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Yacrsp 1. Texanueckasi TepMOAMHAMUKA.

Pacuer razoBoro uukjia
[ukn oTHeceH K 1kr Bo3ayxa. [Ipunumaem:

C, = 1,005 xJIx/(xr-K);
C, = 0,718 xJIx/(kr-K);

R =287 JIx/(xr-K)/

Tpebyercs:

1) ompenenuTh mapameTpshl p, V, T, U, h 1711 OCHOBHBIX TOYEK ITHKIIA;

2) TIOCTPOWTH IIUKII: a) B KOOpAWHATAX P-V, 0) B KoopauHaTax T-S.

Kaxxnprit mporecc M0mKeH ObITh OCTPOCH MO ABYM — TPEM MPOMEKYTOUHBIM

TOYKaM;

3) maiitu N, C, Au, Ah, As, @, | 11 kaxkaoro mporiecca, BXOIAIIET0, B COCTaB
ITAKIIA;

4) onpenenuth pabory nwkiaa |, TepMUYECKW K.ILJ. W  CpeIHee
WHIUKATOPHOE JaBJICHUE Dj;

5) moJtydeHHbIC pe3yJIbTaThl IOMECTHTD B TaOmuax 1 u 2.

[Iprmedanue: qaHHBIE K 3aJIaHUIO COCTABJICHBI B BHJIEC ITUKIIOB, H300paKCHHBIX
B KOOpJMHATAX p-V, 06e3 yuera Macirada, B COOTBETCTBUM C HOMEPOM BapHaHTa.

Tabmuma 1
Toukmu p, ar v, M/KT T, K u, kJDx/kr | h, kJx/Kr
1
2
3
4
Tabmuia 2
Iporec n c, AU, Ah, As, a, l,
CBhl kJx/kr | kJlx/xkr | xJbr/kr | kJDk/kr | KJDk/kr | kJDK/KT
1-2
2-3
3-4
4-1
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Metoanuyeckue ykazanusi. [Ipu pacuerax cuntarh BO31yX UJ€aIbHBIM ra3oM, a
€ro CBOMCTBA HE 3aBUCALIMMU OT TEMIIEPATYPBHI.

B kadecTBe npumepa npuBeeH pe3yabTaT pacuera BapuanTa Ne29.

1. Omnpenenenune mapaMeTpoB p, V, T, U, h I OCHOBHBIX TOYEK LHKIIA;
v, =RT, /p, =287 -(0+273)/(1-98100) = 0,799 M /KT

AnuabaTHbIi iporiece 1-2

K K 1,4
Pr | Bt 2 [ 2100 [ OOF 2N _ 499955 11
o LT, T, (0+273)

v, =RT, /p, =287-(160 +273)/492955 = 0,252 M’ / kr

N3oxopHserit iporiecc 2-3
V3 =V, =0,252 M /kr

N306apusiii poriecc 4-1

p4 =p; =98100 Ila
v, =RT,/p, =287 -(65+273)/98100 = 0,989 m> / kr

[TonmutponHsIii porecc 3-4

n 1,3
P3V3 =P4Vy . D3 :P{E] :98100(0’989j — 580234 Ia
v, 252

T, =p,v; /R =580234 -0,252/287 = 509 K

b

3Ha4YCHUs yIeIbHOW BHYTpeHHEH 3Hepruu (U) u 3HTanbnuu (h) onpenenum mo
ypaBHeHuAM: U;i=C,T;, hi=c,T;

[Tony4yeHHbie pe3ynbTaThl MOMECTUM B TadIuUIy 1

Tabmuma 1
Toukn p, I1a v, M/KT T, K u, kJx/xr | h, kJ[x/Kr
1 98100 0,799 273 196 274
2 492955 0,252 433 311 435
3 580234 0,252 509 365 512
4 98100 0,987 338 243 340




2. Haxoxpaenue N, C, AU, Ah, As, q, | ans kaxxmoro mporecca, BXOJISIIETO, B
COCTaB LIUKJIA;
TemroeMKocTh aquadbaTHOTO Mmporecca pagHa 0
TemmoeMKoCTh MOJIMTPOITHOTO Tporiecca 3-4 paBHA
n—x 1,3-14 KkJ[x

