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W LRI 1 R EL o (r) AERITFRE, f; A7 H R — L8

THE A A (L. 45) 2T — T LR OS2 77 TR R R AT
SHAYE&F.

— DAL
*’I‘E‘éﬂ@@%‘ﬁ"ﬁ? % wjvfw; BRI HH
1 1
0, 0, Oﬁl 'y 9 g

BT I F Hﬂ?[@?%ﬁﬁﬁ*ﬁﬂﬁ’]ﬁﬁﬂﬂ?, i, 535

Ly Fay, = f2[1+ cosnx(h +k +1)]%.
B BT, S AR A n(h + &+ 1) HFBETSIE . 6l
a0, 3 (001) MR — RATH RASHBH. X 4525 §1.8
T R—E.

=N L)

—&ﬁﬂﬁldﬂﬁiﬁﬂﬂ/\ﬁ? Al AR AT N
11,1 11

0,0,055, 20,20 5Fuo2 5

PO R O X B AR ARAR N (1. 45) 3K, 15 3]
LuocF%4, = f2[1+ cosna(h + k) + cosnw (b + 1)
+cosnx(l+h)]2.
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B
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X R AL AR R P AR B (hhohs) . B EH(hhyhy), KT
RLA & B Aa 3 (hkl) .

16. IEIAARTEAE S BERESE ST BRh.

17. RIS RERAE, IEH AN AR RN B EREE R

[T] 0 0
€= 0 €11 0 .
0 0 €33

18. ME=ARANVEKRFHLBTF=A&KE.
19. iHeAAERLEM, X LA a &0
20. RN 1.5405A 09 X 6B & B ¥ K AERT 8 247, |
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Q)EBER a.
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BT RENEE

W45 & ik, T N2 T EEEFT M SNE T
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Frvy LA =R E R, — B (SR, A DI
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FFMERS, TEFRTHETRMEE FHIERH . BE — g
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— RBFHEF2H

R FAS, BEHFEE s pd. - REEBETFH =
0.1.2., FERNENMBFRIEEE T, £ LR KPE
WIRTFHE . mEE TASH 15725%2p°.

B e o3 A BN A AR A TR L i R B R R A B e
W ERAHEAFRER . BFEEREN, AREFEER TS £AM
HAHEF EERREERERAF P EHENE, {EfREKR,
HAE B K. SR W] U R B KB B R B A — N4l W, Bl e F
KERH KA EKKFEANEFEE—BRTITHEERELHY
B (nl HF)DEE.

ER—E, RRARFHETFREARR, EHEFHRMNHET
BERL ENMERRMEIN. 1A BN A BERTFAESRERIE
BRHETF, VIA B VIIA KNBRFAEGRER T, TEES
KRB F I REFRAEETHEGEERA—HRN.

—EERE

BRTRE-THETHBERNRERIEFHEEE. AR
THREEE - TR THRENERRIF AR A+ 1 5
THEBZ TR THHENREIE B EE. ERm, 8=
HEE—EXTE HEER R 21 B TEMNIBEFHE—
HEMENERE. AR ETUAY, E—TAMANESS, B &
BE DTS A0 . e R B A K /N W S B B DR T X B SR R 5
A=A L HRFEREF N FREABENR BT RMGE.
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#£2.1

B (BAfI.eV)
JLE | Na | Mg | Al Si P S cl Ar
HIBGRE |5.138(7.644|5.984(8.149(10.55(10.357] 13.01 | 15.755
JTE K Ca | Ga | Ge | As | Se Br Kr
HLBSAE (4.339(6.111] 6.00 | 7.88 | 9.87 {9.750| 11.84 | 13.996
= BFFEfosE

AR TR A TR R TR AR R Y
THRME. FMLBAEEREEEI BRIk
BEPERFEE-ANETFER+1 MEFHRENREE, Hiit
BE+IMBETHRE TR FRAFEREF. K22 RBSTE
LT R AAE . BT AR AR — AR BB R A A /N T H K . B I
TR/, BRI 5] SRR, X R B BEAE AR (R
A, BT S R 3R — A i i, M R SR e

#2.2 B F FEFORE (341 :K]/mol)
R | Bl | ERE | BR | EiH | £RME
H 72.766 72.9 Na 52 52.9
He -21 <0 Mg -230 <0
Li 59.8 59.8 Al 48 44
Be 240 <0 Si 134 120
B 29 23 P 75 74
C 113 122 S 205 200.4
N - 38 0x20 ci 343 348.7
0 120 141 Ar ~35 <0
F 312 -325 322 K 45 48.4
Ne -29 <0 Ca - 156 <0
N

A RE AR BE N R FM A ERIE TR TS EFdFRIRES.
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Mg — R A RS REFHESEER? Mk, AT4E
W TR TR B AR S, AR R BE T 8 Frse .
B PR TR f REEA N &, red — it e IR 71
B IS EE, EE MR PR AE S S EEE R it
BILAS AR E L. B R B A E OB I H (R, S. Mulliken) 52 Hj
Hy. e X
B ey it =0, 1I8(HERE + BHIAE)

FrBCH S i TR, A5 0. 18 W BE N T Li A9 ;M
W4 1. BRTEOHE 6 2K (Pauling) 42 M # 88 UdE A H 8 Jn ik
W, Moy BIFFAMBHHETMYE E(A-B),E(A-A),E(B
- BY BIEMRF4rF AB, AA, BB BB REE, A X &K

E(A-B)=[E(A-A)XE(B-B)]Y2+96.5(zs — x5)
BIelski3 A JRFH B FTFRR Atk E e BB fttle. o,
HiJHFoyd G e MR sk . R BB BB AL kI/mol.
R2.35H THACEMHBEAE. ARPEIBETTUE S . Oltks
BAHERE XHERERSEL QR —ANNWEFEAER
B PER K. i R IBAT A T R R RS, B R A

&2.3 TURME Y

TR WKE | BAOBE| TE BARE | BIEE
H 2.2 - Na 0.93 0.93
He - - Mg 1.31 1.32
Li 0.98 0.94 Al 1.61 1.81
Be 1.57 1.46 Si 1.90 2.44
B 2.04 2.01 P 2.19 1.81
C 2.55 2.63 S 2.58 2.41
N 3.04 2.33 Cl 3.16 3.00
O 3.44 3.17 Ar - -
F 3.98 3.91 K 0.82 0.80
Ne - - Ca 1.0 -

50



ORMZzdE L&ET, TTRA B RYEZE R/ ;

Q— AN E TR f FUHE 2 BIE .

WHETRATRERFHMAHR Y TENSBE BT
ST RBETHMEFRATRYES B, B, A/ ES
BYETR, AR RESBHITE.

§2.2 EfEBEe&EA

FF45 2 LB, TR 0 B3 T 90 ) I, 7
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B IVABRITRBESE SR B RMN LML S RENS, HKE
VA,VIA Ml VIIA L&, EfTMTE SR LM 5k,

RS E AR SRR . R N Y TR E, Xt

51



T IVA, VA, VIA, VIIA Bt &, e FRE—HFSMETE, &
LEEEMN 8- N MR, B8 - N) M MEE. (8- N)E R
s St O i MRS R HAE R M O M BB B 8,
% ) S BO v B B U8 B A X R

AN

109° 28" \

H2.1 &5 &y mEag

HEMEGERNEFRELB TR FHRX, ERTH
EIE I B SR, (4R R RERE IR, B R A 2 e ik
OB R (LN A R BTE A A, 4 R, AR R EUD, B
R,

—BYES

FBR DM TR RN, BHRER T T AMRAL
M RBAER, BRERATF, “EHSGE R, T REBRT
FRIEEF, — MR FERAET, ERE A% RRAH
BYmAER 1A KBWERILES VIIA RXIERTTRS 5 B H &
&, i NaCl, CsCl 5. T1 1 5T A0 VI ik ST 3R MY /30 AY i s o, P ZE AL
HETE. A BRERLER, RABRTFHE -, 44X 8T
W VIA RTRFERE, BERBETHRTASSERTFSHLE
I—SHEEREFHEFAS 8, MRS FHETHASSE
FFREHER—SHEERFHETFAS —H# NEARTHE
FREBERMKRBEEN BTRASedBTHa HERE
EfREFEEAESD. EERTFEATEMSRRD, —FHE T8

52




BIEMUARSE T EX—RGHRHT, RN E T8 hEH
HER, —RME 1.17 BiRH NaCl B O 7 7 &8, — 2 mE
1. 16 TR K CsCl B 3L & # .

AN RBEA-—FERN, B, BT RAkRE—Rg Rk
Efdak. B FRENTEES, B, ]k, SakE.

=.&8REE

IAIIA R EGEETTR, ENH B QYD B E —RE—H
MEGREHNET WRTRAAN, BB ERAEEBRET, X
BRETRTFHERE T HEMNBRIREN. HETENES
RETEY, NERETHNIERERBET, R K 7R 2%
WERET XU, BAE/NTREE, &R &ES, fiF
ABRTAAET, RN ERT LS, EREFERT REZ
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i, MRS TR E L & DAL S TR S S W E LB
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(DBt M 45 &
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M REH BERBAR, A FEREH PR T — & R RN
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FERED TH RS EREN RS D WER N . BRFESHER
FELT.

Q) AEm S TR &

RS TERBTHRERSE. HESHRH FHEBN S
AR B — R AR AR X R R A R

h ERES
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Faafimm T ARFHE, #FEEMAE O RERES, P4
THRARE. KN BEEHENEE S THELES S B—4
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RIS & T RERIR A 2, B —Fir 5 4 p [5 if 7248 JL b5 & 26 R . 04
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MR R ES & 28 R, d i P R (8] RY A BV R Tl 2 w2k,
—%EE”&%IJ‘J —REHFI . ERTHIHEAY TR TS S
BRI HES g R A b, RS R R T EBAEH . BE HA RS
NWTHF S, MRS E %W . BRI AMERT, JE
B R4 R —ERE, KT R4 MRS PIRTH AR
= EER, PR FESEEReHER . AR T R $ TR
HEET AR REORER R

u(r)=-~ R (2.1)

AF r%ﬂﬁﬁ??lﬁléﬂﬂﬁ% AB.m.n MAKRTEHEER. H—
MRRBGE, F IR AR B rg AIRRE TR TRETE
WA IR, M T ro AL, RERLERAR/ME, B

du du

dr dr?
B (du/dr), =013
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ii)l/(n—m)

mA ’

¥ oro A (Pu/dr?), >0 =

dz_u m(m+l)A n(n+1)B

2
dr rg " r5t?

ro—

_ m(m+1)A

m+2

ro m+1 ) >0 .
B ERTH, n>m.n>m KU, EEBEORK, HFHEHES]
B P/, BNHEF /e =R BRI
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B (2. D)RFEATAR PR T8 B T

A B
flr= == 2525 (2.2)

B2 24T WRFHEERAREEMN . AE 2.2 /LU H,
LR AR AR, BRI R E P2 5, SR
B BT F152 r =1, WRFI OB B MER AL D, Hr
HBREGER Y r=ro B, FAERI RS, ERHAE;
Y r <o B, HEF SRR, A EVE A E B i HRRERI .
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b o A, JERF G B9 LA PR S T ol T R AR

UZ‘;’Z iju(r,—,-), (2.3)
Hpxt j KA, j7i, KFRF 12 BEHT «(r)5 ()RR
—AEAE R, (HAERA P AR S
—MRFESRABRFWMEERS, HEHR, (AR
HAER E B RS Bl R T MM ELAR A B, M EEILANE T
BERY PR T R AR B ARRARAN T FE, BATECIA R &
PR T — 4R 75 B AR F IR S 2 MRS
8. A, MEREEN - RTFESRBEMREFHMEERRZ
MEERFETREARY —METSHORTHHEFERRZ
fl.HE FRERTZRTFHORESRENREFREMALOEE,
ZuE RN EAE A S —Z RAUTE . HI, (2.3) KX ATHE R

N. .
=3 ) (2.4)

HREEFSERSAIEPREREOEE, REEREFH
WA EEATRTRAMEER, FASENE SR BR, KT
HIBhEE IR TR G AH B AR RIS aE 2 M X B % T 45 G 68
FXFEN, FT AEFT ARG, FTrshee 5 HEE RS aEaT
AXHEM L /MEL . BTLIE OK B, B kM S RETTELETIRT
HEERBENENE FEEBBETHRFRIEFRIGHEEERH
RRERE R IRM S S HE.

B2, )X, EFHEEERR Nl P ERRE:
—RETHE, —BREFHHEE XHIMEAEEGHE—TEHEE
B RTHEARSEREREEROSE FHik, FENFETHE
ERA M RAER, RONTUMAZAERE SHFMHXNEA
RWH BN B AR PR 6 DR 48 2 JOM i B I

P, IR R R RE SR B TR 5 R A A B 9 AR
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XA, Bl

S 1(av
k=—;(§)T. (2.5)
MR AR B ST R4 2B A%,
1 3P
K=?=—V(a—‘—,)r (2.6)
BEHEPGIUT, SEER A, REXIMED. MIMENTIETAH
RERY I /L, BN
PdV = —dU,
o R
p= _g_% _ (2.7)
BR.DHDARAR.0)K, B
K=(%) V. (2.8)

EAEGKEEEHR A EFEERE, Vo E&REETERETH
PR BATTADHE (2. 7) AP 4 B TR AR 3L

- _dU_ (U} _ Q_U)
P=-%v = (av)vn (av2 V‘]AV+ ‘
T, SR S e a /D, Bl
du| _
(HV)VO"O' (2.9)
BT, WA
__(2U _ _g &V
P——(av2 VOAV_ K5 (2.10)

FEEEHHEPERES AN KRRET SEERIEETTIL, X3
B, YR B AR ERAKKE, B4 P A — 45/ E. H
I, (2.10)X A4k K

P _ K
V=TV, (2.11)
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B R sh s B R HATE, SRR R T R
V=2aR3 (2.12)
MEX, HP R EREFWEFOES. Win, 4 TH O AR
¥,/2a=2R, V= %cﬁ, BB A =/2N/2. B —3%, BEERALR
R Wy eB . 7 V45 5, e BUR /ME, B

FALEXTR
(aZU _ R} (92U
aV2y T 9V3\aR*/ g’
FR2.8) XK.
R
-z

$2.4 AT H%w

— B TEE

WA FHREAABRE, § M MREST THE T EERT.
MEESGE AR S T2 MEER I RESCH. X—FRIHE
EFER, B A RS F FIARAR R, AR AR, A 68 18 3 R HE AL
—A R E S, W 2.3 PR,

€ & Dy O
W23 RS, TFHHEEER
A AT B AR T SRR T A 2.4
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2.4 —xFAERT LA
R
w(r) = ¢, & _q_)
47:'30 r r+il,—-l, r—I; r+lil
Hep ¢ REBRFPRTHEEE, r RFERTHER, [ AER
FRIEFRBFRIMER. BER L, b, - L EDMT r Bl w(r)

1R P Ak

pP1p2
= -k 1
u(r) 2megr’ (2.15)

H pr=qly, pr = ql, 7 ATRERTHERE. T RRES T
BMRSIERES A . T ERYEES T, F

u(r)=*—22_3, (2.16)

2neqyr
Kb p=ql,li=1,=1.
ERERESN, & T REzh, fES TR TFIHERISS
OB, 5EE T R H.

— RS TSRS FHEES

LS T HIERES FRE, ERES FRRERSN
BT, EREST FHRFERERT, BT S0 0 A
CARES, RHEFERES THRAL, mEESFERE. BSER
RERAES TR EERE 2 B8 ER N WES . RES T 5ER
o FRIHEERRTFE 2.5 i TERESF FERES EM
TR TS F, U EEMA Q. 15) R E? F 53
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BAEST TR SIS py RARYES W RREE, & BRIEE K
ALk )

2y
E= 4regr®
o & S
(@) ()

M2.5 BB TH5ERMELTHHEIHER
RS FRREBRES E BIEL, B

B BN (2.15)K, B35

w(r)=— ‘;”; - (2.17)

drce§r

He o HAERES FHEFABBRAE. A1) KXTLES,
e T 5B S TR REIEE ° SR

= ERMSFHEES

EHAE FHIEMETFRECEN, ERALTESRBYES
MILH 5 HWESKRS FHERRLRFBEPLES, FEEK
ABEIE, PP RS FRAFEERAECRS S HEWHE
&, He, Ne, Ar, Kr, Xe 7EMiKIR TERGEE B ik . SRR S T2
WKEMAL2EREGRBEHR? BT HFEBRERESTHE B
EHRH, AT —~THE 2.6 Fra B HSEHEAE R 789 B R
. ()R BIRE, A T2 REREWEAMEE T F, 305 RH
HAEMEITHRE. (DMBRIERES, FHTFHEMERTLTR
SR, tHEAEHEE/DNTE . BINEEENFHRETE RRERRE 2
T BERGERP () REH DR oo, (DVREHADER o, (b)
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REWRER w_ =~ u,u>0, WHHBEZERITERTH

(@ (b)
H2.6 HABEAETFHNRNERE

~u_/k,T
Lo _& % _ u/kT
0 .

