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IIpakTHyeckoe 3ansitue Ne 1
PACUET OCHOBHBIX TIAPAMETPOB I'A30BbIX CMECEM
B PASJIMYHBIX TEPMOANHAMMNYECKUX ITPOLHECCAX
1.1 ®opmyIUpOBKA 32]aHUS U UCXOIHbIE JAHHBIE VISl pacyera
Cwmech, cocTosiiasg u3 M1 KWIOMoJIe a3ota U My KUJI0MOJIEH KMCI0poia C
HavaJlbHBIMU Mapamerpamu P1=IMIla v T1=1000 K pacmupsieTcst 10 TaBICHUS
P». Pacuiripenrie MOXXET OCYIIECTBIISTHCS 110 U30TEPME, ainadaTe U MOJUTPOIIE C
nokaszaresieM 7. OnpeaennTs ra30ByI0 MOCTOSIHHYIO CMECH, €€ MacCy ¥ Ha4aJlbHBIM
00beM, KOHEUHBIE MapaMETPbl CMECH, pa0OTy PaCIIMPEHUS U TEIJIOTY, Y4aCTBYIO-
Y10 B MPOIECcCe.
JlaTh CBOIHYIO TaOIUILy pe3yibTaTOB U €€ aHanu3. [lokazaTe mporecchl Ha
PV u TS nuarpammax.
Vkazanue: [lokazaTenb aninabaTel, a CJIEI0BATEIBLHO U TEIUIOEMKOCTH TIPH-

HATH IIOCTOSAHHBIMHA, HC 3aBUCAIIUMU OT TCMIICPATYPHBI.

HcxonHble faHHBIC K 3a7a4e

M;1=0,3 kMonv,
M>=0,7 kMonv,
P>=0,43 Mlla;,
n=1,2.
1.2 TIlociieaoBaTeibHOCTH BHINOJHEHHUS 3aJaAHUA

1. 'a3oBas moCTOSSHHASA CMECH

Rei :ZRi Ui,

R _ MR 8314,

| Hi Hi ’
8314 o590
2 2-14 ke K
_ 8314 _ 2598 T

% " 2.16 ke - K



;g =1
H,i Hewm

di:ri:gi

How = D441, =28-0,3+32-0,7 = 30,8 x2/kMoxe.

i1
MaccoBas 1ois a3ora:
28
=03-——=0,27;
g, 30

]
MaccoBast 10J1 Kuciiopoaa:

32
=07 -2 =0,73;
Jo, 30,8

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

2. Macca cMmecu:

My =M - 1e, =(0,3+0,7)-30,8 = 30,8xe.

3. HauapHbIH 00BEM CMECH:

Ve =Vey - Mey = 0,27 -30,8 =8,31a°,

rae
Rew - T 269,79-1000
Pem *Vem = Rew *Tew — Ve = Cl\lg = 1.10° =0,27m%xe.
oM

4. KoHeuHbIe TIapaMeTphl CMECH B 3aBUCHMOCTH OT BHJ1a TEPMOIUHAMUYE-
CKOTO IpoIiecca.
4.1. Uzotepmuueckuii mporecc (T=const).

_F-v, 1.0,27

=0,630°%/xkz.
P, 0,43

P-vi=PF-v, >V,

T, =T, =1000K.



4.2. Annabatabiii iporiecce (6€3 moaBo/Ia M OTBOJIA TEIUIA).

dg=0, pv* =const k=&.

=5 ’ Cv
o _HCo _ 2 HCyG _32,245-0,73+3042-027 _ oo i/l
7y Hew 30,8 ke K

C,=C, -R, =076 4%

ke - K

[Tokazarens aquadaThl:

C, _103 _2393-073+22106-0.27 _, ..
C, 076 30,8 s

K %( %,36
ﬂ: Vo — =V, =V, ﬂ =0,27 - i =O,5M3/K2.
P, A P, 0,43

2 1

K 1-K
Rvi T o v (V) L fvw) _T.
) Vi Tz v, Tz’

y 1-K 05 1-1,36
T2:T1. 2 =1000 - ! = 801K :
Vv 0,27

1

N

4.3. ITonuTpomnHbIi TIpoIecC.

pv = const.
b Ha
V, =V, - kil =0,27 - L = 0,55 1°/xe.
P, 0,43
1-n 11,2
T2 = Tl . V—2 e 1000 . —0155 — 869 K’
A 0,27

4.5. I3MeHeHne BHYTPEHHENW SJHEPTUU CMECH:
AU, =C, '(Tz _Tl);
e usorepmuueckuii: AU, , =01.x. TL=T7;

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



e nomurponusii: AU, , =0,76-(869 —1000) = —99,56 x/forc/xz.
4.6. I3mMeHeHne YHTAIbIINNA CMECH:
Ai,=C,-(T,-T,),
e wusorepmuueckuii: Al , =01.k. T,=T1;
e anmabarusiii: Ai,_, =1,03-(801-1000)= —204,97 x/foc/xe;
e momurponHsii: Al,_, =1,03-(869—-1000)= —134,93x/lic/ k.

4.7. I3MeHeHue SHTPOIIUMU CMECH:

0,63 e
AS, . =R-In~Y2 = 26979 In -2 — 229 '
® U30TCPMUYECCKUM: 1-2 v, 0,27 Ke - [{

e anuabarueli: AS, , = 0 T.K. TemI0 HE MOABOAUTCSA U HE OTBOIMTCS;

T n—k T
= AS, ., =C-h2=C,.——-In=2=
¢ JIOJIUTPOIIHBIN: 1-2 Tl v n— 1 -I-l
_0.76- 1,2-136 In 869 009 K/
12-1 1000 ke K

4.8. PaboTa pacmmpeHus 1 TeIIoTa, y9acTBYIOIIas B Ipoliecce:

® H30TEPMUYECKUIL:

l,,=R-T-In L 269,79-1000-In 1 227695ﬂ9f0;

P, 0,43 Ke

g, =T-(S, —S,)=1000 - 229 = 229000 2.

