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OLLEHKA UBMEHEHUA YCJIOBHOI'O TPEJEJIA YIIPYTOCTU METAJIVIMYECKHUX
MATEPHUAJIOB ITPU ®OPMUPOBAHUU HAHOIIOPUCTBIX CTPYKTYP

Myp3un C.II., Tpery6 B.U., Ocerpos E.JL

Camapckuil rocy1apCTBEHHBIN a3pOKOCMUYECKUN YHUBEPCUTET

ESTIMATION OF THE APPARENT ELASTIC LIMIT’S CHANGE IN METAL MATE-
RIALS AT NANOPOROUS STRUCTURES FORMATION
Murzin S.P., Tregub V.1., Osetrov E.L. In the propulsion engineering application of metal mate-
rials with nanoporous surface is perspective for rising antifrictional properties of tribological units
and interacting surfaces conformability. The method of formation nanoporous structures in metal
materials by laser influence is developed. Similar structures could also be received by vacuum iso-
thermal soaking of binary alloys, in this case accumulation of separate and tunnel pores occurs
with smaller speed. Dependence of material apparent elastic limit’s change on duration of high-

temperature influence in vacuum is defined.

Hanonopuctele MaTepuansl  007a4at0T
PSAIOM YHHUKAQJIBbHBIX (PU3MUYECKUX CBOMCTB, OII-
penensieMbIX HaluYueM OOJIBLIOrO Yuciia Mop ¢
HAaHOpPa3MEpHBIM TIONEPEYHbIM ceueHueM. B
JIBUTATEJIECTPOCHUHM TPUMEHEHHE MeTajuInye-
CKUX MaTepUaoB C HAHOIMOPUCTOM MOBEPXHO-
CTbIO NEPCIEKTUBHO [UIsl TOBBIIICHUS aHTU-
(PUKIIMOHHBIX CBOICTB y3JI0B TPEHUS U IIpUpa-
0aThIBAEMOCTHU TPYIIUXCS MoBepxHOcTel. Takue
MaTtepuaabl MOryT 3Q¢GEeKTUBHO MHOAECPKUBATH
CMa3Ky B ycloBusx mnpupabotku. Ha ocHoBe
HAHOMOPHUCTHIX TBEPAOKPUCTAINIMYECKHX MaTe-
pHAIOB BO3MOJKHO IOJIyYEHHE METaNIOHAHO-
KOMITIO3UTOB C TOBBIIIEHHBIMH 3KCILTyaTallMOH-
HBIMHU CBOMICTBAMHM.

Pa3paboran meton popmMupoBaHUs HaAHO-
MOPUCTBIX CTPYKTYp METaJUIMYECKUX MaTepua-
JIOB JIa3€pHBIM BO3JECHCTBHEM, MPEIOCTABIISAIO-
LIl BO3MOXKHOCTh CO3/1aTh B IPUIIOBEPXHOCT-
HOM CJIO€ CIUIaBOB THUIIA TBEPAbI pacTBOp
CTPYKTYpy CO CpPEIHUM pa3MepoOM HaHOIOP
30...60 aM. OCHOBHBIM MEXaHM3MOM 00pa3oBa-
HUS HAHOTIOPUCTOM CTPYKTYpHI SIBJISIETCA KOa-
TYJISIUS BAKaHCHM, 00pa3yronuxcs B pe3ysbTa-
Te cyOiaumanuy KOMIIOHEHTa cIulaBa ¢ Oouiee
BBICOKOHM YIIPYrOCTBIO ITApOB. B Marepuane co3-
JAETCsl TPAJUEHT KOHILIEHTPALMH, B JaJbHEH-
€M JITaHHBIH KOMIIOHEHT CYOJIMMHUpPYET B TOM
Mepe, B Kakoil oOecnieunBaercs ero nupdysus K
MIOBEPXHOCTU. Y CJIOBHEM [yl HUHTEHCU(PUKALIUI
MaccornepeHoca B TBepaoil (aze meramye-
CKUX MAaTEpHaJIOB SBJIAETCS HECTallMOHApHAs
JOKanbHas Aeopmaliysi, BbI3bIBaeMasi BHICOKO-
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SHEPreTUYECKUM BHEIIHUM Bo3zaeiicTBueM. [Ipu
MOJIBOJIC PHEPIrUU JIa3epHOr0 M3IydeHus obec-
MEYUBACTCS JIOKAJIBHOCTh (PU3NYECKUX IMPOIIEC-
COB M0 TUIyOMHE W IUIOIIAJX MPU COXPAHCHHUH
WCXOJIHBIX CBOMCTB MaTepuajia B OCTAIbHOM
o0beMe, a MPUMEHEHUE CICIUAIBHBIX OINTHYE-
CKHUX CHCTEM IO3BOJIAECT M30MpaTEIHHO MPOBO-
IUTh 00paboTKy obsacTel HeoOXOaUMOM Treo-
METPHH.

