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Haseoeno pesynemamu oocniosicenv koncmpykyinnoi cmani mapku 4X4H5M4D2 nicaa
mepmiyHol 00pobku. Bemanosneno nposeu eionycknoi kpuxkocmi 3a memnepamypu 450-500 °C,
N0B A3AHOI 3 MAKCUMATIbHUM 3HAYEHHAM NApaMempy «ay» Kpucmaniynoi 6yooeu npu gopmyearti
meepooeo pozuuny samiwjenns 6 cucmemi "Fe-C”. Bemanogneno 38'a30k Midxc ocobnusocmamu
Kpucmaniunoi 6y0o8u 00cnioxcenoi cmani ma KOMAIEKCoM QIi3UKO-MexaHiuHux 81acmueocmell.
Makcumanene snavenns napamempy «ay (a = 0,28848 um) enemenmapnoi vapyuku mapmencumy
Kpucmaniunoi epamku  8i0o0paxicac MakCuMaibHy HACUYEHICMb 0-MEepi02o PO3YUHY, WO
3YMOGIIOE NIOBUUeHHS ONOPY KPUCMATiYHOI epamKu degopmayii, 0038015€ nioguuyumu meepoicme
mapmencumy gionycky (0o 56 HRC), sminumu napamemp ¢hi3uyHOi cmpyKmypHo-yymaugor
senuyuny (nioguuyernts numomoi npogionocmi 00 0,200 Om-mm?/m), nidguugyeamu mexcy MiyHoCHi,
3MeHuUmuy pigens yOapHoi 6 sizkocmi (00 15 [lc/cm?) ma niosuwumu kpuxkicmo 3a memnepanmyp
450-500 °C. IIpooemoncmposgarna modxciugicme 8ukopucmanus mampuye (cmane 4X4H5M4D2,
6e3 mexHono2ii-ky8anHs) 01 eapauo2o oedhopmy8anus anominicgoeo cniasy AK74, wo @ npoyeci
excnyamayii He 0ocsaeae memnepamypu 8i0nyckHol kpuxxkocmi (suuge 460 °C).

Knwuoei cnosa: wmamnosa cmane, Kpucmaniuma cmpykmypa, mepmiuna 06pobka,
Qizuxo-mexaniyni gnacmusocmi

arpiB rapToBaHOi JIETOBAHOI KOHCTPYKLIMHOI cTasi HUKYe KPUTUYHOI TOUKU
A, Ha ocHOBi cucremu "Fe-C” mpu BiJIllyCKy MOKe IIPU3BECTU [0 BiJILyCKHOI
KPUXKOCTi y IIEBHOMY TeMIlepaTypHOMY iHTepBaJli 3a/IeXKHO Bijl XiMiYHOI'O CKJIAJLy
[1—4]. Ilpu Biamycky crasni BinOyBa€TbCcsl po3Ma][ CTPYKTYPHUX CKJIAJ0BUX i B
IIpoleci OXOJIOMXKEHHsI CTaJli IIPU IIOBiAbHIN KoaryJisauii AUCIepPCHUX YacTUHOK
KapOi/IHOI CKJIa/0BOi, MOXKe BUHUKHYTHU Bi/IlyCKHA KPUXKiCTb.
Meroo po6oru OyJ0 BCTAHOBUTH IlepeyMOBH BUHUKHEHHS BiJ{IIyCKHOI
KPHUXKOCTi CTaJli Ta BCTAHOBUTHU 3B’SI30K MiXX OCOOGJIMBOCTSIMU KPUCTAJIIYHOI OY/10BH
CTasi Ta KOMILIeKCY 1i (pi3mKo-MeXaHiuHUX BJIACTUBOCTEIL.
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Ximiuamit ckaam crani BigmosizaB MapkyBanHIO 4X4HSM4D2: 0,40
- 0,42 % C; 3,80 — 3,90 % Cr; 5,00 — 5,10 % Ni, 3,70 — 3,80 % Mo; 1,70 —
1,80 % V; 0,014 — 0,016 % Al; 0,040 — 0,043 % W; 0,010 — 0,013 % Co; 0,018
— 0,020 % Nb; 0,065 — 0,067 % Cu; 0,002 — 0,003 % Ca; 0,003 — 0,005 % N;
0,072 — 0,075 % Si; 0,23 — 0,24 % Mn; 0,004 —0,005 % S; 0,003 — 0,004 % P.
Ynaapuy B’si3kicth Bu3Havyaaum Ha BurpoOyBasbHill Mamuni NI300 na 3paskax
poamipamu 10x10x55 MM 6Ge3 Hajpidy. BunpobGyBanHs HA TBEPAICTb MPOBOIMIIH
Ha TtBepaomipi HR150A. Mexy MinHocTi BHU3HauaJW 3a CTaHAAPTHOIO
MeTo/MKOI0 BupobyBanus Ha po3tsir 3a [OCT 1497-84 ma yniBepcaJibHiii
ycranoBiti GNTS50. MikporBepaicTs AOCTiXKYBaJn 3a JOTOMOTOIO TTH(POBOT
HAaIliBaBTOMATUYHOI cHCTeMU BUIIPoOyBaHb MikporBepaocti EM-4500L (Ha ocHoOBi
MikporBepaomipa MH-5L). HaBaHTrakeHHS Ha ajMasHy MipaMifKy CTAHOBUJIO
10 rpamiB. Yac Burpumku mija HaBantakeHHsM 11 cexyua (EM-4500L). ITutomy
eJIEKTPOIPOBIIHICTh BUMIPIOBAJIM Ha MOBepXHi 3paska (BUCOTAa 3pa3Ka cTaHOBHJIA
S5 MM, Bi/IcTaHb MiXK eJIEKTPOaMi BUMipIOBaHHI CTAaHOBHUJIA S5 MM) 32 JIOIIOMOTOIO
JIBOKAHAJIBHOTO TIM(POBOTO €JEKTPUYHOTO BUMipIOBAJLHOTO YOTHPHOX30H/I0BOTO
tectepa ST2263. Ilapamerp ejieMeHTapHOI YapyHKH <«a» pO3PaxXOBYBaJU IO
eKcliepuMeHTanbHil audpakrorpami. /s omepkanHs AudpakimiiiHux KapTuH
BUKOPHUCTOBYBaJn peHTreHiBcbkuii audpaxkromerp [IPOH-3 Ta penTreniBcbki
TpyOKu 3 MigHuM anojom 1pu Cu-K -BunpoMinenHi.

