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TOM TAT

Nghién ctru nay dua ra cac cong thirc phan bé caa cac cap ion-electron dugc tao thanh
bai cac manh phan hach cua hat nhan 235U trong phan khdng gian lam viéc cua budng phan
hach cho trudng hop budng phan hach hinh tru va budng phan hach phang. Cac cong thuc
phan bd cua cac cap ion — electron da dugc dé xuat cho phép tinh toan mat do ion hoa so cap
tai moi diém trong phan khong gian 1am viéc cua budng phan hach. Viéc xay dung cong thirc
phan b duoc thuc hién bang cac phuong phap mé phong toan hoc va vat ly cac qua trinh
tuong tac giira neutron véi chat phan hach, ciing nhu cac céng cu todn hoc cta chuong trinh
Mathematica. Sy phu thugc cia mat do ion hoa so cap, gay ra bai manh phan hach dién hinh
1a Sr, vao khoang cach xuyén tam téi I6p phu chat phan hach va sy phan bb caa mat do ion
hoa so cap doc theo budng ciing dugc nghién ciu.

Tir khéa: Budng phan hach, mat do cac cap ion-electron, 16p phu dién cuec.
1. MO PAU

Ngay nay, cac loai budng phan hach dwoc sir dung phé bién dé do truc tiép théng luong
neutron trong cac 10 phan ting hat nhan nho nhitng wu diém ndi bat nhu: ¢6 kich thudc nho va ti
& tin hiéu-nhidu tot [1, 2], c6 dai do rong [3-5]. Budng phan hach cé nhiéu dang cau tric hinh
hoc khac nhau nhu: budng phan hach phang, hinh cau, hinh try [6]. Kich thuéc cua chiing cé thé
tir vai mm dén vai cm. Buong phan hach gom hai ban dién cyc ghép song song dong vai tro 1a
anode va cathode, giira hai dién cuc 1a khi 1am day, thong thuong 13 argon [7] hoic argon ¢6 b
sung Nz, CO2, C;H2 nham tang tc do troi cua electron [3]. Trén bé mat mot trong hai ban dién
cuc dugc phu mét 16p chat phan hach mong c6 mat do bé mat thong thudng tir mot vai pg/cm?
dén mot vai mg/cm? [8]. Céc chat phan hach thuong dugc sir dung 1a 25U, 22Th, 2%Pu, 24Py,
27Np, 24Cm [9]. Khi bi chiéu xa neutron, chat phan hach duoc dung dé phu dién cuc caa budng
s& bi phan hach tao ra hai manh phan hach ¢ ning lugng cao. Mét trong hai manh bi hap thy
trong l6p phu dién cuc, manh con lai bay vao phan khong gian giita hai dién cyc va ion héa khi
lam day, taora céc cap ion-electron. Khi c6 dién ap duoc dat vao cac dién cuc, cac ion va electron
nay trdi vé cac dién cuc tuong tng va két qua Ia tao ra tin higu dién & mach ngoai.

Dé md ta cAc qua trinh vat ly xay ra bén trong budng phan hach, ciing nhur tinh toan cac
thong sb ciia budng nhu dong dién ra, d6 nhay, v.v., can xac dinh mat do ion hoa so cap, tac
la mat do cac cap ion-electron duoc tao ra boi cac manh phan hach do qua trinh ion hoa so cap
khi lam day caa budng phan hach hay phan b ion hoa so cap.

Trong bai bao nay, cong thirc phan b6 mat do i ion hoa so cé‘p trong khong gian lam viéc
cua buong phén hach hinh try va buong phén hach phang dugc dé xuat.
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2. KET QUA NGHIEN CUU VA THAO LUAN
2.1. Budng phan hach hinh tru

So dd cua dang budng phan hach hinh tru duoc biéu dién trén Hinh 1. Bé xay dung cong
thirc xac dinh phan bd ion hoa so cap cua budng, trudc tién ta tim cong thuc tinh mat do cac
cap ion - electron tai diém P bat ky nam bén trong phan khéng gian Iam viéc giita hai dién cuc
ctia budng. Biém P cd toa d6 (r,6,z) trong hé toa do tru ¢ tam dat tai tim cua budng (diém O
trén Hinh 2), truc z huéng doc theo truc cua budng, r 1a khoang céch tir P dén truc cua anode.

chum neutron toi
Cathode

- Fi
+ - +
Anode
F2
Lép phi 25U
; Khi lam d:’i_\'

/

chum neutron toi

Hinh 1. So d6 budng phan hach hinh tru

v

Hinh 2. So d6 mat cat ngang cua budng phan hach hinh tru

Mat d6 ion hoa so cAp tai diém P khéng phu thudc vao goc 0 do tinh dbi xting cua hinh
tru va bang tong mat dg ion hoa dugc tao thanh t dién tich dS cua be mat l6p phu chat phan
hach. Khi ¢4, moi dién tich dS bic xa ra Ni manh phan hach:

N, =NdS 1)

trong d6, Nest 14 mat d6 bé mat cua cac manh phan hach (s6 manh phan hach phat xa ra tir mot
don vi di¢n tich bé mat cua 16p phu chat phéan hach), dS =R, d6'dz", Ra la ban kinh ctua anode.

