
.I 
YrATY 

MHHIICTEPCTBO HAYKII ll BhICIIIErO OliPA30BAHIDI POCCllHCKOH <l>E)l,EPAU,llll 
«l>E)J,EPAJihHOE rOCY)J,APCTBEHHOE lilO)J,lKETHOE OliPA30BATEJihHOE yqpEJK)l,EHIIE BhICIIIEro OliPA30BAHIDI 

«Y«l>IIMCKIIH I'OCY,ZJ;APCTBEHHhIH ABIIA.QllOHHhIH TEXHIJllECKIIH YHIIBEPCIITET» 
(«l>I'I>OY BO «YI'ATY») 

K. MapKca yn., ~- 12, r.Y<t>a, 450008. Ten. : 7 (347) 294-38-29; 8-908-350-35-82, e-mail:office@ugatu.su;http://www.ugatu.su 

OKIIO 02069438, orPH 1030203899527, HHH/KIIII 0274023747/027401001 

« YTBEP)l{,II:AIO» 

OT3hIB 

Be,nyru:e:H opraHH3au;1111 <t>rEOY BO «Y <l>11McKni1 rocy.napcTBeHHI>IH 

aB11au;110HHbIH TexHnqecKHH yHnBepcnTeT» Ha .nnccepTau;noHHYIO pa6oTy 

J1e6e,neBa Mnxamrn ArreKceeB11qa «l1ccrre,noBaHne <l>opMnpoBaHH51 ocTaToqH:bIX 

Harrp51)1(eHllH H TeKCTYPhI B reTeporeHHbIX IIOBepXHOCTHbIX CJI051X ll 

IIOKpbITll51X», rrpe,ncTaBJieHHYIO Ha COllCKaHlle yqeHOH CTerreHll KaH,nH,naTa 

TexHwiecKnx HayK rro crreu;narrbHOCTll 2.6.1 - MeTarrrroBe,neHne n TepMnqecKa51 

o6pa6oTKa MeTaJIJIOB ll CIIJiaBOB 

AI(TyaJibHOCTh pa6oThI 

,II:n ccepTau;n OHHa51 pa6oTa J1e6e,neBa M.A., IIOCB51W:CHHa51 

COBepweHCTBOBaHllIO peHTreHOBCKHX MCTO)J;llK ll BbI51BJieHllIO 

3aKoHoMepHocTei1 <l>opMHpoBaHH51 ocTaToqHbIX Harrp51)1(CHlli1 n TeKcTypbI B 

cTan51x c reTeporeHHOH cTpyKTypo:H rroBepxHOCTHhIX cnoeB ,nn51 rroBbIIIIeHH51 

Ha)l;e)l(HOCTH nx rrpnMeHeHH51 B MaIIIHHOCTpoeHHH. OcTaToqHbie Harrp51)1(CHll51 

(OH) HrpaIOT Ba)l(HYIO pOJib B pa6oTOCIIOC06HOCTll ll3.II;CJillH MaIIIHHOCTpoeHll51. 

OH <l>opMnpyroTc5l B pe3ynI>TaTe Herrocpe,ll;CTBeHHO TepMnqecKnx nnn 

,ll;e<l>opMaIJ;HOHHbIX B03,ll;CHCTBllH, a TaK)l(C B pe3yJibTaTe Bbl3BaHHbIX 3TllMH 

B03)l;ei1cTBH51MH <l>a30BbIX rrpeBparu:eHHH, corrpoBO)l(,ll;aIOW:HXC51 o6neMHbIMH 

