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èÓÒÚÓflÌÌ˚È ËÌÚÂÂÒ Í ËÓÌ-‡‰ËÍ‡Î‡Ï (àê)
ÙÚÓÁ‡ÏÂ˘ÂÌÌ˚ı ·ÂÌÁÓÎÓ‚ Ò‚flÁ‡Ì Ò ÓÒÓ·ÂÌÌÓÒÚfl-
ÏË Ëı ˝ÎÂÍÚÓÌÌÓ„Ó Ë ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓ„Ó ÒÚÓÂ-
ÌËfl [1–4]. ëËÎ¸ÌÓÂ ‚ÓÁÏÛ˘ÂÌËÂ 

 

σ

 

-ÒËÒÚÂÏ˚ ·ÂÌÁÓ-
Î‡ ‡ÚÓÏ‡ÏË ÙÚÓ‡ ÔË‚Ó‰ËÚ Í Ì‡Û¯ÂÌË˛ ÔÎÓÒÍÓÈ
ÒÚÛÍÚÛ˚ ‡ÌËÓÌ-‡‰ËÍ‡ÎÓ‚ (Äê) (ÔÒÂ‚‰Ó˝ÙÙÂÍÚ
üÌ‡–íÂÎÎÂ‡) [1], ˜ÚÓ ÓÚ‡Ê‡ÂÚÒfl ‚ ·ÓÎ¸¯Ëı ‚ÂÎË-
˜ËÌ‡ı ÍÓÌÒÚ‡ÌÚ ëíÇ Ò fl‰‡ÏË 
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F

 

. àÁ-Á‡ ÒÎ‡·Ó„Ó
‚ÓÁÏÛ˘ÂÌËfl ‡ÚÓÏ‡ÏË ÙÚÓ‡ 

 

π

 

-ÒËÒÚÂÏ˚ ·ÂÌÁÓÎ‡
‰Îfl àê ÌËÁÍÓÒËÏÏÂÚË˜Ì˚ı ˜‡ÒÚË˜ÌÓ ÙÚÓËÓ-
‚‡ÌÌ˚ı ·ÂÌÁÓÎÓ‚ ÒÛ˘ÂÒÚ‚ÛÂÚ ‰‚‡ ·ÎËÁÍËı ÔÓ ˝ÌÂ-
„ËË 

 

π

 

-ÒÓÒÚÓflÌËfl, ÚÂÏ˚ ÍÓÚÓ˚ı ÏÓ„ÛÚ ÔÂÂÒÂÍ‡Ú¸-
Òfl [5.6]. é·ıÓ‰ ÔÂÂÒÂ˜ÂÌËfl ÔË‚Ó‰ËÚ Í ÒÎÓÊÌÓÈ
ÒÚÛÍÚÛÂ ÔÓ‚ÂıÌÓÒÚË ÔÓÚÂÌˆË‡Î¸ÌÓÈ ˝ÌÂ„ËË
(èèù), ÍÓÚÓ‡fl ÔËÓ·ÂÚ‡ÂÚ ‚Ë‰ ÔÓ‚ÂıÌÓÒÚË ÔÒÂ‚-
‰Ó‚‡˘ÂÌËfl.

Ç ‰‡ÌÌÓÈ ‡·ÓÚÂ ÏÂÚÓ‰‡ÏË Í‚‡ÌÚÓ‚ÓÈ ıËÏËË Ë
ÓÔÚË˜ÂÒÍË ‰ÂÚÂÍÚËÛÂÏÓ„Ó ùèê (éÑ ùèê) ËÒÒÎÂ‰Ó-
‚‡Ì ‡ÌËÓÌ-‡‰ËÍ‡Î 1,2,3-ÚËÙÚÓ·ÂÌÁÓÎ‡ (íîÅ),
‰Îfl ÍÓÚÓÓ„Ó ‡Ò˘ÂÔÎÂÌËÂ ÛÓ‚ÌÂÈ 

 

π

 

-åé ÏËÌË-
Ï‡Î¸ÌÓ ‚ fl‰Û ÙÚÓ·ÂÌÁÓÎÓ‚, Ë ÏÓÊÌÓ ÓÊË‰‡Ú¸, ̃ ÚÓ
·‡¸Â˚ Ì‡ ÔÛÚË ÔÒÂ‚‰Ó‚‡˘ÂÌËfl ÌÂ‚ÂÎËÍË. 

