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Mpu wucnonb3oBaHMM  METOOOB  MNPOCBEYMBAKOLEN W CKaHUPYKOLEN  3MEeKTPOHHOMW  MMKPOCKOMMWM,
PEeHTreHoha3oBOro U PEHTIEHOCTPYKTYPHOrO aHanvM3oB MpPOBEAEHbl MCCNeAoBaHNA CTPYKTYpbl 1 ha3oBoro cocraea
Hannaeku ObicTpopexylen ctann P2M9 Ha cpegHeyrnepoguctyto ctanb 30XICA nocne tepmunyeckon obpaboTku,
KOTOpas 3akrnyanack B TpEXKPaTHOM BbICOKOTEMMNEPATYPHOM OTMYyCKe C Nocneaylwum obny4yeHneM NMnynbCHbIMU
3NEKTPOHHbIMY Nyykamu. OCHOBHOM ha3on B HamnnaBrneHHOM MeTanmne B MICXOOHOM COCTOSIHUM 1 MOCHe TePMUYECKON
06paboTkn ABNsieTCA TBEpAbI pacTBOP Ha OCHOBE O-Xenesa, B He3HauuTernbHOM KonuyectBe (3—5mac. %)
npucyTcTByeT y-pasa. MapameTp kpucTtannmyeckon pelletkun obeux pas cHwxaetca nocne otnycka. O6nyyeHue
HanmaBNeHHOrO CIOSI ANIEKTPOHHBLIMU MyYKamMn CONPOBOXAAETCS YBENMYEHNEM NapamMeTpa KpUCTanInyeckomn peLleTkn
a-pasbl M ero cHwkeHnem Ang y-dasbl. ObcyxaeHbl NpUYMHbI HabnaaeMbIX 3aKOHOMEPHOCTEN. YCTaHOBMEHO, YTO
HanmaBMneHHbIA CMON XapaKTepuayeTcs Hanuunem kapbugHoro kapkaca, cogepallero kapbuapl CrnoXHoro cocraea
MoC, MesC, Me23Cs, Me7Cs, KoTOpbIi HE pa3pyLUaeTcsi Nocrne OTnycKa U 3NeKTPOHHO-My4YKoBoW 06paboTkn. OCHOBHOM
daszon, dopmupyoLlen Kapkac, sBnsetca kapbwug coctaBa MesC, a nocrne oTnycka M 3NeKTPOHHO-MYYKOBOM
o6paboTkmn — MoC. CchopmmnpoBaHHasi Npy HannaeBke MapTEHCUTHAs CTPYKTYpa COAEPKUT HAHOPAa3MEpPHbIE BKITIOYEHNS
BTOpOM hasbl coctaBa MoC, Mo2C, MesC pazmepom 20—45 HM, pacnonoXxeHHble B 00beMe 1 MO rpaHnLamM nnactyH
mapTeHcuta. Wx obbemHas pons cHwkaeTca go 19mac. % nocne oTnycka W AOMNOSHUTENBHOrO 0bny4YeHus
3NEKTPOHHBIMU Ny4YKamu.

Knroyesble crnosa: Hannaeka, ObICTpopexyLias cTanb, 3NeKTPOHHas MMKPOCKOMNWS, TepMuyeckas obpaboTka,
NMMNYIbCHbLIN 3NEKTPOHHBIN NMYYOK, CTPYKTYpa, dasbl
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NOBbILWEHUE NMPOYHOCTU MOPCKUX TUTAHOBbLIX CMJITABOB 3A CHET TBEPOOPACTBOPHOI'O
N CTPYKTYPHOI'O YNPOYHEHUA
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MCCHe,EI,OBaHbI nyTn NOBbIWLEHNA NPOYHOCTU ONbITHOrNO BbICOKONErMpoBaHHOro cnnaBa TUTaHa, UMerLlWero B
CTPYKTYPE MNPV KOMHATHOW TemnepaType TepMuyeckn HecTabunbHyo B-cpasy. MokasaHo, YTO TBEPAOPACTBOPHOE M
CTPYKTYpHOE YNpOYHEHuEe NpuMBOAUT K M3MEHEHMI0 a30BOro M BHYTPUCTPYKTYPHOIO COCTOSIHUSI MCCReagyemoro
maTtepuana, 4To, B CBOI oyepeapb, 06ecrneymBaeT NnoBbilEHNE NPOYHOCTHBLIX XapakTepucTuk. Mpu 3ToM B 3aBUCUMOCTU
OT pexumMa omxkura obecnedmBaeTcs MNOBbILWEHME YCroBHOro npegena Ttekydectn ot 1000 go 1200 MlMa 6es

3HAYUTENBHOIO CHWKEHUS BA3KOMACTUYECKMX CBONCTB.

Knoyesbie crioea: MOpCKMe TUTAHOBLIE CMIaBbl, pacnaf MeTacTabunbHbIX as, reTeporeHn3aumst CTPYKTypbl,

MeXxaHuUYecKMe CBOMCTBA, YNPOYHSoLWas TepMuyeckas obpaboTka, MUKPOCTPYKTypa
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NMPOBOAHMKOBOIO CMIIABA E-ALMGSI (ANAPEW), NETUPOBAHHOIO TANJIMEM

. H. TAHUEB, g-p xum. Hayk, akaa. HAH TamxkukuctaHa, ®. A. AJIMEB, kaHA. TEXH. Hayk,
P. 1. AICMOHOB, kaHg. TexH. Hayk, A. M. CA®APOB, a-p TexH. Hayk,
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B HacTosilee Bpemsi aniOMMHMA K ero cnnaebl B psage obnacTter ycnewHo BbITECHAT TpaguUMOHHO
npuMeHsieMble MeTansbl U crinaebl. OQHUM M3 NepCneKTUBHbLIX HanpaBleHUN UCMOMNb30BaHNUSA antoOMUHKSA SBMAsETCH
3ANEeKTPOTEXHMYECKast MPOMBbILLIIEHHOCTb. Tak, NPOBOAHMKOBLIM antoMuHUeBbIN cnnas Tuna E-AIMgSi (angpewn — Aldrey)
OTNINYAETCH BbICOKOW MPOYHOCTBIO M XOPOLLEN MAacTUYHOCTbI. OTOT ChiaB Mpu COOTBETCTBYHOLLEN TEPMUYECKON
0bpaboTke NprobpeTaeT BLICOKYI 3MEKTPONPOBOAHOCTb. M3roTOBMEHHbIE M3 HEro MpoBoda MCMOMb3YKTCH MOYTH
UCKMIOYNTENBHO  ANs  BO3A4YWHbIX JMHWA  anekTponepegauun. [lpeactaBneHbl  pesynbTaTbl  MCCreoBaHUS
TemnepaTypHON 3aBUCUMOCTM TEMNMOEMKOCTU, Kod(pdULMEHTA Tennootaaun wn TEepMOAMHAMUYECKUX YHKUUIA
anoMmHmeBoro cnnaea E-AIMgSi (angper) ¢ TannveMm. MccnenoBaHUsi NMPOBEAEHbI B PEXUME «OXIAXKOAEHUS».
lMokazaHo, 4TO C pOCTOM TemnepaTypbl 3HAYEHUs TENNOeMKOCTH, KoaduuMeHTa Tennootaauu, SHTanbnum u
aHTponuu cnnaea E-AIMgSi (angpewn) ¢ TannMem yBenuyMBaroTcs, a 3HadeHue aHeprum 'mbbca ymeHbluaetcs. Npu
pobaske Tannua o 1 mac. % CHWXaKTCA TEMMNOEMKOCTb, KO3(PULMEHT TEnnooTAaun, 3HTanNbNusa M 3HTPONuS
NCXOQHOro crnnaea u nosbllwaeTcs aHeprus 'mbbcea.