3<l><l>eKTaMH. ITocne)l;HHe, TiacTo Ha3bIBaIOT cTpyKTYPHhIMH OH. Cyru:ecTByeT 

MHoro pa3JIHTIHbIX MeTO,ll;HK orrpe,ll;eJieHH51 OH, HO ocHOBHbIMll 51BJI51IOTC51 

,ll;H<l>paKIJ;HOHHbie MCTO,ll;bl, KOTOpbie 51BJI5IIOTC51 C,ll;HHCTBCHHbIMH 

Hepa3pywa10ru:HMH MeTo)l;aMll ou;eHKll OH. Bee BapnaHTbI .n;n<l>paKIJ;llOHHbIX 
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MeTO,I(OB HCnonh3YIOT MeTO,[(lIKY «Sm \j/». 0,z:i:HaKO MeTO,[( «Sm \j/» BKnIOqaeT 

lI3MepeHHe nepHO,I(OB perneTKlI npH HeCHMMeTpHqHhIX ycnOBH51X CbeMKH, 

KOTOphre xapaKTep113YIOTC51 pa3nlfqHoli HHcpopMaUJIOHHOM rny6HHOM, qTo 

npHBO,I(HT K orntt6KaM npII H3MepeHHH OH B o6pa3u:ax c rpa,z:i:IIeHTOM neptto,n:oB 

perneTKlI no rny6IIHe. 3To xapaKTepHO He TOflhKO ,[(fl5I MaTepttanOB, 

no,n:BeprHyThIX MO,I(HcpIIU:HpOBaHHIO noBepxHOCTII, HO II ,I(fl.51 IIOBepXHOCTHhIX 

cnoeB npaKTIIqecKII Bcex npoMhrrnneHHhIX rronycpa6pIIKaTOB B pe3ynhTaTe 

ra30HaChIW:eHH51 IInII npettMyrn:ecTBeHHOro IICIIapeHII51 OT,n:enhHhIX 

nerttpyIOW:HX 3neMeHTOB. B pe3ynhTaTe ,n:n.51 TpIIn-cTaneli c cyrrepBhICOKOM 

Heo,n:Hopo,n:HOCThIO no rny6IIHe BenttqlfHa OH .n:o CIIX He 6orna orrpe.n:eneHa, 

HeCMOTp.51 Ha BmKHOCTh 3TOM xapaKTepHCTHKH .z:i:n.51 3TIIX cTaneli. B CB513H c 

3THM , ,n:ttccepTaU:HOHHa.51 pa6oTa Jie6e,n:eBa M.A. HecoMHeHHO 51Bn51eTc51 

aKTYMhHOM KaK c HayqHoli, TaK If c npaKTifqecKOM ToqeK 3peHII51. 

06m,aSI xapaKTepHCTHKa pa60Thl 

B ,n:ttccepTaU:IIH paccMoTpeHhI oco6eHHOCTII ,n:IIcppaKU:HOHHhIX MeTo,n:oB 

H3MepeHH51 ocTaToqHhIX Hanp51)l(eHHM B KOHCTPYKU:HOHHhIX MaTepIIanax H 

noKphITH51X, oco6oe MeCTO y.n:eneHO BfllI51HlIIO reTeporeHHOCTH XlIMIIqecKoro II 

cpa30Boro COCTaBa B noBepXHOCTHhIX Cfl051X TpHII-CTaneli, a TaK)l(e B CBapHhIX 

coe,n:HHeHH51X If 3aW:IITHhIX noKphITH51X, KOTOphre BhI6paHhl B KaqecTBe 

o6oeKTOB ttccne,z:i:oBaHH.51. 

B pa6oTe npoBe,n:eHhr ttccne.n:oBaHH.51 OH B cBapHoM coe,n:HHeHIIH H 

lf3HOCOCTOMKOM HarrnaBKe Ha penhCOBOM CTMII. TIOKa3aHO Hanlfqlfe 

OCTaToqHhIX C)l(lfMaIOW:HX Hanp51)l(eHHM B HOpManhHOM CBapHOMY llIBY 

HanpaBneHHH, o6pa30BaHHe KOTOphIX o6ycnoBneHO nonO)l(lfTenhHhIM 

o6oeMHhIM 3cpcpeKTOM "(---*U npeBparn:eHH.51 B CTMH npH oxna)l(,n:eHHlI CBapHoro 

rnBa. B H3HococToliKoli HarrnaBKe Ha noBepxHOCTH o6Hapy)l(eHhI BhICOKHe 

paCT51rHBaIOrn:He HaIIp51)l(eHH51, KOTOphre nepeX0,[(51T B C)l(lfMaIOrn:He B 

no,n:noBepXHOCTHhIX Cfl051X. TionyqeHHhie pe3ynhTaThl .n:aIOT Ba)l(HYIO 

HHcpopMaU:HIO, Heo6xo,z:i:HMYIO ,n:n.51 KOHTpon.51 OH B penhcax. 