bonee wHTEHCHBHOE MOPOOOpa3oBaHUE
MMEET MECTO Ha YyYacTKaX, MPWIETAIIMHUX K
rparuiam 3epeH. Habmogarores HE TOJIBKO OT-
NeNIbHBIC, HO U TOHHETBHBIE MOPHI, KaK MpaBU-
JI0, PACITOJIOKEHHBIE OKOJIO TPaHUIl 3€peH U
IIPOHU3BIBAIOIINE IPUIIOBEPXHOCTHBIA  CIIOH,
00eIHEHHBIII KOMIIOHEHTOM C 00Jiee BBICOKOH
yOpyroctsio mapos. [Ipu 3ToM oTAEIbHBIE TTOPHI
KOaryJupyrT B Oojiee KpPYITHBIC, COCIUHSICH
Mexay co0oi, oOpa3yloT TOHHEJIbHbBIE IOPBHI.
[TockospKy rpaHUIBI 3€peH U 00JacTH, TPHIIe-
raromye K HuMm, 601ee HHTEHCUBHO O0CTHSIOTCS
KOMIIOHEHTOM C BBICOKOW YIPYTrOCTHIO IapOB,
TO TIEPECHIIIIEHNE BAaKaHCHSIMU U 00pa3oBaHUE
MOP MPEXKJE BCETO Pa3BUBAETCS HA ITUX y4acT-
kax. OOpa3yromuecs Mopbl CHIKAIOT HE TOJIBKO
MPOYHOCTh TPAHUIl 3€PEH, HO U OKa3bIBAIOT
BIMSHUE Ha OOBEMHBIC CBOWCTBA MaTepuaa.
JlonoJTHUTEIbHBIE  KOHIIEHTPATOPHI  HAIPsDKE-
HHUM CHUKAIOT YCIOBHBIN MIPEAEI YIPYrOCTH.

[TonoOHbIE CTPYKTYpHI BO3MOKHO TIOJY-
YUTh TAKXK€ MPH HM30TCPMUUYECKOU BBIJEPIKKE
JTBYXKOMIIOHEHTHBIX CIUIAaBOB B BakyyMe, B
9TOM Cllydyae HAKOIUICHUE OTICJIbHBIX U TOH-



HEJbHBIX MOp IMPOUCXOAUT C MEHbIIEH CKOpO-
cTbto. OrmpeneneHa 3aBUCUMOCTb H3MEHEHHUS
YCIIOBHOTO TIpeJena YIpyrocTd Marepuana OT
JUINTEJIBHOCTA ~ BBICOKOTEMIIEPATYPHOTO  BO3-
nercTBus B Bakyyme. lIpu mposenenun skcre-
PUMEHTAJIbHBIX HCCIIEJOBAaHUN B KayecTBE MO-
JeJIbHOTO MCHoJb30Bajcs cmaB JI62 cucrteMsl
Cu—Zn. 3HayeHue YCIOBHOIO Mpejesa yrnpyro-
CTM Marepuana oO0Opa3loB, H30TEPMHUUECKU

BEIZICP)KAHHBIX B CpeAc aproHa B TEUCHUE
16...42 4., He WU3IMEHSAIOChH H COCTABHIIO
YK 621.7

005 = 88+3 MIla. [Tocne BbIIEPKKHU B BaKyyMe

npu temneparype 723 K B Teuenue 16 yacos
3apEeruCTPUPOBAHO CHIKCHHE YCIOBHOTO TIpe-
Jena  yNpyrocTH Marepuayia [0 3HAueHHS
O = 74+4 Mlla, a npu Bbimepxke 32 u

42 vaca - 10 0, = 70+3 Mlla. [lna pacuera

M3MEHEHHUsI YCIIOBHOTO IpeJiesia YIpYyrocTH Me-
TAJUTMYECKUX MATEPUATIOB MPU U30TEPMUUYECKON
BBIJIEPIKKE B BaKyyMe MPEIIOKEHO dMITUPHUUC-
CKO€ BBIpKCHHE.

