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CHUONG I11
PHAN UNG HAT NHAN

I PHAN LOAI PHAN UNG HAT NHAN

Hai hat nhan hoic hat nhin va nuclon di lai gin nhau dén khodng cédch
clia tAm luc hat nhan thi tuong tdc v6i nhau hét sitc manh mé, tuong tic hat nhan
din dé&n bi€n d6i hat nhan. Qud trinh d6 14 qué trinh phdn Gng hat nhan, phan ting
hat nhan din dé&n phan phdi lai ning lugng va xung ludng gitta hai hat dong thdi
phét ra cic hat mdi.

Néu dua vao hat bay dén, thudng 13 hat nhe ngudi ta phan loai phdn ng hat
nhan gdm:

- Phdn ving hat nhédn dudi tdc dung ciia neutron

- Phdn ing hat nhan dudi tdc dung ciia hat tich dién nhu p, e, o, D, T,.

- Phdn ving hat nhan dudi tdc dung ciia lugng tik gamma.

Néu dya vao cd ché phan ing ngudi ta phan loai:

- Phdn ving hat nhén truc tiép

- Phdn ting hat nhéan hop phan.

Cdc phan tng hat nhan dic biét nhu: phan tng phin hach hat nhan ning,
phan ng nhiét hat nhan hay phan tng tdng hgp, phan ng tao thanh cdc nguyén t&
mdi. . .

Thudng hat bay t6i 1a hat nhe_ a, hat nhan bia ding yén A. San phim cia
phan tng cling bao gdm mot hat nhe b va mot hat niing B.
a+A --->b+B
Do6i lic ngudi ta ky hiéu: A(a, b)B, néu chi quan tim dén hat bay t6i va hat
bay ra sau phan fng ngudi ta chi ghi (a, b). ; a vd b ¢6 thé 1a nhitng hat p, n, a, 7,
D,. ... Qud trinh phin tng c6 thé x4y ra theo nhiéu kénh canh tranh nhau phu
thudc nang lugng ctia hat bay téi.

Kénh (A"+a) goi 12 tdn xa khong dan hoi, hat nhin sau phan dng & trang
thdi kich thich. Kénh (A+a) 13 qua trinh tdn xqg dan hoi trong d6 trang thii bén
trong ctia hat nhan khong thay ddi.

Khi nghién citu cdc phdn tng hat nhan ta cin xdc dinh c4c kénh clia phdn
ing, x4c suit tuong ddi clia cac kénh khdc nhau tuy theo niing lugng va cdc hat
tham gia phdn ¢ng, ning lugng va phan bo goéc cua cdc hat bay ra, trang thdi bén
trong hat nhan (ning ludng kich thich, spin, do chin 1. . . ). Nhiéu van dé cia
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phan @ng hat nhan c6 thé dugc xdc dinh nhg 4p dung cdc dinh luat bdo toan, két
qud 13 phan ¢ng hat nhin chi c¢6 thé x4y ra theo nhitng kénh nhit dinh ndo d6 ma
thoi. Cdc dinh luat bao toan quan trong trong phan ¢ng hat nhin la: nuclon, ning
lugng, xung lugng, chin 1€, spin ddng vi.

II1 CAC PINH LUAT BAO TOAN

1. Pinh luit bao toan dién tich va sé nuclon

Nhiéu nghién ctu thuc nghiém ching t ring: Téng dai s6 dién tich cila cdc
hat tham gia phdn itng bdng tong dai sé dién tich cdc sdn phdm ciia phdn vng.
Ngoai ra trong cdc phdn dng thong thudng (khong sinh phdn hat) thi s6 nuclon
toan phdn duoc bdo toan.

2. Pinh luit bdo toan ning lugng va xung lugng

Hat nhan c6 kich thuGc rat nhd (¢ 10 > cm), lién két hod hoc giita cdc
nguyén tif lai rat nhd, vi vy hé hai hat nhan tuong tic v6i nhau cé thé xem 1a mot
hé co 1ap, do d6: Tong ndng luong ciing nhu xung luong ciia cdc hat trong hé duoc
bdo toan.

a. Nang luong phdn ding
Xét phan ing a +A ---> B+b dinh luat bao toan niing lugng viét:
(m, + mp) ¢ + T;+Tx = (my + mp) ¢ + Ty+ Tp (3.2.1)
Trong d6 T; : 1a ddong ndng cda hat i.
bit Eg =(m, + mA)C2 ;s Egp =(my, + mB)C2 goi la nang lugng nghi,
T, . T;+4TA ; T, = Ty+ Tg la dOng ndng tréGc va sau phan dng.

Thuong hat nhan bia A ding yén, T, =T,.

No6i chung Eq; # Eq, , ky hi€u Ey; - Ey, dudc goi 1a ning lugng ctia phan tng.
Ky hieula Q: Q=Ey - Ep=T,- T, (3.2.2)

* Néu Q > 0: Thi phdn @ng xdy ra kém theo sy tda dong ning nhd ning

lugng nghi gidm di, goi 13 phdn itng téa ndng. Phin tng tda ning c6 thé x4y ra véi
bat ky ning lugng ndo cda hat t6i (n€u ning lugng nay di dé vugt qua rao thé
Coulomb ctia hat nhan néu hat t6i tich dién).

*, Néu Q < 0: Thi phdn tng x4dy ra kém theo sy ting ning lugng nghi nhd
viéc gidm ddng niang, goi la phdn iing thu ndng. Phan Gng thu ning chi xay ra khi
nang lugng hat téi di cao: Vitt Q=T,-T;suyra T; =T, + | Q ‘ .

* Néu Q =0: [j’ng vdi trudng hop tdn xa dan hdi, lic d6 T, = Ty, Eg; = Eqy,
dinh luat bdo toan khong nhitng ding vdi ning lugng toan phan ma ding ci véi
niing lugng nghi va dong ning cla tirng hat tham gia phan tng. (Nghia 1a cd khdi
lugng cta tirng hat). Vi du: Phan Gng tda ning
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d+d—,He’ +n,Q=3.25MeV.
d+T—,He'+n,Q=17.6MeV.

Ning lugng tong hgp hat nhan nhe nay ~ 10° 1n 16n hon ning lugng héa
hoc va chinh 1a ning lugng trong phdn ¢ng nhiét hat nhan. Phan ¢ng phan hach
hat nhan uran ( U ) ciing thudc loai tda niang va cho ning lugng ¢ 200 MeV §
dang chii yé&u 1a dong ning cia cdc manh.

Cdc phan tng Li’(p, n)sBe’, ;Be’(y, n)2,He?, 16S**(n, p), N'*(a, p)sO’ déu
c6 Q <0,

Q~-(1+2)MeV.

b) So do ndng luong ciia phdn ting hat nhén
TU a+ A — B + b, dinh ludt bao toan xung lugng:
P, + Py =P, +Pp, (3.2.3)
thudng thudng P, = 0, P,= Py, + Pg. Theo gid thiét ctia N. Bohr c6 thé xem phén
tng xay ra theo hai giai doan.
Giai doan 1:

a+A -0

Hat nhian 0 c6 c4dc tham s hat nhian hoan toan xdc dinh (dién tich, khoi
lugng, hé théng cdc mic niang luong, Spin. . . ) c6 thdi gian song kha 1au ¢ >107"°
S.
Giai doan 2:

hatnhdn 0 - b+ B

Chiing ta hiy xét giai doandau: a+A — 0

DPinh luit bao toan xung lugng: P, = P,

DPinh luit bdo toan nang lugng: ( m, + mA)c2 +T,=mgy c*+ T, (3.2.4)

trong d6 Py, my %, Ty 1an lugt 12 dong lugng, ning lugng nghi, dong ning
clia hat nhan hgp phan 0 & trang thdi kich thich.

