YTO Mbl 3HaemMm o
AAepHOU 3Heprmn?

bopuc Jlegoulyk,
[Mpodpeccop, AOKTOP MeANLIMHCKUX
HayK, KnesB, YKpanHa
UneH MexgyHapoaHoro
pe.anquﬂfffo?Udﬁ:OBeTa Cynepkypca




MIVNIFdnzrt IRiICPILI VI, dlIVIVIFIDIC
ArieKTpocTaHUuum n 6oMOBbI,
AaaepHas MeaMuMHa v 3alimTa o1
pagvnauumm

Ccblinka:



NOACPHAA OHEPINA -

UcTopus
B 1898, dbpaHLy3ckuii
doun3uk lNbep Kropu n ero
xeHa Mapusa CknogoBcKasi-
Kiopu
OOHapyXunu, 4To B
YPaHUHUTE, pyade ypaHa,
ObINO BELLECTBO, KOTOpPOE
nanydaet donbLuoe
KONMUYECTBO -
eep Klopu - anMoakTMBHOCTY, KoTopylo 2PV
’ CknogoBckagd
OHW Ha3Banu paguem. “Kiopu

Ccblinka:



7140 PRdr1 JRACPILIVIN -
UcTopus

B 1917

JpHecT Pe3epdoppn Kak oTel,
A40epHOU PU3NKN, CHUTAETCH
poaoHa4vyarnbHUKOM pacLuenneHugd
aToma.

B 1932

[xoH KokpodT 1 OpHecT YOnToH,
NblTanuch pasgennTb aToOMHOE S4p0
NONMHOCTBLIO UCKYCCTBEHHbLIM MyTEM, OpHecT
NCNonb3ysl YCKOPUTENb YacTul, Ans Pesepdopn,
bombapanpoOBKM NNTUSA MPOTOHAMM,
Takum obpas3om rno3Bosndas nonyyarb Asa

A0pa rerna.
Ccblinka:



% ApnepHana OHeprusa - Uctopus

B 1932 Ixenmc Yensuk oTKpbIN HEUTPOH.

B 1934 apepHoe geneHne 6bino BnepBble
9KCNepUMeEHTarbHO OOCTUTHYTO OHPUKO
epmn B Pume, Korga ero KomaHAaa
bombapanpoBana ypaH HEUTpPOHaMMU,

B 1938, Hemeukue xumukn OTTO aH u©
®puy LWTpaccmaH, Hapsaoy C¢ aBCTPUUCKUMU
donsukamu Jinzom MentHep n OTT0 PobepTom
OpuwemMm, npoBoAUNMN  3KCNMEPUMEHTbI C
npoaoyktamm  ©omMbapAupoBKM  HEUTPOHaMU
ypaHa.

Ccblnka:



[1Ba OCHOBHbIX TUNA

paanaumnmn
Nany4yeHune Hactuuy
-Anbgra YacTtuubl
- beta yacTuupbl
-ONEeKTpOMarHMTHoOE U3nyyeHune
-PagnoBonHbl
-MukpoBonHbI
-YnbTpadgmoneTtosoe nsnyyeHume
-Ffamma nsnyyvyeHne
-PeHTreHoBCKOE nanyyeHue




Anb@a yacTuubl

Anbda-4yacTuubl
(cMmMmBOn o) ABNAKOTCS
BUOOM MOHU3NPYIOLLIETO
N3Ny4YeHns,
BblOpacbiBaEMOro
AApaMm HEKOTOPbIX
HEeYyCTONYMBbLIX aTOMOB.
OHu borbLune
cybaTOMHbIE
doparMeHTbl, COCTOALLMNE
N3 ABYyX NPOTOHOB U
OBYX HEUTPOHOB.

