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OTKpuBaHe Ha HeYTPOHa

ObINOOKO NPOHMKBALLO JTbYEHNe W
1930 — Bothe & Becker cnabo MoHn3npaLlo gencTemne
Curie & Joliot
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(cPp)? = (cpy)? + (cpy)” + 2 (cpy) (cPy)
= E2 + E,  + 2E,E,

(Ey - Ey) +myc®= \/ppzc2+m2c4

E,2 + E.? - 2E E, + 2myc® (E, - E,) = (cpp)?
c’E ' 2 E, 2 o g2
B, = 2 T, = E, - E, = : 5.3 MeV = .
m, c2 +2 E, m, c2 + 2 Ey 938.28 MeV + 2 Ey
E, = 52.58 MeV He + “,Be — “C + vy
E. = 10.64 MeV 4.002603u  9.012182u 13.003355u
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OTKpuMBaHe Ha

HeyTpoHa
R

1932 - Chadwick Hobenosa Harpapa 1935

vacuum
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9 ‘ o o to an amplifier ___, oscillograph

m, Vm " recorder
EEENLUN | W a— ‘\\ T
‘70 Fo source Be target material \
44’,044 KakBa e MmakcMmanHaTta CKOpOCT Ha OTCKOYMOTO 94po — V,?
2 '2 2 —_ —_ M
Pn _ Pn . Py VM - VM max < Pm = Pm max (f:M)z = — (Pu’ - P'n’
2m 2m 2M g =180° m
> > > - 2
Pa = P'm + Pu (Pu) = Pn® +P'n” - 2P 'mPncOS (6) = Pp° +P'm° + 2P 'mPn
M M-m P2 p2 Pn Pu
— m2 - 'm2 = m2 + 'm2 + 2P "4 Pn ,m = m z = - =
— (P P P P P'nPn P m+MP MamZ Mem 2
mV, =MVM — 2 mV, M=p Vp =3,3107m/s
(M+m) 2M 4 (M+m) M="N wvy=14.710°m/s
Vp m + M14 N
= " * eIeKTpUYEeCKn HeyTparHa Yyactmua
VianN m +
P * C Maca bnuska 4o macara Ha npoTtoHa (m,/m;=1.00138)
m/M,, = 1.14(10) * HecTabunHa B cBOOOAHO CbCTOAHUE - T, = 10.2 min

* HEHyneB MarHnTeH MoMeHT - u=-1. 91304184,
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3abaBsAHE Ha HEYTPOHMU
TonnuHHM 0.025 eV. baBHn ~ 1 keV, bbpaun 100 keV-10MeV

KnHeTn4yHa eHepru4a cnen yoap
C A0p0 C MaCcoBO 4YUCIIO A

T, A%+ 1+ 2Acos (0)

Tn (A+1)2

300 MOHOEHepreTUYHN HEeYyTPOHMU
E, =10 MeV ce 3abassart B 1°C

[TbpBO B3anmogencTesne
7.2 MeV=E < 10 MeV

# HEeyTpOHM
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o
T
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3abaBAHe Ha HEeYTPOHMU

jlog[ a2 1(A2+§a)2 (6) ] de '
rorenees n—ymapa 10gE = logE - n&
JHIQ (MOKONEeHMs HEYTPOHM)

E
§ = [tog 5l -

& e xapakTepucTuka Ha 3aGaBuTens (Mogepartopa).

Konko ynapa ca Heobxogumu 3a Tepmanusaumara (E'~ 0.025 eV) Ha HeyTpoHu,
nosnydeHn npu genexHe (E~ 2 MeV)?