PA3PABOTKAMPEKOMEHI[AI_[I/II‘/JI AJIS1 HOBBIINEHUST MPOYHOCTHU CBAPHBIX
COEJUHEHMUWU ITPU CBAPKE CIIJIABOB HA HUKEJIEBOU OCHOBE UMITYJIbC-
HBIM JIABEPHBIM U3J1YYEHUEM

Myp3un C.II., Tperyo H.B., Hukudopos A.M.

Camapckuil rocy1apCTBEHHBIN a3pOKOCMUYECKUN YHUBEPCUTET

DEVELOPMENT OF RECOMMENDATIONS FOR INCREASE OF WELDED JOINTS
DURABILITY AT WELDING NICKEL-BASED ALLOYS BY PULSE LASER INFLU-
ENCE
Murzin S.P., Tregub N.V., Nikiforov AM. In the propulsion engineering it’s expedient to spend
welding of small thickness metal alloys by pulse laser radiation. It’s established that formation of
welded joint with strip power source gives possibility to increase the weld cross-section area and,
as consequence, joint durability. At welding of high-temperature and heat-resistant nickel-based
alloys durability of welded joint raises on 10...20 %. Carbides were dissolved, the cast zone has
homogeneous structure without emptiness and blisters that specifies in high workability of welded

joint.

OpHolt W3 3a7ay B JABUIATEIECTPOCHUU
SBJIIETCSA pa3pabOTKa TEXHOJIOTUH (OpMHUpPOBa-
HUS CBAPHBIX COECIUHEHUH, HE TPeOYIOIIUX I0-
cleyomel MexaHM4ecKod 00pabOTKH KOpHS
mBa. CBapKy METaNIMYECKUX CIUIABOB MajbIX
tommus (10 10™ M) Hexecoo6pasHO MPOBOIUTH
UMITYJIBCHBIM JIa3€pHBbIM H3iTydyeHueMm. OpHako
Py OJHOKOOPJAMHATHOM (JIMHEMHON WU Kpy-
roBOi) KOHTYpHO-Iy4yeBOWl 00paboTke Marte-
pHAIOB UMIYJIbCHBIM H3Jy4EHHEM IIar pazmMe-
IICHUS] €JUHUYHBIX 30H, BBIOMpAaEeMblil Hau-
OOJBIIMM M3 YCJIOBUSA OOECIeueHUsT MaKcCH-
MaJbHO JOCTHXUMOW NMPOU3BOAUTEIBHOCTH, HE
MO>KET MPEBbIIIATH 3HAUYEHUs, IPU KOTOPOM He-
PaBHOMEPHOCTh 1O TJIyOMHE IIHUPUHBI 30HbI
TEPMHUYECKOIO BO3JEUCTBUS BIMAET HA IMPOY-
HOCTbh CBapHOro coeauHeHus. B mponecce 06-
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pabOTKU 30HBI JIA3EpHOTO BO3ACUCTBUS HaKJa-
IBIBAIOTCSL JPYr Ha Jpyra, 4TO BbI3bIBAeT He-
IIPOU3BOIUTENbHBIE MMOTEPU SHEPTUU JIA3EPHBIX
HMMITYJIbCOB Ha TIOBTOPHBIN HAarpeB yxe o00pado-
TaHHBIX YYacTKOB. PerymupoBaHue pacrpene-
JIEHUS IJIOTHOCTH MOILIHOCTU Hpu (HOpMHUpPOBa-
HUU CBAapHOIO COEJAMHEHHUS Ja3epHbIM H3ITyde-
HUEM IMPEIOCTABIISET BO3MOXHOCTh YCTPaHUTh
Takue AePEeKThl, KaKk yriyOlIeHHusl Ha MOBEPXHO-
CTH, TPEUIUHBI, MOPHI U Ap. [IpumeHeHune hoxy-
CaTOpPOB M3JIyY€HHUsl MO3BOJSET MPOBOIUTH 00-
paboTKy oOnacteit TpedyeMoil FTeOMETPHH.
OCHOBHOM 1IETBI0 PACUETOB TEIJIOBBIX
IIPOLIECCOB JIa3€pHOI CBapKH SIBISIETCS OIpejie-
JIEHUE TEMIIEPaTypHOTO IOJIsI U KOOPJIUHAT Ipa-
HULBI IJIABJICHUSI B 3aJaHHBIH MOMEHT Bpeme-
HU. [IpoBeAeH OIEHOYHBIN pacyeT KOOPAMHAT



