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IIpakTHyeckoe 3ansitue Ne 1
PACUET OCHOBHBIX TIAPAMETPOB I'A30BbIX CMECEM
B PASJIMYHBIX TEPMOANHAMMNYECKUX ITPOLHECCAX
1.1 ®opmyIupoOBKA 32]aHUS U UCXOIHbIE JJAHHBIE VISl pacyera
Cwmech, cocTosiiasg u3 M; KWJIoMoJien azota u M, KujaoMoJsiel KUCIopoia ¢
HavallbHBIMU apamerpamul P;=IMIla v T;=1000 K pacmupsieTcs 10 TaBICHUS
P,. Pacuiripenrie MOXXET OCYIIECTBIISTHCS 110 U30TEPME, ainadaTe U MOJUTPOIIE C
nokaszaresneM 1. OnpeaenuTh ra30BYI0 MOCTOSHHYIO CMECH, €€ MacCy Y Ha4aJIbHBIM
00BeM, KOHEYHBIC TTapaMETPhl CMECH, pabOTy PaCIIMPEHUS U TEIUIOTY, YIaCTBYIO-
Y10 B MpoOIecce.
JlaTh CBOIHYIO TaOJIUILy pe3yibTaTOB U €€ aHanu3. [lokazaTe mporecchl Ha
PV w TS nuarpammax.
Vkazanue: [lokazaTenb annabaTsl, a CJI€I0BATEIHLHO U TEIUIOEMKOCTH TIPH-

HATH ITOCTOSAHHBIMH, HC 3aBUCAIIIUMU OT TCMIICPATYPHbI.
I/ICXOI[HBIC JaHHBIC K 3a1a4C

M;=0,3 kMonv,
M>=0,7 kMonv,
P>=0,43 Mlla;
n=1,2.
1.2 TlociienoBaTebHOCTH BbINOJHEHUSA 3a1AHUA

1. "'a3oBas moCcTOSTHHAS CMECHU
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/uCM; g =r H, :
H; Hem

d=r=g,

Moy =D 17 =28-0,3+32-0,7 = 30,8 ke/ kMoo,

i=1
MaccoBasg goid azora:

28
~ 0322 _027:
Ew, 30.8

MaccoBas A0JIA KUcCJjiopoaa:

%)
_ 0722 —0.73;
&o, 30.8

b

R., =296,9-0,27 +259,8-0,73 = 269,79 Ix/(xr-K)

2. Macca cMmecu:

Mey, =M - i, =(0,3+0,7)-30,8 = 30,8ke.

3. HauaibHbIA 00BEM CMECH:

Ve =Vey *Meyy = 0,27 30,8 =8,310°,

e
R, - T, 269,79-1000
Fore Ve = Reyy " Toyy —>Vey = CA;) A = 1 10° = 0,27 ke
cM

4. KoHeuHble TapaMeTphl CMECH B 3aBHCIMOCTH OT BHa TEPMOJMHAMUYC-
CKOTO Ipoliecca.
4.1. N3otepmudeckuii npouecc (7=const).
B-v, 1-0,27

B-vi=P-v, >V, = 5 043 = 0,631 [xe.
2 5

T, =T, =1000K.



4.2. Annabatapiii iporiecce (6e3 moaBoIa M OTBO/IA TEIUIA).
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k _ _ P
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Hem Hew 30,8 K

C =C, —R. =076 4%
P ke K

IToxa3arens agnadaThI:
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c, 0,76 30,8
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K e
Aw 4L, wfn| L fw) _4
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1-K O 5 1-1,36
T,=T (V—zj = 1000 ( 27j = 801K;

V|

=1,36.
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4.3. ITonuTponHbIH MpoLEecC.

pVv = const.

Jn Na
v, =V, Ll =0,27 - L =0,55M3/K2.
0,43

2

2

V)

b

1-n 1-1,2
I, =1, (V—ZJ = 1000 .(O’ng = 869K;

4.5. I3MeHeHne BHYTPEHHENW SJHEPTUU CMECH:
AU, =C, (Tz _Tl);
e wusorepmuueckuit: AU, , =01k T,=T;

e anmabarusii: AU, , =0,76-(801—1000)=—151,24 x/Joc/xz;



e nomarponnsii: AU, =0,76-(869—1000) = —99,56 x/foc/xe .
4.6. I3MeHeHue SHTAJIBIINN CMECH:
Ai, =C, (T, ~T,)
e m3orepmuueckuii: A , = 0r1.x. T,=T),
e ammabarii: Ai,_, =1,03-(801—1000)=—204.97 x/foic/ K
e momurponsil: A, =1,03-(869—1000)=—134,93 x/forc/xz .

4.7. I3MeHeHue SHTPOIIUU CMECH:

v 0,63 Lo
ii: AS,, =R-In—+=269,79-In — =229 ;
® HN30TCPMUUCCKHUU: 1-2 v, 0,27 o K

e amuabarueii: AS| , = 0T.K. TEmIoO HEe MOABOINUTCS U HE OTBOIUTCS;

T n—k | T
o AS :C'h’l—ZZC' ']1,1_2:
® IIOJHMTPOIIHBIMN: 1-2 T1 V on=1 T1
=076 22130 1y 8O gg B
1,2-1 1000 ke K

4.8. Pabota pacuiupeHus U TEIIOTa, y4acTBYIOIIAs B MPOLIECCE:

L HBOTepMquCKHﬁl

I, ZR'T-lnﬁ = 269,79-1000-111L :227695ﬂ_9m;

P 0,43 Ke
L

¢, =T-(S, —S,)=1000 - 229 = 229000 ot

e anna0aTHBIN:
1 R
I :ﬁ(Pl v — B 'vz):ﬁ'(Tl _Tz):
_ 29,7 -(1000 —801) = 149134 Ao,
1,36 —1 K2
¢, =0;
® TOJMTPOIHBIN:
Ly = (1 - 1y) = 2227 (1000 - 869) = 176713 27,

n-—1 1,2 -1 K2



g, =C "E (r _1)=076- 222130 (369 _1000) =50 4,
n—1 2 — Ke
IIpoBepka i1 Kaxk10ro mpoiiecca.
qg=A0+l.
Tadauna ucX0aHbIX JAHHBIX
Ne papuanTa M1, kMoJab Mz, kMoJb p2, MIla n

