
MtIHr,I c rnp c rB o oEpA3 oBAHI{fl I,r HAyKI,I p o c c ?Ifr c KolZ onAE pArIrII4
Se4epanbHoe rocyAapcrBeHHoe 6roAxerHoe o6paronareJrbHoe frpelrAeHue

Bhrcrrref o o op il3 o BaIJLrfl,
(HAIII4OHAJIbHbIIZUCCJIEAOBATEJIbCKUfi VHIIBEPCI,ITET(M3Ir)}

(O|EOY BO (HI4Y (M3I4))
IIl250, r. Moucs z, yL Kpacuora3apMeHH dr, L. 14, ren: +l (495) 362 15 62,

http ://www.mpe i.ru, e-mail : universe@mpe i. ac.ru

Hofi pa6ore

B.K. lparynon

2016 r.

OT3bIB
BeAyrrlefi opraH H3arIHH

Ha 4kracepralll4oHHyrc p a6ory f op6yH oB a P ouaua JIe our,l4oBuqa
( I4MIIY JTb C FIbT IZ NP B OE P A 3 OB ATE JIb IIE P EMEHH Of O HAIIP-fl )It EIfuIfl

CynyqIIIEHI{bIMI4SHEP| ETI{IIECKI/X{MIIOKA3ATEJIflMI4),
rIpeAcraBJIeHHyIo Ha coI4cKaHI4e yueuofi crefreHr Kale4vr4ara rexHkrrrecKr4x HayK

no cileqr4€LrrbHocru 05.09. 12 - Czroeas oneKrpoHr{Ka

AnryaJr bHocrb reMbr rrccJreAoBaHr.rfl

B Hacro.f,Irlee BpeMfl Bce 6omnee BHVMaHT{e yAenflercfl rroBbrrrreHuro

sHeprerzqecrofi eSQeru,IBHocrLI aneKTporexHr4rrecKoro o6opy4oBaHr{,s. B

aavIHxpoHHoM sneKTporlpl4BoAe 3Ta 3al.aLra peuaercfl 3a c.rer yilpaBneHufl.

pexorMaMllr, pa6oru ABI4raTeIrfl, vr npI4BoAa B rlenoM rryTen4 HsrvreHeHlrfl [apaMeTpoB

nl4Tarorlero Harrpflxtelnnfl. VcrpoficrBo npeo6p a3oBanvrfl, rrepeMeHHoro

HanpffKeHvrs, rlo3BoJlter He roJIbKo rroAAeplKr4Barb pa6ory ABrlrarer.fl B

oTITI,IMaJIIHoM gHeprernrlecKoM pe)KHMe, Ho H SopuupoBarb rrJraBHbre rrycKo-

TopMo3Hbre pelKkrMsr pa6oru.

[Iuporco [pI4MeH.f,eMbIe B rrpoMhrrrrJreHHocrn npeo6pa3oBareJrv

rlepeMeHHoro HanpqlreHr4fl, Ha ocHoBe rvrpucropHbrx cxeM c Sasonrrvr

perynl,IpoBaHl4eM crlpaBn,lrorcf, c Bo3JraraeMbrMlr Ha HLrx Syurcqz flML\ Ho

xapaKTepl43yroTct HpI3KLIM KarrecTBoM sneKTpoMafHuTHbrx [poqeccoB, rrTo

rIpI,IBo.qLIT K AoTIonHLITeJIbHhIM rroreprM sHeprHH B Halpy3Ke H co3Aaer upo6JreMbr



B cucreMe sneKTpocHa6xeHus.. llpo6reMbr, cBfl3aHHhre c oneKTpoMarHkrrHofi

coBMecrl,IMocrkr ralK]:1LX npeo6pasoearerefi I4 Apyrzx HeJrunefiusrx rrorpe6prrenefi

3HepfI4I4, penarorct c rloMolrlbro rracQvrBHhIX t4|rr4 aKTLTBHbTX

$unrrpoKoMrreHcllpyrctuux ycrpoficrB, oAHaKo 6oree npeAnorrrr4TerbHbrM

flB:rrflercfl. pazpa6orKa u npl4MeHeHne npeo6pa3oBarelefi nepeMeHHoro

HanpffKflHvIfl, SynxqzoHktpoBaHvle Koropbrx He colpoBolrAaercr cyqecrBeHHbrM

)D(yArreHIaeM oneKTpoMarHzrrrofi o6crasoBKlr B oHeprockrcreMe. B groM rrJraHe

AI4ccepraIIHoHHafl. pa6ora fop6yHoBa P.JI. HarrpaBJreHa Ha peneHr{e aKTy€uruofi z

3HarII,IMoit gttx pa3Bkrrrrr poccufict<oit gKoHoMuKu HayrrHo-TexHr4qecrofi 3aAaqr{ no

pazpa6orKe npeo6pa3oBareJlt nepeMeHHoro Harrprrr envrfl, c ynyqueHHbrMrl

3 H ep f eTlrrr e c KI/.n''dI'I froK€B aTe Jr.fl Mr{.

OcHonHoe coAeplnaHne padoru

[uccepra\ufl. cocrol{T krg BBeAeHr4fl, rpex rJraB, 3aKrroq eHvrfl, crrkrcKa

coKpalqettuit, crrklcKa nvreparypbl kr3 207 racrorrHraKoB Lr AByx rrpunolxerruit.

