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INPOIHO3NPOBAHUE KOOPOPUIIUEHTA OHEPATEJBHOfI IOTOBHOCTH
ANIITAPATYPBI OIEPATUBHOUN TUCHETYEPCKOH CBA3HN B YCJIOBUIX
YPE3BbIYANHOU CUTYALIUN

Dhghekmusnocms padomer annapamyper onepamuenoili oucnemuepckoii ceéazu (OJJC) u
onoseuyenus no 0OecneyeHuo yYCMoiuueo20 YHpaeieHUus ChACeHuemM OO0beKmO8 IKOHOMUKU U
NepeooYepeoHOll NOMOWBI0 NOCMPAOasuieMy HAaceleHulo onpeoensiemcs eé Koapguyuenmom
ONepamueHol  20MOGHOCIU,  ABIAIOWUMCA  KOMIIEKCHbIM —~ NOKA3amenemM 0e30mKA3HOCmU U
BOCCMANABAUBAEMOCHIU 6 PediCUMe NUKOBOH HASPY3KU 6 ycaosusx upessvruaiinoi cumyayuu (HC).
llonyuenvt u  NPOAHANU3UPOBANBI  BBIPANCEHUA  KOIDDUYUeHma onepamusHoil  20moeHOCMU
annapamyper  OJ[C nocie omrazos 6 YCI08UsX UYPe3GuINANHOU cumyayuu, YCmMAaHo8aeHd
B3AUMOCEA3L  MEJCOY  KOIPPuyuenmom 20MoGHOCMY,  NOKA3AMENAMU — Oe30MKAZHOCMU U
PEMOHMONPULOOHOCHI. llpeocmaenena  mamemamuyeckas — MOOeJb, nosyyensl u
HNPOAHANUBUPOBAHBI  Pe3YIbMAamsl  pacuema  Kod(hguyuenma  onepamueHoil  20mMoHOCHI
annapamyper OJ[C 6 3asucumocmu om cpeone2o Yucia Omra308 U COOMHOUEeHU UHMEHCUSHOCHU
OMKA308 K UuHmeHcuenocmu soccmanosnenus 6 ycnosusx 4C.

Knrwuesvie cnosa: onepamuenas OuCnemyepcKas C6:A3b, YPE3BBIUANHAS  CUMYayus,
8epOSMHOCHb 0e30MKA3HO pabomul, KO3ghgpuyuenm onepamueHoil 20MOGHOCHIU.

IHocranoBka mpodsembl. B ycrnoBmsix AHAJIN3 NOCJEAHUX HCCJIEAOBAHHH H
UC ammaparypa OJC wu onosemeHuss myoaukauuil. B pabore [1] paccmarpuBaercs
obecrieunBaeT CBOEBPEMEHHOE HampaBlieHHe Ccrnocod mnoanepxkanus  pabdoTOCIOCOOHOCTH
CHJI U cpencTB Ha nukBupanmto YC, moBeneHUe TeNeKOMMYHHKAIMOHHBIX  CeTeil 3a  cYer
3a71a4, MOCTABJCHHBIX OpraHaMH yrpaBieHus, (OPMHPOBAHHSA  PE3EPBHBIX  TEXHUYECKUX
IO  TOApa3feNeHu#, KOHTPOJb 3a HX CpPEACTB.
BBITIOJTHEHUEM, KOOPIWHAIMIO ACUCTBHN TpH B pabore [2] paccmoTpeH cmocod
npoBeneHun Meponpusituii o nukeuganuu YC,  ycrpanenuss otkaza OJIC mpu mpepbiBaHUM
nepenavyy ONnepaTuBHOW WH(POPMALMK OpraHaM  BHELIHErO 3JIEKTPONUTAHMA 32 CYET Iepexonaa
ynpasnenus: jukBugaund YC, omoBelleHHWe M HA Pe3ePBHBIA MCTOYHUK MUTAHUS B Mpenenax

UH(POPMHUPOBAHNE HACENICHNSI O BO3HUKHOBEHHH  BPEMEHH aBTOHOMHOM padoThl,

ucC. MPOrHO3UPYEMOI0 MO pPacyeTHON METOAMKE, B
Ilokazarenu HAJEeKHOCTH u ycaosusx UC.

