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Tema 1. [TapameTpbl COCTOAHUS TEPMOAUHAMUYECKOH CHCTEMBI.
3aKoHBbI M1eAJIbHBIX I'a30B. YPaBHEHHE COCTOSIHUS M1€aJIbHOTO ra3a

Teoperuueckue cBeIeHUs

dusnyecKoe COCTOSHHUE Tella ONPEeNeNsieTcsl HEKOTOPHIMU BEJTWYUHAMH,
XapaKTEPU3YIOIIMMHU TAHHOE COCTOSIHUE, KOTOPBIE B TEPMOJIMHAMUKE HA3bIBAIOT
napamempamu cocmosiHus. K OCHOBHBIM M3 HUX OTHOCAT: YICJIbHBIA 00BEM,
NABJICHUE U TEMIIEPATYDY.

Yoenvnvim o0bvemom OTHOPOTHOTO BEIIECTBA Ha3bIBaeTCs 00BEM,
3aHAMAaeMbli €QUHHIIEM MacChl JIAHHOTO BellecTBA. B TeXHUYECKON
TepPMOIMHAMHEKE YICIbHBI 00beM 0003HAUACTCS V M H3MEPSIETCS B M /KT

v=V/m,
rae V- 0o6beM MpOM3BOIBHOTO KOIMYECTBA BEIIECTBA, M°; /1 — MAcca JTOrO
BEILIECTBA, KT.
[InoTHOCTH, TEna ompenenseTcss Kak Macca €AUHUIBI o0beMa |
M3MEPSETCS B KI/M :
p=m/V.
VY nenwHbIN 00bEM €CTh BEJIMUMHA, 00paTHas MJIOTHOCTH, T.€.
v=1/p;, p=1W vp=1.

aenenue ONpeEIACTCS OTHOILLIEHUEM CUJIB, PaBHOMEPHO
pacCIpeleIEHHON 10 HOPMAJIBHOW K HEW ITOBEPXHOCTH, K IUIOMIAAM OTOU
MOBEPXHOCTH:

p=Fyf
rae F - cuna, nedcteyromas Ha nosepxHocth (H), f - miomans moBepXHOCTH,
HOPMAaJIbHOM K CUJIE (Mz). Exunanuen nasnenus B CU gaBiseTcs [Ma=H/Mm.

Mexny equHULIAMU JaBJICHUSI U YHUBEPCaIbHOU equuuien nasienus CU

CYIIECTBYIOT CIIEIYIOIINE COOTHOIIEHUS:
1 xre/em” = 98066,5 TTa = 98,1 kIa;
1 xre/m” = 1 mm Bozt.cT = 9,80665 Ia = 9,81 Tla;
1 mm pr.ct. = 133,322 [Ta = 133 Ila.

TepmoanHAMUYECKUM  MapaMeTPOM  COCTOSIHUSI ~ SIBIISIETCSL  TOJIBKO
aOCONIOTHOE JaBlieHUC. AOconomHbiM OasleHuem HA3BIBACTCS JaBJICHUE,
OTCUMTHIBAEMOE OT aOCONIOTHOTO HYJS JaBICHUS WM OT a0COJFOTHOTO
Bakyyma. Ecnu npaBiaenue B cocyne Oonbiie aTMoc(epHoro, abCOMOTHOE
JABJICHHE B COCYJI€ PABHO CyMMe€ MOKa3aHUi MaHOMETpa u 0apomeTpa:

Paée. = Puso + Pamu;
eclii JaBJICHHE MEHbIIIe aTMOC(HEPHOro, abCOMIOTHOE JaBICHUE PABHO PA3HOCTH
MOKa3aHuil 0apoMeTpa U BaKyyMMeTpa:

Pabe. — Pamm — Peax.

Temnepamypa, xapakTepus3ysi CTENE€Hb HArpeToCTH TeJ, MHPEICTaBISET
co00if Mepy cCpeaHell KMHETHYECKOW HHEPTHH ITOCTYNaTeIbHOTO JIBUKCHUS
Mosiekyd. M3mepeHue temmepaTypbl MOXKET MPOU3BOAUTHCA KaK B Tpagycax
KenbBuHa, Tak M B rpagycax lLlenscusa. Mexay HUMHM MMeEETCs CIENYIOLIEe
COOTHOUIEHHE:



TK=273,15+¢ C.
[TapameTpoM coCTOsSIHMS SIBIISIETCS a0COJIIOTHAsl TeMmIlepaTypa, u3Mepsemasi B
rpanycax KenbBuHa.
l'a3pl, nomgumHsromuecs 3akoHaMm bownsgs-Mapuorra, ['eii-JIroccaka,
[Tapns 1 ABorazipo, Ha3bIBAIOTCS UJI€ATbHBIMU.
3akon bouna-Mapuomma: TpU TOCTOSHHOW TEMIEpaType yIeIbHbIC
00BeMBI ra3a 00paTHO MPOMOPIIUOHAIIBHBI €r0 JaBICHUSIM:
1% 2/ Vi =Di / 2,
UJIn pv = const.
3axon [leti-/Itoccaka: Tpu TIOCTOSIHHOM JIaBJICHUU YAEIbHBIE OOBEMBI
UJCATBHOTO Ta3a MPsIMO MPOMOPIUOHATBHBI €r0 a0COIIOTHBIM TEMITEPATyPaM:
v 2/ A\ =T 2 /T 1
17001 v/ T = const.
3axon Illapns: Tpu NOCTOSHHOM YJIEIbHOM O00BbEME a0COJIOTHBIE
JNABJICHUSI UJCATBHOIO Tras3a IMpsSMO MPOMOPIMOHATIBHEI €ro aOCOJIOTHBIM
TEeMIIepaTypam:
p2/pir=T,/T,
Win p/ T = const.

3axon Aeoeadpo: B paBHBIX 00BEMax JIFOOBIX HJICATbHBIX Ta30B TIPH
OJIMHAKOBBIX JABJICHUH M TEMIIEpaType COACPIKHUTCS OJIHO M TO )K€ KOJUYCCTBO
BeulecTsa. M3 Hero cienyer, 4ro
wv =224 M/ KMOJIb,
rae (v — 00beM OJIHOTO KHJIOMOJIS.

Ypaenenue cocmosnus uoeanvnvix eazoe 6u110 BhiBeAeHO KitanelipoHom
Y IMEET BUL:
pv/T=R wm pv=RT.
Jnd mpou3BONBHOrO KOJIMYECTBAa Tra3a C MacCOW m,KI' ypaBHEHHUE
COCTOSIHUSI BBITJISLAUT CIEAYIOIIMM 00pa3oMm:
pv=mRT;

re p — abcomoTHoe paBieHnme rasa, H/M> V — 06bEM HPOHM3BONBHOIO
KOJIMYECTBA ra3a, M’; m — Macca rasa, Kr; 7 — abCOIOTHAs TeMIeparypa rasa, K,
R —ra3oBas noctostHHas, [/ Kr rpan.

VYpasuenuto Knaneiipona MOXHO pHUIaTh YHUBEPCATHHYIO (GOpMY, €Clin
ra3oBYIO MOCTOSTHHYIO OTHECTH He K | Kr ra3a, a K 1 KMoJib.

Hanwuiem ypaBHeHUe cOCTOSIHUS 171 1 KMOJIb rasa:

PV =uRT,
OTKyJa uR =pV, /T;
rae uR — yHuBepcaabHas ra3oBas MOCTOSIHHASL.

[Ipu Tak Ha3bIBaEMBIX HOPMaJbHBIX (PU3MUECKUX YCIOBUSIX (IaBJICHUU
101325 H/m* u Temneparype 273,15 K ) o6bem 1 kmoub rasa pasen 22,4143 v’/
KMOJIb, a
UR = 8314,20 [Ix/ xmoub rpag = 8,3142 xJIx/kmMoib rpa.
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VYHuBepcanbHOE ypasHeHue coCmoAHUs UOeanrbHblX 2a306 (ypaBHEHUE
coctosinua Knaneiipona-MeneneeBa), OTHECEHHOE K 1 KMOJIb raza, IpUHUMAET
CJIECYIOLIUN BUL:

pV,=8314,20 T.

I'a30By10 NOCTOSIHHYIO R MOYKHO OIIPEIEIUTH II0 M3BECTHOM CpeaHeu

MOJIEKYJISIPHOM Macce :

R =28314,2 / u JIxx/ xr rpa.

3amauun

1. B GamioHe comepKUTCst KUCIOPOa Maccoi 2 Kr npu aasienuu 8,3 MIla u
Temmeparype 15 C. BbIYHCINTS BMECTHMOCTh GAILIOHA.

2. B myckoBoM OaiioHe Iu3els HaXOAUTCA BO3yX MO JaBieHueM p;= 2,4
MIla u npu temneparype T;=400 K. Haiitu naBnenue B OaioHe mnpu
OXJIOKJICHUU BO3/lyXa B HEM JI0 15 C.

3. Bo3myx HpH HadagbHBIX ycnoBmsx Vi=0,05 m°, T;=850 K u p =3 MIla
pacmupsieTcsi Ipu MOCTOSHHOM JAaBjeHuH 10 oobema V,=0,1 M°. Haitru
KOHEUHYIO TEMIIEpaTypy.

