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OnpegeneHbl TeMnepaTypHO-AedOpMaLMOHHbIE YCIOBUS NPOTEKaHWs AMHaMUYeCcKOM U cTaTuye-
CKOI pekpucTannMsauun cpeaHeyrnepoancTol ctanm, MUKporerMpoBaHHoON TuTaHoMm, 6opom, BaHaauem
1 HMOBMeM, B NpoLiecce ropsivei AeopMaLm co CKOPOCTbio 1 ¢ . YCTaHOBIEHO, YTO B YCIOBUSIX FOpsi-
Yyel NpokaTky HWMOBWI B CTanu NpensaTcTBYeT 3aBepLUEHN0 AMHaMUYECKOW peKpucTannusaumu, a npu
Temnepartypax Huke 970°C pes3ko 3ameansieT CTaTMYECKy0 pekpucTanimsauuio B naysax Mexay nocre-
JoBaTeNbHbIMU 0BXKaTUSIMU.

Knouesenle crosa: cpegHeyrnepoancTasa BbICOKONpPoO4YHaaA ctalb, MUKpoOernpoBaHmne Hnobuewm, cta-
T4yecKaa n guHaMmn4eckasa pekpuctannn3aumd, ropadad npokaTtka.
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MCCNEOOBAHUE BSAUMOCBA3N XAPAKTEPUCTUK PABOTOCMOCOBHOCTU U CTPYKTYPbI
30Hbl TEPMUYECKOIO BIIUAHUSA B CTANAX ®EPPUTHO-EEMHUTHOIO KIACCA
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MpencTaBneHbl pe3ynbTaTtbl UCCIENOBaHUSA CTPYKTYpbl, paboThl yaapa v TPELUHOCTONKOCTM MMU-
TMPOBAHHOW 30HbI TEPMUYECKOIO BIIMAHUSA HU3KOYTNEPOAMNCTON HU3KONENMPOBAHHOW CTanu C rapaHTupo-
BaHHbIM Npegenom Tekydectn 420 Mlla Ha y4acTkax KpymHOro 3epHa 1 MosfiHOW nepekpuctannusaumun.
MogenupoBaHue TEPMUYECKMX LIMKIOB CBapKM BbINOMHEHO Ha komnnekce Gleeble 3800.
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Knrouesbie criosa: 30Ha TEPMUYECKOTO BIUSIHUS, UMUTALMOHHOE MOAENWPOBaHUE, KPYMHO3EPHM-
CTbIi Y4aCTOK, Y4aCTOK NOSHOW NepekpucTannuaauum, cTpykTypa, depput, 6eMHUT, CKOPOCTb OXnaxae-
Hus, paboTa yaapa, TpewmHoctonkocTs CTOD.
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NMOBbILWEHUE XNAJOCTOMKOCTU CTANU MAPKM 09I2C 3A CYET NPOrPAMMHOIO
YNPOYHEHUA, COBMELUEHHOIO C AONONHUTENBbHbIM CPEOHETEMIMNEPATYPHbLIM
OTNYCKOM

M. N. OJIEHWH, g-p TexH. Hayk, B. . TOPbIHWH, go-p TexH. Hayk, B. B. MAXOPWUH

HUL] «Kypuyamosckul uHecmumymy» — LIHUW KM «lpomemed», 191015, CaHkm-[lemepbype,
LnanepHas yn., 49, E-mail: mail@crism.ru

Moctynuna B pegakuuio 12.03.2019
Mocne popaboTtkm 10.12.2019
MpuHaTa k nyénukaumm 10.12.2019

PaccmoTpeH cnoco6 noBbIWEHUS XMagOCTOMKOCTM  KOHCTPYKLUMOHHBLIX — cTanen  depputHo-
NepUTHOro Knacca. YCTaHOBMEHO, YTO Ha XNagoCTONMKOCTb TepMoynyyLleHHon ctanm mapku 09N 2C no-
NoXutensHoe BNUAHME OKasbiBaeT MPOLECC MPOrpaMMHOrO YNpOYHEHUs!, COBMELLEHHbIA C OOMOSMHU-
TenbHbIM cpeaHeTeMnepaTypHbIM oTnyckoM. OnpeaeneHbl MexaHnyeckne cesonctea ctanu mapku 09M2C
[0 1 nocne OONONHUTENBHOrO cpeaHeTeMnepaTypHOro oTnycka. [lokasaHo, 4TO HOBasi TEXHONOrUs no-
3BONSIET CMECTUTb KPUTUYECKYI0 TeMnepaTypy XPYnKOCTW, ONpeaeneHHyo No KpUTEPUIO SHEPrOEMKOCTH
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paspylweHusi, Ha 15°C B obnactb bonee HU3KUX TeMnepaTtyp 1 Npu 3TOM NOBbLICUTL Bonee Yem B 3 pasa
yoapHyto BsaAskocTb ctanu 09M2C npu Temnepatype MuHyc 90°C 6e3 M3MEHeHMsi ee MPOYHOCTHbIX
CBOWCTB.

Knrouesbie criosa: cTanb peppuUTHO-NEPNIMTHOIO Knacca, XNagoCToMKOCTb, NPOrpamMMHOE ynpodHe-
HWe, cpedHeTeMnepaTypHbIA OTMYCK, MEXaHUYeCcKMe CBOMCTBA.
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MpuBeaeHbl pesynbTaTbl UCCNeAoBaHUA CTPYKTYpbl cTany Tuna 15X2M®A Ha pasnunyHbIX yyacTKkax
CBapHOro CoeAVHEeHWs, BbINOMHEHHOro 6e3 Tepmuyeckor 06paboTkm ¢ NPUMEHEHNEM ManoyrnepoancTon
Hannasku. [okaszaHo HanmMyve B ManoyrnepoanucTon Hannaske TpexX 30H, pasnnyalroLwmMxcsl CoaepKaHuem
XUMWNYECKMX SNEMEHTOB, NEPEXOASALLMX U3 OCHOBHOrO MeTarina B HanmnasleHHbIN, a TakKe CKIMOHHOCTbLIO
K 0Opa3oBaHMIO 3aKarnoyHblX CTPYKTYp npu cBapke. PaspaboTaHbl MeponpuaTusi, No3Bonsiowmne nosbl-
CUTb MPOYHOCTb MOHTaXHbIX CBAPHbIX COEANHEHWN.

