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7.1 MOT SO KHAI NIEM
7.1.1. Khi ly twéng

Lure twong tac gitra cac phan tor
tao thanh chat khi khong dang ké

Kich thudc cac phan tw khong
dang ké va co thé bo qua.

30/10/2017


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

7.1.2. Théng s6 trang thai
Nhiét dé (t, T)

Theo quan diém cé dién, nhiét dé dic trweng mirc
dé ndng lanh cua mét vat, thang do nhiét thwwong
str dung la: thang nhiét dé bach phan (Celsius):
t°C hodc thang nhiét dé tuyét doéi (Kelvin): TK.

Lién hé gitra thang nhiét dé Kelvin va thang
nhiét dé Celsius la: T'9K = t°C + 273. Nhw vay
nhiét dé6 —273°C rng véi 0°K va trong thang nhiét
doé Kelvin khong cé nhiét do am, do do thang
nhiét dé nay con dwoc goi la thang nhiét do
tuyét doi.
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Ap suat (p):
Lwc nen trén don vi dién tich vuong goc voi
Itrc nén

Thé tich (v)

Mién khéng gian ma cac phéan t& khi
chuyén déng, doi véi khi ly twdng thé tich
cta binh chdra 1a thé tich cuda khéi khi.

30/10/2017


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

7 2. PHUONG TRINH TRANG THAI
CUA KHI LY TUONG

7.2. 1 Phwong trinh trang thai

ov =gt

L

M l1a khéi lwong cta chét khi ma ta dang xét tinh theo kg.

1 (kg) la khéi lrong ctia mét kilomol chéat khi do.

(vi du O, c6 =32 Kg/Kmol)

V/ 1a thé tich cua khdi khi dang xét, tinh theo don vi m3.
Hang s6 R = 8,31.103 (J/kmol.°K) duoc goi la hang sé khi
ly twong.

T la nhiét d6 cta khoi khi theo thang nhiét dé tuyét doi °K.
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7.2.2. Mét so trwérng hop riéng

Qué trinh dang nhiét (T = const):

pV = const (dinh luat Boyle-Mariotte)

Qué trinh dang &p (p = const):

¥ — const dinh luat Gay-Lussac)

Qué trinh dang tich (V = const):

P
T const (dinh luat Charles)
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7.3. THUYET DONG HOC PHAN TU
CAC CHAT KHI

7.3.1. Néi dung

Thuyét nay 1a mét trong nhirng thuyét dau tién
cta chat khi gom cac gia thiét sau:
- Cac chat khi dwoe tao thanh tte cac phan te khi
- Phan tir khi chuyén déng khdng ngirng va cé kich
thwée rat nhoé
- Cac phan tw khi khong twong tac v&i nhau trie khi
va cham
- Va cham giira cac phan tw khi v&i nhau va gitra cac
phan tir khi vé&i thanh binh 1a va cham dan hoi.
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7.3.2. Phwong trinh co ban cda thuyét
dong hoc phan tw cac chat khi

Xét mot chat khi gdm N phan t& dwng trong
mot binh hinh lap phuwong canh a. Lay mot dien
tich nhd AS cuia thanh binh (phia phai cua hinh
lap phwong chang han) va tinh s6 phan t& va
dap vao bé mat AS do trong thoi gian At.

Gid slr rang cac phan ttr khi chuyen dong
chi doc theo ba hwdng vudng géc voi nhau mot
cach _dong déu. Nhw vay, sé co N/3 phan ty
Chuyen dong doc theo moéi phwong, mot nra so
phan t& d6 (trc N/6 phan t&) chuyén déng vé
hwong AS
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Gia sw rang moi phan tw déu chuyén déng
VoI cung van toc v. Khi dé, trong khoang
thoi gian At, tat ca cac phan to khi dap vao
bé mat AS phai dwoc chira trong thé tich
hinh tru v&i day AS va chiéu cao v.At (hinh
7.1). Sé phan t& khi nay bang:

AN = %nASvAt 0

Hinh 7.1
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Vi va cham gilra phan twe khi va thanh binh la
va cham dan hoi nén sau va cham déng lwong

clia moi phan tr bien thién mét lwong
AP =—mMv—(mv) = -2mv

Theo dinh Iy ddng lwong: Ap bang xung lwong
cua ngoai lwc fb do thanh binh tac dung |én
phan twe trong théi gian At:

Ap =f,. At

—2myv
At

Theotrén: Ap=-2mv = f_ =

30/10/2017
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Theo trén: Ap =-2mv = Theo dinh luat Newton
3, moi phan tir tac ddong Ién thanh binh mét lwc

2mv
T

Do dé lwe nén vudéng goc ctia cac phan tir I1én bé mat AS:
F = (An)f = 2V an = 2™V L asvat = £ nmvias
At At 6 3
Theo dinh nghia ap suat
_F A D= 1 mv?
T AS nén ta dwoc 3

Thwe ra cac phan tir khong chuyén déng véi nhau cing mot van
téc v ma cé thé khac nhau.

P

Do do, thay vi v2 trong cong thurc trén ta thay gia tri trung binh:
11 30/10/2017
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) N _Nizli

dwoc goi 1a trung binh cua binh phwong van toc, trong
do: vy, Vy,.....v;,..vy! lan lwot la van toc cua cac phan to
trong khoi khi.

Ta rut ra dwoc hé thirc sau cho cac chat khi:

2 S
p=-nE,
3
dwoc goi la phwong trinh co’ ban cua thuyét déng hoc
phan tir vé chat khi, trong dé déng nang tinh tién trung
binh cua mét phan tw
— 1 —
E,==mv*
12 30/10/2017
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7.3.3. Cac hé qua

M N
T cong thirc: pV =—RT = IR RT
H A
Trong dé: N la s6 phan tir ctia khoi khi, N, = 6,023.10%
la s6 phan ttr trong 1 kmol chat khi
R

Kg = N =1,37.10°(J/°k)  1a hing sé Boltzmann
A
N
PV = Nk, T = p = kaT =nk;T
Vé&i n = N/V lIa mat do phan tw 3
5 _
Tir pt co ban TDHPT: p—gnE Suy ra: ——k 5l

Nhw vay déng nang tinh tién trung binh ciia mét phan tw

30/10/2017 *®
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7.3.4. Luat phan bo déu nang
lworng theo cac bac tw do

1) Bac tw do (i)

Bac tw do cua cac phan tir khi 12 so toa dd déc Iap can
thiét dé xac dinh vi tri caa phan tw dé & trong khong gian. Ky
hiéu bac tw do lai.

Trwong hop phan te chi cé moét nguyén twr (cac hoi kim
loai) thi bac tw do cua chung la i = 3 vi vi tri caa nguyén tw
dwoc xac dinh béi 3 toa do.

Trwérng hop phan tr gom hai nguyén tir (cac khi oXy,
nito, hydro, ...) thi phan tr dwoc xem nhw la hai chat diém
nam céach nhau mot khoang khong doi. Vi tri cta nguyén tir
th&r nhat dwoc xac dinh b&i ba toa d§, nguyén tw tho hai do
chi c6 thé chuyen dong trén mat cau ma tam la nguyén tor thip
nhat, do dé dwoc xac dinh boi hai toa d6 0, ¢ (hé toa do cau).
Vay bac tw do ctiia phan tlr gom hai nguyén tielai =3 + 2=5.

Ly luan twong tw cho phan tir ba nguyén tr la nguyén to
thir ba quay quanh truc la hai nguyén tw kia, do dé bac tw do |
= 6.

Nguyén tlr nhiéu phan tir hoon batavanlayi=6

30/10/2017
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2) Luat phan bo déu nang
lworng theo cac bac tw do

Péng nang trung binh cta phan tir dworec phan bo deu
cho cac bac tw do cua phan tu.

