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Tema 1. IlapameTpbl COCTOSTHUSA TEPMOAUHAMUYECKON CUCTEMBbI.
3aKoHBI HACATBbHBIX I'a30B. Y PABHEHHE COCTOSTHUS HAEAJbHOI0 ra3a

Teopernyeckue cBeIeHUA

du3nvecKoe COCTOSHHE Tejla ONPENeNsieTCsl HEKOTOPhIMU BEIMYMHAMU,
XapaKTepU3yIOIUMHU JaHHOE COCTOSTHUE, KOTOPBIE B TEPMOJIMHAMUKE HA3bIBAIOT
napamempamu cocmosnus. K OCHOBHBIM M3 HMX OTHOCAT: YJEJIbHBIA OOBEM,
JIaBJICHUE U TEMIIEPATYPY.

Yoenvuvim o0b6vemom OTHOPOAHOTO BEIIECTBA HA3BIBAETCS OOBEM,
3aHMMaeMbI  €JMHMIIEM MacChl JIAaHHOI'O BellecTBa. B TexXHHMYeCKOM
TEPMOJMHAMHUKE YACIBHBIN 00beM 0003HAYACTCSI V M U3MEPSIETCS B M /KT

v= V/m,
rae V- o0beM IPOM3BOJBLHOIO KOJIMYECTBA BEIIECTBA, M, m — Macca 3Toro
BEIIIECTBA, KT.
[InoTHOCTH, TEna ompenensercs Kak Macca €IUHUIBI o0beMa |
M3MEpSETCS B KI/M :
p=m/V.
VY nenpHBINA 00bEM €CTh BeTMYMHA, O0OpaTHAs TNIOTHOCTH, T.€.
v=1/p;, p=1N; vp=1.

Jlasnenue onpenenseTcs OTHOIIICHUEM CHUIBI, PaBHOMEPHO
paCIpeeSIECHHON 110 HOPMAJIbHOM K HEW MOBEPXHOCTHU, K IUIOIIAIA ITOH
MTOBEPXHOCTH:

p=Fr,
rae F - cuna, neiictBytromas Ha noBepxHocTh (H), f - miomans moBepXHOCTH,
HOpMabHO# K crte (M°). Enunnneit napnenns B CU sBnstercst [Ta=H/m”,

Mexay eauHULIAMU TaBICHUS U YHUBEpCAIbHOU eauHuliei nasnenus CU

CYIIECTBYIOT CIIEIYIOIINE COOTHOIICHUS:
1 kre/em” = 98066,5 ITa = 98,1 kI1a;
1 kre/m” = 1 MM Bozt.cT = 9,80665 Tla =~ 9,81 Ila;
I mm pr.cT. = 133,322 [Ila = 133 Ila.

TepmoanHaAMUYECKUM  MapaMeTPOM  COCTOSIHUSL ~ SIBIIIETCSI  TOJIBKO
abcomoTHOE JaBiieHHE. Abconomuvim OaeéneHuem Ha3BIBaeTCs JaBJICHUE,
OTCUMTBIBAEMOE OT aOCOJIIOTHOTO HYJsS JIaBJICHUS WX OT aOCOJIOTHOTO
Bakyyma. Ecim nmaBiaeHue B cocyne Oosblie aTMOChepHOro, adCOIOTHOE
JIaBJICHHE B COCY/IC PAaBHO CyMMe€ IMOKa3aHUi MaHOMETpa U OapoMeTpa:

Paoe. = Pus6 + Pamwu;
€CJIM JIaBJICHUE MEHbIIIE aTMOC(HEpPHOTO, A0COTIOTHOE JaBJICHUE PaBHO PA3HOCTH
MoKa3aHui 0apomMeTpa U BaKyyMMeETpa:

Paée. = Pamm — Pear.

Temnepamypa, XapakTepus3ysl CTEHEHb HArpETOCTH TEJ, IMPEACTABISACT
coboli Mepy cpemHed KHUHETHYECKOW JHEPruu TMOCTYIMATEIbHOTO JBUKEHUS
MOJIEKyJI. M3mepeHne Temmneparypbl MOXET IPOU3BOAUTHCS KaK B Tpaaycax
KensBuHa, Tak u B rpagycax Llenbcusa. Mexay HUMHM UMEETCSA CIECAYIOIIEE
COOTHOIIICHHUE:



TK=273,15+¢ C.
[TapameTpoM cocTOsSIHUSI SIBJIIETCS aOCOJIIOTHAs TeMmIepaTypa, u3Mmepsiemas B
rpagycax KenbBuna.
['a3pl, nomumHsrOmMecs 3akoHaMm bownsg-Mapuorra, [eni-JIroccaka,
[Tapns 1 ABorajpo, Ha3bIBAIOTCS UI€ATbHBIMU.
3axon bouina-Mapuomma: Tpu TOCTOSHHOM TEMIIEPAType yHAEIIbHbBIC
00bEeMBI raza 00paTHO MPOMOPIIMOHATBHBI €T0 JaBJICHUSIM:
V2/vi=pi/p:
W pv = const.
3axon [leti-/Itoccaka: npyu TOCTOSHHOM JaBJICHUU YJEIbHbIE OO0BEMbI
UJICAIbHOTO ra3a MpsiMO MPONOPIHUOHATBHBI €0 a0COIIOTHBIM TEMITEpaTypaM:
1% 2/ Vi :T2 /T 1
VA v/ T = const.
3axon Illapns: mnpu TMOCTOSHHOM YIEIBHOM 0ObeMe aOCOJIIOTHBIC
JABJICHUS HWACATBHOTO Ta3a TPSIMO MPOTOPIUOHAIBHBI €ro a0CONFOTHBIM
TeMIIepaTrypam:
p2/pr=T1,/T;
WJIH p/ T = const.

3axon Aeoeadpo: B paBHBIX O0BEMax JIOOBIX HICATBHBIX Ta30B IPHU
OJIMHAKOBBIX JIABJICHUM U TEMIIEPAType COJEPKUTCS OJHO U TO K€ KOJIUYECTBO
BeuiecTna. M3 Hero cienyer, 4ro
wv =224 M/ KMOJIb,
rze (v — 00beM OJTHOTO KUIIOMOJIA.

Ypasnenue cocmosanus uoeanvHvix 2azos 0bI0 BbiBeAeHO KianeiipoHom
Y UMEET BUJL:
pv/T=R wm pv=RT.
Jns  mpOM3BONBHOIO KOJMYECTBA ra3a C MAacCOM m,KI' ypPaBHEHHUE
COCTOSIHUS BBITJISIIUT CICAYIOIIUM 00pa3oM:
pv=mRT;

rae p — abcomoTHoe naBieHue rasa, H/mM; V — 06bEM IIPOM3BONBLHOIO
KOJIMYECTBA Ia3a, M'; /M — Macca rasa, Kr; 7 — aGCoIOTHAs TeMIeparypa rasa, K,
R —razoBas nocrosinHas, [[x/ kr rpan.

VYpasaennto Knarnelipona MOXHO MpuAaTh yHUBEpCaIbHYIO (HOpMy, eciu
ra3oBYyI0 IOCTOSIHHYIO OTHECTH He K | Kr rasa, a k 1 KMoJb.

Harnumem ypaBHeHue cocTosiHusA U1l 1 KMOJIb rasa:

PV =uRT,
OTKYyJa uR = pV, /T;
rae uR — yHuBepcaibHas ra3oBasi HIOCTOSIHHASL.

[Ipyn Tak Ha3bIBAEMBIX HOPMAJBHBIX (DU3UYECKUX YCIOBHSX (AaBICHHUU
101325 H/m* u Temnepatype 273,15 K ) o6bem 1 kMoib rasza paen 22,4143 m'/
KMOJIb, &
uR = 8314,20 T/ xmonb rpaa = 8,3142 kJ>x/kMoiib rpa.
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VYHuBEpcanbHOE ypasHeHue coCmoAHUs UOealbHblX 2a306 (ypaBHEHUE
coctosiHusa Knaneiipona-MeHieneeBa), oTHECEHHOE K 1 KMOJIb Ta3a, MpUHUMAET
CIICIYIOILIUMN BUL:

pV,=8314,20 T.

I'a30By10 IIOCTOSAHHYI0O R MOXXHO ONPENEIUTH I10 U3BECTHOM CpeaHEN

MOJIEKYJIAPHOM Macce :

R =8314,2 / u I/ xr Tpas.

3agaun

1. B OannoHe coaepKUTCs KUCIOpoa Maccoi 2 kr npu aasienuu 8,3 MIla u
Temmeparype 15 C. BBIUHCINTS BMECTHMOCTb GAJLIOHA.

2. B myckoBoM 0ainoHe Iu3ens HaXOIUTCS BO3AyX MOJ JAaBlieHueM pi= 2,4
MIla u npu Temneparype T;=400 K. Haiitu naBieHue B OayyioHe Npu
OXJIaXK/ICHHUH BO3yXa B HeM 10 15 C.

3. Bosdyx HpH HadambHbIX ycnoBsax V,=0,05 m°, T;=850 K u p =3 MIla
pacIIMpseTCs TIPH HOCTOSHHOM JaBJIeHHH 10 oobeMa V,=0,1 . Haiitu
KOHEUHYIO TEMIIEPATYpy.

4. T'a3pl, JBUrasich MO JBIMOBOM TpyO€ IMpU TMOCTOSHHOM JIaBJICHUH,
oxuaxngarorcs or 350 1o 294" C. Haiitu, BO CKOJIBKO pa3 ILIOMIA]b
BEPXHETO OTBEPCTHsI TPYOBI OJDKHA OBITHh MEHBIIE TIJIOMAIN HUKHETO
OTBEPCTUS IIPU COXPAHEHUN OJJMHAKOBOM CKOPOCTH Ia30B B HEU.