ê‡Ò˜ÂÚ˚ èèù  ÔÓ‚Ó‰ËÎË ÏÂÚÓ‰‡ÏË
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3 [7]. äÓÌÒÚ‡ÌÚ˚
ëíÇ ‡ÒÒ˜ËÚ˚‚‡ÎË ÏÂÚÓ‰ÓÏ 

 

UB
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LYP

 

 Ò ·‡ÁËÒÌ˚-
ÏË Ì‡·Ó‡ÏË 6-31 + 
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* Ë 
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. àÒÔÓÎ¸ÁÓ‚‡ÎË
ÔÓ„‡ÏÏ˚ 

 

GAMESS

 

 [8] Ë 

 

GAUSSIAN

 

-94 [9].
ê‡Ò˜ÂÚ˚ ÔÓÍ‡Á‡ÎË, ˜ÚÓ ‡‰Ë‡·‡ÚË˜ÂÒÍ‡fl èèù

 fl‚ÎflÂÚÒfl ÔÓ‚ÂıÌÓÒÚ¸˛ ÔÒÂ‚‰Ó‚‡˘ÂÌËfl,
Ó·‡ÁÓ‚‡ÌÌÓÈ ÌÂÔÎÓÒÍËÏË ÒÚ‡ˆËÓÌ‡Ì˚ÏË ÒÚÛÍ-

ÚÛ‡ÏË. ç‡ ‚ÒÂı ÛÓ‚Ìflı ‡Ò˜ÂÚÓ‚ Ì‡ èèù 

íîÅ
.–

íîÅ
.–

íîÅ
.–

 

Ó·Ì‡ÛÊÂÌÓ ˜ÂÚ˚Â ÚËÔ‡ ÒÚ‡ˆËÓÌ‡Ì˚ı ÒÚÛÍÚÛ
(Ú‡·Î. 1) – ‰‚‡ ÏËÌËÏÛÏ‡ (ÒÚÛÍÚÛ˚ 

 

C

 

s

 

 Ë 

 

C

 

1

 

(

 

B

 

)) Ë
‰‚Â ÒÂ‰ÎÓ‚˚Â ÚÓ˜ÍË (ÒÚÛÍÚÛ˚ 

 

C

 

2

 

 Ë 

 

C

 

1

 

(

 

A

 

)), ÍÓÚÓ-
˚Â fl‚Îfl˛ÚÒfl ÔÂÂıÓ‰Ì˚ÏË ÒÓÒÚÓflÌËflÏË (èë)
ÔÒÂ‚‰Ó‚‡˘ÂÌËfl (ËÒ. 1). 

Ç 

 

UMP

 

2 ‡Ò˜ÂÚ‡ı, Í‡Í Ë Ì‡ ı‡ÚË-ÙÓÍÓ‚ÒÍÓÏ
ÛÓ‚ÌÂ [5], Ì‡Ë·ÓÎÂÂ ‚˚„Ó‰Ì‡ ˝ÌÂ„ÂÚË˜ÂÒÍË

 

îàáàóÖëäÄü 
ïàåàü

 

ëÚÛÍÚÛÌ‡fl ÌÂÊÂÒÚÍÓÒÚ¸ ‡ÌËÓÌ-‡‰ËÍ‡Î‡ 
1,2,3-ÚËÙÚÓ·ÂÌÁÓÎ‡. àÒÒÎÂ‰Ó‚‡ÌËÂ ÏÂÚÓ‰‡ÏË 
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(B) (ÏËÌ)
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(Ä) (èë)
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 (ÏËÌ)

 

êËÒ. 1.

 

 ëÚ‡ˆËÓÌ‡Ì˚Â ÒÚÛÍÚÛ˚ Ì‡ èèù ‡ÌËÓÌ-‡‰Ë-
Í‡Î‡ íîÅ.
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Ç¸˛¯ÍÓ‚‡ 

 

Ë ‰

 

.

 

C

 

1

 

(

 

B

 

)-ÒÚÛÍÚÛ‡ Äê. é‰Ì‡ÍÓ ‡ÌÌË„ËÎflˆËfl ÔËÏÂ-
ÒË Í‚‡ÚÂÚÌÓÈ ÍÓÏÔÓÌÂÌÚ˚ ‚ ‚ÓÎÌÓ‚ÓÈ ÙÛÌÍˆËË
(

 

PUMP

 

2) ÔË‚Ó‰ËÚ Í ÒÚ‡·ËÎËÁ‡ˆËË ·ÓÎÂÂ ÒËÏÏÂÚ-
Ë˜ÌÓÈ 

 

C

 

s

 

-ÒÚÛÍÚÛ˚, ÍÓÚÓ‡fl ÓÚ‚Â˜‡ÂÚ „ÎÓ·‡Î¸ÌÓ-
ÏÛ ÏËÌËÏÛÏÛ èèù Ë ÔÓ ‰‡ÌÌ˚Ï ÏÂÚÓ‰Ó‚ 

 

UB

 

3

 

LYP

 

 Ë

 

CBS

 

-

 

QB

 

3. éˆÂÌÂÌÌ‡fl Ì‡ ‡ÁÌ˚ı ÛÓ‚Ìflı ‡Ò˜ÂÚ‡
‚˚ÒÓÚ‡ ·‡¸ÂÓ‚, ‡Á‰ÂÎfl˛˘Ëı ÎÓÍ‡Î¸Ì˚Â ÏËÌËÏÛ-
Ï˚ èèù (~2–4 ÍÍ‡Î/ÏÓÎ¸, Ú‡·Î. 1), ÛÍ‡Á˚‚‡ÂÚ Ì‡

ÒÚÛÍÚÛÌÛ˛ ÌÂÊÂÒÚÍÓÒÚ¸  ÔÓ ÓÚÌÓ¯ÂÌË˛
Í ÍÓÓ‰ËÌ‡ÚÂ ÔÒÂ‚‰Ó‚‡˘ÂÌËfl.