Knoyesblie cnoea: antomuHueBbli cnnaeB  E-AIMgSi  (angpen), Tannui, TennoemKkocTb, KO3MMUUMEHT
TeNnnooTaaum, PeXMM «OXNaXKaeHUs», 3HTanbMUs, 3HTPonus, aHeprus MMbbca
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TEPMOJNEKTPUYECKUE CBOUCTBA CMJTIABA HA OCHOBE CUCTEMbI AL-MN-SI, MONYYEHHOIO
METOOOM CAMOPACIPOCTPAHAIOLLEroCA BbICOKOTEMNEPATYPHOIO CUHTES3A,
COBMELLEHHOIO C NPECCOBAHUEM

A. O. CMBAKOBA, U. E. CEMEHYYK, A. B. KAPINOB, A. E. CbI4EB, kaHg. TeXH. HayK
OIBYH «MlHecmumym cmpykmypHOU MakKpOKUHemMuUKuU U rnpobrem mamepuanosedeHusi
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MeTogom camMopacnpOCTPaHSAIOLWErocsi BbICOKOTEMMNEPATYPHOIrO CUHTE3a, COBMELLEHHOrO C MNPECcCOBaHUEM,
BMEpBbIe MONy4YeH TEepPMOSINEKTPUYECKMIA chnaB, cogepXawmnm ¢asy Mns(Sizs Aios). MuKpocTpykTypa cnnasa
npegctaesneHa 3epHamun pasmepom o 10 MkMm. PeHTreHodasoBbI aHann3 nokasan Hanuuve cnegyowmx ¢as B
CYHTe3upoBaHHOM obpasue: Mns(Sizs Alos), TiC n SiO2. Mpucytctere das TiC n SiO2 cBsiI3aHO ¢ 0COBEHHOCTAMM
cvHTe3a obpasua metogom CBC-npeccoBaHus. [lpoBedeHo uvccnegoBaHWe TEPMOINEKTPUYECKUX XapaKTEPUCTUK
matepuana. 3HadyeHne koacduumeHTa 3eebeka npn KOMHaATHOM TeMnepaTtype coctaBnseT okono 8 mkB/K n gocturaet
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wupokoro makcumyma 9-10 mkB/K npu T = 360 K, a MakcumanbHas BenuuMHa yaenbHOro 3neKTpoCconpoTUBNEHNS
1,5:1072 OM-CcM focTUraeTcsi NP1 KOMHaTHON TemnepaType.

Knouesnie croea: CBC-npeccoBaHue, dopmmpoBaHme MUKPOCTPYKTYpHl, WHTEepMeTannuapl,
TEPMOSMEKTPUYECKUIA cnnas, koadduumneHT 3eebeka, aNeKTPoCONPOTUBIIEHME
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MpuBeaeHbl pe3ynbTaThl UCCNefoBaHUS CTPYKTYPbl U MarHUTHBLIX XapakTepUCTMK NOPOLLKOB crniaBoB cuctemMbl Co—
Ni—Al coctaBoB Co37NizsAlo7 1 Coz2NizgAlzg, MONMYyYEHHBIX METOAOM MEXaHUYECKOr0 NErMpoBaHUS B NiiaHeTapHoOwm
MenbHuue. N3y4yeHo BRusiHMe TEXHOMOMMYECKUX PEXXUMOB MEXaHUYECKOro NerMpoBaHusl Ha 3NeMeHTHbIN CoCcTaB

PE3YyNbTUPYIOLLMX NMOPOLUKOB, UX HAMArHUYEHHOCTb HACILLEHWUS U KO3PLMTUBHYIO cuny. MNokasaHa achdeKTUBHOCTb

NPUMEHEHMs1 MeXaHWYECKOro fierMpoBaHns A5 NoNy4YeHMst HOBbIX MarHUTOTBEPAbIX CMIaBOB HA OCHOBE CUCTEMbI

Co-Ni-Al.

Knroyeesnie criosa: NnopoLllKoBbIE MaTepuarnbl, MexaHun4yeckoe JnermposaHne, MarHutHble MaTepuanbl, YMHble
MaTtepuanbl, aganTuBHblIe TEXHOOMMN
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HA CTPYKTYPY U CBOUCTBA BbICOKOMNPOYHOW HEPXXABEIOLLEW CTANN MAPKWU 08X14HAN
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AOOVMTUBHONM TexHonornenm npsimoro nasepHoro BblpawmBaHusa (M1B) n3 nopowka ctanu mapku 08X14HAOJI
n3roToBreHa cepust 06beMHbIX 06pa3uoB MpPU pPasnMYHbIX TEXHONOMMYecKkUx napameTpax (MOLHOCTb M3nydeHus,
CKOPOCTb CKaHWpPOBaHWS W CKOPOCTb Mofauum nopoluka). [NpoBedeHbl UccnefoBaHUMS Makpo- U MUKPOCTPYKTYPSbI,
NNOTHOCTU 1 TBEPAOCTU 06pasLoB. MiccnegoBaHbl 0COOEHHOCTM CTPYKTYPbI CTanu, uarotoerneHHowm MNJ1B, no cpaBHeHMIO
C NUTbIM MeEeTanmnoM, WAEHTUPUUUPOBaHbLI HEMeTannMyeckme BKIOYEHNS, YCTaHOBMEH pasMep CTPYKTYPHbIX
ocTaBnsowWmx. lNokasaHo, YTO CTPYKTYPY, MAOTHOCTb U TBEPAOCTL CTanu MOXHO BapbupoBaTh, U3MeHsa pexumbl MJ1B,
YTO ABNAETCA 3a4eNoM ANns pa3paboTKM NPOMBILLNEHHbBIX aAAUTUBHBIX TEXHOMOMMIA.

Knwouyesble crioea: agAUTUBHbIE TEXHOMOrMW, MpsIMOe na3epHoe BblpaliuBaHWe, HepXKaBetllmMe cranu,
08X14HAJ1, nopuUCTOCTb, MUKPOCTPYKTYPA, MapTEHCUTHbIE CTanu
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MccnegoBaHa BO3MOXHOCTb MPUMEHEHWUS HaHOPa3MEPHbIX YacTul, Meau B KayecTBE HamnonHuTensa ans
nonuadupadgpupketoHa (MA3K) ¢ uenbio cosgaHusa TpuboTexHudeckn adekTUBHOro Komnoawta. Ha ocHoBe
dur3nyeckorn MoAenn W3HaWKUBaHMSA MOCTPOEHbI PaCYETHbIE KOHLIEHTPALMOHHbIE 3aBUCUMOCTU OTHOCUTENBHOM
WHTEHCMBHOCTM JIMHENHOIO M3HALLMBAHNS KOMMO3UTa NO OTHOLLUEHUIO K MaTpuLe ANnS YeTbipex pasMepoB ANCNEPCHOro
HaMOMHUTENS U3 HaHO- U MUKPOpPasMepHOro AuanasoHa. B pesynbtate onpegeneHbl ananal3oHbl 3peKTUBHBIX
KOHUEHTpauuMih HanonHutens npu BBeaeHun B [1OOK HaHomegu. [Ons wnccnegoBaHUs MNPUYUH  NOBbLILWEHUS
WM3HOCOCTOMKOCTM HaHOKOMMO3uTa MNpuv BBEAEHMU JAUCMEPCHBIX 4YacTul, Meau MNPUMEHEH MEeTOoL MONEKYNApHOn
OVHaMUKW. YCTaHOBMEHO, 4YTO B MNPUCYTCTBUM  HAHOHAMOMHUTENS CYLECTBEHHO MOBbLIWAETCA 3HEPruUs
MEXMOMEKYNSAPHbIX CBA3EN, BbISIBIIEHbI PA3NMynst B MAIOTHOCTM NONIMMEPHBIX MOSEKYN B 0611acTy KOHTakTa 4o v nocre
CABUra, a TakkKe pasnuyusi B BENUYMHAX SHEPTUA MEXMOIEKYNAPHOro B3aMMOLENCTBUA MEXAY KOHTaKTUPYHOLLUMU
NMOBEPXHOCTSAMM B 3aBMCUMOCTU OT BPEMEHMW CABMra.

Knroyesble crosa: TpeHWe CKOMbXEHWS, M3HOCOCTOMKOCTb, TpuboTexHnyeckas apeKTMBHOCTb, duanyeckas
MoAenb W3HOCA, HarpyXeHHOCTb MaTtpuubl, NONUIcUP3mUPKETOH, HaAHOHAaMNOMNHUTENb, MOMEKynspHas AuHamuka,
QHEepPrma MexxmMmorsiekynapHoro B3aVIMO,EleI7ICTBVIF|
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Pa3paboTaHa TeXHOMOrMsl NonyYeHus yriennacTvka Ha OCHoBe GEeH30KCa3NH-TaNOHUTPUIBHOTO CBS3YIOLLETO C
rpagMeHTOM cocTaBa MaTpulbl METOAOM MOPOLUKOBOro HanbineHus. CA3sylollee B BEpPXHMX CMNOAX yrrennacTuka
COOEPXUT TMPEUMYLLLECTBEHHO (TaNOHUTPUI, B LEHTpe YIMennacTUKoBOM MNacTUHbl — MPeuMyLLeCTBEHHO
6eH3okcasnH. OT NOBEPXHOCTU K LIeHTPY o6paslia cocTas CBA3YIOLLEro niaBHO MeHseTcs, T. €. UMeeT MeCTO rpagneHT
coctaBa maTtpuubl. [ns MOBbIWEHUS YOapOCTOWKOCTM B COCTaB CBSI3YIOLEro BBEAEH BbICOKOTEMMEPATYPHbIN
TEPMONNACT, KOHLEHTPaLUWa KOTOPOro Takke M3MeHseTcs Mo TonliMHe obpasua. o cpaBHeHMIo C YrnennacTukom
FOMOTEHHOIo COCTaBa C TaKUM K€ COAep’KaHMeM KOMMOHEHTOB B CBA3YIOLLEM IPaAVEHTHbIN yrrennactTuk obnagaet
Bonee BbICOKOW TEMNOCTOMKOCTLIO U YAAPHOM MPOYHOCTLIO 6€3 NoTepu XXeCTKOCTH.