BOCCTAHaBJINBAEMOCTHU anmnapaTypbl B pabore [3] mpencraBieHbl MeTOnMKa

oneparuBHoil mucnerdepckoir cBsizu (OJIC) m  pacuera HeoOxomumoro konmuectBa 3TC s
ONOBELIEHUsI B  peXuMe  upe3BbluaiiHONl BoccraHoBieHus anmapatypel OJIC mocne
curyauu  (UC) 3aBHCAT OT DJJIEKTPUYECKUX  OTKas30B B yciuoBusax UC.

Meperpy30K, 4YTO  MOXKET TMPUBOAUTH K B pabote [4] MPOU3BENECH
JUTATENIbHBIM ~ OTKa3aM  3JIEMEHTOB  CETH  BEPOSTHOCTHBII pacuer IOCTaTOYHOCTH
3NEKTPOCBs3H, uTO TpeOyer mpuHsATus mMep U  komiuiekta 3TC 1mast  BOCCTaHOBIEHHUS U
3aTpar 11 BOCCTaHOBJICHUS e€¢ pemonta anmnaparypsl OJIC B ycnoBusax UC.

pabdoTtocnocobHocTr B ycaosusix UC. B pabotax [5, 6] paccMOTpEHO BIHSIHUE

OnHoit u3 mpobieM npu 3TOM SIBIIIETCST  peKHUMa  DJIEKTPUYECKOW  HArpy3ku  Ha
NPOTHO3UPOBAHME 3HAUEHHUs KOX(PPHUIMEHTa TIOKa3aTeNnu HAaIeKHOCTH M KOPPEKTHPOBKA
onepatuBHO# rotoBHoctu anmaparypsl OJIC B obecrieueHHOCTH anmnapaTypbl oa3
ycnoBussx  UC mo pmaHHeiM  mokazatenedn  komrmiektomM 3TC mpu BoccTaHOBIEHUH €€
0€30TKa3HOCTM M PEMOHTONPUIOAHOCTH 34 TIOCJIE€ OTKa30B B YCJIOBHUSIX UpPE3BBIYANHON
BpEMsI HKCIUTyaTaL|H. CUTyaLuu
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DopmyJHPOBKA neJsei CTATHH.
Llenpto NaHHOW CTaTbH SIBIISIETCS MOJyYSHHUE U
aHamu3  BBIpAKEHUs Ui ko3 uimeHrta
onepaTuBHOI rotoBHocTu ammnapatypel OJZIC,
yCTAHOBJICHUE B3aHMOCBSI3U MEXTY
KO3(PUIIUEHTOM OMEPATUBHONH TOTOBHOCTH U
00eCTIeYeHHOCTBIO  aIMapaTypbl KOMILJIEKTOM
3aIacHbIX TEXHUYECKUX CpeACTB.
[Ipennonaraercst pa3paboTka MaTeMaTHYECKOM
MOJeNH, pacdera Kod(pULIMEeHTa ONEePaTUBHON
rotoBHocTH anmapatypsl OJIC B 3aBucUMOCTH
oT nokasarejen 0e30TKa3HOCTH u
PEMOHTONPUTOAHOCTH B ycsoBusix UC.

N3n0:xeHHe OCHOBHOIO MaTepuaia
HCCJIe10BAHMS. IIpoananu3uposas
NpUBEICHHbIE Hay4yHble paboThl, TMOJIYYUM
MaTeMaTHYeCKyl0  MOJeNb Ui pacyera
KO3(ppUIIMEHTa  ONMEPATHBHONW  TOTOBHOCTH
ammaparypel  OJC B  3aBUCHMOCTH  OT
noKasarenei 0€30TKa3HOCTH u
PEMOHTONPUTOAHOCTH, a HMMEHHO CpEIHEro
YHCIIa OTKA30B M COOTHOLICHUS! HHTEHCHBHOCTH
OTKa30B K WHTEHCHBHOCTH BOCCTAHOBJICHHS B
ycnoBusax UC.

