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CIIOCOBU KOPUT'YBAHHS NEPIOAUYHOCTI TEXHIYHOI'O OBCJIYT'OBYBAHHA
CKJAJJHAUX TEXHIYHUX CUCTEM ITIPA TPUBAJIII EKCILTYATAIIII

Y emammi pozensanymo cnocobu kopuzysants nepioOudHocmi mexHiuHo2o0 00C1Y208Y8AHHS CKIAOHUX MEXHId-
HUX cucmem i3 mpuganum mepminom ekcniayamayii. Cnocodou Kopueyamis nepiooutHocmi mexuiuno2o 00ciy208)y-
BAHHA 8PAXOBYIOMb 3HUNCEHHS HAOIIHOCII CKIAOHUX CUCEM Md, K HACLIOOK, 3pDOCMAHHI MPUBAIOCI IX GUMY-
WleHUX NPOCMOi8 uepes MexHiuHi 00CIy208Y8aHHs Md HEODXIOHICMb YCYHEHHS 6I0MO08 Ma HeCnpasHocmetl. 3anpo-
NOHOBAHO MAMEMAMUYHI MOOELi NPOCMOI0 CKAAOHUX MEXHIYHUX CUCTNEeM Yepe3 MEXHIUHE 00C1Y208)8aHHS 3A1eHC-
HO 610 WINbHOCMI NOMOKY 8I0MO8 MA WUEUOKOCMI YCYHEeHHsl GiIOMO8 Ma HeCnpasHoCcmell, eKOHOMIUHUX NOKAZHUKIG
excniayamayii. Ompumano upasu 0 po3paxyHKy nepioouyHoCmi mexHiuHo2o 00C1ye08y8anta ma ONMuUMalbHO-
20 NPOCMOI0 uepe3 mexHiuHe 00CIY208Y8aHHA CKAAOHUX MEXHIUHUX CUCmeM, peanizayia AKux 3abeznedums nio-
MPUMKY X IPUOAMHOCI 00 BUKOPUCMAHHS 30 NPUSHAYEHHSM.

Knrouosi cnosa: cknaoui mexuiuni cucmemu, mexuiune oOCIY208Y68AHHA, HANPAYKBAHHS, CHAPIHHA, HAOIl-
HiCMb, ONMUMI3ayis,; NepioOuyHICMb Ma MpPUBATICIb MEXHIYHO20 00CIY208)8AHHSL.

IMocTranoBka npodjemu. [linTpuMaHHS CIPaBHOTO  (aKTMYHUI CTAaH i HaNpalfOBaHHSA a00 KaJeHIapHUM
CTaHy Ta IPUJATHOCTI 10 BAKOPUCTaHHS 3a IPU3HAYEH-  TEPMiH CIYKOM HE MOJKE OJHO3HAYHO XapaKTepH3yBa-
HAM CKJIaJHuX TexHiuHuX cucTeM (nami — CTC) 3a0e3- 1w ix TexHiunmii cran [3]. s migTpuMaHHs 3a1aHOTO
He4y€eThCs BIANOBIHUMM CUCTEMAMHM TEXHIUYHOro 00-  piBHs HamiiiHocti CTC, 3HUKEHHS Yacy 1X BUMYILIEHO-
cayroByBanHs (nani — TO) ta pemonty. Ile nepeBaxxHo 1o nmpocroro uepes mnposeneHts TO Ta peMOHTY HEOO-
CHUCTEMH, IO pPeasli3yloTh IUIAaHOBO-IIONEPEKYBAIbHI  XiJHO KOPUTYBAaTH MEPIOJMYHICTH Ta TPUBAIICTh IIPO-
crparerii (gani — I1I1C) TexHiYHOrO 0OCIYrOBYBaHHA Ta  BEOEHHS 1X TEXHIYHOTO OOCIyrOBYBaHHS Tak, 1100 3a-
peMoHTy, abo mozeni TO Ta peMOHTy 3a CTaHOM CHC-  OesredyBary (i ATPUMYBATH) 3a1aHUI PiBEHb X Hail-
temu [1]. ¥V O6inpmocti CTC 3 TpuBamuMu TepMiHAMH  HOCTI Ta 3amo0iraTd iX BiIMOBaM.
ekcruryaranii 3a3suuaii peanizoBano I1I1C, ski nepen- AHaJi3 ocTaHHIX J0c/aiIKeHb i myOaikauniil. Axna-
0ayaroTh MPU3HAYEHHs HE3MIHHUX BUJIIB, IEPIONMYHO-  Ji3 HAyKOBUX IyOMiKalili Mokasye, 0 B 3aJa4ax BH-
CTi Ta TPUBAJIOCTI POOIT 3 iX 0OCIyroByBaHHS 3a1€XKHO  3HA4eHHs (KOPMI'YBaHHs) ONTUMAJILHOI NEPIOAMYHOCTI
Bia HampaioBaHHA [2]. Bumymeni npocroi CTC yepe3  nposemenns TO CKIAJAHUX TEXHIYHHX CHCTEM K OC-
NPOBEJCHHS IUIAHOBHX OOCITyrOBYBaHb, a TaKOX YCy- HOBHI MOKHA 3a3HAYMTH METOIMKH BH3HAYECHHS Iapa-
HEHHs BI/IMOB Ta HECIIPABHOCTEM 1X MEXaHi3MiB, By3/1iB  METPiB TEXHIYHOIO OOCIYrOBYBAaHHs 3a CTAHOM, 3a pe-
Ta arperartis (J1aJii — IiJICUCTEM) 3HMKYIOTb 3aTajlbHuil  cypcom Ta amantusHoro TO [4; 5; 6; 7]. Ilpu upomy
yac iX BUKOPUCTAaHHS 32 NPHM3HAYEHHAM, PEHTA0EIb-  OLIBLIICTH CTATEH MPUCBSIYEHO OJIHIM i3 BAKIMBUX i OC-
HICTh EKCILTyaTarlii. TaTOYHO HE PO3B’A3aHMX 33134 — 3a0€3MeYeHHIO HaIiii-

