noKa3aHo, rrro

uo.quQrEqr{poBaHHbrfi rarcuu o6pasorra MeroA rro3BoJrfler KaqecrBeHHo onpeAenf,Tb

loJloxeHue, pa3peluaTb ucToqHuK[I, B oTJIHIILIe

KBaAparoB, roropufi qacro rrprrMeHf,erc{

nu6poguarHocrlrKu.

B rperrefi HraBe npeAiraraerc.fi €rJrropr{TM, no3BoJr.srcuufi ocyuecrBl{Tb

lpeABapLITeJIbHyIo npoBepKy, Buru4allurc sKcIIepLIMeHTEuIbHbIx AaHHbIx.

I4ssecrHu v rxlrpoKo rpuMeHf,rorcf, Kpr{repr,ru paccraHoBKLr ew6pogatqprKoB

(nanpurvrep, MAC). B AannoM cJryqae, [peAnaraerc.rr cru4Tarb pacnonoxeHlle

aaQurczpoBaHHbrM, Ho rrpu groM Lraircu AarrruKu He roJrbKo c a[raparHbrMu

Henc[paBHocTrMI{, Ho c aHoM€L[[IflMI,I AaHHbIX, BbI3BaHHbIX p€I3JIUqUeM

rapaMerpos K3M u pe€rJrbHofi xoncrpyKrluu. Tax, anrop upuBoAnr rpr4Mep c

H3MeHeH[eM MoAyJrx IOHra An, qacrr.{ oJreMeHToB KoHcrpyKrlr{u. 3ro npueoAr,rr K

cyqecrBensofi ourn6xe JroKurJrlr3aquu. O6Hapyxurb uo4o6nyro ourn6ry AaHHbrx

3arpyAHr,rreJrbHo rpaAr4urroHHbrMr,r cuoco6auvr: u3 aHaJil4sa oKc[epr,rMeHT€urbHoro

cI{rHaJIa BbrrBurb raKoe HecoorBercrBr{e HeJrb3fl. floerouy, Arr.fl perxeHr{{ srofi

3a4a'uu flpeAJlaraercf, nonrrfi aJrropHTM, ocHoBanHufi Ha aH€LJrlr3e rrpoeKur{ra

BeKTopoB rrpl,IHrroro cLrrH€rJra B qacrorsofi o6racru Ha HraBHbre KoM[oHeHTbr,

noryqeHHbre u3 AaHHbrx KoHerrHo-9JreMeHTHoro MoAeJrr{poBaH[fl, Arrfl Bcex

Bo3MoxHbIx nonoxeruEfi rrcrorrHr{KoB. Antop [oKa3hrBaer, rrro yAaJIeHI,re

AaTIII'IKOB C HeKaIIeCTBeHHrIMH AaHHrIMH IpI{BOAI{T K LI3MeHeHIIIO YIECletrnOfi

OT

B

MeTOAa HaI'IMeHbIUI4X

o6parnrrx 3aAaqax



Mepbr, cBfl3aHHofi c yKa3aHHofi npoeKrlr{efi (npoerquonnufi arroprarrvr). B

nocneAyroqeM noAo6Has [porleAypa, BbrrroJrHrreMaf, nepeA JroKanl{3aquefi,

ro3BoJrrer 3HarrHTeJrbHo ynyquurb noryqaeuufi pe3yJrbrar. Anrop npeAJlaraer

I{c[oJIL3oBarb pa:pa6orassufi rpoeKrlr,rossufi zrJrropr,rrM Lr B Apyrux

rrpuJroxe*ktflx, o6ocHosrrsas csofi AoBoA pe3yJrbraraMr4 rrplrMeHeHr{, anropl4TMa

B 3aAarre o6pa6omu aKycrurrecKr4x cr4rHaJroB nrocxofi rr,rzxpoQoHoofi peurerrofi.

B s arsrrc.{ elr^lau c Q opvryrup oBaHbr o cH oBHbr e p e3yJrbrarbr ALr c cepraquoHHofi

pa6omr.

Hay.ruan HoBI{3Ha pa6orul

HayrHofi nonzsHofi o6naAaror:

1. MeroA JroK€urr{3arlpru eAlrHcrBeHHoro nu6poncrorrHr{Ka Ha ocHoBe

npr.rHrlr4fla MaKcr.rMyMa rrpaBAonoAo6u{ u ero ylpouleHuufi napuasr. B

I4CCJIeAyeMOM qaCTOTHOM Ar{ala3oHe sKCnepUMeHTaJrbHO nOATBepXAeHa ero

sS0errunHocrb. floxagano, rlro pa:pa6orasuufi MeroA o6laAaer

MeHbrrruMu rrorperuHocrf,Mu oqeHoK napaMerpoB ara6poucrorrHuKa

(uectonoJroxeuue r{ opueHTaqut), B cpaBHeHLrr4 c r43BecrHbrMr4 MeroAaMu.

