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properties of composite coatings from the ratio of components, makes it possible to control a set of operational
properties and obtain high-quality coatings to increase the durability of parts of systems and vehicle units.

As a result of the conducted researches it is offered to consider composite coverings and composite
materials as the systems characterized by a certain complex of operational properties depending on filler content
and regularity of structure. According to the theory of cluster components, the content of the component
determines the parameters and properties of composite coatings and materials. The method of cluster
components makes it possible to present a set of operational properties as an additive model of its components.
The packaging of components in composite coatings and materials is represented by atomic crystal structures:
simple cubic, volume-centered cubic, face-centered cubic and hexagonal densely packed.

The implementation of the method of cluster components on the example of a binary system of
components A and B is considered. The basic configuration in accordance with the approximations of the
statistical ordering theory is chosen. The visual interpretation and physical content of a mixture of powders,
components of composite coatings and materials, particles A and B are given. The configurational entropy and
formation of cluster components of the intermediate composition AB along with the basic AA and BB are
considered. Based on the n-theorem, a complete set of quasi-chemical reactions is outlined. For binary composite
coatings and materials ACB1-C the matrices of size and relative content of components are constructed, the
quasi-chemical formalism of the method of cluster components and the law of active masses for volume-centered
cubic lattice are used. This is taken into account when building functional models of operational properties.
Their specification on the criterion of correctness is carried out.
composite coating, cluster component, packing, performance properties
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Y 1apoCTIMKUI YaBYH JIJIsI MOJIOJIBHUX T1JT

[TpoBeneHo moCHiKEHHsT IMHAMIYHOT MIIHOCTI (yZapOCTIMKOCTI) MOJIOJBHUX TiJ, BIAJIMTHUX 3
HU3BKOXPOMHUCTOTO YaBYHY B 0araTOMiCHOMY KOKiJIi, B 3aJI©KHOCTI BiJl BMICTy XpOMy B CIUIaBi. BcTaHOBIEHO
MIIBUILEHHS yIapOCTIMKOCTI BUJIMBKIB KYJIb ITPH 30UIbIIEHHI MAacOBOT YaCTKHM XpOMY B 4aBYHi B Mexax a0 1%.
IIpn npoMy HaWOiNBIIE 3pOCTAaHHA JUHAMIYHOI MIIIHOCTI CHOCTEpIraeThCs MpH 30LIBIICHHI MACOBOI YaCTKH
xpomy Big 0,3% mo 0,5%. Ilpu mnoganemioMy 3pOCTaHHI BMICTY XpOMY YAApOCTIHKICTH OL10ro
HHU3BKOJIETOBAaHOTO YaBYHY IIiIBUILY€ETHCS MEHII IIOMITHO 1 ipu BMicTy Xpomy 0,7-0,8% mocsarae MakcuMyMy.
YaBYH, PO3IJ1aB, KyJisl, KOKiJIb, JIeTYBaHHS, XPOM, yIaPOCTilKicTh

B.H. JlomakuH, J1011., KaH]l. TeXH. HayK, JI.A. MoJoKoCT, BUKII.
LlenmpanvHoyKkpauncKuli HaYUOHANbHBIN MeXHu4eckuli ynusepcumem, 2. Kponusnuykuii, Yxpauna
YnapocToikuii 4yryH AJI MeJIOLIUX TeJl

