McxonHble napameTpsl P2
NI=13  ~2:=k Pl=510 Tatl=-3 C p| V3= 0075 R kri= 83
1. Onpep,enﬂeM XapakTepucTtnkmn cmecu
mCO2:=35 xr mH20:=1.5 xr mO2:=0.7 xr mN2:= 14 kr
Haxogum maccy cmecu
meM ;= mCO2+ mH20+ mO2+ mN2= 19.7 «kr
HaXOﬂ,I/IM MacccoBble OO KOMMNOHEHTOB
mCQO2
wCO2:= =0.1777
mcM
mH20
wH20:= = 0.0761
mcM
mO?2
w02:= = 0.0355
mcM
mN?2
WN2:= =0.7107
mcM
weM = wCO2 + wH20 + w02+ wN2=1 —YCJIOBUE BBHITIONHAETCS
MOJ'IﬂprIe MacCbl KOMIMNOHEHTOB
KT KT
- _ KT KT
mCO2 kri=44 gmomp MH20 kri= 18 wmoms mO2 kri= 32 mN2 kr:= 28
Kmons Kwmo.
HaXOﬂ,I/IM Konm4yecTtBO Belw ecTBa KOMIMOHEHTOB Ioscrenne
mCQO2 kr- KpbllwKa
nCO2 := = 0.0795 Kwmonp
mCO2_kr
mH20
nH20 := ——— = 0.0833 Kwmomas
mH20 kr
mO?2
n02 .= — = 0.0219 Kwmons
mO2_kr
mN?2
nN2 .= — =0.5 Kmomns
mN2_kr

HaXOﬂ,I/IM KOnm4yecCcTBO BelwecTBa CMecun
ncem == nCO2 + nH20 + nO2 + nN2 = 0.6848
MOJ'IﬂpHaﬂ Macca cMecu

mecM
= 28.7695

meMm_kr =
ncMm




Haxogum macccoBble 4O KOMMOHEHTOB

co2
xCO2 = =2 = 0.1162
ncm
nH20
xH20 = ——— = 0.1217
ncm
02
¥02:= /== = 0.0319
ncm
N2
N2 = —= = 0.7302
ncm

xeMm = XCO2 + xH20 + xO2 + xN2 =1 —ycioBue BBIOIHSIETCA

Haxogum yaenbHble ra3oBble NOCTOAHHbIE KOMMOHEHTOB

R _kr AL

RCO2 = — 188.9545 .
mCO2_kr kK
R _kr Jx

RH20 := — = — 461.888¢

mH20_ kr kr-K
RO2 = KT _ 5598125 -
' mO2_kr ' kK
RN2 = —=KT 5069286 -
' mN2_kr ' kK

Haxoavm ygenbHyto rasoByto NOCTOSHHYIO CMECHU Tox
Rem = RCO2-wCO2 + RH20-wH20 + RO2-w0O2 + RN2-wN2 = 288.987 «r.K
Haxoavm TennoémKocTb KOMMOHEHTOB NPW NOCTOSAHHOM AaBMNEHUN 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

Haxoaum monspHyto n3obapHyto TENNOEMKOCTb CMecU

Cp_krem := xCO2-CpCO2_kr + xH20-CpH20 kr + x02-CpO2_kr + ¥N2-CpN2_kr = 30

YoenbHasa n3otapHas TeNSI0EMKOCTb CMecu

10° = 1052.1044 2
meM_kr kr-K

Cp = Cp_krem

W3 ypaBHeHunss Manepa Hangém Cv
Jx

Cv:= Cp—- Rem = 763.1175
kr-K

MNokasaTtenb aguabaTbl



k:= e = 1.3787
Cv

2. Onpegensiem napameTpbl raszoson cmecu (P,V,T) Bo Bcex ToMKkax

Onpegensiem napameTpsl rasosori cmecu (P,V,T) B Touke 1
Mpouecc 1-2 NOAUTPONHbLIVA C NOKasaTenem nonuTPonbI
Onpegensem 06bém V1 13 ypaBHeHus coctosHusa PV=RT

