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1. Ieab padoTsl
BbINonHEHUsT pacyeToB M aHaIM3a TEPMOJMHAMHYECKUX LIUKIJIOB TEIIOBBIX

MalllhH.

2. 3aganue
[To ucxoaHBIM JaHHBIM TpeOyeTCsl OTPECIUTh:

1. [TapameTpsl coctostaus pabodero Tena (Bo3ayxa): aaBieHue P, yaenbHbIii
00bEM V, Temnepatypy7 ¥ SHTPONHUIO S BO BCEX YETHIPEX Y3JIOBBIX Toukax 1,2,3u
4 nukJa.

2. Tlapametpsr cocrostaus Bosayxa (P,\V,T,S B 2-3X mnpomMexyTOYHBIX
TOYKAX /ISl K&XKA0T0 U3 4-X TIPOIECCOB ITUKJIA.

3. [TokazarenbnonuTpOmbIN, TEIIOEMKOCTEC,, padOTy pacmupeHus (cxarus)
|, kKonmuecTBO TOJBENACHHOW (OTBEICHHOM) TEIUIOTHI], U3MEHCHHE BHYTPCHHEH
sreprun AU, uaMeHeHue dHTaIbuu Al Bo3Iyxa, KO3GGUIMEHTY pacripeaeIcHus
TeryIa MEXTy BHYTPEHHEH SHEPTHEH U COBEPIIIAeMON BO3IyXOM PaObOTOM.

4. Paboty |, BO3myXa 3a IUKJI, KOTUYECTBO TEIUIOTHI 00, TIOIBEACHHON K
BO3/yXy U3BHE 32 LIUKJI, U TEIIOTHIO,,,;, OTBEAECHHOW OT BO3yXa B OXJAJAUTENb 32
IIUKJIA, KOJIMYECTBO TEIUIOTHI (,, IpPEBpallCHHOW B paboTy, H3MEHEHU
BHyTpeHHel sHeprun AU, sHTamemmuu  Al, u sHTponmm AS, Bo3ayxa 3a IHKI,

tepmuueckunn K11y, paccunteiBaemoro nukna u repmudeckuint KI1T 7.



3. [loaroroBKa K BHINOJIHEHUIO
VYpaBHeHUE COCTOSIHHS MICAILHOTO Ta3a:
PV = RT

YpaBHEHHUE TOTUTPONTHOTO MPOLIECCA:

PV™ = const
rie N — I[oKa3aTelb MOJMUTPOIbI, IIOKa3bIBaeT, KaK HM3MEHSIOTCS

mapaMmeTphl Ta3a B polecce.

N=0 u306apHbI MpoIiecc,
N=00 U30XOPHBIN MpoIEeCce,
N=1u3oTepMuyecKuii mpouecc,

N=K aguabaTHBIN MTPOIIECC.

CBsi3b MEX]ly MapaMeTpaMu B MOJUTPOITHOM IPOIECCE B OOIIEM BU/IE!

e (v.) (v T () g
R_[Vol [Vol T [Pl T
M) ) T2 (P2 T2

I[J'IH YCTBIPEX YaCTHBIX CJIYUAaCB IIOJIHUTPOIIHOIO ITpoHecCa CYHMCCTBYIOT

CICAYyIONE COOTHOIICHMUS.

: R_T
TUTSI K30XOPHOTO: a-n
P2 T2
VvV, T
JIsI 1300apHOrO: -1
H p V2 TZ
Vl — PZ
TUTSI K30 TEPMHUYECKOTO’ L1=_22
vV, R
p(v.) (v T NG
1J1s1 aAnabaTHOro: A2 |2 -1 .]_1 1
2 M Vi P! Pa 2
R_C,
rIIe K — [I0Ka3areib aqnadarhl; k=1+ < = o



Ecau B 3alaHMU HE YKa3aH I10Ka3aTeJib MOJUTPONbIN, TO €T0 HCO6XOI[I/IMO

BBIYMCJIUTh.
Ig /P2 2 IgT2/T1l n-1_ IgT /T
IgV /V Inglv2 n Ig P2/ Pl

YpaBaenue Mariepa:
C=C+R
Cy— TEIJI0EMKOCTh T'a3a MPHU MOCTOSITHHOM 00beMe

Cp— TCIIJIIOEMKOCTD Ira3a IpH nmoCTOsAHHOM JaBJICHHUHU

YpaBHEHHE NTEPBOrO 3aKOHA TEPMOJUHAMUKMU:
g= AU + |

rneAU=U,-U;=C(T,-T;) —u3MeHeHHE BHYTPEHHEH SHEPTHH ra3a

PaGota pacmmpenus (ckatusi) rasa BO BCEX IMpoIEeccax, Kpome

U30TEPMUYECKOT0, MOKET OBITh OmpezesieHa o Gopmyiie:

'zl?nGz"H)

JJ1st B30TEpMHUUYECKOTO MpoIiecca MOAX0IUT hopmya;

V. P
| =RTIN-2 = RT In—+
Vi P

B HN30XOPHOM IIPOLECCC HET USMCHCHUA o0BeMa, IMO2TOMY [=0.

