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Tema 1. Beenenne. OCHOBHbIC OHATHS U ONPeEAEICHUSA.

1.1 BBenenue

TennorexHnka Hayka, KOTOpas MU3y4aeT METOJbI MOIy4eHHs, TpeoOpa3oBaHusl, epelaun U Hc-
MIOJIb30BAHUS TEIUIOTHI, & TAKXKE MPHHIUIBI ACHCTBUS U KOHCTPYKTUBHBIE OCOOEHHOCTH TEILIO-
BBIX MAIlIMH, allapaToB U yCTPOMCTB. Temora UCIoab3yeTcss BO BCeX 001acTAX NESITeIbHOCTH
yenoBeka. [y ycraHOBIIeHUST HanboJiee pallMOHANBHBIX CIIOCOOOB €Tr0 MCIIOIb30BaHus, aHAIH3a
9KOHOMHNYHOCTHU pa60q1/1x mponecCoOB TCIJIOBBIX YCTAHOBOK M CO3JIaHUS HOBBIX, HaH6onee CO-
BEPIICHHBIX TUIIOB TEIUIOBBIX arperaToB HE0OXOrMa pa3padoTKa TEOPETHUECKUX OCHOB TEILIO-
TEXHUKMU.

TakuM# TEOPETUISCKUMHU Pa3/IeIaMu SBISIOTCS TEXHUYECKasi TEPMOJMHAMUKA U OCHOBBI TEOPHH
TEIIO00MEHA, B KOTOPBIX MCCIEIYIOTCS 3aKOHBI MPEBPAICHUS U CBOMCTBA TEIUIOBOW SHEPTHU U
MIPOIIECCHI PACTIPOCTPAHEHHS TETUIOTHI.

Paznnuaror ABa IPUHOWUIIAAJIBHO Pa3JIMYHBIX HAIIPABJICHUA UCIIOJb30BAHUA TCIIJIOTBI SHEpzemu-
yeckoe i MmexHoI02UYecKoe.

[Ipu sHEpreTHUECKOM HCIIOJIB30BaHUH, TEIUIOTa Peo0pa3yeTcs B MEXaHUYECKYIO paboTy, ¢ 1o-
MOIIbI0 KOTOPOW B T€HEPATOpax CO3/aeTCsl DIIEKTPHUYECKasl YHEPTHs, YAOOHAs /s Iepeadn Ha
pacCTodHuC. TGHHOTy IIpHU 3TOM MOJYHArOT C)KUTAHUCM TOIUIMBA B KOTCJIbHBIX YCTAHOBKAX HWJIN
HCMMOCPCACTBCHHO B ABUTATCIIAX BHYTPCHHCTO CTOPAHUS.

[Tpy TEXHOJIOTUYECKOM - TETUIOTa UCTIONB3YeTCsl ISl HAllPAaBICHHOTO U3MEHEHHUsSI CBOWCTB Pa3-
JUYHBIX Tel (pacIulaBiCHUs, 3aTBEPAEBAHUS, U3MEHEHUS CTPYKTYPbI, MEXaHUYECKUX, (QHU3nye-
CKUX, XUMUYECKHX CBOHCTB).

KonnyectBo mpoM3BOIUMBIX M MOTPEOIsiEMBIX 3HEpropecypcoB orpomHo. Ilo nanueiM Mun-
tormHepro PO u pupmsr "Shell" [3] nunaMuka MpoU3BOICTBA MEPBUYHBIX SHEPTOPECYPCOB Aa-
HbI B Tabmue 1.1.

Tabmuma 1.1.
Bun snepropecypcon Tom

1980 1985 1990 1994 1995
Hedts, MT, B MUpe 2922 2652 3022 3264 -
Poccus 547 542 518 317.8 306,7
I'a3, '™, B Mupe 1620 1981 2413 2250 -
Poccus 252 462 641 607,3 595.,4
VYronb, MT, B Mupe 3249 3808 3935 4163 -
Poccus 391 395 395 270,9 262,2
O/sneprus, T/Ix, B Mupe 10712 11900 16498 18221 -
Poccus 596,7 886,5 9427 890,7 862
Utoro, Mtyt", B Mupe 9451 10231 11692 12277 -
Poccus 1430 1690 1430 1391 -

“TYT TOHHA YCIIOBHOTO TOILIHBA.

JlaHHBIH Kypc SBISETCS OOIIETEXHUYECKOH NUCIMILIMHON MPH MOATOTOBKE CIICIUATUCTOB TeX-
HUYECKOU CIIEIINATIbHOCTH.

1.2. TepmoanHaMu4ecKkas cucTeMa.

TexHuueckas TepMoAMHAMUKA (T/1) paccMaTpUBaeT 3aKOHOMEPHOCTH B3aUMHOIO MPEBPALICHUS
TEIIOTHl B paboTy. OHa yCTaHABIMBAET B3aUMOCBS3b MEX]Y TEIUIOBHIMH, MEXaHWYECKUMU H
XUMHUYECKMMH IPOLECCAMH, KOTOPBIE COBEPIIAIOTCA B TEIUIOBBIX M XOJIOJWIBHBIX MalllMHAX,
U3Yy4aeT IPOLECCH], IPOUCXOASIINE B ra3ax M Iapax, a TAKKE CBOMCTBA 3TUX TEJ IIPU pa3iInd-
HBIX (PU3MUYECKUX YCIOBUSAX.

TepmoauHaMuka 6a3upyercs Ha ABYX OCHOBHBIX 3aKOHaX (Hayayax) TepMOJUHAMUKH:

1 3axon mepmoouHamuky - 3aKOH MPEBPAILEHUS U COXPAHEHHS SHEPTHH;

11 3akon mepmoounamuky YCTaHABIMBAET YCJIOBUS MPOTEKAHUS M HAIPABICHHOCTh MAaKpOCKO-
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MUYECKUX MPOIIECCOB B CHCTEMaX, COCTOSIIINX U3 OOJBIIIOr0 KOJTMYECTBA YaCTHII.

TexHuueckasi /11, IpUMEHS OCHOBHBIE 3aKOHBI K MPOIleccaM MpeBpallleHus TEeMI0Thl B MEXaHH-
YECKyI0 paboTy U 00paTHO, JaeT BO3MOXKHOCTh pa3padaThiBaTh TEOPUHU TEIUIOBBIX JIBUTATEICH,
HCCJIEIOBATh MPOLIECCHI, TPOTEKAIOIINE B HUX U T.II.

OOBEKTOM HCCIEIOBAHUS SBISIETCS MEPMOOUHAMUYECKAS CUCmeMd, KOTOPOH MOTYT OBITh IpyII-
na TeJ, TeJO0 WX YacTh Tena. To, YTO HaXOIUTCS BHE CUCTEMBI, Ha3bIBACTCS OKpYcarouiell cpe-
ootl. T/x cuctemMa 3TO COBOKYITHOCTh MaKPOCKOITMUECKUX TeJ, 0OMEHUBAIOIIUECS SHEPTUeH IpyT
C IPYyroM W OKpykaroriei cpemoi. Hampumep: 1/m cuctema ra3, HaXOASIICHCS B IMIJIMHIAPE C
MOPITHEM, a OKPYKAOIas Cpelia MIIUHIP, TOPIICHb, BO3AYX, CTEHBI TOMEIIICHUSI.
H3zonuposannas cucmema - T/1 cucTeMa He B3aUMOJICHCTBYIONIAS C OKPYIKAOIICH CPEOi.
Aouabamuas (mennouzonuposanHas) cucmema CUCTEMa UMeET aauabaTHYIO 000JI0OUKY, KOTO-
past UCKIII0YaeT 0OMEH TETUIOTOM (TETI000MEH) C OKpYXKaIoIeh CpeIoi.

Oonopoonas cucmema CUCTEMA, UMEIOIAsi BO BCEX CBOMX YaCTSAX OJMHAKOBBIA cOCTaB U (pu3u-
YECKHE CBOWCTBA.

T'omocennasn cucmema OTHOPOIHAS CHCTEMa IO COCTaBy M (PM3UYECKOMY CTPOEHHUIO, BHYTPH
KOTOPOW HET MOBEPXHOCTEH pa3zjena (e, Boaa, rassl).

I'emepocennas cucmema CUCTEMa, COCTOSIIIAS U3 HECKOJIIBKUX TOMOT€HHBIX 4acteil ((pa3) ¢ pas-
JUYHBIMH (U3UYECKUMHU CBOMCTBaMH, OTAEJIEHHBIX O/HA OT APYro BUAMMBIMU MOBEPXHOCTIMHU
pasnena (Jeq v Bojia, BojAa U map).

B TennoBeIx MammHax (ABUTATENSIX) MEXaHHYECKass paboTa COBEPIIACTCS C MOMOIIBIO PabodrX
TeN Tras, map.

1.3. IlapameTpbI COCTOSIHUSA.

BenuunHbl, KOTOpBIE XapaKTepU3YIOT GU3HUECKOE COCTOSHUE Tella Ha3bIBAIOTCS TEPMOIMHAMH-
YECKUMU MapaMeTpaMu COCTOSIHHS. TakuMu mapaMeTpaMu SIBJISIFOTCS YAENbHbIN 00beM, alco-
JIOTHOE JaBlieHUE, aOCONIIOTHAs TemIiepaTypa, BHYTPEHHSSI JHEPTHUs, DHTAIBIUS, SHTPOIHS,
KOHIEHTpals, TeIUIOEMKOCTh U T.J. [Ipy 0OTCYyTCTBHM BHEIIHUX CHIJIOBBIX IMOJIeH (TpaBUTALlMOH-
HOTO, AJIEKTPOMArHUTHOTO U Jp.) TEPMOJUHAMUYECKOE COCTOSIHHUE OJHO(A3ZHOTO Tela MOXKHO
OJIHO3HAYHO OMPENEIUTh 3-Ms MapaMeTrpamMu ya. oobeMoMm (v), Temmeparypoit (T), naBneHuem
(P).

Yoenvnulii 06vem BenwuMHA, OTIpenesieMas OTHOIICHHEM 00beMa BEIIeCTBa K €ro Macce.
v=V/m, [mxr], (1.1)

IInomnocms sewgecmea BenUYUHA, ONpeesieMasi OTHOLIEHUEM MacChl K 00beMy BEIeCTBa.
p=m/V, [xkr/m’], (1.2)

v=1/p;p=1/v;vep=1.(1.3)

/lagneHue ¢ TOYKH 3PEHUS MOJIEKYISIPHO-KUHETHUECKON TEOpPHH €CTh CPEIHUI pe3ynbTar yna-
POB MOJIEKYJI Ta3a, HAXOAAIIUXCS B HEIIPEPHIBHOM XaOTHUYECKOM JIBUYKEHHH, O CTEHKY COCYy/a, B
KOTOPOM 3aKJIIOYCH ra3.

P=F/S;[Ia] = [H/M*] (1.4)

BHecucTeMHBIC €MHUIIBI IABICHUS:

1 xre/m? = 9,81 ITa = | MM.BOJH.CT.

1 ar. (Texm.atmocepa) = 1 kre/em? = 98,1 kI1a.

1 atm. (dpusmveckas armocdepa) = 101,325 klla = 760 Mmm.pT.cCT.

1 at. = 0,968 atm.

I mm.pt.cT. = 133,32 Ila.

1 6ap = 0,1 MITa = 100 xIla = 10° ITa.

PaznuyaroT uzbwimounoe u abcontomuoe naBlieHue.

Hsz0vimounoe nasnenue (Py) pasHOCTh MEXAY JNABICHHEM >KUIKOCTH WM ra3a U JaBJICHHEM
OKPYXKAaIOIEe CPeabl.

Abconmomnoe nasnenue (P) maBieHne oTcUUTHIBAEMOE OT a0COJIFOTHOTO HYJS ABICHUS WU OT
abCOIOTHOTO BaKyyma. DTO JAaBlIEHUE SBJISETCS T/11 TapaMeTPOM COCTOSTHUSI.

AOGCOIOTHOE JJaBlIeHUE ONPEAEIsIeTCs:

1). IIpu maBnennu cocyma 0osbiine aTMOCHEpPHOTO:




P=P,+Pos; (1.5)

2). IIpu naBneHuu cocyaa MeHbIIE aTMOC(EpHOTO:

P=P,+Ps; (1.6)

rae P, armMocdepHoe naBnenue;

P: naBienue Bakyyma.

Temnepamypa XapakTepU3yeT CTENEHb HArpeToOCTH Tell, MPEJCTaBisieT co0oi Mepy cpenHeit
KUHETHUYECKOW PHEPTUU MOCTYNATEIbHOIO ABMKEHHS ero MoJjieKy. UeM OoJblie cpeiHss CKO-
POCTh ABMXKEHHUS, TEM BBILIE TEMIIEpaTypa Tena.

3a T/1 mapaMeTp COCTOSIHHSI CHCTEMBI IPUHUMAIOT mepmoournamudeckyio memnepamypy (T), T.e.
abconmomuyro temneparypy. OHa Bcerja nonoxurensHa, [Ipu temneparype abCOMIOTHOTO HYIS
(T=0) TennoBble OBMXKEHUS MPEKPAILIAIOTCS U 3Ta TeMIEpaTypa sABJSETCS HavyaloM oTcueTa ad-
COJIIOTHOM TeMIIepaTyphl.

1.4. YpaBHeHHe COCTOSIHUSI U TEPMOJAMHAMMYECKHI Npouecc.

OcHoBHBIE T/1 TapameTpsbl coctosiHus P, v, T ogHOpOIHOTO Tena 3aBUCIT APYT OT Apyra U B3a-
UMHO CBSI3aHBI MKy CO0O0I OmpeIeICHHBIM MaTeMaTUYeCKIM YpaBHEHHEM, KOTOPBIH Ha3bIBa-
€TCsl ypaeHeHUuemM COCMOSAHUA:

f(P,v, T)=0.(1.7)

Pasnosecnviv cocmoanuem Ha3zpIBaeTCs COCTOSHUE Teja, IPU KOTOPOM BO BCEX €ro TOYKax 00b-
ema P, v u T u Bce npyrue ¢pusndeckue CBOWCTBA OIMHAKOBEI.

COBOKYIMHOCTh U3MEHEHHUI COCTOSIHUSI T/ CUCTEMBI IIPH NEPEX0JIe U3 OJTHOTO COCTOSHUS B JPY-
roe HasbIBaeTcsi m/0 npoyeccom. T/n mporuieccyl OBIBAIOT PaBHOBECHBIE U HEpaBHOBECHbIE. Eciu
IpoLEC MPOXOIUT Yepe3 paBHOBECHBIE COCTOSHUSA, TO OH Ha3bIBaeTCs pasHosecHbvim. B pealb-
HBIX CIIy4asX BCE MPOLECCHI SABJISIOTCS HEPABHOBECHBIMUL.

Ecnu npu mo0om T/ mipoliecce U3MEHeHHe apaMeTpa COCTOSHUSL HE 3aBUCUT OT BHJIa MpoIliec-
ca, a OIpeaeNsieTcs HayalbHbIM U KOHEUYHBIM COCTOSIHUEM, TO ITapaMeTPhbl COCTOSIHUSI Ha3bIBAIOT-
csi gyukyueti cocmosanua. TakuMU mapaMeTpaMu SIBISIOTCS BHYTPEHHSISI SHEPIHsl, SHTAJIbINS,
SHTPONHUS U T.A.

Humencusnvle napamempsi 3TO NMapaMeTpbl HE 3aBUCSIINE OT MACChl CUCTEMBI (JaBlIEHUE, TEM-
neparypa).

AooumusHvle (3KcmeHcusHvle) napamempsl TapaMeTpbl, 3HAUEHUSI KOTOPBIX MPOMOPLHOHAIBHbI
Mmacce cucteMbl (O0beM, SHEPTHUSl, SHTPOIIUS U T.1I.).

Tema 2. [lepBblil 3aKOH TEPMOJIUHAMHUKH.

2.1. Tenusiora u padora.

Tena, yyacTByoIuMe NpH MPOTEKaHUU T/J1 TIpoliecca oOMeHnBatoTcsl sHeprueil. [lepenaua snep-
UM OT OJJHOTO Teja K IPYroMy MPOUCXOAUT ABYMsI CIIOCOOaMHU.

1-ii cnocob peanusyeTrcs IpU HEMOCPEACTBEHHOM KOHTAKTE TeJ, UMEIOIIUX Pa3IUYHYI0 TeMIIe-
patypy, myTeM oOMeHa KHHETHYECKON 3HEepruei Mex1y MOJIEKYJaMH CONMPHUKACAIOUINXCS Tel
a100 TYYHCTHIM MIEPEHOCOM BHYTPEHHEH YHEPTHH U3ITYJArOIIMX Tel MyTeM 3/M BoiH. [Ipu sToM
SHEprus nepeaercs oT 0oyiee HarpeToro K MeHee HarpeToMy.

KonudectBo sHepruu, nepeqaHHon 1-M cmocoOOM OT OJHOTO Tela K JPYroMy, Ha3bIBaeTCS KO-
auyecmeom meniomor Q [[Ix], a cioco® mepemayda sHEPTUH B popme meniombl.

2-ii croco0 cBsi3aH ¢ HAIMYMEM CHJIOBBIX ITOJICH WM BHEIIHEro JMaBieHwus. J[s mepemauu sHEp-
UM 3TUM CIIOCOOOM TEJIO0 JOJKHO JIMOO MepeBUraThCsl B CUIIOBOM TOJIE, TUOO U3MEHSATH CBOM
00BeM o1 IEHCTBUEM BHEIITHETO JaBlieHUs, To ecTh mepenadu JHEPTuH MPOUCXOUT MPH yCII0-
BUU MEpPEMEIIECHUS BCEro Tela WK ero 4acTu B mpocTpaHcTBe. [Ipu 3ToM KonyecTBO nepeaan-
HOW SHepruu Ha3wpiBaeTcs pabomou L [[Ix], a cmocob nmepenava sHepruu B hopme padbomaoi.
KonnuecTBo 3HEpruu, noxydeHHoe TeiaoM B popMme paboThl Ha3bIBAECTCS pabomot cogepuleHHOouU
Hao meom, a OTHAHHYIO SHEPTHIO 3aMPAyeHHOl meiom pabomoil.

KonuyecTBO TEmaoThl, MoaydyeHHOEe (OTJAAHHOE) TEeJIOM M paboTa, coBepIleHHas (3aTpaducHHas)
HAJ TEJIOM, 3aBUCAT OT YCIIOBUH Mepexoja Telna U3 Ha4adbHOrO COCTOSHUS B KOHEYHOE, T.C. 3a-
BUCAT OT XapakTepa T/11 mpolecca.




2.2. BHyTpeHHsisl JHeprus.

B obOmem ciaydae BHyTpeHHEH >HEprueil Ha3bIBaeTCs COBOKYIHOCTH BCEX BHJIOB JHEPTHM, 3a-
KJIFOUEHHOU B TEJI€ WJIM CUCTEME TeN. DTy SHEPTUI0 MOKHO MPEICTABUTh KaK CYMMY OTJIEIbHBIX
BUJIOB SHEPTUi: KHHETHUECKON SHEPTrUr MOJIEKYJ (MOCTYNaTeNbHOIO U BpalIaTeIbHOTO JBUXKE-
HUSL MOJIEKYN); KOJeOaTeTbHOr0 JIBUKCHHUS aTOMOB B CaMOM MOJIEKYJE; SHEPTUU DIIEKTPOHOB;
BHYTPUSZCPHOIN PHEPIUU; SHEPTUU B3aUMOACHCTBUS MEXKIY SIPOM MOJIEKYINBI U 3JIEKTPOHAMU;
MOTEHIIUATBHON SHEPTUU MOJIEKYJI.

B TexHuueckoil TepMoaIuHAMUKE PacCMaTPUBAIOTCS TOJIBKO TaKUE MPOLECCHl, B KOTOPHIX HM3Me-
HSIOTCS KUHETUYECKasi M MOTEHLHANIbHAS COCTAaBJSIOIINE BHYTpeHHeH 3Hepruu. [Ipu atom 3Ha-
HUe aOCONMIOTHBIX 3HaUYEHUW BHYTPEHHEH 3Hepruu He Tpedyetcs. [loaTomy BHYTpeHHEH SHEpTH-
el 1 uAeallbHbIX Ta30B HA3bIBAIOT KWHETUYECKYIO HEPTUI0 JBUXKEHUS MOJIEKYJ M SHEPIHIO
KoJie0aTeNbHBIX JBUKEHHI aTOMOB B MOJIEKYJ€E, a JJI PeabHBIX I'a30B JOMOJIHUTEIBHO BKIIO-
YaloT MOTEHIUATBHYIO SHEPTUIO MOJIEKYIL.

Buytpennss sueprus (U) apnsercs GpyHKIHEH ABYX OCHOBHBIX TapaMeTPOB COCTOSIHUSA ra3a, T.€.
U=f(P,T),U=f(v,T) U={f (P,v). Kaxxnomy cocrosiuuto pabodero Tena (CUCTEMbI) COOTBET-
CTBYET BIIOJIHE OTpEAENEHHOE 3HAYEHHUE MapaMeTPOB COCTOSIHHS, TO VIS Ka)KIOTO COCTOSHUS
ra3a OyJeT XxapakTepHa CBOsI OJHO3HAUYHAsl, BIIOJIHE OIPE/IeJICHHAs BEIMUYMHA BHYTPEHHEH dHEp-
ruu U. To ectb U sBisieTcss GyHKIMEH cOoCcTOsSHUA ra3a. M pa3HOCTh BHYTPEHHUX DHEPTUU IS
JIBYX KaKuX-JTHOO COCTOSIHUN pabouero Tela WM CUCTEMBI Tell He OyJeT 3aBUCETh OT MYTH Tie-
pexoja OT MEePBOT0 COCTOSIHUSI BO BTOPOE.

2.3. IlepBblii 3aKOH TePMOJIMHAMMKH.

IlepBblii 3aKOH TEPMOAMHAMHKHU SIBJISIETCSI OCHOBOM TEPMOJAMHAMHYECKOM TEOPUU U HMEET
OTPOMHOE TPHUKJIIATHOE 3HAUYEHHE MPH UCCICAOBAaHUU TEPMOAMHAMUYECKUX MPOLECCOB. DTOT
3aKOH SIBJISIETCS] 3aKOHOM COXPAHEHUS U MPEBPALLECHUS SJHEPIHU:

"Ouepeus He ucuezaem u He 603HUKAEM 8HOBb, OHA UL NEPEXOOUM

U3 00H020 8UOA 8 OPY2OUl 8 PA3IUYHbBIX Pusuyeckux npoyeccax”.

st TepMOAMHAMUYECKUX MPOLECCOB 3aKOH YCTAHABIMBAECT B3aMMOCBSI3b MEXAY TEIUIOTOM, pa-
00TOl U U3MEHEHUEM BHYTPEHHEH SHEPTUU T/ CHCTEMBI:

"Tennoma, no0edenHas K cucmeme, pacxo0yemcs Ha UsMeHeHue dHepeUuL CUCeMbl U cosepuie-
Hue pabomoi".

YpaBHEHUE NEPBOTro 3aKOHA TEPMOJUHAMUKHU UMEET CIICIYIOUIUN BU/I:

Q=W Up+L, 21

rae Q - KoauyecTBa TEIUIOTHI MOJIBEICHHAs! (OTBEEHHAs) K CUCTEME;

L - paGota, coBepiiieHHast cucTeMOo# (HaJ CUCTEMOM);

(U2 Uy) - u3smMeHeHne BHYTPEHHEN PHEPTUM B JAaHHOM IIPOLIECCE.

Ecnu:

Q >0 TerutoTa MOJABOIUTCS K CUCTEME;

Q <0 TemuoTa OTBOAUTCS OT CUCTEMBI,

L > 0 paGota coBepIIaeTcsi CHCTEMO;

L <0 pabora coBepuraercst HaJi CHCTEMOM.

J1s1 e1MHUIIBI MacChl BELIECTBA YpaBHEHUE NIEPBOT0 3aKOHA TEPMOAMHAMUKHI UMEET BU:
q=Q/m=(u2 u)+1/.(2.2)

B oanvneitwem ece popmynsl u ypasnenusn 6yoym Oanvl 6 0CHOBHOM 011 eOUHUUbL MACCHL
eeujecmaa.

1-#1 3aK0H T/ yKa3bIBa€T, YTO JJIs TIOJYYECHHS MOJIe3HON padoThl (L) B HEMpephIBHO NEHCTBYIO-
IIeM TETUIOBOM JBUTATENIe HAJl0 TOJIBOJUTH (3aTpaunBaTh) TEIIOTY (Q).

"J[suecamenv, NOCMOSHHO NPO3BOOAUWUL PAOOMY U He NOMPeONAWUN HUKAKOU SHEPeUU HA3bl8A-
emcs geyHviM ogueamenem I pooa.”

W3 3TOr0 MOKHO BBICKa3aTh CIIEYIOIIEE ONpeaesieHue 1-ro 3aKkoHa TepMOIMHAMUKH

" Beunwlil 08ucamens nepeoco pooa Hego3modicen "

2.4. TensioeMKOCTB raza.



HctuHHas TEmIoeMKOCTh pabodyero Tena OnpenesseTcsl OTHOIICHHEM KOJIMYeCTBa TOIBEICHHON
(oTBeeHHOI) K pabodeMy Tely TETUIOTHI B JAaHHOM T//I TIPOIIecCe€ K BHI3BAHHOMY ATUM H3MEHE-
HUSIM TeMIIepaTyphl Tela.

C=dQ/dT, [dx /K]; (2.3)

TemnoeMKOCTh 3aBUCUT OT BHEIITHUX YCIIOBUI MIIH XapaKTepa Mpolecca, Mpu KOTOPOM IMPOUCXO-
JIUT TTOJIBOT WJIA OTBOJI TETUTOTHI.

Paznmuuarot crnemyromnue yaenbHbIE TeMI0EMKOCTH:

MaccoByto ¢ =C/m, [Jlx/kr]; (2.4)

MoJsipHyto - ¢y = C /v, [[Ix/Monb] , (2.5)

r7ie V - KOJIMYeCcTBa BEUIECTBa [MOJIb] ;

o6vemuyto - ¢ =C/V=cp, [JIx/™m], (2.6)

rae- p=m/ V - INIOTHOCTH BEUIECTBA.

CBsi3b M@Ky 3TUMHU TEIUIOEMKOCTSIMHU:

c=c -v=cy/p,

rae - v = V/m - yaenbHbIli 00beM BEIIECTBA, [MY/xr];

L =m /v mMonspHas (MOJEKYJsipHas) Macca, [Kr/MOJb].

TemoeMKOCTh ra30B B OOJIBIION CTENEHHU 3aBUCUT OT TE€X YCIOBUHU, MPU KOTOPBIX MPOUCXOAUT
MPOIIECC WX HArpeBaHUS WIW OXJIAKIACHHS. Pa3ndyaroT TemI0eMKOCTH TIPU MTOCTOSSHHOM JIaBJjie-
HUU (M300apHBIN) ¥ TIPH MMOCTOSTHHOM 00BbeMe (M30XOPHBIi ).

TakuM 00pa3oM pa3audaroT CISAYIONINE YASTbHBIC TEIUIOEMKOCTH:

Cp , Cv MaccoBble U300apHBIE U U30XOPHBIE TEMJIOEMKOCTH;

Cpu » Cvp MOJIIPHBIC N300apHBIC U U30XOPHBIE TETNIOEMKOCTH;

cp , ¢/v 0OBeMHBIE N300apHBIE U H30XOPHBIE TEMIOEMKOCTH.

Me:xny n300apHBIMU ¥ H30XOPHBIMH TEIIJIOEMKOCTSIMU CYIIECTBYET CIICAYIOIIAs 3aBUCHMOCTb:
¢p - cv=R - ypaBHenue Maiiepa; (2.7)

Cpu - Cvp = Ry . (2.8)

TemnoeMKOCTh 3aBUCUT OT TeMIIepaTyphl, KOTOPbIE al0TCA B CIPABOYHBIX JIUTEPATYpax B BHUJE
TaOJIMIBI KaK CPEeIHUE TEIUIOEMKOCTH B MHTepBasie Temreparyp ot 0 mo ty. s ompenenenus
CpelHel TeIIOeMKOCTH B UHTEpBaJle TEMIIEpaTyp OT t 10 t2 MOYKHO MCIOIb30BaTh CIEIYIOIIYIO
bopmymy:

c|?u=(c[%0t2-c[lot))/ (t2-t1).(2.9)

2.5. YHuBepcajbHOe YpaBHEHHUE COCTOSIHUSI HA€AJIBLHOI0 ra3a.

Hoeanvnvivm 2azom Ha3bIBa€TCA TAKOU ras, y KOTOPOro OTCYTCTBYIOT CHUJIbI B3AUMHOTO TIPUTSIKE-
HUS U OTTAJIKUBAHUS MKy MOJICKYJIaMHU U MpeHeOperaT pazMepamMu MoJieKyil. Bce peaabHbie
ra3pl PU BBICOKUX TEMIIEPATypax U MajblX JABICHUSIX MOKHO MPAKTUYECKU CUMUTATh KakK Ue-
AIbHBIE Ta3bl.

VYpaBHeHHE COCTOSHUS KaK Al MICalIbHBIX, KaK U JJI pealbHbIX I'a30B OMHCHIBAIOTCS TPEMS
napaMerpami 1o ypasHeHuto (1.7).

VYpaBHeHHE COCTOSHUS UICATLHOTO Ta3a MOXHO BBIBECTH U3 MOJEKYJISIPHO-KMHETUYECKOU Teo-
PUU WIK U3 COBMECTHOTO pPacCMOTpeHus 3aKkoHOB boinsa-Mapuorra u I'eii-JIroccaka.

D10 ypaBHeHHE ObLIO BhIBeICHO B 1834 1. dpaniy3kum ¢usznkom Knaneriponom u s 1 kr mac-
CBI Ta3a UMEET BH/I;

P-v=R-T, (2.10)

rae: R - razoBas mocTosHHAS W MpeAcTaBiseT padory | Kr rasa B mporiecce Mpu MOCTOSHHOM
JaBJICHUH U IPU U3MEHEHUHU TeMIepaTypsl Ha 1 rpamyc.

VYpaBHeHue (2.7) Ha3bIBAIOT TEPMUYECKUM VPABHEHUEM COCMOSAHUA NI XAPAKMEPUCMUYECKUM

YDAGHEHUEM.
J1st IpOoU3BOILHOTO KOJMYECTBA ra3a MacCcoi m ypaBHEHHE COCTOSIHUS OyeT:

P-V=m-R-T.(2.11)
B 1874 r. I.1.MennaeneeB ocHOBEIBasich Ha 3akoHe [lanbroHa ("B pasuvix obvemax paszuvix
UOeANbHbIX 2A308, HAXOOAWUXCA NPU OOUHAKOBLIX MEMNepamypax u Od6JIeHUsX, COOepHCUMCs
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00UHAK0B0€ Koau4ecmeo mojaekyn'") mpeasioxkull YHUBEpCaIbHOE YPaBHEHUE COCTOSHUA 1Jist 1 Kr
rasa, KOTOPYIO Ha3bIBaIOT ypasHenuem Knanetipona-Menoeneesa:

P-v=RyT/u, (2.12)

r7e: | - MOJIsIpHas (MOJIEKYJSIpHAs) Macca rasa, (KI/KMOJIb);

Ry = 8314,20 Jx/xmonb (8,3142 kJ[>K/KMOJB) - YHUBEpCAlbHAs 2a308a5 NOCHOAHHASA W TIPE-
cTaBJsieT paboTy 1 KMOJIh UCATBPHOTO Ta3a B MPOIIECCE MPU MOCTOSHHOM JaBJICHUU U TIPH U3Me-
HEHUM TeMIlepaTypsl Ha 1 rpaxnyc.

3nast Ry MOXHO HaliTH ra30ByI0 MOCTOSIHHYIO R = Ry/p.

Jnist mpou3BOIBLHOM Macchl ra3a ypaBHeHHe Knanelipona-MenzaeneeBa OyaeT UMeTh BUJ:
P-V=m-R,T/p.(2.13)

2.6. CMech nieajIbHbIX Ia3o0B.

T'a30601i cmecbro TOHUMACTCSI CMECh OTACIIBHBIX Ta30B, BCTYMAIOMIUX MEXTYy COOOW HU B KaKue
xuMuueckne peakiuu. Kaxapiii ra3 (KOMIOHEHT) B CMECH HE3aBUCHUMO OT JIPYTUX ra30B MOJHO-
CTBIO COXpaHSET BCE CBOM CBOMCTBA M BEJET €0 TakK, KaK €CJIM Obl OH OAWH 3aHUMAaJl BECh 00b-
€M CMECH.

Ilapyuanvroe Oasnenue 5TO AaBICHUE, KOTOPOE MMeEN Obl KXl ra3, BXOISAIINN B COCTaB
CMeCH, ecJii OBl 3TOT Ta3 HaXOIWJICS OJMH B TOM XK€ KOJUYECTBE, B TOM ke OIOBEME U MPU TOH
)K€ TeMIepaType, 4To U B CMECH.

l'azoBas cMech mouuHsAETCS 3aKOHY /lanbmona:

Obwee oasnenue cmecu 2a3z08 pasHoO Cymme NapyuaibHbIX 0AleHUll OMOEIbHbIX 24308, COCMAB-
JISAOUJUX CMECD.

P=P1+P+P3+...P.=> Pi, (2.14)

rae Py, P2, P3. .. Py mapuuansHbie naBneHus.

CocraB cmecH 3a7aeTcsi 00beMHBIMH, MACCOBBIMH U MOJIBHBIMH JIOJIIMH, KOTOPBIE OTIPEICIISIOT-
Csl COOTBETCTBEHHO IO CIEAYIOMIM (GopMyam:

11=Vi/Veu;12=V2/Ven; ... 1a=Va/ Veu, (2.15)

gr=mi/Mey; @2=m2/ Mey ... o =Mp/ Mey, (2.16)

1 =Vi/Vem ;12 =V2/Vem s oo In =Vn/ Veu , (2.17)

rae Vi; Va2 ;... Vo ; Veu 00b€MBI KOMIIOHEHTOB M CMECH; M ; M2 ; ... My ; Mey MACCHI KOMIIO-
HEHTOB U CMECH; Vi ; V2 ; ... Vn ; Vew KOJIMYECTBO BEIIECTBA (KUIIOMOJIEH) KOMITIOHEHTOB ¥ CMECH.
Jns mpeanpHOro rasza no 3akony JlaibToHa:

=1 ;n=rn;..m=rm.(2.18)

Tak kak Vi +Vo+ ...+ Vu=Veuumi+me + ... + mp = My,

TOr +n+...+m=1,(2.19)

gi+o+...+gn=1.(220)

CBs13b MEXTy OOBEMHBIMU U MaCCOBBIMU JOJISIMU CIIEAYIOIIICE:

g1 =T/ Pem 5 82 =T2°M2 /Hemt s «.. €n = TIn"Mn /Hen , (2.21)

TAC: Ui, U2, ... Un, Hew MOJICKYJISIPHBIE MAcChl KOMIIOHEHTOB U CMECH.

MouiekyJigpHas Macca CMECH:

Hem = W1 T1 + 12 Yo+ ... + Tn U . (2.22)

T"a3oBas MOCTOSIHHASI CMECH:

Rv=giRi+ 2R+ ...+ g Ru=

=Ry (gi/i1 + g@/po+ ... + go/pn) =

=1/(@1/R1 + r2/Ro+ ... + /Ry) . (2.23)

Y enabHble MaccOBbBIE TEMJIOEMKOCTH CMECH:

Cpem. =Z1Cp1+22Cp2+ ... + EaCpn . (2.24)

Cvem. = Z1Cp1+Z2Cy2+ ... + ZaCvn . (2.25)

YnenbHbIe MOJSPHBIEC (MOJICKYIISIPHBIE) TETNIOEMKOCTH CMECH:

Cpuem. =T1 Cpu1 + 12 Cpp2 + ... + I'n Cpun . (2.26)

Cvpem. =T1 Cyu1 + T2 Cyp2 + ... + In Cyun - (2.27)

Tema 3. Bropoii 3aK0H TepMOAMHAMUKH.

3.1. OcHOBHBIE N0JIOKEHHS BTOPOI0 3aKOHA TePMOJANHAMMKH.




[TepBrIii 3aKOH TEPMOAMHAMUKH YTBEPXKAAET, YTO TEIUIOTAa MOXKET MpeBpaliathcs B padoTy, a
paboTa B TEIJIOTY U HE YCTaHABIMBAET YCIOBUM, IPU KOTOPHIX BO3MOKHBI 3TH IIPEBPAIICHHUS.
[IpeBpamienue pabOTH B TEIUIOTY MPOUCXOIUT BCETAA MOJTHOCTHIO U Oe3ycnoBHO. OOpaTHBIIA
MPOLIECC MPEBPALICHUS TEIUIOTHl B pabOTy MpU HENPEPHIBHOM €€ MEepexo/ie BO3MOXKEH TOJIBKO
IIPH ONIPEJICIICHHBIX YCIOBUSAX U HE TIOTHOCTHIO. TerioTa caM co00il MOXKET mepexoauT oT Ooee
HarpeThiX Teld K XoJoAHBIM. Ilepexon TemmoThl OT XOJIOAHBIX TEJ K HArpeTbiM cam co0oil He
MPOUCXOAUT. [[J151 3TOr0 HY)KHO 3aTPATUTH TOMOJHUTEIbHYIO SHEPTHUIO.

TakuM 006pazoM JUIsi HOJTHOTO aHalnM3a SIBJICHUS M IPOLECCOB HEOOXOAMMO UMETh KPOMeE MEePBO-
ro 3aKOHa TEPMOJMHAMHUKHU €IIe JOMOJHUTEIbHYIO0 3aKOHOMEPHOCTh. DTUM 3aKOHOM SIBIISIETCA
smopoti 3akoH mepmoounamuxu. OH yCTaHaBIUBAET, BO3MOKEH WJIM HEBO3MOXKEH TOT UM MHOU
npoliecc, B KAKOM HAIMpaBJIEHUHU MPOTEKAET MPOLEcC, KOrjJa JOCTUTaeTCs TEPMOJUHAMUYECKOE
paBHOBECHE U IIPU KAKUX YCIOBUSAX MOXKHO MOJTYYUTh MAaKCUMaIbHYIO paboTy.

DOopMyITHPOBKH BTOPOTO 3aKOHA TEPMOIUHAMUKHU.

Jlis cyiecTBOBaHUS TEIMJIOBOIO ABUTATENsl HEOOXOAWMBI 2 MCTOUYHUKA 20pAYUL UCHOYHUK U
X0100mbill ucmounux (OKpyxaromas cpena). Ecnu TemnoBoii nBuratenib paboTaeT TOIbKO OT OJI-
HOT'O UCTOYHHKA TO OH Ha3bIBACTCS 8eUHbIM Jgucamenem 2-20 pood.

1 hopmynuposka (OcTBasipaa): "'BeuHsblii ABUTraTeb 2-ro pojia HeBO3MOsKeH"'.

Beunslii nBuratens 1-ro poga 3To TEIUIOBOW ABHUrareib, y kotoporo L>Q1, rae Qi - moaBeaeH-
Has Teriora. IlepBblii 3aKOH TEPMOAMHAMMKHU "TO3BOJISAET' BO3MOYKHOCTH CO3/1aTh TEIJIOBOM
JIBUTATENh MOJIHOCTHIO TIPEBPAIAIOIINNA MOIBEICHHYIO TetuioTy Q1B padoty L, T.e. L = Q1. Bro-
pOH 3aKOH HaKJaJbIBaET OOJIee KECTKHE OIrpaHHUYCHHS U YTBEPXKAAET, 4TO paboTa JA0JKHA ObITh
MeHbIIIe ToABeAeHHOM Ter1oThl (L<Q1) Ha BenmmuuHy oTBeIeHHOM TeToThl Q2, T.e. L = Q1 - Q.
Beunblit gBUraTens 2-ro pojia MOXHO OCYILECTBHUTH, €Clu TeroTy Q2 mepeaaTh OT XOJIOAHOTO
UCTOYHUKA K ropsyuemy. Ho g 3Toro Temiora camMoOnpou3BOJIBHO JTOJKHA MEPEHTH OT XOJIOA-
HOTO TeJia K TopsiueMy, 4To HeBo3MokHO. OTciona crienyer 2-s1 popmynupoBka (Kmaysuyca):
"Termiora He MOMXeT CAMONPOM3BOJILHO NEPEeXOAUT OT 0ojiee XOJ0XHOrO Tejaa K OoJsee
Harperomy''.

Jlnst paGoTHI TETUIOBOTO JABUTATENSI HEOOXOAMMBI 2 UCTOYHHKA TOPSYUN M XOJOAHBIA. 3-1 dhop-
mynupoBka (KapHo):

"Tam rae ecTb pa3HUIA TEMIIEPATYP, BO3MOKHO COBepIIeHHE

padoTsI".

Bce a3t popmynmpoBkH B3aMMOCBSI3aHbl, U3 OJIHON (OPMYIUPOBKH MOKHO HOJTYYUTh APYTYIO.
3.2. DHTpONHA.

OnauM 13 GYHKIHUHA COCTOSTHUS TEPMOIMHAMHYECKON CUCTEMBI SBISICTCS 9HMPONnUs. DHTPOITHEH
HAa3bIBACTCSI BEJIMUMHA OINpEIeIisieMasl BRIPAXKEHUEM:

dS=dQ/T. [[Ix/K] (3.1)

WJIU 11 YA€TTbHON SHTPOIUHU:

ds=dq/T. [Ax/(xr-K)] (3.2)

DHTpomUs €CTh OAHO3HAYHAs (YHKIUS COCTOSHUS Tela, MPUHUMAIOMIAs sl KaKJIOTO COCTOSI-
HUS BIIOJIHE OIpejeseHHoe 3HaueHne. OHa SBJIseTCs] SKCTEHCHBHBIM (3aBUCUT OT Macchl Bellle-
CTBA) MMapaMETPOM COCTOSIHHSI M B JTIOOOM TE€PMOIMHAMHYECKOM IPOIECCE MOJHOCTBIO OMpee-
JSIeTCsl HAYaJIbHBIM M KOHEYHBIM COCTOSIHUEM TeJla M HE 3aBUCHUT OT IyTH NMPOTEKaHUs Mpoliecca.
DHTPOIHIO MOKHO OINPEACTUTh KaK (DYHKITUIO OCHOBHBIX MTAPaMETPOB COCTOSTHHUS:

S=£i(P,V); S=£f(P,T); S =13(V,T); (3.3)

WJIU U1 YAETbHON SHTPOIUHU:

s=f1(P,v) ; s=£2(P,T) ; S =1f3(0v,T) ; (3.4)

Tak Kak >HTPONUSI HE 3aBUCUT OT BUJA IMPOLIECCa U ONPEAEISIeTCs] HaYaIbHBIMU M KOHEYHBIMU
COCTOSTHUSIMU paboyero Telja, TO HaXOJAT TOJBKO €ro H3MEHEHHUE B IaHHOM IIpolecce, KOTOpbIe
MO>KHO HaWTH IO CJIEIYIOLIUM YPABHEHUSIM:

As = ¢y-In(T2/T1) + R-In(v2/v 1) ;5 (3.5)

As = ¢cp-In(T2/T1) - R-In(P2/Py) ; (3.6)

As = cv-In(P2/P1) + cp-In(v 2/v1) . (3.7)
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Ecnu sutponus cucreMsl Bo3zpactaeT (As > 0), To cucteme MmoaBOAUTCS TEILIO.

Ecnu suTponus cuctemsl ymenbiaercs (As < 0), TO cucteMe OTBOJUTCS TETLIO.

Ecnu sHTponus cucremsl He usmensercs (As = 0, s = const), TO CUCTEME HE MOJABOAUTCS U HE
OTBOJUTCS TEIIO0 (aanabaTHBIN TpoIiece).

3.3. lluka u Teopemsbl Kapno.

Hukiom KapHo HazbIBaeTCsi KpyroBOM LUKJ, COCTOSALIMM W3 2-X HM30TEPMHUYECKHUX U U3 2-X
anuabaTtHeIX mporeccoB. O0parumeiii muka Kapro B p,v- u T,s- amarpamMmmax moka3aH Ha
puc.3.1.

p 7 g,
/PR R T

7, = const

T =const
////,z/,z IEDALE

b S

0 )
a) d)

Puc. 3.1. O6parumsiii ks Kapao B p,v (@) u T,s (6) nuarpamMmmax

1-2 o6parumoe aamabaTHOE pacmMpenue npu si=const. TemrepaTypa yMmeHbmaercs ot T1 110
Ta.

