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1. Onpegensiem xapakTepucTukM CMecu
MonsipHble Maccbl KOMMOHEHTOB

KT KT
KT

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

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

N2 = 0.4 MO
Haxoaum kKonnyecTBo BeLL ecTBa CMecKu
ncm == nCO2 + nH20 + nO2 + nN2 = 0.57

Haxoamm maccy KOMMOHEHTOB CMecH
meM = nm_kr

mCO2 := mCO2_krnCO2 = 3.0 xr
mH20 = mH20 kr-nH20 = 0.9 xr
mO2 := mO2 krnO2 =1.6 «xr

mN2 := mN2 kr-nN2 = 11.2 kr
Haxogum maccy cmecu

meM := mCO2 + mH20 + mO2 + mN2 = 16.78 kr

Haxoaum macccoBble A0MnU KOMMOHEHTOB

Co2
wCO2 = =22 _ 01836
mcm
mH20
WH20 = — 0.0536
mcm
2
002:= 92 _ 0954
mcm
mN?2
WN2 = — 0.6675
mcm

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

MonsapHast macca cmecu

mcm KT
= 29.4386
ncM Kwmonn

mem_kr =

Haxoaum macccoBble A0MnU KOMINOHEHTOB



nCO2

XCO2 = ~ 0.1228
ncm
H20
xH20 = ——— = 0.0877
ncm
02
x02:= 2=~ 0.0877
ncm
N2
xN2 = == = 0.7018
ncm

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

Haxogum yaoenbHble ra3oBble NOCTOAHHbIE KOMNOHEHTOB

Jx
R kr K
RCO2 = —=—— = 188.9545 ..
mCO2_kr kr-K
R kr
RH20 = — K 461 888¢ 27
mH20_kr kr-K
Jx
R kr
RO2 := —=—— = 2598125 L.
mO2_kr kr-K
Jx
R kr
RN2 = —=——— = 296.9286 1.
mN2_kr kr-K
Haxooum ynenbHyo ra3oBylo MOCTOSIHHYO CMecu T

Reum := RCO2-wCO2 + RH20-wH20 + RO2-w02 + RN2-wN2 = 282.4184 .k

Haxognm TennoémKocTb KOMMNOHEHTOB Nnpu NOCTOAHHOM faBneHMn n  t := 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 TENNMOEMKOCTb CMeCH
Cp_krem := xCO2-CpCO2_kr + xH20-CpH20 kr + x02-CpO2_kr + xN2.-CpN2_kr

YoenbHas TeNNOEMKOCTb CMeCcu

Jx
Cp_kr —
Cpo= =M 10% — 10292 % 10° ok
mem_kr
W3 ypaBHeHus Manepa Hangém Cv Tix
Cv:= Cp — Rem = 746.7526 kr-K

MNokasaTenb aguataThbl



k= p = 1.3782
Cv

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

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

Tl:=1t1+273=286 K

Rem-T1 3

M
V1= - 0.8975 —
Pl KT
BOCI'IOJ'Ib3VeMCF| C*)OpMW'IaMI/I COOTHOWeHna and I'IOJ'II/ITpOI'IHbIX I'IpOLI,eCCOB
o (viy! m vy ot
Pl (V2 T1 \v2 T2 (sz "
P2= 6P1 =54 x 10° Tla Tl Pl
Vi 3
V2= ——— = 02674 M
2
~1-1 P1
p2\ M
T2 := Tl = -5113749 K

B Touke 3 npouecc uzobapHei, criegoBatensHo  P3:= P2 = 5.4 x 10 Ia

Onpepensiem gasneHne P1 13 ypaBHeHus coctosHust PV=RT V3 =

t3:=T3 -273=317C
M3
= 03086 —

KT

V3 e Rem:-T3

Mpouecc 3-4 agnabarnyeckuin ¢ nokasarenem aguabarbl ~2 := k= 1.3782

P4 := P1:9><104 Ila
(y2-1)
(v2)
T4 = T3- b4 =360.8418K
P3
\Y% 3
V4 = _v3 1.1323 ™

—_— KI'



Cptl := 1.0269322 + 0.0001722t — 0.00000002678t2
Cvtl := 0.7445138 + 0.0001722t — 0.00000002678t2

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

A= 0 k/x
Cpi= 10269322 + 0.0001722t — 0.00000002678t> = 1.0269 kr-K
Cy.= 07445138 + 00001722t - 0.00000002678t = 0.7445 2%
v kr-K
;=100 -
Cpi= 10269322 + 0.0001722t — 0.00000002678¢" = 10439  KI'K
5 kJIx
Cy,:= 0.7445138 + 0.0001722t — 0.00000002678t" = 0.7615 xr-K
MWV
;= 200 -
Cpi= 10269322 + 0.0001722t — 0.00000002678t> = 1.0603 kr-K
5 kJIx
Cy:= 0.7445138 + 0.0001722t — 0.00000002678t" = 0.7779  gr.K
MWV
L=300 KK
Cpi= 10269322 + 0.0001722t — 0.00000002678t" = 1.0762 ™K
kJIx
Cy = 0.7445138 + 0.0001722t — 0.00000002678t" = 0.7938  ¥I'K
=317 -
Cpo= 10269322 + 0.0001722t — 0.00000002678t" = 1.0788  ¥"K
kJIx

