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6.1 Ngudn nang lvong tong hop hat nhan

Ve ly thuyét, chi can 1kg deuterium va 10kg lithium (xuét phat tir viéc nguoi ta
thu duoc tritium bang cach nao) dé mot trung tam téng hop hat nhan tao dwgc 1.000MW
dién trong 1 ngay. Néu mang so sanh, thi dé c6 cung cong suat dién nhu thé phai can
500kg uranium va gan 10.000 tan than.

DP&i v6i deuterium 1a mot thanh t6 rat dé san xudt vai khéi lwvong 16n bang
phuong phap dién giai nudc bién. Con ddi véi lithium thi phirc tap hon nhiéu. D6 la mot
thanh t0 rat hiém trong thién nhién. Nguwoi ta cling c6 thé lay lithium tir nwéc bién nhung
S0 v6i deuterium thi khé hon nhiéu. Cai kho khan th( hai dat ra déi vai lithium la khi dua
vao |0 phan (rng can phai bién nd thanh tritium dé cd thé thic hién viéc tong hop voi
deuterium. Thiét bi ITER chi c6 thé giai quyét mot phan khé khan nay: 10 phan (ng s&
khdng san xuét tritium don thuan masé nudi dudng lién tuc thanh td nay.

6.2 Nang lvong tao ra tir sir tong hop hat nhan

Trai vGi viéc phan tach hat nhan (phan rng dugc str dung trong céc trung tam hat
nhan), viéc tong hop hat nhan khong kéo theo viéc tao ra cac chat thai ton tai thoi gian
dai kéo dai hang nghin nam. D¢ la diéu dwoc goi latao ra mot nang lvong sach hon. Bu
lai, sir tdng hop hat nhan sé lam san sinh ra nhitng thanh t6 phdng xa tuy ton tai trong thoi
gian ngin nhwng phai x& ly. Cac lwu y dau tién & cac vat liéu kim loai tao thanh vong
vay ham clia 10 phan (ng. Dudi téc dung ban pha clia c&c neutron tao ra bdi phan ¢ng
tong hop hat nhan nhu Cobalt sé xuat hién. Sy dot pha ctathiét bi ITER sau 20 ndm hoat
dong s& thdy trudc 1a dé lai mot phan céc vat liéu do tai chd, quathoi gian ty 1& phong xa
cta chang sé ha thap vatheo chu ky lai xuat hién mot phan khac nira. M6t loai chat thai
khéc |a céc vat liéu datiép xic voi tritium. DE loai bd chiing thi can phai tién hanh bao
dudng thwong xuyén 10 phan trng. Téng so s& twong duong vai khoi lvgng chét thai cla
mdt trung tAm hat nhan cling c& cong suft san sinh ra. Valai can luu y rang, giong nhu
céc hat nhan twong (rng clia chlng, nhitng trung tam tdng hop hat nhan sé khong san sinh
ragaz do hiéu (rng nén dé nung néng khdng khi.

6.3 Hoat dong |0 phan trng tong hop hat nhan



Mot trong nhitng hwéng nghién clru dé khdng ché viéc tng hop hat nhan, trong dé
c6 dé an ITER lamang nung néng gaz & nhiét do rat cao va luu gilr trong vong tlr truong
véi nhirng thanh nam cham dién cwc manh. Thiét bi nay dwgc phat minh bdi ngudi Nga
nam 1968 mang tén la Tokamak. Tokamak ITER s & lamot vong cuc lon, dwdng kinh dén
12 mét, dung tich bén trong téi 837m3, gdbm co nhitng thanh nam cham siéu dan nhw
nhirng thanh nam cham cua 16 phan (ing ciia Phap TORE SUPRA & Cadarache, da van
hanh tir ndm 1988. Trong vong vy tlr tredng dudi dang mot vong tir, gaz (mdt hon hop
cla deuterum va tritium dang hydro nang) s dua nhiét do 1én hon tram triéu do, & trong
diéu kién nay, tritium va deuterum s& co thé tong hop voi nhau. Hai muc tiéu k¥ thuat ctia
dé an ITER la dat dvgc cong suat can thiét (500MW) dé duy tri dvoc cac phan (rng tong
hop hat nhan va gir duoc trang tha nay trong it nhat 1a 300 gidy. Thiét bi Tokamak [6n
nhét trén thé giGi va thiét bi Jet ctia chau Au & nudc Anh (Grande Bretagne) da dat dén
dinh cao ning lvong bang phuong phap téng hop hat nhan la 16MW vao nidm 1997
nhwng chi trong c6 vai giay théi. Vao nam 2003, thi ét bi Tokamak Tore Supra & Co quan
Nang lvgng nguyén tir (CEA) clia Cadarache kém cong suét hon thiét bi Jet va khéng thé
tao nén céc phan rng tong hop hat nhan da thanh cong trong viéc dam bao vay hdm mot
plasma néng trong mét ky luc thoi gian 1a 6,30 pht.

