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Pazpnea I. Texunyeckast TepMOAMHAMHUKA

Tema 1. BBenenue. OcHOBHbIE IOHATHS U ONPeAeSIeHUS.

1.1 BBeagenue

TemnoTexHuka — HayKa, KOTOpasi U3y4aeT METO/Ibl MOJIy4YeHHUs, TPeoOpa3oBaHUsl, IEpelauu U
WCIIOJIb30BaHUS TETUIOTHI, 4 TAK)KE IPUHIIUIIBI IEHCTBUS U KOHCTPYKTHBHBIE OCOOCHHOCTH
TEIUIOBBIX MalllHH, alapaToB U YCTPOICTB. Temiora CHoIb3yeTcs BO BCEX 00JIaCTIX
JESTEIIbHOCTH YeioBeka. [l ycTaHOBICHHS HanOoJiee paliOHaIbHBIX CIIOCOOOB €T0
MCIIOJIb30BaHUs, aHAIN3a YKOHOMUYHOCTH Pa0OUUX MPOILIECCOB TEIJIOBBIX YCTAHOBOK U
CO3/IaHMS HOBBIX, Han0OOJIee COBEPIICHHBIX THUIIOB TEIIJIOBBIX arperaToB He0OXoauMa pa3padoTka
TEOPETUUYECKHX OCHOB TEIUIOTEXHUKU. Pa3nuyaroT [Ba NPUHLIUIIUATIBHO PA3IMYHBIX
HaIpaBJICHUS UCIIOJIb30BAaHUS TEIUIOTHI — SHEp2emuueckoe U mexroaocuueckoe. llpu
SHEPreTUYeCKOM UCIOIb30BaHUH, TEIUIOTA Mpeodpa3yeTcs B MEXaHHUECKYIo paboTy, C
MTOMOIIIbIO0 KOTOPOH B TEHEPATOPAX CO3AETCS IEKTPUUECKasi YHEPTUs, yA00Has JUIsl epeaadn
Ha paccTosHue. TemnoTy mpu TOM MOIYyYaroT CXKUTaHUEM TOIUJIMBA B KOTEIbHBIX YCTAaHOBKAX
WJIM HETIOCPEJCTBEHHO B JBUTATENSIX BHYTPEHHETO cropanus. [Ipu TeXHOIOrHYecKoM - TeIrioTa
UCIIONIB3YETCS JIJIsl HAPABJICHHOT'O U3MEHEHHUSI CBOMCTB Pa3IUYHbIX TeN (pacIljiaBiIeHuUs,
3aTBepCBaHUS, H3MEHCHHSI CTPYKTYPBI, MEXaHUYCCKUX, (PU3HMUECKUX, XUMHUYECKUX CBOMCTB).
KonuyecTBO Mpou3BOAUMBIX U MOTPEOIIIEMBIX YHEPropecypcoB orpoMHo. 1o nanHbIM
MunTtomuepro PO u ¢pupmsr "Shell" [3] nuHamuika mpon3BOACTBa IEPBUUYHBIX SHEPTOPECYPCOB
naubl B Ta0imue 1.1.

Tabmuua 1.1.
Bup snepropecypcos T'onet

1980 1985 1990 1994 1995
Hed1s, MT, B MHpe 2922 2652 3022 3264 -
Poccus 547 542 518 317,8 306,7
I'a3, I'm®, 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 10712 11900 16498 18221 -
MUPE
Poccus 596,7 886,5 942,7 890,7 862
Hrtoro, MTyT , B MHpe 9451 10231 11692 12277 -
Poccus 1430 1690 1430 1391 -

*

TYT — TOHHA yCJIOBHOT'O TOTIJIMBA.
TakuMu TEOPETUUECKUMHU pa3AEiIaMU ABJISIOTCA TEXHUUYECKAs TEPMOJMHAMUKA U OCHOBBI TEOPUU
TEII000MEHa, B KOTOPBIX UCCIIENYIOTCS 3aKOHBI MPEBPAIEHUS U CBOMCTBA TEIIJIOBOW SHEPTUU U
MPOLECCH] PACIPOCTPAHEHHUS] TENIOTBHI.
JlaHHBII KypC SBISIETCS OOMIETEXHUYECKOW TUCIUTINHOMN MPH MOATOTOBKE CIICIIMAIMCTOB
TEXHUYECKOH CIIELIUATBbHOCTH.

1.2. TepmoanHaMu4yeckas cucrema.

TexHauveckas TepMOJIMHAMHUKA (T//T) pacCMaTPUBAET 3aKOHOMEPHOCTH B3aMMHOTO TPEBPAICHUS
TEIUIOTHI B paboTy. OHa yCTaHABIMBAET B3aMMOCBS3b MEK/Y TEIUIOBBIMH, MEXaHUYECKHUMHU U
XUMHYECKUMH MTPOLIECCAMH, KOTOPHIE COBEPIIAIOTCSA B TEIVIOBBIX M XOJIOAWIBHBIX MAIlIMHAX,
M3y4aeT MPOLECCHI, MPOUCXOASAIIME B ra3ax U mapax, a TaKKe CBOWCTBA ATUX TN IIPHU



pa3IMYHBIX (PU3HUECKUX YCIOBUSX.

Tepmonnaamuka 6a3upyeTcst Ha IByX OCHOBHBIX 3aKOHAaX (Haydajgax) TEPMOJIUHAMUKH:

1 3ax0n mepmoounamuKy - 3aKOH MPEBPALICHUS ¥ COXPAHEHUS SHEPTUU;

11 3axon mepmoournamuKky — yCTaHABIMBAET YCIOBUS IPOTEKAHUS U HATIPABICHHOCTh
MaKpPOCKOITMYECKUX MPOIIECCOB B CHCTEMAX, COCTOSAIINX U3 OOJIBIIOTO KOJTMYECTBA YACTHII.
TexHuueckas T/1, IPUMEHsIsI OCHOBHbBIE 3aKOHBI K IPOIIEcCcaM IPEeBpaIeHUsI TEIJIOTHI B
MEXaHHUYECKYIO padoTy u 00paTHO, JaeT BOZMOKHOCTh pa3padaThiBaTh TEOPHH TEILJIOBBIX
JBUTATENEH, UCCIel0oBaTh MPOIECChl, IPOTEKAIOIINE B HUX U T.II.

OOBEKTOM UCCIIETOBAHUS ABISCTCA MEPMOOUHAMUYECKAs CUCeMA, KOTOPO MOTYT OBITH
rpynna Tej, TeJ0 WK YacTh Teja. To YTO HaXOAUTCS BHE CUCTEMbI HA3bIBACTCS OKpyocarouyelt
cpedoii. T/n cuctema 3To COBOKYIMHOCTh MAKPOCKOMTUYECKHX TEJI, 00OMEHUBAIOLITUECS SHEePTUEH
IpyT ¢ APYTroM U OKpy»Katoleit cpeaoi. Hanpumep: 1/1 cucrema — ras, HaxofsIencs B
WIMH]IPE ¢ TIOPITHEM, a OKPYKAIOIIasi Cpejia — UIHH/P, MOPIIEHb, BO3AYX, CTCHBI TOMEIICHHUS.
Hzonuposannasn cucmema - T/1 cucteMa He B3aUMOJICHCTBYIOIIAs C OKPYKAIOIIEH Cpeoi.
Aouabammuas (meniousonuposanHas) cucmema — CACTEMa UMEET aiuadaTHYI0 000JIOUKY,
KOTOpasi UCKJII0YaeT 0OMEH TeIIOTOH (TEeII000MEeH) C OKpY>KaloIIeil cpeaou.

OonopooHas cucmema — CUCTEMA, UMEIOIIAsi BO BCEX CBOMX YAaCTSIX OJMHAKOBBINA COCTaB U
buznyeckue cBOMCTRA.

T'omozcennas cucmema — OTHOPOTHASI CUCTEMA TI0 COCTaBY M (PU3MUECKOMY CTPOSHHIO, BHYTPH
KOTOPO HET MOBEPXHOCTEH pazaena (Jieq, BoJa, rasbl).

T'emepocennasn cucmema — cucTeMa, COCTOSIIASA U3 HECKOJIBKUX TOMOT€HHBIX "acTei ((ha3) ¢
pa3IMYHbIMU (PU3UUECKHUMH CBOMCTBAMU, OTACIECHHBIX OJJHA OT APYTOi BUIUMBIMH
MOBEPXHOCTAMH pazzena (Jieq ¥ Boja, BOJa U map).

B TenoBbIX MamMHax (IBUraTeNsax) MeXxaHHueckas paboTa coBepIIaeTcs C MOMOIIBI0 pabodrx
TeN — ras, nap.

1.3. IlapameTpbI COCTOSIHUSA.

BenuunHbl, KOTOpBIE XapaKTepU3YyIOT PU3NUIECKOE COCTOSIHUE Tella Ha3bIBAIOTCS
TEPMOJIMHAMHYECKUMH MTapaMeTPaMH COCTOSTHUS. TaKkuMu rmapaMeTpamMu SBISIOTCS YACTbHBIN
00beM, abCOJTIOTHOE /1aBlIeHHe, a0COTIOTHAS TEMIIepaTypa, BHYTPEHHSISI SHEPTHsl, SHTAJIBIINA,
DHTPOITHUS, KOHIIEHTPAIHS, TETUIOEMKOCTh U T.A. [Ipy OTCYTCTBHH BHEIIHUX CHUIIOBBIX TTOJIEH
(TpaBUTALIMOHHOTO, 3JIEKTPOMAarHUTHOTO U JIp.) TEPMOJMHAMUYECKOE COCTOSTHIE 0THO(PA3HOTrO
Tela MOXKHO OJTHO3HAYHO OIpPENEIUTh 3-Ms apaMeTpaMu — yA. 00beMoM (v), TeMIepaTypoit
(T), naBnenuewm (P).

Yoenvnulii 06vem — BenuuuHa, onpesensieMasl OTHOIIEHHEM 00beMa BeIecTBa K €ro Macce.

v=V/m, [mMY/kr], (1.1)
IInomnocms geujecmea — BeIMINHA, OTIPeieNsieMasi OTHOIICHHEM MacChl K 00beMy BEIIECTBA.
p=m/V,[xr/™M], (1.2)
v=1/p;p=1/v;vep=1.(1.3)
/lasnenue — ¢ TOUYKH 3pEHHSI MOJIEKYJISIPHO-KMHETUIECKOI TEOPUH €CTh CPEIHUI pe3yIbTaT
yJIapOB MOJIEKYJI T'a3a, HAXOSAIINXCS B HEIPEPHIBHOM Xa0TUYECKOM JIBUKEHUH, O CTEHKY
cocyJia, B KOTOPOM 3aKJIFOUEH Tas3.
P=F/S; [Ma] = [H/M’] (1.4)
BHecucTeMHbIC STMHHUIIBI IABICHHUS:
1 kre/m® = 9,81 ITa= 1 MM.BOJIH.CT.
1 aT. (Texn.atmocgepa) = 1 kre/em® = 98,1 kITa.
1 at™. (pusuueckas armocdepa) = 101,325 xlla = 760 Mm.pT.cT.
1 at. = 0,968 atm.
I mm.pt.cT. = 133,32 I1a.
1 6ap = 0,1 MITa = 100 kITa = 10° ITa.
Paznngator uzbvimounoe n abcontommuoe NaBieHAE.




H36b1mounoe nasnenne (P,)— pa3HOCTh MEXIY JaBICHHEM KUIKOCTH HJIHM T'a3a M JaBICHUEM
OKPYKAaIOIEe Cpebl.
Ab6contomnoe nasnenue (P)— naBiaeHne oTcunThiBaeMoe 0T aOCOMOTHOTO HYJISI JABJICHUS WU OT
a0COIOTHOTO BaKyyMa. DTO JaBlIEHUE SIBISIETCS T/ TapaMeTPOM COCTOSIHHSL.
AOCOIIOTHOE TaBJICHHUE ONPEIEIISIETCS:
1). IIpu naBiennu cocyma 6osbiie aTMOCHEpPHOTO:
P=P,+P,; (1.5)
2). Ilpu naBieHUU cocyaa MEHbIIIE aTMOC(EPHOTO:
P=P,+P;; (1.6)
rae P, — atmocdepHoe naBienue;
P; — naBnenue Bakyyma.

Temnepamypa — XxapakTepu3yeT CTENIEHb HArPETOCTH TeJ, IPEACTABISAET cO00M Mepy cpelHeil
KUHETHYECKOW YHEPTUH MOCTYIATEIBHOTO IBUKECHUS ero MoJieKysl. UeM OoJbine cpennsis
CKOpOCTb JIBUKEHMsI, TEM BbILLIETEMIIEpaTypa Teja.

3a T/ mapaMeTp COCTOSHUS CUCTEMBI IPUHUMAIOT mepmoounamuyeckyio memnepamypy (T), T.e.
abcomomuyro Temneparypy. OHa Bcerza nojoxurenbHa, [Ipu reMnepatype abCcoOTHOro HYJIs
(T=0) rennoBble ABMKEHUS IPEKPALLAIOTCS U 3Ta TEMIIEpATypa SIBJISETCS Ha4yaJloM OTCYETa
abCOJIIOTHON TeMIIepaTyphl.

1.4. YpaBHeHHe COCTOSIHUS U TEPMOAUHAMUYECKHUI MPoLecc.

OcHoBHBIE T/1 TapamMeTpsl cocTosiHus P, v, T 0gHOpOIHOTO TeNa 3aBUCST APYT OT Ipyra u
B3alMHO CBSI3aHsI MEXAY COOOM ONpEeeIEHHBIM MAaTEMaTHYECKUM YpaBHEHUEM, KOTOPBIH
Ha3bIBACTCSl YPAGHEHUEM COCIOAHUA.

f(P,v, T)=0.(1.7)
Pasnosecnviv cocmoanuem Ha3pIBa€TCS COCTOSHUE TEJIA, P KOTOPOM BO BCEX €r0 TOYKaxX
oowema P, v u T u Bce npyrue pusndeckue cBONCTBA OJUHAKOBEI.
COBOKYITHOCTh M3MEHEHHUH COCTOSTHHSI T/ CHCTEMBI ITPH MEPEXO0JI€ U3 OJTHOTO COCTOSTHUS B
Ipyroe Ha3bIBaeTcs n/d npoyeccom. T/ npoiiecchl ObIBAIOT paBHOBECHBIE U HEPABHOBECHBIE.
Ecnu nporiec mpoxouT yepe3 paBHOBECHBIE COCTOSIHUS, TO OH HA3bIBACTCS pasHoGecHbim. B
peabHBIX CIIy4asX BCE MPOIECCHI SBISIOTCS HEPABHOBECHLIMUL.
Ecnu nipu mo60oM 1/11 poriecce W3MEHEHHE MapaMeTpa COCTOSHUS HE 3aBUCHUT OT BHA
mpoliecca, a onpeAenseTcss HauaabHbIM U KOHEUHBIM COCTOSIHUEM, TO TTapaMeTpbl COCTOSTHUS
Ha3bIBAIOTCS PyHKyuel cocmoanus. TakuMu apaMeTpamMHu SBIISTIOTCSI BHYTPEHHSISI SHEPTHS,
SHTAIIBINS, SHTPOMHUS U T.J.
HumencusHvle napamempul — 3T0 IapaMeTPhI HE 3aBUCSIIUAE OT MAaCChl CHCTEMBI (JIaBJICHUE,
TeMIIepaTypa).
Aodoumusnvle (3KxcmeHcusHble) napamempsl — apaMeTPhl, 3HAYECHUST KOTOPBIX
MPOTMOPLUOHANEHEI Macce cucTeMbl (O0beM, YHEPTHUsl, SHTPOIIUS U T.11.).

Tema 2. IlepBblii 3aKOH TEPMOAMHAMHUKH.
2.1. Tensiora u padora.

Tena, yqacTByromue npyu NpoTeKaHUU T/J1 Iporiecca oOMeHnBaroTcs Hepruei. [lepenada
HHEPTUU OT OJHOTO Teja K APYyroMy MPOUCXOAUT ABYMsI CIIOCOOaMHU.

1-i1 cioco0 peanu3yercs Mpu HEMOCPECTBEHHOM KOHTAKTE TeJl, UMEIOIINUX Pa3InyHYIO
TEeMIIepaTypy, yTeM 0OMeHa KHHETUYECKON SHEPrueil Mex 1y MoJIeKyJIaMHi COMPUKACAIOIINXCS
TEJ JTUOO JTYIUCTHIM TIEPEHOCOM BHYTPEHHEH SHEPTHH U3TYJaroIIuX TEI IMyTeM 3/M BOJiH. [Ipn



9TOM PHEPrHs MepeaaeTcs OT 0oiee HArPETOro K MEHEEe HarpeToMy.

KonuyecTBo sHEprum, nepenanHoi 1-M crmocodoM OT OJJHOTO Tella K IPYroMy, Ha3bIBaeTCs
konuwecmeom meniomol — Q [Jk], a cnocod — mepenada YHEPTUU B popme meniomoi.

2-11 cioco0 CBsA3aH ¢ HATMYMEM CHJIOBBIX TOJICH UM BHEIIHEro JAaBieHud. J{is nepenadu
SHEPTUH 3TUM CIIOCOOOM TEIO TOJKHO OO0 MEePeBUTATHCS B CUIIOBOM TI0JIE, THOO U3MEHSTH
CBOI1 00beM 101 IeICTBIEM BHEILIHETO aBlieHus1, To ecTh nepenayn S3HePTUu MPOUCXOIUT MPU
YCIIOBUU TIEPEMEIIICHHS BCETO TeJla UM €r0 YacTH B MpocTpaHcTse. [Ipu 3ToM KOTMYeCTBO
NIepeIaHHOM SHEPTHH Ha3bIBaeTCs pabomoti — L [[Ikx], a cmocob nmepenaya sHEPTUn B popme
pabombi.

KonnuecTBo sHepruu, noiaydeHHoe TeJIoM B popMe paboThl Ha3bIBACTCS pabomou co8epulenHou
Hao0 meiom, a OTAAHHYIO SHEPTHIO — 3amMpa4eHHol meiom pabomotl.

KonunuecTBo TemioTel, nosydyeHHoe (0TJaHHOE) TeJIOM U paboTa, COBEplIECHHAs (3aTpaycHHast)
HaJI TEJIOM, 3aBHUCAT OT YCIIOBUH Tepexo/ia Telia U3 Ha4aabHOT0 COCTOSTHUS B KOHEYHOE, T.€.
3aBHCAT OT XapakTepa T/1 mpolecca.

2.2. BHyTpeHHsIsl JHEepIHUsl.

B o01ieMm ciyuae BHyTpeHHeH sHeprueil Ha3bIBaeTCs COBOKYITHOCTh BCEX BUIIOB SHEPTUH,
3aKJIFOYEHHOW B TE€JIE€ UM CUCTEME TEJl. DTy SHEPTUIO0 MOKHO MPEJACTABUTH KaK CYMMY
OTJICIbHBIX BUJIOB YHEPIH: KUHETUYECKOM HEPTrUU MOJIEKYJ (IIOCTYNaTeIbHOTO U
BpALATEIbHOIO IBUKEHUS MOJIEKYJ); KOJIeOaTeIbHOI0 IBUKEHUS aTOMOB B CaMOI MOJIEKYJIE;
SHEPIrUH JIEKTPOHOB; BHYTPUSIAEPHON SHEPTUU; SHEPIHH B3aUMOJICHCTBUS MEXKIY AIPOM
MOJIEKYJIbI M 2JIEKTPOHAMU; TOTEHLIUAIbHON YHEPIUH MOJIEKYI.

B texHuueckoi TepMOIMHaAMUKE pacCMaTpPUBAOTCS TOJBKO TaKUE MPOLECCH, B KOTOPHIX
W3MEHSAIOTCS] KHHETUYECKas U IIOTEHIMAJIbHAsL COCTABIIAIOIINE BHYTpEHHEN aHepruu. 1lpu stom
3HaHME a0COIIOTHBIX 3HAUEHUN BHYTpeHHEH aHepruu He Tpedyercs. [loaToMy BHYTpeHHEN
JHEpruen s UealbHbIX Fa30B HA3bIBAIOT KHHETHYECKYIO DHEPIHIO IBMXKEHUS MOJIEKYJI U
SHEPruIo KosueOaTeNbHbIX IBUKEHUI aTOMOB B MOJIEKYJIE, a /ISl peajIbHbIX Ta30B
JIOTIOJTHUTEIIBHO BKJIFOYAIOT NOTEHLMATIBHYIO SHEPTUIO MOJIEKYI.

Buyrpennss sueprus (U) siBnsieTcss pyHKIMEN IByX OCHOBHBIX TapaMeTPOB COCTOSIHUSA Tasa, T.€.
U=f(P,T),U=1f(,T) U={(P,v). Kaxxgomy cocTostHro paboyero tena (CUCTEMBI)
COOTBETCTBYET BIIOJIHE ONPEEIEHHOE 3HAUEHUE MTApaMETPOB COCTOSIHUS, TO JIJIS1 KaX 10T 0
COCTOSIHUSA Ta3a Oy/IeT XapaKTepHa CBOsI OIHO3HAUHAas, BIIOJIHE ONpe/ie/ICHHAs BeIUYHHA
BHyTpeHHel sHeprun U. To ects U siBnsieTcss pyHkiuen coctosnus rasa. M pasnoctsb
BHYTPEHHUX SHEPIU AJIS IBYX KAKUX-TMOO COCTOSIHUM paboyero Tena Wi CUCTEMBI Te He
OyZIeT 3aBUCET OT IYTH Mepexo/ia OT IePBOro COCTOSIHUS BO BTOPOE.

2.3. IlepBblii 3aKOH TEPMOJIMHAMMKH.

[TepBbIii 3aKOH TEPMOJMHAMUKH SIBJISIETCSI OCHOBOM TEPMOJINHAMHYECKOW TEOPUU U UMEET
OTPOMHOE MPUKJIATHOE 3HAYCHUE TIPH UCCIICIOBAaHUH TEPMOTUHAMHUYCCKHUX TIPOIECCOB. DTOT
3aKOH SIBJIIETCS 3aKOHOM COXPAHEHUS U MPEBPAIEHUS DHEPTHUHU:

\"DHepeus He ucuezaem u He BO3HUKAEN 6HOBb, OHA TUULL NEPEXOOUm

U3 00HO20 6UOa 8 OpY2oll 8 pa3IUUHbIX husuyeckux npoyeccax”.

JIJIst TepMOTMHAMHYECKHX TIPOIIECCOB 3aKOH YCTaHABIIUBACT B3aUMOCBSI3b MEX/TY TCILIOTOH,
paboToii ¥ U3MEHEHNUEM BHYTPEHHEH SHEPTUU T/]I CUCTEMBI:

\"Tennoma, noogeoennas Kk cucmeme, pacxo0ymcsi Ha U3MEHeHUe dDHepeUU \CUCTeMbl U
coeepuierue pabomoi".

YpaBHEeHHE [TEPBOro 3aKOHA TEPMOIUHAMHUKN UMEET CIICTYFOIIHIA BH/I;

Q=(U-Up+L,(21)
rae Q - KoaudecTBa TEIUIOTHI TI0/IBeICHHAs! (OTBEIEHHAs) K CUCTEME;
L - pabota, coBepieHHasi CHCTEMOH (HaJ CHCTEMOH);



(U2 — U1) - u3mMeHeHre BHYTPEHHEH SHEPTUU B JAHHOM TIPOIIECCE.

Ecnu:

Q > 0 — Tem0Ta MOABOJAMTCS K CUCTEME;

Q <0 — TemoTa OTBOJAMTCS OT CUCTEMEI;

L > 0 —pabora coBepIiaeTcsi CHCTEMOIA;

L <0 - pabora coBepiraercsi HaJi CHCTEMOM.

