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Jlekuusi N29

Sl0epHas peakyusi desieHuUsi

UcTopua oTKpbITUA AerneHnsa aToOMHOro sigpa
KanenbHaa mogenb aapa

LlenHaa peakuusa geneHuvs

Ucnonb3oBaHue aHeprum geneHuva saep
HacToswee v byayuiee aTOMHON 3HEPreTUKu
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1. WcTopusa oTKpbITUA AeneHuss aToMHOro sapa

B Hauyane 30-x rogos 20-ro Beka AHpuko depmu c konreramm B Pume mnsyyan
BO3MOXHOCTb MOSTyYEeHUs1 mpaHCypaHo8bIX 3/1IeMeHmMo8 nNyTem obsyvYeHus
ypaHa HentpoHamn. B 1934 rogy oHM NpuLnn K 3aKnOYeHUto, YTo UM yaanochb
co3gaTb HOBblE 3NeMeHThI, cogepxawme 93 n 94 npoToHa, KOTopble Obinn

HasBaHbl ausonium un hesperium. Enrico Fermi
(1901-1954) H.n. 1938

«for his demonstrations of the

OpaHako HeMeLuKkun xmmuk Moa Hodoak B Tom xe 1934 ropa Hane4yaTana existence of new radioactive

| duced b
CTaTblo, apryMEHTUPYS, UTO OHM CKOpee BCero Habniogany pacnas Sapa YPaHa  imadadon s for his reated.
Ha HecKonbko doparmMeHToB. g;zggﬁfg;;uqu;y'e;;;jact'ons

neutrons»

B 1938 roay Hemeukune y4yéHble Ommo aH v @puy LLimpaccmaH noBTOpUnn onblTel Pepmn 1
XUMUYecKUM nymém nokasanu, YTo B 3TUX peakumnsax BO3HUKAKOT siapa 6apusi C MacCcom noyTu
BABOE MEHbLUEN, YEM Y ypaHa.

B 1939 roay Jlnsza MentHep 1 OTT0 OpULl 0OBLACHUNKN ITOT pe3ynbTaT pacnagom siapa ypaHa Ha
NPUMeEpPHO ABE paBHble YacTu (OBa ockonoka), a dpuil Ha3Ban aTo SABMIEHNE MO aHanorum c
Brnonornyecknm siBeHnem «bruHapHbIM AeneHnem sapa» unm npocto desieHuUeM siopa.

Brnocneacteum B npoayktax ageneHuns ypaHa-235 6bino obHapyxeHo okosno 300 (!) usomonos
pasnn4yHbIX anemeHToB: oT Z=30 (UnHK) oo Z=64 (ragonuHun).

CrioHmaHHoe feneHune TaXernblX atToMHbIX aaep Obino oTkpbiTo B 1940 rogy B8 CCCP I ®neposbiM
n K. lNetpxxakom.

B 1945 roay LllBeackasi koponeBckasa akagemunst Hayk npucyamna Ommo aHy HobeneBckyto 3
NPEMUIO MO XUMUU «3@ OMKPbIMUEe pacuiernsieHuUss msXérnbiX amoMHbIX S0ep».


https://www.nobelprize.org/nobel_prizes/physics/laureates/1938/fermi.html
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OTTO HAHN * NOBELPREIS CHEMIE 1944

DEUTSCHE BUNDESPOST

Mopaenb akcnepuMMeHTanbHOW yCcTaHOBKK, Ha koTopon OTTo MNaH n ®puu LLTpaccmaH oTKpbIn
aeneHuve sapa ypaHa B 1938 roay.
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Hayusoe otkpritre '"CIOHTAHHOE JejIeHHE e YpaHa''.

@opMyna OTKPBITHA: "DKCIepHMeHTATbHO 00HAPYKEHO CIIOHTaHHOE — Ge3 Bo30YKIeHHA KAKHMHE-THGO JaCTHITAMH — JeTeHHe AIpa ecTeCTBeHHOTO YpaHa Ha JBe JacTH. JTo
HOBBIH BHI paJHOAaKTHBHOCTH, IIPH KOTOPOM IlepBOHaYaIbHOE AOpo NIpeBpallaeTcs B ABA AOpa, pa3ieTarollHecsA ¢ KHHeTHYecKoH SHeprHeH okomxo 160 MaB".

ArTtopri: I'. H. @aepor, K. A. Tletpikaxk.

HomMmep 1 1ata npropHTeTa: Ne 33 ot 14 HioHA 1940 1.

CKOpPOCTb CMOHTAHHOIO AefeHUns

Aapo Mepuon BepoOATHOCTL Bbixoa HeWTpoHOB Ha  [loTokK TﬁTGHOE’
nonypacnaga, net CNOHTaHHOID AgeneHnA 1 genedHnue r -c

25U 7,04-10° 2,0-107° 1,86 3,0-107¢

28y | 4.47-10° 5.4-1077 207 0,0136

2pu | 2,41-10* 4,4-107"2 2,16 2,2-107°

“Ppy 6569 5.0-107° 2 21 920

#Icm | 8300 0,80 3,3 2,1-10™

Z2cf | 2638 3.09-1072 373 23-10"



2. KanenbHaa mogenb sapa

B 1939 1. H. bop u [x.Yunep v He3aBUCUMO OT HUX SH.PpeHKerb B
CCCP npeanoxunum mogernb geneHnsa saep, OCHOBaHHYKO Ha
npeacTaBfieHNN O SApe KaK O Kanne 3apsiXKeHHOW XUOKOCTH.

lMpu deneHuu o0Ho20 sidpa 23°U mennoebiMu
HeUmpoHamu oceobo)xO0aemcsi aHepausi okosio 200 MaB

KnHeTnyeckasa aHeprnsa OCKOSikoB ~167 MaB
MrHoBeHHble HEUTPOHbI AeneHnd ~5 MaB
OnekTpoHbl beTa-pacnaga ~5 MaB
AHTUHENTPUHO BeTa-pacnaga ~10 MaB
MrHoBeHHble raMMa-KBaHTbI ~7 MaB