Knouesnie crioga: GeH30KcasuH, (*)TaﬂOHVITpVIﬂ, KOMMNO3MLMOHHbIN mMaTtepuarn, rpagueHT cocTtaBa, yrnennacTtuk,
TEnnoCTONKOCTb, MEXaHMYEeCKMEe CBOUCTBA

DOI: 10.22349/1994-6716-2024-120-4-78-87

JINTEPATYPA

1. Bornosuz N. V., Korotkov R. F., Shutov V. V., Sirotin I. S., Gorbunova |. Y. Benzoxazine copolymers with mono-and
difunctional epoxy active diluents with enhanced tackiness and reduced viscosity // Journal of Composites Science. —
2021.-V.5,N9. -C. 250.

2. GuH.,, Gao C., Du A., Guo Y., Zhou H., Zhao T., Guo, Z. An overview of high-performance phthalonitrile resins:
fabrication and electronic applications // Journal of Materials Chemistry C. — 2022. — V. 10, N 8. — P. 2925-2937.

3. Yakovlev M. V., Kuchevskaia M. E., Terekhov V. E., Morozov O. S., Babkin A. V., Kepman A. V., Avdeev V. V.,
Bulgakov B. Easy processable tris-phthalonitrile based resins and carbon fabric reinforced composites fabricated by
vacuum infusion // Materials Today Communications. — 2022. — V. 33. — P. 104738.

4. Bulgakov B. A., Morozov O. S., Timoshkin I. A., Babkin A. V., Kepman A. V. Bisphthalonitrile-based thermosets as
heat-resistant matrices for fiber reinforced plastics // Polymer Science, Series C. —2021. — V. 63. — P. 64—101.

5. KypHocos A. O., Basunosa M. U., lN'ynaes N. H., Axmagnesa K. P. be3spacTBopHasa TEXHONOrMsS M3roTOBNEHMWS
npenpera Ha OCHOBE BbICOKOTEMMNEPATYpPHOro MOPOLLKOBOrO (hTanmoHUTpuUnbHOro ceasytowero // Bonpochl
maTtepuanoBegeHusi. — 2021. — Ne 4 (108). — C. 165-178. hitps://doi.org/10.22349/1994-6716-2021-108-4-165-178.

6. Soudjrari S., Derradji M., Amri B., Djaber K., Mehelli O., Tazibet S., Khadraoui A. Novel vanillin-based benzoxazine
containing phthalonitrile thermosetting system: Simple synthesis, autocatalytic polymerization and high
thermomechanical properties // High Performance Polymers. — 2022. — V. 34, N7. - P. 818-827

7. Brunovska Z., Ishida H. Thermal study on the copolymers of phthalonitrile and phenylnitrile-functional benzoxazines
/[ Journal of applied polymer science. — 1999. — V. 73, N 14. — P. 2937-2949.

8. ChenL.,RenD., Chen S., Li K., Xu M., Liu X. Improved thermal stability and mechanical properties of benzoxazine-
based composites with the enchantment of nitrile // Polymer Testing. — 2019. - V. 74. - P. 127-137.

9. Dayo A. Q., Wang A. R., Derradji M., Kiran S., Zegaoui A., Wang J., Liu W. B. Copolymerization of mono and
difunctional benzoxazine monomers with bio-based phthalonitrile monomer: Curing behaviour, thermal, and
mechanical properties // Reactive and Functional Polymers. —2018. - V. 131. — P. 156-163.

10.Lv D., Dayo A. Q., Wang A. R., Kiran S., Xu Y. L., Song S., Gao B.-C. Curing behavior and properties of benzoxazine-
co-self-promoted phthalonitrile polymers // Journal of Applied Polymer Science. — 2018. — V. 135, N 31. — P. 46578.

11.Liu Y., Yin R., Yu X., Zhang K. Modification of Solventless-Synthesized Benzoxazine Resin by Phthalonitrile Group:
An Effective Approach for Enhancing Thermal Stability of Polybenzoxazines // Macromolecular Chemistry and
Physics. —2019. — V. 220, N 1. — C. 1800291.

© 2024
HUL «Kyp4aTtoBckuit MHCTUTYT» — ULHUU KM «IMpomeTen»
Hay4yHo-TexHMYeckuit x)ypHan «Bonpockl MaTepuanoBeaeHus



12.AHgpunarHoBa K. A., XanukoB, A. A., bessametHoB, O. H., Amumpora, Jl. M. ®yHKUMOHANbHO-TPALUEHTHbIV
yrnennacTmKk Ha OCHOBE 3MOKCUAHOW MaTpuubl, MoauduuMpoBaHHOW Tepmo-anactonnactoMm // Bonpockl
mMaTepuanoBseaeHus. — 2023. — Ne 3 (115). — C. 170-177.

13.Hassan E., Zekos I., Jansson P., Pecur T., Floreani C., Robert C., Stack M. M. Erosion mapping of through-thickness
toughened powder epoxy gradient glass-fiber-reinforced polymer (GFRP) plates for tidal turbine blades //
Lubricants. —2021. - V. 9, N 3. — C. 22.

14.Ishida H. Chapter 1 // Handbook of Benzoxazines Resins. / H. Ishida, T. Agag, Eds. — Elsevier: Amsterdam, 2011. —
P. 3-69.

15.AuTnnun N. C., Amuposa JI1. M., AngpuaHoBa K. A., Magusiposa . M., Wymnnoea T. A., KasbimoBa M. A,
Amupos P. P. be3pacTBopHbIN CMHTE3 BEH30KCAa3MHOBLIX MOHOMEPOB Pa3fIMYHOrO CTPOEHUSI N MONMMEPLI Ha UX
ocHoBe // BecTHuk TexHonorndeckoro yHmBepcuteta. — 2023. - T.6, Ne 9. — C. 17-25.

16.ApuHnHa M. T, MinbuH C. O., Makaposa B. B., lopbyHoBa W. 1O., Kepbep M. J1., Kynuuuxun B. I'. CoBmecTMOCTb
N peoriorMyeckMe CBOWCTBA CMeECEeW 3MOKCUMOAMAHOBOrO ONuroMepa C apomaTtudeckmmu nonuadmpamm //
BbicokomonekynspHble coeamHeHns. Cepua A. — 2015. —T. 57, Ne 2. — C. 152—-161.

YOK 678.067:620.181

WCCNEOOBAHUE U3SMEHEHUA MUKPOCTPYKTYPbI U XUMUYECKOIO COCTABA NOJIMMMUOHOIO
YIMEMNACTUKA MOCINE BO3AEUCTBUA UMUTUPYEMbIX 3KCMITYATALMOHHbIX ®AKTOPOB

E. B. KYPLLUEB, C. 1. TOHCKWI, t0. A. ETOPOB, kaHa. TexH. Hayk, . B. 3ENIEHUHA
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MpoBeaeHbl MUKPOCTPYKTYpHbIe 1 UK-cnekTpockonuyeckne nccnegoBaHms TEPMOCTOMKOMO yrnennacTtvka Mapku
BKY-61 Ha ocHOBe TepMOpPeaKTMBHOIO MOSIMMMULHOIO CBA3YIOLEro M PaBHOMPOYHOW YrNepoOAHOW TKaHW nocrne
BO34ENCTBMA NabopaTopHO MMUTUMPYEMbIX 3KCMyaTaUMOHHbBIX (pakTOpoB nNpU MOBbLIWEHHLIX Temnepatype u
BMaXHOCTW. Ha ocHOBaHUWM aHanuM3a M CUCTEMAaTU3aLMU MONTyYEHHbIX PEe3ynbTaToB WUCCReOBaHUA YCTaHOBIEHbI
obLme 3aKOHOMEPHOCTU U OCOBEHHOCTU CTPYKTYPHbIX WM3MEHEHWI B YrNennacTuke B YCIOBUSIX KOHTPONMMPYEMbIX
BHELLIHUX 3KCMyaTaLOHHbIX (haKTOPOB.