2. MoluSnquponannufi MeroA MUSIC AJrfl petuent4fl. 3a1artu JroK€rJrr{3aqrrr{

HecKoJrbKHx oAHoBpeMeHHo pa6oraroqnx nn6poucrorrHuKoB. Ilorasauo,

rrro AaHHaf, rrrogra$zxar\k:fl, o6naAaer 6otrurefi eQQerrurHocrbro npu

peIIIeHI4I{ 3AAAqil nOK€UII{3aIIW c AByMfl I{CTOYHLIKaMLI IIO CpaBHeHI{rc C

MeroAaMr{ Har{MeHbrur{x KBaAparoB u MaKcr4MyMa rrpaBAorrop,o6us.

floxasaHo, qro cyMMr{poBaHue rleJreBbrx Synrqufi lao4r,rSzqupoBaHHoro

MeroAa MUSIC, paccquraHHbrx AJrf, pa3Hbrx qacrorHbrx rroJroc, yJrfruaer

pe3ynbrar JroKaJrr,r3arlu[. Mo4uQraquponaHuufi MeroA aupo6npoeaH B

gKcnepuMeHTax c HeoKoJIbKI4MLI KOHCTpyKIIVflMLI.

3. Ilpoexquounufi aJrropurM rrpocrpaHcrseHHofi o6pa6orxn

ocnosaHHHfi Ha coBMerrleHr{r,r KoHeqHo-sleuegruofi MoAeJII4

sKcrIepI{MeHTa. 3$$emzBHocrb €Lnropr4TMa npoAeMoHcrpr4poBaHa B 3aAarre

JIOK€UII{3AIIHI,I nu6poucrorrHr4KoB B prBHbrx roHQrErypa\urx.

6rrrr HcloJrb3oBaH u B Apyrr4x

CLI|HILIIOB,

u AaHHbrx

Paspa6otasHufi arrropr{TM Moxer



npHnoxeli^r4flx, rAe perreHHe o6parHofi 3allaqr nporcxoAr.rr c

H c rr o Jr b3 o B aH 14 e M rr ucr e H H o ir, ulu aHaJrr4Tuqe c ro fi M oA e n r4.

Teoperuqecmafl rr rlpa KTlrrlecKaf 3Harr rlMocrb

Pesynrraru pa6oru 3HaTILTMrI AJrf, pa3Burrufl. MeroAoB rrccJreAoBaHhfl,

npoqeccoB, cB.a3aHHbIx c eu6pagvtnvtu, ruyMaMr{ Lt ge$ercrair,rn xoncrpyxqufi.

ucflrlonb3oBalIl/ru B 3aAaqax [poeKTr.rpoBaHLTfl ,

cHH)KeHUf, IXyMHOCTH

Paspa6oraHHble MeroAbI 14 [oAxoAhr K JroKanktsa\uvr nu6poucroqHr..rKoB o6ragaor

6omurzu noreHrluarroM [plr

CO3AaHLI.f,, IIyCKOH€LIIaAKII, nw6poguarHocrr4KH,

MexaHu3MoB, KoHcrpyKllufi, o6tertos pasnzuuofi TexHLTKr4 (nauprErrrep,

aBnalluoHHofi, uopcrofi u r.A.). Pesymraru pa6orbr JrerJrz B ocHoBy MoAyJrfl

ATIaTHoCTLIKI{ [porpaMMHoro o6ecue.reHus MoAeJrr{poBaHLtfl, aKycTuqecKr,rx

xapaKrepllcrllK (CATEC).

flocronepHocrb u o6ocnoBaHHocrb pe3yJrbraroB

.{ocronepHocrb Lt o6ocnonaHHocrr pe3ynbraroB rroATBepx Aaercfl

LIMLITaIIHoHHIIM MoAeJII{poBaHueM H sKcIIepvMeHT€UrbHofi anpo6a\ueit c pa3HbrMr4

MeXaHI,IqeCKLIMII KOHCTpyKIILLTIMU B

lpueMHuKoB crrrH€Lrra. OcnosHHe

pa3Hbrx xoHQrarypa\r4flx r{crorrHr,rKoB

pe3ynbrarbr pa6orrr npeAcraBJreHbr

o6cyx4eHrr Ha Bcepoccuficrux vt Mex.qyHapo.{Hbrx r<onQepeHrlktflx, a raKxe

KI

u

ony6nzroBaHbr B HayqHbrx xypHanax, peKoMeHAyeMbrx BAK.

3atvreqaHuq

1. B pa6ore [pI4BeAeHbI pe3yJlbrarbr eKcrrepr.rMesramnofi atpo6aryuu

aJIropI4TMOB, rIpI4 sTOM Ha KOHCTpyKTIHT4 yCTaHaBnLrBAeTCfl CyrqeCTBeHHOe

ql4cJro nu6pogarqr{KoB, o6na4aroqr4x olpeAelesuofi uaccofi. Anrop He



AeJIaeT OIIeHKI4 OTHOCI{TeJIbHO CTerreHr4 BltkrflHr4fl, yCTaHOBJTeHHbTX AaTqUKOB

Ha pe3yJrbTaThr sKcnepuMeHTa.