S6 cp ion-electron dugc tao ra trong thé tich dV vo cling nho bao quanh diém P do qua
trinh ion hoa khi lam day gay ra bai cac manh phan hach bac xa ra tir dién tich dS duoc xac
dinh béi céng thuc:
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dN', =N, cos8, X (r')dr' ‘;—Q 2)
T

trong do, r' 12 khoang céch tir diém birc xa dén diém quan sat (46 dai vét), 6, 1a g6c gitra phéap
tuyén cua dS va ', X(’) 1a ham mat d6 ion hda tuyén tinh doc theo vét (sé cap ion-electron
trung binh dugc tao ra bai cdc manh phan hach trén mot don vi d6 dai duwong chay cua manh
trong khi 1am day), dQ =sin6dode .

Khi d6, mat do cua cac cap ion-electron dwoc tao ra trong thé tich dV duogc xéac dinh theo
cong thuc:
dN, cos0, X (r')

dN, =—s =N, —n= 7 3
A ®)

vi dV =r?dr'dQ.

Suy ra, mat do ion hoa tai diém P gay ra boi cac manh phan hach phat ra tir toan bé mat
birc xa duoc tinh theo cong thuc:

st [ €0SO, X(r")
N(r,z) IdN—ZnI 2 ds (4)
Str dung cac ky thuat tinh todn hinh hoc, ta nhan dugc:
r':\/rZJrRaz—2rRacos(e—e')+(z—z')2 (5)
rcos(6-0')—R
0s0, = ( . ) “ (6)

r

Dua trén so do Hinh 2 ¢6 thé thdy rang, tich phan theo dién tich S khdng bao gom toan
bo dién tich bé mt cua anode ma nd chi duogc lay theo phan dién tich S tir do cac manh phan
hach phat xa den diém P. Tich phan (4) véi luu y nay va tien hanh cac phép bien doi, ta thu
dugc cbng thuc tinh mat d6 ion héa so cap duoc tao ra boi cac manh phan hach ¢ dang sau:

«Ra (O h2 rcos(6')—R, |dz'd6’
N(r,z):J.st— ft J. (I(Ef,Zf,m ) )[ ( ) 13 :| (7)

h/2 r

Tich phan dugc tinh trén toan b d6 dai cua phan khong gian lam viéc cua budng phan
hach c6 chiéu dai h, gi¢i han tich phan cua goc Omax dugc Iay theo goc twong wng vai phan
dién tich bé mat anode, tir d6 cac manh c6 kha ning birc xa dén diém dang xét:

0max (1) = arccos(%j (8)

Trong tich phan (7), H(x) la ham Heaviside, Ey, Z;, m¢ 1a ning luong, dién tich va khéi
lugng cua cac manh phan hach tuong tng.
’ D4i voi cac budng phan hach nho va siéu nho, do dai vé:[ ctia cac manh phan hach du
ngan dé cd thé xem ham mat d¢ ion héa doc vét X(»’) la hang so Xo.
Khi d6, cong thirc (7) c6 thé duoc viét lai dudi dang:
N fst Rax
N(r,z)=————F(r,z 9
(r2)=—"=20F(r.2) ©
Vi
[rcos(6")-R, |dz'de’

rl3

(r.2) j“ " H(E,.Z,.m,)-1) (10)

—-h/2
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C4ac budng phan hach nho thong thuong cé dudng kinh khoang vai mm, d6 dai tir 1 dén
mot vai cm [10]. Khoang céch giira cAc ban dién cuc trong buong phan hach nho thuong tir
vai chuc microns dén vai mm [8]. Trén co s& do, viéc tinh toan két qua sé cua cong thirc (10)
da duogc thyc hién bang céch sir dung chuong trinh Mathematica véi cac tham s duoc lya
chon nhu sau: Ra =0,125 cm, ban kinh cathode R=0,525 cm, h=1 cm. Viéc chon khoang cach
gitra cac ban dién cuc (R-Ra) nay phu hop dé nghién ctu su thay d6i mat do ion hoa so cp
theo khoang cach tir truc cua budng phan hach. D9 dai cua phan khéng gian 1am viéc cua
budng h duoc lya chon gan véi théng sé hinh hoc cua dang buong duge dura ra trong [11]. Can
lwu y rang, viéc nghién ciu mat d6 ion hoa so cap chi dwoc xem xét trong phan khdng gian
lam viéc cua buong.

Trén Hinh 3 bi¢u dién ham phéan b6 F(r,z) duoc tinh toan tai mat phang d6i xung cua
budng phan hach (z=0) gay ra bai ion Sr nho cac cdng cu tinh todn cua phan mém
Mathematica.

