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BcneacreBmne opToroHanbHOCTU BOSNTHOBbLIX (DYHKUMN
O- U 1T — 3NIeKTPOHbI He MOryT OOMeHMBaTbLCA
COCTOSIHUSIMU U NOITOMY BeaAyT cebs KaKk He3aBUCUMbIe
3NIeKTPOHHbIE NOACUCTEMbI.

(mm|o) =0

Metoa MO Xiokkens npeaHa3Ha4veH Aons onvcaHus
TONIbKO T — 3MIeKTPOHHbIX NOACUCTEM



TT—3NIeKTPOHbI XMMUYECKU ropa3ao aKkTuUBHee, YemM
O—3JIeKTPOHbI, MO3TOMY MeToA XIOKKerfA OKa3biBaeTcs
OCOOEHHO None3HbIM A1 pewweHus npobrnem
peakuMOHHON CTOCOOHOCTU MOJIEKYI

\ / \ A
/C—C\ /C—O /C—N\

AnKeHbl U ANeHbI Anbpernabl, KETOHbI, MMUHBI
CIOXHble acdunpbl U Ap.

N~ o

ApeHbl MeTepoumknbl



=C gy +C, -y, +..+C -y

NN

MoJieKynsipHas Ba3ucHbIn Habop
opbuTtanb (aToMHbIEe opbuTanm)

MaTpu4yHo-BeKTOpHaA popma:

(P1 C11 C12 o C1n "p1
(p2 C21 C22 e C2n lIJZ
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YpaBHeHusa Xaptpu-Poka-PyTtaHa

F.—€S,, F,-€¢S, .- . F,-£S,|[c,
Fﬁa — sSBq FBB — t:SB‘3 . FBn — aSBn C'3

o =0
Fna - £Sn0( FnB - £Sn[?. ) ) an - £Snna . Cn J

F,, — MaTpuiHble aniemeHTbl onepaTopa ®oka, xapakTepusytoLyme

NIN60 IHEPruio 3fieKTPoHa B NU30NIMPOBAHHOM aToMe C
HOMEpPOM [ (Npu 4 = v), NTMOO N3MeHeHne 3Heprun

3NeKTpOoHa npu ero o6oodLecTBNeHUN ABYMA aTOMaMu C
HOMepaMun U UV (NMpU U # V),

Spv — WHTerpanbl nepekpbiBaHUA Anda 6a3mncHbix AO ¢ Homepamu

MUV,

& — 3Heprua MO c koacpcpuumenTamm {C_ CB .. C }



OcHoBHble npoobnemsbl metoaa MO cBfizaHbl C
HeobXoAUMOCTLIO NpoueAypbl CaMoCOorfiacoBaHus,
BKJ1IOYaloLLen MHOIFoKpaTHbIe BbIYUCIIEHUA
uHTerpanosTMna F n S

1. MeTtop Xokkensa — MOJTYSMMUPUYECKUMNA, NMOCKONbKY HU OOWH
U3 3TUX UHTErpasrioB He BbIYUCIIAETCA — OHU oNnpenenaroTca Ha
OCHOBAaHMM 3KCNMEepPUMEHTaNbHbIX AaHHbIX (CEeKTpanbHbIe,
KanopumeTpu4yeckue u T.4.).

2. Fii = Fjj = 0 (T.e. npepgnonaraeTcs, YTO MOJeKyJsibl 06pa3oBaHbI
13 OAMHAKOBbIX MO Npupoae aToMoB)




3. HeanaroHanbHble MHTErpanbl Fij pasaensroTca Ha ABa TUna.

lNMepBbIN TUN OTHOCUTCSA K NapaM aTOMOB, COeAUHEHHbIX MexXAay
coboun xummyeckumm cBasamu. [ina Takux nap atTomMoB
NPUHUMaeTCA crneayloulee ycnosue:

i = B (pe3oHaHCHBLIU uHMe2pan).
BTopou TUN OTHOCUTCSA K NapaM aTOMOB, KOTOPbI€ He CBSA3aHbl
Mexay CoO60u XMMUYECKU; A1 HUX

F. = 0.
ij

Pa3zgeneHue HeguaroHarnbHbIX UHTErpasnosB F Ha ABa Tuna
(HyneBble N HeHyeBble) ocyLecTBNAeTCA MCKITIOYMTENBHO Ha
XUMMNYECKON OCHOBE — MO XMMUYECKOU CTPYKTYpPHOM chopmyre
(mononozuyeckue BapuaHTbl meToga MO).

4. MpubnuxeHne HynNeBoro 1 (i=])

andpdepeHUnanbLHOro S. = . .
nepekpbiBaHua (HAOM) y 0 (i #])
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YpaBHeHue XapTtpu-®oka-PytaHa
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YpaBHeHUue XoKKens
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YcnoBue pa3pelmmocTu &?

0

X
1

1
X

X

0

/

YpaBHeHue
Xokkens

0

Xapakrtepucrtuyeckoe
ypaBHeHue

I

KopHu
{X, X,, ..., X}

I

AHeprumn MO
£ = a-BX

I



[eTepoaTomMHble MoneKkynbl B Metoae MOX

cC—C—C | > C—X—C
O — Oy Bee — Bex
a, = d. + h- B, Bex = K- Beg
Xx1.0](c’ ‘X K . o0][c,
1 X . CB K X+h C
) =0 o B
o. .x||c 0 . x| |c




Cuctema napameTtpoB CtpeutBuisepa

ATom Tvn cBA3un h K
C nooou 0 1

>C=0 1.0 1.0

© >C=C—O0: 2.0 0.8

>éicLo

N-Tr-conpsixeHue



AToMm Tun cBA3u h K
\ >C=N- 0.5 1.0
>C=C—N: 1.5 0.8

>C=S 0.4 1.0

> >C=C—S: 1.3 0.6

F >C=C—F: 3.0 0.7
Cl >C=C—CI: 2.0 0.4
Br >C=C—Br: 1.5 0.3
I >C=C—l: 1.3 0.25




3Ha4vyeHUAa napameTpoB h cBA3aHbl C 3NEKTPO-
oTpuUaTeNbHOCTAMU aTOMOB (CMNOCOOHOCTLIO
3axBaTblBaTb U yOepPXXUBaTb 3NIEKTPOHbLI)

3Ha4yeHusa napameTpoB K cBA3aHbl C pa3HULIEUN B
pa3Mepax retrepoaToma n atoma yrrnepoaa (c
ahpdeKkTMBHOCTLIO NepekpbiBaHua AO).

C—CI
C—Br



ManenHoBbIN
aHruppvpg




NomaluHee 3agaHue

3agava 8.1.

[Ons ykasaHHOW MOneKynbl COCTaBUTb MaTpuLy
XIoKKens ¢ yyeTomMm nonpaBok CTpenTBU3epa Ha
rerepoaTtombl.