Kntodesblie crioea: aBToMaTuMyeckasi cBapka nod sitocom, CTPyKTypa MeTanna LBa, Marnoyrnepo-
AnCTas Hannaeka
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VMccnenoBaHbl XMMUYECKUIA COCTaB, CTPYKTYpa N MexaHU4ecKkne CBOMCTBA >XapornpoYHOro HUKeNeBo-
ro cnnaea mapku 31648, nony4eHHoro pasHbiMu cnocobamu: gecdopmaumeit, MUTbLEM MO BbiNasBnsie-
MbIM MOZENSIM U CENEKTUBHBIM Na3epHbIM crnnaeneHveM. okasaHo, 4To AedhopMUpPOBaHHbI MaTepuan
XapaKTepu3yeTcs HU3KOW MOPUCTOCTbLIO, MOBBILEHHBIMW YOAPHOW BA3KOCTHIO U MAACTUYHOCTbLIO, NIMTON —
nmeeT Gonee KpynHOE 3epHO, BLICOKUIA YPOBEHb AMNUTENBLHON MPOYHOCTU M ManoUMKITOBOW yCTanocTu, a
ANng martepuana, nofy4YeHHOro MeTOAOM CENEKTUBHOIO Na3epHOro CniaBfieHUs, XapakTepHbl NOBbILLIEHHOE
cofepaHve Kucnopoga u asora, Hanmume MenKko3epHUCTON CTPYKTYPbl C CUIbHO BbIPEXKEHHOW pa3Ho3ep-
HUCTOCTbIO M HACNeACTBEHHOCTbIO, a Takke MOBbILLEHHAA KpaTKOBPEMEHHAS MPOYHOCTD.

Knroyesnie criosa: maponpqublﬁ cnnas, /J,e(bopmau,wﬂ, nnTbe, CEJNleKTUBHOE Ina3epHoe crnaBne-
HUEe, XMUYECKMIA COCTaB, CTPYKTYpa, NPOYHOCTb, NNAaCTUYHOCTb, YCTAlOCTb, yaapHasA BA3KOCTb.
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BITIUAHUE COBMELLEHUA HENPEPBLIBHOIO JINTbA C O,EIHOBPEI\!IEHHOVI OE®OPMALIMEN .
METAIJNA B TBEPOOXWAOKOM COCTOAHUU HA CTPYKTYPY U CBOUCTBA METAINNOU3OENUA
13 CINIABA B95

A. M. CEPTEEBA'?, kaHa. ¢u3.-maT. Hayk, H. C. TOBU3WH', kaHa. cu3.-maT. Hayk,
A A. COCHI/IH1, KaHg. TeXH. HaykK
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E-mail: mail@imim.ru.
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MN3BecTHO, YTO Npu 3aTBepaeBaHUM PacniaBoB Noj BO3AENCTBMEM BHELIHMX ()aKTOPOB B 3aroToB-
Kax (pOpPMUPYETCSA MENKO3epPHUCTas CTPYKTYpa, YTO CnocoBCTBYET Yy4lLEHUIO MEXaHUYECKUX XapakTe-
PUCTMK rOTOBLIX MeTannousaenui. MonyyeHve ANMHHOMEPHbLIX NPOUIENn C BbICOKUM YPOBHEM MeXaHU-
YECKMX CBOMCTB 3a KOPOTKMIA MPOU3BOACTBEHHbLIN LMK — CROXHAs MexXaucuunnmHapHas 3agada, umeto-
Lan BaxHoe npuknagHoe 3HadeHue. B paboTe npeacTaBneHbl pesynbTaTthl UCCNenoBaHWii CBOWCTB U3-
Jenuin U3 aniMuHuMeBoro cnnasa B95, nonyyeHHbIX CNocoBoM HemnpepbiBHOrO BEPTUKANbHOMO NUThS,
coBMelLleHHOro ¢ AedhopMaLlment B TBEPAOXKMOKOM COCTOSIHAM B npoliecce 3aTeBepaeBaHus. MNpvBeaeHa
cXemMa YCTPOWCTBA, peanuayioLero Tako npouecc CoBMELLEHNs!, pacCMOTpeHa ero paboTa. [JaHo onu-
caHue crocoba nony4yeHus MNockMX 3aroToBOK, NOArOTOBKM 06pasLOB ANs UCCNeAoBaHNs MexaHN4Yeckmnx
XapaKTepUCTUK 1 MUKPOCTPYKTYPbl 3aroTOBOK.

