
Orabrn HaJrqHoro PYKoBoALrre Jrs

o pa6ote acllupaHTa E.A. .{yrru.ra ldla[ 
^Lrccepraquer? 

IIa TeMy

<<Oupe,4e.rreHrre A11HaMrrqecrcllx BoaMorrcrrocrefi rrperBoAa rra ocrroBe Anyx$aerroro
BeHTrrJrbHoro ABurareJrs c AByxcercqrroHHbrMn $aarrsruu o6uolrcaMrrD

11a coficrcaHfie 5r.rdrrofi crerreHu KaHArrAara rexHrrqecKfix rrayK rro c[eqvaJrbHocrr.r

0 5. 0 9. 03 - <9IercrporexHrrqe cltlr e KoMrrJrerccbr 14 clrcreMbrD

Esregzfi A-nercceeezv .{ynuv B rreprroA c 2OlL no 2OI7 roAbr npoxoAun o6frenze e Mo-

cnoBcrcoM aBilau1,roHgoM LtHcrprryre (naquonaJrbHoM r4ccJreAoBareJrbcroM yHI'IBepckITere) na rca-

&eApe 702 <<CucreMbr rrpr,rBoAoB aBr,rarlr4oHHo-rcocrvrr,r-recHofi TexHr4I{r4) Ha ollHo-3aoltHoM orAeJre-

Hr{rr ro cfrerrl4aJrrrga\nu <Czcrervrrr nprrBoAoB JrerareJrbHblx aflrraparoB) cnerrl{a.rrrrrocrz <Zu-

Terp[poBaHgbre c[creMbr JrerareJrbHbrx arlrraparoB). 3aulzrun B 20L7 roAy AlrrrJroIvnlbrfi

lpoercr Ha orJrlrrrHo rro reMe <Paapa6ouca qz$posoft cl4creMbr yrrpaBrrenvrfl aJrercrpr{rlecHurM

cJreA.flrrlrrM rrplrBoAoM>. flo ogoHqaHlrr{ MAIrI euy 6rrn npyriiH Ar.InJroM I'I nprlcBoeua xnanzfrr'r-

KarILrs (r{H}rcegepr. Eqd cryAeHToM EereHuft A.nemceeszq lposBJr.flJr crcJroHHocrb rc uay'ilroft

pr rleAarorv.recroft Pa6ore.
B 2OI7 rory IlocryfiprJr B acrrr{paHTy MALI Ha orlHoe orAeJreHr4e no crreq[aJrbHocrlr

0b.02.02 <MaurranoseAeHLre, cvcreMbr rrpr{BoAoB vL Eerarrv MarrrprH). O6yraacr B acflrrpaHType,

E.A. lyuuu 4o6poconecrHo BbrrroJrHflJr Bce BprAbI yre6uofi Harpy3xll, ilplrHr4MaJr )Alacrr4e B rrpo-

BeAeHLru na6oparopurrx pa6or no Alrcqr,rrrJrvrne <cAualorosbre, Ar4crcperHbre fl Mr{rcporrpoqeccop-

Hbre ycrpoficrsa cucreM rrprrBoAoB)r. Paapa6otar .na6oparopnrrft Maxer MexarpoHHoro MoAyJr'fl

Ha ocHoBe .uBrrareJrg frocrogHHorro roxa, rcoroprrfi aKTrrBHo r,rcnoJrbgyercs B yre6Hovr npoqecce

npr rrpoBe [eHvrn na6oparopnux pa6or, KypcoBoM Ir AIrlJroMHoM rrpoeHTvrpoBaHuvr AJrs lrccJre-

.rIoBaHLrs oco6ennocrefi pa6orbr cr{creMbr <I-{zqfponoe ycrpoftcrBo yrrpaBrrelJvlfl - ycrrJrr4TeJrb

MorrrHocrr4 - r4crroJrHrrrerrsrrsrfi ABr4rareJrb)) rrpr4 peaJrlraarlr{Lr MeroAoB rrMnyJrbcHoro yfrpaBJre-

uus. B 2O2l ropy E.A. Ayn4\r aarcoHrrrrJr acnr4paHTypy kt rroJrJrtII4Jr Hna.nz$zxaqulo <trIcc"rre4o-

BareJrb. flpeuo4anareJrb-rrccJreAoBareJrb).

flonrrurenve a$$exuurBHocrr{ rrcrroJrbaoBaEvrfl r{Meronluxcs [pr4poAHbrx pecypcoB gB-

Jrflercfl oAnoft va rrepBooqepeAHbrx aaAarr pasBkrrlrfl o6ulectna. Coa4aurae nrrcoxoafrSercrtrBHbrx

oJrercrponprurBo,qoB, r{crroJrb3yeMbrx B coBpeMeHHbIx rpaHcrroprHblx nr'IJrorr{pyeMbrx Lr 6ecnz'rror-

