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oOuqrzanbHoro onnoHeHTa Ha AHcceprarlaoHHyro pa6ory fopurxona I4lr,n Bopnconuua

<I{cc.ne4onanr,re oco6eHHocrefi TepMoreHepaqu14 arKycruqecKfix Bo,,rH B Konr,qeBr,tx

cHcTeMax)r, npeAcraBneHHyto Ha coHcKaHrle yqaiHoi cTeneHH KaHAuAaTa $ulur<o-

MareMarr4 qecKr4x HayK no crelllzarrrrHocrr.r 1.3.4. - Pagraorfu:raxa.

Pa6ora fopuxoBa [4nbH Eopaconaua nocB.rru{eHa H3yqeHr.iro pa4uoQu:r.ruecru.rx

npoLIeccoB, npolicxoArrqux g asroro,'le6atenbHblx cr4creMax B BaAe MHorocryfleHqarLrx

TepMoaKycrHrrecxrax npeo6pa:oeare,'refi ren,roeofi 3HeprprH B aKycrHqecKyro c KoJ'rbrIeBr,rM

pe3oHaropoM. B repnoaxycruuecruax agroxo,re6are,rlsux cr.rcreMax xo,re6lrorqulrcr

?.[eMeHTOM qB.[qercg ra3 B axycrr4qecKoM pe3oHarope. tr4crouHl-txoM SHepfHa [B.{tercq

Te[noBa.q 3HepfHq, HenpepblBHo noABoAHMas K oAHoMy r.lJ'IIz HecKoJIbKfiu ren,roo6veugr.rxapr.

Helasefiultu peryntropoM (ycururene*r Kone6aFrufi), npeo6pa:yrcrqlrM rrocrorrHHoe ren.rroBoe

Bo3AetcrBHe Ha cHcreMy B nepeMeHHoe axycrt4qecKoe eo:geicrnae, rrB,[qerc.s

ocyulecrBreeMbrfi s ren,qoo6laeHHoM aflnJpare repMoa HaMhqecxai qHr,r. Ko,ruqeeo[ un
pe3oHaropa no3Bonrer r.i3MeHrrrb quclo renloo6MeHHbrx annaparoB (uacao cryreueii) s

pe3oHaTope B [tHpoKoM AHana3OHe, qro HeBo3Mo)KHO C ApyfHMu TunaM]j pe3oHaropoB.

Ko6qenue pe3oHaropbr Bce 6onbule npr,rBrreKaror BHr,rMaHHe ucc,re4oeare,rei. flpu :rolr o

Hacroqrqee BpeMq ocradTcs npaKTHr{ecKa He H3yqeHHbtM Bonpoc o BnvflHL\4 Ko-[UqeCTBa

cryneHefi KoJ'lbqeBofo npeo6pa:osareng Ha xapaKTepHcrhKH aKycraqecKoi eonHtr h Bcefo

npeo6pa:oeare,ur B qenoM. Izlcc,regoeaHne 3roro Bonpoca BDKHo An.q ofipeAeneHHq

onrHMarr,Hofo uzcla cryneuei npeo6pa:oaare;rs, a rax)Ke Anrr H3yqeHr.ir 14 orrruMv3a\vr4

aKycruqecKHX aeroKore6are,'rbHbrx KoHrypoB c renr'roBbrM eo:6yxgeuneu xo,re6asufi u

6oasruam qHCJ'roM ycHJ'lHTerefi e perouarope.

TepuoaxycruuecK'e cHcreMbr B Hacroqu{ee BpeMs HaxoAqr u}ipoKoe npHMeHeHHe.