Anbda- ATOMHBIV
nanyyarten Homep
americium-24 95
1

plutonium-23 94
6

uranium-238 92
thorium-232 90
radium-226 88
radon-222 86

poloniiim-=210

84



beta YyacTuubl

CyuwectByeT
beTa-4yacTuubl ABNAKOTCS yii 6 y
cybaToOMHbIMK YacTuLamu, ulitelfierlelsirs 5
BbibpackiBaeMbiMmn U3 aapa  STIyHaTeINen:

HEKOTOPbIX paaMoakTMBHbIX  Ltritium
atomoB. OHuM 3kBMBanNeHTHbl [lcobalt-60
anekTpoHaMm. PasHunua B ToMm,

yTo GeTa-yacTuubl Ustrontium-90

BO3HMKAIOT B Si4pe, a Otechnetium-99
3neKkTpoHbI, pacnonoxeHsbl 3a [Jiodine-129
PEASHaMiA Aapa. Oiodine-131

Ocesium-137



[[amma-Jlyum

amma-usnyyeHue asnsetca [amva usnyvawouime
nakeTom anekTpomMmarHutHon PaANOHYRNNAOBI ABMAIOTCA
3Heprum - poToHoB. Mamma  Hanbonee Wnpoko

DOTOHBI CaMble NCMNOJb3yeMbIMU
NCTOYHUKaAMN N3NyYEeHUS.

9Hepro3apsKeHHble Tpu paavoHyKIMaa Ha
bOTOHbI B CeroAHsLWHWIA OEHb
QNEKTPOMarHNTHOM ABNA0TCA Hanbonee
cnekTpe. [amMmma-ny4n BOCTPe6OBaHHbIMM
(ramma-OTOHbI)

[l cobalt-60,

BblOpacbIBalOTCA U3 spa )
HEKOTOPbIX HECTaOUIMbHbIX Ocesium-137,

(pagnoaKkTUBHbIX) aTOMOB. [dtechnetium-99 m.
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mﬂnepﬂaﬂ JHeprusa - Uctopus

B CoeanHeHHbIx LLTaTax - nepBbin
NCKYCCTBEHHbIWN peaKkTop, U3BECTHbLIN
kak Chicago Pile-1, 6bin1 rotoB ang
aeMoHcTpaummn 2 nekabps 1942,

MecTo rge Obina npoBefeHa nepsas B
MUPE NCKYCCTBEHHAasA agepHas peakums
obo3HavyeHa Kak HaumoHanbHbIN
NcTopmnyeckmn namAaTHUK 18 doespangd
1965.




doT0 ¢ noBepxHOCTU Npu bombapanpoBke Haracaku



ATOMHasA aHeprua

AnekTpn4ecTBo 6bINo
Nony4yeHo BNepBbLIE NPU
NOMOLLIM AOEePHOro peaktopa
20 gekabps 1951, B EBR-
(3KCcnepuMeHTanbHbIN
PEeaKTOp) Ha ONbITHOU CTaHLUUN
BONM3u Apko, wtat Angaxo,
KOTOPbIN NepBOHa4YanbHO
nponssoaunsn okono 100 kBT
(Arco PeakTop 6bIn1 Takxke
nepBbIM, KOTOPbLIN UCTbITAr
YaCcTUYHOE pacrniaBneHne B
1955 roay).




ATOMHasA 3Heprua

[lepBas pycckas -
dTOMHaA CTaHUUA, U
NepBbIV B MUpPE MO .
NpOM3BOACTBY O
ANEKTPO3IHEPrUN, S <y m)
Obin 5 MBT

OBHUHCKUI peakTop A N
B 1954 roﬂy° AM-1 peakTtop b OCT‘aHOBHBZ‘&j rogy.

doTo: AnekcaHap beneHbkun / BFM.ru



ATOMHbIE
ONEKTPOCTaH
-LUNU

B 2009 roay 15% 3neKkTpoaHeprum B Mnpe
NPULLIIO OT MCNONb30BaHUA A4EPHOU SHEPruu,
HECMOTPSA Ha onaceHus No nNosoay
6e3onacHoOCTU 1 obpalleHus ¢
pagnoakTuBHbIMU oTxogamu. boree 150
MOPCKNX CyOOB C UCMOMb30BaHNEM A0EPHOrO
nBuratensi Oblnm NOCTPOEHHDI.



