Chuong 4
LO PHAN UNG HAT NHAN
i 4.1. Lich su lo phan ing hat nhan

Lo phan Ung thé hé I ra ddi dau thap nién 50,
tuy nhién ching dang dan dan bi dao thai. Thé hé
thr I ra doi vao dau thap nién 70. Thé hé thar 111,
vao thap nién 90. Va thé hé tha IV dang dugc
chuan bi vdi rat nhiéu hy vong trg thanh mot cong
nghé toan hao vi sé lam giam thiéu t8i da hiéu (ng
nha kinh qua viéc thai khi CO,, thuc hién dugc an
toan lao dong trong van hanh va nhat la loai [0 nay
sé la “lo phan Ung tu giai quyét” trong trudng hop
cd tai nan xay ra.
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4.1.1. Lo phan ting thé hé I

+

Lo PU ¢6 tén Magnox do 3 nha vat 1y nguodi Anh sang ché 1a
Ts. Ion, Ts. Khalit, va Ts. Magwood. Lo Magnox st dung
nguyén liéu urani trong thién nhién trong do6 chi c6 0,7% chat
dong vi U235 va 99,2% U-233,
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4.1.1. Lo phan ting thé hé I (tt)

Nguyén tac van hanh c6 thé dugc tom tat nhu sau:
Céc ong kim loai urani duogc bao boc bang mot 16p hop kim
gOm nhom va magié. Mot 16p than graphit dat nam gitra 6ng
urani va hop kim trén c6 muc dich lam cham b6t van toc
phong thich notron do su phan hach U-235, Tir d6 cac notron
trén s& va cham manh vdéi hat nhan cla U2 d€ cdc phan
ting day chuyén lién tuc xay ra. D€ diéu khién van toc phan
ung day chuyén hoac chan ding phan tng, 10 Magnox su
dung mot loai thép dac biét. N6 c6 tinh chat hap thu cac
notron, do d6 c6 thé diéu khién phan tng theo ¥ muon. C6
26 10 Magnox da hoat dong ¢ nwoOc Anh hién chi con 8 10
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4.1.1. Lo phan ung thé heé 11

i Loai 10 nay ra doi vao thap nién 70, hién chiém da s6
cac 10 dang hoat dong trén thé€ gi6i. Tt ban dau, 60% loai 10
nay ap dung nguyén ly 10 ap luc PWR, . Nhung da dan dan
duoc thay thé€ bang 10 nudc s6i BWR. Nhién liéu st dung
cho 10 nay la hgp chat urani dioxit va hop kim nay duoc
boc trong cic 6ng cau tao bang kim loai zirconi. Urani 235
s€ duoc lam giau tr 0,7% dén 3,5%. Mot khac biét co ban
]a nu6c dugc dun soi r6i mabi chuyén qua hé thong 1am tiang
ap suat. Nhu vay, phuong phap nay sé rdt ngan tién trinh tao
nhiét cta hoi nudc khi truyén nhiét qua tuabin d€ bién thanh
dién nang.
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i 4.1.3. Lo phan trng thé hé Il

K& tir cudi thap nién 80, thé hé Il bat diu duoc
nghién ctu v&i nhiéu cai tién tlr cac 16 phan &ng loai
BWR cta thé hé Il. Nam 1996 tai Nhat da co loai 16 nay.
Hién tai cac 16 nay dang dwoc st dung & nhiéu quoc gia
trén thé gidi vi thoi gian xay dwng twong doi ngan ( chi
xay trong khoang 3 nam) va chi phi cling giam so vOi
cac 16 thudc thé hé trwdec. Hon niva, viéc van hanh cling
nhw bdo dwéng loai 10 nay twong doi don gian va an
toan hon.
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i 4.1.4. L6 phan (rng thé hé IV

Cac nha khoa hoc dang tién dan dén viéc xay duwng
cac 16 hat nhan thé hé IV, trong d6 hé thdng an toan sé
hoan toan tw déng, sé khong con co viéc phat thai khi
CO.. Thé hé IV con duoc goi la “lé phan trng cach mang"
Thé hé nay du kién sé dwoc rng dung vao nam 2030 va
c6 thé thda man nhirng diéu kién sau:

+ Gia thanh cho dién nang sé ré hon hién tai;

+ PO an toan rat cao nén co thé xem nhuw an toan
100%;

+ Gidm thiéu phat thai dén murc tdi da.
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4.2. DK duy tri phan ting day chuyén
$4.2.1. DK t6i han cua phan ting day chuyén

