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tion adaptability and its indicators has been formulated.
The developed criterion makes it possible to evaluate the
level of the enterprise innovation adaptability on the ba-
sis of the actual values of the enterprise resistance level
to innovations and the enterprise receptivity level to in-
novations. The criterion is referred to the structure of the
cycle of the enterprise innovation adaptation, thus ensur-
ing formalization of the account of the natura laws
providing the cyclicity of the enterprise innovation adap-
tation process which makes it possible to estimate the
level of the enterprise innovation adaptability at any
point of its innovation development path.

Originality. The developed criterion makes it possi-
ble to determine the enterprise innovation adaptability as
the index characterizing the result of the combination of
the actual level of the enterprise resistance to innovations
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and the actual level of the enterprise receptivity to inno-
vations at any point of the innovation development path.
This solves the contradiction of simultaneous providing
the stability and the changeability of the enterprise as the
subject of adaptation.

Practical value. The criterion is one of the instru-
ments to estimate the level of the enterprise adaptability
to the innovation development. It can be used in the pro-
cess of forming the system of analytical providing moni-
toring of the actual level of the enterprise innovation
adaptability.

Keywords. innovation development, adaptability, re-
sistance, receptivity, many-valued logic function, criterion
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THE TECHNOLOGY OF APPROXIMATION OF A CONVOLUTION
OF A SPLINE-WEIBULL DISTRIBUTION

Merta. Po3poburu indopmarniiiHy TEXHOJIOTII0 CTaTUCTUYHOT 0OPOOKHM JTaHMX BiZAMOB TipHUY0100yBHOTO 00Ja1-
HaHHS 13 3aCTOCYBaHHSAM CIUIaWH-PO3MOALTIB. J[OCHIAWTH MOJenb BiTHOBIECHHSA (YHKINT pPO3MONUTY CIUIAHH-
BeitOymna Ta po3poOUTH anTOpUTM aHAJTITHYHOI alpOKCHUMAIli 3TOPTKH PO3MONUTIB CIUTaiH-BelOymma y kiaci
CIUTAH-EKCIIOHCHIIIMHIX PO3IOALNIB, OMIHUTH €(EKTUBHICTh BUKOPHUCTAHHS 3alPOIIOHOBAHMUX AaIPOKCUMAIIITHIX
METOIIB.

Metoauka. Bukopucranuit MoaudikoBaHUI METOJI MAKCUMAIBHOT IPaBIONOIIOHOCTI [UIsl BIITBOPEHHS MapaMeTpiB
CIUTAH-PO3MO/TIB. ATIPOKCUMOBAHI (QYHKIIIT IHTEHCUBHOCTI pO3MOJiNy criuiaitH-BeiiOyia kyckoBo-cTaiumu QyHKIIi-
SIMH IHTEHCHBHOCTI CIUIAiH-eKCIIOHEHIIHHOTO PO3MOALTY 3 OJHMM 1 TpboMa By3namu. OOuuClieHa 3ropTKa CILIaliH-
EKCTMIOHEHI[IHHUX PO3IIOJIiIIB 3 BAKOPUCTAHHIM METOJY XapaKTePUCTHYHUX (YHKITIH.

PesyabraTu. [IpoBeneHuil ananiz anpoKCMMalifHUX METOMIB IOKa3aB JOUUIBHICTh BUKOPHCTAHHS PO3IOALTY
crutaifH-BelOymna s aHamizy BiZMOB TipHMYOJOOYBHHMX cHcTeM. JloBeieHO, IO ampoKcuMamis — CIUTaifH-
eKCTIOHEHIIHHIM DO3IIO/IIOM € YHIBEpPCalIbHOIO, OCKUIBKH JJ03BOJISIE MOOYAOBY NPOLENyp ampokcumarii it Oynb-
SKUX 3Ha4YeHb mapameTpis hopmu f; , ae i=1,2.

HaykoBa HoBH3HA. 3amporoHOBaHa MeETONWKa MOOYMOBH (YHKII PO3MONUTY 3TOPTKH PO3MOIINIB CIUTAlH-
BetiOyma, [1st sikoi HEMOMIINBE 3HAXO/KEHHS TOYHOT'O aHAJIITHYHOTO PO3B’ S3KY, 3alPOIIOHOBAHI alpOKCHMAITiTHI Me-
TOJHY Ta AITOPUTMH TOOYIOBH 3TOPTKH CIDIAWH-EKCIIOHSHIIHHIX PO3MOLIIB 3 OHUM i TPhOMA By3JIaMHU.

IIpakTHyna 3HaYAMICTb. Po3po0icHa iHdopMariiiiHa TEXHOIOTisE MOKe OyTH BUKOPHUCTAHA /IS OLIHKU HaJIHOCTI
Ta e(pEeKTUBHOCTI CKJIAJJHUX TEXHIYHUX CHUCTEM TipHUYO00YBHOI MPOMHUCIOBOCTI B yMOBAaX HAKOIMYEHHSIM MOPYIICHb,
IO BUMAraroTh 3aCTOCYBaHHsI OUIbII aJIeKBATHUX Ta JOCTOBIPHUX PO3MOJILIIB, sIKi 0a3yr0ThCsI Ha po3noalii Beibyuia.

