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Anotauis. Bcmyn. OmuiHIOBaHHS KPHUTEPiiB SAKOCTI IHCTPYMEHTANbHOI MIBHAKOpi3aspHOI crami P6MS
HEepYWHIBHUMH METO/IaMH — aKTyaibHe 3aBJaHHs. Lle moB’s13aHo 3 THM, 1110 IHCTPYMEHTH 3 HEi BUKOPHCTOBYIOTBCS LISl
poboOTH Ha pi3aibHUX, HUTI(QYBAJBHHUX, CBEPMAJIMIBHHX BepcTaTraX, OCKUIBKM MPOBECTH HATYypHI ICIIUTH HAa TaKUX
JIETANISIX HE 3aBXKJM TEXHIYHO MOXJIMBO. Y CTATTi 3allpONOHOBAHO METOJMKY OLIHIOBAHHS MOKA3HUKIB TBEPJOCTI CTai
i3 3aCTOCYBaHHSM MaTEMaTH4YHOrO MojecitoBaHHsI. Mamepianu ma memoouka. JIOCHiDKyBaBCsl BIUIMB €JICMCHTIB
XiMi4HOrO ckyaxy ctanmi POMS Ha mokasHMKM TBEpJOCTI i3 3aCTOCYBaHHSIM METOJMKH IUIAHYBaHHS €KCIIEPHMEHTIB.
XiMiqHHN CKIIa[ CTalli 3MiHIOBABCS 3TiAHO 3 MPUAHATHMH HOpMaTHBHUME HokymeHTamu ('OCT 19265). Pe3yromamu
excnepumenmy. J{ocmimKyBaIich pododa 00IacTh BHOPAaHMUX MapaMeTpiB (MMOKa3HUKIB €JIEMEHTIB XiMITHOTO CKJIATy)
Ta ¢(yHKIil Metn (TBepmocTi). [liama3oH YMCIOBMX 3HAYCHH IapaMeTpiB poOodoi 30HH OOMEXKYBaBCS TPaHHIHIMH
3HAYCHHSAMH TIOKa3HHKIB XiMi4HOro ckimaay craimi POMS. Jlns moOynoBM MaTpuIll TUTaHYBaHHS EKCIIEPHMEHTIB
oOupaucs JuIIe Ti PSAIKH, 10 IKUX Oyia BigoMa iH(opMaIllis mpo MOKa3HUKH TBEPIOCTI 3 JITepaTypHUX IKeper abo
Ha OCHOBI aHaJi3y eKcmepTHOi iHpopmarii. B mpomeci peamizariii MaTpuIl IUlaHYBaHHS SKCHEPUMEHTIB OTPUMAaHO
perpeciiiHy MojeNnb OLHIOBaHHs IOKa3HUKIB TBepAocTi crtaixi POMS 3anmexxHo Bix 11 ximiyHOro ckiany. Mopenb
ajiekBaTHa 3rijiHo 3 kpurtepisimu Pimepa (F = 1,002) ta Koxpena (F = 0,336). Ha ocHoBi ananizy Moze:i mo0y10BaHO
ricrorpamy BIUIMBY €JIEMEHTIB XIMIYHOTO CKJIaJy Ha MOKa3HUKH TBEPJOCTI, IO MIATBEPIKYETHCS iX (i3MKO-XIMIYHOIO
B3aeMo/Ii€r0. BCTaHOBIICHO, 10 HAHOLIbINE BILIMBAIOTH HA TBEpHicTh cTaimi POMS Byrieus (1,050), xpom (0,550) Ta
Bosib(pam (0,275). Bucnosxu. J{ns crani POMS nuisxoM METOIMKH IUIAHYBAaHHS €KCIIEPUMEHTIB OTPUMAHO MOJICIh
MIPOTHO3Y MOKA3HUKIB TBEPAOCTI 3AJIE)KHO BiJI XIMIYHOTO CKJIa/y, IO CIIPHSIE €KOHOMIT MaTepialbHO-4aCOBUX BUTPAT Ha
HATYpHI ICTIUTH.

