
oT3brB ooIruI4AJrbHOf O OnfToHEHTA

Ha Ar{cceprarlr4oHr{yro paoory Kocrn nofi B zurenuaHu cepreennrr

<ZccleAoBaHHe vpa3Br4Tr4e rexHoJrofr{rlecKr4x ocHoB cBapKr4 BbrcoKoa3orncrbrx

Koppo3l4onnocrofirux Cr-Ni-Mn-Mo aycreHr4THbrx craJrefi>>, upe4craBneHHofi Ha

coI4cKaHI4e yreHoft creneHu KaHAI4Aara rexHr4r{ecKlrx HayK tro c[equaJrbHocrr4

05.16.01 - <MerannoBeAeHue I4 TepMr4qecK€ur o6pa6oma MefturJroB r{ crrJraBoB).

B rIocJIeAHHe AecflTtrrerkrfl eSsexrunHrrrr,r BapLraHToM perxeHr4r 3a1aqu

co3AaHI{s HOBbIX BbICOKOnpOT{Hbrx aycreHr4THbrx Koppo3r4onnocrofixzx

KoHcrpyKIII4oHHbIX cra"nefi flBr4lraab qacrl4qHaq 3aMeHa B HUX Hr4KeJrs €l3oroM.

Honue MapKr.r a3orocoAep)Karrll4x cralefi no3BoJr.rrror co3.rlaBarb

KoHKypeHrocuoco6Hrre u3l'entrfl c BbIcoKraM KoMrrneKcoM gKcnnyararlr4oHHbrx

ceofrcrn. Baxsrtna ycnoBl4eM orlpeAeneHr4r rrpaKTuqecKoro npHMeH eH:glfl TaKI{x

crarefi n He0re- u ra^:o4o6hlqe, cyAocrpoeHr4r{, Marrrr{HocrpoeHrru u Ap. o6lacrsx
flBlrflercfl I43yr{eHI4e I{x cBapuBaeMocrl{. C roqxu 3peHr4r cnerlr4anr4cra-cBaprrlr4Ka

Ilpoqecc cBapKI4 crzutefi c BbIcoKHM coAepxaHr.reM a3ora Moxer rrpeAcraBrqrb

[pooneMy' HarIpI'IMep, ecJII4 rIpI4 cBapKe 6y4er [poucxoArrrb BbrropaHr4e

nerl4pylollll4x SJIeMeHTOB, BHocrrrIHX BKnaA B crpyKTypy rE cnoficrBa cr€uru. Erqe

oAHa cJloxHocrb npld cBapKe raKux cranefi - 4ecra6ulu3arlvx aycreHqTa c

BbIAeJIeHI4eM r{acrHII HI.{TpI4AOB (xap6onzrpl4AoB) B 3oHax, rroABepxeHHbrx

TepMI4qecKoMy no:4eficrBI4ro IIktKJIa cBapKr,r. 3ro naoxer rrpr,rBoAr4Tb K cHHXeHHro

MexaHl4rlecxofi IlpotlHocrl4, y4apHofi Br3KocrLI Mer€ulJra IrrBa, cnoco6crBoBarb

rpoqeccaM Koppo3I4H cBapHoro coeAraHeHr4r. .{racceprardrzoHHar pa6ora B.C.

Kocruuofi c yqeroM u3JloxeHHoro rBJr.rrercr aKry€Lnrnofi. B srofi pa6ore Anf, rByx
HOBbIX MapoK aycTeHLITHbIX BhIcOKonpoqHbIX a3oTocoAepx{aqtrx cranefi c

KOHUeHTpa\Uefi, a3ora 0,5yo 6rrln [ocraBJreHbr u ycflerxHo perueHbr, c

[pHMeHeHLIeM TpaAHIII,IOHHbIX MeTOAOB MeTZUIJIOBeAeHI'I{, OCHOBHbTe 3Anaqv B

o6nacru cBapKZ. B HX qI4cJIe - Haf{Hoe o6ocHo BaHue n nrr6op cBapor{Horo

[pI4CaAOqHOfO MarepLIaJIa, B TOM r{I,rCJIe C r4crroJlb3oBaHr4eM MOAeJTUpOBaH]?rfl

