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BINUAHUE TEMNEPATYPbI UCIMNbITAHUA HA COMNMPOTUBJIEHUE NMON3YYECTU
9-12%-HbIX XPOMUCTbIX CTANEN

A. 3. PEOCEEBA, a-p TeXH. HayK
@IAOY BO «berneopodckuli 2ocydapcmeeHHbIlU HayuoHarbHbIU uccriedogameribcKul
yHusepcumemy, 308015, benzopod, yn. [1obeldski, 85. E-mail: fedoseeva@bsuedu.ru
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Mpunata k nyénukauun 15.09.2025

BbICOKOXpOMUCTBIE CTanu MapTEHCUTHOrO Knacca BbICTynatT NepcrnekTMBHbIM MaTepuaroM
ONSA U3roTOBMNEHUS 3NIEMEHTOB 9HEProbrioKoB TEMNSIOBbIX 3NEKTPOCTaHLUMIA, CnOCObHbIX paboTaTb
npu cynepcBepxKpUTUYECKUX NapameTpax napa (remnepatypa 600—-620°C, nasneHue 25-30 Ml1a).
[na oueHKn xapakTepuCTUK ANUTESNbHOW NPOYHOCTU TakMxX MaTtepuanoB TpebyrTcs AOCTAaTOYHO
NPOAOIIKUTENbHbIE WCMbITAHUS, BPEMEHHblIE PaMKM KOTOPbIX MOFyT AOCTUraTb HECKOSbKMUX
aecaTkoB net. B HacTtoswem wuccrnenoBaHuM NogHUMMAaETCs BOMPOC O LenecoobpasHocTn wu
AONYCTUMOCTU  MOBbILWEHUS TemnepaTypbl WUCMbITAHUW Ha MNOM3ydecTb B NabopaTopHbIX
nccnepoBaHnsX ANA afekBaTHOro MPOrHO3MPOBaHUA OJIUTENbHBLIX CBOWCTB Mpu Ooree HU3KMX
Temnepatypax Ha npumepe 12%-Ho XpPOMUCTOM CTanu C HA3KMM CoAepXXaHMEM a30Ta U BbICOKUM
cogepxaHnem 6opa. OueHka OOMYCTMMOCTM MOBLILEHUS TemnepaTtypbl ucnbitaHus go 675°C
ncxogumna m3 noctynata O COXpaHeHUU MexaHusama gedhopmaumm npu Nonsyyvyecty, MexaHusma
paspyLlleHns 1 3aKOHOMEPHOCTEN 3BOSIIOLUMU CTPYKTYpPbl U (pa30BOro coctaBa Mo CPaABHEHMUIO C
pesyrnbTatamu ucneiTaHui npu bonee HM3kom Temnepatype (650°C). AHann3 nonyyYeHHbIX JaHHbIX
BbISIBUM, 4YTO MpW MNOBbIWEHUN Temnepatypbl uUcChbiTaHna Ao 675°C OCHOBHOM MexaHW3m
Aedopmauun npu Non3y4ecTn — BbICOKOTEMMNEpPaTypHOe nepenonaHve AMcnokaunin nocpecTtsom
obbeMHon anddy3nm — n BHyTPU3EPEHHbI BA3KUIN MEXaAHU3M pa3pyLUEHNS COXPaHATCS, Kak npu
650°C, HecMOTpsa Ha nNOSBMIEHWE MEpPesIoMOB Ha KPMBbLIX ANUTENbHOW MPOYHOCTU. AHanu3
MUKPOCTPYKTYpPbI NOCIE UCMbITAHUI Ha NON3y4eCTb TakkKe nokasar, YTO OCHOBHble TeMnepaTypHO-
BPEMEHHbIE 3aBUCUMOCTM POCTA LUMPUHBI PEEK N CPeaHero pasMmepa 4acTul, BTOPUYHbIX da3 MoryT
OblTb OMWCaHbl KPMBBIMU C OOWHAKOBbIMK KO3(ULMEHTAMU ONA  pasfnyHbiX TemnepaTyp
ucnoiTaHns. CneposaTtenbHo, TemnepaTypy 675°C MOXHO pekOMeHOoBaTb ANA YCKOpPEeHUs
nabopaTopHbIX UCMbITAHUIW Ha NON3Yy4eCTb BLICOKOXPOMUCTLIX CTaneun.

Krnodyesbie crioga: BbICOKOXPOMUCTbIE CTamnu, Momna3y4yecTb, BO3BpaT, YKPYMHEHME 4acTul,
paspyLieHue

DOI: 10.22349/1994-6716-2025-124-4-19-30

Paboma ebinoniHeHa npu ¢buHaHcosol noddepxke Pocculickoeo Hay4Ho20 oHOa
(coznaweHue Ne 24-79-10112).

Asmop ebipaxxaem brnazoldapHocmb LieHmpy KOMeKkmueHo20 osib308aHusl « TexHonoauu u
mamepuarnsl HUY «benl’Y» 3a npedocmasneHHoe ob6opydosaHue.
JINTEPATYPA

1. Abe F. Creep of Power Plant Steels, in Encyclopedia of Materials // Metals and Alloys. — 2022.
—V.1.—-P. 485-493. URL.: https://doi.org/10.1016/B978-0-12-803581-8.12069-7

© 2025 Hay4Ho-TexHUYecKuii JKypHan
HUL, «KypuaTtoBcKuit MHCTUTYT» — LLHUU KM «TMpomeTeii» «Bonpocbl matepuanoseaeHua»
http://www.crism-prometey.ru



2. Dong Z., Chen L., Xiang Z. Design of a new 11Cr martensitic steel and evaluation of its
long-term creep rupture strengths // J. Mater. Res. Technol. — 2022. — V. 20. — P. 3450-3455. URL.:
https://doi.org/10.1016/j.jmrt.2022.08.116

3. Kaybyshev R. O., Skorobogatykh V. N., Shchenkova I. A. New martensitic steels for
fossil power plant: Creep resistance // Phys. Metals Metallogr. — 2010. - V. 109. — P. 186-200. URL:
https://doi.org/10.1134/S0031918X10020110.

4. Rojas D., Garcia J., Prat O., Sauthoff G., Kaysser-Pyzalla A. R. 9%Cr heat resistant
steels: Alloy design, microstructure evolution and creep response at 650°C // Mater. Sci. Eng. A. —
2011. -V.528. — P. 5164-5176. URL: https://doi.org/10.1016/j.msea.2011.03.037

5. Tamura M., Abe F. Analysis of the Degradation in the Creep Strength of High-Cr Martensitic
Steels // J. Mater. Sci. Res. —2021. — V. 10. — P. 1-70. URL: https://doi.org/10.5539/jmsr.v10n2p1

6. Abe F., Tabuchi M., Tsukamoto S. Alloy Design of MARBN for Boiler and Turbine
Applications at 650°C // Mater. at High Temp. — 2021. — V. 38. — P. 306-321. URL:
http://doi.org/10.1080/09603409.2021.1963393

7. Detrois M., Hawk J. A., Jablonski P. D. Creep-Resistant Ferritic-Martensitic Steels for
Power Plant Applications // J. of Materi Eng. and Perform. — 2024. — V. 33. — P. 1-42. URL:
https://doi.org/10.1007/s11665-023-08566-1

8. Precipitate Characteristic of T91 Ferritic/Martensitic Steel During Short-Term Creep / Li H.,
Huang M., Liang N., et al. // Metall. Mater. Trans. A. — 2024. — V.55. — P. 607-622. URL:
https://doi.org/10.1007/s11661-023-07272-w

9. Dudova N. 9-12% Cr Heat-Resistant Martensitic Steels with Increased Boron and Decreased
Nitrogen Contents // Metals. — 2022. - V. 12. — P. 1119. URL: https://doi.org/10.3390/met12071119

10. Fedoseeva A., Klauz A., Kaibyshev R. Improved creep strength of 10% Cr steels with
low N and high B content via increasing quenching temperature // Materials Characterization. —
2024. -V.212. — P. 113957. URL: https://doi.org/10.1016/j.matchar.2024.113957

11.  Maruyama K., Abe F., Sato H., Shimojo J., Sekido N., Yoshimi K. On the physical
basis of a Larson-Miller constant of 20 // J. Press. Ves. Pip. — 2028. — V. 159. — P. 93-100. URL:
https://doi.org/10.1016/}.ijpvp.2017.11.013

12. Nikitin |., Fedoseeva A., Kaibyshev R. Strengthening mechanisms of creep-resistant
12%Cr—3%Co steel with low N and high B contents // J Mater. Sci. — 2020. — V. 55. — P. 7530-7545.
URL: https://doi.org/10.1007/s10853-020-04508-7

13. Fedoseeva A., Nikitin |., Tkachev E., Mishnev R., Dudova N., Kaibyshev R. Effect
of alloying on the nucleation and growth of Laves phase in the 9-10%Cr-3%Co martensitic steels
during creep // Metals. — 2021. - V. 11. — P. 60. URL: https://doi.org/10.3390/met11010060

14. Chakraborty A., Webster R.F., Primig S. Lath martensite substructure evolution in
low-carbon microalloyed steels // J. Mater. Sci. — 2022. — V. 57. — P. 10359-10378. URL:
https://doi.org/10.1007/s10853-022-07275-9.

15.  Maruyama K., Sekido N., Yoshimi K. Changes in strengthening mechanisms in creep of

9Cr-1.8W-0.5Mo-VNb steel tested over wide ranges of creep conditions // Int. J. Press. Vessels
Pip. —2021.-V. 190. — P. 104312. URL: https://doi.org/10.1016/j.ijpvp.2021.104312.

© 2025 Hay4Ho-TexHUYecKuii JKypHan
HUL, «KypuaTtoBcKuit MHCTUTYT» — LLHUU KM «TMpomeTeii» «Bonpocbl matepuanoseaeHua»
http://www.crism-prometey.ru



16. Abe F. Analysis of creep rates of tempered martensitic 9%Cr steel based on microstructure
evolution // Mater. Sci. Eng. A. - 2012. - V. 534. - P. 632-639. URL:
https://doi.org/10.1016/j.msea.2008.04.118.