1 0,2 0,8 0,34 0,9
2 0,3 0,7 0,37 1,1
3 0,1 0,9 0,31 1,3
4 0,4 0,6 0,27 1,2
5 0,6 0,4 0,39 0,8
6 0,8 0,2 0,41 0,6
7 0,9 0,1 0,46 0,7
8 0,7 0,3 0,44 1,4
9 0,5 0,5 0,29 1,3
10 0,2 0,8 0,33 0,8
11 0,4 0,6 0,38 0,5
12 0,8 0,2 0,35 0,9
13 0,1 0,9 0,26 0,7
14 0,5 0,5 0,23 1,1
15 0,8 0,2 0,43 1,5
16 0,3 0,7 0,40 1,2
17 0,7 0,3 0,48 0,8
18 0,2 0,8 0,37 1,3
19 0,6 0,4 0,32 1,2
20 0,9 0,1 0,27 1,4
21 0,1 0,9 0,24 0,7
22 0,5 0,5 0,44 0,5
23 0,3 0,7 0,47 0,3
24 0,2 0,8 0,36 0,6
25 0,4 0,6 0,31 0,4
26 0,6 0,4 0,45 1,2
27 0,7 0,3 0,49 0,9
28 0,9 0,1 0,33 1,1
29 0,2 0,8 0,25 1,5
30 0,4 0,6 0,28 1,3
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IIpakTH4yeckoe 3ansitue Ne 2
PACYET NPOLHECCOB TEIUIOITPOBOJHOCTH
2.1 ®opmyMpoOBKa 3a/IaHNS U HCXOHbIE JaAHHBIE ISl pacyera

boxoBas miockas cTeHKa TOMOYHOMU KaMCpPbl BBIIIOJIHCHA U3 YCTBIPCX CIIOCB.

[lepBbIit c10¥ U3 MIAMOTHOTO KUPIHYA (TONIIHUHA CIIOS Jf), BTOPOH - U3 OTHEYIIOP-

HOM M3OJISALUM TUATOMUT (TOJIIHMHA CJIOSA O;), TPETUH - OCHOBHOM M30JISIIMOHHBIN

CcJIOU

- IIJJAKOBBIE TUIMTHI (TOJIIIMHA CJIOS O3), YETBEPTHIM - 3alIUTHAs MITyKa-

TypKa (TOJIIHUHA CIOS Oy).

1. Onpenenuth TpeOyeMyrO TONIIUHY OCHOBHOTO CIIOSI M3OJSAIUU (03=2),
IIpY 3aJJaHHOM TeMIepaType Ha BHYTPEHHEH MMOBEPXHOCTU CTEHKH f;, Ha
HAPY>KHOU MOBEPXHOCTH CTEHKH /5 U TEIJIOBOM IMOTOKE YEPE3 CTCHKY .

2. Iloctpouts rpaduk U3MEHEHHUS TEMIIEPATYPBI B 3TOM CJI0€ U30JISLIUH.

Tabmmma 1 — McxonHele JaHHbBIC

NoNo | Pazmepol cmenvl, Mm q0, NoNo t1, ts, G
n/n 0 o)) Oy Bm/m* | n/n C C Bm/w?

1 2 3 4 5 1 2 3 4
1 200 40 30 400 1 900 30 800
2 220 50 20 440 2 950 40 750
3 240 30 20 480 3 1000 50 850
4 180 60 30 520 4 850 30 700
5 260 30 10 560 5 800 40 870
6 280 20 10 380 6 920 50 680
7 300 20 10 420 7 980 30 650
8 250 40 20 360 8 820 40 780
9 150 60 30 460 9 880 50 830
0 320 20 10 340 0 940 40 770

10




O6mue ucxonaueie manHbie: A;=0,81(1+0,0008t), A1,=0,13 Bm/(m- K),
A3=0,046(1+0,0048t), 2,=0,38 Bm/(m* K)

2.2 IlociaenoBarejbHOCTh BbI-

MMOJIHCHHUA 3aJaHUA
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FOCHOﬁHYIO IIOCKYIO CTCHKY OIIPCACIIA-

CTCs BBIPAKCHUCM!

Pucynok 1 - Dckus

t, —t, ’
o o q, =
OOKOBOI CTEHKH TONOYHOM 0 R+R,+R +R,
KaMepbl
OTKyJa
o, t—t
Ry=—3=1- _(Rl +R, +R4)

A 9o

n Tpe6yeMoe SHAYCHHUEC TOJJIIUHBI U30JIALIMOHHOI'O CJI0A:
5321'3|: _(R1+R2+R4)}

tl _ts
40

TepMI/I‘ICCKOC COIIPOTHUBJICHUEC OTACIILHBIX CJIOCB CTCHKHW TOIIKHW PABHBI:

R R =% R,
A A, A,



Koadduimentsl TemmonpoBOAHOCTH 1-ro U 3-ro cjos ONpPEneNsioT I0

CpEHEN TEMIIEPATYPE B JAHHOM CJIO€ PABHOM:

t? =0,5(¢,+1,) u t¥ =05t +t,)

Temneparypsl £, 13, U {4 ONIPEAEHAIOT U3 YPABHEHUN:

2
- [LM] 208, 1

b, b, b
ty =1, —q,R,,
t, =t +qoR,,

rae - A ¥ b; - kxo3hHUIMEHTH B yPaBHEHUH MEPEMEHHOTO K03 dUleHTa

TEILUIONPOBOJAHOCTH 1-T0 CIIOSI.

HaiinenHoe 3HaueHre TONIIMHBI CJIOS U30JAIUA O3 OKPYIJISIOT 10 OJIMKaii-

niero OosbInero 3HaueHus1, kpatuoro 0,01 m.