Qasonoro cocraBa, cnoco6uoro o6ecnequrb aycreHr4THyro crpyKrypy MeraJrna



IIrBa u BbIcoKI4fr ypoBeHb MexaHIar{ecKLIX cBoficrB, Bbr6op pexr.rMoB cBapKr4

napuaquit rpaArrrlr4 onHofi Ayronofi cBapKu u nasepHofi cBapKLr, rl3yrreHue

cocraBa [onyrreHHbrx cBapHbrx coegnHeHufi,Sasonoro

MexaHr4qecKHX CnOfiCrs u croftrocru K SOg.{eficrnuro

cpeAbr, r4ccJreAoBaHlde CSOfiCrea cBapHhrx coeAuneHr.rfi,

MexaHr4qecrofi renlonofi npaBKe.

,{uccepraqzr B.C. Kocuanofi cocror4T v3 BBeAeHr4r ) trflT1_ fJraB,

coAep)KaIIIzx BbIBoAbI rlo rJIaBaM, o6rqux BbIBoAoB, crrncKa Jrrrreparyphr H AByx
npunox(enufi. Pa6ora pI3JIo)KeHa na 181 crpanaqe, coAepxur 253 pzcynxa, 55

ra6lvrl H crrr4coK JrHTeparypbr r43 167 ucro,aH[.rKoB.

Bo BB.A.HHH o6ocHonaua aKTyulnbHocrb TeMbr HccJreroB auuit.
c$opruynllpoBaHbl Ilenb 14 3aAaLrH, rrplrBeAeHbr rroJroxeHlrt, BbrHocrIMhIe Ha

3arrIHTy, yKa3aHbr crpyKTypa u o6reu Ar4cceprarlprr4.

llepear rnaBa Ar{cceprar{ur4 rrpeAcraBJr.,rer co6ofi

KOTOpOM paccMoTpeHbr cyqecTByroque Br{Abr

a3orcoAepxalrll{x ctalefi, paso6panhl ocHoBHsre npo6leMbr, Bo3HuKarorrlqe rrpt4

cBapKe' a I{MeHHo: Bolrpochl olpaHl4qesuofi pacrBopuMocru €Bora B MerarrJre ruBa

u o6pa:oBaHHe ra3oBbIX [op; Bo3MoxHbre flpoqeccbr Bo3HzKHoBeHr4r pacfia1a

aycreHl4Ta B 3OHe repMl4qecKofo B[ruflH]afl c BbIAeneHr{eM Hr,rrpnAHbrx sas;
tIo'[BJIeHI4e ropttrux TpeIqI{H; cHI4XeHLIe Koppo3kIouHofi crofirocru cBapHbrx

coeAI'IHeHufi no cpaBHeHI4Io c ypoBHeu crofiKocrr4 ocHoBHoro MeraJrJra. llpnne4en

aHaJII43 C TOqKH 3peHI4{ MIIpOBO|O Orrbrra cyu{ecrByrour4x rroAXoAoB K CBapKe

a3orcoAepxaql4x craleft: nrr6op cBapoqHoro npncaAor{Horo Marepqana,

peXHMoB cBapKu' TepMl{qecKue u TepMoMeXaHLIqecKLIe cnoco6hr [ocJrecnapovnofi

o6pa6orxN 14 pe3ynbrarbr ux zcrroJrb3oBa]c.I1'fl. cO4epxanue nepnofi fJraBbr

BcecropoHHe oxBarblBaer ocHoBHbre npo6neMhr, pe[raeMbre B Ar.rccepraqzonHofi

pa6ore, qro cBlrAereJlbcrByer o nrrcoxofi xnalzsur arraLr aBTopa B o6lacru
r,r3yqeHHofi reurr.