17. Mechanisms of Creep, and Creep-Resistant Materials // Engineering Materials: An
Introduction to Properties, Applications and Design / Ed. by Jones D. R. H., Ashby M. F. —
Cambridge, US: Elsevier, 2019. — 5th ed. — Ch. 23. — P. 381-394.

18. Fedoseeva A., Tkachev E., Kaibyshev R. Advanced heat-resistant martensitic steels:
long-term creep deformation and fracture mechanisms // Mater. Sci. Eng. A. —2023. — V. 862. — P.
144438. URL : https://doi.org/10.1016/j.msea.2022.144438

19. Dudko V., Belyakov A., Kaibyshev R. Evolution of lath substructure and internal
stresses in a 9% Cr steel during creep // ISIJ Int. — 2017. — No 57. — P. 540-549. URL:
https://doi.org/10.2355/isijinternational.ISIJINT-2016-334

20. Dudova N., Mishnev R., Kaibyshev R. Creep behavior of a 10%Cr heat-resistant
martensitic steel with low nitrogen and high boron contents at 650 °C. Mater. Sci. Eng. A. — 2019. —
V. 766. - P. 138353. URL : http://doi.org/10.1016/j.msea.2019.138353

21. Xiao B., Xu L., Cayron C., Xue J., Sha G., Loge R. Solute-dislocation interactions and
creep-enhanced Cu precipitation in a novel ferritic-martensitic steel // Acta Mater. — 2020. — No
195. — P. 199-208. URL: https://doi.org/10.1016/j.actamat.2020.05.054

22. Xiao B., Haokai D., Tao Y., Shaofei L., et al. Creep-Induced Heterogeneous
Precipitation of Laves Phase with Two Morphologies in Tempered Martensite Ferritic Steels //
Materials Research  Letters. - 2023. - V. 1. - P. 630-637. URL:
https://doi.org/10.1080/21663831.2023.2208613

23. Abe F. Effect of boron on microstructure and creep strength of advanced ferritic power
plant steels // Procedia Eng. - 2011. - V. 10. - P. 94-99. URL:
https://doi.org/10.1016/J.PROENG.2011.04.018

24. Liu Z., Wang X., et al. Effect of boron on G115 martensitic heat resistant steel during
aging at 650°C // Mater. Sci. Eng. A. — 2020. - V. 787. — P. 139529. URL:
https://doi.org/10.1016/j.msea.2020.139529

Y[K669.14.018.41:539.421:621.771.23

CBA3b XNAOOCTOUKOCTU U TPELUMHOCTOMNKOCTU CO CTPYKTYPOU NNCTOBOIO
NMPOKATA BOJbLUMX TONLWMH N3 CYOOCTPOUTENbHbLIX CTANEU PA3NTUYHbIX
YPOBHEN NMPOYHOCTU
O. B. Cbl4, g-p TexH. Hayk, E. N. XITYCOBA, a-p TexH. Hayk, C. B. KOPOTOBCKAA, kaHAa. TEXH.
HaykK
HUL] «Kypyamoeckuti uHcmumymy — LIHUW KM «llpomemeli», 191015, CaHkm-llemepbype,
yn. WnanepHasi, 49. E-mail: mail@npk3@crism.ru
Moctynuna B pegakumo 1.04.2025
Mocne popaboTtkn 11.08 .2025
MpuHaTa k nybnukaummn 23.08.2025

© 2025 Hay4Ho-TexHUYecKuii JKypHan
HUL, «KypuaTtoBcKuit MHCTUTYT» — LLHUU KM «TMpomeTeii» «Bonpocbl matepuanoseaeHua»
http://www.crism-prometey.ru



NccnepoBaHa CTpyKTypa NUMCTOBOrO npokata M3 XnNaJoCTOMKUX CyLOCTPOUTENbHbIX CTanen
MOBbILUEHHOW M BbICOKOW MPOYHOCTW, LUMPOKO BOCTPEOOBaHHbLIX ANA CTPOUTENbLCTBA MOPCKOM
TEXHUKN apKTUYECKOro MPUMEHEHUS, B NEPBYIO ovepedb MOLLHbIX aTOMHbIX Nnefokornos. OAng
nccrnegoBaHna CTPYKTYPbl MCMNOSb30BaHbl COBPEMEHHbIE METOAMKM  KOSIMYECTBEHHOW OLIEHKU
napameTpoB CTPYKTypbl C MOMOLLBI ONTUYEeCKoM MeTannorpadum, auvdpakuum obpaTHo
paccesiHHbIX anekTtpoHoB (EBSD-aHanu3a) u npocBeuyvBatollen 3MeKTPOHHOW MUKPOCKOMUN.
[Moka3aHbl OCHOBHblE CTPYKTYPHble OCOOEHHOCTW, OKasblBalOWME BMAUSHUE Ha XapaKTepUCTUKM
paboTOCNOCOBHOCTM NMUCTOBOrO Mpokata B 3aBUCMMOCTU OT YPOBHS MPOYHOCTU U TEXHOMNOrMn
Nnpou3BOACTBA. YCTaHOBMNEHA B3aMMOCBA3b XJ1a40CTOMKOCTU U TPELLMHOCTONKOCTU CO CTPYKTYpPOU
NUCTOBOrO npokaTta 6onblWnX TOMNWWUH U3 CyOOCTPOUTENbBHLIX CTanen pasfiMyHbiX YPOBHEW
NPOYHOCTMU.

Kntouyeeble  crioga:  xnapocTovkasi  CyAOCTpOUTENbHAA  CTanb,  XapaKTepUCTUKU
paboToCcnoCcoBHOCTU, XNagOCTONKOCTb, TPELNMHOCTOMKOCTL, TemnepaTypa T«e, Temnepatypa NDT,

KpUTUYECKOoe pacKpbiThe BepLUMHbl TpewwmHbl CTOD, cTpykTypa, pa3Mep CTPYKTYPHOro afieMeHTa.
DOI: 10.22349/1994-6716-2025-124-4-31-52
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CTPYKTYPA U CBOUCTBA MHTEP®ENCA CUCTEMbI NNTASMEHHOE MOKPbITUE -
NOANOXKA HA MPUMEPE BEbICTPOPEXYLLEW MOJIMBOAEHOBOM
W CPEOHEYIMEPOOUCTOWU CTANU
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MeTogamu coBpeMeHHOro Uu3nN4ecKoro maTepuanoBedeHns NpoBedeHbl UCCnenoBaHUS
CTPYKTYPHO-(ha30BOro COCTOSIHUS N 3NEMEHTHOrO COCTaBa MEPEexXoAHOM 30Hbl KOHTaKTa CUCTEMbI
nnasmeHHoe  NokpbiTMe  (BGbICTpopexyLias monmnbaeHoBas  cTanb) —  MOASOXKa
(cpegHeyrnepogucTas crtanb). YCTaHOBMEHO, 4YTO nepexogHbin cnon TonwmHon =100 Mkm
coaepxut a-pasy, y-gasy, kapbugbl cnoxHoro coctaa Me23Ce, MesC, a Takke MoC n ueMeHTuT.
CTpykTypa nepexogHOro cnosi npeacrtaBreHa MnakeTHbIM U MacTUHYaTbiM - MapTEHCUTOM,
npocrnonkamMmm ayCTeHUTa U HaHOPa3MEpPHbIMU YacTULAMN LEMEHTUTA. 30Ha KOHTaKTa MOKPbITUE —
noanoXka He COAEepPXUT MMKPOMOp U MUKPOTpewuH. HaHoTBepaocTb u moaynb KOHra nnaeHO
N3MEHSIOTCA NPWU yaaneHun oT NOKPbITUS U NOAMOXKM, dopMUpPYs AeMNdUPYHOLLUA CNon BAOSb
NOBEPXHOCTU KOHTaKTa, YTO MNO3BOMISIET TOBOPUTb O BbLICOKOW paboTocnocoBHOCTU CUCTEMBI
nnasMeHHas Hannaeka — NoANoXKa.

Knouessie criosa: BbicTpopexyLasa MonubaeHoBas cranb, NrasMeHHbIn MeTofd, cuctema
NOKpbITUE — NOANOXKA, UHTepenc, CTpykTypa, a3oBbIn COCTaB, CBOMCTBA
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O6bekToM uUccneaoBaHUs ABMNSAETCS WU3YYEHME BRUSAHUA TemnepaTypbl OTXuUra Ha
MexaHun4yeckme cBoncTBa cnnasa Tiso,oNis1,0 B KDYMHO3EPHUCTOM W yrbTpamenko3depHuctomM (YM3-
1 n YM3-2) cocTosHusax. B xoae nccnegosaHus Obinn BbiSiBfIEHbI 3aBUCUMOCTW BIMAHUSA NCXOOHON
CTPYKTYpbl cnnasa Tisg,oNis1,0 U CTPYKTYPbl CHOPMMPOBABLLENCSH B MPOLIECCE CTAapPEHNS B LULMPOKOM
AananasoHe TemnepaTtyp, Ha MeXaHUYecKne XapakTepucTukm cnnaea. bbinn  npoBeaeHbl
nccrnegoBaHus ¢ Luernbo U3ydeHUs 3aBUCMMOCTM CBOMCTB OT Buaa 06paboTku. bbinn nccnenosaHbl
MUKPOCTPYKTYpa C MOMOLLbIO ONTUYECKOM M MPOCBEYMBAOLLEN MUKPOCKOMUU, MEXaHW4ecKue
CBOWCTBA, a Takke npoBefeH dopakTorpadouyecknn aHanui. YCTaHOBMNEHO, YTO Temnepatypa
OTXWUra B 3HAYMTESNBbHOW CTEMNEHUN BRUSIET HA MEXaHWYECKME XapakTepuctukm cnnasa TiseoNisq o.
Mpn npoBeaeHnn oTXXuUra B guanasoHe TeMnepaTyp cTapeHnsa u npu 6onee BbICOKNX TeMnepaTtypax
HabngaeTca CHUWXKEeHWe npedena MNpPOYHOCTM W MNOBbIWEHME nnacTu4HocTu. [lpoBegeHue
WHTEHCUBHOW nnacTnyeckon pedopmMaumm MeTodoM paBHOKaHANbHOrO YrroBOro nNpeccoBaHus
NMO3BOMWIO OOCTMYb BbICOKMX 3HAYEHUI npegena NpoYHOCTN U npefena Tekydyecty 6e3 CHKeHus
NMacTU4YHOCTM.

