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Chuong I

CAC KHAI NIEM CO BAN CUA NHIET PONG HOC

§1.1. POI TUQNG VA PHUONG PHAP CUA NHIET PONG HQC

1. Bbi twong ctia nhiét ddong hoc

Vit chit quanh ta c6 ciu tao tir cac phan tir, ban than phan tir duoc cdu tao tir mot hay nhiéu
nguyén tr. Kich thudce ctia cac phan tor nam trong khoang tir 10 nm xudng dén 0,1 nm. Cac hat
vat chat c6 kich thude tir khoang 10 nm tré xuong dugc goi chung 1a cac hat vi mao.

Céc hé vat chit quanh ta ma chung ta c6 thé cam nhan dugc tryc tiép bang giac quan goi la
cac h¢ vi mo. Cac h¢ nay bao gom mot so rat 16n cac phan ti. Thi du, trong di€u kién binh
thuong, 1 em’ khong khi chira khoang 2,4.10"° phan tir.

Cac kiéu hé vat chit thuong théy 1a chat khi, chét 1ong, chét ran. Tur nhirmg nam 40 cua thé
ky 20, vat ly con nghlen ctru mot kiéu hé vat chat méi 1a plasma. Plasma 1a khéi vat chat & nhiét
do rat cao, hang ngan °C tré 1én, 1a hdn hop céac ion duong cua cac nguyén tir va cac electron.

Sau day la thi du vé cac hé vat chét kiéu khac, trong cac h¢ nay cac hat thanh phan khong
phai la céc phan tu:

- Céc electron trong mot khéi kim loai hodc dong cac electron trong chan khong,

- Cac photon trong mot binh chira kin, thanh binh khong hap thy ma chi phan xa,

- Cé4c neutron trong ngdi sao neutron...

Dé tién phat biéu, sau nay ta s& thuong goi cac hat thanh phan 1a phan tir, song cac 1ap luan
van dung cho cac hé vat chat kiéu khac trong do hat thanh phan khong phai la phan tr. Khi xét
riéng cho cac hé vat chat kicu khéc thi hat thanh phan s€ dugc noi ro.

Mon hoc ching ta nghién ciru ¢ day co tén la Nhiét dong hoc, hay Vat ly nhi¢t, cing con goi
1a Nhiét hoc. Dbi tugng cua nhiét dong hoc la cac hé vi mo, tuc la cac hé vat chat c6 chira mot sd
16n cac hat thanh phan. Cac h¢ vi mo cling dugc goi la vat thé hay vat. Cac h¢ nay dugc khao sat
trong dicu kién c6 chuyén dong nhiét nén con goi la cac h¢é nhi¢t. Sau nay khi ndi v€ hé vat 1y ma
khong néi cu thé, ta s€ hiéu ngam dinh 1a hé nhiét. Muc dich ctua nhi¢t dong hoc nhu vay la
nghién ctru c4c tinh chat cia cac hé nhiét.

2. Phuong phap nghién ctru nhiét dong hoc

C6 hai phuong phéap nghién ctru h¢ nhiét:

- Phwong phdp nhiét déng: mo ta cac tinh chit vi mé ctia hé va xac dinh cac tinh chit dy; néu
tinh chat dugc biéu thi bang dai lugng vat 1y thi néu cach do chung.

- Phuong phap thong ké: tir chuyén dong va tinh chat cta cac hat vi mé thanh phan, tong hop
thong ké dé rat ra cac tinh chit vi mo.

Hai phuong phap nay b sung cho nhau.



§1.2. CHUYEN PONG NHIET

1. Chuyén d6ng nhiét

Tién dé co ban dé nghién ctru cac hé nhiét 1a quan diém sau day: Cdc phan tir trong hé
chuyén déng khéng ngirng. Trong qua trinh chuyen dong nhu thé ching truyén ning luong cho
nhau thong qua twong tac. Hinh anh don gian nhét ctia twong tac 1a va cham. Do c6 mat mot sb
16n cac phan tir va ludn xay ra va cham nén chuyén dong phén tr tré' nén hdn loan.

Chuyén dong khong ngimg va hdn loan nhu thé co tén 1a chuyén déng nhiét. Chuyén dong
nhiét anh hudng hau nhu dén tat ca cic tinh chat vi mo cta hé.

Do céc phan tir c6 vai tro binh déng nhau trong mdt h¢ vi mo va do chuyén dong nhiét nén
néu khong co6 tdc dong tir ngoai thi hé s€ can bang nhiét. Pac trung cua can bang nhiét l1a cac dai
luong vat ly phan bd dong déu trong toan h¢: cac hat phan bo dong déu, nang lugng phan bd
dong déu, ...

2. Trang thai nhiét

Mot hé dugc goi la & mdt trang thai xac dinh khi cac tinh chét cia hé 1a xac dinh. Noéi riéng,
néu tinh chat xét duge biéu thi bang dai lugng vat 1y thi dai lugng vat 1y Ay c6 gia tri xac dinh
trong trang thai xac dinh di néu. Vi chuyén dong nhiét giit vai tro trung tm trong trang thai cta
hé nhiét nén trang thai cua hé nhiét con goi 1a trang thai nhi¢t. Pai lugng vat 1y ddc trung tinh
chét ctia hé con goi 13 tham s6 trang thdi hay tham sé nhiét.

Qué trinh nhiét 1a tip hop cac trang thai nhiét ké tiép nhau. Néu qua trinh 1a can bang thi
thuong phai da cham dé tai mdi thoi diém, trang thai kip thiét lap su can bz‘ing. Trong moén hoc
nay, cac chuong I + IV va VI sé& chi khio sat cdc qua trinh can bang. Chuong V s& xét cac qua
trinh can bang 1an khong cén bang. Chuong VII danh riéng cho cac qua trinh khong can bang.

§1.3. NHIET PO

bai lugng vat Iy c6 y nghia trung tdm trong vat Iy nhiét 1a nhi¢t d6. Nhiét do 1a dai lugng
biéu thi muc d6 nong lanh cua vat thé. Khai niém nong lanh & day phai hiéu mét cach khach
quan, khong chi phéi boi cam giac chu quan cta con ngudi, mic di nd xuat phat thuc su tir cam
giac nong lanh. Nhiét do duoc ky hiéu bang chir ¢ hoic T.

Ban chit cua “muc do néng lanh” chinh 1a muc do chuyén dong nhiét. Trong co hoc ta da
bict dai luong bi€u thi mic d6 chuyén dong l1a dong nang. Nhu vdy mic dd chuyeén dong nhiét
chinh 1a dong ndng chuyén dong nhiét cia cac phan tir, hiéu theo nghia gié tri trung binh. Ta ki
hi¢u &, 1a dong nang tinh tién trung binh ctia mot phan tir trong hé: g,=myv’ /2 (mg la khoi
lugng mot phan tir, v* 1a trung binh ctia binh phuong véan tdc phén tir).

M5t tinh chit co ban cua su néng lanh 1a 1am dan n¢ cac vat thé. Phan tich chung to réng da
s6 cac chat 1ong va chat khi dan né thé tich theo nhiét do mot cach tuyén tinh. Cé thé lgi dung
tinh chat nay dé ché tao nhiét ké, 1a dung cu dé do nhiét do. Nhiét ké thuong dung 1a nhiét ké
Celcius: chat dan ng 1a nudc, ruou hodc thily ngan, tét nhat 1a thity ngan. Chét long Hg duoc cho
vao mot 6ng da rat hét khi, gén kin, qui udc nhiét d¢ nudc d4 dang tan 1a 0 do Celcius (OOC),
dang s6i 1a 100°C. Thang tir 0°C dén 100°C duoc chia déu lam 100 khoang, mdi khoang tng voi
1°C. Sau d6 c6 thé chia thang ngoai suy dudi 0°C va trén 100°C. Thang do nhu thé dugc goi 1a
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thang nhiét d Celcius. Ngay nay da co nhiéu loai nhiét ké do duoc nhiing nhiét d¢ rat thap (dén
- 273°C) va rit cao (dén hang ngan °C).

Khi do nhiét d§ ta phai cho nhiét ké tiép xuc véi vat thé (hé dang xét). Do nong lanh s€
truyén tr vat sang nhiét ké hodc nguoc lai cho dén khi can bang. Luc can bang ciing 1a luc ta doc
duoc so do nhiét do.

Mot thang nl}iét d6 khac thuong st dung 1a thang Kelvin, khoang chia thuc h’ién’nhu thang
Celcius nhung goc tinh khac. Nhiét do trong thang Kelvin c6 don vi 1a kelvin, viét tat 1a K. Ky
hi€u ¢ 1a nhiét do Celcius, T 1a nhiét @6 Kelvin thi lién hé gitra hai thang nhu sau:

T(K) = t(°C) +273,15. (3.1

Y nghia quan trong cua thang Kelvin 13 & ch§~) khi 7= 0 K thi ¢ =‘-273,150C : day la nhiét do ung
v0i cac phan tir ding yén, khong con chuyén dong nhiét, la diéu khong thé dat to1. Vao nam
1992, vat Iy da tao dugc nhiét do thap ky luc: Thin = 2.10° K.

Mt Troi 1a mot thién thé co nhiét do cao: nhiét do trén bé mat 1a 10* K, nhiét do trong long
14 10’ K. Theo phan tich cia nganh vii tru hoc, nhiét d0 cua vi try tai thoi di€m sat sau Vu NoO
16n 14 10*° K.

O mét s6 nude con dung mdt thang nhiét d6 co6 tén la Fahrenheit.
Mot hé & can bang thi trude hét thé hién & chd T'= const trén toan hé.
Ta ciing c6 thé dung truc tiép dong nang tinh tién trung binh & , cua phan tr l[am s6 do nhiét

d6. Thang do nhu thé goi 1a thang nang lugng, don vi la joule (J). Thang nang lugng va thang
Kelvin lién hé véi nhau bang mot hé sé hing sb

& = —kBT, (3.2)

trong d6 kz = 1,38.10° 2 JIK goi 1a hiang s6 Boltzmann. Hé sb 3/2 trong cong thirc (3.2) chon cho
tién vé sau.

§1.4. CAC THAM SO TRANG THAI

1. Thé tich va &p suét

Thé tich ¥ cta hé 1a mot tham sb trang thai, biéu thj khoang khong gian ma hé chiém.
Ap suat trong mot hé 1 lyc tong cong tac dung 1én mot don vi dién tich bé mat
AF . cn s A owr on 1A
p = AS (AS 1a manh dién tich bé mat cta h¢). (4.1)

Hé cén bang thi ap sudt phai dong déu trong toan hé, trir truong hop tac dung ngoai anh huong
1én su phan b, chang han khi dat khéi khi trong trudng hap dan.

Trong hé do SI don vi clia 4p suat 1a newton/mét vudng (N/m®), 1 Nim* con c6 tén 1a 1 pascal
(1 Pa). Ngoai ra con thuong dung mdt so don vi khac sau:

- atmosphere k¥ thuét, ky hiéu ar: 1 ar = trong lugng cua 1 kg nén 1én 1 em? = 98 066 Pa ~
98 100 Pa.



- atmosphere vat 1y, ky hiéu arm: 1 atm = ap suat khong khi trén mat dit & 0°C = 101 325 Pa
=1,033 at.

- milimet thuy ngén, ky hiéu mm Hg: 1 mm Hg = ap suét (mg voi lam déng cot thuy ngén 1én
cao Ilmm = 133,32 Pa. Theo thang nay, ap suat khong khi trén mat dat 1a 760 mm Hg.

2. Cac tham sb trang thai

Cac dai lugng nhiét do 7, thé tich ¥ va 4p suét p néu trén 1a nhitng tham sd trang thai, vi
chung 1a nhitng dai lugng déc trung tinh chat cua h¢ nhiét va co gia tri xac dinh khi trang thai la
xac dinh.

C6 thé néu thém mot sb tham s trang thai khac: s6 hat N (s6 phan tir), thé hoa x (1a ning
luong thém vao hé khi hé ting thém mot hat), entropy (dd hon loan trong h¢). Nhitng dai lugng
nay s€ ndi sau.

Khi xét truong dién tir trong moi trudng vat chat va co xét dén chuyén dong nhiét thi cuong
d6 truong dién E va do cam tmg tir B ciing 14 nhitng tham s trang théi.

Céc tham sb trang thai dugc phan lam hai loai:

- Loai quang tinh, gdm céc tham sb c6 phu thudc khoang khong gian ma hé chiém, nhu thé
tich 7, s6 hat N,... Cac dai lugng nay duoc st dung nhu nhau trong hé can bang cling nhu khong
can bang.

- Loai cuong tinh, khong phu thudc vao khoang khong gian hé chiém ma duoc xé4c dinh tai
tung diém trong h¢, nhu nhiét do 7, ap suat p, ... Cac dai lugng cuong tinh trong hé can bang thi

nhu nhau tai moi diém, con trong hé khong cin bang thi c¢6 thé khac nhau tir diém nay qua diém
khac.

3. Phuong trinh trang thai

Céac tham s6 trang thai co thé phu thudc vao nhau. H¢ thuc lién hé gitta cadc tham ) trang
thai khi chung c6 phu thudc vao nhau dugc goi l1a phuwong trinh trang thai.

Thi du, mot khdi khi thong thuong dugc dic trung bdi ba tham ) trang thai la V, p va T.
Trong chung chi c6 hai 1a ddc 1ap nén c6 mot phuong trinh trang thai, viét tong quat nhu sau:

fp, V., T) =0. (4.2)

Tim phuong trinh trang thai 1a mot trong nhitng nhiém vu chil yéu ctia nhiét dong hoc.

§1.5. CONG VA NHIET

1. Cong

Trong co hoc, su truyén nang luqng duoc thuc hién béng 5:6ng. Trong nhiét hoc, su truyén
ndng luong phurc tap hon do lién quan dén chuyén dong ctia nhi¢u hat thanh phan.

Céng la ndng lirong truyén tao nén dich chuyén c6 hwéng cia cdc phdn ti.

Hay xét mot thi du vé dan nén mot khdi khi trong mot binh try ¢é pitong. Khi dit 1én pitong
mot luc F, ta nén khoi khi vao mot khoang dx. Cong thuc hién la

0A = -Fdx = -pASdx = -pdV,



trong d6 AS 1a dién tich mét pitong, ciing 1a tiét dién cua binh, 4V 1a bién ddi cia thé tich khdi
khi (khi nén vao thi dx < 0 tirc dV < 0, lam cong thirc xuat hién dau tru).
0A = -pdV (5.1)
Khi nén nhu thé tat ca cac phan tir déu dich chuyén theo cing mot huéng (Hinh 1.1a). Ta qui
wdc diu cia cong 64 nhu sau: cong ma hé nhan vao 13 duong, cong do hé sinh ra (Ién vat khac)
1a am. Trong cong thirc (5.1) khi nén khéi khi thi né nhan céng 64 > 0, khi dan thi n6 sinh céng
ra ngoai, dV> 0, nén 04 < 0.
Cong trong mdt qua trinh hiru han 1a

(2)
4=-[ pav (5.2)
@

trong do tich phan 1y tir trang thai (1) dén trang thai (2).
Cong thuce (5.1) va (5.2) dang cho moi h¢.

AL

&

Hinh 1.1a Céng day AS mot doan dx Hinh 1.1b Nhiét truyén qua AS

2. Nhiét

Trong cac h¢ nhi€t con mot hinh thic truyén ning luong nira 13 nhiét. Nhiét (hay luwong
nhiét) la nang heong truyén cia chuyén déng nhiét va lam thay doi mire dé chuyén dong hén
loan cua cdc phan tr (Hinh 1.1b).

Gia thir 50 1a nhiét hé nhan trong mot qua trinh vo cting bé nao d6. Nhiét nay néu lam ting
nhiét do cUa he mat luorng dT, th1 50 ~ dT. Ngoai ra 60 phai ti 1¢ v6i khdi lugng m ctia hé: 50 ~

A 12 1A 1

5Q = mcdT. (5.3)

Heé sb ti 18 ¢ 1 nhiét dung cua vat: né bang nhiét luong can thiét cho 1 kg cua vat dé lam ting
nhiét dJ 1én 1 K. Dau cua nhiét lugng cling qui udc nhu dau cia cong: hé nhan nhiét thi 6Q > 0,
khi hé truyén nhiét cho vat khac thi do6i véi n6 60 > 0.