[amMma-usnydeHne npoayktos geneHna ~6 MaB

Bcero ~200 MaB



" J
B pamkax kanenbHOW Moaenu aapa aHeprna CBA3M HyKNOHOB B SiApe OnucbiBaeTcs
nonyamnupudeckon dopmynon Batusekkepa (Carl Friedrich von Weizsécker, 1935)
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https://en.wikipedia.org/wiki/File:Liquid_drop_model.svg
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KanenbHasi Mogernb ONMChLIBaET: 3HEPruo CBSA3M sApa, sAepHble peakumm Npu HU3KKX
3Heprusix, naylime Yyepes coctaBHoe sapo bopa, peakumm genexHuvs saep.
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HPH ACTICHHH AJpa Ha JBa OCKOJIKA H3MCHAKTCA [IOBCPXHOCTHAA SHCPIHA En:?lQA'3 H KYJIOHOBCKAA 3HCPIHA
241/
E=a;Z”/AL, NIPHYEM MOBEPXHOCTHAA IHEPTHA YBETHUHBACTCA, A KYIOHOBCKAA JHEPrHA yMeHbaeTcd. [Je1eHne
BO3MOKHO B TOM CTy4a¢, KOr1a 3HEprid. BBICBOOOKTatomadcA npu aenennn E>0.

;
Z; )
E~a,—-037-0a,4,0.26 > 0.
3417 24
1 ) )
3necs Ai=A/2, Zy=7/2. Jlenerue 3HEPreTHUECKH BBIrOAHO, ec1H Z°/A>17, Beamunna Z°/A Ha3bIBaeTCA MApaMETPOM
- )
JeTIMOCTH. JHeprud E. 0cBoOOKIARMATCA IPH JCTCHHH, PACTET ¢ yBETHUCHHEM Z°/A. 11
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I3MeHeHne NoBEPXHOCTHOM M KyrnOHOBCKOM Vi3meHeHVe cyMMapHOW NOBEPXHOCTHOM

3HEprum sigpa B npouecce aeneHus 1 KynoHoBCKOW 3Heprum B npouecce
aeneHva sgpa
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NoKa3aHbl YepHbIMN TOYKaMUN, U3BECTHbIE paANOaKTUBHbIE - KpAaCHbIMU, CUHUMMW, XENTbIMU U

3eJ1eHbIMU TOYKaMn B 3aBUCUMOCTU OT npenmyLeCTBeHHOro tina pacnaga; rpaHuubl yCTOVI‘-IVIBOCTVI, onpependaemblie no
KanenbHOW MoAesnu, nokasaHbl CNSIOWHOW IMHUEN. nyCTbIe MeCTa Ha KapTe O3Ha4aloT, YTO B nNpuHUMNneE 3T N30TOMNbI B

OyayLiem mMoryT ObiTb OTKPbIThI
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B Oonee TOYHOM NPHOJIHKECHHH
JHepreTHYecKas MOBEPXHOCTD SABJIAECTCA TPEXCIOHHOH NOBEPXHOCTLIO,
HA BEPXHEM CJIO€ KOTOPOH pacrojioXeHbl 3HAYCHHA € UIA HETHO-
yeTHbIX (9-4) sAep, Ha CpeaHeM —UIs  HEYETHO-YETHBIX (H-4)
U YeTHO-HEYETHbIX (Y-H) X HA HHKHEM — U1 HEYETHO-HEYeTHBIX (H-H).

el Z
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KapTa TsKenbiX HyKn1aoB.
«OcTpoBa cTabunbHOCTMY crneayroLlme 3a «MoryoCTPOBOMY TOPUS, ypaHa U
TpaHCYpaHOBbIX ANIEMEHTOB — NpeackasaHusi MMKPOCKOMMYECKO Teopun sapa.




" N

CuuTes 115, 117 u 118 anemeHTOB OcyllecTeneH B [lyGHe B OMAW Ha
YCKOpUTENLHOM KoMnnekce ¥-400 NaGopaTtopuu AAEPHLIX peakuWid MM.

I 'H.@nepoBa B peakUMAX YCKOPEHHbIX MOHOB Ca-48 ¢ aKTHHUAHbIMK
MULLEHAMM (aMepUUMIH-243 — 115 anemeHT, Beprnuid-249 — 117 aneMmenT,
KanupopHUA-249 — 118 anemeHT).

115 n 117 2anemeHTbl — Konnatopayuua O6beMHEHHOIO MHCTUTYTa AAEPHbIX
uccnefoeaduin (OWMAW, yéna, Poccua), IMBEPMOPCKOR HaLMOHaNbLHOM
nadopatopuu (LLNL, CLUA) w OKpWAMCKON HaUWMOHaNnsHoM nabopaTopren
(ORNL, CLLIA);

118 anemeHT — Konnatopauwa OMAKW (OyoHa, Poccua) u LLNL (CLUA).

lOpwuin Lionakosuy OraHecsH (1930)
akagemuk PAH (2003), Hay4HbIN

B opMuMansHoM npecc-penuze ot 08.06.2016 r. IUPAC ebiHec ceoe e KoBoMUTEN, NaGopaTopuy
aepHbIx peakumn um. I. H. ®néposa
onpeaeneHie no npegnoxeHHblM HazeaHHAM, @ HMEHHO!: OUAN (Oy6Ha)

BobinyckHuk MU 1056 roga

® MockoBui U cumeon Mc ona anemedTa 115,
® TeHHeCcCHMH M cMMBON Ts And anemMeHTa 117 K
® OraHecoH U cumeon Og gnAa anemenTa 118.
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Henernue uzomonoe ypaHa >33U u U HeumpoHamu

MpupoaHbin ypaH cogepxut 99.3% wnsotona 228U un 0.7% unsoTona 23°U.