ê‡ÒÒ˜ËÚ‡ÌÌ˚Â ÏÂÚÓ‰ÓÏ 

 

UB

 

3

 

LYP

 

 ÍÓÌÒÚ‡ÌÚ˚
ëíÇ 

 

a

 

F

 

 Ò fl‰‡ÏË 
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F

 

 ‰Îfl ÒÚ‡ˆËÓÌ‡Ì˚ı ÒÚÛÍÚÛ
íîÅ (Ú‡·Î. 2) ÒÎ‡·Ó Á‡‚ËÒflÚ ÓÚ ·‡ÁËÒÌÓ„Ó Ì‡·Ó‡
Ë ‰ÂÏÓÌÒÚËÛ˛Ú ÒÛ˘ÂÒÚ‚ÂÌÌÓÂ ÔÂÂ‡ÒÔÂ‰ÂÎÂ-
ÌËÂ ÔÎÓÚÌÓÒÚË ÌÂÒÔ‡ÂÌÌÓ„Ó ˝ÎÂÍÚÓÌ‡ ‚ ÔÓˆÂÒ-
ÒÂ ÔÒÂ‚‰Ó‚‡˘ÂÌËfl. åÓÊÌÓ ÓÊË‰‡Ú¸, ˜ÚÓ ÒÚÛÍ-

ÚÛÌ‡fl ÌÂÊÂÒÚÍÓÒÚ¸  Ë ÁÌ‡˜ËÚÂÎ¸Ì˚Â ËÁÏÂ-
ÌÂÌËfl ÍÓÌÒÚ‡ÌÚ ëíÇ ‚ ÔÓˆÂÒÒÂ ÔÒÂ‚‰Ó‚‡˘ÂÌËfl
·Û‰ÛÚ ÔÓfl‚ÎflÚ¸Òfl ‚ ‚Ë‰Â ÚÂÏÔÂ‡ÚÛÌÓÈ Á‡‚ËÒË-
ÏÓÒÚË Ò‚ÂıÚÓÌÍËı ‡Ò˘ÂÔÎÂÌËÈ ‚ ÒÔÂÍÚ‡ı ùèê
˝ÚÓ„Ó ‡ÌËÓÌ-‡‰ËÍ‡Î‡. ç‡Ï Û‰‡ÎÓÒ¸ ÏÂÚÓ‰ÓÏ ÓÔ-
ÚË˜ÂÒÍË ‰ÂÚÂÍÚËÛÂÏÓ„Ó ùèê (éÑ ùèê [10])
‚ÔÂ‚˚Â Á‡Â„ËÒÚËÓ‚‡Ú¸ ÒÔÂÍÚ ùèê Äê 1,2,3-

íîÅ
.–

íîÅ
.–

 

ÚËÙÚÓ·ÂÌÁÓÎ‡ ‚ ‡ÒÚ‚ÓÂ Ë ËÁÏÂËÚ¸ Â„Ó ÚÂÏ-
ÔÂ‡ÚÛÌÛ˛ Á‡‚ËÒËÏÓÒÚ¸. 

àÁÏÂÂÌËfl ÔÓ‚Ó‰ËÎË Ò ÔÓÏÓ˘¸˛ éÑ ùèê –
ÒÔÂÍÚÓÏÂÚ‡ [11], ÒÍÓÌÒÚÛËÓ‚‡ÌÌÓ„Ó Ì‡ ·‡ÁÂ
ùèê-ÒÔÂÍÚÓÏÂÚ‡ “

 

Bruker

 

 

 

ER

 

-200

 

D

 

”, ÓÒÌ‡˘ÂÌÌÓ„Ó
ËÒÚÓ˜ÌËÍÓÏ ËÓÌËÁËÛ˛˘Â„Ó ËÁÎÛ˜ÂÌËfl (ÂÌÚ„ÂÌÓ‚-
ÒÍÓÈ ÚÛ·ÍÓÈ) Ë ÙÓÚÓÛÏÌÓÊËÚÂÎÂÏ, ËÁÏÂfl˛˘ËÏ
ËÌÚÂÌÒË‚ÌÓÒÚ¸ ÙÎÛÓÂÒˆÂÌˆËË. ëÔÂÍÚ˚ Â„ËÒÚË-
Ó‚‡ÎË ÔË ëÇó ÏÓ˘ÌÓÒÚË 5 ÇÚ Ë ‡ÏÔÎËÚÛ‰Â ÏÓ-
‰ÛÎflˆËË 0.9 ÏíÎ. ÑÎfl ÓÔÂ‰ÂÎÂÌËfl ÍÓÌÒÚ‡ÌÚ ëíÇ
Á‡Â„ËÒÚËÓ‚‡ÌÌ˚Â ùèê-ÒÔÂÍÚ˚ ÒËÏÛÎËÓ‚‡-
ÎË Ò ÔÓÏÓ˘¸˛ ÔÓ„‡ÏÏ˚ “

