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Tema 1. IlapaMeTpsbl COCTOSIHUSI TEPMOAUHAMMYECKOM CHCTEMBI.
3aKkoHBbI HACATBHBIX Ta30B. Y PaBHEHHE COCTOSHUS HAEATbHOIO0 ra3a

Teopernveckue cBeIeHUs

du3znuecKoe COCTOSTHUE TeJla ONMPEIeIIeTCS HEKOTOPhIMU BEIMUMHAMU, XapakK-
TEPUBYIOIUMHU JTAHHOE COCTOSIHUE, KOTOPhIE B TEPMOIMHAMUKE HA3bIBAIOT napamem-
pamu cocmosanus. K OCHOBHBIM U3 HUX OTHOCST: YJIeJbHBIA 00BEM, TaBJICHUE U TEM-
neparypy.

Yoenvuwvim 06vemom OTHOPOTHOTO BEIIECTBA HA3BIBAETCA 00HEM, 3aHUMAEMBbIH
€IUHULIE Macchl JTAHHOTO BEMIECTBA. B TEXHMYECKON TEPMOJWHAMHKE YNEJIbHBIN
00beM 0603HAYACTCS V ¥ H3MEPSIETCS B M /KT

v=V/m,
rie V- 00beM POM3BOIBHOTO KOJTHYECTBA BEIECTBA, M°; 11 — MAcCa STOTO BEICCTBA,
KT.
[InmoTHOCTH Tena ompenenseTcss Kak Macca €UHUIIBI 00beMa U U3MEPSIETCS B
Kr/M:
p=m/V.
VY nenwHbI 00bEM €CTh BeTMYMHA, 00paTHAs IIIOTHOCTH, T.€.
v=1/p;, p=1N; vp=1

/lasnenue onpenensieTcsi OTHOIIEHUEM CHJIbI, PABHOMEPHO pacIpeeieHHOH 110

HOPMAaJIbHOM K HEW MOBEPXHOCTHU, K IUIOIIAAN 3TOW TOBEPXHOCTH:
p=Fif,
rae F - cuna, peiictBytomas Ha noBepxHocTh (H), f - miomaas NoBEpXHOCTH, HOP-
ManbHO# K cuite (M), Equanneit nasnennst B CH sBisiercs a=H/m”.

Mexny equHULIaMU J1aBJICHUSI U YHUBEpcallbHOU enuuuieil nasienus CU cy-

IIECTBYIOT CJICTYIOIINE COOTHOIICHUS:
1 kre/em” = 98066,5 Tla = 98,1 kIa;
1 kre/m” = 1 MM Boz.cT = 9,80665 Ia = 9,81 Tla;
1 mm pr.cT. = 133,322 [Ta = 133 [Ia.

TepMoaMHAMUYECKUM TTapaMETPOM COCTOSIHHS SIBJISIETCS TOJIBKO abCOJIFOTHOE
NaBlieHUE. AbcontomHubiM OasnieHuem Ha3bIBACTCS JABJICHUE, OTCUUTHIBAEMOE OT a0-
COJIFOTHOTO HYJISI TaBJICHUS WM OT aOCOMIOTHOTO BakyyMa. Eciu maBieHue B cocyne
Oonpie atMochepHOro, abCOJIIOTHOE JABJICHHE B COCYJI€ PaBHO CyMME IMOKa3aHUU
MaHoMeTpa 1 bapomerpa:

Pabe. = Puse +pamM;
€CJIM JaBJICHUE MEHbBIIE aTMOC(HEpPHOT0, aOCOMIOTHOE AaBJICHUE PAaBHO PAa3HOCTH TO-
Ka3aHUil 6apoMeTpa U BaKyyMMeTpa:

Pase. = Pamm — Peax.

Temnepamypa, XapakTepusys CTENEHb HAarpeTOCTU Tell, MPEACTABISAET COOOit
Mepy CpeaHer KHHETUYECKOU YHEPTUH ITOCTYNATENbHOTO ABMXKEHUS MOJIEKy. M3me-
pEHHE TEMIIEpAaTypbl MOXKET IIPOU3BOAUTHCS Kak B rpanycax KenbpBuHa, Tak U B Ipa-
nycax Llenbcusa. Mexay HUMH UMEETCS CIIEIYIOIIEE COOTHOLICHUE:
TK=273,15+¢ C.
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[TapameTpoM cocTOsTHUS SIBIIIETCS a0COIOTHAsI TeMIlepaTypa, u3MepseMasi B Tpajy-
cax KenpBuHa.
["a3p1, mogquuHsAIOIIKECH 3aKOHaM bowsi-Mapuotra, ['eit-Jlroccaka, Hlapns u
ABOrazpo, Ha3bIBAIOTCS UJIC€ATHLHBIMH.
3axon boiina-Mapuomma: nipyu MOCTOSHHON TeMIiepaType yIelabHble 00bEMbI
raza o0OpaTHO MPOIMOPIIMOHATBHBI €70 JaBJICHUSIM:
v2/vi=pi/ p:
WIIN pv = const.
3axon I'eti-Jltoccaxa: pu MOCTOSHHOM JIaBJICHUN YACIbHBIE OOBEMBI Heallb-
HOT'O rasa MpsMO MPOIOPIIMOHATBHBI €T0 A0COJIFOTHBIM TEMITEpaTypaMm:
1% 2/ Vi :T2 /T 1
150305 v/ T = const.
3axon Illapns: nipu TMOCTOSSHHOM YIEILHOM 00BbeMe aOCOJIOTHBIC IaBIICHHS
UJICaJTbHOIO ra3a NpsiMO MPOMOPIHUOHATBLHEI €r0 a0COIIOTHBIM TeMIEpaTypaMm:
p2/pr=T1,/T;
WJIH p/ T = const.

3axon Aeoeadpo: B paBHBIX 00BEMax JIFOOBIX UACATHHBIX Ta30B MPHU OJUHAKO-
BBIX JIABJICHUH U TEMIIEPAType COAEPKUTCS OJTHO U TO YK€ KOJIWYECTBO BemecTa. 13
HEro CJeAYeT, 9TO
wv =224 M/ KMOJIb,
rze (v — 00beM OJTHOTO KUIIOMOJIS.

VYpasnenue cocmosinus udeanvrvix 2azoé Obulo BbiBeAeHO KiameiipoHom wu
MMEET BU/I;
pv/T=R wm pv=RT.
JIns mpoU3BOJBLHOIO KOJIMYECTBA Ta3a C MACCOW m,KI' YpPaBHEHHE COCTOSHUS
BBITJISJIUT CIIEAYIONUM 00pa3oM:
pv=mRT;

e p — abcomoTHOe naBienne rasa, H/M*; V — 00beM POU3BOIBHOrO KOIMIECTBA
rasa, M’; m — Macca rasa, Kr; ] — aGCONOTHas TeMrepaTypa rasa, K, R —rasoBas mo-
cTostHHas, J[>k/ Kr rpa.

VYpasuenuto Knanelipona MOXXHO TIpHIaTh YHUBEPCAIBbHYIO (POpMy, €Clid ra3o-
BYIO [TIOCTOSIHHYIO OTHECTHU HE K 1 Kr rasa, a K 1 kMoJb.

Hanumem ypaBHeHue cocTosiHus U1l 1 KMOJb rasa:

PV =uRT,

OTKYyJa uR =pV, /T;
rae uR — yHuBepcaibHas ra3oBasi HIOCTOSHHAS.

[Ipu Tak Ha3bIBaEMBIX HOPMAJIbHBIX (pu3nueckux ycioBusx (masiaenun 101325
H/m* 1 Temmnepatype 273,15 K ) 06beM 1 kMoitb ra3a pasen 22,4143 M’/ kvmob, a
UR = 8314,20 [Ix/ xmoub rpag = 8,3142 xJI>x/kMomb rpaj.

VYHuBepcaabHOE ypasHeHue cocmosHus udealbHblx 2a308 (ypaBHEHUE COCTOS-
Husa Knanelipona-MeHeneeBa), oTHeceHHOE K 1 KMOJb ras3a, MPUHUMAET CIEAYIO-
AN BU:



pV,=8314,20 T.
l'a30By10 MOCTOSIHHYIO R MO>KHO ONPEAENHTH MO U3BECTHOW CPEIHEN MOJIEKY-
JIAPHOM Macce u:
R =8314,2 / u ]I/ xr Tpa.

3amaun

1. B OamnoHe coAepKUTCs KUCIOpOJ Macco 2 kr npu gasieHuu 8,3 Mlla u
temmeparype 15 C. BbIUHCINT BMECTHMOCTh GAILIOHA.

2. B nmyckoBoM OaljioHe Au3elisi HAXOAUTCS BO3AYyX MOJ naBieHueM p,= 2,4 Mlla
u npu temrepatype T,;=400 K. Haiitu naBneHue B OaJIJIOHE MPU OXJIAKIECHUN
BO3IyXa B HeM 710 15 C.

3. Bo3ayx HpH HauyaabHbIX ycnoBusax V;=0,05 m°, T;=850 K u p =3 MIIa pac-
HIUPSIETCS MIPU TMOCTOSTHHOM JaBlieHuu 110 oobema V,=0,1 m°. Haiiti xomHeu-
HYIO TEMIEPATYPY.