OcHosHafl Lracrr pa6orbl kI3JIolKeHa rua 235 crpaHlrrlax Marrrr4HorrzcHoro reKcra u

1 0 crpaHVII rIpHno)K ettuir, I4nnrocrpupyercfl 1 1 3 pucyHKaMrr Lr coAepxr4r

30 ra6nzq.

Bo eeederuuu o6ocHoBaHa aKTy€ubHocrb H KparKo r43Jro)KeHa crerreHb

pazpa6oraHHo crr4 TeMbI Aklcceprar\r4vr, o6o6qeHbr ocHoBHhre HayrrHbre

pe3ynbrarbl 14 BbIHocI,IMbIe Ha 3arrlkITy fronolKeHvrfls orMeqeHa Teoperr,rqe cKafl. u

rlpaKTl,IqecKa,fl 3HarII4MOCTI pa6OrU, frpuBeAeHbr cBeAeHr4fl, o peankr3a\r4u BbrBoAoB

14 peKoMeH.{allufi , npe4craBJleH KparKrlfi o6sop crpyKTypbr Auccep ra\uv.

B nepeoil zJtflBe orpeAeJleHbr o6rqze v crequirJrbHbre rpe6on a:nkrfl,

rIpeAbf,BJIqeMbIe K ycrpoficrBaM npeo6pa3oBaHnfl, nepeMeHHoro Harrp fl>Ke:H:/lfl rrpkr

QyurqzoHl4poBaHukr B cocraBe paccMorpeHHbrx B 4annofi pa6ore

oneKTporexHI,IqecKLIX cl4creM - acvrr'xpoHHoro oJreKrporpuBo4a (3lI) kr cucreMbr

reHepupoBaHl4fl sneKrpn.recxofi sHepI'IaI4 (Cf33) Ha 6age cr{HxpoHHoro

reHeparopa c ilocroqHHbrMr.r MarHlrraMv. Onzcaua pazpa6oraHHaf,

KJlaccl4SIaraqur npeo6pa3oBarerefi repeMeHHoro Harrprx e:avrfl, (IIIIH),
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ocHoBoo6pa:yrcIrluM rIpH3HaKoM B roropofi rpraHrr cnoco6 perynr4poBaHpr,fl

(z:vreHenur) BbrxoAHoro Hanpflxr eHus..

Bo emopoit utaae [pHBeAeHbr pe3ynbrarbr MareMarr{qecKoro

MoAenI{poBaHvrfl. u aHaJrr43a oHeprerlrrrecKr4x rroKa3arelefi raMrrynbcHoro

rroHr4)Karoqero lIlIH.

B uaparpa$e 2.I rpeAcraBneHa o6qax crpyKrypa crrcreMbr c prMrrynbcHbrM

rloHzlrarcqktM IIIH z ee vro4Ia$vrKa\krvr e 3lI z n Cf33. Vrasanbr crpyKrypHbre

oco6enHocrtl IIilH B cocraBe orr{x AByx ckrcreM H orrr..rrrue B ero

SyuxqzoHaJrbHoM Has H aqeHvtn.

B raparpa$e 2.2 o6o6ueHbl pe3ynbrarbr crpyKrypHoro aHaJrvaa vr

clacreMarkr3ar]lzu cklJloBbrx cxeM BeHTLrJrbHoro 6lora (BB) LrMnynbcHoro

noHlaxaroIuero lIlIH. B cxeMax BbrAeJreHbr p;Ba crpyKrypHbrx ypoBHf,, Anfl

Kax{Aofo r43 Koropblx pazpa6oraHbr MareMarkrqecKr,re MaKpoMo,qeJrra,

ofII4CbIBarOqI4e CBq3b MelKAy BXOAHbTMLT kr BbrxoAHbrMkt roKaMr{ r{ Hanpfl)KeHr4qMr,r

B 3aBr4ckrMocrll or napaMerpoB Synrqnu ynpaBn eHufl. Onpe4eJreHbr kr

cl,IcreMarh3vrpoBaHbl noKa3areJrlr 6asoeHx cxeM BB z cxeM xmo.refi nepeMeHHoro

roKa (KIIT). llpe4nolreHa HoBan rpex$a:Han cr4roBafl. cxeMa BB c KoMMyraqzefi

ToKa B o6utefi (Hynenofi) roure Halpy3Kr4, orrpeAeJreHbr ocHoBHbre Aocror4HcrBa

erofi cxeMbl u o6tacrb rrpuMeHeHuq. CAeraHbr BbrBoAbr H 1a:nbr peKoMeHAa\HV.

B rlaparpa$e 2.3 npI4BeAeHbI MareMarr{qecKze MoAenr4 HMrrynbcHoro

rloHl,DraroIqero IIIIH: ucxoAHafl BeKropHafl, MoAenb IIIIH B BrrAe czcreMbr

AI40SepeHrlt4 anbHbrx ypaBHesuit c [epeMeHHbrMr4 (paspunuunru)

roeSSuUI{eHTaMI{, rpeAcraBneHHafl Bo Bpaqaroqeficq clrcreMe KoopAraHar;

MoAenb B ocpeAHdnnrrx [epeMeHHbrx, [peAcraBreHHaq B cr.rHxponnofi cr4creMe

KoopAI,IHar; I{ MoAenb Anfl aHanil3a rapMoHr,rqecKkrx krcK axeuui1 npeAcraBJleHHafl,

B crallzoHapHoit cucreMe KoopAI,IHar. Ouncasbr pa3pa6oranHhre KoMrrbrorepHhre

14 MIaTaIII4oHHrIe MoAenu. C4eJraHbr BbrBoAbr rr AaHbr peKoMe :n1La\vw.

B raparpa$e 2.4 I43JIoxeHhI pe3ynbrarbr a:aurr4sa oHeprerurrecKr4x

rloKa3arenefi I4MrlynbcHoro rroHr4)Karoulero lIlIH. Anarzs BbrrroJrHeH c

IacIroJIb3oBaHHeM MareMarl,IqecKkrx nao4erefi, onr{caHHbrx B naparpa$e 2.3.



