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OT3hIB 
ocpm~mUihHoro onnoHeHTa Ha ,n:Hcceprnu;i-rnHH)'IO pa6oTy 

EKaTepHHbl AJieKceeBHbI ArapKOBOH 

«MHorocJIOHHhie Ni-KepMeTHbie aHO,lJ;bI c TOHKOnJieHoqubIMH JJieKTpOJIHTaMH .z:i;Jin 

BbICOK03<)Hl>eKTHBHbIX TBep.z:i;ooKCH.[l;HblX TODJIHBHbIX '.}JICMCHTOB», 

npe,n:cTaBJieHHYIO Ha COMCKaHH:e yqeHOH CTeneHH KaH)lM)laTa TeXHH:qecKHX HayK no 

cnelJ,HaJihHOCTM 1.3.8 - cpH3HKa KOH)leHCHpOBaHHOro COCT05IHM5I 

AKmyanbHOCn1b meMbl ouccepmauuom-tou pa6ombl 
HanpaBJieHHe Hccne,n:oBaHHH, npoBe,n:eHHhIX E.A. ArapKoBoH:, 6e3ycnoBHO, aKTYaJihHO. 

ITo-BH)lHMoMy, 3TO nepBM TexHonornqecKM pa6orn B PoccHH:cKoH: <De,n:epauHH, KOTOpa5I 

1-rnnpaBJieHa eCJIM He Ha JIMKBH)lalJ,HIO, TO Ha COKpameHHe Harnero OTCTaBaHH5I B o6JiaCTM 

TeXHOJiornH: H3rOTOBJieHH5I TBep.n:ooKCM)lHhIX TOnJIHBHhIX 3JieMeHTOB (TOT3) OT nepe,n:OBhIX 

MHpOBhIX TeXHOJIOrrrqeCKMX )lOCTmKeHHH. 

Ho6U3Ha pa6ombz 
,Il;aHHa5I )lHCCepTaIJ.MOHHa5I pa6orn noCB5ImeHa pa3pa60TKe TeXHOJiornH: mroTOBJiemrn 

o,n:Horo H3 KOMnoHeHTOB TOT3 c TOHKOCJIOHHhIM 3JieKTponHTOM - Hecymero aHo,n:a. 

HecMOTp5I Ha TO, qTo B PoccHH B pa3JIHqHhIX HayqHhIX KOJIJieKnrnax OT)leJihHhie ycHJIH51 B 

3TOM HanpaBJieHHH paHee npe,n:npHHHMaJIMCh, OHM He 6hIJIH HalJ,eJieHhI Ha pa3pa60TKY 

TexHonorHH:, npHro)lHhIX )lJI5I cepHH:Horo H3roTOBJieHH5I KaK KOMnoHeHTOB TOT3, TaK H 

IIOJIHhIX TOIIJIMBHhIX 3JieMeHTOB. 

I1ccne,n:oBaHH5I E.A. ArapKoBoii rrpHBeJIH K HeCKOJihKHM opHrnHaJihHhIM Hay<-rno

Texm1qecKHM perneHH5IM. 3To HOBhie crroco6bI OIITHMH3alJ,HH MHKpOCTPYKTYPhI )lBYXCJIOHHhIX 

Hecymrrx aHO)lOB, o6ecrreqeHHe HX MexaHrrqecKOH CTa6HJihHOCTM nyTeM 3aMeHhI 

Tpa)lMIJ,MOHHOro rrpeKypcopa H3 OKCH)la HMKeJI5I Ha COJIM HHKeJI5I M rrpe.n:ornpameHHe 

H3rH60BhIX .n:ecpopMaIJ.HH aHO)lOB H IIJiaCTMH H3 OKCH)la aJIIOMHHM5I, rrpe)lHa3HaqeHHhIX )lJI51 

coxpaHeHH5I rrnocKorrapanneJihHOCTH aHO)lHhIX rrnacTHH B rrpouecce oformra. Ilocne.n;Hee 

pernettHe 3amHmeHo rraTeHTOM PoccHiicKoH: <De,n:epaIJ.HH 2020 ro,n:a «Crroco6 H3roTOBJieHH5I 

)lBYXCJIOHHOH aHO)lHOH IIO)lJIO)J(KM c TOHKOIIJieHoqHhIM 3JieKTpOJIMTOM )lJI5I TBep,n:OOKCM)lHOro 

TOITJIMBHOro 3JieMeHTa». 