Kak nokasanu nccnenoBaHusl, NonydYeHHble MeTanons3aenvs UMeloT MeNko3epHUCTYIO CTPYKTYpY C
NMOTHBLIM HanpaBrieHHbIM pacroNioXeHnemM aucrnokauuin. MpaHuLbl 3epeH ABNSAITCA LUNPOKUMU, HEpOB-
HbIMW, COCTOSILLIMMW M3 CETOK U AMCIIOKaLUMOHHbIX CrinieTeHniA. ToHKas HanpaBreHHasi AUCIoKaLMOHHas
CTPYKTYpa (hopMUpYETCS B KpUCTanm3aTope YCTPOMCTBa B NpoLiecce 3aTBepAeBaHus pacnnasa 1 obec-
MeynmBaeT MOBbILEHNE MEXaHWYECKMX XapaKTepUCTUK MeTanmnonsaenvin 6es gononHUTENbHbIX Npoueayp
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06p860TKM. B rotoBbIXx MeTannonsgenusax OTCYTCTBYHOT D,eq)eKTbl yCaao4YHOro nponcxoxaeHus. MNokasa-
Ha BO3MOXHOCTb 3a KOpOTKl/Il7I I'IpOVI3BOﬂ,CTBeHHbIl7| LUK CO CHMXEHHbIMU CUINOBbLIMK 3aTpaTtaMu noy4ye-
HNA OJTIMHHOMEPHbIX MeTanoM3aenum ¢ BbICOKMMU MeXaHUYeCKUMU XapaKTepucTnkamu.

Knrouesbie crnosa: antoMUHUEBBIE CMaBbl, MUKPOCTPYKTYpa, HEMPEPbLIBHOE NNUTbE, MEXaHnyeckue
CBOWCTBA, KpucTannusauusi, 4ecopM1MpoBaHue MeTanna B TBEPLAOKNAKOM COCTOSHUW.
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PaccMoTpeHa B3aMMOCBSI3b NepBOro M BTOPOro 3aKOHOB TEPMOAMHAMUKN Ha OCHOBE WX 3HEpreTu-
Yyeckon cylHocTU. OTMEYeHO, YTO NPOLIECCHI, ONUCLIBaEMblE BTOPbIM 3aKOHOM TEPMOAMHaMMUKK, 3a4ac-
TYIO NPOTEKAKT CKPbITO BHYTPU CUCTEMBI, YTO 3aTPyOHSIET UX OOHapyXeHue. Tem He MeHee, Jaxe npu
ngeanbHOM CMELLEHUM MPOUCXOOUT YBENUYEHNE BHYTPEHHEN 3HEPTUN CUCTEMBI, YACIIEHHO PaBHOE YyBe-
nuyeHuo cBoboaHOM 3Heprnn. Hanbonblunin BKNaa B U3MEeHeHne BennYmMHbl CBOOOQHON 3HEPrUM BHOCUT
SHTPOMMS CMELLEHUS, UMEtoLLLasi SHEPreTUYECKUIN CMbICIT. QHTPOMMSA CMELLIEHUS MOXKeT coBepluatb pabo-
Ty, YTO NOATBEPXKAAETCS B YAaCTHOCTM OCMOTUYECKMMUN MPOLIECCaMM.

Kntodesbie criosa: TepMoaMHaMuKa, CBOGOAHAsS SHEPrUsl, SHTPONWS, SHTPOMUS CMELUEHNS!, KOH(U-
rypaumMoHHas 3HTPONUsi, NEPBLIA U BTOPOIN 3aKOHbI TEPMOAUHAMUKM.
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OIrBHY « TexHonoaudeckull UHCmMuUmMym ceepxmeepdbixX U HO8bIX yariepoOdHbIX Mamepuanos» (OIbHY
TUCHYM), 108840, Mockea, 2. Tpouuk, yn. LlenmpansHas, 7a, E-mail: vorobjeva@yandex.ru

Moctynuna B pegakuuio 26.11.2019
Mocne popaboTtkm 20.12.2019
MpuHaTa k nybnukaumm 24.12.2019

lMpoBeaeHo TEXHMKO-aKOHOMMYeckoe 060CHOBaHMeE U paspaboTaHbl HayYHO-TEXHUYECKUE MPUHLUMBI
co3gjaHns  TexHonormM  npomssogcTBa  OypoBOro  MHCTPYMEHTa,  OCHALWEHHOro  anmasHo-
TBEPAOCMMaBHLIMU PEXYLIMMU dfeMeHTaMu POCCUACKOro npou3BoacTBa. lpeacraBneHbl pesynbTathl
pa3paboTaHHbix PITBEHY «TexHONorm4yecknin MHCTUTYT CBEPXTBEPAbLIX M HOBbLIX YIMEPOLHbIX MaTepua-
nosy» (®reHY TUCHYM) TexHOnorm4ecknx npoueccoB NpouM3BOACTBa anmasHO-TBEPAOCNNaBHbLIX Mna-
ctuH (ATIT), npegHasHayeHHbIX Ans paboTbl B pasnuyHbix ycnoBusix bypeHus. MNMokasaHa BO3MOXHOCTb
nonyyeHns ATl ¢ guddepeHUMpoBaHHbIMU DUBNKO-XUMUYECKMMU U SKCMyaTaUMOHHbIMU XapakTepu-
cTMKamn, oOyCnoBnMBaeMbIMU (PU3MKO-MEXAHNYECKMMU CBOWNCTBAMW TFOPHbIX MOPOA, OCOBEHHOCTAMMU
KOHCTPYKLUMW CKBaXWH U ApPYrMMUX ycroBusiMu GypeHus. [poBedeH KOMMNNEKC muccnenoBaHui OU3NKo-
MexaHuyecknx cBorcTB AT, X CBA3N CO CTPYKTYPHO-TEXHOMNOMMYECKMMU (PaKTopamun 1 SKCAyaTaumoH-
HbIMW XapakTepucTukamu gonotT. [prBeneHbl pesynbTaTbl OMbITHO-MPOMbILIIEHHBIX UCNBITAHUA OOMOT,
OCHalleHHbIX pesuamu npoussogctea PIEHY TUCHYM, Ha obbektax MAO «[asnpomHedTb». Mokasa-
HO, YTO opraHun3auus npombiwrneHHoro npoussoactesa ATl 1 BypoBbix AOMNOT NpeMnyMm-Kriacca no3BonuT
obecneuntb NOTPEeBGHOCTM poccunckon HedTerazopobbiBatoLLlen oTpacnu, MNOMHOCTLIO NMKBUOMPOBATb
MMMNOPTO3aBUCUMOCTb, a Kk 2025 r. 3aHATbL 25-30% MUpPOBOro pbiHKa GypoBOro MHCTpPYMeHTa U 06opyno-
BaHUA.

