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[NPUMEHEHUE MHTEPBAJIbBHOT'O AHAJIM3A K OLIEHKE
BPEMEHHbBIX XAPAKTEPUCTUK AEWUCTBUU OIIEPATHBHOI'O
INEPCOHAJIA IIPU ITIOXXAPE B IIOMEIIEHUAX ATOMHbBIX CTAHIMU

PaccmoTpeHsl BOIPOCHI OLICHKHM BPEMEHHBIX XapaKTEPUCTUK JIEHCTBUI ONEPATUBHOIO IMEP-
COHaJjla MpH MOXapax B MOMEHIEHUSX aTOMHBIX 3JIEKTPOCTAHUUN 10 NMPUOBITUS TOJpa3/IeieHUM
IOKapHOW OxpaHbl. [IokazaHa BO3MOXKHOCTh IPUMEHEHHsI MaTEMAaTHYECKOIO anmapara NHTEpPBajb-
HOTO aHa/lIW3a K OLEHKE BPEMEHHBIX XapaKTepUCTUK AEWCTBUH omneparuBHOro nepconana AJC.
JlaHHBII TOAXOJX NPOWUIIOCTPUPOBAH Ha IpPUMEpe IEPBUYHBIX JCUCTBUH  IEpCOHAIA
IIpY MOKape B MAIIMHHOM 3aJie U Ha 1uTe yrnpasieHus ADC.

KirroueBble cnoBa: aTroMHas 3JEKTPOCTAHLMS, ONEPATUBHBIM IEPCOHAN, IIUT YIPABICHHUS,
MalIMHHBIN 3aJ1, o)kapHas 0€30MacHOCTh, UHTEPBAIbHBIN aHAIIN3.

O0mme moJIoKeHus
B nmpupoe mHOTHE Tpoliecchl MOTYT CKJIaABIBATHCS U3 HECKOJIBKHUX OINEpaIlvii,

00JlaJafoIMX BPEMEHHBIMH XapaKTEPUCTUKAMU. OTH XapaKTEPUCTUKHU SBIISIIOTCS,
KaK MpaBUIO, HEACTEPMUHUPOBAHHBIMH — BEPOSATHOCTHBIMU [1], Heu€Tkumu |[2]
WIK UHTEepBaJIbHBIMU [3]. MonenupoBaHue TaKUX MPOIIECCOB MOXET MpeaycMaTpH-
BaTh COBEPIICHHE aIreOpanyecKux IEeUCTBUM C HEJETEPMHUHUPOBAHHBIMU BEJIUYH-
HAMU — CJIOKE€HUE, BBIYUTaHUE, TEPEeMHOKEHUE, JeJeHHe, B3ATHE QYHKIIHI.
JlelicTBUS C BEpOSATHOCTHBIMM BEJIMUMHAMU PACCMOTPEHBI, Hanpumep, B [1, 4], nei-
CTBUS C HEUETKHUMH BEIMYMHAMU — B [2, 5], IEHCTBUS C MHTEPBAIbHBIMU BEIHMYMHA-
M — B [3, 4]. Pe3ynbTaToM BBIYHMCICHHH OYAyT COOTBETCTBEHHO BEPOSTHOCTHBIC,
HEYETKUE U MHTEPBAJIbHBIC BETUYNHBI.

OCHOBBI HHTEPBAJIbHOI0 HCYUCTCHUS

B nanpHeimeM npuMEHHUTETBRHO K BOMpOcaM oOecreueHus MoKapHo 0e3-
OMMACHOCTH HA AaTOMHBIX AJNEKTPOCTAHIUAX [6] OyAyT pacCMOTpPEHBI BOMPOCHI JEHi-
CTBUW C MHTEPBAJbHBIMU BeIMUYUHAMU. [Ipu 3TOM MCHONB3YIOTCS CIEAYIONIUE MOJIO-
xenus [4, 7]:

a) “HTEpBaNIbHOE YnCIO [X] = [Xy, Xs] paBHOMEPHO paclpeiesicHO Ha OTPe3Ke
C JIEBOW I'PaHULEN X, U PABOM IPAHULIEH Xg.