B agunabatHOM IIpOo1ECCC MOXKHO HCII0JIb30BaTh (I)OpMYJ'Iy:
|=-AU=Cy(T,-T)

M3MmeHeHue sHTaIbIIMM Ia3a s BCexX IIPpOLECCOB UCAIBHOIO ra3a.
Ai= iz-i 1— Cp(Tz-T]_)

Tenno noaBeIcHHOE (OTBCI[CHHOC) 1o (I)OpMYJ'IC IICPBOI'0 3aKOHA HUJIH.

q= Cn(TZ - Tl)



JUIs  deThIpex 4YacTHBIX CIy4aeB TMOJUTPOIHOTO TIpOIlecca MOXKHO
UCIIOJTb30BaTh CIICAYIOIINE COOTHOIICHHMS:

B agunabatnom nporniecce: =0

B mzoxopaom mpornecce:q=AU=C\(T,- Ty)

B n3o6aprom nporecce:g=Al

B uzorepmuueckom mporecce:q=|

TermoemMKoCTh rasza AJISL KaKA0T0 IIponecca pacCUUThbIBACTCA 110 (I)OpMYJ'IaM:

R k-n
Ch=Cv+— (=G
1-n 1-n

B m3oxoprom mpomecce:C,=C,
B u3o6apuom npouecce:C,=C,
B uzorepmuueckom mporecce:Cy=oo
B amna6ataom mporecce:C,=0

AHanuTtuyeckoe BBIPDAXKCHHE BTOPOTO 3aKOHA TCPMOJNHAMUKH.

d
ds=3
T
HJIN.
T v v P
AS=CyIn 2 +Rin2: AS=Cpn-2+CyIn-2.
N Vi Vi &l
T P T
AS=Cpin-2 -Rin-2.4S=Cyln—=2
T P’ T.
1 1 1



4. PacuéT mapamMeTpoB y3JIOBBIX TOUYEK
4.1. Touka 1
V neapHbIA 00BEM:

R-I-l

\A :?1 =0.827 m® ke
rie  P=10Tla
T,=288
R=287 ["/.. 4]
OHTponus:

S=C,In (%j +RIn [ﬂj =714.277 Jix/xr (K
0 0
rae Po=10517a —aTtMocdepHoe TaBJIeHUE
To=273K — Temneparypa Ipu HOPMaJbHBIX YCIOBUIX
C,=Cv+R=999 [ /.. ]

CV:7lzzm/K2K

4.2. Touka 2

Tak kak Mp3=0, TO mporecc u3obapHbIi (P=CONSt), clie0BaTEILHO
P,=Pps=6-10 Ila.J{11 HAXOXKACHHS OCTANbHBIX MAPAMETPOB B TOUKE 2
paccmotpuM miporiecc 1-2, T.k. mapameTpsl B Touke 1 m3BectHbl. [Iponecc 1-2
nonuTponHeld N=1,6. M3 ypaBHEHUS TOJUTPOMHOIO Mpolecca MO W3BECTHBIM

BEJIMUUHAM [X, P1, T1 HaligeM To.

n-1
0,375
p
T, =T, -2 = 288(6msj = 563,896
Py 110
V neapHbI 00BEM:

VZZ\%ZO.207 M ke



OHTponus:

—_ T2 I:)2 —_
S =8+C,In T —Rin 5 =871,28 Jix/xr K
1

1

4.3. Touka 3
P,=P,=6x10°I1a

[Tokasarens agmnadaThl:

k :1+E =1.40¢
C

Vv

Temneparypa:
_ 9 _
Ty= -+ T, = 1863 16 ¢
I'ne :
c=c. X "_099  Jeharxk
1-n

0=1298k]Ix/kr
VY nenpHbIN 00BEM:

V, = R, =0,891 »° ke

3

DHTpONUA:

