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MNpepucnosune

Ba)kHeMwas B cuamke, a MOXKeET BbiTb K
BO BCEM HOBEMLLEW MCTOPMM YENoBEeuecT-
B3, cpopmyna oueHb npocta. OHa umeer
Bug, E=mc” 1 rnacur, uto HesHauuTenbHoe
KOMUYECTBO MATEPUM MOXHO MpeBpaThTb
B OrPOMHYt0 3Hepruto. Mopmyna 3Ta,
onybrukosanHas B 1905 ropy Anbbeprom
OMHLUTEMHOM, — OCHOBA [ANs MOCTHXKEHMSA
TaKuX MOHATUM, KaK aTOMHas 3Heprus,
pacluienneHue apa, SAEPHbIM CUHTE3,
peakTop u atomHas bomba, conHeuHoe
M3Ny4eHHe U (PU3MKA 3NEMEHTaPHbIX
HaCTMLL.

MpeBpalueHre B 3HEPrio OfHOrO-€AuH-
CTBEHHOro rpamma marepun B 1945 ropy
8 Xupocume nosnekno 3a coboi rubensb
200 000 yenosek. Ho Begb M3 OgHOro Ku-
norpamma ypava U-235 MoxHO nonyumtb
TaKyto 3HEpruto, Ans BblipaboTku KOTOPOH
noHapobunock Bbl 67 LMCTEPH XKMAKOTO
tornnuea no 30 ToHH B Kaxpou. PaHblue
BOCMOMb30BaTbCSH 3TOM MMraHTCKOM 3Hep-
rMeM, TasLLenCs B KaXKAoW YacTulie mare-
puM, HE YAABanoChb, TaK KaK OHA Bbipens-
€TCS TONMbKO NP B3aMMOAEMCTBUU OTKPbI-
ThIX YK€ B HAlLEM BEKe aTOMHbIX Afep,
B pe3ynbTate B3aMMOMENCTBMS TEPSHOLLMUX
Maccy, BOCTaTOYHYIO ANs BblLEneHus
HEobXOAMMON 3HEpPruu.

JTa KHMra JOMKHa CTaTb CKPOMHbIM BBE-
AEHUEM B MWD aTOMHbIX SAEP W SAEPHOM
TexHuku. O 3HAUMMOCTHM SBEpPHOM SHEpPru
MOXHO CYAUTb MO TOMY (haKTy, 4TO B
cepun «4TO €CTb YTO», HACUUTLIBAIOLLEH
cerogHs okono 90 tomos, «ATomHas
3HEprusi» CTOMT Ha TPETbEM MECTE Mocne
ToMOB «3emns» u «Henoeek». HYepHo-
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Bbinbckas aBapus B anpene 1986 ropa
noKa3sana, Kakue cepbesHble nocnepcr-
BMA AN BCEX HAaC MOXET MOBNeYb 3a CO-
601 MCMONb30BaHUE SREPHON 3HEPrM.
3HaunTenbHas nepepaboTka TekcTa 3TOM
KHUIM NO CPaBHEHUIO C ee MepBblIM M3pa-
HAEM OODBACHAETCS HECKONMbKMMM NpH-
uMHamu. Bo-nepsbix, moseunOcb MHOro
HOBbIX MOHSTUM, TaKWX Kak «BbicTpble
BpuaepHble peakTopbl», pPereHepaLoH-
Has yCTaHOBKA, 3aXOpPOHEHWe OTXOMOB.
[anee, noutu Bce NMpeXHUE e€AUHULbI M3-
MEpEeHHs 3HepPrM U [O3bl PapMaLMM, Ta-
KME KaK Kanopus, pem unu Kropu, Gonb-
we He npumeHstotcs. Kpome Toro, ¢
cepeauHbl cemupecatbix rogos MPI Bce
Bonblue OPUEHTUPYETCS Ha SAEPHYHO
3HEPreTHKy.

BO3MOXHOCTH NMPUMEHEHUs spepHOM
3HEPrMU KaK B MMPHBIX, TaK U B BOEHHbIX
LensiX NPaKTMYEeCKW HeorpaHW4eHHbl, no-
3TOMY NpH OBCYIKAEHUU ITOU TEMbI
O4YeHb TPYAHO OCTaBaTbCsi OOBEKTUBHBIM.
B 3aBMCMMOCTH OT YMOHACTPOEHMs U Nno-
NUTHYECKMX B3rMSAOB NErko BnacTb B TeX-
HW4ecKkue rpesbl nbo B TOTanbHLIM Na-
panu3ytowmi cTpax nepeg 6yaywwmm. B
KHMre Mbl MbITaEMCA MOMOYb pa3obparb-
CA B «SAEPHOM» BOMPOCE, HE 3aHWUMas
OAHO3HA4YHOM MO3ULMM: OMUCAHBbI HE TO-
NbKO MOTEHLManbHble NPEUMYLLECTBa
SAEPHON 3HEpPruM, HO U OTPOMHas onac-
HOCTb, IpO3slLas HAM B Criyyae OTKasa
SOEPHON TEXHUKM MIK, HTO eLlue yiKac-
Hee, Pa3Bs3blBaHUS aTOMHOM BOMHbI.
OpHako npexpe BCero obbACHMM OCHOB-
Hble MOHSTUS B 3TOW OBNacT1 3HaHus.

MNepeson C.B.NyThHka
Hayuseii pegakrop B.I.Cypamu
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ATl

© Slove/Cnosc Mepesop Ha PYCCKWA A3bIK H KOMNBIOTEPHAR BEPCTKA

ISBN 3 7886 0243 0 (Fepmannn)
ISBN 5 85050 021 ¥ (Pocchickas Depnepayns)

Dororpagpmm:
Planetarium Hamburg (13), Fotoarchiv Oul (4), dpa (3), Deutsches Atomforum e. V. (1), Foto auf Seite 13,
oben: Fotostudio Schulzr-Alex, freigegeben durch das Luftamt Hamburg, 238 /87.
Hlustrationen und grafische Darstellungen: Manired Kostka und Frank Kleimt

M. NPaso Ha W3R M

cepwu KHur €410 ecTs 4To» Ha TeppuTopum Poccun u ctpan CHI npunapnesmur magatenscrey «Cnosos. Mepenevarka

KHHIH HNW e parmentos & nioBol opme u mobeimn cnocobamu, Inektp

BOCAPOHIBOAALMMH HHPOPMAUMKD CHCTEMAMM TONBKD € NMCL, o pa
P

ECHMMH, an 3ANHCEh HA ANEHKY, WK noBbimm

3p tea «Cnosos.




CopepxaHue

DHeprus U obuiecTtBo

Yro Takoe 3Heprus?

Kak uamepstotr aHepruro?

Kakue CYUWIECTBYIOT HCTOUHMKM
3Heprum!

Yro NOHWUMAIOT MOA, ngeannoﬁ

M BTOPMYHOW 3HEpruen?

Kro pacxogyet 6onbiyto vacTe
aHeprum?

WUcTowaroTcs nu aHepropecypcei
3emnu?

Yro takoe marepus?

MojHO nu NpeBpaTUTL MaTepUIo
B 3Hepruio?

Mup atomHbIX apep

Yro takoe atom!?

Kak yctpoeHn atom?

M3 vero coctonat sgpa aTomos!?
Kak pasnuuarotr anemeHTsi?

Hro Takoe usoton!?

Moyemy He nonaroTcs sApa aTOMOB?
Yro Takoe papgMoaKTMBHOCTb?

Kak pacnapatotcs atomHble sapa?
Yro noHMMaOT nog, NepUofom
nonypacnaga?

Y10 NOHMMAKOT Nog, aKTUBHOCTLIO
unu po3ol obnyuyenus?

MoxHo nM pacw,ennaTe aTomHble
sppal

Moyemy HEWTPOHbI TaK yA0OHbI Ans
6ombaparposku apep?

Yro npomcxoguT, Korga pacuiennsior
atom ypaHa?

Yro Takoe uenHas peakuus?

Yro takoe oborauienue?

Yro Takoe szamepnurens?

YTo noHUMaloT Nof, AREepPHbIM
cuHTEe3om?

Otkypa ConHue nonydyaert cBor
3Hepruto?

ATOMHbIE ANMEKTPOCTaHUUHN

cerogHs 1 3aeTpa

Yro Takoe anekTpocTaHums?

Yto Takoe aToMHas 3aneKTpocTaHuus?
Kak pabotaer kunswui peakrop?
Y1o Takoe peakTop C BOASHbIM
OXNaXKAeHWEM Nop, AasneHnem?

Yro Takoe bpupep?

0 0o o ~ ~ o~ (V.10 -8

24
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26

27
28

Kak paboTtaet BbicoKOTeMnepaTypHbii

peaktop? 30
MNpaBpa nu, 4TO AQEPHbIN CHHTE3 —
rnaBHbIM UCTOYHMK 3Heprun XXI Beka? 30

Kpyrosopor Tonnuea

Hobbiua ypaHa — nMKBMAaLMUS
U pereHepauus oTpaboTaHHOro
AAEPHOro TONNMBA

HTo NOHMMAIOT NopJ, KPYroBOPOTOM

spepHoro Tonnmeal 32
Kak pobbisator ypan? 33
Kak nonyuator oboraiieHHbin ypan? 33
Kak usrorasnueator

TENnoBbIAENAIOUME 3NEMEHTBI? 35
Kak tpatHcnopTtupytoT otpaboraHHble
TONNMBHbIE CTEPKHHU? 35
YT1o npoucxoaMT ¢ oTpaboTaHHbIMK
TEnnoBbIAENAIOWMMHU 3NemMeHTammu? 36
Yro Takoe pereHepauuoHHas

ycTaHoBKa? 37
Kyaa cbpacbiBator pagMoaKkTHBHbIE

oTxoawl? 38
Kak obecneunth 6e3onacHoe

XpaHeHWe pPaguoaKTUBHbIX OTXOA0B? 38
PentabenbHa nu spepHas aHeprus? 40

SinepHas 3aHeprus
M OKpYyXaroLlas cpepa

OnacHbl N4 aTomHblE

aneKTpocTaHumm? 41
3arps3HaIOT NM aTOMHbIE 3NEKTPOCTaHLMK
OKpyatouyto cpepy?

OnacHbl N4 pereHepauyroHHble

ycTaHoBKM!? 44
Hackonbko 6esonacHo 3axopoHeHue
OTXORO0B fifepHOro Tonnueal 44
OKasbiBaloOT NK rpagMpHM BrMsHKE

Ha noropfy? 45

MoryT nu 6biTb OnacHel ans Hac
sAEPHbIE peaKTopbl APYrux

cTpan? 46
MoXKeT n1M aToMHas 3NeKTPOoCTaHUMA

cTath aTomMHol Bombon? 46
Yro Takoe atomHas Bomba? 46
Yro Ttakoe BogopogHas 6omba? 47
Kak mor 6bl BbIrnsaeTs Mmup nocne

AAEPHOM BOMHbBI? 47

CHEHYET nu MH‘? BbICTYNATb 3a MM
NPOTHB SAEPHON 3HEepPrumn? 48



| SHeprus
ABHMEHHS
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3Heprua MOXeT HaKannMBarbCs B PasfMyHbIX hopmax.

/ anekTpHyeckas
3Heprus

3@1 COnHeuHas 3Heprus

DHeprus u obuiecTso

Mei yacto ynotpebnsem cnoBo «3Heprus».
O copre wokonapa

TaKoe pOLIO KOMMEHCHpYeT
3aTpaTbl 3HEPruu, o

3Heprusa! .
NONHOM CHMN Yenose-
Ke — «CrycTOK 3Hep-
TMM», @ YyudTened u BOCNUTaTeneM

NPU3bIBAIOT 3HEPrMYHEE NPUHUMATh Mepbl.
YuyeHble 3aHUMAKOTCH (M3UKOW BbICOKMX
3HEPrUM, NMOMUTMKM M IKOHOMMCTbI 06CYH-
AQIOT UCNONb3OBAHME IHEPrMM COMHLUA, BET-
pa u artomHoro spgpa. Ho paxe
CneuManicTam TPYAHO CKa3aTh, YTO XKe 3TO
TaKoe — 3Heprus!

Becbma 6nu3kum K ucTHHe Bbino 6bi onpe-

AeneHWe 3HepruM Kak 3anaceHHoM paborts
unu cnocobHocTH cosepwaTb pabory.
WUrak, aHeprus Heobxoguma ans Toro, yro-
Bbl HayaTb Kakoe-nubO ABUIKEHME, YCKO-
PpUTb NepeMmelleHHe, 4HTO-TO MOAHATH,
HarpeTb M oceeTuTb. bes aHepreTuueckom
NOANMTKM HEBO3MOXHa nobas xusHepesn-
TENbHOCTb, HE ABMraltTCcs aBTOMObMNM, He
pabotaer oronneHue. JHeprus He MOXeT
HU BO3HWKHYTb M3 HWUYEro, HU WUCHE3HYTb
6eccnepHo. Ho oHa moxert 6biTb nonyyeHa
W3 NPUPOLHBLIX PECYPCOB, TAKMX KaK yronb,
MPMPOAHBIM a3 MUNK ypaH, U NpespalLeHa B
yROb6Hble Ana Hac ¢opMbl, Hanpumep B
Tenno unu ceet. B okpyxatowem Hac mupe
Mbl HaxogMM pasnuuHblie OpMbl Hakonne-



- INEeKTPOCTaTHYeCKan IHEPrua

BaTT-ceKyHaa (BT c), ToHHa ycnosHoro ka-
MEHHOYroMnbHOro TONNMBa (T YKT).
1 1 YKT coortBetcTeyer aHepruu, Bbigens-
IOLLEHMCSA NPU CKMraHuu 1 TOHHBI KAMEHHOTO
yrns CpepHero KauecTsa.

EQvHMUBLI H3IMEPEeHHS IHePrHH

1 pxoynb ([Ox)
1 Barr-cekyHpa (Br-c) = 1 [x
1 kunosatT-vac (kBr-w4) = 3600000 Bt - ¢

| MartuTHasR T R , 1 T yCNOBHOroO KaMEHHOYrOMbHOrO TOMMM-
3Heprus e Ba (T YKT) = 8141 kBr -y

P rp. Kunokanopus (kkan) — eauHMLa M3MEPEHHS

=) 3HEPrMM, W3BECTHAs KaXAOMY YenoBeKy,

cnepswemy 3a csoen ¢urypon. Odpuum-

anbHO OHa, NPaBfa, OTMEHeHa, HO ele He
. CKOPO WCYE3HET M3 HALero NeKCHKOHa.

.‘. ) . ), 2 Mbl OMKHBLI NO3HAKOMMUTLCS €LLE C OAHMM

. ) Ba)KHbIM NOHATHEM — MowHocTe. [lop

"t Q. a MOLLHOCTbIO 3NEKTPOCTAHLUMM NOHMMAIOT

©

il

» $ BbIpabOTKY 3NEKTPO3IHEPruM 3a epuHHLY
Oy BPEMEHU, HanpMMep 3a 4ac. 3HaueHwe

MOLLHOCTU Ha 3nekTpoHHom npubope no-
KPUNTOH-90 6apwii-144 Ka3blBaeT, CKOMbKO 3Hepruu oH notpebnser
3a vac.

HMR JHEpriu: BOAA B BOAOXPaHMNKILE obna- EReinisl MeMepeIns MONIHOCTIH
[aeT NOTEHUManbHOW 3IHEPruer, ABUKY-
WMHCA aBTOMOBUNb — 3HEpPrUen OBMIKEHMS, 1 arr (Br)
HaTAHYTBIN NYK — 3HEpPrueH HaTAKEHMs, 1 kunosart (kBt) = 1000 Br
rpo3soeble obnaka — 3neKTPUYECKOM 3Hep- 1 merasart (MBt) = 1 000 000 Br =
rMeH, CONHeYHble Ny4d — CBETOBOW, HEdTb = 1000 «Br
— XMMMHECKOM, a B ypaHe HaKonneHa spep-
Has 3Heprus, KOTOPOW M MOCBALLEHA 3Ta
KHMra. nekTpooborpeearens mowHocTeto 2 KBt
. notpebnsetr 2 kBr:u 3nekTpoaHepruu,
[OnuHy u3mepsioT B MeTpax WUnM CaHTHMET- aTOMHas 3NeKTPOCTaHUMS MOLLHOCTbIO
pax, Bpems — B ce- 1000 MBr, unn 1 000 000 kBr, sbipabarsi-
Kak KYHAaX, MWHYTax Mnu saet 1 000 000 kBr-u.
H3MEPSIOT yacax. CywecrsytoT Yacto ANEKTPUUECKHH TOK nyTawT ¢
snepriol eAMHHULIbI H3MEPEHHA 3NeKTpo3Hepruen U roopst o notpebne-
’ aHepruu. Haubonee HUM «3NEKTPHYECTBa», UMEA B BMAY 3aTpa-
M3BECTHAA W3 HUX — Tbl 3neKTpo3Hepruu. M ecnu Mbl B 3TOM
kunosatt-yac (kBr-u) mucnonebsyercs, B KHMre MHOTAa MCMONb3yem NOHATHE 3NeKT-
YaCTHOCTH, B AOMALUHEM XO3SHCTBE ANA W3- pu4YecTBa Kak OfHOM M3 pOpM 3IHEpPriuM, TO
MepeHus pacxopa 3nekTpoaHepruu. [lpy- nMwe ana  Toro, utobbl obnerunts
rue BaxKHble eguHuusl — axoynb (Hx), NOHUMaHKeE.



[ns ypoeneTBopeHus Hawei notpebHocTy

B 3HEpPruM CyLLecTBy-

Kakune toT Tpu Bonblume rpyn-
CyLLecTBYyIOT Nbl 3HEProHOCHUTENex.
MCTOYHHKH [oproyne uckonae-
3Heprum? mble (yronb, HedTb,
NPUPORHBIN ra3) npep-

CcTaBnaoT coboM NpPenMyLLeCTBEHHO OCTaT-
KM KMBOTHBIX M PAaCcTEHWM, CyLLECTBOBABLUMX
Ha 3emne munnuoHbl net Hasap. Mpu nepe-
paboTke B 3HEpruto 3TM pecypchbl TepOTCS
6e3po3spatHo. MMocKonbKy M3 Takoro Cbi-
Pbsi MOXXHO MONyYaTb OHYEHb BaXKHble NPO-
AYKTbI MepuKaMeHTbl, yaobpeHus,
NNacTMacchl M KpacuTenu, TO MonpocTy
CKMraTb MX, OTPaBNfif K TOMYy e aTMo-
cpepy NPOAYKTaMH CrOpaHusl, CULLKOM

¥anko.

‘BoccraHaBnmuBaembie MCTOYHHUKH 3dHEpPrun

(conHue, BeTep, TMAPOIHEPrUs, MPUNUBLI,
nop3emHoe Tenno) Bo3obHosnsloTcs bes
4enoBEYECKOro y4aCTusi ecTecTBeHHbIM 0b-
pa3oM, He 3arps3Hss Mpu 3TOM OKPYXato-
wyto cpepy. K coxanenuto, npu cospe-
MEHHOM YPOBHE Pa3BUTHA TEXHWUKM 3THX MC-
TOYHMKOB SBHO HE XBATaeT ANs MOKPbITHS
BCe Bo3pacTawowux notpebHocten yenose-
YeCcTBa B 3HEPIHM.

SlaepHoe tonnuso (ypaH, NNyTOHMM) OT-
KPbIBAa€T HaM JOCTYN K FMraHTCKMM 3HEpru-
IM, CKPbITbIM B aTOMHOM sppe. M3 1 kr yr-
na MOXHO nonyuutb 8 kBT-y, a u3 1 kr
ypaHa-235 — 23 000 000 kBt -4 tenna. lMo-
CKOMbKY sepHoe TOMNMBO B OTNM4YME OT

ﬂ.ﬂﬂ yYAOBNeTsopeHHs Hawen ﬂOTpESHOCYH B 3HEpPruH CyLUecTBytOT TPHM OCHOBHbIX HCTOYHHMKA: MCKOMNaemsole
3HEProHOCHTENH, BOCCTaHaBnHBaemele pecypcel M afepHoe Chipbe.

MeaneHHbIH
HEHTPOH

¥
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MepBuyHas 3Heprus BropuyHas 3Heprus lNMone3Has 3Heprua
ypaHoBas INEeKTPO3Heprka cBer
pyaa - .
» @ .§ — r N i

FOPIOYUX MCKOMAeMblX He MCMonb3yercs B
XMMHYECKOW  NPOMBIWNEHHOCTH,  €ro
MOXHO 6e3 BCAKMX Yrpbl3€HUH COBECTH WC-
nonb3oBatb [Ns BbipaboTKM 3HEpPruw.
OpHako HenpaeunbHoe obpalyeHue ¢ HUM
MOXET MPMBECTH K KatacTpodam, mac-
WTab KOTOPbIX TPYAHO AaXKe MPeACcTaBUTb.
Kpome Toro, ero moxHo ucnonb3osatb M
ans usrotoenenus 6omb6, cnocobHbix yHHY-
TOXMTb XM3Hb Ha 3emne. B 10 e Bpems,
KaK Mbl YBMOMM HWXKE, NPU NONHOM cobnio-
AEHMM NpaBMn 3KCMNyaTauku aToMHble
ANEKTPOCTAHUUM OYEHb HE3HAYMTENbHO 3a-
FPA3HAIOT OKPYXXaloLWyo cpeay, Tak Kak
BbIAENAIOT MMUHUMANbHbIE KONMYECTBA BPeA-
HbIX BELLECTB.

[lepsuyHbie 3HeproHocurenu — 3to Cbi-
pbeBble martepuarbl B
MX  ECTECTBEHHOM
cdopme fo nposepe-
k HMA Kakou-nubo Ttex-
M BTOPHYHOM Honoruyeckoi obpa-
3Hepruen! 6oTkM, Hanpumep
KaMeHHbIX yronb, HedTb, NPUPOAHBIN ras u
ypaHosas pypa. B pasrosopHoi peuu 3t
Martepuanbl Ha3blBalOT NPOCTO «MEPBUYHOM
aHepruer». ConHeuHoe u3nyyenue, serep,
BOAHbIE Pecypcbl — BCE 3TO TOXE NEepBUY-
Has JHeprus.

