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KutoMupChKN arpoTEXHIYHUA KOJEIK

3HOCOCTIMKICTh CTAJII 65T, SMILTHEHOI TAPTYBAHHSIM
MPU THAYKIIHHOMY HAT'PIBAHHI

Y pobomi npogedeno ananiz 0ocniodicensb 6NAUBY 2APMY8AHHS NPU IHOYKYIUHOMY HAZPIBAHHI HA 3HOCOCMIU-
Kicmb cmaneu. Bcmanogneno, wo pe3yivmamu nonepeonix 00Caiodcenb HeMONCIUBO 3acmocyeamu 0 pooo-
YUX OPeaHi6 IPYHMOOOPOOHUX MA NOCIBHUX MAWMUH, OCKIILKU 8CI NONEPeOHi O0CTIONCEeHHs HA 3HOCOCILIKICMb
NPOBOOUNUCH NPU ZHOULYBAHHI NO HCOPCTNKO 3AKPINIEHOMY aOpA3Ue).

s 6usHaueHHs MONCAUBOCIT NIOBULYEHHS 3HOCOCIUKOCMI pOOOYUUX OpP2aAHi6 IPYHMOO0OPOOHUX ma NOCi6-
HUX MAWUH 2aPMY8aAHHS CIPYMAMU UCOKOI 4acmomu HeoOXiOHo nposecmu 1ab0pamopHi 00CIiOHCeHHs Ha
SHOWLYBAHHSA 8 YMOBAX HEHCOPCMKO 3AKPINJEHUX AOPAUBHUX YACTMUNOK. [N nposedenHs makux 00cniodcesb
PO3pobaeHa MemoouKd, AKa 0036015€ GUSHAYUMU 3HOCOCMILIKICIb CMAN] Npu 3HOWYEAHHI 8 YMOBAX HEINCOD-
CMKO 3aKpinieHuUx abpasusHux 4acmutox.

Y pobomi ecmanosneno enius cunu cmpymy Ha 3Hococmitikicme cmani 6517 npu 3mMiyHeHHI 2apny8aHHAM
cmpymamu 8ucoxoi wacmomu. /lanuti cnocio, nioguweHHs 3HOCOCMIKOCMI, 003680/14€ NIOSUWUMY CINTUIKICMb
00 abpasusnoeo snowyeannsa cmani 651 npudauzno na 10% nopisuano 3i cmanoapmuo mepmooopoOKo0
(naepisanns 6 myghenvuiu neyi 0o 810°C 3 gionyckom 200°C). ¥V npoyeci 63aemooii cmani 651" (3miynenoi
2apmysanHam npu IHOYKYIUHOMY HACPIBAHHI) 3 GLIbHUM aOpA3usom 6i00y8aembCs npoyec HAKIeny8aHHs
NOGepXHi, 8 pe3yIbmami yoeo nogepxuneea meepoicmoy nioguwyemocs Ha 6...25,6%, wo no3umueHo eniueac
Ha ii 3Hococmitikicms. Y 3paskie cmani 3 HAUMEHWOW 3HOCOCMILIKICMIO HA NOBEPXHI mepms, OKpIiM Clidie
MIKPOPI3aHHS, MAKONHC CHOCEPIanuch HAAGHICMb KAGEPH. 3ACMOCYBAHHSL 2apMYSAHHAM NP IHOYKYIUHOMY
HA2CPIBAHHI He 00380/UMb KAPOUHAILHO GUPTUUMU NUMAHHS NIO8ULYEHHS 3HOCOCMIUIKOCMI POOOYUX OpeaHis
IPYHMOOOPOOHUX MA NOCIBHUX MAWUH, MOMY HeOOXIOHO WyKamu HO8I OLIbL NPOSPeCcUsHi cnocodou i Memoou
SMIYHEHHsL IX pOOOYUX NOBEPXOHD.