2-3 H“30TEepMHUECKOE CIKaThe, OTBOJ TEIUIOTHI (2 K XOJIOAHOMY UCTOYHUKY OT pabouero Tena.
3-4 obpatumoe aguabaTHOE cxkaTHe mpu sp=const. TemnepaTypa nosbimaercst oT T3 10 Ta.

4-1 wm30TEepMHUYECKOE pAaCUIMpPEHUe, MOABOJ TEIJIOTH (| K TOPSAYEro UCTOUYHHKA K paboueMy Te-
ay.

OCHOBHOHM XapaKTEPUCTHKOM JIFOOOTO IMKJIA SIBISIECTCS mepmMuyeckull Kodgpuyuenm noniesnoco
Oeticmeus (T.K.IL.]11.).

Ne=Lu/Qu, (3.8)

W

ne=(Q1 Q2)/Qr.

Jns obpatumoro nukia KapHo T.k.11.1. onpeaensercs no popmyie:

Nuw=(T1 T2)/T1.(3.9)

Orcrona cnenyet -1 meopema Kapho:

"TepMuuyecknii K.1.1. o0patumoro nukJja KapHo He 3aBucur or

CBOMCTB pado4ero Tejia u onpeaeJasieTcs ToJAbKO TeMIiepaTypaMmu

HCTOYHUKOB'

Bu3 cpaBHeHHsS MPOU3BOJILHOTO 00paTUMOro Hukia U nukia KapHo BeITekaeT 2-1 meopema
Kapno:

"OopaTumbiii UK KapHo siBjisieTcsi HAMBOTOHEHIIMM UKJIOM B 32JJaHHOM MHTepBaJe
Temmneparyp"

T.e. T.x.m.a. ukiia Kaprao Bceraa 0ospIine T.K.I1.11. TPOU3BOJIBHOTO IHKJIA!
N > Ne - (3.10)

Tema 4. TepmoanHaMH4YeCKHE MPOLECCHI.

4.1. MeToa uccieloBaHUs T/I MPOLECCOB.

Kaxk ckazano BblIIe HepBbeI 3aKOH T/I[ YCTAaHAaBJIMBACT B3aUMOCBA3b MCKAY KOJIMYCCTBOM TCIIIIO-
ThI, BHYTPEHHEH 2Heprueit u padoroit. [Ipu 3TOM, KOJTUYECTBO TEIUIOTHI TTOIBOIUMOE K TEIY HIIH
OTBOJIMMOE OT TeJla 3aBUCUT OT XapakTepa Impolecca.

K ocHOBHBIM T/71 mpoIieccaM OTHOCSITCS: U30XOPHbIU, U30MEPMUYECKUll, U300apHblil U aduadam-
HbL.
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JI1st BceX 3THX MPOIECCOB YCTAHABIMBAETCS OOIIMI METO UCCIIE0BAaHUs, KOTOPBIN 3aKITI0YaeT-
Csl B CIIEIYIOLEM:

. BBIBOJIUTCSI ypaBHEHUE npolecca kpusoi Pv u TS nuarpammax;

. YCTaHaBJIMBAETCS 3aBUCUMOCTb MEKIY OCHOBHBIMU ITapaMeTpamMH padbode-
ro Tejla B HayaJle ¥ KOHIIE NIPOLIECCa;

. OIIpeIeNIAeTCsl U3MEHEHNE BHYTPEHHEH sHepruu 1no ¢Gopmyie, cpaBeaiu-

BOI JIJIs1 BCEX MPOIIECCOB UICATBHOTO Ta3a:
Au = CVM|0t2't2 - CVMlotl'tL “4.1)
WJIM IpU MOCTOSTHHOM TertoeMkocTu AU = m-cy- (t2 - t1); (4.2)
BbIancisiercs pabora: L =P-(V2 Vy); (4.3)
OTIpeIeTISAETCSI KOJTUYESCTBO TEIUIOTHI, YYaCTBYIOIIIEE B MPOIIECCe:
q = cx(t2- t1); (4.4)
OTIpeNIeTIIeTCS M3MEHEHHUE YPHTAIBITHH 110 (OpMYJIe, CITPaBEIJIMBOM JJISI BCEX MPOIIECCOB HcalTb-
HOTO rasa:
A=z 11) = CpM|0t2't2 Cleotl't1, 4.5)
WM TIPH TIOCTOSTHHOM TeToeMKoCTH: Al = cp-(t2 t1); (4.6)
OTIpe/IeNIeTCs NU3MEHEHUE YHTPOIIHHU:
As = cy-In(T2/T1) + R-In(v2/v 1) ;5 (4.7)
As = ¢p-In(T2/T1) - R-In(P2/Py) ; (4.8)
As = cy-In(T2/T1) + cp-In(v2/v 1) . (4.9)
Bce mporieccrsl paccMaTpuBarOTCs Kak 0OpaTUMBIE.
4.2. U3onpouecchl HaealbHOIO0 rasa.
1). M3oxopusiii npoyecc (Puc.4.1).
v=const,v2=v1. (4.10)
YpaBHEHHE COCTOSIHUS MpOIecca:
P>/ P1=T2/Ti (4.11)
Tak kak v2 =v 1, To [ = 0 U ypaBHeHue 1-ro 3aKoHa T/11 UMEET BHUL:
q=Au==cy(t2-t1); (4.12)

2
P2 Wlas
SiS
s | 52
el2u]| Sis
£S5 8IS
R RIR
Sl =
S's
X
!
) i

Puc. 4.1. U30x0pHBIi Ipoliecc UAealbHOro ra3a
2). Mzo6apnwiii npoyecc (Puc.4.2).

P =const, P, =P,

YpaBHEHHE COCTOSTHUSA TIpoliecca:
v2/v1=T2/Ti, (4.13)

PaGoTa sToro mporecca:

[=P-(v2-v1). (4.14)

VYpaBHeHue 1-T0 3aK0HA T/11 UMEET BUI:
q=Au+1[=cp(t2-t1); (4.15)

PR Mieduproe

%'ﬁ.}éﬂ’?ﬂﬂﬁﬂf
W
15
Y

& s
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Puc. 4.2. 300apHsbIii mpo1iecc uaealbHOTO Ta3a

3). Hzomepmuueckuti npoyecc (Puc.4.3).

T=const, To=T;

YpaBHEHUE COCTOSAHUS:

Pi/P2=v2/v1, (4.16)

Tak kak T2 = T1, To Au= 0 u ypaBHeHHe 1-T0 3aK0oHa T/ Oy/IeT UMETh BHI:
q=[=R-T-In(v2/v1), (4.17)

uwm q = [ = R-T-In(P1/P2), (4.18)

rae R = Ry/ n razoBas nocrosanas [Jx/(kr-K)].

21

0 v & 0
Puc. 4.3. 3orepMuueckuii mpoLecc uaeaibHoro rasa
4). Aouabamnuwiii npoyecc (Puc.4.4).
B manHOM mipoliiecce He MOABOIUTCS M HE OTBOJIUTCS TEILIo, T.€. q =0.
YpaBHEHUE COCTOSAHUS:
P- v = const, (4.19)
rae A =cp/ ¢y MmoKazaTenb aauadaThl.
VYpaBHenue 1-ro 3akoHa T/1 OyieT UMETh BU:
[=-Au==-cy(t2 t1)=cv(t1 t2), (4.20)
Win
[=R-(T1 T2)/ (A -1); (4.21)
[=R-Ti-[1 (vi/v)* /(A 1); (4.22)
[=R-Ta-[1 (Po/P1) >V /(0 1). (4.23)
Iy

0 o
Puc. 4.4. BzauMHOe pacrosokeHne aanadaThl U U30TEPMbI HICAILHOTO Ta3a B pL JUarpamMmme
4.3. IloamTponHbIii Mpoiecc.
[TonuTponHBIM MpolECCOM Ha3bIBA€TCS IMPOLECC, BCE COCTOSIHUS KOTOPOIO YIOBJIETBOPSIOTCS
YCIIOBHIO:
P- v"=const, (4.24)
I N TO0KAa3aTelb MOJIUTPOIbI, IOCTOSTHHAS JUIsl JaHHOTO MpoIiecca.
W306apHbIil, N30XOPHBIN, H30TEPMUUYECKHIA M anabaTHBINA MPOLIECCHI ABISIOTCS YaCTHBIMH CITy-
yasiMu O TpornHOTO Tiponiecca (Puc.4.5):
npu n =+ oo v = const, (M30XOPHBI),
n =0 P = const, (u300apHbIii),
n =1 T = const, (M30TepMUIECKHUIA),
n = A P- v=const, (aanadbaTHbIii).
PaboTta nmonuTponmHoro mnporuecca onpeneiseTcsl aHaJOTHYHO KaK NP ainabaTHOM MpoIecce:
[=R-(T1 T2)/ (n 1); (4.25)
[=R-Ti-[1 (Li/V2)™]/(n 1); (4.26)
[=R-Ta-[1 (P/P1) ™V "] /(n 1). (4.27)
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Termora mponecca:

q=cn-(T2 Ti), (4.28)

I€ Cn=Cy -(n - A)/(n 1) MaccoBas TermI0eMKOCTh (4.29)
MOJIUTPOITHOTO TpoIIecca.

Y
n=k n=tco
n=|
n=0 4 1
— 7
3
L &
0 73

Puc. 4.5. IlonuTponHsie NpoLeCcChl HACATHHOTO ra3a:

1 u3o0apa; 2 uzorepMma; 3 agmabara; 4 mzoxopa

Tema 5. TepMoauHAMKMKA MOTOKA.

5.1. [lepBblii 3aKOH TEPMOJAMHAMMUKH 1JIS1 IOTOKA.

Ha npakTuke npu paccMOTpeHHH paboduX MPOIECCOB MAIIWH, allapaToB M YCTPOMCTB, BCTpe-
YaloTCs 3a7a4d M3YYCHHH 3aKOHOMEPHOCTEH ABMXKEHHUs padouux Ten (ra3os, Mmapa M KHIKO-
cTei).

VYpaBHeHue 1-T0 3aK0HA TEPMOAMHAMUKH JIJIsl TOTOKA Ta3a MPH CIAEAYIOMINX JOMYIEHUSIX

. JBUKEHME ra3a [0 KaHATy YCTaHOBUBLIEECS U HEPA3PBIBHOE;
. CKOPOCTH T10 CEUEHUI0, IePIIEHANKYIIPHOMY OCH KaHaia, MOCTOSHHBI,
. npeHedperaeTcs TPeHUe YaCTHYEK Tasa APYT IPYTYy U O CTEHKU KaHaua;
. M3MEHEHHE MapaMeTPOB [0 CEYEHHUIO KaHaja Majio 10 CPaBHEHHUIO UX al-
COJIIOTHBIMH 3HAYCHUSMU,

UMeEeT BUJI:

q= Au + Ae + alOT. + lrexn. , (1)

rae Ae = (c% ¢?1)/2 + g-(z2 21) M3MEHEHHE SHEPTUU CUCTEMBI,

COCTOSIIIMIA U3 U3MEHEHUS! KUHETUYECKON 1 TOTEHIIUAIBHOM YHEPTHif;

C1 ,C2 CKOPOCTH MOTOKA B Hadaje U B KOHIIE KaHaa;

71 , Z2 BBICOTA MOJIO’KEHUS Havaja U KOHLA KaHaa.

Inpor. = P2-v2 P1-v1 paboTa npoTankuBaHus, 3aTpayrBacMasi Ha JJBH)KEHUS TIOTOKa,

lrexn. TEXHUYECKAS (T10JIE3HAS) paboTa (TypOMHBI, KOMITpeccopa, Hacoca, BEeHTWIIATOPA U T.J.).
q=2 w)+(ck )2 +g(z221) + P2v2 Pi-U1 + Liexn. (2)

BBeneM noHATHS 2Hmanbnuu, KOTOPbIA 0003HAYUM Yepe3 BETHUUHHY:

h=u+Pv,(5.3)

h2 =u2 + P2rv2; hi =u; + Pr-ui. (4)

Torma ypaBHeHHe 1-ro 3aK0HA TEPMOJMHAMUKH JJIsl IOTOKA Ta3a Oy/eT UMETh BUI:

gq=hy hi + (% D2+ g:(22 21) + Lrexu. (5)

5.2. Kputnueckoe 1aBjenue u ckopocts. Comio JlaBass.

Ecnu nepemenienre ra3a no kaHainy NpOMCXOAMUT €T0 PaCHIMpPEHUE C YMEHBIIICHUEM JIaBJICHUS U
YBEJIMUEHUEM CKOPOCTH, TO TAKON KaHAJ HA3bIBACTCS CONJIOM.

Ecnu B kaHane mpouCXOIUT CxkaThe pabouero Tela ¢ YBEJIMUYEHUEM €ro JIaBJICHUS U yMEHbIIIe-
HUEM CKOPOCTH, TO TaKOH KaHAJT Ha3bIBAIOT Qughghyzopom.

B kanamax mpu HeOONBIIONW Pa3HOCTH JABJICHWM ra3a W BHEIIHEW CpeIbl CKOPOCTh TEUCHUS pa-
0ouero Tena J0CTaTOYHO Oosbmiasi. B OONBIIMHCTBE clydaeB JJIMHA KaHAJIa HEOONbINAs U MPO-
[[ECC TEII000MEeHa MEXy CTEHKON M ra30M HE3HAUUTENIeH, MO3TOMY IMPOLIECC UCTEUEHUs rasa
MO>KHO CUUTATh aIlua0aTHBIM.

CxopocTb nctedeHus (Ha BbIXOJIE KaHala) ONpeeseTcs] U3 ypaBHEHHUS:
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fi=it, =\2(h ~h,)+c2 . (6)

N

(k1)

2k k
C, = mpll)l 1- & (D

- P
MaccoBblii CeKYHIHBIN pacxoj rasa, [Kr/c]:
m = F-cy/uz, (8)
rae: F mnomans ceueHus KaHaila Ha BEIXOJIE.
Tak kak nmporiecc HCTeUeHHs aainabaTHBIN, TO:

2 (k+1)

2k ‘ ;
PRI VA A
k-1 Py Py

.(9)

MaccoBblil CEKyHAHBIM PacxoJ HACATbHOIO ra3a 3aBUCUT OT IUIOIIAJAM BBIXOJAHOTO KaHaja,
Ha4yaJbHOT'O COCTOSIHUA ra3a v CTEIEHU €ro pacuIupeHusl.

Kpumuueckum dasnenuem Ha3bIBa€TCs TaKOE J1aBJIEHUE HA BBIXOJHOM CEYEHHMH KaHaya, P KO-
TOPOM JOCTUTAETCS MAKCUMAaJIbHBIN Pacxo/i ra3a v ONpeesaeTcs CIEAYIOUIUM BhIPAKEHUEM:

Pip = P2 = Bwp-P1, (10)

rae: Bep = 2/(k + 1))M&D

JUTsL OAHOATOMHBIX ra3oB: k =1,66, By = 0,49;

JUTSL IBYXaTOMHBIX Ta30B: k =1,41, By = 0,528;

JUTSL TPEXaTOMHBIX ra30B: k =1,29, By, = 0,546.

Kpumuueckoii ckopocmbio Ha3bpIBa€TCS CKOPOCTh T'a3a B BBIXOJHOM CEYEHUH KaHaya, IIPH JaBiie-
HUU PAaBHOM WJIM MEHBIIEM KPUTHYECKOTO Pyp.

2k
Ceo = mpﬂ)l -(11)

Kputnueckas ckopocTh 3aBUCUT MPU UCTEUEHUM UJICATBHOTO Ta3a TOJbKO OT HayaJbHBIX Iapa-
METPOB, €T0 MPUPOIbI U paBHA CKOPOCTH 3BYKa T'a3a (a) MpH KPUTUYECKUX MapaMeTpax.

Cos = | kDs5Uss - (12)

KombunupoBannoe comio JlaBans mpenHazHaueHO AJIS MCIOJIB30BAaHUS OOJBIIUX TEpEraoB
JABJICHUSI U JUIsl IOTYYEHHsI CKOPOCTEN MCTEUEHHs, TPEBBIIAIOIINX KPUTHUECKYIO HIH CKOPOCTh
3Byka. Comuto JlaBaisi COCTOUT U3 KOPOTKOTO CYKMBAIOLIErOCSd y4acTKa M pacCHIMPSIIOLIEICs KO-
Huuyeckoi Hacanaku (Puc.1). OmbITB TOKA3BIBAIOT, UTO YIoJl KOHYCHOCTH PACIIUPSIONMICHCS YacTh

JOJoKEH ObITh paBeH oL = 8-12°. [Ipu Gonpmmx yriax HaOJIOJAeTCs OTPBIB CTPYH OT CTEHOK Ka-
HaJIa.
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Puc. 1. I'paduku u3meHeHus p, ¢, L IPH UCTECUCHUN Yepe3 KOMOMHUPOBAHHOE COTLIO

CKOpOCTh UCTEUEHUS U CEKYHIHBINA PAcX0/l UeaTIbHOTO Ta3a onpeaesstoTcs no ¢popmynam (7) u
9).

JUIMHy pacmmpsIoLEeics 4acTH coIla MO>KHO ONPEAEIUTh M0 YPAaBHEHUIO:

[=(D d)2tg(e/2), (13)

IZIE: - YTOJI KOHYCHOCTH COILIa;

D - nuameTp BBIXOJHOTO OTBEPCTHS;

d - tnameTp comiia B MUHUMAJILHOM CEUYEHHH.

5.3./1pocceaupoBaHue.

JlpoccenupoBaHueM Ha3bIBAETCS ABICHHE, TP KOTOPOM Iap WU ra3 NepexoquT ¢ BBICOTO JaB-
JIeHHs Ha HU3KOoe 0€3 COBepIIeHNUs BHEIIHEH paboThl 1 6€3 TOoBOJa UM OTBOJA TEIUIOTHI. Takoe
SBJICHUE MPOUCXOAUT B TPYOOIPOBOJE, TJI€ UMEETCS MECTO CYXKEHUs MpoxoaHoro kaHana (Puc.
2). Ilpu TakoM CyXE€HHMH, BCIEICTBUE COIPOTUBIICHUM, 1aBIEHUE 3a MECTOM CyxeHus - P2, Bce-
I7la MEHbIIE JaBJIeHUs nepex HUM Pi.

Puc. 2. K Bonipocy 0 1poccenpoBaHUM ra30B
JIro0oii KpaH, BEHTWIb, 3aJIBUXKKA, KJIallaH ¥ [IPOYUE MECTHbIE CONPOTHUBIICHHUS, YMEHBIIIAIOIINE
IIPOXOJIHOE CEYEHHE TPYOOIPOBOJIA, BRI3BIBAIOT APOCCEIMPOBAHUS ra3a WK Mapa, CIe0BaTEeNb-
HO TMajeHUs JaBlieHus. B OONbIIMHCTBE CilydaeB 3TO sIBICHUE MPUHOCUT O0e3yciioBHBIHN Bpes. Ho
MHOT'/Ia OHO SIBJISIETCSI HEOOXOMMBIM U CO3/1a€TCsl HCKYCCTBEHHO (PEryJIMpPOBaHUE MTAPOBBIX JBH-
ratesnei, B XOJIOAUIBHBIX YCTAHOBKAX, B MPUOOpAxX AJIs U3MEPEHHs pacxoja raza u T.1.).
IIpu npoxokaeHuu rasa 4yepe3 OTBEPCTUE, KNHETUYECKAsl SJHEPTUs ra3a U €ro CKOPOCTh B Y3KOM
CEYEHUH BO3paACTAIOT, YTO COMPOBOKAAECTCS NaJACHUEM TEMIIEPATYPhl U JABICHUS.
I'a3, nporekas depe3 OTBEPCTHE, NMPUXOAUT B BUXPEBOE ABMKEHHE. HacThb €ro KMHETHYECKOU
SHEPruu 3aTpauynBaeTCs Ha 00pa30BaHME 3TUX BUXpEH U MpeBpaiaercs B Temioty. Kpome Toro,
B TEIUIOTY MpeBpaiaercs u padoTra, 3aTpaueHHasl Ha MPEOJOJICHUE CONMPOTUBICHUN (TpeHHE).
Best sTa Temiota BOCHPUHMMAETCSl Ta3oM, B pe3yJbTaTe 4ero TEMIEpaTypa €ro M3MeHseTcCs
(YMEHBIIIaeTCs WM YBEITHUHNBACTCS).
B otBepcTHE CKOPOCTH ra3a YBEIMUMBAETCS. 3a OTBEPCTUEM ra3 OISITh T€UYET I10 MOJHOMY Cede-
HUIO, U CKOPOCTb €0 BHOBb IIOHMKAETCs, 4 JAaBJICHUE YBEIUYUBACTCS, HO O HAYAJIbHOIO 3HaYe-
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HUS OHO HE TIOJHMMAETCsI; HEKOTOPOE U3MEHEHNE CKOPOCTH NMPOU30MIET B CBSI3U C YBEIHMUCHHEM
yIeIbHOT0 00beMa ra3a OT YMEHbUICHHS J1aBJICHUS.

JlpoccenupoBanue sBIsIETCS HEOOPATUMBIM MPOLIECCOM, MTPH KOTOPOM MPOUCXOIUT yBEITHUEHHUE
SHTPOIHH B YMEHbIIIEHHEe PaboTOCTIOCOOHOCTH pabodero Tena.

YpaBHEHHUEM IpoIecca APOCCEIMPOBAHUS SBIISETCS CIEAYIOIIee YpaBHEHHE:

h; = hy. (14)

DTO paBEHCTBO MOKA3bIBACT, YTO PHTANIBIINS B PE3yIbTaTEe JAPOCCEIUPOBAHUS HE U3MEHSACTCS U
CIPaBEIIMBO TOJIBKO IS CEYEHUM, JOCTATOYHO yIaJCHHBIX OT CYKEHHUS.

Jnist uaeanbHBIX Ta30B SHTAIBINA ra3a sBJSETCS OJAHO3HAUYHOW (QyHKIMEH TeMnepaTypsl. OTcio-
J1a ClIeJIyeT, YTO MPH IPOCCEIMPOBAHUH UACATHLHOIO raza ero reMmeparypa He usmensercs (T =
T2).

[Ipu npoccennpoBaHUU peaNbHBIX Ta30B SHTAJIBIINSA ra3a OCTACTCS MOCTOSHHOW, SHTPONUS U
00BbEeM YBEIMUYUBAIOTCS, IAaBJICHUE MAJAET, a TEMIepaTypa U3MeHseTcs (yBeJIMUMBACTCS, YMEHb-
Ia€TCS WM OCTA€TCS HEM3MEHHOIN).

W3menenne temnepaTypbl )KHIKOCTEH M PEANbHBIX Ta30B MPU JPOCCETMPOBAHUU Ha3bIBACTCS
agpgpexmom JDicoyns-Tomcona. s uneansuoro raza adpdexr Jxoynsa-TomcoHa paBeH HYIIO.
Kax noka3bpIBaeT OnbIT, 3HaK U3MEHEHUS TeMIepaTypsl (d17/dp ), 1uist OAHOTO U TOTO K€ BEIIECTBA
MOJKET OBITh MOJIOKUTENbHBIM (dT1/dp)r>0, Ta3 mpu APOCCETUPOBAHNN OXJIAXKIAETCS) U OTPHIIA-
TenbHBIM(dT/dp ), <0, Ta3 HarpeBaeTcs) B pa3IMYHbIX 00JaCTAX COCTOSHHS.

Cocrosinue raza, B kotopoM (d1/dp), = 0, Ha3wiBaeTcsi moukou uneepcuu >bdexra Jxoymns -
Tomcona, a Temrnieparypa, pu KOTOpoi 3PPEeKT MEHSIET 3HAK,- memMnepamypol UH8epCUu.

Tema 6. PeanbHble rasol. Boasinoi nmap. BiaxHblil BoO3ayXx.

6.1. CpoiicTBa peajbHbIX I'a30B.

PeanbHble ra3pl OTINYAIOTCS OT UACATBHBIX Fa30B TE€M, YTO MOJIEKYJIBbI 3THX ra30B UMEIOT 00be-
MBI U CBSI3aHBI MEXy COO0M CHMIIaMM B3aUMOJEHUCTBUS, KOTOPHIE YMEHBIIAIOTCS C YBEIMUYEHUEM
paccTostHUSL MeXAy Mojiekynamu. IIpu npakTudyeckux pacuerax pas3iM4YHbIX CBOWCTB PEAbHBIX
ra3oB Hapsiay ¢ ypaBHEHHEM COCTOsiHUs npumensiercs oTHoueHue P-u/(R-T)=c, koropas Ha3bI-
BaeTCs K0 uyuenmom cocumaemocmu.

Taxk kak a5 uAeaTbHBIX Ta30B MpH JIIOObIX yenoBusix P-v = R T, To mis atux razos ¢ = 1. Torga
BeJIMYMHA KOd((UIIMEHTa C)KMMAEMOCTH BBIPAXAET OTKIOHEHHE CBOWMCTB peajbHOrO rasa oT
CBOMCTB HJIeajibHOTO. BenmnunHa ¢ 1715 peaibHbIX ra30B B 3aBUCUMOCTH OT JIaBJICHUS U TeMIEpa-
TYpbl MOXET MIPUHUMATH 3HAYCHUS OOJIBIIE WM MEHbBIIIE STUHUIBI U TOJIHKO TIPU MAJBIX JIaBJe-
HUAX U BBICOKHX TEMIIEPATYpaxX OHA MPAKTHYECKH paBHA eAuHULE. Torna peajbHble ra3bl MOX-
HO pacCMaTpUBATh KaK UJI€aJbHBIE.

B cBsi3M ¢ OTIIMUMEM CBOWCTB PEAILHOIO ra3a OT CBOKMCTB MACAIIBHOIO ra3a Hy’)KHO UMETh HOBbBIE
YpaBHEHHUS COCTOSIHHSI, KOTOPbIE CBS3BbIBANU Obl 3HAaueHus P, v, T u maBamm OBl BO3MOXHOCTH
pacCUMTBIBATH HEKOTOPHIE CBOMCTBA ra30B IS Pa3HBIX YCIOBUU. BpUIN MpeyioxkeHbl MHOTO4HC-
JIEHHOE YMCJIO PA3JIUYHBIX YPABHEHUI COCTOSIHUSI peajbHbIX Ta30B, HO HU OJHO U3 HUX HE pelia-
eT npobuemy Juist obiero ciaydasi. Pa3Butue KMHETUYECKOM TEOpUU ra30B, MO3BOJMIO YCTAHO-
BUT TOYHOE YPABHEHUE COCTOSIHUSI pEaIbHbIX ra30B B BUJIE:

P-u=R:[1-Zv /(v + 1)-Bu/v"]. (6.1)

Bv supuanvusie kosgduyuenmsi, BbIpaxaroTcs Yepe3 MOTEHIMAIbHBIE YHEPTHUIO0 B3aHMMOJCH-
CTBHUSI MOJIEKYJ IaHHOTO ra3za u temreparypy T.

OpnHako 3TO ypaBHEHHE B OOIIEM BHJI€ HE MOXET ObITh HCIIOJI30BAHO JJISl HEMOCPEICTBEHHBIX
pacyeToB pealibHbIX ra3oB. /(s OTAENbHBIX YACTHBIX CIIy4aeB MOJTYYEHbl PaCU€THBIC YpaBHEHUS
TOTO WJIM MHOTO PeajibHOro ra3a. M3-3a cli0)KHOCTH BBIYMCIICHUSI BUPHAIBHBIX KO3 PUIINEHTOB
OOBIYHO OTPAaHUYMBAIOTCS PACUETOM IEPBBIX JIBYX Kod(duuueHntoB. Torma pacueTHoe ypaBHe-
HUE UMEET BUJL:

P-u=R-(1 A/v-B/v?),(6.2)

rae A u B - nepBblif U BTOpoii BHpHaNIbHBIE KOA(PUIMEHTHI, SBISAIOMINECS QYHKIHMEH TOIBKO
TEMIIEPaTypBhl.
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[Ipu pacuyere CBOWCTB MHOTHMX pPEAJIbHBIX T'a30B YPaBHEHHUS TAKOTO THIA MOJYYMUIH OOJIbIIOE
pacrpocTpaHEeHHeE.

6.2. YpaBHeHUs1 COCTOSIHUS pPeajibHOIO rasa.

HanGosnee npocThIM U Ka4eCTBEHHO BEPHO OTOOPAKAIOIIUM MOBEICHUE PEATILHOIO I'a3a, SBISIET-
cs1 ypaBHeHue Ban-nep-Baanbca:

(P +a/v?)-(L b)=R-T. (6.3)

a, b TOCTOSHHBIC BEJWYHMHBI, NE€pBasi YUUTHIBAECT CHJIBI B3aMMOJACHCTBHS, BTOpPAsi yYUTHIBACT
pasMep MOJIEKYJI.

a/v? XapakTepusyeT 106aBOYHOE JABIEHHE, MO/ KOTOPLIM HAXOAUTCS pPeadbHbIH ra3 BCIeICTBHE
CHJI CHLETUICHHSI MEXAY MOJICKYJaMH U Ha3bIBACTCS GHYVMPEHHUM OasleHuem. JIs )XUuAKuX Tenl
3TO JaBlIeHHE MMeeT Oonbliue 3HadeHus (Hanpumep, mis Boasl npu 20°C cocrasmser 1050
Mrma), a a5 ra30B U3-3a MaJbIX CHJI CLEIUIEHHUS MOJIEKYJ OHO OueHb Mano. IlosTomy BHemHee
JIaBJIEHUE, 110/1 KOTOPBIM HAXOAMUTCS KHUJIKOCTh, OKa3bIBAET HUYTOKHOE BIUSHUE HA €€ 00beM, U
KMIKOCTh CUMTAIOT HECKUMAEMOit. B razax B BUIy MaloOCTH 3HAaYeHHs a/L’ BHEIIHEE JaBJIeHHE
JIETKO U3MEHAET UX 00beM.

VYpaBuenue Ban-nep-Baanbca xauecTBEHHO BEpHO OTOOpa)kaeT MOBEACHUE KUAKHX U Ta3000-
pa3HbIX BEUIECTB, IS ABYX(a3HbIX COCTOSHUM OHO HETPUMEHUMO.

Ha PV  nuarpamme (puc.6.1) moka3zaHbsl M30T€pMbI MOCTPOCHHBIE MO ypaBHEeHHIO Ban-nep-
Baanbca. M3 kpuBBIX BHJIHO, UTO NMPHU CPABHUTEIILHO HU3KUX TEMIIEpaTypax MMEIOTCS BOJIHOOO-
pasHble yJacTKU. UeM BhIlIe TeMIepaTypa, TEM KOpoUe 3TH YaCTH KPUBBIX. ITH BOJTHOOOPA3HbIE
KPHUBBIC YKa3bIBAlOT Ha HENPEPBIBHBIN MEPEeXo] OT KHUAKOIO COCTOSHHUS B IAapooOpazHOe IMpH
JaHHOW TeMieparype. Touka A COOTBETCTBYET COCTOSIHMM JKUJKOCTH, TOUKa B oTHOCHUTCS mapo-
00pa3HOMY COCTOSIHUH BEILECTBA.

/

Puc. 6.1.
B neificTBUTENBHOCTH MEPEXO]] U3 XKUJIKOTO COCTOSHUS B MapooOpa3HOE BCerza MPOUCXOAUT ye-
pe3 aByxdazHoe cocTosiHue BeniecTBa. [Ipu 3TOM mpu JaHHOM Temreparype mpolecc nepexoaa
IIPOUCXOIUT TAKXKE U MPU MOCTOSTHHOM JIaBJICHUHU. JTOT ACUCTBUTEIbHBINA MEPEX0] U3 KHUAKOTO
COCTOSIHUS B TapooOpa3Hoe n300paxaercs mpsMoii tuHueit AB.
[TpakTyecku 1y 0COO0 YUCTHIX BELIECTB BO3MOXHO OCYIECTBIECHHE YUaCTKOB BOJIHOOOPA3HOU
kpuBoil AQ u DB. B nepBoM ciiydae UMEIOT MECTO HEYCTOMYMBBIE COCTOSIHUS NEPETPETON KU -
KOCTH, a BO BTOPOM II€PEOXJIAXKICHHOTO Iapa.
[Ipu ompenenenHoit TemnepaType u3orepma ypaBHeHus: Ban-nep-Baansca He Oyner umers Boi-
HooOpa3Horo ydactka (touka K). DTy Temmeparypy Ha3bIBalOT kpumuueckou. Ecnu coemuHuTh
Toukd A1, A2, A3 ... u By, B2, B3 ... monyuum kpuByro moxoxxyro Ha napabory. Kpusas AK
Ha3bIBACTCS HUICHEU NOCPAHUYHOU KPUEOU W COOTBETCTBYET B COCTOSIHUM KHIICHUS KUIKOCTH.
Kpusas KB Ha3bIBaeTcsl gepxueli nocpanuunou Kpugou W COOTBETCTBYET COCTOSHUS CYX020
HACLIWEHHO20 napa.
Taxum obpazom, a7 peasibHOro BemiectBa PV auarpammy MoxHO pa3Outh Ha 3 o0nacTu:
1 - 0651aCTh KUIKOTO COCTOSIHUS, PACIIONOKEHA JIEBEE HMKHEH MOTPAaHUYHON KPUBOA;
2 - o0macth nBYX(a3HBIX COCTOSHHUN (BIAXHBIM Map), paclojokKeHa MEeXAY HUKHEH U BepXHeH
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NOTPaHUYHOM KpPUBON);

3 obnacTe meperpeToro mapa, pacrojioKeHa IMpaBee BEpXHEW MOTPaHUYHON KPUBON M BBIIIES
KPUTUYECKON TOYKH. Y CIOBHO O0JIACTh KUAKOCTH OTPaHUYMBAIOT cBepXy JauHuend KM  kpumu-
yeckas uzobapa.

Kputnueckyto temmneparypy J.M.MenzaeneeB Ha3bIBall aOCOMOMHOU MeMNepamypou KUneHus,
IIpU KOTOPOU MOBEPXHOCTHOE HATSKEHHE B KUJAKOCTU CTAHOBUTCS PaBHBIM HYIIO, T.€. HCUE3aET
pazn4re MeXIy )KUIKOCTBIO U TApo0Opa3HbIM COCTOSHUEM BEIIECTBA (HACHIUEHHBIM NAPOM).
CBs13b MeXy KPUTUYECKUMH MTapaMeTpaMH U MOCTOSSHHBIMU ypaBHeHus Ban-nep-Baanbca:

Tx = 8-a/(27-R-b); Px = a/(27-b%); (6.4)

a=(27-R*T%)/(64Px); b = (27-R-T)/(8-Px). (6.5)

VYpaBuenue Ban-nep-Baanbca mpu 0odbIIMX TUIOTHOCTSAX Ta3a JaeT 3HAYUTEIbHBIC OIIMOKH.
Kpome 3Toro skcnepuMeHTanbHBIM IMyTEM J0Ka3aHa, 4TO KOI(PGUIIMEHTHI a, b 3aBUCAT OT TEM-
nepaTypsl U JaBJIECHUS, IPUYEM 3Ta 3aBUCUMOCTb OUYEHb CIIOXKHAS.

M.II. Bykanosuu u .M. HoBukoB B 1939 r. npeaioxuim HOBOE YHUBEPCAIbHOE YPaBHEHHUE CO-
CTOSIHUSI PEAIbHBIX T'a30B C YUETOM aCCOLMALMU U JUCCOIMALMU WX MOJIEKYJ, KOTOPbI UMEEeT
CIEAYIOIIMNA BUL:

(P + a/v?)-(v b) =R-T(1 C/(v-TC2™72) (6.6)

rae a, b mocrosHHbIE ypaBHeHHs BaH-nep-Baanbca,

C, m NOCTOSIHHBIE, OTIPEEISIEMbIE HA OCHOBAHUU ONBITHBIX TAHHBIX.

6.3. [loHsiTHSI 0 BOASIHOM mape.

OpHUM W3 pacHpOCTPAaHEHHBIM pa0OYMM TEIIOM B MApOBBIX TYpOWHAX, MApOBBIX MAIMHAX, B
ATOMHBIX YCTAHOBKAX, TEIUIOHOCHUTEJIEM B Pa3jMYHBIX TEIUIOOOMEHHUKAX SBISIETCS 800AHOU
nap.

Ilap - Ta3000pa3HOE TEO B COCTOSIHUU, OJTU3KOE K KUIISILEH KUIKOCTH.

Ilapoobpaszosanue TpoliecC MPEBPAIICHUS BEIIECTBA U3 XKHUIKOTO COCTOSHHS B TapooOpazHoe.
Hcnapenue mapooOpazoBaHue, IPOUCXOJSIIEE BCET/a MPH 000N TeMIiepaType ¢ OBEPXHOCTH
KUJIKOCTH.

[Ipy HEKOTOPOU OMpeAeIeHHON TeMIepaTrype, 3aBUCAIIEH OT MPUPOIbI )KUIAKOCTH U JABJICHUS,
MOJI KOTOPHIM OHAa HAXOAWTCS, HAYMHACTCS MapooOpa3oBaHMe BO BCEH Macce KUAKOCTH. DTOT
MPOLIECC HA3BIBACTCS KUNEHUEM.

OOpartHbIif TIporiecc mapooOpa3oBaHUs HA3bIBACTCS KoHOeHcayuet. OHA TakKe MPOTEKAET MpHU
MMOCTOSIHHOM TeMIepaType.

[Ipornece nepexoa TBEpAOTO BELIECTBAa HEMOCPEICTBEHHO B Map Ha3bIBaeTcs cyonumayuet. O6-
paTHBIN Ipollecc Mepexo1a napa B TBEPA0E COCTOSTHUE HAa3bIBACTCS decyonumayuetl.

[Ipu ucnapennn >kMAKOCTH B OTPAHMYEHHOM MPOCTPAHCTBE (B MAPOBBIX KOTJIaX) OJJHOBPEMEHHO
MPOUCXOIUT 00paTHOE SIBJICHHE KOHJAEHcalus napa. Eciau ckopocTh KOHAEHCAlUU CTaHET paB-
HOM CKOpPOCTH MCHapeHusi, TO HACTyMHaeT JUHAMUYecKoe paBHOBecue. [lap B 3ToM ciiydyae umeer
MaKCHMaJbHYIO IMJIOTHOCTh U HAa3bIBACTCS HACLIUCHHBIM NAPOM.

Ecnu temnepatypa napa Bblllie TeMIIEpaTypbl HACBIIEHHOTO Mapa TOTO K€ JaBJIEHHUs, TO TaKOu
nap Has3bIBaeTCs nepecpemuvim. Pa3HOCTh MEXIy TEMIIEpaTypoil eperpeToro napa u Temrepary-
pO¥i HaCBILEHHOTO Iapa TOTO K€ JaBJIECHMs Ha3bIBACTCS cmenenblo nepecpesa. Tak Kak yleib-
HBII 00bEM TEperpeToro mapa OoJbIe YASIbHOI0 00beMa HACHIIIEHHOTO IMapa, TO MIOTHOCTh
MEepPEerpeToro napa MeHbIe MIOTHOCTA HACBHIIIEHHOTO napa. [loatoMy neperpeTsiii nap siBisieTcst
HEeHACLIUEHHbIM NAPOM.

B MoMeHT ucnapeHus moclieHei Karuiy >KUKOCTH B OTPaHUYCHHOM MTPOCTPAHCTBE 0€3 U3MEHe-
HUSl TeMIIepaTypbl U AaBJIE€HUsS oOpa3yercs cyxou HacviujeHnwli nap. COCTOSHUE TaKOro mapa
ONpeIEAETCs OAHIUM MapaMETPOM - JIaBIICHUEM.

MexaHnyeckasi cMeCh CyXOro rnapa U Melb4alIluX KareJeK XKUIAKOCTU HAa3bIBACTCS G1ANCHBIM
napom.

MaccoBas 105151 Cyxoro rnapa BO BJIaKHOM Mape Ha3bIBACTCSI CMEneHbio CyXocmu._ X.

X = Mey / Mgy, (6.7)

M - Macca CyXxoro napa BO BJIaKHOM;
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Mgy - Macca BIaXXKHOT'O Tapa.
MaccoBas 10J1 )KUJKOCTH BO BJIQXKHOM I1ape HA3bIBAECTCS CHMENEeHbIO BAANCHOCIU ).

y=1 x.(6.8)

JInst kunien >kuaKOCTH TIPU TeMIepaType Hachimenus x = 0, 11t cyxoro napa x = 1.

6.4. XapakTepucTHKH BJIAKHOTO BO31yXAa.

ATtmocdepHbIii BO3IyX, B OCHOBHOM COCTOSIIUNA W3 KHUCIOPOJa, a30Ta, YIIEKHUCIOTO Tas3a, Co-
JEPKUT BCETJa HEKOTOPOE KOJIMYECTBO BOASIHOTO Mapa.

CMmech cyxoro Bo3ayxa U BOASIHOTO Mapa HAa3bIBACTCS 8IAHCHBIM 8030VXOM.

BnaxxHblil BO31yX IIPU 1aHHOM JIaBJICHUU U TEMIIEPATYpPE MOKET COJEP)KATh Pa3HOE KOJINYECTBO
BOJSHOTO napa. Ecim cMech COCTOUT U3 CyXOro BO3/yXa M HaCBIIEHHOTO BOASHOTO Napa, TO €ro
Ha3bIBAIOT HACLIUEHHBIM 8IANCHBIM 6030VX0M. B 3TOM cilydae BO BJIQXKHOM BO3/yXe HaXOJUTCS
MaKCHUMaJIbHO BO3MOKHOE /I JAaHHOM TeMIlepaTypbl KOJIMYECTBO BOAsSHOro mapa. Ilpu oxuma-
KJIGHUHU 3TOT0 BO3/yXa, OyAeT MPOMCXOIUTh KOHAEHCAIMs BOASHOro mapa. [lapuumansHoe nas-
JIEHUE BOASHOTO Mapa B 3TOM CMECH PABHO JIaBJICHUIO HACBIILIEHHUS IIPU JAHHOM Temmeparype.
Ecnu BnaXkHbIM BO3yX COAEPKUT IIPU JAHHOM TeMIlepaType BOJASHOM Iap B IIEPErPETOM COCTO-
SHUW, TO OH OYyJeT Ha3bIBaThCs HeHacbliujeHHbiM. Tak Kak B HEM HaXOAWUTCS He MaKCUMalbHO
BO3MOXKHOE JJIsl JAaHHOH TeMIlepaTyphl KOJMYECTBO BOASHOTO Mapa, TO OH CIOCOOEH K JalbHEH-
niemMy yBlaxHeHH0. 1103ToMy Takoll BO31yX HMCHOJB3YIOT B KauyeCTBE CYIIMJIBHOIO areHTa B
Pa3IMYHBIX CYIIUIBHBIX YCTAHOBKAX.

[To 3axony Hanvmona oOuiee naBieHHe BIAXKHOTO BO3yXa paBHO CyMMeE MaplUalbHBIX JaBie-
HUM CyXOro BO3/lyXa M BOJSHOIO Mapa, BXOASIINX B €70 COCTAB:

P=Pg+Pn, (6.9)

rae: Ps nmapunanbHOE JaBlIeHHE CyXOro BO3/1yXa;

P - mapuumansHO€E 1aBiieHHE BOJASHOIO Iapa.

MakcumanpHOe 3HaueHue Pr Ipy 1aHHOU TeMmIepaType BIaKHOIO BO3AyXa t IMpeICcTaBiseT co-
0ol dasnenue HacbleHH020 800AH020 napa - Py.

Jlisl HaxOXKIeHUS MapUUAIBHOTO JaBJICHUS Mapa MOJIb3YIOTCS CHEHaIbHBIM IPHOOPOM THIPO-
MeTpoM. C oMol 3TOro Npudopa ONpeaesioT mMoYKy pocsl, T.€. TeMneparypy (tp), 10 KOTo-
pOH HY)KHO OXJIQJUTh MPH MOCTOSIHHOM JaBJICHUH BO3YyX, YTOOBI OH CTaJl HACHIILIEHHBIM. 3Has
TOUYKY POCHI, MOKHO IO TaOJHIIaM ONPENEIUTh MaplHalbHOE JIaBJIEHUE TTapa B BO3/lyXe KaK JaB-
nenue Hacelenus (Pu), COOTBETCTBYIOIEE TOUKU POCHI tp.

