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OLUIHKA CTABUJIbHOCTI XIMIYHOIO CKJ1IAAQY
I MEXAHIYHUX BJIACTUBOCTEN MPOMUCNOBUX NAPTIN
CUHTETUYHOIO HABYHY

HaBeneHo ornsa nigxoaiB LoAo0 OUiHKM cTabinibHOCTI BMICTY XiMIYHUX €/1eMEHTIB y cknani
CUHTETUYHOIrO YaByHY | MexaHiYHUX BaCTUBOCTEN BUrOTOB/IEHUX 3 HbOIO rajlbMOBUX KOJTO40K
i ppuKUiiHOro knuHy XaHiHa an1s 3ani3HUYHUX BaroHiB. OHSATTS «CTabiflbHICTb» BU3HAYEHO SIK
3[aTHICTb NPOLECY BUIMN/IaBJI€HHS CUHTETUYHOI O YaBYHY | BATOTOBJIEHHS 3 HbOI0 JINBAPHUX BUPOOIB
¢yHKUIOHYBaTV HE 3MIHIOIYY CBOI napameTpu, nepebyBatoyu y PiBHOBA3i Ta MNiATPUMYIOYN CTaNICTb
y yaci. BctaHoBAEHO, Lo koeilieHTy Bapialyii BMICTy Byr/ieLto, KpeMHIo, MapraHuto, ocoopy,
CIpKN Yy CUHTETUYHOMY YaBYHi [J151 BUFOTOBJIEHHST FaJ1IbMOBUX KOJIOAOK | KIMHY XaHiHa 3Haxoas1TbCsl
ymexaxBin~ 0,01 100,21, tBepaocti HB i MiLlHOCTi rasibMOBWX KO/10A40K Ha 31am cknananv 0,084
i0,124. Lle cBig4nTh npo A0CTaTHIO CTabiNIbHICTb XIMIYHOro CKaaay | MexaHi4Hux B1acTuBOCTEN
CUHTETUYHOIro YaByHy. [loka3aHo, L0 KOpUryBaHHs MacuBiB NepBUHHOI 3aBOACHKOI iIHGopMaLlii
BiJHOCHO BMICTY XiMIYHUX €JIEMEHTIB y CKJ1ai CUHTETUYHOIrO YaByHY BUAAJIEHHSM MOMUJIKOBUX
3Ha4YeHb 3 MacuBIB AaHMX MPaKTUYHO HE 3MIHIOE CEPEAHI BEINYNHIN BMICTY BYIJIELIO, KPEMHIIO,
mapraxuto, poceopy, cipku i e 3acBigyye AOCTOBIPHICTb 3a3Ha4YeHOI iHgpopmadiii. BctaHoBEHO,
LLIO BEJINYUHU BMICTY XiMIYHUX €JIEMEHTIB Y CKJ1a4i CUHTETUYHOIO YaByHY BKa3aHOIro npu3Ha4eHHs
He KOpesoioTh Mix co00t0. TBepAICTb Ta MILHICTb Ha 3/1aM rajibMOBUX KOJIOAOK | TBEPAICTb KJIMHY
XaHIiHa He KOPeJIIoTb Hi 3 BMICTOM OKPEMUX XIMIYHUX €JIEMEHTIB, Hi 3 Byr/ieLleBUM eKBIiBaJleHTOM
Takoro 4YaByHy. PekomMeH[0BaHO Lnsixv MOCUIIEHHS] B CTaHAapTax BUMOr A0 PIiBHS i JO3BOIEHUX
Aiana3oHiB po3noLgisny BMICTY XiMiYHUX €/1IEMEHTIB Y CKAaA4i CUHTETUYHOIO YaByHY, MPU3HAYEHOro
AJ151 BUrOTOBJIEHHS rajlbMOBUX KOJI040K AJ1 PYXOMOro ckiaagy 3aaidHuli. BmMicT cipku 'y
CUHTETUYHOMY HaBYHi [1/151 BUrOTOBJIEHHS 3a3HAaYE€HUX JINBAPHUX BUPOOBIB [OLi/IbHO 3MEHLUNTY 3
0,20 10 0,05 %. iakpecneHo, Lo 47151 BUKITIOYEHHS] HAAXOAXEHHS CroXmnBadamM KOJ1040K 3 HEBU-
SIBJIEHUMU NOBEPXHEBUMU flepekTamu HEOOXiAHO B cTaHAapTax Ha Lo rnpoaykuio nepenbadntn
ix 060B>513Kk0BY APOBOCTPYMEHEBY 0OPOOKY.

KnoyoBi cnoBa: CUHTETUYHWI YaBYH, XiMIHHWI CKaAd, TEXHOJIOr S, CTabiIbHICTb, rasibMOBI KOJIOAKM,
KMH XaHiHa, BUpOoOHULTBO.
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Bceryn
TeHLI,eHLI,iﬂ noaanbLIOro PO3BUTKY NMBAPHOIro BUPOOHULTBA MNONSArae B PO3LUMPEHHI

