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METAJIJNIOBEAOEHUE. METAJITYPIUA

YOK 669.14.018.295:621.771.016—413
CTPYKTYPA U MEXAHUWYECKUE CBOMUCTBA JIUCTOBOIO MPOKATA TOJILLUMHOW 5-15 mm MOCIE
MMUTALMOHHOIO MOAENUPOBAHUA TOPAYEN HEMNPEPLIBHOW MPOKATKU HA NABEOPATOPHOM
CTAHE
H. A. KOHOPATDBEB, kang. TexH. Hayk, E. . XITYCOBA, g-p texH. Hayk, . [I. MOTOBUJITMHA, kaHa. TEXH. Hayk,
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M3rotoBneH nmMCToBOM npokaT TonwmHou 5-15 mm ¢ ypoBHeM npoyvHocTM oT 460 pgo 890 MIlla u3 cranm ¢
YHUPMLMPOBAHHBIM XMMUYECKUM COCTaBOM MOCI e MMUTALMOHHOIO MOAENMPOBAHMWSA ropsiyent NPOKaTKN MO TEXHONOMMN
TepMomexaHndeckon obpaboTkM C yCKOpeHHbIM oxnaxaeHneMm. MiccnegoBsaHo BNnsiHue TemnepaTtypbl KOHLA MPOKaTKW,
CKOPOCTU OXIaxaeHus U TemnepaTypbl CMOTKM Ha CTPYKTYPY U MeXaHU4Yeckue CBOMCTBAa NMUCTOBOrO npokaTta.
Knroyesble criosa: HW3KOYrnepoouctas IermpoBaHHas CyooCTpOMTENbHasi CTanb, HENpepbiBHAs npokaTka,
UMUTaLMOHHOE MOOENMPOBaHMe, TEpMOMEXaHudeckasi 06paboTka, BbICOKONPOYHas CTarb, XNagoCTOMKOCTb, heppuT,
nepnuT, 0ENHUT, MapTEHCUT
DOI: 10.22349/1994-6716-2026-127-3-10-24
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Moctynuna B pegakuuio 17.02.2026

Mocne popaboTtkm 13.05.2026

MpuHsaTa k nydbnukaumm 24.06.2026
B paboTe uccnegoBaHo BNusiHne TepMmyeckon 06paboTkn Ha MUKPOCTPYKTYPY U MukpoTBepaocTe NbC nokpbiTui,
NOMyYeHHbIX MEeTOAOM BHEBaKYYMHOW 3NIEKTPOHHO-NYYEeBOW HannaBkM Ha aycTeHuTHyk ctanb 12X18H10T.
MpoBeneH KoMMNNEeKCHbIM aHann3 asoBbIx NpespaLleHnii, AU dY3NOHHbLIX MPOLLECCOB N IBOSIOLMM MUKPOCTPYKTYPbI
npu omkure B AvanasoHe Temnepatyp 600—1100°C c Bbigepxkon 3, 5 n 10 yacos. YctaHoBneHo, 4yto npy 600°C B
CTPYKTYpe MOKpbITUS (POPMUPYIOTCA MENKOAMCNEPCHbIE YacTuubl kapbuga xpoma Ttuna M23Cs, a MUKPOTBEPAOCTb
yBenuumeaeTcsa HedHaunTensHo. Mpu 900°C HabniogaeTcs CyLeCcTBEHHbIN pocT MukpoTBepdocty go 520 HV, yto B
1,95 pasa npeBblllaeT MWKPOTBEPAOCTb TEPMUYECKM HeobpaboTaHHOrO MOKPbLITUS 3a CYET AMCMNEPCUOHHOrO
YNPOYHEeHUs1, 0OYCNOBIIEHHOrO paBHOMEPHbBIM pacnpeaeneHneM BTOPUYHbBIX M BblOENMBLUMXCS KapOugHbeix das. Mpu
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1100°C npoucxoauT koarynsiumMs U pocT NepBUYHbLIX kapbuaos, cdeponansaumst BTOPUYHbIX KapbuagoB U CHDKEHUE
MUKPOTBEPOOCTU MOKPLITUS.
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DOI: 10.22349/1994-6716-2026-127-3-33-45
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MpuHsaTa k ny6nukaumm 02.09.2026
MeTacTtabunbHble HUTpUAHbIE NOKpPbITUS cucTeMbl TIN-AISIN npenctaBnsAlOT WHTEPEC Kak MHOFOCMNOWHbIE
HeodHOPOAHbIE MaTepumarbl, B KOTOPbIX BbICOKasA TBEPAOCTb U TEpMOXMMMYEcKasi yctondmsocTb dasbl TiN coveTaroTcs
C BO3MOXHOCTbIO (hOpPMUpPOBaHNSt KpEMHUACOAEPKALLUNX HATPUOHBIX M CUNULMAHBIX obnacTtel. B HacToswen paboTte
paccmoTtpeHa nneHka TiN—AISIN, nony4yeHHas BakyyMHbIM MOHHO-MITAa3MEHHBIM OCaXXAEHMEM Ha CTarlbHOM NOAJIOXKKE.
O6paszeL 6bn chopmmporaH no cxeme Ti (nogcnon) + TiN + AISIN + TiN + ... + AISiN; HanbineHne ocyLLecTBNANOCH
C TUTaAHOBOrO kaTtoda M CUINYMMHOBOrO katopga coctaBa Al-Si = 88/12 npu nogade asoTa B BaKyyMHyl Kamepy.
CTpyKTYpHbIN aHanua Obin BbLIMNONHEH MeToAoM PuTBenbaa, a SMekTPOHHasi CTPYKTypa U napameTpbl XMMUYECKON
CBSI3U UCCreA0BaHbl B pamMmKax Teopun oyHKLMOHana nioTHOCTH ¢ ncnones3osaHmem koga CASTEP, dyHkumoHana PBE
W ynNbTpaMsarkux ncesaonoTeHumnanoB. [lokasaHo, UTO CTPYKTYpHO-pa30BOE COCTOSIHWE SIBNSAETCH CrOXHOM
nepapxudeckn opraHmsdosaHHon cuctemon TiN/AISIN. MNMomumo TiN co cTpykTypon B1 n ctanbHon nognoxku a-Fe, B
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MOLenb BKMOYEeHa KpemHun-a3oTHas [B-SisN4 u cunuumaHas dasbl SisTis, KOTOpble OTpaxarwT XUMUYECKYHO
HeogHopogHocTb cnosd AISIN 1 BO3MOXHOE MEXCIOMHOEe B3aumopencTeme Ti-cogepxawmx un Si-cogepaimx
o6nacteir. Ans TiN nonyyeHa kybuueckas sueiika ¢ napameTpom 4,1993 A nocne penakcaumm, a 3aceneHHOCTb CBS3N
N-Ti paeHa +0,70 npu anuHe ceasn 2,09964 A. MonynsuMOHHbLIN aHBNU3 YKa3biBAET Ha BbIPAXEHHbIN KOBAMNEHTHbIN
BKMag npu CyLWeCTBEHHOW MOHHOW KOMMOHEHTE, KOTOpLIN onpedensieTca nepeHocoM 3apsaaa ot Ti k N. [Ona SiaTis
obHapyxeHa koBaneHTHas cBA3b Si—Si n cmellaHHas cBa3b Si—Ti, Toraa kak npsimoe Ti—Ti-B3aMMoaencTBue ABNseTcs
cnabbim unu paspbixnsowmM. Ana B-SisN4 nogTBepkaeHa KoBaneHTHO-MOHHas npvpoga cBasn Si—N, HO oTMeyeHa
BbICOKasi YyBCTBUTENbHOCTb aHann3a ManmnukeHa K nokanbHbIM KOPOTKMM PacCTOSIHUSIM U NMepekpbiBaHWIO 6a3nCHbIX
dyHKkuun. Ha ocHOBe [aHHbIX MONYMsALMOHHOIO aHanu3a BbINONHeHbl yHAaMeHTanbHble pacyeTbl fOKanbHOW
XKEeCTKOCTW CBSA3e, CONPOTUBMEHUS caBury, paboTbl agre3un Ha uHtepdercax 1 koagduuneHTa nsHoca no Apdapay.
Mony4yeHHble pe3ynbTaThl NO3BONAIT CBSA3aTb ha30BbIN COCTaB, penakcaLm o afieMeHTapHbIX S4eeK 1 pacnpeaeneHme
3NEKTPOHHON NIIOTHOCTU C ME30MEXaHUYECKMM NMOoBeaeHNEM MHorocronHon nneHkn TiN—-AISIN.
Knouesnie criosa: TiN—-AISIN, mHorocnoiiHoe nokpbitve, DFT, CASTEP, PuteBenba, MannukeH, Xupw-genba,
TiN, B-Si3sN4, Si4Ti4, xummueckasn cBasb, pusndeckas MeaoMmexaHmka
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MUKPOCTPYKTYPA, UBHOCOCTOUKOCTb U XKAPOCTOUKOCTb WC/Ni-Al CTOUCTbIX