Nhiét trong mét qué trinh hitu han 1a

)
O =m| cdl. (5.4)
0
Pon vi cua nhiét 12‘1, don vi ciia nang luong: J. Ngoai ra con dung mot don vi khac khong
thudc hé SI: calo (viét tat: cal), 1 cal = 4,186 J. Nhu vdy don vi cta nhi¢t dung sé& 1a J/kgK hodc
callkgK.



C6 nhing truong hop nhiét cung cép cho hé nhung khong lam thay d6i nhiét d6 ctia hé. D6
1a khi chat rin tan chay hodc khi chat 1ong hoa hoi. Dé 1am tan chay 1 kg chat rin can mot nhiét
lugng xac dinh Ar, goi 1a nhiét tan chay. Trong sudt qua trinh tan chay nhiét lugng dugc cung
cap nhung nhiét do khong thay doi, chat rin chuyén dan thanh chat long. Tuong ty dé lam hoa
hoi 1 kg chét long can mot nhiét luong Ay, goi la nhiét hoa hoi. Trong qué trinh héa hoi nhiét do
ciing khong thay ddi.

Pon vi ctia Ap va Ay 1a J/kg hoac callkg.

Nhu vay nhiét luong can thiét 1am tan chay hodc lam hoa hoi m kg cua mdt chét 1a

QF = l’l’l/%p, QV = le. (55)

3. Nhan xét chung vé cong va nhiét

Céc dai lugng cong 4 va nhiét O khong phai 1a cac tham s trang thai: chung khong co gia
tri xac dinh trong trang thai xac dinh. Nhiing dai luong nhu thé thudng 1a cac s6 gia trong mot
qua trinh. Chiing khong chi phu thudc vao cac trang thai dau va cudi cua qua trinh ma con phu
thudc cach thic dién bién ctia qua trinh trung gian, nhu sé& thiy trong cac chuong sau.

§1.6. KILOMOL

Xét khéi vat chit co ciu tao tr mot loai phan ti, phan tu co khdi luong my va c6 phan ti
lwong 14 4. 1 mol chét duoc dinh nghia 1a lwong chit c6 khdi lugng 1 g, va 1 kmol chét 14 u kg
cua chat do.

Ta co thé tinh s phan tir trong 1 kmol, ky hiéu 1a N,. Ta biét rang 1 don vi khdi luong
nguyén tir 13 1,66.107" kg, nén khéi luong mot phan tir 14 mo = 1 x1,66.10% kg,

N, = khdi luong 1 kmol / khéi lugng 1 phan tr =

_ W = 6,023.10% phan ti/kmol. (6.1)

Sb N, c6 tén 1a sb Avogadro. S6 nay nhu nhau véi moi chit.
Néu hé c6 khdi luong m thi sb kmol cta chat d6 1a = m/p.
Ky hiéu C 1a nhiét dung kmol, tic 14 nhiét lugng dé lam ting 1 kmol chat 1én 1 K thi
C = pc hay ¢ = Clu
Céc cong thire vé nhiét lugng trong §1.5 néu viét theo nhiét dung kmol s& co dang sau:

(2)
50 ="cdr, 9="21 car. (6.2)
H o,

Tuong tu, néu ky hi€u Ay 1a nhi¢t tan chay tinh theo kmol, Ay 1a nhi¢t hoa hoi tinh theo kmol
thi Ap= pudr va Qy= pudy nén céc cong thuc (5.4) trd thanh

m m
QF = _AF9 QV = _AV' (6.3)
H H
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§1.7.NGUYEN LY THU NHAT CUA NHIET PONG HQC

1. NGi nang

No§i ndng cua mdt hé nhiét 1a téng nang lugng ndi tai cia cac hat trong hé. Bong nang
chuyén dong cta toan hé ciing nhu thé ning cta hé d6i véi truong luc ngoai khong dugc tinh
trong ndi nang. Nhu vay ndi ning s& gdm tong dong ning cia cac hat (voi gia thiét khdi tdm cua
hé 14 dung yén) va thé nang tuong tic giira cac hat trong hé:

U = E+E_Zg<“>+ Zw (7.1)

a#b
trong d6 £'* 1a ddng ning cua hat thir a va wy 1a thé nang tuong tac giira hai hat a va b.
g P g g g gtacg

S6 hang dong ning co thé viét lai nhu sau:
Z & = N— Z e = Ng,, (7.2)
& day N 1a s6 hat trong hé va &, la dong nang trung binh cuia phan tt.

2. Neuyén 1V thir nhit nhiét dong hoc

Theo §1.5 trong cac hé nhiét c6 hai hinh thirc truyén ning luong: cong va nhiét. Sy két hop
dinh lut bao toan nang luong cua vat ly voi cac hinh thirc truyén nang lugng ciia hé nhiét dan
t6i nguyén 1y thir nhat (nguyén 1y I) nhiét dong hoc, phat biéu nhu sau:

“Bien thién noi nang cua hé nhiét trong mot qua trinh bang tong cong va nhiét ma hé nhan
trong quda trinh do”.

Cong thirc biéu thi nguyén 1y I 1a
AU = 4 + 0, (7.3)

hay ¢ dang qua trinh v6 cung bé
dU = 64 + 60 = —pav + " car. (7.4)
Y7

Trong cac cong thuc (7.3) va (7.4) can phai tinh dén nhiét tan chay va nhiét hoa hoi néu qua trinh
dién bién qua céc trang thai do.

Ung dung cua nguyén 1y I s& dé cap dén trong cac chuong sau.
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Chuong 11

KHI LY TUONG

§2.1. KHi LY TUONG

Chung ta s& ap dung cac khai niém trinh bay trong chuong I dé xét cac hé nhiét cu thé. Hé
nhiét don gian la chat khi va trong s6 nay don gian hon ca la chat khi ly tuéng.

Chat khi Iy tuong 1a chat khi tudn theo cac gia thiét sau:

1/- Cac phan tir khong c6 kich thude, 1 nhitng chét diém.

2/- Cac phan tir khong twong tac voi nhau, trir lc va cham truc tiép.

3/- Va cham cac phan tir 1a va cham dan hoi, ttrc 1a khong thay doi tong nang luong.

Ly thuyét mé ta chat khi bang cac gia thiét trén goi 1a thuyét dong hoc phén tir cac chat khi.

Chuing ta biét rang duong kinh cua phan tir don gian thuong ¢ d = 0,3 + 0,4 nm. O diéu kién
binh thuong trong khong khi khoang cach gitra hai phan tir vao khoang L = 3,5 nm. Nhu vay kich
thudc d nho dang ké so voi khoang cach L. Mt khac, cling trong khong khi, thé nang tuong tac
tinh trung binh cho mét phén tir rat nho so voi dong ning tinh tién trung binh caa né.

Tong quat lai, c6 thé noi rang chét khi quanh ta dugc xem la chat khi 1y tuong khi ap suat
khong qua lon va nhiét d6 khong qua nho. Ap suat 16n qua s€ lam cho khoang cach L giam
xuong, khéng con 1on so v6i d, hon nita cac phan tur lai gan nhau thi twong tac khong con yéu.
Nhiét d6 ha thap qua s& lam cho dong ning phan tir khong con 16n so véi thé nang.

Chat khi photon 14 mot thi du vé mot chat khi 1y tuong dac trung: cac hat photon khong c6
kich thuoc (it ra 1a trong pham vi ndng lugng da dat té1 hién nay) va gitra ching gan nhu khong
cO tuong tac.

Trong chuong nay ta xét cac tinh chit cua chat khi 1y tudng.

§2.2. AP SUAT CUA KHi LY TUONG

Chat khi dung trong mot binh chira s& gy mot ap suat 1én thanh binh. Ta hay tinh ap suat
nay.

Trudc hét hiy gia thiét cac phan tir chuyén dong nhiét déu c6 cing mot van téc v, dap
vudng goc 1én dién tich AS cia thanh binh (Hinh 2.1). Do va cham 1a dan hoi nén mdi phén tir
khi dap 1én thanh binh s€ truyén cho n6 mot xung lugng

APy = mgv - (- mgv) = 2mgv.
S6 phan tir dap 1én dién tich AS trong khoang thoi gian Ar 1a
AN = noASvAt.
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Trén thyuc té do cac phéan tr chuyén dong nhiét hdn loan trén ba phuwong doc 1ap va mdi
phuong ¢ hai huéng nguoc nhau nén sb phan tir dap 1én AS chi bang 1/6 con sd trén

AN = lnOvASAt.
6

Tir d6 tinh duoc xung luong cac phan tir truyén

cho A4S 7
1 : | A3
AP = ANAFR = Eno myv- AS At l
, , \
Bay gio ta phai sua lai gia thiét cho rang N

cac phan tir c6 cung van téc. Vi cac phan t
chuyén dong nhiét vdi van téc khac nhau nén
trong cong thirc vira thiét 1ap phai thay v* bang

v* . Ta dugc Hinh2.1

AP = Lo m asa
3

Luc tac dung twong tng voi xung luong truyén nay 1a

AF = % = %nomov_zAS
Tir d6 tinh duoc 4p suat
AF 1 S
= — = —nmv. 2.1
P="ps =3 @1

Vi & =m,1” /2 nén
2 N
p = 3 Ny &, (2.2)

Heé thie (2.2) ¢6 tén 13 phurong trinh co ban cia thuyét dong hoc phdn tir cdc chat khi, con goi 1a
phuong trinh Clapeiron-Mendeleev. N6 giai thich nguén goc cua ap suat gy boi mot khoi khi:
chuyén dong nhiét ctia cac phan tu.

Phuong trinh (2.2) két hop voi hé thae (1.3.2) cho
2 3
p = EI’IOXEkBT = nOkBT.
Tir d6
P
n = 2 2.3
kT 2-3)

Cong thirc nay biéu thi mat d6 phéan tir ctia chét khi 1y tuong qua ap suat va nhiét do. Vi mat do
phan tu ny la cdng dugc nén tur (2.3) thay rang ¢ cung mot nhi¢t do, ap suat cling c6 tinh chat
cong duoc.
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§2.3. PHUONG TRINH TRANG THAI CUA KHi LY TUONG

V&i chét khi cac tham sb trang thai dién hinh 1a thé tich 7, ap sudt p va nhi¢t do 7. Gitra
chung c6 mdt moi lién hé, tirc 1a mot phuong trinh trang théi. Ta c6 thé thiét 1ap phuong trinh
trang thai nay tur cac két qua ¢ §2.2 trén.

Mat d6 phan tir bang
N mN,
ny = — = ——=.
14 Y74

Thay vao biéu thirc ctia ap sudt biéu thi qua nhiét do
p = nk,T = =N k,T.
7,4

Tiép theo dit
R = ksN, = 8,31.10° JlkmolK,
hang sb nay duoc goi 14 hing s khi 1y tudng, ta dugc:
oV = "RT. (3.1)
7]
Pay la phuong trinh trang thai cta chat khi Iy tuong.
Néu ky hiéu B = m/u 13 sb kmol khi thi phuong trinh (3.1) viét lai nhu sau:

pV = BRT. (3.2)
Noi riéng, khi xét cho 1 kmol khi (f = 1) thi phuong trinh trang thai c6 dang don gian sau
pVu, = RT (3.3)

trong d6 V,, 1a thé tich caa 1 kmol khi.
Tir phuong trinh trang thai cta khi 1y tudng ¢ thé rat ra mot s6 hé qua:

1/- Trong qua trinh ddng nhiét (T = const) ta c6 pV = const, tic 1a 4p suat bién doi ti 1
nghich vaéi thé tich (dinh luat Boyle-Mariotte).

2/- Trong qua trinh dang ap (p = const) ta ¢6 V = const.T, tic la thé tich bién dbi ti 1¢ thuan
voi nhi¢t do (dinh luat Charles).

3/- Trong qué trinh dang tich (V' = const) ta co p = const.T, tic 1a ap suat bién ddi ti 1& thuan
v6i nhiét d§ (dinh luat Gay-Lussac).

4/- T (3.3) ¢6 ¥, = RT/p: biéu thirc cho thay ¢ ciing mdt nhiét d§ va ap sudt, thé tich 1 kmol
la nhu nhau v&1 moi chat khi, khong phu thude vao ban chat cua chat khi cu thé. Thi du ¢ di¢u
kién tiéu chuan (0°C - 1,033 ar) V,, = 22,4 m*/kmol hay 22,4 l/mol.

5/- Xét mot hon hop hai (hay nhiéu) chat khi trong mot binh thé tich ¥ va c6 nhiét d6 T. Goi
i va B 1a s6 kmol ctia mdi chat khi, p; va p; 1a cac 4p suat riéng phan ctia chtng, thi

pr = ﬂ]RT, sz = ﬂzRT
Cong hai phuong trinh lai cho

(p1tp2)V = (B + B)RT. (3.4)
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Nhung = f + 5, 1a sO kmol khi cua hén hop nén suy ra p = p, + p; phai la ap suat tong hop cua
hén hop khi. Nhu véy 4p suat giy boi mot hon hop khi bang tong cac ap sut riéng phan do timg
chat khi gy nén. Pay 1a dinh luat Dalton.

Céc hé qua rit ra ¢ trén déu 1a cac dinh luat thuc nghiém tim ra vao thé ky 18-19.

§2.4. PHAN BO PHAN TU THEO VAN TOC

Trong mot khéi khi, cac phén tu chuyén dong nhiét c6 van tdc khac nhau. Ta hiy xuat phat
tir nhiing tién dé co ban vé chuyén dong nhiét ap dung cho chét khi Iy tuong dé xac dinh sy phan
bd phan tir theo van téc.

Bai toan dit ra nhu sau: Hiy tim phan phan tr JN/N ¢6 van toc ¥ nam trong khoang
V + ¥ +dv . Hién nhién dai lugng nay ti 1& véi d°v = dv.dv,dv, (thé tich trong khong gian van
tc), ta co thé viét

dN 35
N = F(v)d'v 4.1)

Ham F(¥) co tén 1a ham phan bd van tdc, nd bang phan (hay xdc sudt dé) phéan tir ¢é vin toc
nam trong khoang mot don vi van toc chung quanh gia tri v .
Trude hét ta nhan xét rﬁng cac thanh phﬁn van toc vy, vy va v; 1a doc 1ap nhau nén
FWdv = F(v)dv .F(v,)dv,F(v.)dv_,
tr do
F@) = FO)F(v)F(v.).
Hé thtrc ndy chi c¢6 thé thoa man khi F(¥) = F(V*), tic 1a
F(*) = FOHFW)F(?).
H¢ thire ndy, cing vé6i diéu kién v* = v} +v? + v7 cho thdy ham F phai 1a mot ham mi
F(W) = Ce™” , (4.2)
trong d6 C va « 13 hai hang sb duong. Két qua la

dWN = Ce ™ d% = Ce™ 4midy. (4.3)

Dé xac dinh cac hang s6 C va « ta phai sir dung cac cong thie tinh tich phan sau:

n

I = _[ e x"dx , nnguyén > 0.
0

Phép tinh tich phan cho
| —1n
/ n! I 2n-D!Nr '

el mﬂ 2n 2n+1an+1/2
Ap dung cho cong thirc (4.3) ta c6
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1 = 471-CI e Vdy = 4zC1, = 4nC 22 72/2'
a
0

NG
c - H |
T

Tiép theo hay tinh trung binh ctia binh phuong vén tdc

Tur do

eNL 3

Vo= IF(vz)v2d3§ = 47ZCI e Vidy = 4rCI1, = 4rnC
0

20 2a’
Ll - - .= 3 . 2 3k, T
Mit khac theo chuong I thi &, =myv" /2 va ¢, = EkB T,taco v = , suy ra
m,
3/2
a="o  ¢c=|"h . (4.4)
2k,T 27k, T
Két qua 1a ham phan b phén tir theo van tdc c6 dang sau
3/2 3/2
an = Mo e kT Py = Mo e 2Rl 42y, (4.5)
N 27k, T 27k, T
Cong thirc c6 tén ham phan b Maxwell. C6 thé viét lai nhu sau
dN 3/2
m 2
— = f(v)dv, y) = 0 e 2T g2 4.5
N fdv,  f(v) (Zﬂ'kBT] (4.5)

Ham f{v) 1a ham phan bo cua tri s0 van toc.

f)

Do thi ciia ham nay néu trén Hinh 2.2.
Gia tri cuc dai ctia d0 thi tng véi van toc co
x4c sudt cuc dai, ky hiéu v,. Dé dang tinh
dugc van toc nay

vy = . (4.6)

Ciing c6 thé tinh dugc van tdc trung binh:

v = [BRT (4.7)

m,

Hinh 2.2

Cudi cliing can phai néi dén khai niém vén t6c toan phuong trung binh, ky hidu vy, dinh nghia

nhu sau: v, = Vv’ . Theo trén ta c6

v, = . (4.8)

So sanh ba véan toc noi trén: v, <V < v,.
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§2.5. PHAN BO PHAN TU THEO PQ CAO TRONG TRUONG TRONG LUC

Ta hdy tinh ham phén bd cta cac phén tir trong mot diéu kién khac, dudi anh hudng cia tac
dung ngoai. Do 1a phan bo cta phan tir khi trong trudng trong luc.