Hanpunaep, TepMoaKycrr,IqecKxe reHeparopbr rBrlrlorcs arsrepHarHooi.i reHeparoparr,1 nra,roi

MolqHocrH, TaKUM KaK corHeqHble H BerpoBbIe ycral{oBKH, reHeparopbl Ha ocHoBe geurare,refi

BHyrpeHHefo cfopaHr4s ra geurare,rei crnp,rzura. ra:oryp6aHurre ycraHoBKrz c 3aMKHyrbrM

qux,rou EpafiroHa H naporyp6lrHnufi qux,r peuxrana. puveHenue repMoaKycrr,rqecKr.ix

feHepaTOpOB aKTyaJIhHO B KaqeCTBe CI'IJ'IOBbIX yCTaHOBOK Ha IOABOAHbIX nOAKaX, KOCMIZIIeCT{X

annaparax u 6a:ax, Ha MHKpo T3l_l n rpygHoAocrynHbtx perr.roHaxJ Ha conHeqHL,rx H

feorepMa.[bHbrx 3neKrpocraHr]Hqx. Tepvoaxycrr4 qecKHe xoJ'roAr'rnbHHKr.i rlpnMeHflrorcr Ant
cxaxeHu.q ra3oB, oxnax{AeHHq .lacrefr npu6opoa Ao KpuoreHHrrrx reMneparypr

KoHAHqHoHHpoBaHHq noMerrleHxri. Tanalr o6pa:ov, TeMa TtrHccepraqr,roHHofi pa6orlr

Iz1.E. lopurxona rBn.qercq, 6e:ycloeHo, axrva,rsuofr .



Pa6ora co4epxuT BBeAeHr,reJ 3 rraerr, 3aK,,uoqeHr4e H

ucrouurzxoe). luccepraqua H3rro)KeHa Ha 145 crpaHuqax, BK,rrrcqaer

crrHcoK nrzreparyplr (70

76 prlcyHxoe, 5 ra6,rrq a
npvnoxeHHe.

Bo nnegeuuu npaBeAeHa o6qar xapaxrepucruxa pa6orsr, o6ocuoeana aKTyubHocrr,

reMr,r Aaccepraquu, cQopnay,rupoBaHbr qenrj H 3anaqu hccneAoBaHHrr, a raxlKe ryru ux

AocrI.DKeHItI. O6ocHoeaHa AocroBepHocr6 pe3ynbraroB, HayrrHaq HoBt43Ha, npaKTHqecKa,

:uauraltocrr, pa6orr,r a npaBeAeHbl pe3ynbrarbrr BbrHocHMbIe aBTopoM Ha 3arr{trry.

Ilpegcran,reua unSopvaqln no anpo6aqr.rr.r u ny6nuxa4uu pe3ynbraroB.

B nepeofr r,''aBe KparKo H3,rroxeHa reopnt. ,rnueiiHoi.i reptroarycr^Kr4 A Aaerc.
KparKaq ucropus pa3BHTHs repMoaKycrr.iKH. onucaHu K,lrcqeBbre uAea, ueo6xogliMble Anfl

BbrBoAa ocHoBHux ypaeueur]fi TepMoaKycrHKh - ypaeueuafi porra. o6r,qcHeHa aHarofHq

Me)r\qy repMoaKycrrzqecKlrMr4 fipoqeccaMH r-i npolleccaMH, npop{cxoAqlqHMH B s,rreKrp}rqecK4x

cxeMax.

omzcasr'r agearlnrrfi z pearlHui repMoAr.lraMuqecKr{e ru4Knbr cruprunra, a raru(e

AaHa KparKaq acropuq pa3Br.trHr yc.rpoficre pa6orarcqrlx no quK-rry Crap,ruura. [aHo
o6r'scsesae npr4Hrj'na pa6oru repuoaKycruqecKr4x 4narare,reii c 6eryqefr a co croqqei
eo,'IHofi. BsrnolHen o6:op coBpeMeHHbrx npaKl HrrecKlrx 4ocruxeuufi s o6,'racrlr

TepMoaKycrHqecruax 4uarare,refi c 6eryrqei:i sorsoi. flpznegeno cpaBHeHHe xOUCrpyxqzfr u

npHHqana pa60rr,r repuoaxycrHqecKHX 4eaIare,refi H IIoprr]HeBbrx 4ezrare,refi crap,ruHra.