 

WinSim

 

-2002”.
ç‡ ËÒ. 2 ÔÓÍ‡Á‡Ì˚ ÒÔÂÍÚ˚ éÑ ùèê ‡ÒÚ‚Ó‡

10

 

–2

 

 å íîÅ ‚ ÒÍ‚‡Î‡ÌÂ, ÒÓ‰ÂÊ‡˘Â„Ó 1.5 

 

·
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–3

 

 ÏÓÎ¸/Î
Î˛ÏËÌÂÒˆËÛ˛˘ÂÈ ‰Ó·‡‚ÍË – 

 

Ô‡‡

 

-ÚÂÙÂÌËÎ‡-

 

d

 

14

 

 (èíî). ñÂÌÚ‡Î¸Ì‡fl ËÌÚÂÌÒË‚Ì‡fl ÎËÌËfl ‚ ÒÔÂ-
ÍÚÂ ÔËÌ‡‰ÎÂÊËÚ ËÓÌ-‡‰ËÍ‡Î‡Ï èíî. äÓÏÂ
ÌÂÂ, ÔËÒÛÚÒÚ‚Û˛Ú ‰Û·ÎÂÚ ÚËÔÎÂÚÓ‚, ÓÚÌÓÒfl˘ËÈ-

Òfl Í  (ÍÓÌÒÚ‡ÌÚ˚ ëíÇ ÔË 

 

T

 

 = 243 ä 

 

a

 

F

 

(2)

 

 =
=

 

 

 

29 ÏíÎ, 

 

a

 

2

 

F

 

(1.3)

 

 = 7.6 ÏíÎ), Ë ÌÂ‡ÁÂ¯ÂÌÌ‡fl ÎË-
ÌËfl ¯ËËÌÓÈ 2.45 ÏíÎ ‚ ˆÂÌÚÂ, ÔÓ-‚Ë‰ËÏÓÏÛ, ÓÚ-
ÌÓÒfl˘‡flÒfl Í Í‡ÚËÓÌ-‡‰ËÍ‡ÎÛ íîÅ. áÌ‡˜ÂÌËfl
‡Ò˘ÂÔÎÂÌËÈ ‚ ÏÛÎ¸ÚËÔÎÂÚÂ ·ÎËÁÍË Í ‡Ò˜ÂÚÌ˚Ï
ÁÌ‡˜ÂÌËflÏ ÍÓÌÒÚ‡ÌÚ ëíÇ ‰Îfl Ì‡Ë·ÓÎÂÂ ‚˚„Ó‰ÌÓÈ
˝ÌÂ„ÂÚË˜ÂÒÍË 

 

C

 

s

 

-ÒÚÛÍÚÛ˚ Äê (Ú‡·Î. 2).

èË ÔÓ‚˚¯ÂÌËË ÚÂÏÔÂ‡ÚÛ˚ (ËÒ. 2) ÔÓËÒ-

ıÓ‰ËÚ ÒÛ˘ÂÒÚ‚ÂÌÌ˚È Ò‰‚Ë„ ÎËÌËÈ  ·ÂÁ Ëı
Û¯ËÂÌËfl. í‡ÍÓÂ ÔÓ‚Â‰ÂÌËÂ ı‡‡ÍÚÂÌÓ ‰Îfl ·˚Ò-
ÚÓ„Ó ÒÔÂÍÚ‡Î¸ÌÓ„Ó Ó·ÏÂÌ‡ ÏÂÊ‰Û ÍÓÌÙÓÏ‡ˆË-
flÏË, ÔË ÍÓÚÓÓÏ ÔÓÎÓÊÂÌËÂ Ó·ÏÂÌÌÓ-ÒÛÊÂÌÌÓÈ
ÎËÌËË ÓÔÂ‰ÂÎflÂÚÒfl Á‡ÒÂÎÂÌÌÓÒÚ¸˛ ‡ÁÎË˜Ì˚ı
ÍÓÌÙÓÏ‡ˆËÈ. ùÚÓ ÔÂ‰ÔÓÎÓÊÂÌËÂ ÒÓ„Î‡ÒÛÂÚÒfl Ò
Ï‡ÎÓÈ ‚˚ÒÓÚÓÈ ‡ÒÒ˜ËÚ‡ÌÌÓ„Ó ˝ÌÂ„ÂÚË˜ÂÒÍÓ„Ó
·‡¸Â‡ ÏÂÊ‰Û ÒÚÛÍÚÛ‡ÏË 

 

C

 

s

 

 Ë 

 

C

 

1

 

(

 

B

 

) (Ú‡·Î. 1).