Knrouesble criosa: MUKPOCTPYKTYpa, MaTpuLa, BbICOKOTEMMNEPATYPHbIV yriennacTuk, NoNMMvnaHoe cBAsyoLee,
TEPMOBIaXXHOCTHOE BO3AENCTBUE, MUKPOANCTIEPCHBIE YacTuLbl, AN dy3uns
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BITUAHUE MHOIONPOXOAHOW CBAPKU HA XUMUYECKWUIA COCTAB, CTPYKTYPY U CBOUCTBA
COEAWHEHUN N3 AYCTEHUTHbBIX CTANEN

P. A. MAMALAIIMEB, B. U. NMNEXAHOB, kaHg. TexH. Hayk, B. E. OBCAHHWKOB, g-p TexH. Hayk
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WccnepoBaHo BnusiHME MHOrONPOXOAHOW CBApKM HECKONbKUMW 3MEeKTPOo4aMM PasHbIX MapOK Ha XMMWYECKUA
COCTaB W MUKPOCTPYKTYpYy MeTanna wea. OObektamu u3ydeHuss aBNanncb obpasubl TpyOGHOro ceyeHus,
N3roTOBIIEHHbIE N3 KOPPO3MOHHO-CTOMKON cTany mapkn 12X18H10T. B pe3ynbTaTte NpoBeAeHHbIX UccnegoBaHum obinm
onpeaeneHbl 3HayeHs 3dPEKTUBHOM TENNoBOW MOLLHOCTU UCTOYHMKA Harpesa, obecnedvvBaroime paBHOMEpPHOe
pacrnpegeneHve aNeMeHTOB B HamnsaBfeHHOM MmeTansne, (bopMuUpoBaHME ayCTEHUTHON CTPYKTYpbl C MUHUMAarbHbIM
copepxaHmem epputHon hasbl, a Takke paBHOMEPHOE pacnpeaeneHne MMKpOTBEPAOCTH MO CEYEHMIO LBa.

Knoyesble criosa: cBapka, pexxumbl, NPOX0OAbl, CTPYKTYpa, XMMUYECKUIA COCTaB, MUKPOTBEPAOCTb, KOPPO3Ks
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WNcecnepoBaHbl 0COOEHHOCTY HAMPSXKEHHOTO COCTOAHMS, (PUNKO-MEXAHNYECKUX U CTPYKTYPHBLIX CBOMCTB CBAPHbIX
COEOUHEHUIN KOHCTPYKLMOHHBLIX CTanewn, BbIMOMHEHHbIX B YCMOBUAX HU3KUX KNMMaTtudeckux temnepartyp. CBapHble
Npo6bl NONyYEHbI PYYHOW AYroBOM CBAPKOW C NPUMEHEHNEM oTevecTBeHHbIX anektpogos YOHWU-13/Mopos, XOB3KC-
K-54, LB-52TRU. WccnepoBaHus nNpoBOAWMMCHL B paMKax HaTYPHbIX KIMMaTUYECKMX MWCMbITAHUA B YCIOBUSIX
€CTeCTBEHHOro xonoga ceapo4Horo obopyaoBaHmsa n matepuanos. [TokazaHo, YTO Npu CBapke B XONOAHBLIX YCNOBUAX
YPOBEHb PacTArMBaOLLMX OCTATOYHbBIX CBAPOYHbIX HANpsbkeHnn B cpegHeM Ha 40-50 % Bbiwe, 4eM npw cBapke npwu
KOMHaTHON TemnepaType. BbisBneHbl 0COBEHHOCTU CTPYKTYpbl M MEXaHWYEeCKUX CBOWCTB NPW CBapKe B YCMOBUSIX
oTpuuaTenbHbIX TemnepaTyp. Pa3paboTaHbl MeToAbl KIUMAaTUYECKMX WCTbITAHWIA CBapOYHbIX MaTepuanoB U
060opyaoBaHNs B YCNOBUSAX HU3KUX KIMMMaTUYECKUX TeMmneparyp.

Kntouesnie criosa: CBapHble coeauHeHUA, KOHCTPYKUMOHHbIE CTaln, CBapO4YHble TexXHOIormnu, ceBapo4Hble
mMmaTtepuarnnbl, KnnMmaTn4eckmne ncnbiTaHuA, CBOWCTBA, CTPYKTYypa

DOI: 10.22349/1994-6716-2024-120-4-113-123
JINTEPATYPA

1. NapwoHos B.I1. OnekTpoayroBasi cBapka KOHCTPYKLUMA B CEBEPHOM mcnonHeHun. — Hosocubupck: Hayka, 1986. —
256 c.

2. 3OkcnnyaTtauusa maructpanbHbIX razonposoaos B ycrnosusax Cesepa / A. B. Jleirnaes, A. W. JlesuH, U. A. KopHes un
ap. // FasoBas npombiwneHHocTb. — 2001. — Ne 8. — C. 37-39.

3. KonenbmaH J1. A. ConpoTnBNSEMOCTb CBapHbLIX Y3MOB XpYynNkomy paspyweHuto. — J1.: MawwnHocTpoeHue, 1978. —
232 c.

4. TloBblWweHMEe NPOYHOCTM CBAPHbLIX METANTIOKOHCTPYKLMIA ropHO400bIBaOLLEN U TPAHCMOPTHOW TEXHUKM B YCITOBUSAX
Cesepa/ O. . Cnenuos un gp. — HoBocubupck: Hayka, 2012. — 183 c.

5. Bozic Z., Schmauder S., Wolf H. The effect of residual stresses on fatigue crack propagation in welded stiffened
panels // Engineering Failure Analysis. —2018. — V. 84. — P. 346-357.

6. Ahmed F., Ali L., Igbal J., Hasan F. Failure of pipe joints during hydrostatic testing // Engineering Failure Analysis. —
2008.-V. 15. - P. 766-773.

© 2024
HUL «Kyp4aTtoBckuit MHCTUTYT» — ULHUU KM «IMpomeTen»
Hay4yHo-TexHMYeckuit x)ypHan «Bonpockl MaTepuanoBeaeHus



7. Tonyapoe H. I, Hectepo I B.,, OwunH A. A. TexHomorMss CBapku KOMbLEBbLIX CTbIKOB MarmcrparibHbIX
TpybonpoBoaoB u3 Tpyb knacca npoyHoctn K56 npu HU3KuX TemnepaTtypax okpyxatowen cpeabl // bezonacHocTb
TpyAa B npombliwneHHocTn. — 2018. — Ne 8. — C. 42—47. DOI: 10.24000/0409-2961-2018-8-42-47

8. NapuoHos B. M., Anpocumos B. C., Eropos 0. /. BnusHue pocta gedekrta Ha NpovHOCTb TpybonpoBoaos,
3KCMIyaTUpyeMbIX B YCITOBUSX HU3KMX KnMMaTuyeckux Temnepatyp // [po4YHOCTb MaTtepuanoB v KOHCTPYKUMIA Npu
HU3KMX TemnepaTypax. — Kues, 1990. — C. 127-130.

9. Josepha A., Sanjai K. Raib, Jayakumara T., Murugan N. Evaluation of residual stresses in dissimilar weld joints //
International Journal of Pressure Vessels and Piping. — 2005. — N 82. — P. 700-705.

10.Cugopos M. M., TonukoB H. W., TuxoHoe P. I1. OnpegeneHve HanpsXeHHO-Ae(OPMUPOBAHHOIO COCTOAHMUS
MarucTparbHbIX ra30MNpoBOAOB, NMPOJIOXKEHHbLIX B 30HE BEYHOM Mep3noThl // KoHTponb. AnarHocTtuka. — 2020. — T. 23,
Ne 12 (270). — C. 58-63. DOI: 10.14489/td.2020.12.pp.058—-063

11.MNopenuk C. C., Ckakos FO. A., Pactopryes Jl. H. PeHTreHorpadmyeckuin n anekTpoHHO-onTu4ecknii aHanms. — M.:
MNCKC, 1994. — 328 c.

12.Nonvkos H. N., Cnpopos M. M., CapaeB 0. H. KnumaTtudeckne ucnbiTaHus cCBapOYHOro oGOpyaoBaHWSA npwu
oTpuuaTenbHbIX TeMmnepatypax // CeapoyHoe npoussoacteo. — 2018. — Ne 12. — C. 35-41.

13.Golikov N. 1., Sidorov M. M., Saraev Y. N. Climatic tests of welding materials at negative temperatures // Welding
International. — 2020. — T. 34. — Ne 10-12. — C. 425-429. DOI: 10.1080/09507116.2021.1962067

14.MaTtoxwuH I". B., Bopobbes A. 1O., IrymeHoB A. A. OueHka BNNSHNS OCTaTOYHbIX CBAPOYHBLIX HANPSXXEHU Ha npeaen
BbIHOCINMBOCTW Pa3fIMYHbIX 30H CBapHbIX COeQUHEHUN (DeppUTHO-NEPNUTHLIX cTanen // CBapka 1 AvarHocTvka. —
2015. — Ne 1. - C. 32-34.

