MunucrepcTBo 006pazoBanus U Hayku Poccuiickoit @eneparuu
denepanbHOE rocy1apcTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEXKICHHE
BBICILIETO 00pa30BaHUs

«CeBepo-KaBka3ckuil (pefiepaibHbI YHUBEPCUTET»

METOANYECKHE YKA3AHHUA

K IPAKTUYCCKHUM 3aHATHUAM 110 JTUCHHUIIIINHE

«TepMozmHaMmca U TCIJIOTEXHUKA»

JUTsL CTYZIeHTOB Hampasienus moarotoBku 21.03.01 Hedrerazosoe neno Hamnpas-
JIEHHOCTH (Mpoduiib) « IKCIUTyaTarus U 00CIyKUBaHUE 00BEKTOB JOOBIUN HEPTH

Crasponossb, 2026



Meroanueckue ykazaHus K IPAaKTHYECKUM 3aHATHAM MO TUCUUILIINHE
«TexHuyeckas TepMOIMHAMMKA U TETUIOTEXHUKA» COJIEPKAT KPAaTKUE
TEOPETUYECKUE CBEACHUS, POPMYIUPOBKY 3a/IaHUN U MOAPOOHYIO METOUKY
pacyera OCHOBHBIX XapaKTEPUCTUK TEPMOAMHAMUYECKUX IMPOLECCOB U
OCHOBHBIX BUJIOB TEIUIONEPE/IayH, a TAKKE PEKOMEHIYEMYIO JIUTEPATYPy.

[Ipeana3zHayeHsl 1151 CTYJAEHTOB, O0yUYalOIIHUXCA 110 HAIPABICHHUIO

noarotoBku 21.03.01 — «Hedrerazosoe nemox»

CocraButenu: 1.T.H., 1onieHT CtostHoB H.U., k.p-M.H., noueHT XamieHko A.A.

PenieHseHr: K.T.H., 1o1ieHT Boponun A.M.



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 TapaMETPhl 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
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;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:

Moy =M - 1o, =(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 HCy0 _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 i

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 wusorepmuueckuii: AU, , =01.x. TL=T7;

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



e nomurponusii: AU, , =0,76-(869 —1000) = —99,56 x/forc/xz.
4.6. I3mMeHeHne YHTAIbIINNA CMECH:
Ai,=C, (T, -T,),
e wusorepmuueckuii: Al , =0r1.k. T,=T1;
e anmabarusiii: Ai,_, =1,03-(801-1000)= —204,97 x/foc/xe;
e momurponHsil: 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, , = OT.K. TemI0 HE MOIBOAUTCSA 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 £

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, kMoJab 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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1 1 - T=const 2z

3 - pv=const

400

300

200 —

100

I [N T N N AN TN AN TN AN S| [ ——
1T 1117 "1 1T "1 "7T1T "1 L B

002 004 006 008 01 012 0% 01 018 02 022 024 026 S
Kllx

Pucynoxk 2. TS nuarpamma (k2'K) .

L
T
|
|
|
|
|
|
|
|
|
|
|
|
|
I‘I
—



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

10




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

J5

{ ?Pa‘, 522 12:
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54: /14:
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- [ -]
oo
0e0?
e C 0° o o
PV y,[[eJIBHLII/I TCILJIOBOH IIOTOK 4CPC3 MHOT'O-

CJIOMHYIO TUIOCKYIO CTEHKY ONIpeaeIIsieTCs
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BBIPA)KEHUEM:

PI/IcyHO{c 1 - DOckus
Gofloix Al Y.
0 OBO}RS"I:E%H_'_TRI;%{%H

KaMephbl

OTKYyJa

Rsz%:tjq;ots_(a"'Rz"'RJ

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
A, A

4

N



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 YPABHECHUIO

t, = (E——?t} 2q0 X—l ’
X

N r7ie X, TeKyIlas KOopJMHaTa B

|

|

| N CIIO€ OT
l

, x=0 10 x=3%, 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 Tpyoonposoaa /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 2y,
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 6 P 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 ¢ OTPENENSIOT M0 KPUTEPUATHHOMY YPaBHEHUIO 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 &y, =28,