=0,718 =-0,239 ——
n-1 1.3—1 kr-K

2

C34 =Cy

N3MeHeHune 3HTpONKH, TEIIOTa U padoTa OTJEIbHBIX MPOLIECCOB

[Tpomecc 1-2
AS=0, q=0., 1=—Au=_115
KT
[Tpomecc 2-3
As=c. 3 071812 0,116 % -0, q=Au=54"
T, 433 kr-K KT
[Tponecc 3-4
As=c-n 1% = 02391 220 — 0,008 K _o.(T, =T,) = ~0,239(338 - 509) = 41 &
T; 509 kr-K KT
1= i(n ~Ty)= 0287 338 — 509) = 163 <%
I-n 1-13 KT
ITpomecc 4-1
T 273 kJx
As=c, In-1=1,005In=—=-0,214 JA=p(v,—v,) =
ST, 338 POV
3 kJx kJ[x
98100 -107(0,799 —0,987) = ~18==~ , g = ¢, (T, —T,) =1,005(273 — 338) = —65
KIr KT
IIpoBepku
Jlms oTAenbHBIX TPOLEeCcCOB q = Au + 1
Tabmuia 2
IIporecchl n c, AU, Ah, As, q, I,
kJx/kr K | xlx/kr | xJlx/kr | x/bx/kr | kKk/kr | kJDK/KT
1-2 1,4 0 115 161 0 0 -115
2-3 +00 0,718 54 77 0,116 54 0
3-4 1,3 | -0,239 -122 -172 0,098 41 163
4-1 0 1,005 -47 -66 -0,214 -65 -18
ZAU; >Ah; 2ZAS; 20 >l
0 0 0 30 30




3. Iloctpoenue nukia: a) B KOOpAUHATax p-V, 0) B koopauHaTax T-S.
[IpoMexyTOUHbIE TOUKH HAXOAATCS CIETYIOIIUM 00pa3oM:
- Pp-V nuarpamma, airabaTHBIN WK TOJUTPOIHBIN IPOLECCH

Vi

n
v
Pj =p1(—1} , Tme V; BelOmpaercs B uHTepBaie (Vi-V,) TPOM3BOJBHO, a i

pPaCcCUUTBIBACTCA U T. M.,

- T-s quarpamma, n300apHbINA, U30XOPHBIH, MOTUTPOIHBIN MPOIIECCHI

T, T; T
Asyi=c,In—,As; =c,In -, As,; = c-ln?1 , rae T; BbiOMpaeTcsi B MHTepBaje

1 1

p
1

(T1-Ty), a AS; pacCUMTBHIBAETCS U T.]I.
Touka 1 Ha T-S muarpamme BBIOMpPAETCS MPOU3BOJIBHO C PACUETOM IOJIYUCHUS

BCCX HOCTpOCHHﬁ B Hp&BOCTOpOHHeP'I MOJIOKUTEIBHOM CUCTEME KOOpAWHAT.

gkﬂa

600 3
500 ¢

Yoo 1

300

200

&%ZD

T K

600 +

400 +

300 4

200 T

100 +

0,7 0,2 7 e K

o 4,
os 0 (3

02 oY c6 4

p-V nuarpamma

T-S nuarpamma

4. OmnpeneneHue paboThl IWKIa |, TEPMUYECKOrO K.MJ. U CPEIHETO

HHAUKATOPHOI'O JaBJICHUSA Pi.

1 1 1
1, =5l =30 oo ts 0 g5 p o w
KT q; 54+41 Viax — Vmin V4 — V2
30 =40,8 xIla

(0,987 —0,252)

rae (; - CcymMmma BCEX TCIIJIOT CO 3HAKOM +.
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Yacts 2. Teopus TenuioodmMena.