4. T'a3bl, IBUTasiCh MO JIIMOBOM TpyOe MpH MOCTOSHHOM JaBJICHUH, OXJIAKIAI0T-
cst ot 350 mo 294" C. Haritn, BO CKOJBKO pa3 miiomiaab BEPXHETO OTBEPCTHUS
TpyOBI JOJKHA OBITh MEHBIIIE TJIOMAAN HUKHETO OTBEPCTUS MIPU COXPaHEHUHU
OJIMHAKOBOM CKOPOCTH I'a30B B HEM.

5. ManomeTp, yCTaHOBJIEHHBIA Ha MapOBOM KOTJE, MOKAa3bIBacT naBieHUE 18
krc/cM”. Haiit aGCcoNIOTHOE JaBieHHe B KOTIE, €Cli aTMOChEpHOE JaBIICHHE
paBHO 740 MM pT. CT.

6. Bakyymmerp mokaseiBaeT pazpexkenue 600 mm pt.ct. KakoBo abcomtoTHOE
JaBJIeHUE, eclii aTMoc(epHoe naBieHue 1o Oapomerpy cocrasisieT 750 mMm
pT.CT.?

7. Hocne nycka JIBC paBieHue ckaToro Bo3Jyxa B IMIyCKOBOM OajUIOHE IMOHU3U-
nock ot 3,5 no 2,9 Mlla. Onpenenuts 00b€M U3pacX0J0BAHHOTO BO3/AyXa IPH
TeMIIepaType U JaBJIeHHH okpyxatouteil cpeasl 18 C u 1008 rlla, ecinu BMe-
CTHMOCTB IIyCKOBOro Oamtona 0,2 M°, Temmeparypa BO3AyXa B GalUIOHE MO
nycka 18 C, a moce mycka 10 C.

8. B Gamtone BMecTHMOCTBIO 0,1 M° HAXOJUTCS KHCIOPOJ NpH faBieHu 6 MIla
u temnepatype 25 C. ITocie Toro Kak u3 Hero Gblia BBITYIIECHA YaCTh asa,
nokaszanue maHoMmetpa craino 3 Mlla, a TemnepaTypa KUCI0POAA NOHU3UIACH
10 15 C. Onpenenuts Maccy BBIMYIIEHHOTO U [IOTHOCTh OCTABIIErOCs B 6a-
JIOHE KUCIIOpO/1a, €CiM AaBiieHue okpyxaromen cpeast 1000 rlla.

9. Macca 6amwtona ¢ razom m; =2,9 Kr, Ipy 3TOM JIaBjieHHEe B OaJJIOHE TTO MaHO-
MeTpy pi= 4 MIla. ITocie uzpacxonoBaHusi 4aCTU rasa Npu HEU3MEHHOW TEM-
nepatype JaBieHue B 0ajioHe MOHU3WIOCH 10 P, = 1,5 MIla, npu atom Macca
OaJlJIoHa ¢ Ta30M YMEHbIIWIACh 10 m, = 1,4 xr. OnpenenuTs MIOTHOCTh rasa
npu nasiennn 1013 rlla, ecnu BMmecTumocTs 6amnona 0,5 M.

10.IBC momnoctsio 120 kBt pacxonyer 0,024 xr TorumBa Ha 1 Kr pabouero Te-
na. Onpenenuth o0beMHBIH pacxon (M/c) paGodero Tema, eciy yaeIbHbIIL
pacxon torurBa coctaisieT 190 r/(kBt 4). Bo3ayx BcacwkiBaeTcsi B IIUIHHIPHI
JBC u3 nomemenus ¢ napamerpamu p=1000 rlla, T =290 K. Cuurats, uro
pabouee Teno umeeT pU3nUecKre CBOMCTBA CyXOro BO3ayXa.
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11.Bo3nyx npu nHauanbaoMm nasnenuu 0,5 MIla annabGaTHo paciimpsieTcs 10 JaB-
nenust 0,15 MITa. Bo ckoJibko pa3 J0JIKEH YBEIUYUTHCS €r0 00beM?

12.Bo3ayx ¢ HauanbHEIM 00beMoM 8 M mpu gasnernn 90 x[la H30TepMIYECKH
cxxuMaetcs 10 gasiaeHus 0,8 MIla. HaiiTu koHeUHBIN 00BEM.

13.0npenenuTh MIOTHOCTh U YAEIbHBIA O0OBEM OKHCH yIiepoja Mpu AaBieHuu 1
6ap u temneparype 300 K. T'a3oBast mocTtostHHas okucu yriaepoaa R=297.4
Jlx/kr K.

Tema 2. Cmecu ra3on. TemioeMKoOCTb.

Teoperuyeckue cBeIeHUA

Voenvroti mennoemxocmoio Tena B JTaHHOM IPOIECCE HA3BIBACTCS OTHOIIICHHUE
TEIUIOTHI dg, TTOJIY4EHHOE €UHUIICH KOJIMYECTBA BEIIECTBA IIPH OCCKOHEYHO MaJIOM
W3MEHEHHUH €T0 COCTOSIHUSA, K U3BMEHEHUIO TeMIIepaTyphl df :

C.=dgq, /dt.
PaznuyaroT HCTUHHYIO U CPEHIOI0 TEMJIOEMKOCTH.
Hcemunnou TENIOEMKOCTBIO HAa3bIBAKOT MPEJIEIT OTHOLICHUS
lim Aq = ﬁ;

At—0 At dt
cpeoHeli TeTIIOEMKOCThIO HAa3bIBAIOT OTHOIIIECHUE

__ 49
fl—fz’

Cc =

Cep

I7Ie ¢ — KOJIMYECTBO TEIUIOTHI,
t;, 1, - TeMIepaTypbl HaYana U KOHIIA Mpoliiecca.
Cpeonss MonbHas menioemMkocms B IPOU3BOJILHOM JIMANIa30HE TeMITepaTyp
onpenensercs no popmyre

t
0l

t
Heplgta —Hep

k/[/KMoIb Tpaf,

HCpep =
pep th —1
rac lLlecp - CpeI[HHH MOJIbHAs TCIIJIOEMKOCTDH B HpOH3BOHBHOM JAHUAIIa30HEC

TeMmrmeparyp ot t; 1o t; ° C, k[»/kmoub rpaj,

t
Hep 02 - CpEeOHsS MOJIbHAS TEIJIOEMKOCTh B MHTEpBase temnepatyp ot 0 1o 7,°

C, (6epercs u3 Tabnwmi), kJ[>K/KMoITb Tpaf,

t
/,le 01 - CpCansAs MOJIbHAA TCINIOCMKOCTDb B HHTCPBAJIC TEMIICPATYP OT 0 a0 1 °

C, (6epeTtcst u3 Tabnui), kJ>x/KMOJb Tpa,

t;, t, - TeMmepaTypbl Hayajia U KOHIA MpoIlecca.

Cpeonss maccosas menioemKkocms ONpenessieTcs no popmyne



Lc
Cpep = PP , KJDK/KT Tpan,
7

r7ie 4 - MOJEKYJSpHBIN BEC ra3a, KI/KMOJIb.

CpeoHnssn obvemHas menioemkocms onpeaensercs no Gopmyie

c _ HC
= — 3
pep 2.4 , KJI)x/ M~ rpagn,

rjae 22,4 — 00beM 0JIHOTO MOJISI ra3a MpU HOPMAJIbHBIX (pU3ndYecKuX yciaoBusx (p=760
MM pT1.cT. 1 7=0 C.)

TemmoemMkocTH IPOIECCOB MPH p = const U V = const CBSI3aHbI MEXTY COOOM
CJICTYIOIIUMHU COOTHOIIICHUSIMU:
a) MOJIbHBIC

pe , — e, = 8314, kJOK/KMoIb Tpag;

0) MaccoBbIe
¢p - ¢,=R;
B) 00BEMHBIE
¢, - ¢,=0,37=p,R,
rie O, - INOTHOCTh IPU HOPMAIbHBIX (PU3UUECKUX YCIOBHSIX.
3aTpathl Temia Ha HarPEeBaHKUE MWW OXJIAXKICHUE Pa0OUYUX TEJ OMPEAEISIOTCS
13 COOTHOLIECHHUM:
a) misa M moneit

Q=Mucpe,(ty =11 ), KJIK;
0) nnsa G kr
Q=Gcep(ty —ty ), KJDK;
B) st V M
Q=Vco(t,—t), KJX.

B kauectBe pa601mx TCI MOI'YT OBITH MCIIOJIb30BaHbI CMCCH, COCTOAIIUC U3
HCCKOJIbBKHX I'a30B.