Anmaparypy oac HEoOX0 MO
obecieunBath  TpeOyeMbIM KOMITJIEKTOM
3aMacHBIX 3JIEMEHTOB, TaK KaK B IPOTHBHOM
cilydae 3HAUUTENIbHO YBEIUYHUBACTCS BpEMs

BOCCTaHOBJEeHUsA. Kpurepuil m0CTaTOYHOCTU
3amacHbIX 3JIEMEHTOB 3aBUCUT oT
COCTaBJISAIOIIUX CpenHero BpEMEHU
BoccranoBieHuss  OJIC U3 CJIEOYIOIIETO
BbIpakeHus [O]:

li=Ta+ T+ Ty, (D)

rie /. — cpenHee BpeMsl aKTHBHOIO
PEMOHTA;

Tax — cpenHee BpeMsl BBIHY>KIEHHOTO
IpOCTOST MpU  TeKylleM peMOHTe U3-32
aIMAHUCTPATHBHBIX (PAKTOPOB;

1n — cpenHee BpeMs BBIHYKIEHHOTO
IIPOCTOsI anmapaTypsl u3-3a orcyrcteus B 3TC

HEOOXOTUMBIX 3JIEMEHTOB (Bpems
MOTIOJTHEHWST).
IIpencraBum  BblpakeHue (1) B
ClIeyIOlIeM BUAE:
_ !
TB - TB + Tn ’ (2)
roe 1] — cpemHee BpeMsi BOCCTaHOBIICHHS
anmnaparypsl npu HEOTPaHUYEHHOM
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(upeampHOoM)  komruiekte  3TC  (Te.
OTCYTCTBHH 33J€PKEK B CHAOIKEHUH).
Bpemss 7, Mmoker ObITb NPHHATO 3a

npu

KpUTepuit JOCTaTOYHOCTHU 3TC.
JlocTaToyHOCTD 3TC BITUSIET u Ha
K03((PUIIUEHT TOTOBHOCTH aNMapaTyphl:
K =T /T,+T,), 3)
WK C yueToM BelpakeHuit (1 - 2):
K =T /T, +T.+T,), (4
rae 7o — HapaOOTKa Ha OTKa3.
Brimonnus COOTBETCTBYIOLIUE
npeoOpa3oBaHuUs, MONYIHM:
T !
R ke A NG
(T,+T,) ([, +1) ([, +1;+1,)

K - Iy _ 1
(T, +T3) (1+A%)
K03((PUIIMEHT TOTOBHOCTH ammapaTypbl NpU
HeorpaHudeHHOM komiuiekTe 3TC;
__ [T+ !
(T, 4TI T,) r

rac

1
T -A,-
(T, +T}) (A, +1)
— k03¢ punmeHT obecreueHHOCTH anmaparypsl
3aMacHbIMU 3JIEMEHTaMH;

N
A, = 27\’3]. =N-A, K, - okcruyaraunonHas
=1

WHTEHCUBHOCTh OTKa30B ammapatypel OJIC,
YUUTBIBAOIIAsA KO3()(UIMEHT 3JIEKTPHUECKON
Harpy3kd Kp, M CIIOXKHOCTb HCHOJHEHHS C
kosnmaectsoM DPH (n=N=100);

H — MHTCHCUBHOCTL BOCCTAHOBJICHUS,

Tn — cpenHee BpeMst BBIHY)KIEHHOTO IMPOCTOS
anmnaparypsl  u3-3a  orcyrctBus B 3TC
HEOOXOIMMBIX 3JIEMEHTOB (BPEMsI TIOTIOJHEHUST).