BMKOPWUCTAHHSA CUHTETUYHOIO YaByHY, KNI BUNNABASAIOTb Y CYYACHUX iHAYKLINHNX
TUrenbHUX Neyax, aas BUroTOBNEHHSA BianoBiganbHOi npoaykuii [1-3]. Y ctatTaxiTesax
nonosinen, Hanpuknan [4—-8], HaBeaeHo pe3ynbTaTh TEOPETUHHMX | EKCNEPUMEHTASIbHUX
OOCNIAXEHb XIMIHHOIO Ckfnany, MIKPOCTPYKTYPW, BAACTUBOCTEN Ta eKcryatauinHmx
XapakTePUCTUK IMBAPHUNX BUPODBIB i3 CUHTETUYHOIO YaBYHY, MPU3HAYEHUX OJ151 BUKOPUC-
TaHHS Ha 3ani3Huui. 30Kpema rarbMOBUX KOMOAOK AJS rajibMiBHUX CUCTEM PYXOMOrO
cknagy Ta OpPUKLINHOroO KNMHY XaHiHa. 3HayHa KinbkicTb nybnikauii npucesyeHa
pesynsratam A40CNioKeHHS NpoueciB GOpPMYyBaHHA MIKPDOCTPYKTYPU CUHTETUYHNXYABYHIB
B LiIoMy abo ii OKpeMux cknagoBunx, HASBHOCTI | pO3TallyBaHHS BKOYEHb rpadity [9—
14]. CyTTeBuii Bknag y po3BUTOK TEOPIi BUMAABNEHHS CUHTETUYHOIO 4aByHY BHECNU
pes3ynbTaTn POOBIT BITYU3HSAHMX | 3aKOPAOHHUX aBTOPIB LLOAO YAOCKOHANEHHSA METOAY
TEPMIYHOIO eKcrnpec-aHanidy YaByHiB Nig, 4ac NiaBky, 3aCHOBAHOIO Ha PO3ni3HaBaHHI
dopmMn KpmBux oxonoaxeHHs [15-16]. barato nybnikauin npuces4eHo pesynbratam
OOCNIOXEHb eKCcrnyaTauiMHNX XapakTepUCTUK YaBYHHUX FraibMOBMX KONOAOK Yy MOpiB-
HSHHI 3 KONoAKaMK i3 Tak 3BaHUX KOMMO3WLIMHMX MaTepianiB (rymoaste3ToBMX 4n
rymob6e3a3decToBux), BMAMBY CTPYKTYPMU i BNACTUBOCTEN YaBYHY Ha iX 3HOCOCTINKICTb
[5,7,17].

lMocTaHoBka npobaemu. Heapaxaloun Ha BEVKY KifbKiCTb My6nikaLii, MPUCBAYEHUX
CUMHTETUYHMM YaBYyHaM i BUpobaM 3 HMX, HEAOCTATHLO AO0CNIOXKEHOIO € TemMa CTabiNbHOCTI
iXXiMiYHOro cknany i MexaHi4YHUX BaCTUBOCTEN MeTasly y Pi3HMX NapTisix, nnaskax. [eBHoto
MipoI0 CTabiNbHICTb XiMIYHOIO CkNaay i MexaHiyHi BNaCTUBOCTI CUHTETUYHOIO YaBYHY,
BUMJIABIEHOr0 HAa OAHOMY 3 YKPaiHCbKMX NIMBAPHUX 3aBOAIB, PO3IJISHYTO B I'DYHTOBHIN
ctatTi [12]. Ane uga Tema HacTinbkn Benuka, Wwo notpedye Noganblioro BCEBIYHOro
OOCNIOXKEHHS.

TepMiH «CTabiNbHICTb» CTOCOBHO TEXHOJIOT T BUPOOHULITBA | AKOCTi CUHTETUYHOMO HYaBYHY
BUKOPUCTOBYETHLCH B HAYKOBOMY aCMeKTi 3 NO3ULLIN eHUMKIIONEeANYHOrO TPaKTyBaHHSA LIbOro
NOHATTS. Y [OCNIAXKEHHI, pe3ynbTaT IKOro Po3risHYTO HMXYE, MOHATTS «CTabiNbHICTb»
XapakTePU3YE 34aTHICTb TEXHOMOrIi BUNMNABNEHHS CUHTETUYHOIO YaByHY i BUPOO-
HMUTBA 3 HLOMO JINTBA PI3HOrO NpU3HayYeHHs GYHKLiOHYBATW, HE 3MIHIOIO4YM CBil CTaH,
36epirati i NPosIBNATM CBOI BNAacTUBOCTI, NepebyBaT y piBHOBA3i, BATPUMYIOYM BMNIB
30BHILLUHIX (akTopiB, NiATPUMYIOUN CTaNICTb Y Yaci. Mpn ubOMy MOHATTSA «CTabiNbHICTb»
PO3MMAAAETbCS B MPUB’A3LLI A0 CYTi MMTaHb Y KOHTEKCTI TEMU A0CIAXEHHS €(PEKTUBHOCTI
BUMNABAEHHS CUHTETUYHOMO YaBYHY i AKOCTI IMBAPHOI NPOAYKLLii, BUTOTOBAEHOI 3 HbOT 0.

3a3HaunMo, NOHATTS «CTabINIbHICTb» BUKOPUCTOBYETLCS Y MPOMUCIOBOCTI HAYacTille
Mo BiAHOLWIEHHIO 00 cTabiNbHOCTI MexaHiYHUX cucTem. Ane Hepigko ue NOoHATTSH
3aCTOCOBYIOTb 1 B iHLLNX, OKPIM TEXHIKW, HAYKOBUX cepax, HaBiTb B TEOPIi Aep>KaBHOroO
YyNpaBniHHS, B EKOHOMILL, NpY po3rnsaai po3BUTKY PiHAHCOBUX PUHKIB ToLwo [18].

AHanisyoum BMpoBHULITBO JIMBAPHOI NPOAYKLi 3 CUHTETUYHOMO YaBYHY, NepLLIOYEProBUM
3aBAaHHSIM CTa€E BUSIBNIEHHS NMOKa3HMKIB (MapameTpiB) LbOro npoLecy, ski 06’eKTUBHO
BinOOpaxatoTb Moro cTabinbHICTL Ta/abo xapakTepnayoTh SKICTb BUrOTOBIEHOIO JINTBA,
a TakoX 3MiHHi BeNVYMHM Ta dakTopwu, Bif SKMX cTabinbHICTb 3anexnts. B nogibHomy
nocniaxXeHHi Heo6XiAHO BU3HAYNUTU OCHOBHI 30BHIiLLHI ¢pakTopu, ki HanbinbLie
necrtabinisyloTb XiMiYHUI cknag CUHTETUYHOrO YaBYHY, i MexaHidHi BNacTUBOCTI
BWUIOTOBJIEHOI 3 HbOIro NpoAaykLii. J1o Toro X NnpeaMeToM A0CHIAXKEHHS MaloTb OYTK He
TiNbKW NUTAHHS, SKi CTOCYIOTbCS TEXHOMOrIT BMMNAaBKM CUHTETUYHOIO YaByHY, a 1 YBECb
LMK BUPOOHULITBA NMBAPHOI MPOoayKLji BionoBiaHOro npuaHavyeHHs. MNMepenik Ha3BaHMX
nNMTaHb € NO CYTi NPOrpPamMoi0 MakCMMyM B TEMI, LLIO PO3MMS4aETbCS.