Hbrx cLICTeMax, MS,4IIIII,IHCI66M o6OpyAonauzz, 6urosofi rexHzl{e II T'A', cBfl3aHO c nsr6Oporvr

oJreKTpoABnrareJrg, AraHaMlrrrecKile BO3MOI{CHOCTTT ROTOpOTo AoJrt{tHbr yAoBJrerBopsrb npeAbsB-

Jr.fleMbrM Ic npoer(Tlrpyeuofi crrcreMe rpe6onauzsu. Ha 4auusrfi MoMeHT orellecrBeHHbre pa3pa-

6or.runra oJrexTpr,rrrecrcr,rx Marrrr,rH Bbrnycnalot 4nyxSagHbre u rpiixSaaHbre BeHTr4JrbHbre ABfira-

TeJrLt c AByxcexrrvoHHbrMlr $aausrvrz o6naorxavrz BcrparBaeMoro kTc[oJrHeHr4fl. lanurre ilo oA-

noft cercqufi, npucyrcrByronlue B rracilopr ax vrcAelrvtii, ffn.natorcfl HeAocrarotrHbrMl{ 4"na nu6opa

rcoHrcpergoro AB7rareJrg, Tar{ KaH He JnrlrrbrBaror cxeMbl coeAr4Hen}rs r.I Bapr'ranrsr aaAeftcrBoBa-

Hrrs r{Meroqt4xcs cercqrafi. Orcyrcrnyer raxofi-rrz6o noAxoA, rro3BoJrarorqufi no I4Meroulr4Mcg

3HaqegusM ce6rrkroH6brx rrapaMerpoB MHoro$aanoro 14 MHorocerrlr{oHHoro aJreKTpoABl{rareJrg'

rroJrJ^rr{Tb ueo6xo4zrvrbre AaHHbre no MexaHr4qecRLrM, peryJrr4poBorlHbrM' aHeprerlrtlecrcr{M n Iv-
HaMrrqecgrrM xaparcrepprcrilHaM, Ha ocHoBe Koropbrx u rrpunvrMaercs pelreHure o qe"rrecoo6paa-

Hocrlr np1.rMegeHlrfl AaHHoro AB\rrareJra n paapa6arbrBaeMoM oJrenTporlpr4BoAe. Hayruo o6ocno-

eaHnsrft aBToMaTIsIiIpoBaHHbIfi uo4xo4, Hotoprrft Slrn paapa6orau E'A' lyurqeM' IIo3BoJIfleT



rroJrJ rLrTb Heo6xoAt4Myro r,rH$opMarlrrrc 14 Ha e6 ocHoBe rrpr4HgTb Har46oJree BepHoe pelreHr4e IIo

Lr cfroJrb3oB aHv ro p accMaTp r,rB aeMoro aJre rcTp oABr4raTe Jrfl B np rrBoAe.

B pa6ore fipe,4JroxceHo pa3Bkrrve reoperrrlrecroro arrrrapara, roroprrft krcrroJrb3yercfl rrpr4

npoercrr,rpoBanur:z aJrercrporrpvrBo4a Ha ocuoBe vnroro$aaubrx BeHTr{JrbHbIX ABLrrareJrert c rvtroro-

cexrlraoHgbrun $aauuuz o6vrornavrz. florrS..reHbr aHaJr?rrlrqecftLre 3aBncilMocrn qufrponbrx cur-
HaJroB, KOTOpbre frocTynaroT Hayculru'reJrb MorrIHocTvIvl c AaTlIuHa floJro)IceHl4fl poTopa Ha ocHo-

ne qufrponbrx Aarqr,rnos Xonra. Brrne4enrr MareMarnrrecnLre BbrpaxceHlrfl, AJrfl, Bcex Bo3MolrcHbrx

6aaonrrx BeKTopoB MarnrrrHofi zn4yxqzlr sxops, Koropbre krcrroJrbgyrorcfl AJrg peaJrl,Isarlukt rrpo-

rleccoB noMMyrar{uu Lr cognaHLrs aJrexTpoMarHLrrHofo MoMeHra. flo"n5treHbr onr4calaus. t*ott6unn-
poBaHHbrx MeToAoB c r{cloJrbsoBaHr.reM veGrpiixrrrrorreBbrx ycyrJrl,ITeJrefi vroulnocTl,I I,I BnepBbre

qlrcJreHHo onpeAeJreHbr aMfrJfi4TyAbr nyJrbcaqflIl MoMeHTa n MaKcuMaJIbHbre 3HarleHkI.fl K.[I.'4.