15.Hensel J., Nitschke-Pagel T., Rebelo-Kornmeier J., Dilgera K. Experimental Investigation of Fatigue Crack
Propagation in Residual Stress Fields // Procedia Engineering. —2015. — V. 133. — P. 244-254

16.Yxwuk . B. NpoYyHOCTb M MAAcCTUYHOCTb METANoB Npu HU3KMX Temnepatypax. — M.: N3g-Bo Akaa. Hayk CCCP,
1957. - 192 c.

17.Moshayedi H., Sattari-Far I. The effect of welding residual stresses on brittle fracture in an internal surface cracked
pipe // International Journal of Pressure Vessels and Piping. —2015. — V. 126-127. — P. 29-36.

18.JlapwonHos B. IM., Masnos A. P., AmmocoB A. 1. OcobeHHoCTM TennoBoro 6anaHca BaHHbLI NPW CBapke B YCIOBUAX
HU3KNX KNuMaTudecknx Temnepatyp // CBapka n npobnemsl BA3koxpynkoro nepexoaa: K 60-neTtuto co gHs poxxaeHus
akagemuka B. T1. JlapnoHoa / Cubupckoe otaenenne PAH, MHCTUTYT cumsmko-TexHmnyeckux npobnem Cesepa. —
Hoeocunbupck: CO PAH, 1998. — C. 351-355.

19.Capaes 1O. H., lNonukos H. U., Cugopos M. M. PacnpegeneHne oCTaTOYHbIX HaMPS>KeHU Npu cBapke B YCIOBUSAX
HU3KMX KruMaTtudecknx temnepatyp // BecTHuk BpsHCKOro rocygapCTBEHHOrO TEXHMYECKOrO yHuMBepcuTeTa. —
2019. — Ne 11 (84). — C. 4-12.

20.CnmeuHckun A. A., XpaHos J1. A., KopoteHnko B. B. Tennoduanyeckne ocobeHHOCTN MMNYNbCHO-AYrOBOW CBapKu
HennaBsALWMMCS 3NEKTPOAOM B 3alUUTHLIX rasax (063op) // ABTomatnyeckas ceapka. — 2015. Ne 6—7. — C. 32-38.

21.Nlebepes B. A., Kosbipbko O. A. Crnocobbl 1 yCcTpoWcTBa ANS YNpaBfeHUs KpucTtannusauuen HannaBneHHOro
mMeTanna npv gyroeon ceapke (063op n aHanus) // 3aroToButenbHblE MPON3BOACTBA B MalLMHOCTPoeHUn. — 2015. —
Ne 9. — C. 8-16.

YK 620.193.4

O KOPPO3MOHHOM BO3EUCTBUM YCITOBUA MNEPEMEHHOIO CMAYUBAHUA XUOKOCTbIO
HA MOBEPXHOCTb TPYBHbIX CTAJIEXA FA30MPOBOAOB B MPUCYTCTBUU CO:

P. K. BATAINOB, g-p TexH. Hayk, kaHg. xum. Hayk, K. A. UBATYIINIVH, kang. xum. Hayk, A. [1. FAN3YTNNH,
O. C. ®EOOTOB
OOO «lasnpom BHUNTA3», 142717, Mockosckasi 0611., e. 0. JleHuHckud, . Pa3eurka, yn. [a3oeukos, 30. 15,
cmp. 1. E-mail: R_Vagapov@vniigaz.gazprom.ru
MocTtynuna B pegakuuio 13.05.2024
Mocne popaboTtkn 22.07.2024

© 2024
HUL «Kyp4aTtoBckuit MHCTUTYT» — ULHUU KM «IMpomeTen»
Hay4yHo-TexHMYeckuit x)ypHan «Bonpockl MaTepuanoBeaeHus



MpuHaTa k nyénukaumm 22.07.2024

WccnegoBaHa KOpPpPO3WOHHAsi CTOMKOCTb B YINEKUCMNOTHbIX cpefaxX psida  KOHCTPYKLMOHHBIX —CTanew,
ncnonb3yemblx Ansa TpybonpoBoAOB ra3oBbliX MECTOPOXAEHMI. ArpeCCUMBHbBIE YCINOBUS ra30BbIX 06 bEKTOB OTNUYAOTCS
Tem, 4To Oonbluas 4acTb BHYTPEHHEro MpOCTpaHCTBa TPyOOMPOBOAOB 3anofHeHa rasoBon ¢pason. KoppoanoHHble
BO34ENCTBMSA Ha CTanb, Korga Tonbko HebonbLlasa YacTb ra3onpoBoaa 3anosiHeHa Xunakon gason, paHee NnpakTudeckn
He Oblny u3y4eHsbl. Mpu NpoBegeHUN UCCnefoBaHU OblN NCMOMNb30BaH CreumanbHO pa3paboTaHHbIN KOPPO3UOHHbIV
CTeHA, Ha KoTopom ObinvM BOCMpOM3BeAEeHbl YCNOBUS BO3AEWNCTBUS Haubonee arpecCuBHbIX cpel — NepeMeHHoe
CMauyvBaHVWe BOAOW CTEHOK rasonpoBofa. Koppo3nMoHHasi akTMBHOCTb B TakuX YCMOBUSAX CBSI3aHa C paspyLUEHUEM
NNeHOK NPOAYKTOB KOPPO3MMK: B MECTaX UX pacTPeCKUBaHUSA U OTCNOEHUs (DOPMUPYIOTCS NOKanbHble KOPPO3UOHHBbIE
NOBpEXAEHUS Ha cTanun. M3ydyeHo KOppo3nOHHOE noBedeHne TPYOHbIX CTanen M3 pasHbix ra3onpoBodoB B YCIOBUSIX
X NepemMeHHOro cMayuBaHus Bogon. [poBefeHa cpaBHUTENbHas OLEHKA CTOMKOCTU B YIMEKUCNOTHbIX cpefax
TpyOHbIX cTanen 09I'2C 1 13XPA kak B yCNoBMsX NEPEMEHHOr0 CMavMBaHus, Tak 1 Npy KOHOEHcaUuKW Bnaru, Kotopble
NpeAcTaBnslOT OCHOBHYK OMAaCHOCTb BO3OEWCTBUSA Ha rasonpoBOAbl BHYTPEHHeW koppo3un. OnpegeneHo, 4Tto
rMaBHbIM BUOOM paspyLleHUs SBMSIeTCS JoKarbHasi KOppo3wusi CTanbHOW MoBepxHocTuM Tpyb. OueHeHo BAusiHWE
MUKPOCTPYKTYpbI CTanemn u cogepxaHnsa B HAX XpoMa Ha KOPPO3UOHHYI0 CTOMKOCTb B YCNoBuaX TpaHcnopTuposku COo-
cofepkallero rasa no Tpybonposogam.

Knovesble crnosa: yrnekucnoTHas KOppo3uvsl, KOPPO3MOHHbIN UCMbITATENbHbIA CTEHA, MUKPOCTPYKTypa cTanw,
nokanbHas koppo3us, ctanb 09I2C, ctanb 13XPA
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TPELLUMHOCTOMKOCTU BbICOKOMNPOUYHbIX CTANEW C PE3YNIbTATAMU UCMNbITAHUA OBPA3LIOB
C KOHLUEHTPATOPOM U CTPYKTYPHbIMU XAPAKTEPUCTUKAMU MATEPUATNA
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[ns BbICOKOMPOYHbIX CPeAHEeNernpoBaHHbIX MapTEHCUTHBIX U BEMHUTHO-MaPTEHCUTHbIX CTanen, HaxoasLLNXCS B
pPasnnM4YHOM CTPYKTYPHOM COCTOSIHWM, Bblnn onpedeneHbl KpUTUYeckne 3HaveHus J-mHterpana v nonyyeHa yctonymsas
nX Koppensuusa c pesyrnbTataMu UCNbITAHWA Ha pacTshkeHne obpasuoB C KomnbLeBow rnybokon BbiTOYkon. [ns
060CHOBaHMA 3TON KOppensauuM uCnonb3oBaHa npeariokeHHas B nNpelecTByloWwmux pabotax opmynmMpoBka
NOKaNbHOTO KpUTEpUs XPYMKOro paspylleHnMs B CTaTUCTUYECKOW MOCTaHOBKE Kak 3HepreTMyeckoro Ycrnosus
pacnpoCcTpaHeHMs MUKPOTPELUMHbl Yepe3 OonblueyrnoBble rpaHuubl 3epeH. AHanumsupyeTcd CBA3b MapameTpoB,
NCNonb3yemMbliX B NPEANOXEHHOM NOKaNbHOM KPUTEPUW pa3pyLLEHUs, CO CTPYKTYPHbBIMU XapakTepucTmkamn matepuana
M MpOrHos3Hasi CMOCOOHOCTb MpeaSIoKEHHOW MoJenu [Ana  onpedeneHus TemnepaTypHbIX —3aBUCUMOCTEN
TPELLUMHOCTOMKOCTH.