Ta hdy tinh mg ¢* (trong trudng hgp khong tuong d6i nghia 1a T,
~10MeV)
(m, + mA)C2 +T,= mo* c?+ Ty Suy ra
m0*02 =(m, + mA)C2 +T,-T (3.2.5)
2 2
“Tatinh Ty T,=—0 =t (5 =p) (3.2.6)
2m, 2M,
- Tt biéu thic (3. 2. 5) = Mpe? = (m, + My )e? +T,(1- A”; ). (327

0
Ta thdy ring T, (1 - my/M, ) < T, < 10 MeV s6 lugng nay rat nhd thua s6&
hang: (m, + Ma)c> ~ 931A(MeV) (A 1a s6 khdi lugng tdng cong ciia hai hat A+a),
vi vdy & gan diing bac mot ¢6 thé coi : M'¢? o~ ( My +m, )02.
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Do d6 bi€u thitc gin ding bac hai cdia M ¢ c6 thé viét thanh :
My ¢* = (ma + my)c” + To(1 - my/ma+m,)

= (myu + ma)c2 + T,(ma/ mp+m,) (3.2.8)
To = (my/my )T, ¢6 thé viét Ty = (m,/ ma+m,)T, (3.2.9)

Biét khéi lugng cta hat nhan hdp phin kich thich (M) ta c6 thé xdc dinh
nang lugng kich thich cia né:

W= Mo*c2 - M002 = (mu +m, - Mo)c2 + (ma/ma+m,)T, (3.2.10)

Trong bi€u thidc (3.2.10), s& hang thit nhit 13 ning luong lién két clia hat
nhan a do6i v6i hat nhan O ky hiéu ¢,(0) ; s6 hang thit hai 1a dong niing clia cdc hat
nhin A va a trong hé khéi tim ky hiéu T ; con goi 12 déng ning tuong doi.

Ning lugng kich thich clia hat nhan hdp phan W = g,(0) +T7,

N&u W = 0 ngay cd khi T | = 0 ( nghia 1a T,=0) ; con néu T, #0 thi T, chia
1am hai phan:

Phin T | = (ma/m,+ mu)T, ding d€ kich thich hat nhan hgp phén.

Phan T, = (my/m,+m,) T, dung cho chuyén dong ctia hat nhin hdp phan:
T+ To=T, Chiing ta hiy bi€u dién qud trinh tao nén hat nhan hdp phan kich thich
theo sd dd ning lugng va qud trinh phan ra ra hai hat B va b trong hai trudng hop
Q>0vaQ<O.

MA*CO 1’1 N Mr\ T,
T, _
(M.+ma . O<
o :/_i Q> (M.+m G 3
- \\ak( ’ en(0)
M..c* M.c —

T ,1a dong ning tuong ddi ciia b va B trong hé khoi tim. Phin @ng tod ning

Q=T, T, =¢, -&. Trudng hgp phan tng thu ning Q =T ,- T ; <0 do dé6:
T =1Q| +T, nghiala T, > | Q| (3.2.11)
Dau bing tng véi gia tri nhd nhat clia dong niing tuong d6i clia cdc hat A
va a ma phéan tng c6 thé x4y ra dugc.
(T Dumin = | Q|

ta c6 T, = (ma/ ma+m,) T,, suy ra diéu kién ning lugng nhd nhat cia hat bay t6i
a ma phan tng c6 thé x4y ra goi 12 ngudng clia phin tng.

[(mA/mA+ma)Ta]min = | Q| ==> (Ta) _ My tmg

min

g (3.2.12)

my
nghia 13 (T)min = | Q|+ (m/m) Q| = Q] + (my/ma+m,) Tomin  (3.2.13)
Tamin= | Q| + (To)min
Ta thdy T, mn 16n hon |Q| mot lugng chinh biing dong ning cda hat nhan
hdp phan. Ta hiy xét vai thi du:
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. Xét phan itng hat nhén

16577 + 1 -----> 1P + p Q=-0,92MeV (3.2.14)
Pong ning nhd nhit clia neutron dé xiy ra phan tng :
(To)min = | Q| (ma+my/my) =0, 92(32+1 /32) ~0, 95 MeV
lic nay & gid tri ngudng clia phan tng thi T’; = Q con T’,= 0 (nghia la cidc sin
phdm cda phan @ng didng yén trong hé tim qudn tinh - hé khoi tim) va chuyén
dong trong hé phong thi nghiém véi cing van tdc (1a van toc cla hé khdi tim
trong hé phong thi nghiém). Nhu vy dong ning cla hat nhan hgp phan:
To=[m,/(M+m,)]. T,
T,=(1/33).0,95=0,03MeV dugc phan chia déu cho cdc hat nhin sdn ph:?{m
theo khoi lugng clia chiing nghia Ia:
Ty/T p32=1/32 nghia 1a T;,=(1/33). T,x1KeV
Chi y ring dong ning clia proton tao thanh nhd nhat 1a 1 KeV, nghia la
ludn ludn khac khdng (trong hé phong thi nghiém) va khong bao giG nhd hon 1
KeV.

. Xét hai phdn iing tong hop hat nhén nhe tod ning

(a) H> + H? —--—--- >,He’ + n Q=3,25MeV (3.2.16)

(b) H* + H----—-- > ,He* +n Q=17,6MeV (3.2.17)

C4c phdn tng nay cho ta thu dudc cdc neutron nhanh rit don niing. Ching
ta xét trudng hgp didc biét, khi hat b (1a neutron) bay ra dudi mot goc 90° so véi
phuong cta hat tic dung a (Deuteron).

Dinh luit bdo toan dong luong : P, = P, + Py (hat A ban diu ding yén).
T,=T; To+Tg =T,; Q=T,-T;; T,+Q=T, =T, +Tg (*)
P.

P, + P> =Py’
T cong thic P* = 2mT ta ¢6 : (my/mp)T, + (my/mp) Ty =T (*%)
T (%) va (*%) ta c6:
mpg Mmpg

T, = o+ e " Map (3.2.18)

my, +mp my, +mp

Véi gié tri dong ning c& T, ~ 0, 2 MeV, phdn ting x4y ra rit manh. Trong
trudng hop ndy dong ning cla neutron bay ra dudi mot géc 90° so v6i chim
deuteron téi la:

T,=(3/4).3,25 + (1/4).0,2~=2,5 MeV (v6iphaninga )
T,=(4/5).17,6 +(2/5).0,2 ~14 MeV ( vGiphéningb)
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Mu6n c6 neutron don ning ta phdi tao dudc cdlimatd sao cho chim
neutron theo huéng vuéng géc véi chim hat doteri t6i va phai tao duge chim
doteri that don ning. Ong gia t8¢c c6 thé tao dudge chim doterdn don ning tot,
tuy nhién bé day cda bia 1am gidm d6 don ning (thudng diay hon nhiéu Ian
quang chay cda deuteri trong vat liéu bia) mac du vay dd don niang trong thuc
nghiém dat c8 (1 +2 )%.