S =S+C,In (%] =2065 Jix/kr K

2



4.4. Touka 4
Tak xak Ny4,=0, To mpomecc wu300apHBIT (P=CONSt) ciemoBaTeNbHO,
p4=p1=1' 16 I1a.

Temmeparypa:

DHTpONUS:

S,=5=2065 JIx/kr[K



5. OnpenesneHue mapaMeTpoB rasa JJisi MPoIeccoB

Onpenenenne yaelbHON TENIOEMKOCTH:

E-k
— = AHE
.Eul_l' Cy — Cl_] 1] O#-rz - z2p
k- n, 3
(_",I .= Cpo— " .;‘_'-‘l L = oo O#- ke -=p
£y l-mn, , <33
E-k
. 1= Cyp-— . _1=I} Otz -2p
3,4 1-k 3.4
R
c =Cv+ — C, , =92 [z k= -=zp
4.1 - 4.1
4.1
Onpenenenue padOTHI:
i R . 5
Ly ,=| HIy-T,) L;,=-132x10 Mw/xe
= | l—i'i' ] = bl
L 1.2)
f R . . 5
L, .= HTy-T,) L,,.=37290x10" [x'r=
£y | 1-n, .| < <
\ A
o= 2 Vr 1) L, ,=5338x10 MDrrxe
3.4\ 1og) 1147 13 470
I, = (R ) T.-T) L..,=-2360x10 Dw/xz
T T, - Ty By g = 2360
L 4.1)
OmnpeneneHrue BHYTPEHHEW YHEPTUHN:
AU, ,=Cw(T,-T)) AU, ,=1964x10" Tw/xz
AU, 3= Cv{T; - T, AU, 4 =9251x 10 T Kz
Tr ._ . [ TT _ = N j
AU, = Cv{T, - T, AU,  =-5338x 107 Twsnz
TT - . _ i TT — _5 87 j
AU, = Cv(T - T, AU, | =-5878x 107 [w/nz

10



OHpC,ZICJICHI/IC KOJIMYEeCTBa TEIlIa.

rr = 6447 4
Q=AU+, Qp=06M7Tx 10 e
0, 3 =AU, . +1L,, 0, ;=1288x 10° [ rz

= rr = /
Q3_4. Au3_4+I3___1 Q3_4. 0 DRz
5
— rr = =R 7247 e
0, =AU, [ +1 0y ;= -8UTx 107 [z
Omnpenenenre N3MEHEHUS YHTAIBITHN
Al 4=Cp(Ty-T)) Al ,=275%x 107 Owrrs
: \ 6
Al 3 =Cp(T,-T,| Al ;=1208x10° [w’xe
: \ 5
T - = _7. /
Al y=Cp(T,-T;)  AI; =-7489x 100 [w’ne
: \ 5
- _ = —87247 y
Al =Cp(T[-T,) Al =-8MTx10 [u'xz
OnpeneneHne N3MEHEHUS SHTPOIINU:
AS| ,=5,-5; AS | = 157.003 M Kz * x
i‘l..ff,.3:=.5“3—.5“,I i‘l..S“,.3=1.19=I->-<1[II3 O#-rz * K
d53_4:=.5__1—.5“3 &53_4=I} O rz * n
) 3
AS, | =5,-5, AS, | =-1351x 107 e/ * x

Omnpenenenue kodpduimenTa pacnpeaesieHus Teria Mexay BHyTpeHHEN

SHEprueyn u coBepiiaeMon padoToM:
AU

1,2
11!-3 o = "{'!..‘ - = 3[”'?
1.2 Ql_] 1.2
AU, 3
1'!-]_" = i 1'!.1'..' = I}-'I].B
2.3 Q]_g 2.3
¥347=0
i dl{il i 0713
i = — 'S = Ul
4,1 4.1
%1

11



6. OnpenejieHue BeJIUYNH XaPAKTEPU3YIOIIUX HHUKJI B 1[€JIOM

OnpeaeHeHHe KOJIMYECTBA NOJABCACHHOI'O 3a LIUKJI TCILJIA.

30p = Ql_] 54 ¥Op =1362« ll}ﬁ O vz

OHpC,ZICJICHI/IC KOJIMYECTBA OTBEACHHOI'O 3a IIUKJI TECIJIA.

XQ0o =0, ¥Oo=-8MTx 10 O 1z

4.1
OO6mas paboTa 1uKIIa:

NI =5378% 100 Owsnz
OnpeneneHne KOJIM4ecTBa TeIia MpeodpasoBaHHoro B paboTy:
AQy = X0p + X0o AQy =35378 = 10° O vz

N3meHeHue BHYTpCHHCﬁ SHCPIuM, SHTAJIBIIMH U SHTPOIINHU IIUKIIA.