Y faHin cTaTTi NPpOAOBXEHO aHani3 peadynbTaTiB 4OCNIAXEHHS [17] XiMiyHOroO cknany i
BI2CTUBOCTEN CUHTETUYHOIO YaBYHY, BUMIABEHOr 0 Ha NnBapHoMy 3aBoai TOB «M-JTINT»,
3 IKOrO BUrOTOBJISAIOTb rafIbMOBI KOJIOAKU | @PUKLIMHUIA KIUH XaHiHa Ans 3anisHuui [4-5,
8]. OcobnumBicTb gaHoi Po6OTU NONArae, OKPiM BCTAHOBJIEHHSA CTYNEeHs CTabiNbHOCTI
XiMIYHOIrO ckagy i MexaHi4YHMX BNaCTMBOCTEN NMBApPHMX BUPOGIB, B HaMaraHHi OLiHUTK
BMJIMB BUNAAKOBUX NOXMOOK dikcauii, KOHTPOJIO B MPOMUCIIOBMX YMOBaX 3a3Ha4€HUX
NOKa3HWKIiB Ha 3araJsibHi BACHOBKU LWOAO MOCTaBAEHUX MUTaHb.
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O6’eKTOM AOCIMKEHHST € XIMIYHWIA CKIad, CUHTETMHHOMO YaBYHY Ta MEXaHiyHi BNacTUBOCTI
rasibMOBUX KO1040K TUNY «M» | PUKLINHOro KNnHy XaHiHa, BArOTOBIEHWNX 3 TAKOIO YaBYHY
[17]. NpeomeToM A0CAImKEHHS € CTAaBINBHICTL XIMIYHOIO CKNIaAY | MEXaHIYHNX BNIaCTUBOCTEN
MPOMMCNOBUX MapTiA 3a3HAYE€HOT NMBAPHOI NPOAYKLii 3 CUHTETUYHOIO YaBYHY, @ TaKOX
OOCTOBIpHICTb iHDOpMaL,ii Wo0 CTaHy TEXHONOrIT MNNaBKM CUHTETUYHOIO YaBYHY i
NOKa3HWKIB SIKOCTi BUPOBSIEHOIO 3 HBOrO NNTBA. JOChiAKEHHS BUKOHAHO Ha Cy4aCHOMY
nmneapHomy 3aeoai TOB «M-JIUT» (M. Hikononb), ocHalleHoMy 06n1agHaHHAM NPOBIAHMX
MalumHoOyaiBHUX ipM, SKi criewjaniaytoTbea B ranysi metanyprii [4, 5, 7, 8, 17].

Mera i 3agayi socnigxeHHs. B Hawir poboTi [17] HaBeaeHo pesynstaTy CTaTUCTUYHOIT
06pobkn MacuBy iHpopMaulii Woao XiMiYHOro cknagy i MexaHiYHUX BNacTUBOCTEN
6inbwe 200 napTiit (NNaBokK) ranbMOBUX KONOAOK TUMY «M» i KnuHY XaHiHa, ki oTpumanm
6e3nocepenHbO B MPOMMCNIOBUX YMOBax 3asoay TOB «M-JIUT». Mg yac cTaTMCTUYHOI
006p0o6KN NEPBUHHOT iHPOPMALLiT LLIOA0 BMICTY XiMiYHMX €NTIEMEHTIB Y YaBYHi Ta MEXaHiYHUX
BNIACTMBOCTEN BUPOOBIB 3 HHOro ByAb-sKYy KOPEKLLiI0 MAaC/BY AAHUX LUISXOM BUOANEHHS
CYMHIBHMX 3HA4YE€Hb MU HE 3AiNCHIOBaNN, Wo06 He BTPATUTU BiZOMOCTI, LLikaBi 3 HAYKOBOI
M NpakTU4HOI TOYOK 30py. TOOTO HE BUKPECHOBanuM 3 aHanidy iHpopmaLliio, sika Mae
NpUXoBaHWI XxapakTep, ajie € BaX/INBOIO.

Y 3B’A3Ky i3 3a3Ha4eHM MeTa LOCNIOKEeHHSA nondrana y BUABNEHHI JOCTOBIPHOCTI
JaHUX LWOA0 BMICTY XIMIYHHNX ENEMEHTIB y CK1aai CUHTETUYHOIO YaBYHY i MOro MEXaHIYHUX
BJIACTUBOCTEN, siki oTpuManu 6e3nocepenHbo B yMOBax MPOMUCIOBOr0 BUPOOHULTBA, a
TakoX — B OLiHLj BM/IMBY Ha AOCTOBIPHICTb JaHWUX BiACIBY rpyoux i BUNaaKoBUX MOMUIOK
3 BUKOPVCTAHHAM METO/iB NPUKIAAHOT CTAaTUCTUKM. ['PYHTOBHI pe3ybTatit AOCIAKEHb
MpoLLecy AOMEHHOI NNaBkM YaBYHY, BUKOHAHI B IHCTUTYTi YopHOi meTanyprii im. 3. |. He-
kpacosa HAH YkpaiHu i npeactaBsneHi B moHorpadii [19], 3acBigumnmn epekTUBHICTb
noaibHoro HaykoBOro niaxoay.