4%

I'paduk n3meHeHus temmepa-
Typbl B cioe uzoysauuu 03 (Puc. 2)

CTPOUTCS IO YPABHECHUIO
i o
b3 ABOb3 b3 ’

r7e X, TeKyIlasi KoOopJMHaTa B

CJIOC OT

x=0 10 x=03, M;

Iy, ICPpEMCHHAs TeMIIepaTypa

0
3

B CJIO€, OT =13 110 1,=14;

Pucynox 2 — I'padux usmeHeHus: remneparypsbl



As0 U1 b3 - K03 PUIIMEHTHI B ypaBHEHUH NMEPEMEHHOTO KO3 uimenTa Ter-
JIOTIPOBOHOCTH U3OJISAIHOHHOTO citost: A, = 2,30(1 +b,t? )
{3 - TeMIepaTypa Ha Hapy»KHOM IMOBEPXHOCTHU CJI0S CO CTOPOHBI BXO/1a

MOTOKA TeIia gy, °

IIpakTuyeckoe 3ansaTue Ne 3
PACUET NPOLECCOB KOHBEKTUBHOI'O TEIINIOOBMEHA

3.1 ®opmyaMpoBKA 32IaHUA U MCXOJAHbIE JaHHbIE IS pacyeTra

TpyOornpoBoa ropsiueil BOIbI MPOJIOKEH TOPUZOHTAIBHO 110 OMOpaM Hajl To-
BEPXHOCTHIO 3eMJ. HapyXHbIN BO3/1yX ¢ TEMIEPATYpOU > U CKOPOCTBHIO BETPA W
o0yBaeT TpyOONpOBOA MOJ YIJIoM ataku Y. Temmeparypa ropsueid BoJbl B TPY-
OOMpPOBOJIE #;, CKOPOCTH TCUCHUS W).

1. Omnpenenuts yJaenbHYIO MOTEPIO TEIIa OT HEU30JIUPOBAHHOTO TPyOO-
IPOBOJIa M CHIDKEHHE TEMIIepaTypbl ropsiueid BOAbl Ha JJIMHE TpyOOmpoBoaa
[=1000 m.

2. Onpenenuts TpeOyeMyto TOJIIUHY OCHOBHOTO CJIOSI U30JISAIUH (O;=")
IIPU HOPMATUBHOM yIEIIBHOM NOTEPE TEIIA ¢ U CHIXKEHUE TEMIIEPATypPhl BOJIbI Ha
mHe Tpyoonposoaa /000 m. N3onsuus NByXClIOHHas, OCHOBHOM CJIOW - MUHEpa-
JIOBaTHBIC TUIATHI, HAPYKHBIM 3alIUTHBIA CJION - acOolleMEeHTHas IMITyKaTypKa,
TOJIIUHON O;.

Tabmumua 2 — McxoaHble JaHHBIE

NeNo | Pazmepuol mpyoowt, mm t wi NoNe 12 w2 qo
n/n Anap Ocm e m/c n/n X m/c v Bm/m
1 2 3 4 5 1 2 3 4 5
1 133 6,5 158 1,2 1 -18 6 90 180
2 159 7 160 1,1 2 -20 7 80 160
3 194 7 154 1,0 3 -22 8 70 140
4 219 8 152 0,9 4 -24 9 60 200
5 273 8 150 1,3 5 -26 10 50 210
6 325 9 148 1,4 6 -28 11 40 190




7 377 9 146 1,5 7 -30 12 55 170
8 426 10 144 1,6 8 -32 14 65 150
9 529 12 142 1,3 9 -25 15 75 220
0 273 8 160 1,0 0 -35 5 85 140

OO0Omme HCXOOHBIE TaHHEBIE:

0=20mm, Acw=42 Bm/(m'K).

A1=0,06+0,00019t,

3.2 IlociaenoBaTeILHOCTH BBIMOJHEHHUS 3aJaHUA

HcxonHarie naHHEbIE:

d,=
Oem =

=

Zcm =

W:

1 yacrTp

1,=0,3 Bm/(m'K),

y,[[GJIBHBIﬁ TEILIOBOM IIOTOK IIOTCPb TCILIOTHI Ha 1 moroHHbIN MCTP IJIMHBI

HEU30JUPOBAHHOTO TPYOOIIPOBOJIa paBeH

I —

4,

rie

R = 7zd:Ha
1

2= 7
“om,,
74

Hap

= s
Ral + R/lcm + Ra2

e

_ ln( dHaP)
2nh o d,
= Hap - 266)’71

- TEPMUYECKHUE COMPOTUBIICHUS IIPU TEILIONEpeaade OT BOAbI K HAPYKHO-

MY BO3AYXY U€pe3 CTEHKY TPYyOBbI.

CHmxeHue TeMIiepaTypbl ropsiueid Bobl Ha JJIMHE TpyOomposoaa /, M,

ONPENIEIIACTCS BEIPAXKECHUEM:




/
At (1) = o
CIGI
G — VVlﬂ'd:H ) 101 KT
e ! 4 > /¢ - pacxoj BoAbl B TpyOONPOBO/IE;

C - TEIJIOEMKOCTh BOJIBI B TPYOOIIPOBO/IC MPHU €€ HaYaJIbHON TeMIIepaType
t=1t,, doc/ke ‘K

1 — IWIOTHOCTh BOJBI IPH TEMIIEPATYpE t = t;, KI/M>

thae
| L~
//
\N&
£y 4, -
W, 4

Pucynox 3 - Dcku3 pacnosioxkeHus: TpyOoOoIpoBoia U TEMIOBON U30JISIIUN

Ha TpyOe



KoadduimenT temnoornaun or BoAbl K BHYTPEHHEH MOBEPXHOCTU CTEHKH
TPYOBl @ ONPEAEINAIOT 110 KPUTEPUATIbHOMY YPAaBHEHUIO ISl TYpOYJIEHTHOTO pe-
’KUMa TeYEHHs KMIAKOCTH BHYTpH TpyOHI (1pu Re>107):

Nu = 0,021 Re™® Pr®*

Nu = ad,, , Re= Wd., , Pr=2
rIe A 14 a -

kputepun noaooust Hyccenbra, PeitHonbaca u [Ipanatis, COOTBETCTBEHHO;
- A, v, a - pusznueckue mapaMeTpsl BOJIbI, OIIPeeIsieMbIe TIPU €€ TeMIlepaType
t= t1

Cpennuii Ko3p(HUIHMEHT TEIJIO0TAAYH OT HAPYKHOM MOBEPXHOCTH TPYOBI K
BO3NlyXy ¢, TpU MONEPEYHOM OOTEKaHWM IMOJ YIJIOM aTakdh ¥ ONPENEISIOT U3
KPUTEPHAILHOTO ypaBHeHus (pu Re=1-10°-2-10°):

Nu =0,25Re*’ Pr**

rne Re, Pr, Nu - xputepuu 1noaoous Juisg Bo3ayxa, oepyres no gopmyiam yKa3aH-
HBIM BBIILIE U ONPEACIIAIOTCS 0 CKOPOCTH BO3ayxa W», TeMiiepaType f2 U HapyxK-
HOMY JTUaMeTpy TpYyOsI d,,.