Lo e

R BEARAR AT, e/ %71, B o3> 00, SXIREH, GEIT 1Y f E SR E,
ASEMRB T REE DRSS B 2o, RS Frb
EHER AR SR B N R IERAE S T45 & A kM 30 1 BB
[IR, (b) 4R AR AT 7= A B WE 7 3 11T LA R 2R i, %o i ] °F
¥k, BERE S FHERENT, ARRENT S, X—21E
WS TS 2B B AR R, X — BR O (3 4R 48 4 40T A9 PE 1
STHEBAMER, T 077745 S @R E. W, EEs ks
F 18] B A8 EAE R R B i (B AR AR S B TR (B AR R R 9 1R . 28]
FRESFHERER FHRSIZ, HHEESES FRIGR G
A[RmA

_A
T6 '

ETHFRY, ~BRHLRHE. BLRRE, $RE5 PR,
B, — %> 1 [B1 0 B I HEE A

u(r)=—A-+§. (2.18)
=4

_A2 B 1/6

=tz =2
(2.18) Kb
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[+

12 6

u(r):4e[ %J ol ] (2.19)

BB A E A E— U (Lenard — Jones) ¥, ¥ G R auE 2.7

i (2. 1) R AT, o BATKIE 149, 1.120 B9 F0 45

FfE; e AHRERM N, -« BTFRTHSNTENE B
B2 O, TATTLAR S N MEES KL T EERREE

u/de

0.5

—T

0.4

0.3}
02}

0.1

12 14 16 18 20
: r/e

12

g ®

92.7 EME—FEY

N

B EZ {4§[ i Tij

151' R ﬁf’ﬁ’l\%ﬁﬁ:ﬁé’ﬂﬁlﬁﬁ, Ul‘Jﬁ rij :a)'R,
V12 6

U(R):zwe[Alz(I%J —A(,(}%] J (2.21)

g

r

Il @

He
1 "1
Au:z;ﬁ’ Ag= 2] —5 -

j  4j

LR T, A o F] A, TR K. 55 2.4 P T
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ST R AR BAR T Ag M1 A RIME . B1(2.13) VR IEF | 9 F

)
®2.4 AR A,
g & SLTT ST HLD ST
Ag 8.40 12.25 14.45
Ap 6.20 9.11 12.13

2A12) 1/6
A, |

B ERXRA (220K, H2F o S0 5 R B

2
X T 00 3 T7 TR B B o T A A,
Ry=1.09¢ . (2.24)

AT, BT X JEAT A R R E B Ry, W HE H o BIA[SR AR
(2.14) AR H R AR B BB B 56 A X

( A6]S/2
K— A . 2.25
12 AIZ ( )
Xﬂ“?ﬁi'l}jﬁaaﬁi

K-—Ss—.

MA 2D, S ERHE R AR R R AR R, fd ECRp
T;kﬂjﬁbi €.

§2.5 HNE4E

HEFE B (Heitler) M2 2 (London) N FE1E EiRiE T, R E Y H
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FHERMRMNHENERTFA LS RBENS T X R RkLH
,nnm}_@t/b\gﬂﬂ

WE 2.8 Bk, A REMERF, —MEFHETHICY
I.BFIEHN LA -NREFHEFECH D, BFidh 2, Yk
HieSHE . HiRE BRMAEEM, HEaETFHREGRN
L(e_z N A S

E ) 2
H=-7—(v{+v}) - ot .
2m > 1 2 4meg\rn rm ot R T I

24P T N PRAL SR TR, B 0 B S ek B A

1 _
( )=—7"= ’11/“0,

‘/’ It ‘/Ege

g(rp)= e e "1/ %
ago

le:::- =2

T =H
K2.8 WAKETHMEELMEH
T2 B A R BRI o B

0= Cilg(ri)¢lrna) = ¢(r12)¢(ru) Ixs(sizs 52205

D= Col¢(r1)¢(rp2) + ¢(r12)¢(ru) Ixalsiz, s2.)-
He C, M Cy AE—EEL, s M ya ﬁ%ﬂmﬁﬁ’*ﬂﬁﬁﬂ’ﬁlﬁ
[ | <P2 A

E = j@ H &dr,
T 0, M @, BHERANY
e? + K-]J
471'60?‘1]1 ]_—Az’

E1:2E0+
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2
E2:2E0+47r€zr1 I ' 1K++A]2'

KA A K. J B850, 4 r ) NEEM, AK.J BYEHE. H
294 T E(Esn 5 rinBIRR.E, B rpp 8950/ 598 3
m, RHEFE X EH, BT E TR ER FRALHERA, A
BBESHE S F. M E, & rigp=1.518a, WA —%/IME, T ]ch
THEWRERFHEZRS], M TFE—ERRE R XERFEFH
WREH GRS E, BB T HIRRFITHRAN SR FHEEAE
FRE.

-2

\‘E-/p "1/

K29 SaTHRESERTHEMNXAR

BT, BHJRTP BBEA S FAORR T IEE, R R
REELAR (K. B AR S & P B T PR L X fi T, BRAC K f B T 45 1) 9 36
frig. XA EmA B FHE S TRERARNES.

PR T REX R T4 a8 B g, R TFHE T —
B MEERE, EXENEFZEERIRKR. FlW, RETFH=
PARECKTH 2p BF, A BT =AERM 2p,,2p,,2p, BUEL,
RETH 1s BTFHETFZRERMFY, X =1EFF5 12K
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FIER NH; B, B350 z. y. 2 BIEAETFH 2p,2p,.\2p,
HE LW TR RERIE.

RIETFHHRTHBHN 1222 BELEREW 2p HiEEL
§ T REX, B R AR N R HERIEY, A+
RETFH USRI, 5RO K AN 109°28". KT
MR AR—TRINRIEREN. 5%, BRI A %, #5IR
FHBTAARET L. BT 2s BRT 2p BRERMBIE, W
E2. 10/ 5%, =1 2s BTHEED 2, & Hit, eMadRETF
Y 4H 7578 B 1522512p3(2p£2p22pi).fﬂ 2s M 2p BHHEFEH
TAR—8E, U 25.2p,.2p,2p. BE T, M EET
ZHIAA R —RE, BIUA R 2SR . AT 1931 S AR R
(Slater) 42 i Z AL BB B IS, TR — WA BAE T — M5 HI @
B M ELRE . SR EaPRIEFRIH MR 25.2p..20,.20.
ABINH AL T HARAEE . R BUE D B R

Px Py P: Px Py P:
@ @
H2.10 BEFHESFHELS
-1
Sbl - 2 (¢Zs + ¢2p1T + q‘)Zpy + ¢2P1)’
1
9275 (@2t @25 ~ 925 = P25 )5
1
¢3= 75 (@2~ 925+ $2p ~ 925 )
1
9a= 5 (@20~ 92, ~ 925 * 925 ) -
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4T ANEE ¢y o3 M gy FEUE, 72 DUTH AT 8 7 [ 6
B 2. 11 BRI BT 4041, BB B Je /B 109°28 % A 9 19
AL

@R\

/

P
211 HETFHLEAHE

2s TFHMAR 2p UEREER, HEZBRA P #EH
MRE R LUK ER, [ R H R/, MR GRE.

6 BTHEA

§2.
Xt F A NaCl ZUEF Sk, BB PRI EAE B AIRR N
e’ b

ulr;)=+ .
( ll) 47t'€0T,-j r:.;-

B EARANQ.HAEB

H e2 ’ l L ’_b__
U=“2[4m-:oRZ,) " a _R“zj: a;J
ﬁEPE‘/Q‘,\ ri = QJR%Eé’\
p=3 (2.26)
j j

‘b
B=> =,
>

BE
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__N _@_g)

Hf p A DEEEE, ERNGRBILAEME XN ER, &
(2.26)z it B LB FHA, + . - 54 FI% AR 3 AR
BYHAER. & 553,

NaCl BIZ5H o =1.747558,

CsCl B%5H  p=1.76267,

INEET %M . =1.6381.
B P A ) 24 (dU/dR ) =0, B

ZR n—1
B=%, (2.28)

Tegn

:M _ 1
|U(Ry) | 8reoRy . (2.29)
B (2.14)0] 1%

2

K=—*—(n-1). (2.30)

727(€0R8
R X OJERTEHH R, B SR Y &h R B AR AR SR PR B, R 1) WT 5@
3 EXRHEBHE »

n=1+72L:2RgK. (2.31)
*2.5 ﬁﬂtﬂ?ﬁ%ﬂhﬁﬁiﬂ@ﬂﬂ%ﬁﬁﬁ% K M1Z¥n.
®2.5 WS EFREN K 7 rn
13" NaCl | NaBr Nal KCl ZnS
n 7.90 | 8.41 | 8.33 | 9.62 5.4

K(10'°N/m?) 2.41 1.96 1.45 2.0 7.76

MQ2OAFUEL, BT RENSSEEEREECR, MHF
RE( R EECREAAXTER 1/ 2.
BIENB—THERFE RIS R b (2.26) KR
LR B, K BRI SAR S . i, R R B (Evien) 11 T 31
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B Th R W RO T ik, IO TR T R BRSO R AR
R, BRARE R R HRRT SN, RRFHRNTEET
FEA RIS, EXERESRMNSEETHECERN R
R I AR SR RS T R RE B . 2. 128 7R, EATIEEL NaCl 45
W R ARRE S, FRRERPLET O FNEEET,
Ak O MIEET. WO B89 571X s B ST 6 % (1/2),
BT Z2H5E T EC R TTR Y

1
6><2
T

212 NaClEMHKEXREER

BPAMETRERT, B SRR 12X (1/4), B
FECRERI TR A

B IZX%
72
8 AT LB T X R RERI ST A
ok
\/3 .
B DL e — A vtk R 52 i M5 B A9 NaCl 254 di i i) S 1ERE 4L
1 1 1
6X 5 12X-—+ 88X
n= 12— ﬁ4+ 38:1456
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ERBUE KM P, ik BanE 2,13 SR 2% S A EwY
8 MEREGMIEAF B E. X8 O S B AT KT 4T
KUGEARE B S X —F XA, B2 3% 6.12.8 & F,
EATIX AL RE A TTRR

y 1<
@%)/0’/9/0(?/&
f\/Q C
0
M2.13 8MNKRAEGHPH—N
6 _12 8
1 /2 /3

SLUR N 2. 14 B 709 4o 7 PR L AR BB TR TR, —
AE BB R R T, 3 S AT, M
BT LR TR

214 HEHBTFOH
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1 1 1
673 +24>< AR

/4 J5 J6
e 1 T BE B R ST A

1 1
laxy 24y
/8 /9
R NL T R TR A L X P B RE I TTRR

1
8% 3

7B
TR, 5 NaCl Bl g7 R iy B 18R # &K

1 1 1
6 g 60Xy Mxy x5

_6 12
R SN RN R VE /6

Loggxl gxl
SRS R S B
/8 /9 J12

§2.7 BRTHETFFEZ

TR LR ER A MR RS 2 B
EEREF BRERET, AMUEZRBREFHMY, TLHHE

JRFHIR AT, B T HyE42

BFEMR/AD, RFHRTEESBIETFRRE. ST
s, RFHEFRCARTHLEFHIBR T, /—
EFEREEHTERRMEFaTA. Bk, AMIATES S
—MERAENE TR FRE, RrRE el E AR/
5. XMTE&EEN, RTAEERNEREE, WHNEG,
FHERFHILM R, 5 FRETHRFERFNEELEN
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XY EER R, H X BT W EE, 28 E Tk
B R A B — 2 X F AL f R, IR BE R — 2k & X MR TRy 3E
42 EETLE SR8 & LR 41 Sk o 4 484 181 9 A4~ 41
AR SR IR T2 [ B BE A — 2

T BT, ERE 22— M A S, 363 ] 5 2
BTHERY? AMNEED, NaF B s FOZRE Y 2.314,
KFHHIEEE R 2.66 A, 28 0.354 ; NaCl #1 KCl #H2£0.33 4 ;
NaBr #1 KBr #H 0.32 A . ENIAE BB, TR XA EHN 23
M#AE TR E RN, BFUEEE P BE R,
EHARRETETE T KESETHER HP P RAVESH
KFF (Goldschmidt) AR AN, BFH KD EER R
TESMNEHRFHSAE, N TFEETEF, BT ER5888F Z-05
R L, BT

R :Zga’

A R AEFER,CRANBERTFERTFHEAEWESR, Z H
HFFE, o ARBEY. RS BYSIARETXHMNEE. &
S — A B TR AR AT B R 51 Ah, 332 B A% S fth L T HE SR
YER . A HFRZEMENIHYT Z-c M"EEFTHRSIEH. o
EAF—S2BE N TSETFETF HERFTEMES H X H4Lm
SHILIN B B S TR B R BE o, L LU R B S R

C (2.32)

R,+R_=rg
B[ 5E 4 T & 7R R EAE AR R M R ERK
FIM £, HE T NaF R TH R4 2, BRAAR
R,=Ryq ¥V (2.33)
AR g MEFHREERR, » BRERH F2.6 4t T
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SIRTHIE R 2 R LR TR B TR R IR T

BWFERREFHINE.

*2.6 B REFHETEE (BAfr: A)
WVE Hr 42 @Y’ BTEe

H 0.37 — (—-1)2.08

He — — —

Li 1.23 1.52 (+1)0.6

Be 0.89 1.12 (+2)0.31

B 0.80 — (+3)0.20

C 0.77 — (+4)0.15 (-4)2.60
N 0.74 — (+5)0.11 (-3)1.71
0 0.74 — (+6)0.09 (-2)1.40
F 0.72 — (+7)0.07 (-1)1.36
Ne — — —

Na 1.57 1.86 {+1)0.95

Mg 1.36 1.60 (+2)0.65

Al 1.25 1.43 (+3)0.50

Si 1.17 — (+4)0.41 (-4)2.7
P 1.10 — (+5)0.34 (-3)2.12
S 1.04 — (+6)0.29 (-2)1.84
Cl 0.99 — (+7)0.26 (-1)1.81
AI‘ — J— N

K 2.03 2.31 (+1)1.33

Ca 1.74 1.97 (+2)0.99

Se 1.44 1.60 (+3)0.81

Ti 1.32 1.46 (+4)0.68 (+2)0.90
\Y 1.22 1.31 (+5)0.59 (+3)0.74
Cr 1.17 1.25 (+6)0.52 (+3)0.69
Mn 1.17 1.29 (+7)0.46 (+2)0.80
Fe 1.16 1.26 (+2)0.76 (+3)0.64
Co 1.16 1.25 (+2)0.78 (+3)0.63
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§2.8 MYy NE WwE@

— 7

=4 (B 2 2 0 T 15 R, B4 o 9 S5 o 1 85 P L B 5
(Al B, B A Py 3R A — PR IR R A R R, IR BB E B
JEF- 4 1 B A R, [ SR X R BT A, ZE R b
RN, AR EAES THFFES SR T. BARrRER
7 0 AH B4 A 69 S B B

BB 1y, Rete B i % B 50 Jans, AR A A TR AR i S
WEH REEEEPE TR S WEE, RIEFFHE=
o, B W LR B B A, BT PR A D DA T A
HTIRRE, AS w977 L Bm AR, 8 R KD md AR . %
AS F—HZEMERARAT,, BITFHRHRR

Jim 32
B AS %?$ﬁ~5&%%7@ BE LMY A EEASED, E

(z,y,z)X 8, + 2 HIMNELMERIT LW R

T,= T i+ T+ Tk, (2.34)
+y M+ 2 HINELAE R oT EMIR S5 51

T,=T.i+ T+ Tk, (2.35)

T,= T i+ T,j+ T.k. (2.36)

Toon Ty T S BIEE T BT BURE, $RZ HIEN 1 H bR B
YI4bF Br R , R VIR 7
THZER, H(x, y, ) RE—TREERTT LR, 7T H
T T, T, ®RH, B} T, . T, T. =R A BTG E (2, v,
D) RN IRE . HTF T T, . T, FE=N0H, BRI
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WX 9 AR hor & HREERR
Ter Try The
Ty Ty Ty
T.. T T..
AR A R—1 Zik &,

WIE(z, y, )b A —EERAAER T, HIMNEERS 2.y.2
WA A By, WIZERTCINELR LR B

n = cosai + cosflj + cosrk (2.38)

HE BT BRI R

[T]= , (2.37)

zy

‘T,AS,

K 2.15 D EREKR TR 5 RS

T, = Tui+ Tyj+ Tok . (2.39)
SEME 2.15 iR N EEERIT, - FHEHE IR

T,AS, — ThAS, — T,,AS, — T::AS, = pAVa,,
Hbt o ARBEE, o, Hx FHBMEE . Y4 AS—>0 B, AS AT
HNE, AV B=R/E, B BRI

TS, — ToAS, — T,AS, — T,.AS, =0,
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FAXEX

AS, = AS, cosa,

AS, = AS, cosB,

AS, = AS, cos?,
HATKRE

T = Tepcosa + T,ycosf+ T, cos7, (2.40)
ERAP, RNMBEHBENWERE S, —BREHHEN, A 2HE
& o R T TR A9 1 B T 5 24 B i A B A R AR KRR, B 13 L7
MEMAK. ZREHSHEBTE R, YHBARITR /D, E—
T A] DA R

BE2.15H y.z G SR E Nk, B3]

T,, = Ty.cosa + Tycosf+ T,.cos7 , (2.41)

T, = T.ecosa + T ycosf+ T, .cosy . (2.42)
¥l E=XRAERRR, NE

Tzn T.z.z sz T.rz COSa
Ty | =Ty Ty Tiel||cosB]| . (2.43)
TZII TZI sz TZZ OS)'

FBEHEHMRE, QINAE— MM HRER. X—418, TH—FH
JC, Hean ks R IT, B ik HA S O iR, B WIARE . B AR R A
WEMR, 9 M AL BT RF 6 MRMILHE.

