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AHoTauusa: [apaHTMpaHeTO Ha HopMmarnHaTa
pabota Ha enemeHTUTe OT TOMSOTEXHUYECKUTE
cuctemn (TC) 3a NpoabmKUTENEH CPOK OT BpeEME
n3nckea Te ga 6baaT NoanoOXKeHU Ha NepuoguydeH
KOHTPOST M TMPOBEPKM HA TEXHUYECKOTO UM
CbCTOAAHME. YecTO TOBa € CbMNPOBOAEHO C
N3MEHEHME Ha pexnma Ha paboTa u BbBeXaaHe B
CTPyKTypaTa Ha cuctemata Ha HOBW, MO-MOOEepHU
ycTponcTBa 3a paboTa, KakTo M BbBexgaHe Ha
cucTema OT pe3epBHM YCTPOUCTBA.

B poknagpa e npegnoxeHa crpaterns  3a

LSLOpewo” pesepBupaHe Ha  efleMeHTn  oT
TOMSIOTEXHUYECKUTE  CUCTEMU  MPU  TAXHOTO
nogabpXaHe U PEMOHT.

KnwouyoBu paymu: ropello” pesepsupaHe,

TOonJioTeXHN4ecCkKa cmcrtema

1. BbBEOEHUE

MocTuraHeTo Ha BUCOKA HAOEXOHOCT Ha
CMNOXHW TOMMOEHEPIUAHM CUCTEMM  3aBUCU
KakTo OT  peanusMpaHeTo Ha  BUCOKa
HaOEeXOHOCT Ha BCEKM OT CbCTaBHUTE W
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Abstract: Ensuring the normal
operation of the elements of thermal
systems (TC) for a long required to be
subject to periodic control and
verification of their technical condition.
Often this is accompanied by a change
of the operation mode and putting into
the structure of the system of the new,
modern working devices, and introducing
a system of spare devices.

The report proposed a strategy for
"hot" reserving of the elements on
thermal systems in their maintenance
and repair.
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1. INTRODUCTION

A high reliability of the complicated
thermal energy system depends on
the implementation of the reliability of
each of its constituent elements and
by the introduction of suitable
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enemMeHTn, Taka W C BbBeEXOaHEeTO Ha

noaxoasuia CTPYKTYpHa cxema Ha
pe3epBupaHe.
CTpYKTYypHOTO  pe3epBUpaHe  U3UCKBA

BbBEXJAHETO Ha [OONBbIHUTENHU (pPe3epBHU)

CbCTaBHM KbM MMWHMManHaTa Heobxoauma
CTPyKTypa Ha  cucTemata, KouTo  Jda
M3NbIHABAT CbWMTe YHKUMM, KaKTO MU

OCHOBHUTE enemeHTu. Mo TakbB HayuH, 4ypes
HamMansBaHe Ha BepPOSATHOCTTA 3a OoTKasw,
MOXe HageXOHOoCTTa Ha TonnoTexHuyeckaTa
cuctema (TC) ga HapacTHE HAKOSTKOKPaTHO.

B eHepretukaTa, npu Hanuume Ha
OMacHOCTM OT aBapuu, C NPeBaHTMBHA Uen ce
npunarat crnegHUTE BUOOBE pe3epBUpaHe Ha
TC [1,2,6]:

" MOCTOSIHHO (,fopeLuo”) pesepBupaHe — C
HaToBapeH (,ropely’) pesepB, MNpU KOETO
pe3epBHUTE enemMeHTn unu Bepurn Ha TC ca
BKIHOYEHN YyCNOPEOHO Ha OCHOBHUTE;

,CTyAeHo" pesepBupaHe - CbC
3amecTBaHe C HeHaToBapeH (,CTyaeH") peseps,
NpWU KOETO pPe3epBHUTE €NIEMEHTU UNN BEPUTU
Ce BKIMO4YBaT cCaMO Npu OTKa3 Ha OCHOBHUTE;

" pe3epBUpaHe C MOCTOSHHO BKIIHOYEH
pe3epB, paboTew, npu oOONEKYeH pexumm Ao
OTKa3a Ha OCHOBHU eriemeHTn Ha TC.

Cb3gaBaHe Ha wMpexa oT
YCTPOWCTBA Ce Hanara, KoraTto:

» obopyaBaHeTO Ha efHa WM HSKOJSIKO
TonnoTtexHmnyeckn cuctemn (TC) e nansasno ot
CTPOS U KOMMMEKCHT HE MOXe Oa M3NbIiHsBa
dyHKUMUTE CI;

e e HeobxogumMo KOMMEHCUpaHe Ha
M3HOCBAHETO Ha NOACUCTEMUTE;

* eQHO WM HSAKOMKO YCTPOWMCTBa ca
ocTtaHanu 6e3 MoaepHu3MpaHa cuctema 3a
KOHTPOS&T M HeynpaBfeHNEeTO Ha pexuma Ha
TaxHaTta paboTta BOAM OO HapylwaBaHe Ha
TEXHUYECKUTE NapameTpu.

pe3epBHU

2. CTPYKTYPA HA MEXOYPEMOHTHUA
LUUKBN (PECYPC) HA ENIEMEHTUTE OT
TOMNMOTEXHUYECKATA CUCTEMA
Cuctemara nne (3a nraHoBO-

structural diagram of the redundancy.