2. Anropou yKa3aH rrpHHIIrm olpeAeJreHLrfl ..rucra ucrorrHrrKoB rro c[eKTpy

co6crseHHblx qucen nu6opo.rHofi KoppeJrflrluoHnofi Marpr4rlbr npr{HflToro

cvltlJur% Ho He [peAcTaBJIeHa qr,IcJreHHafl lpaHr{qa AIrfl olpeAeJreHr{.,r

lopora, pa3AeJlflrcIrlefo cllrHaJrbHbre u uryMoBbre co6crseHHbre qucra.

3. B rperrefi HIaBe He coBceM qcHbrM ocraercfl Bonpoc ssQexrznHocrr{

npeAnaraeMoro IpOeKIIIaOHHO|O aJIrOpI{TMa B 3aBLICLIMOCTLI OT KOJII{qeCTBa

MOAeJTbHbIX fJraBHbIX KOMIOHeHT.

,{auHue 3aMerraHr,r, He cHnxaror Hay.ruofi H [paKTr{qecrofi rleHHocrr{

rroJrrreHHErx pe3yJrbTaToB.

3aK.[ro.reHue

,{zcceptaqroHHa, pa6ora Kyrysona Hzxuru AHarolreBvqa <<Paspa6orra

MeroAoB npocrpaHcrseHnofi o6pa6orxu cttytaitHbrx cHrH€LrroB B npr,rnoxeHr,rll K

3aAaqe JIoK€IJII43aIII{H I,IcroqHuKoB ru6paqnu c r4cnonb3oBaHl{eM KoHearHo-

SJIeMeHTHO|O MOAenr{pOBaHV.fl)> BbrrrOJrHeHa Ha BbrcoKoM Ha}nrHoM ypoBHe v

onpeAeJreHr{{

Teuarura u

,BJlserc.r 3aBeplxeHHofi naytHo-KB€Lill{SIEraquouHofi pa6orofi, B Koropofi peurena

aKTyELJIbHaf, 3a\aqa co3.qaHr,u v artpo6aryuu HoBbrx e@Qexrnnnux MeroAoB

Her43BecrHbrx [apaMerpoB I,IcrorrHuKoB ua6poarruBHocrz.

cOAepxaHLTe ALIccepTaIIIzI{ CooTBeTCTByIoT cIIeqLI€IJIsHOcTTM 1.3.4 -
Pa4no$z3r{Ka (un.4,5), 1.3.7. - Axycruxa (nn.10,11). [uccepraquoHHas pa6ora

yAoBnerBopf,er BceM rpe6onanuru <<lloroxeuus o rprlcyxAeHvrn yqeHbrx

creneHefi>>, yraepx4€HHoro llocranosJreHr.reM flpanurenbcrBa Poccuficrcofi

@egepaquu J\! 842 or 24 cesrs6pr.2013 ro.qa, npeAb{BJrf,eMbrM K Aucceprarlr{flM,

rIpeAcraBJIeHHbIM Ha corrcKanne yueHofi crerreHr{ KaHAr{Aara HayK, a ee aBTop

Kyrysor Hurzra Auatomenrzu, 3acnyxr,rBaer npr4cyxAeHvrfl. yueHofi crerreHr.r



rananlara Qnsuro-naareMarraqecKrlrx HayK rro c[eql{allbHocrflM t.3,4

Pa4uoQu3r{Ka, 1.3.7 - Arycrnra.

OSuqraa-rrrHrrfi onroHeHr :

Ilpo$eccop ra$egpbr aBToMarr.rqecKr4x cr4creM 3Heprerl{qecKzx ycraHoBoK

uMeHrr aKaAeMr4Ka PAH BraArErranpa flannoBuv,a IIIopuHa
Caurapcroro yHr{BepcuTera

AOKTOp TeXHr{qeCKLrX HayK
(0 1 .04.06-Axycrura), 4oqeHr

Oegepamuoe rocyAapcrBeuHoe aBToHoMHoe o6pasoBareJrbHoe yrrpex,4eHl{e Bblcluero
o6pasoranur <Cauapcrufi naqrona-nrnrrfi [ccneAoBaremcrr,rfi yH]rBepcr,rrer r,rMeHI,I aKaAeMI{Ka

C.fI. Koporenu (Carvrapcxrft ynunepcuret)
Mocroscrofi urocce, 8.34, r. Calrapa, 443086

Ter.8 (846)267-46-57

Snerrpounuu ilorrra igolkin.aa@ssau.ru

fl., Anercan4p Arerceeru.I I,Irorxutt,
nepcoHrlJlbHbrx AaHHbx B AoKyMeHTbr, cBfl3aHHbre

4anrnefi uyro o6pa6otry.

floAnucr AoKTopa rexHr,rrrecKr.rx HayK, AorIeHTa

Irlromnn ArercanAp AnexceeBl{rl
07 .09.2026

AaIO COrJraCUe Ha BKJIIOqeHI'Ie CBOUX

A.A. y4ocroBepflro:

/,/nr.,*or, o. ,fl. y^ocroBepsp.

orEena conpoBox/.leHufi Aefl Tefl bHocTrl

coBeroB Carrltapcxoro yHIBepctaTera

,> ruL"rn-!L[f1^x. zofuLt.

coBeTa I{ ux