Eonhruoe BHHMaHHe aBTOpOM y.n:eneHO lICCne,n:oBaHHIO cpa30Boro COCTaBa, 

TeKcTypor H OH B noBepxHOCTHhIX cno51x Tpttn cTanII BHC9-Ill rrocne 

npoKaTKlI If OTnycKOB npH 300-600 °c. 3TH IICcne,z:i:oBaHII.51 IIOKa3anH, qTo B 

noBepXHOCTHOM cnoe nocne xono,n:HOM npoKaTKlI rrpOIICXO,I(lIT "(---*U 

npeBparn:eHHe, npHBO,I(51IIJ:ee K noqTif ,n:ByKpaTHOMY CHlf)l(eHHIO KOnlfqecTBa 

aycTeHHTHOM cpa3hl, npH 3TOM pacna.n: aycTeHHTa ocyrn:ecTBn51eTC51 B OCHOBHOM 

3a cqeT rnaBHoro KOMIIOHeHTa TeKcTypor npoKaTKH aycTeHHTa. BnrnBneH 

MexaHH3M peantt3aU:HlI cpyHKU:lIOHMhHhIX xapaKTepHCTHK TpHn CTanH, KOTOphlll 
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BKJUO-Y:aeT cpopMHpOBam-re C)l(HMaIOW:HX HaIIp5I)l(eHHH 3a C-Y:eT 

KOHTporr11pyeMoro pacrra~a MeTaCTa6HIThHOro aycTeHHTa B IIOBepXHOCTHhlX H 

rro~rroBepXHOCTHbIX CIT05IX TpHrr CTaITH. 

Korr11-Y:eCTBeHHhie 11ccrre~oBaHH5I cpopM11poBaHH5I TeKcTyphI B 

BaKyyMHhIX, HOHHO-IIJia3MeHHhIX TiN H ZrN rroKphITH5IX B 3aBHCHMOCTH OT 

HaIIp5I)l(eHH5l Ha IIO~JIO)l(Ke II03BOJIHITH Bhl5IBHTb KpHCTaITJIOXHMH-Y:eCKHe 

3aKOHOMepHOCTH cpopMHpOBaHH5I TeKCTyphl B IIOKpbITH5IX H ycTaHOBHTb 

KoppeIT5IU:HH 3HepreTH-Y:eCKHX rrapaMeTpOB TeXHOJIOrH-Y:eCKoro rrpou:ecca H 

MHKpoTep~OCTbIO IIOKpbITHH. 

HayquaH HOBH3Ha. 

Ba)l(HhIM pe3yJihTaTOM ~11ccepTau:1111 5IBJI5leTC5l 

11crrorrh30BaH11e op11r11HarrhHOH MeTo~HKH ou:eHKH OH, KOTopa5I rro3Borr11rra 

ou:eHHTh HX BeITH"l!HHY B reTeporeHHhIX MaTep11arrax, ~JI5I KOTOpbIX 

cTaH~apTHhIH MeTo~ «sin2
\j/» He rrp11ro~eH. Enaro~ap5I 3TOMY y~arrocb ou:eHHTh 

OH B HanrraBKe H3 cTerrnHTa Ha perrhCOBOH cTarrH 11 BrrepBbie H3MepHTh OH B 

TpHll CTaIT5IX. 