3. Gian d6 xung lwong cia phan wng hat nhan

a. Tdn xa dan hoi ctia cdc hat va gian do xung luong trong tdn xa

Trong tdn xa dan hdi, tong dong ning clia hai hat khong thay d6i chi c6 sy
phan phoi lai dong ning va thay d6i lai phuong chuyén dong clia hai hat. Trong
vat Iy hat nhan, lyc tuong tic trong tdn xa dan hoi 1a luc Couldng va Ivc hat nhan.

A
IR
N/

I
N\

Dic trung cho tdn xa 1a tham s va cham, khodng cach nhim p (c6 dién) s&
lugng t momen quy dao 1 (lugng t). N€u p, > p; thi y; >y, p phdi nhd hon bén
kinh tac dung cuia lyc hat nhan a.

Theo c6 hoc lugng ti thi hat ¢6 xung lugng P, véi p < a thi p ciing chi nhin
nhifng gié tri gidn doan:

pi = % 11+ 1) =aJI(l+ 1)< a,1=0,1,2...(3.2.19)

Vi momen dong lugng cia hat M| = pp = A[l(+1)]"? (3.2.20)
Ta hay xét gidn d6 xung lugng clia tén xa.

Néu phuong chuyén dong clia hat bi tdn xa dugc biét (tir thuc
nghiém) thi ta s& c6 mdt phuong phap hinh hoc don gidn d€ xdc dinh van tdc
va phuong chuyén dong ciia hat bay tdi, phuong phdp nay dugc goi 12 phuong
phdp gidn d6 xung lugng. P& thiét 1ap gidn dd nay ta si dung hai hé toa do:
Hé phong thi nghiém va hé khéi tam.

Céc dai lugng thuc nghiém nhu géc, khodng cach, van toc. . . thudng dudc
do trong hé toa dd gin véi mdi thi nghiém, phong thi nghiém. Hé toa dj phong thi
nghiém tién 1gi trong viéc mo ta cu thé cdc két qua thuc nghiém do dudc.
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Tuy nhién, d€ phan tich tién 1di cdc két qua thuc nghiém thi ngudi ta thudng
diing hé toa dj tam qudn tinh, trong d6 di€m khong chuyén dong 1a khoi tam, hay
trong tAm clia hai hat, dudc chon 1am gbc toa do. Trong hé tAm quén tinh thi xung
lugng clia hai hat luon ludn bing nhau vé gia tri va ngudc chiéu.

Néu hai hat ¢6 khoi lugng bing nhau M; = M, = M ma mot hat diing yén
con hat kia chuyén dong vé6i van toc v, thi tAim qudn tinh cia hé ludn ludn nim
gitta khodng cdch giita hai hat va chuyén dong trong hé phong thi nghiém véi van

~ 1%

toc v, = > Do d6, van téc v} cltia hat M; ddi véi hé tAm quén tinh s& 1a:
;L v
v, =v—v, = 5
P (3.2.21)
v, =0-v, = o

Xung lugng cua hai hat trong hé quén tinh:

1% \%
2 2 (3.2.22)

_)

Phn,| = |Piss|

Néu khoi lugng M, va M, khdc nhau, thi tAim quédn tinh cda hé nim giita
hai hat va chia khodng cdch giita hai hat thanh hai doan ty 1& nghich vé6i khdi
lugng.

X Xyt O

M,0' M,
° ® ® <
M, O M, o'M, M,

Né&u M, ditng yén con M, chuyén dong van toc v thi ta dit goc toa do 0
phong thi nghiém & M,, toa dd M, trong hé phong thi nghiém la x, toa do tAm
quén tinh 0" lax/,

qu MI \ MI
x—x oM, VT
X—X
at Iy 2 rre (3.2.23)
1

vV, =————V
M, + M,
Do dé van tdc ctia cac hat M; va M, trong hé tAm quén tinh 1a:

M
VM'”_V“:ﬁV

ree (3.2.24)
" _ 14M1
R VI Y
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Xung lugng cdc hat trong hé quén tinh:
MM, M,

Pl =My, = - P
M; MM, MM,

MM, M,
P, =M,v, =-— y=— P 3.2.25
Mz 72 T g v M, M, +M, ™ ( )

D !
i,

Y
- ‘pMZ

Nhu vay xung lugng tong cdng cléia hai hat trong hé tdim quén tinh, ludn
ludn bing khong, diéu nay lam don gidn cho viéc phan tich thuc nghiém. Chiing ta
hay xay dung gidn db xung lugng.

Gia st hat khoi lugng M, chuyén dong vdi van tdc v tdi va cham dan hdi
v6i hat ditng yén khoi lugng M, (chi y ring 14p ludn clia ching ta s& ding cho bat
ky ti s6 khdi lugng cdc hat nao, nhung d€ cu thé ching ta xét trudng hdp M,;<M,
trudng hdp nay rat thudng gip).

Gid st AB bi€u dién xung lugng Py, clia hat M; trong hé phong thi nghiém
truGe khi tdn xa. Xung lugng f’MZ cia hat M, = 0. Ta chia doan thing AB ra hai
doan theo ti 1& khoi lugng cua 2 hat:

40 _ M,
OB M,

- - M M - —
OB = AB 2 2Py, =Py,

M, +M, M,;+M,
(3.2.26)

Nghia 1a biang xung lugng cia M,
trong hé tdm qudn tinh trudc khi tdn xa. Do
tinh chat cia hé tAm qudn tinh, xung lugng
clia hat M, phai bing Py, nhung ngugc chiéu:
Py, =—Pj; =0C Theo dinh luat bdo toan

xung lugng thi xung lugng cda hai hat sau va
cham ciing phai bing nhau vé gid tri nhung ngugc chiéu. Pinh luat bdo toan dong
ning trong va cham dan hdi lai cho ta két luin ring: Po 16n cla xung ludng cia
hat trong ®udng hop nay khong thay ddi. Cho nén viéc mo ta qua trinh tin xa cla
hai hat trong hé tdm qudn tinh din dén viéc quay cdp xung lugng
131{41 = OB va }3,{42 =0C di mot géc 0 va xung lugng cdc hat M;, M, sau khi tdn

xa s& dugc bi€u dién bing cdc vectd: Py, =0D, Py, = OE (sau va cham).
Bay gid néu chuyén lai hé toa do phong thi nghiém ta cin phai chd y ring
hé tdm qudn tinh chuyén ddng so vdi hé phong thi nghiém véi van toc:
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M — R A N 2 . N . N A 2
v, =————7, trong chuyén dong nay cd hai hat ciing tham gia vao, cho nén cd
M,+M,
hai hat déu c6 thém nhitng xung lung phu ctia chuyén dong theo.
- M? M -
(PM] )theo =M, v, = Y ]M V= Iy 1M Py,
o ;4 2 j\; 2 (3.2.27)
(IBM2 )theo =Myv, = Z it BV 2 f’M]
M,+M, M;,+M,

(13M1 )theo va (I3M2 )theo dugc biéu dién bing cic doan AO vaOB trén
hinh vé.