Knroyesbie criosa: TiNi, yHKUMOHaNbHbIE CBOWCTBA, MEXaHW4YeCKMe CBOWCTBA, OTXMWI,
MUKPOCTPYKTYpa, MUHTEHCMBHAs nnactuyeckas geopmaums
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WccnepoBaHo BMSIHME WMHTEHCUMBHOW NiacTudeckon fedopmauun npu  BbldaBnnBaHUU
TuTaHoBoro cnnaea [1T-7M ¢ nocneayrouwen xXonogHoOW paguanbHOM KOBKOM Ha ddopMupoBaHue
CTPYKTYpbl MaTepuana. OnpeeneHbl ONTUMarbHble PeXuMbl TepMmudeckon obpaboTku ans
dopMMpPOBaHUS perfiaMmeHTUPOBaHHON MENKO3EPHUC-TON CTPYKTYpbl B MaTepuane. [lokasaHo, 4To
paguanbHasi KOBKa ropa4enpeccoBaHHOW 3aroTOBKM MO3BOMSAET CopMMpoBaTb OOHOPOOHYHO
MENKO3EePHUCTYIO 3aroTOBKY.

Knoyesble crnoea: TWTAHOBbIE ChNMaBbl, WHTEHCMBHasi nnacTtuyeckas Aedopmauus,
paananbHasi KoBka, Tepmuyeckas obpaboTka, Menko3epHuUcTas CTpyKTypa
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CO30AHUE 3KCNEPUMEHTAJIbHbIX OBPA3LIOB U3 TUTAHOBbIX CIJIABOB
C UCMOJIb30OBAHUEM NMPOBOJIOYHON ANEKTPOHHO-NTYYEBOW U 3NEKTPOAYIOBOW
AOOUTUBHbBIX TEXHONOMMA
K. C. OCHUMNOBWM, kang. oums.-mat. Hayk, A. B. YYMAEBCKUW, A-p Tex. Hayk, B. M. CEMEHYYK,
H. H. LAMAPWH, E. A. KOJTYBAEB, a-p Tex. Hayk, 0. B. KYLLUHAPEB
OIBYH «MHcmumym c¢husuku npoYyHocmu u mamepuanosedeHusi Cubupckoeo omoeneHusi PAH»,
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MpencraBneHbl 3KCnepuMeHTanbHble 06pasubl M3 TUTAHOBLIX CMMaBOB, MNOSMyYEHHbIE
MeTo4aMn MNPOBOSIOYHOM 3fIEKTPOHHO-ITYYEBON W 3NEKTPOAYroBON aaAUTUBHBIX TEXHOMOTUN.
KpaTko onucaHbl HEKOTOpbIE MeTOoAbl yNpaBneHna NpoLEeCCOM ANs1 KOHTPONsS Ae(EeKTOB C TOYKU
3peHnsa pakTopoB, BAUSAIOWINX HA AMHAMUKY BaHHbl pacnnaBa, BKYasi KOHTPOMNb TEPMUYECKMUX
ycnosun npouecca Bo Bpems 3D-neyatn. B pamkax wuccrnegoBaHusi npoBedeH KOMMSEKCHbIN
aHanun3 pesynbTaToB NonyyYeHus obpasuoB Ans onpegeneHnsa Hanbonee onTMManbHOro MetToaa ¢
TOYKM 3peHust 6e30edEeKTHOCTUN, [OOCTMKEHUS MNOAXOOAWEN CTPYKTYpbl WM ONTUManbHbIX
MeXaHW4YeCckux CBOMCTB 0Opa3uoB Ha OCHOBE TUTAHOBLIX cnnaBoB. CKOPOCTb WM3roTOBMEHUS
obpasuoB JMAll (anekTpogyroBoe agauTUMBHOE MNPOM3BOACTBO) W CpedHue 3HayeHus
MexaHudecknx csoncTte obpasuoB JOAI noutm B 1,5 pasa Bbiwe, 4yem obpasuos JJIAl
(3NeKkTpoHHO-Ny4YeBOE afaMTMBHOE MPOM3BOACTBO), OAHAKO OGOKOBasi MOBEPXHOCTb 06pas3LoB
OJIAIT umeeT 0Oonee nMoOCKy MNOBEPXHOCTb. [lpakTuyeckasi 3HAYMMOCTb 3akfyaeTcss B
onpeaeneHnn npeanoyvTUTENbHOro crnocoba 3ddEKTUBHONO NPOU3BOACTBA W MNOBbILEHUS
KOHKYPEHTOCNOCOOHOCTN U3AENUIN HA OCHOBE TUTAHOBbLIX CMAaBOB.

Knoyesble crnosa: apgAWTUMBHOE NPOWU3BOACTBO, MPOBOSIOYHAs  ANEKTPOHHO-IyYeBas
anauMTUBHas TEXHONOTMUS, 3NeKTpoayroBasi agAuMTUMBHAS TEXHOMOrusl, TUTaH, MakpOCTPYKTypa,
MexaHMYecKne CBOWCTBA, TEMNO-BIOXEHNE, cTpaTerns neyatm
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1200°C npu gnutenbHocTM 1 4. MN3yyeHbl cnnaBbl C pasfUYHbIM XuMmUyecknm coctaBom: Nb—
7,5%Ta-1%Hf, Nb—-7,5%T-1%Zr n Nb-7,5%Ta-0,2%2Zr-0,003%Y. [lony4YeHHble AaHHblEe
NO3BOSIAKOT ONTUMU3NPOBATL PEXMMbI TepMuyeckon o06paboTkM cnnaBoB AN LOCTUXKEHUS
TpebyembIX MexXaHW4YeCcKMx CBOWCTB, a Takke ANA ynyylweHUs TEXHONOMMYHOCTU MPOM3BOACTBA
CBEPXNPOBOAALLMX MaTepmanos Ha ocHoBe Nb;Sn.

Knroyesbie criosa: HMobmeBble cnnaebl, NErMpoBaHNE, pekpucTanm3aums, MUKPOCTPYKTypa,
TBEPAOCTb, TepMoobpaboTka, CBEPXNPOBOLHMK
DOI: 10.22349/1994-6716-2025-124-4-92-101

Aemopbl 6nazodapsm . A. 3axaposy, A. B. KysHeuosy, [. A. TapxaHogy 3a rnomouwb 8
rnodzomoeske obpa3syoes u obcyxoeHuUU pe3yrbmamos pabomsl.

JINTEPATYPA

1. Tarantini C., Balachandran S., Heald S. M., Lee P. J., Paudel N., Choi E. S,
Larba-lestier D. C. Ta, Ti and Hf effects on NbsSn high-field performance: temperature-
dependent dopant occupancy and failure of Kramer extrapolation // Superconductor Science and
Technology. — 2019. - V. 32 (12). — P. 124003.

2. Tarantini C., Sung Z. H., Lee P. J., Ghosh A. K., Larbalestier D. C. Significant enhancement
of compositional and superconducting homogeneity in Ti rather than Ta-doped NbsSn // Applied
Physics Letters. —2016. — V. 108 (4).

3. Influence of Nb alloying on Nb recrystallization and the upper critical field of Nb3sSn / N.
Paudel et al. // Physical Review Materials. — 2024. — N 8 (8). — P. 084801.

4. Effect of the addition of Ta on microstructure and properties of Ti—Nb alloys / S. A. Souza et al.
/[ Journal of alloys and compounds. —2010. — V. 504, N 2. — P. 330-340.

5. Balachandran S., Tarantini C., Lee P. J., Kametani F., Su Y. F., Walker B.,
Larba-lestier D. C. Beneficial influence of Hf and Zr additions to Nb4 at. % Ta on the vortex pinning

of NbsSn with and without an O source // Superconductor Science and Technology. — 2019. — V. 32
(4). — P. 044006.

6. The beneficial effect of yttrium microalloying in the solid solution treatment of AISI 321 stainless
steel: Grain refinement and inclusions modification / J. B. Hu et al. // Materials Today
Communications. — 2024. — N 38. — P. 108077.

7. Micro-alloying effects of yttrium on the microstructure and strength of silicon carbide joint brazed
with chromium-silicon eutectic alloy / H. X. Li et al. // Journal of Alloys and Compounds. — 2018. —
V. 738. — P. 354-362.

8. Micro-alloying effects of yttrium on recrystallization behavior of an alumina-forming austenitic
stainless steel / W. Zhao et al. // Journal of Iron and Steel Research International. — 2016. — V. 23,
N 6. — P. 553-558.

9. Leaching behavior of copper, zinc and lead from contaminated soil with citric acid / H. Park et al.
/I Materials transactions. — 2013. - V. 54, N. 7. — P. 1220-1223.

10.  The investigation of magneto-transport properties of PtSb2 single crystal synthesized by Sb-
flux method / K. Zhang et al. // Journal of Alloys and Compounds. —2017. — V. 694. — P. 935-938.
11.  Effect of yttrium addition on grain growth of a-, B- and a+B-titanium alloys / B. Poorganji et
al. // Journal of Physics: Conference Series. — 2010. — V. 240, N 1. IOP Publishing.