PaccrraorpeHbl rIoKa3areJIIa, xapaKTepu3yrorrlkre |InH KaK norpe6krreJrb

sneKTpt4rrecKofi eueprkrn) vI rIoKa3areJII{, xapaKTepr43yrorrlkre IIIIH KaK ycrpoficrBo

npeo6pa3oBa:nkrfl rlapaMerpoB eneKTpzqecrofi oHeprrara. VcrauoBJreHhr H

kIccneAoBaHbl 3aBvIcurMocrll or napaMerpoB cr{JroBhrx f,znrrpon nolsofi

MolrlHocrkr u sHeprervrrecKzx roe$SzIIVeHToB lIlIH, BKrroqa.f, xoeQSvqpreHTbr

fapMoHl{rrecKl4x l4cKo,)Kerruit. llpe4loxeHo l4crroJrb3oBarb ycraHoBJreHHbre

3aBvIcvIMocrI4 rlpla rlpoeKTvrpoBaHvrrr BXoAHoro u BbrxoAHoro $zlrrpa c

o6ecuerreHlleM orrrI,IM€urbHbIX oHeprervqecKr4x rroKa3arelefi npeo6pa3oBareJrr.

OIIeHeHo BJII4tHkre :aecvlHycolaAarlbHocrvI rrvtraroulero Hanpfl>KeHr4fl Ha rroKa3areJrr4

rapMoHl4qecKlax HcKalxenufi ToKoB u HarrpffK euuit npeo6pa3oBareJr.f,.

fIpe4craBJIeHbI pe3ynbrarbl aHaJrvITI.IqecKoro prccJreAoBaHr4fl rrorepb MorrlHocrrr B

BB npeo6pa3oBarer.f, u pe3ynbrarbr rerrJroBoro MorenzpoBaHnfl. Orueqena

Ba)KHocrb rroBbllrr elrtlzfl KIIA cvroeofi cxeMbr H orrpeAeJreHhr ocHoBHbre

MepolrpuflTkrfl, Anfl pa6oru B oroM HarrpaB rreHvrr4. C4enaHrr BbrBoAbr 14 AaHbr

peKoMeHI.a\krr4.

B raparpa$e 2.5 rppIBeAeHbI pe3ynbrarbr cpaBHlrreJrbHoro aHaJru3a

ocHoBHbIX sHeprerkIrrecKl4x rroKa3arerefi uMnynbcHofo rroHrDraailIefo IIIIH c

TvrpucropHblM ycrpoficrBoM-aH€uloroM vr c rpex$a:HbrM aBToHoMHbrM

I'IHBepropoM HanpffKelF.krfl, (AI4I). CpanneHl4e c rupkrcropHblvr IIIIH BbrrroJrHeHo

lro rIoK€BareJItM KarrecrBa norpe6rqelaofi kr npeo6pasyevrofi gHeprllkr, BKrroqat

rloKa3 ar elrv rapMo HrIrrecKkIX u cKalK evuit BxoAHoro/srrxoAHoro roKa kr BbrxoAHoro

Harrpflx{eHr4fl. B cnyuae AWI [peAMeroM cpaBHeHr4fl craJrv rroKa3areJrr{ KarrecrBa

BbrxoAHofo HafrprlKeHprfl .

B naparpa$e 2.6 paccMorpeHbl Borrpocbr rrpoeKTupoBaHnfl cvrroeofi cxeMbr

rrMrlynbcHofo rroHulraloilIero IIIIH. llpnne4eHa pazpa6oraHHafl Ha ocHoBe

ycraHoBJIeHHbIX 3aBncvrllocrefi nporpaMMa kr MeroAVKa npoeKTr4poBaHprfl

cLIJIoBbIX Sranrrpon c o6ecnerreHl,IeM BblcoKoro (Ao 0,99) xoesszrlkreHra

MolrlHocru IIIIH u 3aIla:rLHbIX IroKa3arelefi rapMoHkrrrecKr4x r{cKa}K evuit n pa6ouevr

Akrana3oHe perynl{poBaHl4t HanpffKenvrs. H kr3MeHeHnfl Harpy3Kkt. llpzne4eHa

Mero,.4I{Ka rrpoeKTvrpoBa:nufl, csa66epHofi Ilerz, a rarcKe orrr4caH7e co3AaHHofo



cilequanLI3klpoBaHHoro rporpaMMHoro rrpunoxeHufl. C Sim trnfl MoAenvpoBaHr4rr

TerlJroBhrx pe)KI{MoB gJIeMeHToB u pac.rera oHeprer[.recrofi e$SerrkrBHocrr4

cI4JIoBbIX cxeM. IepeuzcJreHbl ocHoBHhre KpHTepr4Lr nu6opa qacrorbr

KoMMyra\krrt. CAelaubr BbrBo p.br 14 AaHbr peKoMeH1ar\ukr.