VYpaBHeHHE COCTOSHUSA AJIs | KT CMECH BBIMVIAIUT CIAEAYIOIUM 00pa3oM:
pv=R., T;

JUISL 1 KT
pv=mR., T,

rine R., — razoBas noctosiHHas cmec, JIx/ Kr rpan;

i 1 kmoJib
pV.=R, T,

rae V, =Vey ey — 00BEM 1 KMOTIB CMECH;

R, — 8314 JI:x/ xM07b rpaj — yHHBEpCaJIbHAs ra30Bas IOCTOSHHAS;



V — yJIeIbHbIH 06beM CMecH, M/ KT
ey — CPETHUAN MOJIEKYJISIPHBIN BEC CMECH, KI/KMOJIb.
Jns onpenenenus R, U W, HEOOXOAUMO 3HATh COCTaB CMECH, KOTOPBIM MO-
’KET OBITH 3a1aH MaCCOBBIMU, OOBEMHBIMU ¥ MOJIBHBIMHU JTOJISIMH.
Maccoeoii 0ozneil Ha3pIBa€TCSI OTHOILIIEHUE MACChI Ka)KIIOTO ra3a K oOIIer Macce
CMECH:
g =m; /1 My

ObvemHoll Ooseli HA3BIBACTCS OTHOIIEHHE MapIUaabHOTrO (TPHUBEIESHHOIO)
o0BbeMa KakJI0To Tra3a K o01ieMy 00beMy CMECH Tra30B:
i =Vi /V cM.
3agaHue CMECH MOIbHbIMU 00JISIMU PABHO3HAYHO 3aaHUI0 €€ OOBEMHBIMU J10-
JISIMH.
Ecnmm cmech 3aaHa MacCOBBIMH JIOJISIMH, TO R., WU [, OMIPEICISAIOT U3 CIie-
OYIOIINX COOTHOIICHUN:
RCM =X 8i Ri
WJIn
R, =8314% g/ w;,
Uy = 8314/ R,
WU
Men = 8314/ %X gi Ri.

Ecnu cMmech 3a1aHa 00bEMHBIMH JOJISIMH, TO
R, = 8314/ u,
WIu R, =8314/Zr; ;.

Men = 8314 X rl-/Ri.

Ilapyuanvnvie 0asnenuss OTACIBHBIX T'a30B, BXOIAIIUX B CMECh, OMPEACIISIOT
W3 CIECAYIOMMNX COOTHOIICHUM:
€CJIM CMECH 3aJ1aHa MacCOBLIMHM JOJISIMH, TO

Pi=Pcn 8i ﬂczw/,ui =Pcu 8i Rl/RCM 5
€CJIM CMECH 3aJ1aHa 00BEMHBIMH JOJISIMH, TO
D= TtiPen.

Tennoemxocmov cmecu ONPEICTAIOT U3 CASAYIOITUX COOTHOIIIEHUMN:

- €CJIM CMECh 3aj1aHa JOJISIMH MOJISI, TO
UCer = F1 UiC1+ T fp Cotoct Tyl €y KIK/KMOTE TpaS,
TJI€ [;Cy U C2y Uy C — MOJIBHBIE TEIIIOEMKOCTH OTACITBHBIX Ta30B, BXOSAIINX B CMECh
(6epyT 13 TaOIUI] TETUIOEMKOCTH);
- €CJIM CMEChH 3aJlaHa MacCCOBBIMH JIOJISIMH, TO
Cen=g1C1 + 8202+ ... tguc,, KK/ KT Tpas,
TI€E Cj, Ca, C, — MACCOBBIE TEMIOEMKOCTH OTIAEJIHLHBIX I'a30B, BXOISIIIHUX B CMECH;
- €CTM CMeCh 3aJ1aHa OOBEMHBIMHU JOJIIMH (TIpU HOPMAJIbHBIX (DH3NYECKUX YCIIOBH-
X), TO
CCM’=r1c1’ + r2c2’+ ... tr.c, ’, KJIx/ M rpan,
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rau€ ¢;, ¢, ¢, — 00BbEMHBIE TEMJIOEMKOCTH OTACJIBbHBIX I'a30B, BXOAAIIINX B CMCCBh.

3anaun

1. O0BeMHEBIE TOJIM KOMIIOHEHTOB CMECH HMAcalbHBIX ra3oB: 25 % CO, u 75 %
0,. JlaBnenne cMecu pasuo 0,085 MIIa, temneparypa 100° C. Haiiti mapriu-
aJbHbIE JABJICHUS KOMIIOHEHTOB, MAaCCOBBIC JOJIU KOMIIOHEHTOB, MOJISIPHYIO
Maccy W ra3oBYyIO MOCTOSIHHYIO CMECH, a TaKKe IIOTHOCTb CMECH IPH H.Yy. U
YCJIOBUSIX, YKa3aHHBIX B 33/1a4e.

2. Jlns cMecu ra30oB U3 MpEbIayIIeH 3a1a4i HAWTU: UCTUHHBIE MOJISIPHYIO, Mac-
COBYIO U OOBEMHYIO (TIPH H.Y.) TEINIOEMKOCTH CMECH JIJIs TeMIIepaTypbl 500" C
Ipy p = const U IpU V = const; CpeIHUE MOJISIPHYIO, MaCCOBYIO U 0OBEMHYIO
TEIUIOEMKOCTH CMeCH Uisi MHTepBama Temmeparyp 1000...500° C mpu p =
const; KOJIMYECTBO TEIUIOTHI, 3aTPAYEHHOE HA HATPEBaHHE 5 M~ (H.y.) CMeCH
IIpU p = const B TOM € UHTEpBaJIe TEMIEPATYp.

3. B 3akpbiToM pesepByape oobeMoM 100 11 Haxoautes Bosayx npu 0 C 1 naBie-
Huu 760 mm pt.cT. OnpenenuTs TEIJIo, 3aTPAY€HHOE Ha HarpeBaHHUE 3TOrO
Bo3yXa 10 200 C.

4. OnpenenuTh CpeIHUE MOJIBHYIO, OOBEMHYI0O U MAaCCOBYIO TEILUIOEMKOCTH B
MpoIleccax MpH MOCTOSHHOM JIaBJIICHUHM W TOCTOSSHHOM O0BEME B MHTEpPBAJC
Temmeparyp ot 0 0 1300  C ju1s cMecH Ta30B, MMEIOIIEH ClIeIyIoIMii 06beM-
e coctaB: CO, — 8%, CO —2%, N, — 85%, H, — 5%.

5. Cmech AByX 00bEMOB BOAOPO/Ia U OJJHOTO 00bEMa KUCIOPOAa HA3bIBAIOT Ipe-
My4uM razomM. OnpeaenuTb ra3oByIo MOCTOSIHHYIO TPEMYUETO rasa.

6. HailiTu KoJMuecTBO TEIJIOTHI, MOJIBOJUMOE K KHUCIOPOay, Macca koToporo 0,2
KT, TIPYA TTOCTOSTHHOM JABJICHUU IIPU MOBBILICHUU €ro temmeparypsl ot 600 1o
2000 C.

7. B 6amnone BMeCTUMOCTBIO 15 11 comepxutcst Bo3ayx npu nasieHuu 0,4 Mlla u
temmeparype 30 C. Kakoa GyzmeT Temieparypa BO3IyXa B Pe3yJIbTaTe MOLBO-
na Kk Hemy 16 kJIx temnortel? YenbHass U30XOpHAs TEILNIOEMKOCTb C,= 717

Jhx/xr K.
8. K Bo3znyxy B 6aimmone BMectumoctbio 100 1 mpu naBnenuu p; = 0,3 Mlla u
temneparype T; = 15 C nogBoautcs Temiora B koiaudectBe 148,8 kJDk.

Haiitu KoHEeUHBIE TeMIIepaTypy | JIaBJICHUE BO3/1yXa B OaJlIOHE.

9. Azot maccoii 0,5 kr pacmupsiercs no uzoodape npu aasinenuu 0,3 Mlla tak, uyto
temriepatypa ero noseimaercs oT 100 mo 300° C. Haiitu xoHEe4HBIN 00BeM
a30Ta M MOJBEJCHHYIO TEIUIOTY.

10. 2 kr Bo3ayxa mpu Ha4aJIbHOM a0COMIOTHOM JaBiieHuu 10 Oap u Temmeparype
600 K pacmmpsirorcs no aguadare 10 KOHEUHOro fasienus 1 6ap. Onpenenuts
KOHEUHbIE 00BEM U TEMIIEPATYDY.

11. Bo3nyx pacmupsiercst B poriecce p = 0,5 MlIla = const, npu 3ToM ero oobem
m3mensiercss ot 0,35 1o 1,8 m°. Temmeparypa B KOHIIE PACIIMPCHHS PaBHA
1500° C. Onpenenuts MOJBEACHHOE KOJIMYECTBO TEIIOTHI.

12.12 xr Bo3ayXxa mpu abCOIIOTHOM JaBjieHuu B 6 6ap u temneparype 300 K pac-
HIUPSIFOTCS TIPU MOCTOSIHHOW TeMIEepaType, Mpu 3TOM 00BbEM YBEJIMYMUBAETCS B
4 pasza. OnpenenuTs HayaJabHbIE U KOHEYHBIE ITApaMETPhl BO3yXa.
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Tema 3. [lepBblil 3aKOH TEPMOJIUHAMHUKH.
TepmoanHamMuuyecKue Mpouecchl HIeaAJIbHbIX IA30B

Teoperuyeckue cBeIeHUA
Ypasuenue nepsozo 3akona mepmoounamuxy ajisi 1 K OTHOPOJHOTO BEIIECTBA
JUTSL DJIEMEHTAPHOTO MPOIIecca 3aMuChIBACTCS B BUJIE:
dq =du + pdv ;
OTKYyJa
Au=qpr— 1
r7€ Au — U3MEHEHUE BHYTPEHHEU SHEPTUH;
q1-2 — KOJIMYECTBO TEIUIOTHI,
l;., — paboTa mporiecca.
Buympennssa snepeusi ueanbHOTO Ta3a 3aBUCUT TOJIBKO OT €ro TEMIIEPATYPHI,
B 3TOM CJTy4dae JiJisl BCEX MPOLIECCOB HACAIBHOTO ra3a
du= c, dt,
5
ty t
AMZMQ—M]:‘[ Cvdtz =Cym |O IZ'Cvmlol t]
4
WJIU TIPU TIOCTOSIHHOM TETJIOEMKOCTH
u,—u; = c, (t, —t;) , KJx/xr,

t
rac ¢, » |t1 - CpeI[HHSI B I/IHTepBaJIe TeMHepaTyp I/I30X0pHaﬂ TCILNIOEMKOCTH TIa3sa,

kJK/KT Tpa.

