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IIpakTnueckoe 3ansaTue Ne 1

PACUET OCHOBHBIX TIAPAMETPOB I'A30BbIX CMECEM



B PASJIMYMHBIX TEPMOJNUHAMMNYECKUX NPOLHECCAX
1.1 ®opmyIupoOBKA 32]aHUS U NCXO/IHbIE JJAHHBIE VISl pacyera

Cwmech, cocTosiiag u3 M; KWIoMoJien azota u M, KUjaoMoJsiel KUCIopoia ¢
HavyasbHbIMU NTapameTpamu P;=IMIla u T;=1000 K pacuupsieTcs 10 AaBICHUS
P,. PaciiupeHnne MOeT OCYIIECTBIIATHCS 10 U30TepMe, aauadaTe 1 MOJTUTPOIIE ¢
nokazareseM 7. OnpenenuTh ra3oBylo MOCTOSTHHYIO CMECH, €€ MacCy U HadyaJIbHbIN
00BeM, KOHEYHBIC TTapaMeTPhl CMeCH, PabOTy PaCITUPEHUS U TEIJIOTY, Y4aCTBYIO-
IIyI0 B IIPOIECCE.

JlaTh CBOHYIO TaOIUITy PE3yIbTaTOB U €€ aHanu3. [loka3aTs mporecchl Ha
PV w TS nnarpammax.

VYkazanue: [Tokazarenb anuabdarel, a caeA0BaTEILHO U TEIJIOEMKOCTH MPH-

HATHb NIOCTOAHHBIMU, HEC 3aBUCAIINMMHA OT TCMIICPATYPHI.

I/ICXOI[HBIC JaHHBIC K 3a1a4C

M;=0,3 kMonb;
M>=0,7 kMonb;
P>=0,43 Mlla;
n=1,2.
1.2 TlociienoBaTebHOCTH BbINOJHEHUSA 3a1AHUSA

1. 'a3oBas rmocTogHHasi CMeCHU

R;; = ZRi "85
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Moy = D1 =28-0,3+32-0,7 =30,8xe/kMone.

i=1
MaCCOBaﬂ J0JId a30Ta.
28
~ 0322 2027
Ew, 30.8

MaccoBast 10J1 Kuciopoaa:

)
_ 0722 = 0.73:
Eo, 30.8

R., =296,9-0,27 +259,8-0,73 = 269,79 [xc/(xrK)

2. Macca cMmecu:

Mgy, =M - g, =(0,3+0,7)-30,8 = 30,8xe.

3. HavajpHbIH 00BEM CMECH:

Vi = Ve My = 0,27 -30,8 = 8,310,

rac
R. -T 2 -1
Pevi Ve =Ry " Toyy — Ve = CA;) M = 69{?06000 = 0,27M3/K2.
cM

4. KoHeuHble TapaMeTpbl CMECH B 3aBUCUMOCTH OT BHJa TEPMOIUHAMUYIC-
CKOTO Tporiecca.
4.1. N3otepmudeckuii npouecc (7=const).
P-v, 1-0,27

B-vi=P-v, >V, = 5 043 = 0,63 1" [xe.
2 5

T, =T, =1000K.

4.2. AnnabatHbIi mporece (0e3 1MoIBoIa U 0TBOAA TEIIa).
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[Tokazarens aquadaThl:
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4.3. ITonuTponHbIN IIpouece.
pv = const.

b Ha
v, =V, - ﬁ =0,27 - L =0,55 M /e
2 43

b

2

2

1-n 1-1,2
=1, [V—Zj = 1000 (O;j =869K;

V|

4.5. I3MeHeHne BHYTPEHHENW SJHEPTUU CMECH:
AU, =C, (Tz _Tl);

e wusorepmuueckuii: AU, , =01k, T,=T;

e anmabarusii: AU, , =0,76-(801-1000)=—151,24 x/Joc/xe;
e nomurpormsii: AU,_, = 0,76-(869 —1000) = —99,56 x/foic/xz .



4.6. I3MeHeHue SHTAJbIINN CMECH:
Ai,=C, (T, ~T,)
e m3orepmuueckuii: A , =0r1.x. T,=T),
e ammabarsii: Ai,_, =1,03-(801—1000)=—204.97 x/foic/ K
e momarponHsil: Ai,_, =1,03-(869—1000)=—134,93x/lonc/ ke .