Gia thir p(h) 14 4p sudt cta chat khi tai do cao 4 so voi mat dat. Hay xét mot khoi khong khi
hinh tru c6 dién tich day 1a S, c6 chiéu cao dh, day dudi nam tai d6 cao 4. Trong luwong cua khoi
khi c6 thé tinh theo hai cdch nhu sau:

Slp(h) - p(h + dh)] = gdm.
Vé tréi va vé phai ctia hé thire ¢6 thé bién doi ]
d "] 3
Stp(h) ~p(h + dh)] = -S< dh, dm=pdV.
gdm = pgSdh. e I
Tir do § Th
dp
P - _pg. 5.1
an -~ PE G- Hinh 2.3

Dé don gian ta gia thiét nhiét 6 1a khong dbi (7 = const) va cac phan tir c6 cing khdi lugng
my, nhu vay

dp p mg
— = —mN,g = —My——g = ———=pD.
dh o0& 0 kBTg kT pP
Phép giai phuong trinh vi phan nay cho
m,gh
h) = p,exp| —— , 52
p(h) = p, P( kT ] (5.2)

trong d6 po 13 ap suit tai mat dat. Cong thirc (5.2) cho thy cang Ién cao ap suit cang giam, va
giam kha nhanh theo luat ham ma. Cha y rang w, = mogh 1a thé nang ctia mot hat trong truong
trong lyc nén cong thirc c6 thé viét lai theo ning luong nhu sau:

W
h) = p,ex 5.3
p(h) = p, p( Z T] (5.3)
Tir (5.2) ciing rat ra duoc qui ludt phan bd mat d6 phén tir theo do cao

ny(h) = —n0(0).exp(—”ZO—gThJ. (5.4)

B

§2.6. NOI NANG CUA KHIi LY TUONG

Vi cac phan tir khi 1y twong khong tuong tic véi nhau nén ndi ning ciia mot chat khi 1y
tudng la tong dong nang cuia cac phan tu.
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O céc chat khi ma phéan tir ¢6 cdu tao tir mot nguyén tir nhu cac chat khi tro, mdi phan tir
thuc té c6 thé xem 1a mot chat diém va chuyén dong cua phan tir 1a chuyén dong tinh tién. Khi
cac phan tir c6 cu tao tir hai nguyén tir trd 1én thi ta phai hiéu chinh, xét dén anh hudng cua cu
trac phan tir ma thyc chat khong con 1a mot chat diém. Cu thé 13 trong trudng hop ndy ngoai
chuyén dong tinh tién, phan tir con c6 chuyén dong quay.

Ta dua ra khai niém s bac ty do cta chuyén dong. S6 bac tu do ctia chuyén dong cua mot
vat, ky hiéu i, 1a sb toa do doc lap can thiét dé mo ta chuyén dong cua vat do. Mai phan tir don
nguyén tir thé hién nhu mot chat diém, ma mSi chat diém c6 3 toa d6 doc lap (chang han cac toa
d6 Descartes x, y, z) nén i = 3. Néu phan tir gom hai nguyén tir, nhu /5, 05, CO, ... ta c6 3 toa do
khdi tam xc, Yo, zc xac dinh chuyén dong tinh tién ctia khdi tm phan tir, ngoai ra con c6 2 toa do
goc ¢y, @ biéu thi cac goc quay quanh hai truc vudng goc voi truc doc phan tir (phép quay quanh
truc doc phan tir khong c6 nghia vi khong co phan tir vat chat nao quay quanh truc nay). Nhu vay
phan tir hai nguyén tir ¢6 3 bac tu do chuyén dong tinh tién va 2 bac tu do chuyén dong quay, vi
thé l = 5. Céc phan tir c6 cau tao tur ba nguyén ti tré lén nhu H,O0, CO,, NH;, C,H.,... déucoi=
6 gdm 3 bac ty do tinh tién (ng véi cac toa do khdi tim xc¢, y¢, zc) va 3 bac tu do quay (3 toa do
goc @1, ¢, @3 cua 3 phép quay quanh 3 truc vudng gdc nhau).

Vé su phan bd nang luong theo cac bac tu do, co thé x4c dinh nhu sau. Nang lugng tinh tién
trung binh
_ 3
da = EkB T

trén nguyén tic, dugc phan bé déu cho 3 bac tu do tinh tién. Nhu vay ning luong trung binh tng
v61 mot bac tu do 1a

g = %kBT. (6.1)

Vi cac bac ty do chuyen dong quay, do chuyén dong nhiét 1a hdn loan nén co thé cho rang
nang lugng (mg voi moi béc tu do chuyén dong quay ciing bang nang lugng ctia mot bac ty do
tinh tién va do d6 ciing biéu thi bang cong thirc (6.1). Nhu thé nang luong duoc phan bd déu theo
cac bac ty do. Do 1a dinh luat phan bd déu nang luong theo bac tu do Maxwell. Néu phan tir c6 i
béc tu do thi ning luong trung binh cia mot phén tir chuyén dong nhiét 1a

W, = %kB T. (6.2)

Tir cong thirc (6.2) c6 thé thiét 1ap biéu thirc ndi nang cta chat khi Iy twong. Gia thiét khdi
khi chi gdbm mot loai phan tir va c6 N phan tir, nhu vay ndi nang la va
U=Nw,.
Thay cong thirc (6.2) vao, chii y rang N = mN./u, ta dugc

U=L"gr, (6.3)
2 u

Do 1a biéu thirc nodi nang cua khdi khi 1y tudng. Néu hé 1a mot hon hop khi, ta chi viéc cong
lai cac biéu thirc ndi nang cua céc chat khi thanh phan.
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§2.7. CONG VA NHIET TRONG CAC QUA TRINH CUA KHi LY TUONG

Ta hay tinh cong va nhiét trong mot s qua trinh can bang cta khi 1y tuong, lién hé chung
v6i ndi nang theo nguyén ly I, va rit ra cac tinh chat ctia cac qua trinh ay.

1. Qué trinh ding tich

Phuong trinh cua qua trinh: V' = const.
Cong trong qua trinh dang tich vo ciing bé: 34 = - pdV = 0, va qua trinh hitu han: 4 = 0.

Nhiét trong qua trinh v6 cung bé 1a
50 = "¢, ar, (7.1)
Y7

¢ day nhiét dung cua qua trinh déng tich dugc ghi Cy. Mat khac, bién thién nodi nang xac dinh
theo (6.3) 1a

du = L™ par. (7.2)
2 p

Theo nguyén Iy I: dU = 64 + 80, nhung 64 = 0 nén dU = 50, can bang hai biéu thic dU va 60
vura tim duogc ta rat ra

I
C = > R. (7.3)
Ta thay nhiét dung dang tich 1a mot hang s6, phu thudc duy nhit vao s6 bac ty do phan ti i.
Trong mdt qué trinh hiru han thi

AU = Q = é%RAT. (7.4)

2. Qué trinh ding 4p

Phuong trinh cia qua trinh: p = const.

Cong trong qua trinh déng ap vo cling bé:

54 = —pdv = - RdT. (7.5)
y7,

Nhiét trong qué trinh vo cung bé la

s0 = "¢, ar, (7.6)
y7,

& day nhiét dung cua qué trinh dang ap duoc ghi Co. Bién thién noi ning van 1a (7.2). Theo
nguyén Iy I ta c6 80 = dU - 84, thay vao day céac biéu thic (7.6), (7.5) va (7.2), ta dugc

C, = (é + 1} R. (7.7)

Ta thay nhiét dung dang 4p ciing 1a mot hang s6 va phu thudc duy nhat vao sé bac tu do phan tur
i. Tu (7.7) va (7.3) rut ra h¢ thirc sau gitra nhiét dung dang ap va nhiét dung dang tich
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C,—-Cy =R (7.8)
Biéu thuc cho thay nhiét dung dang 4p 16n hon nhiét dung dang tich.

Ttr (7.5) va (7.6) dé dang tinh duoc cong va nhiét trong mot qua trinh hitu han

4=-2Rar, 0= Zc ar (7.9)
7 7

3. Qué trinh ding nhiét

Phuong trinh cua qua trinh: 7' = const hay pV = const.
Cong trong qua trinh vo cung bé:
54 = —pav = " rr Y (7.10)
Y7 V
Vi nhiét d6 khong thay doi nén ndi nang khong bién thién trong qua trinh nay: dU = 0, vi thé 60
= - 4. Trong qua trinh hitu han thi

A=-"rrm’2 04" prrnlz. (7.11)
H 4 H 4

4. Qua trinh doan nhiét

Qua trinh doan nhiét 12 qua trinh trong d6 hé khong trao ddi nhiét véi moi truong ngoai, tirc
la ¢6 lap nhiét. Co thé tao ra su cd 1ap nhiét khi dat khdi khi trong binh cach nhiét. Ciing co thé
tao ra co lap nhiét bang cach dan nén nhanh dé hé khong kip trao doi nhiét voi méi trudng ngoai,
nhung lai phai di cham dé tai mdi thoi diém trang thai kip thiét 1ap su can béng. Taco 00 =0, tr
d6 dU = 6A. Thay (7.2) cho dU va (7.10) cho /4 ta dugc

mear = -"rr Y gy ¢, L gY _ g
Y7, Y7, V T V
Mat khac phuong trinh trang thai cua khi ly tuong cho
ar _dp , dv
T p V'
Két hop hai biéu thirc trén dan dén
p V

trong d6 hang s y = C,/Cy c6 tén la chi sO doan nhiét. Tich phan phuong trinh nay cho
pV’ = const. (7.12)

(7.12) 1a phuong trinh doan nhiét. Cha ¥ ring vi C, > Cy nén y > 1, nhu vy trén do thi (p, V)
duong doan nhiét doc hon duong dang nhiét. Két hop (7.12) voi phuong trinh trang thai cho ta
cac dang khac sau day cua phuong trinh doan nhiét

TV =const, Tp""" = const. (7.12%)

Trong qua trinh hiru han ta c6

A =A=L"Rar. (7.13)
2 pu
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§2.8. QUANG PUONG TU DO TRUNG BINH

Trong chat khi cac phan tur chuyen dong hon loan va khong ngimg. Néu quan niém cac phan
tr 1a nhiing hat dlem thi thuc chat chung khong thé va cham v6i nhau, chi co thé va cham lén
thanh binh dé truyén xung luong va tir d6 tao nén 4p suat. Mit khac c¢6 nhiéu hién twong ma sy
giai thich cAn phai xét dén va cham giita cic phan tir. Vi thé trong § nay ta can hiéu chinh lai
kich thudc phén tir, cho rang mdi phan tr c6 mot duong kinh hiéu dung d nao d6, dudng kinh
nay van nho hon nhiéu so v&i khoang cach giita cac phén ti.

Ta hay tinh s6 va cham trung binh ctia mot
phan tir. Hay tam gia thiét phan tir dang xét 1a
chuyén dong véi van toc bé‘lr}g van toc trung S
binh cuia phén tr v, con lai tat ca cac phan tu B i
khéc déu dung yén. Khi d6 sd6 va cham trung - _ R

)

binh Z ctia phan tr xét trong mot don vi thoi
gian bang so phan tr c6 trong mdt hinh tru ban _
kinh day 2d va chiéu cao v (Hinh 2.4) ! v

Z = nd’vn,. Hinh 2.4
Nguoi ta chimg minh duoc rang khi cac phan tir déu chuyén dong nhiét thi s6 va cham nodi trén
s& tang 1én V2 1an, tic 1a
Z = 27d*vn,. (8.1)
Quing duong tu do trung binh, ky hiéu A, 13 quing duong ma trén d6 tinh mot cach trung
binh phén tir khong bi va cham vé&i phan tir khac. Tacé A =v/Z , tic 1a

A= ! - & (8.2)

2 zd*n \/Eﬂ'dzp
0

Thi dy, chat khi oxy, dudng kinh hiéu dung phén tir 1a d = 0,29 nm, ¢ diéu kién binh thuong
T=300K,p=1at,c6 1 =110 nm.
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Chuong 111

KHI THUC

§3.1. KHi THU'C

Chat khi ly twong ma ching ta xet trong chuong trude tuan thu cac gia thiét ly tudng hoa.
Trén thire t€ ¢ nhi€u chat khi ma anh huong cua kich thudce va tuong tac 1a khong thé bo qua,
nhat 1a trong di€u kién ap suat tang 1én hodc nhiét d¢ giam di dang ke.

Ta hay néu hai thi du.

Thi du 1. O diéu kién tiéu chudn (0°C — 1,033 ar) mat 6 phan tir khong khi 13 2,69.10" phan
ta/em’. Tl d6 xé4c dinh dugce khoang cach trung binh giita hai phan tir 1a 3,4 nm, kha 16n hon so
v6i duong kinh phan tr 0,3 + 0,4 nm. Khi ap suqét tang 1én dén 10 ar thi khoang cach giita hai
phan tr con 1,1 nm. Kich thudc phan tir khong thé bé qua so vdi khoang cach nay.

Thi du 2. 1 mol chét khi N> & 0°C, c6 cac s6 liéu do dugc nhu sau vé ap sudt va thé tich:

p (a?) 1 100 300 500 1000
V.. (lit) 22,4 0,24 0,085 0,0625 0,046
pV.(at.lit) 224 24,0 25,5 32,2 46,0

Néu 1a khi ly tuéng, tich p¥, phai 1a mot hang s6 va bang 22,4 at.lit. Bang sb lidu cho thy khi
ap suat tang 1én thi gia tri cua tich pV, sai khac nhiéu so véi khi 1y tudng.

Phén tich cho thiy rang trong diéu kién binh thuong, chat khi ¢ thé xem 13 khi 1y tuong khi
cac phan tir ciia ching gdm mdt dén vai ba nguyén tir. Khi phan tir c6 cau tao phirc tap hon thi
gia thiét ve chat khi ly tuong khong con dung ngay trong di€u kién binh thuong.

Nhu vay ta can phai xét chat khi bang phuong phap gan véi thyuc té hon. Cu thé 1a phai tinh
dén kich thudc cua phan tr khi va tuong tac gitra chung. Mot chat khi dugc xét téi kich thude
phan tr va tuong tac gilta cac phan tir, voi gid thiét rang kich thude phan tir nhd hon dang ké so
vo1 khoang cach gitra cac phan tir va tuong tac gitra cac phan tir nho hon dang ké so voi dong
nang phan tu dugc goi la khi thuc.

Ta s& xét cac chat khi thuc bang phuong phap hiéu chinh chat khi 1y tuong, tic 13 stra lai hai
gia thiét veé kich thudc phan tir va tuong tac gitra cac phan tu.

§3.2. PHUONG TRINH TRANG THAI CUA KHI THUC

Phuong phap hi€u chinh cho chét khi 1y twong di trinh bay ¢ trén dé thu dugc mé hinh khi
thuc trude hét duge dung dé rat phuong trinh trang thai cho khi thuc.

Hay xét cho 1 kmol khi. Phuong trinh trang thai cua khi 1y tuong 1a
pVu = RT. 2.1)
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Trong cong thirc nay V), dugc hiéu 1a khoang khong gian tu do cua khéi khi. Vi khi 1y tudng thi
khoang khong glan tur do tring voi thé tich chiém. Vi khi thyc thi khoang khong glan tu do phai
bang thé tich chiém V, trae di mot thé tich riéng hiéu dung b nao do. Co thé hleu thé tich riéng b
1a téng thé tich cac phan tir trong 1 kmol khi 1én chit nhat. Phan tich cho thdy rang thé tich b nay
bang 4 1an tong thé tich hinh hoc ctia cac phan ti:

b = 4><NA><é7rd3 = %NAﬁdS. (2.2)

Tiép theo hdy xét hiéu chinh do twong tac phan tir. Thé ning tuwong tic giita hai phan tir
trong phép gan dung vai gia thiét tic dung xuyén tdm c6 dang nhu sau

w(r) = —i+ %, a>p>0, A& B>0. (2.3)
r
Thé ning (2.3) c6 tén 1a thé ning Van der L

Waals. D6 thi cia ham Van der Waals néu
trén Hinh 3.1. Theo co hoc thi hinh chiéu cua

luc tac dung 1én phuong r bang w(r)
aw(r)
F = -—" 2.4
' dr 4 e L

W :
Tir (2.4) suy ra trén doan (mg véi r < r, thé \/»
nang gidm theo khodng céch nén luc F, la '

day, con trén doan tmg véi r > r, thé ning
tang dan nén lyc F, tré thanh ht, 7. 1a khoang
cach can bang luc gilra hai phan tu.

