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ʎʝʣʴ ʨʘʙʦʪʳ 

ʎʝʣʴ ʨʘʙʦʪʳ:  
× ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʘʛʝʥʪʦʚ ʦʙʱʝʡ ʨʝʘʢʮʠʠ 

ʛʠʜʨʦʘʣʶʤʠʥʠʨʦʚʘʥʠʷ (ɻɸ) ʦʣʝʬʠʥʦʚ ʩ ʪʨʠʠʟʦʙʫʪʠʣʘʣʶʤʠʥʠʝʤ 

(ʊʀɹɸ) ʨʝʰʝʥʠʝʤ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ 

ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ɿʘʜʘʯʠ: 
Áʈʘʟʨʘʙʦʪʢʘ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʘʩʯʝʪʘ ʢʠʥʝʪʠʯʝʩʢʠʭ 
ʧʘʨʘʤʝʪʨʦʚ 

Áʇʦʩʪʨʦʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʱʝʡ ʨʝʘʢʮʠʠ ɻɸ 
ʦʣʝʬʠʥʦʚ ʩ ʊʀɹɸ  

Áʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʣʢʝʥʦʚ 
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ʏʘʩʪʥʳʝ ʨʝʘʢʮʠʠ 

ʈʝʘʢʮʠʷ ʛʠʜʨʦʘʣʶʤʠʥʠʨʦʚʘʥʠʷ 

ɻɸ 
ʆʙʱʠʝ ʨʝʘʢʮʠʠ 

ʊʀɹɸ 

ɼʀɹɸɻ 

ɼʀɹɸʍ 

ʆʃɽʌʀʅʓ 

ʊʀɹɸ 

ɼʀɹɸɻ 

ɼʀɹɸʍ 
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ʏʘʩʪʥʘʷ ʨʝʘʢʮʠʷ ɻɸ ʩ ʊʀɹɸ 
ʉʭʝʤʘ ʨʝʘʢʮʠʠ:                       ʉʢʦʨʦʩʪʠ ʩʪʘʜʠʡ: 

1) X1      2X2 w1= k1x1-k-1x2
2 

2) X1+X14ŸX8+ X13  w2= k2x1x5 

3)X1+X14ŸX8+ʍ2+X13  w3= k3x2x5 

ʊ, Áʉ -20 -30 -40 

ὑ,% 3,81-10 12,11-14 14,2-15 

         T,ϲʉ 

   k 
-40 -30 -20 

k1 0,66 0,99 1,44 

k-1 4,30 8,03 14,30 

k2 0,001 0,004 0,005 

k3 0,10 1,12 0,20 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʯʘʩʪʥʦʡ ʨʝʘʢʮʠʠ 

 ɻɸ ʪʨʠʠʟʦʙʫʪʠʣʘʣʶʤʠʥʠʝʤ, [k]=[1/ʤʠʥ] 

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʦʰʠʙʢʠ ʦʪʢʣʦʥʝʥʠʷ ʨʘʩʯʝʪʥʳʭ 

 ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ  

ʜʣʷ ʯʘʩʪʥʦʡ ʨʝʘʢʮʠʠ ɻɸ ʩ ʊʀɹɸ 

ʀʥʪʝʨʚʘʣʳ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʜʣʷ ʢʦʥʩʪʘʥʪ 

K1, K5 ʠ K4 ʧʨʠ T=-20ϲC, -30ϲC,-40ϲC 
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T=-20ϲC 

T=-30ϲC 

T=-40ϲC 



ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ɻɸ ʦʣʝʬʠʥʦʚ  ʩ ʊʀɹɸ 
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E20= 10,64     

E14= 9,72     

E8= 10,64     

E-1= 7,02     

E1= 4,36     

E9=9,23     

E2= 6,3     

E3= 7,43     

E12=8,35     

E10=8,02     

E4= 3,92     

E11= 10,65     

E15= 27,27     
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E-17= 13,89     
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ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ɻɸ ʦʣʝʬʠʥʦʚ  ʩ ʊʀɹɸ 