Structural redundancy requires the
introduction of additional (reserve)
component to the minimum required
structure of the system to perform the
same functions as the main elements.
Thus, by reducing the probability of
failure may reliability of district
heating system (TC) to increase
repeatedly.

In energy, in case of accident
hazards, for preventive purposes, the
following types of backup TC [1,2,6]:

e permanently ("hot") backup - a
charge ("hot") reserve where the
reserves re-elements or circuits TC
included parallel to the main;

«"cold" backup - replacing an
unladen ("cold”) reserve in co-lo
spare parts or circuits are included
only in the denial of the fundamental,

* booking a permanent reserve
included working in a relaxed mode
for recoil-essential elements of TC.

Creating a network of spare
devices is necessary when:

*the equipment to one or more
heat engineering systems (TC)
ceased to function and the complex
cannot perform its functions;

* it is necessary to compensate for
wear of the subsystems;

*one or more devices are left
without a modernized system for
contacts and roll not management
mode of their work distorts's technical
parameters.

2. STRUCTURE OF BETWEEN-
REPAIR CYCLE (RESOURCE)
ELEMENTS HEAT ENGINEERING
SYSTEMS

PRW system (for planned repairs,
warning), depending on the type of
plant and equipment and conditions of
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npeaynpeauTenHn pEMOHTH), B 3aBUCMMOCT OT
BMOA HA MalMHUTE WU CbOPBXEHUATA W
ycnosusita Ha eKkcnroaTayuaTa nm,
npeaBwxaa pasnuyHa NpPOAbIMKUTENHOCT Ha
MEXOYPEMOHTHUTE UUKIK, a BbTPE B LMKINTE
- pasnuyeH Opon  MEXOYPEMOHTHU W
mMexaynpernegHu nepuoau.

CTpykTypata Ha MexO0ypeMOHMHUS UUKbBI
obxBalla CbLHOCTTa M NocnefoBaTeNHOCTTa
OT M3MbIfIHEHWE Ha onepauuuTe, CBbp3aHu C
TEXHUYECKMSA HAO30p U PpEMOHTA Ha MalUMHUTE
N CbOPBXKEHUATa B nepmoda OT BbBEXOAHETO
MM B eKkcnnoatauuss OO0 MNbpBUS  OCHOBEH
PEMOHT wWNKM B nepuoga Mexay Aea
nocrniegoBaTeriHM OCHOBHU peMoHTa (Que.l).

[lnaHosu ca pPEMOHTUTE, BKMOYEHN B
CTPpyKTypaTta Ha PEMOHTHUS UWMKbA - NSaHOB
nperneg (M), Tekyw, pemoHT (TP) n ocHoBeH
peMoHT (OP). [MnaHoBO NpOMUNAKTUYHNAT
nperneg ce BKAYBaA B CTPyKTypata Ha
PEMOHTHUSA LUMKBM, HO NO YHKUMOHaNHa
npegHa3Ha4yeHoOCT M MO CbLHOCT Ce OTHacs
KbM ob6ema paboTu no npodumnakTmkaTa.

MexoypemoHmHusam yukwbs Tpy (pecypcbT
MeXay PeMOHTUTE) € BpeMeTo 3a paboTta Ha
CbOpPBXEHNETO MeXay ABa OCHOBHM PEMOHTA
UNn OT BbBEXAAHETO My B eKkcnnoartauusi 4o
MbpBUST OCHOBEH peMOHT. CbcTom ce oT m+l
MeXOypeMoHmMHU rnepuodu tpn (BpemeTo 3a
paboTa mexay AoBa nocregoBaTenHu NraHoBwm
peMOHTa), BCEKM OT KOWUTO  BKNHOYBA
onpeaeneH 6pon mexgynpernegHu nepuoau
tnn (BpemeTo 3a paboTa mexay ABa nocne-
JoBaTenHu nNnaHoBM npernega wnu mexay
nopegHWUTe Npernegu v NNaHoBu PEMOHTN).

MpoabmkutenHoctTa Ha tpy, ten M thp ce
onpeaens nNo CbOTBETHM METOAUKN CbOBpasHO
C BMAA Ha MaLIMHUTE U CbOPbBXEHUATa U OT
ycnoBusaTa Ha TaxHaTa pabota (Tabn. 1).

Mpn npaBuNHO oOpraHuM3MpaHa cucTema
MNP npodunaktnkata B MEXOYPEMOHTHOTO
obcnyxxBaHe 3aema [flaBHO MACTO B
peMoHTHUTE pabotn. [Jobpe npoBexaaHaTta
npodunakTmka He camo N3KNYBa
Bb3MOXHOCTTa OT aBapuu, HO M YyBenuyasa

operation provides for a different
duration between-repair cycles and
cycles within - different number
between-repair cycles and between
the review periods.