0) B pe3yibTaTe ACUCTBUI C ABYMsI MHTEPBAJIbHBIMH YKCIaMU [X1] 1 [X2] TaKke
MOJTydaeTcsl MHTepBANIBbHOE YNCIO [V] = [V, V5], TPAHHUIBI KOTOPOTO ONPEACISIOTCS
10 BBIPAKEHUIO:

[yM}:al 1\/3(“2_0512)1 1)
6
rae oy, O — napaMeTpsl (HayaJibHbIe MOMEHTHI), KOTOPBIC AJIsI HEKOTOPBIX anre0-
panyecKux JIeUCTBUI MpUBEICHBI B Ta0I. 1.
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Tabmuna 1
HavajnbHble MOMEHTBI /IS ONIPe/ieJIeHNsI TPAHUI] Pe3yJIbTHPYIOIIEro
HHTEPBAJBLHOI0 YHCJIA TPH apUPMEeTHYECKHX el CTBHAX
JlelicTBHe [v] = f([xa], [x2]) oy o
n (xy,, + X35 ) (X5, + X55) +
X, +x.tx, tx B 2
el I 0 I R 2 :
R 2 i Xy t Xy Xy + Xgg + Xp + X Xpg + X
3
2 2\, 2 2
VMHO)KGHI/IG [y] — [Xl] [X2] (le + x16 )(XZM +‘x26) (le + 'xlm‘xlﬁ + ‘x16 )(XZM + ‘x2M‘x26 + ‘x26)
4 9
2 2
Tlenene [y]= [x] X1 T X6 | X6 X1u + X1u¥15 T X156
[x,] 2(xy5 —X5,) Xy, 3X 5, X5
O6paTHa51 [y] — 1 1 In X16 1
BeJIMYHHA [x,] Xig — Xy Xpy X1mX16

HpI/IMe'-IaHI/IeZ rpaHylibl HHTEPBAJIIOB MOT'YyT OBITh OMPCACIICHBI DKCIIEPTHBIMU MCTOAaMHU HUJIA I10 PC-
3yJibTaTaM SKCIICPUMCHTOB

IMpu anreOpanveckux HEMCTBUAX Haa N HHTEPBAIbLHBIMH  YHCIAMH
[X1], [X2], ..., [Xn] coxpaHstOTCS MpaBMiIa aAJIUTHBHOCTH W KOMMYTaTHBHOCTH [8].
Hanpumep, tipu ciokenun TpEX (N = 3) HHTEPBAIBHBIX YHCEIT:

D] = DXal*+[Xe]+[xs] = [Xa]+[Xa] = [Xs]+[Xs], (2)

rae  [Xa] = [xo] + [Xa]; [Xs] = [Xa] + [X2].
[Ipu cnoxxeHnn/yMHOKEHUU

D] = xad(Xe] + [Xa]) = [Xa] [X2] + [Xa] [Xa] = [Xa] [Xa] + [Xa] [X2]- 3)
B yacTtHOM ciydae, Korjia UMeeT MeCTO ''1eToUKa' CI0KEHUM, MOYKHO UCIIOJb-
30BaTh CIEIYyIOLIEEe NPABUIIO: MAaTEMAaTHUECKOE OXKHUIAHUE V¢, PE3YIbTUPYIOIIEH HH-
TEPBAJILHOW BEIIMUMHEI [y] paBHO CyMMe MaTeMaTHYCCKUX OKHJIAHUH CYMMHUPYEMBIX
qucen, a gucnepeus D, — cymme nncnepcnﬁl.
U3 3Toro cieayer COOTHOIIEHHE:

yM 4 _ 4 2
=0, Z(XiM + %) F Z(XiG - XiM)
y6 i=1 i=1 . (4)
Jlanee OyayT pacCMOTPEHbI NPUMEPHI HCIOIB30BAHMSA JAHHOIO IIOIXO0Ja
K OIIEHKE BPEMEHHBIX XapaKTEPUCTHK JEHCTBHI ONEPATUBHOTO MEPCOHAIA AMOMHOI

anexkmpocmanuyuu (A3C) 10 NPUOBITHS TTOKAPHBIX MOAPA3ISICHU.

