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   + 2 2    2  + 2=2 . -

. -
-

:  2  + 2 =2 2, 
:   + 2 =2 . .

, -
.  q, -

. , , -

:

1.  + 2 = 2 + 395 ;

2.  + 2 = 2  + 219 ;

3.  + 2 = 2  – 175,5 ;

3′ .  + 2  =  + 2 –130,5 ;

3′′ .  + 2 2  = 2 + 2 2 – 132 ;

3 ′′′ .  + 2 2 = 4 – 74,9 .

-
, 

, :

4.  + 2 = 2 2 + 571 ;



4′ . 2 2 + 2 = 2 2  + 231 ;

4 ′′ . 4 + 2 2 = 2 + 2 2  + 892 ;

4 ′′′ .  + 2  = 2 + 2 + 40,4 .

, 
 (     ), , 

. , -
.   -

, , 2 4 -
-

. , -
.

-
 ( .1), -

 (lg k)  (1/ ) -
,  –

.

1.  ( )
,  

    1.  + 2 = 2 210 – 90 140 – 75
    2. 2  + 2 = 2 210 – 140 125 – 85
    3.  + 2 = 2 100 – 160 200 – 100
    4.  + 2  =  + 2 160 - 330 140 – 180

, , -
-

, , 
k* T* :















 −−=

*T
T1

RT
Eexp*kk i

i  .

. , . 
 k*=10 , *=2500 ;  “ ”

. , . , . . k*=2,5 , *=2200 ; . -
 k*=0,315 =*

1 1240 =*
2 1740 . 

,  k0. 
:



  . 
   lg k0 = 110208,0 4 +⋅ − ;      (1.1)

. , . , . 
   lg k0 = 398,010237,0 4 +⋅ − ;      (1.2)

.  (  + 2)
   lg k0 = 5,010418,0 4 −⋅ − .      (1.3)

:

1,1
1

2 = ; 2,2
1

3 = ; 6,1
1

3 = .

 k0. 
 k0 . 

-
. 

, . 
, , 

, . 
 2.

 2. 
, k0,  1/

 ( ) 96800 61005,7 ⋅
 ( - 96300 12104,1 ⋅

129000 141014,2 ⋅
103800 12106,5 ⋅
155000 -
146000 -
61500 11102,4 ⋅
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:
,)(cf5.0gmgm 2υ−ωρ+=

, , ),(
6

mm
3

ρ−ρ⋅
πδ

=−

:

,
3

)(g4
ρ

δρ−ρ
=υ

: .ω=υ

ω  (3) -
, c=f(Re) c ,

ω . 
, 

, , .   cRe2=Ki3, 

,
3

)(g4Ki 3
2υρ
ρ−ρ

δ=    Ki – .

 Re/ =Sch, −
νρ−ρ

ρ
ω= 3

ux )(g4
3Sch .

, , -
, ω  Sch.

 , .ReKiSch =⋅
 Re , -

 Sch=f(Ki).  Re
<14 (Ki<8.5) :

,
)Ki10955.01(24

KiSch 375.043

2

−⋅+
=      (6)

3105Re14 ⋅≤≤

,
)Ki10571(24

KiSch 3.11.153

2

−⋅+
=     (7)

 10%.
3105Re ⋅≤ -

,
)Ki

36
11(24

KiSch
5.1

2

+
= (8)

 25%.
, -

, .



  , , , 
, 

, .
, -

, . 

ω = ,k/ω −ω

, ; −k ; 

:
 .............................................................................................…. 1

 .............................. 2,5
 ……………………………………………… 3

 ………………………………………. 5
, -

, -
.

,
. -

, , 
.  0,05 ≤  Re ≤ 100 -

, :

5.1

2

)Ki142.01(24
KiSch

+
= .       (9)

,/abc63 π=δ  a, b, c – .
, -

, . -
, ,

,
c/1b/1a/1

125,1
++

=δ        (10)

 (6)-(9) .



3. -

.3   
.   

. 
. -

. , 
∆ .

S∆  ( , , ) 
. ,  (     ) 

 ( , ).
.3 ,  (  2000-2500 ) -

, 2

. , 
, ., 

, . 
. 2, 2  N2.

2,  2 ., .
. 2, 2

 N2, . 
. , -

 (  4000-5000 ). -
,  3000-3500 , 

. -
. -

.



