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Kpu.nonofi Cner"rraHur EereHbeBHbr
Ha Ar.rcceprauHoHnyro pa6ory .flrnvrona HnrcoJrafl Cepreenuva

Ha reMy: <<YnyvmeHrle crpyKTyprr u cnoficrB BbrcoKorrporrHbrx craJrefi u urrauo-
Bbrx crrJraBoB AJrq rrorJrorqarculrx arr[aparoB r{ AeMuQepon rpaHcrroprnofi rex-

HHKrr trpH TepMlrqecrcofi H rroBepxHocrHofi o6pa6ornax>>, rrpeAcraBJreHHyro
Ha coucKaHrre yveuofi crerreHu KaHAr.rAara rexHrrrrecrcHx HayK

ro HayqHofi cneqnaJrbHocrrr 2.6,17 - MarepuaJroBeAeHlre

Arryar rHocrb reMbr Arrcceprarlr{oHHoro rrccJreAoBaHEq

Peuwu corrr4arrbHo-gKoHoMl,IqecKofo H BHerrrHenoJruTurlecKofo cocroflHplg Poc-
cHficxofi @e4epaquu cBl4AerenbcrByror o rroBbrrueHprv iuo6umuocrr4 HaceneHuq, yBe-
Irv.rer:zLt roBapoABvDKeHVfl., aKTyaJrr43apr4 Harlr4oH€Llrsofi 6esouacHocru u o6opouo-
cnoco6Hocrrr crpaHbl, rrro He[ocpeAcrBeHHo HaxoAraT orpaxeHr,re n c$epax pa3BHTLrf,

xene3HoAopoxHoro rpaHcrropra v aBr,raqIaoHHoft uponabrrrrJreHHocu. YrsepxAeHHafl
rlpaBl4renbcrBoM P(D crparerr,rq pa3BLtrktfl AaHuofi c$eprr, HanpaBneHa Ha QoprvrrEpona-
HHe MOITIHO|O Hayr{HO-TeXHr4r{eCKOfO rroTeH\Vana aBr,raur{OHHor4 Lt MarII{HOCTpOHTenb-

uofi upoubllrrJleHHoerw) 3a cr{er coBeprxeHcrBoBauprfl MeroAoB o6pa6orxu [praMeHf,e-
MbIX I{ BHeApeHH' HOBbIX MaTepHanOB }r [epCrreKTHBHbrX TeXHOJTO|HqeCKT{X [pOqeCCOB.
llporuosttpyercq, qro cBoeBpeMeHHafl peaJrrr3arlrfl Aa:aHbrx npoqeccoB no3BoJrr{T rro-
BbIcHTb e$SexrHnHocrb H KaqecrBo nepeBo3oK r4 [oneroB, yBerI4r{I4Tb BbInycK Bbrco-
KocKopocruofi TexHI4KI4, IIoBbIcr4Tb oceBbre Harpy3KH rrplr ABprxeH:ar4 xeJre3HoAopox-
Horo rpaHcrlopra, coKparr4Tb cpoKr4 peMoHTHbrx H cepBlrcHbrx pa6or crparerr{qecKr,r
saNHofi lpaxAaHcxofi u o6opouuofi rpaucnoprHofi rexHr,rKr4.

flnr 4ocru]KeHvrs. xeJraeMoro e$@exra, oco6oro BHr4MaHrrf, 3acJryxuBarcT orBer-
crBeHHbIe y3nbl 14 v34envfl aMoprr{3arlr4oHHbrx, rrorJrorqarcqr4x u 4eruu$Hpyrorrlux
ycrpofrcrB, IrrHpoKo rIpHMeHseMbIx B xeJre3HoAopoxHbrx r4 aBlraquoHHbrx rpaHc[opr-
HbIX CpeACTBaX, OnpeAenrrctllux qenocTHocTb KoHcTpyKrIHH TpaHcrropTHoro cpeAcTBa,
aBToropMo3Horo o6opylonaH:ar., xo4onofi qacrr4 r4 rpy3a, roropufi B HeM [epeBo3r.rrcr,
6esouacHocru rrepeBo3oK B rlenoM.

Heciraorp, Ha ro, r{To coBpeMeHHa, oreqecrBetHafl. u sapy6eNHaf, TpaHcloprHar r,r

aBlIaqrIoHHa, rIpoMbIrrIJIeHHocTb paciloJrafaeT AocTaror{Ho rxr4poKHM crreKTpoM Bbrco-
Kolpor{Hbx cralefi 14 THTaHoBbIx c[JraBoB, rroreHrlrrzlnbHo yAoBnerBopflrorqux ycnoBu-
qM gKctlJlyarar\r4Lr, crarwcrlrxa Saxcr.rpyer r{acrbre clyr{au r4x npexAeBpeMeHHoro pa3-
pylxeHuq B xoAe npueMo-cAaroqHbrx vcrrbrraHurfi u gxcunyarar\ukr. Peureuue upo6ne-
MbI IIoBbIIrIeHI4, HaAexHocru $ynxqr{oHnpoBaHr4q rouroqarcqux arraparon (lIA) n
4euu$epoB (A) f,BJlaercq aKrya^rIbHbIM BonpocoM Artr orerrecrBeHHofi u zapy6exnofi
TpaHcrlopruofi TexHI{KlI, I{ Moxer 6rtrr pearrr43oBaHo nyreM coBeprxeHcrBoBaH}r, cIIo-
co6os o6pa6orru, LlcfloJrb3yeMblx g.nfl prx r43roroBJleHLrfl cralefi H crrJraBoB, a raKxe 3a
cr{er npI{MeHeHI,L lepcneKTplBHbrx MeroAoB noe4eficrnux Ha MarepLraJrbr a IIenbIo
ynyqrxeH[fl ux 3Kcnny aTarlr4oHHof o cocTofl H r4f, .