Abconomuoti 81axcHocmoio 8030yxa p Ha3bIBa€TCA KOJIMUYECTBO BOISHBIX MAapOB, HAXOASIIUXCS
B 1 M> BIaXHOTO BO37AyXa. AGCOTIOTHAS BIAXKHOCTh PAaBHA TIOTHOCTH Mapa MPHU €ro Hapiuaib-
HOM JIABJICHUH U TEMIIEpAType BO3AyXa t .

OTHoIIeHNE JeHCTBUTENFHON a0COTIOTHON BIAKHOCTH BO3yXa Pn K MAKCHMAaJIbHO BO3MOKHOM
a0COIIOTHOW BIIAXKHOCTHU Py TIPU TOH K€ TEMIIepaType Ha3bIBAIOT OMHOCUMENbHOU BAHCHOCIBIO
1 0003HAYAIOT Yepes3 .

¢ = pu/ps. (6.10)

st cyxoro Bo3ayxa ¢ = 0, 1ist HeHachleHHoro ¢ < 1, nis Haceimensoro ¢ = 1(100%).

Ecnu BOAsSHOM map cYMTaTh Kak MIealbHBIM ra3, TO IO 3aKoHy boiins-Mapuorra oTHoLIeHUE
IUIOTHOCTEW MOKHO 3aMEHUTEL OTHOIIIEHHUEM JaBjieHuu. Tornaa:

0= pn/ps, (611)

I€ pn NapHUalbHOE JABJICHUE BOJISHOIO Iapa BO BIAXXHOM BO3AYXE; ps MAaKCHUMAaJIbHO BO3-
MO>KHO€ MapIUaIbHOE aBJIEHUE BOJSHOIO Mapa MNpu JaHHOM TeMmeparype.
IInomnocms_61adcHo020 6030yxa CIaraeTcs W3 Macc, cojepskammuxca B 1 M> cyxoro Bosayxa u
BOJSIHBIX [1apOB:

p=ps+ pn=Ps/(Rp-T) + ¢/v . (6.12)

Monexynapnas macca BIaXXHOTO BO3/1yXa OIMPEEIAIOT 1o (hopmyIie:

pn=28,95 10,934¢ Pu/P (6.13)

3navyenus Py u L npu TemmepaType Bo3ayxa t 6epyTcs U3 TabIMIIBI BOASHOTO Mapa, ¢ MO JaH-
HBIM TICUXpOMETpa, P - mo Gapomerpy.

Brazocodeporcanue npencrapiser co00il OTHOLIEHHE MACChI ITapa K Macce CyXoro Bo3ayxa:
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d=Mn/Ms, (6.14)

rae: M, Mg COOTBETCTBEHHO MacChl Iapa U CYyXOr0 BO3IyXa BO BIIAYKHOM BO3JIyXeE.

CBsI3b MEX]1y BJIArOCOACPKAHUEM C OTHOCUTEIIBHOM BIQKHOCTBIO:

d=0,622 ¢-Ps:/(P - @-Ps). (6.15)

MakcuManbHO BO3MOXKHOE BIIArOCOZICPIKAHUE JTOCTUTAETCS MPH IMOJIHOM HACHIIIEHUH BO3TyXa
BOISHBIMH Tapamu (p=1)

dvax = 0,622 Ps-/(P - Py). (6.16)

Obvem s1axcno20 8030yxa, MPUXOIAIIETOCS Ha 1 KT CyXOro Bo3ayxa:

Veis =R-T/P. (6.17)

Yoenvubiil 0bbem 61asicHo2o 8030yxa:

v = Veus/(1 +d). (6.18)

Yoenvnas maccosas menioemkocnis NapoOBO3IYITHONW CMECH:

cp=cpB T d-cprr . (6.18)

Dumanbnus 81axHcHO20 6030yXa ONIPEILIIIETCS KaK SHTANBIINS Ta30BOM CMeCH, cocTosIel u3 1

KI' CyXOro Bo3atyxa u d Kr cyxoro mapa. T. €.
h = he+dhg. (6.19)

Tema 7. TepMmoauHaMHuYecKue UKJIbI.

7.1. Hukasl mnapotypOuMHHbIX ycTaHOBOK (IITY).

[TapoTypOuHHast yCTaHOBKa SIBIISIETCS OCHOBOW COBPEMEHHBIX TETUIOBBIX M ATOMHBIX DJIEKTPO-
ctaHiuid. Pabourm TeIOM B TaKMX YCTAHOBKAX SIBJSICTCS Map KAaKOW-THMOO KUIKOCTH (BOISTHOU
nap). OCHOBHBIM ITUKJIOM B MMapOTypOUHHOW yCTaHOBKE SIBISIETCS yuka Penkuna.
[TpunnunuansHas cxema [1TY moka3ana Ha puc.7.1 u mporiecc moaydeHust paboThl TPOUCXOAUT
B cienyronmM oopasom. B mapoBom kotiie (1) u B meperpearerne (2) TemaoTa rOpeHUs: TOILTUBA
nepemaercst Boje. [lomydeHHBIN Mmap MocTymaer B TypOuHy (3), Tie mpoucxoauT mnpeodpa3oBa-
HUE TETUIOTHI B MEXaHMYECKYIO paboTy, a 3aTeM B DJIEKTPUYECKYIO SHEPTHIO B DJIEKTPOreHEePaTO-
pe (4). OrpaGoTanHbIi Map MOCTymaeT B KOHAeHcATOp (5), T/Ie OTAAET TEIUIOTY OXJIaKIAIoIIeH
Bojie. [lomyueHHBIN KOHACHCAT HAcCOCOM (6) OTIpaBisieTcss B MUTaTeNbHbIN Oak (7), OTKyaa mH-
TaTEJIbHBIM HacocoM (8) CkMMaeTcsl 10 TaBJeHUs, paBHOTO B KOTJIE, U MOAAETCs Yyepe3 Moaorpe-
Barensb (10) B mapoBoit koren (1).

Puc. 1. IlpunuunuansHas cxema IITY
Paccmotpum yuxn Penkuna na nacvluyennom nape. Cxema yCTaHOBKH OTIMYAETCS OT MPEAbIIY-
el CXeMBbI TEM, U4TO B JIAaHHOM ciy4ae OyleT OTCyTCTBOBaTh neperpeBareins. [loaTomy Ha Typ-
Ouny OyzaeT mocTymaTh HachlieHHBIM map. Ha pwuc.7.2,a uzobpaxen mukn Penkwuna B TS-
Tuarpamme.

;
k
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Puc. 2. llukn PenkuHa Ha HACBIILIEHHOM TMape
[Tpoueccor:
3-1 HOABOJ TEIUIOTHI OT UCTOUHHKA B BOJE (1, COCTOMT M3 JBYX IIPOLECCOB: 3-3/ - KUIeHue BO-
IIbl B KOTJIE;
3/-1 ucnapeHue BOABI B AP HPHU IOCTOSHHOM JABJICHUH;
1-2 B TypOuHe map pacuupsieTcs aquadaTHIeCcKu;
2-2/ - map KOHJIEHCHpPYETCs U OTHAET TEINOTY (2 OXJIAKIAIONIEH BOIE;
2/-3 kommeHcar anuabaTHIeCKH CKMMACTCS.
Tepmuueckuil K.I1. 1. UKJIa PEHKUHA ONpenesieTcs 0 ypaBHEHUIO:
ne=(q1 q2)/qi. (1)
Taxk kak: q1 = hi h3; @ =h> hY, 10
ne=[(hi hy) - (hs )] /(hi hs) = l/qi. (2)
[Tone3nas paboTa 1MKIIa paBHA Pa3HOCTH PabOT TYpOMHBI U Hacoca:
=1 lu,
rac. lT= h1 hz s lH= h3 h2/.
B ocHoBHOM I; >> [, Toraa cuuras h; = hy’ , MokHO 3ammcars:
ne= (hi ho)/(hi hs). (3)
TeopeTHueckyro MOIIHOCTb TypOMHBI PACCUUTHIBAIOT O (hopMmyIie:
N: = (h1 h2)-D/3600, [Bt] (4)
rae: D =3600-m gacoBoi pacxon, [Kr/4]
m CEeKyHIHBIA pacxo, [Kr/c|
Lluxn Penxuna na nepezpemom nape NpUMEHSIETCS s YBEIUYEHUS TEPMUUECKOTO K.I1.J. LKA
[ITY. Hdns storo mepen TypOuHON craBiT meperpeBarens 2 (Puc. 1), KoTopslii yBeTuYMBaeT
TeMIeparypy u aaBieHue napa. [Ipu sTom Bo3pacTaer cpenHss TeMnepaTypa MoBOJa TEIIOTHI
B ukJje. Jlmarpamma 1mukiia mokaszana Ha puc. 3 @opmynsl pacdera [, 1., Ny ocTatorcs 0e3 u3me-
HEHUM.
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Puc. 3. lluxn Penkuna Ha neperperom nape

7.2. Hukasl nBuraresieid BHyTpeHnero cropanus (JABC).
[{yKJIBI TOPIITHEBHIX IBUTATEIEH BHYTPEHHETO CTrOpaHUs MOAPA3ACIISIIOT Ha TPY TPYIIIBL:

. C MO/IBOJIOM TEIUIOTHI P MOCTOSIHHOM 00beMe (kapOropaTopusie [IBC);

. C MOJBOJOM TEIUIOTHI MPU TOCTOSHHOM JaBJICHUU (KOMITIPECCOPHBIC JAHU3e-
Tn);

. CO CMEIIaHHBIM IOJBOJAOM TEIIOTHI MPHU MOCTOSHHOM 00Bbeme (0e3KoM-

MIPECCOPHBIE TU3ENH);
OCHOBHBIMHU XapaKTEPUCTUKAMH WJIM MapamMeTpamMu JII000ro LKKIIA TeIIOBOrO JIBUTATENS SIBIIS-
I0TCS CIIeyIoIINe Oe3paMepHbIe BETUYHUHBIL:
cmenendb coicamusi (OTHOIICHHE YASIbHBIX 00beMOB paboyero Tena B Havyalie ¥ KOHIIE CYKATHs)
e =vi1/vz, (5)
cmenenb nosvluienus dasienus (OTHOIIEHUE aBIeHUH B KOHIIE M B HaYaJIe H30XOPHOTO MPOIlec-
ca T0/IBOJIa TETJIOTHI)
A =P3/P2, (6)
cmenenb npeodeapumenbHo20 pacuiupenus Wi cnmenenb u300apno2o pacuuperus (OTHOIICHUE
YACIBbHBIX 06’b€MOB B KOHIIC U B HA4YAJIC U30XOPHOI'O IMponecca noaABoaa TCHJIOTI:I)
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p =v3/v2. (7)

1). Paccmorpum yuxn IBC ¢ nodgodom meniomsl npu noOCmMosIHHOM 00beme Ha IPUMEPE YEThI-
PEXTaKTHOTO JBUTATEISI.

JnarpaMma peasibHOTO JBUraTesis MpeacTaBieHa Ha puc.4.

s
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[ i ,_,_il."'
e F =
1H L

Puc. 3. llukn nBuratesns BHyTPEHHEr0 CrOPaHUs € MOJBOJAOM TEIUIOTHI IPU MOCTOSSHHOM 00beMe
a-1 (1 TakT) B UMIMHIpP Yepe3 BCACHIBAIOLIMN KJlamaH MOCTYMAaeT CMECh BO3/1yXa U MapoB rOpio-
4yero (HeTepMOJIMHAMHYEMKHUI TTPOIIECC);

1-2 (2 TakT) agmabaTHOE cxxaTHe (OBBIIIACTCS TEMIIEPATYPa);

2-3 cropaHue roprovei CMecH, 1aBJICHHE OBICTPO BO3PACTAET MPHU IMOCTOSHHOM 00BbeMe (ITOABO
TEIUIOTHI q1);

3-4 (3 TakT) aamabartHOe pacmmpenue (padboduii mpoliecc, CoOBepIIaeTcs Mojae3Has pabora);

4-1 oTKpbIBaeTCs BBHIXJIOMHON KIIAllaH U OTPa0OTaHHBIC Ta3bl MOKUAAIOT IIMIIMHID ABICHUE ITH-
JUHApA nafaeT (OTBOAUTCS TEIIOTa 2).

1-a (4 TaKT) BBITAIKMBAHUE OCTABIINXCS B IIUIHH]PE Ta30B.

3aTeM Mpouecc MOBTOPSIETCA.

OnucaHHBIN MpoIiece ABISETCS HEOOPATUMBIM (HAIMYUE TPSHHSI, XUMUYECKON peakiuu B pado-
YeM TeJjle, KOHEYHbIe CKOPOCTH MOPIIHS, TEMIOOOMEH MPH KOHEYHON pa3HOCTH TemIepaTyp U
T.IL.).

Jl1s aHanu3a TEOPUH TEIJIOBBIX MAlllMH TEPMOJAMHAMUKA pacCMaTpUBaEeT UjealbHble 00paTUMBbIE
UKL JluarpamMmma uaeanbpHOTO Tpollecca ABUTATENS BHYTPEHHErO CropaHHs IMOKa3aHa Ha
puc.5.
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Puc. 5. Uneanpusiii nuki JIBC ¢ 130XOpHBIM IOABOJOM TEIIOTHI
N3 sToit muarpamMmbl BRIBOAUTCS GhopMyria JJIsi TEPMHUYECKOTO K.I1.JI. IIUKJIA C IMOJBOJAOM TEIlIO-
ThI TIPU MIOCTOSTHHOM 00BhEM€, KOTOPBI UMEET CIEAYIOIUN BU/I:
n=1 1/&%,(8)
I/Ie: € CTETICHb CKaThsl (OCHOBHOM MOKa3aTeh padOThI JBUTATENS, YEM BBIIIE €, TEM BBIIIE KO-
HomuuHocTh [IBC);
k moxazarens agnadaTkl.
2). Uneanbubiid yuka IBC co cmewannvim no08000M mMenionvl npu HOCMosHHOM 00veme (0e3-
KOMITPECCOpPHBIE Au3enn). J(narpamma 1ukiia mokasaHa Ha puc.6.
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Puc. 6. Ilukn aBuraresns BHyTPEHHETO CrOPaHUs CO CMEIIAaHHBIM ITOJBOJAOM TEIUIOTHI
1-2 - gucTelif BO3ayX C Temreparypoi Ti c:KumaeTcst 1o TemmepaTypsl T2, KoTopas OoibIie
TEeMIEpaTyphbl BOCIJIAMEHEHHS TOIUIMBA. B 3TOT MOMEHT B LUIUHAP depe3 (HOPCYHKH MOJ AaB-
JIEHUEM BIIPHICKUBAETCSI TOILIUBO.
2-3 ropiouas cMech CaMOBOCIIaMEHseTCs U K pabodueMy Tely HOABOAUTCS TEIIO q1', JaBJIeHHe
noBbIaercs 10 Ps.
3-4 mopieHbs nmepeMeniaeTcs 00paTHO, MOCTYIUICHHE U CTOpaHHe TOIUIMBA MPOJOJIKAETCS MPU
TIOCTOSIHHOM JaBJI€HUH U TOABOANTCS Terto q”.
4-5 mnopuieHb NPOAODKAET MEPEMEINATHCS B HIDKHIOI MEPTBYIO TOUYKY, JABJICHHE NAJacT
(ammabaTHOE pacHIpeHue);
5-1 mporecc 0TBOAA TEIIOTHI (2 TIPU MOCTOSTHHOM 0OBbeMe (depe3 BBITYCKHOW KjlamaH IMOKHIa-
10T OTpaOOTaHHBIC Ta3bl).
Tepmudeckuii K.11.11. IUKJIA OTpeaeseTcs Mo GopMye:
n=1 -p* /L[ - 1) +k-A(p D].(9)
[{ukn nBurareneil ¢ MOJBOAOM TEIUIOTHI IPU MOCTOSHHOM JABJIEHUU LIIMPOKOE PUMEHEHHE HE
HAIIUTH, TaK KaK Yy 3TUX HUKIOB OYeHB OONBIION KO (DUIIUEHT CHKATHS.
7.3. lukiabl ra30TypOMHHBIX YeTaHOBOK (I'TY).
OCHOBHBIMHU HEIOCTATKAMH MOPILIHEBBIX JBUTATEICH BHYTPEHHETO CrOPaHUsl SIBJISIOTCS OIPaHU-
YEeHHOCTh MX MOIIHOCTH M HEBO3MOXKHOCTh a/InadaTHOTO pacHIMpeHus: paboyero Teaa 10 aTMo-
cepHOro naBieHUs, KOTOPhIE OTCYTCTBYIOT B ra30TypOMHHBIX ycTaHOBKaX. I'TY pabouum Te-
JIOM SIBIISIFOTCA MIPOYKTHI CTOPAHUS KUAKOTO WU Ta3000pa3HOT0 TOIUIMBA.
Ha puc. 7. nana cxema mpocTeiiiieil ra30TypOMHHON YCTaHOBKH CO CTOPaHHUEM TOIUIMBA MPH MO~
CTOSTHHOM JIaBJICHUH. TOTUIMBHBIM HACOCOM 5 M KOMITPECCOPOM 4 TOTUIMBO M BO31yX uepes ¢dop-
CyHKHU 6 U 7 mocTynaroT B kamepy cropanus 1. M3 kamepsl IpOAYKTHI CrOpaHUs HAMPABIIAIOTCS B
KOMOMHHMpPOBaHHbBIE COIUIA 2, TJIE OHU PACIIUPSIOTCS, U TIOCTYMAIOT Ha JIOMATKU ra30BOM TypOu-
HBI 3.

Puc. 7.
Ha puc.8 u puc. 9 npencrasnens! uaeanbubiii iUk ['TY Ha Pu u TS nuarpammax.

Puc. 8. Puc. 9.
1-2 - anunabaTtHOE cxaTue N0 JaBieHUs Po;
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2-3 1oJBOJ TEIUIOTHI (| TP MOCTOSIHHOM JAaBiieHuH P, (cropanue TormBsa);

3-4 anunabaTHOE pacmupeHue 10 MepBOHAYAIBHOTO NaBieHus Py;

4-1 oxjaxaeHue pabodero Teja MpH MOCTOSTHHOM JaBiieHUuH P (OTBOJ TEIUIOTHI (2);
XapakTepruCTUKAMU LUKJIA SIBISIFOTCS:

cmenenb nogvluienus oasnenus - A = Po/P ;

cmenenb U300apHO20 pacuuperus - p = v3/vz .

PaGota TypOuHBI:

[r=h3 hs.(7.10)

PaboTa xommpeccopa:

ls=hy hy.(7.11)

[Tonesnas pabora ['TY paBHa pazHOCTH pabOT TypOMHBI K KOMIIpEccopa:

Lrry =l k. (7.12)

Tepmuueckuii k... ukiia I'TY umeer Bum:

ne=1 1/ 1 &Yk (7.13)

Teopernueckast MOIITHOCTH Ta30BOM TypOHMHBI, KoMIipeccopa 1 yctanoBku (I'TY):

N: = 1;-D/3600 = (hs hs)-D/3600 , (7.14)

Nk = lx-D/3600 = (h2 h;)-D/3600 , (7.15)

Nrry = Irry-D/3600 = [(h3 hs) (h2 hi) ]-D/3600 . (7.16)

HevictButenbublid muki ['TY oTnuyaeTcs OT TEOPETUYECKOrO HAJIUYUEM IOTEPh HA TPEHUE U
BUXpeooOpa3oBaHue B TypOuHE U KoMmmpeccope. IPPEeKTUBHBIMU METOAAMHU IMOBBIIICHUS KO-
HOMHMYHOCTH Ta30TypOMHHBIX YCTAaHOBOK SIBJISIFOTCSI: pereHepalys TEIJIOThI, CTYIIEHUYaToe CHKa-
THE U paclIupeHue paboyero Tena u mp.

Paznea I1I. OcHOBBI TEOPHMH TENMJI000MeEHA.

Tema 8. OCHOBHBIC NOHATHUS U ONPeIeTCHUS.
Teopus TerooOMeHa U3y4aeT MPOLECChl PaCIpPOCTPAHEHUS TEIUIOTHI B TBEPABIX, KHUIKHUX U Tra-
3000pa3HBIX Tenax. [lepeHoc TermmoThl MOXKET MepeaBaThCsi TPEMs CIIOCOOaMHu:

. TETUIONPOBOHOCTHIO;
o KOHBEKITHE;
. U3IydeHueM (paauanuei).

[Ipomecc mepenaun TEIUIOTHI Menionpo8OOHOCHbIO TIPOUCXOAUT TIPU HETOCPEACTBEHHOM KOH-
TaKTE TeJ WA YaCTHIIAMHU TeJl C Pa3IMYHBIMU TEMIIEpPaTypaMH U MPEACTaBIsIeT cO00il MOJeKy-
JSIPHBINA TIpoIIecC Mepeaadn TeroTel. [Ipu HarpeBaHuu Tena, KWHETUYECKasi SHEPTHs €ro MoJe-
KYJI BO3pAcTaeT W YacTHUIIbI 0oJiee HArpeTol 4acTh Tela, CTAKUBASICh C COCETHUMHU MOJIEKYIa-
MH, COOOIIAIOT UM YacCTh CBOCH KMHETHYECKOU SHEPTHH.

Konsexyus 310 nepeHoc TEIIOTHI PU MEPEMENICHUN U TIEPEeMEIINBaHUU BCEH MacChl HEpaBHO-
MEPHO HarpeThIX >KHAKOCTH WJIU Ta3a. [Ipu 3ToM, MepeHoC TEIIOThI 3aBUCUT OT CKOPOCTH JIBH-
KECHUSA XKUIAKOCTHU UJIX Ira3a Hp}IMO HpOHOpI_II/IOHaJIBHO. 3TOT BUA Hepe;[aqn TCITIJIOTHI COHpOBO)K-
JIAETCsl BCET/Ia TEIJIOMPOBOAHOCTHIO. OTHOBPEMEHHBIN MEPEHOC TETUIOTHI KOHBEKIIMEH U TETLIO-
MPOBOJHOCTBIO HA3BIBACTCS KOHBEKMUBHBIM MENI000MEHOM.

B umXeHepHBIX pacueTax 4YacTO ONPEAEISIIOT KOHBEKTHUBHBIA TEIUIOOOMEH MEXAYy NOTOKaMH
JKUJIKOCTH WJTM Ta3a U MOBEPXHOCTHIO TBEPJOTO Tela. ITOT MPOIECC KOHBEKTHBHOTO TEIJI000-
MEHA Ha3bIBAIOT KOHBEKMUBHOU menioomoayetli Wi IPOCTO menioomoauetl.

[Ipomecc mepenaun TEIIOTH BHYTPEHHEH SHEPTHH Tejla B BUJIE SJIEKTPOMArHUTHBIX BOJIH Ha3bl-
BACTCS U3nyyeHuem (paduayueti). ITOT IPOIECC MPOUCXOIUT B TPH CTAIUH: TPEBpAIlEHNE YaCcTH
BHYTPEHHEH 2HEPrUy OJHOTO W3 TEJl B DHEPTUIO DJIEKTPOMArHUTHBIX BOJH, PAaCIpOCTPaHECHUE
3/M BOJIH B NMPOCTPAHCTBE, MOTJIOMEHHE YHEPTUN M3IIydeHHs JpyruM TernoM. COBMECTHBIN Temn-
J000MEH M3JTy4eHHUEM U TETUIONMPOBOTHOCTHIO HA3BIBAIOT PAOUAUUOHHO-KOHOYKIMUBHBIM TETLIO-
0OMEHOM.

COBOKYITHOCTB BCEX TPEX BHUJIOB TEIIJIOOOMEHA HA3BIBACTCS CLOHCHBIM MeEeNni000MeHOM.
[Ipornecchl TermiooOMeHa MOTYT MPOUCXOAUTh B PAa3IUYHBIX CpE/lax: YUCTHIX BEIIECTBAX M pas-
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HBIX CMECSX, MPH U3MEHEHUH M 0e3 M3MEHEHUs arperaTHOro COCTOSIHUS pabo4ux cpen u T.1. B
3aBHCHUMOCTH OT 3TOTO TEIJIOOOMEH MPOTEKAeT MO Pa3HOMY U OIMHUCHIBACTCS Pa3IMYHBIMU ypaB-
HEHUSIMHU.

[Tpouiecc mepeHoca TEIUIOTHI MOXET COIMPOBOXKAATHCS MEPEHOCOM BEIIECTBA (MACCOOOMEH).
Hanpumep, ucnapenue BoAbsl B BO3AYX, JBM)KEHUE KHJIKOCTEH WJIM Ta30B B TPyOOIpOBOIAX
U.T.I. U.T.A. Toraa mpouecc TeriooOMeHa yCIOKHSETCS, TaK KaK TEIUIoTa JOMOJHUTENbHO Tie-
PEHOCUTCS C MAcCOM IBUIKYILEIOCs BELECTBA.

Tema 9. Ten10npoBOAHOCTD.

9.1. TemneparypHoe moJie. YpaBHeHHEe TeIJIONPOBOJIHOCTH.

bynem paccMmarpuBaTh TOJNBKO OJHOPOAHBIE U U30MponHbule Tea, T.€. TaKue Tella, KOTOpble 00-
JaIal0T OJUHAKOBBIME (PM3MUECKUMHU CBOWCTBAMU IO BceM HampaBieHusM. [Ipu nepenaun Tem-
JIOTHI B TBEPJIOM TeJie, TeMIlepaTypa Teja OyAeT U3MEHSAThCS 10 BceMy 00beMy Tella U BO Bpeme-
HU. COBOKYITHOCTh 3HAUEHUI TeMIIepaTyphl B JaHHBIII MOMEHT BPEMEHH JIJIsl BCEX TOYEK M3yda-
€MOT0 NMPOCTPAHCTBA HAa3bIBACTCS MeMNEepamypHbIM HOAEM:

t=1(x,y,2,1),(9.1)

rge: t remmeparypa Tena;

X, Y, Z -KOOPAWHATHI TOUYKH;

T - BpeMsl.

Takoe TemmnepaTypHOE IOJie Ha3bIBaeTCs HecmayuonapHvim Ot/0Ot # 0, T.e. COOTBETCTBYET He-
YCTaHOBUBIIEMYCS TEIUIOBOMY PEXKHUMY TETUIOTPOBOIHOCTH

Ecnu temneparypa tena ¢yHKIMS TOJbKO KOOPAUHAT U HE U3MEHSETCS C TEYEHHEM BPEMEHH, TO
TEMIIEPATYPHOE MOJI€ HA3bIBACTCS CMAYUOHAPHBIM:

t=1(x,y,z), ot/ot =0 (9.2)

YpaBHEHHE TBYXMEPHOTO TEMIIEPATYPHOTO TOJIS:

JUTSL HECTAlIMOHAPHOTO PEXKUMA:

t=1f(x,y,1) ; ot/0z=0 (9.3)

JUTSL CTAallMOHAPHOTO PEXUMA:

t=1(x,y), ot/0z=0; ot/ot =0 (9.4)

YpaBHeHHE OJHOMEPHOTO TEMIIEPATYPHOTO IOJIS:

JUTSL HECTAI[MOHAPHOTO PEKUMA:

t=1(x,1) ; 0t/0y = ot/0z = 0; ot/ot # 0 (9.5)

JUTSL CTAllMOHAPHOTO PEXUMA:

t = f(x); ot/0y = ot/0z = 0; ot/ot = 0 (9.6)

H3zomepmuueckoti nogepxHocmvplo Ha3bIBAETCSI TOBEPXHOCTh Tea C OJAMHAKOBBIMU TEMIIEpary-
poil.

PaccmoTpum nBe nzorepmuueckue moBepxHocTH (Puc.9.1) ¢ remneparypamu t u t + At. [ padu-
eHmoM memnepamypsvl Ha3bIBAIOT Mpeie] OTHOIICHUS M3MEHEHHs TeMIepaTypsl At K paccTos-
HUIO MEX1y U30T€pMaMH 110 HOpMaJH, Korjaa An CTpeMHUTCS K HYJTIO:

gradt = |gradt| = /im[At/An]an—0 = 0t/0n (9.7)

L

)
. At

t ___S. -
e

Puc. 9.1.
TemnepaTypHbI TPaUMEHT-3TO BEKTOP, HAINPABICHHBIM 110 HOPMAJIU K HU30TEPMUYECKOHN IIO-
BEPXHOCTH B CTOPOHY BO3PAaCTaHHs TEMIIEPATYPHl M YUCIICHHO PaBHBIM NIPOU3BOJHOM TeMIlepa-
TYpBHI t IO HOPMAJIH 71:
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gradt = O0t/On no, (9.7)
IJIe:No CAWHHYHBIA BEKTOP.

KonmdecTBo TEIIOTHI, MPOXOIsIIee Yepe3 N30TEPMHUUIECKYIO TIOBEpXHOCTh F B enquHMIly Bpeme-
HU Ha3bIBaeTCs meniosvim motokom Q, [Br=JIx/c].

TennoBoil MOTOK, MPOXOIAIINN Yepe3 CIUHHILY TUIOIIAJAN HA3BIBAIOT AIOMHOCHIbIO MENI08020
nomoxa q=Q/F, [Br/™?]

Jlnst TBEpAOTO TEa ypaBHEHHE TETUIONPOBOAHOCTH TIOUUHSETCS 3aKoHy Dypue:

Tennoeoit nomok, nepeoasaemvlii menaonpooOHOCHbIO, RPONOPUUOHAIEH 2PAOUEHINY HeM-
nepamypul u RAOWAOU CeYeHUsl, NEPREHOUKYIAPHOZ0 HANPAGICHUIO MEN108020 NOMOKA.
Q=-AF ot/on, (9.8)

17001

q =-A Ot/On no = -A-gradt, (9.9)

IZie: ¢ BEKTOp IUIOTHOCTH TETUIOBOTO IMOTOKA;

A koaddunment remnonpoBoanoctH, [Br/(M-K)].

YucneHHOe 3HaYeHNE BEKTOPA IUIOTHOCTH TEIIOBOTO TIOTOKA PaBHO:

q = -\ 0t/On = -\-|gradt| , (9.10)

rae: gradt|- MOyTb BEKTOpa rpajiieHTa TEMIIEPATYPHI.

KoadduumeHnTt TerionpoBogHOCTH SABISETCS (PU3HMUECKUM MapaMeTpOM BEIIEeCTBa, XapaKTepu-
3YIOIIUM CIIOCOOHOCTH Tela MPOBOIUTH TEIUIOTy. OHA 3aBUCHT OT POJa BEIIESCTBA, JABJICHUS H
Temrneparypbl. Takke Ha €€ BEIMYMHY BIIMSET BIAXHOCTh BemlecTBa. J[nsi OONMBINIMHCTBA Be-
IecTB KO3 PHUIMEHTHI TEILIONMPOBOIHOCTH ONPENEISIOTCS OMBITHBIM MYTEM H JUTSl TEXHHYECKUX
pacyeToB OepyTcs U3 CIIPAaBOYHOM JTUTEPATYPHI.

Hugdepenyuanvroe ypasnenue menionpogoonocmu Uik TPEXMEPHOTO HECTAIIMOHAPHOTO TEM-
NepaTypHOTO OIS UMEET CIEIYIOUTHIA B

ot/ot =a(0t/ox” + %[0y’ +0°t/677). 9.11)

rae: a = M(cp) xoagpuyuenm memnepamyponposodnocmu_[M>/c], XapaKTepu3yeT CKOpPOCTh
U3MEHEHUS TEMIIEPATyPHI.
st cranmonapHo# 3anaun, auddepeHnnanbHoe ypaBHEHHE UMEET BUL:

a(0’t/ox’ +0°t/dy> +8°1/027 )= 0. (9.12)

9.2. CtanuoHapHas TEIVIONPOBOAHOCTD Yepe3 IVIOCKYI0 CTEHKY.

1).0O0nopoounas niockas cmenka (Puc.9.2.).
t A

[} X

Puc. 9.2. OgnopoiHas miockas CTeHKa
TemnepaTypbl IOBEPXHOCTEN CTEHKH terl U ter2.
[110THOCTB TETJIOBOTO MOTOKA:
q=-A0t/on=-AOt/Ox = - X (ter2 - ter)/(Xer2 - Xerl)
WJIn
q= A /(Xer2 - Xert)" (9.13)
(ter2 - ter1) = At - TeMIIepaTypHbINA HAMOP;
(Xer2 - Xer1) = O - TOJIIIUHA CTECHKH.
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Torna

q=Mo(ter1 ter2) = MO-At, (9.14)

Ecimu R =3§/A -TepMHYeckoe CONPOTHBIEHHE TEIIONpoBogHOCTH cTeHku [(M2-K)/Bt], To mmot-
HOCTh TETUIOBOTO MTOTOKA!

q= (tCTl tCTZ)/R. (915)

OO6111ee KOTUYECTBO TEIJIOTHI, KOTOPOE TIEpeIaeTcst Yepe3 MmoBepxHocTh F 3a Bpemst T onpenesns-
eTCsl:

Q=qF1=(ter1 ter2) FT1/R. (9.16)

Temmeparypa Tena B TOUKE C KOOPAMHATON X HAXOAUTCS 1O hopMmyIie:

tx = tert (tert ter2)'x/ 0. (9.17)

2).Muozcocrotinas niockas CmeHka.

Paccmorpum 3-x crnoiinyro crenky (Puc.9.3). Temmneparypa HapyXHBIX MOBEPXHOCTEH CTEHOK
tert M ter2, KOOQOUIMEHTHI TEMIONPOBOIHOCTH CIIOEB A1, A2, A3, TOJIIMHA CIIOEB 81, 82, 83.

t
A

e

biibd

0 i
Puc. 9.3. MHorociolHas miockasi CTeHKa
[ImoTHOCTH TEMIOBBIX ITOTOKOB Yepe3 KaXKIAbIN CIION CTEHKHU:
q= (tCTl tcnl)'?\,l/gl, (918)
q= (tcnl tcn2)'7\,2/82, (919)
q = (ten2 ter2):A3/03, (9.20)
Pemiast 5Tu ypaBHEHUS, OTHOCUTEIBHO Pa3HOCTU TEMIIEPATYP U CKIIAJbIBasI, OJIy4aeM:
q=(t1 ta)/(d1/h + 02/A2+ 83/A3) = (ter1 terd)/Ro, (9.21)
rae: Ro = (81/A1 + 82/A2 + 03/A3) oO1ee TepMUIecKOe COMPOTUBICHUE TEIUIOMPOBOAHOCTH MHO-
TOCJIOMHOM CTEHKH.
TemmepaTypa ClIoeB ONpeAesIeTCs Mo CIeAYImHUM hopmynam:
ten1 = ter q(81/7\,1) 9.22)
tem2 = tent q62/7b2) (923)
9.3. CranuoHapHasi TenJIONMPOBOAHOCTh Yepe3 UMJIMHIAPUYECKYI0 CTEHKY.
1). O0nopooHas yurunopuyeckas CmeuKa.
PaccMoTpuM OZHOPOAHBIA OJHOCIOWHBIN IWIMHAP IJIUHOW [, BHYTpeHHUM auamerpoMm diu
BHEITHUM JuameTpoM d (Puc.9.4).
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Puc. 9.4. OnnocnoliHas HUIMHAPUYECKAs CTEHKA
TeMnepaTypbl TOBEPXHOCTEU CTEHKH terl U terd.
YpaBHEHHE TEIIONPOBOAHOCTH 1O 3aKOHY Dypbe B MWIMHIPUIESCKUX KOOPAMHATAX:
Q=-A2r -l 0t/ or(9.24)
Win
Q=2'wA[-At/In(d2/dy), (9.25)
rae: At =ter1 terz TEMIEPATypPHBIA HATIOP;
A K03(pPUIIMEHT TEMIOMPOBOHOCTHA CTEHKH.
JUIsT TUIMHIPUYECKUX TTOBEPXHOCTEH BBOJST MOHSATHS TEIUIOBOW MOTOK €AMHMIIBI JITMHBI ITH-
JVHIPUYECKON MMOBEPXHOCTHU (IUHEUHAS NIOMHOCIb MEN108020 NOMOKA), sl KOTOPO# pacder-
HbIe GOPMYIIBI OyIyT:
q = Q/l =2-m-A- At /In(d2/dy1), [BT/M]. (9.26)
TemmepaTypa Tena BHyTPU CTEHKH ¢ KOOpIUHATON dx:
tx = tert (ter1 ter2) -In(dx/d1) / In(do/dy). (9.27)
2). Muoeocnolinas yuruHopu4eckas CmeHKd.

JlomycTuM NMJIMHIPUYECKask CTEHKA COCTOUT M3 TPEX IJIOTHO Ipruieraromux cioes (Puc.9.5).
&

d >

d

Puc. 9.5. MHorocnoiiHast nuIuHApUYecKas CTEHKa
TeMneparypa BHYTPEHHEH MOBEPXHOCTH CTEHKH tcri, TEMIEpAaTypa HApPYKHOW MOBEPXHOCTH
CTCHKH tcr2, KOOPPHUIIMEHTH! TEIUIONPOBOJIHOCTH CIOEB - A1, A2, A3, AMameTpsl cioes di, dz, ds,
da.
TenioBbIe TOTOKH IS CTIOEB OYIYT:

1-# cnoit
Q=21 Ai-l-(ter1 tem)/In(d2/dy), (9.28)
2-1 cnoit
Q=2wA2l-(ten1 ten2)/ In(d3/d2), (9.29)
3-11 ciou
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Q=213 l-(tem2 ter2)/In(da/d3), (9.30)

Pemast monydeHHble ypaBHEHHUsI, IOTy4aeM ISl TEIJIOBOTO TIOTOKA Yepe3 MHOTOCIOWHYIO CTEH-
KY:

Q=21 (ter1 ter2)/[In(do/d1)/M + In(d3/d2)/A2 + In(da/d3)/A3]. (9.31)

JIJ1st TMHEHOM TIJIOTHOCTH TETUIOBOTO MOTOKA UMEEM:

q=Q/=21 (t1 t2)/[In(d2/d1)/A1 + In(d3/d2)/A2 + In(ds/d3)/A3]. (9.32)

TemnepaTypy MeXay CIOSIMH HAXOJUM U3 CIACAYIOMINX YPaBHEHUM:

tent = ter1 Q- In(do/dy) / 2-m-Ar . (9.33)

ten2 = tent qr-In(ds/d2) / 2-m-A2 . (9.34)

9.4. CranmoHapHasi TeNJIONMPOBOJAHOCTb Yepe3 IAPOBYI0 CTEHKY.

[Tycts umeercs nomneiii map (Puc.9.6) BHyTpenHwuii tuamerp di, BHemHuit nuamerpdz, Temmnepa-
Typa BHYTPEHHEH MOBEPXHOCTU CTEHKH tcr1, TEMIIEpATypa HapyKHOW MOBEPXHOCTU CTEHKH fcr2,
KOA((UIIUEHT TETIONMPOBOJHOCTU CTCHKH -A .

VYpaBHeHHE TEIIONPOBOAHOCTH 10 3akoHY Dypbe B chepruueckrx KOOpAMHATAX:
Q=-14mr>ot/or(9.35)

WIH

Q=4 MAt/(1/r2- 1/11) =2-7- M- At/(1/d; - 1/d2) =

=2mAdi-da- At /(d2- di) = A-di-d2-At / 8 (9.36)

rae: At =ter1 terz TEMIEPATypPHBIN HAIOP;

O TOJIII[MHA CTEHKH.

- dy

L

Puc. 9.6. OnHopoanast mapoBasi CTEHKa

Tema 10. KoHBeKTHBHBIN Tem1000MeH.

10.1. ®akTopbl, BANAIONE HA KOHBEKTHBHBIN TEINJI000MeH.

Konsexmuenviv mennoobmernom Ha3pIBa€TCS OJJHOBPEMEHHBIN MEPEHOC TEIMIOThl KOHBEKIIMEH 1
TEIJIONPOBOAHOCTHIO.

B umHxeHepHBIX pacueTax 4YacTO OINpPEAENSIOT KOHBEKTHBHBIA TEMJIOOOMEH MEXIy MOTOKaMHU
KUJKOCTH WJIM Ta3a M MOBEPXHOCTHIO TBEPAOTO Telld. ITOT MPOIECC KOHBEKTUBHOTO TEII000-
MeHa Ha3bIBAIOT KOHBEKMUBHOU menjioomoayeti Ui IPOCTO menioomoayetl.

OcHoBHBIMU (haKTOpPAMHU, BIHUSIONIMME Ha TTPOIIECC TETIJIOOTAAYH SBJISIOTCS CIICAYIOINE:

1). Ilpuposia BOSHUKHOBEHUS JIBHYKEHUS YKUJIKOCTH BIOJIb IOBEPXHOCTH CTEHKH.
CaMonpou3BOJIBHOE JBIKEHUE KUAKOCTH (Taza) B IMOJIE TSHKECTH, 00YCIOBIECHHOE Pa3HOCTHIO
IUIOTHOCTEN €€ TOPSIYMX U XOJIOIHBIX CI0EB, HA3bIBAIOT CB000O0HLIM 0BUICEHUEM (ecmecmeenHas
KOHBEKYUsL).

JIBukeHue, co3gaBaeMoe BCIIEJCTBUE PA3HOCTU JABJICHMM, KOTOPHIE CO3/1al0TCSI HACOCOM, BEH-
TUJISITOPOM U APYTUMU YCTPOUCTBAMU, HA3BIBACTCS 8bIHYHCOCHHIM (8bIHYHCOCHHAS KOHBEKYUSL).
2). PesxuM nBMKEHMSI )KUIKOCTH.

YnopsimoueHHOe, CIIOUCTOE, CIIOKOHHOE, 03 My IbCaIliil TBHKEHIE Ha3bIBACTCS JAMUHADHBIM.
becnopsimounoe, xaoTudeckoe, BUXPEBOE IBH)KEHUE HA3bIBACTCS MYPOVICHIMHbIM.