5. MaHoMeTp, YCTaHOBJIEHHBII HAa TAPOBOM KOTJIE, TOKA3bIBAET AaBieHue 18
kre/cM’. Haiitn acomoTHOe maBieHHE B KOTJIE, eciu atMocdepHoe
napyieHue paBHo 740 MM pT. CT.

6. Bakyymmerp mnokasbiBaeT pazpexenue 600 MM pr.ct. KakoBo
aOCOJIIOTHOE JaBJIEHUE, €CIM aTMOC(EpHOE [aBJIEHHUE IO OapoMeTpy
cocrasisier 750 MM pT.cT.?

7. Tlocne mycka [IBC naBieHue cxkaToro BO3AyXa B MYCKOBOM OasjloHE
noHu3wiock ot 3,5 no 2,9 Mlla. Onpenenuts 00beM U3PACXOI0BAHHOTO
BO3/lyXa TPH TEMIEpaType M JaBIeHHH OKpyxaromeil cpemsl 18 C n
1008 rlla, ecan BMECTHMOCTb ITyCKOBOTo Oamtona 0,2 M°, TemmepaTypa
BO3/IyXa B Gamone 10 mycka 18  C, a mocie mycka 10 C.

8. B 6amone BMectumoctsio 0,1 M HaXOJUTCSI KUCJIOPOJ IIPU JABJICHUU 6
MIla u Temneparype 25" C. Tocie TOro Kak U3 HEro 6buia BBINYIIEHA
4yacThb Trasza, IOKa3zaHue MaHoMmeTpa crtaino 3 Mlla, a Temmneparypa
KHCIOpoa moHm3miack 10 15  C. OmpeeianTts Maccy BBITYIICHHOTO U
IUIOTHOCTh OCTAaBIIETOCS B OallJIOHE KHUCJIOPOJa, €CIH JIaBJICHUE
okpyxatouien cpeast 1000 rlla.

9. Macca Oannona ¢ razoMm m; =2,9 Kr, Ipu 3TOM JaBJ€HUE B Oa/IOHE MO
ManoMmeTpy p;= 4 Mlla. Ilocne wu3pacxomoBaHusi 4YacTh ra3a IpHU
HEM3MEHHOW TeMIiepaType AaBjieHHe B OaUIOHE MOHU3UIIOCH 10 Py = 1,5
MIla, npu sToM Macca OayuioHa ¢ Ta30M YMEHbBIIWUIACh 10 m, = 1,4 Kr.
Onpenenute IWIOTHOCT, raza npu gaeineHun 1013 rlla, eciam

3
BMecTUMOCTh OayutoHa 0,5 M.



10.IBC mommuocteto 120 kBt pacxomyer 0,024 kr tommmBa Ha 1 Kr
pabouero Tema. OmpenenuTs 06beMHBIH pacxox (M7/c) paGodero Tena,
€CIM yJIelabHBbIM pacxoj ToruBa coctaBisieT 190 r/(kBt u). Bo3zmyx
BcacbkiBaeTca B 1uiuHapel JIBC u3 nomenienus ¢ napamerpamu p=1000
rlla, T =290 K. Cuurtats, 4yTo paboyee Teno nMeeT GU3nIECKre CBONCTBA
CyXOro BO3/yXa.

11.Bo3ayx npu HadanbHOM faBiienuu 0,5 MlIla agnabaTHo pacumpsercs 10
nasnenus 0,15 MIla. Bo ckoJIbKo pa3 J0JKEH YBEIUUUTHCS €ro 00bheM?

12.Bo3nyx ¢ HayalnbHBIM O00BEMOM & M npu pgasiaenuun 90 klla
M30TEPMUUECKH CokuMaeTcsa 10 aaBieHus 0,8 Mlla. Halitu xKoHE4HBII
o0BeM.

13.0npenenuTh MIOTHOCTh M YAENbHBIH O0BEM OKHCH YIJIepoAa TMpH
naBnenun 1 6ap m Temmeparype 300 K. T'a3oBas mocTossHHasi OKHCH
yraepona R=297.4 JIx/kr K.

Tema 2. Cmecu razon. Temi0eMKOCTb.

Teopernuyeckue cBeaeHUs
Yoenvnou mennoemkocmpio TENa B JAHHOM IPOLIECCE HA3bIBACTCS
OTHOLIEHUE TEIUIOThl dg, MOJYYEHHOE €IUHULEH KOJIMYECTBAa BEIIECTBA MpU
OECKOHEYHO MaJIOM U3MEHEHUH €T0 COCTOSHUS, K U3BMEHEHUIO TEMIIEPATyphl df :
C,=dq, /dt.
PaznuuaroT HICTUHHYIO U CPEAHIOIO TEIJIOEMKOCTH.
Hcmunnoti TEII0EMKOCTBIO Ha3bIBAIOT MPEESl OTHOLIECHUS
lim Aq = @;
At—0 At dt
cpeOHeti TETNIOEMKOCThIO Ha3bIBAIOT OTHOLICHHUE

q
Cop= —,
-1

CcC =

rac ¢ — KOJIMYCCTBO TCILJIOTHI;
t] s tg - TCMIICPATYpPhI HaA4YaJla 1 KOHIIA IIponccca.
Cpeonsis MonbHas menioemMKocns B IPOU3BOJILHOM JIMaIia30He
TeMrepaTyp onpeaeiseTcs mo hopmye
n
!

t
Hep|g it —Hep

HCpep = kJ>K/KMOJIB Tpa,

I —1
rac ,UC pep - Cpe,Z[H}IH MOJIBHAaiA TCIIJIOECMKOCTH B HpOI/ISBOHBHOM JAUAIla30HC

Temmneparyp ot t; 10 t, °C, kI>x/KMOJb Tpaj,

t
Hep 02 - CpelIHsIs MOJIbHAS TEINIOEMKOCTh B MHTEpBaJIe TeMneparyp ot 0 1o

1,° C, (6epetcst u3 Tabnmir), kJ>/KMOIb Tpaf,
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t
Hep 01 - CpeliHsisA MOJIbHAs TEIUIOEMKOCTh B MHTEpBajie Temneparyp ot 0 110

t; © C, (6epercs u3 Tabnwmir), kJ[>k/KMoIb Tpa,

t;, 1, - TeMIepaTypbl Hayaua U KOHIIA Mpoliecca.

Cpeousis maccosas menioemKkocms ONpesenseTcs o popmyie

HCpep
Cpep = T , KJDX/Kr Tpan,

rae u - MOJIGKYJISIpHBIP'I BCC rasa, KI'/KMOJIb.

Cpeonss obvemnas menioemkocms onpeaensercs no Gopmye

c HE pep
pep — T 3
22.4 kJx/ M” Tpan,

rae 22,4 — 00beM 0IHOTO MOJIS Ta3a MPU HOPMATBHBIX (PU3UYECKUX YCIOBUAX
(p=760 mMm pt.cT. U T=0 C.)

TermoeMKOCTH IPOLECCOB MPU P = const M vV = const CBA3aHbI MEXIY
co00¥i CIIeTyIONUMU COOTHOIICHHSIMU:
a) MOJIbHBIE
e p — pe,, = 8,314, kJLK/KMOIb rpaj;
0) MaccoBbIe
¢y - ¢, =R;
B) 00bEMHBIC
¢, - ¢,=0,37=p,R,
I71€ O, - IOTHOCTb MPU HOPMAJIbHBIX (PU3NYECKUX YCITOBUSX.

3aTpatThl TEIJIa Ha HarpeBaHUE WM OXJIaXKICHUE paboUnX Tel
OTIPEICIISIFOTCS U3 COOTHOIIICHHMIA:
a) s M monei

0= Muic (15 — 1 ), I
0) st G KT
0= Gccp(Z2 -1 ), KJIK;
B) IS Ve
Q=Vco(t,—t,), KK

B kauecTtBe pabouymnx Tea MOryT ObITh MCIOJIB30BAHBI CMECH, COCTOSIIHE
U3 HECKOJIbKHX Ta30B.

VYpaBHeHUe cOCTOAHUS 151 | KT CMECH BBITJIAJIAT CIEAYIOIUM 00pa3oM:



PVv=R., T;
TUIST m KT
pv=mR., T,
rae R., — razoBas mocTostHHas cMecH, JIx/ KT rpaj;
st 1 KMoJib
pV.=R, T,
rae V, =Ve, ey — 00BEM 1 KMOTIB CMECH;
R, — 8314 JI:x/ xMo7b rpaji — yHUBEpCaJlbHAasl ra30Basi IOCTOSIHHAS;
V — yIeIbHBI 00bEM CMECH, M/ KT
ey — CPETHUN MOJIEKYJISIPHBIN BEC CMECH, KI/KMOJIb.
Jlns onpenenenus R, U ., HEOOXOJAUMO 3HATh COCTaB CMECH, KOTOPBIH
MOJKET OBITh 3aJ1aH MaCCOBBIMH, OOBEMHBIMUA M MOJIbHBIMH JIOJISIMH.
Maccosoti doneti Ha3pIBa€TCSI OTHOIICHHUE MACChl KajKJIOro rasa K oOIeHn
MacCce CMECH:

gi = m;/me,.
Obvemnoii doeti Ha3bIBAETCA OTHOLIEHUE napLHaIbHOTO
(mpuBeneHHOT0) 00BbEMa KaXKIOTO Ta3a K 001meMy 00beMy CMECH Ta30B:
ri= ‘/l /V cM.

3agaHue CMECH MOJbHLIMU  OO0JISIMU ~ PABHO3HAYHO  3a/IaHUI0 €€
00BbEMHBIMHU JIOISIMHU.
Ecnmm cmech 3aaHa MacCOBBIMH JIOJISIMH, TO R., U ., OIPEICISIIOT U3
CJIEIYIOLINX COOTHOLICHUN:
RCM = 2 8i Ri
WIH
RCM = 83142 g,/lLl,
Uerw = 8314/ R,
1580071
Uerw = 8314 /X g R,.