IIpaKmu'-tec1wJl yeHHOCmb pa6ombl 
0cHOBHa5I npaKTHqecKM 11.eHHOCTh ,n:11cceprn11.rroHHOH pa6oThI E.A. ArapKOBOH 

COCTOMT B pa3pa6oTKe COBMeCTHO c rrpOMhIIIIJieHHhIM rrpe.n:rrpH5ITHeM AO «H3B3-KepaMHKC» 

(r. HoBocH6HpcK) cepHHHOH TexHonornrr mroTOBnemrn rroJIHOMacrnrn6HhIX ,n:ByxcnoH:HhIX 

aHO)lOB c nOBhIWeHHOH rrpoqHOCThIO )lJI5I 6aTapeH: rrnattapHhIX TBep,n:OOKCM)lHhIX TOnJIHBHhIX 

3JieMeHTOB. 

A11a11u3 OCH06HblX pe3Wtbmamo6 u 6bl60006 
,IJ;11ccepTa1J,HOHHa5I pa6oTa COCTOMT M3 BBe)leHH5I, Tpex rJiaB, 3aKJIJOqeHH5I, cnHCKa 

COKpameHHtt M ycJIOBHhlX o603HaqeHHH M CIIMCKa JIHTepaTyphI. ' 

Bo BBenett1111 o6ocHOBhIBaeTC5I aKTYaJihHOCTh pa60ThI, ccpopMyn11poBaHhI ee ocHOBHhie 

11.em1 11 3a,n:aqH, rrpaKTHqecKoe H cpyH.?laMeHTaJihHOe 3HaqeHHe npoBe,n:eHHoro Hccne,n:oBaHH5I, a 

TaK)I<e OCHOBHhie nOJIO)J(eHH51, BhIHOCMMhie Ha 3amHTy. 

I1epBa5I rnaBa 5IBJI5IeTC5I ofoopoM JIMTepaTyphI no BCeM npMHIJ,MnHaJihHhIM BonpocaM, 

CB5I3aHHhIM c npHBe,n:eHHhIMH B ,n:Hcceprn11.HoHHOH pa6oTe pe3yJihTaTaMM. OH .?lOBOJihHO 

I<paTOI<, HO BIIOJIHe aneI<BaTHO OTpa)l<aeT COBpeMeHHhIH ypoBeHh TeXHOJIOrHH l1 TeI<ym11x 

HccnenoBaHHH B o6nacTH TOT3 c TOHKOCJIOHHhIM 3JieKTpOJIHTOM . 
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Bo BTopoii nrnBe onn:caHbI n:cnoJI1>30BaHH1>1e aBTopoM MeTO.[(hI cpopMn:poBaHH51 

.n:ByxcnoiiHhIX aHo.noB TOT3, COCT051liIHX H3 Hecymero TOKOBoro KonneKTopa n: 

cpyHKUHOHaJibHOro CJIOeB, OCHOBHbie TeXHOJIOrHH cpopMHpOBaHirn TOHKOCJIOHHOro 

KHCJIOpo.nnpOB0.[(51IIIero 3JieKTpOJIHTa Ha BHenrneii noBepxHOCTH cpyHKUHOHaJibHOro aHO.[(HOro 

cno51, a TaK)Ke n:cnoJI1>30BaHH1>1e npn:6opr,1 n: annapaThI .[(JI51 nonyqeHH51 HHcpopMaum1 o 

xapar<TepHCTHKax o6beKTOB HCCJie.[(OBaHH51. 3.necb cne.nyeT OTMeTHTb pe.[(KO npn:MeH51eMOe B 

na6opaTopHOH npaKTHKe onpe.neneHHe 3cpcpeKTHBHOH TeMnepaTypbI 06)l<Hr0B «CblpbIX» 

.rlBYXCJIOHHbIX aHO.[(OB npn: noMOliIH TeMnepaTypHbIX KOJieu, qTo COBepnreHHO onpaB.[(aHO B 

TeXHOJIOrH'IeCKHX HCCJie.[J,OBaHH51X. 