Ha116orree Ba)l(HhIMH B Hay-Y:HOM 11 rrpaKTH-Y:ecKOM rrnaHe rrpe~cTaBJI5IIOTC5l 

pe3yIThTaTbl HCCITe~oBaHH5I TpHII CTarreH:. B pa6oTe ycTaHOBJieH KOHKpeTHhIH 

cTpyKTypHo-cpa30BhIH MexaHH3M TpHrr 3cpcpeKTa. IToKa3aHo, -Y:TO rrpH xono~HOH 

rrpoKaTKe cTarrH BHC-911I B rro~rroBepxHOCTHhIX crro5Ix rrHcTa cpopM11pyeTC5l 

~Byxcpa3Ha5I cTpyKTypa c rrpeo6na~aHHeM aycTeHHTHOH cpa3hI, rrp11 3TOM B 

TOHKOM IIOBepXHOCTHOM cnoe TOITW:HHOH 5-10 MKM rrpOHCXO~HT y~a 

rrpeBparn:eHHe, corrpOBO)l(~a10rn:eec51 IIOJIO)l(HTeITbHbIM o6neMHhIM 3cpcpeKTOM, 

KOTOpbIH rrpHBO~HT K C)l(HMaIOW:HM HaIIp5I)l(eHH5IM (-850 MITa) B aycTeHHTe HK 

rrorrHoli penaKcau:1111 BhICOKHX pacT5lrHBa10rn:11x Harrp5I)l(eHHH B a-cpa3e. B 

pe3yIThTaTe C)l(HMa10rn:11e Harrp5I)l(eHH5l B IIOBepxHOCTHOM crroe rrperr5ITCTBYIOT 

3apo)l(~eHHIO TpeW:HHhI, a HarrH-Y:He He pacrraBineroc5I MeTaCTa6HJibHOro 

aycTeHHTa B IIO~IIOBepXHOCTHbIX CJI05IX o6ecrre-Y:HBaIOT TOpMO)l(eHHe rpern:HHhl, 

rrpo~BH)l(eHHe KOTOpOH Brrry6h MaTep11arra CTHMyrr11pyeT pacrra~ aycTeHHTa, 

corrpoBO)l(~aIOW:HHC5I C)l(HMaIOW:HMH HaIIp5I)l(eHH5IMH. 

BrrepBhie ~IT5I TpHrr cTarreH: ou:eHeHhI xapaKTepHCTHKH ~ecpopMaU:HOHHOH 

CTa6HITbHOCTH aycTeHHTa Ha OCHOBe rrapaMeTpa Md30 ( TeMrrepaTypa, rrpH 

KOTOpoH: pacrra~aeTC5I 50 o/o aycTeHHTa no~ ~eHCTBHeM 30 o/o ~ecpopMaU:HH 

pacT5l)l(eHHeM). Ou:eHeHa BeJIH-Y:HHa 3Toro rrapaMerpa ~rr5I 11ccne~yeMoli cTarrH 

BHC9-lll, a TaK)l(e ~rr5I ~pyr11x TpHrr cTarreH: c co~ep)l(aHHeM aycTeHHTa 10-
50o/o. 

B ~HccepTaU:HH ycTaHOBrreHbl Ba)l(Hble ~IT5l IIOHHMaHH5I MexaHH3Ma TpHII 

3cpcpeKTa 3aKOHOMepHOCTH TeKcTypoo6pa30BaHH5I rrpH ~ecpopMaU:HH H cpa30BhIX 
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rrpeBparn;emurx B y-H a-cpa:mx. TioKa3aHo, qTo xono,n;Ha5I rrpoKaTKa TpHrr cTanH 

IIpHBO)J;HT K cpopMHpOBaHmO Bhipa)l(eHHOH O)J;HOKOMIIOHeHTHOH TeKCTyphI y­

cpa3hl H .I:i:BYXKOMIIOHeHTHOH TeKcTypr:,r a-cpa3hI. Pacrra.z:i: aycTeHHTa B 

IIOBepXHOCTHOM cnoe rrpOHCXO)J;HT 3a cqeT OCHOBHOro TeKcTypHoro 

KOMIIOHeHTa y-cpa3hI, qTo CBH)J;eTenhCTByeT 0 TOM, qTo TeKCTYPHhIH cpaKTOp 

HrpaeT Ba)l(HYIO ponr:, B cpopMHpoBaHHH cTpyKTypHo-cpa3oBoro H Harrp5I)l(eHHOro 

COCT05IHH5I, o6ecrreqHBaIOrn;ero YHHKanhHhIH KOMirneKC MexaHHqecKHX CBOHCTB 

TpHII CTaneH:. 