Eciu cMech 3a1aHa 0O EMHBIMH JTOJISIMH, TO
R., = 8314/
WU R, =8314/Zr; w,

Hen = 8314 X ri/R,-.
Hapuuaﬂbele dasnenuss OTACIbHBIX ra3oB, BXOOAIIUX B CMCECh,
OIpCaACIIAOT U3 CIICAYIOIINX COOTHOIIICHUIA:
€CJIM CMECh 3aJJaHa MaCCOBbBIMH JOJIAMHU, TO

Pi=Pcn 8i ,ucv//ul =Pcu 8i Ri/RCM ;
€CJIM CMCCh 3aJlaHa 00BEMHBIMHA JOJISIMU, TO
Pi=TiPeu.
Tennoemxocmo cmecu OnpCACIIAIOT U3 CICAYIOIINUX COOTHOIIICHUM:
- €CJIM CMECh 3aJaHa JOJIIMU MOJIA, TO
UCey =T UC1+ T Uy Cot..+ 1y Uy Cp, KI[)K/KMOJ'IB rpan,



TJ€ [U;C], U2 C2y Wy Cp — MOJIBHBIC TEIJIOEMKOCTH OT/ACIBHBIX Ta30B, BXOJAIINX B
cMech (0epyT U3 TaOIuI] TEIJIOEMKOCTH);
- €CJIM CMECh 3aJ]JaHa MaCCOBBIMH JIOJISIMH, TO
Cen=81C1 + 202+ ... +g,c,, KK/ KT rpan,

TIE C;, C3, C, — MACCOBBIE TEIIIOEMKOCTH OTACIBHBIX T'a30B, BXOISIINX B CMECH;
- eCIM CMeCh 3a/JlaHa OOBEMHBIMH JOISAMHU (IIPU HOPMAJBHBIX (HU3HYCCKUX
YCIIOBHUSIX), TO

Cor =FIC] + F2Co F oo FF0Cy s kJIx/ M’ rpajn,
THe ¢;, C2, ¢, — OOBEMHBIE TEINIOEMKOCTH OTHEIBHBIX Ta30B, BXOISIINX B
CMECh.

3amaun

1. O0BbeMHBIE 10U KOMIIOHEHTOB CMECH MAealbHBIX ra3oB: 25 % CO, u 75
% O,. JlaBinenne cmecu pasHo 0,085 MIIa, Temmeparypa 100° C. Haiirn
naplyaJbHble JaBICHUS KOMIIOHEHTOB, MAacCOBBIE JOJIM KOMIIOHEHTOB,
MOJISIPHYIO MacCy M Ta30BYIO IMOCTOSIHHYIO CMECH, a TakKe IUIOTHOCTb
CMECH IIPH H.y. M YCIOBHSX, YKa3aHHBIX B 3a/1a4e.

2. Jlns cmecu ra3oB U3 NpeAblayLIed 3aauyd HAaWTU: UCTUHHBIE MOJIPHYIO,
MaccoByl0 M OOBEMHYIO (NpH H.y.) TEIUIOEMKOCTH CMECH s
TemmepaTypbl 500  C Hpu p = const i IPH vV = const; CPeJHIE MOJISIPHYIO,
MacCcoByl0 M OOBEMHYIO TEIUIOEMKOCTH CMECH JJid HMHTepBaia
temmeparyp 1000...500° C mpm p = const; KOJMYECTBO TEILIOTHI
3aTpadyeHHOe Ha HArpeBaHHe 5 M° (H.y.) CMECH [P P = const B TOM e
UHTEpBaJe TEMIIEPaTyp.

3. B 3akpsIToM pesepByape oobemoM 100 11 Haxomures Bo3ayx mpu 0 C u
nasyieHuH 760 MM pT.cT. OnpenenuTs TEIUIo, 3aTPAYEHHOE Ha HATPEBAHUE
sTOro Bozxyxa 10 200 C.

4. Omnpenenuth CpeIHUE MOJIbHYIO, OOBEMHYIO U MAaCCOBYIO TEIUIOEMKOCTH
B TpoIeccax MpH IMOCTOSHHOM JIABJICHUH U TOCTOSIHHOM 0ObeMe B
uHTepBane Temmeparyp or 0 mo 1300 C s cMecu rasoB, MMEOLICH
caenyrommi oobemusbiii cocraB: CO, — 8%, CO — 2%, N, — 85%, H, —
5%.

5. Cmech aByX 00b€MOB BOAOPO/Ia U OJTHOTO 00bEMa KHUCIOPOa Ha3bIBAIOT
rpeMy4uM razom. OnpeaenuTb ra3oByro MOCTOSTHHYIO TPEMYYETo rasa.

6. HailiTu KoIM4eCcTBO TEIIOTHI, MOJBOJIUMOE K KUCIOPOY, MAacca KOTOPOIO
0,2 Kr, Ipu NOCTOSIHHOM JAaBJICHUU MPU MOBBIIICHUH €r0 TeMIEPaTyphl OT
600 10 2000 C.

7. B Gamione BMECTUMOCTBIO 15 11 comepkutcst Bo3myx npu aasiennn 0,4
MIIa u Temmeparype 30 C. KakoBa GyzeT Temmeparypa BO3LyXa B
pe3ynbTare noABoaa K HeMy 16 kJ[k TeroTel? VYienbHas HU30XOpHas
TeroeMKocTh ¢,= 717 Jlx/kr K.

8. K Bo3znyxy B Oamone BMectuMocThio 100 11 ipu paBnenun p; = 0,3 Mlla
u temneparype T, = 15 C noasoaures Temiora B konuuectse 148,8 kJx.
HaiiTu KOHEeUHBbIE TEeMIepaTypy U JaBJICHHE BO3AyXa B OAJIJIOHE.



9. A3zot Mmaccoii 0,5 kr pacumpsercs no uzobape npu gasieHun 0,3 Mlla
Tak, 4yTo Temmeparypa ero mnombimaercs ot 100 mo 300° C. Haiitu
KOHEYHBI 00bEeM a30Ta U MOABEACHHYIO TEILIOTY.

10. 2 xr Bo3ayxXxa NOpH HayaldbHOM aOCOJIIOTHOM jaBieHuu 10 Oap wu
temnepatype 600 K pacmmpsitores 1o agnadare 10 KOHEYHOTO JTaBICHUS
1 6ap. OnpenenuTh KOHEUHBIE 00bEM U TEMIIEPATYPY.

11. Bo3nyx pacmmpsiercs B mponecce p = 0,5 MIla = const, npu 3Tom ero
o6beM  m3memsietcst ot 0,35 go 1,8 m’. Temmeparypa B KOHIC
pacumpenns pasua 15007 C. OnpemenuTh MOABEICHHOE KOIMIECTBO
TEIJIOTHI.

12.12 xr Bo3ayXa npu adCOIIOTHOM JaBieHuu B 6 6ap u temneparype 300 K
paCHIMPAIOTCS TPH TOCTOSHHOM Temreparype, MpH 3ITOM 00beM
yBenuuuBaeTcss B 4 pasza. OnpenenuTh HauyajdbHble W KOHEUYHBIC
napameTpbl BO3yXa.

Tema 3. IlepBblii 3aK0H TEPMOAMHAMUKH.
TepMmoanHamMu4ecKHe MPoOUecchl HIEAJIbHbIX I'a30B

Teopernueckue cBeieHUA
Ypasnenue nepeozo 3axona mepmoounamuxu s 1 KU OJZHOPOJIHOTO

BCIICCTBA AJIA OJICMCHTAPHOI'O IIPOoLCCCa 3alIMChIBACTCA B BUJIC:

dq =du + pdv ;

OTKyJa

Au=q2—1;2

I71€ AU — U3MEHEHNE BHYTPEHHEN YHEPTUH;

q1.2 — KOJINYECTBO TEIUIOTHI;
l;., — paboTa mporecca.
Bnympennsisa suepeuss WI€anbHOTO Taza 3aBUCUT TOJBKO OT €ro

TCMIICPATYPEI, B 9TOM CJIy4dac JJIA BCCX IIPOLUCCCOB NUACAIIBHOI'O Ira3a

du= c, dt,

ty

_ t t
Au—uz—u1=J. cdt==com o b-comlo 1
L3}

HJIN TIPpU MMOCTOSIHHOM TEIIOEMKOCTH:

u—u; =c, (t,—t;) , KJLK/Kr,

t
rac ¢, , |t] - CPpCAHAA B HHTCPBAJIC TCMIICPATYP U30XOpHAA TCIINIOCMKOCTD I'a3a,

kJK/KT Tpa.

Konuuecmeo menna Taxke MOXKET OBITh BBIPAXKCHO 4YCPE3 H3MCHCHHUC

TCMIICPATYPhI I'a3a

)

t t
qi2 = J. Cx d[=me |()2 I) = Cym |0I t;
h

i q12=¢x (- 1), KK/,

10



Tlie ¢, — TeIJIOEMKOCTh T'a3a B pacCMaTpuBaeMoM Tiporiecce, KJ/Kr rpaj.

Paboma npoyecca moxeT ObITh BBIUMCIICHA, €CITU U3BECTHA 3aBUCHMOCTD
JaBJICHUs OT 00BbEMa B X0/1€ Tpoliecca (YypaBHEHHUE TIpoliecca):

I=TP dV:T f(v)dv, x]JIx/kr.

BBo4 BeIpakeHUE 1JI1 SHTAJBINWM | = U + pV B YPABHEHUE MEPBOTO

3dKOHa TepMOI[I/IHaMI/IKI/I, HOJ'IY‘{I/IM €Iro B I[perM BHUC
P2

dg=di—vdpwm q;, =1, - Ivdp’
P
riae — vdp = dly— pacnonaraemas padota, kJ[>K/Kr.