Knwuoei cnoea: smnococmiiikicms, cmanv 651,
3MIYHEHHSL.

cmpym GUCOKOI uacmomu, aOpazusHe 3HOULYBAHHA,

IHocTtanoBka mpodsiemMu. Y po3BUHYTHX KpaiHax
CBITy BHTpATH KOIITIiB, IO 3yMOBIICHI HETaTHBHUMU
HacTiJKaMu aOpa3uBHOTO 3HOLIYBAaHHS, CTAHOBJIATH
Big 1 10 4% HamioHambHOTO MPOIyKTy [1].

AOpa3uBHE 3HOIIYBAHHS € TOJOBHOI MPUYH-
HOIO TePeIYacCHOTO BUXOJY 3 JIaJy poOOYMX OpraHiB

I'PYHTOOOPOOHUX Ta MOCIBHUX MAIIHH, SIKi B IPOIeci
eKcruryararii 0e3rmocepeqHb0 B3aEMOIIOTH 31 crie-
nudigEIM abpa3uBHUM CEPENOBUIIEM — TPYHTOM.
Jis migBUIIEHHS X 3HOCOCTIMKOCTI IIMPOKO 3aCTO-
COBYIOTBCSI PI3HOMAaHITHI KOHCTPYKLIiHHI, TEXHOJO-
TiYHI Ta eKCIUTyaTalliiiHi 3acoou, cepen sikux 10 80%
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MIpUITaJa€ Ha TEXHOJIOTiuHI 3acobu. Haibinbmoro
MOUMPEeHHsT HaOy/IM TakKi TEXHOJOTiYHI 3aco0u, SK
3MIIIHEHHS CTBOPEHHSM 3HOCOCTIMKOI ILUIIBKM Ha
MOBEpPXHi, a TAKOXK 3MiHA CTPYKTYpU TOBEPXHEBOTO
mapy i BCboro 00’eMy MeTaury.

OpHuUM i3 CydyacHHX Ta BHCOKONPOAYKTHBHHUX
METO/IB 3MILHEHHS, IO IIUPOKO 3aCTOCOBYETHCS B
MAaIMHOOY/IyBaHHI, € TapTyBaHHS TMOBEPXHI CTalei
ctpymamu Bucokoi gactotu (CBY). Ognak Ha cho-
TOAHI TUTAHHS IIOAO0 MOIUIPHOCTI BHUKOPUCTAHHS
BKa3aHOTO METOJY IS TiABHUIEHHS 3HOCOCTIHKOCTI
poOoYNX oOpra”iB TPyHTOOOPOOHHX Ta TMOCIBHHX
MAIllMH OCTaTOYHO HE 3’5COBAHO i MOTpedye Mmoaab-
HIOTO0 BHBYEHHS, 1[0 3YMOBWJIO NOCTAaHOBKY IIHOTO
JOCIIIKEHHS.

AHagi3 ocTaHHIX X0CJiTKeHb., BukoprcTaHHS
TepMiuyHOi 00poOKHM jeraneii Ta 3aroroBok CBY
MOYaJIM BIIPOBAXKYBaTu y BUPOOHUITBO y 30-X pokax
MuHyino croiitts [2]. Lleir meron oOpoOku Boosmie
PSIOM TIO3UTHUBHUX XapaKTEPHUCTHK, a CaMe:

1) BUCOKa MIBUIKICTh HATPIiBY 1 BiICYTHICTH HEOO-
X1THOCT1 TPUBAJIOTO TEPioIy pO3irpiBy 00OIaTHAHHS,

2) BIICYTHICTh OKQJIMHU 1 yrapy MeTaiy;

3) piBHOMIipHUI IPOTPiB;

4) MeHIIa TPYIOMICTKICTh Ta Oijblla eKOHOMid-
HICTb MpolLecy 00poOKH;

5) MOKJTUBICTH aBTOMATH3aIIi1 IIPOIIECY.