ATOMHbIE
9NEKTPOCTaH
-LUNU

MHorme ctpaHbl MO-NPEXHEMY aKTUBHO y4aCTBYIOT B
pa3paboTke aaepHON 3HEPTrETUKN, B TOM Yncne Kutan,
Nuaua, AnoHusa v INakucrtan.

Bce akTMBHO pa3BMBaloOT KaK ObICTPLIE, TakK U
TennoBble TexHonormnuy, KOxHasa Kopesa n CLUA,
pa3pabaTbIBalOT TOMNbKO TEMMOBLIX TEXHOOINN, a
HOxxHasa Adppuka n Kntaun, passmBatot Bepcuun PBMR.



NI VUIVITTIDICO

aneKkTpocTaHumm
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U LI,VI-KJ'I Dre| 91,000 OHepreTnyecknin peakTop Commercial burial

MT
Fuel|35 MT Spent
fuel

3MenLYeHMe w Fabrication Reprocessing
U,04 11 82 Enriched | 52 MT High-level |7 MT

MT UF, solid waste

| 90,800 MT
Ll mill tailings_
- o6orawerne UF
Convelrsion UF, p. l 218
270 MT *Not required for reactor, but
Depleted i1 must be stored safely. Has

uranium tails &f |

~1 | potential value for future
storage*

8 breeder reactor blanket.




N OEPHbIN TOMJTUBHbLIN
LMK

 [lobblva  nepepaboTka ypaHa

* IsrotoBrneHne TennoBbIAensaoLwmx
anemeHToB (TB3JI)

* DHEPreTUYECKNN peaKkTop
* [lepepaboTka, nnu

* /lcnonb3oBaHne PagnoakTUBHbIX
OTX0O0B
— Hn3knn ypoBeHb B KOMMEPYECKUX OOBbEKTaX

— BblcOkMK ypoBeHb Ha 3aBodax Unu
noA3eMHbIX XpaHuUnumuiax



[lpoLiecc aaepHOro peakrtopa

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Containment

structure

Steam

—— p—— Turbine
Generator

Condenser

. :
)
’

Hot water
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1-o0e n 2-o0e pacLienneHne
"Breeder’ —— . 2
Peakuuu
neneHunsd

Neutron .
(from prior
fission)

pagAnoaKkTUBH
ble
dparmMeHTbI

B-4aCTUlUbl
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=" particle




Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

3awnTtHas
KpbILLKA

Kacceta (eMKocTb) Ans cyxoro
XpaHeHUA aaepHOro Tonsnmea

Lid
Neutron
shield

Metallic
seals

cTalbHOM
Kopnyc

Ulandpa ——i

Inserted
fuel rod

Neutron
shield

shell B
Cavity with —
fuel basket
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VUBCICRdn AT1OMRAdn DOMVMUdA.
1939-1955

KOnuin XapuTtoH — oAuH N3 ocHoBaTesneun
CoBeTcKOM nporpaMmmMbl SaepHbIX

é’d%’é‘ﬁ'%’é‘('n OL4HUM W3 3NUTHOW rpynnbl
JonaunkoB, koTopble ¢ ropem KypyaToBbim
Hadann COBETCKYI0 aTOMHYIO nNporpammy
BoopyxeHun B 1940 roay. OH co3gan TanHbIn
SOepPHbIV OPY>XENHbIN Komnseke B . Capos,
nepenmeHoBaHHbIM B Ap3amac-16 (rno
npo3suwy "Jloc-Apsamac") B anperne 1946 un
cTan ero rnepebiM Hay4YHbIM PYKOBOAUTENEM.
OTY OOIMKHOCTb OH 3aHMMarn B TedeHune 45
ner.