Ke

e aMa0aTHBINI:

1 R
|, :m(Pl v, — PR 'Vz):m'(-rl _T2)=
_29.8 1000 —g01)= 149134 2.
1,36 —1 K2
ql_z = 0;
® TOJIMTPOIHBIN:
l,, = R (T,-T,)= 269,79 -(1000 — 869 ) =176713 Ao :

n-1 12-1 Ke



q172 = Cv )

n—k
n-1

(T,-T,)=0,76 -

1,2-1,36

ITpoBepka I Kakaoro mnpouecca.

-(869 —1000 ) = 80

K/[orc

Ke

g=AQ+1.
Tadauna ncXoQHBIX JTAHHBIX
Ne papuanra | 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 14
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 14
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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Pucynok 1. Pv muarpamma

1 1 - T=const z

3 - pv=const
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IIpakTH4yeckoe 3ansitue Ne 2
PACYET NPOLHECCOB TEIIOITPOBOJHOCTH
2.1 ®opmyaupoBKAa 32JaHUS U UCXOJHbIE JaHHBIE VIS pacyera

BokoBas miockasi CTeHKa TOIMOYHOUM KaMephl BBITIOTHEHA U3 YETHIPEX CIIOEB.
[TepBbIit ci1OM W3 MIAMOTHOTO KUPIUYA (TOIIIUHA CIIOS J1), BTOPOH - U3 OTHEYIIOP-
HOM M30JIALIMKM TUATOMUT (TOJILMHA CIOS &), TPETUM - OCHOBHOM W3O0JISIIIMOHHBIN
CJIOH - IIJTAKOBBIE TUTMTHI (TOJIIMHA CJIOS O3), YETBEPTHIN - 3alIUTHAS IITYKAaTypKa
(TOIIMHA CII0S Oy).

1. Onpenenuth TpeOyeMyIO0 TOJIIHHY OCHOBHOTO CJOS HM30JSAIUH (5=7),

[P 3aIaHHOM TEMIIEpAaType Ha BHYTPEHHEW MOBEPXHOCTH CTEHKHU 11, Ha
Hapy>KHOW MOBEPXHOCTU CTEHKU {5 U TEIJIOBOM MTOTOKE YEPE3 CTEHKY (.

2. Tloctpouts rpaduk U3MEHEHHS TEMIIEPATYPHI B 3TOM CJIOE H3OJISIUH.

Tabmnma 1 — McxonHele JaHHbBIC

NeNe | Pasmepuvl cmenol, Mm Jo, NoNe ty, ts, sy
n/n o by O Bm/m?* | n/n C € Bm/m?

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




Oo6mue wucxomusie mannbie: A;=0,81(1+0,0008t), 1,=0,13 Bm/(m- K),
A3=0,046(1+0,0048t), 14=0,38 Bm/(m* K)

2.2 Tlocjie10BaATEIbLHOCTh BBINOJI-

HCHHA 3aJaHUA
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u TpeGyeMoe 3HAYCHUEC TOJIIMUHBI U30JIIHUOHHOTO CJIOM.

O, :ﬂe|:th;t5_(R1+ R, + R4)}

O .

TepMI/I‘ICCKOC COIIPOTHUBIICHUEC OTACIIbHBIX CJIOCB CTCHKHU TOIIKHW PAaBHBI:

: R2:i u R4:ﬁ
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KoadduimenTs! TemmonpoBoAHOCTH 1-ro 1 3-T0 cost ONpenessitoT o Cpe-

HEH TeMIlepaType B JaHHOM CJI0€ PaBHOM:

t® =05t +t,) u tP =05(t, +t,)

Temnepatypsl 1y, 3, 1 {4 onpenensor u3 ypaBHEHUI:

2
{ - (AHJ 206 1

b, bl, b’
t, =1, _quz’
t, =t +qu4’

rae - Ao 1 by - k03 duUIMEHTHI B ypaBHECHUH TIEPEMEHHOTO KO3 PHUIIHMESHTA
TEIUIONPOBOJAHOCTH 1-TO CIIOSI.
Hailinennoe 3HaueHHe TONIIUHBI CIIOS U3OJISIIIUN O3 OKPYTIIAIOT 10 Onmxkaii-
niero OosbIiero 3HaueHus1, kpatuoro 0,01 m.
Z Oq I'padux n3menenus remmepa-
Typbl B cioe uzonsuuu o3 (Puc. 2)

CTPOUTCS IO YPABHEHUIO

t, = (E——?t} 2q0 X—l ’
X

N r7ie X, TeKyIlas KOopJMHaTa B

|

|

| N CIIO€ OT
l

, x=0 10 x=03%, M;
|

ty, nepeMeHHas Temreparypa B

E
S
X
3

cinoe, ot t,=t3 no t,.=1s;

Pucynok 2 — I'paduk u3mMeHeHus TeMieparypbl



A3o ¥ D3 - K03 PHUIMEHTHI B ypaBHEHUH MEPEMEHHOT0 KO3 (HHUIIMEHTA TEILI0-
_ cp
Ay = Ago(L+ byt

t3 - TemnepaTypa Ha Hapy»KHOM MMOBEPXHOCTH CJIOSI CO CTOPOHBI BXO/1a

IMPOBOJHOCTHU U30JIINUOHHOTO CJIOA:

MOTOKa Teria (o, °

IIpakTuyeckoe 3ansaTue Ne 3
PACYET NPOLHECCOB KOHBEKTUBHOI'O TEIIVIOOBMEHA

3.1 ®opmyaupoBKa 3aIaHNUSI U MCXOJAHbIE JaHHbIE JIJIsl pacyera

TpyOonpoBoa ropsueil Boibl IPOJI0KEH TOPU3OHTAIBHO 110 OIIOpaM HaJj Mo-
BEPXHOCTHIO 3eMin. HapyXHbII BO3/1yX ¢ TeMnepaTypou t, 1 CKOPOCThIO BETpa Wo
o0ryBaeT TpyOOIpOBOI IO YIJIOM aTaku . Temmneparypa ropsiaeit BoJpl B Tpy0O-
npoBoze t1, CKOpOCTb TEUECHUS W;.

