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HaBeneHo pe3ysnbTati TEOPETUYHUX AOCIAXKEHb AJ1S1 KOMIIEKCHOI
OUiHKM 3arasbHoro CtaHy i TeHAEHUIV 3MiH HaAiiHoi po60Tu CiflIbCbKO-
rocrnogapcbkux MalumH. MobyaoBaHoO CTOXacTUYHy MoAesb CTaHiB i nepe-
X0A4iB nNigcncTem rnpu nacuBHOMy pe3epByBaHHI.
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IocranoBka npoGaemu. PezepByBaHHS € OOHUM 3 Hal-
0iABIT ePEKTUBHUX METOMIB MiABUIIEHHS HAIIHHOCTI TEXHIYHUX
cucreM. [llupmie #oro 3acTocyBaHHS B MalIWMHOOyAyBaHHI CTPH-
My€eThCd HEOOXiHICTIO BBEAEHHS N0JATKOBUX €AE€MEHTIB (3amac-
HUX YaCTHH), CIIOCODIB i JOCTYITHICTD IIEPiOAUYHUX PETyAIOBAHE,
a TaKOX 3aKAQ[IEHHUX y KOHCTPYKILIO MOXKAWBOCTEH BiJHOBAEHBb
poboTo34aTHOCTI feTarel y BUTASIl ITepeToYyBaHb, BUKOPUCTAaH-
HS OOJATKOBUX Po0O0OYMX rpaHeii i Take iHIe. [HIITIO TPUYHUHOIO
HEIOCTaTHBOTO 3aCTOCYBaHH4A I1aCUBHOI'O PE3€PBYBaHH4 € BiCyT-
HICTBh HAYKOBO OOI'PyHTOBAHUX PEKOMEHAIiN 110710 e(peKTHUBHOIO
HOro BUKOPUCTAaHHS.

AHaai3s ocTaHHIiX mocAimkeHs i nmyGaikauiii. /lesiki mpobae-
MU BU3HA4YEeHHS (PYHKIii TOTOBHOCTI ITiACHCTEM CiABCHEKOTOCIIONAap-
CHKOI TEXHIKHM B yMOBaxX CTapiHHA Ta PO3BUTKY 0a3U TEXHIYHOI'O
0OCAyTOBYBaHHS IIPHUCBSYEHO AocaimkenHs [1], me moOymoBaHO
BignoBimHUi rpad i croxacTUYHy MaTeMaTH4YHYy MOIEAbL CTAHIB
i IIepexXxoniB OAd CHCTEM «MallliHAa — TeXHiYHe OOCAYTOBYBaHHSIY.
Ane B JaHOMY [OCAIIZKEHHi 30BCiM HeE IIPUIIA€HO yBaru HeHaBaH-
TasK€HOMY (XOAOLHOMY) pe3epBYyBaHHIO 3 METOI 3abesIleueHHS
HeobXiHOro PiBHA HAMIMHOCTI iCHYIOYOro Cy4acHOI'O IapKy CiAb-
CBKOTOCIIOZIAaPCHKUX MAIIINH.
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MeTo10 pOBOTH € IIPOBENEHHS TEOPETUYHHUX MOCAIIKEHD, IKi
IIPHUCBIYEHI KOMIIA€KCHIH OIliHIIi 3araAbHOTO CTaHYy i TEHAEHILSIM
3MiH, COIPSIMOBaHUX Ha 3abe3nedeHHda HaOiHHOI pOOOTH CiABCHKO-
TOCIOJAPCHKOI TEXHIKU.

Pe3yAbTaTH ZAOCAiAMXKeHB. YK IIpaBHAO, ITACHUBHO pPE3€pPBO-
BaHI TEXHIYHI CHUCTEMU CiABCBKOTOCIIOAApPCHKOTO ITPHU3HAYUEHHS €
TaKUMH, I1I0 BiTHOBAIOIOTHCS, TOOTO MPAIIOIOTH ITPU MEPIOAUIHUX
peMoHTax i cepBiCHUX o0cAyroByBaHHAX. Po3Mmiuenutt rpad, axuit
XapaKTepHU3ye pobOTy TaKHX CHCTEM, IIPH IIOCTYIIOBOMYy IX cTa-
PiHHI 1 He3MIHHOMY HIOTeHIliaAl 6a3H TEXHIYHOIO OOCAYTOBYBaHHS
npencraBaeHo Ha puc. 1 [1].