[Ipu oOrekanuun TpyObI MOJ YIJIOM aTakd ¥ YYUTHIBAETCS MOMPABOYHBIN

KOOOUITHEHT &, : @y = X268,

$°. ... 90 8 70 - .60 B AN
gp - .. 1 1 0,9 0,93 0,87 0,76 0,66



7

dusndeckie CBOMCTBA BOAbI HA JHHHH HACHIUCHHS (2 n 13]

g e BB = Y 3 =
ol b ; 5 | %989 & [de)ls ] 8] &
s b T8 - a2l = ¥ § € o g
~ al= a ~ o= R 9 26 o~ @ I I
oL 1,013 99,9 | 0,00 4,212 | 65,1 | 13,1 [1788 | 1,789|—-0,63] 756,4 | 13.67
10,] 1,013 | 999,7 42°04| 4,101 | 57,4 | 13,7 [1306 | 1,306 |4-0,70 | 741,6
90)f 1,013 | ©98,2 §3.91] 4,183 |59.9 | 14,3 {1004 | 1,008] 1,82 726,9 | 7,02
30| 1,013 1 995 125.7 | T174 | 61.8] 14,9 | 801,5| 0805 3, ZT T 7122
40 <1013 167'5 | 4%1741 63.5 | 15,3 | 653,3 | 0,659 3.sz,h89§.5m...
w501 <1013 | 98851 | 209,3 | 4,174 ]64,81.15,7 .| 549,4 0,556 § 4,49 | 676,9 | 3,
4'179 }6%9 | 16,0 | 469,910,478 | 5,11 | 662,2
4,187 16,3 | 406,1] 0,415 5,70| 643,5
+,195 57:4" .6 | 355,1 6,32 | 625,9
2,‘5(2)3_ A7 | 16,8 | 3149 | 0,3261 6,95 607,2
4,733168,6 | 17,0 . o,mg’ X % HD‘ A
% 4,250 68.24 17.1 | 237,4, 0,252 | 8,64 | 548,4 4
4'266 | 68.6'| 17,2 | 217,81 0,233 | 9,19 | 528,8 :
) 4.987| 68,5 17,2 | 201,11 0,217 | 9,72 507,2 s
g%.z 4'313| 634 | 17,3 | 186,4| 0,203 | 10,3 | 486,6 g
160§ 6,18 | 907, ‘4 | 4,346 | 68,3 | 17,3 | 173,6 | 0,191 | 10,7 | 466,0 ‘
170| 7,92 | 897.3 | 719,38 | 4,380 |67,9| 17,3 | 162,8| 0,181 | 11,3 443,4 | 1,
180 | 10,03 | 886.9 | 7638 | 4,417 | 67,4 | 17,2 | 153,01 0,173 | 11,9 422,8 | 1,
190 | 12.55 | 876.0 | 807.8 | 4,459 |67,0| 17,1 | 144,21 0,165 | 12,6 400,2 | 0.
200 | 15.55 | 863.0 | 852.5 | 4,505 | 66,3 | 17,0 | 136,4] 0,158 | 13,3 376,7 | 0,
210 19'08 | 852.8 | 897,7 | 4,555|65,5| 16,9 | 130,51 0,153 14,1 | 354,1 | O,
220 23’20 | 840.3 | 943.7 | 4,614 |64,5| 16,6 | 124,6 0,148 | 14,8 331,6 | 0,
230 27,98 | 827,3 | 990,2 | 4,681 | 63,7 | 16,4 | 119,7 0,145| 15,9 | 310,0 | O,
240 | 33,48 813,6 | 1037,5 | 4,766 | 62,8 | 16,2 | 114,8 0,141 16,8 | 285,5 | O,
250 | 89,78 | 799,0 | 1085,7 | 4,844 |61,8| 15,9 | 109,910,137 18,1 | 261,9 | O,
260 | 46,94 | 784,0 | 1135,1 | 4,949 | 60,5 | 15,6 105,91 0,135} 19,1 | 237,4 | O,
270 | 55.05 | 767,9 | 1185,3 | 5,070 | 59,0 | 15,1 102,01 0,133 | 21,6 | 214,8 | O,
280 | 64,19 | 750,7 | 1236,8 | 5,230 | 57,4 | 14,6 98,11 0,131| 23,7 | 191,3 | 0,
290 | 74,45 | 732,3 | 1290,0 | 5,485 | 55,8 | 13,9 94,2 0,129 | 26,2 | 168,7 | 0,
300 | 85.92 | 712,5 | 1344,9 | 5,736 54,0 | 13,2 - 91,210,128 1 29,2 | 144,2 | O,
310 98,70 | 691,1 | 1402,2 | 6,071 | 52,3 | 12,5 88,310,128 | 32,9 | 120,7
390 |112.90 | 667,1 | 1462,1 | 6,574 | 50,6 | 11,5 85,3| 0,128 | 38,2 | 98,10
330 |128.65 | 640,2 | 1526,2 | 7,244 | 48,4 | 10,4 81,4 0,127} 43,3 | 76,71
340 |146.08 | 610,1 | 1594,8 | 8,165} 45,7 | 9,17 77,51 0,127 | 63,4 | 56,70
350 {165.37 | 574,4 | 1671,4 | 9,504 | 43,0 7,88| 72,610,126 66,8 | 38,16
360 (186,74 | 528,0 | 1761,5 13,984 | 39,5 5,36 | 66,7 0,126 |109 20,21
a0 |210:53 | d50.5 | 18925 |03z [337| 1,861 56,9 0,126 |26 1°700
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2 yacthb
VY 1enpHBIN TEMIIOBOM NOTOK NOTEPH TEIUIOTH! HA | MOTOHHBIN METP JJIMHBI
U30JIMPOBAHHOTO TPYOOIIPOBOAA (MHOTOCIONHON IMIIMHAPUYECKOM

