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OaHuM M3 BaKHEHMIIUX (PAKTOPOB, ONPENCISAIIINX HAYYHO-TEXHHUYECKHMH Nporpecc B
HbIHEIIHEM CTOJIETHH U Oy1ylleM, siBJIsIETCS UCMOJb30BaHNe SJHEPTUN ATOMHOIO SI/IpA.

Ha Onmxadinme aecsiTHJIETHS IPOTHO3HPYETCH HMHTEHCHBHOE Ppa3BUTHE AaTOMHOM
JHEPreTHUKH, OOYCJOBJICHHOE HCTOUICHHEM HMCTOYHMKOB OPraHUYecKoro TomJuBa. Y
yejl0oBeYeCTBA B HACTOsilee BpeMsi HeT JAPYruxX aJbTEPHATHUBHBIX MOATOTOBJIEHHBIX,
KPYNMHOMACHITAOHBIX, JKOJOTHYEeCKH 000CHOBAHHBIX HCTOYHNKOB YHEPTHHU.

Hoss 3nekTpol’Heprum, BbipadarbiBaeMoii Ha AJC B Mupe B HacTosiliee BpeMs,
coctaBisierT 16%0, a B Takux cTpaHax , kak ®@panuus u beabrusi, nocrturaer 50-70%.

SAnepHasi 3Heprusi OCHOBAHA HA WCIHOJb30BAHMHM TpeX HAeJSIIMXCH PAANOHYKJIHUIOB:
ypaH-235 - eCTeCTBEHHBIN JJIEMEHT, JBAa APYrHX - IUIyTOHHNH-239 m ypaH-233 moay4aror
HCKYCCTBEHHBIM NMyTeM B Mpoliecce siiePHOro TOMJIMBHOI0 HUKJIA.

Ha Bcex 3Tanmax siiepHOro TOIJIMBHOIO IMKJIA, HAYMHAS C J00BIYM YPAHOBOI Pyabl, €€
o0oramenusi, mnepepadorkum TB3JIoB, mnosny4enuss HJHepruu B SACPHBIX PpeaKTOpax,
TPAHCIIOPTHPOBKH, MepPepadOTKM TOIJIMBA W 3aXOPOHEHUHM PAAUOAKTHBHBIX OTXOI0B
CylIeCTBYeT PHCK MOMaJaHusl PpaauoakTUBHbIX BewecTB (PB) B okpyxawinyw cpeay H
00/ 1y4eHHU I JIKO.

ITo nannbiMm MATAT?D, 3a nepuon ¢ 1971 mo 1985rr B 14 crpanax mupa Ha AJC nmesn
MecTo 0oJiee 150 aBapmii pa3inuvHoil TaxkecTu. Cpeau NpUYUH aBapuii HauOOJIbIIIee 3HAYEHUE
nMelT omuokn B npoekTax (30,7%).u3H0c 000pyI0BaHUA, KOPPO3HiiHbIe ponecchl (25,5%0),
omuoku oneparopa (17,5%), ommoku B 3xcmiayaranuu (14,7%0).

HauboJ1ee cepbe3Hbie aBapuM, ¢ TOUYKH 3peHUs YXYIUIEHUA IKOJIOTHYeCKON 00CTAaHOBKH
W BJIUSIHUS Ha 3I0pOBbe JIWAed, HMeJM MeCTO HAa ATOMHBIX 3JJIEKTPOCTAHIMAX
Beaukoopurannu (Yunackeiin  1957r), CIHA (Tpu-Maiia-Aiinenny , 1979r) m CCCP
(YepnoObLib , 1986T.).



One of the most important factors determining scientific and technological progress in
this century and in the future is the use of nuclear energy.

Intensive development of nuclear energy is predicted for the coming decades due to the
depletion of fossil fuel sources. Mankind currently has no other alternative, large-scale,
environmentally sound sources of energy.

The share of electricity generated by nuclear power plants in the world is currently
16%, and in countries such as France and Belgium it reaches 50-70%o.

Nuclear energy is based on the use of three fissile radionuclides: uranium-235 is a
natural element, the other two - plutonium-239 and uranium-233 are produced artificially
during the nuclear fuel cycle.

At all stages of the nuclear fuel cycle, starting from uranium ore mining, enrichment,
reprocessing of fuel elements, power generation in nuclear reactors, transportation, fuel
reprocessing and radioactive waste disposal, there is a risk of radioactive substances (RS)
entering the environment and exposing people to radiation.

According to IAEA data, more than 150 accidents of different severity took place at
nuclear power plants in 14 countries of the world in the period from 1971 to 1985. Among the
causes of accidents the most important are errors in projects (30.7 per cent), equipment wear
and tear, corrosion processes (25.5 per cent), operator errors (17.5 per cent), and operational
errors (14.7 per cent).

The most serious accidents, in terms of environmental degradation and impact on
human health, occurred at nuclear power plants in the UK (Windscale 1957), the USA (Three
Mile Island 1979) and the USSR (Chernobyl 1986).



Tpu-Maiia-Anjiena YuHackeia
Three Mile Island Windscale

YepHOObLIbL
Chernobyl Fukushima

Pykycuma



Bomnpoc 1 Ocod0eHHOCTH aBapuil HA
PaaMAIMOHHO ONACHBIX 00bEeKTAaX
Question 1 Specific features of
accidents at radiation hazardous
facilities



PA - HeokMJIAHHAS1 CHUTYAllUsl, BHI3BAHHASI HEHMCIPABHOCTHIO O0OPYIOBAHUSA, WJIHN
HAPYIIEHHEM HOPMAJBHOI0 X042 TEXHOJOTHYEeCKOro MpoIecca, KOTOpas co31aeT OMACHOCTh
NMOBBIIIEHHOT0 001y4eHHUS MEPCOHAJIA U HACEJICHMSI.

HauOosiee cepbe3Hble pajHallMOHHbIC ABApMU 32 BCH0 HCTOPHIO HCIOJIb30BAHMSA
aTOMHOI1 3Heprum npousouiu Ha AJC.

IMosyuyenne ’Heprum Ha ADC ocymecTBisieTcsl 3a c4eT JejeHusi atomoB 235U B
YCJIOBHUSX CEP:KUBAEMON LENMHON peakMu B AKTUBHOM 30He peaKkTopa.

B Poccum B Hacrosimiee BpeMsi MCIOJb3yeTCSl JABAa THIIA PEaKTOPOB HA aTOMHBIX
JJIEKTPOCTAHIMAX: BOAOBOASIHOM »JHepreTnueckuii peaxktop (BBIP) um peakrop Ooabmon
MOIIHOCTH KaHAJbHBIA (PBMK), HO npyMHUMIIHAJIbLHOE YCTPOHCTBO UX BO MHOI'OM OJAMHAKOBO.

B akTuBHYI0 30HY peakrtopa 3arpyxarcsa TBIJI, koropbie nmpeacraBiasiiorT co00i
HMPKOHHEBbIE CTEPKHU, C HAXOASIIMMUCH BHYTPH HHMX Ta0jJeTKaAaMH AHOKCHAA ypaHa. Mexay
TB2J/lamu B akTUBHOM 30HE PACOJIAralOTCA rPauUTOBbIe CTEPKHU, KOTOPbIE BHINOJIHAKIT POJb
3aMelUIUTeJIA HeliTPOHOB, 00pa3ylouIuXxcs B pe3yJbTare aejeHus 235U.

TenJio, BbIge/IAeMOe NPHU SAEPHON PeaKIUM JOJKHO NMOCTOSTHHO OTBOAUTHCH. JTO
OCYIIECTBJIACTCH C NMOMOIIBI) ra3a WJIH BOAbI, KOTOpPble OMBIBAKT TBJIJIbl u yrajasworces 1mo
NMepBOMY KOHTYpPY peakrTopa. TpyObl, pacmosoxeHHble BOJu3M 1 KoHTypa peakrTopa, u
NPUHUMAKOIIME OT HEro TeI10, COCTABJSIOT 2 KOHTYP peakTopa. BoasiHoii map mo 2-my KOHTYpy
NMOCTYIIAeT HA TYPOMHBI M BpPaLllaeT JIEeKTPOreHepaTop

KiaroueBbIMH 3j1eMeHTAMH 0€30MACHOM PadoThl peakTopa CJIY:KUT peryjupoBaHue
LEeNMHOM peakuu, OXJIaK/IeHe AKTUBHOMN 30HbI U 3aI[UTA

IIpouecc B peakrTOope peryJupyercs INyTeM IOrpPY:KeHHUsI B AKTHBHYI 30HY
CTep:KHed U3 00pa WU KAAMHUS, KOTOPbIE MOIIOIIAT HEUTPOHBI.



RA - an unexpected situation caused by equipment malfunction or disturbance of the
normal course of the technological process, which creates a danger of increased exposure of
personnel and population.

The most serious radiation accidents in the history of atomic energy use have
occurred at NPPs.

Energy generation at NPPs is carried out by fission of 235U atoms under conditions
of a contained chain reaction in the reactor core.

Russia currently uses two types of reactors at nuclear power plants: the water-water
energetic reactor (WWER) and the high-power channel-type reactor (RBMK), but their
fundamental design is much the same.

Fuel elements, which are zirconium rods with uranium dioxide pellets inside them, are
loaded into the reactor core. Between the fuel elements in the core there are graphite rods, which
act as moderators of neutrons produced as a result of 235U fission.

The heat generated by the nuclear reaction must be constantly dissipated. This is done
by means of gas or water, which washes the fuel elements and is removed through the primary
circuit of the reactor. Pipes located near the reactor circuit 1 and receiving heat from it
constitute the reactor circuit 2. The water vapour from the 2nd circuit flows to the turbines and
turns the electrical generator

The key elements of safe reactor operation are chain reaction control, core cooling,
and shielding

The reactor process is regulated by immersing boron or cadmium rods, which absorb
neutrons, into the core.
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Reactor building

Pressure Steam
compensat generator
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ASC ¢ BBOP-1000

YcioBHas cxeMa sHeprooiioka ¢
BOJI0-BOJISIHBIM PEaKTOpOM. 1 -
peaxKTop, 2 — TOIUIMBO, 3 —
peryJupyIomue cTepKHu, 4 —
npuBoJibl CY3, 5 — KoMmIeHcaTop
JIABJICHUS, 6 — TEIJIO0OOMEHHBIE
TpyOKuU nnaporeseparopa, 7 — 1ojiaqa
NUTaTEILHON BOJBI B [IapOreHEPATOP,
8 — IIMH/IP BHICOKOI'O JaBJICHUS
TYpOUHBI, 9 — HMWIMHAP HU3KOTO
napieHus Typounsl, 10 — reneparop,
11 — Bo3OyauTEND, 12 —
KOHJeHcaTop, 13 — cucrtema
OXJIa)K/ICHU Sl KOHJICHCATOPORB

Ty pOuHBI, 14 — 10JI0rpeBaTeiu,

15 — typOonuTaTeabHbIN Hacoc,

16 — xonjeHcaTHbI Hacoc, 17 —
[JIaBHBIM HUPKYJISAIMOHHBIN Hacoc,
18 — noaxI/IIOYEeHNE reHeparopa K
cetu, 19 — nojaya napa Ha TypOuHY,
20 — repmoo00II0UKa




NPP with WWER-1000

Scheme of power unit with water-water
reactor. 1 - reactor, 2 - fuel, 3 - control
rods, 4 - drives of control and protection
system, 5 - pressure compensator, 6 -
heat-exchange tubes of steam generator,
7 - feed water supply to steam generator,
8 - high pressure cylinder of turbine, 9 -
low pressure cylinder of turbine, 10 -
generator, 11 - exciter, 12 - condenser, 13
- turbine condenser cooling system, 14 -
heaters, 15 - turbine feed pump, 16 -
condensate pump, 17 - main circulation
pump, 18 - generator connection to the
network, 19 - steam supply to the
turbine, 20 - hermetic shell




KoHcTpykuusa PBMK-1000

Peaxrop Bonsmoi Momuoeru

5 3 1 Koucrpyknus
Kanansustit (PBMK) — cepus PEMIC-1000
SHEPreTHUSCKUXR ATePHEX ‘ FUMORRATIIR IngHKe paKTOPA

CMECL 17 FeaicTopn i
PEAKTOPOB, PA3pabOTAHHEIX B
Cogsercxom Corose. Hannnni
PEAKTOP — KAHATBHBLA, ; YPAH- [ap g
TpaburoBsli (IpadUTO-BOTHELI ;
3 ~

TIO 3&M@)I_JBITCJIEO), KUTHIIETO Bapaoa}}_
THIIZ, HA TEIUIOBBIX HEUTPOHAX) cenaparap
TIpeTHASHAYECH [T BhIPAGOTKH
HACHIIIEHHOTO Hapa.
TermorOoCUTeNs - KUILTIIAS BOHA.

Boaam A3 —b

Boas noene
Ty pouHL




Construction of RBMK-1000

High-power channel-type Construction
reactor(RBMK) is a series of of RBMK-1000

nuclear power reactors Steam-water i
developgd in the Soviet Union. mbdure fTomeacid |
This reactor is a channel

reactor, uranium-graphite Steam
(graphite-water moderator), e
boiling type, thermal neutron Steam Vi
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reactor; it is designed to ) .ﬂ

generate satu rated steam.
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The coolant is boiling water.
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Generator
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B npounecce padoThl peakTopa AKTHBHOCTH SIIEPHOI0 TOIUIMBA NOBBIMIAETCH W3-32
o0pa3oBaHNsl PaAMOAKTHUBHBIX NPOIAYKTOB JAejeHusi ypana 235. Iloatomy Tpedyercsi o4YeHb
MOIIHAS 3aIIMTA BOKPYI AKTUBHOM 30HbI PeaKTOpPa. AKTHMBHAsl 30HA pPa3MellaeTcs B KOpILyce
peakTopa, 3alIMIIeHHOW OeTOHHOM OuoJIorHYecko 3amuToii. Mexay KopmycoM M
OMO0JIOTHYECKO 3aAUTOM YACTO YCTAHABJIHUBACTCSH CJIO PAXUAIMOHHON TENJIOBOH 3AIIUTHI.

I1aBHas moTeHUMaJbHAsE omacHOCTh aBapum Ha AJC cocroutr B BbpIOpoce PB B
aTtMocdepy Npu HaAPpyLIEHNH EeJOCTHOCTH U30JMPYIOLIEro PeaKTOpP COOPYKEHHUS.

ABapuss Ha  YepHoObuibckoit AJC sBasiercsi HauOoJiee KPYNHOW M3 M3BECTHBIX
PAaAMALMOHHBIX ABAPUHU U MO CYUIECTBY SABJISETCH KPyNHEHIIEeH IKOJOTHYeCKOU KaracTpodou
n100aJbHOro Macmrada. Ona npousomia Ha 4 3Heprodsoke YAIC 26.04.86r. B 1u. 23 mun B
npouecce MpPOBEeICHUS JKCIEPUMEHTA 10 BbISICHCHHI0O BO3MOKHOCTEH HCIO0JIb30BAHMSA
MEXaHMYEeCKOH JHEepPrud poropa TypOMHbI B MHTepecax AaBapUUHOIO oOecrneYyeHHs] CTAHIUU B
ciydae e€ o0ecToUMBaHMSI.

B pe3yabrare TemjioBOro BbIOpPOca ObLIM pa3pylieHbl AKTHBHAS 30HA PEaKTOPHOI
YCTAHOBKHM, YaCTh 31aHUS, B KOTOPOIl OHA PacoJiarajiach, M KpoBJsi MAIIMHHOTO 3a1a AJC.

BriOpouieHHbIe B3PHIBOM KOHCTPYKLUHM 00pa3oBajiM 3aBaj € CEBEPHOM CTOPOHBI
3aaHus. O MOIIHOCTH B3PBIBHOIO NMPOLECCA CBUACTEIbCTBYET TO, YTO MOILIHAS BEPXHAS IJIMTA
peakTopa ObllIa MepeMelleHAa U O0Ka3aJacb B HAKJIOHHOM [OJIOXKEHHHM, a OJHA U3
’KeJIe300€TOHHBIX IUIMT OHMOJIOTMYECKOH 3aIUUTbl, HACHIIMICEHHAs] CTAaJbHOW JApo0bI0, ObliIA
BbIOpPOILIEHA B3PbIBOM U NPOOUJIA KPOBJIKO 31AHUA.

B pe3yibrare B3pbIBOB B peakTope M BbIOpPOCE Pa30rperbiX A0 BBICOKOW TeMIIEPaTyphl
(parmMeHTOB aAKTHUBHOM 30HbI HA KpbIlIe PEAKTOPHOIO OTAEJEHHUS M MAIMIMHHOIO 3aJIa
Bo3HuKaT 30 ouaroB no:xapos. K 5 yacam yrpa no:kap ObLj1 JJUKBHIMPOBAH.



During reactor operation, the activity of the nuclear fuel increases due to the formation
of radioactive fission products of uranium 235. Therefore, very strong protection around the
reactor core is required. The core is placed in a reactor vessel protected by a concrete biological
shield. A layer of radiation thermal shielding is often installed between the vessel and the
biological shielding.

The main potential hazard of an accident at a nuclear power plant is the release of RS
into the atmosphere if the integrity of the reactor containment structure is compromised.

The Chernobyl accident is the largest known radiation accident and is in fact the largest
environmental disaster on a global scale. It occurred at Unit 4 of the Chernobyl NPP on 26.04.86
at 1h. 23 min in the process of conducting an experiment to find out the possibilities of using the
mechanical energy of the turbine rotor in the interests of emergency support of the plant in case
of its de-energisation.

As a result of the thermal release, the reactor core, part of the building in which it was
located, and the roof of the NPP engine room were destroyed.

The structures ejected by the explosion formed a rubble pile on the northern side of the
building. The power of the explosion process is evidenced by the fact that the powerful top plate
of the reactor was displaced and ended up in a tilted position, and one of the reinforced concrete
slabs of the biological shield, saturated with steel shot, was ejected by the explosion and
punctured the roof of the building.

As a result of explosions in the reactor and the ejection of core fragments heated to high
temperatures, 30 fire outbreaks occurred on the roof of the reactor compartment and engine
room. By 5 a.m. the fire was extinguished.



Cragumn aBapuu Ha HAIC

Ha nepeoit cmaouu aBapum ObLIM pa3pylieHbl CUCTEMbI OXJIAXKIECHUS M AKTHBHAsA
30Ha peakTopa. Bo3Huki0 ropenue rpadpura. B3psiBoM 0bLiIN BbIOPOIIEHbI BbICOKOAKTHBHbIE
00JIOMKH KOHCTPYKIMA AKTHBHOW 30HBI C TOIJIMBOM, rPaguT, TONJIMBO, NMPOXYKTHI JeJICHHSI.
BpiOpoc TOomIMBa M MPOAYKTOB JejieHHsI NMPOM30IIe] HA BBICOTY 10 1 kM u HaO/ionajics B
Te4eHUuM 2-4 CyTOK MmocJjie aBapuu.