«HApepHbin Knyo»

-~
AN

B iﬁ/l B ,,."
NPT O6r**fme A1 PHEM OPRAKINE
®paHumsa, Poccus, Benukobpurar?

Non-NPT ObnagatoLime SaepHbsiv opyxmem (MHans,
CeBepHas Kopes, [1akncrtaH)
HeobbsaBneHHbIE,00NMagaoWme saepHbIM OPYXKUEM
(M3paunnb)

[ocypapcTBa, NOAo3peBaeM
nporpamm (MpaH, Cnpug)
CTtpaHbl NATO nmerowime odLiee saepHoe
BOOPYXeHue

[ocynapcTBa, BXoAMBLLUME paHee, obnagasLume

g( B €PHbIX OPY>XENHbIX






ObOLwan apepHasa MmeguumHa

ApepHas meauumnHa
ABMnseTcs
noapasgerneHmem cnyxool
MeONLMHCKNX
ANarHoCTUYECKNX
N3obpaxeHnmn, KoTopas
ncnonb3yeT HebonbLLIOE
KONMU4YeCcTBO
PaaNoOaKTUBHOIO
mMaTtepuana ans
OVArHOCTUKU UM NeYeHuns
Lenoro psiga 3aboneBaHnn




Mtoe

[ToTpebneHne aHeprnm B
MUpe

7,000

6,000 -
5,000 -
4,000 -
3,000 -

2,000 -

1,000 -

1971-2000 2000-2030
country with transition

B OECD 0O economy B developing country

Reference: IEA




I pMUNTL) VWYV VIpUIVERVivwsi
MCNONMb30BaTb ﬂ.qepHym 3Heprumio B
030 ro

INNaTnHckag Al\/lepMKa]35 gomvmaelvl HOBbIX (Uunn, lNepy)

3anagHas EBpona: 9 + 3 oxxmaoaemeix HOBbIX (ATanus,
[Moptyranusa, Typumns)

BoctodHaa Espona: 10 + 3 oxxngaembix HOBbIX (Benapyce,
KasaxcTaH, lNonbLwa)

Adpuka: 1 + 5 oxxmagaemoix HoBbIX (Armkup, Ernner, Jlueus,
Mapokko, TyHuc)

bnvxkHumn BocTtok n KOxHaa A3un: 3 + 1 oxxngaemblX HOBbIX
(baHrnagelwu)

Oro-BocTtouHaa Asns n TuxookeaHcknn permoH: 0 + 4
oXugaembix HoBbIX (ABcTpanua, NHooHesna, Manansus,
TaunaHg)

LOanbHun BocTok: 3 + 3 oxkmaaemeix HOBbIX (CeBepHaa Kopesq,

dnnunnmHel, BbeTHam) Reference: IAEA



UVIiAavLviclibinuc LULCTYU/NArVIC
QHEPrMmn B NPMPOAHbIX NCTOMHUKAX
Tonnuea

/\ B 86,7%

U-235 - 0,4%

Coal - 8,7%

Gas -3,4%

Oil - 0,8%




FloepHasn aHeprus -
KunoBat4yac/3aHeproeMKocTu
B pa3HbIX pernoHax (2007)

3,000

2,6

2,500 -

2,000 -

1,500 -

KWh / cap

1,000 -

0,80

500 -

26
=

N.America West Europe East Europe Far East Others

Reference: IEA



AR A L A

sonouan S TRACTPOQD

BOEHHbIN KOHJMNUKT C HECKONTbKUMU S4EPHbIMU B3pblBaAMM
BOEHHOE (TaK Ha3blBAEMbIE «XUPYPrnYeCcKoe») NPUMEHEHMNE
HECKOJIbKO A4epPHbIX B3PbIBOB B OTHOLLUEHUN KOHKPETHbIX
Leneu

paspyLleHne ropoga B pesynbsrarte a4epHoro B3pbiBa
npon3BegeHHOro TeppPoOpPUCTUYECKMM KOMMaHOOC
npegHamMmepeHHoe paanoakTUBHOIO 3arpsa3HeHne B
3Ha4YMTENbLHbIX MacllTabax Xuroro panvoHa

cllydanHbIN B3PbIB OEPHOro OPYXUa nnu gpyrue
HecYacCTHble cny4yaun, CBA3aHHbIE C AO0ePHbIMU
BOOPYXEHUAMMU,

cepbe3Had aBapus, B rpaaaHCKonN a4epHON yCTaHOBKE, KaK
npaBumno, B NPOM3BOACTBE ANIEKTPOIHEPIUN A0EPHOI0
peakTopa