JList e TMHUIIBI MacChl BEIIECTBA YPaBHEHHE MIEPBOTO 3aKOHA TEPMOAMHAMUKHN UMEET BU/I:
q=Q/m=(u—uy) +1.(2.2)

B oanvneituem ece gpopmynvt u ypasnenusn 6yoym 0amnsvt 8 0CHOBHOM 0J151 OUHUUBL MACCHL

eeuwjecmaa.

1-#1 3aK0H T/11 yKa3bIBaeT, YTO AJIs MOTydeHUs T0Jie3HOM paboTel (L) B HEMpephIBHO
JEHCTBYIOIIEM TEIJIOBOM JIBUTATele Ha/l0 MOJBOAUTH (3aTpauuBaTh) Termiory (Q).
\"[leucamenv, noOCMosIHHO NPO36800AWULL pAOOMY U He NOMPEONAIOWULL HUKAKOU SHepuU
Hazvleaemcs 6eunvim 0gueamenem I pooa.”

13 3TOr0 MOXKHO BBICKA3aTh CIIEAYIOIIEe onpeesieHre 1-ro 3akoHa TepMOANHAMUKY:

\"" Beunwlii 08ucamens nep8ozo pooa Heo3moxcen".

2.4. TemiioeMKOCTh ra3a.

WcTrHHAs TETIOEMKOCTh pabovero Tesna OnpeaeseTcss OTHOIICHHEM KOJIMYECTBA MOABEICHHOMN
(oTBeZeHHOM) K pabouemMy Tely TEIUIOTH B JAHHOM T/ Mpoliecce K BbI3BaHHOMY 3THM
M3MEHEHUSIM TEMIIepaTyphl Tea.

C=dQ/dT, [dx /K] ; (2.3)
TernnoeMKoCTh 3aBUCUT OT BHEIIHUX YCJIOBHI WIIA XapakTepa Mpolecca, Ipu KOTOPOM
MIPOUCXOUT MOJABOT WJIA OTBOJ] TETLIOTHI.
PasznuyaroT cnemyromye yaenbHble TeMI0eMKOCTH:

MaccoByto —c = C /m, [[x/kr] ; (2.4)

MOJISIpHYIO - ¢, = C /v, [J[Ix/Mons] , (2.5)

g€ vV - KOJIMYECTBA BCIICCTBA [MOJ’IB] )
oGbemuyto - ¢ =C/V=cp, [[xm’] , (2.6)
rac-p=m / V - IIOTHOCTH BCIICCTBA.
CBS[BB MCKAY 3TUMH TCIINIOCMKOCTAMMU:
c=c/-u=cu/u,

rae - v = V/m - yaenbHbIld 00beM BEIIecTBa, [M3/1<r];
W =m /v — MoJisipHas (MOJEKYJIsipHasi) Macca, [Kr/Moib].
TennoeMKoCTb Ta30B B OOJBIION CTETIEHH 3aBHCUT OT T€X YCIOBHM, IIPH KOTOPBIX MPOUCXOIUT
IpoIecC UX HarpeBaHus WM OXJIKICHHS. Pa3IyaroT TeII0eMKOCTH P MOCTOSHHOM
JaBjieHUH (M300apHBIN) U PU MOCTOSITHHOM 00beMe (M30XOPHBIN).
Taxum 00pa3oM pa3IuyaroT CIEAYIOIINE yIeIbHbIE TEMJI0EMKOCTH:
Cp , Cy — MAcCOBBIE H300apHBIE M U30XOPHBIE TEIIOEMKOCTH;
Cpu > Cyp — MOJLAPHBIE n300apHbIe U U30XOPHBIE TEIIIOEMKOCTH;
Cp, Cy — 00BEMHBIE H300apHbIE U N30XOPHBIE TEMTIOEMKOCTH.
Mexay n300apHBIMU U H30XOPHBIMH TEIUIOEMKOCTSIMU CYIIECTBYET CJIEAYIOIIast 3aBUCUMOCTb!
Cp - ¢v= R - ypaBHenue Maiiepa; (2.7)
Cpu - Cvu = Ry, . (2.8)

TemnoeMKoCTb 3aBUCUT OT TEMIIEPATYpPbl, KOTOPBIE JAIOTCS B CIIPABOUYHBIX JINTEpATypax B BUJE
TaOJIMLBI KaK CPETHUE TEIJIOEMKOCTH B UHTepBase Temieparyp ot 0 1o ty. st onpenenenus



CpeHEN TEMIOEMKOCTH B MHTEPBAIIE TEMIIEPATYP OT ty JI0 t, MOYKHO MCIIOJIB30BATh CIEMLYIOILYIO
opmymy:
t2 t2 t1
c“u=C(|%t2-clo t) / (tz - t7) . (2.9)

2.5. YHuBepca/ibHOe ypaBHEeHHEe COCTOSIHUS U/1eaIbLHOI0 rasa.

Hoeanvnvim 2a3om Ha3bIBAETCS TAKOU I'a3, y KOTOPOrOo OTCYTCTBYIOT CHJIbI B3AMMHOI'O
MPUTSDKEHUS U OTTAIIKMBAHUS MEXKy MOJIEKYJIaMH U MpeHeOperarT pasmepaMu MoJiekyi. Bee
peasbHbIE ra3bl IPU BEICOKMX TEMIIEPATypax U MaJlbIX JABJICHUSAX MOXKHO MPAKTUYECKH CUUTATh
KaK HJiealbHbIE Ta3bl.

YpaBHEHUE COCTOSIHUS KaK Ul UACATbHBIX, KaK U JUIS PealbHbBIX I'a30B OMUCHIBAIOTCS TPEMS
napameTpamu 1o ypasHeHuto (1.7).

YpaBHEHUE COCTOSIHUS UACATHHOTO ra3a MOXKHO BBIBECTH U3 MOJIEKYJISIPHO-KUHETUYECKOM
TEOPUHU WK U3 COBMECTHOTO paccMOTpeHHUs 3aKkoHOB boitisi-Mapuotra u I'eit-JIlroccaka.

3Ot0 ypaBHeHHE ObLIO BBIBeIeHO B 1834 1. ppaniy3kum ¢pusukom Kianeiiponom u st 1 kr
Macchl ra3a UMeeT BU/I:

Pv=RT, (2.10)
rae: R - rasosas mocrosiHHaAsA " MMpeaACTaBIACT pa60Ty 1 krraza B nponecce nmpu MOCTOAHHOM

JABJICHUU Y TIPU U3MEHEHUH TeMIIepaTyphl Ha 1 rpamayc.
VYpaBuenue (2.7) Ha3bIBAIOT TePMUUECKUM YPABHEHUEeM COCMOAHUS NI XapaKmepucmuieckum

YPABHEHUEM.
I[J'IH IIPOU3BOJIbHOI'O KOJIMYCCTBA Ira3a Maccoi m YpaBHCHHUE COCTOSHUA 6YI[6TZ

PV=mRT.(2.11)

B 1874 r. JI.1.MenneneeB ocHOBBIBasiCh Ha 3akoHe JlanpToHa ("B pasnvix ob6vemax pasivix
UOeANbHBIX 2A308, HAXOOAUWUXCSL NPU OOUHAKOBLIX MEMNEPamypax u 0aeieHusx, coOepICUmcs
00UHaKogoe Koaudecmeo monexyn'") mpesioKuil YHUBEPCAIbHOE YPaBHEHHE COCTOSTHUS AJist | KT
rasa, KOTOpYIO Ha3bIBaIOT ypasuenuem Knanetipona-Menoeneesa:.

Pv=R,T/un, (2.12)
rze: | - MoJisipHas (MOJIeKyJIsipHas) Macca rasa, (KI/KMoJb);
R, = 8314,20 [Ixx/xmons (8,3142 xJIk/KMOJIb) - YHUEepcanbHas 2a306as NOCMOAHHAA N
npezcTaBisieT paboTy 1 KMOJIb HeaabHOIO Ta3a B MPOLEcce MPH MMOCTOSHHOM JIaBJICHUU U IIPH
W3MEHEHHHU TeMIlepaTypsl Ha 1 rpagyc.
3Has Ry, MOxHO HaliTu Ta30BYyI0 MOCTOsAHHYIO R = R/p.
Jlns npousBosibHOM Macchl ra3za ypaBHeHue Knanelipona-MenpaeneeBa OyaeT UMeTh BUA:

P-V=mR,T/u.(2.13)

2.6. Cmech HaealbHbIX I'a30B.

l'azo601i cmecbl0 TOHUMAETCSI CMECh OT/IEIbHBIX Ta30B, BCTYMAIOIIUX MEXKIY COOOM HU B KaKue
XuMuueckue peakunu. Kaxapiil ra3 (KOMIOHEHT) B CMECH HE3aBHCUMO OT JAPYTHUX Ta30B
MIOJTHOCTHIO COXPAHSIET BCE CBOM CBOMCTBA U BEJET CeOsI TaK, Kak eclii Obl OH OJIMH 3aHUMAaJ BECh
00BEM CMECH.

Ilapyuanvroe dasnenue — 3TO NaBlIeHUE, KOTOPOE UMET OBl KaXK/IbIH ra3, BXOAIINI B COCTaB
CMECH, €CJIH ObI ATOT ra3 HAXOAMJICS OJTMH B TOM K€ KOJTUYECTBE, B TOM K€ OI0bEME U MPHU TOH
KE TeMIIEpaType, 4TO U B CMECH.

["a3oBast cMech NOTUUHSETCS 3aKOHY [lanbmona.

|| Obwee 0asnenue cmecu 2a308 pagHo cymme napyuaibHulx 0aeieHull || OMOEJIbHBIX 24308,
COCMAasIAIOUUX CMECh.

P=P1+P2+P3+...PnZZPi,(2.14)



rae Py, Py, P3. .. Py — nmapunanbHeie naBneHus.
CocraB cMmecH 3a7aeTcsi 00bEMHBIMH, MACCOBBIMHU M MOJIBHBIMU JIOJISIMH, KOTOPBIS
OTIPECIISIOTCS COOTBETCTBEHHO IO CIISAYIOMUM (HOpMYIIaM:

I :Vl/VcM y o :V2/VCM; ... In :Vn/VcM , (215)

91 = my/ Mgy ; 92 = Mz / Mey 5 ... gn =My / Mgy, (2.16)

L =Vi/Ven T2 =Va/ Vew; oo Tn = Vn/ Veu » (2.17)
rae Vi; V2; ... Vi, Vou —00BEMBI KOMIIOHEHTOB U CMECH
My ; My ;... My Mgy — MAaCCHl KOMIIOHEHTOB U CMECH,
V1;V25 ... Vn; Vey — KOJIMYECTBO BEIIECTBA (KUIIOMOJICH)

KOMIIOHEHTOB U CMECH.
Jlns maeanbHOTO ra3a 1o 3akony JlanbroHa:
n=rn Hh=r;..n=r.(.18)
Tak kak V1 +Vo+ ...+ Va=V o umg+ My + ...+ mp = Mgy,
TOr +rh+...+rp=1, (219)
g1 +02+...+0gn=1(2.20)
CBs13b MEX 1y OOBEMHBIMU U MACCOBBIMH JIOJISIMU CJIEAYIOIIEE:
O1 = I fa/tew ; 92 = F2°U2 /Hen s -+ €n = Mn“bn /Hen » (2.21)
TAe: W, 12 5 -+ Htn 5 Hew — MOJIEKYJISIPHBIE MACChl KOMIIOHEHTOB U CMECH.
MoaekyasapHas Macca CMECH.
Hew = Mg M1+ 12 pot ...+ 10 1y« (2.22)
I"a3oBas IOCTOSHHASL CMECH.
Rwv=01Ri+ g2 R+ ...+ 0 R =
=Ry (91/pa + @olpot ... + Onln) =
=1/ (ri/Ry + 1r/Rot+ ... + 10/Ry) . (2.23)
VY nenpHbIE MAaCCOBBIE TEINIOEMKOCTH CMECH .
Cpem. = J1Cp1 ¥ Q2Cp2t ... +OnCpn. (224)
Cvem. =01Cp1+ Q2cCy2t ... + OnCyn . (2.25)
VY nenpHbIE MOJSIpDHBIE (MOJIEKYISIPHBIE) TEIMIIOEMKOCTH CMECH
Cppem. =M Cpu1 F 2 Cpu2 .o M Cpun (226)
Cvpem. =M Cyp1+2Cyu2t ... ¥ MhcCwyun. (2.27)

Tema 3. Bropoii 3aK0OH TepMOAUHAMUKH.
3.1. OcHOBHBIE N10JI0KEHHS BTOPOr0 3AKOHA TEPMOJIMHAMMKH.

[1epBbIii 3aKOH TEPMOAMHAMUKHN YTBEPKIALT, YTO TEIJIOTA MOXKET IPEBPALIATHCS B paboTy, a
paboTa B TEIJIOTY M HE YCTAHABIMBAET YCIOBUM, IPU KOTOPHIX BO3MOKHBI 3TU IIPEBPAILICHHUS.
[TpeBpariieHrie paboThl B TEIIOTY MIPOUCXOAUT BCET/1a OTHOCTHIO U 6e3yciioBHO. OOpaTHBIH
MPOLIECC MPEeBpaIlleHus TEIIOTH B pa0OTy MpU HEMPEPHIBHOM €€ Mepexo/ie BOZMOKEH TOJIHKO
IIPY OTIpEJIeIEHHBIX YCIOBHSX M HE MOJHOCTBI0. TermnoTta cam coboit MoXKeT epexoauT oT Ooiee
Harpe€ThIX TCJI K XOJOJHBIM. Hepexon TCIJIOTHI OT XOJIOAHBIX TCJI K HArpEThIM CaM co0oii He
MPOUCXOIUT. [IJis 3TOTO HYKHO 3aTPaTUTh AOMOIHUTEIBHYIO SHEPTHIO.

Taxum 00pa3oM AJIs TIOTHOTO aHAIN3a SBJICHUS U IPOIIECCOB HEOOXOIMMO UMETh KpOMe
NEPBOT0 3aKOHA TEPMOMHAMUKH €Ille JIOTIOIHUTENbHYIO 3aKOHOMEPHOCTh. ITUM 3aKOHOM
SIBIISIETCS 8MOpoU 3akon mepmoournamuxu. OH yCTaHABIMBAET, BO3MOXKEH WJIH HEBO3MOKEH TOT
WM WHOM TMpoliecc, B KaKOM HampaBIeHUH MPOTEKAET MPOIECC, KOT/Ia JOCTUTACTCS
TEPMOANHAMHUYCCKOE PABHOBCCHUE U IIPU KAKHUX YCIIOBUAX MOXKHO IMOJTYYUTHh MaKCUMAJIBHYIO
paborty.

DopMYyJIIHPOBKHA BTOPOTO 3aKOHA TEPMOANHAMUKH.

Jnist cyiecTBOBaHUS TEIJIOBOTO JIBUTATENS HEOOXOAUMBI 2 HCTOYHHUKA — 2OPAYULL UCOYHUK U
X01100HbII ucmounuk (OKpyxaromas cpena). Ecinu TemoBoit ABuratenb paboTaeT TOJIBKO OT
OJIHOT'O UCTOYHUKA TO OH HAa3bIBACTCS 8eUHbIM Ogucamenem 2-20 pood.

1 dpopmynuposka (OcTBasbaa):




| " BeuHblii 1BUTaTE/ b 2-T0 PO/Ia HEBO3MOKEH"'.

Beunslit gBuraTens 1-ro posa 3To TEIIOBOM ABUTaTeNb, y Kotoporo L>Q1, rae Qg -
NoJiBe/IcHHas TerioTa. [lepBblid 3aKOH TEPMOJIMHAMUKH "TIO3BOJIAET" BO3MOKHOCTh CO3/1aTh
TEIUIOBOM JIBUTATEIb MOJIHOCTHIO MPEBPAIAIONIUH TOIBEACHHYIO TeTuIoTy Q1B padoty L, T.e. L
= Q1. Bropoii 3akoH HakiIaapIBaeT 00JIee KECTKHE OIPAaHUYCHUS U YTBEPHKIAET, 4TO padboTa
JOJKHA OBITH MEHBIIIE MoABeIeHHOM TeroThl (L<Q;) Ha BeIMYMHY OTBEACHHON TETUIOTH — Q,
Te. L= Q1 - Qz.

Beunsblit gBUraTens 2-ro pojia MOXHO OCYILECTBUTH, €CIIU TEIIOTY Q2 epeaTb OT XOJI0IHOTO
HMCTOYHHKA K ropssueMy. Ho 11s 3TOro TerioTa caMmonpou3BOILHO I0JDKHA TEPEHTH OT
XOJIOJTHOTO TeJia K TOpsiueMy, 9YTO HeBO3MOkHO. OTcrona ciienyer 2-s1 GopMyIrpoBKa
(Knay3uyca):

|| "TenjioTa He MOXKeET CAMOINIPOU3BOJILHO NEPeXOIUT 0T Oosiee

|| xos10mHOTO Tes1a K OoJsiee HarpeTomy''.

Jlyist paboTHI TETUIOBOTO JIBUTATEIISI HEOOXOUMBI 2 HCTOYHUKA — TOPSIYUN M XOJIOTHBIN. 3-51
dopmynupoBka (KapHno):

|| "Tam rae ecTh pasHuIa TeMIEPATYP, BO3MOKHO COBepIIEHHE

|| padoTsI".

Bce ati popmMynupoBKE B3aUMOCBSI3aHBI, U3 OJHON (POPMYITUPOBKH MOKHO TIOJTYYUTH JAPYTYIO.

3.2. JHTpONM.

OpnHuM U3 QYHKIUH COCTOSTHHS TEPMOJINHAMHYECKONW CUCTEMBI SIBISIETCS QHMponus. JHTPONIAEH
Ha3bIBAETCs BEJIMUMHA ONpeessieMas BEIPaKEHUEM:

dS=dQ/T. [Ax/K] (3.1)
WIN JJIS YAE€TIBHON SHTPOIHH:

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

OHTpONHUS €CTh OIHO3HAUHAas (PYHKIUSA COCTOSTHUS TeJa, IPUHUMAIOLIast Ui KaX/10ro
COCTOSIHUS BIIOJIHE OIpe/ieJIeHHOe 3HaueHne. OHa sIBJIsIeTCsS SKCTEHCUBHBIM (3aBHCHUT OT MacCChl
BEIIIECTBA) apaMEeTPOM COCTOSIHUS U B JIFOOOM TEPMOJMHAMUYECKOM MPOLIECCE MOTHOCTHIO
OIPEENAETCS HaYaIbHBIM U KOHEUHBIM COCTOSIHHEM TeJla U HE 3aBUCHUT OT IIyTH NMPOTEKAHHUS
mporecca.
OHTPOIHIO MOKHO ONPEAETUTh KaK (DYHKIINIO OCHOBHBIX TAPAMETPOB COCTOSHUS:
S=fi(P,V);S=1(P,T);S=1fV,T); (3.3)
WIH JUIsl YAE€TIbHOW SHTPOIUU:
s=Tfi(P,v);s=1%FP,T);S=10,T); (3.4

Taxk xak OHTPONHA HE 3aBUCUT OT BHAA IMPOLECCa U OMMPEACIIACTCA Ha4YaJIbHBIMU U KOHCUHBIMU
COCTOSIHHUAMU pa60qer0 TCJIa, TO HAXOOAT TOJILKO €0 UBMCHCHHUEC B JIAHHOM ITPOLIECCE, KOTOPHIC
MO>KHO HaWTH I10 CJICAYIOIIUM YpAaBHCHUAM:

As = ¢y’ In(T2/T1) + R-In(v 2/v 1) ; (3.5)
AS = CpIn(T2/T1) - R-In(P2/P1) ; (3.6)
As = ¢y-In(P/Pq) + Cp'll’l(l) 2/v1) . (3.7)
Ecnu sHTponus cucremsl Bo3pactaet (As > (), To cucteme MoABOIUTCS TEILIO.
Ecnn sHTponus cucreMsl ymensaercs (As < 0), To cucreMe OTBOAUTCS TEILIO.
Ecnu satponust cuctemsr He m3mensercs (As = 0, s = Const), To cUCTeEME HE TIOJIBOJUTCS U HE
OTBOJIUTCSI TETUIO (a1nabaTHBIN MPOIIECC).

3.3. Il u Teopembl Kapno.



[uxnom KapHo Ha3bIBaeTCsl KpyroBOM IUKI, COCTOAIINMN U3 2-X U30TEPMHUUYECKUX U U3 2-X
anuadaTHeIX TporieccoB. O0patumbiii uki Kapro B p,v- u T,s- nuarpammax mokasaH Ha
puc.3.1.

p r

HHHH

{
4T = const 1
3'[ T = onst 7
a

H* HH

/N

0 za) * 0

Puc.3.1. O6patumbii unuka Kapro B p,v- (a)
u T,s- (6) nuarpammax

1-2 — oOpatumoe aguadarHoe pacmmpenue npu s;—=Const. Temmneparypa ymenbimnaercs ot Ty 10
T,.

2-3 — N30TepPMUIECKOE CKATHUE, OTBOJ TEIIOTHI (2 K XOJIOAHOMY HUCTOYHUKY OT pabodero Tena.
3-4 — obpatumoe aauabaTHoe cxarue npu s,=Const. Temneparypa nossimraercst ot Tz 10 Ta.
4-1 — U30TepMUYECKOE pacUIMpEeHHe, TIOJBO TEIUIOTHI 1 K TOPSYETO UCTOYHHKA K pabodemy
TEIy.

OCHOBHOi XapaKTEePUCTUKOH JIFOOO0TO IMKJIA SBISACTCS mepMuieckuil Kodgh@duyuenm noiesHozo
Oeticmeus (T.K.IL1.).

ne= LH / QH ' (3-8)

Nt =(Q1-Q2)/ Q1.

s o6patumoro nukia KapHo T.x.11.11. onpezensercs no ¢popmyse:
tk — (T]_ - Tz) / T]_ . (39)

Ortcrona cnenyet 1-1 meopema Kapho:
|| "Tepmuyeckuii K.nm.A. oopaTumMoro nukiaa KapHo ne 3aBucur ot
|| cBOlicTB pado4ero Teja U onpeaeasercs TOJAbKO TeMIEPpaTypaMu
|| ucTouHHMKOB' .
Bu3 cpaBHeHUs POU3BOIBHOTO 00paTUMOro UKiIa U 1ukiIa KapHo BeITekaeT 2-1 meopema
Kapno:
|| "O6paTumblil nuka KapHo siBiisieTcss HANBOTOAHECHIIINM IUKJIOM B || 3aJaHHOM
HHTepBaJe TemMneparyp"
T.e. T.k.m.a. mukia KapHo Beerna 0oJbIie T.K.11.J]. TPOU3BOJIHOTO ITUKIIA:

N > Nt - (3.10)

niIn

Tema 4. TepmoguHaMu4yecKne MPoLecchI.
4.1. Metoa ucciieq0BaHus T/ IPOLECCOB.

Kak cka3aHo BblllIe EepBBIN 3aKOH T/J] YCTaHABJIMBAET B3aUMOCBSA3b MKy KOJINYECTBOM
TEIUIOThI, BHYTpEHHEH sHeprueit u padoroil. [Ipu 3T0M, KOJIMYECTBO TEMJIOTHI MOABOUMOE K
TNy WIA OTBOJUMOE OT T€Ja 3aBUCUT OT XapaKTepa Ipolecca.