MeTtoaun nocnigxeHHsi. OCHOBHUM METOA0M JOCNIAXXEHHSA € CUCTEMHUI aHani3 AaHnx
MPOMMCNOBOI NPaKTUKN WOA0 PO3MOAiNiB BEMYMH BMICTY XiMIYHHUX €/IEMEHTIB y cknagi
CUHTETUYHOrO YaBYHY i MEXaHIYHMX BNACTUBOCTEN BUrOTOBAEHMX 3 HbOIO rafibMOBUX
KOJI0J0K Ta KNWHY XaHiHa. MNig yac BUKOHaHHS faHoi poboTu, sk i poboTn [17], BUKOpUcTaHo
3arasibHOHayKOBI NiAX0o4AM — CTaTUCTMYHI MeToAM 360py Ta 0OPOoOKM iHpopMaLli.

OuiHKY AaHMX CTOCOBHO XiMIYHUX €[1IEMEHTIB B CUHTETUYHOMY HaBYHi Ta MeXaHi4HUX
BNACTMBOCTEN rasibMOBUX KOAOAOK TUMy «M» i KnnHy XaHiHa BMKOHanNM 3a npasusiom
«TPbOX CUIM>» OJ11 BUKJTIOYEHHS 3 @aHani3y CTabiNbHOCTI LIMX NOKA3HMKIB rpyOnX MOMUMOK.
To6TO 3 MacvBy AaHUX BUOANNIN TOYKW, SIKi BAXOOWUAM 32 MEXi TPbOX CUIM, e curma —
cepeaHboKBaapaTUYHe BIOXMIEHHS 3MIHHOI Bif, il CEpeAHbOro 3Ha4YEHHS. 3 MacuBY NEPBUHHIX
OaHUX BUOAAWAN 3BICTHO N MOMWJIKOBI 3HAYEHHSI TAKOXX METOA0M €KCNEPTHOI OLLHKN.
B nporpamHoMy KOMMAeKci IHCTUTYTy YopHoi meTanyprii iMm. 3. |. Hekpacosa HAH YkpaiHu
nepepnbayeHo NpoLeaypy ix BUsBneHHs i BuganenHs [19, c. 80-82]". B poborTi[12], Hanpu-
Knapm, SBHi «BUKMAM» BUOAnNsan 3 po3noainis 3HayeHb NOKa3HUKIB CUHTETUYHOIO YaByHY,
KU JOCNigKyBanu, Ha NigcTasi 4OCBIAY ekcnepTiB. Lie 3aranbHONPUNHATMA Nigxig npu
BUKOHaHHi MOAiOHUX JOCNIOXKEHb.

Pe3ynbTatv 4OC/iAXEHHS Ta ix 06roBOpeHHs. XiMi4YHWIA cknag, CUHTETUYHOIO YaBYHY
MPOMMCIIOBUX MNSIABOK, 3 SIKOFO BUIOTOBAEHI ranibMoOBi Konoagku tuny «M» 3rigHo 3
Bumoramm NOCT 30249-97 i knuHy XaHiHa 3rigHo 3 TOCT 1412-85 (npubnunsHo no 100
napTili KOXXHOro BUpooby), npeacraBneHo B Tabnuusax 1, 2 Hawoi ctatTi [17]. Y umx Tabnunusax
TakoX HaBeAeHO 3HayeHHs TBepaocTi HB Ta pylHiBHOI cvam Ha 3nam BMPOGIB KOXHOT
napTii. B Tabnuui 3 ctatTi [17] HaBegeHO CTaTUCTUYHI XapakTEPUCTUKK (MiHIManbHi,
MakCuMasbHi, CepefiHi 3Ha4E€HHS) BMICTY XiMiYHUX ENEeMEHTIB Y CKNaAli YaBYHY Ta MeXaHIHHNX
BNacTUBOCTEN UUX BUPODIB. MNiakpecnnmo, o B cTaTTi [17] cTaTUCTUYHI XapakTepUCTUKN
Ta rictorpamMmu BigobpaxatoTb PO3noAiNn BENNYMH BMICTY €/IEMEHTIB Y XiMiYHOMY cknagi
YyaByHy i TBEPAOCTi BUPOOIB 6€3 OyaAb-sKOi KOPEeKLjii MEPBUHHUX 3aBOACHKUX AaHuX. B
Tabnuui HaBeAeHO A5 MOPIBHAHHA CTATUCTUYHI XapakTePUCTUKN TOroX MacuBy nicns
dinbTpauii gaHux i BUOaneHHs rpybux noMunkoBUX 3Ha4eHb NOKa3HKKIB BigNOBIiAHO A0
npoueaypu, BUKNnageHoi B MoHorpadii [19].

HaBegneHi B Tabsmuji NOPIBHSAHHA CTAaTUCTUYHMX XapPaKTEPUCTUK PO3MNOAINIB BENNYMH
BMICTY XiMIYHUX €MEMEHTIB Y CKNaAi CUHTETUYHOIO YaByHY CBiAYaTh, LLO BUOANEHHS 3

TCtaTnctniHy 06p0o6Ky MacuBy AaHMX BUKOHAHO Mig, kepiBHUUTBOM . M. Toro6uubkoi
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Tabnuua

CtaTuCTU4YHIi napamMmeTpu pPo3NoAiNiB NOKA3HUKIB BMICTY XiMi4HMX
enemeHTiB (%) B pi3HMX napTiax (nnaBkax) 4YaByHy Npyu BUrOTOBJIEHHi
rasibMOBMX KOJI0A0K i KNiuHY XaHiHa A0 i nicna KoOpuUryBaHHA AaHUX Ha

npegmeT BuaasieHHda rpy6ux nMOMMUIIOK

Enementu lanbmoBi Kostoaku TUILy «M>»> Dpukniiinuit kauH XaHiHa
C 2,76-3.04 2,85-2.96 2,75-3.06 2,89-3,01
2,889 2,894 2,948 2,955
Si 1,04-1.20 1,14-1,20 1.08-1.55 1,17-1.54
1,17 1,18 1,329 1,325
Mn 0,68-0,96 0,76-0,96 0,69-1,01 0,75-1,01
0,867 0,878 0,844 0,845
P 0.61-0,83 0,61-0,79 0,019-0,059 0,023-0,049
0,699 0,700 0,034 0,033
S 0,0-0,044 0,02-0,044 0,018-0,041 0,018-0,039
0,031 0,031 0,030 0,029