ÑÎfl ËÌÚÂÔÂÚ‡ˆËË Ì‡·Î˛‰‡ÂÏ˚ı ÚÂÏÔÂ‡ÚÛ-
Ì˚ı ËÁÏÂÌÂÌËÈ ‚ ÒÔÂÍÚÂ ËÒÔÓÎ¸ÁÓ‚‡ÎË ÂÁÛÎ¸Ú‡-
Ú˚ ‡Ò˜ÂÚÓ‚ èèù Ë ÍÓÌÒÚ‡ÌÚ ëíÇ ÏÂÚÓ‰ÓÏ

 

UB

 

3

 

LYP

 

/6–31 + 

 

G

 

*. àÁÏÂÌÂÌËfl ‚ÂÎË˜ËÌ 
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F

 

 ÔË
‰‚ËÊÂÌËË ÔÓ ÔÛÚË ÏËÌËÏ‡Î¸ÌÓÈ ˝ÌÂ„ËË ÔÓÍ‡Á‡-
Ì˚ Ì‡ ËÒ. 3 ‚ÏÂÒÚÂ Ò ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÏ ˝ÌÂ„ÂÚË-

íîÅ
.–

íîÅ
.–

 

í‡·ÎËˆ‡ 1. 

 

 ëÚ‡ˆËÓÌ‡Ì˚Â ÒÚÛÍÚÛ˚ èèù ‡ÌËÓÌ-‡‰ËÍ‡Î‡ íîÅ

åÂÚÓ‰ ‡Ò˜ÂÚ‡
ëÚÛÍÚÛ‡

 

C

 

s

 

 (ÏËÌ)

 

C

 

1

 

(A), èë

 

C

 

1

 

(B) (ÏËÌ)

 

C

 

2

 

, èë

UMP2/6-31 + G* 1.92 2.41 0 (–528.505075) 4.34

PUMP2/6-31 + G*//UMP2/6-31 + G* 0 (–528.511886) 0.69 0.80 3.69

UB3LYP/6-31 + G* 0 (–529.709613) 2.31 1.76 3.92

UB3LYP/aug-cc-pVDZ 0 (–530.003792) 2.30 1.85 3.67

CBS-QB3 0 (–529.335392) 2.32 1.60 3.12

 

èËÏÂ˜‡ÌËÂ. èË‚Â‰ÂÌ˚ ÓÚÌÓÒËÚÂÎ¸Ì˚Â ˝ÌÂ„ËË ÒÚ‡ˆËÓÌ‡Ì˚ı ÒÚÛÍÚÛ ‚ ÍÍ‡Î/ÏÓÎ¸. ÑÎfl ÒÚÛÍÚÛ˚ Ò Ì‡ËÏÂÌ¸¯ÂÈ ˝ÌÂ„ËÂÈ
‰‡Ì‡ Ú‡ÍÊÂ ÔÓÎÌ‡fl ˝ÌÂ„Ëfl ‚ ‡.Â. 

 

í‡·ÎËˆ‡ 2. 
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8.33 20.49 25.55 16.51
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30.29 20.66 12.38 16.20
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8.33 9.18 6.31 16.51
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8.40 9.19 6.37 17.13
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ëÚÛÍÚÛÌ‡fl ÌÂÊÂÒÚÍÓÒÚ¸ ‡ÌËÓÌ-‡‰ËÍ‡Î‡

 

3

˜ÂÒÍËÏ ÔÓÙËÎÂÏ. éÚÏÂÚËÏ, ̃ ÚÓ ÔË ·˚ÒÚÓÏ Ó·-
ÏÂÌÂ fl‰‡ 19F(1) Ë 19F(3) Ï‡„ÌËÚÌÓ ˝Í‚Ë‚‡ÎÂÌÚÌ˚ Ò
ÍÓÌÒÚ‡ÌÚÓÈ ëíÇ a2F(1.3), ‡‚ÌÓÈ ÒÂ‰ÌÂÏÛ ‡ËÙÏÂ-
ÚË˜ÂÒÍÓÏÛ aF(1) Ë aF(3). äÓÌÒÚ‡ÌÚ˚ ëíÇ Ò fl‰‡ÏË 1H
Ï‡Î˚ (< 0.6 ÏíÎ) Ë ÌÂ ÏÓ„ÛÚ ·˚Ú¸ Ó·Ì‡ÛÊÂÌ˚ ÏÂ-
ÚÓ‰ÓÏ éÑ ùèê ‚ ÛÒÎÓ‚Ëflı Ì‡¯Ëı ˝ÍÒÔÂËÏÂÌÚÓ‚.