Kiaw04oBi ciioBa: 6i0Hos1eH s, CRIATIH-eKCROHEHYITIHULL PO3NOOINL, eMAIPUYHA QYHKYIs, 610M08A

MPOLIECIB, IO CIOCTEPIrafoThesl Ta MAKOTh Pi3HY MPUPOLY
nposiBy. Jlo HUX MOXYTh OyTH BifiHECEHI MEXaHI3MH pyii-
HYBaHHS Y TBEpJUX TiJIax, BUIPOOYBAHHS Ta EKCILTyarTa-
Ilis cucTeM (EIEMEHTIB) Y 3MIHHHX peKHMax, (a3oBi rme-

Beryn. CrumaifH-po3nosimm MaroTh MIMPOKE 3aCTOCY-
BaHHS NIpM BUBYEHHI (DI3MUHMX TNPUHIMIIB, SBUI] a0
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PEXOJIH, IO CIIOCTEPIratoThCS B TIAX Ta CUCTEMaX, 3ajadi
HaJIIHHOCTI CHCTEMH 31 3MIHHOIO CTPYKTYPOIO Ta iH.

3axon BeiiOysia 3a10BUTbHO OITHCY€E HAINPAIIOBAHHS
JI0 BiZIMOBH €JIEMEHTIB paJiOCJIEKTPOHHOI amaparypH,
HOT0 BUKOPHCTOBYIOTH JJISl OLIHKK HAJIHHOCTI JeTajei i
BY3JIiB MAaIlIiH, 30KpeMa aBTOMOOLJIIB, a TAKOX IS OIliH-
KM HaJiIHHOCTI MaIINH y MIPOIieci iX mpupoOIeHHs .

Posmogin crutaiiH-BeiiOyiia € HalOLIbIN aaeKBaTHUM
JUISL OTIMCY HAJIHHOCTI (DYHKI[IOHYBaHHS CKJIJJHUX CHCTEM
B YMOBaX HaKOIHWYEHHs IOpYIIEHb, TOMY BUHUKA€E HEOO0-
XiJTHICTB OUTBII JJOCKOHAJIOTO BUBUCHHSI JJAHOTO PO3IOILTY.

BusHaueHHs1 HamiitHOCTI CHCTEM 3 HAaKONWYEHHS I10-
pYIIEHb BUMarae po3B’ si3aHHS 337adi T00yI0BH 3TOPTKA
pO3MOALNTIB. 3HAXOKEHHS 3TOPTKU PO3IOALIIB CIDIAH-
BetiOyma B SISBHOMY aHATITHYHOMY BHUTJISA € HEMOXKITHU-
BHM, TOMY 3aMICThb 3TOPTKM pO3MOJIiIIB CIUTAifH-
BetiOyma Moxe OyTH 3amporioHOBaHa aHATITUYHA aTpo-
kcuMmariis. Haitgactime OynmyroTbes ampoxcuMarii pos-
noaity BeliOymia, 3acHOBaHI Ha PO3MOJLIAX, MOXITHUX
BiJl EKCIIOHEHIIIITHOTO.

AHaji3 OoCTaHHIX J0CHiJ:KeHb Ta myo0JiKaiii.
MozensimM nporeciB BiIHOBICHHS 3MiHHUX (YHKIIH po-
3MOJTY HampaloBaHb Ha BiIMOBY, BHIaTKaM Ha Bij-
HOBJICHHS Ta €()EeKTUBHOCTI 3MIHHUX OO0'€KTIB NPHCBA-
gyeHi podoru M. bpoyna ta @. I[Ipomana, M. Kiitama ta
V. Cmura, K. Jopazno Ta inmmx aBropis [1-2]. Ane na-
Hi MO He IUTKOM JOCTaTHI U OMUCY mporeciB ¢y-
HKIIOHYBaHHS TEXHIYHHUX 3ac00iB y Teopii HaXiHHOCTI.

HaiiBizomimmmu TOCTiIKEHHSIMA MPOOIeMH 3HAXO-
JOKEHHS 3TOPTKU po3mnoziniB Beiibymna € po6oTu HacTy-
nHux ydyenux: P. bapmoy ta @. IIpoman, JI. bakcrep,
E. Illoitep, B. Bmimke, JI. MakKonanor, B. ®emnep,
B.B. I'nenenxo, 10.K. binses, A.JI. Conosiios, JI. CmitT,
M. JlupGerrep Ta inmm [3].

Ha manuii MOMEHT € akTyaJbHOIO 3ajJa4a PO3pOOKH
CydJacHHX 1H(POPMAMIHHUX TEXHOJIOTiH CTAaTHCTUYHOI 00-
pOOKM MaHUX TPO BIIMOBH TipHHYOJ00YBHOTO 00mal-
HaHHS TIPU 3aCTOCYBaHHI CIUIAMH-PO3MONLTIB Ta IOCIi-
JUKCHHST HOBHX AaNpOKCHMAIlIMHUX METOHIB  Teopil
BiTHOBJICHHS, III0 MOXKYTh OyTH 3aCTOCOBAHI TSI 3HAXO-
JOKEHHST 3TOPTKH PO3IOALTIB, TOOYIOBa SKHX € HEMOXK-
JIMBOIO B KIHIICBOMY aHAJITUYHOMY BUTJISI.