Oumanvnus HNACAJIBHOT'O I'a3da 3aBUCUT TAKIKC OT €I'0 TCMIICPATYyPhbI

. . ty t
L—11=Cm |() ZL2_Cpm 0 I,

I 114 MMOCTOSIHHOM TEIJIOEMKOCTH:
i2 — i] =G (tg — f]), KI[)K/KI‘,
I'AC ¢, — CPCaAHsIA 1/1306apHa51 TCIIJIOEMKOCTD I'a3a, KI[)K/KT rpan.

Ucnons3ysa ypaBuenue dq = ¢,dT + pdv, 3amenum p Ha RT/v, noityuum
dq = c,dT + RTdv/v.
PazgenuB 06e yactu mocnenHero ypaBHeHus Ha T, HaX0auM
dq/T = ¢, dT/T + Rdv/v.
Oyukius dqg/T Ha3pIBaeTCs swmponuel s W usMmepsiercs B Jx/rparn,
yaenbHas sHTporus — B JK/Kr Tpaz, T.e.
ds=dq/T.

N3menenue sumponuuy MIeaibHOTO Ta3a BEIYHUCIIAIOT 10 (hopMyJiam:
s;—s;=c,InT,/T; + R Invyv;,
s2—81=c,InT,/T; + R In p/p,.

IIpy wuccienoBaHMM  TEPMOJWHAMHUYECKHX  IPOLIECCOB  HAXOMST
COOTHOUICHHE MEXK/y MMapamMeTpaMu ra3a, 3HAUCHUE MapaMETPOB B XapaKTEPHBIX
TOYKax IMpolecca, HU3MEHEHHUE BHYTPEHHEW »JHEPIruH, OJHTAIBIUU, pPadoTy
MpoILIECCa, KOJIMYECTBO TEILIA.

H3oxopubii npoyecc (v=const).
VYpaBHeHue npoiiecca

p/T = R/v,
JIABJICHUS IPOIIOPIIUOHAIBHBI TEMIIEpATypaM:
Pl/pz = T/T>.

Terto, ywacTByrollee B IpOLECCE, HUIET HAa U3MEHEHUE BHYTPEHHEHN
DHEPIruu rasa:
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q = Au=c,(T>-T)).
Buemnsis paboTa raza paBHa HyIio, Tak Kak dv = 0, T.e.

l=vfpdv = 0.
vl

Pacnonaraemas padota
lo=-v(p2—pi)-
H3MeHneHne S3HTpONMHU PU NOCTOSSTHHOW TEMIOEMKOCTH PABHO
S»—8;= ¢, InTyY/T; = c, Inpyp,.

H306apubiii npoyecc (p=const).
YpaBHeHue npouecca

v/T = R/p,
00BEMEI MIPONOPIHUOHAIILHEI TEMIIEpATypaM:
v, vi=T, /T,

Pabora nporiecca onpeaensieTcss U3 ypaBHEHUS
[=pW—v)=R(T,-T)).
Temo  mpouecca  paBHO  HU3MEHEHUIO  DHTAJIBIMHU,  MOCKOJIBKY
pacriojaraemas paboTa paBHa HYJIIO:
dly=-vdp=0, qg=Ai=c,(T,-T))

Tak kak npu p=const In p/p; =0, noaTOMY

7, 1,
§y— 8§1= I(dS/dT)pdT= I(C,, IT)AT = ¢, In T/T; = c, In vy, .

T, T,

Hzomepmuueckuii npoyecc (T= const).
YpaBHeHue mpouecca
pv =RT = const ,
JaBJeHUsI 0OpaTHO MPOMOPIIMOHAIBHBI 00BEMaM
po/P1 =vi/vy.
BHyTpeHHsIs sHEeprust 1 SHTAJIbIUA B MIPOIIECCE HE U3MEHSIOTCS:
Au= 0, Al =0.

KonuyectBo moaBenéHHoil k pabodyeMy Tely TEIUIOTHI YHUCIEHHO PaBHO

paboTte u3MeHeHus 00bEMa

v2
qg=I= JPdV:pJ vy Invy/v;.
vl

[Tpu nepexone K AECITHYHBIM JIorapudmMamMm uMeeM
q=l=23p;viigvsv; =23p;v;1gpi/p, =2,3RT Igvy/v,=
2,3 RT ]gp]/pz .
Pacnonaraemas paborta paBHa paboTe mpoiiecca
l() = l

Aouabammuwiii npoyecc (dg = 0).

12



YpaBHeHue mpouecca
pvk = const.
CooTHoOIIEHUS MKy TTapaMeTpaMy B aJiiabaTHOM Ipoliecce
pi/pz=av) s valvi = (pilp)" s T/To = o) '=(pips) "

W3meHeHue BHYTpEHHEW >HEpPruM, B3sATOM ¢ OOpaTHBIM 3HAKOM, PABHO
paboTe mporiecca:

- Au= l =J.p1vlk (dV/Vk) ’
- Au= 1= ¢, (T;-T2)=(1/k-1) (pyv; — p2va) = (R/ k -1) (T; -T>).
Pacmonaraemast pabota B x pa3 Oosbliie padbOTHI IpoIiecca:
l() = kl.

Jlns obpatumoro aguabaTHOTO Tporiecca dg=0, moaToMy
ds=dq/T=0 wu s,=s;=const.

Honumponnwiii npoyecc.
YpaBHeHue mpouecca

pV" = const,
1€ 7 — IIOKA3aTellb IOJUTPOIIBI, KOTOPBIN I PasHBIX IPOLECCOB MOXKET UMETh
a000€ 3HAYEHHE OT - o JO + oo, HO OCTAeTCs IOCTOSHHBIM B JAHHOM

mporecce.
CooTHoIIIEHUS MEXKTy ITapaMeTpaMu B TIOJIUTPOITHOM ITPOIIeCCe
podpi= i)' To/T= i)™ s To/T = (posp))™".
Pabora nporiecca MoXeT ObITh BEIYHMCIICHA IO (hopMyJIe:
[ =(1/n-1) (pvi — p2v2)
GR10
= [pvi/ (-D][1 = i)' = [pvi / (n-D] [1 = (palp))"™"].
M3MeHeHne BHYTpEeHHEH SHEPIUH Ta3a U TEIIOTa B IMTOJIUTPOITHOM
IIpoIIeCCe OMPECIITIOTCS 10 (hopMyIIam:
Au=c, (h—1);
g=cy(—t)=c,[(n-k)/(n-1)] (t— 1.
Pacmonaraemast BHeIIHsIsI paboTa B IMOJMTPOITHOM ITPOIIECCE 10 aHAJIOTHU

C a,ZII/Ia6aTHBIM paBHaA
p

lo=- [vdp=[n/(n-1)] (pv\ - psv2) =[n/(n-D)] R(T, - T»).
P
N3mMeHeHne 2HTaIBIIUN B MMOJUTPOITHOM MpOoIIecce
i2 — i1 =Cp (fz — [1).
N3meHeHne 3HTPONHUH ra3a B MOJTUTPOITHOM MPOIIECCe ONpeeseTcs Mo
bopmyie
ds=dg/T=c,dT/T
WJIN JJISI KOHEYHOTO U3MEHEHHUS COCTOSTHHS
S —851=Cy In Tz/T] =Cy [(I’l - k)/(n - 1)] In T2/ T].
ITokazarenb MOJUTPOIIBI 72 MOKET OBITH OIPEACIICH 10 GopMyJIaM:
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o)

*®

n=(c,-c,)/(c,-¢c,), n=—-=~

3agauu

. Bo3znyx pacummpsiercs B npouecce p = 0,5 Mlla = const, npu 3TOM €ro

o0beM

m3mersiercs ot 0,35 1o 1,8 M. TemmepaTypa B KOHIIE PACIIHPEHUS PaBHA
1500° C. OmnpemenuTh TeMIepaTypy BO3AyXa B Hadale MPOLECCa
pacHIMpeHus, MOJABEICHHOE KOJIMYECTBO TEIIOThI, pabOTy, COBEPIICHHYIO
B OTOM IMpOIleCCe, WU3MEHEHUs BHYTPEHHEH DSHEPrud U SHTAJIbIIUU
BO3/yXa.

B nopmHeBoM nerannepe (paclIMpUTENbHOW MAaIIMHE) YCTaHOBKHU
IIIyOOKOTO — OXJIAXKIEHUS TOJMTPOIHO  pPACIIUMPSETCS  BO3AYyX  OT
HAYanbHOro maBienus p; = 20 MIla u Ttemmeparypst T; = 20° C 10
KOHEUHOro namienust p, = 1,6 Mlla. [lokazarens noautpomns n = 1,25.
Onpenenuth mapameTpbl BO3JyXa B KOHIIE PACIHIMPEHHS, YACIIbHBIC
3HAYEHUs! U3MEHEHUS BHYTPEHHEW SHEpPruM W HSHTAIbIUHU, KOJWYECTBA
TEIUIOTHI, PA0OTHI MpOIlecca U pacioyiaraeMon padoThI.

. B IMOJIUTPOIIHOM IIPOHECCCC, COBCPIIACMOM KOJIMYCCTBOM BCHICCTBA I'CIIM:A

n = 2 KMOJIb, oTBoAUTCS KomumuecTBO TermioTel 3000 k/[>k. HauanbHbie
napamerpsl mpomecca: p; = 0,15 MIla u T;= 227 C; KoHeuHas
Temmeparypa 127 C. MonspHast TEIIOEMKOCTh Temust pcy =12.5 kJix/
kmodib K. Onpenenuth nmokasareiab NOJUTPOIbI, HAYAJIbHBIE U KOHEYHbBIE
napaMeTphl Ta3a, U3MEHEHUE BHYTPEHHEN PHEPTUM U SHTAIBIINH, padOTy
Mpoliecca U pacrnojiaraeMyro padoTy, U3MEHEHHE SHTPOIHH.