1. Omnpenenuth yaenbHYIO IOTEPIO TEIJIa OT HEU30JIMPOBAHHOIO TPyOO-
IIPOBO/IA U CHIDKEHUE TEMITEPATyphI TOpsTIeii BOIbI Ha JuinHe Tpyoomposoaa 1=1000
M.

2. Omnpenenutb TpeOyeMyrO TOJIIUHY OCHOBHOTO CJIOS U30JIAIUH (91=7?)
IIPY HOPMATUBHOW YIENBHOW MOTEPE TEIUIa (o U CHIXKEHHE TEMIIEPATYPhI BOJIBI HA
mHe TpyoonpoBoaa /000 m. N3onsuus 1ByXClIOHHas, OCHOBHOM CJIOM - MUHEpa-
JIOBaTHBIC TJIUTHI, HAPY>KHBIN 3aIIUTHBIN CIIOH - acOOIEMEHTHas MTyKaTypKa, TOJ-
HIUHOH &;.

Tabmuma 2 — McxoaHble JaHHBIE

NoNe | Pazmepwr mpyool, mm f1 w1 NoNe ) W2 Jo
n/n Aruap Ocm € m/c n/n € 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

O6mue ucxoaubie nannbie: 41=0,06+0,00019t, A,=0,3 Bm/(m'K), 5=20mm,
Aem=42 Bm/(mK).
3.2 Iocie10BaTEILHOCTH BBINMOJTHEHUS 3a1aHUA

HcxomHarie naHHEbIE:

d.= to=
Oem = Wo=
t1= =
W= A=
Aem = 0=
W=

1 yactp
VY nenpHbIN TEIUIOBOM MOTOK MOTEPh TEIMJIOTHI HA | MOTOHHBIA METP JJIMHBI

HEU30JUPOBAHHOTO TPYyOOIIPOBOJIa paBEH

— t1 _t2 Bm
ql” Ral + R/lcm + RaZ | K/I
rac
1 1 d
R, = , R. = In(—=
T 0 2, g,
RaZ = # u d6H = dHap - 266)71
HapaZy/

- TEPMUYECKHE COTIPOTUBJICHUS TIPH TEIJIONEepeadue OT BOJIbI K HAPYKHOMY
BO3IyXYy Y€pe3 CTCHKY TPYyOHbI.

CHWXKeHue TeMIepaTypbl ropsdeid BOIbI Ha JUIMHE TpyOompoBona |, M,

ONpCACIIAACTCA BBIPAKCHHUCM !




[lln I
At I ==
1( ) C

1~1

2
G — Wlﬂd 6n_ % 1 KU
rac 1 4 ! C - pacxona BOAbI B TPY6OHp0BOI[e;

C1 - TEIJIOEMKOCTh BOJIbI B TPYOOIIPOBO/IE NP €€ Ha4aJIbHOM TeMIepaType

t=1ty, Jorc/ke ‘K

p1 — IUIOTHOCTB BOJBI IIPU Temmepatype t = ty, kr/m>

W, 4, Z




Pu-
cy-

HOK 3

- DO¢-

KH3

pac-

HUA

Tpy-
0o-

W, 4,

IIpoBOJa U TEILIOBOM N300

Ha TpyOe

Koaddumment temnmoornaun oT BOJBI K BHYTPEHHEH MOBEPXHOCTU CTEHKU
TpyOBI <1 OTPENENSIOT M0 KPUTEPUATHHOMY YPaBHEHHUIO JJisi TYpOYJIEHTHOTO pe-
’KUMa TEYEHMS KMIAKOCTH BHYTpH TpyOsI (1pu Re>10):

Nu = 0,021 Re?® pro*®

Nu :al—d“”, Re:%, Pr:K
rje A 1% a -

kputepuu nojnodust Hyccenwra, Peiinonbaca u [Ipanaris, COOTBETCTBEHHO;
- A, v, @ - pu3MUeCcKue MmapaMmeTphbl BOJIbI, ONpeesieMble MPU €€ TeMIepaType
t= tl

Cpennuit Ko3p(HUIMEHT TEMJI00TAAYH OT HAPYKHOUM MOBEPXHOCTH TPYOBI K
BO3IyXy O, Ipu MONEPEUHOM OOTEKaHUH MO/ YTIIOM aTaKu i ONPENesIoT U3 KpH-
TepuanbHoro ypasHenus (nmpu Re=1-10%-2.10°):

Nu =0,25Re*° Pr®*



7

rae Re, Pr, NU - kputepuun nmogobust 11 Bo3myxa, 6epyrces mo popmynaMm ykaszaH-
HBIM BBIIIC U ONPEICIISIOTCS 10 CKOpocTH Bo3ayxa Wo, Temmneparype t, u Hapyx-
HOMY UamMeTpy TpyOsr d,.

