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x-1-y 0.67 0.65 1.85 6.21 84.0 27.02 103.1 33064 503.8
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.)(2,10.)(1,101010
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);(4)(444
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Pll

Pll
ppPPll
opPPll

oPpPPll
oPpPPll

oPpPPll

i – li
P,  Po  Pp  ; i – -

, 
-

. -
 [2]

                              P=f(S,T),                                             (3)

T – , 
 ( , 

, , ), -
 P.  -

Po  Pp  lo lp
. ):

                                      Po=fo(lo),Pp=fp(lp).                                     (4)

, -
 (1) – (4) l1 – l10, P, Po, Pp, h.

-
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);(4254
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pPkl

oPkl
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uPkl

Pkl
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.

 [3,4] -
k1–k12 . 
 (5) 
 (1)

10987654321 llllhllllll         (6)
 (3)

1

1
0

0
0

0
TT

fTT
fhh

fhh
fP , (7)
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. ,  (7) -
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0
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h
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h
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T0, T1 , 
T K6 . 

, T
: h0, T0   T1, -

K6 . 
 (7) 

TKhKP 65
.                             (8)

 (5)  (6) 
(8)  12  12 -

: l1-10, P h.
, -

 – -
. 

, 

987654 lllhllloL ,

.76 lhlL
Lo Lp , 

 12 -
.  14  14 -

: l1-10, P, h, Lo, Lp.
 – . -

. Matlab [5]
-

. -
, 

, 
 ( -

):
DL1 l1, DL2 l2, DL3 l3, DL4 l4, DL5 l5, DL6 l6, DL7 l7,

DL8 l8, DL9 l9, DL10 l10;
DP P, DPo Po, DPp Pp, Dh h, Nu1 1, Nu2 2, DS S,

DLo Lo, DLp Lp.
, -

, .
. .

, -
, :
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% 
syms DL1 DL2 DL3 DL4 DL5 DL6 DL7 DL8 DL9 DL10
 syms k1 k2 k3 k4 k5 k6 k7 k8 k9 k10 k11 k12
syms DP DPo DPp Dh T Nu1 Nu2 DS DLo DLp
syms K5 K6
eq1=DL1-k1*DP-k1*DPo-k1*DPp;
eq2=DL2+k2*DP+k2*DPo+k2*DPp-DS;
eq3=DL3+k3*DP+k3*DPp+k4*DPo;
eq4=DL4+k5*DP+k5*DPp-Nu1;
eq5=DL5+k6*DP+k6*DPp;
eq6=DL6+k7*DP;
eq7=DL7+k8*DP;
eq8=DL8+k9*DP+k9*DPp;
eq9=DL9+k10*DP+k10*DPp-Nu2;
eq10=DL10+k11*DP+k11*DPp+k12*DPo;
eq11=DL2+DL3+DL4+DL5+DL6+DL7+DL8+DL9+DL10+Dh-DL1;
eq12=DP+K5*Dh-K6*T;
eq13=DL4+DL5+DL6+Dh+DL7+DL8+DL9-DLo;
eq14=DL6+Dh+DL7-DLp;
s=solve(eq1,eq2,eq3,eq4,eq5,eq6,eq7,eq8,eq9,eq10,eq11,eq12,eq13,eq14,...
   Dh,DP,DLo,DLp,DL1,DL2,DL3,DL4,DL5,DL6,DL7,DL8,DL9,DL10);

syms , -
.  eq(1-14) – 

 (
). solver s, 

 - .
 – h, P, Lo, Lp, . -

 ( ), -
, 

.  Dh DP s:
pretty(s.Dh)
  (k8 K6 T + k10 K6 T + k2 K6 T + k6 K6 T + k9 K6 T + k7 K6 T + k1 K6 T

         + k5 K6 T + k11 K6 T + k3 K6 T - DS - Nu1 + k1 DPo + k1 DPp + k2 DPo

         + k2 DPp + k3 DPp + k4 DPo + k5 DPp + k6 DPp + k9 DPp + k10 DPp

         + k11 DPp - Nu2 + k12 DPo)/(k5 K5 + k10 K5 + k3 K5 + k6 K5 + k8 K5

         + k11 K5 + k2 K5 + k9 K5 + k7 K5 + k1 K5 + 1)
 pretty(s.DP)
 - (K5 k4 DPo + K5 k5 DPp + K5 k10 DPp + K5 k3 DPp + K5 k6 DPp + K5 k11 DPp

         + K5 k2 DPp + K5 k12 DPo + K5 k1 DPo + K5 k2 DPo + K5 k1 DPp

         + K5 k9 DPp - K6 T - K5 DS - K5 Nu1 - K5 Nu2)/(k5 K5 + k10 K5 + k3 K5

         + k6 K5 + k8 K5 + k11 K5 + k2 K5 + k9 K5 + k7 K5 + k1 K5 + 1).
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,

, 1

 (1-3):

0 1 2 3( ) exp( | |),
1000

n

C
tC t C A A A t t (1)

t – , ° ; C0, 1,  2, 3,  t , n – -
, ;

2
0 1

3

( ) ,
100 [( ) /100]

Btt B
ch B t t

(2)

0, 1, 2, 3, t – ;
6 2

0 1 2
3

( ) 10 ,
1000 ( ) /100

t
Ztt Z

ch Z t t
(3)

 ° ; 0, Z1, Z2, Z3, t  – .

-
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,  [2 – 5].
 (1) – (3) 

:
2

*

1
min

n

i i
i

I R t R t , (4)

*
iR t  - -

 t; Ri(t) – -
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 t; n – -
.

 (1) – (3)
-

,  (4) .
,

 (1) – (3):

1 min,mJ f K K (5)

1… m – , 
 (1-3); m – 
.

-
 [6],  – ,

-
1… m.

 – 
.

. 1 C0,  1,
2,  3,  t0,  n , t < t0 -

, t > t0 – -
.
. 1, 2  ( ) 

, -
 (1), -

 [3, 4].
. 2  (2), -

.
 1

C0 1 n 2 3 tC

20
0,49
0,835

0,744
0,167

1,94
0,12

6,13
6,25

0,081
0,156

755

40
0,478
3,965

0,544
4,57

1,58
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6,52
9,647

0,11
0,15
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C0 1 n 2 3 tC
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0,529
0,61
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0,56

5,26
6,41

0,061
0,261

630

Fe 0,42 0,36 0,61 – – –

, 
/(

)

0

1

2

3

4

5

6

7

8

0 200 400 600 800 1000 1200

, (1) - 30

, (2) - 20

. 1. 
20  30  (

)

 2

0 1 2 3 t

 0,05-0,2% [ ] 67,38 -0,758 32,49 0,21 943
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 1
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0 1 2 3 t

 0,6-1,3% [ ] 49,47 -0,975 16 0,34 827,67

 0,7-1,1% [ r] 55,06 0,493 37,96 0,189 1078,19

 15-22% [Cr],
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       ± t – , ,

.
:

i = K ·y. (4)
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    [3], [4] ( ) :

     :
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     :
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