U= E'1_1+AE':_3+AE'3___1+ ﬂE'4_1 AL =10 Owrrez
;‘IJ:=L‘IJI_:+£IJ:_3+£IJE_4+ M-—Ll Al =0 [Owsrz
= = s
AS - 351_:+d.5:_3+,j53_4+,j£4_1 AT =0 [Oxrz

KII/J u repmuueckunii KITJ1 nukna:

LV
= — nt = 0393
Xop

Nk =1- ik = 0.845

el e

Ntk =

0.845 = 0393

12



7. Pacuérnl P, Vu T, SB npoMeKyTOYHBIX TOYKAX U UX TMATPAMMBI

Pabouas quarpamma PV:

Jlns mporiecca 1-2:

=V, n=16 Px =P

E*’x: =072 n" 3 k= Px: = Pl':

fo3 =062 M 3 ks ng =

I’x__1 =052 M 3 n= qu =

E’xj =04 M3 k= Pxi =P

Vxﬁ =035 m 3 K= Pxﬁ =P

Vxy =03 m" 3 He Px =P,

Vxg = 5 m" 3 He Pxg =P,
Jlist mporiecca 3-4: n=Kk

Vxg =V, M3 Ke Pxg =P,

'T’;xll} =125 n" 3-n= me =P

I’x“ =16 M "3-K= lel =P

E’xu =105 M 3 H= qu =P

Px, = 1247« 10 la

P, =138« 10 [Ia

Px__1= 2009 « 10 [Ia

.iF:‘x5 = 3194 « 10 [Ia
FPr,=3035=10 JIE]

Pr,=35061x10° Ia

Pxyy= 3733 x 10° Ia

Pxy =264x 100 Ia

Px,.=2x10" M=

12

13



| A

)

V)

Va4

=195 M 3-H=z Py,.=F_.

=23 M 3-H=z Py,.=F_.

=265 M 3-H=z Py, =PF_.

Pabouas nuarpamma

3
qu=2>-<l{l

5
qu = 1.587 = 10

5
PxH = 1.301 = 10

5
lej = 1.146 = 10

6:10°

4x10°

210°

Tk

IIa

IIa

IIa

IIa

14



Tennosas quarpamma TS:

Jlist mporiecca 2-3:

In, =T

1 2
'I'xl =713 K
'I'x3 =030 K
'I'x4 =105 K
'I'xj = 1420 K
Txﬁ = 1637 K
'I'x:, = 1830 K

Jlns mporniecca 4-1:

Txg = I!"__1

Txll} =0 K
fxll =700 K
Txll =50 K
TxH =300 K
TxH =300 K

S,

1 2
( Ty
Sy, =5, + Cp-ln) —
S \"2)
( Txgh'.
.ng = 51+ Cp-."u_ — |
L2
f. Tx'—‘l"l-
.5‘x__1 = 51+ Cp-."u_ — |
L2
( ij"'.
.ij = 51+ Cp-ln| — |
L2
( Txﬁ,"'.
.S“xﬁ = .5‘1 + Cp-."u_ — |
L2
( Tx',"".
Sx, =8, + Cpln —
- L2
ng = .5__1

( l?-xm.\\'.
'lel} = .5“__1 + Cp-in|

1
N,

(B
Sx.o =5, + Cp-ln

11 4

1
b,

( Txp\'.
Sx,., =5, + Cp-ln

12 4

(T3
.SxH = .5__1+ Cp-in |
L4
(T,
Sxy, =5, +C x'TxH'
S TR R | r, |
I\. . |‘l

Sx, = 1180 x 1IZII3 Oirvz - 1
3
.ng = 1434« 10 O He - 1
3
5x__1= 1.63 = 10 O He - 1
3
.ij = 1.794 « 10 O He - 1
R 3
.S“xﬁ = 1935« 10 O He - 1
.Sx.l, = 2058 = 1IZII3 O He - 1
o .
Sy = 1853 x 0 Fwe

Sxy . = 1602 = 1IIII3

11

O# s -

O# vz -

O# vz -

Ot re -
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I, -

13
Txlj =300 K .S‘xlj = S4+ Cp-ln T .S“xlj = 733038
4
Txlﬁ = Tl leﬁ = .S‘l
Iﬂl: Tl 5&0;=Sl
TennoBas quarpamma
2107
15107
- |
Ix 1107
500 A’:i
500 1x10° 1.5=10° 2107 25107

O ke -k

16
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