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OT3bIB
BeAyrrleft opraHr43aUr.rr4 Se4epanrnoro rccyAapcrBeHnoro 6ro4xernoro
o6pasora:reruHoro yqpex(AeHlrf, Bbrcrrero o6pa^aoeanlrx <Ptr6lrscr<1.rfi

IocyAapcrBeHHBrfr aBvarlzoHHbrfi rexHuqecr<zft ynuaepcrzrer uuenu lLA.
ConoebeBa> Ha Arzcceprarlr{oHH}ro pa6ory llpoqenxo Esreuzs Oreronu-ra

(3aKoHoMepHocrr{ crpyKTypno-(pa:oerx npenpaqennft B cBapHbrx coeArzHeHr4rx
JIIICTOB II3 €UrrOMOKaJrBrIrr eB6rx crIJraBoB)), rrpe/4cTaBJreHHyro Ha corrcKaHr,re yr{eHo.ii

cre[eHr4 KaHAr4Aara rexHr.rqecKr.rx HayK no cneur4aJrbHocru 2.6.17
(Marepfia,-roBeAeurre) (rexnzuecrue nayxlr)

Arc'ryamuocrb reMlr Arrccepraqrrrr. B uacro.arqee BpeMr arloMrrHr4eBbre

cnJraBbl HaxoAtr ece 6o;Eruee [p],rMeHeHr4e fiprr r43foroBJleu[u gera:reft rr y3JtoB

pa3rr4qH;rx lrs4eluft B MarllaHocrpoeurzlr r4 aBuacrpoeHr{Ir 6naro4apa

YHI4KANbHOMY KOMIIJIEKCY MEXAHI4qECKIIX II 9KCIINYATAIII4OHHbIX CBOftCTB, OAHAr<O

AOCTaTOIIHO IIaCTO npli r43roToBJreHr4II KpylHbIX MOHOJTT.ITHbIX y3nOB II3
3aroroBoK, [oJr] {eHHbrx c rIcrroJrL3oBaHI,reM pa3Jr}rqH6IX TexHOJrOrUfi (llmre,
o6pa6oma AaBJreHrreM, 3D-rexnonorvv) nosnuraror cepbe3ubre npo6lerrarr npr.r

ooecfleqeHrrr,I TpebyeMoro KoMrrrreKca exaHrrqecKr.rx ceoftcrs oco6eHno s soHe

cBapHoro lrrBa u3-3a cyqecrBeHHoro par3rr4q[,{ xlIMur{ecKoro cocraBa nr.rreiHr,rx r4

IeQopMupyeM blx cnJraBoB.



Ilosrolry [poBeAeuulre corrcKareJreM

Qason'x nperpaule'an, rporeKaroq"" " ""#;:n:""::ff"#1t#tffi;";refapoBaHHblx urlHKoM rr MafHr4eM' B ycJroBr4rx cBapKI{, rBJr-srorcr, HecoMHeHHo,
AKTYAJIEH'IMIIO tEM 6OIEC qTO ABTOPOM PACCMAIPI'BAETC' KAI{ CBAPKA IIABJIEHI4EM
(aprono4yron a8 Lr Jra3ep*as), rar r.r cBapKa r raep40it oa.ge - cBapKa rpeHr{eM crrepeMeu[BaHlreM.

O6utas xapaKTeprrcruna pa6orrr.
covcr<atenelr B nl{TeparypHou o6sope [peAcraBre'o no4po6uoe orrr4caHr4e

coBpeMeHHOfo cocro,r'rlf zccne40aanzfi s o6rac:u4 cBapKrl B'rCoKoripoqH'rx
4ESOPUZPYEU'IX AJIIOMI' HIIEBEIX CIIJIABOB V CIJIABON CPE4rrErl NPOqHOCTI,I,
PACCMOTPEHBI P€BJIIIqH'IC CIICTEM'I ICIUPOBAH ,fl I4 METOA'I YNPOqHCHU,aJII.MLIHTIeBEIX cfIJIaBoB, npoaHanr43r'poBa'o BJrrzr'r4e Jrer''pyrorl{rix gJreMeHToB Ha
Mexa'r'rlrecKr4 e csoficrua a cBapr{BaeMocru 4auHor? fpynnEr crrJraBoB. Eo*'roe
BHr.MaHVe yAeJreHo a'a'-rrr3y [pr4Me'reM6rx cnoco60s cBapKr.r xoncrpyrcqzil zs
aJIIOMtHTT.B'IX crrJIaBoB r'r oco6eunocrslr QopvzponaHr,ir crpyKTyp'r crrapHoro