Structure between the repairing
cycle covering the nature and
sequence of execution of the
operations related to the technical
supervision and repair of machines
and equipment in the period from the
introduction into service until the first
overhaul or between two consecutive
major repair (Figure 1).

Planned repairs are included in the
structure of the repair cycle - planning
review (1), maintenance (TP) and
overhaul (OP). Scheduled preventive
examinations included in the structure
of the maintenance cycle, but
functional belongs in essence refers
to the volume of work on prevention.

Between-repair Tpy cycle (resource
between repairs) is the operating time
of the equipment between two major
repair or commissioning the first
overhaul. It consists of m+1 between-
repair tpn (Operating time between
two consecutive scheduled repair),
each of which includes a number of
periods between oveview tpgp
(operating time  between  two
consecutive scheduled examination
or between successive examinations
and scheduled maintenance).

The duration of tpy, tpn and tnn is
determined by the relevant methods
according to the type of plant and
equipment and the conditions of their
work (Tab. 1).

When properly organized system
outages prevention in between-repair
cycles service central to the works.
Well-implemented prevention not only
preclude  accidents, but also
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MEXOYPEMOHTHUA Mepuof, KoeTo crnecTssa
3HauMTEeNnHM cpeactBa M martepuanu  u
CbKpallaBa BPEMeTO 3a PEMOHTEH NPECTO.

OP,

TP, TP,

increases the period between, saving
significant resources and materials
and shortens maintenance downtime.

OP,

®wur. 1. Mogen Ha npMMepHa CTPYKTYpHa CXeMa Ha MEXAYPEMOHTEH LUMKbI Ha
€NeMeHT OT TONMOoTEXHMYECKa cucTema
Fig. 1. Model of a structural diagram of an exemplary between-repair cycle an element of
thermal technical system

OP - ocHoB8€H peMoHmM,

TP — mekyw, peMoHm;

1 — nnaHoe nipeanedo,

trn - mexoynpeanedeH rnepuoo,

tpr - MexOypeMoHmeH rnepuoo,

Tey - MexOypeMOHmMeH UUKbI (pecypc
MeXxQy peMoHmume);

m — MakcumasieH 6pou  mekywu
PEMOHMU 8 MEXOYPEMOHMHUS UUKBIT,

| - Homep Ha nopedHusi mekyw, peMOHM
i=1,2,3,...,m);

[MpenopbyBaHn CTPYKTYypU Ha Mexay-
PEMOHTHUTE UMKAM 3@ HAKOM MaLLUMHU WU
cbopbxeHusa oT TC morat ga ce onpegenar
TabnuyHo (Tabn. 1).

OP - overhaul;

TP - repair;

IT- Planning Review;

tnn — between overview period;

tpr - between-repair period;

Tey - between-repair
(resource between repairs);

m - maximum number of repairs
in between the repairing cycle;

| - serial number of repair (i = 1, 2,
3,..., m);

cycle

Recommended structures
between-repair cycles for certain
machinery and equipment from TC
can be defined in tables (Tab. 1).
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Tabnuuya 1./ Table 1.

CTpyKTypa Ha MeXaypeMOHTHUSA UMKbLN cnoped Buaa Ha mawmHuTe oT TC
Structure of the cycle between the repairing of the type of machines of TC

HanmeHoBaHue Ha CTpyKkTypa Ha PEMOHTHUA LUMKBN Bpon peMoHTHU:
MalLMHa/CbOopBXKEHNE (O-ocHoBeH; T- Tekyw; M- nnaHoB npernen) Number of repairs:
Name of machine / Structure of the repair cycle MnaHoBu | Tekywn
equipment (O-major; T going; n- planned review) Planning Current
EHepretTMyHn mawimHm n
CbOPBXKEHUS, NAPHMU
KOTNN - OTONSIUTENHN U
npomMuLLNeHN 6onnepun
Energetic machines and O-M-n-T11-n-nN-12-Mn-nN-T13-1-r-0 12 3
equipment, steam boilers
- heating and industrial
boilers
Komnpecopu v nomnu O-M-M-N-T1-M-N-A-T2-1-0-N-T3-0-N-M-
Compressors and pumps T4--0-M-M-T5-0-M-A-0 18 S)
BexTunaropu O-M-N-N-N-T1-1-A-1-A-T2-0-1-N-1-T3- 20 4
Fans M- -M-N-1-T4-N--N-11-0
Momnu LeHTpobeEXHM,
ApeHaxXHM, yTankm O-M-M-T1-M-M-T2-M-M-T3-M-N-T4-M-T1-
A03aTOPHM T5- -M-N-0 12 5
Centrifugal pumps,
drainage, piston metering

