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5.1. M& dau vé nhiét hoc

Nhiét hoc nghién ctiu cac hién tuong lién quan dén nhiing qua trinh x3y ra bén trong vat nhu
vat néng chady, vat bay hoi, vat néng Ién khi ma sat,... Nhiing hién tugng nay lién quan dén
chuyén déng nhiét.
o Phuong phap théng ké: St dung cic quy ludt clia xac subt théng ké d& tinh gia tri
trung binh cla cic dai lugng trén co s nghién ciiu cac qué trinh xdy ra cho tirng phén ti.
o Phuong phap nhiét déng: Nghién ctu qué trinh trao déi va chuyén hod ning luong. Cé
pham vi ng dung siu réng hon va don gidn hon phuong phap thong ké.
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5.2. Nhiing khai niém co ban

5.2.1. Cac khai niém
o Nhiét do: Lién quan dén ning luong chuyén déng nhiét.
- Nhiét giai Celsius (nhiét giai bach phan): (°C)
- Nhiét giai Fahrenheit: (°F), Topy = T(ocy x 9/5 + 32
- Nhiét giai Kelvin (nhiét giai Qudc té, do nhiét do tuyét dbi): (K), Ty = T(oc) +273,15
° Ap suit: Luc nén vudng gbc 1én don vi dién tich.
- Don vi ap subt (hé SI) 13 N/m? hay Pascal (Pa).
- Atmosphere ky thuat (at): 1 at = 98066 Pa ~ 736 mmHg.
- Atmosphere vt ly (atm): 1 atm = 101325 Pa = 1,033 at.
- milimet thdy ngén (mmHg).
o Thé tich: Phin khéng gian ma vat chit (rin, 16ng, khi) chiém chd.
- Don vi: nm3, mm3, ecm3, dm3, m3, km3, £, ml, v.v
-I1mé=cm3 1¢=1dm? 1000 £ = m®.
- Don vi khdc: 1 US gallon = 3,785 ¢, 1 US ounce (US oz) = 29,574 m/, 1 UK ounce
(UK oz) = 28,413 m/.

Gidng vién: Nguyén Dic Cudng (UET-VNUH) CHUONG 5. NHIET DONG HOC CHAT KHI Ngay 17 thang 11 nim 2020 4/29



5.3. Khi ly tudng

5.3.1. MAu khi ly tuéng
° Cé/c phan tir c6 kich thudc rAt nhd so véi khodng cach giifa chiing va dugc coi |3 nhiing
chat diém.
o Csc phan tir khi ludn chuyén déng hdn loan, ngiu nhién va chit khi & trang théi can bing.
o Chuyén déng clia cic phan tir dugc md t3 bing co hoc Newton.

e Phan tu chuyén déng tu do ngoai trir khi né va cham véi phan t& khic hay véi thanh
binh chra né. Tat cd cic va cham dugc xem [a dan hoi.
— Khi thuc & dp suat khéng qud cao va nhiét dé khéng qua thap cé thé xem la khi ly
tudng.
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5.3. Khi ly tudng

5.3.1. Cac dinh luat thuc nghiém vé chit khi

Dinh luat Boyle-Mariotte

Khi nhiét d6 cta khéi khi khéng ddi:

pV = const
Dinh luat Gay-Lussac
7 7z id v p1
Khi &p suat cia khéi khi khong doi: _—
Vl _ V2 /P:
i T 0 T
Dudng dang &p

Gidng vién: Nguyén Dic Cudng (UET-VNUH) CHUGNG 5. NHIET DONG HQC CHAT KHi Ngay 17 thang 11 nim 2020

6/29



5.3. Khi ly tudng

5.3.1. Cac dinh luat thuc nghiém vé chit khi

Dinh luat Charles

A p Vl
Khi thé tich chia khéi khi khong déi: (Vi<Vy)
PL_ P2 V,
T1 T2 / 2
@) " T
Pudng déng tich
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5.3. Khi ly tudng

5.3.2. Phuong trinh trang thai khi ly tudng

pV = RT
I

Dinh luat Avogadro

p. V, T: 4p subt, thé tich, nhiét db.
m: khdi luong khéi khi.
w: khéi luong mol.