B 4racceprarlr4oHHofi pa6ore -flKrarraoea Huroraq Cepreenuva <Ynyu[IeHI4e crpyK-
Typbr u csoficrB BbrcoKo[por{Hbrx cralefi pr rr.rraHoBblx erIJraBoB Anfl rlornoqarcIrlax
arraparoB H AeMrr$epon rpaHcrroprnofi TexHlrKpr rpl4 TepMprqecxofi u rloBepxnocruofi
o6pa6orrax) npoBeAeHo cKBo3Hoe HccJreAoBatt4e, HarlpaBneHHoe na pa":pa6orKy clo-
co6os r4 pexr,rMoB TepMnqecxoft 14 roBepxsocruofi o6pa6oroK MarepI4aJIoB, rIpI4MeHre-

Mbrx An, oTBeTcTBeHHbrx y3noB TpaHclopTHoH TeXHI4KI'I, [O3BOIqIOqI4X ynyqIIIHTb I,IX

crpyrrypy u cnofrcrna.

Crpyrcrypa H coAep2r(aHrre ArrcceprarluoHHofi pa6oru, ee 3aBepueHHocrrr H

KaqecrBa oQopuneHuq. CooreercrBr{e ny6nurcauufi u anropeQepara ocHoBHbIM
rroJroxeH rrfl M A IrccepTaIIH Ir

Pyrourzcr Ar4cceprarlpll4 cocrouT I{3 BBeAeHu.[, [recrr{ rJraB, 3aKJlrcrleHkrfl., cfrrrcKa

nr4reparypbr, rr3JroxeHa sa 176 crpaHr.rqax reKcra, coAepxLIT oAHo rlplanoxeHue, 70
pr4cyHKoB u 3J ra6r,ut\.

fluccepraqnr o SopMJreHa no o6 uleu pwun ofr crpy Krype.
Bo nne4eHuu o6ocHoBaHa aKTytlrrbHoerb reMbr Ar4cceprat\w, [oK€BaHa crerleHb

ee paspa6oraHHocru, c$oprraynnpoBaHbr HayqHax npo6neMa v rlenb rrccneAoBaHurfl, r-.e-

peqprcneHbr 3aAar{r4 r,rccneAoBaHr4r, c$opuynupoBaHa Hayr{Ha, HoBr,r3Ha pa6oru, onu-
caHa [paKTl4r{ecKa, 3HaquMocrb pa6orrt, olpeAeneHbr rtoJloxeHvrfl, BbIHocr,IMbIe Ha 3a-

r{trTy, o6ocuosaHa crerreHb AocroBepHocrr4, rrp}rBeAeHbr cBeAeHus o6 anpo6aquu pe-
3ynbTaToB nccJreAoBaHl4fl .

B uepnofi rraee corrcKareneM rrpoBeAeH aHuLrrH3 nuTeparypHbrx racror{Hr{KoB

(paccuorpeso 206 Hayr{Hbrx pa6or) rro reMarr{Ke Ar,rcceprarlr4r4, BKJrIoqaf, KHIaTLI }I
crarbr4, [pr4r{eM 6oruuzncrBo paccMorpeHHbrx pa6or 6sttu ony6nuroBaHbr B Ter{eHHe

rocneAHr4x 10 ner. flpoaHanr{3r4poBaHbr ycnoB[q 3KcnnyararlLrkr IIA ra [, ucnorb3ye-
Mbrx B rpaninoprnofi TexHr4Ke, Bbrf,BJreHbr rpe6onanvfl ilo xapaKTepr4cruKaM cnoficrs
[puMeHqeMbrx er€L[eit u rutaHoBbrx crrJraBoB. YcraHosreurr oco6eHHocrr.r xuMlrtrecKo-
ro cocraBa r,r SopunpoBaHraf, crpyKTypbr BbrcoKolporrHbrx cranefi u cnJraBoB TpaHc-

[opTHofo Ha3Har{eHr{.[, [poaHaJr[3prpoBaHbr coBpeMeHHbre MeToAbr ux TepMr,rqecKofo u
rroBepxHocTHofo ylporrHeHuq.

Bo rropofi rrtase npercraBJreHbr Marepr4anbr H MeroAbr r4ccneAoBa:alzfl, r4c[oJrb-
3yeMbre aBropoM B Azccepraur4oHHofi pa6ore. Concxarenb rrpr4MeHfler MHoroqllcreH-
Hbre pa3Hoo6pasurre MeroAbr HccireAoBa:a:afl crpyKryprr z csoficrB BbrcoKo[poqHbrx
nerl4poBaHHbrx crateit, Tr.rraHoBbrx crrJraBoB H reHepr4pyeMblx Ha Hlrx norprtrufi, HC-

[onb3y, coBpeMeHnoe o6opyAoBaHr4e, BKJrroqa]oqee cBeroBbre r4 pacrpoBbre Mr{Kpo-
cKorrbr, onpeAenenue QasoBoro cocraBa, o6opyaonaHpre gtr_ $vtzuKo-MexaHuqecKr4x
I4crIbITaHHh. fiucceprarluoHHar pa6ora BbrrroJrHeHa Ha locraroqHoM Hayr{HoM ypoBHe c
I{crIoJIb3oBaH}reM coBpeMeHHbrx 3KcrreprrMeHTanbHbrx MeroAoB r4ccneAoBaHprfl (n vacr-
Hocrl4, c rIpHMeHeHHeM peHTreHocrpyKTypHoro aHaJrv3a, BbrcoKopa3peuarcqefi pacr-
ponofi oneKrpoHuofi uzrpocKorrur4 r4 Ap.).

