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oQnqnarbHoro onrroHeHTa Ha AlrccepraulroHHyto pa6ory
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<I4Hnepropbr B pexuMe BeKTopHofi urnporHo-LlMrynbcsofr MoAyntIII4v [nfl,

yrrpaBneH vfl acvHxpoH H bIMH ABI'I| aTenf MLI)),

npeAcraBneHHyro Ha cor4cKaH:,z'e y.reuofr cre[eHl4 KaHAI{Aara rexHHLIecKI4x HayK no

c[erlr4€rJrbHocrr4 05.09.03 - <3lexrporexHl,IqecKl4e KoMTIJ]eKcbI H cacreMbl))

Anrya.nuHocrb Arq HayKH H IpaKTHKI,I
flosuesue 6rrcrpo4eficrnyroqrax rlr,rSpoBbrx MHKpoKoHrpoJInepoB IIo3BoJIHJIo

Anq y[paBJreHr4r [ony[poBoAHHKoBbrmn rpeo6pa3oBarentMu 3neKTpo3Hepr r4vr, B qacr-

Hocrr4 aBToHoMHbrMr4 r,rHBepropaMr4 Ha[prxeHun (AVIH), urlrpoxo ilpl,IMeHtrb BeKTop-

Hyro rxuporHo-r4MrrynbcHylo MoAynrqr4ro (IIII4M). flo cpaBHeHnro c MeroAoM cKaJItp-
nofi IIIITIM oua o6ecneqr4Baer ynyLrueHne raKHX xapaKrepl4crnK AI4H KaK KaqecrBo

BbrxoAHoro Harrpflx(eHr4fl, pa6oual qacrora KoMMyrar-iHI4 Krloqeft curoeoro KacKaAa

I4HBepropa, crelleHb [rcrloJlb3oBaH[q r4crorIHHKa ilvraHwt, Maccora6apurHue H 3Hepfe-
TI,IqECKI4C TIOKA3 ATCNH.

OAnaxo n 6oproebrx 3Heprerr4qecKr4x cr4creMax BeKropnas IIII4M rloKa elue He

[prlMeHrercr croJrb rxnpoKo, KaK B npoMbrrxneHHocru. llpranreHeHr4e IIII4M, B ToM
rr14cre nexropnofi, B upeo6pasoBareJrrx g'nr. aBHaUr4oHHoro 3neKTpoobopyloeaur.r_a

HMeer px4 oco6euuocrefi. lloesrueHHar Lracrora (400 fu) ocHoeHofr rapMoHLIKn Sop-
Mr4pyeMoro Harrp{x(e+Vfl, [peAbrBn.rer 6oree BbrcoKr4e rpe6oeaHnq x 6lrcrpo4eficrnuro
kr Bbrr{HcJlr4Terrnoft MorrlHocrr4 ynpaBnruoulero MnKpoKoHTponnepa. OrHocIareJrbHo

6oltruue HHAyKrr4BHocrH paccerHun aBvrawoHHbIX acHHXpoHHbIX ABurarerefi (AA)
rpe6yror KoMreHcarrr4rr MoAyrr SopvHpyeMbrx BeKropoB rrplr perynnpoBaHuu cKopo-
crr{ ABr.rrarelefi. Menrurue MoMeHTbr HHepTIHH aBnarlnoHulrx Af u 6orlurar rryBcrBn-

TeJrbHocrb K Hecra6uruuocu4 napaMerpoB BbrxoAHoro HarlpflxeHur nil3 npr4BoAflT K

yBeJrr{qeHr{n rryJrbca\r4w cKopocru 14 MoMeHTa. Taruu o6pasov, pa6ora, ilocBflilreHHaq
rror4cKy, uccneAoBaHr4ro 14 npnMeHeHr4ro anropuTMoB BeKToptiofr llIIrIM c yr{eroM oco-
6enHocrefi, npncyulux aBnaqHoHHbrM 3neKTponpI4BoAaM, tBJltercfl aKTyanbHofi Ia uue-
er rrpaKTr4rrecKyro qeHHocrb. Ten 6oree 3To craHoBnTcr BaxHbrM c yqeroM coBpeMeH-

Hofi renAeHunr4, uueroqefi Mecro B aBnawtr,r, - pa3pa6orxa caMoJreroB c rroJrHocrblo
snerrpH$r4rlr4poBaHnun o6opyAoBaH14eM.