3). ®uznyecKkue CBOMCTBA KUIKOCTEH U Ta30B.

bonbiioe BiusHME Ha KOHBEKTHUBHBIA TEIJIOOOMEH OKa3bIBAIOT cieayiolue (pu3nueckue napa-
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MeTphl: K03(h(PULIMEHT TemIONnpOBOAHOCTH (), yaenbHas TEIIOEMKOCTb (C), IUIOTHOCTH (p), KO-
3¢ puLreHT TeMnepaTyponpoBOAHOCTH (a = A/Cp p), KOIPPHUIMEHT THHAMUYECKON BSIZKOCTH (LL)
WM KHHEMATUYeCKON BSI3KOCTH (V = W/p), TemrepaTypHbId K0d)PHUIHEHT 00bEeMHOTO pacuiupe-
Hus (B = 1/T).
4). ®opma (miockasi, HWIMHAPUYECKast), pa3Mephl U MOJ0KEHHE MOBEPXHOCTH (TOPU30HTAIIbHAS,
BEPTUKAIIbHAS ).
10.2.3axon HeroTona-Puxmana.
[Ipomecc TemnooOMeHa MEXTy IOBEPXHOCTHIO TeJla M CPEION ONMUChIBaeTCs 3aKkoHOM HbroToHa-
Puxmana, KOTOpasi TTIaCUT, YTO KOJIUYECTBO TEIUIOTHI, MepeiaBaeMas KOHBEKTUBHBIM TEILII000-
MEHOM TPSMO MPONOPILHOHATBHO PA3HOCTU TEMIIEPATYP MOBEPXHOCTH TeNa (ter) U OKpYKaroIen
cpensbl (tx):
Q=a(ter - tw)-F, (10.1)
WIH
q=a(ter - t) , (10.2)
rae: kodddumment Temmoornaun [Br/(M?K)], XapakTepusyeT MHTEHCHBHOCTh TEIIOOOMEHA
MEK]1y TOBEPXHOCTBIO TEJa U OKPY>KAIOIIEH CPeIou.
@DaKTOpbI, KOTOPbIE BIUSAIOT HA MPOLECC KOHBEKTUBHOTO TEIUIOOOMEHA, BKIIIOYAIOT B ATOT KO-
s durment termmoornaun. Torna KodPpPUIIMEHT TEIIOOTIAYN SBISETCS (DYHKIMEH ITUX Tapa-
METPOB U MOXHO 3aIIMCATh 3TY 3aBUCUMOCTh B BHJIE CJICAYIOIIETO YPaBHEHUS:
o= fi(X; @; lo; Xc3 Ye; Ze; Co; 05 A a; cp; p; v; ), (10.3)
rae: X XapakTep IBHKEHUS Cpefbl (CBOOOIHAS, BEIHYKICHHAs );
® ¢opma MOBEpXHOCTH;
lo xapakTepHbIl pa3Mep MOBEPXHOCTHU (JIMHA, BHICOTA, IUAMETP U T.1.);
Xc; Ye; Ze KOOPAMHATHI;
Co CKOPOCTB Cpefbl (>KMJIKOCTB, Ia3);
0 = (ter - tx) TEMIIEpaTypHBIN HAIOD;
A kK03 PULIMEHT TETIONPOBOAHOCTH CPEbI;
a K03 GUIUEHT TeMITepaTypOIPOBOTHOCTH CPEIbI;
Cp 300apHast yJeNbHas TeJI0EMKOCTb CPEIbl;
p IJIOTHOCTbH CPEJIbI;
v K03 (UIIMEHT KHHEMATHYECKON BA3KOCTU CPEIBI;
B TemmepaTypHbIii KO3 PUITHEHT 00BEMHOTO PACIIHPEHUSI CPEIBI.
VYpasuenue (10.3) mokaspiBaer, 4YTo0 KOAPPHUIMEHT TEMIOOTAAYH BEIMYHMHA CIOXKHASA U JUIS €
OTIpeIeJICHUs HEBO3MOXKHO JaTh 001yt Gopmymy. [loatomy st onpenenenus: ko3 huinenta
TEIUIO0TIaYH MPUMEHSIOT IKCIIEPUMEHTATBHBIA METO] HCCIIETOBAHUS.
JI0CTOMHCTBOM 3KCIIEPUMEHTAILHOTO METO/1a SBJISETCS: IOCTOBEPHOCTD MOIYYaeMbIX pe3yibTa-
TOB; OCHOBHOE BHMMAaHHE MOXXHO COCPEIOTOYMUTh HAa U3YYCHHM BEJIWYMH, MPEACTaBISIOIINX
HanOOJIBIINN TPAKTUUECKUI HHTEPEC.
OCHOBHBIM HEIOCTATKOM 3TOI0 METOAA SIBIISIETCS, YTO PEe3yJbTaThl JAaHHOTO SKCIIEPUMEHTA HE
MOTYT OBITh MCIOJIb30BaHbl, MPUMEHUTENBHO K IPYTOMY SIBICHUIO, KOTOPOE B JIETAJISAX OTINYa-
eTcs OT u3y4eHHOro. [103ToMy BBIBOJIBI, C/I€TTaHHBIE HA OCHOBAHUY aHAJIHM3a PE3yJIbTaToOB JaHHO-
r0 AKCIEPUMEHTAILHOTO MCCIEA0BAaHUSA, HE JOMYCKalOT PacHpOCTpaHEHUsI UX Ha JIpyrHe sBie-
Hus. CrenoBaTenbHO, MPH IKCIEPUMEHTAIBHOM METOJIE MCCIEIOBAHUS KXl KOHKPETHBIN
CIIy4ail JOJKEeH CIY>KUTh CAMOCTOSITETbHBIM 00bEKTOM HU3YyUEHHUSI.
10.3. KpaTtkue cBeieHHs1 M3 TEOPHH MOJ00M.
JIJis aHaMUTHYECKOTO METOJa MCCIEA0BaHNUS KOHBEKTUBHOTO TEMJI00OMEHA HYKHO PEUINTh CH-
cremy nuddepeHIualbHBIX YPaBHEHUH, COCTOSIIYIO U3:
1). YpaBHeHUs SHEPIUH (3aKOH COXPAHEHUS SHEPTHH ):

0°t . 0’t +82z ot +8t +8tw +8tw (104

ox* oy’ o77) or ox oy ooz

2). YpaBHEHHUsI IBIKCHUS (MMIYJIbCA):
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Dw 9
p—t=pg Bt —1,) L+ ubw,
dr X
Dw ap
~=pg PBlt—t,)——+ uAw, ¢, (10.5)
p—==p8,plt=t) 5y T HA,
Dw 0,
p—z=pg ft—1.)~ 2+ phw,
dr Z
3). YpaBHEHUs HEPa3PLIBHOCTH (3aKOH COXPAaHEHHUs MacChl):
ow, Ow, ow
L+ +—==0.(10.6)
ox Oy 0z

4). YpaBHeHue TernooOMeHa (yciaoBue TeruiooOMeHa Ha TpaHuIle TBEPIOTO Tela U Cpelibl):

o = -A/At-0t/0r n=0. (10.7)

JlaHHbBIC ypaBHEHUS 3aMMCaHbI I HEC)KMMAEeMOH )KUIIKOCTH (p = const).

Pemenue atux muddepeHInanbHbIX YPaBHEHUH CI0XKHAS U TPYJAOEMKasl 3a7a4a, U OHA BO3MOXK-
Ha MPH OTPaHUYEHHBIX MPOCTHIX ciydaeB. [loaTOMy mpH MCClenoBaHHA KOHBEKTHBHOTO TEILIO-
oOMeHa IPUMEHSIOT Memoo meopuu no00OUs.

Teopus nodobuss 3TO HayKa O TIOJIOOHBIX SABJICHUSX. [10000HbIMU S68IeHUAMY HA3BIBAIOTCS TAKUE
¢u3nueckue SBJICHUS, KOTOPbIE OJAMHAKOBBI KauyeCTBEHHO MO (opMe M IO COAEpKAHUIO, T.C.
UMEIOT OJIHY (PH3MUYECKYIO MPUPOY, PA3BUBAOTCS IO JACHCTBUEM OJIMHAKOBBIX CHJI M OIHCHI-
BalOTCS OJIMHAKOBBIMU TI0 (hopMe AuddepeHIInaTbHBIMUA YPABHEHUSIMU U KPAaCBbIMU yCIOBUSIMHU.
O0s13aTeNbHBIM YCIIOBHEM MO00MST (PU3UYECKUX SBJICHUN TOJDKHO OBITh TEOMETPUUYECKOE TOI0-
Oue cuctem, Ilie 3TU SBJICHUS MPOTEeKaloT. /[Ba ¢u3mueckux siBiIeHUS OyAyT MOJOOHBI UL B
TOM CJIydae, eciii OYAyT MOAOOHBI BCE BEIMYMHBI, KOTOPBIE XapaKTEPH3YIOT HX.

Jlyist BceX TOIOOHBIX CHCTEM CYHIECTBYIOT O€3pa3MepHbIe KOMIUIEKCHI BEIMYUH, KOTOPBIC Ha3bI-
BAIOTCS KpUmepusamu noooousl.

OcCHOBHBIE TIOJIOKEHUS TEOPUH MOA00HST GOPMYITUPYIOT B BUJE 3-X meopem nodoous.

1 Teopema: [Tog00HBIE SIBIICHUS HIMEIOT OJJMHAKOBBIC KPUTEPHH TTOI00USI.

2 Teopema: JIroOast 3aBHCUMOCTh MEXIY MEPEMEHHBIMHU, XapaKTepU3YIOIIas KaKue-Tuoo siBie-
HUSI, MOXET OBITh MPEJCTaBIeHA, B (hOpPME 3aBHCHUMOCTH MEXIY KPUTCPUSIMH TOJO0MS, COCTaB-
JICHHBIMHU U3 3THUX MIEPEMEHHBIX, KOTOPast Oy/AeT Ha3bIBAThCS KPUMEPUATbHLIM YDABHEHUEM.

3 meopema: JIBa SBICHUS TOJNOOHBI, €CIM OHU UMEIOT MOJOOHBIC YCIOBUSI OAHO3HAYHOCTU H
YHCJICHHO OMHAKOBBIE OIPEIENIAIONINe KPUTEPUH T10100H.

VY CIIoBUSIMH OJTHO3HAYHOCTH SIBIISTFOTCSI:

HAJINYHE T€OMETPHUECKOTO MOI00US CUCTEM;

HAJIMYHE OJTMHAKOBBIX A depeHnnanbHbIX ypaBHEHUH;

CYIIECTBOBAHHE SAMHCTBEHHOTO PEUICHUS YPaBHEHHsI MMPH 3aJaHHBIX Tpa-
HUYHBIX YCIIOBHSIX;

M3BECTHBI YHCIICHHbIE 3HAUYCHHUS KOA((OUIIMEHTOB U PU3UUECKUX ITapameT-

pOB.

10.4. KputepuajbHble ypaBHEeHHSI KOHBEKTHUBHOI'0 TeNJI000MeHa.

Hcnonp3ysa Teopuio nopodus u3 cucreMsl quddepeHnnanbabix ypasHenuid 10.4, 10.9, 10.10 u
10.11 moxHO moNy4nTh ypaBHeHHE TeruiooTaaun (10.3) myis KOHBEKTHBHOTO TEIJIOOOMEHa B
cllyyae OTCYTCTBHSI BHYTPEHHUX UCTOYHHKOB TEIIA B CICIYIOIIEM KpumepuaibHou gopme:

Nu = f2(X; @; Xo; Yo; Zo; Re; Gr; Pr), (10.12)

rae: Xo; Yo; Zo 0e3pazMepHbie KOOPAMHATEI;

Nu = a -lo/A - kpumepuii Hyccenoma (6e3pa3mepHbIii KOOPPUIIMEHT TEIIOO0TAauN), XapaKTepH-
3yeT TeII000OMEH MEXKIY MOBEPXHOCTHIO CTEHKH U YKHJIKOCTBIO (Ta30M);

Re = c¢-lo/v - kpumepuii Petinonvboca, XapakTepu3yeT COOTHOIICHUE CHJI MHEPITUH M BS3KOCTH U
ONpeIeNsieT XapaKTep TEUEHUs KUJIKOCTH (Ta3a);
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Gr = (B-g'lo>- AYYNV?* - kpumepuii Ipaceoga, XapaKTepusyeT TOALEMHYIO CHITy, BO3HHKAIOIIYIO B
JKUJKOCTH (Ta3e) BCIEICTBUE Pa3HOCTH INTIOTHOCTEH;
Pr =v/a = (u-cp)/A - kpumepuii Ilpanomas, XxapaktepusyeT GU3HIECKUe CBOMCTBA KUIKOCTH (Ta-
3a);
lo ompepensronuii pasmep (JUIMHA, BBICOTA, TUAMETP).
10.5. PacyeTHble (popMyJibl KOHBEKTHBHOIO TENJI000MeHA.
[IpuBenemM HEKOTOpPBIE OCHOBHBIE pacdeTHbIe (DOPMYITBI KOHBEKTHBHOTO TEIIOOOMeHa (akaje-
Muka M.A.MuxeeBa), KOTOpPbI€ JaHBI JUIsI CPEAHUX 3HAYCHUH KOA(DPHUITMEHTOB TEIUIOOTIaYH 110
MOBEPXHOCTU CTCHKH.
1. C60000Haa KOHBEKUUA 8 HEOZPDAHUYEHHOM NPOCHPAHCHIGE.
a). Lopuzonmanvuas mpyéa ouamempom d npu 10° <(Gr-Pr)yea <108,
Nusdep. = 0,5+ (Grxd Pr )% (Pr 5/Prer)®?. (10.13)
0). Bepmuxanvuas mpyoa u niacmuna:
1). namunapnoe meuenue - 10°<(Gr Pr), <10°:
Nusxdep. = 0,75+ (Grd - Pr 5)%%- (Pr 5/Prer) . (10.14)
2). mypbynenmmuoe meuenue - (Gr Pr)ye > 10°:
Nusdep. = 0,15-(Grxd Pr)%? (Pr x/Prer)®3. (10.15)
3nech 3HaueHust Grxd U Pr x OepyTcst mpu Temmneparype KUAKOCTH (Ta3a), a Prer mpu Temmepary-
pe MOBEPXHOCTH CTEHKH.
Jost Bo3ayxa Prx/Prer = 1 u popmymnst (10.13-10.15) ynporarores.
2. Bolnyscoennaa KoHgeKyus.
PexxnMm Teuenus onpenensercs o BeanunHe Re.
a). Teuenue srcuokocmu 6 21a0KUX Mpyoax Kpy2no2o ceyeHusl.
1). namunaproe meuenue Re < 2100
Ndep. = 0,15-Rexd®>- Pra®?* (Grigd: Pra)®!- (Pru/Pren) > &1, (10.16)
rae € - Kod(pPUIMEHT, YIUTHIBAIOMUNA U3MEHEHHE cpeaHero Kodd@uimenTa TEriooTaaun 1o
JUIMHE TPYOBI M 3aBUCHT OT OTHOILICHMS JUJIMHBI TpyOb! K ero auamerpy (I/d). 3HaueHus 3Toro
koa(ddurmenta npeacrasieHa B Tadmuie 10.1.
Tabmuna 10.1.
3HaueHue € MpU JaAMUHAPHOM PEXHUME.

it (2 |5 10 {15 |20 |30 (40 (50
g [1,9(1,7(1,44]1,28|1,18|1,13[1,05|1,02|1,0

2). nepexoouoii pexcum 2100 < Re < 10*

Nudep, = Ko- P (Pra/Pren) €1, (10.17)

Koaddumuent Ko 3aBucut ot kpurepus PeitHonbaca Re u nmpencrasiena B Tadmure 10.2.
Ta6mmma 10.2.

3nauenue Ko .

Re-10* [2,1 |22 |23 |24 |25 |3 4 5 6 8 10

Ko 19 (22 |33 |38 (44 |60 |103 |155 |19,5 |27,0 |33,3

3). mypbynenmnoe meyenue Re = 10*

Nxdep. = 0,021 Rewa®®- Pry®- (Pra/Prer) > 1. (10.18)
Tao6muma 10.3.

3HaueHue € MNP TYPOYIECHTHOM PEKUME.

Iid

Re=2-10°) Re=2-10* Re=2-10°
1 1,9 1,51 1,28
2 1,70 1,40 1,22
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5 1,44 1,27 1,15
10 1,28 1,18 1,10
15 1,18 1,13 1,08
20 1,13 1,11 1,06
30 1,05 1,05 1,03
40 1,02 1,02 1,02
50 1,00 1,00 1,00

0).Obmexanue 20pu30HMAILHOU NOBEPXHOCMU.

1). namunapnoe meuenue Re < 4-10*

Nuxdep. = 0,66-Rewd® Prs’3? - (Pry/Prer) . (10.19)

2). mypbynenmunoe meuyenue Re > 4-10°

Nttxdep. = 0,037-Rexa®- Py - (Pr/Prer) > . (10.20)

8). ITonepeunoe obmexanue oournounoti mpyou (veon amaxu @ = 90°).
1). npu Resea = 5-10°

Nusdep. = 0,57-Rex- Pry®38 - (Pry/Pren) > . (10.21)

2). npu Reyea = 10° -2-10°

Nusdep. = 0,25 Rex>6- Pry®38 - (Pry/Prer)*?. (10.22)

Tema 11. TensioBoe u3ay4eHue.

11.1. O0uue cBeieHNs O TENJIOBOM U3JIY4YEHHUH.

Jlyuucrast sHEprusi BO3HUKAET 3a CUET SHEPIHM JPYTUX BUAOB B PE3YJIbTATE CIOXKHBIX MOJEKY-
JSPHBIX M BHYTPHATOMHBIX IponeccoB. [Ipupona Beex nmydei onuHakoBa. OHU NPEACTABISAIOT
co0OH pacpocTpaHsOUIecs B IPOCTPAHCTBE AIEKTPOMArHUTHBIE BOJIHBI. ICTOUHUKOM Terio-
BOTO U3JIy4€HUS SIBISIETCS BHYTPEHHSS DHEPIUs HArperoro tena. KoamdecTBo nMydncToN sHEp-
MM B OCHOBHOM 3aBHCHUT OT (PU3MUYECKUX CBOMCTB M TEMIIEpPATyphl M3JIyYaIOLIEro Tena. JJeK-
TPOMAarHUTHBIE BOJIHBI Pa3InYar0TCsA MEXIY COOOM JITMHON BOJIHBI

B 3aBuCHMMOCTH OT JUIMHBI BOJHBI A JIy4d 0OJaJarOT pa3MYHbIMM CBOWCTBaMU. HammeHblei
JUTMHOHN BOJHBI o0nagatoT kocmuueckue mydn A = (0,1 10)°A (rme °A — aHrcTpeMm, eaWHHIIA
IUTAHEI, 1°A = 10‘10M). [MamMma-nyun, ucmmyckaeMble palMOAKTUBHBIMU BEUIECTBAMU, UMEIOT JJTU-
Hy BosHBI 710 10°A ; myun Pentrena A = (10-200) °A; ynbrpaduonerossie myun 1 = (200°A - 0,4
MK (MK — MUKpoH, 1 mx — 0,001 mm), cBeToBbie nyun A = (0,4-0,8) mk, uHPpaKpacHble UIH TETI-
noBeie iyan A = (0,8 400) mx, panuo uiam 3aeKTpoMarHuTHeIC JIyun - A > 400 mx. U3 Beex my-
4yeil HanOOoJIBIINK WHTEpEC JJIS TEIUIONEpeIaun MpeACTaBiIstoT TeroBbie ydn ¢ A = (0,8 40)
MK.

Jlyyencnyckanne CBOMCTBEHHO BCEM TeJlaM, U KaX10€ U3 HUX M3IIy4acT U MOIJIOIAET SHEPTHUI0
HENpPEpBIBHO, eciii Temneparypa ero He paBHa 0°K. [Ipu oquHaKoBBIX WM pa3IU4HbIX TEMIIEpa-
Typax MEXAY TEJIaMH, PaCIOJIOKEHHBIMHU KaK YrOIHO B IIPOCTPAHCTBE, CYIIECTBYET HENPEPHIB-
HBIN JIYYUCTHIH TEIIOOOMEH.

[Tpu TemnepaTypHOM paBHOBECUH TeJl KOJIMYECTBO OTAABa€MOM JTy4UCTON SHEPruH OyJeT paBHO
KOJINYECTBY IOTJIONIAEMOM JTydrcToi sHepruu. CHeKTp H3IydeHUs OONBIIMHCTBA TBEPIBIX U
AKHJIKMX T€J HEPEpbIBEH. DTHU Tejla UCITYCKAIOT JIy4d BCEX AJIUH BOJIH OT MaJIbIX 10 OOJIBIINX.
CrniekTp M3mydeHus ra3oB UMEET JIMHEHYaThli XapakTep. ['a3bl MCIYCKalOT JIydd HE BCEX UIMH
BOJIH. Takoe U3Iy4eHue Ha3bIBaeTCs cenekmuerbvim (M30uparesnbHbIM). V3mydeHue ra30B HOCUT
00BEMHBIH XapakTep.

CyMMapHOe M3JIy4eHHUE C IOBEPXHOCTH Tela MO0 BCEM HAlpaBJICHUSAM HOIYCHEpUYECKOro mpo-
CTPaHCTBAa M IO BCEM JUIMHAM BOJIH CIIEKTpa Ha3bIBACTCS UHMESPATbHLIM WIN HOJHLIM JIYYU-
cmoim nomoxom (Q).

HHTerpaibHbli Ty4UCTHIN IOTOK, U3JIy4acMblid €IUHULIEW IIOBEPXHOCTH 110 BCEM HAIIPABIICHUSAM,
HA3b18AEMCs USY4ameNbHOl CnocOOHOCmbIo Tella U 0003HavaeTcs
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E=dQ/dF, [Br/M?] (11.1)

rae dQ - aeMeHTapHbIN JIYIUCTBIA MMOTOK, UCITYCKaeMbIH JJIEMEHTOM

nosepxHoctu dF.

Kaxnoe Teno cnocoOHO HE TOJIBKO U3Iy4yaTh, HO M OTPa)kaTh, MOTJIONMIATh M MPOITYCKaTh dYepes
ce0s1 majaronye JIyuu ot Apyroro tena. Ecnu 0603HauuTh o0I1ee KOJUYECTBO JIYYUCTON dHEp-
YU, NaJarollei Ha Teio, yepe3 Q, To 4acTh SHEPruu, paBHas A, MOTJIOTUTCS TEJIOM, YaCTh, PaB-
Has R, oTpa3urcs, a yacts, paBHas D, npoiiaeT ckBo3b Teno. OTcrona

Q=0a+Qr+0Qp, (11.2)

WIH

A+R+D=1.(11.3)

Bennuuny A HasbBaloT koaguyuenmom noznowjenus. OH TMpeACTaBIsSeT co00M OTHOIICHHE
MOTJIOLIEHHOM JIYYUCTOM SHEPTrUH KO BCEH JTyUYUCTOM YHEPIUH, Najaronieil Ha teno. Bennunny R
Ha3bIBAIOT KOIpghuyuenmom ompadcenus. R ecTh OTHOIIEHNE OTPaXEHHOM JTYyYHCTOW SHEpruu
KO Bcel manaromei. Benmmunny D HazbBaoT xosgguyuenmom nponuyaemocmu. D ecTh OTHO-
LICHUE MPOLIECAIIEH CKBO3b TEJIO JYyYUCTOM SHEPIUU KO BCEU JIyYUCTOM YHEPIUH, MaJarole Ha
teno. s GONbIIMHCTBA TBEPBIX TEJ, MPAKTUYECKH HE MPOITYCKAIOUIUX CKBO3b CE0s JTYUHCTYIO
sHepruo, A + R=1.

Ecnu moBepXHOCTh MOTJIONIAET BCE Majatoniye Ha Hee gyuu, T. €. A =1, R =0 u D = 0, To Takyro
MOBEPXHOCTh HA3BIBAIOT aOCOIIOMHO YepHou. ECi MOBEPXHOCTh OTpaXkaeT MOJHOCTHIO BCE Ma-
JIAIOIIE HA HEe JIy4Hd, TO TaKylO MMOBEPXHOCTh HA3bIBAIOT abcotomuo denot. Ilpu stom R =1, A
=0, D = 0. Ecnu teno abconromno nponuyaemo st TermnoBsix gydeid, o D=1, R=0u A = 0.
B npupoze abcontoTHO YepHbIX, OebIX U MPO3pauHbIX TeJ HE CYLIECTBYET, TEM HE MEHEe MOHSI-
THE O HUX SIBJISIETCS] OUYEHb BAXKHBIM JJIsI CPABHEHHSI C peabHBIMU TOBEPXHOCTSIMU.

KBapu muis TenaoBbIX Jiydell HEempo3padeH, a Ui CBETOBBIX U yIbTpaduOJETOBBIX JIydel Mpo-
3padyeH. KameHHas conb mpo3padyHa Jyisl TeTJIOBBIX Jydell W Hempo3payHa Ui yiabTpaduoiero-
BbIX Jyueil. OKOHHOE CTEKJIO MPO3PAYHO VISl CBETOBBIX JIydeH, a JJid yIbTpaduoIeTOBBIX U Tel-
JIOBBIX TOYTH HEMpo3payHo. benas moBepXHOCTH (TKaHb, KpacKa) XOPOIIO OTPAXKaeT JHIIb BH-
JUMbIE JY4H, a TEIUIOBbIE JIy4d MOTJIOUIAeT TaK)Ke XOpoIlo, Kak M TeMHas. Takum oOpazowm,
CBOMCTBO T€JI MOTJIOIIATh WA OTPakaTh TEIJIOBBIE YUYW 3aBUCAT B OCHOBHOM OT COCTOSIHUSI TIO-
BEPXHOCTH, a HE OT €€ ILIBETA.

Ecnu moBepXHOCTh OTpa)kaeT Jydd MOJ TEM K€ YIJIOM, MOJ KOTOPbIM OHU MaJaloT Ha HEE, TO
TaKyl0 MOBEPXHOCTb HA3bIBAIOT 3epKanbHou. Eciau magaroumii iyd npu OTpakeHUU paclleruis-
€TCsl Ha MHOXKECTBO JIy4el, MIyIIUX MO BCEBO3MOXKHBIM HANpPABICHUSIM, TO TAKOE OTPAKECHUE
Ha3BIBAIOT OuGhhy3Hvim (HampuMeEpP MOBEPXHOCTH MEJIa).

[Ipu uccrmegoBaHUM TYYUCTHIX TMOTOKOB OOJBINOE 3HAYCHUE MMEET PAaCIpelleliCHHE Ty4UCTOU
SHEPruu, UCIYCKaeMOil aOCOIIOTHO YEPHBIM TEJIOM IO OTAEIbHBIM JTMHAM BOJIH criekTpa. Kax-
JIOM JJIMHE BOJHBI JIy4ell, Mpu OnpeaesieHHON TeMIlepaType, COOTBETCTBYET OIpe/e/IeHHAsT UH-
TEHCUBHOCTb U3INYy4eHUS - [sn. Mumencusnocms usnyyenus niu cneknpanvruas (MOHOXpoOMaTHude-
CKasl) UHMEHCUBHOCMb, TIPEIICTABISIET COOOM MIIOTHOCTh JTYYHCTOTO MOTOKA TeMa AJIs IJTMH BOJH
oT A 10 A+dA, OTHECEeHHAas! K pacCMaTPUBAEMOMY MHTEPBATY JJIMH BOJH dA;

Isn=dEa/dA, (11.4)

rae Is. - cnekTpalibHas MHTEHCHBHOCTh U3TY4YeHHS a0COIFOTHO YEPHOTO Tea.

11.2. OcHOBHBIE 32KOHBI TENVIOBOT0 M3JIYYCHHUS

3akon Ilnanka. UHTeHCUBHOCTH M3TydeHUs aOCOIIOTHO YEPHOTO Tea [, 1 JIFo60oro peaqbHOTro
Tena [h 3aBUCAT OT TeMnepaTrypsl U JUIMHBI BOJHBI.

AOGCOTIOTHO YEPHOE TEJIO MPH TaHHOW TeMIIepaType UCITyCKAaeT Tydd BCeX JUTHH BOJH OTA = 0 10
A = co. Ecniu xakum-nmu60 00pa3oM OTIENUTh JIy4YH C Pa3HBIMU JJIMHAMH BOJH JIPYT OT Apyra u
U3MEPUTh PHEPTHI0 KaKIOro JIyya, TO OKa)KeTCs, YTO pacHpeesieHne SHEPruu BJIOJIb CIIEKTpa
pa3IuyHO.

[To Mepe yBenuueHUs: ATUHBI BOJIHBI SHEPTUs JIydel BO3pacTaeT, P HEKOTOPOM JJIMHE BOJIHBI
JOCTUTAeT MaKCUMyMa, 3aTeM yObiBaeT. Kpome Toro, mms yda OHOW U TOM e JTHHBI BOJIHBI
SHEPrusi €ro YBEIUYMBACTCS C BO3pACTaHHWEM TEMIIepaTypbl Tejla, HCIYCKAIOIIEro Jydu
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(puc.11.1).
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ITmank YCTAaHOBHUJI CJIC,Z[YIOH_[I/Iﬁ 3aKOH U3MCHCHUA MHTCHCUBHOCTU HU3JTYUCHUA a6COJIIOTHO qucp-
HOTO TeJjla B 3aBUCUMOCTHU OT TEMIEPATYPhl U JUTUHBI BOJHBI:

Io.=ci1 A7/ (e“*D 1), (11.5)

IJie e - OCHOBaHHE HATYpaNbHBIX JorapudMoB; ¢ = 3,74*%107' Br/m?; c2 = 1,44*%102 m*rpan; A -
JUTMHA BOJIHBIL, M; T - TeMneparypa uznyqaroniero teina, K.

N3 puc.11.1 BugHO, 4TO 117151 MF000H TeMIlepaTypbl HHTEHCUBHOCTh M3JIy4eHHS [s). Bo3pacTaeT ot
Hy1s1 (mpu A=0) 10 cBOero HauOOJBIEro 3HAYCHHUs, a 3aTeM YObIBaeT 10 HyJs (npu A=o). [Ipu
MOBBILIEHUH TEMIIEPATYpbl MHTEHCUBHOCTD M3JIY4E€HHUS U1l KaKIOM JUTMHBI BOJHBI BO3PACTAET.
3akon cmemienusst Buna. Kpome toro, u3 puc.11.1 cieagyer, 4To MakCUMyMBbI KPUBBIX C TTOBBI-
IIEHUEM TEMIIepaTypbl CMEIIAIOTCS B CTOPOHY 0oJiee KOPOTKUX BOJH. J[JTMHA BOTHBI Ams, OTBE-
Yarolas MakCUMalabHOMY 3HaueHMIO [sn, onpenensercs sakonom cmewenus Buna:

7\,ms = 2,9 / T (116)

C yBennueHHeM TeMIIEPaTypbl Ams YMEHBILIACTCS, UTO U CIIEAYET U3 3aKOHA.

[Tonb3ysach 3ak0HOM cMenieHHs] BUuHa, MOXKHO U3MEPSTHh BBICOKHE TEMIIEPATYphl TN HA PACCTO-
STHUH, HAIIPUMEp, PACILIABIICHHBIX METAJIJIOB, KOCMUYECKUX TEN U JP.

3akon Credana-bBoabnmana. [InaHk ycTaHOBMI, YTO Ka)JOH JJIMHE BOJIHBI COOTBETCTBYET
OmnpeleseHHass NUHTEHCUBHOCTh M3JIYy4€HUs, KOTOpasi YBEIUYMBAETCA C BO3pACTaHWEM TeMmIepa-
Typbl. TemIoBoi MOTOK, U3y4aeMbIi €IUHULICH [TOBEPXHOCTH YEPHOI'O TeJIa B UHTEPBAJIE JJIMH
BOJIH OT A 710 A + dA, MOXeT OBITh OTIpeIeICH U3 ypaBHEHUS

dEs = In*dA . (11.7)

OnemeHTapHas ruiomazka Ha puc.l1.1, orpanndyennas kpusoil T = const, ocHoBanuem dA A op-
muHaTamu A u A + dA (L) onpenensier konuuecTBo JyuncToil sHepruu dEs u Ha3biBaercs 1yue-
UCNYCKAMENbHOU CNOCOOHOCMbIO AOCONIOMHO YepHo20 mena N JuH BoiH di. Bes ke mio-
1aib MeXAY 0001 kpuBoit T = const 1 0ckl0 aOCIIUCC paBHA HHTETPATLHOMY U3ITyYEHUIO Yep-
HOTO Tena B mpefenax oT A = (0 10 A = oo Ipu TaHHOW TeMIiepaType.

Ioncrasnss B ypaBHenue (11.7) 3akon Ilnanka u uaTerpupys ot ot A = 0 10 A = oo, Haiinem,
4TO UHMe2PAlbHOe U3NYyieHue (Meniosol nomox) abcoatomuo YepHo2o meia MPsSMO TPOTIOPLH-
OHAJIPHO YETBEPTOM CTETICHH €ro a0CONMIOTHOM Temneparypsl (3akon Cmegarna-bonvymana).

Es = C, (T/100)*, (11.8)

rae Cs = 5,67 Br/(M**K*) - koo durmenT n3nydeHns abCoNOTHO YePHOTO Tea

OtMmeuas Ha puc.l1.1 konuuecTBO SHEPrUM, OTBEUaroIIe ceeToBoi yactu crnekrpa (0,4-0,8 mx),
HETPYJHO 3aMETHUTh, YTO OHO JIJISl HEBBICOKUX TEMIIEpATyp OYE€Hb MaJO [0 CPABHEHUIO C SHEPTHU-
el MHTerpaJIbHOTO M3iydeHus. Tonpko npu Temneparype conHua ~ 6000K sHeprus cBeTOBBIX
ayden cocTtaBiseT okosio 50% OT Bcel SJHEPTUH YEPHOTO U3ITyYEHHUS.

Bce peanbHble Tena, HCTIONb3yeMble B TEXHHUKE, HE SIBIAIOTCS aOCOMIOTHO YEPHBIMU U IPH OJHOM
U TOH K€ TeMIepaType M3Iy4aloT MEHbIIIE SHEPTUH, YeM abCOIIOTHO YepHoe Teno. M3nydyeHue
peaJbHBIX TN TaKXKe 3aBHCUT OT TEMIIEPaTyphbl M JJIUHBI BOJHBI. UTOOBI 3aKOHBI M3IIy4EHHS
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YEpHOTO Tella MOXXHO OBLIIO MPUMEHUTH JJISL PEabHBIX TEJ, BBOJUTCS MOHSITUE O CEPOM Tele U
cepoM mn3nydeHuu. [log cepbiM M3iIydeHMEM OHUMAIOT TAKOE, KOTOPOE AaHAJIIOTMYHO U3JIYy4EHHUIO
YEPHOT'O TEJIa UMEET CIUIOLIHOW CIEKTP, HO MHTEHCUBHOCTD JIYYEH JJIs1 Ka)KI0M JIMHBI BOJHBI [
npu 110001 TemMmepaType COCTaBIIIET HEU3MEHHYIO JI0JII0 OT HHTEHCUBHOCTH U3TyYEHHS YepHO-
ro rena Is., T.e. CylecTByeT OTHOLIEHUE:

I/ 1o = € = const. (11.9)

Benuuuny & Ha3wpIBaloT cmenenvro yeprHomol. OHa 3aBUCHT OT QU3MYECKUX CBOUCTB Tena. Cre-
MEHb YEPHOTHI CEPHIX TEJ BCErAa MEHbBIIIE €IUHUIIBI.

BonbmIMHCTBO peanbHBIX TBEPIBIX TEN C ONPEACICHHOW CTENEHbI0 TOYHOCTH MOKHO CUMTATh
CEepbIMU TEJIaMH, a UX HU3IIYYEHHE — CEPbIM HM3JIy4YE€HHEM. DHEPIrusi MHTETPAIbHOIO HU3IIy4EHUS
Ceporo Teja paBHa:

E = ¢*Es = C* (T/100)* . (11.10)

JlygencmyckareiabHasi ClIOCOOHOCTh CEPOTo Tella COCTABISIET JOJI0, PAaBHYIO € OT JIydeHCIycKa-
TEIbHOU CIOCOOHOCTH YEPHOTO Tela.

Bennunny C = ¢*Es Ha3pIBaOT koaghguyuenmom uziyuenus cepoeo mena. Bennuuna C peanb-
HBIX T€J B O0IIEM cllydae 3aBUCHUT HE TOJBKO OT (PM3MUECKUX CBOMCTB TENA, HO U OT COCTOSHUS
MIOBEPXHOCTU WJIM OT €€ HIEPOXOBATOCTH, a TAKXKE OT TEMIEPaTyphl U JJIMHBI BOJIHBI. 3HAYEHUS
K03(PPHUIIMEHTOB U3TYUYEHHUS U CTEIICHEH YePHOTHI Tel OepyT U3 TaOJIHII.

Tabmuma 11.1

CTeneHb YepPHOTHI NMOJHOT0 HOPMAJIBLHOT0 H3JIy4YeHUs

JUISl pa3IMYHBIX MaTepUaJIOB

HaumenoBanue marepuana t,°C €
AOMUHUYN TTOJIMPOBAHHBIN 50-500 |0,04-0,06
Bbponza 50 0,1
JKeneso nmucToBoe OLMHKOBAHHOE, OJIECTSIIEE 30 0,23
Kectp Genas, crapas 20 0,28
30J10TO MOJIUPOBAHHOE 200 - 6000,02-0,03
Jlatynp maTOBas 20-350 0,22
Menp nonupoBaHHAS 50-100 0,02
Huxenb momupoBaHHBIN 200-400 |0,07-0,09
OnoBo Osecrsiiee 20-50 10,04-0,06
Cepebpo monupoBaHHOE 200-600 0,02-0,03
CranbHOM TUCTOBOM MPOKAT 50 0,56
Cranp OKHCIIEHHAA 200-600 0,8
CTtane CHIbHO OKHUCIIEHHAA 500 0,98
UyryHHOE TUTHE 50 0,81
AcOecTOBBIN KapTOH 20 0,96
HepeBo cTporanoe 20 0,8-0,9
Kupnua oraeynopHsIit 500-1000| 0,8-0,9
Kuprua mamoTHbIN 1000 0,75
Kupnuu kpacHslii, mepoxoBaThIid 20 0,88-0,93
Jlak uepHbIii, MATOBBIN 40-100 10,96-0,98
Jlak Oenblit 40-100 | 0:8-0,95
MacnsHblie KpacKu pa3jInyHbIX 1[BETOB . . . 100 10,92-0,96
Carka J1aMIroBast 20400 0,95
Crexito 20-100 |0,91-0,94
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| Omars Genas 20 0,9

3akon Kupxroda. J11s BCIKOTO Tena u3IydareabHas U MOTJIOMATEbHAS CIIOCOOHOCTH 3aBUCST
OT TEMIIepaTyphl U JIJIMHBI BOJHBI. Pa3nuyHbie Tella UMEIOT pa3indHbie 3HaueHus E u A. 3aBu-
CUMOCTb MEXIY HUMH YCTaHABIHUBACTCS 3aKOHOM Kupxeogha:

E = Es*A unu E /A = Es = EJ/As = C*(T/100)* . (11.11)

Omuowenue nyueucnyckamenvroil cnocoonocmu mena (E) k eco nozno-wyamenvnou cnocobmo-
cmu (A) 00uHaxo8o 0151 8cex cepvix mel, Hax0OAUWUXCS NPU OOUHAKOBIX MEMNEPAMYPAX U Pas-
HO JIY4eUcnycKameabHoU CnOCOOHOCMU AOCONIOMHO YePHO20 mea NPU Mol dce memnepamype.
N3 3akona Kupxroda criemyer, 4To ecim Teao o0JajaeT Majoil MOTJIOMATeIbHON CIIOCOOHO-
CTBIO, TO OHO OJTHOBPEMEHHO 00JIaaeT W MaJIOH JIy4eUCIyCKATENbHON CITIOCOOHOCTHIO (TIOTHPO-
BaHHBIC METAJUIbI). AOGCONIOTHO YEepHOE Tejo, 00JIa/arilee MaKCUMAJIbHOW IMOTJIONIATEIbHON
CIOCOOHOCTBIO, UMEET U HaHOOJBIIYIO H3JIy4aTeIbHYI0 CIOCOOHOCTb.

3akon Kupxroda ocraercs cripaBeUBBIM U IS MOHOXpOMaTH4eCKOro u3inydeHus. OTHoIIe-
HUE UHTEHCUBHOCTU U3IyYEHHUS Teja MPU ONPeeIeHHON JIMHE BOJHBI K €r0 MOrJIOUaTeIbHON
CIIOCOOHOCTH TPU TOM K€ JAJIMHE BOJHBI JJI1 BCEX TEl OJHO M TO XK€, €CIM OHM HaxOJATCS MpU
OJIMHAKOBBIX TEMIIepaTypax, U YUCICHHO PAaBHO WHTEHCHUBHOCTU H3TYYCHHsI a0COTIOTHO YEPHO-
ro Teja Mpu TOMU K€ JUIMHE BOJHBI U TeMIIepaType, T.€. sBseTcs (yHKIUEH TOJIBKO JTMHBI BOJ-
HBI U TEMIIEPATYPHI:

Ev/Av=h/Ar=Ea=Ia=f QA ,T). (11.12)

[ToaTomy Teno, KOTOpOE HM3ITy4aeT IHEPrHi0 MpU KaKOH-HUOYAb JUIMHE BOJIHBI, CIOCOOHO MO-
[JIOLIATh €€ MPU ATOM K€ JJIMHE BOJIHBL. ECIN TEIO HE MOIJIOAET Y3HEPTUIO B KAKOU-TO YaCTH
CIIEKTpa, TO OHO B 3TOM YacTU CHEKTpa U HE U3Ty4aerT.

W3 3akona Kupxroga Taxxe cieayer, 4To CTENeHb YEPHOTHI CEPOro Tella € IpU OJTHOW U TOU XKe
TEMIEPaType YUCIEHHO PaBHO KO3 (PULIMEeHTy nmoriomeHus A:
e=h/Ian=E/Ea=c/ca=A.(11.13)

3akon JlamOepra. M3nydaemas TeIoOM JIy4yHCTas SHEPTHUS PpACHPOCTPAHSIETCA B MPOCTPAHCTBE
M0 pa3JIUYHbIM HAIPABJICHUSIM C Pa3IMYHON MHTEHCUBHOCTHIO. 3aKOH, YCTAHABIMBAIOIINN 3aBU-
CUMOCTb MHTEHCHUBHOCTHU U3Ty4EHUS OT HaNpaBJIeHUs, Ha3bIBAETCS 3aKoHom Jlambepma.

3akon JlambepTa ycTaHaBIMBAET, YTO KOJIMYECTBO TYYUCTON DHEPTUH, U3ITydaeMOe dJIEMEHTOM
noBepxHoctu dF; B HanpaBneHuu snementa dF2, mpornopuroHaibHO TPOU3BEIEHUIO KOJTUYECTBA
SHEPruu, u3nydaemMon mo Hopmanu dQ,, Ha BeIMYUHY TPOCTPAHCTBEHHOTO yria dil u CoSII, COo-
CTaBJICHHOTO HaIpaBJICHUEM U3IIyUYEeHHs C HOpMaibio (puc.11.2):

d’Qn = dQn* dw*cosg. (11.14)

d a,,“
af,
n
arl MY
Puc. 11.2.

CnepnoBarenbHO, HauOObIIEE KOJIUYECTBO JYYHUCTOW SHEPTUM H3ITY4aeTcs B MEPHEHAUKYISp-
HOM HalpaBJIEHUH K OBEPXHOCTH U3Iy4yeHHs, T. €. pu (¢ = 0). C yBeITu4eHUEM (p KOJIUYECTBO
JYYUCTON PHEPruu yMmeHbIaercs u mpu ¢ = 90° paBHO Hymo. 3akoH JlamOepTa MOIHOCTHIO
CripaBeUIHB sl aOCOTIOTHO YEPHOTO Tella U s Ted, oOnanaronux AU y3HBIM U3ITydeHUEM
npu ¢ =0 - 60°.

Jlnst moMpOBaHHBIX MOBEpXHOCTEH 3akoH JlamOepra HempumeHuM. [l HUX JTydeHCITyCKaHUE
npu yriae ¢ OyaeT OOJIbIIUM, YeM B HApaBICHUHN, HOPMATbHOM K IIOBEPXHOCTH.
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Tema 12.Tensionepenaua.

12.1. Tensionepena4ya 4yepe3 MI0CKYI CTEHKY.

Tennonepeoaueli Ha3bIBaETCA NepeAaya TEIIIOTHI OT TOPSAYETrO TEIUIOHOCHUTENS K XOJIOJHOMY
TEIJIOHOCUTEIIO Yepe3 CTEHKY, Pa3AesioNlyl0 3TH TEIUIOHOCUTEH.

[Ipumepamu Terionepenayn sSBISIOTCS: Tiepeada TeII0OTHl OT TPEIOIICH BOIbI HArpeBaTEIbHBIX
3JIEMEHTOB (OTOMHUTENBHBIX CUCTEM) K BO3yXy IMOMEIEHUs; Nepeadya TeIIOThl OT JIbIMOBBIX
ra3oB K BOJIC Yepe3 CTCHKU KUISATWIBHBIX TPYO B MAapOBBIX KOTJAaX; Mepenadya TEIUIOThI OT pac-
KaJICHHBIX Ta30B K OXJaKJarouleil Boje (KUIKOCTH) uepe3 CTeHKY LMJIMHIpPA JBUTATENs BHYT-
PEHHETO CrOpaHus; Mepeiaya TeIIOThl OT BHYTPEHHETO BO3/1yXa IMOMEIICHUS K Hapy)KHOMY BO3-
nyxy u T. 1. [Ipu 3TOM orpaxiaromasi CTeHKa SBIJISIE€TCS MPOBOJHUKOM TEIUIOTHI, Yepe3 KOTOPYIO
TEIUIOTA TepelaeTCs TEIJIONPOBOIHOCTIO, @ OT CTEHKH K OKPYXKAIOLIEH cpelie KOHBEKIHEeH U
usnydenueMm. [loaToMy npoiiecc Terionepeaaun SBIsSETCS CIOKHBIM MPOIIECCOM TEII000MEHa.
[Ipu nepenade TEMIOTH OT CTEHKU K OKPY)KAOIIEH cpe/ie B OCHOBHOM Mpeo0aiaeT KOHBEKTHB-
HBII TEr1000MeH, MO3TOMY OyAyT paccMaTpUBAThCs TaKUE 3a/1a4H.

1). Tenonepenaua yepes MIOCKYIO CTEHKY.