MpumiTKa. Y 4YNCeNbHNKY — MiH-MakC, Y 3HaMEHHWKY — CepeiHi 3HaYeHHS NMOKa3HWKIB; B MepLUmx
KOMOHKaXxX — NOKa3HWKN NEPBUHHUX AAHWX; B OPYIrMX KONOHKAxX — NOKa3HWKWN NiCAs KOPUIyBaHHS
MacuvBy OaHUX

MacuBy OaHUX rpybrx MOMUIIOK CYTTEBO HE BIMIMBAJIO HA 3arasibHi pesynsrati aHanisy.
CepegHi Bennumnum Bmicty C, Si, Mn, P, S maiixe He 3MiHIOBaNUCS NiCNS OYNLLLEHHS AaHNX
Bifl BMNAOKOBMX 3Ha4Y€Hb. Lle no3nTmBHa 0CcoONMBICTL. B TOV Xe Yac, KopuryBaHHs AaHmnx
nokasasio, Lo GakTU4Hi gianadoHn po3noainy XiMivHMX eNNleMeHTIB Y CUHTETUYHOMY YaBYHi
CYTTEBO MEHLUi, HiX 3rigHO 3 NEPBUHHUMMN JAaHUMW 3aBOACHKOrO KOHTPOJSIIO.

3rigHo 3 peayfbratamm, HaBedeHMM B TabnuLj, yTO4YHEHHS MePBUHHOI iHDOopMaLji nae
niacTaBy CTBEPAXKYBATK, LLO B HaBYHI, 3 9KOrO BUrOTOBEHI ra/ibMOBi KOIOAKM, Aiana30Hun
po3maxy BMicTy C, Si, Mn NOMITHO BY>X4i, MOPIBHHIOYX 3 NEPBUHHUMN AaHUMKN. [iana3oH
BMmicTy C 3meHwuBces 3 (2,76-3,04) oo (2,85-2,96), To6T10 3 0,28 oo 0,11 %; giana3oH
Si—-30,16 0o 0,06; Mn - 30,28 no 0,20. Npwn LbOMY NOKa3HNKK BMICTY dochOopy i Cipkun
3aNMLWATLCA HE3MIHHUMW. AHANOrYHI pe3ynsLTaTM OTPMMAHO i BIGHOCHO BMICTY XiMiYHMX
€NeMeHTIB y BUpobax «knnH XaHiHa». Tak, Aiana3oH BMICTY ByreLl CKOPOTUBCS Bif
(2,75-3,06) po (2,89-3,01), TobTO Ha 0,19 %.

TakmMm 4YMHOM, OaHi Tabnuuj ceig4aTh, NO-nepLle, NPO BiAHOCHO BUCOKY CTabiNbHICTb
BMICTY XIMiYHNX ENEMEHTIB Y CUHTETUHYHOMY YaBYHi 19 BATOTOB/IEHHS SINTBA 3a3HAYEHOI0O
NPU3HaYeHHs i NPOo BigMOBIAHICTb XIMIYHOrO CKnady YaByHYy BMMOramMm CTaHOapTiB i3
BpaxyBaHHAM OONYyCTUMUX BiaxmneHs. [1o-gpyre, HaBefeHi AaHi HagalTb NiagcTasun
ONS pekoOMeHaauin Wwoa0 3MEHLLIEHHS BMICTY i Aiana3oHiB po3noainy OKPeMMUX XiMidHUX
€NeMeHTIB y CTaHOapTax Ha IMBapHy NPOoAyKL;io, sika AochigyKyBanacs. 30KkpemMa 3MEHLLEHHS
nonyctumoro BmicTy cipku 3 0,20 go 0,05 %. MNo-TpeTe, npakTuyHa pekoMeHaaLlis
BMPOBHMKAM Monsirae y AOLUIbHOCTI 3MILLLEHHS Ajana3oHiB po3noainy BMicTy Si ta Mn y
cKknafj CUHTETMYHOrO YaByHY )15 Fa/lbMOBUX KOSTOA0K B OiK MEHLLNX BEINYMH.

Lli pesynbratu ceig4aTb TakKOX MPO AOCTATHIO LOCTOBIPHICTb i HAAIMHICTL AAaHUX
3aBOACHKOr0 KOHTPOJIO BMICTY €/IEMEHTIB Y XIMIHHOMY CkJlafli CUHTETUYHOIO YaBYHY B
NPOMMCAOBUX NAPTISAX TMBAPHUX BUPOOIB 3 HBOTO.