[IpoBeneHo WccleAOBaHUE AMHAMHYCCKOW MPOYHOCTH (yIAPOCTOHKOCTH) MENOIINX TEJN, OTIHMTHIX W3
HU3KOXPOMHUCTOTO YyryHa B MHOTOMECTHOM KOKHJIE, B 3aBHCHMOCTH OT COIEpKaHHS XpOMa B CIUIaBe.
YCTaHOBIJICHO MOBBINICHUE YIAPOCTONKOCTH OTJIMBOK IIAPOB MPH YBEIHMYCHUN MACCOBOM JIOJM XpOMa B UyT'YHE
B mpenenax 10 1%. Ilpu 3ToM HanOOIBIINK POCT AMHAMHYECKOW MPOYHOCTH HAOIIOAAETCS MPH YBEIHMUCHHUU
MaccoBoii oiu xpoma oT 0,3% 10 0,5%. [Ipu nampHeineM pocte CoAepKaHus XpoMa yAapOCTOHKOCTh OEI0ro
HU3KOJIETHPOBAHHOTO YyTyHa IIOBBIIIAETCS MEHee 3aMeTHO, W mpu Hammuuu xpoma 0,7-0,8% mocTturaer
MaKCUMyMa.
YyI'yH, PacILIaB, AP, KOKWIb, JeTHPOBAHUE, XPOM, YIAPOCTOIKOCTH
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ITocranoBka mpodaemu. Ilpobrema 3abe3neyeHHs ONTUMAIbHUX EKCILTyaTalliiHUX
BJIACTUBOCTEH MOJIONBHUX TiJI, TAKUX SIK TBEPIICTh, adpa3WBHA 3HOCOCTIMKICTH 1 TUHAMIYHA
MIIHICTh JIOCI HE BUpilieHa. Bcs CKIIagHICTh TaKOro 3aBlaHHsS IMOJIATaE€ B TOMY, IO Taki
BJIACTUBOCTI 3aJeKaTh BiJl BEJIHMKOI KIJTBKOCTI (haKTOpiB, cepen SKUX: XIMIYHUH CKIaf,
MeTanorpadiyHa CTPYKTypa, MIKPOTBEPHAICTh CKJIAIOBUX CTPYKTYpPHU, KUIBKICTH 1 PO3IMOALIT
kapOiniB neneOyputy. ToMy npu BUpIlICHHI 3aBJIaHHS OTPUMaHHS HEOOXITHUX BIACTHBOCTEH
MOJIOJIbHUX TiJA CJHiJ BpaxoBYBaTH BCIO PI3HOMAHITHICTh UWHHHUKIB, IIO JIOKOPIHHO
BIUTMBAIOTH HA TEXHOJIOTiI0 BUTOTOBJICHHS TaKMX BUPOOiB [1].

AHaJi3 ocTaHHIX XocHilKeHb i myOJikamiii. BimHOCHO MexXaHIYHOTO CTHUpaHHS €
IiJicTaBU BBaXKaTd, IO MK YMOBaMH POOOTH MOJIOJBHHMX TUI Pi3HUX JiaMETpiB CYTTEBOI
pi3HHUIIl HeMae. 3HOC Marepiady MOJIOJBHOTO TiIa BHU3HAYAETHCS TEPTAM 3 pi3aHHSIM HOTO
MIOBEPXHI, a TAaKOX CTyINeHeM aOpa3MBHOCTI MaTepiaiy, L0 PO3MENIOeThCs. JIOBrOBIYHICTD
KyJIl 3aJICKUTh HE TUIBKH BiJl ONMOPY CTHPAHHIO 1 YIAPOCTIMKOCTI, aje 1 JIMITYETbCS TaKOX
TpaHUIIeI0 BTOMH Matepiany [2, 3].

Omip BUJIMBKA CTUPAHHIO 3a3BHYail MOXKEe OyTH MIiJBHINCHUA HASBHICTIO B METaJCBIN
MaTpulli MeTany kapOiaiB nemeHTUTHOTO (Me;C) abo inmmx tumiB (Me;Cs, Mey3Ce). 3 1iero
METOI0 B TIPAKTHUIll BUPOOHMIITBA TaKUX BHPOOIB 3aCTOCOBYETHCS JIETYBaHHS YaBYHY
KapOiJ0yTBOPIOIOYMMH €JIEMEHTaMH, 30KpeMa MapraieM ado XxpomMoM. MapraHenp B yMOBax
CchoroJiecHHss € Ourpm gemeBuM. [IpoTe XxpoMm 3paTeH e(EeKTHUBHIIIE IMOKPAITUTH
3HOCOCTIHMKICTh 3aBIsKU yTBopeHHIO B Metani kapoiniB (Fe,Cr);C i (Fe,Cr);C;. Came Tomy B
SAKOCTI MaTepiaty AJisi MOJIOJIbHUX KYJIb BCE YaCTIlIe MPONOHY€EThCS HU3bKOXPOMUCTUH YaBYH
[4, 5,6, 7].