6.4 Phan (rng nhiét hach

Nguoc lai véi phan (ng hat nhan (hay phan hach nguyén ti), 1a qua trinh bén pha
céc nguyén tr, lam ching bi téch ra thanh nhirng nguyén tir nhe hon va gidi phong nang
lrgng, thi phan (rng nhiét hach la qua trinh tong hop hat nhan ctia cac nguyén ti nhe dinh
két v&i nhau dé tao thanh nguyén tir nang hon va giai phéng lvong nang lweng.

Nam 1952, M¥ da cho thir nghiém qua bom H dau tién & dao Elugelab, Tha Binh
Duong. sirc cong pha ctia qua bom H nay manh hon nhiéu 1an bom nguyén tlr (bom A).
Dai 8 mét, qua bom H co strc cong pha twong duong 10,4 triéu tdn thudc nd TNT, bang
tong sirc manh clia tat ca cac qua bom ma quan dong minh da tha xudng trong Thé chién
thv hai. Khi n6, nhiét do tai trung tdm clia né 16n gap 1.000 an nhiét d6 mat troi. Hon
dao Elugelab da bi nong chay, chi con sot lai duy nhdt mot miéng ndi [ra ngadm nam sau
dudi nudc.

Phan (*ng nhiét hach xay rakhi hai hat nhan tién sé gan nhau khoang 10m,
lam cho lvc hap dan, thong qua sv twong tac manh con lai gitra cac hat nhan, thang luc
day dién tich gilra cac proton. Hién twgng nay chi xay ra khi céc hat nhan va cham véi
dong nang du manh. Céc phan (rng nhiét hach quan trong chi c6 du cac hat nang lvong &
nhiét d6 cuc cao.

Trén céc vi sao vai lyc hdp dan 16n, hydrogen thdng thudng vai hat nhan chira 1
proton don Ié lanhién liéu cho céc phan (ng va dwoc hop nhat dé tao thanh helium thdng



qua mot chu ky phan ¢ng phitc tap. Tuy nhién, phan ¢ng ndy dién ra qua cham dé cé thé
(rng dung trén trai dat. Dong vi deuterium va tritium cla hydrogen c6 phan rng nhiét
hach nhanh hon. Khi tir hdn hop cac ddng vi hydrogen dwgc dun néng dén 100 triéu °C
va dugc ham it nhat 0,1 gidy. Hat nhan cta hai déng vi hydro, deuterium (D) va tritium
(T), vacham va két hop tao ra hat nhan Heli (He) va bén ra cac hat neutron (n) tu do véi
nang lwvong cuc lén 17.6 MeV (2.8 pJ).

Phuong trinh phdn ¢ng: D + T --> 4He(3.5 MeV) + n(14.1 MeV).

Khi khéng c6 lvc hdp dan 16n nhu trén Mat troi, co thé tao ra diéu kién nhiét hach trong
tam kiém soat trén Trai d4t bang cach st dung luc tir (nam cham) dé gilr nhién liéu nhiét
hach trong khi nung néng n6 bang nhiéu phuong phap.

T6c d6 phadn (rng nhiét hach plasma=R* n1* n2
n1,n2 = mat do loai hat phan rng (hat/m3); R = hé sb toc do (m3/gidy).

Dé tinh toc do phan (rng, nhan hé sd toc do R véi mat do ctia 2 loai hat phan (rng
(chia d6i néu chi c6 1 loai dé tranh tinh gap doi kha nang phan (ng). Hé so toc do phan
tng p + p => D trén mét troi thdp hon rdt nhiéu phan (ng véi hdn hop deuterium va
tritium vi phan (ng p + p dién ra vai twong tac nguyén tir yéu. Mac di mat do hat trén
mat troi lalén, hé s6 toc do phan (ing thap c6 nghta la 1 proton trén mat troi S8 ton tai
hang ty nam truéc khi hop nhét. Trong cac 10 phan (rng nhiét hach sir dung tir truvong,
mot deuteron chi ton tai khoang 100 giay.