3. CTPATEIun4 3A ,IOPELLO”
PE3EPBUPAHE HA ENEMEHTUTE OT
TOMNOTEXHUYECKATA CUCTEMA
3.1.lMpeacrtaBsiHe Ha npoueca 3a
nogabpKaHe Ha paboTocnocobHOCTTa
Ha noacuctemute Ha TC
MopoaobpkaHeTo Ha paboTocnocobHocTTa
Ha nogcuctemmnte Ha TC npu TexHudeckaTta
um ekcnnoatauma (TE) moxe pa ce
pasrnexga Kato npouec Ha  TAXHOTO
M3nu3aHe OT WU3NPaBHO CbCTOSIHME U
3amMsiHaTa UM C pe3epBHM noacuctemu. Mpu
ToBa TE M™Moxe pa ce npeactaBum KaTo
n3pasxogBaHe Ha TEXHUYECKUS pecypc u
HacnarsaHe Ha HSKONMKO npoueca Ha
Bb3CTaHOBSABAHUSA ypes PEMOHTHM
Bb3genctems — TP n OP (Qua. 1). O6wmar
Oponn Ha TEe3n PEMOHTHM BBIAENCTBUA €
paBeH Ha 6posi Ha noacuctemuTe B TC.
CratucTuyecknTe XapakTepuUCTUKM  Ha
obwma npouec 3a nNogabpxaHe  Ha
paboTocnocobHoCTTa Ha noagcCUCTEMUTE Ha

3. STRATEGY,HOT"
RESERVATION OF ITEMS BY HEAT
ENGINEERING SYSTEMS
3.1. Presentation of a process for

maintaining the operability of
the sub-systems of TS

Maintaining the efficiency of the
subsystems of TC in technical
exploitation (TE) can be seen as a
process of their exit from executive-
equal status and replacing them with
spare subsystems. In addition, TE can
be represented as the removal of
technical resources and the
superimposition of several recovery
process through repair effects - TP
and OP (Fig. 1). Total number of
repair effects is equal to the number of
subsystems in TC.

Statistical characteristics of the
overall process to maintain the
efficiency of the subsystems of the TC
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TC moraT ga ce onpeaensTt, ako ca U3BECTHU
CTaTUCTUYECKUTE XapaKTEepPUCTUKU Ha UHTep-
BanuTe OT BpeMeHa, CbCTaBALLM npoueca Ha
ekcnnoaTaumsi U Bb3ctaHoBsiBaHe [3,4].
WHTepBanute oT Bpeme Mexay
cvbutmata TP n OP npeacrtaBngaBaT Bpeme-
TO 3a “TexHU4eckn XmBoT” (oTpaboTBaHe) Ha
oTaenHuTe nogcuctemm Ha TC.
HeobxoaumuaT pecypc mexay ABa noc-
neposaTenHN OCHOBHU peMoHTa Tpyp = Tpy
W TexHudeckus pecypc [,. A0 kpas Ha
ekcnnoaTauusita ce onpegendar no mspasute

[5]:

kbaeto P (t) e BepositHocTta  3a
6e3oTka3Ha pabota Ha TC B MexaQypeMOHTHUS
VHTepBan;

T, - ONTUMATHNAT MOMEHT 3a N3BbpLUBaHE

Ha OP, Ha cuctemara.

Ot ToBa cnegga, Ye 3a onMcBaHe Ha obLmSA
npouec MO oOcurypsiBaHe Ha Tekywarta
HagexaHocT Ha TC TpsbeBa ga ce cbcTaBu
MaTtemaTU4Yecku MOAEN Ha W3NU3aHeTo Ha
OTAENHUTE noacuctemm ot paboTocnocobHO
CbCTOSIHME.

3.2. MogenupaHe Ha oOuUeHKaTa Ha
TeKywiata HagexagHocT Ha TC

Kato mogen Ha u3nu3aHeTo Ha OTAENHUTE
nogcuctemn Ha TC oT paboTtocnocobHo
CbCTOsIHME MOXe  Aa ce n3nonssa
CTaTUCTUYECKOTO OMNUCaHMe Ha BpemeHaTa 3a
paboTata MM OO MOMEHTa Ha TEXHWUSA OTKas.
ToBa crTaTUCTMYeCcKO npeactaBsHe [aBa
Bb3MOXHOCT aa ce onpegenu
MaTemMaTU4YeCKOTO OYaKkBaHe U gucnepcusTa Ha
TexHu4eckusi pecypc T, .

M3cnepBaHeTo Ha npoueca Ha MoaenupaHe
Ha oLeHKaTa Ha TeKywiaTa HagexaHocT Ha TC

can be determined, if known statistical
characteristics of the intervals
composing process operation and
recovery [3,4].

The intervals between events TP
and OP represent time "technical life"
(practicing) the individual subsystems
of the TC.

The resources required between
two successive overhaul Tpyp = Tpy
and technical resource T, . to the end
of operation are determined by the
expressions [5]:

(1)

)
Where PEP(t) is the probability of
reliable operation of the TC in
between the repairing interval,
T - The optimal time for carrying

opt

out OP, the system.

It follows that to describe the overall
process of providing current-credibility
of the TC must be drawn mathematical
model of the release of the various
subsystems of the working condition.

3.2. Modeling assessment of the

reliability of the current TC

As a model for the release of
individual subsystems of TC working
condition can be wused statistical
description of times their work until
their withdrawal. This statistical
representation makes it possible to
determine the mathematical
expectation and  dispersion  of
technical resources T,.