K ocHOBHBIM T/11 IpoLieccamM OTHOCATCS: U30XOPHbLU, U30MEPMUYECKUN, U300aPHbIU U
aduabammulii.




JIy1st BceX 3THUX MPOIIECCOB YCTaHABIUBACTCS OOIIHI METO]T UCCIICIOBAHMUSI, KOTOPBIiA
3aKJIFOYAETCS B CIEIYIOIIEM:

e  BBIBOAMTCS ypaBHEHHUE npouecca kpuoid Pv u TS — nuarpammax;

e YCTAHABJIMBACTCA 3aBUCUMOCTb MCKAY OCHOBHBIMU ITapaMCTpaMU pa60qer0 TC1a B

Ha4daji€ U KOHIEC IIponecca,

e OmpeneNseTcs N3MEHEHNE BHYTPEHHEH sHeprun 1o ¢popmysie, CpaBeaIuBOM I BCEX

mponecCcoB NACaJIbHOIO ra3a:

Au = CVMlotZ‘tz - CVMlotl'tl. (41)

WK TIpU TOCTOsHHOM TertoeMkoctd AU = m-cy (17 - 1); (4.2)
BeruncisieTcs pabora: L =P+ (V, —V3); (4.3)
OIPEICIISIETCS KOJIMYECTBO TEILUIOThI, YYaCTBYIOIIEE B ITPOIIECCE:
q = Cx (to- t1); (4.4)
OIIPE/ICIIACTCS. H3MCHEHUE DHTAIIBITUY 0 (POPMYJIE, CIPABEITIMBOMN JUTS BCEX MPOIECCOB
UJICaIbHOTO rasa:
Ai = (i2 — 1) = cpulo”t2 — cpulo™ta, (4.5)
VUIH TIPU TTOCTOSIHHOM TertoeMKocTH: Ai = cp-(t2 — t1); (4.6)
OIPEJICIIACTCS N3MCHEHHUE SHTPOTIHH:
As = ¢y In(T2/T1) + R-In(v 2/v 1) ; (4.7)
AS = Cp'In(T2/T1) - R-In(P2/P,) ; (4.8)
As = ¢ In(To/Ty) + Cp-In(v 2/v 1) . (4.9)
Bce mpoiiecchl paccMaTpHBalOTCS Kak 00paTUMBIE.
4.2. U3onpoueccsl HaeaJbHOIO ra3a.
1). U30xopusiii npoyecc (Puc.4.1).
v=Const,v,=v1 (4.10)
YpaBHEHHE COCTOSHUS MpoIlecca:
Py /Py=T,/ Ty (4.11)
Tak kak V2 =V 1, To | = 0 ¥ ypaBHeHHE 1-r0 3aKOHA T/ UMEET BUI:
q=Au==cy(tz-t1); (4.12)
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Puc. 4.1. HUzoxop-
HBIH npouecc

2). Uz06apnvui npoyecc (Puc.4.2).

P =Const, P, =P,
YpaBHEHHE COCTOSHUS MIpoIecca:

V2/V1 = Tz/Tl , (4.13)
PaGora sToro mporuecca:

1=P(vz-vi). (4.14)



VpaBHeHwue 1-ro 3aK0Ha T/ UMEET BUI:
q=Au-+1=cy(tz - t1); (4.15)

P Wsobaproe
Hazpebarue
p=const 2
7/’,7?30?)’0///106
/ OXIAXOEHUE
T

0 v

Puc. 4.2. Hsobapuuiit
npouecc  HAeaNbHOro
rasa

3). Hzomepmuuecxuii npoyecc (Puc.4.3).
T=Const, T, =T;

YpaBHEHHE COCTOSAHUSA:
Pl/PZZVZ/Vl , (416)

Tak xak T2 = T1, To Au =0 u ypaBaenue 1-ro 3akoHa 1/11 OyeT UMETh BHI:
q=1=R-T:In(valvi), (4.17)

wi q =1 =R-T-In(P1/P,), (4.18)

rae R = R,/ n — razosas nocrostanast [Jx/(kr-K)].

P

Puc.4.3. H3otepmuyer
CKHI1 Mpoluecc HIealby
HOTO rasa

4). Aouabamnwui npoyecc (Puc.4.4).
B maHHOM mporiecce He MOIBOIUTCS U HE OTBOJUTCS TEILIO, T.¢. q =0.
YpaBHEHHE COCTOSAHUS:
P- v*= Const, (4.19)
rae A = Cp / Cy — moKa3aTens agnabarsl.
VYpaBHenue 1-ro 3akoHa T/1 OyJeT UMETh BU/I:
I=-Au== -cv'(tz—t) =cy(t1 — tz), (4.20)

niin
1=R(Ty-To)/ (A -1); (4.21)
1=R-Ty[1- (v va) 1A —1); (4.22)
1=R-Ty[1 = (Po/Py) * V'™ Ik - 1). (4.23)
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Puc. 4.4. Bszaumuoe
pacrnoJioxxeHue
aguabaTel H H30-
TepMbBl  HAeasbHO-
ro rasa B p-
v-AHarpaMme

4.3. IloamTponHbIii npoiecc.

[ToaUTPOITHBIM NPOIIECCOM HA3bIBACTCS MPOIECC, BCE COCTOSHUS KOTOPOTO YOBICTBOPSIFOTCS
YCIIOBHIO:
P- v"=Const, (4.24)
IJIe N — TI0Ka3aTeJIb MOJIMTPOIIBI, TOCTOSTHHAS JIJISl IAHHOTO TpoIiecca.
W300apHBIii, ”30XOPHBIN, U30TEPMUYECKUN U aHMa0aTHBIH MPOIECCHI SBISIOTCS YaCTHBIMU
cily4asiMu noiuTponHoro npouecca (Puc.4.5):
pu n = + oo v = Const, (M30XOpHBIN),
n =0 P = Const, (n300apHblii),
n=1T = Const, (u30TepMUYECKHUIA),
n=A P- v=Const, (aquabaTHbI).
PaboTa moimTpomHoTro nporecca onpeneNnseTcss aHaJOrMyHO Kak Mpy anabaTHOM Iporiecce:
1=R(T1—Ty) /(n—-1); (4.25)
1=R-Ty[1—-(vi/ va) “‘1]] /(n —1); (4.26)
1=R-To[1 — (Po/Py) "™V /(n - 1). (4.27)
Termmora mponecca:
g==cy(To— Tl), (428)
rae ¢p = Cy (n - A)/(n — 1) — MaccoBast TemI0eMKOCTb (4.29)
MOJIUTPOITHOTO TIpoIIecca.

N
n=k n=too
n=|
n=0 A 1
<A
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Puc. 4.5, Tloautponusie
npoueccn HaeaJIibHOro
rasa.
]} ~ wuso6Gapa, 2 ~— H30Tep-
Ma, 3 — anuabata, 4 — u30-
Xopa

Tema S. TepmoauHaMHKa NIOTOKA.

5.1. IlepBblii 3aKOH TEPMOAUHAMMKH VIl IOTOKA.



Ha mpakTuke npu pacCMOTpeHHH PadO4YHX MPOIIECCOB MAIIMH, aIlllapaToOB U YCTPOKCTB,
BCTPEYAIOTCS 3314l M3YYCHUHU 3aKOHOMEPHOCTEH JBIKEHUS pabounx Te (Ta3oB, mapa u
KUJIKOCTEN).

YpaBHeHHe 1-r0 3aK0OHa TEPMOJIMHAMHKH TS IOTOKA ra3a IMPpH CICIYOIUX JOMYIICHUSX

e JIBUKCHHE T'a3a MO KaHATy YCTAHOBHUBIIEECS U HEPA3PBIBHOE,
e CKOpPOCTH IO CEUCHHIO, IEPIICHAUKYIIPHOMY OCH KaHalla, TOCTOSHHBI
e TMpeHeOperaercs TPeHUE YaCTUYEK Ta3a IpYr IpYry U O CTEHKU KaHaja,

e HW3MEHCHHE MapaMEeTPOB IO CEUCHUIO KaHajla MaJIO 10 CPaBHEHHUIO UX aOCOIIOTHBIMU
3HAYCHUSIMHU,

UMECT BU.
q= AU + Ae + Ir[poT. + ITeXH. ) (51)

e Ae = (W2 — W2)/2 + g+(z2 —71) — U3MCHEHNUE SHEPTHH CHCTEMBL,
COCTOAIIMN U3 U3MEHEHHsI KWHETUYECKON U IOTEHIIMAIBHON YHEPTUH;
W1 ,W2 — CKOPOCTH IIOTOKA B Ha4ajle U B KOHIIEC KaHAJa,

Z1 , Zp — BBICOTA IIOJIOXKEHUS Ha4aJIa ¥ KOHIIA KaHaJa.

1. lupor. = P2V 2 —P1-v1— paboTa nporankuBaHus, 3aTpaurBacMas Ha JIBHXKECHUS [TOTOKA;

2. liexu., — TEXHHYECKas (TOJIE3HAS) paboTa (TypOHMHBI, KOMIIPECCOpPa, HACOCa, BEHTHIIATOPA
T.J.).

q = (Uz — Ug) + (W2 —W)/2 + g-(za—21) + P2'v 2 — P1V 1 + Lo, (5.2)
BeneM moHATHS 2Hmanbnuu, KOTOPBIH 0003HAYUM Yepe3 BEITHUNHY:
h=u+Px, (5.3)
hy=Us+Psvs:hi=u;+Pyvy. (54)
Toraa ypaBHeHue 1-ro 3aKkoHa TEPMOJMHAMUKY JJIsl IOTOKA Ta3a OyIeT UMETh BHI:
q=hy—hy + (W — W?1)/2 + g (22 —71) + lrexas. (5.5)

5.2. Kputuueckoe naBjieHue u ckopoctb. Comio JlaBanas.

Ecnu nepemMenienne ra3a 1o KaHainy NpOUCXOJUT €r0 PACIIUPEHNE C YMEHBIICHUEM JABICHUS U
YBEJIUYEHUEM CKOPOCTHU, TO TAKOW KaHaJl Ha3bIBACTCS CONIOM.
Ecnu B kaHaje npoucxXoauT ckaTtue paboyero Tejla ¢ yBeJIMYEHUEM €ro JIaBJICHUs U
YMEHBIIEHHEM CKOPOCTH, TO TAKOW KaHall Ha3bIBAIOT Qughdy3opom.
B kananax npu HeOOJIbIIONM Pa3HOCTH JaBJICHUM Ta3a U BHEIIHEH cpeibl CKOPOCTh TEUEHHS
pabouero Tena J0CTaTO4HO OoJbInas. B GombIIMHCTBE CilydaeB AJIMHA KaHana HeOObIIas U
MIPOLIECC TETJIO0OMEHA MEX/1y CTEHKOW U Ta30M HE3HAYUTEINIEH, II03TOMY MPOIeCC NCTEUEHUS
ra3a MO>KHO CUMTaTh aJua0aTHBIM.
CxopocTb ncTedeHus (Ha BbIXOJIE KaHaJla) ONpeessieTCsl U3 YpaBHEHHUS:

w=w; =V 2(hy —hy) . (5.6)
WIH

W=V 2V/(y - 1)'Prx 1 [1— (Po/P)Y M. (5.7)
MaccoBblii CeKyHIHBIN pacxo] rasa, [kr/cl:

m=fw/x,, (5.8)
rae: f — miomanp ceyeHus KaHaia Ha BBIXO/IE.
Tak kak npouecc ucteueHus aguadbaTHbIH, TO:

m = £V 2y/(y - 1)-Po/x 1-[(Po/P1)?" — (Po/P1)**P]. (5.9)



MaccoBblil CEKYHIIHBIA PacXo/ UACATbHOTO ra3a 3aBUCUT OT IUIOIIAIA BBIXOJHOTO KaHasa,
HaYaJIbHOTO COCTOSTHUS Ta3a U CTEIEHU €ro PacIlIupeHHUs.

Kpumuueckum dasnenuem Ha3bIBACTCS TaKOE JaBJICHUE HA BBIXOJHOM CEYEHUHU KaHalla, IpU
KOTOPOM JIOCTHTaeTCS MAaKCUMAJILHBIN PacxXo/1 ra3a v ONpeessseTcs CASAYIOIIMM BhIPaKEHUEM:

PK = Pz = BK'Plv (510)

rae: Pe = (2/(y + 1))"0Y

JUTSL OJTHOATOMHBIX Ta30B: Y =1,66 0 Bk = 0,49 ;

JUTSL IBYXaTOMHBIX ra3oB: ¥ =1,4 0 Bk = 0,528 ;

JUTSL TpeXaTOMHBIX Ta30B: ¥ =1,3 0 Bk = 0,546 .

Kpumuueckoii ckopocmuio Ha3pIBaeTCsl CKOPOCTH ra3a B BEIXOJHOM CCUCHUH KaHaa, IIPH
JTABJICHUHM PABHOM HJIH MEHBIIIEM KPUTHYECKOTO - Py.

wi =V 2(y/(y + 1))-Pr'x 1 . (5.11)

Kputnueckasi CKOpoCTh 3aBUCUT IIPHU UCTEUEHUHU WCATBHOTO ra3a TOJIbKO OT HauaJIbHbIX
apaMeTpoB, €ro MPUPOJIbI U PaBHA CKOPOCTH 3BYKa rasza (a) mpu KpUTHUECKUX MapaMeTpax.

Wg=a= \/ ’Y'PK'XK . (512)

Kom6uHupoBanHOe coruto JlaBaiis nmpeqHa3sHaYeHo I HCIOIb30BaHMs OOJBINNX TIepenaaoB
JIABJICHUS | JJIS TIOPJTYYCHHSI CKOPOCTEH MCTEUCHUS, TPEBBIIIAIONINX KPUTUICCKYIO UITH
ckopocTb 3Byka. Coruto JlaBassi COCTOMT U3 KOPOTKOTO CY)KHUBAIOIIETOCS y4acTKa U
pacumpstonieiicss KoHndeckor Hacaaku (Puc.5.1). OnbIThI MOKa3bIBAKOT, YTO YTOJl KOHYCHOCTH
PaCIIUPSAIONIENCS YaCTH JI0JUKEH ObITh paBeH o = 8-12°. IIpu GoJbIIUX yriiax HaOIoaaeTcs
OTPBIB CTPYH OT CTEHOK KaHaJa.

p
w
v
P

1

Puc.5.1. Tpaduku u3MeHeHHA p, W, U
NPH WMCTEEHHH '4epe3 KOMOHHHPOBaAH-

HOe conao

CKOpOCTh UCTEUYEHUS U CEKYHIHBIA PACX0/l UICATHHOTO Ta3a ONpeAessroTces o ¢popmynam (5.7)
u (5.9).
JITMHY pactIMpsIIONIEHCs 9acTH COIlIa MOXKHO ONPEACITUTE TI0 YPAaBHEHHUIO:
| =(D-d)/2-t9(¢p/2), (5.13)
TJIe: ¢ - YroJI KOHYCHOCTH COTLIIa;

D - ANaAMCTP BBIXOJHOT'O OTBCPCTUA,
d- ANaMETp COoIlJiIa B MUHUMAJIbHOM CCUCHUH.

5.3./1pocceupoBanue.



JlpoccenupoBaHreM Ha3bIBAETCs SIBICHUE, IIPU KOTOPOM Iap WU T'a3 MEPEXOAUT C BHICOTO
JaBJICHUs Ha HU3Koe 0e3 coBepIlieHUs BHEITHEH paboThl U €3 MOoBOo/1a WIIK OTBOJIA TETLJIOTHI.
Takoe siBJieHHE TPOUCXOAUT B TPYOOIIPOBOJIE, I/I€ UMEETCSI MECTO CYKEHHSI TPOXOJHOI0 KaHaia
(Puc.5.2). IIpu TakoM Cy>KeHHH, BCJICICTBHE COITPOTHRIICHUH, 1aBIICHUE 32 MECTOM CY)KCHHUS -
P,, Bcerna mensblie naBiieHus nepex HuM — Py,
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Puc. 5.2. K sonpocy o apocceawposa-

HHHK ra3os
JIro60i1 KpaH, BEHTHIIb, 3a/IBUXKKA, KJIATIAH U IIPOYHE MECTHBIE COPOTUBIICHNUS, YMEHBIIAIOIINE
MIPOXOJTHOE CE€UYEeHUE TPYOOIIPOBO/Ia, BHI3BIBAIOT APOCCEINPOBAHUS T'a3a UIIH Mapa,
CJIEIOBATEJIbHO MaIeHUS 1aBlieHUs. B OONbIINHCTBE Cly4aeB 3TO SBJIEHUE IPUHOCUT
0e3ycnoBHbIN Bpen. Ho nHoraa oHo siBisieTcss He0OXOIUM M CO3[IaeTCsl HICKYCCTBEHHO
(perynupoBaHHe NMapOBbIX JIBUraTelie, B XOJIOAUIbHBIX YCTAaHOBKAX, B IprOOpax s
M3MEpEHHS pacxoja raza u T.1.).
[Tpu npoxokaeHUH raza 4yepe3 OTBEpCTUE, KWHETHUECKas SHEPTUs Ta3a U €ro CKOPOCTh B Y3KOM
CEYEHUH BO3paCTalOT, YTO COIPOBOKIAAECTCS NaJCHUEM TEMIIEPATYPhl U JABICHUS.
I'a3, mpoTekas yepe3 OTBEpCTHE, NPUXOIUT B BUXPEBOE ABMKEHUE. HacTh €ro KWHETHYECKOM
SHEPIUu 3aTpaurBaeTCs Ha 00pa3oBaHKe ITHX BUXpEW U mpeBpariaercs B Temioty. Kpome Toro,
B TEIUIOTY IpeBpaliaercsa u padoTa, 3aTpaueHHasi Ha MPEO0JI0JIEHUE COIIPOTUBIICHUH (TpeHue).
Bes oTa Tennora BOCIPUHUMAETCS Fa30M, B PE3YJIbTATE YErO TEMIIEPATYPA €r0 U3MEHSAETCS
(yMeHbIIaeTCs WM YBEIMYUBAETCS ).
B oTBepcTHE CKOPOCTH raza yBeINYMBAETCS. 3a OTBEPCTUEM I'a3 OIATH TEYET IO MOJHOMY
CEYEHHIO U CKOPOCTh €r0 BHOBb IMOHM)KAETCA. A J1aBJI€HUE YBEIMUMUBAETCS, HO O HAYaJIbHOTO
3HAYEHUS OHO HE NMOJAHUMAETCS; HEKOTOPOE U3MEHEHUE CKOPOCTH ITPOU30MIET B CBSA3H C
YBEJIMUYEHUEM YAEIBHOTO 00beMa ra3a OT YMEHbILIEHUS JaBJICHUS.
JpoccenupoBaHue sBIsSETCSI HEOOPATUMBIM MPOLIECCOM, PH KOTOPM NMPOUCXOANUT YBEIUUYCHHE
SHTPONHH U YMEHbILIEHUE paboTOCIIOCOOHOCTH paboyero Tena.
VYpaBHEHMEM IIpoLiecca IPOCCETUPOBAHUS SABISETCS CIEAYIOLIEE YPABHEHHE:

i =iy (5.14)

910 PaBEHCTBO IMOKA3bIBACT, YTO SHTAJBIIUA B PE3YJIbTATC APOCCCIINPOBAHUA HC U3MCHACTCA U
CIIPABEJITMBO TOJIHKO JUTS CEYCHUM, JOCTATOYHO YIAJICHHBIX OT CYXKCHHS.

JIist uaeanbHBIX Ta30B SHTANBIIHS rasza SBISETCS OJHO3HAUYHON (PYHKIMEH TeMIepaTyphl.
OTcroza cieyer, 9To MpH JPOCCETMPOBAHNH HICATHHOTO T'a3a €ro TeMIlepaTypa He H3MEHSETCS
(Tl = Tz).

IIpu npoccenpoBaHrU peaabHBIX TA30B SHTAIBINUS ra3a OCTAETCS MOCTOSSHHOM, SHTPOIHUS 1
00BeM YBETMUHMBAIOTCS, IABJICHHE MAaeT, a TeMIepaTypa u3MeHseTcs (yBeInunBaeTcs,
YMEHbIIIAETCS WIIK OCTETCS HEU3MEHHOM ).

H3MmeHeHne TemMrepaTyphl KUAKOCTEH U pealbHBIX Ta30B IMPU APOCCETUPOBAHNN HA3BIBACTCS
agpgpexmom JDicoyns-Tomcona. JInsa naeansuoro raza 3¢ dekt Jxoymns-ToMcoHa paBeH HYIIO.
Paznuuator Jupgepenyuanvuuiii memnepamypuuiii 2¢pghexm, Korna 1aBjaeHue U TeMiepaTypa
U3MEHSIOTCS] Ha OECKOHEYHO Malyt0 BEITHUUHY, U UHIMe2PALbHbLIL memMnepamypHulil 3¢gexm,




IMpU KOTOPOM OABJICHUC U TEMIICpaTypa U3MCHAKOTCA Ha KOHCYHYIO BCJIMYHHY.
Huddepennmanbapiii TemMnepaTypHbii 3@ ekt obo3HagaeTcs - 0:

o = (6T/6P); . (5.15)
WHTerpanbHplii TeMIIepaTypHbIi 3P GEKT onpeaeseTcst U3 CIeayIomero ypaBHEeHUS:
AT =T, — Ty =] [T-(8vIdT), - v] / ¢, dP . (5.16)

Jnst peanbhbix ra3oB AT#0 U MOXXET UMETh MOJOKUTEIbHBIN WIH OTPUIATEIbHBINA 3HAK.
CocrosiHHE Ta3a, P KOTOPOM TeMIepaTypHbIid 3 (HEKT MEHSET CBOU 3HAK, HA3BIBACTCS MOUKOU
uHgepcuu, a TeMIEepaTypa, COOTBETCTBYIOIIAsA 3TOM TOUKE, Ha3bIBACTCS meMnepamypou

ungepcuu - Ty.
Tuus = v-(0T/90 v), . (5.17)




Tema 6. PeanbHble razpl. Bogsinoi nap. BiaxxHbiid Bo3ayX.
6.1. CpoiicTBa peajbHbIX I'a30B.

PeanbHble ra3pl OTIMYAIOTCS OT UI€ATIbHBIX FA30B TEM, YTO MOJIEKYJIBI ITUX I'a30B UMEIOT
00BEMBI U CBSI3aHbI MEXy COOON CHIIaMM B3aUMOJIEHCTBHSL, KOTOPbIE YMEHbBIIAIOTCS C
YBEJIIMUEHUEM PACCTOSHUA MEX Y MoJeKyiaMu. [Ipy npakTHUecKuX pacdeTax pa3inyHbIX
CBOICTB pEaJIbHBIX ra30B HAPSALY C YPABHEHUEM COCTOSIHUS IPUMEHSAETCS] OTHOLLIEHUE
P-v/(R-T)=cC, xoTOpasi Ha3bIBACTCS KOIPPUUUCHMOM CHCUMAEMOCTIU.

Tak kak JyU1sl ueanbHbIX ra30B Ipu 100bIX yernoBusax P-v = R-T, To ans stux razos ¢ = 1. Torna
BEJIMYMHA KO3(PPULIMEHTA COKUMAEMOCTH BbIpaXKaeT OTKJIOHEHUE CBOMCTB peanbHOro rasa ot
CBOMCTB HJlealbHOTO. BennunHa ¢ 1718 peanbHbIX ra30B B 3aBUCUMOCTH OT JIaBJICHUS U
TeMIIepaTypbl MOKET IPUHUMATh 3HAU€HUs OOJIbILIE I MEHBIIIE €AUHULIBI H TOJIBKO IPH
MaJbIX JABJICHMSIX U BBICOKHX TEMIIEpaTypax OHA MPAKTUYECKH paBHa enuHuue. Toraa
peallbHbIE ra3bl MOXKHO PaCCMaTpUBaTh KaK UACAIbHBIE.