íÂÏÔÂ‡ÚÛÌÛ˛ Á‡‚ËÒËÏÓÒÚ¸ ÍÓÌÒÚ‡ÌÚ ëíÇ ‡Ò-
ÒÏ‡ÚË‚‡ÎË ‚ ÏÓ‰ÂÎË ·˚ÒÚÓ„Ó ‰‚ËÊÂÌËfl ‚‰ÓÎ¸ ÍÓ-
Ó‰ËÌ‡Ú˚ ÔÒÂ‚‰Ó‚‡˘ÂÌËfl Q. ÑÎfl ÔÓÎÛ˜ÂÌËfl ÛÒÂ‰-
ÌÂÌÌ˚ı ÁÌ‡˜ÂÌËÈ ÍÓÌÒÚ‡ÌÚ ëíÇ aÒ ËÒÔÓÎ¸ÁÓ‚‡ÎË
ÍÎ‡ÒÒË˜ÂÒÍÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ ÅÓÎ¸ˆÏ‡Ì‡

(1)

êÂÁÛÎ¸Ú‡Ú˚ ˝ÚËı ‡Ò˜ÂÚÓ‚ ÔË‚Â‰ÂÌ˚ Ì‡ ËÒ. 4
‚ÏÂÒÚÂ Ò ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ÏË ‚ÂÎË˜ËÌ‡ÏË ÍÓÌ-
ÒÚ‡ÌÚ ëíÇ ÔË ‡ÁÌ˚ı ÚÂÏÔÂ‡ÚÛ‡ı. ÇÓ ‚ÒÂÏ ‰Ë-
‡Ô‡ÁÓÌÂ ‡ÒÒ˜ËÚ‡ÌÌ˚Â ÁÌ‡˜ÂÌËfl ÍÓÌÒÚ‡ÌÚ ÌÂ-
ÒÍÓÎ¸ÍÓ ÔÂ‚˚¯‡˛Ú ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â. é‰Ì‡-
ÍÓ ‰Îfl Ó·ÂËı ÍÓÌÒÚ‡ÌÚ aF(2) Ë a2F(1.3) ‡Ò˜ÂÚ ıÓÓ¯Ó

aÒ

e
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-------------–
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kT

-------------–

Qd∫
-------------------------------------.=
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êËÒ. 2. ëÔÂÍÚ éÑ ùèê ‡ÒÚ‚Ó‡ 1.5 · 10–3 å èíî + 10–2 å íîÅ ‚ ÒÍ‚‡Î‡ÌÂ ÔË ‡ÁÎË˜Ì˚ı ÚÂÏÔÂ‡ÚÛ‡ı.
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êËÒ. 3. èÛÚ¸ ÏËÌËÏ‡Î¸ÌÓÈ ˝ÌÂ„ËË Ë ËÁÏÂÌÂÌËfl ÍÓÌ-
ÒÚ‡ÌÚ ëíÇ Ò fl‰‡ÏË 19F ‚ ‡ÌËÓÌ-‡‰ËÍ‡ÎÂ 1,2,3-ÚËÙ-
ÚÓ·ÂÌÁÓÎ‡ ÔË ‰‚ËÊÂÌËË ÔÓ ÍÓÓ‰ËÌ‡ÚÂ ÔÒÂ‚‰Ó‚‡-
˘ÂÌËfl ÓÚ ÔÂÂıÓ‰Ì˚ı ÒÓÒÚÓflÌËÈ C2 Í ÏËÌËÏÛÏÛ Cs
(‰‡ÌÌ˚Â UB3LYP/6–31 + G*).
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êËÒ. 4. á‡‚ËÒËÏÓÒÚ¸ ÓÚ ÚÂÏÔÂ‡ÚÛ˚ ÍÓÌÒÚ‡ÌÚ ëíÇ,
˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ ËÁÏÂÂÌÌ˚ı (ÔÛÒÚ˚Â ÍÛÊÍË) Ë
‡Ò˜ÂÚÌ˚ı ‚ ‡ÏÍ‡ı ÍÎ‡ÒÒË˜ÂÒÍÓÈ ÏÓ‰ÂÎË (˜ÂÌ˚Â
ÍÛÊÍË) Ò ÍÓÌÒÚ‡ÌÚ‡ÏË ëíÇ Ë ˝ÌÂ„ËÂÈ, ÔË‚Â‰ÂÌÌ˚-
ÏË Ì‡ ËÒ. 3.
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Ç¸˛¯ÍÓ‚‡ Ë ‰.

