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BPEMEHHOW MEXAHU3M BO34ENCTBUA
OMNACHbIX ®AKTOPOB NMOXAPA HA MNMEPCOHAN A3C
N KOMIJIEKCHASA 3AWLWNTA OT HAX

MpoBefeH aHanM3 NoxapoB Ha 06beKTax aToMHOM sHepreTrku. C MOMOLLbIO PAaCHeTHO-aHaNUTMYe-
CKWX UCCIeAoBaHMI AMHaMUKM NMOXapOoB As TUNOBbIX nomeLleHuin ASC onpefeneHsl KpUtudeckmne
BpemMeHa [OCTUXKEHMs OnacHbIMU hakTopaMu Noxapa KPUTUYECKUX 3HaYeHUI AN Nioflel Ha ypoBHE
pabouen 30Hbl. [JaH aHanm3 npubbITUs NoXapHbIX NofApasaeneHnin no oxpaHe ASC Ha TeppUTopuio
CTaHUMIM Npu noxapax. PacCMOTpeH nepedeHb CPEeACTB 3aLUMThl M TEXHNYECKOrO OCHALLeHWs onepa-
TMBHOrO NepcoHana WuToB ynpasneHus ASC. PazpaboTaHbl MepONpUsTUAS MO KOMMIEKCHOM 3aLimTe
onepaTuBHoro nepcoHana A3C, NpoBoAsLLEro creunanbHbie paboThbl MO BbIPabOTKE 31EKTPUYECKOn
3HEPrvn NP Noxapax B yCIOBMAX BO3AENCTBUS ONacHbIX pakTopos. [poBefeHbl KOMMIeKCHble UC-
MbITaHWS TEXHNYECKMX CPeACTB Ana obecneveHns AeCTBUIA ONepaTUBHOMO NepcoHana npu noxape ¢
MCNONb30BaHNeM y4eOHO-TPEHVPOBOYHbIX KOMIMIEKCOB.
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BBepneHune

CoracHo MPOrHO3y Pa3sBUTUS SHEPTETHKH B MHUpPE B
uesnioM 1 B Poccun B wactHocTu 10 2040 1. aTomHast
sHepreTuka B nepuof ¢ 2010 mo 2040 rr. 6yzner 3aHu-
MaTb TPEThE MECTO B MUPE [0 TeMIIaM IIPUPOCTa €€ MOo-
TpebieHus mocie BO300HOBIIAEMbIX HCTOUHUKOB YHEP-
TMW ¥ ra3a, Ipu4eM B CUIIY MHOTHX IMPUYUH ITPAKTU-
YECKH BeCh POCT MPHUJIETCSI HAa Pa3BUBAIOLINECS CTPAHbI,
B TO BPEeMs KaK B Pa3BUTHIX CTPaHAX B OCHOBHOM OyJIeT
U/TH 3aMeHa SHepro6okoB ADC n3-3a HCTEUEHHUS MPO-
EKTHBIX CPOKOB JKcILTyaranuu [1].

3a 3TOT MepUo AOJKHEI OBITH BBIBEICHBI U3 IKC-
uryararmy 6osee 60 % KCIUTyaTHPYEMBIX B HACTOSIIICE
BpeMst 3HEpro6I0koB. CpeTHuiA BO3pACT JCHCTBYIOIIHX
peaxTopos coctaBisieT 28,5 neT. CaMbIM CTapbIM SIBIISI-
etcst peaktop B LlIBelnapuu, KOTOPBIH QyHKIIUMOHUPY-
eT B TeueHue 45 Jert.

JnTenbHas SKCIITyaTalys TEXHOJIOTHYeCKOro 000-
PYZIOBaHHUS B IpoLiecce BbIPAOOTKHU AIIEKTPUUECCKON
SHEPrUM B OMPEIECIICHHBIX CIIydasX MOXKET CTaTh MPHU-

yuHOH noxkapa Ha ADC. HeoOX0oauMo TakxKe OTMETUTb,
YTO MOXKapHasi Harpy3ka B nomemienusx ADC mocta-
TOYHO BesMKa. Ha OCHOBHBIX MPOMU3BOACTBAX HCIOJIb-
3yeTcst 00JIbII0E KOTMYECTBO TOPIOYHX BEIIECTB, Fa30B
M KHUJAKOCTEH (TOJBKO B MAIIMHHOM 3ajie HAXOJUTCS
cBbite 100 T MaIIMHHOTO Macja, OrPOMHOE KOJIMYeCT-
BO KaOeJbHBIX CUCTEM U T1p.) [2]. Bricokas sHeproHa-
CBIIIEHHOCTh TEXHOJOTHYECKOTO Mporecca o0ycias-
JUBaeT HaJIW4yue OOJbIIOr0 KOJIMYECTBAa MCTOYHHKOB
3axuranud. Bee 3To CBUIAETENBCTBYET O UPE3BBIYANHO
BBICOKOH BEPOSITHOCTH BO3HHMKHOBEHMSI IIOKapOB U
aBapuii Ha ADC. PazBuBmmecs noxapsr Ha ADC co-
IIPOBOXKJAOTCS MHOYKECTBOM OIHOBPEMEHHBIX OTKa30B
CUCTEM aBTOMATHKH, TEXHOJIOTUYECKOTO 000PYI0BaHHS
U CHCTEM 0E30IacHOCTH.

[IpuBeneM TOIBKO HEKOTOPBIE U3 TSHKEIEHIINX 10~
JKapoB M aBapHil Ha aTOMHBIX AJIEKTPOCTAHLUAX:
e 1957 1. — moxap Ha ypaH-TpapUTOBOM HCCIIEAOBA-

TeJIBbCKOM peakTope B Yunjckeitne (Benukoopura-

Hus); morudno 13 yen.;
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e 19751 —noxap Ha ADC “bpaync @eppu” (CILA);

e 1978 r — moxap Ha benosipckoit ADC;

e 1981 r.—mnoxap Ha ADC “Can-Onodpe” (CLLIA);

e 1982 r. — noxap Ha Apmsnckoit ADC;

e 1984 . — B3pBHIB BOAOPO/IA B CHCTEME OXJIAKICHUS
TypOoreHeparopa ¢ MOCICAYIOMMM MOXKapoM Ha
ADC “Panyo Cexo” (CLHA);

e 1985 r. — nmoxap Ha ADC “Maanbmans” (0. Taii-
BaHb);

e 1986 . — B3pHIB C MOCHEMYIOMNM TIOKapoM Ha Yep-
HoowuIbcKOM ADC. TTornbmo 30 yen., rocnuTaim-
3upoBaHo cBbime 200 yed., 3BakyrpoBano 115 ToIc.
yel. PagnoakTHBHOMY 3apa>kCHUIO MOIBEPITIACH TEP-
puTopus B paguyce 6oiee 2 ThIC. KM;

e 1986 T.— BrOpOii mokap Ha YUepHoObUTECKOH ADC;

e 1988 . — noxap na Urnanunckoit ADC;

e 1989 r. — B3pBIB C MOCIEAYIOLUIUM IOXapOM Ha
ADC B Bannenvoce (Mcmanus).

