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AoKTopa rexHrrqecKrlx HayK, npoQeccopa

Kpan.renrco Olera AlerccanApoBurra

Ha ArIccepTaIITIoHHyro padory Boponuna CrarurcJraBa Cepreenuva

<<conep[reHcrBoBaHrre 3JreKTporexHuqecKux cr{creM KJrerrI ToJrcroJrrlcroBoro

rrpoparHoro craHa B pexcrlMe peryJrrpyeMoro rI3MeHeHun QopMbI pacKara))'

rlpeAcraBJreHHofi Ha colrcnaHlre yveuofi crerleHrr

KaHAIIAaTa TexHllqecKrx HayK IIo cTeIIHaJII'HocTIl 05.09.03 -
<<9.rr ercrporexH rI qecKl{e KoM rIJreKcbI Il c[creM bI>)

L. ArcryaJrbHocrb pa6orsr

Ilpousno4crBo Jrr{croBoro [poKara flBlrflercfl, oAHI{M vr3 KJIroqeBbIX

rroKa3areJrefi pa^:eurlrf, Tsxenofi uporvrbllrllleHHocru. fIpoAyKIILlf,, BblrlycKaeMat

TOJTCTOJTLT CTOBbrMrr rrpoKaTHbrMlr cTaHaMv, [puMe ]FrfleTC; fl IIpV [poI43BOACTBe Tpy6

6olguoro AlraMerpa, rrro rro3BoJr.[er peaJII{3oBbIBarb raKl{e [poeI(TbI KaK (Cura

Cu6upu>>, <<Ceeepnrrfi uoror<-2>>, r{cnoJlb3yf, npoAyKIILtrc oreqecrBeHHblx

MerarrJryprvqecKux 3aBoAoB. llour,ruo 9Toro, Bapr4arvBHocrb TOJIITII{HbI

rrpoLr3BoAlrMoro rvrcTano3BoJrteT kTcrIoJIb3oBaTb TIocJIeAHI{fi n rarux oTpacn-fix KaK

Marxr4Hocrpoenr4e, cyAocrpoeHr{e, ueQreraroBas. npoMbllxneHHocrb I{ aroMHafl

3HepfeTllKa.

B Poccuficrofi (De4epaqlru BBeAeHbr B 3KcrIrIyaraIILIrc H $yurquoHLTpylor
Tpr4 roircroJrLrcroBbrx rrpoKarHbrx craHa, Koropble o6ecne'ruBaror uorpe6Hocu

crpaHbr AJrf, peaJrn3a;gtzru Bbrruey[oMr{Hyrblx [poeKToB. lloerouy aKTy€IJIbHbIM

HanpaBJreHrreM pa3Bvrrvrfl. upoxatrofi orpacJlrl cJreAyer crlrlTarb He roJIbKo

crpoureJrbcrBo HoBbrx npor.I3BoAcrBeHHbIX nvtlnuit, Ho vr coBeplueHcrBoBaHue

TexHoJIofLIu [poKaTK]I JIRcToB Ha cyqecTByroqernr o6opy AoBalavrvr.

Ha peHTa6eJrbHocrb rrpor.I3BoAcrBa roJlcrofo Irvrcra Bnl{rlror MHoro

Qaxropon, cpeAlr Koropbrx oco6enno crollT BsIAeJIIaTr KaalecrBo lEcxoAnoft

3aroToBKrt vr aaMy TexHoJlorurc [poKaTKI{.

flpanrElsuo no4o6panHrrfi pe)Kr{M rrpoKarKll, Koropblfi nKruoqaer B ce6s

pa":pa6orKy aJrropraTMoB ynpaBneHLrs, rro4cucreMaMl4 npoKarHoro craHa, a ranKe

paccquraHHoe B3alrMo4eficrnue Bcex rroAcl4creM Me)KAy co6ofi, Aaer yMeHbIIreHI4e

6parca [poAyKrIkTLr n coKparrleHr{e rroJroMoK o6opy.Uonanvffi, - 3TLIM BorlpocaM LI

rrocBrrrleHa Ar{cceprarluoHHar p a6ora B opouuu a CrasnclraBa Cepreerlua.



2. Crpynrypa H coAeplnaHue Aucceprarluonnofi pa6orsl

,{uccepraqzr BopoHr4Ha CraHucrasa CepreeBuqa cocrollT ?r3 BBeAeHvs.,

qerbrpex rJraB,3aKrroqeHufl.r4rrpr4noxenufi. Pa6ora BbIrIoJIHeHa Ha 150 crpaulrr{ax

MarurdHorrr4cHofo reKcra, BKJrroq€u 53 pzcynra ra 13 ra6lzq. Cuucor Jll4reparypbl

COcToLIT zg 184 HaLIMeHOnauuit, rrpl{Jloxenne O6leuOrra 9 cTpaHuII.