Ha emopoit cmaouu (26.04.86r-1.05.86r) momuocth BbIOpoca PB ymeHbInajachk.
Bpi0pocoM BBIHOCHJIACH MEJIKOAUCIEPCHAS TOIVIMBHAA U rpaduTOBasi NbLIb;

Ha mpemun  cmaouu (2.05.86r-6.05.86r) nHada07a7I0ch HapacTaHHe MOIIHOCTH
BbIOpoca. IMesi0 MeCcTO 3HAYMTEIbHOE 000TalleHue NPoAyKTOB BbIOpoca iogom - 131.

Ilo-BuaAMMOMY, 3TO SIBWIOCH Pe3yJbTaTOM cOpoca B pa3pylleHHbIH pPeakTop CBMHIA,
OOpMpPOBAHHBIX MATEPHAJIOB, MIeCKA U INIMHBI (0€3 OpraHu3anyuy TemJIonpoBoaa).

Takasi monbITKAa yYMEHBLIIMTHL BbIOPOC NpHBeda K JAONOJHUTEIHLHOMY Pa30rpeBy
TOIUIMBHBIX MACC, BILIOTh /10 MX IJIaBJIeHMsI, 0Opa3oBaHus ''J1aBbl'', KOTOpas yepe3 NMPoOILIAB B
ONOPHOM IJIaTe PEeaKTOPa MPOHUKJIA B NMOJAPEAKTOPHbIE OMeIeHMS.

Ha uemeepmoini cmaouu (nmocae 6.05.86r) momHOCTH BBIOpPOCA pe3ko ynaja U B
AajibHelIeM He YBeJIMYNBAJIACH 10 MPEKHUX 3HAYECHUH.



Stages of the Chernobyl NPP accident

At the first stage of the accident, the cooling systems and reactor core were destroyed.
Graphite combustion occurred. Highly active debris of core structures with fuel, graphite, fuel,
and fission products were ejected by the explosion. The release of fuel and fission products
occurred at a height of up to 1 km and was observed for 2-4 days after the accident.

At the second stage (26.04.86-1.05.86) the power of the RS release decreased. The
emission carried out fine fuel and graphite dust;

At the third stage (2.05.86y-6.05.86y) the increase of the emission power was observed.
There was a significant enrichment of emission products with iodine - 131.

Apparently, this was the result of dumping lead, borated materials, sand and clay into
the destroyed reactor (without organising a heat pipe).

This attempt to reduce the release resulted in additional heating of fuel masses, up to
their melting, formation of “lava”, whichentered the sub-reactor rooms through a breach in the
reactor support plate.

At the fourth stage (after 6.05.86) the power of the release sharply decreased and did
not increase further to the previous values.
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Ha Bcex craausix aBapum BbIOPOC PAAUOHYKJIWAOB NPOHUCXOAMJI B  BHJE
MEJIKOMCIIEPCHBIX YacTull ( 0K0JI0 2 MKM) TOILTHBA, 000TAIIIEHHOTO I[€3HeM.

K HosiOpio 1986r. moBpe:kaeHHbIH B3PbIBOM PpPeakToOp ObLI 3aMYPOBAH B OeTOHHBIH
"capkodar'. B pe3yiabTare aBapum norudamn 31 yenoBek, 06os1ee 200 yenoBek 3a00J1eJ11 JIydeBOM
0ojie3nblo. 3a Bpemsi padoT MO JUKBHAAIUN TOCTAEACTBHH aBapuM mnopsiAka 25 ThicAY
nosyunsn a03b1 50-70 bap

Ha navano 1991 roga mjomaas TeppuTOpMHU, 3arpsi3HeHHOH me3ueM - 137 cBbime 1
Ku/km (Takasi IUIOTHOCTH PAJUANMOHHOIO 3arpsi3HEHMsI CO371aeT YpPOBeHb paauauuu 1 mp/4)
cocraBJisieT 0osiee 100 ThicsiY KM ¢ HaceJleHHEM OKOJIO 4 MJIH. YeJI0BeK.

B ToM 4mciie ¢ IUIOTHOCTHIO 3arpsi3HeHus cBbiie 15Ku/km (16 Mp/4) - okoa0 11TbIc. KM
(260TBIc.uen0Bexk HacedeHust). M3 3tux 11 Teic.kM: B Beaopyccuu — 6thic.km  (109ThIC.
yesoBek), B Poccuu (Bpsnckas obmacte) - 2,4 thic.kM (105ThIC.UesioBek), Ha Ykpanne -1,5
ThIC.KM (50 TBIC.UeI0BEK).



At all stages of the accident, radionuclides were released in the form of fine particles
(about 2 um) of caesium-enriched fuel.

By November 1986, the reactor damaged by the explosion was encased in a concrete
“sarcophagus”. As a result of the accident, 31 people died and more than 200 people became ill
with radiation sickness. During the time of liquidation of the consequences of the accident about
25 thousand people received doses of 50-70 rem

At the beginning of 1991 the area of the territory contaminated with cesium - 137 over 1
Ci/km (such density of radiation contamination creates radiation level of 1 mr/h) is more than
100 thousand kilometres with the population of about 4 million people.

Including those with contamination density over 15 Ci/km (16 mr/h) - about 11 thousand
kilometres (260 thousand people). Of these 11 thousand km: in Belarus - 6 thousand km (109
thousand people), in Russia (Bryansk region) - 2,4 thousand km (105 thousand people), in
Ukraine -1,5 thousand km (50 thousand people).



30HbI paJHO0AKTHBHOIO 3apa)keHus Ha 1 uac nocie
> aBapud Ha Y ASDC c paspyllieHHeM peakKkTopa

YpoBHM paguaijii Ha rpaHUIax 30H, P/
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Radioactive contamination areas at 1 hour after the

, Chernobyl NPP accident with reactor destruction

Radiation levels at zone boundaries, R/h

I (14R/M) B (4,2R/M) B (1,4 RM) A (0,14 R/h) M (0,01 R/h)
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OcoOennoctu apapuu Ha POO

1. Ilpu paguanuoOHHBIX aBapUAX BO3MOKHO OO0JIly4yeHHE B BBICOKOW /J03e JIKAeW,
OKA3aBIIUXCHA HA NMYTH ABUKeHHS (haKesia aBapuilHOI0 BbIOpocCAa.

dakes aBapuiiHOro BHIOpPOCA W3 SIAEPHOI0 PeaKkTOpa pacnpocTpaHsieTcsi B Mpeaeaax
NMPHU3eMHOT0 CJIOSI BO3/yXa, I7le HANpaBJieHHe U CKOPOCTh BeTPa J0CTATOYHO YaCTO MEHsIeTCs,
YTO 3HAYNTEJIbHO 3aTPYAHSET BO3MOKHOCTH IIPOTrHO3a HANPaBJeHus IBUKeHHs (akesa

CaenoBareibHO, IBaKyalllsi 32 Npeaesibl ONMACHON 30HBI 1eJecO00pa3Ha, JHIIb €CJIH
€CTh YBEPEHHOCTb B TOM, YTO 3BAKyHpYyeMbl€¢ YCIIeBAaOT BOBPeMsl NMOKUHYTh PaJMalOHHYI0
30Hy M MX He HACTHUTHET IO Jopore pacnpocrpansiiomuiicsa gaken. Ecian Takoii yBepeHHOCTH
HET, Ha/Ie’KHee UCIO0JIb30BATh YKPHITHS.

IIpu simzepHoM B3pbIBe 00/1aK0 MogHMMAaeTcsi Ha BbicoTy 10-20 kM, re ayeT ycToOH4YUBBIii
BeTep, IMO0ITOMY MOMKHO CIeJaTh TMPOTHO3 PACHPOCTPAHEHUS 30H PAJHOAKTUBHOIO
3arpsi3HEHNs] M HATH 0e30macHble MyTH 00X0/1a 3aPasKeHHOM 30HBbI.



Specific features of accidents at
radiation hazardous facilities

1. In radiation accidents, it is possible to expose people who are in the path of the plume of
an accidental release to high doses.

The plume of an accidental release from a nuclear reactor spreads within the surface air
layer, where the wind direction and speed change quite frequently, which makes it difficult to
predict the direction of plume movement

Consequently, evacuation outside the danger area is reasonable only if there is
confidence that the evacuees will be able to leave the radiation zone in time and will not be
overtaken by the spreading plume on the way. If there is no such certainty, it is safer to use
shelters.

During a nuclear explosion, the cloud rises to a height of 10-20 kilometres, where a
steady wind blows, so it is possible to forecast the spread of radioactive contamination zones
and find safe ways to bypass the contaminated area.



2. PanmoakTMBHBIA BBIOPOC U3 SJAEPHOI0 PpPeaKTOPa MPOUCXOAUT JOCTATOYHO
JNJINTEIbHOE BpeMsl.

B 3aBucuMoOCTH OT MacIITa0a aBapuu OH MOKET MPOA0JIKATHCH OT HECKOJIbKHX YaCOB /10
HECKOJIBKMX JIHell ¢ [axke HeleJdb. JTO omnpeaeasier pa3juduss B (POPMHUPOBAHUU
PaaAMOAKTHBHOIO 3aPasKeHNsI MECTHOCTH, M0 CPABHEHHUIO C SICPHBIM B3PbIBOM.

IIpu puauTeIbHOM aBapuilHOM BbIOpOCe PaaMOAKTHBHOE 3arpsi3HEHHE MOMKeT
PacCHpPOCTPAHATHCH HA 3HAYMTEJbHbIC TEPPUTOPUM (C YHETOM JAOCTATOYHO YACTOr0 M3MEHEHMS
HalpaBJICHUSI BETPA), YTO 3aTPYAHSACT NMPOBeAeHHE ABAPUHHO-CIIACATEIbHBIX Pa0oT.

3. IIpoayKToB siiepHOro JiejeHusi HMeIOT BbICOKYIO JUCIIEPCHOCTD (10 2 MKM).

10 00yCJIOBIMBAET

»>  00JIbIIYI0 BEPOSITHOCTh HHTAISALNMOHHBIX MOPAKEHHH M0 CPABHEHUIO ¢ 0YaraMu siIEPHOIO
B3pbIBA;

>  orpaHMYeHuUe 3alMTHONH MOIIHOCTH PeCNUPATOPOB, MPOTHBOra3oB. B HEKOTOPBIX caydyasix
(mpu BBLIOpPOCEe PAAMOAKTHBHBIX HHEPTHBIX Ia30B) HeO0OXOAUMO NPUMEHATH CPeICTBA
3aIMThl OPraHOB JIBIXaHUS M30JUPYIOLIEro TUIIA;

»  3aTpyaHsieT NpoBeleHUe CAHUTAPHON 00padoTKM.

HNuorna o0padoTkM BOAOH € MBLIOM MOKET OKa3aTbCHd HEIOCTATOYHO, W BO3HHUKAET
HeO0XOOMMOCTh B NpPHMeHeHMH mnpemnaparoB Tuma ''3amura'. CyliecTBeHHO 3aTPyIHAETCS
Ae3aKTUBALMS OOMYHAUPOBAHMSI M 0Oejibfi, UX NPHUXOAUTCH 3aMEHSATH, a 3arpsA3HEHHOE
YHUYTOKATD.



2. A radioactive release from a nuclear reactor takes place over a fairly long period of
time.

Depending on the scale of the accident, it can last from a few hours to several days and
even weeks. This determines the differences in the formation of radioactive contamination of the
area compared to a nuclear explosion.

In the case of a prolonged accidental release, radioactive contamination may spread over
large areas (taking into account quite frequent changes in the wind direction), which makes it
difficult to carry out rescue operations.

3. Nuclear fission products have high dispersibility (up to 2 microns).
This results in
> higher probability of inhalation injuries compared to the center of nuclear explosion;
> limitation of the protective capacity of respirators and gas masks. In some cases (when
radioactive inert gases are released) it is necessary to use isolation type respiratory protection
equipment;
» makes it difficult to carry out decontamination.

Sometimes treatment with soap and water may not be sufficient, and it is necessary to use
“protection” type products. The decontamination of uniforms and underwear is considerably
more difficult; they have to be replaced and contaminated ones destroyed.



4. Ilpeodnaganue B (pakesie BbIOpoca U3 siIEPHON IHEPreTHYECKOM YCTAHOBKH
A0JITO;KUBYIIMX U30TOIOB.

Hanpumep, 1¥” Cs (T 1/2 = 30 aer); ° St (T 1/2 =29 ner); 2%Pu (T 1/2 - 87,7 ner); 2> U
(T 1/2 = 703.8 » 106 sier); &Kr (T1/2=10,7).

10T haKTOp 00yCAABIUBAET HE3HAYNTEILHLIN CIIAJ YPOBHS PAIHALUH I0CJIe ABAPHH
BO BpEMEHHU U JJIHUTEIbHOCTh PAAMOAKTHBHOIO 3arPA3HEHHUS] MECTHOCTH.




4. The predominance of long-lived isotopes in the plume of a release from a
nuclear power plant.

For example, 137 Cs (T 1/2 = 30 years); %° St (T 1/2 =29 years); 238Pu (T 1/2 - 87.7 years);
235U (T 1/2 =703.8 » 10° years); 8°Kr (T1/2=10.7 years).

This factor causes insignificant decrease of radiation level after the accident in time
and duration of radioactive contamination of the area.




Bonpoc 2 11O «Masik»
Question 2 Mayak Production
Assoclation






ABapua Ha "Maske”
Mayak nuclear accident




XumkomOunar «Masik» mocrpowiu B 1948 rogy. Haxonutest on Ha FO:xkHom Ypaue,
B 3ATO O3épck (Bo Bpemena CCCP — Yeasnounck-40), pacnoyioskeHHOM HelaJIeKo OT rOpoioB
Kacan n Kpimirbim.

IHociennunii najn Ha3BaHMe aBaApHWH JIMIIb MOTOMY, 4YTO OBbLI OJMKANIIMM K MeECTy
KATACTPO(bI OTKPHITHIM HACEJTEHHBIM MMYHKTOM, 0003HAYE€HHBIM HA KapTe.

Ha «Masike» npouM3BOAMJIM IUIYTOHMH-239 — PB, HeoOxoamMoe 1Jisi M3r0OTOBJIEHHUA
SIIEPHOTO OpYkusi. B ycJ10BHSIX TOHKHM BOOPY:KEHHI ATOMHOIO ChIPbsl TPEOOBAJIOCH BCe OOJIbIIIEe
U 00JIbllIe KAKIBIA o, MO3TOMY K COKaJIeHUI0, 00JIbIlE BCEr0 BHUMAHUA HA 3aCeKPeYeHHOM
MPOU3BOJCTBE YyIeJIslIH YBeJINYEHNIO BLIPAOOTKH, 2 He 0€3011aCHOMY 3aXOPOHEHHMIO OTXO/10B.

Kuakue paguoakTuBHbIEe 0TX0AbI «Masik» XpaHWJI HENOAAJIEKY OT NpeaAnpPUsiTHS . BO3Jie
o3epa Kapauaii Obuia co3gaHa 0OeTOHHAsT «py0alIKa» €0 CTEHKAMH METPOBOM TOJIIIMHBbI
(COTpPYyIHUKM HA3BIBAJIU €é «0aHKO0W»), B KOTOPYIO ciuBajmu PAQO.

OT nmoBepXHOCTH 3eMJIM ITYy €MKOCTh OTAeJAJIM JBa MeTpa rpyHra. B 1953 rony
XpaHuJnie 0bLI0 00YCTPOEHO TAK, YTOOBI U30€:KATh KOHTAKTA C 03€POM.

ATOMBI B 0TX0JaX NMPOIOJIKAIN JAeJUThCS, MOBBINIASI TEMIEPATYPY *KHUAKOCTH, OITOMY
BOKPYTI HMCTEPHBI CAEJIATH OXJIAXKAAIOIIME YCTAHOBKH.

K coxajieHuio, MX CTPOWJIM HA CKOPYIO PYKY, 4 OCMOTP U PEMOHT 3TOro 000OpPYyI0BAHUSA
ObLI TPYy10€eMKHMM W JAOPOTrMM, W H3-3a 3TOr0 NpeanpusiTHe MHPWIOCH C €ro COCTOSTHHEM,
AAJEKUM OT UIEATbHOIO.

Taxk npono/kanoch 10 29 cenrsiops 1957 rona. B 4 ywaca qus nporpemeJi B3pbiB. B ropone
CJBIIIAJIN XJIOMOK, HO HUKTO He MPHAaJl eMy 3HaYeHUusi. B okpecTHOCTSIX B3pPbIBAJIH TOPHYIO
MOPO/Y, M BCe TPEBOKHbIE 3BYKH CIIMCAJIH HA 3TU PadOThI



Mayak Chemical Plant was built in 1948. It is located in the South Urals, in closed
administrative-territorial unit Ozersk (Chelyabinsk-40 in Soviet times), located near the towns
of Kasli and Kyshtym.

The latter gave its name to the accident only because it was the nearest open settlement
marked on the map to the site of the disaster.

Mayak was producing plutonium-239, the RS needed to make nuclear weapons. In the
conditions of the arms race, more and more nuclear raw materials were needed every year, so
unfortunately, the most attention at the classified production facility was paid to increasing
output rather than to safe waste disposal.

Mayak stored liquid radioactive waste not far from the enterprise: near Lake Karachay,
a metre-thick concrete “jacket” was created (employees called it a “jar”) into which RS was
poured.

This container was separated from the ground surface by two metres of soil. In 1953 the
repository was arranged in such a way as to avoid contact with the lake.

Atoms in the waste continued to divide, increasing the temperature of the liquid, so
cooling plants were built around the tank.

Unfortunately, they were hastily built, and inspection and repair of this equipment was
labour-intensive and expensive, and because of this the company put up with its far from ideal
condition.

This continued until 29 September 1957. At 4 o'clock in the afternoon there was an
explosion. People in the city heard a clap, but nobody paid any attention to it. Rock was being
blasted in the neighbourhood, and all the disturbing sounds were attributed to this work



Torna B «0anke» Haxommwiaoch 80 M3 0TX010B, MeHbLIIE TPeTH BCero o06Lema,
cocrapiasBmero 300 m3. Oxiakaawinue YCTAHOBKH Aajid c00i, modTomy :kuakue PAQO
neperpench M HA4aJIM BbIIEJATH ras.

Hu MHOroTOHHAsi KpbIIIKA «pydamiku», HU 2 MeTPa MOYBBHI HAl HeH He CAepKaIn
MOIIHBIN B3PbIB. Y HEero ObLIA TeNJ0Basi MPUPOAA, MOITOMY HEMHYI0 PeaKIHI0 OH He BbI3BAJL,
U 3T0 00JIbIIAS y1aya, HHAYe ero pe3yJbTaThbl MOIJIM CTATh ellle CTpalllHee.

A mnocjeacTBusi ObLIM cjaeaylomue. mpousomesa BbiOpoc 20 muiuinoHoB Kiopu
paaguonykJanaoB. 909 u3 HUX 0ceJI0 B INMUIIEHTPE ABAPHUHU, a4 OCTAJIbHbIe 00pa30BaJu 00J1aKO.