I1ccne,n;oBaHH5I BTIH5IHH5I HaIIp5I)l(eHH5I Ha rro.n;no)l(Ke Ha cpopMHpOBaHHe 

TeKcTypr:,r H cBolicTB BaKyyMHhIX HOHHo-rrna3MeHHhIX rroKphITHH TiN H ZrN 
II03BOnHn BhI5IBHTh Ba)l(Hbie 3aKOHOMepHOCTH rrpo:u:ecca TeKcTypoo6pa30BaHH5I, 

KOTOpbie MoryT 6bITh 3cpcpeKTHBHO rrpHMeHeHhI )J;Il5I HHTeprrpeTa:U:HH 

TeKCTypoo6pa30BaHH5I .z:i:pyrHX IIOKphITHH. Tipe.n;no)l(eH KpHTepHH OT6opa 

TeKCTYPHhIX KOMIIOHeHTOB B ycnOBH5IX HepaBHOBeCHOrO cpopMHpOBaHH5I 

IIOKphITH5I, OCHOBaHHhIH Ha rrpe.n;rroqTHTenhHOCTH B 3THX ycnoBH5IX 

KpHCTannHTOB c opHeHTa:o:HeH ( 111 ), KOTopa5I 5IBJI5IeTC5I e,n;HHCTBeHHOH aTOMHOH 

rrnOCKOCThIO, B KOTOpoH: Mo,n;ynh lOHra H30TporreH. 

IlpaKTnqecKasi 3uaquMOCTh. 

TioKa3aHO, qTo B CBapHOM coe,n;HHeHHH penbca 

IIOilO)l(HTenhHOrO 06neMHOrO 3cpcpeKTa y~a rrpeBpaIL(eHH5I 

B pe3ynoTaTe 

cpopMHpyIOTC5I 

C)l(HMaIOrn;He OH, qTo 5IBn5IeTC5I ocHoBoli .n;n5I pa3pa6oTKH peKoMeH.n;a:o:HH: .n;n5I 

yrrpaBneHH5I rrpo:u:eccoM cpopMHpOBaHH5I OCTaToqHhIX HaIIp5I)l(eHHH H 

IIOBhIJlleHH5I Ha)J;e)l(HOCTH 3KcrrnyaTa:U:HH CBapHhIX coe,n;HHeHHH penhCOB 3a cqeT 

KOHTponHpyeMoro cpa3oBoro rrpeBparu:eHH5I. 

06Hapy)KeHa Koppen5I:U:H5I Me)l(.z:i:y KOnHqecTBOM MeTaCTa6HnhHOrO 

ocTaToqHoro aycTeHHTa H rrpe.n;enoM rrpoqHoCTH TPHII-CTanH, TaK ero 

MaKCHManhHoe KOnHqecTBO rrocne CTapeHH5I rrpH 500°C (84 o/o) o6ecrreqHBaeT 

MaKCHManhHhIH rrpe.n;en rrpoqHoCTH B 1850 MTia, a rrocne cTapeHH5I rrpH 600°C 
rrpe.n;en rrpoqHOCTH CHH)l(aeTC5I .z:i:o 1570 MTia Bcne,n;CTBHe yMeHhllieHH5I 

KOJrnqecTBa aycTeHHTa .z:i:o 55 %. TionyqeHHhIH pe3ynhTaT .n;aeT 3cpcpeKTHBHhIH 

crroco6 peanH3a:U:HH B TpHII-CTan5IX KOHTpOnHpyeMoro KOMIIneKca 

MexaHHqecKHX CBOHCTB 3a cqeT yrrpaBneHH5I rrpo:u:eccoM TepMoo6pa6oTKH 

CTanH. 