ANroputm peLleHuns1 XIOKKeneBCKOMN 3aga4m

1. NMocTpoeHue maTpuubl XIOKKessi N0 CTPYKTYPHOU
dopmyrne monekynbl (C y4eTOM reTepoaTomMoB)




2. NocTpoeHMe xapakKTepuCcTUYeCKoro ypaBHeHuUs,
HaxoxpaeHue ero kopHen {X,, X,, ..., X } u
opbuTanbHbIX 3Heprun { &, }.

Xapakrtepucrtuyeckoe
ypaBHeHue
YcnoBue pa3peimmoCcTu > ﬂ
X 1 . . 0
 x KopHu
{X, X,, ..., X}
=0 ﬂ
0 . . . X JHeprumn MO

£ = a-BX

I



3. BbluucneHune matpuubl KoapduumeHtos MO: ( Cl.j)

(X, X, .., X}
\
‘X1 .0)[c
1 X . C,
o =0
0. .X]||C

4. MocTtpoeHne MO n KoppenauMOHHON AuarpamMmmbil.

5. BbluncneHue nokanbHbIX XapaKTepPUCTUK (3apsiabl

aToMoOB, nopsaku ceasen, UCB u gp.), nctpoeHune
MONEKYNAPHOU AnarpamMmmbil.



/
3TUNEH >C=C
\
m = C11 P, * C12p2
m, = C21 P, * sz P,
YpaBHeHUue XKoKKens
X 13rC,
[1 x|lc, | =0
AHepruu MO
€, = a-03 £, = a+f

P, P,

Xapakrtepuctunyeckoe
ypaBHeHuUe



YpaBHeHue XIoKKens

X 13yrC
o

C

C,- X+ C,
C,+C, X

C1+Cz=0 —C1+CZ=

C1+Cz=0 C1—CZ=

C1=_C2 C1=C2
1 1
'|T1=[_1 '|T2=[1




'|T1=

'|T2=

1
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N

N

(p
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1_p2) £1 G—B

. tPp,) £, = a+p

m

14
=
N

0,707 -0,707 |[ P,

0,707 0,707 || P,

ATOMHO- AO
MoreKynsipHas
MaTpuua



KoppensunoHHasa gnarpamma

™ = ( P, —P,) — paspbixnswowas

MO
............... 2 B . *
l S Py
|
'Y
mM=(p,+p,) — ceassiBatowas MO
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Opoutans 1T

ANEeKTPOHHOe 00nako

ANEeKTPOHHOe 06na|<o1



T, f CiiPy +C P, + Ciyp,

m, = C21 P, * C22 P, T Ly

m, = Gy Py + 0P, + Cyy Py

\ / + AgNO \ T/
cC=C—C 3 c=Cc—Cc O
/TN “AgCl 7 AN

\. . Y/ \ . / N\, .
/C_C—C\EI /C_C—C\EI /C_C—C\|§|

Annun-kaTtuoH Annun-pagukan Annun-aHNoH



YpaBHeHUue XIoKKens

Xapakrtepucrtunyeckoe
X 1 0rC ypaBHeHue
T X 1116 | =0 X(X2-2) =0
0 1 X ||C,
AHepruu MO KopHu
53 = Qo — ﬁ B X3 = "'ﬁ

g
I
o

a

L= a+Z

o
1|

X

I

|
o]

m
|



YpaBHeHUue XKKKens

‘X 1 07(C," C,-X+C,+0 =
1 X 1||c, | = C,+C,-X+C,=
0o 1 Xx||c, 0 +C,+C, X =
X=+y2 c, = C, = -2 c
XxX=0 C, = -C, =0

X=-12 C, = C, =12 c,




1

TI'3=2—(P1— 2p2+p3) =a_ﬁp
1 ( )
m, =—=(p, - P - «a
1
T|'1=2_(p1+ 2 p, *+p;) =a+12 B
m,] (0,500 -0,707 0,500 |( P,
m, | = | 0,707 0 0,707 || P,
mJ) (0500 0,707 0,500 ][ P;




KoppensaunoHHaa gnarpamma

E 1M, — paspbixnarwasa MO

Mo /
11
£3=a—\/?|3

T

3
3 - o — HecBA3blBalowWan MO

€ =
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ANEeKTPOHHbIe KOHdUrypaumm

E A

CCC

\

Annunn-KaTnoH

Annun-pagukan

A
-

\__
£=Cc—C

/

\

E A

-
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c c—c

\

Annunn-aHnoH



\CIZ\E/

/- \
Annunn-kKaTuoH

p-Tr-conpsiXeHue

N~ /"
/C—C C\ X

>c:clgé

Annun-aHnoH

N-Tr-conpshkeHue
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OOwume pewweHuns

NIMHEMHbLIE NONMUEHLI

N — uyucno atomoB B uenu

'IT'k] k — Homep MO



N =2 N =3 N = 4
ITUneH Annun-pagukan byTtaaueH

H,C=CH, H,C=CH-CH, H,C=CH-CH=CH,



JIHenHbIEe NONUNEeHbLI

E=a-28
.......................................................................... SR
— — = \ N2
________ i =L

="
— - = > NI/2
........................................................ L L=

E=a+ 2

N=2 N=3 N=4 N=5 N=6 N — e

Mpu 6onbwnx N obpasyroTcs ABe 3aHepreTuveckne 30HbI,
pasaeneHHble Y3KOU LWenbi (norynpoBOAHMKOBAA CTPYKTypa)
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KoadhpuumeHtsr MO

2
N + 1

t cC

k1

-----------

m-k-Vv

V — HoMep aToma

N+ 1

sin

k — Homep MO

N — 4ucno atomos
B Lienu

1T°k°V=9
N + 1 kv

ansa MO Ne k:




0
N
=)

O

12

o
.0
()

O

22

~

~N

- sin (1r/3) =

- sin (2"/3) = 0,707 StTmneH N=2

- sin (21/3) =

- sin (41/3) = - 0,707



9TUneH
(N =2)

MO Ne1 (k=1)

0, = 60°120°
c.=C,_=1/2

12

MO Ne 2 (k= 2)

0, = 120° 240°
c,L,=-C,_ =12

21 22




ANEeKTPOHHOe 00nako

ANEeKTPOHHOe o6na|<o1



=|\

| [0,707 —0,707|[p,]| o 1 1

PQ
,| 10,707 0,707 || P,| 2 1 1

- o -

=

. = 2-(0,707)2 + 0 - (0,707)?

N
)\lz = 2 - (0,707)? + 0 - (~0,707)?