Konuuecmseo menna taxxe MOXKET ObITh BBIPAKEHO Y€pe3 M3MEHEHUE TeMIle-
paTyphl raza

5
t t
qi2 = J‘ Cx dt = Cxm |()2 I = Cim |()1 I
il
WIN qi2=c¢, (t2-t;), KIIK/KT,
rac ¢,— TCIIOEMKOCTD I'a3a B paCCMAaTpUBACMOM IIPOLICCCC, KI[)K/KI‘ rpan.

Paboma npoyecca MoxeT ObITh BBIYUCIICHA, €CITH U3BECTHA 3aBUCUMOCTD J1aB-
JIeHUs1 OT 00beMa B XO7e mporiecca (ypaBHEHUE TIPoIiecca):

l:]gp dV:T f(v)dv, kJIx/KT.

BBOI[?I BBIPAKCHUC JIS1 SHTAJIBITNH I=u+ PV B YPAaBHCHHUC IICPBOI'O 3aKOHA
TCPMOANHAMUKH, ITOJIYIHUM €TI0 B IPYTIrOM BHIC
P3

dg=di—vdpwm q;, =1, i; - dep,
P
rae — vdp = dl, — pacnionaraemas pabota, KJ[>K/KT.
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Oumanvnus HACAJIBHOTO I'a3a 3aBUCUT TAKIKEC OT €TI0 TCMIICPATYPhI

. . t t,
lZ_ZI:Cpmlo tZ_Cpm 0 I,

WJIM JUUIS TIOCTOSIHHOM TEII0EMKOCTH:
Ir—i; = ¢, (t; — t;), KJDK/KT,
T C,— CpeaHss n300apHas TEIIOEMKOCTb rasa, KJ[x/Kr rpas.

Wcnonb3ys ypaBuenue dq = c¢,dT + pdv, 3amenum p Ha RT/v, nony4um
dq = ¢, dT + RTdv/v.
Pa3nenuB 06e yacTu nocinenHero ypaBHeHus Ha T, HaXoauM
dq/T = ¢,dT/T + Rdv/v.
Oynkuusa dqg/T HazbBaeTcs owmponuel s 1 u3Mmepsiercs B JLx/rpa, ynenbHas
sHTpomus — B JK/KT rpap, T.e.
ds=dq/T.

N3menenune snmponuu MIeaibHOTO Ta3a BEIYHUCIISIOT 110 (hopMyJIam:
so—8s;=c,InT>/T; + R Invyv,
s2—=8;=c,inT>/T; + R In psp,.

[Ipu wuccrnenoBaHuM TEPMOAMHAMUYECKUX  IMPOIECCOB  HAXOISAT COOTHO-
IIEHWE MEXIYy IMapaMeTpaMmH rasza, 3HaueHUE MapaMeTpoB B XapaKTEPHBIX TOUYKaX
mpoiiecca, U3MEHEHNE BHYTPEHHEH dHEPTUH, SHTAIBIINU, padOTy mporiecca, KoJude-
CTBO TeIIa.

H3oxopubiu npoyecc (v=const).
YpaBHeHHUE npolecca

p/T = R/v,
JaBJIEHHUS MPOIMOPIMOHATIBHEI TEMIIEPATYPAM:
pi/p2 = Ti/T.

Temnno, ydacTtByoliee B Mpolecce, AT Ha U3BMEHEHUE BHYTPEHHEU YHEPIUu
rasa:
q=Au=c (1>-T)).
Buemnsis paboTa raza paBHa HyI0, Tak Kak dv = 0, T.e.

l=vfpdv = 0.
vl

Pacnonaraemas pabora
lo=-v(p2—pi)
M3MeHeHne SHTPONUHU MPU NOCTOSSTHHOW TEMI0EMKOCTH PABHO
s;—8;= ¢, InTyYT; =c, Inpyp,.

H306apubiii npoyecc (p=const).
YpaBHeHue nporecca
v/T = R/p,
00BEMBI IPONTOPLIMOHATBHBI TEMITEpATypaM:
1%} /v 1= T2 /T 1.
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PaboTa nporiecca onpenensieTcss 3 ypaBHEHUS
[=pW—v)=R(T,-T)).
Termno mporecca paBHO M3MEHEHHUIO SHTANIBIIMM, MOCKOJIbKY pacrojlaraeMas
paboTa paBHa HYJIIO:
dly=-vdp=0, q=Ai=c,(T>-T)).

Tak kak npu p=const In py/p; =0, no3TOMy

T, T,
sy—si= [(ds/dT),dT = [(c,/T)dT = ¢, In TYT; = c, In v/, .

T, T,

Hzomepmuueckuui npoyecc (T= const).
YpaBHeHue mpouecca
pv =RT = const ,
JaBJjeHUs: 00paTHO MPOMOPIIMOHAIBHBI 00bEeMaM
pAP1 =vi/va.
BHyTpeHHsiq sHEprust ¥ SHTAJIBIUS B IPOLIECCE HE U3MEHSIOTCS:
Au= 0, Al =0.

KonuyecTBo noasenénHoi k paboueMy Teiry TeIIOThl YUCIEHHO PaBHO padoTe

M3MEHEeHUs 00BbEMa

v2
q = [= IpdV=p1 1% In VZ/V].
vl

[Tpu nepexoie K AecITUUHBIM Jiorapudmam nmeem
q=l=23p;v;igvsv; =23p;v;1gpi/p, =2,3RT Igvy/v,=
2,3RT 1g pi/p>.
Pacnonaraemas paborta paBHa paboTe mpoiiecca
l() = l

Aouabammuwiii npoyecc (dg = 0).
YpaBHeHue nporecca
pvk = const.
CooTHolieHrs MEXKIy IMapaMeTpamMu B aanabaTHOM Ipoiiecce
pi/p2= (Vz/VJ)k ; VvV = (PJ/PZ)I/k; T/T, = (VZ/VJ)H:( PJ/Pz)k_l/k-

N3menenue BHYTpEHHEH SHEPIHUH, B3STOM ¢ 0OpaTHBIM 3HAKOM, paBHO paboTe
npoiiecca:

- Au= l=Jp1V1k(dV/Vk),

V1

- Au=l= ¢, (T;-T2)=(1/k-1) (p1vi — p2v2) = (R/ k -1) (T} -T2).
Pacmonaraemas paGora B x pa3 6osbIiie paboThI mporiecca:
lo = kl.

Jlns oOpatumoro aauadbaTHoro mporecca dg=0, mosromy
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ds=dq/T=0 wu s,=s;=const.

Ionumponnwiu npoyecc.
YpaBHeHHUE npolecca
pv" = const,
TI€ 1 — MOKA3aTelb MOJUTPOIIbI, KOTOPBINA JJIs1 Pa3HbIX MPOLECCOB MOXKET UMETH JIIO-
00€ 3HAaYEHUE OT - oo J0 + oo, HO OCTAETCS MOCTOSHHBIM B JAHHOM TIpoIIecCe.
CooTHouIeHUsI MEK 1y TapaMeTpaMy B MOJIUTPOITHOM MPOLIECCE
n. — n-1, _ n-1/n
paAp1= viva) s T/Ti= (viva)™ 5 T/Ti= (pa/pr) .
PaGoTa nporecca MokeT ObITh BHIYUCIICHA 110 (hOpMYJIE:
[=(1/n-1) (pvi — p2v2)
1581051
n-1 n-1/n
[=[pwvi/ (m-D][1—i/v)) 1= [pvi/ (n-D][1 = (pofp)™ .
W3MeHeHne BHYTPEHHEN SHEPTUH T'a3a U TEIUIOTA B IMTOJIUTPOITHOM MPOLIECCE
OTIPEIENSAIOTCS TT0 hOopMyam:
Au=c, (t, — 1),
g=cn(—t)=c,[(n-k)/ (n-D] (- 1r).
Pacnonaraemast BHemHsis paboTa B MOJUTPOIMHOM IMPOIECCE MO AHAJIOTUU C

annabaTHBIM paBHA
P2

l() = - IVdp= [}’l/(}’l-l)] (p1V1 —szz) =[n/(n—l)] R(Tl — T2)

Py
N3menenune sHTAIBINK B TIOJTUTPOITHOM TPOIECCe
iz - i] =Cp (tz — tl).
N3menenune sHTpONUY ra3a B MOJUTPOITHOM IIPOIIecce onpenensercs mo ¢op-
MyJie
ds=dq/T=c,dl/T
WJIM 17151 KOHEYHOTO U3MEHEHHUS COCTOSIHUS
So—S1=c,InTO/Ty=c,[(n-k)/(n-1)]InT,/T,.
[Tokazaresb MOAUTPONBI 11 MOKET OBITH OIPEEICH O POopMyJiaM:

n=(y-cy)/(c,-¢,), n=

3agaum
1. Bozayx pacmmpsiercs B nporecce p = 0,5 MIla = const, npu 3ToM ero o0bemM

m3mensiercst ot 0,35 1o 1,8 m°. Temmeparypa B KOHIIE PACIIMPEHHS PAaBHA
1500° C. Onpenenuts TeMIepaTypy BO3AyXa B Hauale MpoIecca PaciIHpeHus,
MO/IBEICHHOE KOJIMYECTBO TEIUIOTHI, pabOTy, COBEPILIEHHYIO B 3TOM IIpOlIecce,
W3MEHEHUs BHYTPEHHEN SHEPIUU U YHTAIBIIUN BO3IyXa.