Knroyesble crosa: anmasHO-TBEPAOCMIIABHbIE NNACTUHbLI, BypoBon MHCTpymeHT, PDC pgonota, ums-
HOCOCTOWMKOCTb
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ONTUYECKU PEIYJIMPYEMbIE HAHOKOMMO3UTHBIE JIEKTPOXPOMHbIE NNEHKU WO;3/rGO
And YNPABJIEHUA CBETOMPOMYCKAHUEM U 3ALLUUTDBI
OT SNEKTPOMAITHUTHOIO U3NYYEHUA

A. B. LLErFOJIbKOB, W. . NAP®PUMOBKY, ¢. ®. KOMAPOB, a-p dus.-mat. Hayk,
A. B. WEMOJIbKOB, kaHga. TexH. Hayk, E. H. TYTONYKOB, g-p TexH. Hayk

@rb0OY BO «Tambosckuli 2ocydapcmeeHHbIl mexHu4eckul yHusepcumemy, 392000 Tambos,
Cosemckas yn., 106. E-mail: tstu@admin.tstu.ru

Moctynuna B pegakuuio 13.12.2019
Mocne popaboTkm 16.02.2020
MpuHsaTa k ny6nukaummn 19.02.2020

MpencTaBneHbl pesynbTaTbl UCCNEAOBAHUIA OMTUYECKUX U 3NEKTPOMArHUTHBIX CBOWCTB 3MEKTPO-
XPOMHbIX HAHOKOMMNO3UTHBIX NreHok WO3/rGO, nony4yeHHbIX MEXaHUYECKUM pacnblfieHNEM OUCTIEPCHOMO
pacTBopa Ha BogHow ocHoBe c yactuuamm WO3/GO n TepmoobpaboTkom (OTKMIrom) npu Temnepatype
300°C B MHepTHOWM aTMocdepe aproHa B TedeHue 24 4, B pesynbTate 4yero obpasoBanach aneKTponpo-
BOAHas ¢ha3a BOCCTaHOBNEHHOMO okeuaa rpadeHa rGO u kpuctannuyeckad WO;.

Knroyesble crioga: Tpuokeug Bonbdpama, 3NeKTPOXPOMHbIE MAEHKM, 3NEKTPOMarHUTHOE U3ryyYeHune,
ONTUYECKMEe CBONCTBA, OKCUA rpadeHa.
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TEXHONoruns nony4eHnsA KOMNo3nUMOHHOIro HAHOCTPYKTYPUPOBAHHOIO NOPOLLIKA
AnA HAHECEHUA 3ALLUUTHDBIX NOKPbITUU

E. 10. TEPALLEHKOBA, A. . BACUINBEB, E. A. CAMOJEJKWH,
B. B. PAPMAKOBCKWW, kaHa. TexH. Hayk

HUL] «Kypyamosckul uHcmumymy — LIHUW KM «lpomemedi», 191015, CaHkm-llemepbype,
LinanepHas yn., 49, E-mail: mail@crism.ru

Moctynuna B pegakuuio 23.12.2019
Mocne popaboTkm 20.02.2020
MpuHsaTa k ny6nukaumm 20.02.2020

MpuBeaeHbl pesynbTaTbl pa3paboTku TEXHONOMK MOyYeHUs NIakMpoBaHHOMO MOPOLLKA U MOKPbI-
TWIA Ha ero ocHoBe. Ha npumepe komnoauuum ctans Fagdunbaa — NOpOLLOK antoMUHNUA MokasaHa BO3-
MOXXHOCTb MOSTyYeHWsT NIaKMPOBaHHOIO MOPOLLKA C UCMOSIb30BAHMEM BbICOKOCKOPOCTHOIO MEXaHOCUHTE-
3a B 1€3MHTErPaToOpHbIX YCTAHOBKaX.

Knroyesbie cnoga: nnaknpoBaHHbIA MOPOLOK, cTanb aadunbaa, MeEXaHOCMHTE3, Ae3nHTerpaTop,
CBEPX3BYKOBOE XOMNOAHOE razofmMHaMuyecKkoe HarnblineHme.
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9. bobkoBa T. W. PaspaboTka maTepmnanoB n TEXHOMOIMM NOMNyYEHNsT UBHOCOCTOMKUX rpagneHTHbIX
NOKPbITUA Ha 6a3e HaHOCTPYKTYPMPOBAHHBIX KOMMO3ULMOHHBIX NOpPOLWKOB // ABToped. AMC. ... KaHA.
TexH. Hayk. — CI16., 2017.
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HAHOKOMMO3ULUOHHOE NOKPbLITUE C BbICOKOA MUKPOTBEPLOCTbIO
HA OCHOBE AIrMTIOMEPUPOBAHHOM MOPOLLKOBOW CUCTEMbI CIMJIAB X20H80-WC

T. . BOBKOBA, kaHg. TexH. Hayk, A. ®. BACUINbEB, E. A. CAMOLEJIKNH,
5. B. PAPMAKOBCKWW, kaHA. TexH. Hayk

HUL] «Kypuyamosckul uHcmumymy — LIHUW KM «lpomemedi», 191015, CaHkm-lemepbype,
UinanepHas yn., 49, E-mail: mail@crism.ru

Moctynuna B pegakuuio 13.01.2020
Mocne popaboTtkm 25.02.2020
MpuHaTa k nybnukaumm 27.02.2020