Bropuynas 3Heprus — 3to npopyKT nepe-
paboTku, «obnaropauBaHusi» NepPBUYHON
3HEpPruu, HanpuMMep 3INeKTPUYecTBo,
OeH3uH, MasyT.

Ta 3Heprus, kotopas nonapaet Henocpeg-
CTBEHHOMY noTpebuTento, UMeHyeTtcs Ko-
He4YHoH 3Heprues. Yawe Bcero 3To
BTOPMYHAsA IHEPrus — 3INEKTPUYECTBO MMM
MasyT, HO MHOrAa KOHeuHas 3Heprus Obi-

Yro
NOHMUMaIOT
noj nepBMYHOM

Hexoropsie npumepbi nepsuyHos,
BTOPHHYHOH M MONE3HOH 3HEepriM.

BaeT M NepBMYHOM, HanpuMep [poBa, CO-
NHEYHOEe U3NyYeHHe unu NPUPOAHbIK ras. K
COXaneHulo, MCMONb30BaTb KOHEYHYIO
IHEPruio MONMHOCTbIO HEBO3MOXHO, WU [0
notpebutens AOXOAMT TONbKO €e 4acTb,
MMEHyeMmas nonesHou 3Hepruen. [lpume-
paMu NONe3Ho 3Hepruu MoryT BbiTb csert
namribl, NPMBOLHAA 3HEPrHs Ha Bany Mallm-
Hbl MNM Tenno, Bbigensemoe 3nekTpoobo-
rpeBaTenem.

Caman bonbwan pona 3atpat KOHEYHOM

3HEPruM MPUXOJMUTCS
Ha fQOMalLHEee XOo3fH-
CTBO, TO €CTh Ha
YAOBNETBOPEHUE Ha-
WKX NUYHBIX MOTPE6-

Kro pacxopyer
6onbluyto yacTb
3Heprun!

HocTen. Okpyxato-

e Hac B ObiTy npegMeTbl — KyXOHHble
NNUTbI, CBETMNBHUKK, TENEBM3OPbI, Nbine-
cocbl, oborpeearenu u asTomobunu — Tpe-
BYylOT MOCTOSHHOrO npuTOKa 3Hepruu. M
TONBKO Ha BTOPOM MeCTe Mo 3aTpartam
3HEPruM CTOMT npombiwneHHocTs. [anee
cnepyloT Takue Menkue notpebutenu, Kak
tdhepMmepbl, peMecneHHble MacTepckue,
YacTHoNpakTHkytlowue Bpauu. [ocnepHee
MEecTo No 3Heprosarparam 3aHumaer ob-
LeCTBEHHbIM  TpaHcnopT:  asTobychl,
noespa, camonetsl u kopabnu. OTkyaa xe
B3STb CTOMbKO nepBu4yHOK aHepruu? B P,
Hanpumep, Bonblias YacTb 3HEPruu Bbipa-
6arbiBaetcs u3 Hedptu (okono 42%), us
KAMEHHOTrO Yrns M NPMPOAHOro rasa.
AnepHas aHeprus B 1988 rogy nokpbisana



4yTo meHble 12% cymmapHbix Heprosat-
pat ctpaHbl. B npoussopctee 3nekTpo-
aveprun ee pons B 1984 ropy cocraensna
25%, a 8 1989 ropy yxe 38% ( so Mpan-
umn = 75%). B F'epmanun B 1990 ropy 3ra
pons cocrasuna okono 33%.

Muposoe notpebnexue nepeMYHOM 3IHEp-

TMM 3@ rop, COCTaBNsAeT
Ucrowaiorcs B Hactoflee Bpems
n okono 12 munnuappos
avepropecypcel | 7 YKT, u oHo Heyk-
3emnu! NOHHO pacTeT, TakK

KaK pacTeT Haceneuue

3emnu u ero notpebHocTb B 3Hepruu. Mu-
POBbIE e 3anachl B AOCTYNHbIX Ha cerop-
HALWHEM YPOBHE PAa3BUTHA  TEXHMKM
MECTOPOXAEHUAX yrna  COCTaBnsioT
640 munnuappoe T-YKT, Hedtv u raza —
226 munnuappos T-YKT. Jlerko nopcuu-
TaTh, YTO 3TW 3anachl JOMKHbI MCTOLUUTLCA
B TeyeHne Onmxanwmux 100 ner. Kpome
TOro, 3anacbl rOPKOYMX UCKONAEMbIX B eLe
He pa3sBeAaHHbIX MECTOPOMAEHUAX OLEHU-
atotcs B 8000 munnuappos T1-YKT, Ho
peanbHas pobbiva pawe € yyeTom
COBEPLUEHCTBOBAHUA €€ TEeXHONOTMM CO-
crasut nopsaka 2000 munnuappos 1 YKT
no yrno u 731 munnmapg 1- YKT no
HedTH M NnpupoAHOMY rasy. ITux 3anacos
xatno Obl euwie Ha 2—-3 cToneTtus, HO
TOrpa panekue Hawu  NOTOMKU  Bbinu
6bl  6e3BO3BPAaTHO NMWEHbI 3TMX IHEp-
rOHOCUTENeH, a NPOAYKTbl WX CropaHus
HaHecnu  Bbl KonoccanbHbIN yuiepb oKpy-
Kalowen cpege.

MporHosupyembie 06bembl 3anacos TeXHo-
norM4ecKH AOCTYNHOro ypaHa Ha nnavete —
okono 153 munnuappos T1-YKT — Ha nep-
BbIM B3rnaA cmexoteopHo manbl. OgHako ¢
NOMOLLLIO COBPEMEHHbIX TEXHONOrMH, Ha-
npumep TaK HasbiBaembix BpupepHbix pe-
aKTOPOB, U3 3TOrO CbipbS MOXHO BbIGENMUTH
9180 munnuapgoe 1 - YKT sgepHoro tonnu-
Ba. Takum obpasom, y Hac ecTb elle 3anac
SQEPHOM 3HEPrMM Ha ThbiCAYY NET, HO M 3To-
ro manoeato B macwrabax 3emnu.

[ns 6onee panekoro Gyaywero AOMKHbI
OTKPbITbCA HOBble pe3epBbl 3HEPrHM.

MupOoBbie 3anackl HCTOYHHKOB
3HepriM Ha 1988 rog

noc"vl’l"ble Ha HblHELLHEeM TeXHHMKO
-3KOHOMMYECKOM YPOBHE

60x65 npu mc- |

NONb30BAHMH §
6puaepos

Yrons — 640

o

65 npu WCTONb30Ba- |
HHH OOBIMHBIX
peaxkTopoB

larHble npHBegeHs
B munnnapgax tonH YKT

Bnonxe BepoATHO, 4TO HapsAy ¢ CONHEYHOM
3Hepruen BakHyro ponb Byper urpate Ho-
BblM MCTOYHMK SREPHON IHEPrHM — AREPHbIN
CMHTE3. DTO rNaBHbIM MCTOYHUK FMFAHTCKOM
aHepruu He Tonbko ConHua M ppyrux
38e3f,, HO M CTPALLUHOW BOJOPOAHONH Hom-
6b1. Cbipbe NS 3TOrO CMHTE3a NPAKTHYECKM
HEUCHepnaemo, CTOMT TONMbKO BCMOMHMTb O
3anacax Bogbl B MupoBOM OKeaHe.
Takum obpa3zom, npepHas 3Heprus Hapsagy
C CONHEYHOW fAaeT Ham Haubonee peanb-
Hble LUAHCbl ANA 3KOHOMMYeckoro  Bnaro-
COCTORHUA B NEPCNEKTUBE, HO TOMbKO
Torpa, Korpga Oyayr peweHbl npobnemsl
6e30nacHOCTH OKpYIKaloLLen cpeasl.

KameHb, nerkosor asTomobunb, HapyuHble
Yacbl M YENnoBeK MMme-

0T opHo obuiee
Yro raxkoe CBOWCTBO: OHM obna-
Mmarepus! pawot maccosi. Oua

CBA3daHa He TONbKO C
BEeCOM Ten, HO U C UX
HHEPTHOCTbIO, TO €CTb C CONPOTHUBNEHHEM,




MpeanonoxurensHo AocTynkbie B 6yayuem

60x153 npu
HCMONb30OBaHHH
6puaepos

o ] !-\i:;ui

BaHHM OObIMHBIX.

KOTOpOe Mbl OLLyLL@aeM MPH MOMbITKE CHABM-
HYTb NPEAMET C MEeCTa MU OCTaHOBUTb €ro
AsuxeHue. Bce, 4to umeet maccy, ectb
matepus. PaHblie nonaranu, 4TO Macca He
MOXET HW BO3HMKHYTb, HW MC4e3HyTb. Ha-
NPUMeEP, NPH CropaHWK KycKa yrns npoaykK-
Tbl cropakus BecaT (B npegenax TOYHOCTH
M3MEPEHMI) CTONBKO e, CKOMbKO M MCXOA-
Hble BELLecTBa, TO €CTb Yronb M 3aTpayeH-
HblW Ha ropeHue kucnopog. [onro
CYATaNOCh, YTO CYMMapHas macca ocTaet-
Cl HEM3MEHHOMN.

Yronb — 3HeproHocutens, Kotopbi obna-
paet onpegeneHHon maccon. OpHako ecTb
W IHEPTrOHOCHTENHU, HE UMEIOLLUE MacChl,
Hanpumep CBETOBbIE BOMHbI.

[lo Hayana Hawero Beka nonaranu, 4YTo
Macca M 3Heprus NPUHUMNMANbHO pasHble
BELM W MO3TOMY MX B3aMMOMNPEBPALLEHHE
uckntoueHo. Ho Tyt asuncs Anbbept SHHL-
TeMH, OAMH M3 BENUYaWLLUMX MbICIUTENEN
BCEX BPEMEH, M Mokasan, YTo matepus sB-
NAETCH NULb OBHOW M3 BO3MOMHBIX POPM
3HEPrHM.

153 npu ucnonbzo-1

peauropoa‘—,::

Mupossie 3anacel pasnuyHbix
HCTOYHHKOB 3Hepriu. [Npu
HCNONBL30BAHMM TaK
Ha3bIBAEMbIX PEAKTOPOB-
pasmHoXuTenes Ha BbicTpbix
He#TpoHax Ham xsatmno Ebi
3Hepruv Ha Lenoe
ThiCAYEneTHE.

OpHa M3 BaKHeMWHX hopMyn Teopuu OT-

HOCUTENbHOCTU DMH-
MoX«HO nK WTeHHa MMeeT Buf
NpeBpaTHTL E = mc? rpe E -
MaTepHio 3Heprua, m — macca,
B 3Hepruio! C — CKOpOCTb CBeTa.
Cmbicn ee B TOM, 4TO

npu onpepeneHHblX YCNOBUAX HeKoTopas
Macca MOXET NpPeBpaTUTbCA B KONOCCanb-
HyIO 3Hepruto. Matepuro nNpu 3TOM MOXKHO
paccmaTpuBaTb Kak OfHY U3 (hOpM aHep-
MM, KoTopas MoOXeT bbiTb nepesegeHa B
Apyrue Bupbl, HaNpMMep B TEMNO WMNU CBET.
B panbHeliwem mbl ybepumcs, 4to B sgep-
HbIX peaKTopax yAaeTcs NpeBpaTuTh B Ten-

Benukwii cpmank Ansbept JiHLITESH.



NOBYIO 3HEPruI0 NUWb Hebonblyto YacTb
Maccbl TOMMMBa.

W3 opHoro kunorpamma ypaHa-235 MOXHO
no atoi copmyne nonyuuts 23 000 000
KBT - 4 aHepruu, ans BbipaboTKM Yero noHa-
pobunuce 661 93 BaroHa yrns wnu 67 umc-
TepH xupkoro tonnuea no 30 ToHH B
KaXXAoW. JToW 3Heprum xsatuno bbl gns oc-
BEWeHHs foMOB Bcex xutenen ®OPI or
Mnencbypra o Obepctaopda B TeuyeHue
uenoro yaca. C gpyroi CTOpPOHbI, 3HEpPrum
OAHOro KMnorpamma ypaHa-235 8 ogHoM

atomHoi Bombe xeaTMno pAns npespatye-
HMs ropofa XMpOCHMbI B pPasBanuHbl.
Urak, matepus — 3To popma 3Heprum, Ko-
Topas MoXeT BbiTb MpespalieHa B gpyrue
Buapl 3Heprun. CTporo roBops, nNpu Cxura-
HUM KYCKa yrns TOXe NpoMcXxoauT Hebonb-
was noteps maccbl. Ho npouecc npespa-
LLEHUS MACCbl B 3HEPTUI0 B 3HaYUTENbHbIX
macwrabax xapakTepeH TonbKo ans onpe-
[eNeHHbIX BUAOB aTOMHbIX spep, Npu pac-
LLeNNeHMU MNU CUHTE3E KOTOPbIX Bbigens-
IOTCS [€HCTBUTENbHO TMraHTCKME 3HEPryM.

B ogHom kunorpamme ypana-235 3aKnioyaercs CTONLKO e 3HePruM, Kak 1 B 93 saroHax yrns wnu 6] uuctepHax
MHuAKOro Tonnmea. Irok sHeprun (23 000 000 KB - 4) xsaruno 6bi Beem xurensm DPI Ha ocsewenme nx KeapTvp
B TeYeHHe 4aca.
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Ewje 2000 ner Hasag ApeBHHE rPEKH MHTEPECOBANHCh CTPOEHHEM MarepHH.

Mup aTtoMmHbIX spep

O6 atomax Hauanu roBoputb yxe bonee
2000 ner

Ha3ap,.
Yro OpuH 3 BenMuanmx
JaKoe y4eHbIX OpesHen
aroml lpeuun [Oemokpur
nonaran, 4To BCS Ma-
TePUS COCTOMT K3

MenbYaHLLMX HE[ENUMbBIX HacTuL, KOTopble
OH Ha3Ban atomamu. lNpu 3TOM OH OKasan-
A Ha yauBneHue 6nu3ok K uctHe. MHorue
Lpyrue rpedyeckue y4yeHoie U unocodsbl
TOXE€ 3aHMManucb B Te BpemeHa npobne-
Mamu matepuu U Bcenennon. C 6onbluok
TOYHOCTbIO ApPEBHME FPEeKM ONpegsenunu

obbvem 3emnu, OHM 3HaNM paccTo-

sHe ot 3emnu po JlyHbl M porappiBanuch,
YyTo Hawa nnaHeta obpawiaertcs BOKPYr
ConHua. Bnocnepcteuu 3TM 3HaHus Obinu B
Espone Hagonro 3abbitel. B TeueHue mHo-
rMX BEKOB MioAei bonblue 3aHuManu umne-
puM, BOWHbI, cobopbl W CyAbl Hap
BEAbMaMM.

Jluwe Ha pybexe XIX Beka cHosa cTanu
obcyxpate crapyto upeto 06 atomax. Ok-
penna ybeXAeHHOCTb B TOM, 4TO CyLLeCT-
BYIOT pa3nuyHble BMAbI aTOMOB — MHaue
TPYAHO Bbino 6bl 06BSCHUTL ObHapyKeH-
Hoe B mpupofe pa3Hoobpasue BewecTs M
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senennd. B 1803 ropy aHrnumckum yuutenn
[xoH [lanbTOH OTKpPbIN CyL4eCTBOBaHUE Be-
WecTe, COCTOAWMX M3 aTOMOB TOMbKO
opHoOro supa. Mx Hassanu XMMMYECKUMM
anemeHTamu. K HMM oTHOCATCS 30M0TO,
Keneso, KUCnopoa... Yucroe xeneso co-
CTOMT TONMbKO M3 aTOMOB JXenes3a, YMCToe
30N0TO — M3 aTomoB 3onorta. ATom
Kenesa sensetca Haubonee MenkoW 4acTu-
uewn xenesa. Ero, npasga, MoxHo pazbutb
Ha 4acTW, HO 3Tu 4acTu He BypyT obnaparth
CBOWCTBAMM Kenesa. [0 e OTHOCHTCA K
30MOTY M APYrMM XMMMYECKMM 3INEMEHTAM.
[Mo3TOMy BO MHOMMX KHUrax no XMMMM SatoT
Takoe onpepeneHue atoma: «ATOm — 3TO
MenbYanllas 4acTMLa XMMMUYECKOro Beule-
CTBa MNM 3NEMEHTa, KOTOpas He MOXeT
bbiTb paspeneHa Ha Gonee menkue HacTH
6e3 noTepu TUNWYHbIX CBOMCTB 3TOro 3ne-
MEHTa».

ATOMbI UMEIOT pasHyl Maccy, Cambli
Nnerkui M3 HMX aToM BOJOPOAA, aTOMBI
)Kenesa CyLLEeCTBEHHO Tsenee, a ocobeH-
HO BaXKHbIH NS HaleW Tembl aTOM YypaHa
ewe Taenee. o cpaBHeHuto ¢ npegmeTa-
MM Hawero obuxopa pazmepbl aTOMOB HM-
YTOXHO Mmanbl. Ecnu 6bl 4Yenosek 6bin
pasmepom ¢ atom, 1o 100 munnuoHoB ye-
noeek mornu 6bl ¢ ynobcteom pasmecTuts-
cs B opgHoW bynaBouHoW ronoske. Bce
HaceneHue 3eMnu, HacuuTbiBaloliee 5 mun-

NMapAoB, BbICTPOMBLUKCL, 0bpazosano 6bl
ueno4ky AnuHou okono 50 caHTMMeTpoB.

B 1913 ropy senukui patckui dusnk Hunbc
bop  onybnukosan

Kak CBOKO SHAMEHUTYIO
yCTpoeH MOfenb atoma, KoTo-
aTom! pas U OO CeropgHawl-

Hero pHs ocTaeTcs
Xxopowum npubnuxe-
Huem K uctuHe. CornacHo 3ToW mopgenu
CTPYKTypa aToOMa O4eHb MOXOXa Ha CTpo-
eHne ConHeuHol cuctembl: kak Bokpyr Co-
nHUa BpawaroTca nnaHetbl — MepKypun,
Benepa, 3emns, Mapc wu ppyrue, TaK u
B LIEHTPE aTOMa HaXOAMTCH ManeHbKoe, HO
O4YeHb TAXKEenoe aroMHoe S4pO, BOKPYr
KOTOPOro Ha OrPOMHOM PacCTOSiHMM Bpa-
WalOTCA  ManeHbKue nerkMe  3/1EeKTpo-
Hbl.

Sippo MMeeT MonoXMTEnbHbIN 3NeKTpUyec-
KMM 3apsf, @ 3NeKTPOHbl — OTpMuaTenb-
Hoii. OHu ypepixuBatoTcs Ha opburax
BOKPYr fApa CMNamMu 3NEKTPUYECKOro npu-
TAXEHUS aHanoruyHo tomy, kak ConHue
CMNOW TArOTEHMN y[EepIKMBaeT BOKPYr cebs
nnNaHeTbl.

Yrobbl npepcTaButb cebe pasmep aTOMHBbIX
SAEep, PacCMOTPUM Cneaylolee CpasHe-
HMe: Kanns BOAbI COCTOMT MPUMEPHO W3
6-10%" unu 6 000 000 000 000 000 000 000
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B ConHeuHos cHcreme
(cnpasa) nnawersi
obpaLyaroTcs BOKpYr
Connya. B arome (cnesa)
3neKTpoHsl obpawyarorcs
BOKDYr aTOMHOro 54pa,
KOTOpPOE 3aPAHEHO
MONOKHTENBHO M MPHTA-
rMBAET OTPHUATENBHO
33PAKEHHbIE 3NEKTPOHBI.



Ecnm npeacrasuts cebe aromHoe SAPO B BUAE BHLUHM,
TO OPOHTBI oﬁpar.qaroumxca BOKpyr Hero 3NexKTpoHoB
B 3TOM Macwrabe BygyT cpaBHHMbI C Pa3MEPOM
¢pyTbonsHOro craaMoHa.

aTOMOB, @ CaMO SApPO 3aHMMaeT Bce-
ro 1/1 000 000 000 000 obvema aro-
ma!

Ecrmu Bb1 sigpo 6bINO BENMUMHOM C BMLUHIO,
TO pasmepbl aToma Obinu 6bl CpaBHUMBI €
yT60NbHBIM CTAAMOHOM, a OpbUTLI 3nek-
TPOHOB HaXOAMNUCb Obl Ha YPOBHE BEPXHMX
TpubyH. HecmoTps Ha TO, 4TO SAPO 3aHK-
MaeT BCEro OfHY TPMMNMOHHYIO YacTb aTo-
M3, Ha Hero NpPMXOMTCS MOYTHU BCH €ro
macca.

Matepus B sppe O4YEHb CUNBHO YNMOTHEHa:
B TOM Cny4ae, ecnu aapo 6bino bl pasme-
POM C BHULIHIO, BMLWHA 3Ta Becuna Obl npu-
6nusutensHo 30 MMNNMOHOB TOHH M,
obnapas TakoM MaccoW, KOHEYHO, HE CMOr-
na 6bl nexarb nocpegM CTagMoHa, a NpoBa-
nunace 6bl K LLEHTPY 3emnu.

Slnpa aTOMOB COCTOST M3 ABYX BMAOB 4ac-

THL,  Ha3blBa€MbIX
U3 yero NPOTOHaMM U HEM-
COCTOAT TpoHamu. OHu npu-
aroOMHble MEPHO  paBHbl MO
appal macce — npubnusu-

tenbHo B 2000 pa3 18-

KEnee 3neKTpoHa.

MpoToH obnapaer NONOXMTENbHbIM INEKT-
PUYECKMM 33PSLOM, PaBHbIM NO BEMMYUHE
OTPHLATENBHOMY 3MeKTPUYECKOMY 3apsgy
aneKkTpoHa. BenuuuHa ata HasbiBaetcs ane-
MEHTapHbIM 3apapom. HeWTpoH, Kak H
cnepfyer U3 ero Has3BaHus, 3NEeKTPHYECKH
HEUTpaneH.

