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 MNDO, AM1  PM3

 ( [ 19—30 ] .), -

,  [ 27, 31, 32 ] -

.

 — -

-

 [ 18 ] 

.

 MNDO [ 33 ], AM1 [ 34 ], PM3 [ 35] 

—  (RHF) [ 36 ]  MOPAC

[ 36, 37 ]  ( — — —

 [ 38 ] ),  [ 39 ]. -

 (  MMX) [ 40 ] -

 PCMODEL [ 40 ]. ,

 0,02 /( Å). -

 ( -

 NOTHIEL  MOPAC), 

— —  (  DFP) [ 38 ], 

 (  PRECISE), , -

 NOTHIEL, DFP  PRECISE.

 0,95 

.

 DFT  Gaussian 03W [ 41 ]. -

 SCF  B3LYP, -

 [ 42, 43 ]  LYP [ 44 ]. -

tight  [ 45 ]. 

 6-311++G(3df,3pd) [ 46, 47 ]. 

. -

. -

.  RMS-

1 10–8  200 ,  MAX-  — 1 10 6,  —

1 10 6 . .  (NBO- )

NBO 3.1 [ 48 ].  HyperChem

(HyperChem (TM), Hypercube, Inc., Gainesville, Florida 32601, USA) -

 PM3 [ 35 ].
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 1

( / ):

[ 18 ]

Hf
Hf MNDO AM1 PM3

 (3- -1,2-

-3,4- )
–20,12 4,37 27,31 9,08

1,2- –38,1 –22,37 –12,98 –21,05

9,10- –55,30 –6,78 –0,271 –10,46

1,4- –44,65 –32,85 –25,08 –31,55

-1,4- –59,5 –39,78 –32,83 –40,63

-1,4- –52,7 –37,54 –29,46 –36,79

2,3- -1,4- –59,9 –39,71 –32,73 –41,61

2,5- -1,4- –59,1 –41,76 –33,58 –41,97

2,6- -1,4- –59,0 –41,56 –33,16 –41,84

2,3,5- -1,4- –65,5 –43,63 –36,23 –46,65

-1,4-  (n- ) –70,3 –45,63 –39,56 –51,33

2,5- -3,6- -1,4- –157,6 –135,94 –121,50 –132,57

1,4- –43,9 –22,46 –15,94 –22,83

9,10- –49,72 –13,13 –6,03 –13,73

1- -9,10- –107,0 –59,39 –51,29 –61,07

1,2- -9,10- –139,9 –106,80 –95,63 –104,74

1,2,4- -9,10- –186,8* –152,59 –139,91 –152,60

1,2,3,5,6,7- -9,10- –340,0 –295,14 –273,46 –283,95

6,11- –55,6 3,67 12,25 3,79

6,13- –17,7 20,51 30,60 20,12

* .

 20 ,

 [ 18 ]  (  — -

)  ( . 1).

, -

 [ 18, 49 ] 

( Hf),  (S),  ( Gf) 1,4-  ( . 2).

 [ 18 ] -

( . 3; . 1).

, , ,

,

. -

. -

, . . , -

 ( . . 3). .

, -

, -
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 2

[ 18, 49 ]

( Hf), (S) ( Gf) 1,4-

Hf, / S, /( ,K) Gf, /

–28,3 [ 18 ]; –29* [ 49 ] 76,65 [ 18 ] –15,50 [ 18 ]

MNDO –32,85 79,55 –20,92

AM1 –25,08 78,84 –12,93

PM3 –31,55 79,26 –19,52

* .

 3

[ 18 ]

( )

Hf ( .) = a + b Hf ( ) Hf ( .) = c Hf ( )

a, / b S0
2 c S0

2 r

MNDO –27,23  8,14 1,026  0,091 183,9 1,217  0,134 652,3 0,9842

AM1 –35,90  8,26 1,060  0,102 212,4 1,308  0,194 1133 0,9817

PM3 –26,32  8,20 1,057  0,094 184,3 1,247  0,133 615,6 0,9842

. S0
2 — , r — .

. 1.  [ 18 ] 

                                               (MNDO — , 1 — , 3 — )

 (20) 

, , , -

.

, , ,

, , . -

, , -

, -, - . , -

,  1,2- ,

 1,4- .

 C=O. 

-

,  C=O. -
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. 2.  1,2-  — , 1,4-  — 

 [ 50 ]:  1,2-

. -

,

- -  ( ) .

 B3LYP/6-311++G(3df,3pd)

 (DFT)  1,2-

 1,4- . , , -

,  CH -

.  (  NBO- ), -

 ( -

), . 2, -

 — . 4. ,  [ 50, 51 ] ,

 1,2-  1,4-

, , -

 [ 52 ] ( . 5). -

-, - .

, , -

, ,

1,2-  1,4- .

 (

) -

-

. , , -

 ( ) -

 ( , ) -

.

 5

( )

, / 3

1,2- 1,424 [ 50 ]

1,4- 1,4 [ 51 ]

 4

1,2- 1,4-

C=O 1,800 1,741

C=C 1,771 1,821

C(O)—C(H) 1,071 1,040

C(CO)—H 0,917 0,918
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