Do d6 xung lugng cua hat M, trong hé quan tinh sau va cham la 13,(41 = 0D,
con xung lugng phu ctia né6 @€ chuyén vé hé phong thi nghiém s& 1a AO. Téng
hdp hai vectd dé ta dugc vecto: AD = 0D+ AO, chinh la I:JM, 1a xung lugng ctia M,
sau khi va cham trong hé phong thi nghi€ém.

Tuong t tSng hp hai vects Py, = OF va (ﬁMZ )theo = 0B ta thu dugc vectd:
DB = OB +OE = OB - 0D, biéu dién xung lugng giat 1ui cia hat nhan sau va cham
trong hé thi nghiém.

Diéu két luan trén 13 ding vdi thuc t& vi cdc vectd xung luong AD va DB
cung vdi xung lugng clia hat M, 1a I3M1 = AB dd tao nén mot tam gidc cho nén:

By, =Py, +P,, ding véi dinh ludt béo toan dong lugng.

Tém lai, ching ta ¢6 thé€ néu 1én ban sau diy vé xung lugng clia cic hat tin

xa trong hé toa do tAm quén tinh va hé toa dd phong thi nghi€m:

P M, M,
_’pl‘l’l PMI = AB PMZ = 0
D D M, B 3 D M, B A
Py =——2* P, =OB P, =———2—P, =0C
-t MM M, M L VR VR
4t | Py, = 0D Py, = OF =Py,
Ptheo D Ml D N = M 5 5
P = M Vv = —P = AO = = —2 =
. (Pu,) =My, T (PMz),hw My, o, Py, = OB
pin st — — - = _ N - . .
Py, =0D+AO = AD Py, =0B+OE = 0B -0D = DB

Nhu vay dé€ thu dudc xung lugng clia hat tdn xa va hat nhan giat 1bi ta cAn
phai 1am nhitng dong tdc sau diy trong gidn db xung lugng:
a - V& vectd AB bing xung ludng cla hat tin xa t&i, khoi lugng M,
AB = PMI .
A0 M,

b - Duing diém O chia doan AB theo ty s6 khoi lugng — = —~.
OB M,
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¢ - T A vé& dudng thing tao thAinh mot géc © v6i phuong AB (géc bay cia
hat t6i sau va cham c6 thé xdc dinh bing thuc nghiém) cit vong tron tai diém D
va ndi DB.

d - V€& dudng kinh di qua D.

Trén gidn dd nay thi: AD bi€u xung ludng clia hat tdn xa sau va cham. Géc
BAD =0 1a géc tin xa clia M,

DB bing xung ludng clia hat nhan dat Iui

Géc DBA =@ 1a géc tdn xa clia hat nhin giat 1ui M,

Géc DOB = 6 La géc tdn xa clia M, trong hé tdm quédn tinh trudc va sau
khi va cham.

OC va OE la xung lugng clia hat M, trong hé tAm qudn tinh truc va sau
khi va cham, chiing ta néu lén nhitng hé thic sau day thu dudc tir gidn d6 xung
lugng trén (khong tinh todn cu thé).

e - Pong ning tong cong clia hai hat trong hé tim qudn tinh (ddng ning
tuong d6i) bing:

T,:[ M,M, Jﬁ_ M, %

M,+M, )2 M, +M, 2 (3.2.28)
M ZMl
4,
1 2
w: khoi lugng rit gon.
g- Pong ning ciia chuyén dong theo ca hai hat bing:
M,+M,)2
t :M‘/ZW hod ¢ tht :LV
2 M;+M,
2 2
non: Ty=T,=-—21 Y M __p (3.2.29)

M, +M, 2 M,+M,

Do d6 ta ¢6: T'+T,, =T (T la dong ning ban dau cta M, trong hé phong

1qt
2
).

h- Pong ning cta cdc hat M;, M, trong hé phong thi nghiém sau va cham:

2
TM, = MIZMZZ ~MM 2 coszy T; (TM’)min - (Mj T (TM’)mux =T

M]V

thi nghiém T =

(M, +M,) M+ M,
_ 2M, M 3 _
Ty, = —————(I+cos2y )T, (Ty>) - MMy g (T,) =0 (3:230)
(M]+M2) max (M]+M2) mn

DPong thdi, vi dinh lut bdo toan ning lugng nén
trong tdn xa dan hdi thi:
Ty +Ty, =T (3.2.31)
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- Hé thiic gilra géc tan xa cla cdc hat trong hé toa dophong thi nghiém la:

g0 = sin 2y
L —cos 2y
2
., (3.2.32)
g0 = sin @
L 4+ cos @’

2

b. Gidn dé xung luong ciia phdn ving hat nhén

Quad trinh d6ng hoc xdy ra phén tng hat nhan c6
th€ dugc phan tich nhd gidn dd xung ludgng. Chiing ta hiay xét phin Ung tda ning:
a+A— 0 — b+B
A diing yén con xung lugng cua hata la p,.
Ciing gidong nhu trong trudng hdp tdn xa dan hdi, xung lugng ciia hat san
phdm c6 thé thu dugc bing cich tdng hop vectd xung lugng clia chuyén ddng theo
Pueo (V61 vaAn tdc tAm quén tinh lavy)va xung lugng trong h€ quén tinh p’

ﬁ, = l_jtheo + p’
Vi p,=py nghiala m,v,=myv, ma tim quan tinh dit tai nhan trung
. ~ m Pa
ianOnén: V,, =V, =—%v, =
g tqt 0 M() a Mo

va xung lugng theo clia hat sin phdm b va B sé& 1a:

(o), =mgvy =—Lp,~—"0
theo tqt — M a”~ Mn+m a
1\; BM b (3.2.33)
=Mgv,, =—2 o R B a
(Ps),,, =Mpvy TRy T

Hai vecto nay c6 thé thu dugc bing cich chia xung lugng ban diu p,ra hai
khodng ti 1& vdi khoi lugng ciia cdc hat sdn pham b va B.

Con xung lugng cla cdc hat sdn phim trong hé tAm quén tinh c6 thé dugc
tinh nhu sau:

M,
——T 3.2.34
M, M, +0 ( )

Tu cong thuc P = (2mT)"? xung lugng P; =/2up,T5

M, PS
Pj= |2u <y
? \/ bB(MA+ma 2m, Q]

P, =P, M”B[ My +gj
m, \M,+m, T,

+ Theo s6 d6 niang lugng thi: 75 =T, +Q =

(3.2.35)
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Nhu ta di bi€t trong hé tAm quén tinh:
P;=P| =P} =Pa\/“”3( M4 +Qj (3.2.36)
m, \M,+m, T,
Khdc véi tdn xa dan hdi d day P, =P |.
Ching ta hiy vé gidn dd xung lugng dé
minh hoa phan ting hat nhén.
Vecto AB bi€u dién P,, dung diém O chia
AB ra hai doan ty 1€ vdi khoi lugng clia cdc hat
AO _ my

san phdm dudc tao thanh : o8- M 1Ay O lam
B

tam, vé vong tron ban kinh
M
R=pPj=p, |t [ A +2j (3.2.37)
MA + m, MA + m, Ta

Cédc xung lugng cua hat b va B trong hé
qudn tinh dudc bi€u dién bing cdc ban kinh d6i
nhau, vi du: OC va OD lam mét gé¢c0' véi AB
m, - —~ M,

OB =

™ B M p (3.2.38)
MB +m,, Mb +mb

AO =

12 xung lugng trong chuyén ddng theo ctia hat b va B.

