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NG DUNG PLASMA NHIET O CAO TRONG PHAN UNG NHIET HACH

Hoc vién: Pham Thi Xuan Hanh
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|.PHAN UNG NHIET HACH
Phan (*ng nhiét hach dwa trén co s& hgp nhat cac hat nhan nhe nhu cac déng vi hydrogen
(deuterium va tritium) dé giai phong nang lvgng, giong nhu nang lvgng ctia mét troi vacéc vi
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Himh 16 3. Hat nhén Hydro 94 Desterium

Hat nhan Hydro céu tao bdi 1 proton.

Deuterium, con goi la hydrogen nang, la mdt dong vi on dinh cla hydrogen . Ky hiéu hda
hoc clia deuterium 1&?H. Tuy nhién ky hiéu khong chinh thirc D. Hat nhan ctia deuterium, goi &
deuteron, chira 1 proton va 1 notron

Deuterium xuét hién trong tv nhién duwé¢i dang khi deuterium, ky hiéu 1a D,.Deuterium phan
(rng gan nhu hydrogen binh thudng. Tuy nhién vi c6 khéi lvgng nguyén tir I6n hon nén céac phan
(rng cd deuterium tham gia c6 chiéu huwéng xay ra cham hon so véi cac phan tng véi hydrogen
thuong.

Tritium , lamdt dong vi phéng xa ctia hydro. Ky hiéu *H nhung thuong dwoc dung duéi ky
hiéu khéng chinh thirc T Hat nhéan cla tritium (d6i khi d woc goi latriton) chia 1 proton va 2
neutron. Tritium ton tai & thé khi dwdi nhiét do va &p suat thong thuong.
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Hinh 16.2. 5o &5 minh hoa philn img hop bach D-T

Hat nhan cla hai dong vi hydro, deuterium (D) va tritium (T), va cham va ké’t'hap S8 hinh
thanh mot hat nhan gébm 2 proton va 2 notron . Day la hat nhan Helium (He) va ban ra cac hat
neutron (n) tw do v&i nang luvong cuc Ién 17,6 MeV (2,8 pJd).

Phuwong trinh phan ¢ng: (D + T -->4He(3,5 MeV) + n(14,1 MeV).

Nhu ching ta déu biét, trung tdm ctia mat trdi |a nha may clia cac phan (*ng nhiét hach. Mat
troi nguyén thay la mét khéi Hydro cuc Ién. Khi co lai, thi nhiét d6 va 4p lwc clia tm cao dan
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Ién va khi dat dén gia tri da Ion, thi Hydro két hop vatao ra Heli. Mat troi téa sang la do nang
lvong duoc gidi phdng.

Nhiét do trung tdm mat troi thay doi trong khoang tir 10.106K dén 20.106K, trung binh
khoang 15600000 K. &' nhiét dd nhu vay vat chat khong thé gilr duoc cdu tric trat tw thong
thudng gém céac nguyén t& va phan t&r. NO tré thanh plasma trong dé cac hat nhan cta nguyén t
chuyén dong tach biét vgi cac electron. Khi cac hat nhan ty do ¢ va cham v&i nhau sé xuét hién
nhitng vu n6 nhiét hach. Khi quan sat tinh chat clia vat chat ngudi hon trén bé mat nhin thay
duoc clia mat troi, cac nha khoa hoc dd két luan rang ¢ phan (ng nhiét hach xay ra & trong long
mat troi.

Vung nay goi la nhan hay “I6i” c6 nhi*ng chuyén dong déi lwu, cd ban kinh khoang
175.000km, khdi lwgng riéng 160kg/dm3, nhiét do wéc tinh tir 14 dén 20 triéu do, ap suat vao
khoang hang tram ty atmotphe.

Neutrino la hat khéng mang dién, rat bén va c6 kha nang dam xuyén rat Ién. Sau phan (ng
cac Neutrino 1ap tirc roi khoi pham vi mat troi va khéng tham gia vao cac phan ting sau doé .