WccnepoBaHbl 0COBEHHOCTU MONYyYEHUS HAHOCTPYKTYPUPOBAHHBIX KOMMO3WMLMOHHBLIX MOKPLITUA C
BbICOKOM MMUKPOTBEPAOCTbIO MPU  UCMOSb30BaHUU  arfioMepupoBaHHbIX MOPOLUKOB CUCTEMbl Chras
X20H80 — kapbvg Bonbdpama, U3roTOBMEHHbIX C MOMOLLbIO BbICOKOCKOPOCTHOrO MexaHocuHTe3a. /ay-
YeHbl CBOMCTBA MOJTyYEHHbIX (DYHKLMOHAMNBHBIX MOKPLITUA, HAHECEHHBIX ABYMSI CMOCOb6amMun HanblifeHus:
CBEPX3BYKOBbIM XOJIOAHbLIM ra304MHAMNYECKMM Y MUKPOMITAa3MEHHbIM.

Kntouesble crosa: BbICOKOCKOPOCTHOM MEXaHOCUHTE3, YHMBepcarnbHas yaapHO-Ae3uHTerpaTtopHas
0bpaboTka, CBEPX3BYKOBOE XOIIO4HOE ra3oAMHaMMyeckoe HanblfieHne, MUKPOMIasMeHHOE HanbineHue,
MUKPOTBEPLOCTb.
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MCCJIENOBAHUE TEXHOJIOMUWN SNEKTPOXUMUYECKOIO HAHECEHUA
HAHOKPUCTANNNYECKUX MNOKPbITUUN HUKEIb — BONIb®PAM U3 LUTPATHOIO
ONEKTPOJIUTA

A. B. KPACUKOB, kaHa. xum. Hayk, A. [l. BBIKOBA ', M. B. MEPKYJTOBA?,
M. A. MAPKOB ", kaHg. TexH. Hayk

HUL] «Kypuyamosckul uHcmumymy — LIHUWN KM «lpomemedi», 191015, CaHkm-lemepbype,
UinanepHas yn., 49, E-mail: mail@crism.ru

2OrAoy BO «Cankm-llemepbypackuli 20cydapcmeeHHbIU mexHornoaudeckut uHemumymy (TexHoso2au-
yeckul yHueepcumem), 190013, CaHkm-llemepbype, Mockosckuti rp., 28

Moctynuna B pegakuuio 22.01.2020
Mocne popaboTkm 6.02.2020
MpuHaATa k nybnukaummn 12.02.2020

OnpegeneHbl ycnoBusi nonyyeHns naHococTorkoro nokpbltusa Ni—40%W meTogom anekTpoxmmuye-
CKOrO OoCaXeHus 1 n3yyeHa CTabunbHOCTb paboTbl ANEKTponuTa B 3TUX yCnoBusx. ViccreqoBaHo Bnus-
H1e TemMmnepartypbl U NNOTHOCTU TOKa Ha OoCaXxaeHue cnasa Ni—W un3 LUMTPaTHOIo 3neKkTponnTta n ycrta-
HOBMEH ONMTUMAanbHbIN pPeXnm ero HaHeCeHuA. I'Ipe/qeanaﬂ NpPoOAOIKUTENbHOCTb 3KCnyaTaunn arek-
TponnTa yCTaHOBJ1€Ha Mo 3aBUCMMOCTU BbiXOoda NO TOKY AnA cnnaBa Ni-W oT konuyecTBa nponyLweHHo-
ro anekrtpudectea. O6ocHOBaHa HEOOXOAMMOCTb NPUMEHEHMS MEMOpPaHHLIX 3NEKTPONIN3EPOB MPU OCaX-
OEHNN HUKENb-BONbMOPaMOBbIX NOKPbLITUN.

Knroyeesble crioga: N3HOCOCTOMKOE NOKpbITHNE Ni-W, metoa ANEKTPOXNMMUNYECKOIo ocaxaeHwmd, unT-
paTHbIVI QNEKTPOJINT, TEXHOJIOMTMYHOCTbL 3J1IEKTPONINTA, BbiXO MO TOKY.
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M3HOC METAINNTUYECKUX MATEPUANOB NMPU CYXOM CKOJIbXKEHUN C TOKOCBEMOM
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M3y4yeHa BO3MOXHOCTb OOCTUKEHUSA BbICOKON 3NEKTPONPOBOAHOCTN CYXOrO CKOMb3ALLEro SMeKTpo-
KOHTaKTa 3a cyeT NpuMeHeHus KoHTpTena ua monubaeHa. ObHapyxeHo, 4yto MeTannsl Cu u W He cno-
COBHbI (hopMMpPOBaTh CKOMb3ALLMIA 3NEKTPOKOHTAKT C BbICOKOM M3HOCOCTOMKOCTBIO MPY MAOTHOCTM TOKa
Bbilwe 100 A/cM®. PeHTreHOBCKUM asoBbiM aHann3om ObINo Noka3aHO OTCYTCTBME OKUCMOB B 30HE
CKOMBbXEHUS1 MPU MCMONb30BaHUN LBETHbIX MeTannoB. 370 06yCnoBUMNO UX CUMbHBLIA M3HOC U HU3KYIO
3MEeKTPONPOBOAHOCTb KOHTaKTa. XapakTepUCTMKN KOHTaKTOB MeTansioB, coaepXallmx xeneso, bbinm He
HaMHOrO fyylle XapakTePUCTUK KOHTaKTOB LIBETHbIX METanmoB 13-3a cnabon aareammn, Ho B 30He KOHTakK-
Ta aTmx obpasuos Habnoganock obpasosaHne FeO, 4TO NO3BONANO YyMEHbLUNTL U3HOC. TeM He MeHee,
nccneaoBaHUs Nokasanu, YTo BbICOKas 3NEeKTPONpPOBOAHOCTb MPY CKOMBXEHUN C TOKOCbEMOM MO MOMWG-
OeHy HeJoCTKMMa.