IlocranoBka 3agadvi. Po3poburu iHpopmauiiiHy Te-
XHOJIOT1I0 CTaTHCTHYHOT OOpOOKM JaHUX BiMOB TipHH-
40100yBHOrO OONagHaHHA IIPH 3aCTOCYBaHHI CIUIANH-
posmoini. [IpoBecTn BiHOBICHHS PO3MOJUTY CIUIAHH-
BeiiOysia Ta po3poOuTH aNropuTMH anpoKcuMarii 3rop-
TKH PO3MOIUTIB CIUTaifH-Beii0yima 3ropTKoio CIIaiH-
EKCITOHCHIIMHAX PO3MOAUTIB. 3pOOUTH BUCHOBKH IIOJIO
TOYHOCTI 3alpOTIOHOBAHMX AaNpOKCHMAiHHUX MOJeIeh
JUIs pi3HUX mapamertpis hopmu f.

OcHoBHUIT MaTepian. AHali3 XapakTepy BUHUKHEH-
HS BIZIMOB arperaTiB JO3BOJIUB BUSIBUTH, IO BIIPOIOBK
TEpMiHy eKCILTyaTalii arperaT MifJIatoThCsl TPUPOIHO-
My 3HOILIEHHIO, HA HUX BIUTMBAE [isl HABKOJIMIIHBOTO Ce-
PENOBUINA, MAIOTh Miclle (pi3MKO-MeXaHIuHI 3MiHH, a Ta-
KOX JAe(eKTH, TOB'sI3aHI 3 MOPYIICHHSIM TEXHOJOTIT
BUTOTOBJICHHS. THM CaMUM HaKONMYECHUI MacHB JIaHHUX €
HEOJHOPIMHUM, IO BHU3HAYa€ BUKOPHUCTAHHS CIUIANH-
PO3TOALTIB.
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st BIATBOpEHHSI CIUIAMH-PO3IIOALTIB 3aIIPOIIOHOBA-
HO BHKOPHCTOBYBAaTH MOIM()IKOBAaHWII METOA MaKchMa-
JIEHOT TIPaBOMOIOHOCTI.

OyHKIISA po3moniTy crutaifH-BeliOymna mpencraBis-
€THCS Y BUTIISII [4]

tﬁ
l1-exp| —— [, 0<t<t,
a
HOE bV NG
l1-exp| - — | |.t=t;
al\t,

ne o — KoedirieHT Macmrady; £y , f» — napamerpu ¢Gop-
MH; t, — BYy30J CKIICIOBAaHHSI.
Ilpu t,=0maemMo OKpeMHil BHIAIO0K — PO3MOALI

BetiOymnna, mpu isoMy f1 = fo.
3BemeMo QYHKIIIO pO3Moiny cruaiH-Beiibymma (1)
IO JHIHHOTO BUTIISAAY

1 A+ LYy, 0<t<t,
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YMOBU

Py =minsup|F,(t) - F,(t.@,. B, B, t.)]- 2

IIpu npoMy oiHKHM mapaMeTpiB «; f,; B, OTpUMaeMo
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. . 1 k
S? = _[ — A= B V)2
TS MR A A A
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ne gz :Inln(lj-
1-Fq(t)

Vuacninok neperBopennst (1) no miniiiHoi dopmu,
JUTSL 3HAXOJDKEHHI pOo3B’ 13Ky (3), JOCTaTHBO peanizyBaTH
Mpoueaypy NOUIYKY MiHIMyMY HACTYHMHUX (YHKIIH

k
a2 ; 2
min S~ min Y. (z - A-fYi)
wpbe T @hbaio nd

Ta
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Maemo HacTyIHy 004HCIIIOBAJIbHY IPOLELYPY:

1. Braxxaemo, 110 By30J]1 CKJI€OBaHHA 1o ¢yHKLII po-
3MmoALTy crutaitH-BeiiOysna (1) cniBnagae 3 ojHi€O 3 Ba-
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piaat t; k=3 n—-4. OGuucmoemMo It KOXKHOrO ty

OLIIHKH ITapaMeTpiB {&k, /8110 /?ZK} [4]

(1o Y o Zy-kF
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2. Ins ty, k=3,n—-4 y koxHiil Touui BapiauiitHoro
pAmy OOYMCITIOEMO 3HAYECHHS TEOPETHYHOI (YHKIIi po3-
nofity F(ti’ &k’ ﬂl,k' ﬂz,k) .

FAL,
 ———
0.9 —t
R
08
—
0,7
0,6
0,5
0.4
03
0,2
01
5] 200 400 600 800 1000 1200 1400 t, 200
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3. 3 yMoBH () 3HAXOMMMO MiCIIE3HAXO/KCHHS BYy3/1a
ckietoBanHi g =1, Ta NPUIHCYEMO JaHOMY BY3Iy

OLIIHKH IIapaMeTpiB.
4. OuiHIOBaHHS TOYHOCTI OIIHOK MapaMeTpiB.