4.7. I3MeHeHne SHTPOIIUU CMECH:

0,63 _ o Morc

b

V
® M30TCPMHUYCCKHU: 1-2 v, 0,27 k2 - K

e amuabarueii: AS, , = 0T.K. TeII0 HE MOABOAUTCS U HE OTBOIAMTCS;

T n—k | T
i: AS ,=C-h-2=C,-—— 2=
® T[IOJIMTPOITHBIU: 1-2 1 V n—=1 T1
= 0,76- 222130y SO o9 B
1,2-1 1000 Ke - K

4.8. Pabota pacuimpeHus U TeIIOTa, y4acTBYIOIIAs B IIPOIIECCE:

L HBOTepMquCKHﬁl

[,,=R-T-In ﬁ =269,79-1000-In L = 227695ﬂ—9fc;
3 0,43 K2

g s =T+(S, - 5,)=1000 -229 = 229000 2

Ke

e anMa0aTHBIN:

1 R
I, :—'(Pl'vl_Pz'vz):m'(Tl_Tz):

2 k-1
=297 (1000 —801) = 149134 Z<.
1,36 —1 Ke
4, =0;
® TOJUTPOIHBIN:
I, = R (1 -T,)= 269,79 -(1000 — 869 ) =176713 Ak

n—1 1,2-1 Ke



g, =C -5, —1)=076- 227130 (369 —1000) = 80 42,
n—1 2 — Ke
[TpoBepka aiis Kaxa0ro mpoiiecca.
qg=A0+I.
Ta0auua HCXOTHBIX JAHHBIX
Ne papuanra | My, kMoub M, kMoJb p2, MIla n
| 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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Pucynok 1. P v nuarpamma
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IIpakTH4yeckoe 3ansitue Ne 2

PACYET NPOLHECCOB TEIUIOITPOBOJHOCTH

2.1 ®opmyaMpoBKa 3aJaHUSI M UCXOJHbIE JaHHbIE JIJIs1 pacyeTa

boxoBas miockas cTeHKa TOMOYHOMU KaMCpPbl BBIIIOJIHCHA U3 YCTBIPCX CIIOCB.

[lepBbIit ci1O¥ W3 MIAMOTHOTO KUPIHUYA (TONIIHUHA CIIOS J;), BTOPOH - U3 OTHEYIIOP-

HOM M3OJISALUM TUATOMUT (TONIIMHA CJIOS O;), TPETUH - OCHOBHOM M30JISITMOHHBIN

CJIOM - IIJTAKOBBIE TUTMTHI (TOJIIMHA CJIOS J3), YETBEPTHIN - 3allIMTHAS IITYKAaTypKa

(TommmHA oS Jy).

1.

Onpenenuth TpeOyeMyr0 TOJIIUHY OCHOBHOTO CJIOS H30JSIUH (03=7"),

IIpYU 33IaHHOM TEMIIEpAType Ha BHYTPEHHENH MOBEPXHOCTH CTEHKH f;, HA

HaPY)I(HOfI IMNOBEPXHOCTH CTCHKHU #5 U TCINIOBOM IIOTOKE Y€pE3 CTCHKY (.

[TocTpouTh rpaduk M3BMEHEHUSI TEMIIEPATYPHI B 3TOM CJIO€ U3OJISLUU.

Tabmmma 1 — McxonHele JaHHbBIC

NoNe | Pasmepol cmeHwl, Mm q0, NoNo t1, ls, G
n/n ) & Oy Bm/m* | n/n C C Bm/wm?

| 2 3 4 5 1 2 3 4
| 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 IlociaenoBaTeJbHOCTH BBINOJI-

HCHHA 3aJaHUA
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BBIPAKECHUEM:

Pucynok 1 p OCKH3
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A 9o

U TpebyeMoe 3HaYeHHE TOIIIMHBI H30JISIITUOHHOTO CJIOS:
53 = A3|:

tl _ts
40

—m+&+&@

TCpMI/I‘ICCKOC COIIPOTHUBJICHUEC OTACIILHBIX CJIIOCB CTCHKHW TOIIKW PABHBI:

R R =% R,
A A, A,



Koad¢uimenTs! TemionpoBOoAHOCTH 1-ro 1 3-ro ¢ost ONpenessitoT 0 Cpe-

HEH TeMIlepaType B JaHHOM CJIO€ PABHOM:

t? =0,5(¢,+1,) u t¥ =05t +t,)

Temneparypsl £, #3, U t4 ONIPEAEIAIOT U3 YPABHEHUN:

2
- [LM] 208, 1

b, b, b
ty =1, —q,R,,
t, =t +qoR,,

rae - A ¥ b; - ko3hHUIMEHTH B YPaBHEHUH MEPEMEHHOTO K03 dUleHTa
TEILUIONPOBOJAHOCTH 1-T0 CIIOSI.
Hailinennoe 3HaueHue TONIIUHBI CJIOSI U3OJISIIIUU O3 OKPYTJISIOT 10 OJnKai-
niero OosbInero 3HaueHus1, kpatuoro 0,01 m.
4 oc“ ['padux u3menenus remmepa-
Typbl B clioe uzonsanuu o3 (Puc. 2)