VY pesynbrari CBY-00p0oOKH 3HOCOCTIHMKICT cTai
45 MOPIBHSIHO 31 3BUMAHOI0 TEPMIYHOI 0OPOOKOIO
(miyamid HarpiB) migBuinyeTbest Ha 14...28%, 1o
TIOSICHIOETBCSI  HASsIBHICTIO OiMbII  APiOHO3EpHHUCTOT
CTPYKTYpH, PIBHOMIPHHM PO3IMOJLIOM JHCIIEPCHi-
X KapOidiB Ta pO3BUHEHOIO CYOCTPYKTYpOIO Yepe3
BHCOKY IBHWAKICTh mij wac Harpisy CBY [3]. Hus
cram 15X11M® mniaBuiieHHs] 3HOCOCTIMKOCTI TpU
BukopuctanHi CBY mopiBHSHO 3 MiYHMM HarpiBom
ckimamae 12...23,5% [4, 5].

ABTtopom [6] Bu3Ha"aeThes, mo rapTyBanas CBY
JTO3BOJISIE CYTTEBO TTiIBUITUTH 3HOCOCTIHKICTh HOXIB
KOpMO30MpaibHOTO KOMOAaiiHa, sIKi BHTOTOBJIEHI 3i
crani XBI, 65T ta Y10. [ns manoi maprii HOXiB
HarpiBaHHs IiJi rapTyBaHHs 3a jonomororo CBY
CHPUSUIO 301TBIIEHHIO BAPTOCTI OOPOOKH B JIEKiIbKa
pasiB gepe3 KOmToBHE 00maaHanHs. ToMy 11e# crmocio
HarpiBaHHS BU3HAIU HEIOIUIBHAM 3 €KOHOMIUYHOTO
0oky. Burparu Ha Bukopucranus CBY moumHaroTh
JOPIBHIOBAaTH BHUTparaM Ha HarpiBaHHS B COJISIHUX
BaHHAaX, SKIIO HapTis HoxiB nepepuirye 1000 omu-
Hub. [Ipu Oinbmux naprisx HarpiBanHs CBY crae
€KOHOMIYHO BHTiTHUM [6].

AHaji3 morepenHiX MOCHiPKEHb MiATBEPIKYE
MOKJIMBICTD MiJIBUILEHHSA 3HOCOCTIHKOCTI CTaJIeH 3a
paxyHok rapryBanHs CBY. Pesynbraru ganux mocii-
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JDKEHb HEMOXKIIMBO 3aCTOCYBaTH JIIsl pOOOYMX opra-
HIB TPYHTOOOPOOHMX Ta MOCIBHUX MAIIWH, OCKITBKH
BCl TMOMEpenHi TOCTIDKEHHS Ha 3HOCOCTIHKICTH
MIPOBOJIMIIMCH TIPH 3HOIITYBAaHHI IO YKOPCTKO 3aKpi-
ieHoMy aOpasuBy. sl BU3HAYeHHS MOXKIMBOCTI
MiABHUIICHHS 3HOCOCTIMKOCTI pOOOYMX OpraHiB IpyH-
TOOOPOOHMX Ta MOCIBHMX MamuH rapryBaHHs CBY
HEOOX1THO TIPOBECTH JTA0OpaTOPHi JOCTIIKEHHS Ha
3HONIYBaHHS 3pa3KiB 3MilHEHHX 00poOkoro CBY
B YMOBax HEXOPCTKO 3aKpiluieHuX aOpa3uBHUX
YaCTHHOK.

MeTonuka qocaizkenb. s 10CIiHKeHHs Oyiin
BHUTOTOBJICHI 3pa3Ku 3i crami 651" y BUIIISINI KBaapa-
TiB (30x30 MM) ToBIMHOIO 8 MM (puc. 1). 3MiTHEeHHS
3pa3KiB MPOBOAMIIH 32 TAKUMHU PEKUMAMH:

— 3pazok CT — cramgaptHa TepMOOOpOOKa
(marpiBanus 10 810°C 3 Bimmyckom 200°C);

— 3pa3ok 1 — rapryBanHs CBY, cuna ctpymy
0,8 A 3 Bigmyckom 200°C;

— 3pasok 2 — rapryBanHs CBY, cuna crpymy
0,1 A 3 Bigmyckom 200°C;

— 3pa3ok 3 — rapryBanHs CBY, cuma ctpymy
1,25 A 3 Bigmyckom 200°C;

— 3pa3ok 4 — rapryBanHs CBY, cuna ctpymy
1,5 A 3 Bigmyckom 200°C.