ʉʭʝʤʘ ʨʝʘʢʮʠʠ:                       ʉʢʦʨʦʩʪʠ ʩʪʘʜʠʡ: 

1) X15+ X14      X18+X9  w1= k20x15 x14- k-20x18 x9  

2) X18+ X9ŸX10+X13  w2= k14x18x9  

3) X10+ X9ŸX2 +X13+X11  w3= k8x10x9  

4) 2X2       X1   w4= k-1x2
2- k1x1  

5) X2+X3ŸX4+X5   w5= k9x2x3  

6) X1+X5ŸX8+ X2   w6= k2x1x5  

7) X2+X5ŸX8   w7= k3x2x5  

8) X8+ X3ŸX4+2X5  w8= k12x8x3  

9) X4+X5ŸX7+ X6   w9= k10x4x5  

10) X1+X14ŸX8+ X2+ X13  w10= k4x1x14  

11) X7+ X5ŸX2   w11= k11x7x5  

12) X7+X9ŸX10   w12= k15x7x9  

13) X15+X5       X10   w13= k17x15x5-k-17x10  

14) X2+X14ŸX8+ X13  w14=k5x2x14  

ʅʘʯ. ʢʦʥʮʝʥʪ:  x3 = x3
0,  x14 = x14

0,  x15 = x15
0  

ʛʜʝ: 

X1= [Cp2ZrH2ĿClAlBu2]2  

X2= [Cp2ZrH2ĿClAlBu2] 

X3= CH2CHR - ʦʣʝʬʠʥ 

X4= Cp2ZrCl(CH2CH2R) 

X5= HAlBu2 ï ɼʀɹɸɻ 

X6= Bu2Al(CH2CH2R) 

X7= Cp2ZrHCl 

X8= [Cp2ZrH2ĿHAlBu2ĿClAlBu2] 

X9= ClAlBu2 ï ɼʀɹɸʍ 

X10= [Cp2ZrHClĿClAlBu2] 

X11= Cl2AlBu 

X12= [Cp2ZrHBuĿClAlBu2] 

X13= C4H8 

X14= AlBu3 - ʊʀɹɸ 

X15= ʉp2ZrCl2 - ʢʘʪʘʣʠʟʘʪʦʨ 

X16= [Cp2ZrH2ĿHAlBu2Ŀ2(ClAlBu2)] 

X17= [Cp2ZrH2Ŀ2(HAlBu2)ĿClAlBu2] 

X18=Cp2ZrClBu 

X19=ClBuAl(CH2CH2R) 

X20=Cp2ZrHBuĀClAlBu2 
 

R= C5H11, C6H13, C7H15, C8H17, 

Bu=C4H9, Cp=C5H5 
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ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ɻɸ ʦʣʝʬʠʥʦʚ  ʩ ʊʀɹɸ 

H AlBu 
2

Cl

AlBu 
2

H

Cp
2
Zr H

Zr
H

Cl
AlBu

2
H

Cp

Cp

 

C

Bu
2
Al

H

Cl
Zr Zr

H

Cl
AlBu 

2
H

H

Cp

Cp

Cp

Cp

Zr
H

Cl
AlBu

2
Cl

Cp

Cp

 

 

R

Cp
2
Zr

Cl

R

Bu
2
Al

R

R

HAlBu i
2

i

i

i

(8)

(1)

i i

ClAlBu i
2

i

HAlBu i
2

+ 

Cp2ZrHCl

+ 

Cp2ZrCl 2
Cp2ZrClBu

AlBu i
3   

ClAlBu 2
i

C4H8

ClAlBu i
2

HAlBu i
2

(15)

(5)

(18)

(10)

(2) (3)

(4)

(7)

(13)

(9)

E20= 10,64     

E14= 9,72     

E8= 10,64     

E-1= 7,02     

E1= 4,36     

E9=9,23     

E2= 6,3     

E3= 7,43     

E12=8,35     

E10=8,02     

E4= 3,92     

E11= 10,65     

E15= 27,27     

E17= 12,8     
E-17= 13,89     

(6)

