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/  
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 / 
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°C 
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, 
/( ·K) 

-
 -

, 
/  

1. Climator [20]  
1 ClimSel C-21 -21/-24 0.33/1.45 285 7 ClimSel C28 31/27 0.72/0.98 170 
2 ClimSel C-18 -18/-23 0.56/2.17 288 8 ClimSel C32 32/29 1.08/0.76 160 
3 ClimSel C7 8/4 0.59/0.78 123 9 ClimSel C48 53/48 0.53/0.76 180 
4 ClimSel C10 6/11 0.70/0.83 116 11 ClimSel C58 58/55 0.47/0.57 260 
5 ClimSel C21 26/21 0.75/0.93 134 12 ClimSel C70 77/70 0.81 144 
6 ClimSel C24 27/24 0.93/0.74 140      

2. Croda International Plc [21] 

13 
Croda-

Therm™ -22 
-23/-24 0.19/0.16 120 21 

CrodaTherm™ 
24W 

23.8/22.
2 

0.16/0.22 184/-182 

14 
Croda-

Therm™ 5 
5.1/2.7 0.15/.0.23 191/-190 22 

CrodaTherm™M
E29D 

28.8/23.
5 

. . 183/-179 

15 
CrodaTherm

™ 6.5 
6.8/2.5 0.15/.0.24 184/-182 23 

CrodaTherm™M
E29P 

28.8/23.
5 

. . 183/-179 

16 
CrodaTherm

™ 9.5 
9 0.15/.0.24 135 24 

CrodaTherm™ 
29 

29/26 0.15/0.22 207/-205 

17 
CrodaTherm

™ 15 
15/9.5 0.10/0.29 177/-176 25 

CrodaTherm™ 
32 

32/29.5 0.16/0.22 190 

18 
CrodaTherm

™ 19 
19.3/17.9 0.16/0.23 175/-176 26 

CrodaTherm™ 
37 

36/8/35 0.17/0.24 204/-202 

19 
CrodaTherm

™ 21 
21/19 0.15/0.18 190 27 

CrodaTherm™ 
53 

53/51 0.16/0.28 226/-225 
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20 
CrodaTherm

™ 24 
24.1/20.1 0.16/0.29 183 28 

CrodaTherm™ 
60 

59/8/58/
4 

0.17/0.29 217/-212 

3. Insolcorp [22] 

29 
18 C⁰ Infinite 

R 
18 0.54/1.09 200 32 25 C⁰ Infinite R 25 0.54/1.09 200 

30 
21 C⁰ Infinite 

R 
21 0.54/1.09 200 33 29 C⁰ Infinite R 29 0.54/1.09 200 

31 23 C⁰ Infinite 
R 

23 0.54/1.09 200      

4. Microtek laboratories, inc [23] 
34 fibratek 28S 28 

. . 

160 50 nextek 18D 50 

. . 

190 
35 fibratek 24S 24 97 51 nextek 24D 51 170 
36 fibratek 28D 28 160 52 nextek 28D 52 180-190 
37 fibratek 24D 24 160 53 nextek 32D 53 170 
38 Micronal 28S 28 160 54 nextek 37D 54 190 
39 Micronal 24S 24 105 55 PCM-30 55 150-160 
40 Micronal 28D 28 160 56 PCM-10 56 175-185 
41 Micronal 24D 24 97 57 PCM6 57 180-190 
42 nextek 6 6 170 58 PCM18 58 205-215 
43 nextek 18 18 190 59 PCM24 59 165-175 
44 nextek 24 24 170 60 PCM28 60 195-205 
45 nextek 28 28 180-190 61 PCM32 61 180-190 
46 nextek 29 31 170 62 PCM37 62 210-220 
47 nextek 32 32 170 63 PCM43 63 235-245 
48 nextek 37 37 190 64 PCM58 64 160-180 
49 nextek 6D 6 170 65 vivtek 29 65 170 

5. PCM Products, Ltd [24] 
66 A2 2 0.21 230 117 E-21 -21 0.51 285 
67 A3 3 0.21 230 118 E-22 -22 0.57 305 
68 A4 4 0.21 235 119 E-26 -26 0.58 265 
69 A5 5 0.22 170 120 E-29 -29 0.64 250 
70 A6 6 0.21 185 121 E-32 -32 0.56 225 

