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(JIeBiBCHKMit iHCTUTYT OKexkHOT 6e3meku MHC Ykpainnu)

OCHOBOIO J1I000T0 METONY, IKUil 6a3yeThcsl HA CTATUCTUYHOMY MOJICIIIOBaHHI, € Garatopaso-
Ba iMiTallis nporeciB (yHKIIOHYBaHHs 00’ €KTIB 1 IXHIX CKJIaJOBUX YacTHH. B mporeci 6araropa3zo-
BOTO PO3paxyHKy IapaMeTpiB MEBHOTO 3aKOHY PO3MOJALTY BCTAHOBJIEHO, IO OTPUMAaHI IMOKa3HUKU
HaJIHHOCTI € BUNAJKOBUMHU pe3ysibTaTaMu. KokHHI OTpUMaHUi pe3ysbTaT po3IiISdacThCs K BH-
naJKoBa peaizauis (GyHKLii po3MoUTy HampaloBaHHs. 32 OTPUMAHUMHU PE3yJIbTaTaMH MOZEIIO-
BaHHS METOJaMH MaTeMaTHYHOI CTATUCTUKH y BUIJISII BIIOPSIIKOBAHOTO BapialliiHOTO Py MOXKHA
BU3HAYUTH BHUJ i mapamMeTpu GYHKIIi pO3NOIITY HapaIFOBaHHS 10 BiZIMOBH.

Bxiganmu nanumu Uit popMyBaHHS B BUIIAAKOBHX BEJIHMYHMH 3 PI3HUMHU 3aKOHAMH PO3IIOJIITY
€ BHITQJIKOBI YHCIa, sKi po3moineni B intepsani [0, 1]. Lli yncia MOKHa OTpUMATH 33 JOIIOMOTOIO
JTaBava BUIAaJKOBHX YHCENl KOMI [0Tepa abo 3 BHKOPHUCTAHHAM JIOBiTHUKOBOI JIITEPaTypH.

MeTo/ CTaTHCTHYHOTO MOJAEITIOBAHHS TS IPOTHO3YBAHHS HaIIHOCTI JOIIIBHO BUKOPHCTO-
BYBATH y BUIIAJIKY aHAJII3y CKJIAIHOI MTOXKEKHOI Ta aBapiHHO-PATYBAIBHOI TEXHIKH, TOOTO AT IbO-
T'0 BUMNAJKY CTAaTHCTUYHOTO MOJICITIOBAHHS JOIUILHO BUKOPHCTOBYBATH 3aKOH po3nojiny BeiOyi-
na[1].

B upoMy BHIaIKy paxyemo, 110 iMOBIpHICTh Oe3BiqmMoBHOI poboTr R(t) € 3HaveHHs BUMAj-
KOBOro umcna X, sike orpumano 3 inrepsany [0, 1]. st oTpuMaHHs BUNAAKOBHX 4ucel Y, SKUMHU
OyJyTh HAIMpAIIOBAHHS JO BiAMOBHU t HEOOXifHO BH3HAYMTH (YHKIIIO, ska obepuena R(t), To6ro
t=f(R(t)), To6TO BUKOPUCTOBYEMO 3AIICIKHICTb.

t=af- InR(t) Q)

[MigcraBnsroun B 3anexHicts (1) 3amicte R(t) Bumaakosi umcia JX;, MOXKHA CTAaTUCTHYHHM
MOJICTIFOBAHHSAM BU3HAYUTH!

1) napamerpu posmnoziny a i b y Bunajxy, sKiio HarnpaifoBaHHs t BCTAaHOBJIEHO €KCIIepUMEH-
TaJIBHO;

2) nanpamoBanus t 3a 3anexsictio (1), sikiio mapamerpu posmnoniny « i b Bigomi 1uis anano-
Ti9HUX BUPOOiB ur cucteM. CTaTUCTHYHY OLIHKY iMOBIPHOCTI TOTO, IO Yac 0e3BiAMOBHOI poboTn t
CHCTEMH HE IepeBHINye {;, BH3HA4aeEMO IMOBIpHICTh 0€3BiIMOBHOI POOOTH 3 ypaxyBaHH:AM {; 3a 3a-
JISKHICTIO

[
, )
N+1
nei=1;2; 3;...; n—1iui uncna, sKi BKa3yrOTh HOMEP MPOBEICHHS YHUCIOBOTO ekcriepumeHTy; N —
3arajibHa KUIbKICTh MPOBEICHNX YUCIOBHX EKCIIEPHUMEHTIB (peatialiil BUMaJIKOBOTO MPOIIECY).