The examination of the modeling
process of evaluation of reliability of
TC is possible by examining the
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€ Bb3MOXHO Ype3 pasrnexgaHe Ha npumepeH
obekm 3a mpaHcropmupaHe Ha
mornnoHocumer (OTT).

Obwarta HageXOgHOCT Ha cucTtemaTta Ha
OTT (Que. 2), cbCTaBeHa OT OTAENHU
enemeHT1 (nmogcuctemMmun U Bb3NW), LWe ce
onpeaens oT HageXAHOCTTa Ha CbOTBETHUTE
€1eMEHTM M OT HauYMHa Ha TAXHOTO CBbp3BaHe
N PYHKLMOHMPAHE.

B 3aBucuMmocT oT TOBa, Kak ca obeguHeHu
Te3n enemMeHTUTe, cucTtemata MOXe ga e:
obukHoseHa (6e3 pesepsupaHe) n crioxHa (¢
pesepsupaHe). HagexaHocTTa Ha pe3epBHUTE
enemMeHTM 3a nepuoga Ha pabota (TE) e B
3aBMCUMOCT OT MOMEHTA Ha BKMIOYBAHETO UM
B pabota. lNpu ToBa ce nonyyaBaT pasfMyHK
3aKOHM Ha pasnpegeneHne Ha BEpPOSTHOCTTa
3a oTka3 Ha enemeHtute Ha OTT,
CbOTBETCTBALLN HA Hepes3epBMpPaH PEXMM U
Ha pe3epBupaH pexum Ha paboTa.

OCHOBHMAT noaxon 3a MoBMLLIABaHE Ha
HagexgHocTTa Ha pasrnexgaHus OTT e
pesepsupaHe Ha Hau-HeHaloexx0HuUme
efleMeHmu Ha obekma.

Ot TexHonorn4yHa rnegHa Todka 6posm Ha
pesepsHume enemeHmu M ,. € MHOro BaxeH
N e HeobxoaMMO Oa Ce YCTaHOBM Bpb3ka
MeXOy XapakTepUCTUKUTE Ha HaLeXOHOCT Ha
OTTuM,,.

3a oueHKkaTa Ha XapakTepucTUKUTE Ha
HagexgHocTTa e Heobxogumo pga ce
n3BbpLliat msnutaHma (ekcnepumeHT) ¢ TC,
npy KOeTO ce nofnyyaBaT TBbPAE CIOXHU
MaTtemaTuyeckm Mogenu.

ETo 3awo, owe npu nNpoekTupaHeTo Ha
OTT cnepgBa pga ce cbCTaBM [0CTaTbyHO
afjeksaTeH mMoaen 3a HagexaHo (PYyHKUMOHM-
paHe, OCHOBAH Ha crnegHus Noaxoa.

OTT, kato cnoxHa TC, e cTpykTypupaH ot
MHOXECTBO €fleMEeHTU, 4YacT OT KOUTO
paboTAT NPOABLIMKUTENHO BpeMe, [oKaTo
BpemeTo 3a 0Ge3oTkasHa paboTa Ha Apyru
enemMeHTM € orpaHudeHo. Ho, TO4YHO Teau
enemMeHTM onpeaenat HageXaHoCTTa Ha
pasrnexanaHusi 06eKT kaTo usano.

exemplary object for transporting the
heat carrier (OTT).

Overall system reliability of OTT
(Fig. 2) consists of individual elements
(subsystems and assemblies) will be
determined by the reliability of the
corresponding and the mode of their
connection and operation.

Depending on how these elements
are combined, the system can be:
plain  (without reservation) and
complex (with reservations). Reliability
of spare parts for the time period (TE)
depends on the time of their inclusion
in the work. This resulted in different
laws of distribution of the failure
probability of the elements of OTT
corresponding unreserved and
reserved mode operation.

The basic approach to improving
the reliability of the OTT is reserving
the most unreliable elements of the
site.

From a technological perspective,
the number of spare parts M, is
very important and it is necessary to
establish a connection between the
characteristics of reliability OTT and
M, .

For the performance evaluation of
reliability is necessary to carry out
tests (experiment) with TC, vyielding
very complex mathematical models.

Therefore, by design OTT should be
drawn sufficiently adequate model for
reliable operation based on the
following approach.

OTT as complex TC is structured by
many elements, some of which work
for a long time, until the time for
reliable operation of the other
elements is limited. But, it is these
elements reliability of the site as a
whole.
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Btopwu (n-Tn) pesepBeH KINOH Second (n- Ti) spare brunch

>
Bxon 6 U3xopn
Input Exit
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®ur. 2. CtpyktypHa cxema Ha TC (OTT) ¢ Bb3MOXHOCT 3a pe3epBupaHe
Fig. 2. Structural diagram of TC (OTT) with the possibility of booking

1 - common entrance reserved OTT;

2 - include the main branch of OTT;

3 - the main branch of OTT;

4 - station management backup node
control OTT;

5 - dispatching station for control of
emergency situations;

6 - Including the reserve branch of
OTT,;

7 - reserve branch of OTT;

8 - total load of the reserved OTT

1 - 06w 6xod Ha pe3epsupaHus OTT,;

