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M3HOCOCTONKOCTb N MEXAHWYECKWME CBOWCTBA
XPOMUCTbIX YYTYHOB

bapaHoBckuii K.3., ¥pbaHosnuy H.W., Bonocatunkos B.W., bacanaii WN.A., Po3eH-
6epr E.B. (benopycckuit HaunoHanbHbIi TEXHUYECKNIA YHMBEPCUTET, . MUHCK, Benapycs),
Oysanos M.KO. («<NHCTUTYT TeXHONOrMM MeTannoB» HaunoHanbHas akagemus Hayk benapy-
cu, r. Morunes, benapycs)

B cTaTbe npeacTasneHbl pesynbTaThbl UCCAeA0BAHNA NO CPABHEHWIO MEXAHNYECKMX
CBOWCTB U1 M3HOCOCTOWKOCTM Hambonee pacnpocTpaHeHHbix B CHI™ n Pecny6nuke Be-
napycb M3HOCOCTOMKMX XPOMUCTbIX YyryHOB. [OKasaHo, YTO NPUMEHEHWE HOBOrO W3-
HOCOCTOMKOro 4yryHa 1 crneunanbHbiX METOLOB M TbS NO3BONSET MOBbICUTbH U3HOCO-
CTOWKOCTb M MexaHU4YecKkune CBOWCTBA AeTanei.

BeegeHune

JKcnnyaTauMoHHbIE XapaKTePUCTUKN COBPEMEHHbLIX U3HOCOCTOMKUX XPOMUCTbLIX Yy-
ryHos (MYX) onpegenstoTcs HanMumeM, 06pasyroMxca NPU BbICOKUX COAEPXAHUSAX XPOMa,
cneunanbHbiX Kaponaos Me7C3 n MeraCo 1 AONONHUTENbHbIX NMETUPYHOLLINX 3NEMEHTOB (MO-
nnbaeHa, HUKeNns, BaHaaus, n ap.). Aetanu, ncnbiThiBatoLW e abpasmBHbIA U3HOC, paboTaloT B
YCNOBMAX BO3MOXHbIX YAapHbIX Harpy3ok, no3ToOMy KpOMe W3HOCOCTOMKOCTW BaXKHEMLUIUM
KputepmeM paboTocnoco6HOCTM ABNAETCS yAapHas BA3KOCTb WM NPOYHOCTb. B CBA3N C 3TUM,
paspaboTKa cocTaBOB HOBbIX NYX, obecneunBatoLLinx coyeTaHNe BbICOKOW M3HOCOCTOMKOCTM
M TBEPLOCTU, HApAAY C YAOBNETBOPUTEAbHON NPOYHOCTLIO, MIACTUYHOCTLIO W YAapHOW BA3-
KOCTbIO, fIBNISETCSA BECbMaA aKTyabHO.

OCHOBHast yacTb

B03MOXHOCTb MCNOMb30BAHUSA M3HOCOCTOMKNX XPOMUCTbIX YYTYHOB B T€X WU UHbIX
YCNOBUAX 3KCnayaTauumn onpeAensieTcsd He TO/IbKO MX U3HOCOCTOMKOCTbIO, HO M MexaHuye-
CKuMK cBoicTBamMn. T03TOMY npefcTaBnseT UHTEpPeC cpaBHEHWE U3HOCOCTOMKOCTU M Mexa-
HWYECKNX CBOMNCTB Hanbosiee 4acTo NPUMEHSEMbIX B MPOMbILLIEHHOCTN NYX.

B kauyecTBe aTanoHa 6bI/1 BbibpaH Hanbonee pacnpocTpaHeHHblin B CHIC n Pecny6nvke
benapycb M3HOCOCTOMKMNIA XPOMUCTbIN 4yryH - NUX28H2 (25-30 % Cr, 1,5-2,0 % Ni). B Ha-
CTosLLee Bpems U3 3TOro crnjaBa M3rotaBnmneBaeTcs 60/blasg HOMeHKNaTypa OTANBOK (feTanm
HaCoCOB N5 MepeKayky arpecCUBHbIX BELLECTB, 3aluTa U 6pOHA pa3MosibHOro obopynosa-
HUA U T.4.).

LLinpoko npuMeHseTCa XPOMOMOANGAEHOBLIA 4YyryH WUX16M3 (15-19% Cr,
1-3 % Mo), 13 Hero Npom3BoAAT ApobemMeTHbIe IonaTtkn, 06aMLOBKY pa3MoibHOro 06opyao-
BaHUS W1 T.4. Bnarogaps monubaeHy, aTOT YyryH o6nagaeT BbICOKOM NPOKa/JMBaeMOCTbIO U
NCNonb3yeTcs, B OCHOBHOM, B TepM006paboTaHHOM COCTOSIHUM (3aKanka) [1].

