


M. C. XOBAX, I C. MACJ1OB

ABTOMOBHIBHBIE
JTBUTATEJIH

Teopua, pacuem u koncmpyryus
dsuczameaneil 6HYMPEHHE20 C2OPAHUS

U3OAHUE BTOPOE, IEPEPABOTAHHOE U JOIOJHEHHOE

Honywero ¥ npasaenuem yuebruixr zacederuil
Munucmepcmea asmomobuavrozo mpancnopma PCOPCP
6 Kauecmee yuebHuKa
0an a8MoOMOGUALHO-00 DONCHUIE METHUEYMO8

&

N3JATEJIBCTBO ¢tMAIMUHOCTPOEHMUNE>
MockBa 1971



YOK 621.43 : 629.113(075.3)

334
27970

XoBax M.C.m Macanos I'. C. ABToMOGHAbHEIE XBH-
rareJn.

Msn. 2-e, mep. m mom. M., «MammuocrpoeHme», 1971,
¢Tp. 456. .

B yueOHHKe M3I0KeHEI KPATKA® OCHOBH TeXHHAYECKOHR
TepMOJEHAMAKA ¥ TeOpUs Paboddx MPOIeccoB, IPOMCXO-
IAIMAX B aBTOMOOWJBHEIX ABHTATENAX BHYTPEHHEro Cro-
pamus, a TakKe NaH aHauE3 (AaKTOPOB, BIMAIINAX HA
mporeKaEne pab07ero mUKIa, MOIHOCTh M dKOHOMHIHOCTD
ZABHUTraTeJis.

IIpuBeeHEl XapaKTePUCTAKA aBTOMOOMJIBHEIX [{BATATE-
Jeii, OCHOBEI Iporecca KapOopamue B ABATaTeNAX C HC-
KPOBEIM 3aKATaHWEM H JaHHBEE II0 TOILIMBOIOJAIOMIeR
ammapatype H IpomeccaM cMeceo0pasoBaHHs B gU3eNAX.

JlaBBl KpaTKHe CBeJeHMsA 0 METOAax HMCIOLITAHMA JBATa-
TeJiell © OPEMEHAEMEIX IS 3TO# meam mpmOopax.

N3noskeHEl OCHOBH KHHEMATHKH W AWHAMHKE KpHBO-
IMUIHO-IIATYHHOT0 MEXAaHM3Ma M PaCcCMOTPeHH KOHCTPYK-
MM aBTOMOOMIBHEIX [ABHATATeJed (OCHOBHEIX HX jeTaled,
CHCTeM rasopacipefesieHHs, OXJIaKAeHASI U CMAasKH).

V4eGHEK HpeSHA3HAYEH [JIA YIANIAXCA aBTOMOGHILHO-
JOPOKHEIX TOXHHKYMOB IO cHemuajbHOCTH «TexHHYecKo®
obcIy)KHBaHM® © pPEMOHT asToMoGmmei», Wmm 242,
Taoun. 21, Owéa. 40 mass.
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BBEJIEHIE
KPATKAA UCTOPMA PA3BUTHA OBUTATEJIEN

B xauecTBe pHepreTHIeCKUX YCTAHOBOK [JIA TPAHCIOPTA HAMGOIb-
Imee pacIpoCTPaHEHWE MOJYYWIN IOPITHEBHE [BUTAaTeNH BHYTPEHHE-
ro CropaHud.

Oco0eHHOCTHIO TEIJIOBHX [BHTATelell 9TOro THOA ABJIAETCA TO,
9T0 IPOIECC CrOPAHUSA TOIIMBO-BO3TYIDHOU cMecu M Ipeo0pas3oBaHme
TEIIOBOH DHEPIMH B MEXAHWYECKYI0 HPOHCXOLAT HEIMOCPEICTBEHHO
B OHIKHApE [BHTATEJ.

ITonoxurenbEEIE CBOMCTBA [BHUraTelieii BHYTPEHHErO CrOpaHUA:
KOMIIAKTHOCTH, BHICOKAs KOHOMHMYHOCTh HM JOJTOBEYHOCTH, & TaKiKe
BO3MOKHOCTh WCIOJIB30BAHMA B HUX KUIKOTO W Ta3006pPa3HOTO TOILIH-
Ba IpPHUBEJU K TOMY, 9TO IIOCJ€ MOSIBIEHWA STUX ABUTaTelieil B HaYalIe
Bropoil monoBuEH XIX B. OHEH BCKOpDe 3aMEHMJIW IAPOBYIO MAIIWHY.

IlepBriMu gBUTaTeAMEH BHYTPEHHEr0 CTOPaHMSA, paGoTaBIIAMH Ha
rasoBoM TOIIMBE, OBLIM ABYXTaKTHHe ABurarteaum Jlemyapa (1860 r.,
O®pannusn), H. Orro u J. Jlanrena (1867 r., T'epmanus) u wersipex-
TAKTHHI# [JBUTATeNh C HpeABAPUTEAbHHIM c;katmeM cmecu H. Orro
(1876 r.).

Opragmsanua B koHme XIX B. mpoMmumieHHO# mnepepaboTKu
HeTH CIOCOOCTBOBAJIA CO3JAHUIO, & 3aTéM U IPOMSBOACTBY IBHUraTe-
Jlefl BHYTPEHHETO CTOpPaHWA, paboTAONuUX HA JKUAKOM TOILIMBE: Kap-
0I0paTOPHEIE IBUTATeJIH ¢ MCKPOBHIM 3a)KATAHWEM, KAaJOPUBATOPHEHIE
OBATATEIM W [BUraTeJX ¢ BOCIUIAMEHEHHEM OT CKATHA — JU3EJH.

B Poccun nepBeiii iBUraTesib ¢ HCKPOBHIM 3aKUTaHAEM OBLI IOCTPO-
e B 1889 r. mo mpoexry mmuxerepa U. C. Kocrosuaa. B 1899 r. ma
saBoge 9. HoGeass B IlerepGypre (mmime 3saBop «Pyccruit musesny)
OB TOCTPOEH MPOMHILJICHHEH 00pa3ern BRHICOKOKOHOMUTHOTO [BHIa-
TeNsI ¢ BOCILNIAMEHEHHEM OT CKATHA. OTOT ABHUTaTe]hb B OTJIMYUE OT
IOBUraTelsi, HOCTPOeHHOTo HeMenkuM um:renepoM P. {usesem (1897 r.)
u paboraBmero HA KepOCHHE, MOT paboTaTh HA HPHPOXHON (CHIPOIl)
HepTH M ee moroHax. B TeueHWe KOPOTKOTO BpeMeHM KOHCTPYKRIHUA
9TOr0 [BHUTaTejs, HA3BAHHOTO [W3ejieM, ObLIA 3HAYUTENHHO YCOBEp-
OIEHCTBOBAHA W OH CTAJ IIHPOKO HNPHMEHATHCA B DHEPreTHYECKHAX
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CTaIlHOHAPHEIX YCTAaHOBKAaX, HAa Cydax W T. I. B Hacrosmee BpeMsa
Iu3ejil NPHMEHAIOTCA HA TeNJI0BO3aX, TPAKTOPaX, aBTOMOOHIAX
cpenHeit U GOABMON TPY30HOABEMHOCTH M HA APYIEX TPAHCIOPTHHIX
MaIIEHAX.

Ha aBTOMOGHMIBHOM TPAHCIOPTE IIHPOKOE IPUMEHEHWE HOJYIHIU
kap6oparopasie gsuratenu. OHH yCTaHABJIMBAOTCA HA BCeX JIETKO-
BHIX aBTOMOOMJAX W Ha TPY30BEIX aBTOMOOHMJIAX Mayiofl m cpepHei
rpys0mo’beMHOCTH.

B mamei ctpaune nmocie Benukoit ORTAGPBCKOM COMUAIMCTAICCKOM
peBogonuKM, 0COOEHHO B IEPHWOJ MEPBHX HATHIETOK, CTAJA0 OBICTPO
pPasBEBaThCA MPOM3BOACTBO [BHIaTeNell BHYTPEHHEr0 CTOPAHHSA pas-
JIMIHOr0 HA3HAYEHHUS, B TOM UACIE B aBTOMOGUIBHBIX. ABTOMOGHIbHEE
KapOopaTopHLe [BUTATeJIM W AHM3eJH HEIPePHBHO COBEPIIEHCTBYIOT-
ca. MopepHU3HPYIOTCA CTaphle KOHCTPYKIMHM ABHUTATEeNeHd W CTABATCA
Ha IPOM3BOJCTBO HOBHIE, MMeomue (OJbIIYyI0 9KOHOMAYHOCTD M HATEHK-
HOCTH IpH MeHbINe#l Macce, IPUXOMIAMENcA HAa eIUHHIY MOIIHOCTH.

YcnemHoe pasBUTHE [BHTaTeJedl BHYTPEHHET0 CTOPAaHMS, CO3-
JaHUe ONBITHHX KOHCTPYKIWH M HPOMHIIUIEHHHX 06pasmoB B 3HAYMD-
TEeJbHOH# Mepe CBA3AHE C KCCIAEJOBAHMAMH H Pa3paboTKON Teopmu
paboumx mpomeccoB. B 1906 r. mpodeccop MoCKOBCKOro BhICIIET0
TexHnueckoro yumamma B. U. I'pumeBenxuit BmepBhie paspaGorad
METOJ TeIJIOBOIO pacueTa [BHUTrareas. JTOT MeTON B JajbHeAmeM
On1  pasBur m gomonHeH wWwi.-kopp. AH CCCP H. P. Bpuamarom,
npod. E. K. Masurrom, axap. B. C. CreukmaniM u gp.

AHanws pasBUTHA DHEPTeTHYECKUX YCTAHOBOK IS aBTOMOOHMIb-
HOTO TPAHCIOPTA IOKA3HIBAEeT, YTO B HACTOAIEe BpPeMs [BUTaTeJb
BHYTPEHHEI'0 CFODAHUA ABIAETCA OCHOBHHIM CHJIOBHIM arperaTroM n
eme BO3MOKHO €ro JaJbHedIree COBEPIIEHCTBOBAHME.

KJIACCHOUKALMA JIBHTATEJEN

JBuratenr BHYTpEHHEI0 CIODAaHAA MOMKHO KIACCHPUIMPOBATH
110 PasIWYHBIM IpPH3HAKAM 1.

1. Ilo nasmaueHHIO:

a) cramuOHApHEIE, KOTOPHE IPHMEHSTCA HA 3JIEKTPOCTAHIHA
Mayoif m cpegHei#l MOIIHOCTH, [ IPHBOKA HACOCHHX YCTaHOBOK,
B CEJbCKOM X03sificTBe M T. I.

6) TpaHCHOPTHHE, YCTaHABIUBaeMEe HA aBTOMOOWIAX, TPaKTO-
pax, caMoierax, CygaX, JOKOMOTHBAaX M [APYIEX TPAHCHOPTHEIX
MAIIKHAX.

2. Ilo pomy mpuMeHseMOro TOIJIWBA DA3INYalOT JBUTATENH, pa-
Ooraromue Ha:

a) IerkoM >KMAKOM ToluiuBe (GemsmHe, GeH3oie, KepocuHe, JH-
TPOMHE U COHUPTE);

1 Ipepsaraeman KiaccumKamus pacIpOCTpPaHAeTCA HA JBHTaTeJH BHYT-
peHHero cropands, IWPOKO IpUMeHseMBle B HAPOAHOM Xo3aiicTBe. CHemmain-
HBle [BuUrareju (peakTHBHHE, paKeTHHe W [p.) B JARHOM cjlydae He paccMar-
pUBaIOTCA.
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6) TAKEIOM JKMIKOM TOIIHBE (MasyTe, COJAPOBOM Macie, NH-
3eIbHOM TOILIMBE M Tasoiine);

B) rasoBOM TOIIMBe (F€HEPATOPHOM, IPHPOJHOM M JPYTHX rasax);

I) CMENIAHHOM TOIUIMBE; OCHOBHEIM TOIUIMBOM SABISeTCA ras, a
IJIS IyCKa [BUTaTejs HCIOJb3YeTcsA JKALKOe TOILIMBO;

O) pasaumYHEEIX TOINWBAaX (OeHsmHe, KepochWHe, IHW3EJIHHOM TOI-
JIHBEe M [pP.) — MHOTOTOILIMBHEE IBHTATEJH.

3. Ilo cmoco6y mpeoOpasoBaHHs TENJIOBOM SHEPIMA B MEXaHH-
9EeCKYI0 DAasjiMYalT [BUTATEJIH:

a) DOPIOHEeBEE, B KOTOPHIX IpPOIecc CrOPaHMA W IpeBpamieHus
TEIIOBON HEPIHMH B MEXaHHIECKYIO COBepImaeTcA B LIMJIHHJDeE;

6) rasorypOMHHBIE, B KOTODHIX IPOIECC CIODAHHWS TOIIWBA CO-
Bepmiaercd B CHOEI[HAJHHOW Kamepe CTOpaHWsA, a NpPeBpamieHue Tel-
J0BOIl SHEPrWM B MEXAHWYECKYI0 NPOMCXORMT' HA JOHATKAX Kojeca
razoBoil TypOWHH;

B) KOMOMHMpOBAHHBe, B KOTODHX HPOIECC CTOPAHHA TOILIHBA
OPOMCXONUT B HOPIIHEBOM [BWUrareje, SBIAIMIEMCS TeHEPaTOPOM
rasa, a mpeBpalleHWe TeNJOBO#l SHEPTHMH B MEXAaHHUECKYIO COBep-
maercs 9YaCTHYHO B IHMJIMHIpPE IOPIIHEBOTO IBUTATeds, A YACTHIHO
Ha JIODATKAX Kojieca ra3oBoidl TypOmHH (CBOOOTHONODIIHEBEE Tre-
HEpaTopH rasoB, TypGOMOpITHEBEE ABUTATeId U T. I.).

4. Ilo cmocoby cmeceo0pa3oBaHHA pa3aWdaloT HOPUOIHEBHE [BH-
raTem:

a) ¢ BHEIIHWM cMeceo0pasoBaHWEM, KOTAA ropiodyas cMech o0pa-
3yercs BHe NMWIMHAPA; IO TaKOMYy cmoco0y paboraior Bce KapOwopa-
TOpHEIe H Ta30BEE JBUTATE]H, a TaK;Ke ABHTATENH C BIDEICKOM TON-
JMBa BO BOYCKHYW TPYOY;

0) ¢ BHYTpeHHHM cMeceo0pasoBaHWEM, KOTJa B IPOMECCE BIIyCKa
B MWIMHAP MOCTYIaeT TOJAbKO BO3AYX, a pabodas cMmech oOpasyercs
BHYTPH IWIHMHAPA; MO0 TAKOMY cIoco0y paboTaoT AW3esd, ABUTATENH
C UCKPOBHIM 33)KMTAHMEM ¥ BIPHICKOM TOILIMBA B MUJIHHAD W Fa30BHE
IOBUTaTeJIW ¢ MoJaveldl rasa B MUIMHAD B Hadaje HPOIECcca CHRATHA.

5. ITo cmoco6y Bocmmamenenuss paboyeil CMecH pPasaUMIAIOT:

a) [BHraTeJH C BOoCIJaMeHeHWeM pabodeil cMecH OT DJIeKTpHYec-
KOMA\UCKPH (C HUCKPOBHIM 3a;KUTAHHEM);

0) gBHUrareJu ¢ BOCIJIAMEHEHHEM OT C}KATHA (AH3eJH);

B) ABUraTend ¢ PopKaMepHO-PaKeIbHHIM 3a)KATAHWEM, B KOTOPHIX
BOCILIAMEHEHHE CMECH HMCKPO#l OCymecTBISETCA B CHENHUAJbHOM Ka-
Mepe cropanmsa HeGoabmoro obbeMa, a fmajabHelmee pasBUTHE WHPO-
Iecca TOPeHHS OPOHMCXOJUT B OCHOBHOW Kamepe.

I) [ABUTATEJNH C BOCILIAMEHEHHEM r'a30BOTO TOILIABA OT HeGONbIION
OOPIUH [H3eIBHOTO TOILIABA, BOCILIAMEHSIOIErOCSA OT CHKATHA, —
Ta30KUAKOCTHHIA Ipormecc.

6. Ilo coocoGy ocymecrBiaenuss pabouero IUKIA [10pIOIHEBHE
JABUTATEJA [AENATCS HA:

a) deTHpexTakTHHE 0e3 Haxmysa (BIyCK BO3fyxa us arMocdepsr)
R ¢ HAJAyBOM (BOYCK CBEKEro 3apAja moJ AABJICHHEM);
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6) mByxTankTHHE — 06e3 HagoyBa W C HAAIyBOM.

Paznmuaior HafayB ¢ OPHBOJOM KOMIpeccopa OT rasoBoil Typ6u-
HH, paforaiomeii Ha oTpaGoraBmux rasax (rasoTypOMHHHA Ha-
AyB); HaAOyB OT KOMIPECCOpa, MeXAaHWIECKM CBS3AHHOTO C [BUTaTe-
JieM, W HAJIyB OT KOMIPECCOPOB, OAMH M3 KOTODHX IPHUBOJMUTCHA B
HmeificTBme rasoBOil TypOWMHOH, a [APYroit — JgBHraTeJeM.

7. Ilo cmoco0y peryimpoBaHHs NIpH H3MEHGHWHM HArPy3KH pas-
JIAIAOT:

a) OBUraTead ¢ KAaUeCTBEHHHIM PeryJIMPOBAHHEM, KOIZA B CBASH
¢ W3MeHEHMeM HATPY3KH MEHSETCA COCTAB CMECH HOYTeM YBeJIWdeHHS
WO YMEHBINGHHMS KOJHMYECTBA BBOJUMOTO B [IBUTaTe]b TONJUBA;

0) mBUraTeqm C KOJHYECTBEHHHM peryJIHpPOBaHWEM, KOIa IpH
M3MeHEHNYM HArPY3KH COCTaB CMECH OCTAaeTcs IOCTOAHHHIM U MeHs-
eTcAd TOJBKO ee KOJHIECTBO;

B) JIBUTATeJW CO CMEIIAHHKM peryJMpOBaHHEM, KOr[ja B 3aBHCH-
MOCTH OT HAarpysKH H3MEHSIOTCS KOJHAIECTBO H COCTAB CMECH.

8. Ilo KOHCTpYKOWEM pasIHIAIOT:

a) HOpIIHeBEE [BHTATEeNH, KOTOPHE, B CBOI OYepedb, AeJIATCA:

0 PACHOJIO/KEHHI0 IUIMHAPOB HA BePTHKAJbHEE pPATHBIE, TOpH-
30HTAJMbHEE DAZHHE, V-00pasHbe, 3Be3000pasHEe W ¢ IPOTHBOJIE-
JAMUMA TUIXHIPAMHE;

0 PACHIOJOKeHHI0 HOPIMHeH HA OJHONOPIIHEBHE (B KAMKIOM I[H-
J@HApEe UMeeTcsA OJWH MOPINeHb W OfHA pabouas IOJOCTH), ¢ IPOTH-
BONOJIO}KHO [BIGKYIUMHCA HOpmEHEAME (pabodas IOJOCTh PAacIoJIo-
JeHa MeX]y [BYMA IOPIHAME, ABIDKYIEMHCHA B OJHOM NHJIHHADE
B IPOTHBOIOJIO}KHEE CTOPOHH), ABOMHOrO feiicTBuA (0 006€ CTOPOHH
HOpINHA HMMeITcsa paboume IOJOCTH);

6) pOTOpPHO-IIOPIIHEBHE [BATATeJIM, KOTOPHE MOTYT OHITH Tpex
THIOB:

porop (HOpIIeHb) coBepmaeT MNIAHETADHOE [BIJKEHHE B KOP-
myce; IpW JBIKeHHH POTOPAa MEKIY HEM W CTeHKaMH Kopmyca oGpa-
SYIOTCA KaMepH IIePeMeHHOro 00beMa, B KOTODHIX COBEPIIAETCH IHKJI;
9Ta cXeMa MOydmia HPeMMYINecTBeHHOe IPHMEHEHHE;

KOpOYC COBepImaeT IUIAHETAPHOE [BYKEHHWE, a HOPIHeHb Hemoj-
BUJKEH;

PoTOp M KOPIYC COBEpHmIAIOT BpamaTeNbHOE JBIKeHHE — GHpO-
TOPHH{ JBHUraTelb.

9. o cooco0y oxjia)kAeHWS PasAAYAIOT JABHTATENH:

a) ¢ JKAJKOCTHEIM OXJaKICHMEM;

0) ¢ BO3NYIHHEM OXJaKJACHHEM.

Ha aBToMo6HIAX yCTaHABIMBAKT NOPIIHEBHE IBUTATENH C BOC-
IUIaMeHEeHMeM OT MCKDH (Kap6lopaTopHEe, TrasoBHe, C BIPHCKOM
TOIIMBA) W ¢ BocILlameHeHmeM oT cxartma (gmsenn). Ha Hexoropmix
ODHTHHX AaBTOMOOHJIAX IPHMEHAIT Ta3oTypOMHHEE, a TaKKe po-
TOPHO-IOPITHEBHE [[BHTATEJNH.
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YACTb NIEPBAS
OCHOBBI TEXHUYECKRON TEPMOJMHAMHUKHN

I'masa I

CBOYICTBA MJIEAJIbHBIX I'A30B

§ 1. OBITNE CBEJEHNA

Ilpu xmMmvecKoi#l peakOuu TOIJIMBA, COCTOSMEr0 W3 YIJIEBOLOPO-
70B, ¢ KHCIOPOAOM BO3Iyxa Bhijesnsercsa remnora. [lomygaemas raxmm
o6pasoM TemaoBasg DHEPTUsA MOKeT OHTH JacTHIHO NpPeBpamieHa B
Mexammueckyo. IlogoGHoe mnpeoGpasoBaHme TeIIOBOM HHEPTUH B
MeXaHMYECKYI0 OCYIIECTBJISETCA B TEIUIOBOM [BmWrareje. B mopmae-
BHX [IBHTaTe]sX BHYTPEHHET0 CTOPDAHHS BCe XHMHUECKHME IpeBpa-
MEHHsA, TaK jKe KaK W IPOHM3BOAMMAs rasaMy MexaHmuecKas pabora,
OPOUCXONAT HEMOCPEACTBEHHO B pabodeM oObeMe HMuiwmHApa. Temimo-
HOCHTEJIeM fBJAIOTCA Tashl, KOTODEEe HAa3HBAIOT paGodmM TeJioMm.

flBnenus, cBA3aHHbHE ¢ B3aMMHEM IPEBPAalIeHWEM TeILIOBOM m
MeXAaHHYECKO#l BHNOB SHEPruHW, W aHAIA3 2PPEeKTHBHOCTA THX IPEB-
pameHuii OpE WX HNCHOJH30BAHME B TEeXHUHKe H3YYalOTCA B Kypce,
HA3HBA€MOM (TeXHHYECKAasA TEepMOJAMHAMUAKAY.

OCHOBH TeXHMYECKO#l TEPMOAWHAMHUKE GasMpPYIOTCA HA MB3BECTHHIX
MOJIOKEHNAX, M3YJAEeMHX B COOTBETCTBYIOIIWX pasjerax Kypca ¢a-
3UKH.

B TtexHmuYeckoit TepMOLHHAMUKE HOPW M3ydeHWH OOIMHUX BaKOHOB,
xapaxTepa3yomuX 3¢¢eKTHBHOCTh MCHOJAb30BAHHA TEIJIOTH, HpHMe-
HUTeJABHO K IPOIeccaM, NPOMCXONAIMMUM B [JBHraTeJAX BHYTPEHHErOQ
cropanmsi, B KadecTBe pabouero Teja paccCMATPHBAETCA HIeaJbHBHIN
ras. Iloxg mpeambHHIM rasoM HOHEMAIOT ra3, B KOTOPOM OTCYTCTBYIOT
CHJIE ME;KMOJIEKYJSIPHOTO CHENJIeHHsS, a MOJEKYJIH He HMET reo-
MeTpEYecKHX pasMepoB. Takme [OmymeHMs NpU MB3YIeHHH CBOMCTB
rasoB, MABIAIMEXCA pabounM TeJsoM B [BHraTelAAX BHYTPEHHErO
CTOpaHMs, He BHOCAT 3aMETHHX IOTPEIHOCTEH B aHAJIW3 H3YIAEMEIX
IPOIECCOB, TAK KaK NpH (AKTHYECKHX TEeMOEpaTypax W JABJIEHUAX,
BO3HHKAIMAX B dTHX HNPOLECCAaX, CHIH MEKMOJEKYIAPHOTO CIenJe-
HOA JeHCTBATENHbHO HHYTOKHE W DACCTOAHHSA MEKAY MOJEKyIaMu
S8HAYMTEJHbHO IPEBHINAIOT HX pPasMepH.



§ 2. MAPAMETPHI, XAPAKTEPH3YIOIMHUE COCTOAHUE PABOYEI'O TEJIA

Cocrosiame paGodero Tejsa OIpefeJAeTCA BEeJHIMHAMH, HA3HIBae-
MHMH mapamMerpamm cocTofAHESA. OCHOBHEHIMH HapaMeTpaME COCTOS-
HAA ABJAIOTCA TeMIeparypa, AaBleHAe M YAEJIbHHHA 00beM Wil
onorHocTh., OTMETHM, YTO pPAacCMaTPHBaeMEe HapaMeTPH COCTOSHHSA
HAXONATCA B ONpEJeJIeHHOW CBA3H MEKAY CO000H W HOITOMY JIMIIb
JABa M3 HUX MOTYT OHITH HE33aBHCHMbLIMH.

1. Temmepartypa

Temnepamypa xapaxrepusyeT TEIIOBOE COCTOAHHME Tela, CTEIEeHb
€ro HArpeTocTH M ABIsAETCA OgHOA m3 BakHeimmx Beamama. [lo
I'OCTy 8550—61 ompepesneHme TeMmepaTypsl MOKHO IPOM3BOTUTH
B rpagycax Keassmma (7'° KR) m rpagycax Leascusa (¢° C).

Bo Bcex TepMoJMHAMHYECKMX pacueTax HOJB3YIOTCA ab6COTIOTHOR
TePMOAMHAMUIECKOX TeMIepaTypod, a Hu3MepeHHs NPOU3BOJAT B
rpagycax Ilenncns.

Ceasp Mexpgy TeMumepaTypoil, BhpaskeHHO# B rpaxycax Henb-
pEHA I (aGcomoTHAsA TepMOAWHAMAYECKAs TeMmepaTypa) m B Ipajy-
cax lenscus ¢ ompenenserca CIeAYIOMUM COOTHONIEHHEM

T=14273° K*. 1)

Temmeparypy #3MepsAOT TpajyAPOBaAaHHEIMH PTYTHEIMH TepPMO-
MeTpaMM WM CHeNHAIbHHMH IIpeJBAPUTEIHHO NPOTAPHPOBAHHEIMHA
npubopamu, HasmBaeMEME TepMmonmapamm. llpuMensiorcs Tak:ke H
Apyrue npuOODPH [JA M3MEPEHHS TeMIEepATYPHL.

2. YnenbHblii 00beM H IJIOTHOCTH

Yoeavroim o6vemom v HashBaercsa 00beM, 3aHUMAEMEHIH equHMIIEi
Maccn BemecrBa. B cumcreme CU ymenbHHIE 06BeM BHpasKkaerca B
Mm3/Kz.

ITiomuocmyulo p HaspBaercsi Macca enmEMIE ob6vema. M3 ompe-
AelleHHA CIEeIyer, 4TO

1
v= o Ke/Mm3. 2)

3. JlaBienne

PaccmatpuBaeMmuiit B kagecTBe pabouero Teia HIeadbHH raa
COCTOMT HM3 OGECKOHETHO GOJBIIOTO KOJIHMYECTBA MOJEKYJ, KOTOPEHIe
HAaXO[ATCA B XaO0THIECKOM [BI)KeHHH. B pesyibTaTe 5TOr0 ABMKEHHSA
ras OKaselBaeT JaBJIeHHE HA CTEHKH COCY/Ja, B KOTOPOM OH 3aKJIIOYeH.
IIsmxenne MoleKyl B o6beMe He mMeeT IIPEMMYMIECTBEHHOrO HAIl-

* TouHEM ABJAAeTca coorHomemnme T = ¢ -+ 273,15°K.



paBieBHA, W 9TO IPHBOAAT K TOMY. UTO ra3 CO37aeT DPAaBHOMEDHO®
JaBleHMe Ha CTEHKH COCYZA.

Hapnenme rasa msMmepsioT cuiaoit F, mpuxopsameics Ha eIUHHIY
moBepxHOCTH S

p=§' &)

Hasa msmeperusn BHeGombmmx pnasiaeHmil mouabsywrca U-oGpasmoit
TpyOKOil, HANOJHEHHOH KuAKOCThI0. OIHEM KOHIOOM TPYOKa mpucoe-
IWHEHA K COCYAY, B KOTOPOM HEOOXONHMO ONpeNeNHTh MNaBJIeHHE
(pmc. 1)¢

Ecan gaBiennde p B cocyzie paBHO aTMocPepHOMY Do*, TO JREAKOCTD
B 60oux KomeHaX TPYOKE GyneT HAXOJUTHCH HA OJHHAKOBOM yDOBHE

{7 {2 {2

P=F, P< Py, P>p,

4 o) 8
Puc. 1. Mpubops naa msMepeHUs JaBIeHWS W pasperkeHUA rasa B COCYHe

(pmc. 1, a). Ipn p<p, ypoBeHb KHAKOCTH B JI€BOM KoiieHe Oymer
HmKe 9eM B mpaBoM (puc. 1, 6), pasHENa p,s, = p, — h OpefcraBiAer
co6oif abCcodIOTHOE [aBJIeHHE rasa HA CTeHKH cocyda. Beamuuny h
HA3EBAIOT BAKYYMOM, mWiu paspeskeHumeM. Eciu faBiaenue rasa B co-
cyne Gompme aTMOC(EPHOT0, TO YPOBEHD ;KHIKOCTH B MPABOM KOJIEHE
TpyOKE Gyjer Humke, 4eM B JeBoM. PasHOCTH Me:KAy [aBIeHHEM B
cocyne n arMocepHEIM ompeneaseTcA BrCOTO# cronba H (pumc. 1, 6),
a abcoaioTHOe JaBJeHHMe Tasa D, = Po + H.

Ecaz B kauectBe suarkocTd B U-00pasHoit TpyOKe HPHUMEHSIOT
PTYTh, INIOTHOCTh KOTOPO# P,,,, TO CTONO PTyTH BHCOTOH H neiicTByer
Ha OCHOBaHHME ILIOMAAbI0 S ¢ CUioi, paBHOH Becy cToa0a pPTyTH.

CiepmoBateapHO,
pS = Vppmg’ (4)
rme V — o6BmeM croxba pryTH.

* AtMocepHOe JaBiieHEe M3MepAeTCs CHeNUaJbHHM OpHGOpOM, HasHBae-
mMeM GapomerpoM. IlosromMy uwacro arMocepHoe paBieHHe HasHBaOT 6apo-
MeTpuvecKAM B 0GO3HAYANT Pggp.
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Ilpn menemvwm neBoit m IpaBoil "acTeit paBeHcTBa Ha S, TaK Kar
14
s =4H, moxyaum p=Hp,.8 HIx, (5)

Tae p,,, — IJIOTHOCTh PTYTH B Kz/M>.

B cucreme CU eguHuMmeli msMepeHNA MABJEHUA CIYKAT JABJICHHE
cannl 1 1, mpuxogameiica sa 1 »? (v/»?). Beugy mamoctm 3TO# Be-
JMY7AHE Ha IPaKTHKe NPAMEHAT efUHAIY, Ha3sBaeMyo Gap (1 6ap=
=1.10° n/M*=10 n/cmu?), BIM KONLHHIE eNUHHMIH, Hampumep Mu/u?
(A Mu/n® = 1.10% u/m?).

B cucreme MKI'CC naBnenue usmepsor B kKI'/x?. B mpakTmueckmx
pacuerax WCIOJB3YIOT jaBleHWe, mpmxoaameecsa Ha 1 cm® maomanm,
t.e. 1 kl'fem? = 10* kI'/m*. CoBpemenHEE HpHGOPH AJIA H3MEPEeHHA
paBjieHHWs, HA3HIBAGMBIE MaHOMETpaMu, TCpagyupoBaHu B kl'/cM?.
MagoMeTpH YCTPOEHH TaK, 9TO OHH H3MepAT H30HTOYHOEe HAj aT-
MOCepPHHM JaBIEHHEM P, 1103TOMy OpH BHOOJHEHHH pPacieTOB
HeO0XOAUMO K [JABJEHHIO, HBMEPEHHOMY C IOMOIIBIO MAHOMETpA, IPH-
6aBuTh arMocdepHOe HaBIEHEHE p,, OIpefeiseMoe MO GapoMeTpy.

Taxkum oGpasom,

Pase = Po+ Puan: (6)
B cayuae usMepeEmA MaHOMETPOM (BaKyyMeTpPOM) paspeKeHHA
Pa6e = Po— Pean- (7)

YacTo B TeXHWIECKHX Pacuerax p, OPEUAAMAIT paBHEM 1 kl'/cm?.
Torma mpm ms3MepeHHE MBGHTOYHOTO NABIEHHA MAaHOMETPOM abCOIIOT-
HOe [aBJCHHEe

Pa6e = Pman +1 ®l[er®. (8)

Humke npuBefieEN COOTHOIIEHHS MEMKLY ABYMsS OCHOBHBIME e[IH-
HEOAMHA HW3MepeHds [aBJIeHHsA, KOTOPHe B JaibHelimeM OymyT wuc-
[OJBb30BATECA B BHBOJAX YPaBHEHHE W pacderax:

1 6ap = 10 w/cm®* = 10° w/m® = 1,02 am = 750 mm pm.cm. =
= 10 200 mm 60d.cm.

1 kl'/em® = 10° kI'/M? = 1am = 0,981 6ap = 735,6 mm pm.cm. =
= 10000 mm 60d.cm.

Taxum oGpasoM, ¢ TogHOCTHIO [0 2% MOKHO OPHHSATH, 910 1 6ap=
=1 xl'/cm?.

§ 3. CBOIICTBA NJEAJIBHBIX I'A30B

PaccmoTpEM B cucTeMe KOODAUHAT, Ile M0 OCH OPAUHAT OTIOKEHO
faBjieHne p, a 10 ocu abCHECC yAeJBHE 06'heM rasa v, HPOMECCH pac-
IMEPeHHAs MacCH rasa, pasaoit 1 ke (puc. 2). HagaasHo0e cocTosHme rasa
B TouKe I onpenenserca napamMerpamu I';p, u v;. [lepBoEaganbHoO K rasy
HOJ[BO/TUTCA TeILJIOTA B KOJIMIECTBE ¢, TAK, 9TO F'a3 PaCIIHPAETCHA K0 COC-
TOAHHA, XapaKTepPU3yeMoro mapaMerpaMd B TOYKe m OpPA HeM3MEHHOM
HaBleHNH, PaBHOM p;. IlapaMeTpH CocTosHHA rasa B TO9ke m GyXyT
Pm = P1» U, B T,,. 3aTeM K rasy HOABOJUTCA TeIJIOTa B KOJIMIECTBE
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g; TAaK, YTO IMPOIECC PACIIMPEHHA OT TOIKH M JO TOYKH 2 MPOHCXONHT
IpH TOCTOAHRHOW TeMIepaType, W B KOHI[e 3TOT0 Ipomecca mapaMeTpPhl
rasa GygyT UMeTh 3HA49eHHA Py, Iy = T, B v,.