AJrs orr4x cJrJ raeB.

Ha ocnoee cyulecrByrorgzx MoAeJrefi 4nzrare.nefi nocroflHHoro rorca r{ rptix$aauoto BeH-

Tr.rJrbHoro ABr4rareJrs B cpeAe simulink E.A. flyuu.reru 6rua paapa6oraHa yHrrBepcaJrbHas ceH-

rlLtoHHa.fl MoAeJrb 4nyx$aanoro BeHTr{JrbHoro ABI,IrareJr.r c AByxcenrrkIoHHbrMt4 fraanrruz o6-

MorrcaMr.t, rrogBoJr.froxlafl. uccnrenoBarb frzaravecrrae frpoqeccbr rr paccqkrrbrBarb crarzrlecnve
w Evrnavrvrrtecxkre xaparTepr{sruttv flplr pasJrr{llHblx MeroAax ynpaBJreHlrs. Ha 6aae coa4annofi

MoAeJrkt c rroMonlbro.fl3brrca Matlab 6stnu paapa6oraHbr ABa rrporpaMMubrx KoMrrJrerca, Koropble

rro3BoJrlrJrLt aBToMarrrar,rpoBarb rrocrpoeHLre o[rcp qufrponsrx Lr aHaJroroBbrx cArHaJroB, a rarcxte

pacvdr Mexauuqecxr4x xapaxTeplrcrr,rx rE oro6pameuze rpafrurcoB rc.[.A. Coa4annsre npofpaMM-

Hbre HoMrrJrencbr gBJr.flrorcg nocrpe6onaHublMrr pagpa6orqurtauul [pI,IBoAHbrx cncreM, TaH rcaft

[oaBoJrgror Ha orarre rrpoercTr,rpoBankrg olpeAeJrLrrr a$$enruBHocrb peaJrv3yeMrrx peurenzri

Ha oc5oBe 4nyxSaauoro BeHTLtJrbHoro ABlrrareJrs. Coa4auze ranux vtroro$ynxrllroHaJrbHbrx

rrporpaMMHbrx noMrrJrerccoB c aa4eficrnoBaHrreM rrapaJrJreJrbHblx Bbrrrt4cJreHzrTr nesoavro**ro 6ea

r.rry6orzx a:ua:r'nir.fl abrrca M atlab v cp eAbr MoAe Jrr4 p oB anuIs, Simulink.
E.A. lynuq :zspprlr fl3brrc SystemVerilog z caMocro.flTeJrbHo paapa6oraJr Ha groM ff3blne

rrapaMerpkt\recgoe orrncaHrre qz$ponono yctpolZcrna yrpaBJreHrrs cucreMoit <<ycvrnureJrb - AByx-

$aanuri ABLrrareJrbD. C fioMonlbro lapaMerpoB rrMeercs Bo3Mo]rcHoctr rz6nofi nactpoftrrl
ycrpoficrna yflpaBJreHkr.fl .qJrs o6ecne.reuza pa6orrr cLrcreMbr aa,4aHHbrM rpe6oeauzau. flo"rry-

qeHgoe olprcaHrre 6rrrro krM rrporecrr,rpoBaHo c ucrroJrb3oBaHueM cpeAbr ModelSim rr peaJrlrSoBa-

Ho B rporpaMMrrpyeMoft norrE.reccorZ znrerpansnoft cxeMe (IIJII4C) cervrericrsa Cyclone IV $up-
rvru InteIFPGA c noMoulbro cpeAbr Quartus Prime Lite.

C qenuo rroATBepEcAeHLrfl AocroBepHocrlr paapa6oraHnbrx reoperuqecftrax noJroncenzfi

14 a.IIeKBarHocrLr coa4auuorTr rcoMnbrorepnofi rvro4erru 4nyx$a3Horo BeHTfiJrbHoro ABI'IrareJrg

c AByxceHrILroHHbrMkr Saaurruz o6nrorxarvrn B cpe.4e Simulink uM JrI4rIHo 6srn coa4au na6opa-

ropurrfi Mafter, BrcJrroqa1gulufi paapa6orannrrft rryJrbr 3a,4aHr{ff ynpaBJrsloqero cLTrHarra, rrpv'

o6pertinnyro AeMoHcrpaqrroHHyro rrJrary c [IJI?IC, paapa6oraHHble rrJrarbl c raJrbBaHra'recrcofi

paanaarcoft, Aarqrrfta rroJrolrceHl.rfl poropa Ha ocHoBe Aarqr4noB Xorrrra n ycvrJrvrreJrs MorrlHocrLr,

a rarclrce Kop flyc op [rI,rH aJrbuofi roncrpyxrllrkt.
B rca.recrne aJrercrpr,Frecrcorro ,4BurareJrfl n rra6oparopHoM Manere 6rr"rr vcrroJrbsoBaH

oreqecrBegusrfi 4nyxSaansrft BeHTLrJrbHbIfi gnurareJrb BcrpalrnaeuorTr rconcrpynrllau !8M50-
O,O4-B-2. lna nero E.A. .{yuuv paapa6oraJr B cpeAe SolidWorks 3D-rvroAerrb nopryca, Horoprrft

no3BoJr.fier LrccJreAoBarb npolrgBoJrbnble MeroAbr ynpaBJreHr4g, BKJrroqag xovr6zuzpoBaHHbre.