4. T'a3pl, JBUTAsCh IO JbIMOBOW TpyO€ MpU IOCTOSTHHOM JaBJICHUH,
oxnaxmarores ot 350 mo 294 C. HaiiTi, BO CKOIBKO pa3 IUIOMIAIb
BEPXHEr0 OTBEPCTHUSI TPYyObl JOJKHA ObITh MEHBIIE IUIONAAU HHUKHETO
OTBEPCTHS MPU COXPAHEHUU OJMHAKOBOM CKOPOCTH ra30B B HEM.

5. MaHoMeTp, YCTaHOBIICHHBIN HAa MapOBOM KOTJIE, MOKA3bIBAET AaBjicHUE 18
krc/cM’. Haiftu aGCONIOTHOE HaBieHHE B KOTIE, ecid arMochepHoe
JaBJieHHE paBHO 740 MM PT. CT.

6. Bakyymmerp mokasbiBaeT paszpexkenne 600 wmm  pr.ct.  KakoBo
abCoOJIIOTHOE JaBJeHHE, €Clid aTMoc(epHOe IaBieHUE IO OapoMeTpy
coctapisier 750 MM pT.cT.?

7. Ilocne mycka JIBC naBnmeHue cxaToro BO3yXa B IMYCKOBOM OaisioHe
MOHU3WIOCH OT 3,5 1o 2,9 MIla. Onpenenuts 00beM H3PACX0I0BAHHOTO
BO3/yXa IPH TEMIIEpaType M NaBICHHH OKpyxaroueil cpexs 18 C u
1008 rlla, eciu BMECTHMOCTB IYCKOBOTO Oamiona 0,2 M°, TeMmiepaTypa
BO3/yXa B GamoHe 10 mycka 18  C, a mocie mycka 10 C.

8. B Gamione BMecTMOCThI0 0,1 M’ HAXOMUTCS KHCIOPOJ HPH JABICHHUH 6
MIla u Temneparype 25" C. Tocne TOro Kak u3 Hero Obiia BBINyII[EHA
yacTh rasza, IoOKa3aHue MaHoMmerpa ctano 3 MIlla, a Ttemneparypa
KHCIOpoaa moHm3miack 10 15 C. Onpeennts Maccy BBITYIIEHHOrO H
IUIOTHOCTh OCTaBIIETOCS B OaJJIOHE KHUCJIOpPOAA, €CIU JaBJICHHE
okpyxatonieit cpenst 1000 rlla.

9. Macca OamioHa ¢ ra3oM m; =2,9 Kr, Ipu 3TOM JiaBlieHHE B OajIOHE IO
MaHoMmeTpy p;= 4 Mlla. Ilocne wu3pacxogoBaHHMs YacTH rasza Ipu
HEU3MEHHOW TeMIlepaType JaBjieHUE B OAIJIOHE MOHU3HWIOCH A0 Py = 1,5
MIla, mpu sToM Macca OajioHa ¢ Ta30M YMEHbBIIUIACh 0 M, = 1,4 K.
Onpenenute IWIOTHOCT, raza mnpu jgaeienun 1013 rlla, ecnum
BMECTUMOCTH Gasutona 0,5 M.



10.ABC mommuocteio 120 kBt pacxomyer 0,024 kr TomnmBa Ha 1 kr
paGouero Tema. OmpenenuTs 00beMHBIH pacxon (M’/c) padodero Tena,
€Clu yIenbHbIM pacxon TomiuBa coctaBimsieT 190 r/(kBt u). Bozgyx
BcaceiBaeTcs B muiuHIapel JABC u3 nomemenus ¢ napamerpamu p=1000
rlla, T =290 K. Cuurtath, yTo pabouee Tej0 UMeeT (HU3nUeCKue CBOMCTBA
CyXOTro BO3/yXa.

11.Bo3nyx npu HauansHoM AaBieHun 0,5 MIla agunabatHo pacmupsiercs 10
nasnenusi 0,15 MIla. Bo ckoyibko pa3 J0KEH YBEIUUUTHCS €ro 00bheM?

12.Bo3nyx ¢ HavYaJibHBIM 00BEMOM & M npu pgasiaeHun 90 klla
HU30TepMUYECKU cxkuMmaetrcss 1o aaBieHus 0,8 Mlla. Halitu koHE4HBIM
o0BeM.

13.0npenenuTh MIOTHOCTh M YACIbHBIH O0BEM OKHCH YTriepoja IpHu
nasnenun 1 O6ap u temmneparype 300 K. ['azoBasg mocTosiHHasi OKUCH
yriepoaa R=297,4 Jlx/xr K.

Tema 2. Cmecu razosn. TenmioeMKoOCTb.

Teopernveckue cBeaeHU

Yoenvnoti mennoemxocmvio Te€Na B JITaHHOM TIPOIIECCE HAa3bIBACTCS
OTHOIIICHHE TEIUIOTHl dg, TOJYy4YeHHOE EAMHHUIEH KOJHWYeCTBa BEIIEeCTBa MPH
OCCKOHEUHO MaJIOM U3MEHEHUH €T0 COCTOSIHUS, K U3MEHEHUIO TeMIepaTyphl df :

C,=dq, /dt.
Pa3nyuyaroT HCTUHHYIO U CPETHIOI TEIJI0EMKOCTH.
Hcmunnotl TENII0EMKOCTBIO HAa3bIBAKOT MPEJIENT OTHOIICHUS
. Agq d
c= lim ~4-% ;
At—0 At dt

cpeoHeli TeTIIOEMKOCThIO Ha3bIBAIOT OTHOIIICHUE
_ 9
Cop= —

-1
I€ ¢ — KOJIUYECTBO TEIUIOTHI;
t;, t, - TeMmmepaTypbl Hadaja ¥ KOHIIa MpoIiecca.

CpeoHsisi MONbHASL MenioemMKoCms B TPOU3BOJIBLHOM JIMAa3oHe
TEMIIEpaTyp ompeaeseTcs no popmyie
n
04

t
Hep|g ity —Hey

HCpep = kJ>K/KMOJIB Tpa,

I —f
rac ,Llecp - cpez[Hsm MOJIBHas TCIIJIOEMKOCTDH B HpOI/IBBOJ'H)HOM JAHUAIIa30HC

TeMIiepaTyp ot ¢; 10 ¢, ° C, kJ[>x/kmoub rpan,

t
Hep 02 - CpeaHsisA MOJIbHAs TEIUIOEMKOCTh B MHTEpBaJie Temmnepatyp ot 0 1o

t,° C, (bepetcst u3 Tabnwmi), kJ[»/KMoIb Tpaf,
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t
HEp 01 - CpeIHSISI MOJTbHASI TETJIOEMKOCTh B MHTEpBaje TeMieparyp ot 0 10
t; ° C, (bepetcst u3 Tabnmi), kJ[>K/KMOIb Tpaf,

t;, 1, - TeMIeparypbl Hayala U KOHILIA Mpoliecca.

Cpeousia maccosas menioemkocms onpenensercs no popmye

_ HCpep

pep , KJK/KT Tpan,

c

r7ie 4 - MOJIEKYJIIPHBIN BEC rasza, KI/KMOJb.

Cpeonsia obvemnas menioemkocms onpeensercs mno Gopmyiie

' HC e

C pep = —22’4  KJDK/ N rpaz,

rae 22,4 — 00beM 0JJHOT0 MOJIS ra3a IIPU HOPMaJIbHBIX (PU3UUYECKUX YCIOBUAX
(p=760 mMm pt.cT. U T=0 C.)

TennoeMKOCTH IPOLECCOB IIPU p = const M v = const CBA3aHbI MEXKTY
c000i clIeTyI0IUMHU COOTHOIIEHUSIMU:
a) MOJIbHBIC
pe p — pe, = 8,314, kJx/kmoub rpax;
0) MaccoBbIe
¢p - & =R;
B) 00bEMHBIE
¢, - ¢,=0,37=p R,
TJi€ O, - TUIOTHOCTh MPU HOPMAJIbHBIX (PU3UUECKHUX yCIOBUSIX.

3arpathl Telia Ha HarpeBaHUe WK OXJIaXACHHE padounXx Tell
OIIPEAEIAIOTCS U3 COOTHOLLICHUN:
a) nisa M moueit

0= Mlucpcp (ty =11 ), xIIx;
0) s G Kr
0= Gccp(tZ — 1), kJDK;
B) JUIs Ve
Q=Vco(t,—t), kXK.

B kauectBe pabouux T€a MOTYT OBITh HUCIOJIB30BAHbI CMECH, COCTOSIIINE
U3 HECKOJIBKUX ra30B.