JIns epeBipky po3MoNiTy OTPUMAaHNX 3HA4YCHb Y I[bOMY BHIIAIKy BUKOPHCTOBYIOTH Tpadid-
HHUI METOJl 3 BUKOPUCTAHHSM Iporpamuoro nakery Microsoft Excel, noOynoBu rpadiuHoi 3anex-
HOCTI 3 HaKJIamaHHAM Ha Hei miHii TpeHma Ta OTpUMAaHHAM PiBHSHHS IPSAMOI, sIKa HE MPOXOIUTH
gepe3 MoYaToOK KOOPIUHAT, y BUTILAI

R(ti) =1-

y =bx- ¢, (3)
ne b —mapamerp dhopmu, sikuii gopiBHIOE tQe, TOGTO TaHTEHCY KyTa Haxuity JiHil TpeHa 10 oci X.
3HaueHHs. ¢, sIKe OTpUMaHO 3 piBHsAHHS (3), HEOOXiJHO NPHPIBHATH [0 3aIEKHOCTI
blga+0,362, TobTo c=blga+0,362.
Jliis po3noniny BeiiOyiuna 3nauenns 3anexuocti blga+0,362 moxHa OTpUMATH Ha IMiACTaBI
: € o
HacrynHoro. [Iponorapudmyemo sanexuicts R(t) =expé 855 g, TOOTO
e



b
lgR() =- 22 1ge,
&ag
ne lge=0,4343. Toxi

b
- IgR(t)=0,43432.0 @

&agp

OtpumMaHny 3aJexHicTh (4) nponorapumyemo e pas i OTpPUMaEMO
lg(- lgR(t)) =1g0,4343+blgt - blga, (5)
ne 190,4343=-0,362. Toxi
lg(- IgR(t)) =-0,362- blga+blgt. (6)
B 3anexuocri (4) mozHaunmo 0,362+ blga uepes ¢, To6TO

c=0,362+blga, @)

10 1 HeoOXiTHO OYJI0 JTOBECTH.
Tonui 3anexuicts (6) Oyne MaTH BUTIISA
lg(- IgR(t)) =blgt- c. 8
3anexnicts (8) € piBHsHHAM mpsAMoi Jinii Ta npu Igt =0 opaunara Oyne mpuiimMat 3Ha-
YeHHS ¢, a D B IbOMY PiBHSHHI JOPIBHIOE TAHTEHCY KyTa HAaXmily i€l npsmoi 1o oci aberwce. Toxmi
3HAYEHHSI APAMETPy MACIITa0y MOXHA BU3HAYUTH 3 YpaxyBaHHIM 3alIexxHOCTI (7)
blga=c- 0,362.

3 BiJIcH 3HAYCHHS MMapaMeTpy MacmTady a Oyne
c- 0,362

a=10 °® . (9)

Ha mincraBi po3rissHyTOro METOLy CTaTHCTHYHOTO MOJEIIOBAHHS UL OLIHKM HaJiHHOCTI
HACOCHOI YCTaHOBKHU MoxkexkHHX apromo0uniB Tuny All, AHP, AA, AB, AKT npu cepenapomy Ha-
poObiTky 1o BinmoBH B nepioa Mix TO-1 1 TO-2. [Ins ouwiHKM HagiHOCTI CHCTEMH PO3PaXxOBYEMO
necath (N=10) 3HaueHp HANMpaLOBaHHS CHCTEMH A0 BiAMOBH. PO3MOALN HAmpalfOBaHHS CHCTEMH
npuiiMaeMo BiOBiZHO 3akoHy BeiiOymna 3 napamerpamu a=100 ron.[2], b=2 (B ubomy Bumaaxy
posmoin Beiibyiuia mepeTBOproeThest B posmoain Perest 3 miniHO0O (QyHKIiE BiaMoB). Pe3ynbra-
TH CTAaTUCTHYHOTO MOJAEITIOBAHHS po3mnoiny Beibymnia 3anociumo 1o Tadm. 1.

3 Tabauui BumaakoBux uucen B intepsaii [0, 1] BuGupaemo aecsith BUIAAKOBHX 4ucel X;,
SIKi JIOPIBHIOIOTH IMOBIpHOCTI 0e3BiiMOBHOI podotu R(t). 3nauenns X; 3anocumo B psaok 1 tadm.
2.4, Tpuitassun R(t)= X;, Bu3Hauaemo HanpaioBanHs t; 3a 3aiexHictio (1) i 3aHOCHMO B psIOK 2
Tab1. 1. BiopsakoByeMo OTpUMaHUH psi HAIPaIOBaHb i 3aIIICYeEMO B psitok 3 Tadm. 1.

3a 3anexHicTio (2) BU3Ha4aeMo iMOBipHICTh Oe3BinMoBHOT pobotu R(t;) i 3anmcyemo B psi-
1ok 4 tabm. 1.