Ha ocHoBe sneKTpoaKycraqecxofi aHa,rornH nocrpoeHbr gneKTpuqecKHe cxeMbr -
aHajrofr4 r{ccneAyeMbrx repMoaKycrr,rqecxzx ycrpoficre. B 3nexrpHqecKofi cxeve aHMoroM

T,IHCPIIHOHHbIX CBO'CTB fA3A qBJI'ETCq HHAYKTHBHOCTI,J AHAJ'IOTOM CXI-iMAEMOCTH fA3A -

3reKTpar'recKat 6uxocrs, Bt3KocrHbre a repMHrrecKHe norepr.r npH xo,te6anu.qx MoAenHpylorcq

npH noMoulu pe3HcropoB, a aHa,'rofoM repMoaKycrHqecxoro :QQexra qBi'rqercq ucroqHL.rK

nepeMeHHoro roKa. Tepvoaxycruuecxoe ycrpofrcrno qB,{rrercq xorr.r6uuaquefi TaKax

3r'IeMeHTapHbIX S,rreKTpr4qecrurx cxeM.

Taxav o6pa:or'1, c rorrKu :penat paguoQu3HKr4 repMoa^ycru.lecxufi npeo6pa:oearell
.sBrflercg agroxo,re6are;rlgul.t KoHTypoM. I4ctoq'r.rx nepeMeHHoro roKa B

gneKTpoaKycrr4qecKot aHanofH' MOXer 6urrr xax yca,rrurer'IeMr TaK 14 nofnorr.rreJleM

xole6asufi.

Bo eropofr rr'raBe onHcaHa MeroAaKa pacqera MHof ocryneHqarbrx KorbqeBbrx

TepMoaKycrHqecxzx geurarenefi B nporpaMMe Delta EC. [lpusegerio o6ocHoeaHae r.i onHcaHHe
pacqerHot MoAenr.r aBTopa.



flprare4eur,l pe3ynbrarbr qHcrreHHbIX pacu6ron BocbMa r'ao4elefi Ko,'lbIleBbIX

MHofocry neH qarbrx repMoaKycrHqecKJ,IX ABhrarerreX c pa3nuqHbtM uuclov cryneuefi.

Koncrpyxrueuo cryneHr,r Bo Bcex Moae,4rx oAHHa){oBbr. B xo4e pacu€roB KonHqe(rBo cryneHen

H3Merur,'rocb or 3-x 4o 10-rH npa coxpaHeHl.Iu neugN,reHHoi cyvr',rapHofi 4.nunsI xopnyca. lrt
xaxgofr a: BocbMH HccreAyeMbIX MoAenefi 6sLra flpoBeAeHa orrl4Mu3aqu-fl BeJII.iqIzHbI

arycruuecxofi Harpy3KH, AJ'rq AocrnKeHaq MaKcI-iMyMa KII! 4nrarareln.

flona:aso qro repMogr.rHa M AqecK\1fi uHKn npu yBe,[hqeHH]l utzc,ra crynuei oruoHtercr

or pea;rbHoro qux.na Crup,raHra u ero aQQexrueHocrs yMeFlbttraerc.q. 3to qe,[sercq oAHriM H3

ocHoBHbrx orpauHueuaii npu yBenxqeHxA \tvcna crynenei. Bropuu orpaHI,IqeHLIeM qBrqerc.fi

cHHXeHI,Ie qacrorbr xo,re6aHni npu yBe.lrHueHHH qHCra cryneuefi, qro npaBoAar K

yMeHbrxeHl.rro aKycruqecxot Mor{Hocra.

B sroi xe r.laBe npoBeAeHo qr]c,'reHHoe HccreAoBaHlze onruua,tHofi $opur,I

aKycrHqecKoro pe30HaToPa Ko,'IbrleBofo repMoaKycrLl qecKofo ABufareJ'It Ang pa3nl4qHofo

uucra cryneuefi. YcraHog,'Ieuo, qro nplr yBe,'ruqeHr.ru uucra cryneHei onrr4Ma.nbHaq nnoqanb

flonepeqHofo ceqeHr4.rr ren,roo6lteHnoro annapara yBer']uqrzBaercq orHocurenbHo nnor{arqu

nonepeqHof o ceqeHH.tr pe3oHaropa.