Bropoe TricsiueneTre oTMedeHo KpyHen e aBa-
puel Ha STOHCKOW aToMHOM cTtaHimu “@dykycuma” B
2011 r. [3], MacmTabbl KOTOPOW CpaBHUMEI ¢ YepHO-
OBLIBCKOM KaTacTpoQoid.

B oTnenbHBIX citydasix mpu moxapax HaOIroaanach
oTepst KOHTPOJIsl padOThI peakTopHOW ycTaHOBKH (PY)
U ee yIpaBJICHHUS.

CornacHo CTaTUCTHYECKUM JIaHHBIM [4] 1 B HacTo-
siiee BpeMst Ha ADC HepeIKo BOZHUKAIOT 3arOpaHust U
noxapsl (Tabm. 1).

Amnann3 noxapos, npouctenmux Ha ADC, nmoxka-
3BIBAET, YTO HAaUOO0JIeE YaCTO OHU BOSHUKAIOT B MAIIMH-
HBIX 3ajlaX, PEAKTOPHBIX OTIEJIEHUAX, OTKPBITBIX pac-
MpeNIeIUTEIbHBIX YCTPOMCTBAX U Jea’paTOpHBIX 3Ta-
)kepkax. Crienupukoi BOSHUKHOBEHHS TOXkapoB Ha ADC
SIBJIIETCS TO, YTO OHU MOTYT OBITh KaK UCXOIHBIM CO-
OBITHEM B Pa3BUTHH IPOCKTHON HITU TSKEIIOW aBapuH,
TaK U MOCIEIYIOINM COOBITHEM, UHULIMMPOBAHHbBIM aBa-
pueti [5].

Bompocamu MonenupoBaHus pa3BUTHs HOXapa U
€ro IMOCJICACTBUI Ha 00BEKTAX SAECPHOM SHEPreTHUKU
3aHIMAJIOCh OOJBIIIOE YMCIIO CHEIHAIICTOB PA3INIHBIX
Hay4HO-HCCIIeI0BATENbCKIX opranuzanuii (A. K. Mu-
keeB, H. I1. Komsutos, U. A. bonoassia, A. H. baparos,
10. A. Kommapos, JI. U. Ilynes u ap.).

ITo ux oreHKaM MoKapbl MOTYT PEATLHO YIPOKATh
paauanuoOHHOMN U sjepHOM Oe3onmacHOCTH. 13 BBINOI-
HEHHBIX pa0oT 10 BEPOSTHOCTHOMY aHAIN3y Oe3omac-
HOCTH aTOMHBIX CTaHIMH CJIEIYET, YTO J0Jsl pUCKa B
o011IeM 3HaYeHUH BEPOSITHOCTH MOBPEKICHUS aKTHB-
HOI 30HBI peaKkTopa, MPUXOIAIIASACS Ha TOYKapPbl, MOXKET
JIOCTUTATh MOJIOBUHBL. TakuM 00pa3om, BKIIa]] OXKapoB
B 4aCTOTY MOBPEXKACHUS aKTUBHON 30HBI MOXKET HAX0-
JUTHCSI HA YPOBHE BKJIaJia BCEX IPYTUX BHYTPEHHHX
MIPUYUH, BMECTE B3SITBIX.

Heo0xoaumMo 0TMETUTh, YTO Ha ONIepaTUBHBIH mep-
conast ADC, paboTaromuii B KpyriIoCyTOUHOM CMEHHOM
pexuMe, B cilydae roxapa Bo3J1aratoTcs iepBoHavdalib-
HBIC JICHCTBUS IO JIMKBHUJIAIUH TIOXKapa JI0 MPUOBITHSI

Ta6nuua 1. Moxapsl 1 aBapum, npoucwenwme Ha ASC B PO B 2012—2015 rr.
Table 1. Fires and accidents at nuclear power plants (NPP) in Russia in 2012—2015

JlaTta aBapun MecTomnonoxenue Kpatkoe onncanue
06.07.2012 | benosipckas ADC Bosropanue onamyOku Ha CTPOUTEIBHOM IIOMAAKE TIIaBHOTO KOPITyca
Beloyarsk NPP 4-ro sHeprodoka
The formwork fire occurred on the construction site of the main building
of the fourth power unit
07.09.2012 | PocroBckas ADC IMoxap Ha ctposiiemcs 610ke ADC. [Tnomans Bo3ropanus 350 M
Rostov NPP Fire on the building of the NPP. The area of ignition was 350 sq. m
16.08.2013 | HooBoponesckas ADC-2 | Bosropanue Ha crpoitnomanke ADC-2 Ha miomau 150 m”
Novovoronezhskaya NPP-2 | There was a fire on the construction site of NPP-2 on an area of 150 sq. m
25.11.2013 | KanuanHckas ADC Bosropanue Termion3oisuoHHOr0 MaTepralia mpy MpoBeIeHUH padoT
Kalinin NPP 10 BOCCTAHOBJICHUIO Y4acTKa KPOBJIX TPyOOIIPOBOAHOIO KOPUIOPA
sHeprobioka No 1
When carrying out restoration roof portion corridor pipeline unit No. 1
caught fire insulation material
20.03.2014 | Kypckas ADC 3apIMIIeHHE B OJJHOM U3 BCIIOMOTATEIbHBIX MIOMEIIEHUH dIIEKTPHIECKOTO
Kursk NPP nexa Ha 3-m sHepro6soke ADC
Smoke occurred at one of the ancillary facilities of the electric plant
at the third unit the plant
09.02.2015 | Pocrosckast ADC Bosropanue BogopoJa Ha APEHaKHOM BEHTUIIE B PallOHE PACIIOI0KEHHS
Rostov NPP ra3oBoro kopmyca PoctoBckoit ADC
Hydrogen on the drainage valve caught fire in the area of the gas building
of the Rostov NPP
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00BEKTOBBIX TIOIPA3/ICIICHHIA TIOKapHOH OXpaHbl. B cBsi-

34 C TUM IOBBIILIEHUE YPOBHS 3aLUILEHHOCTH I1€PCO-

Hata ADC mpu mokapax sBJIsIeTCs OJHUM M3 (PaKTo-

POB, CIIOCOOCTBYIOMIMX OOECIIEUCHUIO OE30MACHOCTH

AQTOMHOM 2HEPTeTHKH B LIEJIOM.

BosgeticTBue Takux omacHBIX (haKTOPOB TOXKapa
(ODIN), kak TIaMsi, UCKPBI, TEIJIOBOW TIOTOK, MTOBBIIICH-
Has TeMIepaTypa OKpyXkKarollel cpelibl, OBbIILIEHHAs
KOHLIEHTPALUs TOKCUYHBIX IIPOyKTOB TOPEHUS U Tep-
MHUYECKOTO Pa3JIOKEHUs], TOHWKEHHAs: KOHIICHTPaIHs
KHCJI0POJia, CHU)KEHHE BUMMOCTH B JIbIMY, MOXKET IIPU-
BECTH K TPAaBMHPOBaHMIO U rudenn nepconana ADC,
OCYUIECTBIISIOLIET0 KPYITIOCYTOUYHYI0 CMEHHYI0 pado-
Ty TIO BBIPaOOTKE IIEKTPUICCKON DHEPTUHL.