[pOTOHBI U HEUTPOHBI, KOTOPbIE B CBOIO
ouyepefb COCTOAT U3 ewe bonee Menkux
YacTHL, KBApPKOB, MHOTAA Ha3biBalOT OBWMM
TEPMMHOM HYKJ/IOHbI UM SREPHBIE 3NEMEH-
TapHbIE YacTHLbI.
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B arome Bogopoga
1 nporoH, renns —
2, yrnepopga — 6.
[MporoHs! okpatuerb
34echb B KPACHbIH
€T, HEeHATPOHbI B

ATOMHbIE NP3 Pa3NMYHbIX 3NEMEHTOB OT-

NnUYarTCA NO KOonuye-

Kak CTBY MPOTOHOB B HMX.
pasnuyalor Hanpumep, atomel Bo-
3neMeHTbI! AOPOAAa MMEIT OfuH

NPOTOH B sppe, renus
- pBa, yrnepopa - 6,
ypaHa — 92. Ecnm B sppe atoma 6 nonomu-
TENbHO 3apPAXEHHbIX NMPOTOHOB, TO B BO-
Kpyr Hero BpauialoTtcs 6 oTpuLaTenbHo
3apSKEHHbIX 3NEKTPOHOB, TaK YTO aToM B
LenoM 3neKTpuuyecku HeWTpaneH. Ecnu
3TOT aToM NoTepsieT OfMH 3NEKTPOH, TO Ha
6 NPOTOHOB OCTaHeTCH 5 3NEeKTPOHOB M
atom npuobpeter 3apsp +1. Takue 3aps-
)KEHHble aTOMbl Ha3bIBAOTCH MOHAMM.

XoTs BCe aTombl OJHOI0o 3nemMeHTa UMERT
OfMHAKOBOE KonHye-

Yro CTBO TMPOTOHOB M
Takoe 3NEeKTPOHOB, OHU MO-
usoron!? rytT TeMm He MeHee

pasnuuaTbCi Mexay
coboi, To ecTb UMeTb
pa3Hoe YMCNO HEUTPOHOB.

[ins nopTBepXKAEHUS 3TUX CNOB pPaccMoT-
pum cnepytowmi npumep. Cambii nerkui 1
Haubonee npocTtoil anemeHt, BOpOpOR,
umeet 3 pasHble OPMbI: B UX SApPaX Haxo-

O6bI4HbIN
BOAOEOR

enbiH.

putcs, cootsetcteenHo, 0, 1 u 2 HelTpoHa.
O6bi4HbI BOROPOA WMeeT 1 NPOTOH M HU
OfiHOTO HeWTpoHa B sppe. [lpyras dopma
Bofopona, — Aesirepuid, — 1 npotoH u 1
HEHTPOH, a TPMTHA — 1 NPOTOH U 2 Hel-
TPOHa. 3T TpM Pa3HOBMAHOCTH aTOMOB
Ha3blBalOT M3OTOMAMM 3NEMEHTA BOLOPO-
Aa.

Boobue usoTonamu onpepeneHHoro 3ne-
MEHTa Ha3blBalOT aTOMbl, B SAPE KOTOPbIX
HaxoAuTCs OfUHaKOBOE KONUYECTBO MpOTO-
HOB M pa3Hoe — HelTpoHoB. B npupope,
Hanp1MMep, BCTPEYAIOTCS M30TOMbI ypaHa ¢
234, 235 u 238 HyknoHamu B sppe; ux obo-
3HaualoT, cooteercteeHHo, U-234, U-235 ¢
U-238. MMpyu atom, Kak Mbl yXKe BbISCHUNM,
BCE ypaHoBble sfapa cogepxar no 92 npo-
TOHa.

Takum obpasom, B M3oTONax ypaHa MoxeTr
6eis 142, 143 wnu 146 Heitponos. Cym-
MapHOe KOMU4YECTBO HYKNOHOB B M30TOMNE
Ha3bIBAlOT €ro MacCOBbIM YHUC/IOM, KOMM-
4eCTBO MPOTOHOB — MOPSAKOBbIM MIH
aTOMHbIM HOMEPOM.

Takum 0bpa3om, Maccoeoe uyucno usoTona
ypaHa U-235 cocrasnser 235, a nopsako-
Bbl Homep — 92. UsoTon sBogopopa peMte-
PUH — MaccoBOe YMCNO 2 M NOPSIAKOBbIN
Homep 1.

Tpu usorona

BOgOpoZa: y obblyHOro
BOAOPOAA B S4pe

1 nporoH, y gedrepms -
1 npotoH 1 1 He#ATPOH,
y 1putHA - 1 nporoH

W 2 HeHTpoHa
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WU3BecTHO, 4TO ABa MOMNOXMTENbHO 3aps-
)KEHHbIX Tena oTran-
KMBAlOTCA [pyr oOT
Apyra, TO Xe camoe
Habniopaertcs B cny-
yae [ABYX oOTpMua-
TenbHbIX  3apsAoB,
TOraa Kak MOMOMMTENbHbIW M OTpULaTEnb-
HblM B3aWMHO NPUTArMBAKOTCA. Tak, nono-
WUTENbHO 3apsKEHHbIE SAPA NPUTATUBAIOT
oTpUuaTenbHble 3apsfbl 3NEKTPOHOB M
ynepxueatot ux Ha opbure. OpHako sppa
aTOMOB COCTOST M3 HEWTpanbHbIX U nono-
KUTENbHO 3apPSIKEHHbIX YacTUL, M OHH
[OMXHbl 6binu 6bl B30OPBATLCA WU3HYTPH
BCNEACTBME B3aWMHOrO OTTanKWBaHWA Mpo-
ToHOB. [louemy e He nonaercs, Hanpu-
Mep, atom Yyrnepopa, fapo KOTOpOro
cogepxut 6 nportoHoe! A cBA3aHO 3TO ¢
HanMuMem MHbIX MEX3aHU3MOB B3aMMOJENCT-
BUA MEXAy HyKnoHamu, Bonee MouHbix,
YEM 3MEKTPUYECKME CUMbl. ITH CUMbl, UMe-
HyeMmble SAepHbIMH, DEUCTBYIOT TOMbKO
NPU MHUHMMANbHBIX PaCCTORHUAX MEXpy
HYKNOHaMM.

Mouemy
He nonaiorcs
sapa aToMos!

He y Bcex anemeHTOB sppa Takue cTabunb-
Hble, KaK y yrnepoga.
Yro Muorue sppa moryT
S HEOXMAAHHO pacna-
PaMOAKTHBHOCTS! partbes, BblﬁpaCbIBag

C OrPOMHOM 3HEpruel
CBOW YacTW M npetep-

neeas 3HauuTenbHble NpeBpalieHus. ITO
SBNEHUE Ha3bIBAlOT PaSMOaKTMBHOCTLIO.
OHO 6bINO OTKPBITO (HPaHLY3CKUM (DU3U-
kom AHpu bekkepenem u 3atem noppobHo
usyyeno cynpyramu lMbepom u Mapuen

| ramma-
H3nyYyeHue

Anbcha-nznyyeHne COCTOMT M3 sgep renus,
6era-13nyyeHue — M3 3NEKTPOHOB, ramma-
uzanyvyenme — n3 keaHToB. OHO POACTBEHHO
CBETOBOMY MM PEHTTEHOBCKOMY M3NY4EHHIO.

Kiopu. [lonroe Bpems HUKTO TONKOM He
MOl MOHATb, YTO K€ Takoe PafMOaKTHUB-
HOCTb.

Lo 3toro 6bINO M3BECTHO, YTO HEKOTOPbIE
3NeMEHTbl MCMYCKAlOT TAUHCTBEHHbIE NYYM,
KOTOpble, Hanpumep, 3aceuxBaroT oTo-
NNacTMHKM, HO MPOLUNO HEMano net, noka
HayKa MOCTUrna MCTMHHYIO NPUPOAY M3ny-
YEHMA.

CerofHs Mbl 3HaeM, YTO €CTb TPHU BUAA ec-
TECTBEHHOrO PAAMOAKTUBHOTO M3NyYEHMS:
anbha-M3ny4eHne COCTOUT M3 SAep renus;
6era-13nyyeHne — U3 INEKTPOHOB, raMma-
M3ny4yeHue — W3 TaMMa-4acTul, MNu
raMma-KBaHTOB, HE WMMEILWMUX MaccChl U
POACTBEHHBIX CBETY WU PEHTTEHOBCKOMY W3-
nyuyenuto. OfHAKO KaXAblM ramma-KBaHT
HeceT B cebe ropasgo Bonblie 3Hepruu,
Yem KBaHT CBETa MNMU PEHTreHOBCKOro W3-
ny4eHus.

AntyaH-Anpu Bexkepens u Mapua Kropw.
Bexkxepens otkpbin B 1896 rogy ssnenne
pagroakTneHocTi, cynpyrk Kiopw
H3y4anu ero.
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HekoTopsie aTomHbie sgpa, ocobeHHo
KpYynHble M Maccue-
Kak Hble, HecTabunbHbl U

pacnajaiorca CKNOHHbI K pacnagy,
aTOMHble nofnobHoO TOMY Kak
aapal CKMOHHO K paspylue-

HUio Bonblioe 3aaHue
CO CMMLUKOM TOHKMMM cTeHamu. Hanpumep,
S0PO PagMs OXOTHO MCMYCKaeT (parMeHT,
COCTOSIUMH M3 [BYX MPOTOHOB W ABYX HEH-
TPOHOB, TO ecTb anbda-yactuuy. OpHako
nocne notepu ABYX NPOTOHOB 3TO AAPO
nepecraer bbiTb SAPOM papus. IJTO yxe
HOBbIX 3NEMEHT — PafoH.

[Opyrue sppa pacwiennsiorcs, UCycKas

3NEeKTPOH, MNU, KaK ero paHblle Ha3blBamnK,
6era-yactuuy. [lns 3atoro HeWTPOH B sAppe
paclyennaeTcs Ha NPOTOH M 3NEeKTPOH, KO-
TOpbIM Bbinetaer U3 sppa. B pesynbrate
3TOro B Sifpe NOSBNSETCS AOMONHUTENbHbIA
NPOTOH, TO €CTb ONATb-TaKU MPOUCXOAMT
npeBspalyeHHe OfHOrO INEMEHTa B [IPYroM.
Yacto 6biBaet Tak, 4to BHOBb 0bpasoBas-
LUMHCS 3NEMEHT TaKXKe OKa3blBaeTCsi HecTa-
6unbHBIM M B CBOK oOuepepb pacuien-
nsercs.
Takum 0b6pa3om BO3HMKAIOT Lenble pspbl
3NeMEeHTOB («pPafMOaKTHBHbIE CEMENCT-
Ba»), oKaHuuBawouwMecs obpasosaHuem
ctabunbHoro anementa. Hanpumep, ypaH
npespawiaetcs B ceBuHey uyepes 13 npo-
MEXYTOYHBIX CTyneHew.

Paguéi npn pacuwjenneHny ucnyckaer anbga- 4 ramma-
H3nyyeHwe, HENTYHHH — ramma- u 6eTa-HanyyveHne.
Mx sapa npu 3TOM npeBpaLyaioTcs B SApa

APYTHX 3NEMEHTOB.

ramma-
H3Ny4YeHHe
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HukTo He MOXeT yraparb, KOraa NpPOU3oH-

AeT pacnap Ka¥paoro
Yro KOHKPETHOro aTom-
NOHMMAIOT Noj | Horo sgpa. Ecnu Ha-
nepHoaoMm 6bniopats 3a onpepe-
nonypacnaga!l NeHHbIM SAPOM pa-

AMs, TO ero pacnag

MOXeT NMPOM30MTH Yepe3 CEKYHAY, 8 MO-
wet u 3aeTpa unu yepes 10 000 ner. Ho
OlHO MOXHO NpepAcKasaTb HaBepHsAKa:
ecnu y Bac ecTb bonblioe uMCno papue-
Bbix  spep, Hanpumep 100 000, to 350
000 u3 HMx, TO ecTb noONOBMHA, pacna-
nytcs posHo uepes 1620 ner. VY ypana-
238 atot nepuop paeeH 4,5 munnuappa

nert. BpeMﬂ, 3a KOTOpoe pacnapaertcs
NONOBHUHA BCEX anep papgMoaKTUBHOro
M30TONa, HasblBaeTCcid nepdoaom nonypac-

naga atoro usotona. [ns ypaHa-238 oH,
KaK Mbl y3HanM, cocrtaenset 4,5 munnu-
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appa net. Y nonoxus nepuop, nonypacna-
fa ropaspo kopoue — 138 cytok, y dpak-
ums Bcero 21 muuyrta. lNo ucteyennn ppyx
nepuMofoB NONypacnafa ocraerTcs BCEro
1/2x1/2=1/4, awuepes 10 nepuopos
nonypacnaga — 1/2 x1/2x1/2x1/2x
X A 2 A L2 N[ 2 TS T2 N f2x 4 /2 =
= 1/1024 ucxopHOro Konu4yecTea paf1oaK-
TMBHbIX spep. WMrak, oT opHOro Kuno-
rpamma papus uvepez 10 x 1620 ner
octaHercs okono 0,98 rpamma.

MNop aKTMBHOCTbKO PafMOAKTUBHOrO 3ne-

o MEHTa MOHUMAIOT KO-
HOHMMAIOT TOR :H:ec:E;K ;:iacnaéqza
aKTMBHOCTBIO Hﬂ F; “SMJ ﬂ;a gu
M [O30M T”:Hocm E Bekke

: -
obnyyenus! penb (Bk) — Ha3gaHa

MMEHEeM NepBOOTKpbiBaTensa paguoakTHUB-

Meproa nonypacnaga T npeacrasnser coboi

OTpE30K BPEeMeHH, 3a KOTOPLIH pacnajaeTcs nonosMHa
HCXOAHOrO KonnyecTsa saep. M3 32 munnnoHos
aTOMHBIX Sgep no ucteueHuu T ocraHercs 16
munnnoHos, Yepes 2 T — 8 munnuoHos, vepes

3 T — 4 munnnoHa.

HoctH. Ecnu B Kakom-TO obpasue Beulect-
ga pacnapaetcs 403 sappa B cekyHay, TO
ero aktueHoctb coctasnset 403 bk. PaHb-
e efuHULEN M3MEepEeHWs aKTMBHOCTH 6bin
kiopu (Ku): 1 Ku = 3,7 -10'° Bk. Usnyve-
HMEe, BO3HMKaloLLee NpW AAEPHbIX npespa-
WEeHUAX, YacTMYHO MNM  MONHOCTbIO
nornowaetcs (abcopbupyercs) oKpyxaro-
MM BELLECTBOM. JHeprus pPafHUOaKTUBHO-
ro M3ny4yeHusi, NOrNOWEHHas OfHUM
KMnorpamMom obnyyeHHOro BelLecTsa,
Ha3blBaeTcs nornaowerHHok £o3oki. OHa us-
mepsetcs 8 rpesx ((p): 1 p = 1 I /kr.
PaHblwe 6bina NpUHATa €AMHULLA M3MEpPEeHHs
pan (1 pan = 107 Tp =1/100 Ip). Mo-
rnouwjenHas posa 8 1/100 lp coortset-
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CTBYeT MOBBLILEHMIO TemnepaTypsi
peyeckoro Ttena Bcero Ha 0,0001°C, Ho

4yeno-

nonyyeHMe  3TOW  [O3bl 33 KOPOTKOE
BPEMS MOJET HAHECTM OpPraHM3My 3HauM-
TeMbHble NOBPEKMAEHUS, MNOCKOMbKY NpH
3ITOM B OpraHMame paspyLanTcs
KM3HEHHO BaXKHble MOMEKYIbl.
Buonoruyeckoe Bospeiictene obnyyenus
33BMCMT He TOMbKO OT MOFMOLLEHHON AO3bl,
HO M OT Bupa u3nyyenus. Hanpumep, 1 Ip
anbga-usnyyenus 8 20 pas onacHee, yem 1
p 6era-usnyyenus. [loatomy 6bino
BBE[LEHO MOHATUE IKBUBANIEHTHOM O3B,
KOTOpPOE Y4YUTbIBAET CTEMNEeHb ONaCHOCTH
Pa3nUYHbIX BUOOB M3MyYEHHUs NS KMBBIX CYy-
wecte. EguHMua 3keuBaneHTHOW AO3bl Ha-
3biBaetcs 3usept (38). o 1985 ropa
MCTONb3OBAMA APYTYIO eAuHMLy — pem:
1 pem = 107 3. OHa yacTo ynomuHaetcs 8
cTapbix KHurax o spepHoi aHeprun. 20 3B
anbga-usnyyenus coorsercteytot 1 [p anb-
da-uzanyuenms, unu 20 Mp berta- unu ramma-
U3MNYyYeHus.

— “wucno pacnapgoe sgep

AKTHBHOCTb
Bpems
B _ 1 pacnap
namepenms:1 Bk i CeKyHna
MornowierHasn

MornolyeHHas goza = 3HEPTHA M3NYYEHHS

Macca
Enurieia = 1 Dox /xr

namepenus: 1 Mp

EHOJ'IOTH‘-IECKH aKTHBHanA
MOrNOLLEHHan fo3a

SKBMBanNeHTHaa fo3a =

EpuHnua

usmeperus: 1 3s

= 1 Dok /kr
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Hamepenne
PafHOBKTHBHOCTH
ocyuecTensercs

TaK Ha3biBaeMbiMH
cyerunkamu [esirepa.

Mbl yXe NO3HaKOMMIUCb C aTOMHbIMKU Af-

pamu, KoTopble cro-
MoyxHO nK cobHbl pacliennarbes
pacuennarb camonpousgonbHo. B
aTOMHbIe 1938 roagy meoe He-
sapal meukux yyebix OTTo

laH u ®puy Lrpacc-

MaHH cfenanu ee OfHO 3amevaTtenbHoe
otkpbitHe. Mpu Gombappuposke atomos
ypaHa HeWTpOHaMM OHM OBHapyXumM, 4To
HeKoTOpble SAPa PaclennaloTcs Ha fBe
NPUMEPHO paBHble YacTW. TexHuyeckue no-
ApobHOCTM HAac 3pech He WMHTepecylorT,
rnasHoe — paclienneHde spep NpoMCxopu-
10 He CaMONPOM3BONbHO, a NoJ AEHCTBUEM
HEMTPOHOB, KOTOpble NOAOBHO MEenKum
cHapaaam pa3busanu orpomHble agpa.

[MocKomnbKy HEUTPOHbI 3MEKTPUYECKU HEM-
TpanbHbl, WX OYEHb
ynobHo ucnonbso-
BaTb ana 6ombappu-
POBKW aTOMHbIX sfep
60M6apAMPOBKH | | cnuio npespaLLe-
aaep! HMS MX B Bpyrue sppa
unu pacwiennenus. lMonoxutenbHo 3aps-
)KEHHbIM NPOTOH Bbin Bbl ans 3atoro Henpu-
FOfEH, MOTOMY 4YTO 3MEKTPUYECKOoe none
Apyrux npotoHoe B HGombapaupyemom
appe Oyper oTTankueath M, cneposarenb-
HO, OTKIMOHATb €ro.
SnekTpoHbl He obnapalT AOCTAaTO4YHOH
MaccoM, 4tobbl OKasaTb 3aMeTHoe BO3feH-
CTBME Ha MacCHMBHOE SAPO, M OTTaNKUBAtOT-
cs 3NeKTpoHHOW obonoykoi aTtoma. Y
HeWTpoHa HeT 3Tux HepocTtatkoB. OH He
OTKIMOHAETCS OT CBOEH LeNU M AOCTATOYHO

Mouemy
HEeHTPOHbI TaK
yaobHel ans




TSKen, 4Tobbl pacliennste sapa.

Bckope 6bino 3ameyeHo, 4TO MeAneHHo
neTswMe HEMTPOHbI, KaK NpaBuno, 4alwe
nonagatoT B sapa, yem Obictpoie. Kak 3a-
METUN OfMH (PU3UK, BbiCTpble HEHTPOHDI
NPOHOCATCA MMMO fEP, «AAXKe TONKOM MX
He 3ameuas». [lpogomkutensHocTs npebsi-
BaHWS MEANEHHbIX HEWTPOHOB (MX MHOraa
Ha3blBaloT TennoebiMK) BONU3K agep ropas-
fo bonblue M y HUX, COOTBETCTBEHHO, roO-
pasgo bonbwe BpemeHH Ans B3auUMO-
NEUCTBUA ¢ SAPOM. [lo HaWMM MepKam M
3TH HEUTPOHbI OYeHb BbICTPbI: UX CKOPOCTb
cocTasnset npubnuautensHo 2,2 km/c.
Bnpoyem, npu nomoLlu HEMTPOHOB MOXHO
He TOMbKO pacliennsTb AapPa Ha OCKOMKH,
HO W OCYLLECTBNATL WX NPEBPALLEHUS, €CnK
H6ombapanpyroLWMit HEHTPOH OCTaeTcs B Co-
cTaBe sppa.

ypaH-235

%)

..- Iq. {3
& k :

MEeANEeHHbIH
HEHTPOH

3 2 3 Ha

MpupopHbIM ypaH COCTOMT M3 TPex M3oTo-
noe: U-234, U-235 u
Yro U-238. M3 1000 ato-

NPOHCXOAMT, MOB ypaHa 993 oTHo-
Korpa cates k U-238, 7 - k
pacwennsior U-235, a copepxa-

aTom ypaHa! wue U-234 ctomb Hu-
YTOXHO, 4YTO UM MOXKHO npeHebpeub.
MepneHHble HEWTPOHbI PACcLLEennsoT TOMb-
ko agpa U-235. MNpu atom cHayana obpasy-
eTC MNPOMEXYTOYHbIM HecTabunbHbIN
uzoton U-236, koTopbii 3aTem paclienns-
€TCS Ha HECKONbKO OCKOMKOB, Hanpumep
Ha sapa bapus-144, kpuntoHa-90 u pga
HEeMTPOHa.