'uea' 
vcra'oeJre'o' qro rMeerc-f, [porr.rBopeq'e MexAy BhrcoKrrM' rpe60ranz,rvu

K clJIaBaM I4 cyqecrByrorqr.rMr4 cr4creMaMr.I Izx ylporr'eHr.Ir, qro rro3BoJrlrJro
aBTopy BnoJrHe o6ocuonaHuo c$opvynuponarB qeJirb nccreAoBaHzs z ofipeAeJrr.rrb
3a4a-t , o6ecneqnsarcqrde Aocrrrxeuve yKa3aHHo[ qenz.

B qacrnocrv ycrauoBJreuo, qro AJr{ Jrr,rcroB clJraBa At_-lCa_S,52n*I,5Mg_
0'5Mn r<ossszqzenr rperquuoo6pa:oBa'zq ro npo6e <<p',6uir cKerer))
HaxoAl'Tc'fl B npeAeJlax 5I-58%, JrervpoBa'rre qrp*o'rreM [pr.rBoAr4T K cHr4xeHr.rro
noxa^sate,refr crofirocrn nporriB o6pasonanux rpeqrzu rrprr cBapxe, AoKa3aHo, rrro
AotIoJrHIzreJrEHoe JrerlrpoBaHr'e cKarrArreM JrrrcroB c[JraBa Ar-'ca_',52n-1,5Mg_
0,5Mn oco6euno 6;rarornop'o cKa3'rBaercr Ha cHz)KeHr4Ir cKJroHHocrIr crrJraBa r(rpeqzuoo6pa:oBaHvro (rossQzquenr rpeqlruoo6p aso*auux c'rrxaerc, rta 2l _27%'), lprrMe'eHr're npzca40vnofi [poBoJroKrr [prlBoAr]T K ,,oBE xe'riro
r<pr'rravecrcoft cKopocrrr Aesoprr,rzpoaanut (7 ,1lru/uzn AJ* rrpoBoJroKz caAMr63
u 7,4 vrvr/wuu' a rrfr [poBoJro^z csr575 coorBercrBe'no). rlpv srou uar.i6o.ree
BhrcoKar croiixoctr JrrrcroB IZCCJreAyeMoro clJraBa r< rperqunoo6pa3.Balrriro
na6nro4aerca 

''pu nnc,,onu,OBaHIZV Ars cBapKrr npnca40u'ofr trpoBonor(r4,
aerurpoea'uof cKaHAUeM, n rTp,r .'aJfi4rlrlLr Coa."Ar4t B OCHOBHOM Marepr4 a!-re.

zurepecurre pe3yn6rar6r fioryqe'Br r{ rro npe,qy[pexAeHrr ro o6paaonanz;r
rlopl'crocrll B 3o'e cBap'ofo IrJBa' ycra'oBJreHo, qro AJr-rr ycrpaHe'ar grofo
4e$exra neo6xo4zrr xorrnner<csrrt I.AXOA, a r4MeHHO: yMeHbrrreHr'e KoJrrlqecrBa
pacrBopeH'Oro BoAopoAa B ocHoBHOM MeraJrJre 40 0,4g cu3 /100 r H rularerrbHoe