AOGpa3uBHa 3HOCOCTIMKICTh MOJIOJBHUX TUI MOXXEe OyTH BH3HAUC€HAa B 3BUYANHOMY
7a00paTOPHOMY MIIMHY, OCKUIBKHM (pi3M4HA MpUpOJa SIBUILA HPU MEPEeXOAdl 3 BEIMKOro Ha
Majguii  MacmrTad TMPUHIUIOBO HE  3MiHIOEThCA. OIliHKa JAMHAMIYHOI  MIITHOCTI
(yZapocTifikocTi) MOJIOJIBHUX TiJT MPH 3HOIIYBaHHI B Ja0OpaTOPHOMY MIIMHY HE MOXe OyTH
BU3HAYeHa. [Ipy TakoMy IOCITIDKEHHI HE MOXYTh OYTH BIATBOPEHI yMOBH, IOB's3aHi 3
yZIapHOIO BTOMOIO MaTepiaiy.

MosonpHi Tima 31 3BHYAWHMX OUIMX 4YaBYHIB HE BIAMOBIMAIOTH BHUMOTaM 10
yaapoctiikocTi. [ligBUIIEHHS i€l Ba)JIMBOi EKCILTyaTalliiHOT BJIACTUBOCTI JOCSTAETHCS
JIETYBaHHSAM YaBYHIB 1 MPOBEACHHIM TEepMOOOpPOOKH IUTHUX BHpPOOIB. Y pobotax [8, 9]
BKa3y€TbCs, IO MPH KOMIUIEKCHOMY JIETYBaHHI YaBYHY MOJKHA MIJBUIIMTA JUHAMIYHY
MIIHICTh MOJIOJIBHHX TiJ1 1 6€3 IPOBEICHHS TePMIYHOT 0OPOOKH.

OcranHiMH JoCHiDKEeHHAMU [9] TMOKa3aHO, IO KPEMHIH 31aTeH MiABUIIUTH
JTUHAMIYHY MIIHICTh (yAapOCTIHKICTh 1 BTOMHY MIIHICTh) KYJIb, 3MCHIIMTH CXHUJIBHICTH
YaByHy [0 Yycaakd 1 po3Mmip 3epHa. Taki JaHi Oyiau OTpuUMaHi MNpH TOCITiIKEHHI
eKCIUTyaTaIlliHUX BIJIACTUBOCTEH KyJb 3 JIETOBAHOTO MapraHiieM u4aByHy. I[Ipore 15
pEKOMEHalis 3HAXOJUThCA B IEBHOMY IPOTHPIYYl 3 3arajJlbHOBU3HAHMMHU BHMOTaMHU J10
3HOCOCTIMKHMX MaTepialliB i MOJOJBbHHUX TUI. 3a JITepaTypHUMHU JAaHUMHU KPEMHIN 3HIDKYE
abpa3uBHY 3HOCOCTIHKICTh YaBYHHMX BWJIMBKIB, 1 B 3B'SI3Ky 3 IIMM pPEKOMEHIYETHCS
0o0MeXyBaTH BMICT Takoro eaemeHTa B metaii 10 1%. Kpim Toro, B po0oTi [10] Bka3yeTbes, -
00 YHUKHYTH KPHXKOCTI KyJb, OCOOJIMBO BEJIMKHUX PO3MIpIB, MOTPIOHO MaTH 30BHILIHIM
BUOIIEHWH 1Iap TOBIMHOK 10 20-25 MM, a BHYTPINIHIO YaCTHHY HEOOXITHO 30epertu 3
CIporo 4aByHy, TOOTO KpaImiuM € BHOIICHUI YaByH.

B nmaniit po6oTi yci BUIIeIepepaxoBaHi MOJIOKEHHST OyJIM TepEeBIpeHi MO BiTHOIICHHIO
JI0 eKCIUTyaTalliiHUX XapaKTePUCTUK MOJOJBHUX Til cdepuunoi Gopmu, BLUIMTHX 13
HU3bKOXPOMUCTOIO YaBYHY.

