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1924 4 ,de Broglie #RG (1 — 17) R W FRIZER 7 , B ER TEsI LA
EH CEKaHaBE#E, R

A=h/p (1-17")

1.3.2 BFHYH

IEHAPR SR TR EE, B A WIREEHEH., #ETERRP E, £
ATHmMEMEAERE o, (A
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e i L i i b T T R P

EkZ%mwzzeEp, p=muv=(2meE )" (1-18)

Ao Me pHAREFRFHEREMBHGE, KB -17)FH p. B ED
HENABENER1.2)AA,B
:(2?}1;‘))1,2=1.226><10"’J%;
LA A PR () E R AL E, EAERE (V). % E,=200~300 V
B, A RAET 100 pm, T - 8) A EEL W, 7™ 4 fi7 3 89 13 28 46
MEWEE A HEMN: s AH 100 pm, 1Y TRERF. O TFR-FHEHRERE,
TEREEAEPTHETAESEMFEBE T4 BTN KR EH#H,

1927 4 ,Davisson #l Germer W i Ni S R D047 T B T8t 2L 5,
B TH E,=10~400 V, 55 & ka0 Tt/ , LB/ W B R RE R
FHRERENM, RTHE 1.6, Y FREHEHTHRERITAN,VEHFMA IR
S EHNMEERNEBREAL=usnd,« EFRTHE;EZMTF1-8).7
5 B % 2

A (1-19)

A =asinf (n=1,2,") {1-20)

Ao

. G
1.6 Nifd&Ewd Firgt

B E =54 VHRMMBERAE (=187 6=50"7",8 & a =215 pm, H
(1-20)RHEBIFEK A =165 pm. X5 de Broglie BEZFE (1 - 19) K

HEE
A=1.226%10"%//54=167 pm
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e,
1.3.3 WAREXHR

BT AATIESE T de Broglie MBI . N TRARE. NTHESHEELE -
T—@. % 28, CERFIRELZENBSHTE, ST E-FE - Nl
o ANTMN FRAVGRZEETEREHNHN R . T - -THEMNVE, HR K
RAWBETZE(TEE) SR (RN SHFERAASEHER,
BEETHIEHMER, mH RS, ERERBIRERHXRBE
HfERERNET. BRIt KB THERERMEFLIEA#E, 289/ -
FE EHE R TE XM EREER — R (BRI EE)F B A EE (5
WIE) MERBE S GRS, REBHRADRETEF, B 1.1.2 f3#
BT, EAEE (1 - 7)ol @R SRR, A — g SR, AT
o] 58 A BT R A B I K e S R AE R R R T A SRR AE

We=08 , BTFHE - rp<r<ay KHHHH., BIALKXERAHTHE
MRmEREELB TH ERER. & £=2n/A, NBLEH(ecm ") HR
R ER R EROTE., VT

a1 (x,0)=aycos k12, a;(x,0)=agcos kyr (1-21)

EMHENREtmEaAMARE . A

- +
Alx,0) = a(x,0) +az(r,0) = 2aq cos (kzz kl)l‘ COS Ly gkzj':r

(1-22)
P,k k ., (1 -22)0FHE =040 , B2 2a,), LR ERIRE a,
W7 —-f&. =0, CHTHEHELE

A(xzy,0)=0, xglks—k,)=n

Bl Ar=xp—(—xg) =22, RERBTFLEHEBE . A2=F— b BB
FEREWENE,NE AxAkE =2r, it —# M A de Broglie 28,(1-17), 8%
%3

AxrAp=h 8 AxAp==h (1 23)

F—HMEERURE h WEBRETEN, W & ATRNRBCESMELITH
hoH P FEN.
(1—23)208R 9 B #E e AR 20, F W B 7 A0 A 45 A0 3 B S 6 (] B 96 0
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B EENRREEZZEATER Planck ¥/, HEEHRITEN FHOME
(Ar=0), RENUTREZ LR AE(Ap=cc) BB . HZHFR, EEEY
Bitie , X— it RHEE - T HESEE  AEHEN R RRE X RIE
BNTIRORER,

HTRABRMEMERE - pSaosx, UAAKERE, EHRIFETF =0
BB TR ERE, T mENENEE EEW L <<b<bk, MEHHITH
FZ58 M mARSAERD,F

k

e k,
A(z.,0)= E @y Cos k;r:anj cos krdk
E=k £

a2 . .
= "Dlsin £y —sin & x|
x

—k ko Tk
="a'“lisin (ks ]).1‘ COS (£ I}I (1-24)
x 2 2

B =0 EREBRN a (kzékl):r#[} L ESEPE - BAL,0)

B o RIS A EM D BTE, B x=r, LWETESER x (b~ k)
=, MR RMAELE S ArAp b, AFE -3, B 1.72&8 7
(1-2) AN EBE  BELS, HiLEAHEZHIN,ZBERER p/m.

| P
/ =0
ﬂv/\v_ \//—\vﬂa -
B1.7 sEHk

ERER MAEXELSEWE FREX) K B WA Ll 2 %Ki,
B AEEAEHOET FEN 1 g, EEN 10 ms EEENRREY
BEEENT IS — & - 2R E L LFRER
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Ar=h/lmAv)=6.6xX10" /(10 *>10 *x10*)=6.6%X10 ®m

EHEESNENLURNELERAME, EXNS FREFPHOEF (A
BH9.11x107 " kg) M HMHEERENRIEBAHLIFREN

Ar=6.6X10"2/(9.1x10"x10 "x109)=7.3x10"?*m

BRTHTASBHR T BATZR WAERAEERRNBLLGRS5EE
(Zh &) .

§1.4 H 3 F 8

1.4.1 HEH

FEHMBEEHREEHE T -BEEER (o, t), EETFTERE
NE RN _ZESAREFRREFRENHEE? MARXLEHRFNH
MR BE(REFEMEATEN TR ATMARFEDRENES R TH
EHERLHENBMENYH Hb EERRTATHE AN FEREEE,
RATMUEN VTS ¢, 0 )F A(r, ), HHRZHERBE . HF 1,1
SN ERIRENE., T TSR ZHHE T . EEERY o(z,yv,2,1)

AR TN LRER, —HEHEBRTHIT OB R A
=h/p MK . ELRBFLFEBEEBEAFTHIMHER, MENE A
S EBHEERATEZANERE | ¢ EARTHRNE, BOH
FEHEMBRAIHESHENBTEERE, W—-HRAFRENH TEK G
ERBHESHALE;MN —PEFINE, ¢ ARER FERXAMKA
WHOMFR, EENE, FEEX - MEFRTAHEET SR, WA MBS
MG R, BA—REF #T M ERmEESR— | F AR
KEFAELZR HEBRNAEA—-HH, LFEAFLEH--2N ¢ HK, BT
BERERELN A2 .o P BF RAZEZHB. BEAXRBF
MEE S BN T 8 AT 3 B,

TEREHMBHE N, | ¢le,y, 2,03 drdydz = ¢ ¢dr RBAEWE B
B e K- FHRES(z, v, 2) HEKER dr = drdydz PR ; F H#
|G BEREE, PR ER, B TEBISHEP R TR
WEERLLEF

J|¢!2dr=1 (1-~25)
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HWalE &t AT AE--MPRE REEFHFTRN, KATEZH—
ft., 4o

2
dr=1 {1-26)

qualzdr=A<:m,J ‘J_%

~ A~ L R B AR R B E R B R B A, ] i SRR AT B
Milgll=¢ ¢ FERBTFHBIEZHRE—ES.RETESFPETFR
ANRTERY wERFHERTIAEAN TR

1.4.2 EHhFE

BEABENMTEMEARAATERERNNEER,A,23HE
R AT RE -5 A A0 i 18] A o0 s 5 Ik R e, AT LA A A R 0 B s B O B
KA REE R .

RNt —TAAN TG o -Bazx, ESTEEAFENZ
28R EE, BB R -S)X AT R B H &2

) 2 2
Pglx,e) A Pgla,t) (1-27)

3 r? 4% 2 det

B E W B = 2k 133 R AL HFBEM &R,

(1-27)XrBAR RO -3 P EE—4, T2 A4

cos (khr +2nut ), sin (kr + 2mut)
(1-28)

cos (kxr —2mut), sin (kr — 2wt )
EH T RENAE, B e =cos §+1isin @ BTHE, AT LB
Bl 7 —#H 5 4 6 1w

Etfkr ¥ 2wue } Ej{.{u' 2t )

¥

(1-29)

e—i(.ﬁ_r-Ztht} , 'E“ i{k.r+2'.rnrr;!

HEHBEB(-28)R{1-29) XHHE— BB TER ¢(x, ), WE (1 -
27)X, A

M=_k2 a_llﬁé-_:_qlzz
aIE (lb" 352 TEVQS!

ERTHQ-29)XPHTERNEEARER AEA BN TR AR AT
B &
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B, 08 [ 6 E] 68 B i 45 B ef 4%, 48

$= pillr +2xu) 4 (ks — 2mu) = 26 cos 2yt

ARE ¢ ¢ SHEAEXHER AEFRUMART BN EE"HH.
RAMMEERBEHGHERUATE ¢ ¢ SRHEHIXMHER, I

g.rl(.l",f): [Aeik.r + Be—ik.r]e' i2mw
ERAE SRR STE, MR AR

Ei{k.r—lrrut} \ El‘[ kxr  2wut} ( - 3{])

B, —Fr R HE, (130K E—ANMMEH ¢(x,2), 8
Z|

3 x> 52

(1-31)
3 E
dt = T ilnv = _IE_

Hep ,B8WAHAI-1R2)RE v BEEA ERETFRE.UEAN-1DR
W b =2n A RAE 2np/h, p RETHE ,HINAE=127n, WAHNTHE
E=p2m.B&1 (1 -3DABAARBU-27)0 Bz FE
2
_ A M—Ifzi (1-32)

2??3' r?r

EEER L e By HEREHEE. o' — b’ P Eip
b = zmﬁb_ '}r’ A x:P 3I21 1 ar-;:l

ERFE(OMERATHRTFE RIBSEESETHRSH R A,
EA-3DAMA-32)AFERFHHEXRE HHFEREALTHSRE I

(-2%+E )¢.=E¢: (1-33)
-y
2.??1 r]'g" p‘b_lﬁaf (l _34)

M, =R REHNR T, 8T p>=pl+pi+pl Kb p,=mo, BRH
AR TSR R EHHEN

K2y Py Py _sé _
2m(312+ay2+az )+E¢ ifi {1-35)
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Xk BT 1 P R Schrdinger 2

tEN— R, Eah A EE MW FHECHN R MR, HEMES X
BEREERFAZHF MATHITHEER. AVHAERNEHARET RS
TR, AEMELSTESFBAETR, MEHR.

1.4.3 HFERAFEHE

MEitiEEsI BN, CERHRELE N Y ESHIEMEBHNIEXEE,
M, (1 -3 XHR,Z1TSRSESN N TR B A

.,od L d . a3
pl._‘_lﬁﬂ', f)y*"'“ﬂié—;, ﬂr""_lﬁa_; (1—36)
FRHAEFRESR,(1-35)R 05 H#
F@n:iﬁ%—f (1-37)

b HE N Hamilton A, BB LER (XM BEE)PHERI M p2 =
Pr+pi+ pt BE -3 XWARFLT B, B TFitENRE - ETFESS
E, hHEH, K

- .

H=-—V+E (x,v,2) (1-38)

2m
vi= '5'7—2—,,+—‘:']~-2-:_,£+fgr—z2

Qur' 33} 3;:
VERHN Laplace B . LR LQ-3NRBR—-BEANED B, FAEEE
TR TRETETHAER, WTERTHER MERESTHKEHE.RE
HERTHESIETERAMFL, EGH(-3EAMWEAERX, ELUEH
HYy BB KM,

BT ¢lide fCRB T HHT AT ER, 724 8 W& 1 b 27 ]

FFERRNNEBEARTFYME. AL, HFF—HFNT o=z, 1), 2HF
B{EH

(1-39)

<I>=J:nmx|¢|2drﬁjmm ¢ rgdr {1-40)
TR (o), T
(f(.r)>=J: ¢ " flx)¢gdx (1—-41)



§1.4 WHHFE - 15 -

HTFRARFRRANYIER p, BN -4DXBREFAEEHAERZ M,
A HIFHER

(o= i ypdi= (i) | g $aa

X

BRANEFZRSKFRAX, HAR r IHTER(AEMTAET), A
(40 XFHKFLE MARRER, SR THIESAAMHIE
BEARFZA,

1.4.4 EXH

L4229 WAL TS XN —RAadN TRESTE, 4T
~EANBEHFBEA-IDNA  BEATHEANR —BRTEE KRR

Plao,v,z t)=¢lx, v,z f(1) (1-42)
fCA( -3, 18

Ho(z,y,z) .. 1 df(ze) ..
riy.2) Py ar F

HTFRBRAGRBAX, AU 9EEX, HAATREY THHE,IZH E,
TRA-3DABELIWTHE, (L)L

‘E‘l{=—ﬁiﬂf(;), ORISR (1-43)
Jlor,y,z)EE
Fm:—;v%wﬁ‘pwap (1-44)

REREIXH\EFE, Eu

$lx, v,z t)=Plz,y,z)e B
MBA N AR AR ENEERERE

[ glz, vz, )P =lglx,y,2)1?

HloP AXNPBER, MBHAHFHREERTH. W E REE

B.ER(-4ORFNAF HYEFAESBRESREZM, i3 RMB(1
—44)RBBE WAHFHE GETHE ANNERE ¢(x,v, ) BEEHR



16+ W& SFHADR

(RE¥). FHRBEEFE THESER  HRITiR( -44) X BRI
r“]Eﬁ

31.5 # ®m A F

1.5.1 —¥XxihE

RE KRINMTLRERTHERITE R BR T, RBEESHE(L -44)
K. BE,=0,(1-44)RT 5

2
SSho g, =T (1-145)

ERE—-TZHEREEEFE, TRLELRFE T ORERE,

A SR

B B A — B o 7 B L R HH B TR 5L AR

%ztiw,rp:ei‘“ (1-46)

ENFEFHE S BMNBEEEHLER
i

e (¢*" +e ™ ) =cos kx
(1-47)

o = %(e”‘r — e ™Y =gin br

B3 (1 - 45) K KA W
Y= aq cos kx + & sin kr (1 —48)
HIRMERBERH ¢, 6 ZH, LAFEBHERBMIFEEASG MEXH

Frifie SN SRRE . RAF KRG, AN, Y ERERROBRXEHAT
BRER r=0,lER ¢ - FBE2=04K0, BE(1-48)KX,F

(%) ={—ka sin kr +kbcos kx ) _o=kb=10 {1 —49)
T~

B 6=0,TE ¢(x) AIRKHE. RZ . ELRSBERBM TS, ¢9(0)=
0, B0 Ay #E 8
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g(0)=a=0 (1-50)
e (,b(;r) =6 sin kr HIERWE, BHETFHREGERN

252
E:gi (1-51)

FRER, DEBABRAI(E=2r/A=p/h)  RIEEEBFHRE. 1T LW
FIHE AR RAEREG £ AEFBRG b ATESRE,BE £ W RELEEHN,

1.5.2 —#®H
ME R TFHREGRER
ME 2=05 =L 2ZH,E E,=E,.» Ep = Ep.o

SREFREN m WHBEFX
E-THTFP.BETHERE
BE 0T, PO AR 5 R 37 A, N

B 1.8 Bk,
HTREFREHAT 0 Eg=0
x<L [B,H E,=0,(1—48) =0 =L
AMERBH:HER £ <0,r 1.8 —HB|AEAOCSL),
>L,E,=E ¢—>co , BHKT E,=0; @M (r<0,2>L),
A EN AR, E,q~o)
of B M 3 AR &1
f(0)=y(L)=0 (1-52)
TE,f
$(0)=a cos (0} + & sin{0)=a =0 (1-53)
LL &
J({L)=a cos kL + b sin AL = 4 sin AL =0 (1—54

X, HE& »=0,BM () =0, TP ANTF, EAENFFTENM; ZE
sin AL=0, B0 kL =nn,(n=1,2,-), 0 RVIGEEC LT 7 {E

- nR — -
k—L, n=1,2, (1-55)

¥a=0R(1-55)FAM r BERAKER, FR3H » REMFTAFTHROE



- 18 - F -E B rMit

¢, ()= b sin HE:I (n=1,2,3,") (1-56)

=r<L
P ) =0, +<0.x>L

B—TERERTGENE( -55) AR A 515G
nth? _ _
] 2 (w —1,2,3,-) (L—57)
FAEFHERWBEHR T SE, VSR, Q-5T)REH T —%HEHE
HEh HF B AEREME, M -56) ARV HATERE, cMNtHEEHBFHE
F 13 Fﬁﬁﬁu

(1-STYAFXE . E,=h~/8mL° REBMKEEYL B TFHFHHAESRE, FE
S, BE n HK.E, LMK . mEEZ R, i

_(2nt1)h°
8ml.*

E -

Err-l_E?: (1_58)

MEERES O L ERKMED aEBTESE EHEERASR K2 . 404
A EFEEA(L<1)8, B+ 3%

B ETIGER, T 5H6, .
BRTERS =0k =L &FH¢ /“\

_— . ] T . 4
=0, W E:;EO< <L TUH . \/

TR T g, (), i
TEEHE r=alL/n {a=1,
Doy m— 1), H A 0 — 1AW
B4 4 A6 2 I — 5 RO M\vma
TRl
K.6BEEEG. Bll1.92E n=1-4
K9 B 48 0 B 06 B0, 6 1R T RE o :
Wb AR 2 30, B AR AT /\\—/
!

FHSEMAE XEFHEREEL L 7
E ol gEf9 RV . 1.9 —HNEPE T
(1) MR KB — 1L IE 42 ¥ oA A FOBE R

T

(1-56)AMKBBMPRAEHNBRXA, FEBL(1-26AMEZ,
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. L _ L nnIT _ L
Bp l—L |¢H(r)|2dr—tf32jﬂ sz( 7 )dr—bz(z)
BRI ALR cos2A=1 - 2sin A ETHRITE., MWW, BHH—1&
EeE BT
yb"(r):,\/f?:sin HEI (1 —59)

[=] #R , #) F # 2 3 sin Asin BZ—% lcos{A + B) —cos{ A — B)], Al LA{FEBR
AP EEER (n=m )R EZTH,

HTY

f. I. .
,[ ?'Jn(r)gbm(.r)dr:%'[ sin W'I‘I::"Ea:imirlL de=0  (1-060)
0 0

HEEKNECHAERE Y RBETESTRINET HEEHN, £ F
BmER ERTR L RETEY,

(2) FHAE

BEFER-5OR, RMTLIAE - SBEPRTHEMH %R,
HHRWMT

L
<I>=%L sin(ng‘r)'r'sin(ngl)dr

GHERE Ry = E MUABRS, wo = | udo+ | vdu, % du =

sinfydy,v =y, %

<I>=?§_iz :rr yﬁinydy:ﬁl;izi.%_—i—ysinZ}’—%m&Zytx
:%_ {1-61)
{?)=L*"3
&
()= [, {25 ) - ingsin(7 ) Jax =0
. & . {nmx
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R FAME P HEARS PR, I B TFTHENTRE TR ERES
% (PN >0,REN P ENE,

(3) M AHERX R

REWRBT U BREMAEXR AR ERGHGTERARE. ]
r-{x)B p—{p W TPHH, BERERN —-—KTBEIT . (x-(x)) =
() —{x)=0,{p—(p»)={p)~{p) =0, MWL HFRELHEREZ.,

Ar ={(x~— (1‘)}2:)%:(3:2—21"(:5}4' (x)2>%= [{x%) - <I>:]%

- L
243
Bp = ((p—(p)IVE=(p? = 2p(p) +(pIV2=[(p?) = (p)]2
_ nmh )
L (1-63)
T£&,8
_amh L _ _h
I AP PN

MFEX =1, PR ApAz=~h, 5 1.3.3PMiTHR—H,

AR FIEA R AR B, — S %M A b n F 5 AE 2R R XUE A
¥R RSTFRRE. AW, T-HBHEN 2 R THERMAS T
MEAME 1.9 RE, B TREATHEFHR BT FRTRRERMER
AW o LS ERARKBMT

h? h? h?
E=2B, 2K, z(smz,2 SmLz) 10(3mﬁ) (1-64)

BEBED  FHC—CEHKY 140 pm, LT MK L =3>140 pm,{B#
FHESMMEETEEMN L 3x140 pm B X, AT L =4x 140 pm,ME 1.10 A7
Too BWAMARIEFRAERE L/ 7L /8, 8 — 58 048 7 % # 3# f pl 4
v PR S EEEH T A mMFRE, R

902:24;%'!-29’)2:%[sinz(z—‘r)-ihsinz(ﬁi—r)} {1-865)

REHRTE 110, MR =0, 2% L W/, % r= =R Y
BAE, Tl ¢ WREAGER
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Fai Y &y &N
0 G St N S’
L

1.0 T HEBAETH(AHETRY)

2
%%Z%Sin?—j(l+4ms?—r):ﬂ (1-66)

HEZH - B FEEN I EAN I RC—CRBLBFPRCCRBLER »
BEHH GAGTHAUTRBEAXRE, FEEMN ~ §#,

C=C==C=C
MBT _HRE B TFELEPERRC-CRB L, T HATEEA
C—C—C—C

MR, M- #HEEE, B FE.'?%E'J&%W’P—;"L i 28 0 B

fEREZR , B REE N
EZ[SW(%)E Sm('%)z}lﬁ(griiz) (1-67)

HB(1 -6 S5(1-64)% . B8 » BERE VET B BTEAH
AL
1.5.3 =#%H§E

EXMPHREEN THESBFES, ¥EEEBPHAHR T, NE
1.11, B —AEFERQ 2B HIRKTNH a,b,c, 85 2, v,z BN,
HPREAIAF AT A, MR LR RHGE

$(0,0,0)=¢(a,0,0)=¢(0,5,0)=¢(0,0,c})=0 (1-68)
REEHHE

2 2
h N h

_ﬁ.?. 32¢ 32¢+32¢ _ _
2Zm 31‘2+3y2 azl)_E‘p (1-69)
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|
{0.,0,c)
5 .50 0
(a. 0,00
Ai.lt =5 #
W F 2 24 W E R, BhiR
Pla,yv.z2)=¢{x)g{y) (=) (1-70)

A -67)R,FH 1.4 4FH4E, BA=4FN(1l-45) XA Mr K
BN TEL R,y R W38, B S8 ME, &HE
MR AEERE

1
_ {8 42 . fmmax) . ngwry) _ (n31'|:z ~
95n1n2n3(-r:y!z)_(_abf) sm( )hm( 3 sin e {1-71)

L

(R CI RIS SIS

172"y B u c

AP n;=1,2,n=1,2, ,n3=1,2,B=Z1 EBEFH. 75 x,v,=
FTERTEZEX: (1-7DANESEE n -1 MEET « $Hm,
= 1R - 1T EHET vy B PR, L WTEEHI ny+ nytny -3,
(1-72)RFRATHEME FEEBE.

ERHEBTAKR Ma=b=c=L X0 (1-72)X@kN

P
myHL Ry B?HLE

BRES(ny,n,n)=(1,1, 150, 2 HBAARRM R FRALFHFHER,
i

(n+ n3+ n3) (1-73)

6h?

Eyyi=Ep = E)y= Sl
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B —SE& A=A ERE RE R, BHEN3, B TESHSA
Wonu(e,y, 2)BEYEH, EEHFHPAIAERS;MHB ¢y, ¢ M
¢112ﬁﬁ—+%ﬁﬁ%u&ﬁf Iy &2 %n E 1.12 E{JIZH {,bl“ﬂ] !,f)”z,j'i#‘é

BEAUEITHRAERAOTEENBER,

(a) (h)

Mi1.12 (R} ZERFTBEPHESTAY,
(b} SH—WMAEE : n BHAR

k1.1 BRMEEHEH

Bt E—-HEERE YEERT - TRERTR ALY EBEEL, &
BRI REAUEERR, 0 y-f{2) = (), EREENAETRETAHT,
EfIRFHAREEANTL, Y f(r)=2"- 1 & sine &, F

d(x® - 1)
dx

_ d sin x
=3dr, ———=005.a0

dx

J.(I?_l}dl':%rj'I+C,j3inIdI:_EE)SI+E (1)

ﬂi,ﬁiﬁljdx REEK .
MENEARE RS HEEERATECNOELAEAAN, AT A 5B
S EANERTEN— A REBNYE . &EEHE,

Af=g.Bf=g.A=B (2)

XPEEME F YERER., BAAMMARG Y LE
(A+B)f=Af+Bf=g.Cf=g,C=A+B (3)
ABf = A(Bf)=Af\= f2.Cf=f,,C=AB (4)

WAMMERMBFEmE %, E2TXHRD,
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A+B=D5B+A (s)
HRENAR, - EESVEHT
AB# BA (6)

w4 A“—-i,ﬂ*:;,f: ) B

ABf = Alaf) = 2(af) =+ 2 §L

pag=o () - o

EFWENTEN , BNMER THHRER p, = - lﬁ— BhRA MEMNELRTRE

Bty E!?ﬁﬁf’ﬁ%?iﬁﬁﬁ#ﬁi’—jTHE&E%EEW@E,H‘T&&E%%H%%&H
38 A [ A s R
HERAT AT -TEE.FT—1TE#« RUZAR

Af=uf (8)

K g BREGEAE, f BEFMERE. — B, M ART-H TREN oy ay, 1 R
[l 1 BIBAEIMEEHANAERBES,
EE(ERAWRIRAAEANTN -FXL HEETHXE

| 1+ arde= [ an:rac s | r7af0r= | ar)" e (9)

B, de=dz, lim f= lim f,=0, %% A= -SREEH? BRAHBES A
el df'

" 1 Epae=prp | -7 (L Jede=- [ (44) fda
d

RS EERR AL, ERFFAT (D) =S W -w<z<o, AEsA-iL,

Wi R, E
Jo £ (it} [:(i%)aﬁdf

mar, AW p2,p7= plt pl+ p2 HARH =

MR p, = —i&i%ﬂiﬁﬂﬂ

2
—%ﬂ—?@ Elx,y,z)BREHEM.

EE—- EERAFNFEHELHELL.
mﬁ' aq_f=ﬁ_f1fi E$ﬁ£ﬁ pA %Jiﬁxﬁ 1;ﬁ-

j *(apdr= [ (ap* far

# Af=af RARBHAF' F
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ujf'fdr=a*Jf*fdr,a=a*

MTAGEE « RAERER.
EB- REENMEAERBESRETN ARG,
A—E4E (1 -25) R B, |MA—-HFE, (1 -26) N TR, & IERH

J‘f;_f;dr=ﬂ, 17

FRE A (A R KR B0 2 S, B 0, 7,
Af,=af. ., Af,=af,
KA, W H

a, J £ fdr=a, I £, f.dr

R o, Ea, BBT | £ fdr=0, 5 URT R EAEMN & ERBAAEER,

MR 1.2 HEBEHREFRERMARI L

1. I EERE
£ e # 5 o4 &
GRS, . 9, 10953 % 10" M kg
LRSS m, 1.67265x 107" kg
HBEHRFR £g §.854188 x 10" -] et
HTEHESE Ho drx 1077 Jog?+C 2!
ABXE ¢ 2.9497925 % 10% m-s7!
B T f, #ff £ ~1.60219% 10" ¥ C
Baoltzmann # # & 1.38066 <102 J-K!
HSEFH R §.31441 }- K™ "ol ™!
Planck # ¥ i 6.62618x 10 J-5
Avogadro ¥ ¥ N 6. 02205 < 10** mol ™"
Bohr #&# F ﬁ,( =4::_“) 9.2740 % 10" # 3. T 71
BT p<( = e ) 5.05082 % 107 J-T~ !
0

Bohr 2 12 a.,(: E“h:) 5.29177% 10" m

I F

Rydberg % % ]Rm( i ) 1.097373 X 10° cm™ !
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2. BRRBAVRAE &
u cV keal “mal em ! k] “mol
la 1000 2.721 = 10 6.275 x 107 2195 x 10° 2.625= 107
leV 36751077 1.060 2.306 < 10 &. 066 % 10° 95649 % 10"
1keal mal 1.59a=10"% ] 4.336x10 # 1.000 3. 498 % 102 4. 154
1cm™! 4. 556X 1079 [ 1.240 =107 | 2.859x 10" 1. 000 1.196x107?
1 k} /ol 3.809x 107 | 1.036x10°% | 2.390%x 10 ¢ R.359x 10! 1. 008

1A=100 pm=10"% cm=10""m

laten =760 mm Hg=1.01325 % 1°N-m " *{Pa)
1D {Debye} =3.33564 x 10 Cr'm

1G {Gauss) = 10T

I

1. i afx,2)= aucos[Z*.n:(%— pt ) }ﬁ.a(.r,r} =ausin[2x(% — w:) ]iﬁﬁﬁﬁ]
HFHE(-5)AME.

A ()RR AN-DRAFR . SLERHE  RHEEFHENE,

2. HARHE Planck BEEH A X, BiE Stefan FR/.E=oT &l o WRFA, HFiH
HEMEHE.

#RE= | G

3. W EKE (KM E ¥ (v==0),Planck 2 & & & 3 Rayleigh-Jeans 2+ ® .

Rz .M Taylor BE R T &,

4. SBEANERFERAKKEH EFD WenIBER A T=56,0=hc/5k=
2.9%x107 " m*K,

5. WETHEEN - T XTI mol XFHEER:(a) 600 nm{ &), (5)550 nm
(3),(c)400 nm(# ), (2200 nm(¥K5H), ()130 pm(X HHE),(#)1 cn (R E) -

6. AEERX 750 nm, 500 nm, 200 nm B WA M T £ M FH . Na(2. 3eV), K
(2.2eV),Cs(2.1eV),W({4.5eV), REPHNEEHEZEMN I EY HEHT AR TE
gies Bl A e T8,

7. MEHETRHE, EEREAHNEEENRYE. FEKY 625 nm i, SR
0.2 eV:EFEKFA6um A ZHEN .2 ViEINZnmm M S8 H2.2eV. HEKER
Bl EE T EEIE. 5 Planck ¥ ¥, XS » HEE.

8. HET F LA de Broglie ¥ K .

(«}EHEHR 10 m/s AR T

(B)EER K 0.05 VIS eV HIE BT,

(c)BEM K 0.05 VHERET.
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9, MBERTEEMPFMRLNAMRACGRIESHKEY . +HsHHEN 102~10°
eVHHEF HREYALEEEY 0 *n(HALH)N BERRKIAMHPAR.

10. MW TEEI o,(x,0)=aysink,x,a;(x,0) = agsink,x B, 2 HMF R
£E AvlAp=k,

2
1L BRY (a0 =t ERS R Ry e eI

() BZ‘BJ‘*;*I)E@ﬁ,H?ﬁE%ﬁ%*:In_.b(x,r}lz SHEER, ENHRE Bt

L& Ay .
to— 5, BRI,

12. cos{ br £ 2 Y sinl bx + 2mue )W B L 0] — "i‘ﬁﬁﬂ:‘ﬁﬁu L5 Eﬂﬂ‘]

* 12'."!.':-.4 Jt
LA EESER KHEIEZ,
13. EHHEFHhE FHESHFE.,

14. R e coskr b ke B e “‘2¢MEE%= of ATERK? ZEH o X
9
15, BN BEF p. - —mi,ﬁt:ﬁ FASRERFREORT D RTHE, (o)

BB A ‘?—?