Do d6 AC = OC +A0 la xung lugng ctia b trong hé phong thi nghiém.

CB = OB + OD = OB - OC la xung lugng cia hé B trong hé phong thi
nghiém. Cac gbc bay ctia hat b va B trong hé phong thi nghiém 1a 6 va ¥, con géc
bay ctia hat b trong hé tim quan tinh 12 6" .

Gidn dd xung lugng trén vé trong trudng
hop Q > 0.

*, Tuy nhién cling ding trong trudng hdgp
Q<0. Nh& gidn dd xung luong ta c6 thé xdc dinh
bing dd thi c6 thé cé vé ning lugng va géc bay cia
cdc hat san phd&m phdn tng.

P& minh hoa ta hidy xAy dung gidn db xung
lugng cla cac phéan dng.

H>+ H>—>,He’+n  Q=3.25MeV
H>+ H> > ,He* +n Q=17.6MeV

0] day neutron dugc tao ra § géc 90° so v4i phudng cua deuteron téi

Tur db thi, ta thdy xung lugng neutron c6 thé tinh dudc tir tam gidc vudng
OAC ma trén day ta c6:
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OA = LPLI (xung lugng trong chuyén dong theo ctia hat b)(3.2.39)
MB + my,

OC =P, \/ ad ( Ma +gj (xung lugng b trong hé khoi tAm)
m, \M,+m, T,

Néu x4y dung gidn dd xung ty 1& ding, ta c6 thé dung thudc do d€ xac dinh
xung lugng va niang lugng clia neutron phat ra :

1 1
2]2 212
=P = pa2 e L...T_A _pa2 LU =P, oo &.,_T_a _f M
m,\m,+m, Q mg +m, m,\m,+m, Q mg +m,

4. Pinh luit bdo toan momen dong luong

Trong cdc qud trinh phdn ¢ng hat nhin thi tong momen dong lugng toan
phan cla cdc hat tuong tic, ciing nhu hinh chi€u ctia tdng momen dong lugng toan
phan 1én mot phuong nao dé dugc bdo toan.

Chiing ta hiy xét phan ting tdng quat:

a+A—>0—->b+B

=, =1,

(3.2.42)

V6i I; 1a spin cia hat nhian I ; I 12 momen dong lugng quy dao trong
chuyén dong tuong ddi ctia hat I va j.

Ching ta biét ring spin clia proton va neutron déu bing 1/2, spin cia moi hat
nhan chin chin biing khong, spin clia cdc hat nhan c6 s6 khdi A chin 1a s& nguyén, A 18
c6 spin bdn nguyén,. . . vi momen ddng lugng ctia cac hat nhan khéng chi phu thudc vao
spin ctia cdc nuclonm, ma cdn phu thudc chuyén dong ndi tai clia cac hat nhan (momen
qlily dao) nén momen dong lugng ctia mdi hat nhan phu thudc trang thdi cia né. Spin hat
nhin dugc xem 1a momen dong lugng & trang théi co ban.

Céc vectd laa, Ipg xdc dinh momen dong lugng quy dao cia cdc cdp hat Aa, Bb va
dit trung cho chuyén dong tuong ddi clia titng cip hat mot. Cdc momen quy dao nay I1dy
nhitng gi4 tri nguyén (0, 1, 2,...) va chinh cdc gid tri nay dic trung cho tinh chit chuyén
dong cida cdc hat.

Khi nghién ctru cac phan dng hat nhin loai a + A — b + B thi ngudi ta thudng
chd y dén cdc trang thdi ban dau va cudi clia phin tng, khi ma ca hai hat tuong tic da
nim cdch nhau trén mot khodng 16n dén ndi ta c6 thé xem ching chuyén dong ty do
khong lién két, trong trudng hdp nay trang thdi ban diu va cudi ctia hé thong c6 thé dugc
md td bing cidc ham séng yq vay,, chiing déu 1a tich clia ba him séng: ya = Wa. Wa. Y
bB > We= Yb. UB. Y1bB
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Hai ham séng dau tién md t4 chuyén dong noi tai, con ham thi¥ ba md ta chuyén
dong tuong ddi cla chiing.

Chii ¥ réng: Tat cd cdc vectd Iy, Ip, I, Ip, I, Ia, laa, lp déu 12 cdc vectd co hoc
lugng tit, ching tudn theo cdc tinh chit va phép tinh dic biét trong Co hoc lugng ti.

5. Pinh luit bao toan chin 1é

Trong céc tuong tic manh va tuong tac dién tlr, 6 chidn 1€ dugc bédo toan.
cdc bién ddi hat nhan xay ra chinh 12 dudi dang tuong tic niy nén trong cic
phdn @ng hat nhan d6 chin 1€ dugc bdo toan.

Xét phén tng: a+B — B+b
Dinh luit bdo toan d6 chdn 1&é dudc viét nhu sau:

papa(=1)"" = psps(=1)" (3.2.43)

Pa» P VA Pb, ppla dd chidn 1€ ndi tai cda cdc hat nhin tudng tdc va hat nhin sdn
pham.

laa lpp 12 momen quy dao clia cdc cip tuong Gng.

Ciing giéng nhu cdc quy luat bdo toan khdc, dinh luat bdo toan chin 1é din ta tdi
nhitng quy tic loc Iya, han ché mot sd loai tuong tdc ¢ thé xdy ra duge. Trong cic phan
ting hat nhan cu thé ta thudng gip viéc ting dung dinh luit bio toin chin 18,

Ta hay xét dinh luat bdo toan chin 1é va quy tic loc lya trong trudng hdp tédn xa
dan hoi clia cdc hat vi du: cdc nucleon trén hat nhan. Vi trong tdn xa dan hdi thi trang
th4i clia cdc hat tdn xa ciling nhu trang thdi clia cdc hat nhan khong thay ddi, nén 1 chi c6
thé thay d6i di mot s6 chin ma thdi. Chi c6 mot diéu c6 thé x3y ra 13 c6 sy dinh hudng lai
spin nhung diéu dé khong lam thay ddi do chin 1&. P chin 1& ctia ham séng md t3
chuyén dong tuong ddi cda cac hat phdi dudc bdo toan. Vi vy 1 chi c6 thé thay ddi di
mot s6 chdn C tat nhién ndm trong gidi han cho phép clia dinh luit bio toan momen dong
lugng.

Vi du thit hai 1a vi du vé cdc qué trinh clia hai hat dong nhit tham gia. don gidn
nhat 13 qud trinh phan rd cda hé hdp phin ra hai hat ddng nhat c¢6 spin bing khong.