© 2025 Hay4Ho-TexHUYecKuii JKypHan
HUL, «KypuaTtoBcKuit MHCTUTYT» — LLHUU KM «TMpomeTeii» «Bonpocbl matepuanoseaeHua»
http://www.crism-prometey.ru



12. WccnepoBaHue BnMsiHUS TepMmudeckon oOpaboTKm Ha CTPYKTYypy U MexaHudeckue
ceonctBa nonydgabpukatoB n3 cnnasa NbTa (Zr, Hf, Y), npegHasHa4YeHHbIX AN9 U3roTOBMEHUS
Nb3Sn ceepxnposoagHukoB / T. KO. CoboneBa, H. B. KoHoBanosa, . M. A6agtoxaHoB u ap. //
CBepxnpoBoANMOCTb: hyHAaMeHTarnbHble 1 NpuknagHble uccriegosanng. — 2024. — Ne 2. — C. 42—
56.

13.  TOCT 2999-75. MeTannbl 1 cnnaebl. MeToa namepeHus tBepgoctu no Bukkepcy. — M.: N3p-
BO cTaHgapTos, 2007. — C. 30.

14. Topenuk C. C., PacTtopryes Jl. H., CkakoB 0. A. PeHTreHorpadmyeckmn 1 aneKTpoHHo-
ontnyeckun aHanms. M3g. 2-e. — M.: Metannyprus, 1970. — 366 c.

15. Nlopenuk C. C., Oob6atknuH C. B., KanyTkmHa Jl. M. Pekpuctannusaumss MeTansoB U
cnnasos. M3a. 3-e. — M.: MMCUC, 2005. — 432 c.

16. Bbouap A. A. MetannosegeHue. N3a. 5-e. — M.: Metannyprusgat, 1956. — 496 c.

17. AobgwxaHoB WU. M., Annes P. T., Uannesa A. C., Anekcee M. B, lNepeakosa T. H.,
MapeeB K. A., lpo6biwes B. A., Kpasuosa M. B. ViccnepoBaHne CTPyKTYpbl N MEXAHUYECKNX
ceonictB npytkoB u3 cnnaea Nb-Ta, npeagHasHavyeHHbix Aans  wmarotoBneHns NbsSn-
cBepxnpoBogHuKoB // Bonpocbl aTOMHON Hayku 1 TexHukn. Cepua: MatepuanosegeHne n HoBble
matepuansl. — 2017. — Ne 4. — C. 24-31.

18. AobatwxaHoB U. M., CasenbeB WN. U., Llanneea A. C., Anekcee M. B., lepryHoBa E. A.,
Opob6biwes B. A., KpasyoBa M. B., lNotaneHko M. M. ccnegoBaHue BRAUSIHUA TEPMUYECKON
00paboTKn Ha CTPYKTYpy U MexaHudeckume cBoucTBa nonydgadbpukatoB ua cnnasa Nb—1%Zr,
npegHasHa4yeHHbIX ans marotoeneHna Nb3Sn cBepxnpoBogHukoB // Bonpocbl aTOMHOM Hayku U
TexHukn. Cepusi: MatepmanosegeHume n HoBble maTtepuanbl. — 2019. — Ne 3. — C. 4-14.

®YHKLUMNOHAIbHbLIE MATEPUAIDbI
Y[OK 549.67:539.217 1

BIUAHUE CTENEHU OUCNEPCHOCTU U ®A30BOIO COCTABA LIEOJIUTOB HA
XAPAKTEPUCTUKH
UX MOPUCTOMN CTPYKTYPbI
T. P. LWAKNPOB', A. P. BAIIEEBAZ?, B. C. IYTOBA?Z?, E. M. TOTJ/IB', A-p TexH. HayK
T®MBOY BO «KasaHckuli HayuoHarsnbHbIU uccriedosamernbCKuli mexHooa2udeckud
yHUsepcumemy»
(Pre0Y BO «KHUTY»), Pecriybniuka TamapcmaH, 420015, Ka3zaHb, yn. Kapna Mapkca, 68.
E-mail: office@kstu.ru, 19gkraikido99@mail.ru
2®Orb0Y BO «KasaHckuli HauuoHarsbHbIl uccriedo8amerbCKuli mexHuU4Yeckul yHugepcumem
um. A. H. Tynoneesa (®60OY BO «KHUTY-KAU»), Pecriybnuka Tamapcmat, 420111, Ka3aHs,
yn. Kapna Mapkca, 10
Moctynuna B pegakuuto 10.07.2025
Mocne popa6oTkn 11.08.2025
MpuHaTa k nybnukaummn 12.08.2025

LleonuTel npeacTaBnAlOT WHTEpPeC Kak HanonHUTenu nMornMepoB U CTPOMUTESbHbIX
MaTepuanoB, Tak Kak OHW o6nagaloT BbICOKOW TEPMUYECKOW, XMMMUYECKON W MEeXaHUYeCcKon

© 2025 Hay4Ho-TexHUYecKuii JKypHan
HUL, «KypuaTtoBcKuit MHCTUTYT» — LLHUU KM «TMpomeTeii» «Bonpocbl matepuanoseaeHua»
http://www.crism-prometey.ru



CTOMKOCTbI. Kpome TOro, aTu anioMocuUnukaTbl MMET PasBUTYHO YAErNbHYH MOBEPXHOCTb C
GoMbLWNM  KONMMYECTBOM aKTUBHbLIX LIeHTpOB. Me3sonopuctasi CTpykTypa WccrnegyemblX Hamu
LieONMTOB XapaKkTepunayeTcst OTHOCUMTENBbHO LUMPOKUM M MOHOMOAArbHLIM pacnpeaeneHnemM nop no
pasMepaM C MakcumMymoM B AuanasoHe 10—14 HM, 4YTO CBMAETENbCTBYET O HEOAHOPOAHOCTU
Me30nop 3TUX antomocunmkaToB. Ha ocHoBe aHanMsa n3oTepm HU3KoTeMnepaTypHou agcopounm —
Aecopbunm a3oTa yCTaHOBEHO, YTO MOPUCTOCTb BYNKAHUYECKOrO LIEONUTa pacTeT C YMeHbLLUEHNEM
pasmepa ero yactuu. Obwuin o6bem nop B aKTMBMPOBAHHOM LEONMTE MpaKTUYecku B ABa pasa
6onblue, YeM B BYfKaHU4YECKOM, HE3aBMCMMO OT padMepa 1x Yactuu,. 3To o6ycrnoBrneHo pasnmymem
nx ¢pa3oBOro cocTtaBa, Tak Kak OCHOBHbIM KOMMOHEHTOM aKTMBMPOBAHHOIO LeonuTa sBNsieTcs
KanbuMWT, @ BYJIKAHUYECKOro — KITMHONTUIIOMNMT.

Knroyesbie crioga: BYNKaHWYECKME W aKTUBMPOBAHHbIE LEONWUTLI, MOPUCTOCTb, KpuUBbIE
copbuumn — gecopbumm, neTnsa rmcrepesnca, pasmep 4acTtuu
DOI: 10.22349/1994-6716-2025-124-4-102-108

JINTEPATYPA

1. Zaharri N., Othman N. Optimization of Zeolite as Filler in Polypropylene Composite // Journal
of Reinforced Plastics and Composites. — 2009. — N 29 (14). — P. 2211-2226. DOI:
10.1177/0731684409347593

2. Nicoara A. I|., Alecu A. E., Balaceanu G. C., Puscasu E. M., Vasile B. S., Trusca R.
Fabrication and Characterization of Porous Diopside / Akermanite Ceramics with Prospective Tissue
Engineering Applications // Materials. — 2023. — V. 16 (16). — P. 1-15. DOI: 10.3390/ma16165548

3. MaHuHa A. A., JleirnHa T. 3., N'ybangynnuHa A. M., Hukonaes K. ., XanutoBa A. H.
WccnepoBaHne nopTnaHaueMeHTa ¢ MoanduuMpoBaHHOM UeonuTcogepxawen pobaskon //
Ctpout. maT. —2013. — Ne 12. — C. 74-75.

4. Davydova M. L., Diakonov A. A., Sokolova M. D. The use of natural zeolite as a modifier
of polymer blend based on butadiene — nitrile rubber and ultra-high molecular weight polyethylene
/I AIP Conf. Proc. — 2016. — V. 1785. — Art. 040072. URL: https://doi.org/10.1063/1.4967129

5. Nasution H., Harahap H., Pandia S. M., Al Fath T. The effect of filler content on the properties
of zeolite particle reinforced unsaturated polyester composites // AIP Conf. Proc. — 2020. —
V. 2267. — Art. 020053. URL: https://doi.org/10.1063/5.00156753rd

6. leeB UN. C., )KeneauHa I'. ®., Jloncknn C. J1., Kypwen E. B. OcobeHHoCcTM chopmmnpoBaHns
MUKPOCTPYKTYPbl NONUMEPHOM MaTpuubl B OPraHonmactTuke Ha OCHOBE MHOMOKOMMOHEHTHOrO
anokcuagHoro cesasyrowtero // Tpyabl BUAM. —2019. — Ne 5. — C. 45-52.

7. OndruSova D., Pajtasova M., Lalikova S., Bazylakova T., OlSovsky M. Study of zeolites
as filler in the rubber compounds // Chemickeé Listy. — 2008. — N 102. — P. 733-740.

8. Thamzil L., Zamroni H. Penggunaan Zeolit dalam Bidang Industri dan Lingkungan // Jurnal
Zeolit Indonesia. — 2010. - V.1, N 1. - P. 60-67.

9. TepewkuH W. . MNpumeHeHne LeonuTcogepxawmx nopos Ans U3roToBMEHUS PacTBOPOB Ha
MUHeparnbHbIX BSXYLUMX // AnibMaHax coBpeMeHHON Haykn u obpasoBaHus. — 2013. — Ne 11 (78) . —
C. 102-105.

10. WnbuHa O. H. PaspaboTka KOHCTPYKUUMA OOPOXHbIX OA4EXA C MPUMEHEHMEM Leonuta

TaTapcko-LLlaTpawaHckoro mectopoxaenuns // BectHuk CubAAN. — 2023. — T. 20, Ne 6 (94). — C.
798-807. URL: https://doi. org/10.26518/2071-7296-2023-20-6-798-807

© 2025 Hay4Ho-TexHUYecKuii JKypHan
HUL, «KypuaTtoBcKuit MHCTUTYT» — LLHUU KM «TMpomeTeii» «Bonpocbl matepuanoseaeHua»
http://www.crism-prometey.ru



11. Kutarov V. V., Trasevich Y. |, Aksenenko E. V., lvanova Z. G. Adsorption hysteresis for
a slit-like pore model Russian journal of physical chemistry. —2011. — V. 85, Ne 7. — P. 1222-1227.