1
P,, = 2 - (0,707)(0,707) + 0 - (0,707)(-0,707) = 1

\o o/ \ /
0,73 <—CZ—OC—>0,73 cC—C

/7 N\ / \

MonekynsapHas Knaccuuyeckasn

Anarpamma CTPYKTYpHas cpopmyna




Annun

—X- +
(N =3) / — H,C=CH-CH, Annun-kaTMoH
— = X. *
H2C_CH_CH2_X — H2C:CH—CH2 Annvn-pagukan
\_ X+ _
— H2(:=CH—CH2 Annun-aHWoH
E
£ = o \ITB ............................ - T,




11

C12
Cis C.,
k - 1 k — 2 k — 3
45°; 90°; 135° 90°; 180°; 270° 135°; 270°; 405°
m,] (0,500 -0,707 0,500 | P, )
m, | = 0,707 0 -0,707 || P,
m,) (0500 0,707 0,500 | P;







KoppensaunoHHaa gnarpamma

E 1M, — paspbixnarwasa MO

Mo /
11
£3=a—\/?|3

T

3
3 - o — HecBA3blBalowWan MO

€ =




Annun-katmoH All*

m,| (0,500 -0,707 0,500 | P,

=
|

0,707 0 -0,707 || P,

m,] 05500 0,707 0,500

= 2-(0,52 + 0 - (0,707)2 + 0 - (0,5)? =
= 2 -(0,707)2 + 0 - (0)2 + 0 - (=0,707)2 = 1,0
N, =2 (0,52 + 0 - (-0,707)> + 0 - (0,52 = 0,5

N,
0.5
Nz

2 - (0,5)(0,707) + 0 - (0,707)(0) + O - (0,5)(-0,707) = 0,707

2 - (0,707)(0,5) + 0 - (0)(-0,707) + O - (~0,707)(0,5) =



PQ =

3apsabl aTOMOB M NOPAOKN CBA3EeUn

(0,500
0,707

| 0,000

\0 1,
C=C-C
/2 1 \

0,707
1,000
0,707

0,000 )

0,707

0,500 |

305 | +05

AEF AR A

37 | 37,
C=-C=-C

7 44 0\



\ / \-l-112 +1IZ/
WAP Scle
/- 1T '\ /7T N\

p,TT-conpsixeHue Me3o-chopma

\ -/ N /
C=C-C <> [{C=C=C
Sl i BN

Pe3oHaHCHbIe hOpMbl



Annun-pagukan Alle

L (0,500 -0,707 0,500 |( P, | 0

=
|

0707 0  -0,707 || P,

m,] 05500 0,707 0,500

N10 =2-(0,52 + 1-(0,707)> + 0 - (0,5)% =
, = 2-(0,707)> + 1 - (0)> + 0 - (-0,707)? = 1,0
=2-(0,5?% + 1-(-0,707)> + 0 - (0,5)° = 1,0

z =z

2 - (0,5)(0,707) + 1 - (0,707)(0) + O - (0,5)(-0,707) = 0,707

2 - (0,707)(0,5) + 1 - (0)(-0,707) + 0 - (~0,707)(0,5) =



(1,000 0,707 0,000 )
PQ = 0,707 1,000 0,707

0,000 0,707 1,000 |

3apsabl aTOMOB M NOPAOKN CBA3EeUn

\\0 0,/ 0 0,
c=é—c c---J:---c
72 1\ 77 1,7 N



Annun-aHmoH All-

m,| (0,500 -0,707 0,500 | P,

=
|

0,707 0 -0,707 || P,

T,J (0,500 0,707 0,500

N15 = 2-(0,52 + 2-(0,707)> + 0 - (0,5)% =
, = 2-(0,707)> + 2 - (0)> + 0 - (-0,707) = 1,0
=2-(0,5° + 2-(-0,707)> + 0 - (0,5)°> = 1,5

z ==

2 - (0,5)(0,707) + 2 - (0,707)(0) + O - (0,5)(-0,707) = 0,707

2 - (0,707)(0,5) + 2 - (0)(-0,707) + O - (~0,707)(0,5) =



PQ =

3apsabl aTOMOB M NOPAOKN CBA3EeUn

(1,500
0,707

| 0,000

\0 -1/
C=C-C
7/ 2 1 \

0,707
1,000
0,707

0,000 )

0,707
1,500 _
-0,5 | -0,5
N\ ~/
71,7 1,7 N
37 | 37,
C=-C=-C
7 44 0\



-1/2 -1/2

7 1T /1T '\

n,TT-conpsXxeHue Me3o-chopma

N, =/ \N=: ./
C=C-C: <> :C-C=C

/7 T\ /7 N\

Pe3oHaHCHbIe hOopMbl



bytagueH
(N = 4)

C

13

..C

24
k=1 k=2
36°; 72°; 108°; 144° 72°; 144°; 216°; 288°
c, = C, = 0,372 c, = -C,, = 0,602

C,, = C,, = 0,602 c,, = -C,, = 0,372



k=3
108°; 216°; 324°; 432°
C,, = C,, = 0,602

31

C.,=¢C

32 33 —0,372

44

C42
k=4
144°; 288°; 432°; 576°
c, = -C,, = 0,372
c,, = -C,, = 0,602



f

0,372
0,602
0,602
0,372

-

—-0,602
—-0,372
0,372
0,602

0,602
—-0,372
-0,372

0,602

—0,372 )

0,602
—-0,602
0,372




Y3noBasi CTPYKTypa



a-1,618 B

a-0,618 B

a+0,618 B

a+1,618 B

AE =2 16188 + 2 -0,6188 = 4,472

E~N

y3rnoB

AHeprun MO cBA3aHbl C Y3JTIOBOU CTPYKTYPOM:



m, (0,372 -0,602 0,602 —0,372) ( P, 0
L 0,602 -0,372 -0,372 0,602 P, 0
T, 0,602 0,372 -0,372 -0,602 P, 2
m, (0372 0,602 0602 0372 | | P,y 2
N, = 2-(0,372) + 2 - (0,602)2 = = N,
N, = 2-(0,602)% + 2 - (0,372)> = 1,0 = N,
P,, = 2 - (0,372)(0,602) + 2 - (0,602)(0,372) = 0,896 = P,,
P,. = 2 -(0,602)(0,602) + 2 - (0,372)(-0,372) = 0,448

23



1,000 0,896 0 0
0,896 1,000 0,448 0

PQ = 0 0,448 1,000 0,896
_ 0 0 0,896 1,000 |
\\ 2 1 ] 2 / \1,89 1,45 1,89 /
C—=Cc—C=cC Co=CC==C
/ I AN / I AN
\4 4 | / \ 3,89 | /
C—_—C—C—C C—-C——C—C

/ I 4 4\ / | 434 '\



AE = 4,000 B AE = 44728

\ | [\/ \ | /
T\ N /T \
TT, TT-conpsaxeHue E.. = 04728
\reo s cote/ <> ettt é
/7N /o N

Pe3oHaHCHbIe h)OopMblI



Oowunn cny4vyam UncnoysnoB = k — 1




NomallHee 3agaHue

3aanava 8.2.

Bbluncnunts koadpcpmumeHTobl i-on MO nuHenHoro
nonuveHa c Yymcnom atomoB N.