Bropax rnaBa BKrroqaer uo4po6Hoe onr4caHr4e r4cnoJrb3oBaHHbrx B

crpyKrypbr v

rrccneAoBaH}.Ie

Koppo3r.roHnofi

IroABepfHyrbrx

JrLrreparypurrfi o6aop, n

v cnoco6u cBapKr.r

Aplccepraqlzonnofi pa6ote MarepllanoB LI MeroAoB r4ccneAoB aHzrq. llpznegeurr



KpHrepr,rll Bbr6opa

TepMoAr4HaMHr{ecKr4x

or 600 oC 
Ao 1200

B rperrefi,

aycreuzfirofi crpyKTypbl B Mer€LrIJIe IuBa rrpz orIeHKe Saaonofi AuarpaMMbr
tlle00lepa' pacrremt crofirocrl4 K [LlTTrzHronofi xoppo3r4r4. Teprrao4uHaMr4rrecKoe

MoAenI'IpoBaHHe Qaroaoro cocraBa [poBeAeHo c HcrroJrb3oBaHr.reM rrporpaMMbr

Thermo Calc npn HopMaJIbHoM arMocsepHou AaBneHr{r.r B r,rHrepB€ure reMrreparyp

cBapor{Hbrx [pr4caAoqHbrx MaTeprr€rJroB c yr{eToM

pacqeroB pacrBopl4MocrH €t3ora, ycJIoBI4t nonyqeHut

oc.

cauofi 6onsuofi rJraBe pa6orrr, rr3Jro)KeHbr pe3ynbrarbr

I4ccneroBauuit crpyKTypbl, xl4Ml{qecKoro vr Sa:onoro cocraBa, MexaHr4qecKr{x

ceoficrs u Koppo3uonHofi ctofirocru cBapHbrx coegranenzfi, ronyqeHHbrx

AyroBblMrr cuoco6auu cBapKI4 AByx MapoK BbrcoKonpoqHbrx aycreHr4THbrx

a3orl{crblx cra-uefi: 04x20H6fl1M2AoE ilpoKara rolrquHofi 10-45 MM u
05X22A|15H8M@JI ronrqunoft 22 MM B JII4roM cocrorHrau. HaocHoBe H3yrreH1at

crpyKTypbr u MexaHr4rrecKr,rx csoficre rroKasaHo, rrro rpaAr4rlr4ouHrrfi npoqecc

cBapKI4 3a oAI4H [poxoA cBapoqHofi rpovrxn roJIIrU4Hoir 22 MM He noAXoAr4T An.f,

cBapKI{ a3orcoAepxaqeft aycreHllruofi craru. llpune4eHbr pacqeru norounofi
3HepruI'I AJIfl HcnoJIb3oBaHHhIX AyroBbrx cloco6on n pexraMoB cBapKr4 r43yr{eHHbrx

€l3orcoAepxalru4x cralefi. Ipone4euHhle pacqerbr rro3B onulrn ycraHoBtrrb, rrro

Anfl [onyr{eHl4t cBapHbIX coe4zHenufi c BbIcoKLIM ypoBHeM MexaHr,rqecKux

csoficrn Aon)KHo BbIIIoJIH{Tbct ycnoBrre: rroroHHar 3Heprr4rr e S Z x!x/nau.
BrlssreHo 

"IrkrflHpre 
pexfl,MoB cBapKr4 r4 ToJrrrlrrHbr cBap'BaeMbrx KpoMoK Bcex

cBapHhIX coeAl4HeHuit' sa pa3Mep 3oHbI TepMlrqecKoro BlrvrflHafl, a raK)Ke BrruflHve

pe)KI4MOB CBapKI4 Ha npor{xeHHocrb 3oHhr rrepeMerxkrBaHr4fl ocHoBHOrO MeraJrJra c

MeranJIoM cnapouuoft ilpI4caAKI{. VcraHoBJIeHa 3aBr4ctrMocrb crpyKTypbr Lr

cnoficrs or pa3AeJrKr4 KpOMOK nOA CBapKy u oilpeAeneHa cBr3b MexAy

MI4KpoTBepAocTbIo' pa3MepoM 3epHa LI [potIHocTHbIMI4 csoficrsaN,ru cBapHbrx

coeAuueuufi.