Khi ta truyén cho hat nhan mét nang lwong du
I&n, hat nhan cé thé v& thanh hai hay nhiéu manh nhé
hon né. Nang Iwong can thiét, nhd nhat dé 1am hat nhan
phan chia duoc goi la nang lwong kich hoat. Nang
lwong kich hoat dwoc si dung cho hai phan: mét phan
truyén cho cac nuclon riéng biét bén trong hat nhan tao
ra cac dang chuyén ddng ndi tai, mot phan dung dé kich
thich chuyén ddng tap thé cua toan bd hat nhan, do do
gay ra bién dang va lam hat nhan vé ra.
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Hai phan tng hat nhan chinh dién ra trong 10 phan tng
chay bang notron cham va U?% 1a:
on!+5,U? > A+B+vn

va: on! + o, U — U0 +y
trong d6 A va B 1a hai hat nhan nhe hon U?3> goi 1a cdc manh
phan hach.

Pé¢ 10 dat duoc trang thdi téi han tlbe 1a trang thai ma &
d6 phan tng day chuyén tu duy tri phai c6 mot su can bang
chinh xac gitra s6 notron mat di va s6 notron xuat hién trong
phan hach.
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4.2. DK duy tri phan ting day chuyén
4.2.1. DK t6i han cua phan ing day chuyeén

rani thién nhién c6 chita 99,6% dong vi U>® va 0,7%
dong vi U?3, Hat nhan cua dong vi U238 chi bi v& khi hédp thu
notron nhanh (c6 niang lugng 16n hon 1 MeV). Khi hap thu
notron CthlIIl U238 ¢& bién Chain Reaction @
thanh Pu?. Trai lai, hat nhan :
U?23 s€ bi v& khi hap thu ca
notron chAm va notron nhanbh.

Tuy nhién x4c suat hap thu > @ O
notron cham cua hat nhan U?» ° >

16n hon nhiéu so vGi xac suat
hap thu notron nhanh.
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4.2. DK duy tri phan ting day chuyén
| 4.2.1. DK t6i han cua phan ing day chuyeén

ua trinh thuc nghiém da cho két qua la cac hat nhan
U2, Pu?® va U?33 s€ bi vo ra khi hdp thu notron nhiét (c6
nang luong nho tr 0,1—-0,001 eV), con U238 va Th>? s€ vd khi
hap thu notron nhanh (NL 16n hon 1 MeV).

Khi hap thu mot notron, hat nhan , X bién thanh hat
nhan ,XA*! & trang thai kich thich ¢6 mic nang luong cao hon
miuc co ban. Nang luong kich thich bang tong dong nang va
nang luong lién két cua notron trong hat nhan méi. Néu nang
lwong kich thich 16n hon nang luong kich hoat thi qua trinh
phan hach sé xay ra. Néu nguoc lai thi hat nhan sé chi chuyén
vé trang thai co ban va phat ra bic xa v.
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4.2. DK duy tri phan ting day chuyén
4.2.1. DK t6i han cua phan ing day chuyeén

Céc phan tung phan hach cua hat nhan U?3 bang
notron nhiét c6 thé viét nhu sau:
on! + 5,U?3> — 2 manh phan hach + vn'
on! + 5, U?3> — 2 manh phan hach + cac hat -
on! + 5, U?3> — 2 manh phan hach + Cac lugng tu y
Xac suat phan hach Ia ti s6 1/(1+a) trong d6 o 1a ti sO
gifta sO phan Ung bat va s6 phan tng phan hach. Nhu vay xac
suat bat sé 12 o/(1+).
Cho nén ding vé mit xdc sut ta co the viét lai phan tng
phan hach ctua U%* do notron nhu sau:
on!+ 5, U? — 2/(1+ o) manh + (o /(1+ a))U?3 +
+(1/(1+ o))v notron+ cac hat B + cac hat v.+.NL.toa ra.
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hi hat nhan U23 phan ting v6i mot notron thi xac suat

xay ra phan hach l1a 1/(1+o), ma moi lan phan hach cé v
notron duoc tao thanh, cho nén n = v(1/(1+a)) 1a s6 notron
trung binh duoc tao ra khi hat nhan U?3> hdp thu mot notron.