& (BYe (¢ deoskr , Fo b — oo rsl 00,

16. R—BEBE TR HE.

17, —TAHTREHE ] nm W —BEBH REHEIB(BEX NFAEL
i

18, M —EHEMEHVEA, FE IR « BT RE,

19, —HBBHEEE L ENL/im(m=2.3.4, )0, BORTFHREANER
& B A AT

20. RASBER T EG BB BERETHED T BALN =S A — BB P N
B,

21, WRAUZBY F BB a=b= B TFRENEIHEY BTSN,

2. —MEATEHRNOOS mB T HFAB PR REREREANERE L
PR ERTF AT(T =300 K)B, M ERER n=(nl+ni+ )2t HREP?



$=-¥ & F

EH—FP . BNARTETHERNERTRREUES H B LN
HEBERERATHTEHRTZNNGR, NAEFH . RIMNBEAR
T aFas, 2R TF. BAEEART AERERIAETURKMES
TRT

H—THIEERTEHEANNART. EXNSHEENERERE
BFhA#REBETHEEZ - AREAXFN DB TS ERBEHEN

EREM, F7E 1885 4, Balmer M # #08 8R F %3 7T A K ¥ £ 89 5
REERAK
hﬁg(%-%), R,=109.677 cm ™' (2-1)

Ly a2

AP =20, ARFT2HBH . H Balmer 8 &, 20 AW, HBRHAT
HMEEn =1{ENE),n, =344 K ), n,=5(Zma5KX). HFE
B EE"MUNAEL AR EEEBEN., B A, Bohr 7 1913 £ E
Rutherford B R T BB Planck A/ B TRIA . FFHTE THREE LR,
HEEHREKE, FHEME ., 1926 4 Schrédinger RBEH M T EBESH AFE T
MEBRANERMARNYRE N, T THHERET,

§2.1 4 K F

2.1.1 ERFE

ERTRH—TEHFA-THEFEECERIERATUER. BHTFH5EK
FHREBY r B8R -S/r, HEWITTFHREETF, W He” L3 %, M EE
H-Zt/r, ZRERTHFY. ATETFTHAERESR FRHEKN 1840 %, 7
FEMTFEt, EEFAMNTHRLOHEEERR, EFHERERY »,y,
z AR H r,.0,0. TR, ETHESIHTERN
Ze?

v1¢+%§(,€+7)¢=0 (2-2)
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BXtL FBOHARHEISRTES. EB8E,2-2)ABAAT, NEWR
THE » RZUFERE . HE LN

1_1
pom

Yy

(2~3)

AP MERTHEE,
MRFEERLIFTR(2
~2)A M, WA = {7+
y2+ zz)lﬂﬂgﬁ'ﬁgiﬁﬂﬁ
e, HEARL R, W (2 -
Q)L BH/MH, HTIH
Laplace W #f A 8k & 85 ¥R
Z. BERTEARXER
ViR 2.1 BT —H4F

WHIE, EREIRTH

(2-4)

a4 53 1 3. ,3¢ 1 g  2mrt|Ze _
(" )"F:sims!.awa(s”’“c’?.a'ass)Jrs.irﬁsiau;:.’*Jr ﬁ?( +E)"':’"F0

(2—95)
C-SAWRKMATLRASBERE N REHAR g TEHEEERR
R(r)MARYE Y(F,p)HIREHE

H(r,8,¢)=R{(r)Y(8,9) (2-6)
RAQ-5),FBRU ¢, THEEBTFERT R
1 3 IR\, 2mr’(Ze? _ 1|t 3¢, AY 1 Y
B P 5 ) I (B E )= - a5 59 ) ¥ g 392

EFLEAERNE r PERK . AANRE 0, WREGRBE r,0,0 BWIE
BORHNALET -1 r,0,p TXHOHHE, L pREZ, TRL-35)
AoBBR TR TR

1 3. ,3Y 1 &Y - -
pry aa(smﬁ 35)+sin23 3?2+13Y*0 (2-7)
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1 d( -zd_E_)+ Z_m(é’-f—z+5)—§]12=o 2-8)

L2dr\” dr B2
H& R=R(r),HEQC-)X¥T ATWAMSIFS. THLIITRENN
% .

2.1.2 AR

(1) RiFRH

Y=Y,(0, ) RAMAEHE. HREESEN AN "ER, Y, (0, )b
MEETTREMM(I=0~x,p=0~-20)F & BB . AW, REHRIE r 7
OB THRAG. S0, ) BRB(0+tr, o+ 20)E, Y BEAE Rt
Y HRERERER, REY R=/(/+1),UBITBEFH I, m RIEMNA
¥BY,.(0.), AR BR"H%E,H

L 2oy, 1 2 )
B [Sinﬂ 83(5"15 33) +Si1'123 3@2}}’11?;(51 -;I’)—E(E+1)Y;m(3,gp)

f=0,1,2, (2-9)
i LY, (8.0)=mYum(8.¢)
IH‘P im R (L P9 s ¢

m={4{,{-1,{-2,,-i+1,—1{ (2-10)

BHBURE E,=E,(HDNBENKENEASRTREZP, M5 E,(r)
MEKBRXEX X, V.(0,p ) KRB RIEER. Q-ND52-10AFa4i
HEBE XL Af=af ,Bf=bf , H¥

_ 1 df. 49 | D ol a, 1 &
A== [Sinﬁ' 33(5‘“3 aa) " sl 27 ] = 3@ T 36 G 247
(2-11)

B=-i2 (2-12)

“ig
BRSAGHBEAXOER.Y,, 6,p) = RRANNKREMTERE, . m
SRANBRNHBTHHMBE TR T L,m TR 2{+1 T ARE

ARFHA-TRT ERURFRBE(E). Y, (0, 9)RPER AT
4. MTHPRERA,KAH =0,1,2,3,4, - KRRAERTHE BLAEXA s,
pod.fog, BRBENS, BEEMNREBERR ISISHETHRAAT
# 2.1,
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®2.1 <3 ARRIE AR
1
E L ETERTY 5—45— sin’ #e'F
Yii=a/ _3'3_ ainfe'? Y =af Z];;E sin® Boosde2?
- 21 2 - a
ﬂ' cosd Yyu=al — (Sc:us # — 1 )sinfe'®

Yoo =

Yoo, —.\/;—“ sine™* Ve B (et con)
Yu z\/% sin'fe’e Yio1=af & (Scos — 1singe™™?
Yz1=»\/j§§ sinfeosfe'? y3_2=\/;—_g_i sin’feosde - 2®

Y= 16 {3cos*d — 1) Y, = 3_4_1 st e B9

_ /B .
Yo = B sinfrosfe '?
Yz_z Af 3_?1?5_ sin EE

ERRREFE - EEBHE Q-9 (2 10)R, P Vsy~sin?0e?”
RAQ-9)RMERE

[32 a

](sm Ge2? )

"~ lag? mtﬁﬁ smﬁa P

= — {2(cos’ @ ~ sin’ @) + 2cos* B — 4 } 2F
= (2-3)(sin®#e27)

ABTRE Yo 2~ 100K~ 52 =2V,

HEAHFEBH-LFER, 2.1 FFABRKTEHRL Y, 89 —-BERX

Y, ®=sin‘Gel'® (2-13)
GRARA e w(aie—lmta%)awm BT m=1—-1 RSN,
e_i*’(a—z"—i cot & 5;)1"22=e_i“’(;—6 —1 oot ¢ é%)sinzﬁew

= 4sinfcosfe'?== Y,

B, AE- AR ERETHIIHTATE, - RESRAE
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.13 3 {=m _
e ‘¥ (EE — 1 cotd “;) t sin‘fe'f (2-14)

(2) ETHEREBK

HFERTHE - BRUERLRETREBED . S n>0 N , REHE
W ARALTSHPHHAERR, HQ-DAFW , BAFMHE [ HHRE
RBMERLEHES, B ERMARRZ (2 - )RR, 4R Kah iR

(2-5)RAMW, TR AMCHNAR cos p=2 (% +e *) R sin p=o-
(elf —e '), TS MM IRIE R BUE R HY 4B BT HLER R R M, B0

I 13 .

E( Y, +Y, )= 4—“51113:::03@
1 3 + L]
E( Y- Yi_1)=4 E;smﬁsmqa

MB2.2HR, XEABEHRLUNENHEZENEE R(-) , WEBATXER

E%mﬁ ﬁb(rsanﬂp)a
2212 FFRilmEN

{ i
1
0 5= 3 fi= ] T(5c0r6 - 3eosh)
T
1 =, .u" mst? f2= %i«, / %s&nﬁ(.ﬁ cas” 8~ 1)cosp
2. =af —amﬂcﬂs Fi 2= Eqmﬂ(ﬂmﬁ 1}sin
g 43 ' »E E P
B=af g 3 mnﬁmnq& = 1 &sm & cosfsin2 @
_ 1[]5 2
2 —— (31‘.‘0823 1) feest - 2y = af —sin“Boosfeos2 ¢
—.:. |l' sm 28cos @ Fet2-n5y = “E“ “'511133!:063;1
d,. = T :mn 28sin ¢ Foaato B = % ?5““ Bsin3 g
d,2_ 2= "I— qun BeosZ o
1 i"
= sm 28sin2 e
(3) JLE# R

[=0MPER s M, ES5AEXR, IEHFAE, AREAEERT

"
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. E¥—FEPRLE BB AR ZHNHRE— R, B 2.258H
Tz W s BB, ERUBIFRANME. 58 «c ERE FXIRIHE

& A .
;T | lcos#} | cos
,é}x %?I d@ ;_,, 8l
: D

(a)s (b} pe==cosd
¥
-4 . y = .
|sind | . sing|
P cosg] 0 {sind|
= 2..’.‘_ =_E
¢ g 5 p= €=§
, (&)p msinfoose (d) #,=sinfuing
¥
z z Y
n =R =X
=0 = 0= 3 8 7
(e)da (f1dx (g)d thid,, {i}d 1oy

2.2 s,.p.d BV EE

=1MPER p PUE, EHARTEL  ETRMFES —BHM ik
WEK, THELEREERM. BR.p,.0,.p. B THRIRIC THE; T
B yz,zz,ry SRR EMNBVIR, $hREEH H F 240 dy 1 i 5% 55148
IR R R, WEHAMERRERS, 2RESAYBE £ FM—
R, )R, Bk p URENRFESF A ERHXE, B 2.2 98(s),
(), (EVFRBEREHT =1 p BLERHEH WEAZEL,

I=2HIPER d OB, AL, ENMEAERNEHLL p SLEE R, 2

PIHEBHA S, 4,298 H (3cos20 — 1) =0, cos6 = iiawm:k; 0= 54°45' B

12515 W - T 1 5 35 = W8 BT 3G K B9 IE o 38 5 0 8 oy 7 BT MR L Y B
LHREMPANE e By FH ERAET BB (EH2.2(e))od, Hd,



M2.3 s,pd,.fOH=ZHBER

AT TEHURT 6=0CRW , THNEHT xz Ry FTH, B HBREYT
zrﬁ] rﬁ%ﬁﬁﬁ&i 2.2(}‘);(3)%5’1%& i o4 R_')'z 'q;ﬁmn dlf:}’_'i
di_ HILERERN 4, .d AL, ANEFC(BEMRTE)ANR, FEHE
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WA 2.2(R), (i)

FEFRENETCTEEARKE -SRI TERE . B« St . BEH
o] R A, X R B TE D 28 R A7 A BT (F) 69 M YR R A ey e 4 L 4R
ERNBREE BEHFLNRALE B2.38% s,p,d, Fl6 MHE=28
EIE,

BN ZRB H TRERFEESTHERARN Y, SRR T FRNEE
HEAKREMEBY, B¢’ S o WY EAMMAHE, B BEEW,R
BLEASh AT AR IR IRF 80 o 7 7 S TR T S ol B JL AT BT 50 R 8 B

2.1.3 fxk

B Fh  ZRNERREESAERENHIRTE. RELZR
N¥ER ETHADREERLERPH =T RHBERALE

L.=uyp, —zp,
L,=zp,—xp. (2-15)
) L.=xp,— yp,
TRTH¥R A THEREAST. B340 -36)X ,ER8I =1 Azix2rEMH
R E Y

¥
Y PO R @-10

HitRBETF PR TEde  AfIEERAREE., WA 2.1 BJ8HE
BAETRUFETHADRSRATRS AR TRAFTHRAR . X
BRSIAL RL?

L, = _‘bria_ (2-17)
¥
12 2 I 2 ..1_ _f:?_ : i 1 3—2 -
Le=Li+Ly+ L= —Hh (sin{? 35(51n333)+5in23 3?2) (2-18)
MH(2Z2-9EC-10)K,EH
L2Y,, = K2 +1) Y, (2-19)

LY, =#imY,, (2-20)
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- 36 - HIE RS

BERiEREE—E R THEABRN T REEASEBE T AR SEATRE =
SEEANERES, REAFHNN U+ DR E mbt, T | RIERHEK,
mB - I B2+ 1 AT EKE, ZHANE/ I+ DAESHR
] S5 XA ORITIHEE—EN. AN, I=18=18 p»H

#,m =0 AT 0= 2, m=+1MMF cosd = té,ﬁﬁ%‘j’ax}r FE, G

HERBAG - R E, SFEZABTHANERSTE 2.4(2);FHE, =
2HEEETHRT (D),

(a)
2.4 /=128 sE&FHE

THEBFAMGFECHLRIESE., 1896 4, Zceman £ B 7B ig 1 B
ZHMRTRERFAEEZERS THIRAERGREH T ERXRETEESS
FHREBESHESNALER, o TN -8R, FHH T HEME
z B, W RE 8 1% hn {5 4

AE=mupgB (2-21) e ]
SEFH m Ko (2-2)K F—=T T =m0
B NBEBIBIE, pa=eh / [
Zmc)(m, A FETHEBR .

1 5
X TERTFE m)spus IRE
E Q. 2740 % 10_24_] ‘T_]u (2 Iﬂ 2.5 2 E:ﬁﬁﬁﬁﬁiﬁ*ﬂgﬁﬂ

S2DRABEHERS T, =1 p
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BEREEAHRE,LFH L BEREL=FL(F2.5) .M n FIEET
.

2.1.4 ROEE

W, BB LR ITRBEREIRAMY, B2 -B)ARTHE. B
B g=1(I+ )7, BREBAFKMFLmR(r) =0, XERHEIEFRET

BRI MERE. Q-8)AHMEAAMT

R, {p)=dLY ! (ple 07 (2-22)
2
_2Zr N
= nay (2-23)
HZ
ayp= "3 (2-24)
e
ag B Bohr ¥ 8., n HFEBE . KFEEBTHR. 5 I FETHXE
n=i+1 (2-~25) Ru dnr R

LY (p) RBERE Laguerre %

1+
M, EUT RS FTRNE f N\

d}!
sz+(2'{+2 P)_P D

+{n-I~1)L=0
2p

—
(2 —26)
il k(2 -25)RFEH, 3s
Hn=1,1l REEXH 0;n=2,1 K;:;,

A OBE 1;n=3,1=0,1% 3p

2in=4,1=0,1,2 % 3, F AN
2, XEFRTHHEMNAEND 34
FE T EFSHXRGIC L i

4 8 12 14 » 4 8 12 16
Z:15,25,2p,35,3p,3d,4s,
F#Hn=1,2,3,4,-RHEHR HRANUMEEF

WhKE,.LE.ME,NE
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BE, R23FNET n<4WAERTHETRBREMEB R, (p). B
WHFEWH BB n - -1 T80 s B -1 PEVTHEH2s H 114,35
ERAT 4 HZ1TE%. n BMEREBEMTRBERK . H np Bnd T r
=0ABR0. BETBETHEMNA, R, E-r- HEXNTE, XTRL2MEMRE
T FEENAEXHOEHBEMECREZ B KT EA, B 4n2—

dnridr WBER 4n-°R2,, 2.6 &2 R, B 4nr’R%, 5p= (ﬁu)r )
. M p>0,R, =0 K 4xr’R%, =0 H S RE M@,
2.3 XERTRUASEHEM R, (p)
nf nf
10 2(%)3HE_"”1 an ;—ﬁ(;z;)mtld-—:iﬁp+!2.02—40339.'*“""
A (2N s b {2\ 2) a £2
20 zﬁ(ﬂu (2-ple ” 41 32».;"?5(“0) (20— 10p+ p’) pe
L £ 32 i ] £ 32 _ _
2 E-J?J(Hn pe " + Qﬂﬁ(ﬂu) (6= p)pte™?”
b ZNE 2y, p72 1 ZAY -
30 Qﬁ(ﬁﬂ (6 bo+p Je 43 %6 ,.;’_Tf,(ﬂn ) PEE P
A g2, e
il 94’6(“0 ) (4- plpe *
i 2NV, e
w1 v

2.1.5 #ZNEERY
FERPERAEE, C-)APHELBRE  FTHRYET A

_ __1“ ZEEZ _
XPZ=1RB[UFEFHEL, ENRRETEIRFE » . ERERNHFEHH

.
BERAEMERRNITRTUEL ERFHEER=TRTHRRE.
'F’r"= ¢ﬂ.{m(r’3,P):Rﬂt(r‘9)Yfm(a!¢);nli ﬂm H{Iﬁiﬂ:{ﬁ%

n=1,2,3,4,
[=0,1,2,,n—1 (2-28)
m=0,x1,x2,,+1!
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n WEBEB—Q -2, RELANBRTITE—Q-19)X ,m BE
ik o B—Q-200%, ! #im FRAB MANESREHFH., (2-
)XFEH T TF - an B M EHWNTFE D, m XV +
DAAFE AN ASHERSHE XENESITARNEE ¢, 88N

e

g= 2 (2U+1D=1+3+5++Qn~D=2{1+@n -1} n=n’

i=0

(2-29)

FR.EREE(=1)UN  BEZT(n22)BERHN,.MFESNET 4,
9,16, BH2.7HMEBTHLZ-2NAHENEERE, ELXERFT 13.6

eV,
"
)
N‘l‘— — — — R e SRR defeas R SE—
M " T W TT af
3s ip ¥4
Lz— T e .
2r 23
K 1—

2.7 ARTHEER

ERBREPHEMT . AaTHERTENY o) MERKIIE n, WER,
Rl n, EIES ny , LEFROENRR RS A FFRER TE, WA (2 -

27V .8

2 2 1 1 _
E -E, —Z—E(“E——E)thv (2-30)

l 1 2ag \ny nj

Y Balmer 84X (2 - 1) EH -, #3183 Rydberg ¥ H

_ L’ _
R-'"_Zaﬂhc (2-31)
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HFEET,Z=1ia, FHFRTRH m R SHBEHELN R,

__me* AP _
Rf(m)'zhchﬁ , R, (H) T (Z=1) (2-32}

GEAYHII L, EH2.1—F23RQ-2NSAWEAME,. ATRE
HEEENEAFEFRERE R FRERE RS SERN, #2.4 7
BT n<3HERBERTHE KD, Y mFZ0 0 , R ¢ W cosme R
sinm, Ef IR TFH ALt m WAHSERBE ,BEARAT +m , BFARF -m, R
EERHEENE m| -ERE,SHNBARTE I m | FLUEH,

2.4 REXRTFREEGHNE2<3)

2 2
n 1 iml  XBEE E/Z5 g fum (7 8,@)
1 0 0 1s 1 1  Nye
2 0 0 25 - -1— 3 N;.(z—g'i)e'zf%
dy
2 1 0 2p. cosd
2 1 1,008 25, Naye ﬁ{sin&m¢
2 1,sin 2p, sinfsing
2
39 0 3s -5 o Nj[z?—m(ﬁ)w(gﬂ) }e%
g ()
31 Q0 Ip, cosf
3 i I,cos 3p, N;Ja(ﬁ—fﬂ)(fl)e'ﬁﬁ{sin&mq:
1} il
3 01 i,sin 3p, sin@sing
2
3 2 0 id, rLJ(.}mszH—l}
3 2 I,Cﬂ‘i 3“.1:
I oz sinZfcose
i 3d / Lr \° i
3 1,sin w N3 ?(ﬂu ) € a4 sin2@sing
3 2 2,008 3d.2_2 ainzﬂme&w
32 2,sin id,, sin’ #sin2 p
_ 1 3 L1 Iy _ 1 34
Ny=—(Z/ua P, N; = (Z/ag)*%, Ny= {Z/ay)
V=R ey T U813
2.2.1 BFHRE

EcgsHP EFERAENX(em), BREHR(m), £(1A=10""m=100
pm) ; RN TR TR (kg); B HEUB(s)H: b v BE BV BERHT



$2.2 ®EE¥Y - a1 -

B(kDEBATFRE(V)H, HEEERE L TERHFEYR, IBRBTE
Wy LR EIR FREHEHEKE L Bohr ¥ (ao) AR ERE
e?/aq=27.21 eV, % 1 Hartree; WP S AR MW E ST EL, FEHEHEX
To A, (2~-2) %M,

-5V -£y=Ey (2-33)

HHEERTFLHET SHAGEANAE TRERBET F 1, AR YE 1,
(ERIBEE L. AHERNEFYEERNKETEL R KE. B
HAERMENTR EHFRIECHEMN, RFE2.5,

*®2.5 MFRME(

) |
R m., 2.109% 10 ™™ kg
K an 5.292210 Y m
W B e 1.602x 107" C
R ellay 27.21 eV;2625 ki/mol
i HBF c 2.998 % 10% m/s
2.2.2 BHEME
AREFERITER T, EETRMN T, AR T N
Ll on £ 2 17, _ 3
[ y (Vi vp - £ ri+ﬁJ¢—E¢ (2 - 34)

KPR FHE— - (V3 Vi - Z(U/r + 1/ R
(Z=D)WBABFRECRIS, 1/, RACET ROHF S, Y88

ﬂﬁé%ﬂ,v%ﬁv%ﬁﬂi—ﬁi(z*4)ﬁ—#,ﬁ*a(?laﬂhtpl)ﬁ(fzvgzr?z}
SHAERTFT1I SHTF 2825 (E2.8), RS MERFX

[lbng(rl’gl!‘pl;rZ!'ﬁZ!?Qz) (2_35}

S5ERFRESIFRC-DAUR . ARETFHTRQ-34)A BN REALHES
B1/rpFEE. BR, -RIECHTEREBM R RO BRLHFE" VX X

O FME.EME. M TELE Scheodinger TR R, B3 348,1993,38(2):323~
325




- 42 - HBI® KT

FFHRERNERFTEEEREERLRSG, A2, HELHEIBRER
O AGWERER, T REFETRAELIE, TREARTENRESR

0 E S
WMREREZRAETHHERE, WEC-3O)ANERFHIEX

1 2 1 2
Ay T S AL - R
ZdNAERLRA WS o
=¢1(F1931:¢[)¢'1{r2!62‘ ‘
?2)5@%*3

¢(1,2)= ¢ (1} ¢,(2)
(2 - 3?) (rs i} L4

B g (NREBEFIHE "
—YE, H(2)LEB T
2HEME A2 -36)RH

BRI ¢y B, H

':_fl l'ﬁl !PL]'

ril

e Y

L(_%viﬁﬁ_)% M2.8 FEFHH%E

HTAXHAHFEERAREET1I RET2AX, EfIEHMY , ARETY
ﬁ E] M Ez(E1 + EE:E),ﬁfﬁﬁﬁhﬁW’T‘iﬁ%ﬁﬁ

(393 p=Ep, (53952 )p=Ean (2-38)
Hp B, 5EURBC-2NAHE, ¥ TRAETFHHEREES —E
Z,AETMETHRIs B(ny=ny=1)3W,E,=E;= —4X13.6 eV=—-54.4
eV, BB E=E,+E,= -108.8 eV, 5FXKBE -79.0eVE—EXH, ¥

9’11(1) =

l(z}?ﬂ’ze ‘Erl
™

Vv

95;(2)=*1—(2)Me_1’2 (2-39)
K

v
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2.2.3 BEYN

MERTR2EZRIFDHLHE FRETFEVEAHRAEZEH, &
K BT FE

L=2,2 (2 - 40)

(_lv%—(z_a))¢,+(-—§1——?§—u ¢=E¢ (2-41)

1 i

ZidHEAERESE Q-3 ARAL2-41) A, WB/AXMBF(2-38)
AmE R

S -
_Ev%_ rl '"_'f’l:El%
(2-42)

]
S v
b 2 2 )

XERENEFHNELREAHEXERETFED . ARETHERMN Z=2 %
Z.=2-c REHWEATFT - THFHE TR TFEFETHAFE, BB T &
HE—BTHEE. SHRERMNEERRETREZE( > rn)ERH
K. %, >oolfTE,2HISZ 2 RO0<o1, Ho FIRBRMA{E, B
F AL REREE T H L. MTHEEN He=He” +e” ,AEIKT
BE—-ITRTHERB(F - HE)NFTRENN24. 6V HEBNMMBEIT
Z=Z MBEIETH 1s EE,

_(Z_H)j%:EH”z

_ _ 21 1. _ ~
24,6 zﬁ[zu]— 13,622 (2 - 43)
MY Z2,=1.34 8 s=0.66, XETHR, -THFHE—-THTHRE
B HNSTO.66 MHEEBERE, CE¥T2MBETERMH 33% .

2.2.4 #HK%

fER—MGEM, -3 -3 AL S HARTESERELY
MERAR—FHAECEER. B, TUHBREEIFTEE -34)TH
EALR R BB EFRBL (P14, Bor. BREARTHRCEE—
i, 8F
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—— i

E = l[‘ﬁln(’_%v%_%)ﬁbidﬁ*‘ J‘J’Jz* (_%v%_%)ﬁbzdfz

2 2
+ ‘H’_L'f)” L—‘Eﬂﬂ d‘ﬁd‘rg

12

e T RE B [ L (2 - a2)

P2
AP . BRE—FAXETFTRMNIFFE, THERITEFR — SR EHT,H®
HBREZF(5/4)u. FTR.EETHEZARERN
E=- (2+2—§)u: - Hlu=-74.8 eV
SXBE(-79.0 eV, AT ARMMHE, $ - EEEE He' # He &8
BB E . E(He')—E(He)=—-54.4eV~(~74.8)eV=20.4eV,55%
B flf 24.6 oV 1 LR

§2.3 Pauli

2.3.1 B

2.1 39ieETFHRIEN YR RETH FTHEESERER,E
(ZOM2U T TRTTRERBBR T » MABE, THEHEEX
man WML IEX T AEFBEN=RHEBTH. ERSHERNNBRYT , BEHH
BEF MG ETHME TR &F—-F m A FE R EER 58w &, B {F Xt
s&H{U=0,m=0), B MEA TX#MST. 7 1925 %, Goudsmit 5 Uhlen-
beck AT T X R, EHESFHFE-FHEREAGEBEXXHEE, ©F
BTHTHRE -NHEARZIH—B R, J&5X,Dirac 76 H 58 7 # 32 3
MH BT EFH AR,

BREENTHEARBE(ARTET), SRS ANBHEXE, AT
EHRREANMEN FREHMAE AL aRAsE, BRXIE—/
TENES, ENMEEDHESASENERZRBAKRRAES 2 H LY
BT R

TEAEFHNAERFEAINERE S, EHNRABEET AR FH s, 5
RAGEN = ES, WHE T8 m, E, 0 S BME (s +1)8%, S5, WE
mbA{m,= s, —s+l, s Ls i EfIZBBAIB2-19)XL5(2-

Zee-



§2.3 Paoli B . 45 -

20)KMHEIE R, HTRT BEEE s =+, m, =5, ~ o3 FOHBH A

JEAAL R B IA o Mg RARZ BN HEE ] LA B BER T /925, Bl

S%a = %ﬁza ,518= %ﬁ‘fﬁ
(2~ 45)

h : h
Sta-‘faa,bzﬁ*—' _E’S

HERE a=a(v),g=80v) , HF v KX HELH . EMNHEEXH 1
F

:‘a*(v)ﬂ(v)dv: JB*(P)H(H)EIP:O
(2-46)

: la(v)Pdv = J | 8(v) | dy =1

MFERETFHA, TENEATEN IR F R .l m,m, WA
PR RR O B L

ﬁbnimm,(rla‘q}*y): ‘Puim(?ﬂgsiﬁ)ﬁml(v) (2_47)

HH, o (710, @) 39 T BB W2 IR 4, Q0% 2.4 FAFI 4, o, (1) 48 B IE
5B
51;1{9):H(P)sﬁ-1;2(”):‘3(v> (2—48)

AR, AR —FHELERER, N s RESHE HEASIEI(s+1)
REPTEEREE (h~0)BET omHE,

2.3.2 Pauli AHEEER

Pauli RHZAFEHEBY , AAER T U LHBETFTHE -THENS.
XEEMELE-ARENETHERE,MH IF. ATETFTHEITET
BAEXLEME, ZH nim RICEFRE, NS MR ENEFHAR TG
T, B dH M A B HBE

Pauli FE MR F (AN RRFINEFER, FETERTHERE T
FFATRSEMSHFIEE, ¥ THRMHEAPRE T, m&F-EFREAD L
F.RBRENWME, RN TRBEER-—NFRTHESSREMLAH
B ERFRTHERFEE | ¢ FEARFHXRMEE. T —EUHER
RRN
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[ (2, D15 =] ¢(1,2) (2-49)

N
¢(2,1) = F ¢{(1,2) (2-350)

RERZBRE T, KRR TREENSHESL RIS, AT EEH
HAEBZXNEE. BTH--RBEE HRABXT, GFEMREAERTHN
EEBMET OEF . EF FFRPCA—BERAIEGF IEAKET
BRERME T, T . PC %, Pauli HEHEE 2RINFRENEAR
¢(1,2,,n), EETE --BFEHHBETH =S HBIFEM— 1 B HELR,
HBH -METERBHREN RRTHRRANERRLALERE BATHEER
WERBMAE BREZ AR TERERBPE BT XBRER MR, TG
TR AR .