METANNTIOKEPAMUYECKUX MOKPLITUW, MONYYEHHLIX METOAOM 3NEKTPOUCKPOBOIO JIETUPOBAHUA
A. A. BYPKOB', kaHa pus.-maT. Hayk, A. 0. BbILYPA', M. A. KYNINK', B. O. KPYTUKOBA?
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[ns noBbILLEHNSA N3HOCOCTOMKOCTU U XXapOCTOMKOCTM CTarbHbIX M34ENuin Ha NOBEPXHOCTM obpasua 3 ctanm 45
METOAOM 3NEKTPOUCKPOBOrO NErMpoBaHus Oblnu  Nofy4YeHbl KOMMO3UTHble MOKpblITU Ha ocHose WC/Ni-Al,
npeacrasnslowme cobon meTansiokepammyeckme rpagumeHTHble matepuansl. [OKpbITUS NOMyYeHbl MO-OYepeaHbIM
ocaxgeHveMm croeB kapbuga Bonbdpama M HUKENb-aNOMUHUEBOM  KOMMO3MUMM C  UCMONb30BaHWEM
HenokanM3oBaHHOro aNeKkTpoaa. YCTaHOBMEHO, YTO U3MEHEHME peXMMa HaHECEHNS CrOeB NO3BOMSET perynupoBaTtb
COOTHOWeHNe ux TonwmH. CpegHas TOMWUHA MPUIOTOBMAEHHbIX OBYCMOMHbBIX MeTannokepamm4ecknx MOKPbITUN
MOHOTOHHO Bo3pacTana o1 34,4 0o 58,2 MKM C pOoCTOM ANUTENBLHOCTU UMMYNbLCOB NPU HAaHeCeHun nepeoro cros ¢ 20
00 500 mkc. Mo gaHHbIM peHTreHoda30Boro aHanmsa, B COCTaBe CrOUCTbIX NMOKPbLITUA NPUCYTCTBYIOT pedriekchbl a3
AINi, Fe-Ni, WC, WCix n W2C, 4To yKasbiBaeT Ha CTPYKTypy MeTanfnokepamumyeckoro komnosuta. 1o AaHHbIM
pacTpoOBON 3MNEKTPOHHOW MWKPOCKOMUW, MOKPbITUS MMENM reTeporeHHyl CTPYKTYpy CO CBETbIMU BKIHOYEHUAMMU
KapbugoB BofbgpamMa MUKPOHHOTO M CYOMMKPOHHOrO Ouanas3oHoB. B HWXHel 4YacTu nokpbiTUiA Habniogaetcs
ckonneHune kapbuaa Bonbpama, cpopmupoBaBsLLeecs Npy OCaXK4EHUM NEePBOro Crosi.

Koppo3noHHoe noBeaeHme NOKPbITUIA ObINO UCCIeA0BaHO METO4AMMW NOTEHLMOAMHAMWUYECKOW NONApu3auum
CMNEKTPOCKONUM 3NEKTPOXMMMYECKOro mMnepaHca. lokasaHo, 4To npumMeHeHue agycronHbix WC/Ni—Al nokpbiTui
Nno3BonsieT ynyylwnTb KOPPO3NOHHOE noBedeHue ctanu 45 1 noBbICUTL XapocTonkocTb npu 700°C oT 5 go 19 pas.
YnydlweHuve 3aknoyaeTcs B He60NbLIOM YMEHbLLIEHUN NAOTHOCTU TOKa KOPPO3UW, yBENMYEHUN MOSTHOro MMnegaHca u
BENMYMHbI ha3oBoro yrra. MMKpoTBepAOCTb NOBEPXHOCTU MOKPLITUIA Obina GrIM3KON U Haxogunachb B Auanas3oHe oT
6,34 go 6,6 [Tla, 4yto cootsetcTByeT TBepdoctu Ni-Al crnod. YCTaHOBNEHO, Y4TO MpPUMEHEHWEe [OBYCIOWMHbIX
meTannokepammuyeckmx WOC/Ni-Al noOKpbITUIA NO3BONSET CHU3UTL W CTAbUNM3npoBaTb KO3(DUUMEHT TpPeHus
noBepxHoCTU aeTtanen u3 ctanun 45. NokasaHo, YTO C NOBbILIEHNEM ANUTENBHOCTU UMMYNLCOB NPU HAHECEHUN CMNOoA C
Kapbugom Bonbdpama M3HOC NOKPbITUI MOHOTOHHO CHWXXarcsi BCNeacT-Bue pocTta oTHoweHus TonwmH crost WC k Ni-
Al cnoto.

Knowesble crioga: koMNo3uTHble NOKpbITUSS Ha ocHoBe WC/Ni-Al, MWKPOCTpPyKTypa, W3HOCOCTONKOCTb,
)KapOCTOWMKOCTb, CITOUCTbIE MeTanfokepaMmyeckme NoKpbITUS, SNEKTPOUCKPOBOE ferMpoBaHme
DOI: 10.22349/1994-6716-2026-127-3-64-77
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CWHTES3, CTPYKTYPA U NMbE3O3NEKTPUYECKUE CBOUCTBA TMBPUOHbIX MEPOBCKUTOB CUCTEMbI

CH3NH3PBCIs
A. T1. KTIMMOBA, A. 0. MAJNBIXWH, A. A. MAHWY, ao-p TexH. Hayk, E. Bb. I3KOBA, kaHg. TEXH. HayK
tOxHbIU pedeparnbHbil yHUsepcumem, VIHcmumym 8bICOKUX mexHonoaul u nbesomexHuku, 344090, Pocmos-Ha-
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Moctynuna B pepakumto 24.11.2025
Mocne popaboTtkn 30.04.2026
MpuHsaTa k nybnukauummn 13.05.2026