KOMNNeKCHO NernmpoBaHHbIi MONMOLEHOM, HUKeNem, BaHagvem 4yryH WKYX18
(17-19 % Cr, 0,5 % Mo, 0,4 % V, Ni go 0,8 %) xopoLlo 3apeKoMeH0Ban cebs Ansa getanei
CTPOMTENbHOro 060pyA0BaHNA, MOYBOOOPabaTbIBAOLWEA TEXHUKN, MALLMHOCTPOEHMS [1].

YT06bI NONYYNTb CONOCTABUMbBIE Pe3y/ibTaTbl N0 CTPYKTYpPe M TBEPLOCTM, 06pasLibl U3
pasHbIX CMiaBOB OT/IMBA/INCL B OfMHAKOBbIE NecyaHble OpMbl. [18 YMEHbLUIEHUA BANAHMUS
COfepXXaHus yrnepoja BO BCeX CyyasaX NMPUMEHSANNCL YYTYHbl 3BTEKTUYECKOro COoCTaBa, CO-
aepxatime 3,2-3,5 % yrnepoga. B nutom 1 TepMoo6paboTaHHOM COCTOSAHUAX UCCNeN0Bannch



MeXaHu4yeckne CBOWNCTBA: TBEPLOCTb, Mpefen MPOYHOCTU MpPU PacTsHKEHUU, yhapHas BA3-
KOCTb. Pexum Tepmoo6paboTKM 418 BCEX YYTYHOB Obln Crefytoumnm: 3akanka ¢ 960-980 °C
Ha Bo3ayxe, oTnyck npu 200 °C - 2 yaca.

B ycnoBusx nabopatopHbIX YCKOPEHHbIX UCMNbITaHUA M3yyYeHa OTHOCUTENbHAA U3HO-
COCTOMKOCTb 4yryHoB NUX28H2, NUX16M3, NUX18 B nutom 1 TepmoobpaboTaHHOM CO-
cToAHuAX. McnbliTaHns 06pasyos 13 YX npoBoaniv B pexxume Cyxoro TPeHMS C niockona-
pannenbHbIM MepeMelleHneM abpasuBHOro martepuana (3N1eKTPOKOPYH[ C pasMepoMm 3epHa
0,1-0,063 mm). KoathhMLUMEHT OTHOCUTENBHON M3HOCOCTOMKOCTU ONpPeAensncs Kak oTHoOLLe-
HWe NoTepy MaccChbl NPU UCMbITAHUAX 3TaIOHHOTO U UCMbITYyeMOro o6pasuos. B KayecTse aTa-
NIOHHOrO ucnonb3oBanu o6pasey M3 yyryHa MUYX28H2 B NMTOM COCTOAHMU C TBEPAOCTLIO
52-53 HRC. B Tabnnue 1 npueeaeHbl NOAYyYeHHbIE pe3ynbTaThl.

Tabnuua 1- MexaHUYecKne CBONCTBA M OTHOCUTENbHAS M3HOCOCTOMKOCTb
XPOMUCTbIX YYTYHOB B INTOM M TepM0O06paboTaHHOM COCTOSAHUAX

Mapka uyryHa NYX28H2 NYyXx18 NYX16M3
TBEPAOCTb B InTOM cocTosiHuun, HRC 52-53 55 54-55
TBEPAOCTb B TEPMO06Pa6OTaHHOM
cocTosiHuM (3akanka), HRC 61 65 67
npegen NPOYHOCTU MPU PACTAXEHUM B JINTOM
coctodaHun, Mrla 395 325 267
npegen NPOYHOCTU NPU PaCTHKEHUN
B TepMoo6paboTaHHOM cocTosAHUN, MIMa 402 341 315
yAapHas BA3KOCTb B IMTOM COCTOAHUM, [x/cM2 114 10,5 6,4
yAapHas BA3KOCTb B TepM0o06paboTaHHOM
cocTosiHun, Ax/cm2 10,5 8,6 5,8
KO3 (hMLUNEHT OTHOCUTENbHON
M3HOCOCTOWKOCTW YYyTYHOB B IUTOM COCTOAHUU 1 2,2 2,8
KO3()(hMLMEHT OTHOCUTE/IbHON U3HOCOCTOMKOCTY
YyryHOB B TeEpM006Pab0oTaHHOM COCTOSAHUM 2,9 55 57