Paccmorpum mpoitece 1 m. Coramacmo sakomy Ieii-JIloccaka Bce
mfeaJbHBe Tashl Opu Harpesanus Ha 1° C mpm mocTOAHHOM [aBICHAH

1
PacmHUPAIOTCA HA 5zz  JACTh

o0beMa, 3aHMMaeMOro MMH IpH
0° C.
CaegoBatesibHO,
1
o _ 1+ 5734
om 1
1 + mtm
T
2344 T, )

=

=B+ itm Tm'

W3 ypaBHeHHA BHIHO, 9TO
B IpoOIecce M3MEHEHHs COCTOM-
HHA Trasa OPH OOCTOAHHOM
JaBlICHAN O00BEMHI Ta3oB W3-
MEHAITCA MHPSAMO IPOMOPIHO-
HaJBHO TEMIepaType.

PaccmoTpuM masiee mpomece
pacmupeHHs rasa OT TOYKH m

7 p=const
A 4,

9

T=const

e V, —

[~ Vm —=

V2

Pre. 2. Mpomeccl pacmmpeHNsa HHEAIb-

HOro rasa

go touxm 2. B coorserctemm ¢ sakonoM Boitna-MapumorTra B mpomecce,
OpPOMCXONAMmMEM IIPH NOCTOSHHOA TeMmepaType, o6beM rasa MeHAETCH
00paTHO HPOMOPIHMOHAJIHHO NABJICHUIO

Im

—Pm

12

Ho, coraacro ycaosuwo, T,, = T, u p,, = py.
Torma us ypasrermit (9) m (10) umeem

Ty P2
vm=v17,; n Um=v2"z.
CiemoBaTeabHO,
2 P2
VA2 =0, 2
1 T, 2 P
v
V. v
—%:—%’3:3 Ha/(ke. epad) man Oxc/ (k2. epad),
1 2
rie R — mocrosiHHAs [id [AHHOTO rasa BeIHYMHA,

(10)

(11)

He 3aBHCHA-

mas or ero cocrofEmsa. OHa HasHBaeTca TrasoBoil moc-
ToAHHOM AaA 1 Kz rasa m mMeeT pasMepPHOCTb HM/(Kz.2pad)

wan Oxc/(ke.2pad).

11



N3 ypasrenus (11) momyzaem
pv=RT. (12)

Ypaemenue (12) HaspBaeTca XapaKTepPUCTHIECKEM yPaBHEHHEM
COCTOAHMA Trasa wid ypasHeHmeM Hiamei poHa.

IIpn yMHOKeHHE JeBOIl W HPAaBO# 9acTeil PAaBEHCTBA HA BeJIMIWHY
G, BHPa)KAWOILYI0 Maccy rasa B kz, ypasHeHue (12), manucammoe mia
G k2 rasa, npuMeT BHJ

pV =GRT, 13)

rge V — o6beM, 3anuMaeMuii G k2 rasa; V = 1G.

CornacHo 3axkoHy ABOrajpo B paBHHX o0BeMax pasiHIHBIX Ta-
30B IPDH ONMHAKOBHX [aBJICHHW W TeMIepaType CONEPKHTCHA OHMHA-
KOBOE 9HCII0O MOJIEeKYII.

OGosHaduuB 9epes K, U Y, MOJEKYIAAPHEE MACCH KaKIOr0 U3 ABYX
paccMaTpPHBAeMHX rasoB, a 9epe3 G; m G, COOTBETCTBEHHO WX MACCHI,
MOJKHO, II0JIb3YACh NPUBEIEHHHM BHIE YCJIOBHEM, OCHOBAHHHIM Ha
8aKOHe ABOTajfpo, HANHUCATHh

G _
G, py (14)

Ypasuenue (14) moxasbiBaeT, 9T0 MacCCH rasoB OTHOCATCA, KaK
AX MOJIEKYJISIDHEIE MacCHL.

Hns ompenmesieEHs KoJmdecTBa rasa yA0OHO HOJB30BATHCA KUJIO-
rpaMM-MoseM. Kuaozpamm-mosem, uin Kusomosem (Kmoab) Has3EIBAET-
cA KOJIMYeCTBO Trasa, Macca KOTOPOTO0 B KHIOTDaMMax YHCJEHHO
paBHA ero MOJIeKYJIAPHON Macce.

IIpousBefeHNe MOJEKYJIAPHOH MacCh W U YAeJbHOTO o00BbeMa
v mpencraBiser coGoi 00beM KMO4b TAHHOTO rasa

Vu=nv x3/Emoan. (15)

CBa3p MeKAYy IUIOTHOCTHIO rasa, €ro MOJIEKYJIADPHOA Maccoid u
o6beMoM 1 Kmoab ompenensieTcs CleqyIOMUM BHPayKeHAEM:

== (16)
CoO0TBeTCTBEHHO
M _V,
v="1 W 7)

IMonbsysace ypasmenueM (17), mMoxkHO ompengeantb o6beM 1 kKmoan
rasa, eClid W3BeCTeH YJeJbHHH 00beM rasa W €ro MOJIEKYJApPHAA
Macca.

Iopcauraem o6nem V,, sammMaemsid 1 Kmo4b rasa Ipm HOpMalb-
HBHX QU3AYeCKHX ycIoBHAX, Korga p = 1,013 6ap = 1,033 kI'/cm® n
t = 0° C. Paccmorpum gus mpmMepa wmciaopon O,. M oaeryaspras

12



Macca KHCJIOPOJa po, = 32, ero yAeJbHHH 00beM OpH YKasaHHEIX
nmapamerpax (¢ = 0°C u p = 1,013 6ap) vo, = 0,7 m®/xe.
Torpma, coraacEo ypasmermio (17),

V,=pv=32.0,7=22,4 M*/xMmoab *.

s saxoma ABoragpo ciemyer, 49T0 Macch pasHHX ra30B IPH
ONHHMX M TeX jKe 3HAYEHMAX TeMIOepaTypH W [ABICHUM 3aHAMAIOT
opnaaKoBHE o6beM. CiuemoBartensro, npd ¢t = 0°C u p = 1,013 6ap
o6vem 1 kmoav moGoro mpeanbHOro rasa V, = 22,4 m3/Emons.

IIpu p = 0,981 6ap = 1,0 kI'/eM?® u ¢t = 15° C past moGoro rasa
V, = 24,4 M3/Emosv. IlocnenHas BelWIEHA 9acTO WCHOAB3YETCA B
TeXHAYECKMX pacdeTax.

YMHOMHMM JleByI0 M IPaBYI0 9aCTH XapPaKTePHUCTHICCKOTO YPaB-
geHnsa (12) @A MOJERYJIAPHYI0 Maccy, TOT[a HOJYIHM

pop=uRT. (18)

Haa T =273°K, p=101300 »w/m® =1,013 6ap u V, =
=22,4146 M3/kmoav w3 ypasuenus (18) momygmm

R— 101300 -22,4146 8314

273p T (19)

B crapeix emummEEMImax
R= 1,033 . 104 . 22,4146 iﬁ%

273p T

ITonbaysce BupaskeEmeM (19), MO)KHO OLpefeIUTH ra30BYI0 IOCTO-
AHAYI0 rasa, eCId W3BECTHA ero MOJEKYJIADHAsA Macca.

Uz gopmyanr (19) caemyer

wR =R, =28314 Oxc/(kmoab. 2pad) (20)
g
R, = 848 «I'-m/(kmoav.2pad).

CrnenoBarenbHO, rasoBas HOCTOAHHAA R, ABIAETCA HOCTOSHHOR
penmauHOi HiaA 1 Kmoab M106GOr0 rasa W HABHBAGTCH YHUGEPCAALHOL
2a3060U NOCMOAHHOU.

IlopcraBuB Beamamey pR B ypasHenwe (18), moaygum xapaxre-
pucrageckoe ypasHeHHe Aiaf 1 kmoab rasa B BUIE

ppv=pV,=pnRT =8314T. (21)
B crapux emmmEmmax pV, = 8487T.
Ipumep 1. B nuimeape ¢ DOABMKHHIM OOPIIHEM HpPR HOCTOSAHHOME TeMuepa-

rype t = 15°C cxxmmaerca 0,01 »3 rasa. B Hagane c;KaTHA JgaBileHHe BO3LyXa
6610 p; = 1 6ap; B KOHIE C:KAaTUA p, = 5 Gap.

* Boaee T10uBO V, = 22,4146 M3/Kmoav.
13



Omnpefienars 06HeM rasa B KOHIE OPONECCA CIKATHA.
CornacHo 3akomHy Boitns-Mapmorra mo ypasmenmio (10)

5

Tlpumep 2. OmpefeanTh rasoByI0 HOCTOSHHYI0 KHCJIOPOAA, €CAH HM3BECTHO,
gro mpu masieHnu p = 1 6ap = 10° n/m? = 1,02-10* xI'/u® u Temmeparype ¢ =
= 15°C ero ypmeabHEIX 006BeM v = 0,749 x3/xe.

Ilo xapaKTepHCTHUeCKOMY ypaBHeHHIO (12)

Vo=V, % —0,01 + = 0,002 2.
2

==t — 260 dx/(ke - 2pad).

B crapmrx emMHHNAX
1,02 - 102.0,749
288

Iipumep 3. OmpefesnTh MNIOTHOCTH BO3KYXa MOpm gaBiaeHuun p = 20 6ap
u remmeparype ¢ = 300°C, ecam m3BeCTHO, 9TO MOJIGKYJsApHAsA Macca BO3gyxa
pe = 28,97.
¢ s 'ypannelmﬁ (2) n (11) umeeMm

R= = 26,5 kI" - m/(ke - 2pad).

Pu
onTy

I

Bl

OTKYyHa

.

°

It

k4
S
ok

s ypasmesus (16) pn=T,"—; mps  py=1,0136ap u #, = 0°C V, =
= 22,4 u3/kmosn. Torna musa moﬁgro rasa

—_ Bk _p_ 213 ke
P=53% ToB T — 12037 melw.

[lonyuennoe BHpaskeHHe CIPABEAJINBO AJA JIOOOro rasa mpH pacdere gaBile-
aus B Oapax.

Jlna Hamero ciydas
28,97 - 20
pe = 12,03 =

573

Ilpumep 4. U3 Ganmona emrocthio V = 1,2 x® HaxopAmmiicsa B HeM BO3AYX,
KOTOPHI mMeeT Temmepatypy ¢ = 30°C, BHOycKalT B aTMoc(epy.

Jlo OTKpHTHA KJamaHA faBJeHHe BO3KyXa B GalioHe GHIO p, = 95 6ap =
= 95.10% w/m® = 97 xI'/cu?®. Ilocme 3aKpHTHA KIamaHA MAABJIGHAe CTAJO
Py = 43 6ap = 43-10° n/m® = 44 kI'/cu®. Bo BpeMs BHTEKaHHsA BO3AYXa TeM-
mepatypa B GannoHe He MeHsuach IIpm pacdeTe ydecTh, 9TO MOJNEKYJIApHAS
Macca Bosmyxa pg = 28,97

OmnpefeanTs KOJMYECTBO M3PACXOROBAHHOTO BO3ZyXa.

Hcnonsaya xapakTepEcTAYecKoe ypaBHeHme (13), MOKHO HammcaTh Clemyio-
mee:

AJIA COCTOSAHHUA BO3NyXa B GajjIOHe [0 HCTeYeHHA

= 12,164 x2/m3.

PV = G RT;
mocjie HCTe4YeHHs
sz = GzRT,
TIe R — rasoBas NOCTOAHHAsA BO3AYXa;

G, 7 Gy — Macca BO3[yXa B OaJIJIOHe COOTBETCTBEHHO [0 U MOCJIe HCTedeHMs,
14



HKommaecTBO BHTERIIEr0 BO3AYXa
4
G=0G—G, =®BT (1 — p2)-

N8 ypaBHeEHa (19) rasoBas HmOCTOSHHAA BOBJKYXa

8314
R= 897 287 O [(ke - 2pad).
Taxmm o6pasom,
C= 1,2 (95 — 43) - 105 =79 xe.

287 (273 + 30)
Ilpn pacyeTe B CTapHX eAWHHIAX (GaBileHWe BHIpakaercsa B kI'/m?)
R = 29,27 kI - m/(r2 - epad),

1,297 —4d) 100
G=""9g37.303 = 12 "

§ 4. CMECH HJJEAJIBHBIX I'A30B

B psuraTtensx BHYTPeHHEI0 CrOPaHWA B IPONEcCe XHMHIECKOR
PeaKnmuE TOIIMBA C KHCJIOPOSOM BO3AyXa 006pasyOTCsi NUPORYKTH
CrOPaHHA, COCTOAMYE K3 CMeCH ras3oB (YIJeKHCIOT0 rasa, OKHCH
yriepona, BOAAHOr0 mapa, BOAOpPOja, KHUCJIOPOZa, asoTa U [AP.).
IIpm pemeHun pspma 3agad, CBA3AHHEX C M3YIeHHEM OTHEJIBHHX IIPO-
meccoB B JABHraTejie W ero IoKasareleid, He00OXOMUMO 3HATH COCTaB
rasoBoil CMeCH H KOJHYeCTBO KasKHOTO rasa, ABJANMIET0CS KOMIO-
HEHTOM 3TOH CMeCH.

Pacaernl rasoBnx cMeceil Gasumpyiorca Ha ciaegyomeM. Hammwit
ras saHmMaeT Bech 00'beM, Kak ecju OH JPYyTrHX rasoB W He OHUIO, W
OH HAXOJUTCA B CMECH IIOJ CBOMM [aBJeHHEeM D;, Ha3HBaeMHM nap-
yuatbHuim. JlaBlueHWe cMecH pPaBHO CyMMe NAapOUaJbHHX [NaBlIeHHH
(saxon JlanpromHa).

TaszoBasa cMech MoOkeT OHTH 3aJaHA B MAacCCOBHX M O0O0BEMHEIX
eIUHANAX.

1. Onmpenenenne KoamdecTBa KOMIOOHEHTOB CMECH
ra3oB B MaCCOBBIX €JHHANAX

CymMMa Macc BCeX KOMIOHEHTOB, COCTaBIAIOIIAX I'a30BYI0 CMECh,
Oymer paBHa Macce Bceil cMecH
i=n
2 6G=6G+G,+...+G,=G,, e (22)
i=1
MaccoBag moaA KasKAOTO Tasa, BXOAAMEr0o B TasoBYK CMeCh,
ompeneserca mo ¢gopmyie

G
8i= Gc.im ’ (23)

rae Gi — MacCa [JAHHOI'0O KOMIOOHEHTAa rasa B Ke.
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Ecam cloKUTH BCe MAcCCOBEIE HOJNH [Aa30B, COCTABIAIIIAX CMECh,
TO 0OJXyIHM

ie==n i=n
A 2 G
g=5S—=1 (24)
Yem

i=1

2. Onpenenenne KOIMYECTBA KOMIOHEHTOB CMECH ra3oB
B O00'HEMHBIX €IMHHIAX

Ecan ras, HaxofAmuiAca B CMeCH IIOA NapOuaJbHEM HaBlIeHUEM D,
TOABEPTHYTH AABJEHHUIO CMeCH D, OpH TeMmeparype 1., , TO OH yike He
Oyner saHEMaTh Bcero oosema V,,, a JMME 9acTh ero V. IToT 00BeM
V. HasHBAOT NAPYUAILHBM 06BEMOM.

CyMma mapomaibHEX 00BeMOB paBHa 00BeMy CMecH
i=n

S V=V (25)
i=1
O6beMBasn [0JiA rasa BHPAKAeTCA OTHOIIGHHEM
V.
ry= VT; (26)
|
i=n
D=4t tr,=1 (27

i=1
Csxatme Kayk[0ro KOMIOHeHTa rasa fmo obwema V; paccMaTphBa-
JIoCh OpHW DOCTOAHHOW TeMmmeparype, HO3TOMYy Hjisd Jjaioboro i-ro
KOMIIOHEHTa Tasa JeilcTBETeJbHO ypasHeHHe (10)
P _ Vi
Pcx Vew’
OTKy[a HapIHajbHOE [aBJeHHWe Ka)KAOT0 rasa

1%
pi='l7:—'n Pew =TiPem - (28)

Ecam cocras rasa moncamrTan He B o0BeMHEIX eIWHHIAX, a B
M; kmoab, TO OTHOCHTeNbHAA [OJA Ka)KOOTO rasa m;, BXORAMEro
B COCTaB CMecH, OyneT TakKe 9HCIEHHO paBHa o0BeMHOH moje r; H,
ClieloBaTeNbHO,

M;
m=rh (29)
tne M,, — o6Bem rasoBoil cMeCH, BHPA’KEHHHA B KMO4b.

Ecam m3BecTeH MAacCOBHI COCTaB CMecH, TO ero o0beMHEI cocTas
MOKHO OLpefe]dTh IO ypPaBHEHHIO

m;=

&

oMy By
= 30
cM g_i ( )

Ui
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3. Omnpenenenne cpenmeii (Kaxymieiicsa) MOXeRyIspHOIL
MacChl cMecH

IIpm npoBefeHum pacdeToB B ciiydae rasoBOil cMecH Y{OOHO IOJb-
80BaTBCA BEJIMYUHON, XapaKTEePH3YIOMEH CPEHIO MOJEKYIAPHYIO
Maccy CMecH [i,,. D [efCTBATeJHHOCTH, IOCKOJIBKY rasoBas CMech
COCTOMT W3 pA3JIUIHHX rasoB, TaKoe NOHATHE SBJSETCA YCIOBHEM
4 BBOLATCA B OPeJUOJOKeHHH, 9TO PACCMATPHBAEMEH ras COCTOHT
43 ONHOPOXHHIX MOJIEKYJ, Macca KOTOPOTO DPaBHAa Macce CMeCH, a
gmcnao xKmosel pasao M.

Jna Takoro rasa Macca Bceil rasoBoil cMecH

GC.M = Mc.up'c.w (31)
OTKyZa
Gem
Wew = M. (32)

cM

Ecam cMechr 3amaHa 00'beMHHIMHU HOJIAMH, TO, TAK Kak

G, =G +Gy+...+C,,
a Gy=pMy; Gy=pMy; ... Gp=p,My,

w3 BHpakenmid (29) m (32) momyamm

Pew =MWl +Rolp + ..o F+Pply
Hin
ie=n

M=Zui"i- (33)

i=1
Ecan cMech 3agaHa MacCCOBHIMH JOJAMH, TO
1
1 (34

”cu—-g

||M

&
i

-~

4. Oupenerenne ra3oBoii HOCTOSHHOH cMecH

Tlonpaysck xapaKTepHCTHIECKEM ypaBHeHWeM paiaA G,, rasos,
MOKHO OIpPEeJeJHTh [as0oBYI0 HOCTOSHHYI0 CMECH, €CIH H3BECTHH
MacCOBHeE [OJHM KaKHOTO rasa, BXOAAIMIETO B Hee:

t=n

Ro,o= ) &R, (35)

i=1
17



Ecam cMech safaga o0'beMHHIME JOJSAMH, TO Ta30Bad HOCTOAHHAA,
cormacEo ¢opmyaam (20) m (33), HOACIMTHIBAETCA WO BHIPAMKEHMIO

R _834_ 8314
T B IS (36)

Ipamep 5. OmpeneanTs MOJEKYJIAPHYI0 MacCy CyXOro BO3AyXa M ero rasoBYHO
HNOCTOAHHYIO, €CI¥ W3BECTHO, YTO MACCOBHE JOJH KHCIOPOAa W a30Ta B BO3LYyXe
COOTBETCTBOHHO g = 0,232 gN, = 0,768. OmpepmeanTs TaK:Ke 00BEMHEE HOJH
KHCJ0pOfia W a30Ta B BO3AYyXe.

Ilo ¢opmyxne (34) mmeeM

1 1

Mo oo 2w, 0232 oqes — o
Bo, | By, 32 28
Ilo Bupakenmio (36) mopcumraeM
8314 8314
R, = T =3897 = 287 Oanc/(xe - 2pad).
ITo ¢opmyne (30) maxommm
2o, 0,232
_ Bo, 32
" g, &, 02 068~ 0209

Bo, bBn, 32 28
N, 0,768

N BN, _ 28
N, = 80, , &, 0,232 4 0,768
Po, Mn, 32 28

= 0,791,

posepxy mpomsBojum mo ypasHeHHIO (27)
ro, *n, = 0,209 + 0,791 = 1.
I[pmuep 6. IIpopyKkTH cropanud 1 xez KUTKOTO TOIIIMBA MMEIOT CJIENYIOMHA Mac-
COBHII M OOBEMHHEI COCTAaBHL: GCO = 2,182 xz; MC = 0,0495 xmoav; Ggo =
= 0,6 we; Mo = 0,0214 rmoas; GH o = 1,305 kz; MH o = 0,0725 kmoav; Gy, =
= 10,333 xz; My, = 0,366 kmoab; Geoy = 14,42 xe; McM = 0,5124 xmoan.

OnpenesaTs 0GBeMHHe B MaccoBHe Joad KaKHOTO rasa, BXOJAIIEr0 B raso-
BYIO CMeCh; ra30BYI0 HOCTOAHHYIO H KasKyIIyIoCA MOJEKYJIAPHYI0 MAacCy CMecH.
ITo ¢opmyme (23) HaxoguM MacCOBHe JOJH KajKAOTO rasa:

2,182 , 06

gco, = g2z — 015 goo =z .75 = 0:045
1,305 10,333

gm0 =142 = 00905 en, =7z =0.716.

IIposepxka:
gco, + 8co + 81,0 + &x, = 0,451 + 0,0415 + 0,0905 +

+ 0,716 = 0,999 ~ 1,0.
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Mo ypasmermio (30) ompenenseM oGBeMHEe HOJHM KAKIOTO rasa:

10,0495 . _0,0214 ]

rco, = 9,5125 — "0%8 oo = 5 57ag = 0047
0,0725 , _ 0,366

rH,O = 0‘5—124- = 0,1415, rN’ = m —0,72,

IIposepka:
0,0966 + 0,0417 + 0,1415 + 0,72 = 0,9998 = 1,0.

MonexyaspHasg Macca OTAeJIBHHIX KOMIOHEHTOB CMeCH:
Bco, =¥ Boo =28, pp,0 =18 ny, =28.

ITo BHpakeHHWI0 (33) DOACYWTHBAEM MOJNEKYISAPHYIO Maccy CMecH
Wem = 44-0,0966 4 28 - 0,0417 + 18- 0,1415 4 28 - 0,72 = 28,14.
Ilo ypaBmemumio (36) HaxoguM rasoByI0 HOCTOSHHYI0 CMeCH

8314
Rop= B 293 duxc/(xe - epad).

§ 5. TEHJIOEMKOCTb I'A30B

1. O6mue cmenenns

HonmaecTBO TemmoTH, KOTOpPoe HEOOXOAWMO MJs HATPeBaHUA
Ha 1° eOWHWOE KOJWIeCTBA Ta3a, HABEIBAETCSA MENA0EMKOCMbIO H
obo3Hagaercss GyKBo# c¢. B TexHWYeCKHX pacdeTax TeIJI0eMKOGTh W3-
MepAT B KMIOMKoyAAX. IIpu memoabpsoBaHME CTapoil CHCTEMH ejiu-
HAL, TEIUIOeMKOCTh BHpPakaoT B kKmiokaiopusax (I'OCT 8550—61) L.

B saBucumMOCTH OT TOro, B KAKUX EAUHUNAX H3MEPAT KOJMH-
9eCTBO rasa DasjMIaloT: MOJIBHYIO TEILIOEMKOCTb WC B KOxC/(KMOAb X
X epad); MacCOBYIO TeILIOeMKOCTH ¢ B kOxc/(ke-epad); o6BeMHYIO
TemIoeMKoCTh ¢ B KOxc/(m2 - 2pad).

IIpu ompenmesieEnnm 00BEMHON TEMIOEMKOCTH HEOOXOMUMO YKAa3H-
BaTh K KAKUM 3HAYCGHUAM TeMIepaTypH H JaBJICHHA OHA OTHOCHTCA.
IIpuasaTo ompexendaTs 00BEeMHYI0 TeIMJIOEMKOCTh HPA HOPMAJbHEIX
(pusHIeCKHX YCIOBHAX.

CBaA3b MexAYy 00BEeMHOH, MaccoBOfl W MOJBHOH TEMIO0eMKOCTHIO
BHIpasKaeTcs CIeIYIOMHAMI COOTHOIICHWSIMHE:

c= ”—: kdxc/(ke - epad); (37)
= ","—c kQHc/(M3 - 2pad) (38)
[
uin
¢’ =cp Kkxc/(M®-2pad), (39)

roe V, m p — cooTBeTCTBeHHO 00BeM 1 Kmo4b W HIOTHOCTH rasa
OpY 3aJaHHEIX 3HAYeHUAX TeMOePATypPH H HaBJEHHS.

1 4 xras = 4,1868 xdac.
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‘I'e10eMKOCTE ra30B, NONYMHAMAXCA 3aKOHAM HOeaJbHOro Tasa,
3aBHCHT TOJBKO OT TeMIepaTypH.

Paznngaror cpepHIOI0 M HMCTHHHYIO TemJI0eMKOCTh rasos. Mcrum-
Hasd TEILUIOEMKOCTb IPefCcTaBisgeT 0G0 oTHoImeHWe GECKOHEYHO Ma-
JOr0 KONMYeCTBA HOABENEHHOX TOHJIOTH Ag OpPM yBeJIMIEHWH TeMIe-
paTyps Ha GeCKOHEYHO Majyio Beamauny Af:

Cuom = 1ilil I (40)

Cpefgass TEIIOEMKOCTH OIpefiesisieT CPefHee KOJIUYeCTBO MOJ-
Be[leHHOU TEeIIOTH IPH HArPeBaHWU eJHHUIH KOJMYecTBA rasa Ha
1° B mATEpBaNe TeMOmeparyp OT f; HO i,:

q
Cop= 37> (41)
rge ¢ — KOJHWYeCTBO TEIIOTH, HOJBENeHHON K eJWHMIE MacCH rasa
OpH €ro HarPeBAHMHU OT TEeMIEPATYPH £, [0 TeMIePaTypH £,.

B 3aBumcEMocTE 0T XapakTepa IDPOTeKaHHA HpoIecca, HPH KOTO-
pOM UPOHCXORMT MOXBOJ, WX OTBOJX TEIIOTH, BEJIMIWHA TEIIOeM-
KocTH rasa OyHer pasiadmgHOM.

Ecnm ras mopmorpeBaerca B cocyfe mocrosEHOro obmema (V =
= const), T0 TemJIoTa PacXofyeIcs TOJbKO HAa HOBHIIEHWE €ro TeM-
meparypH.

Ecnam ras Haxomurcs B NAIMHADE C HOOABIYKHBIM MOPIIHEM, TO
OpH OOABOJE TEIIOTH [aBleHWe Ia3a OCTAeTCA MOCTOAHHHIM (p =
= const). IIpm arom, momorpeBasch, ras pacIImpsieTcs W LIPOU3BO-
aET paboTy DPOTHB BHEIIHWX CHJ IPH OJHOBPEMEHHOM YBeJIMIeHUH
ero temmeparypu. I{as Toro 9roGH pPasHOCTP MEKAY KOHEYHOH m
HadaJbHOH TeMImepaTypaMd BO BpeMsa HAarpeBa rasa B Ipolecce
p = const OmIa OH TaKo# ke, Kak W B clIydae Harpesa mpm V =
= const, KOJMYeCTBO 3aTPAYMBAEMOI TEIJIOTH NOJKHO OBHITH Gosbime
Ha BelMIWHY, PABHYIO COBePIIEHHOH rasoM paboTH B mpomecce p =
= const. W3 aroro ciaegyer, 9T0 TeIIOEMKOCTh rasa OPH MOCTOSHHOM
laBJeHnH C, OymeT GoJblne TENI0EMKOCTH LPH IOCTOAHHOM o0BeMe
Cpe

Ecam pna paEHOTO rasa HM3BeCTHA MAccoBasA ¢, WM MOJBHAA C,
TeIJI0OeMKOCTh T'a3a HPH IIOCTOAHHOM 00BEeMe, TO TemJI0eMKOCTH IpPH
MOCTOAHHOM JaBJCHHH OIpefesAeTcs N0 CAeayommMm ¢GopMyzam:

Cp="Cy+ g,i—iéxao/c/(na - 2pad); (42)
pe, = pe, + 8,314 Kdawc/(kmonb - epad). (43)
IIpr pacusere B KamopHAX
1,986

kkan/(ke - 2pad)

Cp=0C,+ m

pe, =¢, 41,986 rKas/(kmoab - 2pad).



Tabauya 1

12

Cp b ra3oB \c, NpPH MOCTOAHHOM 00BeMe
- i ra i TIepona
Bosnyx Kuciopon O, Aao'l;] lsxan'r)ml)qc:bep anengcoJ{m ras Bonﬂ}xil:)o map OkuCh (;JO PO Bonopon H,
o s ~ B ~ = ~ = ~ = - = ~ = ~
by 3 Q 3 ) < 3 ) 3 Q Q I < 3 3
= § £ % s | & 28] 8| 8 § 2 g 2
& 3 3 Y 3 N 3 < = 3 3 3 3 3 3
&
g 3 3 3 3 3 3 3
H H ‘§ g ® £ ® g § £ '§ H x% H '§
[ @ a @ @ = @ P @ @ @ @ @ a o
,958 20,758 ,006 ,959 4,945 ,704 ,579 1945 ,015 3,184 49’ 20,808 ,849 0:
1977 ,838 ,069 1223 4,95 ,733 17 7 ,073 X ,863 1925 1620
,012 20,984 ,163 616 4,96¢ ,800 1582 744 ,163 ,803 ,013 ,988 ,958
,085 21,206 75 ,085 5,00¢ 20,972 987 ,440 2272 ,260 0 ,202 ,970 K
,129 21,474 89 £ 5 ,185 x 1935 1395 779 Nt A4 198:
1202 21,780 ,498 ,019 5,1 449 1258 1524 1315 1203 ,784 00 E
1276 22,090 600 23,446 5,190 ,729 1942 438 4699 880 ,281 ,110 ,01 o
,352 22,408 ,693 23,835 126! 22,027 ,195 498 ,801 474 1359 1437 X X
1425 22,113 777 24,187 5,33 ,320 22 448 1945 29,077 ,435 79! ,06/ »20
,495 23,006 854 24,510 5,4 ,609 26 1302 1092 29,693 5,508 06! ,095 .
,561 23,21 1924 180 46 /881 ,811 077 238 30,304 5,577 : ,129 o
,624 23,547 ,988 4071 5,52 ,140 ,980 ,784 1383 911 5,642 62 ,165 o
,683 237 047 5,318 | 5,58 1392 | 10.133 425 526 | 31,510 1703 23877 1205 5
1739 1028 102 | 25, 5,64 1626 | 10,272 1007 665 | 32,002 759 PATE 28 K
,792 ,250 ,153 25,761 5,69¢ ,848 10,400 ,743 4801 32,661 ,813 133! ,201 22,1
842 459 1202 967 | 574 057 | 10517 1033 1932 210 1862 54 1334 22733
,888 ,652 248 ,159 5,79 1250 10,623 485 ,059 , 741 ,908 24,73 ,37¢
,932 24,836 ,202 26,343 5,83 434 10,725 ,903 ,183 , 61 ,951 91 421
,972 ,003 34 26,519 5,87 24,602 10,817 ,289 ,301 ,755. ,992 ,08° 46/ 22,8
011 25,167 1375 691 | 591 2%.765 | 10902 o4k 413 2% 0 25,2 50° .
,049 25,326 414 26, 5,95 ,916 10,981 ,975 ,522 ,680 ,065 25,39 D4
,084 25,472 452 27,013 5,9¢ ,062 11,054 281 1627 1. ,099 25,53 159! 23,/
117 25,611 489 168 | 6,01 ,200 | 11 1566 727 1538 1130 25,66 ,63 235
,149 25,745 1525 4319 6,049 ,32 11,185 ,829 1823 9 ,160 179! 87 23,7
,179 ,870 1561 27,470 6,078 44T |1 076 ,916 1330 1188 5,90 714 23,90
1208 25,992 95 1612 6,105 ,560 | 11,298 1,302 ,005 1702 215 26,02! 74 24,0
*Tput=0




Bropoit wmen B ypaBmemmax (42) um (43) xapakTepmayer KoJH-
9eCcTBO TEWJIOTH, 3aTpaumBaeMoii Ha paGoTy rasa B mpomecce p =
= const Opu M3MeHeHWH TeMIeparypsl Ha 1°.

IIpu mpoBemeHnu HPUGIMKEHHBIX DPACIeTOB MOKHO IPWHAMATH,
9T0 TEmI0eMKOCTh Pabodero Teja MOCTOAHHA W He 3aBHCHT OT TeMIIe-
paryps. B 3TOM ciaydae 3HaYeHHMA MOJBHHIX TeIJOEMKOCTeHl mpH
TOCTOAHHOM 00'beMe MOKHO IPHHATDH JJA OFHO-, [BYX- H MHOI0OATOM-
HEBIX rasoB COOTBETCTBEHHO PaBHEIMH 12,6; 20,9 n
29,3 kdac/(Kmoab -2pad) wnm 3; Su T kkas/(kmoaw-2pad). Hua Gomxee
TOYHBIX PACYeTOB 3HAYCHUs TEIIOBMKOCTH B 3aBHCHMOCTH OT TeMIle-
parypsl ompepeasor mo Tabia. 1.

2. TennmoemMkoeTh ra3oBoii cmecnm

Ecam cMech rasos 3aJlaHa MaCCOBBIMM [JOJAMH, TO MacCoBas Tel-
JIOEMKOCTDb €e paBHa CyMMe leOI/ISBe,I[eHHfI MAacCCOBHIX HOJIell Ka;KIOro
rasa Ha ero TelJI0eMKOCTb

i=n

Con= Z 8iC;- (44)
l= 1
Temr1oeMKOCTh CMeCH, 3aJaHHON B 0GBeMHEIX HOJAX,
i=n
Con= D, I'Ci- (45)

i=1

I[JIH BHI9UCJCHUA TENJ0eMKOCTH CMecCH, SaI[aHHOﬁ B KHJIOMOJAX,
¢lieflyeT BOCIOJb30BATHCA YPaBHEHUEM

i=n

WemCeom = Z Wi (46)

t=1

3. KomuuecTBo TemiIoThl, co00IaeMoii rasy mpm Harpese

Jas pacdera KoJMYeCTBA TeILIOTH, 3aTPAYMBAaEeMOl Ha IOJOTPEB
Tasa, NONB3YIOTCA CpefHENl TeImI0eMKOCThIO, IIOCIWTHIBAEMO# IO
npubAWwKeHHHM QOpMyIaM HIM TaGAMIHBIM JaHHHM (cM. Tabx. 1).

Iaa ompeneneHHWs KOJMIECTBA 3aTPadeHHOM TeIIOTH IPH Ha-
rpepanmu 1 k2 raza B WHTepBajle TeMmepaTyp OT I, 0 I, ONpeAelNdioT
KOJMIeCTBA TEIUIOTH ¢, M (,, KOTOpHE Heo0XOAMMO HM3PacXofoBaTh
opu marpese or 0° C cooTBeTCTBERHO 1O f; H Iy, T. €.

ity (47)

9g=4q:— ‘11=Ccp|(t)2 lg—Cep
Hua G ke rasa B ciaydae IOAOrpeBa IPH IOCTOAHHOM o0BeMe
Q,=G (c,, If)’ ly—c, If,‘ t,), (48)
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a Ipu OOCTOAHHOM [aBJIeHHHN

Q=G (Cp l(t)i Iy — "'1r>|(t)l tl)' (49)

Npumep 7. Ioapsysack maHERMA Ta0x. 1 OmpeNeNHTH CPENHIO MacCCOBYIO
TEeII0eMKOCTh BOByXa B HETepBale Temmeparyp oT O mo 15°C m 0 mo 1000°C.

Ilo rTa6a. 1 maxommmM, wro mpu 0°C pe, = 20,758 Kdawc/(kmosv-2pad) =
= 4,958 kras/(Emosv-2pad), a upu 100°C pc, = 20,838 xdx/(kmoasv-2pad) =
= 4,977 rras/(kmoav-2pad).