T1 = tl + 273
3
1
Rem:T1 —
V1= = 0.1561
BOCHOJ’Ib3yeMCﬂ (*)OpMyJ'IaMI/I COOTHOLLUEHNA And nonuTponHbIX npoueccoB
R_(viyl o (viy™ L
Pl \ V2 T\ V2 T (pzj g
3 T1 P1

Vi
V2.= — =0.0537 M A1
1 T 1
— KI' P2 := Pl(v—j =2x 106
V2 IIa

@

T2 :=TIl:| — =371.7926 K
V2

B Touke 3 npouecc usobapHbln, cnegoBatenbHo P33 := P2 = 2 x 106 Ia

3
Onpegensiem gasnexve P1 13 ypaBHeHusa coctoaHua PV=RT V3 =0.075 —
KI'
-P
3= 3P 519 0546 T
Rem

t3:= T3 - 273 = 246.0546 C

Mpouecc 3-4 agnabarnyecknin ¢ nokasarenem agmabarbl ~2 .= k= 1.3787

P4::Pl:5><105 Ila
(2-1)

g (2
T4 = T3- P_3 = 354.6844K



Cptl := 1.05068 + 0.000174t — 0.00000002588t2
Cvtl == 0.761693 + 0.000174t — 0.00000002588t2

3. CTpoum rpacmkm 3aBUCMMOCTU UCTUHHOW yaenbHon Tennoémkoctn Cp n Cv ot 0
rpagycos Uenbcus Ao tmax umkna

N 0 kJIx
Cpi= 1.05068 + 0.000174t — 0.00000002588t2 = 1.0507 kr-K
2 kJIx
Ly:=0.761693 + 0.000174t — 0.00000002588t™ = 0.7617 K
KT
L=100 KK
Cpi= 1.05068 + 0.000174t — 0.00000002588t2 = 1.0678 kr-K
) kJIx
Ly:=0.761693 + 0.000174t — 0.00000002588t™ = 0.7788 kr-K
L= 200 KK
Cpi= 1.05068 + 0.000174t — 0.00000002588t2 = 1.0844 kr-K
) kJIx
Ly:=0.761693 + 0.000174t — 0.00000002588t™ = 0.7955 kK
L= 246 Kk
Cpi= 1.05068 + 0.000174t — 0.00000002588t2 =1.0919 ;EIE
Ly:=0.761693 + 0.000174t — 0.00000002588t2 = 0.8029 kr-K
4. [1nqa npouecca 2-3 onpefensieM yaenbHble 3Hadena q, AU,Ah ¢ ydeTom 3aBucumocT
TENI0EMKOCTU OT TEMMEepPaTyphbl. 3 M3
Mpouecc 2-3 n3obapHbIi; V3 =0.075 X V2 =0.0537 ;
KT
P2 =2x 106 ITa T2 =371.7926 K T3 = 519.0546
'3 = 246.054¢

q:=AU+1 AU:=Cv(T)dT dH:= Cp(T)dT t2:= T2 — 273 = 98.7926
f(t) .= Cptl fl(t) := Cvtl
kJIx

t3
Ahl = J f(t) dt = 154.6484
kr-K

2

t3 kJIx
AUl = J fl(t)dt = 112.0915 gr.K
t2

4 B
1= P2-(V3 - V2) = 42557 x 10" g
ql = AULIO + 11 = 15465 x 100 225

kr-K



ANW(T2) := Cp(T2)dT 9IPY

Ah2 = (1.05068 + 0.000174t2 — 0.00000002588t22)-(t3 - 12) = 157.2195 kr-K
AU = Cv(T2)dT
) KkJIx
AU2 := (0.761693 + 0.000174t2 — 0.00000002588t2 )-(t3 —12) = 114.6627 kr-K