B HacTosilee Bpemsl rmubpuaHble MeTanfopraHu4yeckme NepoBCKUTbI HA OCHOBE ranoreHngoB MeTUIiaMMOHUS -
CBMHLUA MpUBMEKalT 3HaYUTENbHOE BHMMaHue uccrnegoBaTenen B obractv pOTOBONbTAMKU U OMTOINEKTPOHUKN.
MHTepec k aTum MaTepuanam OOYCMOBMEH PEKOPAHOW AOMHAMMKOW pocTa 3gpeKTMBHOCTU npeobpasoBaHus
COIHEYHOW 3Heprumn, kKoTopas B NabopaTopHbIX YCIOBUAX yKe AOCTUMNA 3HAYEHMI, KOHKYPUPYIOLLIMX C KOMMEPYECKUMM
KPEMHMEBBLIMU COSIHEYHBIMW 3rieMeHTamMu. PaccmatpmBaemblil B pamMKax HAaCTOSILLEro WCCreaoBaHuUs Xnopug
meTunnamoHus-canHua (CH3NH3PbCIls unn MAPDBCI3) obnagaet nepoBCKATONOLOGHOM KPUCTANNMYECKOW peLLeTKon,
Nno3BonsioLLen Npu onpeaeneHHbIX YCroBMAX NonyyaTb Nbe303MEKTPUYECKUA OTKINK, CONOCTaBUMbIN C U3BECTHLIMU
KepaMmnyeckumm coctaBaMm CUCTEM Ha OCHOBE LiMpKOHaTa-TuTaHaTa cBuHua. Hamu npoBegeHa paboTa, HanpaBneHHas
Ha nonyyeHue kpuctannos MAPDCI3, n3ydyeHne nx CTpyKTypHbIX XapakTepucTuK, CTabnnbHOCTH, (OTOINEKTPUYECKMX
N Nbe303EKTPUYECKMX CBONCTB. [JaHO 06ocHOBaHME BbIbOpa MeToha NosnyvyeHns LeneBoro nNpoaykTa, onTumarbHOro
C TOYKUN 3PEHMS CKOPOCTU NPOTEKAHUS peakumm, AOCTYNHOCTU peareHToB U obopyaoBaHnsi. COHOXMMMYECKUIA MeTOS
OOMOJSTHEH LUKITMYECKUM BO3OENCTBMEM, NogobpaHbl pexnmbl, obecnevmBatoLLne Haumny4dllee Ka4ecTBO KpUCTansoB
3a MUWHMMarnbHoe Bpemsi. B pesynbrate wuccnegoBaHus nonydeHbl obpasubl, obnagawwme XMMUYECKON
CTabuNbHOCTLIO M YCTONMYMBOCTLIO K aTMOC(EPHOMY BO3AENCTBUIO MPU HOPMAIbHbIX YCIOBUSAX, YTO MOLATBEPXOEHO
pe3ynbTatamu peHTreHodasoBoro aHanusa. MeToooM pacTpoBOM  3NEKTPOHHOW  MUKPOCKOMUM  MpoBeAeHO
nccnegoBaHue obpasuoB, NokasaHa 3aBMCUMOCTb CTPYKTYPbl MOBEPXHOCTM KpUcTarnna oT BPEMEHU YIbTPa3BYKOBOIro
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Bo3gencTBusa. MccnenoBaHbl NETNM MeXaHW4ecKoro rucrtepesmca M nbesoanekTpudeckne cBoncTBa. [lpoBepeH
CpaBHUTENbHbIA aHann3 ¢ Nbe3okepamMmmyeckMM MaTepmanomM CUCTEMbI LLMPKOHATa-TUTaHaTa CBUHLA.

Knroyesbie cnoga: xnopug METUNNaMOHNSA-CBUHLA, METanopraHMYeckuin NepoBCKUT, COHOXMMNYECKUIN CUHTES,
I'Ibe3O3J'IeKTpVILIeCKI/Il7I OTKITUK, CErHETOINEKTPUKN, NbE3OINEKTPUKA
DOI: 10.22349/1994-6716-2026-127-3-78-90

UccnedoesaHue 6binonHeHO npu guHaHcoeol noddepxke MuHucmepcmea HayKu U 8bicliezo obpa3oeaHusi
Poccutickol ®edepayuu 8 pamkax eocydapcmeeHHo20 3adaHusi, npoekm Ne FENW-2025-0005.
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Y[OK 549.76

W3YYEHMUE YCNOBWUI NONYYEHUA MOJIMBOATA XENE3A (lll) NP1 TBEPAO®A3HOM CUHTE3E
3. A. HEPKECOB, kaHg. XxuM. Hayk
KabapouHo-barnkapckuli 2ocydapcmeeHHbil yHueepcumem um. X. M. bepbekosa, 360004, 2. Harnbuuk,

yn. YepHbiweackoeo, 0. 173. E-mail: cherkesovz@mail.ru
MocTtynuna B pegakuuio 8.04.2026
Mocne popaboTtkn 13.05.2026
MpuHsaTa k nybnukaummn 14.05.2026

B pabote npencrtaBneH pacyeTHO-3KCMEPUMEHTamnbHbIM  MaTepyan no  M3ydeHuo  TBepaodasHoro
B3amMmMmoaencTBus peareHToB B cucteme Fez2(S04)3—Na2C0O3-MoO3 meTogamMu TepMOAUHAMUKMA U XUMUYECKON KUHETUKU
B LUMPOKOM WHTEpBane Ttemnepatyp Mpu CTEXMOMETPUYECKOM OTHOLUEHUN pearvpylwmux BeLllecTB. W3y4yeHbl
TepMoaMHaMuMyeckne napameTpbl MNPOTEKaWMX B WU3YYEHHOW CUCTEME peakumii U MokKasaHo, 4YTO MpoLecchl,
CBsA3aHHble C CMHTe30M mMonunbaarta xxenesa (lll), xapakTepusyloTca 3HauUTENBLHOM oTpuLaTenbHoOW aHepruen [Mb6ca,
a 3TO MPUHUUMNMANbHO AN OOCTWXKEHUSA MOCTaBieHHON B paboTte uenu. BaxHylo ponb B 3TOM OTHOLUEHUWU UrpaeT
B3ammogencTeme cynbdarta xenesa (lll) ¢ kapboHaToM HaTpus, B pesynbTate KoToporo obpasyetca BecbMa
HecTtabunbHasa pasa — nepexogHoe coctosHne Fe2(COs3)3— goHop BbicokogedekTHoro okeuga xenesa (ll).
[MocnegHUn MHTEHCUBHO pearvMpyeT C TEPMUYECKU aKTMBMPOBaHHbIM okcmaom monubaeHa (VI), obpasys monmbaat
xenesa (l11).