2. B nopurHeBoM JneTtanaepe (paclimpuTeNIbHOW MallMHE) YCTaHOBKHU TIyOOKOIO
OXJIQXKICHUSI TIOJIMTPOITHO PACIIMPAETCS BO3yX OT HaYaJIbHOTO JAABJIEHUS Py =
20 MIla u Temmeparypst T = 20" C 10 KOHEYHOTO gaBieHus p, = 1,6 MITa.
[Tokazarens nonutponsl n = 1,25. Onpeaenuts napaMeTpbl BO3AyXa B KOHILIE
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paclMpeHus, yJeIbHbIC 3HAUYECHNS U3MEHEHUSI BHYTPEHHEW YHEPTUU U SHTAIb-
MU, KOJIMYECTBA TEIJIOTHI, padOTHI MpoIiecca U pacnoiaraeMoi padoThl.

. B monutponHoM mporiecce, COBEpIIAEMOM KOJIMYECTBOM BEILIECTBA Telus n = 2
KMOJIb, 0TBOAUTCA KosmmuecTBO TemioTel 3000 k/lkx. HadanbHble mapameTpbl
npomnecca: p; = 0,15 MITa u T= 227 C; xoneunas temmeparypa 127 C. Mo-
JsipHask TEIJIOEMKOCTh renus pc, =12,5 kJlx/ kmons K. Onpenenuts nokasa-
TeJb TOJIMTPOIIbI, HA4YaJIbHbIE U KOHEUYHBIE MapaMeTphl ra3a, U3MEHEHHUE BHYT-
pEHHEH PHEPrUu W SHTAJIBIUU, padOTy Mpollecca U pacrojaraeMmyro pabdory,
WU3MEHEHUE SHTPOIIUU.

4. CKOJBKO TEIUIOTHI HY>)KHO COOOIIUTH MPHU MOCTOSHHOM 00BEME T'a30BOM CMeCH
maccoit 1 kr, naBiaennem 1,2 MIla u temmeparypoii 390  C, 4ToObI MOBBICUTD
napienue 10 4 MIIa? Y genpHas TermmoeMKocTh cMmecH ¢,— 956 JIx/kr K.

5. A3sot maccoit 0,5 kr pacmmpsiercss mo uzodape npu gasieHuu 0,3 Mlla Tak,
YTO TemrepaTrypa ero nossimaercs ot 100 qo 300" C. HaiiTi KoHeuHbIi 00beM
a30Ta U paboTy U3MEHEHHS 00beMa.

. Bozayx 06bemom 3 M mipu Temmepatype 10° C pacmmpsiercs: n300apHO ¢ yBe-
nudyeHneM oobema B 1,5 pasza BciencTBue nmoBoaa kK HeMy 630 kK TETIoThHI.
Haiitu naBnenue, npu KOTOPOM MPOUCXOAUT NPOLECC PACIIUPEHHUS.

7. O6beM Bo3myxa Maccoif 1 kr npu Temnepatype 20 C H30TEPMHUUYECKH YBEIH-
yeH B 1,5 pasza. Haiitu yaenbHyto paboTy u3MeHeHus: o0bema.

. Bosayx ¢ HauanbHbIM 00beMoM 8 M° mipu maBiennn 90 klla u Temmeparype 20
C uzotepmuyecku cxxumaercs a0 gasienus 0,8 MIla. HaliTu koHeuHbI 00BeM
1 paboTy U3MEHEHUs1 00beMa.

. Bosmyx maccoit 2 kr npu maBieruu p;=1MIla u temmeparype T1=300" C pac-
mpsieTcs 1o aguadare Tak, 4To 0ObeM Tra3a yBenauuuBaeTcs B 5 pa3. Haiitu
€ro KOHEYHbIe 00bEM, JaBJICHUE U TEMIIEPATYPY.

10. Bo3xyx o6semoM 0,2 M° u gasiernem 0,2 MIla mogorpeBaeTces B LUIHHIPE
muamerpoM 0,5 M ot 18 1o 182" C mpu mocrostaHoM gasiexnn. Haiitu paGoTy
pacliMpeHus BO3AyXa M pPACCTOSHHUE, HA KOTOPOE MPU 3TOM MEPEIBHUHETCS
MOPILEHb B LAIUHIPE.

11. I[TocTpouTs moNUTpPONY AJIA BO3AYyXa B KOOpAUHATax 7,s MO ABYM KpallHUM U
TPEM MPOMEXYTOUHBIM TOYKaM, BHIOpaB MaclTaObl TEMIEpPATypbl U SHTPO-
nuu. Hauanbrbie mapamerpsl Bosmyxa pi=0,2 MIla u T,= 30 C; KoHedHble
p=1,2 MIla u v,=0,1 M/ KT.

12.B xommpeccope cxxuMaeTcss BO3AyX Maccoi 2 Kr pU MOCTOSIHHOW TeMIepary-
pe 200°C ot p;=0,1 MIIa mo p,=2,5 MIIa. Haiitu paboty cxxatus.

13.Bo3ayx ¢ HauambHBIM 00BEMOM 8 M° M HadyalubHOH Temmeparypoil t;=20°C
C)KMMAETCSl N0 TMOJMUTPONE C MokazareiaeM n=1,2 oT abCOJIOTHOIO JaBIEHUS
p:i=0,09 MIla no p,=0,81 MIla no noctmxenus temmeparypsl t,=150°C.
Haiiti koHeuHBIi1 00bEM U COBEPILICHHYIO padoTYy.

W

o)

o]

O

Tema 4. Bropoii 3aK0H TepMOJIUHAMHUKH

Teoperuyeckue cBeIeHUA
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Tepmuyeckum xkodghguyuenmom none3noco Oeucmsusi MPSIMOTO IMKIA Ha3bI-
BaIOT OTHOLIEHUE KOJUYECTBA TEIJIOTHI, IPEBPAILICHHON B MOJOXKHUTEIbHYIO pabOTy
3a OJMH LIUKJ, KO BCEH TEIIOTe, MOJABEAECHHON K padodyeMy Teiy:
m=(qi—q2)q1=1- 92/ q1 = L/ qi,
rae L — mojouTenapHas padoTa, paBHAs Pa3HOCTH MEXIy paOOTOW pacIIMpeHUs U
COKaTHsI.
CrerneHb COBEPIICHCTBA OOPATHOTO IMKJIA OTIPESIAETCS TaK Ha3bIBAEMBIM XO-
JIOOUNbHBIM KOS huyueHmom yukia
e=q,/ L.
Ypasuenue mepmuveckozo KII/[ yuxna Kaprno nmeer Bua
Uy =1- T2 / T].
s oopamuozco yukna Kapro X0noauinbHbINA KO3(PGUIIMEHT paBeH
E= Tg/(T] - T2)
MaremaTu4ecKkoe BBIPAKEHHUE 6MOP020 3AKOHA MEePMOOUHAMUKU MOMKHO
MIPEICTaBUT YpaBHEHUEM
f dQ/T <0,

rae dQ / T — anrebpanyeckas CyMMa NPUBEACHHBIX TEIJIOT; 3HAK PABEHCTBA OTHO-
CUTCSl K 00OpaTUMBIM, a 3HAK HEPAaBEHCTBA — K HEOOPATUMbIM ITUKJIAM.

Pabomocnocobnocmeio W 3Kcepauell TeNa HA3bIBAIOT MAKCUMAJbHYIO I0-
Je3Hy10 paboTy, MOJIYUYEHHYIO 10 CIEIYIOIIEMY YPaBHEHHUIO:

LMaKC. = (11 - 10) - TO (Sl - So),

rne Ip u Sy — PHTAIBNHS W SHTPOMHS pabodero Tejla B COCTOSHHHM PAaBHOBECUS C
OKpYyXarolen cpeno, I; u §; — mapameTpsl IepBOHAYAIILHOTO COCTOSTHUSL pabodero
Tena.
B stom ypaBuennu (I; — Iy) mpeacTaBisier co00# MOJIE3HYI0 BHEIIHIO paboTy B 00-
paTuMoM ajuabaTHOM nporecce, a Ty (S; — Sy) — MoJIe3HyI0 BHEIIHIOW padoTy B 00-
paTUMOM M30TEPMHOM ITpoliecce paboyero Tena.