 3.

, , 

222
1

↔+
2
1

222 ↔+ 222 +↔+ 2
1

2 ↔+ 22 ↔ 22 ↔ N2N2 ↔ 22 2
1

+↔

300 5,50·1044 6,10·1039 8,90·104 1024 300 1,81·10-71 8,19·10-81 2,16·10-119 5,14·10-47

500 1,02·1025 7,69·1022 1,32·102 - 500 4,90·10-41 2,94·10-46 1,88·10-69 3,52·10-27

1000 1,58·1010 1,14·1011 1,38 3,16·1010 1000 5,15·10-18 3,63·10-20 8,24·10-32 3,60·10-12

1500 1,97·105 5,31·105 0,372 - 1500 3,09·10-10 2,11·10-11 3,53·10-19 4,01·10-7

2000 7,30·102 3,46·103 0,209 3,16·107 2000 2,63·10-6 5,38·10-17 7,83·10-13 1,38·10-4

2500 2,62·101 1,65·102 0,159 - 2500 6,28·10-4 2,42·10-4 5,21·10-9 1,46·10-2

3000 2,92 2,16·101 0,135 2,76·106 3000 2,48·10-2 1,44·10-2 1,88·10-6 4,84·10-2

3500 6,21·10-1 5,00 0,123 - 3500 3,46·10-1 2,68·10-1 1,28·10-1 2,60·10-1

4000 1,97·10-1 1,65 0,117 - 4000 2,52 2,41 3,06·10-3 9,21·10-1

5000 4,02·10-2 3,45·10-1 - - 5000 4,10·101 5,23·101 2,60·101 5,47

6000 1,43·10-2 1,19·10-1 - - 6000 2,64·102 4,09·102 5,51 1,82·101
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RT
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=

tcons
RT
HKln T

p ′+
∆

−=
o

.const
T573.4

HKlg T
p +

∆
−=

o

        (11)

, 
:

,STHG TTT
ooo ∆−∆=∆

pT KlnRTG −∆ o

R
S

RT
HKln TT

p

oo ∆
+

∆
−=

.
573.4
S

T573.4
HKlg TT

p

oo ∆
+

∆
=         (12)

 (11)  (12) -
 (11):

o
TS21858.0const ∆= .

, 
, .

0=∆ , :

).S
T
H(21858.0Klg 298

298
p

o
o

∆−
∆

⋅−=                (13)

, 

,N
T
MKlg p +=        (14)

 M  N – o
298H∆ o

298S∆ , :
,H21858.0M 298

o∆⋅−=        (15)
o
298S21858.0N ∆⋅= .         (16)

, 
. 

.
∆ N∆

 M  N , .
 M  N , 

.  M  N , -
, .

, ,  M 
N , . 

QrRgGdDbB ++=+
∆ N∆ :

DBRG dMbMrMgMM −−+=∆

DBRG dNbNrNgNN −−+=∆ .



 4.  M  N 

M N M N
2 ( ) 0 0 B ( .) 0 0
 ( ) -11322,444 +5,1563 Bi ( .) 0 0
 ( ) 0 0 C,  ( .) -99,017 -0,1696

N2 ) 0 0 C,  ( .) 0 0
2 ( ) 0 0 S, . ( .) 0 0
3 ) -7541,010 -3,6153 S, .( .) +16,374 +0,350

S2 ( ) -6382,536 +8,5618 Sb ( .) 0 0
S6 ( ) -6072,152 +10,1596 Zn ( .) 0 0
S8 ( ) -5921,332 +10,5443 Zr ( .) 0 0

2  ( ) +12633,218 -2,3194 Cu  ( .) +8415,330 -4,8245
N2  ( ) -4295,097 -3,8667 Cu2  ( .) +9289,650 -8,8998
NO ( ) -4721,328 -0,6492 Fe  ( .) +14054,694 -3,8475
NO2 ) -1739,897 -3,1519 Fe2 3 .) +42623,100 -14,2088
N2 4 ) -488,619 -15,5301 Fe3 4 .) +58339,002 -18,0339
N2 5 ) -131,148 -18,9334 MnS ( .) +10273,260 +0,7585
CO ( ) +5774,009 +4,6861 MoS3 .) +13438,298 -3,0142
CO2 ) +20557,886 +0,1524 CaS 4 .) +73333,590 -19,6888

