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Anomauia. Illokazano, wo npu nNpPoBedeHHi O0CNIOHCeHb, SKI HANPAGIeHi Ha
BU3HAYEHHS BNAUBY MEXHONO2IYHUX Ma eKCNIyamayiuHux Xapakmepucmux @opmyrouux
IHCmMpyMeHmi8 Ha iX pecypc, BUKOPUCTMOBYIOMb O00CUMb BeIUK) KLIbKICMb NOKA3HUKIE.
Bpaxoseytouu me, wo euxioui oami micmame iHghopmayito 3a pizHi nepioou 00CIiOHCeHb, Mo
BUHUKAE HEeOOXIOHICMb NepesipKu MONCIUBOCMI 00'€OHAHHA PI3HUX BUOIPOK 6 O0OHY O
MOdAHCIUBOCMI  (DOPMYBAHHA CMAMUCIUYHUX 2inome3. 3a3HaueHo, wo Ol GU3HAYEeHHs.
Modxcausocmi 06’ €OHaHHA 8UOIPOK eKCNIyamayiiHuxX XapaKmepucmux npoKamHux 6ajKie 3d
PI3HULL MepMIH Yacy OOYIIbHO po3easdamu 08a eapianmu nioxodie: 1 — AKwjo 01 amanisy
OaHUX NOMPIOHO BUKOPUCMAHHA QYHKYIN PO3NOOJITY BUNAOKOBOI 8eIUYUHU, HANPUKIAO, OJIS
ULMOBIDHICHOT OYIHKU pecypcy 6anKis, MmO 68 UYbOMY 6UNAOK)Y HeoOXIOHA HASAGHICMb
00HOPIOHOCMI 080X 8UDIPOK, MOOMO pisHicmb QYHKYIU po3nodiny, 2 — AKWO 011 AHANI3Y
OaHUX 0OCMAMHbO BUKOPUCMOBYBAMU TUWE CIMAMUCIUKU BUNAOKOBOI BelUYUHU (CepeOHE
SHAYEHHs AHANI308AHOT BEIUYUHU, CEPEOHE KB8AOpamuuHe 8IOXUNEHHs, Koeiyienm eapiayii),
HAnpuKnao, npu po3eisiodi KilbKOCmi YCMAaHO80K 3a Nepiod eKcniyamayii 8aikda, mo 6 ybomy
BUNAOKY MOJICHA BUKOPUCIOBY8AMU MeMOOUK) NepesipKu 2inome3u npo pieHiCmb cepeoHix
3HayeHb 008inbHOI  enuuunu. Ilepesipky einomesu npo O0OHOPIOHICMbL 080X BUDIPOK
PEKOMEHOYEMbCSL BUKOHYB8AMU 34 HACMYNHOI0 MEMOOUKOIO: 8C5l 8 CYKYNHICMb 3 080X 8UOIPOK
nooinANaAcsa Ha IHmMep8anu, NOmim y 080X MACUBAX NO YUX IHMEPBANAX BUSHAUAEMbCS KOJNCHA
BUOIDKA OKpeMO 1 O0OHUCTIOEMbC Kpumepiil nepesipku 2inomes3u no 3aieiCHOCmi, wo
8paxo8ye obcse nepuloi ma opy2oi 6ubipok, yacmomy 6 iHmepsalni 011 nepuioi ma Opy2oi
8UOIPOK,; KiNbKiCMb IHmMep8anie pozoumms cyKynHoi eubipku. /lna nepesipku zcinomesu npo
8U0 PO3N00iTY peKOMeHOYEMbCs guKopucmosygamu kpumepiti Konmozoposa, nocrioognicme
00uUCIeHb NpU GUKOPUCMAHHI Yb020 KpUMepilo HACMYNHA: 6Uubipka po3dousaemvcsi Ha
iHmepsanu ma BUHAYAEMbCA eKCNepUMEHMAlbHe HAKONUYEHI 4acmomu, pOo3pPaxo8yeEmvCsl
meopemuyHe HAKONUYEHHs 4acmomu 6uxoosiuu 3 NPONOHOBAHO20 86Uy PO3N0OLNY,
napamempu K020 po3paxo8ami 3a SUXIOHUMU OAGHUMU, BUSHAYAEMbC MAKCUMAIbHA PI3HUYSA
MIJHC HAKONUYEHUMU MEeOPeMUYHUMU MA eKCNePUMEHMANbHUMU Yacmomamu )y 6i0no8ioHOMy
inmepeani, obuucioemvcs napamemp Dmax= (My- Me)IN, a nomim kpumepiic = Dmax \n. 3a
8IONOGIOHUMU mabauysamMu O Kpumepilo 6usHavyaemvcs umogipnicms P(1) moco, wo
2inomemuyna QyHKYisi po3nooiny He cynepeuums 8UOIPKOBUM OAHUM.
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Avtukhov A.K., Kovalevsky E.V. Development of methodology for studying the
technological and operational characteristics of forming tools of hot rolling mills

