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DONG LU'C HOC CUA HE NHIEU HAT
DYNAMICS OF MANY PARTICLE SYSTEMS

ThS. NGUYEN THE HUNG
B6 mén Vat li, Trrrong DHHH
Tém tit:
Bai bao nay gidi thiéu mét phuong phap moi trong nghién ciru cac hé vét Iy do la mé
phdng bang may tinh. Nh¢ d6 ching ta hoan toan co thé nam dwoc cac qui luat bien doi
ndi tai cta hé théng qua mé phéng céac ’théng SO trang thai nhw: nhiét dj, ap suat, ndng
luong... ma ly thuyét gap nhikng han ché khi nghién ctru cac hé thuec.

Abstract:

So far, we have studied the dynamical behavior of systems with only a few particles.
However many systems in nature such as gases, liquids and solids contain many
mutually interacting particles ( 10° - 10% molecules). The most direct approach is to
meet this challenge head-on by a computer simulation of the many particle problem itself.
We might ima%ine solving on some future supercomputer the microscopic equations of
motion for 10° mutually interacting particles. Indeed this approach, known as the
molecular dynamics method, has been applied to “small” many particle systems of
typically several hundred to several thousand particles and has yielded much insight into
the observable behavior of gases, liquids, and solids.

1. Muc dich

Chung ta da nghién ctru cac tinh chét dong Iwe hoc cta hé chi v&i mot sb it hat. Tuy nhién,
trong tw nhién lai gép cac hé nhiéu hat chdng han nhw cac chét khi, 16ng va ran gém mét sé lwong
I&n cac hat twong tac 1an nhau. Chéng han nhuw: hai tadch ca phé dwogc dat trong cung mét diédu
kién nhw nhau, méi tach bao gdbm 10% - 10%° phan tir chuyén dong gan dung theo cac dinh luat vat
li b dién. Mac du luc twong tac gitra cac phan t& lam cho qui dao cla mdi phan ti rét phirc tap
nhwng cac dac tinh cla ca phé trong médi tach 1a gidng nhau. Vi du, chidng ta déu biét nhiét do
trong méi tach ca phé sé dat t&i nhiét dd phong va khong con thay déi theo thdi gian niva. Nhiét do
dé thi lién quan gi t&¢i qui dao cla cac phan tk riéng biét ? Vi sao nhiét d6 cda ca phé khong phu
thudc vao thai gian trong khi quy dao clia cac phan t lai thay ddi lién tuc.

Thi du vé tach ca phé trén cho thdy mét diéu la: bang cach nao ta c6 thé thdy dwoc cac tinh
chét phirc tap clia hé nhiéu hat do twong tac gitra cac phan tir ? Cach trwc quan nhét la mé phéng
chiing trén may tinh. Vi sé lwong phwong trinh chuyén dong vi mé ¢& 10%° ¢6 18 phai can dén
siéu may tinh nhwng & day chung ta sé dung mét phwong phap cé tén la “phuong phap dong luc
hoc phén ti” ap dung cho cac hé nhiéu hat “nhd” khoang ttr vai tram dén vai nghin hat két hop véi
céc diéu kién bién thich hop cling da cho thdy nhirng biéu hién kha phu hop véi cac md hinh clia
cac chét khi, 16ng va ran.

Pbi voi mot hé nhiéu hat nhw vay thi cac dat trweng co ban ctia né 1a gi ? Nhirng tham sé
nao can thiét d& mo ta n6 ? Diéu nay da dwoc lam rd trong co hoc thdng ké, & day ta sé mé phéng
hé théng qua l&i gidi s6 clia cac dinh luat Newton.

2. Thé twong tac giiva cac phan tor

Trwéc tién ta xay dwng mé hinh ctia hé d& mé phéng. Bé hiéu dwoc cac tinh chat dinh tinh
clia hé nhiéu hat ta chi xét trong gi¢i han cb dién, trong d6 cac phan t& 1a hinh cau va tro vé mat
hoa hoc. Gia thiét lyc twong tac gitra cac phan t& chi phu thudc vao khoang cach gitva ching,
trong trworng hop nay thé néng tong cong U 1a téng cla cac twong tac hai hat.