3abasuTten £ n (Tepmanusaums)
IH 1.00 18
°H 0.725 25
‘He 0.425 43
12C 0.158 110
2381 0.0084 2200

3abenexka: Npu HUCKO-EHEPreTUYHN HeYTPOHM e HeobXoAMMO aa ce oTymTa U

TeMneparypHoTto aABm>xeHne Ha atoMnTe Ha 3abaBsuTens.
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HeyTpOHHO-aKTUBaUMOHEH

At
Ap(t) = AN (t) = Y(1-e"17)
a H an M 3 0 40 80 120 160 200 240 280 320 360 400
8.6 8.6
TwHKO (DOITMO OT U3CICABAHMS MaTepHa //
6.45 4 6.45
CC aKTHBHUPA OT TOILIMHHU HEyTPoHH — (N,y) peaKIuu.
4.3 4.3
[TonydyeHuTe HECTAOMIHU U30TOMHU THPIIAT - U
y-TipeBpbIanusa. Upes u3MepBaHe Ha y-CIIEKThPa MOXKE \
40 80 120 160 200 240 280 320 360 400 °
7a ce Ompeaeiiu eICMEHTHHUAT ChCTaB.
Isotope Activily (s™*) Prominent y Detection
Elemen: (Abundance} o (b) per pg ty » -~ {(MeV) Counts/h Limit (pg) 21061/113 Y
Mn . 535¢100%) 133 3 x10° 258bh  0.847(99%) 1 x 10° 10-°-10"°
Ag 107 (51%) 35 1~10% 24min 06331(2% 4 x10° 107°-1077 —
Au 197 (100%) 99 Ix10° 27d  0412(95%) 1x10° 107%-107° Gntargetvtargetq)beam
Sc 45 (100%) 13 6 x 10° 844 0.889 (100%) 2 x 10° 10" *-107"*
Cu 65 (31%) 23 7x10° S1min 1.039(9%) 3 x10° 107%-107° ~1013 2
Ir 193(61%) 110  8x10° 17h  0328(10%) 3 X 10° 10~ °-10~° Dpeam 10*°neutrons/cm?/s
Sb 121 (57%) 6 2x 107 284d 0.564 (66%) 4 x10° 10-3*-107° C 3 -
Ni 64(1.2%) 15 4x10® 25h 148 (25%) 3 x10° 107'-10~% “aMO S-T€ Hal-Tekn
Pb 206 (25%) 003 2x10° 08s 0.570 (98%) 2 x 10' 10~'-107° .
Zr 9 (28%) 005 4x10° 17h  0747(92%) 1x10° 10-'-10° €nementa (H-O)uP, S, Tlu Bi
As 75(100%) 45 9x10° 26h 0.559 (43%) 1 x 10° 10 3-10"* y .
Hg, 202 (30%) 4 2x100 47d  0279(77%) 6 x 10° 10-2-j0~3 HE C€ TioAnasatr Ha HeyTPOHHO

Activily and counting rate are based on irradiating a 1-ug sample for one hour in a flux of 10"
neutrons/cm’ /s. The delection Hmit is based on accumulaung 100 connls in one hour usgxg 8

‘h- \\

detector with an efficiency of 10%.
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[1pon3BOACTBO HA PAaANOAKTUBHU
M30TONU

Jla ce noAroTBM CaMOCTOATENTHO.

UHTepeceH AoKnaa 3a cbctoAaHmneTo B CALL

2009 r.:http://atomic.phys.uni-

sofia.bg/Members/tsenov/npp/literatura/medicalisotopepro
ductionanduse.pdf/view
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3allo AapaTa ce AenaT?

2
m (*;Xy) = Nm, + Zm, - —|B (N, Z) A= (m-A)c

#U— 2°Pd - E = 238 x(-7.6 MeV/n) - 2 x(119 x(-8.5)) = 214 MeV

Pd - nanagun

J=3s

5 SapeHo geneHe
T,,(338U) = 4.5 x 10%y (rmaBHO a-pa3nag)
3| s T'5(2%8U) =~ 1010y
:I: Heﬂ

2|l  3allo OerieHeTo He € Han-pas3npoCcTPaHeHNs CNoOHTaHEeH pa3snag?