VYpaBHeHue cocTOAHMS 1151 | KT CMECH BBITJIAJIUT CIEAYIOIIUM 00pa3oM:



pv=R., T;
JUISL M KT
pv=mR., T,
rae R., — razoBas nocTositHHas cMmecu, JIk/ Kr rpa;
it 1 kMoJb
pV.=R, T
rie V, =Vey e — 00BEM 1 KMOJIB CMECH;
R, — 8314 JI:x/ xM07b rpajl — yHUBEpCaJIbHAs Ia30Basi IOCTOSIHHAS;
V — yIeIbHbIH 00bEM CMeCH, M/ KT
ey — CPETHAN MOJIEKYJIIPHBIN BEC CMECH, KI/KMOJIb.
Hns onpenenenus R.,, U (., HEOOXOAUMO 3HATH COCTAB CMECH, KOTOPBII
MOJKET OBITh 3aJ1aH MaCcCOBBIMHM, 00OBEMHBIMHM U MOJIBHBIMH JIOJISIMU.
Maccoeoti 0oneti Ha3pIBACTCS OTHOIICHHE MACCHl Ka)KJ0ro ra3a K oomei
Macce CMECH:
gi = Mm; /My,

Obvemnou doeti Ha3bIBAETCS OTHOILIIEHUE napuaibHOro
(mpuBeEHHOT0) 00beMa KaXKI0ro raza K 001memMy o0beMy CMECH Tra3oB:
ri= I/l / VCM.

3agaHue CMECH MONbHLIMU  OO0JsAMU  PABHO3HAYHO 3aJaHUI0 €€
00BEMHBIMH JOJISIMH.
Ecin cmech 3aaHa MacCOBbIMU JIOJAMU, TO R.,, U ., OIPEHCISAIOT U3
CIEAYIOIIMNX COOTHOLICHUN:
RCM = 2 g i Ri
150107
RCM =8314% g,-/,ui”
Uerw = 8314/ R,
158307
Uerw = 8314/ X g; R.

Eciu cmech 3aJlaHa 06’I)€MHI>IMI/I JOJISIMH, TO
R, = 8314/ 1,

W R, =8314/2r w;

Hen = 8314 2 I"l'/Rl'.
Hapt;uaﬂbele oasjenust OTACJIIBHBIX TIa30B, BXOAAIIMX B CMCCh,
OIIPCACIIAIOT U3 CICAYIOIINUX COOTHOIIICHUM:
€CJIN CMECH 3aJJlaHa MaCCOBBIMHU OOJIAMHU, TO

DPi—Pcn 8i ,uc.M/,ui “Peu 8i Ri/RCM ;
€CJIM CMECH 3aJaHa 00bEMHBIMU JOISIMHU, TO
DPi=TiPen.
Tennoemxocmov cmecu ONPENEIAIOT U3 CICTYIOIIUX COOTHOIIEHUN:
- €CJIM CMECh 3aJaHa JOJISIMH MOJs, TO
UCer =T WiCiF+ 1y sy Cotot 1y Wy €y KIDK/KMOTIB Tpaf,



TJ€ [U;C], 12 Coy Wy Cp — MOJIBHBIC TEIJIOEMKOCTH OTACIBHBIX Ta30B, BXOAIINX B
cMmech (0epyT U3 TabJIUI TEMIIOEMKOCTH);
- €CJTM CMECh 3aJI1aHa MaCCOBBIMU JOJISIMU, TO
Cai=giC; + gxcot ... +g,c,, KX/ KT rpan,

TJIE C;, C), C, — MACCOBBIC TEINIOEMKOCTH OT/ICIBHBIX Ta30B, BXOJSAIINX B CMECH;
- eclIM CMech 3a/llaHa OOBEMHBIMU JAOJSAMHU (MPU HOPMAJBHBIX (U3UYECKUX
YCJIOBHSIX), TO

Cor =FI1C] + F2Co + ... 100, ’, kJIx/ M’ rpaj,
e c;, ¢;, ¢, — 00BbEMHBIE TEILIOEMKOCTH OT/IE/IbHBIX Ta30B, BXO/AIIHX B
CMECh.

3agaum

1. O0OBeMHBIE NOJIU KOMIIOHEHTOB CMECH UIOEAIBLHBIX ra3oB: 25 % CO, u 75
% O,. JlaBnerne cmecu pasuo 0,085 MIla, temmeparypa 100° C. Haiitu
napliyanbHble JaBJICHUS KOMIIOHEHTOB, MAacCCOBBIE€ JOJIU KOMIIOHEHTOB,
MOJIIPHYIO MacCy M Ta30BYIO MOCTOSSHHYIO CMECH, a TaKKe MJIOTHOCTb
CMECH IIPH H.y. M YCIOBUSIX, YKa3aHHBIX B 3a/1aye.

2. Jlns cmecu ra3oB U3 NpeAplaylled 3aa4d HAWTH: UCTUHHBIE MOJISIPHYIO,
MaccoByl0 M 00beMHyI (IIpu H.y.) TEIUIOEMKOCTH CMECH IS
Temmeparypst 500 C 1pu p = const i mpu v = const; CpeIHHe MOISPHYIO,
MAaccoByl0 M OOBEMHYIO TEIUIOEMKOCTH CMECH JUIsl HWHTepBajia
TeMIIepaTyp 1000...500° C npu p = const; KOJAYECTBO TEIJIOTHI,
3aTpaucHHOE HA HAIPEBaHHE 5 M (H.y.) CMECH IIPH P = const B TOM e
WHTEpBAJIC TEMIIEPATYP.

3. B 3akphIToM pesepByape oobemom 100 11 Haxomurest Bosayx mpu 0 C u
nasiieHnH 760 MM pT.cT. OnpenenuTsb TEIIO, 3aTPAY€HHOE Ha HarpEBaHUE
TOro Bo3ayxa 10 200 C.

4. OnpenenuTs CpeHHE MOJIbBHYIO0, OOBEMHYIO U MACCOBYIO TEILIOEMKOCTHU
B Mpoleccax IMpU IOCTOSHHOM JaBJIE€HUUM M TOCTOSHHOM OOBEME B
uHTepBae Temieparyp or 0 mo 13007 C 1 cMecH rasoB, MMeOIICH
caeayromnmi oobemusbIi coctaB: CO, — 8%, CO — 2%, N, — 85%, H, —
5%.

5. Cwmech ABYyX 00BEMOB BOJOPOJIa M OJJHOTO 00beMa KUCIOPO/Ia HA3BIBAIOT
rpeMyduM razom. OnpeaenTb ra3oByIo MOCTOSHHYIO TPEMYYEro rasa.

6. HaiiTu KOJIM4EeCTBO TEIJIOTHI, ITOJBOJIMMOE K KUCIOPOIY, Macca KOTOPOTO
0,2 Kr, Ipu NOCTOSIHHOM JaBJICHUH MPH MOBBIIIEHUU €ro TEMIIEPATYPhI OT
600 110 2000 C.

7. B GamnoHe BMeCTUMOCTBIO 15 11 comepkutcst Bo3nyx npu aasierun 0,4
MIIa u Temmeparype 30 C. KakoBa Oyger Temmeparypa BO3dyXa B
pesyibTrare nojasoja K Hemy 16 kJ[k TermnmoTel? YienbHas U30XOpHas
TeImIoeMKkocTh ¢,= 717 JIx/kr K.

8. K Bo3nyxy B 6amnone BMectumocThio 100 1 pu gasnenun p; = 0,3 Mlla
u Temneparype T; = 15° C noasoaures Temiora B konuuecTse 148,8 kJIx.
Haiitn kOHEUHBIE TeMIepaTypy U JAaBJICHHE BO3AyXa B OAJIJIOHE.



9. Azor maccoit 0,5 xr pacmupsiercs no uzobape npu nasienun 0,3 Mlla
Tak, 4To TeMmieparypa ero mnosbimaerca ot 100 go 300° C. Haiitu
KOHEYHBI 00bEM a30Ta U MOABEACHHYIO TEIIOTY.

10. 2 kr Bo3ayxa MHpU HadadbHOM abOcontoTHOM nasienun 10 Gap u
temrneparype 600 K pacmmpsrores nmo anuadare 10 KOHEYHOTO JaBICHUS
1 Gap. OnpenenuTh KOHEUYHbIE 00BEM U TEMIIEPATYPY.

11. Bo3nyx pacumpsercs B npoiecce p = 0,5 MIla = const, npu 3TOM €ro
o6beM  m3memsiercss or 0,35 mo 1,8 M. Temmeparypa B KOHIE
pacimupennst papHa 1500° C. OmpemenuTh MOJBEACHHOE KOIHYECTBO
TEILJIOTHI.

12.12 xr Bo3ayXxa npu adCONMIOTHOM AaBiieHuu B 6 6ap u temmepatype 300 K
pacIIupsIlOTCS NpU  TOCTOSHHOW TeMmmeparype, IMpu 3TOM 00beM
yBenuuuBaercss B 4 pasza. OnpenennTtb HaydadbHbIE M KOHEYHBIC
napameTpbl BO31yXa.