CKOJIBKO TEIUIOThl HYKHO COOOUIUTH MPHU MOCTOSIHHOM O0BbEME ra30BOM
cMecH Maccoit 1 kr, nanernem 1,2 MIla u temnepatypoit 390 C, utoGbI
MOBBLICUTH nasiieHue no 4 MIla? VaenbHas TEII0EMKOCTh CMECH C,= 956
Jlx/xr K.

A3zot Maccoit 0,5 kr pacmmpsiercs no uzobape npu gasienuu 0,3 Mlla
Tak, 4TO Temmeparypa ero mossmmaercsi or 100 zo 3007 C. Haiirn
KOHEUHBIA 00BhEM a30Ta U pabOTy U3MEHEHHS 00beMa.

. Bozayx o6bemom 3 M mpu temneparype 10° C pacimpsieTcs H306apHO ¢

yBenuueHruem od0veMa B 1,5 pasza BcieacTBue noasoja K Hemy 630 k/Dx
TemwnoTel. HaWTth pmaBieHWe, TpU  KOTOPOM MPOUCXOIAUT IPOLECC
pacHIMpPEHHUS.

O6Bem Bo3ayxa Maccoi 1 kr mpu Temmeparype 20 C H30TepMUYECKH
yBenuueH B 1,5 paza. Haiftu ynensHyto paboTy u3MeHeHHs oobeMa.
Bo3nyx ¢ HayanpHeIM 00beMoM 8 M° mpu gapieHnn 90 kIla u
temnepatype 20 C H30TepMHYECKH CxKuMaeTcsi 10 aaiaenus 0,8 MITa.
Haiitu koHEeuHBI 00beM 1 pabOTy U3MEHEHHS 00BbEMA.
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9. Bo3ayx Maccoit 2 kr npu jnapiesny p;=1MIla u Temneparype T;=300" C
pacumpsercs no aguadare Tak, 4To 0ObEM ra3a yBEJIMYMBAETCS B 5 pas.
Haiitu ero koHeuHble 00BEM, 1aBJIICHUE U TEMIIEPATYPY.

10. Bo3ayx o6bemom 0,2 M u nasienuem 0,2 MlIla mogorpeBaercsi B
uuuHape auametpom 0,5 m ot 18 10 182° C MIPU TTIOCTOSTHHOM JIaBJICHUU.
Haiitu paboty pacimpeHust Bo3lyXa U pacCTOsIHUE, Ha KOTOPOE MPHU ITOM
MIePEIBUHETCS TOPILICHD B IIUIUHIPE.

11. IloctpouTe mnomuTpomy Ijsi BO3AyXa B KoopawHaTax 7, MO JBYM
KpalHUM ¥ TpPEM MPOMEKYTOUYHBIM TOYKaM, BBIOpaB MacHITaObI
TEMIIEpaTypbl ¥ dHTpony. HadanbHbie HapaMeTpBI Bo3ayxa p;=0,2 MIla
u T;=30 C KOHEUHbIE p,=1,2 MIla u v,=0,1 m 3/ K.

12.B kommpeccope CHKUMAETCS BO3AYyX Maccod 2 KI IpU MOCTOSHHOU
temriepatype 200°C ot p;=0,1 Mlla no p,=2,5 MIla. Haiitu pabory
CoKaTHsl.

13.Bo31yX C HayaibHBIM O00BEMOM 8 M’ ¥ HAuyaJIbHON TeMIepaTypoi
t;=20°C cxkuMaeTcs 0O TMOJUTPOIIE C mMokKazareiem n=1,2 otT
abcomotHoro nasinenust p;=0,09 Mlla no p,=0,81 MIla no moctuxxkenus
temrepatypbl t,=150°C. HalTu KOHEUYHBII OO0OBEM W COBEPILICHHYIO
pabory.

Tema 4. Bropoii 3aK0OH TepMOAUHAMUKHU

Teopernyeckue cBeaeHUsI
Tepmuueckum xo3pduyuenmom nonesHoco oOeticmaus TPSIMOTO MK
HA3bpIBAIOT  OTHOIICHHWE  KOJWYECTBA  TCIUIOTHI,  IPEBpAIICHHOW B
MIOJIOKHUTEIIbHYI0 pabOTy 3a OJWH ITMKJI, KO BCEH TEIIoTe, MOABEACHHOW K
pabouemy Teny:
w=(qr—q2) ! q1=1-q2/q: = L/ qy,
rjae L — nonoxurenabHas paboTa, paBHasi pa3HOCTH MEXy paOOTON pacHIMpeHUs
U COKaTHsL.
CremneHb  cOBEpIIEHCTBA OOpaTHOrO  IHMKJIA  OMpEAeNsieTcs  Tak
HAa3bIBAEMBIM X0J00UNbHBIM KOIDDUYUESHMOM YUKIA
e=q,/ L.
VYpaBuenune mepmuuecxozo KII/[ yuxna Kapro nmeeT BU
w=1-T,/T,.
s oopamuoeo yuknia Kapro XonoauibHbIi K03 GUIIHEHT paBeH
&= TZ/(T] - TZ)
MatemaTtuueckoe BBIPAXKEHHE 8MOPO20 3aKOHA MePMOOUHAMUKY MOKHO
MIPEICTaBUT YpaBHEHUEM
§ dQ/T <0,

rae dQ / T — anreOpamdeckas cymMMa IMPUBEIEHHBIX TEIIOT;, 3HAK PAaBEHCTBA
OTHOCHUTCA K 00OpaTUMbIM, a 3HaK HEPABEHCTBA — K HEOOPATHUMBIM ITUKJIAM.

Pabomocnocobnocmoio unu sxcepeueti Tena Ha3bIBAIOT MaKCHUMAJIbHYIO
MOJIE3HYIO paboTy, MOJYYSHHYIO 110 CIEAYIOMEMY YPaBHEHHUIO:
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LMaKC. = (I] - IO) - TO (S] - So),

rae Iy m Sy — PHTAIBIUS U SHTPOMUS pabovero Tena B COCTOSHUN PaBHOBECHSI C
OKpy)Karomen cpeaou, I; u S; — mapameTpsl MEPBOHAYATIBHOIO COCTOSIHUSA
pabouero Tena.

B atom ypaBuenuu (I; — Iy) npeacrasisieT coO0OM MOJIE3HYIO BHEIIHIOI padoTy B
obpatumomMm anuabaTtHoM mpouecce, a Ty (S; — Sp) — MOJIE3HYIO BHEUIHIOIO
paboTy B 00paTUMOM U30TEPMHOM TIpoliecce paboyero Tena.

l.

3amaun

Pabouum temom B I'TY saBmsgercs Bo3ayx. Llukn xapakrepusyercs
CTENICHbIO  TIOBBIIICHUS  JABJIEHUSA, PaBHOM & W CTENEHBIO
MPEABAPUTEIILHOTO pAaCIIUpPEHHUs], paBHOU 2,5. Kakas 1071 NOABOANMOTrO
KOJIMYECTBA TEIUIOTHI PACXOAYETCs Ha COBEpIleHHWE paboThl U Kakas
OTBOJAMUTCS K HHUBIIEMY TEIIOBOMY ucrounuky? Ilpm  kakux
TeMIIepaTypax BBICIIETO W  HU3IIETO TEIUIOBBIX MCTOYHUKOB KIIJ
nukia Kapro Oyner pasen tepmuueckomy KIIJ[ I'TY, eciu u3BecTHO,
YTO TEMIIEpaTypa BO3/yXa B KOHIIE MPOIECcca CXAaTUsi B KOMIIpEccope
cocrasisier 600 K?

Bo3nyx B TPOTHMBOTOYHOM  TEIUIOOOMEHHHUKE  HArpeBaeTrcss  OT
Temmeparypsl t; = 40 C, a ra3bl OXJIAKIAIOTCS OT TEMIIEPATyPHI t; = 450
C mo temmeparypsl ty = 2000 C. TeIUIoOBBIC MOTEPH TEILIOOOMEHHHKA
coctaBysitoT 20 % OoT TemnoTsl, oTAaBaeMoi razoMm. OnpeaenuTb NoTepro
paboTocmocoOHOCTH HAa 1 Kr TOPOXOIAIIEro Traza  BCIEJICTBUE
HeoOpaTuMoOro TemiooomeHa. ['a3 W BO3AyX CUUTaTh WACATBHBIMU
razamu, 00JIaJlalolMMU CBOMCTBAMHU BO3AyxXa. TeMIOeMKOCTh BO3JyXa U
ra3oB CUMTaTh BEJIMYMHAMHU MOCTOSHHBIMU. TeMmIiieparypa OKpy»Karomiei
cpesbl paBHa ty = 25 C.

Onpenenuts  paboTocmocobHOCT,  (dKcepruro) 1 Kr  Bo3myxa,
HaxoJdIIerocss mnoja jJaeieHueMm p; = 4,0 MH/M wm pi= 40 Gap u
uMeromero temmepatrypy t;= 500  C. Temmeparypa © AaBieHHE
okpyxaromeil cpempl to = 27 C u po = 1 6ap. 3agady peumrs mpu
MTOCTOSIHHOM U IEPEMEHHON TETIOEMKOCTSIX.

Onpenenute 3Kceprut0 | Kr yrieKMCIOro ra3a, HaxOISIIErocs IpU
nasiaenuu p = 1 Mlla u temneparype T = 600 K mo oTtHomeHuto k
OKpyXxarolei cpene ¢ mapamerpamu py = 0,1 MIla u T, = 293 K.
TenmoemkocTs yriaekucnoro raza ¢, =0,97 k/lx/ kr rpaz.

OnpenenuTs yBEIWYEHUE SHTPONUM W YMEHBIICHUE 3JKCEPruu IMpHU
cmemiennn 4 xr H, u 1 kr CO,, HaXxoauBIIMXCA MOpPH OJUHAKOBBIX

TeMmrepaTrype U JaBlieHuH. Temreparypa okpyxatroiieil cpeasl Ty = 293
K.