CT1abinbHiCTb BMICTY XiMIYHMX €NEeMEHTIB Y CKNaflj CAHTETMHYHOI O YaBYHY XapakTepuayoTb
He TiNbKW iX cepeaHi 3HaYeHHs Ta Aiana3oHu KonneaHb (Tabnnus), a i 3aranbHO BU3HAHWNI
3a nofibHMX JocnioxkeHb — koedilieHT Bapiauii (BiAHOLWEHHSA cepeaHboKBaapaTNYHOro
BiAXMNEHHSA 00 cepenHboi BEMYMHM nokasHuka). 3rigHo 3 gaHumu uiei Tadbnuui
koediuieHT Bapiauii BmicTy C, Si, Mn, P, S y 4aByHi, 3 9KOro 6ynn BUroToBJiEeHi raibMOBi
konoaku, cknagae 0,016; 0,027; 0,058; 0,059; 0,185 ans nepBMHHUX AaHUX. BuoaneHHs
MOMUJSIKOBUX 3HAYEHb 3 MacuBY OaHUX NPAKTUYHO HE BMAMBANO Ha 3HAYEHHS LIbOro
koediuieHTy: 0,0098; 0,0155; 0,0446; 0,0515; 0,1943.
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KoediuieHTn Bapiauii umx XiMiYHMX eneMeHTIiB y cknagi YaByHy AN KNMHY XaHiHa
BUABMANCSA e MeHwmMn. A came: 0,017; 0,070; 0,079; 0,210; 0,160 BignosiaHO ans
nepBuHHMX gaHux, i 0,013; 0,064; 0,073; 0,167; 0,145 nicna BuaaneHHs NOMUIKOBUX
3HaYyeHb 3 BMBIpKK. AHANOriYHi pe3ynbTaTn OTPMMaHI Woao KoedilieHTiB BapiaLii
TBepaocTi HB ranemoBux kononok (0,073-0,084) BignoBigHO A0 NEPBUHHUX AAHUX i
(0,069-0,082) nicns BuaaneHHs NOMUIOK 3 MacuBy BUOBIpPOK. Tpoxu BinbLui 3HAYEHHS
KoediuieHTiB Bapiauii LLLOA0 BENNYNHM MILLHOCTI Ha 3/1aM KOMIOA,0K: A0 KOPUTNyBaHHS AaHNX
—-0,124, nicna - 0,128. Yci ui aaHi cBigYaTh NP0 AOCTAaTHbO BUCOKY CTaBINBHICTb XiMiYHHOIO
cknany CUHTETUYHOI O YaBYHY 3a3HAY€HOr0 MPU3HAYEHHS | MEXaHIYHNX BUPOOIB 3 HOIO.

Pe3ynbTaT BUKOHAHOI O SOCIOXKEHHS HE BUSIBUIIM KOPENSLLT MiXK BENIMYMHAMM BMICTY
C, Si, Mn, P, S B CMHTETUYHOMY YaBYyHi, NPU3HA4YEHOMY AJ19 BUrOTOBNEHHSA rafibMOBUX
KOJIOAOK i KNMHY XaHiHa. B ubOMy nonsirae oCHOBHa BiAMIHHICTb CUHTETUYHOIO YaByHY
BiZL AOMEHHOro. B moHorpadii [19, c. 81-82], Hanpuknag, niakpecneHo, LWo YNCIEHHUMMN
[0ocnifamMy BCTaAHOBIEHO 3B’A30K BMICTY KPEMHILO | CIPKM B AJOMEHHOMY YaBYHi. AHaNoriyHo
BCTQHOBJIEHO 3B’A30K KOEMILIEHTIB PO3MNOAiNYy KPEMHIIO | MAPraHLto, CipKU i MapraHuyto,
BMICTY pochOopy i KDEMHIIO TOLLO B AJOMEHHOMY 4aBYHi. CyTTEBI 3aN€XHOCTI KOE®ILEHTIB
po3noainy cipku i MapraHuto Big, KoedilieHTa po3noaifly KpeMHIl0, a TakoX BMICTY
dochopy y LOMEHHOMY HaBYHI Bl BMICTY KPEMHIlO | MapraHLo NpeacTaBneHo Ha puc. 5, 6
MoHorpadii [19]. 3a3Ha4veHi 0cobNMBOCTI XiMiYHHOIO CKlaay AOMEHHOI0 YaBYHY CTBOPIOIOTb
CKNaAHOLi NPU BUKOPMUCTaHHI MOro K WUXTN OAs BUNNABNEHHS IMBAPHOIO YaByHyY Y
BarpaHkax. He6axaHo BMCOKMI BMICT Cipku, BiACYTHICTb MOXJIMBOCTI peryntoBaHHs
XiMIYHOTO CKnaAy i CknagHoLWi 3 A4OTPUMYBaHHAM 3a4aH0ro ctaHgapTamMm BMICTY iHLIMX
eJIeMeHTIB B INBapHOMY YaBYHi MNPy BUMNNABJIEHHI MOro 3 LOMEHHOr0 YaByHY NPU3BOAATL
[0 HEMOXJTMBOCTI BUrTOTOBJIEHHS BUCOKOSIKICHOIO INTBA. He3anexHiCTb BMiCTY KOXHOIro
XiMiYHOIO eNeMeHTa Bif, iHLWIMX Yy CKaai YaByHY, BUNNABIEHOMO B iHAYKUIMHNX TUrE€SIbHUX
neyax, Ta KOPUryBaHHs BMiCTYy KOHKPETHOIO efleMeHTa okpemMo, 6e3nocepeHbo y NpoLECi
nnasku, CTBOPIOIOTb NepeBarn CUHTETUYHOMO YaBYHY Ha, BarpaHO4YHUM.

Ha okpemy yBary 3acnyroBye NMTaHHS BMJIMBY OYULLLEHHS MACUBY NEPBUHHUX AAHUX
LLOA0 XiMIYHOT O CKJ1afly CAHTETUYHOIO YaBYHY Ha ricTorpamMmm po3nonisly KOXXHOro XiMi4HOro
enemMeHTa. KopuryBaHHs MacuBy iHpOpMaLLi Woa0 BMICTY XiMIYHUX €/IEMEHTIB Y cknagi
CUMHTETMYHOrO YaBYHY LWISIXOM BMOANEHHS MOMMUIKOBMX 3HAYEHb HE TiNIbKU YTOYHIOE
CTaTUCTUYHI XapakKTEPUCTUKM, SKi AOCAIOKYIOTLCS. [py LbOMY 3MIHIOIOTLCS MefjaHa, MoAaa,
koedilieHTV acMMeTIi Ta eKkcLecy po3noainis. 3a3euyan nicns npouenypu BUSIBIEHHS i
BUKJIIOYEHHSA BUKMAIB dopmMa po3noAiny NoKasHMKIB BMICTY XiMIYHUX €/IEMEHTIB B YaBYHi
HabNMXKAETLCS 00 KIACUYHOro HOPManbHOro BUrnsaay. IHoAj cnoctepiraioTbCs BUNaaKu,
KON Nicnga BUaaneHHs HegOCTOBIPHUX AaHNX 3 NEPBUHHOINO MacuBy iHpopMadii popma
pO3nogainiB BiAAANSETLCS Bifl CUMETPUYHOI0, 6/1IM3bKOr0 A0 HOPMATbHOrO.