Abstract. It is shown that when conducting research aimed at determining the
influence of technological and operational characteristics of forming tools on their resource,
a fairly large number of indicators are used. Given that the initial data contain information
for different periods of research, there is a need to check the possibility of combining different
samples into one for the possibility of forming statistical hypotheses. It is noted that to
determine the possibility of combining samples of operational characteristics of rolling rolls
for different periods of time, it is advisable to consider two options for approaches: 1 — if
data analysis requires the use of random variable distribution functions, for example, for
probabilistic assessment of the resource of rolls, then in this case the homogeneity of the two
samples is necessary, i.e. equality of distribution functions, 2 — if for data analysis it is
sufficient to use only statistics of a random variable (mean value of the analyzed variable,
standard deviation, coefficient of variation), for example, when considering the number of
installations during the period of operation of the roller, then in this case it is possible to use
the method of testing the hypothesis of equality of the mean values of a random variable.lt is
recommended to perform the hypothesis test on the homogeneity of two samples using the
following method: the entire set of two samples is divided into intervals, then in two arrays,
each sample is determined separately according to these intervals and the criterion for testing
the hypothesis is calculated based on the dependence, which takes into account the volume of
the first and second samples; the frequency in the interval for the first and second samples;
the number of intervals for dividing the total sample. To test the hypothesis on the type of
distribution, it is recommended to use the Kolmogorov criterion, the sequence of calculations
when using this criterion is as follows: the sample is divided into intervals and the
experimental accumulated frequency is determined; the theoretical accumulation of frequency
is calculated based on the proposed type of distribution, the parameters of which are
calculated from the initial data; the maximum difference between the accumulated theoretical
and experimental frequencies in the corresponding interval is determined; the parameter
Drax= (Mw- Me)/n is calculated, and then the criterion = Dmax \n. According to the
corresponding tables for the criterion, the probability P(1) that the hypothetical distribution
function does not contradict the sample data is determined.

Keywords: forming tools, chromium-nickel cast iron, technological characteristics,
operational characteristics, statistical research, random variables, correlation analysis.

ITocTanoBKka npoodJieMu

[IpoyKTHBHICT MPOKATHOrO BUPOOHMITBA 1 COOIBApTICTH MPOKATy, IO
BUITYCKA€ThCSI, HEPO3PUBHO TMOB'A3aHI 3 SIKICTIO Ta €KCILTyaTallifHOIO CTIHKICTIO POpMYIOUnX
IHCTPYMEHTIB — IPOKATHUX BAJIKIB.

IIpoTsroMm OCTaHHIX POKIB /sl BUTOTOBJEHHS (OPMYIOUMX IHCTPYMEHTIB rapsyoi
NPOKATKU IIHPOKO BHUKOPHUCTOBYETHCS XPOMOHIKENIEBUH 4YaBYH. 3 IbOTO  CILIaBY
BUTOTOBJISIIOTH IIAPONIPOKATHI Ta COPTONPOKATHI BAJIKU, Y TOMY YHUCII, 3 JUTUMHU CTPYMKAMHU
[1], a Takox pobOUMHA IIAP — JIMCTONPOKATHUX BAJIKIB SIK CTAlllOHAPHOTO, TaK 1 BILIEHTPOBOTO
BWJIMBKa [2].