MeToibl TPOrHO3UPOBAHUST TUHAMHUKH Pa3BUTHSI
OOII a1t IPOU3BOACTBEHHBIX 00BEKTOB M3JIOKEHBI B
HopMaTuBHBEIX JokymeHTax MUC Poccum no moxap-
HoOIi Oe3omacHocTH [6, 7], 4TO B HAacTOAIIEe BPEMS 10~
3BOJISIET UCIIOJIB30BATh UX MIPU PELICHUH psla IPAKTH-
YeCKHX 3a/1a4d. PaboTHI 110 MOAEIMPOBAHHIO PEeaTbHBIX
TPEXMEPHBIX MPOIECCOB MPU MOXKapax MPOBOIATCS B
Poccun, ABcrpanuu, Anrmuu, CIIA u psge apyrux
crpaH [8, 9].

Lenpro HacTosiIel paboTHI ABISETCS OLIEHKA BO3-
neiictus ODI1 na mepconan ADC u pa3paboTka KOMII-
JIGKCHOW 3aIIuThI OT HUX. [ MOCTIKEHUS MOCTaB-
JICHHOH IIeTTH HEOOXOIUMO:

e CIPOTHO3MPOBATH JUHAMMKY Pa3BHUTHUS MOXKapa B
TUTIOBBIX rTomenieHnsix ADC 1 onpeaenuTh BpeMs
HACTYIUJICHHS TIPENeIbHBIX 3HAYCHHUH (BEIMYUH)
O®II st mepconaa Ha ypoBHE paboueli 30HbI;

e IIPOBECTH aHAIW3 NPUOBITHS Mojpa3ieicHuii deme-
panbHOI mpoTuBoONOKapHOU ciry k061 (PIIC) MUC
Poccun o oxpane ADC Kk MecTy BBI30Ba U Olpeie-
JIUTb BPEMEHHbIE [10KA3aTeIIN;

e IIPOBECTH aHAJIM3 BO3MOXXHOCTH JIEMCTBHIl IIEpCO-
HaJla IpU NoXkKape ¢ UCMOIb30BaHUEM UMEIOIINXCS
TEXHUYECKUX CPEJICTB;

e paspaboTarh KOMIUICKCHYIO 3alTUTY OTIEPATUBHOTO
nepconana ADC 1pH BEIIIOJIHEHUH padoT B cyyae
BO3HUKHOBEHMS [10Kapa.

Bozpencreme O®DIN
Ha onepaTuBHbIN nepcoHan A3C

PacueTHO-aHANNTHUCCKUE UCCIECAOBAHNS JHHAMU-
K{ pa3BUTHSA MOKaPOB JJIS1 TUIIOBBIX IOMEIICHUH, 371a-
HUI M TEXHOJIOIMYeCKUX YcTaHOBOK ADC BbIABUIM
KPUTHYECKHE BPEMEHa JOCTIKCHHUS OMACHBIMH (pak-
TOpaMU IOKapa KPUTUUECKUX JIJIS JIIo[eH 3Ha4YeHUH Ha
ypoBHE paboveii 30HbI ¥ BpeMsl OJIOKMPOBAHUS HMH dBa-
KyallMOHHBIX BBIXOJIOB B IOMELIECHUSIX U 31aHUAX CTaH-
i [10].

OcnosHbIM O®II, 1py KOTOPOM NEPCOHAI HE MOKET
MPOA0IKATh paboTy B MoMenieHusax u 3nanusx ADC,
ABJISETCA NOTeps BUAUMOCTH. Tak, Ha pe3epBHOM ITyHK-
Te ynpasinenus (PI1Y) kpurudeckuii BpeMEHHOM oKa-

3areNb COCTABISET Mopsaka 41 ¢, B moMenieHny 0104-

Horo nmyHkTa yrpasnenus (BI1Y) — 59 ¢, B peakTopHOM

3nannn — 76 ¢. V3 mpeacTaBieHHBIX JaHHBIX MOKHO

C/IeaTh BBIBOJ O HEOOXOIUMOCTH CPOIHOI IBaKyallnu

nepcoHalia, He UMEIOIIETO CIIeLIMaIbHbIX TEXHUYECKUX

CPEICTB U CPEJCTB 3ALUUTHI.

Crnenyrommii 6510k ODIT 06beIuHSET ClieayIoNTHe
KPUTHUYECKHE BPEMEHHBIE TTOKa3aTelu:

e [0 NMOHWXEHHOMY cojep:kaHuto kuciopoaa (O,):
Ha PITY — oxormo 116 ¢, na BITY — 169 ¢, B peakTop-
HOM 371aHun — 290 ¢;

e 10 noBhIIeHHOMY cofepxanuio CO: va PITY —mo-
panka 144 c, na BIIY — 215 ¢, B peakTopHOM 371a-
HUU — 262 c;

e 110 MoBBIMIEHHOMY cozepykannto HCl: wa PITY —
npumepHo 67 ¢, Ha BITY — 97 ¢, B peakTopHOM 371a-
Hun — 124 c.

Pacuersl, BBITOTHEHHBIEC TPUMEHUTEIBHO K Pa3BU-
THIO TIOKapa B MaminHHOM 3aje ADC, mokasanu, 4To
MIPEJEIIbHO IOy CTUMbIE KOHIIEHTPALMM TOKCUUHBIX BE-
[IECTB Ha MyTIX dBAKyallid U B MECTax MpeObIBaHUS
OIEPATUBHOIO [IEPCOHAJIA OKa3bIBAIOTCS IPEBBIIEHHbI-
Mmu yepe3 50 ¢ mocie Bo3HUKHOBeHUs Toxkapa [ 11-13].

Iepconan ADC, oGecniedeHHBIN (DUIBTPYIONUMHU
CpeICTBAMH 3aIUTHI OPTaHOB JIBIXaHUsI, HE MOJKET pado-
TaTh B yCIOBUsIX Bo3sieicTBUs TaHHbIX ODII u nomken
MOKUHYTH nomeneHus (3nanus) ADC. B atux yciaoBu-
SIX BBITTOJHSITH CBOIO Pa0OTY MOKET TOIBKO TOT MEPCO-
HaJI, KOTOPBI 00ecTieyeH AbIXaTeIbHBIMU arnapaTamMmu
co cxareiM Bo3ayxoM ({ACB).

[To moBBITIIEHHOM TeMITepaType KpUTUIECKHUI Bpe-
MeHHOH mokasarenb Ha PITY coctaBut nopsiaka 101 c,
na BITY — 144 ¢, B peakropHom 3mannu — 157 ¢. B ycro-
BUsIX BozaencTBus qanHoro O@I1 nepconan ADC moxer
paboTarh TOJBKO B CHEIHAIBHBIX CPEACTBAX 3aLUTHI
Tesa 4elloBeKa.

Kpurnueckue nokazarenun ODII nomyyeHsl B pe-
3yJbTaTe pacueTa ¢ UCIOJIb30BaHUEM I10JIEBOTO MaTeMa-
THYECKOTO METO/1a MporHo3uposanus [14].