U TyT Mbl NOAXOAMM K OTKPBITUIO, KOTOpOE
[ano MUpY SAEPHbIM PEaKTop M aTOMHYHO
6omby M M3MEHMNO ero: CymMapHas macca
OCKONKOB OKa3anacb MEHbLIE, YeM CYM-
MapHas macca ucxopHoro agpa u 6ombap-
fMpytowero Heurponal

Takum obpasom, TepseTcs macca, Kotopas
no 3iHwWTelHoBCKON dopmyne E = mc?

6apui + kpuntoH +
+ 2 HeHTpOHa

o e -

HcxogHoe sapo u BoMBapAHPYIOLYas HacTHLa HMEOT
HECKOMBKO BOoMbLLyIO CyMM?Hy}O Maccy, 4em MpOAYKTbI
pacnaga. Pasnocts macc obp

MPeBpaLYeHHs Macchl B 3HEPrHio.

asyercs 3a cuer

MegneHHble HeATPOHBI pacluennsior SAPo ypaHa-235
onee nerkne atomHeie SAPa, B aHHOM Cly4ae Ha
6apuii-144 u kpunton-90. lNpu 3tom ncnyckaoTcs

2 HenTpora. lNpogyKTel paciwennenns pasnerarorcs

€ KOMOCCanbHOH 3Heprues.
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NPEeBpPaLLAETCH B 3HAYUTENbHOE KOMMYECTBO
3HEPruM, a UMEHHO A4EePHOH 3HEPruu.
MOJHO TaKKe CKasaTb, YTO YacTMYHO Bbi-
cBob0OXKpaeTcs 3Heprus CBA3M, YAEPKMBAB-
Was BMECTe BCE KOMMOHEHTbI KPYNHOro
sapa. Boigenexne 3ToM 3HEpruM NPUBOAMUT K
TOMY, 4TO OCKONKM Pa3sneTaroTcs ¢ OrpoM-
HOW CKOPOCTbIO, CTanKMBasCh C APYrUMM
AApamK, KOTopble BCNEACTBME 3ITOrO BO3-
ByxpaloTcs, OBUIKYTCA M TpyTcs apyr ob
npyra. TeM CambiM 3HEprus ABMIKEHUS OC-
KOMKOB NpeBpallaeTcs B Tenno.

Mopsepem utor. lNpu spepHom pacnape
NPOMCXOAUT BbIAENEHUE 3HAYUTENbHOM
3Hepruu. M3 opHoro rpamma ypaHa-235

moxHo nonyuuts 23 000 kBt - u. Hacto npu

AENeHUH Spep OTAENbHO BINETAIT ABA MMM
TpU HEWTPOHA, Hanpumep Npu pacnape
npomexyTtouHoro sppa U-236 Ha 6apuu-
144 v xpunToH-89. 37O OYeHb BaXHO ANA
OCYLLECTBNEHU LENHbIX SAEePHbIX peak-
LMK,

K coxaneHuio, BO3HUKalOLME NpK pacLyen-
NeHMM ypaHa sppa CPeAHeH Macchbl Camu,
KaK NpaBuno, PagMOaKTUBHbI M UCMYCKaloT
onackble nyud. C  3TUM SBNEHUEM  Mbl
BHOBb BCTPETUMCS MO3)e, npu obcyxpae-
HAM  OCHOBHOW npobnembl aTOMHbIX
3MeKTPOCTaHUMNH — MMKBUAALUM OTXOROB.
Yrobel pacwenuts sgpa U-238 Heobxopu-
Mbl O4eHb BbicTpble HeWTpoHbl. Mepnex-
Hble )K€ XOTS M NPOHUKAIOT B SAPO, HO He
pacLiennsioT, a ocTalTcs B HeM, obpasys
sgpo U-239. 3toT uM3oTon yepes npome-
XKYTOYHOE COCTOSHME NpeBpalLaeTcs B nny-
TOHWMU-239, KOTOpbLIH B CBOK OuYEpefb
Nerko pacwennaercs MepfneHHbIMU Heu-
TPOHaMH.

B 6onblwom Kycke ypaHa-235 unu nnyToHus
npu 6ombapauposke
HEMTPOHAMKU. MPOMC-

Yr1o Takoe
uenHas XopMT Ccnepyoujee:
peauuugl nocne pacuj,ennel-mn

nepBsoro e sppa oc-
soboxparotcs 2 unu 3
HEMTPOHA, KOTOpble PacLLEennsioT Cnepyro-
Wwue 2 sppa C BbILENEHUEM B CPELHEM YIKe
5 uentpoHos. Ecnu u3 atux natu xots 6bi 4
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HEWTPOHA pacliensT no sppy, 10 obpasy-
etcs yxe ot 8 no 12 csobopHbix HEHUTPO-
HOB, KOTOpbie B CBOK ouepenb (c y4eTom
HEKOTOPbIX NOTepb) paclensT HOBble
Sppa, npuYyem KaxpabiM pacnag byper co-
NPOBOXAATbCA BbIAENEeHUEM OTFPOMHOM
3Heprun. Ha atown ctapgun uucno cesobopHbix
HeWTpoHoe Bo3pacter po ~20, OHM Bbi3O-
BYT HOBble pacnagbl spep, Kopoye rosops,
33 [ONM CEKYHAbl KOMMYECTBO pacluenfieH-
HbIX aTOMOB, @ 3HAYMT, U KONMMYECTBO Bbl-
AENEeHHOW 3Hepruu BO3PacTaeTr NaBUHO-
obpasHo. ITOT npouecc HasbiBaeTcs yen-
HOH peakuHneH.

B onucaHHOM Bbille HEKOHTPONUPYEMOM
BapMaHTe 3Ta peakuus NPOTEKaeT B aTOM-
Hoi Bombe. [Ins Toro utobel oHa npouso-
wna, HeobxogMma HEKOTOpas MHHHU-
ManbHas Macca fAepHOro TONNMBA, KOTO-
PYIO Ha3blBAlOT KPUTHYECKOH maccoH. [Ins
ypaHa-235 oHa coctasnser okono 23 Kr,
yto cooteetcTeyeT cepe guametrpom 13
cm. Ecnu macca pacuwennsemoro matepua-
fla MEHbLUE, TO CMULIKOM MHOTHE HEUTpO-
Hbl BBINETAIT HAapyXy M TepsoTCs



6e3B03BpaTHO, HE pacliennss Npu 3TOM
apep.

K cuactblo, LenHyro peakuuio MOXHO fep-
)aTb NOf KOHTPOMNeM, [OMYCKas Nulb on-
pefeneHHoe 4YUCNO pacnapfos B CEKYHAY.
MMeHHO TakuM 0Bpa3om OHa npoTekaer B
SAepHbIX peakTopax, o Kotopbix byger no-
ApobHO pacckasaHo B criefytollen rnase
HalLeH KHWrK.

B npupogHOM ypaHe uenHas peakuus He
MOXeT Hayarbcsi, no-
Yro CKOnbKy OH bonee
TAHOE yem Ha 99% cocrout
oborauenme! HavU-238, u Te 2-3
HEUTpOHa, KoTopble
obpasytotcs npu pac-
nage, obbIY4HO CNMIWKOM BbICTPbI, 4TOOBI
pacwenute pepkre sppa U-235, Ho, ¢ ppy-
roM CTOPOHbI, CMMWKOM MEANEHHbl ANS
spep U-238. Moatomy onu npocto 3axsa-
ThiBatoTCa sppamu U-238.
Takum obpasom, efuMHMuHBIN pacnap, sppa
He MOXeT cam no cebe BbI3BaThb LEMHYHO
peakuuto. Ectb pgBa BapuaHTa ee 3anycka:

B npouecce uentos
peaKuym1 3a BONM CEKyHAb!
pacwennserca Gecymcnen-

HOE KONMYECTBO arOMOB.
Mpu srom ocsoboxpaercs
rMraHTCKasa BHEPFHSL

nubo noebicte copepxatnue U-235, ytobel
YBENUYUTL AOMIO pacliennsioL,erocs mare-
puana, nubo 3amepnuTb ocsoboxpatolme-
cA NpU pacnafe HeWTPOHbI.

Hanpumep, gna Ttoro utobbl monyuutb
spepHoe Tonnueo, Kotopoe 6bino 6bl npu-
rOAHO ANA AEUCTBYOWMX B [epMaHuu
aTOMHbIX 3NEKTPOCTaHUUK, Heobxoaumo

B oboralyeHHOM ypaHe MOBBILIAETCS CORepXa-
Hue ypaHa-235. Slppa ypara-238 okpateHb B
CMHMI UBeT, ypaHa-235 — B KpacHbIH.




noebicute copepxanue U-235 ¢ 0,7% po
npumepHo 3%. ITOT Npouecc HasbiBaloT
oboralyeHuem.

OborawenHoe po 3% spepHoe TONNUBO
TOXe camo no cebe
pabortats He byper,

Yro

Tak Kak obpasyto-
16oe wuecs npu pacnage
3amMeanurenn!

spep HeWTpoHbl obna-
[alOT CNULWIKOM BbICO-
KOM CKopocTblo M byayT nonpocty
3axgatbiBatbcs sppamu U-238, He pacuwien-
nss Mx, 1 nponetatb mumo sgep U-235,
crnoBHo Obl «He 3amevas» ux. [ns ux pac-
wennexus HeobXoaUMbl MepneHHble Hew-
TpoHbl. K cyacTbio, CyliecTByoT BellecTea,
NPMTOPMaXMBatoLLMe HEMTPOHbI. Mx Ha3zbi-

BaKOT 3aMeAsUTENSIMM.

Xopowum 3amepnuTenem sensetcs yrne-
POA; ecnu yrnepog, B opme rpacura no-
MECTUTb MEXAY KycKamu unu Bnokamu
ypaHa, TO nonapgatomMe B Hero HeWTPOHbI
3aMepnalTca M, JOCTUras afep ypaHa-
235, pacwennsioT ux. Bopa u Bepunnuu
TOXe SBASIOTCH XOPOLWWMM 3aMmepnurens-
MM.

Ectb ewe oguH cnocob, npu nomowu Ko-

TOPOro MOXHO Bbipa-
Yro baTbiBaTh AfEpHYHO
MOHMMAIOT anepruto. OH 3aKknto-
noa SAepHbIM | yaetcs B cnepyto-
CHHTe30M! wem. Ecnu 3actaButh

SApa fenTepus U Tpu-

3ameanurens

™A CNUTBCA NPU KONOCCanbHbIX Temnepa-

3amegnurens
_ TOpMO3MT
HEHTPOHBI, KOTOpble
nocne 3Toro moryr
pacijennars
Apyrne sgpa.

MeneHHbIH




Typax u flaBneHusx, 1o B pesynbrate obpa-
3ylOTCA AAPO renus U HeuTpoH. [lpu 3tom
MX CyMMapHas macca byper MmeHble, yem
CyMMapHas macca ucxopHbix sgep. [lore-
pAHHas Macca NepexofuT, Kak M Npu pac-
wenneHun spep, B 3Hepruo. [aKoW

npouecc Ha3biBAETCA SLEPHbLIM CHHTE-
30M.

3a cyeT TaKMX XKe MpOLEcCOoB Bbifensercs
3HEeprus BO BCEX 3Be3JaX, B TOM YMUCNE M B
Hawem ConHue, a TakXKe B BOJOPOAHOM
6ombe.

AAPO TPHTHS + SApPO AeHTepHs

Mpyn spepHoM cuHTE3e M3 [eHTepHS M TPHTHA
obpasylorcs sapa renus M HeHATPOHbI. McxogHsle

sApa obnagaior_6onbLUesi Maccoi, Yem MPOAYKTbI
npespalyeqns. Takum o6pa3om, Tepsercs macca,
NPeBPaTHBLLASCS B 3HEPrMIO.

Yertbipe agpa
aToMoOB BOflOpoOfAa . . .

Mpoueccel, npoucxopsuwue B Hegpax Co-

MHUa, MOXHo ¢ 6onb-
Orkyna WKM  ynpoLLeHUEeM
ConHue onMcaTb CReayrLum
nony4yaer CBolo | obpasom: npu Tem-
3Hepruio! neparype 15 mun-
NUOHOB TPafyCcoB M

. . . CNIHBAKOTCA NOJ BbICOKMM [aBNeHHEeM

HeBoobpa3umo Bbicokom paenenun 8 200
MUNNMapAOB aTMOC(EP NMPOUCXOOMUT CrUs-
Hue 4 spep BOJOPOAA B OfHO renWesoe
SAPO C NOTEpPEeH Macchl W BbIGENEHUEM OF-
pomHou 3Hepruu. Kawpyrw cekynpy Co-
nHue pacxopyetr 564 MMNNMOHA TOHH
BOAOpofAa, BbipabaTeieas npu 3tom 560
MMNMMOHOB TOHH renus.

Hepocratowme 4 munnuona touu (0,7% wc-
XOIHOM Macchl) npeobpa3syroTcs B CONHEY-
Hyto  3Hepruto. Obwas MmowHocTb
COMHEYHOro U3ny4eHus cocTaenser
388 000 000 000 000 000 000 000, wnu
3,88 10% kBr, oguH kBagpatHbii metp Co-
nHua usnyyaer 62 900 kBr, a ato npumep-
HO cootBeTcTByeT mowHoctu 62 000
ObITOBbIX  3MEKTPOKAMHHOB MK Ke
1 munnuoHa namn.




3ﬂeKTPOCTﬂHL{hH Ha HMCKOMNaemom
Tonnuee. 34ech CHHraloT XKHAKoe
TonnmBo mnm yronb, 4robbl Beipaborars
3INEKTPO3HepPrHio.

~ Auimosan Tpyba

Bofd

BbLICOKOro, CPegHero, HM3IKoro

Typ6uHbl
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ATOMHbIE ANEKTPOCTaHUuMMn cerogHa U 3aBTpa

3apaya anekTpocTaHuuu — BbipaboTka
anekTpoaHepruu. B
BonblwuHCTBE Cnyya-

Hro eB cHayana Bbipaba-
tanos TbiBaeTCH Tenno,
3ANeKTpoCTaHUus!

KoTopoe 3arem u4ac-
TMYHO NpeBpaLlaeTcs
B 3NEKTPO3HEepruto. INeKTPOCTaHLUMM Ha
Mckonaemom tonnuee paboralor 3a cuer
CHKMraHMsi B OTPOMHBIX TOMKax BbICOTOW A0
100 m yrna, rasa unu XKMBKOro TONNMBA.
Beigenstowjanca npu 3Tom Tennosas 3Hep-
M MCMOMb3YeTCH [N HAarpeBaHWs M Mcna-
penus Boabl B kotne. Obpasytowmiics nap
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nop paenennem 170 Bap ¢ Temneparypoi
530°C Hanpaensetcs B TypbuHy. I10 Bonb-
lwas MaluMHa, B KOTOPOH €CTb BPaLLatoLMH-
CA Ban C 33KPenneHHbIMH Ha HEM
nonartkamu. ap pasut Ha nonatku, Kak Be-
Tep Ha NoMnacTv BETPSHOM MeNbHMLbI, Ban
BPALLAEeTCs U NPUBOJMUT B ABUIKEHWE CBA3aH-
HYIO C HMM BHHAMO-MalUMHY — reHeparop.
leHepatop, nogobHO BenocunegHoMmy
AMHaMo, BblpabaTbiBaeT 3NeKTPOIHEPruio,
Ho B Bonbluem konuyectse — okono 1000
MeraBarT, fJOCTaTOYHOM Ans obecneyeHus
anekTpuyectBom bonbloro ropoga. [anee
3NEKTPO3HEprus 4Yepes TpaHcopmaTopb



W NepeKntoyaTenu nonapaer B ceTb.

Map, OTHRABLWKM CBOK 3HEPrMI0 Ha Bpa-
weHie TypOuHbI, TepseT Temnepartypy M
paeneHue. [Ins NOBTOPHOroO MCMONb30BaHMS
ero Hy)XHO CHOBa NPEeBPaTUTb B BOAY. JTOT
NPOLEecc NPOUCXORHT B KOHAEHCaTope, rae
nap conpukacaercs ¢ Tpybamu, no koro-
pbiM TEYeT XONnoAHas BOAA3, NpeBpaliaercs
B BOAy W oTBopuTtcs obpartHo B koten. [pu
3TOM TemnepaTypa Oxnaparouiei Boppl
nosbiwaetcs ¢ 25 go 35°C.

[ns oxnaxpeHus Bofpl OBbIYHO MCMONb3y-
0T rpagMpHM, rRe BOAA PacnbinseTcs 1 na-
naer ¢ GonblwoK BbICOTHI, OXNampaacb OT
KOHTAKTa C XOMOAHBIM BO3AYXOM.
OxnaxpeHHyto Bogy cobupatoT u BO3Bpa-
watoT B KoHgeHcatop. [lpu 3tom B rpa-
AMPHE BO3HWKAET TAra, Kak B KaMMHe,
4acTb BOfbl MCNAPAETCA M YHOCHTCH B aTMO-
chepy, obpasys Hap rpagupHed menkue
obnauka.

3TH noTepu BRaru Ha I3NEKTPOCTAHLMK
mowHoctbto 1300 MBT cocraensioT B cpep-
Hem 1 Kybuueckui MeTp 3a CeKyHAy,
3aMeHa OCYLLEeCTBNAETCS U3 eCTEeCTBEHHOro

[ KOTEN AQEpHOro peaxkTopa
|
|

|

CepaeyHuK
peakTopa

nepemeLlm- &
Barens

ynpaensiouiue |§
CTep)KHH g

MCTOYHMKA BOABbI.

B HekoTopbix Haubonee ypauHbix cny4asx
MOXHO YaCTMYHO MNK MOMHOCTbIO OTKa3aTb-
Cf OT FPafupPeH, MCMNONb3ys PEYHYIo WK
MOPCKYIO BOAY HENOCPEACTBEHHO AN OX-
naXaeHus.

Ha atomHOM 3nekTpocTaHuuu 3Hepruto ans
npeBpaLleHus Bofbl B

s Sioe nap nony4arwT He ny-
TEM CKMFaHWA MCKO-

aTomHas naemoro ionnnaa a

3NeKTPOCTaHUMA} '

3a CYeT paclyenneHus
agep. O6bluHbIK KO-
Ten ycTynaeT 3pecb MECTO S4EePHOMY pe-
aKTopy = YCTPOHCTBY Ans BbIPaboTKM
ApepHo 3Hepruu. B Hem nposopst ynpas-
nSeMYIo LiEMHYI0 Peakuuto, Npu KOTOpPOMH
AONYCKaeTcs paclienneHne POBHO TaKoOro
KonuuecTsa spep, Kotopoe tpebyetcs ans
BbIPabOTKM 3NEKTPO3HEpPTrHM.

ATOMHaA 3NEKTPOCTAHUMA € KMNALYMM PEAKTO-
pom. 3zeck nap reHepupyerca SAepHOH
3HEPrHEH, @ He CXMraHHeM yrns.

’—6 TPapMpHs
 TYp6uHbi “

BbLICOKOro, CpeaHero, HM3Koro

AaBneHus
E ¥ > .‘
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TONNMBHbIE
CTepPIKHH

~ TennoBbifensiowmn
 3neMeHT

ynpannmou.mﬁ CcTepXeHb
BBEJlEH

Oborpesaembii AREPHON 3HEpruen Koten
KMNALLEro peakTopa,
3aMEHAOLWMIA TOMOY-
Hbli KoTen obblYHOM
3NEeKTPOCTAaHUHHK,
TaKXe CNnyXuT Aans
McnapeHus  BOfAbI.
Obpasytowuics nap Noj AaBNeHWEM OKO-
no 70 6ap npuBogMT B ABHXKEHWE TypbuHY,
KoTopasi, B CBOK OYepepb, nepepaer
3Heprulo reHeparopy pAns BblpaboTku
3aneKTpU4ecTBa.

B yxe ynomsHyTOM KoTne peaktopa,
MMEIOLLLErO B HALLEM CMy4ae CTEHKM TOMLM-
Hou 16 cm, HaxopHuTCs cepAeyHHK PeakTo-
pa, Yepe3 KOTOpbIM NMPOKa4Y1BatoT BOAY ANS
ucnapenus. OH coctout u3 npumepHo 800
Tensosblgensowmx Inementos. Kaxppin
TENNOBLIAENSIOWMA INEMEHT NpeacTasnser
coboi BepTMKanbHbIM naket u3 64 tonnue-
HbIX CTEPXHEH, MEeMXAY KOTOPbIMU CHU3Y
BBEpPX nopaeTcs BOAa. [ONMMBHbIN cTep-
KeHb — 3TO MeTannuyeckas Tpybka, Hanon-

Tenno-

HEHTPOH

YyNpaBnsioLMH
CTepXeHb
BBeMleH

Kak paboraer
KMNSILLMH
peakrop!
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YyNpaBnsiowmm
cTepKeHb

BbifeNAIOULHMH
3NEeMEHT

TOMNMBHBIH
cTepMeHb

KomnoHeHTsi
cepAeyHHKa
peakropa.
Ecnm ynpas-
NAOLMH
CTepXeHb
BBEAEH, OH
nornowaer
BblAensrowpe-
CS HEHTPOHBI.
lpn BbiBEAE-
HMH ynpasns-
rowero
CTEPHA M3
cepaeyHmKa
HEHTPOHBI
nony4aror
BO3MOMHOCTb
pacwennars
BCe HOBblE

4pa.