238 penuTcs HemTpoHamu ¢ aHeprmen E. > 1 MaB.

235 penuTcs nop AencTBUMEM HEUTPOHOB NOOOWN 3HEepPrm 1, YTo ocobeHHO BaXXHO — BeCcbMa
9P EKTUBHO OENUTCHA TEMNOBLIMU HENTPOHAMMW.

CevyeHue

235

CeveHue aenenus, b

2 3
JHEPruA HEHTPOHOR, 3B

o

N
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1 1 1 1 1 1 1 1 1

5 10
JHeprua HeuTpoHoB, MaB
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3. LUenHana peakuusa geneHus

KoHuenumna xummnyeckon yenHol peakyuu BnepBble Obina npeanoxeHa
HeMeLUKUM XumMnkom Makcom bodeHwmetiHom 8 1913 200y ans
XUMUYECKMX B3PbIBOB. 3a pa3paboTKy TEOpUM XMMUYECKUX LEMHbIX
peakuun coBeTcknin xumuk H.H.CeméHos bbin yooctoeH Hobenesckomn
npemun no xummnm emecte ¢ Cupunom XuHwensygom B 1956 roay .

44
13Cs »

(O

[lepEUYHHHA .-
HEHTPOH lggBa\ ggSr/ o
.\
Bropuunrie 92
HEHTPOHH
143 -
s2Xe X\
[ —

Heiditponm
3-ro moxoneHuA ggsr\

He#fitponm
4-ro noxoneHus

M.J1.Kannua n H.H.CeméHoB Ha
kapTuHe b.M.Kyctoauesa, 1921

KoHuenumnsa ssdepHoll uenHon peakumm obina
cpopmynupoBHa Jleo Cunapaom (L.Szilard)
12 ceHTA0pa 1933 roga.

B 1939 roga J1.Cunapg n 3.depmMmun OTKpbINU
pa3MHOXeHVe HEUTPOHOB B ypaHe.

[ToHMMas BaXXHOCTb OTKpbITUA, Cunapa Hanucarn
nncbmo npesnaeHTy CLUA & [1. PysBenoty,
KoTopoe nognucan A. SnHwTenH. B nucbme
Bblpaxanacb 03ab04E€HHOCTb, YTO HAaUUCTbI B
[epmaHn MoryT co3gaTb aTOMHY0 60MOy.

B CCCP aHanornyHoe nucemo CtanuHy B 1942
rogy Hanucan éyoywunm akagemMuk NenTeHaHT

[.H.dnépos
22



Cxema uenHoun peakuumn Ha U-235 B cpeae c 3ameanuntenem
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Cxema rereporeHHOoro TerJyioBoro peakTtopa
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Kpumuyeckass Macca — MMHUManNbHaga Macca gensulerocd Bellecrtsa, Heobxoanmas ans
Hayarna camornodoepxusaroujelics UENHON peakumn OeneHus.

KOSde)I/ILI,I/IeHT pPa3MHOXEeHUA HGI?ITpOHOB B TAKOM KONnM4ecTBe BellecTBa 6onblie eauHULbl Unm
paBeH eanHuue. Pa3|v|epb|, cooTBeTCTBYyHOLMnEe KpMTquCKOVI Macce, TakKKe Ha3biBakoT
KPUTUHECKNMN.

HanmeHbLlen KpuTnyeckon Mmaccom obnagatoT BOAHLIE pacmeopk! coslell YACTbIX AENALLINXCS
HyknuaoB. Bopa urpaet ponb ahdeKTUBHOro oTpaxkaTternst HEMTPOHOB. [na 23°U kputuyeckas
macca pacteopa 0,8 kr, ansa 23°Pu — 0,5 kr, ans HekoTopbix conen 2°1Cf — 10 r.

O6paseL, ¢ MUHMMaNbHOW KPUTUYECKOM MacCcon MMeET popMy Luapa.

[1NyTOHMEBBLIN LWIAP, OKPYXXEHHbIN
oTpaxarLmmMn HENTPOHbI
brnokamu U3 kapbuga sonbdpama
(pekoHCTpyKuus npnbopa 1945
roga anga onpegerieHuns
KPUTMYECKON MacCCbl NIyTOHUSA)

25
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. Ucnonb3oBaHue aHeprum geneHus agep

[MepBbIN 90EPHbIN peakTop Obln NOCTPOEH K 3anyuleH 8 Oekabpe 1942
roga B Yukaro (CLLUA) nog pykoBoacteoM 3.Pepmu B pamkax pabdor,
nosgHee cTaBLMX OCHOBOW MaHX3TTEHCKOro npoekTa (hopmanbHoe
ocylwiecTBrneHme MaHX3TTEHCKOro npoekTa Havanocb 17 ceHTabps

1943 ropa).

- BbIxog HenTpoHOB

~ 10” 2 scale

Neutron intensity

Removal of Cd#21 (begin)  #21...11" (in)

Control rod and zip out

107 2 scale -

V/Mlm Q scale

Chicago Pile-1, CP-1 : TennoBasi MowHocTb 200 W

= 10" O scale

rod in

~— Safety

T T T T T T
14:20 14:30 14:40 14:50  15:00 15:10

T 1 T
15:20 15:30 15:40
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A.N. AnnxaHos
M.O. KopHdbenbg,
J1.H. HemeHoB
M.A4. NmasyHoB

B CCCP nepsBbint peaktop 1
2
3
4.
5. C.A. HukutuH
6
7
8
9

6b1n1 nocTpoeH B 1946 rogy
no4 pyKoBOACTBOM
. B. Kypyamoea.