Ha ocHoBe nonyyeHHbIX Npyv 3TOM [AaHHbiX pa3pabotaH MeTtog cuHTe3a wmonubgata xenesa (lll),
XapakTepusyloLNncs, B OTNNYME OT U3BECTHbLIX METOAOB, BbICOKMMU MPOU3BOAMTENBHOCTLIO Mpouecca, BbIXOAOM U
COAepXXaHMeM OCHOBHOMO BELLECTBA, HaxOAsILEerocs B BbICOKOAMCMEPCHOM cocTosiHuM. CuHTe3 monubaaTa kenesa
OCYLLIECTBIEH nocre TlaTenbHOro pacTUpaHus UCXOAHbIX peareHTOB W MpoceuBaHus 4epe3 cuTo. Temnepartypy
npouecca cuHTe3a B 600°C nogaepxmBanu 0O AOCTMXKEHMS NMOCTOSIHHOM Macchbl CMecu. 3aTem Crnek oxraxganu 4o
KOMHaTHOW Temnepatypbl M Bbiwenadmsanu ropsdyen (70-80°C) guctunnupoaHHon Bogon. Ocapjok monubaara
xenesa (lll) oTdwmnbTpoBbIBanM, nNpoMbiBanu Ha QunbTpe [0 OTpuUATENIbHOM peakuum Ha MonubaaT-uoH.
CwvHTe3npoBaHHbI MonmbaaT xenesa (Il1) cywmnm, npombiBanu n npokanveanu 4o NOCTOAHHOW Macchbl. Bbixon xenesa
(1) monubgeHoBorokucnoro coctaenseTt 99,70% oT TeopeTnyeckoro. B paboTte copepxuTtcst Takke matepuan no
naeHTnUKaLnum CUHTE3NPOBAHHOIO NPOAYKTa COBPEMEHHLIMU METOAaMN UCCIeAOBaHuS.

Knovesnle criosa: TBepaoasHbin CUHTE3, cuctema, monmbaat xenesa (1), ngeHtudgrkaums
DOI: 10.22349/1994-6716-2026-127-3-91-98
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BONMOKHA. WM3BecTHasi TEeXHOMOrMs CTaTUYeCKOro MNPEeCcCOBaHUS KOMMO3MLUOHHOW CMeCKM [OMOSIHEHA BHELUHUM

BurapmoHnyecknm BosaencTemem Bbicokor ~17 k' n Huskon ~100 My YacToThl B NpoLecce TBepAodasHOro CnHTesa.

[aHHbI cnocob No3BoNm NOBLICUTE N3HOCOCTOMKOCTb Ha 32% NO CpaBHEHMIO CO CTaHOapTHbIM nNpeccoBaHmeM. Kpome

Toro, B pabote nokasaHo 6onee paBHOMEpPHOe pacnpefeneHve YacTuy Yrnepo4HOro BOJIOKHA B NOMAMMEpPHOW

mMaTpuue, Bbl3BaHHOE MexaHu4eckumn konebaHusiMy nopolka B npecc-popme. MeTogom (OTO-31EKTPOHHON

cnekTpockonuu 6bINo0  3aPMKCMPOBAHO CHWXKEHME OTHOLUEHUSA KOHUEeHTpauum dTopa Kyrnepogy. OTO sBNeHue,

BEPOSITHO, 06ycrnoBneHo 6onee paBHOMEPHbLIM pacnpeieneHneM YrinepoaHbIX BOSIOKOH B 0ObeMe KOMMNO3NLIMOHHOIO

matepuana.
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PaspaboTtaHa meToauka onpegeneHuMsi MOLLHOCTM 3aKknafHOro HarpeBaTens Ha cTagumn oxnaxaeHusi npu
npvBapke ceafioBOro oTBoAa K MonvMaTUIIEHOBOW Tpybe B YCIOBUAX HU3KMX TEMMEpaTyp, OCHOBaHHasi Ha peLueHun
TpexmMepHon obpaTHOW 3adayn TennonpoBOAHOCTU. YCTAHOBMEHO, YTO yhpaBrieHue TennoBbiM MPOLLECCOM C
pacyeTHON MOLLHOCTbIO HarpeBaTtens obycnaenveBaeT (OpMMpPOBaHME HAAMOSEKYISAPHOW CTPYKTYpbl MaTepuana
CBapHOrO LUBA U 30Hbl TEPMUYECKOr0 BIUSIHUS, CNOCOBCTBYHOLLEN NOBLILLEHWNIO MPOYHOCTU COEANHEHUS.
Knoyesble criosa: NonuaTuneH, Ce4noBOM OTBOA, TEMNMOBOW NpoLuecc cBapku, obpaTHas 3agauda, yrnpasrieHue,
KpucTannusaumsi, HagMoneKynspHas CTpyKTypa, NPOYHOCTb
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HaHHaa paboTa nocesileHa pa3paboTke yHMBEpPCanbHOMO MONIMMEPHOr0 KOMMO3ULMOHHOIO Martepuana
Ha ocHoBe ABC-nnacTuka, KoTopbIi MOAXOAUT Ans nepepaboTky pasnmMyHbIMM METO4AaMUN — NMNTbE NOA AaBMAEHUEM U
3D-nevatb. B kayecTBe HAaNONHUTENSA MCNONBb30BaH NPUPOAHbLIV BONNACTOHUT. Bbiny nony4eHbl KOMMO3UTblI HA OCHOBE
ABC-nnactuka cogepxaHuem BonnactoHnta o 40%. Haunyywnm covetanHnem ceoncts obnagaet cocta ABC+20%
BOMMACTOHWUTA, TaK Kak MPOUCXOOMUT YBENUYEeHUe MOAyns ynpyroctm Ha 6% Yy nutbeBbix obpasuoB U 14% —
Hane4yaTaHHbIX Ha 3D-NpuHTepe (Mo oTHoLeHMIo K Ynctomy ABC-nnactuky). obaeka nonumeTnneH-n-TpudeHUNoBOro
acbmpa GOPHOM KACMNOTbI B yKa3aHHbIW BbILLE KOMMO3WUT MO3BONUIA YBENUYUTL Npeaen Npo4yHocTy ewe Ha 6% 1 mogynb
ynpyroctn Ha 28% y nuTbeBbix 06pasuoB. Y o06pasuoB KOMMNO3uTa, u3rotoBneHHblx 3D-nevartbio, gobGaska
nonMMeTuneH-n-TpudeHnnoBoro acdmpa 6O0pHON KMCNOTLI yBENMYnna npegen npoyYHocTn Ha 6% u Mogyrnb ynpyroctu
19%. Taknm o6pa3oM, nokaszaHa CNOCOBHOCTL NONMMETUNEH-T-TPUGEHUNOBOIO achmpa BOPHOM KMCNOThI yBENUYMBATD
B3aUMOAEWNCTBME Ha TrpaHuue pasgena a3 nonumep — HanonHuTenb. [pennoXeHHble KOMMO3UTbl  Gbinu
nepepaboTaHbl METOAOM NUTbS NOA AABMEHNEM, TaKKe Ha UX OCHOBE Obinu nonyyeHbl punameHTol ans 3D-nevatw.
OBGHapyXeH CXOXUin XxapaKTep N3MEHEHM CBONCTB 006pasLoB, U3rOTOBMEHHLIX pasHbiMU MeTogamn. OBHapyXeHO, YTO
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BOMMacToHUT obpasyeT arnomepatbl B yka3aHHOM KOMMO3uTe. YAanocb NOAyYMTb MONIMMEPHBIN KOMMO3ULIMOHHBIN
mMaTepuan ¢ ynyyweHHbIMU (PU3NKO-MEXAHNYECKMMWN XapaKTEPUCTUKaMKU, KOTOPbLIN MOXET BbiTb MCMNONb3oBaH AN
N3roToBreHNst PyHKLUNOHamNbHbIX AeTanen pasnMyHbiM1M MeTogaMm — NMTbeM nog gasnexHvem n 3D-neyatsio.
Knoyessie crioga: BonnactoHut, 3D-nevatb, NoNMMepHbIe KOMNO3ULUMOHHbIE MaTepuansl, aaauTUBHbBIE TEXHONOMNN,
dunameHT, ABC-nnactmk, FDM