NMeHHO 0HO B OJIMKAWMIIYIO OJIOBUHY CYTOK YHECJIO 3arpsi3HEHHbIE 0CAJIKU HA CEBEPO-
BocTOK, Ha paccrossaue 300—-350 km. Tak oOpa3zoBajnca BocTouHo-YpajabcKkui
paauoakTuBHbId cjex (BYPC). Ha ero miomaau okaszaauch 3emMan YensiOMHCKOI,
CBepaiioBckoii u  TiomeHckoil oOiaacrteil, rae Toraa kuwiad 2/0 ThIcAY 4eJIOBEK.
ITo MexayHAPOAHOH IIKAJE ANEPHBIX COOBITHH ABAPUM NMPHCBOCH LIECTON YPOBEHb U3 CeMH
BO3MOKHBIX. MakcumyM naH katacTpodam Ha YUepHoObLibckoil AJC u Ha Dykycume-1.

Bo BpeMsi caMoro B3pbIiBa HMKTO He NOrud, Belb ObLIO BOCKpeCeHbe — BbIXOJIHOI
AeHb. 7KepTBbl KaTacTpo(dbl CTajM MOABJATHCH MOCJHEe Ha4Yaja padorT MO YCTPAHECHHUIO
€€ mocJjaeaACTBUM



At the time, the “jar” contained 80 m? of waste, less than a third of the total volume of
300 m3. The cooling units malfunctioned, so the liquid RAW overheated and began to release
gas.

Neither the multi-tonne cover of the “jacket” nor 2 metres of soil above it contained the
powerful explosion. It had a thermal nature, so it did not cause a chain reaction, and this is a
great luck, otherwise its results could have been even worse.

And the consequences were as follows: 20 million curies of radionuclides were released.
90% of them settled in the epicentre of the accident, and the rest formed a cloud.

It was this cloud that in the next half a day carried the contaminated precipitation to
the north-east, at a distance of 300-350 kilometres. This is how the East Ural Radioactive
Trace (EURT) was formed. Its area included the lands of Chelyabinsk, Sverdlovsk and
Tyumen regions, where 270 thousand people lived at that time. According to the international
scale of nuclear events, the accident was assigned the sixth level out of seven possible. The
maximum is given to disasters at the Chernobyl nuclear power plant and Fukushima-1.

No one died during the explosion itself, because it was Sunday - a day off. The victims
of the disaster began to appear after the work to eliminate its consequences began



IlepBbIMH JIMKBUAATOPAMH ABApPUU CTAJIH, KOHEYHO, CAMH COTPYIHHUKH, IOTOM
UM HA MOMOIIb NMPHUBJIEKJIH BHYTPEeHHHE BOMCKA M 3aKJIOYEHHBIX, OTOBIBABIIUX HAKA3aHHeE
HeaaJieko o1 «Masikay.

IIpou3BoaACTBO Ha KOMOMHATE HeJIb3sl ObLIO OCTAHABJIMBATH, MO3TOMY JUKBHUIAATOPLI
3aHUMAJIUCh OTMBbIBAHHEM «TPSA3W». 00JUBAJH JTOPOTH BOAOH W3 MOKAPHBIX MAIIWH, MbLIH
CTeHbI M KPbIIIU 31aHU NPeInpusiTus.

Ilomumo B3opBaBHIelCH «0aHKHM» B XpaHWIHIIE ObLIO elle HECKOJIbKO, MO3TOMY
COTPYIHMKH NPOOYPHJIM BOKPYI HUX TYHHEJM /ISl IIUIAHTOB € BOAOW, YT0OLI BO300OHOBUTH
OXJIAJK/IEHHE.

Ilo BOCIIOMHHAHUMSIM JIMKBHJAATOPOB, CPEICTB 3alMTHI HEe XBATAJ0, HEKOTOPbLIM
NPUXOANJIOCH BMECTO NMPOTHUBOra3oB padoTarb B JErKHMX pPecnUpaTropax, KOTOpble MTHOBEHHO
BBIXOWJIH U3 CTPOA.

HaceJsiennio BeJsieJin MbITh MOJIbI B IOMAX.

JIBaKyalusi HA4aJach OYeHb MO31AHO, Yepe3 6 nHeil. [lepecesuTh pemInin HeCKOJIbKO
nepesenb Kacimuckoro m Kynamakckoro painonoB YenssOuHckor o0Jjgactu. IT0 ObLIH
HaceJIéHHbIe MYHKThI, CHJIbHEE BCEr0 MOCTPAaJAaBIINE OT 3arpsi3HEHMSI.

B o0mei cJ0KHOCTH 3BaKkyupoBaju 0kog0 10 Thicsiu 4desoBek. Jloma W Bcé, 4TO
NPUHAJIEKATIO JKUTEJIAM (B TOM YHCJIE U CKOT) ObLJI0 YHHYTOXKEHO.

Yeasnounck-40 He momajg B 30HY PaJMOAKTHBHBIX OCAJAKOB, MO3TOMY 3TOT TOPOJ
paccesisiTb He CTAJIM — CYMTAJIOCH, YTO OH He MOCTPaaaJa oT 3apaxkeHusi. TeM He MeHee, JIIOAU
crasu norudars ot OJIb.



The first liquidators of the accident were, of course, the employees themselves, and
then they were assisted by internal troops and prisoners who were serving their sentences near
Mayak.

Production at the plant could not be stopped, so the liquidators were engaged in
cleaning up the “dirt”: they poured water on the roads from fire engines, washed the walls and
roofs of the buildings of the enterprise.

In addition to the exploded “jar” there were several others in the storage facility, so the
employees drilled tunnels around them for water hoses to resume cooling.

According to the liquidators’ recollections, there was a shortage of protective
equipment, and some had to wear lightweight respirators instead of gas masks, which failed
instantly.

The population was told to wash the floors in the houses.

The evacuation started very late, six days later. Several villages in the Kaslinsky and
Kunashaksky districts of the Chelyabinsk Region were decided to be relocated. These were the
settlements most affected by the pollution.

In total, about 10,000 people were evacuated. Houses and everything that belonged to
the inhabitants (including livestock) were destroyed.

Chelyabinsk-40 did not fall into the zone of radioactive fallout, so this city was not
resettled - it was considered to be unaffected by the contamination. Nevertheless, people began
to die from ARS.



TouHoe umMcI0 yMepHIMX OT Heé HEHM3BECTHO, Beldb PaJd COXPAHEHHUS] CEKPETHOCTH
nanMeHTaM CTaBWJM JIpyrue, He BbI3bIBalOIle TMOA03PEHUIl JAUATHO3BbI. PpaK WA
BEreTOCOCYANCTYI0 /JUCTOHMIO BTOpoM cTenenu. IlocTpagaBmive JMKBHAATOPHLI JaBaJid
MOANMUCKHU 0 Hepa3IJiallleHN M.

Yro0bl paguanusi He PACHPOCTPAHAIACH, CO3JAJH CAHUTAPHO-3AINMTHYIO 30HY,
KOTOPYI0 mpeBpaTwjad B BocrouHo-Ypaabckuii 3anoBeaHuk B 1968 romy. Ilpupona B HéM
MOCTENEHHO M3JIeYHBAaeTCsA OT 3apakKeHHs, HO ObIBATH TaM HeEJIb3l — YPOBEHb H3JIy4YeHMsI
0CTa€eTCs BHICOKUM, PAAUALIMOHHBINA (DOH MOHU3UTCS /10 €CTECTBEHHOI0 TOJIbKO Yepe3 CTO JIeT.




The exact number of people who died from it is unknown, because for the sake of
secrecy, patients were diagnosed with other, non-suspicious diagnoses: cancer or second-degree
vegetovascular dystonia. The affected liquidators signed non-disclosure agreements.

To prevent the radiation from spreading, a sanitary protection area was created, which
was turned into the East-Ural Reserve in 1968. The nature in it is gradually being cured from
contamination, but it is not allowed to be there - the radiation level remains high, the radiation
background will drop to natural levels only in a hundred years.




IMossipHOE CHSIHUE: KAK CKPbIBAJIM aBAPUIO

Bce nanHble 00 aBapuu ObLIM HEMEAJEHHO 3aceKpe4deHbl. JIMKBHIATOPOB 00513211
MOJYATh. MEeCTHBIM KUTEJISIM He PaCCKA3bIBAJIM 00 HHIUJECHTE.

I'azeTbl HUYEro He mucaau 0 ciayyuBmeMcsa. EAUHCTBeHHAs 3aMeTKa MOSIBUJIACH JIMIID
yepe3 HeaeJq0 B rasere «YeasOumHckuid padoumii», rae roBOpmwiochb: «MHorue 4veasiOMHIIbI
Ha0/II00aJ I 0c000€e CBeYeHHe 3Be3JHOro Heda. IJTO [AOBOJBHO PpeAKOoe B HAIIMX HIMPOTAX
CBCYCHUE MMeEJO BCe MPU3HAKU MNOJASAPHOro cusiHus. VIHTEHCHBHOEe KpacHOe, BpeMeHaMU
nepexojsiiee B ¢J1a00-po30Boe U CBETJI0-T01y00€e CBeYeHHe BHAYAJIE 0XBATHIBAJIO 3HAYUTEIbHY IO
YacTh Or0-3a1aJHOH U CeBEPO-BOCTOYHOM IMOBEPXHOCTH HEOOCKIIOHA).

SlBiieHNe, BBIIAHHOE 32 CEBEPHOE CHSIHME, 0KA3aJI0Ch 00JIAKOM PaJAMOAKTHBHOM NbLIN
U IbIMa, KOTOPOE AefCTBUTEJIbLHO MEPLAJI0 pPa3sHbIMHU HBeTaMH. bosibie HOBOCTEH, CBSI3AHHBIX
¢ karactpodoii mox KelurbiMmom, He OBLIO.

3a pyOekoM 0 B3pbIBe HAa KOMOMHATe TOKe J0Jroe BpemMsi Moauyaau. B anpene 1958 roga
0 HéM HanmevyaTam B 0AHOM u3 rasetr Konenrarena.

Crnencayx0bl CHIA Toxke 3HAJM 0 KaTacTpode, HO HUKTO He 00CYKIaJA eé HIMPOKO —
B 3aIl1aJIHOM 00LIeCTBEe KPeIio HeJoBepHe K SAePHON NMPOMBIIIJIEHHOCTH, BHI3BAHHOE aBapueu
HAa aTOMHOM peakTope B OPMTAHCKOM YHHACKelIe. OHA NMPOU30ULIA 4Yepe3 HECKOJIbKO THeH
nocJjie B3pbiBa B Yeasouncke-40. Eii npucBoeH nsATHIi YPOBEHb MO MeXKAYHAPOXHOW IIKaJje
sIIEPHBIX COOBITHM.



Polar Lights: How the accident was covered up

All data on the accident were immediately classified. The liquidators were obliged to
keep silent. Local residents were not told about the incident.

The newspapers wrote nothing about the incident. The only note appeared only a week
later in the newspaper “Chelyabinsk Worker”, which said: “Many Chelyabinsk residents
observed a special glow of the starry sky. This rather rare in our latitudes glow had all the signs
of polar lights. Intense red, at times changing to weak pink and light blue glow at first covered a
significant part of the south-west and north-east surface of the sky”.

The phenomenon, passed off as the Northern Lights, turned out to be a cloud of
radioactive dust and smoke that did indeed shimmer in different colours. There was no more
news related to the disaster near Kyshtym.

Abroad, the explosion at the combine was also kept silent for a long time. In April 1958, a
Copenhagen newspaper printed about it.

The US special services also knew about the disaster, but no one discussed it widely - the
distrust of the nuclear industry, caused by the accident at the nuclear reactor in the British
Windscale, was growing in Western society. It occurred a few days after the Chelyabinsk-40
explosion. It was rated level five on the international scale of nuclear events.






O B3pbiBe Ha «Masike» BHOBb BCIIOMHUJIM TOJIbKO B 1976 roay, korma B OpMTaHCKOM
xKypHaide «New Scientisty OblLIa omy0JHKOBaHA cTaThbsi 0 TOoM, 4To B 1957 romy moa
KbIIITEIMOM MOT CJIYYUTHCS S1/IEPHBINA B3PbIB.

Eme 4epe3 HeckoJbko JieT, B 1986 romy, mposiBmicsi cTpamHbiii 3¢¢dekT 3TOro
3aMaTYuBaHuA U AesuHpopmanuu. BzopBascsa yerBéproiid 3Heprodok UepHoosuibekon AIC.

Bo3MoxkHO, OHM ObI Y4IM OMIMOKH KOJUIer TPUALATHJIETHEHd JTaBHOCTH, U HOBOM
KaTacTpo(dbl y1ajaoch ObI H30ekKaTh?

daxTt B3pbIBa B Yeasnouncke-40 Baactu CCCP npusnanu Jumb Ha ceccun MATATI
B 1989 rony. Tem He MeHee, pacceKpeYeHHbIX ¢ TeX Mop 0PUUHMATLHBIX JAHHBIX MAJIO.

3aduKCUPOBAHO, YTO CpPeAM BOCHHOCIYKAIUX-JTUKBHIATOPOB MOCTPagaau OoJiblie
THICAYHM 4YeJIOBEK, HO TOYHOE KOJMYECTBO MOrMOMIMX M IMOCTPAAABIIMX B pe3yjabrare
KATaCcTPO(Q bl HEU3BECTHO.

CKoOJIbKO TMPOCTBHIX JKUTEJNEld 3apa’KeHHbIX TEPPUTOPHI MOJYYHIH ONACHBIE [103bI
paguanuu u 3a00J1eJ1M HEYraMHu Jy4eBOi NPUPOAbI, MbI y:Ke HUKOITIA HE Y3HAEM.

IHocie JTMKBUAAUU MOCJEACTBHI KATACTPO(PbI, HACKOJIBKO 3TO OBLIO BO3MOXKHO,
«Masik» He ObLI 3aKkpbIT. [Ipennpusitue AeicTBYeT 10 CUX MOP, U HA HEM BCE-TaKU M3BJIEKJIHN
ypok u3 aBapuu 1957 roaa.

BbicokoakTHUBHBIE O0TXO0[bI 00Jice He XPAHAT B KUAKOM BHJe — BMECTO CJIAMBAHMS
B OCTOHHYI €MKOCTh IPOBOIAT MPOLEAYPY OCTEKJIOBbIBAHHUS, H OTXO0Abl CTAHOBATCH
TBEPABIMH U KOMIAKTHBIMH. B TakoMm Buje oHM He onacHbl. K coxajieHH10, HeJIb3sl CKa3aTh,
4yT0 KOMOMHAT padoraet 0e3 nmpoucmecTBuii. 3a 60 JeT Ha HeM npouszouLIo okoj0 30 aBapuii
¢ BLIOPOCAMHU U NMOTHOLIUMH.



The Mayak explosion was not brought up again until 1976, when the British magazine
New Scientist published an article stating that a nuclear explosion could have occurred near
Kyshtym in 1957.

A few years later, in 1986, the terrible effect of this silence and misinformation became
apparent. The fourth unit of the Chernobyl nuclear power plant exploded.

Perhaps they would have taken into account the mistakes of their colleagues of thirty
years ago, and a new catastrophe would have been avoided?

The fact of the explosion in Chelyabinsk-40 was recognised by the USSR authorities
only at the IAEA session in 1989. Nevertheless, there is little official data declassified since
then.

It is recorded that more than a thousand people were injured among the military
liquidators, but the exact number of dead and injured as a result of the catastrophe is
unknown.

We will never know how many ordinary residents of the contaminated territories
received dangerous doses of radiation and fell ill with diseases of radiation nature.

After the liquidation of the consequences of the catastrophe, as far as it was possible,
Mayak was not closed. The enterprise is still in operation, and its personnel has learnt a lesson
from the accident of 1957.

Highly active waste is no longer stored in liquid form - instead of being poured into a
concrete tank, the waste is vitrified and becomes solid and compact. In this form they are not
dangerous. Unfortunately, it cannot be said that the plant operates without accidents. Over 60
years, there have been about 30 accidents with emissions and fatalities.



Bonpoc 3 OcHoBHBIE (haKkTOPHI
PAIMaiMOHHOM OMACHOCTH NPH
apapusax Ha ADC
Question 3 Main factors of radiation
hazard in accidents at NPPs



IIpuyrHBI paAMALMOHHBIX MOPAKESHUH

IIpu aBapusix Ha ADC MOKHO NOJYYUTHh PAAUANMOHHOE MOPAKEHUE B pe3yJbTare:
1. Ocmpozo enewinezo y - 00yyenus OT PAAMOAKTHBHBLIX MHEPTHBIX ra3oB, a
TaKKe 0T CONEPKMMOI0 PeaKTOpPa, BHIOPOLIEHHOI0 B BH/E a3P030Ji 32 MNpeaebl aKTHBHOM
30HBI.
HauOoabuiee 3Havyenne B pOPMUPOBAHMHU /103bl BHEIIHEr0 O0JIyYeHUs] NMPUHAMJICKUT Y -
JydyaM, [ - Jy4yd cuibHee NOIIOMIAIOTCS BO3AYXOM M MOIYT BO3/1€lCTBOBATH JIMIIL CO
CPABHUTEJIbHO HEOOIBIIIOT0 PACCTOSIHUSA.

2. Hapyscnozo paouoaxmuenoz2o 3a2pA3ZHEHUA KOMCU, CAUUCMBIX TIPOAYKTAMHU
siaepHoro aejeHusi. Oco0eHHO BHICOKHUE IVIOTHOCTH PAJHOAKTUBHOIO 3arPSA3HEHUS CO31AKTCH B
Nepuoj MpoxoxaeHus paxkesia BbIOpoca.

IlopaskeHusi NPH HAPY:KHOM PAJAMOAKTHBHOM 3apakeHUH, ompeneasilores -
U3JIyYeHHEeM, KOTOpPOe B CHJY MAaJIOd MPOHUKAKIIEeH CIIOCOOHOCTH B OCHOBHOM IOIVIOLIACTCH
KOKeil.

IIpu BbICOKOI 03¢ OOJyYeHHS] KOXKHM MOKET Pa3sBUThHCH JIy4eBOW JepMATHT, KOTOPBIH,
€CJIA OH J0CTATOYHO INIYOOK U PacCIPOCTPaHEH, MPUBedeT K BBIXOAY U3 CTPOS U Jaxe rudesun
MOPAKEHHOTO.



Causes of radiation injuries

In accidents at NPPs, radiation injury can occur as a result of:
1. Acute external y- exposure from radioactive inert gases, as well as from reactor
contents released as aerosol outside the core.
The greatest importance in the formation of external dose belongs to y - rays, B - rays are
more strongly absorbed by air and can affect only from a relatively short distance.

2. External radioactive contamination of skin and mucous membranes with nuclear
fission products. Especially high densities of radioactive contamination are created during the
passage of the release plume.

Injuries at external radioactive contamination are determined by B - radiation, which due
to low penetrating ability is mainly absorbed by the skin.