Cyi= 0.7445138 + 0.0001722t — 0.00000002678t° = 0.7964 'K

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

TennoémKoCTY OT TemMneparypbi. 3 N
Mpouecc 2-3 n306apHblit; V3 =0.3086 X v2-02674 o
KT
P2=54x 105 I1a T2 = 5113749 K T3 =590
t3 =317

qi=AU+1 AU:=CwWT)dT dH:= Cp(T)dT t2:= T2 — 273 = 238.3749
f(t) := Cptl  fl1(t) := Cvtl

o

t3
Ahl = J f(t) dt = 80.9183
kr-K

t2



t3 kJIx
AUI := J fl(t)dt = 58.7131  kr.K

2
4 B
I1:= P2-(V3 — V2) = 22205 x 10" g
ql = AUL-10° + 11 = 8.0918 x 10° 2
kr-K
AK(T2) := Cp(T2) dT <l
Ah2 = (1.0269322 +0.0001722¢2 — 0.00000002678t22)-(t3 ~ £2) = 83.8504 kr-K
AU = Cv(T2)dT
5 kJIx
AU2:= (0.7445138 +0.0001722€2 — 0.00000002678t2 )~(t3 ~©2) = 61.6452 K

2= 11 = 2.2205 x 10
3 4
q2:= AU2-10” + 12 = 8.385 % 10

Hangém pasHuLy BblMUCHEHHbIX NPOLIECCOoB

Ahi= Ahl - A2 = 29321 A%
xr-K
AUl = AUl — AU2 = —2.9321
MWW\
Jx

qli=ql - q2=-29321x 10" .

5. PaccuyntbiBaeM yaenbHble 3HadeHus L,konuyecTBa TennoTbl q, U3MeHeHUs
BHYTpeHHen aHeprum AU, aHTanbnumn Ah n koadduumeHTa pacnpegeneHs TennoTbiy

kJIx
Mpouecc 1-2 NONUTPONHbLIN C NoKasaTenem MonUTPonb Cyi= 0.7467526 kr-K
kJIx
1 Cpo=1.0292 K
[ (P11 - P2~V2)J Ry &
2= L1~ 1326042 KAX
3 kr-K
10 kJx Ipumeuanue
AUI2 = Cv(T2 = T1) = 1682993 1K Henenve Ha 103 cqenano
_ 3 k/Ix cneumanbHo, YTobbI
ql2 = AUI2 + 112 = 35.6951 _Kr~K NepeBecT! [KoynM B
Ah12 := Cp-(T2 — T1) = 231.9559 LA Knnoaxoynm
kr-K
1-~2 T2
ASI12 = Cv- == o[ == = 0.092 LA
N1 -1 Tl kr-K

-1
g12= 2 — 47149
N1 -k



Mpouecc 2-3 N30xopHbLIN

kJx
123 = M = 222052 kr-K
10° kJDx
AU23 := Cv-(T3 — T2) = 58.7135 K
q23 := AU23 + 123 = 80.9187 K Jx
kr-K
Ah23 := Cp-(T3 — T2) = 80.9209 &Jlx
kr-K
T3 AU23
AS23 := Cp:In| — | = 0.1472 P23 .= —— = 0.7256
T2 q23
Mpouecc 3-4 agnabarnyeckuii ¢ nokasarenem abuabdarbl 2=k
1
[ > 1~(P3-V3 - P4~V4)J
134 .= L2 = 171.1245 Xfbx
3 kr-K
10 kJIK
AU34:= Cv-(T4 — T3) = —171.1245 K
q34:=0 LA
kr-K
Ah34 := Cp-(T4 — T3) = —235.84¢ xJlx
kr-K
2-k T4 AU34
AS34 .= CV~A{ ‘Inf —[=0 Ul2 .= Aud =1
N2 -1 T3 q34
Mpouecc 4-1 N30xopHbLIN
P4-(V1 — V4
a1 .= PEVTZVIL ) 56 1K
103 kr-K kJIK
AU41 := Cv-(T1 — T4) = -55.8883 K"K
g4l := AU4L + 141 = ~77.025 rfx
kr-K
Ah41 := Cp-(T1 — T4) = —77.0272 &Jlx
kr-K
T1 AU41
AS41 := Cp:In| — | = -0.2392 P23 = U = 0.7256
T4 MWW 41

6. Onpenensiem KonuuecTso noaBefEHHON (q1) M oTBEOEHHOW (42) TENNOTHI, @ TaKXKe
anrebpanyeckue cymmbl L, konuyecTsa TennoTsl g, U3MEHeEHNs
BHYTpeHHen aHeprum AU, aHTanbnuu Ah.

lsum:= 112 + 123 + 134 + 141 = 39.5888



qsum := ql2 + 23 + q34 + q41 = 39.5888

AUsum:= AUI2 + AU23 + AU34 + AU4L = 0 =10
Absum:= Ah12 + Ah23 + Ah34 + Al = 14211 10714
ASsum:= ASI2 + AS23 + AS3H + AS41 = 25979x 107 °

Al,= 923 = 80.9187
92,= 912 + q41 = —41.3299

7. Ctpoum rpadoukm dyHKLMM NpoLeccoB



36.05-xCO2 + 32.85-xH20 + 29.56-x02 + 28.97-xN2 = 30.2316

0.0203-XCO2 + 0.00544-xH20 + 0.003404-%02 + 0.002566-XN2 = 5.0695 x 10 °
0.00000642-CO2 = 7.8842 x 10