co6JrroAeHlre TexHoJlorulll [oAroroBKri cBapr.rBaeMbrx KpoMoK IIoA cBapKy c
co3AaHzeM [pLr cBapKe ycJroBr4fi AJr.f, ?rHTeHcr4BHQft [y3BrpbKoBofi Aera3arJrra
cBapoqHoit BaHHbI' flora:ano, qro I4 ra3epHas oqr4crKa rroBepx'ocrlr [o3tsoJrrer
c'r'r3r'Tb KoruqecrBo r'r cpe4uufi ArraMerp ,,op ro cpaBHe'rlro c aaqrzcrKor
nexasvqecrofi rqercofi [pvMepHo e 2-2,5 pa3a v [o KaqecrBy coeArrHeHrfi
paBHorIeHHa xEMriqecKoMy rpaBJreHr.rro JrrzcroB flepeA cBapKofr .

,{.nx 4oxasareJrbcrBa paspa6orannrtx coacKareJreM [peAnoxeuafr no
.'B'pIII.HCTBOBaHIZIO Tex'ororfiirecKr4x npoqeccoB cBapKrr 6ruz onpe4e.neHrr
MexaHuqecK[e csoficrsa cBapHBrx coe4znenrfi Jrr.icroB clJraBa Al_7Ca_5,52n_
1'5Mg-0,5Mn fiprr aBroMarrrqecrofi ap.oHoAyroBofr cBapKe c [pvcaAor{H'rMa
rrpoBoJroKaMr'r csAMr63 u cs1575. ycranosreHo, v:ro 6*4eseKrHbre cBapHrrre
coeAI{HeHIzt 

''pv 
trcrr'ITaH,rflx Ha pacrrxeHr.re rzMeror [poqHocrb na yponne 0,79-0,89 or BpeMe'Horo colporr4BJreHr,r, oc'oBHofo MeraJrJra. BpeveHuoe

COIIPOTT'BNEHHC JIIITO.O METAJIJIA IIIBA B 3AtsI^CI,IMOCTII OT NPZIIEU.AEITOfi
npnca40'rnof [poBoJroKrr Haxonr4Tcf B Arzana3.He 144-165 MfIa (nporonona
CsAMr63) u 158-185 MfIa (nponoroxa Cs1575), o6pasqu, nooyr"nrur"
aBToMarrzqecKoft nasepnoft cnapxofi c [pvcaAoqHofi npononoxofi cn1575, npw
r4crrbrra*r4tx Ha pacrrxeHrre r4Meror flporr'ocr' Ha ypoBHe 0,74_0,79 or
BpeMeHHOro cotrporrrBJreHbr ocHoBHOfO Mera!'rJra. pa:py'renze coe4zueuali nou
LIcIIbITaHz-trx Ha pacTrxeHrre [pOI{cXoArrT rro 3OHe crrJraBJreHr.Ir.

ABTopoM 6trnu nonyregbr rr KaqecrBeqHbre 6es4eSexrurre cBapn;re
coeAIiHeHI4'r JrrrcroB crrrraBa Ar-7ca-5,52n-l ,5Mg-0,5\4n B rop.,HeKaraHHoM
COCTO'HI'I.I METOAOM CBAPKI' TPEHI.IEM C IEPEMEIIIIIBAHI,I EM. BTT,SENEHA BBICOKA,
TEPMIIqCCKA'I CrA6U;rrHOCrr MI4 KPOCTPYKTYP'I 3OHEI IIEPEMEIIII'BAHII' COEAIIHEHTI,Icrr nzcros c\rraBa, p€l3pyrrre'He coe4zHenrdi npr4 r{crrbrraH urx Hapacrf,xeHrre
lpot4cxoAr4T 

''o 3oHe TepMoMexaHfiqecKofo no:geficrwrx. Tar<rzlr o6pa-:olr,
Mox'o Ko'crarvpoBar'' qro 3atBJIeHHaf, IIeJIb II nocraBJreHHBIe 3ararrl' aBTopoM
6rlra peruessr