JIBomapoBi XpoMOHiKeseBi (opyroui IHCTPYMEHTH 3HAaXOJATh IIMPOKE 3aCTOCYBAHHS
B KIiTMHaxX Oe3mepepBHUX 1 HaliBOE3MEpepBHUX  IIMPOKOCMYTOBUX, CEpEAHbO-1
TOBCTOJIMCTOBHUX, a TAKOXK JPECUPYBaTbHUX CTaHIB.
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Bitun3nsai Ta 3apyOibKHI po3poOKH, IO CTOCYIOTHCS BUPOOHUIITBA, 3aCTOCYBAaHHS Ta
MIIBUIEHHS TEPMiHY CIyXkO0u (OpMyIOUMX IHCTPYMEHTIB, MOKa3ylOTh, IO peai3alis
npoOJeMH MiIBUIICHHS IXHBOI CTIHKOCTI MPOBOJUTHCA B JICKUIBKOX HampsMKax. 1'0JIoBHI 3
HUX BKJIIOYAIOTh PO3POOKY HOBHMX Ta ONTHMI3allil0 3aCTOCOBYBAHUX CKIAIIB BAJIKOBUX
YaBYHIB; X 3MiHY; yJIOCKOHAJICHHS TEXHOJIOT1l BUJIMBKH Ta TepMOOOpOoOKH [3].

AHaJIi3 0CTaHHIX J0C/Ti/IZKeHb Ta myOJikanii

[Ipu nmpoBeneHHI AOCITIKEHB, IO HANIPaBJIeH] HA BU3HAYCHHS BILUTUBY TEXHOJOTIUHUX
Ta eKCIUTyaTaI[IfHUX XapaKTePHCTHK BAJKIB Ha iX pecypc, BUKOPUCTOBYIOTh JOCUTH BEITUKY
KUIBKICTh MOKa3HUKIB TakKi, SIK: TBEPAICTb IMOBEPXH1 OOYKM; HAIpalllOBaHHS BajKa 3a Mepioj
eKCIUTyaTallll; BeJIMYrMHA 3HIMAHHS METally 3 MOBEpXHI Bajka IpH mnepenuiipyBaHHS 3a BECh
Mepiojl eKCIuTyaTallli; YMUCIO YCTAaHOBOK IMepenunoBOK 3a BECh MEpioj EKCIUTyaTallii,
CepeHE HaNpallOBaHHS BaJKa Ha | MM 3HATOrO IIapy MeTajly HpH MepeuutipyBaHHS;
cepeaHiil HapoOITOK Bajika 32 BCTAHOBJICHHS; CEpPEIHE 3HIMAHHS METally 3a BCTAHOBJICHHS Ta
a1 [4,5,6].

JUia aHamizy TEXHOJOTTYHMX Ta eKCIUTyaTalliHUX XapaKTePUCTHK (OPMYHOUUX
IHCTPYMEHTIB BUKOPUCTOBYBYIOTb METOJM CTaTHUCTUYHUX JOCHIIKEHb: PO3pPaxyHOK
CTaTUCTUYHUX MapaMeTpiB, MepeBIipKa CTATUCTUYHUX T1IIOTE3, KOPEJIALIHHUN Ta perpeciiiHuii
aHaii3 [6].

[lin wac mpoBeneHHS JOCHIIKEHb OTPUMYIOTH OO0'€eMHI BHOIpKM  JaHUX
eKCIUTyaTal[lIfHINX MOKa3HUKIB MPOKAaTHUX BAJIKIB 3a PI3H1 MEPIOIH yacy.