2

Average binding energy per nucleon (MeV)
I

3apaan KynoHosarta bapuepa mexay asarta doparmeHTa.
H‘I
0 30 60 90 120 150 180 210 240 270

MNMumber of nucleons in nucleus
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KynoHoBa bapuepa

* pasrnexpgame aBata dpparmeHTa (11°Pd) kato cuctema ¢ eHeprus Ha BammopencTame 0, korato R=co;

* npn dbopmmpaHeTo cu (geneHe Ha 238U) Ta3u cuctema nma eHeprus 214 MeV; Kaksa e KynoHoata 6apuepa?
\Vi BeposTHOCTTa 3a geneHe e 3aB1UCK OT EHeprusiTa Ha
MEXOMHHOTO CbCTosIHME!

250 MeV e :‘-_.. 200 A = 300 E
2 . EHEeprnga Ha aktmnsaums

B 200 :

bo :

b=t i

s ]

3 3

r o 10 :

™ 1

pa :

= :

3 100 '

r :

=M '

-V, so

EHeprusTa, ocBob6oaeHa npu aeneHe e
NpMONU3NTENHO paBHa Ha BMCOYMHATA Ha

KyrnoHoBusi 6apuep. O C:) C::(:) ""O O""

1 -
R; = R, = 1.25 (119) /3 _ 6.1 fm fragment separation
1 Z1 22 e2 VlHD,VLI,VIDaHO geneHe — 4ypes nornblwaHe Ha HUCKO
V. = eHepreTuYeH HeyTPOoH Unn oToH 84p0, CTabunHo no
47 e R 5 OTHOLLUEeHMe Ha geneHe, popmmpa MeXgUHHO
46 -

- (1 44 MeV. fm) — 250 MeV CbCTOAHNE C eHeprMﬂé):;::p::g MO-BNACOKaA OT Ta3n Ha

CYBs e e 122 fm ' 11



EHepruAa Ha akTuBauuA
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Protability,. MeV¥

XapaKTepPUCTUKU Ha A4PEeHOTO AeneHe

238U +n — SRb + %1Cs + 2n

s MacoBso pasnpegenexue Ha dparmeHTUTE

(®) :

E * CUMETPWYHO OKOMo A ~A,

0

T £

:z * MMHUMYM OKoro A;~A,

I 'm

E 3 * C HapacTBaHe Ha eHeprugarta

o J Ha HeyTpoHa pa3npeaeneHneTo
® 70 B0 o0 100 110 120 130 140 150 160 170 Ce cumMeTpuampa okomno A;~A,

Fragiment mass, AR

N3nbyBaHe Ha HEVTDOHU — OCHOBA 3a noJjiydaBaHe Ha BeEpWMKHa peakuud
I « bparMeHTUTE ca HEYTPOHHO BoraTtu
Z/A~0.41 — murHoBeHu HeyTpoHu (10-16);

* BPOSAT U3NBYEHU HEYTPOHMU € raycoBO
0.2k pasnpenerieH OKoro cpeaHa CTOMHOCT V.

2.48 3a 233U, 2.42 3a %3°U, 2.86 3a %*°Pu;
0.1} « 3a0aBEeHN HEYTPOHU — OT pasnaja Ha

dparmeHTUTE — 1n/100 geneHus;

1 2 3 4 5 6 7 8§ 9 10°MOBEYETO OT U3MbYEHUTE N ca C eHeprumn
Neutron energy. MeV okono n Hag 1 MeV; 13




CeyeHunA 3a AApeHO aenieHe

U

233

1000

—
=
=

Cross-section, barn
=

—

(1,10}

L 1 L

o1 10 10 10 1K 10K
Energy, eV

100K

* 3a TOMJIMHHN HEYTPOHUN CEYEHNETO

cneasa TUnNu4YHaTa 1/v 3aBUCUMOCT;
* 32 TOMMAWHHWN HEYTPOHN CEYEHNETO

3a JereHe e 3Ha4MTesnnHo no-rondamo
OT ceveHudTa 3a pascerBaHe (n,n) n
pagnaumoHeH 3axear (n,y);

» B uuTepBana 1-100 eV nbnHOTO
ceyeHne e JOMUHUPAHO OT
pe3oHaHcu, BoAeLwm npeanumMHo 4o

(n,y) peakuuu;
1M 100

3a BepuXHa peaKkumsa e Heo6XoaMMO HEeYTPOHUTe, NoNy4vYeHn Npu geneHe, ga ce 3abaBAT 40 TONIMHHK!