¢°. ... 90 80 70 - .60 B S
gp - .. 1 1 0,9 0,93 0,87 Sl
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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
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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 "= Eont (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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MWHHCTEPCTBO HAYKH 1 BBICHIET'O OBPA3OBAHUS POCCUNCKOM ®ENEPAIIANA
®enepajbHOe rocyJapcTBeHHOE AaBTOHOMHOE 00pa3oBaTebHOe YUpeskIeHHe
BbICIIEr0 00pPa30BaHMA
«CEBEPO-KABKA3CKHWI ®EJEPAJIbHBIII YHUBEPCUTET»

METOJUYECKHUE YKA3AHUSA
M0 OPraHN3alMH U NPOBEICHUI0
CaMOCTOATEJIbHOMH padoThI

TepMO}IHHaMI/IKa U TCIIJIOTCXHUKA

JUIsL CTyAeHTOB HampasieHus nmoAarotorku 21.03.01 Hedrerasoroe neno

HaMPAaBIEHHOCTD (TPOPHIIb) « IKCIUTyaTalusi ¥ 00CIy>KHMBaHUE OOBEKTOB T00BIUU

HeTr»

Crasponos 2026
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MeTomuieckue peKOMEHIAIMN TpeaHa3HaYeHbl Ui CTYIAeHTOB By3a «CeBepo-KaBkasckuil ¢emepanbHBIN
YHHUBEPCHUTET
Lenn MeToaMYECKUX PEKOMEHAALINI:
1. MeTtoandeckoe COMPOBOXKICHHE IpOIlecca BBEICHHUS M peann3anu TpeboBaHmit dexeparbHOrO
TOCYIApCTBEHHOTO 00pa30BaTENILHOTO CTaHmapTa BbIciiero oopaszoanus (nanee ®I'OC BO), momomnis mpu paspa-
00TKe pabovnx yueOHBIX MPOrpaMM JUCIMIUIHH U MPOGECCUOHATBHBIX MOJIYJIeH 00pa30oBaTeIbHOM MporpamMmel (J1a-

nee OIT).

2. Co3naHne B 00pa3oBaTEeIbHOM YUPEXKICHHH YIeOHO-METOIUIECKOT0 0OecneueH s 00pa3oBaTeib-

HOT'O Impouecca.

Metoanueckue PEeKOMEHOAU OIMPCACIAIOT CYIIHOCTH CaMOCTOSTEIbLHOM pa6OTI)I CTYACHTOB B BY3C, eé

Ha3Ha4eHHe, ITaHUPOBaHKUE, GOPMBI OpraHU3alUuK U BUIBI KOHTPOJIS.
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Conep:xxanue

1. HopmaTuBHoe odecnieueHne camocTosTebH0ii padoTsl B PI'OC BO.

2. HazHauyeHHe U BUABI CAMOCTOSITEJILHON PadOTHI CTYJ€HTOB.

3. KOHTpOJIL CaMOCTOATEIbLHOM paﬁOTLI CTYACHTOB MNpenoaaBaTejasiMu.
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1. HopmaTtuBHOe obecriedenne camoctosteabHoi padotsl B PI'OC BO

1.1. ®I'OC paznen: «TpedoBanus k yciaoBusMm peanuzanuu OI»:

— TpeboBaHnus kK 00s3aTEIIPHOMY MHHUMYMY COJIEp)KaHUs 00pa30BaTeIbHON MPOrpaMMBbl
MMOATOTOBKH CIICHHUATINUCTA, K YCJIOBHUAM €C pCaiM3alluid U CpOKaM €€ OCBOCHHA OIPCACIAIOTCA
HaCTOAIIUM (bez[epaanHM ToCyJapCTBCHHBIM O6pa30BaTeJ'IBHBIM CTaHOapTOM;

— OCHOBHas O6pa3OBaTeJIBHa$I nporpamMma noAroToBKU CreuaJIMCTa COCTOUT U3 OAUCIU-
IIJINH o61ueHaquoro u HpO(i)CCCI/IOHaJ'IBHOFO OUKJIIOB, COCTOAIIINX M3 0a30BOH U BapHaTHBHOﬁ qa-

CTEH M TUCIHILINH TI0 BEIOODY;

— MakCHMAaJIbHBII 00beM y4eOHOI Harpy3KH CTyAEHTa yCTaHaBiIMBaeTcs 54 daca B HEIENIO, BKIIOYAs BCE
BUJIbI ayAUTOPHOW ¥ BHEAYTUTOPHOH (CaMOCTOSITENILHOM) y4eOHOU paboThI.