5. BusHaueHHs1 KpUTepiiB 3roau AJIsl OLiHKH JO0CTOBI-
pHocTi posnozity (Koamoropoga, Ilipcona).

Ha puc. 1 300paxeni GyHKIIT po3moainy Hampalo-
BaHb, MOOyIOBaHI 3a JaHHUMH BIiIMOB EKCKaBaTopa
€KI-8] B ymoBax ekcruryatamii | kateropii. BigHoB-
JeHHs sK posmnoainy BeiOymma, Tak 1 po3moiny
crutaitn-BeiiOyna € y3romkenum 3a Xi-kputepiem. 3a-
CTOCYBaHHS pO3MOIiNy CrutaitH-Beitbymia € Ginbur azge-
KBAaTHHUM IJIsl OLIHKH BiIMOB TipHHUY0J00YBHOT TEXHIKH,
OCKITBbKHM BijATBOpeHa (YHKIisi po3moiny coiBnamae 3
EMITI pHYHIM DPO3IIOIIJIOM 13 MaKCHMAJIBLHOIO Pi3HHUIEKO
D,=0,001712 (mms posmoxminy Beiibymia) Ta

Dn:8,926><10'5 (mis posmonminy crutaitn-Beiibyia),

Z[e Dn = maX Fn(ti)_ Fw(t|)| .

I<i<n

F(t) e y——r——
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(1] 500 1000 1500 t, 20d

0)

Puc. 1. Bionoenenns ¢ynxyii poznooiny nanpayroeans 00 giomosu exckasamopa €KI-8I. a) 3a posnodinom cnnaiin-
Betibynna —o = 0,00006113; p1= 2,0924; f,= 1,489; ty= 4928 ; 6) posznodinom Beubyrna —ao = 6389; = 1,019

ABHui BUTIAA QYHKII{ 3TOPTKU PO3MOIITIB € JIH-
me IS OessKux QYHKIH po3moniy, HampuKiIa, s
ekcroHeHuiinoro, Epnanra, piBHoMipHOTO. Po3monin
crutaifH-Beitoymra morpedye moOymoBH pi3HOMAaHIT-
HHX anmpoKCUMaIii 1t GyHKINT po3moainy 3ropTKH.

VY naniit po6OTi 3apONOHOBaHA TEXHOJIOTisI 00UMC-
JICHHsI 3TOPTKH PO3MOJLTIB CIuTaiiH-BeitOymna Ha 06asi
anpokcumarnii  QyHKuii IHTEHCHBHOCTI  PO3MOILTY
cruiaitH-BeliOynna kyckoBo-ctanuMu (QYHKLISIMHU iHTe-
HCHUBHOCTI CIUTafH-CKCHOHEHI[IHHOTO PO3MOALTY 3 O-
HUM By3JioM (4) Ta TproMma By3inamu (5) [5], mo maTh
HacTynHi QyHKIIT po3moaity

1-exp(-At), o<t<t

. @
- exp(—(/ll _ﬂz)tl - Azt)v tl St<oo

Fse1 (t) = {
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ne i, Ao — 3BOpoTHI KoedimienTn Macmrady; t; — By3on
CKJICIOBaHHS Ta

1- exp(—/llt:), 0<t< tl
1- exp(—(ﬂl—ﬂz)tl—ﬂzt), tl <t <t2
Fees(t) = ,(5)
1- eXp(*(iz - /13)‘12 - l3t), t) <t<ty
1- eXp(—(ﬂg - 14)'13 - ﬂ,4t), t3<t<ow

e A1, Az, A3, A4 —3BOPOTHI KoedimieHTH MacmTady; ty,
tp, t3 — By3/M CKIICIOBaHHS.

3anava anporcuManii HenepepBHOi QyHKIIT iHTEHCH-
BHOCTI IIEPeXOiB Y CepelHbOMY IIpecTaBisie co0oro 3a-
Jady HalKpaIloro HabGmkeHHs po3moainy GyHKIHl A(X)
3 Baroto P(X) cryminyaroi ¢pynkuii c(x). Ha 3amanomy po-
30UTTI A= Xp< X < X <... Xp< Xr1=Db c(X) = c(X) =¢
Opu X1 =X <X.1.
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Mipa 6mm3skocTi f(X) i ¢(X) Ha (@, b) BusHauaeThes stk
b
5P =60 (I/l - c|) = [ POY|A(X) — c(x)[dx.

3ajaya HaOJIMKEHHS CKIIAJA€THCS B HAWKPAIIOMY BU-
00pi BY3IIB Xq, X2, ...Xp, IO 3HAXOAATH Y PE3yIbTATI BU-
pimeHHs 3a1a49i MiHiMi3amii

; b
o~ (|[A-¢c),
asxlgxgy..sxnsb a(| CD

npu 1boMy QyHKIs G(X) 3a7MexkuTh Bim X1 Ta X;. Ko
Xi.1 1% ikcoBani, To C(X) BU3HAYAETHCS 3 PIIIEHHS JIO-
KaJbHOI 3amadi

min &% (|A-d).
G(YeR 1

[TapameTpu  anpokcuMmanii  po3moiiny — CIUIAHH-
Beiibymuia cruiaifH-eKCIIOHEHIIHHUM PO3MOJUIOM 3 Of-
HUM BY3JIOM BH3HA4alOThCsl OPMYJIaMu

A= ﬁ(&tojﬂl_l; Ay = &[wjﬂz_l; t =1,

o\ 2 a\ 2

e alza;azzaltgz_ﬁl; b:@/—azln/lw; Ay — KpH-

TUYHI 3HAYCHHS.