At high doses to the skin, radiation dermatitis may develop, which, if deep enough and
widespread, will lead to incapacitation and even death of the affected person.



rTAMMA-U3NYYEHUE

BosbywaéHHoe Rapo

[Ipencrasinser co0oii TIOTOK
JJICKTPOMATHUTHBIX ~ BOJH  ((hOTOHOB
BBICOKOII »Hepruu). BeI3biBaeT ciadboe
MOHHU3UPYIOIee NeNCTBHE, HO oljamaer
OOJIBIION MPOHUKAIOIIEN CITIOCOOHOCTHIO.
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GAMMA RADIATION

BN

Excited nucleus

It is a stream of electromagnetic
waves  (high-energy  photons).
Causes a weak ionising effect, but
has a high penetrating power.

3~ ||

Gamma ray




Bce ke NP OHECHKE OMACHOCTH HAPY/KHOC PaAJHMOAKTHUBHOC 3apak€CHUEC MOIKET ObITh
IOCTABJICHO HA BTOPOEC€ MECTO.

Bo-nepevix mMOTOMY, 4YTO 3JTOr0 3apa’KeHHs] CPABHUTEJIbLHO JIerKO HU30exKaTh,
HUCIOJIb3Ysl CPeICTBA MHAMBHAYAJbHON 3alMTHI, ¢ KOTOPHIX PB MOryr ObITh CpaBHMTEJIbHO
JIET'KO yIaJIeHbl.

Bo-emopuix, naxe ecau PB HemocpeacTrBeHHo monmajgu Ha koxky, HCO (MbIThe
BO/JIOM, Jiydlle ¢ MBbLIOM), NpoBedeHHass B Tedyenue 0,5 - 1 wyaca mocje 3apaxeHus,
NPAKTHYeCKH TapaHTHpPyeT OT BO3HMKHOBEHHUSl [€pPMATHUTA MNPH PeaibHO BO3MOKHbBIX
MJIOTHOCTSIX 3apasKeHHusl.

Tem He MeHee, BO3MOKHBI CUTYyalluu (Hampumep, B cJdy4yae OTCYTCTBHH CAHMTAPHOMU
00padoTKM NpPHM BBICOKOM YPOBHE KOHTAKTHOIO 3arpsi3HEHUsI M OBICTPOM JBaKyaluu C
3arpsi3HEHHOM TepPPUTOPHUM), KOIIA 1032 00Jy4eHUus KOoxkH MoxkeT coctaButh 10 I'p u Gosiee, B
TO BpeMsl KaK 001Iasi /1032 BHEIIHEro Y - 00JIy4eHUs He MPEBBICUT JAecAThIX aosei I'pes. B
TAKHUX CJIY4YasiX B KJIMHUYECKON KapTHHE OyAyT nmpeodaaarb paaualiOHHbIE 05KOT'H.



However, external radioactive contamination may be ranked second in the hazard
assessment.

Firstly, because this contamination is relatively easy to avoid by using personal
protective equipment from which RS can be relatively easily removed.

Secondly, even if the RS has directly contacted the skin, partial decontamination
(washing with water, preferably with soap) performed within 0.5 to 1 hour after contamination
practically guarantees against dermatitis at realistically possible densities of contamination.

Nevertheless, situations are possible (for example, in case of absence of decontamination
at high level of contact contamination and quick evacuation from the contaminated territory),
when the dose of skin irradiation may be 10 Gy or more, while the total dose of external y -
irradiation will not exceed tenths of Gray. In such cases the clinical picture will be dominated
by radiation burns.



BHyTpeHHee 3apakeHre NPOAYKTAMU SAIEPHOTO JeJICHUS

Ha panHux 3Tanax pa3BUTHA AaBapUU NPEMMYIIECTBEHHO BO3HMKAKT HHIAJALUOHHBIE
nopaxeHuss PB. 91o o0yciioB/ieHO Ma10i TUCIIEPCHOCTHIO PB, BHIOpOLICEHHBIX U3 PeaKTopa.

Bo3M0:kHO Takke IMOCTYIIEHHE B OPraHu3M MNPOAYKTOB SJACPHOI0 [eJIeHUsl C
3apa’KeHHOM MUIIEeH M BOAON. JTO OTHOCHUTCH , Mpexk/ae BCEro K paaMOaKTHBHBIM H30TOIAM
noaa.

IHocsienHue Mo HeEmoYKe: TPaBa, MOJOKONPOU3BOAAUIMNA CKOT - MOIYT NOCTYNUTH B
OPraHu3M 4YeJ0BeKAa B 3HAYUTEJIbLHOM KOJMYECTBE, €CJM BbINAC CKOTA NMPOU3BOAMTCH HA
MECTHOCTH, 3arPSA3HEHHON NPOAYKTAMHM S1IEPHOI0 B3PbIBA.

Taxkoii BapuanT HauOosee omaceH M Jaereid. PagMoakTMBHBIN HOI JIErKO
BCACBhIBACTCH U OTKJIAABIBACTCS MPEUMYILIECTBEHHO B IIIMTOBUIHOM KeJie3e.

Ha ciene aBapuilHOro BbLIOPOCa OTHOCHUTEJbHOE 3HAYEHHE BHEIIHEr0 M BHYTPEHHEro
PAAHOAKTUBHOIO 3apazkeHHusi O0oJibllle, YeM HAa MECTHOCTH, 3arps3HEHHON MPOAYKTaAMH
SIIEPHOTO B3PbIBA.

IIpu nauTeJJbHOM NPeOBLIBAHUM HA PAJAMOAKTHBHO 3arpsA3HEHHOM MECTHOCTH MOCJe
apapuu Ha ADC BHyYTpPeHHee 00JIy4eHHEe MOKeT O0yCJIOBHUTH [0 NMOJOBUHBI 3 PeKTUBHOU
J03Bl.



Internal contamination by nuclear fission products

Inhalation injury from RS predominantly occur in the early stages of accident
development. This is due to the low dispersibility of RS released from the reactor.

It is also possible to ingest nuclear fission products with contaminated food and water.
This applies, first of all, to radioactive isotopes of iodine.

The latter can enter the human body in significant quantities through the chain: grass,
milk-producing cattle, if the cattle are grazing in the area contaminated with nuclear
explosion products.

This option is most dangerous for children. Radioactive iodine is easily absorbed and
deposited mainly in the thyroid gland.

On the trace of an accidental release the relative value of external and internal
radioactive contamination is greater than on the area contaminated by the products of a
nuclear explosion.

In case of prolonged stay in the radioactively contaminated area after the NPP accident,
internal exposure may cause up to half of the effective dose.



HecroxacTtuueckue 3¢pexrnl

dpPeKThl, KOTOpPbIC PA3BUBAKTCH MW MOIYT HAaOIIOIATHCHA MOCJe HAKOIJICHHUS
OIpe/IeJIEHHOM 103bl, T.¢. BOSHUKAKT 3aKOHOMEPHO C PA3BUTHEM U3MEHEHHUH B OPraHax M TKAHAX.
HectoxacTuueckue 3pPexTsl HMEIOT NOPOTr 103bl1, cocTaBiasirommuii 0,5 I'p.

C yBeauueHMeM [103bl YBEJIHYMBAECTCHA KAK 4YacToTa mnposiBjeHus 3Pdexkra, Tak u ero

BbIPAKEHHOCTD, IPUYEM OH O0HAPYKMBAETCH Y BCeX 00, 1yYeHHBIX.

B 3To#i rpynme pasau4aT OJMKadive W OTAaJeHHbIe mocjenacTsus. K Oaumxanmum

MOCJEACTBUSIM OTHOCSTCH:

> ocmpas_Jyueeas peaxuus pa3BuBaercss npu ao3e odydenusi or 05 I'p mo 1 I'p. Ona
XapaKTepUu3yeTcd Mpexoasiiied JieMKONMeHued M HEe3HAYUTEJIbHbIMH (PYHKIHOHAJIbHBIMHA
paccTpoiicTBaMH B OPraHusMme;

> ocmpas_Jyueeds_0ose3Hb pa3BUBaeTcsl mpu go03e oboaydenusi 6osiee 1I'p. 3adosieBanue Bcero
OpraHu3ma, OOYCJIOBJIEHHO€ BHEIIHUM, KPATKOBPEMEHHBIM, OTHOCHTEJIHLHO PABHOMEPHBIM
00JIyYeHrEeM BCEero OpraHu3Ma WiM 00JibIIeil ero 4acTu;

» XpOHuueckas Jiy4yeeds 0o0ie3Hb ITO 3a00jieBaHHE OPraHM3Ma BO3HHMKAIKIIee MPHU JIHTETHHOM
BO3J€MICTBUM MAJIBIX /103 HOHU3UPYKINEro n3jaydeHus. OHa pa3BUBaeTCHa KOINA HAKOIUICHHAS
no3a gocruraert 0,7-1 I'p;

> ocmpoe iyuesoe nopaxceHue Koycu pa3BuBaeTcs NMpHu 103e o0aydeHust oosee 8 I'p.

K orpajieHHBIM MOCJIEACTBUAM OTHOCUTCH PAa3BUTHE PAAUMOCKJIECPOTHYECKUX NMPOLECCOB
(aTpouueckue, 1ucTpopuveckune).

JKCIepUMEHTAJbHbIE M  KJIMHUYECKHe HaOJIoIeHusi NOKa3ajW, 4YT0 MNpH
KpaTKOBpeMeHHOM 00ydyeHuHu B j03e MeHee 0,5 I'p, HectoxacTmucckue 3PpPekThl paauanum He
NPOSBJISIOTCS.



Non-stochastic effects

Effects that develop and can be observed after accumulation of a certain dose, i.e. arise
naturally with the development of changes in organs and tissues.
Non-stochastic effects have a dose threshold of 0.5 Gy.

With increasing dose, both the frequency of manifestation of the effect and its severity increase,

and it is found in all irradiated people.

In this group, a distinction is made between immediate and distant effects. The
immediate effects include:

» acute radiation reaction develops at a training dose of 0.5 Gy to 1 Gy. It is characterised by
transient leukopenia and minor functional disorders in the body;

» acute radiation _syndrome develops at an irradiation dose of more than 1 Gy. Disease of the
whole organism caused by external, short-term, relatively uniform irradiation of the whole
organism or most of it;

» chronic radiation syndrome is a disease of the organism arising from prolonged exposure to low
doses of ionising radiation. It develops when the accumulated dose reaches 0.7-1 Gy;

» acute radiation skin injuries develops when the radiation dose exceeds 8 Gy.

Long-term effects include the development of radiosclerotic processes (atrophic,
dystrophic).

Experimental and clinical observations have shown that at short-term irradiation at a
dose of less than 0.5 Gy, non-stochastic effects of radiation are not manifested.



Croxactuueckue 3¢ ¢exrbl

He wumerwT mopora m MoOryr Ha0JoAaTbCcsd NpH caMoil MaJjion ao3e o0iaydeHus. C
yBeJIMYeHHEeM [103bl 4acTOTa NPOsIBJeHUIl cToxacTudecKuX 3¢ eKToB yBeIMUYMBAETCH, HO He
nocturaer 100%. BoipaxkeHHocTh 3)(peKkTa OT 103bI HE 3ABHUCUT

HaubOosiee 3Haummble croxacTudeckue 3IP@PexTbl AelcTBUA HOHU3HMPYIOLIEro
U3JIyYeHHU !

- KAHUEPO2eHHbIE;

- NOBPEIHCOCHUE 2EHEMUUECKO20 annapama;

- Heonyxoaegvle (ampoduueckue, oucmpopuueckue, CK1epomuiecKue);
- COKpauieHue nPoooaHcUmeIbHOCMU HCUIHU.

Corsacio HPB -99 BesmunHa kaH1eporeHHoro pucka cocrasJsier 1 na 20 yeu. 3B,

T.e. npu odayuyenun 20 yesnoBek B 103e Mo 1 3B BOBHUKHOBEHHE CMEPTEJLHOI0 paka
BO3MOKHO B 1 cayuae.

CormacHo JIHHEHO-0eCIIOPOroBoi KOHUENIUN 001y4YeHHsI KOJUIEeCTBO PAANALUOHHO —
00yCJIOBJIEHHBIX  3JI0KQYEeCTBEHHBIX HOBOOOPA30BaHUIT B MNONYJASNUM MPONOPIHOHAIBHO
KOJIJICKTUBHOU 3P PeKTUBHOU 03¢, NOIVIOMEHHON B 3TOM nmomyassuuu. OTcroaa, BbIX0A OMyX0JieH
0IMHAKOB, ecin 20 YesioBeK 00,1yunTh B 103€ 1 3B nim 2 Thic. YesoBek — B 103e 0,01 3B.

HeJsieTanibHble MOBpPEKICHUS TEHETHYECKOr0 anmapara B 3apolbIIIEeBbIX KJIETKaX
MPOSABJISIIOTCS BOSHUKHOBEHHEM AHOMAJIMH Yy MOTOMCTBA.

YacTroTa BOBHUKHOBECHHUSI T'eHETHYEeCKHX JAe(eKTOB (AHOMAJIHU PA3BUTHS, HAPYUICHHE
JKU3HECTIOCOOHOCTH W THOEJb 1013, HACJIEICTBEHHbIE AHOMAJMH ) B MEPBBIX JABYX NMOKOJEHHSX
nocJjie 00JIydeHusi 0JJHOTO U3 poauTesei coctaBisier 1 caydaid Ha 80 ves.3B.

Takum o0Opa3om, ymep0d BBI3BAHHBIA B YeJOBEYECKOW MNMONMYJANUM PATHANMOHHBIM
(pakTOpoM omnpeaensieTcss Kak 1030i 00JIyUYeHH , TAK U YUCJIOM 00JIy4aeMbIX JIKOJECH.




Stochastic effects

They have no threshold and can be observed at the lowest dose of irradiation. With
increasing dose the frequency of stochastic effects increases, but does not reach 100%. The severity
of the effect does not depend on the dose

The most significant stochastic effects of ionising radiation:

- carcinogenic;

- genetic apparatus affection;

- non-tumoural (atrophic, dystrophic, sclerotic);
- shortening of life expectancy.

According to radiation safety standards NRB-99 the value of carcinogenic risk is 1 per
20 people. Sy,

|.e. at irradiation of 20 people at a dose of 1 Sv the occurrence of fatal cancer is possible
in 1 case.

According to the linear no-threshold model of irradiation, the number of radiation-
induced malignant neoplasms in a population is proportional to the collective effective dose
absorbed in this population. Hence, the yield of tumours is the same if 20 people are irradiated at a
dose of 1 Sv or 2 thousand people at a dose of 0.01 Sv.

Non-lethal genetic apparatus affection in germ cells is manifested by the appearance of
abnormalities in offspring. The frequency of genetic defects (developmental anomalies,
impaired viability and fetal death, hereditary anomalies) in the first two generations after
irradiation of one of the parents is 1 case per 80 people. Sv.

Thus, the damage caused in the human population by radiation factor is determined
both by the radiation dose and the number of exposed people.




Pucku paanaumoHHOro BO31eiCTBHSA HA YeJI0BEKAa
B YCJIOBUSIX NPO(PECCHOHATILHOU 1eATeJIbHOCTH

Hopmamu paguanuonnoii 6e3onacHoctu HPB-99 ycranoBiennl ciexymomue
npeaeabHo Aonmyctumbie 103b1 001yyenus (ITLT).

Kamezopus A- Jaumna, vMelolne HENMOCPEACTBEHHbIH KOHTAKT € HCTOYHMKAMU
HOHM3MPYIOIUUX H3JIYYeHHMH B CHWIY cBoell mpodeccuoHaabHoll aesarenbHocTH. I nos
npodgeccuoHaIOB cocTaBJseT 2 03P B Io.

Ecau npeacraButh, 4T0 BCe NPOPecCHOHAIBI 00JYy4alOTCsl B 3TOH [103e, PHUCK
JAOTOJIHUTEJIbHOTO BO3BHUKHOBEHHSI Y  HHX CMEpPTEeJbHOIO  3JIOKA4YeCTBEHHOI'0
HoBooOpa3oBanusi coctaBuT 1000 ciryyaeB Ha 1 MJIH. YeJI0BeK B To/l.

YacToTa CIOHTAHHOTO BO3HUKHOBEHMSI onyXxoJu coctanisieT 1600 cayyaeB Ha 1 MuIH.
YyeJioBeK B rof. OqHaKo, NOCKOJIbKY 2 03p siBJIsieTCs MpeAeJbHO J0IyCTUMOM /103011, KOTOpasi
HM B KOEM CJIy4yae He J0JI’KHA ObITh NpeBbIIEHA.

PeanbHO mosyyaemasi CpedHsisi /1032 M, COOTBETCTBEHHO, PAJAUANUOHHBIA PHCK
OLICHUBAKTCH BEJNYUHAMHU B HECKOJIBKO Pa3 MEHbIIMMH.

B 1940-1959 roabl, korma 3ammura M JA03UMeTpHUsi ObLIM MeHee J(P(PeKTUBHBI,
CMEPTHOCTH PaJAMO0JIOTOB OT pakKa W JIellKo30B B 3 pa3a NMpeBbINIAJIAa HAOIIAABIIYIOCH Y
Bpadeii Apyrux cnenuajbHocteii. B 1920-1939 roabl npeBbienne ObLI0 1eCATUKPATHBIM.

Kamezopus b - 310 U0, KOTOPble HEMOCPEACTBEHHOI0 KOHTAKTA C MCTOYHUKAMM
NOHU3HMPYIOIIEro M3JyYeHHs He MMEKT, HO MO0 YCJIOBHSM TPyAa WM NPOKUBAHHUS MOTLYT
noaBepruyThbest ooayuennro. Jgast aux IJIJI cocraBasier 0,5 63p B roxa.

Kamezopus B — npouee nacejienue. II1J] cocraBasier 0,1 63p B rog.



Risks of radiation impact on a person in the
conditions of professional activity

Radiation safety standards NRB-99 establish the following maximum permissible
exposure doses (MPD).

Category A - people who have direct contact with sources of ionising radiation due to
their professional activity. The MPD for professionals is 2 rem per year.

If we imagine that all professionals are exposed to this dose, the risk of additional fatal
malignant neoplasm in them is 1000 cases per 1 million people per year.

The incidence of spontaneous tumour occurrence is 1600 cases per 1 million people per
year. However, since 2 rem is the maximum permissible dose, which should never be
exceeded.

The actual average dose received and, consequently, the radiation risk are estimated to
be several times lower.

In 1940-1959, when shielding and dosimetry were less effective, the mortality of
radiologists from cancer and leukaemia was 3 times higher than that observed in doctors of
other specialities. In 1920-1939, the excess was tenfold.

Category B are people who do not have direct contact with sources of ionising
radiation, but by conditions of work or residence may be exposed to radiation. For them the
MPD is 0.5 rem per year.

Category C - other population. The MPD is 0.1 rem per year.



IIJJI nyis HacesieHMsl B 2 pa3a HHMKe 103bl, IOJYy4aeMoii OT eCTeCTBEHHOT0 (hoHA.

Jra 1032 He MpeBbIIIaeT TOH, KOTOPassi B COOTBETCTBUU C JIMHEHHO- 0eCrmoporoBou
KOHIleNMel, MOKET BbI3BATh JONMOJHUTEIbHO 50 3/I0Ka4YeCTBEHHbIX HOBOOOpa3oBaHuii Ha |
MJIH. 4eJioBeK B roa. /s  cpaBHeHMsl, Hace/leHHe KPYIHbIX TOpPOAOB IOABEpPraercs
BO3JCHICTBUI0 KAHLEPOI€HOB W MYTAIr€HOB, COAEP:KAINUXCH B BO3AyXe B KOJIMYECTBAX,
IKBHBAJEHTHBIX BO31€HCTBHIO 32 T0/1 103bI 00J1yueHus 2 03p.