BpaxoByroun Te, 1110 BUXiIHI 1aH1 MICTATH 1H(POpMAIIiIO 32 pi3HI IEPIOIN TOCTIIKEHbD,
TO BUHHUKAE HEOOXITHICTh MEPEBIPKM MOMKJIUBOCTI 00'€THAHHS PI3HUX BUOIPOK B OJHY IJIS
MOXJIMBOCTI (POPMYBAaHHS CTAaTUCTUYHHUX TinoTe3 [7]. BukopucranHs OUIBIIOTO MacUBY
JMAHUX 111 9ac TMPOBEJACHHS CTATHCTHYHUX aHAII3IB CYTTEBO MiIBHIINYE TOYHICTH OTPUMAHUX
pe3ynbTaTIB.

D opMYyJIIOBAHHA METH T0CTiIKEHb

Merta po6oTH: po3poOKa METOIMKH JOCTIKEHHS TEXHOJIOTIYHUX Ta EKCILTyaTaliiHIX
XapaKTEPUCTHK (POPMYIOUHX IHCTPYMEHTIB CTaHIB TOPSIY0i MPOKATKH.

Pe3yabTaTu nociaigxeHb

JIy1s1 BUBHAUCHHS MOYJIMBOCTI 00’ € THAHHS BUOIPOK €KCIUTyaTalliiHUX XapaKTePUCTUK
MIPOKATHHUX BAJIKIB 32 PI3HUI TEPMIH Yacy JOLUILHO PO3TIISIATH JBA BapiaHTH MiIXO/iB:

1) sIKiIo Juig aHamizy AaHUX NOTPIOHO BUKOPUCTaHHS (YHKIIINA pO3MOALTY BHUITaIKOBOT
BEJIMYMHY, HANPUKIA, Ui WMOBIPHICHOI OI[IHKM pecypCy BaJKiB, TO B IIbOMY BHUIAIKy
HeoOXi/IHa HasBHICTh OJHOPITHOCTI ABOX BUOIPOK, TOOTO PIBHICTH (PYHKIIN PO3MOALTY;

2) SKmO Ui aHalmi3y JaHWX JOCTaTHbO BHUKOPHCTOBYBAaTH JIMIIE CTATUCTUKU
BUIAJIKOBOT BEMYMHH (CEpeIHE 3HAUYECHHS aHANIi30BaHOI BEIWYHMHU, CEPEIHE KBAJpAaTHUHE
BIJIXWJIEHHS, KoedillieHT Bapiallii), HaIpUKIaI, MPU PO3IIAAl KUIBKOCTI YCTAaHOBOK 3a MEpiojt
eKCIUTyaTallii BaJika, TO B LIbOMY BHUIAJKy MOXHa BHUKOPHCTOBYBAaTH METOJUKY IEPEBIPKU
rinoTe3  Mpo PIBHICTh CEPEIHIX 3HAUEHb JOBUIbHOT BETUUNHHU.

IlepeBipky rinmoTe3u Mpo OJHOPIAHICTH ABOX BHOIPOK PEKOMEHJYETbCS BUKOHYBATH
3a HaCTYITHOIO METOJMKOIO: BCSA B CYKYIHICTh 3 IBOX BHOIPOK MOAUISIIACS Ha iHTepBAIH (JUIs
BUKOHAHHS PO3PaXyHKIB JOIUILHO NPUHHATH 7 IHTEPBAJiB), HOTIM y ABOX CTOBIMISAX MO IMX
IHTepBaJlax BU3HAYAETbCA KOXKHA BUOIPKAa OKPEMO 1 OOYMCIIOETHCS KpHUTEpiil mepeBipkH
rinoTesu X° Mo 3aleKHOCTI
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X" = 1’111’12 —
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k=1
1ie N1 Ta N2 — 00CHT MepIoi Ta qpyroi BUOIPOK;

Mi1 Ta Mj2 — 9acTOTa B IHTEPBAIII JUIS IIEPIIOL Ta IPYyroi BUOIPOK;

K — KUTbKICTh iHTEPBAJIIB PO3OUTTS CYKYITHOT BUOIPKH.

l'moTe3a mpo OJHOPIAHICTE ABOX BHOIPOK MPUHAMAETHCS, SKIIO 33 33JaHUM PIBHEM
3HAYYIIOCTI 0. TIOTPUMYETHCSI HEPIBHICTD:

x2< X2 k-1
ne k-1 — gucno crymneHiB cBo0o1u, a X%y k-1 — TabruuHe 3HAUCHHS KpUTEPIIO 3a BIAMOBITHUM
pIBHEM 3HAYYIIOCTI 0.