Néu 10 ¢ trang thai t6i han thi ¢ thé hé ti€p theo cling
phai c6 1 notron bi hap thu va do d6 n notron méi duoc tao
thanh. D€ don gian ta gia dinh 1a tit ca cdc notron gay ra phan
hach hat nhan U?3> déu ¢6 nang luong nhu nhau. Trong s6 m
notron s€ chi c6 phan lai bi hap thu trong nhién liéu (trong dé
> 1a tiét dién hap thu vi mo6 dé€ phan hach ctia nhién liéu, X,
la ti€t dién hap thu toan phan cua tat ca cac vat liéu cé trong 10
ké ca nhién liew).e..
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4.2. DK duy tri phan ting day chuyén
4.2.1. DK t6i han cua phan ing day chuyeén

Néu 10 ¢ trang thai t6i han thi ¢ thé hé ti€p theo cling
phai cé 1 notron bi hap thu. Do hip thu notron dau tién nay
ma 1 notron maéi dugc tao thanh. D€ don gian ta gia dinh 1a
tat ca cac notron gay ra phan hach hat nhan U235 déu c¢6
nang luong nhu nhau. Trong s6 n notron s€ chi c6 Z / Z
phan lai bi hap thu trong nhién liéu (trong dé Zf la ti€t dlen
hap thu vi mo dé phan hach ctia nhién liéu, 2, la tiét dién
hap thu toan phan cua tit ca cdc vat liéu c6 trong 10 ké ca
nhién liéu).
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4.2. DK duy tri phan ting day chuyén
i 4.2.1. DK t6i han cua phan ing day chuyén

Vi thé cho nén do1 véi 10 ¢ kich thuée 16n dén
mutc khong ¢6 mot notron nao cé thé ro ra khoi 10
ta no1 d6 1a mot 10 vo han. Khi dé hé so6 nhan s€ co
dang: «. - nZZ: =n¢ trong d6 f = S 12 hé so su dung
notron nhiét. Néu 16 c6 kich thudc hitu han thi:

k =n.f.P, (d6i v6i truong hop 1 nhém).

trong d6 P, 1a xdc sudt d€ notron nhiét khong thoat
ra khoi 10.
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4.2. DK duy tri phan ting day chuyén
4.2.1. DK t6i han cua phan ing day chuyeén

Ty s6 giita sO6 notron dugc lam cham xuong dudi
ngudng phan hach cua U238 chia cho sO notron xuét hién
ban dau trong hé duoc ky hiéu 1a € va dugc goi la hé so
nhan bang cic notron nhanh. Gia sir c6 m notron bi lam
cham qua vung cong huong thi trong d6 chi ¢6 n notron
tranh duoc su hap thu cong hudng dé xuong duoc vung
nhiét. Nhu vay p=m/n goi la xac suat tranh hap thu cong
hudng. T d6 ta ¢ cong thiic bon thia sé nhu sau:

k, = m.e.p.f (d6i véilo chay bang notron nhiét)

o0
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4.2. DK duy tri phan ting day chuyén
$4.2.1. DK t6i han cua phan ting day chuyén

Trong d6:n 1a s6 notron trung binh tao thanh khi hat
nhan U235 hap thu 1 notron

¢ 1a hé s6 nhan bang cac notron nhanh
p la xac suat tranh hap thu cong huong
f 1a hé s6 su dung notron nhiét
k_ = 1 1a diéu kién t6i han cua 10.
Néu 10 1a hitu han hodc c6 ké dén hién tuong 1o cua cic
notron ra khoi 10 thi cong thiic bon thira s6 bién thanh:
k =n.e.p.t.P.P;
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4.2.2. Phan bo notron trong lo

Nguoi ta hay dung mot phuong trinh gan ding goi la
phuong trinh khuéch tdn xem cac notron nhu la khuéch tan
trong mo1 truong cac hat nhan nhién liéu.

Vi du dé1 véi 10 hinh cau ta co:

o 0°¢ o
1__:S‘|‘D{ +3_J_Za¢

0, 0 0y

\"

trong dé D 1a hé so khuéch tan, ¢ 1a thong luong notron
trong 10, S 1a toc do tao ra notron trong 1cm? sau 1 giay.

= Giai phuong trinh khuéch tan ta s€ biét dugc phan bo thong

uuuuuuuuuuuuuu https://fb.com/tailieudientucntt
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4.2.3. Thoi gian ton tai cua notron trong lo

D¢ don gian, ta gia thiét rang 10 1a dong nhat, khong co
chat phan xa notron, chua ké dén cdc hiéu ting nhiét do cua
mo1 truong v.v...