  1 
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71 A6.5 6,5 0.22 190 122 E-34 -34 0.54 200 
72 A7 7 0.22 190 123 E-37 -37 0.54 225 
73 A8 8 0.21 180 124 E-50 -50 0.56 175 
74 A9 9 0.21 190 125 E-65 -65 0.56 240 
75 A10 10 0.22 210 126 H105 104 0.500 125 
76 A12 12 0.22 215 127 H115 114 0.503 100 
77 A13 13 0.22 225 128 H120 120 0.506 120 
78 A14 14 0.22 200 129 H160 162 0.509 105 
79 A15 15 0.18 205 130 H190 191 0.512 170 
80 A16 16 0.18 225 131 S8 8 0.44 130 
81 A17 17 0.18 235 132 S10 10 0.43 170 
82 A18 18 0.22 155 133 S13 13 0.43 150 
83 A19 19 0.22 150 134 S15 15 0.43 180 
84 A20 20 0.22 160 135 S17 17 0.43 155 
85 A21 21 0.22 160 136 S18 18 0.43 145 
86 A22 22 0.18 160 137 S19 19 0.43 175 
87 A23 23 0.18 155 138 S20 20 0.54 195 
88 A24 24 0.18 155 139 S21 21 0.54 220 
89 A25 25 0.18 150 140 S22 22 0.54 215 
90 A26 26 0.21 230 141 S23 23 0.54 200 
91 A27 27 0.22 250 142 S24 24 0.54 180 
92 A28 28 0.21 265 143 S25 25 0.54 175 
93 A29 29 0.18 225 144 S27 27 0.54 185 
94 A32 32 0.21 120 145 S32 32 0.51 220 
95 A32H 32 0.22 240 146 S34 34 0.52 140 
96 A36 36 0.18 130 147 S44 44 0.43 100 
97 A36H 36 0.22 300 148 S50 50 0.43 125 
98 A39 39 0.22 135 149 S58 58 0.69 145 
99 A42 42 0.21 140 150 S70 70 0.57 100 
100 A43 43 0.18 280 151 S72 72 0.58 155 
101 A46 46 0.22 155 152 S83 83 0.62 100 
102 A48 48 0.18 230 153 S89 89 0.67 145 

  1 
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103 A50 50 0.18 190 154 S117 117 0.70 125 
104 A52 52 0.18 220 155 X25 25 0.36 110 
105 A53 53 0.22 155 156 X30 30 0.36 115 
106 A58 58 0.22 215 157 X40 40 0.36 150 
107 A58H 58 0.18 240 158 X55 55 0.36 115 
108 A62 62 0.22 205 159 X70 70 0.36 160 
109 A70 70 0.23 225 160 X80 80 0.36 160 
110 E0 0 0.58 395 161 X90 90 0.36 170 
111 E-2 -2 0.58 325 162 X95 95 0.36 140 
112 E-3 -4 0.6 330 163 X120 120 0.36 185 
113 E-6 -6 0.56 300 164 X130 130 0.36 315 
114 E-11 -12 0.57 310 165 X165 165 0.36 225 
115 E-15 -15 0.53 320 166 X180 180 0.36 275 
116 E-19 -19 0.58 300      

6. Phase Change [25] 
167 BioPCM Q4 4 0.15-2.5 210-250 173 BioPCM Q18 18 0.15-2.5 210-250 
168 BioPCM Q5 5 0.15-2.5 210-250 174 BioPCM Q20 20 0.15-2.5 210-250 
169 BioPCM Q6 6 0.15-2.5 210-250 175 BioPCM Q23 23 0.15-2.5 210-250 
170 BioPCM Q8 8 0.15-2.5 210-250 176 BioPCM Q25 25 0.15-2.5 210-250 
171 BioPCM Q12 12 0.15-2.5 210-250 177 BioPCM Q27 27 0.15-2.5 210-250 
172 BioPCM Q15 15 0.15-2.5 210-250 178 BioPCM Q29 29 0.15-2.5 210-250 