B rperrefi rrane uccneAoBaHbr cnyqar{ rrpexAeBpeMeHHoro pa3pyrxeHr{.fi xe-
ne3HoAopoxHblx llornolqarcqzx 3JIaCToMepHbIx alnapaToB V ABUaIIpIOHHbIX rLI.{paB-
JII4r{ecKI4x 4eurn$epoB B xoAe npr4eMo-cAaror{Hbrx r4crrbrraHr4fi, a rarxe [pr4 r4x gKcrrny-

aral\LtLt. Brrqereubr [pur{r4Hbr rrpexAeBpeMeHHoro pa3pyrrreHu.rr KoplycoB rrorJrorqarc-



rrlr4x arraparoB H3 craru 30X|CH2A, a xoAe npr4eMo-cAaroqHbrx HcrrbrraHr4fi n pe-
3ynbrare HeAocraroqHoro ypoBH{ MexaHr{r{ecKr4x csofic:rs H HeKoHTponupyeMofi B

[polr3BoAcrBe cre[eHr4 r{r,rcrorbr cra-[u 30X|CH2A [o a3ory H co.{epxaHr4}o JrerKo-
[JIaBK[x npravrecefi (oroeo, cypbMa, cBlrHerl, urrumxx), rITo 3HarlnrerbHo cHplxaer
cryxe6urre cnoficrBa nerr4poBaHHbrx c'rarefi, xapaKTepr4crplKu LIx B.rI3KocrI,I u rIJIa-

crr{qHocru. llponeAeHbr Mr4KpocrpyKTypHbre r4ccneAoBaHnfl., rroATBepxAarcrrlr4e rrpu-
rrr,rHbr pa3pyrueHr,rf, Kop[ycoB [pr4 rrpr4eMo-cAarorrHbrx r4cfrbrraHrrf,x. YcranoereHrr
lpntll4Hbr pa3pyrrreHnr Kop[ycoe IIA npr4 3Kcrrnyara\r4vr, ycraHoBJreHo, rrro rrpr4rruuofi
BO3HTTKHOBeHVfl TpeUr,rH r4 3aAr.rpOB B KOp[yCe 

'BnreTCq 
pa3pyueHr{e XpOMOBOTO [O-

KpbITI,Ir, rloKa3aHa seo6xoArzMocrb Kopp eKrlr4r4 TexHoJrorrrr4 HaHe ceHr4fl xpoMa.
B uerreprofi rraee lucceprarJprkr orrucaHbr pe3ynbrarbr froprcKa pexprMoB Tep-

Mu.{ecxofi o6pa6o'rxu, yMeHbrxarorur4x HerarrrBHoe Brr4qHr,re fipprMecefi Ha npoqecc
o6esyuepoxaBaHuq, [poK€L[r{ BaeMocrb, ypoBeHb rroBepxsocruofi TBepAocr Lr 14 ilpy rue
csofi crea er arv 3 OXf CH2A. flp eaJloxe H cKoppeKrr4poBaHHbrfi pexr,rrra oKoHqarelrHofi
repMl4r{ecxofi o6pa6orxu KopnycoB, [peAycMarpr4Barcrquit sazruarreHr4e coKparrleHHoro
BpeMeHI4 BbIAepxKV rupkr reMreparype 3aKarrrra (900 'C) - 180 uunyr r,r orrrycK rpu
reMrleparype 210 "C B rer{eHr4r4 180 ruraHyr. lauurrfi pexrarra o6pa6orxr4 rro3Bonf,er
o6ecne.{arr rpe6yerr.mtfi ypoBeHb MexaHuqecKr.tx ceoficrs crurv [pu noqBneHrlr,r cny-
r{aeB HeKoHTponupyerraofi HeAocraroquofi 3oH€LrrbHofi crenenu qr4crorbr craJrv rro uBory
kt JIeTKoTJIaBKIIM rlplaMecflM. O6ocuosaH rroJroxrrrelrnufi eS$err or pe€Inr43arlLru

HaI-peBa crann rIoA 3aKiLrKy B BaKyyrrae. flpoBeAeHa orpa6orra Bo3MoxHbrx BaplraHToB
KoppeKrl4pyrorUefi repMl4r{ecrofi o6pa6orxu KoprycoB IIA Hs crarv 30X|CH2A Anq
ycrpaHeHprfl vtx HecoorBercrsIafi rro ypoBHro MexaHr4rrecKr{x ceoficrs. Ilorasauo, qro
orpa6orasurtfi pexl4M noBropHofi repuuuecrofi o6pa6orxu, BKJrrotraroulrafi HopM€rrru-
3allrto, 3aKanKy I4 ornycK npu 210 oC, ro3Bonser Aocrr4rHyrb rpe6yeurrfi yponenr
rBepAocrw y 80oh wzger,uir, prMeroulr4x HeyAoBnerBopr4renruufi ypoBeHb rBepAocrr.r
rIocJIe nepeofi TepMl4qecxofi o6pa6orr<a, a yBenr4qeHr4e BpeMeHH BbrAepxKr,r B Macne Ao
sua.{euufi He MeHee 90 rtarauyr, rro3BoJlfler o6ecneqr4Tb Korr4r{ecrBo roAHbIx us4elufi n
fiaprr4u lo 95oh. fanrr peKoMeHAa\wLr ro ynyqueHr4ro pexr{MoB repMr4qecrofi o6pa-
6orxu crarefi l4Xl7H2 u BKI-3 (I2X2HBMJI), ucnonb3yeMbrx B rpaHcrroprocrpoe-
HUI"{, B TOM qr4CJIe An{ KOMTIJIeKTaWV rrofnoularoqprx a[[apaToB.