12. Thommes M., Kaneko K., Neimark A. V., Olivier J. P., Rodriguez-Reinoso F.,
Rouquerol J., et. al. // Physic sorption of gases, with special reference to the evaluation of surface
area and pore size distribution // (IUPAC Technical Report) Pure Appl. Chem. — 2015. — V.
87 (9/10). — P. 1051-1069.

13. Mopososa Jl. B., Xamosa T. B., lNongakosa W. . BnusHne npekypcopa Ha nonyvyeHue
N TEKCTYPHbIE CBOMCTBA Me3onopucTbix nopolkos y-Al203 // HeopraHunyeckmne matepuansl. — 2020.
—T.56, Ne4.-C. 371-377.

14. [aBpwunosa H.H.,Hazapos B. B. AHann3 nopnucton CTpyKTypbl Ha OCHOBE aACOPOLMOHHbIX
JaHHbIX. Yueb. nocobue. — M.: PXTY um. . N. MeHgeneeBa, 2015. — 132 c.

15. Sapchenko S. A., Barsukova M. O., Belosludov R. V., Kovalenko K. A.,
Samsonenko D. G., Poryvaev A. S., Sheveleva A. M., Fedin M. V., Bogomyakov A.
S., Dybtsev D. N., Schréder M., Fedin V. P. Understanding Hysteresis in Carbon Dioxide
Sorption in Porous Metal-Organic Frameworks // Inorg. Chem. — 2019. — V. 58, N 10. — P.
6811-6820. DOI: 10.1021/acs.inorgchem.9b0001

16. Mamytbekov G. K., Zheltov D. A., Milts O. S., Nurtazin Y. R. Polymer — Zeolite
Composites: Synthesis, Characterization and Application Colloids Interfaces. — 2024. -V 8(1). — N
8. URL.: https://doi.org/10.3390/colloids8010008

17. XnygHeBa A. C., Kapnoe C. W., PeccHep ®., CenemeHeB B. ®. Ctpyktypa u
copOuUMOHHbIE CBOMCTBA ME30MOPUCTBLIX KPEMHE3EMOB, CUHTE3UPOBAHHbLIX NPW BapbMPOBaAHUU
TemnepaTtypbl U KpeMHueBon OCHOBbl // CopOUMOHHbIE M XpomaTorpadumyeckme npouecchl. —
2021.-T. 21, Ne 5. — C. 669-680.

YOK 678.7:621.9.048.7:616-003.93

NA3EPHOE CNEKAHUE MOJIMMEPHbLIX MUKPOYACTUL NONMUNAKTUOA:
3ABUCUMOCTDb OT YBJITAXKHEHUA
B. L. FOCYMNOB', E. . MMHAEBA", kaHa. dwu3.-mart. Hayk, T. H. MOMNbIPUHAZ 3, L. B. TYHEB2 4,
T. C. AEMWHA?% 35 H. B. MMUHAEB, kaHa. TexH. HayK
T UHcmumym gpbomoHHbIX mexHonoauli, Kypyamoseckuli KOMIeKc Kpucmarioapaguu u
¢OMOHUKU,
HUL] «Kypyamosckuti uHcmumymy, 123182, Mockea, nn. Akademuka Kypyamosa, 0. 1.
E-mail: minaeva.e.d@bk.ru
2@re0Y BO «Mockosckull asuayuoHHbIl UHCmumym (HauyuoHarnbHbIl uccriedogameribcKuli
yHusepcumem)», 125993, Mockea, Bornokonamckoe wocce, 4
S®OIBYH «MHcmumym cuHmemu4ecKkux nonumMepHbix Mamepuasnos um. H. C. EHukononoga
PAH)»,
Mockea, 117393, lNpogcorosHas yn., 70
4 ®rAQY «HauuoHanbHbIl uccrnedosamernbckuli S0epHbIl yHusepcumem (MU®U)», 1154009,
Mockea,
Kawupckoe wocce, 31

© 2025 Hay4Ho-TexHUYecKuii JKypHan
HUL, «KypuaTtoBcKuit MHCTUTYT» — LLHUU KM «TMpomeTeii» «Bonpocbl matepuanoseaeHua»
http://www.crism-prometey.ru



S®rAQY BO «[lepsnbiii Mockosckuli 2ocydapcmeeHHbili MeduyuHcKul yHusepcumem um. U.M.
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MeTooOM NOBEPXHOCTHO-CENEKTMBHOIO fa3epHOro CrnekaHusi U3roToBfeHbl obpasubl 13
BrocoBMecCTUMbIX N Brope3opbrpyeMbiX MUKpOYACTUL, NONMMNAKTMAA C pasnNnYHbIM CoaepXKaHnem
BNnarn: NUoMUNN3NPOBaHHbLIX, HeobpaboTaHHbIX, C YBMAXHEHHOW MOBEPXHOCTbID U C
XUTO3aHOBbIM  MAPOMPUNbHLIM  NOKpbITUEeM. WccnepgoBaHa MoOpQOiorMs  NOBEPXHOCTU
NoSTly4eHHbIX MONUMEpPHbIX CTPYKTyp. CnekaHve nposoauriock nasepoM A =1,96 MKM npwu
NNOTHOCTU 3Heprun 6—22 [x/cM?. Mpun NOBbILLEHUN NNOTHOCTU 3HEPTUN YBENUYNBAETCS TOSLLMHA
Crnoes, MOBbLIWAETCA CTEMNeHb CrekaHUsi U CHWXaeTcs MOpUCTOCTb. Jlydwwnin pesynbtaT and
TKAHEBOW MHXEHepun No cTabunbHOCTU MOKasann MUKPOYaCTULbl C XMTO3aHOBbIM MOKPbITUEM,
creyeHHble Npu NNOTHOCTU 3Heprumn 22 [x/cm2.

Knrouesbie crosa: nasepHoe crnekaHue, MoBepXHOCTHO-CENEKTUBHOe fa3epHoe crekaHue,
ceHcnbunumaartop Harpesa, NoNUNakTua, coaepxaHne soabl
DOI: 10.22349/1994-6716-2025-124-4-109-118

Paboma ebinonHeHa 6 pamkax aocydapcmeeHHo20 3alaHus HUL «Kypyamoeckul
uUHcmumymy. B 4acmu cuHme3a xumo3aHa U HaHeCceHUsi €20 Ha 4Yacmuubl U3 rnosnunakmuda
paboma ebironiHeHa npu ¢uHaHcoeol noddepxke MuHucmepcmea Hayku U 8biCUE20
obpa3soeaHusi (Homep membl FFSM-2025-0001).
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CTPYKTYPHbIE U SNNIEKTPOXUMUYECKUE XAPAKTEPUCTUKWN YITIEPOOHbIX
KPEMHUMCOOEPXALLMX MATEPUAJIOB:
OTBOP JNEKTPOOOB A NPUMEHEHUA B CYNEPKOHOEHCATOPAX
M. H0. BOT'YLWW', kaHa. TexH. Hayk, H. K. MIYTOTAPEHKO?, kaHa. TexH. Hayk,

T. H. MACOEOOBA", kaHa. TexH. Hayk, C.IN. HOBMKOB?, kaHa.TEXH. HayK,
T@IAQY BO «FOxHbIl chedeparnbHbill yHUsepcumemy, 347928, TazaHpoe, yn. Llleg4eHko, 2.
E-mail: inlys@sfedu.ru
2®Ore0Y BO «[oHckoli 20cydapcmeeHHbIl mexHUYeckull yHusepcumemsy,
344003, Pocmos-Ha-L]oHy, nnowadb azapuHa, 1
MocTtynuna B pegakumio 16.07.2025
Mocne popab6oTkn 11.08.2025
MpunaTa k nyénukauun 14.08.2025

MpeacTaBneH KOMMMEKCHbIN noaxoa kK oTéopy yrnepoaHblX KpeMHUMCOAEPKALLUMX ANEKTPOAOB
ANst  UCMONb30BaHMS MX B COCTaBe cynepkoHaeHcatopoB. C  npuBneyYeHvem MeTOLOB
CNEKTPOCKOMNMM KOMOMHALIMOHHOIO paccesiHvs cBeTa, Teopumn pyHKLMOHana NinoTHOCTU 1 aHanmaa
MOPUCTOCTM  WCCNEAOBaHbl  CTPYKTYPHbIE  XapakTEPUCTUKM  MaTepuarnoB  3NeKTpoaoB,
CUHTE3UPOBAHHbIX METOAOM  3NIeKTPOXMMUYECKOro  ocaxaeHus. [MpepnoxeHbl  noaxodbl,
OCHOBaHHblE Ha BbISIBMIEHHbIX B3aWMOCBS3AX MeXAy CTPYKTYPHbIMU U (DYHKUMOHANbHBIMM
XapakTepucTukaMu,  MNO3BONSIOWME  OCYWECTBMAATb  MEPBUYHbIA  OTOOP  3MEeKTPOoOoB.
OdpeKkTBHOCTL METOAMKM MoATBepXKAeHa CcpaBHEHMEM (DYHKUMOHAmMbHbLIX XapakTepUCTUK
OoTOOpaHHbIX 3NEKTPOAOB C UMeELMMNCS aHanoramu. MNMokasaHo, YTo anekTpoabl, 0ToGpaHHbIe C
MOMOLLbI0 pa3paboTaHHON MEeTOAMKWU, MPEeBOCXOAAT aHamnorM Mo 3HAYEHMSIM EeMKOCTU U ee
COXpaHeHMo NPV HaMMeHbLUEM BPEMEHU pa3psiaa.

