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3ABUCUIMOCTDb KOP®PUIINEHTA OIEPATUBHON
T'OTOBHOCTH AIIITAPATYPHI ONIEPATUBHOM
JUCHETYEPCKOMU CBS3U OT HOKA3BATEJIEN
BE30OTKA3BHOCTH U PEMOHTOINPUT OJJHOCTH B YCJIOBHUSIX
YPE3BBIUAMTHON CUTYAIIUN

(npencrasneno a.17.H. boxstackmii 3.B.)

IlpencraBnena MaTeMaTH4eCKasi MOAEIb, MOJYYEHbl U MPOAHATIU3UPOBAHBI
pe3yJbTaThl pacueTa ko3 dunueHTa onepaTuBHON rOTOBHOCTH amlapaTyphl
ONEPAaTUBHON JUCHETYEPCKON CBSI3U B 3aBUCUMOCTH OT CPEIHEro 4ucia oOT-
Ka30B U COOTHOILIEHUs MHTEHCHBHOCTH OTKa30B K MHTEHCUBHOCTH BOCCTa-
HOBJICHUS B YCJIOBUSIX YPE3BbIYAMHON CUTYaLUH.

KarueBble cjioBa: ornepaTuBHas AUCIIETUEPCKAst CBSA3b, UPE3BbIUAiHAS CH-
Tyawusi, BEpOSITHOCTb O€30TKa3HOH paboThl, KO3(PHUIHEHT ONepaTUBHON ro-
TOBHOCTH.

Ilocmanoeka npoodaempl. 1lokazarenn HAACKHOCTH W BOCCTAHABIIU-
BACMOCTH almaparypbl oneparuBHoi aucneryepckoit csazu (OJ1C) m onose-
HICHMS B PEKUME Upe3BblaiiHOi cutyannn (UC) 3aBUCAT OT SIEKTPUUECKUAX
NEPETPY30K, YTO MOKET MPUBOAUTH K JJTUTEIIBHBIM OTKA3aM 3JIEMEHTOB CETH
ANEKTPOCBS3H, YTO TPEOYET MPUHATUS MEP M 3aTPaT AJIsi BOCCTAHOBJICHHS €€
pabotocnocoGHOCTH B yenoBusax YC.

OnHolt M3 NpoOJIEM TPH 3TOM SIBJISETCS MPOTHO3UPOBAHUE 3HAYCHHS
ko3¢ uumenTa oneparuBHoi roroBHocTr anmnaparypel OC B ycnoBusix UC
N0 JAaHHBIM TNOKa3aresield 0€30TKa3HOCTH M PEMOHTONPUTOJHOCTH 32 BPEMS
SKCILTyaTaliu.

AHanu3 nocaeonux uccaeooeanuit u nybauxkayui. B padore [1] pac-
CMaTpPUBAETCS CMOCO0 MOAAEPKaHUsT padOTOCHOCOOHOCTH TEICKOMMYHHMKA-
LIMOHHBIX CETEH 3a cueT (OPMUPOBAHUS PEIEPBHBIX TEXHUUYECKHUX CPEICTB.

B pabote [2] paccMmoTpeH cnocoO ycTpanenus otkaza OJIC npu npe-
PBIBAHWM BHEIIHETO 3JICKTPOMUTAHMS 34 CUET MEPEX0Ja HAa PE3CPBHBIA HC-
TOYHUK MUTAHUS B MPeAenax BPEMEHM aBTOHOMHOM pabOThI, MPOTHO3UPYE-
MOTO 0 PACYETHON METOIUKE, B ycaoBHsx UC.

B pabote [3] npeacraBiaeHbl METOIMKA pacuyeTa HEOOXOUMOrO KOJIU-
yectBa 3TC ans BocctanoBienus anmaparypel OJ1C nocne 0TKa3oB B yCio-
Busix UC.

B pabGote [4] mpousBeAcH BEPOSTHOCTHBIA pacyer JAOCTAaTOYHOCTH
komruiekta 3TC mig BoccTtanoBiaeHus u peMonTta annaparypel OJIC B ycio-
Busix UC.
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B pabortax [5, 6] paccMOTPEHO BIIMSHUE PEKMMA AJICKTPUUYECKONW Ha-
IPY3KHA Ha MOKA3aTelu HAAS)KHOCTH W KOPPEKTUPOBKA OOCCIEYCHHOCTH arl-
naparypsel OJ13 komriexkrom 3TC npu BOCCTAHOBIIEHMM €€ MOCIIE OTKA30B B
YCIIOBUSAX YPE3BBIYAMHON CUTYALIUN.