CTPOUTCS IO YPABHECHUIO

N r7e X, TeKyIlas KoOopJiMHaTa B

|

|

| N CII0€ OT
l

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

I, IEPEMCHHAs TEMIICpaTypa B

E
S
X
3

ClIo€, OT t,=13 110 t,=14;

Pucynox 2 — I'padux usmeHeHus: remneparypsbl



A30 ¥ b3 - KOO(PHUIIMEHTHI B ypaBHEHUH ITEPEMEHHOTO KO3 (HUIIMEHTA TEII0-
— cp
Ay = Ay (1 +547)

t; - TeMIepaTypa Ha HapyKHOM TOBEPXHOCTH CJIOSI CO CTOPOHBI BXOJa

IMPOBOJHOCTHU U30JIANUOHHOTO CJIOA:

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 TpyOOIpOBOI IO YIJIOM aTaku Y. Temneparypa ropsiueit BoJsl B TpyOo-
MPOBOJC ¢;, CKOPOCTh TCUCHUS W;.

1. Omnpenenuts yJaenbHYIO MOTEPIO TEIIa OT HEU30JIUPOBAHHOTO TPyOO-
IIPOBO/IA U CHIDKEHHE TEMIIEpATyphl TOpsiUeil BOAbI Ha AJIMHE TpyoOorposoaa /=1000
M.

2. Onpenenuts TpeOyEeMyIO TOJIIMHY OCHOBHOTO CJOS U30JISIIUH (O;=")
IIPU HOPMATUBHOM yIEIIBHOM NOTEPE TEIIA ¢ U CHIXKEHUE TEMIIEPATypPhl BOJIbI Ha
mHe Tpyoonposoaa /000 m. N3onsuus NByXClIOHHas, OCHOBHOM CJIOW - MUHEpa-
JIOBaTHBIC TTUTHI, HAPYKHBIN 3aIIUTHBIN CIION - acOOIIEMEHTHAs IITyKaTypKa, TOJ-
IIUHOH 0.

Tabmumua 2 — McxoaHble JaHHBIE

NeNo | Pazmepol mpyowl, 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

O6mue ucxoaubie nanubie: A;=0,06+0,00019¢, A,=0,3 Bm/(m'K), 6:=20mm,
Aem=42 Bm/(m*K).
3.2 I1oci1e10BaTEJILHOCTL BLITIOJIHEHUS 3aJaHUA

HcxonHarie naHHEbIEe:

d,= =

Oem = W=

t= A=

W= A=

Aem = 0=
W=

1 yacrTp
VY ienbHBIN TEIUIOBOM MOTOK MOTEPh TEIJIOTHI Ha | MOTOHHBIA METP JJIMHBI

HEU30JUPOBAHHOTO TPYOOIIPOBOJIa paBeH

_ tl _tz Bm
qln Ral +R/lcm +Ra2 , A/I

Tac
1 1 Ha
Ral = s R&cm = ln( p)
ﬂdeyal 27z-ﬂ“cm 6H ’
1
RaZ = u d@H = dHap B 25cm
ﬂu’l—tapa2y/

- TEPMHUUECKHE COITPOTUBRJICHUS TP TEIJIONEpeiaue OT BOJIbI K HAPYKHOMY
BO3JIYXY Uepe3 CTEHKY TPYyOBbl.

CHwkeHHne TeMIiepaTyphl ropsiueli BOjbl Ha JJIMHE TpyOompoBoaa [/, M,

OIpCACIIACTCA BEIPAKCHHUCM!



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

C - TEIJIOEMKOCTh BOJIbI B TPYOOIPOBO/IE NP €€ Ha4aJIbHOM TeMIepaType

t=1t,, doc/ke ‘K

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

W, 4, Z



Pu-

HOK 3

- e-

KH3
pac-
1no-

J0-

HUA

Tpy-
0o-

W, 4,

IIpoBOJa U TEILIOBOM HN30JIsI01MH

Ha TpyOe

Koaddumment temnmoornaun oT BOJbI K BHYTPEHHEH MOBEPXHOCTU CTEHKU
TpyOBI ¢; OTIPENENSIOT M0 KPUTEPUATHHOMY YPaBHEHUIO i TypOYJIEHTHOTO pe-
’KUMa T€UEHHMS KUIKOCTU BHYTPH TpYOLI (ipu Re>10%):

Nu = 0,021 Re”® Pr**

d d
Nu= 2% e Mlu p Y
rIe A v a -

kputepun nonodust Hyccenvsra, PeitHonbaca u [Ipanatiisi, COOTBETCTBEHHO;
- A, v, a - puznueckue mapaMeTpsl BOJIbl, ONPENEIIsIEMbIE TIPHU €€ TEMIIEpaType
t= t1