HapucoBatb rpachuk MO 1 onpeaennTb Yncno y3nos.

|
N N




Linknnyeckmne nonmeHbl (AHHYNEHbI)

LuknonponeHwun- LinknobyrtaaueH LluknoneHTa- beH3on
KaTUOH ANEeHWUN-aHNOH



YpaBHeHUue XIoKKens

_\Q_\><

1
X
1
0

0
1
X
1

X = O =

LWKINOBYTAOUEH

sz p1

1

Il
o

C,
C,
| C,

+ C
CpoPy + Cpupy + C

Cypy+ C
Cor Py ¥

CyyPy+ C

12 p2 13 p3

32p2 t C33 p3 *

C41 p1 T C42p2 t C43 p3 + C

+ C

14 p4
24 p4

C34 p4

44 p4



Xapakrtepucrtunyeckoe KopHu AHepruu MO
ypaBHeHUue
S X, =- €, =a+2p
XAX" - 4) =0 X,=0 £, =0
X,=0 €, =a
X, =+2 g,=a-2p
YpaBHeHUe XIKoKKens
‘X 1 0 1][c, CC,-X+C,+C, =0
1 X 1 0[|C,|_ C,+C,-X+C,=0
0 1 X 1(|C,| C,+C,-X+C,=0
101 X]|C, _C, +C,+C,-X=0



g X+ C,+C, =0 ”—2C1+CZ+C4=0
C,+C,-X+C,=0 C,-2C, +C, =0
< <
C,+C,-X+C, =0 C,-2C,+C,=0
_C,+C,+C,-X=0 _C,+C,-2C, =0
N3 nepBoro ypaBHeHnUsA BblintTaem TpeThbe. 'C b [ 1 b
1
—ZC1+2C3=O,T.e. C1=C3 (:2 _ 1
y e 1
3 BTOpPOro ypaBHeHnUsA Bblintaem HeTBepToe. 3
C 1
4 _

2C,+2C,=0,Te. C,=C

2 4

Bo BTOpOe ypaBHeHue noacTtaensiem C, BMecTo C.:

2C, -2C,=0,Te. C,=C

1 2




X=X, = +2
”C10X+C2+C4=0 ”ZC1+CZ+C4=0
C,+C,-X+C,=0 C,+2C, +C, =0
< <
C,+C,-X+C, =0 C,+2C,+C, =0
_C,+C,+C,-X=0 _C, +C,+2C, =0
N3 nepBoro ypaBHeHnUsA BblintTaem TpeThbe. 'C b 1
1
201—ZC3=0,T.e. C1=C3 (:2 _ -1
y e 1
3 BTOpPOro ypaBHeHnUsA Bblintaem HeTBepToe. 3
C -1
4 L

2C,-2C,=0,Te. C,=C

2 4

Bo BTOpOe ypaBHeHue noacTtaensiem C, BMecTo C.:

2C, +2C,=0, Te. C, = -C,




X=X,=X,=0
C,-X+C,+C, =0 C,+C,=0
C,+C, X+C,=0 C,+C, =0 C,
C,+C,  X+C,=0 C,+C, =0 C,
C,+C, +C, - X=0 C,+C, =0
C, p 1 (0 |
C, _| 9 |_ 0 +q-1
C, —p -1 0
C4’2,3 -q 0 —1

[1ByMmepHOe NpPOCTPaHCTBO COOGCTBEHHbLIX BEKTOPOB C

KoopaAUHATHbLIMUN OCAMU P N



Ona Toro, 4To6bI ONUcaTb ABYMepHoe
BEKTOPHOE NPOCTPAHCTBO A0CTAaTOYHO
yKa3aTb ABa 6a3UCHbIX BEeKTopa

MNMepBbIN Gasuc: 1T2 n 1T

[N

w

p=1)(p=0
=) [az7]
’C1“ h ,01\ T
C, _ 0 C, _ 1
C, -1 C, 0
\C4,2 L 0 _ ~C4,3 \_1 _



o
=
™
©
O
b
o
Q
O
=
14]




KoppensuunoHHaa agnarpamma

4 M, =P =P*P; =P,




HIoIOIONO
,/a,,e o/‘oﬂ






O O "O 6
o/‘o,@ o/‘o,“



OOwme peweHUs AnNA aHHYJIEHOB

OpOuTtanbHbIe 3Heprum

27T -
X = —-2cos
X A k [ k
N
kK — Homep MO
N — uyuncno atomoB B uukne
R = 2

0 = 2n1/N




LinknonponeHun-KaTuoH N =3

0 = 2m/3 = 120°




LinknobytagueH

X =-2;0; 0; +2

N =4
0 = 2w/4 = 90°

AN
P, Ps DELLPSLLE

P,




LinknoneHtagneHun-aHUoH N =

X = -2; -0,618; -0,618;
+1,618; +1,618

0 =
R =

E

e =a-1,618B

£ =a
€ =a+0,618B

E=a+2f

5
2m/5 = 72°




BbeH30n N = 6

0 = 2mm/6 = 60°




Oowmn BUO aHepreTM4ecKon agmarpammsl ans

aHHYNneHoB
A
€=G—ZB ........................... .+« - et e et e e e e e et - e e e
€ = O |ooerrieeriieiiei, B - - <« « e e e et e e,
£=a+26 ...... B < < - e e e .« v et < -t e e - e e e
N =3 N =4 N=5 N =6

OcobeHHOCTbL: Hanuuuve ABYKPaATHO BbIPOXAEHHbLIX YPOBHEN



APOMATHYECKHUE crpyKTypHI
(no Xrokkento)

A
=G—2f3 ........................... B e — e
€ = g | . -+ <+ e
€= a+2B | 4*. ................. 4*. .................. 4*. ..................... 4*. ...........
N =3 N =4 N =25 N =6
n =2 n = n==6 n==6

MakcnmanbHbIV BbIUTPbILW B 3HEepruv HabnogaeTca Toraa, korga Bce
cBasbiBaowme MO ( € < a ) NONHOCTLIO 3acerneHbl, a BCe
paspbixnsaowme ( € > a ) U HecBA3biBawwWme (€=a) — cBOOOAHDI



Yucno ceasbiBarowmx MO Bcerga He4eTHO U ero MOXHo
BbIpa3utb hopmynon

(2k + 1), rae k= 0,1, 2, ... (no6oe Lenoe 4nucno)

CymmapHasa eMKoCcTb Bcex cBAa3biBaowmx MO paBHa

2 (2k+1) = 4dk+2 (re. 2, 6, 10,..)

MoneKkyrnbl aHHYNEeHOB, B KOTOPbIX YACIO TT-3/IeKTPOHOB
yaoBnetrsopsieT chopmyne

n = 4k + 2 (re.n = 2, 6, 10, ...)

OOMKHbI OTNUYATbLCH NOBbILWLEHHON CTAa0OUNBbHOCTLIO U
NMOHMXXEHHOU XMUNYECKOU aKTUBHOCTbLIO

MpaBuno Xwkkens



LluknonponeHunn-KaTuoH

N

AgNO,

.