Hinh 3.1

Do chuyén dong nhiét nén binh thuong khoang cach gitta hai phan tir 16n hon cy ly 7., vi vy
luc twong tac phan tir trong khi thyc vé co ban 1a lyc hut.

Luc hat Van der Waals lam cho tac dung cua cac phan tir khi thuc 1€n thanh binh chira yéu
hon so véi truomg hop khi Iy tuong. Nhu vay &p suat do khi thuc gy ra nho hon so véi ap suat
cua khi 1y tudng. Ta co6 thé viét

P = Pt pi
trong do p; la phan ap suét giam di do luc Van der Waals, goi 1a ndi ap sudt phén tir, con py, 13 4p
suét do dugc cua khi thyc, s€ ky hiu don gian la p. Noi ap suét p; c6 thé tinh duoc theo lap luan
sau: ap sudt p; ti 18 voi mat do phén tir ¢ sat can thanh binh n va dang bi kéo vao trong, cling ti 1¢
voi mat do phan tir 16p trong tiép giap 16p ndi trén co vai tro hat cac phan tur 16p sat can thanh
binh vao trong long khoi khi, mat d§ nay van 1a ny. Nhu vay
a

“. (2.5)

) 1 vo 13
pi~n0~Ftuca pi:V2

U

a 12 hang s6, phu thudc vao ban chat cua chat khi. Phép tinh vé mdi quan hé giira ndi ap suat va
tuong tac phan tir cho biéu thic sau vé hing s6 a

a = -2zN, I w(r)ridr . (2.6)
0

Bay gio tir phuong trinh (2.1) thuc hién cac phép thé V, — V,-b, p>p+ a/ Vﬂ2 ta dugc
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{p + %J(Vy - b) = RT. (2.7)

U

bay la phuong trinh trang thai cua khi thuc, viét cho 1 kmol khi, c6 tén 1a phuong trinh Van der
Waals (Van der Waals — 1873). Muon viét phuong trinh cho mot khoi khi khoi lugng tuy y m, ta
hay thay V,, = uV/m, dugc

2
(p + %%](Vﬂ - ﬂbj = MRy (2.8)

Phuong trinh trang thai ctia khi thuc Van der Waals (2.7) c6 thé viét lai ¢ dang sau

p= KT = 2.7°)
V,-b V,

Ta hdy biéu dién d6 thi phwong trinh P
(2.7°) nhu trén Hinh 3.2: mg v&i moi gia tri
T xac dinh, duong cong biéu thi su phu
thudc ciia p vao ¥V, goi la duong dang nhiét
Van der Waals. Tap hop cac duong dang
nhiét 4y goi 1 ho duong dang nhiét Van der AT
Waals. ’

Ho dudng dang nhiét Van der Waals ¢
cac dic diém sau:

1/- Khi T 16n, duong Van der Waals co
dang hyperbol, gan giéng nhu duong dang a
nhié¢t cua khi ly tuong.

2/- Khi T nhé, duong ding nhiét c6 doan Hinh 3.2

ubn khuc, tng véi thé tich ting thi ap sudt ting, 14 diéu khong xay ra trong thuc nghiém. Nhiét
do T tang 1én thi doan uon khiic thu ngan lai. Tang dén gié tri 7, thi doan uon khuc thu lai thanh
mot diém, diém nay ky hi¢u 1a C.

3/- Pén C goi 1 diém toi han va T, 1a nhiét d6 t6i han. 7. 1a nhiét d6 ranh gidi gitra ving co
thé hoa long va viung khong thé hoa long. Tuong g véoi diém C, ap suat p. goi 1a ap suat té1 han
va thé tich V. goi 1a thé tich téi han (cho 1 kmol khi).

4/- Vung nhi¢t do thép va ¢6 doan ubn khic dugc gi61 han bé‘mg mot parabol up, c6 dinh la
diém C.

5/- Piém C 1a diém udn cua duong déng nhiét t6i han, cac tham sd t6i han c6 thé tinh dugc
tur (2.7) hodc (2.7’) va c6 céc bicu thirc nhu sau

a 8a

Ve =3b, p = -2 T = . 2.9
e Pe = Hap 27bR 29)

Sau déy 14 thi du vé hang sb hiéu chinh cia mot sb chét khi:

Chéat CO, 0, Ne H,0
a (10° Nm"/kmol?) 3,64 1,37 0,213 5,56
b (m*/kmol) 0,043 0,032 0,017 0,031
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§3.3. KIEM TRA THU'C NGHIEM

Nha vat 1y Andrews nam 1866 da lam thi nghiém dan nén khi thyc. Cac két qua cta thi
nghiém la kiém ching ly thuyét Van der Waals. Thi nghi¢m tién hanh nhu sau
Mot khoi khi carbonic CO; chira trong mdt binh c6 piténg va dung pitong dé dan nén khi
trong di€u ki¢n dang nhiét. H¢ cac duong dang nhiét thuc nghiém duoc néu trén Hinh 3.3 va goi
1a ho duong dang nhiét thuc nghiém Andrews.
~ Ta hay so sanh gitra thyc nghiém la ho duong dang nhiét Andrews va 1y thuyét 1a ho duong
dang nhiét Van der Waals.

o

Hinh 3.3 Hinh 3.4
1/- Khi T'16n, cu thé 1a T> T,, cac duong Van der Waals va Andrews trung nhau.

_ 2/- Khi T' < T, trong pham vi vung parabol tp, doan ubn khac Van der Waals dugc thay
bang doan nam ngang cua duong Andrews. Nhu vy trén doan nay thyc nghiém cho thay ap suat
khong thay doi theo thé tich.

3/- Cac duong ding nhiét toi han thuc nghiém va 1y thuyét ciing tring nhau, ké ca gia tri cac
tham so t61 han pe, Ve va T..

Nhu vdy két qua 1y thuyét chi sai khac r
thuc nghiém trén vung parabol Gp. Ta hay
xét diéu nay chi tiét hon bang mot duong
dang nhiét Andrews khi 7 < T.: duong
ABDE trén Hinh 3.4. Qué trinh AB la qua
trinh nén khi: thé tich giam va ap suét tang.
Trén doan BD chit khi carbonic bat dau hoa
long: cang nén thi lugng khi hoa long cang
tang 1én trong khi ap suat khong thay doi.
Ap suat khong do6i nay chinh 1a ap suat hoi
bdo hoa cua chét khi. Pén D chét khi da hoa )
long hoan toan. Qua trinh tiép theo g voi
doan DE: thé tich giam it nhung 4p suit ting Hinh 3.5
nhanh vi chat 16ng kho nén.

) M6 hinh Van der Wgals cho khi thuc 1a kha dung dén, kha phu hop thyc nghiém. Vi mot $6
chat khi nguoi ta con thay xuat hién cac doan qua trinh BB’ va DD’ (Hinh 3.5). Khi nén khi thay
vi di theo duong BD, qua trinh c6 thé dién bién theo doan BB’ va la qud trinh cham hoéa long.
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Tuong tu khi dan khi tir trang thai D, thay vi di theo duong BD, qua trinh c6 thé di theo doan
BB’ vala qua trinh cham hoéa hoi. Con qua trinh B’D’ thi khong xay ra trong thuc t€.

§3.4. NOI NANG CUA KHIi THU'C

O khi thuc do cac phén tir co tuong tic véi nhau nén ndi ning ciia mot khdi khi thuc bang
tong dong nang cua cac phan tir va voi theé nang tuong tac gitra cac chiung

U = Z (w,), + D (w) , 4.1)

a

trong d6 (wa), 14 dong nang cla phén tir thir a, (w,) =(1/2)) w,, 1a thé ning twong tac cua
bza

phan tir thir ¢ v6i cac phan tir con lai (tinh binh quan) Wab 12 thé ning tuong tac gitta hai phén tur

a va b, thira s6 1/2 dé hiéu chinh viéc trong tong mdi phan tir c6 mat hai lan.

Ta hay phan tich hai s6 hang trong (4.1). S6 hang dong ning co thé viét nhu sau, xét cho 1
kmol khi:

> (w,), = N,w, = NAékBT = éRT. 4.2)

S6 hang thé ning, xét cho 1 kmol khi, c6 thé danh gi4 bang tong nang luong hat lam giam ap suat
tac dung 1én thanh binh, tirc 1a tong ning luong tao nén ndi ap suat phan tir:

z (w, L= J‘ pdVv.

a
Va

Thay biéu thirc ctia p; (2.5) vao ta duoc
a
w) = -——. 4.3
Z ( l)a V ( )

Két qua ta thu dugc biéu thirc cta nodi nang khi thuc (cho 1 kmol) nhu sau:
i a
U, = —RT — —. 4.4
# 2 v, 44

D@ dang di dén cong thirc biéu thi ndi nang ctia mot khdi khi thuc ¢ khéi luong tuy y

2
m a

v="u,=""Rr -

. 45
7 2u wv (%)

Su c6 mat cua hang thic lién quan dén thé nang trong biéu thirc cua nodi nang khi thuc tao
nén mot hi¢u ung quan sat dugc, goi la hiéu ing Joule-Thompson. Noi dung cua hi¢u tng nhu
sau.

Lay mot binh chtra khi ¢6 hai pitong P; va P> ¢ hai dau. Khéi khi giita chang c6 ap suit p;,
thé tich ¥, va nhiét do 7;. O trong binh sat pitong P, ¢6 mot 16p mang xb6p E dé chit khi tham
cham khi dich chuyén pitong. L6p mang £ gan ¢6 dinh v6i thanh binh. Bay gio ta dich chuyen
hai pitdng sang phai, ¢ chdm dé dam bao qua trinh 1a can bang, két thuc vao luc piténg P; tién
sat mang E. Liic nay khoéi khi trong binh c6 ap suat p,, thé tich ¥, va nhiét 46 T». Gia thir qua
trinh 1a doan nhiét, tirc 1a h¢ khong trao ddi nhiét véi moi truong ngoai.
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Hién tuong thay d6i nhiét d6 cua chét khi khi dan nén doan nhiét duoc goi 1a hi¢u tng Joule-
Thompson. C6 thé dic trung qué trinh bién d6i nhiét d6 theo ap suat bang dai lugng 87/dp, goi la
hé so bién doi nhi¢t do theo ap suat. Hi€u ung Joule-Thompson dugc goi la duong hay am tuy
thudc vao du cua hé sé 67T /op. Voi chét khi Van der Waals tinh dugc

o _ L(z_a _ bj
op  C,\RT '

Vi C, ludn luén duong nén dau ctia 8T/0p tuy thudc vao diu cia biéu thirc 2a/RT — b.

Hi¢u g Joule-Thompson khong xay ra véi khi 1y tuwong vi a = b = 0 nén 07/dp = 0.
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Chuwong IV

CHAT LONG

§4.1. CHAT LONG

Vé chuyén dong phan tir, dic trung co ban cuia chat 1ong 13 thé ning twong tac giita cac phan
tir c& bang dong nang chuyén dong nhiét: & ~ g,. Chl y rang trong chat ran, thé nang tuong tac
phan tir 16n hon dang ké so voi dong nang chuyén dong nhiét ctia cic phan tir nén chuyén dong
nhiét cia phan tir 1a dao dong quanh vi tri can bang.

Chuyén dong nhiét & chat 1ong 14 trung gian gitra chat khi va chat ran: cac phén tir dao dong
quanh mot vi tri can bang nao d6 va sau mot sd dao dong thi ban than vi tri can bang nay dich
chuyén. Theo Frenkel, mdi lién hé gitra thoi gian dé phan tir chat 16ng thuc hién mot dao dong
7pp va thoi gian dé nd dich chuyén vi tri cdn bang mét lan 7pc la

Top = Tpc et (1.1)

trong d6 ¢ 1a ning lugng ciia phan tir. V&i nude ¢ didu kién binh thuong thi zpp ~ 10" s va e
~ 10" s, ttrc 12 phan tir thuc hién khoang 100 dao dong thi dich chuyén mot lan.

§4.2. CAC HIEN TUQNG BE MAT CUA CHAT LONG

1. Noi ép suét
Tuong tac gitra cac phan tir ¢6 cu ly ngan, vi thé mdi phan tr chi twong tac voi mot sd phan
tur bén canh né trong pham vi cy ly tuong tac. Nhu vay néu lay phén tir dang x¢ét lam tam, cac

phan tir tuong tac voi nd s& nam trong mot hinh cau ¢ ban kinh bang cy ly twong tac. Hinh cau
nay c6 tén 1a hinh ciu tuong tac.

Khi xet gin bé mit chat 1ong thi vi tri cua
hinh cu tuong tac c6 hai kha nang (Hinh 4.1).
Phén tir duge goi la nam trong long chat long

néu hinh ciu twong tic nim gon trong long = \L[j —
B &

chat 1ong, lac nay luc tac dung ciia cac phan tir —

trong hinh cau lén phan tir & tAm s& bang — @% —

khong. Phan tir goi la nam trén bé mat néu hinh
ciu tuong tac c6 mot phan nam ngoai mit chat _
long. O truong hop nay thuc chat ta c6 mot

chom ciu twong tic, vi trong s6 cic phan tir Hinh 4.1

chit long tuong tic v&i phan tir xét khong c6 -

phan nam ngoai khong khi (chat khi phia ngoai loang hon nhiéu so véi chat 1ong). Két qua la
téng hop luc tac dung 1én phan tir xét s& khac 0 va 1a mot lyc hudng vio trong 1ong chat long.
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Nhu thé tit ca cac phan tir mat ngoai déu chiu mot luc hudng vao trong 1ong chat 1ong. Luc
nay tao nén mot ap suat (huéng vao trong long chat 16ng) ¢ vai tro 1am giam ap suét chat 1ong
tac dung 1én thanh binh, va goi 1a ndi ap suat phan tr. Noi 4p suat phan tir c¢6 bicu thic gidng
nhu ¢ khi thyc:

a
P = 5 (2.1)
v,

V& ban chit thi noi ap suat phan tir & chit 1ong va & khi thuc 13 nhu nhau, 1ap luan dé rat ra
cong thirc ciing gidng nhau. Tuy nhién vi cac phén tu chat 1ong co lyc tuong tac 16n hon nhiéu so
v6i khi thue nén nodi ap suat phan tir trong truong hop nay cting 16n hon nhiéu. Ta c6 thé thy
ngay diéu nay ¢ chd, v6i cing mot chat va & cing mot diéu kién vé ap sudt va nhiét do, thé tich 1
kmol ctia chat 16ng nho hon nhiéu so véi thé tich 1 kmol chat khi dang hoi bdo hoa.

 Thi dy, nuée & 4°C, a = 5,47.10° Nm*/kmol’, V,, = 0,018 m’/kmol, tir d6 p; = 17 210 at. Ap
suat nay hét stre 16n. Tuy nhi€n, n6 khong tac dung 1€n vét ran nhing vao chat 16ng vi ndi ap suat
phan tur luén luén hudng vao trong long chat long.

2. Strc cang mat ngoai

Noi ap suat p; lam cho mit ngoai c6 xu huéng co lai. Nhur v@y mot doan duong AB trén bé
mat chat 16ng sé& chiu tac dung cta cac luc vudng goc voi AB va tiép tuyén véi bé mat (Hinh 4. 2).
Céc lyc nay tac dung ca hai phia cia 4B nén can bang. Tong cac luc tac dung 1én doan AB vé
mot phia duoc goi 13 strc cang mat ngoai trén doan 4B clia bé mit chat long. Luc nay sé& thé hién
néu 4B 13 mot doan day chi manh.