Hait6inpmr  cTpyKTYpHO-UYTIMBOIO ~ MeXaHiYHOIO  XapaKTepPUCTHKOIO
1oB’s13aHOI0 3 (pa30BO-CTPYKTYPHUM CTAHOM craJi € il ygapHa B sa3kictb. Ha
ojiep:KaHiil KpUBill 3a/eKHOCTI yJlapHOi B’SI3KOCTi Bi/l TeMIlepaTypu BiJIlIyCKY B
mMexkax 450-550 °C mpum OXO0JIo/I’KeHHI Ha MOBITpi CIOCTepiraeTbcsi MaKCUMAbHe
3HMJKeHHsT 11 Beqmumbu 3a temmeparypu 475 °C (puc. 1). Beranosieho,
IO TIOYATOK 3HWKEHHS BeJUYMHU YJApHOI B’SI3KOCTI JIOCJI/I>KEHOT  cTaJi
crioctepiraetbest 3a Temneparypu 450 °C. Ilopir wmimHOCTi Ta TBep/icTh MpPH
oMy migBuityerbess  (puc. 1), Ileit mporiec cympoBOYKYBaBCS —3MiHOIO
MiKpOCTpyKTypu (yKpYIIHEHHSI €JeMEHTiB CTPYKTYpH, a came TeMHHX IIOJIiB
MapTeHCUTY BIAMYCKYy), [le IHTEHCHBHO 3MEHINY€eThCsl MiKpoTBepaicTh 4,0
4,5 I'lla (470 °C). IIpu temneparypax Buiie 450 °C criocrepiraerbes 36ibleHHS
KiJIbKOCTi BHUCOKOTEMIIEpATypHUX KapOifiiB 3 MiJBUINEHOI0 TBEP/ICTIO [0
56 HRC, 110 € cyTTeBUM BHECKOM Yy 3pOCTaHHS TelJIocTifikocTi craJi. Takosk
6yJin TIpOBeJleHi /IOCJi/IPKEHHST IOJI0 3MiHU €JIEKTPOIIPOBIIHOCTI 3aJIe3KHO Bijl
TEMIEPATYPHU BiJIIIyCKy. Y I[E€BHOMY TeMIepaTypHOMY iHTepBaJli CIIOCTEPIiraeTbcs
KOpeJidllisi MiK 3HAuUeHHSIMM Y/lapHOI B’SI3KOCTi Ta IUTOMUM €JIEKTPOOIIOPOM
(puc. 1). Tak, 3a temmneparypu Biamycky o 475 °C crnocrepiraju iHTeHCHBHE
36iJbIlleHHsT Ta MakcuMyM Bejmunad tmtomoro omopy (0,200 Omwmm? /M) Ta
3HIDKEHHS /10 MiHIMyMYy Besimunu yaapHoi B's3kocti (o 15 [Ix /cm?) (puc. 1).
IIpu wuift Temmeparypi BCTaHOBJIEHO MaKCHMMaJjibHe 3HA4YEHHS IapaMmerpy <«a»
(a = 0,28848 HM) ejleMeHTapHOI YapyHKH MAapTEHCHUTY KPHUCTATIYHOI TpaTKu
(puc. 1), mo BigoOpaska€ MaKCUMaJbHY HACHUYEHICTH O-TBEPAOTO PO3YHHY
3amimtenns. lle 3a6e3mevye miBUIIEHHS OMOPY KpHUCTAJiuyHOI rpaTku fedopmariii,
i, TuM camuM, 36iJbIlIye TBEPAICTD MapTEHCUTY BiJIIyCKy Ta HOTO KPUXKOCTI, Je
criocTepiraeTbes HifBUIEHHA Horo Mikporsepaocti (5,5 — 7,0 I'Tla). Iligsumenns
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TBEp/IOCTi cTasi 1pu Bifmycky 3a temneparyp Bia 450 mo 500 °C 3abesneuyerbcst
3aBISIKM BUJILJIEHHIO Kap6iIHOT CKJIA/I0BOT HA TpaHUISgX 3epeH. Buie temneparypu
500 °C mpm Biamycky crami, BilGyBaeTbcs II0YaTOK PO3MAJAy MapTeHCUTY i
3MEHINIeHHST TMapaMeTpy <«a» eJIeMEeHTApPHOI YapyHKHM MapTeHCUTY KPHUCTAJTivHOI
6yZI0BU, 3HUKEHHSI TBEPJIOCTI TA Mi/[BUIIEHHS TUTOMOI MTPOBiIHOCTI (pI/IC. 1).