V mpoueci TpuBanoi excryaranii CTC ix miacuc-  nocri excruryaranii CTC 3Bu4aiiHOl Ta BUCOKOI Bifmo-
TEMH MiJAI0ThCS MOCTIHHOMY BIUIMBY €KCILIyaralii- — BimanbHocTi [8; 9], cMCTEM 3 BHCOKOK HaIiiHICTIO Ta
HUX (aKTOPiB, 10 3MiHIOIOTH iX TexHiYHUH cTaH. CTo-  3i 30iIbIIEHUMH NEPIOAUYHOCTAMHI TEXHIYHOTO 00CITY-
XaCTUYHUI XapaKkTep BIUIMBY €KCILUTyaTalliiHuX Gakto-  rosyBauus [10; 11]. s cydacuux CT3 mykana 3ana-
piB Ha iX MiJICUCTEMH TIPU3BOAATH JI0 TOTO, IO IIPH OJ-  ya (OPMYIIIOETHCS Ta BUPILIY€eThCs [UIs cTparerii TO
HOMY 1 TOMy caMOMYy HaIpalfoBaHHI a00 TPUBAJIOCTI  Ta PEMOHTY 3a TeXHi4HUM cTaHoM [7; 10]. IIpu mpomy
eKCITyaTalii OHOTUIIHI CHCTEMH MOKYTh MaTH PI3HMH  po3B’sA3aHHS O3HAYEHUX 3ajad IPYHTYETHCS Ha TaKHX
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MiaXomax: mepiomuyHicTs TpoBeneHHss TO ckimamHux
T3 Bu3HauaeTbcs HUIIXOM (hOpMyBaHHS HEpeiKy po-
0iT 3 00CIyroByBaHHS iX HiACHUCTEM; poOOTH 3 00CITy-
TOBYBaHHS IiJCUCTEM IPYyMyrOThes y meBHI Buan TO;
BUKOPHUCTOBYIOTbCS KPUTEPIl ONTHUMAaIBHOCTI MPOLECY
TEXHIYHOI eKcIuTyaTarlii, Koe]iieHTH TeXHIYHOTO BH-
KOPHCTaHHS;, EKOHOMIYHHUH miaxif (OIiHIOBaHHS €KOHO-
MIYHHX HACTIIKiB BUMYIIEHHX MpocToiB). [Ipu npomy
3a3Buuail excroryaragito CT3 po3nisigaiTs Uil YMOB
EKCIIOHEHI[ITHOTO PO3MOIiTY MMOTOKY BiJIMOB i3 TIOCTIil-
HOIO BEJIMYHMHOIO IIIJIBHOCTI IOTOKY BiAMOB [12]. MeH-
00 MIipOI0 PO3IVIAAAIOTECS Ta (DOPMYITIOIOTECS 3a]1a-
4i KOpUTyBaHHS TepiogudHocTi mpoBeaeHHs TO cuc-
TEM 3 ypaxyBaHHSIM 301UJIbILIECHHS OTOKY BiIMOB 4yepes
CTapiHHA.

MeTta cTarTi — po3poOUTH CIIOCOOM KOPUTYBaHHS
NEepPiIOMYHOCTI TPOBEJCHHS TEXHIYHOTO OOCIyroBy-
BaHHJ, SKi 3a0e3meuyBain 0 30epekeHHs (miaTpuMaH-
Hs1) edekTuBHOCTI Ta AkocTi ¢yHkmionyBanHs CTC 3
ypaxyBaHHSIM iX CTapiHHA.