4 ) +3910,178 -4,2142 BiCl3 .) +19803,348 -10,4438
Br2 .) 0 0 NaCl ( .) +21492,971 -4,7126
Hg ( .) 0 0 KF ( .) +29401,196 -5,1782

2 .) +14932,730 -8,5204 Na2SiO3 .) +81136,896 -16,4383
2 2 .) +9777,645 -12,1950 BaC 3 .) +83606,786 -12,7356

CCl4 .) +5545,375 -12,2033
PCl3 .) +16590,222 -8,3891
SiCl4 .) +32784,000 -11,7465
Ag ( .) 0 0
Al .) 0 0

. 4 + 2 = 2  + 2 2
 1000° .

.4  M  N  ( ) :
  M = +3910.178  N = -4.2142;

 M = +20557,886  N = +0,15235;
 2M = +11548,018  2N = +9,37228.

∆ N∆ :
∆ = 2M (CO) – M( 4) – M( 2) = 11548,018 – 3910,178 – 20557,886 = -12920,046;

N∆ = 2N (CO) – N( 4) – N( 2) = 9,37228 + 4,2142 – 0,15235 = +13,43413.
∆  1/ N∆ :

lg Kp= -12920,046·0,001 + 13,43413 = +0,5141
:
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= .
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-
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-

. 
H, S Cp.

:

∫
∫∆

⋅−∆⋅−∆=∆
T

298
2

T

298
p

298298T dT
T

dTC
TSTHG ooo

2_2_221100p McMcMcMc)S(f
T

)H(fKlg ∆+∆+∆+∆+∆∆+
∆∆

= ,   (17)

 ( H, S Cp). 
.

f( H) f( S) QrRgGdDbB ++=+ -
 ( .5 

):
)H(df)H(bf)H(rf)H(gf)H(f DBRG ∆−∆−∆+∆=∆∆ ;    (18)

)H(df)H(bf)H(rf)S(gf)S(f DBRG ∆−∆−∆+∆=∆∆ ,    (19)
 f( H)= -0,21858 o

298H∆   f( S)= 0,21858 o
298S∆   .

)D(dc)B(bc)R(rc)G(gcc 00000 −−+=∆ ,      (20)
)D(dc)B(bc)R(rc)G(gcc 11111 −−+=∆ ,      (21)

., α∆=∆ 21858.0c0 , α= 21858.0c0 ,  β∆=∆ 21858.0c1 , β= 21858.0c1 , 
, .

. 
4 + 2 2 = 2 + 2 2  950° .

.5 :
4 2 2 2

H)………… 3910,18 0 20557,89 12633,49
S)………… -4,2328 0 0,1419 -2,3231

C0…………. 0,7480 1,8892 2,2600 1,5779
C1…………. 3,9006·10-3 0,0442·10-3 0,5989·10-3 0,5489·10-3

C2…………. -0,9104·10-6 - - -
C-2………… - 0,2251·105 -0,4273·105 -0,0585·105

f ( H)= +41914,68,
f ( S)= -0,27148,

C0 = 0,889620,
C1 = -2,352139·10-3,
C2 = -0,9104·10-6,
C-2= -0,093772·105.



 5.  f( H), f( S)  f( Cp) 
. . 

- f( H)·10-3 f( S) f( Cp)
C0· 10-3 C1· 10-3 C2· 10-3 C-2· 10-3

Ag ( .) 0 0 1,2525 0,2761 - -0,0131
Al ( .) 0 0 1,0798 0,6470 - -
Bi ( .) 0 0 0,9814 1,1803 - -
Br2 ) 1,65902 4,9989 1,8411 0,2129 -0,0777 -
C,  ( .) 0,09902 -0,1696 0,4765 0,6907 - -0,3235
C,  ( .) 0 0 0,8962 0,2230 - -0,4590
Cl ( ) -6,31696 5,6000 1,0863 - -0,2111 -
Cl2 ) 0 0 1,6558 0,5299 - -
S2 ) -6,38254 8,5618 1,8754 0,0656 - -
S, . ( .)  0 0 0,7825 1,3639 - -
S, .( .) -0,01637 0,0350 0,7781 1,5213 - -