Taxum oOpa3oM, pacueTsl TUHAMHUKH MOXKAPOB H
aHaJIM3 BO3MOXKHBIX BapMAHTOB UX PAa3BUTHS B IIOMe-
meHusx u 3nanusax ADC mokaszalid, 9TO OCHOBHBIMHU
OMAaCHBIMHU (PAKTOPaMU, BIUSIOIIUMH Ha 6€3011aCHOCTD
YeJIOBEKA, SIBJIAIOTCA CHU)KEHNE BUAMMOCTH B IBIMY U
MTOHMKEHHAs! KOHIIEHTpalusi kuciaopona. Ha stot ciryuait
[pY BO3HUKHOBEHHUU Mokapa (aBapun) nepconan ADC
o0ecneunBaeTCsl MHANBHIYAIbHBIMU CAMOCIACaTEIISIMH,
C MTOMOIIBIO KOTOPBIX MTPOBOAMTCS BAKyaIMsl JIFOEH 13
MOMEIIEHUH cTaHIMK B Oe3omnacHyto 30HYy. CornacHo
pacderam 3Bakyarus nepconaia u3 nomemennit ADC
JI0JDKHA OBITH MpoBejieHa yxke yepe3 30 ¢ ¢ MoMeHTa
BO3HUKHOBEHUS [1OXKapa.

ITo mpencrasnennbiM ADC 1aHHBIM B 3aBUCUMOCTH
OT TUIIa peaKTopa BpeMsl BbIBOJIa PEaKTOPHOM yCTaHOB-
KH B IOJKPUTHIHOE COCTOSTHIE U e¢ 0€3011acHOro 0CcTa-
HOBa MOXeET JOCTUTaTh 4 4. B TeueHne 3Toro BpeMeHu
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3HA4YEHUS OMACHBIX (PAKTOPOB Mokapa OyIyT HEYyKIOH-
HO pacTH: Oy/IET MOBBIIIATHCS TEMITEPATYPa, TOHUKATh-
Csl KOHILICHTPALMSI KHCIIOPOJIa M BBIJCIATHCS OOJIBIIOE
KOJIMYECTBO TOKCUYHBIX BellecTB. [Ipu oTCyTCTBIM BO3-
MOXHOCTH ITOKHHYTH ITOMEIICHUSI IUTa YIPaBICHUS
(1Y), BITY, PITY u np. B ciy4ae BOSHUKHOBEHUS TI0-
JKapa OINEPAaTUBHBIA MEPCOHA JOJDKEH MMETh KOMII-
JICKCHYIO 3allIUTY MPH BBITIOJIHEHUU PabOT B YCIOBHSX
BoznerictBust ODII.

Nopaaok NpubbITUA 0O0bEKTOBbIX
no>kapHbIX nogpasgeneHun
K MecTy Bbi3oBa (noxapa) Ha A3C

AHanu3 ciae0BaHus 0OBEKTOBBIX MOJPa3IeICHUN
OI1C o oxpane ADC k MecTy BbI30Ba (TT0XKapa) Ha Tep-
putopun ADC mokasal, 4To mo3aHee 0OHapyKEHHUE 1M0-
’apa, HECBOEBPEMEHHBIH BBI30B MOXKAPHBIX MOIPA3-

JICNICHUH, 3a/iep’KKa CpabaThIBAHUS aBTOMATHUYECKHX
cpencTB mpoirycka Ha Tepputopuio ADC mpuBOAsT K
YBEJIMYEHHUIO BPEMEHU UX NPUOBITHS ¢ 2 10 35 MuH
(tabm. 2).

Baxno OTMETUTH, YTO JO HpI/I6bITI/I$[ TMOXXKapHbBIX IOA-
pasneneHuil ONepaTUBHBIN IEPCOHAN JIEUCTBYET CO-
[JIACHO YTBEpkAeHHOH Ha ADC HHCTPYKIUH, TPU TOM
CYIIIECTBYET HEOOXOIMMOCTh cOOpa HHPOPMAITIH O BO3-
HUKILIEM IIOXKape (3aropaHuu ), 00 3BaKyaluu epcoHa-
714, @ TAKXKE O TIPOBEJICHUH TEXHOIOTHUECKHX TTEPEKITIO-
YeHHH (OTKITIOUEHHMIT) 000pynoBanus. Bmecre ¢ Tem nipu
HEepa3BUBIIEMCS [10Kape OIIEPATUBHBII IEPCOHAT ITPU-
HUMAET IOCHIIBHBIE MEPHI [0 eT0 TYIIECHHIO IePBUIHBI-
MU CPEJCTBAMHU MOKAPOTYIICHUSI.

I/ICCJICZ[OBaHI/IH JAVUHaMUKW pa3BUTHA TIO0Kapa Ha
6mounslit mut ynpasiaenus (BILY) 3-ro sueprotnoka
Konbckoit ADC B paMKax mpoBeAeHus paboT 10 MOBBI-