10000F
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a3s
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((ry)

o

=

=
T
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T

Cross-section, barn

—
T

(11.7y)

() \umn}' \

(rn.n’)

in.n) K J' nn)

* NP HUCKN EHEPIUN OEJIEHETO
JiMncea Karto rnpouec,

- leneHe ce Habnogasa camo 3a
ObP3n HEYTPOHWU, HO 1 3a TAX TO He
€ JOMUHAHTEH MpPOLEC;

0.1 1.0 10 100 1K 10K
Energy. e¥

100K

IM 1010
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3awo %3°U ce penun, a 238U - He?
N + 235 — 236(J* Eex = [m (236U*) m (236U)] o2
m (*°°U*y = m (***U) + m, = (235.043924u+1.008665u) = 236.052589u

Eex = (236.052589 u - 236.045563 u) 931.494 MeV / u =} —

EHeprusi Ha akTnBauus 3a 2°U  E¢ (2%%U) = 6.2 MeV
,U,OpVI HEeYTPOHU C HyJNeBa KUHEeTU4YHa eHeprus e npeaun3BuKar gerieHe.
n + 238y —s 239+ Eex = [ (239U*) - m (239U) ] c?
m (**°0*) = m (**®U) + m, = (238.050785u +1.008665u) = 239.059450 u

Eex = (239.059450 u - 239.054290 u) 931.494 MeV /u =} -

Exeprusi Ha akTvBauus 3a 2°U  Eg (°°°U) = 6.6 MeV

CamMo HeyTpOHM C KMHETUYHa eHeprus, no-ronsima ot 1.8 MeV we npeausBuKaT geneHe.

CaBosBaHe +0.56 MeV even - even
A-22)2 — -
B (N, Z) = ayo1 A - agus A7? - 2,2 (2-1)27"° - a,, B2 s 6= { 0 odd - even
4 235 236) A -0.56 MeV odd - odd
n 5 n + 238 — 239 %
0e3 caBosiBaHe CbC COBOSIBAHE 2364 2394 CbC CABOSBaHE 0e3 caBosBaHe
236 J*= 23541 Eex (77°U7) - Egx (777U7) = 239( J*= 238+
—“ 1— ~ 2 6 - 1 . 2 MeV IIIIIIIIIIII } 5 _ - vy
n — php - n
Eox Bex =Eex +0 Eee =E® -6 ; Eox
236 A 4 R Y. 239
U ~<_1] } 5 U
_— HeyeTHUuTE igpa nmat

No-BUCOKO CeYeHue 3a S
C3P6IgTOMMHa=epHaia /2014 - | R AeneHe! }’ _ -

2381




Nn,1 = neprn
BepuxKHa peakumusa k- nep £

K_ - KoepUMEHT Ha pa3MHOXaBaHe =
npomMsiHaTa Ha 6pos TOMMNHHN HEYTPOHN MeXay NOKONEeHUATa

koo = Nn+1/Nn kOO > 1 . @
Konko 6bp3u HeyTpoHa nMmame B N+1-TOTO MNOKONeHne?

-
KakBa 4yacTt n ot 3abaBeHnTe 40 TOMNSIMHHA
v(33°U) = 2.42
€HEPrMn HeYTPOHU e Npean3BukaT qeneHe?'

nornbllaHe Ha TOMMUHHU HEeYTPOHU — (N,y)

235
of os (°>°U) = 584b O
n=yv—— 235 n (**°u) = 2.08
Of + Oa Oa ( U) = 97b .
N 23 Y

(absorption) Oa ( 8U) = 2.75Db
EctecTBeH ypaH U = 0.72% (*°°u) + 99.28% (**°u)