B HPB-99 ycraHoBieHo, UTO MJIaHUpyeMoe mMepeodydeHHue MO:KeT ObITh ONMPABIAHO
JUIIb HEO0XOAMMOCTHI0 CHACCHHUS JIOAeH, MpeIoTBPAlllcHUE KPYINHOW aBapuu, WJIH
nepeodrydeHus 00JbIIOI0 YHUCJIA JIOHCH.

Takoe mookeHHEe 4YaCTO MOKET MMEeTh MECTO B OJIMsKaillliie MUHYThI, 2 HHOIIA U YaChl
MOCJIe HAYAJIa aBapHH.

B cayyasix, koraza A03y IUIAaHMPYeMOro OOJy4YeHHs] MPH JUKBHIAUUM TOCJIEICTBHH
aBapHU MOKHO PACCYMTATh, OHA He JOJI’KHA NpeBbICHTH ABYX rogobix IIJ1 3a 1 pa3 (4 63p)
uim 5 IIJ1/1) 3a Bech mepuoa padorsi (10 63p).

B kaxaom k TakoM ciay4yae padOTHHUK J0JI2KeH ObITh MPeaynpesKIeH 0 NPeBbIIICHUH J03bI
00JIyYeHHS M 1aTh HA 3TO JIUYHOE COrIacue.

IIpesbimenue I/l B ynmoMsiHyTBIX CHTyalnMsiX ONPaBJaHO JMIIb TOIrAAa, KOIAAa HeET
BO3MOXKHOCTH €ro UCKJIWYUThL. [lus skenmuun B Bo3pacte 10 40 jger mpeBbimenue IT1/]
00J1y4YeHHsI HeIOMYCTUMBI.

Ka:knoe odoiyyenue B n03e 10 2 I/ 10/15kHO OBITH B TeEYeHUHU OJMKAMIIMX D JIeT Tak
CKOMIIEHCHPOBAHO, YTOOBLI CyMMapHasi /103a 32 3TO BpeMs He npeBbicuiaa S T

AHAJIOTUYHO cJiedyeT CKOMIIEHCHPOBaTh B TedeHue Oumkaimux 10 jieT mepe odiyuenue
B npenaeaax 5 IIJI/[. B cayuyae o0ayuenusi B ao3e 0oJiee 5 IIJI/[ padoTHUKA cjieyeT HAIPABUTH
Ha CTAaUMOHAPHOE 00Cc/IeJ0BaHKE.



The MPD for the population is 2 times lower than the dose received from the natural
background.

This dose does not exceed that which, according to the linear no-threshold model, can
cause an additional 50 malignant neoplasms per I million people per year. For comparison, the
population of large cities is exposed to carcinogens and mutagens contained in the air in
guantities equivalent to a yearly exposure to a radiation dose of 2 rem.

The radiation safety standards NRB-99 states that planned overexposure can be justified
only by the need to save people, to prevent a major accident, or to overexpose a large number
of people.

This situation can often occur in the next minutes and sometimes hours after the accident
has started.

In cases where the dose to be incurred during accident management can be calculated, it
should not exceed two annual MPD for a single exposure (4 rem) or 5 MPD for the entire
period of employment (10 rem).

In each such case, the worker should be warned of the exceeded dose and give personal
consent.

Exceeding the MPD in the situations mentioned is only justified when there is no
possibility of excluding it. For women under 40 years of age, exceeding the MPD of exposure is
unacceptable.

Each exposure of up to 2 MPD should be compensated over the next 5 years so that the
total dose during this time does not exceed 5 MPD.

Similarly, overexposure to doses up to 5 MPD should be compensated for within the next
10 years. In the case of exposure to a dose greater than 5 MPD, the worker should be referred
for in-patient examination.



Bonpoc 4 /lo3umMeTpuyecKuil U
pPaIoOMeTPUYCCKUU KOHTPOJIb.
PagnanuoHHasi pa3Beaka
Question 4 Dosimetry and radiation
monitoring. Radiation reconnaissance



Jlo3uMeTprYeCKUl KOHTPOJIb
Dosimetry monitoring



Jlozumempuueckuii KOHmMpoab — 3TO0 KOMILUIEKC OPraHU3AMUOHHBIX M TEXHHYECKHUX
MEPONPUATHH 10 OIPEACICHUIO 103 00/ 1y4eHUS JIIJAeH, IPOBOAUMBIX C LeJbI0 KOJINYeCTBEHHON
oueHKH 3¢ dexTa BO31eCTBUA HA HUX HOHU3HPYIOLIUX U3JIyYEHHH.

Opranuszanus 103MMEeTPUYECKOI0 KOHTPOJIA NMPeAyCMATPUBAET HA3HAYEHHE JO0IYCTUMOIO
BpeMeHHU npedbiBaHus (PadoThl) HA 3arpSABHEHHON PAIHOAKTUBHBIMH BelIeCTBAMU MECTHOCTH
WK padoThl ¢ MCTOYHUKAMM HOHU3MPYIOIIMX H3JIYYeHHMH C y4YeTOM paHee MOJYYEeHHBbIX /103
00JIy4YeHuHl.

PCSyJ'IbTaTbI JAOSUMETPUYECCKOI0O KOHTPOJA MCHOJB3YIOTCH TaKKE /IJId INMPUHATHHA MEP
HEIPCBLINICHUA NOIIYCTUMbIX NMPEAC/I0B MHAUBU/IYAJIBHBIX /103 Oﬁle‘IeHl/Iﬂ ﬂlOIleﬁ.

Bo3neiicTBe HMOHU3HUPYKOINEr0 M3JIYYeHHS] HA OPraHu3M YeJlOBeKa OLEHHBAeTCs
BeJNYUHON 3¢ PeKTUBHOI 103bl, HCIOJIbB3YyeMOH KaK Mepa PUCKA BOBHUKHOBEHHUSA OTIAJEHHBIX
MOCJIeICTBUI 00J1y4YeHHsI BCEro TeJia YeJIOBEeKAa M OTHAEJbHBIX €r0 OPraHoB W TKaHeil ¢ y4eToM
UX PaaAuo4YyBCTBUTENbHOCTH. Equnnna n3mepenus 3pPpexTuBHoi 10361 — 3uBepT (3B).



Dosimetry monitoring is a set of organisational and technical measures to determine the
exposure doses of people carried out in order to quantify the effect of exposure to ionising
radiation.

The organisation of dosimetry monitoring provides for the appointment of permissible
time of stay (work) in the area contaminated with radioactive substances or work with sources
of ionising radiation.

The results of dosimetry monitoring are also used to take measures to ensure that the
permissible limits of individual doses to people are not exceeded.

The impact of ionising radiation on the human body is assessed by the effective dose, used
as a measure of the risk of distant consequences of exposure of the whole human body and
individual organs and tissues, taking into account their radiosensitivity. The unit of
measurement of effective dose is Sievert (Sv).
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Dosimetric monitoring of the population after

the Fukushima Daiichi nuclear power plant accident in Japan, 2011.

Dosimetric monitoring

In the markets

In the fields

In institutions




JlomycTMblie mpeaesabl 103 ONPEAEJSIOTCH B COOTBETCTBHM C PEKOMEHIALMSIMH HOPM
paananuonHoi oezonacuoctu (HPB-99/2009).

Ilo JaHHBIM J03MMETPUYECKOT0 KOHTPOJISA ONpeaessieTcs: pexxuM padoTbl (GopMUPOBAHMIA
(rpynm cnmacaresie) M HeO0OXOAMMOCTb HAINPABJEHMSI HA 00cCjJeJ0BaAaHMEe B MeIMIMHCKHE
YUYPEKICHUA.

KoHTpoJb 00/y4eHUsI JTMYHOIO cOocTaBa (MepcoHasa), HAXOASIEroCsi HA 3arpsi3HEHHOH
PAaAMOAKTHBHBIMHM  BeNIeCTBAMH MECTHOCTH MJU pPadoTAlIMMMHU ¢ HCTOYHMKAMU
HOHM3UPYHIIUX U3JIyYeHU, IPOBOAUTCS MOCTOSAHHO.

/lo3uMeTprYecKUdl KOHTPOJIb BeIeTCH IPYNIOBLIM M MHAUBUAYAJIbHBIM CIIOCO0AMU.

Jlns HaceJeHHSI ero JAOMYCKAETCHA TMPOU3BOAMTH PACYETHBIM IYTEM M0 YPOBHAM
U3JIyYeHHSs] M BpeMeHHM PaldoThl (HAXOKIEHUS HAa 3arpA3HEHHOM TEPPUTOPUHM) C Y4ETOM
ko3 dunuenTa ocaadeHu.

Huoueuoyanvuoiii KoHmpois NPOBOAUTCH C LEJbI0 MOJYYEHHS [JaHHBIX O [103aX
00JIyYeHHSI KAXKI0T0 4YeJI0BEeKA M BKJIOYAET B ce0Hl onmpeaeeHue 103 BHEIIHEro 00Jy4eHus ¢
HCIO0JIb30BAHMEM MHAUBUAYAJBbHBIX JA03UMETPOB (U3MepuUTedell 103), a TaKKe KOHTPOJIb
NMOCTYIUICHUSI PAAMOAKTHBHBIX BelIECTB B OPraHU3M WJIH OTAEJbHbIN OpraH, ¢GopMupyommx
103bI BHYTPEHHEr0 00JIy4eHHUs], KOTOPbI OCYIIEeCTBISIETCH B MEIUIMHCKUAX YUPeKICHUSIX.

I pynnoeoui konmpoyib OPraHu3yeTcsl PyKOBoOAUTEaeM (HAYAJIbHUKOM) C HEJbI0 MOJyYeHUs
JAHHBIX O CPEJHHUX /032X OOJIy4eHHsl JIMYHOIO COCTAaBa, KOIAA OTCYTCTBYeT BO3MOKHOCTH
o0ecreyeHnsi Bcex  padoraMX B YCJIOBHAX  PAJAHOAKTHBHOIO  3arpsi3HeHHS
HHAUBUIYAJbHBIMH J03MMETPAMHU (M3MEPHUTEISIMH 103).



The permissible dose limits are determined in accordance with the recommendations of
radiation safety standards (NRB-99/2009).

According to the data of dosimetric control the mode of work of formations (groups of
rescuers) and necessity of referral for examination to medical institutions are determined.

Monitoring of exposure of personnel (staff) located in the area contaminated with
radioactive substances or working with sources of ionising radiation is carried out on a
permanent basis.

Dosimetry monitoring is carried out by group and individual methods.

For the population it is allowed to be performed by calculation according to radiation
levels and time of work (stay in the contaminated area) taking into account the attenuation
coefficient.

Individual control is carried out in order to obtain data on radiation doses to each person
and includes determination of external doses using individual dosimeters (dose meters), as well
as control of radioactive substances entering the body or a separate organ forming internal
doses, which is carried out in medical institutions.

Group control is organised by a manager (chief) in order to obtain data on average doses
to personnel when it is not possible to provide all those working in conditions of radioactive
contamination with individual dosimeters (dose meters).



s 3toro d¢opmupoBaHus 00eCNEYUBAOTCH HWHAMBHAYAJbHBIMHU J03UMeETpPaMH
(u3meputesisiMm 103) U3 pacdera 1-2 no3umerpa Ha rpynny Jiogei 12-20 yesoBek

CHsTHe MOKA3aHUN HMHIAUBUAYAJBbHBIX JA03MMETPOB (H3MepUTeled 103) KaK IpH
rPyNmnoBOM, TaK U MPHU UHAUBUAYAJIBHOM CIOCO0E KOHTPOJS NMPOU3BOAUTCH PYKOBOAMTEIEM
(HAYAJIbHUKOM) HJIM CIIENHATbHO HA3HAYECHHBIM JIUIIOM.

N3mepenne nmokasaHui MHAUBUAYAJIbHBIX J03UMETPOB, pacueT 3PPeKTUBHON H03bI
BHEIIHEro OOJIyYeHHMs] JIMYHOIO COCTABa, M HUX PErucrpauus NPOU3BOAMTCI Cpa3y mocie
OKOHYAaHMS PadOThI U BHIX0A C 3ArPA3HEHHON TeppuUTOPUH (Y4ACTKA).

Bo3moxkHa apyrasi nepuoAMYHOCTh M3MEPEeHHH. JTa MePUOAUYHOCTH A0J/IKHA OBITH
YCTAHOBJIEHA B HHCTPYKIMH.

Ilo pe3yabraTam H3MepeHHUS WJIH pacyeTa HHAMBHUAYAJIbHBIX /103 BHELIHEr0 H
BHYTPEHHEro 00JIy4eHUs NMPOU3BOAMTCS ONpeae/ieHne MHAUBUAYAJIbHBIX 3 (PEeKTUBHBIX 103
00JIyYeHMs1, M Pe3YJIbTAThI 3aHOCATCH B )KYPHAJIbI PETUCTPALUHU 103 00 TyYCHUS.

B xkypHaabl perucrpamuu /103 OOJYyYEeHHUS] 3AHOCATCH TOJBKO 103bI OOJyYeHHS,
OTJIMYHBbIE OT HYJIEBBIX.

ITH KYPHAJBI J0/KHBI XPAHUTHCS B MoApasaejieHussX ((popMupoBaHUSAX) B TeUYeHHE
KAJICHJAAPHOI0 ro/a.

Yder 103 NPOU3BOAUTCH 32 MOCJIEN0BATEJbHBbIE D JIET M BeChb MMEPHOA CIYKObI
(padothi).

Kaprouku xpansarca B TedyeHue 50 JieT mocje NpeKpPallleHUs: BOEHHOCTY:KalUM
(padouum, cay:kamuM) padoThbl B YCJIOBUSAX BO3AeHCTBUSA MOHUZUPYIOLIET0 U3JIyYEeHHUS.

Ceenenusi 0 103aX 00Jly4YeHUS] MIPUKOMAHAUPOBAHHBIX BOCHHOCJIYKAIUX, pa00unx H
CIY:KAIlUX, HUMEKIIUX JOMYCK K padoraM ¢ HMCTOYHUKAMHM HOHHU3HPYKINMX HU3JIyYeHHH,
JTOJIZKHBI COO0IIATHCHA 10 MECTY UX NMOCTOSAHHOM CJOYKObI (padoThl) B TeUeHHE Mecsla mocJie
OKOHYAHUS KOMAHIUPOBKH.



For this purpose, formations shall be provided with individual dosimeters (dose
meters) at the rate of 1-2 dosimeters per group of 12-20 people

Readings of individual dosimeters (dose meters) both at group and individual control
methods shall be taken by a manager (chief) or a specially appointed person.

Measurement of readings of individual dosimeters, calculation of effective dose of
external exposure of personnel and their registration is made immediately after the end of
work and leaving the contaminated territory (site).

Other periodicity of measurements is possible. This periodicity should be specified in
the instruction.

Based on the results of measurement or calculation of individual external and
internal doses, individual effective doses are determined and the results are recorded in the
radiation dose logs.

Only doses other than zero doses shall be recorded in the radiation dose logs.

These logs shall be kept in units (formations) for a calendar year.

Doses shall be recorded for consecutive 5 years and the whole period of service
(work).

The cards shall be kept for 50 years after a serviceman (worker, employee) ceases to
work under conditions of exposure to ionising radiation.

Information on radiation doses of seconded servicemen, workers and employees who
are authorised to work with sources of ionising radiation must be reported at their place of
permanent service (work) within a month after the end of the business trip.



BbiTOBbLIE AO03MMETPUYEecKme npmobopsbi
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Household dosimeters

DBG-01N BELLA EXPERT DRBG-04 EKO-01
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ARGUS-2 SVERCHOK-4
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N3mepuresib mowHoctu gosbl UMA-2HM

MpegHasHaueH [ana
onpeeneHns MOLLHOCTH
MOr/10LLEHHON [103bl ramma-
W3/TyYyeHns, onpeaeneHns CTeneHn
3arpsA3HEeHHOCTI MoBepxHocTell 6eTa-

aKTMBHbIMW BeLlgcTBaMn (NM/1I0THOCTb
NnoToKa).

MNpu6op o6ecneymsBaeT N3MepeHne:
MOLLHOCTI MOr/IOLEHHON A03bl (B TKaHE3IKBMBA/IEHTHOM BELLECTBE C paaualnoHHON
TONLLYHON 1 I/CVE) ramma-u3/lyyeHns B guarnasoHe aHeprui ot 0,08 o 3,0 M3B;

M/I0THOCTW MOTOKa 6eTa-u3nyyeHnsa B guarnasoHe 3Heprm‘& beTa-cnekTpa ot 0,3 go 3,0
M3B.



Dose rate meter IMD-2NM

Designed to determine the
! absorbed dose rate of gamma
radiation, to determine the degree of

. contamination of surfaces with beta-
g active substances (flux density).

The device provides measurement of:
absorbed dose rate (in tissue-equivalent substance with radiation thickness of 1 g/cm) of
gamma radiation in the energy range from 0.08 to 3.0 MeV,
beta radiation flux density in the beta spectrum energy range from 0.3 to 3.0 MeV.



Pagnomerpuyeckuii KOHTPOJIb
Radiation monitoring



Paouomempuueckuit KOHmpoib — 3TO0 KOMIUIEKC OPraHM3alMOHHBIX M TEXHHYECKHX
MEpPONPUATHI 10 OINpeNeJIeHUI0 CTENEeHH PAJAMOAKTHBHOIO 3arpsi3HEHHUsl JIIOAell, TeXHHUKH,
TEPPUTOPHUH, CEJIbCKOXO3SIMCTBEHHBIX KMBOTHBIX M PACTEHHI, a TaK:Ke APYruX OObEKTOB,
MOJABEPTHINXCS PAAMOAKTHBHOMY 3arPsSI3HEHHUIO.

OcyuiecTB/IsIeTCA € HeJbI0 ONpeaeJuTh He00X0TUMOCTh !
>  IpoBeldeHHsI CAHUTAPHOH 00pa0OTKH JHYHOI0 COCTABA ABAPHITHO-CIIACATEIbLHBIX H APYTIUX

¢GopMupoBaHuii U HACEJEHHS MOCJIE BHIX0/1A U3 30H PAHOAKTUBHOIO 3arPA3ZHEHU ;
>  Je3aKTHBAllMM TEeXHHKH, 3JaHHA MW COOpPY)KeHHi, J0pPOr, MECTHOCTH, OJEXKIbl,

MaTepHAaJIbHbIX CPEICTB, 00e3BPEeKMBAHMSA NMPOAOBOJIbLCTBUA U BOAbI,
> a TakiKe OCTaTOYHBIi YpoOBeHb PAJAUOAKTHBHOIO 3arpsi3HEHHsl MOCJe TPOBeIeHMsI

CAHUTAPHOI 00PA0OTKM M 1e3AKTUBALIUH.