[Tpu oOTekaHuK TPYOBI MO YIJIOM aTaKHM ¥ YYUTHIBACTCS MOMPABOYHBIHN KO-

s} duiment &y &,, =28,

$°. ... 9 8 70 - 60 B0 4
gp - .. 1 1 0,9 0,93 0,87 OuiSiis



8

du3Hueckie cBOHCTBA BOJAbI HA JHHHH HACHIUCHHSA (2 n 13]

il R P = - ) =
d ,.c_ u}_ '*\ éa £A .: .l: & E
’ T: ti w © « O a* go - - -
SR = = . & =" 812 1'% = =3
vla8 ] s« | ~ | PRlAZ] S 1AGN ouf & | &
oF 1,013 99,9 | 0,00[ 4,212 55,1 | 13,1 1788 | 1,789 |—-0,63 756,4
10,] 1,013 | 999,7 42°04| 4,191 | 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
30| 1,013 1 995 125,7 | 4,174 61,8 | 14,9 | 801,5 0r805| 3,2 7202
40 |=1,013 1= | 167,5 | 4, 63.5| 15,3 | 653,3 | 0,659 3'87"”‘29'5‘5
501 -1.013 | 98851 | 209,38 | 4,174 ]64,84.15,7 .| 549,4 0,556 4 4,49 | 676,9
60| 10013 | 9sa2 | 511 | 4,179 pewro [ 16,0 | 469,9| 0,478} 5,11 | 662,
70 1,013 9713(' 293,0 | 4,187 16,3 | 406,1} 0,415 5,70 | 643,5
80) 1,013 |L071, 335,0 | +,195 57;4, ,6 | 355,1 &a 6,32 | 625,9
183 {gllg 09;5,3, ﬂg,e %.‘égg 57| 16,8 | 31459 | 0,3261 6,95 607,2
1 ek ) e S "-" . i .1 L ¥ 16-9 m o
1104 1,2 Eﬁ% 461,4 | 4,233168,5 | 17,0 %85%?8’0,272 ‘%‘%“%&
1201, 1,98 | 943,1,.| 503,7 | 4,250 68,6# 17,1 | 237,4. 0,252 | 8,64 | 548,4 47
130 2,70 | 934,8°| 546,4 | 4,266 | 68,67 17,2 | 217,8 0,233 9,19 | 528,8 , 36
140| 361 | 926,1 | 589,1 | 4,287 | 68,5 17,2 | 201,1| 0,217 9,72 | 507,2 ,26
150+ 4,76 . &§.2 4'313| 634 17,3 | 186,4 | 0,203 | 10,3 | 486,6 ,17
160} 6,18 | 907, "4 | 4,346 | 68,3 | 17,3 | 173,6] 0,191 | 10,7 466,0 ,10
170| 7,92 | 897.3 | 719.8 | 4,380 |67,9| 17,3 | 162,8| 0,181 | 11,3 443, 1,05
180 | 10,03 | 886.9 | 7638 | 4,417 | 67,4 | 17,2 | 153,0 | 0,173 | 11,9 422, 1,00
100 | 12.55 | 876.0 | 807.8 | 4,459 |67,0| 17,1 | 144,2 0,165 | 12,6 400, 0,96
200 | 1555 | 863.0 | 852.5 | 4,505]66,3 | 17,0 | 136,4| 0,158 13,3 376, 0,93
210 1908 | 852.8 | 897,7 | 4,55565,5| 16,9 | 130,51 0,153 14,1 | 354, 0,91
220 23’20 | 840’3 | 943.7 | 4,614 |64,5| 16,6 | 124,6| 0,148 | 14,8 331 0,89
230 27,98 | 827,3 | 990,2 | 4,681 | 63,7 | 16,4 | 119,7 0,145 15,9 | 310, 0,88
240 | 33,48 | 813,6 | 1037,5 | 4,766 | 62,8 | 16,2 | 114,8 0,141 | 16,8 | 285, 0,87
250 | 39,78 | 799,0 | 1085,7 | 4,844 | 61,8 | 15,9 | 109,9 0,137 | 18,1 | 261,9 | 0,86
260 | 46,94 | 784,0 | 1135,1 | 4,949 1 60,5 | 15,6 105,91 0,135 19,1 | 237,4 | 0,87
270 | 55.05 | 767,9 | 1185,3 | 5,070 | 59,0 | 15,1 102,01 0,133 | 21,6 | 214,8 | 0,88
280 | 64,19 | 750,7 | 1236,8 | 5,230 | 57,4 | 14,6 98,1 0,131 23,7 | 191,3 | 0,90
290 | 74,45 | 732,3 | 1290,0 | 5,485 55,8 | 13,9 94,21 0,129 | 26,2 | 168,7 | 0,93
300 | 85.92 | 712,5 | 1344,9 | 5,736 54,0 13,2 - 91,210,128 1 29,2 | 144,2 | 0,97
310 9870 | 691,1 | 1402,2 | 6,071 | 52,3 | 12,5 88,310,128 | 32,9 | 120,7 | 1,03
390 |112.90 | 667,1 | 1462,1 | 6,574 | 50,6 11,5 85,3 0,128 | 38,2 | 98,10 | 1,11
330 |128.65 | 640,2 | 1526,2 | 7,244 | 48,4 104 | 81,4}0,127{ 43,3 | 76,71 | 1,22
340 {146,08 610,1 | 1594,8 8,1651 5,7} 9,17| 77,5} 0,127 53,4 | 56,70 | 1,39
350 {165.37 | 574,4 | 1671,4 | 9,504 | 43,0 7.88| 72,610,126 66,8 | 38,16 | 1,60
360 (186,74 | 528,0 | 1761,5 13,984 | 39,5 5,36 | 66,7 0,126 |109 20,21 | 2,35
a70 [210°53 | 450.5 | 1892,5 40,321 33,7 | 1,861 56,9} 0,126 264 4,709| 6,79
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2 4yacThb
VY 1enpHBIN TEMIIOBOM NOTOK NOTEPH TEIUIOTH! HA | MOTOHHBIN METP JJIMHBI
U30JIMPOBAHHOTO TPYOOIIPOBOAA (MHOTOCIONHON IIMIIMHIAPUYECKON