DGi vbi cac phan (rng nhiét hach lién tuc va trong tam kiém soét, khong thé dung
mot qua bom phan hach dé kich no. Khé khan clia trung tam nhiét hach dwoc kiém soét
nam trong viéc gitt nhién liéu hat nhan & nhiét do cuc cao can thiét cho qua trinh nhiét
hach trong mdt khoang thoi gian di dai dé cho phép phan tng dién ra. B6i véi phan tng
nhiét hach s dung ddng vi deuterium va tritium ctia hydro, thoi gian ndy 12 0,1 gidy. O
nhiét do nay, nhién liéu khong con & trang thai vat chat binh thwdng matrg thanh mot 16p
plasma (bi ion hoa) chita hdn hop electron va nguyén tir mang dién tich. Cho dén nay,
chua cé vat liéu ndo co thé chira dugc hon hep cuc nong dy. Vi vay cac thir nghiém hau
hét duya trén céc thudc tinh dién va tir clia plasma, sl dung tlr treong dé tao ra mot binh
chira bang tlr . Mot phuong phap khac 1a st dung chum tia laser nham vao cac “pellet”
nhd bé cta nhién liéu nhiét hach.

6.5 Cac phan (rng nhiét hach
6.5.1Phan trng nhiét hach mét troi, chudi P-P

Chubi proton — proton 1a co ché nhiét hach ph6 bién nhét trén mét trdi va cac vi
sao. 2 ddi proton hop nhét tao thanh 2 deuteron. M 6i deuteron hop nhéat véi 1 proton tao
thanh helium-3. Hai nguyén t& helium-3 lai hop nhét tao thanh beryllium-6. Nguyén tir



nay khéng bén virng va phan hdy thanh 2 proton va 1 hat alpha (helium-4). Qua trinh
nay cling gidi phong 2 neutrino, 2 positron va cac tia gamma. Cac positron nhanh chong
bi triét tiéu bdi cac electron trong plasma, gi i phéng thém nang lvong dwéi dang céc tia
gamma. C4c neutrino twong tac yéu dén do ching thoét khoi mat tri ngay tirc khac.
6.5.2 Phan tngD - T

D+T-->He4+n

Phdan (ng Diteurium -
Tritium c6 téc do phan ng cao Neutron

nhdt tai nhiét do clia plasma hién b D

nay da dat dvgc. San pham cla

phdn ng nay gom 1 hat apha

(helium-4) v6i nang leong 3.5 \r \

MeV, va 1 neutron véi nang luong —==p Energy

14.1 MeV. Neutron khdng mang ’\ //
dién tich thoa khdi plasma va cd

thé dwoc gil lai bang hé théng nap, Fusion
véach va duong dan dac biét dé tao

raphantng[ n+Li-6 =>He-4+T
] nham bién neutron thu dwoc lai
thanh tritium.

Phan (rng nhiét hach duwoc kiém soét (rng dung thanh cong sé tao ra rat nhiéu thuan
loi v& mat ngudn ndng lvong so véi phan hach. Deuterium dwoc tao ra khéa dé dang vi
hydrogen c6 trong nwéc va cé thé dé dang phan tach bai dién phan, don gian hon nhiéu
so Vi cac phrong phéap tach Uranium-235 phirc tap va dat tién.

Phan (rng nhiét hach duva trén co s& hop nhat cac hat nhan nhe nhu cac doéng vi
hydrogen (deuterium va tritium) dé gidi phéng nang lvong, giéng nhr nang lvgng cla
mat troi va cac vi sao.

Khé khan nam trong viéc gan va hop nhdt cac nguyén tir hydro. Trén trai dat, viéc
nay chi xay ra voi nhiét do trén 100 triéu®, hon 6 l1an nhiét do trung tdm mat troi. Day la
mot bai todn phtrc tap nhwng khdng phai 1a khéng thé thwe hién. & nhiét dd cao nhu vay,
nguyén tlr khi bi tudt ra khoi céc electron bén ngoai, dé lai hat nhan mang dién tich
dwong. Dam khi nay goi la plasma; Do mang dién tich nén n6 co thé chira mot tir truong
bén trong, ngay ca & nhiét do rat cao. Nhiét do dat dén mirc can thiét s£ tao ra tir trvong
dd manh va ban ratia hydrogen giau neutron giap hién tveng nhiét hach co thé xay ra.