2 - 8Kno4YeaHe Ha 0CHOBHUS KiloH Ha OTT,

3 - ocHoeeH kioH Ha OTT,

4 - cmaHyus 3a yrpasseHue pe3epeHUsi 8b3es1
3a kKoHmposn Ha OTT,

5 - Oucrnieyepcka cmaHuusi 3a KOHMPOS Ha
asaputiHume cumyauyuu,

6 - eKnto4YeaHe Ha pe3epesHus KioH Ha OTT,

7 - pe3sepseH KrnoH Ha OTT,;

8 - 06w mosap Ha pesepsupaHus OTT

ETo 3allo cneasa ga ce onpenenu Kaksa It

“acT ot obwus bpol enemenmu M, enuse  yetermine whatM,, portion of the total
Ha HadexOHocmma M ., Ha TC OTHOCHO . mber of elements affect the

aBapum 1 katacTpodu, nopagu KOeTo TpFIGBa rellablllty MEBH of the TC on
ha Cce BbBeae [MOHATUETO . Kpumu4eH

is therefore necessary to

emergencies and disasters should

KoequuueHm  Ha  HaOeXOHOCM" Uy, therefore introduce the concept of
OfpeAeneH ot "critical reliability coefficient" @,
defined by:
—_ MEBH
A = M (3)
o
BpoaT Ha pesepsHuTe enemeHtn M, Ha The number of spare elementsM ,,
dgur. 2 e cBbp3aH C KpamHoOcCmMma Ha in Fig. 2 is related to the multiplicity of
pesepsupaHe N, 4Ypes3 nspasa: the booking n,, by the expression:
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B TC (OTT) we nuncea pesepBrpaHe npu
n,=0. Moxe pga npvemem, ue
HepesepBupaHUTe CUCTEMU 3a ynpasreHue
ca CbCTaBeHW OT MHOIO0 He3aBUCUMMU
PYHKUNOHANMHN €NeMEHTU C MHTEH3UBHOCT
Ha noTtoka oT oTkasn (AMNO) cbC CTOMHOCT

Gy (At). Mpwn TOBa TO3M MOTOK criefdBa Aa
npuTexasa CBOWCTBaTa cmayuoHapHoOCM,

opduHapHocm n omcbcmeue Ha
rnocnedcmeusi (NMoacoHOB NOTOK OT OTKa3n).

[Mpn Te3n ycrnosua sepossmHocmma 3a
b6esomkasHa paboma (BBP) Ha oTtpeneH
tyHKUMOHaneH enemeHt P, - (At) oT TC 3a
kaneHgapeH uHtepsan ot Bpeme At =1200.
MOXe [a ce onpeaenu ot uapasa:

P....(At) =expl- «,,

bP,DE

kbaeTo 7;,. € CcymapHO OTpaboTeHo
BpemMe OT doyHKuMoHarneH enemeHt (PE) 3a
KaneHaapeH nHTepsan ot Bpeme At .

Cnopep Teopusita Ha HageXxaHocTTa, nNpu
cymmpaHe Ha ronsm 6pon [loacoHoswu
noTouM OT OTKasu ce noriy4aBa OTHOBO OO6LL
NoacoHoB noTtok. ETO 3awo, 3a obwarta
BEpOATHOCT 3a 6e3oTkasHa pabota Ha TC
(OTT) wMoxe pga npuvemMemM, 4Ye e
pasnpegeneHa no ekcroHeHunaneH 3akoH oT
BMaa:

P

(4)

In TC (OTT) will miss at booking.
N, =0 You can assume that the non-
reserved control systems are
composed of many independent
functional elements with flow rate of
refusals (IPO) value i, (A )
Moreover, this flow should have the
properties stationarity, ordinarnost and
lack of consequences (Poisson stream
of refusals).

Under these  conditions, the
probability of trouble-free operation on
a separate  functional element
PEP'@E(At) of the TC calendar time
interval can be At =1200./year defined
by the expression:

(At).r

where 7, . the total time spent by the
functional element (FE) for calendar
time. At
According to the theory of reliability
when adding a large number of Poisson
streams failures are retrieved general
Poisson stream. Therefore, the overall
probability of reliable operation of the TC
(OTT) may assume that it is distributed
according to an exponential law of the
form:

(5)

Z,(DEJ'

bP,THUC (At) = expl:_a)TI/IC (At)'TZ,THC (At):l’ (6)

N
KbOeTo W, (Bt) =, (AL);
7, e (At) e cymapHata oTpa6oTka Ha
yanata pesepBupaHa TC 3a kaneHgapHo

Bpeme At.

Pe3epBupaHe, npuM KOETO MOMEHTBLT Ha
BbBeXOaHe B [OeNCTBME Ha pe3epBupaHus
€leMEeHT 3aBWCM OT MOMEHTa Ha OTKa3 Ha
OCHOBHWSA €NTEMEHT, NpaBKu NOTOKa OT OTKa3su
Ha TC B nomok ¢ nocnedcmeusi n 3aToBa Ton

N
where @, (At) =) a,, (At);
T, e (At) is the sum of ‘@il otrabotka
reserved TC calendar time At.