Bo BBeneHr{u ilpeAcraBJreHa Heo6xoAzuocrr rIoBbIrueHI{rI TotIHocrLI

perynl4poBAnvlfl. sneKTpoTeXHIIIIecKI/rx CUCTOM npoKaTHOrO CTaHa C IIenbIo

coKparrleHllt rloTepb MeTaJIJIa.

B uepsofi rrase BbrrroJrHeH o6sop 14 rIpoBeAeH aHallu3 TexHoJIorI{I4

rrpoKarKrr, trpH sroM oco6oe BHr{MaHI{e yAeJIeHo npoSunl4poBaHHofi nporarKe -
r{3MeHeHLrr 3tBopa B€LITKOB rro AJTUHe JII'ICTa B MOMeHT npoxoAa MeTanJIa rlepe3

KJrorb.. florasaHrr npuqr.rHbr o6pasonanns 6orosoiru roplleBofi o6pesn LI MeroAbI

r.rx coKparrleHr4f,. BrrnolneHo cpaBHeHlre rexHoJlori,rfi nporarKl4, ?IcloJIByeMbIX

Ha coBpeMeHHbrx sapy6exHbrx roJrcroJILIcroBbIX [poKarHbIX craHax. IlpuneAeHa

o6nlas KoHrlemlra aBToMarurrecKoro perynupoBaHns.3a3opa I4 TonIquHbI JIHcra.

O6ogHa.reHbr HeAocrarKr{ cyrqecrByroqefi cucreMbl peryill{poBaH}It, o6ocHoBaHbl

HarrpaBJleHut ee coBeplrreHcrBoBaHllt.

Bropa.f, rrana rocBsrrleHa paspa6orre cnoco6a aBToMarllqecKoro

perynlrpo BaHLrfl, ToJrrrlr4Hbr rrpu nepeMeHHoM o6xaulu. CSopuyltupoBaH rIpI{HIII{I

g;eitcrsus. cr4creMbr perynupoBauurfl, c fleroM MoAyJIfl XecTKocTLI KJIeTI{ H rIoJIocbI.

Ha ocnose erofi KoHrleurlr{u pazpa6oraHa crpyKTypHa.r cxeMa perynl4poBaHl4s

ToJrrrlr{Hbr lrvlcra) yqlrrbrBar I43MeHf,rou\uitcs, upoSunr Jlucra B MoMeHT npoKarKrl.

Pa"rpa6orana LrMvtrarJvroHHarr MoAeJrb B3aI4MocBt3aHHbrx sneKTpolpllBoAoB

BepxHero vr Hlrx{Hero B€urKoB vr rr{ApaBnrlqecKrlx HaxcrIMHbIX ycrpoficrn B

cTpyKType clrcTeMbr aBToMaTr4qecKoro perynupoBallvlfl, ToJIIIII4HbI, BbIIIOJIHeHa

nactpofira B3arrMopleitcrnus, rroAcrrcreM KJIerr{ B cocraBe crlcreMbr yrlpaBJlellufl.

Peayngarbr MoAeJrrrpoBaHr{r [peAcraBJIeHbI B BI{Ae BpeMeHHbIX AI4arpaMM.

rJraBe npeAcraBneH cnoco6 B3allMoAeitcrsus MexAy
KJICTEfigJreKTpoMexaHLrqecKLrMI4 'cLrcTeMaMI,t ropl,I3oHT€ulbHofi 14 BeprI4K€uIbHoU

ToJrcroJprcroBoro craHa. O6ocnonaHa neo6xoAllMocrb corJlacoBaHvfl. cKopocrefi

B€lIrKoB rlerefi B MoMeHT npoKamu. Ha ocHoBe MareMarurlecKux MoAeJIetI I4

pacqeToB BbrBeAeHa 3aBkTclrMocTb SHepfocI{JIoBbIx [apaMeTpoB B pex[Me

upoSunupoBaHHofi npoKarKu, noryqeHo ypaBHerrrzr Alrfl, cpeAHero KoHTaKrHoro

Harrpf,xeHu-s. BuuoJrHeH pacqer KpnrlrqecKoro yrna u orrepe)Kenvrfl Merailna B

BaJrKax npkr Haxox(AeHlrrr MexAy KJIeTIMI{. llolyreunrre 3aBrIc}IMocr}I

r4cnoJrb3oBaHbr AJrr paspa6orru MoAeJITI B3arlMoAeitctr;ufl, gJIeKTpo[prIBoAoB

roplr3ouTalurofi Lr BepruK€ururofi rnerefi. llpune,qenrr pe3ynbrarbl

MOAenI4pO BaH.I4s. B BI{Ae ALIaI'paMM, IIOATBepXAeHa LIX AOCTOBepHOCTb.