B cBs131 ¢ 0TIIMYKMEM CBOMCTB PEAILHOIO I'a3a OT CBOMCTB UACAIBHOIO Ira3a HY’KHO HMETh HOBBIE
YPaBHEHMsI COCTOSIHUSA, KOTOpbIE CBA3bIBaIM Obl 3HaueHus P, X, T u naBanu 6b1 BO3MOXXHOCTh
paccunThIBaTh HEKOTOPbIE CBOMCTBA I'a30B JUIsl pa3HbIX yCI0BUM. BbuiM npeanoxxeHsl
MHOT'OYHCJIEHHOE YHCJIO Pa3IMYHbIX YPAaBHEHUI COCTOSHUS PEAJIbHBIX I'a30B, HO HU OJIHO U3 HUX
HE permaeTt mpobiemy aist oo1ero ciyyas. PazButne KHHETHYECKOH TEOpUH ra3oB, MO3BOIIHIIO
YCTaHOBUT TOYHOE YPABHEHUE COCTOSIHUSI PEAJIbHBIX Fa30B B BUJE:

P-v=R-[l-Zv/(v+1)B,/Vv']. (6.1)

B, — supuanvrvie koagduyuernmoi, BHIpaXXaroTCs Yepe3 NOTCHIIMAIBHBIC YHEPTUIO
B3aUMO/ICHCTBHS MOJICKYJI IAHHOTO Ta3a u Temiepatypy T.

OnHako 3TO ypaBHEHHE B 00IIEM BHJIC HE MOXET ObITh HCITOJIE30BAHO JIJISl HETIOCPEICTBEHHBIX
pacyeToB peabHbIX Ta30B. /i OTENBHBIX YACTHBIX CIy4asX MOJYYCHbBI pACUCTHBIC YPAaBHECHUS
TOTO WJIM MHOTO PeaTbHOTO ra3a. 3-3a ClI0HOCTH BBIUYUCIICHHUS BUPHATBHBIX KOA((OUIINESHTOB
0OBIYHO OTPAaHUYMBAIOTCS PACYETOM MEPBHIX ABYX KoddduimenTo. Toraa pacueTHoe
YpaBHEHHE UMEET BUI:

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

rae A u B - nepBsliii 1 BTOpoil BUpHaibHble KOOPPHUIIUEHTHI, SIBIsIOMNEcs QyHKIUEH TONbKO
TEMIIEPaTyPBI.

[Tpu pacuere CBOMCTB MHOTUX peajbHBIX Ia30B YPAaBHEHUS TAKOTO THUIIA OTYYUIH OOJIBIIOE
pacIpocTpaHeHue.

6.2. YpaBHeHUs1 COCTOSIHUS PeaIbHOIO rasa.

Haunbosee npocThIM U Kau€CTBEHHO BEPHO OTOOPAKAIOIINM TOBEACHNE PEaJIbHOTO rasa,
ABJIsieTCs ypaBHeHUe BaH-nep-Baanbca:

(P +a/v?) (v—b)=R-T.(6.3)

a, b — MOCTOSTHHBIE BETMYMHBI, TIEpBasi YYUTHIBAET CHJIbI B3aUMOJICHCTBUS, BTOPAst yUUTHIBAET
pa3Mep MOJIEKYII.

alv? — XapakTepu3yeT J00aBOYHOE JaBJIEHUE, O]l KOTOPHIM HAXOAUTCS peaslbHbIN a3
BCJIEJICTBHE CHJI CLIETUICHUSI MKy MOJIEKYJIaMU U Ha3bIBACTCA 8HYMpenHum dasnenuem. JIns
JKHJIKHX TeJl 9TO JaBJICHHE HMEeT OOJIbIINE 3HAYCHNUS (HampumMep, Ju1st Bojsl pr 20°C
cocrasiseT 1050 Mmna), a 11 ra30B M3-3a MaJbIX CUJI CLIETVIEHUS MOJIEKYJI OHO OUEHb MaJIo.
[ToaTomMy BHelIHee JaBJIeHHE, 101 KOTOPBIM HaXOJUTCS KUIKOCTh, OKa3bIBAET HUUTOKHOE
BJIMSIHUE Ha €€ 00beM, U )KUJKOCTh CUUTAIOT HeC)kMMaeMoi. B razax B Buay MajgoCTH 3HAUYCHHS
a/v? BHeIIHee ABIICHHE JIETKO H3MEHSET HX 00BEM.

VYpaBuenue Ban-nep-Baanbca kauecTBEHHO BEpHO OTOOpa)xaeT MOBEACHUE KUIAKUX U
ra3o00pa3HbIX BEIIECTB, JJIs ABYX(a3HbIX COCTOSSHUN OHO HEIPUMEHHUMO.




Ha PV — nquarpamme (puc.6.1) nokaszaHsl H30TE€pMbI IOCTPOEHHBIE 110 ypaBHEHUIO Ban-niep-
Baannca. U3 kpuBBIX BUIHO, YTO MIPH CPABHUTEIBHO HU3KUX TEMIIEpaTypax UMEIOTCS
BOJIHOOOpa3HbIe y4acTKU. YeM BhIlIe TeMIepaTypa, TeM KOpode 3TH YaCTH KPUBBIX. DTH
BOJIHOOOpa3HbI€ KPUBBIE YKA3bIBAIOT HA HEMPEPBIBHBIN MEPEX0] OT KUKOTO COCTOSIHUS B
napooOpasHoe npu JaHHOM Temneparype. Touka A COOTBETCTBYET COCTOSIHUU KUAKOCTH, TOUKA
B oTtHOCHTCS MapooOGpa3HOMY COCTOSIHUH BEILIECTBA.

Puc. 6.1.

B neficTBUTENBHOCTH NEPEXOA U3 KUAKOTO COCTOSHUS B IapO0Opa3HOE BCErAa MPOUCXOIUT
yepe3 ByX(a3Hoe cocTosiHue BemecTBa. [Ipu 3ToM npu 1aHHOM TeMiepaTtype mpouecc
1epexo/ia IPOUCXOAUT TaKKE U MPHU MOCTOSIHHOM JIaBJIEHUHU. DTOT AEUCTBUTEIbHBINA IEPEXO U3
KHJIKOT'O COCTOSTHUS B TapooOpazHoe n3odpakaeTcs npsiMoil muHuei AB.

[IpakTdecku 11t 0c000 YMCTHIX BEIIECTB BOZMOXKHO OCYIIECTBICHUE YIaCTKOB BOJTHOOOPA3HOM
kpuBoil AQ n DB. B nepBoM citydae IMEIOT MECTO HEyCTONYMBBIE COCTOSIHUS TIEPErpeTon
KUJKOCTH, @ BO BTOPOM — [IEPEOXJIAXKAECHHOT O T1apa.

[Tpu onpenenenHoi Temneparype u3otepMa ypaBHeHus: Ban-nep-Baanbca He Oyaet umers
BOJTHOOOpa3HoTro yuacTka (Touka K). Oty Temneparypy Ha3biBatoT kpumuyeckou. Ecnu
COEIMHUTB TOUKH A1, Az, Az ... u B1, By, B3 ... momy4nM KpuByro moxosxyro Ha napabdouy.
Kpusas AK Ha3bIBaeTCs HudcHel noepanuinou Kpugoy 1 COOTBETCTBYET B COCTOSIHUM KUTICHUS
xuakoctu. Kpusas KB HazbiBaeTcs gepxueli noepanuynou Kpugou i COOTBETCTBYET COCTOSIHUS
CYX020 HACLIWEHHO20 napa.

Taxum oOpa3zom, 1711 peasibHOTO BemiecTBa PV — nuarpaMmy Mo>kHO pa30ouTh Ha 3 00sacTu:

1 - 065acTh )KUIKOTO COCTOSIHUS, PACIOJIOKEHA JIeBee HIKHEW MOrpaHUYHOW KPUBOIA;

2 - 001acTh ABYX()a3HBIX COCTOSHUN (BIAXHBIN Map), pacroio’keHa MeX 1y HUKHEN U BepXHel
MOTPaHUYHOMN KpUBOH);

3 — 00JacTh meperpeToro napa, pacrnojoXeHa nmpaBee BepXHel MOrpaHu4YHON KpUBOW U BBIIIE
KPUTHYECKON TOYKHU. Y CIIOBHO 00J1aCTh KUIKOCTH OTPaHUUMBAIOT cBepXY JinHuen KM —
Kpumuyeckas uzooapa.

Kputnueckyto remneparypy J.M.Mennenees Ha3bIBall abconomuol memnepamypou KuneHus,
IIPU KOTOPOi MOBEPXHOCTHOE HATSKEHUE B )KMJIKOCTH CTAHOBUTCS PaBHBIM HYIIIO, T.€. HCUE3aET
pa3Iuune MEXIY KUIKOCTHIO i TApOOOPa3HBIM COCTOSIHUEM BEIIECTBA (HACHIUWEHHbIM NAPOM).
CBs13b MEXly KpUTHUECKUMU ITapaMeTPaMU U IOCTOSIHHBIMU ypaBHeHuUs Ban-nep-Baansca:

T« = 8-a/(27-R'b) ; P = a/(27-b°) ; (6.4)
a=(27- R? ‘T?)/(64 ‘P,) ; b= (27 R ‘T)/(8 ‘P,). (6.5)

VYpasHenue Ban-nep-Baansca npu 607IbIIMX MIIOTHOCTSIX Ta3a AaeT 3HAYUTEIbHBIC OMINOKH.
Kpome 3Toro sKcrepuMeHTalbHBIM ITyTeM J0Ka3aHa, 4To K03 PHUIMEeHTHI a, b 3aBUCST OT
TeMIEepaTypbl U JABJICHUS, TPUYEM 3Ta 3aBUCUMOCTh OYEHb CIIOMKHAS.

M.I1.Bykanosuu u 1.1.HoBukoB B 1939 r. npeaioxuiu HOBO€ YHUBEPCATIBLHOE YPaBHEHUE




COCTOsHUA peaJIBHbIX ra30B C y‘-IeTOM accolquan U Juccomranu ux MOJIeKy.H, KOTOprfI NUMECT
CIEAYIOUIUNA BUL:

(P +a/v?)-(v—b) =R-T (1 - C/(v -T®?™2) (6.6)
rae a, b — mocTosiHHBIC ypaBHeHUs BaH-nep-Baanbca;
C, m — IIOCTOSAHHBIC, onpez[eﬂsleMHe Ha OCHOBAHHU OIIBITHBIX JAHHBIX.

6.3. [lonsiTHSI 0 BOASIHOM Hape.

OnHUM U3 pacIpOCTPaHEHHBIM PaObOYHM TEJIOM B APOBLIX TypOMHAX, ITAPOBBIX MAIIUHAX, B
ATOMHBIX YCTAHOBKAX, TEINIOHOCUTEJIEM B PA3JIMYHBIX TEIJIOOOMEHHUKAX SBIISICTCS 800SHOU
hap.

Ilap - Ta3000pa3HOE TEIO B COCTOSTHUU, OJIM3KOE K KUITSIIEH YKUIKOCTH.

Ilapoobpasosarnue — npolecc MpeBpallleHrs BEUIeCTBa U3 )KUIKOI0 COCTOSIHHS B TApO0Opa3Hoe.
Hcnapenue — napooOpa3oBaHue, MPOUCXOIAIICE BCET/Aa MPH 000 TeMIieparype ¢
MOBEPXHOCTHU KHUJIKOCTH.

[Tpu HEKOTOPOI ONIPENICIICHHON TeMITepaType, 3aBUCSIICH OT IPUPOIBI JKUIKOCTH U JaBJICHHUS,
M0J1 KOTOPBIM OHA HAXOJUTCS, HAYMHAETCs apooOpa3oBaHUE BO BCEH Macce KUIAKOCTH. DTOT
MIPOIIECC HA3BIBACTCS KUNECHUEM.

OO0paTHBIii poliecc mapooOpa3oBaHusl Ha3bIBaeTCs KoHOeHcayuel. OHa TaKXKe MPOTEKaeT MpH
MOCTOSIHHOM TeMIepaType.

[Tpouecc mepexoja TBEpAOro BEUIECTBA HETIOCPEICTBEHHO B Map HA3bIBACTCS CyOIUMAyUel.
OOGpatHsblii Mpoliece nmepexo/ia rnapa B TBEPA0E COCTOSIHUE HA3bIBACTCA decyoumayuel.

[Tpu ucnapeHuH KUAKOCTU B OTPAHHUEHHOM IIPOCTPAHCTBE (B MAPOBBIX KOTJIAX) OAHOBPEMEHHO
MIPOUCXOIUT 00paTHOE SIBJICHUE — KOHACHCAIUS Tapa. Eciiu CKOpOCTh KOHJICHCAIINH CTAaHET
paBHOI CKOPOCTH HCIAapeHHs , TO HaCTyIaeT AMHaMU4Yeckoe paBHoBecue. [lap B aTom cinyuae
UMEET MAaKCUMAJIbHYIO TUIOTHOCTh M Ha3bIBACTCS HACLIUWYEHHBIM NAPOM.

Ecnu Temnepatypa napa Bblilie TeMIepaTypbl HACHIIIEHHOTO Mapa TOTO )K€ JaBJICHUS, TO TaKOI
nap Ha3bIBaeTCs nepezpemvim. PA3HOCTh MEXKIY TEMIIEPATypPOH ITePErpeToro mapa u
TEMIEPATypOil HACHIIIEHHOTO Mapa TOTro e JIaBJICHUS Ha3bIBACTCS cmenenvio nepeepesa. Tak
KaK yACIbHBIN 00beM MeperpeToro napa O0oblie yaeapHOro 00beMa HaChIIIICHHOTO TIapa, TO
IUIOTHOCTB MIEPETPETOTO Mapa MEHbIIIE TUIOTHOCTU HACBIIIIEHHOTO napa. [loaromy neperpersiii
nap SIBIISICTCS] HEHACLIUEHHbIM NAPOM.

B MoMeHT ncnapeHust mocieqHel Karim *KUAKOCTH B OTPAaHUUEHHOM MPOCTPAHCTBE 0e3
W3MEHEHUS TEMIIEPaTyphl U JaBJICHUS 00pa3yeTcst cyxou Hacviuennslil nap. COCTOSTHUE TaKOTO
napa ompeenseTcss OTHUM apaMeTPOM - IaBICHUEM.

MexaHnueckasi CMECh CyXOTro U MEJTbUANTIINX KaIleJIeK KUIKOCTH HAa3bIBACTCS GIANCHLIM NAPOM.
MaccoBas 107151 CyXoro mnapa BO BIaKHOM Tape Ha3bIBACTCSI CIMeneHbio CyXocmu — X.

X = Mey | Mgy, (6.7)

My - Macca Cyxoro rnapa BO BIAKHOM;

Mgy - Macca BJIAKHOIO Iapa.

MaccoBast 10J1s1 )KUJKOCTH BO BIQXKHOM I1ap€ HBI3BACTCS CHENEHbIO BAANCHOCIIU — ).
y=1-v.(6.8)

Jlns kunsimein »KUIKOCTH MpU TemrepaType Hacblmenus v =0, 1y cyxoro napa — v= 1.

6.4. XapakTepuCTHKH BJIAKHOTO0 BO31yXa.

ATMOC(bCpHBIfI BO31yX, B OCHOBHOM COCTOSIIUN U3 KHCJIOpOJa, a30Ta, YIIJICKUCIIOro rasa,
COACPKHUT BCCrla HCKOTOPOC KOJIMYCCTBO BOAAHOIO I1apa.

CMmech CYXOro BO31yxa U BOAAHOI'O I1apa Ha3bIBACTCA 81AHCHHIM 6030)/’)(70./1/[.

Braxabri BO3YyX IIpU JaHHOM JIABJICHUU U TCMIICPATYPC MOKET COACPKATH pa3HOC KOJINICCTBO
BOOAHOIO ITapa. Ecnu cmecw cocTouT u3 CyXO0ro Bo3ayxa 1 HaCbIIIICHHOI'O BOJAAHOIO Imapa, TO €ro
Ha3bIBAOT HACLIUWEHHBIM BIIANCHBIM 6036VXOM. B stom CJIy4ac BO BJIAJKHOM BO3yXC HAXOAUTCA
MaKCHUMAJIBbHO BO3MOKHOC JIA }IaHHOﬁ TEMIICPATYPbI KOJIUYCCTBO BOAAHOI'O I1apa. HpH




OXJIQXK/IEHUH 3TOT0 BO3/yXa, OyeT MPOUCXOANUTH KOHJCHCAIUs BOJSHOTO napa. [lapruansHoe
JaBJICHUE BOASHOIO Mapa B 3TOW CMECH PaBHO JIaBJICHUIO HACBILICHUS MPU TaHHON
TEMIEPATYPE.

Ecnu BnaXkHbIi BO34yX COAEPKUT MPH ITaHHOW TeMIepaType BOASHOMN Hap B EPErPETOM
COCTOSIHUH, TO OH OyJIeT HA3bIBAThCS HeHacbiujenHbiM. TaK KaKk B HEM HaXOJIUTCS HE
MaKCHMaJIbHO BO3MOKHOE JIJIsl JAHHOM TeMIiepaTypbl KOJIMYECTBO BOSHOTO Mapa, TO OH
CIOCOOEH K JlabHeNeMy yBlIakHeHUI0. [10aToMy Takoi BO3/1yX UCIOJIb3YIOT B KAUECTBE
CYIIWJIBHOTO areHTa B Pa3JIMYHBIX CYHIMJIBHBIX YCTAHOBKAX.

1o 3axomny [anvmona obiee naBieHNe BIaKHOTO BO3yXa PABHO CyMME MapLUaIbHBIX
JABJICHUM CyXOro BO3/1yXa U BOASIHOTO Mapa, BXOSIIMX B €r0 COCTaB:

P =Py + Py, (6.9)

rae: Pg — mapumanbHOE AaBiIEHUE CYXOro BO3AYyXa;

P - mapuumanbsHO€E 1aBiieHHE BOJSHOIO apa.

MaxkcumanbsHO€e 3HaueHue Py Ipy JaHHOW TeMnepaType BIaKHOTO BO31yXa t MpeaCTaBIIsIeT
coboll Oasnerue HaAcbleHH020 8005H020 napa - Py.

JIist HaXOXKACHUS TAPIHATLHOTO IABJICHUS Tapa MOJIb3YIOTCS CIICIHATBLHBIM TPHOOPOM —
rurpoMeTpoM. C MOMOIIBIO 3TOr0 NPUOOPA OLPEAEISIOT MOUKY POChl, T.€. TeMIIEpaTypy (tp), 10
KOTOPOU HY>KHO OXJIAJIUTh MPU MOCTOSIHHOM JaBJIEHUU BO3AYX, YTOOBI OH CTaJl HACKHIILIEHHBIM.
3Hast TOUYKY POCHI, MOKHO IO TaOJIUIIaM OMPEIeTUTh MapIHaIbHOE JaBJICHUE TTapa B BO3yXe KaK
nasieHue HacblleHus (Py), cOOTBETCTBYIOIIEE TOUKU POCHI ty.

Abconomnoii 61axcHOCMbI0 8030YXa HA3BIBACTCS KOJTMYECTBO BOJISHBIX MTAPOB, HAXOISAIIUXCS B

1 M® BiraxkHOrO BO31yxa. AOCONIIOTHASA BIQXKHOCTh paBHA IUIOTHOCTHU Mapa MpH €ro MapiualbHOM
JIaBJICHUU U TeMIlepaType Bo3ayxa — .

OTtHoteHue a0COMOTHOM BIIaXKHOCTH HEHACHIIIIEHHOTO BO3/yXa P IaHHOUW TeMIeparype K
a0COJIFOTHOW BJIQYKHOCTH HACBIIIEHHOTO BO3/lyXa MIPHU TOM K€ TeMIIepaType Ha3bIBACTCA
OMHOCUMENbHOU 81AACHOCHIbIO BO3AYyXA

Q=cy/ cymmm @ =cy/cy 100% , (6.10)

Jlnst cyxoro Boszayxa ¢ = 0, i HeHachImeHHoro ¢ < 1, s HackimenHoro ¢ = 1(100%).
Ecnu BogHOM map cuuTaTth KaK MACadbHbINA ra3, TO M0 3aKOHY boins-Mapuorra OTHOLIEHHE
IUIOTHOCTENH MOKHO 3aMEHHUTH OTHOIIIEHNEM AaBieHui. Torna:

¢ =pr/ Pgum p=Pr/ Py -100% . (6.11)

3
IInomuocms 81a2CH020 603@)/)“1 cJIaracTcsda u3 Macc, COACpKalnXxcsda B 1M CyXOro Bo3ayxa
BOISAHBIX ITAPOB:

p=ps+ pn=Psl/(Rs'T) + @lv . (6.12)
Monexynsapras macca BIaXHOTO BO3/1yXa OMPEILIISIOT 10 (hopMmyIie:
u = 28,95 - 10,934¢ Py/P (6.13)

3navenus Py u v mpu remnepaType Bo3ayxa t 0epyTcs U3 TaOIUIBI BOJISHOTO TIapa, ¢ — Mo
JTaHHBIM IICUXpomeTpa, P - mo 6apomerpy.
Bnazocodeporcanue — npencrasiser co00i OTHOIIEHHE MACChl I1apa K Macce CyXoro Bo3ayXa:

d= M]‘[/ MB y (614)
rae: My, Mg — COOTBETCTBEHHO MAacChl Mapa U CyXOro BO3/1yXa BO BIAKHOM BO3IyXE.
CBs13b MEX/Ty BJIArOCOICPKAHUEM C OTHOCUTEIIHHOM BIIAYKHOCTHIO:
d =0,622 @-Py /(P - ¢-Py). (6.15)
Tazosas nocmosnnas.
R =8314/m = 8314/(28,95 — 10,934 u-Py/P). (6.16)
Obvem 81a%cH020 8030yXa, TPUXOSIIETOCS Ha 1 KT CyXoro Bo3ayxa:
VBJ'I.B =R-T/P. (617)
Yoenvuwiil 0bvem srasicHoco 8030yxa.




V= VB)I.B/(]- + d) (617)
Yoenvuas maccosas mennoemxocmo HapOBO3I[y1HHOﬁ CMECH:

Cew=cp td-cp. (6.18)

Tema 7. TepMmoauHaMHUYeCKHEe IUKJIbI.
7.1. Ilukjasl napoTypOuHHbIX YcTaHOBOK (IITY).

[TapoTypOuHHast ycTaHOBKA SIBJISIETCS OCHOBOM COBPEMEHHBIX TEIUIOBBIX U aTOMHBIX
JEeKTpOCTaHIMi. PabounM TeIoM B TaKUX YCTAHOBKAX SIBJISIETCA Map KaKOM-TuO0 KUIKOCTH
(BomstHO¥ map). OCHOBHBIM IIMKJIOM B APOTYPOMHHOMN YCTaHOBKE SIBIISICTCS YUkl Penkuna.
[TpunnunuansHas cxema [1TY nokaszana Ha puc.7.1 u mponecc mosxydeHus: paboThl MPOUCXOTUT
B ciienyrommmM oopazom. B mapoBom kotiie (1) u B meperpeBaresne (2) TEIIoTa ropeHus TOILTHBA
nepenaercs Boze. [lomydeHHslil map mocrymnaer B Typouny (3), riae mpoucxoauT
npeoOpa3oBaHue TEIIOTH B MEXaHUYECKYIO padoTy, a 3aTeM B DIIEKTPUUECKYIO SHEPTHUIO B
anekrporeneparope (4). OTpaboTaHHBIN Map MOCTYNAET B KOHAEHCATOP (5), T/Ie OTIAeT TEeIUIOTY
oxJnaxaarouieit Boje. [lonydeHHbIi KOHIEHCAaT HacocoM (6) OTIIPaBIISETCs B MUTATENbHBIN Oak
(7), oTKya muTaTeIbHBIM HACOCOM (8) COKUMAETCS /10 IaBJICHUsI, PABHOTO B KOTJIE, U TIOJ1a€TCA
yepe3 nojorpesarens (10) B mapopoii koren (1).

