McxogHble napameTpbl ) P3
N=132 ~2:=k Pl=1110° Ma ti=1C  p1 2 T R k= 8314
1. Onpepensiem xapakTepucTuku cMecu
mCQO2:= 3 kr  mH20:= 1.75 xr mO2:=13 xr mN2:=17 kr
Haxogum maccy cmecu
meM == mCO2+ mH20+ mO2+ mN2 = 23.05 kr
Haxoomm macccoBble JonM KOMMOHEHTOB
CO2
WCO2:= == = 0.1302
mem
mH20
wH20:= = 0.0759
mem
02
WO2:= == = 0.0564
mem
mN2
wN2:= —— = 0.7375
mem
weM = wCO2+ wH20+ w02+ wN2=1  —ycioBHE BHIIONHACTCS
MonspHble Maccbl KOMMNOHEHTOB
mCO2 kr:=44 Kyomp mMH20 kri= 18 wmomps mO2 kri= 32 mN2 kr:= 28
Kwmomnb Kwmomnb
Haxoaum konunyecTBo BeL ecTBa KOMMNOHEHTOB Hoscrenne
CO2 Kr- KpbllLKka
nCO2:= L 0.0682 Kwmonb P
mCO2_kr
mH20
nH20:= — = 0.0972 Kwmons
mH20_kr
mQO2
n02 = = 0.0406 Kwmonp
mO2_kr
mN2
nN2 .= — = 0.6071 Kwmomns
mN2_kr

Haxoaum kKonnyecTBo BeLLecTBa CMEcKu
nem == nCO2 + nH20 + nO2 + nN2 = 0.8132
MonsapHast macca cmecu

mem
= 28.3458

mem_kr =
ncMm



Haxognm macccosble 4O KOMMNOHEHTOB

2
xC02 = 292 5g3g
ncm
H2
3120 = 20 _ 41196
ncm
2
x02:= 192 _ 05
ncm
N2
N2 = == = 0.7466
ncm

XeM = XCO2 + xH20 + xO2 + xN2 =1 —ycrnoBue BBIIONHSACTCS

Haxogum yaoenbHble ra3oBble NOCTOAHHbIE KOMNOHEHTOB

Jx
R kr
RCO2 := — = — 188.9545 ..
mCO2_kr kK
RH20 = — KT _ 461 888¢ 2%
mH20_kr kr-K
RO2 = KT _ 5598125 -
" mO2_kr ' kK
RN2 = —KT 5069286 -
" mN2 kr ' kr-K

Haxoavm ygenbHyto ra3oBylo NOCTOSHHYO CMECH T
Rem := RCO2-wCO2 + RH20-wH20 + RO2-w0O2 + RN2-wN2 = 293.3063 .k
Haxognm TennoémKocTb KOMMOHEHTOB NPV MOCTOSHHOM AaBNEeHUM Ut = tl
CpCO2_kr:= 36.05 + 0.0203-t — 0.00000642t2
CpH20 kr := 32.85 + 0.00544 -t
CpO2_kr:= 29.56 + 0.003404-t
CpN2_kr:= 28.97 + 0.002566-t
Haxogum MonsipHyto n3obapHyo TENNOEMKOCTb CMeCH
Cp_krem := xCO2-CpCO2_kr + xH20-CpH20 kr + x02-CpO2_kr + ¥N2-CpN2_kr = 30.101
YoenbHasi nsobapHasi TenoémMKoCTb CMecu

kr
_ Spkrem (3 1061933 2

Cp:
P mem_kr kr-K

W3 ypaBHeHus Manepa Hangém Cv

Cvi= Cp— Rom = 768.6267 2%
kr-K

MNokasaTenb aguataThbl



= p = 1.3816
Cv

2. Onpepensiem napameTpbl rasoBor cmecu (P,V,T) Bo Bcex Toukax

Onpepensiem napameTpbl razoson cmecu (P,V,T) B Touke 1
Mpouecc 1-2 NOAUTPOMHbLIVA C NoKasaTenemMm nonuTponsl
Onpepensiem 06bém V1 u3 ypaBHeHns coctosiHua PV=RT