Ilocmanoegka 3a0auu u eé pewenue. 11poaHaTM3uPOBAB TPUBEICHHBIC
HAy4YHbIe PaOOTHI, MOJYYHMM MaTEMATHUYECKYI0 MOJAEH s pacuera Kod(pdu-
LIMEHTA ONEPATUBHON rOTOBHOCTH anmaparypsl OJIC B 3aBUCUMOCTH OT MOKA-
3areneii 0€30TKa3HOCTH U PEMOHTONPUTOJHOCTH, @ IMEHHO CPEIHETO YHCIa
OTKa30B M COOTHOIICHUSI MHTCHCUBHOCTH OTKA30B K MHTCHCUBHOCTH BOCCTAa-
HOBJICHUS B ycnoBusix UC.

PaccmoTrpum BeIpakeHUe A KOYPPUIMEHTA ONEPATUBHON TOTOBHO-
ctu Kor ammaparypet OJ1C [4]

K, =P®-K_=P®)-K -K_ (1)

rae P(t), K. =K. -K_;— BepostHocTs 6e30TKa3HON padoThl 1 K03 durment
rotoBHOCTH anmnaparypst OJ1C
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o
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NPUTOJHOCTH ) aNnaparypsl MPU HEOrpaHUYeHHOM KomIuiekTe 3TC;

1
Ky = — KO3(pPHULHEHT OOECIEUEHHOCTH anmapaTrypsl

(1+7T“°A3'
(A, + 1)

OJ1C 3anacHBIMHA JIEMECHTAMMU,

— KO3 PUIHMEHT TOTOBHOCTH (TIOKA3aTENlb PEMOHTO-

N
A = Z A; =N- X - K, — 9KCIuIyaraiuoHHass HHTEHCHBHOCTb OTKa30B
=
anmaparypsl OJIC, yuutsiBaromas kodQPUIUEHT 3IEKTPUUECKON Harpy3ku
Kp. 1 cnoxHOCTh McnosHeHus ¢ koaumvectBoM OPU (n=N=100), p— uHTEH-
CUBHOCTb BOCCTAHOBJICHHUS;, Ty — CpeiHee BpeMsl BBIHYKICHHOTO MPOCTOsI ar-
napatypsbl u3-3a oTcyTcTBUS B 3TC HEOOXOMUMBIX 3JIEMEHTOB (BpeMs MOMOJI-
HEHUA).
[Tpeobpazyem kodppuiueHT 00eCIeUeHHOCTH annaparypbl 3aacHbIMA
AJIEMEHTaMHU K BUY

1 1
K06 = == > (2)
(1+ A/ 1) (1+ A,/ )

rae /\,/ i~ COOTHOIICHHE WHTCHCHBHOCTH OTKA30B K MHTEHCUBHOCTH BOCCTa-
HosneHus annaparypel O/C B yenoBusix UC;
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n, =T, - A~ MareMaTn4eckoe OKUIAHKE YACIA OTKA30B aNmapary-

pet OJIC 3a Bpems nononHenust komrekra 3TC.
Bocnonb3zyemcs BEPOATHOCTBIO YMCiIa OTKa30B 3a BpeMs t=1, onpene-
nsieMoit 3akoHOM IlyaccoHa juis pacdera BEpOATHOCTH O€30TKa3HOH palboTshl

P() [5]

P (t

=TH)=—(ASHT!“) e _0g) e 7= Ynn,), (3)

n!

rne  n, = AT, — MareMaTu4ecKoe OXMIAHHE KOJMYECTBA  OTKA30B;

y(n,n, ) — QyHKIMA, 3HAYEHUS KOTOPOM IMOJTy4aroTcs W3 TaOJMYHON (PyHK-

(W*

mn y(y, 1) = —'e_“ [9] myTem 3aMeHBI MEPEMEHHBIX ¥ =N, =1

[TockonbKy BEpOSITHOCTH Oe30TKa3HOH padoThl P(t) coOTBETCTBYET OT-
CYTCTBUIO OTKa30B B ammaparype OJIC (n=0) 3a Bpems pabotel /=7, TO H3
BBIPOKEHUS (3) creayer

P()=P,(t=T,) =y =0,n,)=y(0,n,), (4)

Torga, BeIpakeHWe s KOIPQPUIMEHTA ONMEPATUBHOM TOTOBHOCTH
NPUMET BU;

K = - W0,ny,) (3)
(1+ A/u) I+

(1+%

W3 ananuza (5) cienyer, 4To KO3(PPUIMEHT ONEPATUBHONW TOTOBHOCTH
3aBUCHUT OT COOTHOIICHMSI KCIUTyaTallMOHHOW WHTEHCUBHOCTH OTKa30B K MH-
TEHCUBHOCTHA BOCCTAHOBJICHUS A, /|l W MareMaTHYeCKOIrO OXKWIAHUS Yucia

OTKa30B N, = A, - T, 3a Bpems nonosnHeHus komriekra 3TC u onucbiBaeTcs

B BHJIE POU3BEACHUS (GyHKIMIA
Kor (Aa / M:ncp ) = K; (Aa /M) ) K06 (Aa / M:ncp ) ) \V(Onncp )

[TpoBeneM OpPUEHTUPOBOUHBIN pacyeT KO3(PPUIMEHTA ONEPaTUBHOM
rotoBHoctT K. ammaparypel OJIC npu cnenyromumx 3HaueHUsix N=100;
Tp =7204; 21604; 43294, A=107; wac™ , B nexKypHOM pesxumMe (6a30BOM HITH
HOMHUHAJIBHOM pexxuM K, = 1), ncnonb3ys TadiuuHble TaHHBIE [7].