Puc. 7.1.

Paccmotpum yukn Penkuna na nacvluennom nape. Cxema yCTaHOBKH OTIMYAETCS OT
MpEebIYIel CXeMBbI TeM, YTO B IaHHOM cliydae Oy/eT OTCYTCTBOBATh neperpenarelb. [loaromy
Ha TypOuHy Oy/eT moctynaTh HackleHHbId ap. Ha puc.7.2,a nzobpaxen nukin Penkuna B TS-
Iuarpamme.

IIpoueccsr:

3-1 — moIBOA TEIJIOTHI OT UCTOYHUKA B BOJE (1, COCTOUT U3 JABYX MPOIIECCOB: 3-3 - kunenue
BOJIbI B KOTJIE;

31— MCTIIapeHre BOJIbI B MMap MpU MOCTOSSHHOM JIaBJICHUH,

1-2 — B TypOuHe map pacumpseTcs aanadaTHIecKH;

2-2 - nap KOHAEHCUPYETCS U OTAAET TEILIO (2 OXJIaXKIaI0IIe BOJIE;

2/-3 — koHeHcaT anMaGaTHYECKN CKUMACTCSL.

TepMuueckuid K.11.1. [UKJIa PEeHKHHA onpeiesisieTcst 10 YpaBHEHHIO:

Nt = (q1 — G2)/q1 - (7.1)
Tak kak: q1 = h; — hs; Q2:h2*h2/,

TO

ne = [(h1 = hy) - (hs—h)]/(hy—hg) =1/ qu. (7.2)
[Tonesnas paboTa 1MKIIa paBHA Pa3HOCTH padOT TYpOMHBI U HAcoca:

=11,



rae: l,=h;—hy, l,=hg—h,.

B ocrosHOM 1, >> |,,, Toraa cumras hs = hy | MoxHO 3anucars:

Nt = (h1—h)/(hy—hg) . (7.3)
TeopeTrueckysi MOLTHOCTb TYPOHHBI PACCUUTHIBAIOT 110 (OpMYIIE:

N; = (h; — h2)-D/3600 , [BT1] (7.4)
rae: D =3600-m — gacoBoii pacxo, [Kr/4]
M — CEKyHAHBIA pacxo/l, [Kr/c]
Luxn Penxkuna na nepecpemom nape NpUMEHSIETCS JJIsl YBETUUYEHUSI TEPMUUYECKOTO K.I1.JT. [IUKJIa
IITY. Jlnsa aToro nepen TypOuHOM cTaBAT neperpesarens 2 (Puc.7.1), KoTpelil yBenmnuuBaeT
TeMIlepaTypy | JaBieHue napa. [Ipu 3ToM Bo3pacraer cpeinss Temneparypa moiBojia TErioThI
B 1uKJe. /Jluarpamma nukiia nokaszana Ha puc.7.2,6 @opmynsl pacueta 1, ¢, N, ocratorcs 6e3
U3MEHEHUM.

7

Puc. 7.2. Lluxa Peuxkuna na HaceimeHHoMm (@) H
neperpetom (6) mnape

7.2. Hukasl nBuraresieii BHyrpennero cropanus (ABC).
[{MKIbI NOPIIHEBBIX JIBUTATENICH BHYTPEHHETO CTOPAaHUs OAPA3ACIAIOT HA TPU TPYIIIbL:

e  CIOABOJIOM TEIJIOTHI IPU MOCTOSSHHOM 00beMe (kapOropaTopuslie /IBC);
e  C IOABOJIOM TEIJIOTHI IPU MOCTOSHHOM JaBJIE€HUH (KOMIIPECCOPHBIE TU3EIIH);

e  CO CMELIAHHBIM [TO/IBOJIOM TEIUIOTHI IIPH MOCTOSHHOM 00beMe (0e3KOMIIPECCOPHBIE
JTU3EIIN);

OCHOBHBIMHU XapaKTEPUCTUKAMH WUJIH TTapaMeTpaMu JIF0O0TO IHKJIa TeIIOBOTO IBUTATENS
SIBJISIFOTCS CIIEAYIOIINE Oe3paMepHbIe BEJIMUNHBI:
cmenendb cocamus (OTHOIICHHUE YACTbHBIX 00BEMOB pabovero Teja B Hayasie U KOHIIC CHKATHS)
e=vi1/ vy, (7.5)
cmenenb nogvlutenus dagienus (OTHOIICHHUE JABICHUN B KOHIIE M B HaYalle U30XOPHOTO
mpoliecca MmoBo/1a TeTI0ThI)
A= P / Py, (76)
cmenenb npedsapumenbHo20 pacuupens Wil cmenels u300apHo2o pacuiuperus (OTHOILICHHE
yAEIbHBIX 00BEMOB B KOHIIE U B HaUajie H30XOPHOTO MPOoIecca MOBO/Ia TEMIOTHI)

p=v3lvy.(7.7)

1). Paccmorpum yuxn J{BC ¢ nodsodom mennionivl npu nOCmMosHHOM 00beme Ha TIpUMepe
YeThIPEXTAKTHOTO JIBUTaTEJs.
JwnarpaMmma peasibHOTO JBUTaTelIsl MpeacTaBieHa Ha puc.7.3.
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Puc.7.3. Iluka nBurateas

BHYTPDEHHET0 CropanHs ¢

NOABOAOM  TENJOTHI NP
NOCTOSIHHOM 06beMe

a-1 (1 TakT) — B UMIMH/P Yepe3 BCACHIBAIOIIMM KilanaH MOCTynaeT CMECh BO3/lyXa U MapoB
roproyero (HeTepMOAMHAMUYEMKUN MTPOIECC);

1-2 (2 TakT) — agmabaTHOE ckaTHe (TIOBBIIIACTCS TEMIIEPATYPa);

2-3 — cropaHue roprouel CMecH, JaBlIeHHe ObICTPO BO3pACTAET IIPU MOCTOSHHOM 00beMe
(TTOIBOJT TEIUIOTHI q1);

3-4 (3 TakT) — agnabatHOe pacmupenue (padounii mporecc, CoOBepIIaeTcs Mmojie3Has padora);
4-a — OTKPBIBACTCS BBIXJIOMTHOW KJIaraH u OTpabOoTaHHBIC Ta3bl MOKUAAIOT IMIIMH/P JTaBICHUE
IJTHH/PA MagaeT (OTBOJUTCS TEIUIO ().

1-a (4 TaKT) — BHITAJIKUBAHUE OCTABILIMXCS B WIMHJPE ra3oB.

3areM mporecc MOBTOPSAETCS.

OnucaHHBIN TPOIIECC SBJISCTCS HEOOPATUMBIM (HATMYUE TPEHUS, XHMHUECKONW PEaKIIUu B
paboueM Tese, KOHEUHbIE CKOPOCTH MOPIIHS, TEIII000MEH MPH KOHEYHON Pa3HOCTH TeMIIepaTyp
U T.IL).

Jlis ananu3a TeOpUM TEIUIOBBIX MAIIMH TEPMOJMHAMUKA PACCMATPUBACT U1€aIbHbIC IIUKIIBI
oOpatumble UKIIBL. J[marpaMma uieasbHOTo IMpoIecca JBUTATelNsi BHYTPEHHETO CTOPaHHS
nokasaHa Ha puc.7.4.

J

Puc. 7.4.
W3 sToit quarpaMMbl BEIBOAUTCS (hopMyIta JIJIsi TEPMUYECKOTO K.I1.J. IIHUKJIA C TIOJIBOJIOM
TEIUIOTHI MIPH MOCTOSTHHOM 00beMe, KOTOPBIA UMEET CIEAYIOIHII BHUI:

n=1-1¢", (7.8)

T/Ie: € —CTeNeHb CKaTus (OCHOBHOM MOKa3aTelh padOThI IBUTATENS, YEM BHIIIIE €, TEM BHIIIIE
skoHOMUYHOCTH JIBC);

Y — TOKa3aTeb aanadaThl.

2). Uneanwbuwiii yuxa JIBC co cmewanHvlm n008000M meniomvl npu nOCMOIHHOM 00beme
(6e3xomIipeccopHblie au3enn). [uarpaMmma mukia nokasana Ha puc.7.5.
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Puc.7.5. Lluka aBurare-

Jsi BHYTpPEHHero  cropa-

1S CO CMELIAHHBIM TOA-
BOJOM TenJioThl

1-2 - yucTeIii BO3ayX ¢ TeMmepatypoi T1 cxkumaeTcs 10 Temreparypsl To, KOTOpas 00ibIe
TeMIIepaTypbl BOCINIAMEHEHHUS TOIUIMBA. B 3TOT MOMEHT B LMIIMHAP Yepe3 POPCYHKH MOA
JIaBJICHUEM BIIPBICKMBAETCS TOILIMBO.

2-3 — roproyasi CMeCh CaMOBOCIIJIAMEHSETCSI U K paboyeMy Tely HOJBOIUTCS TEIIO q1/ :
JaBJICHUE TTOBBIITIAeTCS 110 Ps.

3-4 — nopuieHp nepemeraercs o0paTHO, MOCTYIUIEHUE U CTOpaHUe TOIUIMBA MIPOAOIDKACTCS U
IIOCTOSIHHOM JIaBJICHUU U IIOJABOJUTCS TEILIO (1’ .

4-5 — nopuIeHb NPOI0JDKAET IepeMELIaThCs B HIDKHIOIO MEPTBYIO TOUKY, JaBJICHUE M1aJaeT
(amnabaTtHOE pacuMpeHue);

5-1 — mporecc 0TBOAA TEIJIOTHI (2 TPHU MOCTOSIHHOM 00beMe (Uepe3 BBITYCKHOM KilanaH
MOKHJIAIOT OTPAaOOTaHHBIE Ta3bl).

TepMuueckuil K.1I1.J. LUKJIA oNpeaesseTcs no popmye:

- .qY -1, -
ne=A-Qp' =1/ [(A-1)+yr(p-1)].(7.9)
[{ukn qBuratesneit ¢ MoBOIOM TEIIOTHI IPH MOCTOSIHHOM JJaBJIEHUH LIIMPOKOE IPUMEHEHHUE He
HAIlIY, TaK KaK y 3TUX LUKJIOB OYeHb O0JIbIION KO (ULIUEHT CHKaTHs.

7.3. IlukJib1 ra3oTypOuHHbIX ycTaHOBOK (I'TY).

OCHOBHBIMU HEOCTAaTKaMH MOPILHEBBIX JBUTATEIEH BHYTPEHHETO CrOPaHUS SIBSIISIIOTCS
OTPaHMYEHHOCTh UX MOIIHOCTH M HEBO3MOKHOCTh a/InadaTHOrO paclIupeHus pabodero Temna 10
aTMOC(EpHOTO JaBlIEHHs, KOTPble OTCYTCTBYIOT B Ta30TypOMHHHBIX ycTaHOBKaX. I'TY pabounm
TEJIOM SIBJISIFOTCS IPOAYKTHI CTOPAHUS KHMJIKOTO WIIM ra3000pa3HOro TOIIMBA.

Ha puc.7.6 nana cxema npocreiiiei ra30TypOMHHON YCTAaHOBKU CO CTOPAHUEM TOILIIMBA MPH
MOCTOSTHHOM JIaBJI€HUU. TOIMIMBHBIM HACOCOM 5 U KOMIIPECCOPOM 4 TOIJIMBO U BO3yX Yepe3
dopcyHku 6 u 7 mocTynaroT B kKamepy cropanus 1. VI3 kamepbl IpOyKThl CrOpaHus
HaNpPaBIIAIOTCS B KOMOMHUPOBAHHBIE COILIA 2, TJI€ OHU PACIIUPSIIOTCS, U MOCTYNAIOT HA JIOMATKU
ra3oBoil TypOuHBI 3.

Pue. 7.6.
Ha puc.7.7 u puc7.8 npeacrasnensl uaeanbubiil nukn ['TY va PV u TS quarpammax.



Puc. 7.7.
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Puc. 7.8.

1-2 - agnabaTHOE cokaTHE IO naBieHus Po;

2-3 — MOJIBOJT TEILIOTHI (1 IIPH MIOCTOSTHHOM JIaBlieHUH P, (cropaHue TOmimaa);

3-4 — aguabaTHOE pacIIMpPEeHHE 10 IEPBOHAYAILHOTO JaBicHUs P,

4-1 — oxnaxkJaeHHe paboYero Tea MpH MOCTOSHHOM JaBjieHud P; (OTBOM TEILIOTHI (3);
XapakTepuCTUKAMH [HUKJIA SBIISIOTCS:

cmenens nogvluienus oasienus - A = Po/ Py ;

cmenenb u300apro20 pacwuperust - p = vz vy .

Pabora TypOuHBI:

l,=hs—hy.(7.10)
Pabota xommpeccopa:
|H = h2 — hl . (711)
[Tonesnas padora I'TY paBHa pasHOCTH pabOT TypOUHBI U KOMIIpeccopa:
LrTy = IT — IK . (712)
Tepmuueckuit k.1 1. nukia I'TY nmeer Buna:
ne=1-1/2 " (7.13)
Teopernueckast MOIITHOCTh Ta30BOM TypOUHBI, KoMIIpeccopa U yctanoBku (I'TY):
N; = 1,-D/3600 = (hz — h4)-D/3600 , (7.14)
Nk = lx"D/3600 = (hy — h1)-D/3600 , (7.15)
NrTy = |rTyD/36OO = [(hg — h4) (h2 — hl) ]D/3600 . (716)

HevictBurenbHblii LUK [ TY oTiiMyaercs OT TEOPETUUECKOI0 HAIMYUEM ITOTEPh HA TPEHUE U
BUXpeooOpa3oBaHue B TypOruHE U KoMipeccope. DPHEeKTUBHBIMU METOIAMH TTOBBIIICHUS
HSKOHOMHUYHOCTH Ta30TYpPOUHHBIX YCTAHOBOK SIBIISIFOTCS: PETeHEpaIysl TeMJIOThI, CTYIIEHYATOe
CXKaTHE M paclIupeHne padodero Tena u mp.



Paznen II. OcHOBBI TEOpHH TENI000MeEHA.

Tema 8. OCHOBHBIC NIOHATHS U ONIPeIeICHUS.

TeOpI/Ifl TennooOMeHa HU3Yy4acT MpOoLECChl paCIpOCTpaHCHUA TCIIOTEI B TBEPABIX, XXUIKUX U
F33006p83HBIX Te1ax. HepeHoc TEIIOTHEI MOXKET IIEPEAABATHECA TPEM crocodamu:

e  TEIUIONPOBOJHOCTHIO;
e KOHBEKIIHCI;
e U3Iy4YeHHUEM (paJHaIueii).

[Tpornecc nmepeaaun TEIIOTHl MENIONPOBOOHOCHIbIO TIPOUCKXOTUT IPU HEIIOCPEICTBEHHOM
KOHTAKTE TeJl WIK YaCTULIAMU TeJl C Pa3InYHBIMU TEMIIEpaTypaMH | MPEACTaBISET COO0MH
MOJICKYJISIPHBIN TIpOIiecC Nepeaayn TerioThl. [Ipu HarpeBaHUU Tella, KWHETHYECKasi SHEPTHUsl €ro
MOJICKYJI BO3pACTaeT U YaCTUIIBI 00JIee HArpeTOl YacTH Tella, CTAIKUBASCh C COCETHUMU
MOJICKYJIaMH, COOOIIA0T UM YacTh CBOCH KHHETHYECKOW YHEPTUH.

Konsexyus — 310 IepeHOC TEIUIOTH IPU IEPEMEIICHUH U NTePEMEIINBAHUN BCEH MaCChI
HEPABHOMEPHO HArpeThIX KUIKOCTH WM rasa. [Ipu 3ToM, IepeHOC TeIIOThI 3aBUCUT OT
CKOPOCTH JIBIKEHUS )KUIKOCTH HITU Ta3a MPSMO MPOITOPIUOHAIBHO. DTOT BUJI IIEpPEIadn
TEIJIOTHI COMIPOBOXKIAACTCS BCET/Ia TEIJIONMPOBOAHOCTHIO. OTHOBPEMEHHBIN MTEPEHOC TETUIOTHI
KOHBEKIIMEH U TEIUIOMPOBOTHOCTHIO HA3BIBACTCS KOHBEKIMUBHBIM MENi1000MEHOM.

B nHXeHEpHBIX pacueTax 4acTo ONMPEACSIOT KOHBEKTHBHBIN TEIIIO0OMEH MEXTY TIOTOKAMHU
JKUJIKOCTH WJIM Ta3a U MIOBEPXHOCTHIO TBEPAOIO Teja. ITOT MPOIECC KOHBEKTUBHOTO
TEIJI000MEHa HA3BIBAIOT KOHBEKMUBHOU Menioomoayeli UM MPOCTO menioomoauel.

[Iporiecc nepenayn TEIIOTH BHYTPEHHEH YHEPTUU TeJla B BUJIC AIIEKTPOMATHUTHBIX BOJIH
HAa3bIBACTCS UzNyyeHuem (paduayueti). ITOT MPOLECC MPOUCXOIUT B TPU CTAUU: TIPEBPAIICHUE
YacTW BHYTPEHHEH SHEPTUU OJHOTO U3 TeJl B DHEPTHIO dJIEKTPOMATrHUTHBIX BOJIH,
pacnpocTpaHeHue 3/M BOJH B MPOCTPAHCTBE, MOTJIONMICHUE SHEPTUU U3ITYICHHSI IPYTHM TEIOM.
CoBMecTHBIN TEII000MEH U3TYyYeHHEM U TETUIONPOBOIHOCTHIO HA3bIBAIOT PAOUAUUOHHO-
KOHOVKMUBHbIM TSINIOOOMEHOM.

COBOKYIMHOCTB BCEX TPEX BUIOB TEIIIOOOMEHA HA3BIBACTCS CIOHCHBIM MENnI1000MeHOM.
[Tpormeccrl TerooOMeHa MOTYT TPOUCXOTUT B PA3TUYHBIX CPEJIaX: YACTHIX BEMIECTBAX H
pa3HBIX CMECSX, TPU U3MEHEHUH U 0€3 U3MEHEHHUS arperaTHOro COCTOSIHHS pabo4yuX Cpell U T.1.
B 3aBucuMocTH OT 3TOr0 TEII00OMEH MPOTEKAET TT0 PAa3HOMY M OITUCHIBACTCS PA3THYHBIME
YpaBHEHUSMHU.

[Tporecc mepeHoca TEIUIOTHI MOKET COIMPOBOXKIATHCS ITIEPESHOCOM BEIECTBA (MACCOOOMEH).
Hanpumep ricmapenue BoJbl B BO3YX, IBMXKEHUE KUIKOCTEH UM Ta30B B TPyOOIPOBOAAX H.T.II.
u.T.11. Torma mporecc TermIo00MeHa YCIIOKHSICTCS, TaK KaK TEIIoTa JTOTOIHUTEIIBHO
MEPEHOCUTCS C MACCOM JIBUKYIIETOCS BEIIECTBA.

Tema 9.Ten10n1poOBOAHOCTD.
9.1. TemneparypHoe moJie. YpaBHeHHe TeNJIONPOBOIHOCTH.

bynem paccmarpuBaTh TOJIBKO OJHOPOJHBIE U U30MPONHbIE TENA, T.€. TAKUE TEJa, KOTOPBIE
00J1a1a10T OIMHAKOBBIMHU (DM3UYECKUMHU CBOMCTBAMH 1O BCeM HampasiieHusM. [Ipu nepegaun
TEIUIOTHI B TBEP/IOM Telle, TeMIiepaTypa Teia OyeT U3MEHSATHCS M0 BCeMy 00heMy Tella U BO
BpeMeHU. COBOKYITHOCTh 3HaYE€HUI TEMIIEpaTyphl B JTAHHBI MOMEHT BPEMEHH JIJI1 BCEX TOUEK
M3y4aeMoro IpOCTPAHCTBA HA3bIBACTCS MeMNepamypHuiM NOAeM.




t=1(x,y,z,7), (9.1)
rze:t —TeMmneparypa Tena;
X,Y,Z -KOOpJMHATHI TOYKH;
T - BpeMs.
Taxoe TemIiepaTypHoe MoJjie Ha3bIBACTCs HecmayuoHapHuim Ot/OL # 0, T.e. COOTBETCTBYET
HEYCTAaHOBUBIIEMYCS TETNIOBOMY PEXUMY TEILJIOMPOBOIHOCTH
Ecnu Temmnepatypa Tena GyHKIHS TOIBKO KOOPAMHAT U HE U3MEHSETCS C TEUCHUEM BPEMEHH, TO
TEMIIEpaTypHOE MOJIe HAa3bIBACTCS CMAYUOHADHLIM.
t=1(x,y,z) , ot/0r =0 (9.2)
VYpaBHEHHUE IBYXMEPHOTO TEMIIEPATypPHOTO OIS
JUTS HECTAIMOHAPHOTO PeKUMa:
t=1(x,y,1) ; 0t/0z =0 (9.3)
JUISL CTAlIHOHAPHOTO PEXHUMa:
t = f(x,y) , 0t/0z = 0; ot/01 = 0 (9.4)
VYpaBHEHHE OTHOMEPHOTO TEMIIEPATYPHOTO MOJISL:
JUTS. HECTAITMOHAPHOTO PEKUMa:
t =1f(x,1) ; 0t/Oy = 0t/0z = 0; ot/or = 0 (9.5)
JUTSL CTAlIMOHAPHOTO PeXKUMa!
t =1f(x) ; ot/0y = ot/0z = 0; ot/or = 0 (9.6)
Hzomepmuyeckol nosepxHocmbvio HA3bIBAETCS TIOBEPXHOCTH TeJa ¢ OJMHAKOBBIMU
TEeMIIepaTypo.
Paccmotpum aBe usorepmuueckue nosepxHoctu (Puc.9.1) c remneparypamu t ut +
At.I paduenmom memnepamypuvl Ha3bIBAIOT TPEJIENl OTHOIICHHUS U3MEHEHHS TeMIIepaTyphIAtK
PaCCTOSIHUIO MEX]Ty U30T€pMaMHy 10 HOpMalid An, KOTJIa CTPEMHUTCS K HYIIIO:
gradt = |gradt| = lim[At/An]an—0 = 0t/0n (9.7)

n 4 5

Puc. 9.1.
TemmepaTypHbII TPaJUEHT-3TO BEKTOP, HAIIPABICHHOW 110 HOPMAJIM K H30TEPMUYECKON
MIOBEPXHOCTU B CTOPOHY BO3pacTaHUs TEMIIEPATYPbl U YUCICHHO PAaBHBIN IIPOU3BOJHOU
TEMIIEpaTypHI t IO HOpMaJIMN:
gradt=ét/on n, , (9.7°)
IAe:Ng — €EIUHUYHBIA BEKTOP.

KonruecTBo TEmIoThI, MPOXOsIIIee Yepe3 N30TEPMUUECKYIO TTIOBEPXHOCTh F B ennHUIly
BPEMEHHU Ha3bIBACTCS mennioguim moTokom — Q, [Bt=/Ix/c].

