McxogHble napameTpbl V1
Nl =k N2 =132 Pl:=097-10° Tla VI=084 v
R kr:= 8314

P3
=316 —:=138
P2

1. Onpegensiem xapakTepucTukM CMecu
MonsipHble Maccbl KOMMOHEHTOB
KT KT

mCO2 kr:=44 fpomp MH20 kr:= 18 wumomp mO2 kr:= 32 mN2 kr:= 28
Kwmons
Konun4yecTBo BellecTBa KOMMOHEHTOB Moscrerne
kr- Kpblwka

nCO2:= 0.05 Kwmoms nH20 := 0.08 Kwmomas nO2 := 0.07 Kwmoib

nN2 := 0.6 Kwoms,
Haxoaum kKonnyecTBo BeLL ecTBa CMecKu
ncm := nCO2 + nH20 + nO2 + nN2 = 0.8

Haxoamm maccy KOMMOHEHTOB CMecH
meM = nm_kr

mCO2 := mCO2_kr-nCO2 = 2.2 kr
mH20 = mH20 kr-nH20 = 1.44kr
mO2 := mO2 kr-nO2 = 2.24 xr

mN2 := mN2 kr-nN2 = 16.8 xr
Haxogum maccy cmecu

meM := mCO2 + mH20 + mO2 + mN2 = 22.68 kr

Haxoaum macccoBble A0MnU KOMMOHEHTOB

2
wCo2 = €92 _ 4097
mcm
mH20
WH20 = — 0.0635
mcm
2
002:= MO _ 0088
mcm
mN?2
WN2 = — 07407
mcm

weM = wCO2 + wH20 + w02+ WN2 =1 —ycIOBHE BHIIOIHIECTCS

MonsapHast macca cmecu

mcm KT
= 28.35
ncM Kwmonn

mem_kr =

Haxoaum macccoBble A0MnU KOMINOHEHTOB



nCO2

xCO2 = ~ 0.0625
ncm
H20
xH20 = —— = 0.1
ncm
02
x02:= 25— 0.0875
ncm
nN2
N2:= 22~ 0.75
ncm

xeM = XCO2 + xH20 + xO2 + xN2 =1 —ycrnoBue BBIIONHACTCS

Haxogum yaoenbHble ra3oBble NOCTOAHHbIE KOMNOHEHTOB

Jx
R kr Sa
RCO2 := —=—— = 188.9545 .
mCO2_kr kr-K
R kr

RH20 = —SX 461 8g8¢ 2%

mH20_kr kr-K

RO2 = —RK 5598125 -

" mO2_kr ' kr-K

RN2 = —RK 5069286 -~

" mN2 kr ' kr-K
Haxoavm ygenbHyto ra3oBylo NOCTOSHHYO CMECH T
Reum := RCO2-wCO2 + RH20-wH20 + RO2-w02 + RN2-WwN2 = 293.2628 .k

H~mmems mom e Brsrnam emn s s a s m s =~ STOSHHOM OaBneHMmm n  t:= 4.8395

CpCO2_kr:= 36.05 + 0.0203-t — 0.00000642t
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 + xN2.CpN2_kr = 29.87

YpoenbHas TeNNOEMKOCTb CMeCcu

_ Cp_krem

Cp: 10° = 1.0537 x 10 2

mem_kr kr-K
W3 ypaBHeHus Manepa Hangém Cv

Cvi= Cp— Rem = 7604107 22X
kr-K

MNokasaTenb aguataThbl



= Cp = 1.3857

Cv

. Onpegensiem napameTpsbl razoson cmecu (P,V,T) BO Bcex To4kax

Onpegensiem napameTpbl razoson cmecu (P,V,T) B Touke 1
Mpouecc 1-2 nonUTponHLIA € NokasaTtenem nonuTtponbiy1 := k
Onpenensiem Temneparypy T1 13 ypaBHeHusi coctosiHus PV=RT

P1-V1
T1 = = 277.8395 K
Rem

tl:=T1 — 273 = 4.8395

Bocnonb3syemcs CbOpMVI'IaMI/I COOTHOLLEHUA Ana NoNnnUTpOrHbIX npoueccoB

P2 (ﬂf ™ (2)”‘1 at
P1 V2 T1 V2 T_2 B E N
V1 3 T \ Pl
V2.=—=02658 M
3.16 -

KT

v 5
P2:=Pl|—| =47772x 10" Il
V2

v\ =D
T2 := Tl — =433.0173 K
V2

3
M

B Touke 3 NpoLIECC M30XOpHbLIN, crignoBaTenbHo V3 := V2 = 0.2658 X

Onpegensiem gaBnexve P3 13 cooTHoweHus P3/P2 un
Temnepatypy u3 ypaBHeHusi coctosHus PV=RT

P3-V3
P3:= P21.38 = 6.5925 x 10° ITa T3 := - 597.5638 K
Rem
Mpouecc 3-4 agnabarnveckuin ¢ nokasarenem agmabarbl ~2 = 1.32

P4 Pl =97x 10° 112

N2-1

p4) 2
T4 = T3 — — 375.5088
P3

v
V4 = _v = 1.1353



Cptl := 1.052985 + 0.0005451t — 0.000000014t2
Cvtl == 0.7597222 + 0.0005451t — 0.000000014t2