Jly14 mepeBIpKH TINOTE3H Ta PIBHOCTI CEPEIHIX 3HAYEHb BUIAJAKOBOI BEIMYMHH Y JBOX
BHOIpKaXx PEKOMEHIYETHCS TPOBOJUTH, HAcaMIepell, PO3PaXyHOK CTaTHCTHK 3 KOXKHOI
BuOipku. Ha HacTymHOMy eTami mnepeBIps€ThCsl TINOTE3a MpO PIBHICTh JUCHEPCil BOX
Bubipok 3a kputepiem ®imepa F=S:%/ S;%, sxmit mae F-posmozin ¢ ki= ni-1ta ko= np-1
CTYIEHSIMU CBOOOH, e S1%, N1 ta S»%, N2 BiAMOBIAHO aucnepcii (812> Szz) Ta 00CsATH OBOX
BHOIpoK [7].

[Ipn mpuitHATOMY piBHI 3HAYYIIOCTI O TiNOTe3a WLIOJA0 PIBHOCTI AMCIEPCId IBOX
BHUOIpOK miaTBepKYeThes, Ko F<Fa; Ki; ko, e Fa; Ki; Ko — Tabnuyni 3HaueHHST KPUTEPIiB.
[ToTiM mepeBipsieThCsA TimoTe3a MO0 PIBHOCTI CEPEIHIX 3HAUECHb BUIIAKOBOI BETMYUHU JIBOX
BHUOIPOK, MpHU LIBOMY SIKIIO TioTe3a PIBHOCTI aucrepcii He Oyna BIAKUHYTa AJs MEPEeBIPKU
rinoTe3n pIBHOCTI CepeIHIX 00uncIoeTbes kpurepiit CThrofeHTa

t = %\/‘nl-m/-nlmj

e

Sz\’ "(m=1)S2+(02-1)85*/ny+15-2"

YMOBO NMPUUAHATTS TIMOTE3W MPO PIBHICTh CEPENHIX € HEPIBHICTD [1I<t,o:k, A€ tu2k -
TaOnu4Hi 3HaYeHHs Kputepiro CThrofieHTa ab0 pIBHS 3HAUYYIIOCTI O C YHUCJIOM CTYIICHIB
cBoOOIM k=n1+n»-2.

Sxio x rimoTe3a piBHOCTI AUCIepcii BIAKWHYTA, TO MEPEBIPKa TMOTE3U MPO PIBHICTH
Cepe/HIX BHKOHYETHhCS 3a 3a3HAUCHOK BHIIE CXEMOK, aje YHCJIO CTYICHIB CBOOOIM
004HCITIOETHCS 32 (HOPMYIIOIO:

K = :
c* (1—c¢)?
n1—1+n2—1
e
52
. n
“T52 572
TRETY

s mepeBipKu TiNOTE3UW MPO BUJA PO3MOJUTY PEKOMEHIYEThCSI BUKOPHCTOBYBATU
kputepiii KonmoropoBa, mociiioBHICTe OOYMCIE€Hb NPU BHUKOPUCTAHHI LIBOTO KPUTEPIIO
HacTymHa: BuUOIpKa po30MBa€Tbcs Ha IHTEPBAIM Ta BU3HAYAETHCS EKCIEpUMEHTAIbHE
HAKOTMYEHI YacTOTH; PO3PAXOBYETHCS TEOPETUYHE HAKONMMYEHHS YacTOTH BHUXOJIYU 3
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MPOMOHOBAHOTO BUAY PO3MOALTY, MapaMeTpH SIKOTO PO3PaxOBaHl 3a BHUXIAHUMH JAHUMHU;
BU3HAYAETHCS MAaKCHUMaJbHAa PI3HULS MDK HAaKONMYEHHUMH TEOpPETHYHMMHU (M) Ta
eKCIIEPUMEHTAIBHUMHU 4acToTaMu (M) Y BIAMOBIAHOMY 1HTEpBaji; OOUMCIIOETHCS MapaMeTp
Dmax= (M- me)/n, a moTiM kputepiii = Dmax \/n, e n - o0csr BUOIpKU. 3a BIAMOBITHHUMHU
TAOMUISIMH JIJISI KPUTEPII0 BU3HAYA€ThCsl WMOBIpHICTE P(A) Toro, mio rimorernyHa (yHKITis
PO3MOJIUTY HE CYNEepEYnTh BUOIPKOBUM JaHuM. KopensiiiiHuii aHami3 BUKOPUCTOBYETHCS 3
METOI0 BUSIBJIICHHS 3B'I3KIB MDK OKPEMHUMH TEXHOJOTIYHUMH Ta eKCIUTyaTal[iiHUMU
XapaKTepUCTUKAMHU, Ha 0a3i SIKUX MOXIJIMBO 3pOOUTH MPAKTUYHI KOPUCHI BUCHOBKH. J[yist
OILIIHIOBaHHS B33a€MO3B’ 3Ky MDK XapaKTEPUCTUKAMHU 3aIllpPIpPOITHOBAHO BUKOPUCTOBYBATH
KoeQIIieHT KOpeJsALii, [0 BU3HAYAETHCS 3 CIIIBBITHOIICHHS
T

Sx.f . S\rr
e N — oOcsar BUOOPKH; Xs 1 Ys — CepeaHE 3HAYCHHS, SJ(f -S,r,r — cepeHi KBaapaTH4Hi
BIIXUJICHHS (HEBUIIPABJICH1) BIANOBIAHUX BUIAJIKOBUX BEJIUYMH.

BuxopucrtoByroun JaHi 10AO0 KOEQIIIEHTIB MapHOi KOpeslii, MNpPONOHYEThCS
oOumcioBaTH 1 KoeillieHTH BIANOBIAHUX PIBHIHB perpecii. Hanpuknaza, npu asox dakropax
JIHIAHE PIBHSAHHS Ma€ BUTJISI:

=

y=ap +aix1+ axz
VY sikomy koeiieHTH ao, @1, a2 OOUUCITIOIOTHCS 32 BIIMOBITHUMHE 3aJICKHOCTSIMHU.

a1=R1 Sy; Sx1; a2=R> Sy, Sx2.
y="X-a;X7+ X!
[Ipu upomy

Bi=(nx - ryXo-rx X))/ 1-17x x5

Po=(rx0- 1 X 11X 1X2)/ 12X 15

[Ipu aHani3i B3a€MHUX 3B’S3KIB XapaKTEPUCTUK BAJIKIB JOIILHO BHKOPHUCTOBYBATH
rpadu KOpeNSIiiHUX 3B’ SI3KIB, JI0 SIKUX BXOJATh TUIBKH 3B'sI3KM BUsBIICHI ITpH piBHI 005.

BucHosku

BukopucraHHs HaBeIeHOI METOIUKH HAIacTh MOMKIIMBICTH 3IIHCHUTH JOCTOBIPHHIMA
aHaJIi3 BIUIMBY TEXHOJIOTIYHUX Ta EKCIUTyaTallifHMX XapaKTEPUCTHK MPOKATHUX BAJIKIB Ha 1X
pecypc npu ekcruryartanii. OTpuMaHi pe3ynbTaTH JOMNOMOXKYTh BU3HAYUTHU (DAKTOPU, 3MIHU
SKHX MOXYTh CYTTEBO IIJBHIIUTH CKCIUTyaTalliiHI XapakTepUCTUKH (DOpMyrounx
IHCTPYMEHTIB CTaHIB rapsiioi MpOKaTKH.
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