Néu goi t 1a thoi gian song trung binh cua notron trong
10, nghia 1a khoang thoi gian tur Idc notron duoc sinh ra do
phan hach va thoi diém né mat di do bi hap thu hoac bi 1o
ra ngoai 10. C6 thé hi€u t bao ham ca thoi gian sinh, thoi
gian lam cham va thoi gian khuéch tdn cua cac notron
nhiét. Tuy nhién c6 thé coi t cia mot thé hé notron gan
dung bang thoi gian khuéch tan cua notron nhiét.
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4.2.3. Thoi gian ton tai cua notron trong lo

Cac 10 c6 chat lam cham la graphit hay nuéc nang thi t
~10-3 giay, doi véi 10 chay bang nude thuong t ~10-4 giay.
C4c 10 chay bang notron nhanh thoi gian song trung binh
ctia notron dat tGi 107 - 108 giay.

Mat do notron trong 10 & thoi diém t ¢6 thé tinh duogc
theo cong thuc: 5y |

n(t) ~ne  [l/cm3]
trong d6 n, 12 mat do notron & thoi di€ém dau. Do d6 néu hé
sO nhan hiéu dung 16n hon 1, s6 notron trong 1cm? s€ tang
theo ham ma.
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Néu hé s6 nhan hiéu dung 16n hon 1, s6 notron trong
lcm? s€ tang theo ham mil. Bay gio gia dinh rang & trang
thai hién tai cua 10 k = 1,001 d6 1a mot trang thai khong
khac 1am véi trang thai t6i han, do d6 dk =k - 1 =1,001 - 1
= 0,001. D6i véi cac 10 chay bang notron nhiét T = 10-3 giay
— 0,001 giay.

0,001 .t

DOdé: n(t):n e0,001 :noet

0

nghia la thong luong notron va do d6 cong suat cua 10 tang
e 1an sau moi giay. Néu 10 chay bang urani ¢6 ham luong
cao(t ~ 107 giay), hoac do6i véi 10 chay bang notron nhanh(t
~ 107 - 10 gjay) thi t6c do tang cong suat con cao hon nira.
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4.2.4. Cac notron tré

Thuc t€ 1a trong tong s cdc notron duoc tao thanh do
phan hach, c6 mot phan nho (c& 0,75 %) xuat hién dudi
dang notron "tré" nghia la xudt hién sau tir mot phan giay
dén vai giay. Chinh su ¢c6 mat cua cac notron nay da lam
cho mat do notron thay doi cham hon nhiéu so véi toc do
da tinh dugc trén day. Do d6 ma van dé diéu khién 10 tro
nén don gian hon. Do chiing 1am cho thoi gian song trung
binh cua notron kéo dai ra, tré nén 16n hon nhiéu so véi
thoi gian khuéch tan ctia cac notron nhiét (~10-3 giay).
Diéu d6 1am cho thoi gian dé cong suat 10 tang l1én e l1an
tang lén nhiéu,

om/tailieudientucntt
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4.2.4. Cac notron tre

Céc notron tré c6 hai loai: mot loai do cdc san pham
phan hach sinh ra, loai thit hai 1a két qua cua phan ting. Mot
s& san pham phan hach chita sd notron nhiéu hon s6 can
thi€t cho hat nhan & trang thai bén vitng, do d6 né6 tu phan
rd. Hat nhan cua cdc san pham phan hach c6 thé & trang théi
kich thich manh, ¢6 mot du trit nang luong 16n dé trong
nhitng diéu kién nhat dinh phat ra cac notron.

Thi du, mot trong nhitng san pham phan hach cua U233
1a Br®’, chu ki ban ra cua né 1a 55,6 giay, phan ra nhu sau:

Br?7 — Kr¥’+ 3~ — Kr%® +n
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4.2.4. Cac notron tré

+

Cho nén lic d6 su thay doi ctia thong luong
notron khi ¢6 ké dén anh hudng cua cic notron tré
(vi du khi k = 1,001 chang han) la:

nghia la sau 100 giay thong luong notron (hay
cong suat 10) s€ tang 1én e lan. Véi toc do tang nhu
vay con ngudi hoan toan ¢d kha nang diéu khién
dugc cac qua trinh xay ra trong 10.

om/tailieudientucntt
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4.2.5. Cac hiéu ung nhiét do