1 o
B [9] OTO NOKAa3aHO HAa NPUMEPC 3BAKYALIUU JIFOACH TTPU IPIIAHTOBCKUX PACTIPEACIICHUAX
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IIpumeps! pacuéra
1. TpeOyercst AaTh OLIEHKY CYMMapHOrO BpPEMEHHU JEWCTBHUI OINEpPaTUBHOIO
IepcoHajia npy noxape Ha mure ynpasieHus ADC.
W3BecTHO, YTO 3TH JEUCTBHUS COCTOAT W3 1ATH (N = 6) stamos [10], a npomon-
KUTEIBHOCTh KAXKJIOr0 JdTala — WHTEpBaJbHAsA BenuuyuHa [ty lis], mpuBenéHHas

B Ta0JI. 2.
Tabnuna 2
BpemeHnHble XapaKTepUCTHKH ITANOB /IeiiCTBUI 0NePATHBHOIO MEPCOHAA
NpH noxape Ha muTe ynpapjienusi AJC

dran ting, MUH. tig, Mumn.

1. [TomyyeHne cuTHANIA O TOXKape 0,5 1,5

2. HayjeBanue cpeCcTB MHAMBHIYyaTbHOM 3aIIUTHI,
ITOJKJIIOYEHHUE JBIXATENbHBIX allIapaTOB CO CKAThIM BO31YXOM

w

. Coop nnbopmaImu, npoBeeHNE NEPEKITIOYECHUN

SN

. TymieHne noxxapa nNepBUYHBIMHU CPEICTBAMU NOKAPOTYIIECHHUS

5. Beixoa w3 HEMPUTOAHOM JUTSI TBIXaHUS CPEIBI,
IIePEeX0]] Ha 3aIIACHON IIUT YIPaBJICHUS

RN W
Wl b~ (O|w

6. [Tepenavya nHGOpMAIHH TPUOBIBAIOIIIM ITOKAPHBIM

N3 Beipakenus (4):
Y
y6
JETT 41 +2° +2° +2° |=17,00 5 387.
Takum 00pa3zom, MOJTydYeHa MHTEPBaIbHAs OLIEHKA OOIIEr0 BpeMEHHU JIeHCTBUI
OIepaTHBHOIO MepcoHaa mpu moxkape Ha IY: [y] = [13,13; 20,87] mumn.

=0,5[1+1,5+4+5+2+3+3+5+2+4+1+3$

2. Tpebyercst naTh OLIEHKY CYMMapHOTO BpPEMEHHU JEUCTBUH OIEpPaTHUBHOTO
NepcoHaa NpHu noxape B MamnmHHOM 3aiie ADC.

W3BectHo, 4TO 3TH AciicTBHS coctosaT u3 1mectd (N = 8) sramor [10],
a IPOJIOJKUTENIBHOCTh Ka)KJO0T0 ATana — WHTEepBaJIbHAs BenuuuHa [tiy, tig], Opuse-

néuHas B Ta0iI. 3.
Tabnuua 3
BpeMeHHBIe XapaKTePUCTHKHU 3TANOB JIeHCTBUI ONEPATUBHOIO NMEPCOHAJIA
NPH N0kKape B MalMHHOM 3a71e AD9C

OTan tiv, MUH. tig, MuH.