TlyTeM MHETEPHOIANME ONpefesiseM NpPHUpAmeHHe CPefHedl TeIIOeMKOCTH IPH
yBeauueHAUW TeMmepaTyps or 0 mo 15°C

(20,838 — 20,758) 15
= 100

CpenHsAA TEemI0eMKOCTh BO3IYyXa B HHTepBage TeMmeparyp or O mo 15°C

Apec, 0,012 xdxc/(Emoab - 2pad).

Weo ;5 = 20,758 -+ 0,042 = 20,77 xdoic/(xM0ab - 2pad).

IIpm pacuere B KaJOpHAX

_ (4,977 — 4,958) 15

Ancy 100

= 0,00285 xxaa/(kmoab - 2pad)

WCp ;f° = 4,958 4 0,00285 = 4,961 xxaa/(kmoav - 2pad).

CpenEAA MaccoBas TEIVIOEMKOCTh HPH HOCTOSHHOM 00heMe B Ciydae H3MeHe-
HEa Temmepatypu or 0 mo 15°C

15°
— B,
c'l) 0° - p’ ’
TaK KaKk MOJEKYJsIpHAA Macca BO3LYXa [g = 28,9?, TO
15° 20,77
Cy 0 = m = 0,717 n@:uc/(ne . epaa)
mim
15° 4,961
| =28.07 = 0,171 xxaa/(xe - 2pad).
ABanOTAYHO CpefHAS MaccoBasd TEIUIOEMKOCTh IPH MOCTOSHHOM ABIICHUE
15° 8,314
| = 0,717 —|—2&—97 = 1,004 x0nc/(re - 2pad)
(18]
1,986
cp=0,171 4 2897 = 0,24 xxaa/(xe - 2pad).

Ilna marepBana or 0 mo 1000 °C (cm. Taba;. 1) mmeeM

1000° 23,283
Cy y = 897 0,806 kdosc/(x2 - epad)
]
1000° 8,314
|, = 0,806 4 897 = 1,093 rdxc/(re - epad).
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{Ipm pacuere B KaJopHAx

1000° 5,561
Cy v T 2897 0,192 xras/(xe - 2pad);
1000° 1,986
cp - = 0,192 + m-—0,2607 nna.ft/(ne . epaa).

IIpamep 8. OmpemeinuTbh KOJMIECTBO TEILIOTH, KOTOPOe HEOGXOAEMO 3aTpa-
TATh AJsA moporpeBa 10 w® Bosgyxa mpH IOCTOAHHOM faBieHAH p = 1,0 6ap =
=10° u/x? or 15 go 1000°C.

Maccy Bosgyxa, KOTOPYI0 Heo0XOAMMO HOXOT'DETH, OMpe/eiseM IO BEIpajKe-
amo (13)

_pV _ 105. 10 _
C=pr=@Bym.m ol

HKonmuecTBO 3arpauyeHHOA TemioTH [cM. ypaBHeHHe (49)] ¢ yderoM [aHHHX,

{IOJy4eHHHX B Mpe[EAyIieM IpEMepe,

Qp = 12,1 (1,093 - 1000 — 1,004 - 15) = 13 000 xdxe,

ANl B KaJopuax
Qp = 12,1 (0,2607 - 1000 — 0,24 - 15) = 3 106 xxaa.



I'nasa II
NEPBBIII 3AKOH TEPMOJIMHAMMIKU

§ 6. PABOTA ITPOIIECCA N BHYTPEHHAA SHEPTHA

1. Pa6ora mpomecca

PaccMoTpmMm, mcmonb3ysa cucTeMy KOOPAUHAT p—vU, Ifle IO OCH
OPAMHAT OTJIO}KeHO JaBJeHWe p, a mo och aGcmuce 00BbeM v, BOBMOIK-
HEe IIPOIECCH W3MEHEHMS COCTOS-

HEA pabogero Texa. Ilpemmouro- s
KHEM, 9T0 B 00beMe A B mUIMH[I-
pe C HOABICKHHIM IOPIIHEM Ha-
xogures 1 ke rasa (puc. 3). B
Hagajie Ipormecca, KOrja IopuieHb
HaXOMUTCA B moJoykemmu [—I1,
mapaMmerpsl rasa 6ynyr py, Ty mv;.
Ecanm pasienme ¢ mpyroit cropo-
HH OOPIIHA GymeT MeHBbINe p,, TO
DOpIIeHb GyIeT ABUTAaThCA BIpPa-
BO, U OpH BHPABHHBAHUH [aBJie-
HHEA 3aiiMer mouoskemme II—I11.
O6seM A mpHu 3TOM yBeJIHIABAET-
CA W OPOUCXOJHUT IPOIECC PaclIm-
peHHdA, XapaKTepU3yeMHil KPHBO’
1a’'2; upm aTom paGodee Teso CO-
BepImaeT MmoJe3Hyl pabory mpo- I 4s;

TEB BHemHHX cui. Ecam sacra- pye 3, T'padmueckoe ompeneseHue pa
BHTh HNOPII€Hb ABHUIaTBhCA BJIEBO, GoTH B mpomeccaXx paciiHpeHHS H CKa-
T0 006eM A OyHmer yMeHbIIATHCA THS rasa

W [OpOM30HfeT C;KaTHe rasa B

nporiecce Ia'2’. B srom ciaysae sarpaumBaerca paboTa W3BHe Ha
c)KaTHe Tasa [0 ero COCTOSHUA B To9Ke 2', KOTZa HOPIEHDb 3aiiMeT
nonoskenne I1'—I1’,
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PaccmorpmM nmpomece pacmupernsa Ia’’ mis o4eHb Majoro mepeme-
OeHHs1 NOPIIHA HA BeamImHEYy AS,, OpH KOTOPOM fAaBileHHe MEHAETCH
HACTOJIbKO HEe3HAYATEJHbHO, 9TO €r0 MO)KHO HOPHHATH IOCTOSHHEIM M
paBHHEIM p;. OGo3sHA9MB IIOIMAAL IOPIIHA 4epes F, MOKHO 3amucaTrh,
qr0 coBepmIaeMas IPH 3TOM dJIeMeHTapHaA pabora

Al,= p,FAS, (50)

ITpoussegenme FAS; = Av,. Torna, xak BuaEo W3 pmc. 3, Bead-
auHa Al;, ompefensercA IJIOIMAfKO#, BalITPHXOBAHHOH KpecT-Ha-
KpecT.

Pacopocrpansa Hamy pacCyKIeHHS HA BeCh MPONECC PACIIKPEHHA
12 B mpefmoNiOKeHWH, 9TO OH COCTOHNT H3 OO0JBINer0 KOJIHIeCTBA
MaJihX OepeMeIeHWd HOPIIHA, M OPOCYMMEDOBAB BCe 3JieMeHTaPHE®
MIIOMAAKA, DOJYIHM

i=n
bogew= >, Fp,AS;=mn. 12abl. (51)
i=1

CanenoBaresbHO, COBepIIaeMas rasoM B IpOIecce pPacIIMpeHUs:
12 pabGora ompepenserca cymMoii GecKoHedHO Ooapmioro gumciaa Gec-
KOHEYHO MAJHX BeamduH paborel Al;,, OHa 5KBHBaJIeHTHA ILIOMIANH,
OTPaHUYeHHOW KpuWBo# 12 wW3MeHeHWs [aBJEHHSA, [BYMA KpalHUMH
OpAMHATAMHA M OTPe3KOM ab Ha ocu abCcmucc, OmpefeAIIIEM IOJAHOe
m3MeHeHWe o0beMa IPW [BU;KeHHM NOPmMHA oT moxosxenusa [—I mo
monoykennma [I—I1.

Ecnum B 00BbeMe ciaeBa oT mopmHs Haxopurcsa G k2 paGogero Teina,
TO coBepmaeMad pa6ora

L=Gl. (52)

B caysae mpomecca 12’ nmomapns 12'cbl sxBuBajentHa pabote,
saTpaguBaeMoil Ha cKaTHme pabouero TeJa.

3aMeTHM, 9TO BeJM9MHA IOJydJaeMo#l IPHM pacCIIMPeHWH HJIH 38a-
TpaymBaeMoi HpH C)KaTum DPabGOTHL 3aBHCHT OT TOI'0, KAK MEHSETCA
JaBlleHHe B paccCMaTpMBaeMOM IIpoIecce, T. €. 3aBHCHT OT XapaK-
Tepa ero mporeKaHusa. B To ke BpeMa mapaMeTpPH, XapaKTepU3YOIIHe
cocTossHMe pabouero Teaa B KoHIe mponecca (Toaxm 21 2'), He 3aBHCAT
OT TOT0, KaK mpPOoTeKaJ mporecc (Hampmmep, mponecc Ia’''2 unm 1b"'2),

2. Bayrpennsasa sHeprusa

CoriacHO MOJIEKYJIAPHO-KHHETHIECKOA TeODHH TasoB, paccMart-
puBaeMoii B Kypce H3MKH, M3BECTHO, 9TO MOJIEKYJH rasa HaXogATCA
B HOCTyHAaTeJbHOM W BPAINATEeJbHOM NBIKeHHH; aTOMBI, COCTABIAI-
Imye MOJIeKYJy rasa, HaXojATcsA B KoJeOareabHoM aBmxeHHE. CoBo-
KyOHOCTh BTHX JBIDKeHHH XapaKTepU3yeT KHHETHIECKYI0 SHEPTHI0
rasa E_. Hpome Toro, Mojeky:sl rasa o0JafaioT TakKe DOTeHIHANb-
HOIl sHeprueii E,, 06yc/0OBIeHHOH CHIaMH CIEIJICHASA MOJIEKY] M KO-
ne0aHMAMU aTOMOB.
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CyMMy KWHeTHYeCKOH W HOTeHIMAJIbHON HEPTHH MOJEKYJ W aro-
MOB rasa HA3HBAIOT GHYmMpeKHel dnepzueli 2a3a

U=E,+E,. (53)

BryTpeHHsAS 5HEPTHEA ABIAETCA OJHO3HATHON (PyHKIHUeHd JI06HIX
ABYX HE3aBMCHMEIX IIapaMeTpOB, ONpPeNeNAIOMHUX COCTOSHHE rasa.
BenencTeue 3TOro M3MeHeHHWe BHYTDeHHeHl SHeprum He BaBUCHT OT
XapaKTepa IPOTEKAHHA IPOIecca, a 8aBHCUT TOJBKO OT HAYaJBHBIX
¥ KOHEYHHIX €ro IapaMeTpOB. )

Torpma, usMeHeHHe BHYTpPeHHe# pHepruu (puc. 3)

AUlan2=AU1bu2=AU- (54)

B kpyrosoix mpormeccax (Hampmmep, mpomecc la’2’b’1), xorma
paGodee Te0 Bo3BpamaeTcs B IIePBOHAYAILHOE COCTOAHNE, U3MEHEHHE
BHYTPEeHHE#l SHepruu DaBHO HYJIIO.

OneiTh, OPOBEJEHHEE C CHIBHO Pas3ps;KeHHHIMH ra3aMu, KOTOpHIe
IO CBOMM CBOHMCTBAM COOTBETCTBYIOT HIeaJbHHIM (OmBITH JIo0yJis)
OOKas3aju, 9YTO H3MeHEeHWe BHYTDeHHeH DHEPIMH HUAEaJbHHX Ta30B
ABIsAeTca QyHKOUeHR TONBKO TeMIePaTypHL.

YuciaenHo BeIWYUHY W3MEeHEHUA BHYTPeHHeH sHeprum AU MoKHO
OIlpefieuTh, €CIH PACCMATPUBATH IPOLECC NPOMCXOAAMHAM IPH IO-
crosiHHOM o0BeMe. IlocKoIbKYy B 9TOM mpollecce ras paboTy He coBep-
maer, BCA TEIIOTA UAET TOJbKO HA W3MEeHEHHe BHYTPEHHEH HEPTHH.

Jas mpaxkTHUeCKHMX pacueToB, TAe PacCMAaTPUBAITCA HPOIECCH
IpU U3MEHEHWH TeMIEPATypH oT ¢, 1o ¢, (unm ot I mo T, ), mpunu-
Masg ¢, = const, mOJIyYnM H3MeHeHWe BHyTDeHHeldl dHeprum 1 ke
pabGouero Tena

Aul? =g,=c, (ty— ty) =c, (T, — T); (55)
s G K2 COOTBETCTBEHHO
AU | =Ge, (t,— t,); (56)
masa 1 kmouaw
Auy, \i: =uc, (tz — 4y). (97)

§ 7. IOHATHE OB OBPATHMBIX NI HEOBPATHMBIX HPOITECCAX

IIpm amanmse coBepmaeMHIX Ia3oM TePMOJHHAMUIECKUX IMPOIECCOB
OCHOBHHIE COOTHOINEHHA O0asHPYITICA HA HCIONb30BAHHA XapaKTe-
PHUCTUIECKOTO YPaBHEHUA, BEIBEEHHOTO A MAeaIbHOr0 rasa. B aToM
ciaydae aHAAW3 HPOHCXOAAMUIX HPOIECCOB BO3MOKEH NPHU YCJIOBHH,
ecim Bo BceM 00beMe, B KOTOPOM HAaXOAHUTCA Ta3, ero JAaBleHHe W TeM-
mepaTypa OJMHAKOBHL. ITO 03HAYAET, YTO I'a3 HAXONUTCA B PABHOBEC-
HOM COCTOSIHUH.

Ha puc. 4 B KoopamnaTax p — V mokasaH mponecc pacIlMpeHHA
12. B mioboii MOMEHT BpeMeHH ra3 HAXOJUTCA B PABHOBECHOM
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COCTOSIHWY, XaPAKTEPU3yeMOM IapaMeTpaMu ToUek a, b, ¢ u t. 1. Ta-
Ko#l mepexoj OT OJHOTO PABHOBECHOTO COCTOSTHHA K APYLOMY BO3MO-
JKeH TOJbKO UpH OECKOHEYHO MEeJJEeHHOM W3MEeHEHUH COCTOSHHSA,
OpH KOTOPOM TeMIlepaTypa W JaBleHHe Bo Bceli Macce rasa BEIPaB-
HUBAOTCH W WMEIOT ONWHAKOBHE 3HAUEHUA.

MoskHO HpefCcTaBUTh, YTO TAKOH jKe pPABHOBECHHH mpomecc mpHd
GECKOHEYHO MEeJIEHHOM €r0 IPOTeKAHWHM HIPOMCXORHT IPH CHKATHA
rasa oT To4km 2 mo Todkm .

IIpomeccs, KOTOpBIE MOKHO OCYIIECTBUTH B IIPAMOM HAIpaBieHUA
(pacmuperue) @ B 00paTHOM (cKaThe) 9epes OOHHU W Te ke MpoMe-
JKYTOUHbIE PABHOBECHEIE COCTOSHWs, HABHIBAIOT 00D amumbmu.

O0s3aTeIbHBIM XaPAKTEPU3YIOMHUM OOPATUMEIA IIPOIECC YCIOBHEM
ABJISAETCA TO, 9T0 IpH o0paTHOM mporecce (C;KaTme) TEIIOTAa OT pabo-

9ero Tejia MepefaeTcs TOMY jKe UCTOU-
p HUKY, OT KOTOpPOro oHa OblIa IOfBe-
JleHa B IIPSAMOM mpomecce (pacummpenue).
IT0 BOBMO}KHO B TOM clydae, eclIH B
KaKIB paccMaTpuBaeMHN OecKOHed-
HO MaJIbIi NPOMEKYTOK BpPEMEHH pa-
Godee TEJIO CONPUKACAETCSA C UCTOYHH-
KOM TeIJIOTH, TeMIeparypa KOTOPOTO
OTJIMYAeTCS OT TeMIepaTyps pabogero
Tejga Ha GECKOHEYHO MAJIYIO BeIUIHUHY.

B o6mem cayuae Takoi TemnioooMer

IOpefcTaBIAeTCA BO3MOMHBIM IpPH Ha-

V  JIuYM#\ PacCHOOJIOMKEHHHIX APYT 33 APYTrOM
0eCKOHEYHO GOJBIIOTO KOJIUYECTBA HC-

Puc. 4. Nsobpamenne obGparn-
Moro mpomecca B koopmuEarax TOYHHKOB TeIUIOTEHI, TeMIEPATYPH KOTO-
p—V PHIX OTIAWYAIOTCA APYT OT Apyra Ha Gec-
KOHEYHO MAJYI0 BeJHIMHY. ITO MO3BO-
asieT paboueMy Tesy B pPaBHOBECHOM mpoiecce pacmupenus labede? no-
JIy9aTh TeILIOTY OT TeIIOBOT0 MCTOYHMKA, a B 00PATHOM PaBHOBECHOM
mponecce cxatusa Zedcbal oTmaBaTH TEILIOTY TOMY K€ WCTOYHHUKY,
or KoToporo oHa Opura moayueHa. CiemoBaresbHO, B Ipormecce o0pa-
mieHus pabodee TEJNO U MCTOYHMKHM TEIJIOTH IPUXOMAT TOYHO B TO Ke
COCTOSHME, KaKoe OHM HMeJu B KayKIBH paccMaTpUBaeMBIil MOMEHT

B IpoIecce PacIIupeHus.

3amernM, 9TO OOpaTHUMBII HOpoIecc BO3MOKEH, €CJIH CHCTeMa,
BKJIOYAIOMAs B ce0s NCTOYHUKH TEIJIOTH ¥ pabouee TesI0, HaXOfsAMmEee-
cAd B MUIMHJPE C MOJBWKHKM MOPIIHEM, ABJISAETCSA TEPMAYECKY U30JId-
POBAHHOM, T. €. OTCYTCTBYeT BO3MOKHOCTH HOTEPH TEIIOTH B OKpY-
JKAIOIIYI0 CPeny.

B pefictBuTenbHOCTH peajbHEIE OPOIECCH, OCYIIECTBJISAEMHE B
TENJIOBHIX MAIIMHAX, IPOTEKAIOT B BeChbMa KOPOTKH# HPOMEIKYTOK
BpeMeHHW, 9TO He I[03BOJIAET MOJYYHTh B HHX DABHOBECHHIH H TeM
6osee obparmmblit mpomecc. Hpome Toro, B peadbHEX HpoIeccax
BCIIEICTBME HAJMYHA MEKMOJIEKY/JIsSDHOTO TPeHHWsA, a TAKKe TPeHus
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rasa 0 CTeHKHM COCY/ia MPOMCXOMUT BHIIEJ€HHE TEIJIOTH KaK B IIPAMOM,
Tak ¥ B 00paTHOM HpoIieccax, 9T0 TaK;Ke IPHBOJUT K HEBO3MOKHOCTH
mocTmxeHnA obpatumocTu. Takue Ipomecch, XapaKTepHEE A [BU-
rarejieii BEyTPEHHET0 CTOPAaHMA, Ille K TOMY K€ IIPDH CTOPaHUH TOILIH-
BO-BO3JYIIHO# CMeCH IPOMCXOAHMT M3MeHeHWe XMMHUYEeCKOI'0 CQCTaBa
pabouero Tesa, SABJIAITCA HEOOPATHMEIMMU.

B rTexHuueckoit TepMOAMHAMHKE PpAaCCMATPUBAIOTCA OOpATHUMEIE
nponecchl. VIX m3ydeHme ImM0O3BOJAET BHABHUTH YCIOBHUA, IPH KOTOPHIX
HOCTUTAeTCsA HAWIyYllee HCHOJH30BAHHME TEIJIOTH.

ITyrem comocraBieHHA IEHCTBUTEIHHEX HEOODATHMHEIX HPOIECCOB
¢ 00paTMMEIME HAXOHNATCSA ONBITHHE K09QPUIUEHTH, YUYATHBAIOIIUe
ONOJIBATENbHEE IOTEPH, XapaKTepHBe [JIA pPeaJTbHEIX IPONECCOB.

§ 8. ®OPMYJINPOBKA 1 YPABHEHHUE IIEPBOI'O 3AKOHA
TEPMOIUHAMUEKN

1. @opMyanpoBKa mEPBOr0 3aKOHA TEPMOJAMHAMIKA

MHOroYnuc/IeHHKIME OOKITaMu, HOpoBefeHHRIMU B KoHme XVIII
7 B nepBoil momosuHe XIX BeKoOB, GHIO IOKA3aHO, 9TO CYMECTBYET
oIlpefieieHHAs KOJIMIECTBeHHASA CBA3H IIPH MEPEXO0Jie TeII0OBOl SHEPI UM
B MexaHm4YecKyw pabGory. YcramoBmemume M. B. JlomonocoBmM oc-
HOBHBIE IIOJIOKEHHMS KWHETHYECKON TEOpHMHM Ta30B U MOCJIeyloliee
pasBuTHe 5TO# TEOPHH B COBOKYIHOCTH C IIPOBEJIEHHHIMH HCCIE0-
BAHMAME HO3BOJMJIN YCTAHOBUTHh U OODBSICHUTL 3aKOH COXPAHEHUS K
IpeBpameHns dHEPIUH.

B rexHmueckoi#l TepMOJWMHAMHUKe IEPBHH 3aKOH (OPMYIMpPyerca
TaK: TEIJIOTA M MeXaHWUecKas paboTa 9KBUBAJEHTHH. JTO O3HAYAeT,
970 [ TMOJYYEHWS OIPENeJeHHOTO KOJMIeCTBA MEXAHHIECKOM pa-
60TH HEOOXOMUMO 3aTPATUTH CTPOTO ONpEeeeHHOe KOJMYECTBO Tel-
JIOTH, SKBHBAJIGHTHOE HOJYUYeHHON pabore.

IIpunnun sxBUBajJIeHTHOCTH B 00meM Buje MokeT ObITh 3amHCaH
tak (mpm m3MepeHuu Q m L B ONMHAKOBHX €IUHHUIAX):

0=L, (58)

rie ) — KOJMYecTBO 3aTPAavyeHHON TEIJIOBO SHEPIHH;

L — KoImuecTBO COBEPIIEHHON pPaGOTHL.

ITo TOCTy 7664—61 enuruneii u3MepeHNsI MEXAHHUYECKON DHEPTHUN
ABJIAETCA KOYIb, PABHHU paboTe, IPOM3BEeHHON HMOCTOSAHHOM CH-
soi 1 » Ha oyt 1 M. 3a eUHUIY UBMEPEHUA TEJIOBON DHEPTHUH TAK-
ke OPUHAT IKOYIb.

Bo BHecHCTeMHBHIX e[WHHIIAX TENJOTA W3MEPAETCA B KaJIOPHAX.

B cucreme MKI'CC 3a egumuny mamepeHus paGoThl NPMHAT KHIIO-
rpamMmometp (kI - m).

CorylacHO MHOTOYHCJIEHHKIM OIIBITHEIM [JAHHBIM YCTAHOBJIEHO KOJH-
9eCTBEHHOE COOTHOINEHWE MEKAYy paboToii B KHIOrpaMMOMETpax w
TeIJIOTO# B KWJIOKAJIOPHUAX.
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ITpm sarpate 1 KKa. TENJIOTH MOKHO HONXydnTh 427 KI'- M paGoTHL.
OTKyna TepMuYecKuil 9KBHBAJeHT PaGoTH

A= 4%7 kxan/(kl - m). (59)

B mpakrmuecKmX pacdeTax MOMIHOCTL [BHTATENS H3MEPAKT B
KHJIOBATTAX (K6m) WM JOWA[MHEIX CHAAX (4. C.).

Yacro 9HEPIUI0 M3MEPAT BEIWIHHOH PaboTH, NPOM3BOIUMOA B
TeueHrme daca. EqmEunmaMm maMepeHEHs B 3TOM ciyduae ABJIAIOTCA JO-
maguHas CWJA-9aC WIN KHJIOBATT-dac.

B Ta6a. 2 mopuBefeHH COOTHOIIEHHA MEKAY HOPUMEHAEMHIMH B
IpPaKTUKe e[[MHUIAMU H3MepeHWH TEHmJIOTH u pPabOTH.

Tabauya- 2

CooTHOmeEnHEe MEKNY eMHHIAMH TeIUIOThbl I paGoThl
H}gﬁgggﬁlﬁ %004 KKaa ®xIm KemM A.cCo
1 k0nc 1 0,239 102 0,000278 0,000378
1 kkaa 4,1868 1 427 0,00116 0.00158
1 5l -m 0,00981 0,00234 1 0,00000272 | 0,00000374
1 kem -u 3600 860 367 200 1 1,36
1a.cu 2648 632,4 270 000 0,736 1

2. YpasHeHHe HepBOro 3aKOHA TePMOAMHAMHKH

PaccMoTpuM 1mpomecc, coBepmiaeMbi rasoM, HaXOHAMMUMCA B
oobeme A muiamuapa (puc. 5). B o6mem caydae, korga k 1 ke pa6ouero
Tejia MOABOJUTCS TEIJIOTA ¢ W IMOPIIEHb MOKET CBOOOTHO mepeIBUTaTh-
cs BOpaBo, pabodee Teso coBepmaeT paboTy / MpOTHB BHEHIHUX CIHLI,
saTpayuBasg Ha 9TO YACTh TEILIOTH ¢, = /. B paccmarpuBaemom mpo-
mecce He BCA TEINIOTA, MOABOAMMAsA K paboueMy Teny, pacxopyerca
Ha coBepmeHue paGorel. OJHOBPEMEHHO ¢ pacmupeHdeM rasa (yBe-
angesue ob6beMa v,~>v,) ero rtemmeparypa Bospacraer (7,>7,) sa
cueT TOro, 9TO 9YacTh HOABOAUMOE TENJIOTH ¢, = Uy — U; = Au
saTpayumBaeTcAd HA yBeJWueHHe BHYTPEeHHell 9HePTHHU rasa.

Hua Takoro mporeKaHWA KOHEYHOTO Iporecca OT To4K:m I Ao
ToYKE £ YypaBHEHHe NEepBOTO B3aKOHA TEePMOAMHAMUKYU MMeeT BHJ

§=q1+g=Au+l=c,(T,—Ty)+1 (60)

Ecam c,, ¢ ¥ u BHpaKeHH Yepe3 BHECHCTEMHYIO EIUHHUILY KKa.,
al namepaeTca B kI .m, To dopmyna (60) mMmeer caemyromuil Bup:

g=c, (T, — T, + Al
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Jna 6GecKOHEYHO MAJOro H3MEeHEHHsA COCTOAHHA pabodero Tela
OepBHil 3aKOH TEPMOAMHAMHKHE MOKHO BHIPasuTh ZudepeHnumasb-
HEM YDPaBHeHHEM p

dg=du +di, (61) ,

rge dg — GecKOHeYHO MaJjioe KOJIMIECTBO
TENJIOTH, HOABOAUMOE K pabo-
4YeMy TeNy HIA OTBOLEMOE OT
HEro B PAacCMAaTPUBAEMOM IpoO-
mecce.

VYpasrerusa (60) m (61) meiicTBuUTENH- 2
HH JJ1A 1060T0 Ipomecca CKAaTHA H pac- l /
MEDEeHns.

Bce 4neHE ypaBHeHHS MOTYT HMETH -V,
IOJIO;KUTEIbHOe M OTPHIATEIbHOEe 3HAUe- Vs
muA. Tax, ecau paccmarpusaerca mpomece =n
PacIIZpeHHdA, TO Ia3 COBEPIIAeT HOJO0KH-

TeJIbHYI0 PaboTy OpPOTUB BHEIMIHHX CHII ‘—“——‘—“B;
(+!); opm c;xarum paGora saTpadmBaercsa 5 E
u3BHe (—I).

B rom cayuae, xorja remmeparypa B Pme. 5. Tpaguaeckoe otpe-
KOHme mpomecca 7', GoibIme HAYAJIBHON meieHHe paGoOTH rasa
T,, opomcxoiuT yBeJIMICHHE BHYyTPeHHEH
oepruu (+AU); mpu T,< T, BHYTpeHHAA O5HePTHA YMEHBIIAETCA
(—AU).

Ecam Temnora momsopurcsa K paodeMy Temry, TO g EMEET IOIOMKH-
TenbHOe 3HadYeHHe (+g¢); B clydYae OTBOJA TEINOTH OT pabodero
TeJa TeIVIOTa ¢ MMeeT OTPHIATeNbHOE 3HAYEHHE (—g).

}

o
LT

111

§ 9. TEPMOMAHAMIYECKHE POIIECCHI

B TemnoBmx MammHAX DPOHMCXOAAT pasNMUHEIE LPOMECCH, BO
BpeMsI KOTOPHIX MOJBOAUTCS M OTBOJAHTCS Temiaora (==q), yBeanuuBaer-
€A ¥ yMeHbIaeTcA BHYTpPeHHAA dHeprua (-=AU). Pabora Moxker co-
BEPIIATECA TONBKO 33 CYET BHYTPEHHEH DHEPIHHM, KOTHA HET HOLBOJA
TenoTH u3BHe (¢ = 0), mmm HaoGopOT, TONBKO Ba CUET MOXBOAMMOMN
TeILIOTH, KOTJa BHYTPeHHAS SHEPTHA OcTaercs HemaMeHHOH (AU =
= 0), m, HaKOHeN, BO3MOKeH IpoIecc, Korja paGouee Texo He CO-
Bepmaer paborsr (I = 0).

Hmxe paccmorpenst ykasammsie mpormeccs:.

1. Usmenenne cocTosEMA rasa mpH IOCTOAHHOM
o0beMe (M30XOpHBIA mpomecc)

Paccmorpum caywait, korma B 06beme A (puc. 6) muamampa Haxo-
matess 1 ke paGowero tema. Ilopmens 3akpemien B OHIWHADe TaK,
UTO HECMOTPA HA BOB[EHCTBHE CHJI I'a30B OH OCTAETCHA HEMOXBEKHEIM
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H, CIeJ[0BaTeJbHO, IPH HOABOJie K rasy TeIJOTH HJH OTBOAE €e OT
rasa o0seM A ocraercsa DOCTOAHHHM. Y pPaBHEHHE, XapaKTEePH3YIONIEe
npomecc, EMeeT BHJ

v = const. (62)

HaganpEeiME mapaMerpamm rasa B Touke I sBasiores py, T, vy, Uy

IlogBeneM m3BHe k paGouemy Texy gq,
eMHEL, TeNJOTH. B aToM caywae mpm v =
(p) V32, u2) = const [JaBiieHWe, TeMOepaTypa W COOT-
BeTCTBeHHO BHYTPEHHAS DHEPTHs IMOBHICATCH
5 (0,7, uz) ¥ IapaMeTpPH B KOHIle Dpomecca HOABOJA

i TeImIOTH (TouKa 2’) GyAyT HMeTh 3HAYEHHSA D,,
vo=vy, Ty 1 u,.

Ecau npu aHANOTHYHHX YCIOBHAX rem-
JI0TA OTBOAMTCA, TO JaBleHHe, TeMIepaTypa
W BHYTDEeHHAA Heprua ymeHbmalorcA. lpm
9TOM IapaMeTPH rasa B KOHIE IpoIecca
mofBoja TemaoTH (rouka 2') GymyT mMeThb
BHAYCHHA Dy, Uy = Uy, [y W Ugy.

CesAsp MEK[Iy mapaMeTpaMd B IPOIECCe
Pac. 6. Usoxopmsii mpo- U = CODSt HONYYHM M3 XapaKTePHCTHIECKO-
Iecc B KoopiEHaTax p— V 0 ypaBHeHmA (12), HammcaEHOrO AJA ABYX

cocroanmit rasa. B rouke I p,vy; = RT,;
Touke 2 p,v, = RT,. [lens Bropoe ypaBHeHme HA HEPBOE W UMesA B
BULY, 9TO [JIA JaHHOro rasa R = const m v = const Doaydum

) v=const

p2__ Ty
BT, (63)
CremoBaTenbHO, B OpPOIECCe W3MEHEHUsl COCTOAHHSA rasa IpH
DOCTOAHHOM 0oGbeMe TeMIepaTypa MeHsAeTcs OPsAMO HPONOPIHOHAJb-
HO [aBJIEHHIO.
B paccmarpmBaeMoM mpomecce ras He pacmmpserca (Av = 0),
T. e. 0H He coBepmaer paborel u [ = 0. Torma ypasmernme (60) mep-
BOrO 3aKOHA TEPMOJHHAMUKE OPHUMET BHJ

gp=8u=c,(T; - T,). (64)

N3 ypasuenus (64) BumHO, 9T0 B mpomecce v = const BCA TemaoTa
pacxogyercsa TOJbKO Ha M3MeHeHHe BHYTDeHHe# sHepruu.
Hua G ke rasa

Q, =AU =Gc,(Ty - T)). (65)

B caywae mpomecca 12’, korjia TeIIOTa OTBOAHTCA, [JIA OIpefe-
JleHAs IMapaMeTpPOB rasa B KOHI[e IpoIlecca CIeyeT TAK)Ke IO0JIb30-
BaTbca ypaBHeHEmaAMEu (63)—(65).

3HaK -+, MOKa3HBAIOIHH, 9T0 MPOLECC HPOMCXOXHAT C HOLBOJOM
TENJIOTH W COOTBETCTBYIOIIMM YyBeJWYeHWEM BHYTPEHHeH SHEpruu,
WIn 3HAK —, IDOKA3HBAIMUA, 9T0 HPOIECC HPOHMCXOZUT C OTBOLOM
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TEIJIOTH H COOTBETCTBYIONIMM yMEHbIICHMEM BHYTDPeHHEH OHEPTuH,
ompepenserca (0JHO3HAYHO) MPH NOJCTAHOBKe BHAYEHHMH TeMIepaTyp
KOHIIA W HaYajia IpoIecca B TOM HOPAJKE, KAk OHH 3AIIMCAHH B yPaB-
genun (64) mam (65).

2. VIamenenne COCTOAHAA rasa OpH IHOCTOAHHOM
nasaennan (U300apHBIi mponecc)

B mpomecce 12 (pme. 7) ® 1 ke rasa, Haxomamerocsa B oGseme A
OUINHEApPa, OONBONHUTCA ¢, €IWHAI[ TemaoThH. B paccmarpmBaemom
HpoIecce MOPHMIEHb MOMKET CBOOOLHO IePeABATAThCA W TEIJIOTA JOJKHA
IONBONUTECA B TAKOM KOIMYeCTBEe, 9TOOH IIPOIECC pACIIMpPeHHA
12 mporeran mpm WOCTOAHHOM [aBJeHHHM. AHAJIOIHYHO B Ipomecce
12’ rtenmoTH HEOOXOOUMO OTBECTH CTOJBKO, 9TOOBI CHKATHE TAKIKe

OPOMCXOAMIO NpH MNOCTOAHHOM [aBIeHHHU. p=const
VpasHenme, xapaxrepmayiomee mpomecc, 7 +
uMeeT BHJ

p = const. (66)

Caasp MexIy mapaMeTpaMd B pomecce Opu r v N
WOCTOAHHOM JIABJCHHA U3 XADAKTEPHCTHIECKO- X | iy lonfs-i)
ro ypasHenma (12), HammcaHHOTO [iA [BYX L

‘COCTOAHUH rasa, BEIPA3UTCA TaK:

. b ajv
41 Tl Vy —=
)8 AE -
e _ Ty
o Ty (68) Pac. 7. Wso6apruit

upomecc B KOOpAUHA-
CJIeJIOBaTeJIBHO, B Ipomecce, Hnpomcxomd- Tax p—V

meM Opu HOCTOAHHOM [aBJeHWH, TeMIepaTypa

rasa MeHgeTCA OPAMO HPONOPHUOHAABHO 00BEMYy, a IIOTHOCTH Ta-

8a — 00paTHO OPONOPLHOHAIBHO W3MEHEHHUI0 TEeMIePaTypHL.
Wamenenme BHyTpeHHEH dHEPIHH

Au=c, (T, —T,). (69)
PaGora mponecca, ompepenserca maomapbo 12abl,
l=p @, —vy), (70)
HO
pv=RT,
IO3TOMY
Il=R(Ty-T). (71)

YpaBHeHHe IEDPBOr0 8aKOHA TEPMOSUHAMEKE [JIA Ipomecca p=
= const umMeeT ciefyOmuil BUL:

Q'p=Au+l=c1;(T2~ T1)+P(vz"vl)- (72)
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Hua G ke rasa

L=Gp@wy—v) =GR (T, —T); (73)

Qp=Glc,(Ty—Ty) +p (vo— )] (74)

3ameruM, 4TO 3HAK |+, OmpejeaAlIuil IOABOJ TEMJIOTH H CO-
Bepmenne paGoTH rasoM, Wid 3HAK —, YKASHBAIOMUA HA OTBOJ

TeIIOTH WJIHM 3aTPATy PAGOTH HA CIKATHE, HOJYdaeTcs IPH MOACTAHOB-
Ke COOTBETCTBYIOMIMX KOHEYHHX M HAYAJbHHX 3HAYEHUH 00HEMOB m
Temmeparyp B dpopmyuar (69) u (70).

s ypaBHerua (71) mmeem

1
R= e 0oxc/(ke - 2pad). (75)

Ecim T, — T, = 1°, to ! = R. CuaenoBatenbHO, razoBag Io-
CTOSHHAS YWCJIEHHO paBHA pabore 1 ke maeaabHOTro rasa B IPOIEcce
p = const Ipu uU3MeHeHWH TeMIepaTyps Ha 1°.