Attttttttt s

11222222

ottttttrddd

12212322

Hinh 4.2 Hinh 4.3
Thuc nghiém chimg to strc cing mat ngoai ti 1¢ véi chiu dai cua doan duong ma lyc nay tac
dung, ttrc 1a
F = al (2.2)
trong d6 hé so ti 18 a c6 tén 1a h¢ sb cing mat ngoai. He s6 nay c6 don vi 1a N/m. Sau day 1a thi
du ve hé s cang ciia mdt so chat long:
Chat (6 20°C) H,O Hg glycerin ether
o (N/m) 0,073 0,540 0,065 0,017
Néu c6 mét khung day kim loai manh va kin, trén d6 c6 mot mang chét long thi trén moi
doan c6 chi€u dai / ciia khung s€ chiu mdt sttc cang mat ngoai la

F = 2al. (2.3)
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Cong thirc c6 hé s6 2 do khung chiu tac dung ctia mang c6 hai phia bé mat. Trén hinh 4.3 1a mot
khung nhu thé, cac mili tén chi phan lyc cua strc cang.

3. Nang lugng mat ngoai

Strc cang mit ngoai biéu thi ¢ du trit mot ning luong (thé ning) trén bé mat chat 1ong. Ta
hay tinh nang lugng nay.

Lay mot khung day hinh chit U bang day kim loai manh dat nam ngang va tiép xtuc v6i mat
chat 1ong (Hinh 4.4). Ding mot thanh kim loai manh va thang gat nhe trén khung dé 16i mat chét
long 1én mot chat trong pham vi phan déng kin cia khung. Gia thir / = 4B 1a doan thang cua
thanh tua trén khung va vudng gdc véi hai canh bién cta khung. Luc tac dung 1én 4B bdi mang
bé mit chat 16ng chinh 14 lyc biéu thi bang cong thirc (2.3). Ta hay dich thanh kim loai sang phai
mot doan b?mg dx béng cach dung mdt lyc ngoai can béng luc (2.3). Cong thuc hién la

d4A = Fdx = aldx = adS

trong d6 dS 1a dién tich gia ting ctia mat chat 1ong trén khung. Cong nay chuyen thanh thé ning
ctia phan bé mit chét 1ong ting thém. nhu vay ning luong mit ngoai cua chat long

U, = as. (2.4)

Cong thuce (2.4) cho thay nang luong mat ngoal ti 1¢ v6i dién tich. Cong thirc ciing din dén
mot tén khac cia don vi hé s6 cang mit ngoai 1a J/m*.

B N| v el
_ = ' [ —
- == , _ﬁ_
- . — = — — A
e T

{ : = —— — —

AT T Ik

T 0 T

- T T ' _ .

—_— — - = E . ]

A 5 MM’ — — —— —
Hinh 4.4 Hinh 4.5

4. Giai thich moét vai hién tuong mat ngoai

Ta biét rang cac hé vat 1y ton tai thuc ludn c6 ning lugng nho nhat ¢6 thé. Tir nguyén tic d6
co thé dung cong thuc (2.4) dé giai thich mdt s6 hién tuong mat ngoai cua chat long.

Mot giot nudc trong khong khi, mot giot dau trong nudc c6 dang hinh ciu vi trong tat ca cac
khoi ¢6 cung theé tich thi hinh cau c6 dién tich mat ngoai nhé nhat va do d6 nang lugng mat ngoai
nho nhat. O day ta phai bo qua anh hudng cua trong luec.

Ta lay mot mang mong chét 16ng trén mot khung kin (Hinh 4.5). Dt vao mit chat long do
mét vong day chi ndi kin, vong 6 hinh dang tuy y. Bay gio dung que nho choc thing mang chat
long trong vong chi. Vong chi s& 1ap tirc chuyén sang hinh tron. Giai thich nhu sau: trong céac
hinh ¢é cting chu vi thi hinh tron ¢6 dién tich 16n nhat, nén phan mang chat 1ong con lai c¢6 dién
tich nho nhat.
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§4.3. HIEN TUQNG DiNH UOT

Khi nhé mot giot chét 16ng 1én miat phing 1am bang chét rin, phan tiép xuc giita chat 1ong va
chat ran s€ c6 dang nhu trén Hinh 4.5. Phia trén cta hé 1a khong khi. Tai mdt doan bé cua duong
bién ¢ diém A4, stic cing mit ngodi 1a F - Chuy rang luyc F "« €0 phu thudc vao ban chit cua
chat khi & ving CK. O day thuc chét con hai lyc nita tac dung 1én doan bién dang xét 1a lyc F, oK
xac dinh boi (quan hé giira) chat ran va chét khi, va luc F,, xac dinh boi chét rén vai chét long.
Goéc @hop giira luc F,, va F,, goila goc dinh ut.

Khi bién da xéc lap thi chiéu cua ba lyc nay 1én phuong ngang can bang nhau, tic 1a

FRK = FRL‘FFLKCOSQ. (31)

Su can bang theo phuong thang dimg con c6 trong lu0’ng ctia giot chit 1ong va phan lyc ctia mit
ban tham gia. Néu ky hi€u arg, ar. va ok 1a cac hé so cang trén duong bién cua giot chat long
trong mdi quan hé ran-khi, rin-10ng va long-khi 1an luot thi tir (3.1) suy ra

Orxk = QgL T OCLKCOSH. (32)
Vi cos@ ludn < 1 nén tir (3.2) rat ra diéu kién dé co thé co duge can bang 1a

|0(RK - aRL| < QK. (33)

; ...CK ..

///x“’//z’f/’ff’f//”?z’z’f PN :i-
CR Fu CR Far
Hinh 4.6a Hinh 4.6b

Ta hdy xét hai trudng hop khong théa man (3.3) hodc thoa min & dang dang thirc:

1/. Khi arg > ary + ark: luc Fry 16n hon hodc bang tong tri sb hai luc kia, chat 1ong s& chay
loang v6 han trén mat chat ran, ta c6 €= 0, chat long goi 1a dinh udt hoan toan (v6i chat ran).

2/. Khi agr = agx + ok luc Fgy 16n hon hoac béng téng tri sb hai luc con lai, mat tiép xuc
chat long-chat ran sé thu vé mot diém (néu khong cé luc trong truong), ta cd6 €= 7, chat long goi
1a hoan toan khong dinh u6t.

Trong trudng hop (3.3) duoc thoa mén & dang bat dang thirc, tirc 13 |agg - ars| < cux, thi chit
long dugc goi 1a dinh udt mot phan. Cu thé hon:

- Néu agx > oy, thi 0 < @ < 772: ¢6 dinh w6t (mot phan).

- Néu agk < oy thi 772 < 6 < 7: khong dinh wdt (mdt phan).

Hién tuong dinh w6t duge ing dung trong viéc lam giau quang. Nguoi ta nghién quing c6
13n tap chit thanh cac hat nho va bo vao mot chat 1ong sao cho chat 16ng lam uét hat quang

nhung khong lam udt hat tap chat. Phong mot ludng bot khi vao chat 16ng: cac hat tap chét sé
bam vao bot khi, ndi 1én va dugc vét di.
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§4.4. HIEN TUQNG MAO DAN

1. Ap sudt phu dudi mat khum

Hién tugng dinh udt [am cho bé mat chit long dung trong 6ng c6 dang mot mat khum, 16
1én hay 16m xudng tiy thudc vao thanh binh khong hodc c6 gy dinh wét. Hinh 4.7 md ta cac
mit khum nhu thé, véi cac vecto biéu thi phan luc cua stic cdng mat ngoai (do thanh binh tao
nén) dat 1én duong bién ctia mat khum.

Hinh 4.7a Hinh 4.7b

Wi
-
%
e
Iy
]
L
NG
r
-

NI =

Hinh 4.8 Hinh 4.9

Phan lyc F~ cta stic cing mit ngoai tic dung 1én toan dudng bién s& 1a mot luc hudng xudng
(néu khong dinh wét) hodc hudng 1én (néu cé dinh wét). Luc ndy giy nén mot ap suat 1én bé mat
chat 1ong trong 6ng, goi 13 ap suat phu dudi mit khum. Ta hiy tinh ap suat nay. Gia tht » 1 ban
kinh cua éng, néu » di nho thi mat khum 14 mot mét chém cau, ban kinh R, c6 cos@= r/R (Hinh
4.8):

2

F' = J.dF'cose = J.chosﬁ = J.adl% = a%me = 27m%

trong do dF la strc cang mat ngoai trén doan bé cta bién va dF’ 1a phan luc cta no. Goi prla ap
suat phuy, ta c6 py= F’/S, v6i S = mr, tir d6
2a

2 4.1)

Ta qui udc ddu cho cong thirc ndy nhu sau: ban kinh R huéng xubéng mang dau duong,
huong Ién mang dau am, dau cta ap suat phu cling vay.
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N6i chung thi mat khum 13 mot mat cong, khong nhat thiét 13 chom cau. Ngudi ta ching
minh dugc rang trén mot manh nho ciia mit cong ludn ton tai hai ban kinh chinh, R; va R, dic
trung cho d§ cong ciia mat. Hai ban kinh nay mdt 1a cuc dai va mét con lai 1a cuc tiéu, thudc hai
cung tron khéng trung nhau va cing qua dinh cia manh mit cong. Khi d6 ap suat phu dudi mat

khum la
1 1
= al—+ — . 4.2
1z (Rl sz (4.2)

DAu ctia R; va R, van xac dinh nhu qui udc néu trén. V&i mat chém cauthi Ry, =R, =R va cong
thirc (4.2) tré vé cong thuc (4.1).

2. Hién twong mao dan

Lay mot ong tron bang thuy tinh c¢6 ban kinh nho va ho hai dau. Nhuing dng theo phuong
thang dung viao mot chau nudc, ta thdy myuc nude trong dng va bén ngoai éng khong bang nhau
du van binh thong (Hinh 4.9). Nguyén nhan cua hién tuong chinh 1a sy dinh u6t: néu thanh binh
lam chat léng dinh w6t thi myuc chéat long trong dng dang 1én, nguoc lai néu thanh binh khong
1am chat 1ong dinh w6t thi muc chat 1ong ha xubng.

Su chénh 1éch chiéu cao muc chat long trong va ngoai mot 6ng binh thong dugc goi 1a hién
tuong mao dan. Trén Hinh 4.9 c6 hai dng mao dan 1am bang hai loai thily tinh khac nhau, mot
6ng c6 gy dinh udt va mot dng khong gay dinh u6t ddi voi chat 1ong nam phia dudi. Ta hiy tinh
chiéu cao cua cot chat long mao dan.

Ap suét tai hai diém 4 va B bang nhau vi déu 1a ap suét khi quyén: p4 = ps. Ap suat tai hai
diém A4 va C ciing bang nhau vi cung d¢ cao va binh thong: ps = pc. Nhung pc = ps + py — pr,
trong d6 py, 1a 4p suat do cot chat 1ong c6 chidu cao 4 = CB tao nén. Ap suit phuy prhuéng ngugc
v6i cac ap sudt con lai nén dung sau dau am. Nhu vay p;, = pr Néu p 1a khéi luong riéng ctia chat
long thi

pi = pgh.
Mait khac
20 2«
= — = —cos0.
Pr=p P
Két qua 1a thu dugc cong thirc cho chiéu cao cia cot chat long mao dan nhu sau:
2
h= 2% coso. (4.3)
p8r

Cong thirc cling dung cho trudng hop chat 16ng khong dinh w6t va lac nay (4.3) s& biéu thi muc
chét 16ng ha xudng.

Cay cbi da hat nude bang cac éng mao dan trong than cay: tir cong thirc (4.3) ta thdy dé hut
duoc nudce 1én cao thi cay xanh phai tao ra céac ong mao dan c6 ban kinh r cang nhé cang tot,
nuée phai duoc pha nhua (do cdy xanh tu tao ra) dé co hé sb cing o ting 1én, va tot nhat 13 phai
tao dinh u6t hoan toan (cos@ = 1). Nhiéu cay xanh co chiéu cao dén 30+40 m van hut duoc nudc
1én tan ngon cay nhd co ché nay.
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Chuong V

CHIEU HUONG CUA QUA TRINH NHIET

§5.1. QUA TRINH THUAN NGHICH VA KHONG THUAN NGHICH

Trong chuong ndy ching ta s& xet hé vi mo ¢ trang thai co thé can bang hodc khong can
bang. Cac qua trinh thuong gap trong thuc té thi da s6 la khong can bang. Khi nghién ctru cac
qua trinh khong cén bang, vin dé quan trong hang dau 1 1am 16 cac qui luat vé chiéu hudng dién
bién cta chung.

Trude hét ta néu mot khai niém rong hon: qua trinh thuin nghich va khong thuan nghich.
Mot qua trinh duoc goi 13 thudn nghich néu né co6 thé dién bién theo ca chiéu thuan cling nhu
chiéu nguoc lai, trong qua trinh nguoc hé di qua cac trang thai trung gian nhu qua trinh thuan va
theo mot thtr ty nguoc lai, sau khi trd vé trang thai dau thi diéu kién xung quanh khong thay doi.
Mot qué trinh 13 khéng thudn nghich néu vi pham diéu kién da dit ra.

Hay néu vai thi du trong co hoc va trong nhiét hoc.

Thi du 1: Con lic toan hoc. Khi qua cau cua con lic Chuyén dong tur vi tri cao nhéat & mot
phia sang vi tri cao nhat phia bén kia thi n6 di thyc hién mot qua trinh thuan nghich: chuyén
dong nguoc lai tré vé trang thai ban dau 1a thuc hién duge. Mudn tré vé duoc trang thai ban dau
thi phai loai trir hoan toan ma sat.

Thi du 2: Dan nén khéi khi trong binh c6 pitdng. Phai nén di chdm dé tai mdi thoi diém
trang thai kip thiét 1ap su cén bang. Phai loai trir ma sat dé khong lam ting nhiét do do nguyén
nhan ngoai lai. Nhu thé ta dd c6 mot qua trinh thuan nghich: qua trinh nguoc lai s& glong hét qua
trinh thudn, nhung theo thtr tu nguoc lai. Néu dan neén khong du chim thi khi nén ap suat & gén
pitdng s& 16n hon & vi tri xa, con khi din ap sudt & gn pitong s& nho hon so véi vi tri xa. Diéu
nay lam cho qua trinh tré nén khong thuan nghich.

Ta thiy mot qué trinh khéng thuan nghich co hoc c¢6 nguyén nhan 14 ma sat, trong khi quéa
trinh khong thuan nghich nhiét hoc ngoai ma sat con c6 mdt nguyén nhan nira: sy pha vd can
bang cua trang thai trong qua trinh.

D@ thay ring mot qua trinh cin bang (va khong hao phi ning lugng) thi thuan nghich. Diéu
nguoc lai khong dung: c6 nhiing qua trinh thuan nghich ma khong can bang. Thi dy, lay mdot
vong day siéu dan, cho mét thanh nam chdm chuyén dong theo truc cia vong day qua lai quanh
tam cua vong. Khi do trong vong day xuat hién mot dong dién cdm ing xoay chi¢u. Qua trinh
nay thuan nghich nhung khong can bang.

Sau day la vai thi du khac vé cac qua trinh khong thuan nghich cua h¢ nhiét:

- Su truyén nhiét tr vat c6 nhi¢t do cao sang vat c6 nhiét do thép, qua trinh nguoc lai khong
thé xay ra.

- Dich chuyén mét binh khi ¢6 ma sat ¢ thanh bén ngoai, cong s& bién thanh nhiét lam ting
nhiét d§ khoi khi mot luong AT.
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§5.2. NGUYEN LY THU HAI NHIET PONG HQC

Khi mot h¢ 1a co6 1ap va khong can béng, thi do chuyén dong nhiét cua cac phan ti, nd sé
chuyén dan vé trang thai can bang. Qua trinh s& dién ra theo cach 1a cac dai lugng vat 1y s& phan
bb dan dan déng déu, cho dén khi dat dugc sy can béng Qua4 trinh din ra nhanh & chat khi,
cham hon & chat 16ng, voi chat ran thi rat cham nhung van xay ra. Chang han, hay lay mot thanh
dong va mot thanh nhoém, c6 tiét dién gidng nhau, mai phang phia dau, cho t1ep xuc va ép lai.
Sau mot thoi gian kha dai ta sé thdy hai thanh dinh lai v&i nhau. Tai 16p tiép xuc c¢6 hop kim
déng-nhém: cac phan tir dong da khuéch tan sang phia nhom, cac phan tir nhom khuéch téan sang
phia dong.

Sau day la cac thi du khac:

- Mot khéi khi trong mot binh co pitdng giit 4p suat cao hon ap suét khi quyén bén ngoai.
Khi budng khong giit pitdng, khdi khi s& dan ty do dén khi can bang ap suét. Trong qua trinh
dan, cac phén tir trong binh phan bb khong ddng déu, nhung sau mot thoi gian thi sy dong déu
duoc thiét lap.