U,VI KnoneHragneHmsi1-aHNOH

— AgCl

4 O,



a+2f

AHTUAPOMATHUYECKHUE cTpykTypsnl (NO
XIOKKe o)

n =4k (te.n =4, 8, 12,...)



LiuknonponeHun-aHUoOH

™N
. K- |6
H “H, )
- Na

U,VI KnoneHragneHmsi1-aHNOH

Cl AgC
[NO,]~




4 e
H
PynbBeH
H

KanuueH

4 e 4 e

<

6e

®

6e

>

2e




He apomaTtunuyeckas ApomaTtunyeckum

MOJieKyna aHUOH
H
H
B monekyne ¢peHaneHa nmeetcs B aHnoHe peHaneHa nmeetca 14
12 conpsi>keHHbIX TT- COMNpsXXeHHbIX TT-3J5IeKTPOHOB
3NIeKTPOHOB (He COOTBETCTBYeT (cooTBeTCTBYET NpaBuny

npasuny XroKKens) X1oKKens)



AnekTpodpunbl

Hykneodunbl :ﬁH

2

O

S

O,




LlnknookrarteTpaeH

U3ameHeHne chopMbl NPUBOAUT K HEBO3MOXXHOCTH
nepekpbiBaHus p-AO.
B peaynbrate aHTMapOMaTU4YeCKUMN XapaKTep
ncyesaert, a peakLUMOHHaA CNOCOOHOCTbL CHMXaeTCA



g: AHHYIIEHbDI ﬂ

APOMATUNYECKHUE AHTUAPOMATUYECKHUE
n =4k + 2 n = 4k
(re.n = 2, 6, 10, ...) (re.n = 4, 8, 12, ...)
YyCTOMYUBOCTb HEeYyCTON4YMBOCTb
HU3Kasi XUMU4eckas BbICOKasA XMMMYecKas
aKTUBHOCTb aKTUBHOCTb

S =20 S =1



C = —

YN

KoadhcpuumeHtsl MO

LinknonponeHuUn-KaTuoH

1
Coi = /7

~

-

V — Homep aToma
1 exp[iznkv] k—HomeSMO
N N — uucno atomos

(i — MHUmaa egunHnua) B LiMkne
Ciem3)  S@amse)  Semn)

i(12171/3)
Ciam3)  Smz) ©

i(1811/3)
Siem3)  S(12m3) © J




f

-

f

Ci2arriz)  S@amz) S
i(127T/3)
Ciatri3)  S(s1i3)
i(187T/3)
Ciemrr3)  S(12m3) ©
i(—2TT/3) )
Ciemz) € 1
i(—27T/3)
c S
1 1 1

-

\

-



ﬁ(n1+ TI'_=1/|/EI(1T1—

~ ~

i(-217/3)

Cierriz) € 1 M
i(—21T/3)

€ Sem3) M,

] 1 1 ,

) ) .
{2'sin2m/3) 4 2sin(2m/3) 0 T

Y2 cos(21/3) | 2 cos(2m/3){ 2 "

1 1 1 ™

\ - 3



w‘A

oo‘A

"~

([2sin(2m/3) 4 2sin2m/3) 0
}/? cos(2T1T/3) }/_ZI cos(2Trl3)}/_l2







-0,707
-0,408
0,577

0 ] T

0,816 11
0,577 ) 1L
Bug ceepxy

HeT y3noB



0,707
—-0,408
0,577

-0,707
—-0,408
0,577

0 B
0,816
0,577 |

Bug ceepxy

1 y3en

5

=




0,707
-0,408
0,577

-0,707
-0,408
0,577

0 B
0,816
0,577 |

Bug ceepxy

1 y3en

=

=




ATOMHbIE
opoutanu

MonekynsipHble
opoutanu

KomMnneKkCcHbIN

oa3uc

NencrButenbHbLIN

0a3uc




NMpoueaypa npeobpa3zoBaHnA K AeUCTBUTENbLHOMY Ga3ucy
BO3MOXHa AnA nooboro aHHyrneHa

(v—-1) 1
cC = (-1 —
=k v = D IN
............. c =1, % sin [ZHDv]
D - D = N
=3 3
o= = , 2 [ZTI'DV]
-2 +2 C+DV — N_ cOS
] = ] = , N
-1 +1
] =
0 Co,v = 1




BeH30n

(1 =3
m,
o= ] =
Tl'_z -2 +2 'IT+2
] = ] =
-1 -1 +1 Tr+1
L] = T
0 o
JHepreTn4yeckas
AanarpamMmma

AreKTPOHHasA
KoHdurypauums



\

4

44494444

J

7

'

41 -4
.50 -.50
-29 -.29
.50 .50
29 -.29
41 M

41 -4
0 .50
.58 -.29
0 -.50
.58 .29
41 4

41 -41 )
-50 O
-29 .58
-50 O
-29 .58

41 M

HeT y3noB

7



\
J

'

1T3 41 -41 M -41 M -4 p1 )
1T_2 50 -50 0 50 -50 0 p2
L) 2| = -29 -29 .58 -29 -29 .58 P 3
1T_1 S50 50 O -50 -50 O P 4
LLIN 1 29 -29 -58 -29 .29 .58 P 5
1L 41 41 41 41 41 .4 P

\ o 7 S 7 \ 6 7




\
J

'

1T3 41 -41 M -41 M -4 p1 )
1T_2 50 -50 0 50 -50 0 p2
L) 2| = -29 -29 .58 -29 -29 .58 P 3
1T_1 50 50 O -50 -50 O P 4
m, 1 29 -29 -58 -29 .29 .58 P 5
1L 41 41 41 41 41 .4 P

\ o 7 S 7 \ 6 7




\
J

'

™, M - M —a A ‘
LI 50 —50 0 .50 —.50
m,| _ |-29 -29 .58 -29 -29
™, 50 .50 0 -.50 —.50
m,, 29 -29 -58 -29 .29
e B SR Y

2 y3na



\
J

'

1T3 41 -41 M -41 M -4 p1 )
1T_2 50 -50 0 50 -50 0 p2
L) 2| = -29 -29 .58 -29 -29 .58 P 3
1T_1 S50 50 O -50 -50 O P 4
TT+1 29 -29 -58 -29 .29 .58 p5
1L 41 41 41 41 41 .4 P
\ o 7 S 7 \ 6 7

.