TpeTb51 rnaBa COCTOHT H3 4-x qacTeii. B nep60U H3 HHX H3J10)KeHbI pe3yJihTaTbI H 

o6cy)l<.[(eHHe CBOHX HCCJie.[(OBaHHH no OTpa6oTKe TeXHOJIOrMH nonyqeHH51 .[(ByxCJIOHHbIX 

aHo.noB TOT3 MeTo.noM neHTOLIHoro JIHTh51, KOTopoe BKJIIOLiano B ce651 onTHMH3aUHIO 

MHKpOCTPYKTYPhI, COCTaBa cycneH3HH, pe)l<HMOB cneKaHH51 H, B pe3yJibTaTe, H3roTOBJieHHe 

noJIHOMacnrTa6HhIX .z:lBYXCJIOHHhIX aHO.[(OB. 3TH pe3yJihTaTbl 3aCJIY)l(HBaIOT caMOH BbICOKOH 

oueHKH. OHM 51BHJIHCh ocHoBoii cepn:iiHoii Texttonornn:, pa3pa6oTaHHOH B AO H3B3-

KepaMHKC (HoBocn:6n:pcK). 

Bo Bmopou qacTn: npn:Be.neH1>1 pe3ynr,rnn1 11 o6cy)l<.[(eHn:e n:ccne.noBaHn:ii no TexHonornn: 

cpopMHpOBaHH51 TOHKOCJIOHHOro 3JieKTpOJIHTa Ha cne'IeHHbIX aHo.nax MeTO.[(aMH TpacpapeTHOH 

neLiaTH H MarHeTpOHHOro pacnr,meHH51. 3TH pa60TbI, no-BH.[(HMOMy, BeJIHCb napanneJibHO. 

3Kcnepn:MeHTbI no MarHeTpOHHOMY cnoco6y H3roTOBJieHH51 TOHKOCJIOHHOro 3JieKTpOJIHTa 

npoBo.nn:nn:cr, B coTpy.nttn:tiecTBe c coTpy.n:Hn:KaMH 11HCTHTyTa CHJihHOTOLIHOii 3JieKTpOHHKM 

CO PAH (ToMcK) n: HMeHHO OH 6bm ycnenrHo peanH30BaH. HecMOTp51 Ha He3aBepnreHHOCTh 

0Tpa60TKH TeXHOJIOrHH cpopMHpOBaHH51 TOHKOCJIOHHOro 3JieKTpOJIHTa MeTO.[(OM TpacpapeTHOH 

neLJaTH, B pa6oTe tieTKO o603Ha'IeHbI nyTH peaJIH3aUHH .naHHOH TeXHOJIOrHH, KOTOpbie MOryT B 

.[(aJihHeiinreM nocJiy)KHTh cephe3HhIM 3a.nenoM .[(JI51 ycnenrttoro ocymecTBJieHH51 n: 3Toro 

cnoco6a. 

Tpembfl qacTh nocB51liieHa TexHonornn: cpopMn:poBaHH51 KaTo.na Ha BHenrHeii 

rnep.[(03JieKTpOJIHTHOH noBepxHOCTH nony3JieMeHTOB KaK OKOHLJaTeJibHOMY 3Tany 

H3roTOBJieHH51 3aBepnreHHOH reTepocTpyKTypr,1 TOT3: Hecymn:H: cnoii TOKOBoro KonneKTOpa 

aHO.[(a, cpyHKUHOHaJibHbIB aHO.[(HbIH CJIOH, TOHKOCJIOHHbIH 3JieKTpOJIHT H OKCH.[(HbIH KaTO.[(. 

B 'lemBepmou qacTH npn:Be.neHhI pe3ynr,TaT1>1 arrecTaun:n: 3JieKTpoxHMH'IecKHX 

xapaKTepHCTHK cpparMeHTOB nonHOMacnrrn6HbIX e.n:HHH'IHhIX TOT3 B BH.ne .[(HCKOB. 

Y6e.nn:TeJihHO noKa3aHo, 'ITO pa3pa6oTaHHhie TexHonorn:n: npn:Benn: K co3.naHHIO 3JieMeHTOB c 

HCKJIIO'IHTeJihHO BbICOKMMH y.n:eJibHbIMH 3JieKTpH1IeCKHMH xapaKTepHCTHKaMH Ha ypoBHe 

JIYLIIIIHX MHpOBbIX .[J,OCTH)l<eHHH. 

Ilo TpeM H3 qen1pex qacTeii pe3yJihTaTOB H n:x o6cy)K.[(eHH51 c.n:enaHhI npoMe)KYTO'IHhie 

BbIBO.[(bI. 