~y
oe = 0.72%584b + 99.28% 0b = 4.2b n (3%%°°u) = 1.84 G
0. = 0.72%97b + 99.28%2 .75 = 3.43b (N (U) = 1.33 ‘
KakBa 4acT oT Obp3nTe HEeYyTPOHU Lie Npeans3BuKaT aeneHe B_
238? — HapacTBaHe Ha 6pos HeyTpoHU — € = 1.03

HeobxogumocT oT 3abassHe - o ~ 1/u H,0, D,0, *2C

. D. ( : )
. 4 -

KakBa 4acTt oT 3abaBAwWmTE Ce HEYTPOHU Lie nsberHat

3axsaT OT pe3oHaHcn? - p = 0.9 SC} ‘ O &

KakBa 4acT oT TepmManim3mpaHnTe HeEyTpoHu e n3derHar

3axBaTt B nornbtuTena? -f=0.9 o
Cyb6aTtomHa ¢mn3nka/2014 - 12
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[eOMEeTPUYHU U BpeEMEBU PaKTOPU

ko= neptf k

oTumTa (PrsnyecknTe ocobeHOCTN Ha
aendwmsa ce matepman v 3abaButens

K <1 — nogkputnyHa
peakuus

N3TN4aHe Ha

HeyTPOHU

k =1 — KpnUTn4Ha
peakuus
le, 1. « 1 (1£+ 1ly) HamansaBa c HapacTBaHe Ha NOBbPXHOCTTA ~ R2

nepf (1-1¢) (1-1,)
oTyATA KOHerTHaTa I/IH>I<eHepHa

peanunsauus

K> 1 — HagKpUTndHa
peakums

~ N2
k. -k=k (1, +2;|_t)Hapac:TBa C HapacTBaHe MUrPALMOHHMSA MbT HA HEYTpPoHUTE ~ M

MWUHUMASIEH pa3mMep Ha cdepa,

M _ M
km—kmﬁ k:l RC_ /\/koo—l
T = Tt + Tg t | 7 t+27 ...
2 2 N kN k2N ....
sa6assne 1070 S 103s adby3us
KoHTponuu npbTu - Cd
@ @ @
A1 UL WL L
= m = m s m S
Q. I Q. o Q ® Q.
°c o o o o o ©°
™ ™ ™

CybaTtomHa (pu3nka’Zo14 - 12

ocurypsieaLl, KpUTUYHOCT

dt
dN = (kN —N) e
T
k-1,

N(t) = Nye

k=1.01 (k_l) ~ 10 S_l
T
10

N (1s) /Ng =e
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AapeHn peaKTopu:
KNnacuduKauma no TMn Ha HEYTPOHM

1) PeakTopu Ha TONNMHHM HEYTPOHU (thermal reactors) — nauckesar 3abaButern
+ mMorar fa paboTaTt ¢ ectecTtBeH unm cnabo oborateH U
- rofigsMa LeHTparHa 30Ha (core, a4p0) — MHOro pagmMoakTUBEH OTNagbK

2) Peaktopu Ha mexxauHH1 HeyTpoHu (1-100 keV) — rmaBHO ekcnepuMeHTasHu

+ no-manko 3abasuten — no-manbK obem T,,=22 m T,,=27 d
+ Bb3MOXHOCT 3a n3nonssaHe Ha 232Th 232Th + n — 233Th —233pg — 2331
B B
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AapeHun peakTopu
KNnacuduKauma no TMn Ha HEYTPOHM

1) PeakTopu Ha TONMIMHHM HEYTPOHU (thermal reactors) — nsnckesart 3abaBuTern
+ mMorar fa paboTaTt ¢ ectecTtBeH unm cnabo oborateH U
- FOyIEMN aKTUBHWN 30HN—> MHOIO paguoakTUBEH OTNaabK

2) Peaktopu Ha mexxauHH1 HeyTpoHu (1-100 keV) — rmaBHO ekcnepuMeHTasHu

+ no-manko 3abasuten — no-manbK obem T,,=22 m T,,=27 d

+ Bb3MOXHOCT 3a M3nonssaHe Ha 232Th 232THh + N —s 233Th — 233pg  — 233
B B
3) PeakTopu Ha Obp3n HEYTPOHU (pasmMHoxmnTenn, fast breeders)

