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o$uqnanbHoro o[rroHeHTa C orosresa BraA vunpa Arexceesuqa

Ha Allcceprarlr{oHHyro paSory JIe lrrr Taen <<}IHsepropbr B pe)r(HMe

nenropnofi rrruporHo-rrMrryJrbcHofi MoAyJrrunn Arq y[paBflennrl

acHHxpoHHbIMIr ABHfareJrf MH>>, [peACTaBJIeHHyrO Ha COr4CKaHr4e r{e-
sofr creneHl,I KaHAHAara rexHr{qecKr4x HayK rro c[equ€LrrbHocru 05.09.03

- 3nexrporexHr{qecKr4e KoMrrJreKcbr r4 cncreMbr

O6ulaq xaparcrepncrnrca pa6orrr

,,{ucceprarlr4oHHaq pa6ora JIe .{rrx Tuen [ocB.s[reHa pa":pa6orKe, r.rccJreAoBa-

Hprro Lr [paKTI4qecKoMy rrpr4MeHeHr4ro croco6os nerropnofi runporHo-uunylrcuofr

MoAyncqzta (I[I,IM) Atts ynpaBneHrar rpexSa3HbrM rpaH3ucropHbrM r,rHBepropoM

npu SopulIpoBaHI4LI I4M Ha[p.sxeHrlr trprraHnl- aBrlarluoHHoro acraHxpoHHoro ABHra-

,lt-y"!ry,rr\rALI[- o {;G

TEJI'.

,,{ucceprallnoHHat pa6ora cocror4T r43 BBeAeHrltrI, ruecru rJraB, 3aKJI}or{eHHr,

coAep)I(alqefo ocHoBHbIe BbrBoAbr H rronrreHHbre pe3ynbTaTbr, crrHcKa r4crroJrb3oBaH-

Hofr rureparypbl uz 166 HaI4MeHoBanrnit, r{ AByx npnJro)KeHufi. O6ruufi o6leu Anc-

cepralll4onnofi pa6orrr cocraBJrser 175 crpaHr{rl. Ee ocHoeHar qacrb H3noxeHa Ha

155 crpauuqax, coAepxur 125 pncynKoB H 1 1 ra6nuq, ua20 crpaHur.Iax rpnBeAeHbr

[pr4no)Kenrac. AeropeSepar Alrccepraunn r{3no)r(eH Ha 24 crpauuuax.

ArrvalrHocrr reuu Alrcceprauuu

Cnoco6u ynpaBneHnfl Ha ocHoBe IlIt'IM yxe Anr4reJrbHoe BpeMrr rrpuMeHrror-

cfl Anfl perynl{poBaHkrfi BbrxoAHbrK Hanp-sxe:auit rpaH3ncropHoro r4HBepropa. O.uHa-

Ko Ao HeAaBHefo BpeMeHu irkr cnoco6u 6a:npona,'rxcb npeuMyxrecrBeHHo Ha cKa-

JIf,pHbIX iuIropLITMax. flpoucureAruufi B nocneAHee BpeMr nporpecc B rroBbrrrreHun

6ucrpo4ei4ctr,us MHKpoKoHTponnepoB rro3BoJrlrn nepefiru K rrpuMeHeHr4ro yrpaBne-

Hufl, vHBepropoM rpl4 noMoqu 6onee coBeprxeHnofi IIII,IM, H€L3brBaerraofi nexropHofi.

BercropHar IIII4M ro cpaBHeHrrc co cKanf,pHofi uossoJrrer rroBbrcurb xorS-

Suquenr I4crlonb3oBaHnfl HanprxeHzfl vcroqHr4Ka sneKTporr:aTaHur rrHBepropa, Ka-

qecrBo ero BbIXoAHoro Hanpc)KeHu*, ynyqrnnTb ero uaccora6apr4THbre, 3Hepferuqe-

cKI4e I'I ApyrI,Ie noKa3arenH. lloaroMy 3ro uan IllI,IM B Hacroruree BpeMr rxupoKo

pacnpocrpaHeH B acpIHXpoHHbrX r,r cr{HxpoHHhrx 3neKTponpr4BoAax npoMbrrrrneHHof o

ooopyAoBaHns. r4 Ha3eMHOfO TpaHCrrOpTa.



B unnepropax aBr4arllroHHoro o6opy4onannr BeKropH€ur IIII,IM pacnpocrpa-

HeHa IIoKa elqe He cronb rxupoKo r{ HMeer cBoH oco6eHHocru. K Hr4M orHocqrcq KaK

rroBbrrrreHH€ur qacrora (400 fq) ocHoeHofi rapMoHuKrl $oprraupyeMoro Harrpf,xeHr.rr,

TaK H orHocI4TeJIbHo 6omuras LrHAyKTHBHocrb Sa":Hux o6uoror r4 cpaBHr4TeJrbHo

M€uIbIe MoMeHTbI HHepTIHH aBrlarluoHHbrx acHHXpoHHbrx 4nurarelefi .