Cpennuii Ko3p(HUIHMEHT TEMI00TAAYH OT HAPYKHOM MOBEPXHOCTH TPYOBI K
BO3IyXy O, Tpu NONEPEUHOM OOTEKaHHUH IO/ YIIIOM aTaKu | ONPEEIsIIOT U3 KpH-

TepPUANLHOrO ypaBHeHus (pu Re=1-10°-2-10°):

Nu =0,25Re* Pr**®



7

rae Re, Pr, Nu - xputepun noaooust 1yt Bo3ayxa, oepyTcs mo gopMysnaMm ykazaH-
HBIM BBIIIC ¥ ONPEICISIFOTCS 10 CKOPOCTH BO3ayxa Ws, Temueparype f> U Hapyxk-
HOMY JHaMeTpy TpYOsI d,,.

[Tpu oOTekaHuu TPyOBI MO/ YTIIOM aTaKu i YIUTHIBACTCS MOMPABOYHBIN KO-

s} durmenr g, : &, =a2€,

. ... 9 8 70 .60 5O 4
gp - .. 1 1 0,9 0,93 0,87 OuiSal



8

dusndeckie CBOMCTBA BOAbI HA JHHHH HACHILICHHS (2 n 13]

’ .: d ¥ © G.U » go - - -
R = = . & 25| &8 |23 15 - =]
~ al= a ~ uv}ﬁa Q a2k P @ ‘ o
oOF 1,013 99,9 | 0,00[ 4,212 55,1 | 13,1 1788 | 1,789 |—-0,63 756,4
10,| 1,013 | 993,7 42°04| 4,191 | 57,4 | 13,7 [1306 | 1,306 |4-0,70 | 741,6
20| 1,013 | ©98,2 §3,91| 4,183 1 59,9 | 14,3 1004 1,005 1,82] 726,9
301 1,013 | 995 125.7 | T174 | 61.8] 14,9 | 801,5| 080571 3, 2T 7122
0 <1013 167’5 | %1724 63.5 | 15,3 | 653,3 | 0,659 | 3,871 696.5.
ol 17013 | 98851 | 209,83 | 4,174 ] 64,8-4.15,7 | 549,4 0,556 + 4,49 | 676,
60| 17013 | 983,2 | ©51,1 | 4,179 4689 | 16,0 | 469,9 0,478 ] 5,11 662,
70! 1,013 97'4.?' 203,0 | 4,187 | 16,3 | 406,1 | 0,415 5,70 | 643,
80 1,018 1¢971, 335,0 | +,195 E’f;o. T%‘,s 355,1 .‘8:3 6,32 | 625,
133 {gllg 093,3. 377,0 %gg_ " ig,g 314,9 | 0.3261 6,95 | 607,
1104 ‘1723 1 951,0 | 461,4 | 4,233]68,5] 17,0 259,8’ 0,275‘ ﬁgﬁ%&
120, 1,08 | 943,1.| 50,7 | 4,250 | 68,6, 17,1 | 237,4, 0,252 8,64 548,4 47
130 | 2'70 | 934.8°| 546.4 | 4,266 | 68,6 17,2 | 217,8 0,283 | 9,19 528,8 ,36
10| 561 | 926.1 | 89,1 | 4,287 68,5| 172 | 201,1| 0,217 | 9,72} 807,2 +26
150-..4,76 ] _%%2 4'313| 63,4 | 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 | 162,81 0,181 | 11,3 443,4 ,05
180 | 10,03 | 886.9 | 763,8 | 4,417 | 67,4 | 17,2 | 153,0 {0,173 | 11,9 422,8 ,00
190 | 12,55 | 876.0 | 807.8 | 4,459 |67,0| 17,1 | 144,21 0,165 | 12,6 400, 2 .96
200 | 1555 | 863.0 | 852.5 | 4,505]66,3 | 17,0 | 136,4| 0,158 13,3 376,7 ,93
210 | 19,08 | 852.8 | 897,7 | 4,555|65,5| 16,9 | 130,5] 0,153 14,1 | 354,1 ,91
220 23’20 | 840’3 | 943.7 | 4,614 |64,5| 16,6 | 124,6 0,148 } 14,8 331,6 ,89
230 | 27,98 | 827,3 | 990,2 | 4,681 | 63,7 | 16,4 | 119,7 0,145 | 15,9 | 310,0 | 0,88
040 | 33,48 | 813,6 | 1037,5 | 4,766 | 62,8 | 16,2 | 114,8 | 0,141 16,8 | 285,5 | 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 | 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 | 129¢,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 29,2 | 144,2 | 0,97
310 98.70 | 691,1 | 1402,2 [ 6,071 | 52,3 | 12,5 88,31 0,128 | 32,9 | 120,7 | 1,03
320 [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 10,4 | 81,410,127 43,3 | 76,71 | 1,22
340 [146.08 | 610,1 | 1594,8 | 8,165} 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 72,6 0,126 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
m,W‘.sa 450'5 | 1892,5 (40,321 33,7 | 1,86| 56,9} 0,126 |264 4,709| 6,79
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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, npuHMMaloTcs TakuMu xke, Kak U B | yacTu paGoTEL.