BornBneHhI 3aKOHOMepHOCTH BnH5IHH5I Harrp5I)l(eHHH cMern;eHH5I Ha 

cpopMHpOBaHHe TeKCTYPhI H MHKpOTBep,n;oCTh BaKyyMHhIX HOHHO-IIna3MeHHhIX 

TiN H ZrN rroKphITHH. TioKa3aHo, qTo BhICOKHe 3HaqeHH5I Harrp5I)l(eHHH (-100 
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B) rrpMB0.[(5IT K MHTeHcmpMKaU:MM rrpou:eccos Ha rrosepxHOCTM rro.n:no)l(KM, qTo 

corrpoBo)l(.n:aeTc5I cpopMttposaHMeM Bhlpa)l(eHHOM TeKcTypI>I ( 111) B TiN 
rroKphITM5IX M .n:soiiHoii TeKcTypI>I (111)+(113) B ZrN rroKphITMM. YMeHhllieHMe 

Hanp5I)l(eHM5I cMeru;eHM51 .n:o -10 B rrpMBO.[(HT K .n:syKpaTHOMY ysennqeHHIO 

TBep.[(OCTll IIOKpbITMM, 6ecTeKCTYPHOMY COCT05IHMIO TiN ll ocna6JieHHIO 

TeKCTYPhl ZrN IIOKphITllM. 3Tll pe3yJihTaThI .n:aIOT HOBOe 3cpcpeKTMBHOe 

HanpaBJieHne IIOBhillieHM5I cJiy)l(e6HbIX CBOMCTB IIOKphITllM Ha OCHOBe IIOllCKa 

OIITllMaJihHOro coqeTaHll5I 3HepreTMqecKHX napaMeTPOB TeXHOJIOrMqecKoro 

rrpou:ecca n CTPYKTYPHhIX xapaKTepncTMK rroKphITH5I. 

,ll;oCTOBepHOCTh UOJiyqeHHhIX pe3yJihTaTOB IIO.[(TBep)l(.n:aeTC5I TeM, qTo 

Bee OCHOBHhie HayqHhie BhIBO.[(hI H peKOMeH.[(al(llll rronyqeHhl c 

MCIIOJih30BaHHeM COBpeMeHHhIX HayqHhIX rrpe.n:cTaBJieHMM 0 

TeKcTypo6pa3oBaHHM rrpn .n:ecpopMaU:Mll n cpa30BhIX rrpesparu;eHH5IX, 

aHll30TpOIIlili yrrpyrnx li MexaHMqecKMX CBOMCTB CTaJieii ll 3aru;HTHhIX 

IIOKpbITMH. 06ocHOBaHHOCTh ycTaHOBJieHHhIX B pa6oTe 3aKOHOMepHOCTeM He 

Bbl3bIBaeT COMHeHll5I, IIOCKOJihKY aBTOpOM Tru;aTeJibHO li Ha COBpeMeHHOM 

MeTO.[(MqecKOM li HayqHoM ypoBH5IX rrpOBO.[(llTC5I KOJIMqeCTBeHHhIH aHaJIM3 

TeKCTYPbl, cpa30BOro COCTaBa ll OCTaToqHhIX HaIIp5I)l(eHHM, rrpn 3TOM 

rrpnMeHHTeJibHO K nccne.n:yeMbIM rpa.n:MeHTHhIM MaTepttanaM Ol(eHKa 

OCTaToqHhIX HaIIp5I)l(eHMM peaJill30BaHa c llCIIOJih30BaHMeM 

ycosepllieHCTBOBaHHoro MeTo.z::i:nqecKoro pellieHH5I, .n:a10ru;ero 6onee 

.[(OCTOBepHbie pe3yJII>TaThI no cpaBHeHMIO co CTaH.n:apTHhIMll IIO.[(XO.[(aMll 

.n:mppaKI(llOHHOH TeH30MeTpllll. 

3aMeqaHHH 

1. B .n:nccepTaU:MM 3HaqnTeJII>Hoe MeCTO y.n:en5IeTC5I rrpo6neMaM 

li3MepeHll51 OCTaToqHhIX HaIIp5I)l(eHMH B TpllII CTaJI5IX, O.[(HaKO B 

cpopMnpoBaHllli KOMIIJieKca MexaHMqeCKllX CBOMCTB pOJib 

OCTaToqHhIX HaIIp5I)l(eHHM aBTOpOM MrHopnpyeTC5I ll OCHOBHOH 

yrrop rrpM liHTeprrpeTal(Mli CTaTnqecKMX li ycTaJIOCTHbIX CBOMCTB 

.n:enaeTC5I Ha KOppeJI5Il(llll 3TllX xapaKTepHCTllK c KOJillqecTBOM 

ocTaToqHoro aycTeHnTa. 