Bu6paHHas, IIe,,{ux TrEen reMa Arrccepraqlaosnofi pa6orrr [ocBsrrleHa rror4c-

Ky, lIccJIeAoBaHI,trc rI rrpHMeHeHHro a^[roprrrMoB BeKTopnofi IIII4M, yrnmrnaroruefi

yKa3aHHbIe oco6euHocrr{ pa6orur rpaH3r,rcropHbrx HHBepropoB B aBuarlpronHbrx KoM-

nJreKcax Lr cr4creMax, rIo3ToMy aKTyaJIbHa 14 cBoeBpeMeHHa, rrMeeT npaKTr,rqecKyro

HanpaBneHHocTb.

Crenenr o6ocHonaHHocrn u AocrosepHocrr Havqurrx noroxeHnfi.

nrrsoAon u percorueHAauufi. cdopruvruposaHnrrx s AncceprauuH

O6ocnosaHHocrb H AocroBepHocrb ocHoBHbrx rroJroxreHuit gucceprarlurl rroA-

TBeplKAeHbr KoppeKTHocrbro rrpr4Hsrbrx AorryueHuit, npayuJrbHbrM ncrroJrb3oBaHneM

TeopeTHr{ecKl4x ocHoB MaTeMaTHr{ecKofo al{uwl3a I{ anfeopbl-Jlofl,IKl4, MeToAoB cI4H-

resa quQpoBbIX ycrpoficrB, Teopnr4 3neKTpr4qecKHX rlenefi H reopurr onrHMH3aqHH.

llonyrenHble pe3yJlbrarbr, BbrBoAbr H peKoMeHAarIHI4 o6ocHosaHbr r4 apryMeHTupo-

BaHbI B paMKax rlpuHflTbrx AonyuleHuit u He npornBopeqar [peAcraBreHuqM o Qu-

3HrIecKI4x rlpoqeccax, [pou cxoAru]Hx B r4ccneAyeMbrx o6rercrax.

TeoperuvecKlre BbrBoAbr 14 pe3ynbrarbr cHHTe3a €L'rroparMoB BeKTopHofi IIII4M

Ann ylpaBneHl,Iq I4HBepropoM, Harpy)KeHHbrM rpexQa:nunr aBr4arrr4oHHbrM acHH-

xpoHHbIM ABI4faTeJIeM, rrOATBepXIeHbr pe3ynbTaTaMH HMr4TarIr4OHHOfO KOMnbrOTep-

Horo MoAenHpoBaHuA B cpeAe MATLAB Simulink r.I 3KcrrepuMeHr€LrrbHbrMr4 AaHHbr-

MI4, noJIf{eHHbIMI4 trpr4 r4crrbrrannkr MaKerHoro o6pa:qa uccneAyenaofi 3neKTporex-

HI4IICCKOLI CI4CTEMbI.

Honlrgna navqnrrx nonoxenufi rl noJrvqeHHrrx pesyrrraron

OcHosHHMH HoBbIMra Haf{HbrMr{ pe3yJrbraraMu, nonyr{eHHbrMr4 aBTopoM B

AncceprarlnonHofi pa6ore, f,BJrflrorcfl :

pe3ynbrarbl cpaBHl{reJrbHoro aHaJrH3a cK€rrr{psofi H BeKTopHofi l[[?IM, rro3Bo-

JILIBIULIe ycraHoBl4Tb rrx o6uze oco6eusocrpr pr IIoK€Barb yHuBepcaJrbHocrb BeK-

ropuofi llII4M npu $opuvrpoBaHuvr BbIXoAHbIX Hanprxenuir rpex$a"rHoro r{H-

Bepropa;



pe3ynbrarbl aH€LIIt43a cocrornvn uHBepropa, no3BoJrrlBrxr4e onpeAenuTb 6eso-

IracHhle [epexoAhl upra QopuHpoBaHuH ero BbIXoAHbrx HanpD(eHuit, n peKoMeH-

I\a\uu IIo [peAcraBneHI4IO 3TI4X rrepeXOAOB B Kar{eCTBe AOrIOJrHr4TeJrbHbIX BeKTO-

poB B €Lrrropr{rMax SopnrupoBaHr4q BeKropHofi IIIIIM;
ocHoBaHHbIe Ha I4ctIoJIb3oBaHVpr 6aaonrx r4 .qononHnTeJrbHbrx BeKTopoB aJrro-