B verneprofi rJIaBe [peAcraBJlgHbr DKcnepr{MeHT€urbHbre pe3ynbrarbr,

o[I{cbIBaIoIIIHe crpyKTypy v csoficrsa cBapHhIX coe4unenzfi, [oryqeHHbrx

lasepuofi cnapxofi. B xa'IecrBe cBaprlBaeMoro MarepraaJr a 6wrra ucrroJrb3o Ba;1a



criurb 05x22{f 15H8M@(n) n Jrr4roM ra gesopuupyeMoM BaplraHrax. cnapry
ocyqecrBIrflIrH 6es IIpuMeHeHatr cnapovuofi [poBoiroKr4. Lt[cno6soBaHr4e

na3epHofo nyqa B KaqecrBe rlepc[eKTr4BHOfO r4CTOr{Hr.rKa 3Heprr4pr kr npaBunbHbrx

peXI4MOB CBapKz nO3BoJII{JIO noJlyquTb CBapHbIe COeALIHeHI4' paBHoIIpOtIHbre nO

BeJII4lIrIHe rIpeAeJIa llporlHocrl4 c ocHoBHbrM MeranJroM, qro AOIOIHUTeJTbHO

rloATBep)KAaercfl AaHHIIMI{ LI3MepeHI4fi rr,lnxporBepAocrr{ ocHoBHoro MeriulJra r.r

MET€LNJIA ruBA.

B nsrofi rnaBe [pHBeAeHbr pe3ynbrarhr H3yLrelufl. crpyKrypbr kr

MexaHlrqecKr{x cnoficts cBapHbrx coeAraHenufi [poKara crurkr
04X20H6f1lM2A(DE ronuluruofi 10 rranr rocJre HcrrpaBneHufl ux xopo6renr4fl c

rIoMoIIIbIo MexaHl4r{ecxoft reuroeofi npaBKr4 rrpu pa3nr4r{Hbrx reM[eparypax (200,
300, ...600'C). YcraHosreHa orIrHM€lJIbHar reMrreparypa MexaHr4qecxofi

renroeoft [paBKu (600 "C) ucxoAt 143 ypoBHr rporrHocrr4, Mr.rKporBepAoc rr4 H

y4apuofi Br3Kocrr,r cBapHoro coeAr4HeHr4s.

O6ocHosaHHocrb t4 AocroBepHocrb pe3ynbraroB Ancceprarlr4oHnofi pa6o6r
noATBepxAalorct 6olHuuu o6teuou npoBeAeHHbrx pacr{eroB Lr iloryqeHHbrx

3KcnepI'IMeHTauIbHbIX AaHHrIX, r4x rny6oxzna aH€ulrr3oM, npoBeAeHHbrM B

cooTBeTcTBllI{ c IpLIHIII{IIaMI4 coBpeMeHHoro MaTepl{€uoBe.qeHr4g. Pe:ylrtaru
AI4ccepraIII4H B uolHofi Mepe orpDKeHbI s 7 crarsf,x B perleH3r4pyeMbrx xypHaJrax

w s 26 c6opnurax rpyAoB xoH$epenquft.