2 ) 0 0 1,8892 0,0442 - -0,2251
3 ) -7,54100 -3,6153 2,1552 0,5377 - -0,2885

Zn ( .) 0 0 1,1594 0,5246 - -
Zr ( .) 0 0 0,2312 0,9049 -  0,1224
Al 2 3 .) 83,05040 -16,2853 5,9956 0,6689 - -1,8514
Ba  ( .) 29,06114 -3,9130 - - - -
Cu  ( .) 8,41533 -4,8245 2,0262 1,0492 - -
Cu2  ( .) 9,28965 -8,8398 3,2568 1,2459 - -

 ( ) 5,77401 -4,6861 1,3661 0,4571 -0,1003 -
2 ) 20,55789 0,1419 2,2600 0,5989 - -0,4273

CH4 ) 3,91018 -4,2328 0,7480 3,9006 -0,9104 -
H ( ) 1,29618 0,9414 1,4098 0,1924 -  0,6831

H2  ( ) 12,63349 -2,3231 1,5779 0,5489 - -0,0585
H2  ( .) 14,93273 -8,5204 - - - -
NiS ( .) 4,06559 - 2,0219 0,7432 - -
AsCl3 .) 16,32793 -7,1213 - - - -
SnCl4 .)  27,84707 -12,4241 5,5891 0,0437 - -0,4087
NaCl ( .) 21,49297 -4,7126 2,4000 0,8525 - -
NH4Cl ( .) 16,38257 -17,5236 2,5792 6,9946 - -
SiF6 ) 78,70066 -7,4798 5,0164 0,5792 - -1,0317
AgN 3 .) 6,42625 -15,9364 4,1159 3,4973 - -
Na2SiO3 .) 79,34454 - 6,8634 2,0984 - -1,4142

. 6 =1223° :
1/ =0,81756· 10-3,

M0 = 0,6552,
M1 = 0,3498· 103,
M2 = 0,2121· 106,
M-2 = 0,3216· 10-5.

 (17):
lg Kp = 41914,68·0,81756· 10-3 – 0,27148 + 0,889620·0,6552 – 2,3521·0,3498 – 0,9104·0,2121 – 0,093772.

.10838.3
pp
pp
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OCH

2
OHCO
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 6. , . . 
. . 

o , t,  ° 3101
⋅ 0 1·10-3

2·10-6
-2·105

200
250

273,16
298,16

300
323,16

350
373,16

400
423,16

450
473,16

500
523,16

550
573,16

600
623,16

650
673,16

700
723,16

750
773,16

800
823,16

850
873,16

900
923,16

950
973,16
1000

1023,16
1050

1073,16
1100

1123,16
1150

1173,16
1200

1223,16
1250

1273,16
1300

1323,16
1350

1373,16



  .5

o , t,  ° 3101
⋅ 0 1·10-3

2·10-6
-2·105

1400
1423,16

1450
1473,16

1500
1523,16

1550
1573,16

1600
1623,16

1650
1673,16

1700
1723,16

1750
1773,16

1800
1823,16

1850
1873,16

1900
1923,16

1950
1973,16

2000
2023,16

2050
2073,16

2100
2123,16

2150
2173,16

2200
2223,16

2250
2273,16

2300
2323,16

2350
2373,16

2400
2423,16

2450
2473,16

2500



   1. ,  (

90°) , , 3
0 /293,1=ρ=ρ ;

400 =ω , 2=ω .  D =0,1 
 S/ D =10. .

  . :
25.3

2
00

2
cc

D
x104.0

D
y









ωρ
ωρ

= ,       0025.0
400
1

2

0

c ==







ω
ω ;

x x/D (x/D )3,25 y/D  y
0.05 0.5 0.105 2.6·10-5 2.6·10-6

0.1 1 1.0 2.6·10-4 2.6·10-5

0.15 1.5 3.73 9.7·10-4 9.7·10-5

0.2 2.0 9.51 2.4·10-3 2.4·10-4

0.3 3.0 35.5 9.2·10-3 9.2·10-4

0.4 4.0 90.5 2.35·10-2 2.35·10-3

0.5 5.0 185.9 4.9·10-2 4.9·10-3

0.75 7.5 698 0.18 1.8·10-2

1.0 10.0 1778 0.47 4.7·10-2

2.0 20.0 1.6·104 4.4 0.44
3.0 30.0 6.3·104 16.3 1.63
4.0 40.0 16.0·104 41.8 4.18
5.0 50.0 3.3·105 86.4 8.64

  y=f(x), , 
 4 , . .  40  D .