B uqrofi rJraBe npeAcraBJreHo r{ccneAoBaHkte) HarrpaBneHHoe na pa:pa6orKy pe-
xrrMoB rloBepxHocrHoro ynporrHeHr4, rrrroKoB xeJre3HoAopoxHux fIA. Ilpopa6oraurr
Bo3MoxHocru cHHxeHI4r 4e$exrHocr[ xpoMoBbrx rroKpbruafi xoppexquefi pexr4MoB
o6eano4opoxuBaHuq. VlccrreAoBaHbr pa3nr4r{Hbre MeroAbr 14 rrpoqeccbr HaHec eHnfl. HLt-
Kenb-xpoMoBblx u nonr$paMcoAepxaur4x norprrrnfi, 3arpoHyrbr Bonpocrr QpaxqproH-
Horo cocraBa, tpaHynoMerpvu HanbrJrreMbrx noporxKoBbrx rcoulo:uqufi, Bonpocbl
[oAfoToBKI4 TIOBepXHOCTH I4 OtITr4Mr43aIJVtI4 napaMeTpoB HaIIbIJIeHptfl,) r{TO IIO3BOJII,IJIO

o6ocHosaHHo peKoMeHAoBarb pexr4Mbr MeroAa APS u MeroAa HVOF, yAoBnerBopf,ro-
que rpe6oBaHl4rM r< nonrSpaMoBbrM rroKpbrrr.r{M rxroKoB Ha cr€urb 3OX|CH2A (rnep-
Aocrb He MeHee 8500 MfIa, fipor{Hocrb clle[neHyrfl. T,AB He MeHee 40MfIa, nopr{crocrb
ue 6olee l0%). Ha ocsonaHr4r4 AaHHbrx MuKpopeHTreHocrreKTp€LnbHoro aH€urIl3a cAe-
JIaH BbIBoA o pac[peAeneHuu xuMl4qecKr,rx 3JreMeHToB tr ylporrHqrcqux Sas uo rny-
6use roKpbrrnr.



B ruecrofi r.nase o[r4caHbr pe3ynbrarbr pa3pa6orxu pexrrMoB TepMr4qecKoro tr
rloBepxHocTHofo yllporrHeHufl, TVTaHoBbrx cnJraBoB, npr4MeHf,eMbrx An, H3roToBIeHI{.f,
IuroKoB I4 rloprrrHefi 4ervruQepoB aBr4aunoHHoro Ha3HaqeHux. Tarc, An, Aocrr,rxeHlu
rpe6yevroro ypoBHq [pot{Hocrt4 T}ITaHoBbrx crrJraBoB, aBTopoM peKoMeHAoBaH pexr4M
noBTopHofr repurluecxofi o6pa6orxv Anfl r4crrpaBneHufl rroHr{xeHHoro ypoBH, [porrHo-
crl{ ITIToKoB H fioplxuefi nocre orxl4ra. llora3aso, rrro [pr4 peanv3arJvtu [peAnoxeHHo-
ro aBTopoM pexl4Ma, rIoBTopHa, BbrAepxKa npu 750 oC nogsoJr.rrer nonyqlaTb 6olee
cra6purnyro I4 ycrofi.treyro K pacnaAy rrpr4 oxnaxAeHrru crpyKrypy, a [oHr4xeHHar
reMneparypa Bropofi cryneHll rpl4BoArrr K pacraAy ueracra6purnofi p-$asu c o6pa-
3oBaHaeM rrrc[epcHblx r{acrI4II, rrro [pI4BoAHT K [oBbrrrreuuofi [porlHocrrr cnJIaBa B

npeAenax 1200-1210 MIIa.
Orpa6oraHbl Bapl,Ianru SopuvpoBa*Lrfl Ha rr4TaHe rroBepxHocrHbrx cnoeB H rro-

xprrrafi c oco6uuu xapaKTepucrr{KaMlr MeroAaMLr HarrbrJreHn, KoMno3r,rquit rua ocHoBe
eonr$palaa u (utu) xpoMa, KaK €LrrbrepHutprBa xpoMtrpoBalt4fl noBepxHo crv, a raKxe
HaHeceHzernl aurnSpI,IKIIrroHHoro 6ponsonoro noKpbrrr{-rr MeroAoM rrn€BMeHHoro Ha[br-
JICHLI{. Anropou rIoK€BaHo, qro pe€Lnu3arlpu pexHMoB rrpeAnoxeHHbrx o6pa6oroK no-
BepxHocrv ruraHoBblx crrJIaBoB rro3BoJrfler Qopnanpoearr rpe6yeuufi u ynyquesHrrfi
ypoBeHb xapaKTepr4crHK Marepuana. crpyxrypHbre AccneAoBaHr4f [onyr{eHHbrx IIo-
xprrrltfi o6rqcHqror MexaHl4suu SopMr.rpoBaHuq Sas H rrHTepMerannr,rAHrrfi xaparrep
ynpor{HeHHs.