Bukaan ocHoBHoro marepiajy. TpuBana excruiy-
ararisi Oyb-siKo1 CKJIaTHOI TEXHIYHOT CHCTEMH CYIpO-
BOJDKYETHCSI 3pOCTAHHSAM IHTEHCHBHOCTI BIZ]MOB Ta He-
OOX1THICTIO TIPOBEIACHHS MPO(ITAKTHIHUX 3aXO0/iB, 110
KOMIIEHCYIOTh JIETPa/Iallifo CTaHy IIiJICUCTEM, 301lb-
HICHHSM Yacy BHMYLICHOTO HPOCTOI0 CHUCTEMH yepes
HEOOX1THICTh YCYHEHHS Bi]MOB Ta HECIIPABHOCTEH.

Jnst po3B’si3aHHS TOCTABJICHOI 3ajadi PO3IIsHe-
MO KiJbKa MOXJIMBHX MaT€MaTHYHHUX MOZEJEH Ipo-
ctoto CTC Ta Ha iX OCHOBI 3aIPOMIOHYEMO CIIOCOOH OT-
PUMaHHS CKOPUTOBaHUX (YTOYHEHHUX) NEPIOAMYHOCTEN
a00 KIMBKOCTI TEXHIYHUX OOCIyroByBaHb 3 ypaxyBaH-
HSM 3HIDKEHHS HaOIHOCTI 1X MiJICUCTEM Ta CUCTEMH B
LIOMY.

Mogeab TO Ne 1. TToBHMIT yac BUMYIIEHOTO TPO-
ctoto CTC uepe3 TexHIYHE 0OCITYyTOBYBaHHS MOYKHA BU-
3HAUUTH SIK (YHKLIIO Bifl YMClia BUKOHAHUX 00CIyro-
BYBaHb:

k 'TB

Tn:n'TTo+T’ (D

ne T, — nosuuii (cymapuuit) yac npocroro CTC 3a
MIEBHUI Tepiof Jacy;

n —KinpKicth BUkoHaHUX TO 32 meBHUH niepion yacy;

TTO — cepenHiil abo turaHoBHI 4yac mpoctoro CTC
Yyepe3 BUKOHAHHA OOCITYTOBYBaHHS 3a MEBHHN Mepion
yacy;

k — mocrilinuit KoedimieHT, OB’ A3aHUH 31 crienudi-
koro obcmyroByBanHs CTC, 1m0 BpaxoBye MpoCTOi He-
pe3 yCyHEeHHS HECITPaBHOCTEH;

T, — yac BimHoBneHHs CTC yepe3 BiaMoBH i1 mij-
CHCTEM 3a MEeBHUH TEpiof.

Beenemo Taki obmexenns: Qyukuis T, = f(n)
OesmepepBHa 1 oOMexeHa 00mactio t; <t <t ne
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t — HampalroBaHHSI CHUCTEMH y TPOIIeCi eKCILIyaTarlii,
t, . — MoYaToK CTapiHH, tyq — TPHBAJIICTD JKUTTEBOTO
nukiy cknaanoi TC.
Hns BusHayeHHs ontumyMmy (MiHiMymy) (yHKmii
T, = f(n) 3nafinemo ii excrpemym. Jlns uporo, mudepen-
uitoroun QyHkiro (1) momao 7, oTpUMaeMo:
dT

dn

k‘ TB
TTO - >

n2

2)

BinnoBigHo 10 TeopeMu iCHYBaHHS Ta €IHOCTI 3a/1a-
4i Komi mudepenuianbae piBHSHHA (2) Mae eauHe pi-
MIEHHS ONTUMAaNIbHOI KiJTbKocTi mepiogmanux TO crapi-
FOUUX CKJIATHUX TeXHIYHHX cucTteM [13]:

0

s
nZ

kTg

3)

TT'ZJ -

Bupimyroun piBHsiHHS (3) BimHOCHO KinmbkocTi TO,
OTPHMYEMO:
kT

n®==
Tro

3BiJcH oNTUMAaJIbHA KiTBbKicTh 00cmyroByBanb CTC:
1/2
nov — (L72)7,
Tro

e n° — onruManbHa KUIbKicTe TO ckiaamHOl Tex-
HIYHOI CHCTEMU JUIsl MiATPUMAHHS ii MPUIAATHOCTI 10
BUKOPHUCTAHHS 33 MIPU3HAYCHHSM 32 NICBHUH Mepioj.