 2. -
 1400 .  1200 3. 
δ =0,178 .

. 252,0
1400

273293,10
0 =

⋅
=ρ=ρ 3, -

 ( ) 610220 −⋅=ν 2 . 

.94,1
252,0)10220(3

)252,01200(81,9410178,0
3

)(g4Ki 26
3

3
2 =

⋅⋅⋅
−⋅

⋅⋅=
ρν

ρ−ρ
⋅δ= −

−

???,  Ki<8,5:

.156.0
125.24
76.3

)Ki10955.01(24
KiSch 375.043

2

==
⋅+⋅

= −

.37,0

10220120081,94
02523
156,0

)(g4
3

Sch

3
6

3 0

=

⋅⋅⋅⋅
⋅

=

ρ−ρ
ρ

=ω

: .3,0)10220/(10178,037,0/Re 63 =⋅⋅⋅=νδω= −−

 Re<1, , . . .



 3. -
 0,4 : =0,85·10-3

0=373 
 1353 ;  2,4 ; =280 3.

. . 
 Nu; ; . . -

.  Ki  Sch:

( )
.68,5

1353
273293,1102063

1353
273293,128081,94

1085.0Ki 3
26

3 =
⋅⋅⋅







 ⋅−⋅⋅

⋅⋅=
−

−

 ????? (  Ki<8,5)  Sch=0,25.

372,0

1373
273293,12801020681,94

1373
273293,10,3

25,0 3
6

=






 ⋅−⋅⋅⋅⋅

⋅⋅
⋅=ω

−

.

.534,1
10206

1085,0372,0Re 6

3

=
⋅

⋅⋅
=

ν
δω

= −

−

  Nu  ??????
  Nu = 2 + 0,16·1,5342/3 = 2,21.

 ????? 
, :
,  ……………………. 0,4       0,8       1,2       1,6       2,0       2,4

,  …………………. 940     1110    1120    1250    1290    1310
 4.  1400

, , =5·10-5;  10-4    10-3 .
. . 1 1=140·103 . -

 ????? k01=6,5·104 . , , , 
=1400 : k1=0,424 ; 2=1,1 1=154·103

k02=1,3·105 k2=0,23 .
-

: 4=96,3·103 ; k04=7,05·106 -1. k4=19·102 -1.
 5·10-5  10-4 , , 

Nu=2   ( ).   D=2D/ . =1400 
4

CONO 108,2D
222

−
−− ⋅≈ 2  (

).   =5·10-5    
D=2·2,8·10-4/(5·10-5)=11,2 , =10-4   D=2·2,8·10-4/10-4=5,6 .

       N1 +  N2  0,1. =5·10-5 k1 D + k2 D =
0,424/11,2 + 0,23/11,2 0,058 =10-4   N1 + N2 = 0,117, . . -

, 
.

 4-  ( ). 
4

OCO 103D
2

−
− ⋅≈ 2 , =5·10-5 4,007,02,11/1031900Se 4 <≈⋅⋅= − , =10-4

Se=0,14 < 0,4, . . .
=10-3  W 2,7 . 

Re=2,27·10-3/(2·10-4 13; Nu=2 + 0,16Re2/3=2,86. D=2,86·2,8·10-4/10-3=0,8 ;
(k1 + k2 D = (0,424 + 0,23)/0,8  0,8, . . , -

. .
18,0/1031900Se 4 ≈⋅⋅= − ;  , 

” .



 5. 
) =10-4 ,  1400 . -

, -
.  10 , 

.
. ,  4. -

k1=0,424 ; k2=0,23 ; k3=5·10-4 . 
4

NO 108,2D
22

−
− ⋅= 2 ; 4

NCO 102,2D
22

−
− ⋅= 2 .

 4, D 5,6  N1=0,076; N2=0,041
  N3=0,9·10-4, . . ; , 05 =∆

6,8)041,0076,01/(1010 ≈++= , . . -
 14 %.