Korouosi ciioBa: cmany POM5; mampuys nianyeanHs, XiMIYHULL CKIA0; MAMEMAMUYHa MOOeb, meepoicmy
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AnHotauusi. Beedenue. OrleHKa KpUTCPUECB KadyecTBa WHCTPYMEHTANBHOH ObIcTpopexymieir cramm PO6MS
Hepa3pyLIAOMUMH METOIaMH TPEICTABIsIET cOO0N aKTyalbHYIO 3aady. MIHCTpYMEHTBI M3 HEE WCIIOJB3YIOTCS IS
paboTHl Ha PEXYIINX, NUIH(OBATBHBIX, CBEPIMIBHBIX CTaHKaxX. [I[poBecTH HaTypHbIC HCHBITAHUS HA TAKUX JETAIAX HE
BCEeTIa TEXHWYECKM BO3MOXKHO. B pabore mpemiokeHa METOIMKA OIGHKM IIOKa3aTeslell TBEPAOCTH CTaIH C
MIPUMEHEHNEM MaTeMaTHYeCKOro MOJeIUpoBanus. Mamepuanvt u memoouka. ViccienoBanock BIUSHUE 3IIEMEHTOB
XUMHYECKOro cocTaBa crtanu P6MS Ha mokaszareiau TBEPAOCTH C HCIOJB30BAHMEM METOAMKH TUIAHUPOBAHUS
IKCIIEPUMEHTOB. XMMHUYECKHI COCTaB CTaIl MEHSJICS COTJIACHO MPUHATHIM HOpMaTUBHBIM JokymMeHTaMm (TOCT 19265).
Pesynemamut sxcnepumenma. VccnenoBanace pabodas 00JacTh BIOpaHHBIX NapaMeTpoB (IIOKaszaTelel 3JIeMEHTOB
XMMHUYECKOT0 COCTaBa) M (YHKIMM Lenu (TBeprocTH). Jlnama3oH YMCICHHBIX 3HAYCHUH MapaMeTpoB paboueil 30HbI
OTPaHUUMBAJCS TpPENEIbHBIMU 3HAYEHUSIMU TIOKa3aTelle XUMHUYECKOro cocTtaBa crtanu PO6MS. Jlns mocTpoeHwust
MaTpHIbl JIAHUPOBAHHS SKCIIEPUMEHTOB N30MPAIHUCh TOJIBKO T€ CTPOKHU, O KOTOPHIM ObLTa M3BECTHA MH(POPMALHS O
MOKa3aTeJsIX TBEPJOCTH U3 JINTEPATYPHBIX HCTOYHUKOB MJIM Ha OCHOBE aHAJIM3a 3KCIIEpTHOM nHdpopmannu. B nporecce
peanm3anuyu MaTpUIbl TIAHUPOBAHWS HKCIIEPUMEHTOB IIOJydeHAa PETPECCHOHHAs MOJETb OLEHKH MOKa3zaTeleh
TBepAocTn cranmn PO6MS B 3aBHCHMOCTH OT €€ XMMHUYECKOro cocraBa. Mopenb aJeKBaTHA COTJIACHO KPHUTEPHSIM
Oumepa (F = 1,002) u Koxpena (F = 0,336). Ha ocHOBe aHanm3a Mo/1e)i IOCTPOCHA THCTOTpaMMa BIUSHHS SJIEMEHTOB
XMMHYECKOTO COCTaBa Ha MOKA3aTeIM TBEPJOCTH, UTO TOATBEPIKAACTCA MX (PM3MKO-XMMHUYECKHM B3aWMOICHCTBHEM.
YcTaHOBIIEHO, YTO HAMOOIBIIEE BIMSHUE HA TBEPAOCTH cTamu POMS okaseBator yriepox (1,050), xpom (0,550) u
Boubdpam (0,275). Beteoowt. [lyst ctanmu POMS myreM METONMKY IUIAHMPOBAHUSI SKCIEPHMEHTOB TOJIyYeHa MOJIEINb
MIPOTHO3a MOKa3aTesel TBepAOCTH B 3aBUCUMOCTH OT XMMHUYECKOI0 COCTaBa, YTO MPUBOIUT K SKOHOMHH MaTepHalIbHO-
BPEMEHHBIX 3aTpaT Ha HATYPHbIE UCTIBITAHUS.