PaccMoTpuM 0JTHOCTIONWHYIO IJIOCKYIO CTEHKY TOJIIIMHOMN O U TEIJIONMPOBOAHOCTHIO A (pucl2.1).
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Puc. 12.1. Cxema rtennonepesayu HEXNY ABYMH MHIKOCTAMH YEPEI MAOCKYE CTEHKY
{a) w rpadmueckuit cnocof onpegeseHHA TEMNRPATYPHOTD NOAA B crémke {6)

TemmnepaTypa ropsueit AKUIKOCTH (Cpesbl) tox, XOMOTHOMH KHAKOCTH (CPEIBI) t x.

KonnuecTBo TEIIIOTHI, IEpeIaHHON OT ropsYeil KUAKOCTH (Cpelpl) K CTEHKE 0 3akoHy HproTo-
Ha-PrxMaHa nmeer BU:

Q=ou- (tx t1) - F, (12.1)

rze o Ko3((UIUEHT TEMIO0T/AauH OT ropsdeil Cpejibl ¢ TEMIIEPATYPOil tx K MOBEPXHOCTH CTEH-
KH® C TEMIIEPATYPOi t1;

F pacuerHast HOBEpXHOCTH IUIOCKOU CTEHKH.

TermoBol MOTOK, MEPEIAHHBIN Yepe3 CTEHKY ONPENEIIeTCs IO YPABHEHUIO:

Q=Mo- (1 ) F.(12.2)

TenoBoil MOTOK OT BTOPOW MOBEPXHOCTH CTEHKH K XOJIOJHOM cpefie orpenensercs mo Gopmy-
Je:

Q=02 (t2-tx) - F,(12.3)

rae o2 KO3 UIUEHT TEIUIOO0TIa4l OT BTOPOM MOBEPXHOCTH CTEHKU K XOJIOIHOU Cpefie C TeM-
Teparypoii t x.

Pemast aTu Tpu ypaBHEHU MOIyYaeM:

Q=(tx tx)*F*K, (12.4)

rne K=1/(1/ou +/ A+ 1/aw) xoa¢ppuyuenm mennonepeoauu, (12.5)
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WIn
Ro = 1/K = (1/ou1 + O/A + 1/02) noanoe mepmuyeckoe conpomueienue menjionepeoaiu 4epes3

OJIHOCJTIOMHYIO MIOCKYIO CTEHKY. (12.6)

1/au, 1/02 TepMuyeckue CONPOTUBIICHHS TEMJIOOTIa4U MOBEPXHOCTEN CTEHKH;

O/A - TEpMUYECKOE COMIPOTHUBIICHUE CTEHKH.

J711 MHOTOCTTOMHOM TUIOCKOW CTEHKHU IOJIHOE TEPMHUECKOE CONMPOTHBIIEHUE OYAET ONpeaesiTh-
cs1 IO clienyronie hopmyse:

Ro = (1701 + 81/t + &2/A2 + ... + On/hn +1/012), (12.7)

a K03 PUIMEHT TEIUIONEPeIaun:

K=1/1/ou1 + d1/A1 + 02/h2 + ... + Ou/An +1/012), (12.8)

12.2. Tensionepenaya 4yepe3 NMJINHAPUYECKYIO CTEHKY.
[IpuHIMN pacuera TEIUIOBOIO IOTOKA 4Yepe3 LWIMHAPUYECKYIO CTEHKY aHAJIOIMYHA KaK U UL

MJIOCKOM cTeHKH. PaccmoTrpuM ogHOpoaHYIO TpYyOy (pHc.12.2) ¢ TEIIONpOBOIHOCTRIO A, BHYT-
pennuii nuametp di, HapyxHbIi quametp do, AnuHa [. BHYTpH TpyOBl HAaXOIUTCS TOpsYas cpeaa
C TEeMIIepaTypOH tx, a CHAPYKU XOJOIHASL Cpela C TEMIIEPATYPOH t x.

t

AT

9
®, t,
7
2d,
24,

—

Puc, 12.2. Tenaonepenaua MeXLy ABy-
M OKHAKOCTSIMH  4Yepes uUMAHHIpPHue-
CKYIO CTeHKY

KonudecTBO TEIIOTHI, IEPEIaHHON OT Tropsiuel Cpebl K BHYTPEHHEH CTEHKE TPYOBI IO 3aKOHY
Hrerorona-PuxmMaHna umeer Bun;
Q=mn-di-ar-l-(tx t1), (12.9)
re o Kod(G(UIMEHT TEMI00TAauH OT TopsUeii CPeIbl C TEMIIEPATYPOii ty K HOBEPXHOCTH CTEH-
KM C TEMIIEpaTypoH ti;
TennoBoii MOTOK, IEPEIaHHBIN Yepe3 CTEHKY TPYObl OMPEIEsETCS 10 YPAaBHEHHIO:
Q=2-mAl-(t1 t2)/In (d2/dy). (12.10)
TennoBoi MOTOK OT BTOPOM MOBEPXHOCTH CTEHKH TPYOBI K XOJIOJHOM Cpejie OMpenesseTcs 1Mo
dbopmyre:
Q=mn-drozl(ti-tx), (12.11)
rae o2 KO3 GUIUEHT TEIUIOOTIa4l OT BTOPOM MOBEPXHOCTH CTEHKU K XOJOIHON Cpefie C TeM-
TIEpPATYPOIi t .
Pemast Tu Tpu ypaBHEHUs MOIyYaeM:
Q=nl(tx tx) * K, (12.12)
rae Ky = 1/[1/(oudr) + 1/(2AIn(d2/d1) + 1/(02d2)] (12.13)
- TUHeUHbIL KOd(huyuenm menionepedadu,
unn Ry = 1/ Ky = [1/(oudr) + 1/(2AIn(d2/d1) + 1/(od2)] (12.14)
. NOJHOE TUHEUHOe MepMUIecKoe ConpomueieHue
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mennonepedayu Ye€pe3 OJHOCIONHYIO IIMIMHAPUYECKYIO CTEHKY.

1/(ouidy), 1/(02d2) TepMudecKkue COMpOTUBIECHUS TEMJIOOTIAYH ITOBEPXHOCTEH CTEHKH;
1/(2AIn(d2/d1) - TepMHUUECKOE COPOTUBICHUE CTEHKHU.

Jl1st MHOTOCTIOMHOM (N CJI0€B) MIJIMHIPUIECKON CTEHKH TOJIHOE JTMHEHHOE TEPMHUUECKOE COIPO-
THUBJICHHE OyZIET ONPENeIAThCS MO caeayromen Gpopmyie:

R/ =1/K;=[1/(oud1) + 1/(2A1In(d2/d1) + 1/(2A3In(d3/d2) + ...

+ 1/2hnin(dns1/dn) + 1/(02dn)] (12.15)

12.3. Tunsl Tem1000MEeHHBIX ANMAPATOB.

Temnoo0MeHHBIM arapaToM Ha3bIBAIOT BCIKOE YCTPONCTBO, B KOTOPOM OJIHA KHUAKOCTh — TOPsI-
yas cpela, nepeaeT TeIIoTy APYror KUAKOCTH - XOJIOJHOM cpele. B kauecTBe TenmiaoHOCUTE-
JIeil B TEIUIOBBIX ammaparax MCIOJIB3YIOTCS Pa3HOOOpa3HbIE KamelbHbIE U YIPYTUe KUIKOCTH B
caMOM ILIMPOKOM JHara3oHe JaBieHuil u temmeparyp. [lo npuniuny paboThl amnmaparsl AT
Ha pereHepaTUBHBIC, CMECUTENILHBIC U PEKYyIepaTUBHBIC.

B perenepaTuBHBIX anmaparax ropsiudidl TEIJIOHOCUTEIh OTIAET CBOIO TEIUIOTY aKKyMYJIHUPYIO-
HIEMY YCTPOKNCTBY, KOTOPOE B CBOIO OYepe/b MEPUOIUIECCKH OTAACT TEIJIOTY BTOPOU KHUIAKOCTH
- XOJIOJHOMY TEIJIOHOCUTEINIO, T. €. OJIHA U Ta YK€ MOBEPXHOCTh HarpeBa OMBIBAETCS TO TOPSUEH,
TO XOJIOJHOM KUIKOCTBIO.

B cMecuTenbHBIX anmaparax nepegada TerioThl OT TOpsiuel K XOJIOIHOM KUIKOCTH MPOUCXOIUT
IIPU HEMOCPEACTBEHHOM CMEIICHUU 00EMX KHUIKOCTEH, HallpUMep CMEIINBAIOIINE KOHICHCATO-
PBL

Oco0eHHO MIMPOKOE pa3BUTHE BO BCEX OOJACTSIX TEXHHUKH IMOJYYHIIU PEKyIEpaTUBHEIC ammapa-
Thbl, B KOTOPBIX TEIJIOTAa OT TOpsiuei K XOJOIHOM )KUJIKOCTH MEpeIaeTcs yepe3 pa3aesiuTelbHYI0
CTeHKy. ToNbKO Takue anmapaThl OyIyT PACCMOTPEHHI B TajbHEHIIIEM.

TemiooOMeHHBIE anmapaTbl MOT'YT UMETh caMble pa3HOOOpa3Hble HA3HAYEHUS — [TAPOBbHIE KOTJIBI,
KOHJICHCATOPHI, MapoTeperpeBaTeNd, MPUOOPsl IIEHTPATHHOTO OTOIICHHS U T. 1. TermmooOMeH-
HBIE armnaparsl B OOJBIINHCTBE CIIy4aeB 3HAUUTENBHO OTINYAIOTCS IPYT -OT JIpyra Kak Mo CBOUM
dbopMam u pazmepam, Tak U IO MPUMEHSIEMBIM B HUX pabouuM TenaM. HecmoTps Ha Gonbinoe
pa3zHooOpas3ue TerI000MEHHBIX anmnapaToB, OCHOBHBIE MOJIOKEHHS TEIUIOBOTO pacdera JJisi HUX
OCTalo0TCs OOIIUMHU.

B TennooOMeHHBIX amnmaparax ABH)KEHUE KHJIKOCTH OCYILIECTBISETCS MO0 TPEM OCHOBHBIM CXe-
Mam.

Ecnu HanpaBneHue NBHKEHUS TOPSAYETO M XOJOIHOTO TEIJIOHOCHTENEH COBIMAJaloT, TO TaKoe
JBUKEHUE Ha3bIBaeTCs npamomokom (puc.12.3,a).

ﬂ'} fﬂ ” ?

f ! 7
Z . —

Pue, 723

Ecnu HampaBieHre TBMKEHUSI TOPSYEro TEIUIOHOCHTENSI MPOTHBOIOJIOXKHO BUKECHHUIO XOJOI-
HOTO TETUIOHOCHUTEINSI, TO TaKOe NIBIKEHUE HazbIBaeTcs npomusomoxom (puc.12.3,6). Ecnu xe
TOPSIYMH TETUTOHOCHTENb JIBHXKETCS MEPIICHINKYIISIPHO JBIKCHHUIO XOJIOJHOTO TEIUIOHOCUTEIIS,
TO TaKO€ JBM)KCHHE Ha3bIBaeTCsl nepexkpecmuwvim moxom (puc.12.3,8). Kpome 3TUX OCHOBHBIX
CXEM JIBUKCHUS JKUJKOCTEH, B TETNIOOOMEHHBIX ariaparax IpUMEHSIOT 0oyiee CI0XKHBIE CXEMBI
JBUKCHI S, BKITFOUAIOIIIE BCE TP OCHOBHBIC CXEMBI.

12.4. Pacyer TenJio00OMEeHHBIX aNNapaToB.

[enpio TEmIoBOro pacyera SBISETCS OMpeelieHue MOBEPXHOCTH TEIIO00OMEHA, a €CITH MOCIe-
HSISl U3BECTHA, TO LENBI0 pacyeTa sBISICTCS ONpeesieHue KOHSUHBIX TEeMITepaTyp pabouux sKu-
KocTeil. OCHOBHBIMU PACUYETHBIMH YPAaBHEHUSMH TETNIOOOMEHA MPH CTAIMOHAPHOM PEKUME SIB-
JSIFOTCSI YPaBHEHUE TEIUIONepelaud U ypaBHEHHE TEIJIOBOTO OanaHca. YpaBHEHHE Terionepe-
JaYu:

Q=k-F(t t2),
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rae Q — TenaoBo# MoTokK, BT,

k - cpenuuit ko> unuenT Temnonepenaur, Br/(m*rpan), F — HoBepXHOCTh TEMI00OMeHa B anl-
napate, M2, t| U ta - COOTBETCTBEHHO TEMIIEPATYPhl TOPSUETO U XOJTOTHOTO TEMIOHOCHTENEHA.
VYpaBHeHue TermoBoro OanxaHca MPU yCIOBUHM OTCYTCTBUS TEIJIOBBIX MOTEPh M (ha30BbIX Mepe-
XOJIOB:

Q==m;-Atj =ma- Atz ,

WA

Q=V; p1'Cp1'(t/1 )=V, P2:Cp2 (t"y - th), (12.16)

rae Vi pi, V2 p2 - MaccoBbIe pacxobl TEIJIOHOCUTETIEH, KI/CeK, ¢

Cpl U Cp2 - CPETHIE MACCOBBIE TEMIOEMKOCTH JKHMIKOCTEH B MHTEpBaje TeMiepaTyp ot t' jo t/,

t'1 u t) TemnepaTypsl sxuaKOCTEl TIPK BXOJIE B aNIapar;

t’» u t’5 - TeMmepaTypBI KHMAKOCTEH IPK BBIXO/E U3 ANNApPaTa.

Benuuuny npousBeneHus

V.p-c, =C, Br/rpan

HA3bIBAIOT BOOSHbIM, WU YCIIOBHbIM, IKBUBATIEHIOM.

C y4eToM moCJeIHero ypaBHEHHE TEIUIOBOTO OallaHCa MOXKET OBITh MPEACTABICHO B CIEAYIO-
1IeM BUJE:

(t'1-t") /(" -12)=Ca/C1, (12.17)

Cz, Ci - yCIOBHBIE SKBUBAJICHTHI TOPSYEH U XOJIOIHOU KUIKOCTEH.

[Ipu mpoxoxaeHNH yepe3 TEII00OMEHHBIN anmapar pabouyux *KHUIAKOCTEH U3MEHSIOTCS TeMIepa-
Typbl TOPSYNX U XOJOAHBIX XKuAkocTed. Ha n3menenue temmneparyp Oosblioe BIUSHUAE OKa3bl-
BAIOT CXEMa JIBMXKCHHS XKUIKOCTEH M BEJIUYHMHBI YCIOBHBIX 3KBHUBaJeHTOB. Ha puc.12.4 npen-
CTaBJICHbI TeMIIepaTypHble TpaduKH [ annapaToB ¢ IPSIMOTOKOB, a Ha puc.12.5 mis anmnaparoB
C IPOTUBOTOKOM.

Puc. 12.4.

Kak BugHo u3 puc.12.4 , npu npsMOTOKE KOHEYHasi TEMIEpaTypa XOJOJHOIO TETIOHOCHUTEIS
BCEr/la HKE KOHEYHON TeMIepaTyphl ropsiuero temaonocurens. Ilpu npotusBoroke (puc.12.5)
KOHEYHasi TeMIepaTypa XOJOJHON )KUJIKOCTU MOXKET ObITh 3HAUUTEJIBHO BBIIIE KOHEUHOW TEM-
neparypsl ropsuei xuakoctu. CienoBarenbHO, B annaparax ¢ IPOTUBOTOKOM MOYXHO HarpeThb
XOJIOJHYIO Cpely, IPU OJMHAKOBBIX HAaYaJIbHBIX YCJOBHUAX, 0 Oo0Jjiee BBHICOKOH TeMmmepaTypsl,
YeM B almaparax ¢ npssMoTokoM. Kpome Toro, kak BUJHO U3 PUCYHKOB, Hapsily ¢ U3MEHEHUSIMHU
TEMIIepaTyp U3MEHSETCs TaKKEe M Pa3HOCTb TEMIIEPATYPS MEXIY pabOUMMH KUIKOCTAMH, UIH
TEeMIIEpaTypHbIN Haop At.

‘ /143 >,
e le”
% 7
f
Ny ’
122
S
Puc.12.5.

Bennuunst At 1 k MOXKHO MPUHSATH MOCTOSHHBIMH TOJIBKO B IIpeJeNiax 3JIeMEHTapHOU MOBEPXHO-
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ctu Termooomena dF. ITosToMy ypaBHEHHE Terionepeaaun JUIst SJIEMEHTa IIOBEPXHOCTH TEIUIO-
obmena dF cripaBenuBo nwib B tuddepeHimansHoi popme:

dQ==k-dF-At. (12.18)

TennoBoii MOTOK, IEPETaHHBIA Yepe3 BCIO MOBEPXHOCTH F mpu moctossHHOM cpenHeM Koddhdu-
[UeHTe Tersionepeaayn k, onpenensercs uHTerpupoBanueM ypasHenus (12. ):

Q =/ k-dF-At=k-F-Atcp , (12.19)

rae Atep - cpeHuii JorapuMUYecKuil TeMrnepaTypHbId Halop 1Mo Bcel OBEPXHOCTH HAarpeBa.
s cmyyaeB, korga KO3 @UIMEHT TEIUIonepeiayd Ha OTENbHBIX YJ4acTKaX MOBEPXHOCTH Tel-
J000MEHa 3HAYUTEIBHO U3MEHSETCS, €T0 YCPEIHSIOT:
kep=Frki+Fk+...+Feky)/(Fi+F2+ ... + Fy).

Tornaa nipu kep = const ypaBuenue (12.9 ) mpumer Bun

Q = Jkep At -dF = kep - Atep -F. (12.20)

Ecnn Temneparypa TEINIOHOCUTENEW HM3MEHSETCA MO 3aKOHY NpsAMOM JiMHUU (puc.12.6, myHK-
TUPHBIE JINHUU), TO CPEHUN TeMIepaTypHbI HAmop B alliapaTre paBeH pa3HOCTH cperHeapud-
METHYECKUX BEIUYHH:

Atep = (1 +t71)/2 - (", + t2)/2 . (12.21)

- L dF

Puc. 12.6.

OpHako Temreparypsl pabouux >KUAKOCTEH MEHSIOTCS N0 KPUBOJIMHEHHOMY 3aKoHY. IloaTomy
ypaBHeHue (12.21) Oymet TONbKO MPHUOIMIKEHHBIM M MOKET MPUMEHSTHCS TIPH HEOOBIINX U3-
MEHEHHUSAX TeMIlepaTypbl 00eux >XUAKOocTel. [Ipu KpHBOIMHEHHOM HM3MEHEHHH TEeMIIEpaTyphl
BEJIMYMHY Atcp HA3BIBAIOT CPEOHEN02APUPMUUECKUM MEMNEPAMYPHBIM HANOPOM W ONPEeNseT-
cs o popmyam:

JUIsl alnaparoB ¢ NPSIMOTOKOM

Atep = [(ty - t) - (71 - )] 1 In[(t - )11 - )] . (12.22)

JUIsl alnaparoB ¢ IPOTUBOTOKOM

Atep = [(ty - t2) - (1 - )] 1 In[(t1 - )1 - ¥)] . (12.23)

Yucnennsle 3HaueHus Atcp UIsl anmapaToB ¢ IPOTUBOTOKM IPU OJMHAKOBBIX YCIOBHAX BCErAa
Oonbie Aty Ui aNapaToB C MPSIMOTOKOM, TIOATOMY amaparbl C MPOTUBOTOKM HUMEIOT MEHb-
I1E pa3MepBbl.

Tema 13. DHepreTnyeckoe TOMJIMBO.

13.1. Cocras TomimnBa.

Tonnusom Ha3BIBAETCA TOPIOYEE BELIECTBO, UCIOIb3YEMOE B Ka4eCTBE MCTOYHUKA IOIYYEHUS
TEIUIOTHI B SHEPreTUYECKUX, IPOMBILIUIEHHBIX U OTOMUTENIBHBIX YCTAHOBKAX.

B 3aBucuMocTH OT THNA peaklMii, B pe3ysIbTaTe KOTOPBIX BBIAEIAETCS TEIUIOTA U3 TOILIIMBA, pa3-
JIUYAIOT Opeanuieckoe N g0eprHoe monaueo.

B nacrosmee BpeMsa u no nporxHo3am A0 2030 r. opraHMYECKOE TOIJIMBO SIBJISIETCS OCHOBHBIM
UCTOYHUKOM 3HEPrHH (TEMJIOThI) sl IPOMBIIUIEHHOTO CIIOJIb30BaHUSL.

Tabmuma 13.1.
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[Totpebnenue oprannueckoro tomarsa B1993 r.

[ToTpeOurens Bag romniea

Tsepnoe DKunkoe ["a3000pa3Hoe
Bo Bcem mupe, muipa.Ty.T. (3,21 4,29 2,66
Poccust, MaH. T y.T. 226 232 503

Ilpumeuanue: y.T.

YCIIOBHOTI'O TOILIIMBA

B OpTaHUYCCKUX TOIUIMBAX TCIJIOTA BBIACIISICTCS B pE3YJIbTATEC XUMHYECKOM PCaKIu OKHUCJIICHUA

€ro TOpIYMX YacTel MpH y4acTHM KUCIOPOZa, a B SJIEPHBIX TOIUIMBaX B pe3ylbTaTe pacraja

JIEJIEHUS SJEP TAKEIBIX WIEMEHTOB (ypaHa, IUIyTOHHUS U T.1I.).

Tabmuma 13.2.

Knaccudukanus opraHnuecKux TOIJIMB 110 arPEeraTHOMY COCTOSIHHIO.

ArperaTHoe COCTOSTHUE
Tormnmuso
Tepnoe Kunkoe ["a3000pa3Hoe
IlpoBa, Topd, Oyprie u
KaMEHHBIC YTJIH, aH- .
[IpupoaHoe yrI, Hedrob [IpupoaHbIit Ta3
TpaLUT, roproyue
CJTaHIIbI
€BECHBIN 0J1b,Ma3yT, KepocuH, OCH- . .
/lp yroab, yT, Kep ’ ["a3b1 HETAHON, KOKCOBBIH,
MOJTYKOKC, KOKC,|3UH, COJISIPOBOE Mac- N .
MckyccTBeHHOE . TeHEPATOPHBINA, JTOMEHHBIH,
YTrOJIbHBIE U TOPQSHBIEIO, Ta30ijb, MEYHOE .
ra3 MoJA3eMHOM ra30(puKaIuu
OpUKETHI TOIUTHBO

TBepble U KUAKUE TOIIIMBA COCTOST U3 Toprounx (yriaepoza - C, Bogopona - H, netyueii cepsl -
Siu == Sop + Sk) u Heroprouux (azora - N u kucnopona - O) sneMeHToB U O6aiacta (3015l - A,
Biaru - C).

OJeMeHTapHbIl COCTaB TBEPIOTO M >KUIKOrO TOIUIMBA AAETCS B MPOLEHTaX K Macce 1 Kr Tomim-
Ba. [Ipy 3TOM paznuyaioT pabouyio, cyxyio, 20piouyio U 0p2aHuyecKylo Maccy TOILTUBA.

Pabouas macca 310 Macca u cocTaB TOIUIMBO, B KOTOPOM IOCTYHAET K MOTPEOUTENIO U MOABEP-
raercs CUIraHUIo.

CocraB paboueii, roprodeii, Cyxoil U OPraHMYECKOM MacChl 0003HAYAETCS COOTBETCTBEHHO WH-
nexcamu "p", "c¢", "r" u "0" u BeIpaxkaroTCs CIEAYIOINUMU PABEHCTBAMM:

CP+HP+ SP;+ NP+ OP+ AP+ CP =100 % ; (13.1)

C°+H 4+ S%+ N +0°+ A°=100 % . (13.2)

C+H'+S%+N+0"=100 % ; (13.3)

C°+ H+ S%pr+ N°+ 0°=100 % . (13.4)

Opranuueckasi Macca TOIUIMBA B OTJIMYMU OT TOPIOYEH MacChl COAEPKUT TOJIBKO OPraHUYECKYIO
CEPY U HE BKJIIOYAET KOJIYEIAHHYIO!

Soopr = Son - SOK . (135)

Koadduuments nepecuera coctaBa TOIIMBA U3 OAHOH Macchl B JAPYTyIO MpHBEIEHBI B TaOII.
13.3.

Tabnaumal3.3

3ajaHHas Macca TOIUTMBA Koaddumnuents mepecuera Ha Maccy

pabouyio TOPIOYYIO CYXYIO
Pabouast 1 100/[100 - (AP + CP)]  [100/(100 - CP)
["oprouas [100 - (AP + CP)]/100 |1 (100 - A%)/100
Cyxas (100 - CP) / 100 100/ (100 - A°) 1

s cmanneB cocrasa (CP, HP, SP;, NP, OP, AP, CP) mepecuer ¢ paboueit

Macchl Ha TOPIOYYIO OCYIIECTBIISIETCS C TOMOIIBIO KOA(pPHUIMEHTA:

K=100/[100 - AP, - CP - (CO2)%] , (13.6)

rae APy - ICTHMHHAS 30J1bHOCTh paboueii Maccel, %, CP - BnaxkHOCTh paboyeit macchl, %, (CO2)Pk
- COJIep)KaHUE YTIIEKUCIOTHI KapOoHATOB, %. VIcTHHHAs 30JIbHOCTH paboueit Macchl OIpeaesieT-
cs o opmyie
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APy = AP - [2,5(SP, - SPe ) +0,375SP¢] [(100 - CP) / 100], (13.7)

rae SP, - comepkaHue cephl B JIaOOPAaTOPHOM 30Jie B MPOIIEHTAaX K Macce TOIumBa; SPc - comep-
KaHue Cynb(aTHO ceprl B TOIIHBE, %o.

Bennuuna [2,5(SP. - SP¢) +0,375SP«] nnst NEHUHTPAJCKUX M ICTOHCKUX CIIAHIIEB MOXET OBITh
IpUHSTA paBHOH 2,0, 115 Kamnupcekux - 4,1.

[Tepecuet coctaBa (%) paboueil Macchl TOIUIMBA MPU U3MEHEHUH BIAXKHOCTH MPOU3BOJUTCS MO
dopmymnam:

CP, =CP1(100 - CPp) /(100 - CPy)

HP; = HP1(100 - CP2) / (100 - CPy), (13.8)

rae CPy - HavayibHAas BIAKHOCTE TOIUMBa, %, CP2 - KOHeYHas BIa)KHOCTh TOILIMBA, %o.

Cpennnii coctas (%) cMecu IBYX TBEPABIX WM KUIKUX TOIUIUB, 3aJAHHBIX MAaCCOBBIMH JIOJISIMU,
- mepsoro (CP2, HP; ....)u BTOporo (CPy, HP...) - onpenensiercs 1o ypaBHCHHSIM:

CPeu=b1cP1 + (1 - bl) cP ,\

HPev= by HPy + (1 -b1) HP, 1, (13.9)

b1 =Bi1/(B1 +B2). (13.10)

3aeck B1 u B2 - Macchl TOILIMB, BXOASIIUX B CMECh, KT.

["a3000pazHoe TOMIMBO MpEACTaBiIAeT COOOM CMECh TOPIOYMX W HEroproYMx ra3on. ['oprouas
qacTh cocTouT u3 npenenbubiX (?CyHant2) 1 Henpenensubix (?CaH2q) yraeBomopoaos, Bogopoaa
Ho, okucu yraepoga CO, u cepuucroro Bogoposa (HoS). B coctaB Heroprounx 3;1€MEHTOB BXO-
it a3oT ( N2) , yraekucasiii ra3 (CO2) u xuciopon (Oz2). CoctaBel IPUPOJHOTO U UCKYCCTBEH-
HOT'O T'a3000pa3HbIX TOIUIMB pa3iuuHbl. [IpupoHbIii ra3 XxapakTepus3yeTcsi BHICOKUM COJEpKa-
HueMm Mmetana (CH4), a Takxke HEOONBIIOTO KOMWYECTBA JPYruX yriaeBoaoposos: 3taHa (C2He),
npomana (C3Hg), 6yrana (CsHio), atunena (C2Hs), u npormmmiena (C3Hg). B nckyccrBeHHBIX Ta-
3ax coJep)KaHHe TOPIOYMX COCTABISIONIMX (BOJOPOJA U OKUCH yriepoaa) pocturaer 25-45%, B
Oaytacte mpeo0IaIaroT a30T U yriiekucaora 55-75%.

CocTtaB ra3000pa3HOro TOIUIMBA 33/1a€TCS B OOBEMHBIX JIOJISIX U B OOIIEM BHJI€ MOKHO 3aIHCcaTh
CJIEIYIOIIUM 00pa3oM:

2CaHons2 + 2CoHon + H2 + CO + HaS + O2 + N2 +¢O02 = 100% , (13.11)

rae XCnHons2 mpesnenbHble YTIAeBOAOPOIbI;

2CwH2n HempenenbHbIEe YIIIOBOIOPO/IbI;

H>S cepHucThIil BOOOpOI.

CO oxwucs yriepona;

cO2 - yIIeKUCIbIi ras.

13.2. XapakTepucTuka TOIJIMBA.

Brasicnocmo 68030yxa. CpenHsis BIaXXHOCTh TOIIMBA B pab0o4eM COCTOSIHUU COCTaBIseT B Y%: NSt
topda 50; cnanue 13-17; kamennoro yris 5-14 u antpauura 5-8. Bypeie yriu B 3aBUCUMOCTH
OT BJIAXHOCTU NensT Ha 3 rpymnmsl: rpynna bl Gonee 40% Bnaxuoctu; rpynmna b2  30-40%;
rpynna b3 menee 30%.

3ona monausa. B coctaB 307bl BXOIAT NPEUMYILIECTBEHHO COJIM LIEJOYHBIX U HIETIOYHO-
3eMeNbHBIX METAaJJIOB, OKUCIBI XKelle3a, allOMUHUsA, a Takke cynbdarHas cepa. MuHepaabHbIC
OCTaTKH, 00pa3yroIuecs Mocie CroOpaHus TOIUIMBA, UMEIOT BHJ JIMOO CHITy4ed Macchl (3071a),
a0 CIUTaBIIEHHBIX KYCKOB (muiak). [Ipu BRICOKHMX Temmeparypax 30Jia pa3Msardaercs, a 3aTeM
iaBuTcs. PasmsryenHast 30j1a ¥ HUIaK MPWIKNAIOT K CTEHKaM OOMYpPOBKU TOTIKH, YMEHbILas
CEUYEHHE Ta30X0/J0B OTKJIAAbIBAIOTCS HA MOBEPXHOCTSIX HArpeBa, yBEIMUYHMBAsi TEM CAMbIM TEPMHU-
YECKO€ COIMPOTUBIIEHUE B MpOLECCe TEIUIONEpeNaud O Ta30B K HarpeBaeMoil cpefe, 3a0MBaioT
OTBEpCTHS JJIsl TIPOXOJa BO3yXa B KOJOCHUKOBOW pElIeTKEe, 0OBOJAKWBAIOT YACTHIIBI TOILIHNBA,
3aTPYyIHSS UX COKUTAHUE.

Paznuunble BUIIBI TOIJIMBA COJlepKaT pa3Hoe KoJaudecTBO 30Jibl. Hanmpumep, B %: npesecuna 1;
topd 10; xy3neukuit yronb 10-20; mogMockoBHBIA OypeIii yroas 30; cianisl 60. XKunkoe Ton-
auBo (MazyT) coaepxut 0,2-1% MHUHEpaTbHBIX TPUMECEH.
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Jlemyuue seuecmsa. Ilpu HarpeBanuu tBepaoro Torusa 10 870-1100 K 6e3 gocrymna okuciu-
TeJsl, BBIACISAIOTCS MMaporazoo0pa3Hble BELIECTBA, KOTOPbIE Ha3bIBatOTCs jgemyyumu. OHU SIBIIS-
I0TCSI POAYKTAMH Pacraja CJI0KHBIX OPraHMYECKUX BEIIECTB, COACPKAIIUXCSI B OPTaHUUECKOU
Macce TorimBa. B coctaB neTydynx BemecTB BXOAAT: a30T N2, kuciaopoa Oz, Bogopon Ha, okuck
yraepoaa CO, yraeBonopoausie ra3sl CH4, C2Hs 1 T.11, @ Taxoke BoAsIHBIE TApHI.

Koxc. TBepapiii ocTaToOK, KOTOPBINA TOJIYYaeTCsl TTOCIe HarpeBaHus TOIMBa (0e3 MOCTyIa OKUC-
JUTENs) ¥ BBIXOJIa JIETYYUX BelecTB. B cocTaB Kokca BXOAST OCTaTOUYHBIN yriepoA u 3oia. [Ipu
HU3KHX TEMIIEpaTypax B TBEPIOM OCTaTKE KpOME 30JIbI MOXKET OKa3aThCsl YacTh AJIEMEHTOB (C,
H, S;, N). Torga TBepablii 0cTaTOK Ha3bIBaeTcs noavkokcom. 110 CBOMM MEXaHUYECKUM CBOM-
CTBaM KOKC MOKET OBbITh MOPOIIKOOOPA3HBIM, CIA00CTIEKIIUMCS U CTIEKIITNMCH.

B 3aBUCcHMOCTH OT BBIXO/A JIETYYUX BEIIECTB M XapaKTEPUCTUKHU KOKCAa KAMEHHBIEC YIJIU pa3je-
nsroTea Ha 10 Mapok: JMHHOIIIaMEHHbIN - [], ra3oBbii - I, razoBeiit xupHbiid K, sxupabiii XK,
KOKCOBbIM >xupHBIA = KK, xokcoBblil - K, kokcoBblli BTOpoii K2, OTOIIEHHBIN clieKaromuics
OC, cmadocnekaromuiica CC, Tommi T.

Tennoma ceopanusi. OMHONM U3 OCHOBHBIX XapaKTEPHUCTUK JTHOOOTO BUA TOTUIMBA SBISETCS TEl-
JI0Ta CropaHus, T.. TO KOJIMYECTBO TEIIOThl, KOTOPOE MOXET OBITh MOJIyY€HO MPH MOTHOM CTO-
paHUM IUHHIIBI MAacChl UM 00beMa TormuBa. [IoHBEIM cropaHueM Ha3bIBAaeTCsl TaKoe, MPU KO-
TOPOM TOoprourie KOMIOoHeHThI ToruBa C, H 1 S MOMHOCTBIO OKUCIISIIOTCS KUCIOPOAOM. Temnory
CrOpaHMs TBEPAOTO U KHIKOTO TOIUIMBA OTHOCAT K | KT, a Ta30BOro K 1 M° IpH HOPMAlbHBIX
YCIIOBHSIX.

PaznuuaroT Huzwiyio u gblcuiyio TEIIIOTY Cropanusi. B BBICHIYIO TEMJIOTY CrOpaHUs BXOJIUT KOJIH-
YEeCTBO TEIUIOThI, KOTOPOE MOXKET OBITh BBIIEICHO MPH KOHJIEHCAIIMN BOJSHBIX MapoB, HAXOs-
HIUXCS B IPOJYKTaX CTOPAHUS TOILIMBA.

[Ipy M3BECTHOM 3JIEMEHTAPHOM COCTaBE TBEPAOTO M JKUIAKOIO TOIUIMB TEIJIOTY MX CrOpaHUs
(xJ1K/KT) ompenensoT mo AMINUpHUECKUM Gopmyiam, npemioxennoi .M. MenaeneeBbim:

QPy =340CP + 1035HP 109(0OP - SP;) 25CP . (13.12)

QP =340CP + 1260HP 109(0OP - SPy) ; (13.13)

Tennora cropanus cyxoro rasa (kJlx/m>) onpenensior no 065eMHOMY cOCTaBy,%, U U3BECTHOM
TEIJIOTE CTOPAHUS KOMITIOHEHTOB:

QPy =358CH4 + 640C2He + 915C3Hsg + 1190C4H 10 +

+ 1465 CsHiz2 +126,5 CO + 107,5H2 + 234H»S; (13.14)

QPy =398CH4 + 700C2He + 995C3Hs + 1285 C4Hio +

+ 1575 CsHi2 + 126,5 CO + 127,5H2 + 257H»S; (13.15)

Ecnu B cocTaB ra3za BXoAST HEU3BECTHBIE YIIIEBOIOPOAHbIE KOMIIOHEHTHI (MIPU YCIIOBUH, YTO CO-
JIep>KaHNe METaHa U3BECTHO), TO CYMMY YIJIEBOJOPOJOB YCIOBHO MPUHUMAIOT KaK COJEpKaHUE
staHa CoH4 u TemnoTy cropaHusi pacCUMTBHIBAIOT MO (QopMyjiaM, aHAJIOTMYHBIM ypaBHEHUSIM
(13.14) u (13.15).

Jlns cpaBHEHUS pa3UYHBIX BUIOB TOIUIMBA MO MX TEMJI0BOMY 3¢ (HEKTy BBOJSAT MOHATHE yCIOB-
HOT'O TOIUIMBA, TEIJIOTA CrOPAaHUs KOTOPOTro npuHATa paBHou 29300 k/Ix/kr.

OtHowenue QPy maHHOTrO TOMIMBA K Qy.r. YCIIOBHOTO TOIIMBA HA3BIBACTCS MONIUBHBIM IKBUBA-
nenmom 3. Torna Juist pacuera pacxojia HaTypallbHOTo TorMBa By B ycnoBHoe By, , noctaTou-
HO BEJIMYMHY By YMHOXUTH Ha 5KBUBAJIEHT O, T.€.:

By.T. = By.T'3 = By.T..(QpH / Qy.T.) (1316)

13.3. MoTtopHble TonuBa 1Jsi nopmHesbix JIBC.

OCHOBHBIMH MOTOPHBIMH TOTLTUBAMH SIBIISIFOTCSI OEH3UHbL U Qu3elbHble TOIUTHBA, TOTy4aecMbie
nyTteM nepepaboTku HedTu. Kpome 3TOro Takke UCMONB3YIOT cocamvle U CHCUNCCHHbIE 2A3bl;
cunmemuyecKue moniugd, oaydaeMble TepepaboTKOM Yriis, CllaHIeB, ONTYMOHO3HBIX MECKOB;
chupmol; 3upbi.

ABTOMOOWIIbHBIC OCH3WHBI MPEACTABISIOT COOONH CMECH YIiIeBOJOPOIOB, BBHIKUIAIONIUX B JHA-
nazone temmneparyp 35...205?C u BeipabateiBatoTcs cienyromux Mapok: mo 'OCTy 2084-77 A-
76, AU-93 (A-92), AU-95, a takxe HeaTunupoBaHHbId AU-91; sxcrioptHbie 6eH3uHBI A-80, A-
92, A-96, c ynyudmieHHbIMU 3KoJiorndeckumu cBoiictBamu HOPCHU AN-80, HOPCU AU-92,
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HOPCU AU-95. udpsl B Mapke 6eH3MHA MTOKa3bIBaeT okTaHoBoe yucio (OY), koTopoe xapax-
TEPU3YET 0eMOHAYUOHHYIO CIOUKOCHb OEH3UHA.

Jli3enbHble TOMINBA BRIPAOATHIBAIOTCSl B OCHOBHOM M3 TUAPOOYMIIEHHBIX (DpaKIuii mpsmMoi me-
peronku HedTu. B Pocunu BeipabaThiBaloT TpH cOpTa AU3ENBHOTO TOILINBA!

"n" (metHee) A sKcIuryaranuu npu temneparype 07C u Bblie;

"3" (3uMHee) - A SKCIUTyaTanuu npu temmneparype -20?C u Bolle;

"a" (apkTHUEcKOe) - Ui SKCIUTyaTauu rnpu temneparype -50?C u Boiie.

YrieBogopoaHbIe ra3000pa3Hble TOMIMBA MPU HOPMAJIbHBIX YCIOBHSX MOAPA3JEISIOT Ha Cocd-
mote (CIII') u corcuscennvie (CHI'). B kauecTBe cxkatoro rasa HCMOJIL3YIOT TPUPOIHBIM Ta3
(95% merana CH4). CoxpkeHHBIE Ta3bl SIBISIIOTCS TPOJYKTaMU IepepabOoTKU MOMYTHBIX T'a30B U
ra30B T'a30KOHICHCATHBIX MECTOPOKJICHUN U BOCHOBHOM COJIepKaT OyTaHIPOIaHOBBIE U OyTH-
JICHIPOTHJIEHOBBIE CMECH, HaXOISIINECS TP HOPMAJIbHOM TeMIlepaType B KUAKOM COCTOSHUU.
OCHOBHBIM NPEUMYILECTBOM TaK30BBIX TOIUIMB SIBJISIETCS UX YMCTOTA, Ooyiee JIETKUH 3alycK B
XOJIOJTHOE BpeMsl, BBICOKHE IKOJIOTUYECKHE KayecTBa.

Tema 14. KoTesibHBIE YCTAHOBKH.

14.1. KoTeabHbIi arperart v e€ro 3JeMeHThblI.

Kak yxe yka3pIBaloch, YCTPONCTBA, B KOTOPBIX HEMOCPEICTBEHHO BBIpaOATHIBACTCS Tap H
HarpeBaeTcsl BOJA, Ha3bIBAIOT MAPOBBIMU MM BOAOTPEHHBIMH KOTJIaMu. Eciii KOTJBI B OTOMH-
TEThHBIX KOTEIHHBIX BHIPAOATHIBAIOT Map JAaBlieHuEM P

B npou3BOACTBEHHBIX U SHEPIETUYECKUX KOTEIbHBIX MO JABJICHUIO MOJy4aeMOro fnapa KOoTelb-
HbIE arperaTsl pa3ieaioTcs Ha cieayoniue: Huskoro nasnenus (0,8-1,6 MlIla), cpennero (2,4-4
MlIIa), Beicokoro (10-14MIla) u cBepxBbicokoro naBieHus (25-31Mma). [lapoBbie KOTENbHBIC
arperatsl ctangaptusupoBansl ('OCT 3619-76) no mapamerpam BbipabaTeiBaeMoro mapa (P u
T) u MomHOCTH.

KotenpHubie arperatsl npousBoautenbHOcThio 0,01-5,5 Kr/c 0OTHOCATCS K KOTJIaM Majoil MOIIHO-
CTH, MPOU3BOIUTEIHLHOCTHIO 10 30 Kr/c K KoTiaM cpeaHel momHocTu u 6omaee 30 kr/c (1o 500-
1000 kr/c) k KOTJIaM OOJIBIIION MOIIHOCTH.

Bonorpeiinbie KOTabI YHU(PHUITUPOBAHBI TIO TEIUIONPOU3BOAUTEIILHOCTH Ha BOCEMb THIIOB: 4, 6,5,
10, 20, 30, 50, 100 u 180 I'kan/4. Kotasl TeronpousBoauTenbHOCThIO HIbKe 30 ['kan/a npemana-
3HAYaloTCs 7151 pabOThl TOJBKO B OHOM pexume (0OCHOBHOM). KOTIIBI TEIIONPOU3BOAUTENHHO-
cthio 30 ['kan/4 u BbIIIE JOMYCKAIOT BO3MOKHOCTH paOOThI KaK B OCHOBHOM, TaK ¥ B MMUKOBOM
peXHUMax, T.. B IEPUOJ MAKCUMAIBHOTO TEIJIONOTPeOIeHNs Py Hanbojee HU3KUX TeMIepary-
pax HapyKHOTO BO3yXa.

JIJist KOTJIOB TETUIONPOU3BOAUTENHHOCTRIO M0 30 ['kan/4 Temmeparypa BOAbI Ha BBIXOJE MPUHH-
Maercs 432 K, a naBienue BoAbl Ha Bxonae B koten 1,6 Mlla. [Ins KOTIOB TEMIONPOU3BOAU-
tenpbHOCTRI0 30 ['kai/u u BbBIIIE MaKCHMallbHAs TeMIIepaTypa BOJbI Ha BBIXOJAE MPUHUMAETCS
450-470 K, a naBnenne Boabl Ha BxoAe 2,5 MIla.