7. Pluss® [26] 
179 HS 33N -30/-31 . . 224 194 HS 24 26/25 0.55/1.05 199 

180 HS 26N -24/-26 . . 272 195 HS 29 29 
0.382/0.4

78 
190 

181 HS 23N -21/-23 
0.702/4.9

76 
262 196 OM 29 29/26 

0.172/0.2
93 

194 

182 HS 18N -18 0.44/ . . 242 197 FS 29 29/28 . /0.45 158 

183 HS 15N -15/-16 0.53/5.26 308 198 OM 30 32/30 
0.146/0.2

24 
230 

184 HS 10N -10 
0.602/4.2

5 
290 199 FS 30 31/30 

0.340/0.4
96 

172 

  1 
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185 HS 7N -6 0.55/1.76 296 200 OM 32 33/30 
0.145/0.2

19 
187 

186 HS 3N -2/-3 0.35/2.2 346 201 HS 34 35/34 0.47/0.5 150 
187 HS 01 1 0.55/2.2 270 202 OM 35 35/34 0.16/0.20 202 

188 OM 03 4/3 
0.146/0.2

24 
140 203 OM 37 37/36 0.13/0.16 231 

189 OM 05P 6.1/5 0.37/3.83 242 204 OM 42 44/43 0.1/0.19 221 
190 FS 03 4/1 0.16/0.22 161 205 FS 42 42/41 2.91/3.01 181 

191 OM 18 19 
0.175/0.1

82 
212 206 OM 46 48/45 0.10/0.20 196 

192 OM 21 22/19 0.14/0.21 174 207 OM 48 51/48 0.10/0.20 172 
193 HS 22 23/22 0.56/2.27 167.6      

8. PureTemp LLC [27] 
208 PureTemp -37 -37 0.15/0.25 145 220 PureTemp 28 28 0.15/0.25 190 
209 PureTemp -21 -21 0.55/2.39 239 221 PureTemp 29 29 0.15/0.25 202 
210 PureTemp -15 -15 0.55/2.34 301 222 PureTemp 37 37 0.15/0.25 210 
211 PureTemp -2 -2 0.60/2.21 277 223 PureTemp 44 44 0.15/0.25 180 
212 PureTemp 4 5 0.15/0.25 187 224 PureTemp 48 48 0.15/0.25 230 
213 PureTemp 8 8 0.14/0.22 178 225 PureTemp 53 53 0.15/0.25 225 
214 PureTemp 15 15 0.15/0.25 182 226 PureTemp 58 58 0.15/0.25 225 
215 PureTemp 18 18 0.15/0.25 192 227 PureTemp 60 61 0.15/0.25 220 
216 PureTemp 20 20 0.14/0.23 171 228 PureTemp 63 63 0.15/0.25 206 
217 PureTemp 23 23 0.15/0.25 227 229 PureTemp 68 68 0.15/0.25 213 
218 PureTemp 25 25 0.15/0.25 187 230 PureTemp 108 108 0.15/0.25 180 
219 PureTemp 27 27 0.15/0.25 202 231 PureTemp 151 151 0.15/0.25 217 

9. RGEES, LLC [28] 

232 PCM-HS26N -24/-26 . . 210 236 PCM-OM18P 
19.3/18.

8 
. . 233 

233 PCM-HS10N -10 
0.605/4.2

5 
230 237 PCM-HS22P 23/22 0.56/1.13 185 

234 PCM-OM05P 6.6/5.4 . . 216 238 PCM-OM37P 37/38 0.13/0.16 218 

  1 
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235 PCM-OM06P 6.4/3.9 . . 252 239 PCM-OM65P 
66-

68/65 
0.33/0.19 183 

10. Rubitherm® Technologies GmbH [29] 
240 GR 42 42 0.2 55 275 RT 47 47 

0.2 

165 
241 GR 82 82 0.2 55 276 RT 50 50 160 
242 PX 15 15 0.2 85 277 RT 54 HC 54 200 
243 PX 25 25 0.1 95 278 RT 55 55 170 
244 PX 52 52 0.2 100 279 RT 60 60 160 
245 PX 82 82 0.1 105 280 RT 62 HC 62 230 
246 RT - 9 HC -9 