[ligcraBmsroun Bupas (4) mo Bupasy (1), orpumyemo:

4)

1/2
t kT, = kT,
[Tp - (_ - Tro + E17‘2 '
Tto

[Ticns mepeTBopeHHsT OTPUMYEMO (HOPMYITY LTS PO3-
paxyHKy MOBHOTO ONTHMANbHOTO "Yacy mpoctoro CTC
JUIS THATPUMAHHS 11 IPUAATHOCTI 10 BUKOPHUCTAHHS 32
MIPU3HAYCHHSM 32 TIEBHUI Mepioa:

1/2

2(k' T'1‘0 ) TB) ’

opt

T, )

II

ne T, °' — moBHUA onTUMabHUA Yac npoctoro CTC
JUIS THATPUMaHHS TPUIATHOCTI IO BUKOPUCTAHHS 3a
MIPU3HAYCHHSM 32 TIEBHUI Mepioz.

Posmanemo BruB Hagiiinocti CTC Ha 3aranpHHR
yac 1X mpoCTOr0 uepe3 OOCIyroBYBaHHS Ta ONTHUMi3a-
wito nepioguunocti TO. [y 11bOro CKIaAeMO ONTHUMI-
3aIliifHy MOJeNs HAAIHOCTI Ta CepeaHbOro Yacy IMpo-
CTOIO CHCTEMH TS MIATPUMAaHHA i1 MPUAATHOCTI 10 BU-
KOPUCTaHHSA 32 IPU3HAYCHHSM.

[IpuitmeMo Taki npaBuia Ta OOMEXECHHS ISl ONTH-
Mi3aIiHOT MOJEi:

—migcuctemu CTC, 1o BiIMOBMIM, 3aMiHIOIOTHCS
CIIPaBHUMH;
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— texHigHe oOciayroByBaHHs CTC BHKOHYETHCS Ue-
pe3 KokHI At TOIWH, BiApaXOBaHWX Bif TOYATKOBOTO
Yacy MicJisl OCTAaHHBOTO i1 KaIliTaJIbHOTO PEMOHTY.

Jlyis TeXHIYHOTO OOCIYrOBYBAaHHS IHTEPBAJIU 4Yacy
TO 3amumemo sK:

(6)

ne t — morouHe HanpairoBanHs migcucreM CTC (y ro-
JMHAX); t. — Yac HACTaHHA i-ro 0OCIyroByBaHHS; i — HO-
Mep TO, 0 — HyabOBe 0OCITyTOBYBaHHS MiCJIsl BU3HAYCH-
Hs1 epeKTy cTapiHHs; At — mepiof] 4acy Mixk 00CITyroBy-
BaHHsMU CTC, BUpaXeHHH y HapaIlfOBaHHI B TOMHAX.

Hus i =1 Ta At = 0 miaTpUMKa TPUIATHOCTI CUCTE-
MU J0 BUKOPHCTaHHS 3a MPU3HAYCHHIM 3a0e31euy€eTh-
sl TEXHIYHUM 00CITyTOBYBaHHSIM 3 ONTUMAJIHLHOIO TEpi-
OIMYHICTIO AtPt,

Hapifinicte CTC 3anumieMo y BUIVISII HACTYITHOT
PIBHOCTI:

t=t+At, npui=0,1,2,...; 0 <At <t,

Ri(t = At) = R (To0), (7)

ae At°P' — onTHMaNbHUHN TPOMIXKOK Yacy Mix 00ciy-
roByBanHsiMu CTC; T — onTuManbHa NEpioJUYHICTh
TO; R (T°") — magiitaicts CTC npu onTUManbHii nepi-
OUIHOCTI TEXHITHOTO 0OCITYyTOBYBaHHS.

[Ipu 30inpmIeHHI TEPIOAUIHOCTI OOCITYyrOBYBaHHS
3MEHIIY€EThCS HAAIWHICTD CKIaJHOT TEXHIYHOT CHCTEMU
1 1715t t = 2At°" ta At = 0 Mmaemo:

RY(t = 2At) = [R (T2, ®)

VY upomy Bunanky CTC BHKOpHUCTOBY€EThCS B TIEpIIIi
ronuHu At 6e3 BiIMOB Ta HecnpaBHocTel. Jlaii mpo-
TSATOM 1HIIMX FOIUH At°P' cucTeMa BUKOPHUCTOBYETHCS 3a
MPU3HAYCHHSM TICTIs TOTO, SIK OyAyTh YCyHEH1 BIIMOBU
1 HECTIPABHOCTI IiJT 4ac t.