Creneur odocHoeaHHocrn HayqHbrx no.noxeuufi, BbrBoAoB H peKoMeHAa-
rIHfi r cSopruy.nHpoBaH H brx B Arrccepra rIH r{

llpune4euHbre B Ar,rcceprarlur4 nonoxeHr4t rI BbIBoAbI [onyr{eHbr aBTopoM c npu-
MeHeHHeM MeroAoB, coorBercrBylourux 3aAaqaM r4ccrreAoBaHnfl. Tax, 4ra orrruMr.r3a-

rllrr4 uepexoAoB cocrorHnfi unnepropa Hc[oJrb3oBaHbr Kaprbr Kapuo, pa6orocnoco6-
Hocrb pa:pa6oraHHbrx a-rrropr4TMoB noATBepxAeHa c noMolllbro MeroAa HMr4Taur,roHHo-

fo MoAenHpoBaHpIr H, r{To Bax(Ho, $ra:uuecxoro 3KcrIepHMeHTa.

[ocronepHocrb H HoBrr3Ha [oJryqeHHt rx pe3yJrbraroB
K ocHoeHbIM HayrrHbrM pe3ynbraraM Mo)KHo orHecru cneAyrouree:
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l. Ha ocHoBe anarv3a cocroqHufi r.runepropa c noMourbro xapr KapHo BbrfiBJreHbr

cocroflHl,I.a, o6ecneqnBaroul4e 6e:ouacHbre nepexoAbr npn SopvHpoBaHr4H BbrxoAHoro
HaIIptxeHHt[ HHBepTOpa, KOTOpbre npeAnoxeHo HcrloJrb3oBaTb KaK AonoJ'rHHTeJrbHbre
BeKTopbr e o6uleN{ a^rropr4rMe SopvrapoBaHvu BeKropoB.

2.Ha ocHoBe HcnoJlb3oBaHkrfl.6asoerrx 14 AorroJrHnreJrbHbrx BeKTopoB npeAnoxe-
HbI iulropnlMbl, Ilo3Bonf,Iorur4e B eAr4HoM anropr4rMe QopvnpoBarb BbrxoAHoe Hanpr-
xeHHe r4HBepTopa H HcKJ[OqaTb cKBO3Hbre TOKr4 nepBOrO pO,Ua.

3. Ha ocHoBe aHalru3a rlepexoAa BeKropoB H3 ceKropa B ceKTop rrpr{ $opur,rpoea-
HI{II HarlpflxeHufl o6ocHosaHa ilocreAoBarenbHocrb [epexoAoB cocrorHufi, o6ecneuH-
Baprqar paBHoMepHoe nepeMeuleHHe BeKropoB.

4. llonyveHbl aH€LIIHTHT{ecKr{e Bbrpax(euur Qyur<qafi nepeclrera, rro3Bonflrourae
peanl43oBarlb rpaeKToprIl4 ABr4xeHHn QopvrapyeMbrx BeKTopoB Ha ocHoBe H3BecrHbrx
rpaeKTopufr HoprraupoBaHHbrx BeKropoB.

Pesylrraru reoperl4r{ecKoro HccJ'reAoBaHVfl [oATBep)KAeHbr HMHTaITHoHHbTM

MoAenI4poBiIHHeM B rlporpauvHofr cpeAe MATLAB Simulink u SH:HuecKr4M 3Kcrrepu-
MEHTOM.