IIpenycMaTpuBaeTcsi CpaBHHUTEJbHAsI OLEHKA HU3MEPEHHBbIX BeJMYHUH  CTeNeHH
3arpsi3HEHHOCTH ¢ YCTAHOBJIEHHBIMH J0NYCTUMbIMM HOPMAMMU.

PaguanuoHHBIA KOHTPOJIb. MOXKET TMPOBOAMTHLCS HENMOCPEACTBEHHO HAa 00beKTax
3arpsi3HEeHHUs], a TaAKKe B JJa00PATOPHBIX YCJIOBHSIX IPH padoTe ¢ NpodaMu, B3ATHIMH C 00bEKTOB
3arpsi3HEHHUs.

B mnepBom ciaydae 3T0 1OJIEBOM pPaaMOMeTPUYECKHH KOHTPOJb, BO BTOPOM —
1adopamopHvlil paduomempudeckuil KOHmpOoJib.

PaguanuoOHHBIA KOHTPOJb JIMYHOIO COCTABA AaBApPUIHO-CHACATEJbHBIX M JPYIHX
(GopmMupoBaHuil M HACEJIEHUS 10 U MOCJIe CAHUTAPHON 00Ppa00TKH OCYIIECTBJIAETCH HA MYHKTAX
CAHUTAPHOI 00PadOTKM.

KoHTpoJib pajuoaKTUBHOIO 3arpsi3HEHHUsI BOAbLI M NPOJAOBOJbCTBUS, KaK MNPaBWJIoO,
NMPOU3BOAUTCH B JIa00paTOPHUSAX.



Radiation monitoring is a set of organisational and technical measures to determine the
degree of radioactive contamination of people, equipment, territory, farm animals and plants, as
well as other objects exposed to radioactive contamination.

It is carried out in order to determine the necessity of:

» sanitary treatment of personnel of emergency rescue and other formations and the
population after leaving the areas of radioactive contamination;
» decontamination of equipment, buildings and structures, roads, terrain, clothing, materiel,
decontamination of food and water,
» as well as the residual level of radioactive contamination after decontamination.
Comparative assessment of measured values of contamination degree with established
permissible norms is provided for.
Radiation monitoring can be carried out directly at contaminated objects, as well as in
laboratory conditions when working with samples taken from contaminated objects.
In the first case it is field radiation monitoring, in the second case - laboratory radiation
monitoring.
Radiation monitoring of personnel of emergency rescue and other formations and
population before and after decontamination is carried out at decontamination stations.
Control of radioactive contamination of water and food is usually carried out in
laboratories.
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Radiation monitoring devices

hree main |
types of devices: = Y &sgiméw
1. Accumulated dose s
meters or
dosimeters

H.(10) Filters
H,(3)

H.(0,07)




IIpubopsl a5t
TelexofHON raMMa-

CbEMKU




>
Q
-
e
o @
_ >
I
Q
ma
=
=
(O
o] 0]

devices




Pagmaumonnasi pazseaka
Radiation reconnaissance



Paguanuonnasi pasBeqka — 3T0 KOMIUIEKC MEPONPHUATHN 10 3alluTe JIKOAed oT
PAAHAIMOHHOI0 TMOPa’KeHMsI, KOTOPbI MPOBOAUTCH € LEJbI0, CBOEBPEMEHHOI0 O0OHAPYKeHUSI
NPUMEHEHUS sIepHOro opyxus uiavM aapud Ha POQO M pagnMoaKkTUBHOIO 3apaKeHUs
MECTHOCTH, OINOBEIeHUs JI0Aeil O pPaIMaliOHHON ONMACHOCTH, 0003HAYEHHUS PAAHMOAKTHBHO
3apa’KeHHOM MECTHOCTH 3HaKaMu «PagManiuoHHas ONIACHOCTHY.

Ba:xkHOCTHh pagHallMOHHOW pa3BeAKH  O0YCJIOBJIEHA HEO0OXOAUMOCTHI)  OKa3aHUA
HEMEIJICHHOM MeIMIUHCKON IOMOIIM B CJIYy4Yad 3apasKeHHUsl JIAeH, KUBOTHBIX, a TaKKe
omnpeneaeHus 00beMa CAHUTAPHON 00padOTKH MECTHOCTH U 000PY10BAHMS.

Bp100p NpaBUJILHOM TAKTHKH B CUTYyallHd PAAHANMOHHOrO O0Jy4YeHHs 3aBHCHT OT TOIO,
HACKOJIbKO YeTKUMHM M J0CTOBEPHBbIMH OyAyT JaHHBbIE OT Pa3BeAbIBATEIbHBIX CJIYXKO.

C 310il HEJBH HCHOJB3YHTCH PpAa3jilYHble TEXHHYECKHe NPUOOpPBI, KOTOpbie Bceraa
JOJKHBI ObITH TOTOBBI K padore. Ha mucxoaHble JaHHBbIE OKAa3bIBAeT BJIMSHHUE TaKiKe
KBAJIH(PUKALNS, ONBIT Pa3BeIYUKA WIH HAOIIOOATEIS.
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Radiation reconnaissance is a set of measures to protect people from radiation affection,
which is carried out for the purpose of timely detection of the use of nuclear weapons or an
accident at an RHO and radioactive contamination of the area, notification of people about
radiation danger, marking radioactively contaminated areas with signs “Radiation Danger”.

The importance of radiation reconnaissance is due to the need to provide immediate
medical assistance in case of contamination of people and animals, as well as to determine the
scope of decontamination of the area and equipment.

The choice of the correct tactics in a radiation exposure situation depends on how clear
and reliable the data from the intelligence services are.

Various technical instruments are used for this purpose and must always be ready for use.
The initial data are also influenced by the qualifications and experience of the intelligence
officer or observer.




I[eﬂTe.]'[I)HOCTI) pannaunonnoﬁ Pa3BC€AKH MOAYUHCHA 3a1a9aM, OT JOCTH/KCHUHA KOTOPbIX

3aBUCUT 3(l)(l)eKTI/IBHOCTI> JJUKBHJAIIMOHHBIX " 06e33apa>1mBammnx MepOHpHﬂTHﬁ.
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K Hum otHOCATCS:
BbIfIBJICHHE YYACTKOB TEPPUTOPHUH, KOTOPbIE NMOABEPIVINCH BO3AEHCTBUIO paauannu. J{oxaan
0 CJIOKHUBIIIEHCS CUTYAllUH BbILIECTOSIIIEMY PYKOBOICTBY.
YCTAHOBJIEHHE YPOBHSI MOIIHOCTH U3JIYYeHHsI U ONpeaesieHre TPAHUIl PAAMOAKTUBHOM 30HbI;
B CJIy4ae He00OX0AMMOCTH pa3BelKa OTbICKUBAaeT 0e30macHbie 00X0HbIE NIYTH;
MOCTOSIHHOE HAO0JIIeHre 32 [JAHUHAMHUKON PpPaauaAlMOHHOIO MOJsA, (uKcanus JHObIX
H3MEHEHUH
perucrpamusi NOroJAHbIX SIBJEHUM, UX OLIEHKA;
OCylleCTBJIEHHE 03MMETPHYECKOT0 KOHTPOJSA BCEro JUYHOIO COCTaBa pa3BeAbiBaTeIbHOM
CJIY>KOBI IOCJIEe X BBIX0Aa M3 ONMACHOM 30HbI;
nepuoAMYecKasi Imnepeaada B JAa0OpPaTOpPMI0 B3fAAITHIX NPo0 BOJAbI, MECTHOI0 TIpPYHTA,
PACTUTEJIBLHOCTH, & TAK/KE CMBbIBKH C 000PY/10BAHUA, TEXHUKH M COOPYKEHMS.




Radiation reconnaissance activities are subordinate to the objectives on the achievement
of which the effectiveness of response and decontamination activities depends.
These include:
> identification of areas of the territory that have been exposed to radiation. Reporting the
situation to higher authorities.

» establishing the radiation power level and defining the boundaries of the radioactive area;

» if necessary, intelligence service finds safe bypass routes;

» constant observation of the radiation field dynamics, recording any changes;

> registration of weather phenomena, their assessment;

» implementation of dosimetry monitoring of all personnel of the intelligence service after their
exit from the danger area;

> periodic transfer to the laboratory of samples of water, local soil, vegetation, as well as

washings from equipment, machinery and structures.
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JJist TOro 4To0b1 U30€:KaTh MOBTOPHOIO 3arPSI3HEHUS PAIUOAKTUBHBIMY BellleCTBAMHU, B
30HAX OCYLIECTBJICHHUS Pa3BelbIBATEJIbHbIX MEPONPUATHHA CO3JAKOTCH HAaO/0IaTeIbHbIE
MYHKTHI.

OHu Tak:ke BeayT HaOJKJACHHUE 32 MOTOJHON O00CTAHOBKON, TAK KaK JIH00e U3MEHEHHe
CUJIbI MJIM HAMNPABJEHHUS BeTPa, BbINAJACHUE OCAAKOB MOXET HM3MEHUTh PAJAUANUOHHYIO
00CTaHOBKY.

3ajja4ya MYHKTOB NPH BbIAABJIECHUU TOKCHUYHON OMACHOCTH WMJIM HU3MEHEHHMSl JIBUKCHUS
3apPa’KeHHOro 00J1aKa MOAaTh ONMOBECTUTEIbHbIN CUTHAJ.

OHu  oOCHalleHbBI BCEeMHM HEOOXOAMMBIMHM NPUHOOPAMH KOHTPOJA M HAOJIIOIEHMS,
BKJIIOYA 103MMEeTPUYECKHI KOHTPOJIb U CPEACTB CBSA3H.

O0s13aHHOCTAMH HAOJIIIATEIBHOI0 IYHKTA TaK:Ke SBJAETCH BeleHHe KypHajia, B
KOTOPOM BeJeTCsl PerucTpanus BCex MapaMeTpoB PAAUALMOHHON 00CTAHOBK.

s o0ecneyeHusi 0€30MACHOCTH CHENMAJUCTOB Pa3BelblBATE/IbHbIE MEPONPUATHSA
yaiie BCero OCylecTBISIIOTCH B OJJHO BpeMs ¢ MOKAPHOM pa3BeIKOM.

IIpu HeoO0XONMMOCTH W NMPH COMIACHMH AJIMMHUCTPAIMH OMACHOIO 00BEKTAa B COCTAB
MOKAPHON pa3BeArpynnbl BKJIYAETCHA JO3UMETPUCT U3 YK ciaa padoTHukoB AJC.

Kpome TOro, B 0c0o0bIX ciay4yasix B COCTAB PAAUANMOHHONA Pa3BeAKH MOIYT BXOJAHUTH
cnenquaauctbl Pocrugpomera, pasBenunku MuHoOopoHbl P® u rpakaanckod 000pOHBI, a
TaKJKe NMPHUBJICKATHCH ABAPUIHO-CIIACATEIbHbIE CJIYKOBI.



In order to avoid re-contamination with radioactive substances, observation stations are
established in the areas where reconnaissance activities are carried out.

They also monitor the weather situation, as any change in wind strength or direction,
precipitation can change the radiation situation.

The task of the stations is to give a warning signal when a toxic hazard or a change in the
movement of a contaminated cloud is detected.

They are equipped with all necessary control and monitoring devices, including
dosimetry monitoring and communication means.

The observation station is also responsible for keeping a logbook in which all parameters
of the radiation situation are recorded.

To ensure the safety of specialists, reconnaissance activities are most often carried out at
the same time as fire reconnaissance.

If necessary and with the consent of the administration of the hazardous facility, a
dosimetrist from among NPP employees is included in the fire reconnaissance team.

In addition, in special cases, radiation reconnaissance may include specialists from the
Russian Federal Service for Hydrometeorology and Environmental Monitoring (Roshydromet),
intelligence officers of the Ministry of Defence of the Russian Federation and civil defence, as
well as emergency rescue services.



B roponax wjim KHJIBIX 30HAX Pa3BeAKa OCYIIECTBISIETCS B MEPeyJIKax U HA YJIUIaX.

s oOciaenoBaHusi 00JbIIOH TEPPUTOPUM NPHUBJEKACTCH BO3AYIIHbIA HM(WJIH)
Ha3eMHbI TPAaHCHOPT. B 00bIIMHCTBE CIy4yaeB, OCYIIECTBISIETCH MEMIUM CIIOCOOO0M.

3 BU/Ia pPAAMALNIMOHHON PA3BEIAKU:

Hass  e030ymnozo cnocovoa WCNOJB3YIOTCHA C€aMOJeTbl M BEPTOJIeThbl, HMeEKIIHe
crnenuajbHOe 000py10BaHUeE.

Hazemnaa mpancnopmuasn pazéeoka OCymleCTBJISIETCHS € MOMOINBI) MAIIUH TUNA YA3-
469px, BPIIM-2px, PXM.

Ha 30Hax ¢ BBICOKHM YPOBHEM PaJMAlAU HCHOJb3YIOTCH ClleNUAJbHbIE WHKEHEPHbIE
apToMo0mJu Buaa « Kommiekr». OHE HMEKT JONOJTHUTEIbHOE 3aIIIMTHOE 000PYI0OBaAHME.

CocraB pa3BeAbIBaTeJbHOW TPYyNNbl ONpenessieTcsi B 3aBUCMMOCTH OT IUIOIIATAH
HCCJIelyeMOM MEeCTHOCTH U BPEMEHHU, KOTOPOe YCTAHABIUBACTCS VISl KAK/I0M BHLIA3KM.

Bce mosryyeHHbIE JaHHBIE 3AHOCATCS B *KYPHAJI U HA IJIAH — CXeMe.

Ilpy BemeHnu pa3BeaKkd U3 aBTOMOOWISI YYHMTBHIBAETCS W YPOBEHb W3JIyYeHUs,
HCXOASIEero OT caMOM MalmuuHbl. B  JaHHOM cuUTyanud Y4YMThIBaeTcsi KOIQPUUHMEHT
NoCcJaa0JIeHHS.

I1aBHBIM NPaBUJIOM Ha3eMHOW Pa3BeAKH SABJAETCH COOJIOACHHE YKA3aHHOI0 BPEMEHHU
npedbiBanusi B omacHoil 30He. IlockoibKy BO3MOKHO 00JydyeHHMe ABTOMOOWJISI 10 TAKOIO
KPUTHYECKOT0 YPOBHS, KOTOPBIN CTAHET BJIMATH HA NMOKA3aHWs NPUOOPOB.

Ilewue noopazoenenus NPOBOAAT UCCAEIOBAHHE B TPYIHOAOCTYIHBIX JJIS TPAHCHOPTA
MeCTaX, a TAKXKe B HACEJEHHBIX NYHKTAaX, I¢ HEBO3MOKHO IPOBECTH NOJHYI Pa3BeaKy
MECTHOCTH Ha aBTOMOOHUIE.

B TakoMm ciiydyae oCylIeCTBJISCTCH HeNpPEepPbIBHbIM 3aMep YPOBHA paauauuu. Mapumpyrt
IUVIAHUPYeTCs 320/1ar0BPEMEHHO



In cities or residential areas, reconnaissance is carried out in alleys and streets.

Air and/or ground transport is used to survey a large area. In most cases, it is carried
out on foot.

3 types of radiation reconnaissance:

Air method uses aeroplanes and helicopters with special equipment.

Ground transport reconnaissance is carried out using vehicles such as UAZ-469rh,
BRDM-2rh, RHM.

In areas with high radiation levels, special engineering vehicles of the “Komplekt” type
are used. They have additional protective equipment.

The composition of the reconnaissance team is determined depending on the area under
investigation and the time set for each sortie.

All the data received is recorded in the logbook and on the plan.

When conducting reconnaissance from a vehicle, the level of radiation emanating from
the vehicle itself is also taken into account. In this situation, a relaxation factor is taken into
account.

The main rule of ground reconnaissance is to observe the specified time of stay in the
danger zone. Since it is possible to expose the vehicle to a critical level of radiation that will
affect instrument readings.

Units on foot conduct reconnaissance in areas that are difficult to access by vehicle, as
well as in populated areas where it is impossible to conduct a full reconnaissance of the terrain
by vehicle.

In such a case, radiation levels are measured continuously. The route is planned in
advance



AK-24PP - caMONET PaaMaUMOHHON PasseaKu.

Ha 6opTy MMEET PaAMDMETPHHECKOE W XMMUYECKoe cnewobopyaosanue, pabouve MecTa

ONEPATOPOB B CanoHe, GUNbTPOroHAONE! M KOBIWLOBLIA Byp ans 3abopa npob.

B 1967-1968rr nepeobopyA0BaHO 4 CAMONETA. KOTOPLIE BOWNW B CnyxGy cneukoHTpons MO,
Camonér-naboparopun AH-24PP N203 npusnexanca Kk paboTaMm no NMKBMAaUMK NOCNeacT By
asapvn Ha YASC B 1986r. Ban npunucan K chopmMuposasHon 367 OTABRNLHON CNEUMANLHOR
ABMALUMOHHON IcKAAPINLL, [ONONHUTENLHO BENA YCTAHORNEHA BLICOKOHYBCTBUTENBHAR annaparypa,
PErMCTPHPVIOWLAA CNABOUHTEHCUBHLIE NOMNA FAMMA-UANYHEHNUS,




An-24RR is a radiation reconnaissance aircraft.

On board it has radiometric and chemical special equipment, operators' workplaces in the cabin,
filtrogondolas and bucket drill for sampling.

In 1967-1968 4 aircrafts were re-equipped and became part of the special control service of the Ministry of
Defence.

The An-24RR laboratory aircraft No.03 was involved in liquidation of the Chernobyl accident consequences
in 1986. It was assigned to the formed 367 separate special aviation squadron. The aircraft was additionally ,
equipped with high-sensitive equipment registering low-intensity gamma radiation fields. 4

; -




[pegHasHavYeHa ans BEAEHWS paganauMoHHON, XUMWYECKON 1
Hecneunrn4eckor BONoOrM4ECcKon passeaKku.



| UAZ-469 rh ‘

Designed for conducting radiation, chemical and
non-specific biological reconnaissance.
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RADIATION RECONNAISSANCE METHODS
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Ilo mepe mnpoBeaeHusi pa3BeIKH B CXeMYy MECTHOCTH BHOCATCS MNONPABKH W
(pukcHUpyrOTCSl MecTa, I1e 0CyllecTB/IeHbl 3200pbl P00 OKPY:KAKOLIEll Cpe/bl.
Ha TeppuTopusix, Npujieraomux K 1eTCKAM H Y4eOHBIM yUpeKIeHUsAM, Pa3BelKa NMPOBOIAUTCS
1o guaroajau. Oréop npod NMpoBOAUTCS OTHOBPEMEHHO B 3 Pa3JIMYHBIX TOUKAX.

Ilpu oOHapy:KeHUM MpeaeJbHO BBLICOKMX /03 PaidalUd IUIONIAJAb, HAYMHAA C
MOTrPAHUYHOH 30HbI, OTPAKAACTCH CHECHUATIBHOU JICHTON M NMPeAynpeKIAIUMI 3HAKAMH.