— He nanckeat 3abaBuTern
- N3ncKBaT BUCOKO oborateHo ropmeo (>20% 23°Pu nnu 23°U)

+ KOMMNaKTHN — yaoOHKW 3a ABuratenu

+ M3NON3BaT TEXKN MaTepmnanu 3a oxnaanten — no-BUCOKN paboTHM
Temnepatypu (550°C) — no-Bmcoka TonfiMHHa edpeKTUBHOCT
+ NO-PALKO Ce HYXXOAAT OT npesapexjaHe

+ Morat ga npoum3sexgat ropmBoTO CU

T,,=23 min T,,=2.3d
238U + n — 29U —  29Np —s  239py
B B

Cy6aTtomHa pm3nka/2014 - 12 21



Lead-Cooled Fast Reaclor

20% PuO,
80% UO,

CybatomHa ¢pm3unkal/2014 - 12
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AaopeHn peaktopu
KnacuduKauma no Tmn Ha 3abasurtens

1) MNpadpuTtHM peakTopmn — 12C
2) PeakTtopun Ha neka Boga (Light Water Reactors)

+ eBTUHa
+ SICHM XUMUYHN CBOMCTBA

- He MO3BONsIBa N3NOM3BaHETO Ha ecTecTBeH U, nopagu ronsiMoTo ceveHune 3a
peakumaTta n+p—d+vy oborateHo ropneo ~3%

+ oTpuuaTtenHa TemnepartypHa obpatHa Bpb3ka

3) Peaktopu Ha Texka Boga (Heavy Water Reactors) — D,O

- CKbla
+ No3BonsaBa U3Non3BaHETo Ha ectecTtBeH U

4) TedHn meTtanu

5) [azoBe

Cy6atomHa m3nka/2014 - 12 23



AapeHun peaktopu
KnacupuKauma no TMN Ha OXnaanTens

1) Boga nog HansraHe (Pressurized Water Reactors)

+ KOHCT@HTHO HansraHe — Nno-goobLP
KOHTPON Bbpxy 3abaBsAHETO Ha N

Containment Structure

Pressurizer _Steam
Generator

+ enekTpuyeckarta 4acT e oTaeneHa
OT sapeHaTa .
il
- paboT Npu BUCOKO HansraHe
(~100 aT.) u Temneparypa (~300°C); r Nl p—

2) Knnsawa soga (Boiling Water Reactors)
+ KOHCTPYKTUBHO MO-MPOCT
+ paboTn Npu NO-HUCKN Temnepartypu
N HanaraHug

Containment Structure

- oxnagutensi/3abaButensa ce Hamupa =
L
B OABe dhasu I;ﬁ,‘iﬁ
- eneKkTpuYyeckaTa 4yacT He e oTaeneHa \ii/a
OT sapeHaTa r

3) Tun 6acenH
Cy6atomHa pu3nka/2014 - 12 24



AApeHn eKcnno3uBK

238, 232Th — moraT ga ce gendaT, Ho caMmo 235U, 233U 1 239Pu — ce OendaT OT BCAKaKbB
npu onpeaeneHn yCnoBus; BU HEYTPOHWU;

KputuyHa maca — MmHMManHaTa maca 3a gageH gensu, ce marepuarn u KoHdurypaums,
NPU KOSATO HACTbMNBa KpUTUYHA BEPUXKHA peakLus.

1) lJoctaTb4yHO MaTtepunan 3a goCTuraHe Ha HagKpMTU4YHa Maca — U3nos3Bea ce
oboratsaBaHe > 90% (OpBbXenHO Ka4yecTBO Ha oboraTteHust matepuarn, weapon graded)

2) HunmnpaHe Ha peakumnsita — ocurypsiBaHe Ha NbpBOHaYanHUTE HEYTPOHM

Po-Li cmec: 18P0 — 21Pb + «
216pg s 212Pp + ¢ Manbk nMHeeH yckopuTten 3a p

Am-Be cmec

210pg — 206Ph + ¢ (p.n) peakuus
a+ Li— 1B + n

3) YabpkaHe Ha KOHCTPYKLMATA MakCUMarnHo Abnro — MakcMmarHO KONM4YecTBO OT
Oensawms matepuan npetTbpnssa geneHe

CUHXPOHN3AUNATA e BaxxeH ernnleMeHT OT KOHCTPYKLUATA.