T T T T T T T T T T T T T T T 1
0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

Khoang cach tir truc cta budng phan hach r, cm

Hinh 3. Phan b6 mat do ion hoa so cip theo khoang céch tir truc caa budng phan hach

Két qua thu duoc trén Hinh 3 cho thiy, cang di ra xa bé mit anode, mét do ion héa cang
giam. Khi tién toi gan bé mat anode ham F(r,0) tién toi gia tri xéc dinh, c6 nghia 1a s6 cap ion
— electron duoc tao ra boi cac manh phan hach 12 hiru han. Diéu ndy hoan toan phu hop voi
két qua tinh todn mat do ion hoa doc vét bang phan mém SRIM [12]: mét manh phan hach tao
ra sd cap ion — electron xac dinh.

Déi véi phan bd cua mat do ion hoa so cap (chi xét ham F(r,z)) doc theo budng, két qua
tinh toan duoc biéu dién trén Hinh 4 cho thay mat d6 ion hoa so cap it phu thudc vao toa do
doc theo buong, ngoai trir vung lan cén cua cac diém cuoi.

—r=0.15¢m

35— —-=r=020cm

........ =025 cm

e ———

Toa d& doc theo ch|§u dai cta budng, cm

Hinh 4. Sy phan bé mat do ion hoa so cap doc theo budng phan hach
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Trén Hinh 5 biéu dién su phan b mat do ion hoa so cap phu thudc vao khoang céch r tir
truc cuia buong tai cac diém khac nhau —h/2 < z < h/2 doc theo chiéu dai budng. Két qua cho
thay rang, tir z=0 cm dén z=0,4 cm sy phan bd thuc té khdng khac biét. Luu ¥ rang, bién bén
tréi ciia d thi 1a bé mat caa 16p chat phan hach phu 1én anode.
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Khoang cach tir truc ctia buéng phén hach r, em

Hinh 5. Phan b ciia mat do ion hoa so cap theo khoang céch tir truc cua buong phan
hach tai cac diém khéac nhau doc theo chiéu dai cia buong

2.2. Budng phan hach phing

Tinh toan tuong ty nhu d6i v6i truong hop buong hinh try, ¢6 thé thu dugc cong thic xac
dinh mat d6 ion hoa so cap tai diém P doi véi buong phan hach phang (Hinh 6) ¢ dang:
Ny cor i X (r')r
N(r)=— —————pd pd 11
( ) 271: J.O J.O (pz + r2)3/2p ID go ( )
trong do, p — hinh chiéu caa »’ 1én bé mat 16p phu dién cuc, r — khoang cach tir bé mat 16p phu
dién cuc, | — d6 dai duwong chay tu do cua cac manh phan hach. Cac dai lugng con lai ¢6 cung
y nghia nhu trong (7).

Hinh 6. So dd don gian cua budng phan hach phing

Néu gia thiét ring, mat do ion hoa doc vét 1a hang sb (X(»’)= const), thi:
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N(r)= NfstX(O)(l—ILj (12)

Nhu vay, khi r — 0 phuong trinh (12) tién t6i gia tri be mét cua nd NesiXo. Két qua nay
chang to tinh ding din cua ket qua phan bd ion hoa so cip gan bé mat cua budng phan hach
hinh tru: mat d6 ion hoa so cap gan bé mat caa Iop phu dién cuc 1a dai luong hitu han.

3. KET LUAN

Qua nghién ctiu nay, cong thic tinh toan phan b ion hoa so cap trong khdng gian 1am
viéc ctia buong phan hach hinh try va budng phan hach phiang da duoc dé xuat. Cong thac cho
phép xéac dinh ham ctia nguon trong cac phuong trinh van chuyén hat, mé ta cac qua trinh vat
ly xay ra trong buong.

Gan bé mat caa I6p phu chat phan hach caa budng, mat do ion hoa so cap tién téi gia tri
xéc dinh, diéu nay chang to rang, sé cap ion hoa duoc tao ra boi mdi manh phan hach 1a dai
luong hitu han.
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ABSTRACT

PRIMARY IONIZATION DISTRIBUTION CREATED BY FISSION FRAGMENTS IN
THE FISSION CHAMBERS

Le Thi Dieu Hien®", Ho Viet?
'Quang Binh University, 312 Ly Thuong Kiet Str., Dong Hoi City, Quang Binh, Vietnam
Hue Industrial College, 70 Nguyen Hue Str., Hue City, Thua Thien Hue, Vietnam
*Email: hienle.job@gmail.com

This study provides the distribution formulas of ion-electron pairs formed by fission
fragments of 23U nucleus in the working space of the fission chamber for the case of
cylindrical fission chamber and flat fission chamber. Distribution formulas of ion-electron
pairs have been proposed that allow the calculation of the primary ionization density at every
point in the working space of the fission chamber. Formula setting of the distribution is carried
out using mathematical and physical simulation methods of the interaction processes between
neutrons and fissile material, as well as mathematical tools of the Mathematica program. The
dependence of the primary density of electron - ion pairs on the radial distance to the fissile
layer, created a typical fission fragment - ion Sr in the center of the chamber and the spatial
distribution of the initial density of ion pairs along the chamber have been studied.

Keywords: Fission chamber, density of ion-electron pairs, fissile material layer.
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