HOCJ’IQI[HI/IC 3aMeE€pbl BMECTEC CO BCCMHU B3SITbBIMHU l'[pOﬁaMI/l, CXeMaMHM U KyYpHaJ1aMHU
OTHPABJAKTCA B COOTBETCTBYIOIIIMNEC OPraHu3alum.

OHM ©[DpPoOBOAAAIT AHAJIM3 W COCTABJSIOT IUIAH JIeWCTBMiA, HAINpPaBJEHHbIX Ha
o0ecrieyeHue 0€30IIACHOCTH HACeJEeHUSI OT paguauuoHHoro ooOiaydenuss. Kpome Toro
NPUHUMAETCH pelleHne 0 Mepax, KOTopbie OyIyT CocoOCTBOBATH HOPMAJIM3AIUN



As the reconnaissance is carried out, the site layout is amended and the locations
where environmental sampling has been carried out are recorded.
In areas adjacent to children's and educational institutions, reconnaissance is conducted
diagonally. Sampling is carried out simultaneously at 3 different points.

When extremely high radiation doses are detected, the area starting from the border
area is fenced off with special tape and warning signs.

The last measurements together with all the samples taken, diagrams and logs are
sent to the relevant organisations.

They analyse and draw up an action plan aimed at ensuring the safety of the
population from radiation exposure. In addition, a decision is made on the measures that will
contribute to normalization



Bonpoc S5 Kparkas xapakTepucTUKA
AXOB u xapakrep BbI3bIBa€MbIX UMH
MOPAKEHUH JIIOACH
Question 5 Brief description of
accidentally chemically hazardous
substance and the nature of the
Injuries caused by them



B npoMbINIEHHBIX MacmITadax B CTPaHe NMPOW3BOAUTCH M HCHoJb3yeTcs:i 0osiee 30
THIC. XHUMHUYECKHUX COeJUHEHHi, ONHAKO aHaau3 npomsomenmux YC mnokasbiBaer, 4T0 B
OCHOBHOM aBapuu npoucxoast ¢ 30-40 nanboJiee pacnpocTpaHeHHbIMHU BellleCTBAMMU.

Yucio aBpapuii ¢ KaXKIbIM roJ0M yBeJHM4YuBaeTcsa. B mejsioM B MuUpe 4HCJI0 KPYNHBIX
aBapuii ynBanBaetcs kaxjablie 10 JeT.

B nameii crpane B 50% ciyyaeB UX NPUYHHON ABJSIOTCS “0TKa3bl” 000py10BaHusl, B
38% - omIMOKM onepaTopoB, B 6%0 - OIMOKU MPH MPOEKTHPOBAHMH XMMHUYECKOTO MIPOU3BOACTBA.




More than 30 thousand chemical compounds are produced and used on an industrial
scale in Russia, but the analysis of accidents shows that accidents mainly occur with 30-40 most
common substances.

The number of accidents is increasing every year. In general, the number of major
accidents in the world doubles every 10 years.

In our country, in 50% of cases they are caused by equipment ""failures™, in 38% - by
operator errors, in 6% - by errors in the design of chemical production.




Onacnoe xumuueckoe eeujecmeo - TOKCHYECKOE BeLIECTBO, KOTOpoe Haudosee
BEPOATHO MOKET IBUTHCSH NPUYUHON XUMUYECKON YPe3BbIYANHOM CUTYALIMH.

Xumuueckan aeapus - HEINJIAHUPYEMbII W HeyNnpaB/sieMblid BBIOPOC (IPOJIUB,
POCCHINb, YTEYKA) ONMACHBIX XMMHYECKUX BEUIECTB, BHI3bIBAKIIMX OTPULIATEIbHOE AefiCTBUE HA
YeJI0BEeKA U OKPYKAKIILYI0 CpPeay.

Xumuueckue coeounenusn (eeugecmea), KOTOpPble B ONpedeIeHHbIX KOJMYECTBAX,
NPeBBIIAINNX npeaeabHo aonyctumblie KOHUeHTpauuu (IIJIK) B Bo3ayxe UM Ha MECTHOCTH,
MOI'YT OKAa3bIBaThb BpeJHOE BJIMAHUE HA JII0Aeil, CeJIbCKOXO3SMCTBEHHbIX JKMUBOTHBIX M
KYJbTYPHbIC PACTeHM$, BbI3bIBAsl Y HHUX Pa3jH4YHbIC CTCNCHU IMOPAKEHHsI, B TOM 4YHCJIe H
CMepTeJIbHbIEe, HA3bIBAIOTCHA ABAPUMHO XUMHUYECKH ONMacCHbIMM BemecTrBamMu (AXOB).

O0bexkTbl, Ha  KOTOPbIX  XPAHATCH, MCHOJb3YKOTCH, IMPOU3BOAATCHA H
TpaHcnoptupyrrcs AXOB, otHOCAT K xumuuecku onacuvim oovexkmam (XOO0).

B kaxaoM Hace/IeHHOM IYHKTeE, I7le UMeeTCs BOJAOIPOBOIHAS CeTh, €CTh XJIOP s
00e33apa:KUBAaHUA BOAbI, a Ile €eCTbh O0OBEKThl MNHUIIEBOH MNPOMBINLJICHHOCTH - AMMHAaK
(xJ1agareHr).

AXOB MOryT XpaHuTbHCH UM HAXOAMTHCH B €MKOCTAX WJIHM B CHCTEMe 3aMKHYTOIO
TEXHOJIOTMYECKOr0  KOHTYypa. OHu  MOryT  TPAHCHOPTHPOBATHLCH  (MEPEBO3UTHCH)
7KeJIe3HOAOPOKHBIM, ABTOMOOMW/IBLHBIM TPAHCIIOPTOM MJIM 110 TPYOOIIPOBOAAM.

B cBs3M ¢ TeM, UTO KaxX/JAasl aBapusl AaHTPONOIeHHA, K MEPCOHAJy, CO3JaKileMy U
IKCILUIYATHPYIOLIEeMY MNPOM3BOACTBA ¢ TMOTEHIHAJbLHOM BO3MOKHOCTHI) BO3HUKHOBCHUS
XUMHUYECKMX aBapHil, [0JKHbI TMNPEeIbIABIATHLCH HE TOJbKO 0C00ble TpPeOOBAHUSA II0
npo¢eccCuoOHAIBbHOM MOATOTOBKE, HO U IPOBOAUTHCS CTPOrMM MCUX0(PU3U0JIOTHUECKUI 0TOOP.



Hazardous chemical - a toxic substance that is most likely to cause a chemical
emergency.

Chemical accident - unplanned and uncontrolled release (spill, placer, leak) of
hazardous chemicals causing adverse effects on humans and the environment.

Chemical compounds (substances), which in certain quantities exceeding the
maximum permissible concentrations (MPC) in the air or on the ground, can have a harmful
effect on people, farm animals and crop plants, causing them various degrees of injuries,
including lethal, are called accidentally chemically hazardous substance (ACHS).

Facilities that store, use, produce and transport ACHS are classified as chemically
hazardous facilities (CHF).

Every community with a water supply has chlorine for water disinfection and every
community with a food processing facility has ammonia (refrigerant).

AHC may be stored or located in tanks or in a closed process loop system. They can
be transported (shipped) by rail, road or pipeline.

Due to the fact that each accident is anthropogenic, personnel who create and operate
facilities with the potential for chemical accidents should be subjected not only to special
requirements for professional training, but also to strict psychophysiological selection.



IIo CKOpoOCTN pa3dBuUTUdA MATOJOIHYCCKHUX HapymeHnﬁ H, CcjlaeaoBsareJIbHO,
(l)OpMI/IpOBaHI/IH CAHUTAPHBIX MNOTEPb, BCC XMMHUYCCKHE BCIICCTBA, SABJIANIIHCCH le](I‘IPIHOﬁ
aBapuu, moapasacJasaioTca Ha IB€ OCHOBHbDBIC I'PYIIIILBI.

K nepeoii cpynne 0THOCATCS BelIECTBA ObICHPO20 0ClCHEUS.

Pa3BuTHe CHMITOMOB HWHTOKCHMKAIMA MNPH 3TOM HaOJWAAaeTcd B TedyeHHe
HeckoJbkMX MHHYT. K BemecrBamM 3Toil rpynmbl OTHOCATCS CHHWIbHAS KHCJI0TA,
AKPWJIOHMTPHJI, CEPOBOAOPOI, OKCH YIJIepPoaa, OKHUCJbI a30Ta, XJOP M aMMHAK B BBICOKOM
KOHIEHTPAIlUU, MHCEKTHUIU/bI, (pochopoprannyecKue coeTuHEHUs U Jp.

Ko emopoit zpynne oOTHOCATCH BeWIECTBA 3aMe0IeHHO20 Oelcheus ¢ Pa3BUTHEM
CHMIITOMOB MHTOKCHKAIIMM B TeYeHHEe HECKOJbKHX 4YacoB (IMHUTPO(EHO0J, TUMeTHICYAbdarT,
METWIOPOMMJI, METHIXJIOPHUA, OKcuxJIopua pocdopa, okuch ITWICHA, TPEXXJIOPUCTHIN (pochop,
(docreH, XJopua cepbl, dTHICHXJIOPHUA, ITHIeHGTOPHI U AP.).

M3 310l rpynmnbl BeleCTB HEKOTOPbIe AaBTOPbI  0C000 BBIACJAKT BelleCcTBA
MEIJIECHHOTO JIeiCTBUSl C Pa3BUTHEM CHMIITOMOB MHTOKCHKALIMHA B CPOK /0 JABYX Helelib, K
KOTOPBIM MOKHO OTHECTH MeTaJlJIbl, IMOKCHHbI U HEKOTOPBIE IPyrue BelecTna.



According to the speed of development of pathological disorders and, consequently,
the formation of sanitary losses, all chemical substances that are the cause of the accident are
divided into two main groups.

The first group includes substances of rapid action.

The development of intoxication symptoms is observed within a few minutes. The
substances of this group include hydrocyanic acid, acrylonitrile, hydrogen sulphide, carbon
monoxide, nitrogen oxides, chlorine and ammonia in high concentration, insecticides,
organophosphorus compounds, and others.

The second group includes substances of delayed action with the development of
symptoms of intoxication within a few hours (dinitrophenol, dimethyl sulphate, methyl
bromide, methyl chloride, phosphorus oxychloride, ethylene oxide, phosphorus trichloride,
phosgene, sulphur chloride, ethylene chloride, ethylene fluoride, etc.).

Of this group of substances, some authors emphasise slow-acting substances with the
development of intoxication symptoms within two weeks, which include metals, dioxins and
some other substances.



OcymecTBiiIeHHe MEPONPHUATHII IO TNPOTHO3MPOBAHMI0O W JHMKBHIAANNM MEIUKO-

CAHUTAPHBIX TMOCJEACTBUI XHMHYECKHX aBapuii 0a3upyercsi HAa BBISBJICHUHU, aHAJIU3E U
HCIMOJIb30BAHNM ABAPMHHOM OMACHOCTH OCHOBHOro mopaxxamwinero ¢gpaxropa UC- xummn4yeckoro
BelIeCTBA.

OCHOBHBIMH TOKCHKOJIOTO-TUTHEHHYECKHMH KPUTCPUSAMHU IIPA OLHECHKE OIMACHOCTH

XMMHYECKHUX BelIEeCTB B aBAPUAX ABJIAIOTCSH.

>

CIIOCOOHOCTh XMMHUYECKHX BeleCTB K ObICTPOMY PACIPOCTPAHEHHIO B OKPY:KaIOlIe cpeae u
CO3JAHUK) BBICOKHMX, ONACHBIX /JIfl JKU3HM M 3A0POBbsl JIWJACH YPOBHEHd aBAPUITHOIO
3arpsi3HeHMS;

NPEeUMYIIEeCTBEHHO MHIAJISIUMOHHBbIN, KOKHBIM M B MEHbIIEH CTENeHU NePOpPabHBIM NMYyTH
MOCTYIUICHUS] XUMHUYECKHUX BellleCTB B OPraHM3M 4YeJI0BeKA;

XPOHOMETPHUYECKUH (AKTOP BO3ACHCTBUS XHMHYECKHMX BeLIECTB, OTPAKANIIMA CKOPOCTH
(opmMupoBaHMS CAHUTAPHBIX NOTEPD;

BO3MOKHOCTh  IPEACTABJEHHUS] MOKa3aTeJed ONMACHOCTH B BHAE KOJHYECTBEHHBIX
OJJHO3HAYHBIX OLEHOYHbIX XAPAKTEPHUCTHK, YIAOBJETBOPAKIIUX OTEYECTBEHHBIM H
3apy0e;KHBIM TPEOOBAHUSIM;

AOCTYNIHOCTL mojay4deHusi uHgpopmanun u AuddepeHIIUPOBAHHOCTH €€ UCIOJIb30BAHUS B
3aBHCMMOCTH OT 3a/1a4 CJYy:KObI MeIMUUHbI KatacTpod d¢enepaibHOro, MeKperuoHaJIbHOI0
WIH PErMOHAJIBHOTO YPOBHEIA.



The implementation of measures to predict and eliminate medical and sanitary
consequences of chemical accidents is based on the identification, analysis and use of the
emergency hazard of the main striking factor of the emergency - chemical substances.

The main toxicological-hygienic criteria in assessing the danger of chemical substances
in accidents are:

> ability of chemical substances to rapidly spread in the environment and create high,
dangerous for life and health of people levels of accidental pollution;

» predominantly inhalation, dermal and, to a lesser extent, oral routes of entry of chemicals into
the human body;

» chronometric factor of exposure to chemicals, reflecting the speed of formation of sanitary
losses;

> possibility of presenting hazard indicators in the form of quantitative unambiguous
evaluation characteristics that meet domestic and foreign requirements;

> availability of information and differentiation of its use depending on the tasks of the disaster
medicine service of federal, interregional or regional levels.



Iloka3areau omacnoctu OB

Iloka3aTesm OMACHOCTH XMMHU4YECKHX BelIECTB NMPH aBapusiX MOAPA3AeJslOTCH Ha
TPU OCHOBHbIE KATETOPUH:

- K__nepeou__Kamezopuu OTHOCATCH I0KA3aTeJd OINACHOCTH, OOYCJIOBJICEHHbIe (PU3UKO-
XHMHMYECKHMH CBOWCTBAMH BellleCTB, KOTOPbIe OMNPEACJAT CTOMKOCTH 04Yara mnopasKeHus,
CO3/laHMEe B HEM BBICOKHX KOHIEHTPALUi, BO3MOKHOCTb BTOPMYHOIO 3apaskKeHHMsl 3a cCYeT
HCIIAPEHUS € OJEeK/IbI U KOKHBIX IOKPOBOB, PEAKIIUOHHAS CIIOCOOHOCTb.

JTO TaKkue XAPAKTEePUCTHKM BellleCTB KaK TeMIlepaTypa KHIIeHHUsl, TeMIlepaTrypa
IUIABJIEHUS, IVIOTHOCTD, AABJICHHE MAapP0B, PACTBOPUMOCTD, ONIACHbIE XMMHUYECKHE PeaKUuu U

apyrue

- KO_8mopoul_ Kamezopuu NMPUHAAJIEKAT MOKa3aTeId, 00yCJI0BINBAIOIIAE ONMACHOCTh XHMHYECKHX
BellleCTB NpPH IMOKapaX M B3PbIBAX: NOKa3aTeJd BOCIUIAMEHEHHSI W CaMOBOCILIAMEHEHHUSs,
pacnpocTpaHeHusi IJIAMEHH, CIOCOOHOCTHh B3PHIBATHCS W IopeTh NMPH B3aUMHOM KOHTaKTe
BellleCTB U JApyrue

-_mpempl) Kame2opui) COCTABJISIOT MOKA3aTeJId, colepKkanue HHGOPMALUIO 0 MYyTAX, YPOBHAX
U BPEMEHHU aBAPUIHOT0 TOKCHYECKOTO JeHCTBUSI XUMHYECKNX BelleCTB B OPraHu3Me.

ITO mMoOKAa3aTesiu OCTpOﬁ TOKCHYHOCTH Ha CMCPTCJIAbHBIX W IIOPOIOBLIX YPOBHSAX
BO3}]6ﬁCTBHﬂ, MmoKasarejin pasjapaxarnmero NEHCTBUSI HA opradbl JAblXaHUsl, CJIU3UCTDBIC
000JI0YKH IJ1a3 M KOKHBIX IMIOKPOBOB, aBapHﬁHLIe ITHT'MCHUYICCKHUEC PCIVIAMECHTBI M IPYI'Ue



Hazard indicators of poisonous substances

Hazard indicators of chemical substances in accidents are divided into three main
categories:

- the first_category includes hazard indicators determined by the physical and chemical
properties of substances, which determine the persistence of the center of the affected area, the
creation of high concentrations in it, the possibility of secondary contamination due to
evaporation from clothing and skin, and reactivity.

These are such characteristics of substances as boiling point, melting point, density,
vapour pressure, solubility, hazardous chemical reactions and others

- the second category includes indicators that determine the danger of chemicals in fires and
explosions: indicators of ignition and self-ignition, flame propagation, ability to explode and
burn at mutual contact of substances and others.

- the third category consists of indicators containing information on pathways, levels and time
of accidental toxic effect of chemical substances in the organism.

These are indicators of acute toxicity at lethal and threshold levels of exposure,
indicators of irritant effect on respiratory organs, mucous membranes of eyes and skin,
emergency hygienic regulations and others



st moBbimieHusi roroBHocTH CMK M3 k jgeiicTBHSIM 10 JHMKBUAALMH MEIHKO-
CAHUTAPHBIX MoCJIeACTBHI XHUMHUYECKHX aBapui He00X0TUMO OCYILECTBJISATH
HeJICHANIPABJICHHBIN 0TOOP XHMHMYECKHX BelleCTB € Y4YeTOM IoKa3arejied HMX aBapuUilHON
OIACHOCTH.

IIpoBeneHHbIEe AHAJMTHYECKHE MCCIAEAOBAHUS IMO3BOJAKT pPa3padorarb MOITANMHYIO
POCCHIICKYIO CMCTEMY 0TOOPa XMMH4Y€CKHX BelleCTB, ONMACHBIX NP aBapUsIX.

Ha nepBoHayaJibHOM JTale CO31aeTCs U BHEAPHAETCH B MPAKTHYECKYIO JAesITeJIbHOCTh
CMK nepBoouyepennoii cnucok AXOB. B nanbHeiiemM ciieayer BbIpadaTbiBATh HA OCHOBAHUM
OTEYECTBEHHOI0 U 3apy0e:KHOr0 ONbITA eJUHbICe KBaIU(PUKAIMOHHbIC IPU3HAKU BCeX KaTeropui
aBapUHHON ONACHOCTU U (OPMHUPOBATH HAIMOHAIBbHBIN NepedyeHb AOXB.