0.2 
 

250 281 RT 64 HC 64 250 
247 RT - 4 -4 180 282 RT 65 65 150 
248 RT 0 0 175 283 RT 69 HC 69 230 
249 RT 2 HC 2 200 284 RT 70 HC 70 260 
250 RT 3 HC 3 190 285 RT 82 82 170 
251 RT 4 4 175 286 RT 80 HC 78 0.14 220 
252 RT 5 5 180 287 RT 90 HC 90 . . 170 
253 RT 5 HC 5 250 288 RT100 ~100 

0.2 
120 

254 RT 8 8 175 289 RT100HC 100 180 

255 RT 8 HC 8 190 290 SP -30 
-29 – -

28 

0.6 

250 

256 RT 9 9 175 291 SP-28 
-28 – -

29 
260 

257 RT 10 10 160 292 SP-24 
-22 – -

23 
250 

258 RT 10 HC 10 200 293 SP-21 
-21 – -

19 
285 

259 RT 11 HC 11 200 294 SP-17 
-17 – -

18 
300 

260 RT 12 12 155 295 SP -11 UK 
-12 – -

10 
330 

261 RT 15 15 155 296 SP -11 
-11 – -

12 
240 

  1 
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262 RT 18 HC 18 260 297 SP-7_2 -7 – -5 290 
263 RT 21 21 155 298 SP 5 4 – 6 170 
264 RT 21 HC 21 190 299 SP 15 15 – 17 180 
265 RT 22 HC 22 190 300 SP 21 EK 21 – 23 170 
266 RT 24 24 160 301 SP 24 E 24 – 25 180 
267 RT 25 HC 25 210 302 SP 25 E2 24 – 26 180 
268 RT 26 26 180 303 SP 26 E 25 – 27 180 
269 RT 28 HC 28 250 304 SP 29 Eu 29 – 31 200 
270 RT 31 31 165 305 SP 31 31 – 33 . . 210 
271 RT 35 35 160 306 SP 50 * 50 – 51 

0.6 

220 
272 RT 42 42 165 307 SP 58 * 56 – 59 250 
273 RT 35 HC 35 240 308 SP 70 67 – 73 150 
274 RT 44 HC 44 250 309 SP 90 * 88 – 90 150 

11. Teappcm [30] 
310 Latest™18T 18/17 

1 

175 315 Latest™32S 32 

0.6 

220 
311 Latest™20T 20/19 175 316 Latest™34S 34 230 
312 Latest™22T 22/21 175 317 Latest™36S 36 200 
313 Latest™25T 25/24 175 318 Latest™48S 48 230 
314 Latest™29T 29/28 175      

  1 
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     [50, 51],  [52] - .  Z. Chang, Y. 

Chen, L. Wu  M. Shi       [53]. M. 

Huang, P. Eames  N. Hewitt    GR41  

GR27 [54]» [13].    ,   

   . 

 J. Lei, J. Yang, E-H. Yang  [55]    
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 EnergyPlus    .   -
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https://sci-hub.st/10.1016/j.apenergy.2015.10.031
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       -

.      -

. ,         

    .      

         9% –

17%      (  A28, A32  A39  

PlusICE),   » [13]. 

 «L. Royon, L. Karim  A. Bontemps [60]   -

         , 

         -

  COMSOL Multiphysics.     (>100°C) 

   RT 27   Rubitherm  - -

-    Sigma Aldrich. -    -

  .    

      » [13]. 

 «A. Pasupathy  R. Velraj [61]      

     .   

  –      26–28°C 

    188 /  –     , 



32 
 

         -

 .      ,      -

   Climsel C32 (   32°C)    

    » [13].  

 «         H.-M. 

Chou. C.-R. Chen,  V.-L Nguyen.      

 ,      [62]» 

[13]. 

  [63]         -

  ,  ,  -

        -

  RT27 (   ),  ,    

  (  ),      

 .  