Knroueeble crioga: NopucTble 3NEKTPOoAbl, YrnepodHble KpeMHuicodepalme maTepuansl,
cTabunbHOCTb, MeTOoAMKa OTOOpa, CynepKoHAEeHcaTopbl
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NOJNIMMEPHbLIE KOMMNO3ULUWOHHBIE MATEPUAIbI
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OLIEHKA CTOMKOCTU CNOUCTbIX ANTIOMOCTEKIOMNACTUKOB K YOAPHbIM
HAIPY3KAM
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MpuBeneHbl pesynbTaTbl UCMbITAHWMIA CIMOUCTbIX antoMOCTEKMOMNMACTMKOB Ha CTOMKOCTb K
yAapHbIM Harpyskam. PaccMoTpeHbl METOAMKN CpaBHUTENbHbLIX UCMbITAHUI Ha yaap, NnpvBeaeHa
OLEHKa COMPOTMBIEHUS yAapy pPasfuyHbiX KOMMO3ULWIA CIOUCTbIX antoMOCTEKMONNacTUKoB
mapkn CUAI, usyyeHo BnusitHUE psida CTPYKTYPHbIX (DakTOPOB Ha COMPOTUBIIEHME yaapy C
MUWKpOaHanun3oM xapakrtepa paspylweHus. NpoBeaeHHble UccnegoBaHMs NO3BONWUAM ONpeaeniTb
KPUTEPUM OLIEHKWU MOBEAEHUS artOMOCTEKIONIAcTUKOB NPW yaapHbIX BO3OENCTBUSIX, 8 MMEHHO:
3HEeprun ygapa npu noBpeXaeHusIX pasfmMyHoM CTENeHu, OCTaTOYHOWM MPOYHOCTU, MEXaHUYECKNX
CBOWCTB, XapaKkTepa NnoBpexXaeHuii 1 Buaa U3noMoB Npu MUKPOCTPYKTYPHOM aHanuse.
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Krouesnsie crioga: CUAJL, yoapocTtonkocTb, antoMmoctekronnactuk, GLARE, MUKpOCTpyKTypa,
yAapHble NOBpeXAeHUs
DOI: 10.22349/1994-6716-2025-124-4-130-142
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«Crioucmble  mpeuwuHOCmMoUKuUe,  8bICOKOMPOYHbIE  MemasiionoNUMEPHbIe  Mamepuaribi»
(«Cmpameauyeckue Harpas/ieHus pa3sumus Mamepuasos U mexHosnoaul ux nepepabomku Ha
rnepuod do 2030 2o0a»).
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NccnepoBaHa COBMECTUMOCTb annpeTupyoLWLMX KOMMO3ULMA Ha OCHOBE MONMamMuaokucroT
pasnUYHOro CTPOEHUA C CYNEPKOHCTPYKLUMOHHLIMW MNONuUMepamun: nonnugeHnneHcynspnaom
(MdC) wn nonucynbcoHom (MCP). AgresamoHHas MNPOYHOCTb B KOMMO3UTAx Ha OCHOBE
annpeTupoBaHHOro BomokHa u MNPC, annpeTupoBaHHOro BosfokHa u [CO Gbina onpegeneHa
3KCMepuMeHTanbHO Mpu nomowm metoda pull-out (BbITArMBaHue BOMOKHa M3 Grioka mMaTpuubl).
PesynbTtatbl uUCNbITaHWA MNoKasanun, 4YTO 3SKCNepuUMeEHTanbHble o6pasubl COMOCTaBUMbI MO
NMPOYHOCTN C KOMMO3MUTaMu, NOSTly4eHHbIMM Ha OCHOBE BOSIOKHA, 06paboTaHHOro KOMMep4ecKu
AOCTYMHbIMX  annpeTupylowmMMmmn  coctaBamu.  MakcumanbHoe  3HavyeHne  aare3noHHOW
(mexdasHon) npodHocTn npu casure (IFSS) coctasuno 103,8 MIMa gns matpuubl NPC n 87,6 Mla
ana matpuubl NCO.
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BITUAHUE CBEPXJ3JNEKTPOMPOBOAHOIO TEXHUYECKOI'O YITIEPOOA HA CTPYKTYPY
U CBOMCTBA KOMMNO3MLUUOHHbIX MATEPUAIIOB HA OCHOBE NOJIN3TUINEHA
BbICOKOW NNTIOTHOCTU
E. A. APO300BA, E. A. POIAYEB, kaHg. TexH. Hayk, O. B. KPOMNOTWUH, a-p TexH. Hayk
®rAQY BO «Omckuli 2ocydapcmeeHHbItU mexHudeckul yHusepcumem», 644050, Omck,
np. Mupa, 11. E-mail: kropotin@mail.ru
Moctynuna B pegakuuto 14.05.2025
Mocne popaboTku 14.07.2025
MpuHaTa k nybnukaummn 16.07.2025

NccnepoBaHo BNUSIHME CBEPXANEKTPONMPOBOAHOrO TexHuyeckoro yrnepoga CH1000 Ha
CTPYKTYpPY W CBOWCTBA MOSIMMEPHBLIX KOMMO3ULUMOHHBIX MaTepuarioB Ha OCHOBE MNOMMaTUNeHa
Bbicokon nnotHoctu HD 03490 PE. BeisiBneHO gBa Tuna CTPYKTypbl, onpegenstowme CBonUCTBa
KomMnosuTos. NepBbI TN hopMUpyeTCHa B MarioHanosIHEHHOM KOMMO3UTE: HanonHuTenb obpasyer
cnabonpoBoAsLLYO CeTb U B TO XXe BpeMsi apMUpyeT KOMMNO3UTbI, NOBbILLAS UX XXECTKOCTb. BTopon
TMN  dopmupyetca  npu MOBLILWEHHOM  coAepXaHun  HanonHutenda:  obpasykTcs
3NEKTPONpPOBOASALLNE apMUPYIOLLME KOMMO3UT LLENOYKM U3 KOHTaKTUPYIOLWNX Mexay cobon yacTtuy,
HanonHutensa. Kputunyeckas KOHUEHTpauus HanosiHUTeNna B KOMNO3uTe, onpeaendwoLwasn nepexon
OT NEPBOro Tuna CTPYKTYpbl KO BTOpOMY, cooTBeTcTBYEeT 8—10 Mac.% TexHun4yeckoro yrrnepoaa.

Knroyesble criosa: anekTpornpoBOAHbIE MOMUMEPHbIE KOMMO3UTbl, TEXHUYECKUN Yyrrepon,
MONMUITUNEH BbICOKOWM MMOTHOCTU, 3MEKTPONPOBOAHOCTb, MEXaHNYeCcKe CBOMCTBa
DOI: 10.22349/1994-6716-2025-124-4-166-175

Asmopsbl ebipaxarom brazodapHocmb komnaHuasm OO0 «CUBYP» u OO0 «Omck KapboH
pynn» 3a npedocmasneHHble 0bpa3up! 0151 IposedeHusi uccredosaHudl.
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Paboma ebirnonHeHa npu ¢uHaHcosol noddepxke MuHucmepcmea HaykKu U 8biCUWE20
obpa3zoeaHusi Poccutckolu ®edepauyuu, npoekm Ne FSGF-2024-0003.
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OLIEHKA MPUMEHMMOCTU BEA3AIIbTOMIIACTUKOB ANA OBYCTPOMCTBA CBAUHOIO
®YHOAMEHTA B YCNIOBUAX KPAMHEIO CEBEPA
B. C. EPMAKOB', o-p TexH. Hayk, [1. B. HEHAEB', O. B. LUIBELIOB', kaHA. TexH.
Hayk,C. A. BOJTOMXAHWHA?, a-p TexH. Hayk
T®IAQY BO «CaHkm-llemepbypackull nonumexHudeckull yHueepcumem lNempa Benuko2o»,
195251, CaHkm-lNlemepbype, NonumexHudyeckas, 0. 29.
E-mail: ermakov55@bk.ru
2 ®IreQY BO «CaHkm-lNemepbypackuli 20pHbIl yHUsepcumem umnepampuubi EkamepuHsi I1»,
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CTpouTenbHble KOHCTPYKUMM M3 MNONIMMEPHbLIX KOMMNO3MUMOHHBIX MaTepuanos (MKM) yxe
HawWnn cBO€ NPUMMEHEHMNE B CTPOALLNXCA 0ObEeKTax B 30HE YMEPEHHOro Knumata u Bce valle
NCNONb3YTCA MPU CTPOUTESLCTBE 34aHUN U COOPYXXEHUN B 30HAX MHOroneTHeMep3nbiX rPyHTOB
(MMI") KaHnagpl, CLUA v psaga gpyrux ctpaH. OgHako noYTy NOMHOCTBIO OTCYTCTBYET MHApOpMaLms
O COXpaHsaemMoCTu CTpYKTypbl 1 cBoucTB KM B ycnoBusx akcTpemaribHO HU3KUX TemnepaTtyp,
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BbICOKOW arpecCuUBHOCTM BHELLHEN cpeabl 1 gobbiBaembix NpoaykToB. B Poccunckon depepaumm
OTCYTCTBYET HOPMAaTUBHO-TEXHMYECKAA OOKYyMeHTauus rno ycrnosusm npumeHeHus NNKM B 30He
XONIOAHOrO Knumara, 4YTo He noasonseT pekomengoBaTb KM npu obyctponctee HedpTerasoBbix
mectopoxaeHun B 3oHe MMI. B Hactoswen pabote npuBedeHbl pesynbTaTbl KOMMMEKCHbIX
nccnenoBaHni Mo OUEHKe Aerpagauun CTPYKTYpbl U CBOMCTB 6a3anbTONnMacTMKOB U U34enui us
HUX B ycrnoBuax Apktuyeckoro n CybapkTnyeckoro permoHos P® n no paspaboTke cnpaBoO4vHOM
6a3bl AaHHbIX 0 cBoncTBax NMKM npu anutensHoOM akcnnyaTaumm B YCNOBUSIX XONTOAHOIO Knumara.