KioueBble ciioBa: cmans POM5; mampuya nianupoeanus,; XumMuyecKuil cocmas; Mamemamuyeckas Mooeisb, meepoocns
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Abstract. Introduction. The evaluation of the quality criteria of the instrumental quick-cutting steel R6MS by non-
destructive methods is an urgent task. This is due to the fact that tools made from it are used to work on cutting,
grinding, drilling machines, since it is not always technically possible to carry out full-scale tests on such parts. The
paper proposes a method for evaluating the hardness of steel with the use of mathematical modelling. Materials and
methods. In this work the influence of elements of the chemical composition of steel R6MS5 on the hardness indexes
was investigated using the method of experiment planning. The chemical composition of the steel changed in
accordance with accepted regulatory documents (GOST 19265). Experiment results. The working area of the selected
parameters (indicators of elements of chemical composition) and the objective function (hardness) were investigated.
The range of numerical values of the parameters of the working area was limited to the limiting values of the indicators
of the chemical composition of steel R6MS5. To build the planning matrix of experiments, only those lines were selected
for which information on hardness indicators was known from literary sources or based on the analysis of expert
information. In the process of implementation of the matrix of experimental planning, a regression model for evaluating
the hardness values of steel R6MS5, depending on its chemical composition, was obtained. The model is adequate
according to Fisher criteria (F = 1,002) and Kochren (F = 0,336). Based on the analysis of the model, the histogram of
the influence of the elements of the chemical composition on the hardness indexes is constructed, which is confirmed by
their physicochemical interaction. It was found that the greatest influence on the hardness of steel R6MS5 is given by
carbon (1,050), chromium (0,550) and tungsten (0,275). Conclusions. For steel ROMS5 by the method of planning of
experiments the model of the prediction of hardness parameters depending on the chemical composition is obtained,
which leads to save the material and time costs for natural tests.

Keywords: steel ROMS5; matrix of planning; chemical composition; mathematical model; hardness

Beryn. TBepaicte Metany — oaHa 3 Horo
OCHOBHHMX MEXaHIYHHUX Ta EKCIUTyaTalliiHUX
xapakTepucTuk. OIIHIOBaHHS IMOKa3HUKIB
TBEPJIOCT1 PI3HUX MaTepianiB MPOBOAUTHCS 3a
JIOIIOMOT' OO TPaAULIHHAX METOIUK
BJIaBIIIOBAaHHS 1HACHTOPIB pi3HOI  (dopmu
3aJeKHO Big iX ckiagy Ta  OymoBH
(ctpyktypu) [1; 2]. Opnak  mporHos
MOKa3HHUKIB TBEPIOCTI METally, SIK 1 I1HIINX
Horo KputepiiB SKOCTi, HA OCHOBI aHami3y
(a30Boro 1 XiMIYHOTO CKJIaxy ab0 CTPYKTYypH
3aJIMIIAETHCS aKTyaJIbHUM 3aBJIaHHSIM
METAJIO3HABCTBA, OCKIJIBKH BIH J0IOMAarae
BUSIBJSITH Ta PAaHXKyBaTH MO iX 3HAYMMOCTI
napameTpH, sIKi HalO1IbIIe BINTMBAIOTh HA IO
XapakTepucTuKy [3—5].

Jis  BU3HAUEHHS IOKA3HUKIB  SIKOCTI
CTaJled Ta YaBYHIB, BKJIFOYAIOYU TBEPIICTh,
3aCTOCOBYIOTh TaKOXK MaTeMaTUYHE
MojemoBaHHs [6—8], (pakrampHUE TiAXI
[9-12] 1 [13; 14] nnsa omiHIOBaHHS SKOCTI
YaBYHIB 3aCTOCOBYIOTh CHCTEMHHH TMiAXII;

eKcriepTHi omiHkH [15; 16]; perpeciiinuii anami3
[17; 18]. [nst wi€i METH yCHIIIHO KOPUCTYIOTHCS
METOTUKOIO TUTAaHYBaHHS CKCIIEPHMCHTIB
[19-22]. Bona no3Bojsie 3 MiHIMAJIbHUMH
MaTepialbLHUMH Ta 4YacOBHUMH BHTpaTaMH Ha
MPOBEJCHHS HATYpPHUX ICOHTIB  BH3HAYATU
HAOIIBII  BIUIMBOBI ~ XAapaKTEPUCTHKH  Ha
(GYHKIIIO METH.

Jlist  OIIHIOBAaHHS TIOKA3HUKIB TBEPIOCTI
IHCTPYMEHTANBbHOT ~ IIBUJAKOPI3albHOI  CTall
P6MS5 3anponoHOBaHO 3acTOCYBaTH METOJUKY
IUTAHYBaHHSI €KCIIEPUMEHTIB 13 BUKOPHCTAHHSAM
CTaTUCTHYHOI  iHpopMmamii Ta  eKCHepTHUX
omiHok. IHcTpymentu 31 crami P6MS wmaroTh
BIIIIOBIJAJIbHE MPU3HAYCHHS 1 ITUPOKO
3aCTOCOBYIOTBCS JUIS Pi3alibHUX, HUTI()YyBaTbHUX
1 CBEepNIMIBHHUX  BEPCTATIB  Ta  IHIIOIO
o0JTaTHaHHS.

Marepiaim Ta Meroauka. Cranp PO6MS
JOCITI/DKyBajgacs B CTaHI 3aBOJICHKOI TIOCTaBKH
(Tabm. 1).