Tabnuua 2. Mpubsbitne noapasgenernin GMNC MMC K MecTy BbI30Ba

Table 2. Arrival of fire brigade units to the place of call

O0BeKTOBOC Paccrosiane or | Bpewms cneno-
ADC TI0/pa3ieiicHue O0wekT 3amuTel ADC JlaTa TTY o KIIIT, xm BaHMS, MUH
OIIC I'TIC
CMoneHcKast T1CY-1 CkJ1a/i AM3€IBHOTO TOTUIMBA 31.10.2012 0,15 2
(CADC) Fire-saving Diesel storage
Smolenske NPP| part No- 1 o temenme 220/11 22042013 015 2
Premise 220/11
TTomemenue 301/1 05.03.2014 0,15 2
Premise 301/1
Kypckas T1CY-8 ex TAW, nomenienne 353 22.01.2013 0,1 5
(KyA3C) Fire-saving Shop TAI, premise 353
Kursk NPP partNo. 8 | 17, emenne 136/1 peaxtoproro mexa | 04.04.2014 0,1 5
Premise 136/1 reactor shop
IMomemenue 114/1 peakropHOro 1exa 07.04.2014 0,1 5
Premise 114/1 reactor shop
CuoBas coopka 17001H KPVY 0,4 kB, 20.03.2014 0,8 20*
nomenienue 103/1 6inoxa BCPO
Premise 103/1
Benosipckas T1CY-35 Kpsiia geaspaTopHoii sTaxepku 27.06.2013 1 35%%*
(BenAf)C) Fire_saving peaxkTopa BH-600
Beloyarsk NPP | part No. 35 Roof of deaerator reactor BN-600
PocroBckas I1CY-37 OTKpbITas IJIOIA/IKA PECUBEPOB 09.02.2015 0,2 @
(PCTADC) Fire-saving | BOZOpOZa, a30Ta
Rostov NPP part No. 37 Open area of hydrogen and nitrogen tanks
Kanunnuckas | T[ICU-8 ®a3za B myHTHpYIOIIEro peakTopa 23.07.2010 0,5 4
(KHHASC) Fi]‘c_sa\/ing P-1-750
Kalinin NPP part No. 8 The B phase of the shunt reactor P-1-750
* Coobmenne o noxkape noctynuio B [ICY-8 Tonbko yepe3 6 MUH mocie ero o0HapyKeHusl.
The fire report was received in fire-saving part No. § only after 6 minutes after detection.
** CooOruenue o noxape moctymnmio B [ICH-35 Tosbko yepe3 25 MUH nociie ero 00HapyKeHHsI.
The fire report was received in fire-saving part No. 35 only after 25 minutes after detection.
*#% Coobmenue o mosxape moctynmio B [ICYU-37 Tonbko yepe3 7 MUH 1ocjie ero 00HapyKEHUsI.
The fire report was received in fire-saving part No. 37 only after 7 minutes after detection.
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[ICHUIO MOXXKAPHOH 0E30MacHOCTH CTaHIMU ITOKAa3all,
9TO HamOoJee BEPOSTHASI CUTYalHs Pa3BUTHS aBapUU
IIPY BO3ZHUKHOBEHUHU NOXkKapa — ITO TyLICHHE IOKapa
Ha HadaJIbHOM crajguu nepconajioM. Ilpu stom, eciaun
MepBbI 110 TYLIEHUIO He IPUBEIH K ycrnexy (Oosblias Ha-
yaJibHas MOIIHOCTh UCTOYHUKA 3a)KUTaHUs, PA3BUTHE
MoKapa B MOIOIBHOM ITPOCTPAHCTBE WIIM APYTOM TPYII-
HOJIOCTYITHOM MECTE U T. [1.), AJTUTEIbHOE FTOPEHHE JaxKe
oJHOrO mKada dEKTPOTEXHUUYECKUX YCTPOMCTB NpH-
Boaut k norepe BIIY. IToreps BIIY npoucxonur B nep-
BYIO O4epellb B Pe3yJbTare MOTepH BUANMOCTH. Bpemst
MOTEPH BUIAMMOCTH JUISI 3alla COCTABIJIACT MPUMEPHO
5 MHMH, a AJis1 3aJIbHOTO TloMeneHus — A0 10 MuH npu
MoXKape B 3alIUTOBOM MPOCTpaHCTBe. CBOEBPEMEHHOE
MpHUOBITHE W HAYAJIO YCICUTHBIX IEHCTBUI TTOXKAPHBIX
HOJpa3eJIeHUuH [IPY IaHHBIX CLIEHAPUAX PA3BUTHSI 1O~
’Kapa MaJIOBEpOATHHI [3].

Takum 006pa3om, aHaK3 MPUOBITUS TIOAPA3ICIICHUH
OIIC o oxpane ADC Kk MecTy BBI30Ba MMOKa3all, 4TO
JIOCTATOYHO OOJIBIION BPEMEHHOM MHTEPBAJI CJIC/I0BA-
HUS MOXKET CTaTh IPUYMHON paclpoCcTpaHeHUs [10Ka-
pa 0 TEXHOJIOTUIECKOMY O0OPYIOBAHHIO H ITOMEIIIC-
HusM ADC. CrenoBaresibHO, JEKYPHOMY NEPCOHATY
HEOOXOAMMO NPHUHSATH OCUIIbHBIE MEPBI 110 TYLICHHIO
noXkapa UMEIOIMMUCS MTePBUYHBIMH CPEACTBAMHU IO~
JKAPOTYIICHUSI.

OAHOBPEMEHHO ¢ TYLICHHEM MoXkKapa HeoOX0IuMO
MIPOBECTH IBAKyalHIO IEPCOHAIA, HE 331€1iCTBOBAaHHO-
TO B BBIIIOJIHEHUH CTIEIUATIBHBIX PA0OT IO BBIBEICHUIO
PEaKTOPHO YCTAaHOBKH B MMOAKPUTUYHOE COCTOSIHUE, UC-
MIOJIB3YS CPEJICTBA 3AIIUTHI OPTaHOB JIBIXaHUS U 3PCHUSL.

Jo npubsitus nogpaznenennid @IC HeoOxonumo
coOpars HH(GOPMAIIHIO O MPOUCHIECTBUH M MacITabax
aBapyH, POBEIS MPEIBAPUTEIBHYIO Pa3BEIIKY.

3awmTa onepatmBHoro nepcoHana A3C
B ycnoBusix Bospencteus O®I

Amnanus noxxapa, npouctuesnero 30 nexabps 1978 &
Ha benospckoit ADC, mokasait, 4To Bce onepalyu orne-
PaTUBHOTO MEPCOHAA 10 OTKIIOUEHUIO 000PYIOBaHHS
Y paCcXOJIaXKMBAHUIO PEAKTOPOB MTPOBOAMIIMCH B UPE3BbI-
4yailHO CIIOXKHBIX yCIIOBUX. [3-3a ojkapa 1 KOPOTKUX
3aMbIKaHUI KaOeJIe BBIIILTN U3 CTPOS IIITaTHBIE CUCTE-
MBI KOHTPOJISI peaKTOPHBIX ycTaHOBOK. [lomerienust oka-
3aJUCh CHJIBHO 3aJbIMJICHEI, HAOIIFOMalack OOJbIIas
TOKCUYHOCTH AbIMa. VMH)KEHEpHO-TEXHUYECKUN Tep-
conai aexxypHoit cMersl ADC HEe MOT HaXOIWUTHCS Ha
BIIVY-2, Tak xak ApIiath 03 KACIOPOIHO-H30IHPY-
rorero mpotuBorasa (KUIT) Obu10 HeNb3s, a MTaTHbIC
MIPOTHBOTA3bl OKAa3aIMCh HEMPUTOAHBIMHA TSI paOOTHI.
IIpuxonunock HaaeBaTh Ha HXKeHepa min TexHuka KUTT
Y CO 3B€HOM T'a30/IbIMO3AIIUTHUKOB COTIPOBOXKIAThH CIIe-
nuanucta 10 BIY-2 mis npoBeieHus! onepanuu 1o
OCTAHOBKE U OXJIAXKACHHUIO peakTopa. B Takux ycnoBu-
ax MHorue cnenuanuctsl ADC He BbLACPKMBAIIU Ha-

IPsDKEHUS U Tepsuid co3HaHue. OcTaHOBKa M OXJIaX1e-
HHE PEaKkTOPOB MPOBOIUIIUCEH B PEKUME “HEIITATHON
cutyanun. [Ipustom 25 gen. u3 uncna nepconana ADC
U TIOKAPHBIX MOJYYMIIM OTPaBJIEHUE MTPOAYKTAMHU IO-
PEeHMSI pa3IM4HOM CTeneHu TshKecTH. s IMKBUIaLuu
noxkapa nmorpedosanock 10 4 [15].

