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A0 IMTAHHA BUBYEHHA BIIVIMBY XIMIYHOI'O CKUIALY
HA CTPYKTYPY TA MEXAHIYHI BIACTHUBOCTI CIPOI'O HABYHY

3acmocysanns 6UIUEKI6 i3 Cipo2o 4a8yHY 8 MAWUHOOYOIBHITI NPOMUCTIOBOCI OA€E 3MO2Y NIOGUUUMU 3HO-
cocmitikicms i ekcnayamayiini 61acmueocmi KOHCMPYKYiti ma oemanetl MAwuH, Wo, 8 CEOK 4epey, MaKo’C
niosuwye ix Hadiunicms 015 2any3i mawuHoOyoyeaunts. Hapasi 3nauno eupic inmepec 0o npoonem aumms
uagyHy, moomo GopmyeanHa CmMpyKmypu i MEXauiyHux 61acmusocmei. Basicnusum nokasHukom akocmi cipo2o
YABYHY € 1020 MEXAHIYHI 8IACTMUBOCTI, AKI 3ANIEHCAMb IO 1020 XIMIUHO20 CKAAOY | CMPYKMYpU ma eusHade-
HUX MEXHON02IYHUX npoyecis. Y cmammi 00CHiOHCeHo 8NAUE XIMIUHO20 CKIAOY CipO2O YABYHY HA CIPYKIYDY
ma 1020 mexaniuni enracmueocmi. JJocniodcents GUKOHYBANUCL MEMOOAMU MAMEMAMUYHOL CMamucmuKy,
MOOMO MemoOOM HAUMEHUUX K8aopamis i koperayiunum anaiizom 8 cepedosuwyi Microsoft Offis Excel ma
MathCAD. Ompumarni pieHsiHHs pecpecill 3a1eHCHOCMel MEXAHIYHUX 81ACTNIUBOCEN CIPO20 HaBYHY 8i0 1020
XIMIUHO20 CKAAQY, NPU YbOMY BCTNAHOBNIEHA MICHOMA 38 A3KY MINC OOCAIONHCYBAHUMU NAPAMEMPAMU | 6CMA-
HOBIIEHO Xapakmep 6NJIU8Y 8Yy2Nleyto, KPDEeMHII0, MapeaHyio, CIPKU Ha MEXAHIYHI 61ACMUBOCTI CIPO20 YABVHY, d
MAKOIC 6CMAHOBNEHUL ONMUMATLHULL cKao0 yasyHy. Tlokazano, wo cymmesuil 6niue Ha Mexaniumi enacmu-
80CMI MAE CYMApHULL 6MICm 8y2lieyro i KpeMHiio, ye 00380JA€ pe2yio8amu XiMiuHULl CKAAO 0/ NONINUEHHS
MiyHocmi I meepoocmi BUNUBKIE i3 Cipoeo UYasyHY. 3anponoHOBAHO ONMUMANbHULU XIMIYHUL CKIAO Cipoeo
4aBYHY 0151 OOCAIONHCEHH MeXaHIYHUX enacmugocmell. Ha ocHogi npogedenux 00ciiodxcerb OJis NiOSUUeHHS
MEXAHIYHUX 8IACTMUBOCTEN CIPO20 YABYHY NPONOHYEMBCA 30 KPUMEPILl OYIHKU XIMIYHO20 CKIAOY YABYHY NpU-
UHAMU: Gy2lleyesuli eK8i8aieHm,; CYMapHuLl 6MICm 8yeleylo i KPeMHilo, 6MICI Mapeanyio i cipku okpemo. /[
00epIICants Cipo2o 4agyHy 3 NIOBUWEHUMU MEXAHIYHUMU 6IACTNUBOCMAMU GVeNeYesUll eKEIGaLIeHM NOBUHEH
3Haxooumucs 6 inmepsaii 3,6—4,2%, wo ionosioac emicmy gyeneyio 3,1-3,75%, kpemniro 1,9-2,5%, emicm
mapeanyio nosunen oymu 6 inmepesaii 0,45-0,75%, a cipku 0,04—0,14% 32iono JJCTY8833.

Knrouosi cnosa: cipuii uagywn, XimiuHull cKidao, MeXawiyHi 61acmueocmi, pi6HAHH:A pecpecii, Kopenayis,
MemOoO HAUMEHUUX K8AOPAmis.