PN e ] b P ] e o) VS

TONNHMEHAA
Ttabnetka

obonouka

HeHHas BpuKeTamu M3 sQepHOro Tonnuea —
NPEeMMYLLECTBEHHO M3 OBoralleHHoro ypa-
Ha B opme puokcupa ypaHa (UO,). Mpu
pacuienneHuu sgep ypaHa Bbigensercs
3Heprus, Kotopas B hopme Tenna nepepa-
ercs Boge 1 ucnapser ee. OgHOBpEMEHHO
BOAA BbIMOMHAET (hYHKUMIO 3amepnuTens,
TO €CTb TOPMO3MT MCMyCKaemble NpHU pac-
nage cBobofHbIE HEHTPOHBI HACTOMBKO, YTO
OHM CTaHOBATCH cNocobHbI pacuennatb
crepyolme apa.

lMpu pacnape KaXporo ypaHoBOro fapa Mc-
nycKaeTcs, KaK Mbl yXe 3Haem, ot 2 go 3
HeWTpoHoB. Ecnu Bbl BCe OHW Bbi3biBaNM
cregyrolMe pacnagbl, TO peakTop 6bicTpo
Bbiwen Obl M3-Nog KOHTPOMs M CTan Bbipa-
BaTbiBaTh CMUIWIKOM 6onblioe KONUYECTBO
3Heprum. Ytobbl 3TO NpepoTBpaTMTL, Ka-
Abl PEaKTop COJEPKMT cneuuanbHoe Be-
WecTBo, Hanpumep, Kagmun unu 6op,
koTopoe nornowaer (abcopbupyer) Hen-
TPOHbI B TaKOM Konudectse, 4tobbl obec-
neyuTb  PaBHOMEPHOCTb  BbipaboTKu



IHEPrUK.
OTH BewlecTBa MOMELLAKOT B TaK HasblBae-
Mble peryiupyloLye CTepXHH, KOTOpbie
MOTYT BBOAMTbCS B CEPAEYHMK peaKTopa Ha
Tpebyemyto rnybuHy unu HaobopoT — Bbl-
ABUraTbCsi HapyXy. Yem cunbHee 3toT
CTepXeHb BbIABUHYT U3 CEpPAEYHMKA, TEM
MEHbLUE HEMTPOHOB OH MOrMOLWAEEeT U TeM
Bonblue pacnapoB OHM Bbi3biBalOT. M Ha-
obopoT: 4em rnybxe perynupyrowmi
CTepeH BBefeH, Tem Bornblue HEHTPOHOB
MOrfoWaeTcs U TeM MEHbLUE IHEPruu Bbi-
pensercs. Takum obpa3om, MaHWMynupo-
BaHME PErynupyloLuM CTEpIKHEM MO3-
BONSIET HeTKO ynpaBnaTb BbipaboTKOM
3HEepruM, & npu HeobXOAMMOCTH U COBCEM
npekpawarb ee.

Korpa 3anyckatoT HOBbIM peakTop, Mpuxo-
[MTCA ANs nonyuvyeHus nepebix cBoBogHbIX
HEMTPOHOB MCMONb30BaTh CheLuanbHble
HEeNTPOHHble ucTOuHMKM. [lanee, paxe

nocne nepepbiBoB B paboTe peakTopa,
3Toro yxe He Tpebyercs, TaK KaK TOMMWB-
Hble 3NEMEHTbI Y)XKe MCMYCKaloT JOCTAaTOYHO
HEMTPOHOB, 4TOBbI 3amyCTHTb LEMHylo pe-
aKLUMIO NpM BbIBE[EHWW Perynupytouiero
CTEPXHS M3 CepAeYHMKa.

B onucaHHOM Bblle Kunauwiem peakTope

TypbuHy  Bpawaer
Hro Taroe nap, BbipabatbiBae-
PERIop ¢ MbI{ HEnocpepacTBeH-
BOARHBIM Ho B kotne. Ho
OXNAMACHUEM | 515 e epuHCTBEH-
NOA AaBneHMeM!| ... cnocob. Cyuwe-

CTBYIOT pPeaKkTopbl C BOASHbBIM OXJsa-
XaeHnem nos Aasnenuem. B Hux sopa,
BXOASALLAS B KOHTAKT C CEPAEYHUKOM peaK-
TOpa, HE KMMUT, TaK KaK HaxoAuTcs Top
TaKUM OrPOMHbIM AABNEHMEM, 4TO OCTa-
eTC KMAKOW [aXe MpU OYEHb BbICOKMX
Temnepartypax. JTa nepsBuyHas BOJa Ye-

ATOMHas 3NEKTPOCTaHUMA C PEaKTOPOM, OXNaKAaeMbIM
BOBOH nop gasneHrem. Boga B nepeuyHOM KOHTYpe
HaXOAMTCA NOJA BLICOKMM AAaBNEHHEM M HE MCNapsAerTcs.
OHa HMrge He BXOAMT B COMPHKOCHOBEHHME C BOJOH M3
BTOPHYHOrO KOHTYPa.

e [ s - = B —
|l naporexeparop —;——\
Koten gl nap
peaktopa [ | crabunuzatop pasneuus
— U ( - l % rpagupHsa
| ) Kd
TypOuHbI _“
BBICOKOro, CpefgHero, HHW3KOro
naKoume
CTEpKHH DABNEHHS reHeparop
Tennosbigensio-
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3 Ty ! KOHgEeHcaTop e ""‘““";\
- _- — : et = ’, : i i f
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pes Tpybku maporeHeparopa nepepaet
TENNO TaK Ha3blBAEMOM BTOPMYHOMN BOJe,

He BCTynas C HeW B HENOCPEeACTBEHHbIMH
KoHTakT. [lpu atom nepeuyHas Bopa ox-
naxpaetcs ¢ 330°C po 290°C u nopaercs
obpaTHo B CeppeyHMK peakTopa, a BTO-
pU4Has — 3aKunaeT, NpeBpaliaeTcs B nap
W NPUBOAMT B ABMIKEHHE TYpOUHY M reHe-
patop. [lepsuuHas Boga B ceppeuHuke
CHOBa HarpeBaeTcs A0 Temnepartypsl
okono 330°C, a cneuanbHoe YCTPOWCTBO
NOAAEPXHMBAET HEM3IMEHHOE [aBNeHue B
KOHType.

B tMnuuHOM peakTope ¢ BOASHBIM OXnaX-
AeHrem nop pasneHuem mowHoctbio 1300
MBt ceppeunnk coctout uz 200 tennosbl-
penstowux anementoB no 300 TonnueHbIX
CTEPXHEH B KaXAOM. YnpaeneHwue peakto-
POM OCyLLeCTBNAETCA, BO-NEPBbIX, NyTEM
BBEIEHHS B NEPBUYHbIN BOAHbIN KOHTYP no-
rNowarLLero HeWTpoHbl maTepuana, co-
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Crpoutenscrso atomHosi anextpocraHuymy. Koren
peakropa (sepxHwi cnesa) nepeso3st Ha cTporinmo-
wagky (HwkHWi cnesa). Cnpasa HasepXy nometyeH
0630pHBIS CHHMOK MALUMHHOIO 3ana C TypbHHamm
4 reHepaTopoMm.

Aepxauwero 6op, M, BO-BTOpbIX, 3a cyeT
MCNOMNb30BaHMS KAf,MMEBbIX PErynMpYHOLMX
CTEPXHEH, HAXOAALUXCS B BEPXHEH 4acTH
cepaeynnka. Bopa nepsuyHoro KoHtypa
CNYXMT 3[€Cb, KaK M B KMNALLEM peaKTope,
RONOMHUTENbHbIM 33aMEANUTENEM HEHTPO-
HoB. Kpome Toro, oHa BbinonHser ewe u
Perynupytowyto yHKUMIO: ecnu peakTop
CMMIWLKOM pa3orpeBaeTtcs, MNOTHOCTb nep-
BUYHOW BOfbl Napaer, ee cnocobHocTb 3a-
MEeAnATb HEMTPOHbl CHMXKAETCH, HYMCNO
pacnapoB CHMXKAETCs U CMCTeMa O~ -iaer
L0 HY)XXHOTO YPOBHS.

Oba sbiweonucanHbix TMNa peakTopoB OT-
HOCATCA K Knaccy N1erKoBoAHbIX peaxTo-
poB, To ecTb paboralowmx Ha 0bbluHOM —
«nerkoi» sope (H,0), B otnnume ot cuc-
Te€M, B KOTOPbIX MCMOMb3yeTcs Ans OXnax-
Aenus Taxenas sopa (D,0).

Kak mbl yxe Bugenu, GbicTpble HEHTPOHBI
nornowatoTcs fappa-
mu U-238 ¢ obpaso-

Yro
S BaHMEM  ferkopac-
6punep! Wennawmuxca apep

NNYTOHMSA, MNOTEHLUM-
anbHO NPMroAHbIX Ans
BbIPaboTkM 3Hepruu. ITO M Ucnonb3yeTcs B




peakTopax-pasmHoxutensx (6pugepax).
3pech B KayecTBe paclLennaolerocs ma-
Tepuana npumeHseTcs nnyTouuu-239, pato-
WHH nNpM Kaxpom pacnage no 2-3
HeWTpoHa. OfuH M3 HMX pacxopyeTcs Ha
NopfepKaH1e LIENHOM peakuuu, a ocTanb-
Hble mornowalTcs ypaHom-238 ¢ obpaszo-
BaHWEM NNyTOHUA-239, TO ecTb HOBOro
spepHoro tonnuea. Takum obpasom, peak-
TOp Kak 6bl cam «BbICWXKMBAET» Ans cebs
HOBOE TOMNMBO, MPUYEM B WAEANbHOM Crly-
yae - paxe Bonbliee KOMMYECTBO, ueM
pacxopyer. IJTOT MEXaHW3M B HE3Hauu-
TenbHOM, Macwrtabe peanusyetcs M B
Apyrux Tunax peakrtopos. U-238 Hamworo
Bonee nOCTyneH, Yyem ApYrue W3oToMbl, W
_ecnu Blﬁnumaumue CTONeTUs He YAacT-
cs HautM bonee 6esonacHble 3Heprope-
cypcbl,  Opupepbl,  HecmoTps  Ha
Bonblume TexHuyeckue npobnembl npu ux
CTPOMTENbCTBE, BEPOATHO, CTAHYT BaX-
HbIM 3NEMEHTOM MHPOBOM 3HepreTuku. C
NOMOLLBIO BPUAEPHON TEXHONOTUM MOXKHO
BbipabatbiBate  3Hepruto u3 BecnonesHoro
ans ppyrux peaktopos U-238, npespa-

e W e If-:".inaporeneparop
[| ynpaensto- -
lue CTEepMHH

NPOMEX-
YTOUHBIH
Tennooﬁmeﬁm

peaktopa

aocnpouaso-
il 'P AALKHH
ST 3nemeHT
L Tennoebige- 7y
= nmoupn 7
INEMEHT

~~ BTOPHYHbIN
HaTPHEBbIH KOHTYP

Was ero B pacwennaembld matepuan, H,
Takum 0bpa3om, UCMonb3oBaTb NPUPOAHbIM
ypaH B 60 pa3 acpektuHee, uyem 0bbiy-
Ho. [lpespawenue U-238 B nnyTtonun nyu-
Wwe npoXoguT nop AencTBuem bbicTpbix
HEHTPOHOB, YeM MepneHHbix. B 6pugepax
Ha BbICTPbIX HEHTPOHAaX ANS PacLienneHus
MCMONb3YIOT WMEHHO ObICTPbIE HEHTPOHBI,
NO3TOMY ANS HOpManbHoW paboTsl B TOM-
nMBe AOMKHO ObiTb  MOBbLIWEHHOE CO-
[EPXaHUEe pPacLLEennaIoLLerocs marepuana,
NO3TOMY TENNOBbIENAIOWUE INEMEHTBI B
Takux peaktopax copepxar 20-30% nny-
ToHua u Bcero 70-80% U-238. Bcenepcr-
Bue  atoro B bpupepbl Ha bBbicTpbix
HeuTpoHax 3arpyxatoT B 10 pas 6onbwe
paclLennsiowerocs marepuana, Yem B pa-
HEe OMMCaHHbIE TWMbl PEAKTOPOB, YTO, KO-
HeYHo, Bneyet 3a cobol BCEBO3MONKHbIE
TPYRHOCTH, ONACHOCTU W Npobnembi.

Mocne takoro npepgucnosus nerko partb

ATOMHas 3INEKTPOCTaHLMA ¢ BpHBEpHbIM PEaKTOPOM.
AHanoruuHsle peaxTopsl ‘gme paboraior B Apyrix
cTpaHax, Hanpumep Bo @patiymn. Onn obecneyunsaror
OfTHMANbHOE MCNONb3OBaHWE SAEPHOrO TONMMBA.

W‘ rpPagupHs

]

TYp6HHbI
BbICOKOrO, cpeiHero, HM3Koro
A3BNEHHS
reHeparop

oxnap
uTenb



onucanne Bpupepa Ha BbICTPbIX HEMTPOHAX.
CobcTBEHHO pEaKTOp COCTOMT U3 TEMnoBbl-
AENSIOLUX 3NEeMEHTOB, KOTopble Bbipaba-
TbiBAKOT 3HEPrUIO, U BOCMPOM3BOASLLUX
3NEMEHTOB, B KOTOPbIX (hOPMHPYETCs HO-
BbIW pacliennsembin matepuan. Ms-3a no-
BbILUEHHOrO COflEP)KaHUA 3TOro marepuana
OY€Hb BbICOK M YpOBEHb TennooTaauu. foa-
TOMY PEaKTOp OXNAaXAAKT MMAKMM HATpu-
€M, MWMEKOWHUM  OYEeHb  BbICOKYIO
TeNNonpoBOAHOCTb, HO, B OTNM4Me OT
BOAbl, HE BbINOMHAOWMM (PYHKLUIO 3aMef-
nuTens HeHTpoHoB. MTak, MepBUYHbIN Ha-
TPUEBbIH KOHTYpP OTBOAMT TEMMO OT CepAeY-
HUKa M nepefaeT €ero Ha BTOPHYHBIK
HaTpMEBbIH KOHTYP, KOTOPbIK NpeBpalyaer
BOAY B Nap, BPALWaloWuK TypOuHbl ANs Bbl-
paboTku 3NeKTPO3Hepruu.

Ewe oauH mepcnekTMBHbIM TUN peakTopa —

BbICOKOTEMMeparyp-
Kak paboraer HbIH, TOEe B KayecTee
BbICOKO- fiQepHoro TONMKEa,
TemnepatypHbii | HAPSAY ¢ ypaHOM,
peakTop! NPUMMEHAIOT  TOPMM-
' 232, KoTopbiM, Mno-
rnowias HEWTPOHbI, MNpeBpalaercs B

pacuwiennsembii ypau-233. Tonnueo roro-

JnJLE o

YNpaBnsioLMe CTEPMHHM

1|

HOBble TOMNWBHbIE LWAPbI

6eroxnas obonouka

naporexeparop

W raz

nap

BMTCS B (DOPME MENKMX YaCTHL, C MOKPbITH-
€M, NMOMELLEHHbIX B cepuueckue rpacu-
TOBble Kancynbl pasMepoMm C TEeHHMCHbIX
Ms4. [padut cnyxuT 3pecb 3amepnure-
nem. BbipabaTbiBaemyro B KOTME 3HEpPruto
OTBOAMT ra3, HanpMMep renuu, Harpeeasch
npu 3atom po 900°C. las nepepaet Ttenno-
BYIO 3HEPruio BOfle Yepe3 TennoobMeHHHK,
BOAA McnapseTcs, nap Bpawaer TypOuHbl.
Y BbicOKOTEMNEpPAaTypHOro peaktopa
MHOTO NMPEUMYLLECTB: BbICOKMH KOIPDHULK-
€HT NONe3HOro [EeWCTBUS W BbICOKWE IKC-
NnyaTauuoHHbIE TeMnepaTtypbl NO3BONSOT
NPUMEHATb €ro, HanpuMep, B XMMHUUYECKOM
NPOMBILLNEHHOCTH NPU ra3uduKaLmuu yrns.

B To Bpems KaK KunsLWMH peakTop M cucte-
Mbl C OXNaXAEHUEM
BOAOW nNop pasene-
HUEM CTanu Ans Hac
TaKMMK e obbigeH-
HbIMM, KaK aBTOMObU-
M u paxe bpupepsi 1
BbICOKOTEMNEpPaTypHbIE PeakTopbl YyKe

Mpaspa nu, uto
SAEePHbIM CHMH-
T€3 — rnaBHbIX
MCTOYHUK 3Hep-
rmm XXI Beka!?

ATOMHES 3NEKTPOCTaHUMS C BbICOKOTEMMEPATYPHbIM
peaKTopoM. YacTmubl saepHoro ronnuea 3aKmoqeHbl
B rpahuToBeie LIapPbl Pa3MEPOM C TEHHHUCHBIA MAY.

6"‘ rpagupHs
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BHewwHui Bup aTOMHON 3neKTpocTaHumm B bubnuce. Cnpasa u cnesa BHAHbI rPaAHPHH.

NPOLWNK OCHOBHbIE MCMbITAHUS, MPOMbILL-
NEHHbIW TEPMOSAEPHbIH PeakTop — AEno
panekoro bypywero. oka ocratotcs He-
peLUeHHbIMU HEKOTOpbIE TEXHWUYECKHE Npo-
Bnembl. Hanpumep, TepmospepHoe Tonnu-
BO — M30TOMbl BOAOPOAA AEHTEPHA M TPH-
TMH — HeobxoauMo pasorpesartb A0 Temne-
patypbl 100 munnuoHos rpapycoe. Harpa-
[0} 3a npeoponex1e TpyaHocTen Bbino 6Gbl
pelleHne BceX 3HepreTMyeckux npobnem,
TaK Kak nepepabotka 1 Kr pentepus pana
6b1 24 munnuona KBT - 4 aHepruu. IT10 cooT-
BETCTBYET 3HEpruu, nonyvyaemou M3 3
MHNNUOHOB TOHH yrna. Ho Hu oguH cocyp
He BbIAEPKMT Takux Temneparyp. [loarto-
MYy [enatoTcs NOMbITKW yAEepKaTb TOMNUBO

C MOMOLIBKO MOLIHBIX MarHuTHbIX MONew
WM pa3orpesaTb Manble NOPLUM TONNMBA
nasepHbIMKM ny4amu, 4tobbl 3aTemM OHO
CaMO BbIAENSNO 3HEPrHiO HAEPHOTO CHH-
Te3a. M3ayyarotcs M «XOnopHble» MeTofbl
C NpUMeHeHMeM 0cobbiX YacTUL — MK0O-
HOB, HO MX PaCCMOTPEHME BbIXOAMT 33 pam-
KM 3TOM KHWUIH.

Urak, He cuutas BogopoaHoK Bombel, Tex-
HHYECKOE NPUMEHEHHE SQEPHOrO CHHTE-
3a — geno 6yaywero. Ho, yuutbiBas nocro-
HHOE YCKOPEHWE TEeXHWYECKOro nporpec-
€a, MOXHO npeanonoXutb, 4to yxe 8 XXI
BEKe AAEPHbIH CUHTE3 3aMMET BaXKHOE Mec-
TO He TOMbKO B 3HEPreTMKEe, HO W B OCBOE-
HMH KOCMMYECKOTO MPOCTPAHCTBA.

Bug Ha TepmosgepHbii
peakTop JET (Joint
European Torus) —
COBMECTHbLIH nNpoexT
Esponesickoro Coobujecr-
Ba B Kanxeme, Benukobpu-
TaHus. YcraHoska
npegcraenedHa Ha craguH
MoHrawa. 3aece Byayr
CNMBATLCA AAPAa AeHTepHs
M TPHTHA NPy Temneparype
100 munnmoHoB rpasycos
¢ obpa3oBaHHeM renus
BbIZENEHHEM IHEPrHM.
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Kpyrosopot Tonnuea

[lobblva ypaHa — nuKBMBALMA M pereHepaLys
0TpaboTaHHOro SAEPHOro TONNMBA

Ha aTtoMmHbix AINEeKTPOCTaHUMAX [ONXHbI

Y10 noHumalor
noa
KPYroBOpoToMm
fSlepHoro
Tonnueal

6biTb 0becneyeHbl He
TONbKO NOCTaBKW sApe-
PHOrO TOMMMBA, HO M
perynspHeii BbIBO3
oTpaboTaHHbIXx Tenno-
BbIAENAOWMX  3ne-

MeHTOoB. M3 HUX HeobxoguMmo wu3BMeYb

A 4
==z ¥

OCTaTOK pacliennaioLLerocs marepmana,
HENPUrofHble K NPUMEHEHUIO M ONAaCHbIE
OCTaTKu nuKeMaMpoBatb. Bce 3ath npoueccs
obbeguHeHbl B NMOHSTUM KPYroBopoT TOM-
nmBa. OH HauuHaeTcs ¢ fobbiumM ypaHa u To-

CHabieHHe spepHeIM TONMMBOM M ero obe3spexmsa-
HHE XH3HEHHO BaXHO ANA ATOMHbIX 3NEKTPOCTaHUMA.
3pecs nokaszana emkocTs Ans cbopa orpaboraHHsix
TOMAMBHbIX 3/1EMEHTOB.



pusi OTKPbITBIM CMOcoBOM MnK B LUAXTax.
[lanee cnepytot obpaboTka pyasl, npouec-
cbl oboraleHus U xumu4eckon nepepabor-
KM, 3aTeM M3roToBneHWe Tennoebife-
NAOWMX 3INEMEHTOB W MOCTaBKa MX Ha
aTOMHble 3NeKTPOCTaHUuU. IT0 — cHabxe-
Hue. He meHee BaXXHOW 4acTbio Kpyroobo-
poTa SBNAETCA M SIMKBMAALUUS OTXOLOB.
OHa HauMHaetcs ¢ BbleMKM OTpaboTaHHbIX
TENnoBLIAENAIOLMX INEMEHTOB, KOTOpble
CHayana XpaHsTCs B OXNaXfaemMOM BOAOM
pe3epByape, 3aTeM Ha NMPOMEXYTOYHOM
CKNafe M, HaKOHel, nepepaeTcs Ha pere-
HepaLMOHHYIO YCTAaHOBKY. Tam paguoak-
TUBHbIE OTXOfbl OTAENSIOT OT MPUrOJHOro K
fanbHeWWeMYy MPUMEHEHHMIO pacliennse-
moro marepuana. M3 pereHepuposaHHOro
TONNUBA rOTOBST HOBbIE TEMNOBbIZENSIOLLUE
3NeMEeHTbl, @ OTXOAbl B CMELMansHoOM ycTa-
HOBKE YMaKOBbLIBAIOT M MOMELLAIOT B Ha-
AEXHblE NOMA3EMHBIE MOTUIBHUKM.