       , -

     .    -

     :     –  

  ,   –   .   -

   . 

         -

 .      -

       . 

        -

  500 / 2,       

25° . 

       ,   -

  ,      .  

     ,  17°   35°   
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 24 ,     .   -

      (24° ). -

      , -

     . 

  ,      -

 ,   ,   -

          -

,       ,   

.           4 

 12  .  

          

       ,   -

.      ,      

      .  -

     4 ,     -

  6  30 .      , 

 17°   35°    24 ,      -

  (24° ). 

    (     ),    -

        -

       -

 ,   .  ,   ,  

    3°C,     -

     3 .    -

     ,     -

. 

   ,     ,   -

         24 , 
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     – 19 , . .     

,             

   .    ,  -

        -

      -

. 

   [64]     -

         

    ,    

 .      -

     ,    -

   26° ;     , -

      -  .  

       -

 .      ,   -

 ,         P35. 

        -

    31-36° ,  ,   -

       .    

    .  

    ,     -

  P35,   SH31     B35,  

     . 

        6 , 

   6      -

  15 ,  . 
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    ,      

( ,    )     -

   ,     

 5°  (    )     . -

    3 .    

   30%      -  -

,   50%    . 

    ,      -

  ,   ,    

     . 

   ,      -

,   ,      -

      ,    

 .     , -

   .      ,   

          , 

       . 

    ,      -

      .   -

       , 

      .  -

    :        

    ;   -

      . -

          

     . 
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  ,     -

          -

 -       ,  

,      ,     ,  

,       -

   ,      -

,        ,   

  . 

 

1.6      .  
 

  [65]       -

     ,  -

   0°C,       -

  .        

  . .    -

        

 (  ,   , C*  λ*),  

     (  2). 

 2 –        

 

  
 

 
 -
 

C* λ* 

 . . /  . . — . . — . . 

1 1 -1 166500 -1 1 -1 1,5 -1 

2 2 0 249750 0 1,5 0 1,75 0 

3 3 +1 333000 +1 2 +1 2 +1 
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   1    C*  λ* –   

        

: 

 ∗ = C𝐿C𝑆,                                                                                                        (1)              

 λ∗ = λ𝑆λ𝐿,                                                                                                         (2) 

 CS, λS –      

   ;  

 CL, λL –      

   . 

 . .       

,       

STATISTICA  , . .     

  (  ,   )  -

     (  )   

     .   -

  , 0  1,   «  – ». 

      (  )  

 ,     –  (  ),  

 .     -

   7. 
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 7 –     [65] 

  ,   ,   ,  

    (    -

 3 );       (333000 / ),  

  C*   (2)    -

  λ*    (1,5). 

 

1.12  
 

         -

    .    

     ,     -

 .       
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      -

    ,     -

    . 

        

 .    ,     -

        -

.        -

,   ,    .     

            

     . 

        , 

        

  –     -

.          

       -

 .  ,     

       , 

        . 

        

     ,   

  .   

 

 2.  .    
 

     ,   -

   ,  -

  Comsol Multiphysics.     

       ,   
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    ,   

 [66].   ,     

,    ,   

 [67].  

 

2.1   

2.1.1   
 

   3    ,   -

      -

. 

 3 –     

   

   

   

q  = α ∙Δt 

α =23 

/( 2∙ ) 

  

 , α : 

. 6 

 50.13330.2012 [5] 

  -

, τ  
17 °C 

–  -

  Δt =4°C 

( . 5  50.13330.2012) 

–   

 t =21°C 

( . 5.2  50.13330.2012  

. 1  30494-2011 

[68]) 

 , t  f(τ) °C 
  [69] 

  .  
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        -

    8. 

 

 8 –       -

 

 

2.1.2   
 

      

    «   » (  3).  -

      ,  

, , ,    -

    ,     [20-30] 

 .       4. 
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  4 –     

 -
 

 𝜌 , 
/ 3 

 - , 
/( ∙°C) 

-
 𝜆А, 

/( 2∙°C) 
 

  -
  

  -
-  

 

1800 0,88 0,7 

 -
  -
  

180 0,84 0,045 

 

2.2   -  
 

       t    

(x, y, z)      T 

 = , , , 𝑡                                                                                                        (1)  

                                  

         -

    .   , 

         [70] 

 𝜌  𝜕𝜕 = 𝑖𝑣 𝜆  𝑟 + ,                                                                                       (2) 

 

  –   ; 

 𝜌 –  ; 

 𝜆 –  ; 

 gradT –  ; 
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 f –    . 