ITpwn nanpamosanni 0< t, < At cucrema 6€381IMOB-
HO BUKOPHCTOBYETHCS 3a Mpu3HadeHHIM. OTxe, Haii-
Hicte CTC 3a0e3neuyeTnest 11 00CITyroByBaHHSIM yepes
ONITUMAJIbHUN MPOMIDKOK Hacy At

Rt(t = 2AtP+ t) = [R (T")]PR(t), (9)
Y 3aragpHOMY BUIIIAII PiBHSHHA (8) HAOyIe BUTIISLY:
R, (t=t+At?) = [R (T®)]' R (T), qusai=0,1,2,...;
0 <t<Atr, (10)

Cepenns nepioguunicts TO 03HaYa€e MepPiogUUHICTh
4yacy YCYHEHHS HECIPaBHOCTEH Ta BUKOHAHHS Iepio-
JUYHOTO TEXHIYHOTO OOCITYrOBYBaHHS ISl MIATPUMKH
npugatHocTi CTC 10 BUKOPUCTAHHS 32 TPU3HAUCHHSIM:

Tro = [, Re(At°Pt)dt
r0=J; Re : (11)

Ominroroun piBHAHHSA (11), 3amuImIeMo CKJIax0BHMA

NEpIoA Jlana3ony t <t<t ., Tak:

- t(i+a
Tro= X2 J, “Re®dt,  (12)

VY pisasaaHI (12), cknageHoMy 3 piBHsHHES (11), 1H-
TepBaJIM Yacy IOUICHO Ha JJOBKUHU At.

Jnst wacy t =t + At, 3aminrorouu y piBHsanHi (12) Ha-
nitHicTs piBHsAHHEAM (10), oTpEMy€EMO:

= AtOPt .
Tro =X ),  [R(TPHIR (TOPY)dt (13)
1
V pisusnni (12) nis gacy t =t + At, dt = dt. mexi

ctanyTb 0 1 At°P'.
Otxe, nepedynoByroun piBHAHHS (13), oTpuMyeMo:

Tro = L24[R(TPOTR (TPH)dt, (14)
Bigkommu:
© opt i — ;, 15
izo[R(T°P%)] 1-R (TOP) (15)
piBusHHS (13) HaOyBae TakoTO BUIVISAY:
—opt fotR (TOPT)qatoPt
TO = (16)

1—R (T°Pt)

ae T?Z; — ONTHMANBHUH ITaHOBUH Yac MPOCTOIO IS
niarpumanus npugaraocti CTC npu onTUManbHIN Tie-
piogmanocTti TO 3a meBHU# nepiox gacy; At — onTu-
MaJBHUHN TIEpioj] 9acy MiX TEXHIYHUMH 00CITyTOBYBaH-
Hamu CTC; R (T°Y) — magitinicte CTC 3a onTHMaIbHOT
NEePIOAMYHOCTI TEXHIYHOTO 0OCITYyTOBYBaHHS.

OTtxe, morpeba y MiABUILECHHI HAAIHHOCTI CKIIaJ-
HOT TeXHIYHOI CHCTEMH 3aja€ 4ac il MpoCTO Ha Tij-
TPUMaHHS TPHUJIATHOCTI O BUKOPHCTaHHS 32 MpPU3HA-
YCHHSIM.

BuxopucroByroun nani mopo HaxpiHocti CTC Ta
3HAIOUM PO3MOJINI CEPEIHBOTO Yacy HalpalfoBaHHS Ha
BiIMOBY, MOXHa BH3HAUUTH CEpPEIHIO IMEPiOAUYHICTD
TO crapitounx cucTeM ISl MiATPUMaHHS iXHBOT MPH-
JIATHOCTI 10 BUKOPUCTaHHA 33 IIPU3HAYCHHSIM.

Monear TO Ne2. Monenb MOXXHa BUKOPUCTOBYBa-
TH, 00 BH3HAYUTH ONTHUMAIFHY TEPIOIUYHICTH 00-
ciyroByBanHs CTC i MiHiMi3yBaTH 4ac iX BUMYIIIEHOTO
MPOCTOIO Yepe3 00CTyTrOByBaHHS.

V wiii ontuMizalidHii MoJieNi TOBHUI Yac MPOCTO0
€ ¢yHkIiero yacy HanpamoBanas CTC uu yacToTn Tex-
HIYHUX OOCIyrOoByBaHb. MaTeMaTW4HO I ONTHUMi3a-
LifiHa MOZIEJIb BU3HAYAETHCS TAKOIO (PYHKIIIEIO:

= t | Al

Ta(® = Tro( + T() = + = (17)

ne T (t) — saranbumii yac npocroro CTC B opuHu-
o vacy; T, (t) — gac npocroro CTC yepe3 BUKOHAHHS
TEXHIYHOrO 0OCIYyrOByBaHHA B OAMHMUIIO 4acy; T,(t) —
gac npoctoto CTC yepe3 ycyHEeHHS BiIMOB Ta HECTIPaB-
HOCTell B oaMHUIIO Yacy; t — HampamtoBanHs CTC;
Mt) — iHTEHCHUBHICTh BiqMOB Ta HecnpaBHocTeir CTC;
[l — MBHIKICTH YCYHEHHS BIIMOB Ta HECIPaBHOCTEH;
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1/® — xoedimieHT cepeaHbOI TPUBAJIOCTI TEXHIYHOTO
o0ciyroByBaHHS (BiHOIICHHS CEpPEeIHBOI TPUBAIOCTI
TO no #ioro nepiomu4HOCTI, TOOTO, 1/ = TTO/ At, e
At — mepiog MiX TEXHIYHUMH 0OCITYTOBYBaHHSIMH CHC-