IA. WenkuH
IH. ®népos
MN.E. Cnusak

B nepBoin atToMHoM
nabopartopum CCCP
paboTtano 10 yenosek:

. M.C. Ko3onaes
10. B.I. Dxenenos

NUHcmumym amomHou 3Hepauu (UAJ) umeHu
U. B. Kypyamoea (Jlabopatopus Ne 2 AH CCCP)

MepBbilt peakTop B EBpasun @-1 sanyuieH 25 aekabps 1946 Bapbis aTomHol 6ombbl FAC-1.
roga B Na6opatopum Ne2 AH CCCP. 29 aBrycta 1949 . MowHocTb ~20 KT.27
Tennosas mowHocTb 20 BT.
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H.B.Rypuamos

H.M Ppank

22 Hos16ps1 1942 200a noanucaHo NMoctaHoeneHne Ne 1871—872c CoseTa
HapogHbix Komuccapos (CHK) CCCP o6 obpasosaHnn MocKOBCKOro
MexaHn4eckoro nHctutyTa boenpunacos (MMUB).

B 1946 rogy B MMWB 6611 co30aH CeKpeTHbIN MHXEHEePHO-(PU3NYeCKni
doakyrnbTET C Lesblo NoAroTOBKM KaapoB Ana oTedeCTBEHHOW SOepHON
NPOMbILLITIEHHOCTU U HayKWN.
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IT. 4. Yepenroe
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Cross-section drawing of Y-1852 Little Boy showing major mechanical
component placement. Drawing is shown to scale. Numbers in ( ) indicate
quantity of identical components. Not shown are the APS-13 radar units,

2"‘, clock box with pullout wires, baro switches and tubing, batteries, and
:L electrical wiring. (John Coster-IMullen)
W Z) Armor Plate
v Y) Mk XV electric gun primers (3)

T X) Gun breech with removable inner plug
U W) Cordite powder bags (4)
T V) Gun tube reinforcing sleeve
5 U) Projectile steel back
R T) Projectile Tungsten- Carbide disk
Q = £ §) U-135 projectile rings (9)
p-t Y " R) Alignment rod (3)

o Q) Armored tube containing primer wiring (3)

pa P) Baro ports (8)
o Q) Electrical plugs (3)
N -_] N) 6.5" bore gun tube
} ] M) Safing/arming plugs (3)
M L) Lift lng
L N K) Target case gun tube adapter

.'=3 J) Yagl antenna asserably (4)

I} Four-section 13" diameter Tungsten-Carbide tamper cylinder sleeve

K ] H) U-135 target rings (6)
J G) Poloniumn- Beryllinm initiators (4)
I 7 F) Tungsten-Carbide tanper plug
g | E) Impact absorbing anvil
F —| D) E-46 steel target liner sleeve
E — C) Target case forging
D — B) 15" diameter steel nose plug forging
C A) Front nose locknut attached to 17 diameter main steel rod holding
i ——— target components

"Atom Bombs: The Top Secret Inside Story of Little Boy and Fat Man,"” 2003, p 112.
John Coster-Mullen drawing used with permission

B pamkax MaHxaTTeHckoro npoekta 6b15i1 co3aHbl TpyM aToMHble 6oMObI: NnyToHneBas Gadget
(B3opBaHa 16 uonsa 1945 roga npu nepBoM siAepHOM UCNbITaHUK), ypaHoBas Little Boy (cOpolleHa
Ha Xupocumy 6 asrycta 1945 roga n nnytoHneBada Fat Man (cbpoweHa Ha Haracaku 9 aBrycta
1945 ropa). 29



Pa3mep nnasmeHHoro wapa ~200 m nocne 0.016 cek.
MoLHoCTb 21 KT TpoTuUna.




-
J Expilosive S Gun barrel

rapidly into the center of the sphere, and the assembly goes supercritical. The
bomhb that was dropped on Hiroshima, Japan, in 1945 was of this type. The
energy release was about 10 J, or equivalent 1o a conventional bomb containing

about 20 kilotons of TNT,

‘/_ 7

Hiroshima on Monday, August 6, 1945

- Detonatar

Chemical
= emplaosive

Sphere of
HEr, material into a supercritical state, The first nuclear explosive, tested near
Alamogordo, New Mexico, in 1945 and the one later dropped on Nagasaki,
" tamper Japan, were of this type. The yields of these weapons were, like the ***U homb, in
the range of 20 kilotons of TNT eguivalent.

Fat Man
Nagasaki Atomic Bomb:

18-48 kilotons August 9, 1945 11:02a
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Xupocuma:

G Yéuto bonee 20,000 congat v

/___SPECIAL SECTION sl /0,000-146,000 rpaxgaHckux nuy,
THE ATOMIC AGE A NN

Hazacaku:
Obuwee yncno yontbix 39,000—

5 My , 80,000
GOd? | Mmozo: y6uto
What oT 129 o 246 TbiCsYM YenoBekK
have «f
WE
done?”

Captain Robert Lewis ~ S
Co-Pilot of the Enola Gay -
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Worldwide nuclear testing, 1945-1998
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M United States MSoviet Union Great Britain W France B Pecple's Republic of China ® India MPakistan
Oata MolwHocTe (MT) PasmeleHde 3apRga | CTpaHa MecTo MCNLITaHMA HMeneiTanne
1 | 30.10.1961 | 58 Boma CCCP | lMNonuroH Hoeaa 3emna | Uape-Gomoa
2 | 24121962 | 242 Bomba CCCF | MNonurod HogaA 3emna | McnbiTaHue Ne 219
3 | 05051962 | 211 Bomba CCCP | NMonurod Hogad 3emng | McnbiTaHue MNe 147
4 | 27.09.1952 | 20 Bomba CCCP | MNonurod HosaA 3emns | McnbiTaHue MNe 174
5 25.09.1962 | 19.1 Bomba CCCP | MNMonurod HoeaAa 3emna | McnelTadue Me 173
6 28021934 |15 Mnowgaaka CLUA ATonn BUKUHK Kactn Bpaso
7 | 04.05.1954 | 135 Bapxa CLUA Atonn BUKWHK KacTn AHKu |'aHEHF]cK'
8 23101961 | 125 Boma CCCP | Nonurod HoeaAa 3emna | MCNelTaHue Me 123
9 | 26.03.1954 11 Bapia ClLUA ATONN BUKMHKW KacTn Pomeo (EHEEF)C"-
10 | 31.10.1952 | 10.4 Mnowaaka CLUA ATONN SHUBETOK ARsn Maik
11 | 25.08.1962 | 10 Bomba CCCP | NMonurod Hogad 3emns | McnbiTaHue Ne 159
12 | 19.09.1962 | 10 Boma CCCP | Nonurod Hoeada 3emna | MCNelTaHue Ne 168