3anaun

1. PaGouum teiom B I'TY saBnsercsa Bo3ayx. Lluki xapakTepusyeTcsi CTENEHbIO
TIOBBILICHUS JABJICHUS, PABHOW 8§ M CTENEHBID MPEABAPUTEIBLHOIO pacIIupe-
HUs, paBHOM 2,5. Kakas 10J1 MOABOIUMOTO KOJMYECTBA TEMIOTHl PACXOMyeT-
Csl Ha coBeplleHue paboThl U Kakas OTBOJUTCA K HHU3IIEMY TEIUIOBOMY  HC-
ToyHUKYy? IIpu Kakux TemmepaTypax BBICIIETO M HHU3LIETO TEIUIOBBIX HC-
tounnkoB KITJ[ mukna Kapao 6yner paBen tepmuueckomy KIIJ I'TY, ecnu
M3BECTHO, UTO TEMIIEpaTypa BO3lyXa B KOHIE MIpolecca CXaTus B KOM-
npeccope coctanigeT 600 K?

2. Bo3ayx B mpOTUBOTOYHOM TEIJIOOOMEHHUKE HArpeBaeTCsi OT TEMIIEPATyphI t; =
40" C, a Ta3bl OXJIAXKAAIOTCS OT TeMIepaTypsl t; = 450 C 10 TeMIepaTypsl t, =
200" C. TemnoBble MOTEPH TEIIOOOMEHHHKA COCTABIOT 20 % OT TEIIOTHI,
oTnaBaemoii razom. OnpeaenuTh MOTepro paboTOCOCOOHOCTH Ha 1 KT mpoxo-
JSITIETO Ta3a BCIENCTBUE HEOOpaTUMOTO TeruiooomeHa. ['a3 u Bo3ayx cuurtath
UJeaTbHBIMU Ta3aMH, OO0JIAIAlOIUMH CBOMCTBaMHM BO31yXa. TemioeMKOCTh
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BO3/lyXa U ra3oB CUMTaTh BEIMYMHAMH MOCTOSHHBIMU. Temmeparypa okpyxa-
IOIIEH CpeJibl paBHA ty = 25" C.
OnpenenuThb pa60Tocnoc06HOCTL (3xcepruto) 1 Kr BoO3ayxa, HaXOJSIIETOCS
non nasienueM p; = 4,0 MH/M* i p;= 40 Gap U HMeIomero TeMIepaTypy
= 500" C. Temmeparypa u JaBJIeHHe OKpyxKaromeil cpesl ty =27 C u py = 1
6ap. 3amavy pemuTh IpU MOCTOSIHHOW U IEPEMEHHOM TEeTIOEMKOCTSIX.
OnpenenuTs SKCepruro 1 Kr yriaekucioro rasa, HaXoAsIerocs: Npyu JaBlIeHUU
p = 1 MIla u remnepatype T = 600 K no oTHOIIEHNIO K OKPYKAIOLIEH Cpelie C
napamerpamu py = 0,1 MIla u Ty = 293 K. TemnoeMKoCTh yriaeKuciaoro rasa
¢, =0,97 xJIx/ Kr rpag.
OnpenenuTs yBEIMYEHUE SHTPOIIUH U YMEHBIIEHUE dKCEPrUU MPU CMELICHUN
4 xr H, u 1 kr CO,, HaXOIUBIIMXCS MPH OJMHAKOBBIX TEMIEPAType U JIaBiie-
Huu. Temneparypa okpyxatoiend cpensl Ty =293 K.
. Kakoe konudecTBO TEIIOTH HEOOXOAUMO 3aTPATUTh, YTOOBI B MOJUTPOITHOM
npoiiecce HarpeTh 5 kr Bo3ayxa oT T; = 300 K npu gaBnenuu p; = 4 6ap A0
temmneparypsl 1000 K npu nasnennu 10 6ap. TermnoemkocTs Bo3ayxa ¢, = 1,0
kJK/KT Tpa.
Omnpenenute KII/[ oOpartimoro nukia TEMIOBOIO JABUIATENs, €CIIA TeEMIIEpa-
Typa Harpesatens T;=200 C, a xonommnbanka T,=30" C.
Onpenenutpb 1715 Tex ke Temneparyp (cm. 3an.7) xonomwibHblid KIIJ xomo-
JTUILHOM MaIllMHBI, paOoTaIOIIeH 0 00paTHOMY IHKITY.
. Ilpu coBepilieHHH HEKOTOPOro OOPAaTHUMOIO LMKJIA B TEIJIOBOM JABUTATelle K
pabouemy Teny MOABOAUTCS TersioTa B kKoaudectse 420 Mk, pu 3TOM JBU-
ratelib coBepiiaet padory 196 M/Ix. Uemy paBen tepmuueckuii KITJ[ uuxmna?

Tema 5. llukabl ABUraTesieil BHyTPEHHEr0 CropaHust
Teopernyeckue cBeeHUA
OcHoBHBIME XapakTepucTukamu Jirodoro nukia JIBC sBustorcs:
- CTEIEHb CXKATUA €= v/ Vs;

- CTETICHb MOBBIIICHUS NaBICHUS A= p3 / p3;
- CTETIEeHb MPEABAPUTEIILHOTO UM N300apHOTO PACIIUPEHUS p= V3 / V;.

Luxn /{IBC ¢ no0sooom meniomwl 8 npoyecce v = const

HHG&HBHBIﬁ TepMOI[I/IHaMI/I‘IeCKI/Iﬁ OUKIT ABHUIraTeiisi ¢ M30XOPHBIM ITIOJBOJJOM

TEIJIOTHI, COCTOAIIMMN U3 ABYX M30XO0p U JIBYX aauadar, npejcTaBieH Ha puc. 1 B pv-
auarpaMMe, KOTOPbIN OCYIIECTBIISIETCS CIeIYIOUUM 00pa3oM.

NneanbHplii Ta3 ¢ HAYAJIBHBIMM TTApaMeTpaMHu p;, v;, T; CKUMaeTCs 1o aauada-

te 1-2 no touku 2. [lo uzoxope 2-3 paboueMy Tesy cOOOIIAETCs KOIUYECTBO TEIIO-
Thl ¢;. OT TOouku 3 pabouee Teno pacmupsiercs no aguadare 3-4. U, HakoHel, 1o
nzoxope 4-1 paboudee Tea0 BO3BpAIIACTCS B NMEPBOHAYAIBHOE COCTOSIHUE, TPU ITOM
OTBOJUTCS TEIJIOTA ¢, B TETUIONPUEMHUK.

Tepmuueckuit KI1JI npkia onpenensercs cieayromnmM 00pa3oMm:
00 =(q1 = 42) /g1 = 1- (42 /q1) = \(Ta=T)) / (Ts = To)= 1-(1/ &"').
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KonnuecTBo moaBeaeHHON TEIWIOTHI ¢; =c\(1T3 —1;), a KOJIMYECTBO OTBEICHHOU
TEeIoThl g = ¢, (T4 —T)).
[TapameTpsl pabouero Tena Bo BCEX XapaKTEPHBIX TOYKAX IIUKJIA PABHBI:
B TOUKE 2
Vo =vile; pr= pl(VI/VZ)k =PI Ek,'
TZ/T]= (V]/Vg)k-]: Sk_] u T2 = T] Ek_],'

Puc.1
B TOUYKE 3
V==V, & p3= p2 A=p; & A
Ty/To=pypr =4 u T3=T, =T, " J;
B TOuke 4

Vs = vy; pa= ps(vi/ va)* = ps(vav))'=py/ e=p, 1 ;
TJ/Ts= (vivy) ' =(vov)'=1/e*" u T,=T, & 211 e*')=T, A

Teopernyeckas nose3nast padboTa, KOTOPYIO MPOU3BOIUT 1Kr paboyero Tena 3a
OJIMH IIUKJI, PaBHA Pa3HOCTH Pa0OT PaCIIMPEHUS U CHKATHS:
L=L,c. — Lexe=[1/k-1)] (p3v3 - pavs) - [1/(k-1)] (p2v2- pvi).
Cpennee nHANKATOPHOE JaBlieHHE (YCIOBHOE TTOCTOSIHHOE JaBJICHUE, TIOJT ICH-
CTBHMEM KOTOPOTO MOPIICHHh B TEYCHHE OJHOTO XOJla COBEpIIaeT padboTy, paBHYIO pa-
00Te BCEro TEOPETUYECKOTO ITUKJIIA) OMPEACIUTCS 10 hopMmyJie:

pi=LAv;—vs) = pil(* - &) A -1/k-1) (e-1)].

Luxn /[BC ¢ noosooom meniomul 8 npoyecce p= const
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Ha puc.2 B pv-guarpamme uzo0pakeH HACIbHBIM LMKJ JIBUTATENSI ¢ MOCTE-
MIEHHBIM CTOpPaHUEM TOIUIMBA MPHU MOCTOSHHOM JaBJICHUM, OCYIIECTBISIEMbINA CIETy-
oM oopaszom. ['azoo0pa3zHoe paboyee Tesl0 ¢ HaYaIbHBIMHU MapaMeTpamu p;, vy, T;
cKuMaeTcs 1o aguadate 1-2, 3aTeM Teiny 1o uzodape 2-3 cooliaercss HEKOTOPOe KO-
JIUYECTBO TEIIOTHI ¢;, OT Touku 3 pabouee Teyno pacimupsiercs mo aauadare 3-4. U,
HaKoHell, 1Mo u3zoxope 4-1 pabouee TenO BO3BpAIACTCs B MEPBOHAYAIBHOE COCTOS-
HHUE, TIPH STOM B TEIJIONMPUEMHUK OTBOJUTCS TEILIOTA ().