1. OOHapyxeHue noxapa 0,5 1,5

2. COO6H.[CHI/IC Ha4YaJIbHUKY CMCHBI CTaHIIUH,
B ITOKAPHO-CIIACATCIIbHYIO YaCTh 110 OXpPAHC ADBC

3. Bpems c6opa cpecTB MHANBUAYATLHOMN 3aITUTHI

4. JIBI>KE€HUE K MECTY Moxkapa

5. Haneranue CpCACTB HH,HI/IBPII[yaJIBHOﬁ 3alllUTHhI,
MOAKIIFOYCHHUC NbIXATCIBbHBIX allllapaTOB CO CXKATBIM BO31YXOM

6. Coop nH(popMaIMH, NEPEKIIOYCHHUS, TYIICHUE

7.BBIX01 U3 OITaCHOM 30HBI

RINN| B> Ol
WhWw 01 OOw

8.Ilepenaya nnpopmaly NpuOBIBAIOIINM HOKAPHBIM
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N3 Beipakenus (4):
[y“}:O,5[0,5+1,5+1+3+1+3+5+6+4+5+2+3+2+4+1+3$
Vs
TN+ 2242 42+ 12412+ 27+ 2 ]: 22,50 F 4,47.
Takum o00pa3oM, TOoJlydeHAa MHTEpBaJbHAs OLIEHKAa OOIIEero BpeMEHU
NEUCTBUIM ONEPATUBHOIO IME€pCOHAia IpH Moxkape B MamuHHOM 3aine AJC:

[v] = [18,03; 26,97] mun.

BbIBOABI

C ucnonp30BaHMEM MHTEPBAIBHOTO aHAIN3a CTAHOBHUTCS BO3BMOXKHBIM C 0OJIb-
el 00bEKTUBHOCTHIO OIICHUBATh BPEMEHHBIE XapaKTePUCTUKU JACHCTBUM ONepaTHB-
HOT'O MIEPCOHAJA MPU MOXKAPaX HA ATOMHBIX JIEKTPOCTAHIUAX. ITO, B CBOIO OUEPEb,
MO3BOJIUT TMOXAapHO-CcHacaTeIbHbIM MojapasaeieHusM 1no oxpane ADC 0O0BEKTUBHO
IJIAHUPOBATH JCHCTBUSI MO TYIICHUIO MMOXAPOB, & YUeOHO-TPECHUPOBOUYHBIM IIEHTPaAM
ADC >hPeKkTUBHO TOTOBUTH JOJDKHOCTHBIX JIUI[ CTAHIIMU K JACHCTBUSIM TTPH BO3HUK-
HOBEHMU T0OKapoB B noMelieHuax ADC B HaYaIbHOW CTaIMU UX Pa3BUTHSL.
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I.S. Fogilev, A.D. Ishchenko
APPLICATION OF THE INTERVAL ANALYSIS TO ESTIMATING
TIME CHARACTERISTICS OF OPERATIONAL BRIGADES ACTIONS
IN FIRE IN THE ENTIRE ATOMIC POWER STATIONS

The issues of assessing the time characteristics of the actions of operational staff in case
of fire on important energy facilities before the arrival of fire brigade was analyzed. A feature
of the work of the staff of power facilities is a multi-shift round-the-clock regime as part of opera-
tional brigades that monitor the technological process of the electricity generation. In cases of fires,
operational staff is the first who begins to evacuate people, to control process equipment under
the influence of dangerous fire factors, to collect information about the incident, and also takes ac-
tions to extinguish the fire by primary fire extinguishing means. The analysis of moving the fire
brigades to the location of call (for the example of NPP) showed a time range of 2 to 35 minutes.
At the same time, executed research of the dynamics of the development of fires in typical rooms
of power facilities showed the need to eliminating the fire in the next few minutes. If it is not possi-
ble to eliminate the fire by the operative staff, then, according to experts, catastrophic technogenic
consequences are possible.

The possibility of using the mathematical apparatus of interval analysis to evaluate the time
characteristics of the actions of operational staff of power facilities was considered by the authors
of the article considered. This approach is illustrated by the example of an estimation of the total
time of primary actions of operational staff in case of a fire in the engine room and the control panel
of the NPP.

It should be noted that of interval analysis, it becomes possible to assess the time character-
istics of the actions of staff in case of fire at energy facilities with the use of the mathematical appa-
ratus with more objectivity and, ultimately, will allow objectively plan actions to extinguish fires
in the initial stage of development.

Key words: nuclear power plant, operational personnel, control board, machine room,
fire safety, interval analysis.
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