Paboma esbironiHeHa 8 pamkax 6a3osoeo npoekma Ne FUFE-2024-0011 «Paspabomka rnepcrieKmueHbIX
MexHOI02ull MasiomOoOHHaXHOU XUMUU» 1pU UCMoib308aHUU rpubopHol 6a3bl bulickoeo peauoHanbHO20 UeHmpa
KonnekmugHo20 rnosib3ogaHusi CO PAH (UINX3T CO PAH, bulick).
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B pabote uccneposaHo BnuvsiHMe crnocoba BBeAeHUS YNpPOYHSOWMX J06aBOK M3 nopoluka AeTOHaLMOHHOMo
HaHoanmasa Ha CTPYKTYpy 1 Tpubonormyeckne xapakTrepuUcTUKM KOMMO3ULMOHHOrO MaTepuarna Ha OCHOBE ONTOBSIHHOW
O6poH3bl (80% Cu— 20% Sn). lNpoBeneH CpaBHUTENbHBLIA aHanNM3 ABYX METOOOB BBOAA HaHO4YacTWL anwvasa:
MEXaHWYECKOTO CMELUMBAHUS C MOMOLLbI0 TPaBUTALMOHHOM MENbHULBI WM YNbTPa3ByKOBOro AWUCMEPrUPOBaHUS.
Komnnekcom MeToaoB yCTaHOBMNEHO, YTO CNOCOO NOMy4YeHNsi MOPOLLIKOBOW CMECK OKa3biBaeT CyLLeCT-BEHHOE BrUSHME
Ha NMOTHOCTb, MOPUCTOCTb, (Pa30BbIN COCTaB, PABHOMEPHOCTb pacnpedeneHns HaHoanmasoB u Tpubonormyeckue
CBOWiCTBa Komno3auta. MaTtepwuarn, NonyyYeHHbI C UCMONMb30BaHMEM MEXaHUYECKOTO CMELUMBAHUS, XapakTepusyeTcs
bonee paBHOMEpPHbLIM pacnpegeneHneM HaHoanMasHbIX 4acTul, MeHbWnM koadduumneHtom TpeHus (0,24+0,02) un
6onee cTabunbHOM NOBEPXHOCTLIO MOCHE UCNbITaHu Ha naHoc (0,84+0,12), ogHa-ko obnagaeT 6onbLue MOPUCTOCTLHIO
(6%) M HECKOMbKO MOBbIWEHHbIM NHeRHbIM (1,84-1075 M) u MaccoebiM u3Hocom (1,33-1072 1) Mo cpaBHEHMO C
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06pasLoM, Nony4YeHHbIM YNbTPa3BYKOBbIM AucCnepruposaHieM. Pe3ynbTaTel paboThl MOKa3biBaloT, YTO BbIOOp MeToaa
BBEAEHUA HaHOanMasHblX YacTul, LOMKEeH Yy4uTbiBaTbCa MNpu paspaboTke aHTUDPUKLMOHHBIX KOMMO3ULIMOHHBIX
mMaTepuarnoB Ha OCHOBE OJTOBSIHHOW BPOH3bI.

Kniouesblie cnoea: KOMMO3WLWOHHbIE MaTepuanbl, OfloBsHHas OpoH3a, HaHoanmasbl, MexXaHW4eckoe
CMellvBaHWe, YnbTpa3ByKOBOE [AWCMEPrpoBaHue, CTPYKTypa, Tpubomormyeckne CBOWCTBA, WM3HOCOCTOMKOCTb,
KO3(h-PULMEHT TPEHUHA, MOPUCTOCTb
DOI: 10.22349/1994-6716-2026-127-3-152-165

Paboma ebinoniHeHa 8 pamkax eocydapcmeeHHo20 3adaHusi MuHucmepcmea HayKu U 8biclie2o obpa3osaHusl
Poccutickoli  ®edepayuu  (peeucmpauyuoHHbiti  Ne HUOKTP  124032600081-1). Paboma  ebirnosiHeHa
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OAHOPOOHOrO HamMMaBMEHHOrO MOKPbLITUSE HAa HU3KONermpoBaHHyto ctanb 14XIC, BbINOMHEHHOIO 3MEKTPO-LUNIAKOBbIM

cnocobom neHTon Tuna 25% Cr — 22% Ni— 2% Mo — 0.2% N 6e3 nocnepgytouien Tepmudeckorn obpabotku. MNMokasaHo,
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BNUSHUS HE WMEET MOBLIWEHHbIX 3HavYeHMrn TBepaocTu. CTpyKTypa HanmaBneHHOro MeTtanna npeacTaBneHa

ayCTEHUTOM U He uMeeT AedeKTOB B BUAE ropsAYMX TpelmH. NpuMmeHeHne TEXHOMNOMMN 3NEKTPOLLITAKOBOM HanmaBku

obecneynBaeT pPaBHOMEPHOCTb pacrnpefeneHns TBEpPAOCTM MO BCEMY CEYEHUKO HamnnaefeHHOW aeTtanu, 4To
obecne4ynBaeT BbICOKYIO AeOopMaLMOHHYI0 CNOCOBHOCTb, MOATBEPKAEHHYIO pe3ynbTaTaMu UCNbITaHUA 06pa3uoB Ha
cTatu4eckmin marnb.
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lMprBeaeHbl cpaBHUTENbHbIE XapaKTEPUCTUKM OBYX CMOCOBOB NMEHTOYHOW Hannaeku nog dritocom. NokasaHo
NPEeUMYLLLECTBO ANEKTPOLLIAKOBOM Hannasku neHTon (SLLUH). OnucaHbl 0cOGEHHOCTM MaTepuanos, MPUMEHSIEMbIX MPU
OWH, a Takke npuvHUMN paboTbl MArHUTHLIX CUCTEM, MPUMEHSIOLUXCS OJ11 MarHUTHOIO YNpPaBIiEHUS CBapO4HOM
BaHHOW NpW 3MeKTPOLLaKoBOW Hannaeke NeHTon nog cntocom. BnepBble yCTaHOBIEHO BNUSIHUE CMELLEHUS NIEHTbI OT
3eHUTa Mpu Hannaeke LWINHAPUYECKUX MOBEPXHOCTEN HA XMMWYECKUI COCTAB aHTUKOPPO3MOHHOIO MOKPLITUSA U, B
YaCTHOCTU, Ha CTOMKOCTb MPOTMB MeXKpuctannutHon kopposum (MKK). YcTtaHOBREHHbIE 3aBUCMMOCTM NO3BONSAOT
BbIMOMHSATbL MPOrHO3HbIN pacyeT CBOWCTB MeTasnna OAHOPOOHOro OAHOCIOWHOr0 aHTMKOPPO3MOHHOTO MOKPbITUS
(OOAIN).
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PA3PABOTKA BE3BOPHOIO CYNIb®ATHO-ALIETATHOIO NEKTPOJIUTA ANA ANEKTPOXUMUYECKOIO
OCAXAEHUA AHTUKOPPO3WUOHHbIX MOKPbITUA CMNABOM LMHK-HUKENb
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MpennoxeH anekTponuT Ha cynbdaTHo-aLeTaTHOM OCcHoBe 6e3 codepXaHus GOPHOW KUCMNOThI ANst MONyYeHUs
3aWmMTHBLIX nokpbiTUA cnnaBsoMm Zn—Ni. [MpoBeaeH aHanua BRMAHUA TEXHOMOrMYECKMX napamMeTpoB (kaTogHas
NNOTHOCTb TOKA, COOTHOLLEHNE KOHLEHTPaLUA MOHOB METansoB, COAEepXXaHue aueTtaT- U UUTpaT-uoHOB, BENMYnHa
pH, TemnepaTtypHbIN pexuMm) Ha cocTaB cnnaea 1 3HEKTMBHOCTb NpoLiecca. YcTaHOBNEHbI ONTMMarbHbIE NapameTpbl
TEXHOMNOrM4Yeckoro npolecca, obecneynBarLLme NonyyYyeHne MOKPbITUA C cogepXaHuem Hukens 12—15 mac.% npwm
BbICOKUX 3HA4YeHUAX BbIxoga no Toky 85—92%. MNMony4yeHHble NOKPbITUS XapaKTepPM3YTCHA BbICOKOW YCTONYMBOCTBLIO K
KOPPO3MOHHOMY BO34ENCTBMIO B HEMTParnbHOM CONEBOM TyMaHe (BpeMsi 40 NOSBEHUS KpaCHOW KOPPO3MmM COCTaBnsieT
2000-3000 w4), u4TO npeBOCXOAUT MoOKasaTenu cywecTeywWmNx MaTtepuanos. CTabunbHOCTb 3nekTponuTa
NOATBEPKAEHA UCMbITAHUAMM B pexume AnvtensHon paboTtbl npu obuwen Harpyske go 300 amnep-4acoB Ha nUTP
obbema. [MpeanoxeHbl COCTaB 3NEKTPONWUTa U TEXHOMOMMYECKMEe PexXuMbl, peKkoMeHAyemble Ans BHeOpeHus B
NPOU3BOACTBEHHbBIE NPOLIECCHI MPOMbILLIIEHHOIO Ha3Ha4YeHwus.
Knouesble crioga: anektpoocaxpaeHue, crnnaB Zn—Ni, 06e300pHbIN 3NeKTponuT, cynbdaTHo-aueTaTHbIN,
KOPPO3MOHHAas CTOMKOCTb, BbIXOA MO TOKY
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NCCNEQOBAHUE KOPPO3UOHHOIO PACTPECKMBAHUA OBNTYYEHHbBIX AYCTEHUTHbBIX MATEPUAIOB