Vi khéng thé c6 lwc hdp dan I6n nhu trén mét troi, nguoi ta can nhiét do téi hon
100 triéu °C , dwdi mot &p luc dl 16n dé bién khoi nhién liéu deuterium va tritium thanh



plasma, tirc 1a bi ion hod. Céc hat plasma sé hop nhét dé tao thanh heli va cac neutron toc
dd cao, dong thoi gidi phong moét lvgng nang lvgng vo cung 1on.

6.6 Nhién liéu cho phan (rng nhiét hach

Hon nira, nguyén liéu cho cac phan (rng hop hach 1a ddng vi hydrogen luén co san
voi khoi lvgng [én. Thém vao dé sé khdng cd céc san pham phu phéng xa. Deuterium va
tritium déu la dong vi nang cla hydrogen (deuterium duoc rit ra tir nuéc, va tritium
duoc san xudt tir lithium, mot kim loai nhe c6 & khap moi noi trén thé gidi). Mot
kilogram nhién liéu nhw vay c6 thé san ra nang lvong twong deong vai 10.000 tan nhién
liéu hoathach.

Deuterium (2H. Neutrons: 1. Protons: 1)

Deuterium, con goi la hydrogen nang, la mot dong vi 6n dinh clia hydrogen véi ty
|& san c6 trong ty nhién 1/6500 so vGi hydro. Hat nhan cla deuterium, goi |a deuteron,
chira 1 proton va 1 neutron trong khi hat nhan hydrogen binh thwdng chi ¢6 1 proton.

Ky hiéu héa hoc ciia deuterium |a 2H. Tuy nhién ky hi éu khéng chinh thirc D
thvong dwoc s dung nhiéu hon. Deuterium xuéat hién trong tv nhién dwéi dang khi
deuterium, ky hiéu la2H2 hodc D2. Khi lién két véi mdt nguyén tr 1H dién hinh, khi nay
duoc goi la hydrogen deuteride.

Deuterium phan (rng gan nhu hydrogen binh thudng. Tuy nhién vi c6 khéi luvong
nguyén ttr [6n hon nén cac phan (rng cé deuterium tham gia cé chiéu hwéng xay ra cham
hon so véi céc phan rng véi hydrogen thwong. Hai chat dong vi nay cé thé phan biét vat
ly bang phuong phép mass spectroscopy .

Deuterium co thé thay thé hydrogen thwdong trong céc phan tir nwéc tao thanh nwéc
nang (D20). Mac du khdng gap ngd doc, nwéc nang co thé gay rabénh tim.

Tritium (tritium, triton. Symbol: 3H. Neutrons. 2. Protons: 1)

Tritium cd ky hiéu 3H nhung thwong dwgce dung dwdi ky hiéu khéng chinh thirc T,
lamdt dong vi phong xa ctia hydro. Hat nhan cla tritium (d6i khi duoc goi latriton) chira
1 proton va 2 neutron so v @i chi 1 proton clia hydrogen thwong. Tritium ton tai & thé khi
dwéi nhiét do va ap sudat thong thuong. Tritium két hop véi oxygen tao thanh mot chat
l6ng goi la nwéc tritium (tritiated water?), ky hiéu T20, hodc nwéc tritium mot phan
THO, gan giéng nuéc nang.

Tritium 1& chét phong xa cé chu ky nira ban rd ngan, 12,32 nam. N6 phan réthanh
helium-3 va gidi phong 18.6 keV nang lvgng. Bién tr c6 déng nang trung binh 6.5 keV,
trong khi nang lugng con lai bi cac dién tich phan neutron (electron antineutrino) chi ém
doat mot cach chua gidi thich dwoc. Blrc xa nang lvong thdp beta tir tritium khong thé
tham thau quada, vi vay tritium chi nguy hiém qua duong hd hap hoéc tiéu hoa.



Tritium xuat hién trong tv nhién do céc tia vii tru tac dung véi khi quyén. Phan
’rng quan trong nhat dé tao ra tritium tw nhién la khi mot neutron nhanh téc dung vaéi
nitrogen trong khi quyén.

Tuy nhién, vi co chu ky ban ra ngan, tritium duoc tao ra theo cach nay khong tich
Ity qua cac giai doan dia chét vatrl lwgng tw nhién vi thé marat khong dang ké. Tritium
nhan tao duoc san xuat trong cac |0 phan (rng hat nhan qua viéc lam phéng xa / hoat héa
neutron lithium-6.