T1 := tl + 273
3
Rem-T1 L
V1= = 0.7546
Bocnonb3yemcs CbOpMVI'IaMI/I COOTHOLLEHUA Ana NoNnnUTpOrHbIX npoueccoB
vyt (v at
Pl (V2 T1 \v2 > (p2) "
Vi 3 TI (Plj
V2= —— =0.1428 M ol
1 o Vi
— Kr P2=Pl|—| =99x 10
! V2 [a
P2
—~— -9
Pl

v\ =D
T2 = Tl.| — — 4820787 K ;
V2 P3:= 1.33P2 = 1.3167 x 10

3

B Touke 3 npouecc U30xopHbIn, cneqoBaTtenbHo V3 := V2 = 0.1428 —
KI'

Onpepensiem gasnexve P1 13 ypaBHeHus coctosHus PV=RT

_ V3PS a1 1647 Ma

T3:
Rem

t3:= T3 — 273 = 368.1647 C

Mpouecc 3-4 agnabarnyeckuin ¢ nokasarenem agmabarbl ~2 := k= 1.3816

3
V4= V1=07546 M
KT

v !
T4 = T3.| — = 3397099 K
V4



Cptl = 1.0503089 + 0.0001555t — 0.00000001894t2
Cvtl := 0.757089 + 0.0001555¢t — 0.00000001894t2

3. CTpoum rpadukm 3aBUCMMOCTU UCTUHHON yaenbHon Tennoémkoctu Cp mn Cv ot 0
rpagycos uernbcusa Ao tmax umkna

&= 0 kJIx
Cpi= 1.0503089 + 0.000156755t — 0.00000001894t2 = 10503 KK
Cy:= 0.757089 + 0.0001555t — 0.00000001894t2 = 0.7571 LA
M kr-K
L=100 KK
Gpi= 1.0503089 + 0.0001555t — 0.00000001894t2 = 1.0657 kr-K
5 kJIx
Cy:= 0.757089 + 0.0001555t — 0.00000001894t™ = 0.7724 kr-K
MW
L= 200 Kk
Gpi= 1.0503089 + 0.0001555t — 0.00000001894t2 = 1.0807 kr-K
5 kJx
Cy:= 0.757089 + 0.0001555t — 0.00000001894t™ = 0.7874 kr-K
MW
L=300 KK
Gpi= 1.0503089 + 0.0001555t — 0.00000001894t2 = 1.0953 wr-K
kJx
Ly:=0.757089 + 0.0001555t — 0.00000001894t2 = 0.802 kr-K
L= 368 Kk
Gpi= 1.0503089 + 0.0001555t — 0.00000001894t2 = 1.105 kr-K
5 kJIx
Cy:= 0.757089 + 0.0001555t — 0.00000001894t™ = 0.8117 kr-K
MW

4. [Inga npouecca 2-3 onpegensiem yaenbHble 3HadeHnsa q, AU,Ah ¢ yueTom 3aBucCMMOCTH

TENNOEMKOCTU OT TEMMEepaTypbl. 3

Mpouecc 2-3 n3oxopHbIv criegoBarenbHo 1=0; V2 := V3 = 0.1428 z
MW KT

P2-99x10°  Tla P3=13167x 10° Tla T2 =482.0787 K T3 = 641.1647 X
qi= AU  AU:=Cy(T)dT  dH:= Cp(T)dT  2:= T2 — 273 = 209.0787
f0:=Cptl  f@O=Cvl o

o

t3
Ahl = J f(t) dt = 167.3365
kr-K

t2



t3 kJIx
AUI := J fl(t) dt = 120.6893 4r.K
t2

ql = AUI

Ah(T2) = Cp(T2)dT

Ah2 := (1.0503089 + 0.0001555¢t2 — 0.00000001894t22)-(t3 - 12) = 172.1299
AU = Cv(T2)dT
AU2 = (0.757089 + 0.0001555t2 — 0.00000001894t22)-(t3 —12) = 1254827

q2 = AU2

Hangém pasHuLy BblMUCHEHHbIX NPOLIECCOB

Ah:= Ahl — A2 = —4.7934  <PK
xr-K
AUl := AUl — AU2 = —4.7934
MV
kJIx
Al,=ql —q2=-4.7934 xr-K