Kputepusimu oré0opa BelecTB B NePBOOYEPETHOM CIMCOK CIYKUJIN:

» TNPHUHALJIEKHOCTH BellleCTBA K MOTEHIHAJILHO OMACHBIM MPH aBAPHHU, MPEUMYIIECTBEHHO NMPHU
MHTAJSIIIHOHHOM MOCTYIJIEHNUH;

> HaJIn4ue BelieCTBa, IPOU3BOANMOI0, HCIIOJb3YEMOI'0, XPAHAIIECIOCHA UWJIH TPAHCIIOPTUPYEMOI'O
B KOJIHYECCTBAX, KOTOPLIC IIPEBLIIIAKT HOPMAaTHBbI 6e30nacn0cna, 9T0 OﬁyCJ'IOB.]'II/IBaeT
BO3MOXKHOCTH MaCCOBBIX nopamennﬁ JI01en;

> OTHeCeHHe BeICCTBA K COCAMHCHUAM, KOTOPLIC 110 CTATUCTHYCCKUM NAHHBIM NMOCJTYKHJIHA 34
IOCJICAHUEC I'OAbI IPUIYNHAMMU ‘lpe3BbI‘Ial7IHI)IX chyaum"l



In order to increase the readiness of the Disaster Medicine Service of the Ministry of
Health of the Russian Federation for actions to eliminate the medical and sanitary consequences
of chemical accidents, it is necessary to carry out a targeted selection of chemical substances
taking into account the indicators of their accidental hazard.

The analyses conducted allow to develop a step-by-step Russian system of selection of
chemical substances hazardous in accidents.

At the initial stage the priority list of ACHS is created and introduced into the
practical activity of the Disaster Medicine Service. In the future it is necessary to develop, based
on domestic and foreign experience, unified qualification characteristics of all categories of
accident hazards and to form a national list of AHC.

The criteria for selection of substances to the priority list were:

» belonging of the substance to potentially hazardous substances in case of an accident, mainly
in case of inhalation;

» the presence of a substance produced, used, stored or transported in quantities that exceed
safety standards, which causes the possibility of mass casualties;

» categorisation of the substance as one of the compounds that, according to statistical data,
have caused emergencies in recent years.



IlepBoouepennou cnncok AXOB

. Xu1op.
. AMMHak.
. Cepnasi kuciora.

. ConsiHas kucJyaora.

. A30THasi KHCJIOTA.

. HeThIpexxJIOPUCTHIH YIJIEPOA.
8. JluxJiopaTaH.
9. ®ocreH.
10. ®OC.
11. Okenp yriepona.
12. CepoBoaopon.
13. Cepoyriiepon.
14. CuHWIIbHASA KUCJIOTA.
15. CepHucTbiid aHTUAPUAL.
16. MeTnJ XJIOPUCTBIM.

1
2
3
4. ®TOPUCTOBOAOPOAHAS KHCJIOTA.
5
6
7

17. ®opmaabaerua.

18. MeTus1 OpomMuCThIi.

19. JlumeTHIAMHH.

20. @ochop TPexXXJIOPHUCTHIN.
21. Okuchb 3THIIEHA.

22. XJIOpIUKPHH.

23. Xuiopuuas.

24. MeTHJIAKPHUII.

25. ®ochopa XJOPOKUCH.

26. TpuMeTHIaMUH.

27. ITHIeHINAMUH.

28. AleTOHIIHAHTUAPHUH.

29. AIEeTOHUTPH.I.

30. MeTH10BBIN CIIMPT.

31. I'mapa3uH U ero npou3BOAHbBIE.




Priority list of ACHS

1. Chlorine.

2. Ammonia.

3. Sulphuric acid.
Hydrofluoric acid.
Hydrochloric acid.
Nitric acid.

. Carbon tetrachloride.
Dichloroethane.

. Phosgene.

© o N o oA

10. Organophosphorus compound.

11. Carbon monoxide.
12. Hydrogen sulphide.
13. Carbon sulphide.
14. Hydrocyanic acid.
15. Sulphur dioxide.
16. Methyl chloride.

17. Formaldehyde.

18. Methyl bromide.

19. Dimethylamine.

20. Phosphorus trichloride.
21. Ethylene oxide.

22. Chloropicrin.

23. Chlorocyanine.

24. Methylacryl.

25. Phosphorus chloroxide.
26. Trimethylamine.

27. Ethylenediamine.

28. Acetone cyanohydrin.
29. Acetonitrile.

30. Methyl alcohol.

31. Hydrazine and its derivatives.
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Hamuyue B P® Ooabmoro umcaa XOO co3gmaer yrpody BO3HUKHOBEHMS
KPYNHOMACIITAOHBIX AaBAPUIA.
CratucTiKa CBHETENbCTBYET, YTO HA Teppuropuu Poccum 4Yucia0 Takux aBapui
€Ker0IHO MCUMCJIAETCS COTHSIMM.
3a mociaeanue 40 jger Haudoee kpynHoie apapuu Ha Teppuropuud CCCP u Poccun
MPOU30ILIHN:
> BT [3epxkuncke (1961 r., pa3psiB x10ponpoBoaa, 44 nopaskeHHbIX),
» 1. KemepoBe (1983 r., moBpexaeHue HHCTEPHBI ¢ Xjopom, 230 mopaxeHHBIX, U3 HHUX 26
CMepTeJbHO),
» 1. MonaBa (1989 r., pa3pymieHHe eMKOCTH ¢ AaMMHAKOM M OKHCJIAMM a30Ta, 57 Mopa’keHHbIX
Pa3JIMYHOM CTeNeHU U / - CMEPTeJIbHO),
> T. Xabaposcke (1997 ., ropeHne rekcaxjopMmenaMmuHa, 238 mopaskeHHbIX, 1-cMepTeJIbHO).

IIpu aBapum (paspyumennn) Ha XOO npoucxoaurt BbIOpoc (mpoJuB, yreuka) AXOB,
YTO MPUBOIAUT K 00Pa30BaHUI0 00/1aKa (IEPBUYHOIO WJIH BTOPUYHOIO).

MecTo BbIOpOCa (MPOJMBA, POCCHINH, YTEYKH) OMACHOIO XMMHMYECKOI0 BelIecTBA
HA3BIBAETCH 0UA2OM XUMUYUECKOU A6apuu.

IIpu BbIOpOoce AXOB B razoo0pa3HoM COCTOSSHMH 00pa3yeTcsl nepeuyunoe o01axo, a
npu npojuse (yreuke) AXOB u B pe3yibrare ero mocjeayroiiero UCHAPEeHUs - 6mopuUyHoe
oonarxo. Odimako AXOB nepeMeniaercsi NpeUMyIIECTBEHHO 10 HANPAaBJICHHUIO BeTpa, o0pasys
30HY 3apaKeHus.



The presence of a large number of chemically hazardous facilities (CHF) in the
Russian Federation creates a threat of large-scale accidents.
The statistics shows that the number of such accidents in Russia is hundreds
annually.
Over the last 40 years, the largest accidents on the territory of the USSR and Russia
occurred:
» in the city of Dzerzhinsk (1961, rupture of a chlorine pipeline, 44 people injured),
» the city of Kemerovo (1983, damage to a chlorine tank, 230 people affected, 26 of them
fatally),
> the city of lonava (1989, destruction of a tank with ammonia and nitrogen oxides, 57 people
were affected to various degrees and 7 fatally),
» the city of Khabarovsk (1997, burning of hexachloromelamine, 238 affected, 1 fatally).

In the event of an accident (destruction) at a CHF, a release (spill, leak) of a ACHS
occurs, resulting in the formation of a cloud (primary or secondary).

The place of release (spill, placer, leak) of a hazardous chemical substance is called a
chemical accident center.

At release of AHC in a gaseous state a primary cloud is formed, and at spillage
(leakage) of AHC and as a result of its subsequent vaporisation - a secondary cloud. The AHC
cloud moves mainly along the wind direction, forming a contamination area.



30H0Ul  XumMuueckozo 3azpA3HeHus  (3apajiceHus)) HA3ZBIBACTCH TEPPUTOPHA C
HAXOAAIIUMHMCH HA Hell HACEJICHHBIMH IIYHKTAMHU, B Mpeaeaax KoTopou pacnpocrpaHedbi AXOB
B KOJHMYECTBAX, CO3JAIOIIMX B Ipenejax OINpeleJeHHOI0 Nepuoaa BO3IMOKHOCTL IOPAaKeHHUS
JIKeil, )KUBOTHBIX M PACTEHU M, HAXOASIUUXCH HA TaAHHON TEPPUTOPUM.

3ona 3arpsizHeHusi, kKoHueHrpanusa AXOB B koropo paBHa wiaum MeHee IIJIK,
SIBJIETCH 0€301aCHOI.

Ee BHemHHe rpaHUlbl C NOABETPEHHOW CTOPOHBI HAXOAATCHA HAa MAKCHMMAJIbLHOM
VAQJIEHUM OT 04ara XMMHUYECKON aBapuu, ¢ HABETPEHHOM CTOPOHBI - 32 0YAarOM M IO BEKTOpY,
NMEePNEeHAUKYJISAPHOMY HAMNPaBJEHUI0 BeTpa (ocu ciaena o0Jiaka); TaAKMM 00pa3oM, MyThb [10
0e30IacHOM 30HbI OKA3bIBACTCH HAMMEHb IUM.

NMeHHO B 3TOM HamnpaBJIeHHHM J0JKeH ObITh OPraHM30BaH BbIB03, BBIHOC (BBIXOM)
MOPa’KeHHBIX M3 0Yara XMMHYECKOIr0 MOpPaKeHHMsl, U MOXKeT ObIThb Ppa3BepHYT NYHKT cOopa
MOPAKEHHBIX, IYHKT OKA3aHUS MeIMLUHCKON OMOIIH.

Ouazom xumuueckozo nopaxcenus (OXII) Ha3pIBaeTcs TEPPUTOPHs, B Ipeneax
KOTOpoil B pe3yiabtare Bo3aeiicTBus AXOB mpou3omuio 3apakeHue TeXHUKH, TPAHCHOPTAa M
APYTruxX O00BbEKTOB, MAaCCOBOE€ NOPa’KeHHE HaCeJIeHUs, KUBOTHbIX M pactenuii. OXII saBasercs
YacCTbIO 30Hbl XUMHUYECKOI'0 3apasKeHus,

Paiion xumuueckou aeapuu - 3TO TEPPUTOPHS, HENMOCPEACTBEHHO NpWJjerampmas K
ouary aBapuu (paspymenusi) Ha XOO, rae co3gaercsi HamOosbmas KoHueHtpauusa AXOB u
BO3HUKAET HAM0O0JIbIIAS ONACHOCTD MOPAKEHMS JIKAEH, )KUBOTHBIX U PACTCHHM.

Paiion pacnpocmpanenua 3apasxcennozo 6030yxa - 3T0 TEPPUTOPHS, HA KOTOPYIO
PACHPOCTPAHUJICA BO3AYyX MOX BO3AeiICTBHEM BeTpa ¢ YYeTOM MeETEOpPOJIOrHYeCKHUX,
TONOrpapuyYecKuX M APYrux ycJIOBUIA.



The chemical pollution (contamination) area is the territory with settlements located on
it, within which the ACHS are spread in the quantities, creating within a certain period of time the
possibility of affecting people, animals and plants located on this territory.

The pollution area, the concentration of AHC in which is equal or less than MPC, is
safe.

Its outer boundaries on the leeward side are at the maximum distance from the
chemical accident center, on the windward side - behind the center and along the vector
perpendicular to the wind direction (axis of the cloud trace); thus, the path to the safe area is the
shortest.

It is in this direction that the carrying out (exit) of the affected people from the chemical
accident center should be organised, and a collecting point for the affected and a medical aid point
can be deployed.

A chemical contamination center (CCC) is an area within which, as a result of exposure
to ACHS, contamination of equipment, transport and other facilities, mass casualties of the
population, animals and plants have occurred. The CCC is a part of the chemical contamination
area,

An area of chemical accident is the territory immediately adjacent to the center of
accident (destruction) at the CHF, where the greatest concentration of AHC is created and the
greatest danger of affecting people, animals and plants arises.

An area of contaminated air spreading is the territory where the air spreads under the
influence of wind, taking into account meteorological, topographical and other conditions.



Kaaccudukanust o4aroB apapuu

JAns MOJMHOM XAPAKTEPUCTHKH 0YAr0OB XHMHYECKOr0 TMOPAXKEHUS He00X0AMMO
YYUTBHIBATH CBOWCTBA BeEUIECTB, ONpeleJdlMe CTOMKOCTh 04Yara, CreleHb OIacHOCTH
XHUMHUYECKOI0 3arpsAi3HEHU s, BO3MOKHOCTH BTOPUYHOIO MOPAKEHHUS.

B 3aBHCMMOCTH 0T MPOJOIKHUTEJIbHOCTH 3arpA3HEHUs] MECTHOCTH U OBICTPOTHI
NeMCTBUA TOKCUYeCKOro arenta Ha opranu3m OXII noapazaensirorcs Ha 4 BujaAa:

HECTOMKHUI 04ar MopasKeHus1 ObICTPOACHCTBYOIMMH BelIeCTBAMM;
CTOMKHUI 04Yar MopakeHusi ObICTPOAEHCTBYOIIIMMH BelIeCTBAMM;
HECTOMKHUI 04ar MOpPaKeHUs MeAJICHHOACHCTBYIOIMMH BEIIECTBAMM; .
CTOMKMI 04Yar MOpaKeHUsl MeIJICHHOACCTBYOIIUMHU BelIeCTBAMMU.

YV VYV

B pe3ysbTaTe aBapuu ¢ Bbiopocom AXOB
oOpa3syeTcsi oyar XMMHYeCKOTr0 3apakeHHsl

HAMPABJIEHVE BETPA -

3oHa
T YMGPEHHOTO
aFapaxeHns -

6onee 1000 m

apaxeHud e ————




Classification of accident centers

For complete characterisation of chemical contamination center it is necessary to take
into account the properties of substances that determine the persistence of the center, the degree
of danger of chemical pollution, the possibility of secondary damage.

Depending on the duration of contamination of the area and the rapidity of action of
the toxic agent on the organism, CCC are divided into 4 types:

» unstable contamination center with fast-acting substances;

» persistent contamination center with fast-acting substances;

» non-persistent contamination center with slow-acting agents;
» a persistent contamination center with slow-acting substances.

A chemical contamination center Is formed
as a result of an accident involving the
release of hazardous chemicals

WIND DIRECTION -

Moderate
contamination
area
over 1000 m

contamination
area




XuMuuyeckasi pa3Beaka
O0b1uHO cpa3y nociie apapun CMK opranmsyer CAHUTAPHO-XUMHUYECKYI0 Pa3BeIKY.

K Heil npuBIEeKAT CHENHUAJUCTOB - TUIMEHHUCTA, TOKCHUKOJIOra M XHMHKA-
aHajauTuka. Ee meap — omnpegeneHne y4acTKOB BepoOsiTHOro ckomieHusi AXOB (moaBaJibl,
KOJIOAUBI, IJIOXO NPOBETPHBAaeMble TOMEIEHHsI M T.II.) W MeCT BO3MOKHOIO YKPBITHSA
HACeJICHUS, ONpeAe/ieHHe BeJUYUHBI U CTPYKTYPbl NMOTEPb HACEJICHUHA, YCJIOBHS MEIHKO-
CAHMTAPHOIO0 00ecIeYeHHusl.

OuneHka cTeneHH 3arpsi3HEHHOCTH OKPYKAKOIIEH cpeAbl MPOBOAMTCH METOAAMH IKC-
NMpecc-aHAJIN3a TOKCHYHBIX BElIeCTB HA MeCTe ¢ MOMOIIbI0 mopTaTuBHLIX npudopos (IIXP-MB,
MIIXP u T.1.), NepeHOCHBIX ¥ MOABHKHBIX J1a00PATOPHIi, a TAKKe IyTeM 0TOOPA MPod Bo3ayXxa,
BO/IbI, NO4YBbI, MUIIEBbIX MPOAYKTOB U CMbIBOB C IOBEPXHOCTH.

OT1oOpanHbie MPOOBI [JOCTABJAKTCH B CTAHOHAPHYIO JIa0OpaTOpHIO JJIA
AaJIbHENIIero uCCjaeA0BaHNsl, YTOUYHCHUS U MOATBEPKACHUS JAHHBIX IKCIIPeCcC-aHAIU3A.

Bpi0op aHaUTH4YECKOH anmaparypbl U KOMIUICEKTAIUSA MEPEHOCHBIX M MOABHKHBIX
JabopaTopuil onpeneJsOTCH npeamojgaraeMbiM nepeudeM AOXB 1isi pernoHa, TeppuTopuu
Wi 00bEeKTA.

Ilpy omeHke XMMHYECKOHM OOCTAHOBKHM [UISl CJIYKObl MeAMUMHBI KaTtacTpod
HeOOXONMMBbI CJCAYHIINEe CBEACHUA. NMpeAeibHOe BpeMs NpeObIBaHHMS B 3arpsi3HEHHOH 30He,
BHJI CPEeICTB MHIAUBHUAYAJIbHOM 3aIIUTHI, CTENEHb UX HCIOJb30BAHMS, CIOCOOBI Jera3auuv u
cTeneHb ee 3PPeKTUBHOCTH, epPBOOUYepPeaHbIe JIeueOHbIe MeponipusaTusi. [Ipu HeoOxomumocTn
pelaeTcs BOMpPocC 00 3BaKyaIUM.



Chemical reconnaissance

Usually, immediately after an accident, the Disaster Medicine Service organises a
sanitary-chemical survey.

It involves specialists - a hygienist, a toxicologist and an analytical chemist. Its
purpose is to identify areas of probable accumulation of ACHS (basements, wells, poorly
ventilated rooms, etc.) and places of possible shelter for the population, to determine the size
and structure of population losses, and the conditions of medical and sanitary support.

Assessment of the degree of environmental contamination is carried out by methods
of express analysis of toxic substances on site using portable devices (Chemical reconnaissance
device for medical and veterinary services - PKhR-MV, Medical chemical reconnaissance device
- MPKhR, etc.), portable and mobile laboratories, as well as by sampling of air, water, soil, food
products and surface washes.

The collected samples are transported to the stationary laboratory for further
investigation, clarification and confirmation of the rapid analysis data.

The choice of analytical equipment and equipment of portable and mobile
laboratories is determined by the expected list of ACHS for the region, territory or facility.

When assessing the chemical situation, the following information is necessary for the
disaster medicine service: maximum time of stay in the contaminated area, type of personal
protective equipment, degree of its use, methods of decontamination and degree of its efficiency,
first-priority treatment measures.

If necessary, the issue of evacuation is considered.



BIIXP
Military chemical reconnaissance device, VPKhR



Chemical reconnaissance device for medical and veterinary services, PKhR-MV



MIIXP
Medical chemical reconnaissance device - MPKhR
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BPIIM - 2 px6
Chemical reconnaissance vehicle, RKhM-C  Armoured reconnaissance and patrol vehicle,
BRDM-2rhb

VA3 - 469 px6 PXM-4-01
UAZ - 469 rhb Chemical reconnaissance vehicle, RKhM -4 - 01



KoMmmjiexkc 1MCTAaHIIMOHHOM
xumuueckou passeaku KAXP
Remote chemical reconnaissance
complex KDKhR

ManiuHa JMCTAHIIMOHHOM
paananuoHHoi pa3Beaku KYUYM-1
Remote radiation reconnaissance
vehicle KUCHUM-1