‚ÓÒÔÓËÁ‚Ó‰ËÚ Ì‡ÍÎÓÌ Ë Ô‡ÍÚË˜ÂÒÍË ÎËÌÂÈÌ˚È
ı‡‡ÍÚÂ Ì‡·Î˛‰‡ÂÏ˚ı ÚÂÏÔÂ‡ÚÛÌ˚ı Á‡‚ËÒË-
ÏÓÒÚÂÈ. ùÚÓ „Ó‚ÓËÚ Ó Ô‡‚ËÎ¸ÌÓÏ ÔÂ‰ÒÍ‡Á‡ÌËË
‡Ò˜ÂÚ‡ ÙÓÏ˚ ÊÂÎÓ·‡ ÔÒÂ‚‰Ó‚‡˘ÂÌËfl.

ì‡‚ÌÂÌËÂ (1) ÔÂ‰ÔÓÎ‡„‡ÂÚ ÍÎ‡ÒÒË˜ÂÒÍËÈ ı‡-
‡ÍÚÂ ‰‚ËÊÂÌËfl fl‰Â, ˜ÚÓ ÒÔ‡‚Â‰ÎË‚Ó, ÂÒÎË ‡Ò-
ÒÚÓflÌËÂ ÏÂÊ‰Û ÍÓÎÂ·‡ÚÂÎ¸Ì˚ÏË ÛÓ‚ÌflÏË ˝ÌÂ-
„ËË ÏÓÎÂÍÛÎ˚ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÏÂÌ¸¯Â ˝ÌÂ„ËË ÚÂÔ-
ÎÓ‚Ó„Ó ‰‚ËÊÂÌËfl kT. á‡ÏÂÚËÏ, ˜ÚÓ ‡ÒÒ˜ËÚ‡ÌÌ˚Â
‰Îfl ÒÚÛÍÚÛ Cs Ë C1(B) ˜‡ÒÚÓÚ˚ ÍÓÎÂ·‡ÌËÈ ‚‰ÓÎ¸
ÍÓÓ‰ËÌ‡Ú˚ ÔÒÂ‚‰Ó‚‡˘ÂÌËfl (185.1 Ë 181.1 ÒÏ–1)
Ò‡‚ÌËÏ˚ Ò kT. ÅÓÎÂÂ ÒÚÓ„ËÈ ‡Ò˜ÂÚ ÚÂÏÔÂ‡ÚÛ-
ÌÓÈ Á‡‚ËÒËÏÓÒÚË ÍÓÌÒÚ‡ÌÚ ëíÇ ‰ÓÎÊÂÌ ÔÓ‚Ó-
‰ËÚ¸Òfl ‚ ‡ÏÍ‡ı Í‚‡ÌÚÓ‚Ó-ÏÂı‡ÌË˜ÂÒÍÓ„Ó ÔÓ‰ıÓ‰‡
[12]. íÂÏ ÌÂ ÏÂÌÂÂ ÍÎ‡ÒÒË˜ÂÒÍËÈ ÔÓ‰ıÓ‰ ˜‡ÒÚÓ ËÒ-
ÔÓÎ¸ÁÛÂÚÒfl ‰Îfl ‡Ò˜ÂÚ‡ ÚÂÏÔÂ‡ÚÛÌÓÈ Á‡‚ËÒËÏÓ-
ÒÚË ÍÓÌÒÚ‡ÌÚ ëíÇ Ë ÔË‚Ó‰ËÚ Í ıÓÓ¯ËÏ ÂÁÛÎ¸-
Ú‡Ú‡Ï (ÒÏ., Ì‡ÔËÏÂ, [13]).

í‡ÍËÏ Ó·‡ÁÓÏ, Ì‡Ï Û‰‡ÎÓÒ¸ ˝ÍÒÔÂËÏÂÌÚ‡Î¸-
ÌÓ Á‡Â„ËÒÚËÓ‚‡Ú¸ ÔÂ‰ÒÍ‡Á‡ÌÌÓÂ Í‚‡ÌÚÓ‚Ó-ıË-
ÏË˜ÂÒÍËÏË ‡Ò˜ÂÚ‡ÏË ÔÓfl‚ÎÂÌËÂ ÒÚÛÍÚÛÌÓÈ
ÌÂÊÂÒÚÍÓÒÚË Äê íîÅ ‚ ‚Ë‰Â ÚÂÏÔÂ‡ÚÛÌÓÈ Á‡‚Ë-
ÒËÏÓÒÚË ÔÓÎÓÊÂÌËfl ÎËÌËÈ ‚ ÒÔÂÍÚÂ ùèê ̋ ÚÓÈ ̃ ‡-
ÒÚËˆ˚. Ç ‡ÏÍ‡ı ÍÎ‡ÒÒË˜ÂÒÍÓÈ ÏÓ‰ÂÎË ‰‚ËÊÂÌËfl
‚‰ÓÎ¸ ÍÓÓ‰ËÌ‡Ú˚ ÔÒÂ‚‰Ó‚‡˘ÂÌËfl Ì‡·Î˛‰‡ÂÏ‡fl
ÚÂÏÔÂ‡ÚÛÌ‡fl Á‡‚ËÒËÏÓÒÚ¸ Ò‚ÂıÚÓÌÍËı ‡Ò˘ÂÔ-
ÎÂÌËÈ ‚ ÒÔÂÍÚÂ ıÓÓ¯Ó ÒÓ„Î‡ÒÛÂÚÒfl Ò ÂÁÛÎ¸Ú‡Ú‡-
ÏË Í‚‡ÌÚÓ‚Ó-ıËÏË˜ÂÒÍËı ‡Ò˜ÂÚÓ‚ èèù Ë ÍÓÌ-
ÒÚ‡ÌÚ ëíÇ.