3ajaya  3HAXO/UKEHHS ~ TMapaMeTpiB  CIUIaiH-
eKCIIOHEHIIIHHOTO PO3MOAUTY 3 TPhOMa BY3JIaMH MOXE
OyTH onrcaHa HaCTYITHOIO CXEMOIO

1. @) sxmo |b—t0| < |a_b|

,Tonpu A=a, B=tg

BYy301 t; MO’KHA BUSHAYUTH 3 PIBHAHHA

b1
oA (ﬂr\]/zﬂltiﬂrl —(A+ tl)ﬂrl _ tl) —
_oh tiBl_l —(A+ tl)ﬁrl _

A1
—(ﬂl‘\szﬂltfl‘l— (A+t)At —t + B) C oo

HacTymHi 3Ha4eHHS BY3JiB Ta iHTEHCHBHOCTEH BH-
3HAYaIOThCs 32 (hopMyamMu

t,= ﬁl‘\]/jzﬂitfl‘l—(A+tl)ﬁl‘1 ~t; ty=ty;

%_Q(Aﬂljﬂ‘l_l _ﬁ(tl+t2jﬂ’l_
a 2 " a 2 '

1 1

T e
a,\ 2 a,\ 2

1
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0) sAKIIO |a—to|< , 70 ipu A = tg, B =D,

[a—b)
3

t; =tg, By3on t, MO)KHa BU3HAUUTH 3 PiBHSIHHSI

Bl
252 (521]/2/5’2 tzﬂz*l —(A+ tz)ﬂrl _tz) 2
_2,32 tzﬁz—l _ (A+ tz)ﬂz‘l —

Br-1
_(ﬂz‘\J/zﬁZtZ/”Z‘l—(Athz)ﬂfl —t,+ B) S}

HacrymHi 3HaueHHs1 By3/iB Ta IHTEHCHBHOCTEH BH-
3HAYAIOTHCS 3a HOpMyJIaMU

tg =222t (A ty) Pt 1y,

A :ﬁ(a;ﬁjﬂ”; % :&(mjﬂ“;

o\ 2 o\ 2

ﬂsz&(ws)"z1;14:&[w]ﬂ“_

o\ 2 o\ 2

2. B inmomy Bumaaky mMaemo Qopmynu s pospa-
XYHKY TIapaMeTpiB

t

; tzzto; t3:£,
2

tl =

e G ="(@5 -1 -1 ¢ =25 - -1;

A= ﬁ[t_ojﬂl_l Cll*ﬂl;

a

Ha puc. 2 300paxkeHi pe3yabTaTd aHATITHYHHX
anpokcuMariiii  QyHKIii po3mominy Ta 3ropTKH JBOX
po3moainiB cruiaiH-Beiidyna 3 mapamerpamu oy = 1;
P11 =08 a, = 1; f, = 2,6 crutaiiH-eKCIOHEHII HHUM
posmoginoMm 3 ogauM By3iaoMm (A; = 0,919; 1, = 3,775;
ty = 1) Ta Tproma By3namu (1; = 1,179; 1, = 0,874; /3 =
5,238; A4 = 8,527; 1, = 0,288; t, = 1; t3= 2,099).
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0/ Crinaii-excnoHenwifimi poanogin
3 TPEOMA BYanaMit

03 4 Crnaiii-excnoHeHUIfHMA poanogin 3 OHAM By2noM
=
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01 f
[
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Puc. 2. \mnepuuna ma ananimuuyna

08f..

08~ poanoninie cnnaitv-BeiGynna 3ropTka cnaifH-excnoHeHLjikmy
e e poaNaAinie 3 0fHIM By3NCM

07}
06
05}
04

Jroprra cnnaﬁuveucnouenuiﬁnni poanoainos

03 3 Tphoida Byanauii

02

01

Gyuxyii  posnodiny cnnaiin-Beiubyina ma  anpoxcumayis  chaatin-

EeKCNOHEeHYIUHUM PO3NOOIIOM 3 OOHUM 8Y310M MA MPbOMA SY31AMU Y GUNAOKY NPOCHO20 PO3nOOILY CHIAALH-
Beiibynnna (a) ma seopmiu 060x po3nodinie cnaaiin-Beibyina 3 oonaxosumu napamermpamu (0)