Kak BMaHO 13 Tabnauubl 1, HAMMEHbLIYH M3HOCOCTOMKOCTb MMeeT uyryH MUX28H2 B
NNTOM COCTOAHUKU. TepMoo6paboTKa MoBbIlLaeT U3HOCOCTOMKOCTb BCEX YYTyHOB, OCOBEHHO
NYX18 n NYX16M3, B pesynbTaTe UMEHOLWUNX MAPTEHCUTHYIO MeTaNIMYecKyto matpuly. B
TOXe BpeMsa TepmMoobpaboTka CHMXaeT Hanbonee 3HauuMbld gna MYX napameTp - yaapHyto
BA3KOCTb (BCE M3HOCOCTOMKME XPOMUCTbIE YYTYHbl MMEKT HEBbICOKYH YAApPOCTOMKOCTb).
Hanb6onblien yfaapHoin BA3KOCTbiO 06nagaeT yyryH MUX28H2 B IMTOM COCTOAHUN.

B Pecny6nunke Benapycb 6onee 90 % petaneit n3 MYX nsrotaBnmeaeTcs M3 crniasa
NYX28H2, oH pa3pabaTtbiBancs gns paboTbl B KOPPO3MOHHO-abpasnsHbIX ycnosusax [2]. 3a-
MEHa 3TOro YyryHa ansa paboTtbl B abpa3mBHbIX cpefax Ha 60/1ee N3HOCOCTOMKMWIA 1 AeLleBbll
YYTYH SBNSETCA aKTya/lbHON. CneayeT OTMETUTb, YTO YyryH MYX28H2 o6nagaeT BbICOKMMU
MeXaHU4yeCcKMMWN CBOMCTBaAMU (MPOYHOCTLIO MPU PACTHKEHUN U YAAPHOW BA3KOCTbIO), MO-
3TOMY Mcnonb3oBaHue cnnasoB MYX16M3 n NUX 18 kak 3ameHuTenein MYX28H2 npobne-
MaTWUYHO, TaK KaK 3TW YyryHbl UMEOT 60/iee HU3KME MeXxaHU4YecKne CBOMCTBA M JOPOru n3-3a
BbICOKOI0 COAEPXaHusa Nernpyowmnx 3/IeMeHTOB.

B «MHCTUTYTE TEXHONOrMM MeTannoB» HauuoHanbHO akagemun Hayk benapycu u
BenopycckoM HauMoHasbHOM TEXHMYECKOM YHUBepcUTeTe pa3paboTaH 3KCNepuMeHTasbHbIN
N3HOCOCTOMKNUIA XPOMUCTbIA 4YyryH cogepxawimnii 16-20 % Cr M 3KOHOMHO /1erMpoBaHHbIl
(Mn, W, V, Ni, Mo) [3]. MexaHn4yecKne CBONCTBA U M3HOCOCTONKOCTb pa3paboTaHHOro 4y-
ryHa MUX18BM u cnnasoB MYX28H2 n MUX16M3 npeacrasneHbl B Tabnuue 2.



Tabnuua 2 - MexaHU4yecKue CBOWCTBA U OTHOCUTENbHAS M3HOCOCTOMNKOCTb
XPOMMCTBIX YYTYHOB

NUYX28H2 WNYX16M3 Pa3paboTaHHbI N3HOCOCTOWKMNIA

Mapka uyryHa (nnToiA) (3aKanka) 4yryH NYX18BM (3aKasika)

TBepgocTs, HRC 52-53 67 66
yAapHas BA3KOCTb, JK/cM 11,4 5,8 13,5
npeen NpoYHOCTH

npu pactsxeHun, Ma 395 315 425
KO3(h(PULMEHT OTHOCUTENIbHOA

N3HOCOCTONKOCTU™ 1 5,7 59

*3TasIoH - YyryH NYX28H2 B 1MTOM COCTOAHUM (MUCMbITaHUSA B N1a60OPATOPHBIX YCN0BUAX)