      : = , 𝜌 = 𝜌 , 𝜆 = 𝜆    = ,     –   -

: = , 𝜌 = 𝜌 , 𝜆 = 𝜆    = . 

    ,  (2)     

 𝜕𝜕 = 𝛼𝛥 + 𝑐𝜌 ,                                                                                                       (3) 

 

  𝛼 = 𝜆/ 𝜌  –  ; 

 𝛥 = 𝑖𝑣 𝑟  –  . 

         -

.         

D   (D≠ D(x,y,z)) , ,   C (D≠ D(C)) 

 𝜕𝐶 , , ,𝜕 = 𝛥 , , , 𝑡 .                                                                                      (4)              

 

2.3     
 

          -

  .      

       . 

 

2.3.1   
 

        -

 [70, 9].    Ω,   
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: Ω   (     )  Ω𝐿 (    

 ).       

 ∗     = 𝑡  –   -

,  

 

   T x, y, z, t = ∗.                                                                                                   (5) 

                          

       (2) 

  𝜌  𝜕 𝑆𝜕 = 𝑖𝑣(𝜆  𝑟 ) +  ,                                                                               (6) 

 

   « »     -

    . 

     ,    -

    

 

𝐿 𝜌𝐿 𝜕 𝐿𝜕 + ѵ 𝑟 = 𝑖𝑣(𝜆𝐿  𝑟 ) + 𝐿 ,                                                           (7) 

 

   «𝐿»     -

   ; 

 ѵ –   . 

 . .    /  -

  ,       -
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[𝜆  𝜕  𝜕 ] = −𝐿𝑉 , (x,y,z) ∈ S,                                                                                                        (8) 

 

 L –   ; 

 𝑉  –         -

 S n. 

       -

     , . .     

 

 [ ] = , (x,y,z) ∈ S.                                                                                                                 (9) 

 

     (5), (8)  (9)   -

 ,       -

   [70] 

 (  𝜌 + 𝐿𝛿 − ∗ ) 𝜕𝜕 + 𝑣 grad = div 𝜆 grad + ,                             (10) 

 

 δ – ,   S. 

   ,      

(  )    ,   -

     (  ),   

      Ω 𝐿,   

      ,    –  -

.     ,   -

        -

    -    ǀ 
[70] 
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 , , , 𝑡 = ∗( ǀ ), , , ∈  S t .                                                                  (11) 

 

2.3.2     
              

          -

    .    -

      [9].  

 ,   C –    H  

    = 𝜕𝐻𝜕 𝑃,    

     [71],     

     

 𝜕 𝜌𝐻𝜕 = 𝑖𝑣 𝜆 𝑟 + .                                                                                                           (12) 

 

         -

     .    -

     [72] 

 T = + ∙ 𝐻,                                                                                                         (13) 

 

 a – ,   a1, a2, a3     

; 

 b – ,   b1, b2, b3    

 . 
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    ( , , )  -

    ,    -

   

 

{ = , =       𝐻 < 𝐻  ая а а ,= , =       𝐻 𝐻 𝐻 𝑖   а ая а а= , =       𝐻 > 𝐻 𝑖  ая а а . ,                                      (14)             

 

 𝐻 𝑖  – ,   ; 

 𝐻  – ,   . 

   ,    , -

       (2) 

 

= { ,                                 < ,𝐿𝑙𝑖𝑞− 𝑠𝑜𝑙 + 𝐶𝑙𝑖𝑞+𝐶𝑠𝑜𝑙 ,   𝐿 ,                                 > 𝑖 .  𝑖 ,                                                      (15)     

 

 3.                 
   

3.1      

 

          

[73].      -

 ,     -  

,  ,      

.       . 
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     ,     

 ,  ,    ( -

 9).  