N
U=V(r,)+V (1) +..4V () +..= D V() (1)
i<j=1

trong do V(r,.j) chi phu thudc vao d6 I&n khoang cach r; gitra cac hat i va j. Dang thé trén
phu hop v&i cac chét Idng don gidn chang han nhw Ar 16ng.
Dang cla thé V' (r) thuwdng dwoc chon don gidn. Dac diém quan trong nhét cta thé V' (r)
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cho chét Iong la lyc ddy manh khi # nhé va lwc hat yéu khi khoang cach lon. Luc hat yéu dong vai
trd quan trong khi 7 1&n la do lwc tadc dung twong hoé gitka cac nguyén tiv, lwe hat nay goi la lwc
Vander Waal’s.

Mot dang hién twong luan cia thé V(r) la thé Lennard - Jones:
o\ (o) )
2 X*(A2)x*(-6) ——
V(r)=4¢ [—j —[—j . Sy phu thuéc r° gé
r r 15

phu hop voi ly thuyét, con sw phu thudc r'? chi duwoc 1
Iwra chqn dé thuan tién. Thé Lennard — Jones c6 hai Ve
tham so la “d6 dai” o va “nang lvgng” &, trong do tai 05

r=o, V(r)=0.Tham sb ¢ la d sau cla thé tai

cuc tiéu cia V(r), trong dé cuc tiéu xuét hign &

khoang cach » = 2" . Cha y day la thé tuong tac

ganva V(r) danhdkhi r > 2,50 . T TS TR
< /o
bé thuan tién ta st dung don vi cia dé dai,
nang lvgng vé,kh(“)i lwvgng twong ng la o, ¢ \(é Hinh 1: Hinh vé thé Lennard — Jones,
m, v&i m la khéi lwgng cta hat. Pon vi clia van toc r theo don vij o va V(r) theo don vj e.

1/2

la (¢/m)"? vathoigianla 7 =(mo’/g)"?. Cac

tham s6 o, & va m cla thé Lennard — Jones cho Ar Iéng 1&: & /k, =119,8K va o =3,4054".
Khéi Ivgng ciia nguyén tir Ar 1a 6,69.10 " mg va 7 =1,82.107"5.

3. Thuat toan . . o

Xét mo hinh hé nhiéu hat, ta can dwa ra phwong phap tich phan s6 dé tinh qui dao clia
tieng hat. Bang viéc mo phdéng cac phwong trinh chuyén dong cta Newton, ta cé thé kiém tra tinh
on dinh clia nghiém s6 thong qua viéq xem xét nang lwgng tong cong hé, dam bdo nang lwvong nay
khong léch khai gia tri ban dau. Cé thé tinh toa d6 va van toc clia cac hat nhw sau:

Gia st & thoi diém t hat co: toa dd x,, van técv,, gia toc cia hat a, = F, /m, lyc

F,=-0V(x,)/0x,, V(x,) lathé Lennard — Jones (*ng voi toa do x, . Nang luvong cla hat la:

van téc v,,, cda hat dwgc tinh theo

E = %mvi +V(x,) . Tai thoi diém ¢+ At:toa dd x,,, X,,,,
cbng thirc lién hé sau:

X, =X, +v,At+0,5a,At* 2)
+a,)At (3)

twong tw dwec xac dinh tir x, ., . Do d6 nang lwong hat tai thoi diém nay la:

v,.,=v,+0,5(a

n+l

Vi gia téc a

n+l

n

E = %mvi-l + V(xn+1) (4)

Nhw vay khi cho hé tién trién theo thoi gian, néu biét cac tham sb vi mo (toa do, van téc,
gia téc, ddng nang, thé ndng, nang lwong, ap suat, nhiét do...) cla hat & mot thdi diém nao d6 thi
cac tham sb dé cua hat tai thoi diém tiép theo cling dwoc xac dinh. Do d6 ta hoan toan mé phéng
dwoc sw thay ddi cac tham sé hé nhiéu hat theo thdi gian, néu ciu hinh ban dau cta hé dwoc
chon ngau nhién thi két qua sé rat gan véi cac hé nhiét dong trong thwe té. Thuat toan trén dwoc
goi la thuat toan Verlet 4p dung cho mét thanh phan chuyén déng cla hat.