Ha ocsonaHvru paccMorpeHl4t Ar{cceprarluoHsofi pa6orrr Mo)KHo cAenarb

cneAyroque 3 aMerr aHufl :

l. B pa6ore He paccMorpeHa Bo3MoxHocrb racrroJrb3o BaHur, B KaqecrBe

npHcaAKI4 cBapoqHofr npoaonoxll rulla CI-07X25H13, nlrpoKo upr4MeH.rreMyro

Enfl BbIIIoJIHeHHt pa3HopoAHhrx cBapHbrx coe4zneuufi. 3ra [poBonoKa He

flBJTflercfl 4e0rEIlzrHofi uI) BepotrHee Bcefo, Mox{er 6urr HcrroJrb3oBaHa np14

cBapKe 4eralefi rr3 a3orucrnx cralefi.

2. frocte cBapKH tmtofi cr€uur .ro pa:pa6orausofi rexHoJrorr4r,r 616111a

npoBeAeHa repMoo6pa6orxa cBapHbrx coe4raueuufi:

nocneAyrou{LtM oxJra}r(AeHueM B aoAy. B reKcre

30 uuHyr rrpu 1100 oC c

AUCCepT ar\ukr oTcyTcTByeT



rlojficHeHue, [oqeMy 6ru nu6pau rarofi pexI4M u He rcHo, flB1rflercfl JrI,r 3Tor
pexl'IM OIrrI4M€lrIbHbIM B 3TOM CJt}/qae, T.K. OTCyrCTBytor AaHHhre o [poBeA eH:f{I_

repuoo6pa6orxn rpra ApyrHX pexr4Max.

3. B AonoJrHeHr4e K npeAbrAyrrleMy 3aMeqaHr.rrc. Kax npaBr4no,

npeAnoqrzrelrHofr flBrflercfl TexHoJIorI{t [onyqeHr4r cBapHhIX coe4zueHHfi,

o6ecne'IuBaloqat ux Heo6xoAuurrfi u 4ocrarouurrfi ypoBeHb csoficrs 6es

AonoJIHI{TelHrofi TepMl'Iqecxofi o6pa6orxu. OAHaro ee rroJroxnrelrHufi ssferr
3aqacrylo Heo6xo4IEu Anfl ilpvlial:afl orBercrBeHHbrM cBapHhrM coeAr.rHeHr4rM

6olee BblcoKoro ypoBH.r ygapHofi Br3Kocrtr r4nr4 KopposuoHHofr crofixocrn. B
paoore He yAeneHo BHI4MAHVe BorrpocaM B[ruflHr4fl TepMtrqecrcofi o6pa6orru ua

crpyKrypy u caoficrBa cBapHhrx coeAr4Henufi.

4. B fJIaBe 4, nocnflqeuHofi I{3yqeHulo cBapHbrx coeAr{HeHuft, uoly.teHHbrx

lasepuofr caapxoft, orcyrcrByrcT pe3ynbrarbl ucn,;l.rattui,t Ha Koppo3r4oHHyro

croftrocru.

Teu ne MeHee, cAenaHHhle 3aMeqaHufl, He cHrantaror o6rqefi rroJroxr4Tel4rofr

oIIeHKI4 pa6oTbr. [zccepraqras B.C. KocrraHofi o6raAaer HecoMHeHuofr sonusHofi.

Koropat 3aKrloqaerct B ycraHoBilelf'r4pr oco6enuocru crpyKTypbr, xr.rMtrr{ecKoro H

Qasonoro cocraBa cBapHhIX coeAr4HeHuit asorco.{epxaqnx craJrefi; nrrr3n eil.p1q

KOppeJIf,III4rI MHKpOTBepAOcrrr c p€BMepoM 3epHa !r npeAenoM TeKyqecrr4 cBapHbrx

coe4r,lneuzfi; nonyrreHHu paBHorrporrHbrx cBapHbrx coeAuHeHUfi C

r4crroJrb3oBaHr.reM lasepuofr cBapKr.r. llpaxrr.rvecKa, TIeHHOCTb pa6orrr
3aKJIIOqaeTCt B pa3BuTuu TeXHoiIorLIqecKI4X ocHoB Ayronofi u na3epHofi cnaprr.l