B rlaparpa$e 2.7 I43JroIKeH pazpa6orannufi €urropr,rrM yrrpaBn e:akrfl.

npeo6pa3oBareJleM B pe)KHMe IlprKnoKoHBeprnpoBaHkrn Anfl KBa3r4qacrorHoro

ynpaBnenkrn (KrIy) acI,IHXpoHHbrM ABkrrareJreM (AA). llpzee4eHbr pe3ynbrarbr

HccneAoBaHnfl cneKTpaJlbHoro cocraBa SopvrzpyeMoro Harrpflx e:nvrfl,,

orrrl,IMaJrbHoe 3HarreHkle [apaMerpa ynpaBn envrfl, oco6euHocru pealrr3 ar\kru

€ulf op 14 TM a, e f o A o cTo LIH cTBa U IIp t4 HrII4 fr r{aJlb H bI e O fp aHvrLreH],Ifl .

OcnosHbre BbrBoAbr nropofi rnaBbr o6o6qeHbr B rraparpaOe 2.8.

B mpemoert zilane [pI4BeAeHbr pe3ynbrarhr gKcrrepnMeHTaJrbHoro

r4 c cn eA oB ari^krfl r4 M rryn b c H o ro rr o H ralK aro Iq e ro lIlIH.

B naparpaSe 3.1 rIocraBJIeHa Ilenb oKcrepr4MeHTaJrbHoro r{ccneA oBaHnfl v

llepeqv cJre Hbr 3a4aqkr.

B naparp a$e 3.2 npuBeAeHo orrlrcaHue oKcrepr,rMeHTaJnnofi ycraHoBKlr,

BKJlloqatoqefi klccneAyerraufi npeo6pa3oBareJrb Harrpflxr eH:zfl c

Ml{KporpoqeccopHofi czcreuofi yrpaBneHvrfl, Harpy3Ky B Br4Ae oneKrpurrecKrax

MarrII4H 14 I43MepI,ITenbHyro clrcreMy. llpzBeAeHa ckrrroBafl cxeMa co3AaHHoro IIIIH,

ero sJIeKTpuqecKkI e [apaMeTpbr rr sHepfeTrrqecKlre froKa3aTeJru.

B raparpa$e 3.3 H3JrolreHbr pe3ynbrarbr oKcrepLrMeHToB B Br4Ae

BpeMeHHbIx ALIalpaMM ToKoB v Hanpfl)Kenuit, a raKx{e rpa$zxon vr ta6wtlq co

3HaqeHvlflMkr gHeprerl4rrecKl{x rroKa3arenefi npeo6pa:on arelrfl,. BunolHeHa orIeHKa

TorIHocrI4 ycraHoBJIeHHbIX aHaJrLrrr,rqecKux 3aBr4cknaocrefi vr paspa6oraHHbrx

MareMarllqecKlax uo4elefi. llpo4enroHcrplrpoBaHbr SynxqraoH€urbHbre

Bo3MolKHocrI{ npeo6pa3oBare nfl rrpkr yrrpaBn e:nrrkr AA B pe}Kr4Me rrJraBHofo rycKa

u KHY.

OcHosHbre BbrBoAbr rperuefi rJraBbr o6o6qeHbr B naparpaOe 3.4.

B galgtruqeHuu, I43JIoxeHbr HTofI,I I{ccneAoBaHr{.f,r p€KoMeHAaIII{rr v

nepcneKTkt Bhr A€urbHefi ruefi p azpa6orKr{ TeM br.



B npruoltceHuu rrpr4BeAeHa nporpaMMa pacuera rapaMerpoB SunrrpoB r4

aKTbr BHeApeHVfl. pe3ynbraroB pa6oru.

[uccepra\Lrfl HarvlcaHa .rerxo u f,cHo, c 6orsurnu KoJrr{rrecrBoM

rpa$zvecKoro MarepHaJra) frorcHflrorrlefo 14 LrJrJrrocrpkrpyroilIefo

coorBercrByrolrlkle pe3ynbrarbl HayqHbIX rroJro)Keuuit H TexHr4rrecKr4x peueHzfi.

Co4epNaHue aBTopeSepara coorBercrByer ocHoBHoM coAeplKaHr,rro Ar4cceprarluz.

OcnoeHrre pe3ynbrarbl Al4cceprallkloHnofi pa6orsr ouy6nuKoBaHbr B

18 ne.rarHbrx pa6orax, BKJrroqar 6 pa6or n perlercvpyeMbrx HayrrHbrx u3raHkrflx

(ve nepeqH.fl BAK), ronfreHhr I uareur P@ Ha pr3o6perenve u I cnz4ereJrbcrBo

P@ Ha rporpaMMy rnfl 3BM. Bce ny6nurc arrvkr nprlBeAeHbr B reKcre

Ancceprar\Hw. B ony6JIuKoBaHHbIX pa6orax AocrarorrHo noJrHo orpilKeHbr

MaTepI4€LIIbI AHCc epTaqkl OHHO ro kI ccneAOBaHLIfl .

HayvHafl HoBr3Ha pa6oru

llpe4craBJreHHbre B Ar,rcceprarlr4oHnofi pa6ore HayrrHhre pe3ynbrarbr

qBrf,rorcr HoBbrupr. ocHoBHbre HarrHbre pe3ynbrarbr:

1) CosaaHo u 3arureHToBaHo ycrpoficrno rrJraBHoro nycKa AA, B ocHoBe

KOTOpO|O JIe)KLIT HOBa{ CIdIIOBafl. CXeMa LrMrrynbcHofo froHr4}Karoqefo

npeo6pa3oBare lrfl, c KoMMyr a\ueit roKa s o6qefi (nynenofi) rorrKe Harpy3 1;kr vr c

orAenbHblMrr lapalneJlbHblMr,r KrrorraMr,r B xax4ofi S*a, xapaKTepkrcyroryaflcfl

M€LIIbIM Korl{qecrBoM yrlpaBnf,eMblx npz6opon (uerbrpe rpaH3r4cropa) z n I,7 paz

M eHbrrrefi aulnr4TyAofi naup fl>KeHnfl. Ha KJrrcqax.