Pesynbrarsl pacuetoB K, cBeneM B Ta0. 1, MO KOTOPBIM Jjist HATJISTHO-
cti moctpoum rpapuku gynximu K (A, /p,n, ), noMenieHnbie Ha puc. 1.
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Bw1600bi. BeiOpana mareMarnyeckass MOJENb pacueTa Ko3pduureHTa
oneparuBHOM roTroBHOCTH K, B ycnoBusax YC.

[Tosy4eHbl ¥ MPOAHATM3UPOBAHBI BEIPAKEHUS ISl OLUEHKHA KO3 duu-
eHTa oneparuBHON rotoBHocTH anmaparypsl OJIC B yenoBusax UC. B pe3yiib-
Tare MPOBEACHHOIO pacyeTa OTMEUEHO CHUKEHHE KO3 (PUIMEHTa onepaTruB-
HO# rotoBHOCTH K, anmaparypel OIC B nexxypHOM pexxume B yenmoBusax UC
CHWKAETCS TPU YBEIIMUYEHUM COOTHOLIEHUS KCIITYaTaAllMOHHOW MHTEHCUBHO-
CTH OTKA30B K MHTEHCUBHOCTH BOCCTAHOBJIEHUS A, /L, & TAKOKE IPU YBEIIH-

YCHMM MAaTeMaTUYEeCKOro OXKMAAHMs Yicia OTKa3oB n, = A, -T, 3a Bpems

nomnoyiHeHus kommiaekTa 3TC.

Jliist moBbIeHUsT KOA(DPuieHTa onepaTuBHON roTOBHOCTH K, anmna-
parypel OJIC npeaokeHO NPUMEHSITh OOLIME METOJbI MOBBIMICHUAS HAJECK-
HOCTH, PE3CPBUPOBAHUE, MEPONPHUATHS O BOCCTAHOBJICHUIO U YJIYYIICHUIO
00€CIEUYEHHOCTH U CHWKEHUU BpeMeHH mnonojaHeHust 3TC, a Takke MeTObl
OMPEAEICHUST ONTUMAIIBHOW TMEPUOJAMYHOCTH TPOBEACHUS NPOPUIaKTHYC-
CKHMX W PETJIaMEHTHBIX PaldoT.
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IHonyueno peoxonnecueii 19.09.2017

Ab. ®ewmenko, O.B. 3akopa

3anexHicTh KoedilieHTa onepaTUBHOI FOTOBHOCTI aNapaTypH ONepaTHBHOIO
AUCHETYEPCHKOro 3B'A3KY Bil cepeAHBOro 4MCJIa BiAMOB i CIiBBiAHOIEHHS IHTEHCHB-
HOCTI BiAMOB 10 iHTEHCHBHOCTI BiIHOBJICHHSI B YMOBAX HA/A3BHYaiiHOT cuTyaLil

[IpencraBneHa MaTeMaTHYHA MOZEINb, OTPUMaHI i NMPOaHAI30BaHI Pe3yJIbTaTH PO3-
paxyHKiB Koe(]illieHTa ONepaTUBHOI TOTOBHOCTI amapaTypHu OMEePaTUBHOTO AUCTIETYEPCHKO-
ro 3B'SI3KY 3aJIE’KHO BiJI CEPEAHBOTO YUCIIA BIJIMOB 1 CIIBBIAHOIIEHHS IHTEHCUBHOCTI BiJ-
MOB JI0 IHTEHCHBHOCTI BITHOBJICHHSI B YMOBaX HaJ3BUYalHOI CUTYyaIli

KuarouoBi cioBa: oneparusHa aucneT4epchbka 3B's130K, HA3BUYAiHA CUTYALis, 1MO-
BipHICTh 0€3B1IMOBHOI pOOOTH, KOE(DILIEHT ONEPATUBHOI TOTOBHOCTI.

A B. Feshchenko, O.V. Zakora

The dependence of the ratio operational equipment operational control com-
munication from the mean number of failures and the ratio of failure rate to the in-
tensity of recovery in an emergency situation

A mathematical model is derived and analyzed the results of the calculation of the
coefficient of operational availability of equipment operational control communication de-
pending on the average number of failures and the ratio of failure rate to the intensity of
recovery in an emergency situation.

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