5. PaccuyntbiBaeM yaenbHble 3HadeHus L,konuyecTBa TennoTbl q, U3MEHeHUs

o

kr-K

kJIx
kr-K

BHYTpeHHen aHeprum AU, aHTanbnumn Ah n koadduumeHTa pacnpegeneHs TennoTbiy

kJIx
Mpouecc 1-2 NOAMTPONHLIN C NOKasaTeneM NOAUTPONbI ~1 = 1.32 Cy:= 0.7686267 kr-K
kJIx
1 Cp:= 1.061933 1o
[ —(PLVI - P2~V2)J o o
2= L1~ — 182472 LA
3 kr-K
10 kJx IIpumevanue
AUI2:= Cv-(T2 - T1) = 1530172 wrK HeneHme Ha 10° caenano
q12:= AUI2 + 112 = 294548 D% CrIeLmanbHo, YToGk!
K nepesecTy JXOynu B
Ah12 := Cp-(T2 — T1) = 211.4083 LA Kunoppoyn
kr-K
1-~2 (T2
AS12 = ey L2 (T2 g7gg  KAX
N1 -1 Tl kr-K
AU12
W12:= = -5.195
ql2

Mpouecc 2-3 N30xopHbLIN



kJIx
kr-K KJIK

AU23 = Cv-(T3 — T2) = 122.2777  ¥r'K

123:=0

q23 == AU23 = 1222777 LA
kr-K
Ah23 = Cp-(T3 - T2) = 168.938¢ xJlx
kr-K
T AU2
AS23 = Cvln[ 2| = 02192 w3 2UB8
™ q23

Mpouecc 3-4 agnabarnyeckuii ¢ nokasarenem abuabdarb 2=k

[ ! ~(P3~V3—P4~V4)J
N2 -1

134 = ~ 231.7062 Xfbx
3 kr-K
10 k1K
AU34 := Cv-(T4 — T3) = -231.7062 K
qQ34:=0 Xfbx
kr-K
Ah34 = Cp-(T4 — T3) = -320.124 &JIx
kr-K
2-k T4 AU34
AS34 = CV~A{ ‘Inf —[=0 Ul2 .= Aud =1
N2 -1 T3 q34
Mpouecc 4-1 N30xopHbLIN
kJIx
141:=0
kr-K KJDK
AU41 := Cv-(T1 — T4) = -43.5888 K"K
q41 = AU41 = —43.5888 LA
kr-K
Ah41 := Cp-(T1 — T4) = -60.2222 xJIx
kr-K
T1 AU41
AS41 .= Cv-In| — | = -0.1404 P23 = U =1
T4 MR g4

6. Onpenensiem KonuyecTso noaBefEHHON (q1) 1 oTBEOEHHOW (g2) TENNOTHI, @ TaKXKe
anrebpanyeckue cymmbl L, konuyecTsa TennoTsl g, U3MEHeEHNs
BHYTpeHHen aHeprum AU, aHTanbnuu Ah.

Isum:= 112 + 123 + 134 + 141 = 49.2341



gqsum := ql2 + q23 + q34 + q41 = 49.2341

=10
AUsum = AUI2 + AU23 + AU34 + AU4I = —1.4211 x 10 4
=10
Ahsum = Ah12 + Ah23 + Ah34 + Ah4] = 5.6843 x 10
=10

ASsum = AS12 + AS23 + AS34 + AS41 =0

Al,= 4923 = 122.2777
92,=q12 + gq41 = —73.0436

7. Ctpoum rpadoukm yHKLMM NpoLeccoB