IMocranoBka nmpodaemu. Buxopucranus ciporo
YaByHy B PI3HUX Taly3sX MPOMHCIOBOCTI YKpaiHH
JIO3BOJISIE IMIJABUIIMTH HAIIMHICTh, 3HOCOCTIMKICTH
1 eKCIUTyaTaIliifHi MOKa3HWUKH SK KOHCTPYKITIH, Tak
i geraneil MmamuH. B 3B’s13Ky 3 IIMM B TEXHOIOTIYHHUX
Mporecax OJIep’KaHHS YaBYHHOTO JIMTBa HEOOXiTHO
3aCTOCOBYBATH II€BHI MPHUUOMH i METOIU PEryIIo-
BaHHS (OPMH Ta XapakTepy po3Mmoiily rpadiTHOT
(azu B cTpyKTypi BUiHBKIB [1-4, 7].

Teopist kpucTamizalii € BaKIMBOIO CKJIQJOBOIO
Opy  aHamizi mporeciB  (HOPMyBaHHS CTPYKTYpH
1 MEXaHIYHUX BJIACTUBOCTEH, TOMY BEJIMKAa yBara
MIPUIIISAETECS BUBYCHHIO 3aKOHOMIPHOCTEH CTPYK-
TYpH 1 MEXaHIYHHUX BJIIACTUBOCTEH B 3aJI€KHOCTI BiJl
XiMiYHOTO CKJany 4aByny [1-4, 7].

[Tig yac oTprMaHHS YaBYHHOTO JINTBAa HEOOXiTHO
OPUAUISTH yBary TpUHOMaM Ta METO/aM KOpPHTY-
BaHHSI XIMIYHOT'O CKJIaJly YaBYyHY, 3 JJOIIOMOT OO SIKUX
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PETYIIOEThCA XIMIUHUM CKIIaJ, a TakoX CTPYKTypa
BUJIMBKIB 3 METOIO MOKPAIIEHHS iX sikocTi [1-4, 7].

ToMy mHUTaHHS CTOCOBHO BHMBYEHHS BIUIMBY Ha
MEXaHiYHl BJIACTUBOCTI BWIMBKIB 13 CIpOro 4aByHY
XIMIYHOTO CKIIa/ly € aKTyaJbHUM, a po00Ta, siKa Crpsi-
MOBaHa Ha IMIJIBUIICHHS HOTr0 MII[HOCTI 1 TBEPAOCTI
BUJIMBKIB B 3aJISKHOCTI BiJI XIMIYHOTO CKJIaay Hapasi
€ TAaKOXK aKTyaJIbHUM HayKOBHM 3aBJIaHHSIM.

AHagi3 ocTaHHiIX dOCTimKeHb i myOsmikamiii.
Haremnep 3Ha9H0 3pocTae iHTEpEC A0 MPOIIECIB JIUTTS
YaBYHIB, (POPMYBaHHS CTPYKTYPH Ta IX MEXaHIYHHX
BIIACTUBOCTEM.

[lpu amamizi mitepaTypHo iHMOpMAIifHUX Ke-
pell CTOCOBHO BUBUYEHHS BIUIMBY HAa MEXaHIuHi Biac-
TUBOCTI XIMIYHOTO CKJIaJly YaByHY BKa3ye€ThCS Ha
HIMPOKE 3aCTOCYBaHHS B MAalIMHOOYIIBHIM Traiy3i
3HOCOCTIMKMX MarepiaiiB JeTaleH, sKi CTBOpPEHi Ha
OCHOBI cipux yaByHiB [ 14, 7].

Jnst aHanmizy TEXHOJOTiYHHMX TNpoueciB (opmy-
BaHHA CTPYKTYPH CIpOTO 4YaBYHY MOXKE CIIyTyBaTH
Teopist Kpucraiizamii. BuBdenHs i mpu mpomecax
JIUTTS TICHO IMOB’SI3aHO 3 JIOCIIIJHKEHHSM 3aKOHOMIp-
HOCTEW 3MIHM CTPYKTYpHU 1 MEXaHIYHUX BIIACTHBOC-
Tel B 3aJIe)KHOCTI BiJ] XIMIYHOTO CKJIa/ly YaByHY TpH
pi3HEX Temmeparypax i (a3oBux cranax [1-4, 7].

Tomy, Hapa3i aKkTyaJbHUM IUTAHHSIM € BUBYCHHS
BIDIMBY XIMIYHOTO CKJIaJy SIK Ha CTPYKTYpY, TaK 1 Ha
MeXaHi4Hi BIaCTHBOCTI CipOTo YaByHY.

