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METHODS OF INCREASING OF FUNCTIONAL STABILITY OF POWER SYSTEMS

This article highlights reservation as a method of increasing of functional stability of technological
system “power system”. This method enables predict reliability of secure functioning of technological
system by choosing optimal meaning of failure-free operation probability, that allows to keep on a
corresponding level and to promote functional stability of power systems. There are descriptions of
measures at the expense of which provision of power systems functional sustainability is achieved. Also,
there is description of constructive entity level which is appropriate for exercise of reservation. Majority
reservation peculiarities in technological system “power system” are considered.
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General definition of a problem. Powerful and reliable energetics of a country is one of the
main functional conditions of all spheres of the activity and becomes the most important system of
strategic facilities, “responsibility” for military security sphere of a country. Power system facilities
always relate to security facilities(“responsibility”) of the biggest operational-strategic importance,
which are the main target of destruction for the enemy. That is why military security of power
stations(PS) is one of the most important and original task for a country and Armed Forces of this
country. It is achieved by maintaining high functional stability (reliability) of “technological
system”(TS) of PS, regular prophylaxis of TS malfunctions with ecologically dangerous
consequences, protection of PS facilities from attacks by enemy means and rapid settlement of
ecological consequences during emergencies of technological nature.

Maintenance of functional stability of TS PS is achieved by the following measures:

structural exaggeration of TS(reservation) regarding reliability of secure functioning;

availability of “own” control means for secure course of technological process(avoiding
emergency modes);

availability of TS protection from dangerous errors and unauthorized actions of personnel;

modernization of security system of TS;

maintenance of appropriate level of personnel qualification, organizational measures and
military safety concerns.

In this article we will deal with reservation as a method of increasing of functional stability of
PS TS.

Exposition of the main material. Important meaning for PS is the issue of the level of
constructive entities(CE) when it is relevant to use reservation. Reservation can be ““ simple” when
function of “working” element m while breaking is operatively conducted by one of the reserve (m-
1) elements. “Majority” reservation in “informational” systems is used when all m of the same
“working” elements are functioning at the same time, and initial functional of this system is formed
by “majority” element as the result of concurrency of initial functions of the most “working”
elements.

Required multiplicity of PS subsystem reservation are grounded as following.

Failure-free operation probability(FFOP) of a system which is a sum of » of multifunctional
subsystems is known to be equal to

PS=TIIP 0
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Where P; _is a FFOP of subsystem j. General meaning of product PS will be less than
minimal meaning of accumulation factor because always P, </, j=1n. Therethrough, FFOP

subsystems should be made as close between each other (with the same medium meaning of P)
while providing needed level of FFOP in general that measure up an irregularity

PS"™™ <[IP=P". )
j=1

From this moment meaning of FFOP subsystem should be

P>4/PS . 3)

If for a subsystem P, < P, “reservation” of this subsystem must be brought to the meaning of

FFOP Pj 2 P It is known, that during reservation with m multiplicity, FFOP of the subsystem will
be

Pj(m):l—(l—Pj)m, j=Ln. (4)

That is why needed multiplicity of subsystem reservation is defined by condition
PSI—(I—Pj)m. (5)
From this irregularity we finally find
O log(1- P) /A
N 170 Pj)
Lets consider ultimate cases of constructive entity level where “simple” reservation is
conducted-“channels” and “subsystems”(which figure up each channel)

It is known, that during reservation of TS when it has only m “channels” as a part of n
functional “subsystems” with FFOP of each reservation

Ln. (6)

p] s J = 17 n, (7)
General free-failure operation possibility of TS will be
m
n
PS(k):l—(l—Hij . (8)
j=1

For m-tuple reservation of each j functional “subsystem” in a sole channel the general free
failure operation possibility will be

Ps(© _ ]1"21[1_(1_ "1 ])r"] )

Analysis of functions data shows that for p; > 0.5, j = Ln (that almost always has place) the
following irregularity is correct

ps®) < ps(® (10)

For equal variants value of such TS.

Consequently, level of constructive entities for “ simple” reservation should be lower (it is
desirably on the level of “elements”), but at the same time difficulties of technical diagnosis and
renewal capability of TS during malfunction of main or reserve constructive entities of “low” level
become much higher and the process of transition from main constructive entity to reserve one
becomes more complicated because of a great number of constructive entities. In such a way it is
appropriate to use reservation on the lower level of “variable” constructive entity which could be
changed while being used on new working one by forces and facilities of PS personnel.

Majority reservation is used in process control systems and TS control systems for functional
stability of PS. Lets examine peculiarities of TS majority systems.
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Lets analyze system with 3 elements in comparison with single-element system for which
“majority” principle of system functional selection is confined by concurrency of initial function in
any of two or all elements.