CTCHKH) PaBEH: g, = t, —t,
2n
Ral + Rﬂcm + RM + Rﬂ,2 + RaZ

1 d
e R, =—In(=%)
2n4, d,
- TCPMHUYICCKOC COIMPOTHUBIICHHUC 2-T0 HAapY>XHOI'O CJIOA U30JIAINH,
1 d
R = In(—-)
27h, dHap

- TCPMHUYICCKOC COIIPOTUBIICHUC OCHOBHOI'O CJIOA U30JIALIMH,

1

_ - TePMUYECKOE COIMPOTHUBIICHUE TPH TEILIOOTAA4Ye OT
mwd,a,

szZ

HAPYXKHOTO CJIOSI U30JISILIUA K BO3IAYXY.
3uauenus R,, u R, NpuHUMAIOTCS TAKMMH e, KaK U B 1 4acTu paGoTBhL.

[lepBoHayasibHO HEOOXOAMMO BbIOpATh MPEABAPUTEILHOE 3HAYEHUE HapyXK-
HOTo JuameTpa TpyoorpoBoaa d, ¢ OCHOBHBIM CIIOEM TEIUIOM3OJISILMM C OMpee-
JSIEMOM TOJIIMHOW O U HapY>KHBIM CJIOEM C 3aJIaHHOW TOJILIUHOM O, W3 CIEAyIo-
LIET0 AMana3oHa:

1,5 dHap < d2 < 2,5 dHap

[Tocne aToro HeoOX0AMMO MTPOU3BECTH pacueT 3HaUeHUM Ry u R),, mpuHsB
d1 = dz - 262 .
Pacuet 3Hauenus ko3 duieHTa TemIonpPOBOJHOCTH OCHOBHOTO CJI0S

M30JLUH OPOU3BECTHU MPHU CPESIAHEM 3HAYCHUM TEMIICPATYPhI Ly, = (),S(t1 + tz)
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Koaddumuent temmoornaum o, paccUMTHIBACTCS aHATOTUYHO, KaK W TIPH
OTCYTCTBUU TEIJIOU3OJISAINMA, B KadyeCTBE OCHOBHOTO pa3Mepa MPUHUMACTCS
HaApYKHBIH THaMeTp U30JUPOBAHHOTO TpyOompoBoaa ds.

[Tocne pacdera 3HaYeHUS TUNIOTHOCTH TETUIOBOTO TIOTOKA TIOTEPh (on IPOU3-
BOJIUTCS TIPOBEPKA COOTBETCTBUS MOTYYCHHOTO 3HAYCHHUS CIIEAYIOMIEMY
JMara3oHy:

0,890 < qan <qo .

B cnyyae BBIX0/1a pacCYMTAHHOTO 3HAYCHHUS 32 MPEAEIBI JAaHHOTO Jrarna3oHa
HE0OXO0IMMO U3MEHUTH TPeIBapUTEIbHOE 3HAUeHUE dy (HE OrpaHUYNBASICH TIPE/I-
JIO’)KCHHBIM JMaria30HOM 3HAYCHHH ), TTOCIIE YeT0 MMOBTOPUTH 3aHOBO PacueT BCEX
3HaueHui. JlaHHBINH pacyeT HeOOXOIUMO MPOBOAUTH JI0 MOTYUECHUSI HCKOMOTO pe-
3yJibTaTa, T.€ COOTBETCTBUS 3HAUCHUN (o; YKA3aHHOMY JHAIa30HY.

Jlyist o6erueHust BCeX pacueToB PEKOMEHAYETCS BOCIIOIb30BATHCSA
nporpammoit Microsoft Excell.

OkoHYaTeTHPHOE 3HAYCHHE TOJIIUHBI CJIOSI OCHOBHOM TETLTOM3OJISITIN

onpenenuTh u3 Beipaxkenus: 01 =0,5(d; — dx)

IIpakTnueckoe 3ansaTue Ne 4
PACYET TEIIJNIOOBMEHA U3JIYYEHHMEM.

4.1 ®opmyaMpoOBKa 3aJaHUA U UCXOAHBIC JaHHbIE 1JIA pacuera

Hapy>xHast yacTh G0KOBOM CTEHKHM TOIIOYHOM KaMephbl U3 KPACHOTO KUPITHYa
3aKpbITa OOIIMBKON M3 CTAJILHOTO JIUCTA C 3a30poM 30 MM, YTO MO3BOJISIT CUUTATh
3TH MOBEPXHOCTH IJIOCKO-NMAPAJUICIbHBIMU U MPEeHEOpeuYb KOHBEKTUBHBIM TEIJIO-
0OMEHOM MeXIy HUMH. TemnepaTrypbl KUPIIMYHOW CTEHKH f;, CTENIEHb YEPHOTHI &;.
Temneparypa cTaJIbHON OOLIMBKH £2, CTETIEHb YEPHOTHI &>

1. OnpenenuTp yAENbHBIN TEMIOBOM MOTOK B OKPYXAIOIIYIO CPEAY 3a CUET
JYYUCTOrO TEIJI000MEHa MEXAY STUMHU MOBEPXHOCTSAMH, a TaKkKe 3Ha4eHHe coO-

CTBEHHOTO, 3()()eKTUBHOTO U OTPAKEHHOTO U3TYyUEHHUS OT 00X OBEPXHOCTEM.

10
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2. OHpeI[eJ'H/ITB N3MCHCHHNC YKA3aHHbIX BCJIMYKWH, CCJIIM MCKAY YKa3aHHbIMH

MMOBCPXHOCTAMU PASMCCTUTh 3KPaH M3 aJFOMUHHUCBOI'O JIMCTA CO CTCIICHBIO YCPHO-

ThI &;.