MTFHEFER,MERF, B 5 (DR Q)R RET 1 HEHNE
i BT 2 AEEBE ¢, PR L ZERETEIFN (nilymm, ) R
(nalamom, )RS, RATEUIERFQ-IDAMERAREFHEKAR,
P ok 5 B B BE, A BEHIE 1% Pauli REEMZE R, itk , & A 8 §E, B,
FHAAEHERENE, FRIEF1I 58 F2RATXASHN, AlkEthE
TR o (Dn(2)5 g (D) (1NRBERFEX, FER TR IRIMFN
B o B N ICE L

¢<1,2)=é[¢.<1)¢2{2)—¢.(2)¢2(1}] (2-51)

g!ﬂi? 1 5872 ﬁﬁlﬁ]_‘aﬁﬁjﬁsﬁﬂl) - '#2(1)1951{2): 552(2);:!:
2.8 ¢9(1,2)=0, BHUXENERAFEEN, XHEHE Pavli AHEREE,
— T HESEFTEHRN T EHR T,

2.3.3 Hund A

B Pauli AAREEE, SETFTHR B FERB SH Ls YU, WM
—tTeKEME,F—TAERT, BEES5ERRAE, W—MHF 1.3 -4
7 2s, ENTE) 8 577 0 BE AT A & (A7), . of AR (L F47). Hund #H45
h:ER TR T SHBARMSE M RETITHENERRTARE TFITH
SHEE. TLREDT,

ZRBPauli REE BEEMUTHER THERBMBR(2-51),{FH
2.2 4P HE B g(1,2)BA(2-36)R, 5% o(1,2)" FHS,.BH L
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BEB N
E=E,tE;+fp- Ky (2-52)

NP ELE REEART(Z=2)XETFTHI n, B n, HPRER,

B _2_- P-rl B i 2 _1.-
N I ED S - AET R
Jof KA RWR FRESRSMERAS, EMNHMRIEH
. 2 i
[ ” Imljlrll;oz(zﬂ deydes (2 54)
K, = ﬂ' p1 (1) ¢y (i?flu}%(l}dri'drg’ (2-55)

BTG dr’ =dody B& BRERHR, A KRB 20 foa] LIS R 3 B B
SRR N T

I H?Ttlcyl)dmz(pl)d”l I J:az("’z)'fml(lfz)d'-‘zz é\mlmz (2 o 56)

WH R E 5NFHE T HETITR ()
= ma) (2 SORE Ko A FRE |
T, EH M (m,7#=m,y), B A ¥ERFIT

H‘T,K13=0;T%,Eﬁ%qﬁﬁﬂ‘jﬁﬁﬁﬁ 15 f ,
TEBRATTHERE MTTEERSE
B, XPFETLIE2.9 TR

(a) (h

K29 (a) BRRFAT,
(b) 5 HEFAT

§2.4 ZRTRET

2.4.1 A&

BEAUTAR FEHFENLES , BAZBE FRHEFE BRI
WAHRATFRNXIARTHESNTE ERFIN s THEH 2.7, 8 Pauli 5
HMERER, 8—-JETUEN N AR FHHOE T, E5ERH 15/
RWETHE L il AR TFT B —-HRE 12 W1 52 il
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Z2H -THT, XMZBRTHFEMFESHNE TR ARSI T #
HF T (RS Pauli B, FHE.

WM -BEF EFEART 2 HZBR2FETHFEF. 280X
TEAH FAEREAIEFANXER FEDIFE AEDEFS Pauli FE
RIFRILLHE., EEFHEST E2RENERALS AEEEBREERA
Pauli EBAR TH PR FHERASF, FREAHEZE, TEHNSEI L F Y
BRI FREES,

H Ls!

He 1s°

Li 15 25!

Be 15% 257

B 1s* 25* 2p!
C 152 252 2p°
N 152 25 2p°
O 15% 2s* 2p°
F 1s% 257 2p°

2.4,2 Slater EFHE

T ST T, RA %N b F 2 (8] 60 H 75 1 63, 4 B 36 LR T
BUBIRE S AT, 0B T T8 R W, R 8 R
FIERAERGHA, TLEEIREER, N TEELDBEIR THE
BAR B TR T A BT T KR, B 5 402034 0L 7 4
$i, 257 RS B T . Slater $UIl B0 5 F 0 K BEM (45 R B0MEIL O 7
MG, 5AE TRERMERC -2 RMK, CATEFANLR, R
A — I, B TR BT

R, {r)=Nr" ‘e ¥ (2 57)

MEMNUPERIERYE. C-SDAMNRKEH-ELEE " HERE
BFH,.(=(Z-¢)/n" o BRARTIHRPI AL, ERKEL, RILEHM
HFINHE DB FTHERS|EHARS . B8 Slater 313089 M W w7 ¥
ERTHFHE —HEN " R (o) OV REREER., #2.6ET
B _RB="HBEPHERTH s, p BIERN(Z-0), HY T8 T8, n<3 &7,
An"=n,
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®2.6 Slater IINPRBREN(Z-0)

H He

1s 1 L. 7

B Lir“ Be - B ) C “N O K Ne
1= 2,70 3.7 4. 70 5.70 0. 70 7.70 870 .70
25,2p 1.30 1.95 2. 6i) 3.25 3.90 4.55 5.20 5.85
- o Na ﬂi';flg -‘LE‘_ i - F 3 'l Ar
ls 14, 70 11.70 1271 13 70 1470 15.70 16,70 V7.7
25,2p .85 7_85 8_R5 Y 85 MBS I1.85%  12.85 13.85
3.3p 2.20 2.85 3 50 4.15 4. 80 5.45 6.10 6.75

2.4.3 HHER

Y EBTHHEFEN A5 - BRI EEBFES, ARESHTEHN
. EITETHHEANBEFEARBRITFEATRESR THE, BIZZRT
MBMAEAE 12 ARTFOTESARKTFOINEERAR, B RAJE W T o
B PR AFORE TRERMELE TR FRE

RATEEDI A& 1s'2s', (X B BB 70 A [ RESLE , X F A
BB Pauli R (2 -SHAMEREH,ATHLU T E AR

3

L (1) 2, (2} = 5, (1} ¢ (2D a(1)a(2)

]
‘3 —_
’J_
%11}1“(1)5&15(2) G2 (1)), (2HHa(1)B(2) + 8(1)a(2)] (2-58)

j?%JU%Aﬁ~%AU%ﬁnmuwu)

13 éh%ﬂ”m&%ﬁﬂﬂ%imﬂﬂﬂﬂﬁ—Mﬂﬁﬂ]

= TEREMEEITRERAE, AQ-2)AHH(K,70), BT A%k
FHRMEEHFSRE - THEBRNEBEESFT E +E,+J,  2ARAKT
TREE, ENAUNELIAZETSHNABIRMA A BEFETH
# o

ETHRIBAMEBHE,ZE FHERBW A RTOIRREPERN
RAZRANXARTH;RE, CERATARMADE, EM LRI ER
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HOBE s R2s NASERN F HUNANER : v BB TEH L, =1,
=0, m;=m,=0;EfMAHNKARABER 0, ZEN " BEG " HELH FHREAK
Eﬂ%@ﬁﬁﬁ z ﬁ"ﬁiﬁ”fﬂﬁﬁﬁ?ﬁ L ZU,MZO;ﬁ#mﬁim@ﬁidﬁ 5a

HRRENA RTFH s~ o3 om, = 5, m = £ > FHISAT R A

RAKEBRTH S=1R S=0,DRWHNA : 3B AEETHEM =1,0, -1
BM=0:%HS=1,MHFHIS=0WEFEII,H 25+ #IF. X
FEEBEFARAESEHEHFE LKL E KR (multiplicity), BEMNE, 9 H
RAGRMAKEASRREZELEFRE IS, IB LRAXBEFHIE
WMAES L, TFAHE 1:'2s, HFDEBHE,SHS, ENMER (KT
H)AETR N

ECS)=E(+E;+J2- Ky

E(S)=E+E;+] (2 -59)

XFT E+E, ZHASHE. ,
BB J ot TR A T s
B, AE AR K, Wik 5 Hied
E.EH2I0RBAZE 1525 -
Wil THAEEA 1y
H o
HMESY -1 s thil ‘,:,ff
BHH e T, ABARAE e
EROPERSBLEFT O, a5 i
s, X — -~ 55 B & 31 B A,
) 1s%, 152252, 15725728 A2.10 HE 12" RiEW
Fmit, TR, YW A'S
BB R B s AR,

2.4.4 EHEEGER

AEFMTHANEBEETH NMRESAIER THAATHET F
BE AT AT PR SR B EE . TR TS, ERBRE, FH
SR ) (n ) MM SR EARTFHRWRREN I, +1,,1, ;-

Lo 0y~ 0 AR BB TR S=2+ 2 =1,5=2— 5 =0,FA 5
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BAMAN, MEMASEN -EFH° L RAEET L Kb L R+
Iyl v =1, L — LIPRES -4, —HACL+ DS+ 14
SR - M M HBE(M, = -L,-L+1,,L;Ms=-8,-8+
1,0, 8), Bl AE 23, H 1, =1,=1,8 L =2,1,0, ATI P4 &0
'D,’D,'P,°P,!18,3S, HXMF 2p2 K 342, BE AL EHIE, Pauli BEHE2
PR - R BT EAR AR —F H L S Inithie.

ERBRTHAEHESD 1" 25" g, RI1C 25 76 40 8 54 i 0i°s,
'SHER MEAQ-53)RK, HEAIIYEHBEERRMEBAR XL, BE
HEMATHIBELNMEA, ¥ TEADS(RAS) PEBIE G, Hund £ 4
M

1. BT BRENEREZEE(2.3.3)MEHERSRK;

2. AlEZEEMEMNFEE P, L BANERSE.

MFRFHEEHIHEA ETIHYEEAG, A Mg XiEa®
TREEMARE— 1. SHEBEEEER THREAE (KL BB m'S
BREEE - BMAT(KL33p), BRAHE 3 3p HHI W, P B'P, |
&8 8 21900 om " "M R A RSP BRI ,35050 em 'EEEIA RSP B
BRIt .

2.4.5 TR

AR HENBUNMEFAER  REFHNBREIREHMERR
LAY F g, I Mg /9 21900 cm” ' (1S—P) & B & 21850,21870 & 21911
em BN =ZERKR,CHFAREETEFHAKERE S E T 0S5
BB ZONER ROKERLEER. fda T2 Aa5HFREREER
HFASBRMASAZBErHEADE - . AN EEANESEATE
SARASGRBANEADE. HBEAEEMAN, 3 FiEm 1L, 8
B RETHR WML S, L+S—1,-,|L-S|.RiICEERRHN X
S, B Mg IR TSP EGE R, ZE5'SIER'S,, BREHD T
BPP K =4 FEIP, PP, ZERBERKIENNKRE 'S, ~P,,

'S,—°P,,1S,—~°P,,

2.4.6 np® MBIN

BT np” ABNETE C.KL2s? 2p%:S1: KLM352 3, AR BB T
ns METFIS, W EMHEEZW, ABEEWMIEEHE 202 K 3p2, B p%,
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EEEBEFHEAS 1s' 2 FiBHMN ST S, 'SERHERM(2-
SR, —MHERT s o HE B ASHRPETST  XAMNBTH
RYHEERRAERE M5 MEH XX, A6, (2-58)AtLBFT
ns' WBEREH ., Y nv=n U .=, AT S EIH =40 & I h
FEHO0SHE, HFMTIS, XERBMBRR 4.1 ¢, (2)EvE— 83
BFARMBI S RRIEA, N T2 Pauli IF2E, A 8 R4 0 SR 81
XHRARKNHENES; SEXA RN HR R . BT IS,

SAE2p' 3p W, ERE AT EIT B RMARE 2p° K 3p° 0,
W 1s' 25" R 10—, H = 85,.°D, 'S H i %, HE( F D, P,
IS, A THBHEPHAY . RIIBAVEL VB TRAERRTH S=0 S
=1 B B i€ oA ¥
1
2
S=1 Ms=1 a(l)a(2)

S=0  Mg=0 [«(1}3(2) - 8(1}a(2)]

1
V2
Ms=-1 B(1)B(2)

ENMBEFZREERMHE(S=0)RCEMK(S=1) HEZIFETANI B
o UMEXF, ZEEEMAP BT LHERHHH

FEAS pPPHREREAE B Ii=1,m=0, 1l F=Z1T8R, BITH2H
RBEFS pr,po. 0 BRAZ. RERF LT, 4 4E, HAAN
MHEHFEBRBENBEN . ZTEENHEN,. AR - $iao B E 744
M=m+m,BE.FBRTHEFEL=2,1,0,4R07F.;

[a(1)g{2)+ g{1)a(2)] (2—-60)

Xt B R B
M L
2 (1) p(2) 2 2
J%[Pﬂl)ﬁ’n(z)+Pu(1).ﬁ1(2)] 1 2
pel1) py(2) 0
1 2,0
—[p(D)p () +p . 1 (L) p(2)] 0

7
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Jéhudnmmhyﬂﬂpqﬁﬂ 1 2

5 () p_1(2) 2 2 (2-6l)
5% %4 ¥ o 3

1

E[pl(l)pu(Z)—pnil)pl(E)] ] 1
;éﬁdﬂpﬂﬂ-p;ﬂhdﬂ] 0 1
éULﬁUmQ%wﬂUpﬂQH 11

BEBATHEABRT L=2 K0, WNNIEHEEEERD #'S: b 5 R
BT L=1,268AP B4HE P AA=#E.'D,’P,'S, e & &1L
&3P,

1 1
/
/ D D, e ]
i
ff s [ -1
iy’ ——
N P, o I
\ PR T‘:-.__ ¢
\ y . —1
N —i
ap o
L_é-.._ JP e — m;:;]_
\ T— —]
HE i 3] W% W & F

AT SHHRBEFH  FBL-SH  HME
HEEA il B ¥ER1E WEHFH

-

v
L atin
211 p*ASREE
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r——

—a . —n

ERARMNEERORR,P AN =ZHIP, P, Py, H B £ W
R'D,,'S. B ERT, 8 —FmW ) M=, -J+1,-.] @D
™R THE2.11,

g p MBTAS D P HEEREN -, A5 p* 19 p* MKW —
B.p' 5 p — B EFEHEN EERERR . HE P2 "SHE
iR AR 2

Mk 2.1 REKREZTHEHR

BEBRTEYREARENRTES AERNATHEMEREREARAR, WY
BEHERMRLER. EALE r.v.z S5HETRe .o TABEUTEBRRE

r=zlgi.q2.a3)
y=3{aq1.q2.43) (1}

z=z{q1,q2,43)

HEHHEERRFINEST . FITFLHREERZRH B RIN THARTERER

[z dx 9z
‘31?1 iy ‘?Qz
o o g
I=|32 a2 32 (2)

dz  dz  de
L‘]rh Fg;  Jdga

(1) Laplace B £F
HNeHEEEZXN LS DEFEETHFRMER.

(ds)?—hy{dq )+ hy(dg2)® + h3(dgs )
R T

1
det |

AF.der J B Jacobi TH R SHAEEPMUBE T ERE XL S, v, 2)EB By,
g:.4:)

Vi=

” let a3 d {det e} ad {det J oy
(I gy 2L S (] A

dr = drdydz = det fdg,dgdg, (4)

Ml RL R BIEN R

h%=(§;)2+(%)2+(§;)2 (i=1,2.3) (5)
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BERLIENERA . BTHRUEERRRL LRNT

x = rsinfeosg

y= rsinfsing (6)
z = reusd
sinfcosg  reosfeuse — rsinflsing
J = [sinfsing rcosfsing  rsinfcosg (7)
cosd - rsind {
det J = r sind {8}
RI=1,k3=r%, 4= r’sin’f (9)
Wi, |
V2 g 13 (e 57 ) g (a0 5 Vo5 (g 7 )|
, 2
=157 (757 ) s (om0 55 )+ g g (10)
(2) s BAR ‘

B BRTHEASTHRARN . HAFH(-.y, ) BRI (g1.02.0:) 5 BREBEEAE
BEKBEAN,H

MEMBEAMIF Ay, dFdz, EE FEH BB EA4LEETHN BRI E
FRirETHTEHRRX . FERUTELRER

22 2y (22 3)
(r]I’a'}.l’az 27387 @ M {12}
Ak MENRE
_qu dqq Jf.-'ld "3 r gy a_r“
ZNs dy dz dx dy dz
2 2 i} ag 3¢ 3¢
M= |2 Sl ZE o2 oE 2 (13)
dx 2y dr dxr dy dz
dg3 gy g3 g Jde deg
L dx iy dz | de dy dz

BRJEMEM JM=M=1.1K8NMEKE, BMHESAEMAEENSE THH
JIMEHATREMATHSTAEX
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31 EE Hz
3: Jy Jz
(14)
e _dx_g 0y _dy_o 2e 33
dy dx de  3x dxr dy

TREMBEYTHE - TEEJEEZLHRE, N
M =(—1)"7 "der ™" /det J {15)

det "R FHEBm FB - S TiITARX,Hin

sinfsing  rsinfcosg
det J'*= = — rsinfousfeosyp

cosf 0

38 _ Mo = ( — 1) det _.fu:cfmﬁmﬁg?
drx & det [ r

REERKET J RS BERT

[sinfleosg  sinfsing casl |

cosfeusg  cosbsing o
M:J_l: r r S0 (16)

_ sing COS @ 0

L rsinf rsinf _

FRDRAET ML - TR ERERA

cosfeosg 7 sing J

d
— = 7t
mnﬁccm@ r J8 rsinfdg

dr

k2 7 cosfsing 3 cosg @
3 —smﬁsm:p + " 39+r5in€3-}ﬂ {17}

a7 a3
an = l:r.xsﬁ = — sin# —f
-4 ?' ?:’

RAQ-10) . EBE Z AR SBRWBRLEFERATHRMERL
L.=ik (sin-;rr % + eotfease %)

) o , a
LJ,=|E( 5 m5¢§§+mtﬂsm¢a—g}) (18)

d
L. —‘Lﬁa—g

BERAMBTFIEAEATHRELLRL H

1 d (
2_ 112 2 = g2 B _

(19)



Ba2.1 BHREHETHRS

EELI=LL, ¥R EEAN g

2 310, @ 3
L:=— ﬁz[smrp 20 + cotfens Ejg; ] [smup 26 + cotfeosg @]

o WU FG 5, TR~ RS AR

4
=

. M i %]
R 2 . _ BN@losg < .
L ke isint g EYS anlf A t cotdsingoosg 797 ¢

J 3? 2
- vyt g —— ; o 2
Feotfeos” @ Y t cotfsingeose ETE + (cotBeosep ) g2

F & B
. : J 32
2o b2t L 4 HRPCOSE D - ,
L3 h tt.:os ¢ 392 ini@ 3o mtﬁsznmm&apagap
+ cotfsin g 5 - cods T i (cotfsing)? g
cotsin ¢ 58 COt I 8ITL PCosp 333?3-1* cotdsing ) Brpz
2
2= -nt 2
r}'qp"
% L7=Li+ LI+ L mes /A0,

5 &
1. B2H(r, . ) SERALERNRERE;
o _ — - 1 4 ! 1
X TCOSE, YT SN, T = T, RIEEE P HAY _TE;(”QT)*}T{Q
CHERETHEII TR

- 5F

az
+ -2
r?zz‘}i:

2. RBR2IPHRERE YV, Yo, YR AETEIFENARN, HE (2~

9]&(2 - Iﬂ}ﬁa

3. 4MREAE Y, = Nuinde'P Il N B UK EEREDL YR Y, 87 ¥BNE

ﬁtﬁﬂft%#ﬁdgs L 1Y, (8, 0)) 2singdf= 1 BT , W B AR H .

4. RIE p,= Nsindcosg B p, = Nsinfsing HE2-9)R , BAEKE(2-10)%, ¥

ix r In T
i — A5 28 L dp | psinsdé=1 B L d;aL plsinfdd=1 Rt N RN,

5. AMEE22H MM 4 2.4, B LONEHES KR ENH T ERNRE,
6. dHE(I=2,m=0,1, +2) WM B Fdd— T8, M-85

2.4(0)) 5T A B L= A7 e B (cos® = 7) AL & i i B

7. BT dBBNERARRARN BEENBBEMERT,SET Zeeman 57 (2 -

2R HUBEEERAREZ .
8. HORHEEBFEF 35,3p. 45, 4p IBRATH,
9. A dxr’RyR s 2s R2p UMM B mmMEKENHE M,
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——. — — T

10. % SRTHERAMER. BE SR B2 4R B 5 F S &, W
£ i "™
L er @;L sinfg(r 8,0)8(r .0, 0)d0=0, R Ls,25,2p..2p. N, A E {18

MHIE3ERT .
1", AEAHE KEEAFETH LTS5 2: T 5 FRER(HREI,

q

12, & B i eV.tEﬁé-u—' £ _13.6eV.RiBALHEE, LE H,He'

Eaﬂ

BELITHEERER ATPHRESRENEHGEREN AT

B EELLEREFHESFERE(H s R RIETFEAN),

4. AIE LIETFTHEDFR(EFHEAY), REB BB THRAEAB . (L)EHRD
DETERLE QISHELAET 1S EE Q) EREASEAR RN N %S,

15. BAHC~40)AEM T LIEFHERRMN,. WEB.(DELTET BN
B.EHARTFB ()AL REETFTHME AHEAE 152" HRBRERR,H
HEHY o=0.5AMETERRE (V).

16. BERRTH @2 MR T; (03 B FR(MM TR THEBERIARSSE, B
HX=FERTHRAXARSER.

17. WS Na BT RS (10157257 2p% 3555020152 2,7 2% 375 (3)147 257 28
34" pil R R i,

18, Wk FAEMAAE KL3Z 3p' 33 I HA-D B AN RIES L TR im R
3%,

19. iR Pauli R AL S BE S HRERN, AAGERTHIREAST K 25' 2p!
i i 5P, ' P,

20 ERHRFESE od° B .GF.'1D,PIS,



$=2% HETFH>T

EHidRTFRAGRESEAE ANTASHAX —HE . BRAPA
HEHEILE He, Ne Ar Kt Xe ZFUEFEAGFE M HATERERER
EF . #HMURETHEGE S TRBENERFE. €5, ATIEAEXRER
SR P S BRAEE 700 5 ALY, BEENSTREHR(RH ),
B TFUERR ERAZSHENLE(FBR . SNASE), ENEREH
BT EANTEZEREELFEIMNEFESTM. RAERNHNEZH#HET(RE.
M BHS) P TARERIRT . HAEHEEERRN K/ TTHREREMNTT
PREFHELESHEEAEE, 23108 - RTHTHEERE, 21N
EUNBAMNER A TEARE MNPINRTARDEBZSE NEFRETS
SR TR EER LS8,

£3.1 TRTHTFOEERECRA K/ /mol)

H Li, Na; Fe, Cl, HF HC1 CIF LiH NaH

432 105 72 130 244 563 430 364 241 218

BFHRHG 25880 F AHAANELBE, BB . FHAES.
HSKEM, 4 TFEARRATELSFILE® LB TRBHBHE D& 0T
HH,, 7 ESTHCH, &9 FHRH NH;,CHOmMEEHNE CO & CO,.
REXFELHWH,, CH,,NH, E R AR ELEK, FalhE. AREH
BRMEARBUETEM > TPRTHANFHEE . K588 BETE—
o Fe LAY, Bt FRREE RERBR ML RS 7R
SJLAT MR A BTN, AR TEEBRIENEELNE,

AETEINRTFLT.UBREENH, BRH, AARNR ., WIE T4
EEAFHREBE(FRBAR)  BHEMMERE - TEFH—-—THET
REREFITHRTHRBFEMGESE B, RITBBEERTHN¥2REER
BERE AN TFREMBR(JUMARDMTL#E, AR SR
EFH KH, WREAR AETHBSSREAIBKMMNE, R, &1
FEag SEANETS TR, A B MR TN T4 EFRAES M
BTN R UREMAREEREHWRE,
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§3.1 BEFXEWHEAD

MWNEEE®E, PHEIRT
ZHEBHEERHERDK,
HXpE,EFHREE T
BEHLE  SHETHR
e, — TR TFRES 5 —
RFHPHREFFEECRS
fER;BESEZ B L KB F
SHEFZRFELESFER
BFBIHSHEFHEF. B gmi1 mHen)HRRLERABREH
PO F A0 T8 E 4, K PAEMETHE-q. BHABNER
SAkgSsSERERH. i, RroBrg, FESADRNERR I, 5
EE 3.1 Rl H+ H & .o W5 PABE 5 +» FEATRH
B FERNITAFHNEFHRBRIETRFZRNHFER.

FE3AYP , FEFZHEGHESTIFT

1
RE

FA_E: (3_1)

ERANG ABRI(=$)5E. P EABMAN ABRIRII AN AP ZFH . % B
BaW i AW BP Am K/ R

Far=gq/ra. Fpp=q/r {(3—-2)

BR,FuFMER ABYMAH  ARBEN, Fpl FeeTEER, WS
BEECIEABMEXNBEREIBMARITE. ZA

(FAP)IZ%CD-S&A, (FBP)EZ%CG\SBB (3_3)
FA R

BB AT ABNBEESB(Fap), BEF z EF @, ERT
BERHER SR (Fep), WS RI5E, B

F _ {cosfs cosly
AR.P = 4 ri r%

(3-4)

BERFHFE, LATPH ¢ BRTPAMENE FREFEE ;BRI AP S
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B S AR R G, ¢ o FEE R ME
Sg= ¢ ¢dr
TEHARE AN

<FaB(R)>=j¢*(Fm,P)¢dT_FAB (3-5)

FR MBEEHREACH GG -S)XARTHHERKFET R & H FHK

= A

EEXE fFHEttite RITZARFEC-XFHEWE T,
% Pﬁﬁ?ﬁﬁzrﬁlﬁﬁ:ﬁﬂ@ 3.1 E:l-ﬁ:\. 3?1:?]% gﬁ(ﬂﬂ,ﬁgbﬂ&,ﬂﬁﬁﬁﬁ}
0, cosfp< O, AT

Fap,p=0 {(3-6)
Xt BRTFELERBERNENRE . HR, Y PN TEIREN, 0P R

EBEEMNHEIE, 0. <n2,8;<n/2,co80,>0,c088 >0, H ra>ru, Fagp
N TR, FERBAEWEST. ABESRBX WA EEHE

1 Fapp=0 (3-7)
ETG-ORXFAALEREE TRARAFBY
a(1+ﬁ2—25r,8)3ﬂ“—“a—;9 (3—8)
{I:C{:)Sﬁﬁ,ﬁ:Rfrh (3_9} .\ 7
y’ 7
B R, AT (3 - 8) R HE /
WRE,LE 3.2, FEBMFENRE ]\ //
R, BE Y X A N\ /S
m3.2 R BEBESTH. BT __ZA N 2
REWE & #0 i 7 A K (B KR ) , B 1 7\ f%;
A B T AR B S 7 B 2 18] D VAN
FH B4R FREFER R, B4,P / N\
AWHABEL D RENBERER H 4 N4
WY M 1 BRI RFE R e 20 e R
£8P AR TFRBER KL, B SRR (AMEEES)

I'B:TB:R/Q,CDEEA:I,C'Dsagz_I (3"'10)



- 62 - PIE WH LT

WEEG-1)HG-2)X .4

g 1

q — —
(R/2)2+(Rf2)2 R? (3-11)

M, 48 3]
g=1/8 (3-12)

FHASAH 0125 MR F REEL K P S, F RN RHEF S,
B TRE. A FHEBMNITEERBEG-X, REBB(Fa(R))H
FRBRBTERTE ¢ ¢o

Bt LT, RIENE, - FREEOREE TRR L FEEHE
FRREN . AR, ERITIENNETHHEIER, B/ RORERITE,
REENUMER. hTHFBERRME Viral TB,HPFHPEE,).FH
HE(EDESEER EZMFETAXAR '

E=-(E)=7(E,) (3-13)

REFFEINMITREEYHEE Hh T IPYRR S8R E ¥
BE BB AEER TREZEH,

TEHRHNHARFH%EHE A3 RBESHHE, BB H R $H
BPREN ¢ RENE KBWE AR EE/LARANEAig, bR
WEARE GREMBR,

§3.2 A4 TFETHEALT

3.2.1 BHMHRY

A THETFEBRBEHN2 T TR FA - TS FERERPETE
aFRKERELE, EdFETRMETFE. ERTARESF.REAR
| K 106 pm, B BEHN 255 kJ-mol " 14F, AT R AR EBKEERX L, H B
GHWNE 2B FHESTAMNE R ZRRA, RIS TEREYTEE X
RELTHERE,RKBFEFEME, BHh THFHREESBTXIE 2000 15,
— B RRSEHERF-HFRNEUIE BB RFEEAS 8T8
YEERN—-EHNBHPEY, IF, ZEEBREF=Z1TaTR, 2RHE
3.1, A ERE R
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Pp=[ -39 (5 -2 ]p=ERe  G-18)

R ra reg

o Hamilton B 2580 15 7 — %v Yol FAISEE. B 1927 4, Burrau

ABBTHFRG-14)NEHE., BXBEHIrJRHA R0 E™#K®
FEO-14),MR—RETRAROLHE T, EEE 5] H RTS8
TEREN RS, UEE RSB F O AT TEN
R E LR,

HE3I.1ZBELE , $EAABEMBEREEBT —~cK#iESTH,
EWEABPHRE,1I/R~0,BEMELR AR I HA H WHEE; BT
BETHERE,ZH-H" P . FERCAR-HERBREH, #8TFEET
AL rorg, TR g RREBALNER TR TEE.E ry
=0 AL B IR KT, R TR AR — oo, WA 3.3(a).

MABFHERIEH , BEEMEN - oMt RBiL, E FEATEEE AEK
BT, T B BEME B FRETHEZM, 2TH3.3(b). ##&E
=M EERR ra,re. @ AT J(ra,ra, o) ICEERE. BHT A,
BEEFAAKS, 186 A 5] ke 638 E 844, B

L g{rasras@) 2= 1@(ra,ra,¢)1? (3-15)
19— 1k & L R A
J|¢12dr=1 (3-16)

EEWHF H, EEI(HR) M E 6 H R X # R KR8
ib(rB*rA!@):iG&(rhirBt‘P) (3_17)

BAE3Na)5(b), AFH S H BT HM, | ¢ MANAETHIT
HETENBETHETRGR., 4 H E TFTHEHEFRIEHASEB
FHEHBETERE oo 5 ep(ls SLERIELZMVBERT

HE b Y Rroofit,pa 5 e BRH, EHHFBG-14)X0E,E
IR T rarg X ra®rg EMHEN ., HSHENMNNEMNIER

| 1 -
=c,pat (pa=—e "s,pg="=e '») (3-18)
'V} CaPat Cu¥PB P A &E ¥B '\f;:

HERG-14)XHWE, F¥c, 5 o, ZXHESEFHFG-17)X8S B, 5 H
BRe,=cp=cBce,= —c,=c,MBE—HEHG-16)AHFE—~FHH
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ralag ra/ag

§ 4 2 0 2 4 & § 4 2 0 2 4 6

[EE N S R SR S A [ I e S
n 0 Uik A
§“9-5—E¢(R)
F-Lor
= —1. 5+
-
E—Z.ﬂ-
= —2.5

{a)
s 12902 ¢
i L1
*alas g 6 4 2 2 4 6

+0. 5 Al Lt rp/ay

5 0

T —0.5

|

ﬁ-ﬂﬂ

v —1.5

%Aﬂﬂ

M —2.5

A 3.3 H $BPEMWEELEM Tk

(a)H+H' (R—==},(bH; (R=4)

Icll(f |@alide £ fga; prdr f%gagdﬁ f | ggl?dr) =1

(3-19)

MF R>ooff, g5 op EMEHEER, HHSE L, KA
| ®a gedr= | gappdr =0 (3-20)
igal?dr= | | pal?dr=1 (3-21)

(&) o

M B
2lel?=1, lel=1A472 (3-22)
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TR, B3 —HHEMAE

i :é(?",&_"_ﬂﬂﬂ}r @ :\7'1—5(‘?1&"@5) (3-23)

HBEEEARTH s gE, BN

J‘¢1ﬁf¢+dr= J‘ (,biﬁft,b._dr

_ ?95(13)(_L 2 1 \ealls)
= ﬁ 2"0‘ ?"A) & drﬁ-l-
?;Bi_(}_”_(*i z_i)sav_fs(y_)
ﬁ Ev e \(’E drﬂ
=%Eu+%En=Eh=—%u (3-24)

% R /AR, AAEG-18)REN H MEMNEEH AL XERR
WA op 5 g, AIMERERN (WG 19N, BHFFTEEXHO
—20)R . At ,EER o, 058 ARHKETFABLELHETFHRE, AR
FHEL#EHSFHE(LCAO).