MeTo10 cTaTTi € BUBYCHHS BIUIMBY XiMIYHOTO
CKJIQJly Ha CTPYKTypy Ta MeXaHi4Hi BIACTHBOCTI
Ciporo 4yaByHY.

Bukiaa ocHoBHoro marepiamy. Marepianom
JOCHIKeHHS B HaIiil poOOTi € cipuii 4aByH 3 BiaIO-
BigHuM ximiuauM ckiaagom JCTY 8833:3,1-3,7 % C;
1,9-2,5 % Si; 0,45-0,75 % Mn; 0,04-0,14 % S; 0,2 %
P, skuii BUIIIIABIISIE€THCS B IHIYKITIITHO TUTEIBHIN TIedi
[1,7,9].

BuBueHHs BIUIMBY XiMI4HOTO CKIajay Ha Mexa-
HiYHI BJIaCTHUBOCTI CipOro yaByHY BHKOHYBAajJOCh 3a
JIOTIOMOTOI0 MeToay HaiMeHmmx kBaapatis (MHK),
Teopii KopensLii Ta perpeciiiHoro anamizy [5-7].

3aneXHICTh MIIHOCTI 1 TBEPAOCTI CIpOTO YaBYHY
BiJl XIMIYHOTO CKJIaJy HIYKAaEMO y BHUIVISII HACTYII-
HUX QYHKIOIH: JiHIHHOT, TONIHOMIANIBHOI JPYroro
CTYTICHSI, TTOJIIHOMiaJIbHOI TPETHOTO CTymeHs [5—7]:

PiBastHHA perpecii, TOOTO (MaTeMaTU9IHI MOJMIEI)
3QJIKHOCTEH  MEXaHIYHUX BIIACTHBOCTEH  Ciporo
YaByHY BiJ XiMIYHOTO CKJIQJy OTPUMY€EMO, BUKOPHC-
TOBYIOYH METO/IN KOPEJIAMIHHOTO 1 perpeciiiHoro aHa-
mizy. OOpoOka JaHUX y BIJMOBIZHOCTI 3 METOJIOM
HalMEHIINX KBaJpaTiB BUKOHAHA Ui 3aJIeKHOCTEH
MIITHOCTi Ta TBEPIOCTi CIpOro 4aByHY BiJl XiMi4HOTO
cknay. Po3paxyHku 3 BHKOpUCTaHHS METO/IiB MaTeMa-
TUYHOI CTAaTUCTUKH IMPU BHBYEHHI BIUTUBY XiMIYHOTO
CKJIa Ty Ha MEXaHIYHi BIACTHBOCTI Ta CTPYKTYPY CIpOro
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YaByHY BUKOHYBaJIM B akeTi mporpamu MathCad. st
3MIMCHEHHS IUCTIEPCIHOr0, KOpeJsIiiHOro 1 perpe-
CIMHOTO aHaJli3y 3 OLIHKOIO 3HAYYLIOCTi Koe(illieHTiB
OZIEpPKaHUX PIBHSHB perpecii BUKOPUCTOBYBAIIU MPO-
rpamy Microsoft Office Excel [5-8].

BukoHaBIIM BIAMOBIIHI PO3paxyHKH i3 3aCTOCY-
BaHHSIM TeOpii KOpeJsIii Ta MeToly HAHMEHIIINX KBa-
JpaTiB, OTPUMAJIM DPIiBHSHHS perpecii 3alexHoCTei
BIUTMBY XIMIYHOTO CKJIaJly Ha MEXaHI4Hi BIaCTHBOCTI
ciporo 4aByHy |[5-8]. Hampukmnam, &mims MiIHOCTI
CIporo YaByHY:

o, = f(C)
o, =-7,79C + 42,85
o, =0,94C? —15,0C + 54,98 (D)

o, =0,98C° - 7,88C? +16,0C + 22,99
KOC(IIIEHTH KOPEIALT
r=0,28,0,27:0,27
5, =-1,72Si+18,0
o, = f(Si) o, =0,45Si" - 3,34Si + 20,1 )
o, = 1,97Si® - 10,98Si? + 20,73Si + 3,45
koe(ilieHTH Kopensuii
r=0,14;0,14;0,14
s, = f(C+Si)
5, =2,57(C +Si)+ 28,34
s, =1,21(C +Si)’ —15,87(C +Si) +
+70,21 (3)
5, =0,00045(C + Si)’ +1,31(C + Si)’ +
+16,86(C + Si) + 69,72
KoedirieHTn Kopensii » = 0,25;0,26;0,25
o, =2,11Mn + 12,78
c, =1,043Mn’ - 0,009Mn + 13,73