Pe:ylrrarrt pa6oru 6urH ouy6nuroBaHbr aBTopoM B r,rerbrpex r.r3AaHr4qx, BKJrIro-
TIeHHbIX B Irepeqeur BAK, a raKxe o6cyN4anr4cb Ha r1enoM ps.Ae MexAyHapoAHbrx
HayqHo-TexHl,Iqec-xax xoHSepeHrlurx. TaxNe pe3ynbrarbr Ar4cceprallnoHHofi pa6our
6urn Hc[o,rrb3oBaHbr s Htr4P n yue6noM rpoqecce, rpoBoA]rMbrx Ha rcaSeape 306
<MnrpoeJIeKTpoHHbIe 3neKTpoc14creMbr) MocxoncKoro aBHarlHoHHoro r.rHcrnTyra
(uaquoHarbHoro HccneAoBareJr bcKor-o yH H Bepu.mera).

TeopreruuecKafl n rtpaKTurrecKafl 3HaquMocrb fio,'ryqeHHbrx aBTopor]r pe-
3yJrbTaToB

flpe4.noxeHultfr aBTopoM rroAXoA Lr pa:pa6oraHHbre anropr4TMbr rro3BoJrflror
rIoJIHocrbIo Soprraanu3oBarb rpoqecc ynpaBneHur rpexQa3HbrM AI,IH c nexropuofr
llII4M. B 'IacrHocru 3a[orHHTb re BpeMeHHbre pa3pbrBbr B rrocneAoBareJrbHocrr4 BeK-
TopoB, Koropble o6ycloaneHbl HHepr-lr4oHHbrMr.r csoficrBaMu Krroqep"r H Ha3brBarorcr, B
qacrHocrll, I{HTepBanbI MeprBoro BpeMe:au. Vcnonb3yr Apyrue cpeAcrBa (annaparHrre
I'III4 [pofpaMMHble) arra 3oHbI o6rtquo petL]'II43oBaJ'II4cb cHtrI4eM HMnynbcon c Krto.{efr
rIJIeqa, B KoropoM npoplcxoAnna KoMMyrarlr,rr. flpe4,roxeHHoe B Ar4ccepraur4vr peue-
HI4e paccMarpl4Baer y[paBneHue AWH KaK eAI{Huli Henpepunurrfi npoqecc, rzcrronb3yfl
B HeM AoTIoJIHHTeJIbHbIe BeKTopa orpaxarourr4e cocrorHne AWII Ha r4HTepBane MeprBo-
ro BpeMeHu. r{To HcKnloqaer npu 3ToM cKBo3Hbre roKr4 n npeo6p€BoBarene.

Paspa6oraHHar, aBTopoM rrocneAoBareJrbHocrb nepexoAoB cocroflHufi, o6ecne-
quBaloqat paBHoMepHoe nepeMeuleHrre BeKTopoB, TaKXe HMeer BaxHoe npaKTHr{ecKoe
3Har{eHHe. }'lyvruax npoqecc peryrrvpoBaHVfl cKopocr}r A{, ona B ro x(e BpeMr rro3Bo-
Jlter rloBblclt{Tb I43Hococrofixocrr Bpau{aroqr4xcfl MexaHur{ecKr4x .{acrefr AA u HaAex-
Hocrb ero pil6oru.

TaxNe npeAcraBJlaer [paKTHr]e cxuit h reoperu.{ecxufi r4HTepec pacqer AnHTenb-
Hocrefi BeKTopoB, coorBercrBylorur4x onpeAeressofi TpaeKTopLrtr r4x ABLrxeHur, Ha oc-
HoBe fionyr{eHHblx aHaJIIITTIT{ecKtrx Bbrpax(eHafi Synxurzfr nepecr{era, coorBercrByro-
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rrIHX oraJroHHofi TpaeKToplru HopMHpoBaHHbrx BeKropoB. 3ro raKxe rro3BoJuer 6op-
Marrr43oBaTb 14 yirpocrHTb lporleAypy ynpaBn?Hl1^A HHBepropoM.