TennoBoii MOTOK, MPOXOISIIHNNA Yepe3 eAUHUITY TUTOIIAId Ha3bIBAIOT AIOMHOCHbIO MEeNnil08020
nomoka — q=Q / F, [Br/M%]

Jlyist TBepAOTO TeNa ypaBHEHUE TEIUIOMPOBOIHOCTU MOAYUHSETCS 3akoHY Dypbe:

|| Tenniosoit nomok, nepeoasaemas menionpoeooOHOCHbIO,||RPOROPUUOHATIbHA 2PAOUEHMY
memnepamypuol U N10UWLAOU CeUeHU,||nepnenouKyIaPHO20 HANPABIEHUIO MENTI06020
nomoka.

Q =-AF- ot/on, (9.8)
501051
g =-A- 0t/On ‘n, = -k-gradt, (9.9)



r7ie: ( — BEKTOp IUIOTHOCTH TETUIOBOTO IMOTOKA;

A — koadurment Ternonporoanocty, [ Bt/(Mm-K)].

UucneHHOe 3HaYeHHEe BEKTOpa IJIOTHOCTH TEIUIOBOTO NIOTOKA paBHA:
q = -A- ot/on = -A-|gradt| , (9.10)

rae:|gradt|- Moyiib BEKTOpa IpajiieHTa TeMIIepaTypBbI.

KoadduumeHT TeronpoBoHOCTH SBISIETCS (GU3NUECKUM ITapaMeTPOM BEIECTBA,
XapaKTEePHU3YIOIIMM CIIOCOOHOCTH TeJa IPOBOUT TeIIoTy, OHa 3aBUCHT OT poJia BEIECTBa,
JIaBJICHUS U TeMIiepatypsl. Takoke Ha e€ BeNMUUMHY BIHMET BIaKHOCTH BemecTna. s
OOJIBIIMHCTBA BEUIECTB KOA(PPHUINCHT TEIUIONPOBOTHOCTH ONPEACIISIOTCS ONBITHBIM IIyTEM H
JUIS TEXHUYECKUX PacyeToB OepyT U3 CIIPABOYHOM JTUTEPATYPHI.

Hudhpepenyuanvroe ypasuenue menionpogooHocmu Ui TPEXMEPHOTO HECTAI[IOHAPHOTO
TEMIIEPATypHOTO IOJISl HUMEET CIEeAYIOINN BUI:

R

, (9.11)

rie: a = A/(pp) —kodpduyuenm memnepamyponposodnocmu [M/c], XapaKTepU3yeT CKOPOCTh
U3MEHCHHS TEMIIEPATYPHI.

Jlist crarmonapHoi 3anaun, qudGepeHInaITbHOe ypaBHEHUE UMEET BH/I:

xl

(9.12)

9.2. CTaIII/IOHapHaH TCIJIONMPOBOAHOCTD Y€pP€3 MVIOCKYHO CTCHKY.

1).0O0nopoonas niockas cmenxa (Puc.9.2.).
t A

Puc.9.2. Oaxopoandas niaocKas CTeHKa.

TeMneparypbl TOBEPXHOCTEN CTEHKH —{er U tero.
II1oTHOCTH TEMJIOBOrO MOTOKA!
=-AoOt/On=- A\ Ot/OX=- M\ (tc-rz - tch)/(XcTz - Xcﬂ)'
AN
q= A (tc-l-z - tch)/(XcTz - Xcﬂ)' At/AX (913)

- TEMIIEpaTypHbIN HaIop;

TOJIIHMHA CTCHKH.

q =W (tert — terz) = MO-AL, (9.14)



Ecmu R =§/\ -Tepmudeckoe COnpoTUBIIEHUE TETUIOMPOBOIHOCTA CTEHKH [(MZ'K)/BT], TO
IJIOTHOCTD TEIUIOBOTO MOTOKA!

q= (tcrl — tCTz)/R . (915)
O011ee KOJIMYECTBO TEIUIOTHI, KOTOPOE MEpeIacTcs Yepe3 MOBEPXHOCTh F 3a BpeMs T
orpeensercs:

Q=qF1=(tey1 —ter2)/R-F-1.(9.16)
Temmnepatypa Tena B TOYKE ¢ KOOPAUMHATON X HAXOUTCS 110 (hopMyIie:

tx = ter1 — (ter1 — ter2) X/ 6. (9.17)
2).Muoz2ocnotinas niockas cmemka.

Paccmotpum 3-x cnoiinytro creHky (Puc.9.3). Temneparypa Hapy»KHbBIX TIOBEPXHOCTEH CTEHOKt
U tero, KOOPPUIIUEHTHI TEITIONPOBOTHOCTH CIIOEBA1, A, A3, TOJIIMHA CIOEBO1, 02, O3.
t

q

Puc.9.3. MHOYOCIOHHAsA NJIOCKAsA CTEHKA.

[110THOCTH TEIUIOBBIX TOTOKOK Yepe3 KAKIbINA CIIOM CTEHKU:
q = M/01(ter1 — tem1) , (9.18)
q=A/02 (tem — tea) , (9.19)
q = A3/03 (ter2 — tCTz) , (920)
Pemast 5T ypaBHEHMsI, OTHOCUTENBHO PA3HOCTU TEMIIEPATYpP U CKIIAAbIBAsl, MOTy4aeM:
q= (tl — t4)/(51/7\,1 + 52/%2 + 63/7&3) = (tCTl — tCT4)/R0 , (921)
riae: Ro = (81/M1 + 82/ + 83/A3) — 00l1Iee TEPMHUUECKOE COMPOTUBIICHNE TEIIOMPOBOTHOCTH
MHOTOCJIOMHOM CTEHKH.
TemmepaTypa cJ10€B ONpeAeseTcs Mo CAeAYIMUM GopMyiam:
tent = et — Q(81/>\.1) (922)
tcnz = tcnl — q'62/7»2). (923)

9.3. CrannoHapHas TEII0NPOBOJAHOCTh Yepe3 HWJINHAPHYECKYIO CTEHKY.

1). Oonopoonas yununopuueckas cmeHka.
PaccmoTpuM 0JHOPOAHBII OAHOCTOWHBINA HMIMHADP JUIMHOM |, BHYTpeHHUM quaMeTpoM diu
BHemHUM uametpom d (Puc.9.4).
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Puc.9.4, OanocnoliHas unamuiapuieckas
CTEHKa.

TemnepaTypsl TOBEPXHOCTEH CTEHKU —ler) U tero.
YpaBHEHUE TEIUIONMPOBOAHOCTH IO 3aKOHY Dypbe B IMINHAPHUECKUX KOOPINHATAX:
Q=-A2mr -l ot/ or(9.24)
WIH
Q =2-1-A1-At/In(d2/d,), (9.25)
rae: At =ty — tep — TEeMIEpaTypHBIi HAMoD;
A — K03 PUIUEHT TEIIIONPOBOJHOCTH CTCHKH.
JI1s UMAMHAPUYECKUX TOBEPXHOCTEH BBOJAT MOHATHUS TEIUIOBOM MOTOK €IMHUIIBI JUTUHBI
[TMHAPUYECKON TOBEPXHOCTH (JIUHEUHAs NIOMHOCb MENi108020 HOMOKA), ISl KOTOPOH
pacueTHble (OpMYIIbI OYIYT:
qi = Q/1 =2-7-A At /In(d2/dy), [B1/™m]. (9.26)
TemmnepaTypa Tena BHyTPU CTEHKH C KOOpAuHATONd:
tx = ter1 — (ter1 — ter2) “In(dy/d1) / In(d2/dy). (9.27)
2). Muoeocnolinas yunuHopuieckas CmeHKa.
JomycTuM NMIMHIPUYECKasi CTEHKA COCTOUT M3 TPEX IJIOTHO mpruieraromux cioes (Puc.9.5).

ta

ter2

v
~

<
«

»
»

Puc.9.5. MHorocnoiiHas UWTHHAPHYECKas
CTEHKa.



TemnepaTrypa BHYTPEHHEN IIOBEPXHOCTH CTEHKHU —t¢r1, TEMIIEpATypaHapyKHOUIIOBEPXHOCTH
CTEHKH —t¢12, KOO DHUIIMEHTHI TEIJIOMPOBOIHOCTH CIOEB -A1, Ao, Ag, AMAMETPHI citoeB dy, da, ds,
da.

TennoBbie MOTOKU JJIS CJIOEB OYAYT:

1-i1 cioit
Q=21 Ay-1-(ter; — tenr)/ In(do/dy), (9.28)
2-11 cioi
Q=21mwhyl(ten1 — tcnz)/ In(d3/d2), (929)
3-ii cioi

Q=213 1"(tem2 — ter2)/ In(da/ds), (9.30)
Pemmast momydeHHbIe ypaBHEHHUS, ITOTy4YaeM JJI TEIJIOBOTO MTOTOKA Ye€pPe3 MHOTOCIONHYIO
CTEHKY:

Q= 2'7‘5'1‘(tCT1 — tCTz) / [ln(dzldl)/;\.l + In(d3/d2)/7»2 + |n(d4/d3)/>\.3] (931)
JIJ1st MTMHEeHOH IJIOTHOCTH TEILUIOBOI'O IMOTOKA HMEEM:

Qi =Q/1=2w (t1 — tp) / [In(d2/d1)/A1 + In(ds/d2)/A; + In(da/d3)/A3]. (9.32)
TemmnepaTypy MEX1y CIOSIMH HAXOAUM U3 CICAYIOMUX YPABHCHHI:

tent = tert — Qrrin(da/dy) / 2-m- A1 . (9.33)

ten = ten1 — Q|'ln(d3/d2) /2wy, (934)

9.4. CtauuoHapHasi TEIVIONPOBOTHOCTH Yepe3 APOBYIO CTEHKY.

[Tycts nmeetcst monsiii map (Puc.9.6) — BHyTpennuii muamerp di, BHEmHUI quamerpdy,
TemIeparypa BHyTPEHHEH MOBEPXHOCTH CTEHKH —t¢;1, TEMIIEpATypaHaPyKHONIIOBEPXHOCTH
CTEHKH —l¢12, KOOQPHUIIMEHT TEIUIONMPOBOAHOCTH CTEHKH -A .
YpaBHeHUE TEIIONPOBOAHOCTHU O 3aKoHY Dypbe B chepruuecKkux KoopAUHaTAX:
Q=-A4mr? ot/ or (9.35)
170071
Q=41 A At/(1/r2- L) =2-w- A At/(1/d; - 1/dy) =
=2-m-Adi-dp- At /(dz- di) =m-A-d1-dp At/ 8 (9.36)

rae: At = te — tep — TEMIIEpaTypHBII Hamop;
0 —TOJIIIIMHA CTEHKH.

d)
9.6. d>

Puc.9.6. OanopoaHas waposas CTeHKa.



Tema 10. KoHBeKTUBHBIN TeNJI000MEH.
10.1. ®dakTopsl, BAUSIONINE HA KOHBEKTHBHBII TENJ1000MeH.

Konsexmuesnviv mennoodmernom Ha3bIBaCTCS OHOBPEMEHHBIH MEPEHOC TEIUIOTHI KOHBEKLUEH 1
TEIIONPOBOJHOCTHIO,

B nH)XeHEpHBIX pacueTax 4acTo ONMPEACSIOT KOHBEKTUBHBIN TEINIOOOMEH MEX Iy TOTOKaMHU
YKUJKOCTH WJIM ra3a ¥ MOBEPXHOCTHIO TBEPJOTO Tela. DTOT MPOoIlecC KOHBEKTUBHOIO
TEII000MEeHa HA3bIBAIOT KOHBEKMUBHOU Men100moayeli Uy MPOCTO Menioomoaiel.
OcHoBHBIMU (haKTOPaMHU, BIUSIONIMME Ha IPOLECC TEIJIOOTAaYH SIBIISIFOTCS CIEAYIOIINE:

1). Ilpuposia BOSHUKHOBEHUS JIBFXKEHUS YKUJIKOCTH BJIOJIh IOBEPXHOCTH CTEHKH.
CamMonpou3BoJIbHOE ABMXKEHUE KHUIKOCTH (Ta3a) B MOJIe TAKECTH, 00YCIOBICHHOE Pa3HOCTHIO
IUIOTHOCTEN €€ TOPsIYMX U XOJIOJIHBIX CJIOEB, HA3BIBAIOT C80000HbIM O8UdNCEHUEM (ecmecm8eHHAs
KOHBeKYUsl).

JIBmkeHue, co31aBaeMoe BCIICACTBUE PA3HOCTH JIaBJICHUN, KOTOPBIE CO3/IAIOTCSI HACOCOM,
BEHTUJISITOPOM U IPYTUMU YCTPONUCTBAMU, HA3bIBACTCS 8bIHYHCOCHHBIM (8bIHYHCOCHHAS
KOHBEKYUsL).

2). PexxyiM TBUKEHUS SKUKOCTH.

YnopsjgodeHHoe, CIOUCTOe, CIOKOHHOE, 0€3 My IbCaluii IBHKEHNE Ha3bIBACTCS JIAMUHADHBIM.
becriopsnounoe, xaoTu4eckoe, BUXPEBOE JIBIXKEHUE HA3bIBACTCS 1MYPOVICHIMHbIM.

3). ®usnueckre CBOMCTBA YKUAKOCTEH U ra3oB.

Bbonbiioe BnusiHME Ha KOHBEKTUBHBIN TEIIIOOOMEH OKa3bIBAIOT CIAEAYIONUE (PU3NUECKUE
napaMeTpsl: KO3G(GUIMEHT TeIIONPOBOIHOCTH (A), yeIbHas TeIIOEMKOCTS (C), TUIOTHOCTS (p),
KK03()(DULIMEHT TeMIIEpaTypOIPOBOJHOCTH (a = A/Cp’p), KOIDPUIIMEHT AUHAMUUECKON BA3KOCTH
(W) MM KMHEMaTUYEeCKOU BSI3KOCTH (V = L/p), TEMIIEpATypHbIH KO3PPUIIEHT 00BEMHOTO
pacumupenus (f = 1/T).

4). ®opma (TuTocKast, MWIHHAPHYECKAst), Pa3MEPbI U HOJI0KEHHE TTOBEPXHOCTH (TOPU3OHTAIbHAS,
BEPTHUKAJIbHAS).

10.2.3axon HuoroTtona-Puxmana.

[Tporecc TermmooOMeHa MeX Ty TOBEPXHOCTBIO TEJIa M CPEION ONUCHIBAETCS 3aKOHOM HbroToHa-
Puxmana, KoTopast IJ1IacuT, 4TO KOJIMUYECTBO TEIJIOTHI, epe/laBaeMasi KOHBEKTUBHBIM
TETII00OMEHOM TPSMO TIPOITOPIIMOHATBHO PA3HOCTH TEMIIEPATYpP MOBEPXHOCTH TeNa (ter) U
OKpYXaroIen cpeibl (t):

Q=a" (ter - tw) F, (10.1)
WIn

q=oa - (ter - tw) , (10.2)
rae: K03 GUIMEHT TemIooTAaun [BT/(MZK)], XapaKTepU3yeT HHTEHCUBHOCTh TEIJI00OMEHa
MEK1y TIOBEPXHOCTBIO TEJA U OKPYKAIOLIEH CPelou.
@DakTOpbI, KOTOPHIE BIUSIOT HA IPOIIECC KOHBEKTUBHOTO TETIOOOMEHA, BKJIIOYAIOT B ATOT
ko3 duumeHT Terootaaun. Torna ko3¢ GUIMEHT TeMI00TIaun SBIIEeTCS PYHKIUEH STHX
napaMeTpPOB U MOXHO 3aIHCATh 3Ty 3aBUCUMOCTH B BHJIE CIIEAYIOIIECTO YPaBHEHHS:

o= f1(X; @; lo; Xe; Yei Ze; Wo; 05 A; a; ¢p; p; v; B) , (10.3)
riae: X — XapakTep JBH)KEHUS cpejibl (CBOOOHAsS, BEIHYK/ICHHAs );
@ — ¢opMa NOBEPXHOCTH;
lo — xapakTepHbIil pa3mMep NOBEPXHOCTH (IVTMHA, BHICOTA, TUAMETP H T.1I.);
X¢; Yer Zc — KOOPIMHATEI;
W, — CKOPOCTh Cpefibl (3KHIIKOCTh, Ta3);
0 = (ter - ty) — TEMIIEpATYpHBII HAIOP;
A — KO3 GUIMEHT TEIIONPOBOJHOCTH CPEJIBL;
a — K03 PUIIMEHT TeMIepaTypOpPOBOIHOCTH CPEJIbI;



Cp —M300apHas yJeabHas TEMI0EMKOCTb CPEJIBL;

p —TIJIOTHOCTh CPEJIbI;

vV — KO3 PUIMEHT KHHEMAaTUIECKOU BSI3KOCTH CPEIbI;

B — TemnepaTypHBbIi KO3PGUIMEHT 00BEMHOTO PACIITUPEHUS CPEJIbI.

VYpasuenue (10.3) nokaseiBaet, 4To K03()PHUIMEHT TEIIOOTAAYHN BETMUUHA CIOXKHAS U I €€
OIpeIeNIeHUs] HEBO3MOXKHO JaTh o0u1yto ¢popmyity. [loatomy amst onpeneneHust KoaphuimueHTa
TEIUI00TIaYM PUMEHSIOT SKCIIEPUMEHTAIbHBIA METO] UCCIIE0BAHUS.

JIOCTOMHCTBOM 3KCNEPUMEHTAILHOTO METOAA SBJISETCA: JOCTOBEPHOCTD MOJIYyYaeMbIX
pE3yJIbTaTOB; OCHOBHOE BHUMAHUE MOYKHO COCPEAOTOUNTh HAa U3yUYEHUH BEJINYMH,
IPECTABIISAIOIINX HAUOOJIBIINM IPAKTUYECKUIA HHTEpEC.

OCHOBHBIM HEIOCTAaTKOM 3TOT'0 METO/1A SIBIISIETCS, UTO PE3YJIbTAThl JAHHOI'O SKCIIEPUMEHTA HE
MOTYT OBITh UCIOJIb30BAHBI, IPUMEHHUTENBHO K IPYTOMY SIBJIEHUIO, KOTOPOE B AETANIAX
OTIIMYAETCs OT U3y4eHHOro. [l03ToMy BBIBO/IBI, CA€IaHHBIE HA OCHOBAaHUH aHAJIN3a PE3YyJIbTATOB
JAHHOTO SKCIIEPUMEHTAIILHOIO MCCIIEI0BAHNUS, HE JOMYCKAIOT PACIPOCTPAaHEHUs UX Ha Jpyrue
apiieHus. Cie10BaTeNIbHO, IPU SKCIEPUMEHTAIIBHOM METO/E UCCIEI0BAaHUS KaXAbIi
KOHKPETHBIN ClTy4yail JOJKEH CIYXKHUTh CaMOCTOSATEIbHBIM O0BEKTOM H3y4YECHHUS.

10.3. KpaTtkue cBeieHUs] M3 TEOPUM MOJ00H.

Jl1s aHaMMTUYECKOTO METO/A UCCIIEI0BaHUSI KOHBEKTUBHOT'O TEIJIOOOMEHA HYKHO PELIUTh
cucreMy qudQepeHnaIbHbIX YpaBHEHUH, COCTOSIUHN U3:
1). YpaBHeHus sHepruu (3aKOH COXPaHEHUsI SHEPTUH):

(10.4)
IZie: - BHYTPEHHU HCTOYHUK TeILIa.
WU

, (10.5)

]
rje: ; (10.6)

T
(10.7)

2). YpaBHEHHUs IBM)KCHUS (MMIYJIbCA):

xl

, (10.8)

501041

xl

(10.9)
3). YpaBHEeHUs HEPa3PLIBHOCTH (3aKOH COXPAHEHHUS MACChl):

xl

.(10.10)

4). YpaBHeHue TeriooOMeHa (yclIoBHe TEII000MEHa Ha TPaHUIIE TBEPIOTO Tela U CPEebl):
a=-MAt ot/ Or n=o . (10.11)

JlanHbIe ypaBHEHHUSI 3aMTMCaHbI IJIs1 HeC)KuMaeMoi xKuakocTH (? = Const).




Pemenne stux nuddepeHIMaTbHBIX YPABHCHHUH CII0KHASA U TPYIOEMKas 3aja4a, 1 OHa
BO3MOJKHA TP OIPAaHUYCHHBIX MTPOCTHIX cliydaeB. [103TOMy IipH MCCIIeIOBAHUM KOHBEKTHBHOTO
TEIIO00MEHA PUMEHSIIOT Memoo0 meopuu HOO00OUs..

Teopus nodobus — 3T0 HayKa O MOJOOHBIX SABICHUAX. [10000HbIMU A8TIeHUAMY HAZBIBAIOTCS
Takue (PU3NIECKHe SBICHUS, KOTOPhIE OJJUHAKOBBI KAUECTBEHHO MO (JOPME H IO COACPIKAHUIO,
T.€. UIMCIOT OJIHY (PU3UYECCKYIO MPUPOY, PA3BUBAIOTCS 0T ACHCTBHEM OJMHAKOBBIX CHIT U
OTIHMCHIBAIOTCS OJIMHAKOBLIMH 110 opMe nuddepeHIInanbHpIMU YPABHEHUSIMHI W KPaeBBIMU
YCIIOBUSMH.

O0s3aTeNBHBIM YCIOBHEM MOA00MS PU3UIECCKHUX SIBICHUH TOJDKHO OBITh TEOMETPHUECKOE
10JI00HMEe CUCTEM, TJIe 3TH SBJICHUS MPOTEKaOT. JIBa (pU3NUYEeCKUX SABJICHUSA OyIyT MOAOOHBI JIHIIb
B TOM CJIy4ae, eCiii OyIyT MOJ00HBI BCE BETHMUMHBI, KOTOPBIC XapaKTePU3YIOT HX.

Jly1st Bcex MoJ00HBIX CUCTEM CYIIESCTBYIOT Oe3pa3MepHbIe KOMIUICKCHI BEIMYNH, KOTOPHIC
HA3BIBAIOTCS KpUmMepusmu noooous.

OCHOBHBIC TIOJIOXKEHHUS TCOPHH OO0 GOPMYITUPYIOT B BUAE 3-X meopem nodoous.

1 Teopema: ITo100HBIC SIBIICHUS UMEIOT OJIMHAKOBBIC KPUTEPHH TTOT00MSI.

2 Teopema: JIro0ast 3aBUCIMOCTh MEXTy IEPEMEHHBIMH, XapaKTePU3YIO-11asi KaKue-I1u00
SIBIICHUSI, MOXET OBITH MPEJICTaBICHA, B (HOPME 3aBUCIMOCTH MEXKy KPUTEPHUSIMH ITO00WS,
COCTaBJICHHBIMU M3 3TUX NIEPEMEHHBIX, KOTOpasi OyIeT Ha3bIBATbCS KPUMEPUATbHbIM
VpasHeHueM.

3 meopema: JIBa sBIICHUS MMOJOOHBI, €CIIM OHU UMEIOT IMOJA00OHBIC YCIOBHS OJTHO3HAYHOCTH U
YHUCIIEHHO OJMHAKOBBIC ONPEICISIONTNE KPUTSPHH ITOA00MS.

VY caoBUSIMU OHO3HAYHOCTH SIBJISTFOTCS:

e HAIMYHUE TEOMETPUUYECKOTO MOJO0US CUCTEM;
e HaIU4Me OJIMHAKOBBIX JU(depeHIInaTIbHbIX YPABHEHHUIA;

e CYIIECTBOBAHME €IMHCTBEHHOT'O PELIECHUs YPABHEHUS Ip 3aJaHHBIX TPAHUYHBIX
YCIIOBHUSIX;

e H3BCCTHBI YMCJICHHBIC 3HAYCHUA KOB(I)q)I/II_II/ICHTOB n (1)I/I3I/I‘leCKI/IX ImapaMeTpoOB.