= EE

Btk R AR AL S A g SORE], BRI 2.y 2 B
BRI B B we v uyu,, WU R HIRLHE
U = ud + u,jt+ uk.
BAETohfsEshd R, REKET AR, HRE A EHFRE
BN XM BA B AR AR RERNEE. BARNEE,
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TR AR A& E AT OLRE, BRZ AR AR

P 2.16 iR, EEE PR zy FH, P HE—H, PA= Az,
PB=Ay,PA Fi7x 81,PB P17 ¥y B. B THEE, P.A.B =%
SABEIP (A B RBRAKE NN LRI (A E) BT
ZHNIERA, PA WIEN

dy

3 Uy

N udkdy

ay
__13’ X

+
=
B
AI
ol B 'é
i L= zlx
> P @ +
= A Q
Pl u
Ax \M%
E2.16 BE&HHE
2
u"+££Ax “ ¥ 9y
Sy = lim Ar =3 (2.44)
[F#, PB LB R IERN A
]
syyza—’:,x _ (2.45)

ME 2.16 WA, PA.PB KB kK4 IE N FE, HFmd k&
T4k, PA B3 M
du

uy+_131AI T 5y,
=L =—2
a }ir—l»lo \ Py (2.46)
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PB #33 W A ¥

Ju
=% (2.47)
#{1% PA 5 PB %&H’Jﬁa%ﬁaﬂﬂﬁ] A5, F e X
du,
Sry:SyI‘_(a_Fﬁ)— a ay (248)
T yz Ml zz FHE, RS
_u
S,.= 3z’ (2.49)
_ __1_ auz
S,,=S5,,= 2( 3y (2.50)
_o L|%u, du,
U B, — A ARt 9 M B, IR, WY
Sx.r Szy S:rz
[S]= Sy S,y Sy . (2.52)
Szr Szy Szz
BT R ERER D MHER, FTULRE 6 M ATBRREMIIA.
= . iR Efd

TR AR A 6 ML &, WREIUT R 3% T 5
KEBBBE TR

xx 1
¥y 2
2z 3
yZ, zy 4
2r, I 5
Ty, NI 6,

FH R
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au auz

2Syz=2Szy=S4=a—;+3;

Ju,  Ju,
2821:251:2235: dr + dz
du, Jdu

dy +3_xl'
W5 5 S 0 AR R 2 AR HE— L BRI, B3R, A
AR AT F 75 o3 R R,

_Sl_

S,

2513, ZZSyI = Sﬁ =

Il

[S] (2.53)

(T]= . (2.54)

L T
PTG, FEMAMEE AR T, M S N A R R, ¥
RERXH
T=c:S, (2.55)
S=s:T. (2.56)
B EIE, NA
Ty = cySy,
Si=sy7Ty,
[,J=1,2,-,6.
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Hef es 2RI BB EFEOREMNEFHOKER, 1B
fcin e e ocu c1s cyg)
€21 €2 €23 C24 C25 C26
€31 C32- €33 C3¢ (€35 C36
C41 C42 €43 Cag €45 Cap

€51 (€52 (€53 (54 €55 €56

L€61 €62 €63 Ce4 €65 €66

B 2 RO R R X RRAE R, B ST B M A R £ R 21,
SRR RS, SRR I S SR D L R R A AR ¥,
ClI~C12+Ca4-
MN(2.55)F1(2.56) TR T LAE W, 2hE B Xk &5 W H i
RE T A, B
[s]1=[c] N (2.57)

$2.9 WEHIFTR BWEK

— RN h¥EE

K217 BT &I ArAyAz Tz FRIZEERT. L&
FCTCBR /AT, TR R 5 5878, AH A W I 49 32 0 75 ] IE AR AR
HImANEZR N IE x A8 AyAz T 52 281 JRF #9 b fi 7, W 5h
BN -2 HIH AyA: TRFGEEFOAMA. BE2.17 7]
PSR B IR BICTE « FFHE S E 3 T &

[Telx+ Ax) — To(x)]AyAz + [ T (y + Ay)
- Toy(3) A28 + [ T (2 + Az) = T, (2) ] AzAy

Pu,
= pAxAyAz 2.2
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/T,,
Tex |
Az
Ty ,/ T. Ty
o sz '(
o - ¢ 1
AY

H2.17 @B AxdyAz £ o FEF8H

LR T — S0, BRI
AT, 9T, 9Ts  Pu,
dxr ay dz - atz
FEER[H y B 2 FRfE3) 7 RS
ATe T, 3T, P u,
ax+ay+az e 3:2’
ATs T, Ty  3u,
81+ay+az me 3[2 ’
MFE(2.58) .(2.59)F1(2.60) M N1 F .

TN
ABRARERNBEDNIETE, WE
<7-1‘:(9%%%,
Hrp
% 0 0 0 3 %
ve=10 % 0 = 0 =
0 0 55y o O
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B (2.61) R XBHE R S 5048

aT Fv
VS TR (2.63)

Hh v=ou/or BRAMNBEEE. B (2.53)H(2.55) WA a8

%—f=civsV, (2.64)
He
. -
s 0 0
d
0 a—y‘ 0
0 0 %
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wIERE
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9. BRI HEF I A B A, 143 AT A% X NaCl g i %
WA ERBE RS SR,

10. WIEFRMEERE R

8

a
ulr) =——+ .
r2 r8

HRRTHR—TRE S Fof, ZEE R 3A, BEEN 4V, K o
g ‘
11. NaCl S4B R BURAE B 2.4 X 1010, 7 RS

EEAT, ETFHEERL g mE 0 Riguichs/  as2
89



JL? QWA =10" P REIE).
12. B E YN
v 12 / \ 6
wn=ael[ 2] 2]"]
. r=1.120 B, BEER /D, H u(rg)= —e3% r=0 i, u(o)
=0; 0 e Mo MYEE L.
13. R T i F O AHEE B EE R

2
N 7 —r/p]
U(r)— N\:47['€07' Zle N

KPR TS 28, ool A, p A, Z WG
4. B—Axiys: SEHFERIT, UIAHMMAEH S ELX NV
o, P EE S AR, UEW N T B — 3R R
15. N HEIEE S A MBS EEE, o1 = ey co3 = c13s

C55 = Ca4>C66 = ‘%(Cu - ClZ)s €33, ﬁf&ﬁﬁﬂgﬂ? a m'EJI E

BB B 2 Bl WA AR oy FEA(EET ) EE, 1K -
(1) =AM
(2) % R = FhBE A BT S LB S .

90



FoE IR E RN

P EPTEE R AT e i L, SRR R IR P AL . R T et
TRIAER OB R FREEHRLER, EIMER
A B SRHR, AR R AP E B T A . E IR T, IR I R B W 1
TR, S ERSIRMALA . W IERSI T A MR T
Wik, ERTOEEEFHRAIFEF, RRRITHE FREXE
& S IREIRE TR EMNERR, RRRDBLERHR
AR REY PR LA R B S R EE IR R

§3.1 —4%£EBERF

REGEFRERTHFECERGRYE Bh TRFHER
K,EFERFRAEMLEM, - RIHLBESGHEE
T RGE AR R TR AL R A 5, B LU A SR g d R R S B — MR
MR F N T IR B IRSIEATE S, AMTRAERR— &Ry
B — RN B T S — IR B0, AT TR — R AR
3.

—.—REERT

wE 3.1 R, R RHEREN m 2R TF T,
AR T TEAERIEEE, EBERN o, H u, RRFSHn
BIR T a#%lﬂﬁ%%zﬁﬁﬁa’aﬁz@

91



n-2 n-1 n nt+l n+2

()— ) TERY
/' \./ N/ Q
N N
| 1 I I I
U, Up_y u, Unyy Upe2
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3
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(24
HNBAE n MNEFEE» 1 METFHEERN

f=—Blups1—uy).
W EXEGMNBR  HERE N F WHFRTFZH 1= -k lE
BRI, ZEREARL. AOTFRH K g AWK E 5 25, FREmg
PEAE R 1 AR R R AT g

BaNMRTZBEA+ 1 MEFHERIIN Bluns1 — un)s

F(ugsy—u,) >0, BAGMHME S, RZERMEMHER N E n
MEFZBAE -1 DNERFRERIA B(un — u-1), E(u, —
u,-1) >0, BRIZEMALM S, RZ AWGHHR 1. BT, 7 2t
KA R FRIM EAE AR, 8 2 MNEFRW A

Bluyii—u,) = Bluy —uy-1) = Bluyry ¥ up-1 —2u,).
Boa NRTFHZEIHTERN

2
dd;":ﬁ(un+1+un—1_2un)- (3.4)
BT R FERRATE AR FI, HaEFHRE — DR L8 7
B HGHRTER, F—PMEFHNEHESEMASEFNZEDH
k. EEEREA N NEFHER, FERFHESTEBAN T —1
B BA. BRE TRMERNEFRES A E—FFWA, Hh
FiX AT BRARF AR ZHEMEFHZ3 78, ST
BN RBTR T HE. XA MEELR LR —A AR S R E
R IR BB wy =0 F uy =0 AR H BAX T T2 AT
YERU/MR 3 8 R F B AR . i, 3B (Born ) #1 R 17 (Kar-
man)$2 ;T — MBI E B R &, B BT 89 R SR R R R
RELFE SRR fh AR A, AR 0 PR 21 AH R A9 S AR AHBR 45, & AR iR 4E
Kot I B R B 18 B O R — B XX — B R A A AR S B R
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W7 885, BT T (R A B A AR T 2, BT LA B 5 i i
PRIEFHIZ NS ERERATF, i K 8N FHE3)
HAZBREEFHAEN EHFER NS R —RI&GR
B A HEE P RERNRG, BT 2 EERRS ROMR K
T2 B8 ) R R SR
HTHE—FITAME, C.ORERT AR, TELTF N

ARETFHE— T SR ) R AR R — EE R

u, = Aeittawt) (3.5)
K A HIRIE, o BB, gna ZFSH 2 BIRFE: =0 B Z
IR TSR o R TR

w, = Aei(qn‘a—mz) — u"eiqa(n'—n)‘
P

n —n =2q—:l, ok %8
W ow,. = u,, B EFH AR 7Y
(21+1 2”5{[’

ga
upy =~ u,, BIRRFHE ARG, XRH, EE—Z, JTFH
LR H —E M A AR, WEN R TR CL A AL T I, 3 Frid Bk M 5
BN EHHRZFARNCEEN, ¢ ERERFENEE.
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B
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o ERRERANZUERE 2/ HEYG RSB, B4, 1107
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B, A I AR o 7RI RS0 N B A I R

XL, (3.5).3.60)F(3.7)RFH ga BIN 27 HBFAE,
“REEH AL XL ga TR A T E
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. <gq . (3.8)

Tt B R R o, B SRR % AR,
0= w/q, AR 1B

'U:‘A“(“‘B’)Vz sin(ﬂ)l . (3.9)

T \m A

AL, R R R K A MR B KN A AR R %
HEANE, X 5] WG E T = R A AR 8. R R M,
TERR B B HR 03 B AR, 5t AN IR], AT S B0 . BT LUGE
HH o 59 WERNEHOCR, WHRIRSIPUE SR 31 .

AR RIFE, TR R Z (3. 8) ARSI, £ FH i+ 4
Frame? iahifRELIELETER? G5 AWERZAEHE
—RITHRMAF TREM, B2 X -~ RREN A &6,
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eina___l’
Hp
g=22L | sy (3.10)
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¥ (3.10) RAAN(3.8)K, B
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A N J11
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MR X PR AR AR LRI — 4 5 T 45 an & 3.3 BR, RIS BUAW
FTRTFHE— 0 R— o FHARE - FEALENERA
b, JIEEH Bl,ﬁ?l‘ﬂﬁﬁ%%ﬁﬁﬁ‘b B REHR m WIETH
R 2n-1,2n+ 1, ABAMMBREFHMGTH -, 2n —
2,2n,2n +2, SERRBEECN a.

l)_. ' w
O—eo—
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HEAZBEEWRFHHEER, BHFIHE 2n MEFHE 20
+IMRTHE3 TR

d2u2,,

M a2 =By +1— t20) — Botz, = 2n-1)s (3.12)
dz”2n+1 ‘ :
mT:ﬂz(uznn"u2n+1)_ﬁ1(u2,,+1_u2,1). (3.13)
WAL us, M wg, 1 55 R
uzn:Aei[q(lzn)a—wz]:Aei(qm-wt)’ (3.14)
gy = Belt3)ar B wr] = peiton-uo, (3.15)

G 1)RP, CHEEESHAEEF L2HHBIREB . R
A THE LR .
OFRFETFAEB AR, KRB ; EFAR, HiRE
ENCIE
QMR — A o BRFET, MY qa.
B H A X (3.14)f(3.15) XA (3.12) M (3.13)K, 5 2]
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g, 13
(B1+ Br— M)A = (Bi+ Bre “)B =0, (3.16)
— (B + e )A + (B + By~ mw?YB=0 . (3.17)

HARIE A 1 B A2 RE, A R BATII 2@ A%, J)

(81 + B2~ Mo®) — (B + Pre )

; 5 =0. (3.18)
_(Bl'*',BZelqa) (,31+,32_ mw®)
i bR
(Bt B) : I: 16mMBiB: . 5f qa }1/2
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RS, EXNABRARNPRERELZ AN ES A, 1
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@Amax ™ 2mM {(771+M) (m+ M) (,31+ﬂ2)2 } '
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B 3.5 mi T RERBRRMGT, RTFMLLBH.

(a) kK F¥H
D S D
by K HEH
K35 —#BEFELKEHEFHELY

§3.2 ZHGHENIERY

oS IR R AR B 20 IR, X DL AS B 4 1% Bk 30 A AR
& BRI L —4 B 88 1, 15 8 =4k S iR 3B X,
AR GRERNEERR.

WaEERAERY aj ez ay; WERFTHEESE N
N, N3 MR, Bk —35H N = N N,N; NEKG R R H »

AR BEFHR, R TFHREDHNA my mysm, s BN RET
101



n DNARFFE S48 0L B R A IR A e rge o, RIRAT
BREN
R,=11a,+12a2+l3a3
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q:ﬁlbl"’ﬁgbz'Fijy (335)

He by b, B b AR (3.35) A5, 4R IRAT R
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V. 0N"NO _

O 2o N |
MFE—MEE q, M 3 MEERE, (32 -3, L&
RSB E A

N X3+ Nx(3n—-3)=3aN.
aN BEFEE, 32N BIFERFHERERZ M. GEUEHE
A, AT — & . _

O3 i il R BH ST SR i R

QOHERIMABEETRETHARETHERERZ M.
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HE /. %%aa%ﬁ%%{f%ﬁﬁ?lﬂﬂﬁ% r; W ER B, E A2 8]
EEkETL, Btk e BB, HEEREERERT
METHEVEMBYER. & N METFHLEBRES A (u,,
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[

(3.37)
] 72 i oL B 3 BE B /ME, BT LA B AR A F . L U,
HEERE T, 0% YJ\LJJ:EYJ?%“D*’\Iﬁ E

3N

U——Z auau uity (3.38)
(3.38):&%%—:%@‘:&“1’ ﬁ‘“ﬁ%%Tiﬁ.N SRk
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(3.S)XRBIKERR ¢ WRETENE MEFHLALE. BIK
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YNGOCRIIE 0 RIER k -—&, EAR A (897717 T HE
BMBE QR Q5O MEFEREF FHRe, Bl k 51
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k'

k

M3.7 AFast

K q MFH BT NS 7 R E8ES e, il (0 - k)8
T . B (3.68)f1(3.69) B B ol 8 8 (53 17 (k7 — k)
bR ESR RIS

114



w=wl(q) . (3.70)
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P=c¢y(e—1)E
HLE TR

b3,
by + - =eole,— 1), (3.108)

@10
Hr e, B8 8 R A B 3T 5 —RBRAE L, Y
MFFRD, B T ETFHRECRA L Ema s, £0%
W=0.H1(3.93) A1
P=b,E=¢¢(e—1)E,
Hrp e HE FE AN EFER. B BTG

by =eglew—1) . (3.109)
H1(3.108)F1(3.109) 1%

bl =legle, —ew)]wly - (3.110)
$(3.109)F1(3.110) R XA (3.106) X, 1§31

%:i : (3.111)

EAREIEH EF XA LST(Lyddane — Sachs — Teller) & & . LK &
WA EELR,

DERF e, > eo, TUE wip>wn. X— S0 5 ER, hE
390, BETMA BRI EMR L EY, G T n RHEHES FALB
W, BRI S FUBES T — MR IR, Y T
T REFHBTHE, HRNIRE N RZEER, FABEBERE.

DFLEREER—BET, EABEH e, RATHBIRLX, H
e,~oo, BB H Aib. R FHMAF —% &, LR
EARIR A, Bl w o AA[EEH T XS . A (3. 111)R0[H, ¢, —~
oo, REEM I wio—=0. B H wocfY2, w0, BB IR ST R
MIKE AR B MK B TREAER, RAEMBHETE AR
B ALE, BIA S — P ae A8, Bl st R e T
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A AEX B T, IE B F 7 R B AL R AR, B4 T BT
HHEZ R 0, Y THERFRAEFMMERR T W,
PSRBT AR wro—>0 MR SIARE A A4k v B0RE, B X — 3
REAV R & B

R BRI R, B (3.103) R AR F B S AR
RS, AL M B BRI PR e B S T oy el
T, MR, BRI -F Ak

$3.6 EBRRAEER

— ARHER

MNP OH, ERRBEE LR Cy=GE/IT)y. ¥ THE
BESEREMXE NEE bFHTTHR. —FNESREEL
R, A—WrNESRERR. B g, KT T AL E R A A
HEHBEERBELUTERELR, X~ RE]E
TORR. T E A ST R R B &k S REE XN
EREABIRNGER N TE&E, SEEFRANEHR T2
W —W A R IRNEE, o R MmN LIEER
KA, BT X AR SRR FT 20 AN RSB A A T
M R iTie s s IR B3 A STk

HEAMMERY €, BMEHENTHERR kT, —
ERTFHERE, R TFHYNE, by REEZEER FEEAE N
AMEF, S EHE R 3N, MR 3NkT. BN 3Nk,
R ERETLRG B X — SRR ISR &R
T, BEAFHERESZERME LTS BEREN, TRES
WEMHEREL EENERET, B EHREREHMR/]D, Cyoc
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TXEHL ERBE T, 2R EAHER %Dﬁh,ﬁ% R
BEFHIEYHBIEGRARE L, Hie 5ERHED 7Y T HF
A, Wik T LM EE B R R
H (3. 60) P31, SN o, HY DR T8 F 297 1 8H
1

n(w,—)=m .