B ctatTi [17] npeacTaBneHo rictorpamMmy po3noAiny BMICTY Byrneuo, KpEMHIlO,
MapraHujo Ta BiQHOLLEHHS BMICTY BYrneLo 00 BMICTY KPEMHIIO B NaPTiiX CUHTETUYHOIO
YaBYyHY, 3 SIKOro Oy/M BUrOTOBJIEHI FrANIbMOBI KONIOOKW TNy «M» Ot pyxoMOro cknagy
3ani3Huui. HaeepeHi y ctatTi [17] rictorpamu nobynoBaHo Ha 6as3i MacuBy NepPBUMHHMX
3aBOACHKUX AaHux 6e3 Byab-aKoi ix kopekuii. MicTtorpamn posnoainy umx nokasHuKIiB
He MOBHOIO MIPOIO BiOMOBIAAIOTL HOPMaNbHOMY 3akOHY laycca 4n 6yab-aKoMy iHLIOMY
3aKOHYy po3mnoainy BUnaakoBmx BenndmnH. Ha puc. 1 i 2 nokasaHo BNANB BUAaneHHs 26
NOMWJIKOBUX 3Ha4eHb 3 MacuBy 105 NepBMHHMX AaHUX HA FiCTOrpamy po3noainy BMIiCTy
dochopy B CUMHTETUHHOMY YaBYHi rasibMOBUX KOMOOOK. AK i 04ikyBanocs, KOpUryBaHH4
MacuBy NePBUHHNX AAaHUX HABNN3MI0 PO3MNOAiIN BMICTY GochOopy B CUHTETUHHOMY YaByHi
[0 HOpManbHOro 3akoHy laycca.

AHanorivyHi pesynbtatm OTPUMAaHO TaKOX BHaCNIAOK KOPUNyYBaHHSA MacuBY OaHUX
WOA0 BMICTY XiMIYHMX €MEMEHTIB Y CKNaAi CUHTETUYHOrO YaBYyHY B MapTiaX KAUHY
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XaHiHa. Npunknaa BnanBy KOPUryBaHHS
BMOIpKM BMICTY MapraHuto y cknagi
CMHTETMYHOIO YaByHY, MPU3HAYEHOro
L7191 BUTOTOBJIEHHSA KNIMHY XaHiHa,
HagaHo Ha puc. 3, 4. BxigHuin macus
naHunx cknapgasecsa 3 107 BennyuH
Mn. lMicna BunpaneHHsa 3 BUOIpKK
3Ha4Y€Hb, BU3HAHUX MOMWIIKOBUMMU,
3anmwmnocsa 85 sennuunH. CepenHe,
MiHiMasnbHE | MakCumMasbHe 3HAYEHHS
BMiCTY Mn 3a3Hann He3HaAYHMX 3MiH
(tabn.). Ekcuec, mepiaHa, moga B
pe3ynbTaTi KOPUryBaHHS AaHUX Marxe
HE 3MIHUANCSA | cknaganu BigMNoBIAHO
3,047; 0,830; 0,790, B TOIM Yac, €K
acumeTpia 36inbwmnacsa 3 0,500 oo
0,773. LUa TenaeHuja BimobpaxeHa Ha
rictorpamax (puc. 3i4).

HaBepneHi gaHi npuBoaaTb 40
BVMCHOBKY, L0 OCHOBHUMW LUIAXaMWn
nigBULLLEEHHSA cTabiNbHOCTI XiMiYHOro
ckflagy CUHTETUYHOro YaBYHY €
MOCWJIEHHSI PETENbHOCTI COPTYBaHHS
MeTanobpyxTy 3a Moro mapkamu,
AKMN BUKOPUCTOBYETbLCH B SAKOCTI
WNUXTWU ONg BUNNABAEHHSA 4YaBYHY.
BupiweHH0 Uiei 3apadi cnpuatnme
OCHALLIEHHS NMBAPHOro BMPOOHMLITBA
aBTOMATM30BaAHNUMMU CUCTEMAMMU
KOPUryBaHHSA XiMiYHOrO Cknaay Y4aByHy
6e3nocepenHbO Mig 4ac nnaBkWu.
ANropntMm Taknux cUcTem MakTb
BpaxoByBaTu y MMOBIPHICHOMY
acrnekTi HENOCTINHICTb BMICTY
XiMiYHNX enemMeHTiB y depocnnasax,
AKi € MaTepianomMm Ansg KOpUryBaHHs
cknagy poannasy 4YaByHy. Ha nepuuio-
My eTani JOCNiAXEHb i BIPOBaOXEH-
H TakMX CUCTEM Yy MPOMUCIOBOCTI
iX OOUWiNbHO BMKOPUCTOBYBATU B
pexumi pagHuka. Ha wnaxy peanisadii
3axo4iB Woao nigBuLLLEHHSA HagiMHOCTI
M OOCTOBIPHOCTI KOHTPOJIO AKOCTI
NNTBA 3 CUHTETUYHOrO YaBYHY,
30KpemMa ranbMoBMX KONOOOK AN
PYXOMOI0 cknafy 3ani3HuLL, HeobXigHO
B CTaHgapTax, TeXHIYHUX yMOBax,
iHWIiN HOPMATMBHIN OOKYMeHTaLli,
sika pernamMeHTye BUMOIM A0 AKOCTI
3a3Ha4vyeHux BMpobiB, nependaynTu
000B’A3KOBY iX APOOOCTPYMEHEBY
06po0OKYy. ManTyBaHHSA MOBEPXHI
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Puc. 4. Tictorpama (a) posnogisny BMIiCTYy MapraHLyo
i ioro BenuumHu (6), nicnsa BuaganeHHs NoOMUIIKOBUX
3Ha4yeHb 3 MacuUBY AaHUX, B NapTiaX 4aByHyY, 3 AKOro
BUIOTOBJIEHI BUPOOU KNIMH XaHiHa