Knrouyeebie crioga: nonvMepHble KOMMO3ULMOHHbIE MaTtepuarnbl, Aerpagaums matepuana,
pecypc MaTepuana, KnMmaTU4ecKMe UCMbITaHUSA, KiMmaTudeckme akTopbl CTapeHus,
OasanbTonnNacTuku
DOI: 10.22349/1994-6716-2025-124-4-176-187

Paboma ebirnonHeHa 6 pamkax 2ocydapcmeeHHo20 3aldaHusi MuHucmepcmea Hayku u
ebicwe20 obpasoeaHusi Poccutickol ®edepayuu (mema Ne FSEG-2024-0009 «Paspabomka
modernel Oeepadayuu cryXebHbIx ceolicme Memariludeckux U KOMMo3uUyUOHHbIX Mamepuaros
0511 cmpoumernibcmea 8 yCri08UsIX MHO20/1€MHEMEPS3IIbIX 2PYHIMO8»).
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KOPPO3UA N 3ALLUNTA METAIJIJTIOB
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WCCNEOOBAHUE CTOMKOCTU K MEXXKPUCTANNIMTHOU KOPPO3UU OEPA3LIOB U3
HEP>XABEIOLLMX AYCTEHUTHbIX CTANEN, NONYYEHHbLIX METOOOM CENEKTUBHOIO
NA3EPHOIO CNJTIABNIEHUSA, NOCIE PA3JINYHbIX PEXXUMOB TEPMUYECKOW
OBPABOTKU
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MeTtogom cenektuBHOro nasepHoro cnnaeneHns (CJIC) wuarotoBneHbl ob6pasubl u3
HepxaBetowmx crtanen AlISI 321 n AlISI 316L. lNpoBeaeHbl ncnbiTaHna obpasuoB B UCXOLHOM
COCTOSIHUM W Mocrie TepMuyeckon obpaboTku, BbINOAHEHHON Mo pexnmam: CI1C + aycTeHnTusaums;
CNC + nposouupytowmn Harpes; CJIC + aycTteHuTM3auus + MpOBOULMPYIOLLMIA Harpes, Ha
MeXkpuctannuTHyto kopposuto no NOCT 6032—-2017 (meTog AMY). YCTaHOBMAEHO, YTO CTOMKOCTb K
MexkpuctannutHon kopposmn (MKK) o6pasuoB K13 uccrnegyembiX Hep)KaBewLwumx cTanemn
obecneunBaet aycteHuTu3auus. pu ocTanbHbIX peXxMmax B 3aBMCUMOCTM OT COAEpPXKaHWUS
yrnepoga W anemeHTa-ctabunu3atopa (TMTaHa), a Takke OT CTPYKTypbl MeTanna,
cchopmmpoBaHHon B npouecce CJIC n Tepmunyeckon obpaboTku, obGpasubl MOryT MNposiBNATb
CKNOHHOCTb K MKK.

Kntoyesbie  crioga:  ayCTeHUTHble  CTanu, CeNneKTMBHOe  fasepHoe  ChnnaBreHue,
MEXKpUCTanMTHas Koppo3usi, ayCTeHUTU3aLmUS
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MpunaTa k nyénukauun 17.09.2025

[MpoBeneHbl aKkcnepuMeHTanbHble UCCNeaoBaHUA Mo onpefeneHnio TPEeLMHOCTOMKOCTU U
CKOPOCTU pOCTa YCTaNlOCTHOW TpewuHbl B 00ny4eHHOW aycTeHuTHoW ctann mapku 08X18H10T
nocne akcnnyaTtaumm B coctaBe BKY BBOP-440 B TeueHue 45 net. iccnegoBaH meTann TpenaHoBs
N3 3TOM CTanu, Bblpe3aHHbIX U3 BbIrOPOAKM peakTopa, MMeL M nospexaatoLyto nosy ot 14,4 oo
43,0 cHa.

NcnbiTaHnsa no onpegeneHunto TpeLmMHOCTOMKOCTM NPOBEAEHbI B Anana3oHe TemnepaTtyp oT —
100 po 300°C, a wucnbiTaHMs MO onpefeneHnto CKOPOCTU pocTa YCTanoCTHOM TPELMHbl — B
AnanasoHe ot 20 go 300°C. OnpegeneHbl 3aBUCUMOCTU TPELLMHOCTONMKOCTU U CKOPOCTU pocTa
YyCTanoCTHOM TPEeLUHbl OT TeMnepaTypbl UCMbITaHU K noBpexaatowien Ao3bl. OBGHapyKeHo, 4YTO
pe3Koe CHWKEHWE TPELLUMHOCTOMKOCTM WM MOBbILWEHWE CKOPOCTU POCTa YCTaNOCTHOM TPELUUHBbI
NPOUCXOAMUT NpWU nepexofe OT KIacCU4EeCKOro BS3KOTO MMM YCTarloCTHOTO paspyLlleHnsa K
CMeLlaHHOMY XapaKkTepy paspyLlleHus, BKOYalLleMy Mex3epeHHoe. BbisiBneHa pornb
MapPTEHCUTHOIO MpPEeBpaLLeHnst Npu ucnbiTaHnm obpasLoB U reHepauun renust B ctanu npu ee
obny4eHun B peaktope BBIP. OTa ponb NposaBnaeTcsa B peanmsaunmn Mexs3epeHHoro paspyLueHmns
npv TemnepaTypax UCMbiTaHWA, KOraa peanusyetcsi MapTEHCUTHOE NMpeBpaLleHne B COMETAHUN C
ocnabneHHbIMN rpaHuLamMu 3epeH renuem. NpeanoxeHa KkavyecTBeHHas MoAenb, 06bACHSLWasn
nony4eHHble pesynbTaTbl.

Knroueebie criosa: aycTeHWTHasi cTarnb, obrnyvyeHue, TPEeLIMHOCTOMKOCTb, CKOPOCTb poCTa
yCTanoCTHON TPELUMHbI, MapTEHCUTHOE NpPeBpaLLEHNE, MEX3EPEHHOE pa3pyLLeHne
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Abstract—The effect of modification with rare earth metals and calcium on the cast structure of
10Kh16N25M2T-VI steel is examined. It is shown that the introduction of rare earth metals and
calcium into the steel ensures the production of the highest quantity of recrystallized G5 grains as a
result of simulating the upsetting operation on a Gleeble 3800 installation at a temperature of 1180°C
and a strain rate of 0.03 sec™.

Keywords: recrystallization, dendrites, structure, heterogeneity, modification, grain, rare earth
and alkaline earth metals
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Abstract—High-chromium martensitic steels are promising materials for the manufacture of
power unit components for thermal power plants capable of operating at ultra-supercritical steam
parameters (temperature 600—-620°C, pressure 25-30 MPa). At the same time, to assess the long-
term strength characteristics of such materials, sufficiently long tests are required, the time frame of
which can reach several decades. This study raises the issue of the feasibility and admissibility of
increasing the creep test temperature in laboratory studies for adequate prediction of long-term
creep properties at lower temperatures using the example of 12% Cr steel with the low nitrogen
content and high boron content. The assessment of the admissibility of increasing the test
temperature to 675°C was based on the postulate of maintaining the creep deformation mechanism,
the fracture mechanism and the patterns of structure and phase composition evolution compared to
a lower temperature of 650°C. The analysis of the obtained data revealed that with an increase in
the test temperature to 675°C, the main mechanism of creep deformation, such as high-temperature
dislocation climb via volume diffusion, and the intragranular ductile fracture mechanism are
preserved, as at 650°C, even despite the occurrence of creep strength breakdown. The analysis of
microstructures after creep tests also showed that the main temperature-time dependences of the
growth of the lath width and the average particle size of secondary phase particles can be described
by curves with the same coefficients for different test temperatures. Thus, the temperature of 675°C
can be recommended for accelerating laboratory creep tests for high-chromium steels.

Keywords: high-chromium steels, creep, recovery, dispersion hardening, particle coarsening,
fracture
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Abstract—The structure of sheet metal products made of high-strength, cold-resistant shipbuilding
steels, widely used for the construction of Arctic marine equipment, primarily powerful nuclear-
powered icebreakers, is presented. Modern methods for quantitatively assessing structural
parameters using optical metallography, electron backscatter diffraction (EBSD), and transmission
electron microscopy (TEM) are used to study the structure. The main structural features that
influence the performance characteristics of sheet metal products are demonstrated, depending on
the strength level and production technology. The relationship between cold resistance and crack
resistance with the structure of thick sheet metal products made of shipbuilding steels of various
strength levels is established.

Keywords: cold-resistant shipbuilding steel, performance characteristics, cold resistance, crack
resistance, Tko temperature, NDT temperature, critical crack tip opening (CTOD), structure, and
structural element size.
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Abstract—The methods of modern physical materials science were used to study the
structural/phase state and elemental composition of the transition zone of the contact of the
plasma coating (high-speed molybdenum steel) and substrate (medium carbon steel) system. The
transition layer with a thickness of =100 um contains the a-phase, y-phase, complex carbides
Me23Cs, MesC, as well as MoC and cementite. The structure of the transition layer is represented
by packet and lamellar martensite, austenite interlayers and nanosized cementite particles. The
coating/substrate contact zone does not contain micropores and microcracks. Nanohardness and
Young’s modulus change smoothly with distance from the coating and substrate, forming a damping
layer along the contact surface, which allows us to speak about the high performance of the plasma
surfacing/substrate system.

Keywords: high-speed molybdenum steel, plasma method, coating/substrate system, interface,
structure, phase composition, properties
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Abstract—The object of this study is the investigation of the effect of annealing temperature on the
mechanical and functional properties of the Tis.0Nis1.0 alloy in coarse-grained (CG), ultrafine-
grained-1 (UFG-1), and ultrafine-grained-2 (UFG-2) states. The study identifies dependencies of the
influence of the initial structure of the Tisg.0Nis1.0 alloy and the structure formed during aging over a
wide temperature range on the mechanical characteristics of the alloy. Research was carried out to
study changes in properties that depend on the type of treatment. The microstructure was examined
by optical and transmission microscopy, mechanical properties were tested, and fractographic
analysis was performed. It has been established that annealing temperature significantly affects the
mechanical characteristics of the Tis9.0Nis1.0 alloy. Annealing in the aging temperature range and at
higher temperatures results in a decrease in tensile strength and an increase in ductility. Severe
plastic deformation using equal channel angular pressing (ECAP) enabled high tensile strength and
yield strength to be achieved without reducing ductility.