XU I AR N
hw;

E,Im .
N MEFH R SE, dRREN T 3N MBERFHIRS. B
PIAIRBhEE N

E = Z %,1 : (3.112)
Bﬂ*gﬁéﬂ@ﬁ‘ifﬁl?ﬁ—fﬂ, TR ¢ REESH, EXBEW
=, MM RAEESN, BT N2 XM M ARG RER. 4
FINBEREE D (w) 95 3o B 0053 X ] (1 48 3 e S AU H
WHRARE. BA D()HR TR

J:”’D(w)dw _ 3N, (3.113)

Hep o, BREEME, LHREIEFE. B SRR KRR, &
Tl e g R 2R E) Py Rl B B A R . B R — A~ i R W]

IARBIL R . RATEZRE P — L FEHFERT, 0 Flo
+dw XEIRBREE HE THRAE . mE 3. 11 IR, BATER
RAEBFRENERE o o+ do. 167 5000 BB — & BT
dg dS,dq  2FMEREHEE, dS 2EFTESHE LM
L (3.36) R[50 AR A I X8 H , BRI B H

, V.
dz =mdQLdS . (3.114)
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H3.11 KREEAN—XBKYETE
AR R 6 5 S R]

do=|vVwlidg;.
B RN 114) K, H 33 P 3450 () R R AT R o, 13 2 55
A3 THT 1] £ 4 R

V. [ _dSde
4z = - )[quw} . (3.115)
ICIX TR ET Ad (o), M EE
vV ds
d(w) = <27r)3f ~ a7 (3.116)

HApBamEm F— S0, 8 3n CRREZIELAN, BaEX
I

D(w) = n );ZL IVa) T (3.117)
H w, B TRIRBBHE. S, 5o WA FHE
BRI TR, AT E S E SO R E Y.
A THERERE, (3.112) AELK

E=[" %’?&%m , (3.118)
AR R BB ARG
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_ (o, [ A )? %D (w)dw
Cv = Jo ks ksT ! (efolkT — 1) - (3.119)

B BRI, KRB R SR AT RBRAEE. X T L&
%, BRERRERH N BEXR o, (q). WM, HAEENH
HSR A B T — R IEXE. 05 T kX — B, 72K B R A /S, A
7368 % K FGE RT3 . T 209 43 # 3% R) S sH B R AT A (P De-
bye) B AU & AL T #) AR TT 1

Z . EEAERE

EHFHEAT - MrERRMEE, BEERA5 LR
G R 2 R (R A A B T LA ] A R A R B X
—{RE, LhR R B T IR FZ MMER, A 3N MERTES
R RO T, BRI SIRSEETT B (3. 112) X ARG
how

E=3N G- (3.120)
A EN N
_JE _ ﬁ_w)
cv—aT—skafE(kBT , (3.121)
Hep
E_w _ ’}i_w\ 2 eﬁw/kBT
’fE kBT o kBTJ (e"i(‘)/kﬁ’r—l)2

FAERGTEATER. BN ZEEEE 0, HE XX K
kpBp = hw . TR (3. 121) XL

2 8,/

Cv =3Nkjg %— (e—@f,,_T—l)z (3.122)
O E ML 5 LR M LR REM I A A E . Xk B EAY
AR, @ 76 100~300K TEEAN.E 3. 12 RN A RAEH LR
52 HHrE I th 2R iy LA . N LSS TT AE 1, 2 H e f 330
S T IRAHIRT.
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- [ T S
B 7
& 4 v
L i
#
f °/
g2 !
1S o/
© v
ol 76
0 0.2 0.4 0.6 0.8 10 °

B3.12 2REHREOXRES ZEHEEL SR HLEK

X iR AR
AN 1 _ 1
(eGE/T_l)Z_(eaE/ZT_e—@E/ZT)Z_ %+%
2T 2T

2=

Ok

¥ EXRAG122)R, 18
Cy=3Nkg .
ARESRELT, ZEREHARAERERE—AEEE .
218 R KT,
ef/T>» 1,
FFLA(3.122) RILKL

2

Ok | -0/1 (3.123)

T
LR ERKE, BEEORFLU T BTE,H3.123)XEH, &
FHEMAR T EHETE, X5 LR RERK. ERX —1WH
ZMRBERTE T ZEBEERT TR, EAMT SHBENRE
FUEREY 2 5 . He R 2% B TR IR B A R SCPTAG R R TR wp
= kg®p/ R K2 107H,, #2 T 62 KR dh (3. 60) X AT A, 55
EH o B— MBI RdREEE

CV = 3Nk3
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hw

E=n(w)ﬁw=ehw/k3_1 (3.124)

el B TS R R IRE R S HIB M O Rl 2. WA 3. 13 AT
B, AR AR, AR 2 AR RN B TR S R R A R R Y
WERE, HRRER /D, M AARHITTRARAK, LiRER
K, MEMARET . HAR ENRERET, YEE &, WE
BE R, S E PR BRI B R, R RIEE T,
E w<10,T/k W IEHIRAFES A S IRANGER 99% KL E.
XM R R, BT RASRE. WRER, £ IKET, &
YR AR T EHRFEFRERRE. B E B HAE AT A 0
AN, ER EREFE KA S E AR RAN EE
Tk, HRSSHHEBRPHAEEREBETELRRAEREMRK X
Wins, EEERETERL SR, REEZEREARE
B GTR .

E
kT
0 [43)
F3.13 AR ES AEHXEHE
= EmEE

RATEATHRE, AR IR T, R SR AN R ERK S ¥

e AR bl — e TR AT EL IR, 6 72 U AR o

2B LR A R T AR UL B O SRR R AN RS,

FEARIR F, DR AE RIO 7 55 ST I A (3. 124) T 1, TE B
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R T, AALE 27 % (3R i 5 AR R 9 38 ) % P2 oy ST ik T
DA 2R, T LA R (R IR ) B 7 2 o A 28 1) B vkt v 22, ok
T AN EERK AP0, BT

KR, WA A BUR A A RER, BRI AR R »
= vg WA, TE SRR E IR N, IR ) S AR — A Bk, AR
LAY B

[Vl =vlv, Jeri+qi+q¢il=v . (3.125)

B B (3.116) AR\ — M MR 3

Ve 1 \% Vw?

d :———Jd N S . .
(@) = G0y w1985 = Gy, = 5,23
(3.126)

SR EE UA S, — O, TR, T B A B
I

3Vw®
D =, 3.127
() =55 (3.127)
ok
3oL 2 (3.128)
Up UL vT

H o, NWIEFHE, vy BRIEFAE. B TREMEEN R, P
WREHA, MW EEEEASE B 27) KR A 119) K,
B E|

w 2 hw/k,T 2
3V(Jm fw )" e B wde 5 00y

Co= amruile telksT | (orhd —1)7
HABILAE o, 1(3.113) R, B H
J“",,, SV‘wz

» otarde = 3N
R H g R
v, (3.130)
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AR ERMBE N BRI R, FICHE wp. XY wp BFH — 1B
FRE o, HEXH
Op="—2 (3131

B EFAT A, BFRES AR RMER, HEFRERE. &
R A B 2 8 R — AR T AR A LB 10 A%, AR K, B bn
LeRETEES, HEFERE & 2230K. m—&E &R B
TR K ##E 200 ~400K.

Ve B

_ ha

Y%

X

(3.129)X 4L A%,

4T3 18,/ T x4

Cy = ;?;?Zijob (Zf_df)z : (3.132)

BEREBEN, kT > ho, 2 /M, EX BRI R
e“rt x* — z* _ 2
(61_1)2—(81/2“6_1/2)2~(£+i)2—1 .
2 2

AEHRBEHBERE

Cy=3Nkg .

M ERT4, EERANSERNSSSRELR M.
LR B EARE, (3. 132) RS ERITTE Hoo, KT ETFH
4y, B R B M E R R

ez’ x4

= = 4 -z — —xy-2
(e: _ 1)2 eI(l _ e—r)2 x € (1 € )

= z% T(1 +2e " + 3% + )

o
4 —
= E:ne e
n=1

T&, R
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o

e e_II 4.d1__ . « -nx_4 _ - L — i
-[0 (" ~1)2 = ,,Z:IJO ne “x'dr = 4!”21 Wi 157r4-
B EXRAG132)RK, B3]

_12x*Nkg( T

BRI ER KRBT 5 SREMAR, 8B, 776 8258,
EERB T, MES T° REKMMBRKRYERER B 3.14 7
HTSRFEMNANTRESEFRLILE, HF Cr. BRAMN

EiR{E, i &gl .
10

3

0.8

0.6 T (8o-300k

Cr/Cre

04 7

0.2 7

T
0 100 200 300

H3.14 FHREANCREESEELZLANLEK

TEEFRA D EREFR—NEESR. 0, HREEHET
SRFE, HEH . — RN EEE v,, H(3.130)F(3.131)
WE Op; —EMHMEHAEE, Bl (3. 133)#E 0p. MK 3.1
R, EREBT, M IEHEH 0p FFEEIE. B (3.130)M
G.1I3N)HRE, BREE 6, MR- MEHR, N 5REX X HF
EEHAR HERMY ¢, ERRARETHERME, RERA
(3.132)REH, BR 0y, HREXB, 0, 5SBEHX. 0, HiLfH
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HEmEARERS HIEMRE . FEE T ERRE NS TRk
OB 7 G R O 8 B 17 0 A = 0 A o i X
AR TURR . G S R (RO, BT S R L

HHEERES.
3.1 LR EHNBEFERE (K)
Gt T HARAEREY 0y |HHHEERREN 0,
NaCl 10 308 320
KCl 3 230 246
Ag 4 ' 225 216
Zn 4 308 305

§3.7 SR A

— e RSB

FETTIS Sl R 3R B B, R 0778 BR fAT T 0, 48 & A% 4R 3 SRRk
AN(N BRFEE)MNWE®RSY. mHREAIME, X 3N MR IER
BEMEM Y, Bl — B — MR, THRFAT, AL
BERSEMEWRERS . SR E NN, {88 E A0 [ # &
R, TR E AR 2R B AN EE, FORRE S/ IHR
2.8, FRBERMDIERAK EELHFAR, HEREERFAY
PSRRI, BB AP F] — MBS — S S N el R e ?
RERBRATHLEEREMBRIEECUNEE. AR, BERZR
IR BT 06 58 F f TR 3h 89 3E M1 AU P

HREGINXBERE P KA, (3.4 H

1 N

= 5 2 0iQ + 9(Q1, Qs Qay)
i =1

R B 1 R T IR B U7 1R (3. 46) KL K

Qi+w%Qi+f(Q1’ Qz, 7, Qsn) =0 .
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LA, % T A e 2 rh =R O IR A 3R 4 I O 44 TR, T E 4R
IR MSLAY, TR 3N N RIERSIZ MIFEM A, S
RERLAY3CHR AR [R] 7E A0 AE BLAY 3080, A S TRLELRR, B2 5 %
AT SRR, KEB R, ERF RS K B/ WmR
B RERIE, b7 R & E 20 S T, T HL
REELKHF T2, 75 T LABEERY 7 e R R Bk B 8L iE
BT TR BRG], W R A B R, IR A S X
R, AP TR R, B R T E S IR SR RN, B
AEREF TR ARG SR~ A R8 3E R BN

—RES

P THE R, PR AT, B R N TREEE L
PIA P P TE R R R I~ E e R A Bh i P e e A
hwy T hwy) = Aws, (3.134)
hq,* Fq, = hqs, (3.135)
Hf+ S WHAE FRES, mE T —MHE 8 ER, —
BB TS 1MEF ERTREESHET - SME 487
BERBPANTE . A5 E L, B R #2350k 2 Wk ko f2 a0
BB, hw, B FEBRN ho, WA FH o, B 7, KR
2 oy BRI fo; IEFERT ho, 71 BITEIED, HER
HqETFHIER g+ K, BIFFESNG. B, #shB&srE
B T A
kg, * hq,=hq;+ RK,,. (3.136)
K, =0 FIEFRS IR, K,, 70 SESEEH S i’ 315 B
M g BERK, HEfXBN, g, + q, FIRESBHE—
HAEMX, 5EEE X RN VRS A EMXA
MR q:=q1 + g2~ K, . IE 5 RUH ASTROB 0070 A B A< 77 1, (ELE]
W RMA R, B SRR TR, B RESRT —
PR AT . (a0 ) f2 2 P BH A — N EEYLAH .
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<..A.<... .......... ql +q2

K, iy

315 FFahfads

IR P L L, U4 B O POREAS RV TS, B
WHIE Q W

Q= -k j—f (3.137)
o p REKE S R T LA FRASER A FAE.

mANFEREREN, SRERXA FRES BEXYS FHE
%, X SR R LU A 7 R IR KO, s il X Ay e
BRIE R, 5T SRR, TERERE THARAS ALK

k=%CﬁX. (3.138)

H Oy REMHRBHEARER, v BETHTHHEE, 2 Z2F
THTHE R AU KA SRR, 5 i s E R

Elﬁﬂuw)m¢undw, L2

— +
— v vk

v = w, = 3

J n(w)D(w)dw )

0 'Up
12
2 2

= oL 2T (3.139)

1.2
3 3
vy vT

AR, X TR, PR P EER —F L T, R R RS
BREMHXATRATHARM P EHESREMARBCEK.
Hx AR
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N |

T=
A, FHE BRR TR R TEHRER Z. S FEs
DB [E] Y B E R R B, 5 FHWRE » RIEL. HH

Aoc= |
T EFEER, BT

7= —I'men(w)D(w)dw -

V.o
& BB
— 3k¥0p°T
"4
REL
n=AT?,

3(kBT)3J@o/T 22dx (3.140)

2o -1

e

- 3k jw. zidx
B anﬁsv*}, 0 eT =1~
BT LA, S it

Iocl,

T
EAR BT
IOC%.
HA SR, BEMRAERETE, USRS RIS 2
.y
St FHAREARS, T AccT 3, FFUKE T—0, FHEHMBAE
BT HE FFHTFHEHBEATEER K. HEAAZERRTH
e iR SRR X A TR B, B TR T B R A ST AR, B
FFHTEHERERRERTRE. Wi, R KRR, KA %R
FEY rocT F3 16 54 THEREY F SREMNLAMEK. XL
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WPT AR EREMIKECRSHER T EA LR N,
k

0

T
H3.16 HERUEEXNGXAR

= AR

B Z R A REK, X 2RO EI R EREREX,
—E IR TP G0 A BE B K IR e, R P AL E ]
FIEERS N 2 B RUET BRTE AT X — MU #EAT I

GO SR R T R BE R O -, P LB M BE RS o, HAEH
R AR O) S W)

U:U(r0)+{‘L—[rj)r”(r—r0)+%(%)ru(r~ro)2
%(%)r(r_ro)u--., (3.141)
R H I, TR LA XA
U=Ulrg) + 3 8(r=rol = 5q(r=rgl + -, (3.142)
He
b (85] 1328

"o 0
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A BRI T, EAR kR

U=U(ry) +%B(r— ro)?. (3.143)
(3. 143)X WA 3. 17 FEKHTANMD L. h T -,
T, BRBEASE, WEFOHEMRE - - 3K, BHE
PN EE TR ro X IR, B it R, BiERER
S RE MRy .

FRPFERBI =KW, WA

U=UC(rg) +%‘B(r~ r0)2—%7<r —r)d. (3.144)
(3. 144) XA EaE 2R A 3.17 PEELFR . ATUE L, X2 —&
AXFRETER, ro I ZE T BEWY, E M LR BEASE,
JRF RIS R A IRIE - — ro | K, H PN B A RE, BE
FrENENEZREKT ro. RV EMNEE G E S, Witk
FRAR K, BV AT E 2 Ak X Ui B, S i — P MR .

utr)

HM3.17 WEFEAEZAERSEHE
THRMFHEFEZES TR, BERRAEKAB. 5L
HR—THEKSIEMHEFFECEREESY THHEAE
(r—ro), b r RIBET WFETFEECERNES, o ¥ —
HEBETHWRTFFELERMESE. & r=r—ry, W HE
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B J re- Uk g,
T =" ) (3.145)
J e VT d

(3. 144) A ER, BE
Ezﬂé‘i—T. (3.146)

B
BHAPMAT %M

1l 5.1,:>

1,21 3 2 1
e( zﬂr +31}r )/kBT%e BI/ZkBT 1+?77I3/kBT )

(3.147)
o A B 3L, 193
aL:lﬁ_ﬂﬁ (3.148)

rodT _roﬁz. )
AR, EERT ABERBPH=ZRKTHERL T, KEKRERE 15
BRELXWER FANEER, & 9=0, ABKEL o, LHEF, H
A & A A X X — UGB, 7 B B 3E 7R 8 R R AR Ak

§3.8 REKHHRLFEK

EFE_ER, EAFEREFRANELT, BITYE 5 H K EHR
B

__9U
P=-3v

Hi URFEFHAEEALE WENRER, £2BAERID
&, R RE T BN EM B
HARNERR AN, HERERIEM B REE F(T, V), 59
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| _9F
P=-3v

R wmEHRETR. RITHE EE“E:%EEWJ‘%'}} — %4 B HEED
N FLF 5RBERATX R5RBMEREX. F RRE "%
FIRTEGEERSE. B B 5 —RMAIEE Fy, EHRBR
REHRE. AEHTERTH, ERREBEBIRINELIEE Z, t
TR

F;= —kgTInZ (3.149)
BIAI RS HIREN B B BE. X FREE M, S IRSEN T 3N 2R
HERFHRORZ. M THED o, HIERT, HEER ¢ =

[ni+ L] o, WU T SR, RS B

o -k, /24,T
Zi — EO -(n, +-1-)h'w/kBT - ﬁm ) (3150)
HFP&ERTFRATMIY, Fril SRS R
—Ew./ZkBT
Z:Hzizﬂm. (3.151)

¥ ERXMRAN(3.149) R, BE
=— kBTE { Zk T — In(1 — e /4T
TRENGHSEEE ﬁﬂ"%é’]i%iiﬁ

F = UV + 2 { Sk, + kaTin(1 - /7).