CTCHKH) PaBEH: 0, = t, -1,
“ R,+R, +R,;+R,+R,

Acm

me R, =i
2rh, d,

- TCPMHUYICCKOC COIMPOTHUBIICHHUC 2-10 Hapy>XHOI'O CJIOA U30JIAINH,

1 d
R.= In(—
n=3 (OI p)

h

Ha

- TCPMHUYICCKOC COIIPOTUBJICHUC OCHOBHOI'O CJIOA U30JIALINH,

1

— - TepMI/IqCCKOG COHpOTI/IBHeHI/Ie HpI/I TCIIJIOO0OTAAUEC OT
md,a,

sz2

HapYy>KHOTO CJI0SI U30JISIIIUU K BO3IIYXY.
Bnauennsi R,, u R, MPUHUMAIOTCS TAKUMH K€, Kak U B 1 yacTH paOboTHI.

[lepBoHayanbHO HEOOXOAMMO BBIOPATH MPEIBAPUTEIILHOE 3HAUECHUE HAPYIK-
HOTO TaMeTpa TpyoonpoBoaa d; ¢ OCHOBHBIM CJIOEM TETTION3OJISIAN C OTIPEIeIsi-
€MOM TOJIIMHON 01 U HAPY>KHBIM CJIOEM C 3aJaHHOU TOIIIHUHOM O2 U3 CIEIYIOIIETO

JUara3oHa:

115 dHap S dZS 2;5 dHap

[Tocne aToro HeoOX0AMMO TTPOU3BECTHU pacueT 3HaUeHHH Ry 1 R)2, mpuHsB
d1 = dz - 262 .
Pacuer 3nauenus ko duieHTa TemIonPOBOJHOCTH OCHOBHOTO CJIOS

W30JISUU IPOU3BECTHU IIPU CPEIHEM 3HAYECHUU TEMIIEPATYpPBI '[lcp = 0,5(t1 + tz)
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KoadduimeHT TEmIooTaa4uu 0, pacCUUTHIBACTCS aHATOIMYHO, KaK M IIPH OT-
CYTCTBHMH TEILUIOM3OJISIMH, B KAYECTBE OCHOBHOIO pa3Mepa MPHHUMACTCS HapyK-
HBII THaMeTp U30IMPOBAHHOTO TPyOompoBoa ds.

[Tocne pacyera 3HaYCHHS TUIOTHOCTH TEIUIOBOTO IMOTOKA MOTEPh (o IPOM3-
BOJUTCS MPOBEPKA COOTBETCTBHUS OJYUYCHHOTO 3HAYCHUS CIIEAYIOIEMY
JMarna3ony:

0,800 <Q2n <o .

B ciyyae BbIX0/1a pacCUMTAHHOTO 3HAYCHHMS 3a TPEIEIIbI JAHHOTO JAUana3oHa
HEOOXOIUMO U3MEHHUTH MPeABapUTEIbHOE 3HaUcHHE U, (HE OrpaHHYUBAsACH MPEI-
JI0’KEHHBIM JHAMa30HOM 3HAYEHHUH ), IOCTIE Yero MOBTOPUTh 3aHOBO PacyeT BCexX
3Ha4YeHUH. /laHHBII pacueT HeOOXOAMMO MPOBOIAMTD 10 MOJTYYCHUS HCKOMOTO pe-
3yJIbTaTa, T.€ COOTBETCTBUS 3HAUYCHUH (o, YKA3aHHOMY JAHMAIa30Hy.

JInist o0JierdeHus BCeX pacueToB PEKOMEHIYETCS BOCIIOIb30BAThCS
nporpammoit Microsoft Excell.

OxoHYaTEIbHOE 3HAYEHUE TOJIIIMHBI CJI0sS OCHOBHOM TEILIIOU30JIAIIUN

ornpeaeuTh u3 BeipakeHus: 61 =0,5(d1 — dy)

IIpakTnueckoe 3ansaTue Ne 4
PACYET TEIVIOOBMEHA U3JTYYEHUEM.

4.1 ®opmyaMpoBKAa 32/IaHUS M NCXO/HbIE JaHHbIE 1JIsl pacyera

Hapy>xHast yacTh O0KOBOM CTEHKHM TOTIOYHOM KaMephbl U3 KPACHOTO KUPIHYa
3aKpbITa OOIIMBKOW M3 CTAJILHOTO JIKCTA € 3a30poM 30 MM, YTO MO3BOJIAT CUUTAThH
3TH MOBEPXHOCTH IIOCKO-TIApAIIIIEIbHBIMU U TPEHEOpEeYb KOHBEKTUBHBIM TEII000-
MEHOM MEXIy HUMH. TemrepaTypbl KUPIUYHOU CTEHKHU lj, CTENEHb YEPHOTHI &.
Temneparypa cTanbHOWU OOLIKBKY tp, CTETIEHb YEPHOTHI &.