3agaua 1. [Tnockas crajgpHas creHka toumuHon Oy (A4,=40 B1/M-K) ¢ omnoii
CTOPOHBI OMBIBAETCSl Ta3aMu; MPHU ATOM KOIPPHUIMEHT TemaooTAauu paBeH . C
JIPYrod CTOPOHBI CTCHKAa M30JIMPOBaHA OT OKPYXKAIOMIEro BO3AyXa IUIOTHO

npujeramimeid K Hel 1wractuHoi Tommmuol & (4,=0,15 B1t/m-K). Koaddurumenr

TEIUIOOT/Ia4YM OT IUIACTUHBI K BO3AYXY paBeH . OmnpelnenuTh TEIIOBOW MOTOK (,
2

Bt/M° u temmepatypsl t;, t, u i3

POJYKTOB cropaHus paBHa t., a Bo3ayxa - t,. JlaHHble, HEOOXOIUMBIE JIJIsl PEIICHUS

3a/1a4u, BBIOpaTh 13 TaoI. 1.

HOBerHOCTCﬁ CTCHOK, CCJIM TCEMIICpATypa

Tabmuma 1
[Mocnenuss o, o, t, | lpeamocnensss | &, MM a, t,, °C
muppa mudpa | mm | Br/m-K | °C | mmdpa mudpa Bt/m-K
0 5 35 350 0 10 5 30
1 6 45 400 1 12 6 25
2 7 40 370 2 14 7 20
3 8 30 350 3 16 8 15
4 9 35 330 4 18 9 10
5 10 25 300 5 20 10 5
6 6 42 380 6 22 9 0
7 5 30 320 7 24 8 -5
8 3 34 400 8 26 6 -10
9 4 38 280 9 28 5 -20
Memoouueckue ykazanusi:
Hcmons3yercss  MCXOAHAss ~ CUCTEMa  ypaBHEHMH,  XapaKTEPHU3YIOLIHX

CTAallMOHAPHYIO TEIJIONPOBOAHOCTh YEPE3 MHOIOCIOMHYIO IUIOCKYIO CTEHKY IpHU
3a/laHHbIX rpaHu4HbIX yciaoBusx |l pona:

q =0!1(t2 -t )’

A
=21ty —ty),
q 51(1 2)

Ao

=22 (t, —t3),
q 52(2 3)
q=ay(t3-t;).

3agaya 2. Bo3ayx Teder BHyTpu TpyObl, UMesl CpeAHIO Temmepatypy i, ,
nasinenue p;=100 klla u ckopoctp W. Onpenenuts KO3PGUIUEHT TEIUVIOOTIAYH OT
TpyOBl K BO3AYyXYy (1) , @ TaKKe YAENbHBIM TEIJIOBOW MOTOK, OTHECEHHBIH K 1M
JIIMHBI TPYOBI, €CIM BHYTPEHHUH nuamerp TpyObr d,

TOJIIMHA €€ O

51
11




terutonpoBoAHocTs  A=20 B1/M-K. CHapyxu TpyOa ombIBaeTCs ropsS4MMH Ta3aMHu.
Temnepatypa U KO3(QPUIMEHT TEIUIOOTAAYU TOPSUUX Ta30B, OMBIBAIOIIUX TPYOY,
COOTBETCTBEHHO paBHBI t,, . JlaHHble, HEOOXOMUMBIC Ui PEIICHUS 3aJauH,
BbIOpaTh U3 Ta0:. 2.

Yka3zanme. HeoOxonuMmele naHHbIE 1Ji1 ONpeneieHUs ¢ B3sATh W3 Tabdm. 1
IIPUIIOKECHU M.

Tabmuma 2
[Hocnenuss t,, °C o, w, Ipenmocnenusst | t,, °C di, | 8 mm
mudpa mudpa Br/Mm-K | M/c mudpa mmdpa MM
0 500 20 10 0 150 70 3
1 550 20 9 1 200 80 5
2 600 40 6 2 180 60 4
3 650 50 8 3 100 40 3
4 700 40 10 4 150 20 2
5 750 60 12 5 200 50 3
6 800 50 14 6 250 80 5
7 780 40 16 7 200 60 4
8 740 30 18 8 150 40 3
9 520 20 20 9 100 20 2

Memoouueckue yrazanusi:

JUist  BBIHY)KJIEHHOM KOHBEKLMM BHYTPHU IIWJIMHAPUYECKON TpyObl MpHU
HaxO0XJICHUU 0,1 UICTIOJIB30BATh KPUTEPUATIBHYIO 3aBUCUMOCTD BH/IA:

Nuf =0021Re}® Pri#3.