Mot hé A chin c6 thé bién d6i thanh hai hat ddng nhat A 18 khong c6 thé c6 spin
bing khong, that vay ta hiy viét dinh luat bdo toan do chidn 1é cho hé phiic hgp c6 hai hat
dong nhat:

Pa = papa(-1) = (-1)

Nghia 12 d6 chin 1é ctia hé thong phan rd dudc x4c dinh bing do chdn 1& clia
momen quy dao 1 trong chuyén dong tuong d6i clia cic hat dudc tao thanh. Ngudi ta
chitng minh dugc ring hé hai hat ddng nhat vé6i spin bing khong ludn ludn c6 1 chin. thé
thi chi c6 hé A chin mdi c6 thé phan ra ra hai hat c6 spin biing khong, con hé A 1é s&
khong c6 kha niing 4y.
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6: Dinh luit bio toan spin dong vi

Ta biét ring tinh chat clia cdc hat nhan ddng khdi (A nhu nhau, Z khdc nhau) phu
thudc vao ti s6 Z/N chita trong hat nhan. chi v6i mot tf s6 hoan toan x4c dinh thi hat nhan
mdi c6 khoi lugng nhd nhit va cdc hat nhan bén ma thdi. Con néu du thira hoic thi€u
proton thi tir hat nhan s& phéng xa B* hodc B~ vi du tir hai hat nhin Isobar H? va ,He’ thi
H? ¢6 khoi lugng 16n hon va phéng xa B~ d€ trd thanh He’. Trong ba hat nhan sBe',
sB'? va ¢C' thi2 sB'® ¢6 khéi lugng nhd nhat nén bén con.

Be' _3> B
6C10 P’—+> ;Blo

méi nhin ta tudng nhu ring sy khic nhau vé khdi lugng va tinh chit ciia cdc Isobar nay sé&
thay d6i hin néu ta thay mot hoic mdt s cic proton thanh notron (hodc ngudc lai). Tuy
nhién thuc t€ khong phai nhu vay, khi nghién citu chi ti€t cdc hat nhin Isobar ngudi ta
th4y ring chiing c6 mot s6 nhém hat nhan ¢6 nhitng tinh ch4t nhu nhau.

Ta hay xét vi du hai hat nhan H® va ,He” trong phén rd B ctia {H® thi ning lugng
gidi phéng: AEs(;H’) = 0. 019Mev.

Ning Iugng lién két ctia hat nhian nguyén tit (A, Z) 1a:

AW(A, Z) = ZM,((H" + (A - Z)m, - My(A, Z).

Hiéu niing luong lién két chia hai hat nhan (H’ va ,He’ 1a:

AW(GH) = M,GH) + 2m, - M,GH")

-AW(GHe’)  =2M,(H') +m, -M,(;He’)
AW(H') - AW(He") = {m,-M,(;H)} -{M,(H’) - M,(:He"))

=Am-AEg(\HY)

Am va AE(;H’) dugc xédc dinh bing thyc nghiém:

AW(H’) - AW(;He’) =Am -AEgg(;H’) = 0, 782 - 0, 019 = 0, 763MeV

Hiéu niing lugng lién két nay c6 gid tri kha 16n, tuy nhién ta c6 thé thiy ring ning
lugng tod ra hoan toan do luc ddy Coulomb cla hai proton trong hat nhian He’ néu chiing
ding cach nhau mot khodng r = 1,9.10 " cm.

.2 (4,8.]0’10)2

¢ - ~ 076 MeV
r 1,9.]0”3(1,6.]0’6)

Nhu vay, véi do chinh xdc dén tuong tdc Coulomb thi ¢é thé xem ring ning lugng
lién két cia hai hat nhan {H’ va ,He’ 1a nhu nhau. Hai hat nhan d6 dugc goi 12 hai hat
nhan guong. K&t luin trén ciing vin ding cho cdc hat nhan guong khac. C4c hat nhan dé
1a (A,Z) va (A, A-Z).

C4c hat nhan guong khdng nhitng c6 ning lugng lién két gidng nhau (véi dd chinh
xdc Coulomb) ma cdn gidng nhau c4 nhitng dic trung clia cdc mic kich thich thap (ning
lugng, momen, dd chdn 1é. ..) Nhitng hat nhan nhe nhat \H?, 13, ,He? khong c6 céc trang
thai kich thich, con cdc hat nhan ndng hon nhu : 3Li7, 4Be7 c6 cdc gia tri momen va do
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ol 2 2, ] 2 3 N2 ] 2 P A A
chan 1€ nhu nhau 6 trang thdi c¢d ban 5 va J trang thdi kich thich dau tién !

, ndng

lugng & mifc kich thich cling gin nhu nhau (0,48 va 0,43 MeV) ning lugng kich thich &
muc th hai nhu nhau (4,6MeV).

C6 thé néi cdc hat nhan guong khic nhau & chd mudn chuyén tir hat nhan nay
sang hat nhan kia ta chi viéc thay cdc lién két p - p thanh n - n, con cdc lién két n - p thi
giif nguyén. So d6 lién két don gidn nhat cia H® va ,He’.

H? He® Trong hat nhén H? khong c6 lién két p-p ndo, c6
mot lién k€t n-n va hai lién k&t n-p.
Trong hat nhan ,He’ ciing c6 hai lién k&t n-p nhv cii,
chi ¢6 khéc vé lién két p-p.

Viéc phdt hién bing thuc nghiém clia sy gidng nhau trong ciu tao mic clia cic
hat nhin guong, c6 thé gidi thich dugc néu ta gia thiét ring: C6 sy ddng nhit trong céc
hat cd ban p-p va n-n. Gi thi€t nay dugc goi 12 gid thi€t vé tinh d6i xiing dién tich clia
cdc luc hat nhan. Trong truGng hgp cia ba hat nhan 4Belo, 5B]0, GCIO ngudi ta nhan thay:
néu k€ dén hiéu chinh tuong tic Coulomb, c6 sy gidng nhau vé cic dit trung cic trang
thai co ban ¢C' vasBe' vdi cdc dit trung ciia mot trong céc trang thdi kich thich sB'°.
Trong nhiéu trudng hgp twong tw ngudi ta nhan thdy ring: Sy gidng nhau trong ciu tric
cdc mic hat nhan c6 thé dudc gidi thich néu: Gia thiét riing tit cd ba tuong tic co ban (n-
n), (n-p), (p-p) 12 déng nhat nhu nhau. Gia thiét nay 13 gid thiét vé tinh déc ldp dién tich
cua cdc luc hat nhdn.

Khi nghién cttu k§ hon ta thiy ring tinh doc 1ap dién tich cla cdc luc hat nhan
dudc thuc nghiém xdc nhan trong cdc thi nghiém tryc ti€p so sdnh cédc tuong tic co ban
(p-p), (n-n), (n-p) ciing nhu trong nhiéu thi nghiém ki€m tra hé qua rit ra tir gid thuyét
nay.

Nhu vdy, néu chi xét tuong tdc hat nhian ( khong xét tuong tdc Coulomb) thi tuong
tdc giita bat ki nucleon ndo (p-p), (n-p), (n-n) 8 cliing nhitng trang thi spin va khong gian
thi ba dang tuong tdc trén 1a dong nhat.

Ta nhan manh ring: tinh ddc 14p dién tich clia lyc hat nhan 13 ding véi chinh xdc
tudng tac dién tlr, tuong tac dién tir s€ pha tinh doc 14ap dién tich cta luc hat nhan.