TEMH).
Hudepenttitoroun ¢hynkmiro (17) momo t, oTpuMyemMo:
dT, 1 dA 1
L&) - = © -, (18)
dt ©@ dt) n

HeoOxinHa ymoBa ekctpemymy ¢yHkuii (18) mae
TaKi pe3y/ibTaTu:

da(e) m

dt e (19)
IlepiognuHICTh TEXHIYHOTO OOCIYTOBYBaHHS Oy/ie
ONITUMAJILHOIO, KOJIM JIiBi Ta MpaBi CTOPOHH (OPMYIH
(19) nopisHtoBaruMyTh. [Ipn mpomy yac npocroro CTC
Oyze MiHIMaJTBEHUM.
[Tpuitmemo, 1o MiIbHICTh MOTOKY BiaMoB CTC BH-
3Ha4YaeThCs popmynoro [12]:

AMt)y=f-e,
ne f— dynkiis inTencuBHOCTi BiaMoB CTC mpu t = 0.

3amintoroun y dhopmysi (19) iHTEHCHBHICTH BiJIMOB
i3 popmymu (20), orpumyemo:

(20)

f-et=—L 1)
e
OTxe, piBHICTD (21) nae Gopmyny ans oOuucIiieH-
HS ONTHMAJILHOI TEPIOJUIHOCTI TEXHITHOTO OOCITyTO-
ByBaHHs CTC:
fe
APt = In [2]. @2)
H
[Mixcrasnstoun y popmyy (22) 3amicTb QyHKIIIT 1H-
TEHCUBHOCTI BigMmoB f Bupas A(t)/e", oTpuMyemo:

At°Pt — In "(ﬂ'e’],
pet

(23)

e AtP' — onTUManbHA MEPIOIUYHICTh MPOBEACHHS
TO; Mt) — IHTCHCHUBHICTh BiIMOB Ta HECIIpPaBHOCTEH
CTC; p — mBHUIKICTH BiAHOBICHHS BiIMOB Ta HECITPaB-
Hocrell, 1/® — koedinienT cepenupoi Tpusanocti TO.

Mogear TO Ne3. SIkmo CTC obcmyroByeThes 3a-
HAJTO YacTo, € HeOe3neka, mo TO Moxe OyTH TOPOK-
9UM uepe3 Taki GpakTopw, sIK BTpaTa BUPOOHUYOTO BH-
KOPHCTaHHS, 30UTBIIEHHS] BHUTPAaT Ha eKCILTyaralliii-
Hi Marepiaiay Ta 3apoOiTHY IIIaTy, HiXK BTpaTH depe3 il
MPOCTOI Ha YCYHEHHS HECIIPaBHOCTEH IMPH PiIKiCHOMY
obciyroByBanHi. L{s mogens TO BumumBae 3 yMoB 3a-
Oe3meveHHs] MaKCUMalIbHOTO PUOYTKY IMiJT Yac eKCILTY-
aranii CTC [2].

Y moneni 6yneMo BUKOPUCTOBYBATH TaKi MpaBwiia Ta
OOMEKEHHS: MpaIe3IaTHICTh CUCTEMH BiTHOBITIOETHCS
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pu kokHOMY TO; IHTEHCHBHICTH BiIMOB MiJCHCTEM
CTC Tta ¢yHKUIsS TEXHIYHOTO 00CITyrOBYBaHHSI BEITHYH-
HU nocTiiiHi; yac TO Ta ycyHeHHs HeCpaBHOCTEH po3-
MO/IJICHO 32 EKCIIOHEHIIITHUM 3aKOHOM; PO3MOALT He-
CIipaBHOCTeH Ta mBUAKocTi BimHOBIeHHS CTC — mo-
CTiifHI BEeTMYMHU.