. (3.152)

(3.153)
RN, B RN % B A N, bR AT BT % R B4k
RIS, L8 AR At IR P47 (L B (M BE st R e
—HER AR O, SBET RN, B TRARK, AEE R X
K, (3.3)ABKE T HE

141



d*U

ﬁ: drl
FC o R A BRRL, TR B(3. 7) XA IR
1/2 a
w2 2] |anl %
R R B R B X, T AR, BRI R R
PR R R R B BT LA, SRR ST R N

__du 1 {iﬁw-+ fw, | dlnw;
av. vE 27T T e/l ] dinY
(3.154)
w
j}?fx)f: -7 (3.155)

B AEHE o, TRAFY, Wﬂ?’ﬁ%%%ﬁ(Grﬁneisen)ﬁﬁ;ﬁ
=)

1 hw;
2 et TR
RBEN o, iR T I FHREE, Fril(3.154) XLl
__dU, E
P= TARETE (3.156)

He E REFBETHENEG KBNS R XK SHE &
5, RERES B TRER K, BAERMELIEAK, K dU/
dV E VP HEERBR v, LR, HFREEAV =V - v, &,
]
2
=l ov=r st
Hp K AR - EPh Bk dfiasig B EARA
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(3.156) X, 1321

AV E
P=-K—+y.-. 3.157
Ve 7V0 ( )

ER AN TR AR B AR 5| A K R N AR A 3R, SRR FRRY,
A V<0, F ik SR N 55 002 t T S iR 30 S B g ik
PN ERAY HEBR, ROV IRE R, T AR, EER T, MRS
R 103 MRAE. BELZMT, L E--PMRIEY
ERT, BN SMER M E T4, FTRAEA G R B s — 1k
RE. —PMRRES 10 MREEME, TRAZRBL, TR(3.157)
AR

AV _YE

Vo KV
¥ BB RE T R, B

av:%f/_vo, (3.158)

Ht oy BREIEEKEY. LR, Rk EBSERER
FHORER . E—FRANEH2], R RIETERY. oy WER
R Ak m Y /N R, FIAE, v e B PR R e 3k 18] 1 2O Y
RE.ELHRNE, MBS E, y H—ME1-3HEA. Y/, &
BMIR BB IR B R R, v K, EMIERE K. y RAAE, vy =
0, FAEXT R 8 3 3 B . LA — 48 fa) 5 6 4% R 491, 1RJR - BE R R A B A
KN S, MHARE V=NaS. MEEHXEN

=2 |2

2 Ll
q_Na’ zqa—N'ﬂzﬁFﬂﬁ%.

B o MVARANGBISHRK, B
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:_dlnw___ 2 (
= T dnv dna ~  28da 28\ 4
FHR T, BB
U

8] -0

WH 7=0, :

T, 2 g AR RS, da >0, Bl JE F (8] 9 45 35 B 1 A
IR AR, KR ) RPN, S B B RE ), JR T M AR e A
M, hRABAZ, X de >0 B, dB<0. R 2, SEFI45 /0
B, da<0,dg>0. B (3. 159) XA M, MK I BEHELTE.
BRI, G.155)RP— RS EMN BRI TIRIE v HIEMHE. E—
Ty MEXKXPIN—RSHEEREHEY.
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EHE?
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A E BB L —EH
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TR E %7
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8. EIEAT, FEN o MAEKMETHRE SEELMER?
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M ERTTLAE S, 2408 B ARARR, PR R BUR /D, B R &, Il
ZEEOR . XS, iR BRI, 7t ikEhae ), Lk
BRSrERkT R L £ RERSH, SRERIER, FKTe
SRR R BRI R B B 23T L

2. HBEE T

SEEMA 4.13 PFURH — D BN E B R 6 7 EUE O . R
FE A BAHER 7 o WHEZBEE (R B AL B AL iR BUR T, RE A
— R B E] 55— A RIBR AL . 24 98 N 45 25 (60 AR 4T (1 18] B oL
B, ZEI G B E G EAEF S A MERNT — TZETA A
BB R IERIEE], LR AB [RIBEE 9T 77

L] AQ/ [ J ® [ ] [ ]

° ® e O ® ®

H4.13 HEFEFHT
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W AZIBILBkT IR, F */FB'JH@%EDQJ,\' Fir LA
z? = (AB)? = (Zx,) ( Zx,-) = fo + in . X;.

(4.33)
JIi A% 2 By B 1]
t=t+(l-1)zy (4.34)
Hodr o, REF N — 18] B Bk 21 A 25 (7] Bl By B2 35 47 O B B) . (B A 49
— B0 X HR ML RN, x, HIEH A, BOUER %87 JLEHH
F, SN ERETFRENMNZ, | —B2—1KE, Brid
2% x,

Lﬁﬂ@ﬂﬂﬁ@ﬂhfﬁmw%m@ [ (4.33) AL
% = Zz = la?. (4.35)

HHEBRF AT — M E SR ZEMHILER o /N, TR, E
BRIRTEBE N/ny RABLE-ANZENHAEZEE, Frld

z=nﬂ1 : (4.36)
WA 1=N/n; =G FE1E, B 1 A (4.35) X133
z :Z—V?—l‘—ll—z . (4.37)
¥ (4.360) RN (4.3 R, F 28 1 5
. = 1.+NTI;ZZ;t_ze(ul+uz+52)/kBT(1+e—uz/kBT)

— 1 e(u1+u2+E2)/kBT(1+%)

Vo2
,\V,y{)ze(ulmfsz)/kg_ (4.38)
RERMESPHEBRE YT AR
Dy = Jvia’e” 2t EAST (4.39)
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BB ITE L, — 8 w, > u  ARR2EE E,~E, Wi
SUT, H(4.32)F1 (4. 39) R4, ST RS L ERE FH
FHAHEKX.

(4.32)F1(4.39) X T — KRB H

D = Dge” **sT = Dge ™ Mot/ KT,
Horp No BFTRINES H8, R ZEERSETE, Noe FRIEBUEEE.

AMBEM SR E T RABETE AN TR E. &
AR, LRAE LR EALMHRE . X R AR, AN
VA AR T B AR AL, SERR dh i T B ig, SRR SRR, R £
BREEMERE. X T RS &K, FEXREMMERRR, AR
M ERWERKE, ERFEXN PR T 2FH.

REBRSEREBRRME, AL RIS T 5%
PHAREREA—ENHEFEX.

= ERFFHTE

BF 2 BRI OB A SRS AT R B R %
FUR T8I F BORIA S| SL B B BRI H Y

EER T B REKBT RRETEREPFEEN TR,
ERBURT R RS KR TR S0, 2 BURF 9 M A H R R
T N EBEBEE] B — A BT’ R E T A FEHER
R BUAB R T A8 KSR « MARF AR E 5T A
(S ZEMEaH, B TRERET /D, WRA S BE AR
JEF#), MIBRER — 2 76 2% 9 o ]

1 w/p o
¢ = __eb/kBI ,
Yo

B vy HRBETHIRIFER, E REFUR TN —HEBEBE 5
—A ] B Bk BT ST AR ) i B2 TE KRS [ Y

1'2:(12.
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R LAE B R T LR

D—;vae E/k,T (4.40)
W EXE,, vo=vp, H{(4.40)F1(4.39)FH B
D _N
D, n," (4.41)

BN N>y, BULRATE N R BUAR R T 5 B R B f R R
BETHEYBARERBLZ. R4 190 7 —8RRETE
y—FePRIT AR, RTRF—FIR v -Fe BT BAR, L8
W N 1000C . HRPEWTUAL, HFRFEFHTHARLE

PEABRIL A R
F4.1 FKEFEFIE v - Fe PHTHERM
TE H B c N v~ Fe
TR ) . )
R 1.9x10°% | 6.1x10 7" | 6.7x107 " | 3.8x107 " | 9x1071¢
CR/¥)

YRR FRERT AR, B TREEFLE T EFHA,
LA EL B RE A P BOE AR AR G B 2% R T 89 ROSH AL
BH a2 2 5T Wi T, B 2 51 2% IR 7 BAF AL o 8 1

WA, {7 W78 DX o B0 2 6 ) J LR R R B A, 2% 2 IR Bk 170 22 (32 19
SR AR, B T R FRY 8 X — T S SR 2
FRFIY, B (L2 R 7 M O R HOLE B A B I RCR B0

$4.5 BT EEKGRGE S ESN S Ty EH

BTN, TSR AT B BT M. wE 4. 14 1
R, R A YRR ERRE, A B, AT EBEEF, B SAM B HE
BT ANEOT LB, A S EEE N E T, B Z6E B
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RIEBT, ZAM AL LR RMBEFRALE, BT AT (I Y
TR, BT (A Y TIERA.
® 0 ® 0 ®

@
© ® 0 & o

® 06 ® 0 O
©

© ® o0 O o
® 0 ®
M4.14 BTH

Q@ ®
A gk T

TE BN EL S B, 3K e P B 4 4 AR I A B2 3, RV b
AP R (E 2 0 S H I 3X 26 $h ik B B R A B GE B0 41, iE
A — R EB T, W= — A E . IE OB
6] TEAH I, EL by ¥ e i 3 5, IE 2 R 8 B2 RSO R 3 0 2 1D O 1 4
B Ciov BRS¢ PP iR B 64 R 32 A1 38 75 B, 0 Y o e s
BRI RIREE N

4
j= Zcieivn (4.42)

HAPIEEAN e, =e, FIHEHH ;= —¢ .

1R 2 & PR BE A2 B 2 M L 89, (B I 3R 417 o] B 3L AR A — Fh ik
BRBETER R IHCE FRBEES B THE BN . AT &4
F—T AT HEBREFENES EEHFHES. WE4.15 (2)
FiR, TAr g ut, M E T ER s s L, R 2MEER
E, WHEBRE FHAEMAGRITNILESRE -y . HET7E
BUE, ERRAE T RS « TR, EEEFNEARTL2K
BT EEL ME 415D FR, BREBR LB E T eEa/2, WHH
HARBREINT eEa/2. W T8 8 10 2 W) & Bk K4 K3
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vl

Pg= V026<(EZ+eEa/2)/kBT’ (4.43)
szvoze_(Ef”E“/Z)/kBT, (4.44)

VLV
[ 3.
@) (b)

M4.15 HAEFHEL LB
Hi v BB TR RSN E 880 A ) d R Bk ERIK 3L

_ . E
Pw=Pg— Pxr=vpe EZ/kBTZsmh( zekB(zF
e A7 FH T8 % T
vg=aPwy=avge ~Ey/%T)sinh ZekiaT (4.45)

e E<10°V/mm(K A AT ERIE), eEa ~ 10 eV, i
BRT 26T~ 10 eV, 0 LAE—MRHEFH T, eEa <2k3T. T2
(4.45)X A F A

2
eEa‘y _
== 202 ~E/kT

Vg — kBT (446)
RIFITBE 4= v,/E EX, A[BREBEETHWEEE
2
#:=9%;§¥e‘E/kﬂl (4.47)
HEBETFEMERZEMEREENTRRN
Jje= Cevg = CepE, (4.48)
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Hop C HHBE TR, € M EBS S R E TR

BT R BTk ERE Y ST Rk S — A

TR — S AT R 080 9 SO R AT, 5 S R B O
dC

ja= D g, (4.49)
2 EEALTFRRER, SHEEAE

je+jd:0,
B

C"E_Dg—fzo- (4.50)
Bk w:0) )

C(I):CQCFEI/D. (4.51)

MR eEx SENH mgh WHRE—HH, REPHEFERGP
M BEE S E NS TR S FHARESSERMR, XHTX
o FEENFFEREMAHLX, BITXGEH

C(z) = CoeT/T | (4.52)
M (4.50)F1(4.52) R LB
,FIZ% . (4.53)

EREAZEYHEER, ERAEEE. B EATUE N, 4k
B—E, VAR KHH, HERELE.

ZHHHEX AR B METAGBR TRE A8 TFERERE
KBTS RRBESEY, BT AT HES FREASAR, E
ENKEEN AR ST, BT BEA, AT ERE T
YR B RFI S0 A AT ok B AER R B SR AL
.

W 4.16 s, SBOREK A H =4 S E R A TE, LR
MHxr-a,z,x+a,a BEBEH. £ Maxta 7 iy T[] A 3
BRE FHEHEN
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a.

C(.rJr%

fE B, B PN R AR W R o BB RAR /D, 15 U X 78] PSR B
FHRBRCT NP X 2R 776 B 0 (0] PO Bk aL o 5% T 19

HEHZ
C( xt+ %) aP,,
H
Pz = VozeM EZ/kBT .
y
0 X-a X x+a

H4.16 FFovi#
ExrHfr-—a MEHRENERSFHEE N

C(.I'_% a.

X MERE TR AN - AEARER
C(I_—;- aP2.
BT LA TR ZE B ¥R T RS TR

maﬂix+%)—c

a

)

]

(4.54)

(4.55)

:pza[c x+£) —C(x)+C(I)“C(I‘%”
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WA B AR Y B S N A
j:—Pzazg—S‘. (4.56)
¥ S o R
. JdC
fJ— -b dxr
He 15 2
D=Pya’=a’vpe /T, (4.57)

IHRESRGILR, YBE -, TBEE-ITEE H4.47)K
A LB
_eD
T
B2 %X ®&

1R dh R R 30 W R ERRE, BRI F @ R s A 2 | = oL fit
R THIRSES TG R TFHIRIAERA T 2 E2RT

2. ks RS A RSFR MR AL/L 5 X 5447
BN E ) SR B b/ Aa/a FEESR, Z0FRH?

3.KCl AR E, 7 KCUE W A& 1 CaCLIFHE, 4
K9 KCI SRRy SR B L B B, R TR 7

4. P AR — T R R TR R R LR — R
LT R AR LR

5. &RBEXE R AAEGE?

6. EPLsE I BT, T100 %8 EIRF 28 I ML LR T 21
T&EHF T 587

7. R385 H D RIS A R AL IR TR R T ) TH S EL

8. B TafEPIERMEFEMEHE SRR 8 H#HS, 54
R T, BI1X S0 5T e 2 A8 R g 7

0. d PR 45 K4 X BRBE RO (T B2 7
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10. HE R UMY BT R ERS S umﬁﬁﬁﬁ%ﬁﬁv~
K? Rta?

n.—MEEEFFHERZ K EAEEGH? ZHEE
— AN ER A& S LR R AR ] BR T R & S AR LA B, B
k7

12. —~MEFHER R EAHE SR

13. BV AR KD EWHEREFX?

4. BURARFETTVHER L RERGET HERKNE
ER 47

1S HBEARETV AR REEREE T B AR K REE
2itar?

6. FRANEBEYVRASNERERETRENMEZHO ETEERER
~itar?

17. A" B BFaikt S BB HFILAH?

BT |

1 RIEAE S FEREMF, KB EBREFER2 » S8E&KR
FEBR ZEN

r _
R =0.414.

2 R — Na JEFM Na P BB RE LIFFNER
R 1eV, HEERET H R A B E B A MR

3.4 L, AR F M 2 ALE B A B 0. 5eV 35
L REFIREFEN 10Hz, AEEZB TSN T #HEH.
HHIEE 100CHBUMTHEAREST 217

4. 3% FH, B RGN EEN 1.2V, BK—1
HREFITEERNERAN 4V, E T 1300K (3 #9155 I
PG EN BB REZ T
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S.EBETaRES, BT HRPHEAER, LB A R
B, %S REERETEMANE, E BB —XRGHESEY
BEE, N VENEFRESEAETFIHRE, IEH

n = Ne  E/2kT

6. A RKA HIFEBRBXE, L8R &R HE L
AV/V,V R TBEE SRR,

7.1 NaCl R H FEH K, 75 800T At X HHR4T 5l &
NaCl W& TR, I CHREEER SN2 TR 58. 430,
T R Ak 22 7 B i 58 B 4> 8 % 58.454. K 7E 800°C Hif 5 B (g A8 Xt
YR

8. X TF|MELEM, 15 L B & R FHERIM & 5 7 |, Rl &
INB R IR EE

(IR

(2) T AL

9 FRE LI FTER, RTRIEN W, BT ERBEER
HNoa, ERBEENEHFERE, BE T TUSHMREEE N0,
B HR IR ik RECH B, RFEM—1 H I RRIG I FENGER.

10. 7 — A RE, EFAERKAE FrshE L ER R
EEt eV, ARE T2 —METEBUEBRFE 7R MiRE .

11.A"B HETRE, REFERBEFEMM AT HERET=
FhIAGREG . B PR IE B T2 0L, AT 2 B T2 LAY IE A
W, E R BB IEE TH IEE AR, BORT o — u~ > kT,
aus — u'y kT, B o (w1 W' A EREFSAMIE
BB TR B RE, A A B PR IR

(1) &'y — o kT B, A B4R EREG

(%), = (), = [N N (0 T Ive,
(2)% uy-o- - ui+ >>kBT Hj-, /\ﬁ%ﬁ%d\ﬂ%
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(n", )7/_____(11:‘* )f: [NY, Ni+e—(“+ +u+)/kBT]1/2;
(3 = [ )2+ (n%)5]Y%
L (n )
n- = >

v
n o+

;)i

12, #5 SR B X B A B TR SR B T, R T e
AL, K & R I B 7 b A P R g B AR SR B B AT
—BETH m DEIEW, 52 A 8- IR SR A A ]

13 X BE - dh ik, Tl HEIRE R, B RERE 5 H e
WIRF B PRI 09 R A O, i R 2 R B s H AR Y, e W R
FrAL R R H

1—e" ﬁw/kBT 3Im

n=Ne “/*! | it

Hitie T> 0, MT<<O, MIREENL, B o, BHFFAREE

e, m REMHBE SRR TR, o Mo HEES TS M ME S
fLRt T A PR s A3

14. FH S BRFEAT BGE AR m DR TRV, R 2

H B AR, K m iR R C TR EE R, RS MRl

W R FHITEL R o, BT RIS ETHREEN o,.