10.4. KpurepnaabHble ypaBHEHHsS] KOHBEKTHBHOI'O TEIJI000MeEHA.

Hcnonw3ys Teoputo noao0us u3 cuctemsl Augdepennunanbabix ypasaenuit 10.4, 10.9, 10.10 u
10.11 MoxHO noNy4YuTh ypaBHeHue Teraooraauu (10.3) a1 KOHBEKTUBHOTO TEMIIO0OMEHa B
cllyyae OTCYTCTBHsI BHYTPEHHHUX UCTOYHHMKOB TEIJIa B CIEIYIOLIEM KpumepuaibHou gpopme:

Nu = f(X; @; Xo; Yo; Zo; Re; Gr; Pr), (10.12)
rae: Xo; Yo; Zo — 6e3pa3MepHbie KOOPAUHATHI,
Nu = a ‘lo/A - kxpumepuii Hyccenbma (6e3pa3mMepHbIil K03()PHUIMEHT TEMI00Taaun),
XapaKTepU3yeT TEIII000MEH MEX/1y MOBEPXHOCTHIO CTEHKHU U JKUIKOCTHIO (ra3oMm);
Re = w-lp/v - kpumepuii Petinonvdca, XapaKTepu3yeT COOTHOILIICHUE CHJT HHEPIIMU U BSI3KOCTU U
oTpezieNisieT XapakTep TeYeHUs! KUAKOCTHU (Taza);
Gr= ([S'g'loe“At)/v2 - kpumepuii I paceogha, XapakTepu3yeT MOAEMHYIO CHITY, BOSHUKAIOIIYIO B
KHUJIKOCTH (Ta3e) BCIEICTBUE Pa3HOCTH MIIOTHOCTE;
Pr =v/a = (ncp)/A - kpumepuii Ilpanomas, xapakTepusyeT GU3NUECKUE CBOUCTBA )KUAKOCTH
(raza);
lo — onpenensronmii pa3mep (IJIMHA, BEICOTA, TUAMETD).

10.5. PacueTHble ¢popmMy./ibl KOHBEKTHBHOIO TeNJIOOOMeHA.



[TpuBeneM HEKOTOPbIE OCHOBHBIE pacueTHBIE (POPMYIIBI KOHBEKTUBHOIO TETJIO0OMEHa
(axagemuka M.A.MuxeeBa), KOTOpbIE JaHbI JUIsl CPETHUX 3HaYECHUN KOADPHUITUEHTOB
TCIIJIOOTAAYH 110 MOBCPXHOCTHU CTCHKHU.

1. Ceoboonasn KOH6EKUUA 6 HCOCDAHUUCHHOM RPpOCMPAHCmMEe.

a). 'opuzonmanvras mpyoa ouamempom d npu 1 03<(GrPr),eq <108,

NUseaep. = 0,5 (Grg “Pr )% (Pr,/Pre,)*? . (10.13)
0). Bepmuxanvnas mpyoa u niacmuna.
1). namunaproe meyenue - 10°<(Gr -Pr),, <10°:

NUsaep. = 0,75 (Gleg *Pr )% (Pr /Pre)? . (10.14)
2). mypbynenmnoe meuenue - (Gr -Pr),, > 10°:
NUsedep. = 0,15+ (Grryeq *Pr,)°® -(Pr ,o/Pre,)? . (10.15)
3nech 3HaueHHS Gryqg U Pry OepyTcs mpu TemmepaType ®Kuakoctu (rasa), a Pre, mpu
TEMIEPAType MOBEPXHOCTH CTCHKH.
st Bozayxa Pr/Pre, = 1 u popmyast (10.13-10.15) ynporarorcs.
2. Boinyscoennan Kongekuus.
PexxuMm TeueHust onpeessiercs o BenmyuHe Re.
a). Teuenue srcuokocmu 8 21AOKUX MPYOAX KPy2i020 ce4eHus.
1). namunaproe meuenue — Re < 2100
NUsdep, = 0,15 Req”® Pr, 0% (Grea Pry) - (Pr/Prer) g1, (10.16)
r1e € - KO3Q(UIUEHT, YIUTHIBAIONINI H3MEHEHHE CPeIHEro KO PUIIMEHTA TeIIO0TIauH 110
JUTMHE TPYOBI ¥ 3aBUCUT OT OTHOIICHUS JJIMHBI TPYOB! K ero auamerpy (1/d). 3nauenus storo
ko dunmenTa npeacrapiena B Tadmmue 10.1.
Tab6muna 10.1.
3HaueHUE € IPH JJAMUHAPHOM PEKHUME.

I/d 1 2 5 10 15 20 30 40 50

€| 1,9 1,7 1,44 1,28 1,18 1,13 1,05 1,02 1,0

2). nepexoouou pexcum — 2100 < Re < 10*

NUyeaep. = Ko Pry - (Pr/Prer) % ¢, (10.17)
Koadpunument Ko 3aBucut ot kpurepus PeitHonbaca Re u npeacrasnena B Tadbmuie 10.2.
Tab6muma 10.2.
3nauenue Ky .

Re?10" 121 22 23 24 25 3 4 5 6 8 10
Ko 19 22 33 /38 44 60 103 155 195 27,0 333

3). myp6ynenmunoe meuenue — Re = 10

NUsaep, = 0,021 Reyed”®-Pr, ™ (Pr,/Pre;)°% ¢ (10.18)
Tabmuma 10.3.
3HavyeHue € Ipu TypOyJIEHTHOM pEXUME.

I/d
Re=2-10° Re=2-10" Re=2-10°
1 1,9 1,51 1,28



2 1,70 1,40 1,22

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

6).Obmexanue 2o0pu30HMAILHOU NOBEPXHOCTU.
4
1). namunaproe meyenue — Re < 4-10

NUsdep. = 0,66 Req’> P> - (Pr/Pre;) . (10.19)
2). mypbynenmmuoe meyenue — Re > 4-10*

NUsdep. = 0,037 R Pr, 2 - (Pr,/Pre,)*? . (10.20)
8). [lonepeunoe obmexanue 00UHOUHOU MpyobL (Y201 AMAKu @ = 900).
1). npu Reyeq =5 - 10°

NUscaep. = 0,57 Rey” P08 - (Pry/Pre) % . (10.21)
2). npu Re,eq = 10%-2-10

NUseaep. = 0,25 ‘Re, >°Pr, %8 - (Pr/Pre,)>% . (10.22)



Tema 11. TensioBoe u3jay4eHue.
11.1. O0mue cBeieHUs1 0 TENJIOBOM HU3JIy4YeHHH.

Jlyaucrast sHEeprus BOZHUKACT 33 CYET SHEPTUU JAPYTUX BHIIOB B PE3YJIHTATE CIOKHBIX
MOJICKYJISIPHBIX U BHYTPHATOMHBIX IporeccoB. [Ipupona Beex myueit oqunakoBa. OHu
MIPEJICTABIISIFOT COOO0M PacIpOCTPAHSIONINECS B MPOCTPAHCTBE IJICKTPOMATHUTHBIE BOJTHBI.
HICTOYHUKOM TETJIOBOTO U3ITyYEHUS SIBJISICTCS BHYTPEHHSISI SHEPTUsl HAarpeToro Tena.
KonruecTBo Ty4ucToi SHEPTUU B OCHOBHOM 3aBHCHT OT (DH3UYECKHUX CBOWCTB U TEMIIEPATYPHI
U3ITyYaroUlero Teja. DIEKTPOMAarHUTHbIE BOJIHBI Pa3IN4aloTCs MEXAy COOO0M IIMHON BOJHBI

B 3aBHCHMOCTH OT JUTMHBI BOJIHBI A JTy4d 0OJIaJat0T pa3IuyHbIMHU cBOoiicTBaMu. Hanmenbmeit
JUTMHOM BOJIHBI 001anaroT kocmuyeckue tyun A = (0,1 — 10)°A (rme °A — anrcrpem, eauHMIA
JUIMHEL, 1°A = 10'10M). lMamma-ny4m, ucryckaemble paMOaKTUBHBIMU BEIIECTBAMH, UMEIOT
amuHy BoJHbL 10 10°A ; myun Penrrena — A = (10-200) °A; yabprpaduosieToBble Tyqd — J1 =
(200°A - 0,4 mx (mx — mukpoH, 1 mx — 0,001 ymm), cBeroBsie ayun — A = (0,4-0,8)ux,
uHppakpacubie win teriosbie iyud — A = (0,8 — 400) mx, paaro UK IEeKTPOMArHUTHBIC JTyUH -
A > 400 mx. U3 Bcex sydeil HanOObIINIA HHTEPEC AJIs TEIUIONEepe aun MPEICTaBISIOT TEIIOBbIC
ayuu ¢ A = (0,8 — 40) mx.

JlygencnyckaHue CBOMCTBEHHO BCEM TeJlaM, M KKJ0€ U3 HUX M3JIy4aeT U TOTJIONIAET YHEPTHIO
HENpPEePBIBHO, eciiu TemrepaTypa ero He paBHa 0°K. [Ipu oquHaKOBBIX WK pa3IUYHBIX
TEMIIEPATYpax MEKIY TEIaMH, PACIIONIOKCHHBIMU KaK YTOAHO B IPOCTPAHCTBE, CYIIECTBYET
HENPEPBIBHBIN JIYYHUCTHINH TEIIIO0OMEH.

[Tpu TeMIiepaTypHOM paBHOBECHH TeJl KOJIMUYECTBO OTIaBAEMOM JIYIUCTOM SHEPTUU OyIeT paBHO
KOJIMUECTBY MOTJIOMAEMOM Ty4yrCcTON 3Heprun. CIeKTp U3IydeHHs OOJIbITMHCTBA TBEPABIX U
JKUJKUX TEJT HEMIPEPHIBEH. DTH TeJa UCITYCKAIOT JIYYH BCEX JJTMH BOJH OT MAJIBIX JI0 OOJIBIIHX.
CriekTp U3nydeHus ra30B UMEET JTUHENYaThIi xapakTep. ['a3bl HCIyCKaIOT JIy4H HE BCeX JUTHH
BOJIH. Takoe n3nmydeHne Ha3bIBaeTCs celekmusHuim (M30MpaTenbHbIM). M3mydeHne ra30B HOCHUT
00BEMHBII XapakTep.

CymMapHOe U3Ty9ICHHE ¢ TTIOBEPXHOCTH Tella TI0 BCEM HAIPABIICHUSM MOTYCPEPUIECKOTO
MIPOCTPAHCTBA U IO BCEM JJIMHAM BOJIH CIIEKTPA HA3BIBACTCS UHME2PANbHbIM WU NOJIHbLM
ayuucmoim nomoxom (Q).

WHTerpanbHbIil TyduCcThIN MTOTOK, U3Ty4aeMblid €IMHUIICH TOBEPXHOCTHU 10 BCEM HANpaBIEHUSM,
HA3bIB8AEMCsl U3YYaAmenbHOU cnOCOOHOCMbIO Tella U 0003HAYaeTCs

E=dQ/dF, [Br/M*] (11.1)
rae dQ - aneMeHTapHbIN TyYUCThINA MTOTOK, UCITYCKAeMbIH 2JIEMEHTOM
nosepxHoctu dF.
Kaxxgoe Teno cnmocoOHO He TONBKO U3Ty4aTh, HO U OTPaxaTh, MOTJIOMIATH U MPOIYCKaTh Yepe3
ce0s magarolue JIydu oT apyroro tena. Eciu 0603HauuTh 00111ee KOTMYECTBO JTyUHUCTOM
SHEPruH, MaJaroliei Ha Teno, yepe3 Q, To YacTh SHEPTUH, paBHaAs A, MOTJIOTUTCS TEJIOM, YacTh,
paBHas R, orpasutcs, a yactb, paBHas D, npoiiaer ckBo3b Teno. OTcrona

Q=Qa+Qr+Qp, (11.2)
WIH

A+R+D=1 (11.3)

Bennuuny A Ha3bIBatoT Koagpuyuenmom noenowenus. OH MpecTaBiseT cOO0H OTHOLIEHNE
MOTJIOIIEHHOW JTyYMCTOM SHEPTUU KO BCEH JTyYMCTON SHEPTUH, Najaronieil Ha Teno. Bennunny R
Ha3bIBAIOT KO uyuenmom ompasicenus. R ecTb OTHOIIEHHE OTPaKEHHOHN JIyYUCTON SHEPTUH
KO Bcel manaromeid. Bennunny D Ha3bIBaoT ko2 puyuenmom nponuyaemocmu. D ectb
OTHOILIEHHE MTPOUIENIE CKBO3b TEJIO JIYYUCTON IHEPTUU KO BCEH JTyUHCTON SHEPTHH,
najaroiel Ha teno. Jljig 60JIbIIMHCTBA TBEPABIX TEJN, IPAKTHUECKHU HE IPOMYCKAIOIINX CKBO3b
ceOst TydncTyto sHepruto, A + R = 1.

Ecnu moBepXHOCTh MOTJIOMIAET BCE Majjatoniye Ha Hee iyuu, T. €. A =1, R=0u D = 0, To Takyto



MOBEPXHOCTh HA3BIBAIOT aOCOIOMHO YepHou. ECli TOBEPXHOCTh OTpakaeT MOJTHOCTHIO BCE
Majarolre Ha Hee JIYYH, TO TaKyIo MOBEPXHOCTh HAa3bIBAIOT abcotomuo oenoul. [Ipu stom R =1,
A =0, D=0. Eciu teno abcorromno nponuyaemo 1jisi TemioBbix Jyded, o D=1, R=0u A =
0. B ipupoze abcoltoTHO YepHBIX, OCIBIX U MPO3PAYHBIX TEJ HE CYIIECTBYET, TEM HE MEHEE
MOHSITHE O HUX SBJISICTCS OYEHb BAXXHBIM JJISI CPABHEHHUSI C PEATbHBIMH ITOBEPXHOCTSIMH.

KBapi1 uist TETIOBBIX JTydel Helpo3payeH, a JJIsi CBETOBBIX U yIbTPAPHUOICTOBBIX JTydei
npo3padeH. KameHHast coib ipo3pavHa JJis TEIUIOBBIX JIy4el U Helpo3padHa JJis
yIbTpaduOoNIETOBBIX Jyueil. OKOHHOE CTEKJIO IPO3PaYHO JIJIsl CBETOBBIX JIy4eH, a Jis
yIBTPapUOIETOBBIX U TEIUIOBBIX IOYTH HEMPO3payHO. benas moBepXHOCTH (TKaHb, KpacKa)
XOPOIIIO OTPAXKAET JIUIIh BUJUMBIC JTy4YH, a TEIUIOBBIC JIyYH TOTJIOMIAET TAKXKe XOPOIIIO, KaK
TeMHasi. Takum 00pa3oM, CBOMCTBO TeJl MOTJIOMIATh UM OTPAXKaTh TEILIOBBIC JIYIH 3aBHUCST B
OCHOBHOM OT COCTOSTHHSI TOBEPXHOCTH, & HE OT €€ I[BETA.

Ecii moBepXHOCTh OTpaXkaeT JIY4H MO TEM K€ YTJIOM, IO/l KOTOPHIM OHU IMaJIAl0T Ha HEe, TO
TaKyI0 MOBEPXHOCTh HA3BIBAIOT 3epKaibHOU. ECIN Magaromuii 1yd Npu OTpaskeHUH
pacuIerIsieTCsl Ha MHOXKECTBO JIydei, HAYIIHUX 110 BCEBO3MOXKHBIM HAIPABJICHHSIM, TO TAKOE
OTpakKeHHE HA3BIBAIOT Ough@hy3Hvim (HampuMep MOBEPXHOCTh METa).

[Tpu rccnenoBaHUY JIYYUCTHIX TIOTOKOB OOJIBIIOE 3HAUCHUE UMEET PACIIPEICTICHUE TyYUCTON
SHEPIrHH, HCITYCKAEMOM a0COFOTHO YEPHBIM TEJIOM MO OTJCIIbHBIM JJTHHAM BOJIH CIIEKTpA.
Kaxnoii nyinHe BOJIHBI JTydei, IPU ONPEIECICHHON TEMIIEpAType, COOTBETCTBYET OINPEACICHHAS
WHTCHCUBHOCTh M3IIyYeHUs - ls). Mumencuenocms uznyyenuss Wi CHeKnpaibHast
(MOHOXpOMATHYECKAS ) UHMEHCUBHOCHb, TIPSICTABIISIET COOO0H MIIOTHOCTH JTyYUCTOTO MTOTOKA
Tela JUIs JUTMH BOJH OT A 710 A+dA, OTHECeHHas K pacCMaTpUBAEMOMY HHTEPBAIY JUTMH BOJIH dA,;

I, =dEg. / dA , (11.4)
rae I - cnekTpagbHas MHTEHCUBHOCTD U3JIYYeHHS! aOCOTIOTHO YEPHOTO Tea.

11.2. OcHOBHBIE 32KOHBI TEIVIOBOI0 H3JIy4CHHA

3akon [lnanka. IHTEeHCUBHOCTH U3Ty4eHUs a0COIOTHO YepHOTo Tena I, 1 1r000ro peasbHOro
Tesna [y 3aBUCAT OT TeMInepaTyphl U JUIMHBI BOJHBI.

AGCOIOTHO YEepHOE TEJIO MPH TaHHOM TeMIlepaType UCIyCKaeT Jy4d BceX JUIMH BOJIH OTA = 0 10
A = oo, Ecan kakuM-1160 00pa3oM OTAENUTH JIy4d ¢ Pa3HbIMU JJIMHAMU BOJIH APYT OT Apyra u
U3MEPUTH SHEPTHUIO KAXK/OT0 JIyda, TO OKaXETCs, UTO pacipe/iesieHe YHEPIUU BAOIb CIEKTpa
pa3IU4HoO.

ITo mepe yBennueHHs! JUIMHBI BOJIHBI YHEPTUs JIyuel BO3pacTaeT, IPH HEKOTOPOM UIMHE BOJIHbI
JIOCTUTAaeT MaKCUMyMa, 3aTeM yobiBaeT. Kpome Toro, ijist 1y4ya OJTHOM U TOM K€ JUTMHBI BOJTHBI
HHEPIHUsl €ro yBEIMUUBAETCS C BO3PACTAHUEM TEMIIEPATYphI Tella, UCIYCKAIOLIET0 Jy4IH
(puc.11.1).
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IInank YCTaHOBHUJI CJICIIYIOHII/Iﬁ 3aKOH U3MCHCHUA MHTCHCUBHOCTH U3JTIYYCHHUA a0COJIFOTHO
YCPHOT'O TCJIa B 3aBUCUMOCTHU OT TEMIICPATYPhI U JJIMHBI BOJIHBI:

lg.=cy A2/ (e“*D - 1), (11.5)
I/I€ e - OCHOBaHHE HATYpaJbHBIX JTOTapu(PMoB; ¢ = 3,74"‘10'16 BT/MZ; Cy = 1,44*10'2 M*rpan; A -
JutiHA BOJIHBI, M; T - TeMnepaTtypa usnydaroiiero teia, K.

U3 puc.11.1 BuaHO, uTO 1151 MF000M TeMIepaTypbl HHTEHCUBHOCTD U3JlyueHus I, Bo3pacraer ot

Hys1s1 (mpu A=0) 10 cBOero HanOOJIBIIETO 3HAYCHHS, a 3aTeM yObIBaeT 10 HyJs (1pu A=c0). [Ipu

MOBBILIEHUH TEMIIEPATypbl MHTEHCUBHOCTh U3JIYYEHUS UIsl KXKI0M JUTMHBI BOJIHBI BO3PACTAET.

3akon cmemenusi Buna. Kpome toro, u3 puc.11.1 cnegyer, 4To MakCUMyMbl KPUBBIX €

MOBBIIIEHUEM TEMIIEPATYPhl CMEIAIOTCS B CTOPOHY 00Jiee KOPOTKUX BOJIH. [IJTMHA BOIHBI A,

OTBeUarolas MaKCUMaIbHOMY 3HaueHUIo Ig, onpenensercs 3akonom cmewenus Buna:
Ams=2,9/T.(11.6)

C yBenuueHNEM TeMITepaTypbl Ams YMEHBIIIAETCA, YTO U CIEAYET U3 3aKOHA.

[Tonb3ysice 3aKk0HOM cMelleHHs] BuHa, MOKHO U3MEPATh BBICOKHE TEMIEPATYPHI TEN HA
pacCTOsTHUY, HAIIPUMED, PACIUIABICHHBIX METANIOB, KOCMUUYECKHUX TEJ U JP.

3akon Credana-boabumana. [nank ycTaHOBHIL, YTO KaKJ10HM JJIMHE BOJIHBI COOTBETCTBYET
ompeieJIeHHAs MHTEHCUBHOCTD U3JIYYCHUS, KOTOpasi YBETMUMBAETCS C BO3paCTaHUEM
TeMriepaTypsbl. TemioBoi NOTOK, U3Iy4aeMblid €IMHUIIEH TOBEPXHOCTH YEPHOTO TEJA B
WHTEpBAJIC JJIMH BOJIH OT A J10 A + dA, MOXeT OBITh OTIpe/ICICH U3 yPaBHEHUS

dEs = g *dA . (11.7)

OnemeHTapHas miomlaaka Ha puc.11.1, orpannuenHas kpuBoil T = const, ocHoBaHueMm dA A
opauHatamu A u A + dA (ls,) onpenensier komuuecTBo JTyuncToit sHeprun dEs u Ha3biBaeTcs
JIYYEUCHYCKAMENbHOU CHOCOOHOCMbIO aDCOIOMHO YepHo20 meaa Ui AvuH BoiH dit. Bes xe
IUIOINAAb MEXTy 11000 kpuBoil T = const u 0cklo abcIUce paBHA UHTETPATBHOMY H3TY4EHUIO
YEPHOTO TeJa B mpeaeniax oT A =0 0 A = oo mpu JaHHOUW TeMIeparype.

[Toncrasmnss B ypaBHenue (11.7) 3axon [1nanka u unrerpupys ot ot A =0 10 A = oo, Haliziem,
4TO UHMeEZPANbHOE U3TYYeHUe (Menio8oll NOMoK) abCONOMHO YepHO20 mea TIPSIMO
MPOTOPIIMOHAIIBHO YETBEPTON CTEMIEHH €r0 a0COIOTHOW TeMnepatypsl (3akon Cmeghana-
bonvymana).

Es = Cs (T/100)*, (11.8)
rie Cs = 5,67 Br/(M**K") - koo duiuenT u3nydenns aGCoTOTHO YePHOTO Tea

Otmeuast Ha puc.11.1 KoaMUecTBO 3HEPruM, OTBevaromieil ceeToBoi yactu crekrpa (0,4—0,8
MK), HETPYJHO 3aMETHTb, YTO OHO JIJIsl HEBBICOKUX TEMIIEpaTyp OY€Hb MaJIO 110 CPAaBHEHHUIO C



SHEpPrueil HHTerpanbHOro n3nyueHus. Tonbko npu remneparype cosnnua ~ 6000K sneprus
CBETOBBIX JIyuel cocTaBisieT okoso 50% OT Bcel SHEPTUH YEPHOTO U3TyUYEHUS.