Ha ocnose cosAauHofi MoAeJrLr c rrpkrMeneHLreM al4krrtrBnbrx rexHoJroruft6l;'jr' I,r3foroBJren o6pa-

3erl fiopryca.



flonyreuurre e na6oparopvu xaSe.4pu 702 <Clr'creMbr rrplrBoAoB aBr4arlr4oHHo-KocMlrqe-

crcoft rexur4rcriD peayJrbrarbr orcnepfiMenTaJrbHbrx prccJreAoBanzfi pa6orrr na6oparopnoro MaKe-

Ta npz pa3Ju4rrHbD( BappraHTax coeAlrHeHrra cercqzft u ux sageitcrBoBaHzfl rcaqecrBeHHo coBrra-

Jrr,r c peayJrbraraMr{ pacudron na 6aae HoMrrbrorepnoir vrogerrrn.

Ocnonnsre peayJrbrarrr no pa6ore 6sr"nz AoJrolrceHbr LrM JrlrrrHo Ha MerfiAyHapoAHbrx rcon-

Sepenqzax <cAnzaqzff r.r KocMoHaBTLrHa) r,r <flpo6neMbr coBeprxeHcrBoBaHrna po6ororexHr4tre-

cxlrx u r,rHTeJrJrercryaJrbnbrx ckrcreM JrerareJrbubrx anlaparoB)), [poBoAt4Mstx c 2OL7 to 202I
roAbr, ouy6"nr,rrconaHbr B coaBTopcrBe c HaJArHbrM pyrcoBoAr,rreJreM B ,rcypHaJre <9.rreHrpuqecrBoD

s Na10 z Ns11 sa2O2L roA, BxoAsrrleM B rreperreHb percoMenAoBaHHbrx EcypHaJroB BAIC.

3a npevra o6yreuna B acrurpaHrype E.A. lynzv npoAeJraJr 6onrlryro qepHoByro pa6ory,
paaBr{Jr cnoco6nocru K aHaJrr,ray o6btiMHoft uuSopvra\uu u eii o6o6qeHlrro, cyqecrBeHHo rrpo-

ABr,rHyJrcs n e$$enrzBHoM rrcrroJrbaoBaHvrv coBpeMeHubrx rcoMrrbrorepHbrx w atrAr4TurBHbrx rex-
nononzft, a rarcuce ycoBeprrreHcrBoBaJr HaBbrrcu uy6lr,rvnsrx BbrcryrrJrelanit. florry.rennbre nM pe-

ayJrbrarbr rro3BoJrr4Jrkr yJryqilrr4Tb coAeprrcaulre HypcoB rrenqzr)r z na6oparopHbrx pa6or, sagauuit
no BJrocoBrru pa6oraM Lr rcypcoBoMy npoefiTvpoBaHzrro no Epru\Lrrrnrkrrraivr <AnaJroroBbre, Ar{c-
rcperHbre n MrrxpolpoqeccopHbre ycrpoftcrna clrcreM [pkrBo,4oB)) I{ <flpzlreuenze CAIIP
B rrpoe KTrr p oBaHr4r4 oJrercrp oH Hrrx ycrp oft ctn>.

C y.riirona LraJroirceHHoro Bbrrne AkrcceprarrrrogHa.s pa6ora E.A. .{ynzqa sBJrflercs 3arcoH-

.rennoft Ar,rcceprarlraonnoft pa6orofi, r{oropas yAoBJrerBopser tpe6oBaHrrsM, npeAbsBJrseMbrM

Brrcureft arrecrarlronnoft xouzccueft H pa6orau no cleqnaJrbHocrLt 05.09.03 <S"nexrporexHr.I-

qecnrle KoMrrJreftcbr Lr crrcreMbD), a caM coucnareJrb 3acJryxcLrBaer rrpucylrcAeHlr.fl euy yriiuofi
crerreHu KaHALrAara rexHkrlrecHl,Ix Hayrc.

A.T.H., npo$eccop PAII,
Ar,rpercTop Alrpexlrktrr Tlncrzryra No7
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