KoamuecTBo TemioTl, HONBEJeHHOHW WM OTBEJEHHOH B Ipolecce
p = const, MOKHO TaK;Ke OIpPEeJeNHTh, €CIH M3BECTHA TEILIOEMKOCTH
rasa Ipu OOCTOSHHOM JABIEHUH, 0 YPABHEHMUIO

Gp=cp (T3 —T,). (76)

IMonpsysaces ypaBrenmamu (69), (71), (72), (76) u (64) maitgem cBA3b
MKy TEeILNIOEMKOCThI0 IPH IOCTOSHHOM [ABJICHAA M TEMI0EMKOCTHIO
Ipu IOCTOAHHOM 00BeMe:

Qp—qv=cv(T2“'T1)+R(T2-—'Tl)_cv(Tz-T1)=
=cp(Ty—T1) —¢, (T3 —T);

OTKyfa moayduMm ypasHenme Maiiepa

Cp—C,=R. 77
Has 1 xmoav maeadbHOrO rasa
e, — pe, = PR, (78)

IIpm pacuere B egmuunax cucremo CH
ue, — pe, = 8,314 kdxc/(kmoas - 2pad).
IIpm mpoBemeHMM pacueToB B TEIIOBHIX €JUHUIAX, OCHOBAHHEIX
Ha KaJOpuAX,
pe, — pc, =1,986 ~ 2 xxaa/(kmoas - 2pad).
Ipuz amamuse omenbn/mx TePMOAMHAMUYECKHX BEJIUYMH YacCTO
TMOJB3YIOTCA OTHOINEHHEM z—;’ =k. B TtoM cayuae, korma mus wupe-

aJIBHOTO Tasa MPeJIoJIaTaloT TeIA0eMKOCTh IOCTOSHHON, MJf ABYX-
aToMHOro rasa (Hampumep, Bosgyxa) k = 1,41; gua rpex- m MHOro-
aToMHEIX rasos k = 1,29.
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Brime GeIO mokasaHo, 4TO Ji00oe COCTOAHHME raza XapaKTepuay-
erca mapaMerpama p, v, T m u.

Ha mpakruke 49acTo [ XapaKTePHCTHKH COCTOSHMA pabouero
Tejla IPUMEHAIOT TapaMeTp, HAa3HBAEMHIN snmasbnuell, WK MENLOCO-
Jdeparcaruem.

JHTANBONA PABHA CyMMe BHYTDeHHeHdl 9Heprum u MNpPOHU3BENEHHA
JaBjeHHA Ha o0beM, T. e. miA 1 ke

i=u- pv kKdx/ke AIN Kkau/Ke. (79)
Hopcrasus B ypasmemme (79) u = ¢, m RT = pv, nmomyumm
i=(C,+R)T
WIN, HCIoab3ysa ypasHeHHme (77),
i= CpT . (80)

CienoBaTeibHO, 9HTAJIBONA YACIE€HHO PaBHA KOJMYECTBY TEMJIOTHI,
KoTOpoe Heo0XOAWMO IO/BeCTH K rasy HIpH IOCTOAHHOM JaBJIeHHH,
qT06H HArpers ero Jo temmeparypn 1. Ecam msBecTHH HadajgbHAg
T, u xomednaa 7, TeMmepaTypH rasa B

gpomecce p = const, TO KOJIMYECTBO MOJ- P ,_
BeJIeHHON TeIJIOTH 1— g,
i i pv=const
Gp=1ly =iy =06, (T3 —T,). (81) & \ F=ronst
BeauumBa ¢, onpefeaseMas OO ypaB- I N +
L \ > I
geamio (76), UmCIeHHO paBHAa pa3HOCTH | af
9HTAJHOUA HAYAJIHBHOTO H KOHETHOTO CO- i < n t/
crosnmii paGogero Texa. o7
1718 o v
3. VIameHenme cocTosHHA rasa
Opd DOCTOAHHOH TeMIepaType
(u30TEpMAEUECKHiT mpomece)

B mponecce pacmmpenma 12 (pmc.8) pu. s, HM3orepMmaeckais
TEIIOTA MOABOAMTCA TaK, 4TO ras COBep- IPOmeCC B KOOPLMHATAX:
maer padory, a TeMIepaTypa ero 0CTaercs p—V
HeM3MEeHHOH. AHAJIOTHIHO B MOpomecce
cxatua 12’ Temmora OTBOXUTCA TAaK, 9TO paGora Ha c;KaTHe rasa 3a-
TPauMBaeTCA NpPHM HEMSMEHHON TeMIeparype.

N3 xapakTepucTHYECKOro ypaBHEHWS, HANHCAHHOIO MiA [BYX
cocrosHmit rasa mpm 7 = const, moxydaeM p,v; = p,v, = RT.

CiefoBaTeibHO, ypaBHEHHE H30TEPMHYECKOTO HPOIECCA MOMKHO
3aIHECaTh TaK:

pv = const. (82)

CeaAsp MeAy mDapaMeTpaMdm B H30TePMHYECKOM mpomecce 12,
cornacEo ypaBmeHmi0 (82), ompemensercsa ¢opmyion

B2 (83)

P1 vp"
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Ypasuernue (82) B roopamHaTax p — V mpepncrasiser coGoit pas-
HOGOKYI0O rumep0oay.

HamumeM ypaBHeHWe mepBOro 3aKoHAa TePMOJHHAMMKH [JIA pac-
cMarpuBaemoro npomnecca. B cirygae I' = const msmMenenme BHyTperHei
sHeprum Au = 0 @, ciegoBaTeibHO,

gr=L. (84)

Ypasuerne (84) moxasmiBaer, 9TO B M30TEPMHYECKOM HpoOIECCe
pacmupenua 12 Bca HOABOAUMAs TEIJIOTA 3aTPAYMBAETCSA HA COBEp-
UIeHHe ra3oM NoJie3Ho# paborel. B caywae mpomecca cimarma 12
Bcs pabora, saTpaduBaeMas HA C;KaTHe, YMCICHHO PABHA OTBENEHHOMH
B 9TOM IpOIlecce TEIIOTE.

Pa6ora pacmmpenus uiam cskatua 1 k2 rasa

1=2,303RT Ig 22 =2,303p,v, 1g 22 =2,303p,0, lg%. (85)
1 1 2
Ecam B mpomecce ygacrBywor G kz rasa, To pabora pacImupeHHs

L=G1=2,303GRT 1g 2=2,303Gp,v, Ig 2. (86)
1 1

4, VIsmenenue cocrosanmsa raza B mpouecce 0e3 moaBona
WM OTBOAA TEINIOTHI (afMabaTHBIA mpomece)

PaccMorpuM mpomecc, KOTOPHM IIPOMCXONHUT, KOrga paGouee
T€JI0 HAXOJUTCA B IOJHOCTHIO TEINIOW30JHPOBAHHOM OT BHEIIHEH cpe-
nu o6beme. B sroMm ciyuae K Teny Temiora He IMOABOAUTCS U HE OT-
popurcs (dg = 0). Takoit mpomecc, mpoucxopsamuii Ge3 TenaooGMeHa
pabouero Teja ¢ BHemHel cpemoil, HasmBaoT agmabarasM. Ha puc. 9
B KoopamHarax p—V mnokrasaH agmabaTHHil mpomecc. MHTerpupys
ypaBHeHHe IepBOTO 3aKOHAa TepMogumHammkm (61), HamumcamHOrO B
IudpdepeEmUAIbHOE PopMe, mpu ycaoBuH, 4T0 dgq = 0, mocie cooT-
BETCTBYIOIIUX NPeo0pasoBAHUA MONYyIMM YpaBHeHHE aauaGaTHOTO
mpomecca B CJAEIYOIEM BHe:

pv"* = const, 87)

. Cp
rge k — mokasarenb agmadaTH; =2,

v
Wz ypasmemmsa (87) cBsA3b MEKAY [AaBICHWOM H 00BEMOM [JIs
HAUAJIBHOTO W KOHEJHOTO COCTOSHWI Tasa BHIPA3HTCH TaK:

=) ®)

Hcnonp3ysa XapaKkTepHCTHYECKOe YpaBHEHHe, NOJYyYHM CBA3b
MEKIY TeMOepaTypoii m o6seMoM

() (89)

T, vy
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TIponecc pacmmperus 12 1 ke raza mpomcxopur 6e3 Temmoobmena
rass ¢ BHeIIHel cpefoi, m pa6oTa cOBEPINAETCSA TOABKO 33 CUET yMEHb-
meHusi ero BHYTPeHHe# sHeprumu. B mpomecce csxatus (kpuBas 12°)
TaKKe OTCYTCTBYET TEIIO0OMeH rasa ¢ BHemHei cpefjoil W IPOMCXONUT
yBeJIMueHNEe DHEPTHu rasa. JleficTBuTeabHO, M3 ypaBHEHEA HEPBOTO
3aKOHA TePMOMMHAMHUKH [JIsI IPO-

mecca, Korga dq = 0 m, caemo- p g
parenbHo, ¢ = 0, momyumm
Au+1=0
iIn A
l =Cv (Tl — Tz). (90) Q-N
Hua G ke pv¥=const
L=Gc,(T,—T,). (91) ) __
Vpasuenue (90) Mosxer OHTH S\ L
HalmcaHoO B [ApyroM Bupe. Jisa ¥ N
9TOTO PAa3feiuM JEeBYIO U MPAaBYIO S VA . bv
gactu ypasmeEma (77) Ha c,, Vs -
TOra %" é V2 Vi
p _{— f 1 — £ Z I - =1
Cy 1_% wnn k 1—%” E” E| E|
OTKYZA 1 1 /|
__R Puc. 9. AnuabaTHBHA mpomece B KOO
=1 (92) AMHATAX P _B 14 v

IlopcraBum aro 3Hauenme BMmecto ¢, B ypaBHenme (90). Torpma pa-
6ora B agmabaTHOM MpOIlECCE MOKeT OBITh BHIPAyKEHA CJIeLYIOMEM
obpasom:

R 1
l=m(T1"T2)=k—__—1(Plv1“pzvz)=
=y (PRt
_k—1[1 (m) k ] (93)

IIpn agmaGaTHOM CKaTHW ypaBHEHHS WUMEIOT TOT Ke BH.

5. HoamTponHeIi mponecc M3MeHEHHs1 COCTOAHHA rasa

B paccMoTpeHHHX paHee mpomeccax OAMH M3 HapaMeTPOB, Xa-
PaKTepU3YIOUIUX COCTOSHWE rasa, NPUHMMAJICA HEM3MEHHHM, B Ten-
JIOBHIX ABHTATENAX BO3MOKHH IPOIECCH, KOIZA BCE MAapaMeTPH rasa
(maBnenme, o6'peM, TeMIepaTypa W BHYTDEHHsAs SHEPIHA) ABIAIOTCA
OepeMeHHEIME ¥ OJHOBDEMEHHO IIPOMCXOIHUT TEmI000MeH Me Iy
pabouuM TeJiOM W BHEIIHEH Cpemoil.

B TexHmueckoii TepMOAUMHAMHKE PACCMATPHBAIOTCA TaKHe IIPO-
mecch, B KOTOPHX JOJH TeILUIOTH, PACXOAyeMEle Ha U3MEHEHHe BHYT-

. AU l
PeHHeif SHOPrHH ¢ = -1 Ha CoBepIIeHUe paborni 1 — = g+ ocrasores
HeI3MEHHLIMU B Te9€HHE BCEro IpoIecca.
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Taxrue mpomeccH HA3HBAT ROAUMPONKELMY W NX YPaBHEHUE WMeeT
CcHelylomuil BHA:
pv™ = const. (94)

IMokasaTenp MOMUTPONH 7 3ABHCAT OT XapaKTepa HPOTEKAHUSA
nopomecca M OIpeNeisercs M0 BEPaKEHHIO

n=2—, (95)

C
raoe C=%—T6HHOGMKOCTB ras’a B HOOJHUTPOOHOM IpoIecce.
nJIH HAYAJBbHOTO M KOHEYHOI0 COCTOAHHA pa6011ero TeJla B Opo-

necce 12
P (un\"
20 (”z) (96)
I
Ty _ (o2\"1
T, - (712) ' (97)

Ecnz u3BecTHH HadaJbHEE H KOHeYHEE IIapaMeTpPH Ipolecca,
TO IOKA3aTeJb IMOJIUTPONE MOKHO OINPEJeJdTh HCXOAA U3 CIAeLYIOmero.,
N3 ypasmenus (94) umeem

P1VT = py?y-
Jlorapu¢mMupys, monydaem
Igpy+nrlgv,=Igp,+nlguv,
OTKYAA
Ig e
n=—12 (98)
g et |
31
TenmoeMKoCTh rasa B IOJATPOIHOM HpOILECCe, €CIM M3BECTeH ero
OKa3aTejib, OHpefesasieTcsi IO yPaBHEHHUIO

n—k

C=0Cyp - (99)

Wsmenenne BHyTpeHHel 9HEPTHH ONPeleNAIOT N0 ypaBHeHuUo (69).

PaGora, coBepmaeMas rasoM B HPOIECCe MOJUTPONHOTO PACHIH-

peHus, Kak m paGora mpm agmaGaTHOM Ipomecce, OIpPeNeNAeTca Mo

yPaBHEHHIO
1 RT, T,

l= 5 (P01 — Pyvs) = ;—% (1 - ﬁ)- (100)

KoxngectBo mopmBefeHHOf MM OTBEJEHHON TEILUIOTH B MOJMTPOI-
HOM IpOIecce COTVIACHO NIEPBOMY 3aKOHY T€PMOJUHAMUKZ

g=c(Ty—Ty)=Mu+l=c,(Ty— Ty +L. (101)
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Tlonmrponnmii mpomecc sBaserca oGobmaromuM. B saBmcmmocTn
OT BeJIMYHMHE IIOKA3aTeNA HMOJHUTPOLH 7, MOKHO HOJIYYHTH PACCMOT-
PeEHHE paHee IIPOLECCH, KOTOPHE ABIAITCA YaCTHHIME CJIy4adMH
moamTpomHOro mpomecca (pmc. 10).

Ypasmenme (94) MOKHO mepemmcarh TakK:

1
pnv=const.

IIpumem rn = —tco, Torma pv = v = const.

CremoBaresbHO, OpH n = —=co (mpomeccs 15 u 15') uMeeM 9acTHEIH
cayyail MONMTPOMHOTO IpoIecca — MPomece IPU NOCTOAHHOM oGbeme.

Ecan n = 0, monyunM piv® = const mam p = const (mpomeccH
12 m 12'); uMeeM YacTHHI caydali HOJATPONHOrO HPONECCa — IIPo-
mecc IPH HOCTOSHHOM [JaBjeHumH. B cayuae n = 1, pv = const —
uMeeM m3oTepMuuecKmit mpomecc (mpomeccn I8 m 13’) m, HakoHen,
npu n =k, pvk = const —
mpomecc Gymer apmabGaTHRIM £
(mpomeccer 14 m 14').

Juaa pgsurateneit BHyTpeH-
Hero cropaHua Hamboiee Xa-
PAKTEPHHIMH ABJAIOTCA IIPO-
neccsl pacmupenus (Av>0) m
crarug (Av<{0), mHaxopgamme-
cA B He3AaMTPHXOBAHHOHA 00-
Jacra.

[ moIMTpPONHHX mpomec-
COB, DPACIOJOEHHHX BIPABO
or agmabarer (n = k), xapak-
TePHEM SBJISIETCSA TOMBOJ Tem-
JOTH K paboueMy Tely Hesa-
BHCHMO OT TOT0, IIPOMCXOMHT
Iu Opomecc c;KaTtusa (KpUBas
14') unn pacmupenus (KpuBas

3 4" 5" p=2co

14). B moauTpomHHX mpomec- sla=2co

caX, paCHOJOHEHHHX BIEBO Aved — — Av>0 v
oT agumabaTH, TemJoTa OTBO- cxamue Pacwupenue

ouTeA.

Pumc. 10. HommrponHEii mpomecc B KOOp-

[y HoMHTPOHHKIX Iporec- nuEarax p — V

COB, IPOMCXOJAIINX BIIPABO OT
usorepMnl I3 mim 13’ (n = 1), XxapakTepHO NOBHINEHHE TeMIepa-
TYPH, a cllefoBaTejbHO, W BHYTpPeHHeil sHeprmm. Jlas mpomeccos,
OPOTEKAIMMUX BIEBO OT H30TE€PMHI, XaPAKTEPHO yMeHBINEHHe TeMIe-
paTyps W BHYTPeHHEH SHeprud.

Iloxasareqas MOJIUTPONHHX HmPONECCOB, MPOMCXONAMEX B 06racTm
Mesxny usobapoii (n = 0) m msorepmoit (n = 1), Haxogurcsa B mpefe-
aax 1>n>0; B obmacT:m Memxay usorepMoit m ammabaroii (n = k)
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N

DOKa3aTeJb NOJUTPONH MOKET MMETh SHAYeHHsA B Upemesaax k>n>1,
a B obmactu Mexay aguabaToit m m30xopoit (n = o) co>n>k.
Jlis mocTpoeHUA MONMTPONH B KOOPAHHATAX P — U, 3HASA HAYAIb-
HHE TapaMeTps p, ® v;, CIENYyeT HOACTABHTH NPOMEKYTOYHEIE 3HA-
yeHHA 00BEMOB U, W OIPEJeJUTH JABJIEHHA IO YPABHEHWIO [JA IO-

JIUTPOLEL
o \?
Pr=D; (5-) .

Juasa agmabaTHOro mpomecca n = k, [OiIA H30TepPMHYECKOTO IIPO-
mecca n = 1.

§ 10. IOHATHE OB 3HTPOIINN HIEAJBHOI'O TA3A

B pacuerax TemIoBHIX ABHrartejeil 4acTo MCHOJIB3YIOT IapaMerp,
KOTODHH TaKKe XapaKTepH3yeT COCTOAHHME pafodero Teia M Ha3HIBA-
ercs sHTpommeill (o6o3Hadaercs GYKBOM S).

IIpupamenne sHTpOmWME ompefieidAeTcA ciaegyomuM puddepen-
OUAJbHHM ypaBHEHHEM:

ds= %2— ,
OTKYyZA
dq = Tds.
N3menenne sATpomum B ao6oM mpomecce 12 (pme. 11)
2
Sy— 8= S 5171,. (102)

KonmdecTBO TEmIOTH, MOABEREHHON (MJIH OTBENEHHOH) B IpoO-

necce 12,
2

1 ~

N3 popmyan (102) Buano, aro sATponua B cucreMe CU mamepserca
B Ouc/(ke-2pad), a B cuCTeMe eQWHHI, OCHOBAHHOH HA KaJIOPHH,
B KKaa/(ke -epad).

ITonpsysck ypaBHEHHEM IEPBOrO 3aKOHA TEPMOJMHAMHKH, MOKHO
w3 ypasEenma (102) mua aroboro mpomecca MOJYYHTH BHpAaKeHHe,
ompejeasoniee W3MeHeENe SHTPONNH,

8, — 5,=2,303¢, 1g 7 +2,303R 1g 22, (104)
1 1
Hian T
— D
83— 5 =2,303c, lg 7 — 2,303R 1g 2, (105)
aan
s, — 8, =2,303c, Ig %i +2,303¢, 1g ’;—i (106)



Ins amammsa mo6oro mpomecca ymoOHO IOIB30BATHCA CHCTEMOI
KOODAMHAT, B KOTOPOi#l IO och abcmumec OTIO;KeHA SHTPONHA §, a IO
ocu oppmuar Temmeparypa 7. Takasa cucreMa KoopAUMHAT HA3HIBAETCH
9HTPONMIHON MW TeIIOBO# AMarpaMMoOi.

PaccmorpuM B KoopamHarax I — s HPOW3BOJBHHEI mpomecc 12
(pmc. 11). BrimenmM ydacTok, mMeomuii GeCKOHEYHO Majoe HPHPa-
meHWEe SHTponmA As, IpU KOTOPOM TeMIeparypa pabodero Teia paBHA
T. Torga maomangps I' As Gyner SKBHBAaJIEHTHA KOJWYECTBY IOfBeJeH-
HOIl TeILIOTH Ha 9TOM GECKOHEYHO MAJIOM y4acTKe M3MEHEHHA COCTOA-
gua rasa, T. e. Aq = T'As. Ecam mpocyMMEpOBaTh Bce 3TH Maikie
IUIOMAKH, TO MoayIuM miomans /2abl, 9KBUBaJIEHTHYIO BCeMY KOJH-
gecTBY MOjiBEeIeHHON B mpomecce 12,

T
1
r
2
- %
4s
b a
s
c b a s
e §p =8y ——> ‘_JS?’_Sj S$9-87 b=

Puc. 11. Ilpomeccu B Koopam- Puc. 12. WsobapmHii mpo-
Hatax I — s mecc B KoopguHatax T — s

N3 ypasmenus (102) cmemyer, 9To mpupaiieHHe SHTPONUH HMeeT
TOT jKe 3HAK, 9TO ¥ M3MEHEHME TeINIOTH (TaK KaK TeMIepaTypa Bcerja
monokutenbHa). CileoBaTeJbHO, €CIH HMEET MeCTO IIPHPAIeHHe
SHTPONMH, TO TEILIOTA HOJBOAMTCA K paboueMy Teqy; eCid SHTDPOUHS
yOmBaer, TO TEIJIOTa OTBOAUTCA OT pabodero Teia.

PaccMoTpuM mpoTeKaHMe OTAENBbHHIX HPOIECcCOB B KOOPAMHATAX
T —s.

Ha puc. 12 moxasamo mporekaHme usobapHoro mpomecca. llpm
p = const ypasaenue (105) mpumer Bup

(53 — 51)p = 2,303c, 1g TTE; (107)

ITonp3ysich oTUM ypaBHEHHEM MW 3aJaBasg pasjindHbe 3HAYCHUS]
T Gonbme mau MeHbine I';, MOJKHO HOCTPOMTH B CHCTeMe KOODAMHAT
T — sxpuByio p = const. Jlaa nponecca 12, noxkasagHOro Ha puc. 12,
KOJIMYECTBO IOJBENEHHON TeImIOTH OSKBHUBaJeHTHO ua. [2abl. Iasa
npomecca 12 KoaMYeCTBO OTBEJEHHOH TEIUIOTH SKBHBAJIEHTHO ILI.
1bc2'1.
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IIpomecc v = const MomHO moctpomth B KooppumEatax T — s,
ucnonp3ysa ypasHenme (104), xoropoe masA m30XOpPHOrO mpomecca
aMeeT BH]

(83— $1)o =2,303c, 1g§,£l. (108)

Ilporexanmme sroro mpomecca B koopAmEaTax I — § MOKa3aHO HA
puc. 13. Honmuecrso Temnorsl, moxseenno# B mpomecce 12, sKBHBa-
aeHTHO mia. I2abl, a orBefieHHO# B mupomecce 12, — ma. 12'cbl. -

Tax xak c,>c,, To u3 comocraBierua ¢opmya (107) u (108)
BHJIHO, YTO B OJHOM W TOM ke HHTEpBajie TeMIEPATyp NPHpAIIeHHe
9HTPOINH S, — §; JJIS Ipomecca v =
== const MeHbIIe, IeM /A MpoIecca
p = const. CuefjoBaTesibHO, KpuBas
v = const Oymer Kpyue KpHBOi
p = const.

Nzorepmmueckmii mpomecc T =
= const B kooppuHarax I' — s uso-
Opayxaerca IpAMOl, IapaJLieTbHOH
ocm abcmucce (puc. 14). Vsmenenme
SHTPOIME B 3TOM IPOIECCe MOKeT
OHITH OIpefesieHO u3 ypaBHeHHi
(104) nmm (105):

(s;—s1)r=2,303R1g?2 =2 303R 1g 2.
21 Pa

b a s
_f_| Spr =Sy S =387 - (109)

. KoamwectBo Temiors, mogsenen-

Pme. 13. V3oxopHHil mpomecc B Hoit B mpomecce 12, mpomopimo-
KoopmuHaTax I — s .
HaJupHO mia. I2abl, a oTBedeHHOM

B mpomnecce 12, — mu. 12'cbl. 3ame-

THM, 9TO PACCTOAHME IO OCH a6CHECC MEKIY IBYMA HB0XOPAMHE ¥, U v,
num IByMsA usobapamu p, u p, ompemensercsa ypasHeHmeM (109).
CrrenoBaTenbHO, H30XOPH M M300apH PACIIOIATAIOTCH BKBUAUCTAHTHO.

Haa agmabaTHOro mpomecca, Tak kak Ag = 0, To As = 0, 1. e.
B 9TOM mponecce (puc. 15) sHTponmA He m3MeHsercsa. B koopmmmaTax
T — s apmabatHHI mpomecc H300paskaeTcss NPsAMoi, MapalLIeabHOlM
ocu opaumnar. B ciyuae c;katua rasa (mpomecc 12°) ero Temmeparypa
HOBHINAETCA, NPH paclmumpeHuu (mpomecc I2) oHA MOHMKAaeTcd.

Ha puc. 16 B woopmmmarax I — s HOKa3aHB YacTHHe cJIydam
OpoueccoB caTuAa m pacmupenud. I[IpmBemenn rpammunsie ycioBums,
yKashiBapomue, B KAKOM HAIPaBJIeHUN H3MEHAIOTCSI HaPaMeTPHI COCTOM-
HHA rasa U XapaxkTep OPoTeKaHMA Ipomecca. Bce momurponmse mpo-
IecCH, NpPOTeKalmue BIPaBO OT JHHAX U = const (n = == o),
HIPOHUCXOIAT ¢ yBeandenueM o6semMa (Av > 0), Korjga ras, pacmupsaacs,
coBepmaeT paGoTy IPOTHB BHEIIHUX CHJ; BJIEBO OT JMHUE U = const,
Korga Av << 0, mpomcXOgAT mPOLECCH CKATHA, HA COBEpPIIEHHE KOTO-
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pHX Heo0xoauMo saTpaTuTh paGorTy msBHe. HpmBhie, xapakrepusyio-
mue agmaGaraeiii mpomece (Ag = 0, n = k u s = const), pasrpanu-

T

vpr=const  y,=const

=zconst / p=con.
p? //prwz'”

2/

:
A

vy =const
/ pz-:mrt

c

a
—]

S$2-87

b
52"5, J

N

[r—

Puc. 14. W3sorepMuuecKkuii mpomecc B

KoopauHatax I —

S

Puc. 15. ApgmaGaTHH#A
oporecc B KOOpAWHATAX
-_S

guBalT 00/IaCTH, T'ie MPOUCXOMAT MPOMECCH C TEIMJI00GMEHOM; BIPAaBO
oT agumabaTh PaCIOJaraloTCA MOAXTPONHEIE IPOMECCH, IPOUCXOAMMe

¢ moiBOmOM K paGouemy
rexy Temmotel (As > 0),
BJIEBO — C OTBOMIOM TEIJIOTHI
(As <<0). Kpusrie, xapax-
TePU3YION[ME H30TEpPMUTE-
ckmit mpomecc (7' = const;
n = 1), pasrpaEnuuBaT 00-
J1acTH, B KOTOPHIX IIPOIECCH
MPOMCXOMAT C W3MEHeHHEM
TeMIIepaTypsl W BHYTpeHHel
SHEPTHH.

Ipumep 9. 3axpHTHiT cocyn
o6bemom V = 1,0 »® = const
3aM0JIHEH BO3MYXOM. ¥YCTAaHOB-
JleHHHEe HA COCy#e MaHOMeTp U
TePMOMETD IOKAa3ajd, 9TO [aB-
JeHHe B cocyfie p = 1 6ap =~
=T kl'/cM?® u TeMumeparypa #, =
= 15°C.

Cocynm moporpeBaercsi Tak,
9T0 K KOHIy IpoIecca MOABOKA
TEmJIOTH TeMIeparypa BO3LyXa
B Hem paBHa 100° C.

OmnpemeauTb: Maccy BO3OY-
xa Gg, [paBieHHe p, B KOHIE
mponecca MOABOAA TEMJIOTH, a

r 49=0
al<p 1=K v=const
1=foo
AT>0
Ag<0 p=const
n=0
T=const
/ n=1
A4l1=0
p=Cons. A q>0
V=const AT<Q
n=too
————— S
A5<0  AS>0
Puc. 16. ABaams OTHedHHEIX [POLECCOB B

KooppuHaTax I — s

TaKKe U3MeHeHNe BHYTpeHHe# sHeprun Au, sHTaJAbOud Ai u 9HTpomu:H As B pac-

cMarpuBaeMOM Ipouecce.
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ITocTponTs cxemMaTHYeCKH mpomecc B RKoopmuHaTax p — V u T — s,
B pacuere mpmHATH: ¢ = 0,712 KO/ (Ke-epad) = 0,47 kras/(Ke-2pad); cp =
= 1,004 rdoc/(Ke-2pad) = 0,24 EKKaa/(Ke-2pad); Re = 287 0m/(ve-2pad) =
=29,27 xI'-m/(xve-2pad); 6apomerpuueckoe naBiaenne p,=1 xI'/cu? =0,981 6ap.

AGconioTHOE [aBiIeHN® BO3AYXa B COCYAe [0 ero MmOAOrpeBa ompefeiaseM IO
ypaBHeHHIO (6)

Pa6e =DP1=Po+ Pman =1+ T=8 kl'/em?* =~ 8 6ap =8 - 105 n/m2.

KoamuecTBo BO3AyXa B COCyme HaxomuM 3 Brpaskenus (13)

JlaBlieHHE BO3AyXa B KOHIIE IPOIleCcca HOAOrpeBa IpA v = const HOACYUTHBAaeM
mo gopmyae (63)

Pe=p ]T;i = 8227—;’% = 10,3 6ap = 10,3 kI'/cm?.
IIpupamenue BHYTpeHHEH SHeprum ompepfeiseM mo gopmyrae (64)
AU = Gygeyy (Ty— Ty) = 9,7-0,712 (373 — 288) = 586 rdw = 140 rkaa.
IIpupamenne oHTadbuUEM U3 ypaBHeHEHA (81) musa G, xe Bosmyxa

Ai = Ggey (Ty — T'1) = 9,7 - 1,004 - 85 = 825 xdwc = 197 rxaa.

OmnpemenuM KOJINYECTBO TEINIOTH, HOABENEHHOX B Impomecce.
Tax xak B mpouecce V = const paGora ! = 0, To mo BrpaskeHHUIO (65)

Q=AU =586 rdw = 140 xraa.

Jaa mocrpoeEns mpomecca B KooppumHaTtax p — V (pme. 17,a) ompememmm
yheAbHHH 06heM BO3LyXa

| =

Vg =

o)

= i = 0,103 m3/xke.
e 97

Jlna mocTpoeHUs npomecca B KoopauHaTtax I' — s (pue. 17,6) BocmosabayeMcsa
ypasHerueM (108).

B unTepBase Temmeparyp or Tp = 373°K mo T, = 288°K BospMeM fBa mpo-
MEKYTOYHHIX 3HaueHUs TemmepaType 320 m 340°K m mopcumraeM BeAW4uHH As

[JIS KQyKIOTO U3 MATePBAJIOB TeMIepaTyp. Pe3yabTaTH IOCYETOB CBeleM B ClIeyIo-
myio Tabauiy:

- As

T
T, e 7 B B

%0/ (Ke-2pad) | xrana/(xke-2pad)

320
ve 5 018
238 0,046 0,07 0,01
340
o= 2 18 0233
383 0,07 0,1 0,
373
238 0,112 0,183 0,044




B xoopguHarax I — s HA9aJbHYIO TOYKY IO OCH OGCIIMCC MOJKHO PasMeCTHTh
IpoH3BOJBHO, TaK KaK ONpefleideTcA TOJBKO HpHpameHde sHTponmu. Ilromams
1234 ¢ yaeroM Macmraba JUArpaMMEL ONpeeisieT KOJIMYeCTBO TETIOTH, MOABEIeH-
HOH K 1 k2 BO3gyXa B paccMaTpHBaeMOM IIporecce.

Hpumep 10. B puameEgpe ¢ DOABIKHHEIM MOpIIHEM Haxogutca G = 2,5 ke
po3gyxa. JlaBieHme Bosgyxa p = 8 6ap = 8 xI'/cmM?, a ero TeMuepaTypa B Hadale
mpomecca ¢ = 15°C. IIpu mOCTOSIHHOM [aBleHNH p = const BO3AYX MOJOTpeBa-
ercsa 1o t, = 100°C.

p T°r
bap
Kl/cr? 380
0F I? 360
v=const
8t 7 340
6 320
(A 300
2t 280
, | 0 L’; .
3
0 01 02VMYe  05,=0,783 ] ska’f‘i’;‘aﬁ
a) 0)

Puc. 17. IIpomecc upm V = const B kooppuHarax p — Vua T —s

OmnpefienTh: KOJHMYECTBO HOABefleHHON TeILNIOThi, H3MeHeHUe BHYTpeHHeH
9HEPTUH, COBepIIeHHYI0 paboTy, MOJM TEINIOTH, H3PacXOf0BaHHON HA W3MEeHEHH®
BHyTpeHHeil sHePTHM M COBeplleHHe paboTH, M3MeHeHHe SHTAJBINU 1 DHTDOINH,
a TaKkiKe yHeJbHHiT 00beM BO3LyXa B Hadaje U B KOHIE IPONECCOB.

3HaveHns ¢, W ¢, ‘OPHHATH B pacdeTaX TAKHMH ke, Kak W B mpmmepe 9.
HouamgecTBo TemnoTH mo ypaBHeHUWIO (76) nisa G, ke BO3gyXa

Qp = ¢pGg (T — T) = 1,004 - 2,5 (373 — 288) = 213 xdm = 51 kraa.
ITpnpameHnue BHYTpeHHeil sHepruu mo ypaBHeHHIO (64) mias G, xe BO3myxa
AU = ¢,Gg (Ty — T4) = 0,712 - 2,5 .85 = 152 £0x = 36,5 rraa.

CoBepmenHass pa6ora u3 ypaBmHeHus (72) masa G ke BO3gyxa
L=Q— AU = 213 — 152 = 61 kduc = 14,5 Kkan.

HOJIH TEIJIOTH, H3PacCXOJOBaHHAs HA YyBeJUYEeHHE BHYTpeHHeﬁ: 9Hepruu,

AU _ 152 _ o

?-100—- 213 -100 = 71,4%.
To ;Ke Ha coBepIIeHWe BHeINHell paGoTH

L j00=2SL 100 =280

—Q—.100—213-100—28,6/0.

[IpupameHne 5HTANBLINE B IPONeCcCe p = CONSt YACAeHHEO PAaBHO MOJBEICHHON
TemyxoTe, T. €.
Ai = ¢pGg (T —T1) = Q = 213 k0 = 31 Kxaa.
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VpeabHH#E 06beM BO3NyXa B HaUajJe W KOHIE mpOmecca:

_RT, _287.288 _
== =S = 0,403 w/xe;
287 - 388
Vg = W = 0,132 Mslhte

IIpupameHne SHTPONHME UOACYMTHBAeM N0 ypaBHerBumio (107)

Asp = 2,303cp lg T2 = 2,303 - 1,0041g 00 =
P PET, €288

= 0,258 k0Oxc/(ke. epad) = 0,062 kxas/(ke. zpad).