. Kakoe xonuuectBOo TemiaoThl HEOOXOIMMO 3aTpaTUTh, YTOOBI B

MOJUTPOITHOM TIpoliecce Harpetb S kr Bozayxa ot T; = 300 K npm
naeieHun p; = 4 6ap no temnepatypbl 1000 K nmpu maBnenuu 10 Gap.
Tennoemkocts Bo3ayxa ¢, = 1,0 kJDx/Kr rpaz,.
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7. Onpenenuts KIIJI oOpatuMoro Iukia TEIJIOBOTO JIBUTATENs, €CIU
Temmeparypa narpesarens T,;=200 C, a xonoguasnuka T,=30" C.

8. Ompenenuth I TeX ke Temnepatyp (cM. 3an.7) xonomuiabHbld KIT/]
XOJIOWJILHOM MalIMHbI, padoTaronieil mo 00paTHOMY LUKITY.

9. Tlpu coBepiieHMH HEKOTOPOTrO OOPATUMOIO LIMKJIA B TEIJIOBOM JIBUTATENE
K paboueMy Teiay MOJABOAUTCA TerioTa B kosnmdectBe 420 MJDxk, mpu
3TOM JIBUTATelNb coBepliaet padoty 196 M. Uemy paBeH TepMUUYECKHIA
KIIJI rukna?

Tema S. [lukisl ABUraTe/ied BHyTPEHHEIr0 CrOpaHus

Teopernveckue cBeaeHUs

OCHOBHBIMH XapakTepucTuKamu Jr00oro 1ukia JIBC sistoTcs:

- CTEIIEHD CXKATHS £= V;/ V>;

- CTCTICHb TTOBBITIICHUS JTABICHUS A= p3 / ps;

- CTENEHb MPEBAPUTEIBHOTO WK U300apHOTO PACIIUPEHUS p= V3 / V.

Luxn /IBC ¢ noosooom meniomul 8 npoyecce v = const

NneanbHblii  TEPMOAMHAMUYECKWA UMK JIBUTATENsd C HM30XOPHBIM
MOJABOJOM TEILJIOThI, COCTOSIIIIMKI U3 JBYX M30XOP U JIBYX aauadar, mpeacTaBiieH
Ha puc. | B pv- quarpamme, KOTOPBIM OCYIIECTBIISCTCS CIAEAYIOIIUM 00pa3oMm.

WNneanbHblii ra3 ¢ Ha4aJabHBIMU ITapaMeTpaMu p;, v;, 1; CXUMaercs I0
amuabare 1-2 go toukm 2. Ilo m3oxope 2-3 pabouemy Teny cooOmiaercs
KOJIMYECTBO TEIIOTHI ¢;. OT Touku 3 pabodee Teno pacHIMpsercs mo aguadare
3-4. W, mnakomen, mo wuszoxope 4-1 pabouee Temo BO3BpalacTcs B
MepBOHAYAJILHOE COCTOSIHME, TIpU O3TOM  OTBOJAUTCS TeIoTa ¢ B
TETUIONPUEMHUK.

Tepmuueckuit KIIJ] npkia onpenensercs CieayrommM 00pa3om:

e =(q;—q2) /a1 = 1- (q2/q;) = 1-(Ty = T;) /(T — To)= 1-(1/ ).

KonmnuecTtBo mnonaBeneHHoud temnoTel ¢q; =c,(T; —T15), a KOIWYECTBO
OTBEJCHHOM TEIIOTHI ¢, = ¢, (14— T;).

[TapameTpsl pabodero Teira BO BCEX XapaKTePHBIX TOUKAaX IUKJIA PaBHBI:

B TOUKE 2
vy =vile; py=pi(vitv) =pi e
Tg/T1= (V]/ Vg)k_]: Ek-] u TZ = T] Ek_],'
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Puc.1

B TOYKE 3
Vi=vy=v,l & p3= ps A=p; & A
TyTy=ps/pr=A u Ts=Tyi=T; " X
B TOuke 4
Vg = vy pa= p3(vi/ va) = ps(vavy)=py/ é=p, ) ;
TJ/Ts= (vivy) ' =(vov)) ' =1/e*" u T,=T, & 211 ¢¥)=T, A

TeopeTudeckas noje3Has padoTa, KOTOPYIO MPOU3BOIUT IKr pabodero
TeJla 3a OJIMH LIUKJI, paBHA PA3HOCTU Pa0OT pACIIUPEHUS] U CHKATHS:
L=L;c, — Loy e=[1/(k-1)] (p3v3 - pava) - [1/k-1)] (p2v2- pivy).
CpenHee uHAUKATOPHOE J1aBjieHUE (YCIIOBHOE TTOCTOSIHHOE JaBJIEHUE, MO
NEeUCTBUEM KOTOPOTO MOPIIECHbh B TEYEHHE OJHOIO0 XOJa COBEpIIAeT padoTy,
PaBHYIO paboTe BCErO TEOPETUICCKOTO IMKJIA) OMpeIeTUTCes 1Mo hopMmye:

pi=LAv;=v2) = pil(e" - &) G-1/(k-1) (e-1)].
Luxn /IBC ¢ noosooom meniomul 8 npoyecce p= const

Ha puc.2 B pv-nmuarpamme n300pa)keH WIEaNbHBIA LMK JBUTaTeNsl C
NOCTETICHHBIM  CTOpAaHMEM  TOIUIMBA  MPU  TOCTOSIHHOM  JIaBJICHUH,
OCYILIECTBIISIEMBIN  clieyomuM  00pa3zoMm. ['a3000pa3zHoe pabodee Teno ¢
HAYaJIbHBIMU TIApaMeTpamu p;, v;, T, cxumaetcs no aauadate 1-2, 3ateM Temy
mo m3obape 2-3 cooOlmaeTcss HEKOTOPOE KOJIMYECTBO TEIUIOTHI ¢; OT Toukm 3
pabouee Temo pacmmpsercs mo aguabare 3-4. U, Hakonern, mo m3zoxope 4-1
pabouee TeIO BO3BpaNIaeTCs B TIEPBOHAYAIBLHOE COCTOSHUE, MPU OTOM B
TETUIONPUEMHHUK OTBOJAUTCS TEILIOTA ¢>.

Tepmuueckuit KIIJI nukia onpenenseTcs CieayommM o0pa3om:

n:=(q1—q2)/q:1=1-(q2/q;) =1 - [(T4=T;)/ k(T; - T3)]=
=1-[(p"- ik (p-1)]

KoymyecTtBo moaBeaeHHON TEMmNOThl ¢; =cC,(T3 —T1,), a KOIUYECTBO

OTBEJICHHOM TEIUIOTHI ¢, = ¢, (T4 — T)).
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[TapameTpsl pabodero Teira BO BCEX XapaKTePHBIX TOUKaX IUKJIA PaBHBI:
B TOUKE 2
v, =vle; DP2=Di Ek;
TZ/T]= (V]/ Vg)k_]: Sk-l n Tz = T] Sk_],'
B TOYKE 3
Vi=vap =vi(p le); p3= pa=pi €

T/To=vs/v,=p u T5=T,p=T, gk']p;

B TOUKe 4
vy = vy pa=ps(v/ va) = pr € (vapivi)=ps p*
T,/T;= (v3/v4)k‘]=(v3/v1)k'], HO p/e=Vv/vy 1 vy/vy = v3i/vy,
Ty=Ti(p/ &) =T, & pp*"'/ &)= T)p".

Teopernyeckas moisie3Has padoTa, KOTOPYHO MPOU3BOIUT lKr pabodero
TeJa 3a OJIMH IUKII, paBHA Pa3HOCTHU PabOT PACIIUPEHUS U CKATHS:

L=L,c. — Leye= p2 (v —v2)+ [1/k-1)I(p3vs — pavs) - [1/(k-1)1(p2v2 — pivi).

CpenHee HHAMKATOPHOE JaBJICHUE OMpeneauTces mo Gpopmye:
pi=LAvi—vy) = pre/ (k-1)(e-1)] [k (p-1) - (p“1)].

3agaumn

1. Jlng maeanbHOrO IUKIJIA MOPIIHEBOTO ABUTATENSl C MOJABOJOM TEIUIOTHI
IpU v=const ONMpeNeauTh MapaMeTpPbl BCEX OCHOBHBIX TOYEK, MOJIE3HYIO
paboTy, KOJIMYECTBO MOABEACHHONW U OTBEJIEHHOMN TETUIOTHI, TEPMUYECKHMA
KIIJ umwmkima, tepmuyeckuid KIIJ[ mukna KapHo mo yciioBusiM 3amaud,
cpeaHee WHAMKATOPHOE JaBjeHue, eciu gaHbl p;= 1 Oap, T=320 K,
cTreneHb cxxatus € = 4,0, cTenieHb NOBBIIeHUS aaBicHus A= 4,0. PaGouee
TeN0 — BO3AyX. TenmoeMKocTh pabodero Tejaa MPUHSATh MOCTOSHHOM.

2. Jlng uaeasbHOTO TOPIIHEBOTO JBUraTelil C MOJBOJIOM TEIUIOTHI MpPH
p=const ONpeAcIUTh MapaMeTpbl BCEX OCHOBHBIX TOYEK, IOJIE3HYIO
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paboTy, KOJIMYECTBO MOABEACHHONW W OTBEICHHOMN TEIIOTHI, TEPMUYCCKHIMA
KIIJ mwmkmna, tepmuueckuid KIIJI mukna KapHo mo gaHHBIM 3amaud,
CpelHee WHIUKATOPHOE JdaBjieHue, eciu naaHbl p;= 1 Oap, T;=350 K,
cTerneHb cxkatus €=20, creneHb u3o0apHoro pacmupeHus p=2. Pabouee
TEJI0 — BO3AyX. TernmoeMKoCcTh pabodero Teja NpUHATh MOCTOSHHOM.