Krntoyesblie croga: BbICOKOMPOYHAs CTanb, TPELUMHOCTOMKOCTb, XPYMNKoe paspylleHue, KpUTepuin paspyLleHus,
MUKPOCTPYKTYpa, MeXaHU4Yeckne UCrbITaHus
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3PPEKTUBHASA METOAUKA OLEEHKU BbICOKO- U HA3KOTEMMEPATYPHOW YCTAINOCTHU
3NEMEHTOB KOHCTPYKLUI
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[ns reoMeTpuyecKkn CroXHbIX KOHCTPYKLMI aTOMHbIX 3HEPreTMYeckux YCTaHOBOK OBOCHOBaHWE LMKINYEeCKOn
MPOYHOCTU HA OCHOBE COBPEMEHHbIX NOAXOA0B ABMAETCA TPYAOEMKUM U pecypcoemMKMM npoueccoM. C npakTnyeckom
TOYKM 3pPEHWs B HOPMATMBHbIX AOKYMEHTax Mo OBOCHOBAHWMIO MPOYHOCTUM KOHCTPYKUUA aTOMHOW SHEPreTuku
npeanaraeTcs AOBOMBbHO YNPOLLEHHbIM noaxoAa. B HacToswen paboTe yncneHHo o60cHoBaHa HEMPUMEHNMOCTb Takoro
nogxoga Ans cnydas ¢ HEM30TEPMUYECKMM LMKINMYECKMM HarpyxeHuem. B cBssn ¢ atum paspabotaHa HoBas
adppeKkTMBHas MeTOAMKa OLEHKM YCTarioCTW KOHCTPYKLUMA B YCIOBUSX M30TEPMUYECKOrO WM HEen3oTepMUYECKOro
UMKITMYECKUX  HarpyxeHun. Ha OCHOBE YMUCMEHHbIX YMNpPYyronnacTuyeckMx pacyeToB KracCMYeckux 3apad
AedOopMUPOBaHNA  LMNMHAOPUYECKUX CTEePXHEN C rnyboKMMM KOMbLEBbIMW Hagpe3amu pasfuyHOWM  OCTPOTHI
noaTesepxxaeHa apdeKTMBHOCTb pa3paboTaHHON METOAMNKN.

Krtouesnbie criosa: ycTanocTe MaTepuana, ynpyronnacTuyeckuii pacyeT, UCTUHHAsA AvarpaMmMa AedopMm1poBaHus,
apcbekT BaylimHrepa, uUMKNMYeckas NamsiTb maTtepuana, Moderfb KMHEMAaTMYeCKOro YMNpOYHEHUsl, KO3((ULNEHT
KOHLLEHTpaUMN HanpshkeHUn, HEeW30TepMUYECKOE LMKIIMYECKOE HarpyXeHue, >XEeCTKOe W MArKoe HarpyxeHue,
nonsy4yecTb MaTepuana
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OLIEHKA NMOPUCTOCTHU B OTIIMBKAX U3 CIMJTABA CUITYMWH
METOOOM PEHTTEHOBCKOW KOMMNbIOTEPHO TOMOIPA®UMN
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MpencraesneHa nHpopmaums o6 nccrnegoBaHUM 3TanoHHbIX 06pasLoB NOPUCTOCTU antOMUHNEBOrO NUTEMHOIO
cnnaBa CUNYMUH METOOOM PEHTFEHOBCKOW KOMMbIOTEPHON ToMorpaduun. [poBeaeHHbIe TeopeTnyeckme pacyeTbl U
3KCMEepPMMEHTbl B NepcnekTuBe CTaBAT nepen cobonm uenb paspaboTaTb PEHTTEHOBCKYHD TOMOrpaduyeckyto Likany
rasoBOM NOPUCTOCTU, KOTopas bbina 6bl abCOMTHO agekBaTHOW pe3ynbTaTtam MeTannorpadun. B HacToswee Bpems
LUMPOKO MCMOMNb3yeTcs peHTreHorpaduyeckas Lukana noOpUCTOCTM, MO KOTOPOMW onepaTop BuU3yarbHO CpaBHMBaET
3TarnoHHYI PEHTTeHOrpaMMy C peHTreHorpaMMon obbekTa KoHTpors. INMNogobHas oLeHka KayecTBa HepaspyLuatoLlero
KOHTPOnS CyObEeKTMBHA M onpeaenseTcs onbiToM U (PM3MYeCKM COCTOSHMEM NPOU3BOASLLIErO KOHTPOMb onepaTopa,
Ka4yeCTBOM peHTreHorpadmyeckmx nsobpaxeHnin. PeHTreHoBcKas KomnbloTepHasd Tomorpadums aTanoHHbIX 06pasuoB
nopucToCcTn, obecneynBasi KONMYECTBEHHbIE NoKasaTeny NoOpPUCToOCTU, NOMHOCTBIO UCKITOYaeT CYOBbEKTUBHbIN hakTop.

Krnoyeeble crioga: aniOMUHWEBbIE NUTEWHbIE ChfaBbl, LWKana NOPUCTOCTKN, 3ITaAJIOHHble pPEHTreHorpamMmbl,
PEeHTreHoBCKas BblHUCITUTESIbHAA Tomorpacbvm, Cy6'beKTl/|BHaﬂ N 0ObEKTUBHASA OLEHKM NOPUCTOCTU
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Moctynuna B pegakuuio 6.08.2024

OcCHOBHOM TeHAeHUMEH npu paspaboTke XMMUYECKMX COCTaBOB CBapOYHbLIX MaTepuanoB Ansl CBapku
BbICOKOMPOYHbIX CTanen SIBNAeTCs MNPUMEHEHME CIOXHbIX CUCTEM JErMPOBaHUSI U PaCKUCIIEHWUS, COYETaoLUX
nervpyoLimMe, MUKPONErMpyroLwme, packucnsawme n Mogudumpyolmne 3NeMeHTbl, KOTopble HEBO3MOXHO BBECTM
B NMPOBOJIOKN CMIOLIHOIO ceyveHust. MonydeHne onTManbHOro KoNMYecTBa UronbyaToro oepputa B MUKPOCTPYKTYpE
MeTanna wea, a Takke obecneyvyeHWe BbICOKOrO YPOBHSI MEXaHUYeCKMX CBOWCTB MOXET OblTb OOCTUrHYTO MnyTem
KOHTPONMpYeMOro BBeAeHNU TUTaHa unm tTutaHa ¢ 6opom. na obecneyeHns Hanbonee BbICOKOTO YPOBHS NPOYHOCTY
N NNacTUY4HOCTM MpPX KOMMIIEKCHOM MWKPONErMpoBaHUM MNOPOLUKOBLIX MPOBOSIOK COAEPXKaHWe TuTaHa [LOSHKHO
cocTtaBnaTk nopsgka 0,04%, 6opa — 0,003%.

Knoyesble criosa: NOPOLLUKOBbIE CBapO4HblE MPOBOJIOKKU, MeXaHU3npoBaHHaA CBapkKa B 3allUTHbIX Trasax,
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OCOBEHHOCTW OPIFAHU3ALMU CTPYKTYPbI U CBOUCTB MPU NONYYEHUU BUMETAITTIUYECKNX
NNOCKUX U ULMNMHAOAPUYECKUX OBPA3LOB CUCTEMbI MEQlIb — HEPXKABEIOLWAA CTAINNIb METOOOM
NMPOBOJIOYHON ANEKTPOHHO-NYYEBOW AOAUTUBHON TEXHOJIOMUN
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MpeacTtaBneHbl pe3ynbTaTbl MCCNeOBaHWSA OpraHu3auuy CTPYKTYpbl M CBOMCTB OumeTannuyeckux obpasuos
CUCTeMbl Medb — HepXaBselowasa cTanb, MOMyYeHHbIX METOAOM MPOBOSIOYHOM 3NEKTPOHHO-NYyYeBOW aaauTUBHOW
TexHonormn. BbisiBNeHbl 0COOeHHOCTN (HOPMUPOBaAHWS COEAMHEHUS pasHOpPOAHbIX MaTtepuanoB. OBHapyxeHbl
HeOQHOPOAHOCTU pacnpedeneHns Meau M CTanu Ha rpaHvue pasgena ¢ oopMmpoBaHMEM FoKanbHbIX obnacten
MEXaHNYEeCKOWM CMeCH 3a CHET NepeMeLLMBaHNS KOMMOHEHTOB B XWAKOM COCTOSHUN. Popma MedHbIX YacTuu B obnacTu
MEeXxaHMU4eCcKo cMecu siBrsieTcs cBoboaHouW, 6rm3kon k cdepuyeckon. OgHopogHast u 6esgedbekTHass CcTpykTypa
nepexoaHOn 30Hbl MeXay KoMMoHeHTamu obpasua obecrneumBaeT AOCTAaTOYHO BbLICOKUA YPOBEHb MeXaHWUYeCKMX
CBOWCTB, HaxoOsALWMACHA MexXay CBOMCTBaMU Meau U cTarnu, KOTOpbld COOTBETCTBYET YPOBHIO CBOMCTB aHarormyHbIX
mMaTepuanos B NIUTOM COCTOSTHUMN.