BhlcoKonpoqHblx aycTeHLITHbIX cr€Inefi c - 0,5yo €Bora. Cnapnrre coeAr4HeHvq,

[onyqeHHble IIo IIpeAnox(eHHbIM TeXHOJrOfHqecKr4M pex(HMaM, OTJrr,Iqalorct

BbIcoKlIM ypoBHeM sKcnnyarallr4oHHbrx cnoficrs. Tarxe [peAJroxeHbr 6olee
3KoHoMHo nefLIpoBaHHbIe HI'IK9JIeM (uerra rrpllMeHf,rolrlr4ecg BbrcoKoHl4KeJreBbre

xapolpoqHhle crzlflu u cnraBbl Ha HHKeJIeBofi ocHose) cnapovnbre [pr4caAorrHbre

MarepI4aJIhI, TeMneparypa MexaHl4r{ecxofi reurosofi [paBKr{ Anfl ycrpaHeHus

xopo6leunx, pe)KrrM nocJrecBapo.{Hofi reprraoo6pa6orrcn. paspa6oraurr

TexHoJIOfpIqecKHe peKoMeHAar\ukr rrpoqecca cBapKr4, [OATBep)r(AeHHhre aKTOM

{



olpo6oBaHrr.rr. Pa^senrrre AzccepraHrxofi TexHoJrofrrrrecKue ocHoBbr cBapKH

aycreHl4Tnrtx crzutefi c nrrcorcofi KoHrleHTparlneft a3ora AeJraror AaHHrrfi BLIA

MaTepLI€UIa TeXHOJI OTI,ITIHbIM B IIpOLI3BOACTBe a gKCIIny aT AIILIH.

,{uccepraqux Kocrunofi Barenrnsrr CepreeBHbr rBJrrercr 3aKoHrreHHbrM

HayqHbIM I4ccneAoBaHHeM, cBr4AerenbcrByroqeM o sHcoxofi xnanuSura\w

coucKare.ns. OHa coorBercrByer nacropry crrequ€LrrbHocrrr 05.16.01, tro [yHKTaM

2, 3, 4, 6, 8. flo BceM Kpl4Tepuflu (nxrrouar TaKvre, KaK aKTyuurbHocrb, HayrrHafl

HOBI,I3Ha, AOCTOBepHOCTI H rrpaKTr,rqeCKar 3HaqHMOCTb rIOnrIeHHbrx pe:ynrraron)

Ar4ccepraqnr, 6e:ycJroBHo, coorBercrByer n. 9-14 <lloJroxeHr,rr o trpucyxAe:a:r,;'r

freHhIX creueHefi>, yrBepxAeHHoro llocranoeJreHpreM llpaaurenbcrBa P@ Ns 842

or 24.09.2013 r., a ed aBrop - Kocrusa BareHruna CepreeBHa - 3acnyxuBaer

npvcyxAeHLrs cTeneHr,r KaHAr4AaTa TexHHqecKHX HayK rro c[erlr4arrbHocTr4

05.16.01-<<MerarroBeAeHl4e 14 repMraqecKar o6pa6o:rra MeraJrJroB rr crrJraBoB).

XoAaros Bqqecnas [rraarpuenn.r

ol.!f.e^aao
KauAzAar rexHuqecKr4x HayK, crapurufi Hayuurrfi corpyAHt4K,

3aoe4yroq uit na6 op aropuefi err erqpoAyroso fi cBapKu AO HIIO (LIHI4I4TMAIII>

115088, Mocroa, yn. lllapuKo[oArrrrlnHnxoncxar, 4. 4

8 (495) 675-8 1-55, cniitmash@cniitmash.com

Orsun B.A. XolaKoBa 3aBeprro,

3alaecrzreJrb reHepaJrbHoro Ar4peroo

ro HayqHoft pa6ore Kocupea K.JI.
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