3. Ina mukna JIBC ¢ moaBoaoM TEmIOThI MPU  vV=const ONPEAECTUTH
tepmuyeckuid  KIIJ[ 1ukna, TEOpETMYECKYI0O MOIIHOCTh M CpEIHEE
WHIUKATOPHOE JIaBJICHHUE TI0 CJICAYIOIIMM JaHHBIM: padouee TeJlo — CyXou
Bo3ayX; p; = 0,1 MIla, T, = 10 C, crenenp cxartus € =5,5, pacxon
TorumBa coctaisieT m = 0,024 kr Ha 1 kr paGouero Tena, TEMIOTBOPHAS
cnocooHocts TommmBa Q, = 27000 xJ/Dk/Kr, amamerp UMIMHApA
nsuratenss D=220 mm, xox mopmHs H = 320 Mm, yactora BpamieHus
KoJIeH4aToro Bajia n=350 00/MuH, IBUTATEh YETHIPEXTAKTHBIM.

4. TlpoBecTd TEPMOJMHAMUYECKUN aHalW3 IMKJIA, H300paXEHHOTO Ha
PUCYHKE, BBIJIAaHHOM IpernojaBareyieM. L[Ukn omnpeneneH cieayrommmu
JIAHHBIMU: HaYalbHbIE apaMeTphl pabouero Tena p;=0,1 MITa, t;= 10° C,
CTENeHb Cxkatus € =7,5, naBneHue p;=6,4 Mlla. Pabouee Teno — lkr
CyXOro BO3/yXa.

Tema 6. LIukiabl ra3oTypOMHHBIX YCTAHOBOK
Teoperuyeckue cBeIeHUA
Luxn I'TY ¢ noosodom meniomsl 6 npoyecce p= const

Ha puc.3 npencraBieH ujeaabHbI UMK Ta30TYpOMHHOW YCTAaHOBKM Ha
pVv-IarpaMme ¢ TOABOJIOM TEIJIOTHI Tpu p=const. Pabouee Teno ¢ HaYaIbHBIMU
nmapaMeTpamu p;, v;, 1T; cxxumaetcs no aguadare 1-2 go Touku 2. OT TOYkH 2 K
paboueMy Teny MOJABOJAUTCS HEKOTOPOE KOJIMYECTBO TEIUIOTHI ¢; MO M3o00ape 2-
3. 3arem pabouee Tea0 paciMpsieTcs 1Mo aguadare 3-4 10 HAYAJIBHOTO JaBJICHUS
U BO3Bpamaercsa mno uzobape 4-1 B mepBOHAYAIbHOE COCTOSIHME, TPU ITOM
OTBOJAMTCS TEIJIOTA 5.

XapakTepuCTUKaMU LUKJIA SBIISIFOTCSA:

- CTENEHb MOBBIIICHUS JaBJICHUS B KOMIIPECCOpe f=p./p;;

- CTeTNIEHb N300apHOT0 PACIIUPEHUS P=V3/V;.

KonndecTBo moaBoAMMOM TETIOTHI OmpeeseTcs o Gpopmyiie

q1=c, (T3 = T3),
a KOJIMYECTBO OTBOAUMOM TEIUIOTH  q2=C, (T4 —T}).

Tepmuueckunt KIIJI nukna pasex

n=1—-q/q=1—c,(Ty—T1)/c,)(T3-T5) =1 — (T4 —T,)/ (T35~ T,) nim
n=1-1/fF%

Temrmiepatypsl XapakTepHbIX TOUEK 15, T3 U T, OnpeieiuM, BbIPa3uB UX
yepe3 HaAYaJbHYI0 TeMneparypy 7;:

JUI agradaTel 1-2 /T, = (po/p; )(k‘])/ = ,B(k'”/ S T=T, ,B(k’”/ k.
1A I/I306apBI 2-3 Tg/Tz = V3/V2:p,' T3 =T2p,' T3=T1 P ﬂ(k_])/k,'
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s aguabatet 3-4  Ty/Ts=(ps/ps)*""=(py/p,) "= 1p*"%,
T, = T, 5% / fER=T

P,

A AN

Puc.3

PaGoTa cxxarus onpenensiercs mo Gopmyiie:
Li=pi(vg-vi)+[1/(k-1)] (p2v2-pivi1);
PaboTa pacumupenus
Ly=ps(v3-v2)+[1/(k-1)] (P3v3-p4va).
[Tone3nas paboTa onpeaesieTcs: Kak pa3HOCTh padO0T pacIIMpPEHUS U
cKaTHsl.

Luxn I'TY ¢ noosooom meniomel 8 npoyecce v= const

Ha puc.4 nzobpaxken uneanbHbiii Uk ['TY ¢ moaBOAOM TEILIOTHI MPH
v=const, OCYIIECTBISIEMbIH CIEAYIOIMINM 00pa3oM. PaGouee Teno c
HaYaJIbHBIMU TIapamMeTpamu p;, v;, T; cxkumaercs no aauabdare 1-2 no Touku 2,
JABJICHUE B KOTOPOU OMpeesieTcs] CTENEHbI0 MOBBIIeHUs naBienus. [Janee mo
u3oxope 2-3 kK paboueMy Tely MOJBOAUTCS HEKOTOPOE KOJIUYECTBO TEIJIOTHI ¢,
3aTeM paboyee TeNo pacuupsercs no aauadare 3-4 10 Ha4aIbHOTO JABIICHUS
(Touka 4) u BO3BpalIaeTcs B MepBOHAYAIBHOE COCTOSTHUE 1O n300ape 4-1, mpu
3TOM OTBOJMUTCS TEIIOTA ¢>.

XapakTepucTUKaMU LIUKJIA SBIISIOTCS:

- CTeNeHb MOBBIIICHUS JaBICHUS B KOMIIPECCcope f=p./p;;

- CTeTneHb JJOOABOYHOTO TOBBIICHUS JAaBICHUS A=p3/P>.

KonuyecTBO nMogBOAMMOM TEMIOTHI ONpeesnsieTcs no popmyiie

q1=c, (T3 = T)),
a KOJIMYECTBO OTBOJAMMOM TEIUIOTHI: g,=c, (T4 —T}).
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Puc.4

Tepmuueckuit KIIJI nukna pasen
n=1—-q/q,=1—c)(Ts—T;)/ c(T3—T>) =1 - [(T4-T)/(T5-T,)] nnn
n=1- kA" - D17 1850 -D).

TemnepaTypsl XapakTepHbIX TOYEK 15, T3 1 Ty onpenesinm, BEIPa3uB UX
yepe3 HauajbHYIo0 TeMIepaTypy padbouero tena 7;:
JUII agradaTtel 1-2 T>/T; = (po/p; )(k‘”/k ,B(k'”/ - T=T, ,B(k’] V.
TUIS1 ©30XOpPHI 2-3 T/T, —p3/p2—l T; =Ty A; T53=T; A ﬂ(k k.
st a;[Ha6aTbI 3-4  TyTi=(psp;)"* )/k——(p J/p ,BA)”‘ D 1/(/%)”‘ DA,
= Ty 1p)*~"%=1, 5% 1p2)* "% w T, =T 2" *

Pabora cxxarus onpenensercs mo Gpopmyne:

Li=pi(vyvi)+[1/(k-1)] (p2v2-p1vi);
Pabota pacmupenus

L,=[1/(k-1)] (p3v3-p4va).
[Tonesnas paborta onpeaensieTcss Kak pa3HOCTh padOT PaCIIMPEHUS U
coKaTusl.

Hukn I'TY ¢ pecenepayueti meniomsl 8 npoyecce p= const

Nneansnsiii mukin ['TY ¢ perenepanuen TeIIoTel NOKa3aH Ha puc.S u 6.
Ha »>tux pucynkax: 1-2 — aguabatHoe c:kaTue BO3JyXa B KoMmIipeccope; 2-5 —
M300apHbId MMOABOJA TEIUIOTHI B pEreHeparope; 5-3 — MOABOJ TEIJIOTHI IPH
MOCTOSIHHOM JaBJICHUW B Kamepe cropanus; 3-4 — anuabaTHOE pacIIMpeHUue
MIPOJIYKTOB CrOpaHusi B COIUIaxX TypOuHBI; 4-6 — M300apHBIA OTBOJA TEIJIOTHI OT
razoB B pereHeparope; 6-1 — n300apHbIii OTBOJ TEIJIOTHI OT Ta30B 0 BBIXOJE U3

pereHeparopa TeIIONPUEMHHKY.
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v

Puc.6

Ecnmn npenmosioxuth, 4YTO OXJIAXKIEHUE Ta30B B  pEreHeparope
IIPOMCXOAUT 0 TEMIIEPATYPbl BO3AyXa, MOCTYNAKOLIEr0 B HEro, T.€. oT 1y 10
Ts=T5, TO perenepaliysi OyJeT MOoJHAas.

Tepmuueckuit KIIJ[ unkna npu noyiHou perenepanuu, korga 7,— T = Ts

— T, HAXOIUTCS 110 YPABHEHUIO n=1-qq
rae q1 = cp(T3—Ts) = cy(T3—T4), a q> = c)(Ts — T1)= c)(T, - T}),
TOTOa n=1-[(T>—T;)/(Ts—T4)].

TemrepaTypsl B OCHOBHBIX TOUKAX LIUKJIA ONPEAEIIOTCS TaK:
k-1 /k k-1 VK "
To=T,(po/p) """ = T,p5 T3 = T, 5" p; T,=Top.