B saKrtorreHrrlr cQopnryru4poBaHbr ocHoBHbre BbrBoAbr no pe3ynbraraM Auccep-
rarlltoHHoft pa6orrr.

B npuloxeHuu rpI4BeAeH aKr BHeApeHufl pe3ynbraroB AucceprarlraoHHofi pa6o-
rbl Ha 6ase upe4rrptrflTtfl AO <Aeuaalperar) trpkr r43roroBJreHr,ru rornorr{arcUr{x anna-
paroB u Aerran$epoB r43 craJru 30X|CH2AwrnraHoBoro cnJraBa 8T22.

Tarurra o6pasoru, coAepxaHr4e Ar{ccepraur{r{ oxBarbrBaer ocHoBHbre Bo[pocbr rro-
craBneHHofi uayuuofi npo6neMbl r4 coorBercrByer Kpr{Tepr{rc BHyrpeHHero eAr{HcrBa,
r{To [oATBepxAaercq oneAyroqr4Mr4 o6croqreJrbcrBaMu :

- o6ocuoBaHHocrbrc aKTy€LnbHocrr4 TeMbr HccJreAoBaHyrfl, crpyKTypbr Auccepra-
III4LI, KOHIIeIIII4I4 I{ IIpOIpaMMbI lIccJIeAOB aHl,dfl;

- B3aI4MoyBq3aHHofi naeroAoJlorur{ecKofi nnarQopllofi 14 KoHqenryanbHbrMu pe-
IXEHI{qMI4;

- B3aI4MocBfl3bIo ocHosHoft ugeitruoit rrvHvrr4, qacrHbrx ra o6rqHx BbrBoAoB.
B qelou pa6ora o6ra4aer uayuuofi Hoer.rsHofi r4 [paKTr4qecxofi 3Har{r4MocrbK),

BbIfIOIHeHa Ha BF,IOOKOM MQTOAI4qCCKOM I,I TeOpeTI4KO-3KClepI4MeHTa-[bHOM ypOBHe.
B anrope$epare v3JIoxeHbI ocHoBHbre pryeu r4 BbrBoAbr Ar4cceprar\LrLt, [oKa3aH

BKnaA aBTOpa B rIpOBeAeUnOe UCCIeAOBAH]]1I1, CTe[eHb HOBr43Hbr r{ [paKTr,rqecKa.rr 3Ha-
r{r4Mocrb pe3ynbraroB r4ccJre Aoeatuil

Hay'uran HoBH3Ha Ir [paKTr{rrecKar 3HaquMocrb pe3yJrbraroB
AHcceprarlrroH H r,rx HccJreAoB asuit

Hayunyro HoBI,I3Hy Al,IccepraIluousofi pa6omr -flxuMosa Huxolas Cepreenu.ra
MoxHo cSopuylprpoBarb cneAyroqnu o6pasou:

1. YcranoBJreHbl MexaHI43Mbr [pexAeBpeMeHHoro pa3pyrxeHuq BbrcoKonpoq-



HbIx craJlefi w rI4TaHoBbIx cfIJIaBoB, B ToM r{I4are c faJIbBaHurIecKHM xpoMoBbIM rlo-
KpbrrrreM, B ycJroBr.rqx KoM[JIeKcHoro no:4effcrBrfl 3HaqI4TeJIbHbIx crarl,IqecKux Id

yAapHblx nos4eficrnufi, qurJrr4qecKux Harpy3oK pr r43Hoca, xapaKTepHoro lng fIA z
f rpancnopruofi TexHr4K[r.

2. BrlqereHrr oco6euHocrn SopurapoBaHnfl crpyKTypbr t4 csoficrs BbrcoKo-
npor{Hblx crarefi (30X|CH2A, 14X17H2, BKI-3) v rkrranoBoro crrJraBa BT22 s
npouecce Bapbr4poBa:a:afl BHAoB [r pexr4MoB TepMr4r{ecrofi o6pa6orxz.

3. OupeEeJIeHbI 3aKoHoMepHocrr4 Brrkrflluns r4cxoAHoro cocroqHraq noporrrKo-
BbIx cMecefi u tapaMerpoB ra3orepMuqecKoro HarlbrJreHprfl Ha xapaKTepvcrprKpr Kaqe-
crBa H3Hococroilrux 14 aHTLr$pur<quoHHbrx rroKpbrruit, uauocuMbrx Ha BbrcoKo[poq-
HbIC CTAJIPI Id'TnTAHOBbIE CIIJIABbI.

4. YcranoBJIeHbI oco6ennocrn SopuupoBaHrr{ Sa:onoro cocraBa no rly6une
IOBepXHOCTHOTO CJIOq, [OnyqaeMoro npLI na3epHOM IIOBepXHOCTHOM nefI4pOBaHLIlI
TI.lTArlA MeAbrO.

Hau6onuuyro 3HarlnMocrb An, [paKTktKpr r.rMercT cneAyrcrqr4e pe3ynbrarbr AHc-
ceprarlr4ousofi pa6orsr :

1. Pa:pa6oraHHble pexvMbr repMr4r{ecxofi o6pa6orxz BbrcoKorrpoqHbrx cra-
llefi gttx Kop[ycoB fIA xene3HoAopoxHoro Ha3Har{eHux, o6ecneqprBaroulr{e floBbr-
IXeHI4e I4X HaAeXHOCTI4, 3a CqeT r{CKJrrOqeHn' CnyqaeB }Ix [pexAeBpeMeHHofo pa3-
pyrxeHrrr.