Tema 3. IlepBblii 3aKOH TEPMOAMHAMHUKH.
TepMoanHamMu4ecKkue npouecchbl UaeaJbHbIX Ia30B

Teopernyeckue cBeeHUs
Ypasnenue nepsoco 3axona mepmoounamuxu i 1 Kr OJZHOPOJHOTO

BCHICCTBA IJIA 3JICMCHTAPHOTO IIPOUCCCa 3alIMChIBACTCA B BUC!:

dgq = du + pdv ;

OTKyJa

Au=qr—11,

rae Au — U3MEHECHUE BHYTPEHHEU SHEPTUH;

¢ 1.2 — KOJIMYECTBO TEIUIOTHI;
[;.; — paboTa mpoiiecca.
Buympennsaa suepeus WIEATBHOTO Ta3a 3aBUCUT TOJBKO OT €ro

TEMIIEPATYyPBbl, B 3TOM CIy4ae JUIsl BCEX IPOLECCOB UIEAIBHOIO Ta3a

du= c, dt,

5

t, t
Au=u2—u1=j cvdt==con |0 t2-Com 0 1
4

HJIN IIpU MOCTOSIHHOM TEILIOEMKOCTH:

u—u; = ¢y, (t;—1t;) , KJLK/xT,

t,
rae ¢, m | - cpesHss B MHTepBaNe TEMIIEPATyp H30XOPHAS TEIIOEMKOCTh Ia3a,

kJ>K/Kr rpaj.

Konuuecmeéo menna Takke MOXKET OBITh BBIPpA’KCHO YCPC3 HM3MCHCHHC

TEeMIIepaTyphl raza

t

1581051 qi12=C¢x (t2-t7), KIx/KT,
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TZie ¢, — TeIUIOEMKOCTh T'a3a B pacCMaTpuBaeMOM Tporiecce, KJK/Kr rpaj.

Paboma npoyecca moxer ObITh BBIUKCIICHA, €CITM U3BECTHA 3aBUCHMOCTh
JaBJICHUs OT 00BbeMa B X07ie Tpoiiecca (YypaBHEHUE MpoIiecca):

Z=TP dV:T f(v)dv, k]Ix/kr.

BBojis BeIpaskeHHe 17151 SHTAIBIKY [ = © + pV B ypaBHEHHUE TIEPBOTO

3daKOHa TCPMOIWHAMUKH, ITOJIYUHUM €TI0 B APYI'OM BHUIC
P2

dg=di—vdpwm q;, =i,—i; - Ivdp ,
P
riae — vdp = dl,— pacnionaraemas pabora, kJ[x/Kr.

OHmanvnus HNACAJIbHOTO I'a3ada 3aBUCUT TAKIKC OT €0 TCMIICPATYPBI

. . 3 t
2=11=Chm lo L—Comly s

WIH JUTSI IOCTOSSHHOM TEIJIOEMKOCTH:
ig — i] =G (tg — tl), KI[}K/KF,
TIE C,— CpelHss n300apHas TEIUIOEMKOCTb Ia3a, KJK/KT rpas.

Ucnonb3ys ypaBaenne dq = c,dT + pdv, 3amenum p va RT/v, monydum
dq = ¢, dT + RTdv/v.
Pa3nenuB 06e yactu nocnenHero ypaBHeHus Ha T, HaX0quM
dq/T = c,dT/T + Rdv/v.
Oyukuus dq/T Ha3pIBaeTcs swmponuel s W uzMmepsercs B Jx/rpan,
yaenbHas dHTponus — B JIK/KT rpan, T.e.
ds=dq/T.

N3meHenne snmponuu u1eaibHOTO ra3a BEIYUCIISIOT 1Mo (popMyam:
s>—s;=c,InT,/T; + R Invyv,,
S>— 87 :Cpll’l TQ/T] + R ll’lpg/pl.

I[Ipy wWccnenoBaHMM  TEPMOJAMHAMHYECKMX  IPOLECCOB  HAXOIAT
COOTHOULICHHE MEXKY IMapaMeTpaMu raza, 3HaueHUEe NapaMeTpOB B XapaKTEPHBIX
TOYKax Mpolecca, H3MEHEHUE BHYTPEHHEH SHEPruu, SHTAIbIHH, pPadoTy
npouecca, KOJIu4ecTBO TEIlIa.

H3oxopnulii npoyecc (v=const).
YpaBHeHueE 1porecca
p/T =R/,
JABJICHUSI TIPOTIOPIIMOHATILHBI TEMITEpATypaM:
P ]/p > = T 1/ T 2.
Tero, ydacTByromiee B Tpoliecce, HUJET Ha W3MEHEHHWE BHYTpPEHHEH
DHEPTUU Ta3a:

11



q = Au=c, (T>-T)).
Baewinss pabora raza paBHa HyJI0, Tak Kak dv = 0, T.e.

Z=Tpdv = 0.
vl

Pacnionaraemast pa6ota
loy=-v(p2—py)
M3mMeHeHne SHTPONNH PH IMOCTOSHHOU TEIUNIOEMKOCTH PABHO
S;—8;= ¢, InT/T; =c,Inpysp,.

H306apubiii npoyecc (p=const).
YpaBHeHuUE mpouecca
v/T = R/p,
00BEMBI MPONOPLIUOHATBHBI TEMIIEPATYPAM:
%) /V]: Tg /T]
PaGoTa nporiecca onpezensieTcss U3 ypaBHEHUs
[= p(Vz—Vl):R(Tz— Tl)

Tero  mpomecca  paBHO  M3MEHEHHMIO  DHTANBIHNH,  IOCKOJBKY

pacnonaraemasi paboTta paBHa HYJIIO:
dly=-vdp=0, q=Ai=c,(T,-T)).

Tax xak mpu p=const In p,/p,; = 0, moaTOMY

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

U I

H3zomepmuueckuti npoyecc (T= const).
YpaBHeHue npornecca
pv =RT = const,
JaBJeHUST 00paTHO MPOTIOPIIMOHATBHBI 00beMaM
pA/P1 =Vi/va.
BHyTpeHHSS SHEPTHS U SHTAIBIHUS B TIPOIIECCE HE U3MECHSIOTCS
Au=0, Ai=0.

KonudectBo moaBeAEHHOM K paboueMy Teily TEIUIOTHI YHUCIEHHO PAaBHO

paboTe u3MeHeHus 00bEMa

v2
qg=I1= IpdV=p, v Invy/v;.
vl

[Tpu mepexoe K NeCATHIHBIM JIorapudmam umeeM
q=l=23p;v;igvyv; =23p;v;igpi/p, =2,3RT Igvy/v;,=
2,3 RT ]gp]/pg
Pacnonaraemasi pabota paBHa paboTe mpoliecca
l() =/

Aouabammnuwiii npoyecc (dg = 0).
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YpaBHeHue mpouecca
pV* = const.
COOTHOWIEHNS MEXy TapaMETPAMU B aJMa0aTHOM IIPOLIECCE
pi/pr =) s vavi=(ip)" s Tw/T>= (vav)<'=( pu/ps)

W3meHeHue BHYTpEHHEW J>HEpPruu, B3ATOH C OOpaTHBIM 3HAKOM, PAaBHO
paborte mpoiiecca:

- Au= ]:J‘plvlk(dv/vk)’
- Au=I[= Cy (T] -Tg):(l/k-l) (p]V] —szz) = (R /k-l) (T[ -Tg).
Pacnonaraemast pabota B x pa3 6osbIiie paboThI Tpoliecca:
lo = kl.

Jliist o6patumoro anuabaTHOTO Tporiecca dg=0, mo3ToMy
ds=dq/T=0 wu s,=s;=const.

Honumponnwiii npoyecc.
YpaBHeHue mporecca

pV' = const,
rJIe 7 — [OKa3arellb MOAUTPOIBI, KOTOPBIA Ul Pa3HbIX IPOLIECCOB MOXKET UMETh
m000€e 3HAYEHUE OT - o JI0 + oo, HO OCTAETCS IOCTOSHHLIM B JIaHHOM

mporiecce.
CooTHOIICHUS MEXK]Ty TTapaMeTpaMH B TIOJIUTPOITHOM IIPOIEcce
pz/plz (V]/Vg)n 5 TZ/TIZ (V]/Vg)n-l 5 TZ/T]: (pz/p])n-l/n.
Pabora mporiecca MoxXeT OBITh BBIYKCIICHA TTI0 (opMyJIe:
Z:(I/I’l-l) (p1V1 —szz)
7RI

1= [pvi / (n-D)] [1 = i/vo)" 1= [pvi / (n-D)] [1 = (po/p1)"™"].
3MeHeHne BHYTPEHHEN DHEPTUM Ta3a M TEIUIOTA B IIOJMTPOITHOM
TIPOLIECCE OMPENETISIOTCS O GOPMYIIaM:
Au=c, (- 1),
g=ca(b—t))=c, [(n-k)/(n-1)] (- t).
Pacrionaraemasi BHEIIHsAs paboTa B MOIUTPOITHOM IIPOLIECCE O aHATOTHH

C aI[I/Ia6aTHBIM PaBHA
2!

lo=- [vdp=[n/(n-1)] (pv1 — p2v2) =[n/(n-1)] R(T; — T).
b1
M3MeHeHue SHTANTBIIAK B TIOJTUTPOITHOM IIpOIiecce
iz — il =6 (tz — fl).
W3meHeHne 2HTPONUY Ta3a B MOJUTPOITHOM IIPOIIECCE OMPEACIIICTCS 110
bopmyie
ds=dq/T=c,dl/T
WJIA JUISE KOHEYHOT'O U3MEHEHUS COCTOSIHUS
S — 81 = ¢Cy In Tz/lecv [(l’l-k)/(l’l- 1)] In Tz/Tl.
IToka3arenb MOJUTPOINBI 7 MOXKET OBITH OIPECIICH 10 (GOpMYyJIaM:
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n=(cn-c,)/(ch-c), n=—=-=—