Hayvuan HoBrr3Ha pa6our rporleuro Esreu,lf, o.[erosu.ra He BBr3BrBaer
coMHeHr{_{ I,I 3aKrloqaeTc.rr B ycTaHOBJreHrrI{ B3ar.rMocBr3lr MexAy 3HaqeHIZeM
roeQ$zqrzenra rperqzuoo6pa3oBaHrm AJrf, crrJraBoB A1-7Ca-5,52n-1,5Mg-
0,5Mn npv p€BrnqHbrx cKopocrrx 4esopnrpoBaTwfl; B AoKa3areJrbcrBe. qro
,'PIZ CBAPKE IIJIABJIEHIIEM JIIICTOB CIJIABA AI-|CA-S,52N_ 1,5Mg-O,5MN E VE,T,A,TIC
rura Qopur,py ercfl JrLrrafl MeJrKo3ep'zcrar crpyKTypa c orcyrcrBrzeM Qa: rpy60ii
rr'ropso.norr' r, qro o6rxcnsercr Ha!.rr'qrzeM B clJraBe KaJrbrlurr, Korop'rii cBrr3brBaer
TaKre [paMec'Ere SJreMeHT'r KaK XeJre3. nn r<pel*ruft e rpofiHue coeArzHe'W TAla



Al16caFe2 v Al2caSi2, a raKxe n paspa60:rr<e pex MoB replruvecxoii o6pa60rr<u
cBapHbrx coe^ttneunft, npri KOTOpEIX o6ecne.{usaercr [oBbrIIreHIre [poqHOCTZ,
o6ycnonnenuoe o6pasoraurreM B rlpoqecce orxvra y[poqHrroqax Ha'OqacrrrrI
Qasrr Al3(Zr,sc) ctpyxrypnoro rrrla Ll2, cpepnufipaiMep Koropbrx, cocraBrrrer
nopx4ra 20 nlr.

Ifparcrnvecrcaa 3uaqnMocrr, guccepraqrzoHHoft pa6or:rr TaKxe HeB'I3'IBAET COMHEHII' II 3AKJIIOqACTC' N PASPA6OTXE TEXHOJIOII4 LIECKAX
pexouen4aqzE no cBapKe JrLrcroB cnJraBa,\\_lCa_5,52n_1,5Mg_0,5Mn,
BKrroqaroq[x err60p paqroHaJr'H'rx pexrrMoB apro'oAyroBoft n,ra^:epuora
cBapKr.r, a TaK)Ke cBapKr.r Tpe'rreM C UepeMerrrrrBaHrreM, a TaKXe e pa:pa6orne
xuMvqecKoro cocraBa npzca40vuofi flpoBorroKr', 6;rusxzft K COCTaBy o""orn o"o
Merarrrra rrricroB clrraBa Ar-1ca-5,52n-1,5Mg-0,5Mn. Kpor,ae roro pe3yrbrarbr
At4 cceprarlv o'noft pa60rsr 6rrrin nne4peurr e yre6uo-o6pasonarelrHrrii npoqecc

'pa 
[oAroroBxe .axananpoB rr MarucrpoB ro HanpaBrr e',uxtr 22.03.0I u 22.04.01

<Marepr.ra,roneAeHr{e u rexHoJrorfiu MareprrarJroB).

pa6oru o6ecneqeua [cloJ]b3oBaHrreM
noBepe'Horo z cep:rurow qzpoBarr'ofo o6opy4onanr's r.r MeroAuK r.rccJreAoBaHar,
rrpoBeAeHI{eM zccne40na'zfi u ucnt trasuit B COOTBercrBttz c rpe60e aHHflMr4
Hayquo-TexHrz.Iecroft AoKyMeHTarIr{u, 4efi crnyrorqefi na Tepprzroprrrl Pocclritcxofi(De4epaqzu (|OCT, OCT); xopolrnM coBnaAeHr4eM oK
TeopeTrzqecKrrx pe3yJIbTaTOB, [cloJrb3oBaHaeM MeTO.{OB

SKCIepLIMeHTaJIbHEIX lI
lratelraurqecrcofr

crarr4crr.rKrr npn o6pa6orxe pe3yJrbraroB.