B nmexxypHoil CMEHe CITeIMaINCThI U3 YK CIIa Onepa-
TUBHOTrO nepconana ADC, 3aHUMAIOIINE JI0JKHOCTH,
BXOJISILLIME B OTJEJIbHBIN [IepeyeHb, JaKe B yCIOBUAX He-
MIPUTOAHOMN U (MJIN) 3ara30BaHHOMN JUIS IbIXaHUS CPEIbl
HE MOKUIAI0T pabodee MecTo (IOMEIICHHE) U TPOJI0II-
JKAIOT BBIMOJIHATH TEXHOJIOTUYECKUE OTIEPAIlH IO BbI-
BOJly PEAKTOPHON YCTaHOBKH B TOJKPUTHYHOE COCTOS-
HHe. JlaHHBIH onepaTUBHBIN HepcoHa A padoThl B
HENPUTOIHOM /17151 IBIXaHUS CpeJie 00eCIIeunBaeTCs Jbl-
XaTeIbHBIMH alaparaMy CO CKaThIM BO3AYXOM, Xpa-
HSIIUMICS B HEITOCPEICTBECHHON OIM30CTH OT pabode-
IO MeCTa CIICIHAJIICTA.

B npunoxenun b N1.3.2.15.1111-2016 “Opraunu-
3aIIMs1 3aIIUTHI OTIEPATUBHOTO IEPCOHAIA aTOMHBIX CTaH-
U TPY TOXKapax (aBapusix) B YCIOBHUAX HEMPUTOTHOM
JUtd ipIXaHus cpenbl. MHeTpyKuus” npencTaBieH nepe-
YeHb OCHALIEHUs onepaTuBHOro nepcoxana ADC nis
MIPOBEACHUS PA0OT Ha OJIOYHBIX M PE3CPBHBIX IIUTAX
ynpasienus (Tadm. 3).

Kak moka3piBaeT MpakTHKa MPUMEHEHHs CPECTB
3aIIMTHI YenoBeka ot BozzaeiicTBust ODII oneparuBHbI-
MU OKapHO-CIIAcaTeIBHBIME CITy’KOAMH, TIPEICTABICH-
HOE B TaON. 3 OCHANICHHWE OTEPaTUBHOTO NEepcoHaa
muToB yrpasieaust ADC He B TOJTHOM Mepe MO3BOIISIET
oOecrneynTh UX 0€30MaCHOCTh B ClIyyae BO3HHUKHOBE-
HUS IOXapa.

Bo3neiicTBre Ha 4enoBeKka OTKPHITOrO IUIAMEHH, HCKD,
TEIUIOBOI'O NIOTOKA, NOBBILIEHHOM TeMIepaTypbl OKpY-
JKAKoMIeH cpelibl IPH MoKape 00yCIIaBIMBacT HEOOX0-
IMMOCTB Pa3padOTKH KOMILICKCHOH 3aIlUThI ONICPaTHB-
HOTO TIepCOHasIa, PabOTAIOMIET0 B 3TUX YCIOBUsAX [16].
CpezacTBa 3alidThl onepatuBHOro nepcoHana ADC
JOJDKHBI HE TOJIBKO o0ecreunBath 3auTy ux ot ODII,
HO Y YYUTBIBaTh 0COOCHHOCTH JOJKHOCTHBIX JIHIL, BO3-
pacT KOTOPBIX B OTACIBHBIX CIyYasX MOXKET JOCTUTATh
60 net u Goree.

JL14 BBITIOTHEHM S CIIELIUAIbHBIX Pa0OT B YCIOBUAX
noXxkapa HeoOXOIUMBI CPEJICTBA 3aIUTHI:

e Teja 4YeJOBeKa OT BO3IEHCTBHUS UCKpP, OTKPHITOIO

MJIaMeHH (3alUTHAs TUIAl-HAKUJIKa, 3aIIMTHBIC Kpa-

T, 3alUTHAsE 00yBb, 3alIUTHAS KacKa);

e OpraHoOB JAbIXaHUS U 3PEHUs (IbIXaTENbHBIN amma-
par co CXKAThIM BO3IYXOM).

B nensx obnerdyenust paboTsl OEpaTUBHOTO IEPCO-
Hana ADC B ycloBUsX Moxkapa pazpaboTaHa crienu-
ajJbHAs 3allMTHAs Hakujka. Marepuasl HaKHIKH —
TEPMOCTOWKas KpeMHE3eMHasl TKaHb, IIpeIHa3HAYCHHAs
JUISL 3aIIUTHI TeIa YeJIOBEKa OT KPAaTKOCPOUYHOTO BO3-
JEHCTBHSI OTKPBITOTO IJIAMEHHU, UCKP U OPBI3T pacIuiaB-
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Ta6nuua 3. MNepeyeHb OCHaLLeHWs onepaTMBHOro nepcoHana bLLY u PLLLY
Table 3. List of equipment for operational personnel of NPP management rooms

Konmuectso /

Bup ocHamenus

BIIY PIIY

Hox (c HeOOIBIINM 3aKPYTIIEHHBIM JIE3BHEM, PUTOHBIN JUTS PE3KU OJIEHKIbI
IOCTPAJaBIINX), IIT. 1 1
Knife (with a small rounded blade suitable for cutting clothing affected), units

HoxHuIib! (¢ HeOONBIIMMHE 3aKPYTIICHHBIME JIC3BUSIMHU, IPUTOTHBIC IS PE3KU
OJIEK/IBI TOCTPAABIINX ), IIIT. 1 1
Scissors (with a small rounded blade suitable for cutting clothing affected), units

Kacku, Ha xaxnoe paboyee MeCTO, IIT.
Helmets for each workplace, units

®doHapu MEepPEeHOCHBIE, IIT., HE MEHEe
Lanterns portable, units, not less than

HanoGuble (oHapy uIsl BEITOTHEHHS ITEPEKIIFOYCHHI IPH OTCYTCTBUH OCBEIIle-
HIS, Ha KaX0e pabodee MecTo, IIT. 1 1
Headlamps for switching operations in the absence of lighting-for each workplace

Camocnacareny (GpuIbTpyOIINe, LIT., HS MCHEe

Self-rescuers, units, not less than 10 5

IIpoTtuBorassl GpuibTpyromme (PeKOMEHI0OBaHHbBIE [T IPUMEHEHUS] UMEHHO
ONIEPAaTHBHBIM [IEPCOHATIOM):
Filter masks (recommended for use operational staff):

¢ amuinen, yka3aHHOH Ha MPUKPETUICHHOH TaOIMYKe, MOIOTHAHHBIN

10 pa3Mepy TOJIOBbI

with the name indicated on the attached plate

WNunuBuayansHO
Individually

pa3HbIX Pa3MEepoB, LIT., HE MEHEe

different measure, units, not less than
3anacHble QUIBTPYIOINE KOPOOKH MPOTHBOTA30B (J1s1 HCIIOJIB30BAHUS ITPH
WCYEpIIaHUK PECypca OCHOBHBIX), IT., HE MEHEe
Spare filtering boxes for gas masks (for use when the main resource is depleted),
units, not less than
JACB nns npodeccnoHaIbHBIX HOXKAaPHBIX, HA KaX10€ pabodyee MecTo, IIT.
The breathing apparatus with compressed air for professional firemen for each 1 1
workplace, units

CpeJcTBa TyIICHHUs TI0XKapoB B cOOTBeTCTBUH ¢ Tpeboanusmu [1I15-AC-2011,
B TOM YHCIIE OTHETYIINTENH, MIT.
Extinguishing Media Fire, extinguishers, units:

0X-2-BCE 2 2
0X-6-BCE

Boeast onex/ia nmoskapHoro (2-ro ypoBHs), IIT., HE MEHEe

Special fireman clothes, units, not less than - 2
Pecniuparop tuna I11b-1 “Jlenectok-200", mIT.