/14cpPnbliC Vi padvialvivnnbic

. dBdPUUn

USPT

PagnaunoHHasa
aBapus Ha
kombuHate "Masak"

f ,r;sﬁg& chs \
W oNs R Lo /\( N
(215 g s'mok‘es\:ocks | '

1045~
(Z15) smokestacks
smokestocks
1120 TA‘ ,
(220)/ smekestatk = Kyshtym waste
ok il disaster, 1957
(405
. NOVC
smokegfercks
[285 =
(390)15"
- hans .
. L-\" e e = ; — Explosion at Soviet weapons factory forces evacuation
Miles 10 | 1 ¢ ¢ ¢ | 3y oy 3y o of over 10,000 people in Ural Mts.
Kilometers 10_4 4 + ¢ | 4 4 4 4 |0 AJ

— Area size of Rhode Island still uninhabited; thousands
of cancers reported




AoepHble n pagMaumMoHHbIe

aBapuu
TpuMaun

- AI7IJ'I€H,EI,

By ASC Ha




AOepHble U pagvaunoHHbIE aBapun

AOepHbIN peakTop
nocne aBapuun. Peaktop
4 (B ueHTpe). TypbuHoe
3gaHune (BHMU3Y cresa).
Peaktop 3 (B LeHTpe
cnpaBsa)

YKpaunHa
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Radintion Hotspots Resulting From the Chornobyl® Nuclear Power Plant Accident
Smolensk®- -~

?':. - ha o ' <‘ -\ N
- e ’ N »
=2 é Minsk ;\L : : ' N 2 £
D - A = S - \’\g D
’ \_ - . !

T gluninyets -

——
e - \_-,,.' Mrypryeis’ .

T L

Yersi

A I :.'vl;)"l 4 '
- R N Chermihiv o
-, » vy - '
\ shotr SN * \ < 0l S

\ d.,f . ~ " , .

= Ovruch® e _\“ \
'F" Iy. / o - ) O]
b Iy :g:’ﬁ' K

xm«m«-‘.d <
',..) o "},;.,,:‘kh ) W lomater (CVum?) of Conlum-137

b 4
!

[
Pl r” <35 o
k Tl Permanent Control Zono
2
=D

Confiscated/Closed Zone
Groater than 40 curion per SQUOro

——a
ra ‘ ne 2 RSy 15 10 40 Cvm? of Conbum-137
"

Miov™ 2 <p= Periodic Control Zoneo
« Dhytomvyr - % to 15 C/km? of Cesium-137

2 Unnamed zone
110 18 Cvm” of Coslum-137

WD . . e
L | e

L T T




UepHoDObInbcKas

KaTacTpoda

becnpeueneHTHbIE
npodunakTuyeckmne
MEepPONPUATUA ObIN NPOBEAEHbI
Ha LLUMPOKOWU TeppuUtopumn
YKpauHbl, Poccun n benapycwu
o8 MMHUMM3aumm obnyyvyeHus
HaceneHus.

ObLee 4yncno nepeceneHueB
bbino 6onee 4yem 150 ThicaY
YeroBeEK.