R: h3ng sb khi Iy tudng

Tai diéu kién tiéu chuan (To = 273,15 K; pp = 1 atm), mét mol chét khi chiém thé tich

Vo = 22,4 lit.

p_ Vo Vo
To

— 38 315( ) - 0,08214(

ol.K

{.atm

mol.K

)
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5.4. Thuyét déng hoc phan tu

e V4t chit duoc chu tao gidn doan tu nhitng hat rit nho, goi la phan ta.

o Céc phan ti chuyén déng hdn Loan khéng ngim7g va cham vdi nhau va va cham véi thanh
binh chira. Cudng do cla chuyén déng dugc biéu hién bdi nhiét do.

o Cac phéan /tfr tuong tac v6i nhau bing céc luc hat va luc day. Kich thudc cla cic phéln t
nh76 hon rat nhiéu so véi khodng céich gilra chiing. Cac phan ti dugc coi nhu mot chat
diém.

o Chuyén déng va tuong tic cha cic phan tir tuan theo cac dinh luat co hoc clia Newton.
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5.4. Thuyét déng hoc phan tu

o Db bién thién déng luong clia phan tir khi theo =+ >
% V.
phuong Ox: .| . S—
dpix = mv,-’X — Mmvj = 2mv;y N N
V‘is H
° Ap luc vudng gbéc ma phan t khi nay tic dung Ién : = > %
thanh binh I3: SN0 vy
O
£ = ‘dpix _ 2mViX m A
. dt dt
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5.4. Thuyét déng hoc phan tu

@ Sb phan tir khi n3m trong hinh tru c6 tbc db vj hudng vé phia
AS: . .
N; = 5’\/ = E’.V,'X.dt,'x.As

° Ap sult chit khi gy ra:

px—ZNf'X > omonivi =2 Ky

@ Do khéng cé phuong uu tién nén p, = p, = p, = p:

o — QZn,

_2
P=3M =30

véi Ki = Kix + K,'y + K,

K 13 déng nang tinh tién trung binh, va Ky = Kjy, = Kj; = Ki/3.
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5.4. Thuyét déng hoc phan tu

@ Phuong trinh co ban clia Thuyét déng hoc phan ti:

@ Phuong trinh co ban clia Thuyét déng hoc phan ti cho thdy mbi quan hé giita 4p subt
(dai lugng vi md) véi mat d6 va déng nang trung binh cda cdc phan td khi (cic dai lugng
vi md).

e Phuong trinh ndy c6 tinh théng k&, cic dai luong trong phuong trinh 13 cac dai luong
théng ké. Ta chi c6 thé néi téi 4p subt va déng ning trung binh clia mét tap hop rat 16n
cac phan ti; khéng thé néi téi ap suit va déng ning clia mdt hodc mot sb it phan td.
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5.5. Hé qua cla thuyét dong hoc phéan ti

5.5.1. Déng ning tinh tién trung binh

o Ap dung phucng trinh trang thai khi Iy tudng déi véi 1 mol:
2 _
pV =RT — gn.K.V =RT

Chi y: n.V 13 sb phan tir khi dang xét (1 mol) — n.V = Ny

2 _ - 3R 3
—NyK=RT - K = ,77'_,;( T
3" R T oW, B
véi hang sb Boltzmann: kg = 1,38 x 1072 (J/K)
Déng nang tinh tién trung binh cda phan ti t7 1€ thudn vdi nhiét dé tuyét dbi.
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5.5. Hé qua cla thuyét dong hoc phéan ti

5.5.2. Dinh luat phan bd déu ning lugng theo cac bac tu do

o DG&i véi khi ly tudng, mbi phan tr dudc xac dinh bdi 3 théng sb x, y, z (goi I3 3 bac tu
do). D6ng nang tinh tién trung binh clia cic phan tir dugc phan bd déu theo cic phuong.
Do dé, déng ning trung binh theo mdi phuong 13 kg T /2.