pI4TMhI' rIo3BoJUIIoque QopMupoBarb BhIXoAHhre Hanp{xe:ntrs r4HBepropa c r4c-

KJIIOqEHI4CM BO3HI,IKHOBEHH' CKBO3HbIX TOKOB ;

urnropl4TM rlepexoAon 6asonrtK I4 AorloJlHureJrbHbrx BeKTopon, o6ecnevHnaroulnfr

paBHoMepHoe [epeMeIrIeHHe H3 ceKTopa B ceKTop BeKTopa HanpsxeHur, Sopvr6-
pyeMofo r4HBepropoM;

aHururv.{ecKue BhlpaxeHufl I'nfl pacqera AnuTeJrbHocrefi HopMr{poBaHHbrx BeK-

ropoB upra $opuvpoBaHntr 3aAaHHbrx onopHbrx rpaeKropuit u Syuxqr,ru nepe-

cr{era 3TLIX AJII,ITeJrbHocrefi B coorBerc'rBr4r4 c rpe6yenabrM 3aKoHoM yrrpaBrreHnfl

HanpqxeHr4eM acuHXpoHHOfO ABHfaTenr.

3HaquMocru A.ltq HayK[ u npaxr[rcu nurnoAon H pegyr.rrraron Anccenra-
unn

Pesylrrarhl TeoperHrIecKHX H 3KclepuMeHT€ulbHbrx HccJreAosaHufi, rroJryr{eH-

HbIe aBTopoM B Al4ccepraquoHuofi pa6ore, Moryr 6um r4crroJrb3oBaHbr npr4 pa3pa-

6orxe y[paBueMblx acuHxpoHHbrx 3neKTporrpaBoAoB c rroBbnueHHbrMr4 rpe6ona-

Hr4flMr4 no HaAexHocrl4 QyHxquoHl4poBaHr4n, ctaluttbHocrn cKopocru H 3neKTpo-

MarHI{THoro MoMeHTa, a rarcKe cryAeHTaMr4 B yre6Honr [poqecce [pr4 KypcoBoM H

AI{IIJIOMHOM npoeKTHpoBaHHu u aanupaHTaMu npr4 rrpoBeAeHHH r,rccneAoBaHnfi no

AaHuofi reMe.

flo.nHora nr;toxerrrlq Mar

ullqx coIIcKaTeJIq.

llonyrenHbre B Ar4cceprarruoHsofi pa6ore pe3ynbrarrr anpo6apoBaHbr Ha Me-

)KAyHapoAHbIX Haln{Ho-TexHl{r{ecKux xoHQepeHrlurx. AnropeSepar H ony6ruxonaH-
Hue pa6orbl, a3 Koropblx 4 ony6tuKoBaHbr B xypHanax, BKJrror{eHHbrx B nepeqeHb

peKoMeHAoBaHHbrX BAK, rocraror{Ho rroJrHo orpaxarcT ocHoBHoe coAep)KaHHe Ar.rc-

cepTarlun.

3apreqarrrlq no Aucceprauuonuofi pa6ore

1 . flplaHrrat aBropoM B Al4ccepra\vv Ha c.16, 17 (ra6rru:qa 1.2, puc.l .9) nn4erca-
rlr4r BeKropoB Hanpfl)Keuvr\ $opuupyeMbrx r4HBepropoM npa KOMMyrarIuH ero



KJIIoqefr, H HyMeparlH'r ceKTopoB BeKropHofi

TeMe KOOpAT4HaT OTJrr{qarcTc_s or npraH.sTofi

onucanuu BeKropHofi IIII4M. Tax, neruop

AuarpaMMbr B Herro4ruxnofr cac-

B nHTepaTypHbrx r{cTorrHHKax npH

HanplxeHurl', HanpasreHHHfr no

lpo.4onbHola ocu KoopAI{Har H co3AasaeNrHfi noAKnroqeHueM Sa:rr A o6rvtor-

KH ABHrareJIfl K rloJloxl4TemHofi rur{He r4crotrHr,rKanuraHLrs o6osHa.{alot V1, a

B Al4cceprarLz,Lr on o6osHaqeH Va. ?ro 3arpyAruler aHulrrr43 co3AaHHbrx aBropoM

€urropr4rMo n SoprraupoBaHr{r Bercop Hofi IIII4M.
2. B Auccepralllau He npuBeAeHo o6ocHonaHr.re eu6opa Kapr KapHo Anr o[rr4Mrr-

3aIInI4 cocrotHl4fr uHnepropa 14 HX rrepexoAoB, r4cKJrroqaloultrx Bo3HHKHoBeHr4e

CKBO3HbIX TOKOB.