{ocrouucrBa u HeAocrarKn B coAep}KaHVLl n oQopnaJreHnu Aucceprarluur
BJIHfHHE OTMCqEHHbIX HENOCTATKOB HA KAqECTBO HCCJIENOBAHNq

{Hccepraq}It xopotrro crpyKrypHpoBasa. l4csepnbrBaioule rroKa3aH BbrBoA rrpo-
BoAIIMbIX a.BTopoM coorHorlreuuft, Hrnrocrp arJLrr4, rpa$ax H BpeMeHHbre Ar4arpaMMbr

Aocraroqno unQopMarnBHbr.
OAHarco B rnccepra\vvr r4Merorc.fl HeAocrarKlr, cpeAr{ Koropbrx cneAyer ynoMr-

HyTb cJreAyrouue:
1. [r.x aHaJrv3a cocrorHr4fi nueepropa npr4MeHeH MeroA Ha ocHoBe xapr Kapno ra

He AaH o6:op Apyrl4x rIoAXoAoB K aHaJrH3y, Harrpr,rMep, Ha ocHoBe MHoxecrB noAKnro-
qaroull4x H orKJIIoqauIHX cocroqHufr .

2. He AaHa cBq3b QoprrrupyeMbrx rpaeKropHfr c peNr4MoM pa6orur AIAH 14 Mero-
AOM yrrpaBJr eHHr lBr,rf aTeneM.

3. Aarop yAennn 6orruroe BHr4MaHr4e BbIBoAy coorHorrreuvtfi, cBfl3aHHbrx c reo-
pnefi BeKTopHofi lIII,lM. OAsarco MHorHe r,r3 3rr4x coorHoruonuit yxe H3Becrurr. B
r{acrHocrv oHn [peAcraBJreHbr B KJraccurrecrcofi orelrecrBenHofi pa6ore lllpefrnepa P.T.
<<MareuaruqecKoe MotrennpoBaHr4e 3neKTpo[pr.rBoAoB nepeMeHHoro roKa c nonynpo-
BoAHHKoBrIN4I4 lrpeo6pa:oeare,T.rrMr4)), pa6ore, Koropas, K co)KaJTeHLto, orcyrcrByer B

c rr Lr c Ke nr4Tep aryp br o r rr o H a p y e u o fr A rr c c e p rarl H r4 .

4. Anrop paspa6oril pg.q a-rrropt{rMoB, rro3Bons}oulux cHH3r4TL, norepu e AI4H sa

cqer yMeHbuleHhq r{Hcra nepeKnroqeuuk cl4rroBbrx xrro.Iefi. OAuaxo oH He rIoKa3aJI,
rIeM efo €uIfopI4TMbI oTJII4qatoTcr oT Tex, KoTopbre yxe H3BecTHbr B npaKTuKe BeKTOp-

uofi IIII4M n Koropbte o6ecneqaBaror aHa-rrorr4r-rurre csofrcrea AI4H (e vacrrrocru oHH
rloKa3aHbr B ynoMflHyrofi Bbrrre pa6ore).

5. HecxonbKo HeKoppeKTHoe r.rcnoJrb3oBaHr4e rexHnqecKux repMHHoB. Hanpu-
Mep, qacro lrcroJlb3yeMoe (pe?r(r{M BeKropHoitlcxatnpuofi UII4M>>. Eolee rpaBnnb-
HbIM tBJlterct HctIoJIb3oBaHI4e 'repMHHa cnocob/naeroA. [ylaaercr, TexHHqecxufi rep-
MHH pertcuffl (pa6orrr) HMeer 6o,ree r,ry6oxr.rfi cMbrcJr, qeM TepMHH MeroA/cnoco6
(ynpannenwn). He pacrura$ponauo croBocoqeraHue rpex$a:usrfr cessaHHurfi HHBep-
rop (crp. 13). B rJlaBe 6 oAHo 14 ro xe ycrpoficrBo Ha3brBaercfl ro Mr.rKporpoqeccop, ro
MI{KpOKOHTIlOnnep, qTO He OAHO r4 TO }r(e.

6. He,cuorpfl Ha yroMprHaHue o BHeApeHr4h pe3ynbraroB AuccepraqnoHHofi pa-
6ornt B rlp?Iroxetvrr4 K AnaceprarJvrvr orcyrcrByror noATBepxAaroqr4e Aor(yMeuTbr.