BenuunHy nUHENHOW MIIOTHOCTHU TEIUIOBOTO MOTOKA OMPEIEIUTh IO YPAaBHEHUIO
Teruionepeaayu sl MUINHIPUYECKON CTEHKH TPU 3aJIaHHBIX TPAHUYHBIX YCJIOBHUSX
Il pona.

3amaya 3. Onpeaenutsh MOTEPU TEIUIOTHI B €AMHUILY BPEMEHU C 1 M JUIMHBI
TOPU30HTAJILHO  PACHOJIOKCHHOW  IMWIMHAPUYECKONM  TpyObI,  OXJIaXKIaeMOM
CBOOOJHBIM TIOTOKOM BO3/yXa, €CJIM TeMIleparypa CTeHKH TpyOwl t,, Temmeparypa
BO3/yXa B momerieHun t,, a quamerp tpyonl d. Cremensb depHOTHI TpyOBl £.=0,9.
JlanHbIe, HEOOXOUMBIE JUISl PEIICHUS 3a/1aud, BBIOpaTh 13 TabII. 3.

Yka3zanue. HeoOxoaumble AaHHBIE IS ONpeneieHus « B3sATh U3 Taom. 1
IIPUIIOKECHU M.

12




TaoOmuna 3

[Mocnennsig d, mm [penamocieauss t, °C t,, °C
udpa mumdpa nudpa mmdpa
0 220 0 150 15
1 230 1 140 20
2 210 2 130 25
3 240 3 120 35
4 250 4 110 25
5 270 5 100 20
6 300 6 190 15
7 320 7 180 10
8 340 8 170 5
9 360 9 160 0

Memoouueckue yrazanusi:

TeruoBble MOTEPU TOPU3OHTAIBHOU TPYyOBI OYyAYT CKJIAIBIBATHCA U3 MOTEPH 3a
c4€T CBOOOTHON KOHBEKIIUU U U3ITyUCHUS.

Ucso6 :ﬂda(tc —1lg )’
4 4
t.+273\% [t +273
— 2dCys| |l |
Az 0{( 100 j ( 100 j]

rae o - Ko3(pPUIUEHT TeIIo0TAauYM 3a CYET CBOOOHON KOHBEKIINH,
OTIPEIEIISIEMBIN 110 KPUTEPUAITBHOMY YPaBHCHHIO BUIA:

Nuy, =C(Gr-r)h.

Gr-Pr 1-10°+510° 5-10°=2-10" 2:10"+1-10"
C 1,18 0,54 0,135
n 0,125 0,25 0,333

C, - K03bbULMEHT H3nydeHnst abcoToTHO 9épHoro Tena [C,=5,67 Br/(M*K*).]

Onpenenstonmieil  TeMreparypod B JaHHOM Clydae SBIAETCA  CPEIHSS

tc +1,

TeMIlepaTypa TOTPAHHUYHOTO  CIIOS tm = >

ompenensaoTcs (PU3NYeCKue CBOWCTBA BO3AyXa NPH HAXOXKICHUH KPUTEPUEB
TEIJIOBOTO MO 00MUS.

I[To »>Tom Temmeparype

~ ~ ~ 2
3anaua 4. OnpenenuTs yAeIbHBIN TyYUCTHIN TEII0BOU MOTOK ( (BT/M”) Mexy
JIBYMSl MapajuieJIbHO  PACMOJIOKEHHBIMU  IJIOCKUMH  CT€HKaMH, HUMEIOIUMU

TeMmneparypy t; u t; U CTENEeHM YEepHOTHI & U &, €CIM MEXKIY HAMM HET JKpaHa.
13



Onpenenuth ( NpU HAJWYUU DKPAHA CO CTENEHBIO YEPHOTHI C OOEUX CTOPOH &,.
JlanHble, HEOOXOIUMBIE JUIS PEIICHHS 3a/1auu, BBIOpaTh U3 TabI. 4.