o, = f(Mn 4
(Mn) o, =2,27Mn’ - 6,52Mn?* + 7,63Mn + @
+11,35
Koe(ilieHTH KOPEeTATIii
r=20,14; 0,15; 0,15
s, = 26,195 +11,25
o, =171,728* - 15,858 + 13,72
o, =f(S) » ) , ®)]
G, = 324,1S° - 192,425 + 12,658 +
+13,71
KOE(IIIEHTH KOPEJALT
r=0,18; 0,20; 0,19
G, = 6,78C, + 44,85
6, =3,28C2 -36,1C, +105
o, =f(Ce) 7 , : (6)

5, =0,23C2 - 0,52C2 — 14,98C, +
+71,89

koeillieHTH Kopesii

r=20,33; 0,32; 0,32
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o, = 6,185, + 45,41
G, =3,1882 —34,70S, + 48
5, = 0,238} —0,52S2 — 14,98S, +
+72,98
KOE(IIIEHTH KOPemsIii
r=0,15; 0,16; 0,16
Jyist TBEpIOCTI CIpOTo YaByHY:
HB = 38,78C + 306
HB = 43,35C? — 351,48C + 867
HB =9,36C° — 52,24C2 + 47,25 +
+550
koedimientn xopensauii » = 0,20; 0,18; 0,18
HB = £ (Si)
HB =15,42Si + 196
HB =-3,59-Si? - 0,35-Si + 180
HB = 14,28Si* - 93,81Si* +
+183,73Si + 55,25
KOe(IIiEHTH KOpemsIil
r=20,19; 0,18; 0,18
HB = f(Mn)
HB =14,10Mn + 165,78
HB =15,88Mn’ - 15,98Mn + 165,75
HB =15,53Mn’ — 37,85Mn? +
+37,14Mn + 149, 65
Koe(imieHTH KOPEeTATIii
r=0,15; 0,14; 0,14
HB = f(S)
HB = 195,358 + 140,35
HB =2489S? — 427S +178,8
HB = —63801S" + 3348852 +
+3277,8S + 290
KOC(IIIEHTH KOPEISIIil
r=0,23; 0,22:0,25
HB = £ (C + Si)
HB = -20,29(C + Si) + 279,96
HB =2,28(C +Si)’ -
—46,35(C + Si) + 354
HB = 0,49 (C + Si)’ +10,98(C + Si)’ -
-97,3(C + Si) + 453
KOC(IIIEHTH KOPEISIIil
r=0,27; 0,25 0,25
HB = f(C)
HB = —45,31C, + 363,18
HB = 33,98C2 - 337,89C, +
+983,37
HB = -3,32C3 —17,89C2 -
-67,78C; + 550

(7

HB = /(C) ®)

9

(10)

(1)

(12)

(13)

KOe(IIiEHTH KOpesIii
r=0,31; 0,28; 0,28

HB = -54,73S, + 245,14
HB = 1098S2 - 1589S, + 789,28

HB=/(:) g ~105,48S2 — 1315,7S2 — (14
18258, + 833
koeilieHTH Kopensuii
r=0,16; 0,14; 0,13
o, =0,104HB - 4,37
s, - f (HB) o, =0,0006HB? —0,073HB + 11,15 (15)

o, = 0,000043HB’ + 0,00275HB’ —
-0,398HB + 21,43

KOC(IIIEHTH KOPEIALii
r=0,75: 0,75; 0,76

Amnamizytoun piBHSHHS perpecii (1-15), BcTa-
HOBJICHO, IO KOChIMIEHTH KOPEISIil 1 KOpesIIiitai
BiJTHOIIEHHS BiAPI3HAIOTHCS OJIUH Bif OTHOTO HECYT-
TeBO. Maibke BCi po3paxoBaHi Koe(illieHTH KOpes-
il CTATUCTUYHO 3HAYKUMI.

3011bIIEHHS. BMICTY BYIVICLIO 1 KPEMHIIO 3HHXKYE
MIIHICTh 1 TBEpHICTH CipOro 4YaByHY, a CyMapHHH
BMICT BYIJICIIO 1 KPEMHIIO CYTTEBO 3HHXKYE MIIIHICTb
1 TBEpIICTh CIpOro 4aByHY.