3.2.2 LCAOFR
FELCAO R, M EE R AMAH,FEIETFHE ¢ 5 op 2
HER —-MEAIR; EXNE oo 5 op NEBES

Sa= | oi pude (3-25)

E5 REAEX.A S.;.B: SE&;% Pas TR }{Jﬁéﬁﬁ,ﬂﬂ S;E: Sm: Sﬁﬂ.j{gi
ﬁn EH:‘F'EE%%H@ o _‘_3‘ Pp Eﬁa{hﬁgﬁﬁ?‘ ls EE,SABEIEQ;ﬂ:(S
—19)5 A

1=21cP(1£Sup), lely=[2(1% Sp5) 177 (3-26)
(L 3 R T A0 I 3
—_ ';ah+¢‘]3 _ [Pﬁ_joﬂ ~
b [2(1+Sﬂ3)]1"2"‘b— [2(1 — Sy} ]+ (3-27)

EilaRe HY MESREXN
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_ * T _Haa T Hap _
Ei_J¢rH¢th— 1+ S (3—-28)

H
_ — * o . » 1?2 1 ]_ )
Haa=Hyy= | ¢pa Hoadr = | ¢a [ “ "‘;ﬂ%df’rﬁ PA @adr

1 . 1
| Loiondr=Ep+ g7 (3-29)

' *A * ] ] 1 %
Hm:Haﬁj ¢n Hopdr = Jﬁoa[‘jw‘“]wadﬂﬁjﬁ ppdz

rp

_J‘L‘iﬁ’ﬁﬂpad?:[El;Jrl]SABJrK (3-30)
Fa R

B3-29950B-30)0AFYHM J,. K aHH

I=—IMdr, K=~ | £a80,, (3-31)

'y A

# Coulomb A MZHK S, B EETH (R 3.1 ,J,K 5SxHR
AR A

- . ,,1__, i L o

J= [R e (1+R)] (3-324)
K=-e ®(1+R) (3-326)

S.p=e¢ ®(1+ R+ R*/3) (3-32¢)

EugER AKX (3 -28) XA REN R ME K

Y
EAR)=E,*+p+iTs,.

(3-33)

T J,K¥RAME B K WEMERT SEEWE, <E . &
E.RFERLHERE E.AMESHER., @3 EAR RMWE . (R)¥E, T
A HERMER (B34 FEE.(RIME EFAERDS B H R¥HE
B 2.50 a,(132 pm), R AR 0.565 u(1480 k] /mol). WBEEN E,,
= Ey> =0.065 ut170 k] /mol), 8% 33.3%, M E_ (R)MLER/EH/NE,

HATHRESWH, ZABEN SHIBRKERFERIL H+H . ERAR
HEIAWHEEESTRER Burau i H HEFERRKHRE , HEA
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Efu

E/u

5|

fal

5

— 1.{}._

(b}
0. 3

0. 1

Efu

0. ¢

{c}

W 3.4 H, ABE B

(a) ¢, ,(b)y. ,(e)LCAO i fl i 22
(H£8 ) 1 Burrau F* #5 fif 48 (B4R )
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BEEMRTEREH, WRESLIARBRIN. Y%, E LCAOEMT , 7T #
BHMERN oo 5 ¢p WEEETHIE, XM IF LCAO E Mtk A I b 58 %
R, ITEIEEFNE R, Kolos(1968 1) % i kT B &M IERT,

BEEMBESHEER ..o THEHIHEBRES SaRRAGB-27)RK
WG FRE BERTFPRIME TGN, S R=-28,HESHS
— B i p METES ¢, B o A, IBE BBEESEN S
BEX PR 4FHEKET) , HadEhigEmEgEEmd, H3.52H
FHESHEAE G- HMES M, B HSEmEA. XEBERK .1 15
ME-HXYHE,o R2p. UEBEF -VH.2IHARBERB(F )N
iH o

E35 H MeardHSHEK

e FIE B THEE ¢, 1, ¢ P HMEL, M EmEFH_M,H
¢ P RN TEME. B3 6 2R THEEBEL M| ¢, 1PORSE T
B)Hig "(RBATHE)IKRTHBL,

1

w |l B A wifp-I" B

3.6 H IBHRAIBMMNETEE—I| o, P5|¢_ 2, BERN | oa(ls)]|?

@ Kolos W. Int J Quantum Chem. 1968,2.471
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BIoWHAmXBEALSHRERN-BNGER(E 3.3, BLN H
BY A amERE, &8T5 —F a8, ™ 4 5 #p 3 ¥or BC Ay B o o i
(A HETHLRHBL) N TRES ¢, BAFFERXRE,; MK
BE ¢ REBEHHEREEAL., HEZHAATERANIZBHNE . AV ETER
REDE, REOEERMER RENEERAT, HHERT o FH R
HERBMNARNEEER

3.2.3 EHF

H #ifF MBS, 5 H —HEHNEAMAE T, REW3.7,.E
i i 3h 77 18 T 55 R
I SR SR U

-~ . __1 2 2 1 _ _ _ _
Hq.’;—[ 2(‘?1+‘§?2)+ R ra rs ra T T2

o=

(3 - 34)

i LA}

L ]

x Fal
% ”
z & R \\%
X

B37 BT kTR

AP, FTHRI2HETFFS ,F - HEREBSHANDRAF.B " BHIEEFAE

RO THRBRAFARNBTHFBNFEE, RFBHFEG-34)8"

WM, BR,RIITTLIY H, #ATKMT HY A pla 3,
EHEECUFRT H, HRETRERFHT B FEHERRR

$(1,2) = (1) ¢;(2) (3-35)

Rt ARIRTRT 2 WER TS TNE), SEETHETHOL
BHEM, S FORETLBLEHEMTERRS., BREBRBERRAR
HHBG-34) R, T HREEMSE E(R), TR it F 88K R A58,

T H WER.H WESTRERARE FANET 5 EREN
g, H(3-35)5G-2NR, TANSEBIWHERY
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_[SP 1s(l)+§0 1:(1)][5&0.&“(2)"'@ 1(2)]
$la ls)==12 BZ(I*‘SAH) =

Ao, REBMOAEMNE. WI-36)RRAG-3)Xd, BB 4B
W ALBHNSEEMESTEHISPT, KU FHBK R.=1.57 u(84 pm),
MEBRED=0.0974 v(2.65eV 25,6 k]l mol 1 ); LB E N 1.40 u(74
pm),fREEN0.174 u(4.75 eV B 45.8 k]-mol 1), B FEFEME 3.6
i BEAEXK—F. BRHESTRERNE, FMH, &, 2450#4F

(3-236)

0. 05
0. 004
—0, 05
=
~
& —0. 10}
&7
—@. 15}
-0, 20 1 L A 1 i L
e 0.5 i.0 1.5 2.0 2.5 3.0 3.5
R-"jﬂn
H 3.8 H;, Mege
1.LCACQ H{1:) + H(15),2. Henler-London,
. HBICAOS. HERKEN BRERTRY,
5. pa e
3 iy PR T R

?’.ﬂuls(l) = {Q’jfﬂ:)%e_“"m
?Blr{l)“(ﬂ'a/ﬂ)%e_drﬂl (3_3?)

HESGERBA NS, Y REKME 1197 8 ,R.=1.38 u(73 pm),D =
0.1282 u(3.49 eV 8L 33.7 kl-mol ™ '), BI{F R F 8 47 #9 LCAO B 3% R ¥, RE
BAH0.04 u(l.1eV)BRZ, FRARZBTH THMEXEM. ¥£88
James-Coolidge iT 8 , R HE S RIEB FHXM r ,WEEHR BB TSLR
— LR,
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§3.3 LCAO & FH#H %

3.3.1 fK¥LHE

ARAAERETEEN s LEWNE H X H 89 EMST EBRERE
BEAFHEIR,ESTAEMES AN HEELXESFG-15)XTHAH
i, EERRBEECRE T MAFHEEIHMITEFE AT TEHETE
EIEER, AW, E—BEET, R ELPIERKR? EaRBERMET
BRANKAE AEMEEH s FRAERE S 2H/ TR TR R
BRAEEHEE,

E=J¢“ﬁ¢dr/I¢"¢drEEﬂ (3-38)

TR, TESESENUEEN, FEMAER E RTEEEREES)E
# E,.

HERER, B FBNEREEBY Eg< E, < Ey- 3 R H 4 1E
B g0, 0100, WRAEXEERE, BFE—BRNTNEEHRTRA

y)

P = Eff¢s:fn¢u+fl'§91+fz?z+“' {3—39)
ey [ AT B E B F 7S 4 2 Rk AT
SHE -E)=08 >, JEZE, O, (3 - 40)

EEEG-39)XRAG-3)AHHER, MG -38)AMr.

Yo B 4OHERMETAS HERNESTREHNERN, &
AR THBE, AEFEMEERBE®R/D RS E, BEIER, X FRE
FEHAFBENERFERIEHESIE. &

$= Z g =ciprteagtort o, (3-41)
e=1

RAGB-38) X EmPI%FEX . 7

D3 e, (H,—ES,)=0 (3-42)

i=1 ;=1

H;= j go,-*f‘—}%dr, S, = '[ ¢ @;dr (3-43)



c 72 - WER WRFHT

FAR-42)X 3 ¢, BRI ,BH
2 2“3 e;{H,—ES;,) - i i: cI{'JS;_,g—f=ﬂ (3—44)
AEREERE N, LERGERIE A, =0, 8F

S (H, ~ES,) =0, (r=1,2,.n) (3-45)

i1

RE—HEE » T RAB 0,0, NRBEFRTR. AFFEH LD
DEFHEERRBEFTIANF RAIAWMTE

|Hir_ES:r|:O (3_46)

BIEEE » E.BOEBREESERENEEEF E WBERAG-
AV B RB R e, 00, . RA G- 4R BB &P DB

3.3.2 HIESFHEZE

WEE LCAOS THEEZR THALTERPHBRFHFOEHERS,
EEHFREEFEARER FRPERER, RGHERAAE ML, 3R
R 45rFH

H=-3v2- 3 & (3-47)

2 1Ty

He BRaBR AN, BB THRS S, BEBWNETETETH &
EHEMEER E, 2

.Mh

-

E= Z]Ei (3 - 48)

HYHERE S A THEHRM TN, SHMAEFEX, R E TR

iU
EARFEOB-460)AT, B THEMBSLG . H,5S,. S, hERH,
Y. BRA-BFHEFHEN, EMNHEEXH &G

S,-;': J tp,-rpjdr=3,j (3_49)

WA RBE T RS RBEFR(ER), R o, o, 0547 B A T
EERSTR AMESHEES%, R KHS, A, M3.084H 5,=0F8
S, A0 By,
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fa Py

{a]’ S|;=G

B 3.9 FREFHERNMNES

H, 5 ST EAERS ; RENSSEHBEAR . AR HEL
B o, (G i= ) RHEBT 8,(H 7))

a; = j q:,’ffga,-dr, B, = j qa;ﬁqajdr (3—-50)

3.3.3 pgHE

EFITETABAMNBEHR-TMRTFRES SHEEAR . ERESTHEA
B(GB-18)R),G-45)AMEN ZHFRITBA

(Haa— ESan)c, + {Hag— ESaplc, =0

(HAE“ESAB)CQ+(HBB_“ESBB}C5=U (3"51)
ERFHE 0.5 e RAE W Hun= Hep, B3 -SHABRBMRER E.
MRE BN EMSINH(3-28)5(3-27)A KK, 0 ¢, s A HHE,

BRAG-5ORFHES ] aa<ep, FH B ,REN L,5:MEN S,
AWMHTBRIAGR

ﬂg"E ‘B_ES
=) (3—52)

,B_ES EB_E
HREFRAR EBH__KRABRTE
(1—SE)EZ—(HA+HB—2,&9)E+(aﬂag—ﬁz)={] (3-33)

RN
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g laa*tas=285) % [(ay~ aa=285)" ~4(1 = $")(anap = f)]'7
: 2(1-8%)

(3-54)

ATHESTF.EBTS SHEERD, KAET 0.3, FLUAG-54)x+
B AERES (I S=0)"cEmEEE. XM3-54)Hikk

E.{.:Ha_h, E-:{IB"'h

h:%{[(HB_&A)?"’"‘ﬁz]l&"’(ﬂﬂ_ﬂa)%;ﬂ (3-55)

A3.10 BESEaNEERE

H R, 8=0, AT A EFTFTF;TR.E.=es,E_ =0y, REETA
SBAKE;—BREET,.A>0,E, h B THIERE.E. ARESTF

PHER, LA 3.10,
S e, B3 -51)3 K

(ﬁ) =-(fi) =k=h/(~p), 0<E<1
Ca ¥ 4 Cp 1 _

S{J+:N+('@A+k@3)t ¢_- =N_(kps— pg) (3-56)

AP NN AA—-HFHE AR EAFRMHES, EVHERBHE N

RUMHHEE , FENH.
G-SHAHEZ 0B THITEFHANE oo 5 o BRBARS

THENERG A7Z0 BBABITF, TR, pa 5 o HEBNKF(DRBE =R
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)R

(Depa 5 op EREHETHEBERHEEE. BN as=ap W, 7 BHER
P

(2)pa S s WEE K. HATERL, 8B, A HER K,

(3opa 5 o M T T8 AB N EH R KX B, DUMEIE 820, AT A
0o FLIE A=0(E S=0)0 oo 5 oz ARBE RS THHE. . FNEEHEL;
BN, AAFER. BUTHEE s, p.d PBEPREAIFRRS N MH T

Ca:sspoad,? GpiS, Prrd,?
Prsd oy Prrd.;
byrds. Pusddy
dz2_ ) d.z2 ;7

AEZTHBEFRAI2 THEERKRB =R,

3.4 EBRETLT

3.4.1 FHEMEERSRE

A4 FRGEZECOE T4 TR E T4 RS F 8, 58—
AEHAERTHE T Y8 T8N, LAMAF T FHIERSE RS T RE,
EESTHHEARE LCAO FZd ABZG THERETHHE o, 5 o BH 4
SRR T RS T, T BHEE 0 T ¢n, B gpt o5 F4E—3X 9
TFHE HEZEEBLXHB-27)REG-28)RA R, (3-28)X48 Hay
=g, Hayg=8 ARME,.Su=S AN T 1IWMEEE. THRE N

E.=a+ 8% p =,-£225 (3-57)

BR(A-aS)RAE MERBFEL(« —E,)<(E_~a), ZHRBRERFH
oy L bL B o RE A A R MR K

ST He,, MBPESRENELENFEH BT, BB LRER, B
RER BN A He R T X, IR He, REEFFTE.

MTFEERREF DT RHFET B T8 LCAO &4 3 4 —5t 1s
BFrHEHAEGB agls,o,1s - THIE X 2s RBEHA R o0,25,0,25 5
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THE BN 2p, BUEHG R o 2p.0.2p 4 FHE X 2p.(H 2p,)
HEM r2p.n2p 7 FHESRE. TERANRAENE T FPR4 %
e HYERFEHPRARTER . m FRMEEFRERNT. EF&EHT,s,
prd,REBABRTFH/(=0,1,2, - MBERFERFETRFEINIER
FEMNHE, ERLMERTRSERETEFENE SRR e, BT R7
BAE VR FrFHAEREUMTHE,HRNT,

(1) RiarTih - #i(E3.1), M8 - D EMAE S 4 TRAS
B BUTEFPANDE - T EHMWBF, HRNEFLFRFBTFE,
AL, =23k ,2=0,12, - WX EERSEH s, n,6, - HEBEPH
HEBIHN ™™, BH o 55¢ TR, ERE NERMNRE. « H_F
MHEGUTF S W ASHHNLRBY sind B cosd 48, RN JLHY
R, B 2,y @AY E,WHKES p,p, K. AR -EN
HE, " PHEMBE sin2d, co¢ BH —HEHEFE, ML 90°, BT
d,Sd. 2

Q) MERE TG FHPREARNEPRL, PLOEERE (e, y,2) 5
{(—x,—y, " 2)BR BT TREFATE, 517t H WABEBEWHRITEH
— M ERBLHMHEE

gl—r,—y,~z}=ft(x,y,z) {3-58)

SMBENEEFR)S TR (FERS. A2 g & u

(3) & - MM TEERS, AHBETHF AT, ARG EREES S
B, RHE - &R LIS T4 2 o R

FIABRTH A RERFREEAEORET A TOERTES &Y
GgeBus sy o AMAERE AN FEMBMERE 2(n=1,2,3,
LM n, %L R BBREER, BH, NS 5HASRETFRELIRE
AU als,02s %Y R WBAN, A FREFEMEETET
MR, R R T RREN.

B 3118 T 25,20 HTFSURAMMS THE RIS %K, B
BEWER— TR - RBAY, 0, 70,6, NRBX 0., 7,8, WE
e

3.4.2 BERFT

ot FEUE N B A BESF PSR O 1 IR e SRTE AL IR 3 I S TSR
F. BEREEITRNERANZNAANEHESZHTREERA
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t
25 25 e Saulouls)

Cal

(b N

// - "’“'" “'-'B-— - lmy{xy 2p)
\ |
!
8#{- B%— Inglmy 250
]

f

—— e e —

= 3aglaglp}

i
|
|
: Jaulaadp)
]
|

3.1l FAIRAMRETFREHASIERS KBS THE
(a)2s+ 24, (b)2p, +2p,.,(c)2p, +2p,
(Birdiaei2p, +2p MER RELRBVE)

FLEER NS EAREE KEEAMTRBER D, ED T RhHH
ML RENAER ., WEF4 FREAFE LSS RHE Mudliken
(1932 F)MNAR T FREPHEERBEERN,
FENRTHFRABHNERFANEFHMN,ME 3.12(a) 5 (b) xR,
ERRA
IJH{Idu{ZaE{2au{3dEE§1wu{lirg{B-::ru

FEHPMBE 30, 5 In, TRBE,RBXH,H 30,<1x,, % R W
At M= 30, > 1, X —ERHFAREW Li;,Be, FOH TEW, HMN
N, b dve BRI REEREK (109 pm) KA, ERRBE S REFF
OIMER,INXRUNAREVARESHW (LR 3.2), W F ¥ (a)
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L Fid
o 3a,
i * "
A
d IIT. \\ i"lIIII ¥
“,r A, \\ 5 / 3
- -
2p e Q2P / )
N o .-!"'-# i ¥
W e -~ F P 1-"'."l %
5 "-=?=" 4 4 - - A
X, o r - !
At _f! zp L""f s zp
30, ~ —
Ix,
'-,"'-.-_l--""i‘h Eﬂ‘u -‘}
2s L ~. 25 M /
~ ? ""- 4
~ e L vy
-
20, Ze
le,
1s - - - H 1o
la, - T
10,
AB B
A A AB B

(a} (h)

A 3.12 AERRTTHERE
(m K8, (b e

3.4.3 HiBEXMMEHEX

#E#H Mitigd  RITEMN RomM2EAR H+tH KHHEFE—
FTREFHEEH ARESKE
e  ZREMNSBBARTFHE s Sp, WVEFFIE. XEHBEF R
MESTH T THENFHATHBIEBRSGR T (R=0EIBR T
(R—oco )z ef, BUFh R 28 M 3k IR T [F) B XU IE 4 7 9 Bl 08 B 4 B B R4 R
¥.4 R U MEBETHR L SABEIRG -SSR HEXEFAE. T
R EESFETHRALFEEBEASETARR=0), 7B ETHHR
FEBETHER(Roo) MF A RARGBEHEMSEHXEK, HFETFLITHR

HTHiE.£#3F®RH S8 TE

nl

(1) REBRMEN . KERTHEATH LSHERBELAN THIE L

B8 A R B
(2) AARZHR . R FEASTFRESFAMNEKEAEHEIE,

—t
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s

FEEBBRARZEBREAGMNLBEE, HEBEARRNFEE LS
RS, BEME., B 3.13 FEZIRT 40 THHEH X
M, E2mNESRTHEEREZEE R AFHARTEHESR, EI1NEE
THA Rg,uXDE, BT R0, 7 THESEKTREREL,ARHE
15,25,2p, W EURERRERS FRIE,ERKFHN

$

4_11'—% '\_Qa '\ﬂ- - ‘?*& % ﬂ" ad
if {78 u r[:EI - X g3 o

Lfmy id, 9, 3d 3

4iay S 3s3d =

e

4L "1"2.-“'; 60 - e

ddeoy —W a,3p

ey welp 3p

1, 3

42

B 3.13 EERETGFEHEAXH

Iso, <250, <2po,~2pn,<350,<3po,~3pr, <
HmAMEFRMEFIGE YR R A A RBR TN, FHE
B—FRARBESREBS THEX, Mo ls,0,1s 5, BREFHFHTH

als—a,ls<al2s~02s<al2p~nlp~—nl2p~alp<
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BHEANBEAET HTHEAETHRERASIBEETHREEFHERE
KV ERES BERZERE R /W EA . TR, EFHEEFFRENE
O, NE3.13FESEEHL . HME RVNENEBRFEH S 30, 5
la, IKFEHER T HE 32 PRFEERD).

BROAXEREIIBARENEERHR, AN BRME T dE
FIBER KRB ES FRERTEI, MELTE R, RERAFE BHT
RERRRFEEKABAET THE ABENENREBESRBRELELARTE
EH—EBNATEEREAHBEN R, EAUN > THEEEEE
HIHER

3.4.4 EEEHRNER

HTHENERFY REATSBTFRETELESHEVR 4 FH
EEHARIBM,IITRI2 P ERALTRR, CRHESRRBE T X
8 H K — A A ER T 5% R — A BB T A B RN AT DA KT L A
He, 8 (10,)? 5(1s,)” 1MW, FEE AT, BCRIUA LU £ 3 F KA 5
BETZREL B LELUIRN=-"RBHEESG. RI2ULEETHE
A TRBEHETREE., REFRARGHEENEERNS, BEBK, 0 T
R N R, BN, ARSI FP.N, IRENI. BN
¥ :Hey ,Be; Ne, BR K 0, B AR E, AMABBT . BT, ANEHRS
M AERFRE.EREE 2970 CHSE, CE2RFEFRE,

%32 BERRFHFRER(H,—~Ne)

vide i £ #H & R I3, /eV R_/pm
He (1a,)? i t 4.748 74. 12
He, (1a,% (14, t Z; 0

Liz KK(24,)? ‘2 1 1.1440.3 267.25
Be; KK(2¢,)%(24,) ‘2. ¢

B, KK(25,)%(20,)%(1x,)’ P2 1 G.3+0.2 159.0
C; KK(2a,)%(20,)%(ix,)* '3 2 6241022 124.25
N; KK(20,{24,)%(1x,)%3a,)’ Y200 3 9.76%0.00 109. 4
Op KK(2a,)% (25,02 (30,0 (1m0 (15, ) P23 2 5.116%£0.004 12075
Fo KK{20.)%(24,)7(3a,)?(Lx {1 ’ Z: I 1.60440.1 140.9
Ney KK (23, (20,2 (32 (1m,) (15,0 (30,0 ' 27 0

KK RAXEME(1a) (e, HERBRTHR(I) RE
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. -y s

IERIMNBERIZE - HEFRERFEFFTHEHRSHERMNER,
B He, A7, Hey BERALE(16,)*(1e,)  @BF KX 0.5, 5 H #{Ll, ¥
AHEEVRE,ZR FCMPEEEEAN2.5eV. LLHBER 1, BRRKX,
BRERAD B-MEE, X5 THNHELHMS, WEXSHETERS R L
B+, Ll 2E, GHEETAAERIAMNTCHREDR, 5 G,C,C %
GFHFE. RFRAAZH8T CHUEMFRUGAFBESRNANERERE,
MARC FE,XARENC HETSENE(HOMO) Ir, 58T
POH (LUMO) 3o, HIRIBIR /D BT 5 TH A, C,RER.BRAEEHE
R, B AFETEESE, ZERERTWAIEEZESEE,FKHES G #{l.,
SMHR.N, ZEZRTUREFE, HESAFFRE, ZRR N, 21H M
T . BRANERF=ZEWMWACEEAELFHE, H HOMO—LUMO
X, EMBEmSERERIEMIFN 3o, AR 1z, 3 W HKER
£8, 1 HE 1% 35 % 85 R I iE 3 .

O, MERBSHEPE Ir, LIEBPHE-F,BHE Huind AU, BE(s=1)
R=ELE BREMEE. -, FREFEEER FTHRKTABAES, R
EIZEMlr, LEEWE REASTEEM.BEES T, 05T HEEMu
T O, 5 1r, ARBYPHEF X,

£33 SRTHELENE

¥ H: ] & 3] R./pm D, eV
0 (3, P (e ) (1) 2.5 11t.7 6. 662
0O, (3 Y n P (1x, Y 2 120.8 5.116
Oy SKCALEE NP L 1.5 133 4.07
Q04" (3o ) (lx Y (1) 1 {49

§3.5 BREXETFLF

3.5.1 S5ABENETFHFRIEE

MAMBHER RERA T A FELE P L, HIT S50 7 5 e 57 8
ERREHAT M A BRTFBETH., HAEDPER no,nr,nd, -, A HHEFH
WEE, n RABEBRE., 2 FHREBHG-56)SHE, P o<<e<t], B
ERRILE ¢.F oo WRBEKT oo WRB B THEEMH AL, FAHE,R
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—_— e e —r—re—

BB ¢ P opWBERKT o, AT FHMAD BHE(EI.14), FHFS,
AR (3-SS)hNMBME » S REHA(RMEEIZE 1), B EHE op
—a, MK, rBATO AT EERBEE,. S F_o58BETABRETH
HEEHR 0, 5 op-

B, .

% ) %/ '
\ N
s

B34 BREIAETTTHE

EE3I0H, o <op. RUERESFHFEFARLBEFBESHBEE
U AMBREEBREAEAL, BOS2 . E—TREREF4Fh,
R EUEAESEANE TR TRENEERS, RO E R
HEHEANETHREFRENTERS., 2 VHFHENER, FBEFS
BEAK  SESEESFoEHt, A ETERE.

g AR ES M EELE, SAESFARZLRS EHTFHE
HEEEARBES, BHE R GER SRR Z,, 2 A %, B8 X Ew %
AR —M, E3. 1S AFHARTFRHREELE#EEHMECE, EHT C,N,
OSZMHABRNARBENRETSF. BhELERCONOEZLS FHRE 120 pm
B S 10 BE 1 3

la<26< 3c<4a<1a<5c0< 20 <0< """

R3IAPHT -RREINRET T FREAWNRE. KT HFHERFIS
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4

(334 A

(x3d)A {3d)A
dda LT 4 o f@3F VA
spm dr {(x3p)B
ol ‘w{a&
(x3plA (EP}ﬁ
i A T

{a3s)B (3sYB

1d {o3siA £35)A
N 3do o | - G720 MO
3p Spm 5 ! E;SP;E
—— 3pa |
35 350 i _,/‘l"/
1 {JZ_T}B (Z-E}B
24 2pm AR . i (a2t 1A (25) A
2 po . cd }
|
25 257 |

T
) fols)B (1s1B

]
| {olslA (1s)A

K 15 %

[
BAIET C0.NO 253 IR F

B

315 RERETSTHEE

CO.NO A, FEZHEKREF HM 1s BEZ MG, El
15(FY<2s(F)<2p(F)<{1s{H)<3s(F)

BRAHB 1 LESFR 2, LEHSRAORBYE, 1r HEMHATF
Hq}szlzp}li_mig“....o

R34 —HREIVETFLTHESYIE

BT £ 4 A s R./pm  D.eV L1
LiH (10}7(24)? m-t—z+ 154.5 2.515  5.88
HF (1e)3(26)%(30 )% (1 )" ST a7 A1l 182
0O (10)3(26)2 (3023462 {1r)* (55 )2 1>} 112.8 11.09  0.112
NO  (14)%(26)%(3a)2(46) (1 x)*(52)2(2x) I w150 106  o0.16

1) o MBEERM,ID=3.33563%10" ¥ C-rm,
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3.5.2 #HXAUHITEH

BAMEEAEEEA.EBRUS THESKRAEMXR FHHHER
FF L HARER R (R--o)WERB FHEHLE, #m, SHEET2F
LiH3E 315, B8BF A5 N (16 (20)2, 7 R0l iEFH A (1s,)°
(lsg)? MM FERENT RHTE

LiH— Li* +H

MAREE W NRERFNMEE T, HEAEN 15,025, (1sg)
LiH = Li[{(1s)%(2s)' 1+ H[ (1s)']

R, GE3.13HE H HES~WPH+HEH +tH &4k,

SEBELHEEN. AXESTHEME RS HEFERE, mAREMEE

BRE, T—aUlERRANLEEE R,

ERBE RIS E—T2THEBEhaANE FHREE SN, XF
FRET oo 5 op WEEE SR, MHAMAR FHERHNERBERX, K
HARGIES THARMNHRERSE. O oo s BER ST THERAR
W, HEL L X -BEFLA—ERT,2s 52p, VEREERA, HEY T
WMAFMRANREEATSRE, LEMNTURESZESHMRE - ¢ 57 FH#
EOAT e THE 2L, TR BEEEERGETRR

8§3.6 BFEBHR(E)E

3.6.1 EHFEAH

MESHEEHEEAEERTESUETFS FHRAETALE, X1
RGBT FHAEPHTRME THEHNHBRE. AR, BFEH, &
HERAK(Z-36)ATE RoitWiT B TEBMS S,—0,(3-36)

AWk

[1‘:“.1‘(1)1.‘3-;\(2) + l'sA{l)lSB(Z) + 15}5(1)15‘;‘(2) + 153(1)15}3(2)]

hJ||—~

lim ¢ =

R~

(3-59)

A OWMETHERER 1sali), 1sg(d),i= 1,2 A ER T HZ B LR,
HEBFEREN
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lim}g(1,2)1%= %{{15A(1)]2[15ﬁ(2)]3+ [154(1) *{15g(2) I°

"‘{155{1)]2[153(2}]2"‘[ISH(I)]Z[ISB(Z)FE
(3 -60)
ERTHFRAEIRP AR XMHETE T 1s,(i)lsgli),i=1,2,ZF R+
BT TEBTF O BCREMAEGG ~60) R, EXE A m TR %
limj |¢(1,2)i2dr|dr2=%+%+%+%=1 (3-61)