3agaun

1. Bo3nyx pacmmpsierca B npouecce p = 0,5 Mlla = const, npu 3Tom ero

o0BeM
m3mensiercs ot 0,35 1o 1,8 M. TemiepaTypa B KOHIIE PACIIHPEHUS PaBHA
1500° C. OmnpexmenuTs TeMmeparypy BO3AyXa B Hadaie [POLEcca
pacIIMpeHusl, MOJBEIEHHOE KOIMYECTBO TEIJIOTHI, paboTy, COBEPLICHHYIO
B O9TOM IMpOLECCE, W3MEHEHUS BHYTPEHHEW HSHEPrUM U HSHTAIbIUU
BO3/lyXa.
B nopmnHeBoM getaHiepe (paclIMpPUTENbHONW MAIlMHE) YCTaHOBKHU
MIyOOKOr0  OXJaXKJACHUST MOJUTPONMHO  pacliupsieTcss BO3IyX  OT
HadanbHOro namieHus p; = 20 Mlla u temneparyper T = 20" C mo
KOHEYHOTo JaBiieHus p, = 1,6 MIIa. [loka3arens nomurpomnsl n = 1,25.
OnpenenuTs napamMeTpbl BO3AyXa B KOHIIE paCUIMPEHUS, YJIEIbHbIC
3HAYCHUSI U3MCHEHUSI BHYTPEHHEH HSHEPrUU W SHTAJBIHNM, KOJIUYECTBA
TEIJIOThI, pa0OTHI MpOIEecca U pacioaaraeMoil paboThl.

. B monutponHom mponecce, coBepiiaéMoM KOJIHMYECTBOM BEILIECTBA TeIUs
n = 2 KMoJib, oTBoAuTCS KoiumuecTBo TerioThl 3000 x/[kx. HavyanbHbie
mapametpel mpomecca: p; = 0,15 MIla u T,= 227 C; KoHedHas
Temmeparypa 127 C. MomsipHas TEIIOEMKOCTb Temust pcy, =12,5 kJ[x/
kmoiib K. OmnpenenuTs nokasareiib HOJUTPOIbI, HAYAIbHBIE U KOHEYHBIE
napaMmeTphl ra3a, U3MEHEHNE BHYTPEHHEH DHEPTUU U SHTAIBIINU, PaOOTy
npoliecca U pacrnojiaraeMyro padoTy, U3BMEHEHHE SHTPOITUH.

CKOJIBKO TEIIOThl HY’KHO COOOUIUTH MPHU MOCTOSIHHOM O0OBEME ra30BOM
cMecH Maccoit 1 kr, nasiaennem 1,2 MITa u Temmneparypoii 390 C, 4To6bI
IMOBBICHTH JaBieHue 1o 4 MIla? VaeinpHas TEIIOeMKOCTE CMeECH C,= 956
JIx/kr K.

A3zot maccoit 0,5 kr pacuupsiercst o uzobape npu aasiennu 0,3 Mlla
Tak, 4TO TeMmieparypa ero mossimaercst or 100 zo 3007 C. Haiirn
KOHEUHBI 00beM a30Ta U pabOTy U3MEHEHHS 00beMa.

. Bosgyx o6bemom 3 M mipu Temmeparype 10° C pacumpsiercs: 1306apHO ¢
yBenuueHueMm oobema B 1,5 paza BcieacTBue mojBoja Kk Hemy 630 x/[x
TeroTel. HailTu pgaBneHWe, NpU KOTOPOM MPOUCXOIUT TPOLECC
paclupeHus.

. O6beM Bo3myxa Maccoif 1 kr mpu Temmeparype 200 C H30TEpMHYESCKH
yBenudeH B 1,5 paza. Haiitu yaenbHyto paboTy U3BMEHEHHs 00beMa.
Bo3ayx ¢ HauyagbHBIM 0ObeMOM 8 M npu gaBinenuu 90 klla u
Temmeparype 20° C M30TepMHYECKH CXMMaeTcs 1o aaeienns 0,8 MITa.
HaiiTi koneunsiii 00beM 1 paboTy U3MEHEHHs 00beMa.
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9. Bo3ayx Maccoit 2 Kr npu gasiennn p;=1MIla u temneparype T;=300" C
pacimmpsieTcs 1o aguadare Tak, 4To 0ObeM rasza yBEJIUYHMBAETCS B 5 pas.
Haiit ero koHeuHble 00bEM, 1aBJICHUE U TEMIIEPATYPY.

10. Bozayx o6bemom 0,2 M u napinenuem 0,2 Mlla nogorpeBaercs B
uuuaape auametpom 0,5 M ot 18 1o 182°C IIPU TTIOCTOSIHHOM JIaBJICHUU.
Haiitu paboty pacuimpenust Bo3iyxa U pacCTOsTHUE, Ha KOTOPOE MPU 3TOM
MEPEABUHETCS NOPIICHb B IUJIUHIIPE.

11. IToctpouth mnonuTpory mjas BO3dyXa B KOOpAWHATax 1,s MO JABYM
KpalHUM M TpeM [POMEXKYTOUYHBIM TOYKaM, BBIOpAaB MacIITaObI
TEMIIEPaTyphl ¥ SHTPOIIHH. HauanbHubie HapaMeTpH Bo3zayxa p;=0,2 Mlla
u T;=30 C KoHeuHbIe P,=1,2 MIla u v,=0,1 m 3/ k.

12.B kommpeccope CKHUMAeTcsi BO3JyX MAaccOoll 2 Kr MpU MOCTOSIHHOMN
temreparype 200°C ot p;=0,1 Mlla no p,=2,5 Mlla. Haititu padoty
CXKaTHsl.

13.Bo3ayX ¢ HayadbHEIM OOBEMOM 8 M° U HAYAIBLHOM TeMIIepaTypoil
t;=20°C cxuMaeTcs 1O TMOJUTPONE ¢ TokKazarensemM n=1,2 oOT
abcomoTHoro nasienus p;=0,09 Mlla no p,=0,81 MIla no moctuxenus
temrepatypbl t,=150°C. HaliTu KOHEYHBII 00BEM U COBEPIICHHYIO
paborty.

Tema 4. Bropoii 3aK0H TepMOAMHAMHUKH

Teopernyeckue cBeeHUs

Tepmuueckum xod¢hpuyuenmom nonesno2o Oeucmeus TPSIMOTO IHKIA
HA3bIBAIOT  OTHOIIEHHE  KOJMYECTBA  TEIUIOTHI,  MpEBpalIeHHOM B
MOJIOKHUTENIbHYI0 paOOTy 3a OJWH IHMKI, KO BCEH TEIIOTe, TMOJBEICHHON K
pabouemy Temny:

we=(q1—q2)/q1=1-q:/9: =L/ q,

rjae L — monoxutenbHas paboTa, paBHas Pa3HOCTH MEXTY paboTOM pacuupeHus
U COKATHSL.

CreneHb  CcOBepIIEHCTBA OOpaTHOTO IMKJIA  OMpeAenseTcsl  Tak
Ha3bIBAEMBIM XO0JI00UNbHBIM KO PUyueHmom yuxia

e=q,/ L.
YpaBuenue mepmuuecxozo KII/[ yukna Kapno nmeet BU
y27 =]-T 2 / T 1
st o6pamuoco yuxna Kapro XonoauibHbIN KO3GOUIIMEHT paBeH
&= Tg/(T1-T2).

MareMaTuyeckoe BBIPRXKEHHUE 8MOpP020 3AKOHA MePMOOUHAMUKY MOKHO

MPEICTaBUT yYpaBHEHHUEM

§ d0/T <0,

rae dQ / T — anreOpandeckasi cymMMa MPUBEJACHHBIX TEIUIOT; 3HAK PAaBEHCTBA
OTHOCHUTCS K 00paTUMbIM, a 3HaK HEPABEHCTBA — K HEOOPATHMBIM ITUKJIAM.

Pabomocnocobnocmvio unu sxcepeueti Teaa HA3bIBAIOT MaKCHUMAIbHYIO
MOJIE3HYIO padoTy, MOJIYYSHHYIO MO CIEAYIOMIEMY YPaBHEHHIO:
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Lyaxe. = (11 —10) —T) (SJ - So),

rae Iy m Sy — SHTAIBIUS U SHTPOIHUS paboYero Tena B COCTOSIHUM PAaBHOBECHS C
OKpy>Xaromen cpenaou, /; u §; — mapameTpsl MEPBOHAYAIBHOIO COCTOSHUS
pabouero Tena.

B atom ypaBaenuu (/; — 1)) npeacrasisieT coO0M MOJIE3HYIO BHELIHIOW padoTy B
obpatumMomMm anuabatHoM Tiporecce, a Ty (S; — Sy) — TMOJNIE3HYIO BHEIIHIOKO
paboty B 00paTUMOM M30TEPMHOM Ipoliecce paboyero Tena.