1. Onpenenuts yneabHBIA TEIUIOBON MOTOK B OKPYKAIOIIYIO CPEay 3a CUET
JYYUCTOrO TEII000MEHa MEXAY dTUMH MOBEPXHOCTSIMH, a TaKKe 3HaueHHe coO-

CTBEHHOTO, 3(()eKTUBHOTO U OTPAKEHHOTO U3ITYUYEHHUSI OT 00EUX MOBEPXHOCTEM.
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2. OHpeI[eJ'H/ITB N3MCHCHHNC YKA3aHHbIX BCJIMYMWH, CCJIIM MCKAY YKa3aHHbIMH

MOBCPXHOCTAMMU PA3MCCTUTD 3KPaH U3 AJIIOMUHUCBOTO JINCTA CO CTCIICHBIO YCPHOTHI

&
Taomuna 3 — cxoquele JaHHBIE
NoNe ts NoNe t

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

) 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 TTocaenoBaTeILHOCTH BBINOJTHEHHS 3a1aHUA
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Hcxonasie na”HHEIE

&Q\
4

t1= t2=

Ir—
= —
~
&

&= &=

&E—

ol 7

Y

&

NN
SNNNN SNNNRIHSNE N AN ANNY

N

Pe3ynpTHupyronmii TEMI0BOKM NOTOK MPH

Zwy

7 03 rr ICHC N3JIYYCHHUCM MCKIAY ABYM: I1apaJlICiIb-

HbIMK HUBCPAHUU LAL qIIp ‘}:(e SIE[TC 3 YPaBHCHUA
O, =Ep =€, of 17_1[ Zj
r 100 100

Br/m?
Pucynok 4 - Ocku3 pazpe3a O0KOBON CTEHKH TOMOYHOM

KaMephl C OOIIMBKON U DKPaHOM

rne T1=t1+273, T,=t,+273 - abCOMOTHBIC TEMIIEPATYPHI TIEPBON M BTOPOM

MMOBEPXHOCTH, K;

Co=5,67- x0dpdUIMEHT TydeUCITyCKaHHS JIsI
a6comoTHO uepHoro tena, Br/(m? K);
1
npl2 + _1 > IPUBCACHHAS CTCIICHb YSPHOTHI CUCTEMBI 1-0i U
& &

&

2-01i TIOBEPXHOCTEH.

CoOCcTBEHHOE M3TyYEHUE KaXJA0W MOBEPXHOCTH, WX 3(PPeKTuBHOE U OTpa-

YKEHHOE U3JTyYeHUE ONPEESIOT U3 YpaBHEHUN
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T T E "= Eoont (1_ gl)Ec062

E . =¢C,| —% =
cort. = 1 0(100 1-(-g)l-e,)

T, Y E..,+(1-¢,)E,
E =c.C 2 ’ E — _—co062 2 /) —cobl
cor2 = 2 °(1ooj 2T (1-g Ml-e,)
Eompl = (1_ gl)EagbZ’ EompZ = (1_ 82 )anbl

HpH HaJIMUUKU MCKAY ITIOBCPXHOCTAMU OJHOT'O INIOCKOTO 9KpaHa pC3yJIbTUPY-

IOLMI TEMJIOBOM MOTOK OyAET paBeH

4 4

0 _q =q., =t Ew2 o (Lj —(T—zj

0, =05, =0, &, 4 Eppz 0 100 100
1

&
roe Pt + _1 > IPUBE/CHHAs CTCIICHb YCPHOTHI CUCTEMBI 1-ast
81 89

MOBEPXHOCTB - KPaH;

2 4 _1 > NPUBEJICHHAs CTENIEHb YEPHOTHI CUCTEMBI JKpaH - 2-ast
83 82

8np

MOBEPXHOCTb.
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MWHHUCTEPCTBO HAVKHU ¥ BEICIIETO OBPA3OBAHUSA POCCUICKOM ®F JIE-
PALIAN
(I)exlepam;ﬂoe rocyrapCcTB€HHOC aBTOHOMHO€ 06pa3OBaTe.m>H0e yupexxjiaenue

BBICIET0 00pa3oBaHus
«CEBEPO-KABKA3CKUHU ®EJIEPAJIBHBIU YHUBEPCUTET»

METOANYECKHUE YKA3AHUSA
110 OPraHM3al{U U NPOBeJeHUI0
CaMoOCTOSITeIbHON PadoThl

IO JUCLIUIIJIMHE TepMOI[I/IHaMI/IKa " TCIINIOTCXHUKA
Ui cTyneHToB crienuanbHocTu 21.05.06 HedrerazoBeie TeXHUKA U TEXHOJIOTHH
crienpanu3anus Pa3paboTka U dKCITyaTanusi HEPTAHBIX U Ta30BBIX MECTOPOXKICHUN

Crasponons 2026
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Metoauueckrue peKOMEHIalNK MpeIHa3HaueHbI U1 CTYAEHTOB By3a «CeBepo-KaBka3ckuil
(benepanbHBIN YHUBEPCUTET»
[lenn MeTOMUYECKUX PEKOMEH AN
1. MeTtoauueckoe COpoBOXKICHUE MPOIiecca BBEACHUS U peann3aliu
TpeboBanuii denepanbHOr0 rocylapcTBEHHOrO0 00pa3oBaTeNbHOTO CTaHIapTa
BhICcIIero obpazoBanus (nagee ®I'OC BO), momomrs mpu pa3paboTke padbounx
y4eOHBIX MPOTrpaMM JUCIHILTUH U TPO(ECCHOHATHHBIX MOAYJICH 00pa3oBaTelb-
Hol iporpammsl (nanee OIT).
2. Coznanue B 00pa3oBaTEeIbHOM YUPEXKJICHUU Y4eOHO-METOoAuye-
CKOro obecrieueHusi 00pa3oBaTeILHOTO Mpoliecca.
MeToaudeckiue peKOMEHIANUN OMPEACIISIOT CYIHOCTh CaMOCTOSITEIILHON paboOThI CTY-

JACHTOB B BY3€, eé Ha3HA4YCHUC, IIJIaHUPOBAHHUC, Q)OpMBI OpraHu3anuu U BUJAbl KOHTPOJIA.