[TepBoHayaibHO HEOOXOMMMO BHIOpATh MPEABAPUTEILHOE 3HAUCHUE HApPYK-
HOTO JIMaMeTpa TpyoomnpoBoaa d, ¢ OCHOBHBIM CIIOEM TETUIOU3OJISIIUU C OTIPEIEIs-
€MO TOJIIMHON 0] U HAPY>KHBIM CJIOEM C 3aJaHHOU TOJIIIUHOMN Oy U3 CIETYIOIIETO
Jrara3oHa:

1,5 dHap < d2 < 2,5 dHap

[Tocne aToro HeoOX0AMMO MTPOU3BECTH pacueT 3HaUeHUM Ry u R),, mpuHsB
d] = dz - 262 .

Pacuet 3Hauenus kosaduieHTa TemIonpPOBOJHOCTH OCHOBHOTO CJI0S
=0,5(¢, +1,)

M30JISIUAN NPOU3BECTU MPU CPEAHEM 3HAYCHUU TEMIIEPATYPHI Ly
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KoaddumuenT remmooriaum o, pacCYUTHIBACTCS aHAIOTHYHO, KaK U TIPH OT-
CYTCTBHH TEIUIOM3OJISIIMN, B KAYECTBE OCHOBHOTO pa3Mepa NMPHUHUMAETCS HapyXK-
HBII TUaMeTp U30JIMPOBAHHOTO TpybompoBoaa ds.

[Tocne pacdera 3HaYeHUS TUIOTHOCTH TEIIOBOTO TTOTOKA MOTEPh (o MPOU3-
BOJIUTCS TIPOBEPKA COOTBETCTBUS MOTYYCHHOTO 3HAYCHHUS CIEAYIOMIEMY
JMara3oHy:

0,890 < qan <qo .

B ciyyae BBIX0/1a pacCYMTAHHOTO 3HAYCHHUS 32 MPEAEIbI JAaHHOTO Jrarna3oHa
HEO0OXO0IMMO N3MEHUTH TPeIBapUTEIbHOE 3HAUeHUE dy (HE OrpaHUYUBASIChH TIPE/I-
JIO’KCHHBIM JMana30HOM 3HAYCHHH ), ITOCJIE Yero MMOBTOPUTh 3aHOBO PacueT BCEX
3HaueHui. JlaHHBINH pacyeT HeOOXOIUMO MPOBOAUTH JI0 TOTYUYEHUSI HCKOMOTO pe-
3yJibTaTa, T.€ COOTBETCTBUS 3HAUCHUN (o; YKA3aHHOMY JHAIa30HY.

Jyist oGeryeHust BCeX pacueToB PEKOMEHAYETCS BOCIIOIb30BATHCSA
nporpammoit Microsoft Excell.

OkoHYaTeTHPHOE 3HAYCHHE TOJIIUHBI CJIOSI OCHOBHOM TETLTOM3OJISITHN

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

IIpakTnueckoe 3ansaTue Ne 4
PACYET TEIIJNIOOBMEHA U3JIYYEHHUEM.

4.1 ®opmyaMpoBKa 3aJaHUA U UCXOAHBIC JaHHbIE 1JIA pacuera

Hapy>xHast yacTh O0KOBOM CTEHKM TOTIOYHOM KaMephbl U3 KPACHOTO KUPIHYa
3aKpbITa OOIIMBKON M3 CTAJILHOTO JIUCTA C 3a30poM 30 MM, YTO MO3BOJISIT CUUTATh
3T MOBEPXHOCTH IJIOCKO-NApAIIIEIbHBIMU U TPEHEOPEeUb KOHBEKTUBHBIM TETI000-
MEHOM MEXIy HUMH. Temreparypbl KHPIIMYHOM CTEHKH f;, CTEIIEHb 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.
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2. OHpeI[eJ'H/ITB N3MCHCHHNC YKA3aHHbIX BCJIMYKWH, CCIIM MCIKAY YKa3aHHbIMH