2) Pazpa6orasa MareMarlrqecKafl MoAeJrb BB HMnynbcHoro

rloHlllKaloilIero upeo6pa3oBareJul Anfl aHaJrkr3a BHockrMbrx raM rapMoHt4rrecKr4x

I4cKalKeIJuit H pacvera craHAaprHbIX noKa3arelefi LrcKalretruit, ocHoBaHHa.f, Ha

sKBI{B€illIeHTHoM rlpeAcraBnelnnu BB B Br{Ae AByx ycnoBHo He3aBr4cprMbrx

yrlpaBnfleMblx I4CTOTIHI4KOB HeCI4HyCOr4A€InbHOfO TOKa H Hanpfl)K elFll/ls,.

Pacxox I.eHufl' pe3ynbraroB pacuera roes$uqueHToB r4cKal1equir BXoAHoro roKa

BB upeo6pa3oBarenq 
. c pe3ynbraraMl4 rrpoBeAdnnoro oKcrepprMeHTa He

rlpeBblrrraror 4,4 oA (tpytt.ta rapMoHr,rK l-l) v 9,I % (rpynua rapMoHr4K trz).
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3) VcraHoBneHhI v I,IccneAoBaHbr 3aBrrcnMocrr{ uomrofi MorrIHo crkr v

sHeprerl4rrecKplx xoeSSzIII4eHTos IIIIH or napaMerpoB BXoAHoro u BbrxoAHoro

LC-SunbrpoB, Hd ocHoBe Koropbrx pazpa1oraHbr rrporpaMMa n MeroArrKa

rIpoeKTI4poBaHw SulbrpoB c o6ecnerreHueM BbrcoKoro (ao 0,99) roes$uquenra

MolrlHocru IIIIH vI3aAaHHbIX rloKa3arenefi mpMoHurrecKr4x LrcKarKonuitn pa6ovenr

AHAIJA3O H e p e rynV p O B aHI,Ifl H arrp fl>rreHurfl kr z3 M eH e Hrrfl Harpy3 Kr{ .

4) Paepa6oras aJrropHTM ynpaBn e:avrfl, upeo6pa3oBareJreM, B KoTopoM

BeKTop BbIXoAHoro Harlpf,)KeHnfl, Sopuupyercr nocpeAcrBoM rreplroAr4rrecKoro

vMrlynbcHofo tIoAKJrIoqeHhq oAHoBpeMeHHo Bcex Sa: nuxo4nofi qerrr4

npeo6pa3oBareJlq K IlcrotrHlrKy rrzraroqero HarrpffK eHnfl, vt rro3BoJrxroqzfi

nepeBoALITb upeo6pa3oBareJrb B pe)KLrM rlr.rKnoKoHBeprkrpoBanvrfl Anfl

KBa3r4rracrorHo ro yrrp aBn eHkrfl, AA.

Teoperuqecnafl rI [paKTrrqecKaq 3HaqrrMocrb padorsr

1) Co:4aH rMrlynbcuufi |InH MorrlHocrbro 4 rBA, xapaKrepra3yrolluficn

6rusrcLlld K eAI4HLIIIe roe$SzrlraeHToM MorrIHo crvr B pa6ouevr Ar4arra3oHe

perynl4poBaHzfl Harlpf,)KeHvIfl, BbrcoKr4M noeS$uqLreHToM rroJre3Hofo yeitcreux,

rIpaKTI4qecKI4 CkIHyCOI4AaJrbHbrMkI BXOAHbIM 14 BbrXO.4HbrM TOKaMI4 ) A TaKlKe

ocHalqennufi Synrqet,aMn 3arrlr4Tbr or aBapufiHbrx czryaqufi u yAo6HslM

noJlb3oBarenbcKt4M Ianrep$eficou. IIIIH ocHoBaH Ha Hoeofi czrosofi cxeMe,

o 6 e cueqllBaloqefi nyuukl e rexHLr Ko - g KoHoMzrre cKr4e rroKa3 ar e rrv\ H rrp eAHa3HaqeH

Infl pelrreHl.If, rlpaKTzrrecKr{ Ba}KHbrx 3a4aq B acr4HXpoHHoM 3neKTponpkrBoAe,

BKIIOqA.q SopnazpoBaHlle IrJIaBHbrx rrycKo-TopMo3Hbrx pe)KLrMoB pa6orrr

ABHrareJIt v rIoBbIIrreHpIe oHeprcruqecrofi e$SexrvBHocrr4 npr4BoAa B

AnrrrenbHbrx pexlrMax pa6orbr ABr4rareJrfl .