[To KOHCTPYKIMY MapOBBIE KOTJIBI MOXKHO Pa3[eNUTh HA JBAa THUIA 2a30mpyOHble U 86000mMpYO-
Hule. B Ta30TpyOHBIX KOTJIaX OCHOBHBIE IOBEPXHOCTH HArpeBa HaXOJATCS BHYTPU LMIUHApPUYE-
CKOTO cocyza OOJBIIOTO AWMaMeTpa B BHUJE TaK HA3BIBAEMBIX YKAPOBBIX WJIH JBIMOTAPHBIX TPYO
VI Pa3IUYHbIX UX KOMOMHALIMN, IO KOTOPBIM JIBHKYTCSI POAYKTHI cropanus Tomiusa. Ha puc.
14.1 moka3aHbl CXeMbI KOTJIOB C KAapOBBIMH U ABIMOTapHBIMU TPyOaMH.
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Fuc. 141, Cxemu xortnos

A —E MAPOBBHIME  TPYGAMH; G- & mhemn-
rapueasn TpyGaMy

Bonee coBepiieHHBIMU SIBISIIOTCS BOAOTPYOHBIE MapoBble KOTJIBL. OHM MMEIOT Pa3BHUTHIE IO-
BEPXHOCTH HarpeBa, COCTOSIIIUE U3 TPYO, 3aIOIHEHHBIX BHYTPU BOJIOH M MApOBOSTHON CMECHIO,
a CHapyXH 000TrpeBaeMbIX MPOAYKTAMH CrOpaHHs TOIUTMBA. KOTJIBI OTHOCATCS K TOPU30HTAIIb-
HO-BOJIOTPYOHBIM, €CJIH TPYOBI PACIIOIO0KEHBI MO YTIIOM K TOPU30HTY He Ooiee 25°, U K BEpTH-
KaJbHO-BOJOTPYOHBIM, €CIIM TPYOBI HAYT 00Jee KPYyTO WM BEPTHUKAIBHO. B 3THX KOTIax myreMm
WU3MEHEHHS YHclia TPYO B My4YKaX M YKCIIa CAMBIX MTyYKOB YIaJIOCh YBEJIMYHTD IIOMIA b TIOBEPX-
HOCTH HarpeBa, He YBEIMYHBasl TUaMeTp ux 6apabaHoB, 4TO B CBOIO OYepe/hb AaJI0 BO3MOXKHOCTh
MOJTYYHTh B ATUX KOTJIAaX Map BEICOKOTO ABJICHUSI.

[Ipu pabGoTe mapoBOro KOTJia OY€Hb BaXKHO OOECIICUUTh HAACKHOE OXJIAXKICHHUE MOBEPXHOCTEU
HarpeBa, B KOTOPBIX IPOUCXOIUT MapoodpazoBanue. JlJist 3Toro He0OXOAMMO COOTBETCTBYIOIINM
06pa30M OpraHnu3oBaTb ABHUKCHUC BOJbI U HapOBOHHHOﬁ CMCCHU B HUCIIAPUTCIIBHBIX IMOBCPXHO-
cTsix HarpeBa. [lo xapaktepy opraHu3aliuyl JBIKCHHs pabouero Tejla B UCIAPUTEIBHBIX IO-
BCPXHOCTAX KOTCJIBHBIC arperarthbl JCIATCA HA TPU THUIIA:

1. C €CTeCTBEHHOU 1upKyIsmueit (puc 14.2,a);
2. C IPUHYAUTENIBbHON nupKysauueit (puc 14.2,0);
3. MPSAMOTOYHBIE.
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Puc, 14.2, Cxemu NOTAOB

d=—=C CCTCCTReMHON  uMpEyanunch; & —
HPHNYARTeARNGN  UkpEYAauHefi: [ — Gap:
OaN; 2 — HCNAPHTCABHIE NOBCPXHOCTH, J -
Apons perpedaTeas; 4 — snouosmanacp: J5-
M'lﬂ}'.‘iﬂnﬂﬂ,ﬂl‘fl-l:ﬂ.lt!ﬂb

[IpuHIMNIManbHas cxema NpSAMOTOYHOIO KOTJIa oka3aHa Ha puc 14.3. [lutarenbHas Boaa noja-
€TCsl B KOHBEKTHUBHBIN SKOHOMAif3ep 6, Tlie OHA MOJOTPEBAETCA 3a CUET TeIlia Ta30B, U MOCTYIa-
€T B DKpaHHbBIE TPYOBI 2, BHITIOJHEHHBIE B BHJIEC MapaJUICIbHO BKIIOYCHHBIX 3MEEBHKOB, PacIioO-
JIO)KEHHBIX HA CTEHAX TOINOYHOM Kamepbl. B HMKHEW 4acTH 3MEEBHUKOB BOJla HArPEBAECTCA 110
Temneparypsl HaceleHus. [lapooOpazoBanue fo crenenu cyxoctu 70-75% mpoucxoaut B 3me-
€BHUKaX CPEJHEro ypoBHs pacrnosioxeHus. [lapoBoasiHas cmech 3aTeM MOCTYNAET B MEPEXOIHYIO
KOHBEKTUBHYIO 30HY 4, TIe¢ TPOMCXOJUT OKOHYATEILHOE UCMAapeHUEe BOJIbI MU YaCTHYHBIN Tepe-
rpes napa. M3 nepexoaHoi 30HBI Iap HAIPABIIAETCSA B PAJUALMOHHBIN NeperpeBaTellb 2, 3aTeEM
JIOBOJUTCS 10 3aIaHHOM TeMIlepaTypbl B KOHBEKTUBHOM IieperpeBaresie 3 ¥ MOCTYyMaeT Ha Typ-
OunHy. B onmyckHOH mIaxTe KoTJioarperara pacroJiosKeHbI mepBasi (10 X0y Ta30B) U BTOpasl CTY-
MIEHU 5 U 7 BO3AYXOMOAOTpEBATEIS.
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Puc.14.3. Cxema npamorousoro KoT-

Joarperata

f WHARAN  DAJHAUHOEILIY  230Th HCltapw-
TeALHOR MOBCPXUOCTH  warpess: 2 - paiua
WHOUHBE  HCDOrPUBATCAL; 3 - KOWDUKTHRHAN
HALTh  Mapeper pesatean; 4 HOBCPXHOCTH
narpesa Avpexodundl  soHL: 5 7 - nepaasn
N BTOPAA CTVIICHH  B0JAV KOO IO A TUAN;
A KOHBCKTHBITR FOHOMATLICD! & ro

peara

K OCHOBHBIM 2J1€MEHTaM KOTEJBHBIX arperaroB OTHOCSTCS IapoIeperpeBaTed, 3JKOHOMan3epsl
Y BO3J1yXOIIOAOIPEBATEIIHN.

ITaponeperpeBare/b npeacTaBiasieT co00M 3MEEBUKOBYIO TOBEPXHOCTh TENJI000MEHa, IpeHa-
3HAYCHHYIO JUIA [Ieperpesa Iapa, IOJy4eHHOIO B UCIIAPUTEIbHOM 4acTH KOTEIbHOIO arperara.
[Tap nBuxercs BHYTpU TpyOOK, OMBIBA€MbIX CHAPYXH JbIMOBBIMH ra3zamiu. IlaponeperpeBatens
HEOTHEMIIEMBIN JJIEMEHT JHEPIeTUUECKUX KOTENIBHBIX arperaTtoB. EciM U HEKOTOPBIX TEXHO-
JIOTMYECKUX MPOLIECCOB TpedyeTcs MeperpeThlii map, To KOTeNbHbIE arperatbl Majloi U cpeaHen
MOIIHOCTH TaKXe CHa0XkaroT naponeperpeBaTesiMy.

Boasinbie 3KOHOMAaM3epBI IIPEIHA3HAYCHBI JUJIS [TOA0IPEBAa MUTATEIbHOM BOABI 10 IOCTYIICHUS
€¢ B HCIIAPUTEIIBHYIO 4acTh KOTEJIBHOrO arperara. IIpenBapuTeNbHBIN IOLOTPEB BOABI 34 CUET
TEIUIOTHI JBIMOBBIX I'a30B cyliecTBeHHO yBennuuBaeT KIIJ[ koTenbHoOro arperara .

B 3aBucMMOCTH OT NMPUMEHSEMOr0 MaTepHajga SYKOHOMAaW3Eephbl NENATCA Ha YYT'YHHBIE M CTallb-
HbIE, TI0 TUITY IOBEPXHOCTH Ha peOpHUCTbIC U IIaJKOTPyOHBIE, IO CTENEHU MOA0TPeBa BOJALl Ha
HE KUILIHUE U KUTISIIHUE.

Bosayxonoxorpesaresu. B oriinure oT BOASHOTO SKOHOMA3epa U MapoIeperpesaresist BO3y-
XOIOJIOTPEBATEINb. OTHUMAs TEIUIOTY OT YXOJSAILIMX JABIMOBBIX Ta30B M YMEHbIIIAs TAKUM 00pa3oM
IOTEPU €€ C ATUMH Ta3aMHu, HEMOCPEIACTBEHHO OTHATYIO TEIUIOTY HE IMepenaeTr pabodemy Temy
(Bome mnu napy). ['opsiunii Bo3ayX, HarpaBisieMblid B TOIKY KOTJIA, YIY4IIAeT YCIOBUS CrOpaHUs
TOIUIMBA, YMEHBIIAET MTOTEPU TEIUIOTHl OT XUMUYECKOW U MEXAHUYECKOM HEIIOJIHOTHI CrOPAHUS
TOIJIMBA, MOBBIIIAET TEMIEPATYpPy €ro rOpeHHs, MHTEHCU(PULIUPYET TEMI000MEH, YTO B UTOre
nossimaet KIT/I ycraHoBku. B cpeqHeM noHukeHne TeMnepaTypbl YXOAAIIMX ra30B HAa KayK/ble
20-25 K nossimaer KIIJ[ npumepno Ha 1%.

14.2. Bcnomorare/ibHOe 000pyA0BaHHe KOTEJIbHONH YCTAHOBKH.

CenapanuoHnHble ycTpoiicTBa. BiakHblll HACKHIICHHBIN TIAp, MOJy4aeMblii B OapabaHe KOTJIO-
arperaToB HU3KOTO U CPEIHEro JaBJICHHUM, MOXKET YHOCUTh ¢ COOOM Karid KOTJIOBOW BOJIBI, CO-
JiepKalien pacTBOPEHHbBIE B HEM colu. B KoT/ioarperatax BHICOKOTO M CBEPXBBICOKOTO JaBJICHHI
3arps3HeHue napa o0yciIaBIMBAETCA €Ile M JOMOJHUTEIBHBIM YHOCOM COJIe KPEeMHUEBOM KHC-
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JIOTBHI U COEIMHEHUI HATpUsl, KOTOPBIE PACTBOPSIFOTCS B Mape.

[TpumecH, yHOCUMBIE C ITAPOM, OTKJIAABIBAIOTCS B IIAPONIEPErPEBATEIIE, YTO KpallHE HEXKEIIATEIIb-
HO, TaK KaK MOXET NMPUBECTHU K Mepexory Tpyo nmaponeperpesarens. [loaromy nmap nepen BbIXo-
7oM 13 OapabaHa KOTJa MOJBEPraeTcs cenapayuu, B IPOLECcCe KOTOPON KAl KOTIOBOW BOJIBI
OTJIEISAIOTCS M ocTatoTcsi B Oapabane. Cemapamnus mapa OCyIIECTBISETCS B CHEIMATIbHBIX Cema-
PUPYIOIIMX YCTPOMCTBAX, B KOTOPOM CO3JAIOTCSA YCIOBMS [UIsl €CTECTBEHHOIO WJIM MEXaHWYe-
CKOT'O pa3/ieJIeHHs BOJIbI U Iapa.

EcrecTBeHHas cenapanusi MIPOUCXOAUT BCIEACTBUE OONBIION pa3HOCTH IUIOTHOCTEH BOJBI U Ma-
pa. MexaHMueCcKUii MHEPLUMOHHBIN NMPUHIMI CENapallid OCHOBAaH Ha pa3jMYuMy MHEPLUOHHBIX
CBOMCTB BOJSHBIX Kallelb Y Iapa MpU Pe3KOM YBEJIMYEHUH CKOPOCTU U OJHOBPEMEHHOM H3Me-
HEHUW HAIpaBJICHMsSI UM 3aKpyYMBaHUS IIOTOKA BIAKHOTO Mapa.

Ha puc 14.4 nokazanbl IpUHIUNHAIBHBIE CXEMbI CENAPUPYIOLIUX YCTPOUCTB.

TsroayrbeBsblie yeTpoiicTBa. /i1 HOpMaabHON pabOThl KOTEIHHOTO arperara HeoOXOAUMbI He-
IIPEpBIBHAS TI0Ja4a BO34yXa UIsl TOPEHUS TOIUIMBA U HEMPEPBIBHOE yIAJICHHUE NPOJLYKTOB Cropa-
HUS.

Puc. 14.4. Cxemsl cenapauHoHHBIX YCTPOHCTB

g -- TOrpyWHOR JABPYaTHE MHT: § — ZIWPpYatuil WeT, 2 — NAPpOOpHeM bl DRIDYATBHI wHT, & -
oTGOMNLIe 1 pacopedeaNTenbiible WHTEE  { — oTOOfHLIA  WHT; 2 — NaponpHeMublit  ABATHIA
ULHT; & — manadiddsil cenaparop: [ — orfofivkiil wHT, 2 -- ®aawaudHetll conapatop: J — na-
PONPHCMHLIR ABPUYATHIN WIHT; & - WHEJAOBKLI ccenapatop: § — UHEAGH; 2 — RapounpremMilbiil anip-
TATHI MEHT

B coBpeMEHHBIX KOTENbHBIX YCTAaHOBKAaX IIMPOKO PaclpOCTpaHEHa CXeMa C pa3peskeHUEM IO
razoxonaM. K HegocTtatkam 3TOM CXE€MBI CIeAYyeT OTHECTH HAaJW4HMe IIPUCOCOB BO3/1yXa B ra300T-
XOJIbl Yepe3 HEIJIOTHOCTH B OIPaKIEHHSIX M pabdOTy IBIMOCOCOB Ha 3allbICHHBIX Ta3ax. Jlocro-
MHCTBO TaKOM CXeMbl OTCYTCTBHE BHIOMBAHHUS M yTE€UYEK JBIMOBBIX Ia30B B MOMELIEHUE KOTENb-
HOM, TaK Kak BO3/yX B TOIKY HarHETAaeT BEHTHJISATOP, a ABIMOBBIE Ta3bl yaalsieT JbiMococ. B mo-
CleIHEe BPEMS B MOLIHBIX YHEPreTUYECKUX KOTEJIbHBIX YCTAHOBKAX IIMPOKO MPUMEHSETCS CXe-
Ma ¢ HaaayBoM. Tomka v Bech ra3oBbI TPAaKT HaxonsATcs moj aaBieHueM 3-5 klla. /laBnenue
CO3Ja€TCS1 MOLIHBIMHM BEHTHJIATOPAMU; IBIMOCOC OTCYTCTBYET. OCHOBHOM HEOCTATOK ATOM CXe-
MBI TPYAHOCTH, CBSI3aHHBIE C 00ECIIEUEHHUEM HaJIeKaIled TepPMETUYHOCTH TOIIKU M T'a30X0JI0B
KOTEJIbHOT'O arperara.

Jlis monmydeHusl TSITM HEOOXOAMMO YBEIHYMBATH BBICOTY TPYOBI HIIM TEMIIEPATYPy YXOJISIINX
ra3zoB. OHaKo MpU UCMOIB30BAaHUH JTFOO0T0 U3 ATUX CIOCOOOB HEOOXOAUMO UMETH B BUIY, UTO
BBICOTA TPYOBI OTPaHUYECHA €€ CTOMMOCTBIO M NMPOYHOCTHIO, @ TEMIIEpaTypa Ia30B ONTHMAJIb-
HbIM 3HaueHneM KIIJI kotenbHON ycTaHOBKHU. [103TOMY OOIBITMHCTBO COBPEMEHHBIX KOTEIBHBIX
YCTaHOBOK OOOpYIYIOT MCKYCCTBEHHOW TSTOM, JJISi CO3JaHHsI KOTOPOW MPUMEHSIIOT JIBIMOCOC,
MIPEO0JIEBAIOIINI COTPOTUBICHHE ra30BOr0 TpakTa. B 3TOM citydyae BHICOTY TpyObl BEIOUPAIOT B
COOTBETCTBUH C CAHUTAPHO-TEXHUYECKHUMHU TPEOOBAHHUSIMH.

Hamop Bo31yxa, co3qaBaeMblil BEHTHIISITOPOM, TAKXKE CIEAYET ONPEAENIATh HA OCHOBAHUM a3pO-
JUHAMHYECKOI0 pacyeTa BO3AYIIHOTO TpakTa (BO3AYXOBOJAOB, BO3AYXOIIOJOIPEBATEINs, IOpe-
JIOYHOTO YCTPOICTBA U T.1.) MakCUMaIbHBINM HAMlOp BEHTUJISATOPA N0JKeH ObITh Ha 10% Oosbiie
(B2=1,1) moTepp Hamopa B BO3AYIIHOM TPaKTe KOTEIHHOTO arperara.

OcHOBBI BOAONOATOTOBKU. OHON U3 OCHOBHBIX 3a/1a4 0€30MacHOI HKCIUTyaTallii KOTEIbHBIX
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YCTAHOBOK SIBJISIETCSl OPraHU3allsl pallMoOHAILHOTO BOJHOTO PEXHMA, IPU KOTOPOM HE 00pa3zy-
€TCsl HAaKUIIb Ha CTEHKaX HCIApUTENbHBIX MOBEPXHOCTEH HarpeBa, OTCYTCTBYET MX KOPpPO3Us U
o0ecrieynBaeTcsl BHICOKOE KauyecTBO BhIpadaTbiBaeMoro napa. Ilap, BeipabaTbiBaeMblil B KOTENb-
HOM yCTaHOBKE, BO3BpPAILAETCs OT MOTPEeOUTENs B KOHJACHCHPOBAHHOM COCTOSTHUU; IIPU 3TOM KO-
JMYECTBO BO3BPALIAEMOr0 KOHJEHCATa OOBIYHO OBIBACT MEHBINE, YeM KOJIMYECTBO BBIpaOOTaH-
HOTO Tapa.

[Totepu KoHIEHCaTa M BOJBI IIPU MPOJYBKE BOCHOJHIIOTCA 3a cUeT OOAaBKM BOABI U3 KAaKOIO-
au00 MCTOYHHMKA. JTa BOJAA JOJDKHA OBITH COOTBETCTBYIOIIMM OOpa3oM IMOATOTOBJICHA JO TO-
CTYIUIEHHUS B KOTENbHBIN arperaT. Boza, mporiemmas nmpeaBapuTesbHyI0 MOATOTOBKY, Ha3bIBa-
eTcsi 0006agouHOl, CMECh BO3BpAIAEMOr0 KOHJEHCaTa U J0OABOYHOM BOJIBI numamenvHoU, a
BOJ1a, KOTOpasi HUPKYIUPYET B KOHTYPE KOTIA, KOMI0BOU.

Ot KayecTBa MUTATEIBHON BOJBI 3aBUCUT HOpMallbHas paboTa KOTEIbHBIX arperatoB. dusuko-
XMMHUYECKHE CBOMCTBA BOJBI XAPAKTEPU3YIOT CIIEAYIOLIUE MMOKA3aTeNu: MPO3PayHOCTh, COJIep-
JKaHUe B3BEIICHHBIX BELIECTB, CYXOM OCTAaTOK, COJECOAEp)KaHUE, OKUCISIEMOCTh, YKECTKOCTD,
IIE€JI0YHOCTb, KOHIIEHTPALUs pacTBOPEHHBIX razoB (COz2u O2).

[Tpo3payHOCTh XapaKTepu3yeTcs HATMYHEM B3BEIIEHHBIX MEXaHUUECKUX U KOJUIOMIHBIX MpUMe-
ceif, a cojep)kaHue B3BELICHHBIX BEIECTB OIPEIENISAET CTENEHb 3arps3HEHUs BOJbI TBEPIBIMU
HEPACTBOPUMBIMU MPUMECIMHU.

TonauBonogaya. [l HopManbHON 1 OecriepeboiiHOi paboThl KOTEIBHBIX YCTAHOBOK TpeOyeT-
s, 4TOOBI TOIIMBO K HUM MOJaBalOCh HempephlBHO. [Iporiecc mogaun ToOruMBa CKIIaabIBaeTCs
U3 JIByX OCHOBHBIX 3TarnoB: 1) mojaya TOMJIMBA OT MECTa €ro A0OBIYM Ha CKJIAJbI, PACIONOKEH-
Hble BOJIM3M KOTEIbHOM; 2) Mojaya TOIUIMBA CO CKJIAJ0B HEMOCPEICTBEHHO B KOTEIbHBIE TTOME-
IICHUSI.

OuucTKa IBIMOBBIX Ta30B M yaajJeHHe 30J1bl U HL1aKa. [Ipu cropanuu TBEpIOro Tomimsa 00-
pasyeTcst MHOTO 30Jbl. [Ipy c0eBoM mporecce C)KMraHus OCHOBHAsI YaCTh MUHEPAIbHBIX IpH-
meceii ToruBa (60-70%) nmpeBpaiaeTcs B IJIaK U MPOBAJIMBAETCS Yepe3 KOJIOCHUKOBBIE pelIeT-
KA B 30JbHUK. B MBUICYrONbHBIX TOMKax Oombinas 4acTh (75-85%) 3016l YHOCHTCS U3 KOTIIO-
arperaroB C JIbIMOBBIMU Ta3aMH.

B nacrosiiiee BpeMst B KOTEIbHBIX NPUMEHSIOT CIEAYIOIME TUIIBI 30JI0yI0BUTENeH: 1) nHepLu-
OHHBIC MEXaHUUYECKHE; 2) MOKPHIC; 3) 3NeKTPpODUIbTPHI; 4) KOMOMHUPOBAHHBIE.

Wuepuunonnsle (MEXaHUYECKUE) 30JI0YJIOBUTEIN PadOTAIOT MO MPHUHILHUIY BBIACICHHUS 30JI0BBIX
YaCcTHUII U3 Ta30BOT0 MOTOKA MO/ BIUSHUEM CHJI HHEPLIUH.

B Hacrosiiiee Bpemsl IIMPOKO IPUMEHSIOTCS 30J10yJIaBUTENN MOKporo tuna. Ha puc.14.5 noka-
3aHa CXeMa MOKPOTO 30JI0yJIaBUTEINS (CKpy0Oepa) ¢ HIPKHUM TaHTCHIIMAJIBHBIM MTOABOIOM 3aIlbl-
JICHHOTO Tra3a.
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Puc.14.5. Cxema nentpofesnoro
ckpyObepa koncrpyrunn BTH
1-xopnyc; 2-exoaHoii narpybok;
3-gnanan; 4-KoUeKTOp NOJR0Aa
BOMLL S-OpOCII'I CJIEHEIC COTLTA.

[IpuHumn neicTBUs AMEKTPOPMIBTPOB 3aKITIOYAETCS B TOM, YTO 3aIBUICHHBIE Ta3bl MPOXOIST
yepe3 JIeKTpUudeckoe mojie, o0pazyemMoe MeXIy CTAIbHBIM LUIUHAPOM (TOJIOKUTENIbHBIN MO-
JII0C) Y MPOBOJIOKOM, TPOXOSILEN 10 OCH IIMIIMH Ipa (OTpULATEIbHBIN noftoc). OcHOBHAs Macca
YaCTHUII 30J1bI TTOTY4aeT OTPULIATENbHBIN 3apsi/l U MPUTATUBAETCSA K CTEHKaM IMJIMHIpPA, He3HAYH-
TEJIbHAS YaCTh YACTHIL 30JbI TOIYYaeT MOJOKHUTEIbHBIN 3aps U MPUTATHBACTCS K MPOBOJIOKE.
[Tpu mepuoau4YecKOM BCTPSIXHMBAHUU JIIEKTPOPUIBTPA AJNEKTPOABI OCBOOOXKIAIOTCS OT 30JIbl.
DJ1eKTPOPUILTPHI IPUMEHSIOT B KOTENBLHBIX C PACXOIOM JBIMOBBIX ra3os 6omee 70000 m>/4, oT-
HECEHHBIX K HOPMAJIbHBIM YCIIOBHUSIM.

KomOuHupOBaHHBIE 30JI0yJIOBUTENHN SBISIIOTCS ABYXCTYIEHUYATHIMH , TIPU 3TOM paboTa KaxIo0i
CTYIIEHU OCHOBaHA Ha pa3jMYHbIX NpuHIMNax. Yaile Bcero KOMOMHUPOBAHHBIN 30JI0yJIOBUTEIH
COCTOUT U3 OaTapeitHOro UKIIOHA (TIepBasi CTYNEHb) U ANEKTPOPMIBTPA (BTOPasi CTYIICHbD).
[Tpouecc 3001UI1aKOy1aJIeHUS MOKHO pa3feuTh Ha IBE OCHOBHBIE ONEpaIlMU: OUYHUCTKA IIJIaKO-
BBIX U 30JIbHBIX OYHKEPOB M TPAHCIIOPTHUPOBKA 30JIbI U [IUIAKA HA 30JI00TBAJIBI MJTH IITAKOOETOH-
HEIX U3CIIUHN.

14.3. TenuioBoii 6aj1aHC KOTEJBLHOIO arperara.

TemoBoii GajlaHC KOTETBHOTO arperara yCTaHaBIMBAEeT PAaBEHCTBO MEX]y MOCTYMAIOUIUM B ar-
peraT KoJIMYeCTBOM TEIUIOTHI U €ro pacxoaoM. Ha ocHOBaHMH TEIIOBOTO OajlaHCca ONpeNesioT
pacxoJl TOIJIMBA U BBIUUCISAIOT KOAGOUIIMEHT TOJIe3HOTO AeHCTBUS, d(PGHEKTUBHOCTh PabOThI
KOTEJIbHOT'O arperara.

B koTenbHOM arperate XMMHUYECKHU CBsI3aHHAs YHEPIHsl TOIUIMBA B IpolEecce ropeHus npeolpa-
3yeTrcs B (PU3MUECKYIO TEIJIOTY TOPIOYMX MPOJIYKTOB CrOpaHMs. DTa TEIUIOTa PacXoayeTcs Ha
BBIPA0OTKY M MEperpeB mapa Wid HarpeBaHus BoJbl. BeriencTBrue HeM30€KHBIX MOTEPh MPH Tie-
pelade TEIIOTHl M MpeoOpa3oBaHMsI SHEPTUH BbIpadaThIBaeMblil MPOIYKT (map, BojAa U T.J.) BOC-
MPUHUMAET TOJBKO YacTh TEIUIOTHL. J[pyryro 4acTh COCTaBISIIOT MOTEPH, KOTOPhIE 3aBUCAT OT
3¢ (HEeKTUBHOCTH OpraHU3alliy MPOIECCOB MPeoOpa3oBaHuUs SJHEPTUU (CIKUTAHUS TIOTIUBA) U TIie-
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pellauu TeryIoThl BEIpabaThIBAEMOMY MPOIYKTY.

VYpaBHeHHe TemI0BOro OanaHca /Ui yCTaHOBUBIIETOCS TETMJIOBOTO COCTOSIHUS arperaTa 3aIvchl-
BalOT B CJIEIYIOIIEM BU/JIE:

QP=Qi+ Qu

WIH

QPp=Q1+Q2+Q3+Q4+Q5+Q6 (14.1)

rae QP, Temora, KOTOpOi pacmonaraiot; Qi HCIoyib30BaHHAs TeIoTa; Qrn - obmue norepu; Q2
MOTEPHU TEIUIOTHI C YXOIAUIMMH razamu; Q3 TMOTEpU TEIIOTHl OT XMMHUYECKOTO Hemoxkora; Q4
MOTEPHU TEIUIOTHI OT MEXaHUYECKON HETIONHOTHI cropanus; Qs MOTepH TEIUIOTH B OKPYKAIOIIYIO
cpeny; Qs TOTEpH TEIJIOTHI C PU3HMYECKOM TETIOTON MUTAKOB.

JleBast mpuxo/aHAs YacTh ypaBHEHUs TerioBoro Oamanca (14.1) siBrsieTcss CyMMON CIETYIONTNX
BEJIMYMH:

QPp=QPu+Qsp sn+Qrnap+Qgus.r. (14.2)

rae Qpen TEIJIOTA, BHOCUMAS B KOTJIOArperaT ¢ BO3yXOM Ha | KT TOIJIMBA; 3Ta TEIJIOTA YUUThI-
BAaeTCs TOIJa, KOTJa BO3/AyX HarpeBaeTcs BHE KOTEIbHOIO arperara (Hampumep, B MapOBBIX WIH
JNEKTPUYECKUX Kallopudepax, yCTaHABIMBAEMbIX O BO3IyXOIOIOrPEBATENs); €CIH BO3IYX
HarpeBaeTcsl TOJbKO B BO3/JyXOHArpeBaTese, TO, TeIUIOTa He YYUTHIBACTCS, TaK KaK OHAa BO3BpPa-
niaercs B TONKY arperata; Quap - TEIJIOTa, BHOCUMAS B TOMNKY € AYTheBBIM ((OPCYHOUHBIM) Ia-
poM Ha 1 kr moTmmBa; Qgus.r. - pusHdeckas Tertora 1 kr umu 1 m° Tormaa.

TennoTy, BHOCUMYIO C BO3AYXOM, PaCCUUTHIBAIOT [0 PABEHCTBY:

Qoo = B'VOCp/(Trss Txs), . (14.3)

rae B/ - OTHOLIEHKME KONMYECTBA BO3yXa Ha BXOJE B BO3LYXOMOJIOrpeBaTelb K TEOPETHYECKH
Heobxoaumomy; ¢p'= 1,33 kJIx/(m>-K), npu Temneparype Bosayxa 10 600K; Trys , Txss Teme-
paTyphl TOPSIYETo O XOJIOAHOTO BO3yXa, 00BIYHO Tx .z = 300K.

Tennory, BHOCUMYIO C TIapoM JUTsl paclbUIeHUsT MazyTa ((OpCYHOUHBIN Tap), HaXOoAAT 1o (op-
MmyJe:

Quap = Co (i 1), (14.4)

rae Cy pacxoa ¢popcyHouHOro napa, paBHbiil 0,3-0,4 Kr/Kkr; iy SHTaNbNUS GOPCYHOUHOTO Iapa,
k/DK/Kr; r Temora mapooOpa3oBaHus, KJK/Kr.

®dusnueckas TemioTa | Kr Toniausa:

QCI)I/IB.T. =Cr (TT 273) 5. (145)

IZie Cr TEIIOEMKOCTh TomnuBa, k/[x/(kr- K); Tr Temmeparypa Toruusa.
Ecnn npeaBapuTenbHbli IOJOIPEB BO3AyXa M TOIJIMBA OTCYTCTBYET M Map AJS PaCHbLICHUS
TOIUIMBA HE UCTOb3yeTcs, TO QPp=QPy.

Tema 15. Tono4Hble yCTPOHCTBA.

15.1. TomoyHwble ycTpoiicTBA.

Tomka 0JWH U3 OCHOBHBIX 3JIEMEHTOB KOTEJIBHOIO arperara. B HEl nmpoucxoauT mpouece rope-
HUS, IPU KOTOPOM XMMHUYeCKasi JHEprusl TOIUIMBA Mpeodpa3zyeTcs B TEIIOBYIO SHEPTUIO TPOAYK-
TOB CrOpaHus, NepeaBaeMyIo Jajiee )KUIKOCTU U Napy, HaXOIAIIUMCS B KOTJIE.

CyniecTByromue TONOYHbIE YCTPOMCTBA MOKHO PA3JCINUTh HA Cl0€e8ble U KaMepHbIe.

CJi0eBble TONKMU MPETHA3HAYEHBI JUISI CXKUTAHUS TBEPJOTO TOIUIMBA B CJIO€ HAa KOJIOCHUKOBOM
peuieTke. B kKaMepHBIX TONKAX CXKUTAETCsl TBEPJO€ TOIUIMBO BO B3BEIIEHHOM COCTOSIHUU B BH-
1€ TIBUTK U APOOJICHBIX YaCTHII, a TAKXKE JKUIKOE, PACTIBUIIEMOE C MOMOIIBI0 (DOPCYHOK, U Ta30-
oOpazHoe. KamepHbie TONKYU MOApa3AeAIOTCs Ha hakenbHble U 8UXpesble.

Ha puc.15.1 nmoka3zansl cXxembl C10€BOr0, (PakeITbHOr0 U BUXPEBOIO CIOCOOOB CHKUTAHUS TOILIU-
Ba. [Ipu cioeBoM crmocobe cxuranus HEOOXOAUMBIN IS TOPEHUsl BO3/yX MOMNAAAeTCs K CIIOI0
TOIUIMBA 4€pe3 KOJIOCHUKOBYIO PELIETKY.

54



a)

1114

&

ety
=)

7 T

My

[

50

Puc. 15.1. CxeMbt cnocoGoB CHKHTaHHA TBEPAOTO TOMJAHBA

¢ — caocnolt;, 6 — hakenpusiil; 8 — BUXPCBOIl; | — TOOAKRBO, 2 — BOAAYX
[TIpu ¢akenbHOM croco0e CXUTraHusl TBEPAOE TOIUIMBO MPEIBApUTENILHO pa3MajblBaeTcs B
MEJBHHIIAX U MBUIb BMECTE C BO3IYXOM (a3pOCMECh) MOMaaaeT B TONKY. Bpems mpeObBaHuUs ra-
3a U MBUTH B 00BEMeE TONKK He3HaunuTenbHo (1,5-2 ¢).
[uknoHHBIH cIOCO0 CKUTaHUSI OCHOBAH HA MCIOJIB30BAHUHU 3aKPYyUYEHHBIX TOIUTHBOBO3IYIIHBIX
MOTOKOB. TpaHCHOPT TOIMJIMBA OCYIIECTBISIETCS BO3AyXOM. TOIUIMBHBIE YaCTUIBI TUPKYIUPYIOT
M0 ONPEJEICHHBIM TPAEKTOPUSIM B TEUCHHE BPEMEHHU, HEOOXOAUMOTO /ISl 3aBEPIICHUS UX CTO-
panus. [log neficTBUEM IEHTPOOEKHBIX CHJI YACTHULIBI JABHKYTCS B BHJE YIUIOTHEHHOTO MpH-
CTEHHOTO CJIOSl, HHTEHCUBHO TIEPEMEIINBAsICh C BO3AyXOM. BpeMs mpeObIBaHUS YaCTHI] B LIUK-
JIOHHOM Kamepe BBIOMPAETCs TOCTATOYHBIM JIJIsi BRITOpaHus Tpyooi meutn (pazmep vactuir 200
MKM) WJIH JPOOJIEHOTO TOIUTHBA (pa3Mep YacTHII IO 5 MM).
CaoeBble Tonku. [1o cmocoby MexaHu3aruu onepanuii 00CIykuBaHus (Imogada TOTUTHBA, IIIH-
POBKa CJIOs1, YAQJICHHE 30JIB U IIJIaKa) CIIOEBBIE TOMKH ACNATCS HA pyYHble (HeMeXaHH3HMPOBaH-
Hble), MOJIyMeXaHHu4YecKHe U MeXaHudyeckue. B momyMmexaHM4ecKHX TONKaxX MEXaHU3WPOBaHA
4yacTh onepannii. B MexaHnueckux Tonkax MeXaHU3UPOBAHbBI BCE OTIEPALIMH.
Knaccudukanum Hanbosee TUMMYHBIX U OTHOCUTENBHO IIUPOKO PAaCIPOCTPAHEHHBIX TOMOYHBIX
YCTPOMCTB CO CJIOEBBIM CKUTAaHUEM TOIUIMBA MMOKa3aHa Ha puc.15.2.
8

Pnec, 152, CxeMbl CROEBHX TONOK

! - - TONAHBD, 2 — DO3AYX; J -- NPOAYKTH CIOPaHHR; 4 = 0arolele CCTATHH
B 3aBucuMocTH OT crocoba opraHu3aIiuy Mporecca CKUTaHus TOTUTMBA CJIOCBBIE TOTIKA MOYKHO
pa3lieTuTh HA TPU TPYIIIIHL:

1) ¢ HEMOABMKHOM KOJIOCHUKOBOW PEIIETKON M HETIOBKHBIM CJIOeM ToruthBa (puc.15.2,a, 6);
2) ¢ HEMOJBMKHON KOJIOCHUKOBOM PEIIETKON U MepeMellleHHeM TOIUIMBa Mo pemierke (puc.15.2
8 2 0);

3) ¢ NOIBMKHOM KOJIOCHMKOBOM PELIETKOM M JBHXKYLIMMCS BMECTE C HEH CIIOEM TOIUIMBA
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(puc.15.2 e).

B nokazannyro Ha puc.15.2,a TONKy TOIUIMBO 3arpyarT BPYUYHYIO U BPYUHYIO YIAJIAIOT O4aro-
BbIE OCTaTKH Yepe3 30JbHUK. V3-3a 0ONBINON 3aTpaThl GU3NYECKOTO TPYAA TOIKH ITOTO THIIA
HCITOJIB3YIOT TOJIBKO JIJIs1 KOTJIOB MaJIOM mapornpoun3BoauTenbHocTH (10 0,5 Kr/c).

Ha puc.15.2,6 noka3aHa moixyMexaHHUYeCKas TOMKA C MTHEBMOMEXaHMUYECKUM 3a0pachIBaTelieM
(ITM3) (puc.15.3) u pyusasiMu moBopaurBaromumMucs kosocaukamu (PTIK).

oY Ly

Puc. 153. [IneBMOMexaHHYecKHE 3a-
fpacwBaTesb TONJAHBA

f —6ynkep: 2 -—muratens, 3 — poropunf
MCTAT Ab, 4 — conaoBas PEIIETH &

TomnmuBo 3a0paceiBaeTcs nurarenem [IM3 u paBHOMEpPHO pacipenesseTcs Mo pemerke, Y nais-
IOT OYaroBbl€ OCTaTKH IIyTEM MX COpachbIBaHMs B 30JIbHBI OYHKEp MpH MOBOPOTE KOJIOCHHUKOB
OKOJIO CBOEM OCH OT py4yHOro mpuBoja. B Tomke, nmoka3zanHo Ha puc. 15.2, 6, 3arpyska ocy-
HIECTBIISIETCS TIOJT BO3JICCTBHEM COOCTBEHHOTO Beca TOTUIMBA. TOIKHU C HAKJIOHHOW PEMIETKOM (C
yriaoMm 40-50, 4TO COOTBETCTBYET YTy €CTECTBEHHOIO OTKOCA CKUTAEMOI'0 TOILIMBA) UCIOJIb3Y-
I0OT OOBIYHO Ul CXKUIaHUS JIPEBECHBIX OTXOJOB U KyckoBoro Topda. Bo3BparHo-
NOCTYNATEIbHOE IBUKEHUE KOJJOCHUKOB Ha HAaKJIOHHO-IIEpeTaJIKUBaroulel pemerke (puc. 15.2,2)
JIa€T BO3MOXXHOCTb OCYILIECTBUTH HEMPEPBIBHYIO IIYPOBKY CJIOS TOIUIMBA, B TakMxX TONKax BO3-
MOYKHO C)KMTaHHME TOPIOUUX CJaHLEB, OyphIX yriieil ¢ OOJBIION 30JbHOCTHIO M IOBBIIICHHOM
BJIAKHOCTBIO M KAMEHHBIX YIJIeH ¢ OOJIBIIMM BBIXOJIOM JIETYUMX BEIIECTB.

Tonku ¢ mypyromei miankoi (puc. 15.2,0) npeaHa3HayeHbl A1 CKUTAHUSI MHOTO30JbHBIX OY-
PBIX U HECHEKarmuxcs KaMeHHbIX yriied. [llypyromas mianka BBIIOJIHAETCS B BUJIE TPEXTPaH-
HOM IIPU3MBI U3 JIMTOIO YyT'YHA MJIM CTAIU. YTOJI HAKJIIOHA IepeHEN IIIOCKOCTU K TOPU30HTAJIb-
HOM ITOCKOCTH cocTaBiseT 35, a 3aaHeit 15. Ilpu nBwkenun Briepes (K 3aJHEH CTEHKE TOIKH)
TOIUIMBO MOJPE3aeTCs 3alHEN I'PAHbIO U OCYILECTBISAETCS IIYPOBKA FOPSIIETO €05 TOIUINBA.
KamepHble TONKH I CKUTAaHMSA TBEPAOI0 TOIIMBA HCIOJB3YIOT B KOTEIBHBIX arperarax
cpenueit (10-42 kr/c) u 6omnpImoi ( 42 Kr/c) IpOU3BOAUTEIHLHOCTH.

OcHOBHBIE IPEUMYILIECTBA KAMEPHBIX TOIOK 3aKIIIOYAIOTCS B CICAYIOLIEM:

1) BO3MOXHOCTh SKOHOMHUYHOTO MCIIOJIb30BaHMsI IPAKTUUYECKU BCEX COPTOB YIUIsA, B TOM YHCIIE U
HU3KOKa4YeCTBEHHBIX, KOTOPBIE TPYIHO CKUTATh B CIIOE;

2) xopotiee MepeMenBaHue TOIUIMBA C BO3yXOM, UYTO MO3BOJSET paboTaTh ¢ HEOOJIBIIUM H3-
ObITKOM BO3ayxa (a=1,2-1,25);

3) BO3MOKHOCTb MOBBIIIEHUS EAMHUYHOM MOIIIHOCTH KOTEIBHOIO arperara:

4) oTHOCHTENIbHAS MPOCTOTA PErYJINPOBAHUS PEKHUMA PaObOTHI U, CIEJOBATEIBHO, BO3MOXKHOCTb
IIOJIHOM aBTOMAaTH3allMy TOIIOYHOTO IPOLIECCa.

15.2. C:xuranue Tomiusa.

Cxuranue TBepAoOro Tomiansa B (akene. bonpinoe 3HaueHne i paboThl MBUICYTOIBHBIX TOMOK
UMeET KOHCTPYKIHs NMPUMEHSAEMBIX Topenok. ['openku AomkHbl o0ecrieunBaTh XOpollee mepe-
MEIIMBAHKUE TOIIMBA C BO3AYXOM, HAJE)KHOE 3aKUTaHUE a’dPOCMECH, MAKCUMAJIbHOE 3arlojIHe-
HHUE (DaKeIoM TOMOYHOM KaMepbl U JIETKO MOAJABAaThCs PETyIUPOBAHUIO 110 MPOU3BOJUTEIBHO-
CTH B 33JJaHHBIX IIpEe/IeTax.

Coxuranme Ma3yTa M rasos B TONKax. JKHJIKoe TOIUIMBO, CKUTAEMOE B TOIKAaX, IOJBEPIacTCs
IpeIBapUTEILHOMY PACHBUICHUIO C MOMOIIBI0 (DOPCYHKH, SBISIOMICHCS SJIEMEHTOM TOPEINKH.
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[Tox ropenkoii B 00IIeM cirydae MOHUMAETCS arperar, BKIIOYAIINUNA TOMUMO ()OPCYHKH BO3ITY-
XOHAIPaBJISIIOIINIA anmnapar, 3anajibHoe yCTPOUCTBO U MEXaHU3M YIIPaBJICHHUS.

KauecTtBeHHOE CoKUTaHKE )KUIKOTO TOIUTMBA 00YCIIaBIMBAETCSI TOHKOCTBIO €ro pacnbuieHus. Jis
ATOM 1ETM UCTIOJIB3YIOT (DOPCYHKH, KOTOPHIE, KpOME TOTO, 00€CTICUNBAIOT HEOOXOIUMBIN JTrarma-
30H PEryJupOBaHUs Pacxo/ia TOIJIMBA U YCTOWYMBOE 3a)KUTaHUE CMECH.