Taomuna 3 — cxoquele JaHHBIE

MNoNe t MNoNe 5

n/n C “ © n/n C “
1 2 3 4 1 2 3
1 110 0,88 0,11 1 36 0,70
2 120 0,82 0,12 2 32 0,72
3 130 0,84 0,13 3 34 0,74
4 140 0,86 0,14 4 36 0,76
5 150 0,90 0,15 5 38 0,78
6 115 0,92 0,16 6 40 0,80
7 125 0,91 0,17 7 42 0,73
8 135 0,89 0,18 8 44 0,75
9 145 0,87 0,19 9 46 0,77
0 155 0,85 0,15 0 48 0,79

4.2 ITocs1e10BaTEJIHLHOCTH BLINIOJTHEHHUS 3aJaHUSA

%o 5

=Ty
flo / é-?«
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7 /
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HUcxonupie naHHbIC
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Pe3ynbpTupyrommii TeNa0BOK MOTOK MPU TEIIOOOMEHE H3IIyUY€HUEM MEXIY

JIBYMsI IAPAJUIEIBHBIMA IIOBEPXHOCTSAMM OIPEIEIACTCS U3 YPABHECHUS

4 4
T T
=F =¢ .,C Ll - == |
D2 = Ept = Enprzo (100) (100) Bid

Pucynox 4 - Dcku3 pazpe3a O0KOBOIM CTEHKH TOTIOYHOM

KaMephl C OOIIMBKON U YKpaHOM

rne 1,=t;+273, To=t,+273 - aOCONOTHBIE TEMIIEPATYPhI MIEPBON U BTOPOU
MMOBEPXHOCTH, K;

Co=5,67- x03hUITUEHT TyUeUCTyCKaHUs IS

ab6commoTHO uepHOoro tena, Br/(m? K);

& = .
npl2 1/ 4 1/ _1,upuBenennas creneHs 4epHOTHI CHCTEMBI 1-0¥ 1
€ &

2-011 TOBEPXHOCTEM.
CoOCTBEHHOE M3ITyYEHUE Ka)XJI0W MOBEPXHOCTH, UX 3(PPEKTUBHOE U OTpa-
YKEHHOE U3JIyYEHUE ONPECIAIOT U3 YPAaBHEHUN

i)A‘ E — Eco61+(1_gl)Eco62
100)° 7" 1-(1-g)1-¢,)

7 4 E _+ (1 —c )E
E _ C Ay E — cob2 2 €06l
E, = (1 —& )anb2, Loy = (1 & )E39b1

ompl — omp2

Eco61 = 81C0(

[Ipyn HaMuUMKM MEXAY MOBEPXHOCTAMHU OAHOTO IJIOCKOIO 3KpaHa Pe3yJIbTH-

PYIOIIMI TEIIOBOM MOTOK OyIeT paBeH

Eppl " E

4 4
w2 (Lj _(Lj
Epp 0y | L100 100

q), = 91, =4, =

1
1= y " y _ 1 » IPUBEACHHAS CTCTICHb Y€PHOTHI CHCTEMBI | -ast
E &
1 3

&
rne P

12
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MMOBCPXHOCTD - 9KpPaAH,

1
2 % + y _1 , IPpUBCACHHAA CTCIICHb YCPHOTHI CUCTCMBI DKpaH - 2-ag
& &
2 2

Enp

IIOBCPXHOCTD.
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Jlureparypa

OcHoBHas auTEpaTypa

. Tennorexnuka: Yue6. nns By308/B.H. Jlykanun, M.I'. llatpos, ['"M. Kamdep

u 1p.; I[lox pen B.H. Jlykanuna. — M. Beiciias mikomna, 2012, — 671 c.
Kynunos B.A., Kapramos O.M. TexHuueckas TepMOauHaMUKa.. Y4eO. 1Moco-

oue g BTy30B. M.: Beicir. k., 2011. — 261 c.

JlonoiHMTEIBLHAA JTUTEPATypa
Ncauenko B.II., OcunoBa B.A., Cykomen A.C. Temionepenaya. — MockBa:

Ouneprus, 1981. —416 c.

. Myp3akoB B.B. OcHOBBI TexHUYECKOW TepMOauHaMUKu. M., Dueprus, 1973 r.

. Bykamosnu M.IIL., HoBukoB N.M. Tepmoaunamuka. M., MammHocTpoeHue,

1972 r.
FOnaeB b.H. Texnuueckas tepmoauHamuka. Termmonepenada. M., Beicil. mk.

1988 r.

. TennorexHuueckuil cnpaBouHuK T.1, M., Dueprus, 1975 r.

PabunoBuy O.M. COopHHK 3a/1a4 IO TEXHUYECKOM TepMoanHamuke. M., Ma-
HIMHOCTpOeHuE, 1973 .
Puskun C.JI., AnekcannapoB A.A. TepMoJuHAMHUUYECKUE CBOMCTBA BOJIBI U

BOJISIHOTO mapa. M., Dueprus, 1975 r.
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MWHHUCTEPCTBO HAYKHU 1 BBICHIET'O OBPA3OBAHUS POCCUMCKOW ®EAEPAIIAA
®enepabHOe Tocy1apcTBeHHOE ABTOHOMHOE 00pa3oBaTebHOe YUpeskIeHue
BbICIIEr0 00pPa30BaHMA
«CEBEPO-KABKA3CKHWI ®EJEPAJIbHBIII YHUBEPCUTET»

METOJUYECKHUE YKA3AHUA
M0 OPraHN3alMH U NPOBEICHUI0
CaMOCTOAITEJIbHOMH padoThI

TepMozmHaMmca U TCIIJIOTECXHUKA

JUIs CTyIeHTOB HarpaBiieHus noarotoBku 21.03.01 Hedrerasosoe aeno Hampan-
JICHHOCTD (MTpoduiIb) « IKCIUTyaTaIus U 00CIyKHBaHHE 00BEKTOB TPAHCIIOPTA U
XpaHeHUs HeTH, Ta3a U MPOJTYKTOB IEPepadbOTKI»

Crapomnons 2026
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MeTomuieckue peKOMEHIAIMN TpeaHa3HaYeHbl Ui CTYIAeHTOB By3a «CeBepo-KaBkaszckuil ¢emepanbHBIN
YHUBEPCHTET»
Lenn MeToaMYECKUX PEKOMEHAALINI:
1. MeTtoandeckoe CONPOBOXKICHHE IpoIlecca BBEICHHUS M peann3anu TpeboBaHmit dexeparbHOrO
TOCYIapCTBEHHOTO 00pa30BaTEILHOTO CTaHAapTa Beiciiero oopasosanus (nanee ®I'OC BO), momorps npu paspa-
00TKe paboumMx Y4eOHBIX MPOrpaMM JUCIHIUIMH U MPO(eCcCHOHATBHBIX MOAYJCH 00pa30BaTENbHOU MPOTPaMMEI

(manee OIT).