Knrouesble crioga: cTpykTypa 1 hasoBbI COCTaB NMOBEPXHOCTHOIO CrOsi, BA3KOE nfiacTuyeckoe Te-
YeHue Crosi NepeHoca, paspyLUeHNe N U3HOC MOBEPXHOCTU CKOMBXEHUS, CKOMNb3ALLMIA 3NIEKTPOKOHTAKT,
3MNEeKTPONPOBOAHOCTb CKOSb3ALLEro KOHTaKTa.

JINTEPATYPA

1. Braunovich M., Konchits V. V., Myshkin N. K. Electrical contacts. Fundamentals, Applications and
Technology. — New York: CRC Press, 2007. — 640 p.

2. Holm R. Electrical Contacts. — New York: Springer, 1979. — 484 p.

3. BepeHt B. A. MaTepunansl 1 CBOMCTBA 3NEKTPUYECKNX KOHTAKTOB B YCTPOMCTBAX XKENe3HOO40pOX-
Horo TpaHcnopTa. — M.: UHTekeT, 2005. — 408 c.

4. Jivewwuy M. C. CnpaBoO4YHUK MO LETKAM 3NeKTpUYeckmx mawuH. — M.: QHeproatommagar. — 1983.
- 216 c.

5. Bares J. A., Argibay N., Mauntler N., Dudder G. J., Perry S. S., Bourne G. R., Sawyer W. G. High
current density copper-on-copper sliding electrical contacts at low sliding velocities // Wear. — 2009. —
V. 267.—-P. 417-424.

6. Argibay N., Sawyer W. G. Low wear metal sliding electrical contacts at high current density //
Wear. —2012. — V. 274-275. — P. 229-237.

7. Kovalchenko A. M., Blau P. J., Qu J., Danyluk S. Scuffing tendencies of different metals against
copper under non-lubricated conditions // Wear. — 2011. — V. 271 — P. 2998-3006.

8. Aleutdinova M. I., Fadin V. V., Rubtsov V. Ye., Aleutdinov K. A. Wear resistance of friction pair of
metal composite/copper under electric current // IOP Conf. Series: Materials Science and Engineering. —
2016. —V. 156. — 012027. DOI:10.1088/1757-899X/156/1/012027.

9. AneytauHoBa, M. U., ®agun B. B., [lypakos B. I'. I3HOCOCTONKOCTb CNEYEHHbIX MeTanm4eckmnx
KOMMO3WUTOB NpY TPEHUM MO MONMOAEHY B YCINOBUSIX CKONb3sILLEro TokocbeMa // Bonpockl maTtepuanose-
aeHus. — 2010. — Ne 2 (62). — C. 96-103.

10. Aleutdinova M. |, Fadin V. V. The role of FeO in creating of multi-level structure of the surface
layer of metallic materials in the dry slip zone under electric current of high density // AIP Conference
Proceedings. — 2019. — V. 2167. — 020012: https://doi.org/10.1063/1.5131879.

© 2020 HayuHo-TexHu4Yeckum xxypHan

HUL «KypuaToBckuit uHctuty™ — LLHUUA KM «MpomeTen» «Bonpockl maTepuanoseaeHus»
http://www.crism-prometey.ru




11. AneytguHosa M. N., ®aguH B. B. N3HOCOCTOMKOCTb YrnepoanCTbiX cTanen nog Bo3gencTanem
TPEHWs U ANEKTPUYECKOro TOKa BbICOKOW NnoTHocTu // Bonpockl matepuanosegenus. — 2015. —Ne 3 (83).
— C. 47-53.

12. Aniofek K., Kupka M., Barylski A. Sliding wear resistance of oxide layers formed on a titanium
surface during thermal oxidation // Wear. — 2016. — V. 356-357. — P. 23-29.

13. Hager Jr C. H., Evans R. D. Friction and wear properties of black oxide surfaces in rolling/sliding
contacts // Wear. — 2015. — V. 338-339. — P. 221-231.

14. Wesmann J. A. R., Espallargas N. Elucidating the complex role of surface oxides formed during
sliding of self-mated warm sprayed WC—-CoCr in different environments // Tribology International. — 2016.
—-V.94 - P.360-372.

15. AneytguHoBa M. WN., ®aguH B. B., MupoHoB 0. 1. XapakTep KOHTaKkTHOro B3avMOAENCTBUSA
NPy CyYXOM CKOSbXeHMM BonbdpamMa no ctanu nog BO34eNCTBUEM SMEKTPUYECKOrO TOKa BbICOKOW MIIOT-
HocTu // Bonpockl maTepmnanoBsegeHus. — 2019 — Ne 1 (97). — C. 101-109. https://doi.org/10.22349/1994-
6716-2019-97-1-101-109.

YOK 621.763-48

F’MBPUOHBIE MOJIMMEPHbLIE KOMNO3ULIMOHHbIE MATEPUAITbI ANs ABUALIUN HA OCHOBE
BOJNNOKHUCTbIX HAMONHUTEINEW (O630p)

E. . KOJTNAYKOB, A. O. KYPHOCOB, A. . METPOBA, a-p TeXH. HaykK,
A. E. PACKYTWH, kaHg. TexH. Hayk

@r'Yri «Bcepoccutickuli Hay4yHo-uccriedosamesibCKUl UHCMUMym asuayUoOHHbIX Mamepuanosy
(®ryri «BUAM»), 106005, Mockea, yn. Paduo, 4. 17, E-mail: admin@yviam.ru

Moctynuna B pegakuuio 13.12.2019
Mocne popaboTtkn 27.12.2019
MpuHaTa k nyénukaumm 10.01.2020

PaccMoTpeHbl OCHOBHbIE KpuTepumn Knaccudmkaumm rmépuaHbIX NOAMMeEpPHbIX KOMMNO3ULMOHHBIX Ma-
TepuanoB Ha OCHOBE BOJIOKHUCTbIX HanonHuTenewn. NpoaHannavpoBaHbl UX OTNUYUTENbHbBIE OCOBEHHO-
CTW, npmBeaeHbl npumepbl co3gaHusa rmbpuaHelx MNMKM, paccmoTtpeH onbiT PIYIM « BUAM» B cosgaHum
rmopuaHbix MKM.