B 3aKJIIOLieHHH 11eTKO H .nocTaTO'IHO nonHo ccpopMynn:poBaHhI ocHOBHhie pe3yJihTaThI 

.[(HCCepTaUHOHHOH pa60TbI. 

CmICOK UHTHpyeMOH JIHTepawpoI co.nep)KHT 101 6tt6JIHOrpacpn:qecKyIO CCbillKY H 

npe.ncTaBJI51eT .LJ:JI51 cneuHaJIHCTOB caMOCT051TeJihttylO ueHHOCTb. 

Anpo6ayUfl pa6ombl 
Ilo pe3yJihTaTaM HCCJie.[(OBaHH51 ony6JIHKOBaHO 3 CTaTbH, nonytieH 1 naTeHT, 

3Ha'IHTeJihHa51 'IaCTb pe3yJibTaTOB .[J,OJlO)l(eHa H npe,n:cTaBneHa .LJ:JI51 o6cy)l(JJ,eHH51 Ha 8 
KOHcpepeHUH51X. 

Bor1pocr,1 n: 3aMeqaHH51, B03HHKnrHe npn: 3HaKOMCTBe c pa6oToii: 
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1. CTp. 10 - Cne.z:i;oBano 6b1 6onee apr)'MeHTHpoBaHo o6bHCHHTh, KaKHM o6pa.3oM «C03.z:i;aHHM 

TeXHOJIOfll51 n03BOAAeT ... opraHH30BaTb cepHHHOe npOH3BO,ll;CTBO». 

2. CTp. 36 - "llTO nOHHMaeTC51 no.z:i; «JiaMHHHpOBaHHeM CTeKOB»? 

3. CTp. 43 - BMeCTO CCblJIKH Ha pHC. 15 .z:i;omKeH 6bITb pHC. 17. 

4. cTp. 44 - BbICOKM 3JieKTpoxHMHqecKM aKTHBHOCTb MaTepHana LSCF B .z:i;aHHOM cnyqae He 

HMeeT 3HaqeHH51, Ba:>Irna JIHIIlb BbICOKM 3JieKTpOHHM npOBO,ll;HMOCTb .z:i;aHHOro MaTep11ana. 

5. CTp. 48 - TepMHH <<HeperyAApHOCTb peJiaKCaI.J.HOHHbIX BpeMeH>> Hey.z:i;aqeH. 

6. CTp. 68 - BMeCTO CCblJIKH [88] CJie,ZJ;OBaJIO npHBeCTH [85]. 

7. CTp. 76 - KaK 6hIJIO BbNCHeHO, qTQ noTepH MaCCbl npH 310 °C CB513aHa c BbiropaHHeM 

KpaxMana, npH 380 °C - c DBE, a npH 6onee BhICOKHX TeMnepaTypax - c IT3f 11 

)J,H6yT11mjJTanaToM? ITpH onHcaHHH pe3yJihTaTa TepMorpaBHMeTpHH Be3.z:i;e roBopHTCH o 

BbirOpaHHH opraHHqecKHX KOMnOHeHTOB, HO noqeMy He npHHHMaeTC51 BO BHHMaHHe HX 

HcnapeHHe? IloqeMy TeMnepaTypbI noTepH BO)J,bl npH HarpeBe o6pa.3u.a ll OXJia)K)J,eHHH CTOJib 

pa.3JIHqHbl (190 H 75 °C)? 

8. CTp. 74 - IloqeMy paccnoeHH51 ll CKB03Hble nopbl Ha.3BaHbl MHKpo.z:i;etjJeKTaMH? 

9. Ta6JI. 4 - noqeMy Macca MeJIIOII.J.HX TeJI AAA TOKOCbeMHOro CJI051 YKa.3aHa B rpaMMax, a ,ll;JI51 

tjlyHKU.HOHaJibHOro CJI051 B BH,ZJ;e CTpaHHOH .z:i;po611? 

10. CTp. 98 - "llTo 03HaqaeT «MexaHHqecKM Hecrn6HJibHOCTb CTpy1<Typhrn? To, qTo o6pa.3eu. 

pa.3 PYIIIHJICH? 