-1€PHOObIINTIbCKas

KaTaCTEO
YcnelwHas oueHka nocnegctesum Ang

300POBbS NOCNe KatacTpodbl Ha
UepHoObinbckon ASC m
npenoTBpaLleHne BO3MOXKHbIX
OyayLnx HeraTMBHbIX NOCEOCTBUNA
BO3MOXXHO TOJIbKO 4Yepes
o0beanHEHNE MEXOYHAPOAHbIX
Hay4HbIX, PUHAHCOBbIX U
rYMaHUTaPHbIX YCUITUA MO PELLEHNIO
9TUX Npoobnem



YepHoObINb cerogHs

B UepHoObINb
MaCCOBO KUHYNUCb
TYPUCTbI U3

3anagHbIX cTpaH




CerogHsa, OObekKT "YKpbITue"
KnaccuuumpyeTca Kak NnoBepXHOCTHOE
MEeCTO BPEMEHHOIO XpaHeHUA CMOHTaHHbIX
paanoaKkTUBHbIX OTXOOO0B

«YKpbITHUE»
OCHalLeH
cuctemamu,
\ KOTOpble creadar 3a
. paavauMoHHOMN
06CTaHOBKM
BHYTPW 3TOrO
0ObeKTa, a TakkKe
CUCTEM
yrpaBeHus
CTPOUTENBHbIX

YALCTN\/I LIALA

B




AOepHble 1 pagnauMoHHble aBapun
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Pucku no oooraweHuno v
N3roToBNEeHUI0 TonnNuBa

e KpynHeuwine npomMbiLUSIEHHbIE
noTpedutTenun BoAbl, ANeKTpUYecTBa

- Napaka, KY, Ok-Pupx, wrat TeHHeccwy,
[TopTcmyT, OH
 Pak n nenkemusa cpean paboTHUKOB
- [loxapbl 1 MaccoBble BO3OEUCTBUSA

- KapeH Cunk, 3aBof No N3roTOBIIEHUIO
nepeBsiHHbIX u3genun B Oknaxome.

* PUCK KpaXXu maTtepuana gns
npou3BoAcTBa aTOMHOU OOMObI



LUID 1PV YWdRiIUpPd4d, VI RVUIUVUPYPDIA sabviuvi i
cTeneHb BO34eUCTBUA PaanadLlnnN Ha
RAlllA TANN

9KpaHMpoBaHue

PacCTosAHN ™

Distance \~
e ‘m *
3m
2 m %
Radioactive
Source 1t

’

AN
- \% )

B p e M % of exposure at 1

% of exposure at 1m

Time 1 of exposure at 1m
P 16 "
— of exposure at 1m
25 ©' XP




S4dlUNTA OT A4CePHOU

Al ilAaAaAINFmE=
PRONE POSITION

e WALLS ARE
e FAIR
o PROTECTION
e

DITCHES ARE
GOOD
PROTECTION

CULVERTS ARE
EXCELLENT
PROTECTION

Figure 4-1. Expedient cover against blast and
thermal effects.

OPEN TWO-PERSON FOXHOLE
B _,-.Mk.p——« — T

Caution:
Do not use ponchos or other rubber or plastic
materials slone as foxhole covers.

Figure 4-2. Fighting positions that provide
good nuclear protection,

"IN

Natural Terrain

In Culvert

.
1o o o o o

S

i

At Home




3aliuTa oT saepHoOu
3Hepruu

H TSI

ez Byl

R

-
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IN THE OPEN HOUSE WITHOUT BASEMENT
v N
> <
NO
PROTECTION

HOUSE WITH BASEMENT

e N

SLIGHT PROTECTION

HOUSE WITH SHELTER

7 N

—— <+

A

FAIR PROTECTION

BEST PROTECTION
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CcCbINIKM Ha nNeKunun B
doopmaTte lNoyepllonHT OT
[ocyaapCTBEeHHbIX
opraHmnsauumn CLLUA no
paguauun

[MoarotoBun dpuk Mapnep



ApepHble KatacTpodbl
CcCbINIKM Ha NeKuuu B
doopmaTte lNMoyeplIONHT u3
MHTepHeTa

[MoarotoBun Ipuk Mapnep