Paccmotpum BBIpOKEHUE st
ko3 dunuenra onepatuBHON roToBHOCTH Kor
armaparypst OJC [4]:

K, =P®-K_=P®)-K -K ., (6
rme P(t), K =K -K, - BeposTHOCTb
0e30TkazHOM  paboTel M KO3(pPHUIHEHT

roroBHocTH anmapatypsl OC.
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k03 punmeHT
3alaCHbIMH

[Ipeobpasyem
00eCIIeYeHHOCTH  amnmapaTypbl
SJIECMCHTAMU K BUY:

K06 =

. (D

1’1cp )
(I+A,/up

T 9

_l’_i
(1+A3/uu) (1+

rore A /u COOTHOLIEHNE WHTEHCUBHOCTHU
OTKa30B K MHTEHCHUBHOCTH BOCCTaHOBIIEHUS
annapatypsl OJIC B ycnosusix UC,

n, =T, A, MaTeMaTU4YeCKOe

oXkuaaHue yncia otkaszos anmaparypsl OJIC 3a
BpeMms nonosiHeHus komiuiekra 3TC.

Bocnonb3yeMcss BEpOATHOCTBIO YHCIIA
OTKa30B 3a Bpems t=14, onpenensieMoi 3aKOHOM

Ilyaccona IS pacuera BEPOSTHOCTH
6e3otka3Hoit pabotel P(t) [5]:
AT _ n_)" -
pn(t:Tn):@e “M:Qe v(n,n_), (8)
nl nl ’

rne n, =AT, — MareMaruyeckoe OKHUIAHUE
KOJIMYECTBA OTKAa30B;

\V(n,ncp) —  (QyHKUMA, 3HAYSHHS

KOTOPOH TOJy4YaroTcst U3 TaOMU4HON (PyHKIHH

(u)"

W) = [9]

MyTeM

NEPEMEHHBIX ¥ =N, UL =1

ITockonbKy BepOSITHOCTH Oe30TKa3HOM
paboter  P(t) COOTBETCTBYeT OTCYTCTBHIO
otka3zoB B ammapatype OJIC (n=0) 3a Bpems
padotsl =T}, TO U3 BeIpaKeHMs (8) cnenyer:

3aMECHBI

N=100; 7},

P()=F_(t=1,)=y(n=0n,)=y(0,n,), (9)

C yuetom (5 — 9), BBIpakeHHE IS
ko3(pdunuenTa  omepaTUBHOH  TOTOBHOCTH
NPUMET BUI;

K o=+
or N
(I+ %) (1+

N3 amamusza (5) cnemyer, 4TO
k03(pPUIMEeHT  OmepaTUBHOW  T'OTOBHOCTH
3aBHCUT OT COOTHOIIEHUS SKCIUTyaTallHOHHON
UHTEHCUBHOCTH OTKa30B K HWHTEHCHBHOCTH
BOCCTAHOBJEHUsI A,/f W MaTeMaTH4eCKOro

= A3 . T}’l
BpeMmsi nonojHeHus komiekra 3TC
OIMCBIBAETCSI B BUIE NMPOU3BEICHUS QYHKLINH

-\|/(O,ncp) (10)

e
a+*0)

OXXHMJaHUA 4YHCJIa OTKAa30B }’lcp 3a

u

KUZ(A /luﬂncp) K'(A /lu) Kaﬁ(A /luﬂncp) ‘//(03 cp)

IIpoBeneM OpPUEHTUPOBOYHBIA pacyeT
ko3 dunuenra onepatuBHON TOTOBHOCTH Kor
annapatypel OJIC npu cnenyrouux 3Ha4eHUsAxX
=720u; 2160u; 43294, 1;=10; yac™
, B gOexypHoM pexume (6azoBoM  min
HOMUHAJIbHOM pexuMm K, = 1), ucnonssys
TaOnu4yHbIe AaHHbIE [7].