?
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FRE AR TR R

e A P HI R T AR T AR, T — 4 B & 1%
PER G R iz 3 X R JE T o A — N RE R, 15 5
PR IZ 2R B FRIRER T AL — . R R B B 7R U R s 1]
PR A B E RS PR, ELRABIHE 0 R S eR . BB F10 I T A
T EMA TV 2P TR E, SR A0 1R M R B 0 B

$5.1 Ak A

— AR ERE

it PR R O B R e 4 T A TR R A ST T, B R T
HEBRAWMTER
Ge(r)y=e*"u,(r), (5.1)
uk(r)=uk(r+R,,), (5.2)
Kk HETHIEE, R, BHEE
R,=nay+na;+ nia; .
3 B3R R 9 4 3% 4 (Bloch ) i 2.

B AR ER B T, EN802 SR 5B, 32— 1
ZURMIE. BB S F IR, A TR LA A4 £ ] 55 1L
BT[], BHESA d T 8932 38 iR i e — S g
T2 5. BT AR A o T B RE T BT G 20T 00t R B el P A

T A A A, RAE AR, SR S8 V(r) B E
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REA B A R, B
V(r)=V(r+R,).

TE B MR
r=uxity+zk,
F+R,=(x+Ry)i+(y+Ry)j+(z+ Rk,

2 2 2

Vz(r)=ix5+ga;§+$ ,

PR 1 7R 3¢ 2, W15 010 5 401 o 31

A 52
H(r)= —Z—‘VZ(r) +V(r)
m

h_z 82 32 32
I SR T
2mlId(z+R,) dy+R,) 9(z+R,)

+V(r+R,)
h? A
= -5 -VHr+R)+V(r+R,)=H(r+R,)

L L 0 D U . O AR O O BB S B TR S B e, R
L REOUE A5 HIRY T X — A, 1565 A
FHMHRELS T(R,) . E— B F(HBTBEAERE
25

T(R)F(r)=f(r+R,) . (5.3)
A TR X B A B M P A B I R A

T(R,)H(r)¢(r) = H(r + R)g(r + R,) = H(F) T(R,) 4 (r).
WA ST BAE T B X BRI E B 5 08 B W B AR AT 6. % 5
BB SR AT R R o ()2 H () AR,
LB ¢ (r)BREH T(R,)HAERRM, T(R,) M
AL LA 255 EVE?

T(R)¢(r) = ¢(r+R,)=A(R,)(r)
T, AT A (R, ) AR SR
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g(r+R,)=A(R,)¢(r). (5.4)
4R BRI RS

A A A A A
T(Rn) = T(nlal + nya, + n3a3) = T(nlal)T(nzaz)T(n3a3)

—[T(a) )" [ T(ay) 1" T(as)]™,
GIEEEs

A

T(R)(r)=a2(R,)¢(r)=[a(a)]"[A(as)]2[A(a3)]"s¢(r),
)

A(R,)=[2(a) ] [Aa(az)]2[a(as)]"s. (5.5)
iﬁa%ﬁiﬁ a;.a;.a;3 ﬁrﬁj‘%ﬁ Ni{-N;.N, /l\ﬁﬂﬁ, &L!Jﬁﬁﬂﬁﬂlﬁ
% AF

g(r)=¢(r+ Nia,)
57|

T(N1a)¢(r) = [a(a) Mg(r) = g(r + Nyay) = g(r).
b2 A8

[A(ap) M =1, (5.6)
EXEBYIEm
Alay)=e" . (5.7)

BEtRE o 5K o MVER, T4 o=k a HHARNG.T)
X, B H(5.6)XB 3

Nikyray=2nly, (5.8)

Hep o NBE.OREER S, B
l
k1=ﬁllb1
NEFRR(S.8K, TR, KRB
ks 0

Alap=e™' . (5.9)
7] 22

k2=;,—22b2, A(ap)=e 2" (5.10)
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'3

[3 B i‘—\ib}-a3
k3:N3b3, A(a3)—e ) . (511)
4%
S R & 3
k= N1b1+ N2b2+ N3b3, (5.12)

W (5.5) 13

A(R,)=¢e*R | (5.13)
T8, B1(5.4)X 05, kP B TR TR EN T RRE
glr+R,)=e*Fp(r). (5.14)

ALARE, FHEE ¢ (r)=* " REME L. Bk, A4 FH,
(S.12)RMRE Kk BHERNE X HHR k B EE R

K, =hyby+ hyby+ h3bs,
iR

(/J(r):eiv(“ K )r
W (5. 14)3 . F UL, o0 35 oR L — M R SR 3 2617 T s 1 284
&

G(r) = Dlalk + Kpe' ¥ KD = % r 3 (k + K, )e™i".

(5.15)
"
Slalk + Kp)e®™ = uy(r), (5.16)
mi(s.15) XA
g (r)=e*"u,(r), (5.17)

H(5.16)\ 7] AR IE

up(r+R,)=u,(r),

T DL P T 0 R R T o T O SR R A T TR OB
Z. @Y mEMX

e A 23 ] £ A BLON X A7, e 11 6 W A 08 R PR A e ()
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5 g () HRETR R — TR A X — .
FH A7 1 8 E P EL A
‘/’k(r)zeik'ruk(r)
u(r) = La(k + K )e™n "

BT LA
uk (r) = Dalk + K, + Ky)e™r
‘ h

= dla(k + K )e' K K)r,
!
¢'k+K"(r) = ei(k+Kn)'ruk+K (r)
— Zezkr (k +K)ezK-r
!

= ¢(r).
EREH, k Mk + K, BEFRER —BFS. F—1T8BFEN
X R [E]— A~ gt B DL SOR
E(k)=E(k+K,). (5.18)
LB

HP) ge(r) = ECK) g (1),

I/'\I(")</le+1<"(i‘):E(k)¢k+t<"(r)-
LR R UL, 33 R E — A EE E(k), HILB DAL SRR
Gev i (). AT BEAE B BCSAR EAE —— X R R, B 6 W1

Rk SAEHEE () —— XN, AR b #5ERH
FE— />8I TR X [T 7
b; b;

- 2<ki<*2* i=1,2,3. (5.19)

Prax A~ X Ay T 297 I XSS — A BN IX 45 (5. 12) ARA L
X, B/

N; N; :
5 <SS i=1,2,3.
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LA (A X P o T B S T S bR BB . N
NN, N, FER R R, BT N S3E AR, 2 s 4 A5
WERE SRR — i SR R B L

by b2 byy @' Qn) (2n)

Ny '"N,” Ny N N2 Vv, -
FrLL, BT A IR R B B R

V.

(2m)*
§5.2 —HEBRTHEABEET

- EREBEP, R TEX R THRARS, B THTNSEE
Hi BTG . 8 T3 B BRI B RS, AW E ST
S —YERE L

—HAR TR THEER TER

2 2
[_2E_d_d_+ V(I)j]‘:bk(l") E(x)¢(x),

Hf V(o) BEEHAYE. b E—FHREREEDH, ¢ (x)
= ey, (). E I, ¥ A Ak L B R B A M T B R g
B V() BT EMNSRE
V(z) = D, V,e*, (5.20)
A, AR ER G FAE. &
V(z)=V(zr+a)= Evneian(ua) - ZV,,ennz(emna)
5(5.20) R E% &
ei&ﬂa — 1 .
B B AT, A, DR 5, B
27r
A, = .
TR, V(x)rﬂ@ﬁi
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Viz) = SV, efam, (5.21)
Hop "

v, = %F%V(z)[e"?"]*dx . (5.22)
B EXAESH

v :% [V ()€ ] dz =V ,. (5.23)
¥ oa=0 Mgk, (5.21) TR

V(z) = Vo+ AV = Vo + 3) Vyelam,  (5.24)
oo "

Vo = i—fgv(x)dx
BARRFHH BAFR Vo=0. 3T KRBHFE, RIMNEEFERE
B L, N4 H=Ho+ B, Hof

AN i
A 4 2
H = S v,ed= = av . (5.26)

X AR

1910502(1) =E%k)z)
AR HETFHTREBNTRIFE R
E2k?
2m’

(,bg(x):"l_eik‘t.

JL
Hep L h—EGEREKE B L=Na, N ZEREE. #%EFH
I, B FRERTER
EMR)=EYRY+EV(R)+ E® (k) + -,

E%&k)=
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— R R &
EW(k) = Hy = [:st*(x)Aw‘,Z(x)dx = 0.
TR R
’ | Hy' 1?
E® (k) = ; 508) k_kEO(k,),
ﬁ%ﬁ%ﬁlﬁm

f o ()2 Ve (2)da

sin(k —Iz+?;—7rn Na

= ZIV"

(k’—kJrgﬂn
a

= (5.27)
0, ﬂ:ll/e*-k/:/’f;‘n.
G2 KBPHBTRER
k—I%JZl , k’—z"z
I MU ERER W, #H %Fﬂ%?%ﬁ%:ﬁﬁﬁ

Rept . 2m |V, |?
ECk) = 5+
(&) Z 2n

2
" Ezkz—h‘z(k -y

-, (5.28)

SR SN TR
, H,'
(o) = o) + 20 ey pogey W
2
’ 2mV, e a™
= 1 eik1{1+ Zn: 2z 2}

JL R2E? Hz(k~a—

= ey (z). (5.29)
ATRVE H, VAR F F 2 i 0 B R 8. (5.29) XA A 55— 584
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RFEWE R K p QITHEF I, E R RE FETHIEIES
B RSB E R BT = BT . B a4 R
FEH, YA ENER P BB an/a B BT V) BIDE, B
Ay B BTERAR /I, T PR R 2 B f AT T T O E L IR, B RO RE
B, (5.28) M LR 22 2m, B FHITH S B t B FHHE.

$5.3 —EEBFET NS

E— Y, METHIEAER b IEE ax/a B, BUR BB
859, MRS FEEME. HEY b=nx/a B, R ' = - nx/a
PIRUSHE A BE B 2N, HENRIEEBERB K. BT £ = -k,
AR R A £ BV ATRER, WIBR &7 AN IR i . AT, B o8
HEEHA R GRS HEMRER, Y4 b=nn/a B, H
fra2 BB E? EREX— 8, S EEFEEHE
MR A B

& =p =2 2K
a A
53, a5 REAERAAHE MEREXRER
2a =nA.
B 5.1 85 TiX— Y E S, WA RE L RATHEE, M2k
1 2 3

2I
3'

Bs5.1 —HRAgaHAS RN
B EW AT RABUTE . A LA, # 2 (TS RS A 1
FIBUT B I B 2E A 24, 1805 3 MBS IR 5185 1 Y RKHR AT
EH da, - XY k= nn/a B, &R ER BRI EE
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R A A EAT, BN 20 2 B9BERAT. B UG, 25 4% s 0 B
BAAHEME. ER— P mAUMESE. RERHNR, k=nr/a=
—k',2a=nA IR T B9 A0 B0 B ST &A1, BEEE XY
sinf=1.

M r=nn/a,k’ =~ nn/a B, BFHIT R RER AL
RET R REH S

T z)=A¢Y(x) + Byl (z). (5.30)

F5E b, M R B AT oA S Ak AR, B

E="T(1+4),
a

p=-"(1-4),
A KHAER (5. 30)RBREZH. BG.30RRAREEFE

2 2
[—;—m$+ V(x)—E]‘I'O(J:):O,

FHH A
L5 Vo Jgl(a) = B i),

2 2
[ -5 554 Va Jgd (2) = ) g (),
G
ALES(R)-E+AVI1pi(z) + BLE'(# ) - E+ AV ]2 (z)=0.

B ERXaFIFLL ¢F () 97 (2), BXT x B4, B2

LE-E%®)JA-V,B=0, (5.31)
-V_A+LE-E%*")1B=0. (5.32)
B LA S FRRER
E=— (E'() + EAk) £ [(E°(k) - E°(' )P +41 V, 1)
=T,(1+A%) (| V, [ +4T24H)"2, (5.33)

Hep
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T,,=E—2 M)z
2mb a
(5.33)RXBSLAATIR R A B— AP Y A =00, (5.33)X8 5
E=T,*t|V,|. (5.34)

EXAEH, A FEZ SRR BRES, B TERAIES, —1METF
ek T,, —MMETF3E T, B ERE/ N
E,=2|V,I. (5.35)

HHR(5.34)80(5.35) KXW k= nn/a (B k= — nx/a), X W,
ST F X R RA R, A A RER, e E, RERAH i
AEER, APRRERFIR E, AR WRE BN E, BWREHE
PH G RN RN RE v, REBTET v, BXHENPRE.

BAAO B, BEE T, —BKFIV, |, BG.3B3)REFHA
BE A* W, 15 F]

2T 2 2
E+=T,,+|V,,|+( "]—”(k—ﬂ
| Va1l 2m

a
E.=T,—|V,|- (|2$| 1)2": a”-k)z. (5.37)

BT A RPMEARH, (5.36) RAEHTEHZ LR,
(SADXERTRBFTZ TR, B (5.36)M(5.3DFR
P ZRITBAEE L, TR, BB ER ¢ BEXRER
EEMMYE ERE TR, R TS MMy R, B 5.2 8T
REw A FMAEL. A B 1,3 SEEHENRER, 2,4 &
RAEMAMEER, XIER (5. 18) R A& . 1,3 SHE—ME
WE2r/a, ENVBTER—1T%F.2,4 SEBE—-NEBEK 27/a,
wE TR-—TE.

B A BKREE, BN R b I nn/a B, B FHIF BT B %L
HPEHE, FRERSFTHHETHRE XEEEE-TES.

B ENE, RIHESE

D k=nn/a LFEMRBR L), B FHEENHAEF,
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BHEER2IV,].

2DE k= nr/a BHE, BHRAETFRESERMERERN L
LRI WP LR, RETH DUR N T H A 2.

3VEE b EH /o Wb, BT HIRER S A @?B’J“Eﬁ#ﬁi&

AR LA _EaX SRR 9 5 AT, F 070 75 7 5K 25 6] HGE B
FHIRET . R THIRETH = Fhe il I7 % .

WA EP ATk B5k+ K, SZ%MG, FFUB TR
BAAERRZRNEAEHAARE. B 5.3 i 73X — A H
HRR TEM B W, R R M AR AR SN, HH R W UT
HIRETH BR R 55 —HET, S5 — BRI SE AN W IR BB PR 0 58
H, -, WA FRIRER W 1,2,3F TR LM BT .

K 5.3(a)H, —x/a FEx/a RIEFRI}EREEH G H 2945 2 W
KER. B 5. 3(b)ZREFMMH R ER. LA FB—1E
WRR R B X LU RE T B A R0 I IX 2 A, B A X
EMRRTERTELFME. B EBTH—MRE, L5,
EREIARER b ]I ATRETH S .

MR 29 WX FROR S R BRI LA, &1
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RE AT B i R X ENEF & T — MER FR X (A, 2n/a. TEE—
HARER T, —MNEEMNN KRN 27/ =27/ Na, Tl —A-fig
BE N M ARGERRE, ITAEHE, 8T#FE8 2N I &
S -1 REHFRERM IN MHET.

—
T~
|

I 11

\ / )
1
0 k
®
953 %% (AMEERTPEAHENEET,
(AR ET
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M 5.3(b) P RBFE R TTLAE , BB F SN, BB R
/D BETER-MEERNES, EF T RO E XA
BEFSHHE FoOMETRESEER FSRIBESERD.

§5.4 FHEHEFZE

FE—4E B BB TEAF, 8 T ETRBECEITRE, GH A
W AT ot A — 43I R A, AT T R AT ot
2%

V(r) = DIV(K)e*:r,
H 351 R S 1
V(r) = V(r+R,) = 2 V(K)e™ ")

134, K- R, R 2x MY, B K, RAUREIRR

Kl = llbl + l2b2+ l3b3.
AR FEEBERRT A, WA

Vir) = S VKK, (5.38)
MTINERIRARN k WIREE, (5.16)BK a(k + K,)TH k &2

—WE, AT ETEREGH T ERETC, BITE a(k + K,)PH
kBEART, TR, 8RR PR

olr) = ﬁ%}a(Km)ei(th)", (5.39)
Hdr 1/ /NOREEHA—HEF B LRGBS E

2
- v -E() Jp =0,

A3
_1— E_z 2 § iK.-r
=S Tk K =BG+ 3 V(R ]
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. a(Km)ei(k+Km).r =0.

K =LA
1 e—i(k*Kn)v
/NQ ’
F 34 R, 15 3
[5’% Lk + K, I?- E(k):la(K,,) + 2 V(K, - K,)a(K,,)
= 0. ) (5.40)
e EXE R gL+, AT XA
Nl KR = o (5.41)

MITERR(S.40) R KT LHE. BH K, K, HRERTHZH,
FLA(5.40) & — BRIy 77 B2 . AT R R BURIF I HR
KNC2ME, B TRB RIS, TER L, KR/ &
R, TR R R N, FATR A PRIF- T R AR (5. 39) Ky
PO EER T, (5. 400 RME R — M HRI TR X7
BB T — PRI BA. o (K,), o (K,)HBEFMER, BN
RPTHRLAHNE. FL K, BTHIFLC, K, FFIHIRIC, 17
FIRR TR AWM TRKX

2
E_|k+Kn|2_E(k)a§Km:Kn9
Ak x =32m (5.42)

V(K, - K,,), % K,.#ZK,.
ML TR R TR FHIRER E(p) . FERLNE, A FHBEW
E()RKHE R TR, : Fr LHEFTEGR)S ; FmEs
REE (k) WTRESHIRKMIE R
Lo LT E R, TR R T AT
0 — 1 tker
ga(r)= «/Wle )
BI(5.30)BRP a(0)~1, Hth ZH o (K, Z/DE; B-FHRER
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5 B i BT AT
_ R
E(k) = 2m
RFHE EH BT 2R B GREf, S A 33, &R A
K, (5.3 XMW AEK VIK) BB EZRM F/NE, O
R L AR

i 2 E2R? -
[27)1[k+K[1| 2,’1 ]d(K,,)+V(K,1)a(O)“O;

R
- V(K,)

a(K,)= 52
2m
Hlk+ K, [P R B, BT V(K,) R/, BTUL o (K, R/
BHOEY K+ K, Pk B, e (K,)BSEK, Saf L R o
()T (K, ) TREZBE S, Ho b5 2 4 /N &, A L 2, T
&, L RN

Rk

[ﬁ_E(")]a(OH V(-K,)a(K,)=0,

[k+K,|*— k%] |

V(K,)a(0) + [ 282 - E(k) Ja(K,) =0 .