Knoueeble croga: agavTUBHOE TNPOU3BOACTBO, MNPOBOMOYHAs 3neKTpoHHo-nydyeBas 3D-nevyatb, Medp,
HepaBetollas cTanb, MUKPOCTPYKTYpa, MUKpOCerperauusi, CTpyKTypHO-(a3oBble 3aKOHOMEPHOCTH
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O CBA3U PUUYECKUX N AKYCTUYECKUX XAPAKTEPUCTUK NOJNMMMEPHbBIX KOMMNO3NLUMUOHHbIX
MATEPUANOB, NPUMEHAEMbIX B USOENMUAX U KOHCTPYKUUAX CYAOCTPOEHUA
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PaccmaTprBaeTcsi CBSI3b (PU3NYECKMX U aKYCTUYECKUX XapakKTEpPUCTMK CTEKIOMMACTMKOB, W3roTOBMEHHbIX C
MCMONb30OBAHMEM  Pa3fMYHbIX  apMupyloWMX  MaTtepuanoB U metogoB  copmoBaHus. OtpabatbiBaeTcs
CKOPPEKTMPOBaHHAasi MeToaMKa KOHTPONs M pacyeTa KoagpMLMEHTOB CBSI3N CKOPOCTU YNbTpasByka C NIOTHOCTbIO U
MOAYNSIMU YNPYrOCTU Ha pasfMyHbIX BUAAX CTEKIONMACTMKOB M MPOBOAUTCS CpaBHUTENbHAs OLeHKa MOofyYeHHbIX
pe3ynbTaTos.

Krnroyesble criosa: ynbTpasByK, CTEKIOMNACTUK, NMOTHOCTb, MOAYIb YNPYroCTW, akyCTUMECKME XapaKTepuUcTuKm
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STRUCTURAL-PHASE CHANGES IN HIGH-SPEED STEEL SURFACING DURING
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Abstract—Studying the structure and phase composition of high-speed steel R2M9 surfacing of medium-carbon steel
30KhGSA, transmission and scanning electron microscopy, X-ray phase and X-ray structural analysis were used. Heat
treatment included three-fold high-temperature tempering with subsequent irradiation with pulsed electron beams. The
solid solution based on a-iron is the main phase in the initial state and after heat treatment; the y-phase is present in a
small amount (3—5 mas.%). The lattice parameter of both phases decreases after tempering. Irradiation of the deposited
layer with electron beams is accompanied by an increase in the crystal lattice parameter of the a-phase and its decrease
for the y-phase. The paper discusses reasons of the observed patterns. It has been established that the deposited layer
is characterized by the presence of a carbide frame containing carbides of complex composition MeC, MesC, Me23Ce,
Me7Cs, which is not destroyed after tempering and electron beam treatment. Carbide of composition MesC is the main
phase forming the frame, and MeC is formed after tempering and electron beam treatment. The martensitic structure
formed during surfacing contains nanosized inclusions of the second phase of the composition MoC, Mo2C, MesC with
a size of 20—45 nm, located in the martensite plates’ volume and along the boundaries. Their volume fraction decreases
to 19 mas.% after tempering and additional irradiation with electron beams.

Keywords: surfacing, high-speed steel, electron microscopy, heat treatment, pulsed electron beam, structure,
phases
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INCREASING THE STRENGTH OF MARINE TITANIUM ALLOYS BY SOLID SOLUTION AND
STRUCTURAL HARDENING
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Abstract—The paper investigates ways of increasing the strength of the experimental high-alloy titanium alloy having
a thermally unstable B-phase in the structure at room temperature. It is shown that solid solution and structural
strengthening leads to a change in the phase and intrastructural state of the material under study, which, in turn, ensures
an increase in strength characteristics. At the same time, depending on the annealing mode, an increase in the
conditional yield strength from 1000 to 1200 MPa is ensured without a significant decrease of viscoplastic properties.

Keywords: marine titanium alloys, decomposition of metastable phases, structure heterogenization, mechanical
properties, strengthening heat treatment, microstructure
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THERMOPHYSICAL PROPERTIES AND THERMODYNAMIC FUNCTIONS OF ALUMINUM
CONDUCTOR ALLOY E-AIMgSi (ALDREY) DOPED WITH THALLIUM
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Abstract—At present, aluminum and its alloys are successfully replacing metals and alloys traditionally used in a
number of areas. One of the promising areas of aluminum use is the electrical engineering industry. Thus, the conductive
aluminum alloy of the E-AIMgSi (Aldrey) type is characterized by high strength and good ductility. With appropriate heat
treatment, this alloy acquires high electrical conductivity. Wires made from it are used almost exclusively for overhead
power lines. The article presents the results of a study of the temperature dependence of the heat capacity, heat transfer
coefficient and thermodynamic functions of the aluminum alloy E-AIMgSi (Aldrey) with thallium. The studies were carried
out in the “cooling” mode. It is shown that with increasing temperature, the values of the heat capacity, heat transfer
coefficient, enthalpy and entropy of the E-AIMgSi (Aldrey) alloy with thallium increase, and the value of the Gibbs energy
decreases. With the addition of thallium up to 1 wt. % decreases the heat capacity, heat transfer coefficient, enthalpy
and entropy of the initial alloy and increases the Gibbs energy.

Keywords: aluminum alloy E-AIMgSi (Aldrey), thallium, heat capacity, heat transfer coefficient, “cooling” mode,
enthalpy, entropy, Gibbs energy
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Abstract—A thermoelectric alloy containing the Mns (Si2sAlos) phase was obtained for the first time using self-
propagating high-temperature synthesis combined with pressing. The microstructure of the alloy is represented by
grains up to 10 ym in size. X-ray phase analysis showed the presence of the following phases in the synthesized sample:
Mns (Si25Alo5), TiC and SiO2. The presence of the TiC and SiO:z phases is due to the specific features of the sample
synthesis using the SHS pressing method. A study of the thermoelectric characteristics of the material was conducted.
The value of the Seebeck coefficient (S) at room temperature is about 8 yV/K and reaches a wide maximum of 9-10
uV/K at T = 360 K, and the maximum value of specific electrical resistance of 1.5-102 Ohm-cm is achieved at room
temperature.

Keywords: SHS pressing, microstructure formation, intermetallics, thermoelectric alloy, Seebeck coefficient,
electrical resistance
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Abstract—The article presents the results of the study of the structure and magnetic characteristics of powders of Co—
Ni—Al alloys of the compositions Cos7NissAl27 and Cos2NissAl2e obtained by mechanical alloying in a planetary mill. The
influence of alloying technological modes on the elemental composition of powders, their saturation magnetization and
coercive force, is studied. The mechanical alloying efficiency for obtaining new hard magnetic alloys based on the Co—
Ni—Al system is shown.
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Abstract—A series of samples were manufactured using the additive technology of direct laser deposition (DLD) from
08Kh14NDL steel powder at different process parameters (radiation power, scanning speed and powder feed rate). The
macro- and microstructure, density and hardness of the samples were studied. The structural features of the steel
manufactured by DLD were studied in comparison with casting, non-metallic inclusions were identified, and the size of
the structural components was determined. It was shown that the structure, density and hardness of the steel can be
varied by changing the DLD modes, which is promising for the development of industrial additive technologies.

Keywords: additive technologies, direct laser deposition, stainless steels, 08Kh14NDL, porosity, microstructure,
martensitic steels
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Abstract—The possibility of using nanosized copper particles as a filler for polyetheretherketone (PEEK) in order to
create a tribotechnically effective composite has been investigated. Based on the physical wear model, the calculated
concentration dependences of the relative intensity of linear wear of the composite with respect to the matrix have been
constructed for four sizes of dispersed filler from the nano- and micro-sized range. As a result, the ranges of effective
filler concentrations have been determined when introducing nanocopper into PEEK. The molecular dynamics method
has been used to study the causes of increased wear resistance of the nanocomposite when introducing dispersed
copper particles. It has been found that in the presence of a nandfiller, the energy of intermolecular bonds increases
significantly, differences in the density of polymer molecules in the contact area before and after shear, as well as
differences in the energies of intermolecular interaction between the contacting surfaces depending on the shear time
have been revealed.