PesynpraTel pacueroB Ko cBemem B
Tabn. 1, WO KOTOPbIM MANSl  HAMVIAAHOCTH
nocrpoum rpapuxu dynkunn K, (A,/u,n,,),

MOMELIEeHHbIEC Ha puc. 1.

Tabmuua 1 — Pacuer ko3¢ dunmenta onepatuBHOM roToBHOCTH Kor B 1€KYpPHOM pekuMe B

yeaosusix UC, mpu (N=100, As, =100y

Ad/p 0 0,05 0,1 0,15 0.2 0,25 0,3 0,35 0.4 0,45 0,5

K. .00 | 095 | 0091 087 | 083 08 | 077 | 074 | o071 0,69 | 067
Kor mpi T;n=720 4, 15,=0.22, w1(0,0.,)=0,92

Kot | 0.855 | 0.861 | 0,866 | 0.871 | 0.876 | 0,880 | 0.884 | 0.888 | 0.892 | 0895 | 0.898

Ko1 | 0,786 | 0754 | 0724 | 0.697 | 0,672 | 0.648 | 0626 | 0,605 | 0.58 | 0.568 | 0,551
Keors mpi T;n=2160 4, n,,=0,17, w3(0,0,,)=0.8

Koz | 0820 | 0,827 | 0,833 | 0.839 | 0845 | 0850 | 0,855 | 0.860 | 0.864 | 0868 | 0.876

Kos | 0656 | 0,630 | 0.606 | 0584 | 0563 | 0544 | 0.526 | 0,510 | 0,494 | 0479 | 0467
Keore mpt T;n=4320 4, n5,=0,49, w6(0,10,,)=0.67

Kot | 0671 | 0,682 | 0,692 | 0,701 | 0,710 | 0,718 | 0.726 | 0.734 | 0,741 | 0,747 | 0.754

Koi | 0450 | 0435 | 0421 | 0409 | 039 | 0385 | 0374 | 0364 | 0354 | 0345 | 0337
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HPOI'HO3YBAHHS KOE®ILICHTA ONIEPATUBHOI TOTOBHOCTI AIIAPATYPU
ONEPATHBHOI'O JUCHETYEPCHKOIO 3B’513KY B YMOBAX HA/I3BHYAITHOI
CUTYAIIT

Egexmuenicms  podomu  anapamypu
onepamuero2o ouchemuepcokozo 3653ky (O/[3) i
ONOGiYeHHs1  NO  3Q0e3NeUeHHio  CMIIKO2O
VIPQGIIHHA NOPSIMYHKOM 00 €Kmi6 eKOHOMIKU i
NePULOYePe060I0  OONOMO010  ROCHPAACOWIOMY
HAcCeNeHH0  BUBHauaemscsl i Koeiyienmom
ONEPAMUGHOI 20MOGHOC, WO € KOMINEKCHUM
HOKA3HUKOM 6e36I0MOBHOCTI T GIOHOGTIOBAHOCI
8 pexcumi MIKOB02O HABAHMAONCEHHS 6 YMOBAX
naozsuaiinoi cumyayii (HC).

Ompumani i
BUDANCEHHA Koeiyienmy
eomoenocmi anapamypu OJ[3 nicis 6i0mMo6 6
YMOBAX HAO36UYATIHOI cumyayii, 6CMAaHo6eHU
830AEMO36 30K MIdC KOeqhiyicHmom 20moeHOCH
it HNOKA3HUKAMU Oe36i0mMosHOC it
PEMOHMONPUOAMHOCHII.