B .rerseprofi rraee rrpLrBeAeHbI pe3ynbTaTbl sKCrIepHMeHT€LIIbHbIX

r4ccJreAoBasuit rr BHeApeHrrr pa3pa6oranHrrx MeroAHK kT €IIITopLITMoB B ycnoBLIrIX

craHa 5000 IIAO (MMK). Pesylrrarbr noArBepAI4JIH noBbIIueHI{e rorlHocrvr kr

yBerLrqeHr.re 6ucrpo4eitcrstrfl. peryJrlrpoBaur4fl, ToJIIIIIIH;I HaKI,IMHrIMI4

ycrpoficrBaMlr B pe)KLrMe upo$znuponannofi [poKarKu, corJIacoBaHLIe cropocrefi

rrpr4BoAoB Bo BpeMr rrpoxoAa. B 4ucceprar\uu pe3yJlbrarbl rIpeAcraBJIeHbI B BLIAe

ocqunnolpaMM. Cuoco6 orpaHrrrreHr.rf, AuHaMl{qecKoro MoMeHTa BHeApeH Ha

craHe 5000 IIAO (MMK).
B saKnro.reHzpl npeAcraBJIeHbI ocHoBHbIe pe3yJrbraTbl HayrrHbIX

r{ccneAoB auuit Arlcceprarluounofi pa6oru.

3. Hayunble pe3yJrbrarbl pa6orrr n rx HoBH3Ha

K nau6olee 3Harrr4MbrM Ha) rHbrM pe3yJrbraraM ALIccepraIILIoHHofi pa6oru

COLICKaTeJI' MO)I(HO OTHeCTI{ :

1 ) Pa:pa6oraHHyro clrcreMy aBroMarr{r{ecKoro perynl4poBaHnfl, TonIqLIHbI c

rrpeAyrrpaBJleHrleM (ynpexgaroqlaM peryJlkIponanr,Ieu), orrl,Iqaroqyloc{
BKJrroqeHLreM rroJro)Kurelrnofi cB.rr3r{ Iro npol{3soAHofi 3aAaHLrs, rollqunrr Ha BXoA

peryJrrropa IIono)KeIJvrs. fllApaBnl{qecKux Ha)KUMHbIX yCTpOI,ICTB;

2) Paspa6orannrrfi cnoco6 orpaHr4qeHLrr Harpy3Kr4 Ha ropll3oHr€ulbHyrc 14

Beprr,rK€rJrbHyro KJrerb rrpr4 npoKarKe c u3MeHtrcIqLIMc{ npoQuneM, ) {LITbIBaf, upl4

3ToM cKopocrl,r [pLrBoAoB ruerefi u [pr4Hrlr,r[ [ocrof,HcrBa o6selnla Mer€riIJIa

Mex(Ay KJreT.nMrr;

3) Pa^:pa6oraHr{yro MoAenb rroAcr{creM rrpoKarHoro craHa) BKrloqat

fopr43oHTuurbHyro u . BepTLrK€ilbHyro KJIeTb, SJIeKTpOMeXaHpITIeCKLIe LI

rLrApaBJu4rrecKr.re Hax{LrMHbre ycrpoficrna, a raKx(e B3al{MoAeitcrsue Bcex

rroAcvcreM 3a crrer KoHrypoB perynr4poBaHvrfl. rroJroxeHuftlaaxuvtHblx ycrpoficrn.

4. OcuonHbre [paKTnrlecKlre pesyJrbrarbl pa6oru

llpe4loxennufi cnoco6 orpaHr4rreHrlr cI4JIoBoro B3auMoAeitcrnufl.

rroAclrcreM crana vr anropkrrM perynnpoBannfl. ToJIIqLIHII MoryT ,6rtrr
peKoMeHAoBaHbr Arrfl coKparrleHLrr o6pesn MeraJrJra v cHLIx{eHLI.r aeapufinsx
curya\uu, cBf3aHHbrx c yAapHbrMrr Harpy3KaMrr Ha KJIeTb, Ha cTpof,IrILIXCf, 14

4eficrnyrorr1lrx roJrcroJrlrcroBbrx u u[poKoiloJrocHbrx craHax ropxuefi [poKarKI4.