Pa3paboTaHHbIA 4YyryH MMeeT 60/ee BbICOKYH) WM3HOCOCTOMKOCTb U MexaHMyecKue
CBOWCTBa, YeM camblii pacnpocTpaHeHHbIli B benapycun n CHIC cnnas MYX28H2. Ero ctou-
MOCTb CYLLECTBEHHO HWXe, YyeM Yy cniasoB MUX28H2 n MYX16M3 npu 605ee BbLICOKUX Me-
XaHUYeCKNX CBOMNCTBaX U M3HOCOCTOMKOCTU. B HacTosiee Bpems M3 pa3paboTaHHOro crnnasa
M3roTaB/MBalOTCS AeTann 060pyAoBaHMA Mo NPOU3BOACTBY KMPNUYa M3 rnHbl, paboTaroume
B abpa3nBHOI cpefe U MMetoLL e pecypc paboTbl He HWKe, Yem 13 cnnaBa MUX16M3. [eTa-
NN LEeHTPOGEeXHbIX MenbHUL, 13 cnnasa MYX18BM npu pasmosie KBapLEBOro CTeK/a nokasa-
nn pecypc paboThbl B 8-9 pas Bblle, YeM Takue e getann u3 cnnasa MYX28H2 B nutom co-
ctosHuK [4]. Ha pucyHke 1 nokasaH pecypc paboTbl OTOOMHbIX MAUT LEeHTPOOEXHOWN Mefib-

Huubl MLL-0.63.
Kak BUAHO M3 pUCYHKa 1, Tep-
Moo6paboTKa MOBbILLAET WM3HOCOCTOWA-
KocTb MUX28H2 B 2 pa3sa, a M3HOCO-
CTONKOCTb TEPMO0O6pPaboTaHHOro cnna-
Ba MNYX18BM B 9 pa3 npeBocxogut
NUYX28H2 B nnutom coctosHun. Ctont
OTMETUTb, 4YTO nNpu pasmone 6onee
TBEPAbIX U MPOYHbIX BELECTB, TaKuX
KaK Mecok, rpaHuT u Ap., pasHuua B us-
HococTorkocTn NYX28H2 n NYX18BM
MeHee 3HauyuTeNlbHa, TakK Kak TBep-
a- niurta nz uyryHa MUX28H2 (nutoe coctosHme);  AOCTb YYTyHOB conoctaeBuma C TBEP-
6- v3 uyryHa NUX28H2 (3akanka); [OCTbI0 pasmanbiBaeMblX BellecTB [5],
B- 13 yyryHa YX18BM (3akasika) HO BO BCEX C/y4vasX M3HOCOCTOMKOCTb
PucyHok 1- Pecypc pa6oTbl 0T60MHbIX NAnT  NYX18BM Bbiwe, yem y NYX28H2.
[ancHelilwee yBennyeHne Wu3-
HOCOCTOMKOCTM YyryHOB BO3MOXHO 3@ CYeT MCNOJIb30BaHUA CreunanbHbiX METOLOB NINTbA B
KOKW/Ib U KOMOUHUPOBaHHbIe hopMbl [6]. BepxHas 4yacTb KOMOGUMHUPOBAHHON (hOPMbl MU3rO-
TaB/MBaeTCsA U3 NecyaHol CMecu, a Ana noayyeHns paboyeil NOBEPXHOCTU OT/IMBKM UCMONb-
3yeTcsa meTannmMyeckas nauta. Kokunu npeactaBnsaiOT cO60M NOMHOCTHIO MeTannyeckue
(opmbl. Ncnonb3oBaHne 3TUX METOAOB 06ecneynmBaeT YCKOPEHHOE OXJTaXAeHWe OT/INBOK U
HanpaB/ieHHOE 3aTBEPAEBaHNE, YTO NO3BOJIAET MOMYUNTH:

- 6o/siee MeNIKYH0 MaKpo- ¥ MUKPOCTPYKTYPY OT/INBOK;

- OPMEHTUPOBAHHYIO KapouaHyo (hasy B HanpasieHUN, NeprneHJNKynapHOM U3HOCY;

- BbICOKYIO TBEPLOCTb OT/IMBOK.



Ha pyvcyHKe 2 noKasaHbl CTPYKTYpPbl OT/IMBOK M3 M3HOCOCTOMKOIO YyryHa NYX18BM,
MoslyYeHHbIE INTbEM B 3eMJIAHYIO opMy (a) 1 B MeTanInyeckyto gopmy (Kokunb) (6).

a- /INTbE B 3eMNAHYIO opMy; 6- NINTbE B MET/UIMYECKYHO (DOPMY (KOKWU/b)
PucyHok 2 - CTpyKTypbl YyryHa MYX18BM, nony4eHHble
pasinyHbiMn MeTogamMu nTbd, XKOO

CpaBHUTENbHbLIA aHannM3 MUKPOCTPYKTYP 4yryHa Mnokasas, 4YTo CTPYKTypa 4yryHa,
MoMyYeHHOro B KOKWMb, UMeeT B 3-4 pa3a 60nee mesikue kapbupbl, YeM Mpu NUTbe B 3eMs-
Hble (hopmbl. TBEpLOCTb paboyeil NOBEPXHOCTU AeTanel, IMTbIX B 3eM/ISHblEe POPMbI, COCTaB-
nsaet 54-55 HRC, a nutbix B KOKub 59-61 HRC.