Keywords: TiNi, functional properties, mechanical properties, annealing, microstructure,
intensive plastic deformation
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Abstract—The paper studies effects of intense plastic deformation during extrusion of titanium alloy
PT-7M followed by cold radial forging on the formation of the material structure. Optimal modes of
thermal treatment for formation of regulated fine-grained structure in material are determined. It is shown
that radial forging of hot-pressed blank makes it possible to form homogeneous fine-grained blank.
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Abstract—The paper presents experimental samples of titanium alloys fabricated using wire-
based electron beam and wire arc additive manufacturing techniques. Some process control
methods for defect control were briefly described focusing on factors influencing melt pool dynamics,
including control of thermal conditions during 3D printing. A comprehensive analysis of the obtained
samples is carried out to determine the most optimal method in terms of defect-free performance,
achieving a suitable structure and optimal mechanical properties of titanium alloy-based samples.
The specimens WAAM (Wire Arc Additive Manufacturing) exhibit a deposition rate and average
mechanical properties approximately 1.5 times higher than those of specimens EBAM (Electron
Beam Additive Manufacturing), although the specimens EBAM demonstrate smoother lateral
surfaces. The practical significance lies in identifying the most effective manufacturing approach to
enhance the competitiveness of titanium alloy-based products.
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Abstract—The article presents the results of the study of the microstructure, hardness, and X-ray
diffraction characteristics of niobium alloys alloyed with tantalum (Ta), hafnium (Hf), zirconium (Zr),
and yttrium (Y) after heat treatment in the temperature range from 500°C to 1200°C for a duration
of 1 hour. Alloys withvarious chemical compositions have been studied: 7.5%Ta—1%Hf, Nb—7.5%Ta-
1%Zr and Nb—7.5%Ta-0.2%Zr-0.003%Y. The data obtained make it possible to optimize the heat
treatment modes of alloys to achieve the required mechanical properties. It will also improve the

manufacturability of NBsSN-based superconducting materials.
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Abstract—Zeolites are of interest as fillers for polymers and building materials due to their high
thermal, chemical, and mechanical stability. Furthermore, these aluminosilicates have a large
specific surface area with a large number of active sites. The mesoporous structure of the zeolites
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studied here is characterized by a relatively broad and monomodal pore size distribution with a
maximum in the 10-14 nm range, indicating the heterogeneity of the mesopores of these
aluminosilicates. Based on an analysis of low-temperature nitrogen adsorption/desorption
isotherms, it was found that the porosity of the volcanic zeolite increases with decreasing particle
size. The total pore volume in the activated zeolite is almost twice that of the volcanic zeolite,
regardless of particle size. This is due to the difference in their phase composition, as the main
component of the activated zeolite is calcite, while that of the volcanic zeolite is clinoptilolite.

Keywords: volcanic and activated zeolites, porosity, sorption-desorption curves, hysteresis
loop, particle size
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Abstract—Using surface-selective laser sintering, samples of biocompatible and bioresorbable
polylactide microparticles with varying moisture contents were fabricated: lyophilized, untreated,
with a wetted surface, and with a chitosan hydrophilic coating. The surface morphology of the
resulting polymer structures was studied. Sintering was performed by laser with a wavelength of A
=1.96 ym and an energy density of 6—22 J/cm?. Increasing the energy density resulted in increased
layer thickness, increased sintering, and decreased porosity. Chitosan-coated microparticles
sintered at 22 J/cm? demonstrated the best results in terms of stability for tissue engineering.
Keywords: laser sintering, surface-selective laser sintering, heat sensitizer, polylactide, water
content
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Abstract—The paper presents a comprehensive approach to selecting carbon-silicon electrodes
for use in supercapacitors. Using Raman spectroscopy, density functional theory, and porosity
analysis, the structural characteristics of electrode materials synthesized by electrochemical
deposition are studied. Approaches based on the identified relationships between structural and
functional characteristics are proposed for the initial selection of electrodes. The effectiveness of the
method is confirmed by comparing the functional characteristics of the selected electrodes with
existing analogs. It is shown that electrodes selected using the developed method outperform their
analogs in terms of capacitance values and capacity retention with the shortest discharge time.
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Abstract—The results of impact resistance tests on laminated aluminum-fiberglass reinforced
plastics are presented. Methods for comparative impact testing are examined, the impact resistance
of various composites of SIAL-grade aluminum-fiberglass reinforced plastics is assessed, and the
influence of several structural factors on impact resistance is studied, along with a microanalysis of
the fracture pattern. The conducted research allowed us to define criteria for assessing the behavior
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of aluminum-fiberglass reinforced plastics under impact, namely: impact energy for varying degrees
of damage, residual strength, mechanical properties, damage pattern, and fracture pattern during
microstructural analysis.

Keywords: SIAL, impact resistance, aluminum-fiberglass, GLARE, microstructure, impact
damage
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EFFECT OF DISPERSED FILLER CONTENT IN APOLYPHENYLENE SULFIDE-BASED
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Abstract—Polyphenylene sulfide (PPS) becomes more widespread due to its unique
physicochemical and thermal properties, combined with its low cost and the ability to be used in 3D-
printing. The creation of PPS-based compositions is a good way to obtain a high level of printed
article properties. In this work, PPS-based filaments were obtained and the properties of the
products printed by them were studied. Ten different filaments containing glass fibers, quartz flour
or combinations thereof were prepared by extrusion. Filaments are printed for tensile tests, l1zod
impact strength without notch and bending temperature under load. Based on the test results,
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the most optimal filament formulation was selected, as well as the properties of filaments of other
compositions were analyzed.

Keywords: polyphenylene sulfide, glass fiber, quartz flour, FDM-printing, composition,
filament, mechanical properties
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Abstract—The compatibility of finishing composites based on polyamide acids of various structures
with superstructural polymers, polyphenylene sulfide (PPS) and polysulfone (PSF), was studied.
The adhesion strength of composites based on finished fiber and PPS, and finished fiber and PSF,
was determined experimentally using the pull-out method. Test results showed that the experimental
samples were comparable in strength to composites obtained from fiber treated with commercially
available finishing compounds. The maximum adhesion (interfacial) shear strength was 103.8 MPa
for the PPS matrix and 87.6 MPa for the PSF matrix.
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Abstract—For the first time, the influence of superconductive carbon black CH1000 on the structure
and properties of a polymer composite materials based on high-density polyethylene HD 03490 PE
has been studied. Two types of structure have been identified as determining the properties of
composites. The first type of structure is formed in a low-filled composite. The filler forms a weakly
conductive network and at the same time reinforces the composites, increasing their rigidity. The
second type of structure is formed with an increased filler content: electrically conductive and
composite-reinforcing chains of filler particles in contact with each other are formed. The critical
concentration of filler in the composite, which determines the transition from the first type of structure
to the second, corresponds to 8—10 wt.% of carbon black.

Keywords: conductive polymer composites, carbon black, high-density polyethylene, electrical
conductivity, mechanical properties
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Abstract—Building structures made of PCM have already found their application in construction
projects in the temperate climate zone and are increasingly used in the construction of buildings and
structures in the permafrost of Canada, the USA and a number of other countries. However, to date,
there is almost no information on the preservation of the structure and properties of PCM under
conditions of extremely low temperatures, high aggressiveness of the external environment and
extracted products, in addition, in the Russian Federation there is no regulatory and technical
documentation on the conditions of using PCM in the cold climate zone, which does not allow
recommending PCM for the development of oil and gas fields in the permafrost. In this paper, a set
of studies is carried out aimed at assessing the degradation of the structure and properties of basalt
plastics and products made from them in the conditions of the Arctic and Subarctic regions of the
Russian Federation and the development of a reference database on the properties of PCM under
long-term operation in cold climates.
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Abstract—Samples of stainless steels AISI 321 and AISI 316L were made by selective laser
alloying (SLS). Samples were tested in the initial state and after heat treatment performed according
to the following modes: SLS + austenitization; SLS + provoking heating; SLS + austenitization +
provoking heating, for intercrystalline corrosion according to national standard GOST 6032-2017
(AMU method). It has been established that the intercrystalline corrosion resistance of samples from
the studied stainless steels provides austenitization. In other modes, depending on the content of
carbon and the stabilizer element (titanium), as well as on the metal structure formed during the SLS
and thermal treatment, the samples may show a tendency to intercrystalline corrosion.

Keywords: austenitic steels, selective laser fusion, intercrystalline corrosion, austenitization
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Abstract—The fracture toughness and fatigue tests of specimens from austenitic stainless steel of
18Cr—10Ni-Ti grade (Russian analog of AlISI 321 steel) irradiated during 45 years as a part of the
core baffle in the Pressure Water Reactor of WWER-440 type were performed. Specimens had a
various neutron damage doses from 14.4 to 43.0 dpa. The fracture toughness tests were performed
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over a temperature range from —100 to 290°C. The fatigue crack growth rate (FCGR) tests were
determined over a temperature range from 20 to 290°C. The temperature and dose dependences
of fracture toughness and FCGR are constructed. It was found that a drastic decrease of fracture
toughness and an increase of FCGR occurs at the transition from classical ductile mechanism or
fatigue fracture mechanism to a mixed fracture mechanism (including intergranular fracture). The
role of martensitic transformation during specimens testing and generating helium in steel during
irradiation in a WWER reactor has been revealed. This role is manifested in the intergranular fracture
at test temperatures when the martensitic transformation is realized in combination with the helium
weakening of grain boundaries. A phenomenological model explaining the results is proposed.

Keywords: austenitic steel, irradiation, fracture toughness, fatigue crack growth rate,
martensitic transformation, intergranular fracture
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