2 y3na

o
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[eTepoaTOMHbLIE MONEKYIbI

H H H
\ / \
/C:C\ ‘ /C:O
H H H
JTuUneH dopmanbaerna
T, f C11 Pc+ t C12 Pc2 ) T, i C11 pc+ C12 Po
m, = C21 Pcq * C22 Pc2 m, = C21 Pc* C22 Po
YpaBHeHue XioKkens YpaBHeHue XioKkens
X 1 C, X 1 C,
[1xcz=0 [1 x+1||c, | =0




Xapaktepuctuyeckoe ypaBHeHUe

X?-1=0 X2+ X =1 =

X, =+ X, = +0,618

X, = -1 X, = -1,618

IX. =0 X = -1
Op6uTanbHbIe 3Heprum

g, =a-0 g, = a-0,618

£ = =

a+f3 £, = a+1,618 3



Koadhduumentsl MO

X 1 7(C, C,-X+C,=0
[1 x+1|lc, | =0 C,+C,-X+C,=0
Mpu X = + 0,618 Npn X = — 1,618
0,618C, + C, = 0 -1,618C, + C, = 0
C, = -0,618 C, C, = 1,618 C,

1 1
m, = [—0,618} 1T2=[ 1,618}



ATOMHO-MoOneKynspHas maTpuua

TUNJNEeH
‘m.| [0,707 -0,707 |[ P,
T, 10,707 0,707 || P,
dopmanboerna
LLP _ 0,851 -0,526 || P,
T, 10,526 0,851 || Po




KoppensunoHHasa gunarpamma

AE = 28

EMO A

81 =a-—-0,618B |- ------

=da

£0=a+[3

€£,=a+1,618p

AE = 2,336 B
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Opoutanb TT
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ANEeKTPOHHOe 06na|<o1



H H H. 5+ o—
\ / \
/C p— C\ /C —0

H H H

HenonsipHaa monekyna NMNonsapHaa monekyna

i} - ) - - MonekynsipHas
m, 0,851 -0,526 P, anarpamma
sTrZ, \0’526 0!851 J \pz, +0,447 0,447

AN

€20
N. = (0,526)% + (0,526)? = 0,553 1,895
N, = (0,851)2 + (0,851)> = 1,447 : :
P., = 2-(0,526 - 0,851) = 0,895 Ne —¢”

/770N



H/ “H
H—CN
Y
H2(|)—(|2H2
H CN
H,C—CH

17
NC H

H,C—O
]
NC H



BuHunxnopupg
>C=CI2—CI: h=20 K=04




cC, C, CI v
(0,695 -0,713 0,094 |(p,| O
M =(0,710 0,659 —0,246 ||p, 2
10,113 0,238 0,965 | |p,| 2
n., =103  n =1 =-0,035
n., = 0,983 n =1  Q=+0,017
n, = 1,982 n =2  Q=+0,018
P.. = 0,991
P = 0,134

c-Ccl



MonekynsipHaa guarpamma

. 0991 | 0,134
C ............ C ............ CI
-0,035 +0,017 + 0,018
Krnaccunyeckas chopmyna n,TT — conpsaxeHue

>c1cI:OC| m [\

0 0 0 /5_ c|:— Cl
o+ O- 5>- O+ o-
H,C-CH,—ClI H,C=CH—CI

+12,3 °C T -13,7 °C

KUI.



c, C, CI
(0,695 -0,713 0,094
0,710 0,659 —0,246

10,113 0,238 0,965 |

1T3 (2 yana)

1T1 (HeT y3noB)

1T2 (1 y3en)




KoppensunoHHaa auarpamma

E
A
A—1,027 B |-, y 11
‘ 3
o
o+ 0,928 3
o+ 2
o+ 2,099




a-1,027 3

a+ 0,928 B

o+ 2
a+2,099 8

PeanbHas
CTPYKTYypa

Knaccuyeckas
CTPYKTypa



PeanbHasa cTpyKTypa

E _ =20538

CBA3N

n,TT — conpsi>XeHue
Knaccuyeckasn cTpykrypa I
E =

|
2,000 B

I CBA3UN

AE = 2,053 8 — 2,000 = 0,053 = E,

es

AHeprusa pesoHaHca (conpsikeHuUs)



Tabnaua 8.5, Dueprun pelonanca Gemonpix (B) a sebesronmoax (HE) yrae-

RO0POaOR
Coeganieane Oopuym m Bm,
3
MOX* | mmnn
Besaon (B) @ 0869 | 0,869
Hadranms (B) 1,599 1,323
Antpaies (B) 2308 | 1,600
Qenantpen (B) ©©© 1,499 1,933
Asyaen (HB) 1,460 0,169
Byranen (HE) A 0,721 | —0,270
S
®ynssen (HE) =<; 0,639 0,047
dynspanes (HB) Q-O 1,217 " 109




BenuunHa E_ _ noka3biBaeT, HACKONILKO BEJNIMKMN OTKITOHEHUS
OT NpeAcKa3saHUM KNacCUYeCKON TeOPUU CTPOEHUS MOSIEKY

+ NaOH
— NaCl

H,C-CH,—ClI - H,C—CH,-OH

AH . ., = 336 kx/monb

H,C=CH-CI — '>ea ” .
AH . ., = 392 k[Ax/monb

_ + HCI
H,C=CH, —oosc- HiC-CH,CI
+ HCI
H,C=CH-CI - H,C-CHCI,

100 °C



F -0,075 | 0,044 | 0,031 | 0,983 | 0,180 | 0,126
Cl |(-0,035| 0,017 | 0,018 | 0,991 | 0,134 | 0,053
Br |-0,025| 0,011 | 0,014 | 0,993 | 0,120 | 0,036
[ -0,019 | 0,008 | 0,011 | 0,994 | 0,109 | 0,028




3Ha4vyeHUAa napameTpoB h cBA3aHbl C 3NEKTPO-
oTpuUaTeNbHOCTAMU aTOMOB (CMNOCOOHOCTLIO
3axBaTblBaTb U yOepPXXUBaTb 3NIEKTPOHbLI)

3Ha4yeHusa napameTpoB K cBA3aHbl C pa3HULIEUN B
pa3Mepax retrepoaToma n atoma yrrnepoaa (c
ahpdeKkTMBHOCTLIO NepekpbiBaHua AO).