 

 9 –    

          -

,     –      

 .    , -

       .  -

    10. 
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 10 –   

     10,      

  –    .  

          

   .  

    ,     , 

        . 

  ,    ,   

   ,      

 . 
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3.2                  
      

 

       

Comsol Multiphysics        

.       (  11). 

   A  D     T(t),  -

      (  10). 

 

 11 –    

    ,    SorL,  
 ,   (SorL=0)     (SorL=1)  

.          -

  

 

SorL 𝑖 = {   𝑖 > Tt ,  𝑖 < Tb t,SorL 𝑖−   Tb t 𝑖  Tt ,                                                    (16) 

 

 𝑖 –    ; 

    𝑖−  –     ; 

    Tt  – ,      -

   ; 

    Tb t – ,       

  . 
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  T         

 (2).       

 C 

 C = SorL ∙ d H t L + − SorL ∙ d HLt
,                                                     (17) 

 

 HStoL T    HLtoS T   –       

. 

 . .  ,    , 

  ,    12, /  

       dTLtoS (  

 )  dTStoL (   ).    -

        

,      Tfreeze   Tmelt  
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 12 –   

        

 ,      

(Tbot ,  ,      Ttop  

 

 d LtoS = ∙ Tfreeze − Tbot ,                                                                            (18)  d StoL = ∙ Ttop − Tmelt .                                                                               (19) 

                                                                                                      

      10    (18)  (19)  

     (  5). 
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 5 –     ,    

 , °C Tfreeze -0,28 Tmelt 1.44 d LtoS 0.56 d StoL 0.2 Ttop 1.45 Tbot -0.56 

 

    

 

  HLtoS T = C𝐿 ∙ T + LH ∙ step ∙ T − T r z ,                                                (20) 

 

   C𝐿 = ,  Д / ∙ °C       –    [74]; 

 LH =  Д /   –   [74]; 

 step1 –   (  13, ). 

 

    

 

  H toL T = C  ∙ T + LH ∙ step ∙ T − T t ,                                                     (21) 

 

   C = ,  Д / ∙ °       –    [74]; 

 LH =  Д /   –   [74]; 

 step2 –   (  13, ).  
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) )  

a)    (   )     

       ) , 

  

 13  –   step1  step2    

      𝜆    

         

 

𝜆 = {   SorL = ,                    Tb t + dTLtoS  > Tb t,  SorL = ,                     Tt − dTStoL  < T ,𝜆 ∙ SorL + 𝜆 𝐿 ∙ − SorL       а  ая ,        (22) 

 

 𝜆 𝐿 = ,  В / ∙ °  –    [74]; 

 𝜆 = ,  В / ∙ °  –    [74]; 

 f T = − . ∗ T + . /dTLtoS –   -

       ; 

 f T = − . ∗ T + . /dTStoL –   -

        . 
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 𝜌 ∙ SorL + 𝜌 𝐿 ∙ − SorL ,                                                                                   (23)  

 

 𝜌 =  /   –   [74];  

 𝜌 𝐿 =  /   –   [74]. 

 ,      -

     6. 

 6 –  -  

    [75] 

 1030 / 3 

.  0,13 /( 2∙°С) 

 1300 /( ∙°С) 

 

      (  14) , 

        -

 . 
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 14 –          

                                      

3.3   ,     ,         
   ,                                               

    Tbot  Ttop 

 

     (  15)    

       10,5° , 16,5° , 

23,5° , 30,5°  (  16).      

      .  

    .  (  8),   [20-30] 

         

.      -

    7. 
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 7 –   

  1 [26]  2 [26]  3 [26] 

 HS23N HS15N HS10N 

, °C -21,0 -15,0 -10,0 

, °C -23,0 -16,0 -10,0 𝐿, /  262 308 290 , /( ∙°C) 1,58 1,87 1,90 

𝐿, /( ∙°C) 3,40 3,40 3,40 𝜆  , /( 2∙°C) 4,976 5,26 4,25 𝜆𝐿, /( 2∙°C) 0,702 0,53 0,602 𝜌 , / 3 1078 1016 1057 𝜌𝐿, / 3 1140 1070 1125 

dT, °C 1 1 1 

  

  ,   ,   -

  17-20.        10 ° .  
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)    )    .  