2. Pazpa6oraHHble pexllMbr noBropHoft repuzuecxofi o6pa6orrrr BbrcoKo-
llpotrHblx crateit Anq KopnycoB fIA u raraHoBbrx cnJraBoB Anq [rroKoB !, anuaryu-
oHHoro Ha3HaqeHHq, Ilo3Bonrrcqr{e Aocrurarl rpe6yeMoro ypoBHq cnoficrn, B cny-
qae ero HeyAoBnerBopl4renbHoro ypoBH, rrocne nepeofi TepMr4qecrofi o6pa6orxu.

3. Ilpe4noxeHHble pexl,IMbr HaHeceHprtr ra3orepMr,rqecKux noKpbrrufi (n oa-
pI4aHTax APS u HVOF) Ha BblcoKotlporrHbre craJrr4 r4 TrrraHoBbre crrJraBbr, rro3BoJrf,-
roIIIHe [onyqarb ]I3HococrofixHe lr anrraSpr4Krl]roHHbre noKpbrrptfl c xapaKTepvcrv-
KaMI4, orBeqarouluuH rpe6oBaHr4{M HopMarr4BHErx AoKyMeHToB anx IIA u A.

{ocrorepHocrb Hayq H brx rroJro?KeH uit u peKoMeHlaqu fi

flonyvenHble pe3yJlbrarbl Al{ccepraquoHuofi pa6our He nporr4Bopeqar raMero-
[II4Mcfl AaHHrIM Apyrl4x r4ccne4oBarereft H coBpeMeHHbrM Teoperr4rrecKrzM npeAcraB-
JIeHI4{M Mera-[JIoBeIeHprfl H TepMr,rqecxofi o6pa6omu. Creuenb AocroBepHocrr,r ocHoB-
HbIX pe3yJlbraToB rIoATBepxAaeTc, rrpr4MeHeHHeM coBpeMeHHbrx MeroAoB r4ccneAoBa-
HVfl v KoppeKTHofi nocraHoexofi qenr4 pr 3al:a,q }rccne.qoBaiHvrfl, ocHoBaHHbIx Ha I4ctloJrb-
3OBaHLII4 4eficrnyroqax rpe6oeanr.rfi K crpyKType, grcrrJryararlrroHHrrru csoficrBaM r,r

TexHoJIofI4I4 npol43BoAcrBa BbrcoxorlporrHblx cranefi r{ TI4TaHoBbIx crrJraBoB.

llo reue AHccepraIII4I4 orly6ruKosano 12 uayuustx uy6nnxaryufi, s r..r. 5 s
pelleH3apyeMblx vl:.4aHr4flx r,r3 [epeqnq BAK P@, 2 crarbr4 rrpouHAeKcr4poBaHbr B

HayKoMerpprqecKr4x 6asax rlr4Tr4poBaHl,tfl Scopus Lt WoS, r{To cBr4AerenbcrByer o
HoBI{3He pe3ynbraroB rrccJreAoBaHr4q rl o6 osHaKoMJreHHr4 pa6omr c urrpoKr4M r(pyroM
uayuuoff r4 HHxeHepHo-TexH u qecrofi o6lqecrneHHocrr4.

Pe:ylrrarrt anpo6arJprv Aplccepraquouuofi pa6omr noATBepxAarcTc, npe.qcraB-
JICHHOM a o6cyN4eHrreM Ha IrIKoJIax ceMr4Hapax u xouQepeHrlr4qx p€Bnr4qHoro ypoBH.rr,



B roM r{Hcre: X lO6znefiuas. MexAyHapoAHaq Hayr{Ha{ xon0epenqux <Hayra u o6pa-
3oBaHI4e B coBpeMensoft Poccur.r>> Mocrea, 2018r.), Hayr{Ho-TexHurrecxr{e ceMrdHapbr
xa$e4pu <<MerarroBe.qeHr4e, noporxKoBaf, Merannyprurfl, HaHoMarepr4anbr) CaufTY
(Cauapa, 2018, 2019, 2020, 2021 r.r.), X Mex4yuapoAHaq HayqHo-rpaKrr4qecKaf,
xon$epeu\vfl" flepcnexrnBHoe pa3B[Tr4e HayKH, TexHHKpr 14 TexHoJrotvir" (Kypcr,
2020), 19 MeNayHapoAHa, Hayr{Ho-rexHr4qecxaa rouQepeHrluq <llpou-I4Hxr{Hr4prrHr))
(Couu, 2020 r.), 20 MeN4ynapoAHa{ HayrrHo-rexHr4r{ecKafl ron$epenqur <Ilporra-
I4uxunupr4Hr) (Co.rra, 2021 r.)

Oueu rca coAepxa H vfl rt oQoprrneHrrfl Ar{cceprarlu[

[uccepral]I4fl Ll3noxeHa lpaMorHbrM Hayr{HbrM ,3brKorra, o6la4aer eAraHcrBoM r4

loruxoft fioarpoeHrrq, rroJlHocrbro pacKpbrBaer cyrr{Hocrb BbrrroJrHeHHoro r4ccneAoBa-
HI4r, coAepxl4T TeoperuqecKue o6ocuonaHpr{ ilonyr{eHHbrx aBTopoM pe3ynbraroB H

orII{caHI4e I4x [paKTIa.Iecrofi peilnr43arluu, o$opMJreHa B coorBercrBur.r c ycraHoBneH-
HrIMI,I rpe6onaHLrflMLt. Ilony.reuHbre pe3yJrbrarbr r.r BbrBoAbr coorBercrByrcT rrocraB-
JIeHHrIM B AI4cceprarJVV rlenr4 v 3ag.auau. Teua pr coAepxaHne Arrcceprarlprr4 coorBer-
crByror nayuuofi cneqtranbHocrr4 2.6 . 17 - Marepu€LtroBeAeHr4e.