C—CI
C—Br



0.140

H,C=CH—Xz

E_., (3Heprusa conpsikeHus, B eanHuuax )

0.120

0.100-

0.040

0.020;

MakcumanbHbIn 3 dekT

conpsixeHuss — y ptopa

(AO 2p,, Takas xe, KaK y
cocegHero yrnepopa)

Br |



BuHunoBbIin cnupT
>C=C—O—H h=20 K=0,8

Det = X3 +2X%2-1,64X-2 = 0

C 1,108 (o - 1,108 B
X =< -0,773 £€=< a+ 0,773 B
| —2,336 . a + 2,336 B




C1 C2
(0,658 —0,729
T =|0,735 0,568
10,163 0,382
n., = 1,134 n,
n., = 0,937 n_
n, = 1,929 n,
PC-C
P

O

0,188
-0,370
0,910

Il 1
N o

Ny
N N o <




MonekynsipHasa gnarpamma

\_ 0,960 | 0274

Knaccuyeckasa doopmyna m [\
1 0 \

Ne c‘: OH C=—=C——OH
/0 0 0 /5— ‘ o+

n,TT — conpsiXXeHue



c, C, O
(0,658 -0,729 0,188
0,735 0,568 —-0,370

10,163 0,382 0,910

1T3 (2 yana)

1T1 (HeT y3noB)

1T2 (1 y3en)




KoppensunoHHaa auarpamma

E

a—1,108 B

a+0,773 B

o+ 2
a+2,336




a—1,108 B

a+0,773 B

o+ 2
a+2,336 8

PeanbHas Knaccuuyeckas
CTPYKTypa CTPYKTypa

E._ = 02188



PeanbHasa cTpyKTypa

E  =22188

CBA3N

n,TT — conpsi>XeHue
Knaccuyeckasn cTpykrypa I
E =

|
2,000 B

I CBA3UN

AE = 2,218 — 2,000 8 = 0,218 = E,

es

AHeprusa pesoHaHca (conpsikeHuUs)



BuHunosbin cnupT Auetanbgerua

| [ ) I
>C=CQ) H —> >C—C=0

AE_ = 2,218 AE_= 2,336 B
11) 11)

&

BuHunoBble cnUpTbl OLICTPO NeperpynnUpoBLIBAlOTCA B
COOTBETCTBYHOLLUE KapOOHNNBbHbIE COeANHEHMUS

HC=CH + H-OH —— [H,C=CH-OH] —— H,C-CH=0

Peakuua KyuyepoBa



AmMupgHas rpynna h,=1,0 K,=1,0

‘ oo h =1,5 K =0,8
0=—c—N’ : :
\
(X+1 1 o | (c,
1 X 0,8 ° CZ =0

- | o o8 x+15]|c,

Det = X° +2,5X% — 0,14X —2,14 = 0

(0,824 (o - 0,824
X =< -1,257 £ =< o+ 1,257
| —2,067 o + 2,067 B




O C N

\"
(0,460 0,840 -0,289 | [ p, 0
M = 0,749 0,193 -0,634 | | p, 2
| 0,476 0,508 0,717 | |p,| 2

n, = 1,575 n =1 =—-0,975
n. = 0,592 n =1 Q=+0,408
n, = 1,833 n =2 Q=+0,167
P,. = 0,773
P = 0,484



MonekynsipHasa gunarpamma
(peanbHasg cTpyKTypa)

0773 | 0,484 /

- 0,575 + 0,408

Knaccuyeckasn chopmyna

0o/
D\

1

O

|
C
0 0

n,TT — conpshKeHue



O

(0,460
0,749
0,476

C

-0,840
0,193
0,508

N

0,289
—0,634

0,717

1T2 (1 y3en) /,\/\/z\

1T3 (2 yana)

1T1 (HeT y3noB)




PeanbHaa cTpyKTypa

]

n,TT — conpsiXeHune

Knaccuyeckas cTpykrypa I

' E = 2,236 B

CBA3U

AE = 2,642 — 2,236 = 0,306 B = E,

es

(Ana BuHunxnopmpa E, = 0,053 B)



+ R-CI

CH,~CH,~NH, ———— CH,~CH,~NHR
0 .. _
CH,—~C—NH, % .
. + H* H
CH,~CH,~NH, - CH,—CH,~NH,
o K, = 4710

T H

A
|

= 3,0 107



H_N

MoueBUuHa

C—NH

I 2
(@)

(X+1,5 0,8 0 0

0,8

0
. 0

X 0,8 1
08 X+15 0
1 0 X+ 1

\

/

h,=15 K, =0,8
h,=1,0 K, =1,0

r

X = (2,320; 1,500; 1,189; -1,008 )



=

N C N O Vv

1 2
(0,265 —0,830 0,265 0,413 |(p, | ©
0,395 -0,154 0,395 -0,815 || p, | 2
0,707 0 -0,707 O p, | 2
0,523 0,536 0,523 0,406 || p, | 2
\. 7 \\ J
n, =180 n =2  Q=+0,140
n. = 0,622 n = 1 Q=+0,378
n,=180 n =2  Q=+0,140
n, = 1,658 n =1 = - 0,658
Pyc. = 0439 P., = 0,686



n-TT-conpsixeHune

+0.38

044 044
H2N ----- C. ----- NH2
+0.14 8 +0.14
=
O
—0.66



KoppensunoHHaa Aauarpamma

E E

O —=1,008 B |

a+f3
oa+1,19 B :::::::::ﬂ:.l?o ........................ _“_ m
o+ 1,508 | B + ir

P P
a+232p | N +%




Knaccuuyeckas cTpykTypa PeanbHasi cTpykTypa

H,N H NH, H,N H NH,
o u o

n-TT-conpsxeHue

E_ = 22368 E_ = 3,000

E. = 0,764

( ana ammgHou rpynnbi 0,306 )






Cepookuchb yrnepoaa

338 M°




h,=2,0 K, =0,8
h,=04 K. =1,0

\ ( )

(X+2 0,8 0 C
08 X 1,0 |[+|C,|=0
0 10 X+04]) |C

Det = X3 +2,4X? - 0,84X —2,256 = 0

(0,955 (o — 0,955 8
X =< -1,006 £ =< a+ 1,006
| —2,349 o + 2,349 B




n. =

S S
R |

O C S

-0,385 0,478 0,789

1,909 n =2
0,765 n =1
= 1,326 n, =1

0,213 -0,786 0,580 |

0,898 0,391 0,201




MonekynsipHasa gunarpamma
(peanbHasg cTpyKTypa)

0,334 0,911

+0,091 +0,235 -0,326

Knaccuyeckasn chopmyna

o0 0 1
O C S
0 0 0

ARVl

5+ 0—

n,TT — conpsxeHue



E _ =22988 E  =12648

CBA3N

a— 0,955 ﬁ ............................... 41,_

a+0,48 +€V ; o+ 0,832

a + 1,006 B

a+2f ...4*./:’.:.;: .......... ??\‘\\\\. ................ _+ a+2f
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MonekynsipHasa gunarpamma
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MpaBuna opneHTauum B peakumnsx
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3amectutenu l-ro poga (opto-, napa-OpUEHTaHTbI)
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3amectutenu | poaa (opto-, napa-OpUEHTaHTDbI)
AKTUBUPYHOT ODEH30JIbHOEe KONMbLO MO OTHOLUEHUIO K
ANeKTPoPUIrbHbIM YacTuuam
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3amecTtutenu ll poga (MeTta-opMeHTaHTbI)
Ae3aKTUBUPYHT 6eH30MbHOE KOMbLOo No
OTHOLLUEHUIO K INeKTPOoPUNbHbIM YacTULam
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3apaya 8.3.
Ona retepoaToOMHON MONEKynbl TUNa

X—CH=CH—Y

Nno 3agaHHbIM BenIM4MHam nonpaBoKk h u K 1 KOpHAM
XapaKkTepucTuyeckoro ypaBHeHUs BbIMUCNUTD:

1) maTpuuy KoacdpchpuuymeHto MO (Cij) B
HOpMUpoBaHHOM Buae

2) anekTpuyeckue 3apsabl atomoB X, C,,C,, Y
3) nopsaku m-ceasen X—C,,C -C,, C-Y

4) 3Hepruto conpsikeHus ( E; ) B eauHuuax f3



1. CocTtaBuUTb ypaBHeHUe XIOKKesns C y4eToM
nonpaBoOK Ha reTepoaToMbl

X+h, K, O 0 ¢
KCX X 1 0 o C2 =0
0 1 X K ¢,
L0 0 K, X+h,J |G,

2. 1o oyepeau noacTaBuUTbL B 3TO YpaBHEeHNEe KOPHU
XapaKTepucTU4eCcKoro ypaBHeHus:

X=(X; X5 X535 X,)



=

3. PewunTb nony4veHHbIe 4 3K3emMnnsipa ypaBHEHUS
XIO0KKena u n3 peweHnu (npegBapuTesibHO
NMPOHOPMUPOBaAHHbLIX) COCTaBUTb aTOMHO-
MONEKYNSAPHY MaTpuuy:

X C . 02 Y Vv

e N\ N
C11 C12 C13 C14 p1 g
C21 C22 C23 CZ4 p2 2
C31 C32 C33 C34 p3 2

" C41 C42 C43 C44 J L p4 J




4. Bblyncnntb cpeaHue 35feKTPOHHbIe MJIOTHOCTHU
(N) v nokanbHble 3apsaabl aTomoB (Q)

N, = n =2 Q=
N., = ... n =1 Q=
N, = n =1 Q=
n, = n =2 Q=

5. Bbluncnutb nopsagku ceaseu (P)

Pioi= e Poioy = cin P,y



6. Bbiuucnutb opbuTanbHbie 3Heprum no opmyne:
£ =a-B- X
7. MocTponTb 3HepreTu4ecKue gmarpamMmmbil:
a) ANA UCXOAHbIX aTOMHbIX opouTaneu
6) ona KMO
B) ana JIMO

8. Bbluucnuntb aHeprum ceasm ana KMO n JIMO

9. BbluncnuTtb 3Hepruio pesoHaHca: E, = E —-E_ o



AO KMO Mo



r Llnknunyeckmne mMoneKkynbil j

AJIbTEPHAHTHbIE HEAJIbTEPHAHTHbIE

Tononornyeckuu rpadc Tononorn4yeckuu rpad He

MOXeT ObITb pacKpallueH MOXeT ObITb pacKpallueH B
B ABa uBeTa ABa uBeTa

ol e



D,HSI dfibTePHaHTHbLIX MOJ1€EKyJ1 BCeraa MnMerTCH

ABaXAbl BbIPpOXAE€HHbI€e YPOBHU, KOTOPbLIE
pacnoinararorc4A cCMMMeTpnyiHoO, OTHOCUTEJIBbHO
HYyINneBoro ypoBHsda Cc € =d

Ona HeanbTepHaHTHbLIX MOMEKYI ABaXAbl
BbIpOXAEHHbIe YPOBHM pacnonararTcs
HeCUMMETPUYHO, OTHOCUTESIbHO HYNEBOro YPOBHS U
cpenu HUX HET YPOBHA ¢ € = a (HecBaA3sbiBatoweun MO)
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He-A

A

He-A A



Onsa anbTepHaHTHbIX MOJIEKYI 3fIeKTpUu4eckme 3apsagbil
aTOMOB pPaBHbI HYJI0; TaKne MoOneKynbl He
NONSAPU30BaHbl U UX ANNOSIbHBLIK MOMEHT PaBeH HyJI0

* %



,U,HFI HeaJiIbTePHAHTHbLIX MOJIEKYJ1 JNIeKTPpn4eCkKkue 3apsaabl
dTOMOB H€ PaBHbI HYJ1HO, TaKne MOrJeKyJibl
nonAdaApmn3oBaHbl U UX AUMNOJSIbHbIU MOMEHT He PaBeéH HYJIO
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X=(E-a)/B

Puc. 9.9. MoteHunan HOHH3AUMH, YCTAHOBJACHHLE {10 ASHHLIM (GOTOIACKTPOHHOMN
CMEKTPOCKONHA, B SABHCHMOCTH OT XIOKKENEBCKHX OpOMTANBHHIX 3Heprull L1a
PA3HBIX HEHACHIMEHHBIX YriaeBoAODPOAOB.

IMpupenedsl AIANNMS XA CACTYIOWMX MOoAeKya: Gendoas, MabTaxuxa, nApens, XOpoHeHA,
aNTpalens, PenanTPENa, MeNTAENd, NepuAeHA, Xpuseus, |, 2-Oendanrpayena, I, 2-Gensanupexa,
Genso-g, B, {-nepuyens n osanesna.

@ nepsne NOTERUARIN HORE3ANAX: O BHCMHE MOTeHWEAH HOHHISIMN, NAH KOTOPHX QTHeCe:
Hue meHee ompegeasmHo [l
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Puc. 9.8. Tpadnx v(= 1/A) aas nepsoft nodocn YP-noraoweHns B 3asiCcHMOCTH
OT PACCYHTARKOR PA3HOCTH SHEPruft MeAy HausbuicuIefi 3anOaHeuHON W HAHHIS-
wefl He3anoAHEHHON MOJEKVARPHLIMH OpOATa AMY.



s Mone™! i
s 8

XA
S

JEIOHAHCT,
oy
S

lvo

TKCIIEPUMEHITIANONO  YCITIAHOBAEHNARK INE,

i {4 | l

o 2 4 6 8 10
Awirrensacrkan avepeun geroxaruiayuu, 3

Puc. 9.10. DxcoepuMenTaibuble SHEPrHA Pe3OHAHCE, HERAEHHbIE M0 TENJOTAM Cro-
PaHHA, B 3aBHCHMOCTH OT PACCYNTAHHBIX XIOKKEJEBCKHX SHEPrufi AeA0KaTH3auHT
ANR PA3HHEN HeHACHIUEHHHIX YIJIeBOAOPOL0B.

| —Gen3on, 2=—uadraiun. J—Odenantpen; =3, 4-Genadenaurpen; F—nupen; f—I, 2-—Oeus-
auTpayed; 7=—xpusel; 8= rprdeanien; 9—mepurex; /J-Tetpa'len; [I—SATPSUEH.
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Pre. 9.11. Baanmocnsish mexay nopsaxom m-cBssH B ammeol C—C-cesa3n aas
HEKOTOPLIX AaJbTEPHAHTHHIX YrJjieBOa0pOAOS,
=Oyrainen (UCHTPaNLKAA cBA3L);, 2—rpadur; I—OyTaaHeH (pHOWHAA Ca3p) X auTpau eH.