Jus posutky piBHSHb Mojeni TO Bukopucraemo
TaKi MO3HAYEHHS: 71 — KUIBKICTh TEXHIYHUX OOCIIYTOBY-
BaHb, BUKOHAHHX 33 OJUHHUIIIO Yacy; /O — cepeans Tpu-
BAJIICTh TEXHIYHOTO OOCITYyTrOBYBaHHS; Cops — npudyTOK
Bix excrutyaraitii CTC 0e3 ypaxyBaHHs 4yacy ii IpOCTOr0
yepe3 nposeaeHHs TO B ONUHMIIO Yacy; CTO — cepenHs
BapTIiCTh TeXHIYHOTO 00cyroByBaHHs CTC B OQUHHITIO
yacy; CB — cepelHs BapTiCTh YCyHEHHs BiJMOB Ta He-
cnpaBHocteit CTC B ogmHUIO Yacy; AM(t) — IHTEHCHUB-
HICTh BUHUKHEHHS BiJIMOB Ta HecnipaBHocTelt CTC; 1 —
HIBUJKICTh YCYHEHHSI Bi]MOB Ta HECTIPABHOCTEH.

IIpubyrok Bin excruryaranii CTC Bu3HauaeTbes Ta-
KOO ()OPMYIIOF0:

Cnpﬁ = cm._cnpc 'TTO _Cﬂpc 'TB _ETO_CB =
=@ = Capsm  CopgA®  nSpp sg-:-l(t)’ 24)
e n e n

ne C — noxonm Bin excrutyarauii CTC; Crlpc — Bap-
TicTh ofHiel roquau npoctoo CTC; T,,— npOCTiI‘/'I_ TC
4epe3 NPOBENEHHs TEXHIYHOIO o0ciyroByBanus; T, —
npoctid CTC vepe3 ycyHEHHS BiJMOB Ta HECIIPaBHO-
creif; C, — cepenns BapticTh nposenenns TO; 63 —ce-
pemHs BapTICTh YCYHEHHsS Bi]MOB Ta HECIPaBHOCTE;
S, — Butparu Ha koxxHe TO CKIagHOi TEXHIYHOT chC-
T€MH; S, — BUTPATH HA KOKHE YCYHEHHs BiJIMOB Ta He-
CIIPaBHOCTE; Cnp6““ — IUTAHOBUH MTPUOYTOK BiJl BUKOPH-
crannsi CTC 3a mpu3HaueHHSM, TPH/PIK HaMpalloBaH-
HS CHCTEMH.

Hudepentiroroun (24) momao 7, OTpUMY€EMO:
Cos _
e

CapsdA®)  S75  Sp-dA(®
(2 pdn

dcnps _
dn

> (25
i (25)

[IpupiBHroBaHHS Bupasy (25) 10 HyIA Ta MOJANbLII
NEePETBOPEHHS JJAI0Th TaKy PiBHICTB:

~ [3(cm + sro) /(=2 4+%). 29

Kinpkicts Texniunux obcmyrosyBanb CTC n Oyne
ONTHMAJILHOIO, KoM 00MIBI cTOpoHU (opmynu (26)
piBHI. Y 1IbOMY BUMNAAKY NPUOYTOK Oyne MakcHMallb-
HUM.

IIpumrycTrMO, 110 iIHTEHCUBHICTH TIOSIBH HECTIPAaBHO-
creit CTC BuzHavaetses popmynoro (20). [lincranoBka
¢dopmynu (20) y popmyny (26) nae TaKy piBHICTb:

Cap

—f- et = —|=(C2 + Spo) |/ (T“" + S:) @27)

dAl®
dn -
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[TepeTBopuBIIM BHpa3s (26), OTPAMYEMO:
A 0-(c35+510) |
25 E_t '(C%ﬁ +SBJ

n°ft = In (28)

Jie n°" — onTUMajIbHa KiJTbKICTh TEXHIYHUX 00CIIyTO-
ByBaub CTC 3a meBHUiT mepion gacy; A(t) — iHTEHCHB-
Hicth BigmMoB CTC; S, — BUTpATH Ha KOXHE TEXHIYHE
obcayrosyBanns CTC; S, — BUTpaTH Ha KOKHE YCyHEH-
Hs BinMoBH Ta HecnpaBHOCTI CTC; Cnp6“” — IUTAHOBUH
npubytok Bij BukopuctaHas CTC 3a mpu3HavdeHHSM,
IpH./piK. HaIPaIIOBaHHS CUCTEMHU.

IIs mMomesnp MOXX€ BUKOPHCTOBYBAaTHCS AJsl o0dmc-
JIEHHS ONTHMAJIbHOI IePIOUIHOCTI TEXHIYHOTO 00CITy-
roByBanHs1 CTC, 3a sikoto Oyne nocsaratics MakCuMalib-
HUI MpUOYTOK BiJ X eKcIITyararii.

BucHoOBKH Ta mepcneKTHBH MOJAJBIIMX A0CTi-
JuKeHb. [linTpuMaHHs 3aJaHOTO PIBHSI HAMIHHOCTI Ta
MIPUAATHOCTI 0 BUKOPHUCTAHHS CTAPIFOYUX CKJIAJTHHX
TEXHIYHUX CHCTEM, B SIKUX PEaTi30BaHO IJIAHOBO-TIO-
nepeaKyBalbHi CTpaTerii TEXHIYHOTO 00CIyrOBYBaHHS
Ta PEMOHTY, OTpeOye MOCIiPKEHHS POOIeMH KOPH-
ryBaHHs napamerpiB TO — KiIBKOCTI Ta TPUBAJIOCTI 00-
CIIyTOBYBaHb.