Peoynrrarrr Aricceprarllr o'noft pa6orrt, BblHocrdM're lra 3arrlr4Ty, flpoilrJrlr
Aocraroquyro anpo6aqr.to Ha HayqHo_Texurl qecxr4x xouQepenqrzlx z
ONY6:TAT<ONA'''I B TPI,IHAAIIATII IEqATH'IX PA6OTAX, B TOM qIICJIE B IIfl"TI4, BXOA,IU,,X
r uepe.reur BAK.

Anrope$epar a ony6.nuroBaHurre pa6orrr fIolIHoCTbIO OTpaxaIoT
colepxaHl,Ie .{.uccepTaqnu.

llo 4uccepraquonuori pa6ore MoxHo cAeJrarr cJreAyuqve 3aMeqaHr{r:
1 He conceu noH.flTuo rar 6rrltt nrr6panrt cor4crareJleM IrHTepBaJrbr

Bap6[poBaHI4S xrlMlzqecKoro cocTaBa c[JraBoB, v
tr cloJrb3oBa:rr{ AJrr [poBeAeHrj, rouxofi AoBo.uKLr
xl4Mt4qecKofo cocTaBa c[JIaBOB;

2. He cosce^a 
',oH,{THo, 

xaxzu o6pasoM [pr4 npoBeAeH'ru uccJreAosaHait
6ruu nrr6paubr reMrreparypa [poKarKr{ JrrrcroB gKcrrepr.rMeHTaJrb''rx

{ocronepuocrr pe3yJrr,TaroB

KAKI,IC METOALI

OIITI{MAJIbHOTO

clraBoB rz cretreur 4e$oprraaqtr u, 6rtno 6rr BecbMa r4 HTepecHErM



QororpaSzrx

oTcyTcTBliroT AOBeprzTeJrBHbre LrHTepBaJrEI:

4. Ceapry TpeHveM c [epeMer[rzBaHrr eM aBTOp npoBoArrn HAgrcrreprrMenTaJrbtoM creHAe fipLr Suxcrlposaunrrx 3HaqeHlrrx
rrapaMerpoB (vac:rora Bpaqeull{ uHcrpyMeHTa, yroJr HaKJroHa, cKopocrl
cBapKrr, ycrrJrr{e npzxarr.rx), oAHaKo BecbMa rr HTepecHbrM 6rrno 6"r
BAPBI{POBAHI'C 3TIIX IAPAMETPOB C I{EJIBIO BBI'BJIEHZ{ UX BTIII'.,,I4fr HA
[poqecchr crpyrrlpoo6pa30BaHrr_{ v sa^:oerrii cocraB B 30He cBapHoro
IIIBA AJIf, 3KCICPIIMEHT€UIEHbIX CIIJIABOB;

5. B pa6ore 6rrno y4e.neno oqeHB 6onrtroe BHr.l MaHue BorrpocaM
[o.qroToBKlr [oBepxHocTII cBapllBaeMbrx 3afoToBoK HA KaqecTBo
cBapuoro rlrBa rrpr4 pEBHhrx cuoco6ax cBapKrr, oAHaKo qenecoo6pa-:no
6rr.no nponecrrr rr a*a'fir3 ax ce6ecronMocrl., qro Nrox'o 6u, s
IOCJIEACTBI4E I4CIIOJI63OBAT' 3TI,I AAHH'IE NPZ PASPA6OTKE TEXHOJIOTUII
rz3foToBJIeHIr{ 3aroToBOK B ycJroBIr.{X peaJrbHofo [poIz3BO.qcTBa;

6' flpz cBapKe c [epeMerlrr4 BaHIreM AJr.{ yMeHbrueHr4.f, npvrrlrra'Lrrr Mer,urJra
K IIITBIPIO I4 OTBOAA VS6rrTOqUOrO TEIJIA OqEHb qACTO IPIIMEH,IOT
KOHCTpyKI{I4LI I4HcTpyMeHTa C HapyXHEIM oXJraXAeHIreM, npoBoAlrJracB
IrLr oIIeHKa )?oBHr MexaHr4 qecKr4x csoftcrc c [pIzMeHeHHeM
zrrcTpyMeHTa c oxJraxAeHveM;