Trong qué trinh hinh thanh, nhiét do bén trong mat troi sé tang dan. Khi vang tdm mat troi
dat nhiét do T= 10" K, thi c6 d0 diéu kién dé xay ra phan (ng t6ng hop Héli tir Hydro .

Trén céc vi sao va6i luc hdp dan 16n, hydrogen thong th wong véi hat nhan chira 1 proton don
[& lanhién liéu cho cac phan (rng va duoc hop nhat dé tao thanh helium thong qua mot chu ky
phan tng (nucleosynthesis). Tuy nhién, phan ng nay dién ra qua cham dé co thé tng dung trén
trai dat.

Khi khong cd Iuc hap dan I6n nhu trén Mét troi, co thé tao ra diéu kién hop hach trong tam
kiém soat trén Trai dét bang cach st dung luc tir (nam cham) dé gilr nhién lieu hop hach trong
khi nung néng nd bang nhiéu phuong phap. Khé khan nam trong viéc gan va hop nhéat cac
nguyén tlr hydro. Trén trai dat, D€ thuc hién duoc phan (ng tng hop hat nhan trén Trai Dét,
nhiét do can thiét lakhoang 100 triéu do, hon 6 1an nhiét do trung tm mat troi.

O nhiét dd cao nhu vay, nguyén tir khi birc xa cac electron ra bén ngoai, dé lai hat nhan
mang dién tich dwong. Dam khi nay goi la plasma; Do mang dién tich nén né cé thé chira mot tir
truong bén trong, ngay cd & nhiét do rat cao. Nhiét do dat dén mic can thiét sé tao ra tir tr wvong
dt manh khi dé cac hat plasma sé hop nhat dé tao th anh heli va céc neutron téc do cao, dong thoi
giai phong mot lveng nang lwgng vo cung [6n gitp hién twong hop hach cd thé xay ra

DPay la mot bai toan phtrc tap nhung khong phai la khodng thé thuc hién.

Cho dén nay, chua c6 vat liéu ndo c6 thé chita dwoc hon hop cuc nong dy. Vi vay cac thir
nghiém hau hét dua trén cac thudc tinh dién vatlr cla plasma, st dung tir triwdng dé tao ra mot
binh chita bang tir (magnetic bottle : mdi tredng chan khdng co dién tir trudng manh). Dién tir
treong co thé tao ra bang kY thuét si éu dan (super conductivity).

I1.CAC THi NGHIEM VE NHIET HACH
1) Joint European Torus
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May tokamak JET (Joint European Torus) lald phan (ing nguyén tr Ién nhat da dwoc xay
dung tr trvéc dén nay. JET dwgc khdi cong tr nam 1978 trén nén mot san bay cii gan Culham,
hat Oxford, Anh Quéc. Cac thi ngim dau ti én dvoc thyc hién vao nam 1983.

T I . BT E

o

JET duoc trang bi thiét bi diéu khién tir xa nham tranh phong xa sinh ra tir nguyén liéu hon
hop Deuterium-Tritium, nguyén liéu dwoc dé xuat s dung cho thé hé nha may nang lwvong hop
hach dau tién. Trong khi ITER dang duoc xay dung, JET van dwoc coi 1a10 phan (ng hop hach
I&n duy nhét dang st dung nguy én liéu hon hop nay.

Nam 1997, JET d& sinh ramtc nang lvong hop hach téi 16 MW, bang ky luc méi day cla
nam 2004. Mot thi nghiém twong tu thu duoc gia tri Q=~0,7 véi Q laty Ié gilra nang lvong hop
hach trén nang lugng si dung dau vao. Phan (rng hop hach nguyén tir tv phat (self-sustaining)
can gia tri Q>1.

Cubi nam 1999, Co quan nang lugng nguyén tir Anh quéc UKAEA (United Kingdom
Atomic Energy Authority) thay mat cho céc d6i tac chau Au dam nhan trach nhiém vé JET.

JET hoat dong cao d6 nhat la vao nam 2006 v&i cac thi nghiém st dung luong nhé tritium.
Tir 2004 dén nay, JET gan nhw dong clra cho mét loat nang cdp nham ting nhiét nang co thé tao
ralén tdi 40 MW, tao diéu kién cho cac nghi én ciru lién quan dén viéc phat trién ITER. JET-EP
doi méi (Enhanced Performance) sé cé kha nang tang ky luc cho nang | vgng hop hach.