Ta b[ét dong nang trung binh cua mét phan t&r mét nguyén
tr bang: 3 KT
2

Phan tl nay chuyén déng v&i bac tw do i = 3. Vay theo luat phan b6 déu
nang lwong cho cac bac tw do 'Eh‘l rng v&i moi bac tuﬁ‘do cua phan ti cé
moét nang lvgng la 0,5 k;T. BG6i voi phan tir co6 nhiéu nguyén tir hon,
ngoai chuyén déng tinh tién con co chuyén déng quay nén phai c6 nang
lwong I&n hon 1,5 k,T. Nghia la moi bac ty do cla phan tlr c6 mét dong
nang la:

1

EkBT

.1
Suy ra dong nang cla ca phan ti: 1=KgT
30/10/2017 2
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7.3.5. NO6i nang cua khi ly twéng

Noi nang la phan niang lwong ng voi
chuyén déng bén trong cua vat, nang
lwong do bao gom dong nang do sw
chuyén dong cua cac phan tw trong khoi
<1| va thé nang twong tac gilra cac phan tw
<hi. Poi v&i khi ly twéng thi cac phan to
mong tworng tac nhau nén thé nang twong
tac gilha cac phan tw coi nhw khong co.
Nhw vay noéi nang U cua khi ly twéng chi
con tong dong nang cuia cac phan tov.
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Xét mét khoi khi c6 N phan tie, méi phan tir c6 i bac tw
do, véy toan b6 khoi khi cé6 Ni bac tw do, ma moéi bac tw
do wng voi mot nang lwong la 1/2k T, nén nang Iu’o’ng
hay ndi nang cta khoi khi la:

UzNékBT
u=MIgT
u 2

Ta thay néi nang cta khi Iy twéng chi phu thudc vao
nhiét dé cua khoi khi. Do trong mét qua trinh bien
doi bat ky, néu nhiét do cta khoi khi thay déi mot
lwong |1a AT = T,-T,, thi dd bién thién ndi nang la:

AU=MT AT

u 2
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7.4. SU PHAN BO VAN TOC CUA CAC
PHAN TU KHI
7.4.1. Phin bo Maxwell

Xét mot chat khi ly twdng & trang thai can bang nhiét va
theo déi sy phan bd theo van tdc clia ching. Bé don
gian, trwdc tién chung ta hay xét sw phan bo theo thanh
phan vx cla van toc cac phan t& khi, rdi sau do ta sé
mé& rdng cho sw phan bd theo van toc v.

Vay s6 phan to trung binh AN (in ) c6 van tbe v, & trong khoang tr dén

(Vx + AVXi ) dwoc tinh theo biéu thiee: AN (in ) = Nf (in )AVXi

VO S yac sudt ma phan tiv khi ¢ van tée |2
f(VXi) la xac suat ma phén tr khicovantocla V.

1
18 30/10/2017
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Néu ta cong tat ca cac phan tir khi nam & trong tat ca
cac khoang khac nhau thi ta sé dwoc s6 phan twe N
trong khoi khi:

AN(VXi )= D Nf(vg AV =N

1
Tw phwong trinh nay ta suy ra:

D f(vx AV,
1
Av, —> dv, thi tlr cac phwong trinh trén ta co:

dN(v,) = Nf(v,)dv,

jzof(vX vy =1

+
—00

30/10/2017
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Can cua tich phan lay tir —oo dén +o Vi cac phan tw
c6 thé c6 van toc Ién vo cung theo chieéu nay hoic
chiéu ngworc lai.

f (v, )dv, = o)

biét sO phan t&r co v, nam trong khoang v,
dén (v, + dv,), con f(v,) goi la ham phén b6
vén téc cua phén t khi.