Moi hat nhan nguyén t(r, ciu thanh bdi cac proton va neutron, ddy nhau bdi dién
tich duwong. Tuy nhién, khi nguyén t@ dat dén mot nhiét d6 va ap luc vira di (nhw trong
tam Mt troi), st van dong ngau nhién clia ching co thé vuot qua luc ddy dién tich ndi
trén va tién lai gan nhau da cho lwvc hat nhan lam ching hop nhét thanh mot nguyén tir
nang hon. Vi tritium c6 cung dién tich véi hydrogen, nd cling c6 mot lyc day dién tich
tong tw. Tuy nhién, do khoi luvgng nang hon hydrogen, né it bi tac dung béi lwc day nay
vavi thé dé hop nhat véi cac nguyén tir khac hon.

Twong tuw doi voi deuterium. Pay cling laly do vi sao nhiéu ngdi sao khong thé dot chay
hydrogen ma thay vao do la deuterium.

Tri¢ lvong tritium trén thé gidi, trvéc khi cac vu thir nghiém vii khi hat nhan
(atmospheric nuclear weapons tests) bi phan dbi, wéc tinh khodng c. 80 megacuries
(MCi).

Gidng nhv hydrogen, rat khé chira tritium vi nd c6 thé tham qua cao su, nhra hay
tham chi mot sb loai thép. Ngoai ra cling can cha y néu tritium dugc st dung voi khoi
lvong 16N, nhat 1a trong céc 10 phan tng hop hach, N6 cé thé gay ra 6 nhiém phéng xa.

6.7 Tokamak

Phan (rng nhiét hach duva trén co s& hop nhat cac hat nhan nhe nhu cac doéng vi
hydro (deuterium va tritium) dé gidi phéng nang lvong, giong nhu nang lwvong clia mat
tri va céc vi sao. Khi tir hdn hop cac dong vi hydro duoc dun néng dén 100 triéu °C va
dwgc ham it nhat 1 gidy. Hat nhan clia hai dong vi hydro, deuterium (D) vatritium (T), va
cham va két hop tao ra hat nhan Heli (He) va ban ra cac hat neutron (n) tv do véi nang
lvong cuc 1én 17.6 MeV (2.8 pJ). [phwong trinh phan tng: (D + T --> 4He(3.5 MeV) +
n(14.1 MeV)]. Thu va bién doi nang lwgng tir cc hat neutron nay thanh nhiét s tao ra
nguodn nang lvgng dién doi dao trong twong lai.

Kho khdn nam trong viéc gan va hop nhét cac nguyén tir hydro. Trén trai dét, viéc
nay chi xay ra véi nhiét do trén 100 triéu®, hon 6 l1an nhiét do trung tdm mat troi. Day la
mot bai toan phtc tap nhung khong phai 1a khdng thé thuc hién. O nhiét d6 cao nhu vay,
nguyén tr khi bi tudt ra khoi cac electron bén ngoai, dé lai hat nhan mang dién tich



dwong. Pam khi nay goi la plasma; Do mang dién tich nén né co6 thé chira mot tir triong
bén trong, ngay ca & nhiét do rat cao. Nhiét d6 dat dén mirc can thiét s£ tao ra tir trvdng
dd manh va ban ratia hydro giau neutron gidp hi én twong nhiét hach co thé xay ra.

Tokamak la mot loai may san sinh ” "
ratlr trvong hinh xuyén (toroidal) dé chira ~ 3
plasma.

Tranaformator-

Thiét bi gay ra phan (*ng tao nang
lvong cila mat troi va nang lvgng duoc tao
ra I6n hon nang lvgng tiéu thu. Vuéng
mac la cac c¢d may voi tén goi tokamak
nay st dung téi han hién nay clta vat ly
nguyén tir va cuc ky dat tién.

“ Vertikaeld-
spulen

Pac trung cla tokamak la tinh doi

Plasma

xrng quay (hay d6i xt*rng phwong vi) va Magretteldiinien  Toroidalteld-

Plasmasirom spulen

viéc str dung dong plasma dé tao ra cu tao
x0&n 6c¢ cla tir trvdng can thiét cho can bang 6n dinh (the use of the plasma current to
generate the helical component of the magnetic field necessary for stable equilibrium).
Khoéng gidng véi stellarator, mét thiét bi chia tr hinh xuyén (toroidal magnetic
confinement) khac co6 hé d6i xirng quay riéng ré / roi rac (discrete) trong do tat ca tir
treong dwoc tao ra tlr cudn day bén ngoai vai mot dong dién cuc nhd / khong dang ké
(negligible) chay qua plasma.