5. [OcronepHocTl' u o6ocnoBaHHocTb IIoJIoxeHufi, nurnoAoB Ir

peKoMeHAaIIrfi , CoopMyrrlpoBaHH blx B Allcceprallru

,{ocronepHocrb Lr o6ocHoBaHHocrb rroJro)KeHllft, BbrBoAoB I4 peKoMeHAarEtrr,

cQoprvrynupoBaHHbrx B Ar4cceprarlktrl, uoATBepxAarorct I{cnoJIb3oBaHLIeM

coBpeMeHHbrx [oHrrr{fi TexHoJrorrllr npoKarK}I 14 rlpeAcraBlreHurfi. 06

SynxqraoHr{poBaHr{r4 o6opy.Uonannfl. npoKarHoro crana, rIpI4MeHeHLIeM

coBpeMeHHbrx MeTOAOB MOAenUpOBa]HVtfl, COIOCTaBJIeHI4eM kr npoBepKoft

pe3yJrbraroB MoAeJrr{poBaHpr.n Ha peaJrbHoM o6berre. PesyJlbrarbl, IroJIf{eHHbIe B

Alrccepragvr, He rrporr4Boperrar Lr3BecrHbIM TeoputM I4 AaHHuIra. Bce noroxeHl4q

r pa6ore rloJlHocrbro o6ocnoBaHbl c Haf{Hofi ro'mz 3peHl4fl.

6. Aupodaqrfl pa6orrr u ny6"rrnrcaqru

flo reue uccJreAoBaHr4fl, ouy6moBaHo 15 naynrblx crareit, vrz HIIX qerblpe

B nepr4oAprrrecKrrx u3qalnr4flx, peKoMeHAoBaHHbIx BAK P@, 4enrrb B Haf{HbIX

n31raHvrflx pr )KypHaJrax, BxoArrrlrrx B 6a:y Scopus Lr WoS. I,IMeercs [areHT Ha

nso6pereHvrevr cBrrAerenbcrBo o perracrparJvr:aflporpaMMbl AJII 3BM. Bce pa6orrt

coorBercTBylor reMaruKe AI{ccepraIILII4.

B ce o cnoBHbre rroJroxeH vrfl. rro Alrcceprarll4l4 AoKJI aAbIB€IJILT cb na po ccufi cKI4x

r.r MexAyHapoAHbIX Har{Ho-TexHurlecKux xonsepeHllutx.

AnropeSepar Auccepralll4pl Boponuna Cranuclana Cepreenzva
uccJIeAoBaHvI'.,coorBercrByer .qllccepralluonHofi pa6ore rro IIeJILI, 3aAarIaM

ocHoBHbrM floJroxteHktflv', aKTy€urbHocrrl, nayrHofi H rlpaKTll.recrofi 3HaqLIMocrLl,

HOBLT3He U AOCTOBepHOCTLI U AP.

nccreAoealvtfl, rrprdBeAeHHbre B AlrccepralluoHHofi pa6ore Bopouvlua

CraHnctana CepreeBvrLra, coorBercrByror Soprvryne u o6tacru vccneI.oBaHl,If, Ir[.
1, 2, 5, npI4BeAeHHbIx B [ac[opre cneqLI€IJIbHocrI4 05.09.03

<< SnerrporexHl{qecKl,Ie KoMfIJIeKcbI I{ clIcreMbl).

7. 3a*re.raHllg [I A H cnyccnoH H ble rIoJro]I(eH rIfl

1. Kar Lr3BecrHo, trpH 6onrruux u cpeAHr4x o6xarutx AaBJIeHLIe MeraJIIrar.a

B€trrKr.I oKiBbrBaeT cylqecTBeHHoe sosAeficrBr{e Ha rIocJIeAHrIfi - sanoK ,MoxoT

Lr3MeHI4Tb cBorc 6oprty. B Allccepraqul4, rlpn paspa6ome MoAeJILI

B3arrMocBf3aHHbrx SJreKTpoTexHuqecKlrx cLIcTeM KJIeTI{ HeT ynOMHHaHI4[ O

uoAo6nou. Pagse usrur6 B€urKoB He BJrLrf,er Ha KoHeqHyro reoMerpulo nucra rIpLI

uporarre? Hanepnoe, noAo6noe croLrr f{raTbrBarb np}I pa3pa6ome cucreMbl



yrrpaBJreHrrs. To xre caMoe rrpo rd3Hoc B€lJIKa - ecrb JII4 ero BIrvrflHLre Ha KoHerIHyIo

rrpoAyKIII4Io?