R-hm

HEf F-MAEFAIBTERET A LRBE, S =8 F54H AB
BEFHERE ENFUNER I TERIEETFBIKER, §8—-THK 0.25,
RUHBATHG-SORARENS P, RERT H(ISD) +HODP RS S
BHTH () +H B EH—-¥. TUAELEEORBE LA &L
12.85 eV, XA LA H(1s" )R ERE N 13.60 eV HEB FEEEH0.75eV
BH¥, BETENEMRFELHE.Eo TFTREHEE R>R. B FEHEE

@%ﬁﬁﬂ
BELXEMNG-5OAMREZERIGE,HARIERBELS T RN
T B9 B e BB R

¢+ = lim ¢(1,2)cllsa(l) 1sp(2) + 152 (2)1sp(1)] (3-62)

H 48 —RBMFFmdsf Mz R T 1s LR T, BHE
FHERTHRRER, RAEHMT .
FE—TERAFETAHLEHRRERS AR DB AR HR, WERAGG

EIREA TR T 5

b

H=H,+ Hy (3-63)

WAMTHEREDBRTHICS | RBIAE MUMERER oMi=1,2,-),
BRYRSHER R ), MEA &R G ABRE B 20 F FBK R

piP = glgd (3~ 64)
X RY Y 2k ik A% BE B B A i ok
E=E*+E? (3-65)

HABREMMANESWE
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iy

Ha¢?=EN!, Ha¢}=EN} (3 - 66)

Hy)" = Eg)® (3-67)

B3 63)RGB ) ARAB-67)K,HFAHG-66)=, M3 -65)K
7 o

BX--SRMATHIEEFHER(R »oo H)) & F K Hamil-
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READ O WBET EMH " ERERA, LE-NDARG IBRPH
T, R AR, 1B

cos ¢
sin @

0

—sn ¢ 07

cas ¢

0

cos 28

0| [sin 28

tie 0

sin 28
—cos 20
]

0
0

...,.1_
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c052(5+-§) sin2(3+-‘2¢i) (0

sin 2( 4 +i§) —cos 2(8+ 52‘1) 0

L 0 0 -~ 1.
BekE T 5 F M Rar

{;ﬂ(.;u)cz’(e)=r;;(a+§3) (4—19)

EALMER. THRERER— C RAN OWENS —MREN 6
FLH Cy T =5 28, AT 0,1,2, 0,0 — L 3 0 BRI, R
FonAC . FR,TRRNUTHM,

M1 EHE-ASEMEEN TR, UBLEE 2 TSHH
HR L HE _—ERHHEA N /0.

i, FERSFBR B=1C, , £A8%5T 60 PtCl;- A4 ¢,
Fe N A5 ERT CH HAT ) AN 300, YEghy - HHd (0=
2), B G A, AEA - ERSBIT R C B C3; T R, 5L X FR 8
ERRBERE -1, H

CiCi=C3, CiC3=C3
W CC, =1H U E_Aaia%k C3 &K (3,18%)
1=CyCs = C5C3 (4-20)
XRTAHELEER C, 0L HE.
HHEM-19)XNMmER C,'(8), 047
C,(p)=C'(8+5)C,'(8) (4-21)

RUPEMA MM, TR ES —N C, (@) TR, FLTHEIE,

HBit1 HEENILAN o2 M Oy MBFE-ITSZEHEMN
n B, =2n/0;BEWT G MM ERERENRAFNTHRSZETN
n EHBIREERIEC,(¢)o

(2) Co,

iR C,Cy # AT Cpo, WM EERE DA AG-ARUE - 11K, T #
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fl‘,!(qa)a,,,(ﬁ):a‘,(ﬁ+§) (4 ~22)

Hp, o ()RBEAAINIKEs,, TES

Nz FHFE -TEEFHMANRBE MLFE - AZAB I/ B
BB -

B2 FHEEXEAEAN2HWAREE ERTHOER »n B, n
=2n/ MR ERBE S SRR C,(¢)o

s {0+ 5)a,(0)=C,(¢) (4~23)
§4.3 #
4.3.1 BHREX
BROFRBRBTRFONSE BIR -RHIENES UHEHEY
BARRM A, AP AWBEE o ALFR MK 5 TR0, WX

RIRENES. VA LCAO FERELVEREHEAKRMH TR D, 2B H
LR FHRENS FRHEFENARASNERE R, B ENTTHE HE R
fEMMEFERA LB HRA", X RORN B 03 o8 5 68 4% 40 A #h il
HER B THEWLEENLEBATRAENRE, @AM EA XS
FHRENTEIRE . T2 BHEARRL"HERREM,
HENITENES EF¥RES GIA.B,C, | ERZ,.ENMNMRE
EREWIE LT &4
(i) HHHE HBPAEEFESTTENERBOAHFETH I UE,BIFH
A€EG.,BEG,M AB=CEG

(i) EF TR BILHE--TMMEFLE, ESHAFE--LEME FHZOR
A7, Bp
JIA=Al=A
(i) @R =/ BoEHES
A(BC)=(AB)C
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(iv) #tE BAIMHLELE TR CHRBENTEW
ACG,A '€G HAA '=A""A=]
XEMNESEH EGTENN TESTHS N T ERHLKTFN RE,
B
(AB) '=p'Aa " (4 - 24)

H(AB)(AB) '=1, 5MmHAR B 'A '6f, BEGSRS W LEWE
TR s | = N ol il

BAEIERNAH- - w#ie T SHBANEAREE.

‘B —TRPTERN N RS A ER;

“HIRPEL G B Y ERE LR,

“Abel FE"HE BRI X EMETL T H

AB=BA, HA,BEG

“TEOIEETMN B LENES i R BRI R

PENH; 28, CETAF C, o, WEELEL.2, BUEHEHD
Wa#, HAR Abel ., EEE—-IT3HRFHIILCLCHHL =420 T8
(Lo, 0, 1,08, 11,0}, X% FHFERE Abel 3%,

4.3.2 ig¥
BroERFEFTENM RETCEEBLTHE , TxHHEP2Z — 210
FK., ERAEBRTE RIRZNDNMEFRTE A SBHETHXE
R 'AR=8 & A=RBR"' (4 -25)
MHEASBRERTH -RIEX ML TE.
EREP BLERNBRERMN I (EREN AT M) RN HIE R,

RS X, ®Brz, BEARRSHBRIN.HEEHRSKFHF X BRAE
RERYEE SR FFLK, B

Kag=X gy (4-26)
AR A,B CEER, SR W0 DU T 3 35 1) 5K A= i A %
@Dy = L E Dyid i {4-27)

By b o] HE i — 4‘EE%'¢E ﬁﬁmﬁ%:ﬁﬁﬁﬁﬁﬁﬁ(ﬁﬁ%)ﬁ%
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—a —r—

— ——r — —_

xA:XR{HH_II':x{HR_j]R:xHI:xH (4-28)

BN HESBEREERU-5,(4-10),(4 - 12)RX, C.. S T R ig
ER[ DR =2.1:CClio,,00.0,. RIEHETIHHE 4.2 B3FE, MW

~ 1 _ g2 2 -1 _
a{et’ﬁgu - L i Ul’rcﬂ-gh - ('3

1 _ 1 _
GoFgd ,  — G s T 0. — Oy
o f el I —
(40, (C3) "= o,

=Y
§4.4 & # 4 %

M- FME  ENETHRBERNE TR B TXENKRBER
PRIFPTFH GRS ERERACHE, TEHE —NH)THEMHE L
oER

4.4.1 AW

EEMBRASBIIREA - TRBEFTAEN BB {,0:(CH CHOL AR
—n BRFHBEEN  B#LLCLLCL, - CU VA HP - BITER
(FERTR)PNARBIRELHBEHTE

() =0,(6)=1,

(4-29)
(C, ) =C(i<n),(C)=C=1
EXEAIHPERTENETESNN
¢ =g, (C) '=C]T=C" ! (4-30)

XM - MM RLTEALERTEL BT LEMNTE, . R EFR, BRI
E X b 18R Abel 8,

MAEMmEMBEEFX-- K S MAXE S, =Co,= 0,0, E
HS, HEFEFSWHOUERIME AT REMAR. 23Ttz

(1) n hBE

Yo wEEE,S, HOERNTES®XE - M S,,5%,8),,87,
Sl St = P l{RE (=2 G EKIE(m =2+ )FFERBTE R
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SHE=(Co,)*=CH=Ct, (4-31a)
SN = (Crap)F =2 gy, (4-318)

XENS, FP FE-TC, T8, STHSTERS ™, AHM4-31)
R,MUEE =246 000 S_HASHTE N

SZ:{I&I.(SZ)E
Sa:iI,84,C,(8Y), 83
Se:11,8,,C:(82),1(82),Ci8Y, 8

MLAT LB n=4/+2 680,80 #n=2,6,10,-0F,S, BEEERBER L/ B
IEEHAIME,S, B - AEicH C B,

(2)y n hEH

Mon REHE,S, BB R 2, BTERANRNS,,S82,, 8" =0,,
S =LEFN M EREBLERBRTEC,.C,(50), CL(82),
Co{S' ), O (S, D), L BRBELETH C, FTRETLERY 0, 8
B : Co,(S,), Co0, (S 2o, O o (8277 1) L0, (S7), HBL,IXF S, B
WUEEERC, #11,C,.C,,,C0 VA C, Bl HWRAESH(E
BB OCfE S, =C X Cyo IMEEENER C o8, #N,5,=0Cy, K
BETEN

Cip: | I=C3(-S;)=(:%(S§);Jh(5§),53,-5'§f

4.4.2 F—1ITHMOERFEF

BE-TEEETHMNEERNEBRESRC, 5C, ,c ¥FAERCE
ML BORRELEMTE N SR ™4 o ST E (R
LEIBERABENTESMBRER, 437 BTHEMER,

%43 -TEBIMNOAH
it SEAR r| B (AKxERC,,CL.,C1=1)

I, C..Co 20 | A MG (BHTEM ERASF )

Cop Cu» o 2n | FheonCarraon s

.. Caer, 2a| n To (BRI FER, EHAN /0, Y » FEKN,—¥% 5,)
., C,,Cy ey, dn | 7 ™Cy,n TosonanChu o, O]

LR C,.Cz 0oy dn| n T Cysn Toyi 82,580,838
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4.4.3 S84 FHBRH

‘ UFEITHERBIFHPSHDTEBE M SR, C4I0JLAEE

REZAGRAT, FAMELFE QEE CHFEK AR+ wHES
“tmE(E4.4), R REMN T, O M I, AHNHFE, XZ1THERER
HTHS AT, OMI, IATHOERLE B EXNFRIEF T HI.4,

Dy

\-_...—\UI‘_
i g L

Md4 HMHEEZEEEFRELE

‘ ®4.4 EFHEHFEIRETH

B ol 3 i HEXERY BB SE

T Cy, Uy 12 | U -EEEHM(ENEEmP L ESTABRS) B =1 _E8(F
PR RS KM PSS ) ,40,5.405,3C;
' CerCy,Cy .| 24 | ZTMNEBEEAR(EARENDLEHAHE), WM EREHE
(FAEFENFLS=ZAEECEE); AP EWOF A ERHN
L5 ~RBRPEEE) 1,60,,30:(=C1) 80,60,
! Ce, 3, Co 60 | ATHEREM.I0MEREMN. IS T ENEWH;T120,,
122,200,150,
T, Cy,Cg,04 24 | NPT EESKMS, TNEREMW. N BE,,80,,3C,,68,,
B

Gh [:4:{'-‘3:[:'2:97[1 43 I¢SC3.6C4.6C2.3[:1(:E:E}ul*ﬁs.irgsb,;;tfh-ﬁdd

I | Ose€a, Caumy | 120 | 1,1205,120%,2007,,15C;,7,125;,125%,,208,.150

4.4.4 S¥LFHEAE

SHSTHELLERE S0 TR AERES PERERELTF
RART HEAFRUTHEEENoREEH. RE, 2 TFIAHFEX
FETESTHMBRBm, HETTEEFRESL ,WarFE#EEN D,
BMH Covo HMAZERE T2 F(H,N,,O, E)MCO, & FHAH
Do S, MRERBEFA2T (M COHF )M HCNEMRT Co, A
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#o
LR BLAE KM EF -MHEHEEE. BRE, H TRFEEM

ok Rt SRR oh  BRA BRI T FR8R 1F . 8 B R B I M R B
iLfE Cye

4.4.5 S FHERE

4 4GB - EHESFHEH BEFRETXESFTHRAXNSE
A HO{(C,, )5 Hy,C—=C=CH,{D:;) s H,O, (C,}, 3 F i # 3 ; C,H,
(Dg )i PFs (D), = A A (CsHs )2Fe, KEMB (D) MERHER
(Dﬁh);CHsl{Td);SFﬁ(Oh);BIZH%E (Ih);Cz{]HZ{](Ih}ﬂ

BHRE--TaTRTH A8, ERTALEREET(LTR),

§4.5 & £ ¥

4.5.1 AIBIREEFRFTLHETR

BT W R EE AT - B, FEHERER. EXHER
HEEHNE TR HERET — IR EXN N — 0, 25 5 4E B
B AN, BREIARART MBEANRBHE YRELROE. H
ES42F LB (r,y,z) BE, S8 C, 8023050 B4 By Xf hi 89 5 B
(4-5).(4-100HU-12)X MR -1 =ZHRR, WRESE 4.2 HF MK
HELT

EREBEHEAENR. EHANBREREL LS THRAR, 8§
MEHEE - —H#BESERR . EREGEREY /() FRHETTUES IR
TREER, flwm, C, 8

Alz)y=(2),A=I,C3,C%.0,,0;,0

R, DLGE FRIAE T IER 3 R, M 3end, LB (Ephdssh)# R, A%,
BERBE(E M FERR 0,0, R, AEFS(HE 4.5)

A(R)=(R,),A=1,C,,C3 (4 —32)

A(R.)= ~(R,),A=a,,05,0. (4 —33)



§4.5 BEHE - 109 -

=1 % K
EI 5
, w+ﬁ$+|_
it Cn(ﬂ;‘?ﬂ:ﬂ?
ﬁlﬁ “E‘ i O

Dok Conv
II'an‘hp’.rd!G!Gh
By
o
ﬂﬁﬁﬁfrﬂn I B
o
—I ﬂczlcn? .
= &
d'h?
B
Dyph
y
D nd
.ﬁﬁ:—_-"?‘ﬁ.*ﬂ_l_ﬁczm S;H Ca

B GErERERAN T ol
T R B B B R

= = -~ k- 4
LA —_
¥ ¥ b ¥
T x -
Rﬂ R; Rl-' ‘-Rl:

Md4.5 HEFRER R WEBRIER

X
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HESRRANEHEXATMYTEN—HAF)HEHET ;i R, A EK R
—P—HEFR,— LR+ B -1,

IERNBBEE 4.2 P C.. HHANTFHREBEST N Z4ERE, B
BEMEFRER (ST 1252 FRM -4 ILx 1 F), Bk EFF
Tl —H—HETFHEGN -E B TERE, XHAERSETHL 2 B(x,
VRE NEREESRF, GEUNELEBALIE NG THERE. BFHL
R.NEM—BER, BRMNEBIT C,, BRI —HRRRE -1 _HF
RLOETNBEARTAN HAENARETEAEFET AN ENHVER
B ATRER; SERE,U(r, v, ) R ERNZHEZRNRAHK, HA]
OB ENAHRRERE DT &E4.5,

#4.5 C, HMATHET

F R " ;

ey
1 M|__
Hbﬁm !
' ”|:-a'|
H]_
| I
.

4.5.2 AAHRTHER

— P RBHAARRTURE  ARATHRRH T HIRERE—-EN.
THREABHAZEZES,

EEI BOAUARSPHEBES THEXE,

EE2 BHATHRSRERTHNETHD.

PGy NP EMEAEAEN I HEH I BAFT=ATATALRR.
EAMERHEE2ERR 1,12, AREXHERNASAIBE 1°+ 1P
+22=6(BEW )M K 4.5 TR AT RRHAFF -

RIZXBAMNEER WAL ENEREASHL-HTHERE
B, 5. HEEIHL X, Y Fn, WE—-BHLE R HANHERERS
K P(R)H K(R),H

RX=TI'(R)X, RY=K{(R)Y (4-34)
X5YNEBRTEEREES BEANEES XA ECNZEMMAEELR
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—_———

Y=5X, X=S'Y (4-35)
¥ REBTH—28,FAAE-THK,8
K(R)Y=SI'({R)X
K{(R)Y=8SI'(R)S'Y
M
K{(R)=Sr(R)s ' (4 -36)

(4~ 36)A Piom B /B BFR 7 AL B4, 5BV ARRLE B AT RLK — 4 A] 49 RoR
ERERAAMALTRIEAL KTE -HRICER - PR T HRRERE, RATHF
ZHAMAFRZEBENEN, KRN

SP{R)S '= = > al'(R) (4 -37)

L s,
BTFHEFGE)ANBLUTHRTH T, SRS e S ER"EREHABY
AR B A4 -3NFAEAWHLKTE . H

X(RY= M X (RY=n, X;(R) + n; X2(RY+ - {4-38)

FrRl , RERMEEEFRARNATARAPI-FEATYRR T HER
R¥En, WL, FHIAFITERE,

EE3 MHEHTERRILEAR.

BE4 BRANARTARAFIEEHREEZN -HHRHF,

L DX (RIX(R) =3, (4-39)
k
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4.6 C HNBERRE

i 2¢:, 3a
A 1 1 1 B =
As | 1 -1 R,
F 2 1 n i {r.v)

REZAISERKRE C, BHBERAHERWNIFER,FITFE 4.6, &
:.I: C;,C% Lj,:._,E’_ (+ RPN+ PR ﬁﬁlﬁj"#ﬁ%:ﬁ*ﬁ ﬁﬂqﬁ&ﬁ:pﬂﬂﬁﬁ%ﬁj
B, REF4 cTHERKER 4 WY, W

-—é—-Exﬂ(R}xﬂ(RF%[HZH]:l
K

i,

l,3L1-2+2(1:><{—1))+3(1:><ﬂ)]:ﬂr

%EIQ(R)IE(R):

E(4-38)XWhE X (R), REXNBITE RKM, P HEE4,A
2

n,=%}ﬂjx,<mx(m (4 - 40)

B, LimE (e, y,z) A ER G BN _HRAJTEWN AL, RIERFI
BRaX(I)=3,X(C)=0,%(g)=1 KFA4.6,H(4-40)A KB & A 2y
Fem B A A

nﬁr=%13><1+2({]><1)+3(1><1)}=1

HAJZO.HEZI

HUDARX-HERULFRRTE R
'=A+E

EES HAHATHFORERBEMREX.

J. Gr (r)Op (r)dr=kdppd,,

DI'fURATARF 0,0 AERRFH B (ERBOHEKE 2 AH—4k
B, EENFHIT LR (1)RTARARTHRRAERBEHELIESR(2)
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BTR—ATHRFHEARSEANERBAEIER.

§4.6 HLHFHHFE

4.6.1 FHRWOIXRE

HICHATRETAFESEDITEREMNBRRETHT A X, Hamil-
on BAABEREXNERBFNAESHEN, RS HIERL b
WoRAAHEAME. B, EFRQHEHFNHR S, Hamilion BH H
TR AR, F MR (8] A9 3% 38 B ol a3 xf BR 8 AF 58 By, B 5 7 R
EXT R EBE R MEAT

Hy = Ey —R Hy = REg (4—41)

RHy=R(H) BHRERG HE KB ¢ a5 885 9w A
BOXMHEEW, BN R(H¢) = HRy., HitKITEE R H=HR(FE WK

BAEEN 5 Hamilton B X5 ), 5 RHR '= H, 3% 8 Hamilton £ 75 X B 4
ETRATRE, EA 41X+ AR 'R(=1)AF

RH(R ‘R)¢=ERy, (RHR "W Ry)=E(R¢)
AT

H(Ry) = E(Ry) (4-42)

HB Ry BAMEBN,RTR—-FEEE. R ¢ BEMHLEHBE -4,
W2 AT R

Ry=* ¢ (4-43)

MEE R BUBAT B IRERIE Wl ¢ i -1 —HRs, BREFR
AR, FEMNAEREAERAN,RMHFEN [.BTF Ry, HRRE ®&E
IEeR¥ , BELR ! TRAFFEER S b2, BREHE

/

Ryi= D) rgh, (i=1,2,,1) (4 - 44)

i=1

WUE I HTESE-RBERERER
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Ga . irmrmery | | ¢
= _ | (4 -45)

- 1
o F

rbl_ TR SVARE' !
K

_ify L¥pL Fy2tt ¥y A —&f’JJ

XAt RS BEE( N, B RIE N RBELS. B LE
REFAHORS, KRN ¢ ¢, PEABER. IRER E K
BEARLERERHF X—HBE BN EATEAR ., HIE,SERFFAOZAE
WEBHMR T TRAENANARSHE, XARKNT: —BFETHH
AN BT % 3~ Kol B, 0T DLES A el eR B B AR L

X EMEHRERANREETETRE FIRESFENELE, THE
BTRET, BTV EKPLEN - HER(HMER K FHNEFHRES
S), HBEEBREBAARAERZNER, X ELE R ER BT
G BAEE-AUHRTIHEHSEXWEHEMNEE . M&E LCAO
FRETLHESFHORBEHE, EFEM R FRENEES.FANGFEHETF
MEFHEHTAE REERTHAR —-AYRRHREFHHEASGH
STFEGE TESER KRG ELS TSR

4.6.2 MHESFHE

LA NH; A6, EoAmmf X ERE Mo 8, &8k
MIER AR, NHy BT 058 C, iR EB U2 . N AMEL,C,
MA M, EAATFEIRA RBM s, By TH,.ZTEEFRIBRLIRE

(8.0)F a (H*%)’b(9,n+ 30%),c(6,2n—30°) , H P 67128",
F 4.7 NH, HEMHPES R RBER

I 20, 3a i
N 2 1 1 1 A,
2p 1 1 1 Ay

2p.2p, 2 -1 0 E ,

H 7 Y 3 0 1 A+ E

EESERBEMHR, A E NI R THIE:25.2p,.20,.20,,
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EETHRW s RTFRE WICHa,b,co XL ITRAER C, B RER
AHENENTE BT EN - LHNERER ARG BRA %
5" AVHRR, ZALERFLREGHY. FRIAAFSHENMETHE
MREANERETHETER . EL IR T UESNHERERF, LEER
ERERAIBRNETREA NE2BT Ak, G5RAATR1.7, A,
RRFNEIPLCRT, (preapy, p.) 5z, y, 2 )R BIER AR, SO H
PTREHFE(ZER4.6). Z T HENMREEESFRETAE.C EZR
B, RE—XF 1s BLE M, 20 B0 A 4E RE

1 0 07 0 0 1 1 0 0
110 1 0 Cs:]1 0 O a:10 0 1
0 1 0 1 0 t 0l

BEALFIUER(ZIFRE 7). AIEHAB 1 Hls EEENBERAE
FEBE w2t A, + E,

TS REFHA =T I- HHNE, BRI A, SEFERTHE
AHEBEETHE. THRR—- 1Rl AXRTHNREFHEE . b6,¢
CHREERE=TI WEELREdePHRET. N . EHRT A A
A RFR a,b,c UEHASH ,TIEFR A AAHARTE NIETH s K
p. IERBERR BT

(S)a:(-"‘)b:(s)c! (pz)az(pr)b=(px)c
e

2,=C 3 (Da=r(a*b+o) (4~ 46)

7

RHFHA—RER CHBEREEZR e, b,c IARTHEN, RETHE S
EANAXRHEHNENz Sy ok

= N sin8 (cc-s %)a +cos{m+30°)% +cos(2n—30° )¢
:é(& -~ c) (4-47)
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"THEERBRWE Y g v
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= N sin# (sin %)a + sin(x+30° )b +sin{2x— 30" ) ¢
:;[-1_6(2:1 —b—rc) (4 —48)

S THERS TRABYATARTHTSL . M HEHRF 2R
ARTHBERTHELREHETMR. ¥ NI 4 F. =1 A, FAHER

ﬁlﬁ%mi&(hpué‘(a fh+ C))éﬂﬁ'?’cézﬂ* A, Tl R4 T8
HREATFHERBEEN, AN E RTARTHEETHE(2s,

zp:,,),(}i(b— c),%a(Za ~ b o) AR GRI) R BORM) M & 7
AP T EM I E AT SRR FOM, ME 4.6 Fr, SEYER

WP HAE R AN TR AR SR, 2HE 4.7
AR ERE ., PTHAS T MTMEFINETHEHETEHRE N (2a,)°
(1e)*(3a, ) HR.BEAFAHTENRELEREFHEYEN NH; 4
FABTAIX(EAAI—T=RFEN RTINS FRER), bT
UBASEH4TREXRF -BMEEREA R E5ESFHRENER N,
2a{-31.3eV};1e(—17.1eV);3a,(~11.6 eV), Ef1 5B FREHSH &

BB AN 27.0,15.0,10.2 eV EBH—F,

Zp P P ,‘f 1\ A
oo ) c
e ———— ~— a; '\\r,r 3a, \ ,;m..,___h is
H_mnq_—._+ ;‘ ’P=_—-—._
PN Fa 5 -
2s ’.-"'— "‘\ \1‘5 s ;'r
| r
\ /
A ]
£
L 3 4
N, s
% 2a, f
N MO H
NFa gl bl | R K-FHiK

Bl4.7 NH, A+ THMBEEMN
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4.6.3 H#

gﬁﬁﬁﬂg:lﬁlgﬁbz:"':ﬁ *lhpl&zf“ﬂ%.?‘fﬂﬁﬁ?(ﬁﬁ?)ﬂﬁ
HFER TR FENETERSE EXERBEEREAT.F

[

Ry = D, rud, (i=1,2,.,¢) (4 —49a)

i=1

Roy= O, sy (B=1,2,,m) (4-495)

MRRESHBTEN BB THARERR, ~4 HEEAN—Hmn B
M, ARERBABEIR e, (=1,2,,1;n=1,2,",m), BXNK
#ERKHBHE.H

R{gups) = 2 Z rySeatiPn = E E Uik, miPn (4 —50)

=1 rn-1 H i

JT:E':F Uap o gn — I',J,S*n%_"‘i\im mﬁﬁ:ﬁ R ﬁﬁ%ﬁﬁﬂiﬁﬁr&ﬁ_ﬂﬁs lm
BER BERERT, AFLEHFHTRNT

xim(R): Zujﬂ.jﬂ -

|
]~
M
“t
o
[
k- |
-

( ﬁm)(ism)le.(R)Im(R) (4-51)

.
|
—
a
Il
-

MEALLTEH,
EE6 HEERAHPFIGSETFEROFERNOER,
—BWE, ARRRRTAHN, ERALNER D, RAWEAT] AF
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®E5.6 AH, FFRAMTHER

Hr & T8 56 7—8
BEMY & "
L BH,,CH{ CH,;,NH,,H.,O" ,PH,

ZEfblah , 57 AT LA 8 FE 28 B A F A A G L, A R 0 B T L (T 4
MEBTRHXER, FTEMRAS BEL.

5.2.4 Hft

(1) HAAH

HETFHES 08, BREAEWE, 11 GH,; it FHR N 12 6, Rty ¢
AL I N,H, s F 800 14 83, 28 R I F G # A, 0 H,0,.0

(2) HAB

e FHB IO, RLEHE,In HCN;r i T8 K 11~ 14 8f, W) %
TR A, 40 HCO,HNO,HOCI,

(3) AB;

Href F8h 24 0 , B EMWE, I BF,,CO%4 ,NO; SO, 4 88 FH A
2526 B, BREEME W ClO,, 10, PRyt B F 3 28 0t R FHE R,
i CIF; .