Keywords: sliding friction, wear resistance, tribotechnical efficiency, physical model of wear, matrix loading,
polyetheretherketone (PEEK), nanofiller, molecular dynamics, energy of intermolecular interaction
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Abstract—A technology for producing a gradient of a binder in carbon fiber reinforced plastic by powder spraying has
been developed. The plastic based on benzoxazine-phthalonitrile binder has been obtained. The binder in the upper
layers of the carbon fiber reinforced plastic contains mainly phthalonitrile, the binder in the center of the plate contains
mainly benzoxazine. The binder composition changes smoothly from the surface to the center of the sample, i.e. there
is a gradient of the matrix composition. To improve impact resistance, a high-temperature thermoplastic is introduced
into the binder composition, the concentration of which also changes over the thickness of the sample. Compared with
a homogeneous carbon fiber reinforced plastic with the same content of components in the binder, the gradient carbon
fiber reinforced plastic has shown higher heat resistance and impact strength without loss of rigidity.

Keywords: benzoxazine, phthalonitrile, composite material, composition gradient, carbon fiber, heat resistance,
mechanical properties
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MICROSTRUCTURAL AND CHEMICAL COMPOSITION CHANGES IN POLYIMIDE CARBON-
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Abstract—Muicrostructural and FT-IR-spectroscopic investigation of heat-resistant carbon-fiber-reinforced plastic the
VKU-61 brands on the basis of thermosetting polyimide binding and carbon full-strength fabrics after laboratory
simulated and controlled operational factors — elevated temperature and humidity influences were performed. On the
basis of the analysis and ordering of the received results, the general consistent patterns and features of structural
changes in composite material in the conditions of controlled external factors were determined.
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Abstract—This article discusses the influence of multipass welding with several electrodes of different brands on the
chemical composition and microstructure of the seam. The objects of study were samples of pipe section made of
stainless steel grade 12X18H10T. As a result of the conducted research, the values of the effective thermal power of
the heating source were established, ensuring a uniform distribution of elements in the deposited metal, an austenitic
structure, a minimum content of the ferritic phase and a uniform distribution of microhardness over the seam section.
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Abstract—The character of the stress condition, physical-mechanical and structural properties of mild steel welded
joints made in cold ambient conditions were studied. Welded samples were obtained by MMA using electrodes UONI-
13/MOROZ, KHOBEX-K-54, LB-52TRU. The studies were conducted within the framework of full-scale climatic tests
under natural cold conditions of welding equipment and materials. It is shown that when welded under cold conditions,
the level of tensile residual welding stresses increases by an average of 40-50% compared to welding at room
temperature. Welding in cold ambient conditions revealed features of structure and mechanical properties. Methods of
climatic test of welding materials and equipment in cold ambient conditions have been developed.
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Abstract—The corrosion resistance in carbon dioxide environments of a number of structural steels used for pipelines
of gas fields has been studied. The aggressive conditions of gas facilities are characterized by the fact that most of the
internal space of pipelines is filled with the gas phase. Corrosion effects on steel, when only a small gas pipeline is filled
with a liquid phase, have previously been practically unstudied. During the research, a corrosion stand specially
designed for this purpose was used, on which some of the most aggressive conditions of alternating wetting of the gas
pipeline wall with water were reproduced. The corrosive activity of such conditions is associated with the destruction of
films of corrosion products. In places where they crack and peel, local corrosion damage forms on the steel. The
corrosion behavior of pipe steels from different gas pipelines under conditions of variable wetting with water was studied.
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A comparative assessment of the resistance of pipe steels 09Mn2Si and 13KhFA in carbon dioxide environments under
conditions of variable wetting and moisture condensation, the main effects of internal corrosion, was carried out. It was
determined that the main type of destruction is local corrosion of the steel surface of the pipes. The influence of the
microstructure of steels and their chromium content on their corrosion resistance under conditions of transport of CO2-
containing gas through pipelines has been assessed.

Keywords: carbon dioxide corrosion, corrosion test stand, steel microstructure, local corrosion, 09Mn2Si steel,
13KhFA steel
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Abstract—This work is devoted to the research of high-strength medium-alloy martensitic and bainite-martensitic steels
in various structural states. The critical values of the J-integral were determined and their stable correlation with the
results of tensile test of cylindrical samples with the circumferential deep grooves was obtained. To confirm this
correlation, the statistical formulation of the local criterion for brittle fracture proposed in previous works was used as an
energy condition for the propagation of microcracks crossing through grain boundaries with large-angle misorientation
of the crystal lattice. The analysis of the relationship between parameters used in the proposed local criterion and the
structural characteristics of the material was performed. The predictive ability of the proposed model to determine the
temperature dependence of fracture toughness was also analyzed.
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Abstract—For geometrically complex designs of nuclear power plants, the justification of cyclic strength based on
modern approaches is a time-consuming and resource-intensive process. From a practical point of view, the regulatory
documents on the justification of the strength of nuclear power structures suggest the most simplified approach. The
article numerically substantiates the inapplicability of such an approach for the case of non-isothermal cyclic loading. In
this regard, a new effective methodology has been developed for assessing the fatigue of structures under isothermal
or non-isothermal cyclic loads. Based on numerical elastic-plastic calculations of classical problems of deformation of
cylindrical rods with deep annular incisions of various sharpness, the effectiveness of the developed technique has been
confirmed.

Keywords: material fatigue, elastoplastic calculation, true stress-strain diagram, Bauschinger effect, cyclic memory
of material, kinematic hardening model, stress concentration coefficient, non-isothermal cyclic loading, hard and soft
loading, material creep
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Abstract—The article presents information on the study of porosity of control samples cast from silumin alloy using X-
ray computed tomography (CT). The theoretical calculations and experiments had a goal: to develop an X-ray
tomographic scale of gas porosity that would be absolutely adequate to the results of metallography. Currently, a
radiographic porosity scale is widely used by the operator who compares the sample radiograph with a radiograph of
the test object. Such an assessment of the quality of non-destructive testing is subjective, and it is determined by the
experience, physical health of the operator performing the control, and the quality of radiographic images. X-ray
tomography of reference porosity samples provides quantitative indicators of porosity and completely eliminates the
subjective factor.

Keywords: aluminum casting alloys, porosity scale, reference radiographs, X-ray computed tomography, subjective

and objective assessment of porosity
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Abstract—The usage of special complex alloying and deoxidizing systems, combining various alloying components,
micro-alloying components, deoxidizing and modifying elements that cannot be added into metal cored wires is the main
aspect in the development of chemical compositions of welding consumables for high-strength steel welding. The
optimal amount of acicular ferrite in the microstructure of the weld metal, as well as its high mechanical properties can
be achieved by controlled introduction of titanium or titanium with boron. To ensure the best strength and ductility
characteristics during complex micro-alloying of flux-cored wires, the titanium content should be about 0.04%, and
boron — 0.003%

Keywords: flux-cored welding wires, mechanized gas-shielded welding (GMTA), cold resistance, high-strength
steels, welding alloys
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K.S. OSIPOVICH, Cand Sc. (Phys-Math), V.M. SEMENCHUK, A.V. CHUMAEVSKY, Dr Sc. (Eng),
V.E. RUBTSOV, Cand Sc. (Phys-Math), E.A. KOLUBAEYV, Dr Sc. (Eng)
Institute of Strength Physics and Materials Science, Siberian Branch of Russian Academy of Sciences,
2/4 Akademichesky Ave., 634055 Tomsk, Russian Federation

Received July 22, 2024

Abstract—The paper presents the results of the study of the structural organization and properties of bimetallic
specimens of the system copper — stainless steel obtained by the wire-feed electron beam additive technology.
Peculiarities of the formation of heterogeneous material joints are revealed. Inhomogeneities of copper and steel
distribution at the interface with formation of local areas of mechanical mixture due to interfusion of components in liquid
state have been found. The shape of the copper particles in the area of mechanical mixing is free, close to spherical.
The homogeneous and defect-free structure of the transition zone between the components of the specimen contributes
to its sufficiently high mechanical properties, which are intermediate between the properties of copper and steel,
corresponding to the properties of similar materials in the cast state.
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microsegregation, structure-phase regularities
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Abstract—The paper considers the correlation of the physical and acoustic characteristics of fiberglass manufactured
using various reinforcing materials and molding methods. An adjusted technique for monitoring and calculating the
correlation coefficients of ultrasound velocity with density and elasticity modules on various types of fiberglass is being
worked out.
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