P& néi 1én tinh dong nhat vé tinh chat lyc hat nhan clia n va p ngudi ta ding mot
vecto cd hoc lugng tif c6 tinh hinh thitc, vecto Spin dong vi T. T c6 gid tri gidng nhau cho
cé p va n va bing 1/2. T dugc xac dinh trong mot khong gian phu (khong gian hinh thic)
12 khong gian dong vi.

Mot hinh chi€u clia vectd T 12 md td proton, va hinh chi€u kia md td neutron. S&
lugng hinh chi€u c6 thé c6 1a 2T+1 = 2 chinh 13 s& nucleon c6 tinh chat hat nhan ddng
nhat.

Vi tinh chat tuong tac khong phu thudc loai nucleon (nghia 1a vao hinh chiéu. . .)
nén tuong tdc hat nhan clia nucleon dugc xac dinh chi bing gid tri clia vectd T ma khong
bing hinh chi€u ctia n6 (hinh chi€u nay dit trung cho sy khdc nhau trong tinh chat dién
tir). Nhu vay tuong tic hat nhan 12 bat bién ddi vdi phép quay trong khong gian dong vi.
Tinh chat nay dudc goi la tinh bat bi€n Spin déng vi. Ngudi ta thdy ring bat bién nay
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cling gidng bat bién clia tuwong tic ddi v6i phép quay trong khong gian ba chiéu thong
thudng, chinh tinh bat bi€n nay din t6i dinh luit bido toan momen ddng lugng. Ngudi ta
ciing néi ring trong cdc tuong tic hat nhan thi Spin déng vi dudc bio toan.

C4c todn tit tdc dung 1én vectd T ciing gidng hét nhu 1én cdc vectd co hoc lugng tir
thong thudng. Vi du tuong tdc p-p dudgc dic trung bdi vectd ‘ T | =1 vi (Te)p=1/2 ; (Te)2p
=1, con T1+T> = 0;1 thi chi ¢6 gid tri 1 1a ¢6 y nghia. Tudng tic n-n cling dugc dic trung
bdi vectd | T| = 1 nhung ¢6 hinh chi€u (Tz)s = -1 va twong tic n-p c6 thé dic trung bing
vectd T =0 va T = 1 vi trong trudng hgp nay Tt = 0 do d6 c6 thé c6 hai gid tri clia tong
T1+T, = 0;1. Phép phin tich chitng t6 riing gid tri T =1 ddng nhat véi cdc tudng tic p-p va
n-n con gia tri T =0 &ng véi trudng hop deuteri.

Nhu vay hé thong gdm hai nuclon c6 thé § ba trang thdi c6 cdc tinh chat hat nhan
dong nhat dic trung bing cling mot gid tri clia vectd T =1 (2T+1=3), va mdt trang thdi
c6 tinh chit hat nhan khéic (Deuteri) dic trung bing gi tri T=0 ; 2T+1=1).

Kh4i niém spin déng vi dugc md rong cho trudng hop hat nhan nguyén ti.
[z=N]|_|2z-4|

D6i v6i hat nhén thi hinh chi€u T

2 1] 2 |
\ (2~ . A . Z-
‘T‘ 2 al (Tmax = Tmin = —Nj
2 2
Nghién ctfu cdc hat nhin nhe ma tuong tdc dién tir tuong ddi nhd va bat bién dong
. , Z, . . . 2 A, 2 2 = ZZ - A
vi rat ro, thi thudng xuat hién gia tri nho nhat cua tong ‘T‘ = 2
N N - 4-3 1
Spin ddng vi ctia ;He” biing ‘T‘ =5 =5

S6 lugng hinh chiu clia vectd T = 1/2 bing 2T+1 = 2. 1/2. +1= 2 ; nhu vAy cOn phdi c6
mot hinh chi€u nita vdi cdc tinh chdt hat nhin twong tu d6 12 hat nhan (H® véi cling gid tri
T =1/2, nhung véi hinh chi€u khic Tg(zHé) =+1/2 con T§(1H3) =-1/2.

Céc hat nhan 4Be'® va ¢C'° ¢6 cdc hinh chi€u T¢ bing -1 va +1. Vi vay vects T
phai thod diéu kién | T |>1 néu T =1 thi 2T+1 = 3. Ngoai hat nhan 4Be'® va ¢C'* phdi c6
hat nhan isobar c6 tinh chat tuong tu d6 12 sB' (& trang thai kich thich, vi n€u & trang thai
co ban thi T = (2Z-A)/2 =0) ngudi ta khong tim thdy hat nhian c6 T >1 nén thyc ra chi c6
T =1 va ba hat nhan 4Be'?; sB'® ;xC'" tao thanh mot tam tuyé&n ddng vi (triplet ddng vi).
Ngoai cdc nhi tuyén (doublet) va cic da tuyén (multiplet) dién tich, ta ciing gip cdc don
tuyén (singlet), vi du don tuyén don gidn nhat 1a H? va ,He™

Pinh luit bdo toan spin déng vi trong cdc phin tng hat nhian din t6i quy tic lya
chon theo spin dong vi. Do dé cdc miic hat nhan khong phdi chi dic trung bing ning
lugng, momen dong lugng, dd chin 18 ma con bing spin dong vi.

IIL. TIET DIEN HIEU DUNG CUA PHAN UNG HAT NHAN

Khi ta ding mot chim hat bin phd bia nhim thuc hién mot phén @ng hat
nhan thi ta khong thé néi trude c6 mot hat nio sé va cham vao hat nhan bia dé€
gdy ra phan tng. Ta chi c6 thé néi tdi x4c sudt x4y ra phan ng. Pai lugng do
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xdc sudt x4y ra phdn tng goi 1a ti€t dién hiéu dung clia phin tng hat nhan hay
don gidn hon goi 1a ti€t dién hiéu dung.
Gid stt ¢c6 nmdt chum hat a bin t6i bia X. Ta hiy tudng tugng mdi hat nhan X
dugc gin véi mot ti€t dién o goi 1a tiét dién hiéu dung, theo phudng vudng gbéc véi
phuong tdi cla hat a.

a O\\
. 5 g\\\c
— >

@)
—

Bia dudc xem la di méng dé khén/g c6 mdt hat nhan nao bi che 14p theo phuong
tdi cda chim hat. Dién tich ¢ dudc chon sao cho néu mot hat dan nao lot vao dé thi chic
chin phdn ng x4y ra. Ngugc lai, n€u hat dan di ra ngoai o thi khong c6 phan tng x4y ra.

Gia st c6 n; hat dan t6i dap vao bia, trong d6 chi c6 nghat di vao cdc tiét dién
hiéu dung (tifc 12 c6 ne phdn ng hat nhan). Khi d6 xdc suat P d€ x4y ra mot phan tng la:

Xdc suat nay cling bing ti s6 giifa ti€t dién hiéu dung toan phin (tdc 1a

n
p=_c 3.3.1

tong ti€t dién hiéu dung clia tit ci cdc hat nhin) chia cho dién tich toan phan cda
bia. Goi S 1a dién tich bia, d 12 bé day bia va N 13 s& hat nhan bia trong mot don vi
thé tich. Tiét dién hiéu dung toan phan bing :c NSd.