2) B p*ynbrare a:naJr:a3a eHeprerzr{ecKlrx rroKa3arenefi IIIIH orpeAeJreHbr

ycJIoBI,Ig, rIpH KOTOpbIX AOCTktf Aer9fl. BbICOKOe KarreCTBO SneKTpoMarHIarHbIX

npoqeccoB 14 BblcoKoe KarrecrBo r,rcrroJrb3oBaHufl upeo6pa3oBareJrbHoro

ycrpoficrBa. Paspa6oraHbl rlporpaMMa 14 MeroAr4Ka npoeKTkrpoBannrfl. cuJroBhrx

S znmpoB Lr MeroAr4Ka rrpo eKTkrp oB aHvrfl.cHa66 epnofi qerz.
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3) Pa:pa6oraHo rporpaMMHoe npunoxeHkre Anfl MoAenr{poBaHkrfl TerrJroBbrx

pexHMoB oJIeMeHToB H pacq€ra sueprerrlrrecrofi e$Serrr4BHocrkr cr4lroBbrx cxeM

I,IMIrynbcHbIX rloHl,IlraroilIux upeo6pa3oBarenefi. llpzno)KeHrae oprdeHTr4poBaHo Ha

3aIALru [pOeKTT".|poBaIIns., OTITLIMII3aII4I4 14 CpaBHIaTeJIbHOTO aHa'JII'{3a pA3nHrIHbIX

cxeM BB. Pesylsrarbl MoAenl{poBaHr4rr rrorepb MorrlHocru orJrlrqarorcfl or

oKcnepLIMeHT€LlbHo LBMepeHHhrx B co3AaHHoM IIIIH MeHee rreM na 12 %.

4) Pazpa6orau €ilfopr,rrM yrrpaBn eHnfl. IIIIH, o6ecneuznarorqzfi

ycrofi.tl4Byro pa6ory AA Ha rIoHr,DKeHHbrx rracrorax c He3aBVcr4MbrM

perynzpoBaHzeM qacrorbl vr aMrInI4TyAbr HarrpflKeHr4fl, 6ecxonrarcrnrrfi peBepc

ABl{rareJrfl, a rarcKe no3BoJrxrorqzfi BbrrroJrHflTb xou6unhpoBaHuufi nycK

ABLIrareIrfl, neo6xoAzvufi B rlplrBoAax c rsxdrbrMrr ycnoBlrflMvr nycKa.

Crenenb AocroBepHocrr n anpo6aqrrfl pe3yJrbraroB

.{ocronepHocrb pe3ynbraroB pa6oru rroATBep)KAaercr coorBercrBueM

nonyqeHHblx HafrHbIX pe3ynbraroB kr BbrBoAoB o6rqefi Teophlr gneKTporexHr.{Kvr vr

9neKTpoHHKr4, CO|JIaCOBaHHOCTbIO C pe3ynbraraMz ucnstraHufa

SKcrIepHMeHT€LlbHoro MaKera lIlIH, a raK)Ke rroJrolxr4TeJrbHbrMr,r perrreHz flMvr

rraTeHTHhrx SKcIIepTrI3.

Pesynrrarbl IrccneA oBaHvrfl. o6cyx4arrprcb Ha HayrrHbrx ceMlrHapax na$eApbr

gneKTpoHHKLI vr oneKTporexHlrKn Hoeocu6upcroro rocyAapcrBeHHoro

TexHzrlecKoro yHI,IBep cvITera, xaQe4pu gneKTporrpuBoAa vr aBToMarkr3a\r4w

TIpoMrIITIJIeHHrIX ycraHoBoK YpanrcKoro Se4eparbHoro yHr4Bepcvrera prM.

rlepBoro llpesuI4eHTa Pocczz B.H. Emquna, xaSe4pu npoMbnulennofi

gneKTpoHLIKH HaquoHaJlbHofo uccneAoBareJrbcKoro yHlrBepcr,rrera MOI4,

xaSe4pu rlpoMblurrennofi oneKTpoHLrKLr Toucroro yHr4Bep ckrrera ckrcreM

ynpaBneHkrfl, u paAl4o3neKTpoHvtKr4, ra$e4pu npoMbrrulennofi vr MeAlrrluscrofi

gneKTpoHI4Kt4 HaqnouaJlbHoro HccneAoBareJrbcKoro ToucKoro rroJrvrexHraqecKofo

yHplBepcllrera (HI4 TlIy) c fracrl4eM HayrrHbrx corpyAHraKoB ra$e4pu

oneKTporpuIBo4a v 3neKTpoo6opyAoBaHr4xIilITITy, a raKlre AoKnaAhrBaJrr.rcb Ha

Mex4yHapoAHbIX xonQepeHrlr4flx <<AeroMarvr3ar\ufl, kr rrporpecclrBHbre

rexHoJlorkrr4 B aroMsofi orpacnn (AIIT 2012, r. Honoypalrcr), <<ConpeMeHHbre



rexHI4Ka v TexHoJIorrIH) (CTT 2014, r. Tovrcx), ronSepeHllr.rr{ MonoAbrx

creIII4arII4cToB rlo MIaKpo/HaHoreXHoJIorLrAM u gneKTpoHHbrM npz6opanr (EDM

20I 4, 201 5, 201 6, r. Hoeocu6zpcr).