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

A= 0 k/x
Cpi= 1052985 + 0.0005451t — 0.000000014¢” = 1.053 kr-K
Cy = 07597222 + 0.0005451t — 0.000000014¢" = 0.7597 X
v kr-K
=100 -
Cpi= 1.052985 + 0.0005451t — 0.000000014¢” = 1.1074 kr-K
5 kJIx
Cy,:= 0.7597222 + 0.0005451t — 0.000000014t™ = 0.8141 kr-K
MW
=200 -
Cpi= 1.052985 + 0.0005451t — 0.000000014¢” = 1.1614 kr-K
5 kJIx
Cy,:= 0.7597222 + 0.0005451t — 0.000000014t™ = 0.8682 xr-K
MW
L=300 KK
— 2 wr. K
Cpi= 1052985 + 0.0005451t — 0.000000014t™ = 1.2153 ol
Cy = 0.7597222 + 0.0005451t — 0.000000014¢” = 0.922 kr-K
Li=324.6 KK
Cpi= 1.052985 + 0.0005451t — 0.000000014¢” = 1.2284 kr-K
5 kJIx
Cy,:= 0.7597222 + 0.0005451t — 0.000000014t™ = 0.9352 xr-K
MW

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

TENNOEMKOCTU OT TEMMEepaTypbl. 3

Mpouecc 2-3 n3oxopHbin cnegoBarensbHo [=0; V2 := V3 = 0.2658 L
MW KT

P2 = 47772 % 10° Tla P3 = 6.5925x 10° Ila 2:= T2 — 273 = 160.0173
qi= AU  AU:=Cy(T)dT  dH:= Cp(T)dT 3 := T3 — 273 = 324.5638

f(t) = Cptl  fI(t) == Cvtl
kJIx

t3
Ahl = J f(t) dt = 173.6991
kr-K

t2



t3 kJIx
AUI := J fl(t) dt = 125.4437 4r.K
t2

ql = AUI

AK(T2) := Cp(T2)dT

kJIx
Ah2 = (1.052985 + 0.0005451t2 — 0.000000014t22)~(t3 — 12) = 187.5587 kr-K
AU := Cv(T2)dT
2 kJIx
AU2:=10.7597222 + 0.0005451t2 — 0.000000014t27)-(t3 — t2) = 139.3033 _K
KT

q2 = AU2

Hangém pasHuLy BblMUCHEHHbIX NPOLIECCOB

Ah:= Ahl - AR = —13.8596 2%
xr- K

AU := AUl — AU2 = -13.8596
kJIx
Al,=ql —q2=-13.8596 k- K

5. PaccuyntbiBaeM yaenbHble 3HadeHus L,konuyecTBa TennoTbl q, U3MEHEHUs
BHYyTpeHHen aHeprum AU, aHTanbnumn Ah n koadduumeHTa pacnpegeneHs TennoTbiy

N1 = 1.3857 kJIx
Mpouecc 1-2 agnabarnyecknii C nokasarenem aguabarsi Ly:=0.7604107 xr.K
1 Cpa= 10537 <2
1 -(P1-V1 - P2:V2) kr-K
2= - 1179988 A=
3 kr-K
10 K@ [Ipumeuanue
AUI2:= Cv(T2 - T1) = 117.9988 . HeneHve Ha 103 CaeNaHo
1220 kJDx cneumanbHo, YToGhI
= K nepesecTy JXOynu B
Ahl12 := Cp(T2 — T1) = 163.5108 xJix Knnoaxoynu
kr-K
1-k T2
Asi2i= oy K (T2) A
N1 -1 T1 kr-K
AUI2
P12 .= U =1
ql2

Mpouecc 2-3 N30xopHbLIN



kJIx

123:= 0
kr-K K Jx
AU23 = Cv«(T3 - T2) = 125.123 'K
q23 = AU23 = 125.123 Xfbx
kr-K
Ah23 := Cp-(T3 — T2) = 173.3827 ]I
kr-K
T AU2
AS23 := Cv:In —3 = 0.2449 P23 = E =1
T2 q23
Mpouecc 3-4 agnabarn4yecknii ¢ nokasarenem abmnabarol 2
1
[ - (P3V3 - P4~V4)J Kbk
134:= L32 -203.5015 XK
3
10 k1K

AU34:= Cv-(T4 — T3) = -168.853 K
34 = AU34 + 134 = 346485 AK

kr-K
Ah34 = Cp-(T4 — T3) = -233.97¢ xJlx
kr-K
2-k (T4 AU34
As34 = ov 22K [ I8 00705 wiz = 2U3% L 48933
N2 -1 T3 q34

Mpouecc 4-1 n3obapHbI P:=P4=97x 104
P1- (V1 - V4
141 = M = -28.6428 xJx
103 kr-K

AU41 = Cv-(T1 — T4) = —74.268 <2
kr-K kK

q41 := AU41 + 141 = -102.9115 kr-K

Ah41 := Cp-(T1 — T4) = —102.914 xJIx
kr-K
T1 AU41
AS41 := Cp:In| — | = -0.3174 P41 = L = 0.7217
T4 g4l
6. Onpenensiem KonuuecTso noaBefEHHON (q1) M oTBEOEHHOW (42) TENNOTHI, @ TaKXKe

anrebpanyeckue cymmbl L, konuyecTsa TennoTsl g, U3MEHeEHNs
BHYTpeHHen aHeprum AU, aHTanbnum Ah.

Isum:= 112 + 123 + 134 + 141 = 56.8599

qsum := ql2 + 23 + q34 + q41 = 56.8599



AUsum:= AUI2 + AU23 + AU34 + AU41 = 0

Ahsum := Ahl12 + Ah23 + Ah34 + Ah41 = 1.4211 x 10
ASsum = AS12 + AS23 + AS34 + AS41 = -7.9874 x 10
qli=q23 + q34 = 159.7714

92,= 941 = -102.9115

7. Ctpoum rpadukm yHKLmMM NpoLeccoB

14

6
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