2. TipaKTnqecKa51 3HaqMMOCTh pa60ThI 6brna 6bl 3HaqnTeJibHO Bbillie, 

eCJill 6bI B Reif co.n:ep)l(aJIMCh KOHKpeTHhie TeXHOJIOrMqecKne 

peKOMeH.[(al(llll IIO peaJIH3al(llll ycTaHOBJieHHhIX B pa6oTe 

pe3yJII>TaTOB B ycJIOBll5IX IIpOM3BO.[(CTBa. 
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3. B ,n:RccepTa11:i1R IIpR Hccne.n:oBaHRR BJIR51HR51 HaIIp51)1(eHR51 Ha 

IIO.D:JIO)l(Ke Ha cpopMRpoBaHRe TiN R ZrN IIOKpbITRH 

orpaHRqRJIRCb paCCMOTpeHReM TOJibKO TeKcTypHoro cpaKTOpa R 

IIOJIHOCTbIO IIpORrHOpRpOBaHbl OCTaToqHbie HaIIp51)1(eHR51, 

BeJIRqRHa KOTOpbIX .D:JI51 3TRX IIOKpbITRH MO)l(eT .lJ:OCTRraTb 

HeCKOJibKRX rITa R cyllJ,eCTBeHHO BJIR51Tb Ha RX CBOHCTBa. 

4. B pa6oTe o6Hapy)l(eH o"LJeHh Ba)l(HbIH B IIpaKTR"LJecKoM IIJiaHe 

3cpcpeKT cpopMRpoBaHR51 C)l(RMaIOllJ,RX HaIIp51)1(eHRH B CBapHOM 

IIIBe peJibCOBOH CTaJIR, KOTOpbIH CIIpaBe,n:JIRBO CB513bIBaIOT c 

IIOJIO)l(RTeJibHbIM o6'beMHbIM 3cpcpeKTOM r~a IIpeBpameHR51. B 

3TOH CB513R B03HHKaeT BOIIpoc, KaK 3TOT 3cpcpeKT 6y,n:eT 

peaJIR30BbIBaTbC51 B cnyqae ,n:Byxcpa3HbIX RJIR aycTeHRTHbIX 

CTaJieH:, r.n:e OH B03MO)l(H0 Boo6me OTCYTCTByeT. 

C.n:enaHHbie 3aMeqaHR51 RMeIOT ,n:RcKyccROHHbIH: xapaKTep R He CHR)l(aIOT 

o6me:H: BbICOKOH OIJ,eHKH .lJ:RCCepTaIJ,RR. )J:RccepTaIJ,ROHHa51 pa6oTa Jle6e,n:eBa 

M.A. BhIIIOJIHeHa Ha BbICOKOM Hay"LIHO-TeXHR"LJecKoM ypoBHe. 0Ha 

IIpe.n:cTaBmieT co6o:H: caMOCT051TeJibHYIO 3aKOH"LJeHHYIO Hay"LJHO-

KBaJIRcpHKaIJ,HOHHYIO pa6oTy' B KOTOpoH: R3JIO)l(eHbl Hay"LJHo-o6ocHOBaHHble 

TeXHHqecKRe R TeXHOJIOrRqecKRe perneHR51, CB513aHHbie c Bbl5IBJieHReM 

3aKOHOMepHOCTeH: BJIH51HH51 IIapaMeTpOB ROHHO-IIJia3MeHHOro HaHeceHR51 

HHTPH.lJ:HbIX IIOKpbITRH Ha RX TeKCTYPY R CBOHCTBa, RCIIOJib30BaHReM MeTO.lJ:RKR 

OIJ,eHKR OCTaTO"l!HbIX HaIIp51)1(eHRH reTeporeHHbIX MaTepRaJIOB IIpRMeHRTeJibHO 

K TpHII-CTaJI51M, CBapHOMY coe,n:RHeHRIO R HaIIJiaBKe Ha peJibCOBOH CTaJIR. 