Tabauys 1
Ximiunuii ckaan crajai P6MS / Chemical composition of steel POM5S
Bwmict (Mac. gacT.,%) C Cr W \Y Mo
P6MS5 0,80...0,88 3,80...4,40 5,50...6,50 1,70...2,10 5,00...5,50
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[Toka3HUKH TBEPAOCTI CTajli 3MIHIOBAIUCS OO6uucroBaIucs 3HAYEHHS GbyHKIi,
Bigx 63 nmo 65 HRC 3rigHo 31 MmITaTHOIO OTpUMaHI  eKCIIEPUMEHTATBHO Y Ta 32
TEXHOJIOTIEIO. JIOIIOMOTOK0 OTPUMAHOI0 PiBHSHHSA perpecii Y pos,
PesyiabTaTn eKCIIEPUMEHTY. Hns waBeneni B Tabmumi 2. Tyt 3nauenns 3P o3navae

OLIIHIOBAaHHS  TBEPAOCTI  3aCTOCOBYBalacsi  3arajbHUM  pPIBEHb IOKA3HHMKIB  apryMEHTIB
METO/IMKA IUIaHYBaHHsS eKcmepuMeHTiB, mo  (X;...Xs); HP ta BP — HwkHil Ta BepxHii piBHI
JI03BOJIIE  OTPUMYBATH 1HQOpPMAII0 TMpO  apryMeHTiB BiamoBigHo i IB — iHTepBan
3MIHM TIOKa3HUKIB (yHKIII HaliMeHIIO  BapitoBaHHA X...Xs. AprymeHTamu QyHKIIi
KUIBKICTIO  gociigiB.  BukxopucroByBaBcsi ~ MeTu (TBEpAOCTi) BHUCTYHAIM Taki MapaMeTpu:
nBopiBHeBHil ekcriepumeHT (-1 Ta +1) B Byrmemp (X), xpom (X3), Bombbhpam (X3),
Marpulli Ha 16 psAAKiB, € KOXHUN PSIOK BaHaii (X4) Ta MOiOACH (X5).

MaTpHIll  OMHCYE  OKPEMO  IPOBEICHUI

eKCIepuMEHT (Taour. 2).

Tabauys 2

Martpuus nJiaHyBaHHsl ekcriepuMeHTiB s craji P6MS / Experiment planning matrix for steel P6MS
3P 0,84 4,10 6,00 1,90 5,25

1B 0,04 0,30 0,50 0,20 0,25 [Toxa3HWKHU TBEPIOCTI,
BP 0,88 4,40 6,50 2,10 5,50 HRC
HP 0,80 3,80 5,50 1,70 5,00

Ne | Xo| X1(C) | Xz2(Cr) X3 (W) Xa (V) Xs (Mo) Yere Ypos

1 + + + + + + 65,0 65,1

2 + + + + - + 64,9 64,9

3 + + + - + + 64,8 64,8

4 + + + - - + 64,7 64,7

5 + + - + + - 64,6 64,5

6 + + - + - - 64,5 64,4

7 + + - - + - 64,3 64,8

3 + + - — - - 64,2 64,1

9 + - + + + - 64,1 64,0
10 + - + + - - 64,0 63,9

11 + - + - + - 63,8 63,8
12 + - + - - - 63,7 63,6
13 + - - + + + 63,5 63,5
14 + - - - + 63,3 63,4
15 + - - - + + 63,2 63,2
16 + - - - - + 63,0 63,1

Y  pesymbrari  peamzamii  marpumi  ctayi P6MS 3anexHO Bii BIUIMBY €JICMCHTIB ii
TUTaHyBaHHS CKCTIICPUMEHTY OTPUMAaHO XIMIYHOTO CKJIay:
MaTeMaTHYHy MOJIEIh OIIHIOBAHHS TBEPAOCTI
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Ypos = 64,100 + 0,525-X; + 0,275-X, +
0,137-X5+ 3 +0,062-X4+ 0,050-Xs.

Amnaniz KoedilieHTiB PIBHSHHSA J03BOJIMB
BU3HAUUTU Bary BIUTMBY KOXKHOTO 3 €JIEMEHTIB
XIMIYHOTO CKJIAAy Ha TOKa3HUKH TBEPIOCTI
HRC Ta nmpoBectu iX paHXKyBaHHS NUISIXOM
HOPMYBaHHS KOE(ILIIEHTIB (JIMB. PUCYHOK).