- Hai binh chtra hai chat khi khac nhau cho ndi thong bang mot ong tiét dién nho. Chét khi
trong moi binh s€ khuéch tdn dan sang binh kia, chang bao lau s¢ dugc mdt hon hop khi dong
déu khap moi noi.

- M6t binh nuéc nam tinh lang, ta tha that khéo 1€o mot vién muc vao day binh. Du khong co
chuyén dong doi luu cua nude, myc van tan dan dén khi dugc mot dung dich dong déu.

Cac thi du néu trén c6 chung mot dac diém: chiéu huong cua qua trinh trong mét hé c6 1ap la
hé tu 1am cho minh ddng déu dan dan, cho dén khi dong déu hoan toan. Ngudn goc ctia chiéu
huéng nhu thé chinh 14 chuyén dong nhiét. Khang dinh vé mot chiéu hudng nhu thé chinh 1a noi
dung ctia nguyén 1y thtr hai (nguyén 1y IT) cuia nhiét dong hoc, phat biéu nhu sau:

“Qua trinh nhiét cua mot hé vi mo co lap luon dién ra theo chiéu tang cua mirc do phan bo
dong déu.”

Tir “ting” & day phai hicu ca theo nghia: khi hé dat phan bo dong déu hoan toan thi mic do
phan bo dong déu da dat cuc dai va dung lai.

DPé mb ta mirc d6 phan bb déng déu, ngudi ta dua ra khai niém trong thong ké cua trang thai.
Trong théng ké ctia mot trang thai (vi mo) 14 s6 cach phan bd phan tir cia trang thai d6. Theo co
hoc Newton, trang thai ctia mot hat vat chat dugc mo ta bang toa dd 7 va xung luong p . Nhu
vay phan bd hat theo trang thai 1a phan bd trong khong gian pha, 1a hop nhét ciia khong gian toa
d6 va khong gian xung luong. Sau ddy ta hiy xét phan bo trong khong gian toa do.

Hay xét mot thi du don gian, hé ¢6 4 phan tir, ky hi¢u a, b, ¢, d trong mot binh chia tuong
twong 1am hai ngan nhu nhau (Hinh 5.1). C6 ca thay 16 cach phan bd 4 phan tir vao hai ngin
binh. Tuy nhién chi c6 5 trang thai vé& phan bd phan tir: trang thai vi mo chi phan biét dugc sb
phan tir trong mdi ngan, khong thé nhan biét dugc phan tir ndo & ngin nao. Nhu viy:

- trang thai 1: 4 phan tir & ngan trai, 0 phan tir & ngan phai — c6 1 cach phan b phan tir.

- trang thai 2: 3 -—- , 1 - 5c64 —
- trang thai 3: 2 - , 2 --- —>cH6 -
- trang thai 4: 1 - , 3 --- —co4 -
- trang thai 5: 0 - , 4 --- —>col -
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Ky hiéu 7”13 trong théng ké cia trang thai,

L . e T abcd )
ta c6 lan luogt ¢ 5 trang théai néu trén: 77 =1, 73 T he d
=4, [3=6, =4, Is=1. T thi dy ndy co thé 2bd - o
néu cac nhan xét sau: ged &
- Trang thai cang dong déu hon thi trong bed ¢
thong ké cang 16n, 16n nhat & trang thai dong i
deu hoan toan. ik bd
, ad_| be @
- Céc trong thong ké néu trén chi moi tinh be ad
theo toa do, ky hiéu 16 1a 7/7p. Trong thong ké bd ac
tinh theo xung luong cling c6 cac tinh chat cd ab
tuong tu, va ky hiéu l1a /y,.. Trong thong ké cua e bed
trang thai s€ 1a 1™ = Ipx 1. b 4 ZZ @)
7 g c @
- Néu hé c6 N hat thi dé chinh xac hon co 4 2 b
thé xét bai toan chia hop thanh N ngan. abed (5)
- Cac két qua chung khong tha d01 khi xét
dua chung KAons May X Hinh 5.1

cho cac hé c6 tuong tac, ké ca cho chit ran.

Nhu vay c6 thé hiéu trong thong ké ctia mot trang thai biéu thi mtrc 46 phan b6 dong déu cac
hat cua trang thai d6. Tur nguyén ly II co thé phét biéu: “Qud trinh nhiét ciia mét hé vi mé c6 lap

luén dién ra theo chiéu tang cia trong thong ké cua trang thdi.” Phat biéu nay twong duong véi
nguyén ly II.

Sau day ta tinh trong ‘Ehéng ké cua trang thai phan bd déu N phan tir trong binh. Chia binh
thanh N ngan jbéng nhau. O trang thai can bang, moi ngan s€ c6 mot hat (Hinh 5.2). Gia thur v 1a
thé tich bé nhat ma mot phén tir chiém khi len chat, goi n6 1a mét 6, thé tich nay hién nhién phy

thudc nhiét do 7. Thé tich ctia mot ngan 1a ¥, = V/N, s6 6 trong mot ngin 1a m = V/v = V/Nv. Ta
co

Ip = Sbcach phan bO N hat vao N ngan fﬂE %
x (SO cach phan bd 1 hat & 1 ngan)" = e 4
= NMxm"V = N x VNV 4 | HE e
— I = N (VINv)"Y xIy. v im
Trong cong thirc nay, v va Iy, phu thudc vao bt

nhiét d9, 7, con phy thudc sb hat N. Hinh52 N=12

§5.3. ENTROPY

Khi hé ¢ trang thai c6 trong théng ké 7 entropy ctia hé & trang thai 4y duoc dinh nghia nhu
sau

S = kgInl" (kg: hang s Boltzmann). 3.1

Ta hdy xét ¥ nghia cua khai niém nay. Trang thai kém dong déu nhat, co thé hiéu 1 trang
thai c6 trat tu nhat, s€ ¢6 /'=1 va do d6 S = 0. Trang thai cang dong déu hon thi entropy cang
16n, va dat cuc dai S, O trang thai can bang. Entropy co tinh chat cong dugc: entropy ciia mot
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hé gém bang tong entropy ciia ciia cic bd phan néu twong tac giita chiing khong dang ké. That
vay, néu hé co hai phan, c6 cac trong thong ké 1a 77 va 73, thi trong thong ké ctia hé 1a "= 77 x
1>, thay vao (3.1) s€ dugc S=S; + 5.

Theo phan tich ¢ trén ta théy khai niém entropy biéu thi muc d6 hdn loan trong mot hé vi
mo. Khai niém entropy va khéi niém trong théng ké ¢ y nghia tuong duong nhau, khac nhau chi
& hai diém: entropy c6 tinh chét cong dugc va entropy bang 0 & hé hoan toan trat tu.

Hang sb ks dat trong cong thire (3.1) dé cho tién va phu hop véi lich sir da tim ra khai niém
nay.

Ttr y nghia cta khai niém entropy va nguyén ly II ta c6 thé phat biéu: “Qud trinh nhiét ciia
mét hé vi mé cé ldp luén dién ra theo chzeu tang cua entropy.” Do la nguyén ly tang entropy,
twong dwong véi nguyén 1y II. Trong s6 nhiéu phat biéu khac nhau ctia nguyén 1y II, phét biéu
nay hién nay dugc xem la dai dién.

Ta hdy tinh entropy cho qua trinh c4n bang cua khi Iy twong. Tir (3.1) va (2.1) ¢6
" m
S=k;In|N!\—| I, | =—RInV + f(T) (3.2)
Nv )7

trong d6 (T 1a phan con lai ctia biéu thirc, phu thudc 7 va khong phu thude V. Tir d6 ¢6 thé tinh
dugc bién thién entropy cho mét qua trinh dang nhi¢t (7 = const) ma the tich ctia hé thay doi tur
V1 dén V2:

AS = $,-S, = "Rinv, - "Ry, = "R 2. (3.3)
u H N
Dbi chiéu (3.3) véi cong thie (11.7.11) ta cd
a5 = £ (3.4)

=
trong do Q la lugng nhiét nhan vao cua qua trinh. Néu qua trinh khong dél,lg nhiét nhung van 1a
can bang thi ta xét mot doan du nho sao cho nhiét do trén do 1a khong doi. Ap dung (3.4) cho

60
dsS = —. 3.5
T 3.5)
Va do do6 véi qua trinh hitu han:
2
690
a8 = | —. 3.5
[ = (3.5)

M

Nguoi ta chimg minh dugc réng cong thirc (3.5) va do d6 (3.5%) dung cho qua trinh thuén
nghich & hé nhiét bat ky, khong nhét thiét 1a chat khi ly tudng. Vi qua trinh khdng thuén nghich
thi entropy duoc san sinh thém nén thay cho (3.5) 1a mot bat dang thirc

Y
ds, . (3.6)

Otn

Tiép theo ta tinh bién thién entropy cho mot qua trinh cén bang tiy ¥ cua khi 1y tudong. Tur
(3.5) va ap dung nguyén ly I ta dugc

ds = l(alU + pdV) = (C ar., Rd—Vj
T U T Vv
Vi Cy 1a hang s6 nén tich phan hé thic trén cho
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AS = ﬂ(cy nZ 4 RlnE]. (3.7)
H 1 1

Mot tmg dung khac nita ctia khai niém entropy 14 giai thich chidu hudng truyén nhiét. Gia
thur c6 hai vat c6 nhi¢t d§ 77 va T, khéac nhau va ti€p xtc véi nhau, 1ap thanh mot hé c6 1ap, co
mot lvong nhiét 60O > 0 truyén tir vat thir nhat sang vat thar hai. Bién thién entropy cua qua trinh
la

dSzdSl+dS2:—5—Q+5—Q=5Q(i—i).
L 5 L 1

Entropy cta hé phai tang trong qua trinh nay nén dS > 0, suy ra 71 > T,. Vay: Neu hai vt co
nhiét do khdc nhau va tlep xuc voi nhau, lap thanh mot hé co lap thi nhiét chi truyén tir vt néng
sang vdt lanh.” Phat biéu nay ciing biéu thi chiéu huéng truyén nhiét va tuong duong véi nguyén
ly I1.

§5.4. MAY NHIET

1. May nhiét

May nhiét 1a mot dung cu bién d6i nhiét thanh cong. Hai b0 phan quan trong ciia may nhiét
12 ngudn ndng cé nhiét d6 cao T) va mdt budng chira khi c6 pitdng nhan nhiét dé bién thanh céng
hiru ich nhd dén nén. Chat khi trong budng dugc goi 1a tac nhan, nd hoat dong theo chu trinh
(qua trinh kin): tac nhan nhan nhiét, dan piténg dé sinh cong, ha nhiét do dé tro lai trang thai ban
dau, nhan nhiét tiép...That sy thi cac chu trinh van hanh ciia cac may nhiét déu la cac qua trinh
khong thuan nghich, song dé don gian c6 thé xem ching 13 thuan nghich.

Gia tht trong mot chu trinh chét khi tic nhan nhan mot lugng nhiét O, sinh mdt cong hiru ich
A’, hi€u suat cia may nhiét 1a dai luong sau day
A!
n=—. 4.1
0
Hiéu suét cho biét ti 18 (thuong tinh bang %) ning luong nhiét cung cap da bién thanh cong hiru
ich.

Néu maéy nhiét chi gdm c6 ngudn néng va budng khi tic nhan thi khong hoat dong duoc.
That vay, bién thién entropy cia h¢ sau mot chu trinh la

AS = AS, + A4S, = - + 0 = —g, (4.2)
L 1

trong d6 AS) 14 bién thién entropy ctia ngudn néng (lwong nhiét nhan sau mét chu trinh 1a — O vi
ngudn téa nhiét), bién thién entropy ctia khdi khi A4Sy, = 0 vi sau mét chu trinh tac nhén tro lai
trang thai ban dau. Vi toan by may nhiét 1a kin nén entropy phai ting sau mdi chu trinh, gia tri
am ctia AS 1a biéu hién qua trinh khong thé dién ra.

bé may hoat dong duogc can phai c6 thém mot by phan nira: nguén lanh, c6 nhiét do 73 (<
T1), dé tac nhan thai b6t nhiét (Hinh 5.3). Ngudn lanh thudng 1a méi truong khong khi bén ngoai.
Gia thtr nhiét toa ra cho ngudn lanh trong mdi chu trinh 1a O’ (O’ > 0) thi bién thén entropy sau
mdi chu trinh bay gio s& 1a
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AS = AS, + AS,, + AS, = —= (4.3)

Q
NQ
+
N |(©

Trong biéu thirc (4.2) mdi quan hé giita cac dai luong 71, To, O, O’ phai dam bao sao cho AS >0
thi may nhiét méi hoat dong duogc.

Khi c6 ngudn lanh thi cong hitu ich bang 4’ = O — Q’, thay vao cong thic (4.1) s& duogc
n=1-=. (4.4)
0

Cong thirc nay trude hét cho ta mot nhan xét sau. Vi O’ phai khac khong nén A’ phai nhé hon O
tirc hiéu sudt 77 phai nhé hon 1. Diéu ndy c6 nghia 1a nhiét khong thé bién hoan toan thanh cong.
Nhén xét nay tuong dwong voi nguyén 1y II va chinh la mét dang phat biéu cua nguyén ly IL
Truge day da tung co nhitng ¥ dinh ché tao cac dong co vinh ctru loai hai, tuc 1a loai Q(f)ng co
nhan nhiét va bién hoan toan thanh céng hitu ich. Theo nguyén ly II, nhu da chimg t6 bang cac
cong thuce (4.2), (4.3) va (4.4), dicu nay khong the thuc hién.

£

N

(1
(2)

“) (3)

Hinh 5.3 Hinh 5.4

2. Chu trinh Carnot

Trong s6 cac chu trinh hoat dong ctia may nhiét thi chu trinh Carnot c6 ¥ nghia dic biét hon
ca. Pay 1a mot chu trinh gdm hai qua trinh déng nhiét va hai qua trinh doan nhiét ké tiép xen k&
nhau (Hinh 5.4). Qua trinh tir trang thai (1) dén trang thai (2) 1a qua trinh dang nhiét, buong khi
tiép xtic v6i nguon nong nhiét do 77, thé tich ting 1én day pitong ra va ap suit giam di. Dén trang
thai (2), nhd mot co ché riéng, khdi khi tac nhan dan doan nhiét dén trang thai (3), thé tich van
tang va ap suat giam tiép, két qué 14 nhiét d6 giam dén T, bang nhiét d6 moi truong (tuc la ngudn
lanh). Do tac dung cua nguon lanh, khéi khi co lai dang nhiét theo qua trinh tir (3) dén (4) va kéo
pitdng vao. Qua trinh tlep theo tir (4) dén (1) 1a neén doan nhiét, nho co ché riéng néu trén, dua
chat khi tac nhan trd vé nhiét do bang nhiét d6 ngudn néng va lai tiép xtic véi ngudn nong.

Ta tinh hiéu suét ctia chu trinh Carnot. Cac phuong trinh ciia 4 qua trinh thanh phan 1a

(D) = @): piVi=p2Va, () = B): pVy = pJ7,

B) = D: psVs=paVs, (4 — () pV] = pl/. (4.5)
Hai phuong trinh doan nhiét néu viét theo bién s6 7' va ¥ thi:
@ - ): TV =TV, 2 - Q) TV =TV, 4.5%)
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Trong toan chu trinh, nhiét nhan vao dién ra trong qua trinh (1) — (2):

0=0M)->@)="R[n, (4.62)
Y7, V

1
Nhiét toa ra 1a nhi¢t cua qua trinh (3) — (4):
m V.
Q'=10(B)—>M@)| = ;RTzlnf- (4.6b)

4

Tir (4.6a,b) str dung (4.5) va (4.5) ta di dén biéu thirc sau day cho hiéu suit ctia chu trinh Carnot

e =1- (4.7)

23|

Ta thdy hi¢u sut ciia chu trinh Carnot chi phy thudc vao nhiét d6 ngudn néng va ngudn
lanh, khong phu thudc vao chat tac nhan.

Néu may nhiét hoat dong theo chu trinh Carnot trén Hinh 5.4 nhung theo chiéu nguogce kim
dong ho thi d6 1a may lam lanh. Cong thirc hiéu suat van 1a (4.7), khong thay d6i. Néi chung,
dong co hoat dong theo chu trinh thuén kim dong ho 1a may bién doi nhiét thanh cong, theo chu
trinh nguoc kim doéng ho 1a may lam lanh.