B 4Iacceprar\wv orcyrcrByror 3ar4McrBoBaHHbre Marepua[br 6es ccsrroK Ha aBTo-
poB H r4cTorlHr4Kpr 3avMcTBoBaHI,Ir.

3arue.raHHq

flo crpyxrype u oSopruneHrlo pa6oru:
1. lraccepra\wfl rr3JloxeHa sa 176 nrrcrax a 6olee r{eM Ha rperb (60 nzcroa)

6es yuera c[ucKa r{c[oJlb3oBaHHbrx r4crorrHrlKoB, cocrour kr3 aHaJrurrr4qecKofo o6eopa.
Kpolae roro, qro o6reM aHa-[r4Tr4rlecKoro o6:opa 3aBblrueH, BbI3bIBaer coMHenue ueo6-
xoALIMocTb AeneHH, ocrulllbHoro TeKCra Arrcceprapr (no Saxry 87 crpanerq) Ha rr.rrTb

uIaB c 2-3 pazge.IlaMu xaxgofi, npuqeM B coAepxaHnpr Ar,rccepra\hkrHr4KaKr{x pa3AenoB
He rlpocnexrrBaercfl, AaHr,afl Lrepapxprfl crpyKTypbr npeAcraBJreHa roJrbKo n anrope$e-
pare pa6oru. lauHufi Sarr, rlo3BoJr{er cAenarb BbrBoA o HeKoropofi oQopuurelrcrofi
paz1ataucl4poBaHHocru H3JroxeHr4, r4 HecoBrra1eH:zkr crpyKryprr caruofi pa6orrr v aB-
rope$epara Al4cceprar\vv, r{ro 3arpyAHrer ee o6rercu4BHyro orIeHKy uo SopuranbHoMy
rrpr43HaKy.

2. B pa6ore rpeAcraBJleHo rlf,rb 3a1.a.u) npu perxeHlru Koropsx c$opMynr{po-
BaHo 9 aueo4oB, rIpI4r{eM BbIBoAbr c 3 no 8 sxrro.{areJlbHo orHocrrcf, K perrreHl4to qer-
eeprofi 3al.a-l^r4 HccneAoBatprfl., B cMbIcJIoBoM BbIpaxeHHI4 noJlHocrbro rloBTopxrculefi
Ilenb pa6orrr B IIenoM. Ha uofi B3rJr{A, aBTopy pa6omr cneAoBano 611 6onee [poAy-
MaHHo I4 KoppexTHee QopuynrzpoBarr rracrHbre 3a1aqr r4 BbrBoAbr uo pa6ore.

llo cyru rpoBeAeHHbrx r4cclre4onaulrfi :

3. Pa6ora nopaxaer uuoroo6pa3r,reM ru6pauHrrx K paccMorpeHr4ro BorpocoB
I{ acrIeKToB LICCneAOBaHVfl'.3TO r4 BOrrpOCbI nr4KBarIlII4 xLrMHr{ecKI{X SJreMeHTOB, MHO|O-
o6pa:ue nrt6paHuux Anq HccneAoBalkrfl MarepuaJroB, orrruMpr;a:\Hfl xLrMr,rqecKoro co-
craBa MarepuulnoB rI rloKpsrcwit, Borrpocbr rarrbBaHhKz, TepMr,r.recKofi o6pa6orxlr, pB-
JII'It{HbIe MeroAbI 14 pexuMbr HaHeceHr,rfl pa3Hoo6pa:urrx noKpbrrr4fi. Hecnaorpr Ha raxofi



KOMfrJreKCHbrfi IOAXOA K nOBbrrXeHr4rO Kar{eCTBa y3nOB TpaHCrrOprHO[ aBr,laUlrOHHOfi U

xene3HoAopoxHofi TexHr4Kr4, cr{vraro, qro MHorr4e MoMeHTbr 3acnyxr4Balor 6oree Ae-
TarrbHoro v3yv'etnfl rnq peKoMeHAarlr4r4 orrruMa-rrbHbrx pexprMoB TepMr4qecrofi o6pa-
6orxr.r z cnoco6oB HaHeceHVfl uoxprrrufi. Tax, Ha[pr4Mep, orcyrcrByror crarrdcruqe-
cKr4e AaHHbre pr aHaJrLl3 orrTprMyMoB TeM[epaTypHbrx pr BpeMeHHbrx napaMeTpoB pexu-
MoB TepMu.{ecxofi o6pa6orr<Lr) He npocnexr4Baercq cpaBHr4Temurrfi anaJrprg nprl 3aMeHe

oAHoro [oKpbrruq Apyrr.rM, vnv ilpv 3aMeHe coorHorrreHlas, QpaxquonHoro lr reoMerpn-
qec Kofo cocTaBa I4cxoAHbrx [oporxKoBblx KoMno3I4IIIIu.

flonepxuoc'rnufi aHa-lrv3 orAenbHbrx BonpocoB, HecoMHeHHo, [peAonpeAenqer
[or{By An, A€LnbHefiuprx uccneAoBauuit r 4auuofi o6racr:2.