2m
M LA 5 f ] iR 15

212
E(k):ﬁzfl + | VIK)I, (5.43)

fE BRI, MA TR A&
V(-K,)=V*(K,).
(5.43) i HT, BRI E

(k+ K, [7=k? (5.44)
B, R b MR MABESR, — M RER S TR T 3IRE, RE it b
_RR?
E+ - 2771 + ‘ V(Kn)li
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HTHERMLT R T-3hEE, BB b

2
E = Ezj — V(K]
T MR 2 ] TR A7 S0 2 0 PR TS, T X ) By 20 3
=2|V(K,,)|. (5.45)

B BT R, 2 B T E M R RO E A T FHE
RE(5.44) TR B F RO ER S, B (5.4 X B N

-(k+5)=o. (5.46)

B S.4hH T EXMILAREL . k+K,/2 K5 K, EBH, kK K
KK, B REE LB, (5.46) R A ARZIMYEE X
W A

k=k+K,, (5.47)
W& 5.4 TRAE S, AL K5k (9B, W H, %18 & &1
K, PEAMAGFER, W RK, PEE R SR
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R R 2 TR BRI 3 0 A0 B, v T 00 O LB 2 B 4% 5
BB RH K ENT SRR S K, EEASE RS EN. b
R L, K4 T Y T

2w
Ky’

HP Ky =K,/m,m HEE HE 5.4 9[H

|K.| ., 2x .
BEE = ksinf = 3 sind.

¥ EXRATAF 2
2dsind = mA . (5.48)
XIERE K, TR & E R N AIAA R R AR,

Bl R ERRAEMNRAHBR, LRERRY, YBFH
BRECHEWNX DR Eof, B PR EZR 5N ENKAFTFT
it TET R W SR Z RS T SR TR 9 B 56 7 18] L, & 48 AR RS U A
(LARTR], 3% T8 AR 58 i B2 AT IR

d =

§5.5 HENRK

RINELME, B FHIERIER RS ARG SIHAH, L
WEMXALEHEREERFFTREMTHE YR THER
BEMENKBA et B FRER B S5HEMKARFITH0 5
R 6 S, W PRI BEH W BB, MBI B R 2B E, BT
FOTRENROFYFHEREANER, EETHAENR DR T
EEAT B THFEEEMEANEKLR ESREEERR.

ET Lk S, A BB BRI LR RS RIAR.

— A RF

Wt TR R RN
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a;=ai,a;=aj,
MER% TR FERER N

2n, 2x,
b1=—a£l,b2=f]‘

mE 5.5 B, BRSSOl A R A A .
by, — b1, by — bs.
EITMEELTRE A KRR G AA ENX, B —A5 B M
X.BR,E-HWEMERE—PEFE, TR S* =(2x)%a>.
BIRAKIIH 4 MEBESHE

2z
a

H55 —#F%FAENK

by + by, —(by+by), by — by, — (b1 —b3).
ENHEE VLS B IH X R8T B i XU A B
WX HE S5, ZEKRE 4 o B RBETH K.
BRI — R R AR 4 A, R
2b,, —2by,2by, —2b,.
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ENMEETFREE— 0 B X 800 5 20T [ A A X 809R
RHEAEMX . AE S STLUER, B HME R w8 BRI H
Fy DRI P 4 AR

o Am EIH X AT LR R el L T RUE B, MR R K,
23t 0 NEEVE(R)FTREIBM XS, BB (0 + 1) A EN
K.BEBEE, B WK FSBR, 28 KB HREE . H
=2, At a BN KB E R Z D, S0 L X6 E AR M ER.
S 25 XSRS RTINS — A BLIH X

T EAARF
ERWTERN

a1=ai,a2=aj,a3=ak .
g 3K N

bl 2L l bzzgag b3—2?
%’ﬁﬁﬂ’%i&é‘]ﬁ6/\fﬁ%ﬁ EflE

t+ by, b, £ bs.
AN bR E A X, RS - EME ASBERENH, E
LR, HEH

3
o o[22
WAL SRRy A S A 12 4
2x. 2w 2n. 2w
+h tb,=+E + 5%t p, b= + 2+ T
bt b LR R PR (o R £

X 12 MRS R AP EE B R T —1 ﬁff’ 12 T &, wWE 5.6 Fr
REBIE, ZEE 12 HiRM AR
2_71' 3

a

2
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T 12 HifR R 58— EMX, FRF - AEMNK, ERdi 6
DB VAR R L, BARE MR R 55— B X AR
=LA F
Bk DS )7 B T IR EE R R
a =5 (—i+j+k),

azz—;-(i—j+k),

a,=%u+j—ky
B F Ry R

®5.6 ZWt+_m#Hk
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B A TR L SL T 4 M, BT LA B IR ORI A 12 TR
Bl

+ b, +2—T£i+2—”j
+(by—by)) a " a’l’
tbh

+(; o igfjiza—"k,
(b, b;

ibz +2—Trki;1r-
+(b;—by) a

HTIX 12 MBS R A S T SRR XU 2 58 — A B X D
MFIER T 12 DN EIT 48R &, 5L IER T8 12 MKE
MEmEAREENR, BNV EALRERT2ME. BREMNE
W RO FERTHE-MENXEMRES.6 FFRMEE 12H
&, HikH A

0* _2(27r)
F—T B P AT RR A BT AR
r H N P
2n,1 1 v 2x,1 1 1
(000) (100) . 220,555,

NS
RE—E 8, WEOCLTERFHREERA
a =5 (+k)a=5(k+i),a3=5(i+]),
UL R 1B SR
=2,
b2=2a—"(i—j+k),
by=2E(i+j— k).
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B IR AR A AR, o BN A B M X A AR R

o =d[2)
B AR LI F S, BN R S R E 8 M ek, B
il

+ by, by, by, T(by+b,+b3).
HEMALEER, BT

2T 2

(_1’171)’ (1"—17_1)’
a a
27[(1’_191)’ 27['(_1,1’_1)’
a a
27((1,11_1); 2"(_11_131)7
a a
22(,1,1),  AE(-1,-1,-1).
a a

F1IX 8 AMEIHS S P B R AR — N EATEA, RS
R AR AR LR R R — ¥, B3 x/a. WS, X ANIE

INEARR R K
9(2n)°
2\ a

AR EAEEANRE —ABEMWK, H e m Bl AR
1(2x)°
2V a

B D T R SRR S LSRR S F 6 1, ENTR
i(b2+ b3):2a—7r( izaO’O)’
£ (by+51):27(0, £2,0),

i(b1+b2):2a—"(0,0, £2).

ENfRERRE T ENTEN 6 MTA, BENEFSEHN
1({2r})?

a

2
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EM, HOMTEETFHE - AENXKZE - 4 @&, BFAD
ERBEMANEFE, EHRBANEE.ES.7 7 HTX—8A
NHRBEAR.
o — A BN X A R FR e B AR A
r X K L
2x 2 2,3 3 z,1 1 1
0,0,0), 7 (1,000, 7 (5, 70,7 F (555 ).

*a

[\

a a 4’

M57 BAOLFEBTFE-—HERK

§$5.6 FXRAT &

#d7 V(r) RSN E R, F T EEE, RIEHEE S
1 B0 92 7% (6] P R A A B 0% 4
Vir) = D2 V(K)e™rr
ETTE MR — B R RATEIESR, ¢ (1) gevx () RA—DE
R R ) R, 7O % S TR P, A 0 b R 2 1B % 2R g P M R
B, 5 V(e ) B H, 0T LIRS A % i B8 558 08 2R 4 (R PR P A
i Lg% %
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Sba(k’r) = 'JLWZWG(R",I‘)(&‘R"'J(, (5-49)
X W (R, r)E AT R/R (Wannier) BE, « REEWTES. 3 L
AL
1 e*ik'l'\’m
m b
FX B —-MEWRNE B RRM,
1 .
W (R,, r) = — >, e *&, ,r). .
AR, r) mZ ¢ (k,r) (5.50)
fTELARRBPFATRER
%zk)eik-(R"—Rm) — aRm,R"' (551)
¥(S 1) RKRA G50, FHAXER
1

I S i(K.-K -2k)-r
et TR dr = 8
N-QJND Kl.,K',+2k’

Gkt
JNOW:(R,,,r)Wa/(Rn',r)dr = 8,460, a» (5.52)
BIAS ] e 47 2 6] BB S [R] 48 S0 5 2 /R R 3R IE S Y . by A6 98
- BRI F RS R AT A
’}( - Rn)‘pa(k’ r) = ()ba(k’ r— Rn) :e_;k.R"‘/)a(ky r)9
e ERARN(5.50) K15 H]
W.(R,,r) = ﬁzk}%(k,r—k,,). (5.53)
LA IR EBEECKRT, PR R T LR
HEZEEFHILERBE, B FEFEBE S RFITHER &K N0
BER) MR T AR E FHRETHIT MM BT X —%
BB, Y r B AR, BORE, WEE ¢, (k, r — R,)RAD/NE; Y
r.—)Rn B-'jry ¢a(k9 r— Rn)‘%m—\_“ﬂ-ﬁ%?ﬁ&ﬁ (Pzt(r - Rn)*ﬁﬁ EE
T riW&ER, R, o (r - R)WEAN/NE, FTUH o ((r -
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R,)FHR ¢, (k, r - R, BEBIBEERBRMF TR R Lk

KEr . A, RATH
O.(k,r—R,))=p(k)gi(r—R,).
TR R BB X AL A

Wa(R,,,r) = ¢, (r - R,) 7—1——1\—,2&]/1&).
F /R B A IE3CHE, 5 2
I W, (R,,r)W,(R,, r)dr

‘% ‘Z’*(r-R,.)qoZ’(r-R,.)dr
el
KATEL
ﬁz,u(k) =1
B3

W.(R,,r)=¢¥(r-R,). (5.54)
¥ (5.54)KRA(5.49)K, B3|

ook, r) = ﬁZe"““@g‘(r -R).  (5.55)

EREHAMBMHA, ERETHEERROREAE, BHER
BERAFTENFEFREREASE.
(5.5 RRAEERBTE, 53

Lo Egry vy - B0 g - R, = 0.

JNS 2m
¥ EXENTRS
I [- 02+ va(r - R - Bu(K) +-V(r) - V(s - R,)]
-g%(r—R,) =0, (5.56)
Hrp
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. V“(r—R,)
AN R, BIEFERNES.
THEAVTRIER N s TR FTRFH 2, s DERH
ERESRE, EFG B REEEL RN ERER THRIE ¢, (k,
r)RRERE. MAXRR

h-2
[~ Egrs va(r - R - E(K) g2 (r R,

=[EY-E/(k)]¢¥(r—R,)
B (5.56) KU % (r)FFR dRiRERRR S, 15

[E* - E(Kk)] Ze&'RnJ-Nngo“s” (r)e(r = R,)dr

4 Ee"*'k,,fNﬂgozf* (MLV(r) = V¥(r - R,)1¢%(r = R,)dr = 0.

(5.57)
MFERGEEE, E (k)5 EY REAR K, E® - E(k)RD/PE;
3 R, A0S, ¢ (r) 5 o (r - R,)XBRY, B4

at * at -
jmqos (r)ed(r - R,)dr

RN EH, B HN R, ARE R, = 0 8950, (5.57)
AW HE—RIET

EX - E (k). (5.58)
(5.57) AWP_MIBHELER, = 0F R, = 0 FFL. RITH
R, = 0 #y B4 Tich - C,, B

C =] e (NIV() = V() lgt (r)dr.

B 5.8 WAL, V(r) - V¥ (r) R T of (r)|1* RIEMH, BT
LIRUHME R — N AfE. X T R, 70 B9, T AR SE PG s R 30
SR TR R BB EIRD, Bl Rt RS X ER M E
R ZIRT s BRHBRXIF, KEBH >0 2XMKH,
V(r)~ V¥(r- R WEX TR AHY, FrLL, R, b &L 8% 26T,
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Vx)-V"(x)

N e X
N, s/
AN
\ /
V] o/
v/
\
i

H58 HE—RFao—%#%%

J, :*ngoi’*(r)[V(r)f Ve (r~R,)]¢"(r - R,)dr
FIEE M. L Ewmm— S, R E 7. >0, B AHHA
HE—E. 5Lk, (5.57) XM E b

~C,— J, o e* R R, REIAIHE. (5.59)

B (5.58) (5. 59) WX BF] s BERMH THIREW K
E.(k) = E“ - C, - J, > e* R R, BREIEMEE. (5.60)
Bilan, X F R0 S, BT ARAE 6 R T, HABRT A
(+a,0,0),(0, £a,0),(0,0, £a).
¥ BB AR (5. 60) R, 15
E,(k)=EY - C,—2](coska + coska + coska). (5.61)
REHER/MEN
Eqin=E"-C,—6J,,
BAMEETE B, =k, =k, =040 fERER KB N
Eomax=E% — C,+ 6],
Xt B S — 7 B IR IX Yy 8 A~ A T

T

a a a
WL AE =12), . REW RIEH J, #R/MJ, i8R FIE,
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JOBH T SRR, E A ON IO TR A B TR B
PR L. T, TR, 0 R P K, PR R,
REA R L2, BEAERLAS 1 5.0 e I I oo T R RO
BT L A B 5 L LT o oL — R, 22 fhob
BT — R

E:’
’ G

5.9 SAEaFHEFEINTE Fd b TR NEER
§5.7 EXWEFHEKE EH

Jltl

— X FmEE

Ho 1 v RT3 3R A 1 ok SR B U S4B A R 0, 1940 EEFE S
(C+Herring) 320 7 E3C - FHE . rEFR9E R 5 S i
By & E AT, TER F L Mar i 7ok B BA L AR+ T
W, M2E2EERY. NERFHEREER LIRS E LK
% METFSHNEETE T ARFEMRES, BN A A IEE,
T R RO LR

P9 E T o B % A B e

®; = 71_];2&““@;'“ - R,). (5.62)
AT BB R F-326 B8 R o A, ik e 800 BT TR U, i TR TR S R
B 2RISR, S5SNI VT i - SR P iR
J2 W Tk PR B RAE 2 R R

1 itkek)er Ylﬁ
(k,r) = - D@3 (5.63)
X r /"—‘N‘Qe ,4:,’#’ k.

207



Hort K, BANR, j RAE K AR T R M, e B IS
e -

fmdn-zx,-(k,r)dr =0 (5.64)
R LAY i o RO B IEAS b P i R A
gu(r) = 2 ayi(k,r), (5.65)

He o ﬁiﬁj‘ﬁi /l‘if‘f( p HEBCIL B ARSI < . 2210 PR
%SM‘E)\E?””}'-’;?T%

(H—E)¢k(r)=0,

2B K H B4
J s (r)(H EYg,(r)dr = Ea,a [H ]
(5.66)

K

Hj,‘ = JNan*H x,-dr, (567)

J; :J ¥ yedr (5.68)
KW I X e BRI/ e =0 ,75 %]

Za[H J:1=0,7=1,2,,p. (5.69)

H « ?ﬁﬁﬂfﬁgm%f# Riti E 7R/ MEBI AR T RER
E}’JP;‘? FE.

=.B®

e F 1 35 R BT R T SE R AR R R, A 2 KR, X 55
BHETFPFRAOTREREAEEZN. BRERMRFE5EH
AR, Bt 2ZRATEd e FHRER? FKEET, 26
HEFEAREHT, TEERRETS 2R AR TRsR . HE
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FIREE, TR LR - F AR BREL X —FENE

Bt T — A A TR R
#4
P

2 ¢;;5 T < (r).

i=1

T4y f 7 % B $ (5. 65) AL A%,

ge(r) = o(r) - 220‘#‘1 ks
;H\:EF y,,ﬂEE(SM)‘E‘R

©(5.70)

(5.71)

(5.72)

(5.73)

(5.74)

S U e 3T T
i /FZJ o7 " (r)e dr
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N(E)ZZ;( ﬁz”) (E-E,)'?. (5.104)
[ 4, e IO BT A i B T A
2
E=E, - ’7* (k, — k)?,
2lm; |

He E, BH TR, m, RETEHWIMNAYNRRE. 55 H
221



3/2
N(E)= (ai%i) (E, - E)V2. (5.105)

ES.lMNHTEE!%?‘ﬁHEE&I%?B’Jﬁ%ﬁ%ﬁfmﬁé.l’&]*
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6. HERGFEGHEE LT HEN s ST, A5 HHEE

T
E,.=E*-C,— 4], [cos kTIacos é%g + cos %gcos %ﬂ
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K

1 _ [m1a2+m2,32+m372]1/2
m myniams;

O RH—% . —HERPEHHBTHRESEE.
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HFEAREST, i3 &8 R R 5TEk i R E B
ETRESITHAR. A ARESTTMEBETER, AMINEENE
B ASEE TREFEHT T REN T, MBI EER TS
BrRERAEE N SENSRE TRER, REMNS T BIE
W MEE ERINME S SRSHXRBE M LZREIE.

§6.1 HFAWFFRIIEE

— RHEE

SRPMETHZEHRET 2BNHEENE. X (Som-
merfeld {EXEH T HEEHHE T, B MEFHFE M LA — A
G s .

HFRMENAHERE, EIENFE K gait. R
B T8, A MERK E EHHBETHE
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k +1
AH E WEE, XY o HEHE, I NVER ENE
FABEH. mERTH ERE TH B8R EN—IBTS LT
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NEFHHESIMER. DA —TEFESBREH -PMETFISIE,
Uk FCE)RITE S X .RER N E BT B TEHE TS
ERTEY JLE 2 T+0 B,

f(E) =7
HREY, ERERR L, A —ERTFE AT AWM TH
ERRH — M RT S, BB T 5 R LR 1/2. R, M
B, 1M RT, BB THICH LSRR T LR R
MI%hY . B 6. 1R th T 407 B MU R R E T3 ML 4E OK B,
BEEHA EL LA R TS WREN, T EY U FHH
B RT BB TFH G . Y4 TH0K 0, BT B ML LA
BT 8, AT Er 0RR B 2R, S04 B R A K B
A Ep Wt + aT TEHAP.