11. CTp. 45, 89, 99 ll 115 - HCnOJib3yeMblll TepMHH «HanpH:>I<emre OTKpblTOH u.enm> 3TO KaJibKa 

c aHrJIHHCKoro, B pyccKOM 513bIKe npHMeH5IeTC51 HCKJIIOqHTeJibHO TepMHH <<Hanp5I)KeHHe 

pa30MKHYTOH u.enm> 

12. CTp. 46, 49, 103, 104 H 106 - TepMHH «BHyTpeHHHH cTpyKTypa conpoTHBJieHHH 

3JieMeHTOB» npH onHCaHHH HJIH o6cy)l(,ZJ;eHHH 3KBHBaJieHTHbIX 3JieKTpHqeCKHX cxeM B 

3JieKTpOXHMllll He npHH5IT. 

IToCTaBJieHHbie BonpOCbl H BblCKa3aHHbie 3aMeqaHH51 He HMeIOT OTHOIIIeHH51 K OCHOBHOH 

cyTH nonyqeHHhIX TeopeT11qecKHX 11 npaKT11qec1<11x pe3yJihTaTOB. CnpaBe,ZJ;JIHBOCTb BbIBOAOB, 

C)J,eJiaHHbIX B pe3yJibTaTe BbIITOJIHeHH51 ,ZJ;HccepTaU.HOHHOH pa60Tbl, He Bbl3bIBaeT COMHeHHH. 

,1.J,Hcceprnu.110HHM pa6orn npe)J,CTaBJIHeT co6oH: 3aBepIIIeHHoe HayqHo-TeXHHqecKoe 

HCCJie)J,OBaHHe Ha aKTYaJibHYIO TeMaTHKy, BbIITOJIHeHHOe Ha BbICOKOM COBpeMeHHOM ypoBHe. 

ABTopoM nonyqeHo oqeHh 6oJihIIIoe KOJIHqecTBO 3Kcnep11MeHTaJibHbIX pe3yJihTaToB, 

COBOKynHOCTb KOTOpbIX npe.z:i;cTaBAAeT OCHOBY TeXHOJIOfHH C03,ZJ;aHH51 MHOfOCJIOHHbIX 

HHKeJibKepMeTHbIX HecyII.J.HX aHO,ZJ;OB TOT3. 

CqHTalO, qTo )J,Hcceprno.HoHHM pa6orn npe)J,CTaBJIHeT co6oH: 3aKoHqeHHoe HayqHo

TexH11qecKoe Hccne.z:i;oBaHHe H y.z:i;oBJieTBOpHeT Tpe6oBaHH5IM n. 9 «IloJIO)KeHHH o nopH.n;Ke 

npHCY)K)J,eHHH yqeHbIX CTeneHett», yTBep)l(.n;eHHOro ITocTaHOBJieHHeM ITpaBHTeJihCTBa Pel> OT 

24.09.2013 r. M~842 c H3MeHeHmIMH OT 21 anpem 2016 r. N2335, npe.n;bHBJIHeMhIM BAK, a ee 

aBTOp, E1<aTep11Ha AneKceeBHa Arap1<0Ba, 3acJiy)1<HBaeT npHCY)K)J,eHH51 yqeHoH: cTeneHH 

KaH)J,H,ZJ;aTa TeXHHqeCKHX HayK no cneU.HaJibHOCTH 1.3.8 - tjJH3HKa KOH,ZJ;eHCHpOBaHHOI:-o 

COCT051HH51. 

OcJmu,uaJibHbIH onnoueuT: )J,HMHTpHH: 11ropeBHq EpoHHH 

,ZJ,oKTOp XHMHqecKHX HayK no cneo.HaJibHOCTH 02.00.05 - 3JieKTpOXHMH51, 

3aBe)J,ylOII.J.HH Jia6opaTop11eH: rnep.z:i;oOKCH)J,HbIX TOnJIHBHbIX 3JieMeHTOB 

cDe)J,epanbHOro rocy.z:i;apcrneHHOro 6IO,ZJ;)l(eTHOro yqpe)K,ZJ;eHH51 HayKH 11HCTHTYT 

Bb1co1<0TeMnepaTypHoH: 3JieKTpoxHMHH YpanbcKoro oT.z:i;eneHH51 PoccHH:cKoH: AKa.z:i;eMHH HayK, 

«8» H05I6p51 2022 r. ~ ,D,.11. EpoHHH 
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5I, Epomrn ,ll;HMIHpHH: HropeBHq, .n:aro cBoe cornacHe Ha o6pa6oTKY rrepcoHarrhHhIX .n:aHHhIX 

KoHTaKTHa51 HHc):>opMaU:H51: 
620066, EKaTepHtt6ypr, yn. AKa.n:eMH;;'ffi:·~~'f1 
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