Puc.1. Po3MiueHui rpad cTaHiB i nepexoaiB CUCTEMU NpU NaCUBHOMY
pe3epByBaHHi, CTapitoyiil TeXHiuUi i HE3MIHHOMY piBHI cdepn TeXHIYHOro
06cnyroByBaHHs: «00» — po60TO34aTHUIA CTaH, KOM OCHOBHWI | pe3epBHUN
efleMeHTU crnpasHi; «10» — pob0TO34aTHUI CTaH, KONIM OCHOBHUI eNleMeHT
BiAMOBMB, @ pe3epBHUI cnpaBHUi; «11» — Hepo6OTO34aTHUI CTaH, KONU
OCHOBHWI | pe3epBHUI eneMeHTn BigMOBUAU; «O'0» i <10’ — MPOMIXHI CTaHn

Be3BiAMOBHICTE BiTHOBAIOBAHOI CUCTEMU KpPAaIllUM YHHOM Xa-
PaKTEPU3YETHCA KOMIIAEKCHHM IIOKa3HUKOM HaMiHHOCTI, SKHUM
€ KoedimieHT roroBHocTi. B mauHawmini 3MiH (i3HYHOTO CcTaHy
TeXHIYHOI cucTeMHt IpH ii crapiHHi KoedillieHT rOTOBHOCTI cTae
dyHKIlieIo yacy i HabyBae 3HaYeHHH (PYHKIII TOTOBHOCTI (HecTa-
I[iOHAPHOTO KoedillieHTa TOTOBHOCTI).

BpaxoByrouu, 10 €AMHUM CTAHOM BiAMOBH AaHOI CHUCTEMH €
craH «11» (PyHKIIIF0 TOTOBHOCTI CHUCTEMH [0 BHUKOHAHHS POOOTHU
IIPOCTillle BU3HAYUTH Yepe3 HMOBIPHICTb 3HAXO/KEHHS CUCTEMH y

mpomy crani Ke(t) = 1— P (t).
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TakuM YUHOM, IOCTAE HEOOXIAHICTD y BU3HAYEHHI HIMOBipHOC-
i BinmoB cucremu P (1). ¥ meperBopennsx Aamsaca BoHa mpez-
craBaena umosipaictio P (1) < ¢, (S), sxa, srigxo 3 mpaBuaom
Kpawmepa, nopiBHIOE
_Dy

?,(S) = D @)

e Au — MaTpHIEI CUCTeMU PiBHSAHE (7) [2] nag HeBimoMoi goﬂ(S).
Buxoaguu 3 posmupenoi marpuii cucreMmu (7) [2], nasa 3Ha-

XOPKEHHA HEBIIOMOI gou(S) 3aMiHUMO CTOBOEIlb YAEHIB ITpH Hil

Ha cToBOelb BIABHHUX YAeHiB. Toi MaTpHIIO IPeICTaBACHO Y BHII!

S+i, O -p, 0 1

“dy S+Ay, O 0 O
D,=| S S s s 1
0 0 -4y Stiy O
0 0 0 -4, O

BupieHHa MaTpHILi IIIASXOM IIOHUKEHH 1 paHry, aarebpaig-
HUX [IEPETBOPEHD i CITPOIIIEHE IIPUBOAUTD A0 KiHIIEBOTO PE3yABTATY

D11 = ZSZﬂOQAlO(k + S(ﬂ’O(DA‘lOA‘lO(k + 2ﬂ’OOA‘loﬂ‘lo(t + ﬂ’O(DA‘lOA‘lO(k) +
*Aoortoohorhor 2

Yprenamu crereHi marocti A3 i GiabIrre mast MPaKTUYHUX IliAeH
aHaaizy 0e3 CyTTeBOi BTpATH TOYHOCTI PE3yAbTATY MOKHA 3HEXTY-
BaTu. Toni piBHSIHHA (2) IIpeACTABAIETHCH Y CIIPOLIEHOMY BUTASI]
A, = 2S84 A,

OCKiABKHY 3HAYEHHS OCHOBHOI MaTPHIL A BCTAHOBAEHO paHilie
[3], To fimoBipHiCTE BiTMOB gou(S), Buxoadyu 3 (1), 0ofHO3HAYHO BU-
3Ha4YeHAa i IPEACTAaBASIETHCH y CIIPOIIIEHOMY BUTASL TAKHUM YHHOM