IocTpoeHnH B KoopauHaTax p — V m T — s mpomecc moKasaH Ha puc. 18,a
u 6. Ilromans DpAMOYroJbHMKA B KOOpHUWHATaX p — V sKBUBajJeHTHA pabote,
€oBepImaeMoit BO3ayxoM B mpormecce 12. Ilnomans 1234 (puc. 18,6) B KoopguHEaTax
T — s, IOACYATAHHAS C YIeTOM MacmTaba guarpaMME, SKBHBAJEOHTHA KOJIAYECTBY
#I0iBe/IeHHOM TEILTIOTH ¥ YMCJIGHHO PaBHA MPHPAIIEHUIO SHTAJBNNY B mpomecce 12.

o
p I’k
oap
Klfcm? eor v=const ;
70F P= const 360
1 ——
p 2 340
6t 320
{=p(vy-v;
«H ( 2 7) 300
2H / 280
0 L 0
01 o1 a1 vmy, 4 L.
ke l— A Sp= 0,258 ——I$ re-gpad
2) 9

Puc. 18. Ipomecc npm p = const B koopammEatax p — Vu T — s

IIpumep 11. B nnaummppe ¢ HOABMKHEIM MOPIIHEM OPOMCXOAUT pacmMpeHHe
0,2 k2 BO3AyXa IPH OJHOBPEMEHHOM MOABOfe TEIUIOTH B TAKOM KOJMYeCTBe, YTO
B Ipomecce pacHIMpeHHs TeMIepaTypa BO3AyXa He MeHsAeTCsa (H30TepMHYeCKUR
mpomnecc).

HagauabHbIe mapamMerps Bo3ayxa. p; = 15 6ap = 15 &l'/cm? u Ty = 800°K =
=const. B KoHIe mpomecca pacmmpeHHs p, = 1 6ap =1 wl'/cm?.

OmnpenennTs: 005eM (MONHKIA B yHedbHHI), 3aHIMaeMbllii BO3IYXOM B HadaJje
# KOHIE TpoIecca, pabory, coBepmaeMyIo BO3TyXOM IPH pacldPeHNH, KOJIAIECTBO
noABeeHHO TeIIOTH W M3MeHeHNe SHTponnu. [IocTponTh mpomece B KOOPAUHATAX
p—VnT—s.

Hoasnii o6beM saEmMaeMHi# BOBLYyXOM, mo ypasHeHHIO (13) B Hadaie &
KOHIle Iporecca

GRT, 0,2-287.800

g 3.
Vi = = e — = 0,006 4

Vam V3 22 = 0,0306 - 13— 0,459 s,
P2 1

46



YpenapHH 00beM BO3AyXa B Hadajie W KOHIE TPOIECCa

Vi 0,0306 ,
n=-pF= —W- = 0,153 wm3/xke;
2y = 0'64,579 = 2,295 w8/xe.

PaGora Bosnyxa, coBepIleHHas OpH paclidpeHHH, mo ypaBHeHHIO (86)
L=2,303p,V, Ig Z—Z = 2,303 - 15 - 105 - 0,0306 g 15 =
1

=122 - 108 Oorc = 12210% kI’ - m

B msorepmMmaeckoM mpomecce AU = 0 m, caegoBaTensno, Q = L = 122 xdx
= 29,2 Kkaa.
[Ipupamenye SHTPOOHE HO ypaBneﬂmo (109)

= 2,303R lgp1 = 2,303 . 287 lg — = 780 dorc/(ke + 2pad) = 0,78 x0xuc/(ke - epad).
Jlasa mOCTPOEHWMs M30TepMAYECKOTO mpoiecca B KOOpPAWHATaX p — V BO3b-

MeM TPH HPOMEKYTOYHHIX 3HAUeHHs AABJICHHA W TONCUMTAEM [JA HAX yAeJbHHIA
o6beM Bosfyxa. JlapHHe cBefeM B Tabjauny:

Dy B 6ap 10 5 2

ox=ol%ms/m 023 | 046 | 1,15

x

Ha puc. 19,0 n 6 mpuBefieER rpagmkm mponecca B KOOpAMHATaX p — V m
T —s.

Mpumep 12. B opBOoCcTymeHuaTOoM KOMIpeccope c:xmMaerca 0,2 xz Bosmyxa.

[Ipounece cxxaTha mpoucxopuT Ges TemnooGMeHa ¢ BHeNIHe# cpemoit (aguabar-
HHi mpomecc) of p; = 1 6ap 1m0 py = 5 6ap. TeMmeparypa Bo3gyXa B Hadale
mponecca c:katHsa f = 15°C.

Ounpegennts: 0o0BbeM, 3aHEMaeMBl BOBAYXOM B Hadale W KOHIE Iponecca,
TeMOepaTypy B KOHIe IpoIecca C;KaTusd, paGoTy, 3aTpadeHHYIO HA CIKATHO W U3Me-
HeHne BHyTpeHHeil sHepruu Bosgyxa. IlocTpouth mpomecc B KoopauHaTax p — V
BT —s.

HNaa Bospyxa k= c— = 1,4 (6omee TounO k = 1,41).
Us ypasmernit (87) m (12) TeMneparypa B Ronne mpomecca
R—1 1,4—
Ty,=T, (l’z)—k—— — 288 (-5-> = 455° K.
by 1
[Nonmuii 06BeM, 3aEAMaeMEIHi BOBAYXOM B KORIe IpoIecca, U3 ypasHenusn (13)
GRT, 0,2.287.455

= = —_ 3 .
Vy o 5105 0,0525 w3;
0,0525
= = 3 .
vy 0.2 0,2625 m3/xke;
__ GRT, 0,2-287.288 \
V,= P B ip = 0,165 M3,

vy = 0,825 m3/ra.
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Pa6ora, saTpaueHHas Ha c;Rathe G k2 BO3LyXa mo ypaBeHmio (93),

L kG_31 (Ty— Ty = 01724'_28;’_ (288 — 455) = — 24000 e ~ — 2400 xT - .

3Hak MHHY( 0OOKasblBaeT, 9T0 Ha CKaTHe BO3xyXa paﬁoTa 3aTpaduBaercsa
Mm3BHE.

p T°K _
bap T=const
KHIfcm? i sool 1 . 2
ol

uh i
72+ L 600}
0k | /

s pv=const /

. T= - _
const 400 7 (l_l

6t - /

4t 200+

2t P I

b 1.0 20 %)

0 vm
’ the ~45,,=0,78 =S K'a(?e’gaﬂ

@) 8)

Pmc. 19. Mpomece npn T = censt B woopauHaTax p — V u T — s

B apuaGaTHOM Dpomecce C;KaTHA 3aTpaveHHas pabora paBHa HPHpAMeHHIO
BHYTPeHHell SHeprum

AU = L = 24 kdnc = 5,75 rraa.
Ias mocrpoeHms ammaGaTHOrO mpomecca B KOODAHMHATAX p — V BO3bMeM

TpHU MPOMEKYTOYHKX 3HAYEHHs AaBJICHAS ¥ HONCINTAEM [JiA HAX 00BeMH BO3JyXa.
PesyapTaTH NHOACYETA OpPENCTABAM B BHAe CJIeAyOmei Tabmmmel:

Dy B 6ap 2 3 4

1

vg = 0, (%) R md/xe| 05 |0,325(0,305

Ha puc. 20,a n 6 HOCTPOEH MPOMECC C3KATAA B KOOpAUHATAX p — Vu T — s,
Tockonbky B agmabaTHOM mpomecce dg = 0, To ds = 0.

Ilpumep 13. B gusene mpomcxomuT moamTponHoe cikatwe 0,1 xz Bosuyxa.
Ipr c:xarnm o6beM BO3yXa yMeHbmaercs B 16 pas, a maBieHne yBeamduBaerca
B 45 pas. Hauaunbmas Temmepatrypa T; = 320°K.

OnpepenuTh: NOKa3aTeb MOJATPONE CKATHHA, TEMISPATyPy BO3[yXa B KOHIE
cxatns, pabory, BaTpadeHHYI0 Ha C;KaTHe, H3MeHeHHe BHyTpeHHe# oHeprum,
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» 500t
bap 2
Kl/cM2
5t 92 400} 1
4k
3t =const 300} ,
2+
1t T 200}
0
02 04 06 08 vmY, 5 KO
Ke-2pa
a) o)

Puc. 20. ApmabaTHHii gponecc B KoopguHatax p — Vm T —s

v=const  p=const

Puc. 21. TlosuTponHui# mpomecc B Kooppupatax p — V u T —s



SHTAJBIUA U HTPOIAN, a TaKKe KOJWYECTBO YYACTBYWINEH B OpONECCe TeIJIOTH.
CxeMaTHYeCKH IOCTPOWTL HpoIecc B KoopaumaTax p — V u T —s.
Tlokasaresb HOJAUTPONH HO ypaBHeHHIO (98)

lg&
—_P_lg%
" v, Ig16~ 1,37.
lg =
U1

TemnepaTypa B KOHIle IpOLecca CKaTuA U3 ypasHeHnsa (97)
v\t 0,37
T2=T1 U_ =320'16’ =892°H.
2

Pa6ory, 3aTpaueHHYI0 IIPH C;KaTHR G %2 BO3AYXa, ONpeNeiseM U3 ypaBHOHAA

L=GRT1 (1 7’2)_0,1-28%320(1 892>=

n—1\ T,/  14,3T—1 \'" 320
= — 44500 0sc = — 44,5 k0w =~ — 4450 kI - m.
N3menenne BHyTpeHHeH sHeprum
AU = Gey (T3 — Ty) = 0,1.0,712 (892 — 320) = 40,7 xdoc ~ 9,85 rraa.
N3menenue sHTAILONHU
Ai = Gey (T —T4) = 0,1 1,004 (892 — 320) = 57,6 wdorc = 13,8 xkaa.
ITposepka:
%:%:A:%?:LM.
HKoamgecTBO TemnoTH, ydacTBylomeii B mpomecce,
Q=AU + L = 40,7 — 44,5 = — 3,8 xdm =~ — 0,91 rxaa.

3HaK MUHYC DOKAa3HBAaeT, 9T0 B IPONECCe TEIIOTA OTBOLUTCA.
HsMeHeHWe SHTpONUN HaXoguM Ho ypaBHeHHIO (104)

As = 2,303 (0,712 Ig 45 + 1,004 1g %5) = — 0,0875 &0xc/(ke - epad).

3HaK MUHYC TaKKe DOKasHBAaeT, 9TO B pacCMATPUBAEMOM HpPONECCe SHTPONHsA
YMEHBIIAeTCs1 M, CIE[OBATENbHO, TeIIoTa OTBORMTcA. CXeMaTHueckm mpomecc
B KooppuHatax p — V B T — s mokasan Ha puc. 21,aum 6. Tak kak n = 1,37,
TO KPHBas OpOIECCa PacloJioyKeHa Me;KLy apuabaroit n = &k = 1,4 m msorepmoit
n =




T'nasa III
BTOPOII 3AKOH TEPMOJUHAMUIKN

IlepBriii 3aKOH TePMOAWHAMWKE YCTAHABIWBAET SKBUBAJIEHTHOCTH
ofgHOro BHAA dsHeprumu apyromy. OH ompepesaser TO KOJIMYECTBO pa-
GOTHI, KOTOPas MOKET OHITh COBEpIIEHA 3a CUeT HOABEJeHHOM TeIIOTH
IpU YCJOBMH, €CJIM OHA IMOJHOCThIO OymeT IpeBpameHa B pabory.
OpHEaKo BTOT 3aKOH He YCTAHABIWBAET TeX YCJIOBHUI, NPH KOTOPHIX
BO3MOKEH IEePEeXOf TeNmJOBO#l SHEPTWH B MEXaHWYECKYIO.

OnpiT MOKaswBaer, 410 IpeoOpasoBaHWe JOGOT0 BHAA SHEPTUA
B TEILIOBYIO IPOHMCXORUT CAMOLNPOM3BOJBHO W [JiA HETO He TpebGyercA
KaKux-1u00 TOMOIHUTENbHHX yciaoBuil. Ilas o6paTHOro mpomecca —
OpeBpalieHus TEILIOBOM DHEPTHMM B MEXAaHWYECKYI0, 9TO SBJISAETCA
CYIMHOCTHIO TEIJIOBOIi MAammuHE, — Tpefyercs mpomecc, HA OCYMECT-
BJIIEHHE KOTOPOTO HEO0XOAMMO 3aTPAaTHTh TEIIOTY.

Ilpm msydenum ocobeHHOCTE#l MOJNy4IeHUs B TEIJIOBOM [BHTATEJe
MeXaHW4YecKoil paGoTH, ObIIN ONPEeZeeHs YCIOBHUA, He0OXOMUMEIe I
mpeoOpasoBaHUA TEIUIOBOIl SHEPIMH B MEXaHMYECKYIO. Y CTAHOBJIECHUE
9THX YCJOBUil ABISAETCA CONEpP;KaHWEM BTOPOT0 3aKOHA TEPMOJAMHA-
MUKH.

§ 11. ®OPMYJHPOBKA BTOPOI'O 3AKOHA TEPMOJNHAMUKH
U TEPMUYECKON K. I. 1. HAKJA

Husa BoisicHeHUA CcymHEOCTH POPMYIHPOBOK BTOPOTO 3aKOHA TEPMO-
OWHAMHUKYE PACCMOTPUM CXeMy PaGoTH TEIIOBOrO HOPIIHEBOTLO JBHIa-
TeJ.

Ha puc. 22 mpuBefieEa cxeMa TeIJIOBOTO ABUTATEJNS ¢ KPHBOMKAIHO-
maryHasM MexaausMoM. Ha KosenuaToM Basdy gBHUraTels yCTAHOBIEH
maxoBuK. IlogoKuM, 970 B HaJUOPHIHEBOM HIPOCTPAHCTBE IBHrATENA
uMeerca 1 ke mocrosEHOTO HecMeHsIeMOro pabouero tesa. Ero Hagaan-
HBIe TapaMeTPHI DU MOJI0)KEeHNH HOPIIHSA B KPailHeM JIeBOM IMOIOKeHHN
(B. M. T.), XapaKTepU3YIOTCA BEIUIUHAMH Py, V;, I; # u,. Ot storo
HAYAJbHOTO COCTOAHMA IPU JBIKEHHU NOPIIHA K H. M. T. I'a3, COBEp-
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mas obpaTmMHil Tpomecc, pacmmpsaercs A0 o0beMa U, W COBEpMIAeT
pa6ory mporms BHemHmX cma. Ilpm moxoskeHmM MOPINHA B H. M. T.,
KOTJIa 0H COBEPINMJI IOXHHI X0 § = 2R, KoJeHYATHH BaJ MOBEPHYJI-
ca Ha moioGopora. I'as B aTOT MOMEHT (TOUKa 2 Ha zumarpamme) Oyzmer
EMeTh CiefyoNue TapaMeTPhL: Py < Py, Uy > Uy, To < Ty B Uy < 1y
MockonbKy IpoIecc IPOMCXOAMT 0e3 TemmooOMeHa, PadoTa lysey:
onmpenenseMas Iiaomanpio 12bal, coBepmajach 3a CUeT yMeHbINEHNA
BHYTpPeHHel sHeprum. Jra pabora HAKANIMBAETCHA B BHJIe KUHETHIEC-
Kol DHEpPrum B MaXOBHKE.

7 A 7
A1
Ve
aw s
I '
7' 71_qz=qu 2
+ A\ /// 2
1 -
TN 3'/
4 \\ \\\ 3
NN

fe
=
/
/
R
-
“y

S S XTI

a)

Pmc. 22. [lEKa TemToBoro ABHrarelsa B KoopauHarax p — V
ul —s

Jl;iA TMOBTOpEHHMA IPOIecca, 9TO ABIAETCA CYMHOCTBIO Iepuoam-
qecKH [eHCTBYIOMeil MAamWHL, He0OX0IuMO, aTo6E paGouee Texo OBLIO
BOSBPAIIEHO B IEPBOHAYAJBHOE COCTOSHHE. Jlas 3TOTO HMCHOJB3YIOT
BAACeHHYI0 B MAaXOBHKe KHHeTHIECKYIO SHEPIHIO, 3a CYer KOTOpOil
TIPOUBBOJAUTCA IPOIECC CHKATUA TaK, gT00H I'a3 MPOMIeJ Yepes Te Ipo-
MEKyTOUHBIE COCTOSHHAA, 9TO H B HpOIecce PaCIIMpeHusd. IIpu srom
npomnece 21, TaK KaK OH ABIAETCA 00PATHMBIM, IIPOXONUT Yepes Te Ke
IpPOMEKYTOUHEIE COCTOAHHS, 9TO H IIPOmecc 12, u pabora cxaTma
1., OIPpeNIeNAETCs MIOMANIBI0 21ab2. N3 aroro caepyer, 94T0 B paccMart-
puBaeMoOM 3aMKHyToM mukie 121, xorpa KOJEHJATHN BaJ COBEPIIUI
HoJHELIL 060poT 1 paGodee Teyo HPHILIO B IePBOHAYANLHOE COCTOSHHE
Logews = oo CieoBaTeIbHO, TAKON HMIEANbHBIA ABHMaTeNlb, CKOILKO
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6bl IEKJIOB OH HE COBEPIINJ, He MO;KeT IPOM3BECTH I0Je3HOH PaboTH,
KOTOPYIO MOKHO OBLIO OB MCIIOJNIB30BaTh, HAIPUMED, AJIs IPHUBEJCHUS
B IBIDKEHHE aBTOMOOWIA WimM Jid KaKuX-Iubo APyrux Imeneit *.

Il Toro 49TOGH B TENJOBOH MAamIWHE MOKHO OHIO HOJYYHTH IO-
Je3Hy0 paboTy, HEOOXOAMMO HPH NOJOKEHMH HOOPmHS B H. M. T.
(Touxa 2) oTBECTH YACTH TEIJIOTH K XOJOJHOMY HCTOYHUKY, NMEIOMEMY
remueparypy T'.,, << T,. IlpeacraBuM, 910 9TOT OTBOJ TEIJIOTH IIPO-
W3BOMIUTCS MPH HENOJBMIKHOM HOJIOKEHHH IOPIIHA B IIPOIEcce U =
= const OT TOUKH & [I0 TOYKH & U XOJIOJHOMY UCTOYHAKY OTHAAHO KOJU-
9ecTBO TOIJIOTH, PaBHOE ¢,. I1pu 5TOM mapaMerpsl rasa B Touke 3 OyayT
Ps < DPgi Uy = Vg T3 << T, 1 uy << u, Hcmonsaya sHepruio, HaKOI-
JeHHYI0 B MaXOBHUKe, COBEPIINM HOPOIEecC CKaTuA 34, IPH KOTOPOM
mopiieHb BepHeTcs B B. M. T. Pabora, 3aTpadeHHad Ha cyrartme, Oyner
ompeneaATbcsa WiIomaabpo Jba4, Koropas MeHbIne miuomanu 12ba4.

Jlna ocymecTBIeHEA NUKJIA B HePHOJUIECKE IeHCTBYOMEH MaInHe
He00xoauMo, 9TO0K MapaMeTpH I'a3a CHOBA MMeNH HAdYaJbHEE 3HAUe-
guA (touka I). asA sToro mpum HENOABIIKHOM IHOJOKEHWHM MOPIIHS
B B. M. T. B Ipomecce v = const mofiBeJieM K rasy TeIJIOTy B KOJIMIECTBE
g, OT WCTOYHHKA TeIJIOTH, mMeiomero rtemmeparypy T, > T,. Ilpm
co0MoleRny YKa3aHHHX YCJAOBHI MOKHO 00ecIeduTh HEIpepHBHOE
[MOBTOPEHME IPOECcCOB, MPECTABIAIMUX OO0 BAMKHYTHIN KPYyroBoi
mura 12341. PaccmorpeHHE# HmuKA B KoopaumHatax I — s moKasaH
ga puc. 22,6. Iln. 12ba341 ompepesnsier KoAUIECTBO WOMBEIEHHONR
TEILIOTH ¢, a OA. 2ba32 — KOJIM4YeCTBO OTBENEHHON TGIIJIOTLI ds-

B renmoBom meurarene pabora mukaa [, = L, — . B xoopau-
Harax p — V oma ompenenserca na. 12341 = ]IJI Z2ba1 — 1. 3ba43.
IIpu sToM Kaxume-a1uGO TONMOIHATENbHBIE UCTOYHUKY HMOBOIA M OTBOMA
TEIJIOTH, KPOMe YKa3aHHHIX BEINIe, OTCYTCTBYIOT W, KAaK BHUIHO W3
paccMOTpeHHMS OUKIA, B KoopAamHATax I — S KOJMYECTBO TEILJIOTHI,
mpespamenHoe B pabory,

Yy =q;—
ompepenserca mi. 12341 = nn. 12ba341 — nn.2ba32.CnenoBarensHo,
lu = lpGCw 1-2 = lcm 4= Gy — 9’5*- (110)

W3 paccMoTpeHnA MUKIA BUTHO, YTO IPH MOJYICHHN MEXaHHICCKON
9HEPTHH 33 CUET TEIJIOBOIl HEBO3MO;KHO BCIO IMOABEAEHHYIO TEILJIOBYIO
9HEPTHI0 PEeBPATUTh B MeXaHHIecKyi0. OKa3HBaeTCA, W 3TO YCTAHOB-
JIEH0 MHOTOYHMCJICHHHIME OIBITAMH, B NEPHOJUIECKH [eHCTBYOMIEH
TeIIOBOY MaIInHe HEBO3MOKHO MOJNYIHTh I0JIEe3HYI0 paboTy npu HaIm-
9@ TOJBKO OJHOTO HCTOYHHKA, OT KOTOPOr0 IOABOMMTCA TEIJIOTa

* B peficTBATEJbHOCTH BCJEACTBHe HEOGPATUMOCTH 4acTh HHEPLrMH B OPO-
mecce pAaCHMpeHHs 3aTpPavydBaercs Ha TpeHHe, W KWHeTHYeCKas 9Heprus, Ha-
KOIJIeHHAsA B MaXoBuKe, OymeT MeHbIIe lpq.,,. B pesyabraTe sToro paGouee Tejio
He CMOKeT BepHYThCA B MePBOHAYAJbHOE COCTOSIHHE U J[BUTATeNb OCTAHOBHUTCH.

** 3uech m gajnee B $opMyaax OPHBOLATCA aOCOMIOTHEE 3HAYCHHS ¢, H ¢,.
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¥ pa6Gouemy Teqay. Jlad mosydeHus MeXaHAIECKON SHEPTHY HEOGX0TMMO
WMeTh HMCTOYHMK TEIUIOTH ¢ BHCOKOH Temmeparypodt (7, > T,), or
KOTOPOTO K pafoueMy Tejay IOABORMUTCHA TEILIOTA B KOJHIECTBE ¢,
¥ WCTOYHHK TeIUIOTH ¢ Oonee Huakoit temmeparypoit (7, << T,),
K KOTOPOMY OTBOZUTCS 9acTh TEIIOTH OT pabodero Teia, He IpeBpa-
maeMoil B TOJE3HYI pPadoTy.

d¢dexTuBHOCTD NHKIA ONEHUBAETCA IO BeJIWYMHE OTHOIMEHHS
KOJIMYECTBA TEIJIOTH, WMCIOJb30BAHHON [JIA COBEPIIeHUA IOJe3HOM
PpaboTh IUWKJIA, K KOJIAIECTBY HO/BENEHHOH TEIIOTHL.

Jus waeanbHOW TEMIOBOW MAImMHEI 3Ty OIEHKY HPOU3BONAT MO
BeJUWYMEE TEPMUUECKOro K. M. X.

ly_—6_q_ o
= B @ ! a’ 1D

Takr Kak g, He MOskeT OHTH PaBHA HYJIO, TO 3HAYEHUE 1), HE MOKET
JIOCTAYb eJWHUIEL.

CrasaHHOe BHIIIE OIpeJeNsAeT CYIMHOCTh BTOPOTO 3aKOHA TEPMOIH-
JIAMHUKH, HMEIOIIero pasanuasie opMyaupoBKA. B ofgHoOl U3 HUX roBo-
PHUTCSA, 9TO HEBOSMOKHO IOCTPOUTH NEPHOAWYIECKH JefCTBYOmMui
JBUTaTeIb, KOTOPHA IPOH3BOAWI OH TOIBKO IOJHATHE TPy3a U OX-
gakmenne mcrounmka temmorsr (Ilmamk, 1852 r).

W3 kypca Pusukm msBectHA APYyras GopMyIAPOBKA BTOPOTO 3aKOHA
TEPMOAMHAMUKN: HEBO3MOKHO IOCTPOUTH BEUHHIN [BUTATEJh BTOPOTO
pora. Cmsica 3Toii OPMYJSUPOBKEM 3aKI0OYAETCA B TOM, 4TO HENb3S
TIOCTPOUTH [ABHUraTeNlb, B KOTOPOM BCS MOABeIeHHAsA K paboueMy Teiy
TeIIoTa IpeBpamaercs B pabory.

AHau3upysa OpPUBEAEHHbIH HA PuC. 22 UK, BUAUM, YTO OCYINECT-
BHTH IIPOIECCH PACHIMPEHUs U CKATHUSA MOKHO IIO-PA3HOMY, HAIPUMED,
nponeccht 1’2" u 3’4", 1lpm oToM BeAMIAREL Uy, U Loy 91y 92 B L, OYAYT
PAa3IHYHEMHA, IOCKOJIbKO OHE 33aBHCAT 0T XapaKTepa IPOTEKaHHUS OT-
MeNBbHBIX IIPOIECCOB W BCETO IUKIA.

IIpu BosBpamenun pabouero Tesa B IePBOHAYAIBHOE COCTOSIHHE,
BCe €ro IapaMeTpH OyZyT TAKWMH, KAK M [0 OCYIIeCTBICHHSA IUKJIA.
B nmamEOM ciaydae maMeHeHnme BHyTpeHHedl sHepruu Au = 0 HesaBm-
CHMO OT TOT0, KaK COBEPIIAJICA 3AMKHYTH I UK. JTO OTHOCHTCA TAKKe
K H3MeHEHHWIO SHTAJNbIIAM ¥ OSHTpommuM. B B3aMKHyTOM o06patmMoM
nukiae Ai = 0 u As = 0.

B nmkaax, ocymecTBIAAEeMHX B pPealbHHIX TEIUIOBHX MAMIHHAX, IPOHCXO-
JAIIye IPOIeccH HeoOpaTHME. PaccMOTPHM H30JIMPOBAHHYIO CHCTEMY, B KOTOPOi
IporcXoauT HeoGpaTHMas Hmepefada TEIIOTH OT HCTOYHUKA A4 ¢ TemmepaTypoir T
K Teay A,, nMelomeMy Temueparypy Ty << T;. IlomoxmM, 9T0 KOJIMYECTBO TeIIO-
TH A ¢, mepefaBaeMoe OT HCTOYHUKA Ay Tedy A,, HeCONOCTABEMO MAJIO IO CpaBHe-
HHIO C TeM 3aIIaCOM TeILIOTH, KOTOpOe EMeeTcA B Tedax A; U A,, MOITOMY TeMIle-
parypel T; m T, IOCTOAHHHL.

Teno A;, 0OTAaBaA TeNJOTy OpH TeMmepaType T';, H3MEHHT CBOI0 9HTDOIHIO

Ag
AS 4 =7,
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Teno A,, HONydYad TO e KOJMIECTBO TEIJIOTH mpHu TeMmepaType T,, TaKKe
u3MEHHT CBOI0 SHTDOIHIO

Ag
AS ===
Ae T,
Torga WSMeHEHHe SHTPONNE BCell A30IAPOBAHHON CHCTEME
Ag  Agq 1 1
S =AS AS =— 2 1 % — —
A cucm Ay + A T, + T, Ag < T, T1> :

Tak Kak T, Gombme Ty, TO A Scuem > 0.

CiepoBaTelbHO, €CAM B M30JAPOBAHHON CHCTEMe MMEIOT MECTO HeoGpaTHMbie
OpoIeccH, TO SHTPOOWMS TaKOH cHCTeMH yBeamdumBaercA. CaMoOIpoM3BOIbHEE
(6%3 3aTpATH BHemHeHl PaGOTH) MPOLECCH Mepefiai TeIIOTE BCEIa INPOHCXORAT
OT WCTOUYHAKA C BHICIICH TEMIEPATypO# K MCTOYHAKY C HU3MIEH, YTO NPHBOXHT
K BHPABHEBAHMAIO TeMIEPATyp B M30JUMPOBAHHON cHCTeMe, KOTAA 3HTPONHSA CHC-
TeMH JOCTHTaeT MakcmMyMa. IlomeTka HKaayswyca pacHpOCTPAHHATH STOT BEIBOJ,
Ha GeCKOHeUHY0 BCeleHHYI0 IpHBela ero K aGCypAHOMY 3aKJIIYEHHIO O TaK Ha-
3pBaeMoii TemynoBoit cmMepTH BceeneHHo#. Martepmanumcermdeckas ¢miocodus yT-
BepiKaaer, 4T0 B GeCKOHe4HOH BceleHHOH MOTYT OCYMIECTBIATHCA IIPOIECCH,
naymEe B o6paTHOM HAIpaBJIeHWH, T. e. ¢ yMeHbIIeHHeM sHTponum. IIpaxTmyec-—
KHUe WCCIeOBAHAS HOATBEPIKIA0T TAKYI0 BO3MOMKHOCTH.

§ 12. MAKJ KAPHO

W3 ypasmenus (111) ®. m. 7. puxIa BUAHO, 9TO [AOIA TEIIOTHL,
OpeBpalieHHAasA B HOJNesHyo pabory, Oymer TeM Gonbine, geM BEIIIe
7, Cagum Kapro (1824 r.) BuepBHe MOKa3aJ, KaKO# HAEANBHBIN UKL

) T
i T=const i 7 d 2
| 2
¢ e
I <
49<0 3 4 K 3
l | o
—| N
b Y gs—l %

| 1= 8

o |A Puc. 23. Iuxxn HKapmao

B BaJlaHHOM WHTEPBAajie TeMIepaTyp HMeeT HaumGoabmmit K. I. [.
Taxoit murja, HaswBaeMui mukiaoM Hapmo, mas 1 ke paGodero tena
NOKa3aH B KoopAauHartax p — V ma puc. 23,au T — s — =a puc. 23,6.

B sToM mukie mpomecc pacmupeHusa /2 MPOMCXOAMT TOTJA, KOTHAA
pabouee Temo, Haxoasameecs B o6beMe A, COMPHUKACAETCA ¢ TOPAIAM
HMCTOYHMKOM TEILIOTH, uMeiomuM Ttemneparypy I,. B pesyabrare
HarpeBa paGodee Tei0 pacmupsercda u cosepmaer pabory. Bo Bpemsa
mpomecca 12 pabodee femo coo0maercd ¢ WMCTOYHAKOM TEILIOTEL, &
CTeHKW OWINHAPA W JHUINE OOPIIHA TEMJOHEIPOHWI[aeMEl, MOITOMY
TemMmeparypa pabodero Teima paBHa I, H, CIefoBaTeJbHO, IPOHECC
12 aBusercA HM30TEPMHUYECKHM.
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B xomme mpomecca 12 paGouee Teso pasobImaeTcsi ¢ MCTOYHHKOM
TEIJIOTH U [ajbHelimee ero pacmupeHWe [0 NOCTHKEHHWS MOPIIHEM
KpaiiHero mpaBoro IOJIOKEHNA HPOUCXOZUT Ge3 TemnooGMeHa ¢ BHEII-
He#l cpemoit (ammabaTHEIA mpomece 23).

B mpomecce m30TepMUUECKOT0 pacmIMpeHnA K paboueMy Tesay mof-
BOAUTCA TEILIOTA ¢,, KOTOpasg MOJHOCTHIO IpeBpamaerca B paboty,
TaK KaK B COOTBETCTBUH C MEPBHM 3aKOHOM TEPMOIMHAMHUKA BHYTPEH-
HiA pHeprua B mpomecce I' = const He mamenserca. B mporecce 23,
KOI7la TeIIOTa W3BHe He IOABOAMTCA, pabora coBepmmaeTrcs 3a cUer
yMeHbINeHUsA BHyTpeHHe#l sHeprmu. Bcaexcreme sToro B KoHme mpo-
mecca pacumpeHns TeMIeparypa pabouero Teaa pasHa 'y, a H3MeHEHHE
BHYTPeHHEH 5Heprud B IIpomecce

Auy g=c,(Ty—TY).

Jlaia coBepmennd clefyoImero MuKiaa Heo0XoxmMo, ITOOH pabodee
TEJI0 BEPHYJIOCHh B CBOe MEPBOHAYAJIBHOE COCTOSHUE, XapPAKTePU3yeMoe
mapaMerpaMm B TOYKe [, 9TO COOTBETCTBYET IOJIOKEHHIO MOPINHA
B KpaiiHeMm seBoM moso;keHuu. OdeBUIHO, 9TO AJsS 9TOr0 Tpebyercsa
sarpaturb pabory mias csxatusa paGogero tena. Ilpomece 34 momken
COBEPHIATHCA TaK, YTOOH pabodee TeJO CONPUKACAIOCH C XOJOTHBIM
ACTOYHMKOM TEIJIOTH, mMelommuM temmepatypy I,. Torma B Teuenme
JaHHOrO mpomecca paGodee Te0, OTAABAA TEILUIOTY XOJOZHOMY HCTOY-
HUKY, Oyger mMeTh IOCTOSHHYIO TeMueparypy, pasayio I, (usorep-
MHUYecKmii mporecc c:katusa). B Touke 4 paso6mumM paGodee Tewro ¢ Xo-
JIOfHBIM MCTOYHHKOM, 4TO0H mpomecc cxarus 41 coBepmaiscsa Ges
Temnoo6MeHa ¢ BHemEHe# cpexoil. Torma B aTOM mpomecce TeMmeparypa
Oymer MOBHMATHCS, JOCTUTHYB B Touke I 3HaueHmsa 1.

3ameruM, uTo 3aTPaUeHHAA B H30TEPMUIECKOM IIpormecce 34 MexaHm-
9ecKas SHEPrus HePeXofuT B OTHAHHYI0 XOJOJHOMY MCTOYHHMKY Tem-
JoTy, a B aguabatHOM mporecce 4/ 3a cueT MEXaHWYECKON HHEPIHUH
TOBHIIIAaeTCA BHEYTPEeHHAA dHepraa Au,, = ¢, (T'y — T,). Herpynno
3aMeruTh, 910 Auy, = Au,., ®, cIefoBaTeJIbHO, IOJNe3HASA pabora
muraa 12341 momydaercA 3a CUeT PA3HOCTH MEMKIY IOABENEeHHOM
U OTBE/IGHHOM TEIUIOTOH [, = ¢; — @, W OHPEe/eJsAeTCs 3aMTPUXOBAH-
HO! miomagbilo B KoopgmEatax p — V u T —s.