Cy6atomHa m3nka/2014 - 12 25



AopeHn eKcnno3neu

Little boy -Xupowmnma Fat Man - Harasaku

P - X ': —— ) - L
Detonator 5 : £ e B TR A
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TepmoagpeH cuHTte3 B 38e3amTe (ChbHUETO)

~ 6 —
EHeprus, nanbysaHa ot Tc=15.7x10° K = 1.35 keV
CnbHUETO ptp—= D+e'+v, pre+p— D+,
7 (pp: 99.75%) (pep: 0.25%)
— 1
L.::_.] — 4?ka@.l.1 D+p _...3He+T
k=1
1
A=1au. =1.497x10%m ’He +’He —= 1 +2p ‘He +'He—= "Be + ¥ ‘He+p —w 0 + €'+,
(pp-I: 86%) (HeP: 0.00002%)
— 2
I+, = 1.366 kwim 4 *
= 1.96 cal/min/cm? (Be) |"Be+e —Li+y, Be+p—=B+7
_ 26
L, =383x10%wW e ——
CabHYeBaTa eHeprus, L ete V| (B
(pp-II: 14%)
KOSATO 3eMsTa MOJIy4aBa, € CPEAHO PP e 2
1.740x10Y W = 174 mum. GW. (pp-1ll: 0.02%)
CBEeTOBHOTO MPOM3BOICTBO ‘ ‘
Ha eJIeKTpoeHeprus e ~ 2 xui1. GW... proton +2et +2v, + 26.7 MeV

‘ ' 4He
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Ynpasasaem TEPMOAAPEH CUHTe3

KynoHoBa bapuepa

Ve =

e ZZ,

Are, ‘Rl + RZ‘

3a peakums (3) V. = 0.4 MeV.

f=nns {r:m?

emperature [keV]
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temperature [billion Kelvin]
Kputepun 12kT
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Ha JlayCbH: (va) Q

Cyb6aTtomHa ¢pum3ukal

1) d+d——>2He+n+327 MeV
2) d+d——> t+p+403 MeV
)d+t——>n+a+1759MeV

U 3a IIOJIY‘IaBaHe Ha TpI/ITHI/I

4) S-L1-+ notva+ 479 MeV.

108 | T
MoLlHOCT Ha 0T
ol C-0 g
en. obem
Bremsstrahlung
g ]05_- : —
> I
4keV—t1 [ |
|
:% _195 . | : p—
f [MnBbTHOCT Ha
§ noHuTe =102l m-3
i
103 P i
40 keV : W0 10C 1000

Temoerature (keV)
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TepmoagpeHa bomba

Hawn-molyHaTa B3pmBeHa bomba

Haii-yecTto ce nanonsea LiD (o6orateH c 5Li) e 6una TPUCTBLIKOBA

KaTO EKCIJ1031B. c 50 Mt TNT (:2.1X1017J).

3a “kancyn-getoHaTop” cnyxu “o6nkHOBeHa B3puBLT Tpae ~20-40 ns —

~ 8
aapeHa 6omba, ocurypsasawia T ~ 3x108K. 0a3BMBA CE MOLLHOGCT ~5x1024 W!

Polystyrens
Beryllium Lty

High Reflectar Levitated Uranium _[11ed Weapon Case (eq. aluminum)

Plutanium Shield Radiation

Explogive Pit Channel Hohlraum / Radiation Case {e.g. lead)
/ / | //, Uranium Fusher/Tamper
v o - Lithium-& Deuteride
Fusion Fuel

2 Hollow Plutonium
i o O O D O O O I ::Spark Frl LII;| a2

Prirriary Secondany

Edward Teller- Stanaw Ulam design (two-stage bomb)
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