3i 30i7bIICHHSAM BMICTY MAapraHuio 1 CipKd
B YaByHI CIIOCTEpIraeThCsi 301JbIICHHS HOTO Mill-
HOCTI 1 TBepOCTi. AJie BIUTHB CipKH CYTTEBILIHMN, HIXK
Maprasifo, e IMiITBEP/UKYEThCS OUIBIT BHCOKUMH
Koe(illieHTaMU KOPEJIALIii.

3 aHamizy piBHAHB perpecii TakoX BHIHO, IO 3i
30UTBIIIEHHSAM BYTJICIIEBOTO €KBIBAJICHTA 1 CTYICHS
€BTEKTUIHOCTI MIIHICTh 1 TBEPAICTh CIpOTO YaBYHY
3HIKYETHCS, a KOS(IIIEHTH KOPeIAIlii 3Ha9uMi.

Buxonsuu i3 anamizy piBHSHBb perpecii BHIHO,
10 3aJIe)KHICTh MiX MIIHICTIO 1 TBEpAICTIO Ciporo
4aByHy o, =f(HB) XapaKTepU3yeTbCsi BHCOKOIO
TICHOTOIO 3B’SI3KY, OCKUIbKM KOE(III€HT KOpemsiii
nopisaroe » = 0,75.

BucHoBku

1. Ha mexaniuHi BIaCTUBOCTI CIpOTO YaByHY BYyT-
JIEITh Ma€ HAMOUTBIT CYTTEBUN BIUIMB, HIXK KPEMHIH.
Tako)k 3HAYHHUH BILTHB Ma€ CyMapHUH BMICT BYTJICITIO
1 KpeMHIIO Ta BYIJIEIeBUH €KBiBaJeHT. Brums cry-
IIeHs eBTEKTUYHOCTI MeHII 3HayHui. Cipka BIUIMBa€e
OLIIBIL CYTTEBO, HI)K MapraHellb.

2. 3anponoOHOBAHO BiJIMOBIJIHO ONTUMAJILHUHN
XIMIYHUAN CKJIaJl CIpOro 4YaByHY JUJISL JIOCIIJIKCHHS
MEXaHIYHUX BJIACTUBOCTEH Ta OTpWMMaHi PIBHSIHHSA
perpeciii 3aJIeKHOCTEH MEXaHIYHHX BIIACTUBOCTEH
Ciporo 4aByHY BiJl XIMiYHOTO CKJIaJy.
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Bosyi M.V., Kropivnyi V.M., Kuzyk O.V., Kropivna A.V. ON THE STUDY OF THE INFLUENCE
OF THE CHEMICAL COMPOSITION ON THE STRUCTURE AND MECHANICAL
PROPERTIES OF GRAY IRON

The use of gray iron castings in the machine-building industry makes it possible to increase the wear
resistance and operational properties of machine structures and parts, which in turn, also increases their
reliability for the machine-building industry. At present, interest in the problems of cast iron, that is, the
formation of structure and mechanical properties, has grown significantly. An important indicator of the
quality of gray cast iron is its mechanical properties, which depend on its chemical composition and structure
and certain technological processes. The article examines the influence of the chemical composition of
gray cast iron on its structure and mechanical properties. Research was carried out using the methods of
mathematical statistics, that is, the method of least squares and correlation analysis in Microsoft Office Excel
and MathCAD. The regression equations of the dependences of the mechanical properties of gray cast iron on
its chemical composition were obtained, while the closeness of the connection between the studied parameters
was established, and the nature of the effect of carbon, silicon, manganese, sulfur on the mechanical properties
of gray cast iron was established, as well as the optimal composition of cast iron was established. It is shown
that the total content of carbon and silicon has a significant effect on the mechanical properties, this allows
to adjust the chemical composition to improve the strength and hardness of gray iron castings. The optimal
chemical composition of gray cast iron for the study of mechanical properties is proposed. On the basis of
the conducted research, in order to improve the mechanical properties of gray cast iron, it is proposed to
adopt the following criterion for evaluating the chemical composition of cast iron: carbon equivalent, total
carbon and silicon content; manganese and sulfur content separately. To obtain gray cast iron with increased
mechanical properties, the carbon equivalent should be in the range of 3.6—-4.2%, which corresponds to the
carbon content of 3.1-3.75%, silicon 1.9—2.5%, the manganese content should be in interval 0.45—0.75%, and
sulfur 0.04—0.14% according to DSTUSS33.

Key words: gray cast ivon, chemical composition, mechanical properties, regression equation, correlation,
method of least squares.
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