2. B nepsofi rrase Aucceprapr 6olruroe BHUMaHLIe yAeJlserct IroHtrllro

((KaqecrBa> lpoKara, Koroprre neo6xoAtlMo IroBblluaru. Ha ocHoBaHI'IIa KaKux

ypaBHeHue cepBoKJIaIIaHa Ant
Mecro I{crIoJIb3oBaHrIe AaHHO|O

vr 6onrruux rrepeMelrleuuft
gna.reHl4fi ycutruit upoxarru (n

rloJroxeHrafi csoprraupoBaHbr rpe6onanl4g lr rroKa3areJll4 KaqecrBa foroBoro lrucra)

orKyAa B3rrbr qr4creHHbre 3HarreHus? Kto Qoprvrrapyer grLI rpe6onanur?

3. llpz pa:pa6orre crpyrrypHofi cxeMbr rLIApaBJILIqecKoro HaxI4MHoro

ycrpoficrna ucrloJlb3yerct nLIHeap[3oBaHHoe

M€IrIbIX upupaqenufi KoopAuHar. I4rvreer lrr4

ypaBHeHVrI npu MoAeJIrIpOBAHuvr cpeAHI{x

fr4ApoqllnllHApa, a TaKx(e c rreToM BbICOKIIX

pa6ore yKa3aHo 3HarIeHLIe 40MH)?

4. Bo BTOpOLI fJIaBeAnccepTalluu[peAcTaBJIeHHbIepe3yJIbTaTbI

MoAeirr4poBalvrfl, paspa6oraHHoro aJrropnrMa yrIpaBJIeHI{t rIoKa3aHbI ilpLI

Hacrpofire MoAenu Ha KoHKperHbre [apaMerpbl. ToncrolucroBail rlpoKarKa

ocyulecrBJrrercf, B HecKoJrbKo npoxoAoB c pa3[uqHblMlrt [apaMerpauu o6xuil4fl'.

ZsNaeHsrcs Jrr..r pe3ynbrarbr MoAeJrrdpoBa[Lrfl, rIpH ApyrI,IX 3HaqeHLItx 3a4aHvrs''

Lr3MeHeHLIu o6xarus,?

5. nns. corJracoBauvrs. cropocrefi gneKTpolpLIBoAoB BeprrlK€lJlrnofi kr

roppr3oHralrnofi rnereft B pa6ore BbIBeAeH ptA 3aBllcllMocrefi (pacuet

oflepe)KeHvrl, I<FtvtTttrlecKoro yrna II T.A.), yKa3aHo, qTo IIeIbri, prp, [apaMeTpoB

KJrerLr ucrloJrb3yrorcr cucteuofi yrtpaBneHvrfl. B BI,IAe ra6ru'{Hrrx 4annrx. Karc

[oBJrr.Irer rarofi o6rerra pacqeroB na 6rrcrpo,qeficrnue cLIcreMbI yrlpaBJlelJvrs' Ha

peaJrbHoM o6rerre? He npuneAer nu no4o6Hoe perueHlle K (3arIa3AbIBaHLIIo))

Sopuupo Balkrs, cllrHuuloB ynpaueHux?

6. flpn rpoBeAeHrrrE sKcrrepr.rMeHT€rJrbHblx uccneAoBaluit n pa6ore 6olruroe

BHLrMaHrre yAeneHo MoMeHTy 3axBara MerarIJIa BarIKaMI4 u QopruIEpoBaHI4Io

roJroBHoro fracrKa pacKara, oAHaKo Her yuotuzHanuft o MoMeHTe BbIXoAa

Mer€IJrJra yr3 KJrerLI. Oragsrsarcr JIII I43MeHeHLIt B cllcreMe peryJII4poBaHVA

ToJrrrlr{Hbr vr cncreMe corJracoBaHvrfl. cropoctefi BtLiIKoB, npeAnox{eHHble B

.qr.rcceprar\Hw, Ha xBocroBylo qacrb pacrara? tlro 6yAer c [plIBoAoM npla

<nrr6poce) MeraJIJIa us eamos?

[uccepraqux Boponuna

8. O6uee 3aKJrIoqeHrIe

Crarurcrana Cepreeaz'ra sBlrflercfl' HayqHo-

rnaruEQuraqnonnofi pa6orofi, BbrrroJrHennoft Ha aKTyitilbHyro reMy, B Koropol4

coAepxLlrcr peureHr4e nayruofi 3apta-rrv ro pa:pa6orre HoBoro cuoco6a

B3arrMo.rleilcrsufl. MexaHkr3MoB KJrerefi rolcroJlllcroBofo rlpoKarHoro craHa npl4