B xo4e pacueroe 6sr.rto noKa3aHo, qro Mo)KHo Hacrpolzrb npeo6pa:onare,rb, KaK Ha

MaKcHMyM arycruuecrofi MorqHocrr,rr TaK u Ha MaKcHMyM r$SerrunHocru, npuqeM 3ru ABa

MaKcrzMyMa Aocrnrarorcn nph 3HaqhrerbHo orn H qalor4llxca Apyr or Apyra Hacrpoixax. .{,rn

yuera o6oux napaMerpoB 6sl,r eeegeH uoelrii napauerp - r<o:@$aIlHeHT KaqecrBa,

orpoxarorqrlfi oAHoBpeMeHHo xaK MoulHocrb ycrpoicrua, raK H ero oQQexruoHocrr.

B pa6ore npHBeAeH[,r pe3ynbrarbr onrr.iMr43aquH vo4e,reii c pa3,lHqHbrM q].{croM

cryneHefi Anq Aocrr.DKeHHq MaKcuMarbnoro xorSQr.iqueHra KaqecrBa H pe3ynbrarbr

ucc,re4onaHmZ 3aBucrlMocrr.r xapaKTepucrnK ABHrarenrr or reoMerpprqecKux napaMerpoB

renaoo6veHnuxoB H pereHeparopa.

B pe:y,rurare qr.Jc.[eHHoro MoAenripoBaHHq noKa3aHo, qro np onruMr.i3ar{Hr..r

napaMerpoB TepMoaKycruqecKoro ABr-trare,T.s Ha MaKcHMyM KnA, onrupra,runrri

rrinpaBnnqecKHf panHyc nop pereHeparopa 3aBucHr or ero A,'THHbr H He 3aBr.icHT or

feoMerpHr{ecKux xapaKTepHCTr.rK renlroo6l,resnuxoe. Taxxe noKa3aHo, rlro npll yBenHqeHHH

paccrorHuq MexAy nnacrliHauu renaoo6veHHlrKoB B 10 pa: uou.lHocrb yMeHhuaercq B 2 pa3a,

a 9(b(beKTl.rBHocrt sa 26 Vo. 3ro no:eo,r.ser cAeJrarb reruroo6ueHHaxra 6o,ree rexsolorliqHbrMr4

B npoa3BoAcrBe, yBenuqr,rB paccroqHHe Mex!4y nnacrHHanau 6o,tee 0,2 nan.

B rperr,ei n;raBe [peAcraBneHbr pe3ynr,rarbr 3KcnepHMeHTar!,Hbrx ucc,re4oeauufr

npororHna 4-x cryneHqarofo repMoaKycrurrecKoro ABr.irarenq u geyHanpanneuHofi

anny,rr,cHofi ryp6uHrr. Onacana KoHcrpyKrlHr npororuna ABHrarenqJ no3Bor'trrBtxm



o6ecnequTh Bo3Mo)KHocrl, 6lrcrpofi 3aMeHbt I't H3MeHeH1is pa3MepoB ten,roo6vesHoro

annapara, a TaKXe I43MeHeHHe efO rO,'Iox(eHHf BHyrpl,r cryneHH.

B pe:ynsrare 3KcnepuMeHrarbHbtx HccreAoBaHufi nonyqeHa .[HHeiiHal 3aBuct'IMocrb

aKycTuqecKofi MoIIIHOCTLI OT pa3HOCrH reMneparyp uex4y renloo6MeHHHKaMH.

floKa3aHo. qro nph arMoc$epHoM AaBnetthl.t qerblpexcryneH qarbl fi Ko.r'lbqeaofi

repMoaKycrr.rr{ecKzfr ABuraren}, c Bo3AyxoM B KaqecrBe pa6oqefo Te,'Ia I4Meer cTapToByro

pa3Hocrr, TeMneparyp HaMHoro HI.DKe, qeM u3BecTHa.fl KOHCTpyKqHq pe3oHaTopa Bexxayca-

CeraQra. I4cc,re4onaua raffie 3aBlzcl4Mocrb aKycruqecKot MoqHocrl or paccroflHllfi Me44y

TENr'IOO6MEHHUKAMH.

B rperretz fJIaBe raKxe npHBeAeHbr pe3ynbrarrrr tKcnepHMeHTanhHof o ltccJIeAoBaHI'It

AByHanpaBneHHofi ryp6r]nr,I B [ocroqHrloM floroKe fa3a, [peAHa3HaqeHHoit gnn

npeo6pa3oBaHhJl dKvc rHrlecKoi.i lHeptHl.'l B MexaHHtlc( KVlo.