3. B asrope$epare I4Meercc HecoorBercrBr4e o6osHa.renufi Qa: BbrxoAHbrx Ha-

rp.f,xeHpri uunepropa Ha pr.rc.1 u puc.2.llpu QopMr4poBaHHH BeKropa BbrxoA-

HbIX HanpqxeHufi \ (puc.2) ueper 3aMKHyrhrfi Mro.{ 55 x rroJro)r(r4relrsofr

IrII4He I4croqHlrKa rII4TaHr4r noAKnroqeHa Qasa C Aarararerrfl, a Ha pnc.l x rrouy
rpaH3r4cropHoMy Knroqy noAKnroqena Qa:a A.

4.I4s reKcra Allccepralluv Heflc*o, rrro rroHr{Maercs noA TepMr4HaMr{ MuKportpo-

qeccopHoe, Mr{KpoKoHrponJrepHoe ra quQponoe Mr.rKpoKoHrponnepHoe ynpaB-

JIEHHC.

5. flpu BhIBoAe Sopuyn repecqera Ailfl, pa3nuqHbrx rpaeKropufi He yK€BaHo Ant
KaKI4X 3aKOHOB perynnpoBaHus qacTorbr H HanpffKeH]afl trHTA]F^Vrfl aCr4HXpOH-

HOrO ABr{faTenr oHr4 npeAHa3HarreHbr.

6. B rexcre AHccepraIII4H I4 aBTopesepara Bcrpeqarorcq o[eqarKu, HarrpuMep,

< I SO-rpaAycHHoM cnoco6e>> rua cr4 Ancceprauyr u c.8 anrope0epara.

3arcrrcqenne

CAeraHHrre 3aMeqaHLIq He cHlrxaror o6rqefi rleHHocrr{ pa6orsr. fir.rccepraqu-
oHHat pa6ora IIe lrrx Tuen <I,luneproprr B pexr.rMe nexropnoft uuporHo-
IlMrlynbcHofi uo4ylflr]J/,W Anq ynpaBJreHr.rrr acraHxpoHHbrMtr ABr{rarenrMn)), B Koro-
pofi usnoxeHbl Teoperl4r{ecKue 14 rrpaKTur{ecKr4e pe3ynbrarbr HccJreAosaHufi csoficrn
n oco6eHHocrefi y[paBneHl4t HHBepropoM, HalpyxeHHbrM aBHarIproHHbrM rpexQat-
HbIM acI4HXpoHHbIM ABI,IrareJIeM, 14 pe3ynbraru pa":pa6orKr4 e$SerrunHbrx €Lnropr4T-

MoB nexropuofi IIII4M Arfl ero yrpaBneHr.rr -f,Brrercq saxoH.reHuofi HayqHo-

rnalH0nrcaquouuofi pa6orofi, o6la4aer aKTyanbHocrbro, Hayrnofi nosugHofi r{ HMe-

er BaxHoe lpaKTurrecKoe 3HatreHue Anfl aBHaIIuoHHofi npoMbrrxneHHocrq.



Ha ocHosaHuu I43noxeHHoro MoxHo cAeJrarb 3aKnror{eHr,re o roM, r{To npel-

craBJIeHHatr 4ncceprallnoHHar pa6ora coorBercrByer rpe6onauu-flNa u.9 <<lloloxe-

Hvrfl o rlopttAKe npucyxAeHufl yr{eHbrx crenesefi), yrBepxAeHHoro rrocraHoBJreHueM

flpanurelbcrBa P@ N 842 or 24.09.2013 r., npeAb{BnreMbrM K KaHAHAarcKraM AHc-

ceprallurltu, a e€ aBrop JIe [rrr Tuen 3acnyxr4Baer [pucyxAeHr4q yrenofi crerreHu

KaHAuAara rexHLIr{ecKHX HayK no cilerlnaJrbHocrrr 05.09.03 - 3nexrporexHr4r{ecKne

KOMTIJIEKCbI 14 CHCTEMbI.

OSnqnanrnufi onrroHeHr,

npo$eccop ra$e4prr <<3rer<rporexHuKa

H IIpOMbrrXJreHHa{ 3neKTpOH}rKa)),

OfEOY BO <Mocxoecxr4fr rocyAapcr-

eeHurrfi 'rexHuqecxufi yHuBepcr{Ter

HMeHr4 H.3. BayMaHa (naqraonzurtHtrfi

r4ccneAoBa:reJrbcKufi ynraaepcurer)>,,

AOKTOp TeX Hr4rreCKUX HayK, AOTIeHT

lloarrprcr B.

105005, r. Mocrna,

yn. 2 -r EayvaHcKar, 4.5, crp.l
reneQoH (499) 263-639 |

Saxc (499) 267 -4844
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