SR
S3(a82 +bS+c) ’

P ( S) = (3)

ne a=1;
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b:(/u11+/110¢+/110+ﬂ*o®+ﬂ*oo+110);

aiqioatﬁl + Ao Tt T Aoty T Aotioe T 0
é’*—/lo@ﬂlo + Aoty + Aooioe t Agoio + —

+ooto = Hageths + Haooe T hodon @

Y BimobpazkeHHsxX Aaraaca (PyHKIg TOTOBHOCTI 3aIIUCY€EThCS

y Buraami Ke(t) < §0K3(S)

0 (8)= 2+ 0a(S)

[TigcTaBUBLIN B IIpEeACTAaBACHUN BUpas3 3HAYEHHI ¥MOBipHOC-
reit ¢, (S 3 (3), maemo

1. 28k
7%(9)= 5 25 +bs' + o5

[IposiBIIN aarebpaiyHi orepamnii i CKOpo4eHHS, Yy KiHIIEBOMY
BHTASIII 3aIIUIIIEMO

(s)= S®+bS+(c- Aphy)
P S(s’+bs+c)

L[AH BHUKOHAHHA 3BOPOTHHUX IIEPETBOPEHD Bi}.’[ 306pa}KeHHﬂ a0

(4)

OopHuTiHaAy HeoOXilHO MMOBIpHiCTB 901(2(5) OPEACTABUTH y BUTAAL
CYMH IIPOCTHX APOobiB BUILY

S S S-§ S-§ S-§ S- 55

e Au’ Bﬂ, Cu’ Du’ Eu — HEBiOMi cTaal BeAMYHUHH, 9Ki HEoOXi-
HO BU3HAYUTH JAS 3BOPOTHBOIO IIEPETBOPEHHS Aamaaca;

S-S - kopeni piBHaHHS 3HAMeHHUKA (3).

BpaxoByo4H, 1110 Sl = S2 = 83 = 0[3], i mpuBiBIIK 10 3araAb-
HOTO 3HAMEHHHUKA, MAEMO
(S) — (An + Bll +C11)(S' S4)(8' Ss) + Dlls(s' Ss) + Ells(s' 84) .

S(5-5)(5- S)
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BunucasIiy o CTEIIEHIX HEBLAOMO] 1 BBIBIIIH 3aMiHy Au + Bu
+ =
C,, = /K, sanumemo

SZ ()Kll + D11 + Ell) B ( 1135 + )Kllsd + DIISS + Ell 4) + )Klls S:': (5)
S(s- 8)(s- 8)

Buxonguu 3 ekBiBaaeHTHOCTI HoaiHOMIB (4) i (5) B unceAbHU-
Kax, BOHHU PiBHIi, AKIII0 PiBHI MizK co00I0 KoedillieHTH Ipu HeBigo-
MUX y OOHAKOBHUX CTeIleHdX. Bumuiriemo 11i KoedirtienTn

S? 1 K, +D,+E,

S b —(OK,Ss + K, S, + D S5+ E,,S,)

SUe=24,4, K,S,S,

P (S) =

CKAa,Z_'[eMO HOBY CUCTEMY piBHﬂHB JAdd BUSHAQYEHHA BBEIACHHX
CTaAHX BEAHUYHH

_\|_1: }K11+ D11+ E11
% b=- ( 1155 + }Klls + Dllss + EllS4)
I C- 221021013 }Klls Ss

BupimyeMmo cucrteMy piBHSHb METOAOM MHifICTAHOBKH. 3 Tpe-
THOT'O PIBHAHHA Ma€EMO

- c- ﬂ'loﬂqoc_

Ky (6)
SS

3 nepuIoro piBHAHHS 3aITUIIIEMO

D,=1-JK, —E,. 7)

[TimcraBagrouM 3HAYEHHS Du i)[{u B IpyTe piBHSIHHA asreOpa-
I9HOI cucTeEMHU

-bzg_ /110210¢SS+C- 21021°¢S4+§L- C Ao E11985+E11842'
%]

84% 84% e 84% 4]

[TicaAg cKOpOYEHB i IEPETBOPEHD y KiHIIEBOMY BHUTASI[I CcTasa
BeanunHa E11 nopiBHioe

Bym L %S 2ot 55-
S-S& S
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3BOPOTHOIO Mi/ICTAHOBKOIO B (7) OTpUMAaEMO