Tabnuna 4
[Mocnenuss & & g, | Hpenmocnenusst | t, °C t,, °C
nugpa mudpa udpa mudpa
0 0,50 0,60 | 0,040 0 200 30
1 0,55 0,52 | 0,045 1 250 35
2 0,60 0,70 | 0,050 2 300 25
3 0,52 0,72 | 0,020 3 350 20
4 0,58 0,74 | 0,030 4 400 40
5 0,62 0,54 | 0,025 5 450 45
6 0,70 0,58 | 0,032 6 500 50
7 0,65 0,62 | 0,055 7 550 55
8 0,75 0,73 | 0,060 8 600 60
9 0,80 0,77 | 0,023 9 650 65

Memoouueckue yrazanusi:

VY nenbHbIN JIy4UCTBIA TEIUIOBOM MOTOK ONpEAeNsieTcs no ypaBHeHuto Credana-
bonprMana [t pe3yabTUPYIOILETO U3ITyYCHUS:

e (Mt (12!
4= "0%npus| | 199 100, |

rac gnpue - IPUBCACHHAA CTCIICHL YCPHOTHI, OIIpCACIIACMas, B JaHHOM Cliydac, 110

YPaBHCHUIO
. B 1
npus — 1 1 :
|
&1 &2

B cnydae wHamuuus 3KpaHa, IPU YCTAHOBUBLIEMCS PEXUME, YJIEIbHBIN
JIYYUCTBINA TETJIOBOM MTOTOK HAXOAST PEUIEHUEM CIEAYIOMINX YPaBHECHUM:

_C Tl ‘ T3 ‘ _C T3 4 T2 4
gq= Ognpuel m - m - Ognpuez m - m J

1)

14




1

gnpuel = ﬁ ; (2)
€1 &
1
Enpuey = ﬁ : ©)
€y &2

Pemas ypaBHenne 1 nHaxoast T, a 3aTeM YJEJIbHBIA JTYYUCTBIA TEIMJIOBOM
OTOK (.
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[Ipunoxenue
dusznyecKre napaMeTpel Cyxoro Bo3ayxa npu gasienuu 101,3 klla

Tabmuma 1

t,°C | 104, Br/mK | 10%v, M/c Pr
-50 2,04 9,23 0,728
-40 2,12 10,04 0,728
-30 2,20 10,80 0,723
-20 2,28 12,79 0,716
-10 2,36 12,43 0,712
0 2,44 13,28 0,707
10 2,51 14,16 0,705
20 2,59 15,06 0,703
30 2,67 16,00 0,701
40 2,76 16,96 0,699
50 2,83 17,95 0,698
60 2,90 18,97 0,696
70 2,96 20,02 0,694
80 3,05 21,09 0,692
90 3,13 22,10 0,690
100 3,21 23,13 0,688
120 3,34 25,45 0,686
140 3,49 27,80 0,684
160 3,64 30,09 0,682
180 3,78 32,49 0,681
200 3,93 34,85 0,680
250 4,27 40,61 0,677
300 4,60 48,33 0,674
350 4,91 55,46 0,676
400 521 63,09 0,678
500 5,74 79,38 0,687
600 6,22 96,89 0,699
700 6,71 1154 0,706
800 7,18 134,8 0,713
900 7,63 155,1 0,717
1000 8,07 177,1 0,719
1100 8,50 199,3 0,722
1200 9,15 233,7 0,724

PaccmoTpeno Ha 3acenanuu HopmokonTponép,

kadeapsl, TIpoToKoT No
2012r.

oT

3aBeayronuii kadenpoit

H.H. ®ponos

OTB. MO CTaHJAPTH3AIUN

A.I1. be3ryboB
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