AAePHBEIE HCNBITAHWA, MOLWHOCTE B3PEIBA KOTOPLIX cocTaesKna 10 MeraToHd THT W Gonee
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ApnepHas peakums NpoTekaeT B akTMBHOW 30HE peakTopa, KoTopas 3anofiHeHa 3ameanuTenem u npoHn3aHa
CTEPXXHAMU, cogepKalinumm oboralleHHY CMeCb M30TOMOB ypaHa C NOBbILWEHHbIM cogepXxaHunem U-235 (oo
3 %). B akTUBHYO 30HY BBOAATCS CTEPXKHU, coaepxalume kagMmmin unm 6op, KOTopble MHTEHCMBHO MOrnoLatT
HENTPOHbI U NO3BONSAIOT PerynmpoBaTb MHTEHCUBHOCTb LIEMHOW peakuun, Nornowast HEUTPOHbI.

lNepsasi Oeticmeyowasa ASC 3anyweHa 27 utoHs 1954 200a B NOCEnNKe
O6HuHcKkoe Kanyxckon obnactn B DU3nKo-aHEPreTM4eCcKOM NHCTUTYTE
nmexn A. W. NennyHckoro (Jlabopatopua «B») ¢ ypaH-rpacmntoBbiM
KaHarnbHbIM peakTopoM € BoAsiHbIM TensioHocutenem: AM1 («ATom

MWpPHBLIN» ) MOLLHOCTBLIO 5 MBT. 34



http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCP-6r4P9r8cCFUFdLAodxkQNcg&url=http%3A%2F%2Fmiraes.ru%2Fobninskaya-aes-pervaya-atomnaya-stantsiya-v-mire-v-sssr-i-v-rossii%2F&ei=jsDRVf-7FMG6sQHGibWQBw&bvm=bv.99804247,d.bGg&psig=AFQjCNH8ckyaQqMtB4D9sK5qhGwArX_jsQ&ust=1439896071901958

Peakmopbl Ha 6biIcmpbIX HelimpoHax

PBH vicnonb3yeT ons nogaepxaHusi a0epHOn peakuumn BHELLHME HENTPOHbI C 3Heprmnen >10° 3B.
B kauecTBe OCHOBHOro Tonnmea ucnonbayerca 238U

OTpaaTenb HEMTPOHOB A1 PEAKTOPOB Ha ObICTPbIX HENTPOHax (BP) narotaBnuBaloT U3 TSHXKENbIX
matepuanos: 238U, 232Th. OHu BO3BpaLLaOT B aKTUBHYK 30HY HEUTPOHbLI C 3Heprusimu Bobiwe 0,1 MaB. bonee
XOInoAHble HEMTPOHbI 3axBaTbiBaloTCcA sapamm 238U, 232Th n pacxogyoTcs Ha nonyyenune saep 23°Pu un 233U,

E £
238 1 239 S 23w 7 2
+ n — |

0V tg 52 ozl — o4
AnepHbim roptodnm BP aBnsieTcsa oborawéHHas cmech, cogepxatllasa He meHee 15 % mnsotona 23°U.

Fu

MoLHOCTb peakTopa perynupyetcs cbopkamm ¢ NOABMXHbLIM NOrMOLatoLWLnMM 35IEMEHTOM U3 NPUPOLHOIO
ypaHa nnu Topusi. B HebonbLuMX peakTopax Ha BbICTPLIX HEMTPOHaxX 6onee addPEKTUBEH KaK perynsatop
NOOBWXHbBIN OTpaXkaTesib: XO4OM LEeNHOM peakumn yrnpaBnatT, U3MEHSs yTeUKy HEUTPOHOB. Ecnun cnon
oTpaXkatens yoandaTtb U3 peaktopa, TO yTeyka HEMTPOHOB YBENNYMBaETCS, BCreaCTBME YEro TOPMO3UTCA
pas3BUTME LEnHOro npouecca, n HaobopoT. Hanbonee addeKTUBHLI NOABUMXKHbLIE CITON OTpaXkaTens Ha rpaHuue
C aKTMBHOM 30HOWN.

KoadhduumeHT BOCNpon3BoacTBa «OpmaepHbix» peakTopoB gocturaet 1,5, T. e. Ha 1 kr 238U nonyyaetcsa oo
1,5 kr 239Pu.

TennoHocuTenb — Kak NpaBuno, metann. B HacTodwwee Bpems B Poccun doyHKLMOHNPYHOT ObICTpbIE peakTopsbl
Cc HampuesbIM mensioHocumesiem bH-600 Ha 3-m 6rnoke n BH-800 (3anyweH 10.12.2015) Ha 4-m Gnoke
Benospckon ASC + cepus peakTopoB 4S5 NOABOAHbIX NTOLOK.