MMOBCPXHOCTAMMU PAa3MCCTUTD 3KPaH U3 aJIIOMHUHUCBOI'O JIMCTA CO CTCIICHBIO YCPHOTBI

&.
Taomuna 3 — cxoquele JaHHBIE
NoNo t NoNo 5

n/n C “ © n/n C ©
1 2 3 4 | 2 3
1 110 0,88 0,11 | 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

12
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9

B/
Pucynox 4 - Ocku3 pazpeza O0KOBON CTEHKH TOMOYHOM

KaMCpPBLI C OOIINBKOH U 9KPaHOM

rae 1,=t;+273, T>=t,+273 - aOCONIOTHBIE TEMIIEPATYPhI MEPBON U BTOPOU

MMOBEPXHOCTH, K;

Co=5,67- k03P HULHUEHT TyyenucrnyCcKaHus s
abcomoTHO uepHoro tena, Br/(m? K);

npl2 1/ + 1/ _1,upuBeneHHas CTeneHb YEPHOTHI CUCTEMBI 1-0i 1
€ &

g

2-011 TOBEPXHOCTEH.

CoOCcTBEeHHOE M3ITyYEHUE KaXJIO0W MOBEPXHOCTH, WX d(DPEeKTHBHOE U OTpa-

KEHHOE U3JTyYeHUE ONPEEsSIOT U3 YpaBHEHUN
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MMOBEPXHOCTb.
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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

JUIsL CTyAeHTOB HampasieHus nmoAarotorku 21.03.01 Hedrerasoroe neno

HaNPAaBIEHHOCTD (TPOPuIIb) «IKCIUTyaTalusi ¥ 00CIy>KMBaHUE OOBEKTOB 100BIUU

HeTI»

CraBpomons 2026
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MeTomuieckue pPeKOMEHIAIMN TpeaHa3HadeHbl Ui CTyIeHTOB By3a «CeBepo-KaBkaszckuil ¢emepanbHBIN
YHUBEPCHTET»
Lenn MeToaMYECKUX PEKOMEHAALINI:
1. MeTtoandeckoe CONPOBOXKICHHE IpoIlecca BBEICHHUS M peann3anu TpeboBaHmit dexeparbHOrO
TOCYIApCTBEHHOTO 00pa30BaTEILHOTO CTaHaapTa Beiciiero oopaszoanus (nanee ®I'OC BO), momonrs mpu paspa-
00TKe pabounx yueOHBIX MPOrpaMM JTUCIMIUIMH U MPOGECCUOHATBHBIX MOIYJIeH 00pa3oBaTeIbHOM MporpamMmeI (J1a-

nee OIT).

2. Co3naHne B 00pa3oBaTeIbHOM yUPEKICHIH YIeOHO-METOINIECKOTO 0OecIedeHusI 00pa3oBaTeib-

HOTO Impouecca.

Metoaudeckue PEeKOMEHAAUU ONPCACIIAIOT CYIIHOCTH CaMOCTOSTENIBHOM pa60TI)I CTYACHTOB B BY3€, eé

Ha3HA4YCHHUEC, MJIaHUPOBAHUC, (bOpMI)I OopraHusanyu U BUJAbl KOHTPOJIA.

18
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Conep:xanue

1. HopmaTuBHoe o0ecnieueHne camocTosTebHoi padorsl B ®I'OC BO.
2. HazHauyeHHe U BUABI CAMOCTOSATE/IbHOI PadoThl CTYICHTOB.

3. KOHTpOJIL CaMOCTOATEJILHOM paﬁOTLI CTYACHTOB MNpenoaaBaTejasiMu.
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1. HopmatuBHOe o0ecnieueHre camocTosATeNbHOM pabotel B @PT'OC BO
1.1. ®I'OC paznen: «TpedoBanus k yciaoBusMm peanuzanuu OI»:

— TpebGoBaHus Kk 00s13aTeIBHOMY MUHUMYMY COJIep>KaHUs 00pa30BaTeNIbHOM MPOrpaMMBbl
NOJArOTOBKU CIELMAIUCTA, K YCIOBUSM €€ peaju3alid U CPOKaM €€ OCBOEHUS OIPENEISIIOTCS
HACTOALIUM (eiepalIbHBIM IOCYJapCTBEHHBIM 00pa30BaTeIbHBIM CTAHIAPTOM;

— OCHOBHasi 00pa3oBaTebHas MPOrpaMMa MOJArOTOBKU CIIEIUAINCTa COCTOUT U3 JWCIH-
IUTHH O0LIEHAYYHOT0 U MPO(PECCHOHATBHOIO IIUKIIOB, COCTOSIIUX U3 0a30BOI U BapHaTUBHOMU Ya-

CTEH M TUCIHILINH TI0 BEIOODY;

— MakCHMAaJIbHBII 00beM y4eOHOI Harpy3KH CTyAEHTa yCTaHaBIIMBaeTcs 54 daca B HEJENIO, BKIIOYAs BCe
BUJIbI ayAUTOPHOU ¥ BHEAYTUTOPHOH (CaMOCTOSTEIbHON) yueOHOM paboThl.