B 3aBucumoctu oT croco6a pacnbuieHHs TOIUIMBA (OPCYHKHU MOAPA3ILISAIOTCS Ha YEThIpE Kiac-
ca: MEXaHM4YECKHe, MapoBble, BO3AYIIHBIE (THEBMaTHUECKUE) U KoMOMHUpoBaHHbIe. Ha puc.15.4
MOKa3aHbl MPUHIUIHAIBHBIE CXEeMbl TPUMEHSIEMbIX (POPCYHOK.

a

Puc. 15.4. [IppHUMNHAILHBE CXEMB MA3YTHBIX thopcynok

I — Tonaweo; 2 — poszavy; J— nap
@DOpCYHKH ¢ MEXaHWYECKUM PACHBbUICHHEM Pa3eliaioT Ha MPSIMOCTPYHHBIE, [IEHTPOOESIKHbBIE U
poranronnsie. B psimoctpyitHbix popcynkax (Puc.15.4,a) npoGieHue cTpyr TOIIMBA HA MEJTb-
yalme Karmid NpOUCXOIUT MPHU €ro MPOJaBIUBAHUM 101 3HAUUTENIbHBIM J1aBiieHueM (1-2 Mmna)
yepes COIUIO MaJlorTo IhaMeTpa.
B nentpobexusix ¢opcynkax (Puc.15.4,6,6) TOmmBo pacmbuIsieTcsi MOJ JACWCTBUEM IIEHTPO-
OEKHBIX CHJI, BOSHUKAIOIIMX MPU 3aKPyYUBAHUHU TOIJIUBHOTO MOTOKA.
B porammonusix ¢dopcynkax (Puc.15.4,2) TommBo mojaeTcsi BHYTPh OBICTPO BpAaIaloNIErocs
pacnbUIMBAIOIIETOCS CTaKaHa, TJIe OHO pacTeKaeTcs Moj JeHCTBHEM LIEHTPOOESKHBIX cuil, oOpa-
3ys TOHKYIO IUIeHKY. Ha BBIXOHOM KPOMKE CTakaHa TOHKAs IJICHKA IMOAXBATHIBACTCS TOIBOIM-
MBIM [IEPBUYHBIM BO3TYXOM.
[TapoBbie U MHEBMaTHYECKHE (POPCYHKH MOXKHO OOBEIUHUTH B OJUH KJI1acC (HOPCYHKH C paciibl-
nuBarotie cpenoir. B mapoBeix ¢dopceynkax (Puc.15.4,0) B kaduecTBe Takoil Cpeabl HCTIOIB3YIOT
BOAsiHOM map ¢ naienueM 0,4-1,6 Mna., a B mHeBMatuueckux (opcynkax (Puc.15.4,e) ucmons-
3y1oT Bo3ayx Hu3koro (0,002-0,008 Mma) u Beicokoro (0,2-1 Mna u BeIiie) gaBiIcHUS.
I"a3oBbIe rOpenKy ObIBAIOT:
KuHemuyeckue - TIOJHOTO MPEBAPUTEIHLHOIO CMEIIeHUs (Ta3 ¢ BO3AYXOM CMEIINMBAETCS 0 BBI-
X0J1a U3 TOPEIIKH);
oughghyzuonno-xunemuyeckue 4aCTUYHOTO MPEIBAPUTEIHHOIO CMEILICHUS;
oughghyzuonHvle BHEIIHETO CMEIICHUS.
[To cnocoOy mojaun Bo3ayxa TOPENKH ACNATCA Ha UHIMCEKYUOHHble U Oymbesble (TIPUHYINTENb-
HOI mojiaueit Bo3ayxa).
Ha puc.15.5 nokazanbl OCHOBHBIE TPUHIIUITHAIBHBIE CXEMBI Ta30BbIX TOPETIOK.
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Puc. 15.5. CxeMBl ropefox AaA CIKHIAHHA Ta3a

I - rAXBOC CODAG. 2 — PErynaMpYIONLAan BO3AYWNIAA 3ACAOHKAD J -- CMUCHTCND: 4 — KCepaMu9ecKan
:ﬁ:i::;‘l:r;ﬁ:l_ifllaTDQHHﬁ TABHXPHTLAB 6 ~ Fa3oBBIl  KOAACKTOD; 7 -— 0OMYPOBKA TOOKM: | —
15.3. TensioTexHn4ecKkue MOKa3areJu padoThl TOMOK.
Bakneiilas TeIIOTEXHUYECKasi XapaKTEPUCTUKA TOIIOYHBIX YCTPONCTB, OCHOBBIBAsCh HA KOTO-
poii pemaroT BONPOCHI MX KOHCTPYKIIMM M OLEHUBAIOT MUHTEHCUBHOCTb PadOTHI, - menniogoe
HanpsdiceHue obvema monounoz2o npocmpancmea. OHO BbIpakaeTcst oTHouienueM Q/Vr u npen-
CTaBJIsieT co0O0M KOJTMYECTBO TEIIOTHI, BBIJCIUBIIECIHCS MPU CKUTAHUHM ONPEEIIEHHOTO KOJnde-
CTBA TOIUIMBA B €IWHUILy BpeMeHU B u mpuxopsmeiics Ha 1 ky0.M oObemMa TOMOYHOTO IMPO-
CTPaHCTBA, T.€.:
qQu = Q/V:=QPy B/V:. (15.1)
Enuuunen usmepenus q Ui SBISIETCS Br/v’.
Ecnu 3Hauenne q Oyaer mpeBbIIaTh OMPENEICHHYIO YHCIOBYIO BEIWYMHY, YCTAHOBIIEHHYIO
MPaKTUYECKH, TO 32 BPEMSI HaXO0XKJICHUS B TOIKE TOILJIMBO HE CTOPUT MOTHOCTHIO. OMBIT 3KCILTY-
aTallK KOTEJbHBIX arperaTtoB MOKa3al, YTO JJI Pa3IMYHbIX BUJOB TOIUIMBA, CIOCOOOB CXKHUTa-
HUA U KOHCTPYKLUMH TONOK JOIMYCTUMOE 3HA4CHUE (u WU3MEHACTCS B ILIMPOKUX IIpelesax.
Hampumep, 1715t CIIOEBBIX TOIMOK C HEMOJBM)XKHOW PEIIETKON M PyYHBIM 3a0pOCOM TOIUIUBA (v =
290 350 xBT/M>, y cI0eBBIX MEXaHM3MPOBAHHBIX TOMOK (x =290 465 kBT/M>, 1718 KaMepHBIX
TOMOK HPH CKUTAHUU YTOJIBHOM MbLIM qu = 145 230 kB1/M°, a npu cxkuranuy B HUX rasa Wi
MasyTa qx = 230 460xBt/M>.
B croeBbIx TOmKax, B KOTOPBIX YacTh TOIJIMBA CTOPAET B CJIOE, a ApYrasi 4aCTh B TOIMIOYHOM IPO-
CTPaHCTBE, MPUMEHSIOT €llle OJAHY XapaKTEePUCTUKY MHTEHCHBHOCTH TEIUIOBOIl pabOThI TOIKH,

Ha3bIBAEMYIO /MeNI08bIM HANPANCEHUEM 3ePKALA 20peHUs U UMEIOILYIO BHL:
qQr=Q/R=Q"+/R. (15.2)

Enununeit usmepenust st qr SIBIASETCS Br/m?; B kr/c; QPy Jlx/kr 1 ms - R M2,

DTa XapaKTepUCTHKA MPEJCTABISIET COO0 KOIMUYECTBO TEIIOTHI, BHIACIUBIICHCS TIPU CKUTAHUN
OTIpe/IeNIeHHOr0 KONMYecTBa TOIIMBA B eIMHMIly BPEMEHH M TIPUXojsieiics Ha 1 M° miomanu
MOBEPXHOCTHU 3epKalia TOPEHUs. Y CTAHOBIIEHO, YTO YeM OOJIbIIE r, TEM OOJBIIE MOTEPS TETLIO-
THI OT MEXaHMYECKOTO HEI0XKOTa BCIEACTBHUE YHOCA U3 MPEACIIOB TOMKHA MEJIKUX, HE YCIIEBITUX
CrOpeTh YaCTHII TOIUIMBA. 3HAUEHUS TETIOBOTO HAIIPSHKCHUSI 3e€pKaJia 30J1bI, KOHCTPYKIIMH TOTIKU
U T.JI. U UI3BMEHAIOTCA B IUPOKUX npeaenax ot 350 mo 1100 kB/M?. OueBnIHO, YTO 4eM OoJIbIe
3HAUEHUE (u ¥ R JUTSI 33/IaHHBIX Pa3MEPOB TOMKHU M OJHOTO U TOTO K€ BUJA TOIUIMBA, TEM UHTCH-
cuBHeH (popcupoBaHHEH) MpOTEKaeT paboTa TOIKH, T.€. OOJIBIIIE CKUTACTCS TOIUIMBA B CAMHUILY
BPEMEHH U OOIbIlie BhIpabaThiBaeTCs TEIIOThl. OMHAKO (OpCHpOBATH TOMKY MOXHO JIUIIB O
OTIPENICTICHHOTO TIpeiesia, 10O B MPOTHBHOM CIIy4ae BO3PACTAIOT MOTEPU OT XMMHYECKOW M Me-
XaHUYECKOM HEMOJIHOTHI cropanus u cHuxkaercst KITJL.

Tema 16.I'openue Tonmusa.

16.1. ®u3nyecKkuii Mpouecc ropeHus TOMJIMBA.

Lopenue monausa XUMHYECKasl peakilisi COSTUHEHUS TOPIOYMX 3JIEMEHTOB TOILJIMBA C OKHUCIIH-
TEJIEM MPU BBICOKOM TeMIIepaType, CONMPOBOKAAIONINICS NHTCHCUBHBIM BBIJICICHUEM TEIUIOTHI.
B kauecTBe OKHCIUTENS UCIIONB3YIOT KHCIOPO BO3yXa.

[Iponiecchl TopeHust pa3AessaoT Ha 2 TPYIIIbL:

1). comocennoe TOpeHHME TOpPEHHME Ta3000pa3HBIX TOPIOYMX (XapaKTEpU3yeTcs CHCTEMOU
"razt+raz");
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2). eemepozeHnoe TOPEHUE TOPEHUE TBEPIBIX U KHUJIKHX FOPIOUUX (XapaKTepU3yeTcs CHCTEMON
"TBepaoe Teno+ra3" win "KuAKoCTh+Taz").

[Ipouecc ropeHust MOXKET MPOTEKATh C Pa3HOM CKOPOCTHIO OT MEMJIEHHOTO J0 MIHOBEHHOTIO.
MennenHoe ropeHue CaMOBO3rOpaHHe TBEpJOro TOIUIMBA MPU €ro XpaHEeHHH Ha CKIIajax.
MrHoBeHHOE TOpeHHe MPeACTaBIIeT cO00i B3phIB. B TeriosHepreTHuecKuX yCTaHOBKAxX IpakK-
TUYECKOE 3HAYCHHE UMEET TaKasi CKOPOCTh PeaKkluu, IpH KOTOPOU MPOUCXOIUT YCTOHUUBOE IO-
peHue, T.€. IPU NOCTOSTHHOW I0/1aye B 30HY T'OpPEHUS TOIIMBA M okucautend. IIpu atom coot-
HOILIEHUE KOHIEHTPALlMU TOIJIMBA U OKUCIHUTENs JOJKeH ObITh onpeaeneHHbIM. [Ipu Hapyte-
HUHM 3TOTO COOTHOIIEHHUsS (Ooraras cmech, OelHAas CMECh) CKOPOCTh PEAKIUH CHUXKACTCS H
YMEHbILIAETCS TEIUIOBBIIEICHUE Ha €IMHULLY 00beMa.

I'openue 3TO0 B OCHOBHOM XMMUYECKUI MPOIIECC, T.K. B PE3YJIbTATE EI0 MPOTEKAHUSA IPOUCXOAUT
KaueCTBEHHbIE U3MEHEHHUs COCTaBa pearupyromux macc. Ho B To ke BpeMs XUMHYecKasl peak-
ISl TOPEHUS COMPOBOXKAACTCS PA3IUYHBIMH (DU3WYECKHMHU SIBICHUSMH: IEPEHOC TEIJIOTHI,
1 Gy3nOHHBIN TTEPEHOC pearupyromux Macc 1 Jp.

Bpemsi TopeHHs TOTUIMBA CKJIAIBIBACTCS U3 BPEMEHU MPOTEKaHUS PU3UIECKUX (lpus) U XUMUYE-
CKHX TTPOIIECCOB (lxum):

trop = Wpus + txum - (16.1)

Bpewmst nporekanusi GU3NUECKUX MPOLIECCOB COCTOUT U3 BPEMEHHU, HEOOXOIUMOTO IJIsi CMEIH-
BaHUsl TOIUIMBA C OKUCIUTEIEM (lcy) M BPEMEHH, B T€UEHHHU KOTOPOTO TOIUIMBO BO3JYIIHAS
CMECh MOJIOTPEBAETCA JJO TEMIIEPATYPhI BOCIITIaMEHEHUS (ty):

Lpus = lem + u « (16.2)

Bpems ropenus (irop) OIpenensieTcss CKOpoCThI0 Hanbosee MEUICHHETO MpolLiecca.

['openue ra3o00pa3Horo Tommpa. MUHHUMaNIbHAS TEMIEpaTypa Npu KOTOPOU MPOUCXOAUT BOC-
IUIAMEHEHNE CMECH, Ha3bIBACTCsl memnepamypou 60CniamerneHus. 3HaueHue 3TOM TeMIrepaTypsl
JUISL pa3NIMYHBIX TA30B HEOJMHAKOBO U 3aBHCUT OT TEIJIO(PHU3UUYECKUX CBONCTB TOPIOYMX Ta30B,
COJIEp’KaHusl TOPIOYETO B CMECH, YCIIOBHUI 3aKUTaHUs, YCIOBUI OTBOJA TEIUIOTHI B Ka)KJIOM KOH-
KpPETHOM yCTPOWCTBE U T.J.

I'oprounii raz B cMecH ¢ OKHCIHUTEIEM CropaeT B ¢axesne. Paznuyaror qBa MeTo1a CKUTaHUS Taza
B dakene xunemuueckuui u ouggysuonnsviii. [I[pn KHHETUISCKOM CKUTAHUU JI0 HAa4Yaa TOPSHUS
ra3 INpeiBapUTEIbHO CMEIIMBAETCA C OKHCIUTENEM. ['a3 u OKMCIMTENh NMOJAIOTCS CHadala B
CMEIINBAIOIIee YCTPOUCTBO ropeniku. ['opeHre cMecu OCyIecTBIsIeTcs BHE IIPEETIOB CMECHUTE-
ns. IIpu 3TOM cKOpOCTh TOpEeHUs HE AOJHKHA MPEBBINIATh CKOPOCTH XUMUYECKUX PEAKIH rope-
HUSA lrop = lxum-

Juddy3noHHoe ropeHre MPOUCXOAUT B POIecce CMEIINBAHMsI TOPIOYETro ra3a ¢ Bo3ayxom. ['a3
MOCTyIaeT B pabouuil 00beM OTAEIbHO OT Bo3ayxa. CKOpOCTh mporecca OyaeT orpaHuyeHa
CKOPOCTBIO CMEIINBAHUS Ia3a C BO3AYXOM Llrop = lpus.

Kpowme storo cymectByer cmemannoe (nud¢y3noHHO-KuHETHYECKoe) Topenue. [Ipu sTom ras
MpPEeIBAPUTEILHO CMEIIUBAETCSI C HEKOTOPHIM KOJIMYECTBOM BO3/yXa, 3aT€M IOIYYeHHAsl CMeCh
HOCTyMaeT B pabouuii 00beM, I7ie OTACTBHO MOJACTCsl OCTANIbHAS YacTh BO3yXa.

B Tomkax KoTenbHBIX arperaroB B OCHOBHOM HCHOJb3YIOT KHHETUYECKUN U CMEIIaHHBIH CIOCo-
OBl COKMTAHUS TOTUIMBA.

[openue TBepaoro Tommmaa. [Iporecc ropeHusi COCTOUT U3 CIASAYIOMUX CTaauid: 1) moacymika
TOIUIMBA M HarpeBaHUE JI0 TEMIIEpaTyphbl Hauaja BbIXOJA JIETYYHX BEILIECTB; 2) BOCILUIAMEHEHHE
JIETY4YMX BEILECTB U WX BbITOpaHue; 3) HarpeBaHue KOoKca 10 BocIjlaMeHeHUs; 4) BHITOpaHHe Io-
pPIOYMX BEUIECTB U3 KOKCAa. DT CTaAMM MHOTAa YACTUYHO HAaKJIAbIBAIOTCS OJHA HA IPYTYIO.
Bbixon yeTyuux BEIIECTB Y Pa3IMYHBIX TOIUIUB HAYMHAETCA MPHU PA3IUYHBIX TeMIepaTypax: y
topda npu 550-660K, y O6ypeix yrieit npu 690-710K, y Tommx yrieit u antpanura npu 1050-
1070K.

l'openue xxuakoro romnysa. OCHOBHBIM XHUAKUM TOIIJIMBOM, UCIIOJIb3YEMBIM B TEIJIOOHEPIETHUKE
U MIPOMBIIIJICHHOW TEIJIOTEXHUKE SBIIsIeTCS Ma3yT. B ycTaHOBKax HEOOJBIION MOLTHOCTH TaKkKe
HCIIOJIb3YIOT CMECh TEXHUYECKOIO KEPOCHHA CO CMOJIAMH.

Haubonbiiee npuMeHeHHEe MOTYYHIIO METO CKUTaHUS B PACTIBUIEHHOM COCTOSTHUU. DTOT METO]T
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MO3BOJISIET 3HAYUTENHHO YCKOPUTH €r0 CTOPAaHUE U TMOJIYYUTh BHICOKHE TEIJIOBBIE HATIPSKEHUS
00BEMOB TOIOYHBIX KaMep BCIEACTBHE YBEIHUEHHUS TUIOUIAIM MOBEPXHOCTH KOHTAKTa TOIUIMBA C
OKHUCIIUTETIEM.

[Tponecc ropeHus KUIKOTO TOIUIMBA MOXKHO Pa3/IeiUTh Ha CIEAYIOLUE CTaauu: 1) HarpeBaHue
U HcCHapeHue TOIUIMBa; 2) o0pa3oBaHue roproueii cMmecH; 3) BOCIUIAaMEHEHHE TOpIoYel CMecH OT
MOCTOPOHHETO UCTOYHUKA (MCKPBI, PACKAJICHHON CIUPAJIU U T.I1.); 4) COOCTBEHHO TOPEHHUE CMeE-
CH.

16.2. OnpeaesieHne TeOPeTHYECKOr0 M JAeMCTBUTEIBLHOI0 Pacxoja BO31yXa Ha ropeHue
TOITUBA.

["oproune BemiecTBa TOIIMBA B3aUMOJICHCTBYIOT C KUCIOPOJIOM BO3/yXa B ONPEIEICHHOM KOJIH-
YECTBEHHOM COOTHOIIIEHUH. Pacxoa Kucmopoia U KOJIUYECTBO MOYYAIOIIUXCS MPOTYKTOB CTO-
paHUsl PacCUUTHIBAIOT IO CMEXUOMEMPUYECKUM YPAGHEeHUsM TOPEHHs, KOTOpbIe 3aIMUCHIBAIOT
JU1st 1 KMOJISL KaXKJ10M TOpIOYel COCTABIISIIONICH.

CrexuoMeTpruecKkue ypaBHEHHs] TOPEHUS TOPIOUMX COCTABJISIOUIMX TBEPIAOrO M KUJKOIO TOIM-
JIUBa UMEIOT BUJ;

yriepona C + O, = COz:

12xr C + 32kr O2 = 44kr CO2 ;

1xr C + (32/12)xr Oz = (44/12)xr CO2 ; (16.3)

Bojopoaa 2Hz + O2 = 2H>0 :

4xr Hy + 32kt O> = 36kT H2O ;

1xr H + 8kr Oz = 9xr H2O . (16.4)

ceppl S + 02 =S0>:

32kr S + 32kr Oz = 64kr SO ;

1kr S + 1kr Oz = 2xr SOz ; (16.5)

st ropenus 1 kr yriepoaa, BoJopoJa U cepbl HEOOX0IUMO cOOTBeTCTBEHHO 8/3, 8 u 1 KT Kuc-
nopoxaa. B rormmue naxoautcs CP/100 xr yraepona, HP/100 kr Bomopona, S,°/100 kr nerydeit
cepsl 1 OP/100 kr kucnopoxaa. Torna s ropeHus: 1 Kr TOIUIMBAa CyMMapHBIH pacxoJl KUCIOpoaa
OyneT paBeH:

MP°02 = (8/3CP + 8HP + S;*- OP ) /100 . (16.6)

Tak kak mMaccoBas J10Js1 KUCIOpoJa B Bo3ayxe paBHa 0,232, TO MacCOBOE KOJIMYECTBO BO3yXa
ompeaensercs mo Gopmye:

M° = (8/3CP + 8HP + S,”- OP ) / 100 - 100/23,2 .

M°=0,115 CP + 0,345 H? + 0,043(S,"- O ) . (16.7)

[Tpu HOPMaNBHBIX YCIOBHAX IIOTHOCTB BO3AyXa Po= 1,293kr/m>. Torma 06beMHOE KOTMUECTBO
BO3/yXa, HEOOXOUMOTO ISt TOPEHHSI | KT TOITMBA MOKHO PACCUMTATh MO cleAyromei Gopmy-
Je:

VO=M°/co=M°/1,293 m* /kr.

V°=10,0889 (CP + 0,3755S,") + 0,265 HP 0,0330P. (16.8)

Jis Ta3000pa3HOTO TOIIMBA PAcXo/ HEOOXOAMMOTo Bo3yxa VO ompenensoT U3 00beMHBIX J10-
JIell roproYuX KOMIIOHEHTOB T'a3a C UCIOJIb30BAHUEM CTEXUOMETPUUYECKUX PEaKIInid:

H> + 0,5 02=Hx0;

CO+0,502=CO0O2;

CHs +2 0, =CO0O2 +2H20 ;

H>S+ 1,50, =S0;2 + H20 .

Teopernueckoe KONMYECTBO BO3ayXa (M>/M), HEOOXOAUMOTO JUIS CKMTAHMS Ta3a, OMpeesIaioT
o ¢opmye:

V°=0,0476 [0,5CO + 0,5H> + 2CH4 +

+ 1,5H>S + Z(m + n/4)cuHn - O2] . (16.9)

KonuyectBo Bo3myxa VO, paccuntsiBaemoro no ¢gopmynam (16.8) u (16.9), Ha3zpiBaeTcs Teope-
THYecku HeoOxoaumbiM. To ecth VO mpeacraBnsieT co00il MUHMMATbHOE KOJTUYECTBO BO3AYXa,
HeobOXomuMoe T obecriedueHus moaHoro cropanus 1 kr (1m%) TommuBa npy ycioBHH, 4To TpU
TOPEHUH UCTIOIB3YETCS BECh COJEPIKAIIMICS B TOILTUBE U MO/IaBa€MbIil BMECTE C BO3YXOM KHC-
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JOPOA.

B peanbHbIX YCIOBHAX U3-3a TEXHUYECKHX TPYAHOCTEH OLIYIIAETCS] MECTHBIA HEAOCTAaTOK HIIU
U30BITOK OKUCIHUTENS (BO3/IyXa), B pe3yibTaTe yXy/IIaeTcs MOJIHOe ropeHue Tomimsa. [loatomy
BO3/yX IMOAAaeTcs B OOJIbIIEM KOJMYECTBE IO CPABHEHHUIO C €r0 TEOPETUYECKUM KOJIUYECTBOM
V°. OTHOLIEHNE NENCTBUTENBHOIO KOJIu4ecTBa Bo3ayxa (Vy), mogaBaeMoro B TONKY, K TEOPETH-
YECKH HEOOXOIMMOMY KOJIMUECTBY HA3bIBACTCS KO puyuenmom uzovimrka 6030yxa.
o=V:;/V°.(16.10)

16.3. KosinyecTBO NPOAYKTOB CrOPAHUSA TOIJIMBA.

[Ipu nomHOM cropaHuu TOIIMBA MPOLYKTHI cropanus coaepkar raspl: CO2, S20, N2, Oz u napsl
Boasl H2O, T. €.

CO2 + S20 + N2 + Oz + H2O = 100 %.

T[TonHkIit 066EM MPOAYKTOB cropanus V: (M>/KT) HpeacTaBiseT coboil CyMMy 0OBEMOB CYXHX
ra3oB Vcr. M BOJSHBIX MapoB VH20 :

Vr=Ver + Vo, (16.11)

1pu 5ToM Ver. = Vroz + VN2 + Voo,

rae Vr20 = Veoz + Vso2 - 00beM TPEXaTOMHBIX Ta30B, M /KT ;

VN2 + Vo2 - 00beM IByXaTOMHBIX Ta30B, M°/KT.

[.IIpn or =1

1. JInst TBepbIX (KpOMe CIAHIEB) M JKHAKUX TOILTHB TEOpETUUECKUe 00BeMbI (M>/KT) MPOTYKTOB
MIOJTHOT'O CTOPAHMsI OMPEAETSIOTCS 10 (hopmynam:

a). 00beM JIByXaTOMHBIX T'a30B :

VN2 =0,79V° + 0,8N°/100 ; (16.12)

0). 00beM TpEeXaTOMHBIX T'a30B :

Vro2 =0,0187(CP + 0,375 SP;) ; (16.13)

B). 00EM CYXHX Ta30B :

Vlr. =Vro2 + VN2 =

=0,0187 (CP + 0,3753 SP;) + 0,79V° + 0,8N°/100; (16.14)

T). 00bEM BOJISHBIX MAPOB :

V0= 0,0124(9HP + CP) + 0,0161V?; (16.15)

11). IOJHBII 00BEM MPOJYKTOB CTOPAHHUS :

Vo = V% + V%m0 = 0,0187 (CP + 0,3753 SPy) + 0,79V° + 0,8N°/100 +0,0124(9HP + CP) +
0,0161V°; (16.16)

2. Jlnd cnaHieB 00beM TPEXaTOMHBIX T'a30B OIMpeesieTcs no Gopmyie :

Vro2k = Vro2 + [0,509(CO2)P«/ 100] K = 0,0187(CP + 0,375 SPy) [0,509(CO2)P«/ 100] K, (16.17)
rae K - koadgdunment paznoxxeHus: KapOOHATOB:

npu cioeBoM cxxuranuu K= 0,7 ;

npu kamepHoM- 1,0 .

3. Jlnst Ta3006pa3HOro TOILIMBA TeopeTUdYecKHe o0beMbl IIPOAYKTOB cropanus (M*/m*) ompene-
JSI0TCS IO (hopmysiaMm:

a). 00bEeM JBYXaTOMHBIX T'a30B

VN2 =0,79 VO + N2/ 100 ; (16.18)

0). 00beM TpEeXaTOMHBIX ra30B

Vro2 =0,01[CO2 + CO + Hz2S + ZmenHa] ;5 (16.19)

B). 00bEM CYXHUX Ta30B :

V. = Vroz + VN2 5 (16.20)

T). 00beM BOJISIHBIX I1apOB

V0 = 0,01[H2S + Hz + Z(n/2)cmHn + 0,124d: + 0,0161V°, (16.21) rre d: - Brarocoaepxanue
ra30006pa3HOro TOILTHBA, OTHECEHHOE K 1 M® cyxoro rasa, r/m;

1T). TIOJIHBIF 00beM IIPOAYKTOB CTOPAHHUS

VO = V% + Vmo. (16.22)

Bb.Ilpu o: 1

1. [{ns TBepABIX (KpoMe CIAHIIEB), KUAKUX K Ta3000pa3HbIX TOILIUB 00BEMBI IPOIYKTOB MOJHO-
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ro cropanust (MI/KT) onpenensroTcs no popmMynam:

a). 00bEM CyXHUX Ta30B :

Ver. = Vi + (ar- 1)V°=Vro2 + VN2 + (0 - 1)V (16.23)

0).00beM BOJISIHBIX TIAPOB :

V20 = V%20 + 0,0161(0ir - 1)V°; (16.24)

B). IOJTHBIN 00bEM MPOIYKTOB Cropanus onpezaensercs no (3.31).

2. JIyist claHIeB HOMHBIH 00bEM IPOAYKTOB CropaHus (M>/KT) :

Vi = VrRo2k + VN2 + V20 = VRO2k + VN2 + 0,0124(9HP + CP) + 0,01610:V° . (16.25)
Conepxanne CO2, S20 1 RO2 B cyxux razax npu MoJIHOM CTOPAaHUM TOIUIMBA OMPEAEIISIETCS 10
bopmymnam:

CO2=(Vco2/ Ver) ; (16.26)

S20 = (Vso2/ Ver.) 5 (16.27)

RO2= (Vro2/ Vcr.) . (16.28)

MaxkcumanbsHoOe coaepxkanue (%) TpexaToMHbIX razoB RO2
HUU TOIUINBA:

RO™ =21/(1 + B), (16.29)

B - XxapakTepuCTHUKa TOIUINBA;

JUTSL TBEPAOTO U )KHUJIKOTO :

B=2,35(HP-0,1260P + 0,04NP) / (C? + 0,375SP;) ; (16.30)

JUTSI TA3000Pa3HOTO :

B=0,21(0,01N2 + 0,79V®) / Vro2- 0,79 . (16.31)

Conepxanue (%) azora N2, 1 KUCIIOpO/a, B CyXUX ra3ax U IOJIHOM CTOPAaHUU TOIUIMBA:
N2=100-RO: - O2; (16.32)

02=21-BRO; - RO. (16.33)

Macca npodykmos czopanus.

a). Jlns TBepmoro (kpome CiaaHIEB) U )KHIKOTO TOIUHMBA (KI/KT) :

Mr=1-0,01AP + 1,3060:V° ; (16.34)

6). 1714 ra3000pa3HOro TOmMBa (Kr/M°) :

M: = p%r. + 0,001d r.r. + 1.3060:V° , (16.35)

P°rr. - IWIOTHOCTh CYXOTO ra3a, KI/M° ; d rr. - COJlepIKaHue BJIark B TOIUIUBE, KI/M® ;

B). JUIA CaHIEB (KI/KT):

Mk = 1- 0,01AP« + 1,3060:V° + 0,01(CO2) K, (16.36)

rie APx - pacueTHOE CoJiepKaHKe 3016l B TOIUIMBE C YUETOM HEPa3JIOKHUBIIUXCS KapOOHATOB, %o,
K - xoaddunmenT paznoxeHus kapooHATOB: MpH cjaoeBoM cxurannu K == 0,7, mpu kaMepHOM -
1,0.

Pacuetnoe conepxanue (%) 30116l B TOIUIMBE C YUETOM HEPA3JIOKUBLINXCA KapOOHATOB:

AP = AP +(1 - K) (CO2) P« . (16.37)

J171s TBEpABIX TOIUIMB KOHIIEHTPALIMS 30J1bl B IPOAYKTaX CrOpaHUs onpeaenseTcs no hopMmyie:
MNax = AP ayy / (100 My) , (16.38)

/1€ Ayy - JAOJIS 30J1bI TOTUIMBA, YHOCUMOW MPOYKTaMH CTOpaHUSI.

Koydppuuuenm uzbovimka 030yxa ¢ monke. Ilpu MOITHOM CrOpaHUU TOIUIMBA KOI(P(UIIMEHT
M30BITKA BO3/IyXa B TOIKE OMpeesieTcs mo Gopmyiie:

or=21/(21-7902/N2), (16.39)

rae Oz u N» - coaepkanue Kuciaopoa u a3ora B razax, (%).

max

B CyXHX rasax Iipu moJIHOM Cropa-

Tema 17. KomnpeccopHble YCTAHOBKH.

17.1. O6beMHBIH KOMIIpECCOP.

CokaThIil BO3yX MOJIY4YaeTCsl ¢ TOMOIIBIO PA3JIMYHOrO THMa KomipeccopoB. Kommpeccopsl HU3-
KOr'o JaBJICHHA HA3BIBAIOT BCHTUWIATOPpAMU U MPUMCHAIOT JJIA NMCPCMCIICHUA U IMOJa4X BO3AYyXa
B KaJlopudepsl CYIIMIBHBIX YCTAaHOBOK, BO3TyXOMOOTPEBATENH, TOIKH, a TaK)Ke JUIsl IPEeo10IIe-
HUS COIIPOTUBJICHUA JABUKCHHUIO I'a30B, LITO6I:.I OGCCH@‘-II/ITB THFOHYTBCBOﬁ PCKUM B pa3IMYHBIX
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YCTaHOBKAX.

[To mpuHLKITY yCcTpOHCTBA U pabOThI KOMIIPECCOPHI ACIATCS HA IBE IPYIIBl 0ObeMHble U 10Na-
mounvle. OObEMHBIE KOMIIPECCOPBI MOAPA3IEIAIOTCS Ha NOpuUiHesble U pOMAayuoHHble, a JoTa-
TOUHbIE Ha yeHmpobedichvie U ocesvie (akcuaabHble). HecMOTpst Ha KOHCTPYKTHBHBIE Pa3INuUs
TEPMOJMHAMHYECKHE TPUHIIUITBI KX PA0OTHI aHAIOTUYHBI MEXKTY COOOH.

OObeMHBIII KOMIIPECCOp 3TO KOMIIPECCOP CTATUYECKOTO CHKATHS, KOTOPOE MPOUCXOIUT B HEM
BCJIEJICTBHE YMEHBIIICHUS 00beMa, I71€ 3aKIII0UEH T'a3.

OnHocTyneH4YaThlil NOpIIHEBOIl KoMmpeccop. Ha puc.17.1,a nokazaHa npuHIMIUATIbHAS CXE-
Ma OJIHOCTYNEHYATOro MOPIIHEBOro kommpeccopa. KoneHuatslil Ban koMnpeccopa MpUuBOIATCA
BO Bpal€HUE OT AJIEKTPOJBUIaTesl WM OT MOPIIHEBOIO JABUIATENII BHYTPEHHETO CrOpaHUs.
[pu nBuxenun nopiHag oT BMT k HMT B munmunzap ¢ oxnaxnaeMoil pyoaikoit uepes aBToma-
THUYECKU OTKPBIBAIOIIMIUCS KianaH A U3 OKpYyXalollel cpeabl BcachiBaeTcs ras. Harnerarens-
HBII KJIanaH B 3axkpeim TOA NEHCTBUEM NABJICHHS Ta30B B pe3epByape, KOTOPOE OOIBINE aTMO-
cthepnoro. [Ipu obparnom amxeHuun nopiras ot HMT k BMT ra3 naumHaeT cxumarbcCs, 1aB-
JIEHUE €T0 YBEIMYMBAETCS, U BCACHIBAIOIIMM KJlanaH 3akpbiBaeTcd. [Iporecc cxxatus npoaomka-
eTcsl 10 TeX Mop, MOKa JaBJIeHHWE B I[WIMHIPE HE CTaHET PaBHBIM (MIPAKTUYECKH HECKOJIBKO
OobIe) JaBJIeHUIO B pe3epByape. Torma kinanan B OTKpHIBAaeTCS, U HAYMHAETCS MPOIIECC HATrHe-
TAHMS CKATOIO rasa B pe3epByap /10 T€X Mop, MoKa nopiieHs He npuaetr B BMT.

) 19
L 7 2 2 x
o= \\ R /pv-:msr
"'{/ v const
\'\ AN e rpnst

"

1]
7

]

Puc. 17.1. OanocTynenyarmit
NOPpUIHEBDH KOMApeCCop

o == CXEMS DAOSOTHL 6 — TCOpeTRUC-
ckan  BHZHKITOPHAR  ANSFPaMMA:
8 — npolece  CHMITHA B Te-ann. s
TpamMMe

PaccmoTpum pabGounii mporiecc B pV - KoopAuHATaX s WACATHHOTO OJHOCTYIIEHYATOTO KOM-
npeccopa (MIeaJIbHOTO B TOM CMBICIIE, YTO B HEM HE YUUTBIBAIOTCS MOTEPHU HA TPEHUE, a YTEUKU
ra3a u 00beM BPEJHOTO MPOCTPAHCTBA (00BbEM MEXAY KPBIIIKOM HWINHAPA U THUILEM MOPLIHS
npu ero nojoxenuu ero B BMT) npuHumaroTcst paBHBIMHU HYIIO, T. €. Ha puc.17.1,0 monoxxeHue
BMT Oynet coBnaaarh ¢ ocbto opaunar). O6o3HauuM: Vi - pabounii (osie3HbIN) 00bEeM IHIIHH-
npa; P1 — naBnenue okpyxatomieit cpenpl; P2 - naBieHue raza B pesepByape; npoueccsl: D - 1 -
BcackIBaHue; 1-2 - coxkatue; 2-c - HarHeTaHue.

C HauyasioM HOBOI'O X0Jla MOPILIHSI CHOBA OTKPBIBAETCS BCACHIBAIOLIMI KilalaH, JaBJICHUE B LIH-
auHApe naaaet ot P2 go Pi TeopeTnyeckn MrHOBEHHO, T. €. 1o BepTtukaim C-D, n pabouunii mpo-
I1eCC MOBTOPSETCS, 3aBepIIasiCh, TAKUM 00pa3oM, 3a J1Ba OCIEe0BATENbHbBIX X0oa nopurHs. Cre-
JIOBaTEJIbHO, KOMIIPECCOp MpeACTaBiIsgeT cOOOM NBYXTakTHYI0 MamuHy. [lnomans teopernue-
CKOM MHAMKATOpHOU Auarpammsl D-1-2-¢, koTopas rpadguuecku n300paxaer KpyroBoii mporecc,
u3MepseT paboTy, pacXoayeMyr KOMIIPECCOPOM 3a OJUH 000poT ero Bana. HykHO UMeTh B BU-
Ny YCJIOBHOCTh Ha3BaHMsI KPYTOBOTO Ipoliecca (IIMKJIa) KOMIIpeccopa, TaK KakK BCAChIBAHHUE H
HarHeTaHue He SBIIOTCA TEPMOJUHAMUYECKUMHU MPOLIECCAMH, ITOCKOJIBKY OHU IIPOUCXOAST IPU
IIEPEMEHHOM KOJIMUECTBE Ta3a. B 3TOM COCTOMT OTIMYME MHIMKATOPHOM AMAarpaMMbl OT pX-
JarpaMMbl, KOTOpasi CTPOUTCS Ui TOCTOSTHHOTO KosindecTBa pabouero tena. B nHaukatopHoi
nuarpamme D-1-2-c¢ cxxaTue raza 1-2 - TepMogMHaMUUECKUi mporiecc, MO0 B HEM y4acTBYET I10-
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CTOSTHHOE KOJIM4YecTBO raza. OueBHIHO, YTO MPU OAHOM M TOM K€ KOHEUYHOM JaBieHuu P> ko-
HEYHBIM 00bEeM X2 OYyAET pa3iuyeH B 3aBUCUMOCTH OT XapaKTepa KpPHBOM Ipoliiecca cxatus 1-2,
a 3Ha4MT, OyJeT pa3nuvHa U padoTa, 3aTpadynBaeMasi Ha MPUBOJ KOMIIPECCOpa.

Kak cnemyer u3 puc. 17.16, Hanbonee BHITOAHBIM MPOIECCOM CXKATHSI TIO 3aTpare padoT W3BHE
JUIs TIPUBOJIa KOMITpeccopa sBIsieTcs u30TepMuueckuil npouecc 1-2". B aTom cinydae cobmona-
I0TCS TaKXKe UJealIbHbIE YCIOBUS JISl COXPaHEHUS! KauecTBa CMa304HbIX Macell (BSI3KOCThb, TEM-
nepaTtypa BCHBILIKHU U Jp.). OAHAKO U30TEPMUUYECKOE CHKATHUE T'a3a B KOMIIPECCOPE MPAKTUYECKU
HEOCYIIECTBUMO, M KpUBas CxKaTHsl OOBIYHO paclioyiaraeTcs MeXIy M30TepMOM M annabaTtoi u
MOXET OBITh IPUHATA 3a MOJUTPONY C TMokazareneM n = 1,2-1,25. Yem uHTEHCHBHee Oyaer
OXJIQXCHHUE Ta3a MPHU CXKATUU (Jalle BCEro BOJ0H, MPOXOoasIel uepe3 pyoaiiky KkoMmpeccopa),
TeM OoJibIIe OYJeT MOTUTPOIIa CKATUsl 1-2 OTKIIOHATBCS OT aauadartsl 1-2" B CTOPOHY H30TEPMBI
1-2'. C yMeHbIIIEHHEM TEII000MEHa TTOKa3aTeNb n yBeauduBaeTcss. OueBHIHO TaKKe, YTO C yBe-
JUYEHUEM N TPU OJHOM U TOM ke oTHomeHun P»>/P; koHeuHas TemmepaTypa cxkaroro raza T»
OyzeT Bo3pacTaTh IO 3aKOHY:

TanI-n1 — Tn2P1-n2

wiu To = T1(Po/P)™ VM (17.1)

Hanpuwmep, npu P1 = 0,1 MlIla, t; = 16°C u xoneuHoit temneparype t2 = 160°C npu agnadatHom
CKaTUU JIaBJICHWE BO3/[yXa MOXKHO YBEIMYHTH B 4 pasa, a npu moiautpornHoM (n = 1,2) B 10 pas.
To ecTb KOHEUHast TeMIiepaTypa cxarus T> 3aBUCUT OT XapakTepa mpoiecca cxarus. Hanbonee
HEBBITOJIHBIM MPOIIECCOM SIBJISIETCS aquabaTHOE CiKaTue.

AOcomoTHOE 3HaueHUe PadOoThI, 3aTpauMBaeMOl Ha ckaTtue | Kr ra3a B OJHOCTYIICHUATOM HJe-
alTbHOM KoMmIpeccope (Ao) MOXKET OBITh TTOJACUUTAHO TaK:

Ao = Acx + Auarn - Ascac = .[ Pdv+Pavz-Pivi. (17.2)

[To cmbIciTy paboOThI Ao, Ack, Anarn SBISIIOTCS OTPUIIATEIHHBIME, a pab0Ta Ipoliecca BCaChIBaHUS
Asgcac - TIOJOKUTEIBHOM, TaK KaK Ha €€ COBEPILIECHUE SHEPTUsl HE 3aTpayuBaeTcs (TpeHUE OTCYT-
CTBYET), U CONPOTUBIIEHUE BO3/yXa, HAXOMAIIETrOCs CIpaBa IO MOPIIHEM NPHU XOJe BCachlBa-
HUS, HE YYUTHIBACTCS, MO0 HE MPUHUMACTCS TaK)Ke BO BHUMAHUE TMOJIOKHUTEIbHAs paboTa 3TOro
BO3/yXa MPU C)KAaTUU U HATHETaHUH.

B 3aBHCHMOCTH OT XapakTepa mpomecca cxarus | Pdv mMeer 3HaueHUs:

JUISL ©30TEPMHUUYECKOT0 IpoIiecca:

A" =P viin(P1/P2);

JUTsE amuabaTHOTO TpoIiecca:

A¥ =1/ 1)(P1v1 P2vy);

JUIsl TIOJIUTPOIIHOTO TIpoliecca:

A™=1/(n 1)(P1vi Pav2).

UroObl HE MMETh JIEN0 C OTPUIATEIILHBIMU BEIHMYMHAMHU TPHU MOJACYETe PAOOTHI CXKATHS, UX
YMHOXaIOT Ha -1. 910 naer:

A" =Piviln(P2/P1); A¥=1/(B 1)(P2v2 P1vi);

A™=1/(n 1)(P2v2 Piv1).

Torma Teopernyeckas paboTa KoMIpeccopa 3aTpadyrMBaeMas Ha cxaThe 1 Kr rasa, Ipu U30Tep-
MHUYECKOM IPOLIECCE CIKATUSI BBIPA3UTCS PABEHCTBOM:

A" =P1viln(P2/P1); (17.3)

npu aquabaTUYecKOM MPOLIECCE CIKATHUS:

A¥y =B/(B 1Py vi[(P2/Py) B-DB 1]; (17.4)

MIPU TOJUTPOITHOM IPOLIECCE CHKATHUSA:

A™% =n/(n 1)P;vi[(P2/P1) @D 1]; (17.5)

[Ipu ymeHbIIEHMN TPOU3BOIUTEILHOCTH KOMIIPECCOpa C YBETUUYEHUEM JABJICHUS CKATOIO BO3-
IyXa U yXyIIIEHUH TPU 3TOM YCJIOBUN CMa3KM M3-3a MOBBIIICHUS TemrepaTypsl T2 ogHOCTY-
MEHYAThI KOMITPECCOP CTAHOBUTCSI HEMPUTOJHBIM JJI OJYUYEHHUSI CKATOTO T'a3a BHICOKOTO J1aB-
aeHusi. OOBIYHO OJHOCTYIEHYAThIE KOMIIPECCOPHI MPUMEHSIOT JUIsl TOJYYEHHs CXKAaToro rasa
nasienneMm He Bbime 0,8—1 MIla. Ilpu HeoOXoaIUMOCTH MMETh CXKAThIi Ta3 0oyiee BBHICOKOTO
JABJICHUSI UCIIOJIb3YIOT MHOTOCTYIIEHYAThIe KOMIIPECCOPBI.
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MHorocryneH4aTslii HOpPIIHEBOl KOMIIpeccop. B MHOIOCTYIIEHUAThIX KOMIIPECCOPAxX CiKaThe
ra30B OCYILECTBIISETCS MOCIEA0BATENbHO B HECKOJIBKUX LIIMHAPAX (10 CeMH) ¢ MPOMEXYTOU-
HBIM OXJIOKICHUEM MOCJIe KaXIOro LWIMHIAPA B CIEHUAIBHBIX XOJOAWIbHHUKAX. Ilpu Takom
IpUHIUIE paboThl CKATHE ra3a B KAKIOM LWIMHIPE BO3MOKHO NP JOIMYCTUMOM TeMIepaTyp-
HOM peXHMe, 00ecreurBalonieM OMaronpusTHHIE YCIOBHS CMa3Kku. B NMpOMEXyTOYHBIX XOJIO-
JTWIIBHUKAX MOCIIE KaXKI0T0 HMIMHAPA Ta3 OXJIaXKIAI0T TP TOCTOSTHHOM JIaBJICHUH, PABHOM J1aB-
JIEHUI0 KOHEUHOT'O CKaTUsl B COOTBETCTBYIOIIEH CTYIIEHHU.