CuuTaetcs, 4To Npu NCMONb30BaHUN PeaKTOPOB-Pa3MHOXUTENEN 3aNacoB ypaHa Ans Npou3BOACTBa SHePrnm

XBaTUT HEe MeHee, YyemM Ha 6000 ner.
35



AnekcaHngp Unbuy JlennyHckni
OHpuko Pepmm (1903-1972)
(1901-1954)

Noeto PBH Bnepsble Bbickasan 3.Qepmu 8 1942 2. lNepBble ABa peakTopa Ha ObICTPbIX HEUTPOHAX NOSABUIUCH
B CLUA: cHavyana 6bin cobpaH cteHa «KnemeHTuHay (pabotan ¢ 1946-ro no 1952 r. B Jloc-Anamoce), a B 1951
rony — EBR-1 (experimental breeder reactor). B 70—-x rogax npu npesngeHte Kaptepe CLUA oTkaszanuck ot
cTpouTenbcTBa 6pnaepos.

HesaBucumo ot Pepmn naeto paclimpeHHoro Bocnponssoactaea saepHoro tonnmea B PbH B 40—x rogax
BblABUHYN 1 obocHoBan A. JlelinyHckul, BONAOTUBLLNK €€ B CEPUM IKCNEPUMEHTANbHbBIX YCTPOWUCTB.

[MepBbI COBETCKMI 3KCNEPUMEHTASbHbINM CTEHA HyNeBon MOLHOCTU BP-1 6bin nyweH B O6HUHCKOM ®OU B
1956 . Tam e OByMSA rogamm nosxe 3anycTunu ncerieqoBatenbcknn peaktop bP-2 ¢ pTyTHbIM
TennoHocutenem. B 1954-1955 rogax peaktopbl ZEUS n ZEPHYR 6binn onpoboBaHbl B BenukobputaHmn.,
BoicTpbin dpaHuy3ckun peaktop RAPSODIE 3apabotan B 1967, a sanoHckun JOYO — B 1977 roay. B N'epmaxnn
ycTaHoBKa ¢ bbicTpbiM peakTopoMm SNR-300 6bina noctpoeHa B 1985 rogy, HO Tak 40 CUX MOP U HE 3anyLleHa.
MpuynHa — cnNoXHOCTb paboTbl C MeTaANNMNYECKUMU TENSTOHOCUTENSIMN.

B HacTosilee Bpemst Poccust — npakTuyeckn eguHCTBEHHAA CTpaHa, rge MHTEHCUBHO pa3BMBAETCS TEXHOMOMS
PBH. B NHaun Begétcst CTpOMTENBCTBO AEMOHCTPALMOHHOMO BbICTporo HaTpmeBoro peaktopa PFBR-500
mowHocTbo 500 MBT (an.). 36



Peaktop BH-350
B AkTay (LLleB4eHko), KazaxcTaH

OnpecHuTtenn Ha ocHoBe bH-350




Cxema 80epHo20 3Hep206/10Ka ¢ peakmopom Ha Beicmpelx HeimpoHax BH-600 (benospckaa A3C)

3

IR |

OTnycK aneKTpoaHeprum
norpeburenio

Tpaucdpopmatop

MNaporexepaTtop
LY TennoobMeHHNK

MNpyp-oxnagurtens

1 KoHpexcarop
T UvpKynaumoHHbiv
Hacoc
nagHbin MnasHbii MurarensHoin
UMPKYNALMOHHBIN UMPKYNAUMOHHDIN Hacoc
HaCOC NepBOro KOHTypa HaCcoC BTOPOro KOHTypa
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KoHcmpykuusi peakmopa BH-600

1 - WaxTta; 2 - Kopnyc; 3 - [MaBHbIN LMPKYNSAUMOHHBLIA Hacoc 1
KOHTYpa; 4 - OnekTpoasuratens Hacoca; 5 - bonbluasi noBOpoTHas
npobka; 6 - PagnaunoHHas 3awmra; 7 - TennoodMeHHUK "HaTpum-

HaTpuin"; 8 - LleHTpanbHasi NOBOPOTHAas KOSIOHHA C MexaHn3MamMmm
CY3; 9 - AKkTuBHas 30Ha.

D .
B 208,00000
0000008
5 a0c008s
W e
BOOICSIEIECIEIE)

<8
a%e800;
B2080:0;
o W " -~ o m

KapTorpamma 3arpysku peaktopa bH-600:

1 - TBC aKkTnBHOW 30HbI C MarbiM oboraleHMem Tonnmea ypaHom-
235; 2 - TBC akTMBHOM 30HbI CO cpeaHum oborailenuem; 3 - TBC
aKTUBHOM 30HbI ¢ 6onbwnm oborawieHnem; 4 - TBC BHYTpeHHeN
30HbI Bocnpon3eoacTtea; 5 - TBC BHeLUHEN 30HbI
BOCMNPOM3BOACTBA; 6 - XpaHunuuie otpaboTaBLLmMX COOPOK;

7 - CTepXHN aBTOMAaTUYECKOro perynnpoBaHust; 8 - CTepxxHu
aBapuHoOM 3awwuTbl; 9 -KoMNeHCHpyoLLne CTEPXKHN;

10 - ®OTOHENTPOHHbLIN NCTOYHUK.

39



"

OcHoBHbIE napaMeTpbl 2Heprodaoxka bH-800

OCHOBHbIe NapamMeTpbl NPOEKTUPYEMOro
3Hepro6noka bH-1200

ITapameTp 3HaueHHe

TemroBas momHOCTE, MBT 2100

Ten: . MB 2800
DIIeKTpUYecKasd MOIHOCTh, MBT 800 CHHOBAA MOMHOCTS peaktopd. !

o CpenHsas TeMIepaTypa HaTpUs IePBOTO

Temmepatypa, °C . KOHTYpa Ha BXOJ€&/BBIX0/I€ aKTIBHOII 410/550
IIEPBOTO KOHTYpa 547/354 30HEL °C
BTOPOTO KOHTYpa 505/310 '

TeMmmepatypa HaTpisg BTOPOTO KOHTYpa
Pacxo/1 TeIIOHOCUTENSA 110 3000 (HepaaoaKTUBHbLIL) Ha 5271355

IIEPBOMY H BTOPOMY KOHTYpaM,
T/9

| — LaxNTa peaxvopa: 7 — dwrsTp Mexnmmrscere;
2w Bavw wogryCon, & — maniil mupRyasNR HIcoc:

3 Kopanin acruseoli s 9 s maponenitparop;

A — IKTHBE SO 10 naian o
5 —1pyloapasiy sdasekiops 11 — saococdmcrmie:
6 — Gaos NIOPE 12 — rpOls neprrpy i

Pueyrox 2 [Monepeunsi paspes peaxtopa BPECT-OJI-300

BX0/1e/BBIX0Je aporeHeparopa, °C

Temmnepatypa ocTporo napa, °C 510

BPECT —

paspabaTbiBaloLMINCS B HacTosilLee Bpems B Poccum
NPOEKT peakTopoB Ha BbICTPbIX HEMTPOHAX CO CBUHLIOBbIM
TennoHocuTenem, AByXKOHTYPHOW CXeMol oTBoAda Tenna K
TYpOVHE N 3aKpUTUYECKMMM NapameTpamMm napa.




"
MNMpoekT «lMpopbIiB»

MpoekT «IMpopbiB» 0GbeAUHSET TEXHONOMMN PEaKTOPOB Ha ObICTPbIX
HEWTPOHAaX U 3aMKHYTOro SAEPHOro TOMMMBHOIO LIMKIA.

Matb 6rnokoB BH-1200 gomkHbI ObITb NOCTpPoeHbl B 2025, 2028, 2030, 2033 n 2035 ropax.
Opawun 6nok ¢ BH-1200 nnaHupyetcsa pasmectuTb Ha benosipckon ASC n ewe aBa — Ha dyayuwien KOxHo-
Ypanbckon ASC.

OHeprobnoku ¢ peaktopamm Ha ObICTPbIX HEMTPOHAX MOIYT CYyLLECTBEHHO pPacLLUMPUTL TOMMANBHYO 6a3y aTOMHOM
3HEPreTMkM 1 MMHUMN3NPOBATb PaaVNOaKTUBHbBIE OTXOAb! 3@ CHET OpraHM3auumn 3aMKHYTOro S4ePHO-TONSTMBHOMO
Lukna. 3aBog no npon3BoACTBY CMELLAHHOIo okcuaHoro ypaH-nnytoHnesoro MOKC-tonnuea gns
YCOBEPLLEHCTBOBAHHbLIX KOMMEPYECKMX PEAKTOPOB Ha ObICTpbIX HenTpoHax bH-1200, koTopsble ByayT
MCNONb30BaTbCsA B aTOMHOW 3HepreTuke byayliero, nnaHupyetca noctpoutb B PO go 2025 roga.
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AMmOoOMHbIU ¢hbriom

MNepBas B Mupe aTomMHas nogsogHast nogka USS «Nautilus»
(SSN-571) 17 ssHeapsi 1955 2o0a otnpasuna B adup
ncropuyeckoe coobuleHme: «Underway on nuclear power». [Npun
Bogou3meLlleHmnn «Haytunyca» okono 4000 T aHepreTndeckas
yCTaHoBKa cyMmmapHon MmollHocTbio 9860 kBT obecneunBana
MoLHocTb 13 800 n.c. n ckopocTb 6onee 20 y3nos. [JanbHOCTb
nnaBaHUs B NOABOAHOM MOMOXEHUM cocTaBnsna 25 Tbicad Muib
npu pacxoge 450 r 23°U B mecsl,

[MepBbIn aTOMHbIN NeoKon «J1eHUH:

12 ceHmsb6psi 1959 200a xoQ0BblE UCTbITAHUS
BopounamewyeHne 16 000 T

MowHocTb 32,4 MBT (44 TbIC.1.C.)

CkopocTb oo 19,6 yanos

ABTOHOMHOCTb 12 mecsueB

Bce 10 cywecTBoBaBWMX B MUpE aTOMHbIX
NefoKoNoB (XOTS OOMH U3 HUX HA camMOoM Jerne
SABMNSAETCS He NeAOKOSIOM, a aTOMHbIM
NIMXTEPOBO30M C NeAO0KOSTIbHbIM HOCOM) ObINu
cnpoekTupoBaHbl B CCCP n Poccun. 42
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CpaBHeHWe KNnacCcoB POCCUMMUCKUX NeaoKONoB

XapaKTepucTHKK Nexnunt Apkruka™ | Taimep® | nKe0A ™ | nk-1108"

[Onuxa Hanbonbwan / no KBI, M 134,0/124,0 148,0/136,0 | 150,0/140,6 | 172,2/160,0 | 206,0/193,6
Lnp1Ha Haubonbwas / no KBIT. M 276 30,0/250 2927280 33,0/320 40,0 /38,0
BelcoTa GopTa, M 16,1 17.2 15,2 15,2 20,3
Ocagka no KBIN / MUHUMaNeEHAA, M 10,5 11.0 81 10,5/8.55 13,0M1.,0
BogouamelleHe no KBN/No MAHMMANEHORA ocanke, T | 16000 23460 19600 33600/24800 | 25600
HYHCNO W MOLWHOCTE TYPOWH, KBT 4 no 8035 2n0 27580 | 2no 18400 | 2 no 35400
Yucno rpebHbiX BUHTOB 3 3 3 3 3

3 no 20000
HUCNO W MOLWHOCTE pEakTOpOB, KBT {2 no 159000 2no171000 |1 no 171000 |2 no 175000

nocne MoAepHU3aLMK1)
MOLWHOCTE Ha Banax, kBT 32400 49000 32500 60000 110000
CKOpOCTh HA YUCTOW BOE, Y3N0B 18 208 202 22 24
Ne&gonpoxodUMMOCThL, M 225 1,95 2829 3.5
JKMNaE#, Yen 243 130 a9 74 127
MocTpoeHo 1 6 2 0 0
B akcnnyarauyuu 0 4 2 0 0
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http://www.antiatom.ru/2011/december/1266-yugoriya-zastrahovala-atomnye-ledokoly-na-360-mln-rubley.html
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5. HacTtosiwee u dyayuiee aTOMHON 3HEPreTUKu