Knroyeenie crnosa: NoJIMMEpPHbIE KOMMO3NUMOHHbIE MaTtepwuanbl, n3genma aBMalMoOHHOIo Ha3Ha4e-
HUA, I'VI6pVI,D,HbIe KOMMO3ULIMOHHbIE MaTepuarnbl, retepo- U NOJIMBOJTIOKHUCTbIE MaTepuarnbl.
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NONMUMEPHBIX KOMMNO3ULMOHHBIX MATEPUAIIOB AN CYAOBbIX KOPMYCHbIX
KOHCTPYKLUWN
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PaccmoTpeHbl nogxodbl 1 TpeboBaHWA K onpedeneHuIo XapakTepucTuk noxapobesonacHocTn no-
NYMEpPHbIX KOMNO3MUUOHHLIX MaTepuanos ([KM) B cygoctpouTensHon oTpacnu. [NpeacrtaeneHsl akcne-
pyUMeHTanbHble AaHHbIe N0 ONpedeneHnio TakuX XapakTepucTuK Ha NpuMepe TPEXCITOMHOro NONMMeEpPHO-
ro KOMMO3ULMOHHOIO MaTepuana n cteknonnactuka Hecywux cnoes. OnpegeneHa HeobxoauMocCTb pas-
paboTkn OTeYeCTBEHHON HOPMAaTUBHON AOKYMEHTaLMN NO KOPPEKTHbIM TpeboBaHUSAM K NpoOBeaEeHMNI0 UC-
NbITaHNU MHOrocrnorHbix NMKM 1 nHTepnpeTaumm gaHHbIX.

Kniroueeable criosa: CTEKMNONNACTUK, TPEXCIOMHbLIA NONMMEPHbIA KOMMO3ULIMOHHBIA MaTepuan, noxa-
po6e3onacHOCTb, FOPYECTb, CYAOCTPOEHME.
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TEOPETUYECKHWE U SKCNEPUMEHTANBbHbIE NCCINEQOBAHUA KOMMO3ULIMOHHbIX
MATEPUANOB, APMUPOBAHHbIX YTNMEPOOHbIMUA TKAHAMMW

YacTb 5. MOAenMpOBaHMe U 3KCNnepumMeHTarnbHble NccriegoBaHus .qe(bopmau,uu CTPYKTYpbI
yrnepop,Hoﬁ TKaHU

B. M. I'IPI/IMA‘—IEHKO1, O-p TexH. Hayk, K. O. CTPOKI/IHZ, KaHg. TeXH. HayK
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Moctynuna B pegakuuio 13.12.2019
Mocne popaboTkm 17.02.2020
MpuHsaTa k ny6nukaummn 19.02.2020

B pe3ynbTate MoAenmMpoBaHUA N 3KCNepuMeHTarnbHbIX ncenegoBaHnin Guinn nony4yeHbl 3Ha4YeHudA
OCHOBHbIX XapaKTepucTtuk p,ecbopmau,vwl CTPYKTYpPbI yrnepop,H0|7| TKaHW. 3KCFIepI/IMeHTaﬂbeIe OaHHble
Obinn 06pa6OTaHbI no CTaHAapTHbIM MeTOOUuKaMm Focyp,apCTBeHHoﬂ cuctembl obecnedyeHust eauMHCTBa
M3MepeHVIl7I. CpaBHEHVIe NPOrHO3MpyemMbiX U SKCNEepMMeHTalrlbHbIX OaHHbIX MOKa3asio 4OCTaTO4YHO BbICO-
KO€ Ka4yeCTBO pa3pa60TaHH017| MeXaHWKO-aHannTu4eckon moaenum /J,eq)opmau,vm CTPYKTYPbl TKaHW.

Knirouessie crioga: yrnepogHas TkaHb, CTPYKTYpa, apMUPYIOLLIMI KOMMNOHEHT, AedopMaLust, MexaHm-
KO-aHanMTuyeckas Moaenb, MeXaHNYeCcKne XxapakTepucTuKm.
JINTEPATYPA
1. MpumayeHko b. M., CtpokuH K. O. TeopeTuyeckme n akcnepMMeHTarnbHble NCCneaoBaHsa KOMMNo3num-
OHHbIX MarepuasnoB, apMUPOBaHHbIX YrnepoaHbiMU TKaHaMU. YacTb 4. MexaHuKko-aHanuTuyeckas mo-
nenb gecopmaumn CTpyKTypbl yrinepogHon TkaHu // Bonpockl matepuanoBegenua. — 2019, Ne 1 (97). —
C. 139-146.