KIIA uukna #; pe.=1 - 1/p=1 - T\/T,,

3agaumn

1. Ins wupeanpHoro nwmkiaa ['TY ¢ moaBomoM TEemjaoThl MOpU  p=const
OTNPENCNIUTh TapaMeTPhl XapaKTEPHBIX TOYEK, pabOTy pacIIUpEeHHUS,
CXAaTHS U TIOJIE3HYI0, KOJIMYECTBO MOJIBEAECHHOW U OTBEJCHHOW TEIJIOTHI,
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tepmuueckuid  KIIJI mukna. Hauanehbeie mapamerpbl pabodero Tena
(Bozmyxa): p;=106ap; T,;=300K; creneHp yBeIMYECHUS [IaBJICHUS B
KOMIIpeccope npu aaumadbatHoM mpouecce cxarus P=10; mokazaTenb
aguabatel 1,4. Temneparypa B Touke 3 He goypkHa mpesbimaTh 1000K;
TEMJIOEMKOCTh BO3/1yXa IMOCTOsIHHAS; pacyeT MPOBOAUTH Ha 1Kr pabouero
Tena.

. B niuksie ra3oBoil TypOUHBI € TTOABOAOM TEIUIOTHI IIPU V=CcONnst HaYaJIbHbIC
napameTpbl padouero Tena p; =1 6ap u T,;=300 K. Crenenp yBenuueHus
naBieHus: B aguabatHoM mporecce cxkatusa f=10; k=1,4. TemnepaTtypa B
touke 3 He aomkHa mnpesbimaTh 1000 K. PabGouee temo — Bo3myx,
TETJIOEMKOCTH MOCTOSTHHBIE; pacueT MPOBOAUTH Ha 1Kr pabouero Tena.
Onpenenute TEeMIiepaTypbl BCEX TOYEK Teopernueckoro nukmna I'TY c
MOJBOAOM TEIUIOTHI TIipu p=const u numkia ['TY ¢ npenenbHOU
perenepanueit, a Takxe KIIJ] »Tux 1ukIiioB, eciyu U3BECTHO, UTO t;= 25 OC,
CTENEHb NMOBBILICHUS JABJICHUS B KOMIpeccope =5, TeMiiepaTypa ra3zon
nepeja coriamMmu TypOHHbI

t; =800  C. PaGouee Teso 06NasacT CBOHCTBAMH BO3yXa, TEIIOEMKOCTD
noctosHHas. [ukn 12341 uneansusiid, a nukia 1273481 — ¢ npenenbHOM
pereHepanuen.

24



HPUJIOKEHUE

Tabnuua 1. dusndeckue NOCTOSHHBIE HEKOTOPBIX Ia30B

I'as Xumudaeckas Macca I'azoBas IInoTHOCTE
dbopmyna 1kMOJIB, noctostHHas R, | rasa mpu H.y.,
KI'/KMOJIb JLx/Kr rpag KI/M
Kucnopon 0O, 32 259,8 1,429
Bonopon H, 2,016 4124.3 0,09
Asot N, 28,02 296,8 1,25
Oxkuch yriepoaa CcO 28 296,8 1,25
Bozayx - 28,96 287 1,293
Vriexucneii ra3 CO, 44 189,9 1,977
Bonasinoit nap H,O 18,016 461,6 0,804
[Nenuii He 4,003 2077,2 0,178
AmMmuak NH; 17,031 488.2 0,771

Tabnuua 2. MctuHHas MOJIIpHAs TEMIOEMKOCTh Pa3IMYHbIX T'a30B
npu p=const (uc, , KIx/ kmois K)

T, C 02 N2 H2 CO COZ SO2 HzO BOS,Z[YX
(aTt™m.)
0 29,278 29,022 | 28,621 |29,127 |35,865 |38,859 |33,503 |29,077
100 29,881 129,106 |29,131 |29,265 |40,211 |42,418 |34,060 | 29,269
200 30,819 |29,378 |29,244 |29,650 |43,695 |45,558 |34,968 | 29,680
300 31,836 | 29,816 | 29,303 | 30,258 |46,522 |48,238 | 36,040 | 30,270
400 32,762 | 30,471 |29,399 |30,978 |48,866 |50,248 |37,196 | 30,953
500 33,553 | 31,137 {29,563 |31,711 |50,822 | 51,714 |38,411 | 31,644
600 34,206 | 31,799 |29,797 |32,406 |52,459 |52,886 |39,667 | 32,305
700 34,751 |32,414 |30,103 |33,030 |53,833 |53,766 |40,956 | 32,904
800 35,207 | 32,967 |30,475 |33,578 |54,984 |54,436 |42,255 | 33,436
900 35,558 |33,461 |30,873 |34,060 |55,960 |55,022 |43,519 | 33,907
1000 35919 | 33,897 | 31,288 |34474 |56,7781 |55,441 |44,729 | 34,319
1100 36,221 | 34,278 | 31,727 |34,830 |57,480 |55,776 |45,864 | 34,684
1200 36,493 | 34,613 | 32,159 |35,144 |58,079 |56,069 |46,919 | 35,006
1300 36,756 | 34,906 |32,594 |35417 |58,594 |- 47,903 | 35,295
1400 37,004 |35,161 |33,005 |35,651 |59,038 |- 48,808 | 35,551
1500 37,246 | 35,387 | 33,398 |35,860 |59,499 |- 49,645 | 35,777
1600 37,485 | 35,584 | 33,767 |36,045 |59,745 |- 50,416 | 35,982
1700 37,720 | 35,764 | 34,118 | 36,208 | 60,030 |- 51,140 | 36,174
1800 37,950 |35,923 |34,449 |36,355 |60,277 |- 51,789 | 36,350
1900 38,180 |[36,070 | 34,767 |36,484 |60,486 |- 52,384 | 36,514
2000 38,411 |37,195 |35,061 |36,602 |60,662 |- 52,937 | 36,660
2100 38,641 |36,313 | 35,337 |36,710 |60,935 |- 53,456 | 36,803
2200 38,863 | 36,422 | 35,609 | 36,807 |60,926 |- 53,937 |36,932
2300 39,085 |[36,518 |35,856 |36,899 |61,014 |- 54,377 | 37,058
2400 39,298 |36,631 | 36,095 |36,983 |61,069 |- 54,787 | 37,175
2500 39,508 |36,694 |36,321 |36,058 |61,094 |- 55,168 | 37,284
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Tabnuna 3. Cpennsist MOJsipHAs TEIIIOEMKOCTh Pa3IMYHbBIX Fa30B
npu p = const (puc, , kJx/ kmoins K)

T, C Oz Nz H2 CO C02 SOQ HQO BOBIlyX
(at™m.)

0 29,278 | 29,022 | 28,621 | 29,127 | 35,865 | 38,859 | 33,503 | 29,077

100 29,542 | 29,052 | 28,939 | 29,181 | 38,117 | 40,659 | 33,746 | 29,156

200 29,935 | 29,135 | 29,077 | 29,307 | 40,065 | 42,334 | 34,123 | 29,303

300 30,404 | 29,290 | 29,127 | 29,521 | 41,760 | 43,883 | 34,579 | 29,525

400 30,882 | 29,504 | 29,109 | 29,793 | 43,255 | 45,223 | 35,094 | 29,793

500 31,338 | 29,768 | 29,253 | 30,103 | 44,579 | 46,396 | 35,634 | 30,099

600 31,765 | 30,048 | 29,320 | 30,429 | 45,759 | 47,359 | 36,200 | 30,408

700 32,155 | 30,346 | 29,412 | 30,756 | 46,819 | 48,238 | 36,794 | 30,727

800 32,506 | 30,639 | 29,521 | 31,074 | 47,769 | 48,950 | 37,397 | 31,032

900 32,829 | 30,928 | 29,650 | 31,380 | 48,624 | 49,620 | 38,013 | 31,325

1000 33,122 | 31,200 | 29,793 | 31,669 | 49,398 | 50,165 | 38,624 | 31,602

1100 33,390 | 31,459 | 29,948 | 31,941 | 50,106 | 50,667 | 39,231 | 31,866

1200 33,637 | 31,711 | 30,111 | 32,196 | 50,747 | 51,086 | 39,830 | 32,113

1300 33,867 | 31,945 | 30,291 | 32,431 | 51,329 - 40,412 | 32,347
1400 34,081 | 32,167 | 30471 | 32,657 | 51,865 - 40,482 | 32,569
1500 34,286 | 32,376 | 30,651 | 32,862 | 52,355 - 41,530 | 32,778
1600 34,479 | 32,569 | 30,836 | 33,055 | 52,807 - 42,062 | 32,971
1700 34,663 | 32,753 | 31,016 | 33,235 | 53,226 - 42,581 | 33,155
1800 34,839 | 32,921 | 31,196 | 33,407 | 53,611 - 43,075 | 33,323
1900 35,010 | 33,084 | 31,376 | 33,566 | 53,967 - 43,544 | 33,486
2000 35,174 | 33,235 | 31,552 | 33,712 | 54,298 - 44,001 | 33,645
2100 35,333 | 33,381 | 31,727 | 33,855 | 54,603 - 44,399 | 33,792
2200 35,488 | 33,520 | 31,895 | 33,984 | 54,888 - 44,856 | 33,930
2300 35,638 | 33,645 | 32,062 | 34,110 | 55,152 - 45,261 | 34,064
2400 35,789 | 33,683 | 32,226 | 34,227 | 55,399 - 45,651 | 34,190
2500 35,932 | 33,880 | 32,389 | 34,340 | 55,624 - 46,023 | 34311

Ta6nuna 4. TemoeMkocTH HEKOTOPHIX TazoB pu T =0 C

l'as Xum.popmyna TermoeMKoCcTH k=cy/cy
MOJIbHAS, MaccoBasl,

K JI/KMOITb Tpaj kJ[>K/Kr rpaj

HCp uey S Cv
["ennit He 20,93 12,60 5,237 3,161 1,660
Bogopon H, 28,62 20,30 14,200 10,070 1,410
Boznyx - 29,07 20,76 1,004 0,716 1,401
Metan CH4 34,74 26,42 2,165 1,647 1,315
AMMuak NH; 35,00 26,67 2,056 1,566 1,313
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