If elements of system are the same regarding their FFOP p and FFOP of majority element —
p" from this follows that according to the theory of probability and event algebra FFOP will be

P("2/3","3/3") = 3p*(1-p)+ p°}- p™. (1D

Diagram of this function in terms of the FFOP level of “working” elements p and majority
element p” shown on fig.1.
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Fig. 1. Majority reservation on the principle («2/3»,»3/3»)

Grey color shows the diagram of this function for p* =1. It is easy to see that in this case
majority reservation is appropriate only for FFOP working elements p>(0.5, when the curve diagram
P={+} is bigger than a straight line of non-reserve system. As far as real FFOP of majority element

is always p" </,then majority reservation will be appropriate only in the meaning range of working
elements FFOP

P <p<p".
It is clear that “lower” and “upper” meaning of FFOP of working elements are “roots” of
algebraic equation that reflects cross points of curve P (11) and straightforward line P=p (single-
channel system)

Bp*(-p)+p°}-p* =p. (13)
Consequently
3" 9™ —8p" . 3p™ a9(p™)? —8p™"
P = " ;P = " . (14)
4p 4p

There is optimal meaning of FFOP of working element for which “reward” of majority
reservation (exceedance of system FFOP under FFOP of working element) is maximum; lets find it
from compelling equation

P{"2/3""3/3"} = p=3p° (1= p)+ P’} p" —p=A. (15)
Maxima condition of contrast A is that the primitive for p will be equal to zero
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dA
& = PP+ (6pMp =120, (16)
Solution of this algebraic equation is an “optimal” meaning of working element FFOP for
defined meaning of FFOP of majority element-

o _—60" —\36(p™)% +24p"
P = W .
-12p
There is also minimum meaning for FFOP of “ majority” element when majority reservation
is appropriate ; it is provided by apparent condition when “upper” and “lower” meanings of interval

(14) are equal , namely they are converged in “ cross point” of the curve of “tripled” system P(3)
to the straightforward line P(1)=p of non-reserved system. From (14) we have that

(17)

p'=r’ (18)
when formula under radical is equal to zero for existing FFOP
I(p™)* ~8p" =0. (19)
Finally
p" =8/9=0.(8). (20)

Conclusions. Analyzed method gives us possibility to predict reliability of secure functioning
of technological systems by selecting the optimal meaning of free-failure operation possibility , that
allows to maintain on appropriate level and also increase functional stability of power system.

LITERATURE:

1. HeBonpHiuenko A.l. Ilpobnemaruka ynpasiiHHs cdeporo BoeHHOI Oe3neku / A.l. HeBonmpHIueHKO,
B.I. [apwuii // Hayka i o6opona. — 2000. - Nel. — C. 52-65.

2. Kaunncekuit A.b. besneka, 3arpo3u i pu3uk: HayKoBi KoHUemnuii Ta mMatematnyni meromu/ A.b.
Kaunncekuii. - K. : Bua. [actutyt npobiem HanionansHoi Oe3neku, 2004. — 204 c.

3. Jlenxo C.B., Kpuxta B.B., Ileperymor /1.O., CamimoB P.M., J/lo muTaHHS CTaTHCTUYHOI
ONTHUMI3aIlil TOCIiJOBHUX IIPOTrpaM KOHTPOIIFO BUCOKOHaMIHHNX cucTeM // Tesu momosinet [V MixxHapoaHoi
HAyKOBO-TIPAaKTHYHOI KOH(]epeHLii ,,BilicbkoBa ocBiTa Ta Hayka: cbOrofeHHs Ta MaitOytHe”. — Kuis, 2008, -
C.68-69.

4. Ileperynos J.0., CemoxoB O.B., Kpuxta B.B., Kpachik A.A. AHali3 0co0nuBoOCTeH 3aCTOCYBaHHS
Ta Knacudikamis METOIiB IPOrHO3yBaHHA y cepi pO3BUTKY MEpPEK Ta TENEKOMYHIKaLliHHUX TEXHOJNOriH //
BicHuK nep:kaBHOTO yHiBepcHTETY iH(opmaiiiHo-KoMyHiKauiiHuX TexHomuorii. — K., 2009.- Tom 7, Nel. —
C.27-29.

5. I'punmn C.I1. CknanHa cucTema BiICBKOBOI'O MpH3HAYEHHS 1 eeKTUBHICTH ii QyHKUiOHYBaHHS /
Mapuii B.1., Ilequenko .M., HeBonbunuenko A.lL., I'pumma C.I1. // 36ipHuK HayKoBUX mpaupb BilicbKOBOTo
iHcTuTyTy KHiBchkoro HamionansHOro yHiBepcurery iMeHi Tapaca lleBuyenka. — K., BIKHY, 2010. — No27.
- C.223 - 229.