19
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Conep:xkanue
1. HopmaTnBHOe 00ecnieuenne camocrosTeqabHoil padorsl B ®I'OC BO.

2. HazHa4yeHne ¥ BUBI CAMOCTOAITEJIbHOI PadoOThI CTY/I€HTOB.

3. KoHTpoJIb caMOCTOSATEIbLHOM PA00THI CTYJAEHTOB NPenoaaBaTeJassMu.

20
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1. HopmatuBHoe o0ecnieyeHne camoctositenbHol padorsl B PI'OC BO

1.1. ®I'OC pazgen: «TpedoBanus Kk ycnoBusM peanuzamuu OlDy»:

— TpeboBanus K 0053aTEIFPHOMY MHHUMYMY COJIEp>KaHUsI 00pa30BaTEIbHONW MPOTPAMMBI
HOJArOTOBKM CIIELUANIUCTA, K YCIOBUAM €€ peaju3allid U CpPOKaM €€ OCBOCHMS OIpPEIeIIsIOTCS
HACTOSIIUM (elepaIbHBIM roCy1apCTBEHHBIM 00pa30BaTeIbHBIM CTAaHAAPTOM;

— OCHOBHasi 0Opa3oBaTesbHas IporpaMMa MOJArOTOBKU CIELUAINCTa COCTOUT U3 JAUCLH-
IUTMH OOIEHAYYHOTO U MPO(EeCCHOHAIBHOTO IIUKIIOB, COCTOSIIMX U3 0a30BOM M BApUATUBHOM Ya-
CTeH U IUCLUILIMH 10 BBEIOODY;

— MaKCHUMaJIbHBI 00beM y4eOHOW Harpy3Kd CTYJCHTa yCTaHaBIMBaeTcs 54 yaca B He-
JIeJTI0, BKJIF0Yasi BCE BU/Ibl ayJJUTOPHOM U BHEAYAUTOPHOMU (CaMOCTOSATENbHOM) yueOHOI paboThI.

Bo Bpemsi caMoCTOATENBHOM MOATOTOBKM 00YYarOIIUECs AOJDKHBI ObITh 00eCTIeYeHbl 10-
ctynoM k cetu MHtepHer. Peanuzanus oOpa3oBaTenpHON IPOrpaMMbl OATOTOBKY CHELMAINCTa
JIOJKHA 00eCTieynBaThCs TOCTYIIOM KaXI0TO CTyeHTa K OnbmuorednsiM GpoHaaM u 6azam JaH-
HBIX, (DOPMUPYEMBIM 110 [TOJIHOMY MEPEYHIO JTUCIMILIMH 00pa30BaTeIbHOM MPOrpaMMbl U3 pac-
4yeTa 00eCIeUeHHOCTH YICOHUKaMK U y4eOHBIMU ITOCOOUsIMU He MeHee 0,5 sK3eMIuIsipa Ha OHOTO
cTyaeHTa. bubanoreka By3a 10JKHA UMETh JOCTATOYHOE KOJIMYECTBO COBPEMEHHBIX YUEOHUKOB
¥ y4eOHBIX TTOCOOHI 10 BCeM IUKJIaM JUCIUIUIMH U TIOCTOSIHHO BOCTIOJHATHCS HAYYHOU JTUTEpa-
TypOH U MEepUOAMYECKUMHU U3JaHUSIMU He(TerazoBoro npoduis

O0beM BpeMeHH, OTBE/ICHHBII Ha BHEAYIUTOPHYIO CAMOCTOSITEIbHYIO padoTy, HAaXOIUT
OTpa’KeHHE:

. B paboyeM yuyeOHOM IIJIaHE — B LIEJIOM 10 TEOPETHUECKOMY O0yUEHHI0, KaX-
JIOMY U3 IIUKJIOB JUCIHILUINH;
o B pabouux mporpammax y4yeOHBIX JUCHUIUIMH IUKIOB TUCIUILUIUH C pac-

HpeI{eHeHI/IeM 10 pa3I[eJ1aM 1501051 KOHKpCTHI)IM TCMAaM.
2. HazHaveHHne U BB CAMOCTOAATEILHOM PadoThI CTY/ICHTOB.
CamocTosiTenbHast paboTa IPOBOJUTCS C LIEIBIO:

J CUCTEMATH3ALMH U 3aKPEIUICHHS ITOJIyY€HHBIX TEOPETUUECKUX 3Ha-
HUH U IPAaKTUYECKUX YMEHUN CTYJEHTOB;

o yrayOieHus U pacliupeHUsl TEOPETUUECKUX 3HAHUM;

o (GbopMUPOBaHUS YMEHHMH HCIIOJI30BATh HOPMATUBHYIO, ITPaBOBYIO,
CIPAaBOYHYIO JOKYMEHTALMIO U CHELMAIIbHYIO JIUTEPATypy;

J pa3sBUTHSI MO3HABATENBHBIX CIIOCOOHOCTEH M aKTMBHOCTH CTYJCH-
TOB: TBOPYECKOW MHUIMATUBBI, CAMOCTOSITEIbBHOCTH, OTBETCTBEHHOCTH, OpraHu-
30BaHHOCTH;

J (dbopMHpOBaHHE CAaMOCTOSATEIIBHOCTH MBILIUIEHHS, CIOCOOHOCTEH K
CaMOpa3BUTHIO, COBEPLIEHCTBOBAHUIO U CAMOOPTaHU3ALINN;

. (dbopMUpOBaHUS MPAKTHUECKUX (001IeyuyeOHBIX U MPOPECCHOHATb-
HBIX) YMEHUI U HaBbIKOB;

. Pa3BUTHIO UCCIEA0BATEIBCKUX YMEHHM.