Respirator of ShB-1 type “Lepestok-200”, units 200 200
KranmanHbIi pOTHBOA3PO30IbHBINA (GHIBTPYOLIHIA PECIIHPATOP, IIIT.

Valve anti-aerosol filter respirator, units 10 2
Koctiom 3ammurasbtit JI-1, mr.

Protective Suit L-1, units 3 2
INepuaTku x/6, nap

Gloves, pair 10 10
[epuaTky pe3UHOBBIE (IS 3ALIUTHI OT PAANOAKTUBHBIX 3aTPSI3HEHUI ), T1ap

Rubber gloves (for protection against radioactive contamination), pair 10 10
baxwunel, map

Shoe covers, pair 10 2
PyxaBuipl Ope3eHTOBbIE (JUIs yIIpaBIeHUS TOpsYel apMaTypoii), map E -

Gauntlet tarpaulin (to control the hot fittings), pair
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Puc. 1. CnenpansHast 3alUTHAS IUIAII-HAKH/IKa
Fig. 1. Special protective cloak

Puc. 2. 3amep 4acTOTHI CepE€UHBIX COKPALICHUI Y4aCTHUKOB
UCIIBITAHUH ITPU BBITIOJIHEHUH YIIPAXXHEHUI B y4eOHO-TPEHUPO-
BOYHOM KOMILICKCE

Fig. 2. Measurement of the heart rate of participants in trials
during the passage of exercises in the training complex

nenHoro meraiia (puc. 1). [Ipaktudeckas anpobanus
3aIIMTHON HaKH/IKH IT0Ka3aja MPOCTOTY ¥ YI00CTBO ee
HCIIONB30BaHMUs B CPAaBHEHHH ¢ 0OEBOW 0IexI0il mo-
JKapHOro. HpOBeI[eHHI)Ie 3aMEpPbl HaCTOTHI CEPACTHBIX
COKpAIIIEHHUH TTOKa3aJIH, YTO YYACTHUKN MCIBITAHUN B
3aIUTHOM HAKUJIKE UCIIBITBIBAIOT MEHbIICE (HH3HOIIO0-
rUYecKoe HampsbkeHue (puc. 2).

Puc. 3. [IpoBesienue ucnbITaHuii B y4eOHO-TPEHUPOBOYHBIX KOM-
IUIEKCAX B YCIOBHSX, IIPUOIMKEHHBIX K PeaTbHBIM

Fig. 3. Conducting tests in training complexes in conditions close
to real

[IpoBeneHHbIe UCIIBITAHUS IOKA3aJIU 10CTaTOYHYIO
CTEIEHb 3allUThl ONEPATUBHOIO ME€PCOHAA IPU BbI-
[OJIHEHUM UMHU aBapUIHBIX TE€XHOJIOTMYECKUX Mepe-
KJIFOUEHUHN W MEPBUYHBIX JACHCTBUH 1O TYHICHHUIO TI0-
Kapa (puc. 3).

Kpome cpencts 3amutel ot O®DII, mis paboTsl B
YCIIOBUSIX MOXKapa onepaTuBHoMy nepconaity ADC He-
00XOIMMBI CIIEAYIOUINE TEXHUYECKUE CPEICTBA!

e (oHapb I OCBEIICHUS MecTa paboThI;

e TpOC-CIIEINKa C KapaOMHAMHU JUIS OpraHU3aIuH CTPa-
XOBKH IIpH paboTe B 3abIMICHHOI 30HE;

e JIUDIICKTPUYSCKHUI KOMIUIEKT (KOBPHK, TIEpYaTKH,
00Tb1);

e TOIOP IOXKAPHOTO YISl IIPOBEIEHUS CHELHaIbHBIX
pabor;

e IIPOBOIHOE IIEPETOBOPHOEC yCTPOHCTBO IS 0OMEHA
HHpOPMAIIEH MEeXK/Ty OTIEPATHBHEIM IIEPCOHATIOM.
g npoBeieHuss MEPOIIPUATUI 110 dBaKyalUH1 JIto-

Jieil 1 OKa3aHUIO MIEPBOM IOMOLIH IIPH MTOKAPE ONepaTHB-

HOMY TMEPCOHAITY HEOOXOIUMBI CICIYIOLIHE CPEICTRA:

e HAaKHJKa OTHE3aLIUTHAS;

e camocracaresb MPOMBIIUICHHbBIH H30IUPYIOLIHA;

e MEIUIIMHCKAS anTeyKa JJs SHePronpennpusTUi.
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3akJoyeHue

B pesynbrare npoBeeHHOTO UCCIIE0BAHMS INHA-
MUKH pa3BuTHs noxapa Ha ADC BBISIBIICHO, UTO OCHOB-
HBIM OITACHBIM (DAKTOPOM IOKapa, BIMSIOIIAM Ha BbI-
HOJHEHHE paboT oneparuBHbIM nepconanoM ADC 1o
BBIPA0OTKE AIEKTPUUCCKON SHEPTHH, SIBIISCTCS MTOTEPSI
BUaUMOcCTU. Yxke yepe3 30 ¢ ¢ MOMEHTa BO3HUKHO-
BEHHUS MOXKapa JOHKEH ObITh YBAKYHPOBAH MEPCOHAT
ADC, He BBINOJHSIOMNN ClelUaibHble paboThl IO
TEXHOJIOTUYECCKUM OTKJIIFOUCHUAM U HepeKHI-O‘IeHI/IHM 158
BBIBEJICHUIO PEAKTOPHOW YCTAHOBKH B IMOJKPUTHYHOE
coctosane. OTHOBPEMEHHO C dBaKyalldel mepcoHaia

ADC onepaTHUBHBIH TIEPCOHAI JODKSH IPUHUMATH 10~
CWJIBHBIC MEpBI M0 TYIICHHIO MOXKapa MMEIOIUMHCS
CpeACTBAMH TIOKAPOTYIIIECHHSI, OCYIIECTBISITE COOp UH-
(hopMaruy 0 MPOUCIIECTBUH U Tepeiady ¢¢ MPHOBIB-
IIUM K MecTy BbI30Ba noapazaencHusaM OIIC mo oxpa-
He ADC. ObecrieueHre onepaTiBHOTO MepcoHaa cpei-
CTBaMH 3aUTEI OT BoaercTBus ODI, HeoOXouMBIMU
TEXHUYECKUMU CPEICTBAMHU ISl OKa3aHUsl IIEPBOMA T10-
MOILIX MOCTpaAaBIIEMy W MNPOBCACHUSA CHICHUAIBHBIX
paboT B YCIOBHSX MOXKapa MO3BOJIUT MIPH YCIOBHH CO-
OTBETCTBYIOIICH TMOJTOTOBKH BBITIOJHHUTH YKa3aHHBIC
3aJ1a4u.
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ABSTRACT

Introduction. The analysis of large fires and accidents at nuclear power plants in Russia and
the world testifies to the serious consequences for the population living in the surrounding areas,
as well as the the state in general. Fires are most often arise in the machine rooms, the reactor
compartments, open distribution devices and of the deaerator stacks. The specificity of fires at nuclear
power plants is that they can appear as the initial event for the development of the project, or serious
accident, and subsequent events initiated by the accident.