6. I'pumma C.I1. OpranizaniiHO-METOAMYHI PEKOMEHAIi MIOJ0 CTBOPEHHS MiJICHCTEMH BOEHHO-
ekonoriyHoi Oe3neku cucrem eHepreruku / ['pummn C.I1., JlartBoiit O.b. // BicHMK XMETbHUIILKOTO
HaIllOHAJIBHOT O YHiBepcuTeTy. TexHiuHi Hayku. Ne 4. — Xmenpannbkuii, 2011. — Ned. — C.51 — 54.

Be3 penensii.

88



Kk.T.H. 'pumnn C.II., k.1.H. Kpuxra B.B., 1.T.H., npo¢. Jlenkon C.B.
METO/U NIABUIIEHHSA ®YHKIIOHAJILHOI CTIMKOCTI EHEPTOCUCTEM

Y oaniti cmammi poszensdacmoca peszepeyeannsa Ak memoo nidsuuieHHs QYHKUIOHATbHOT
cmitikocmi  mexHonociynoi cucmemu "'enepeocucmema’’. Ileit memood 003601A€ nPOcHO3Y8aAmMU
Haodilinicmb 6e3neuHo20 QYHKYIOHY6aAHHA MEXHON02IUHOT cucmemu, 6UOUpParuu OnMUMAaibHe 3HAYEeHHA
0e36i0M06HOT pobomu, w0 0036015€ RIOMPUMYBAMU HA 6ION0GIOHOMY Pi6Hi il cnpuamu GYHKYiOHATbHIT
cmabinonocmi  enepeocucmem. Onucylomovca Kpumepii, 3a pAaAxXyHOK AKUX  3a0e3neuycmbcs
dyukuionanvna cmiikicmy enepzocucmem. Kpim mozo, onucanuil KOHCHMPYKMUGHUN pieeHb, Ui0
DO3271A0AEMbCA 01 30ilUCHeHHA  pe3epeysanus. Pozenadacmuvea eenuxa Kinvkicmos ocodnueocmeit
De3epeysants 6 mexHonoziuniu cucmemi "enepcocucmemu’’.

Knwuoei cnosa: mexmnonoziuna cucmema, enepzocucmemd, e€HepeOnpoOyKmu, (QyHKuionanvHa
CHIlIKICMb, Memoo pe3epeysants, eilicbkosa de3neka 00'ckmis.

K.T.H. I'pumiun C.I1., k.1.H. Kpuxra B.B., 1.T.H., npo¢. Jleakos C.B.
METO/IbI HOBBIIIEHUS ®YHKIIMOHAJIBHOM YCTOMYUBOCTHU SHEPTOCUCTEM

B oannoii cmamve paccmampueaemcs pe3epeuposanue Kak Memoo no8bleHUs IYHKUUOHATbHOT
YCHMOUUUGOCMU  MEXHOI0ZUYecKou  cucmemvl  '"Inepeocucmema’’. mom memoo no3eonsaem
HPOZHO3UPOBAMb HADEHCHOCHb DE30NACHO20 (YYHKUUOHUPOBAHUA MEXHOI0ZUYECKOU CUCHEMDbl, 8b10UpAs
ONMUMAIbHOE  3HAUEHUe  0e30MKA3HOU  padomvl, UMO  NO360JAe€H  HO0OEPIHCUBAMb  HA
COOMEEMCMEYIOueM YPOBHEe U CHOCOOCHMB06aMb (YHKUUOHAILHOU CHAOUILHOCHU IHEP2OCUCHIEM.
Onucolearomcsa Kpumepuu, 3a cien KOMOpPbIX obOecneuugaemcs @QOYHKUUOHAIbHAA YCHOUYUBOCHb
Hepzocucmem. Kpome mozo, onucan KOHCMPYKMUGHbBII YPOBEHb, KOMOPLLH PACCMAMPUBAECHICA 0N
ocywiecmeiienus  peszepeuposanus. Paccmampueaemca  6onvuioe  Koauwecmeo  ocobenHocmeil
Dpe3epeupoeanusn 6 mexHoa02udecKkoil cucmeme ""ynepzocucmemor’’.

Kniouesvle  cnosa:  mexnonozuueckas — cucmema,  IHepOCUCMEMA,  IHEP2ONPOOYKHIbL,
(DYHKYUOHANbHAA YCMOUYUBOCHb, MEMOO PE3EPBUPOBAHUSL, 60CHHAA DE30NACHOCHb 00bEKMO8.