@ Boltzmann d3 thiét Iap dugc dinh luit phan bb déu clia nang lugng chuyén déng nhiét
theo cac bac tu do:

Mét khi khi & trang thai can bing vé nhiét dé thi nang luong chuyén déng nhiét cia cic
phén ti khi dugc phan bb déu theo bac tu do, nang luong clda mdi bac 13 kg T/2.
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5.5. Hé qua cla thuyét dong hoc phéan ti

5.5.3. NGi nang cta khi ly tudng

@ Nang lugng cia mot hé nhiét dong gém co:
- Déng ning do chuyén déng ¢ hudng clia toan bd hé.
- Thé ning cla hé trong trudng luc.
- Nang lugng bén trong (ndi ning) cla hé.
o N&i nang:
- Déng ndng do chuyén dong hdn loan clia cic phan ti (ddng ning quay va tinh tién).
- Thé n3ng tuong tic phan td.
- Dbng ning va thé ning dao déng clia cic phan ti, nguyén ti.
- Nang lugng clia cic vo dién ti, cdc nguyén tir va ion, nang lugng trong hat nhan
nguyén ta.
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5.5. Hé qua cla thuyét dong hoc phéan ti

5.5.3. NGi nang cha khi ly tudng

o Nbi ning cda khi Iy tudng bao gdm téng déng ning do chuyén déng nhiét clia cic phan
tr cau tao nén hé.

U=NK=N"LkgT =~L"RT
2 2 u

Trong dé: i 13 sb bac ty do (sb kiéu chuyén déng kha di khac nhau) clia hé:
i = 3 vGi cac khi don nguyén ti

i =5 vGi cac khi ludng nguyén t

i = 6 véi cac khi nhiéu nguyén tir (nhiéu hon 2)
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5.5. Hé qua cla thuyét dong hoc phéan ti

5.5.3. NGi nang cha khi ly tudng

(a) (b) ol ©)

Cac kiéu chuyén déng kha di clia phan tir khi ludng nguyén ti:

a) Chuyén déng tinh tién ciia khéi tam theo 3 phuong x, y, z (3 bac tu do).

b) Chuyén déng quay xung quanh 2 truc vudng géc véi truc phan tir (2 béc tu do).
c) Dao déng doc theo truc phan tir (khéng dang k& déi véi Hy va N,).
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5.5. Hé qua cla thuyét [6) oc phan tu

5.5.3. NGi nang cha khi ly tudng

I I e T T TTTTIT [T T TTTIT
30 |- TR
2
25/— Vibration
— 5
B e T Tt
é Rotation
= I5i= —3
= e o
~ 10— =
Translation
5 — —
0 ] L Ll ) I
10 20 50 100 200 500 1000 2000 5000 10,000

Temperature (K)

Su phu thudc vao nhiét d6 cla nhiét dung riéng mol cta H,.
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5.6. Su phan bd téc db cla cic phan tu

o V6i mét sb 16n phan td, khdng thé khio sit chuyén déng cla tirng phan ti ma phai xét
gia tri trung binh cta cac dai lugng vat ly dic trung cho chuyén déng phan ta.

o Thuc nghiém cho thiy c6 mét su phan bd tbc dé dbi véi cac phan tir khi, c6 ca mot
khoang toc do tur gia tri 0 cho dén cic gia tri rat 16n.

@ Su phan bd tbc d6 dugc md ta bdi ham phan b téc d6 (cé y nghia xac sult).
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5.6. Su phan bd téc db cla cic phan tu

Xét mét vi du don gidn vé cc gid tri trung binh:
Gid sir c6 1000 phan ti véi gia tri tbc do nhu sau:
n; = 100 phan ti 6 téc d6 vy = 100 m/s

ny = 150 phan tir ¢ tbe d6 vo = 200 m/s

n3 = 250 phan ti c6 téc d6 vz = 300 m/s

ns = 300 phan tir c6 tbe d6 v4 = 400 m/s

ns = 150 phan tir c6 tbe d6 vs = 500 m/s

ng = 50 phan tir c6 tbc d6 vg = 600 m/s
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5.6. Su phan bd téc db cla cic phan tu

e Xic suit dé tbc do phan t&r nhan gid tri vq:

P(vl):%:%:o,l
o Tuong tu dbi véi cac gia tri vo» dén ve:
P(vp) = % =0,15
P(v3) = % =0,25
P(vs) = % ~0,30
P(vs) = % =0,15
P(vg) = % = 0,05
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5.6. Su phan bd téc db cla cic phan tu

e Gi4 trj trung binh cta téc dé phan tir [a:

_ mvit+mvo+..+ neve
= = —_ P
n+n+n+..4+ng Z V’ Z V’) Vi

<

Véi P(v;) la xac suit dé tbc db phan tr nhan gid tri v;.
° Téng quét, gia tri trung binh cla mét dai lugng X dugc tinh theo xac suit nhu sau:

X =Y P(X

Véi P(X;) la xéac sut dé dai lugng X nhin gia tri X;.
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5.6. Su phan bd téc db cla cic phan tu

o V6i vi du néu trén, téc dd trung binh cha cic phan ti Ia:

o mw +mvet ..+ neve Z P(vi).v; = 340 m /s
n+ny+n3+...4+ ng ”

o Gia tri trung binh cla binh phuong tbc dé:

Ve =1v2= P(v).v? = 133000 m?/s?