(4) AB,,BAC

frefFHRE 166, BREEMR, W CO,,NO; Hr e F3 24 17 ~20 ¢,
5 At B, K8 A BE T 3O i b, 3 NO, (1347),05(117°), ClIO,
(117°),0F,(103°)

5.3 EEBEBH

5.3.1 @NFEEYH

ATHERMTETHNEBEEAR, VB FREHREBFETD T
R, AXBOEBRERRECUSR IR XRILERART B MR
DEBOBEHERATENE WEARSFPENRFREERASHRME, A
MSEHEARBEIEFROHFEER, S Lewis N FHREBEHMLUEH
B HAERAAAKHSEEETE., P FHBEHTEMARXETF -4
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RURKER, G- T RAKT BN AERTFTHRF,FENETF—4
b, THBHELRD -4 FRE.EFAREERN . MAERN, —
BEEHETRAMEFZRNE R GERBT B,

AREHHBEY S BIORUSKEREEI RS THENGR TN,
BBEHERBNSFHE., BE, RIMEGUB—HEE, B F BT A
AR AERFUNER ER"FTHER. UAFFRAMLUKEH, &
S5  ERFREA, B TURITRHFE US4 TTFEN oy ¥,
RARRTH 1s Bilic, b 2S5 p,,p, R, EEHTEBHE b 5 b,

&, =N(p,.+ Aa)
b= N{p,+Ab)

p. BETHTYE, RIFEHE ;s HEREE EACAVEEHIE, B
Mi,s Hp, ANFERBAHWE T, 6,,8,,5,p, EHMEX HWE—~HAFTHS
THE. BT b,,6, AHBETNS~O-HE, BAESET 90°, 8 /HOH %
BEA 104.5. 3 THAELMESLRAZFANOME, TR p HHFE
AT —RBE2H ;s LB, R AL 0 NESBIRBENRAKBKT
90° o P LA A AL b 0 R o 5 8 L 0 T 2R A IR BR 0 oF R 4B, AR LR
ey ik BRI EEMER.

a9 - %
4 \ N

b

(5-9)

a

M5.15 HOATHhp TN

5.3.2 Rk m

MARRRERY S FREKNRRBAER HEVHRATFFH
M B0 IE R R, B RIET o 8808 76 1F 0 5 08 0t 0 o 77 0 B o R A
Mk, AR EELARAERE,

BT p UHKAREE,BE— Rl p WEBTREL,  0,,0. B
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p=ap, T Bp, T 7P, (5-10)

(e, 7)) FZME T &K,
R oy FHAAKN—IH,T5 p, B Y
6 ML ITHL T By p BLEIRME 5. 16
R .
p=p.cos 8+ p, sind
(5~-11)

a S WIFE IO AILELE, & 3R
£ T AR

h, = N,(s+2,0,)

hy=N,(s+a,p,) (5-12)
B A, BREFs-p WEBSEE.N, 5N, FH—L¥EH

N,=1//1+ 242

(5-13a) b

N,=1/4/1+22
(5—136)

IEInfE NH; B H,O 841 # A Br
HER, AXHENRLELBLES X B ab
B ls RTFHELASR D> THHE
M, HTEEST M, E&EE -G
o h, 5h, WEERERMA-
TR S5.17,

FZILBENEZHRBERE A,

S5hMERMSFT O REFHLUN p LEHS B4, UE

B 5.16 p MEMEBRER

Es5.17 BHMH e, b BN

J hhodr=NN[1+ A4, J pappdr1=10 (5-14)

HARWRE sp, Bosp, EBRSHASTE, CFEW. & a Wtk ¥, p,. =
pespy ARG -1 B

j p.ppdr = msﬂaaj pidr + Siﬂgmj pob,dr = costy, (5—-15)

RAG-14)X 5,88
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cosf,, = —1/7(A4;) (5-16)

REUTRASFUE S s, WESHEX, HTRAEHEHER a 56,
WA, Ay WMEER, B cosd, BRMMN ,HU,0,—FKXTF 907,

T A=A, Wh =h RAFHRERE, & 2,54, W HESHER
fbo FTHEHLFBEERE, BitiEdESERd,

5.3.3 sp F4L
GALPGET s Hp RABG - 12) R FHNASERTFAE. §—4
55—¢p%ﬁﬁ+%ﬁ%mﬁﬁusEﬁ—%%ﬁE¢mﬁﬂEﬁ%jﬂ

el =1, F R 0, =180, AR — R

IE]:EII Paspg. ﬁlﬁl’fﬁ)ﬁo

hﬂ:é(s+ﬁa), hféfﬁm) (5-17)
E . EzREFTW,ME p,=p., = p..0E-1TIREG-4)XH

[, &EBEBECRTHES. 4,

5.3.4 sp1 el
A s ST p R E A SR AL, 5 T — AT LB N
o M E AR cond = -3, 0= 12070 EE RIS

W, P p,.pu,p. BHE 1208/ BN

1
3

ES po=p. b M5 MK -30,c 52 MM KA X 2107, MEH (S
S 1)REH

hn: (S_I_Vfipa)! ﬂ:ﬂ,b,f (5"18)

-1 - Y3, _1 _
p.r 2 p}'* b= y) Dy ) P_}r (S 19)
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RAG-18)RE, B A, kb, Hs,p., p, HEMEHES(EH5.18), 7
ERLTEERER
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h == T - = 2. (5_20)
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h
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(5-20)RFTHEGRAUMNE
XEHAH. AT =1k
MERSHN, SHEMFLA
Bs 5p Nl I;s 5p W
Mo pr TRy 1:2,
WA ER 1:V2, B

HUMEE s, HEREH

1AV3. BTFRET p.= p,,
p, ® h, FHIM B RE N

\/_%D WA LT R T B

-y

_%_Py D% ¥ - A6 4T A, FH5.18 sp’ #ib¥E
\ 1
Sh oo BB, U4 LARISGHHRT 5, 5 2,

EYXHE=M4s TBH A4 THEL4ET BREZISHE 1s BT
MBERG-NZAERBNE TN EREBFRBFEG 200 XTHRERH

MEBREL, L WEEMSEERE,B

1 0 0]

1L 1 1 40 1 o (5-21)
Np) V2133 2 V6

2 1 1 1 1 |
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g 0 1
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v 3 _J_E V6.1 143 v2 V6 |
TRHRTRELWES A EZEANRERE. £BH, ¥, =TE 1s B ¥
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FESBEFHRA—-AHESMETHEERIYERY THE. RZ, &
BEHMET B—HBHERTTHE UHHEBENETHIERL a.5,¢
MIERETHERE WARHEE T L NEER. XEARERERAY
ZR BMHEEALEREL THESERFITHENE T RHE AR

ERMSFNETEER RN
BH; P=1TFH B—HRBEHRER T TRHERTAHGEA

¢, =N(h,* y,a), a=a,b,c (5-22)
y NEGRE.N BB HE.
5.3.5 sp® 4t
RIFREEHBEHHE, TRIBHE p° RAEERH
hEZ'é-(:H-ﬁPg), a=a,b,c,d (5-23)
B AI5r 3 AL 18 18 DS
HAKA(E5.19), 5§ 1

THEILEST 141 5
R4, ENZ B E8fH
WR cosf=—-1/3,8 6
=109"28". B H p.(a
=a,b,c,d )R & (5
-1OARRA b2y,
p. RS &, ME(S
- 23) A E¥RN 5, p,,
P p, RFER, B
Hig Y ESHY
BZEEEHDTT R A s5.19 sp® RALBN

MxH, EHE CH,
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TR FRADASE C-HBABXWUMCRAERBEIBRA = 1s ETFHE
MERERFR. NTRAMEFHEAER, A BREWRAS FEHD
AR, A MEER TR EAM, B A EET R TR
Bk, B—FE , ACRERT FRERERT TRETR, HIMNE 6
REREN RS F(BRT)BEIHTENEEE. SWEHTHAHTEN
RMBTHRAHESTRIBETARA ST, FARHEKERMTY
MR R R, Wa R RB AN TR, MBEE N BE
R IHEEESES WU EESSTRENTET SRR ENTN, X
MREERME . FEHEHW,

UL EX T RAEERITIE, B 07 s 87 1, O 4 88 59 i SR X
BRUEM MAFRESFPERNIBYRCHETEHTHAREEHT,
YR Slater R FREMERLIE, s, p P18 M2 E B BHEH

R (r)=Ry,(r)=Nre ¥ (5-25)

B g%k 2.5 7B P e =325, (5-25)REH R,,(0)=R,, (1)
=0, BHREFA pRLEN Y AL EA(RFE) . E8 s ER B 5p”
2B EATHEBEIRS,HE 5.17. 8 5.18 XE 5.19 v iF =~ ph B
H. BEREEFREXRRERLIE, BER 2.3, R, (r)FR,,(r),H
RS

Rh{u)=é(f{;)m¢n, Ry, (0) =0 (5-26)

WK EMEH p BLEF  THRBEIR S . BRIOA s BLBRT/E, %L
HYTEAFTESEST. AS5.2080 TEAHRENEMSHERK, K P
T B S A o
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5,3.6 HRELAED
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SEEREATHREMTT
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REEX p BTFEE— 1= 8,
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MEAFRPHBR, TEBESENE. AR -KREI=8,F1
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C—H 4 —+ + -+ C—HH 1

{a} C;H, {b> C;H;

521 ZHRSZANERTTHERER-EH

EEGTHETRAUER RES TR - HEAER, EFRIOTU
A—FEEERERMETERE? TP r B THREEN, » 8 TE C—
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RN EEETH.

5.3.7 MR y

U EFHis R ESFEERE, Bl —HrbH
HE A RHEN BALHEE, X Tk
F, T8 WMEB A HOH=104.5 , HIAHTE
O-HB5 -1 WX BESTFEA, L

127. 75°

EkdE vy, B RE 5.22, Mo WH 55— H o
BAET 127.75", SMAEN, £ LK=
AR MBERUTER A s5.22 H,OPHEHe

ho=(1+22) 2[5 + A0, )
ho=(1+2A%) 2[5+ Ap, ] (5-27)
ho=(1+22) 2[5+ Ap,]
HBEZALXG-16),0IKH 2,=0.817,4=2,UK
Py =rcos(127.75") p, —sin(37.75" ) p, = —0.612p, —0.791 p,
p.=cos(127.75") p, +sin(37.75") p, = = 0.612p, +0.791 p,

fLA(G-25)A .83
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h,=0. 775 +0.63p,
hy=0.455s -G.55p, - 0.70p,
h,=0.455-0.55p,+0.70p,

PRATERIELTERN s SpHWEFTEELH0.6 50.4,7F O—HEM A, .~
RSB 0.2 508, 88RMA sp’. HUMBREP s RoHAGR
K, ERMHEFBILO—HEX, ATH o, BEAS S PEAAE, N
¥ oK 5 — T 0T R o B

EFHREATEAREE - KA THE ANARRESH
sp Ak, BT RHIESM spt SR, B{VE R T HE A RIEK
i+ F% T3 18 0 A8 4 LAY
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54,1 XREK

ERTEBRERURLEFREABERGAIE. DEART T PRIT
BEMHENEE BRERAEHN, ErOZ—ZFHEH SRERTH
AR (E)E X HE oo [EHEA, ZAERBERE 7O
METHEBK NEBK, 5. 7THETARRKEN C—H,C—CR#E
K{(XBE®EFHE)EE,RAD rX—8%,

5.7 AR (ZHEINC—CHERINC—HRK

o .1 #2869l # £ pm BB 5
C—C spt— sp 154 LE _
sp’ = sp’ 150 N JE W E
spt— 5p 146 Z. I’ P B
spl — sp? |48 T_%.BE
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ip - sp 138 LR EEE, T 4k
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5.4.2 YT C—HEKAXMR

HE,RBiEE A RIERbEg K ER, ATHIHE AR, FROIEER
Mg, AL T THREBIEAN YRIAZERERBHERM
T FHEBAE S, TN

g=1r85 (5-28)
r HAEE,Ss hEEMY>, #T C—H®.HA

(5-29)

S = J(l’rﬂ?‘)' %[5+Ap}5’dr=

¥ = Jss’clr, v = j ps dr

XPs,p FFTHERT C,p BB, BEN 1s RFHAE: «,v
EREEFHGs Rp SsSWEERT, FEFBRKESFT v, v HEEA
Bid 0.5, HHBREL, LENERRAE . AREWEL.

ERBAESRUMXARTEAIEREN C—HER T, B S 2 BIH
7 K B E L O AR i (8 R AR A i AR

dS _ wv—Au _ _ T -
dl_(l-l-.l)yz_{]’ A-—url (5-30)

EWYA=18,S EHBRN;E O
ALK, S B EA;T AKX s

Foiat,sS pETRE, B5.23 2 T
HT S-A MBHR, GHEHE \
B854 T R
S(spy>S(sp?)y > S(sp®)

(5-31) ﬂu 1 f;\/;é =4
R, R BUREZHRE g5 cnmsaEEeNEan
THRXE, NAMHE LBERE 7 & SERVBE A BLE
5.78 )5 &84,

5.4.3 ®EX C—CRKUEMW
MFC—CR, TREEMEAFA#THER EEBSTBR TR
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(5-32)

o osFAdp T+, wr A+ A ) v+ NN w
5= m ;dr— —
Jr1+a2 JS1+a7 V(L + 2D (1 + 2%

HFUTERERF-CET AHNE p MBS R, wu.v,w fUE
EWEFHENEE-
= J.ﬁ.cfdr,v: ja‘p’dr= js’pdr,w= Jpp’dr (5-33)
ENFHRENEE. Y575 WCHWAATEN,BEXNT C—HHHHN
i, SHG-31)XKFFH,HD
S{sp" ~sp)>S{sp" —sp2)>S{sp" — 5p°) {(5-34)

AP sp” Rl — CHiBlEMARERE. W IMREFHRLESERH
FAE, BT A=A MHEE XA G-32)XHMERA

dS _ - 2{wd’+(u—w)i~v] N
d)ﬁ._ (11',12)2 (5 35)
BAXAHET
3‘:? (u—w}z E‘L‘Uz_(ﬂ_w)ml (5_36)

TE,88 SayELFN A
S{sp—sp)>S(sp” —sp?) > 8(sp ~ sp*) (5-37)
GHG-3RXFG-3NAFHER H
S(sp—sp)>S{sp—sp?)>S{sp~ sp’)
~S{spt = sp?y > S(sp? = sp) > S(sp® — sp*) (5-38)
MM EY C—CRBRKECIEEMXRMT
N |

—C—C- < - < —{|:—C—
N e 7 P
~ ¢—C < —(—C < —C—C—
SN RN I
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§5.5 T E F(VSEPR)#® i

5.5.1 VSEPR #i M|

BNABR T THHE TENESEBOME, EN T4
BRI REEFART RN, SUENERFS RAER"EH,HF
RIFHEEEAEER. TR, ERERBEHEL, 2 Fhaw FENGd -
M AT RERF MR TFREEFHE, AHS A,B,C, - F
. SEERTEETFmMAER

E=E,+Eg+t+FEq+t -+ G+ Gae + Gpe (5—39)

AT E, RFALGSAHNETHRT D TESYHNER, HENN, E,, E;
AR T THRENEERS, GuEA.BHSHETZEECHKRE,
REME,EEVRREEH, BAENEEME E. v Ex+ Ec + - R E &b
B,0 GapF M RAFRHR A, FHFRERD. BLSEMAMEEIEN,
A THREBEEMILAHRE, (5-30)F £ 8 s TR ERR
EERE T FILAMMRA S, & 54 VSEPR Bt , 5T #E4E % 1A AN

(1) fra RSB E, & a5 8 FERD;

(2) MM BTHREMNBE FZEBEFEEFTUTHF

Pt AR NS > P 58 A > 8 S

ST HF RN AX, BT AN R LM B MRET F & &5

REGE EGHHHELFALES.S,

* 5.8 AX 9 N{THB

n (e Tl 80 L, fal 444 7 T
2 T aw © Hgh
3 AR BCl,
4 i P it ik CH,
5 TRALHE PCls
6 NN SF,
7 h AT IF,

AN Q)EERENN DL FHFESRMNER, XREE TN PE L
—~ T RBNEFERST TR TEME, AT EN rdFxR. ShRN, BT %5
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BB RERZS MRS A TERRZAN"ERX", TED R
EE ST HMbME., B M RAENES s AT, ABEEETE,
HHEMABEMHEREHERX, SHAXNEWHESFR . GOEFRHAR
HAXEMTMAMAE ST s HAaWEK, (i) —p BERBAHSHINTH
HhMs BaoBX WENERPETH s aB/Dbh. XFEFAY, BLF
THMAIYAY A LI TFTREHEAMR N (ERES9), I
LHAH{AH,) > /HAR{AH;) > /HAH(AH,). £ 5.9 P& )@ AKB b
£ BT 8 DU B D T AR /D NH, > PH, > AsH, > ShH, BR 2 u B F 3
fr@Mx, HEEN ZHEMHF /. MY TFHEAOBLETF, WEE Y
mEfERELX BYEEBRETCR T HEIFEFEE D ATEAH LT
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¥ 5.9 AH,,AH;,AH. R H

i TR
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E StH, (109.5%) PH;(93.3°) H,5(92.2%)

aﬂ’ GeH,{109.5%) AsH; {91 .8} H;Se(91.0%)
Al

SnH,{109. 5"} SbH,(91.3%) H, Te(89.5%)

5.5.2 HHHNAS/LAHE

—BmME. AT AN A RO R - RaE, a5 h
()M HHBAEREERARERE, I ICL, &M mE A,
RBRWEHARHATEME, EFOETEBRHEREGHY ), W EF
FHPEBGE , N TR E WAL,

{al

A 5.24 1CL; @ bg 2, 9050 FE 86 0 7
FRERT, , BEER Cl R I(T4)
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1 TeCl,CIFy, B ICL, F,48F -~ . . =Z1TH03H, £ EHNRRE
— 3 F,EBINNRE=ANHEEY, ERETHARD TN HLET=
BPmN, LA s5.25,

TeCl, CIF,

5.25 TeCl,,ClF;,ICl B ERH

TR RIAHERERAR I A8 R #E R, Al 120°
RLAEHBPTLVIAREBTE, RUAXNN T =8 TP, HikHEH#FHR D,
AEmEBAMSETFANRBUY ZEHNHEFER. EXERERE P, W
/R EMR O HEAR L.
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1. Bl FEK TR T H, A THENEEE MY BEARNHEX(RE
). BRASEETAWAE? RIBREE, FRAVBRENETERREH, A2 H ®H 7

2. #FH, AE BH;, WL HE HLHH o THEMEEEN A5+ BEF (B
BECES)  ARNKERBE LT

3. A HARENEERE, FRESFYENESEE EESRLPEE A
BEmMEARH HCHY O H, JH PR

4. WFCH,  HEBRE—-T=ZBEWM(C—H) N 28, PEHEFRTHRE&EC L,

WEHT THEMERE.
S REB2E5BEINGR, BN Walsh X B 398 H O WILITHB(C,5 TS

BTFBRBEE,

6. WIFKEE AH, % - BAMXES B REUNFEAHEL 35,—da, 5
lo,—2h, P HO® # % 8 F (2a, P (16,0 (3, ¥ (150" (400! 5(2a,)°(15,)°
(32020160 (28,) IILMHR . SHEFEBHT (B BRIELBYIE dq, 528, W
RS By, (B)>E,y, (SH#1).E), <Ea)

7. FCH, .Y — 1T C—HBFANESES. EZHSCEARSRETF N KBAT
NH,,#®& 8 CH, 5 NH, WRESHXHE,
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8. WHHMFRH S FHILME R, N,H , MgH,, AlH, , PH; . H,S, AlH;, NH/ ,
CH; ,

o, HIWMT F L F R JLA A M. NOS, NO; L, S0,, N3 LBy , NF,, NOCL, CICN,
CS; . N,

16, WTFEELSF AR, FUEBREART p 2EBBALRERI T ETHRIE 18
BEHE THXRIT ST W EMMREFTRAMER.,

11. 3 F sp? R BH(5-20) W RE Ak, B A RIETMH -4,

12. RIEE S 10 RIRE RS H o HibMBG-200K,

13. ERBHEIFNEER  HFEUCH M o' 20 . FRTRESRER %
FHEREGERNNEZ - BEEREFSE4F8 HL SrE HE PR AR T, #
wZ.

14, Fsp ESHERAEFERE LOM S MW AU EHME A, Sk, F
B A=A, BT O—HBHIFEKEA A Sh,  BF AL =4, EHHOH=104.5 T
WS EZEA LA TTRE 109.5 KRB EEFENFETFHNE s, p,.0,. 0. V&M
HERX.

15, L3R4 NH; #/HNH=106.7" 3% p*  E ¥ 2 EH7RE D N L m 42k
HaE R N—HNEERY R,

16, AEEERAARNAS . BREATH T THHRRBASR . CH,CHCH; ( F &),
CH,CHCHCH, (7" —#) ,C4H, (%) , HCHO( F & ) ,HCOOH( P & ) .

7. BEE FANT LD RPN C—HE2REHS B FHEBRIABKF
HEF) . CH;CHCH, ( B #8 ) . CH,C{CH, )CHCH, { B 1. — # ), CH;CH,CCH( W 3 7, ),
CH;CH,CHO(H B ) .

18, REBLI7THMANT FRC-CHRBK HETHEHFES THE HER
% FEHWEE.

19. EMBEHSES T X, HERXELWHER . AU VSPERBECRE 2., &
E XeF, B9 JLITHAH

20. ¢ R VSPER B TR CHY ,CH; IF;,I1C,, MR E/LAHE HEHEABRR
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BmEES TR ERER, BESYERAEE, ETHREAHLED.
TE, EZXEGOHEREE RUuBESERNNREARB AT ILFHEEHR
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P THEAGEHAAFTRNBLERFE. 8 TREFES FF
HHERHE =188, ENAGFESr T TERESH VI, & |’ L 3EIRF
Ho@,BTH p B THERETHN » @, HIRTHHEZN, r BAN
NEBTHAHAITKET MRV BREITRETHEE S THE, &R
ARARENEESF . EHATC—CEBKMAF,H 139.7pm, fr TIEH C—
C(153.7pm) &5 C—=C (133.5pm}Z @, ZH ~n AR MW EHEHERT
BR 2, REHAE— K Kekule EMA TR BN FC=ZMAEEREL
F , W 0 & P T3 Kekule SR HIR"MEE R,

H H
H H _ H H
H g | H H

H H

SR EREMMAEBAERTES T, B FREREKA S H
CE=&AEHBEELS THRER (BTN C—CR —C ,C—H @& MM
93 & 150k] /mol, TR EH ARG, ERIT 7 X2 TR EEN.
HMAFFRZME HFURAHECUNTH.

FRP r B THERREECRANT MBS FAIEE. RN
BT - HESREARAEINOKVBEEREXER, ME FEXRMR R
MRAAERNMEGETIRESE,

R BREREERLEX T HEFAGCYPHIRTHENEBH TEEZRR
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HEGRERLER DN THNTER » B THREEBESNFBRR"NE
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REHTHR o2 THENRHAR S A EFER"EXENETETEN

s

§ 6.1 Hiickel 2~ F 3.3 ¥ 3

6.1.1 Hiickel i

BEBRTHEETE RELEFREH s @M T BFEIHHA L
BB - T ERERAER B THNEREGFES. H
O RIEW LT EH—4 » 7K Hemilton B HEHE R

Hey=E (6-1)

AP, ¢ NEr 3 FHEE VERAME. RHESFE.H o RAMEHK
BT p BRTHENKENAS

g=crpyt ot toongn (6—2)

RA(6- DX, BRELU " (i =12, N)FRAT , AH/HEZM3-45)K
2%tk 7% R B

((Hyy~ E)e;, + (Hiz—ESple;+-- v (Hyy ES|n)ey=0
< aasaas (6_3)

.(H_Ml = ESN]_){.'1 + (HNZ - ESN})fz + e {HNN _E){'N:U'
ﬁ*Eﬁ&ﬁ%ﬁliﬁ Ly @207 Py %E—{tmerhSn&ﬁﬁEﬂﬁﬁﬁﬁ
i Za

H, = Jq::ﬁqn}dr, S, = JAfp:gD,dr (6—4)

Hiickel Bt “BE"AERET AT HEH FHWIDE K, W X TR
BAFRRESRFFEFR RS RBE H WEHEH, S

(YH,,=a (r=1,2,,N),a BZRELH 7;

(i Hy=8. 8T r BF5s KFBE ;T H, =0, 7 HRILEH
s
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(iit) S, =0(r7s), N5 2 0% E B,
FiE— B RBUT E#H
a- E
g
L (RBFEMYTHERY « AFA U BHFENEREM M (6-3)0H
/R T ] B ) 28 B A 5

=—r, BME=a+fx (6—5;

AC=xC (6-6)

Hbh CRFEVUE o0, oy FBEFIME ARBNAON FE,A
=(a, ), BETHER 10,80

{1 r 5 s 4
0 Hu{(EENHT)

ARBBEER, MH(6-15(6~6)3,A Y T “HE"Hamilton.
HAMEN R

(6-7)

Gy =

|2 — A} =0 (6—8)

SABFROG-46)XFM KPP IRENBHBRUELE. HASKES
R EEEE X, REFEG -8 A X R NEE(RIE) M.

MFPHE—-ESF O ATRERGFREEURAPELANES , FEA]
HMPEFREREL(6-NA, FHEAETR(6-8)X., FMNATRAOERE
AN o MNEKEZTX HRAIFMHEEHN, RMERBHIERG-8),H
REFHEER . ,(i=1,2, N). TRHHTRAERR . 2B BFE
BT ZHEOFEROERE KEHFE SEEMARERER

HF. LR BAE T—%
M . o—0 Oo—0—0 O——C——O—0
EIEF R 5 H
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A4 2 W o B A

g lxy=z- l,g;{x):.1:3—2_1‘,g4(.r}=.1‘4—3,r2+1

fE 7% o1 7 X

‘ i1,—-1!, W2,0,-v21,i1.618,0.618, —0.618, —1.618}

6.1.2 EHRILIHH

WNATLREA MR _HECZR, HEFERK(UBRETHAML) N

NHE#EREEIE, #R8RNESEFELH PR, WATH 2K %

RMEXHAYRE, IHEZXHATIATFCRBRE . EHERHLE, #
W, MR ENEETFIAE 7B, 5T

=x(t-1)~x

EEBHEER gi(z)=ag () —g(2), BEF g(2)=x REPREHOERIESE
WX, AE BT _HREOAETHLXFE-—FTRT. 0B g, (z)=axg:(x)
—g{x). A, MHEKAINWEHLELSE, HFTHREFRF R

r —1 { 0 0 0
-1 x -1 - 0 0 1,
gnlx)= (6-9)
0 0 0 -1 =x —1
(0 ; 0 0 — 1 x
HWAHHE T EERREL
g.V(I):-IHN-I(I)_gN—E(I) {6—10)

FRE THAEYHFREBERANFUES ML ER AR AR AL,
MM REEBE, mN=5,6 DR _-FBERNC=ZHEHNER
gs{x)=x ~4x3+3x, r:1+1.732, £1,0}
gelz)=z%-52*+62%~-1, =z:1+1.802,=1.247,£0.445}
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SAERBHEMEN,BE ov ()N —BERERANR

[ W]
gnlx)= Z;, (—-1)" r!(?;_’gi}!.r”‘?' (6—11)

5 N REHE KA ERIN2] = N2:% N hager, [N2] =L

EFE r=2cosf MR, (6-1DANRMAESEERANZAMBEHX,
B

gn(2cosf) =sin(N + 1)#/siné {6-12)

RAMETR gv(2c088) =0 B sin(N+1)8=0,0[#H(n+1)0 LB x K
BB B(N+1)8=pn, T

urp=2m5ﬁ‘b+il (p=1,2,--,N) (6-13)

SN AT, E p= N; D =0, RS EERRE RN TR, K

A RERANT =0 NWNHA, - ¥NEB(z>0), n— W (<0),#H
2

Iq:_IN...].q (qzl,z,"',NTF'l (6_14)
M N RBYE MARNTHNRESBAEL, (6-14)KH ¢g=IN2,
BB W x, 5 oy ZH,BHHN

A=, — 2y = dcos N"’j_l, lim Ay =4 (6-15)
FHEHLHBEEN « BRAOHE(2, -2]26. FBE N WML . ERH
s AETRESN"E", He. 1l S ERLERELRWRERFTY,
FEHYHE AHEBTEEEEFRNAEGLER .~ TEHRE, MHF
BERVBHE AR FHEERDTTHE,
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—2r U — ! e
_— ' —
03— it — : — -
0. 618 0. 445 i — . 5'?“
ity J' —
H — 1. 247 i == | W&
A LS8 g e | =
a2l . — = 1.8 ! = )
N1 2 3 4 5 f  ————e o

Mol BELEENHEERSN

FTHERBHRB FAFTRKTBATERE -ITTE . EHEEEN
HME. BB {LREFRNHE, VERE, EHB-THTER.HT

79 B
x -1 Ca 1 - i
-1 x| - ’CE_IE"—],E]’C}_IE—ICI

RKA—ER > THEERFNTEEEER
cl'—‘xz—l:gg(.r), c;=ax=glx), c3=1 (6 16)

B e=v2,0,-208A B0 —f B0 FRERKESTHREN

¢1:%(¢1+J§qﬂz+¢z),¢fz:é(qol —@3),5&3:%(@1 -2, + @3)

(6—-17)

WEBESHNREO0,1,2, AR FRA LB, qIB8T Bk EH—k5FHH
X A

c=gi(x}, ca=g{x), em=gi(x), c4=1 {(6-18)

HEeikil.618,0.618, —0.618, — 1.61814r LA , 18 3 X} 57 &% 19~ 1H — 1k
A FHiE

$1=0.372¢, +0.602¢, +0.602¢; +0.372¢,
$2=0.602¢, +0.372¢, —0.372¢p; - 0.602 ¢,

(6-19)
$¥3=0.602¢, —0.372¢, —0.372¢; +0.602 ¢,

Pe=0.372¢, —0.602¢, +0.602¢; —-0.372 ¢,
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FEBE>MNZ0,1,2,3, ZHRJGEAERT BT THS THEAEE
R THEG6.2 W,

"::Hq C3H5

#H6.2 ZH BARENMT BN S FHE

HBERERNE,(6-2) A THENRH - HRBTRIET M
=

flng—l(I)a Cz=gN—z(I}s"'=E;¢=g~—,¢(r),'", ey =1

(6 —20)

E*x%fﬁkﬁiﬁE{ExP:Zcm—N‘%g Ba(6-12)RFPHLAXRTF

(sin) 'RILIEFRHHRBPERE NBT -, R THHERAESA

ck“’:'f-csin(N+l—k)ﬁTﬁﬂsin$P;% (6—21)

TR,BT 2, B THERALUTRFER

u,bp:c*-_z:sinﬁ%%'ﬁ (6-22)

c BE—tEFEFRE.
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—

—=a

6.1.3 HEH
BRI NPXERDEE G R, A TERAETIIA Pe(r)

T —1 0 0 —1
-1 x ~ 1 0 {
Pi(x)= l (6—23)
] 0 - -1 r —1
— 1 0 0 -1 x

SHEXERNEAETHLG-IAEE, ZINETLHLANETAE
A -] EEEL, AL P AT AR, BEHEN WAL, 4
R

Polxr)=gn(z) —gn-2(x) -2 (6~24)
Hes - TF—-—1T"EHEXtEHsRE. "RE—MEMEEN,E G
FIAMERAE TR -BREFFEAEE(C - DHWREEWA, R E

HEB(ERRED)FABAE(CG-©)MERZIA, AH I KRS ag
HENHRAEABEE(G - r, ) WAEETLHN 2 15,0

Po(r)=Ps ()~ Pe-o=2 2, Ps-, (6 -25)

FRAG-2OXEMAEBTEEHEEN KPP G-, G- REK
B NEN-2HHEHEXES; T G- ZE0EEBE. EHSZBHALY
— A G EL , EHYETHRRIOEAEYL g(x)=1,

} _— [/i\;' : “ZHM
E.-"'f / O, #J" o.’,-/
‘s

G—e G'_@ G“l",
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R, H R~ WA T HeE &, &L T3 &

O—O0—O0-——— 00 === O O0—O0————O—20C O— — = —l—

I gN 31 g,b.r_| gh‘—i

EHg{x)=x ,BMABREXHE(OC- 10X, HEBRIHEF m Em+12
B )8, AT EETLURR WS —HaH

m m+1

o— —-- “j = o—--- O == = =0
T . | Nom] Enka
e
O = =3 T .
£, =1 [N —m—1] Eo-rBy

MMEFEHE - XRALNT
en(x)=gn(xday wlx) —gn-1{(2gn-m-1(x)  (6-26)

X—KRRAXTRHEALMEFMLL WA,
REUEBNEIREEXEFHAUAL NN ST RTEH - =
2e088 M (6 - 12)AMA(6-24)30, A A=ZAERAHAMBEAR

sinif N+ 1)8 —sin(N —1)8 =2sinfcos N

B3
P (2cos8) =2(cosN8 — 1) (6-27)

B Pe(x)=0,88 N PFMEE(ER)
zp=2c0s 22T (5=0,1,2,,N- D) (6 - 28)

HEAR T RHBEMEERN - BRFH B 6.348H N=3~-8 pifey
BT EfSE.

HN=6,10,14, B, 54 +2H(1=1,2), XHBRESRENT
MERES—FE NI THEHBREER BERTHWHTESHW, L F
BRIETHRWEHEREREN RS, RALFELE". RARNKRWK, &
o 3MHASHRET 8(H 6.+84), M 6.1 MIC =M ~ &7 58
By 6 +78, MHEHEER, SHARM, XS THRKE5E S THHENE R
e =K XN BEEHETFC=ZH . OREEHENRKTFI=H .5
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AN O OO O

N=4/ BHEMSUAARR SRETTHHEN, 2HF - HEHNIERT T

BE(r=0},N-2 &Eﬁ?iﬁ?ﬁ%— 1TRETREHTFHIETRA

z=0 B HEE, & Hind IMAESZEZEES(NAHE), M TZEXH
MER, 4 XA RUMBER FRARFE ; EBW T AR LUREEIL
s #tE, L F R EREN LA RENAERESH, TRFX
XFETE—mH. BT ZHeIi8EW B 0¥ mEE, 353 0058 8 JL A #H R
IEEI 5 S F:

¥ N=3,7H,B4+3FU=0,1,) BB ) FRHEKLIEST
ML - MK EARRES, B THEMNAN-1=4I+2, XRYPT
E®F GHy ,GHy $EXEIRWHRAGFEREN, FE,H N=5,9,--0,
RAI+1FHU=1,2,), BB THELERrTRESLE -1, ARXRERR
SHEBBENtI=4+2 P s B F M AXEEHFUAE F GHy ,
CoHy BIEAFAE. LR RMNBI Y £ XTHERNBENRS «
BT AN  BREXEREEATELIBT 42T s F, BTH
R 47 +2 AW,
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§6.2 #AFTHIBENER

6.2.1 BEZHREM

RITE MBHEIEHE A W Hickel Hig FI R Hamilton B, A B3k
ARPRICESEANR T EEERGE, B HIFREE , REE-T)R
BHHEEMAIAIORL, ARIH HI"FE.SFBERETEESFECR
BRASTTHERARLE —BOME, A VUACHNHEARBRZILE
BHER

EE1 BREHESTH - BBREME | o [<3.