YpaH — taxenoi metann, fobbisaembii U3
ypaHoebix pya. Ca-
Mafi M3BeCTHafd M3

Kak
3TUX PYA - YpaHoBas
‘y‘gg::“'m CMOnKa, cocrosuas

Ha 95% wu3 okcupa
ypaHa. OHa uHorpa
BCTPeYaeTcs B BUAE rpomafHbix Briokos se-
COM B HecKkonbko TOHH. K coxanenuio, B
BonblMHCTBE APYrMX pyA ypaHa ropasgo
meHbwe. [lobbiya pyAbl CTaHOBUTCS peH-

Ypan gobsisaior 13 pyasl,
MOMy4eHHONH B OTKPBITBIX
Kapbepax MM MoA3eMHbIX
waxrax. Ha cHumke
HECKONbKO KYCKOB
YpaHoBOH pyabl.

TabenbHoW, ecnu oHa copepMT xota Bbl
HECKOMbKO KMNOFPaMMOB YpaHa Ha TOHHY.
[obbiTas WaXxTHLIM MAKM OTKPbITBIM CMOCO-
6om pypa nopeepraeTcs npefBapUTEnbHON
obpaboTke: ee M3MenbyaloT, Bbillenayuea-
IOT M Yepe3 HeCKOMbKO CTafuM MonyyaroTt
KOHUeHTpaT, copepxawun bonee 70%
ypaHa — TaKk HasbiBaembii «Yellow cake»,
MIM «KenTbiM KeKc». IJTOT MPOAYKT nepe-
AAKOT Ha fanbHenwWwyro nepepaboTky.

YucTbll ypaH HenpuropeH Ans MCnonb3oea-
HMS  Ha  aTOMHBbIX
3NeKTPOCTaHUMUAX,
TaK KaK COREPXKMT
gcero 0,7% pacwen-
naowerocs U-235, a
octansHbie 99,3% co-
cTaBnseT Heckonbko bonee TaXenbid He-
pacwennsembit U-238.

Oevcreytowme B [epmaHun atomHble
3aneKTpocTaHuuM paboTaloT Ha Tonnuee, co-
nepxauiem okono 3% U-235, noatromy
ypaH pomkeH 6biTb oboraweH fo 3tou
KOHUeHTpaummu. lMockonbKy M3oTombl ypaHa
He Pas3nUYaroTCs. MO XMMMYECKUM CBOWCT-
BaM, TO Ans oboralieHus NPUXOAUTCA MC-
nonb3oBaTb pas3Huuy B macce. CHavana
ypaH ¢ nomouplo Topa NpespallaloT B
razoobpasHbiii rekcagropup ypara (UF,) —
coefiuHeHne ypaHa ¢ ¢Topom. [Ins pasge-
NeHUs U3OTOMOB CYLLECTBYET HECKOMbKO
cnocobos.

Kak nonyvaior
oborauieHHbIM

ypan!




Paspnenenve Ha chunbepax

BXOAALLHH

ras

—_—

BbICOKOE
A3BNexHue

™0 O

BXOAAULMH |

ras

Q

LlenTtpudyruporaHme rasos

T —— Nerkuk ras

TANENbIM
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Tpu n3sectHbix TexHonorum oborawenns. Ero yens —
MoBbILUEHHE COAepanua ypaHa-235. Ypan-235 naobpa-
JKEH KPacHbIM LBETOM, ypaH-238 — Genvim.
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Mpu pasgenenuu B unbepax razoobpas-
Hoii UF, nponyckaioT ¢ BbICOKOH ckopoc-
ThiO Yepes y3Kue unbepsbl fyroobpasHoM
hOpMbI, LEHTPOBEKHbIE CUMbl MPUKMMALOT
6onee taxenbie monekynbl ¢ U-238 k Ha-
PYXHOW CTEHKe AyrM, YTO NO3BONAET Yac-
TUYHO pasfenutb wu3sotonsl. KoHeuwo,
nonHoe pasfeneHue B OfHY CTafMiO NPo-
BECTU HEBO3MOXHO, MOITOMY ra3 nponyc-
KaloT yepe3 pAf  PacnonoXeHHbIX
nocnefoBaTenbHO Pa3fenuTenbHbIX SYeek
BO AOCTUIKEHUS HEOBXOOMMON KOHLEHTpa-
umm U-235.

KackagHas acpgpy3us. B coorercreumn ¢
3TOM TexHonoruen razoobpasHbii rekcad-
TOPMA YPaHa NPOAABNMBAIOT YEPE3 MEM-
OpaHbl, Npuyem ras ¢ Nerkum M30TOMOM
BbicTpee npoxofMT yepes nopbl, YEM TH-
wenbii U-238. [ina 6onee nonHoro paspe-
NeHUs M30TOMNOB YCTAHABMMBAIOT KAaCKaf
membpaH.

Pasgenenne B razososi uentpugpyre. a3
BBOAAT B BbICOKOCKOPOCTHYIO LEHTPUYrY,
NP1 BPalLeHMM KOTOPOH Nerkue M3oTonbl
KOHLEHTPUPYIOTCA Y OCH LeHTpUdyru, a
TAXKenble oTbpackiBaloTCA LEHTPOBEKHBIMMU
CMNamK K ee CTeHKam M Takum obpasom
paspensiorcs. 3pech TaKxe Heobxoaumo
MHOrOKpaTHoe NOBTOPEHWEe NpoLeaypbl Ha
nocnefoBaTenbHO COEAMHEHHbIX YCTaHOB-

Bug ycranosku gna oborawenns ypava. MHoxectso
annaparos, COEAMHEHHBIX MOCNEA0BATENLHO.



Kax, 4tobbl pocTHyb Tpebyemon creneHu
oborauieHus.

Lpyrue cnocobbl, koTopble nossonunu Bbi
npoBecTH oboraijeHue BCEro B OfHy CTa-
[MIO, MOKa HaXxo@AaTCs MULIL Ha CTaguu pas-
paboTku.

Kak yxe 6bino cka3aHo, B TONMMBHbIX
CTEPXKHAX Ha aTOM-
Kax HbIX 3NEKTPOCTaHLMAX
M3rOTaBNMBAIOT | HaxoasTcs BpuKkeTsl,
TEeNNOBbIAENSIO- | MNM OKAaThILLM, U3 Ou-
e 3nemeHTbI! | Okeupa ypaxa (UO,).
[uokeup ypaHa nony-
yatot u3 oborawenHoro UF,, 3atem ¢op-
MyloT ero B Opuketbl, 0B6bI4HO Ha-
3blBaembie «Tabnetkamu», guameTpom |
CM M TonwwmHoi 1,5 cm. ITM pasmepbl mo-
ryT MEHSTbCS OT CTpaHbl K CTpaHe, OT
3NEeKTPOCTAHUMM K 3NEKTPOCTAHUUU, HO
OHHM, KaK M Apyrue Np1BOAMMbIE 3[eCh KO-
NUYECTBEHHbIE faHHble, SBAAKOTCA TUMMUHbI-
MM cpepHMmu  BenuuuHamu. Cobipble
oTnpeccoBaHHble Tabnetku HarpesaloT [0
1700°C pna pocTHKeHus Heobxoaumon
NPOYHOCTH M MNOTHOCTH, OBTauMBaOT [o
Tpebyemoro pasmepa € TOYHOCTBIO [0
1/10 000 mm u 3apsxaoT B obonouky
TonnueHoro ctepxHs. Ob6onouky Hukorga
He HabualoT Tabnetkamu NOMHOCTBIO, TaK

Ha npasom sepxHem
cHHMKe Tabnetku, unm
OKartbillK M3 RAEPHO.rO
ronnuea. Cnesa: c6opka
TEMnnoBbI4eNSIOLero
3NIeMEeHTa M3 TOMIMBHbIX
CTEePIHEH.

Kak npu paclienneduu uHorpa obpasyror-
ca rasbl, Tpebylowme onpepeneHHoro
npoctpaHcTea. [ins ynyuwexus Tennonpo-
BOAHOCTH cBobOgHOE NpocTpaHcTBO B 060-
NOYKE 3aNOMNHAIT renueMm.

HanonHeHHble M rasoHenpoHuLaemo 3a-
repMeT3upoBaHHble obonouku — Tomnnue-
Hble CTEepPXHM — cobupaloT B NakeTsl ¢
PErynupyIoLWMMU CTEPIKHAMU M (DOpMHU-
PYIOT W3 HMX TEennoebigensiowiue ane-
MEHTbI, KOTOpble, B 33aBUCUMOCTH OT
06CTOATENLCTB, MOTYT MMETb Pa3NUuHYIO
KOHCTpyKumMio. B kunswmx peaktopax ans
TENMOBbLIKENSIOWLErO 3MEMEHTA NPUMEHSIOT
06bI4HO NakeT 7x7 TONMMBHBIX CTEPIKHEH, B
CUCTEMAX C OXnaxpeHuem BOAOW noj,
pasnenuem — 15x15 unm 20x20 crepxHen.
Moxert TaKkxe BapbupoBaTbcs cnocob yc-
TaHOBKM PErYNUPYIOLUMX CTEPIKHEM.

Kak mbl y)e 3Haem, B peakTope npu pac-

WenneHun Maccus-
Kax 6
i R HbIX apep obpasy-
P 6 IOTCA BbICOKOpPapHo-
OTPALOTAHHBIE | oy rypybie sppa cpep-
T°""”B"b:e HeW Maccbl, KOTopble
CTePXKHK: MCMYCKalT onacHoe

usnyvyenue. OtpaboTaHHbii Tennoebige-
NSIOLLMIA INEMEHT COLEPIKUT 3HAYUTENbHOE
KONWYECTBO 3TMX OMAacCHbIX ANS MU3HW Be-
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TpaHcnopTHpOBOYHBIA KOHTEHHep Ans OTpaboTaHHsIX
TENNOBLIAENSIOLMX INEMEHTOB. ITH KOHTEHHEPSI
OTHOCATCA K Hanbonee HafeMHbIM KOHCTPYKUMAM

B TeXHHKe.

WEeCTB, @ TaKXe OCTaTKu ypaHa-235 u nny-
ToHuH. Ecnu oTBpocHTb KOHCTPYKUMOHHBIE
martepuanbl U 06ONOYKY, TO nony4um cne-
RYIOWMH cocTag OTPaboTaHHOro TONNMBHO-
ro anemeHTta: okono 3% BbICOKOAKTHBHbIX
npopykToB pacnaga, 95% ypana-238, 1%
ypaHa-235 u okono 1% nnyrtonus, obpa3so-
BABLUEroCA NPM TPaHCHOpMaLMM ypaHa-
238. [Ina npepoTepallieHus nonapaHus 3Tux
MAaTep1anoB B OKPYXXawlyo cpeay Heob-
XOAMMBI CTPOXaHWwHe mepbl BesonacHoc-
™.

B ®PI" atoT npouecc opraHu3oBaH cnepyto-
wum obpasom. Mocne Bbirpysku u3 peak-
Topa oTpaboTaHHble TOMNMUBHbIE 3NEMEHTHI
MOMELLAIOT Ha HEKOTOpOoe Bpems B pese-
pBYap C BOMOM, HaXOAALWMWUCS B TOM e
3AaHUHU, YTO U peaKTop. 34ecb OHM OCTbIBa-
0T, M Tennosbifenexre chuxaercs. ocne
3TOrO TOMNMBHbIE 3NEMEHTbI MOMELLAOT B
cneuuanbHble TPAHCMOPTHbIE KOHTEWHEpbI
€O CTeHKamu TonumuHon noutu 50 cm, Koto-
pble Hafle)XHO M3OMMUPYIOT COAEPIKUMOE OT
BHELHEro Mupa M rapaHtupyrot besonac-
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HOCTb [aXe B Cny4ae CEpPbe3HOM aBaphu.
3TH KOHTEHHepbl AOMKHbI BbiiepPXHuBaTh, B
YaCTHOCTH, NapieHue ¢ BbicoTbl 9 M, npebbi-
BaHMe B nnamenu B TeueHue 30 MuHyT,
cbpacbiBaHue Ha wTbipb AnuHoM 1,2 M M
[aXke CTONKHOBEHWE C MapaloliMM camone-
Tom. B Takom kouterHepe secom po 120
TOHH MOXHO OCYLLECTBNATb MPOMEXYTOY-
HOe XpaHeHWe unu nepeBo3Ky Ao 9 otpa-
BoTaHHbIX TENNOBLIAENAIOLMX INEMEHTOB.
B HacTosiee BpeMs C HEMELKMX aTOMHBbIX
3NEKTPOCTAHUWNH €XKErofaHoO BbIBO3MUTCH
okono 250 ToHH otpabortaHHOro spEepHoO-
ro TOMNNWBA — FMraHTCKas Harpyska Ans
BCEX (PMPM, 3aHATbIX NUKBUAALMEN OTXO-
AOB.

Ha aTOMHbIX 3NEKTPOCTAHLMAX €KErofHO
3aMEHSIIOT NPUMEPHO
OfiHY TpeTb [enCcTBy-
IOWMX TennoBbigens-
IOWUX  INEMEHTOB
::ew:z:l?:mn' HoBbimu. Ha 6oneb-
: LUOM 3NEeKTPOCTAHLUM
mouyHocThio 1300 MBT kaxgabii rog u3ene-
KatoT u3 peakropa no 30 1 ypana; po 2000
ropa B ®MPI Hakonutcs noytn 11 000 1 Ta-
KOro marepuana.
C ofHOM CTOPOHbLI, 3TH MaTepuansbl 3arpss-
HEeHbl OMAacHbIMM ANS XW3HU NPOAYKTaAMM
pacnaga, HO C APYro — COpepKaT LieH-
Hble pacwennsiowuecs sapa. [loatomy
paspaborarb TEXHOMOrMIO pereHepauuu M
nuKBMpauuu otpabortaHHbiX 3NEeMEHTOB
BAXXHO KaK C TOYKM 3pEHUS OKpYIKalo-
el cpepbl, TaK U C IKOHOMUHECKMX MnO-
3ULMM.
TexHonorus Ttakoea: cHavana otpaborau-
Hble TEennoBbIfENsIoWME INEMEHTbI Bbifep-
}uBatoT B TeueHue | ropa B pesepeyape ¢
BOJOM, 3aTeM MOMELLAIOT B TPAHCMOPTHbE
KoHTeHHepbl, obecneunsarowue nNOnHyto
pagMauMoHHyto 6e3onacHocTh, M nepepatot
B MPOMEXYTOYHOE XPaHMNMLLE, TRE OHM
AOMMAAOTCS AanbHenwen nepepaborku. B
HEKOTOpbIX CTpaHax, Hanpumep Bo (Mpak-
umn (La Hague) u Benukobpuranun (Sell-
afield), orpaboranHoe tonnueo pere-
Hepupyior. MNpu aTom npurofHoe K npume-

Yro npoucxogur
¢ otpaboraHHbI-
MM Tennosbifie-




HEHUIO TONNMBO M3BNEKAKT U MCMOMb3YHOT
ONA M3rOTOBMEHMS HOBbIX TENNOBbIAENAO-
LMX 3NEeMEHTOB, a OnacHble NPOAYKTbl pa-
AMOAKTMBHOrO pacnafa nepeparT Ans
3aXOPOHEHMS Ha BEYHble BPEMEHA B TaK Ha-
3bIBAEMbIX MOTrHIbHUKAX.

He ucknioyeHo M npsmoe 3axopoHeHWe oT-
paboTaHHbIX TENNOBbIGENAOWMUX 3NEMEH-
TOB B MOrMNbHMKax 6e3 npepsapuTenbHOM
pereHepauuu.

PereHepauynoHHas yctaHoBka — 31O ycT-
poMcTBO Ans paspe-

10 TAKOE g KOMTOREHTOR OTpa-
LiMOHHasA
;f:aHOBI(a' BoTaHHbIX Tennosbi-

AENAWHUX 3INEeMEH-
ToB. OcobeHHo Bax-
HO BbIAENUTb PafMOAKTUBHbIE OTXOAbl M
NPUrofHOE ANs MOBTOPHOTO MCMOMNb30BaHMSA
TONNMBO — YPaH M MNYTOHWM, TaK KaK Kpo-
Mme HepacwennenHbix sgep U-235 otpabo-
TaHHble 3MEeMEHTbI COREpPIKaT M NNYTOHUM-
239, obpasytowmicsa u3 U-238 u ucnonb3y-
eMblH 3aTeM B Ka4ecTBe ffepHOro
TONnMBa.

OtpaboraHHbie Tennosbigensouue ane-

Pabora

€ MOMOLLbIO
AMCTaHUMOHHOr O
MaHMnynaTopa Ha
BKEHEPHMerﬂﬂb-
HOM ycTaHOBKe
no pereHepaumm
pBAHOBKTHBHNX
BelyecTs
NPOBOZATCA

3@ CBMHLOBbIMM
CTeKNnamH.
Tonnusxsie
CTepXHH
H3IMene4YyarT
cneyHanbHbIMH
KyCauKamH.

MEHTbl BbIAEPXKUBAIOT B EMKOCTH Ha
3NEKTPOCTaHUMM, NOMELLAIOT B KOHTEeHHe-
Pbl M MOCNE HEKOTOPOW BbIREPMKHM B NPO-
MEXKYTOUHbIX XPaHWNMULLAX NepeparT Ha
pereHepau1oHHble ycTaHoBkM. Ha atom
3Tane OHM elle BbICOKOAKTUBHbI, MO3TOMY
BECb MPOLLECC OCYLIECTBNAETCA B aBTOMa-
TMYECKOM PEXMME 33 TONCTbIMM BETOHHbI-
MW CTEHAaMW M CBMHLLOBBIMU CTEKNaMM,
3aWMWaroWwmMmMmu obcnyKuBaoLWuin nepco-
Han.

CHauana ToNnMBHbIE 3NE€MEHTbI M3MEnNb-
Y3KOT M PacTBOPAIOT B a30THOM KucnoTe.
YpaH, nnyToHWH M NPOAYKTbI pacnaga pac-
TBOPSIIOTCA NPaKTMYECKM NONHOCTbIO, a 06-
pe3ku obonoyek CTEpPIKHEH OCTaTCH B
ocapke. Ux otpenatoT, LEMEHTUPYIOT M
nepepaloT Ha 3axopoHehue. Pacteop nog-
BEPraloT LeNnoMy PAAY XUMHYECKUX npe-
BPALWLEHMH M Pa3fensoT Ha (paKuuu,
copepxallue ypaH, NNyTOHMH M PapUOaK-
TUBHbIE NMPOAYKTbI pacnaga.

YpaH W nnyToHWM nocne AONONHUTENbHOM
06paboTKu M OUMCTKM OTNPaBNAOT Ha ¢hab-
PYKY NO MPOM3BOACTBY TOMMMBHBIX CTEPXK-
Hel, a aKTMBHbIE NPOAYKTHl pacnapa
FOTOBAT K 3aXOPOHEHMIO M TLLATENbHO yna-

KOBbIBAIOT.
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Otxoppl fiaepHbIX pPeakTopoB M3 uccnepo-
BaTENbCKUX MHCTUTY-

Kyana TOB, C  aTOMHBIX
c6pachbiBaior 3NEKTPOCTaHUMIH U
PaAMOAKTHBHBIE | pereHepaLMOHHbBIX
orxopfbi! YCTAaHOBOK XxapakTe-

PU3YIOTCS  pPasHbiM

YPOBHEM OMAacHOCTH.
CnaboakTHBHbie OTXOAbI B TBEPROM MMM
XHOKOU hopme MopBepraloT CHayana KoH-
LLEHTPMPOBAHUIO L0 MMHUMANbHOro 06b-
ema nyTem NpeccoBaHus, BbiNapuBaHMs MNK
CXKMraHus, a 3aTem NMOMELLAIOT B EMKOCTH M
LeMEHTUPYIOT.

CpeaHeakTHBHbIe OTXOAbl, HanpuMmep W3-
MENbYEHHYIO OBONOUKY TONMMBHBLIX CTEPHK-
HeH, TaKXKe LIEMEHTUPYIOT B CheumanbHbIX
cocypax.

BeicokoakTHBHbIe OTXOABI, B YacTHOCTH
PacTBOpEHHble B a30THOM KMCNOTE NPOAYK-
Tol pacnapa, pavoume 99% mouwHoctH pa-
AMO3KTUBHOIO M3NYYEHUS BCEX SAEPHbIX
oTxopoB, Tpebytor ocoboil ocTopoxHOCTH
B obpawenuu. [Ing atux onacHeIx BeliecTs
paspaboTaH MeToa OCTeKNOBbIBaHMSA: pac-
TBOPbl BbICOKOSKTUBHBIX BELLECTE KOHLLEHT-
PUPYIOT,  NOABEPraldT  XMMMYECKOM
obpabotke, cnnaensioT npu Temneparype
1150°C co cTeknsHHbIM NOpOLLIKOM, a pac-
MNae CMMBAIOT B TONCTOCTEHHbIE EMKOCTH U3
Hep)<aBeloLen cranm.

OpHa pereHepalyuonHas ycTaHOBKa Bblgaet
Ha 1 ToHHy ypaHa 130 n BbicoKOaKTHBHBIX
OTXO[OB B hopme cTeknsHHoro 6noka, 5

Cna6oaktmeHbie oTxopgbi: naboparopHsie OTXOAbI,
PacTBopbl, OTXOAbI OT y6OPKHM, 3arps3HeHHbie mnsTPbi
M ogexaa.
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Perenepauyionras ycraroska La Hague (®panuyms). )

emkocter no 400 n co cpepHeakTUBHBIMMU U
15 emkocter — co cnaboakTuBHBIMM OTXO-
namu. U 3t matepuanbl gonmiHbl GbiTh
H3fle)XHO 3aXOPOHEHbl «HAa BEKM BeYHbley,
TO ecTb beccpoyHo, Tak Kak elje yepes
MHOro nokonewui 6yayT npepcTaenste pe-
anbHyl0 ONacHoCTb.