4. Cac diéu kién bién

Viéc md phdng cang hop li néu ta két hop tat ca cac déc trung lién quan dén hé vat li. Hé
thuc & day chira khodng 10%° — 10%° hat. Xét mot qua bong nwéc hinh cau, ti 1& cac phan tir nwéc

& gan thanh ti 18 voi i s6 dién tich va thé tich (47R°)/(4nR> /3) .
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Vi N=p4nR’/3), &
day p la mat do hat, sb hat &

[ =]
[ =N
[ 1N

ow

gan thanh ti 18 voi
N??/N=N""_Do d6 sé hat
trong md phénzg déng lwc hoc
phan t&r ¢ 10° — 10* trong khi
s6 hat & gan thanh la khéng
nhd. Do d6 ta khong thé mo ta
mot hé vi mé bang cach dat cac hat vao binh véi thanh ran.

4 L/2
. o(e—’—> 2

1

Hinh 2. Hai hat tai x = 0 v x = 3 trén dudng thang chiéu dai L = 4; khoang cich
gitra chung la 3. Duong thang tao thanh dwong tron thi khoang cach la 1

Mét cach dé lam gidm t6i da hiéu (ng bé méat va moé phdng tét nhat cac tinh chét ctia hé vi mo

& str dung céc diéu kién bién tuan hoan.

Xét “hép” mét chiéu (1D) N hat, cac hat nay chi
chuyén dong trén mot doan thdng cé d6 dai L. Biém cubi
cla doan la thanh, dé& st dung diéu kién tuan hoan ta uén
cong doan thang nay thanh mét dwong tron, diém cudi
trung véi diém dau va khoang cach cyc dai gitra cac hat 1a
L/2.

Trwéng hop hai chiéu (2D), ta twéng twong mot
hop vé&i cac dinh déi dién ndi vao nhau do d6 chiéc hdp cd
hinh xuyén. Vi vay, néu cac hat chuyén déng di ra qua bé
mat hop thi lai di vao & mét dbi dién. Khodng cach cuc dai
gira cac hat theo huwéng x va y la L/2.

Gia thiét hat 1 va 2 nam & 6 trung tam. O nay
dwoc bao quanh b&i cac 6 giong hét no, v&i cac vi tri cla

6
O
O

? @

? @
O

@ Q @

Hinh 3. Vi du vé diéu kién bién tuan

0
OO’O
0

<O

O

hoan trong trromg hop 2 chiéu (2D).

céc hat cling gidng hét nhw vay (anh cda hat). Khi cac hat nay di vao hodc di ra 6 trung tam thi anh
clia hat ciing di ra hoac di vao 6 trung tdm qua mat déi dién. Viéc st dung diéu kién gi¢i han ngu y

tat ca cac diém la twong dwong nhau.
5. Chwong trinh déng lwc hoc phan tie
a.So dd cAu truc chuong trinh

+ S6 hat trong hop: N
+ Kich thuée hop: Ly, Ly

Nhap cau hinh ban dau

+ Vi tri ban d4u cac hat trong hop: x.,yi
Input | +Van téc cac hat ban dau: vy, vyi
+ Tir d6 tinh gia toc cac hat: ay, ayi
+ Tinh dong ndng, thé nang, ning lwong,
nhiét do, ap suat ban dau (Ke, Pe, E, T, p)

v

Lap theo th&i gian

Tinh cau hinh mé&i theo thuat toan Verlet
Computer

. + vi tri mc’yi: Xi+1, Y i1
+ Lap theo cau hinh {+ van toc moi: Vyis1, Vyis1
+ dong nang, thé nang mai: Ke, Pe

+ Tinh: Ke, Pe, E, T, p, thing giang sb hat trong hop n(t).