IlocTaBHOBKAa 3aBAaHHsl. 3ajada JOCHI/DKEHHS  TojsAraja |y  BHU3HAUCHHI
palioHaJIbHOTO, €KOHOMIYHO OOIPYHTOBAHOTO, XIMIYHOTO CKJIaJly XPOMHUCTOTO YaBYHY IS
MOJIOJIBHUX KYJIb JUIS 3a0€3MeUeHHS BUCOKOI y1apOCTIMKOCTI TaKUX BHUPOOIB.
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Bukiaax ocHoBHOro martepiaiay. B sKkocTi BHUXIZHOTO CIIy’)kKMB YaBYH HACTYIHOTO
ckiany: Byrienb — 3,0%, kpemHiit — 1,6%, mapranens — 0,4%, cipka — 0,05%, docdop —
0,06%.

Jns nocmipkeHHsT OynM BIAJHWTI KUTbKa MapTid Kynb giamerpoM 60 MM 3 pi3HUM
BMICTOM XpoMy B uaByHi, Bi 0 10 1%. YaByH BUMIaBIAIM B IHAYKUIHHIN Medl ceperHboi
qacToTH, Tuiry [UT, 3 0OCHOBHOIO ()yTEpOBKOIO Ha YHCTOMY YYIIKOBOMY YaBYHI 1 CTaJIEBOMY
HU3bKOBYIUIeLIeBOMYy OpyxTi. TemnepaTypa Bumycky uyaByHy craHoBwia 1500 °C. Pinkuii
YaByH MiJaBajd JIETYBaHHIO CEpelHbOBYIIIENeBUM (epoxpomMoMm. Kymi BimnuBamu B
0araToOMICHUX KOKLJISIX.

30UIbIICHHS BMICTY XpOMYy B 4aByHI B Mexax 10 1% NpU3BOAUTH 1O 3pOCTAaHHS
00'eMHOI TBEpAOCTI 1 aOpa3uBHOI 3HOCOCTIMKOCTI. AJie, 3 TOUKH 30pY JAMHAMIYHOI MIITHOCTI
(YmapocTiiiKoCTi) MOJIOJIBHUX TUT B IIbOMY TTUTaHHI HEMAE SICHOCTI.

JlocmipKeHHs TUHAMIYHOT MIITHOCTI, SIK BIJOMO, MTPOBOJUTHCS IIISIXOM BUIIPOOYBaHHS
KyJIb Ha yAapOCTIMKICTh, TOOTO 34aTHICTH KyJIb HE PYHHYBATHUCS MPHU YAApHO-HANPYKEHOMY
CTaHl MTPU HaBaHTAXEHHI, OJIM3LKOMY JI0 PYHHIBHOTO.

[HIIUM PiI3HOBHIOM MOCHIHPKEHHS JUHAMIYHOI MIIIHOCTI € BUIIPOOYBAaHHS MOJIOJIEHUX
TIJT HA MIIHICTh BiJl BTOMHU TPH yJIapHOMY HaBaHTa)XeHHI. MeETOIO Takoro OCHIIKEHHS €
BU3HAYEHHS MOPIBHIIBHOI JOBIOBIYHOCTI KyJIi IIPH yAapHii poOOTi B MIIMHY.

[IpoBeneHHss BUMpPOOYBaHb KyJib Ha JUHAMIYHY MIIHICTh BUKJIHMKAJIO TPYIHOII,
OCKUTBKH JJIsi JOCHTIDKYBaHMX CIUIaBiB HEBiJIOMa BeIMYMHA TPAHUYHUX, ONHM3BKUX JI0
pYyHHYIOUMX, JMHAMIYHUX 3yCWib. KpiM TOro, ymapOCTIHKICTh MOJOJBHUX TUT HE
pErJIaMeHTY€eThCS AEPKCTAaHAAPTOM, 1 Ha PI3HUX JIMBAPHUX MiJIPUEMCTBAX, 110 BUPOOISIOTH
JUTI MOJIOJIBHI BHUPOOM, [JI1 BU3HAYEHHS BTOMHOI CTIMKOCTI 1 YJIapOCTIMKOCTI KyJIb
3aCTOCOBYIOTBCSL Pi3HI MpUCTOCYBaHHA. lIpm 1bOMY BHUKOPUCTOBYETHCS pi3HAa dYacToTa i
BEJIMYMHA JUHAMIUYHUX 3YCUJIb.