3xcnepurrenrarbHo lzccreAoBaHa 3aBHcHMocrt' nepenarqa AaB/'IeHt'tt Ha BXoAHoM H

BbrxoAHoM con.r]oBoM annapaTe or qacrorbl BpaIqeHHs poropa. floKa3aHo, riro nplj AaHHofi

KoHcrpyKrlHH Typ6r.rHbr ri npu nocroqHHoM rroroKe ra3a BbrxoAHoii con,rogofi annapar cHrDKaer

sQQerrueHocrr, ryp6uurt ro,rsno sa 15 7o.

B pe:y,rsrare 3Kcnepu\teHTanbHbtx HccneaoBauzfi noxatauo, rlro LByHanpaBneHHat

r,rMny&,cHu ryp6uHa He qBrqercq axrueHofi H IzMeer HH3Kyrc g$OeKTI4BHocrb no cpaBHeHulo c

o6rrquofr ryp6uHofi. Ilpuae4euo o6'r,qcrreulze raKoro noBeAeHI-is.

B 3ar<,ilrcqeHHIr cQopMynHpoBaHLI oclloBHble pe3ynF,rarl'l AuccepraqlioHHoro

ucc.[e,iloBaH].I'I.

Hau6o,ree BOKHbTMH pe3ynbraraMu AHcceprallHoHHofi pa6orrr, ua llofi e:r,ug,

flB.rr.srorcq cneAyrorqHe :

. BnepBble o[peAeneHa 3aKoHoMepHocrb H3MeHeHliq c4enra Qa:u naex<,4y

xore6are,rsgofi cKopocrbro u xore6are,tsHtlM AaBneHueM B KoJtbI-{eBoM MHofocryneHqaroM

TA.4 npH yBenHqeHHH Ko,'IuqecrBa cryneHefi;

. B pe3ynF,Tare qHcneHHofo MoAenHpoBaHr.r.rr noKa3aHo BtlriflHr4e KoJIHqecrBa

cryneHefr Ha xapaKrepucruKr.i repMoaKycrl4qecKoro ABarare,lt: axyctuttecrHii KnA,

aKycrHqecKyro MoulHocTbr HMneAaHc B pefeHeparope;

. MeroAaMH ql{c/'reHHofo MoAenapoBaHr.rq AnJr qerbtpexcryneuuaroro TA!
nonyqeHbr oIITaMa,'rbH[,re reoMerpHqecKHe pa3Mepb] ren,roo6meuHnxoB, pereHeparopa H

aKycruqecKof o pe3oHaropa;

. ycraHoB,'teHbt npeI4MyqecrBa KoJ'rbrleBoro MHof ocryneHqarof o ABHIare.ru{ B

qacru vaccora6aparHbrx xapaKTepHcrrlK B cpaBHeHhr.J c ApyrHMH u:necrHunau TA.{;



o 3KcnepHMeHra;rbHo nonyqeHo pacnpeAeneHr4e aMrurlrryAL,r Kone6aHr.ifr AaBneHut

axycrzuecxofr BoJrHL,r no Anr,rHe pe3oHaropa TAL yAoBnerBopr.rrenbHo coBflana]oqee c

pe3yn[,TaTaMH qHC,{eHHOrO MOAenUpOBaHr4C;

. 3 Kcreph MeHra, bHo hcc,'reAoBaHbr xapa Krepacrr..r Kr.i AByHanpaBneHHoi ryp6nHsr

(ra4paeauuecxaa MorqHocrr, npoKaqr4BaeMoro Bo3Ayxa, nepenaAr,r AaBrreHaq Ha porope ri Ha

conroBbrx annaparax), npeAHa3HaqeHHofr 4,rr npeo6pa3oBaHHr axycruuecxofr 3Heprr4rz B

lneKTpHqecKyro, npH pa3nHqHoii norasaevofi rugpaenuuecxofr Morr\Hocru a npu paruoi

qacToTe BparqeHlrr poTopa, qTo no3Bo,lurro orleHHTb 3aBHcr4MocTb nepenai4a AaBneHr.lfl Ha

ryp6nHe or cKopocrr4 noroKa Ha ea] BXoAe.

r_\ ^..^ - -.. -^ucHoBHbre HayqHbte pe3ynl,TaTbt qB,'lrltoTc.E HoBbrMr.lJ opHfuHanbHbrMHJ qTo

noATBeplK4aercq ny6,rur<auaefr hx ts Bery[lHX oreqecrBeHnblx ssrcoropeXrr u roBblx HayqHbrx

)KypHa.lIax. !ocroeepHocrr pe3ynbraroB ri BbrBoAoB pa6oru ne Bbl3brBaer couseuui.