Bo BpeMsi caMOCTOSATENBHON MOATOTOBKY 00Y4YaroIuecs JODKHBI ObITh 0OecredeHb! JoCTyoM K cetu 1H-
TepHeT. Peanu3zanus oOpa3oBaTeIbHON NPOrpaMMbl HOATOTOBKHM CIIEIMAINCTA JTOJDKHA 00ECTIeunBaThCs TOCTYIIOM
Ka)XJJOT0 CTyJeHTa K OubnnoredHsM (oHaaM U 06a3aM JaHHBIX, (POPMHUPYEMBIM IO MOJHOMY MEPEYHIO AUCIHUIUINH
00pa3oBaTeTpHON IPOTPaMMBI U3 pacdeTa 00eCcIIedeHHOCTH yueOHUKaMu 1 yaeOHbIMU TTocoOusmu He Meree 0,5 3k-
3eMIDIIpa Ha OTHOTO CTyIeHTa. bubnmoTeka By3a H0/DKHA UMETh JOCTATOYHOE KOJIMYECTBO COBPEMEHHBIX YUeOHHKOB
¥ y4eOHBIX TTOCOOHH 10 BCEM LUKJIaM JUCLMILIMH U IIOCTOSHHO BOCHIONHITHCS HAYYHOHU JIUTEPATYpOd U MeproIude-
CKMMH U3JaHUSMHU HeTera3oBoro npopuis

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

o B paboueM y4eOHOM IUIaHE — B LIEJIOM 110 TEOPETHYSCKOMY 00YICHHUIO, KaXKIOMY U3 LIUKJIOB IHUCIIHU-
IUINH;

o B pabo4MX IporpaMMax y4eOHBIX AUCIMIUIMH [IUKJIOB JUCIUILIMH C pacipeieieHHeM 110 pa3aenam
WA KOHKPETHBIM TEMaM.

2. Ha3nauenue u BUbI CaMOCTOSITEILHOM pa6OTI>I CTYACHTOB.

CamocTosTenbHas paboTa MPOBOIUTCS C LEIbIO:

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

. yriryOeHus ¥ paclInpeHus TEOPETUIECKUX 3HAHUIM;

. (hopMHpOBaHUs yMEHHH HUCIIOJIB30BaTh HOPMATHBHYIO, IPABOBYIO, CIPABOYHYIO JOKYMEHTAIIUIO U
CIIELIMAIbHYIO JINTEPaTypy;

. pa3BUTHsI [TO3HABATEIBHBIX CIIOCOOHOCTEH M aKTUBHOCTU CTYJEHTOB: TBOPYECKOH WHHIIMATHUBBI,
CaMOCTOSITENIBHOCTH, OTBETCTBEHHOCTH, OPraHHM30BaHHOCTH;

o (OpMHUpOBaHUE CaMOCTOSTEILHOCTH MBIIUICHUS, CIOCOOHOCTEH K CaMOpa3BUTHIO, COBEPILCH-
CTBOBAHHMIO M CAMOOPTaHH3AIINH;

. (hopMupoBaHUs IpaKTHIECKUX (00IIeyIeOHBIX U TPOPECCHOHANBHBIX) YMEHUH W HABBIKOB;

o Pa3BUTHIO UCCIIEIOBATEIECKIX YMEHHUH.

B yuedHOM mporiecce OV BBIOCIAIOTCS [BA BHIA CAMOCTOSTEIBHOMN pabOTHI:

AN

AyAUTOpPHaA Mo AucUMNINHE, BHeayauTopHasa no AUCUMNInHE,
MEKANCLMNIMHAPHOMY Kypcy MEKANCLMNIMHAPHOMY Kypcy
1
BbINOJHAETCA Ha YYEBHbIX 3aHATUAX, BbINOHAETCA MO 334aHMI0
noj HeNnocpeACTBEHHLIM npenogasarens, Ho 6e3 ero

€ro 3agaHuio

BHGayHI/ITOpHaH CaMOCTOATCIIbHAA pa60Ta - IUIaHUupyemMas yqe6Haﬂ, y‘l€6HO'I/ICCJ'IC,HOBaT€J'H)CKaH, Hay4YHO-
HCCJIEA0BATCIIbCKAA pa60Ta CTYACHTOB, BBIIIOJHACMAs BO BHCAYAUTOPHOC BPEMS IO 3aJaHUIO U TPU METOANYCCKOM
PYKOBOACTBE MpeniogaBaTeiid, HO 0e3 ero HEOCPCACTBCHHOI'O Y4acCTHUs.
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3. KoHTpomnb camocTosTeIbHOM pabOThI CTYICHTOB MPEIOIaBaTEeIISIMHU.
KoHTpOIIB caMOCTOSTEIBHON PabOTHI CTYACHTOB MPEAYCMATPHBACT:

. COOTHECEHHE COJICPKAHUSI KOHTPOJIS C IEIIMU O0yUYCHUS;

. 00BEKTUBHOCTH KOHTPOJIS;

. BaJIMIHOCTH KOHTPOJISI (COOTBETCTBHUE MPEIbSBISIEMbIX 33JaHUI TOMY, 4TO MPEII0IaracTcs IpoBe-
pHIB);

. nuddepeHnInanuo KOHTPOIbHO-U3MEPHUTENILHBIX MATEPHATIOB.

DopMBI KOHTPOJISI CAMOCTOSITEIBLHOI PadoTHI

1. [TpocMoTp U MpoBepKa BHIITOIHEHHS CAMOCTOSATENILHOM PabOThI MPErnoiaBaTeieM.

2. CamomnpoBepka, B3auMOIPOBEPKa BHIIOJIHEHHOTO 331aHUs B TPYIIIIE.

3. OOcyxeHue pe3ysIbTaToOB BHIOJIHEHHOW paOOThI Ha 3aHITHH.

4. TectupoBanue.

5. [MuceMeHHBIH ompoc.

6. YcTHBI ompoc.

7. WupuBuayansHOE coOeceJOBaHUE.

8. Komnoksuym.

9. OTuet o mpoaenanHoit padore.

10.  3amwmra pedepaToB WK KYPCOBOH PabOTHL.

11.  TBopueckuii KOHKYpC.

12.  HurepHeT - KOH(DEpPCHIINH.

13.  KourtponbHas padoTa.

KpunTepuu onieHKH pe3yJibTaTOB CAMOCTOSITEILHOI padoThI

KpurepusiMu OI[eHOK pe3yJibTaToOB BHEAYTUTOPHOM CAMOCTOSTEHLHOM PabOThI CTYACHTA SIBISIOTCS:

. YPOBEHb OCBOCHHUSI CTY/ICHTOB YU4eOHOr0 MaTepHaia;

. YMEHHS CTY/ICHTa HCIOJIb30BaTh TEOPETHUECKUE 3HAHUS TP BBIMOJHEHUH MPAKTUYECKUX 3a/1a4;

. (hopmupoBanue HabOpa U3 OOUIEKYIHTYPHBIX U MPOPECCHOHATBHBIX KOMIIETEHIIUI OyayIIero cre-
HAJIACTA;

. YMEHHUS CTYAEHTa aKTHBHO MCIIOJIb30BATh JICKTPOHHBIE 00pa30BaTesibHbIe PECYPChl, HAXOUTh TPe-
Oyro1iyrocsi ”HOPMAIMIO, U3Yy4aTh €€ U IPUMEHSATh Ha ITPAKTHKE;

. 000CHOBaHHOCTb U YETKOCTh M3JIOKEHUSI OTBETA;

. odopmileHre MaTepHana B COOTBETCTBUU C TPEOOBAHUIMH;

. yYMEHHE OPUEHTHUPOBATHCS B IIOTOKE HH(OPMAIINH, BBIJCIITh TIIaBHOE;

. yMeHHE 4eTKO ChopMYIIMpOBaTh NPOOIEMyY, IPEIUIOKHUB €€ PellieHNne, KPUTHUECKH OLIEHUTh pele-
HHE U €ro MOCIIEACTBYS,

. yYMEHHE T0Ka3aTh, IPOAHAIN3UPOBATH ATbTEPHATUBHBIC BO3MOXKHOCTH, BAPUAHTHI JICUCTBHI;

. yMeHHe chOpPMHUPOBATH CBOIO MO3HIIMIO, OLIEHKY M apryMEHTUPOBATH €€.

Coaep:xkanue BHeayIMTOPHOH CaAMOCTOSATEIbLHOM
AesITeJIbHOCTH CTYAeHTOB
MeTOI[I/I‘IeCKI/Ie YKasaHud IJid CTYJACHTOB I10 BBIITOJTHCHUIO CaMOCTOSATEILHOM pa6OTI)IZ
1. IToaroToBKa K JIEKIIUSAM
2. IloaroToBKa K MPaKTUYECKUM 3aHITHAM
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