1.

3agaun

Pabouum temom B I'TY saBnserca Bo3ayXx. Llukim xapakrtepu3syercs
CTENCHbIO  TIOBBIIICHUS  JAaBJCHUSA, PaBHOM & U CTENEHBIO
peABAPUTEIBLHOIO paclIUpeHusi, paBHoOU 2,5. Kakas 10715 HOABOAUMOTO
KOJMYECTBA TEIUIOTHI PAcCXOIyeTcss Ha COBEPIICHHE pPa0OThl W KaKas
OTBOJUTCS K HU3IIEMY TEIJIOBOMY ucrouHuky? Ilpm  kakux
TEMIIEpaTypax BBICHIETO W  HU3LIETO TEIUIOBBIX UCTOYHUKOB KII/]
uukia Kapuo Oyzaer paBen tepmuueckomy KIII I'TY, ecnu uzBectHo,
YTO TEMIIEPATypa BO3JAyXa B KOHIIE MPOIIECCAa CHXKATUSI B KOMIIPECCOPE
cocrasisier 600 K?

. BOS,Z[YX B IMPOTUBOTOYHOM TEIJI000OMEHHHKE HarpeBacTcC:Aa oT

TemmepaTypsl t; = 40 C, a ra3bl OXJIAKIAIOTCA OT TeMIeparypsl t; = 450
C mo temmeparypsl ty = 2000 C. TeIUIoOBbIE MOTEPH TEILIOOOMEHHHKA
coctaByisitoT 20 % oT TemnoThl, OTAaBaeMoi razomM. OnpenenuTs IoTepro
paborocrocoOHOCTM Ha | Kr MPOXOASIIETO Tra3a  BCIEACTBUE
HeoOpaTuMOro TeriooOMeHa. ['a3 W BO3MyX cCuUWTaTh WUJCaTbHBIMU
razamu, 00JIalaloIUMK CBOMCTBAMU BO3/yXa. TeIMJIOEMKOCTh BO3IyXa U
ra3oB CUMTATh BEJIMYMHAMHU MOCTOSHHBIMU. TeMreparypa oKpy:Karouien
cpenbl paBHa to =25 C.

Onpenenuts  paboTocmocobHOCTH  (dKcepruio) | Kr  BO3ayxa,
HAXOJAIIerocss moj aasieHueM p; = 4,0 MH/M® wm p= 40 Gap u
pMerolero  Temmeparypy t; = 500 C. TemmepaTypa U aBicHHE
okpysKaromeii cpembl ty = 27 C u py = 1 Gap. 3amauy pemmTs mpu
MOCTOSIHHOW U TIEPEMEHHON TEIJIOEMKOCTSIX.

OnpenenuTh 3Kceprur0 1 Kr yriaeKHCIOro rasza, HaxoJsIerocs mpH
napienud p = 1 MIla u temneparype T = 600 K mo oTHOLIEHUIO K
OKpyxarouei cpene ¢ mapamerpamu po = 0,1 MIla u Ty = 293 K.
TennoemkocTs yriekucioro raza c, =0,97 x/lx/ xr rpan.

Onpenenutes yBEIWYEHUWE DSHTPONUUM W YMEHBIICHUE DJKCEPruu IpHU
cmemenun 4 xr H, u 1 xr CO,, HaXxOAMBIIUXCS TPU OJMHAKOBBIX

TeMIEpaType W JaBJ€HUH. leMmmneparypa OKpyxaromein cpeasl Ty = 293
K.

. Kakoe Koiam4yecTBO TEIUIOTHI HEOOXOAUMO 3aTpaTUTh, 4YTOOBI B

MOJUTPOIIHOM Ipouecce Harpetb 5 Kr Bo3ayxa ot T; = 300 K mpu
nasineHun p; = 4 6ap no temnepatypsl 1000 K npu naBnenuun 10 6ap.
TennoemkocTs Bo3myxa ¢, = 1,0 k/[x/Kr rpan.
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7. Onpenenuts KIIJ[ oOpatumoro I1ukia TEMJIOBOIO JBUTATENsS, €CIU
Temmeparypa Harpeparens T,;=200 C, a xonomunsauka T,=30" C.

8. Omnpenenuth A TeX ke Temmeparyp (cMm. 3an.7) xomoawibHbi KIIJ]
XOJIOAMJIbHOM MaIINHbI, paboTaroiei mo 00paTHOMY UK.

9. Ilpu coBeplIeHHH HEKOTOPOTO 0OPAaTUMOrO LIMKJIA B TEMJIOBOM JIBUTaTese
K paboyemy Teixy MOJIBOAUTCS TemioTa B konumdectBe 420 MJDx, mpu
ATOM JBUTATENh coBepiaeT padoty 196 M[x. Uemy paBeH TepMUUYECKUIH
KIIJI rukna?

Tema 5. Llukjbl ABUTaTe/ el BHYTPEHHEr0 CrOPAHUs

Teopernyeckue cBeeHU

OcHOBHBIMM XapakTepucTukamu Jtroooro nukia JIBC sBasioTcs:

- CTEIIEHD CXKATHUS &= V;/ V3;

- CTeNEeHb MOBBIIICHUS JaBICHUS A= p3 / Py

- CTETICHb MPEBAPUTEIHHOTO WM U300apHOTO PACIIUPEHUS p= V3 / V,.

Luxn /{BC ¢ no0sooom meniomsl 8 npoyecce v = COnst

NneanbHpli  TEPMOAMHAMHUYECKUA [MKJI JIBUTATENISI C H30XOPHBIM
MOJABOJOM TEILIOTHI, COCTOSIIHNKN M3 JBYX M30XOP U JABYX aauadaT, MpeJCcTaBIICH
Ha puc. 1 B pv- quarpamMme, KOTOPBIM OCYIIECTBIISICTCS CICAYIOIIUM 00pa3oMm.

WNneanbHblil ra3 ¢ HAYaJdbHBIMU MAapaMeTpaMu p;, V;, 1; CKUMAETCS IO
anuabate 1-2 mo toukm 2. Ilo m3oxope 2-3 paboueMy Temy cooOuaercs
KOJIMYECTBO TEIUIOTHI ¢;. OT Touku 3 pabouee Teno pacmmpsieTcs Mo aanadaTe
3-4. W, mnakonen, mno wuzoxope 4-1 pabouee TeNO BO3BpalllaeTCs B
MEpBOHAYAJILHOE COCTOSIHME, IIpU 3TOM  OTBOJMTCA TEIJIOTa ¢, B
TETUIONPUEMHHUK.

Tepmuueckuit KIIJI nukna onpeaensercs CaeayonmM 00pa3om:

o =(q1—92) /1= 1-(q2/q;) = 1-(Ts = T)) / (Ts = Ty)=1-(1/ €"").

KonmnuectBo moaBeneHHod Temnotel ¢q; =c, (13 —T1>), a KOJIMYECTBO
OTBEJIEHHOM TEIIOThI ¢, = ¢, (T4 — T)).

[TapameTpbl paboyero Teira BO BCEX XapaKTEPHBIX TOUYKAX ITUKIIA PABHBI:

B TOUKE 2
vy =vile,  po =p1(v1/v2)k =py &
TZ/T]: (V]/Vg)k_]: Sk_l n TZ = T] Sk_],'
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Puc.1

B TOYKE 3
V3=v,=v,/ & p3= p> A=p; & A
T3/T2:p3/pg =AU T3: Tgi: T] Sk_]l,'
B TOUKe 4
Vg =V pa=p3(vs/ v4)k =p3(V2/V1)k=p3/8k:p1 A
TJ/T5= (vivy) ' =vov)"'=1/¢*" u T,= T, " 21/ e*)=T, A

Teopernueckass moznesHas padora, KOTOPYH MPOU3BOAUT lKr padbodero
TeJa 3a OJIMH LUKJI, paBHA Pa3HOCTU pabOT pacIIUPEHUsS] U CHKATHSL:
L:Lpacm - Lcm:[l/(k- 1)] (p3V3 -p4V4) - [1/(k— 1)] (szZ -p]V]).
CpenHee HHIMKATOPHOE J1aBlieHUE (YCIOBHOE OCTOSTHHOE JIaBJICHHE, 1101
JCMCTBHEM KOTOpPOTO MOPIIEHh B TEYCHHE OJHOTO XOJa COBEpIIaeT padoTy,
paBHYIO paboTe BCEr0 TEOPETHUECKOTO LIMKJIA) ONPENETUTCS 0 PopMyIie:

pi=LAvi=v) = pil(e" - &) (A-D/fk-1) (e-1)].
Luxn /[BC ¢ noosooom meniomul 8 npoyecce p= const

Ha puc.2 B pv-nmuarpamMmme u300pakeH HCabHBIA LUK JBUTaTEls C
MOCTENIEHHBIM  CTOpaHWEeM  TOIUIMBAa  MPU  TOCTOSSHHOM  JIaBJICHUH,
OCYILIECTBIISIEMBIN  ClIenyomuM o0pa3oM. ['azoo0pazHoe pabouee Teno C
HavyaJIbHBIMHU TapaMeTpaMu p;, v;, T; ckuMaercs mo aauadare 1-2, 3arem Temy
o u3zobape 2-3 coobIraeTcss HEKOTOPOe KOJIMYECTBO TEIUIOTHI ¢; OT Touku 3
pabouee Tenmo pacmupsercs mo aguabare 3-4. U, makonen, mo m3oxope 4-1
pabodee Tell0 BO3BpallaeTCs B IEPBOHAYAIBHOE COCTOSIHHME, IPH ITOM B
TETJIONPUEMHUK OTBOJUTCS TETUIOTA ().