2. Co3ganne B 00pa3oBAaTENbHOM YUPEXKICHHH YIeOHO-METOAMYECKOTO obOecredeHns oO0pa3zoBa-

TCJIBHOTO ITpouecca.

Metoaudeckue PEeKOMEHAAU OMPCACIIAIOT CYIIHOCTH CaMOCTOSTEIIBHOMI pa6OTI)I CTYACHTOB B BY3€, eé

Ha3HA4YCHHUEC, MJIaHUPOBAHUC, (bOpMI)I OpraHu3aln U BUAbl KOHTPOJIA.

16
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Conep:xanue

1. HopmaTuBHoe o0ecnieueHne camocTosTebHoi padorsl B ®I'OC BO.
2. HazHauyeHue U BUABI CAMOCTOSITE/IbHOM PadOThI CTYAEHTOB.

3. KOHTpOJIL CaMOCTOATEJILHOM paﬁOTLI CTYACHTOB MNpenoaaBaTejasiMu.

17
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1. HopmatuBHOe o0ecrieueHre caMmocTosATeNbHOM padotel B @PI'OC BO
1.1. ®I'OC paznen: «TpedoBanus k yciaoBusMm peanuzanuu OI»:

— TpebGoBanus k 00s13aTEIBHOMY MUHIUMYMY COJIep>KaHUs 00pa30BaTeIbHOM MPOrpaMMBbI
NOJArOTOBKU CIELMAIUCTA, K YCIOBUSM €€ peaju3alid U CPOKaM €€ OCBOEHUS OIPENEISIIOTCS
HACTOALIUM (eiepalIbHbIM TOCYJapCTBEHHBIM 00pa30BaTeIbHBIM CTAaHIAPTOM;

— OCHOBHasi 00pa3oBaTebHas MPOrpaMMa MOJArOTOBKU CIIEIUAINCTa COCTOUT U3 JWCIH-
IUTMH OOLIEHAYYHOTO M MPOo(ecCHOHATBHOTO LUKIIOB, COCTOSAMIMX M3 0a30BOM M BapHAaTHBHOM

gyacTel U JUCHUIUINH 110 BBIOODY;

— MakCHMaJIbHBIIl 00beM y4eOHOM Harpy3ku CTYAEHTa yCTaHaBIIMBaeTcs 54 daca B HEAENIO, BKJIIOYas BCE
BUJIbI ayAUTOPHOU ¥ BHEAYTUTOPHOI (CaMOCTOSTENbHON) yueOHOM paboThI.

Bo BpeMsi caMOCTOSATENBHOM MOATOTOBKY 00Y4YaloIInecs JODKHBI ObITh 0OecredeHb! JoCTyIoM K cetu 1H-
TepHeT. Peanu3zanus oOpa3oBaTeIbHONM NPOrpaMMBl MOJATOTOBKU CIIEIMAINCTA JO0JDKHA 00ECIIeUnBaThCs TOCTYIIOM
Ka)XJIOT0 CTyJeHTa K OMOnnoredHsM (poHaaM U 06azaM JAaHHBIX, (POPMUPYEMBIM IO MOJHOMY HEPEYHIO TUCLUILIHNH
o0pa3oBaTenpHON MPOrpaMMBI U3 pacdera 00eCIIeYeHHOCTH YUeOHHKaMu W y4eOHBIMH mocoOmsmu He Mmenee 0,5
9K3eMIULsIpa Ha OJHOrO cTyAeHTa. bubinoreka By3a NOIKHA UMETh JOCTATOYHOE KOJIMYECTBO COBPEMEHHBIX y4eO-
HHMKOB U y4eOHBIX ITOCOOUIT 110 BceM LUKIIaM AWCLUIDIMH M IIOCTOSHHO BOCIIOJHATHCS HAY4HOH JIUTEpaTypoi u me-
PHOIMYECKIMH U3TAHUAMHI HEe()TETa30BOT0 IPOQHILL

OO0beM BpeMeHH, OTBEIICHHBIIH Ha BHEAYJUTOPHYIO CAMOCTOSTEIBHYIO PadOTy, HAXOAUT OTPayKCHHE:

. B paboyeM y4eOHOM IUIaHE — B LEJIOM II0 TEOPETHYECCKOMY OOYYCHUIO, KQKIOMY M3 LUKIIOB JUC-
LIUIINH;

o B pabouux MporpaMmax yueOHBIX AMCIMIUIMH [UKIIOB JIHMCLMIUIMH C paclpeeieHUueM 10 pasje-
JlaM WJIM KOHKPETHBIM TEMaM.

2. Haznauenwne n BUbI CaMOCTOSITEIIbHOM pa6OTI>I CTYACHTOB.

CamocTosTenbHas padoTa MPOBOIUTCS C LETIBIO:

o CHCTEMATH3allMU U 3aKPEIUICHHS MMOJTYYCHHBIX TEOPSTUUECKUX 3HAHMI M MPaKTHYECKUX YMCHUIT
CTY/ICHTOB;

. yriryOeHus ¥ paclIupeHus TEOPETUIECKUX 3HAHUI;

. (hopMHpOBaHUS YMEHUH UCIIOJIb30BAaTh HOPMATHBHYIO, IPABOBYIO, CIPABOYHYIO JOKYMEHTAIHIO
U CIIELHMANIBHYIO JTUTEPATypY;

. pa3BUTHsI [TO3HABATENBHBIX CIIOCOOHOCTEH M aKTUBHOCTU CTYJEHTOB: TBOPYECKOH WHHIIMATHUBEI,
CaMOCTOSITETIBHOCTH, OTBETCTBEHHOCTH, OPIraHM30BaHHOCTH;

o (opMHUpOBaHHE CaMOCTOSTEIBHOCTH MBIIUICHUS, CIHOCOOHOCTEH K CaMOpa3BUTHUIO, COBEPILCH-
CTBOBAHHMIO M CAMOOPTaHH3AIINH;

. (hopMupoBaHUs IPaKTHUECKUX (00IECYyIeOHBIX U TPO(PECCHOHANBHBIX) YMEHUH U HABBIKOB,

o Pa3BUTHIO UCCIIEIOBATEIECKIX YMEHHUH.