Y T1abn. 1 mpencraBiieHi MOXHUOKH ampoKcHMaIii
posmoainy cmiaiiH-Bei#iOymia 3 mapamerpamu o =1,
to=1, p18ix 0,4 mo 2 ta B, Bix 0,9 no 1,9 3 xpokom 0,4
CIIAfH-CKCIIOHCHIIHHUME PO3MOAIIAMH 3 OJHUM Ta
TpbOMa BY3JIaMH 32 3aIPONOHOBAHOI0 BHUIIE CXEMOIO.
AHani3 anmpoKCUMaliifHNX MOXUOOK IOKa3ye, IO 3a-
MPOIIOHOBAHUN aNpOKCHUMAIIHHUN MeToa Moxke OyTh
3aCTOCOBaHMHA I OyIb-SKHX 3HAYCHb MapaMeTpiB
dhopmu f; me i=1,2, ajge HaWOLIBII ONTHMAIBHIM € 3a-

BeiiOymna 3 mapamerpamu popmu Bix 0,4 mo 1,8 y mo-
BUIbHI#M KOMOiHAIii 3HaYeHb HapameTpiB ¢opmu f; Ta

B

BaxnuBy ponb y Teopii HamiiiHOCTI Mae GyHKIis
F (t) N-kpaTHa 3ropTka QYHKIIH po3mosinis
Fi(t), R (t),.... F, ()

FO® = (F " F).

CTOCYBaHHS JaHOI CXEMH I PO3MOAUTIB CIUTaifH-
Tabauys 1
[ToxubOku anpoKcUMaIlii po3MoALTy CIlIaiH-BeiOyia cruiaiH-eKCITOHSHIIIITHMM PO3IO1IOM
[Tapametpu [Tapamerpu n o .
po3noaity crutaiis-excnionenmiinoro | 1loxuoKa, ApaMCTIpH CITAHI-CKCTIOHCHINHIHOTO Hoxubxa,
o o . po3monity 3 3-Ma By3JIaMu,
criaiiH-BeiiOymna, | posmoziny 3 1-uM By3iom, A1, % Ay, %
)Vl- ;Lz- )Lg- /‘L4- tl‘ t2- t3

B B Ay Aoty e e

04,09 0,6; 0,83, 1 8,9 0,6; 0,79, 0,7;0,7; 1, 6.4, 16 29
0,8;09 0,92; 0,83; 1 24 0,92; 0,78;0,7; 0,69; 1, 6,3; 16,4 24
1,6;0,9 1,06; 0,83; 1 3,6 1,06; 0,78; 0.7; 0,69; 1; 6,4; 16,41 19
2,0,09 1,083 1 5 1,01; 0,78; 0,7; 0,69; 1; 6,3; 16,44 24

04; 1,3 0,6;15 1 13 0,6;1,6; 2; 2,2; 1; 3,25; 6,2 30

08; 1,3 09151 38 0,91; 1,62; 2; 2,2; 1, 3,26; 6,24 27
1,6;1,3 1,05;1,5 1 89 1,05;1,63; 2,07; 2,21; 1, 3,26; 6,24 29
20,13 1,151 11 1;1,6; 2,07, 2,21; 1; 3,26; 6,24 32
04,19 0,6; 2,55; 1 13 1,72; 0,55; 4,61, 5,46; 1; 2,1, 3,24 8,6
08;1,9 0,91; 2,55; 1 33 0,91; 2,8; 4,61; 5,46; 1; 2,1; 3,24 4.8
1619 1,9; 2,55 1 7 0,64; 1,31; 4,61, 5,05; 0,45; 1; 1,9 16
2,019 1;2,55; 1 77 1,01; 2,82; 4,61; 5,46; 1; 2,12; 3,25 20
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IHOOPMALIWHI TEXHONOTII,

CUCTEMHWWA AHANI3 TA KEPYBAHHA

3amava 3HAXOMKEHHA (YHKIII pO3MOIITYy 3TOPTKH
CIUTAH-eKCIIOHEHIIITHUX PO3MOALTIB MOXe OyTH BHpI-
IIeHa 32 JIOTIOMOTOI0 XapaKTepUCTHYHUX (yHKIiA [5].
Xapaxkrepuctuara QyHKIst ¢n(S) st QyHKINT po3mominy
Ma€ BUTJIS]

n(s) = [exp(-s2)dFy (1)
0

Juis F(t) xapakrepuctuvna QyHKIisS Ma€ BUTIIST

$(9) = [ exp(-s2)dFy(t) =
0

_ A b A _
_ﬂi+s+(ﬂz+s ﬂ1+5]exp( (A +9))+
A5 %
[ﬂs+s ﬂg+sj p(—(4, +9)tp) +
A B A3
J{@is 23+sjeXp( (A5 +9)tg).

[lykana xapakteprucTuuHa QYHKIS s QYHKIIT po-
3MOMTY 3TOPTKH CIUIAH-EKCIIOHEHIIHHUX PO3MO/LIIB
FO(t) Gyxe Marn Burmsi

n
n
RICEICICE
i=1
OyHKIISA MITFHOCTI PO3MOALTY Yacy MOsIBH N-01 Bij-
MOBH BU3HAYA€ThCSI HACTYITHOO (OPMYIIOI0
CH+ioo

S | en-2)p" (2)z.