DEB0G
BpEOB
BaoO.

Puc. 1. locaigni 3pasku i3 craji 65I'

Tepmiuny o0OpoOKy CTpyMOM BHCOKOI Hac-
TOTH TIPOBOIWIIM 3 BUKOPHCTaHHSM TeHeparopa
BUI'1-60/0,066Y4 (puc. 2).

Jlns BU3HAYEHHS 3HOCOCTIHKOCTI MiATrOTOBIIE-
HUX 3pa3KiB BUKOPHCTOBYBAJIHM CTaHIAPTHHHA METOX
BUNIPOOYBaHHS MarepiajiB MpH TEPTi 00 HEKOPCTKO
3akpimieHnii abpasuB Ha 0a3i mMammHKu TEepTsi bpu-
Henst — XaBopra (puc. 3).

CyTHICTH MeTOmy IOJNATae B TOMY, LIO 3pa-
30K TNPHUTHCKAIOTH JO TYMOBOTO POJIUKA iaMeTpy
50mm. Ilix yac obepTaHHs pPOJIMKa B 30HY KOHTAKTy
nogaeTbcs abpazuB 7 3 OyHkepy 5. 3ycwimis npu-
TUCKYBaHHS PETYJIOETHCS 32 JIOTIOMOTOI0 Ba)Kemns 9
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i cxiagae 25,6H. SIk abpa3uB BHKOPHCTOBYETHCS
kBapreBuil mcok (Si0,) 3epHucticTio 250 MKM, 110
repe/; BUIPOOOBYBAHHSIMU CYIIMJIN y CIEI[iaIbHIN
mradi. [epen BUNpoOyBaHHSIM 3pa3ku HLTiQyBaId J10
mopcTkocTi R, = 0,63MKM, Ky BU3HaYaIm Ha IPOdi-
someTpi mozemi 201. 3HOIIeHICTh BUMIPIOBAIH Baro-
BHM METOJOM Ha aHamTHuHuX Barax AJIB — 200 3
touHicTio 710 0,0001 . mepen BUNIpoOyBaHHSIM 3pa3Ku
MPOMHUBAIIN Y CIIUPTi, BUCYITYBAJIH 1 3BayKyBaJIH.

Puc. 2. I'eneparop BUI'1-60/0,066Y4

Puc. 3. Cxema BUIIPoOyBaJIbLHOI YCTAHOBKH:
1 — Oynkep A01s 30MpaHHS BiANPAllbOBAHOTO A0pa3HBY;
2 — 3pa30k MaTepiauy, 0 J0CTIIKYETHCS;
3 — poaiuk, o 00epTAETHCSI; 4 — BTYJIKA IJIs1 POJIUKA;
5 — OyHkep 1Jis1 BinbHOTo a0pa3uBy; 6 — BaxKinb
IJIS pery/II0BaHHs MIBUIKOCTI moaayi abpa3uBy;

7 — BiibHMII a0pa3uB; 8 — J10TOK /151 Moaayi
a0pa3uBy; 9 — BaKijIb ISl peryJIlOBaHHS 3yCHILIA
MPUTHCKYBAHHS HHJIHAPY 10 TePTHOBOI MOBEPXHi

3 adpa3uBom; 10 — HaBaHTaKeHHsI BaxKijsi cuiiorw P

BunpoOyBaHHs Ha TBEpAICTh POBOANIN HA TBEP-
nomipi TK—2M, a MikpoTBepAicTh —MiKPOTBEPIOMIpi
[IMT-3. EnekTpoHHO MiKpOCKOMIYHI JOCHTiHKEHHS

3OiMCHIOBAIM Ha E€IEKTPOHHOMY MIiKPOCKOMI-MiKpoO-
anamizaropi PEMMA-102-02 i PEM-106-U.
OO0poOKy pe3ysIbTaTiB OCIIHKEHHS 3/11HCHIOBAJIH
perpeciifHIM aHaJi30M.
PesyabTaTu 10caizkenb. Y pe3ynbTari mpoBese-
HUX JIOCIIJDKeHb OyJIM OTpUMaHi JaHi, MpeICTaBIeH]
B Tabm. 1.