£8)

(1] S —
0 |||||| L N 1 1 1 E

Er
6.1 FEBRETHET A

THE, BT —TEHBEFRENBERR.
HEAECH, EGER EJE +dE EEAMNETSHE
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EZ

2 )3/2

240



FEAERTF R,
E<EY, f(E)=1;
E>EY, f(E)=0.

B ARG EERE BT R

N = cj: JEdE = %C(E"F)m. (6.2)
HEIINEFRE n=N/V,, 7[ED
E%-:%(3nn2)2/3. (6.3)

KX EEHBETEER E=r2%%2m T, Gna?) 22485
FENBFHBRKER, FARELR. XEEY, A ETFER
RS B e B R — DR, OK P ERAY £ 12

ES = (3nx?)V3. (6.4)
EAWA B FEBEE T4 BN IFE R FARESH. B
n~10%/43 k% K24 6~7 % 10°/%, EY M58 2 L4 B T
Fi. & 5ok 4 X2 B I L T F 2 Bh Bk

N 5
ERXRETIRMAFE DML RS, H B 7 OK B, B T
THEHMNER AFHEFIE, a0 T AT ERKERE =0
.

TEWIE T#OK MR BRER 2 AT, BAITEE X — P RFRE.
TE=E%/kg. WIBEKAN 10~ 10K, — B TXES F L8
MBS . B, ITIE T0K R B FREZMATIRN N T<<TY,
B kg T<EY. FTHBITEELES Ex~E%, T TH#0K B, k5T
KEp M55 BRI .

HATFIERTFES, MEFEMAE

N = | CAEIEVHE = 2cr(R)EY | T

B E)
E = %JEdN = QJOPE"’/sz = K. (6.5)
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_ lc‘[ E3/2 Q'tdE,
0

3 IE
Y E—ooff, f(E)—>0, EXGWE—TWEFETE, TR
_ 2 (" af
N = 3cf0 E3/2(—8E)dE. (6.6)

LR BRI AR RS, R XELRT R, R EX
HATABME . o T 3R X AR G (B, 3R & 56 70 1 2 i v

|- 2L v 6.2 R T | - OL) ok, LU, A
BT A F = Ep A BOBRK (B, 7 Ep, B (38 3 0 .
- 2L g5 HERIIT 5 0 (E — Ep) iR HE TEHIAL. o0

B (6.6) AWM MEEERRET E = Er Wy #lr, Xt # 13
RITAAK i 77 L A # B .

_af
IE

AE)

E
®6.2 sp)5| 2L
AT THPHE A7, BAVEK E L TR
1= e - 2L}, (6.7)

B - 9f/IE (VFEE = Er WIEHE, ¥ EX 3 TR B
— oo, FAEWM LR, Bl
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1=[" ee)| - 2ae. (6.8)
# g(E) T E = Ep ABREREH
£(E) = g(Ex) + g (BE -~ En) + 3§ (BE — Bl + -+,
M (6.8) R

I =1y+1;1+1,+ -, (6.9)
Hepr

Ih = g(En)| [~ 2L},

=g ED| (E-En|-2L)a,

L= 38 ()| (E- Er?| - 2L aE.
BHRE I, HWE

Iy = g(Ep)[f(= o)~ f(0)] = g(EF)(1-0) = g(Ep).
%é?\(E - EF)/kBT = x, 11 1’tﬁE
11 = kBTg,(Ep)Ji:oI( - %) dr.
BA—af/or Bz =0 AXFRABRE, I, S LENE
oy

1 . o - Zd
e

(kBT)Zg”(EF)J‘O .1‘2(6_1 _ 26*21 + 38—31“ _ )dJZ

, 1.1
= (kgT)’g (EF)[Z(l —Ety - )]
2
= T (ksT)%" (Ex).
FTRENER
2
I =g(Ep) + %(kBT)Zg”(EF) b (6.10)
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g(E)—3CE ,
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RANER, HFE ksT<Ep 8958, B3]
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BEXH, BEAS, HEERRK EEBESUT, HINEEE
BMEE, T<TY, Er 5EY 48K Hik, Mt @i, Gt

AHEKST Er 5EY.
. &RPEFSNATE
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S B TR H 3Nkp/2 P AN B . T I, iR & B P
Hreg oA B TEE, I PN SRR FRANS FE
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FHE6.7)M(6.10)F, B3

- 2
E = 25 [1 152 2 }% } (6.12)
FH—A B FXTRARM TTER Y
2( T
Cy = (%%g)v = %; 79 ks (6.13)

FEHBT, T/T"~ 1072, X RN B FHRERBM TR AL E
HERMTHRETRAE 2L, X — TS ERHTEHAFN.
AR MR, N Afr i T3 AE B TR 2 /NE? 5%
BT, AERAMEAREH RS2 ETHE, XEBRTAR
A Pk 3 IR A RE R 2 LAE FCBR AT B 8% 28 T M s A AR 2R3
s REAS R A R S BRAE 9 (U2 3 2 T WAL 9 B0 7 U R i,
BREBH T, KR A HEEE SN, HEBHERE T HR
PRAET XRH LSBT THREMNBRESUER DY RE.
X R R T HFRAERR/MEE.

HE-FECH, RERIVAFEERENS T REK. 4
B ARMRAS, S48 P2 RE D, IR A B R 3K B R W 22 Y
B, & RARA BN XA BT 5 R IR 30 P 2 ST
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p = 12 Rx'
=5 gt

LR A KE T &S H B FXTRAL ST Bk H
(6.14) XHE R
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HEBRTRESEE
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YERHFRE, METFR TN, EERERE. REBHRE
AV, T R R RER R

UZ%NEF—NeV. (6.17)

BERE 1SR 2 KBS 5HN v M vV, REMET, NHETFHH
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Ve, REED AN Exy M Eg, TE TS50 NN,
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Ho6.4 2REMmeRE
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) E_z N2 2)2/3
EF2 2Im 3 chﬂ (620)
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H(6.19).(6.20)F1(6.21) XA (6.18) R A5 F
_ 3R (3R s, 3R 3PP NI
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BA S, Aol TRt TR ESE, B FNRERSHER
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RIMNPENETRANEHRE T, B THRE ESIE p 5&
v MBREHIREN
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k ZH) dk RN E FREHE N
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m
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AT HERRERENITH, 7£(6.29)TEHRERE V, BUY R ALK
TR, &EEZEN dv KE#HEFHE

3 dv,dv,dv,
anZ(%) CE-EAT L] | (6.30)

MTHREBSBEHNBR T, HEBER E=m22 HEXER
(E - Ep)>¢; ML) 6> k5T, AL

e(E*EF)/kBT>>1 .
H I (6.30) X FRIb K
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MR (mol/2)ZE,, TIEED B v, .o, TRAEEAE, 7L X H
v, — v, +dv, REJETHE N

2 co 2
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-— 00

[ 2/ T
: J e ™y Zky d'(}y
— 00
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dN =dn(v,)v,dt
X 86 R I E AT
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YRR, R AT » RO ¢ 9 BB £ (K, r, 0). 447 B ACHE
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ELRBHEPHETERX
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— % & 4%  One-dimensional crystal lattice 91
—4#: % 8 F4  One-dimensional monatomic chain 92
— % H B F4 One-dimensional diatomic chain 100

—#% X% F One-dimensional compound lattice 96

Z B

% % Two-dimensional crystal lattice 147
ZE% Twofold axis 22

ZE S #H M  Twofold axis of symmetry 22
AT % WEF  Geometrical structure factor 35

—
—_—

E

—

=4 & & Triclinic system 26

=% % Trigonal system 26

7] fu 4% Edge dislocation 156

N & F  Low angle grain boundary 153
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LEE¥%H Madelung constant 69

—_

]

L% @14 Element crystal 40

TEHH M  Electronegativities of elements
TLEMH B  lonization energies of the elements
TEBE 48  Cohesive energies of the elements
NA BEHR  Hexagonal close packed 4
A% d % Hexagonal system 26

K& Inversion 20

2T B4 Molecular Crystal 53

V1% #  Shear wave 86

BB T4 Diatomic linear chain 101

@ E#  Dielectric constant 25

%%  Chemical potential 239

W& Internal energy 58

% &H  Distribution function 239
AT EH Y Frenkel defect 149

4%  Specific heat 125

P F# 4 Neutron scattering 115

il

|

Ak EH F  Bravais lattice 6
A # # &% Bloch function 179
A # # E#E Bloch theorem 179

A AL R 4 Bragg reflection 29

49

48
56
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# 2 WX Brillouin zone 196
# BW K AR Brillouin zone boundary 197
# 2 # 5 Brillouin scattering 115
E##F Direct lattice 16
F X d% % Orthorhombic crystal system 26
EMI#E2 Normal vibration 107
N A %% Normal coordinates 109
I H v & Cubic crystal system 26
LA H#A Cubic close-packed 4
W% &% % Tetragonal crystal system 26
M ##EE  Symmetry operation 19
*t # &  Symmetric group 23
FRXMHFEHE Orthogonalized plane wave 207
WF-#EMEEHA Electron-lattice interaction 260
#F#AE Electronic heat capacity 244
% Electrical resistivity 266
W% & Conductivity 265
¥ F ¥ 4%  Electron affinity 49
HF A 38  Kinetic energy of electron gas 241
#F A &Y Pressure of electron gas 278
¥ 2% 8% Electron distribution function 239
M ¥  Electronegativity 49
W% # ¥ Electromagnetic phonon 125
& #H  Work function 249
K7 Long-range force 47
T4 % Cubic system 26
‘P K F % plane wave method 192
F# A #ME Translation symmetry 180
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F# %t #7 % 4E  Translation symmetry operator 180
% E % Graphite structure 54

F#  quartz 2

IN47 % # Blende structure 11

\,

Y

=

i ¥ Electronegativity 49

Lt % &  Covalent binding 51

£H4# Covalent bond 51

H£ 4 & Covalent crystals 51

H M@ A Saturation of covalent bonds 52
X ¥4 Optical modes 99

X #¥ ¥ Optical branch 100

K # 4 Light scattering 113

4r 4 W Infrared absorption 113

E4% %% Compressibility 58

¥ # %4 Diffusion coefficient 166

¥ 8 8B & Activation energy of diffusion 169
##  Valence band 231

& #  Conduction band 231

HY # Self-diffusion 170

A& Effective mass - 210

H#% #.# Effective charges 120

Y% B B Relaxation time 256

R % A F )l  Relaxation-time approximation 255
¥R X HA Extended zone scheme 190
HHEFHEAE Free electron model 239

]
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B 418 Free energy 141
2213, Hybrid orbit 67

t &

%42 B Ideal metal 266

K>3 Body-centered cubic 26

#1944l £ F  Body-centered tetragonal Bravais lattices
26

513 & K Alkali-halide crystal 52

% 4T 4t Laue diffraction 31

8 B 2 F Interstitial atom 150

B ¥ 3 # Interstitial diffusion 167
ARG ¥ Schottky defect 150

fi4% Dislocation 152

#%  Slip 156

i & Grain boundaries 149
HE-#H#&EE Dulong-Petit’s law 125
B AKSTH  Powder diffraction 34
BHENHIFZ FAE  Richardson-Dushman equation 251
TFHF KX F#  Christofell equation 84
XA I A E Christofell module 84
¥ ® 1. Displacement polarization 119
7 F Phonon 105

# %%  Acoustic branch 104

N A7 Stress 75

B Strain 77

Y B /1 Shear stress 75
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Y1 B & Shear strain 79

J\ H

J M EE ¥ Periodic repeated unit

& ERX#F  Base-centered orthorhombic lattice

B #E AT Base-centered monoclinic lattices
B8 %% Monoclinic crystal system 26

£ W FE %M Diamond structure 11
4B % 4% Cohesive energy of metals
4 B %1 Metallic Crystal 53

¥z % Rotation axes 21

¥ 5.K % Rotation-inversion axes 22
% % K% Rotating crystal method 33

Z @ ##  Space group 19

ZFAL  Vacancy 150

4B ¥ %4 Metallic binding 53

B4 & A Monoclinic system 26

B & Fiffl Single-erection approximation
# 4 #F F Polarization phonon 125

% 2 # 4 Raman scattering 115

A% E Density of states 215

#% w2 #  Ferroelectrics soft mode 125
Z 5 Hole 232

F RAR #E % Wannier function 203
F#% %% Translation vector 180

JEWH AN Anharmonic effect 134

B it B &% Periodic boundary condition

26

53

179

94
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LE

227

94

WA EHAE Boltzman equation 252

E # Point groups 23

et — 5B HE MM De Hass — Van Alphen effect

W% ZHE Hooke’s law 79

4% Hydrogen bond 54

¥ 4% Affinity 49

#%H F8 Overlap repulsive energy 55

% &8 Cohesive energy 56

B B_K{1i4 R4 1% Born-Karman boundary condition

# % A W  Fermi distribution function 239

#X BT 5 W Degeneracy of free electron Fermi gas
239

#% Fermi 239

% % f¢  Fermi energy 239

FEHRAR  Fermi level 239

% % 3K Fermi sphere 241

% %W Fermi surface 241

% % B Fermi temperature 241

#XEE Fermi velocity 266

# % *¥1%  Fermi redius 241

W& 51 % % Constant of restorable force 93

% il Adiabatic approximation 58
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JE ¥ Primitive cell 5

FE#E % Primitive vectors 7

% F Reciprocal lattice 16

B4 FEH Primitive cell of the reciprocal lattice 16
B # F 5 Reciprocal space 16

8
f

| # % Reciprocal lattice point 16

|# T # K& Primitive translation vectors of the reciprocal lattice
16

Bl# % Reciprocal lattice vector 16

B ¥ # 4 Umklapp scattering 135

¥ &A% Powder method 34

B F# 4B F Atomic scattering factor 35

B.fi # Coordination number 5

BT ¥ F ¥4  Atomic and ionic radii 72

B FH#ELM 4 A Linear combination of atomic orbits 204

BT RS A8  Cohesive energy of inert crystals 68

% ##  Dissociation energy 57

% F%® Ionic bond 52

% F#H Ionic Crystal 52

®FHHE Ionic conduction 171

B ZL  Lorenz ratio 276

# M EIEH  Migration of defects 166

Wi 9K £ Concentrations of lattice defects 165

% E#73E  Einstein 128

ZEHEHE  Einstein frequency 128
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ZHHEEZE Einstein temperature 128

I  Lattice wave 94

BHEHEHK Gruneisen constant 142

LA FE®L Sommerfeld theory 239

P, F £ 4 Thermionic emission 249

#AE Heat capacity 125

# 5%  Thermal conductivity 137

WK Thermal expansion 138

ft % Energy band 189

% Energy gap 189

fEHH9H 4% KX B R Reduced zone scheme of energy band

190

e by B M8 X B A Repeated zone scheme of energy band
190 _

ey B8 X HX FExtended zone scheme of energy band
190

B4 % 3  Partition function 141

#HKF  Quasi- particle 111

#3E Quasi- momentum 111

B W B FHNM  Nearly free electron approximation 184
t-8

% —H# EWIX First Brillouin zone 197

F A Close-packing 4

FEHEH  Miller indices 14

B % £  Contact potential difference 246

T Basis 6
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# % Basis vector 7

MR T  Elastic deformation 75

# /5% Repulsive energy 55

# MK Flastic wave 81

BN EIKE Elastic strain tensor 79

W E ¥ ¥ Elastic stiffness constant 81
B W E % #  Elastic compliance constant 81

3? #H# & Elastic module 81

Wiy ) %54 Elastic-dynamics equation 81

¥ M # 45 Elastic scattering 258

+ToE

%% @ Constant energy surface 215
Wi Crystal 1

fm K& #  Crystal structure 1

B ¥ Crystal defect 149

AT 4 Crystal diffraction 14

% % Crystal array 11

g H Crystal plane 12

i B 15 % Crystal plane indices 13
s ¥  Crystal band 3

8 ¥  direction 12

fe e lattice 7

fb 15 % # Lattice constant 26

5w 46 Fl 1% Lattice-periodic potential 180
&4 E 4 Lattice-periodicity 6

g A Cell, Unit cell 7
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i ® 8] F  Interplanar spacing 12

so & Crystal system 26

su & 5 #  Crystallographic point groups 23
A% 3 Lattice vibration 101

i A8 # 5t Lattice scattering 259

# 4t  Scattering 113

TZ8

Wi Ak k% A28  Cohesive energy of inert gas crystals
61

##% Slip 156

##M @ Slip plane 157

¥ ¥ ¥ Simple cubic lattice 26

B E & #  Simple lattice 3

2 2H4%TF Simple monoclinic lattice 26

B E W F#F  Simple tetragonal lattice 26

B # L 2 #F Simple orthorhombic lattice 26
%  Harmonic approximation 93

] IE 4%  Normal coordinates 109

B EH 3 Normal vibration 107

B IE#  Normal modes 107

B4 # %X Reduced wave vector 183

B4 EHME  Reduced Brillouin zone 182

##% Forbidden band 189

R K # ¥ % Tight— binding method 202

Z ERZH#  Zero-point vibration energy 147

FEWE - 8% Lenard — Jones potential 63
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# %  Filled band 229

+ &
# 3 ® [ Magnetoresistance 272
# A %EE Density of modes 126
B #EE Drift velocity 172

E# T E  Drift mobility 172

+EE+LE

## Debye 130

£ ## 1 Debye approximation 130
EHEH EHE  Debye cut-off frequency
##F B E Debye temperature 131
Z H% M Hall effect 272

AL Screw dislocation 153

BEE - 2%, Weidemann — Franz ratio

& % Pseudopotential 209
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