Xdc suitP:

p_N. _oNsd_ 4 332
n

i
Nhu vay x4c sudt ca phan tng P ti 1& vdi tiét dién hiéu dung.
Tiét dién hiéu dung c6 thd nguyén dién tich [L*]. don vi 1a barn
1 barn = 10%*m?

Tiét dién hiéu dung khong triing véi ti€t dién hinh hoc clia hat nhan. Thi du bin
phé urani U biing neutron c6 ning lugng 0,025eV. Tiét dién phan @ng 12 705barn trong
khi ti€t dién hinh hoc cta hat nhan U*’ 12 2,5 barn. D61 vdi cdc phdn Gng tin xa ta c6 tiét
dién tdn xa hiéu dung. C4c ti€t dién hiéu dung rat khic nhau tuy theo loai phdn &ng va
d6i v6i mot phdn dng nhat dinh né phu thudc vao ning lugng cia hat nhe bay tdi.

D6i véi phdn ng tdn xa ta c6 cong thifc sau diy lién hé giita s6 hat bi tdn xa va
tiét dién tdn xa o:

N, =Ny(1-e°™% (3.3.3)

Trong d6 N, 12 s6 hat tdi bi tdn xa ; N 12 so hat t6i dip vao bia; n s& hat nhan

trong mot don vi thé tich; d bé day ciia bia.
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Thi du: Tinh ti€t dién hiéu dung cta bia. Bi€t s6 neutron bi tdn xa trén bia thi
nghiém bing 10°% chiim neutron t6i. Bia c6 khéi lugng riéng 1a 4,1.10°kg/m’ s& khéi A
=30 va bé day d=10"m.

Theo cong thic trén ta c6:

N/No = 10°%=10° = 1 —e°™¢

Suy ra nod = 10°® thay cdc so liéu da cho vao cdng thic trén, ta dudc:

30.10°°

o= ———=121310"%"m"’
4,1x6,02.10% x10

oc=0, 121 barn
IV. PHAN UNG PHAN HACH HAT NHAN

1. Lich sit phat minh va cédc tinh chit co ban cia phan @ng phan hach

Nam 1934, E. Fermi khi nghién cdu hién tugng phéng xa nhan tao sinh ra
du6i tic dung clia neutron. Khi chi€u neutron 1én bia Uran, hat nhan Uran bi kich
thich phong xa beta, sau khi phong xa hat nhan s€ c6 di€n tich tdng 1én mot don
vi, nhung bén canh d6 6ng lai thdy xuit hién mdt vai sin phdm phéng xa c6 sd Z
nhd hon Uran. Nghién cifu k§ cdc sdn phdm phéng xa d6, O. Hahn va Strassmann
th4y riing ching & gitta bang tudn hoan.

Sau d6 Frish va Meitner gidi thich hién tugng ky la ndy véi gid thuyét ring, hat
nhan Uran khi bit neutron sé& bi kich thich, hat nhan bi bi€n dang phan thanh hai manh c6
khéi lugng gan bing nhau (Z1, A)) ; (A, Z»).

Z+7, = ZU =92
A +A, = AU +1 =~ AU 3.4.1)

Thira nhan nhitng gid thuyét ndy, cé thé tién dodn nhitng tinh chit co ban cia

phan Gng phan hach sau:

a) Khi hat nhdn ndng phdn hach thi nang lugng gidi phong lon

bit Q 1a ning lugng phan hach(theo don vi khdi ning lugng) ta c6:
Q = MU - (M1+ Mz) (3.4.2)
V6i My la khéi lugng ctia hat nhan Uran;
M, M, Ia khéi lugng clia cdc ménh.
Khéi lugng ctia hat nhan dudc tinh bing :
M =7Zm, + (A-Z)m, - €A (3.4.3)
Véi ¢ 1a ning lugng lién két trung binh tinh cho mot nuclon. Nhu vay ta c6:
Q = glAl + 82A2 -eA = (STB-S)A (3.4.4)
Véi: ETg= (81A1 + SzAz)/A
12 ning lugng lién két trung binh cla cdc manh tinh cho mdt nuclon. Vi erg ddi véi cdc
hat nhan ndm giita bdng tuan hoan 16n hon ¢ ctia Uran ¢& 0,8MeV, do dé:
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Q0=0,8. A ~238x0, 8 ~ 200MeV

b) Hdu hét nang luong phdn hach dvoc gidi phéng & dang dong ndng cia cdc
mdnh phén hach

Vi cdc manh phéan hach tao thanh do quén tinh phan chia hat nhian thanh
hai phan nhat dinh phdi bay ra hai phia duéi tic dung cia luc ddy Coulomb kh4
16n, do dién tich cia cdc manh kh4 16n.

Gi4 tri ning lugng Coulomb cda hai manh nim cdch nhau mot khodng & 1a:

2
V., = ZIZTZe, S=R, +R, (3.4.5)

R c6 thé tinh theo cong thifc:
R=r,A"=1,3.10" A" cm (3.4.6)
tam cho ring: Z, =7, =92/2 = 46.
Ri=R,; A =A,=238/2=119
(46)".(48.007)
2.1,4.1075 3119.16.107°
nang lugng phan hach Q.

Ta cé: V. =

~ 200 MeV nghia la dung vao c§ gid tri

¢) Cdac mdnh phdn hach duoc tao thanh phdi phong xa Bva cé thé phdt neutron
K&t luan nay 12 hién nhién khi nghién ctfu tf s§ giita s6 notron va s&
proton trong c4c hat nhan bén khdc clia bdng phan hang tuin hoan.

Hat nhan 0'° sAg'™® seBa'’ 0 U™ (3.4.7)
N/Z 1,0 1,3 1,45 1,6

T céc s6 liéu trén ta thdy, cdc manh phan hach Iic méi hinh thanh phdi du thira
notron, vi chiing dugc tao thanh tir Uran. N/Z = 1,6. T4t nhién cdc hat nhin nay phat xa P,
song vi dd du notron rat I6n nén sdn ph&m phéng xa P lai ti€p tuc phéng xa B nita... nghia
12 cdc mdnh phan hach tao nén mot diy phong xa B lién ti€p khd dai, ma thi nghiém
Fermi dd quan st thay.

Nhu vdy, mot phin ning lugng phan hach dugc gidi phéng dudi dang ning lugng
phan ra B - Qp.

Ngoai ra can gia thiét riing mot phan trong sd cac notron du c6 thé truc ti€p phat
ra t manh & dang cdc notron phan hach hoidc notron thi cap, cdc ndtron nay mang theo
mdt phan ning lugng phan hach Q,.

TAt cd cédc tinh chit phan hach néu trén da dudc phat hién ngay trong nhitng thi
nghiém diu tién, thuc hién nim 1939 & nhiéu phong thi nghiém.

2. Ly thuyét cd ban cia hién tugng phan hach
Ly thuyét phan hach dugc xay dung tif nim 1939 bdi: N. Bohr, Willer va
nha vat 1y X6 Vi€t Ja. I. Trenkel. Ho phan tich gid thuyé&t ctia Frish va Meitner vé
tinh khong bén cla hat nhan ning khi thay d8i hinh dang nhd mau giot hat nhan.
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