Tepmuueckuit KI1/] nukina onpenensiercs ciieayronmm o0pa3oM:

ne=(91—9q2) /q:=1-(q:/q;) =1 -[(T,—T) / k(T5 - T5)]=
= 1-[(p"- Dk (p-1)]

KonmnuecTBo moaBeNCHHOW TEMNOTHI ¢q; =C,(13 —13), a KOIMYECTBO

OTBEJIEHHOMU TeIIOTHI g, = ¢, (T4 — T)).
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[TapameTpsl pabodero Tena BO BCEX XapaKTePHBIX TOYKaX IUKJIA PABHBI:
B TOYKE 2
va=vile; pr=p; e
TZ/T]: (V]/Vg)k-lz 8k-1 n Tg = T] Sk-l,'
B TOUKE 3
Vvi=vap =vi(p le); ps= pr=p e

T3/T2:V3/V2:p u T3: Tgp = T18k-1p,'

B TOUKe 4
Ve =i pa=ps(vi/ ve)* = pr & (vapiv)=p; p*;
TJ/Ts= (vivy) ' =(v;v)" HO plE=Vi/Vvy I Vvi/vy = v3/vy,
T,=Ts(p/ )" =T, & pp*"'/ &)= T)p".

Teopernueckas mose3Has paboTa, KOTOPYI MPOU3BOAUT lKr paboyero
TeJa 3a OJINH IIUKJI, paBHA Pa3HOCTH padOT PACIIMPEHUS U CKATHS:

L:Lpacm - Lcofc:p2 (V3 - V2)+ [1/&'1)]@3‘}3 —p4V4) - [1/(k'1)](va2 _pIVI)‘

CpenHee MHAMKATOPHOE JABJICHUE OMPEIETUTCS 10 popMmyIie:
pi=L/vi=vy) =[pre/ (1)(e- V] [k (p-1) - (p"-1)].

3agaum

1. JInsg uaeanbHOro IMKJIA TMOPIIHEBOTO JBUraTeNsl C IMOJBOJAOM TEIJIOTHI
IpU V=const OMPEeeINTh MapaMeTPbl BCEX OCHOBHBIX TOYEK, MOJIE3HYIO
paboTy, KOJIMYECTBO MOABEJEHHON U OTBEACHHOMN TEIJIOThI, TEPMUUECKUM
KIIJ wmkma, tepmuyeckuid KIIJ[ nukna KapHo mo ycnoBusam 3anaum,
cpeaHee HMHAMKATOPHOE HaBjieHuE, eciu jaHbl pi= 1 Oap, T=320 K,
cTreneHb cxxatus € = 4,0, cTeneHb NOBBIICHUS maBieHus A= 4,0. Pabouee
TEJ0 — BO3AYyX. TernmoeMKocTh pabodero Tejaa NPUHATh MOCTOSHHOM.

2. JIns uOeaNbHOrO MOPIIHEBOTO JBUTATENsl C MOABOAOM TEIUIOTHI MPHU
p=const ONpeAeauTh MapaMETPbl BCEX OCHOBHBIX TOYEK, IOJIE3HYIO
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paboTy, KOJIMYECTBO NMOABEACHHON U OTBEJACHHOM TEIJIOThI, TEPMHUUECKUMA
KIIJ wwkma, tepmuueckuid KIIJI nukna KapHo mo naHHbIM 3amaun,
CpelHee WHIMUKATOPHOE MAaBjieHue, eciu nanbl p;= 1 Oap, T;=350 K,
cTeneHb cxkatust €=20, cTreneHb u3o0apHOro pacmuperus: p=2. Pabouee
TEJI0 — BO3AYX. TenmoemMKocTh pabodero Teaa NPUHATh MOCTOSHHOM.

3. JInga mumkina JIBC ¢ moaBoAaoM TEIIOTHI MpU  v=const ONPEIACIUTb
tepmudeckuid KIIJ[ 1ukna, TEOpEeTHYECKYI0 MOIIHOCTh M CpeaHee
WHJIUKATOPHOE JIaBJICHUE TI0 CJIICAYIOIINM JaHHBIM: pabodee TeJIo — CyXou
Bo3ayx; p; = 0,1 MIla, T, = 10 C, crenens cxarusi € =5,5, pacxon
ToruiBa coctasisieT m = 0,024 xr Ha 1 kr pabouero Tena, TETIOTBOPHAS
cnocobHocts TomauBa Q, = 27000 k/Dx/kr, auamerp UMIUMHIpPA
nsuratenss D=220 mm, xox mopmHs H = 320 Mm, yactora BpalieHHs
KoJIeH4aToro Baja n=350 00/MUH, ABUTATENIb YETHIPEXTAKTHBIN.

4. TlpoBecTd TEPMOJMHAMUYECKUI aHalW3 LHKJIA, H300paXXEHHOIO Ha
PUCYHKE, BBIJIaHHOM IpernojaBareneM. LUk onpeneneH ciaeayrouaMu
JIAHHBIMH: HaYalbHbIE TapaMeTphl pabouero Terma p;=0,1 MITa, t;= 10" C,
CTeNeHb Cxkatus € =7,5, naBiaenue p;=6,4 Mlla. PabGouee Teno — Ilkr
CyXOro BO3/IyXa.

Tema 6. Llukabl ra30TYpOMHHBIX YCTAHOBOK
Teopernveckue cBeeHUs
Luxn I'TY ¢ noogodom mennomol 8 npoyecce p= const

Ha puc.3 npencraBineH uaeanbHbI LUK ra30TypOMHHON YCTaHOBKHM Ha
pv-auarpamMme ¢ MoJIBOJIOM TEIUIOTHI Ipu p=const. Pabouee Teno ¢ HayanbHBIMU
napameTrpamu p;, v;, 1; cxumaercs no aguadare 1-2 no touku 2. OT TOUkH 2 K
pabouemMy Teny MOJBOAUTCS HEKOTOPOE KOJMYECTBO TEIUIOTHI ¢; O U3obape 2-
3. 3arem pabodee TeIo0 pacmupseTcs mo aguadare 3-4 10 HaA4YaIbHOTO JaBJICHUS
M BO3Bpamiaercs no uzobdape 4-1 B mepBoHAYaIbHOE COCTOSIHUE, MPU HTOM
OTBOAMTCS TEIJIOTA ).

XapakTepuCTUKaMU LUKJIA SBIISIOTCSA:

- CTETICHb MOBBIIICHUS JABJICHUS B KOMIIpEccope S=p./p;;

- CTETIeHb U300apHOTO PACIIUPEHUS P=V3/V,.

KonudecTBo moaBOAMMOI TEIJIOTHI OnpeessieTcs mo Gpopmyiie

q:1=¢, (T3 = T)),
a KOJIM4ECTBO OTBOJUMOM TEIIOTEl  ¢>=c, (T4 —T)).
Tepmuueckuit KIIJ[ nukna pasen
7’]t:1 —qZ/qul —Cp(T4—T1)/Cp(T3—T2) =1 —(T4—T])/(T3—T2) NN
n=1-1/p%"*

Temnepartypsl XapakTepHbIX TOUEK 15, T3 U T, onpenesuM, BbIPa3uB UX
4yepe3 HadaJbHYI0 Temneparypy 7;:
st agaabater 1-2  To/T) = (po/p) % = p*V%. 1=, pFV%;

JU1st 1300apsI 2-3 T5/T; = vi/va=p; Tz =T, p,; T;=T; pﬁ(k'l)/k;
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s aguabate 3-4 T/ Ti=(p/ps)™ " =(p,/p,)* "= 1/p* %,
T, =T, B*"%y ) p&0h=T,p

P,

V=

Puc.3

PaGota cxxarus onpenensiercs mo popmyiie:

Li=pi(vyv) [V (k-1)] (p2vp1vi);
PaGoTa pacmupenus
Lr=p(vi-v) +[V(k-1)] (p3vspavy).
[Tonesnas paboTa onpenensieTcsi Kak pa3HOCTh padOT pacIIMpPEHUs U
cKaTwHsl.

Huxn I'TY ¢ noosodom mennomst 6 npoyecce v= const

Ha puc.4 uzobpaxken uaeanbupii nuki ['TY ¢ moaBogoM TemiaoTsl IpU
v=const, OCYIIECTBISIEMbI CIEAYIOIUM O00pa3oM. Pabouee Teno ¢
HayaJIbHBIMU TapaMeTpaMu p;, v;, 1; cxxumaeTcs no aguadare 1-2 10 Touku 2,
JABJICHHE B KOTOPOM OIpENENseTCs CTENEHbIO MOBBIIECHUS AaBieHus. Jlaiee o
u3zoxope 2-3 kK paboueMy Teiay MOJBOJUTCS HEKOTOPOE KOJIMYECTBO TEIIOTHI q,
3ateM pabodyee Tejo pacmupsieTcs no aauadare 3-4 no HaAYaJIbHOrO JABICHUS
(Touka 4) u BO3BpalIaeTcs B MEPBOHAYATBLHOE COCTOSIHUE TI0 n300ape 4-1, mpu
ATOM OTBOJMTCS TEIJIOTA (.