2) JT-60
JT-60 (Japan Torus - 60) la cong trinh m{i nhon cta chuong trinh hgp hach tr tinh
(magnetic fusion program) Nhat Ban, do Vién Nghién ctu nang luvgng nguyén tir Nhat Béan
JAERI (Japan Atomic Energy Research Institute) th yc hién trong khu nghién ctru hgp hach Naka
tai Ibaraki. JT-60 dang gitr ky luc vé nhiét do cla ion Ién t6i 520 MK. JT-60 la mbt c6 may

tokamak dac thu, giong nhuv JET.
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Theo Naoyuki Miya, giam d6c JT-60 clia khu nghién ctru néng lugng nhiét hach Naka, thiét
bi tri gia 2 ty USD cla ho & 520 triéu °C datao ra nang lvong nhiéu hon 25% mic tiéu thu moi
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phat. Budc tién vugt bac nay déthuyét phuc dugc nhirtng ngudi con hoai nghi vé tinh kha thi clia
nang lvong nhiét hach. Nhirng nguoi ing hd dang dua sy tang lién tuc cla gia dau, mdi truong
ngay cang 6 nhiém, nguy co leo thang hat nhan lam luan ct thic day viéc thiét ké mot hé théng
Iter Ién hon, manh hon ngay 14p tirc dé dat nén méng sw phét trién to an dién cac nha may nang
Ivgng nhiét hach.

3) ITER

ITER (International Thermonuclear Experimental Reactor) |a mt chwong trinh thi nghiém
tokamak qudc té duy dinh dat tai Phap. Lo phan (ng ITER duwoc thiét ké dé ching to tinh kha thi
xét trén phwong dién khoa hoc cling nhw kY thuat cia mot 10 phan ¢ng nang luvong hop hach
hoan chinh, dua trén cac nghién ctru da duoc thuc hién véi cac thiét bi TFTR, JET, JT-60, vaT-
15, nhung véi quy mo 16n nhat tir trwéc dén nay. Chuong trinh dwgc dy tinh kéo dai trong 30
nam, gébm 10 nam xay dung va 20 ndam hoat dong, v&i chi phi wéc tinh khoang 10 ty Euro. Sau
nhiéu ndm can nhic, vao thang 5/2005, ITER duvoc xac dinh xay dwng tai Cadarache, Phap. T én
viét tat ITER theo tiéng Latin c6 nghta I a "con dwdng", thé hién y nghia clia cong trinh nhy mot
con dwong khai thac hop hach nguy én tl nhw mot ngudn nang lwgng on dinh.

Hinh 16.5. Anh it 1 chathiée by ITER

NEu duoc xay dwng, lter sé la mot ky tich ky thuat day an tuong. Vi quy mo Ién hon rat
nhiéu cac thiét bi tokamak hién co, Iter s& | & cd may dau tién duoc thiét ké nham tao ra ning
lvong nhiét hach. O muc t6i da, nd c6 thé ngdn tdi 110 MW nang | wong tir luGi dién, tic 1a
kho&ng 10% san luong clia mot nha may dién c& vira. Ong chan khéng nam & giita thiét bi c6
dwong kinh khoang 25 m, cao 11 m vanang gan 9 ngan tan. D€ hoat déng, 31 vién nam cham
siéu dan, nang 750 tdn moi vién, & dwoc 1am lanh t¢i -269° (dwdi 0) chi trén 4° so vai 0 tuyét
doi. Trong khi do, cach d6 chi 2 m, plasma sé d wgc dot & 100 triéu°C. Viéc duy tri nhiét do sé la
mot thach thirc 16n, theo Ken Tomabechi, tr véng nhom thiét ké Iter. Tat cd cac khau déu rat ton
kém vé tién bac vathoi gian. Iter s€ duoc xay dyng trong 10 ndam v6i chi phi khoang 5 ty USD.
Chi phi hoat ddng cho dy an 20 ndm nay cling sé l1én téi khoang chirng ay.