Ta c6 dinh 1y sau (Pinh ly Carnot): Gitra hai nguén noéng nhiét do 77 va ngué)n lanh nhiét do
T; cho trude, dong co hoat dong theo chu trinh Carnot s€ cho hi€u suat cuc dai.

C6 nhiéu cac chimg minh dinh 1y nay, sau
day la mot chung minh don gian. Gia thir co \ i / \ g
mot chu trinh (thuan nghich) khac ma may X ‘ O
tao hiéu sudt 77 cao hon hiéu suat ¢ (4.7). Ta & g
hay noi may nay véi may chay theo chu trinh A ,
Carnot M sao cho cong 4’ sinh ra tr may X —>| M M
chuyén cho may M dé lam lanh (Hinh 5.5a). r
Gia thiét Oy 1a nhiét nhan vao, Q! 1a nhiét toa G o 0
ra ¢ may X, Q, la nhiét 15'1?7 tir ngudn lanh va / B \ /_ 0
0, la nhiét toa ra cho nguén nong (cac luong
nhiét qui wdc déu dung dau duong). Ta c6

n=A47/01, nc=A470,.

Vi > nc (theo gia thiét) nén Q, > Q). Mit khac 4” = Q, - O =0,-0,nén O -01= 0, -
Q! = 0> 0. Véi két qua nay hé s& twong duong véi may lam lanh nhu trén Hinh 5.5b. Day la

Hinh 5.5 a/. b/.

may rat nhiét lién tuc tir ngudn lanh chuyén sang ngudn néng khong hao phi ning lugng. May
nhu thé khong thé c6 theo nguyén 1y II. Vay 7 < 77¢. Dinh 1y da dugc chimg minh cho chu trinh
dang tuy y nhung thuan nghich.

Néu may hoat dong theo chu trinh khong thuén nghich thi do hao phi nang luong va do
khong can bang nén hi¢u suat phai giam di so véi chu trinh thuan nghich tuong tng.

DPinh 1y Carnot da dugc chirng minh.
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§5.5. CAC HAM THE NHIET PONG LUC

Ham thé nhiét dong luc 1a ham trang thai sao cho dao ham cia no6 theo tham sb trang thai
cho ta cac dai lugng nhiét dong luc, cling la nhimg tham s6 trang thai. Cac ham thé c6 vai tro
quan trong dic biét trong viéc xét bién doi cia trang thai, nhét 1a trong cac chuyén pha (Chuong
VI). Trudc hét ta xét chiing trong trang thai can bang va cho hé ¢6 sé hat ¢b dinh.

Theo nguyén 1y I thi bién thién nodi ning trong mot qua trinh c6 dang sau dU = 60 + JA.
Theo Ch.I thi 04 = - pdV, theo (3.5) thi 6Q = TdS, nhu vay

dU = TdS— pdV. (5.1)

H¢ thirc nay biéu thi vi phan ctia U lién quan dén vi phan ctia hai tham s trang thai S va V. Theo
qui tac vi phan thi tir (5.1) ta 6

oU oU
SCNE)

trong d6 chi s0 du6i nhan manh dai lugng ghi kém 1a khong doi khi ldy dao ham theo dai lugng
kia. Theo dinh nghia néu trén thi noi nér}g U 1a mdt ham thé nhi¢t dong luc, c6 hai bién s6 1a S va
V. U= U(S, V), c6 hai dao ham riéng biéu thi hai dai luong nhiét dong luc 1a (5.2).

C6 thé thay d6i bién s6 dé xac dinh cac ham thé khac. Néu ding bién sb 7'va ¥ thi bién doi
nhu sau:

dU = TdS-pdV = d(TS) - SdT- pdV.
Sau do dat F = U— TS, dai luong nay goi la ham thé (nhiét dong luc) Gibbs, thi

dF = - SdT—pdV. (5.3)
Nhu vay F 1a ham thé c¢6 hai bién s6 T'va V: F= F(T, V), va ¢6 cac dao ham sau
5 - (a_Fj - (G_Fj . (5.4)
or ), v ),

Lam tuong tu nhu trén, ta co thé thu duoc hai ham thé nita nhu sau:

Ham thé Helmholtz @ =F + pV = U—TS + pV, @ = &(T, p):

d® = -SdT + Vdp, S = (8@) = 2@ : (5.5)
oT p ),
Ham thé enthalpy W = U + pV, W = W(S, p):
dW = TdS+Vdp, T = (G_Wj , = w . (5.6)
os ), ap )

Néu xét cho hé c6 s6 hat thay d6i thi cac ham thé néi trén c6 thém bién sb nira: s6 hat N (gia
thiét hé chi co6 mdt loai hat): U = U(S, V, N). Khi d6 cac bi€u thiic vi phan va dao ham c6 dang
sau

dU = TdS—pdV+ pdN,

(%) T
as ), P o

(v
_ ( aN]w. 5.7)
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Dai luong 4 c6 tén la thé hoa, nd bfmg nang luong tang 1én ctia hé khi thém vao mdt hat (voi
dicu kién gitr nguyén entropy va thé tich). Vi¢c thém bién s6 N vao cac ham thé F, @ va W thuc
hién tuong tu.

Bay gio ta xét qua trinh khong can bang, cho hé c6 s6 hat ¢6 dinh. Luc nay cac tham sb trang
thai phai hiéu theo nghia lay trung binh trén toan h¢. Theo (3.5) va (3.6) ta c6

o0 < TdS,
trong d6 déu = img vé6i qua trinh can bang, ddu < ing véi qua trinh khong can bang. Nhu vay
dU < TdS—pdV hay dU-TdS+ pdV < 0. (5.8)

Néu qua trinh ¢6 S = const, V = const thi suy ra dU < 0, tirc 1a khi dich chuyén vé trang thai can
bang thi ndi ndng U giam. Ta di dén ket luén sau:

Néu S = const, V = const thi U = U,;, tai trang thai can b?mg.
Béng cach tuong tu ta ching minh dugc:

Néu 7 = const, V = const thi F = F,;, tai trang thai can bfing.
Néu T = const, p = const thi @ = @,;, tai trang thai can bé‘mg.

Néu S = const, p = const thi W = W,,;, tai trang thai can béng.
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Chuong VI

CAN BANG PHA VA CHUYEN PHA

§6.1. CAC PHA CUA HE VI MO

Trong cac chuong II, IIT va IV ta da khao sat cac hé vi md c6 cdu trac dong nhat, tirc 1a ¢
vét chat phan bo dong déu tai moi diém trong hé. Mot ngoai 18 1a & chuong IIT khi xét nén khi
thuc: trong hé can bang c6 thé ton tai dong thoi chét khi va chét 1ong véi cung ap sudt va nhiét
do.

Mot bo phéan trong hé c6 cac tinh chit vat ly déng nhét (trén toan b phan éy) duoc goi la
mot pha. Hé vi mé c6 thé gdm nhiéu bd phan c6 cau truc khac nhau nhung can bang véi nhau,
ttc 1a nhidu pha can bang v6i nhau. O chuong 11T khi xét thi du vé nén khi carbonic, ta thdy hai
pha khi va 1dng tdn tai dugc trong pitong khi dan nén khi ¢ nhiét do dudi nhiét dd toi han.

_ Trong thuc té hang ngdy, chung ta thuong gip cac hé nhiéu pha nhu: khi-1ong, khi-rin, 1ong-
ran, khi-long-ran.

Hai nhom hién tuong co ban xdy ra doi véi quan h¢ gitra cac pha ctia hé 1a can bang cac pha
va chuyén doi pha.

§6.2. CAN BANG PHA

1. CAn bang hai pha

Khi trong hé c¢6 hai pha thi sy cAn bang cta chiing trudc hét biéu thi & can bang nhiét do va
ap suat

In =T, p1 = p (2.1)

Theo §5.5, cac ham thé nhi¢t dong luc dat cuc tiéu tal can béng. Néu chon ham thé co céc bién
s0 T, p va N; (s0 hat loai 7) thi d6 1a ham thé nhi¢t dong lyc Helmholtz @:

@ = &(T,p,N): d® = - SdT + Vdp + Y, w:dN.. (2.2)

Dai luong 4 c6 tén la thé hoa (cua hat loai 7), nd biéu thi nang lugng thém vao h¢ khi cé thém
mot hat (loai 7). Vi ham thé Helmholtz dat cuc tiéu tai can béng nén d® = 0, cung voi (2.1) dan
dén Y ;dN; = 0. Ap dung cho hé c6 hai pha thi s dN, + 1 dN, = 0.

Néu goi N va N 1a s6 hat ciia mbi pha thi tong cua chiing 1a khong doi
N, + N, = N = const, tic dN = dN, +dN, = 0.
Két hop hai két qua trén cho
(T, p) = (T, p). (2.3)
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Pay la diéu kién thir ba cta can bang cho hai pha. Trong (2.3) ta viét rd hai bién s6 cua cta thé
hoéala T va p.

Trén dd thi (7, p) biéu thirc (2.3) biéu thi mot duong cong, goi la duong cong can bang pha
(Hinh 6.1). Trén duong cong ta c6 (2.1). Ngoai dudng cong vé hai phia la cac trang thai cta hai
pha.

P F

II

i ! 7
Hinh 6.1 Hinh 6.2

2. CAn bing ba pha

Tuong tu nhu trén ta c6 thé thiét 1ap cac hé thirc biéu thi cin bang ba pha:
=17 =15 pr = p» = p3

w(T,p) = (T, p) = (T, p). (2.4)

Vi hé thirc can bang thé hoa 14 hai phuong trinh nén nghiém cia chung xac dinh mét diém (73,
pp) trén do thi (T, p) goi la diém ba (diém M trén Hinh 6.2). Trén do thi ndy c6 ba pha voi cac ky
hiu: R, L, K. Diém ba 1 giao diém ctia ba dudng cong can bang ting cip pha (thi dy: ran-10ng,
ran-khi va 1ong-khi).

3. CAn bang nhiéu pha

Bay gid xét truong hop tong quéat cAn bang cua nhiéu pha. Gia thiét hé c6 r pha, ky hiéu
bang cac chi s i=1, 2, ..., r, vi c6 n chat thanh phan, ky hi¢u k=1, 2, ..., n. Goi N*'1a s6 hat
ctia chat thir k£ & pha i thi nong d6 ti di ctia n6 s& 1a

(k)
cw - N

! Zk: Ni(k) ’

Céc lwong nay 1a cac tham sd trang thai. Vi zk C™ =1 nén chi c6 (1 - 1)r tham s6 nong do 1a

ddc lap. Ngoai ra con hai tham s6 doc 1ap ntra 1a 7 va p, nhu vay téng s6 tham sb doc lap 1a (n -
Dr +2.

Piéu kién can bang pha cta cac thé hoa la
o=y == (2.5)

Céc hé thuc (2.5) biéu thi (# - 1)n phuong trinh. Dé hé phuong trinh (2.5) ¢6 nghiém thi s6 tham
sO phai bang hodc 16n hon s6 phuong trinh, tirc 1a (n - 1)r + 2 > (r - 1)n. Tir d6 rat ra bat dang
thirc sau day, goi 1a qui tac Gibbs

r < n+2. (2.6)

44



Qui tac Gibbs biéu thi mdi quan hé giita s6 pha va s6 chat co thé can bang voi nhau khi lap thanh
mot hé.

Thi du, néu hé gém mot chét, n = 1, thi qui tac Gibbs 1a 7 < 3; néu co hai chat, n = 2, thi r <
4.

§6.3. CHUYEN PHA

Bay gio' chiing ta xét sy chuyén pha, tirc 1a su chuyén trang thai cta hé tir pha no qua pha
kia. Co hai loai chuyén pha, la chuyén pha loai mét va chuyén pha loai hai.

1. Chuyén pha loai mot

Chuyén pha loai mot 1a chuyén pha trong d6 c6 cac dai lugng quang tinh nhu thé tich, ngi
ning, entropy,... bién ddi gian doan. Vi cac dai luong nhu thé déu 13 dao ham bac nhat cua cac
ham thé nhiét dong luc nén ciing c6 thé ndi chuyén pha loai mot 1a chuyén pha trong d6 dao ham
béac nhit ctia cac ham thé nhiét dong luc 1a gidn doan, con ban than cac ham thé thi van lién tuc.

Pién hinh nhét cua chuyén pha loai mot 1a su bay hoi ctia chit 1ong, tirc 1a chuyén pha long-
khi. Xét mot ham thé nhiét dong luc, chiang han, ham thé Gibbs F = F(T, V), hdy c6 dinh thé tich
va xét bién d6i ham nay theo nhiét d6 ¢ ca hai pha (Hinh 6.3). O pha I, ta c6 F = F|(T), ing v&i
duong A4, 6 pha I, ta c6 F = F,(T), iing v&i dudong BB, hai dudng gap nhau tai C.

F 7
B
g | o
ool ) @)
gro- )
T 4
0 0 Vl Vg
Hinh 6.3 Hinh 6.4

Gia thir ban ddu qué trinh dién bién tir 4 theo ham F = F|(T), dén C qua trinh din bién tiép
la CB’theo ham F'= F5(7) ma khong phai la CA4’ vi duong CB’ c6 nang luong thap hon. Nhur vay
tai d1em C xay ra chuyén pha. Qua trinh tir B’ dén C ciing xdy ra chuyén pha tai C va sau d6 dién
bién tiép theo CA4, ma khong phai 1a CB. Su giy khiic ciia dudng AB’ tai C chimg t6 dao ham bac
nhét cua F theo T bi gian doan. Theo (V.5.4) thi dao ham nay, léy véi dau ngugc lai, chinh 1a
entropy. Ta co

(). (5.
oT ); oT )7 4o

Néu (8F / GT)T o> (8F / 8T)T ,,thi $2> 8y, tirc 12 entropy cua khdi vat chat & pha khi s& 16n hon

so voi pha long. Theo Chuong V thi AS = Q/T, O 1a nhiét hda hoi, con goi la an nhiét, thuong
tinh cho 1 kmol (nhiét hoa hoi cling ky hi€u 1a Ay).
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Bay gio ta thiét 1ap phuong trinh cta dudng chuyén pha p = p(T), hay dang vi phan dp/dT.
Trén Hinh 6.4 ta gia thiét chuyén pha tai (p, T) tng véi (1) — (2): Vi — Vs, tai (p’, T") tng véi
I)y> @)V >V, ,voip =p+dpval’ =T+dl.Xem (1) > (2)>2)>1)—> (1) la
mot chu trinh thi cong va nhiét nhan vao cua toan chu trinh éy la

oA = -p(Va=V)-pdVa— p'(V/=V)) — p'dV] =
= -p(Vo=W)-pdVy—(p +dp) Vi +dV,-Vo-dVy)—(p +dp)(-dV)) =
= dp(V2 - Vl)a
o0 = 1($, - 8) + TdS, + T’(SI' —Sz') +T’dS1’ =
+ T(S, — S1) + TdS, + (T + dT)(S, +dS, -S> -dSy) + (T +dT)(-dS)) =
= dI(S,— S)) = dT(Q/T).

Vi sau mot chu trinh thi bién thién noi niang bang dU = 0 nén 54 + 60 = 0 tic 1a dp(V, — V1)
=dI(Q/T), do d6

a _ 0
dr T, V)’

3.1)

Day 1a phuong trinh Clapeiron-Clausius. Trong phuong trinh nay néu biét trudc V1, ¥ va Q (phu
thudc vao 7) thi gidi no6 ta s€ thu dugc duong p = p(7).

2. Chuyén pha loai hai

Chuyén pha loai hai 1a chuyén pha c6 cac ham thé nhiét dong luc lién tuc cing véi cac dao
ham bac nhat cua chiing, nhung cac dao ham bac hai thi gian doan. Trong s6 nay dién hinh nhat
1a nhiét dung

c :(Q) =T(£] _ [ OF
g dr ), dar ), o°T ),
c :[5_Qj :T(d_Sj _ 7@
7 \dr ), dT ), o°T) "
P

Do dao ham bc nhét lién tuc nén nhimg dai lugng nhu an nhiét Q, bién doi thé tich V; — 11,...
déu bang 0.

Thi du ddc trung nhat vé chuyén pha loai hai 1a chuyén pha tir chat dan dién thuong sang
chat si€éu dan. C6 mot so chat binh thuong dan di¢n khong tot 1am, nhung khi ha nhiét 6 xuong
dudi mot gia tri téi han nao do thi chuyén thanh si€u dan, dan di¢n khéng co6 dién tro.