XapaKTepUCTUKAMU LIUKIIA SIBISIOTCS:

- CTETICHb MOBBIIIICHUS JABJICHUS B KOMIIpECcope f=p./p;;

- CTETICHb T0OABOYHOTO MOBBIIICHUS IABIICHUS A= 3/P>.

KonmdecTBO MoABOAMMOI TEIIIOTHI OmpeesieTcs mo Gpopmyiie

qi=¢Cy (T3 - Tz),
a KOJIMYECTBO OTBOJMMOM TEIUIOTHL: ¢>=c, (14— 1)).
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Puc.4

Tepmuueckuit K111 nukia pasexn
7’];:1 — QQ/qlzl — CP(T4_ TI) /Cv(Tg — TZ) =] - [k(T4-T1)/(T3-T2)] nimn
n=1 - [k"*- D1/ B @ -1)].

TemnepaTypsl XapakTepHbIX TOUEK 15, T3 U T, ONIpeneauM, BbIPa3uB UX
yepe3 HauallbHYI0 TeMIlepaTypy padodero tena 7;:
ISt agnadaTtel 1-2 T/T; = (p2/p 1)(k'1)/k = ,b’(k'l)/k; T,=T, ,b’(k'l)/k;
AJIS1 U30XOPbI 2-3 T3/T2 :pg/pgzll,' T3 :T2 /1,' T3:T] A ﬁ(k_])/k,'
wis anuabatet 3-4 Ty Ts=(ps/p3)™ " == /p,p1)* " = 1/(82) "%,
T, = Ty( VY V=T, g% (1/82) "% o T,=T,)"*

Pabota cxatus onpenensiercs no Gopmyie:

Li=pi(vyv)+H1/(k-1)] (p2v2pivy);
Pabota pacuupenus

L;=[1/(k-1)] (p3v3s-psvy).
ITonesHas paboTa ompeaenseTcss Kak pasHOCTh PabOT PacIMPEeHus U
CHKATHS.

Hukn I'TY ¢ pecenepayueti meniomsi 6 npoyecce p= const

Nneansubiit muki I'TY ¢ perenepanueii TemioThl MOKa3aH Ha puc.5 u 6.
Ha stux pucynkax: 1-2 — anmuabaTHoe c)kaThe BO3ayXa B KoMIpeccope; 2-5 —
M300apHBIN TMMOJBOJ TEIUIOTHI B pereHeparope; 5-3 — MOJABOJ TEIUIOTHI TPH
MOCTOSIHHOM JaBJICHUM B Kamepe cropanusi; 3-4 — agmabaTHOE paCIIMpPEHHE
IPOIYKTOB CrOpaHusl B coIulax TypOuHbI; 4-6 — n300apHbIA OTBOJA TEILIOTHI OT
ra3oB B pereHeparope; 6-1 — n300apHbIil OTBOJI TEIJIOTHI OT Ta30B IO BBHIXOJE U3

pereHeparopa TeIIONPUEMHHUKY .
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Ecnm  npenmonoxkurte, YTO OXJaXAEHUE Ta30B B pEreHeparope
IIPOUCXOIUT OO TEMIEpaTyphl BO3AyXa, MOCTYNAOLIEro B HEro, T.e. or 1y 10
Ts=T5, TO perenepanus OyeT NOoJHas.

Tepmuueckuit KIIJ[ nvkna npu nonHou perenepaunu, korga 7y,— T = T's

- Tg, HaxXoAWTCAd 110 YpaBHCHHIO 7’];21 — qZ/C]],
rac qi :Cp(Tg—T5) :Cp(T3—T4), aq> :Cp(Tg—T]): CP(TZ—T]),
TOT/1a n=1-(T,—T;) /(T;—T,)].

TemmepaTypbl B OCHOBHBIX TOUKAX I[UKJIA ONPEACISIOTCS TAK:
k-1)/k k-1)/k k-1)/k
Tzsz(pz/pz)( e = T],B( / ;I3 = T]ﬂ( / p; Ty=Tip.

KITJ uukna #; ,..=1 — 1/p=1 - T)/Ty

3agaun

1. lna wmpeanpHoro uwmkna ['TY ¢ moaBomoM TeminoTel mpu  p=const
ONpPENCIUTh TapaMeTPhl XapaKTEPHBIX TOYEK, pabOTy pacuIupeHus,
CXKAaTHs U I0JIE3HYI0, KOJIMYECTBO IOJABEACHHON U OTBEICHHOMN TEIUIOTHI,
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tepmudeckuii KIIJ[ mwkna. HawanpHbie mapameTpbl pabouero Tena
(Bo3myxa): p;=106ap; T;=300K; creneHp yBeJIMYECHHUS [ABJIICHUS B
KoMIIpeccope Tpu aauabatHoMm mporecce cxatus P=10; mokazaTteinnb
anuabatel 1,4. Temneparypa B Touke 3 He nospkHa npeBbimath 1000K;
TEIJIOEMKOCTh BO3/lyXa MOCTOSIHHASI; pacueT MPOBOJUTH Ha 1Kr paboyero
Tena.

. B 1ukse ra3zoBoiil TypOMHBI ¢ TOABOIOM TEIUIOTHI MPU V=CONnst HaYaJIbHbIE
napameTpsl padouero tena p; =1 6ap u T;=300 K. Crenens yBennueHus
naBlieHus] B aguabaTtHoM mporecce cxarus B=10; k=1,4. Temneparypa B
touke 3 He momkHa mpesbimath 1000 K. PabGouee temo — Bo3myx,
TEMJI0EMKOCTH IOCTOSTHHBIC; pacyeT MPOBOJAUTH Ha 1KT pabouero Tena.
OnpenenuTh TeMmIepaTypbl BCeX TOYEK TeopeThueckoro mnukia I'TY ¢
MOJABOJOM TEIIOTEl mnpu p=const m nukna ['TY c¢ npenenbHON
perenepanuen, a Takxe KII/[ 3Tux nukioB, ecaym U3BECTHO, 4TO t)= 25 oC,
CTEIEHb MOBBIIICHUS JABJICHUS B KOMIIpeccope =5, TemmnepaTypa razon
nepes CoriaMu TypOUHbI

t; =800  C. PaGouee Teno oGnazaeT CBOMCTBAMH BO3/LyXa, TEIIOEMKOCTh
nocrossHHadA. [{ukn 12341 upeansueii, a nukn 1273481 — ¢ npenenbHOM
pereseparuen.
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INPUJIOKEHHUE

Tabnuua 1. ®usnveckue NOCTOSHHbIE HEKOTOPBIX Ta30B

I'a3 XuMuueckas Macca I'azoBas IInoTHOCTH
dbopmyna 1xMOb, noctostHHas R, | rasza mpu H.y.,
KI/KMOJIb JLK/Kr rpan Kr/Mm°
Kucnopon 0O, 32 259.8 1,429
Bonopon H, 2,016 4124,3 0,09
Asor N, 28,02 296,8 1,25
Okuch yriaepoaa CO 28 296,8 1,25
Bozayx - 28,96 287 1,293
YTrieKkucnelii ra3 CO, 44 189.,9 1,977
BojasiHol nap H,O 18,016 461,6 0,804
["enui He 4,003 2077,2 0,178
AMMHak NH; 17,031 488.2 0,771

Tabnuua 2. UctuHHAs MOJIsipHAs TEIUIOEMKOCTh Pa3JIMYHBIX Ta30B

npu p=const (uc, , kJIx/ xmomas K)

T, C Oz Nz Hz CO C02 SOz HzO BO3,Z[YX
(at™m.)
0 29,278 129,022 | 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 |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 |59499 |- 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 38411 | 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 |60926 |- 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
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Ta6nuna 3. Cpennsisi MOJIsipHAs TEILIOEMKOCTh Pa3IUYHbIX Ta30B
npu p = const (puc, , kJIx/ kmoub K)

T, C 02 Nz Hz CO C02 SOZ Hzo B03IlyX
(atm.)

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 | 30,471 | 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 | 34,311

Ta6mumna 4. TerroeMkocTu HeKOoTOphIX razoB npu T =0 C

l'az Xum.opmyna TemnoemMKoCcTH k=cy/c,
MOJIbHAS, MaccoBas,

k/[/KMoub Tpaj kJx/Kr rpan

KCp Hey Cp Cv
["enmii He 20,93 12,60 5,237 3,161 1,660
Bonopon H, 28,62 20,30 14,200 10,070 1,410
Boznyx - 29,07 20,76 1,004 0,716 1,401
Mertan CH4 34,74 26,42 2,165 1,647 1,315
Ammuax NH; 35,00 26,67 2,056 1,566 1,313
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