4) START
START (Small Tight Aspect Ratio Tokamak) la thi nghiém hop hach nguyén tir sr dung may
tokamak bat dau tir ndm 1991 tai Trung tam khoa hoc Culham (Culham Science Centre), Anh
qudc va két thiic nam 1998 trudc khi duoc thao g& va chuyén téi Phong thi nghiém ENEA tai
Frascati, Y. Nhom nghién cttu START sau do thuc hién thi nghiém hop hach MAST cho dén
nay.
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START gilt ky luc cao nhat vé ap luc plasrhé, thu ducyc bang céach st dung siing bén tia trung
tinh (neutral beam injector) lam nong plasma. START dugc thiét ké vai chi phi thap, hau nhu lap
rap tlr cac linh kién ma céc thanh vién ctia nhém nghién ctru da co san.

5) MAST
MAST (Mega Ampere Spherical Tokamak) la thi nghi ém hop hach nguyén ti thic hién tai
Trung tdm khoa hoc Culham, Anh quéc, tir nam 1999, tiép theo céac thanh céng cla thi nghiém
START (1991 - 1998). MAST ciing st dung thiét ké tokamak hinh cau cdi tién nhu START.
Hoat dong cla MAST da vuot qua ca nhitng dw doan lac quan nhat, chirng thwc cho cac két qua
dadat duoc trwdc dé clia START véi thi nghiém Ién hon va cé muc dich cu thé.
TR LR

Puoc thue hién dwdi s chi dao ctia EURATOM/UKAEA, MAST, mat 2 nam thiét k€ v a2
nam xay dung, gdm mdt sting bén tia trung tinh va s dung k¥ thuét nén hop nhét giong START
thay cho k¥ thuat cadm (rng tric ti€p thong thuong.

K thuat nén hop nhat cho phép tiét kiém central solenoid flux, cé thé d voc dung dé tang
dong plasma valhodc duy tri dong dién can thiét. Muc tiéu clla MAST la hiéu rd co ché cla
tokamak, cdi thién thiét ké cho ITER hay hiéu qua cla h inh dang plasma.

6) Princeton Plasma Physics Laboratory (PPPL)

Phong thi nghiém vat Iy Plasma Princeton PPPL (Princeton Plasma Physics Laboratory) | a
phong thi nghiém thudc Bo nang lugng MY nghién clru vé vat ly plasma va khoa hoc hgp hach
ning lwong dit phia bac khu Bai hoc Princeton, New Jersey. Nhiém vu chinh ctia PPPL | & phét
trién cac hiéu biét khoa hoc va céc phét minh then chét c6 thé dan téi mot ngudn nang | wong hop
hach khai thac duoc.

Nghién ctru vé hop hach tai Princeton bat dau tir ndm 1951 véi Dy an Matterhorn. Gio su
vl tru hoc Lyman Spitzer Jr d& c6 nhiéu ndm nghién cltu cac chat khi loang cuc néng trong
khéng gian gilra cac vi sao (interstellar).
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Trong 3 thap ky qua, PPPL lu6n di dau trong cac thl nghlem v@i tokamak, dac biét | a vai
TFTR (Tokamak Fusion Test Reactor). TFTR hoat dong tai PPPL tir 1982 dén 1997, |l a thiét bi
dau tién sir dung hon hop deuterium-tritium véi ty 1é 1:1, thu duoc nang luong 10,7 MW, vuot
guamirc dy doan ban dau.

Céc nha nghién cttu clia PPPL hién nay dang tap trung v ao mot thiét bi hop hach cap do cao
hon véi thi nghiém NSTE (National Spherical Torus Experiment) v a dang phét trién cac cong
thirc méi trén co s& hop tac véi cac vién nghién clu khac trong va ngoai nwéc. Rat nhiéu kién
thirc ca ly thuyét va thuc nghiém da dwoc ap dung trong nghién ctru hop hach vi du tir khoa hoc
vat liéu, tlr vat ly mat troi, tir hoa hoc v atlr san xuat.
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