NcTopus npomblwieHHoCcTU MobanbHbin A3C
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BoipaboTKa 3neKTpO3HEPruM Ha POCCHMCKMX
A3C, mnpg KBT*y
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MupoBbIMM NnaepaMmn B NPOM3BOACTBE SAEPHOM 3NEKTPOIHEPTUM SABMNSKOTCS:

CLWA - 836,63 mnpa kBt-4/rog, 104 peakTtopa, 20% aneKkTpoaHepruu
®dpaHuus - 439,74 mnpg kBT-4/rog 58 76,9%

AnoHusa - 263,83 mnpg kBT-4y/roa 48

Poccua - 177,39 mnpa kBT-4/roa 34 18,6%

KO.Kopes - 149,2 mnpg kBT-4/rog 23 30,4%

[epmaHunga - 140,53 mnpa kBT-4/rog, 9 16%

Bcezo ¢ mupe 2410 439 2,6%
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e2amueHasi CmopoHa si0epHol 3Hep2emuKu

Pa3spyLwieHue 26 anpena 1986 roga 4eTBeEpPTOro aHeprobnoka YepHobbiribckol amomMHoU
afleKmpocmaHyuu, pacnofioXXeHHOW Ha TeppuTopumn YkpanHckon CCP

@ YepHobbinbckad ADC MMeHn
B. W. llenuHa

PacnonoxeHue YepHobbinbckoit ASC Ha kapTe
esponenckon yactu CCCP
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« > HeHa3sBaHHas 30Ha

3aKpbITble 30HbI
Bonee 40 Kiopu Ha kBagpaTHblit
kunometp (Ku/km?) ueans-137

MoCTOSIHHBII KOHTPONb
15 - 40 Ku/km? yesus-137
Meproanyeckunii KOHTponb
5 - 15 Ku/km? yesus-137

1 - 5 Ku/km? uesans-137

[rr—

B TeueHune nepBbIX TPEX MecsaUEB nocne aBapun nornb 31 yenosek; oTaaneHHble NOCNeacTBmd
obnydeHus, ctanu npuumHon rmbenu ot 60 go 80 yernosek. 134 yernoBeka NepeHecnu nyyeByto
bonesHb. boree 115 TbIC. Yenosek GbiNK 3BakynpoBaHbl U3 30-kKM 30HbI. 600 ThIC. YernoBek

yqacTBOBalin B JikBugauumu nocrneacTeum aBapumn.
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" A
Fukushima Daiichi nuclear disaster
16 March 2011
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The plant comprised six separate boiling water reactors originally designed by General Electric
(GE) and maintained by the Tokyo Electric Power Company (TEPCO).

300,000 people who evacuated the area, approximately 1,600 deaths related to the evacuation
conditions, such as living in temporary housing and hospital closures have occurred as of August
2013, a number comparable to the 1,599 deaths directly caused by the earthquake and tsunami in
the Fukushima Prefecture in 2011. 48



Bmecmo 3aKknrouyeHuUs:

« MO y)KacHO — Mbl OBHapyXusiu HelmpoOH:blI. Mo Cunapa
(1898-1964)

Mbi WwénkHynu mymbrnepom, U Ha 3KpaHe rnosieusnuch 8cribiWKuU. Mol
IOCMOMpPeEsiu Ha 3Mmu BCrbIWKU, a 3ameM KaxX0bll U3 Hac 8epHYrics
domou. Tem seedyepoM s rnovyyecmeosari yeepeHHOCMb, Ymo Haul MuUp
nadaem 8 riporacmb»

NNeo Cumnapna
1939 roa


http://www.google.ru/url?sa=i&rct=j&q=&source=imgres&cd=&ved=0ahUKEwipgJGlspPPAhWiApoKHVyBC58QjRwIBw&url=http%3A%2F%2Fwww.peoples.ru%2Fscience%2Fphysics%2Fleo_szilard%2F&psig=AFQjCNGPZ0rMyAQV24ULQjjDVrst0nHoCg&ust=1474098314979287

HecmoTpsa Ha npuMeHeHne aaepHoro opyXxuda B Xmpocume n Haracaku,
HEeCMOTPSA Ha ONUTENbHbIE NUCMbITAHUA AOEPHbIX 3aps40B B BO34yXe, HECMOTPS
Ha aBapuu Ha AOEPHbIX 3MNEKTPOCTAHUUAX N NPeanpUATUAX A4epHOro Unkna,
HECMOTPA Ha BO3MOXHbIE€ OTAAaN€EHHbIE NOCNeaCcTBUA BO3OENCTBUA U3ITyYEHUN
Ha >XMBbl€ OpraHn3Mbl, Bpea, HaHECEHHbLIN YenoBevecTBY SA4epPHbIMU
N3Ny4YEeHNAMU, HEN3MEPUMO MeHbLLE Bpeaa, HAaHECEHHOIO APYrMMUN BbICOKO-
TEXHOSTOMMYECKUMM UCTOYHUKAMKM ONACHOCTM.

Tonbko 3a 1 rog 1 TONbKO B aBTOMOOUIIbHBIX aBapUsiX YernoBe4eCTBO TEPSIET BO
MHOro pa3s 6onbLue xn3Hen, 3a 100 net paboTbl C AAEPHBIMU TEXHONOMUSIMM.

OnacHOCTb S5AEepPHbIX N3NyYeHNn yaaeTca yaep)aTtb B y3ae, bnarogaps
HaOEéXHbIM crnocobam ux pernctpaunn, 3HaHuro sI0epHoU hu3uKU N YETKOMY
crnegoBaHuio npaBsunam 6e3onacHoOCTU obpalleHnst ¢ paguoakTUBHbIMU
Martepumanamu.
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