IlomBox TemmoThH B KOJWYECTBE g; M €€ OTBOJ, B KOJHYECTBE ¢,
TPOMCXOJUT COOTBETCTBEHH) NPH OCYI[ECTBICHAN W30TePMUICCKHUX
mpomneccoB 12 m 34. Coraacuo ¢opmyne (85) mmeem

¢1=1-,=2,303RT, Ig ?v% (112)
n
go=1;-,=2,303RT, g ’i;;; (113)
TOrJA K. I. [l OUKJIA COrjacHo ypaBHenmio (111)

. 2,303RT, Ig ';—3
n=l—2= % (114)

N 2,303RTy 1g 2

1
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Iuns agmaGatrHOro mpomecca pacmuperus 28

v. T 1
=l (115
Huna agmaGaTHOro mpomecca cikarusa 41
v, T 1
i=<ﬁ)m. (116)
N3 gByx mociefHAX ypaBHEHHWE HOJIyIAM
B oy B2 117y
Uy N Uy (4}

Torga K. m. A. mukjaa Hapwo
T
n,=1-— T‘; (118)
K. no. a. muxna Kapeo merko ompenenuth, MONB3YSACh KOOPAHMHA-
ramu I — s (puc. 23,6).
KomamuecTBo mOABEJeHHON TEMJOTH onpefenserca mia. 123ab4l,
T. €.

g.=T,As, (119)
a4 KOJHWYeCTBO OTBEJeHHOM TeIIOTH — . Jab43, T. e.
go=T,As. (120)

Torma k. m. n. mmriaa Hapso

_Tibs—TAs _Ti—Ty_ 4 Ty
“="Tnas T, T T,

N3 ypaBmenusa (118) Bumpmo, 9T0 K. m. A. mukaa Hapao sasucur
TOJIBKO OT HAYAJbHOW W KOHEYHOH TeMIepaTyp IHKJA, OIpelelaeMEX
TeMuepaTypaMd ropsAdero W XOJONHOTO WNCTOYHWKOB TEIUIOTH, W HE
S8aBHCUT OT IpHMeHsAeMoro paGouero Tema. B pgamHOM wmETEpBase
temnepatyp puxia HapHo mMeer HamGosbiumil TepMudecKmil K. m. [I.
HeiicrBureabHO, B JI000M APYroM NHKJIE, IPOUCXONAINEM B TaHHOM
HHTePBaJIe TeMIepaTyp (IoOKa3aH INTPUXOBHMU INHAAMYE Ha puc. 23,0),
remrora ¢, (mwi. cdeabc) Gymer Bceraa MeHble, YeM MNOXBOJHMAS Tem-
aora (mia. 12abl) B muwae KapHo, a g, Bcerma Goxabime.

W3 supasxenus (111), geificTBUTeILHOTO AJIA JI060T0 UUKIA, BAIHO,

4970 [JA OuKJIa cdekc OTHOIIeHHWe % Oymer Goapime, u4eM NJfA IHKIA
1

Kapmo 12341. CanepoBareqbHO, K. H. [. PaccMATPMBAEMOTO IHMKJIA
MeHbIIe K. O. A. nukjia HKapHo.

s amammnsa popmynn (118) caenyer, uto 1, TeM Goabme, geM Goan-
me 7, winu mesme T, IlomyanTts 3HAweHme 1),, paBHOE eWHHLE, HE-
BOBMOKHO, TAK KaK B O9TOM ciyiae HeoOxoxmmo, 9To0n I'; = co miam
T, = 0. Takme smauemma T, m T, HeJOCTH)KUMEL
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PaccmorpuM B KauecrBe mpuMepa muka Hapmo, ocymecTBaseMurit
B WHTEpBajJie TeMIepaTyp, XapaKTepHOM [UJIA ABHUraTejiell BHYTPEHHETO
CcropaHms, rfe HaumBHcmasa rtemueparypa I, pocrumraer 2500°K, a
mmsmana T, = 300° K. Ilpum srux yc.TmBnﬂx K. 0. 1. nukaa Hapso

Ty
’nt =1 -_— 1 = -_— m— O 88

PacueTs noKasHBaoT, 9T0 B TAKOM NWKJIE MaKCHMAaJIbHOE [aBJe-
Hue [oukHO GHTH oKoa0 10 000 6ap, a 06BeM B KOHIE pacIIupeHHAS
0 CPABHEHUI0 ¢ HAUMEHBIOINM O0BEMOM [OJKEH YBeIHYATHCA IIPH-
mepro B 1500 pas. PeambHo ocymectBurh mukn HapHo B manmoM
WHTEPBAJIE TEMIEPATYDP HEBO3SMOMKHO, TAK KaK HOMOOCHBIA ABUraTeNdh
mMen OH BechbMa 3HAYH-

d TeJbHHIE pasmeps. Kpome

r ? TOro, Ha TpeHUe [BH-

JKYIUXcA ferajei saTpa-

Ws ammocoeps Qv ggBajack On 0OabmIas

! p’ﬂ' e [ d9acTh paboTH, coBepma-

19, Na 1 eMoii TeILIOBOH MAIWHON,
| -

oV 5peseptgar o v, AV § 13, HAEAJBHBIN
'15) IUKJ KOMIIPECCOPA

) B aBTOMOOMIBHEIX

Prc. 24. Iluka m cXeMa OJHOCTYNEHYATOTO CHJIOBHIX YCTAHOBKAX 9a-

UeaJbHOTO KOMIIpeccopa CTO IPEMEHSIOT KOMIIpec-

COP [UIA C3KATHSA BO3YXA.
PaccMoTpuM UK UIeaIbHOTO BO3AYIIHOTO OMHOCTYIEHYATOr0 KOM-
npeccopa (puc. 24,a). [Ipu pBwKeHNM NOPIIHA BOPABO W OTKPHITOM

Xonodunsuux
p
4 5
b |
8 pesepbyap
—-—b—

n3 ammaamepbt r,tl
6)

Puc 25. luka m cxeMa ABYXCTYHeHUYAaTOTO KOMIIpeccopa

BIIyCKHOM Kianase / Bo3fyx mocrymaer u3 atMocgeps. Ecanm paccma-
TpHBATh DTOT mpomecc 0e3 Kakmx-imbo morepb (p, = const), To B
KoopAauHATaXx p — V oH m3obpasurca ammmedr al (pme. 24,6). Ilpm
0o6paTHOM [BW;KEHHH MHOPIIHA BO3AYX CKHEMaeTcd HO NABJEHHA p,,
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npu KOTOPpOM aBTOMATH49eCKN OTKPLIBAETCA BHHyCKHOﬁ HRJanaH 2,
A OPpH [IBUHEHHHU NOPIIHA BJIEBO BO3OAYX IO [OABJIECHHUEM p, = const
B Opomecce 2b BHTEKaeT W3 KoMIIpeccopa. JTOT MPOIEce IPOUCXONUT
[0 IMOJHOTO BHITECHEHHA BO3[yXa IIOPIIHEM M3 06’LeMa A.
Pacemarpusas nura aas 1 k2 Bosgyxa Bupum, ato paboral,, ., 8aTpa-
yrBaeMasd Ha c)KaTue, paBHa CymMMe paGOT OTAEJIbHBIX MPOIEecCoB, T. €.
lmpx = len - lcwc —1 (121)

rae I, — mojoskuTeNbHAA pafora, coBepmaeMas BO3AYyXOM B HpO-
mecce BOYCKa; I, = pyUy;
l,,. — pabora, 3BarpadmBaeMas Ha C)KaTue BOBAYXA OT JaBICHHA Dy
[0 HaBIEHHSA p,; I, dkBHBaJeHTHa ma. 12ckl;
= — Dabora, sarpadmBaeMas HA BHTAJIKABAaHWEe BO3LyXa B IPO-
necce 2b; I, = Dals.

Benuunna paGoTH C;KaTHA BaBHCHT OT XapaKrepa IPOTeKaHHT
mporecca. Yame Bcero 5ToT OHpoIecc paccMaTPUBAETCA MPOUCXONAMMUM
Ges remmoo6MeHa ¢ BHemHei cpefoii. B sroM caydae agmaGaTHaA pa-
6ora c;raTHA

emm?

l

ebul

1
bewe =771 (P202 — P171)- (122)
Torga mocie COOTBETCTBYOIHUX TOJCTAHOBOK B ypaBmerme (121)
k / R—1
Linex = g—1 P11 [\%)T -1 ] . (123)

OrmernM, aro pabora l,,,,, KOTOPYIO HYKHO 3aTPaTHTh Ha CyKaTHe
BO3[yXa B KOMIIpeccope, B k£ pas Goubime paboTsl afmaGaTHIEcKOro
nmpomecca cxatusa I2 m ompepmenserca miaomanbio I2bal.

Hua coxarma Bo3gyxa [10 BEICOKHX JaBieHHi (p, = 8 6ap) mpume-
HAIOT MEOTOCTYIeHYATEe KOMIpeccops. HoHeuHEHe [aBIeHUS CHKATHA
B Ka)KHo#l cTymeHW BHIOMpAOT U3 YCJIOBHH B3aTpaThl OXWHAKOBOTO
KojuuecTBa PaGoOTH BO Bcex crymeHsaXx. [lisi Toro 4ro0bn KOHeYHas
TeMmepaTypa BO3JAyXa IOCHE CKATHA B IOCIEYIOMEHd CTyNeHH He
6bl1a 4pesMepHO BHICOKOI, IOCHIe KasKIoil CTyHeHH OH OTBOJWTCA B
XOJNOJWIBHAK, TAe OXJaKAaeTcA 10 NMepPBOHAYAJIBHON TeMIepaTypH.
Takum o6pasoM B CYMECTBYIOIAX KOHCTPYKOHMAX KOMIPECCOPOB.
JIOCTHTAI0T MeHbIIe# 3aTpaTs paboTh Ha cxarue, Gojee GIATONPHAT-
HHIX YCJOBHHU AJIA CMasKH OWJIMHAPA W CHUKEHHA IOTEPh HA TPEHHe.

Ha puc. 25,2 npuBenena cxemMa [BYXCTYIEHYATOrO KOMIpeccopa,
a Ha puc. 25,6 B KoopAuHATAX p — V HOKA3aHO HPOTEKAHHE IMUKIA
B oGemx crymeHax Kommpeccopa. IIponeccr csxatus 12 m 34 mpoucxo-
[AT B KOMIIpeccope; mpomecc 23 mpu p = const coBepmaercsa B X0JO-
amiabHEKE., 3alITPHXOBAHHASA MIOMAnb 23452 xapaKrepusyeT yMeHb-
meHne paGoTE, 3aTPAYABAEMOH HA C;KaTHe BO3yXa BO BTOPOI CTyHeHH,
BCJIeJICTBAE IPOMEKYTOYHOLO OXJAKJCHMS €ro B XOJNOJUJIbHHAKE,



YACTb BTOPASA
TEOPUA NBUTATEJIENN BHYTPEHHETO CI'OPAHUIA

I'masalV

TEOPETHYECKUE IUKJIbl IOPIIHEBBIX JTBUTATEJIEN
BHYTPEHHEI'O CI'OPAHUA

§ 14. OBIINE CBEJEHNA

B paccMaTpmBaeMEX B TeXHHYECKOW TePMOAMHAMHKE TeopeTmuec-
KHUX IUKJIAaX, KaK OBJI0O yKas3aHO, MpPeANoJiaraeTcs, 4To TEIJIOTA K pa-
foueMy Tesy HOIBONUTCA OT BHEIIHEI0 MCTOYHMKA, UMEIOIIEro TeMIle-
parypy T;, a oTBOAHUTCA K APYrOMY BHENIHEMY HCTOYHUKY, ¥ KOTOPOTO
remueparypa T, << T,. B peanpHOM gBUraTese TEIIOTA ¢, BHOEISIETCS
HeIoCPefiCTBEeHHO B KaMepe CrOpaHWA IPH CTOPAHWY TOILIWBO-BO3YIO-
Ho# cmecu. CropaHme TONJIMBA B IWJIMHIPE OBUTATENA, ABIAIIEECH
CJIOKHHIM IIPOIECCOM, BO3MOKHO IIPH YCJIOBHUU, 9TO KKIHIN pas mocie
coBepHieHus Pa0OTH 32 CYET BHIEIUBOIEHCS TENJIOTH PaCIIMPUBIIAECS
oTpaboTaBIIne Ta3H YHAMSIOTCA U3 [UINHADPA U CO3[ANTCA HEOOXOomu-
Mble YCJIOBHA [JiA CTOPAHHA CBeKell NOPIOHM TONJIMBO-BO3MYIIHON
cMecH, IOaBaeMoil B NUJIHHJP.

COBOKYIHOCTh IPOMECCOB, 00ECHEYMBANIMAX HOJYy4eHHE MEXaHH-
9YeCKOIl 9HEPTrMHM W3 TeIIOBOM, BEIJENsAeMOd IOpH CrOPAHUM TOIJIHBO-
BO3JYIIHOH CMecH, HA3BIBAETCA AEHCTBUTEIbHEIM IMKJIOM.

B paGoraromem gBurareiie, rie OCymECTBJSAETCH NefCTBUTEIbHbII
IUKJ, BO3HUKAaeT PAJ SONOJHUTEJIbHHX IIOTEPh, CHIVKAINUX 0 CPaB-
HEeHHUIO C TeOPeTHYeCKuM IUKJIOM 5PHeKTUBHOCTh MCHOJIH30BAHUSA Tell-
Jiotel. JIaA BRIACHEHMS TOTO, HACKOJBKO yXyAIaeTcs HCIOJIb30BaHIe
TEILIOTH B AeHCTBUTEIbHOM IUKJE IO CPAaBHEHHIO C TEOPETHUECKHUM,
cliefyeT HPOBESTH aHAJIN3 TEOPETHUECKUX IAKJIOB HOPIIHEBHIX IBHIa-
reneir. ComocrapjieHne 3HAYEHMIT K. M. [I. TEOPETHICCKOrO W JAEHCTBH-
TeJIbHOT0 IUKJOB NO3BOJUT BHIAACHUTH COBEPIIEHCTBO MCIOJb30BAHUA
TENJIOTHL B PEaJbHOM [BHTaTeJe.

Ilpm paccMoTpeHMHE TEOpPETHYECKHX I[HKJIOB BBOJATCSH CIEAYIOI{HE
OOUyIMeHus:

1. B mniumAgpe pBuratens Bce BpeMs HaXOAUTCA HOCTOAHHOe,
HECMeHseMoe KoJmd4ecTBO paGodero Teja (HampumMmep, BO3AYX), COBep-
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MAKMero saMKHYTH# DUKJI. JTHM JONYMEeHNeM UCKIIIAITCA NOTEPH,
KOTOPHIe BOSHAKAIOT B PEAJILHOM ABUTATEJIe B CBASH ¢ 3aTpaToil paboTh
Ha yZaJeHWe OTPaboTaBmMUX rasoB ¥ BBOJ B MUJIMHAD CBEKEH HOPIUA
ropioueil CMeCW WJIH BO3IyXa.

2. TensoeMkocTs HaxomAImerocs B MUWIMHApPe paGoduero reja Ipu-
HAMAaeTcA HA NPOTSIKEHWH BCEro IWKJA IOCTOAHHOM, He 3aBHCAMEn
OT TeMIepaTypH.

3. Cropagme ToI/IMBA B KaMepe CTOPAaHUSA He IpoucxonuT. Temmora
moABouTCA K paGodeMy Tesy W3BHE B OIpefeJeHHHI NepHON IUKJA.
ITHM [ONYIIEHNEeM MCKINYAITCA HOTEePH TEeIJIOTH, KOTOPHE COIYT-
CTBYIOT CTOPAHUI0 TOILIMBA B PeaJbHOM [BUTATEJe.

4. TlpomeccH c:raThs W pacIIMpeHHsS IHPOTeKalT 6Ge3 TemaooOMeHa
¢ BHemHel#l cpemoil (aguabaTHBIE IPOIECCH).

B TepmommmaMumKe paccMAaTPHWBAIOTCA TEOPETUYECKWE UKL [BH-
rarejieii BHYTPEHHET0 CrOPaHMsS, KOTOPHE OTIHMYAIOTCA IO CHOCOOY
MOJ[BOJIa W OTBOJA TEIIOTH. IIpHMeHMTENbHO K MOPIIHEBEIM [JBHTATE-
JAM BHYTPEHHET'0 CTOPAHHUSA CJIeLyeT PACCMOTPETh TPU TEOPEeTHUECKHX
EAKJIA:

1. Temmora mogBOgWTCA IPH IOCTOSHHOM 00BEME, 4TO IPHMEDPHO
COOTBETCTBYET HPOIECCY CTOPAHMSA B IBUTATENAX C HCKPOBHIM 3aKHMIa-
HAEM.

2. Tenaora moxBofMTCA IPHU MOCTOSIHHOM [[ABJIEHUHU, YTO HIPAMEPHO
COOTBETCTBYET IPOIeCCY CTOPAHMA B PaHEe CTPOMBIIUXCSA KOMIPECCOp-
HHX [JU3€JAX.

3. HeroTopoe KoamuecTBO TEWJIOTH HOABOAMTCA IPH IOCTOSHHOM
o0beMe, a ocTaIbHOE — IIPU HOCTOSHHOM JaBJeHWH (CMEeIIaHHHA mOJ-
BOJ[ TEILIOTH), 9TO IPHMEPHO COOTBETCTBYET IPOIECCY CrOpPaHUA B
GeCKOMIIPECCOPHEIX OBICTPOXONHBIX JU3EJAX.

OTBOJ TEILIIOTH B COOTBETCTBHHE CO BTOPHIM 3aKOHOM T€PMOAMHAMAKE
BO BCeX CIIydYasXx OPeUoJaraeTcs IpH MOCTOSHHOM o0BeMe.

§ 15. MURJI C MMOABOAOM TEILJIOTHI IIPN IIOCTOAHHOM OBBEME

Ha puc. 26,0 m 6 nso6pakeH IUKJI ¢ MOJBOIOM TEIJIOTH HPH IOC-
TOSIHHOM o0beMe B cmcreMax KoopawHaT p — V m T —s.

Ilpn pBW)KeHWM NMOPIIEA OT H. M. T. W BPAIIEHHH KOJEHYATOrO
BaJIa [0 9aCOBOM CTPEJKe OT TOUKH 2 10 TOYKH ]/ MPOMCXOIUT IPOIMECe
CKaTHA ac NOCTOSTHHO HAXOOAIMErocs B NUIMHADEe pabouero Tteja.
JTOT MpONEecC B COOTBETCTBUHM C NPUHSTHIM [ONYIIEHWEM IPOTEKaeT
6e3 Temmoo6MeHa ¢ BHemHeil cpejoii (agmabaTHEIN mpomece).

IIpn mososkeHMH MOPMHA B B. M. T. U HmocrosiHHOM oOneme (V, =
= const) B mpomecce ¢z H3BHE MONBOSUTCA TEIIOTA B KOJHIECTBE (.
B pesyabrate aroro jaBieHme W Temmeparypa pabodyero Teia ImOBHI-
matorcsa. llpomecc pacmmupenms zb paGodero Teia IpPH JBEMKEHHH
OopmHEA K H. M. T. (paboumit XOf) B TEOPETHYECKOM IUKJIE TAKMKe
nporexkaer 6e3 Temaoo60MeHA ¢ BHENIHEH Cpeioil.
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OrBop, TEIIIOTH B KOJIMYECTBE ¢, K XOJI0ZHOMY MCTOYHHKY IPOHCXO-
AUT NPH IOJIOKEHWH HOPIIHS B H. M. T. B IOCTOAHHOM obbeme (V, =
=V, = const).

Beenem caenyiomume oGosnauerHms (pmc. 26):

D — pmamerp muamH{pa;
R — pagmyc KpuBOmMIA KOJEHYATOr0 BAja;
S — xon mopmus; S = 2R;

.
2y <; V=const,

9y

a
V=const

Puc. 26. Ilukn OopmHEBOro [BUraTedAsA C MOLBOLOM
TELJOTH UpPH HOCTOSHHOM 00TBeMe

V, — obbeM, ocBOGOKHaeMEI#l HOPIIHEM HPH €ro MepeMemeHnn
. n
OT B. M. T. [0 H. M. T. (paGounmii 06BeM); Vh=—4—D2S;

— obBeMm HaJ OOpIIHEM, KOrga OH HAaXOAMTCA B B. M. T.

(o6meM KamepHl cropaHms);

a HONHHHA 00BeM OUJIMHAPA OIPH NOJOKEHUH NOPILHAA B H. M. T.,

V
€ — CTeNeHb CIKATHA; &= ng ;
[

A — cremeHb NOBHINEHNWA NABICHUA, k=%;
(4

C.
k — noxasatenp agmabaTh Ic=c—”;
v
(@ — Yroj ImOBOPOTA KOJEHYATOIO Baja.
Ilnsa paccMarpuBaeMoro muKJA, moJarasd, 9To B NIIHHADe JBHTa-
Tesad Haxopurea 1 ke pabouero Tena, KOIMIECTBO MOJBEIEHHOM TEILIOTH

g1=¢,(T,—T,) Onc/ke unn kxan/xe,
a KOJHYeCTBO OTBE/IeHHON TEIJIOTH
gs=C, (T, — T,) Onc/ke mnm Kkaa/re.

62



TepMuuecKuil K. I. [. IocJe MOJCTAHOBKE 3HAYCHHH g, U ¢, B yPaB-
umenme (111)

Ty —Tg) Ty—T

=1—f_q_Tb=td _y_To—la 124

K ol T @ —10 T, =T, 124)

TeMmepaTyps B XapaKTePHHX TOUKAX HUKJIA MOKHO BHIPAasHTh
gepes HAadadbHYI Temmeparypy T:
1A aguabaTHOTO IpoIecca C:KATHA ac

vg P B-1.
=T, (%) =Te%
IJA M30XOPHOrO Impormecca
P .
T,=T,2 =T, =)e"17,;
nna agmabaTHOTO mpomecca pacuupeHus zb
h-1 k-1
R A

IloncraBnaAasa NONy4YeHHbIE 3HAYCHHSA TeMOepaTyp B ypaBHeHUe
(124), monyamm

Pabora 1 4 COBEDIIaeMas 33 MUKI B KOOPAMHATAX p — V ompene-
asercsa 3amTpnxonaHHon nIomanKoi aczba (pue. 26,a), a Temmora
q = 1 — ., SKBUBAJEHTHAA IO-
ay4eHHOH pabore, — OJHOUMEH- p z
HOM IUIOMANKOH B KOOPAWMHATAX
T — s (puc. 26,6).

Hdus cpaBreHust gBurartesei
pasnmuHOr0 THHA paboTy, coBep-
maeMylo 33 IUKJI, OTHOCAT K e/Iu-
Hune pabouero oobeMa IMUIKHIPA.
Hdua sroro, Kak IOKasaHO HA
puc. 27, ee yCiI08HO LpeACTaB-
AT B BHAE NPAMOYTOJIbHUKA,
OCHOBAHMEM KOTOPOTO CAYKHT
pabounmit ob6beM mnmiamEApa V,.
OpauHEaTa 5TOr0 IPAMOYTOJILHEKA m

pu=f—,'i ww/m® mam w/M?. (126) = Ve Vi
Va

— pq "_-

Jlasnenue p, mOpepcTaBaseT
coboit ymenbHyI0 pabory, T. e. Pmc. 27. Ompemenenne cpegHero nas-
pabory, mpuxomAmyocsa Ha egu- JIeHAA [UKIIA
HEIy paGouero oGmeMa.

Benwumna p, dmcienHO paBHA HEKOTOPOMY YCJIOBHOMY HOCTOSH-
HOMY gaB.neHmo, OeliCTByIOmMEMY Ha OOpmEeHb B Te4eHHe BPEMeHH,
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COOTBETCTBYIOIIEMY L€PEeMeIeHni0 HOPIHA OT B. M. T. JO H. M. T.,
IPH KOTOPOM 00'heM IUINHAPA H3MeHsAeTCA Ha Beanaury V. Beanuuny
p, UPHHATO HA3HBATh CPEJHMM [aBIEHHEM IHUKIA.
Husa paccMarpmBaemoro mmkja (puc. 27) cpegHee IAaBJIeHHE
k
er(A—1)
Py =DPa eE—1)(k—1) Nt (127)
Enuanna msmeperus p, oupepeinserca TeM, B KaKoi cucreMe efm-
HNI, HAIMCAHA BEJIWYHHA p,, TAK KAK BCE OCTAJIbHEE BEJIMIUHH B POp-
Mymae Oe3pa3MepHEIE.

§ 16. IIAKJI C IIOABOJAOM TEIJIOTBHI PN IMOCTOAHHOM IABJIEHNN

ITuxa ¢ mofBOKOM TEMIOTH HPH IOCTOSHHOM JIaBIEHHA B CHCTEMaX
roopgmear p — V u T — s noxasasn Ha pume. 28, u 6. On oTanuaerca
OT paHee PACCMOTPEHHOTO TE€M, 9TO B HEM TEIJIOTA ¢, MOABOAUTCA IPH

n

7

Py
7 A 2
LAY
C|
T°K p=const
Z!
V=const
L
Q N pvt=const ¢ b
& Yy
2 9;
$ 2 V=const
Qi' = a
M ]
cm———
émm H.m.m

Puc. 28. Iluxa nopmHeBoro pgsurare- Pmc. 29. Iluka mopmHeBOro ABHraTe-
JiA ¢ HOABOJOM TEILUIOTH MpHW MOCTOAH- JISi CO CMEMAHHKEM UOABOAOM TeIJIOTH
HOM [aBl¢HHAH

noctosgaHOM masienun. i 1 k2 paGogero tena KOJIHIECTBO IOABEEH-
HOM TeIJIOTH
q1=cp(Tz"' Tc)’
a KOJHYECTBO OTBEIECHHON TEeIJIOTH
92 =0, (Tb - Ta)'
Torga repMmuecKHmit K. m. [.

¢y (Tp—T4)

7];=1 - Cp (T, —T.)"
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vV
Hmesn B BURY, 4TO ﬁ=s n w1y 0003HATHB depe3 p = = =
Vc Cp k VZ'
Vs

T
=y = T—z CTENeHb IpPeBapUTEeIbHOTO PacIIMpPeHHuA, BRIPA3UM TeMIIe-

¢ z
paTypH B XapaKTePHHX TOYKAaX IMKJA Yepe3 HAYAIbHYIO TeMIeparypy
T,. Ilocme cooTBeTCTBYIOmMUX IO/ICTAHOBOK HOJYIMM CJIEAYIONYIO

¢opMyay NAA TepMEHYECKOTO K. H. J. IUKJIA:

1 ph—t
ﬂt=1—gz-—1'ki(p:—1)~ (128)

CpeziEee JaBleHWe IUKJIA

_ ekk (o — 1)
Py=Pe gDy a=1 " (129)

§ 17. IUKJI CO CMEIIAHHBIM IIO/IBOAOM TEILJIOTHI

IMuxx co cMemaHHEEM IOJBOJOM TeIJIOTH B CHCTeMaX KOODJAHHAT
p— Vu T — s noxkasan Ha puc. 29,a u 6. OH orimuaerca OT paHee
PacCMOTPEHHOTO TeM, 9T0 B HEM KOJWYeCTBO TeIIOTH ¢; = ¢, (T, —
— T',) Dof{BORATCA IPH DOCTOAHHOM 06BeMe, & KOJIMIECTBO TEINIOTH gy =
=, (T, — T,)) — opm mocroarHoM fasieEmu. OOmee KoAHIECTBO
mojBeIeHHON TemaoTH K 1 k2 paGouero rema

a=agq+gi=c,(To—T)+c,(T,—T»)=
=c,,Tc[<%'— )+fc£§— (§—— 1>]=chc[7»-—- 1++kA (o —1)).
’ (130)
HonugecrBo oTBefeHHOH TeImIOTH
ga=C¢y, (T, —T,).
Tepmuueckmii K. m. &,

— ey (Tp—Tq)
cpTe[A—14kh(o— 1"

% _
nt_l )1 1

Bripasxas reMmepaTypy B OTAEIbHHX TOYKAX IUKIA 9epes HAYajIb-
Hy0 Temnepatrypy I, u yuuThBas OpuBe[eHHHe BHIIe 0003HAYCHHSA,
DO yIuM

I SN it :
=1 -G =T rme =D (131)

Cpenmee fJaBleHWe IHKJIA

R A—14Kh(p—1)]
Py = DPq E—=D@x—1 Mo 132)
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§ 18. AHAJIN3 TEOPETHYECKNX IIUKJIOB

1. Ilukx ¢ DOABONOM TEmIOTHl HIPH HOCTOSIHHOM
oo0neme

Ns ypasmenus (125) BumHO, 9TO TepMUUECKMil K. M. [. IUKJIA C
TMOBOIOM TEILJIIOTH IPHU IOCTOSHHOM 00BbeMe ¢ MOBHIIIEHUEM CTENeHW
c:rarma pacrer. C pocToM KoamuecTBa MOJBENEHHON TEILIOTH, HEOGXO-
OUMBIM TPHU yBEJIWYEHUN HATPY3KM, CTENEeHb MOBHINIEHWS NABIACHUA A
TaKMe BO3PACTaeT, HO, KAK BUJHO W3 YPaBHEHUs, 9TO HE BJIHUAET Ha
TepMUYeCKU# K. I. . IWKJIA.

Ha puc. 30 moctpoeHa 3aBHCUMOCTH TEPMUYIECKOTO K. H. [. IHUKJIA
OT CTeIEeHW C;KATHUA IS CIydaeB, KOTIA B KadecTBe pabodyero rasa
B OUJXHJPE ABUraTeJsI HPUMEHEH BO3TYX

L/
t LA (k =1,41) m ras, y KOTOPOro IOKa3aTeib
08 ke aguabarer £ = 1,3. Us rpajura BumHo,
’ / 130 9TO ¢ HOBHINEHHEM CTENEeHW CIKATHS Tep-
05 p k= MHUYECKMHA K. I. JI. BeCcbMa 3aMeTHO BO3-
’ / L pacraer. [Ipm MeHbmmx 3HaYeHWAX MOKA-
' / sarensi aguabarel & TepMWIeCKH# K. II. .
4 OUKJIa CHIKAETCH.
03 Hua momxydgerma GoJiee BEICOKHX 3HA-
¢4

4§ 8 W ¢ |'IeHWHd TepMHMYECKOTO K. I [I. CTemeHb
CKATHA CJeayeT MO0 BO3MOMHOCTH IIOBHI-
Puc. 30. 3aBHUCHMOCTH rep- maTh. OD;H&I{O B JBHUTaTeJNAX C MCKPOBBIM
MHUYECKOr0 K. . A. 1 OUK-  3a;KMUraH@eM, KOTOPHE paGoTaiT MO IHK-
J1a C NOABOAOM TEIVIOTH IIPH vy GrygkoMy K paccMaTpHBaeMOMY, IO-
IOCTOSIHHOM 00BeMe OT cTe-
IeHH CKaTHA mpU ABYX sHa- BHIIATH CTOIEHb CKATHA BHINE HEKOTO-
JeHHAX NOKasaTedda amuala- poro mpeqesia He IIpPeACTaBIAETCA BO3-
TH k MOKHEIM. JTO OOBACHSETCS TEM, U4TO MpPH
60/IpMINX BHAYEHUAX CTENEHH CHKATHA B
9TUX JABUTATEJIAX HPOMCXOJUT HEHOPMAJbHOE (HEeTOHAMOHHOE) Cropa-
HUEe WIKM HpPEeKIeBPeMeHHOe CaMOIIPOM3BOJbHOE BOCIJIAMEHEHHE TOII-
JimBa, NP KOTOPHIX IOKA3aTesJu ABUTaTeNsA pe3ko yxymmawortes. Io-
3TOMY B [BHUTATEJIAX C MCKPOBHIM 33;KUTaHHEM, B 3aBHCHMOCTH OT
copra GensuHa, MPHMEHSAIOT cTeleHb c:xaTus &€ = 6 + 9,5. B mexo-
TOPHIX CJIIy9afAX NPH HCIOJH30BAHHU BRICOKOOKTAHOBOTO TOIJIHBA
CTelleHb C;KaTuA HoBeimanr mo 11.

Hus pBurareseil, MCHONB3YOIMX B KadecTBe TOIJIMBA ras, € =
=5 + 10.

N3 ypasmenus (127) BugHo, 9To cpejHee JHaBJIEHHE TEOpPeTHUEC-
KOTO IUKJIAa p, BO3PACTAeT, ecid IPONECC CIKATHA HAUNHAETCA NPH
6oree BHICOKOM HA4aIFHOM [JABJICHHN p,. Y BeINIeHHE CTelleHH CKATHA
Tagke obecmeumBaer MoBhmeHRue p,. ONHAKO HA p, CTENEHb CHKATHA
BJIAAET MeHbIIEe, 9eM Ha TepMWIecxnn k. 0. 1. [Ipn yseanuennn xomau-
gecTBa IMOABEIEHHOH TEIJIOTH BO3PACTAET CTeNeHb MOBHIIICHHS TaBiie-
HEA A B COOTBETCTBEHHO CpeJHee IaBICHNUE [[MKJIA. Y BeJINIeHNe TepMu-

66



gecKoro K. I. Ji. 03Ha4aer, 4To GoJbIiee KOJMIESCTBO MOIBENeHHON Tem-
J10THL MCIOJIb3YyeTcA MisA cosepmenusa paGorel. CienoBarenbHO, HOBH-
meHue 1), HIPHBOLHUT K POCTY D,,.

2. Iukn ¢ HOABOJAOM TEmIOTHI HPH IHOCTOAHHOM
IaBIEHAH

Wz ypasuenus (128) Bugno, uro TepMuuecKuil K. I. . HUKIA ¢ IOJ-
BOJIOM TEILIOTH DY HOCTOSHHOM [aBJICHNM 3aBHCHUT OT CTEIICHN CIKATH
¢, DOKasaTejsA afumalaTl kK @ CTeIeHH NPeJBaPUTETHHOTO DPaCIIHpe-
Hud Q.

Ha puc. 31 mpuBefeHs 3aBUCHMOCTH TePMHYECKOTO K. H. [. MUKIA
oT crelleHN IpeNBapuTeJIbHOro pacmmpenus p upu k = 1,41 u k =
—1,30 u Tpex cTemeHAX CKATHA €, B

XapaKTepHOM [JA qu3e- Y
N ==
: —— e
U3 rpaduka BEAHO, 9TO C yBEAW- . 1
yeHHEeM CTENeHH C:KATHA TepMmuec- | S | ~Z]
K@it K. IL. [I. qukiaa pacter. Boabmue _I l\ o
BEJWYMHE 71); [JOCTHUTAIOTCA TaKMe \\,\\-\_&
npu Gojiee BHCOKAX BHAUEHUAX mo- 45 \\:é]\ij‘
Kasareada anuabaTel. YBeawdeHHe P —
IPHBOJAT K CHUKEHMIO TEPMHYECKO-
r IL. Boabmasa Beanmumea 04
o K. o A o 15 20 25 p

COOTBETCTBYET YCJIOBHUAM, KOrJa B
CBABM C DPOCTOM HArPY3KH HEO0- pyc 31 3asmcumocrs Tepmuiecko-
XO0OMMO yBeJHMYMBATHb KOJHUYECTBO ro K. 0. . 1; UUKJIA C OOABOAOM
IOIBOAVMON TENJIOTH ¢. CiemoBa- TeIUIOTH NpPH MOCTOAHHOM [aBie-
HAW OT CTENeHH IPefBapUTEIbHOLO
11 noaBO-
TeJIbHO, 9eM 00JIbIIe TEIJIOTHL 0BO PacIIpeRHs P HpH Pa3IUTHHX CTe-
AuTCA B NUKJIE, TEM MEHBINE TEPMA-  popgy ciaThs u HOKA3ATedAX a/IH-
gecKHM K. Im. 7. IT0 0OBACHAETCA a6aTH
TéM, 9YTO IPH YBEJHWYEHUHU ¢, KOJIH-

9eCTBO TEILIOTH ¢y, OTBEJIeHHOe XOJOAHOMY HCTOYHHMKY LIPH U =const,

Bo3pacraeT B 6oabmell cTeNeHA U OTHOIICHUE %2 OpU 9TOM YBeJIHIHBA-

ercs [cM. ypasuenue (128)].

3aBHCEMOCTD 1), OT P EMeeT GONbLIOe 3HAYEHUE [JIA OIpefeeHus
9¢(PeKTEBHOCTU TENJIOMCIOAb30BAHAA B ABTOMOOMIBLHOM [BHUTaTese,
KOTOPHI NPH JKCIUIyaTamuu OOJNBIIYI0 9acTh BpeMeHH pabGoTaer Ha
HeNOJIHKIX HATPy3Kax.