PaccMmoTpuM B kauecTBe nmpumepa paboTy TPeXCTYIEHYaToro MOpLUIHEBOIO KOMIIPECCOpa, CXema
KOTOPOTo IpuBezeHa Ha puc.17.2, a pabouunii mporecc B pX- U TS- KOOpAUHATaX (715 UAeaIbHO-
ro Kommpeccopa) — Ha puc.17.3.

Wy

IHANIERH

Py ==} S
o

Puc.17.2. [IpAHUHTIHANBHAA CXEMA TpEX-
CTyneHuyaroro NOpUIHEBOTO KoMnpec-
copa

J, I I — cTynenr woMmnpeccopa; xp, X~
NpOMEeXKVYTOUHALC XOAOQNHABHERH

a) ’ f)
[;.p g T

N " const ALY 4

'\\ " const v const

" const
(LN & X s &
N X SE $
Wf\ " canst u Y A ] m—
Dy 7 7 : 2% 3= : .
N A : e T =
- L3 = Nl o !F?l S—

Puc. 17.3. TeopeTsuecKkans HHAHKATOPHAS AHArpamMMma TPEeXCTYNEHYATOro KoMnpeccopa
{a) n npouecc ¢matus B Ts-nHarpaMme (&)

I"a3 BcacbIBaeTCs B WIMHJIP HU3KOTO AaBieHus (mpouecc D-1 Ha puc.17.3), cxxumaercs mo mo-
autpone 1-2 no naBneHus: P> n HarHeraeTcss B MPOMEXKYTOUYHBIN XOJIOJUIBHUK X1, [JI€ MPHU TO-
CTOSTHHOM JaBjieHuu P> oxiiakaaeTcst BClieCTBUE OTJa4M TEIJIOTHl BOJE, OMBIBAIOIICH 3MEEBUK.
W3 npoMexyTOYHOTO XOJOAWIIBHUKA CKAThIM ra3 MpU TOM XKe JaBieHuu P2 BcacbiBaeTcs BO BTO-
pyto cryneHb. KoHeunslit 00beM BcachiBaHusl V3 < Va; Tak kak P> = const, a T3 < T». Bo Bropoit
CTYNEHH Ta3 CKUMAETCS 10 MOJIMTporne a0 naaBieHus P4 (mpouecc 3-4), HarHETaeTCsl IPH 3TOM
JABJICHUU BO BTOPOM MPOMEKYTOUHBIN XOJOAUIBHUK X2 U OTTY/Ia MOCTYNAET B TPETHIO CTYIIEHb,
I ¥ CKUMAETCs 10 KOHEYHOTO 3aJlaHHOTO JaBieHus Pg (iportecc 5-6) u HarHeraercs B pe3ep-
Byap.

PaGoTy MHOTrOCTYIEeH4YaTOro KOMIIpECCOpa CTPEMSITCS OpPraHM30BaTh TakK, YTOOBI obOecreunBa-
JIUCH CJEAYIONINE TPU YCIOBUSA:

1) monHoe oOxJIaXJAE€HHE ra3za BO BCEX XOJIOAWJIbHUKAX, T.€. TeMIlepaTypy rasa AOBOAST 10
HavaJbHOU TeMmeparypsl T1, KOTOpYIO OH MMeJ IIpU BXoJie B iepByto cTyneHs (T1 = Tz = Ts);

2) onuHaKoBas KOHEYHas TemIlepaTypa CXKaTUsl ra3a BO BCeX CTYIEHsX, oOecredyuBaroIias BO
BCEX MMWIMHAPAX HaAexKHbIe ycioBUusa cMa3ku (T2 = Ts = Te);

3) oauHAKOBBIE MMOKA3aTEIH MOJIUTPOII CKATHS BO BCEX LMIMHAPAX, T.€.

nl=nl=nl=p

[Ipy BBIMOSHEHUW 3TUX YCIOBUN Nepenajbl AaBieHUN (OTHOIIEHHWE KOHEYHOTO NaBJICHHS K
HayvaJIbHOMY) BO BCEX CTYMEHSX OJUHAKOBEI, T.€. P2/P1 = P4 /P3 = P¢/Ps.
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s onpenenenust odielt paboThl, 3aTpauuBaeMoi Ha MPUBOJI MHOTOCTYIIEHYAaTOTO0 KOMIIPECCO-
pa, He0OXO0MMO TIPOCYMMHUPOBATh padOTHI, 3aTpauylBacMble Ha C)KaTHE Ta3a M0 OT/CIBbHBIM CTY-
nensM. HeTpyaHo mokasaThk, 4To NpH BHIIOJHEHUU Tpex ykasaHHbIX yciosuil Aly, A'ly, Ay Gy-
IyT OJJMHAKOBBI.

B cootBercTBum ¢ hopmynoii (17.5) umeem:

Al =n/(n 1)Pyvi[(P/P)) ®- D 1] =

=n/(n DRT[(P2/P1) ®- D" 17]; (17.6)

Ay =n/(n 1)P3v3[(P4/P3) @D 1] =
=n/(n 1)RT3[(P4/P3) @~ V" 1]; (17.7)

Ay =n/(n 1)Psvs[(Pe/Ps) @D 1]=

=n/(n DRTs[(Pe/Ps) @D 1]; (17.8)

Tak kak mpasble uacTu ypasHenwuit pasubl, To Aly = Ally= AMy. Torna reopernueckas pa6ora m
CTYINEHYATOr0 KOMIIpeccopa, 3aTpauynBaeMasi Ha cxxarue | Kr raza, OyJeT OonmpenensTbes Mpou3-
BEJICHUEM Mm*Ay.

Teopernueckass momHOcTh No (BT), 3arpaumBaemas Ha NPUBOJ KOMIIPECCOpPA, MOXKET OBITH
ONpeJieTIeHa IO PABEHCTBY:

No=M-m*Ay, (17.9)

rae: M mpou3BOAUTENLHOCTh KOMIIpeccopa, Kr/c; Ao TeopeTndeckas paboTta Ha ckatue 1 Kr
ra3a B OJHOU cTyneHu, JK/KT; m ducio CTyleHeld KoMmpeccopa.

st onipenenenust nedcTBUTENbHON (9(pdekTuBHOM) MOITHOCTH Ne, HEOOXOIUMOMN IJISI TIPUBOA
KOMITpeccopa, HY)KHO 3HATh IMOTEPU pabOTHI HA MPEOI0JICHUE COMTPOTUBIICHUH KIIAIaHOB U TPY-
OOIpPOBOJIOB U HA TPEHHE B COMPUKACAIOIIMXCS YACTSIX KOMIIPECCOpa, KOTOPbIE YUUTHIBAIOTCS
MmexannaeckuMm KITJI:

Ne=No/3u=M-m*Ao/3x . (17.10)

Jlist mopirHeBOTO Komiipeccopa 3y = 0,8-0,9.

17.2. JlonaTo4YHbIA KOMIIpeEccop.

B orirune oT 00beMHOT0 JIOMATOYHBIN KOMITPECCOP - ATO KOMITPECCOP AUHAMHYECKOTO CHKATHSL.
OHu OBIBAIOT IBYX BHUJIOB: YeHMPOOEHCHbIE U OCeBble (AKCUATbHBLE).

IlenTpOoOe:KHBINi MHOTOCTYIIEHYATHINH KOMIIpeccop (HarHeTaTellb) pacCYUTaH Ha 1ojady ra3oB
nasnenueM 1o 0,8 - 1 MIla. [Ipunuumn ero pabotsl (puc. 17.4) cnenyromuii. Pabouee komeco 1 ¢
paaualbHO HAINPaBIECHHBIMHU KaHajJaMU YKPEIUICHO Ha Bajy 2 M BPAIllaeTCsl C MOMOIIbIO JBUTa-
Tens B Kopiryce 3. Bo3ayx wim ra3, mocTynaroui B KaHAJIBI pabodyero Kojeca, 0OTOpachiBaeTCs
HEHTPOOESIKHOM CHIION K mepudepuu U MomnaiaceT B JONATOYHBIM anmnapar 4, JOmaTKd KOTOPOTo
00pa3yroT pacmupsronuecs: KaHanbl. B 3TUX KaHanax BCIIEICTBUE YMEHBIIEHUS CKOPOCTH BO3-
nyxa (ra3a) MOBBIIIAETCS €ro naBieHue. Jlamee cxkaThld BO3AYyX 4epe3 HANOpHBIA MaTpyObok 5
MOCTYMAaeT B HarHeTaTelbHbI TpyOomnpoBoa. [1o onucanHoMy nmpuHIMIY pabOTalOT M LEHTPO-
OC)KHBIE BEHTWJISATOPBI, MPUBOANMBIE JICKTPOJABUTATEISAMH U CO3/AIOIINE H30BITOUHOE JaBJie-
gue no 12 xIla.
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Puc.17.4.  [puHuHNHANGL-
Han cxema ueHTpobexHo-
ro KoMnpeccopa

I — patiouwee KOACCO! 2=
Baa;, J— Kopnye, 4 - Aona-
TOUHBI  annapaT; § narpy-
Aok

OObI4HO B IEHTPOOEKHBIX HATHETATENSAX BBIXOJHOE CEYCHUE TIOJ0UPAETCs TaK, YTOOBI CKOPOCTH
ra3a Ha BXOJIE C1 U Ha BBIXOJIE C2 ObUIM OJMHAKOBBL. B 3TOM ciydae Teoperndeckas paborta, 3a-
TpaynBaeMasl Ha ckaTue 1 Kr rasa B UI€aIbHOM IIEHTPOOESKHOM KOMIIPECCOpe, T.€. B TAKOM, TJe
OTCYTCTBYET TEIUIOOOMEH C OKpYXKarolled cpeqoi (IIOTepH TEIIOThl Yepe3 CTEHKU paBHBI HY-
JI10), MOXeET OBITh OnpezenieHa o ypasHeHuo (17.4).

Ha npakTuke HeoOX0AMMO 3aTpadyuBaTh OOJBITYIO padOTy, YeM IpH aauadaTHOM CKaTuu. Tem-
nepaTypa ra3oB Ha BBIXOJIE M3 HarHeTaTels OyAeT Bceraa OoJblie, 4eM B aAnadaTHOM IpoLecce,
3a cUeT nepexojia paboThl TPEHUSI B TEIIOTY, OBBIIIAIOLIYI0 KOHEUHYIO TEMIIEpaTypy BO3ayXa.
[Tokasarens momutpomnsl cxarus n = 1,5-1,55 B 3ToM ciyuae Oonbliie mokasareis aguadarhl.
st menTpo6exxHbIx HarHetarenend N = 0,7-0,8.

OceBoii kommnpeccop (puc.17.5,a) paccuntan Ha mojavdy ckaroro rasza pasienuem jao 0,4-0,5
MlIla. KITJ[ ero BeIe, 4yeM y HEeHTpOOEKHOTO HarHeTaTess, U MoxkeT gocturats 85-90%. B To
e BpEeMsl OCEBbIE KOMIIPECCOpBI 00JIafaroT OOJBINON MPOU3BOIUTENIBHOCTBIO, MAJIBIMU pajiu-
QIBHBIMU pa3MepaMH U Maccod. DTH NMPEHMYILECTBA OCEBBIX KOMIIPECCOPOB OOYCIOBHIIM UX
HIMPOKOE NIPUMEHEHHUE B ra30TYpPOMHHBIX YCTAaHOBKAX, U, B YACTHOCTH, B BO3/IYIIIHO-PEAKTUBHBIX
JIBUTATEIISAX.

Puc,17.5. Cxema ocesoro xomnpeccopa {g) H
npounie pabounx H CNPAMAAIOHIHX JIOMATOK

()

I —Kopnye: 2 — potop; J— paflioude Jonatiu; 4 —
BXOINOH  HANPABARWOLLMI  Benew Jnonatox: § —
COPUMINIMHE  JONATHH; 1« — OKPYKIUAA CKOPOCTS;
@y, wly — OTHOCHTCABHBIC CHOp()CTH Ha BxXodgc B
MOEAQUATONHBHE  KaHaan  paloyHX  JAOOaTOK M
CHPMIMATOUICTO AONAPpaTa; &), €1, O3 - AGCOAKITHRIR
CHKOPDETH Hid BXOLC B MeHACOHATOWHBIY KaHAAKL Pa-

[EUTTE A0MATOH, CTPAMARKINCTO annapata # o ha
nMX0Je HA CHPAMARCHHOMC annapaTta

OceBoil KOMIpeccop COCTOUT U3 Kopmyca 1, BHyTpu KoToporo Bpamiaercs porop 2. Ha Hem
YKPEIIEHO HEeCKOJIBKO psaoB paboumnx jomarok 3. Ilepen mepBeiM psagoM pabodmX JOMATOK Ha

67



KOpITyce YKPEeIJICHbl HETOJABMKHBIC JIOMATKH HANpaBJISAIOIIEro ammapara 4, a mocie Kakaoro
psizia pabo4MX JIONATOK - HETOABHKHBIE JIOMATKH CIPSAMIISIONIETO anmapara 5.

Kaxnap1il psin pabodmx JIOMAaTOK B COBOKYMHOCTH CO CIICAYIOUIMM 32 HUM CHPSMIISIOIINM arira-
pPaToOM COCTaBIISIET OJHY CTYNEHb MOBBIIIEHUS JaBieHus. Yucio cTyneHel MOXKeT JOXOAUTh J10
15-20. IIpoduns pabouux M COPAMIISIOMIMX JONATOK BBIOMPAIOT TaK, YTO MPH MPOXOXKICHUH
yepe3 MEKJIONaTOYHbIE KaHajabl pab04MX JIOMATOK BO3JYyX MOJIYy4aeT OT pOTOpa MEXaHHUYECKYIO
SHEPTHUIO0 U CKOPOCTh €r0 BO3PACTAET, a MPH MPOXOXKICHUH Yepe3 CIPSIMIISIONIMNA anmnapar cKo-
POCTb BO3/lyXa YMEHBILAETCS, BCIEACTBUE YETO BO3PACTAET €r0 JAaBlI€HHE. DTO UILUTIOCTPUPYETCS
TpEeyroJbHUKaMH CKOpocTel Ha puc. 17.5,60.

[TockonbKy BO3ayX (ra3) B TaKMX KOMIIpECCOpax MPOXOAUT BJIOJIb UX OCH, TO OHHM U MOIYYHIH
Ha3BaHUE OCEBBIX WJIM aKCHAIBHBIX KOMITPECCOPOB.

HenocraTkoM OCEBBIX KOMIIPECCOPOB SIBISIETCA CIOXKHOCTh MX KOHCTPYKIUH, 00ycIOBICHHAs
HEOOXOIMMOCTBIO TIIATEIFHOTO BBHIMOIHEHUS MpoQuiIeii TonaTok pabounx Kojec U Hampasis-
IOLIMX aNaparos.

Tema 18. Boripochbl 3K0J10rMH NPU UCTOJIb30BAHUYN TEIJIOTHI.

18.1. TokcuuHbIe ra3sbl NPOAYKTOB CrOPaAHUS.

[IpoxykTel cropaHusi, pacdeT KOTOPBIX M3JI0KeH B /I 16.3 TeMbl 16, 0ka3pIBalOT Ompeaessio-
iee BIMSHUE Ha SHEPreTHUECKHE M SKOJIOTMUECKUe MOKa3aTeN pa3Iu4HbIX TeITOTEXHUYECKIX
YCTaHOBOK.

OpnHako MOMUMO 3TUX MPOJIYKTOB MPH CrOPAaHUU 00pa3yercs U psll APYTUX BEIIECTB, KOTOPHIE
BCJIC/ICTBHUE X MAaJIOTO KOJIIMYECTBA HE YUUTHIBAIOTCS B DHEPreTHUECKUX pacyeTax, HO Ompee-
JSIOT HKOJIOTUYECKUE TOKa3aTeNd TOIMOK, MeYel, TEIUIOBbIX ABUTATelIed U JPYrux yCTPOWCTB
COBPEMEHHOM TEIJIOTEXHUKH.

B nepByto ouepenp K YUCITy HKOJIOTMUYECKU BPEIHBIX MPOAYKTOB CrOpAHUS CJIEyeT OTHECTH TaK
HA3bIBAEMbIC TOKCUYHEIE Ta3bl.

Toxcuunbimu HA3BIBAIOT BEIIECTBA, OKA3bIBAIOIME HETaTUBHbIE BO3ACHCTBUS HA OPraHU3M Yello-
BEKa M OKpYyKawilyo cpeny. OCHOBHBIMH TOKCHYHBIMH BEIIECTBAMU SIBIISIIOTCS OKCHJBI a30Ta
(NOx), okcup yraepoaa (CO), paznuunsie yraeogopoasl (CH), caxa u coeqHEHUs, CoaepKa-
II1E CBUHEL U CEpY.

Oxcuowt azoma. Ilpu cropaHuu TOIUIMB TJIaBHBIM 00pa3oM oOpasyercst okcuj azota NO, KoTo-
pblii 3aTeM B atMocdepe okucisercs 10 NO».

O6pazoBanre NO yBenIWUMBAETCSI C POCTOM TEMIIEPATYPhI Ta30B U KOHIICHTPAIIUUA KUCIOpOa U
HE 3aBUCHUT OT yIJIEBOJOPOIHOTO COCTaBa TOIUIHBA.

Haxonsmmiics B atmocdepe NO» mpencraBisieT co0oi ra3 KpacHOBaTo-Oyporo mBeTa, odnaaa-
IOIWNA B OOJBITUX KOHIICHTPALUSIX yAYIUIMBBIM 3amaxoM. NO> oka3bIBaeT HETaTUBHOE BO3JICH-
CTBHUE HA CIM3UCTHIC 000JIOUKH TJ1a3 U

Oxcuo yenepooa (CO) obOpasyeTcss BO BpeMsi CTOpaHHs MPH HEAOCTATKE KUCIOpOAa WA TPHU
mucconuaiuu CO2. OcHoBHOE BiusiHUE Ha oOpazoBanue CO OKa3bIBAET COCTaB CMECH: YEM OHA
Ooraue, Tem BhIe kKoHueHTparus CO.

Oxkcup yraeposaa - O€CBETHBIN U He UMEIOIINI 3amaxa ra3. [Ipu BIbIXaHUU BMECTE C BO3AYXOM
OH MHTEHCHBHO COEIUHSETCSI C TeMOTTI00MHOM KPOBH, YTO YMEHBIIIAET €€ CIIOCOOHOCTh K CHa0-
KEHUIO OpraHu3Ma KuciaopoaoM. CUMIITOMBI OTpaBieHus oprannzma razom CO: roynoBHast 607b,
cepauedrenne, 3aTpyJHeHNe IbIXaHusl U TOIIHOTA.

Venesooopoow: (CH) cocTosST M3 MCXOMHBIX MM PACIABIINXCS MOJIEKYJ TOIUIMBA, KOTOPHIC HE
NPUHUMAJIU Yy4acTUsl B CTOpPaHHMH. YTJEBOJOPOJABI MOSBISAIOTCS B oTpaboraBmumx razax (OI)
JBUTATENICH BHYTPEHHETO CrOpaHUs BCIEACTBHE TAllICHHs MUIAMEHHU BOJIM3M OTHOCHTEIHHO XO-
JIOTHBIX CTEHOK KaMephl CrOpaHus, B “3aleMJIeHHBIX 00beMax, HaXOSIIUXCS B BBITECHUTEIISAX
U B 3230p€ MEXAY MOPIIHEM U [IUIMHIPOM HaJl BEPXHUM KOMIIPECCHOHHBIM KOJIBI[OM.

B nuzensx yrieBoaoponabl 00pa3yroTcs B mepeoOorameHHbIX 30HaX CMECH, Ie TPOUCXOIUT TH-
pPOIU3 MOJIEKYJ TOTUIMBA. Eciu B mpoliecce pacuIupeHus B 3TU 30HBI HE MOCTYIUT JOCTATOYHOE
KOJINUECTBO Kuciopoaa, To CH okaxkercs B coctase OI'.
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KonnuecTBO pa3inyHbIX MHAWBUIYAIBHBIX YIJIEBOJOPOJOB, BXOSAIIUX B ATy I'PYIIY TOKCHY-
HBIX BeniecTs, npesbimaetr 200. B tex koHueHTpauusax, B kotopsix CH comepxutcs B Bo3ayxe,
HalpuMep, B 30HAX C MHTEHCHUBHBIM JABUKEHUEM aBTOTPAHCIIOPTA, OHU HE MPUHOCIT HEMOCPE/I-
CTBEHHOTO Bp€Ja 3/I0POBBIO UEIOBEKA, OJHAKO, MOTYT BBI3bIBATh PEAKIIMU, KOTOPbIE BEAYT K 00-
Pa30BaHUIO COCIMHEHUM, BPEIHBIX JIaXe MPU HE3HAUUTEJIbHOW KOHLIEHTPALUU.

Taxk, yrimeBogopoasl Mo ACHCTBUEM COJIHEUHBIX JIyde MOTyT B3aumojeicTtBoBath ¢ NOX, 00-
pa3ysi OMOJIOTHYECKH aKTUBHBIE BEIIECTBA, KOTOPHIE pa3/ipakarolne ACHCTBYIOT HA OPTaHbI JbI-
XaTeNIbHBIX MyTeH U BBI3BIBAIOT MOSIBICHUE TaK HA3bIBAEMOTO CMOTa.

Ocoboe BIusSHHE OKa3bIBAIOT BBHIOPOCHI OEH30I1a, TOJIYOJIa, MOJUIUKIMYECKIX apOMaTHUYECKUX
yraeBogopoaos (ITAY) u B nepByto ouepensr 60ensnupena (CooHi2). Ota rpymnma BEICOKOTOKCHY-
HBIX BEIIECTB oOpa3yercst B pe3yibTaTe MUPOIU3a JIETKUX M CPeIHUX (PpakiMii TOILTUBA TPU
temriepatype 600...700K. Takue ycaoBusi BOZHUKAIOT BOJIM3M XOJOMIHBIX MTOBEPXHOCTEH ITUITHH-
Jipa IpY HAIMYMH TaM HecropeBmux yrieBogopozos. Komndectso ITAY B OI' Tem Gosnblie, yem
BbIIlI€ KOHILIEHTpalus B ToriuBe OeHzona. [TAY oTHocuTcs K Tak Ha3bIBa€MbIM KaHIEPOT€HHBIM
BEILIECTBAM, OHHM HE BBIBOJSATCS U3 OpraHM3Ma 4esIOBEKa, a CO BPEMEHEM HaKarluIMBalOTCS B HEM,
Croco0CTBYsI 00pa30BaHUIO 3JI0KAYECTBEHHBIX OIYXOJICH.

Caoica ipeacTaBisieT co00M TBEPIbI MPOIYKT, COCTOSIIUNA B OCHOBHOM W3 yriepoaa. Kpome
yriaepoja B caxe coaepxutcs 1..3 % (mo macce) Bogopoja.

Caxa obpa3zyercst mpu Temmneparype Boime 1500K B pe3ynbTare 00beMHOT0O MpoIiecca TepMuye-
CKOT'O pasfio’keHus (MUPOJIU3a) MPU CUILHOM HEeAOoCTaTKe Kucinopoaa. PopmMalibHO peakuus Mu-
poJin3a BBIPAXKAETCSl YpaBHEHUEM:

CiHm < nC+1/2mH; . (18.1)

Hauano obpazoBanus caxu umeer Mecto ripu ? menbuie 0,3... 0,7 ¥ 3aBUCHT OT TeMIIepaTypsl U
JaBJICHUSI Ta30B, a TaKXKe OT BuJa ToruBa. [Ipyn o1MHAKOBOM KOJMYECTBE aTOMOB yriepoja 1o
CTETIEHU YBEJIMYEHUSI CKIIOHHOCTU K 00pPa30BaHUIO CaXXH YIIIEBOJOPOJbI PACIIONATAIOTCS CIeIy-
IOIUM 00pa3oM: mapaduHsbl, 0JIePUHBI, APOMATHKH.

Hanuune caxxu B OI" nuzeneii o0yciaaBinBaeT YEPHBIN IbIM Ha BBIITYCKE.

Caxxa mpencraBisgeT coO00i MEXaHUUYECKHUI 3arps3HUTENb HOCOTJIOTKH | JIETKUX. bonbias omac-
HOCTh CBSI3aHa CO CBOMCTBOM CaXM HAKAIJIUBaTh HA MOBEPXHOCTH CBOMX YaCTHUIl KaHIIEPOTEH-
HBIE BEUIECTBA U CIYKUTh UX NEPEHOCUUKOM.

Caxa - He eAMHCTBEHHOE TBEPJOE BELIECTBO, conepskauieecs B OI'. JIpyrue TBepable BelecTBa
o0pa3yroTcs U3 coiepKalleicsl B TM3eIbHOM TOIUTMBE CEephl, a TAK)KE B BUJE adp030Jeil macna u
HECTOpEBILIEro TOIIMBA. Bee BemecTBa, KOTOpbIE OCEJA0OT Ha CHEHAIbHOM (PUIBTpE MpH Hpo-
xoxaeHuu yepes Hero OI', momyunsnu oG1iee Ha3BaHHUE - YACTHUIIBL.

Conepxanne B Ol mpoaykroB HenonHoro cropanus (CO, CH u caxxu) HexxenaTensHO HE TOJIBKO
U3-32 UX TOKCUYHOCTH, HO ¥ MOTOMY, YTO IIPU HETOJHOM CTOpPaHHMM TOIUIMBA HEJOBBIICISAETCS
4acTh TEIUIOTHI, a 3TO OOYCJIaBIMBaeT YXYAIIEHHWE JKOHOMHYECKUX TOKa3aTesield TEeIIOBhIX
YCTaHOBOK.

Csuney u cepa. lpumepno 50... 70% cBuHIa, HaxosmIerocs B 6eH3uHe, nmonaaaet BMecre ¢ O
B atMoc(epy B (hopMe CBUHIIOBBIX COJIE, T.€. B BUJE YACTHI] JUAMETPOM MeHbIe 1 MKM. DTu
YacTULbl MPOHMKAIOT B OPraHM3M YEJIOBEKa BMECTE C BO3AYXOM M uepe3 Koxy. CoennHeHus
CBUHIIA OYEHb SJJOBUTHI U HE BBIBOJSATCS M3 OpraHu3Ma, HakarumBasch B HeM. OHU HEraTUBHO
BO3JICUCTBYIOT Ha LIEHTPAJIbHYI0 HEPBHYIO CUCTEMY, BbI3bIBas HEPBHBIE U ICUXHWYECKHE pac-
CTpOIICTBA.

Cepa, coneprkamiasicsi B I13eJIbHOM TOILTUBE, MAa3yTe U KAMEHHOM yTJie BEIOPAchIBa€TCS B aTMO-
chepy 1mocie cropanusi 3TUX TOIIUB B opme nuokcuaa SO, KOTOPBIM OY€Hb BPEIEH IS pac-
TEHHUH U CIIOCOOCTBYET BOZHUKHOBEHHUIO “KUCIOTHBIX JTOXKICH.

[IpucyrctBue B OI' coenMHEHU CBUHIIA U CEPBI JETaeT HEBO3MOXKHBIM HCIOJb30BAHUE KaTalu-
TUYECKUX HEUTPAIN3aTOPOB, MPEAHA3HAYEHHBIX ISl CHH>KEHHS TOKcuuHocTh Ol

HekoTopsie TOKCHYHBIE BEIllECTBA MOCIE TOr0, KaK OHU MOMNaJaloT B aTMOc(epy B COCTaBe Mpo-
IYKTOB CTOpaHUsi, MPETepIeBaloT JdalbHele npeodpa3zoBanus. Hampumep, npu Hanuuuu B
atMocdepe yriaeBoaopoI0B (MU WX PaIUKaIOB), OKCUIOB a30Ta U OKCHJIA YTJIepo/ia Py UHTEH-
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CUBHOM YIbTPaQHUOIECTOBOM H3IYYCHHH COJHIIA 00pazyeTcss 030H O3, SIBISIONIMICS CUIbHEH-
IIMM OKHCIIUTEIEM M BbI3bIBAIOIIMM MPU COOTBETCTBYIOUIEH KOHIIEHTPAIMU YXYALIEHHE CaMo-
YyBCTBUS JIIOJEH.

[Tpu BBICOKOM COJIep’)KaHUHU B MaJIOMIOABIKHOM U BiakHOU atMochepe NO2, O3 u CH Bo3HuKaer
TyMaH KOPHUYHEBOT'O 1IBETa, KOTOPHII MOJy4YHsI Ha3BaHue “cMor” (0T aHTIMMCKHUX c1oB Smoke -
neiM U fog -Tyman). CMor SIBISIETCSI CMEChIO JKUIKUX ra3000pa3HbIX KOMIIOHEHTOB, OH pasJipa-
JKAeT IJ1a3a U CIAU3UCThIe 000JIOUKH, YXYAIIAeT BUANMOCTE Ha IOPOTax.

OCHOBHBIMU HCTOYHHUKAMU BBIOPOCAa TOKCHUYHBIX MPOAYKTOB CTOPAHUS SIBJISIOTCS aBTOMOOWMIIH,
MPOMBILIUIEHHOCTb, TEIIOBBIE U AJIEKTPUUECKUE CTAHIIMKU. B HEKOTOPBIX TOpoaax CoJaep:KaHHe B
aTMoc(epe TOKCUYHBIX MPOAYKTOB CTOPAHUS MPEBBIIACT MPEAETBHO TOMYCTUMYIO KOHILIEHTpa-
M0 B HECKOJIBKO JECSITKOB pa3s.

s 60ppOBI C 3TUM 3710M B OOJIBIIMHCTBE CTpaH MHpa MPUHSATHI COOTBETCTBYIOIINE 3aKOHBI,
OTPAaHUYHUBAIONINE JOMYCTUMOE COJIEPKAHUE TOKCHUYHBIX BELIECTB B MPOJAYKTAaX CrOPaHUs], BbI-
OpaceiBaeMbIX B aTMOCheEpy.

18.2. Bo3neiicTBUSI TOKCHYHBIX Ta30B.

JI71s OlleHKM KOHIIEHTpAIMil TOKCUYHBIX BHIOPOCOB MPUHATO CPaBHUBATh MX (haKTUUYECKUE KOH-
LHEHTpalMu C MPEJeiIbHO TOMYCTUMBIMU (MaKCUMaJbHO Pa30BbIMHU, CPEIHECYTOYHBIMHU WIIH
CPEIHETO0BBIMH).

Ha ocHOoBaHMM MHOTOYMCIIEHHBIX SMUIEMUOJIOTHYECKUX U TOKCUKOJOTMYECKUX HCCIEAOBAHUM
YCTaHOBJICHO, YTO BO3JICHCTBUE KaXJI0T0 U3 BPEIHBIX KOMIIOHEHTOB MOXKET MIPUBECTH K OTpeie-
JIEHHBIM HETaTUBHBIM MOCJIEACTBUSIM.

Oxcuo yenepooa CO (Bpems xu3Hu B aTMmocdepe 2...42 Mec.) BO3eHCTBYET Ha HEPBHYIO CHUCTE-
MYy, BBI3BIBAET OOMOPOKH, TaK KaK BCTYMAET B PEAKIIUIO C TEMOTJIOOMHOM KPOBH, 3aMeIiast KHc-
aopoa. B 3aBucumoctu ot koHueHTpauu CO B BO3AyX€ U BPEMEHU BO3JEHCTBUS CTENEHb I0-
pakeHUsl OpraHu3Ma MOKET CYIIECTBEHHO pa3inyaThCsl.

Korma Bnox nmpekpamiaercsi, CO, CBA3aHHBIN reMOTJIOOMHOM, TTOCTETICHHO BBIACISETCS, U KPOBb
37I0pOBOT0 YeJI0BEKa ouuIIaercs ot Hero Ha 50% kaxeie 3...4 4.

BospgelictBue CO Ha LEHTpaJIbHYIO HEPBHYIO CUCTEMY IPOSIBISAETCS B U3MEHEHWU LIBETOBOW M
CBETOBOM 4yBCTBUTEIBHOCTH IJIa3 - BO3PACTacT BEPOATHOCTH aBapuil. MakcHMalbHO-pa3oBas
ITJIK sToro BemiecTBa B HACEJIEHHBIX IMYHKTaX COCTAaBIISIET 3 mr/m>, B CILIA - 10 mMr/m> 3a 8 4
BO3JECHCTBHUS.

B atmocdepe Haa aBTOMarucTpansMu U MPHIETAIOMIMX TEPPUTOPHUAX U3 OKCHUIOB a30Ta BCTpe-
qaroTcsi, B o)CHOBHOM NO u NO2. NO sBisieTcst HEyCTONUNBBIM KOMIIOHEHTOM, KOTOPBIA B Tede-
Hue ot 0,5..3 10 100 4 (3aBUCHUT OT KOHIIEHTpaIuu B Bo3nyxe) okucisgercs 10 NO>. Tokcuu-
HocTh NOz B 7 pa3 Bellie TokcuuHocTu NO.

Ha opranusm genoseka NO, feficTByeT Kak OCTPhIil pa3apakuTeNb NpH KOHIEHTpanuu 15 mr/m>
Y MOKET BBI3BaTh OTEK JIErKHX npH KoHueHTtpauuu 200...300 mr/m>. Pearupys ¢ armochepHoii
BJIAroii, OKCHUbl a30Ta 00pa3yloT a30THYIO KUCJIOTY, BBI3BIBAIOLIYIO KOPPO3UIO METAIIIOB, YHH-
YTOXKEHUE PACTUTEIBHOCTH U T.1.

Haubonpi1yro onacHOCTh OKCHABI a30Ta MPEACTABIAIOT KaK aKTUBHBIA KOMIIOHEHT Ipu o0pa3o-
BaHUU (POTOXUMHUYECKOTO cMOra. MakCUMallbHO-pa30Basi KOHIICHTPAITUS OKCUIOB a30Ta B aTMO-
chepe HaceNeHHBIX MYHKTOB - 0,085 mMr/m>.

l'az006pasnvle HUZKOMONEKYAAPHbIE Y21e8000p00bl OKA3bIBAIOT HAPKOTUYECKOE JEHCTBHE HA
OpraHW3M YeJIOBEKa, BBI3bIBasl cOCTOsIHUE didopun, uro yBenuunBaet BeposTHOCTh A TII. Tok-
CUYHOCTb UX BO3pacTaeT MPU HAJIMYUU B BO3YyXE JIPYTUX 3arps3HEHUN, KOTOPbIE B COBOKYITHO-
CTH TIOJ] ACHCTBUEM COJTHEYHOU paguanuu oopa3yroT poroxumudeckrue okcuaanTel cMmora. [1J1K
MaKCHMAaJIbHO-Pa30Bas COCTABIAET 5 MI/M°,

Honuyuxnuueckue apomamuyeckue y21e8000poobl, COAEpXKalluecs B BbIOpocax BUTaTeNeH,
SBIISIOTCS KaHLEPOTCHHBIMHU, W3 KOTOPHIX HAMOOIBIIEH aKTUBHOCTHIO O0JIaaeT OCH3MUPEH
(C20H12), comepskammiicss B oTpaborasmmx rasax museneif. I1IJIK cocrasmser 0,1 mxr/100 v
BO3/1yXa.

Caoica, conepxkaiasicss B 0TpabOTaBIINX Ta3ax, 001aaaeT O0NbIIeH TOKCHYHOCTHIO, YeM OOBIU-
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Has MbUTh. Ha MOBEpPXHOCTH YacTUIl CaXXH afCcOpOMpYIOTCS KaHIIEpOTeHHbIE BellecTBa. Bumiu-
MBIM aBTOMOOMJILHBIN BBIXJION CTAHOBUTCS IIPH KOHIIEHTparmu caxku 130 Mr/m>.

Pa3meps! yactun cocrasisor 0,19...0,54 MkM B 1uaMeTpe U MOT'YT AOCTUIATh albBEOJ JIETKUX
WJIM OTKJI/IbIBAaThCSl B HOCOBBIX Ma3yxax, Tpaxesx Uiu OpoHxax.

Oxcuovl cepvr ipu Manblx KoHueHTpauusax (0,001%) BbI3BbIBAIOT pa3apa’k€HUE IbIXATENbHBIX
nyteil, npu koHueHtpauuu 0,01% nporcxoauT OTpaBlIeHHE JIOAEH 3a HECKOJIbKO MUHYT. Hanu-
gyre B aTMocdepe CEpHUCTBIX Ta30B MPEMATCTBYET (POTOCHHTE3Y PACTCHHUU, HEOIArompHsITHO
BO3/ICIICTBYET Ha JAbIXaTelbHble MyTH yenoBeka. [Ipu konrentpamuu SO, B Bo3ayxe Oonee 0,9
MI/M® IPOMCXOIUT N3MEHEHKE MPOLECCOB (POTOCHHTE3a PacTeHHit; yepes 5... 10 aHei xBos coc-
HBI, €11 HAYMHAET PBDKETh U MPEXKIEBPEMEHHO ONaAaeT. Y CTaHOBIEHO, 4yTo cMech SO2 u CO
IPU UTUTEILHOM BO3/IEHCTBUH BBI3bIBACT HApyIlIEHUE TeHeTndeckol pynkuuu opranusma. [TJK
B paboueii 30He cocTapiseT 10 Mr/m>.

Coeounenus ceunya MPUBOJAAT K BO3HUKHOBEHHIO T'OJIOBHOM OOJM, YTOMJIEHHIO, HapyIIECHUIO
CHa, ()epMEHTATUBHON aKTUBHOCTH O€JKOB *kMBBIX opranu3zMoB. I1JIK cpegnecyrounas cocras-
nser 0,0003 mr/m>. CBUHEIl HAKATUIMBAETCA B OPIraHU3ME U MOKET BHI3BATH TAKEIbIE PACCTPOii-
CTBA HEPBHOM U KPOBEHOCHOU CHCTEMBI.

HeratuBHoe Bo3eiicTBIE aBTOMOOMIIBHBIX BBIOPOCOB Ha YeJIOBEKa MPOSBIISETCS U Yepe3 MUThe-
BYIO BOJly, U IPOAYKTHI MUTaHUs. [IpUBOIAT K yXY/IIIEHHIO 310pOBbsS TPAHCIOPTHBIN IIyM U
3IEKTPOMArHUTHBIEC U3ITyUYEHUSI.

18.3. IlocencTBusi NapHUKOBOro 3 deKTa.

OnHUM U3 OCHOBHBIX MPOIYKTOB CTOPaHUs YTIEBOJOPOIAHBIX TOILIMB SIBISETCS AUOKCUI yTIe-
pona (CO2), KOTOPBI HE OTHOCUTCA K TOKCUYHBIM ra3zam. ['omoBast amuccusi CO2 coctaBisieT
130...1100 mapa. t/roa. OcHoBHOe KoymuecTBO CO2 MIPOU3BOAUTCS MPUPOTHBIMA HCTOYHUKAMM,
U TOJIBKO IpUMepHO 1...3 % cBsI3aHbI C TEXHUUECKOH €ATEIbHOCTHIO YEIOBEKa (AaHTPOIIOTEHHBIE
BbIOpOCH). OfHako 31 1...3% MoryT Hapymarh paBHOBeCHE B aTMoc(hepe U CIIyKUTh MIPUYUHON
BO3HUKHOBEHHUSI TaK HA3BIBAEMOTO “TTapHUKOBOTO” 3(pdekTa.

B BepxHHX cosix aTMocdepsl BCeraa pacnojaraiack cMech ra3os, cocrosmas Ha 60... 90 % u3
BOJISIHOTO Mapa. JTa CMECh ra3oB MPEMSITCTBYET OTBOAY TEIIOTHI OT MOBEPXHOCTH HaIlIeH Ijia-
HETBHI, MOBBIIIAs ee cpeHtoro TeMieparypy Ha 33°C (ot -18°C mo +15°C). B yBenuuenuu cpen-
HEl TeMIepaTypbl Ha MOBEPXHOCTH 3€MJIM M 3aKJIIOYACTCsS “NapHUKOBBIA’ A(QeKT, KOTOpHIi
00ycI0B/II OIaroNpHUsTHRIE YCIOBHS JUIsl BOSHUKHOBEHHS M pa3BUTHS XU3HU Ha 3emiie. OgHaKo
B pe3yJibTaTe eATeIbHOCTH YeJIOBeKa B cTpaTocdepe u Tponocdepe CTalyd HAKaIJIUBATHCS Ta-
ke BemectBa kak COz, CH4, ramoreHupoBaHHBIE YIJIEBOJOPOAbI, O30H U TE€MHOKCHJ a30Ta
(NO»). Cymmapnas 10J1s 3THX Ta30B B “NApHUKOBOM’ CJI0€ OTHOCHUTEILHO HeBeauka Bcero 0,5...
15%. Onnako oHu BbI3BaiM 3a nociaeanue 100 JeT moBbIIeHHE CPEeIHEeH TeMIepaTypsl MpUMep-
HO Ha 0,45°C, yTO BBIPa3MJIOCh B M3BECTHOM MOTEIUIEHUM KiuMmata. [Ipu nanpHelnmeM HEKOH-
TPOJMPYEMOM YCHJICHHH ‘‘TIApHUKOBOTO” 3((eKkTa MOKET NPOM30WTH WHTCHCHUBHOE TasHHE
JIETHUKOB, KOTOPOE MOXKET MPUBECTHU K II100ABbHOM KaTacTpode.

W3 Bcex aHTpONOreHHBIX “TIApHUKOBBIX T'a30B ITIABHOE 3HAYEHUE JIJIS1 YCUIICHUS ““TIapHUKOBOTO”
s¢p¢exra umeer COz. BakHEeHIIMMU MCTOYHUKAMU aHTPOMOTEeHHBIX BbIOpocoB CO2 SABIAIOTCS:
TEIJIOBBIC M DJIEKTPUUYECKHUE CTAHIHH - 27%, TPOMBIIUIEHHOCTD - 20%, OTOTUICHHE JKUJIBIX TO0-
MEIIEHNH 1 Mainas sHepreTuka - 20%, tpancnoprt - 17%.

CHmxeHue aHTpONoreHHsIX BbIOpocoB CO2 cTano ocTpoil 3KoIoruyeckoit mpodiemoil. B To xe
BpeMsl U3BECTHO, 4To ueM Ooibiie COz oOpasyercs Mpu CrOpaHUU YIIIEBOJOPOIHBIX TOIUIUB,
TeM OHO coBepiueHHee. [loaromy penieHue mpo6iieMbl YMEHbIIEHUS aHTPOIIOTE€HHBIX BHIOPOCOB
CO2 BO3MOXXHO ITyTEM:

- YMEHBIIEHHUS KOJIMYECTBA CXKUTaeMOro YIJIEBOJOPOJHOIO TOIUIMBA, T.€. MOBBIIMIEHUS TOIUIMB-
HOM YKOHOMHMYHOCTH TEIUIOIHEPIeTUUECKUX YCTPOUCTB U TEIUIOBBIX JBUTaTENICH;

- MPUMEHEHHUS TOILIMB C MaJbIM COJEpKAHUEM yriepo/ia (CKaThli M CKMXKEHHBIH ra3bl, CIIUPTHI
U 3(UpBI); - UCTIOIB30BAHMS BOJOPO/IA;- MIEPEX0/1a K IIMPOKOMY IPUMEHEHHIO aJIbTePHATHBHBIX
MCTOYHUKOB SHEPTUHU (PHEPTHUS COJIHIIA U BETPa, TUAPOIHEPTHs, aTOMHAS U AepPHAsI SHEPTHS).
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