HEFRTEITHRETEZERRLM = MREF . 8FRFTEA (6 -
OMB—RABRSEEHMA,

xe,=c, te,+ e, (6-29)

WESTHERR ¢/ cx. e oy oo, BBEIEB K, NH

Ci Cr c
B P R T R P e e R e R L=
L

T '.'l":l'

HEBBRY. FEHEN, GARFRAA ST HSENRET , WESES
it MEAEEERRBFRBOG-2OXGHRAFTHT, & | (<2, HiEH
W,RABEEAE THELET T » BENENE LR,

A BWHEXHL TR - N#STHHEHERZANSTRES THHE
RER A U,

HERESE ARNE-MATRHO,NATZMGE)BRSET 0, B lka) &
rBERZAEBEET 0 M oay,z, Ba, REXE EBERBY THEMRE
B, WA

Diast Dya,t D x,=0 (6 30)
Mo, =0, HEE 2 R

6.2.2 TEHEB

TS THRAE - AXFEXELSH, A& - RANEHT, Mg S
REBEREMHA BN mHE K2 EXBRUNAR, FELHERR
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HESORRFUEETERE., IBLE URSREREFH _ 6 4T
FRFETHLER AR EHTHERBETZ 4. ABBH.BE
HETHAMRER, BRTER, ANERB 6.4 =12 TFRLE
BBE -1 TFRIEXER.

EIE3 XEHRM o R+ BARTEN,
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» » =
O0—0—0—0—0 « * 7
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W
* * ?

He6.4 TERLIEXEHR

HALRBETER YRETHRN IBREN, ZEZ2HR gy (o)
rMBKEEHA,HF - BEAEFBRAOR, - BHNE#H. YNAIFEK
B.env(z) B A RBLEHAMHAN »r SEREL WA FMA, HER
£ =0 MWIEMRES, KMAEAIBL + » R BB, StHFHHEEL TR
R(6-24) , 4Ky AEN KT8 —~BHTFHHh » HEAKE, P, ()W
E o MANKEFEEWA AR L Y HHA, EXFLAWMS, (6 - 24)
K gn{x)—gn (0B c MFKBELFIAMEHR TR E - HBRXFES
P EMEERM LR RBRY .. FREETLGESEEHEEY, h(6-
25 AEHARELZ A ;M TEHR, (6 25 ANF BTy ket h
BR(RFR)BELTA RS R 2> KW BEHE M FEER, E2D
H—P =0 MERD FHE,

BT E BN BER(=0)BFERY. FEXERZETAERT 7
B, 08RG EBE, B FN-2THE ARSEE>THESNE
N2-11"e NP HTFFRIN-2PMEBRRTTRER . R THIMEA
EROE ERABENNEHE. B, TEERNBEZTHEEH R HEER
HEEETHIAETE

P.{0)=0 (6—31)

Bl g IHBEARG -1 LE g0 =(-D"?, RA(6-2)K , B
2| {84 3 BE F1 By A HE & T A H

an(0) = gy 2(0)-2=2[(-1)7 - 1]

ERAAYN=4/WHAET OB 4 HUEFBFREN.
R4 BYEBENNENSTFHEPRESRTHERE(,)MAR,EE
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SETHERN()UHE—T S, B

'15'(1) = Effgﬂ; + E‘:ﬁo}
| J (6-132)

$(—x)= Qe — D

ZHERNESRTNSERESE FER HEFRFTEEAG-6)AW
Ry R

xre;=c, e, v
Hp i REBREF,j=r,5,t BRERSHETF K
e, = te,te, {6-33)

JRERBRTF,i=l,m,n BRESR T, BLULEAARNET IER — = W
2 &5 T =

(_I)C,':_C,_E_F_f; (_I)(_ijch-l_fm-l_cn

RIMELBENER x E-x N2 TFTHEP FFRER c..ciocnrc, B
FL,H ¢, e, HE—RE ,E] 4 KL,
WHFHEEHENERSTHAEAEBRERTHETFHERYES

G{0)= —c,(0), ¢(0)=0 (6 34)

HRo, B2 TFHHENCTESETHERETRHERAR

¢(0) = va‘f?’i {6—35)

EEBAENT BN TFREGC-17)AE56-19)X , WESK#
SFREFS(6-32)R, BEEMIERT THHEH(H)RFE6 35K,

§6.3 BT EMER

6.3.1 BRFEHN

H— AR 4T REE RS o bR R R & B9 R $UTE AR i i e
WRAE R pe, BY
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n

Pu = E CprPr (6 —36)

Yoy BREER, ¢ RE-TRTHREREAAMEERE, yode RET
e SRR BT dr RFME R, EXBEASHEES WELEEY 1R
SR BRARERE M, ARTREEH (S, = | pupdr=38y) HH

fsbidr= 2 i = (6 - 37)

L, AMAAR—-AMHFERET - WERMNBH. MRMFFIEL T
BRH, BT THEARIRS WEF r LS~ B R

(6 — 38)

w7

— N2

q?'_z L C e
o1

HFT R, BIEG-19RBE g, =2c3, +2¢3,=2(0.37)2 + 2(0.60)* =
1.00,g,=2cH+ 2c3, =2(0.60)2 +2(0.37)? = 1.00, HEXHE, KT 3
Fid FAYRMSAMNESET M LMBEEGHEST AUE-PMRETFLEN «
B AR 1,
EHs PHEHEEAE -IMRETEEET LN »~ @i,
HAEHEZEMAEEL + r RSB R BEEHIALESSERESR

FLRME S FHRENRBHRRE

-

¢l = ¢t (6 —39}

A Sp Ry 5-c WO FHHE. TR, RFENLA(,6-38)
] R AR BT AT 4 FHLE B R A

N2 .:"u"‘ A
4y — E Cir + 2{ Ei'r - ) Cir =1 (6 - 40}
g=1 TR Pt | =1
EH L BERAT6-3734,

6.3.2 @K
M BONERHESFRE ¢, MR
E,= [ i, = [ (Sewe) B2 e )i

= 1--:'i,.cxr+2 Er:wc#,ﬁ' (6—41)

HhE—RAAREFENREFN r—s. B TFEHERSELS THE
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fE B Ry 2 f5 R Fmn 43

E,TIZS_&} Z, (yl cla+2 Lfﬂpﬁ}
= Eq,n +2 Z,pnﬁ' (6—42)
AW p, FAFETHr— s WBHR, EXLN

Py =2 L o s (6—43)

Zr-s B rBEBSKVEF, iTTT HELAIR Y p=2(c e
£21C22) =2(0.37X0.60) +2(0.60x0.37)=0.89, p23 =2(cppci3+ cpeay) =
0.45,p34=p, SZHEM rHTHEET | AR, T _HBP RN
HHREKNRERENRL,

BEMAE B FREELAAD XV RBABX . BEHERIF. &85
E, REBKMHSAHETREN, M p. 8B TE T »r— s B0 BRTRHR,
MAl X ER s WM~ BEF AN SBRAX, C25HkYE
EPC—CRRE5BEFEELEXA(EG.5),

150

815 /pm

130 ‘ ‘
0.0 0.5 1.0 i

Me.5 C—CRBRK IS~ BAZHPAEMBEHXE,
AREMETEMERST

6.3.3 BdH
Coulson EEEBEMEME XEXTHRFH“AHH”
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Fr:nﬂ;jt_”r (6“'44)

HPpu BERTr LERE - BT, npg B0 BBEXMHE,RE/3,%H
FEREAEI(CH)CIHPCHE T SRR, ¥TT W, Fi=F,=
1.73-0.89=0.84, F, = F3,=1.73-0.80-0.45=0.39, F, T #&% &
R BRHERMEN F BN KEEEIREB. ERBBET T R xm4
1,4 MM FE, F, R SKE FEKE RPN EESESXHER X, %
T F~09AH4ES, _BEXUETF F~04, K2, ZHETHE
T F,2=0.1,EHFE A

BEHR g p . BF, WEBETHERE S FHBREFRE L, DA
F, TZHHEEBRESE.6()P, (LY FEEFaNPE, Kt
TZHMENFEFRMGESET |, AT EH ;036328640 & 8 I -7 & 7 3
EAME BFHECORNERTFHS D,

0. 89 0. 45
=26 "0—0

J, 84 0.3%
{a)

Ab.6 T & 5%, mRW @R, 8mMKIEE

§6.4 ¥ F H#

6.4.1 HIREE

3 B VR R SL TR R S A0 S Y R I B A L R i B R 0 TR 4
MIEFEREHR. 7 Hickel BB T, FHERNERTBET r B FHE
HMBUERHAR, EFE,HEFENUFERA T E B HEAN 0
AR o BTHRABREEXSFEH. ERNK, TEF ~HTHEHERSH
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BB TRHERERELEYE LR — B/, Hickel B K £ MR H
* H o

ATHEFEHHTEERME, LIBRIEHBERRE, BELERRR
HEHBRNE F EFHEASFFRELEY . ARENARBHBORT —K
BRIRFERLSY BRELGUNH I EFELEY. TRAREDE
XA~ HFREBRBESEEMEEREZE

RE=E, - Eg (6 —45)

AP E,REBLEEE, PRERB2,.REZEBEB T ALEREHFN T,
RE>0,=0,<0(RL 3R BM . A<0) T HMMMT X FH FEEFEHEMRE
FE.

B, REBENEHFERESEEH AR ER UHNBAREHBBEET
BER, A BB/ URBEEY KB PRNE ., B Hickel i1
Hbm S r B THEBER 2« +25(82). HiNeXRTF,E, =6, E, =8,
M RE=2>0FEFH. AX—FEHTETANMr FHEER, TR
6.LEPTR=/17T . BEX . XESSEERN ST TEHBT

P AN
R e
- Lg% B g%
Boe.1 —~LRPWHEEEBIFERE
o F E, o RE(EL g Fyafr)
X .00 3 2.00
2 13,68 5 3.68
H 13.36 5 3.36
Bm# 16.51 b 4.51
g 10.46 4 2.46
B 5% 1% 15.62 f 3.62

HES A FREEHNERS F:EEATFH RE>2 HEABREN, A B A
HEAE,EBESHEITTFEE =0 NERE  NEAERELERE., 2HY
DRI NEBREIERE M, LRS- L RHIE,
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6.4.2 NE¥VFRE

70 AL, Hess Hl Schaad £ 41 88 R LY 4& Hisckel » SER R G EH M
HMERNEMN L HEERAORTEPHET AN TNEN = o (A
6.7). 55 ma KB, m =21 7 FAENBMNER, » NEFRKERN
ARTEH. fIAcHAaRERSES £, itHE,. s/ _FE#H 45,774
i HErER(F6.2).

H H H H H H
Nee N Npe — Ne—p
H/C C /C C\ HKC_C\ ‘fcﬁﬁ\
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4 m—— i

JR— - —_—

7.4 RFFITIE. MLg MECHRE T ar & TAR, T ML, B9 RC 4K 0 18tk A1 B
s, BB B, L, d,..d.NEMVTERFE.EEMAF; 5 4.2,
do M, EMESERAHAER AREARENRERERFR SIEAG
REAY ML, R, Y M—LEA —ER, THERESYREE SN E
NHERERK—F. 9 EAKREY A HATHXER

AGEBImiE)= - %4, A(rHiK) = —%—a (7-4)

§7.2 B o M

7.2.1 HE

HHETRAMEH(R TR (=) EKBPRTRESPRIEF
B b PRBE RO N PR MR AE R BY . B K53 A 0 SR R BR AR O P O IR T R R
7 2 FH Hamilton A HE W TR HFHEE E, HER

-

H=H,+E,,  Hy=E¢ (7-5)
HSFRBEBGIR,i=1.2, NIHWKEBESZHRXR

R,H = HR, (7-6)

E-EMEMERT . EFHENERARE S P ORE THRETRES (HiRE
S4.6 MMBERE XEFEFHHELHESHE G OATHYRSERYE,
FRER DI TBR .

BRI T O, B ML, A0 WREHETHEANHRRIA
B, ¥A44EHE O, WEBRBLE, £ 48 X HBMESN 10K, K
BHENEFER 1 E2,0, 84 10 TAHRR, ENMNPHEEBE TR XK

P2+ 12 +22 632 ¢ 3+ 1P+ 17+ 22 +32+ 37 =48

B4 T—F2T HMET=ZHATHER , BFIUEFRRRLET.LLHE
REFTRASHKS FR(BAELHIBE THE O— N BREFBHENFIELR
%,
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7.1 O, BHNHIFExR

I BC, 6C, 6C, 3C(CH | i 65, 88, 35, 6ay

Ay, 1 1 1 1 1 o 1 1 1 1

Ay ] 1 -1 -1 L 1 -1 1 1 ~1

E, 2 -1 D 0 2 I 2 0 -1 2 0 2t -

T, 3 0 -1 I L TS R

Tag 3 0 I 1 1 ' 3 -1 ) -1 -1 TV V2, 3L
CAw 1 L b o . 1 1 1 1 -1

Ay 1 I -1 -1 L -1 1 e D B

E, 2 -1 0 n 2 -2 0 ] -2 0

T, 3 0 -1 1 — 1 -3 -1 0 1 1 T.¥.T

Toaw 3 0 1 1 1 30 0 ] 1

O, BEMATARRNEN<3. HNTRTH I, AHFETER2I+1
TOBEEEMT P21 EERR R ISUANBRTHRR, T
HUAFTARSR, FITHEENRREANFIES, REH (4 -40) A B E
B-ANYRFAHAKREYE. CHESTHIENTRAESETR L AX,!
BB hoX RAEE g XK. #l,p HEERERETHESS,
BT ud;d PEMERESGAE, Mgk, . HERITANETHRT
T8 O,

ER.ETHEREAITERN BE R ERD

Yl{r.0,0;0)=R{r)H(8)P{@)S(s) (7-7)

HABRERMEN = fint M ARBRIENE o B, B —E/F,2I+1 1
B RN

1

— — = myp - . - —
P{p)=0, () me {m [, ) (7 -8}
S RIEHa AR IEIE.E o>+t a, W
R®, (g)=e™@, (@) (7-9)

REERHHT -Q)ANRBM 2/ + 1 A ARRERE,  NATZHA

i
X,(e)= D, ei"’“zsin(£+%)a/sin-;— (7-~10)

m= !
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— - ——

HEEAT A SR ERENSTER. W —1 n ERHEERIE, =
2n/nin=2,3,4,8 (=2 8,981

y(Cy) =sin ézlrx’sin%zl
(C )Z%ins—n/siHEZ -1
A3/ SIS 3

o
x(Cﬂ—sm 4/5111 1 i

BHRG-40)X , HFET.] R LISMAAE, TIHED 4 BLEHARN R4
(BN EFAP, E-—ANARIHIAKEKE. AT JPRBET g2, F
_1
E, 24
+6xX1xX0+6(—1)0+3x1=x2]=1

[1x5%2+8x{-1)(-1)

n

-1
25_24
+6{-1){~-1)+3x1x{(-1)]}=1

nr [(IX5X3+8X{(~1)0+6X%X1%1

Ma =mna =AT =0
Iy

1g o

Ay P(d)=E + Ty,
R — YU d 5 d BT Eidy.de.d . BT T, BRE
O, EfNBEFadhRF(E ) LERHFEB(U =)/ - _FHR/FH

‘"{T‘Eﬁﬁ;{:ﬁn
Kl , KMBRFE . s(/=0),p({=1),fU=3)BEEAGEEZF
RENGERATEHRB FARKE,FITERT.2 P,

R7.2 ENOESSHEABTFHRSHGH

HiEd ! x(I) w0, ¥y (Cy) ¥ (C4) OLSPHES
5 0 1 } 1 1 Ay
p ! 3 -1 0 1 Tiu
d 2 5 1 -1 -1 E + T,
I 3 7 -1 1 -1 Ay, + T+ Ty,
2 4 9 i 0 i Ayt E + Tig+ Ty
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7.2.2 #EHSR

HEERETHETFHEIHNELATES - TMRIEEZN I TEAH
B AERRBTHRESHNE " RE" BN, AEREN, BT H 77 HES
WE. WRE_EMNESFE, TUSHEM " 458 TR 7)oy it
MR 7.3).

XEEMOAHRBRERFT - RN EX . EEATNBEEKS PR >N %
L=0,1,2,- BT 2HFHFTHARE S A5 K EMEXEHL LEB
BB THMHEER), BT d LBR T o(BFH ), BT 4k /938 01 3%
AP T g 26, XIEHBHEMNTIEW P & F.E O, BT 2R ET b
2R g RHGIE uds, B

P=T,
F=A,+ T+ Ty (7-11)
HP BREEFERELKRTFIRH.
7.3 SJEAZEFL—SRERTE

d" ZS+!.L

——

d',d’ i
d*,d? FVPVGL'DLIS

dd’ FLAPHLAGLIEID, DR
d', dt 0 HL G EAD TP LG R SO TR GL DL S
d’ S G, L AR T, S E LR T G OFL DL TP D

PR A B R 0 T T A 8 S TR TR R P S B O IE AT R 35 TR b K
BRSPS, BARAIRBNERR N, & O, BB HRE P, %
MR EESS2E A=10Dg BX, A HE(T-5)M#EE E, THF
ABIHFE BN IENEE KERHY -HITHESR, EfdEaw
REBELERKHFAFSEEME, Bl.o2 d":n=1,2,3 &EH
WD FF AR EANAARZIENHNERES AWTEAXR, 28B4 4
AREENEEATARZFRIPBEREHERKEFR T4, XFHEE
ERFRMEEBEMSER T, RE5 T REM ST, KE5 3

Wik s E R,



! e
EE.
‘T'l_t
l T -
ID JF
1-"1‘2'
T T Ay,
u
A—m £ A—e
(a3 Dr (b)°F () 'F
7.6 d.d°. & BidHMAEAEBEEDHTH
®7.4 BHETFESEE/ \TMESFTENSREEARR
(BL A Hah)
BT | O, 1 B % 1 ot 0 38 16 B O
S P R T LB - 2 T E)
E a2 T TR () YA ) N A ) T - ) T
‘F ! dﬂ:dﬂgﬂ{’ - %)-4Tgx( _%}!AT!E{%} dT.‘-‘TEK( - ‘;;'_}-*Tﬂg{‘%'}»dfq-h(_'g_j
5D d*SE (- %},51"25(—?—) d® 7 Tyl =*§—},5EH{-*§—)
85 d? ®A,(0)
7.2.3 BHAE

RUBHTHEETE—FR FAFTETRAHIRGIERTR
& Pali REMAERRBE;EHAT A ERCHUTERRE, RE
SRR FHHEAM, EARTHESH TR KABRETR. CREA
EE(OOB Y, d BTN, T e, HANB(E 7.5, ERLITET,
BPHMAFATR SN FBE o, thye, R e, FHRRBHET 5B
trgy — TR T EE 5 T~ BT HE e, ARTA BT RO S e B3
BREFEBFENANRBE - X=1TASLBE, HEMHEHED,
FrREFUTFENEMBL BT O, BE - RTHERR

HENMEBHASEHBRFROBRARAAY., B1,H 2, R =ZFH
HEg,HE S NEE I T RENE, M BRT OXIBHRRR, BERT7.)
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Bl O, BRI AR REN<I WO ERTAK, hARFREHENR
BB NERER HBFEROTEEBRE=-"SECH 6, FHEmMBEL LS
R¥ITxRT.5.

£7.5 ERRF L, clel B e ) O BBIEREAL

L i 8¢, 6, 6C, 3C,{C1) #(r)
3, R t i At B+ Togt Ty
2 6 0 0 0 -2 Ti* Ta,
ol 4 ! 0 0 4 Ayt Ayt E,

METERNARESRAFAM .- EEFES=0,M =025 S=1, M=
1,0, -1, EfTMBTHRZERTHNHEENH(HREERBEAT)ERME(H
REREBWREFS IR, FRE ARSI B THRER <, p W E
MAS,

B, 12[a(1>ﬁ(2> - 2(2)8(1)]

/3
=&a(l)a(2) M. =1

_l_’ﬂ. =

ﬁL (1)B(2)+a(2)3(13] M, =0

g{1)a(2) M=-1 (7-12)

Horhih S ey | 5 2 AR BIN T B AR

TR S FR R AR A RO A, 5 R A B
1,2 8 F 0 R ER (R R B TR X T 99 S A5 0T 1 25 6] 340 6 7
R PREG, =2 MT0T B2 6 84 0 AR R BN . RIS 2,0, ¢
R, S, 0 BT e, MFA R

E=d, =y e=d =222 — g2 47
1=d,, = xx ff'?:d_ﬁ_y?::rz—yz
C=d.,=xy (7-13)

Al PREFMARANARREMR, M b TFXBALE 6 MHIKA 6
AEMHAG WESRAFARSEE VEEET T, T, FE 50
HRERES SN SERTOT,,, Too WAL rlel #4 H A BH
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tageg > Tigt ' Togt 7 Tiy+7 Ty (7-14)

B 2 —HE £, g, ¢ RS PRBER, =N
44 R

E(1)£(2), (1)7(2), E(1)6(2) (7-15)
MEF 152 XA AERYEN, HRF R G%R A, +E,, 85K
HARBLEARNLEERA,S'E,. HAANTHREA 4 RE 2344
HHB=1THHES5=1TRKHEEK

1
K=Jl_£[r;(1)§(2)+ (23 ¢(1)] X=J—2'[T?(l)§(2}_ 7(2)5(1)]

=L ~ 1 _
M ﬁ[§(1)$(2)+§(2)6(1)} Y ﬁ[E(I)E(Z) £{2)&6(1)]

N=—15[$(1)r;(2)+e(2)a;(1)] z =

1
- —[&(1)p{2) — £(2} (1
7 2[5( yp(2) — £(23 (1) ]

J?
(7-16)

58 T8 Tio UM HEBAE CIREEN WH(x,y,2)88EBERTH
(RBNUBE)GHEHN (v, 20, oy WEREEER B

(] 0 1 07 [x]
Cily|=1=1 0 0]y
L2 ] 0 g 14tz

el e -1 018
Cilgl=1|1 0 Of|n (7-17)

lgd o 0 -1 Lg
TR BAMBEZH TETH - HERARNERTH

CiK =}ic:[ P(1)£(2) + 7(2) £(1)]

:_J%[g(1)g(z)+5{2);’(1}]:(“1JM (7~18a)
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URA—-HERE X,Y,ZHBEHRTN
C3X=Y,C5Y=-X,032=2 (7—-18b)

AAHEREBE T C, OREFAHNET -1 5 1, 01% 7.1 THRT
ToeS Tig ATTME N T, 5T, FRE

2 -='A + E + T, +3T,, (7-19) g
R T A o2 0T
EE_PIAIE‘FIEE"‘BAZE (?""20}

LWPEMERE S BHEHTREREERN,

H7.7 EAAE&ES  BFREXA(FARNNGTHRSR g28)
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7.2.4 H*H

ENBR . BT RELELH S A(10Dg)~0 &Y TIF |, T 38
BHFRGE AP0 RNBEMTFR . MRS FR B8 TR (RE
= ME) AFMBERERETE AR, HERKLREME. H7.72
HYHXE APARAAEBEEF S RESRE, AR YBHAER K
W, HERL ARAEMUGM RN, BNERFIINEL, LTSNS —
AWRBIEKE, TUEFED, R TRIFESH T, 40, 8 R B8 & K-
S5AEXRN, ERAHNERENEER I B, FOIBER - BN RHBIAR
VR S

§7.3 XKiEf@k

7.3.1 MRl

H71xRr8BRd¥EeRERSY R B REHERNER, E 200~
1000nm (50 000 ~ 10 000cm ™'} ¥y i & 7 B o B LR 3 0 & #1888 3
HHEE A A<4000m (B >25000cm ') KB AT ,lge =45 H
HXBRPO;KMEE A>4000m B FEH ,lge =0~2. ATH — K FRE
oL 7 O B S (BC B ) MR BE B T i T 0 B 7 L B BUBC K, M
HEHEM—LEERNAE™E., KEREXNSBEFIPLETH
d W EBTE AP " R FRGEEKEFRET,ERT LSS
BAFRBANSHIA

N ESR B T EZENEENFEANN FEREEEEN, DdaEE
ZESHBEFRINSEFEEMNKITHES, TRESUAME, o, 2
MERZHAHNEZEEARNBALASHE T, HEERELVESZAKR FRAF
e SMERKTIARAF MNERIYARALTKE, SHEWVR A EEEN,
M, EBREN d—~d SR L S EdARAFRTIm=E8. KK, M
RFEHANBETN g, BN HEATA FHERHEM, BSFARIE
BHT R g>g BRI N 2T, ERKBER LTI,

FE[TI{HO) I WHEHEBEE(E7.8) EBRAEMITE(ET7.6
(a)), H4BTE 20 100cm '@ UM AT I 45 X T () B W°D 7 LA H &
B AR Ty E, R Ty, ~*E, BRHE, B A=20100em™', 4
REBR=ZHEE SN T RBEH AT 20 100em 'HERE, —R2HK
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&, FEEBREE L, W R K fr B o, BILE ER A (EERm
YRR HEF B (L em ' EE)

Br (10 500)<Cl (13 000)<ROH{16 800)
< H,0(20 100) < CeHsN(20 340} <<CN (22 300) (7-21)

CREHE RV IHPIES,
iERATER T ATERES
WETIVIHO0) P X, B 1o
TTH RN SSBETHES
RPT o, FFE = Fi B BERIT R
i, B BTy, = Tu,* Ty P Asee v 6
28 F 7 18000 B 26 000cm ™' B
P BB R, G gR
T HERXE 7.7, KEEREY oL
BFT Ty BRERERIEHE

B ERTRIERER T, A, 3 30 25 20 15 10
MEBRGEEER T T, T, #/10%em™!

(P)s BY A HEXKH, X 7.8 [Ti(H,0), ] Hm
BT RTAS thee), REHL S R S i

BTHEE AL RAAS 2 Wi THE#®A, R T H 26 000cm™'
FEMNEREE. R LOMENBEE, A H4 20 000cm ™ ¢, 4% M8 %
EMA MR ERERERE[V(HLO) P MR, ML A T,
3 Ty Ty T, (P). BTOWBTHEA=ZNARATEKE S YA LIE
B, U RE CETARBAEHB A H,

®7.6 VVINHEESHHTRAERE AN

|-k Ty T P) Adem™’
[V{H,0) ] 17 800 25 700 16 900
[VICN) F* 22 200 28 600 23 850
[VF,]*" 14 800 23 000 16 100
[V, 1%~ 11 000 18 G20 12 000

R, AWK B LISHEA, THRER 7.3, (7-1DHX KA
T.6(c)ifT, BER A, , ZH 626 A R IFERIT R
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Ao T An, =T, YA~ T (P)

7.3.2 RHLFEFT

BOfr Sy ssnl i A B X#HFR —TFH A HBERROEES
Mg R B EREN, W(7T-2)FHFEF. SR . AN HBES PR
ERBTFRXL . BIBUMT -2HPAEEFFAN/LFEERE AN, £id
B mEBMEFIE

I"<Br <8 <(Cl"<F <OH <CHOH<H,O<NH,
Cen(Z T )< NO, <CN™<CO (7-22)
Xy HMEEE TR RFE, T/t N
[<Br<S<CIKF<OLCNLC (7 -23)

Hk . AEHNTEHFPLBEFAX, S TREMHAINORESE, 2405
FTHZHEEHEK(MEE). A HEB KX, W, [VHO) P K A=
16 900cm ', [VIH,O}N P #1 A=12600cm ' AT LEFRTE _RXE
=it A HLSKE - EEEM30% ~40% .,

7.3.3 BARNKEEE

EEPAEEP  ANIBUFREE o AEHAEE ¢y ERIELTE
o p T AR TR S HARNMBE TR (S=n"2)FEEUTXR K
HERANERET (e h Zmc)o

= 14S(S+ D] 2 =a"(n" +2))1"" (7-24)

AMMH M ERMBARTE TP EEFTHBFERA. ®RiE Hund
BT —ERESGEMA LS BT EEHRFERRAEMEETT(H
X)) FRrHFEAER/ N AW FRIRBEEMEm, R, EATE
Eayh AEMRNFN 4 FOEC AR N (ZEHEHF )N  (ZER/IHF)PLE
H YU B FHn=4~7H . 2HAGAKRSKERZ S, HHERE &
RSP BEEREESEN.

BN VHO), P Flh, B Hind 0, 45P 1+ Jd B FEIEE

LB ARERBT, ARPIT, n =2, 8F pg=22; FHE, 3 {[Cr
(HyO) 1P & n' =3, HNE® 1, T, pey =V 150 pERESE
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BRARMNARET.7). BN A BFN[(Cr(HO0), ) VEBHEABFITL S
We, i, n =4, AW BB LAT LR BB A £, 00—, n =28
AR, L~ ET TR HTEAESMHE KRN S FH
1 B A0 L A R A

£7.7 NEAURSHHERSHIE

5 o 4 B e 5 e
" f1g o £, n e | !‘zg— €\ 7 #;
§
1 I 1 1.73
g 4 :*
2 | ! 2 2.83
3 + f f 3 3.87
4 ! ‘!l f f 1 4.90 'H_ —1_ ‘[l 2 2.83
5 f f T I|l "_55.92'H__H' f 1 1.73
ﬁ‘1+++++44.9ﬂ'1+%+l'—'_‘ﬂu
?—Hr'H‘f ? l|l.’f:'..ﬁ"f‘I'l_‘1't'_H'_f'"'"'l1.?:1.
8 'H' 'H' _HV' "" "— 2 2.83
o - H A s

W ~d R RERRARCRRA RS, TET S %
HAW, ATHAERN REZER ¢ o FHH A XBIHREFRA
HFRE. F—MEFAEARARSE BFEECHFER, M ZHRIEH
REMXAFETARTFITAE TN, FERARENEANERN. U, K K~
REBTHRNELHL NIRRT (ZBE R, # ML TEES
HEHERKARSHBERAA ETLKE, Al RS KOS,
FEHBEUAR ey PTRTEWFT, BNREERSH THTERN

E(ﬁﬁp=4Eﬂ+3t~%a)+(%a)+ﬁj-6K
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e —

:4EG~%a +6] ~6K

REARAE 7, AZTRETHEBL, —MAREE T, ot i -FHF

Ri¥ 6J - 3K, L Bt 4 4(f:u+ %a),eﬁ.@.aeﬁh

E(I;E)Z4Eﬂ—%ﬂ +6] 3K

HERBREMNSET

E(&.el)—E(:3)=4-3K
RTIRFE TEEMNEERRA LS ANEREEEZKARBEMEME 5.
MEHENT 4' 5 & ANHAESY . Y A<3K i, RAKLEKA KRR

EiRZ . HFEA>IK MEARLEBAREE. T 485 7.8, A
EEARESYH B EENEESER A=2K,

N8 4~ WERZEBRE/\BEESWHOERE XN

d BT§ A BE(98 ) AR (EE) 3
4 A+6]-6K 6] — 1K A-3K
5 ZA+ 10 - 10K [0f--aK Z{A - 3K)
6 24+ 15) - 10K 15 - 6K 2A 2K
7 2A+217 - 11K Ar21] -9K A-2K
L
——
x’! “
,f
}'
ra
f/"
A+ +r’
p
!/
_'__'__1__'__'_(*’ A= 10 000cm ! A= 30 000cm ™!
S J
A Y
+ 44
\\
b Y
%
\'\
4 A
Fe't {FeF "~ [(Fe(CN),J*~

7.9 MARSEARRSESN A
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BERHG K ELUFEAE L ERERERE(A X)L KE R
BEaw. B mA/MABEHNEARESY. #A—-1TEH B7.98BR=
HENTFERTARMATSHEESH SN J EZIR, KILPs A DK
DERHWEESY KL A X, BEEAEREY.