(14)

E-20= 11,53     

ClAlBu i
2

HAlBu i
2

AlBu i
3   

AlBu i
3   

E5= 19,67     

î
î
î
î
î
î
î
î
î
î
î
î
î
î

í

î
î
î
î
î
î
î
î
î
î
î
î
î
î

ì

ë

-=

--=

---=

+++=

=

++-=

---=

++-+=

--=

=

---+--=

-+=

--=

-++---=

--=

2
w

1
wdt/

15
dx

13
w

1
wdt/

14
dx

14
w

10
w

1
wdt/

13
dx

14
w

10
w

3
w

2
wdt/

12
dx

3
wdt/

11
dx

13
w

12
w

3
w

2
wdt/

10
dx

12
w

3
w

2
w

1
wdt/

9
dx

14
w

10
w

8
w

7
w

6
wdt/

8
dx

12
w

11
w

9
wdt/

7
dx

9
wdt/

6
dx

13
w

11
w

9
w

8
w2

7
w

6
w

5
wdt/

5
dx

9
w

8
w

5
wdt/

4
dx

8
w

5
wdt/

3
dx

14
w

11
w

10
w

7
w

5
w

4
w2

3
wdt/

2
dx

10
w

6
w

4
wdt/

1
dx

6 



ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ: 
ʅʘʯʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ: 

  ʍ3  =  10 ʤʤʦʣʴ 

  ʍ14 = 12 ʤʤʦʣʴ 

  ʍ15 = 0.18 ʤʤʦʣʴ 

ʊʝʤʧʝʨʘʪʫʨʘ: 

  ʊ = 0ϲʉ  

  ʊ = 10ϲʉ 

  ʊ = 20ϲʉ 

ʆʙʲʝʤ: 

  V = 5.91 ʣ  

ʂʠʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ  

ʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ  

ʇʨʷʤʘʷ ʟʘʜʘʯʘ 

 ʈʘʩʯʝʪ ʩʦʩʪʘʚʘ  

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ  

ʨʝʘʛʠʨʫʶʱʝʡ ʩʤʝʩʠ ʠ  

ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ 

 ʥʘ ʦʩʥʦʚʝ ʟʘʜʘʥʥʦʡ  

ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ  

ʩ ʠʟʚʝʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ  

ʆʙʨʘʪʥʘʷ ʟʘʜʘʯʘ 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʘ ʦʩʥʦʚʝ  

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

  ʚʠʜʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

 ʠ ʝʝ ʧʘʨʘʤʝʪʨʦʚ 
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ʂʨʠʪʝʨʠʡ ʦʪʢʣʦʥʝʥʠʷ 
 ʵʢʩʧ. ʠ ʨʘʩʯ.ʜʘʥʥʳʭ 

ʄʝʪʦʜ ʈʦʟʝʥʙʨʦʢʘ 

ʄʝʪʦʜ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

 ʘʣʛʦʨʠʪʤʘ 
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ʋʨʘʚʥʝʥʠʝ ɸʨʨʝʥʠʫʩʘ 

R- ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ 

ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ 

ɽʘ ï ʵʥʝʨʛʠʷ  ʘʢʪʠʚʘʮʠʠ 



ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʳ 8 



ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʝʘʢʮʠʠ ɻɸ 

ʦʣʝʬʠʥʦʚ ʩ ʊʀɹɸ 

TÁC ʦʣʝʬʠʥ ʛʝʧʪʝʥ ʦʢʪʝʥ ʥʦʥʝʥ ʜʝʮʝʥ 

20 

k9 179,7 209,4 222,8 236,2 

k10 256,3 374,4 614,1 853,8 

k12 0,8 1,0 5,7 30,3 

10 

k9 95,0 100,0 102,0 121,0 

k10 139,5 219,5 299,5 359,5 

k12 0,6 0,6 1,6 3,6 

0 

k9 44,4 65,4 68,4 79,4 

k10 80,0 136,5 146,5 166,5 

k12 0,3 0,4 0,7 1,0 

ʛʝʧʪʝʥ ʦʢʪʝʥ ʥʦʥʝʥ ʜʝʮʝʥ 

E9 11,1 9,2 9,4 8,7 

E10 9,3 8,0 11,4 13,0 

E12 7,8 8,4 33,8 23,9 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʦʙʱʝʡ 

ʨʝʘʢʮʠʠ ɻɸ ʊʀɹɸ, [k i]=[1/ʤʠʥ] 
ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʜʣʷ 

ʩʪʘʜʠʡ ʩ ʦʣʝʬʠʥʘʤʠ ʚ ʦʙʱʝʡ 

ʨʝʘʢʮʠʠ ɻɸ ʊʀɹɸ, [k i]=[1/ʤʠʥ] 

ʕʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʜʣʷ  ʩʪʘʜʠʡ ʩ ʦʣʝʬʠʥʘʤʠ  

ʚ ʦʙʱʝʡ ʨʝʘʢʮʠʠ ɻɸ ʊʀɹɸ, [ɽi]=[ʢʢʘʣ/ʤʦʣʴ]  
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TϲC  20  10  0  Ea  

k1  0,4 0,3 0,2 4,4 

k-1  30,9 20,2 12,8 7,0 

k2  3,4 2,3 1,5 6,3 

k3  148,3 93,3 58,3 7,4 

k4  0,2 0,1 0,1 3,9 

k5  58,5 30,4 5,0 19,7 

k8  131,0 68,7 34,4 10,6 

k11  420,3 201,6 110,0 10,7 

k14  311,3 136,2 91,2 9,7 

k15  1,6 0,1 0,1 27,3 

k17  0,9E-5 0,4E-5 0,2E-5 12,8 

k-17  20,0 10,0 3,5 13,9 

k20  157,7 81,4 41,4 10,6 
k-20  149,2 70,9 35,0 11,5 



ʂʠʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʝʘʢʮʠʠ ɻɸ ʦʣʝʬʠʥʦʚ ʩ 

ʊʀɹɸ 

ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʣʝʬʠʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʨʝʤʝʥʠ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʦʘʣʶʤʠʥʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ ʩ ʊʀɹɸ  

ɼʝʮʝʥ ʧʨʠ ʊ= 20ʦʉ  ʆʢʪʝʥ ʧʨʠ ʊ= 20ʦʉ  ɻʝʧʪʝʥ ʧʨʠ  ʊ= 10ʦʉ 
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ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʦʰʠʙʢʠ ʦʪʢʣʦʥʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ  

ʩʦʩʪʘʚʣʷʶʪ 8-9%, ʧʦʵʪʦʤʫ ʤʦʜʝʣʴ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʘʜʝʢʚʘʪʥʦʡ. 



ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʣʢʝʥʦʚ 

ʉʢʦʨʦʩʪʴ ʨʘʩʭʦʜʦʚʘʥʠʷ  ʦʣʝʬʠʥʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʊ=0Áʉ, 10Áʉ, 20Áʉ    

ɻʝʧʪʝʥ ʆʢʪʝʥ ʅʦʥʝʥ ɼʝʮʝʥ 

ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ 
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V  ʈʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʘʩʯʝʪʘ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʤʥʦʛʦʷʜʝʨʥʳʭ ʩʠʩʪʝʤʘʭ. 

ɼʦʩʪʠʛʥʫʪʦ ʫʩʢʦʨʝʥʠʝ ʚ 3.2 ʨʘʟʘ. 

V  ʇʦʩʪʨʦʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʙʱʝʡ ʨʝʘʢʮʠʠ ɻɸ 

ʦʣʝʬʠʥʦʚ ʩ ʊʀɹɸ  

V  ʀʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʣʢʝʥʦʚ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʜʝʮʝʥ 
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