This study considers the impact of a fire hazards to the operating nuclear power plant personnel
and methods of protection against them in the mode of shift work.

Materials and methods. There are conducted settlement and analytical research of the dynamics
of fires in typical premises, buildings and technological nuclear installations and the analysis of
the reaction fire units on the protection of nuclear power plants to the place of a call (fire).

Theory and calculation. The resulting critical indicators of impact of hazardous fire on human
factors formed the basis for the development of a special set of protective equipment of operating
personnel.

The list of human means of protection includes:

e human body means of protection from exposure to sparks, open flame (the protective cloak,
protective mittens, protective footwear, protective helmet);
e respiratory protection and eye (breathing apparatus with compressed air).

Results. Carried out a series of experiments, using the educational and training complexes
showed acceptable level of protection against fire hazards and convenience of use the special set of
means of protection designed for operating personnel.

Discussion. The degree of protection of workers from the effects of fire hazards during the work in
the initial stage of the fire can be considered acceptable based on use of developed set of means of
protection and an adequate level of preparation.

Conclusions. The study of the dynamics of development of a fire at nuclear power plants revealed
that the main fire hazards affecting the execution of work atomic power plant operational personnel
is the loss of visibility. The staff is not provided protective equipment must immediately leave
the premises. Operational staff provided a special set of protection means can perform the work in
the initial stage of the fire, and as part of a special unit for the prevention of accident, subject to
appropriate training. Operational staff secured by a special set of protection means can perform

MOXXAPOB3PbIBOBE3OMACHOCTb / FIRE AND EXPLOSION SAFETY 2017 TOM 26 Ne 8 m



- BE3ONACHOCTb XU3HEAEATEAbHOCTHU

the work in the initial stage of the fire, and as part of a special unit for the prevention of accident,
subject to adequate preparation.

Keywords: fire; nuclear power plant; fire hazards; operational staff nuclear power plants; unbreat-
hable environment; means of protection.

10.

11.

12.

13.

14.

15.

16.

REFERENCES

. Forecast of the development of the energy sector in the world and Russia until 2040. The Energy Re-

search Institute of the Russian Academy of Sciences, Analytical Center for the Government of the Russian
Federation. Moscow, 2014. 168 p. (in Russian). Available at: http://ac.gov.ru/files/publication/a/2194.pdf
(Accessed 30 May 2017).

. Putsev D. L. Fire safety of nuclear power plants. Abstr. dr. tech. sci. diss. Moscow, 201 1. 47 p. (in Russian).
. Accident at the Fukushima Daini Nuclear Power Plant-1 (in Russian). Available at: https://ru.wikipe-

dia.org/wiki/ABapus_Ha ADC @Dykycuma-1 (Accessed 24 June 2017).

. Statistical data of OOO NPO “DIAR . Accidents and incidents at nuclear facilities (in Russian). Avai-

lable at: http://www.npo-diar.ru/statistics/157/25192/ (Accessed 20 June 2017).

. Kharevsky V. A., Bogdanov A. E., Ishchenko A. D., Fogilev I. S. Developing complex of protective

means for nuclear power plants operating personnel in case of fire. Pozhary i chrezvychaynyye situatsii:
predotvrashcheniye, likvidatsiya | Fire and Emergencies: Prevention, Elimination, 2015, no. 4,
pp. 13—18 (in Russian).

. Technique of determination of settlement sizes of fire risk on production objects. Order of Emercom

of Russia on 10.07.2009 No. 404 (in Russian). Available at: http://docs.cntd.ru/document/902170886
(Accessed 20 June 2017).

. Changes to the order of Emercom of Russia on 10.07.2009 No. 404. Order of Emercom of Russia on

14.12.2010 No. 649 (in Russian). Available at: http://docs.cntd.ru/document/902253161 (Accessed
20 June 2017).

. McGrattan K., Klein B., Hostikka S., Floyd J. Fire dynamics simulator (Version 6). NIST Special Publi-

cation 1018. Gaithersburg, National Institute of Standards and Technology, 2013. 149 p.

. Rasmussen N. C. The application of probabilistic risk assessment techniques to energy technologies.

Annual Review of Energy, 1981, vol. 6,no. 1, pp. 123—138. DOI: 10.1146/annurev.eg.06.110181.001011.
Puzach S. V. Integral, zone and field methods for calculating the dynamics of dangerous fire factors.
Certificate of Official Registration of the Program, no 2006614238, publ. date 08.12.2006 (in Russian).
Mikeev A. K. Protivopozharnaya zashchita AES [Fire protection of nuclear power plants]. Moscow,
Energoatomizdat Publ., 1990. 432 p. (in Russian).

Tanaka T., Yamana T. Smoke control in large scale spaces. Part 1: Analytic theories for simple smoke
control problems. Fire Science and Technology, 1985, vol. 5,no. 1, pp. 31-40. DOI: 10.3210/fst.5.31.
Li Y. Z. Smoke flow and control in large space atrium buildings. PhD Thesis. Hefei, University of
Science and Technology of China, 2001.

Puzach S. V. Metody rascheta teplomassoobmena pri pozhare v pomeshchenii i ikh primeneniye pri re-
shenii prakticheskikh zadach pozharovzryvobezopasnosti [Methods for calculating heat and mass
transfer during a fire in a room and their application in solving practical fire and explosion safety prob-
lems]. Moscow, State Fire Academy of Emercom of Russia Publ., 2005. 336 p. (in Russian).
Ishchenko A. D., Fogilev I. S. Ensuring of nuclear power operations plant personnel in unbreathable
environment in case of fire. Tekhnologii tekhnosfernoy bezopasnosti. Internet-zhurnal /| Technology of
Technosphere Safety. Internet-Journal, 2015, issue 2(60), 6 p. (in Russian). Available at: http://agps-
2006.narod.ru/ttb/2015-2/33-02-15.ttb.pdf (Accessed 24 June 2017).

Puzach S. V., Smagin A. V., Man D. V. Estimation of people protection from action of toxic gases
during fire. Pozhary i chrezvychaynyye situatsii: predotvrashcheniye, likvidatsiya | Fire and Emergen-
cies: Prevention, Elimination, 2009, no. 1, pp. 28-37 (in Russian).

For citation: Puzach S. V., Lebedchenko O. S., Ishchenko A. D., Fogilev I. S. Temporal mechanism
impact hazard fire on nuclear power plants staff and comprehensive protection against them. Pozharo-
vzryvobezopasnost | Fire and Explosion Safety, 2017, vol. 26, no. 8, pp. 15-24 (in Russian). DOI:
10.18322/PVB.2017.26.08.15-24.

m MOXXAPOB3PbIBOBE3OMACHOCTb / FIRE AND EXPLOSION SAFETY 2017 TOM 26 Ne 8