OnA NEMEHTOB PEAKTOPOB CO CBEPXKPUTUYECKUMU NAPAMETPAMU TEMNNMOHOCUTENA
B. 3. MAPIOJIMH, g-p TexH. Hayk, H. E. TMPOIOBA, kaHa. TexH. Hayk, A. A. COPOKWH, kaHa. TexH. Hayk
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MpoBeneHbl uccnegoBaHUst COMPOTUMBIIEHUS KOPPO3MOHHOMO pacTpeckuBaHus nof HanpshkeHuem (KPH) Tpex
00ny4eHHbIX ayCTEHUTHbIX MaTepranoB B BOOHOW cpeae, UMUTUPYHOLLEN TENNOHOCUTENb | KOHTYpa NPOEKTUPYeMOro
nccnegoBaTenbCKOro peaktopa Ha BoAe CO cBepXkpuTudeckum fasneHnem — MTUP. [IBe aycTeHWTHble XpOMO-
HWKEneBble CTanM paccMaTpyMBalOTCA B KavyecTBE KaHOWOATHbIX MaTtepuanoB AN BHYTPUKOPMYCHbIX YCTPOWCTB
peakTopa, a TPETUN MaTepmarn paccMaTpMBaeTCsa B Ka4yeCTBE KaHANOAATHOro And aHTUKOPPO-3MOHHOW HamnaBKu Ha
Kopnyc peaktopa. B pesynbrare BbINOMHEHHbLIX aBTOKMABHbLIX UCMbITAHUA NPU Pa3fMYHbIX YPOBHAX HAMPSKEHUA U
nocnegywowen naeHTnduKkauumn MukpoTpelwmH ¢ nomowbio COM ana kaxgoro matepuwana onpefeneHo 3HaveHue
MOpPOroBOro HanpsbkeHusa, Hwke kotoporo KPH oTcytctByeT gns paccmaTpu-BaeMoro 00ny-4eHHOro COCTOSIHUSA
mMaTepuana. Ha ocHoBe nony4yeHHbIX pe3ynbTaToB BblOpaHbl MaTepuansl, NO3BO-NAKLWME 0becnevnTb OTCYTCTBME
KPH B npouecce akcnnyatauuun peaktopa MTUP.

Kntouesble crioga: KOPPO3MOHHOE pacTpeckuBaHue, OOMny4veHHble ayCTEeHWUTHble MaTepuanbl, aBTOKMNaBHblE
UCNbITaHUS, CBEPXKPUTMYECKOE AaBMEHNE, MUKPOTPELLUHA, TEMMOHOCUTESNb
DOI: 10.22349/1994-6716-2026-127-3-208-231
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METALS SCIENCE. METALLURGY
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STRUCTURE AND MECHANICAL PROPERTIES OF 5-15 mm-THICK SHEET METAL AFTER SIMULATION