Haunyuwas Bo3smoxHocts 6esonacHoro

XpaHeHus paguoak-

Eak obecrieunts TUBHBIX OTXOf0B B Te-
e3onacHoe YeHue ThicsYeneTUn —
XpaHeHue 3TO 3aXOPOHEHHE MX
pa.uuoau:'uaublx B NOA3EMHbIX COMS-
OTXOAOB: HbiX nnacrax. Emkoc-

™M co cnaboakTUBHbIMM OTXOAAMM YcCTa-
HaBNUBAIOT B COMSHbIX LUTPEKAaX M NOCMOWHO
npoknagbiBaloT conbio. locne 3anonHenus

TexHONOrHsA rnasypoBaHus ANS BbICOKOAKTHBHBIX
OTXO[0B: PACNNas CTEKNASHHOH Macchl ¢ ONacHbIMH
BELUECTBaMM CTEKAET B @MKOCTb M3 HepiKaBeroLLesi
cTanM.



WTpeKa foBepxy ero 3amyposbiBatoT. [ns
3aXOpPOHEHMS CPEAHEaKTUBHBIX OTXOAOB
Tpebyetca 6onbwe mep BezonacHocTH: ro-
TOBST CMeupManbHylo WTOMbHIO, B KOTOPYHO
KaTeropuyecku 3anpelieHo BXOAHTb AaKe
obcnyxuBatoLLeMy NepcoHany, OCHaLWLaoT
ee TeneKkamepamu AN KOHTPONS M 3arpy-
WaKOT CBEPXY €MKOCTH ¢ OTxofamu B be-

TOHHbIX pe3epByapax.

3axopOHeHHe BbICOKOAKTHBHbIX OTXOROB B
CONSHbIX MNacTax OCYLLECTBNAIOT Cnepyto-
Wwum 0Bpa3oM: OCTEKNOBAHHbIE OTXOAbI B
EMKOCTSIX M3 HEpPIKaBEIoLEeN CTanu OonycKa-
toT B cksauHbl rnybuHon 1000 m u 3amy-
poBLIBAIOT. MeCTOPOXKAEHUS KaMEHHOH
conu ocobeHHO YROBHBI ANs 3axOpPOHeHus

PEAMOBK}'MBHMB OTXOAbl Ny4lle BCero XpaHHrb B COnsHLIX WronbHAX. TexHonorus XpaHeHHs marepHanos co cna6ou",

cpegHer M BLICOKOH aKTHBHOCTLIO Pa3nH4Ha.

TSR

- cnaboaKTHEHble
IR OTXORBI




MepeasriHas emkocTs
ANS PaAHOAKTHBHBIX
orxogos. Cocya
obcnymupaercs

H TPaHCRopTHPYeTCA
dBTOMAaTHYEeCKH.

Jlloan ¢ HHMM HuKorga
HE CONPHMKACAIOTCA.

M3-33 CBOEH HENPOHWLLAEMOCTH, MOCKOMbKY
COMNb He faeT PaMOaKTMBHOCTH MPOHMKHYTH
B OKPYXXaluylo cpeay, B YacCTHOCTH B
rPYHTOBbIE BOAbI.

CywiecTBytoT 1 apyrue NpoeKTbl 3aXopoHe-
HUS PapMOAKTHBHBIX OTXOAOB. Hanmpumep,
NpeanaraeTcs XpaHWTb OMacHble MaTepua-
Nbl B CTapbIX WaxTaXx UMM PYAHUKaX, TO ecTb
B Haubonee rnyboko 3aneratowmx cnosix
martepukosou ckanbl. Paccmarpusaetcs
TaK)Xe BO3MOXHOCTb OPraHM3auuM MOTMMb-
HMKOB Ha JlyHe.

Ecnu paccmotpets Bech kpyrosopot spep-
HOro Tonnuea, pAa

PenrabenbHa ewe u noboyuble
nM spepHas pacxopbl, Hanpumep
3Heprnﬂl 3anaTbI Ha OCTaHOB-

KY M KOHCepBauuio
cTapbix aTOMHBbIX
3NEKTPOCTAHUMH, TO MOXET BO3HMKHYTb
OlwlyuleHHe, YTO apepHas 3Heprus obxogut-
cs cnuwkom poporo. OpHako uccneposa-
Hue, npoBefeHHoe IJCCEHCKMM YHHBEp-
CMTETOM, MOKa3ano, 4YTO KMNoBaTT-yac
«SAEPHOM 3NEKTPO3HEPrMU» NO CTOMMOCTH
paBeH KunoeatT-yacy 3Hepruu u3 Byporo
yrns, TO ecTb felleBne, Yem KuNnoBaTT-4ac
3NEeKTPHYECTBa, MONYYEHHOTO M3 KaMeH-
Horo yrnsi. CooTHOLIeHHe 3TO HEMHOro M3-
MEHUTCS, eCNIM YYecTb PasHbiM PeXHUM pa-
Bouero BpemeHu Ha 3NEKTPOCTaHUMAX, HO
pe3ynbTaTtbl MCCNefOBaHMS OLHO3HAYHO
NOKa3anu KOHKYPEHTOCNOCOBHOCTb aTom-
HbIX 3NEKTPOCTAHLUMWH MO CPaBHEHMIO C
06bI4YHBIMM.
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Tak e obctout geno u B Benukobputauu,
roe COOTHOLWIEHME 3aTpaT Ha BbipaboTky
3ANEKTPO3IHEePruM M3 ALEPHOro TOMNMMBA M
yrna cocraenset 16,5:18,5, u B AnoHum,
rae oHo paexo 11:15.

Bo MpaHumu, ocobeHHO WHPOKO Mcmonb-
3ylolel SAEPHYIO 3HEepPrui, 3T0 COOTHO-

wexue pocturaer 19:31 (no paHHbIM
3HeproceTen WU roCypapCTBEHHbIX opra-
HOB). :

™M pesynbTaTbl MPOTUBOCTOAT MECCHMMC-
THYECKMM LAHHBIM IKONOTMYECKUX WMHCTHTY-
TOB, KOTOpble MCXOAAT W3 3aBbILUEHHbIX
3aTpaT Ha KOHCEpBALMIO PEeaKTOPOB M 3a-
XopoHeHue oTxofoB. Mo ux npegacTasnexu-
SM, «AAEpHas 3ANEKTPO3Heprus» AOopOoXe
3Hepruu, BbipabatbiBaeMoN M3 yrns, Ha fse
TPETH.

JTH pe3ynbTaTbl, OAHaKO, NPOTMBOpEYaTt
3KCNEPTHbIM [A3HHbIM HE33aBUCMMbIX WHCTH-
TytoB. Kpome Toro, onbiT paboTsl no pere-
HepaLMu TOMNMBA, 3aXOPOHEHHUIO OTXOLOB M
AEMOHTaXy aTOMHbIX 3NEKTPOCTaHLMK
NOKa ewe TaK HeBenuK, 4To, noxany,
TONbKO WUCTOPHMKK Yepe3 HeCKONbKO cTone-
TMH CMOTYT ONPEAEenuTb PeanbHylo LeHy
KMNOBaTT-yaca «AQEPHOM 3INEKTPO3IHep-
rum». [lpn 3TOM HYXKHO yuMTbIBaTH, 4TO
OLLEHUTb MOCNEeACTBMA NOTEHUManbHbIX aBa-
puvi BoobLle He NpepcTaBnseTcs BO3MOX-
HbIM.

Takum obpaszom, nyTem CpaBHEHM Mbl
NPUXOAMM K BbIBOAY, YTO Ha CErofHALIHEM
YPOBHE 3HAaHWH M BO3MOXKHOCTEH LEeHa
«ANEPHOM» M «YronbHOM» 3MEKTPO3IHEPriu
NPMMEPHO OAMHAKOBA.



BbIMbIBaHHE / OTNOXEHHE

_-‘-'-'L. Q1

razoobpasHbie
BbIOpOCHI

*’E

; anblxanue pannoanmaum
- ' BeleCTB/NpHEM C NHLLeH

nMTbeBana BOja,
< opolenne

PagmoakTuBHOE 3arps3HEHHE OKPyWaloLien Cpejsl.

SflnepHas 3Heprus U oKpyxKarowias cpena

an 3KcnnyaTtauuMM aTOMHbIX 3NEeKTPOCTaH-

UMH B TOMAMBHbIX
OnacHbl cTepxHsx obpasytor-
N4 aTOMHbIe CA  PagMOaKTHBHblE
3NEKTPOCTaHLMM? NPOAYKTbI pacnaja M

sapa NNyTOHMS, KOTO-
pble HM B KOEM cny-
Yae He [OMKHbI MONAcTb B OKPYIKAIOLLYHO
cpeay. [ns obecneyenus papMaLMOHHOM
6€30NacHOCTU Ha COBPEMEHHBIX HEMELKMX

aTOMHBIX 3MEHTPOCTAHUMAX CyLiecTByeT
cucTema M3 wectu 6apbepos, Henpeoaonu-
MbIX [N 3THX CMEPTENbHO OMacHbIX SAEp.
1. Pacwennsembie maTepuanbl HaxoasTcs
BHYTPM TONNWBHbIX TabneTok.

2. TepmeTtuyHble 06ONOYKM TOMNMBHBIX
CTEPXKHEN He MO3BONAOT OMACHbIM NPOAYK-
TaM BbIHTU HapYXY.

3. Cnepytowmi bapbep obpasyer koten
peakTopa.
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4. Bce coopyxeHus, U3 KOTOPbIX MOXET
MCXOOMTb PafMaLMOHHAs OMAacHOCTb, 3Kpa-
HUMPOBaHbI TONCTbIMM OETOHHBIMU CTEHAMM.
5. Bce 3TO [ONONHUTENBHO 3aKNKOYEHO B
3aMKHYTYto cTanbHyto obonouky («Contain-
ment»).

6.Mocnegruit 6apbep npeactaenser coboi
beToHHyto obonouky TonwmHou Gonee 1 M,
KoTopas He paspylwuTcs, Jaxe ecnu Ha
Hero ynager camorner.

PapuoakTBHble BelecTBa MOryT B 3amer-
HOM KOMMYECTBE MOMAacTb B OKPYHAMLLYHO
Cpefy TONMbKO B TOM CNyyae, €CNu OHM Mpe-
oponetoT Bce wecTb Bapbepos. IT0 MoO-
eT NPOM3OUTH TONBKO Npu OTKase BCEX
CUCTEM OXNaXpAeHus. ITo npuseno 6bl,
npaepa, K HemepneHHoMy obpbiBy LEnHOM
peaKkuMu, HO M3-3a NpeKpalieHus OTBOAaA
Tenna mor 6bl pacnnaBuTbCs KOTEN peakTo-
pa. [Ina npepoTBpaLLEHUs 3TOTO HEMELIKME
3NEKTPOCTaHUMM OCHALLEHbl YeTbIpbMS  He-
338BUCMMBIMU CUCTEMAaMM OXNaXKAEHHS.
KpynHenwas sepostHas asapus (KBA) Ha
aTOMHOW 3NEKTPOCTaHLMU — HEOXKMAAHHbIM
pa3pbiB MEPBUYHOTO KOHTYpa OXMaKAeHus.
Mpu atom npepoxpanuTenbHas obonouka
(Containment) 6bictpo 3anonHsercs nepe-
rpeTbiM MApoOM, HO MapannenbHo aBToMa-
TMY4ECKM BKMOYalOTCs cucTembl Beso-
nacHoctu. Perynupytowme cTepxHu BBO-
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LUlects Gapbepos GezonacHocTh:

1) Tabnerru spepHoro
ronnusa

2) O6onouku crepxHesi

3; Koren peaxropa

4) BerorHbli 3KpaH

5) ﬂbpe,qoxpanmenauau

obonoyka

6) XenesoberonHas
orpaxaaoLyas
KOHCTPYKLMS

LATCS B CEPAEYHMK W NPepblBalOT LenHyto
peakumto. M3 aBapuiHbIX eMKOCTeH MmocTy-
naeT BOAA B CMCTEMY.

[axe ecnu HauHeT nnasuTbCs KOTEn peak-
TOpa, OnacHbli pacnnae cHayana BOWAET B
KOHTaKT C MOLUHbIM (PYHBAMEHTOM, COCTO-
LWMM M3 MHOTMX TOHH GeToHa M metanna.
MpousoipeT npespalLeHne BEPXHUX CNOEB
6etoHa B cTeknoobpasHylo maccy, KOTo-
pasi M30NMMPYeT PacnnaBneHHLIn peakTop oT
HUXXHETO Cnos (PyHAAMEHTa.

Kpome yxe ynomsHyTOro napesus camo-
neTta Ha PeakTop, aTOMHbIE 3NEeKTPOCTaH-
UMM  OOMXKHbI  6biTh  3alMULeHbl  OT
BO3MOXHOIO 3eMNeTpsAceHus, LUTOPMOBO-
ro HaBOJHEHUs M B3PbIBHON BONHbl. K coxa-
neHuto, 3MEKTUBHO 3aMUTUTL 3INEKT-
pocTaHuuu ot Boesbix AeHCTBUM, 0cOBeHHO
OT NpsAMOro paketHoro obcrtpena, NpakT-
YeCKU HEBO3MOMKHO.

He ucknioyeHo Ttakxe npOHMKHOBEHWE Ha
aTOMHYIO 3MEeKTPOCTaHLMIO BOOPYIKEHHbIX
AMBEPCAHTOB, KOTOPblE MOTYT NPUYUHMTDL
HenonpaeuMbli Bped, OAHaKO B HOpManb-
HOE MHMpHOE BPEMs 3TO NpepoTBpalaeTcs
cobniogeHMemM MHOrouucrneHHblx mep 6es-
ONacHoCTH.

MraK, MOXHO cpenatb BbIBOJ, YTO B MMp-
HOE BPEMS HalK HeMelKMe aTOMHble
3NEKTPOCTaHUMM He NPEACTaBnAOT yrposbl.
Ho npu 6bombappnpoeke unu B3pbiBe Ha
fencTeytolen ctaHumu mourocteto 1300
MBr Bbibpoc papnoakTuBHbIX BewiecTs by-
pet akeueaneHTeH B3pbiey 1000 rakux



6omb, kak Hap Xupocumoi. OrpomHble
TEPPUTOPUU CTAHYT B ITOM CNy4ae Henpu-
FOAHBIMM ANS XM3HH.

Euwie Gonblias onacHOCTb MOXET MCXOAMTH
OT roCyAapcTe, rae yposeHb HezonacHocTy
B aTOMHOM 3HepreTuke Hwxe, yem B [ep-
maHuu. M spkuit npumep tomy — YepHo-
Bbinbckas Katactpodha, noTpsAcwas Bech
mup!

HecmoTps Ha BCe mepbl NPeRoCTOPOXKHOC-

TH, nNpeanpuUHMMae-
3arp513Hsuo1' Mbleé Ha aTOMHbIX
il aToMHbIe INEeKTpOoCTaHUHUAX,
ANEKTPOCTaHLHMM OHHM BbIQENAKOT HE3Ha-
:KPYH:QIOI.“YIO YyUTEenbHble KONMWYEeCT-

PeRy: Ba pPagUOaAKTUBHBIX

BELeCTB B Bofy W B aTmocdepy. M vactb
3TOrO M3Ny4YEeHWs MOrNOLLAETCS YENOBEKOM.
CpepHas 3KBMBaNeHTHas 033, NPUXOASLLA-
SCA Ha pAywy HaceneHus, cocTasnser
0,0005 munnususept (m38) 8 rog. 370
OYEHb HU3KWUM YPOBEHb, €CAM YYecTb, 4TO
€CTeCTBEHHbIE MCTOYHWKW, Hanpumep Koc-
MHYECKOE M3My4YeHWe, NPUHOCAT B Cymme 2
m3s B rog. CpasHuMma ¢ Her M pgosa, nony-
yaemas B CpefiHeM 3a rop npu PeHTreHos-
ckux obcnepoeanusax — 0,5-1 m3e.
Heckonbko xyxe obctout peno pans co-
TPYAHWKOB aTOMHbIX 3NEKTPOCTAHLMH: ans
HUX rofoBas 3KBMANEHTHas [03a COCTaens-
et 4,4 m3B. B okpecTHocTSX 3neKTpocTak-
UMM NIOAM TaKXKe nonyuvalwT ponon-
HutensHyto gosy 0,02 m3e B rog, Ho 3TO
coctaenset mvwb 1% ot obuwero ypoes.
DM UMdpbl MEHAIOTCS OT 3amepa K 3ame-
PY, HO BCErfa OCTAOTCA 3HAYUTENBHO HUME
YPOBHS, OMacHOro ANS YXM3HU U 3AOPOBbLA
yenoeeka.

Bmecre ¢ aTM aTOMHble 3MEKTPOCTaHLMH
CHMMalOT 4acTb HarpysKku ¢ oxpymalou.\eu
cpepbl. CeMyac Kappli TPETUH KMnosatT-
yac anektpo3aHepruu B MPI patot aTomHble
anexkTpocTaHuuu. Takum obpasom, po 1986
roga OHU MO CaMbiM CKPOMHBIM OLEHKaM
U3baBunK OKPYIKaIOLLYIO Cpefy OT Bbiaene-
HWA 2,7 MMNNMOHA TOHH [BYOKUCH Cepbl,
1,4 MunnNUOHA TOHH OKMCNOB a3oTa M
300 000 ToHH MbinM, a TaK)Ke OT eXerogHbix

(1] npousowen pa3spsis

3naHMe peakTopa

g ~(PEAOXPAHUTEND -

yHas obonouka

pecusep

-pa3pbiB

_Tennoesi- _
Aensowmi
INeMeHT

nagaor
ynpaensio-
. ume

1 | cTepHMu

OTKPbIBAIOT-
CHA BEHTHNH
~pecuBepa

BEHTHNb
—~ 3CTyapHs
OTKPBIT

Yro npoMcXogHT NpH cepbe3Hok aBapmml

Pa3pbie nepBMYHOro KOHTYPa OXNaX{BEeHHA MPHBOAMT
K BbIBpOCY BOgb! M ee mcnapeHnio. HemeanenHo
ONyCKAIOTCS PErynupYIoWMe CTEPXHU M NPepLiBaloT
uenHyto peaxumio. Pecusep n scTyapmii
obecneynBaloT NOZa4y BOALI.
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Bbibpocos 150 MMNNMOHOB TOHH ABYOKM-
cu yrnepoga, Kotopble 6bink  6bl  Heus-
Bexubl npu  BbipaboTKe 3TOW 3HepruM u3
HCKOMaeMoro TOMMMBA U, HECOMHEHHO, Ha-
Hecnu Bbl CywlecTBeHHbIM yuwepb okpyxa-
lowen cpege WM okasanu Obl BpepHoe
BO3[EMCTBME Ha 3[0POBbE NOJEH.

PeFeHean,HOHHble YCTaHOBKH, KaK U aTOM-

Hble 3NEKTPOCTaHLMK,
OnACi: NOAUYMHSAIOTCH AEeHnCT-
per o | BYrOLMM B Pl Hop-

craalﬂloiln:iunl' bIe| |\ am pafMaLMOHHOM
y : 6e3onacHoCTH, CO-
rNacHo KOTOPbIM 3K-

BMBaneHTHas  po3a, obycnosnexHHas

CTOYHbIMM BOAAMM M BbIBpOCAMM B aTMo-
cthepy, He pomkHa npesbiwats 0,3 m3s B
rog Ha pywy Hacenenus. [lo 1991 B ctpane
fencTeoBana ofHa Hebonbwas pereHepa-
UMOHHas ycTaHoBka B Kapncpys, Ha Koto-
POM YpOBEHb PaAMaLMOHHOrO 3arpA3HEHMs
cpeabl Bbin BCerpa Cyuw,eCTBEHHO HMXKe
MaKCMManbHO AOMyCTMMOro.

OpHaKo ONacHOCTb KPYMHbIX YCTaHOBOK He-
nb3s Hepoolenusatb. Bepp npu pactsope-
HAM TOMAMBHbIX CTEPXHEW B A30THOM
KMCNOTe BbIAENsoTCA razoobpasHblie M ne-
Tyude NPOAyKTbl pacnapa. ITW BeliecTsa,
KOHEYHO, YMNaBnMBalOT PasHOObpa3HbIMK
MNbTPAMHK, HO CTOMPOLEHTHAA OYMCTKA
BCE PaBHO HeBO3MOXHa. B okpyxatoulyto

B Kapncpys Haxoamnace egnHcteenHas 8 OPI
pereHepaupoHHas ycratoska. OT akcnnyaraum
EchrmneHHon" ycraroskn B Baxepcgopde

(

asapus) orkazanuce B 1989 rogy.
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cpefy MOCTOSHHO WAYT PaAHOaKTHBHbIE Bbi-
6pocki, Hanpumep uop-129, ocobenno
OnacHbIM ANs LWWTOBUAHOM Xenesbl, M Kpun-
ToH-85. [lake B HOpManbHOM pexume pa-
6oTbl pereHepaunOHHble yCTaHOBKM AaloT
Gonblue papuOaKTMBHBIX BbILENEHHH, Yem
aTOMHblE 3NEKTPOCTAHLMM.

lopa3po cTpawHee moryT 6biTh nocnepct-
BMS HeMCnpaBHOCTH unu cabotawma. Ecnu,
Hanpumep, BbIMAET M3 CTPOS CHCTEMA OX-
naXgeHus NMPOMEXYTOYHOrO XpaHWUNMLLa
ANs SpepHbIX OTXOMOB, TO OFPOMHOE KONKU-
YeCTBO OMACHbIX ANA XM3HW BeliecTs nona-
AeT B OKpyXawuiyl cpepy u cpaenaet
Uenbii PEerMoH HEenpUropHbIM ANf KU3HH.
Pasymeetcs, B [epmaHuu — cTpaHe C BbicO-
KuM ypoBHem Tpebosanui no 6ezonacHoc-
T U OXpaHe 3A0pOBbS, AEnaeTtcs Bce,
4Tobbl HEe JONYCTUTb NOROGHBIX HECHACTHbIX
cny4aes. BeposTHOCTb aBapuM HUHTOXKHO
mana.