ranbMOBUX KONOO0K HE TiNlbKK HEe
BUABNAE OedeKTU Ha NOBEPXHI, K
ue BindbyBaeTbcs Nig 4ac Apobo-
CTPYMEHeBOi 06p0obKM, a HaBMaky ix
NPUXOBYE, WO HEraTMBHO Bigob6pa-
XAa€eTbCHa Ha ekcnayaTauinHumx
XapakTepucTuKax.

BucHoBku

e TexHONOris BUNNaB/IEHHS B
IHOYKUIMHUX TUFENbHUX Nevyax CUHTe-
TWUYHOrO YaByHY, MPMU3HAYEHOro ans
BUIOTOBJIEHHS rajibMOBUX KOMOAOK i
bPUKLIAHOIO KNKMHY XaHiHa pyxoMoro
cknapgy 3anisHuui, 3abesneuye
HeobXxiaHy CTabiNbHICTb BMICTY XIMIYHUMX
€/IEMEHTIB i MEXaHIYHNX BNACTMBOCTEN
roToBUX BUPOOIB NMpu NOPIBHAHO
HEe3Ha4YHUX KONMBAHHAX XiMIYHOIO
cknany Metanobpyxrty, dpepocnnasis,
TeMNepaTypHUX pexunmax naaBku.
KoediuieHTn BapiaLiii BMiCTy ByreLLto,
MapraHLo, KPeMHItO, Cipkn, pochopy
He nepesuwysanu 0,21. TBepaocCTi
HB i MiLuHOCTI ranbMoBMX KONOJOK 3
yaByHy cknapanm 0,084 i 0,124.

o [IOPiBHAHHA CTATUCTUYHUX
XapakTepPUCTUK PO3N0ainiB NepBuH-
HUX OAaHUX 3 XapakTepucTukamum,
OTpUMa-HUMUN Nicna BuOaNeHHs
CYMHIBHUX 3HA4Y€Hb MOKA3HUKIB i3
NepBUHHOI iHPOpMaLii, 3acBia4ynno
HaAIMHICTE METOAUKN KOHTPOIO
BMICTY XiMIYHUX €NIEMEHTIB y cknagi
CUHTETUYHOro 4YaByHY B yMOBax
NPOMWNCIOBOro BMPOOHMLTBA.
CepepnHi 3Ha4yeHHs BMicTy C, Si, Mn, P,
S 3annwaTbCs Maxxe He3MIHHUMU.
Liana3oHn po3TawyBaHHS 3HAYEHb
BMICTY LIX ENEMEHTIB Y CKaai YaByHY
nicns yTOYHEHHS NEPBUHHUX OAHUX
ckopurosytoTbest Ha ~ 0,1-0,2 %.

o HenOoCTINHICTb BMICTY XiMi4YHUX
eNieMeHTIiB y MeTanobpyxTi, akui
CNYXWUTb LUNXTOK Y BUPOOHUYOMY
npoueci, € @akTopomMm HanbinbLl
necTabiniayioymm XiMiyHuUi cknag, i
MeXaHi4yHi BNacTUBOCTi CUHTETUYHOIO
YaByHYy Ta BMPOGIB 3 HLOIO.
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ASSESSMENT OF STABILITY OF CHEMICAL COMPOSITION AND MECHANICAL
PROPERTIES OF INDUSTRIAL LOTS OF SYNTHETIC IRON

An overview of approaches to assessing the stability of the content of chemical elements in the
composition of synthetic cast iron and the mechanical properties of brake pads made of it and
friction Khanin wedge for railway cars. The concept of «stability» is defined as the ability of the
process of smelting synthetic cast iron and making castings from it to function without changing
its parameters, being in equilibrium and maintaining consistency over time. It was found that the
coefficients of variation of the content of C, Si, Mn, P, S in synthetic cast iron for the manufacture
of brake pads and Khanin wedge are in the range from ~ 0.01 to 0.21, the hardness of HB and the
strength of brake pads to fracture was 0.084 and 0.124. This indicates sufficient stability of the
chemical composition of synthetic castiron. Itis shown that the adjustment of the arrays of primary
factory information regarding the content of chemical elements in the composition of synthetic cast
iron by removing erroneous values from the data arrays does not change the average content of
C, Si, Mn, P, S, and this certifies the reliability of this information. It is established that the values
of the content of chemical elements in the composition of synthetic cast iron for this purpose do
not correlate with each other. The hardness and fracture toughness of the brake pads and the
hardness of the Khanin wedge do not correlate with the content of individual chemical elements
or with the carbon equivalent of such cast iron. The ways of strengthening the requirements in the
standards for the level and permitted ranges of distribution of the content of chemical elements
in the composition of synthetic cast iron, intended for the manufacture of brake pads for railway
rolling stock, are recommended. The sulfur content in synthetic cast iron for the manufacture of
these foundries should be reduced from 0.20 to 0.05 %. It is emphasized that in order to prevent
consumers from receiving pads with undetected surface defects in the standards for these prod-
ucts, it is necessary to provide for their mandatory shot blasting.

Keywords: synthetic cast iron, chemical composition, technology, stability, brake pads, Khanin
wedge, production.
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