Reservation in which the timing of
implementation of the reserved
element depends on the time of
failure of the main components, the
flow of failures in TC flow
conseqguences, so it is not a Poisson
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He e [ToacoHOB NOTOK. stream.

3a TC c kpaTHOCT Ha pe3epsupaHeTo N,, TC of multiplicity of booking n,,
nMame crnegHuUTe BUOOBE pe3epBupaHe: have the following types of backup:

e ‘“e2opewo” pesepsupaHe - C * "hot" backup - with a load of
HaTOBapeHO CbCTOSHME Ha pe3epBHUTE spare branches;
KNOHOBE; e "cold" backup - semi laden or

e “CcmyOeHO” pesepsupaHe — C NOny- unladen condition of  spare
HaTOBapeHO WIIM HEHaATOBAapPEHO CbCTOSIHUE branches.
Ha pe3epBHUTE KNOHOBE. It is assumed that the primary and

[Npuema ce, Ye OCHOBHUAT U Pe3epBHUAT backup units are the same as in the
efnemMeHTM ca efHakBu, KaTto B pPe3epBHO backup position risk for failure is
CbCTOSAAHME oOnacHocTTa 3a OTKa3 e no- higher than in working condition.
ronisiMa, OTKOMKOTO B PaboOTHO CbCTOSIHUE. Upon failure of the primary element
Mpn oTKa3 Ha OCHOBHUSA €NEeMEHT Ha MACTOTO in place include the replacement unit
My Ce BKIIOYBa pPe3epBHUAT eneMeHT, a and the main starts to recover and
OCHOBHUAT 3anoysBa [Aa Ce Bb3CTaHOBSABA U remain in reserve. At this point the
ocTaBa B pe3epB. B 7031 MOMEHT OCHOBHUAT primary and backup units switch
N PE3EepPBHUAT €MEeMEHTU CU  pPas3MeEHsT roles.
ponuTe. Distances between adjacent points

PascmosiHusma  mex0dy  cbceOHume of refunds is called cycle. All cycles
MOMeHmMu om 8b3CmaHossieaHusima ce are independent and uniform
Hapu4a Yukbsl. Bcnikn umknmn ca HesaBucumm distribution. Cancel the pair occurs
M Cc epHakeo pasnpegeneHne. OTkas Ha when in any cycle during recovery of
ABoMKaTa HacTbnBa, KOrato, B KOUTO U Oa e one element occurs denial of the
UMKBbN OT BpeMe Ha Bb3CTaHOBABaHe Ha other.
€ANHNA eNleMeHT HacTbnBa OTKa3 Ha Apyrus. After placing the above condition

Cnen nocrtaBsiHe Ha rOpPHOTO YCOBME, should determine the  basic
cnegga  pna ce  onpedenu  OCHOBHUSA parameter of reliability - the
napameTbp Ha HagexaHocTTa - probability of reliable operation of

BEPOATHOCTTa 3a 6e3oTkasHa paboTta Ha TC the TC with "hot" backup.

C “ropewy0” pesepsupaHe.
PELLO™ pesepBip 3.3. Chance of reliable operation

3.3. BeposaTHocT 3a 6e30TKa3Ha paboTa of the TC with "hot" backup
Ha TC c “ropewo” pesepBupaHe Probability of reliable operation of
BeposiTHocTTa 3a 6e30Tka3Ha paboTta Ha the TC can be determined by the
TC moxXe fa ce onpegenu oT uspasa: expression:
ne +1
F)EP,THC (t) =1- I_J [1_ PEP,i (t)] (7)
1=
kbgeto P, (t) € BepoATHoCTTa 3a where P, (t)is the probability of
6esoTkasHa paboTa Ha | -TUS pe3epBeH KIOH trouble-free operation of the i-th
Ha TC; reserve branch of the TC;
| - HOMepbT Ha pesepBHaTa cUCTeMa Ha I - the number of the backup
obwaTta TC. system overall TC.
Mpwn eaHaKBU XapaKTepPUCTUKN Ha In the same characteristics of the
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Ha[eXaHOCTTa Ha pe3epBHUTE KroHoBe Ha TC
Ce M3MNbliHsABa YCNOBMETO:

PEP,i (t) = PEP,OKC

PEP,OKC (t) € BepoATHOCTTa 3a

Ge3oTkazHa paboTa Ha OCHOBHMS KMOH Ha
cuctemara.

C otuntaHe Ha wuspasm (5) m (7) ce
nony4yasa, 3a KaneHaapeH NMHTEepBan
At =1200., ypaBHeHVETO Ha BEpOATHOCTTA 33
0e3oTka3Ha paborta Ha TC:

KbOeTo

P

KbAETO N, e KpaTHOCTTa Ha pe3epBMpaHeTo.

dyHKUMATA  Ha  pasnpedeneHne  Ha
MOMEHTa 3a HacTbMBaHe Ha oOTKa3 Ha
pesepBupaHata TC ce onpegens oT
ypaBHEHMETO:

Q (t) =1- F)EP,THC (t) :{1_ exp[—a)o,(c (At)'TZvTHC :|} nkp+1'

MnbTHOCTTAa Ha pasnpedeneHneTo  Ha
BEpPOSTHOCTTA 3a be3oTka3Ha paborta Ha TC e:

reliability of reserve branches of TC
fulfills the condition:

(t)Di , 8)

where P,, .. (t) is the probability of

reliable operation of the main branch of
the system.