Phén tich cho thiy rang ngudn gbc cuia chuyén pha loai hai 13 do bién d6i tinh chat ddi xtng
bén trong cua hé.
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Chuong VII

CAC QUA TRINH KHONG CAN BANG

§7.1. QUA TRINH KHONG CAN BANG

Qua trinh khong can bang 1 qua trinh trong d6 c6 tham gia cac trang thai khong can bang.
Mon nhiét dong hoc nghién ctru cac trang thai va cac qua trinh khong can bang goi 1a nhiét dong
hoc khong can bang. Mot qua trinh nhu thé khong thé biéu dién bang duong cong trén cac do thi
ma truc toa do 1a cac tham sb trang thai, vi ¢ trang thai khong cin bang c6 nhing tham sd trang
thai khong c6 gia tri xac dinh. Thi du, mot khdi khi khong can bang thi thé tich vAn xac dinh,
nhung nhiét d6 va ap suit c6 thé khong xac dinh, chung nhan céc gia tri khac nhau ¢ cac khu vuc
khéc nhau trong hé.

Trong mdt qua trinh bé, bién thién entropy ctia hé c6 thé phan 1am hai phan
ds = d,S+dS, (1.1)
v6i d,S 13 entropy tir mdi truong chuyén vao, d.S = 80/T, d;S 14 entropy ndi sinh, theo nguyén 1y
II thi d;S > 0. Thay hai két qua nay vao (1.1) cho dS - 8Q/T > 0, tirc

ds > ‘%Q. (1.2)

Hg¢ thirc nay da néu ¢ §3 Ch.V.

Mot hé c6 1ap thi dic trung cua qua trinh khong can bang 1a 1am hé chuyén dan vé can bang.
Tac dung ctia moi truong ngoai 1€n h¢ c6 theé lam cho nd cang mat cdn bang manh, nhung dién
bien trong h¢ van la xu hudng chuyén vé can bang. Pun ndng mét binh nudc ma Itra chi dot tu
day binh 1a moét thi du.

Nhu vay dic trung co ban ctia qué trinh khong can bang 13 t6n tai cac dong van chuyén cua
cac dai lugng khong can bang. Chang han, khi nhiét d§ khong can bang thi nang lugng nhiét van
chuyén, khi mat do hat khong can bang thi ban than cac hat van chuyén,...

Dong van chuyén duoc do b?mg lugng van chuyén cua dai lugng vat 1y (dang bi mét can
bang) qua mot don vi dién tich vuéng gdc trong mdt don vi thoi gian. Cac dai lwgng nay dugce ky
hiéu chung 1a J;, trong d6 chi s6 i nhan mot s6 gid tri nao do. Nguyén nhan tao nén dong van
chuyén la do mat can bang, hay chénh léch, cua dai lugng vat ly. Cac do chénh I¢éch nay co tén la
luc. Ta hady biéu thi X}, X5,... 1a cac luc ma cac dong J; phu thudc vao, ta c

Ji = filX1, Xa,... ). (1.3)
Ngudi ta chimg minh dugc rang sb thanh phan cta dong ludn bang sé thanh phan cia lyc.

Néu muc do mat can béng khong 16n 1dm thi cac luc X, X3,... 1a nho, ta co thé khai trién
dong theo chung, chi giit lai cdc hang thirc bac nhat (cac s6 hang bac khong khong cé néu gia
thiét rang khi khong c6 do chénh I¢ch thi khong cé dong).

J =Y L,X,. (1.4)
k

Nhu véy dong biéu thi tuyén tinh qua cac luc. Phan nhiét dong hoc nghién ctru cac qua trinh
khong can bang trong do cac dong thda man h¢ thic (1.2) goi la nhiét dong hoc tuyén tinh.
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Sau day ching ta s& xét mot sb qué trinh ciia nhiét dong hoc tuyén tinh.
§7.2. KHUECH TAN

Su chénh 1éch dau tién ma chung ta xét toi 1a chénh 1éch vé mat do hat n, hay khdi luong
riéng p. Gia thiét giita hai diém 4 va B cach nhau mot doan 4B = Ax, c6 khdi lugng riéng p; va
> khac nhau va p; > p, (Hinh 7.1). Hién twong van chuyén khéi lugng goi 1a khuéch tan. Ta hay
tinh khdi luong khuéch tan, xét cho chit khi hodc chét long..

Goi AM 1a khéi luong van chuyén qua AS
trong khoang thoi gian Ar. C6 thé danh gia AL
dugc rang AM ti 1& véi do chénh léch khdi r

: : A i
lugng riéng Ap= > - p1 = - (p1 - p2), ti 1€ vbi Fi A A ?
AS va At ti 1€ nguoc voi Ax, tuc 1a
= -dXasa @)
Ax Hinh 7.1

trong d6 D 1a mot hé sb duong, goi 1a hé s6 khuéch tan, dau trir co trude cong thue vi 4p <0, ti
sO AplAx goi 1a gradien khdi lugng riéng. Gradien 13 bién ddi trén mot don vi do dai, cong thirc
chung 1a d/dx, hodc tong quat 1a d/dr .

C6 thé tinh hé sb khuéch tan nhu sau. Hiy chon Ax bang hai 1an quing duong tu do trung
binh A dé khi vuot qua A4S phan tr va cham it nhét mot 1an. Dé tién hay coi trong h¢ chi c6 mot
loai phén tir. S6 phan ttr van chuyén qua AS trong Ar 1a

AN = %VASAt(nl—nz)

¢ day la van tde trung binh, thira s6 1/6 c6 miat do chia déu cho 6 hudng. Méat khac ny —ny, =- 4n
= - (An/Ax)Ax = - (An/Ax)2 A . K hiéu m, 14 khdi lwong mot phén tir thi AM = meAN va moAn =
Ap. Tl d6 tinh duoc khdi lwong khuéch tan

A = - 25T a5 a1 2.2)
3 Ax
So sanh (2.1) va (2.2) cho biéu thtrc sau day ctia hé s6 khuéch tan
1 _ —
D ==V (2.3)
3
Dong khdi lwong thudng ky hiéu 13 Jy, theo dinh nghia thi Jy, = AM/(ASAf), tir (2.1) rat ra
A -
Jy = — —p, hay J,, = - d_p’ dang vecto: J,, = —DVp, (2.4)
Ax dx

trong d6 Vp 13 gradien ba chiéu cta khéi luong riéng p:

v [ 3 20)
ox 0y oz
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§5.3. NOI MA SAT

Xét khbi chat khi hodc chét long c6 cdu tao mot loai phan tir va chay theo phuong ngang trén
Hinh 7.2, van tdc phan tir tai 4 18 uy, tai B 1a up, v&i uy > u;. Xu hudng can bang van tdc chay dan
t6i van toc 16p A4 tang 1én, van toc 16p B giam di. Trén 16p tiép xtc gitra hai 16p voi dién tich AS
xuét hién mét luc goi la lyc nd1 ma sat AF.

Hién nhién AF ti 1& v6i Au va A4S, ti 1§ Iy >
nguoc véi Ax, nén :
h
AF = —U%AS (3.1)

;AS \_\
Hé s ti 1& 7712 hé sb ndi ma sat, con goi 1a hé :

s6 nhét. Ta tinh hé s6 nay. I

S6 phan tir van chuyén qua AS trong Ar 1a Apb——=1

1 _
AN = gnvASAt. Hinh 7.2

Tir d6 xung lugng van chuyén qua AS trong Ar 1a AP = nvAS At m,(u, —u,)/ 6. Nhung u; - up =
- (4u/ Ax)2A nén

AP = —lpﬂﬂasm. (3.2)
3 Ax
Luc AF = AP/At:
1 — Au
AF = ——pvA—AS. 3.3
3PV (3.3)
Pbi chiéu biéu thirc ndy véi (3.1) cho két qua sau vé hé s6 ndi ma sat
7= % pYA. (34)
§7.4. TRUYEN NHIET

Xeét su truyen nhiét giita hai diém c6 nhiét do Ty va Ty, vo1 T\ > T. Su chénh 1éch nhiét do
dan t6i van chuyén nang luong nhiét. Lap luén gidng nhu cac tiét trén dan dén biéu thic sau day
cho lugng nhiét truyén

0=-72Lssu (4.1)
Ax
trong d6 y 14 hé s truyén nhiét.

Heé sb truyén nhiét dugc tinh nhu sau cho chat khi. SO hat truyén tir A dén B qua AS trong At
la
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1
AN, = gnVAS At.
Tir d6 nang luong chuyén tir 4 dén B qua AS trong At

S /
E, = AN,& = —nv,AS At~ k,T,

6 2 rAS
- : T I i T
i i [8k,T, 1A A 2
= —k, [ nv,ASAt = —n |21 AS Atk,T,
gt 12\ m, s 4 B
. 73/2
= LnASAtTl”.

327m, Hinh 7.3

Ning luong van chuyén E; tir B dén A4 xac dinh bang cong thirc twong ty trong d6 hoan vi cic
chisd 1 va2.

Hiéu ndng luong van chuyén sé la

. 7.3/2
ik,

AE = E, -E,, = —2— nASA(T*"* — T,*?).
12 21 3\/% ( 1 2 )
Vi
7;3/2 _T23/2 _ T13/2 _T23/2 e = _3T1/2 ﬁzz,
Ax 2 Ax
nén
.13/2 V2 AT 132 _ AT
AE = T qsp 3T AT ik g AT e

327zm, 2 Ax \27m, Ax
Nhung theo (11.8.2) thi n2 =1/(x/27d?), d 1a duong kinh phan tir, két qua 1a

. 73/2
ihy” AT yp (4.2)

AE = —— 55
2 moﬂ_3/2d2 Ax

. 73/2
LTSy SRy S 1.7 S 1) (4.3)

X =T
\27m, 4 2 ym, " d’

§7.5. NHIET PONG HQC XA CAN BANG

Dic diém chung cia cac trang thai xa cin bang:
1. Sinh entropy manh,
2. Dong J; phu thudc vao luc X; mot cach phi tuyén.
Nhiét dong hoc xa can br:ing con goi 1a nhiét dong hoc phi tuyén.

Khi cac dong da manh va canh tranh nhau c6 thé 1am xuat hién céc trang thai dimng (khong
can bang) co6 cac cau truc xac dinh. Cac cau trac nay thé hién bang céac hinh thai doi xting nao
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do, ndi cach khéc, hé ton tai trong trang thai vi mé ding vai mdt trat tu xac dinh. Vi cac cau tric
nay ton tai khi h¢ xa can bang nén goi 1a céc cau truc ti€u hao. Nguoi ta con goi day 1a hién
tuong tu to chirc ctia cac hé so 16n.

Nhu vay khi hé khong can bang manh thi lai c6 thé xuét hién trat tw. Theo 1y luan nhiét dong
hoc thi ¢ trang thai c6 trat tu, entropy phai giam thiéu. Phan tich cho thdy qua that ¢ cac trang
thai dimng c6 xuat hién cu trac tiéu hao thi entropy S ¢6 cuc tiéu dja phuong.

Mot trong céac thi du dién hinh cua cu trac tiéu hao 13 hién tuong Benard, mo ta trén cac
hinh 7.4 va 7.5. Liy mot binh thuy tinh hinh tru c6 day rong, dung mét it nue (Hinh 7.4). Pun
néng binh bang ngon lira phan bé that déu tir day. Nhu thé day binh giir nhiét do 77 con mit trén
cua nudc c6 nhiét do 75, chénh 1&€ch nhiét do 1a AT = T, - T5. Khi AT nho hon mét gia tri (A7),
nao d6 thi din nhiét tir day binh thuc hién bang truyén nhiét thong thudng (dwa trén va cham
phan tir). Khi AT vuot qua gié tri t61 han (A7), thi h¢ mét can br:ing quéd manh, thuc hién dan
nhiét phai c6 thém qua trinh ddi lwu. Trén Hinh 7.4 cac dong ddi luu trong binh nude duge chi ra
bang cac duong cong c6 miii tén. Su canh tranh ctia cac dong d6i lwu 1am cho mat nude co cdu
trac nhu bé mit t6 ong (Hinh 7.5).

5

[EEERRARRAR
R

Hinh 7.4 Hinh 7.5

Mot ciu triic nhu thé ton tai dugc chimng nao dam bao duge diéu kién AT > (AT).. Khi cac
diéu ki¢n dam bao ki€u nhu thé khong con thi cau tric tu tan ra.

Mot thi du khac 1a phan ing hdéa hoc Belousov-Zhabotinsky. Phén {ing nay phuc tap, nhung
vai tro trung tam la ba qua trinh héa hoc sau:

CH»(COOH), + 6Ce*" + 2H,0 — 2C0O, + HCOOH + 6Ce®" + 6H', (5.1a)
10Ce® + 2HBrOs + 10H™ — 10Ce*" + Br, + 6H,0, (5.1b)
CH>(COOH), + Br, — CHBr(COOH), . (5.1¢c)

Phan Gng (5.1b) 1a tu xac tac Chon liéu luong sao cho phan ing (5.1a) va (5.1b) dién ra véi
cung toc do, nen lwong Ce** sinh ra trong (5.1b) bu lai luong ion 4y mét di trong (5.1a). Nhu vay
lwong ion Ce’™ giir khong dbi trong hé. Axit bromomalonic CHBr(COOH), tao thanh trong phan
tmg (5.1¢c) két hop v6i Ce®™ s& can trd phan tng (5.1b), dan t6i giam lugng Ce*". Chét can tré
khong bén va phan tich thanh CO, va axit dibromoacetic. Khi d6 phan tmg tu xtic tac (5.1b) lai
tiép tuc. Két qua 1a dién ra qua trinh bién doi thuan va nguoc gitra hai loai ion cerium:

Ce' o ce. (5.2)

r r . + r \ \ r . + \ 3 . \ A M 1 r
Trong nudc cac ion Ce* ¢6 mau lam con cac ion Ce’” mau d6. Khi con xa can bing thi cac
phan tmg (5.1) Iam cho nudc trong binh bién d6i mau dan tir lam sang d6 va sau d6 nguoc lai.
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D6 1a mot cau tric tiéu hao, bién doi theo thoi gian, v6i chu ky khoang 4 phut. CAu tric nay sé
mat dan khi hé tién tdi can bang.

Ngudi ta cho rang cc vanh bui ctia Sao Tho 1a mot cau trac tiéu hao theo quan diém cua
nhiét dong hoc khong can bang: nhiét birc xa tir Mat Troi 13 ngudn nang luong tao nén qua trinh
khong cin bang ay.

Theo trén thi ciu trac tiéu hao hinh thanh trén co s ba diéu kién:
1/. Hé mo, ludn trao ddi voi moi truong ngoai.

2/. Trang thai ¢ xa cin bang, quan hé dong va luc 13 phi tuyén.
3/. San sinh entropy tng véi mot cuc tiéu dia phuong.

Theo 1y luan nhu thé, khi cac phan tir hitu co hop lai dé tao thanh mot t& bao thi chinh 1a
hinh thanh mot cAu tric tiéu hao. Céc té bao hop lai dé tao thanh mét co thé séng ciing 1 hinh
thanh mét céu trac tiéu hao. D¢ la cach thirc ma nhiét dong hoc xa can bang tham vong giai thich
su hinh thanh va phat trién cta sy sdng.

N6i chung & cac hé s6 16n ma ba diéu kién néu trén théa mén thi déu ¢ kha nang hinh thanh
cac cau trac tiéu hao.

52



TAI LIEU THAM KHAO

1. Pam Trung DPon, Pham Viét Kinh: Vat Iy phén tir va nhi¢t dong hoc. NXB Dai hoc va
THCN, Ha Né6i 1974.

2. Luong Duyén Binh: Vit ly dai cuong Tap I: Co-Nhiét. NXB Gido duc, Ha N6i 2007.
3. A. Kikoin, I. Kikoin: Molecular Physics. Mir Publishers, Moscow 1978.

4. JL.J. Jlanmay, A.U. Axueszep, E.M. Jlubmmu: Kypc obmeit ¢usuku. Mexanuka u
MonekyisipHas ¢usuka. U3n. Hayka, Mocksa 1978.

5. B. Linder: Thermodynamics. Wiley-Interscience Publ., New York 2004.
6. W. Nolting: Statistische Physik. Springer Verl., Berlin 2002.

7. P. Glansdorff, 1. Prigogine: Thermodynamic Theory of Structure, Stability and
Fluctuations. Wiley-Interscience Publ., London 1971.

53



54