D.. =1- C- 2%0/110!3_ 1 a?)+ C- 2/110/110¢
11 S S G
455 55 T “se SS
TaxuM 4HMHOM, BCi BBEIEHI CTaAl BEAUYHMHHU OAd 3OiHMCHEHHS
3BOPOTHEBOIO IIEPETBOPEHHS Aaraaca BU3Ha4eHi piBHIHHAMH (6),

(8) i (9). Toxmi, BHKOHYIOYH IIPABUAO II€epEeTBOPEHDb, MOXKHA 3aIIUCca-
TH (PYHKIIiI0O TOTOBHOCTI ¥ BUTASI/I

Kz(t) = JK, + D, exp(- Sit) + E, exp(- St). (10)

Ananiz orpuMaHOi (PyHKIIiI FTOTOBHOCTI II0OKa3ye, 1110 B MOMEHT
royaTKy pobotu cucremu, koau t = O, migcraBasioun sHaueHHS
CKAQIOBUX V (popMmyay (10), maemo

Kz (t=0)=JK, +(1- )K, - E,)exp(- St)+E.e > =1.

ToOTO cHcTeMa IMOBHICTIO TOTOBA ZI0 €KCIIAyaTallii.

5
+S+ )
1]

Ka(1)

B

t, yac
Puc.2. 3anexHicTb koediliEHTY rOTOBHOCTI NacuBHO Ay6nboBaHOI

CcTapiloyoi cuctemu Bia yacy ii ekcnnyarauii

Jpyrum KpadHiM BUIIaJKOM JAS CUCTEMHU € CUTYyallisd, KOAHU
gac ii ekcrnayararii npsmye no HeckingenHocti t — . Toxi,
OiICTaBASIFOYH 3HAYEHHSI CKAAOBUX B (PYHKIII0 roToBHOCTI (10),
OTPHUMAaEMO

Ko (t—o0) = JK,,.
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BBiBIIM 3HAYEHHY )Kﬂ, MaeMo

Ko(t® ¥):%ﬂ§;ﬂm.

I'padigHo PYyHKIIIIO TOTOBHOCTI ITpeACTAaBACHO Ha PUC. 2.

BucHOBKH. TakuM 4YuHOM, (PYHKIlid TOTOBHOCTI AyOAROBa-
HOI CHUCTEMH, IO AOCAIKYETHCS, 3MIHIOETHCS 3TiTHO 3 IOABiH-
HUM €KCIIOHEHITiIaAbHUM 3aKOHOM. TaKui 3aKOH 3MiHU F'OTOBHOCTI
XapaKTepHUH OA9 CHCTEM, IO BTPadaroTb PoOOTO3AATHICTE IIPHU
¢dopMyBaHHI panToBUX BiAMOB. [JOCAIIK€HHSIM BCTaHOBAEHO (i-
HaABHY BeAMYHHY (DYHKIIiI TOTOBHOCTI, siKa HaOyBa€e 3HaUYeHHI KO-
edpillieHTa rOTOBHOCTI IIPU IEPEXOi CUCTEMH B YCTAACHUH PEIKUM
€eKCIIAyaTaltii.
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A.I. boviko, O.B. boHaapeHko, B.M. CaByeHKko. UccnepgoBaHue nokasarte-
J1eif HaAeXXHOCTH M 3KcnlyaTtalMOHHON rOTOBHOCTH NacCUMBHO pe3epBupye-
MO# TeXHNUYECKOH CUCTEMDI.

lMpuBeneHbl pe3ynbTaTbl TEOPETUHYECKUX WUCCAEAOBaHWA A5 KOMIIEK-
CHOM OLEHKM 0O6Lyero roJsIoXKeHUss U TEeHAEHUMH U3MEHEeHWI HafAeXHoU paboTsbl
Ce/IbCKOX0351MICTBEHHbIX MalinH. [TOCTpoeHa cToxacTuyeckass MOAEsb COCTOSIHUA U
rnepexoAoB roAcUCTeM rpu naccuBHOM pe3epBupoBaHNN.

A. Boyko, O. Bondarenko, V. Savchenko. Research indexes of reliability
and operational readiness passive redundant technical system.

The results of theoretical researches are resulted for the complex estimation
of the common state and tendencies of changes of reliable work of machines for
collection. The stochastic model of the states and transitions of subsystems is built
at the passive reserving.
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