Jnst po3p’sizaHHS — TakuX 3a7ad HEOOXimHO po3-
pobnstu mMozeni npoctoro CTC, siki © BpaxoByBau
BIUIMB iX HaJiHHOCTI Ha 3arajJbHUH Yac MPOCTOIO.

Po3pobieHo Mojieli MpoCTo0 CTApIFOYMX CKIATHUX
TEXHIYHUX CUCTEM Ta OTPUMAHO PO3PaxXyHKOBI (opMy-
JIM 7151 BU3HAYEHHS ONITUMAJIbHUX KUIBKOCTI Ta TpUBa-
JIOCTI iX TEXHIYHOTO 00CITyrOBYBaHHS.

HoBu3Ha mnpoBeaeHOro MOCHIMKEHHS IMOJIrae y
TOMY, IO JUIA 6araTbOX CKJIaJHUX TEXHIYHHUX CHCTEM
TPHUBAJIOTO BUKOPUCTAHHS MOTPIOHO MPOBENEHHS POOIT
3 MATPUMAHHS iX MPUIATHOCTI O EKCIUTyarTarii yepe3
CKOPOYEHHSI TEPIONUIHOCTI OOCITyTOBYBaHHS, IMpPOBeE-
JICHHSI POOIT 3 OI[IHIOBAHHS CTaHy TaKHX CHCTEM.

[oganbui nocmimxeHHs: Moxe OyTH CPSMOBaHO Ha
BIOCKOHAJIEHHS OOCITYTOBYBaHHS CKJIaIHUX TEXHIYHUX
CUCTEM IIPU TPHUBAJIIH eKCILIyaTallii.
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METHODS OF ADJUSTING THE PERIOD
OF TECHNICAL MAINTENANCE
OF COMPLEX TECHNICAL SYSTEMS
DURING LONG-TERM OPERATION

The article proposes methods for adjusting the main-
tenance frequency of complex technical systems with a
long service life. Methods for adjusting the maintenance
frequency take into account the decrease in the reliabil-
ity of complex systems and, as a result, the increase in
the duration of their forced downtime due to mainte-
nance and the need to eliminate failures and malfunc-
tions. Mathematical models of downtime of complex
technical systems due to maintenance are proposed de-
pending on the density of the failure flow and the speed
of eliminating failures and malfunctions, economic in-
dicators of operation. Expressions are obtained for cal-
culating the maintenance frequency and optimal down-
time due to maintenance of complex technical systems,
the implementation of which will ensure their suitabili-
ty for use for their intended purpose.

The purpose of the article is to develop methods for ad-
Justing the frequency of technical maintenance and, as a re-
sult, preserving (maintaining) the efficiency and quality of
the functioning of the STS, taking into account their aging.

To solve the formulated problem, classical math-
ematical probability theory, the theory of differential
equations and renewal theory were used.

Before the main results, three models can be summa-
rized that describe the problems of simple folding tech-
nical systems through their technical maintenance and
elimination of faults and problems. Two of the installed
models allow you to restore the reliability of the STS for
the last hour of their downtime. Based on data on the

reliability of systems and knowing the distribution of the
average hour of work on the device, it is possible to cal-
culate the average frequency of maintenance of older sys-
tems to maintain their availability up to using for recog-
nition. The third model allows us to calculate the optimal
frequency of maintenance of folding technical systems in
order to achieve the maximum profit from their operation.

The novelty of the research is that many complex
technical systems of long-term use require work to
maintain their operability by reducing the frequency of
maintenance and carrying out work to assess the condi-
tion of such systems.

Maintaining a given level of reliability and usabili-
ty of aging complex technical systems, in which planned
and preventive maintenance and repair strategies are
implemented, requires studying the problem of adjust-
ing maintenance parameters - the number and duration
of maintenance.

To solve such problems, it is necessary to develop
models of downtime of STS that would take into account
the impact of their reliability on the total downtime.

Models of downtime of aging complex technical sys-
tems have been developed and calculation formulas
have been obtained to determine the optimal number
and duration of their maintenance.

The novelty of the research is that for many complex
technical systems of long-term use, it is necessary to
carry out work to maintain their usability by reducing
the frequency of maintenance, and to carry out work to
assess the condition of such systems.

Keywords: collapsible technical systems; technical
maintenance; specification, antiquity, reliability; optimi-
zation, frequency and triviality of technical maintenance.
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