Tabaums 1
Pe3ynbpTaTi CTATUCTUYHOIO MOJICIIOBAHHS PO3Mo/Iiny Beiibymna
Ne i (N=10) 1 2 3 4 5 6 7 8 9 10
3/n
1 | Bumancosisuasemns | ooy | 033 |55 | 012 | 029 |050 |005 |095 |007 |083

X

HanpauoBanus 10

R 71,47 | 105,29 | 77,32 | 145,61 | 111,26 | 83,26 | 173,08 | 22,65 | 163,07 | 43,17
BiIMOBH 1;, TOSI.

BriopsiakoBanuii pspn

t 22,65 | 4317 | 71,47 | 7732 | 8326 | 105,29 | 111,26 | 145,61 | 163,07 | 173,08

T'zg;)(zfa sanexHic- | o g0q | 0818 | 0,727 | 0636 | 0,545 | 0455 | 0,364 | 0273 | 0,182 | 0,091

Igt; 1854|2022 |1888 | 2163 | 2046 | 1,920 | 2,238 | 1,355 | 2212 | 1,635

6 | lg(-lgR)) -1,38 | -1,06 | -0,86 | -0,71 | -058 |-047 |-036 |-025 |-013 | 0,02




Ha mincrasi orpumanux ganux (psgok 5 i 6) tabn. 1 6ynyemo B cuctemi Microsoft Excel
rpadivHy 3anexHiCcTh, ska 300pakena Ha puc. 1. Uepe3 oTpumaHi TOUKH MPOBOAUMO MpsiMy TpeH-
J1a, piBHSHHS SIKOT Oy/ie

y = 1,5584x — 3,5905.
Tanrenc kyra Haxumity npsamoi Tperna o oci aberuc (puc. 1) Bifmosigae napamerpy Gopmu posmo-
niny BeiiOymia, Tooro b = 1,5584, a 3nauennst ¢ =3,5905. Toxi mapamerp Maciitaby po3mojiny
BetiOynna Oyne

020 c- 0,362 3,5905- 0,362

oo ofe  ifw o z-ny 240 a=10 » =10 % =10* =109 rox.

o Vi Jliist BU3HAYEHHX 3HAYEHb ¢ i b iMOBipHicThL 6€3BiAMOBHOT
o poboTu Gyjie 3 ypaxyBaHHSAM HOPMATHBHOIO Yacy TaciHHs MoKe-
B / xit=12ron[3, 4]

1,40
1,60

Ig (gRW)

4 b A 15584
e agol € 29U
e €dog é g q
Busnauena imMoBipHicTh 6e3BigmMoBHOI pobotn R(t) =0,999
BIJIMIOBiIa€ [bOMY 3HAYCHHIO Y BUIIAJKY, KOJIU KOC(ILi€HT TOTOBHOCTI, III0 BU3HAYAETHCS 32 3ajie-

KHICTIO Oyze

lgt y = 1,5584x - 3,5905

Puc.1.

K, (t) = T,(t) _ 109 _
T,(0)+T,,(t) 109+4
ne Ts(t) = 109 rox, TOMY 1[0 MATUMATHYHE CITO/IiBAHHS 3a 3aJIEXKHICTIO
N
ako
t - i=1 ,
m(t) N
n\((tl) =0, rrk(tz) =1,at,-t; =109 rog;

k 1
T, =%é t; =1 & 4=4 rox, To6T0 paxyemo, mo g0 Hanpamosanms Ty(t) = 109 rox BuHuKHE

i=1 i=1
TUTBKH OJHA BiIMOBA;
ti = 4 ron — yac JiKkBigamii BiIMOBH.

TakuM 4MHOM IMOBIpHICTE 0€3BiIMOBHOI POOOTH HACOCHOI YCTAHOBKH JUIS TOXKE)KHUX aB-

tomobimiB Tuy AL, AHP, AA, AB, AKT nopisaroe R(t)=0,999 npu xoedirieHTi TOTOBHOCTI ITi€i
cucremu K, (t) =0,96.

3anporoHoBaHa METOIMKA BU3HAYEHHS OCHOBHHX MMOKA3HWKIB HAIIHOCTI MOXe OyTH BH-
KOPHCTaHA [UIsl PO3PAaXyHKY HAJIHHOCTI CKIIAHOT MOXKEXKHOI Ta aBapiitHO-PATYBAIBHOI TEXHIKH, JI0
SIKOT MOXKHA, HalIPUKJIAJ], BiTHECTH MOXKexkHI aBToMoOLT Ty AL, AHP, AA, AB, AKT, noxexHi
Biauentposi Hacocu tumis HIII-15180,ITH-40; 60; 110, HIIIIB-20/200, HIIIT-70/100, HIIII-
110/100, noxesxui motornomnu tunis MIT-500,MI1-1600, MIT-1000,MI1-2000 ro1o.
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