3 ricTtorpamMu, HaBeJEHOI Ha PHCYHKY
BUILJIMBAE, IO HAWOUIbINEC BIUIMBAIOTH Ha
byHKIII0 MeTH X; (ByIJielb), Xz (XpoM) Ta X3
(Bombdpam). binpma dYacTHHA 3B’S3aHOTO
Byrjemo y crami PO6MS, mo mictutbes y
Bunsii neMeHTuty FesC (kapOim 3aimiza).
301IbIIeHHS] KUIBKOCTI BYIJICIIO B CTajil [0
1,2 % cmpusie 3pOCTaHHIO MOKAa3HHKIB
MIIHOCTI, BKJIFOYAIOUM MOKa3HUKHU TBEPAOCTI,
aJie MPHU bOMY 3HIKYE TTOKa3HUKH B’ SI3KOCTI,
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3MATHICTH 0  3BaproBaHHs.  IliABUIICHHS
BIJICOTKOBOi ~ KUIBKOCTI ~ XpPOMY  TIO3UTHBHO
BILIMBAE Ha [MOKA3HUKHA MIIIHOCTI,

3arapTOBAaHOCTI 1 JKApPOCTIHKOCTI, pi3ajbHI Ta
TpUOOJIOTIUHI BIACTUBOCTI, ajie HETaTUBHO — Ha
MMOKA3HUKH B'SI3KOCTI Ta TEIUIOMPOBITHOCTI CTaJI.

Bonbsdpam 3aBasku yTBOpeHHIO KapOimiB
T IBUTITYE [MOKa3HUKHA TBEPIOCTI,
YEPBOHOCTIMKOCTI Ta OmIp CTalli g0 KOpo3ii i
3HOCOCTIHKOCTI [1].

ATOoMH BaHAJIIO CIYXaTh JI0JIATKOBHUMU
[EHTpaMU  KpHUCTami3aIii, 10  3YMOBIIOE
OTPUMAaHHS craii 3 JIPIOHO3EPHHUCTOIO

cTpykTyporo. Tomy V moinmrye MTOKa3HUKA
TBEPAOCTI Ta MIITHOCTI MeTany. JleryBanus crani
MOJIIO/IEHOM TaKOX MOJIMIIY€E XapaKTePUCTUKU
MIIHOCTI 1 TBEpAOCTI Ta 1HINI CIyXkO00BI
XapaKTEPUCTHKH CTaJIeH pi3HUX Mapok [1].

V;6% Mo;5%

W: 13%

C: 50%

Cr; 26%

X1(1,050)

X2(0550)

X3(0.275)

X4(0,125)

.

X5 (0,100)

]

a
Puc. I'icmoepama ennugy enemenmis ximiynoeo cknady cmani P6M5 na meepodicmo
a — nokasnuku 6 % eionowlenni; 6 — nopmosani noxaznuxu / Fig. Histogram of the influence of elements of the
chemical composition of steel P6MS5 on hardness: a — indicators in % relative; b —normalized indicators

3a  JOMOMOrOK0  METOAIB  CTaTUCTUKHU
OTPUMaHy MOJETb MIEPEBIPSUTH Ha aJeKBATHICTh
Ta 30DKHICTh PE3YNbTaTiB 13 BUKOPHCTAHHSIM
kputepiiB ®imepa Ta Koxpena. Pesympratn
CB1TYaTh PO POOOTOCTIPOMOXKHICTH MOJIEIIL:

— xkputepiit dimepa Fepocreperens = 1,003 3a
KpUTHYHOTO 3HaYeHHs 2,400;

- kputepiit Koxpena Fenocrepencen, = 0,336 32
KpUTUYHOTO 3HaYeHHs 0,547.

BucHoBku. Po3pobineHo  maremaTuyHy
MOJICNTb  OIIHIOBAHHS TIOKAa3HHKIB  TBEPIOCTI

X1 X2 3 X4 5

6 ()

IHCTPYMEHTANbHOI ~ IMIBUAKOpi3ajdbHOI  cTami
P6MS. AnekBaTHiCTh MOJIEINI TiATBEPKYETHCS
kputepismu Dimepa Ta KoxpeHa, 1o 103Bosise
BUKOPUCTOBYBaTH MOJIENb ISl KOPHUTYBAaHHS

XIMIYHOTO CKJIaay IHCTPYMEHTIB, 110
BUTOTOBJISIFOTBCSL 3 JIOCHI/DKYBAHOT ~ MapKu
cTajmi, Ta OTPUMaHHI iX  HEOOXITHHX

MOKA3HUKIB TBEPJOCTI 3aJIKHO BiJg BUMOT
HOPMAaTUBHUX JOKYMCHTIB.
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