OF HOT CONTINUOUS ROLLING ON A LABORATORY MILL
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Abstract—Sheet metal products with a thickness of 5-15 mm and a strength range of 460 to 890 MPa were
manufactured from steel with a standardized chemical composition after hot rolling simulation using thermomechanical
treatment with accelerated cooling. The effects of the end rolling temperature, cooling rate, and coiling temperature on
the structure and mechanical properties of the sheet metal products were studied.
Keywords: low-carbon alloy shipbuilding steel, continuous rolling, simulation modeling, thermomecha-nical
processing, high-strength steel, cold resistance, ferrite, pearlite, bainite, martensite
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STUDIES OF THE EFFECT OF HEAT TREATMENT ON THE STRUCTURE AND PROPERTIES OF THE 45G17YU3
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Abstract—An analysis of the strength and plastic characteristics, as well as structural changes in austenitic-class steel
after normalization in the temperature range of 650°C—950°C, has been carried out. The temperature heating range for
normalizing sheet rolled products made of 45G17Yu3 steel grade has been determined.
Keywords: sheet steel, low-magnetic steel, normalization, austenitic grain, crystallization, sulfides
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Abstract—The paper examines the effect of heat treatment on the microstructure and microhardness of NbC coatings
produced by non-vacuum electron beam cladding on 12Kh18N10T austenitic steel. A comprehensive analysis of phase
transformations, diffusion processes, and microstructure evolution during annealing in the temperature range of 600—
1100°C with 3, 5, and 10 hours holding was performed. It was found that at 600°C, fine dispersive particles of chromium
carbide of the M23Cs type are formed in the coating structure, while the microhardness increases insignificantly. At
900°C, a significant increase in microhardness to 520 HV is observed, which is 1.95 times higher than that of the
untreated coating, due to dispersion strengthening caused by the uniform distribution of secondary and precipitated
carbide phases. At 1100°C, primary carbides coagulate and grow, secondary carbides spheroidize, and the coating’s
microhardness decreases.
Keywords: NbC-based coating, non-vacuum electron beam cladding, annealing, microhardness, carbide
precipitation
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Abstract—Metastable nitride coatings of the TiN—AISiN system are of interest as multilayered, heterogeneous materials
in which the high hardness and thermochemical stability of the TiN phase are combined with the potential to form silicon-
containing nitride and silicide regions. This study examines a TiN-AISiN film produced via vacuum ion-plasma deposition
on a steel substrate. The sample was fabricated using the sequence Ti (underlayer) + TiN + AISiN + TiN + ... + AISiN;
deposition was carried out using a titanium cathode and a silumin cathode (Al-Si = 88/12) with nitrogen introduced into
the vacuum chamber. Structural analysis was performed using the Rietveld method, while the electronic structure and
chemical bonding parameters were investigated within the framework of density functional theory using the CASTEP
code, the PBE functional, and ultrasoft pseudopotentials. The results demonstrate that the structural-phase state
constitutes a complex, hierarchically organi-zed TiN/AISIN system. In addition to the B1-structured TiN and the a-Fe
steel substrate, the model incorporates the silicon-nitrogen 3-SisN4 phase and the SisTis silicide phase; these reflect the
chemical heterogeneity of the AISIN layer and the potential interlayer interaction between Ti-containing and Si-
containing regions. For TiN, a cubic unit cell with a lattice parameter of 4.1993 A was obtained after relaxation, and the
N-Ti bond population was found to be +0.70 at a bond length of 2.09964 A. Population analysis indicates a pronounced
covalent contribution alongside a significant ionic component, driven by charge transfer from Ti to N. In Si4Tis, a covalent
Si—Si bond and a mixed Si—Ti bond were identified, whereas direct Ti—Ti interaction is weak or antibonding. For 3-SisNs,
the mixed covalent-ionic nature of the Si—-N bond was confirmed, though the high sensitivity of Mulliken analysis to short
interatomic distances and basis function overlap was noted. Based on the population analysis data, fundamental
calculations were performed for local bond stiffness, shear resistance, interface adhesion energy, and the Archard wear
coefficient. The results establish a link between phase composition, unit cell relaxation, and electron density distribution
and the mesomechanical behavior of the TiIN-AISIN multilayer film.
Keywords: TiN-AISiN, multilayer coating, DFT, CASTEP, Rietveld, Mulliken, Hirshfeld, TiN, B-SisNs, SisTis,
chemical bonding, physical mesomechanics
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Abstract—To increase the wear resistance and oxidation resistance of steel products, composite coatings based on
WC/Ni-Al, representing metal-ceramic gradient materials, were obtained on the surface of a sample of 45 steel by
electric spark deposition. The coatings were obtained by alternating deposition of layers of tungsten carbide and nickel-
aluminum composition using a non-localized electrode. It is established that changing the mode of applying layers allows
you to adjust the ratio of their heights. The average thickness of the prepared two-layer metal-ceramic coatings
increased monotonously from 34.4 to 58.2 microns with an increase in the pulse duration during the application of the
first layer from 20 to 500 microseconds. According to X-ray analysis, the composition of the layered coatings contains
reflexes of the phases AINi, Fe-Ni, WC, WC1.x and W,C, which indicates the structure of the metalloceramic composite.
According to scanning electron microscopy data, the coatings had a heterogeneous structure with light inclusions of
tungsten carbides in the micron and submicron ranges. In the lower part of the coatings, there is an accumulation of
tungsten carbide, which was formed during the deposition of the first layer. The corrosion behavior of the coatings was
investigated by the methods of potentiodynamic polarization and electrochemical impedance spectroscopy. It is shown
that the use of two—layer WC/Ni-Al coatings makes it possible to improve the corrosion behavior of steel 45 and increase
heat resistance at 700 °C from 5 to 19 times. The microhardness of the coating surface was close and ranged from 6.34
to 6.6 GPa, which corresponds to the hardness of the Ni-Al layer. It has been established that the use of two—layer
metal-ceramic WC/Ni-Al coatings makes it possible to reduce and stabilize the coefficient of friction of the surface of
parts made of 45 steel. It is shown that with an increase in the pulse duration when applying a layer with tungsten
carbide, the wear of coatings decreased monotonously due to an increase in the ratio of the thickness of the WC layer
to the Ni-Al layer.
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Abstract—Hybrid metal-organic perovskites based on methylammonium lead halides attract significant research
attention in the fields of photovoltaics and optoelectronics. The interest in these materials stems from the record-
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breaking growth dynamics of solar energy conversion efficiency, which under laboratory conditions has already reached
values competitive with commercial silicon-based solar cells. The methylammonium lead chloride (CH3NHsPbCls or
MAPDCI3) considered in this study possesses a perovskite-like crystal lattice, which under certain conditions enables a
piezoelectric response comparable to that of well-known ceramic compositions based on lead zirconate titanate (PZT).
We have conducted work aimed at obtaining MAPbCIs crystals and studying their structural characteristics, stability, as
well as photoelectric and piezoelectric properties. A rationale is provided for choosing a synthesis method optimal in
terms of reaction rate, reagent availability, and equipment requirements. The sonochemical method was enhanced by
cyclic treatment, and processing parameters were selected to ensure the best crystal quality in the shortest possible
time. As a result of the study, samples were obtained that exhibit chemical stability and resistance to atmospheric
exposure under normal conditions, as confirmed by X-ray phase analysis. Scanning electron microscopy was used to
study the samples, revealing the dependence of the crystal surface structure on the duration of ultrasonic treatment.
Mechanical hysteresis loops and piezoelectric properties were investigated. A comparative analysis with a lead
zirconate titanate (PZT) piezoceramic material was performed.
Keywords: methylammonium lead chloride, metal-organic perovskite; sonochemical synthesis; piezoelectric
response; ferroelectrics; piezoelectrics
DOI: 10.22349/1994-6716-2026-127-3-78-90
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Abstract—The paper presents computational and experimental material on the study of solid-phase interaction of
reagents in the Fe2(SO4)3—Na2C03—MoOs3 system by methods of thermodynamics and chemical kinetics over a wide
temperature range with a stoichiometric ratio of reactants. The thermodynamic parameters of the reactions occurring in
the studied system are studied. It is shown that the processes associated with the synthesis of iron (llI) molybdate are
characterized by significant negative Gibbs energy, and this is essential for achieving the goal set in the work. An
important role in this regard is played by the interaction of iron (lIl) sulfate with sodium carbonate, which results in a very
unstable phase, the transition state of Fe2(CO3)s, a donor of highly defective iron (lll) oxide. The latter reacts intensively
with thermally activated molybdenum (VI) oxide, forming iron (lll) molybdate.
Based on the data obtained, a method for the synthesis of iron (lll) molybdate has been developed, which, unlike
known methods, is characterized by high process performance, yield and content of the base substance in a highly
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dispersed state. The synthesis of iron molybdate was carried out after careful grinding of the initial reagents and sieving

through a sieve. The temperature of the synthesis process at 600°C was maintained until a constant mass of the mixture

was reached. The sinter was then cooled to room temperature and leached with hot (70-80°C) distilled water. The iron

(Ill) molybdate precipitate was filtered and washed on a filter until it reacted negatively to the molybdate ion. The

synthesized iron (IlI) molybdate was dried, washed, and calcined to a constant weight. The yield of iron (ll1I) molybdenum

acid is 99.70% of the theoretical value. The work also contains material on the identification of the synthesized product
by modern research methods.
Keywords: solid-phase synthesis, system, iron (lll) molybdate, identification
DOI: 10.22349/1994-6716-2026-127-3-91-98
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Abstract—The paper investigates the structure and physicochemical properties of phenolic foam containing a hybrid

filler: perlite (5—6.6 wt.%) and varying amounts of hollow glass microspheres (5—40 wt.%). It is shown that incorporating

up to 30% glass microspheres reduces hygroscopicity, moisture content, and water absorption by a factor of 2.8-5,

while increasing compressive strength 30-fold. At the same time, the thermal conductivity coefficient rose from 0.04 to