Pe3yJihTaThI ,n:RccepTaIJ,ROHHoH: pa6oTbI, BbIHOCRMbie Ha 3allJ,HTy, IIpornnH 

aIIpo6aIJ,HIO Ha 6 HayqHO-TeXHRqeCKRX KOHcpepeHIJ,R51X, OIIy6JIRKOBaHbl B 8 

IIeqaTHbIX pa6oTax, BXO.lJ:5111J,RX B Me)l(.n:yHapo,n:Hhie CRCTeMbl IJ,RTRpOBaHH51, B 

TOM qHcJie 4 CTaTb51X B Be,n:yllJ,RX peIJ,eH3RpyeMbIX )l(ypHaJiax, BXO.lJ:5111J,RX B 

IIepe"LieHb BAK. Pe3yJihTaTbI ,n:RccepTaIJ,ROHHOH pa6oTbI MoryT 6bITb 

HCIIOJib30BaHbl B aBHaKOCMH"l!eCKOH H MallIRHOCTpORTeJibHOH TeXHRKe, a TaK)l(e 

B .n:pyrHX OTpacJI51X IIpOMblllIJieHHOCTH. 

ABTopecpepaT R oIIy6nRKOBaHHbie pa6oTbI IIOJIHOCTbIO oTpa)l(aIOT 

co.n:ep)l(aHRe .lJ:RCCepTaIJ,RR. 

Do Hay"LIHOMY ypoBHIO IIonyqeHHbIM pe3yJihTaTaM, co.n:ep)l(aHRIO R 

ocpopMJieHRIO IIpe.n:cTaBJieHHa51 .lJ:RCCepTaIJ,ROHHa51 pa6oTa y,n:oBJieTBOp51eT BCeM 

Tpe6oBaHR51M II.II. 9-14 I1oJIO)l(eHH51 0 IIpRCY)l(.lJ:eHRR y"LJeHbIX CTeIIeHeH:, 

yTBep)l(,n:eHHOM ITocTaHOBJieHReM IIpaBRTeJibCTBa P<I> OT 24 ceHT516p51 2013 r. 

NQ 842, a ee aBTop Jie6e,n:eB MRxaRJI AneKceeBR"LI 3ac11y)l(RBaeT IIpRcy)l(.n:eHH51 
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yqeHOH CTeneHH KaH)l;H)l;aTa TeXHlfqecKHX HayK no cne:u;HaJibHOCTH 2.6.1 -
MeTa.rrJioBe,n:eHHe H TepMHqecKa.SI o6pa6oTKa MeTa.rrJioB H cnnaBoB. 

0T3hIB Ha ,n:HccepTa:u;mo H aBTopecpepaT paccMoTpeH Ha 3ace,n:aHHH 

Kacpe.n:po1 «TexHonorH.SI ManrnHocTpoeHH.SI» <I>rEOY BO Yr ATY, npoToKOJI 

N2 7 OT 21 OKT.SI6p.SI 2021 ro.n:a. Ha 3ace,n:aHHH npHcyTcTBOBa.rro 28 qneHoB H3 

34. Pe3yJII>TaTbI ronocoBaHH.SI: «3a» - 28, npoTHB - HeT, B03,n:ep)KaBilIHXC.SI - HeT. 

ITpocpeccop Kacpe.n:poI 

«TexHOJiormI MallIHHOCTpOeHH.SI»' 

,n:.T.H., npocpeccop 

CMbICJIOB AHaTOJIHH MttxaH:noBWI 

,[(oKTOpCKa.SI )l;HCCepTa:U:H.SI 3aII(HII(eHa 20.01.1994 r. no cne:u;Ha.rrbHOCTH 05.07.05 
- «TenJIOBhie, 3JieKTpopaKeTHbie )l;BHraTeJIH H 3HeproycTaHOBKH JieTaTeJibHbIX 

annapaTOB» 

450008, Pecny6nHKa EallIKOpTOCTaH, r. Ycpa, yn. K. MapKca, .n:. 12 
<I> rEOY BO « y cpHMCKHH rocy.n:apCTBeHHbIH aBHa:U:HOHHbIH TeXHHqecKHH 
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