4. B gucceprallnpr, Ha crp. 120 yxazaHo, rrro n pa6ore BbrrroJrHeH peHTreHoB-
cxufi Sa:onrrft a:aarLt3 roKpbrrrq cucreMbr WC-Co-Cr. fanee [pr4BeAeHa reKcroBa{
I4HTeplperarJr4fl He npeAcraBJreHHbrx peHTreHorpaMM 14 AaHHbrx rzx pacuru$poBKu,
rlo3BoJlqloulux y6egvrbcfl B rrpaB[nbHocrr.r 3aqBreHHbrx BbrBoAoB, orHocrrreJrbHo $aso-
Boro cocraea xap6vt4Hrrx $a^:.

5. AnropoM, Ha crp. l2l-125 pa6orrr npr4BoAqrcq AaHHbre MnKpopeHrreHo-
cneKTpaJlbHofo aHaIV3a no ToJ[rI]IHe rroKpbrTr,rq, Bbr[oJrHeHHbre Ha SneKTpoHHoM pacT-
poBoM MuKpocKone JEOL c npl4crasxofi JED-2300. Ha ocuoBa:e.nkt ronyrreHHbrx AaH-
HbIx cAeJIaHo 3aKntor{eHue o coAepxaHr4Lr r4 pacnpep,erreHnvt rvr,a rap6ra4Hrrx Sa: uo
TonqI{He noKpblTur. OAuaxo, c yr{eroM Toro, r{To AaHHstit arualus Snrcupyer ronbKo
JIoK€LIIbHoe ooAepxan:ae xuMr4qecKlrx SJreMeHToB n nu6panHoM crreKTpe, cyAr{Tb rro pe-
3ynbraraM TaKI4x raccneAoBalauit o Qa:onoM cocraBe rap6ugoB He [peAcraBJr-rrercf,
Bo3MoxHrtira. B AaHHoM cnyqae, 6oree o@Serrunuuru 6111 6rr lreroA noclofiHoro
crpaBn[BaHprfl c [pLIMeHeHI4eM peHTreHoBcKoro Sasonoro aHaJru3a cJroeB, rITo rlo3Bo-
JII4JIo 6rt ro.ruo onpeAenurr Qopnry ry xap6wAHbrx Sa: no napaMerpaM Kptrcr€urJrprqe-
cxoft perxerKlr.

6. B pa6ore, Arq ynyqlxeHl4fl crpyKrypbr rE csoficrB Marepr{zrrroB rpaHcrropr-
uofi rexullxl4 peKoMeHAoBaH prA rroBTopHbrx pexr4MoB TepMnrrecrofi o6pa6orxn. K
coxaneHuro, Ha rlpeA[p]Iqrwflx,, noBTopHbre pexr4Mbr repMr{r{ecrofi o6pa6orxpr, He Mo-
ryr cr{[Tarscr sS$exrznuofi uepofr fioBbrrrreHus MexaHuqecKrdx csoficrs B rrpr.rHrlr4rre.

Iloeropnax TO, cqrlTaercfl ep.vrruHbrM BrrHyxAeHHbrM cnyqaeM H AocrarotrHo 3arpar-
uofi rraepofi no cMere pacxoAoB Ha e4krHkrqy [poAyKrIr4H. Kpoue roro, pe€LnbHbre rex-
Horou4rlecKne npoqeccbl Ha rtpeAflpr4rrprflx MHorocra4ufiutre, rAe KaxAas cra4r4fl
orpaHl4qeHa oIIpeAeJreHHbIMI4 r4HTepBaraMW rro BpeMeHrr, r{To rrpr4Bf,3aHo K cpoKaM cAa-
qI4 npoAyKIrI'II4 B IIenoM. I4z ervx coo6paxeuui,t, gtrr, ynyqureHu, crpyKTypbr Lt cAarorr-
HbIx xapaKTepr4crr{K, npeArrorrrr4TerbHee BcecropoHHe r43yrrurb ocHoeHofi pexnM Tep-
NaH'{ecrofi o6pa6orxl{ pI npoBecrn ero orrrr4Mr43arltro, c rorrKr4 3peHr,r{ rpe6yeuoro
ypoBHr csoficrs.

7. tlo pe3ynbrary [poBeAeHHbIx I4ccneAoBasuit ocraerc{ orKpbrrbrM Bonpoc
e$SexrraeHocrr{ 3aMeHbI oAHoro MeroAa [onyqeHr.rf, norpbrrvr, ApyrvM, Haqr4Haq or
xuMl4qecxofo cocraBa rroKpbrrytfl, 3aKaHqr4Bafl. caM:aM cnoco6ou ero HaHeceHl{fl, TaK
KaK 3To BJIerIer sa co6ofi peopraHl43arlHro [por43BoAcrBa, nepeo6yueHHe y3KoHarrpaB-
neHHbIx cnelluanucroB, o6cnyxuBaHr4e pa3nr4qHoro o6opyaoeaHnfl. K coxaleHr{ro,
pacqer vnw cpaBHurerbHaq orIeHKa 3KoHoMkrrrecrofi e$QexruBHocrr4 peKoMeHAyeMbrx
rr3MeHeHlzfi n rexuorofl4qx [oBepxHocrHoro yllpoqHeH]/^fl, paBHo, KaK pI B TexHoJrofl{f,x