IIpeocmasnena mamemamuyna mooe,
OMpumMani i  HPOAHANIZ06AHI  pe3yabmamu
PO3DAXYHKIE Koeiyicnmy
eomoenocmi - anapamypu  OJ[3  3anexcno 6io
CepeoHbo20 YUCAA BI0MO8 1 CHIBGGIOHOULEHHS!
inmencusnocmi - 6iOM0O8 00  IHMEHCUBHOCHTI
sionosnenns 6 ymosax HC.

npOananiz06aHi

onepamueHnoi

onepamusnol

\4 pe3ynsmanti Npo6eodeH02o
O00CHIONCEHHSL 6CMAHOBNIEHO, WO KoeiyicHm
onepamusnoi eomoenocmi anapamypu OJ[3 y
uepeosomy pexcumi 6 ymosax HC suudicyecmocs
npu 30inbULeHHT CHIiBBIOHOUIEHHS
eKCHIyamayiiiHol  IHmeHcusHocmi  6ioMo8 00
iHmeHcUGHOCMI  GIOHOBNEHHS,  MAKONC Npu
30LIbULEHHT MAMEMAMUYHO20 OYIKYBAHHS YUCIA
8i0M06 3a yac nonoenennsi komniexmy 3173, wjo
8I00ysaemMvCs 6 MOMY WHUCAT 30  PAXYHOK
SHUICEHHSL TIMOBIPHOCI 0€3610MOBHOT pobOmU.

I niOBULYeHHS Koeiyienma
onepamusnoi  2omosnocmi  anapamypu  OJ/[3
3aNPONOHOBAHO 3ACMOCOBYBAMIU 302AIbHI MEMOOU
nioguugerHst HAOIHHOCH, pe3epP8Y6aHHs, 3aX00U
U000 BIOHOGNICHHS Tl NONINULEHHS 300e3neYeHOCH
it 3nuoicennsn yacy nonosmnenns 313, a makooic
MEMOOU GUIHAYEHHS] ONMUMCUTLHOT NEPIOOUYHOCH

nposedenHst NpOQINAKMUYHUX |  PeIAMEHMHUX
pobim.

Knrwouoei cioea: OnepamueHil
oucnemuyepcvKiil 36'5130K, HAO38UNATIHA

cumyayisi, iMOGIpHICMb 6e3810MO6HOI pobomu,
Koepiyiecnm onepamueHoi 20MoeHOCHII.
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FORECASTING THE OPERATIVE READINESS COEFFICIENT OF THE
OPERATIONAL DISPATCH COMMUNICATION UNIT UNDER THE CONDITIONS OF
THE EMERGENCY SITUATION

The equipment of operational dispatch
communication and notification provides timely
dispatch of the operational rescue forces to
liquidate the emergency situation, by means of
transmission  through the communication
channels of the command teams from the
control bodies to the units.

In addition, with the help of operational
dispatch equipment, operational information on
the liquidation of the emergency situation is
transferred from the units to the management
bodies.

The equipment of operational dispatch
communication carries out nofification and
informing the population about the emergence
of an emergency situation.

Indicators of reliability and
recoverability of equipment for operational
dispatch communication and nofification in an
emergency situation depend on electrical
overloads, which can lead to long-term failures
of the elements of the telecommunication
network.

This requires measures to be taken to
restore the operability of emergency dispatch
equipment in an emergency Situation.

The efficiency of the operational
dispatch ~ communication — equipment  is
determined by the operational readiness factor,
which is a complex indicator of reliability and
recoverability.

The article analyzes the expression for
the operational readiness coefficient of the
operational dispatch communication equipment
and determines its dependence on the average
number of failures and the ratio of the failure
rate to the recovery intensity in the peak load
mode under emergency conditions

In the study of the mathematical model
for the operational readiness coefficient of the
operational dispatch communication equipment,
it was found that the operational readiness
coefficient of the operational dispatch
communication equipment in the standby mode
decreases with an increase in the ratio of the
operational  failure rate to the recovery
intensity, and also with the increase in the
mathematical expectation of the number of
failures during the replenishment of the spare
technical means.

To increase the operational readiness
coefficient of operational dispatch
communication equipment, it is suggested fo
apply general methods of increasing reliability,
such as redundancy, reducing the time for
replenishment of a set of spare technical means.

It is also proposed to apply methods for
determining the optimal frequency of preventive
and routine maintenance.

Key words: operational  dispatch
communication, emergency situation,
probability of failure, factor of operational
readiness.
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