B naniif po60Ti AMHAMIUHY MILIHICTh MOJIOJIBHUX TUI AOCHIDKYBAJIN Ha CIEIiabHOMY
MexaH130BaHOMY Korpi (puc. 1).

PucyHnok 1 — MexaHi3zoBaHuii Komep

Lrcepeno: pospobaeno asmopamu

[Ipu BuUmpoOyBaHHAX HA YHAPOCTIHKICTP MOJIOJbHA KYJIsI OTpUMyBajla yaap Ooiika
macor 50 kr, mo nagaB 3 Bucotu 0,5 M. YacrtoTa mpukIagaHHs JUHAMIYHUX HABAHTAXKEHBb
cranoBuia 10 yaapiB 3a XBIWIIMHY. Y JapOCTIMKICTh BU3HAYAIH TI0 CEPEIHINA KIJTLKOCTI yapiB,
BUTPUMAHHUX MOJIOJBFHUM TIJIOM 10 pyHHYBaHHS.
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Mertanorpadiudi AOCHIIKEHHS CTPYKTYpPH OTPHUMaHHX BHIMBKIB MPOBOJWINA 3
BUKOPUCTAHHSAM MIKpOCKoma. BuB4ueHHs KUTBKOCTI 1 popMu BUAiIEHD TpadiTy TPOBOIMIOCS
Ha HeTpaBieHMX mutidgax. [Ipym npomMy BCTaHOBJIEHO, IO HpU BMICTy XpoMmy Outbiie 0,3%
BUUICHHS CTPYKTYPHO BUTBHOTO TpadiTy BiCYTHI 110 BChOMY NEPETHHY BIIIMBKA (pHC. 2).

Pucynok 2 — Mikpoctpykrypa 6inoro gaByny (0,7-0,8% Cr)x500
Hoicepeno: pospobnero asmopamu

BuBdenns TpaBneHux nuriiB IMOKa3ajgo, M0 MIKPOCTPYKTypa YCIX JOCTIIHKEHUX
BUJIMBKIB SIBJIsIE COO0I0 MIKPOCTPYKTYPY JOEBTEKTHYHOTO O1IOr0 4aByHY, IO CKIANAETHCA 3
MPOIYKTIB PO3MaAy HAIJIUIIKOBOTO aYyCTEHITY 1 JIeeOypUTHOT EBTEKTHUKH. Y TIEPETHHI
BIWJIMBKA MO’XHA BHUJUINTH TPU 30HM: MOBEPXHEBY, MEpeXigHy 1 LeHTpanbHy. [loBepxHeBa
30Ha Ma€ MITKOIUCIEPCHY TMEPIUTHO-IIEMEHTUTHY CTPYKTYypy. [lpu 3011bIIeHHI BMICTY
XpOMYy JUCHEPCHICTh CTPYKTypu MiABUINYeTbCsA. [Ipu mepexoii Bi TOBEPXHEBOI 10
IEHTPAJIbHOI 30HU BWJIMBKA CTPYKTypa CTa€ OuIbII TpyOOr, 3MIHIOETHCA KIJTBKICHE
CHIBBIJHOIIEHHS MK CTPYKTYPHHUMH CKJIQJIOBUMH, 30UTBIIYETHCS YacTKa JUISHOK pO3MaTy
HAJUTMIIIKOBOTO AayCTEHITY. Y MEHTPadbHIA 30HI CIOCTEPITAETHCS MIKPOIIOPUCTICTh, IO
NIOB'A3aHO 3 OCOOJIMBOCTAMHU KpHCTaNi3amii Kyb.

V Tabin. 1 mpuBeneHi pe3ybTaTi JOCTIKEHHS TBEPAOCTI YaBYHY y Pi3HHX NEpETHHAX
BUJIMBKA.