Us suipasxenmsa (129) caemyer, 9To ¢ yBeJMUeHmeM HAdYaIbHOIO
AaBJeHHA NUKJA p,, DOKasareisa aquabarel k, CTENEHH CHKATHA &
U TePMHIECKOTO K. I. JI. 1), CPejjHee [aBjeHWe IUKJIA p, BO3PACTAeT.
YBeauuenwe p, mocTHraeTcA myTeM IOABOARA GOBIIEr® KOMMIeCTBa
TeIIOTHI, YTO B To e BpeMs NPHBOJUT, KAK ObIJIO IHOKA3aHO BHIIIE,
K HeKOTOPOMY YyMEHbBIICHHIO I},
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Ilura ¢ mOJBOJOM TEIIOTH IPH IIOCTOAHHOM [ABJICHAW NPEMEPHO
COOTBETCTBYET MUKy, OCYIECTBIAEMOMY B THXOXOJHHIX KOMIpeCccop-
HHX Aumsensx. Taxkme Auseiu HpUMEHAINCH PaHee IJIA IPHBOA JJIEK-
TPOTEHePaTOPOB HA SJIEKTPOCTAHOMAX, B CYHOBHX H HPHWBOJHBIX
yCTAaHOBKAX PA3IWYHOTO HAa3HAUeHWA. B Hacroamee BpeMsa wu3-3a
CIIOKHOCTH KOHCTPYKIMHA (HAIMIne KOMIPECCOpa BEHICOKOTO JaBJICHMA)
9TH [ABUTATEJW HE IPOM3BOIATCH.

3. Iluka co cMEemMaHHABIM MOJABONOM TEIIOTH

N3 ypasmenms (131) BmpHO, 49TO TepMUYECKHA K. I. [A. LHKIA
€O CMENIaEHKM IOIBOJOM TEIIOTH TaK)Ke IMOBHINAETCA C yBeJIUICHUEM
cTenenn cykatuA. Kpome Toro, TepMuUecKui K. 1. /. 3aBUCHT OT CT€HEHA
TIOBHIIEHNSA NABIGHHA A, T. €. 0T KOJAMYECTBA TEIJIOTH, IOJBe/leHHOM

P z
Tk
z' —\27
\\
Z”-—— '\;\ZZ
\
)\ v =const
R X\T\\%&
AN
\\\\\
NN
N b]
b
a
1 S
-»VL Vh 6)
a)

Puc. 32. BosMokHHE c¢Jydad MOABOAA TEIUIOTH B TEOPETHYECKHX
OUKJIaX [aBUraresei

npu V = const ¥ CTeNeHN NpeJBaPUTENbHOTO PACIIMPEHHA O, T. e.
OT KOJHMYeCTBA TeIJIOTH, HOJIBEfleHHO# NpH NOCTOAHHOM J[IaBJICHUH.

Pacuers MOKA3HBAIOT, YTO TEPMUIECKUI K. II. /. CMEIIAaHHOI'0 [AKJIA
TeM BHIIIE, YeM OOJIbINe TEIJIOTH IOJBOJUTCS HPU IMOCTOAHHOM o0neme.

Ha puc. 32, a u 6 B Koopanratax p — V u T' — s DOCTPOEHH Amar-
PaMMHI IIPH OJWHAKOBEIX CTEICHM CKATHA M KOJWYECTBE MOJBEICHHOM
TEIJIOTH, XapaKTepPH3YOUIWe BO3MOKHHE IHKIH €O CMEIIAHHEIM
MOABOJIOM TEIJIOTHL.

ITukx aczba XapakTepeH TeM, 4TO B HEM BCA TeIJIoTa IO/IBEfleHa
mpE mocToAHHOM obbeme (p = 1); B muKIe aczgbg BCA TEIJIOTA IOABO-
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gurcs IPH TOCTOAHHOM Hasiemm:m (A = 1). B mmruax acz’zba m
acz’'2,b,a TPOMCXOMAT CMEIIAHHELA IO/BOJ, TemnoTs. OHE OTIHIAIOTCA
reM, 9TO B IURIE acz’'z;b,a KoIWd4ecTBO TEINIOTH, IOZBOJRMMOM IpH
HOCTOAHHOM [IaBJIeHWH, 0OJbIle, a CIeJOBATEeIbHO, KOJIMIECTBO Tell-
J10THI, TIOABOIMMOM NPH HOCTOAHHOM 0oGBEMe, MEeHbINe, YeM B IHKIe
acz’z;bya.

Tlpu nepexofie OT IUWKJIA ¢ IOJBOLOM TEIIOTH HPH MOCTOAHHOM
ofpeMe K IIKIY CO CMEITAHHKM HOXBOJOM TEILIOTH IaBJIEHUE, & CIeH0-
paTeJibHO, M TeMIeparypa B KOH-
me pacmmpeHus (toukm b, by, by, P L
g 1. A.) yBenmdupaoTcA. B TO ixe 7 10,7
BpeMs TeMIlepaTypa Haiaja IHKIA 3 ¢
(touka @) ocTaerca HEHBMEHHOMH, L
[03TOMY KOJMYECTBO TEIJIOTH, OT-
[aBaeMONl XOJONHOMY WCTOUYHHKY 2 / AN

17

10,65

o~ |

? 3 A

g, = ¢,AT, Gyner Goxbiie NpU MUK~
Je cO CMEMAaHHEM IOABOJOM Tem-
JIOTHL. n
IToCKONIBKY KOJIMYIECTBO IIOJBE-
JeHHOH TeILIOTH BO BCEX DPacCMOT- Puc. 33. 3aBUCHMOCTH TePMUIECKO-
ro K. O A. 1, OMKIA OT cmocoba
PeHHBIX BHIIe NHUKIaX 6buio mpu- ONBOIA TOIIOTH TpH ¢ = const
HATO ONHUM W TEM jKe, TO IO Mepe
yBelIuueHusi O U COOTBETCTBEHHOTO YMEHbINEHHWA A TepMHYecKui
K. I. . IUKJIa cHEXKaercA. B Tabm. 3 m Ha pumc. 33 mpmBeleHH A
PAcCMOTPEHHHIX HA PHC. 32 IUKJIOB 3HAYEHHS TepMUYECKoro K. m. A.
npu pasiamuesix A m p. Pacuer mpomsBesien mpm MCOOIB30BAHWE Clie-
OYIOIMHAX UCXOJHEX NAHHHX: & =
Tabauya 8 17, k=1,4; p, = 0,981 6ap =

3HaueHHe TePMHYECKOro K. IL. [. = 1xl/em?; T, = 288° K;
B 3aBHCHMOCTH OT ) H p N
npu g = const ¢,=0,713 kdxc/(ke- epad) =
= 0,17 rxas/(xe-2pad)
Dgkn A f n n
g1 =1950 Kdxc =466 xkraa.
aczba 4 |1 0,686
acz'zybya 3 | 1,236 | 0,684 W3 npuBefeHHHX BHIIIe fan-
e p o | 1710|0655 | FEX BHAEO, drO OpHE OJHOH H
arz 22000 ’ ) TOM ’Ke CTeIeHHW CIKATHA MHRI C
aczgbsa 1 | 3,430]0,584 DOABOMOM TEIJIOTH HIPH HOCTOSH-
HOM o0beMe wMeeT HAWBHICHIMI

TepMUYECKUHl K. I. J.
Bricrpoxopgurie gusenm paGoTalwT mO NUKIY, GAM3KOMY K IHRIY
CO CMEmAHHHM OOBOAOM TEMJOTH. lIpEMeHseMble B HUX TOIUIHBA
IO03BOJIAIOT OCYIECTBAATh MUK IPH CPAaBHUTEJIHbHO BHICOKHX cCTelle-
HAX CKaTWA. IJTO SABJIAETCS TJIaBHOM NPUYMHOHR Oosiee BHICOKHX
SHAYEHNI TepMHYECKOTO K. I J. J@3eJid, IeM JBHTATeNedl ¢ HCKPOBHM
BKUTaHUEM,
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CpenHee maBiieHNe CMEIIAHHOIO IMUKJIA, KAK BHHO M3 YPABHEHMS
(132) gust magHOTO padouero rema (K = const), TeM BEIIe, YeM GoJbiie
Py €8 My

Ilas caydas, KOrjja KOJIMIECTBO IMOSBELCHHOM TEIIOTH ¢; = const,
U3MeHEeHHe p, 3aBHCHT OT COOTHONICHHS MEKAY A W p, BIMAIIEro
Ha 1),. Berrmumna p, Bospacraer IpH yMEHbIIEHWH O M COOTBETCTBEHHOM
yBeJIMYEHUN A, TAK KAK IOPH HTOM HOBHINIAETCA 1),.

IIpn yBenmuyeHMu TemuoTH ¢, KOTAa A = const, a P HOBHIIAETCA,
HaGumoflaeTcs CPABHUTENBHO MEHBINHI POCT CPeIHEro NAaBIEHHA D,
4eM B caydae p = const m yBeamduenms A. 1o 00BACHAETCA TeM, UTO
¢ BO3DPACTaHMEM KOJHMYECTBA IOIBEJEHHON TENmJOTH B IEPBOM CJIydae
TePMUYECKHI K. I. [[. CHUJKAETCH, a BO BTOPOM — HECKOJBKO IIOBHI-
IaeTcs.

B coBpeMeHHEX GHCTPOXOMHHX AUBEIAX IMPUMEHAIOT CJIETYIOIINe
CTEIEHH CHKATHU:

Yereipex- W iByxTaxtHhe 6e3s Hagmysa . . . . 16—20
Yersipes- W JBYXTaKTHHE ¢ HagaysoM . . . . 12—16
MHOTOTOINIUBHBIE . . . . v 2 v v v v v v v s Ho 21

B menax mosydeHus JOMYyCTHMHIX IO YCJIOBHSAM HMPOYHOCTH 3HAYE-
HH# MaKCHMAaJIbHBIX MAaBJIEHUH IUKJIA OpPOIecC CrOPAaHMA B IHM3EIAX
OCYINECTBIISIETCA TAK, YTOOH CTeNeHb NOBHIICHNUA AaBieHusa A = 1,2 +
=+ 2,0. Beanyuna p 3aBUCHUT OT HATPY3KH ABUTATEJSA U MEHAETCS B IIpe-
mexax 1,4 — 2,2.

Ipamep 14. OmpenenuTh TepMHUIECKHHE K. H. [. U CpefHee AaBIeHHe IUKJIA

C
C TOABOXOM TEIUIOTH IIPU IOCTOAHHOM o00beMe, ecad & = 7; k= ?13 = 1,41;

Pa = 0,981 6ap = 1,0 kI'/cu® u A = 4. Y
TepMuueckuil k. n. f. [cM. ypaBreHHe (125)]

1 1
n=1— gy =1—7mm =05

Cpenmee faBieHue mukia [cM. ypaBmeHume (127)]
=102
Py=rPe gy —1y * V=102 —n ¥
X (4— 1) 0,55 = 10,6 6ap = 10,4 &I'[cm2.
Tpumep 15. OmpeneawTs TepMHYECKHHA K. I Ji. U CpefiHee JaBieHUe HUKIA
€O CMeIIAaHHKIM IIOBOJOM TEILIOTH, eciu € = T; k = 1,41; A = 2; T, = 288° K;
¢y = 0,713 Kdxc/(k2 - 2pad); pg = 1,02 6ap = 1,0 &l'/em* B ¢ = 2094 Kdxw =
= 500 xras. TepMmueckuil K. m. j. mo ypapHeHHmi0 (131)
IR SN ik SR
M=tk T A T i —1)°
B aToM ypaBHeHWH HeM3BECTHEIMH ABJIAITCA 1) U P.
Ins ompepmeneHnss O HaieM o0mee KOJMYECTBO MOABENEHHOH TEINIOTH IO
ypaBrenuo (130)
Ias nponecca ac (cM. pme. 29) m3 ypaBHeHHA afuabaTh
T,=Tgz" 1,
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TOTAA

g1 =c,T " [A—1+FKk(p - 1)

Ilo 3TOMy ypaBHEHHIO MOKHO ONPe[leJIATh CTelleHb IPeBaPUTENLHOTO DACIIH-
peHHA

S _ 2094
coTgeh 1 x+1+1_an&%&wm—2+1 226
kA - 1412 +1=2,26.
Torma TepMUdecKHH K. 0. A.
1 2.2,26141 — ¢
N = 1— 7041 * 2— 1+ 1,41 - 2(2,26 )Y = 0,484.

CpenBee faBieHne nukjia [cM. ypasmerme (132)]

B
p’*=p“—(k-—1?ﬁ A—=14+Ee—D]In =

7lv41
=LMHZF:KW:EB—4+4ALNZ%—DHM%=

= 14,18 6ap = 13,9 &I /cm2.

Tipamep 16. OmpegeauTh TepMUYeCKHHd K. 0. [i. W CpefHee [aBjeHHe [JA MUKJIA
€O CMeIIAaHHEIM IIOfBOLOM TEIUIOTH HpW NAaHHHX, NPHBEJeHHHX B IpmMepe 15,
HO mpu & = 17.

PemeHue:

2094
_ommass o 2t
o= 1412 Ti=17m
1 2.4,78141 1
w=l—ma s T4 e s — 1y — 0615
17141.0,615

= 16,3 6ap = 16 «I'/cm?.



I'masaV
TOIIJINBO N XNMMYECKNE PEARIINN ET'0 CTOPAHUA

§ 19. TOILJINBO

B pBurartensx BHYTPEHHEr0 CrOPAHMA MPUMEHSIOT KUIKOE U Taso-
o6pasHOe TOILIUBO.

Hugroe TOIMBO COCTOMT M3 CMECH PA3IHMYHEIX YIIIEBOIOPOJOB:
napa¢usoBrx (amkasoB) C,H, ., BagremoBmx (mukmanos) C,H,,;
C,H,, , u mp., apomarmaeckux C,H,, ¢ C,H,, , u ap.

Ilpu amanuse KUAKOrO TOIIMBA, IPHMEHAEMOTO B [ABUrATEIAX
BHYTDEHHEI'0 CrOPAHWSA, OIPENEJAT €ro 3SJIeMEeHTAPHHIH COCTaB,
HOKA3HBAMNI CONED/KAHNE B TOILIUBE OTHENbHEIX XUMUYECKHX 3iIe-
MeHTOB, T. e. yraepoma C, Bomopoma H um mHeGombmoro xosmmgecrsa-
kucaopoga O. B HEKOTOPHX COPTaxX TOIUIMB COREP/KHUTCA HE3HAUH-
TEIIbHOE KOJUYEeCTBO CEepH S.

B kagectBe rasoBoro TONIWBA [JIA ABTOMOOUIBHEIX IBHUTATeJei
OPUMEHSIOT [JIABHKEM 00pasoM HPHMPOJHEN ras, MOJydYaeMHH IpH [o-
Gerde HepTH, IPOMBINIJIEHHBIE TA3H, ABIAIINECS MOGOYHEIM HPOLYK-
TOM Ipu mepepaGorke HeTH W B APYTHEX IPOMHIILICHHHX IPOIECCax,
¥ TasH, HOJydYeHHbIEe IyTeM rasu)MKANUM TBEPAOr0 TOIIHBA.

HKonmuectBo TemmoTh, BHeAANmMENRCS IPH HOJIHOM CrOPAaHAH
MaccoBOH iy 00'beMHOM €[MHUIIE TOIJIMBA, HASEHIBAETCA €r0 TEeIIOTOR
CropaHgs.

Temmora cropanusa SABIAeTCs OJHAM U3 BUKHEMINNX IOKasaTeieit
TOIINBA.

Pazim9aor BHCIIYH W HUSMYK TEOJOTY CIOPAHHA TOILIMBA.

Bucweti menaomoti ceopanus H, HaspiBaeTcs BCe KOIMYECTBO Tell-
JIOTHI, KOTOPO€ BEIENSETCA IPH CCOPAHHHA MacCOBOM mau 0o6BeMHOMR
e[IAHANH TONJIWBA W MOKET OHTH OTJAaHO B OXJAKAAIIYI0 CPEny
IpH OXJ2KJEHAW NPOSYKTOB CrOpaHWsA [0 IEPBOHAYAJBHON TeMile-
PATYDHL.

B asmrarensix BHyTpeHHEro cropaHus orpadoraBmme rass BEHGpa-
CHIBAIOTCA HAPYKYy HpU TeMmeparype, 3HAUMTEIbHO NPEBHINAIOIEH
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TeMIIePATYPy OKPYKAIOMEro Bo3AyXa W YHOCAT ¢ c060ii HeCKOHACHCH-
pOBaBIIHIACS pomanoit map. IlosToMy B pacuerax TeIJIOTY, BHIEIHB-
myiocs TPH KOH[GHCAIME BOJAHOTO Tapa, He YYMTEIBAOT.

KonmuecTBo TEIUIOTH, HONYYeHHOW HIPH CrOPAHMHM MaccoBO# Wim
06BeMHON eJTMHHIE TOIIMBA, 33 BEIYETOM TEIIOTH, BEIENUBINEHCH
OpH KOHJEHCAIMA BOAAHOTO NApa, HASHIBACTCHA HuU3Ulel Meniomot
c20panUs Moniusa 1 oﬁosnaqaeTca“Hu. 5

Eciu 1o HAaHHEIM HCCJEJOBAHHN W3BeCTeH 3JIEMEHTAapHHIA cOCTaB
TONJIVBA ¥ BHICIIAS TEIJIOTA CTOPAHHUSA, TO MOKHO ONPEJeIuTh HU3ITYI0
TEHJIOTY CTOPaAHHMA

H,=H,—2512 (9H + W) xdwxc/re (133)
¥ B €IUHUNAX, OCHOBAHHHX HA KAJODHM,
H,=H,— 600 (9H + W) rraa/re,

roe 2512 kdxc/ke mmu 600 KKas/ke — mpEHEEMaeMoe B TeXHHYECKHX
pacuerax KOIMYECTBO TEILIOTH, 3aTpadumsaemMoe sl 0GpasoBAHHA
1 k2 BOAAHOTO mapa:

9H — KoamuecTBO BOJSHOrO mapa, o0pasoBaBIIerocs IPHM Cropa-
muz 1 ke TomnmBa; H — maccoBas mosnsa somopoma B 1 k2 TomiamBa;

W — Koam4ecTBO BIard, copepsameiics B 1 kz Tommusa.

Ecam maBecTeH »JIeMEHTAPHEIA COCTaB, TO HU3INYIO TEILIOTY Cropa-
HHASA ;RUKOTO TOILIHBA MOYKHO moicamTath no dopmyne II. W. Menpe-
JreeBa

H,=[34,013C+125,6H — 10,9 (O — S) —
— 2,512 (9H + W)]- 108 danc/re (134)
51

H,=8100C 4 30 000H — 2600 (O — S) — 600 (9H + W) rxraa/ke,

rge G, H, O u S — MaccoBrie [0M 3JIeMEHTOB, BXOAAMMUX B COCTaB
TOIJIABA.

HamGonpmee Kon@muecTBO KHAKOTO TOILIMBA, HCHOIL3YEMOTO B
JIBATATeNAX BHYTPEHHEr0 CrODAHMA, HOJYYAlOT TIJIABHEIM 0GpaszoM
n3 HedTH.

Hcnapsemocts, oneHuBaeMas mo $pakmEOHHOMY COCTABY TOILIHBA,
SIBJISIETCS. OfHAM M3 OCHOBHEIX HOKasarejeil ero kagecrsa. Vcmapse-
MOCTb TOIJIMBA OHpeNeJA0T IPU HOMNOrpeBe ero B CIENUaJbHOM IpH-
Gope, rje MPOMCXOAMT MOCJIEOBATENbHOE HCIapeHHe PpPaKmuil ¢ pas-
JAYHOM TeMIepaTypoit kuneHuA. J{JIs KaKIOTo BAMIA TOILIEBA YCTAHAB-
JuBaeTcA GPaKNUOHHEI COCTAB IPH COOTBETCTBYIOMMUX TeMIepaTypax.
X apaKTepHEIME TOYKAME SIBISIOTCA TEMIEPATYPH, TIPH KOTOPHX BHIKH-
naer 10, 50, 90 1 100% romamsa. Ilo 5TMM TaHHKM CTPOSAT 3aBECEMOCTD
¢parmuoEHOro COCTaBa TOINMBA OT TEMIEPATYPH, HA3HBAEMYIO KpH-
Bo# ¢pakmumoHHOH pasromkm. OT (PPAKIMOHHOTO COCTAaBA TOILIMBA
3aBHCHUT KaY€CTBO CMeCH TOIIMBA C BO3LYXOM W CrOpDaHHE ee, a TAKKe
OYCKOBEIE CBOWCTBA [BHUIATEIA. 73



Ha pwuc. 34 noxazans KpuBEe PAKOUOHHON PABTOHKHY IS KUTKAX
TOILJIMB, & B Ta6Ji. 4 HPUBEIEHE OCHOBHEIE IOKA3ATENH JKUMKAX TONJINB,
OPUMEHAEMbIX B [BHTATENAX.

Ilna GensmHa OJHMM U3 TIABHEIX HOKa3aTeJedl ABJIAETCA Jemoka-
yuonmas cmotikocms. Ecam [eTOHAIMOHHAA CTONKOCTH TOILIHBA
HEKe IPUHATON /I TAHHOTO THIA ABUTATEN, TO B IUIXHAPAX [BUTA-

1elI BO3HHKAT HEHOPMAaJbHEE yC-

J0BWA CropaHws (NeToHANus), IIPH

KOTODHIX DKCIJIyaTamusi JBHTATENA
/ HefionycTuMa 1.

/ / JleroranuonHas CTOKOCTDL Jier-
P / 3 z 4

%
/

o
o

<o
S

KOUMCHAPAIOMUXCA TOIIMB XapaKTe-
e pUByercs OKTAHOBEIM YHCJIOM.

OKTaHOBOE YHCIO TOIJIWBA OIpe-
OelsercA B CIHENMAJIBHO MpefHas-
HAYEeHHOM JIJIAA 3TOHN I[eJd JBUraTeJe
/ / OpUd CTPOTO YCTAHOBJEHHLIX YCJIO-
pusax auaA ucnuramua. OcoberHHO-
CTPI0O 9TOTO [BUTATEJs SABJIAETCHA
BO3MOKHOCTh U3MEHEHUS B HEM CTe-
meHn cxkatus. B kKauectBe sTasoH-
0 100 700 300 t° HBX TOIJIHMB IpPH WUCCIEHOBAHUA

ucnosabayerca wmaooktaH (iCH,,),

Puc. 34. HKpusne ¢parxnuonsoi KOTOPEL oﬁganaez HanGosmei ge-

DASTOHKH pA3JWYHKX TOILIHE: TOHAIMOHHOH CTOHKOCTBIO, I TeNTaH

1 — GeH3uH, 2 — TPAKTOPHBI KePOCHH, (nC;H ), nMerommii Gobmryro CKII0H-

8 — IM3eJIbHOE TOILIMBO, 4 — IPUPON- HOCTh K [JeTOHaIluu. HpH HCIIBITA-

HAR HepTH HAH CMECH M300KTAaHA W TelTaHA

ABJIGHUA [EeTOHAINHN BO3HUKAIOT NPH

Pa3IMYHLIX CTENEHAX CKATHA B 3aBHCHMOCTH OT HPOIEHTHOTO COMep-
AHUA KAKIOT0 TONJIWBA, BXOAAMIET0 B CMECh.

HauBricmas gonmycrumas cTeneHb CKATHS MOKET OHTb TOCTHTHYTa
OPU WCOOJb30BAHMM B KauecTBe TOILIMBA UHCTOTO M300KTaHA. Ilpm
CMENIeHMN W300KTaHA ¢ TelTAaHOM HOPMAJbHOE CropaHme BO3MOKHO
TOJBKO B clIyuae YMeHbIIEHUA CTeNeHN CKATHA. UeM Goublie MpoIeHT-
HOe coflepKaHNe TellTAaHA B CMECH C MB00KTAHOM, TeM MeHbIIe CTeleHb
CKATHA, OPH KOTOPOH BO3MOMKHA HODMAJBHAA paboTa IBUraTeA.

Jlua ompepeieHus OKTAHOBOIO YMCJA TOILIMBA HA YKA3aHHOM CIe-
OUAJIBHOM JIBAraTejle yCTaHABIMBAIOT TAKYI0 CTeIeHb CXKATHUA, HpH
KOTOPO# HCHHTyeMoe TOILIMBO CrOPaeT IPH €Ba 3aMETHHX MPU3HAKAX
AeTOHANUN. OTH JAHHEE CONOCTABJIAIT C Pe3ylbTaTaMd HCOHTAHUA
ABATATENA HA CMECH M300KTAHA C FeNTAHOM U ONPENeNAT, HaA KaKOM
cocraBe cMecu paGoraer ABUrATe]b IPH TAKHX Ke YCIOBHAX.

IIpomenTHOE copepsraHue UB00KTAHA B CMECH ¢ HODMAJIbHEIM TeIITa-
HOM, HMEMIIell TAaKyl0 ke CKJIOHHOCTh K J[EeTOHAIWHU, 9TO M MCHHITye-

g

-
<>
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KonuvermBo ucnapubuwezocas monnuba

1 Mopgpo6EO 0 sABNEHAW AeTOHAUUM cM. § 27.
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Moe TOIINBO, HA3HBAIOT OKTAHOBHIM 4uWcioM. Tar, Hampmmep, eciam
JCOETYeMoe TOIJIMBO HaUMHAeT [JeTOHHPOBATh IPM TeX jKe YCIOBHAX,
aro u cMech, cofep:xamas 70% msooxrana u 30% remraHa, To OKTaHO-
poe UMCJIO JaHHOro TomamBa paBHo 70.

Tabauya 4
OcHOBHBIE IIOKA3aTell KAAKAX TOINIMB, NPHMEHAEMBIX
B aBTOMOOWJIBHBIX J[BUTATENAX
ABTOMOOMNIBbHBI
ITokasareyu GeHB3UH IuzenpHOE TOIIMBO
MaccoBblil dJIeMEeHTapHHI coCTaB:
C 0,855 0,870
H 0,145 0,126
Om — 0,004
CpefHAA MOJIGKYJIsAPHAsA Macca B ke 110—120 180—200
Husmas TemIoTa CrOPaHHA:
B MOx/xe 44 42,5
B KKaa/ke 10 500 10 150
Temneparypa B °C: ;
Hayajia LleperoHKH 35 185—200
neperosku 10% TomamBa 55—170 200—225
» 509% » 100—125 240—280
» 90% > 160—195 290—350
KOHIa TieperoHKu (He Gouee) 185—205 330—360

OxkTaHOBOe 4mCJIo OeH3WMHA MJis ABUraTejiss YKa3blBaeTcA B TeXHU-
9eCKUX YCJOBHAX W HHCTPYKIIUAX.

ABTOMOOU/IbHEE OGEH3WMHHI MMEIOT OKTAHOBBIE UHCIA B IIpeHesax
66—85 (1m0 MOTOpPHOMY MeTOXY).

OKTaHOBEE YMCIA ra3000pasHHEX TOILIMB HAXOMATCA B Ipefesax
90—110. IlosTomy mpum paGore aBTOMOGHJIBHEIX ABUTaTeseil Ha Tase
CTeleHb CHKATNA YBEJIUYMBAIOT.

Ju3enbHOE TOMINBO BOPHCKUBAETCA B UJINHIP ABUTATENS B KOHIE
mpomecca CKaTHA, KOTJA TeMIepaTrypa BO3[yXa B HEM BHICOKAd.
OcHoBHEIM TPeOOBaHNEM K IU3€JIHHOMY TOIJINBY SABJAETCA €r0 JeTKOCTh
BOCIIAMEHEHHNA IIPH CONPHMKOCHOBEHWM ¢ HarpersiM BosgyxoM. OHa
OIeHNBaeTCd MUHMMAJILHO BO3MOIKHBHIM HWHTEPBAJOM BpPEMEHH OT MO-
MeHTa HayaJja IoJau’ TOILIMBA 0 €ro BOCIJaMeHeHns . ITOT HHTEPBAJI,
Ha3HBaeMHIil IePUOMIOM 3a/IePKKHM BOCILIAMEHEHHA, 3aBUCUT OT TEPMO-
AMHAMHYECKHX IapaMeTPOB BO3AyXa B MOMEHT BIPHICKA TOIJIMBA U B
3HAYNTEIbHON Mepe OT PMBMUECKUX M XMMHUUYECKHMX CBOWCTB TOIJIMBA.
BocumamensaeMocTs TonamBa oneEEBaeTcA ETAHOBLIM YHCIOM TOIINBA.
Jl1s onHEX U TexX ke ycloBHil B MOMEHT BIPHICKA TOILIMBA IETAHOBOE
91CJI0 OIEHMBAETCS [JJIMTEJbHOCTHIO MEePHOAa 3aJeP;KKU BOCHJIaMeHe-
HuA. UeM Bhlme IETAHOBOE YHCIO, T€M MEHbINE IEPHOJ 3aJEPIKKH
BOCILIaMEHEeHHU .
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IleranoBoe 4mCiO ONPEAENAIOT B CHEMUATIHHHX [BUTATENAX HYTEM
CPaBHEHHA HCIOHTYEMOr0 TOIIABA C OSTAJOHHOH CMECHI0 — I[€TAHA
(Cy6Hg,), KoTOpHIT 7erko BocIIaMeHAeTcA (ero IETAHOBOE THCIIO
pasuo 100), u o-MeTwiaHAQTATTHOM, KOTOPHI TPYIHO BOCILIAMEHAETCS
(ero meranoBoe umciao paBHO 0). lmsenabHOE TOMIABO HMEET IETAHOBOE
qmeno 45—50 (I'OCT 305—62).

BasxabiM moKa3aTeieM KadecTBa TOILIHBA ABIAETCA €ro BA3BKOCTD,
KOTOpasA BaBHCHT OT TeMIEeParyphH TONJIMBA M €ro (PaKIHOHHOIO
cocraBa. TommmBo, cocrosmee m3 Goiiee TSKENHX (QpPaKuil, MMeeT
Gompmyio BsAskocTh. C HOHMKEHHEM TEMIEPATYPH BA3KOCTH TOILIMBA
yBEIMUNBAETCA TeM HHTEHCHBHEE, 4YeM TsKelee ero (paximOHHEIA
cocraB. Hanpumep, npn wsmeHeHMm TeMmeparypsl Oemsmua ¢ + 20°C
mo —20°C ero BA3KOCTH BO3pacTaeT IPUMEPHO B 2 pasa, a MUBEIbHBIX
ronauB — Gosee weM B 5—10 pas.

- Or BASKOCTU TOINIMBA 3aBHCHT KA4eCTBO €r0 pACHHIINBAHUA M
CMemeHusI ¢ BO3TYXOM.

§ 20. PEAKIIUN CTOPAHMS TOILINBA

CropaHme TOINIMBA B NWIMHAPe ABHUraTels IPENCTABJAET c000i
CIIOKHHIHA IIpoIecc.

Juaa onpepenenns temiroBoro aggdexTa, HOIYyIaeMoro OT CTOPAHHSA
TOIJIMBA, HEOOXOAMMO 3HATH TOJNHKO KOHEUYHHE PEe3yJAbTATH PeaKIuh
OTJIeNIbHEIX JJIEMEHTOB, BXO[AMHAX B COCTAB TOIMJIMBA, C KHCIOPOILOM.
dta pesynbTaTH MOIYT OHTH OHNpEAeNeHH ¢ MOMOMMBI0 YPaBHEHHI
XEMHIECKAX PEeaKIuil yrieBojopoja TOIJIMBA C KHCIOPONOM.

Cormacao TabGn. 4, 1 ke KMOKOTO TOIIMBA HMEET CIHEXYIOIHIA
MaccoBH# siaementapuuii cocras: C ke (C) yraepoga, H xe (H,) Bogo-
poxa m O,, ke (O,) Kuciopona.

B cymme

C+H+0,=1 re. (135)

1. Ilonnoe cropamme TOIIMBA

Ilpm HanW9Wu [KOCTATOYHOIrO KOJMYECTBA KHCIOPONA B Pe3yJbTaTe
OKMCIIeHHA yriepofa o0pasyercd YrieKHCJIHIA ras, a Npu OKHCIEHNH
BOJOpOAa — BOAAHOA map. B cayJae moNHOro CropaHdsa TOILIHBA
KayKJad MOJIeKyJa yIVIiepofila CoequHAEeTCS ¢ OFHOM MOJIEKYJIOM KUCJIo-
pofa; B pesyiabrare HmoaydaeTcd OLHA MOJEKYJIA YIVIEKHCJIOrO rasa

C+0,=CO,. (136)

IIpu cropaEmm Bomopoaa fBe €ro MOJEKYIH COeNUHAIOTCA C OLHOM
MOJIEKYJIOH KHCJIOporma u o0pasyioTcA [iBe MOJIEKYJH BOASAHOIO Hapa

2H, 4 0, = 2H,0. (137)

Tax Kak MoJIeKyIaApHAaA Macca yriaepoja pasHa 12, Bemopona
2 m xmcaopoga 32, TO IpHBeJeHHEE YPAaBHEHMA MOJKHO HAIHWCATh
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B MACCOBHX €JINHAIAX:
12 ke (C) + 32 re (0,) =44 ke (CO,);
4 re (H,) + 32 re (0,) =36 (H,0).

Ias 1 ke yraeposa

1 52 (C)+ 5 52 (0y) =5 K2 (COy) (138)
um pia 1 ke Bomopopa
1 k2 (H,) +8 K2 (0y) =9 xe (H,0). (139)

Ws ypasmemma (138) caepyer, 94ro mpu mosiHOM cropammm 1 xe

11
yraepopia Tpedyercs < Ko KHCJIOPOJia | B PS8YJIbTaTe obpasyercsa 5 ke

(CO,). W3 ypasrenus (139) Bummo, uro mus cropanzd 1 xe Bomopona
Tpebyercs 8 k2 KHCIOPOJa M B peayiabrare MoJydaerca Y K2 BOLAHOTO
mapa.

JIlna ompemeleHHs KOIMYECTBA KHCIOPOAA, HEOOXOIMMOro JusA
croparua 1 ke TomIWBA, CIeAyeT IPABYIO U JEBYIO JaCTH ypPaBHEHHI
(138) u (139) ymmOxuTH coorBercrBerHo Ha C u H — monu yriepoma
7 Bojopoma B 1 ke TomamBa.

Torpa pasa 1 ke romnaumsa

C 52 (C)+ 5 C K2 (0) =4 C xe (CO,); (140)
H xe (H,) + 8H &2 (0,) = 9H re (H,0). (141)

2. TeopeTuaeckn HeoOX0OAMOE KOIMYECTBO BO3AYyXa
AN moXHOre cropamma 1 Kr Tomiamea

HMas croparusa C ke yraepopa u H xe Bogopona Tpebyercsa (—g—C +

-+ 8H) xz kmcaopona. Ecan yuects koamuectBo kucaopona O, , comepsxa-
merocA B TOIJINBE, TO HAWMEHbINee KOJIMIECTBO KUCIOPOZa, HoTpebroe
IAA MONHOrO cropasma 1 ke Tomumsa,

Omin =5 C+8H—0,, re. (142)

B pgBuraTensAx ANA CropaHdWsA MCIONb3yeTcs KHUCIOPON BO3AyXa,
KOTODHI BBOAWUTCA B LOHWIMHAD B Opomecce BIycka. MasectHo, d9TO
KHCJIOpOJa B Bo3gyxe mo Macce comepsxutca 23%. CaemosaTenbHO,
TeopeTHIeCKH HeOOXORAMMOe KOJIMIECTBO BOBNYXA MJsA IIOJHOTO CrOpa-
HuA 1 k2 TomauBa
1

lo=m

(3C+8H- 0,,) xe. (143)

A3soT BO3yXa B CTOPAaHAM HE YIACTBYET M YHAISETCSA U3 IUIHHIPA
[BUraTeJsA B IIpoIecce BHIOYCKa 0TPa0OTaBIIHMX TrasoB,
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3. Henmoxnoe cropanme TOIIABA

B nBurarenax ¢ MCKPOBHIM 3a;KUTaHMEM HA pesRuUMax HamOoJbImeit
MOITHOCTH ¥ HEKOTOPHX [JPYTUX IPOIECC CrOpaHHA HEOO0XOAIMO
OCYIIEeCTBIAATH IpPH HefocTarTKe Kucaopoga. OMBITH HOKA3HBAKT, 9TO
OpU HEeTOCTATKe KMCIOPOAA YACTh Yriepoja TOIUIMBA CTOPAaeT B OKUCH
yriepoja, a 9acTh BOLOPOJA HE CTOPAaeT COBCEM.