Phan tng cua 10 ¢6 thé thay doi phu thudc vao nhiing
dao dong vé nhiét ctia moi truong 10. Toc do tuong doi gitta
hat nhan va cdc notron thay doi theo t° do hai nguyén nhan:

a. Lam thay doi toc do tuyét doi ctia cac hat nhan: Su
thay doi nhiét do 1am xuat hién hiéu tng Dopple 1am thay
doi bé rong ctia muc cong hudng do d6 1am thay doi hé so p
trong cong thic 4 thtra so. Khi dot néng cac chat trong 10,
xac suat tranh hap thu cong huong giam xudng, do d6 do
phan tng giam xuong.

b. Lam thay doi su phan bo toc do cta cdc notron nhiét.
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4.2.6. Su nhiém doc 10 bang cac san pham
phan hach

Sau moi hién tuong phan hach, trong moi truong cta 1o
xuat hién hai manh phan hach véi s6 khoi luong thudng nam
gitta 95 va 140. C4ac manh nay dén luot minh lai phan ra dé
tao thanh mot s& 16n hat nhan - goi chung 1a cac san pham
phan hach. T4t ca cac hat nhan - san pham phan hach nay
cO cac tiét dién hap thu notron, song ti€t dién phan hach cua
cac hat nhan nay doi véi cac hat notron ¢6 nang luong thap
hon 10MeV bang khong. Do d6, do phan hach, chang nhiing
da mat b6t cac hat nhan nhién liéu (U?3%) ma con lam xuat
hién cac hat nhan méi chi ¢6 kha nang hap thu méat notron
ma khong c6 kha nang phan hach.
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4.3. Nguyén tac hoat dong cua 1o phan ung

Khi hat nhan v ra thi trung binh ¢6 2,5 notron nhanh
ban ra. Néu dung chét 1am cham notron dé nang luong
notron giam dén miuc trd thanh notron nhiét (0,1 - 0,01eV)
thi c6 thé dung urani thién nhién lam giau U235 dé thyc
hién phan tng day chuyén. Tinh chat nay duoc dung trong
10 phan tng hat nhan chay bang nhién liéu phan hach véi
notron cham (U?3, Pu?%°, U%33). Trong 10 phan ting hat
nhan, cic thanh urani thién nhién hay plutoni rat mong xép
xen k& cac 16p kha day cua chat lam cham tao thanh vung
hoat dong ma trong d6 xay ra phan tng day chuyén.
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4.3. Nguyén tac hoat dong cua 1o phan ung
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So d6 nguyén 1y cua 10 phan tng hat nhan
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4.3. Nguyén tac hoat dong cua 1o phan ung

Muon diéu chinh hoat dong cua 10 manh 1én hay yéu di
thi dung cac thanh cadimi c¢6 dac tinh hap thu manh notron
nhiét: muon 10 chay yéu di thi cho don nhitng thanh cadimi
vao 10, mudn 10 chay manh 1én thi rat dan ra, dé€ bao dam
hé s6 nhan notron ludn luén bang don vi (k = 1).

Ngudi ta cho chat lam lanh chay theo nhitng dudng
ong vao trong 10 d€ bao dam giit nhiét do 10 khong cao qua
muc nguy hiém. Néu 10 dung dé cung cap nang luong thi
chit lam lanh dong thoi 1a chat tai nhiét, chat nay phai it
hap thu notron.
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4.4. Nguyeén 1y diéu khién
10 phan ting hat nhan

Chiing ta m&i chi nghién cttu 10 ¢ trang thai t6i han
tc 12 trang thai & d6 thong luong notron trong 16 khong doi
theo thoi gian. D€ sit dung mot cach binh thudng 10 phan ting
ta phai biét cach diéu khién né6 theo ¥ muon.

D¢ dic trung cho muc do 10 ra khoi trang théi t6i
han nguoi ta dua vao mot dai lwong duoc goi 1a do phan tng
cua lo: ko1 sk

p = Zioho
k k
Khi 10 6 trang thai t6ihank=1dodé p=0,khik > 1, p
> (10 ¢ trang thai trén tGi han, conkhik < 1, p <010 ¢ trang
thai duoi to1 han.
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4.4. Nguyeén ly diéu khién
10 phan trng hat nhan

Viéc diéu khién 10 dugc thyc hién bang cach thay doi
gia tri cua thong luong notron trong 10. Néu thong luong
notron trong 10 khong thay doi, 10 phan ting & trang thai téi
han, hé s6 nhan notron k trong 10 bang 1.