Hinh dang dic biét ctia |0 phan (ng nhiét hach nham tao ra tir trwdng cang déu
cang t6t. Hinh xuyén c6 tinh chat hinh hoc ma céc hinh dang khac, nhu hinh cau chang
han, khdng co. Van dé & day lién quan tai dinh ly “hairy ball”. Twéng twgng mot hinh cau
c0 tdc moc xung quanh, twong tw nhu cac dwong tir trwong / dudng stre tr (magnetic field
lines) trong |0 phan (rng hop hach. Nguoi ta thdy rang khong thé chai toc trén quéa cau ma
khdng lam cho téc dung dirng 1én / méc vao nhau (stick up). Hién twong nay (A strand of
hair that is standing on end) tao ra sy bat 6n trong 10 phan (rng. Mot hinh xuyén “co toc”
gidi quyét dwoc van dé nay, gitp cho viéc diéu chinh tlr truong tranh cac truong hop sai
quy luat, cho phép tlr trvdng chira plasmatét hon.

Trong vat ly, tlr trudng la mot thirc thé dugc san sinh do céc vat mang dién (cac
dong dién) di dong st dung lwc trén cac vat mang dién di dong khac. Sw xoan theo co
ché lvgng t (quantum-mechanical spin) clla mét hat tao ra tlr trvdng vabi tir trudng nay
tac dong nhuv thé né la mot dong dién (acted on by them as though it were a current).
Diéu nay giai thich cac tir trudng duoc tao ra tir sat tir vinh clru / nam cham vinh clru
(permanent ferromagnets). T trvdng la mot trwedng vector (vector field): n6 két hop véi



moi diém trong khdng gian tao thanh 1 vector cé thé thay doi theo thoi gian. Hrdng cla
trieong vector nay 1a huéng can bang cia kim la ban dt trong tredng.

6.8 M0t sO 10 phan (rng nhiét hach
6.8.1 JT-60

JT-60 (Japan Torus — 60) la cdng trinh mii nhon cta chuong trinh nhiét hach tir
tinh (magnetic fusion program) Nhat Ban, do Vién Nghién ctu nang lvong nguyén ti
Nhat Ban JAERI (Japan Atomic Energy Research Ingtitute) thyc hién trong khu nghién
ctru nhiét hach Naka tai Ibaraki. JT-60 dang git ky luc vé nhiét do ctaion lén téi 520

MK. JT-60 la mot cd6 may
tokamak dac thu, giong nhw JET.

Theo Naoyuki Miya, gidam
doc JT-60 cua khu nghién ctru
nang lwgng nhiét hach Naka,
thiét bi tri gia 2 ty usd clla ho &
520 triéu °C datao ra nang lvong
nhiéu hon 25% mc tiéu thu moi
phat. Budc tién vuot bac nay da
thuyét phuc dwoc nhitng nguoi
con hoai nghi vé tinh kha thi cta
nang lugng nhiét hach. Nhirng
ngudi ung hé dang duwa sy tang
lién tuc cla gia dau, moi trwdng
ngay cang 6 nhiém, nguy co leo
thang hat nhan lam luén ct thac
day viéc thiét ké mot hé thong
Iter [&n hon, manh hon ngay 14p
th)c dé diat nén mong sy phét

trién toan dién cac nha may nang long nhiét hach.
6.8.2 START

START (Small Tight Aspect Ratio Tokamak) la thi nghi ém nhiét hach nguyén ti
s dung méy tokamak bat dau tir ndm 1991 tai Trung tdm khoa hoc Culham (Culham
Science Centre), Anh qudc va két thlic nam 1998 trvdc khi dwgc thédo g& va chuyén téi
Phong thi nghiém ENEA tai Frascati, Italy. Nhom nghién ctru START sau do thic hién
thi nghiém nhiét hach MAST cho dén nay.



START @it ky luc cao nhét vé 8p Iuc plasma, thu dwoc bang cach sir dung sing
bén tia trung tinh (neutral beam injector) 1am néng plasma. START du oc thiét k& voi chi
phi thap, hau nhu 1ap réap tir cac linh kién ma céc thanh vién ctia nhém nghién ciru da co
san. May tokamak dugc thay d6i tir hinh xuyén thanh hinh gan nhe hinh cau nhdm giam
chi phi so véi thiét ké thong thuong.