B yue6nOM niporiecce OV BbIIETAIOTCS JABA BUJA CAMOCTOATEILHON PabOTHI:
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N

AyanUTOpHaA No AMCUUNINHE, BHeayauTOpHas no aucumnanHe,
MeXANCUMNANHAPHOMY Kypcy MeXANCUMNANHAPHOMY KypCy
1
BbINONHAEGTCA Ha Y4EBHbIX 3aHATUAX, BbINOTHAETCA N0 334aHMIO0
noA HeENocpeACTBEHHbIM npenoaasarens, Ho 6e3 ero
PYKOBOACTBOM Npenoaasatens v no HenoCpeACTBEHHOTO YUacTus.

€ro 3agaHuio

BHeayI[I/ITOpHaH CaMOCTOATCIIbHAA pa60Ta - IUIaHupyeMas yqe6Ha>1, y‘Ie6HO'I/ICCH€I{OBa—
TCJIbCKAsA, HAYUYHO-HCCICAOBATCIILCKAA pa60Ta CTYACHTOB, BBIIIOJIHACMAsA BO BHCAYIUTOPHOC
BpEM: 110 3aJaHUI0 U ITPpU METOAUYCCKOM PYKOBOJACTBC IPCIIOAABATCIIA, HO 0e3 ero HCTIOCpCa-
CTBCHHOI'O y4aCTHuH.

3. KoHTpoas camocTosiTeIbHOI padoThI CTYAEHTOB MpenoiaBaTesiMu.
KoHTpoIib caMOCTOSTENbHOM PadOTHI CTYJCHTOB MIPEAYyCMaTPUBACT:

o COOTHECEHHE COJIEPKAHUS KOHTPOJIA C LEeJIAMU OOY4EHNUS;

o 00BEKTUBHOCTD KOHTPOJIA;

° BAJIMAHOCTHb KOHTPOJIA (COOTBGTCTBI/IG MMPEABABIACMBIX SaI[aHI/II\/JI TOMY, YTO
IIpeJIoJiaraeTcs MpOBEPUTH);

o T hepeHIManio KOHTPOIbHO-U3MEPUTEIbHBIX MaTEPHAJIOB.

@opMbI KOHTPOJISI CAMOCTOSATEIbHOI PadoThI

1.TIpocMOTp 1 TpOBEPKa BHIMOIHEHHS CAMOCTOSATEIHHON PabOTHI Mpernoa-
BaTeJeM.

2.CamompoBepka, B3auMOIIPOBEPKA BBHITIOTHEHHOTO 3a/I1aHUs B TPYIIIIE.

3.00cyxeHne pe3ynbTaToB BEIMIOJTHECHHON paOOTHI HAa 3aHSTHH.

4.TectupoBaHue.

5.ITuceMeHHbIN OmpocC.

6. YcTHbIi onpoc.

7.aquBuyaibHOE cobecenoBaHue.

8.KonnmokBuym.

9.0Tuet o pojIeIaHHOM padoTe.

10. 3ammra pedepaTtoB UM KypcOBOU pabOTHI.
11. TBOpUYECKUI KOHKYPC.

12. WHTepHeT - KoH(pepeHIUH.

13. KonTponbnas pabora.

Kpurepun oueHku pe3yjbTaToOB CAMOCTOATEILHON PadoThI
Kpurepusimu olleHOK pe3ysIbTaTOB BHEAYIUTOPHOH CaMOCTOSITEIbHOM pabOThl CTYAECHTA
SABIISIOTCS:
o YPOBEHb OCBOEHHSI CTYJICHTOB Y4eOHOI'0 MaTepHaa,

L4 YMCHUSA CTYACHTA UCIIOJIB30BATh TCOPCTUYUCCKUC 3HAHUS ITPU BBIIIOJIHCHUU
MPAKTUYCCKUX 3aaa4,
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¢dopmupoBaHre HabOpa U3 OOLIEKYIBTYPHBIX U MPO(ECCHOHATBHBIX KOM-

MeTEHIIUA OYyIYIIEeTo CTICIHAINCTA;

YMCHUA CTYACHTA dKTHUBHO HUCIIOJIB30BATh 3JICKTPOHHBIC 06pa30BaTeHBHBI€

pecypchl, HAXOIUTh TPEOYIOIIYIOCS HH(POPMAIIHIO, H3y4aTh €€ U IPUMEHSITh Ha IPAKTUKE;

000CHOBAHHOCTb M YETKOCTb HU3JI0KEHHUS OTBETA;

odopmIiIeHHE MaTepraia B COOTBETCTBUU C TPEOOBAHUSIMH;

YMEHHE OPUEHTUPOBATHCA B MOTOKE MH(OPMAIIH, BBIIENIATH [JIABHOE;
YMEHHE YeTKO chopMyIrpoBaTh NpodiemMy, IPeI0OKIB ee pelleHne, KpH-

TUYCCKH OLUCHUTD PCHICHUEC U €TI0 IMOCICACTBHA,

YMCHUC MMOKA34aTh, IPOAHAIM3UPOBATH AJIbTCPHATUBHBIC BO3BMOKHOCTH, Ba-

pUAHTBI JICUCTBU;

yMeHue chopMHUpoBaTh CBOIO MO3UIIMIO, OLIEHKY U apTyMEHTHUPOBATh €.
Copaepxanue BHeay IMTOPHOM CaMOCTOSITeIbHOM
AEATeIbLHOCTH CTYICHTOB

Meroandeckue ykazaHusi 1Jisi CTYI€HTOB IO BBITIOJIHEHUIO CAMOCTOSATEILHON paOOThI:
1. I[ToaroroBKa K JIEKIASIM
2. IloaroroBka K MPakKTUYECKUM 3aHATUSIM
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