12:=11 = 42557 x 104
3 5
q2:= AU2-10" + 12 = 1.5722 x 10
Hangém pasHuLy BblMUCHEHHbIX MPOLIECCOB

Ah= Ahl - Ah2 = 25711 A%
kr-K

AUl := AUl - AU2 = -2.5711
MWW
A
gd,=ql —q2=-25711 x 10" ¢r.K

5. PaccuyntbiBaem yaenbHble 3HadYeHus L,konuyecTtsa TennoTbl q, U3MEHeHNs
BHYTpeHHen aHeprum AU, aHTanbnuu Ah n koadduumeHTa pacnpegeneHns TennoTbiy

KkJIx
Mpouecc 1-2 NONUTPOMHLIN C NoKasaTenem nonuTponsI Q=13 Cyi=0.7631175 kr-K
KkJIx
1 Cp:= 1.0521044¢r. K
[ 1 (P1-V1 - PZ-VZ)J i “
2= 2= = —98.0557 K=
103 kr-K
kK IIpumeuanue
AU12 := Cv-(T2 = T1) = 77.6797 K Henenve Ha 10° caenano
_ B KJIK crneumnanbHo, 4YTobbI
ql2:= AUI2 + 112 = -20.3761 _KF-K NepeBecT AXOoyNM B
kK Kunogxxoynu

Ahl2:= Cp-(T2 — T1) = 107.0964
kr-K

l—~2 (T2
ASI2= ey 22 (T2 e KAX
N1l -1 1 kr-K

-1
g12.= X ~ -3.8123
Nl -k




Mpouecc 2-3 N30xopHbIN
[P2:(V3 - V2)]

o

- 425568 kK
10 bk
AU23 := Cv-(T3 — T2) = 112.3782 K

123 :=

q23 := AU23 + 123 = 154.935 KJ DK

kr-K
Ah23 := Cp-(T3 — T2) = 154.935 xJx

kr-K

AU
q23

Mpouecc 3-4 agnabarnyecknii ¢ nokasarenem abuabarbl 2=k

[ ! -(P3-V3—P4-V4)J
N2 -1

T3
AS23 = Cp-ln(Ej = 0.3511 P23 = = 0.7253

134 = — 125.4337 LS
3 kr-K
10 kI
AU34 = Cv-(T4 — T3) = -125.4337 K
kJIx
q34:=0 —_—
kr-K
Ah34 := Cp-(T4 — T3) = —172.934 kJlx
kr-K
2-k (T4 AU34
AS34:= Cv == = | =0 wip.- AU
N2-1 \T3 q34
Mpouecc 4-1 N30xopHbIN
P4-(V1 — V4
1= LIV VL gy SO
103 kr-K KJIK
AU41 = Cv-(T1 — T4) = —64.6242 KK
q41 = AU4I + 141 = —89.0968 il
kr-K
Ah41 := Cp-(T1 — T4) = —89.096§ K/l
kr-K
Tl AU41
AS41 = Cp-ln| — | = —0.287 23 = = 0.7253
T4 MWW a1

6. Onpegensem KonuyecTBo nogsenéHHomn (q1) n oTBeaEHHON (q2) TennoThl, a Takxke
anrebpanyeckne cymmebl L,konnyecTtsa TennoTbl g, U3MeHeHus
BHYTpeHHen aHeprum AU, aHTanbnuu Ah.

Isum := 112 + 123 + 134 + 141 = 45.4621



qsum = ql2 + q23 + q34 + q41 = 45.4621

AUsum := AU12 + AU23 + AU34 + AU41 =0 =1-0
Ahsum := Ah12 + Ah23 + Ah34 + Ah4l = 1.4211 x 10 14 ~ 4.0
ASsum := AS12 + AS23 + AS34 + AS41 = -3.7598 x 10_9 ~ 4.0

Al,= 923 = 154.935
92,=al2 + q41 = -109.4729

7. CTpoum rpachmkm yHKLMM NpoLeccoB