Cloo

f (n) (t) =

OOunciIeHHs AaHOTO IHTETpaly HPEACTABISIE IIEBHI
TPYAHOIII. SIKIIO Yac MiX BiJIMOBaMH CHCTEMH € OJIHA-
KOBUM Ta PO3IOAUICHHM 3a CIUIalH-eKCIIOHEHIIIHHIM
po3moaisoM, To, Oepydn IO yBard, II0 MigiHTETpajbHa
(hYHKIIiSI Ma€ B TOUKAX S = -A1, S= -Ap, S= -A3, S= -A4110-
JFOCH N-0T0 TOPSIKY, 3acTocyeMo Teopemy Ipo BHUYITH
Ta OTPUMAEMO HACTYIHHUNA BUpa3 I QYHKIIT IITBHOCTI
PO3IOIITY 3rOPTKH

4 n-:
L thd

f ()=
(N-1)!15 554 ds”

_1[(s+m #7 (S exp(st) |

VY Tabn. 2 mpencraBieHi MOXWOKHM ampoKCHUMAIil
3TOPTKH ABOX PO3MOALNIB CIUTaliH-Bei0yiuia 3ropTKoio
CIUTafH-eKCIIOHCHIIIMHNX PO3MOALTIB, MoOyaoBaHOI Ha
6a3i ampokcumarii po3moniny cruiaiiH-BeiiOyiia 3 Bu-
KOPUCTaHHSIM 3alpOlOHOBAHOI anpoKCHUMaIiifHOT cXe-
MH.

VY 1abiu. 2 mpeacraBicHi NOXHOKK ampoKCcHUMaIii 3ro-
PTKU pO3MOiNIB cIulaiiH-BelOymia 3 mapameTpamu
a =1, to=1, f18in 0,4 mo 2 ta S, Bix 0,9 no 1,9 3 kxpoxom
0,4 3ropTKOI0 CIUIaH-CKCIIOHCHIIHHUX PO3IOALUIIB 3 O
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HUM Ta TPbOMa BY3JaMd. AHaJi3 almpoKCHUMAIIITHUX TI0-
XHOOK TOKa3ye, IO 3alpOIIOHOBAHUH alpOKCHMALliHHIHA
METOJ] MOXe OYTH 3aCTOCOBaHMH ISl OyAb-SIKUX 3HAYCHD
napamerpiB opmu f; , ne i=1,2, ane HaiGiIbII onTHMA-
JIBHAM € 3aCTOCYBaHHS JJAHOT CXeMH JJIsl 3TOPTKU PO3II0-
IUTiB cruaiH-BeiiOymia 3 mapamerpamu dopmu Bia 0,8
no 1,6.

Tabnuys 2

[Toxubku anpokcumaltii 3ropTKH ABOX PO3IOJILTIB
cIutaitH-Bel0yria 3ropTKOr0 CITaifH-eKCIIOHSHITIHHIX

po3HOALTIB
HapaMfTPPI pf)3noniny IMoxubka, | Iloxubxa,
cnnam;f;j@mv Ap% | Ag,
0,8:0,9 43 16
1,6;09 9,2 17
2,0;0,9 10 16
0,813 6,5 21
1,6; 1,3 14 19
2,0;1,3 25 22
0,8:1,9 12 23
1,6;1,9 26 27
2,0;1,9 31 27

BucnoBku. [IpoBeneHuit aHamiz anmpokcHMamiiHHX
METOJIIB MOKAa3aB, IO alpOKCHMAIlisl PO3MOALTY CIUIAiiH-
BeiiOyma crutaiiH-eKCIIOHSHIIIHIM po3IoaiioM € ede-
KTUBHOIO Ta YHIBEpCaJbHOIO, OCKUIBKH I03BOJISIE 1MO0Y-
JIOBY TIPOLEAYp ampokcuMmanii it Oyab-sIKMX 3HayeHb
napametpiB dopmu f; , i=1,2.

TexHomorisl  ampoKCWMAIli  pO3MOAUTy  CIUIAiH-
Beiibymia y kiaci CIDIaifH-eKCIOHEHIIHHUX PO3IIOILTIB
MOJKe OyTH YCIIIITHO 3aCTOCOBaHA ISl 3HAXO/KCHHS aHa-
JMTHYHOI ampOKCHMamii 3TOPTKH PO3IOILUTIB  CIUIAiH-
BeiiOymia y BUIISOl 3rOPTKH  CIUIAMH-EKCIIOHCHIIIHHUX
PO3IOILTIB.
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Heas. Pa3paborars MHGOPMAIIMOHHYIO TEXHOJIOTHIO
CTaTHCTHYECKOW 00pabOTKHM MaHHBIX OTKAa30B TOPHOMO-
ObIBaroIero 00OPYIOBAaHMS C MCIIOIH30BAaHNEM CIUIAIH-
pacrpeneneHuid. MccienoBars MOENb BOCCTAHOBICHHSA
(hyHKIMK pacripenesieHus ciuiaiH-BeiiOymia u paspabo-
TaTh AITOPUTM aHATUTHYECKOM alNPOKCUMAIN CBEPTKH
pacnpeneneHuil cruiaiiH-BeliOyiia B kiacce CIutaiiH-
OKCIIOHEHIIMAIBHBIX PACIpelesieHHH, OLEHUTh 3(dek-
TUBHOCTBb HCIIOJIb30BaHUA NPECAJIONKCHHBIX alllpOKCUMa-
IHOHHBIX METO/IOB.