C6 thé thay doi thong luong notron trong 10 bang hai cach:
= 1/ DPua vao hoac rit bét ra khoi viing hoat dong cua 10 cac
chat hiap thu manh notron, nhu chat bo chang han.
= 2/ Dua lai gan ving hoat hay dua ra xa ving hoat mot chat
phan xa notron nao doé.
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4.5. Cau truc lo phan ing hat nhan

4.5.1. Khai niém chung vé 1o phan ing hat nhan

Lo phan ting hat nhan 1a thiét bi ¢ thé diéu khién va
kiém sodt phan tng phan hach dé thu dugc nang luong nhiét.
Cau tao cua 10 gdom cac bd phan chu yéu sau:
a. Cap nhién liéu hat nhan tao ra su phan hach va sinh nhiét
b. Cung cap chat lam cham véi chiic nang lam giam toc do
cua cic notron sinh ra tit phan tng phan hach.
c. Tai nhiét v6i chiic nang thu nhiét sinh ra do phan hach hat
nhan tir tam 10 dé€ chuyén ra bo phan bén ngoai
d. Diéu khién d¢ diéu chinh qud trinh phan hach clia nhién
11€u hat nhan
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4.5.2. So d6 nguyén 1y cua 1o phan ting

hat nhan

Nguyén tac thiét k& 10 1a phai lam giam cdc qua trinh
tiéu phi cac notron khong phan hach sao cho diéu kién néu
trén day c6 thé duoc thod man. C4c qua trinh bat notron
mot cach vo ich c6 ba loal nhu sau:

= a. Nhién liéu bat notron ma khong phan hach (nhu n, y)
= b. Céc vat liéu khéc trong 10 bat notron
= c. Cac notron ro ra khoi hé 10, khong gay duoc mot hiéu
ing nao ca.
Anh hudng ctia ba qud trinh nay t6i su hoat dong cta
10 ¢6 the thay doi dang ké do thiét k€.
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4.5.2. So do nguyeén ly cua 1o phan ting

hat nhan

Nhién liéu dung trong 10 phan tng c6 thé 12 urani thién
nhién trong dé6 c6 chita 0,73% U233, urani da duoc lam
giau, plutoni Pu?*®, thori Th?33, Chat lam cham (trong cac
10 phan tng chay bang notron cham hay trung gian (cac
notron da dugc 1am cham mot phan trude khi bi hap thu dé
phan hach tié€p), c¢6 thé 1a graphit, nuéc nang D,O, nudc
thuong H,O, berili va berili oxit BeO, c4c chat hitu co.
Chat tai nhiét c6 thé 1a chat khi, nude thudng, nudc ning
D,0, chat long hitu co, kim loai long v.v... Chat phan xa la
bat ky chat lam cham nao nhu graphit, berili v.v...
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4.5.2. So d6 nguyén 1y cua 1o phan ting

hat nhan

Tat ca cac 10 phan ting hat nhan hoat dong ¢ nhiing
miuc cong suit cao, ngoai nhiét nang, trong 10 con san ra
mot sO 16n notron, cac tia y cac tia . Ngay ca khi 10 da bi
dap, cuong do phong xa cua cac tia y va 3 van con 16n do
c6 mot luong 16n san pham phéng xa trong qud trinh phan
hach sinh ra. Chang han mot 10 ¢ cong suit 10 MW c6 thé
san ra 10° curi cdc san pham phan hach, day 1a mot cuong
dd phong xa gan ding tuong duong véi cuong do phong xa
cua khoi 1000 tan radi. Cho nén phan Ién cac 10 phan tng
déu boc kin nhién liéu trong mot "vo'" vat liéu.

ongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

4.5.2. So do nguyeén ly cua 1o phan ting

hat nhan

D¢ 1am cham céc notron nhanh dé ching dé dang bi
U235 bat, ta phai dung loai vat liéu c6 nguyén tir nhod, trong
khi d6 dé chan c6 hiéu qua nhat doi véi céc tia y lai phai ¢
vat liéu véi Z 16n. Do d6 nguoi ta thuong dung mot hon
hop chét ¢c6 Z nhd va chat ¢6 Z 16n lam vat chan. Trong
mot sO truong hop nguoi ta dung nhiéu 16p chi (Pb) va
polyetilen d€ 1am vat chan, con trong da so trudng hop
nguoi ta dung bétong cho ti€t kiém. Nguodi ta con dung loai
bé tong dac biét 1a bétong thong thudng c¢6 thém cot sat
hoac pha quang sat dé tiang ty trong va hiéu qua trong viéc
chan céc tia y (v6i bé day trén duéi 1m).

eudientucntt
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4.5.3. Nhién liéu cua lo phan trng hat nhan

Nhién liéu cho 10 phan tng hat nhan c6 thé st dung cédc
chat c6 kha nang phan hach nhu urani hoac plutoni

Urani tu nhién chi chia 0,7% U?3> phan hach nén chi st
dung lam nhién li€u cho 10 phan ing hap thu notron va su
dung chiing mot cach hiéu qua nhu 10 nuéc nang hoac 16 phan
tng lam nguodi bang khi va dung chat lam cham la than chi.

