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|. Gidi thiéu vé plasma

-Plasmalamdt hon hop khi ion hda, trong dé bao gdm céc hat mang dién nhu
electron, ion, vaké ca cac hat trung hoa Trong hon hop dé gia tri tuyét d6i clia
dién tich dwong bang gia tri tuyét d6i cia dién tich am. Nh v vay, plasma la hé
trung hoa dién tich,valavat dan dién t6t. Tuy nhién khdng phai lic ndo trong
plasma dién tich dwong ciing bang dién tich &m, khi c6 sw mét can bang dién tich
thi trong plasma sé sinh ra mot dién trwdng manh dé ngén can sy méat can bang va
lam cho plasma nay tré nén trung hoa veé dién. N6i mot cach khac, mat do electron
gan bang mat do hat mang dién tich d wong trong mét don vi thé tich.

[1. Phan loai

-C6 hai plasmala plasma nhiét do cao va plasma nhiét d6 thap

+Plasma nhiét do thap cé nhiét do trong khod ng 3000-70000K, thvong duoc sk
dung trong den huynh quang, éng phéng dién ti, tivi plasma...

+Plasma nhiét do cao cé nhiét dd Ién hon 70000K, thudng gap & mat trdi vacac
ngli sao, trong phan trng nhiét hach...

[11. Binh nghta

-Dé€ phan anh ban chat cla plasma nguoi ta dua ra khai niém bac ion héa
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B :bacionhoda
Ne, : NONG d0 cac hat mang dién
Ny : nOng dd cac hat khi trong mdi trwong
-Nho vao bac ion hoa nguoi ta chia plasma ra lam hai loai la: ion héa hoan toan va
ion héa mot phan.
-Truong hop ion hoa hoan toan thudng xay ra ¢ plasma nhiét do cao. Luc nay tinh
chét cta plasma duoc xac dinh béi tinh chat ctia dién tr v aion chira trong né.
-Truong hop plasma nhiét do thap ion hoa ho an toan thwong xay ra trong phong
dién an va phéng dién hd quang
-Dé plasma cd tinh ion hda manh thi:
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-Dé plasma c6 tinh ion héa yéu thi:
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o4 -tiét dién hiéu dung, dac trueng cho qua trinh tvong tac gitra dién tl véi ion



Ceo -ti€t dién hiéu dung, dac trung cho quatrinh tvong tac gilra dién t&r v6i hat
trung hoa
-Theo quan diém nhiét dong hoc c6 hai loai | a plasma can bang va plasmakhong
can bang
+Plasma can bang (hodc plasma dang nhiét) 1a trong d6 cac hat c6 cung nhiét
dd,trung hoaveé dién vi cac hat mang dién mat di luén duoc bu lai do qua trinh ion
hda, n6 ton tai ma khong can lay nang luvong tir bén ngoai
+Plasma khdng can bang (hodc plasma bét déng nhiét): khdng trung h oavé dién,
nhwng su pha v& trung hoa do khong phai lalén, né ton tai can cé nang luong tir
bén ngoai, néu khdng nhan duoc nang lwong tir bén ngoai thi plasma sé tu mat di
-Vay diéu kién gan trung hoala mot trong nhirng diéu kién co ban cla plasma ta
c6 thé dinh nghta “plasma la mot tap hop cac ion, dién tir vacéc hat trung hoa
twong tac voi nhau vavoi treong bie xa”. Tuy nhién dinh nghia nay chua noi Ién
dwoc nhitng tinh chét co ban cda plasma, tacan tim hiéu thém vé man tinh dién
-Néu bd qua luc twong tac phan tlr ta co:
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oang cach trung binh gil*a céc hat

=1 =

Z‘H

wlk

N: ndng do cua plasma

N=ngt n;

-Xét mot hat bat ki: s& c6 mot 16p dién tich hinh cau sinh ra xung quanh hat, do
day cta I6p nay phu thudc vao nhiét vanong dd hat. Do day cla lép ti€p xuc phai
gitp no chira da s8 hat khac ddu, co kha nang 1am man chan trudng cho hat. Ban
kinh ctia hinh cau dé dwoc goi la ban kinh Debye