Tem He meHee B [epmaHuu, NO-BUAMMOMY,
HMKoOrga He 6yper KpynHOW pereHepaumuoH-
HoM ycTaHoBku. OT nnaHupoBasliencs no-
cTpoWku Takoro obbekTa B Bakepcpopdpe
MPULLNOCh OTKA3aTbCS.

Tonnuexble 3anementol M3 [epmanun Byayt
nepepasaTbCsl Ha pereHepauuio B apyrue
CTPaHbl.

ConsHble MaccuBbl, KOTOpble NpegHa3Haye-
Hbl AN 3aXOPOHEHHS

2:;“0""“0 PafiMOaKTUBHBIX OTXO-
o :Sg::ﬁ"e AOB, NPepcTaBnsioTCS

Ham Ha COBpPEMEH-
:;:gn::’:":ﬁ:ae' HOM YPOBHE 3HaHWW
° | pocTaToyHo Hapex-
HbiMK. Bbnaropaps nnactuuHocTH chopm
KaMEHHOW CONM B MaccuBe OTCYTCTBYIOT
paspbiBbl U TPELYUHbI, Yepe3 KoTopble
BHYTpb Morna 6bl nonacte BOfa, a BO3HM-
Kalolue U3pegKa nonoct BbicTpo 3aTsru-
BaloTCA.
Kpome Toro, consiHbie MaccuBbl OYeHb
ctabunbHbl. BbibpaHHbie B [epmanuu pans
3axopoHeHus consHbie xunbl yxe 100
MMMNUOHOB NET He COMPMKAcaloTCs C BOJO-
HOCHBIMM CNOSIMM, HA HUX HE BIMSIOT OK-
pyXalolWmue reonorMyeckne M3MeHeHus,




[paaMpHM Ha aTOMHON 3NeKTpoCcTaHuM, Haxoaswesica B bubmuce. Kawaas n3 atnx
rpaavpeH 3a ros BbiGpackiBaer orpomHoe Konuyectso Bogbl — 30 mMunnroHoB
TOHH.

Hanpumep
rop.
KamenHas conb obnapaer BbicOKOM Tenmno-
NPOBOJHOCTbIO, YTO fBASETCA OYEHb BaX-
HbIM (DAaKTOPOM B NEPBbIE HECKONMbKO COTEH
neT nocne 3aXxOPOHEHHS.

OcobeHHO BbICOKOAKTHBHbIE OTXOAbI, KaK
y)e 6bino ckasaHo Bblwe, 3annNaBnIOTCH B
CTEKNO, CTAHOBSICb €ro 4acTblo, U YHKe He
MOryT U3 Hero BbiMbiBaTbcs. Kpome Toro,
3TO CTEKNO HaXO[MTCH B KOPPO3UOHHO-
cToikon obonouke. Bcnepcrteue 3toro
yTeuka paAMOaKTUBHOCTH MNPAKTHYECKH
HEBO3MOXHA, [laXXe ecnu BONPEKU BCEMY
BOf@ NPOHUKHET B MOMUMbHHUK.
PapuoakTHBHOE 3arpA3HeHHe OKpyKalolien
Cpefbl CTAaHOBUTCS BO3MOXHbIM TOMbKO B
TOM CNy4Yae, ecnu 3apaeHHas papuoaK-
TMBHbIMM OTXOfaMHK Bosa Mmorna 6bl nog-
HATbCA CKBO3b COTHM METPOB CKanbHbIX
NnopoA W CMEeWaTbCsi C TPYHTOBbIMK
Bofamu. C TOUKM 3pEHUs COBPEMEHHOM Ha-
YKM 3TO HE MOXXET MPOU3OUTH.

[obagum K 3TOMYy TaKKe, YTO MHTEHCHB-
HOCTb P3AiMOAKTMBHOIO M3My4YEHU M Tenno-
BbIAeNneHus yxe npubnusutenbHo vepes
1000 net B 3HauuTenbHOM Mepe CHU3MT-
cs.

Takue, Kak (popMUpOBaHue

[papMpHM aTOMHbIX 3NEKTPOCTAHLMH MOLL-

Hocteto 1500 MBr
OkasbiBalor KaXAYIo CEKYHAy Bbl-
N1 rPaaMpPHH 6pacbiBatoT B aTmo-
BNMSAHWE Ha cchepy OKONO TOHHbI
noropy!? BOAfHOro napa. 3a
roA Mcnapsercs npu-

MEpHO 32 MHUANWMOHA TOHH BOAbI, YTO CO-
cragnser 16% ot ucnapeuus Bcero osepa
bopensee. Ha o3epe 3ra Bnara Beinapuea-
etcs ¢ BonblwOK OTKPbITOM MOBEPXHOCTH,
TOTf@ Kak B rpapupHe BbIOpOC napa CKOH-
LEHTPUPOBAH Ha ManoM NPOCTPaHCTBE.
370 nNpu onpepeneHHbix MEeTeoponoruyec-
KMX YCNOBUSX MOXET U3MEHUTb NOKANbHbIN
KNUMaT, 4YTO BbIPAXKAETCH B MOSBNEHUM TYy-
MaHa ¥ 06rakoB, YMEHbLUEHUH COMHEYHOrO
uanyyenus u bonee vactbix ocapkax. Oco-
6eHHo bonbwue npobnembl BO3HMKAKOT
OCEHblO, KOrfia BNaXHOCTb BO3fyXa OCO-
BeHHO BbICOKA; B CYXYl MOropy BMsHWE
BbIBpocoB HecyllecTeeHHo. Ha makpocu-
HOMTMYECKYIO CHTYaLMIO TpafiMpHu He OKa-
3bIBAIOT BMAHMA.

Bnpoyem, Bce ckasaHHOe OTHOCHTCH He
TONMbKO K aTOMHbIM 3NEKTPOCTAHLMAM, HO M
K nobbiM 3NEKTPOCTAHUUAM, TAE NPUMEHS-
OTCS FPaAUPHHM.
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,D,O He[3BHEro BpeMeHH BO MHOIMX CTpaHax
C P3agHMOaKTHUBHOCTbIO

Moryr 6biTs obpalianucb, Aa U o
oriacHst s cux nop 4acto obpa-
Hac SAcphuie WaroTCs Becbma ner-
PERKTORE | KombicnerHo, B3pol-
APYMHX CTPAH: | paiorcs aTOMHbIE

Bombbl BCcex TMMOB, SAEpPHbIe OTXOAbI 3aKa-
nbiBalOT B 3emnio 6e3 cobniopeHus Kakux-
nubo npaeun, nubo cbpacbisaroT B Mope.
Tak, 8 6biBuem CCCP no paHHbIM byTypO-
nora P.KOHrka ewe po YepHobbinbckom
aBapuu Lenble HaceneHHble MyHKTbl Obinu
nepecenexbl M3-3a PagMoaKTMBHOrO 3apa-
eHus, Bo DpaHuMM Ha pereHepauuoHHOM
yctaHoBke La Hague npousowna yenas ce-
pusi MEnNKMX aBapuM, nosnekwas 3a cobou
fonee unu MeHee 3HauyuTEnbHblE pagMoaK-
TMBHble Bbibpockl. [locne 3anpelyexus uc-
MbITaHUH SOEPHOTO OPYXHUS B Tpex cepax
(8 atmocthepe, B KOCMMYECKOM NpoO-
cTpaHcTee M nop BopoW; MOCKOBCKMW po-
roeop 1963 ropa) 3arpssHeHHOCTb
OKpY)atolen cpefbl PaAUOAKTUBHBIMMU
BELLeCTBaMM nowna Ha Yyb6einb. Ho Hanu-
Yue COCEAHMX CTpaH, He obnagalolmx Ta-
KMMMU TPagMuUMSMH 3KONOrMYEeCKOM
BesonacHocT, Kak [epmanus, npogonka-
eT Bbi3blBaTb HECNOKOMCTBO.

CrpawHas aBapus Ha peaktope B YepHo-
Bbine co BCEW OYEBMOHOCTLIO NOKa3ana
HaM, KaKasi onacHOCTb MCXOOMT OT aToM-
HbIX 3NEKTPOCTaHUMM B [JPYrUX CTPaHax.
A NpPOTMB YrONOBHMKOB, TEPPOPUCTOB MMM
BOEHHOM Yrpo3bl HET CTOMPOLEHTHOM 3a-
Wbl M B [epmanmuu.

SinepHbli B3pbIB Ha AaTOMHOM 3NEKTPOCTaH-
UMM  HEBO3MOIKEH
Mosxer nu [laXke Npu BbIXOAE M3
aTOMHas CTPOS BCEX CUCTEM
NEKTPOCTAHUMS | GesonacHocTH  Mnu
CTaTb aTOMHOM | okkynaumum cTaHLMK
6omb0¥! TeppopMcTammu, noTo-
MY 4TO fiepHOe TONNMBO B PeaKTope Co-
Aepxut Bcero 3% M3 pacuiennsouierocs
U-235, Torpa Kak gns spepHoro B3pbisa no-
Tpebosanace bl ropasgo Gonee Bbicokas
cteneHb oborawenus. [laxe Tonnueo Bpu-
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[epoB Ha BbICTPbIX HEWTPOHAX HE HAacTOnb-
ko oborauweHo, 4Tobbl B3OpBaTHCH,
nopobHo atomHon bombe, Kak vacto yT-
BEPXAAT NPOTMBHMKM 3TUX peakTopos. B
WX TENNOBbIRENAIOLMX 3NEeMEHTax copep-
wutca Bcero 20-30% pacwennstouierocs
matepuana, a B aTomHoi Bombe — noutw
100%.

Ha atomHbix 3NeKTpoCTaHUUAX 3Heprus

appa oceoboxpaer-

y Cfl, HO TyT )Xe CHOBa

10 TaKOR ckosbiBaerca. Llen-

aroMuas Hble peakuuu npote-
6omba!l

KalT 3pecb nopj

NOMHbIM KOHTPONEM M

obecrneunBaloT pPaBHOMEPHYK Nopavy

anekTpo3Heprum. B atomHon Bombe He-
KOHTpONUpYEeMbIe LienHble peakuuu npote-
KalT C paclienneHMem TaKoro KonmyecTea
S0ep, 4TO 3a JONU CEeKyHAbl Bbloensercs
OrPOMHOE KONMWYECTBO 3HEpruu, cnocob-
HOe Bbl3BaTb HEBEPOATHbIE Pa3pyLUEHMUS.
[ins Takoro B3pbiBa HeobXxoaum NpaKTUyec-
KW YuCTbIM ypaH-235 unu nnytonmumn-239.
Maccuhbii U-238, cnocobHbiit npepoTspa-
TMTb KatacTpodyy, OTAENseTCs M30TOMHbIMM
OUNbTPaMmH.

Kpome toro, Heobxopgumo Hanuuue onpe-
[LENEHHOr0 MMHUManbHOro KONuYecTBa pac-
WennaoLLerocs marepuana, KpMTHYECKOH
Macchl, 4Tobbl HYXHOE KOMMYecTBO HeM-
TPOHOB MOrNO BbI3BaTb paclyennexue
snep, He BbineTas 3a npepens! 3apspa. J1a
KPUTMYECKas Macca COCTaBnseT Ans ypaHa,
KaK Mbl y)XXe ynomwuHanu, 23 kr, a gna nny-
ToHus-239 Bcero 5,6 Kr — wapuK pasme-
POM C TEHHMCHBIM MAY.

Ectb pazHble TMnbl aTomHbix 6omb. Hanpu-
MEep, MOXHO Haj Lienbio COefHUTL [Ba
KYCKa ypaHa C Maccou KaM[oro Huxe Kpu-

TUYECKOM; COEAMHMBLUMCb, OHM NPEB3OM-
LYT KPMTMYECKYHO Maccy.
McxopHbli MMNynbe ans  Hayana LenHow

peakuuu obecneuyuBaeT MCTOYHMK HEUTPO-
HoB. M Tyt HaumHaetcs ap! Moyt Kax-
AblM HEUTPOH pacliennseT HoBoe AApo,
BO3HMKaloLMe Mpu 3TOM 2-3 HOBbIX HEH-
TPpOHa  BbI3bIBAKOT  HOBble pacnapbl.



B3peie BogopoaHON 6ombbi.

Hukakon perynupyrowmuit cTepKeHb He
OCTGHOBMT HAapPacTaloLyl0 HENWTPOHHYHO
nasuHy. 3a HEeCKONbKO MMANUapAHbIX

fonei ceKkyHapl B pesynbrate becuucne-
HbIX SAEPHbIX pPacnapos Bbigensercs He
TONbKO KOMOCCanbHas 3Heprus, HO M
cmepTenbHas papuauus. BoicokoakTuBHbIE
NPOAYKTbl pacnaga, KoTopble B MMPHOE
BPEMS 3anMBAIOT CTEKNOM M XPaHAT B cons-
HbIX Mnnactax, cbinmoTcs ¢ Heba Ha nons,
neca u ropopa, Hecs rubenb Bcemy xueo-
MY.

Ucuesarowan npu B3pbiBe Macca cpasHM-
TenbHo Heenuka. [lpu B3pbiBe Hombbl B
Xvpocume nNpeBpaTHncs B IHEPruto BCero
1 r Bewectsa, Ho 3to yHecno 200 000 ve-
NOBEYECKUX YHM3HEMN.

BopopopHas 6omba — ewe 6onee crpaiu-
HOe OpyXMe, ueMm
atomHas 6omba. B

Yro rakoe O
BOlOpOAHas Heu 3a c4eT B3pbIBa
6omba! ypaHa Mnu nnyToHus

AOCTHraloTCs Temne-
paTtypbl nopsgka He-
CKONMbKMX MWNNMOHOB rpapycos. [lpu 3aTux
ycnosusx Haxopswmecs BHYTpU Oombbl
M30TOMbl BOAOPOAA CNMBAOTCH B fApa re-
n1s U 0cBOBOXKAAIOT HeonMcyemoe Konuue-
CTBO  3Hepruu. 3pecb  Mbl  BMAUM
[bSBOMbCKYO KombBuHaumMo pacuienneqms

SNEp M AREPHOro CHHTesa.
CpaeHuTtenbHo  Hebonblas  aTtomHas
Bomba, paspylumsLias SNOHCKUA ropop Xu-
pocumy B 1945 ropy, obnapana B3pbiBHOM
cunon B 20 KMNOTOHH TpMHWUTpOTONyona
(Tpotuna) — oBbIYHON B3pPbIBYATKHM, MCMONb-
3yeMOM B KayecTBe 3TanoHa. MouHocTb
e camoi Bonbliol M3 B30OpPBaHHbIX BOAO-
poaHblx 6omb coctasuna 58 meraToH,
yto npumepHo cooteetcTeyeT 3000 Takmx
6omb, Kak Ta nepsas, B3opBaHHas B Xu-
pocume.

Tonbko B8 CLLUA u 6biBwem Cosetckom
Cotoze BMECTE B3ATHIX MMEETCH OKOMo
40 000 spepHbIX 3apsfoB Pa3HOW MOLLHOC-
™. JIMWb Manol 4actu 3atoro 3amnaca xaTm-
no 6bl ANA MOMHOrO YHUYTOXEHMS XM3HM Ha
3emne.

SlnepHas MMpoBas BOWHA — Yy)KacHeWLWasn U3
BO3MOXHbIX KaTac-
Tpod, Kypa xyxe,
BbIrNsiieTh MMP | Yem nobble anupemu-
nocne sAepPHOM | U YyMbl, 3emneTpsce-
BOMHbI! HUA, U3BEPIKEHUA
BYNKAHOB M XMMMHEC-
KMe 3IKOoMNoruyeckue KatacTpogbl BmecTe
B3ATble. KOHe4yHo, Bce npaBuTenbcTBa Ha
3emne cenyac penalwoT BCe BO3MOXHOE,
4Tobbl NPefoTBPaTMTh TaKOM KOHMAMKT,
MOCKONbKY, B OTNMYUE OT MPEXHWX 3aBoe-
BaTenbHbIX BOWH, B 3TOW BOMHe nobepute-
nei He byper, 6byayT  TOMbKO
notepnesiuue.

OpHako abcontoTHO MCKMOYMTL BO3-
MOXHOCTb TaKOW BOMHbI NPU CeropHsLIHeN
HanpPsYKEHHOCTH B  MEXKAYHaPOLHbIX OT-
HOLWIEHUSIX Henb3s, Tem bOonee uyrto oOHa
MOXeT pa3pasuTbCs M3-3a TEXHMYECKOM
HEUCNPaBHOCTU MMM MO BOMe Cymacliepuie-
ro puktaropa. Pesynbtatom 6bin 6bi He
TOMbKO CYET IKEpPTBaM Ha MMUMMMOHbI M
MWNNKapAbI, HO W pPaguOaKTHBHOe 3apa-
)KeHMe Bcero yueneswero, ocobeHHo re-
HO(POHAA PaCTEHWH, IKMBOTHBIX W NIOLEMN.
MHor1e Buabl BBIMPYT, NOCKOMbKY  MOA-
HTas sSAEePHbIMM  B3PbIBAMWU MbiMb  HA
MHorue mecsupl 3akpoet ConHue, norno-
TMT 4acTb COMHEYHOrO M3MYyYeHus, BbI3O-

Kak mor 6b1
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BET HOBbIM NEAHUKOBbIW nepuop. Bes yeno-

BEYECKas LMBMNM3aLMsA, OT  TpaHcnopTa
[0  3mpaBooxpaHeHus, OyaeT paspylue-
Ha, ecnu Boobuie B 3ToW BOWHE BymyT BbI-
Xuswue. [lpoupyT MHorue cronertus,
npexpe yem 3emns cMoXeT xoTs Bbl uac-
TMYHO BOCCTAHOBWTHCH NOCNE CTPaLUHOW Ka-
TacTpodsl.

OnucaHHble B 3TOM rnaBe ONAacHOCTU spep-
HOW 3JHEPTreTUKU He
AONXHbl 33CNOHATH
OT Hac ee NMpeumy-
uiectea. Cenuyac Ha
3emne xuset bonee
5 munnuappos ueno-
BEK, CKOPO WX cTaHeT 8 munnuappos. Bcem
UM Heobxopuma 3Heprus. XuLHMYECKoe
CXKMraHMe McKomaemoro Ttonnuea norybuno
Bbl OKpyXaLyo cpeay, HeuzbexHo npu-
Beno Obl K MU3MEHEHMAM KNWUMaTa, NULWKNO
6bl HalMX NOTOMKOB 3aNacoB 3TOrO LEHHO-
ro chipbs.

Haubonee umcTbIf M, K COXaNeHUIO, Mano-
NONYNAPHLIH UCTOYHMK — CONMHEYHas 3Hep-
reTuka — NUWb Ha4YMHaeT Pa3BMBaTbCA.
JHeprus BOfbl, BETPa U NPUNMBOB SBHO He-
[OCTAaTO4HA AnNs YROBNETBOPEHUS pacTy-
WMX noTpebHOCTEH MHOrOMMNNUAPLHOrO
HaceneHus.

SlnepHble peakTopbl NpU HOPManbHOM 3KC-
nnyarvauuu, Korpa cobniopatotcs Bce Heob-
XOAMMbIE NPaBMna, ABNSIOTCA 3KONOTrMHECKM
6esonacHbimu. OHM pacxopyroT cChbipbe
(ypaH W nnyToHMM), KOTOpPOE HM ANs Hero

Cnepyer nu
MHe BbICTYNaThb
3a MNM NPOTHB
SAepPHOM
3Heprumu!
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Xupocrma. PaspyweHwe 3toro ropoga
aromHoii 6omEOH NPUBENO K 3aBEPLUEHHIO
BTOPOH MMPOBOH BOKHBI. SNOHMM NpULIOCH
Kanm1Tyn1poBars.

ppyroro He npurogHo. K tomy e u3
Manoro KOMM4YecTBa ypaHa MOXHO nony-
4uTb GOnbWOE KONUYECTBO 3HEPrUM, 4TO
A3eT BO3MOXHOCTb CO3AaTb BONrOCPOYHbIE
3anacebl sipepHoro tonnuea 6e3 3HauuTenb-
HbIX CKNafCKHUX Pacxopfos.

Urak, nepep Hamu OrpoMHble Npeumyllie-
CTBa SEPHON IHEpPrHM MPOTMB BO3MOXKHOC-
M KpynHomaclwTtabHoro paguoakTUBHOro
3apaxeHus. Boobuie-to BeposTHOCTL Ta-
KOrO HeCHaCTHOrO Cly4as MOXHO CBECTH K
HU4YTOXKHOMY YPOBHIO, €CNK BCE CTPaHbl
COrnacaTcs NPUHATD HEMELKHM CTaHpapT
6e3onacHoCTH, 4TO COBEPLUEHHO He-
u3bexHo nocne npeaynpexpexus, Koto-
poe Monyu4un BeCb MUP Mocne KartacTpodbl
Ha aTOMHOM peaktope B Yephobebine.
bonee Ttoro, oTMeTMM, uYTo panbHeHlwee
XMLLLHUYECKOE CXKMraHWe MCKonaemoro Ton-
NUBa MOXET NPMBECTM K IKONOTrUHECKOM
KatacTpodpe, nocneacTeMs KOTOPOM MOMC-
TMHE HenpepcKasyembl ANs BCEro XMBOro
Ha 3emne.

B koHeuHOM cueTe yronb U HedTb, TaKxKe
KaK M ypaH C NNyTOHWEM, B NepcnekTuee
AOMKHbI YCTYnUTb MecTo Oonee Hapex-
HbIM M 3Konoruyecku GesonacHbIM TexHo-
norusm B 3Hepretuke,  paspaborke
KOTOPbIX Y4€Hble [OMKHbI NOCBATUTH CBOM
Byaywue npoeKTbl M HayyHble MCCnepoBa-
HHS.