Nudc nhe c6 thé dé diéu ché va ré tién nhung kha nang
hap thu notron 16n nén khong thé st dung urani tu nhién 1am
nhién liéu cho 10 phan tng nudc nhe. O d6 ngudi ta st dung
nhién liéu urani dugc lam giau trén dudi 4% O dang Oxit urani.
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4.5.4. Chdt lam chdm cua lo phan ttng hat nhdn

D¢ dé dang tao ra phan ting phan hach hat nhan day
chuyén, can phai ham bdét notron toc do cao thanh notron

nhiét.
lam ¢l

Cl

Hap thu notron hiéu qua

Nhu vay, vat liéu lam cham notron dugc goi l1a chat
nam.

nat lam cham c6 hai tinh chat sau:

- Giam toc do cua notron véi hiéu suit cao

Vi vay vat liéu thich hop cho chat lam cham thuong 1a
nhiing nguyén t6 c6 s6 nguyén tur nho.
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4.5.4. Chdt lam chdm cua lo phan iwng hat nhdn

Céc loai chat lam cham thong thuong:

1. Nu6c nhe (nuéc thong thuodng) cé hiéu suat [am
cham rat t6t, gid thanh ré nhung c¢6 nhuoc diém 1a hép thu
notron mot cach lang phi.

2. Nudc nang ciling c6 hiéu suat lam cham tot do khong
hap thu notron mot cach lang phi nén c6 thé néi day 1a chat
giam toc 1y tudng nhung gia thanh rat cao va kho diéu ché.

3. Than chi tuy hiéu suat lam cham thap, nhung lai hap
thu it notron va gia tuong doi re.
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4.5.5. Chat tai nhiét cua lo phan ttng hat nhan

Chat thu nhiét sinh ra trong 10 phan ting va
chuyén ra bén ngoai goi la chat tai nhiét.

Lo phan tng nuéc nhe dung chat tai nhiét Ia nudc
nhe; Lo phan ting nuéc nang dung chat tai nhiét 1a
nudc nang; con 10 khi thi stir dung chat tai nhiét 1a
khi CO, hodc heli va 10 tai sinh nhanh thi sir dung
chat tai nhiét 1a natri.
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4.5.6. Chat diéu khién cua 10 phan tng hat nhan

Chat diéu khién c6 tac dung diéu chinh cong
suat cua 10 phan tng (toc do phan tng phan hach)
va c6 kha nang hap thu notron.

Muo6n giam toc do phan tng thi dua sau chat
diéu khién vao trong tam 10 va nguoc lai muon tang
toc do phan tng thi dua chat diéu khién ra xa.

Chat diéu khién duoc sir dung pho bién 1a boron
hoac cadimu.
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4.6. Cac loai lo phan ting hat nhan

i 4.6.1. Lo khi

L0 khi 12 loai 10 sut dung khi lam chat tai nhiét, loai 10
nay chi yéu phat trién & Anh. Chat 1am cham 1a than chi va
nhién liéu c6 thé sit dung 12 urani tu nhién. Lic dau loai 10
nay duoc dung dé san xuit Pu (cho muc dich quan su) va
dung khong khi 1am chat tai nhiét.

D¢ phat trién loai 10 nay thanh 10 phan tng phat dién,
can phai nang nhiét va ap luc cua khi - chat tai nhiét. Vi
khong thé str dung dugc khong khi nén khi CO, dugc dung
lam chat tai nhiét. Tir d6 da ra doi loai 10 khi kiéu Anh str
dung trong nha may dién hat nhan.
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4.6.2. Lo nudc nang

+

Lo nudc nang 1a 16 phan tng su dung
nudc ning lam chat 1am cham. Loai 10 nay
chu yéu do Canada phét trién.

So v61 nudc nhe, nudc nang hap thu rat it
notron nén c¢o thé st dung urani ty nhién
lam nhién Liéu.