IIpu croparun yriepoma B OKMCH yriepoa JBe MOJEKYIIH YIIepoaa
COeMHAIOTCA C ONHOM MOJIEKYJIOW KHCIOpoda, B Pe3ysbTaTe dero
00pasyoTcsa IBe MOJEKYJbH OKHCH Yrjiepoja, T. e.

2C 4 0,=2C0
nin

24 k2 (Cy 432 k2 (0,) =56 2 (CO). (144)

Homwe yraepoma Tomamsa, cropesmero B CO, o6o3maumM gepes @.
Torma gacts yraepoga C rommusa, cropesmad B CO, cocrasur ¢C &e,
a B COy — (1 — @) C ke

Ncxoma us ypasmenumit (138) u (144) MoxHO HammcaTh: A HOJIH
yraepopa, cropesmero B CO,,

8 11
(1—9)C 52 (C) 5 (1 —9)C 52 (0) =2 (1 — ) C 52 (COy) (145)
W [N [ONHM YIIAEepofa, cropeBmero B CO,
¢C we (C) + (pC ke (0,) = (pC ke (CO). (146)

Ecau npeamnosoxurhb, 910 BOJOPOJ Cropaer MOJHOCTHIO, TO PEAKIHA
ero cropanus onpegeisercd ypasHenumeM (141)1.

Heo6xonumoe xomamaecTBo BO3QyXa [ HEMOJHOro cropanus 1 ke
TOIJIMBA

ly= 023[ (2 —g)C-8H— om] (147)

4. KosdpuuumenT n30biTKa BO3AyXa

B pgBuratene, B 3aBHCHMOCTH OT Pe;KEMa ero paboTH, KOJIHIECTBO
BO3JyXa MoyKeT OHTh G0JbIIe MIN MeHbIIe TeOPeTHIeCKN He06X0TUMOro
AJA MOJHOTO CrOPAaHMA TOILIMBA.

OrHoIIeHUe HReACTBUTEIBHOTO KOJIUYECTBA BO3JAYXa, BBOJHMOLO
B OUIMHAD [JJIfA CTOPAHNUA 1 K2 TONINBA, K TeOpPeTHIEeCKH HEOOX0[uMoMy
Ha3HIBaeTCA Koagiuyuenmom usbvimka 6030yxa m 0603HAUAETCA depes
a. Jror Kodddurnuent

1 TIpu yTOYHEHHHIX pacyeTax CJenyeT YYUTHBATH, 9TO B CJIydae HEZOCTATKA

KHCJOpPOJa HEKOTOpasd 4acThb BOAOPOAAa HE Y4acTByeT B CrOPDaHMH.
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rae | — meficTBUTeNbHOE MAaccoBOe KOJMIECTBO BO3LYXa, YIaCTBYIO-
mero B cropanmm 1 Kz TomiumBa B Ke.

B pgBuraTeasx ¢ MCKPOBHEIM 3aKMraHmeM KosdduiueHT ua30HITKA
posgyxa MoskeT ObTh Goabme enwHUNE (6egHAaA cMech) W MeHbINe
enuAEOE (Goratas cmech). B saBmcmMocTm oT ycaoBmii paGoTH B
KapOopaTopHOM aBTOMOOHMIBHOM ABuraTese o maMensaerca or 0,85 mo
1,15.

B musensax wosddunment maOnTKA BO3AyXa Bcerga Goubine emm-
HOIE W B 33BHCHMOCTHM OT HATPy3KH m3MeHsercda B mpemenax 1,3—3.

Ecau m3BecTHO 3HAYeHWe Koapduimenta w3OBITKA BO3NyXa, OpH
KOTOpOM cropaer foraras cMech (o << 1), To goxaio yriepoga, cropes-
mero B CO, MOMKHO OIpENEIUTH MO YPABHEHWIO

q>=2(1—a)(1—|—3g~>. (149)

5. Ompenenenne KoaImyecTBa roproueii cmecn
U OPOAYKTOB CropaHms

Toprouasg cMech, OOCTyHAaoMmas B IUINHAD NBHraTess, COCTOHUT
W3 BO3JyXa U TOILIMBA.
IIpu cropamum 1 ke TomnmBa obmas Macca ropiodeil cmecu

G,=1+4al, ke. (150)

Maccy IpOJYyKTOB CTOPAHAA MOKHO ONPEeNuTh, CYMMHPYSA MacCH
OTHEIbHHIX Ta30B, BXOIAIMHUX B MX COCTaB.

Monuoe cropamme (oe>1). Ilpum mosHOM cropammm Tomampa Ipo-
OYKTHI CTOPAHHSA COCTOAT W3 YIVIEKWCJIOTO Tas3a, BOAAHOTO Iapa, H30b-
TOYHOTO KHMCIOPOJa, He yYacTBOBAINErO B CTOPAHWHU, W a30TA.

N3 ypasuenuit (138) m (139) koimgecTBO YriaeKHCIOTO rasa HpH
cropanum 1 k2 TomimBa

Gcoa=1—31*C K2 (151)
H KOJHYeCTBO BOJNAHOTO Iapa
Gr,0=9H xe. (152)

KonmdecTBo M3GEHITOYHOTO KHCIOPONA MOMKHO ONpeAeauTb, HMes
B BHAy, 4To m3 oOmero ero koimuecrsa 0,23 al,, mocrymmsimero
B MUIWHAD, B croparnu ydacteyer 0,23 [, ke. Torga KoamdecTBo KHCIO-
pofia, He y4acTBOBABIIErO B CTODAHWH M HAXOMAIIETOCA B IIPOJYKTaX
CrOpaHus,

Go,=0,23al,— 0,231, = 0,23 (& — 1) I, xe (153)

Hak Bumno us aroro ypasHenus, npum a = 1 Go, = 0.
HoamaectBo asora B mpogykTax cropasus

Gn,=0,77al, ke, (154%)
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CyMMapHOe KOJMYECTBO HPOAYKTOB CTOPAHHSA
Gy =3 C+9H + (@~ 0,23) . (155)

Wcnonpsya ypasuerue (149), momyanm
G,=C+H+0,,+al,=1+al,=G,.

Henonnoe cropamme (a<< 1). B caygae memoamoro cropammsa
KHCIOPOZ OTCYTCTBYeT B TPOAYKTaX cropammsa. Maccy IpOZyKTOB
CropaHusA OpHU cropasuu 1 ke TONIEBa MOKHO OHpPEJeNuTh II0 ypaBHE-
guam (145), (146), (141) u (154) m3 KOTOPHIX ciaemyer, 4To:

1
Geo,= 5 (1 — ) C ey

7
Goo= T oC &e; 1 (156)
GH,O =9H K2,
Gx,=0,77al, xe.

Torma cyMMapHOE KOJHMYECTBO IPOLYKTOB CrOpaHHUA
Gy =3 C— = ¢C + 9H +0,77al,. (157)

Hak m B ciyuae mOJHOTO CropaHuUsA
G,=G,=1+al,.

Onpenenenne KoamgecTBa ropioYeii CMeCH M HPOAYKTOB CrOpaHHSA
B Moasnx. llpum TemmoBoM pacuere ABUTaTeNs ¢ IENBI0 OMpeleIeHHA
€ro OCHOBHHIX PasMepOB HEOGXOAUMO BHIPASUTh KOJIUYECTBO ToplOUeii
cMecH ®W TPONYKTOB Cropamus B kmoasx. Jlias BeleHus pacuera B
EMOAAT MACCY TOPI0Yell cMeCH M OTHEIbHHX ra30B, BXOAAIUX B COCTAB
OPOAYKTOB CrOpaHWs, CJIENyeT pasfeluTh HA HUX MOJEKYISDHEe
MaccCHL.

JeiicTBHTENbHOE KOJAMYECTBO ropiodeil cMecu npm cropanmm 1 ke
TONIUBA [JiA KapGIOPATOPHHIX ABUraTeiei

] 1 1
M1=°—;:f’+m;=ocLo+u—m EMOb , (158)

Iie B, — MOJEKyJIsApHAs Macca Bo3ayxa; p, = 28,97;
B,, — MOJEKYJIApHAA Macca TOILIMBA;
L, — Teopernuecku He0OXOAMMOE KOJAMIECTBO BO3AyXa IS CrOpa-
HuA 1 ke TONJIHBA B KMOAAX.
3naueHus W, M8 DPAsAMIHHX TOINMB IPHWBENeHH B Talm. 4.
Iockonbry p,, ~ 110, npu mpoBejeHNEH OPHEHTUPOBOYHEIX PACUETOB

BeJIMIHHON . mpereGperaior,
m
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Jlna fmseneil, THe B UMIMHIP B OPOIECce BIYCKA HOCTYHaeT

TOJNHPKO BO3LAYX

M, =" =qalL, kmoawv.
e

Teopemqecnn HeOGXOI[I/IMOG KOJINYeCTBO BO3ayXa

LO=£—W—;8T<—C+8H 0,)=

=015< C+8H-0 ) EMOAb
wia
LO:T)'L< 2—{— % g—g’) KEMOAD.

Ionu OPOXYKTOB cropaHusa mpu o = 1:

YTJIEKHUCJIOT0 rasa

11 C__C
Mcoz=§-4—4—ﬁ EMOAb;
BOLAHOTO Iapa
_9H H
Mu,o="g =5 #Moab;
asora (
_0,77aly _ 0,77algpe __ .
My, =—"3g—="733 =0,79aL, kmoav;
KHCJIOPOJia
23 (o —
Mo, =22C =Dl 021 a— 1) L, 5moan.
7

(159)

(160)

(161)

(162)

CyMMapHOe KOJIHIeCTBO IPOAYKTOB CTOPaHUA B kMo4ax HIpH ¢ = 1

My= 5+ 5 40,79L,+0,21 (a—1) L,
nin
My= 3+ 2 4 al,—0,21L,

N3 ypasmenms (161)

H Op

0,21 L=+ 2 — I

TOrNA

M,=oal, -|——I; + %%" EMOD,

(163)

(164)
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ITpu memosmoM cropammu 1 ke Tomnmea (¢ << 1) mosm mpomyKToB
cropaHusa mojydaeM u3 ypaBHeHumil (145) m (141):

YIJIEKHCIOTO Ta3a
Mco,= ](—:2 (1— @) Emoab;
OKHCH yriepoja
Mco=1%q> EMOAD | { (165)
BOIAHOr0 Hapa
Mu,0= —211 KEMO.1b;
asora

Mx,=0,79aL, Emoan.
CyMMapHOe KOIMYECTBO IPOAYKTOB CFOPAHMSA B KMOAb TpH
(@ << 1)
My=S + B 0,79L 166
2 12 + 2 + 1) a. 0 ( )

N3 ypasuenuit (158), (159) u (164) Buamo, 4TO0 KONHMYECTBO HPO-
IOYKTOB cropanusa B kmoadb M, He paBHo M,. VIaMeHeHUe KoamyectBa
MoJieil B pe3yJabTaTe CropaHus

AM=M,— M, kmoabp

Jus rapOropaTopHBIX ABHrarejedl Ipum HOJHOM cropanmu (o = 1)
u3 ypasaenuit (164) u (158) umeem

H 6 Op 1

AM =5+ 2 KEMOAb, (167)
a B ciliyyae HemoJHoro cropamus (a << 1) us ypasaenmit (158) u (166)

C H 1
AM =5+ 5 —0,21al, — oy, MOMD. (168)

Iaa museneit (@ —= 1) w3 ypaBrHeHmit (159) u (164)
H  Opn

AM =+ 3y HMOD (169)

[pupamenue AM KEmo4b TOKA3EIBAET, YTO TPH CTOPAHUN MKUIKIX
TOmANB 00’5EM IPOLYKTOB CIODAHUA YBeJIHYMBAETCA IO CPABHEHHIO
¢ o6beMoM ropoueil cMecum. IJT0 u3MeHeHme o0BeMa O3HagaeT, 9TO
B Oporecce CropaHusa o6pasyiommecs Traskl IPOU3BOIAT MOJE3HYIO
pabory.

N3menernue o0beMa Ipu CTOPAHAU NPUHATO OMEHWBATH 1O OTHOIIE-
HOI0O B KMO04b KOJIMYECTBA INPOAYKTOB cropausa M, K KoOJIUTIeCTBY
cBeskero sapsaga M,. 9ro oTHomeHwe 0003HAUAETCA Uepe3 |, U HA3hi-
Baercs TeOPeTHYecKHM Kod(QQPUIIMeHTOM MOJIEKYJIAPHOTO W3MEHEeHU:
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cBEXeil CMecH:
M AM
Wo = le=1+ Pk (170)

T2 GeHBMHOBHIX /IBATATEEH ¢ HCKPOBHIM 32;KUTAHAEM P HOIHOM
croparuu (o == 1) us ypasmeHuit (158) u (167) umeem

H, 6 On 1
w=1+__J£7jm, (171)

a mpm HemoixHoM cropaHmuM (o << 1) ms ypasmenmit (158) m (168)

C H 1
B+ —02al,——

po=1+ — . (172)
alL, + Ty
Ins nuseneit us ypasHeHmit (159) u (169) moaygaem
H , On
4 32

0

Tpumep 17. Nas 1 ke aBTOMOOMIBHOrO GEH3MHA, MMEIIIEr0 9JIeMEHTapPHEIA
cocras C = 0,855 u H = 0,145 u MouexyIsapHY Maccy W, = 114, onpenenurs
TeOpeTHYeCKH HEeoOXOguMoe KOJMYeCTBO BO3MYXa JJA CTOPaHUA Iy B ke M L,
B KMO4b; [EACTBHTEIBHOE KOJWYECTBO BO3AYXa, YYaCTBYWOIET0 B CropaHum [
B k2 1 L B kEmoab M CyMMapHOe KOJIUYECTBO CBEKeil CMecH; KOJIMIeCTBO OTHeIbHBIX
COCTABJIAIONMMX NPOLYKTOB CrOPAHHA U HX CYMMAapHO€ KOJHWYECTBO B Kz W KMOAb;
npupamerne o6seMa AM NpPH CTOPAaHUE M TeOPeTHYECKUi KOIQPUIUEHT MOIEKY-
NApHOTO H3MeHEHHMs W, Pacder mpoBectnm naa ABYX 3Ha4YeHHE Ko3ddummenTa
u3bbiTKa Bosnyxa: o = 0,9 (Goratas cmecs) m a = 1,15 (GegHas cMech).

TeopeTuuecKky Heo6XOAMMOe KOJINYECTBO BO3AYXa /IS CTOPAHNS 1 k2 TomIuBa
mo ypasHeHuo (143) mpm O, = O

Iy = — (—8_‘- 0,855 + 8-0,145) = 14,91 xe;

°©=90,23\3
ly, 1491
=, 89— 0,515 rmoaw

wim wo ypasHeHmio (161)

L 1 <0,855 0,145

=02\ "1z —) = 0,515 Kmoan.

12 4
JeficTBATeNbHO® KOJMYECTBO BO3IyXa, YYacTBYIOIEro B cropammm 1 xe
TOILIMBA:
opu o = 0,9
aly = 0,9 -14,91 = 13,42 xe;

aL,=0,9-0,515 = 0,463 rmoav;
opn o = 1,15
oly = 1,15 - 14,91 = 17,15 xe;

aLy,= 1,150,515 = 0,592 &aoab.
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CymmapHOe KOJIHIECTBO CBeskeil cMeCH mpH cropanum 1 k2 TOmIMBA:
upz a = 0,9
G=1+4 aly=1-+ 13,42 = 14,42 &e:

M= 4 + oL, = 1—:_4 + 0,463 = 0,472 Emoabn.
m

opu o = 1,15
Gy =14 17,15 = 18,15 xe;

1
114

HonmecTBO OTAENBHEIX COCTABIAIOMEX OPOTYKTOB CTOPAHHA W HX CyMMAap-
HOe KOJIMYECTBO:
ope o = 0,9
mojs yraepopa, cropesmero B CO [cM. ypaBHenue (149)],
p=2(1—0,9) (1i038'_505’ﬁ) —0,302;

M,= + 0,592 = 0,601 rmozs.

Joasa yraepopa, cropepmero B CO,,
1—¢=1—0,302=0,698;
KOJIMIeCTBO YTJIEKUCJIOro rasa [cM. ypaBrHeHEe (156)]
11
Geo, = 3 0,855 - 0,698 = 2,182 xz;

a [cM. ypaBHeHme (165)]

0,855
MCO, = _-’E— . 0,698 = 0,0497 KEMODb;

KOJWYEeCTBO OKHCH yriepopa [cM. ypaBHeHHe (156)]
Goo = -0,302-0,85 = 0,6 re

u [cM. ypaBHeHHWe (165)]
0,855
Moo =—"15—" 0,302 = 0,0216 xmoab;

KOJIAYeCTBO BOfAHOTO mapa [cM. ypaBmeHume (156)]
Gy,0=9-0,145 = 1,305 »e

u [cM. ypaBmeHue (165)]

MH,O = O’—?—5— = 0,0725 xmoab;

KoamduecTBO asora [cM. ypaBmemue (156)]
Gy, = 0,77 13,42 = 10,333 xe

u [cM. ypaBHeHHe (165)]
MN, = 0,79 - 0,463 = 0,366 xmoab;
CyMMapHOe KOJHMYeCTBO HPOZYKTOB CrOpPAaHUS
Gy = 2,182 4 0,6 -4~ 1,305 - 10,333 = 14,42 xe;
My = 0,0497 4 0,0216 + 0,0725 -} 0,366 = 0,5098 &MmoaD;
opa o = 1,15
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KOJIMYeCTBO YIJVIEKUCIOro rasa [cM. ypasmemms (151) m (162)]
Goo, = o 0,855 = 3,135 r2;

co, = 9—’% = 0,0712 rwmoanv;

KOJM4ecTBO BOAsiHOTO mapa [cM. ypasmemma (152) m (162)]
Gp,0="9:0,145= 1,305 xe;

H,0 = O’Lf- = 0,0725 rwmoab;

KoJIM4ecTBO KHciaopopa [cM. ypasmemus (153) m (162)]
Go, =0,23 (1,15 — 1) 14,91 = 0,514 xz;

M, =0,21(1,15 — 1) 0,515 = 0,0162 xwo.10;

KOJHMYecTBO a30Ta [cM. ypaBmenusa (154) u (162)]
Gy, = 0,7Tal, = 0,77 - 17,15 = 13,2 xe;
2 0

My, = 0,79OLL0 = 0,790,592 = 0,468 rwmoab;
CyMMapHOe KOJHMYeCTBO HPOAYKTOB CTOPAHUA

G, = 3,135 + 1,305 4 0,514 + 13,2 = 18,15 xe;

M, = 0,0712 4 0,0725 4 0,0162 -+ 0,468 = 0,6279 rwmo1b.

Ilpmpamenne o6weMa AM u TeopeTuuecKuil KOdPPUIUEHT MOJEKYJIAPHOTO
A3SMEHEHUA [iy

opu a = 0,9
AM = M, — M, = 0,5098 — 0,472 = 0,0378;
M,  0,5098
=== = 1,08;
Ro= 71, =~ 0,472
opu o = 1,15
AM = 0,6279 — 0,601 = 0,0269;
0,6279
Ho =53¢0 =1,05.

§ 21. OBE3BPE;KUBAHNE IIPOAYKTOB CTOPAHUA,
BBIEPACBIBAEMBIX B ATMOC®EPY

Ipu cropaEmE TONIHBO-BO3IYIMHONK cMecH HADAAY ¢ MPOAYKTaMH
MOJIHOTO CTOPaHMsA, KaK IOKA3hBAET AHAIM3 OTOOPAHHBLIX T'a30BHIX
npo6, o0pasyiorcs TaksKe B HeGOJIBIINX KOJWIECTBAX APYrHe KOMIIO-
HEHTH HEIOJHOTO OKHCJIEHWA, & TaK/Ke PA3JIOKEHUsA TOILIHBA.

Hexoropsie us 3THX HPOXYKTOB CrOPAHES, BHOPACEHBAEMBIX B aTMO-
cdepy, TOKCHIHE W BPeIHH JJd 3T0POBbA.

TOKCAYHKEIME COCTABJIAIIAME OTPa0OTABMMX TrasoB ABIAITCH
caegyoommge:

1. Oxucsr yraepoma CO, moaydammascsa B pesyibTaTe HEMOJHOTO
cropaunnsa romiauBa. IIpm ocymecTBieHun mporecca cropanusa Ha 060-
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ramennoit cmecnm (o << 1) KOJIMUECTBO OKHMCH YIJIEPONA MOMKET HOCTH-
rats 10--12% (mo o6BeMy) 00mmero KoIuYecTBA HPOAYKTOB CrOPAHUA.
B numsensx, HECMOTPA HA TO, YTO IPOIECC CTOPAHMUA BCEr[A IIPOMCXO-
aur mpu oo > 1, comep:KkaHNe OKUCH YTiepoja BCJIEACTBHE HEMOIHOTEHL
cropanua Mmoker mocrurats 0,5%.

2. Orucy NO u gsyormcs NO, asora, comepsmammecss B He60oIh-
mux KoxmuectBax (mo 0,8 mela).

3. Cepuucroiii ras SO, m ceposomopor, H,S, oGpasyomuecsa npm
pabore [fBuWraTensi Ha TOILIMBAX, cofep:kamux cepy. HoamuecTBo
SO, moxer mocturarb 250 me/a, comep:xamme H,S HesmaumTembHO.

4. KucmopogocoepsKaiiue BelecTBa, NPEMMYINECTBEHHO aJibJie-
rags (o 0,2 mela).

5. Nugnsugyanbusie yraesomopofsl. OfuH W3 9THX YTrieBOXOPO-
0B — 3,4-0eH3NMpeH SMABJIAETCA AKTUBHEIM BEIIECTBOM, BEIBHIBAIO-
MUM KaHIEePOTeHHOe [eiCTBHE, KOTOPOE MOMKET CKa3HBaThCA YiKe
OpN OYeHb MAaJBIX KOHIEHTpamusax. B mpomykrax cropamusa o6GHapy-
wuBaerca g0 10—20 mxe/m® 3,4-GemsmmpeHa.

6. Coequuenus cBuHila, o0pasymomuecs IPU IPUMEHOHHU DTHIH-
POBaHHOTO OeH3MHA.

B coBpeMeHHBIX yCIOBHAX HKCILIyaTAlWd aBTOMOOHIBHOTO TpPAHC-
mopTa HpH ero MacCoBOM IPUMEHeHHWU B KPYHDHEIX TOPOAaX, Kapbepax
H T. II. CKoIJIeHne 0OoJbIIOT0 KOJMYecTBa O0TPaboTaBIIUX ra3oB, MMeEI0-
MUX TOKCHYHEE COCTABJIAIOIMEe, HegomycTuMo. 1loaToMy B Hacrosmee
BpeMsa paspabarsiBaeTcs pAf MepONPHATHH, CHOCOOCTBYIOMHUX YMEHB-
IMeHni0 TOKCHIHOCTH oTpaboraBmmx rasoB. Ocoboe BHUMaHHEe yre-
JseTcA TPABWIBHOW peryJmpoBKe KapOopatopoB W BO3MOKHOCTH
paboTs Kap6oOPATOPHHIX ABUTATeNedl ¢ MaloH W cpefHell HATPy3KaMu
Ha oOemHeHHON cMecu. I[IpuMeHATCS cOOCOOB MOKUTAHUA CMECH
B BHITyCKHOHU cucreMe. Mcmonb3yoTes cienuaIbHbe HeHTpaaIn3aTopH,
yCTaHABANBAaEMble BMECTO TJIYNIUTENsI IMIyMa B KapOoOPATOPHHX IABHUTa-
TeJISX M Au3eNsAX. B KapOopaTopHHX [BUTraTessX npum pabore Ha
XO0JIOCTOM XOAYy [IPUMEHSIOT CHeIMaJbHb OrpaHUYUTE]b pPaspee-
mus (cM. § 51).-

OpgauM 13 c0c060B HOHMMEHNA TOKCHIHOCTA OTPA0OTABIINX Ia30B
Opd OfMHOBPEMEHHOM YJIydIleHWH SKOHOMHYHOCTH pPaboTs Kapbopa-
TOPHBIX [ABHUTaTejeil Ha CPeJHHX M MAaJHX HAarpysKax sBISETCH pas-
paGoranmsiit B CoBerckoM Corose MeTof (aKeJIbHOTO BaKUTAHHSA
{cm. § 61).

Ilasa yMeHbUIEHWS TOKCHMYHOCTH @ AHMHOCTH OTPaGOTABIIMX rasoB
ngusesei 60bII0e 3HAUOHNE UMeeT TINATeIbHAS PeryInPOBKA TOIINBO-
pojalomell ammapaTyps. B HEKOTOPHIX CJIydasX [AJas CHIJKEHHS
JHMHOCTH B JM3€JIbHOE TOILIMBO BBOIAT AHTUABIMHEIE IPHCAIKHA.



F'nasaVl

JENCTBUTEJbHBIE IINKJIbI
ABTOMOBUJIBHBIX NBUTATEJIEN

§ 22. OBIIINE CBEJXEHUSI

IIpm nccaegoBaHuy TEOPETHICCKUX IIMKJIOB IOPIIHEBHIX [BUTATeIeH
(cm. ra. I'V) mpepnoasaraiocs, 9ro TemJI0Ta MOABOJATCA U3BHE, a TIOTEPH
ee OIpeJelainch TOIBKO B COOTBETCTBHH CO BTOPHIM 3aKOHOM TEPMO-
auEaMuKH. B peanbHEIX [BHraTeNsAX TemjoTa He HOJBOAMUTCA H3BHE,
a moaydaerca B pe3yJbTaTe CrODAaHUA TOILIMBA B NWIWHAPE JBH-
ratens. IIpm TakoM cmoco0e HmOJIyYeHHMA TEILIOTH BO3HHKAIOT JOMOJ-
HHATEIbHEE IOTEePH, He IpPefyCMOTDeHHbIe BTODHIM 3aKOHOM TEPMO-
IMHAMHUKH.

B peambpHOM ABHTarese, IOCHE TO'O KaK 9acTh TEIJIOTH, BBIIEINB-
meiicss IPHU CTOPAaHME TOILIMBA, IPEBPATUTCA B DKBHBAJEHTHOE KOJH-
gecTBO PaGoOTH, B TOM IUJIMHIDE ABUTATeJNsi, IJie IPOUCXOIMIO CIOPa-
HAe TOIIMBA, HEOOXOMMMO OCYIECTBUTH OYMCTKY IUIWHAPA OT OTPa-
GoraBmmX rasoB u obecHednmTh HOCTYIJIEHHE B HEro roplodeil cmecw.
Oumcrtra m 3apAgKa LEIMHAPA (razoo0MeH) NPHBOAAT K OIOJHU-
TeJIbHHIM 3aTparaM paboTHI.

IIpomeccsl c;xaThsA W PacHIMPEHHs OCYMECTBIAIOTCA IPH HATHIAH
TemI006MeHa ¢ BHeNIHeHl cpefoil, a B Ipolecce pacIMPeHHs, KPOMe
TOr0, OPOMCXONMT JOTOpaHme TomamBa. Takoii xapakTep IpoTeKaHHA
OPOLECCOB C/KATHSA W PACIIMPEHNUs BHIBHIBAET [ONOJHUTENbHEIE IOTepPH
TEILIOTHI.

Taxum o6pasoM, B JeficCTBHTENIbHOM IMKJE NPOMCXOMAT IPOIECCH,
BHI3BIBAIONIYE [ONMOJNHATENbHEE II0 CPABHEHUI0 C TEOPEeTHYECKUM
IHUKJIOM IOTePH TEILIOTH.

B peayabrare 5TOro K. I. [, [efCTBHTEILHOTO MUKJIA HIIKE K. L. I,
TE0PeTHYECKOTO.

CoBepmencTBO TEIIOMCIONB30BAHAA B EHCTBHTENBHOM IHKIE
MOKHO ONEHHTH IYTeM COIOCTABJEHHA IOJE3HOW paGoTHI, HOJydae-
Mo#l B peayibTaTe CTOPRHHA TOINIHBA, ¢ pPaboTOli TeopeTHIeCKOTo-
IUKJa, KOTopad Morja OHTh TIOJAydYeHA OPU OJHHAKOBHIX 3HATCHUAX

87



CcTelmeHeil CKaTusA, NOBHINEHUS [AABIEHWs, NPeABAPUTEIHHOIO PaCHIN-
PeHHA W KOJMYECTBA MOABEJeHHOH TEIJIOTHI.

PaGory pelicTBUTENbHOTO IHWKJIA MOKHO OIPEJEeANTh ¢ MOMOIIBIO
CIeNuaJbHOTO NpubOpa — WHAWKATOPA [aBJeHHd, KOTODHH perm-
CTpUpyeT BaBUCUMOCTH [aBJIeHWSA B IWIWHAPE OT Yyria HOBOPOTA
KojieHYaToTro Baja. llosydeHHYI0 MHIWKATODHYIO AMArpaMMy MOKHO
mo ypasueruio (307), maomeMy CBA3b MEKIY XOZOM IODHIHA H yT-
JIOM TOBOPOTA KOJIEHYATOTrO Bajia, MEPECTPOUTH B KOOPAHHATH p — V
(cm. § 70).

Ilromagp WHAXKATOPHON [AMArpaMMEl, 3alHCAHHOH ¢ HTOMOMIHIO
WHIXKATOPA WJIM MOCTPOHHOH IO JAHHHIM pacdyera ¢ yIeTOM OMEITHHIX
K030QUIUEeHTOB, BHIPAyKAeT NEHCTBUTENbHYI0 HHIUKATOPHYI pabory
mukna L;.

IPPeKrTUBHOCTH MCHIOJTb30BAHMA TEIIOTH B IEHCTBUTEILHOM IUKJIE
oIpefesercs MANUKATOPHEIM K. . 1. OH mpegcrasisier co6oil oTHO-
TIeHWe TeILIOTH, NMpeoGpa3oBaHHON B moJe3Hyl pabory mumkaa L,
Ko Bceil TemsoTre Q;, BBEJIGHHOIl B JBHraTelb C TOILIWBOM,

Ecnm ormectu mosesnyio paGory ¥ 1 xe Tommmma, TO
L
n= H,
IIpu pacuere B efmHWIAX, OCHOBAaHHHIX Ha KaJOPHH,
AL;
"15=T,
TIe A=4—;7 B kkan/(kl -m); Ly B k- m @ Qy B kKax.

JpPeKTHBHOCTS HCHONb30OBAHUA TEHJIOTH B [AEHCTBHTEIBHOM H
TEOPeTHYeCKOM IUKJIAX CPABHHUBAIOT IO OTHOCUTEIHHOMY K. II. .

="
np=", (175)
B coBpeMeHHEIX aBTOTPAKTOPHHIX ABHTATENAX
M, = 0,65 = 0,8.

§ 23. PABOYMN IINKJI YETBIPEXTAKTHOI'O JABUTATEJSI
1. Kap6ropaTopHslii ABHraTeIb

Ha puc. 35 mpuBefeHa WHAWKATODHAS AWarpaMMa 4eTHPEeXTaKT-
HOTO KapOIOpaTOPHOTO ABHUraTels B KOOPAWHATAX p — @. ITa gUa-
rpaMMa, [OepecTpoeHHAas B CHCTeMe KOOpAMHAT p — V, mIoKasaHa
ga pmc. 36.

B rapGioparoproM nBurartexe (pmc. 35 m 36) ¢ MOMEHTa OTKPHITHA
BIIyCKHOTO KjamaHa (Touxa /) B MUIMHAD NBUTATeJA HAYMHAET MOCTY-
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marh ropodas cMech, KoTopas o0pasyercs B KapGioparope. IIpomecc
BIIyCKa ropiodeil CMeCH 3aKaHYMBAETCA B MOMEHT 3aKPHTHA BOYCKHOIO
knanmansa (touxa 2). JlaBieHme B mpolecce BOyCKa IHOHWIKAETCA M3-3a
HAJWYASA CONPOTHBIEHWH NpPH ABMKEHMH BO3IyXa M ropioueil cMecH
II0 BOYCKHOMY TPAaKTy (BO3AYWIHHI GHIBTP, KapGoparop, APoCcCeIb-
Has B3aCIOHKA, BIYCKHOW KJANaH), BHBSHBAKIUX HOTEPH AABICHWI.
Topogad cMeck, MOCTYyNWBIIASA B OUJIMHAP ABUraTeNs, CMEIIMBAETCS
¢ NPOAYKTaMHU CrOpaHWS HPEIHAYIeT0 IHKJIA, OCTABIIMMHUCA B IU-
amHApe, W obpasyercsa pabodas cMech.

p dap I CwamuelPadoyud] | Boinyek
wly, Mzt— Bnyck X00 >
o I
25 S )
X \ < )
2015 g S X0
N S 3
= S S S
15 s S 3 N S|
> X \ 3 S
10HS ® S sH
3 3 20N 3
5= >l 17 4 i
5 2 /

B.Mmb0 120 Hnm 240 300 B.mm4Z0 480 H.r.mb00 660B.1m.m.p°

Pue. 35. MBEpukaTopHas [uarpaMMa YeThIPeXTaKTHOTO
KapbIOpaTOPHOTO [BHUTraTeNsa B KOODAMHATAX p — ¢ (P —
yIroJ omepesKeHNs 3aKUTAHUA):

1 — OTKpHITHE BOYCKHOI'O KjalaHa, 2 — 3aKPhITHE BIYCKHOr'O Kia-
OaHa; 3 — mogada MCKPH; 4 — OTKPHITHE BBHIIYCKHOI'O KJalaHa,
5 — BaKpBITHE BHIITYCKHOI'O KJamaHa

C MoMeHTa BaKpPHTHA BIYCKHOI'0 KJIalaHA IPOHUCXOOUT CKATHE
paboueit cmecu. BemepcrBume Toro 4ro TeMmmeparypa paGodeidl cmecm
OTIIMYaeTcsA OT cpefHell TeMOepaTypH TeIJoHepefaloMuX IOBepPX-
HOCTel, BO BpeMsA IPONEcca C;KATHA COBEPIIAeTCA TEIIO00OMEH MEIy
paboueit cMecp0 U TelIoIepefalmell MOBEPXHOCTHIO.

B xapOoparopEOM pgBurateiie pabouas cMeCh BOCILIAMEHSETCSH
or ajexrpumieckoil mckpw. llocie BocniaMeHeHHA IIaMs OT CBeuHd
BQKUTaHHA ¢ BHCOKOH ckopocrbio (30—50 mx/cex) pacmpocrpaHsercs
mo BceMy o0beMy KaMepH cropaHmsa. Haminyumee wmcIosib3oBaHHe
TeIIOTH JOCTHTAeTCsA TOTfA, KOTJa OCHOBHas Macca CMecH Ccropaer
OpU IOJIOMKEHAM IOPIIHsA BOJAMBE B. M. T. B Hadaje paclIEpeHHA.
Jist aToro cMech ciaefyer BOCILIAMEHATH ¢ HEKOTOPHM OIEPEKeHHeM,
T. €. 0 OpEXofa mopmHA B. M. T. (Touka 3). Ilpm stmx ycmoBumax
IpoIecC CTOPAHEA MPOMCXOAUT ¢ WHTEHCHBHHIM BHIEIC€HHEM TEILIOTHI
Ha ydacTKe, COOTBETCTBYION[EM IIOBOPOTY KOJEHYATOI0  Baja Ha
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