6.8.3 MAST

MAST (Mega Ampere Spherical Tokamak) |a thi nghiém nhiét hach nguyén ti
thuc hién tai Trung tam khoa hoc Culham, Anh qudc, tir nam 1999, tiép theo céc thanh
cong cltia thi nghiém START (1991 — 1998). MAST ciing st dung thiét ké tokamak hinh
cau cai tién nhv START. Hoat dong clla MAST da vuot qua ca nhitng du doan lac quan
nhat, chirng thuc cho cac két qua da dat dugc trvdc do6 cla START vai thi nghiém Ién
hon vacd muc dich cu thé.

Pbuoc thwe hién dwédi sy chi dao cia EURATOM/UKAEA, MAST, méat 2 nam
thiét ké va 2 nam xay dung, gdbm mot sting ban tia trung tinh (neutral beam injector) va
sr dung k¥ thuat nén hop nhat (merging compression technique) gi 6ng START thay cho
k¥ thuat cdm (rng truc tiép thdng thudng (conventional direct induction).

K¥ thuat nén hop nhat (merging compression) cho phép tiét kiém central solenoid
flux, cé thé dwgc dung dé tang dong plasma va/hoac duy tri dong dién can thiét (required
current flat-top). Muc tiéu ciia MAST la hiéu rd co ché cla tokamak, cai thién thiét ké
cho ITER hay hiéu qua ctia hinh dang plasma.

6.84ITER

Tokamak ITER lathi nghiém I&n cudi cung trudc khi mét nha may dién nhiét hach
chinh thirc dwgc xay dwng trén thé gigi. Bé an nay khéng cé tham vong giai quyét tat ca
cac van dé nang lvgng clia trai dat ,
nhung no sé& chirtng minh rang c6 thé
san xudt dvoc lvgng nang lvong rat
I&n xudt phét tr phan (ng tong hop
hat nhan “nhiét hach”.

ITER (International
Thermonuclear Experimental
Reactor) la mot chuong trinh thi
nghiém tokamak quéc té dat tai
Phap. L0 phan (ng ITER duwoc thiét
ké dé chirng td tinh kha thi xét trén
phuong dién khoa hoc cling nhuv ky
thuat cia mét 10 phan (ng nang




lvgng nhiét hach hoan chinh, dva trén cac nghién cru da dwoc thic hién voi céc thiét bi
TFTR, JET, JT-60, va T-15, nhwng v&i quy mé Ién nhét tir trvéc dén nay. Chuong trinh
dwoc dv tinh kéo dai trong 30 nam, gém 10 ndm xay dung va 20 nam hoat dong, véi chi
phi wdc tinh khoang 10 ty euro. Sau nhiéu ndm can nhac, vao thang 5/2005, ITER duoc
xac dinh xay dung tai Cadarache, France. Cal tén ITER theo ti éng Latin cé nghia la “con
duong”, thé hién y nghia clia cong trinh nhu mot con dwong khai thac nhiét hach nguyén
tlr nhw mot ngudn nang lvong on dinh.

NEu duoc xay dung, Iter sé lamot ky tich ky thuat day an tvong. V&i quy md Ién hon rat
nhiéu céc thiét bi tokamak hién cd, Iter s& 1a cd may dau tién duoc thiét ké nham tao ra
nang luong nhiét hach. O mikc t8i da, nd c6 thé ngdn téi 110MW nang luong t lwdi dién,
tirc & khodng 10% san lwong clia mot nha may dién c& vira. Ong chan khong nam & gilta
thiét bi c6 duong kinh khoang 25m, cao 11m va nang gan 9 ngan tan. D€ hoat dong, 31
vién nam chdm siéu dan, nang 750 tdn moi vién, sé dwoc lam lanh toi -269° (dudi 0) chi
trén 4° so véi 0 tuyét ddi. Trong khi do, cach d6 chi 2m, plasma sé dugc dot & 100triéu°.

Chtrc nang tirng bo phan trong ITER

B0 phan tao tr trwong

B& phan nay hoat dong hiéu
qua va giam thiéu dugc nang lvong
tiéu dung bang cach ha nhiét do dén -
269°C dé giam dién tré clia céc thanh
nam cham xu6ng rat nhd. Bao gdém hai
hé théng tir trvong: tr tredng Toroidal
vatlr truong Poloidal. Hé thdng tao tir
truong Toroidal co kich thudc rat 1on
gém 18 thanh nam cham siéu dan, véi