0.06 W/(m-K) and the density increased from 76 to 330 kg/m?3. Higher concentrations of hollow glass microspheres (35—

40%) caused a sharp decline in compressive strength and an increase in water absorption. Relationships were

established between porosity and foam structure versus physicochemical properties. Optimal filler (hollow glass

microsphere) contents were determined based on the required density of the phenolic foam.
Keywords: hollow glass microspheres, perlite, phenolic foam, thermal insulation, ship hull structures,
hygroscopicity
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Abstract—This paper presents an improved technology for manufacturing filled composite materials based on
polytetrafluoroethylene and milled micrometer-scale carbon fiber. The conventional static pressing method for the
composite mixture is supplemented by the application of external biharmonic action—involving high (~17 kHz) and
low (~100 Hz) frequencies—during the solid-phase synthesis process. This method increased wear resistance by 32%
compared to standard pressing. Furthermore, the study demonstrates a more uniform distribution of carbon fiber
particles within the polymer matrix, resulting from the mechanical vibration of the powder inside the mold. Photoelectron
spectroscopy revealed a decrease in the fluorine-to-carbon concentration ratio. This phenomenon is likely attributable
to a more uniform distribution of carbon fibers throughout the volume of the composite material.
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Abstract—A method has been developed to determine embeddable heater power during the cooling stage

of welding a branch saddle to a polyethylene pipe at low temperatures. This method solves a three-dimensional inverse

heat conduction problem. Controlling the thermal process with the calculated heater power forms a supramolecular
structure in the weld material and the heat-affected zone. This increases the joint’s strength.

Keywords: polyethylene, branch saddle, thermal welding process, inverse problem, control, crystallization,
supramolecular structure, strength
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Abstract—This study focuses on the development of a versatile ABS-based polymer composite material suitable for
processing via both injection molding and 3D printing. Natural wollastonite was used as the filler. ABS-based composites
containing up to 40% wollastonite were produced. The composition containing ABS and 20% wollastonite exhibited the
optimal combination of properties, showing an increase in the modulus of elasticity of 6% for injection-molded samples
and 14% for 3D-printed samples (compared to neat ABS). The addition of polymethylene-p-triphenyl borate to this
composite further increased the tensile strength by 6% and the modulus of elasticity by 28% in injection-molded
samples. For 3D-printed composite samples, the addition of poly-methylene-p-triphenyl borate increased the tensile
strength by 6% and the modulus of elasticity by 19%. Thus, the ability of polymethylene-p-triphenyl borate to enhance
interaction at the polymer-filler interface was demonstrated. The proposed composites were processed using injection
molding, and filaments for 3D printing were also produced from them. A similar pattern of property changes was
observed for samples manufactured by the different methods. It was found that wollastonite forms agglomerates within
the composite. A polymer composite material with improved physicochemical and mechanical properties was
successfully obtained; it can be used to manufacture functional parts via various methods, such as injection molding
and 3D printing.
Keywords: wollastonite, 3D printing, polymer composite materials, additive technologies, filament, ABS plastic,
FDM.
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Abstract—The paper describes the effect of the method for introducing reinforcing additives from detonation
nanodiamond powder on the structure and tribological characteristics of a composite material based on tin bronze (80%
Cu —20% Sn). A comparative analysis of two methods for introducing diamond nanoparticles—mechanical mixing using
a gravitational mill and ultrasonic dispersion—was carried out. A set of research methods showed that the method of
preparing the powder mixture significantly affects the density, porosity, phase composition, uniformity of nanodiamond
distribution, and tribological properties of the composite. The material obtained by mechanical mixing is characterized
by a more uniform distribution of nanodiamond particles, a lower friction coefficient (0.24+0.02), and a more stable
surface after wear tests (0.84+0.12 um), but it has higher porosity (6%) and somewhat increased linear (1.84x107° m)
and mass wear (1.33x1072 g) compared to the sample obtained by ultrasonic dispersion. The results show that the
choice of method for introducing nanodiamond particles should be taken into account when developing antifriction
composite materials based on tin bronze.
Keywords: composite materials, tin bronze, nanodiamonds, mechanical mixing, ultrasonic dispersion, structure,
tribological properties, wear resistance, friction coefficient, porosity
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Abstract—The issue of constancy of welding-technological, mechanical properties and chemical composition of
deposited metal during welding with flux-cored wire grade 48PP-8N while varying welding parameters (welding current,
arc voltage, welding speed, and shielding gas composition) is considered.
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Abstract—The results of a study of the structure, mechanical, and corrosion properties of a multilayer homoge-neous
weld deposit of 25% Cr—22% Ni—2% Mo —0.2% N grade on 14CrMnSi steel, produced using the electroslag strip cladding
without subsequent heat treatment, are presented. It is shown that electroslag specified strip cladding provides a high-
quality weld surface, the chemical composition of which matches that of 02Cr25Ni22NMo2 steel. Despite the absence of
heat treatment, the heat-affected zone does not exhibit elevated hardness values. The deposited metal structure is
austenitic and is free of defects such as hot cracks. The use of electroslag cladding technology ensures uniform
hardness distribution across the entire cross-section of the deposited part, resulting in high deformation capacity,

confirmed by static bending test results.
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austenitic structure
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Abstract—The comparative features of two strip cladding methods are presented. The advantages of electroslag strip
cladding (ESC) are shown. The cladding materials composition is described. The operating principle of magnetic
systems used for magnetic control of the welding pool during ESC is described. For the first time, the effect of zenith
shift on the cladding properties of cylindric surface, including chemical composition and resistance to intergranular
corrosion, has been established. The identified correlations allow to predict single layer cladding properties.
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DEPOSITION OF ANTICORROSIVE ZINC-NICKEL ALLOY COATINGS
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Abstract—A boron-free, sulfate-acetate-based electrolyte is proposed for producing protective Zn—Ni alloy coatings.
The influence of process parameters—such as cathodic current density, metal ion concentration ratios, acetate and
citrate ion content, pH, and temperature—on alloy composition and process efficiency was analyzed. Optimal process
parameters were established to yield coatings with a nickel content of 12—15 wt.% and a high current efficiency of 85—
92%. The resulting coatings exhibit high corrosion resistance in neutral salt spray tests (withstanding 2000—3000 hours
before the appearance of red rust), outperforming existing materials. Electrolyte stability was confirmed through long-
term operation tests with a total load of up to 300 ampere-hours per liter of solution. The electrolyte composition and
processing conditions are proposed for implementation in industrial production.
Keywords: electrodeposition, Zn—Ni alloy, boron-free electrolyte, sulfate-acetate, corrosion resistance, current
efficiency
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Abstract—Studies were conducted on the stress corrosion cracking (SCC) resistance of three irradiated austenitic
materials in an aqueous environment simulating the primary coolant of the MTIR—a proposed supercritical-pressure
water-cooled research reactor. Two austenitic chromium-nickel steels are being considered as candidate materials for
the reactor’s internal components, while the third material is a candidate for the corrosion-resistant cladding of the
reactor vessel. Based on autoclave tests performed at various stress levels and the subsequent identification of
microcracks via SEM, the threshold stress—below which SCC does not occur for the given irradiated state of the
material—was determined for each material. The results obtained guided the selection of materials capable of
ensuring freedom from SCC during the operation of the MTIR reactor.
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