Tepmuueckuit KIIJI npkia onpenensercs CieayromnmM 00pa3om:

n:=(q1—q2)/q1=1-(q2/q:) = 1 - (T4 = T1)/ k(T — T>)]=
=1-[(p"- ik (p-1)].

KonnyecTBo noaBeeHHON TEIIOTHI q; =Cp(13 —15), @ KOTMYECTBO OTBEIEHHON

TEIOThl g, = ¢, (14— T;).

Vs

Vi

A
A 4

Puc.2

[TapameTpsl pabodero Teira BO BCeX XapaKTEPHBIX TOYKaX IMKJIa PaBHBIL:
B TOYKE 2
va=vile; pr=p;es
Tg/T]: (V]/ Vg)k-]: Ek_] 341 Tg = T] Ek-],'
B TOUYKE 3
vi=vap =vi(ple); p3= p2=p; 8k;

Ty/To=viv,=p n T5=T,p =T, &’ p;

B TOuKe 4
Ve =i pa= p3(v/va) = pr & (vapivi)=pi p
Ty/Ts= (vitve) " =(vsv,)!, w0 p/ e=vifvy 1 vsfvs = vy,
Ty=Ts(p/ &)'=T, & pp*"/ )= T)p".

TeopeTtnueckas mosie3Has paboTa, KOTOPYIO MPOU3BOAUT KT pabouero Tena 3a
OJIMH IIMKJI, PaBHA PA3HOCTH PabOT pacCIIMPEHUS U CIKATHS:

L=Lpscru — Leye= p2(v3 —v2)+ [1/k-1)l(p3vs — pavs) - [1/k-1)1(p2v2 — p1vi).
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CpenHee MHAMKATOPHOE aBJICHUE OMpeneauTces mo Gpopmye:
pi=LAvi—vs) =pre/ (k-1)(e-1)] [k (p-1) - (p*-1)1.

3agaum

. s uaeanbHOrO MMKJIA MOPLIHEBOTO JIBUTATENsl C MOJBOJIOM TEIJIOTHI MPH
v=const OMNpeNeNuTh MapaMeTpPbl BCEX OCHOBHBIX TOUEK, IMOJE3HYIO padoTy,
KOJIMYECTBO MOABEACHHON U OTBEACHHOM TeIu1oThl, TepMudecknii KIIJ[ nukia,
tepmuyeckur KIIJI nukna KapHo no ycnoBusiM 3amauu, cpeaHee UHAUKATOP-
HOe JaBjeHue, eciau aanel p;= 1 6ap, T=320 K, crenens cxartus € = 4,0, cre-
neHb noBbilieHus aaBienus A= 4,0. PaGoudee Teno — Boznyx. TerioeMkocTh
pabouero Tena NPUHATH MOCTOSTHHOM.

. 1 maeanbHOro MOPUIHEBOrO JBHUrarelis ¢ MOJBOJOM TEIUIOTHI HpPH p=const
ONpENEIUTh MapaMeTpPhl BCEX OCHOBHBIX TOUEK, IMOJIE3HYIO paboTy, KoJdue-
CTBO MOJBEAECHHOW W OTBEAEHHOW TemoThl, Tepmuuecknit KIIJI nukia, tep-
muueckuil KIIJI nmkma KapHo mo gaHHBIM 3ajaud, CpeaHEE WHIAUKATOPHOE
naBieHue, eciau ganel p;= 1 6ap, T=350 K, crenens cxatus £=20, cTeneHb
u300apHoro pacumpenusi p=2. Pabouee Teno — Bo3ayx. TemnoeMKkocTh pabo-
Yero Tejia MPUHATh MOCTOSHHOM.

. Mt mukna JIBC ¢ moaBoIOM TEIIOTHI IPH V=CONSt ONPEAEIUTh TEPMUYECKHI
KII/I nmkmna, TEOpETUYECKYIO MOIIHOCTh U CPEIHEE MHIWKATOPHOE JABJICHUE
M0 CJICAYIOIIMM JaHHBIM: pabouee Teno — cyxoi Bo3ayx; p; = 0,1 Mlla, T, =
10 C, crenens cxatuda € =5,5, pacxon tomimBa cocraiser m = 0,024 xr Ha 1
KI' pabo4ero Tela, TEMIOTBOPHAsA COoCcOOHOCTh TorumBa Q, = 27000 xJx/kT,
auameTp nuiauHapa asurarens D=220 mMm, xon nopuHga H = 320 MM, yactoTa
BpalleHus KoJeH4aToro Baiga n=350 00/MuH, ABUTATENb YETHIPEXTAKTHBIMN.

. IIpoBecTn TepMOAMHAMHYECKUIN aHANW3 IUKIIA, U300paKEHHOTO HA PHUCYHKE,
BBIJAHHOM TpenojaBaTeneM. LUK ompeneneH CIeayroudMHA JAaHHBIMU:
HaYanbHBIC IapaMeTpsl pabodero tema p;=0,1 MIa, t;= 10" C, cremeHs cxa-
tus € =7,5, naBaenue p;=6,4 Mlla. PaGouee Temno — 1kr cyxoro Bo3ayxa.

Tema 6. [Iukiabl ra30TYpOMHHBIX YCTAHOBOK
Teopernueckue cBeIeHUA
Luxn I'TY ¢ noosodom mennomsl 6 npoyecce p= const

Ha puc.3 mpencraBneH uacanbHBIA UK Ta30TyYpOWHHOW yCTAaHOBKU Ha pV-

auarpaMMe ¢ MOJBOJOM TEIJIOTH pu p=const. Pabodee Teno ¢ Ha4aabHBIMU TIapa-
MeTpamH p;, v;, T; cxxuMaercs 1o aauadare 1-2 1o touku 2. OT TO4kH 2 K pabodyemy
TeNy TOJABOJUTCS HEKOTOPOE KOJUYECTBO TEIUIOTHI ¢; 1Mo u3obape 2-3. 3arem pabdo-
gyee TeJo pacimmpsercs mo aguadare 3-4 10 HavyalbHOTO JaBJICHUS U BO3BPAIACTCS
1o u3obape 4-1 B nepBoHavYaIbHOE COCTOSIHUE, IIPU 3TOM OTBOJUTCS TEIJIOTA (>

XapakTepruCTUKAMU ITUKJIIA SIBISTFOTCS:
- CTETICHb MOBBIIICHMS IaBJICHUS B KOMIIpeccope S=p./p;;
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- CTETICHb U300apHOTO PACITUPEHUS p=V3/V;.
KonuyecTBo nmoaBoArMOI TEMIOTHI ONpeaensieTcs: o Gopmyiie
q1=c, (T3 —1T3),
a KOJIMYECTBO OTBOJUMOM TEIIOTEl  ¢r=C, (T4 —T7).
Tepmuueckuit KII/I uukna paBen
n=l-qs/q=1—-c(Ty—=T;)/c,(T5-T3) =1 —(T4—T;) /(T3 —T) nnn
7 =1-1/fF
TemnepaTypsl XapakTepHbIX TOYEK 15, T3 1 Ty onpeiesiuM, BEIPa3uB UX Yepe3
HAaYaJIbHYIO TemIeparypy 7;:
IUII agradaTtel 1-2 T/T; = (p/p; )(k'”/k = ,B(k'“/k; T,=T, ,b’(k'“/k,'
TUTsL 1300aphI 2-3 T/T, =v/v,=p, T; =Top; T:=T; p ﬂ(k'”/k,'
s aguabatel 3-4  Ty/Ts=(p/ps)™ " =(pi/p,) "= 11857,
T, = T, <% 7 flho T,

V<

Puc.3

Pabora cxxarus onpenensiercs nmo Gpopmye:
Li=pi(vs-v)+[1/k-1)] (p2v2-p1v1);
Pabora pacmupenus
Ly=p(v3-v2)+[1/k-1)] (p3v3-p4vs).
[Tone3nas pabota ompenensieTcss Kak pa3HOCTh padOT PACIIMPEHUS U CIKATHS.