Bo BpeMsi caMOCTOSATENBHOM MOATOTOBKY 00Y4YaroIInecs JODKHBI ObITh oOecredeHbl JoCTyIoM K cetu MH-
TepHeT. Peanu3zanus oOpa3oBaTeIbHON IPOrpaMMbl HOATOTOBKHU CIIEIMAINCTA JIOJDKHA 00ECTIeunBaThCs TOCTYIIOM
Ka)XJJOTr0 CTyJeHTa K OubnnorednsM (poHaaM U 6azaM AaHHBIX, (POPMUPYEMBIM IO TIOJIHOMY NEPEYHIO AUCIHUILUINH
o0pa3oBaTenpHON IPOTPaMMBI U3 pacdeTa 00eCIIedeHHOCTH yueOHUKaMu 1 yaeOHbIMU TTocoOusimu He Meree 0,5 3k-
3eMIDIIpa Ha OTHOTO CTyIeHTa. bubnmoTeka By3a J0DKHA UMETh JOCTATOYHOE KOJIMYECTBO COBPEMEHHBIX YUeOHHKOB
¥ y4eOHBIX TIOCOOHH 10 BCEM LUKJIaM JUCLHIUIMH M IIOCTOSHHO BOCIIONHATHCS HAYYHOU JIUTEPATYPOU H IIepHoAnYe-
CKUMH H3aHUSIMA He(pTera3zoBoro npohus

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

o B paboueM y4eOHOM IUIaHE — B LIEJIOM II0 TEOPETHYSCKOMY 00YIEHHIO, KaXKIOMY U3 LUKJIOB JUCIIHU-
IUINH;

o B pabo4MX IporpaMMax y4eOHBIX AUCIMIUIMH [IMKJIOB JUCIUILIMH C pacipeieieHHeM 10 pa3aenam
WA KOHKPETHBIM TEMaM.

2. Haznauenwne n BUbI CaMOCTOSITEIIbHOM pa6OTI>I CTYACHTOB.

CamocTosTenbHas padoTa MPOBOIUTCS C LETIBIO:

o CHCTEMATH3allMU U 3aKPEIUICHUS ITOJYYSHHBIX TEOPETUUSCKHUX 3HAHHI U MPAKTUYECKUX YMEHHI
CTY/ICHTOB;

. yriryOeHus ¥ paclInpeHus TEOPETUIECKUX 3HAHUM;

. (hopMHpOBaHUs yMEHHH UCIIOJIB30BATh HOPMATHBHYIO, PABOBYIO, CIPABOYHYIO JOKYMEHTAILIUIO U
CIIeLIMAIbHYO JIUTEPaTypy;

. pa3BUTHsSI [TO3HABATENBHBIX CHOCOOHOCTEH M aKTUBHOCTU CTYJCHTOB: TBOPYECKOW MHMIMATHBBI,
CaMOCTOSITENIBHOCTH, OTBETCTBEHHOCTH, OPIraHM30BaHHOCTH;

o (OpMHUpOBaHNE CaMOCTOSTEIBHOCTH MBIIUICHUS, CIOCOOHOCTEH K CaMOpa3BUTHIO, COBEPILCH-
CTBOBAHHMIO M CAMOOPTaHHU3AIINH;

. (hopMupoBaHUs PaKTHUECKUX (00IEYyIeOHBIX U POPECCHOHATBHBIX) YMCHAN W HABBIKOB;

o Pa3BUTHIO UCCIIEIOBATEIECKIX YMEHHUH.

B yuednOM mporiecce OV BBIIEISAIOTCS [BA BHIA CAMOCTOSTEIBHOMN pabOTHI:

AN

AyaUTOpPHaA Mo AucuMnInHE, BHeayauTopHasa no AUCUMNAnHE,
MEKANCLMNIMHAPHOMY Kypcy MEKANCLMNIMHAPHOMY Kypcy
1
BbINOJHAETCA Ha YYEBHbIX 3aHATUAX, BbINOHAETCA MO 334aHMI0
Nnoj HeNnocpeACTBEHHLIM npenogasarens, Ho 6e3 ero