Thé Coulomb: ¢, = Z:e®
r

Thé Debye: ¢ = Eexp(— Lj
r D

D: laban kinh Debye
Khi r=D
Thi $0-¢
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-Vay truong cta Iép dién tich bao quanh hat d&1am man chan truong clia hat dé
trén khoang cach xac dinh
Trong treong hop tdng quat thi ban kinh Debye dugc tinh bang cong thic
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Dic laban kinh Debye clia cac thanh phan cdu tao plasma
Nong dd hat:
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-Cong thitc ndy cho thdy rang dé ton tai man chan thi s8 hat trai ddu trong hinh céu
ban kinh Debye phai di 16n.Nhung néu ban kinh Debye qua Ién dén khong c on
kha ning 1am man chan thi lGc nay né khéng con goi laplasma. Vay plasma phai
thda man diéu kién sau:
-Théa man diéu kién gan trung hoa
-Ban kinh Debye phai nhé hon nhiéu lan so véi khich thwéc clia mién chia tap
hop do6
D<<L
V. Sy twong tac gilra cac hat trong plasma
1.Tiét dién hiéu dung
Khai niém vé tiét dién hiéu dung trong va cham I arat quan trong. N6 dac trung
cho quatrinh va cham trong chat khi
Dé don gian vach ra y nghfa hinh hoc cla tiét dién hiéu dung. Su va cham gitra hai
hat khi g&p nhau sé xay ra néu khoang céch gitra hai tam nho h on hoéc bang mot
khodng céach cuc tiéu nao d6. Khoang cach cuc ti€u nay la ban kinh hiéu dung cla
s va cham. Néu céc hat cé dang nhw qua cau dan hoi cé ban kinh lary,r,, su va
cham s& xdy ra khi cac hat cach nhau mét khodng nhé h on ri+r,
Khi d6 :6 = 1(ri+r,)?
2. Khoang dudng tv do trung binh
Khoang duwong tv do trung binh clia hat dwgc xac dinh nhw téng so khoang cach
cla hat gitra hai va cham chia cho tat ca s6 hat d6
Tiét dién hiéu dung cang l6n thi sy va cham xay ra cang nhiéu, sy va cham cla cac
hat xay ra cang nhiéu thi khodng dwong tv do trung binh cang nhé, nhu vay
khoang duwong tv do trung binh phai phu thudc vao tiét dién hiéu dung va mat do
cla cac hat
jo b
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3. Tan s6 va cham
Tan s6 va cham lasd va cham trong mot don vi thoi gian. Néu hat chuyén dong
vGi van toc v, thi tan s6 va cham sé bang:

Vv
v=VNc =—

4. VVacham dan hoi

Lavacham khong lam thay ddi tinh chat cla hat, lavacham ma trong do6 céc hat
twong tac chi léch di mot géc nho, dong mot vai tr 6 dac biét.

Chung ta dung khéi niém c6 dién dé nghién ctru va cham dan hoi, vi ly thuyét cd
dién khong ap dung dwoc cho cac mikc nang luvong nguyén t



nén chi ap dung ly thuyét c6 dién khi:
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Vay ly thuyét c6 dién dang chi véi nang | vong cla hat va cham 16n vatiét dién
hiéu dung bién d6i cham hon v2.

Téan xa dan hoi cta dién t vaion

Vacham dan hoi gilta electron véi phan t& hodc nguy én ttr la mot trong nhirng su
vacham thwong hay gap nhat trong plasma

Xét 2 hat twong tac v&i nhau

Dong nang toan phan cla hat: U :%mrv'zr

Vv, van toc twong doi cla hai hat truéc va cham
Tong dong nang vathé nang

U, = %m,v‘zr +o(r)
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Goc 1éch toan phan dwoc tinh bang cong thirc:
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Do o (y,v) tilé thuan véi b? nén
(x-kvo) =k (3,vo)
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Vay van toc hiéu dung ti 1é nghich véi van téc electron

5. Va cham khong dan hoi

a) Vacham khéng dan hoi loai 1

Lavacham lam thay d6i tinh chat ctia mot hay nhiéu hat. Nho v ao sy va cham

khong dan hoi ma céc quatrinh nhu: si ion héa, sw kich thich, su phan li, sw héa

hop... c6 thé xay ra

Trong va cham khong dan hai loai 1 khi kich thich hodc ion hda thi mdt phan dong

nang cla hat sé& chuyén vao thé nang cla hat kia

Theo dinh luat bdo toan nang luvgng

mv* . myV,” _ myv? . mv',’
2 2 2

Tw dinh luat bao toan xung lvong

MyVy + MoVo =MV’ +mMoVv’,

+ Ag

Tanhan duoc Ac =2 W, =8, W,
m, +m,
S ti sO truyén nang lwong khi va cham khéng dan hoi
Diéu kién d6i vai nang lwong hat bay dén trong va cham dan hoi la
oW, = eV,

Thoi gian hat bay dén trong vung twong tac cta treong nguyén tir:t = b

Thoi gian chuyén dién t& tr mrc quy dao nay 1én mirc quy dao khac, hoac tach nd
rakhoi nguyén tir t'= Ll
Ag

Trong va cham khong dan hoi 1=’

Sv chuyén dién tich cuia hat

- Si chuyén dién tich cla hat | a sy truyén dién tich tlr ion chuyén dong nha nh cho
céc nguyeén tir chuyén dong cham. Két qua la ion ¢ nang lvong cao cd thé bién
thanh nguyén tr trung hoa, ion méi dugc hinh thanh trong plasma cé nang lugng
thap. Qua trinh nay déng vai tro quan trong trong plasma phan tng nhiét hach