Metoauka. Mcrnonbs3oBaH MOIU(HUIIMPOBAHHBIA Me-
TOJI MaKCUMaJIbHOW MPaBIOIOI00HOCTH JJIsI BOCCTAHOB-
JICHUsI TIapaMeTPOB CIUIAiH-pacTpeneNeHnil. ATMPOKCH-
MHUpOBaHBl (DYHKIIMM WHTCHCHBHOCTH paclpeeNICHNs
crutaitH-BeliOyima KycOYHO-TIOCTOSHHBIMU  (DYHKITHSIMA
WHTEHCUBHOCTH CIIIaH-IKCIIOHEHIMAIBHOTO paclpese-
JIeHUs] ¢ OJHUM M TpeMms y3iaamu. PaccunraHa cBepTKa
CIUTAMH-KCIIOHEHIIMAJIBHBIX PaCIpeNeIeHU ¢ HCIOJIb-
30BaHMEM METO/Ia XapaKTePUCTHYECKUX (HYHKIHH.

PesyabTatel. [IpoBeieHHBIN aHAINM3 annpoKCUMaIu-
OHHBIX METO/IOB TOKa3ajl ILeJIecO00pa3HOCTh HMCIIOJB30-
BaHMsI pacrpejeiieHus ciutaiiH-BeitOyina mis ananmza
0TKa30B TOPHOA0OBIBAIOIINX cucTeM. J[oka3aHo, 4TO ar-
MIPOKCUMANUS CIUIaiH-IKCTIOHEHIIMANbHBIM pacIpesene-
HUEM SIBJISIETCSl YHHBEPCAIBHOM, MOCKOJBKY MO3BOJSAET
MOCTPOCHHE AIMMPOKCUMALMOHHBIX MpoLexyp It Io-
OBbIX 3HAUCHWI TTapameTpoB Gopmu f; , rae i=1,2.

Hayunas HoBu3Ha. [IpennoxeHa MeTorMka nocTpo-
eHnsl QYHKIMU paclpeneleHIsI CBEPTKH paclpeneseHui
crutaitH-Beii0yia, TO4YHOEe aHATUTHYECKOE peIIeHUe IS
KOTOpPOil HalWTH HEBO3MOKHO, IPEIIOKEHBI ANIPOKCH-
MAalMOHHBIE METO/BI ¥ AITOPUTMBI IOCTPOEHHSI CBEPTKU
CIUIAMH-9KCIIOHEHIIUAIbHBIX PACIPEIEICHUN C OJAHUM U
TpeMs y3JIaMH.

IIpakTHyeckasi 3HaYNMocCTh. PaszpaboranHas nHgop-
MalFIOHHasI TEXHOJIOTHSI MOXKET OBITh HMCIIOJb30BaHHA IS
OLICHKH HaJISKHOCTU U 3(P(EKTUBHOCTH CJIOXKHBIX TEXHH-
YECKUX CHCTEM TOPHOIOOBIBAIOIICH MPOMBIIUICHHOCTH B
YCIIOBUSIX HAaKOIUIEHWS HapyILIEHHH, KOTOpbIe TPeOyIoT Uc-
TIOJIB30BaHMS OoJiee aJeKBaTHBIX M JIOCTOBEPHBIX pacripe-
JIeTICHMI, 0a3upYIOMMXCsI Ha pacnpeencHin BefiOya.
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Purpose. To develop the informational technology of
statistical treatment of the data about mining and pro-
cessing equipment failures using spline-distributions. To
study the renewal model of the distribution function of
spline-Weibull and to develop the algorithm of analytical
approximation of convolution of spline-Weibull distribu-
tions in class of spline-exponential distributions, to eval-
uate the efficiency of the proposed approximation meth-
ods.

M ethodology. We have used the modified method of
maximum reality to reproduce the parameters of spline
distributions. We have approximated the function of in-
tensity of spline-Weibull distribution by pieces-constant
functions of intensity of spline-exponential distribution
with 1 and 3 knots. We have calculated the convolution
of spline-exponential distributions by the method of
characterizing functions.

Findings. The analysis of the approximation methods
showed the necessity of usage of spline-Weibull distribu-
tions for analyzing the failures of mining and processing
systems. We have proved that the approximation by
spline-exponential distribution is universal asit lets usto
conduct approximation procedures for any values of pa
rameters of g; form, wherei=1.2.

Originality. We have proposed the methods of
construction of distribution function of convolution of
spline-Weibull distribution, for which the exact ana-
Iytical decision is impossible, and the approximation
methods and algorithms of construction of the convo-
lution of spline-exponential distributions with 1 and 3
knots.

Practical value. The new informational technology
can be used for evaluation of the reliability and effi-
ciency of complicated technical systems of the mining
and processing industry in the conditions of accumula-
tion of violations which require the usage of more ade-
guate and reliable distributions based on Weibull distri-
bution.

Keywords: renewal, spline-exponential distribution,
empirical function, failure
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