LHuxn I'TY ¢ noogooom mennomel 8 npoyecce v= const

Ha puc.4 wuzobpaxen wuaeanpHbpid muka ['TY ¢ mMOABOIOM TEMIOTHI TPH
v=const, OCYIIECTBISIEMbII cleayomumM oopazoM. Paboyee Teno ¢ HaYaJIbHBIMU Ta-
pameTpamu p;, v;, T; cxxumaercs 1o aauadate 1-2 10 Touku 2, JaBJICHHUE B KOTOPOI
OTNpeJeNsIeTCs CTENEeHbIO MOBbIIEHUS AaBinenus. Jlanee no uzoxope 2-3 k paboyemy
TeTy MOJBOAUTCS HEKOTOPOE KOJIMYECTBO TEIUIOTHI ¢;, 3aT€M pabouee TeIo paciiu-
psercs no aauadare 3-4 10 HayaubHOIrO AaBieHUs (TOYka 4) U BO3BpalIaeTcs B Mep-
BOHAYaJIbHOE COCTOSIHHE 110 U300ape 4-1, mpu 3TOM OTBOJUTCA TEIJIOTA .
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XapakTepUCTUKAMHU 1IUKJIA SIBJISIIOTCS:
- CTETICHB TTOBBIIIIEHHUS JIaBJICHUSI B KOMIIpeccope f=p./p;;
- CTeTeHb JOOABOYHOIO TOBBIMICHUS JaBICHUS A=p3/p>.
KonnuecTBo moBouMOM TEIIOTHI ONpeAessieTcs 1o hopmyie
q1=c, (T3 —T3),
a KOJIMYECTBO OTBOJAMMOM TEIUIOTHL: g=c, (T4 —T)).

V<

Puc.4

Tepmuueckuit KII/I uukna paBen
7’],—1 _q2/q1_1 —CP(T4—T1)/CV(T3—T2) 1- [k(T4 T])/(T3'T2)] nIIn
n=1- k@ - D11 B G- D).

TemnepaTypsl XapakTepHbIX TOYEK 15, T3 1 Ty OonpeesiuM, BbIpa3uB UX 4epes
HavyaJIbHYIO TeMIiepaTypy padodero tena 7;:
st anuabatel 1-2 To/T; = (po/p) S = gV o= T, D%,
JUIS1 ©30XOPHI 2-3 Ty/T, =ps/p,=A; T3 =T A, T5=T; A ﬁ(k I
mist anuabatsl 3-4 Ty/Ts=(ps/ps) " ==(p/p,p1)*"*= ll(ﬂ/l )R
T, = Ty 1/p2) " =1, 5% ( 1/82)*"* u Ty= T/l”k.

PaboTa cxxarus onpenensercs mo GopMmyiie:

Li=pi1(vav)+[1/(k-1)] (p2v2-p1v1);
PaGora pacumpenus

L,=[1/(k-1)] (p3v3-p4vas).
ITonesHas paboTa onpesensercs Kak pa3HOCTh PabOT PaCIIMPEHUs H CKATHS.

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

Nneanenbiii muks ['TY ¢ perenepanueit TemnoTsl nokasaH Ha puc.5 u 6. Ha
ATUX pUCYHKaX: 1-2 — agnabaTHOE ckaTue BO3JyXa B KOMIIpeccope; 2-5 — uzobap-



22

HBII MTOJBOJ] TEIJIOTHI B pET€HEepaTOpe; 5-3 — MOABO/ TEIUIOTHI IIPU MOCTOSHHOM J1aB-
JIEHUU B KaMmepe cropanus; 3-4 — anpuabaTHOE paclIMpeHUe MPOAYKTOB CrOpaHHs B
corutax TypOuHbl; 4-6 — N300apHBIA OTBOJ] TEIUIOTHI OT Ta30B B pereHeparope; 6-1 —
M300apHBIN OTBOJ TEIUIOTHI OT Ta30B IO BRIXOIE U3 pereHepaTopa TeIIONPUEeMHUKY.

Hzomepmoi

I 6 4 Y
Puc.5
AT
3
s
Y 4
2 8
6
1
5
Puc.6

Ecnu npennonoxuTk, 4TO OXJAXAECHUE Ta30B B PEreHEPATOPE MPOUCKXOAUT 10
TEMIIEpaTypbl BO3/lyXa, HOCTYHAIOUIETO B HETO, T.€. OT 1y 10 T5=1,, TO perenepanus
OyZneT moJtHasl.

Tepmuueckuit KII/I nukna mpu nomuou perenepanuu, korna 17,— Tg = Ts — 1>,

HaxXOJUTCS 110 YPABHEHUIO n=1-q.q
rae q1=cy(T3—=Ts) = cp(T5—Ty), aq2 = c,(Ts — T1)= cp(T2 — T1),
TOT A 7’],=1 _[(TZ_ T])/(T3— T4)]

TemriepaTypbl B OCHOBHBIX TOUKAX IIUKJIA OMPEAEIAIOTCS TaAK:
k-1)/k k-1)/k k-1)/k
To=T(p/p) " =T, g5 Ty = T, T,=Tp.

KIIA uukna #; ,e.=1 - 1/p=1 - T\/T},
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3anaun

. Jns npeanpHoro nukia I'TY ¢ moaBogoM TEIUIOTHI IPU p=const ONPENEIIUTh
rapaMeTpbl XapaKTEPHBIX TOYEK, pabOTy pacIIUPEHHUs], CKATUS U MOJIE3HYIO,
KOJIMYECTBO MOJABEICHHON U OTBEICHHOM TeIuoThl, Tepmuueckuil KII/I mukia.
HauanbHabie mapameTrpsl pabodero Tena (Boznyxa): pi=106ap; T;=300K; crenenn
YBEJIMYEHHS JABJICHUS] B KOMIIpECCOpe TMpH aauabaTHOM IMPOIECCe CHKATUS
B=10; moka3arenb aguabatel 1,4. TemmepaTypa B ToOuke 3 HE JOJKHA MPEBBI-
math 1000K; TemnoeMKoCTh BO3yXa MOCTOSIHHAS; pacyeT NPOBOJIWUTH Ha l1Kr
pabouero Tena.

. B niukiie ra3oBoii TypOUHBI C MOABOJIOM TEIUIOTHI MPU V=CONnst HayaJbHbIC Ta-
pametpsl padouero Tena p; =1 6ap u T;=300 K. Crenenb yBenuuenus naBie-
HUA B aguabatHOM miporiecce cxarus f=10; k=1,4. TemmepaTypa B Touke 3 He
nosxHa npesbimath 1000 K. Pabouee Teno — Bo3ayX, TEMIOEMKOCTH TOCTOSH-
HBIC; pacueT MPOBOAUTH Ha 1Kr pabodero Tena.

OrnpenenuTh TeMIepaTypsl Bcex Touek Teopetudeckoro nukia ['TY ¢ moaso-
JIOM TEIUIOTHI Ipu p=const 1 nukia ['TY ¢ npegensHON perenepannen, a Tak-
ke KIIJ 3THX HUKIOB, €CIIM M3BECTHO, 4TO t;= 25 "C, CTEIeHb IMOBBIIICHHS
JaBJeHUs B KOMIIpeccope =5, TemrepaTypa ra3oB mnepej coriaMu TypOUHbI

t3 =800  C. PaGouee Teao 06IagaeT CBOWCTBAMU BO3/lyXa, TEIJIOEMKOCTh TO-
crosHas. [ukn 12341 uaeanvubiid, a nuka 1273481 — ¢ npeaenbHON pereHe-
panuen.
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Tabmuna 1. dusnyeckue NOCTOSIHHBIE HEKOTOPHIX Ta30B

I'a3 XumMuueckas Macca I'azoBas mocto- IInmoTHOCTB
bopmymna 1xMmoIB, saHas R, JDx/kr | rasa mpu H.Y.,
KI'/KMOJIb rpaja Kr/M°
Kucnopon 0O, 32 259,8 1,429
Boaopon H, 2,016 4124.3 0,09
Aszot N, 28,02 296,8 1,25
Oxkucsk yriepojaa CO 28 296,8 1,25
Bozayx - 28,96 287 1,293
Yriaekucislii ra3 CO, 44 189,9 1,977
BonsHoit map H,O 18,016 461,6 0,804
Tenuit He 4,003 2077,2 0,178
AmMmuak NH; 17,031 488.,2 0,771

Tabnuua 2. MictuHHas MOJIsipHAst TEIUIOEMKOCTb Pa3IUYHbIX Ia30B
npu p=const (uc, , KJLx/ kmous K)

T, C 02 N2 H2 CO COZ SOZ HzO BOS)IYX
(at™.)
0 29,278 29,022 | 28,621 |29,127 |35,865 |38,859 |33,503 |29,077
100 29,881 |[29,106 |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 |34,474 |56,781 |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 |35,417 |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
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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 |61,0609 |- 54,787 | 37,175

2500 39,508 | 36,694 | 36,321 |36,058 |61,094 |- 55,168 | 37,284

Ta6nuna 3. Cpeansisi MOJIsipHAsk TEINIOEMKOCTh Pa3InYHbIX T'a30B
npu p = const (uc, , kJ[x/ kmoins K)
T, C 02 N2 H2 CO COZ SOZ HQO BOSI[yX
(at™.)

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 | 32971
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 | 34,311
Tabnuua 4. TennmoemkocTy HeKOTOPBIX TazoB pu T =0 C
I'a3 Xum.popmyna TemoemkocTu k=cy/c,
MOJIbHAaAd, MaccoBasd,
kJI/KMOITb Tpaj kJ>K/Kr rpaj
HCp [ Cp Cv
enui He 20,93 12,60 5,237 3,161 1,660
Bonopon H, 28,62 20,30 14,200 10,070 1,410
Bosayx - 29,07 20,76 1,004 0,716 1,401
Mertan CH,4 34,74 26,42 2,165 1,647 1,315
AMMmuax NH; 35,00 26,67 2,056 1,566 1,313
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