Vims = 364,7 m/s

Vims dudc goi la téc d6 cin quan phuong.
Chi y: v2 # (v)?
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5.6. Su phan bd téc db cla cic phan tu

@ Xét modt hé gbm N phan tir. Gia sk s& phan tir nhan tbc dé trong khoang v dén (v + dv)
3 dN. Ham phan bo toc d6 N, dugc dinh nghia sao cho: dN = N,.dv véi N, chinh 13 so
phan t& trén dai téc dé don vi.

o Téng sb phan ti clia hé tinh theo ham phan bé:

N:/ N, .dv
0

o Xac subt dé phan tir c6 tbc d6 v dén (v + dv):

_ Ny.dv

P(v,dv) N
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5.6. Su phan bd téc db cla cic phan tu

N,
o Maxwell d3 4p dung cic khai niém théng k& cho chuyén déng Y _
ngiu nhién cta phan ti khi va tim ra dugc ham phan bb tbc dé

c6 dang:

v,
Yrms

2 I‘i
N, = Av? ex (—2mv ) i
v — p (AR _,5,

[

ke T

N

v

3/2 )
v6i A= 4mN (527 )" khong phu thude vao téc do. : ’
D6 thi ham phan bo
Maxwell-Boltzmann
/7 véi yéu tb Boltzmann
Vims — =V 3kBT/m == 1 73\/ kBT/m exp(—E/kBT), trong
v =1/8kgT/mm=1,60\/kgT/m dé E = imv2.

Vimp = V/2kg T/m = 1,41\/kg T /m Vmp dugc goi a toc dd

cl xac suat_cao nhat.

o Cac gia tri tbc db dic trung:
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5.6. Su phan bd téc db cla cic phan tu

- 200
‘g~ T=300K
2
SE 160 Curves calculated for
b 2 N=10° nitrogen molecules
SE 10f Ump 5
% ?—,. ‘ 5 vl"l"l'IS
o= |
€z 80 |
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£ I
S 40 } |
= |1
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D& thi ham phan bé Maxwell-Boltzmann clia 10° phan ti N, & nhiét d6 300 K va 900 K.

Dién tich dudi dudng cong ludn bang t(’gng s& phan tlf va vims > v > Vmp
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5.6. Su phan bd téc db cla cic phan tu

Bang: M6t sb téc do phan tir & nhiét do phong (300 K)

Khi  Khdi lugng mol (g/mol) vy (M/s) 7 (M/s)  vims (M/s)

H, 2 1579 1782 1934
0, 32 395 445 483
N, 28 422 476 517
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Vidul

C6 10 g khi H, & 4p sult 8,2 at dung trong binh kin c6 nhiét dé6 390 K.

a) Tinh thé tich cta khdi kh.

b) Ho néng khdi khi dén 425 K, tinh 4p sut khi khi dé.

Vidu 2

Cé hai binh cAu dung cling mét chit khi, dudc ndi véi nhau bing mét ng c6 khéa. Ap subt &
b‘|£1h I 13 p1, binh Il 13 po. M& khod nhe nhang dé hai binh théng nhau sao cho nhiét dé khong
déi.

a) Khi d3 can bang, p sult & hai binh 13 pp. Tim thé tich cla binh II, biét thé tich binh | I3
Vi.

Ap dung: p1 =2 X 10° Pa; p2 = 10° Pa; po =4 X 10° Pa: V4 = 15 lit.

b) N&u cho trudc thé tich cac binh I3 Vi, V, thi dp sult khi & hai binh sau khi md khod 13 bao
nhiéu?

Ap dung: p1 =2 X 10° Pa; pp = 10° Pa; V; = 15 lit; V4 = 3 lit.
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The End
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