)      

 15 –     

 

 16 –        
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, 
°С

В е я, ч.

-23.5*sin((pi*t)/12)

-16.5*sin((pi*t)/12)

-10.5*sin((pi*t)/12)

-30.5*sin((pi*t)/12)
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 17 –    24  ( =10,5° ) 

 

 18 –    24  ( =16,5° ) 

1680.8

100%
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37,8%

1477.4
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 19 –    24  ( =23,5° ) 

 

 20 –    24  ( =30,5° ) 

    ,      -

   (   ),  –    

 (  ).  

1680.1

100%

636.5

37,9%

1478.9

88,0%
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ΔQ         

 

 ΔQ  = А − А,                                                                                                       (24) 

 

 ΔQ  –    n-    (n=2; 3); 

 𝐴 –    n-    (n=2;3)   А, °   ( =30,5; 23,5; 16,5; 10,5); 

 𝐴 –        А, °   
( =30,5; 23,5; 16,5; 10,5); 

   ΔQ    Δ     21.  

 

 21 –   (   ) 

   21 ,       

       . 

 

0.0

200.0

400.0

600.0

800.0

1000.0

1200.0

5 10 15 20 25 30 35

ΔQ
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кД
/

2

А, °С

n=2 n=3
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3.4                                            
(  . .   ) 

 

    ,     -

   –     (  15) 

      73  (   ), . .  -

,     .  ,  [76], 

 2019    13 ,   20 .     

    . 

   ,   8. 

 8 –         -

  

 q, ∙ / 2 Q, / 2   1, % 

 1 

(  64 ) 
-75497-60150=-135647 -488329 100,0 

 2 

(  . ) 
-24390-17614=-42004 -151214 31,0 (-69,0%) 

 3 

(  ) 
-69384-50161=-119545 -430362 88,1 (-11,9%) 

 4 

(  73 ) 
-69762-51194=-120956 -435442 89,7 (-10,8%) 

  

    ,      

      ,  -

,  .    ,  -

 ,        (   

 –  ,   ). -  ,     
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  (1,2%).    ,     -

            

 ,        -

  3.3. 

 

3.5       
 

          

   ,       

  .    -

        

,    ,    -

 ,   .  

        -25° ,  -

   21° .    ,   

        

   а    R =,  ∙ ° /В  ,  ,      =,  ∙ ° /В . 

   22       

. 
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 22 –       

      ,   -

          

 ,       -

. 

          23 

  .  

 

 23 –    
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       16,19 / 2  

10,7% . 

        

         

.   24 ,       

      -

  20  40 . 

 

 24 –                                    

   

  ,        -

     (λL),   -

 (λS)      (λL  λS )  -

   .    -

      λL  

100% (  1)  80% (  0,8) –  72,8%.    

  ,    ,   22,6%. 

 ,       -

,    6,      

  ,    ,  20%. 
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3.6       
 

      -

      .      

       ,  -

,    ,     

   . , ,   -

         -

 (  25, ).  

          . 

    ,     

 (  25, - ).  

 

 25 –   ,  1 

) 

) 

) 
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 25,  2 

  ,       

123,    3.4 (  8).    

 ,   ,    27, -

 (  9). 

 9 –         -

  

 q, ∙ / 2 Q, / 2   1, % 

 3 ( 123) -69384-50161=-119545 -430362 88,1 (-11,9%) 

 3 ( 321) -70595-50393=-120988 -435557 89,2 (-10,8%) 

 3 ( 1–9 ) -70481-50527=-121008 -435629 89,2 (-10,8%) 

 3 ( 2–9 ) -69381-49230=- 118611 -427000 87,4 (-12.6%) 

 3 ( 3–9 ) - 71368-51283=-122651 -441544 90,4 (-9,6%) 

 

       321  

123  5195 / 2  1,2 %. ,   -

    ,       -

. 

) 

) 
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   26  27       

 . 

    

 

 26 –      20  
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