O4naro uMelortlv ec, HeAocrarxir He cHr4 )r(aror KarlecrBo r4 ueHHocrb
rrpoBeAeHHhIX aBTOpOM zccne40nanaft, Lr HocfrT qacrurrfi xapar<rep. Tar<rzlr
o6pasou, Arr ccepraulroH rtan pa1oraflpoqemo EereHas Oreroszqa BbrrroJrHe'a
HA BETCOKOM HayqHo_TexHv qecKoM ypoBHe a [peAcraBJrrer co6ofi
caMocro-{TeJr'Hyro 3aK.HqeHrr}aro Har{H.-KnannSzr<aqnonnyro pa60ry, B Koroporl
II3JIOXEHEI HAYVUO-O6OCTTOBAHH'IE TEXHI,IqECKAE II TEXHOJIO 4qCCKI4 E PED]EHT,npo6nerrarr noBhrrrleHrr-rr KoMrrJIeKca csoftcrs cBapHErx coe4uue'lrfi flprr
II3TOTOBJIEHI,IV KPYtrHrIX MOHOJIIITHEIX TOUCTPYXqVft r.rg' ANIOT,{IHAfi KAJIBIIUCBBJX
CIIJIABOB.

BbIrBr4Tb BnprfrId'r4e 3Tr4 x [apaMeTpoB B HeKOTopoM Ar.Iala3oHe
crpyKTypy Ir caoftcrsa v 3roraBJrr.rBaeMbrx 3aroroBoK
SKCIIepI4MeHTaJIbHbIX CIIJraBoB;

B reKcre anropeQepara v pucceprarrr4rr Ha

HA

II3

3.

Ml'IKpocrpyKryp 6rrro 6rr qeriecoo6pa-:uo yKa3ar6 sa:oerrfi cocran
crIJIaBoB, qro o6lerqvno 6rt aua:rus pe3yJrLTaroB ttcc.ne4onauzfi, KpoMe
Toro, Ha rpaovrax, [pr{BeAeHHbrx n anrope$ep a.re v Ar4cceprarrrlr4



flo Haf{HoMy ypoBHro, rroJr}nreHHrrM pe3yJrbraraM, coAepxaHzro v
oQopu;rennro flpeAcraBnegqarr Ar,rcceprarlv onHar pa6ora yAoBnerBop.ser BceM

tpebonanr.rxu u.n. 9-14 llotoxenux o [pucyxAeHr4r{ f{eHbrx creneuefi,
yrBepxAeHHoNr llocranosreHr{eM rpaBr{reJrbcrBa PQ or 24 cents6ps 2013 r. l\b
842, a ee aBTop rlpoqenro EsreHrzfi oreroeuq 3acnyxrrBaer rrpricyxAeHr4rr
ylenoit crerreHfi KaHAraAara rexHr{qecKl,Ix HayK rro clerlr4€urrHocrr.r 2.6.17 -
Marepnanonegeuue (rexunirecKrie nayru).

Orcrra paccuorpeH Ha gace/'alaLr r<a(fegprr <<Marepr.ra,ron el,elLrtr) rrLr.rbrr rI
cBapKI{>, qporoKorr Ns 10/25 or 1.1|.2025 roAa. Ha sace4anrzlr xad.re4pr,r

[pr4cyrcrBoBEuro 13 qnenoe ra$e4prr uo 13. Pe:ynrrarbr roJrocoBanus: <3a) - 13,

npoTr4B - HeT, Bo3Aepx(aBlrrnxcr - HeT.

3anegyrouluft ra$e4pofi
<MareprEa.noneAeHl,Ir, rutrbfr rr cB apKrD)

AoKTop rexHuqecKlrx uayx, npoQeccop lllarynrcxufi
AnexcaH4p

Anaromeeuq

Ilo4nucr lllarylrcroro A.A.
Ha.ranruzr orAeJra Ka,qpoB

3aBeprlo

I4.C. Cygapr<rHa