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÔÓ‰‰ÂÊÍÂ êîîà
(„‡ÌÚ˚ 04–03–32161a Ë 04–03–32459‡), Ë ÔÓ-
„‡ÏÏ˚ ÔÓ‰‰ÂÊÍË ‚Â‰Û˘Ëı Ì‡Û˜Ì˚ı ¯ÍÓÎ
(„‡ÌÚ ‹ 84.2003.3).

ëÔËÒÓÍ ÎËÚÂ‡ÚÛ˚
1. ë˜‡ÒÚÌÂ‚ è.Ç., ôÂ„ÓÎÂ‚‡ ã.ç. ëÚÛÍÚÛÌ˚Â ËÒÍ‡-

ÊÂÌËfl ÏÓÎÂÍÛÎ ‚ ËÓÌÌ˚ı Ë ‚ÓÁ·ÛÊ‰ÂÌÌ˚ı ÒÓÒÚÓfl-
ÌËflı. çÓ‚ÓÒË·ËÒÍ: ç‡ÛÍ‡, 1992. 221 Ò.

2. òÚÂÈÌ„‡ˆ Ç. Ñ., äÓ·ËÌ‡ ã. ë., ÅËÎ¸ÍËÒ à. à.,
ëÚ‡Ë˜ÂÌÍÓ Ç. î. ïËÏËfl ÔÓÎËÙÚÓ‡ÂÌÓ‚: ÏÂı‡-
ÌËÁÏ Â‡ÍˆËÈ, ËÌÚÂÏÂ‰Ë‡Ú˚. çÓ‚ÓÒË·ËÒÍ: ç‡-
ÛÍ‡, 1991. 272 Ò.

3. Hasegawa A., Shiotani M., Hama Y. // J. Phys. Chem.
1994. V. 98. P. 1834–1839.

4. Hasegawa A., Itagaki Y., Shiotani M. // J. Chem. Soc.,
Perkin Trans. Pt. II. 1997. P. 1629–1631.

5. Beregovaya I.V., Shchegoleva L.N. // Intern. J. Quant.
Chem. 2002. V. 88. P. 481–488.

6. Vysotsky V.P., Salnikov G.E., Shchegoleva L.N. // Intern.
J. Quant. Chem. 2004. V. 100. P. 469–476.

7. Montgomery J.A., Jr., Frish M.A, Ochterski J.W., Pe-
tersson G.A. // J. Chem. Phys. 1999. V. 110. P. 2822–
2826.

8. Schmidt M.W., Baldridge K.K., Boatz J.A. et al. //
J. Comput. Chem. 1993. V. 14. P. 1347.

9. Frisch M.J., Trucks G.W., Schlegel H.B., Gill P.M.W.,
Johnson B.G., Robb M. A., Cheeseman J.R., Keith T.,
Petersson G.A., Montgomery J.A., Raghavachari K., Al-
Laham M.A., Zakrzewski V.G., Ortiz J.V., Fores-
man J.B., Cioslowski J., Stefanov B.B., Nanayakkara A.,
Challacombe M., Peng C.Y., Ayala P.Y., Chen W.,
Wong M.W., Andres J.L., Replogle E.S., Gomperts R.,
Martin R.L., Fox D.J., Binkley J.S., Defrees D.J., Bak-
er J., Stewart J.P., Head-Gordon M., Gonzalez C.,
Pople J.A. Gaussian 94. Revis. D.4. Pittsburgh (Pa):
Gaussian, Inc., 1995.

10. åÓÎËÌ û.ç., ÄÌËÒËÏÓ‚ é.Ä., ë‡„‰ÂÂ‚ ê.á. // Üëï.
1987. í. 28. ‹ 3. ë. 3–14.

11. ÄÌËÒËÏÓ‚ é.Ä., ÉË„ÓflÌˆ Ç.å., äÓÒÛÌÒÍËÈ Ç.à.
Ë ‰. // ÑÄç. 1981. í. 260. ë. 1151–2254.

12. Ellinger Y., Pauzat F., Barone V. et al. // J. Chem. Phys.
1980. V. 72. P. 6390–6397.

13. Tachikava H., Igarashi M., Ishibashi T. // Chem. Phys.
Lett. 2002. V. 352. P. 113–119.