2. MNpumayeHko b. M., CtpokuH K. O. TeopeTnyeckme n akcnepMMeHTanbHble NCCneaoBaHsa KOMMNo3num-
OHHbIX MaTepuanos, apMMPOBaHHbIX YrnepoaHbiMu TkaHamn. YacTe 1. MiccnepoBaHusa obnacTu KOHTaKTa
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Moctynuna B pegakuuio 16.01.2020
Mocne popa6boTkm 2.03.2020
MpuHaTa k ny6bnukaumm 3.03.2020

MpeacTtaBneHbl pes3ynbTaThl UCCREAOBAHUA MPOLIECCOB KOPPO3UMOHHOIO pacTpecKMBaHUA Mnoa Ha-
npsbkeHnem (KPH) manoyrnepogmcTbiX HU3KONErmpoBaHHbIX cTanen. [MokasaHo, 4TO UCnofb3oBaHWe
BUXPETOKOBOrO MEeToa No3BoisieT NPOBOANTb OLIEHKY TOHKMX U3MEHEHWUN CTPYKTYpbl, CBA3a@HHbLIX C Mpo-
ueccamu 3apoxgeHus TpewmH KPH. MNpuBegeHbl 3aBUcMMOCTM BpemMeHn nHKybaumoHHoro nepuoga KPH
OT npeferna Makpoynpyroctu go. OTMEYEHO, YTO NpY NOBbLILLEHUN 3HAYEHUS Oy YBENMYMBAETCS BpeMS 00
o6pa3oBaHMs NepPBOW TPELLMHBI, YTO MOXET ObITb 06 BACHEHO M3MEHEHMEM Ha4yana MUKpPOMNIacTUYECKOro
TedyeHus B matepuane. Ha ocHOBaHMU 3KCMEPUMEHTANbHbLIX OAHHbLIX MOMyYeHa aHanMTM4eckas 3aBUCH-
MOCTb BpeMeHUn uHKybauuoHHoro nepnoga KPH oT npegena makpoynpyrocty (MOrpeLHOCTb pacyeToB He
npesbicuna 10%). NpeanoxeH napameTp AN OLEHKN COCTOSHMA MaTtepuana, nogsepxeHHoro KPH, no-
3BOMSAOWMA NO AAHHBIM BUXPETOKOBbBIX M3MEPEHUN 3addMKCUPOBaTbL MPOXOXAEHNE CTaaun HaKOMMeHns
MUWKPOMOBPEXAEHUN U MOMEHT MCYEpnaHWUs 3HaYUTENbHOM 4acTu pecypca matepuana Ao MosBreHUs
MHOXXECTBEHHbIX MOBEPXHOCTHBIX MaKpPOTPELLMH.

Knouesble criosa: MarnoyrnepoamncTtasa cralib, KOPpPpO3UOHHOE pacTpeCKnBaHME noa HanpsaxeHunem,
BMXpeTOKOBbIVI MEeTOo/[, NOBEPXHOCTHbIE TPELWWHbI, Npeaest MakpoynpyrocTtu.
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ekToB nuHenHon yactn OAO «l"asnpom» // Matepuansl V MexayHap. kKoHd. «OBcnyxXnBaHne n peMoHT
rasoHedTenpooaor 2010» — M.: Masnpomakcno, 2011. — C. 102-106.
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Mocne popaboTtkm 11.03.2020
MpuHsaTa k nybnukaumm 12.03.2020

WMccnepoBaHbl acnekTbl pa3BuTMS KOPPO3UOHHBIX MPOLIECCOB B YCMOBUSAX KOHAEHCaUuuy Bnarv B ra-
30BOW (pase B NPUCYTCTBUM AMOKCMAA Yrnepoaa, KoTopble NpMBOAAT K 06pa3oBaHMIo NoKanbHbLIX NoBpe-
XOeHun ctanu Ha obbekTax Aobblum rasa. PaspaboraHa n onpoboBaHa MeToAmMKa NPOBEAEHMST KOPPO3U-
OHHbIX UCMbITaHUI CTanewn B Takux ycrnosusx. [IpoaHannaMpoBaHbl MPUYMHbLI NIOKaNbHOM KOPPO3umK 1 CTe-
neHb KOPPO3MOHHOIO BO3AENCTBMSA KOHOEHCAUMM Bnaru Ha ctanb B YINEKUCNOTHOW cpede. YCTaHOBNEHO,
4YTO NpW Nepenage TemnepaTyp NPOUCXOAUT KOHAEeHcauns 6onbLUero KonmyecTsa Brarn Ha NOBEPXHOCTH
cTanwu, YTo NPMBOAUT K YBENMUYEHNIO CKOPOCTM Kak obLLel, Tak U NokanbHOW Koppo3uu. [NoBbileHHas no-
Kanusaumm KOppO3NOHHbLIX MPOLECCOB B YCMOBUSX KOHAeHcauun Briarn n npucytctema CO, cTaHOBUTCS
NMPUYMHON TOrO, YTO NMoKasaTernb rMyOGuHbLI KOPPO3UW CTanu HaMHOTO Bbille, YeM 0bLLas CKOPOCTb KOPPO-
3un. Mpn oueHke KOPPO3MOHHOW arpecCMBHOCTM cpef C KOHAeHcauven BogHOW cdasbl crneayeT yyuTbl-
BaTb NoKasaTenu CKOPOCTUN KOPPO3WM, CBA3aHHbIE C rMyOMHON KOPPO3MOHHbLIX NoBpexaeHwn. Mo pesynb-
TataM WCnbITaHM onpedeneHo, YTO CTeMNeHb NokanvsaumMnm Kopposun B YCROBUSAX KOHAEHcauuu Bnarm
Ans o6pasuo., BbIpe3aHHbIX U3 CBApHOrO LWUBA, Bbille, YeM Ans 06pasuoB, BbIpe3aHHbIX M3 OCHOBHOIMO
meTanna.

Knouesenle criosa: KOPPO3MOHHaA CTOWMKOCTb, KOHOEHcauusa Bnaru, CKOPOCTb KOppO3uKn, rnokarbHasa
KOppo3nn, AMOKCUA yrnepoaa, nokalbHble KOPPO3NOHHbIE ,D,ecbeKTbI.
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