Tabnuus | — BracTMBOCTI BUJIMBKIB MOJIOJIBHUX KyJIb D60 MM

Buict xpomy, % Teepaicte HRC B piSHI/‘IX TepeTUHAX BUJIMBKA Y 1apocTiKiCTh,
[IOBEPXHS CEpEeHiN wap LICHTP YA
Buxinguunii cruias 40 38 32 42
0,1 42 40 31 72
0,2 42 40 33 144
0,3 44 41 36 281
0,4 47 46 39 546
0,5 50 50 41 722
0,6 52 52 43 768
0,7 53 52 43 774

Lrcepeno: pospobneno asmopamu
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]

3a pe3ynpTaTaMH MPOBEAEHOTO MJOCHIKEHHS TMMOOYyJOBaHI 3aJeXHOCTI TBEPAOCTI
YaByHY BiJl BMICTY B HOMY XpOMY JUIS IICHTPAJIbHOI, CEPEeIHBOI (ITepexiaHo1) 1 MOBEpXHEBOI
YacTHH C(hepUIHOTO BUIIMBKA (pHC. 3).
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1 - moBepxHEBa 30Ha BUJIMBKA; 2 - cepeiHs yacThHa BuinMBKa (1/2 pamiyca Kyii);
3 - neHTpagbHa YaCTHHA BUJIMBKA
Pucynok 3 — 3MiHa TBEpAOCTI O MEPETHHY KYJIi
Iicepeno: pospobneno asmopamu

3rigHO 3 pHC. 3 TBEPHiCTh TOBEPXHEBOI 30HU BHJIMBKA 1 MPHJIETIIOl IO HEI OCHOBHOI
Macu MeTally 3 MiJBUIICHHSIM BMICTY-XpOMY B 4aByHi 3pocrtae (kpuBi 1 i 2). MakcumanbHa
TBEPAICTh OLIOTO JIETOBAHOTO YaBYHY JOCATa€ThCs mpu Bmicty xpomy 0,7-0,8% (<2% Si).
IIpu upomy nepenazn TBepaocTi Bin nosepxHi (~ 52 HRC) nmo uentpy kyni (~ 42 HRC)
CTaHOBUTbH BEJIUYUHY, NOPsAKY 10 oquHUIS.

Sk BUIHO 3 puc. 4 yaapocCTiiiKiCTh BUIMBKIB KyJIb (AMHAMIYHA MII[HICTh) IMiIBUIIY€ThCS
31 30UIBIICHHSIM MacoOBOI YaCTKH XpOMY B YaBYyHI B Mexax a0 1%. IIpu mpomy HaiiGinbmie
3pOCTaHHS TUHAMIYHOI MII[HOCTI CIIOCTEPIraeThCs MPH 30UIBIICHHI MAacOBOI YaCTKU XPOMY
Bix 0,3% no 0,5%. Ilpu momameIioMy 3pocTaHHI BMICTYy XpPOMY, YIapOCTIHKICTH O1I0TO
HU3bKOJIETOBAHOT'O YaBYHY MiJBUIIYETbCS MEHII MOMITHO, 1 pH HasiBHOCTI Xpomy 0,7-0,8%
JI0CSATA€ MAKCHMYMY.

69



ISSN 2664-262X IenTpanbHOyKpaiHChKUH HayKoBHUii BicHUK. TexHiuni Hayku, 2020, Buil. 3(34)

800

e

700

)

500 A

ya

(3

UKICITIb,

400

300 7

200 /—’

) B

e

0 0:1 DX BI04 05°5006 07
Brmicm xpomy, %

Ydapocm

PucyHoxk 4 — Y 1apocTiliKiCTh KyJib i3 HI3bKOXPOMHCTOTO YaBYHY

Ioicepeno: pospobneno asmopamu

BucHoBkH. BcTaHoBieHa 3aN€KHICTh YIAQPOCTIMKOCTI MOJIOJIBHHUX TUT 1 BXKE Bigomi 3