Y nghta clia ham phan bo nhu sau: néu ta biét
duoc ham phan bo f(v,) thi ta co the tinh duoc gia tri
trung binh cua bat Ky dai ltvong A nao do v&i diéu kién
no phu thudc vao v, theo cong thure sau:

K — Z A(in ) f (in )Avxi
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ta c6 thé suy ra ham f(v,) |1a ham theo
v.2 va phai cé dang:

f(v,)=Be

B,a dwoc xac dinh tir cac diéu kién ban dau

o B m
D o =
B = 2k, T

30/10/2017
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A >

Dang cudi cling cu

a f(v,)

Tuwong tw:

Dang cua ham
phan b6 Maxwell
vé van toéc

A m )2 mv?
f (Vx) = \/:e X = exp| — X
T 27K, T 2K T
~ 5 2
o st ol 2
7T 27K T 2K T
1
) 2 2
f(v,) :\Ee“vz - exp| — .
T 27K, T 2k, T
3
m )2 mv?
f — f ; y = —
9= 10000 o )

22
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Neu bay gio ta chi guan tam den
so phan ttr c6 dé I&n cha van toc
o trong khoang (v + dv),khong phu
thudéc vao hwéng chuyén déng
cua phan tw. Hinh (7. 2) cho ta sw
phan bo theo khong glan cua cac
gia tri van toc Moi gia tri duwoc
biéu dién bang mot cham trong hé Vs
toa do Ov,v,v,. Muén tinh sé phan
tle nam trong khoang vva (v +dv)
ta phal tinh so phan tl nam trong
I&p cau co ban kinh trong la v va
ban kinh ngoal lav + dv.

Thé tich cha I&p ban cau nay 1a .
dS.dv trong do dS la dién tich mat
ngoal cta hinh cau béan Kinh la v.
Tacé dS = 4nv2, do d6 thé tich cua’x
I&¥p cau 1a 4nv2dv.

Hinh 7.2
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Ham phan bé Maxwell theo dé
Ién caa van toc.

3/2 2
F(v) = 42 f (v) = 2| — my
(V) (V) [ZﬂkT] eXPL

30/10/2017
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Ta nhan thay khi v =0 thi F(v) 0. Do thira so
e-w’giam nhanh hon thira s6 4nv2 nén ham F(v). bat

dau tw 0 tang lén dén cwc dai va sau dé giam dan
roi tiém can deén 0.

F(v)

O V

Hinh 7.3 Ham phan b6 Maxwell ciia cdc phan tie
theo dj l6n ciia vén toc ing véi cdc nhiét do
T>T,>T;

30/10/2017
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Van toc trung binh sé hoc cia phan tir khi

o 3/2Oo 5
_ m mv
v=|vF(\V)dv =4 v exp| — dv
JvF©) ”(zﬂij f p[ zmj

B 0

- \/SkBT
V =
7m
Van téc quan

phuong clia v, =+v " /3kBT
cac phan tr m
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NO&i nang cua khi ly twong:

2
= EmvjIO N = = Nm \/BkBT =§NkBT
2 2 m 2
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Gia thiet nhiét do tai moi diém trong khi deu
nhw nhau. Con ap suat thi khong nhw nhau:
cang xuong thap ap suat cang cao, Iop dwoi
chiu trong Iwong cua Iop trén. Neu pvap +dp
theo thi tw 1& 4p suat & cac dd cao zvaz + dz
third rang:

Vi trong khi ly twdng SO

p =nkgT va p =nm (n dn g J
amat do phan tir khi, T L
m la khoi lwgng mot = 1N K BT
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do do:

N =ny exp(—-mgh/kgT)

Trong dé n,la mat dé phéan tu o dé cao
h =0 vip ty Ié v&i n nén ta duwoc

phén bé Boltzmann.

p = pp exp(-mgh/kgT)
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Tai d6 cao khac nhau phan twr cé
thée nang khac nhau: u = mgh. Do do sw
phan bo cac phan to theo do cao dong

th&i ciing 1a sw phan bo chung theo thé
nang:

u
n=n, eXp(_—)
KT

Phan bé Boltzmann
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