asl0'sm P, Omoana’/a O, MIla HRC KC, Jhi/em’

28854 0,2004 19005 564
17004 55
28844 0,150 |
15004  54-
28834 0.1004
13004 534
28824 0,050+ 11004 52-

T T T
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Temneparypa siamycky, C
Puc. 1. 3miHn napameTpis ctani 4X4H5M4®2 (6e3 TexHoNorii KyBaHHS), rapToBaHoi 3a Temnepatypu 1100+ 5 °C
Ta Bianycky: 1 — yaapHa B'askictb (Ix/cm?); 2 — TBepaicte (HRC); 3 — nopir miyHocTi (MMa); 4 — nutomumii onip
(OM*MM?/M); 5 — po3Mmip KPUCTaNIYHOT rpaTkn MapTEHCUTY (HM)

B mamiit po6oti [5] TPOAEMOHCTPOBAHO MOKJWBICTD BHKOPUCTAHHS
crami 4X4H5SMAD2 (6e3 TexHOJOTIT KyBaHHS) JJisl Tapsyoro IpecyBaHHS
amominieBoro ciaBy AK74 y xopropaitii «New Material Technology Co., Ltd»
(M. Kyupmrans, mposintis asucy, KHP). Ilicas ekcrutyataiiii Marpuirb 3i crasi
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Puc. 2. MikpoTBepgicTb MmapTeHcuTy (ctanb 4X4H5M4®2, 6e3 TexHoNorii KyBaHHSA): LUTAaMMNOBOro iHCTPyMEHTa
nicnsa raps4yoro AgecopmyBaHHs antomiHieBoro cnna.y AK74 (a); eTanoHHoro 3paska (raptyBaHHa 1100 + 5 °C,
Bignyck 595 + 5 °C Ta HarpiB B iHTepBani Temnepartypu BignyckHoi kpuxkocTi 460-500 °C) (6).
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4X4HSM4D2 6ysio BCTAaHOBJIEHO, IO MITAMITIOBHI iHCTPYMEHT He TieperpiBaBCs
puiie Temreparypu 460 °C (foyarok BiJIyCKHOT KPUXKOCTi), OCKiJIbKU OyJia
3aHWKeHa MIKPOTBEPAICTb MapTeHCUTY BLAIYCKY V IOPIBHAHHI 3 €TaJOHHUM
3paskom (raprysanus 1100 = 5 °C, Biamyck 595 = 5°C, HarpiB B iHTepBaJi
TeMIIepaTypH BifmyckHoi kpuxkocti 460-500 °C), puc. 2.