Tuy nhién gia thanh cua nudc nang cao,
kho ché tao.
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4.6.3. Lo nuoc nhe PWR

L0 nudc nhe 1a 10 phan tng su dung nuéc nhe lam chat
lam cham va chat tai nhiét. C6 hai loai 10 nuéc nhe 1a PWR
(Pressurized Water Reactor - Lo nudc ap luc) va BWR
(Boiling Water Reactor - Lo nuGc so1 ).

PWR dugc phat trién cho muc dich quan su, vi du nhu
tao stic day cho tau thuyén va dic biét 1a st dung cho tau
ngam. Hé thong thit nhat cua 10 phan tng duoc thiét ké
khong 1am soi nude ma truyén nhiét sang hé thong thi 2 dé
tao hoi nudc, do vay hoi nu6ée lam quay tuabin khong bi
nhiém xa.
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4.6.3. Lo nuéc nhe BWR

+

BWR ngay tir ddu da dugc phat trién cho muc
dich hoa binh l1a phat dién. Nudc duoc lam so61 trong
hé thong thit nhat cua 10 phan tng va dung hoi nuéc
d6 lam quay tuabin, do vay tuabin bi nhiém xa khi
van hanh. Nhung do khong c6 hé thong thit 2 nén
cau tao 10 don gian.

Urani tu nhién khong the st dung 1am nhién liéu cho 10
nudc nhe. Nhién liéu su dung 1a dang oxit urani lam giau
thap, khoang 4%.


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

W o thir c8p

o a0 c&p

Tuabin - may phat
didng dén chinb /P

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

4.6.4. Lo phan ttng hat nhan tai sinh nhanh

a. Nguyén ly cua lo phan ting hat nhdn tai sinh nhanh
Lo phan ting hat nhdn tdi sinh nhanh su dung nhién liéu plutoni.
Plutoni khi phdn hach bang notron toéc do cao sé c¢é khodng 3 notron
moi duoc sinh ra. SO luong notron sinh ra do 1 lan phdn hach o day
la nhiéu nhdt. Néu sit dung khéo 3 notron thi cé thé tao ra luong
plutoni nhiéu hon so vaoi luong plutoni da dot chdy.
b. Y nghia cua viéc phdt trién 1o phdn ving hat nhdn tdi sinh nhanh
So vai truong hop chi sw dung mot lan nhién liéu urani o 16 nudc
nhe, khi sir dung nhiéu lan ¢ 10 tdi sinh nhanh cé thé thu duoc ndng
luong lon hon 50 ldn. S6 ndm c6 thé khai thdc urani su dung o 10
nuoc nhe vao khodang 70 ndm, néu su dung 10 tdi sinh nhanh thi ta co
thé sit dung ndng luong nguyén ti trong khodng 3000 ndm.
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4.6.4. Lo phan ttng hat nhan tai sinh nhanh

c. Co ché cua lo phan tng hat nhdn tdi sinh nhanh

Vi 10 hat nhan tai sinh nhanh st dung notron nhanh nén khong
can chat lam cham. Chat tai nhiét 1a natri. Vi Na cé phan tng khi tiép
xudc v6i khong khi nén bé mat cia Na can duoc pha bang khi tro
(argon).

d. Tinh kinh té cua 1o hat nhdn tdi sinh

Chi phi cta 10 hat nhan tai sinh nhanh gap tir 1,5 dén 2 lan so véi
10 nuGe nhe. Hién tai vé kinh t€ thi chua thé canh tranh véi 10 nudc nhe
nhung trong tuong lai, khi nguodn tai nguyén urani hét dan, gia urani
tang 1én, c6 1& khi d6 10 tdi sinh nhanh c6 thé canh tranh dugc véi 10
nudc nhe.
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Lo phan trng hién nay cua Viét Nam

Viét Nam hién c6 mot Vién Nang luong nguyén tir & Da Lat.
Day 1a 10 phan tng hat nhan duy nhat hién ta dang c6 thudc loai 10
nghién cttu, chay bang urani - 235 lam giau, chat lam cham la nudc
thuong, tai nhiét bang qua trinh d6i luu tu nhién, cé ba chiic nang
chinh:

a. Dao tao can bo cho nganh hat nhan

b. Nghién cttu cac phan ting hat nhan, cac nghién cttu ting dung
trong cac nganh khoa hoc, ky thuat nhu y t€, cong nghiép, nong
nghiép, sinh hoc v.v..

c. San xuat mot s6 dong vi phong xa cung cap cho nhu cau trong
nuéc dé chan dodn va diéu tri trong nganh y t€, nghién citu Gng dung
trong cong nghiép, nong nghiép v.v...
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