OnbIT NPUMeHEHUs AeTaneil U3 U3HOCOCTOMKMX YYTYHOB, MOMYYEHHbIX B KOKUAU W
KOM6UHMPOBaHHbIe (POPMbI, NOKa3an yBenYeHne N3HOCOCTONKOCTH B 1,2-2 pa3a no cpaBHe-
HUKO C AeTansMu, NOJiyYeHHbIMU B 3eM/IsHbIE ()opMbl. Bce geTtann mMMeloT paBHOMEPHYHO
TBEPAOCTb MO TO/WMHE, B HUX OTCYTCTBYHOT MOPUCTOCTb W BHYTPEHHUE feteKTbl. B Kokunm
N KOMOVHMPOBAaHHbIE (POPMbI B HACTOSALLEE BPEMSA U3rOTaB/IMBAOTCA: 3aLMTa LLeHTPOOEXHbIX
APO6UNOK, OTGOWHbIE MAUTLI LLEHTPOOEXHbIX MeNnbHUL, (geTann, 0 KOTOpble U3Me/byaeTcs
marepuan), AeTann CTPOUTENbHOM TEXHUKM W T.4. Ha pucyHke 3 nokasaHbl NpUMepbl NTbIX
JeTanei.

PUCYHOK 3 - JInTble feTann, nosyyeHHble B KOMO6MHUPOBaHHbIe (hOPMbl U KOKW/N

B «MHCTUTYTe TexHONOrMmM meTannoB» HauuoHanbHON akagemumn HayK benapycu u
benopycckom HauMoOHa/IbHOM TeXHUYEeCKOM YHWBEPCUTETE NMPOBOAATCA paboThl NO yBe/nye-
HWUI0 M3HOCOCTOWKOCTM feTaneil U3 XpOMUCTbIX YyryHOB. Ko/nekTMB aBTOPOB MOXET paspa-



60TaTb HOBble COCTaBbl M3HOCOCTOMKUX YYTryHOB, BHEAPUTb TEXHONOTUWN N3FOTOBMIEHUS OT/IN-
BOK B KOMOVMHMPOBaHHble (DOPMbI, KOKUAN U 3eMASHbIE OPMbI, a TaKXKe U3rOTOBUTb OMbIT-
Hble mapTumn fgetanein Becom o 30 Kr. B npoBefeHMM BbllleHa3BaHHbIX PaboT MOryT ObITb
3aMHTEpecoBaHbl CneLnanncTbl FOPHOA00bIBAIOLLEA N TOPHO-NepepabaTbiBatOLLEA MPOMBbILLI-
NEHHOCTEN, a TaK XKe MallMHOCTPOEHMS.

3aK/itoyeHune

MpoBeseHbl UCCNef0BaHNA MEXaHUYECKUX CBOWCTB M M3HOCOCTOMKOCTU LUMPOKO MUC-
NoMIb3YeMbIX M3HOCOCTOMKUX XPOMMCTbIX 4yryHoB: NYX28H2, NYX18, NUX16M3. Moka-
3aHO, 4TO Hambosnee pacnpocTpaHeHHblli B CHIT 1 Pecnybnuke benapycb vyryH YX28H2
ycTynaeT No M3HOCOCTONKOCTU APYTrMM YyryHam, HO MMEET BbICOKME MeXaHWYeCKune CBONCT-
Ba. Pa3paboTaH M3HOCOCTOWKMIA yyryH MUX18BM, obnagaroLnii 6onee BbICOKOW WM3HOCO-
CTOMKOCTbIO ¥ MeXaHW4YeCKUMWU CBOMCTBaMW. HanaxeHo Npov3BOACTBO JeTasnei U3 aToro 4vy-
ryHa. NokasaHo, 4to fanbHelillee yBefMyeHne N3HOCOCTOMKOCTU fieTaneil BO3MOXHO 3a CyeT
MCMOMb30BaHNA CrneunanbHbIX METO0B IUTbA B KOMOMHMPOBaHHbIE U MeTaninyeckue gop-
Mbl.
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Wear resistance and mechanical properties of the chromic cast irons
Results of researches on comparison ofmechanical properties and wear resistance of
the most widespread in the CIS and Republic of Belarus wearproof chromic cast irons are

presented in the article. It is shown that use ofnew wearproofcast irons and special methods
ofmolding allows to increase wear resistance and mechanical properties ofdetails.
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