Foloidal field coil

Toroidal field
chirc nang chinh la giam gilv cac dién tich cla
plasma. Hé thong nay tao ra mot tir trwong voi do
l&n clia cdm rng tr B=11,8Tedla (gap 200.000 lan
tlr truong clatré dat) vatao ramot nang lvong tir
truong W,,=41GJ. Hé thong tir trwdng Poloidal
bao gobm 6 cudn day doc lap dat bén ngoai clia cau
trac Toroidal véi chirc nang gom plasma cach xa
btrc twong va gop vao dong plasma on dinh. Tir

Central field coil



trwong Poloidal dwoc cdm (rng bdi nam cham va dong dién trong plasma.
Budng phan trng

GOm 440 manh (1m x 1,5m) ghép v6i nhau, khéi lvgng tong cong la 4,5 téan.
Buéng phan ¢ng c6 téc dung
trdnh sy va dap cla cac notron
nang luong cao trong phan (ng
nhiét hach. Trong budng phan
t’ng nay, notron bi lam cham lai
do dong nang chuyén thanh nhiét
nang, va duoc thu lai bang chét
[dng lam ngudi. Phan nhiét nang
thu nhan duoc £ dwgc s dung
dé chay may phét dién.

Divertor

BO phan nay dwoc dat doc
theo day budng chan khong co
chirc nang khép kin cac duong cam
trng tir. Chinh vi vay cac hat khong
bi giam gilr trong dong plasma
khong va dap vao thanh budng
phan (¢ng ma s& va dap vao
divertor. Divertor khi bi ban pha s&
sinh ra tap chit ndm phia day
budng, do ap sudt vung nay cao hon
nén co thé dung bom chan khong dé hit tap chat ra khoi budng. Dong thoi divertor cling
c6 chirc nang trich loc nhiét nang va Heli tir phan rng nhiét hach.

Divertor lam tir vat liéu chiu nhiét: hgp chat Tungsten va soi cacbon.
Budng chan khong

BO phan nay cO chic nang tao mai
trudng chan khéng cao véi ap suat nhd hon 1
triéu 1an 4p sudt khi quyén, tao mdi trwong
sach dé c6 thé duy tri dwgc dong plasma
trong thoi gian dai. Néu budng phan trng cé
|an tap chét thi nhiét do clia dong plasma s&
bi gidam nhanh va dong plasma s& ngirng
ngay |ap tirc.




Dé dat dén chan khong can thiét phai dung bom hit chan khong lién tuc trong
khoang 2 ngay.

Budng lanh

Bao quanh budng chén khdng va nam cham
siéu dan.

Kich thuéc: cao 31m, réng 37m. Tao ra nhiét
dd cuc thap va moi trvong chan khong. Hé
thong nay bao goém hai véach dat dong tam voi
rat nhiéu 6 duong kinh 4m, hai vach nay duoc
két ndi v&i nhau bang nhitng thanh ngang va
dirng. Vung khéng gian gitra hai vach chira khi
Heli.

Hé théng diéu khién va do dac

GOom 50 hé do luong gilp
diéu khién, do dac, danh gia su
hoat dong cuia plasma (Laser, tia X,
camera quan sat notron, thiét bi do
mirc do tap chét, pho ké hat, do biic
xa Bolomet, phan tich &p sudt, khi,
soi quang hoc, ...).

Tinh an toan cllaITER

Tra v6i nhitng trung tam
hat nhan hién thoi, s chay qua tai clia cac phan (rng hat nhan vé can ban la khong thé
dwoc doi voi mdt phan (rng tdng hop hat nhan. Thiét bi ITER va nhirng thiét bi noi ti€p
né s& khong thé c6 nguy co xay ra tai nan nhw kiéu Checnobyl (Ukraing). Vong nam
cham cuc I6n cha ITER chi chira cé va gam chat chay (ctia deuterium va cla tritium)
trong mot dung tich hon 800m3. Cac phan (*ng tdng hop hat nhan khong thé xay ra néu
nhiét d6 clia gaz daion hog, plasmala kha cao. Vi mét ly do nay hay mét ly do khéc, su
can bang bén trong ctia vong bi pha v, thi plasma chi cd thé tw ngudi lanh mdt cach
nhanh chéng lam nglrng ngay 14p tirc cic phan tng tong hop hat nhan. Nhitng rang budc
duy nhét ctia phan ng téng hop hat nhan lién quan dén céc nguyén tac dé phong lai cac
phong xa do sr phét ra ctia cac neutron nang lwgng rat cao va do su hién dién clia neutron



san sinh ra céc tia phéng xa. Bu lai, 10 phan (rng khéng nguy hiém cho méi trvong cling
nhu dan cv & xung quanh.