7 .IIpu o$opvneHnu reKcra rz rpaSuqecKoro Marepuarra aBrop Aorrycrnn qersrfi
pf,A HeroqHocroii. LIz ruux MoxHo orMerr4rb cneAyroqee. B Ar4cceprarluu HMerorcr op-

Sorpa$HueoKue, cI4HTaKcHr{ecKr4e v crvnvcrrqecKae orun6xn, a raKxe [polycr(H
cJIoB, r{To BlorFIe o6tgcHtercr reM, qro aBTop no Harlr4oHaJlbHocrH He tBJIteTcfl pyc-
cKofoBoptIlIHM, oAHaKo B pqAe cnyqaeB 3To 3aTpyAHqeT BocrrpusTue MaTepua,ra. B
TeKcre Her ocbIJ'IoK Ha pHcyHKH L7 , 1.8 a 5. 1 . B noscHeHr4r4 K Bbrpaxeunro (4.3) Aaerct
pacruuspoBKa rlacror _ft w.fz, xorr B caMoM BbrpaxeHr4r4 qacroT c 3Tr4Mr.r HHAeKCaMH
uer. B c[I'IoKe nl4reparypbl rIoA HoMepaMr4 115, 119, l2l ynotauHaercq oAHa u ra )r(e



pa6ora; rroA HoMepoM 42 ynoMr4Haercfl AncceprarruoHHat pa6ora, LarvpyeMaq 2019-rrr

foAoM Lr T.A.

OAHaro BbrcKa3aHHbre 3aMeqaHvfl He noABepfaror coMHeHHrc AocroBepHocrb I4

aKTy€LnbHocrb rronyr{eHHbrx pe3ynbraroB, a raKxe o6ulee noroxl4TeJlbHoe BIIeqarJIeHI4e

o pa6ore.

3aK.rtroqeHIae
B qelorra, HecMorpq Ha yKa3aHHbIe HeAocrarKl4, crlnTaro, .tto pa6ora BbIrIoJIHeHa

npoQeccraoH€LrrbHo, Ha BbrcoKoM HayqHoM ypoBHe c npHMeHeHr4eM aAeKBarHbIX Mero-

AoB HccneAoBaHuf,. [ylraercs, rrro pe3ynbrarrr pa6orsr Hafi4yr cBoe AocrofiHoe Mecro
B Teoplrr4 14 [paKTHKe cnnoBofr erexrpoHuKl4 t{ 3neKTporIpHBoAa.

.{zcceprarlr4f, yAoBnerBoprer rpe6oeaHl4tM <<lloroxe:aL4fl o nopqAKe npI4cy)ICAe-

Hr4fl yrreHbrx crerreuefi>>, [peAbrBnreMbrM K Al4ccepral{ploHHbtv pa6oraM, rrpeAcraB-
JIeHHITM Ha concKaHlr,e yveHoft creleHr4 KaHrr4rara rexHr4r{ecKr,rx HayK no crtelrl4a^rlbHo-

crH 05.09.03 - <3nexrporexHr.rqecKue KoMrrJreKcbr H cncreMbr)), a ee aBTop JIe [rrx
Tnen 3acnyxnBaer npr4cy)KreHue aroi.r creneHr4.

OQnrluzurrHrtfi otrlroHeHr,

AorIeHr xaSe4prr <3nexrpoHuKa r4

3neKrporexHnKa)), @fEOy BO <Hosocu6rap-
cruft rocyAapcreeHHrtfi rexuprqecrufi yHH-

BepcI4TeT)), A.T.H., AOTIeHT

E-mail: igor_55@nes.ru, M.r. 8-9 13-9 I 9-3 I -59

floAuncr Baxonqes a VI. A. yAocroBepfl K,

llpopexrop no yve6Hofi pa6ore
Hoeocr.r6r.rpcKoro rocyAapcrBe H Ho ro
TexHI4rIeCKOfO yHr4BepCHTeTa

,'' //-1
Jfta.ac.. >'

..,/
L/

14. A. Baxosuee

C.B. EponaHoB

4