Pearrsaqr{fl pe3yJrbraroB pa6orrr

Cos4anurtfi MaKer vMnynbcHoro IIIIH MorrlHocrbro 4 KBA nporuen

t4crrblraHvlfl, OA (yOXK) (r. Honoyp€IJIbcK). ZcnrlraHun rrpoBeAeHbr Ha

eneKTpoMalrlI4nnofi ycraHoBKe c aczHXpoHHbrM .{BrrrareJreM 4AC80B4Y3

(P"or:1,7 xBr, hr.'oyr:I4zs o6ltvun) H reHeparopoM rrocrof,HHoro roKa tI-32y 4

(Pro':1,5 rBr, hr.rrornr:I45} o6/wun). I{enrro zcrrbrranuft flBlrflrracb npoBepKa

SyHrcqzoHaJIbHhIX Bo3Mo)Knocrefi npeo6pa3oBareJrr, r,r3MepeHr{e ero ocHoBHbrx

SHepferI4rrecKLIX rroKa3arelefi, TecTLIpoBaHIae anapuitHbrx 3arrlr4T, orIeHKa

Bo3Mo)KHocrI4 14 Ilenecoo6pa:Hocrtt tIpoMbIIrrJIeHHoro r.rcrroJrb3oBaHkrr.

3arrrcqeHlIe KoMI4cct4kI: npeo6pa3oBareJrb rrepeMeHHoro Hanpslr e;g{vrfl. prMeer

neo6xoALIMbIe l.nfl rIpuMeH envrfl, B npoMbrrrrJreHHbrx gneKTpoycraHoBKax

sHeprerl4rrecKl4e rloKazarelrl/^; upeo6pa3oBareJrb Molrer 6uru [pr4MeHeH e cxeMax

sneKrpocna6xeilufl BaKyyMHhIX HacocoB ycraHoBoK B-1 5, B- 17, B-1 8, ycraHoBKe

6apa6aHHoro BaKyyMHofo $znrrpa BOII5-1,8-1K; pexoMeHAoBaHo npopa6orarb

Borrpoc o ero [poLI3BoAcrBe Ha npeAnpl4f,Tvrflx HonoypaJrbcKofi nponrbrrrrJreHsofi

rnoqaAKkr.

llpe4no)KeHHble B Al{ccepralluoHnoft pa6ore M9T9I1aKH pac.rera BXoAHoro

Sunrrpa HMrlynbcHoro npeo6pasoBareJlfl repeMeHHoro HanpffK ep1krfl. H pacvera

eHeprerl{qecKofi eS$eKTLIBHocrI4 cI4noBbIX cxeM r4crroJrb3oBaHbr 3AO (3PActrtts)

(r. Honocuiupcr) upz npoBeAeHVvI pa6or ro rpoeKTr,rpoBaHqro BbrcoKoBoJrbrHbrx

npeo6pa3oBarelefi Hailpqlr eHkrfl,.

CoornercrB r.r e A Hccepra rI H rr rr acrr o pry c rreu H aJr bHocrrr

Co4epNanr4e Al4ccepralll{oHsofi pa6oru fop6ynoBa P.JI. coorBercrByer

HayrHofi cneqzarrbHocrra 05.09. 12 - <<Curoeaq oreKTpoHr.rKa)).
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3aueqannfl no pa6ore

1) B pa6ore rlkIcnoBble 3HaqeHar noKa3arerefi upeo6pa3oBarerq

Hanp')KeHr4fl, rIpI4BeIeHhI TOJIbKO Anfl peurn3ar\Lrr4 curosofi cxeMbr Ha IGBT-

npz6op ax v KpeMHIleBhIX lttzro1iax. OAnaKo ycrpoficrso MoxeT rrpoeKTr4poBarbcq

Infl p€I3HhIX yponuefi Harlp.fl)KeHtrfl 14 6olee BbIcoKtIX qacror KoMMyraguit,

nosToMy TarcKe npeAcTaBJItrOT plHTepec locTprxtrMbre noKa3aTeJrrlr rrpkr

peanll3arlnkr czlonofi cxeMbl Ha MOSFET-npz6opax, BKrroqa,f, npz6opu Ha

ocHoBe MarepzaJroB SiC z GaN.

2) CpanHrrreJlbnrtfi aHaJrurc KaqecrBa BbrxoAHoro Ha11pql1 e1vfl, c A1,41I

BbIrroJIHeH npv ycnoBI4I{ oAzHaKoeofi qacrorhr KoMMyrarlkrLr B cpaBHr4BaeMbrx

upeo6pa3oBareJltx. B raKoM cnyqae )KeJrareJrbHa orIeHKa p€r3Hrdrlbr B

KoMMyraUHoHHbrx norepqx MorrlHocru xlroqefi.

3) ArrkIBHhIe MoIrIHocrH Ha BXo Ae v BbIXoAe sKcnepr4MeHTaJrbHoro MaKera

H3MepeHbI KocBeHHbIM o6pasoM c t4crIoJIb3oBaHZeM AarquKoB ToKa 14 Harrp fl>Kep1vrfl,

cLIrH€uIbHbIX Sulrrpon u c rocneAYroqefi ql4cJreHuofi o6pa6orrofi pe3ynbraroB

Ha 3BM. B cBfl3vl c orLIM rlorperuHocrb kI3Mepe Hvrfl. rcoe$$zrlzeHTa rroJre3Horo

4eficrnH.f, MolKer 6urb 3HarII4TeJIbHofi, no pe3ynbrarbr orIeHKr4 srofi 11orpe111Hocrr4

n pa6ore He npr4BeAeHbr.

4) MoaenrpoBanvre oneKrpoMarHr4rHbrx npoqeccoB B ycrpoficrBe

BbIrroJIHeHo roJIbKo [nfl ycraHoBl4Brrlktxcfl. pe)KHMoe pa6oru. Pexr{Mhr BKJrrorreHvrfl

u cpa6arbrBaHnfl, anapvtirHbrx 3arrllrr He paccMorpeHbr.