 (
):

( ) ( )[ ] ( ){ }
)/(1017,8121081,61081,6

041,0076,01109,010109,01041,02109,021076,010
)041,0076,01)(109,01(

1
1400314,8
6,5G

23
2

4
2

4

444

4C

⋅⋅=
⋅

⋅⋅=
⋅

⋅=

=++⋅⋅+⋅+⋅+⋅×+⋅

⋅
++⋅+

⋅
⋅

=

−−−

−−−

−

 6.  ( ) 
 1400 . , -

1021 =∆=∆ . 
0=10-4 .

. , -
. , -

 4,  Re<1,  Nu=2. D=2D/ , . . D -
.

 N1=0,076; N2=0,041   N3=0,9·10-4, 
. , ,  N1,  N2  N3  1:

[ ]∆ρ++∆
α

= 23121
D

C N)NN2(
RT

G ; , ,  N3<<N1  N3<<N2 -

, 

,
RT

k2kG 1
21

C ∆ρ
+

= . . , 

. -
,0δρ=τ

.1.7109.541300

;9.54
)23.02424.0(10122

1400314.8
)k2k(M2

RT

4

211C

=⋅⋅=τ

=
⋅+⋅⋅⋅

⋅
=

+∆
=

−

 7. 
5·10-5  10-3 . 

: 61 =∆ ; 102 =∆ ; 
205 =∆ .

-
 1400 .

.  + 2        2 . ?????:
1=83600 . k01:

lg k01=0,2·10-4·83600 + 2=3,675; k01=4,73·103 .



  
=1400 :

k1=4,73·103 -83600/(8,314·1400)=4,13 .
, 2=1,1 1;  3=2,2 1,  3`=1,6 1 -

: k2=3,8 ; k3=0,155 ; k3`=0,89 . 2 + 2
: 4`=130000 ;

k04`=2.137·1014 c-1. 0=5·10-5  Nu=2.  10-3 -
,  Nu 2.  Nu -

.  Ki  Sch 
=2,49 ,  Re=2,49·10-3/(220·10-6)=11,3. 

Nu=2+0,16·11,32/3=2,81.
 D=D0(T/T0)n; 

D0=0.149·10-4 ,  n=1,75,  D=0,149·10-4(1400/273)1,75=2,72·10-4 2 . -
=5·10-5

D=2·2,72·10-4/(5·10-5)=10,86 ,  10-3

D=2,81·2,72·10-4/10-3=0,76 ; Ni=ki D.
:

,  …………………. N1        N2        N3           N3`       N1 + N2
 10-3 …………………. 5,42     5,0      0,204       1,07       10,42
 5·10-5 ………………. 0,379    0,35    0,0142     0,075      0,73

 5·10-5 -
,  0,5N3`p5 < p1 ;

0,5·0,075·20<6,  10-3  – , 
 0,5·1,07·20>6. 1 =0. 

( )[ ]

1052,51210602,4

10602,4)}0142,0379,05,01(075,020)35,0379,01(0142,010

)0142,01(35,020142,021379,06{
)35,0379,01)(0142,01(

1
1400314,8
86.10G

2
2

2
3

2
3

C

⋅
⋅=

⋅
⋅⋅=

=
⋅

⋅=+⋅+⋅⋅+++⋅⋅+

++⋅⋅+⋅+⋅⋅
+++

⋅
⋅

=

−−

−

:

04,3
35,0379,01
20075,05,06p10 =

++
⋅⋅−

= ;

11)20075,05,06(
35,0379,01

379,010
0142,01

1p20 =







⋅⋅−⋅

++
+⋅

+
= ;

[ ] 11,2)}35,0379,01(075,0205,00142,0379,0)0142,01(35,06

)35,0379,01(0142,010{
)35,0379,01)(0142,01(

1p30

=++⋅⋅⋅+⋅++⋅+

+++⋅⋅⋅
+++

=

 5·10-5 , ,
 6 ( =1200 3):

413,0
)28,313,4(6122

1051400314,81200
5

0 =
⋅+⋅⋅

⋅⋅⋅
=δρ=τ

−

09,1
1052,5

1051200
G 5

5

C

0 =
⋅

⋅⋅
=

δρ
=τ −

−

.



 (  10-3 ) -
. 