TakuM 4MHOM BCTAHOBJIEHO, 1110 MaKCHMaJbHO BUCOKi 3HAUEHHS TapaMeTpy
«a» KPHUCTAJIUYHOI I'PATKU /0CATAIOTbCA 3a TeMIlepaTypu BiAIIyCKHOI KPUXKOCTI
475 °C BHaACJiIOK 3HAYHOTO Mi/IBUIIIEHHS CTYTIE€HS JIETOBAHOCTi TBEP/IOTO PO3UMHY,
IO CYTTEBO IiJABUIIYE XaPAKTEPUCTUKW TBEPJOCTI MAPTEHCHUTY i 3YMOBJIOE
3HIDKEHHST MOKa3HUKiB yaapHoi B'g3kocti crani 4X4HSMAM2 ta 3meHieHHS
eJIEKTPOIIPOBi/iHOCTI. 3a TeMreparypu Bijamycky mnoHas 450 °C BinGyBaeTbcs
TAKOX 306iJbIIeHHs] KiJbKOCTI BUCOKOTEMIIEpATyPHUX KapOifiB 3 TiJABUINEHOIO
TBEP/IICTIO, 110 € BArOMUM BHECKOM Y 3POCTaHHS TelJIOCTiHKOCTI cTaii.
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O. M. Sydorchuk, O. I. Bykov, A. P. Pozniy
Tempering brittleness of die steel 4Kh4NSM4F2

Summary

The results of research of structural steel brand 4Kh4NSM4F2 after heat treatment
are given. Manifestations of tempering brittleness at a temperature of 450-500 °C,
associated with the maximum value of the parameter «a» of the crystal structure
during the formation of a solid substitution solution in the system "Fe-C". The
connection between the peculiarities of the crystal structure of the studied steel and
the complex of physical and mechanical properties is established. The maximum value
of the parameter «a» (a = 0.28848 nm) of the elementary cell of martensite crystal
lattice reflects the maximum saturation of the a-solid solution, which increases the
resistance of the crystal lattice to deformation, increase the hardness of tempering
martensite (up to 56 HRC), change the physical structure sensitive value (increase
in specific conductivity to 0,200 Om'mm?/m), increase the tensile strength, reduce
the impact strength (up to 15 J/cm?) and increase the brittleness at temperatures
of 450-500 °C. The possibility of using matrices (steel 4Kh4N5M4F2, without forging
technology) for hot deformation of aluminum alloy AK7ch, which during operation does
not reach the temperature of brittleness (above 460 °C), is demonstrated.

Keywords: die steel, crystal structure, heat treatment, physical and mechanical
properties

(" x

ypHan MOM BHeceHo Ao lNepeniky HaykoBuUx haxoBux BuaaHb YKpaiHu %
3rigHo 3 Hakazom MiHicTepcTBa OCBiTH | Hayku Ykpainum Ne409 sig 17.03.2020.

MoBHa HasBa xypHany
"HaykoBo-TexXHi4HUM XypHan
"MeTano3HaBcTBO Ta 06pobka metaniB"

[nsa perynsapHoro ogepaHHs xypHany noTpibHo nepepaxyBaTi BapTiCTb
3aKasaHnx HoOMepIB Ha Po3paxyHKOBUIA paxyHOK Pi3nKo-TEXHOMOrYHOro
iHCTUTYTY MeTaniB Ta cnnaeis HAH Ykpainu.

BaprTicTb ogHoro Homepa xypHany - 50 rpH., nepegnnara Ha pik — 200 rpH.
JocTynHi Takox apxiBHi HOMepK XypHany, novnHarodn 3 1995 p.

Po3paxyHkoBui paxyHOK ANSA nepeansiaTHUKIB,
CcnoHcopiB i peknaMmoaaBLiB:
p/p UA828201720313251001201012215,
6aHk KCY B m. Kuesi kog 6aHky 820172
OTtpumysay - PTIMC HAH Ykpainu, kog €APINOY 05417153,
3 MOCUNaHHAM Ha xypHan "MOM"

Konito gokymeHTa nepegnnatu Ta BigOMOCTI Npo nepeannaTtHuka
NpoCMMO HagcunaTu Ao pepakuit,
& BKa3aBLUM HOMeEp i AaTy NNaTiKHOro AOKyMeHTa.

S

HaykoBo-texniunmii sxypnan "MeTano3HaBcTBO Ta 06po6ka Meraxis”  3'2021 61