5) Ornaeqaerc,fl, rrro pazpaloraHHoe ycrpoficreo rBJrflercfl TexHoJrorprqHbrM

I4 Moxter pearll{3oBblBarbc.f, B KoMTIaKTHoM BnAe. VquruBafl crpyKTypy cvrosofi

cxeMbl coMHeHIafi ero fIoJIoxeHI,Ie He BbI3bIBaer, Ho xoreJrocb 6rt nu4erb Ma cca-

r a6 apurHbl e rlo Ka3 are JIvI B cp aBH envrv c y crp ofi cre ala kr- aHaJro raM 14.

OrueqeHHbre 3aMerraHttfl He cHLDKaror HayrrHyro H rrpaKTkrqecKylo

3Harrr4Mocrb Ar,rcceprarlkr oHnofi pa6orrr.
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3an.nrcqeHr{e

B pe3ynbrare anaJrv3a Al4cceprarlr4oHnofi pa6oru cAenaHbr cneAyroqr4e

BbrBoAbr:

1) [uccepralliloHHafl pa6orafop6ynoBa P.JI. <Znrnyrlrumrfi npeo6pa3oBareJrb

rrepeMeHHoro HanptlKeHufl c ynyqueHHbrMr4 sHepferr4qecKkrMr4

rroK€BareJrflMlr> flBrrflercfl 3aKoHqenHofi HayrrHo-xnanz0l4KaUl,Iounofi

pa6orofi, nrtuoJlHeHHofi ua aKTy€urbHyro reMy, o6tagaer Hayrruofi noezsHofi

14 rrpaKTl{qecxofi 3HaquMocrblo, coAepxuT perueHr,re saxHofi HayqHo-

TexHl4trecxofi 3a!la'r..r pazpa6orKn r4MrrynbcHoro npeo6pa3oBareJrfl

rrepeMeHHofo HallpfiKe}Ivrfl, c ynyqmeHHbrMr4 SHepferr4qecKr4Mkr

fIOKA3ATCJI,'IMI4.

2) AnropeQepar coorBercrByer coAep)KaHzro Arrcceprarrukr 14 B rronuofi Mepe

oTpaxaeT ee ocHoBHbre noJro)KeHlrf,.

3) OcHoBHbre pe3ynbrarbr B Aocraro.rHofi crerreHr4

TpyAax colrcKareJrr, ronfrrnu o4o6peHze Ha

Heo.{HoKparHo AoKnaAbIB iLlrr4cb Ha MeN4yHap oAHbrx KoH $ ep eHrI vrflx.

Ha ocHoBaHur4 I,I3JIolKeHHofo cqHTaeM, qro [peAcraBJIeHHat

AI4ccepraIII4oHHafl. pa6ota rlo cBoeMy ypoBHro, coAepxaHr4ro, HoBr{3He u

rrpaKTl,Iqecrcofi 3HarrLIMocrH rroJrHocrbro coorBercrByer rpe6on a:n:aflv^,

rIpeAbf,BJLfleMbIM K HayrrHo-KB€Llu$zraqzoHHbrM pa6oravr Ha coucKaHr4e yuenofi

creIreHI,I KaHAup.ara rexHr,rqecKux HayK corJracHo rr. 9-11 ,13,14 <<lloloxeHur o

rIpI4cpK AeHkrvr yueurrx crerleHefi> (llocraHoBJreHze llpaBrareJrbcrBa Poccttficxofi

(De4epa@vr o roptAKe rpr4cyxrlleHlv,n y{eHbrx crerreHefi or 24.09.2013 r. JVg 842),

a ee aBTop fop6ynos P.JI. 3acnyrxuBaer npvcy)K AeH:afl, yvenofi crerreHu

lr.arr4vrl.ara rexHHrIecKZX HayK rro cnerlr{arbHocrt4 05.09.12 <<Curosafl

SneKTpoHr4Ka).

oTpaxeHhr B HarrHbrx

Hayr{Hbrx ceMr4Hapax v
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.{orua4 fop6ynoBa P.JI. ro pe3ynbraraM rucceprarlraoHnofi pa6oru

3acnynaH, or3blB paccMorpeH Lr npI4HrIT Ha 3ace Aanvru xa$e4pbr rrpoMbrruJreHnofi

eileKrpoHklKlt OfEOy BO <<Haquonalumrfi uccneAoBareJncrzfi yHr4Bepcr4Ter

(MOI4>> 27 oxrx6ps2016 r., rporoKon JVs2.

lorrop rexH. HayK, upo$eccop,
3aBeAyrouufi rase4pofi npoMbrrrrJreuHofi sneKrpoHr4 KH
Se4eparbHoro rocyAapcrBeHHoro 6roAxerHoro
o 6p as oB are JrbHo ro yqp ex{A eHr4s. B br crre ro o 6p ar oBaHvrfl
<<Haqn oH arr bHbr it uc c teA o B arel r c rzfi yHr4 B ep cv rer
(M3I4>>, (Panfi lovDl@mpei.ru,
rer./Sanc: +7 (495) 362 7 4 24)

KanAuAar rexH. HayK, cr. rrper.,
yveuufi ceKperapr rcaSeApbr
lpoMbrrrrneHHofi elerrp oHHKkr
(RashitovP ,
rer./Sarcc: *7 (495) 362 74 24)

lanSzJroB
Arur zrp uit I4e aHo B t4 rr

PaIrrzros
llaser AxuaroBnq
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