[ ]

),/(1078,0/10651,0

)07,11/(1)205,06(07,1)204,01/(10204,0)1400314,8/(76,0G

2223

C

⋅⋅=⋅⋅=

=+⋅⋅+⋅++⋅⋅⋅=

−−

 10-3 -
:

    20=10/(1 + 0,204)=8,31 ;
  30=0,204·10/(1 + 0,204) + 1,07·(6 + 0,5·20)/(1 +1,07)=9,96 ;
   40=(1,07·0,5·20 - 6)/(1 + 1,07)=2,27 ;
       50=(2·6 + 20)/(1 + 1,07)=15,46 ;

.275,0
07,1)2062(
6207,1201 =

⋅+⋅
⋅−⋅

=
∆
∆

.
 10-3 , -

,  10 . , -
, 

 1-2 .



1.   .
-

:
• ;
• ;
• ;
• ;
•  ( 2, 2  SO2) -

, ;  (
2)  ( ) ;
•  ( ) 2 2 -

;
• ;
• ,  – 

;
• .

, , -
.

,
, .

, -
, , . 

, -
, . , -
, .

 20-30

.

 100 .
,  Cl – Hm – On, 

 300-400 . 
2, 2 , O, 4, 2 2 -

. -
, 

4, , O2 2 . 
 1273 . -

  , , 
. 

.
. 

. 
. 

. -



. , , -

. ,
, -

, .
, , 

.
, 

. 
,  – .

. , -
. 

. -
, , 

, -
. , 

. ?????
, -

.
, ,  1 

 273 , 
.  Wp=2,5%  22,4% -

pQ ;  Wp=50%  26,1%

Q . ,  Wp=3,0%, 

 33,0% Q .

-
, , 

, , 
. -

.
, 

, , -
.

-
: 

, . . , -
, -

.
, -

. .
???????? 



. -
.
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.



. -
:

)  – , 
;

) 2 – .
, -

, . ????.
.

 1  ( ), -
:
     + 2 = 2;
   12  + 32 2 = 44 2;
  1  + 1 2 = 1 2.       (NN)

 (NN) . -
, , -

 21% 2  79%  N2, . . -
 1  79:21 = 3,76 ,  1 2 3,76

 N2. . -
:

     + 2 +3,76N2 = 2 + 3,76N2;
   1  + 1 2 +3,76  N2 = 1 2 + 3,76  N2.  ( )

, , 
, -

 1  1 -
. :

     + 2 +3,76N2 = 2 + 3,76N2 + 96600 ,   ( )
    1  + 1  = 4,76  + 96600 .

, 
,  ( -

), .
 ( ) , , -

. , 
 12  + 32 2 + 105,4  N2 = 44 2 + 105,4  N2 + 96600 . ( )

 12, 
  1  + 2,67 2 + 8,8  N2 = 3,67 2 + 8,8  N2 +8050 

  1  + 11,47  = 12,47  + 8050 . ( )
 ( ), 

.
-

 – , , -
.

   2  + 2 = 2 .
,    28400 .



,
   2  + 2 +3,76 N2 = 2  + 3,76 N2 +2·28400 /2 ,   ( )

  1  + 1,33 2 + 4,4  N2 = 2,33  + 4,4  N2 +2370 
  1  + 5,73  = 6,73  + 2370 

  1  + 0,933 3
2 + 3,5 3 N2 = 1,866 3  + 3,5 3 N2 + 2370 

  1  + 4,433 3  = 5,366 3 .
 ( )

, 
 5,366-4,433=0,933 3, . . 

, .
.

     2  + 2  = 2 2 ,       ( )

    2  + 2 + 3,76 N2 = 2 2 + 3,76 N2 + 2·68200 /2  ( )
, ,

  1  + 0,57 2 + 1,88 N2 = 1,57 2 + 1,88  N2 + 2430 
  1  + 2,45  = 3,45  + 2430 .

, 
  1 3  + 0,5 3

2 + 1,88 3 N2 = 1 3
2 + 1,88 3 N2 + 3050 3

   1 3  + 2,38 3  = 2,88 3 .
, 

, , 
, 

    (1 + 2,38) – 2,88 = 0,5 3.
-

:
1)  –

;
2) : ) -

; ) 
 – .

,
, , . -

, -
, .