HARSHKAKHENRBREENETRE A=3K 5A=2KHE5H.¥
BRE J%d ABRREHB . AXRAYEERE T EK 8 5k Hi0,
EA{Co(NHy)s " B A R 48 .M [Fe(NH; )¢ 1** ., [IMn(NH, ) ** &
[Cr{NH; ) " 2B EARRSY. ¥ T G HWHEMENCLEY, B
[CoFs 1> #F, [ColH, g I°* , [Colen); P 2K B 52, M [ Mn(H,0), **,
[Fe(H,0)6 " [Cr(H,0) P MRS AR, 5 Co MR 5 IP* i
NEFREEYDERETELURAEMNESFE. FA L REME.

§7.4 L ¥

7.4.1 EREAUKEED

Wi AGGESYESH S EREIESE, 2 5 o 58 o 8 Kl B {r B2
. MTAENGSESBE Y AESERESEERE, 0 VCLIN
(CH3)31:, B Cs. 8% Dahﬁﬁ(ﬂzﬁiﬁ},[Ni(CN)sjz_m Co. M8 (U F
) Jd MEFTRANELDT(E 7.10),

o— datiy

o ot =\ -~
.f"f g1
dri—yrdy — \\ f,.— #_'_,.--'""' x
", -
) & j.--'
P S —— - .
# -
drglys == w? T—— day
Dy G T Cav

710 4 REAEX - BED)EOFER(C,)EUHTH A

HFVVET JSAHS, B EE VCL3(N(CH; ): |, 2R BRER,
BEAZEEH(S=1,n"=2),

BINBRITGINI(CNP . BB CN EEBE&L RE7.10 HESR
B, ERZREMAREE  EX(NI(CN); P WRASFT THENR . IF
ETEHREHE, (NCN); P #REHEZANHTSKOHE TN K
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HERBE, HERTARBRSEFHBETHEERT X, #Wm E[C
(H,NCH,CH,CH,NH, ), J[Ni(CN)s 1+ 2H,O & f& &, [INi(CN); P " 2l K

o s T 22 (Cren); J[Ni{CN)s ]+ 1 —%—H:O B ko P 7 6 RO = f B R
of 377 (8 7.11)

CN
ol ——-CN
I\‘IF #/,//f N‘:I:“\h‘l‘“-.
L/Nl\ i | Ni—=.CN
Né_ —————— CN N&%"ir
CN
Ca) i o el B (b = At

B 7.11 [Ni{CN)) BHRA#s&EER

MGEBERCRSONRAHEBEREN, 2K H KK H 5E
A Z AR 2,

NEHSBAESYH R AR EEEmMYFR(D,,)MENEER
(T, MEN dBESRRTHE 7.3(b); MIEME&E PR o RNEL T IE
AEE BB HFRE 12(d,,,d,,d, ) WERBET ZEMHF «(d -2,
d )R gER  HEBARARAGEGE A B —F(R(7-4)A), B, ENE
EHEA ISR (I ~dESYLEPE-FAEBAKRN;FANRERNFE
REMHRYE, EEEMARTHREMAREN ., XFFRERX,KSOH B
B, HREEXE N NP P REERSYEREFWE , BSEKA
B, ERSERAY NiBr,[P(CH)(CoHs ), 1, B & &, [ i £ N
T 44 A T IO R RR AR R,

7.4.2 Jahn - Teller X T

Jahn #l Teller 2R HHBIZX AL L, FELKBUITHATEAN
PR AR AT A, 4 T 45 & & 4 0 28 (R 1 3 FR 4 ) 2L BR 8 3F ), #R
Jahn — Teller & 2 ,

STFAFEE(O)RESY , 2K 7.4 THAHH (M EE) ST PUE
BA BERBEREHAS I R IS B EBTOA, A, RIERFN, BHilar]
BRREEFEE LA 0EERT B FRERT - R AR, 2 FHEEREX
PR, TTRIZEM e B 26 R0 F R MM PR, RA[TICL)> M, &
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- —— ——tsmmr S e

HFWER BN 0, (dy, de s doy) ) UE RO — A, B0 d, 3P0
EREFEFENEHBRRFEAELR (o) N SHNER(2)H M EARSHH
Y. 89¥® O, ~D, BT, ME MAEECE (P)BEH, —EMHHF eg
FE d R d, CAEPRAE - RT AFRENERERERARMN,
B A F T RE B (K

EFR TS PSRN BTN ATERN AR, YTBER

e EEREREFNE T 2R, ERETHE>BAELARTIRE, B

(+5) ()0 (3]0 (+5)0 oo
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/ Ay | A
”‘\1 ;"' Q,;" \‘J;:':’
Co i N
!;.rl\'::\ !:.;Il '\‘ ffﬁ '||\ \
Y I \
1=+ e\ f/e’"f\l‘
~ é“‘&"}' ;
{357 {36) (E YR
a=3,b=38.k=18 a=86-3B,k=18 a=b=42, k=18
c=54 ¢ =58 ¢ =66

8.5.3 18 FBF MBI a3l

HaR Pt AWEERBE SN KK EHFS 16 8 14 8 FHM .
Ni F8f L F SIS0, M 7E (n° - CsHs),Ni 9, 362l F RN 20, Pr B K
BN HE TN 16(=18) , NBESWHIrE FHN 44(F17x2), =8
BAEY WM P,y {CO)(PRs), W FRM 44(F16x3), BEESD
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Pt,Hg(PR;), B9 T8N S6(15x4), i W = W B A PrsHg (PR )5
HNE RN, 5HHBAMESY LSRN U+ 2="T28iTHEREAMR.
AvHESYILAEW AL EMERA A S Fi A Lk#TIHeR
P,

$8.6 H &

8.6.1 WA

RiEHEEhrEEFHEAENRENIEFERS FERE MK, H
TEAFEHEK, DRETIREK. SFXMRTFEAREE ST
B B4 1R T W BRI F AL D K BB R B FhoR B B FAL AR T o R A0
(H, O}, EWIWF 8 AR e d 2 0L R i /07 a5 o5 8 40 Fn T 3
EEREMFHAR, THNRBRTABREFHE,

BAREIGBSE, AR, MNEEHEEHOHEMET X, HED 1956
#,E.W.Becker RE T HBEREFEAR TAER, LB HNUHR A%
HMEEX, A THAERRERSY AR EMHED B - R
Sh, BB ARRBE,SOE. FESEATRERHITHRE., i 20 £,
ERTHEAEL BFBK ABMNKITHEAEAHESER HFLTE
MARNAE, MEHaBEEmMORSSWERE. QBEREAEMIFIE
BFHE FETEIRES., B, AROTRERT BRI AEERN S BT
EHLMENHEHBENRTORAE, WAZHAE, E1HILTH
M4 NHEEMEEHRATHEN, T i B EE fam s
MimFREZEMNXR AT~ ESEMEERAITIE,

8.6.2 WEEHAR

FHPHFAE M, (M=Na, K)MEBESHA BT YR EIEEE » =
8,20,40, - FLXIMEL N EX HEeOBRERAAF(LE 8.9), RHEN K
MM, TREAEE. ENHOMLARM WY AR AA=ZREFIH
S AEFITAEEEGOAENTMNAEH. BEHRARZN A Hickel i,
FREBRTFHA— s METFHE SAFHEBPHELRS T ~ & THHE
Mg, & P CRTFRE— p, EFHLEEN ., % Hickel U THRET
BEREWEE,  SRAMFR KREELEMS FTRE,ASH TRERBRI KD,
B EREENEHREERE YRENRE,
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g2

l i
8 20 34 40 ). 70

H———-—

8.9 ({Na), B9 EHE

EM AP, EFEFHRRE, 2 A LBHR AR, NASA
BB 1 MEIMBER, BEH RO AR (B AMENERER
SHR2ZHIRA=ZAHNBLAERNUBRE . ERER=RENEE
LR, M, BB EHB RN A7 TEN M BBy HELHD M,
B2 AEME, BN HTT Hickel 5> TRHEHE KELEEFERE. B
BTFXAHBENENEBE. 2 TEBFEETN, RBERFFIMLEGE
. ERHNOTF .,

R =

P -3zF+1=0 =377 =10 st 47t -2x+1=0
+1.62, +0.62 +./3,0,0 2.17,0.31, -1.00, - 1.48
4.47 3.46 4,96

i —4xi=0 -5+ - 4r=0 62— 62" —8x-3=0

+2,0,0 2.56,0,-1,-1.56 3 ~1,~1.~1

4.00 5.12 4.00

(38)
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EUAGANEARERK . BMcRUEM, R EMNE,
x8.7 M, RHEEE

B8] 2 4 5 6 7 8 9 10

Ak | - _

1

2 1

3 1 2

4 2 3

5 ' : 5 &

6 1 5 13 11

7 4 19 33

8 2 272 67

g L 20 107

10 1 14 132

L1 ¢ 138

12 5 126

13 2 95

L4 1 64

15 } 10

16 21

17 10

18 5

19 2

20 1

21 1

ol 2 6 21 112 B33 11117 261080 i17i6571

n=5 LG, RMERMBEHIN BEREM, REWRA TR Ak
K. HALAKE -1 TRAAEN RWEHR S, REH B, T K6
ZMBEBR AR HHEITBEURSF, BB IT, i Ak, &
B.79H n<<10BMI M, RBERH , Kb n=THERALB T, n=8~10,
HEHEERH, 2418 ZEERREN, R L BB EMRFIET
HE GO H, XS R A RKE T Hickel TR, M 54 A SR THA A
TIFNKITESSRA-- B . S - ENSENME, FAFERMESER
MR, A FH,UNEEEA HMORMEMEHWINA“HIEY, HR
F 48 R T B T 2, 00 A AE A8 A A,
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o W

./

Mg. tnﬂ.'h

M| 'rD:Eh. ié é

M [} (-'.?! Ma iﬂzﬂ.
f g
L] ("1 L3
Ma s M s D

(349

8.6.1 BiE

1985 &, Kroto #l Smalley MF M FTHE - RV X TARBRBLEER
MAEFEKIRS R T Y —REN LN EKE. B 8.10 £ (a)
EEEHESMbFHEERINIEE.

REMEEHRBRTRET TROHSEERHENXR AREZHER
HAMZMJLF XN EE, FRSRKREMH, £ 2 =30~ 100 A
B AN REAEE SEEREEGELRA PN, WKKESR, A%
ZEFIHGERERMEN EYFEMZRBEEL, B Cyf Gy 4
B XRHERBHBESF CoM CIBRENRRT. TR, RITaxH
B B A % LUE B 2R

(1) pHERER, AT AOH A RBR?

(2) WEZTMELEANTREERXRG AT
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TEIBM—-THXEWELMFGEMS R, HE-FWAENH VI K,
E£AMF A-HWHARE, ENWH
2 Euler 243
V+F=E+2 (8- 6}

BEFAEAHNTLERS, %
T p . BrREA q AT, WT

{al

¥ % B R AR o0
E=Vp/2, F=V-p/y
(k)
(8—7)
BEA(8-6)5(8-&,TH J
rid
_ 1q \h.mﬁ.w_w_
Vi -2 2 T T
44 52 an [ 76 84
(8-8)

_ R 8.10 & RBOLKET MR
ML AT RS A TR (g, (GRS, ()

PIERE, MM THBRMAR

. EMNRKEERESEE ;A --HVBABRE:9=6,p=3 Rk V=100,

M RET B = ARSI R ERFE, A RS H.
BHAOBERNARY. B -dWXLENN 3 BEELFETESY

Bim, 50, 08N EFER, BT EARRES> FRERENKTER

BB BEAREPNEREFEAEBAARRR, EMs 3 E 251

F(5)M F(6)®m., TERE-TDAMKTMEX

3V=2E, 3V=S5SF(5)+6F(6) (8-9)

15 Euler 2 RBEE, 775
F(5)=12, F(6)=V2-10 (8 - 10)

R =X ENEETAREMANAEBYHFELE, (1}2F 12Tl
B EAeAaERNanRELZLS, (DX ALIRAYE,FHE V22,8
FO)REBENFENBE. IR EEHT -l BE, Pk E
AL 28

BARRERE V=20, i+ &, RAENEEY CoHyWER
FE, HEE-FPHARBER CoPNEBMRHMH AT ST MEEN
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Wi, ®RE CoMRAEKRE 1812, ARZE -1 H LR, k4 /8 & & &
FLORERMAR, SR, BTS2 MEN (LB B s 4 Co 8y
2 .

EH G/ fimE BT T OHERE, €5 =+ & {& 3L (dual)
L AR EN EERNE AR EXMMNESTAEN S, B &
(MR ISP AXSTER, 7T 2AESE,EF 20 M=/ 1
MERT AL IXME CuW—Hrtak KEHEANETERNLSH. B
HME#ERIEE, EB. 11480 THUARER Copfe A~ RHNE K 37 14 2518
6, KA E RO 2 8K, &1 75 # f BK % (Buckminsterfullerene) .

BRIl C B rikgsHy

—2.618

—2.562
—2

—1.618

— 1. 438

—1.303

—{. 382

T e 0,138

~H - = - 0. 618
- - 4 -4 H Y4

- 4 4 M4~ 1. 562

= = —H— 1. 820

4 - ~H - - 2. 303
—4- —$H— .

e

B 8.12 Col n REAH

BE 1973 &, 8R T I F Bochvar 5 Galpern, B4 B 7E 1980 &, 5
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—EHY¥E Davidson B EET CoM) w & THIERES , H 4 30 T~ g
SFTFRAEZATONT B F . ERAZRREEWN . RARAC T
Hewwess., . 288 TEMNBESRE,

3 &

1. ¥ CH, GH, X C;H; BEEF A RKENER,"E"TRFHE - (KE
T), =P C-—CRHA—HKC—C—C& HEfdn - L AMTHENMKRFTTHHEARE

T8, R FRERER C.H, ... 5207
2. EM 3,5, Te @AM VIAKR . HBIE S REFREGH, WA 4n - L A0

Te,8ef ' ,TesSel' B FROTEHEE,
Se

‘Lx&st/sc :]11:: Se/se
N N

SR - Te

3. 2P, EENEAHY, EHA PO, BFUTHMERTSABRKS 40 - L AN
o

OF

* 0

4. MTRYUMP BRI HEEH S —FXENXDB—H,B-DEBHE&, - THA
ZABRWE 155 16)8%{ BBB =P8, & W BLH R4S RHE7) R BH
MEFREEONDMNRER RE -BETEER=M,

5. RE(8-2)K kW BsH,, ,BsH,y ,BHyo B H IR WA ERBERS TER

A4 BT R
6. RIBE-NABRBESIFAHAMNBKE G,y ) BH EREETTER

EﬁEmU
7.B,H; RTHAE O, RASSIBNHETHETIRLIENA, KT FS

—SFNRTFRAEAMKER FAEABENEMFEROENNALER(—EFT 4R
RZM ).
8. TAXKHENNETREREZS S ERHFRMENMN/LTHE,
Sn}~ ,Sn;Bi;,Sn;Bis . SnyBi; .SnsBiy , SnsBis
9. A —FREARAAYREARB I A AHANENIRERESTY
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HEEESDRNETRE We, (BA . TEHIREFENRET)

0. HFoNEBOESER T, Qe FAS O maRAN, ir¥ &k 8.4 B
Eaww e T8,

M. HEFEFIOMHEMNER.BREXRISHALIEABEAYNNME FITEER.

12. ERENEBRESCH A, M, W% HANMBMM=HEY, KXY
FAEH, 2EFTAMBRIMAEATAENMABE TR . RERMEET .

13, WA -5 F 8.6 4T H Oss5(C0)  Hy (32), M, (CO)No B, H,(33)
B Coy(CoHs ) B,H, (MM T8 .S TAHRENSREN,

14. B8 I3 MER HHERLESW(35),036), 3B BT,

15. A% M;(M=Li,Na, K)H 21 R A8 HEMNMHIMMEE —FREE
FEM M,

16. FHEREDP, AT AL ¥ HERER?

17. B HEFRSF . MAHEA T ARARESR|IT D AKNT



£LE & ¥ 3

METEHLERES THRERE. PR FEhFREHNR
FREFAZSEEN A, Y90 FAEHK X E AR ER , KSEH
—MEMIESE—E . T F 2 EEREES T, B TR E R R A
WUMEFREH( FRANMHEE R ELEREGY(BRLR.EL
W) FRBAY(HB . ERBE)RAF(ZREG 2R)NBRBRER, REMHL
BYSEWXRAEE, CHE KA REYS AT

(1) BF(HRE)B.FETETRAET, W NaCl 5 CaFy;

(2) @, meERAOPH C—CHR SZKkPH C—CEKME., B
FHEDBE D, FEEHBRN;

B)eRB.ETERTRENERE . FEREIRE:

(4) 348 , A IEL B van der Waas B, FHE TR ES FZ 1, H 0
CL IS EFARBR. .4 THEK 19 m,. 2 FREK 334pm, 5 &R
van der Waals # .,

EAIZ AN ARAEN E2EEN, RITEFiFRQEG), EN4AE L&
Bt fred TR g —Hab

AR, %N TERMAK TN AVLSYEFTR T IE &K, &
B.As.E4 KR VRESRE CHNHATFALLEE FIEEY
HIFRFx,AURAEN - CXMESENEFREBEERSEIAIMNART
BRI AT EEEREREANERN CREFERANDIR , BB RAER
BB AR,

Y TFHARETIAE<46  BRYETERDT TS, EMNBFSAPL
e B TAANERTHAEENE FYRENESFEREEX
ERBET LA =TCRBEE, LMEFHEIEEBZHA, ER/T
EZAEERTZE,ARFSABREKEN. AR REARELETH
(bee) . ML (fcc)FMATNFEREM({cp) ME9.1 Frin. EP,F7In
FHRESBEFESIN L1412 212, UBERAIAN . EPRFHA—1
M8 — s BTSRRI XEEXTHRE THERRESEWRIET,
HBRTHRRAKNERBDN AL PoE@) MRS KB THEE, BN
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(a) (b fcl

Fo.1 SRS E&EaEH
{a) B Loor H{Li,Na,K),
(L)L 3 F (AL NI, Cu),
(YA B HE8R (Mg, 7n)

RTRGEREN., SR, PETHERAT THENESHARE
M. METTHMBHAANEMFRMT K RENE HE, BHE TR,
STHERNAENE HERENAER SRR TEAEL BT
A T2 A B R AYEE

9.1 K#@oFFHWEF

9.1.1 EBRF

KMAR), REBEEZR TR WK n - BEGOHS FALR T
ERFTHRATHIW. B REZFHETHRN. S » FRE,ENZ2—HBF¥A
KEH ;Y noolt HHES G T mAMENEXE D, T FT A5
EHEAXR. Bs2an E2HREMNEE(ZEHG6.3).

Bl .2 (R), RIS

X—RAUSHBTHRELS TRAMBERNE C, B3R E, BREHELE
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LDEESTVHE; B 2n/n NERMG I THBEE, HRBERB A
n{m=1,2,3,,n—1,n), HEk 2

Rin+m)=R(m) (9—-1)

ROmYREAFNE m A EE AT, LREEDAEH m HIHRL
Cro % n—~colt EFAAMHBSFBER, — BT H, FBEMEF®
BARE, C B — T B

9.1.2 C &

C.HBUSs PHBEBECT(m=1,2,),HETXEEA-6)X,8
F Abel B, EHESTEMBG TETHE

I=Ch=Cp, (G '=C." (9-2)

K O W0 TRE A szﬁ,c;m MR MR A A M S, S —
EREEB--K FAUARTRE—BK, EIRHUENG-6)XRO-1)
e W RRIRAEAT Wi —F B W, EERIEMNY AT RO, A3
BAEERES XK —ER, W

=, =g, =T (p=l2,0m) (9-3)

HE o BT pRE., TR, YTH -BREM p H,BL(9-3)AMA
Bl—H g (p) B C, B —TATANEFR, BAR-HRTR, RRE
BREFERF. C(n<4)BHNRFERCERSNERMFFHE,

REFIEEHE 4, FRNATANERREELH LR EF EZHH
T, EBERN

3—12 mPY (P Y= B P p) = ) (9~ 4)
w=1

AR, C, FRANEEER,. X--PAEFE(9-4):0, BIET
— B C, B HO-DXRAO-DER, E8FER8 WHIEHHNR .

FT{R), MENTERRBLR FHREFEFREWEK —HFENE FH
BB (m=1.2,,n). EC, HBIEAT A HAER. 244
S LBHARANBENE 0B FRENRETEX AL, A A
DNRXAAEGRE
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Ebﬁ:«xi—n‘ - ‘(p}gbm_'ﬁ E eimg}f’#’m (9' 5)

6.1, %R, REXTH—{LE, B FHIEH ¢, BEEXH—
1, B
j%:%dr:ﬁmf (9-6)
TR KA G (p=1,2,,n) 0 B R #1757 iE BRGE ” T {E
i, n AR BALK 0 A —B R, B

E,= J ‘Ib;ﬁﬂbﬁdf (9-7)

SR § 6.1 FHMEH,, = | #3008, de=8.m" = m + L(BEIF

F) B H,, =0, 5 H,, = o, 255 5
E,=a+2pcosg, (9-8)
& 45 (6~ 28) AT FT 2 45 A BE UL 1 8, 5658 th 4 F BLA U5 B R B Bt

HEE « 58 EROEHEL,
BIEO-DRPW ¢, B TLB, T LS

cos:p,,_mZ{:os(Z:r—2?”“)2(:052?!}“:{*%@,” (9-9)

M "

EFRAY mFn Bm>En 2, BRE, B _SHEMHMN  WHETETHE p=
Ep=n-m , BTZHBHEMBBER,p=n-—-m Sp=-m E%HE}‘J,
W op MERETRN

O,il,iZ,---,i(i—l),r% {n ARED
e (9-10)
0,+1,+2, -, + 254 () wER)

BO-S)AEHHMFTTHE: ¢, Yo BREEY EMNTUHEFAS
HERE folpll‘ﬁ ‘ﬁlpl

2« L
+¢ 1’)—’\1/1 :’:..: CDSZ?H;I)|K¢=M

'}bifﬂ ﬁ

1 2 <y . 2
ﬁﬁﬁlprzﬁ;(ﬁf’ph‘:‘!‘ p):r\/—; ¥51“LLM¢”¢ (9-11)
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9.1.3 REESHEN

LRI %= BEA 41 JLF
TR BEEE EF A
It R=H,CH E[Pt{CN): 1,
SGam HEF® s FKFi
i ,CIRTH p, RTHELUR
PtrWIE—1 d BETFTHHENR
FHN - HFPER, ETR
RER > FHLES —#id (9 -
8),(9-11)YsK(9-5)#EK,
He3WaahRFEHKEY
REESE, B 9.3 R EE S
(H), BYEE S 4 F 80K £ 48
L HFE® & B B R E A
fii 48 .

(.

ceme Prica. P‘[",

“1 7l

3

. ILr-': PHCNY],
> [ ]

|

-l vio 8ol H
8- g3 _| B | ==

oo (2ol ¥ o | E5
¥ B ] Es
Bl |, |

oo St T
v- | n- | - | & o

9.3 (H), KA THHE

MFEH N TFRENETFH S 76 RAENABERN  ARKER
TEMIFA RSN RA B AR R R R 3 Y, Y T 3R e A TR
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— P

oo M FRRKEH. HREExE BREEZNDITHEXYE, B
BERTTHEABRABAMYER, PLRE_ENF, TEHBEENA R
mEm, REFAEECE |.BRADHRT 228 26, & K TR H %
AR BEXHN _ERHEREETRR 25 -2, ERER, LA
0.3 ®IG BB

9.2 & * Bloch B %

9.2.1 Bloch ¥

A PHAR(EE R LA =HER (a0, @) B, P&k A
HER (2, )RLE. HEXRKNAEENERETR REA-~BKERq
R, c REMPEEFR TR ZHRHEE - —2K, Ho4 nIX=H&
Ko mEPE-REHKNE T WA EZERRNEHESG . AR NEBY

F=ld, ¥y ma,+ nas {9-12)

] » I-P L]
Jw - -
HL
* d, ¢
& [ ] » [ ]
tal (b3}
=
— O — OO
(c)
o4 Hx

() MM R R, (b) “HEFHMRE, (- FXEREREGY

A _—RRHRRDLIKE P=0,12a,,Q= -7, + a3, —BM,!a,
tmaytna WHE - FRBEEBIEEE=Z/IFTAINTEE I, m En

il
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—_

TR, RERE, 2 PREENESHRTBE.

— BT EERER e RIE. H-S#TBES C.EBXR . IAXT
C, B e #akmH AEREL , LHAXRFAFBEN A BN IMH.
EC, BP , ExHENEER /0 . ERNEEUIT ¢, pQu/n ) B AT
#r, KPP pETHR(BFEONEH, FE-HRTEH . ETXTBLE o,
HAEE ba PEAAE ¢, B

_ . epm _
Cp,=ka, k= i, (9-13)

FR.EENMTHRERNATHERHEY,EX(R), MLEPEER T
B
Gaix - CERE, KB - ) AWMU TERX , HPAtx p ek

_ L
Y Vn
B % Bloch M. TRM—EB(R), F—HERREFRENRNE, MR

AR -HEMFTFHES SRR, WeRAEXS THE, (BRFRA &K KR
H, BHFLRG-AMNERLTHER

E(k)=a | 2Bcoska {(3—-15)

9{) E Eikmﬂ":{’m (9 . 14)

9.2,2 Kt MEX

ER— P, RMNELEd(H), WEEEMS FHENTLESWEM
EXE e BBERESTHEARO-)ROG-5)HO-11)XH ¢, H p
FIME,BAEMNNRRLE ¢ FEWME ,WNERERBHITHERE R HER,

BESBA. L HNEMNBEVTRARTIRAEDENTEAFETER, X8
<OM,E=0RZFEEEMN2FMVAHAREENE . EQ0)=2+281k=rn/a
REBEBREABE(x/a)=o 23, WM T2RVHENREZENE,

bo=— D) b, =L [h kit byt 4]
s

Vn n
¢§=J%Ze"’*“¢,n=71; —pptd —dt -t ] (9-16)

H p WAMBREREMHEEL, - WBEEES

- T T I (8—17)
o o 41
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Adx—0E,ErsaNERER., ERTEWARXO-15PE M 8E
MEXMNTEMNEE, MO 1THENEEN I BALAERKEL T LHRE
WEA, XTHEEHKENHE—H EM(Brilouin) K .
TR --HTEMX -t WTERER T~ HXWH p=0,21, - FH
FEo MEBO-13)X,MEL b=2rn/a tfhin Tk RBREX
kz(ﬂ)b, ab =2 (9-18)

n

Hp,p/n RERBEHNEKE . X e RB(—H)FHERNHF HEHES
FERZE  BER b 5EXc BALABBXEMBAE,

EHEVRNEHBEIE E=a+288E=0,XH,TH E(RIE E=04E
A Taylor R, ARWIAFHH. HF\O-15RH

hm cdl% = l{t_tﬂl( - 2fasinka ) =0

&E _ .
llm veie b_j}g( —2fa’coska) = — 2 fa’

HA
2
E(R)=(a+28) - Blka)?=E(0) - (ﬂf) 48  (9-19)

XEW B TFRERRENEMNS E0)S  REREHBE T, BEKN ne 8
— AP, AR THESETHRH(1-62)ARE. RAXLERS, N

T3

(p¥) = (;&j)z
FTREO-1DXNB Wz RHN
2

(H) 4;3—1{—L> m*:g—; (9-20)

m* REYER . F1Z de Bloglie AR (1-17),1/2 MU THX, S5hRE
K. FRO-1DXN L2 HHRRBEXR. BTV + ¢ BT HAHH R AR
BFURR BT EME T IEHE

9,2.3 #E¥
BRNWSHEI.IMRN(H), B 1s %, REFNFEETARTE
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F e ,E=E(k), AR~ EHERAMAKRTAYB L, X T MR T EH
AL,k AR E(R) AL BHETHE. T E(k) =
E(~k),ZWAMHMTF £=0,BEREMHFH, BATEHH —+. Bo.5HH
THEH (o), REEW S g2k Rt 63 (10 T 55 50 9 %0 18 BU M AR 7% R AL 77
Ha,b), k=0 MM E BFHEXFITOib=n/a BHFR WERIBEHN
B HE, B R . '

Ek)

IR
I

£ nla

k—-

{a) (b} i(c?

Bl 9.5 EBE¥WER
(a)YHEE M, (LEFAME, ()BENHA

ETFO-15X, HREF 418l sSHRTFHERBREXR. BEK
WE,RTHEEERRA, WK BHFER, B8R BWHIFERX
HEMItEFR, ARHERE.BY LR ERERY. B9.6 2
(H), E=ZFMBETHENSH LB TIFXSRROXER.

BRI EEEMBRTHREMRER LA, RH), PR 1s F M
(CH), 'l p, HIBEHFEO)<E(n/a)e HHEF p, WEEH, W59 -
IR AEHAAASREENSBERE T, HF PO TR BHE, M5 R
W TFLRBNE, 8 E E(0O)>E(n/a), FHRERE T WE 9.7 iR, E
KB FREVETHSEFRENREMHESBRUHERTERVHE
B TE B<OE 0245, H o MAE— RSB I, BH s, p.(p.,
p)ETHEMN <0, p,.p. RFHEHL>0. T HEEBRIETH 4 IR
FHE BIRAEZH I (d )R d,(d,,.d> 2)EBHFEMERN (<
0),1 dy(d,. d ) HREERTH, BOSHET 4 EBRHMAEN
BEFORMFTLEOMEHETEL, FREKFE 4,>d,>ds0
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