B yuedHOM mporiecce OV BBIIEISAIOTCS 1Ba BHIa CAMOCTOSTEIFHON pabOTHI:

PN

AyanTOpHaA No ACUMNANHeE, BHeayauTopHas no aucumnavHe,
MEKANCLMNIMHAPHOMY Kypcy MEKANCLMNIMHAPHOMY Kypcy
1
BbINONHAETCA Ha Y4eBHbIX 3aHATUAX, BbINO/IHAETCA N0 334aHNIO
noA HeNnocpeACTBEHHLIM npenogasarens, Ho 6e3 ero
PYKOBOACTBOM Npenoaasatens v no HenocpeACTBEHHOrO yuacTHA.

€ro 3afaHunio

BHGayILI/ITOpHaH CaMOCTOATCIIbHAA pa60Ta - IJIaHupyeMad yqe6Haﬂ, y‘{€6HO-I/ICCJ'Ie,Z[OBaTCJII)CKaH, Hay4HO-
HCCJICEA0BATCIIbCKAA pa60Ta CTYACHTOB, BBIIIOJHACMAsA BO BHCAYAUTOPHOC BPEMS IO 3aJaHUI0 U TPU METOANYCCKOM
PYKOBOACTBE IpeniogaBaTeiid, HO 0e3 ero HCTIOCPEACTBCHHOI'O Y4aCTHUA.

18
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3. KoHTposb camocTosATEIbHOM pabOThI CTYICHTOB MPEIOIaBaTEIISIMHU.
KonTpons camocTosTensHOM pabOTH CTYICHTOB MIPEIyCMaTPHUBACT:

. COOTHECEHHE COMIEPKAHMUS KOHTPOJIS C LETIMHU 00yUCHNS;

. 00BEKTUBHOCTH KOHTPOJIST;

. BJINHOCTh KOHTPOJS (COOTBETCTBHE NMPEABSIBIAEMBIX 3aJaHUH TOMY, YTO MPEATIOIAraeTcs Ipo-
BEPHUTH);

. muddepeHnInanyo KOHTPOIbHO-U3MEPHUTEIBHBIX MaTEPHATIOB.

D opMBI KOHTPOJISI CAMOCTOSITENBHOI PadoTHI

1. [TpocMoTp U IpoBepKa BHIITOIHEHHS CAMOCTOSATEIILHOM PabOThI MPEroiaBaTeiIeM.

2. CamomnpoBepka, B3aMMOIPOBEPKa BHITIOJIHEHHOTO 33/1aHUs B TPYIIIE.

3. OOcyxeHne pe3yIbTaTOB BBHITIOJHCHHOW pabOTHI Ha 3aHATHH.

4. TectupoBanwue.

5. [IuceMeHHBIH onpoc.

6. YcTHBI ompoc.

7. WnpuBuayansHOE cobeceJOBaHUE.

8. Komnoksuym.

9. OTuet o mpoaenanHoii padore.

10.  3amura pedepaToB WK KypCOBOIl pabOTHI.
11.  TBopueckuit KOHKypC.

12. HutepHeT - KOHpEPEHIHH.

13.  KonrponbHas pabora.

Kpurtepnu onieHKH pe3y/1bTaTOB CAMOCTOSATELHOI padoThI
KpurepusiMu o1ieHOK pe3yJIbTaTOB BHEAYJUTOPHOH CAMOCTOSATENHHON PaOOThI CTYACHTA SIBIISTIOTCS:

o YPOBEHBb OCBOCHUS CTYICHTOB y4eOHOT0 MaTepHaa,;

o YMEHHSI CTYICHTA UCIIOB30BATh TEOPETHIECCKHE 3HAHKS IPH BBIMOIHEHUH [PAKTHICCKUX 3a/1a4;

o ¢bopmupoBanne Habopa U3 OOLIEKYIBTYPHBIX U MPO(ECCHOHAIBHBIX KOMIETCHIUH OyIyIIero
CIICLIHAITICTA,;

o YMEHHUS CTY/ICHTA aKTHBHO HCIIOIb30BATh JJIEKTPOHHBIC 0Opa30BaTeNlbHBIC PECypPChl, HAXOIUTh
TpeOyroLIyocs HHPOPMAIIMIO, U3y4YaTh €€ U IPUMEHATh Ha MPAKTHKE;

. 000CHOBAHHOCTh M YETKOCTh HU3JI0XKEHHS OTBETA;

. othopmMIiIeHHEe MaTepHraia B COOTBETCTBHH C TPEOOBAHUAMU;

o YMEHHE OPUEHTHPOBATHCS B TOTOKE HH(POPMAIIUH, BBIJEIATH TJIABHOE;

o YMEHHE YEeTKO C(HOPMYIHPOBATH MPOOIEMy, MPEATIOKHB €€ PEIICHHe, KPUTHIECKH OICHUTh pe-
IICHHE U €T0 ITOCICICTBUSL,

) YMEHHe [0Ka3aTh, IPOaHAIN3UPOBATh albTEPHATUBHBIC BO3MOXKHOCTH, BADHAHTHI JCHCTBHIA;

) yMeHHe c(OPMHUPOBATH CBOIO MIO3HIIHIO, OLIEHKY M apryMEHTHPOBAThH €e.

Coaep:xanue BHeayIMTOPHOH CaAMOCTOSATEIbLHOM
AesITeJIbHOCTH CTY1eHTOB
MeTOI[I/I‘IeCKI/Ie YKaszaHud IJid CTYJACHTOB I10 BBIITOJTHCHUIO CaMOCTOSTEILHOM pa6OTI)IZ
1. IToaroToBKa K JIEKIIUSAM
2. IloaroToBka K MpaKTHUECKUM 3aHATUSIM
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