HAyKOBOI JIITEpaTypH €KCTIEPUMEHTAIIbHI JIaHI TT0 a0pa3uBHIN 3HOCOCTIMKOCTI O1JI0TO YaBYHY
JTIO3BOJIMJIM 3pOOWTH BHCHOBOK: TPHU PO3MENIOBAHHI TBEPJAUX TIPHUYMX TOPIJ, 3 BEIMKUM
BMICTOM TBEPZOTO KBapIly, 3aCTOCYBaHHS HU3bKOXPOMHUCTOTO YaBYyHY B SIKOCTI MaTepiary s
MOJIOJIBHUX TiJ € HaWOLIbII €(heKTUBHUM, SIK B TUIaHI JOCSATHEHHS BHCOKOI YJIapOCTIMKOCTI,
TaK 1 17151 3a0€31eYeHHS] EKOHOMIYHOCTI €KCIUTyaTallifHIX XapaKTEPUCTHK.
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Impact Resistant Cast iron for Grinding Bodies

A study of the dynamic strength (impact resistance) of grinding bodies cast from low-chromium cast iron in a
multi-seat chill mold depending on the chromium content in the alloy is carried out.

As a starting point, cast iron of the following composition was used: carbon — 3,0%, silicon — 1,6%,
manganese — 0,4%, sulfur — 0,05%, phosphorus — 0,06%. For the study, several batches of balls with a diameter of
60 mm were cast with different chromium content in cast iron, from 0 to 1%. Cast iron was smelted in a medium-
frequency induction furnace, such as IChT, with the main lining on a charge of pure pig iron and steel low-carbon
scrap. The temperature of cast iron production was 1500 °C. Liquid cast iron was subjected to alloying with medium
carbon ferrochrome. Balls were cast in multi-seat chill molds.

When tested for impact resistance, the grinding ball received a striking blow of mass 50 kg, falling from a
height of 0,5 m. The frequency of application of dynamic loads was 10 beats per minute. Impact resistance was
determined by the average number of impacts sustained by the grinding body prior to destruction.

An increase in the impact resistance of ball castings has been established with an increase in the mass
fraction of chromium in cast iron up to 1%. Moreover, the greatest increase in dynamic strength is observed with an
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increase in the mass fraction of chromium from 0,3% to 0,5%. With a further increase in the chromium content, the
impact resistance of white low-alloy cast iron increases less noticeably, and in the presence of chromium 0,7-0,8%
reaches a maximum. The difference in hardness from the surface (~ 52 HRC) to the center of the ball (~ 42 HRC) is
a value of about 10 units.

The established impact resistance of grinding bodies made it possible to conclude: when grinding solid
rocks with high content of solid quartz, the use of low chromium cast iron as a material for grinding media is the
most effective, as in terms of achieve high impact resistance, and to ensure cost-effective performance.
cast iron, melt, ball, chill mold, alloying, chrome, impact resistance
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TennocTiKICTh 10HHOA30TOBAaHUX ATIOMIHIEBHX CILJIaBiB
P 130TEPMIYHOMY Ta TEPMOIUKIIYHOMY BILIUBI