Tabmuus 1
BnumB cuiam ctpymy npu raptyBanust CBU na
3HOCOCTIlKicTh cTagdi 65I°

3uococrilikicTs ¢/r*10*
Cuaa crpymy
I II 11
0,8A 16,2 14,6 15,4
1A 11,1 11,2 10,7
1,25A 15,3 15,6 15,8
1,5A 14,6 14,3 14,6

Pesynbratu mocinifiB onparroBaii perpeciiHum
aHaITI30M, 3T1HO SIKOTO KpuTepiid dimepa CTAaHOBUTH
61,86, mo nepesunye TabmuuHi gaHi Fyos = 4,76
1 Fooo= 9,78. Tomy pi3HMIA MIX BCiMa OKPEMUMH
BapiaHTaMM JOCIHIJIB JTOCTOBipHa Ha 000X PIBHSAX
Ha/iiHOT ¥iMoBipHOCTI. ToYHICTH JNOCHITY CKIaaae
T = 98,09%. O0poOka eKkCrepUMEHTAIbHUX JaHUX
Jo3BONIHIIA TTOOYMyBaTH Tpadik 3aJIeKHOCTI 3HOCOC-
TifikocTi ctami 651" Big cuim cTpymy MpH rapTyBaHHI
CBUY (puc. 4).
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Puc. 4. 3anexnicTh 3H0cocTiliKOCTI cTaji 651"
Bi cuim crpymy npu raprysanni CBU

3aJIeKHICTh 3HOCOCTIHKOCTI ctanmi 6517 Bim cwim
ctpymy npu rapryBanHi CBY mHaiikpamie ommcye
roJliHOManbHa (PyHKINS (TIpU BCIX 1HIMMX (YHKIISIX
koedilieHT aerepminaiii He nepesuiye 0,2):

y = —193,4x" + 679,64x* — 773,46x + 298,22 . (1)
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Puc. 5. 3anexnicts 3H0cocTilikoCTi cTauai 65T
BiZ1 c1mocody rapryBaHHs

[Ipu npomy xoedinienT gerepminanii R = 1.

Crin 3a3HaunTH, o npu rapryBanHi CBY 3Ho-
cocTilikicTh ctayi 65" MOpIBHAHO 31 CTaHAapPTHOIO
TepMooOpoOKoro (HarpiBanHs 10 810°C 3 BiamyckoM
200°C) migBHITy€THCS HE CYTTEBO (pHC. 5).

Sx BupHO mpu rapryBaHHi CBY makcumanbHe
MiABHUIICHHS 3HOCOCTIHKICTh cTaii 651 ckinamae 10%
(mpm cuii ctpymy 1,25 A).

Jnst aHamizy MexaHi3My aOpa3uBHOTO 3HOLIY-
BaHHs craimi 650 micas rapryBannsm CBY it cran-
JIapTHOI TepMOOOPOOKH TTOBEpXHi TepTs GoTorpady-
BaJIM TICJIsI 3HOITYBAHHS PUC. 6, @ TAKOXK JOCIIHKEHO
3MiHy IOBEPXHEBOT TBEPJOCTI 3pa3KkiB Taodi. 2.

Puc. 6. EnexrponHi pororpadii nopepxoHb TepTs NpH raprTyBaHHs Ta
Tepmoo0podui CBY npu adpa3suBHOMY 3HOLIEHHI: a —CTaHJIapPTHE TAPTYBAHHA ;
0 — rapryBannss CBY cuaa crpymy 0,8 A; B — rapryBanns CBY cuia ctpymy 1 A;
r — rapryBannst CBY cuia crpymy 1,25 A; o — rapryBannsa CBY crpymy
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Tabmnurs 2 VY 3pa3kiB cTaii 3 HAHMEHIIOK 3HOCOCTIHKICTIO

IToBepxHeBa TBEPAICTH TOCTIAHUX 3pa3KiB Ha MOBEpXHi TepTs (puc. 6,B), OKPIM CIIIIB MIKpO-

TeepaicTb TeepaicTb pi3aHHs, TAKOXK CIIOCTEPIraNnCh KaBEPHU.
Buyt 06pobxm, |  Ne | moBepxHi 1o |moBepxHi micist Jani Tabn. 2 103BOJSIOTH 3pOOUTH BUCHOBOK, 11O

pexumM 3pa3Ka | 3HOUIYBaHHS, | 3HOLIYBAHHS, . . .