v

Output

Két qua mé phéng sé
+ Thé nang hé: Pe(t)
+Bodng nang hé: Ke(t)
+ Nang lwgng téng cong: E(t)
+ Nhiét do: T(t)
+ Thay dbi ap suét: p(t)
+ Thang giang sb hat n(t)
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b.Chwong trinh ddng Iwc hoc phan t& dwgc xét cho hé hai chiéu (2D) vi trwdng hop nay dé
m6 phoéng va cac két qua nhan dwoc kha tét. Ngon ngt Fortran sé dwoc st dung.
6. Két qua mé phéng
Chung ta mé phédng hé nhé gém N = 12 hat bj giam trong hop 2 chiéu vuéng Ly = L, = 8.
Ban dau cac hat & nira bén trai hdp va nam tai géc hop. Cac hat chuyén dong voi van tbc ngau
nhién V. = 1 va twong tac véi nhau béng thé Lennard Jones. Dong nang, thé nang ban dau: 5, -
2 (dvnl). Buoc lap thoi gian At = 0.02 (s). Lap theo céu hinh nsnap = 50 (1an) dé hé vé trang thai
can bang, sau d6 cho hé tién trién theo thoi gian ntime = 200 (Ian) dé quan sat cac biéu hién cua
hé théng qua cac tham sb: déng nadng, thé nang, nhiét o, ap suéat va thay déi sb hat nira trai hop.

Thé nang (Pe)
b & N & & b b v A o

Pong nang (Ke)

CaNWAROON®

1 " 1 " 1 "
50 100 150 200

0 50 100 150 200

S}

Thoi gian (t) Thoi gian (t)

Hinh 4: D6 thi sw phu thudéc déng ning va thé ning cta hé theo thoi gian

Sw thay ddi ctia dong nang, thé nang theo thoi gian khi hé can bang dwoc thay trén Hinh
4. Ta thdy c6 sy bién dbi qua lai gitva dong nang va thé nang, tai cing moét thoi diém néu dong
nang tang thi thé ning gidm va nguoc lai. Nhung ndng lwong téng cong van dam bao khdng dbi
(bdo toan). Hinh 6.a minh hoa nang lwgng téng cdng la moét dwdng thang theo thdi gian. Khi hé
can bang thi nhiét do ctia hé nhiét dong ciing 1a hdng sé - Hinh 6.b
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= =
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Hinh 5: Bé thi biéu dién thdng gidng sé hat va dp suét cta hé vao thoi gian

200

Tap chi KHOA HOC CONG NGHE HANG HAI

Sé 13— 4/2008

87



KY NIEM 52 NAM NGAY THANH LAP TRUONG (01.04.1956 — 01.04.2008)

Hinh 5: biéu dién sw thdng giang cla sb hat trong nira hdp bén trai theo thei gian, sb hat
nay thang giang quanh gia tri trung binh n = 6. Diéu nay hoan toan phu hop véi ly thuyét thdng ké.
Ap suét cla hé ti 1&é véi mat dd hat trong hdp ciling thay déi twong (ng.

20 T T T 12 T T T

X J + — — Nhi¢tdo: T
sl (a) 1 0l (b) ---=- _ psuit:p
S6 hat: n

Dong nang: Ke 1 4

0 s Thé nang: Pe B
------ Nang luong: E

i , _
0 E TS E AR R LRV T AR T AT T Y
Y " Yoo t R} i
v " I §
I i i
2L 1 -
15 N 1 N 1 N 1 N N 1 N 1 N 1 N
0 50 100 150 200 0 50 100 150 200
Thoi gian Thoi gian

Hinh 6: Sw phu thuéc nang lwong téng céng vao thoi gian (a). Thay déi nhiét do,
dp suat va thang gidng s6 hat trong hép cua hé theo thoi gian (b).

Ket luan:

Nhw vay, bang phwong phap déng luc hoc phan tlr ta hoan toan c6 thé thy dwoc cac déc
tinh va b|eu hién quan trong cia mot hé vi mo c& 10%° phan t& chi bang viéc md phéng lai cac
tham sb d&c trwng clia mét hé nhd (sb lwong phan t& it hon) két hop véi cac diéu kién bién can
thiét. Trién vong clia cdng nghé nané trong twong lai ¢ 1& sé& giup chung ta ap dung cho cac hé
I&n hon nhé vao cac may tinh lwgng tlr (siéu may tinh).
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