1.

lIo guccepraqHu AMeercq pag :alreuaHr.t i:
flocxoauxy Hcc,[eAoBaHaq AByHanpaBneHHofi unrny,rtcuofr ryp6rlHlr He cBs3aHbr c

llcc,'IeAoBaHHtMH TepMoaKycrHrrecKoro ABlIfare.[q, To 3TH pe3ynbrarbr 6o,ree ,rorH.{Ho

6srno 6sr BbrHecrr4 B orAenbHyro, qerBepryro rnaByr r.r cQoplrynaponarb BbrBoAbr no

xaxgoi r,rane 6o,'ree nogpo6Ho.

floc,regonare,rsHocrb H3JroxeHu.q 3ax-rrroqennr Ar4cceprarlltlt He Bno./lHe rofHrrHa.

Cre4ona,ro 6u csaqa,ra trpuBecru Bce BbrBoAbr no pe3ynbraraM Hccle4oaaHufi o4uoro

ycrpoicrBa - TepMoaKycrl.rqecKoro ABararelrrJ a 3areM Apyroro - 4eyHanpaeneuHofi

ryp6rzHlr. Brrnogr,r no pe3ynr,TaraM pacqerHbrx ncc,re4oeaHafi raruKe He crol4T

nepeMerxuBaTb c BbrBoAaMH no 3KcnepHMer aJrr,HbrM pe3ynr,raTaM.

Hecltorpn Ha KaqecrBeHHoe oQopu,reuue pa6oru, B qenoM, B TeKcre Mrroro oneqaroK H

rpaMMarzqecKrix ouu6ox. K coxaleHuro, 3ra neqaJrbHu TeHAeHrlH.s ua6,rro4aercl n

oqeH b M HorHX pa6ora x noc,teAHHX gec ar u net ui.t.

4. Eoasuroe KoJ'tllqecrBo coxpatqeuuii r.] neAocraroqFro ro,rnlrfi cnucox o6osHaqeHufr

larpyaHe lor Bocnpherhe pa6or sr.

YxaganHue 3aMer{aHr4q He cH'Xaror o6rqefi qeHHocra Auccepraqr.roHuoi pa6orlr u ue

Brl'iqrcT Ha rrraBHbIe reoperHqecKl4e I,l 3KCnepuMCHTajtbIlbte pe3ynrrTarbtr npHBeAeHH6te B

ArzcceprarlrzoHHofi pa6ore.

Pe:ylrrarlr AHcceprarlHH ony6,ruroeaHlr e 7 crarlrx, ug Hr{x 3 B neprzoAHqecKrzx

H3AaHr.{rx, BK,'lrcqtlHHbrx B crracoK BAK npa MuHo6prrayxn P@,3 crarlu B npoqux HayqHbrx

H3AaHr.rqx H 1 cBuAere,[bcrBo o rocyAapcrDeHHofi perrcr.pallurz nporpaMMbr g,u DBM.

2.

3.



s
B qerorvr Aucceprar{Lrr coorBercrByer n.n. 9-11, 13, 14 <floroxeHrzr o npucyx(qeHr4r,r

yqeHlrx creneHei>, yrnep446uHoro nocraHoBreuuem flparurelrcrea PO or 24 ceurt6pn 20L3

roga Ne 842, a eE aBrop fopurxoe I,IruR Eopucoeuq 3ac.[y)KaBaer rrpr4cyx{AeHut euy yu€uofi

creneHH KaHAxAara or,r3HKo-MareMarr4qecKr4x HayK no cner{HaJrbHocrr.l 1.3.4. - Paguosu:uxa.
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