An+ + _>A(n-1)+ + M+

Tir khao sét ching ta két luan rang c ng véi sw tang 1én cta van tdc proton, lc
dau tiét dién trao doi dién tich dwoc tang nhanh khi van téc proton dat dén mot gia
tri ndo do thi tiét dién dat gia tri cwc dai, va sau do bat dau giam xuéng nhanh. Van
toc proton tai do tiét dién hiéu dung Ién nhat d woc goi lavan toc t6i wu

* Su Kich thich




e+tA->A"+e+e
e+A->A"+e
AT+A>A"+A +e
A+A->A"+A+e

Khi va cham v&i mét hat nang, electron sé gay ra su kich thich hat do, nho vay hat
cO nang lvong cao hon tredc khi va cham

Nguyén ti hay ion duoc kich thich thich c¢é thé chuyén vé mitc nang | wong khong
kich thich nhé hon, nhé dé nang lvgng anh sang dwoc phat xa

* Sy ion hoa

Quatrinhion hdalasuy tach electron khoi nguy én tir hodc phan ti khi, né déng
mot vai tro dac biét, thiéu qua trinh ion hoathi khong thé co plasma

+plasma dam ddc: su ion héa chat khi sinh ra do tac dung va cham gitra cac
nguyén tir hodc nguyén tir trung hoa vai céc electron

+plasma qué |odng: tac dung bic xa cuc ngan |&nguyén nhan gay ra st ion hoa
b) Vacham khéng dan héi loai 2

- Khi vacham thé nang cla hat kich thich chuyén qua hat khac d w¢i dang thé nang
hay dong nang, sau khi va cham hat kich thich sé trg vé trang thai ¢ o ban. Néu hat
kich thich va cham vé&i nguyén tlr s& cung cdp dong nang cho dién t&r. Néu va
cham véi nguyén tir hodc ion thi ching sé bi kich thich hodc ion héa.Va cham
khong dan hoi loai 2 lam san sinh thém hat nhanh trong plasma

-Vacham khong dan hoi loai 2 dong vai tro rat quan trong trong phong dién k hi
chl yéu I&

+ Hiéu trng Penning : lahiéu (ng ion hda nguyén ttr phan t& khi tap chat do va
cham loai 2 v&i nguyén tr khi siéu bén co ban. La phwong phap lam gidm thé
chay, thé moi phong dién

+ Dap tat khi siéu bén: khi mic ning lugng khi siéu bén co ban nam réat gan mirc
nang lvgng kich thich cla nguyén tr tap chat, nguyén tlr khi siéu bén co ban sé
mat nang luvgng ctia minh vakhong anh huéng Ién phéng dién. La phwong phap
lam tang thé chay, thé moi phong dién hodc |am gidm thoi gian khir ion hoa cua
phdng dién an

+ Thanh |ap mdi truong dao 16n cla laser khi: sw truyén kich thich do va cham
khong dan hoi loai 2 gitra cac hat khi co ban dé thanh 1ap mat do dao 1on cla laser
khi

V. Su tai hop

- Laquatrinh két hop ion vai electron dé th anh nguyén tlr hoac phan ti trung hoa.
Quatrinh nay dugc coi laquatrinh ngwoc vai qua trinh ion héa. Khi tai hgp noi
nang toan phan cua hé giam. Vi vay qua trinh cé thé xay ra véi dong nang cla hat
tiong tac nhd bat ki, x&c sudt tai hop I6n nhét khi chuyén dong cua cac hat | a
cham nhat. Nang lwong thira cé thé giai phong duwéi cac dang khac nhau: birc xa
dién tir, kich thich, chuyén sang hat thir ba, ting dong nang clia cac hat trung h oa
m@i thanh 1&p.Trong trwdng hop tai hgp ion nguy én tlr, nang luvong thira chinh la
nang long can thiét dé tach ion am va ion dwong ra khéi nguyén ti




- Sy tai hgp déng vai tro quan trong trong moi trwdng plasma ap suat Ién cé 4
dang tai hop

+ Ta hop kém theo biic xa: sy tai hop trwc ti€p cla electron tv do véi ion d wong,
nho d6 nang lvgng du thira cta electron dugc bic xa dwéi dang lwong ti, qua trinh
nay khéng déng vai tro quan trong trong plasma

+ Ta hop voéi kich thich hai lan :sw tai hgp nay xay ra khi ion duong tac déng
dong thoi vao 2 electron. Khi d6 ion dwong trung h 6avéi 1 trong 2 electron, con
electron kia thu nang lgng ion hoa téa ra trong qua trinh dé dé bay ra khoi voi
van toc 16n hon. Qua trinh nay xay ra khi mat do electron trong plasma kha cao

+ Tai hgp do va cham ba hat: nho hat thir ba mang nang | vong thira nén quatrinh
tai hop xay ra kha hiéu dung

+ T& hop phan ly: Khi va cham véi dién ti, ion d wong khdng chuyén mic cé kém
btrc xa,mabi roi vao trang thai khéng bén vitng réi bi phan ly, trong qua tr inh nay
hé s6 tai hop rat 16n