Taking into account the expressions
(5) and (7) is obtained for calendar
interval, the equation of the probability
At =1200./year of reliable operation of
the TC:

bPii (t) = PBP,OKC (t) DI ’ (9)

wherenKP is the multiplicity of

booking.

Distribution function of the time of
occurrence of the failure of the
reserved TC is determined by the
equation:

(10)

Density function of the probability of
reliable operation of TC is:

(0=l 1, ) - el

xexp| —aye (Bt) Ty e |.

LlenecvobpasHo e [loacoHoBus MOTOK Aa
ce pasrnexga kaTo HecTtaumoHapeH [loacoHoB
npouec ¢ pasnpeneneHme Ha BEpPOSATHOCTTA 3a
6e3oTkasHa pabota Ha TC:

TPKE

(11)

It is a Poisson stream is regarded
as a non-stationary Poisson process
with probability distribution for reliable
operation of the TC:

Py (t) = exp[— [ @, (At)dt}, (12)

KkbaeTo wrc A(t) e Tekywata MHTEH3UBHOCT
Ha NoToka oT oTkasu Ha TC.

PasrnexpaHata B (11) Tekywia
WHTEH3MBHOCT Ha MnoToka OT OTkasu wrc A(t)
npv NPOU3BOSHO pasnpedeneHne Moxe Aa ce
onpeaenu oT upasa:

@, (At) = 5

bP,THUC

f(t)
(at)

where wrcA(t) is the current flow
rate of refusals to TC.

Question in (11) the current flow
rate of refusals wrcA(t) at an arbitrary
distribution can be determined from
the expression:

(13)

50



Ot unspasute (8), (10) n (12) ce nony4yasa
OKOHYaTenHO ypasHeHUemo 3a meKyuwama
UHMEH3UBHOCM Ha [romoKka om oOomkKa3su
wrcA(t) npu npou3eonHo pasnpedesieHue Ha
rlomoka om omka3u u N - ma KpamHocm Ha
pesepsupaHe Ha TC:

W, (At) =

W, (At).( n, + 1){1— exp| ~@y,e (At)7, ]} " exp| ~wy,e (At)7, 0 |

From the expressions (8), (10)
and (12) give the final equation for the
current flow rate of refusals wrcA(t) at
an arbitrary allocation of flow failures
and n_ so multiplicity of booking for
TC:

3.4. CTaTUCTUYECKU XapaKTepPUCTUKM Ha
BpemeTo 3a 6e30Tka3Ha paboTa tH
Cmamucmudeckume xapakmepucmuKku Ha

1—{1— exp| ~c (At).7, ]} i

(14)

3.4. Statistical characteristics  of

uptime ty

Statistical characteristics of uptime

gpememo 3a b6e3omkasHa paboma (otrabotka) t,, of TC are:
(ompabomka) t, Ha TC ca: M
Mamemamuyeckomo odaxeane M ty 2 Mathematical expectation Vi .
Ne +1 3 j Ne!
Mt (At) =—= Z(_l) ~ 2 (15)
w(at) =t 7 (ne —i)jt(j+1)
Owucnepcusra D, Dispersion D,
2(n +1) & - N1
D, (At)==2 -1) -M; (16)
L (81) of (At) J:o( ) (ne —Ljt(j+1° "
a- a-
Keartumer T ot pen . Kvantilat tHT Row a,
a. Texe
T —
t. . a —1—exp{— | a)(At)dt] (17)
0
4. N3BOOU 4. CONCLUSIONS
1. 3akoHbT Ha [loacoH e npakTu4eckn 1. Poisson law is practically

yaobeH, TbM KaTto MNOTOKbT OT CbOUTMA
(oTkasn) HaAMa nocneacTeua (Qopy U ako
TO3M NOTOK € HECTaLMOHAPEH).

2. Ypes3 3aKkoHa Ha pasnpegeneHue 3a
‘ropelloTto” pesepBUpaHe U CbOTBETHUTE
MaTtemaTuMyeckm u3pasum 3a yHKumMATa Ha
pasnpeneneHve F(t)=1— PEP(t), Kakto 1
nnbTHOCTTA Ha pasnpenenenne f(t), moxe

aa ce nonyyar cTaTUCcTMYeckuTe
XapaKkTepUCTMKN Ha BpeMeTo 3a Oe3oTkasHa
pabora (otpabotka) t, wHa TC 3a

kaneHgapeH nHtepsan ot sBpeme At =1200.

convenient, because the flow of events
(failures) are no consequences (even if
the flow is non-stationary).

2. By the law of distribution of "hot"
backup and relevant mathematical
expressions for the distribution function
Flt)=1-P, (? and density distribution
of minutes ft), you can obtain the
statistical characteristics of uptime (work
off) t,, of TC for calendar interval time
At =1200./year.
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