€ro 3agaHuro

BHGayI[I/ITOpHaH CaMOCTOATCIIbHAA pa60Ta - IJIaHupyeMad yqe6Haﬂ, y‘{€6HO-I/ICCJ'Ie,Z[OBaT€JII)CKaH, Hay4YHO-
HCCJICA0BATCIIbCKAA pa60Ta CTYACHTOB, BBIIOJHACMAsA BO BHCAYAUTOPHOEC BPEMS IO 3aJaHUIO U IPU METOANYCCKOM
PYKOBOJACTBE IpeniogaBaTeiid, HO 0e3 ero HEMNOCPCACTBCHHOI'O Y4acTHUs.
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3. KoHTposb camocTosATEIbHOM pabOThI CTYICHTOB MPEIOIaBaTEIISIMHU.
KoHTpoas camocToATenbHOM pabOTH CTYACHTOB MIPEIyCMaTPHUBACT:

. COOTHECEHHE COJEePIKaHUSI KOHTPOIIS C LEIIMA OOYICHHUS;

. 00BEKTHBHOCTH KOHTPOJIS;

. BaJIMTHOCTHh KOHTPOJIA (COOTBETCTBHE MPEIBSBISEMBIX 3aJaHII TOMY, 9TO IIPEAIIONIaracTcs ImpoBe-
PHTE);

. I epeHIHAITII0 KOHTPOIEHO-N3MEPUTENEHBIX MaTEPHAIIOB.

DopMBI KOHTPOJISI CAMOCTOSATEIBHOI PadoThI

1. [TpocMoTp U IpoBepKa BHIITOIHEHHS CAMOCTOSATEIILHOM PabOThI MPEroiaBaTeiIeM.

2. CamomnpoBepka, B3auMOIPOBEPKa BHIIOJIHEHHOTO 33/1aHUs B TPYIIIIE.

3. OOcyxeHne pe3yIbTaTOB BBHITIOJHCHHOW pabOTHI Ha 3aHATHH.

4. TectupoBanwue.

5. [IuceMeHHBIH onpoc.

6. YcTHBI ompoc.

7. WnpuBuayansHOE coOeceJOBaHUE.

8. Komnoksuym.

9. OTuet o mpoaenanHoii padore.

10.  3amura pedepaToB WK KypCOBOIl pabOTHI.

11.  TBopueckuil KOHKypC.

12. HutepHeT - KOHpEPEHIHH.

13.  KonrponbHas pabora.

KpunTepuu onieHKH pe3yJibTaTOB CAMOCTOSITEILHOI padoThI

KpurtepusiMu oLieHOK pe3yIbTaTOB BHEAYUTOPHOU CAMOCTOSTEIFHON pabOTHI CTYICHTA SBISTFOTCS:

. YPOBEHb OCBOCHHS CTYACHTOB YUeOHOTO MaTepHaa;

. YMEHHUS CTy/ICHTA UCTIOJIh30BaTh TCOPSTHUCCKIE 3HAHNS MIPH BHITIOJIHCHAN MPAKTUICCKUX 3a7ad;

. (hopmupoBanre Habopa U3 OOIMEKYIFTYPHBIX U PO(eCcCHOHATBFHBIX KOMIIETCHINN OyIyIIero cre-
IUAITUCTA;

. YMEHHUS CTYAEHTa aKTHBHO MCIIOJIb30BaTh JICKTPOHHBIE 00pa30BaTeIbHbIe PECYPChl, HAXOUTh TPe-
Oyro1yrocsi ”HGOPMAIIMIO, U3Yy4aTh €€ U IPUMEHSATh Ha NTPAKTHUKE;

. 000CHOBaHHOCTb U YETKOCTh M3JI0XKEHUSI OTBETA;

. odopmiieHre MaTepHana B COOTBETCTBUH C TPEOOBAHUSIMH;

° yYMEHHE OPUEHTUPOBATHCS B IIOTOKE WH(OPMALINH, BBIJEIATh TIIaBHOE;

. yMEHHE 4eTKO CPOpMYIIMpOBaTh NPOOIEMyY, IPEIUIOKHUB €€ PellieHNne, KPUTHUECKH OLIEHUTh pele-
HUE U €TO0 MOCIEICTBYS,

. YMEHHE TT0Ka3aTh, MPOaHATN3UPOBATh aTbTEPHATUBHEIC BO3MOXKHOCTH, BAPHAHTHI ICHCTBHIA;

. yMeHHe cpOopMUPOBAThH CBOO ITO3UIIHIO, OIIEHKY U apTyMEHTHPOBATH €€.

Coaep:xkanue BHeayIMTOPHOH CaAMOCTOSATEIbLHOM
AesITeJIbHOCTH CTYAeHTOB
MeTOI[I/I‘IeCKI/Ie YKasaHud IJid CTYJACHTOB I10 BBIITOJTHCHUIO CaMOCTOSTEILHOM pa6OTBIZ
1. IToaroToBKa K JIEKIIUSAM
2. IloaroToBka K MPaKTHUECKUM 3aHATUSIM
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