HRC HRC B mporeci B3aemozii ctami 65" 3 ButbHUM abpa3u-

CranaprHe 1 50 62.5 BOM BiI[6yBa.€TLC$I poIiec HaKnenyBagfm H(?BerHi,

TapryBaHHs ) 33 644 B pe3yJIbTaTi 4Oro MoBepXHeBa TBEPIICTh IiABHIILY-

810° Bin.200° 3 54 62,5 eTbes Ha 6...25,6%, 110 MO3UTUBHO BIUTMBAE Ha il
CB4Y 1 53 71,2 3HOCOCTIHKICTB.

Bioﬂ’_gz&o :2,) 2‘5‘ g(s)g BI/ICHOBKI/I..C].SLI rapryBaHHs JI03BOTAC l'Ii,Z[BI/I—.
CBY 1 53 5 6’ 4 LIUTH 3HOCOCTIWKICTh cTanmi 650" mpu 3HOUIyBaHHI
1A 5 57 59: 5 TepTsiM 00 He3akpirmieHui abpa3wB NMpUOIM3HO Ha

Bi1.200° 3 35 62.8 10%. 3actocyBanns CBY rapTyBaHHS HE J03BOJIUTh
CBY 1 52 60,9 KapAWHAIHHO BHUPIINIUTH MUTAHHS IiIBULICHHS 3HO-

B}ﬁ2.250[3° % gg ggg COCTIMKOCTI pOOOYHMX OpraHiB IPYHTOOOPOOHUX Ta

: MOCIBHUX MAIIUH, TOMY HEOOXiJHO WIyKaTd HOBI
E ?1 ; 2? 23’; O1IBII TIPOTPECUBHI CIIOCOOM 1 METOIM 3MIITHEHHS 1X
Bi1.200° 3 36 66.6 poOOYNX OBEPXOHbD.
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Dvoryk V.1., Labunets V.F., Borak K.V., Svyryd M.M., Buchko 1.0. WEAR RESISTANCE

OF 65G STEEL, STRENGTHENED BY INDUCTION HEATING

The analysis of studies of the influence of quenching during induction heating on the durability of steels is carried
out. It has been established that the results of previous studies cannot be applied to the working bodies of soil tillage
and sowing machines, since all previous studies on wear resistance were carried out during wear on rigidly fixed
abrasives. To determine the possibility of increasing the wear resistance of the working bodies of soil tillage and
seeding machines high-frequency currents, it is necessary to carry out laboratory tests for wear in conditions of
non-rigidly fixed abrasive particles. For carrying out such studies, a technique has been developed that allows to
determine the wear resistance of steel during wear in conditions of non-rigidly fixed abrasive particles.

The influence of the current strength on the wear resistance of 651 steel during hardening by high-frequency
currents is established in the work. This method, increase wear resistance, allows to increase the resistance to
abrasion wear of steel 651" by about 10%, compared with standard heat treatment (heating in a muffle furnace
to 810 °C with a release of 200°C).

In the process of interaction of 651 steel (strengthened by quenching during induction heating) with free
abrasive is the process of surface hardening, resulting in surface hardness increases by 6...25,6%, which has
a positive effect on its wear resistance. The least wear-resistant specimens on the friction surface, except for
traces of micro-cutting, also showed the presence of caverns. The application of quenching during induction
heating will not allow to radically solve the question of increasing the wear resistance of the working bodies
of the tillage and sowing machines, so it is necessary to look for new more progressive ways and methods of
strengthening their working surfaces.

Key words: wear resistance, 651 steel, high frequency current, abrasive wear, strengthening.