B po0Ooti npoBeneHo AOCHIPKEHHS.  OCHOBHOI'O Tapamepy, 0 OOMEXYe 3aCTOCYBaHHS IOPIIHIB 3
aJIOMIHIEBUX CIDIaBiB mpH (OPCYBaHHI ABWIYHIB - TEIUIOCTIMKOCTI Ta ii 3amekHOCTI Bim — mudy3iHHX
10HHO0a30TOBaHMX ImapiB. [Ipu aHami3i OCTaHHIX JOCTIHKCHb 1 MyOJiKamii BH3HAYCHO HAHOLIBIN MOIIMPEHi
METOJIM HarpiBaHHS 3pa3KiB MPH BUIIPOOYBAHHIX, IX MepeBard Ta HEMOJIKH. 3aBJIaHHSA AOCTIIHKEHHS - BUSBUTH
B3a€MO3B'SI30K (PAKTOpiB, IO BHU3HAYAIOTh TEIUIOCTIHKICTh 10HHOA30TOBAaHUX AQJIOMIHIEBUX CILIABIB IMpHU
130TepMiYHOMY Ta TEPMOLMKIIYHOMY BIUIMBI JJs €(EKTHBHOTO aHANi3y MeEXaHi3My SBHUII Ta YIPaBIiHHS
TEXHOJIOTIYHAM  TPOIECOM 3MIllHEHHS TOpIHIB. JIJis  MOCHIIKCHHS BHUKOPUCTOBYBABCS  KOMIDICKC
mab0opaTOPHOTO YCTaTKyBaHHS Ha OCHOBI  ycraHoBkm “lllenkyHumk”, mo 3a0e3medye IHUKIIYHY 3MiHY
TEeMIepaTypy ¥ HaBAaHTAXXCHHS 3pa3ka, KOHTPOJIb Ta 3alKC 3HAYEeHb TEMIIEPaTypH, HABAHTAXKEHH ¥ nedopmariii
Ta (QYHKIIOHYBaHHS B aBTOMAaTHYHOMY pexumi. [Ipy IIbOMy  BHKOPHUCTOBYBAIHCS IUIOCKI 3pa3skd 3
amominieBoro crutasy AJI21 3 teruro3axucHuUMHU MUQy3iiHUME 10HHOA30TOBaHMMH LIapaMH, IO HAHECEHI B
ycranosmi BITTA-1 Ta 3pa3ku 6e3 o0poOku. Xapakrtepuctuku TepmigHoro mukiy: 500 °C < 720 °C. wgac
HarpiBanHs - 10 cek., OXoJO/pKeHHS 15 cek., IO BIAMOBIae peajbHUM YMOBaM EKCIUTyaTallil MOPIIHIB.
Busnadeni kpuBi i30TEpMiUHOI Ta TEPMOIMKIIYHOI IMOB3YYOCTI MO MAIOTh YIiTKO BUPKEHI TPU MIJITHKH
MOB3YYOCTI, B 3aJIGKHOCTI Bl TEMIEpaTypHu TPUBAIICTH X pi3Ha. l[e 3yMOBJICHO HASBHICTIO B MOBEPXHEBOMY
mapi 3mirHio4o0i Gasu AINi; piBHOMIPHICTIO PO3MOALTY KOMIIOHEHTIB MOKPHUTTS IO IMOBEPXHI W CTYIHHIO 1X
TYTOIJIABKOCTI. 3 IUM MOB’SA3aHO YCKJIAMHCHHS PYXY MHCIOKAIid, SKi Ha CBOEMY MNUISAXY 3iIITOBXYIOTHCS 3
HEOOXIAHICTIO JOJAaTH MPU CBOEMY PYCi BEIHKI IMEPENOHH, IO BUKIWKaHI HASBHICTIO 3MIIIHEHOTO mapy. Bun
KPUBHX MOB3YYOCTI 3aJIKHUTh BiJl TEMIIEPATypU Ta YMOB Ti BIUIMBY Ha KOMITIO3HIIiIO “‘OCHOBa-mOKputTs”. Yac 10
pYHHYBaHHS TPH TEPMOIUKIIYHOMY PEKHMI BHIPOOyBaHb MEHINWH, HDK TpH i30TepMmiuHOMy. B mpormeci
MOB3YyYOCTI antoMiHieBoro cmiaBy AJI21 i3 Terro3axucHUMU TU(Y3IHHAMU 10HHOA30TOBAHUMH IlIapaMu
CIIOCTEPITaeThCsA JBa KOHKYPYIOUHMX TIPOIECH: 3MIITHCHHS B HACHIAOK IDIacTHYHOI medopmarii Ta 3HATTS
3MIIIHEHHS ] BIUIMBOM MigBUINEHOI Temmeparypu. Omip i30TepMiuHI Ta TEPMOIMKIIYHIN MOB3y4OCTi
3MiIIHEHOTO amoMiHieBoro craBy AJI21 migsummses B 1,8...2,2 paswn.

BAKYyMHe a30TYBaHHsl, AJIIOMiHi€Bi CIUIaBH, TeIUIOCTiHKiCTh, i30TepMiuHi Ta TepMONMMKJIIYHI
BUNPOOYBAaHHA, KPUBIi MOB3y40CTi
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