Bce peanbHble Tena, HCMOIB3YeMbIe B TEXHUKE, HE SBISIFOTCS a0COIIOTHO YEPHBIMU U ITPU OJTHOU
U TOH ke TeMIepaType U3Iy4yaroT MEHbILE 3HEPTruH, YeM abCOoII0THO YepHoe Telo. M3inydyenne
peabHBIX TEJ TAKXKE 3aBUCUT OT TEMIIEPATyphl U JJTUHBI BOJHBI. UTOOBI 3aKOHBI N3TyYECHUS
YEpHOI'0 TeJla MOXKHO OBLJIO IPUMEHUTH JJIsl PEAJIbHBIX T€J, BBOAUTCS IMOHATHE O CEPOM TeJle U
cepoM uzinydeHuu. [loa cepbiM U31ydeHHEM TIOHUMAIOT TaAKOE, KOTOPOE aHAIIOTMYHO U3J1YYEHUIO
YEpHOI'0 Tejla UMEET CIUIOIIHOM CIIEKTpP, HO UHTEHCUBHOCTb JIyYel 11 KaX 10 JUIMHBI BOJIHBI I
IpU 000 TEMIIEpAType COCTABISET HEU3MEHHYIO JJOJII0 OT HHTEHCUBHOCTHU U3ITyYEHUS
yepHoro Tena Iy, T.e. CylecTByeT OTHOILIEHHE:

I/l =e=const. (11.9)
BGJII/I‘H/IHy € HA3bIBAIOT CMENnenvio 4epHonibl. Owna 3aBHUCHUT OT (bHSI/I‘-IeCKI/IX CBOWCTB Tela.
CreneHn YCPHOTHI CEPBIX TECJI BCECrJJa MCHBIIIC CIMHHAIIBI.
EOJII)IHI/IHCTBO peaJIBHLIX TBepI[I)IX TCII C OHpeI[eJIeHHOfI CTCIICHBO TOYHOCTHU MOXHO CHUTATH
CCPBIMU TCJIAMHU, a UX UBJITYUCHUC — CCPBIM HU3ITYUCHUCM. 9HepFI/I}I HHTCTPAJIbHOI'O U3JTYyYCHUA
CEpOro Teja paBHA:

E = ¢*E; = C* (T/100)* . (11.10)

JlydencnyckaresnbHasi ClIOCOOHOCTh CEPOTo Tejla COCTABIISIET 00, PABHYIO € OT
JTYYEHUCITYCKATEIbHOM CITIOCOOHOCTH YEPHOTO TeJa.

Benmnunny C = €*E; Ha3pBaroT koaguyuenmom uznyuenus cepoco mena. Bemmumnaa C
pearbHBIX Te B O0IIEM CITydae 3aBHCUT HE TOJIBKO OT (PU3MUYECKUX CBOWCTB Tela, HO M OT
COCTOSIHUSI TIOBEPXHOCTH MJIH OT €€ IIEPOXOBATOCTH, & TAKXKE OT TEMIIEPATypPhl U JJTUHBI BOJHBI.
3HavyeHus K03(pPUIMEHTOB U3ITydeHHs U CTETIEHEH YePHOTHI Te OepyT U3 TaOJIHII.

Tabmuua 11.1

Crenenn YEPHOTHI IMMOJHOI0 HOPMAJIILHOI'0 U3JIYYCHUS

JJI pas3]IMYHbIX MaTCPHUAJIOB

HanmenoBanue Matepuana t,°C €
AJTFOMUHUH TIOJTHPOBAHHBIN 50—500 0,04—0,06
Bbponza 50 0,1
JKene3o MMCcTOBOE OLMHKOBAHHOE, OJIECTSIIIEE 30 0,23
XKectp Oenasi, ctapas 20 0,28
30JI0TO IOJTMPOBAHHOE 200 - 600 0,02—0,03
JlaTyHb MaTOBast 20-350 0,22

Menb noarpoBaHHAS 50—100 0,02
Hukens mommupoBaHHBIH 200—400 0,07—0,09
OunoBo OiecTdIee 20—50 0,04—0,06
Cepebpo monmpoBaHHOE 200—600 0,02—0,03
CTasbHOI JTUCTOBOM MPOKAT 50 0,56

CraJsib OKHCIICHHAS 200—600 0,8

CraJsib CHITbHO OKHCIICHHAS 500 0,98
UyryHHOE TUTHE 50 0,81
AcOeCTOBBIN KapTOH 20 0,96
JlepeBo cTporanoe 20 0,8—0,9
Kuprnu oraeymnopHsIi 500—1000 0,8—0,9

Kuprng mamMoTHBII 1000 0,75



Kupnna kpacHbIH, IepoX0oBaThIid 20 0,88—0,93

Jlak yepHbBIN, MATOBBII 40—100 0,96—0,98
Jlak Oenblit 40—100 0:8—0,95
MacnsiHble KpacKy pa3audHbIX I[BETOB . . . 100 0,92—0,96
Carxa J1aMItoBast 20—400 0,95
Crekio 20—100 0,91—0,94
DOMaib Oenas 20 0,9

3axon Kupxroda. /[ns Beskoro tena nznydarenbHas U MOTJIOUIATENbHAS CIIOCOOHOCTH 3aBHCAT
OT TEMIIEPATYPhI U JUIMHBI BOJIHBL. PazinyHble Tena UMEIOT pa3iauyHble 3HadeHus E u A.
3aBUCHMOCTb MEX/y HUMHU YCTAHABIUBAETCS 3akonom Kupxeoga:

E=E*A wm E /A =Es=EJ/As = Cs*(T/IOO)4 .(11.12)

Ommuowenue nyueucnyckamenvnou cnocoonocmu mena (E) k eco noeno-wamenvrot
cnocobrocmu (A) 00UHaAK080 015l 8cex cepbix mel, HaX00AWUXCS NPU OOUHAKOBBIX
memMnepamypax u pasHo JIy4eucnycKameibHolu CnOCOOHOCMU aOCONIOMHO YePHO20 mea npu
moti e memnepamype.

W3 3akona Kupxroda criemyer, 4to eciu Tesio 001a1aeT Majioi morjaonareibHOI
CIOCOOHOCTBIO, TO OHO OJJHOBPEMEHHO 00J1a/1aeT U MaJION JIy9eUCITyCKATEeIbHOW CIIOCOOHOCTHIO
(moyimpoBaHHbBIE METAILIBI). AOCOJIFOTHO YEPHOE TEJ0, 00JIAar0IIee MAKCUMAIBHOM
MOTJIOIIATENIFHON CIIOCOOHOCTBIO, UMEET U HAUOOJIBIIYIO U3TYYaTeIbHYIO CIIOCOOHOCTb.

3akon Kupxroda ocraercs cipaBeAIMBBIM H JJIsI MOHOXPOMATUYECKOTO U3ITyUEHUS.
OTHOIIIEHNE HHTCHCUBHOCTH U3JIYUCHUS TeJIa IPH ONPEICIICHHOM JITTMHE BOJHBI K €r0
MOTJIOIIATENILHOW CIIOCOOHOCTH MPH TOM YK€ JUTMHE BOJIHBI JJIs1 BCEX TEJ OJHO M TO XK€, €CIIU OHU
HAXOJATCS NMPU OJMHAKOBBIX TEMIIepaTypax, U YUCICHHO PABHO MHTCHCUBHOCTH H3JTYYCHUS
a0COJIFOTHO YEPHOT'O TeJia MPH TOH ke JUIMHE BOJHBI U TEMIIEPAType, T.€. ABISACTCA QyHKIIUCH
TOJIBKO JUTMHBI BOJTHBI U TEMITEPATYPHI:

Ex/ Ax = |x/ Ak = Esk: Isk =f (7\, ,T) (1112)

[ToaTOMY TENIO, KOTOPOE U3ITYYaeT SHEPTUIO TP KaKOH-HUOY b JTTMHE BOJIHBI, CTIOCOOHO
NOTJIOUIaTh €€ MPH ATOM *Ke JIIMHE BOJIHBI. ECu Teno He MOorIoniaeT SHepruto B KaKOH-TO YacTH
CIIEKTpa, TO OHO B 3TOM YaCTH CHEKTpa U HE U3Ty4aerT.

U3 3akona Kupxroda taxxe cieayer, 4To CTENeHb YePHOTHI CEPOro Tella € TIPH OJTHOM U TOU ke
TEMIEpaType YUCIEHHO PaBHO KOA((OUIIMEHTY MOTIOMEHHS A:

€= Ik/ |sk:E/Esx:C/Csx:A.(11.13)

3akon JlamOepTa. M3i1ydyaemas TEJIOM JIydnucTasi SHEPTUs pacIpOCTPAHAETCS B IPOCTPAHCTBE
10 Pa3JIMYHbIM HANIPABJICHUSM C PA3IMYHOW HHTEHCUBHOCTHIO. 3aKOH, YCTaHABIMBAOIIUI
3aBHCHUMOCTh MHTEHCHUBHOCTH M3JIy4E€HUs OT HANpaBlIEHUs!, HAa3bIBAETCs 3aKoHoM Jlambepma.
3axoH JlamOepTa ycTaHaBIMBAET, UYTO KOJMYECTBO JIYYUCTOM HEPTUH, U3TYyIaeMOe JIEMEHTOM
nosepxHoctu dF; B HampaBnenuu snementa dFy, mpornopoHanbHO MPOU3BEICHUIO KOINYECTBA
SHEPIuu, u3iryyaemoil no Hopmanu dQy, Ha BEIMUYMHY IPOCTPAHCTBEHHOT0 yriia dig 1 cosll,
COCTaBJIEHHOTO HaITPAaBJIEHUEM U3Ty4eHHs ¢ HopMaiblo (puc.11.2):

d’°Qn = dQ,* dw*cose. (11.14)
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CrnenoBarenbHO, HanOOJbLIEE KOJIWYECTBO JTYYUCTON SHEPIHU U3ITydaeTcs B
HEepPHEHINKYJIIPHOM HAIIPABICHUU K TOBEPXHOCTHU H3ilyueHus, T. €. ipu (¢ = 0). C yBenuueHuem
(p KOJIMYECTBO JIYYUCTOM PHEPruu yMeHbIaeTcs u npu ¢ = 90° paBHo Hymto0. 3akoH JlamOepTa
MOJTHOCTBIO CIIPAaBEUIUB I aOCOMIOTHO YEPHOTO Tea U AJIs Tel, obnanarommx 1uddy3Hsim
usnydenuem npu ¢ = 0 - 60°.

J11s HOMMpOBaHHBIX MMOBEPXHOCTEH 3akoH JlamOepra HenpuMeHnuM. [ HUX JTydeucIrycKaHue
npu yrie ¢ 0yzaer O0JbIINM, YEM B HAIIPaBJIE€HUH, HOPMAJIbHOM K ITOBEPXHOCTH.

Tema 12.Tensionepenaya.
12.1. Tenuionepeaaya 4epe3 MJIOCKYK0 CTEHKY.

Tennonepeoaueti Ha3bIBAETCS TIepeada TEIUIOTHI OT TOPSYETO TEIJIOHOCUTENS K XOJI0JHOMY
TEIJIOHOCUTEITIO Yepe3 CTEHKY, Pa3ACIISIONIYI0 3TH TeITNIOHOCUTEIIH.

[Tpumepamu Termonepeaayuu SBISIOTCS: Tepeada TEIUIOThI OT MPEerollieii BOIbI HarpeBaTeIbHBIX
DJICMCHTOB (OTOHI/ITCJII)HBIX CI/ICTCM) K BO3AYXY IMOMCHICHUA,; IIEpcaada TCIIJIOThI OT AbIMOBBIX
ra3oB K BOJI€ Yepe3 CTEHKU KUMATUIIHLHBIX TPYO B MApOBBIX KOTJIAX; Mepeaaya TemI0Thl OT
pacKaJeHHbIX ra30B K OXJIaKJarolle Boje (KUAKOCTH) Yepe3 CTEeHKY HUWIMHJIpa IBUraTeNs
BHYTPEHHETO CrOpaHus; repeaayda TeIIoThl OT BHYTPEHHETO BO3AyXa NOMEIICHHS K HAPYKHOMY
BO31yXYy U T. 1I. [Ipu 3 TOM orpaxmaromiasi CTeHKa SBJISICTCS] IPOBOJHUKOM TEIUJIOTHI, Uepe3
KOTOPYIO TEIJIOTA MEePEJAETCs TEIIONPOBOJAHOCTBIO, @ OT CTEHKH K OKpYKaroleH cpee
KOHBEKIMeH 1 usnydenuem. [loaTomy mporiecc Temionepeaayuu BiseTcs CIOXKHBIM MPOIECCOM
TeriooOMeHa.

[Ipu nepenaye TETUIOTHI OT CTEHKH K OKPYXAIOIIEH Cpejie B OCHOBHOM Tpeo0agaeT
KOHBEKTHUBHBIN TEINIOOOMEH, TO3TOMY OYIyT pacCMaTpUBAThCs TaKUE 3a/1a4H.

1). Tenonepeaaya yepes MIOCKYIO CTEHKY.

PaccMoTpuM 0THOCTIONMHYIO TUIOCKYIO CTEHKY TOJNIIMHOM O U TEIUIONPOBOAHOCTHIO A (pucl2.1).
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Puc. 12.1. Cxema rtennonepesayu HEXNY ABYMH MHIKOCTAMH YEPEI MAOCKYE CTEHKY
{a) w rpadmuecknit cnocof onpegeneHHA TEMACPATYPHOTO NonA B cremke {6)

TemnepaTypa ropsiueit ;xuIKOCTH (Cpeibl) t ., XOJOIHOMN KUAKOCTU (CPEIBI) t K.
KonuyecTBo TEIIOTHI, IEPEIaHHON OT TOPSIYEH KUIKOCTHU (Cpeibl) K CTEHKE 10 3aKOHY
Hprorona-Puxmana nmeer Bun:

Q =01 (tm—tl) : F, (121)
re o1 — Ko3pGUIUEHT TEIJI00TAaYd OT Topsiueii Cpe/Ibl ¢ TeMIepaTypoit t x K [IOBEPXHOCTH
CTEHKHU® C TEMIIEPATypOH ti;
F — pacueTHast MOBEPXHOCTh MIOCKOW CTEHKH.
TeroBol MOTOK, MEPEIAHHBIN Yepe3 CTEHKY ONMPEIEIIIETCS M0 YPABHEHHIO:
Q=Md-(t1—-1t) - F. (12.2)
TennoBoi MOTOK OT BTOPOM MOBEPXHOCTH CTEHKH K XOJIOAHOW CPEAE ONPEAEIIAETCS 110
bopmye: )
Q = 62 . (tz -t;K) : F, (12.3)
r7e o2 — KOOPGUIUEHT TEIUIOOTAa4l OT BTOPOM MOBEPXHOCTU CTEHKH K XOJIOAHON CpeJe C
TeMIIepaTypoi t e
Pemras atv Tpu ypaBHEHHSI IOJTydaeM:
Q=(tx—tx) *F+K, (12.4)
rne K=1/(1/oy + /A + 1low) — kosgppuyuenm mennonepedauu, (12.5)
W
Ro=1/K = (1/oy + /A + Llap) — noanoe mepmuueckoe conpomuenenue
menJionepedaquy 9epe3 0THOCIONHYIO TUIOCKYIO CTeHKY. (12.6)
1/oy, /oy — TepMUYeCKHEe COMPOTHBIICHUS TEIIOOT/Ia4M TTOBEPXHOCTEH CTEHKH;
O/A - TepMHYECKOE COMTPOTHBIICHNE CTCHKH.
J1J1st MHOTOCIIOMHOI TIJIOCKOM CTEHKH MOJTHOE TEPMUYECKOE COTPOTUBIIEHUE OyIeT
OTIpeeNAThCA MO caeayroueit popmyre:
Ro = (1/0(1 + 1/ + Sofho + ...+ Bnlhn +1/0Lz), (127)
a K03 (PUIMEHT TerIonepeaayu:
K=1/1/og + 81/h1 + Salhy + ... + Sn/hn +1/02), (12.8)

12.2. TenJionepenaya yepe3 UWINHIAPUIECKYIO CTEHKY.



[TpuHIMI pacueTa TEMI0BOro MOTOKA Yepe3 HUINHAPUIECKYIO CTEHKY aHaJIOTUYHA KaK U JUIs
MIJIOCKOM CTeHKHU. PaccMOTpuM 0THOpOIHYIO TpyOy (puc.12.2) ¢ TemIonpoBOAHOCTHIO A,
BHYTpEeHHUH nuametp di, HapyXHbIN auameTp dp, ummHa 1. BHyTpH TpyOBl HAXOIUTCS ropstyas
Cpelia C TEMIICPATYPOI ty,  CHAPYKHU XOIOHAS CPEA C TEMIICPATYPOIT t .
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Puc. 12.2. Tennonepenaua MeXay ABy-
MS KHAKOCTSIMH 4Yepes UMJIHHAPHue-
CKYI0 CTEeHKY

KonuruecTBo TEI0ThI, EpeJaHHOM OT ropsYeil cpeibl K BHYTPEHHEH CTeHKe TPYOBbI MO 3aKOHY
Hrerotona-Puxmana nmeeTt BUI:

Q= TC'dl'Otl'l'(t)K— tl) , (129)
rae o1 — Ko3pGUIUEHT TEeII00TAaYH OT TOpsiueit Cpeibl C TEMIIEPaTypoi t,; K TOBEPXHOCTH

CTEHKHU® C TEMIEPATYpOH ti;
TenoBoii MOTOK, MEepelaHHbIi Yepe3 CTeHKY TPYOBI OlpenessieTcs 0 ypaBHEHUIO:

Q=2-wAl(ty —t2) / In (d2/d,). (12.10)
TennoBoil MOTOK OT BTOPOI MOBEPXHOCTH CTEHKH TPYOBI K XOJIOIHON Cpesie ONpeensieTcs Mo
dbopmyre:
Q=ndyapl(ts-t,), (12.11)
7€ Oz — KOO MUIMEHT TEMIOOTAAYU OT BTOPOH MOBEPXHOCTH CTEHKH K XOIOJIHOM Cpejie ¢
TEMIIEPaTypOn 1 .
Pemras atv Tpu ypaBHEHHUSI IOJTydaeM:
Q=ml(ty—ty) * K, (12.12)
rae Ky = 1/[1/(oudy) + 1/(21In(d2/d1) + 1/(02d2)] — (12.13)
- IUHel bl Ko3gpuyuenm menionepedauu,
win Ry =1/ K| = [1/(0ad1) + 1/(21In(d2/d1) + 1/(0205)] — (12.14)
e NOJHOE TUHEeUHOEe MEePMUYEcKoe CONPOMUBTIEHUE

menionepedayu Yepe3 OTHOCIONHYIO IIIHHAPHICCKYIO CTCHKY.
1/(oud1), 1/(0dy) — TepMEUECKHE COMPOTUBICHUS TEIIOOT/IAYM TTOBEPXHOCTEH CTECHKH;

1/(2AIn(d2/d;) - TepMuUecKkoe COMPOTUBIICHNE CTEHKH.
J1J1st MHOTOCITIOIHOI (N CI0€B) IMIIMHIPUYECKON CTEHKH MOJIHOE TMHEHHOE TePMUYECKOE

COTPOTHUBIICHUE OYyIET OMPENIEATHCSA 110 Cienytomel hopmyre:
Ri = 1/ K = [1(oudy) + 1/(201In(do/chy) + 1/(2hsIn(ds/dy) + ...
+ 1/(20aIn(Oner/0n) + 1/(ci20n)] — (12.15)

12.3. Tunsl Ten1000MEeHHBIX ANNAPATOB.



TemnooOMeHHBIM anmnapaToM Ha3bIBAIOT BCSIKOE YCTPONCTBO, B KOTOPOM OJHA HKUAKOCTb —
ropsiyasi cpea, nepeaaeT TEIIoTy IPYyron )KUIKOCTH - XOJIOAHOM cpeae. B kayecTse
TEIUIOHOCHUTEJICH B TEIIOBBIX amliapaTrax UCHOJIb3YI0TCs pPa3HOOOpa3HbIEe KalleIbHbIE U YIPYTue
KUJKOCTH B CAMOM LIMPOKOM JIMaria3oHe JaBieHui u temmeparyp. [lo npuHimmy paboTsl
annaparsl JeNsIT Ha PEereHEPaTUBHbIE, CMECUTENIBHBIE U PEKYIIEPATUBHBIE.

B perenepatuBHbIX amnmaparax ropsuuil TEIJIOHOCUTEINb OTIaeT CBOIO TEIJIOTY
AKKyMYJIUPYIOILIEMY YCTPONCTBY, KOTOPOE B CBOIO OUEPElb NEPUOANUECKH OTIAET TEIIOTY
BTOPOI1 JKUJKOCTH - XOJIOAHOMY TEIJIOHOCHUTEIIO, T. €. OJJHA U Ta K€ MOBEPXHOCTh HarpeBa
OMBIBAETCS TO FOPAYEH, TO XOJIOJHOM KUKOCTBIO.

B cMecuTenpHBIX anmnaparax rnepeaaya TerIoThl OT TOpsiueii K XOI0JHON KHUIKOCTH MPOUCXOAUT
IIPU HENIOCPEACTBEHHOM CMEILIEHUU 00€UX KUAKOCTEH, HAIIPUMEP CMELIUBAIOLINE
KOHJICHCATOPBI.

Oco0eHHO MIMPOKOE PA3BUTHE BO BCEX OOJIACTIX TEXHUKH MOIYUMIN PEKYIEpaTHBHBIE
anmnaparsl, B KOTOPBIX TEIJIOTa OT ropsYeil K XOJIOAHOMN )KUIKOCTH MEepeIaeTcs yepes
pa3geTUTENbHYIO CTEHKY. TONBKO TaKue anmaparsl OyAyT paCCMOTPEHBI B TaTbHEUIIIEM.
TemooOMeHHBIE anapaThl MOT'YT UMETh CaMble pa3HOOO0pa3Hble HA3HAYEHUSI — ITApOBBIC
KOTJIbI, KOHJIEHCATOPbI, IapoleperpeBaTeu, IpruOopbl IEHTPAIILHOTO OTOIIEHUS U T. 1.
TemooOMeHHbIE annapaThl B OOJIBIIMHCTBE CIy4aeB 3HAYUTEIHLHO OTJIMYAIOTCS IPYT -OT Apyra
KaK 10 CBOMM (hopMaM M pa3Mepam, Tak U Mo MPUMEHSIEMBIM B HUX pabounm Ternam. HecMotpst
Ha OoJbII0e pa3Ho00pas3ye TeMI00OMEHHBIX alapaToB, OCHOBHBIE MOJI0KEHUS TETIOBOTO
pacyeTa Jisi HUX OCTarOTCs OOIIUMHU.

B TennooOMeHHBIX anmapaTtax JBUKEHHE KUIKOCTH OCYIIECTBISETCS IO TPEM OCHOBHBIM
CXEMaM.

Ecnu nanpaBneHue IBM>KEHUS TOPSTUEro U XOJIOAHOTO TEIIOHOCUTENEH COBMAIal0T, TO TAKOE
JIBIKEHUE Ha3bIBaeTCs npsamomokom (puc.12.3,a).

a) 4) 6) 2

! ! ) 7

Pue. 12.3.

Ecin HanpaBiieHue IBIKEHUS TOPSTUETO TETUIOHOCUTEIISI IIPOTUBOIIOIOKHO JIBIYKEHUTIO
XOJIOJHOTO TETUIOHOCHUTEIISA, TO TAKOE JIBMXKEHHE Ha3bIBaeTCsl npomusomoxom (puc.12.3,0). Ecnu
K€ TOPAYUH TETNTIOHOCUTEIN JBUKETCS MEPIEHIUKYISIPHO TBHKEHUIO XOJIOIHOTO
TETJIOHOCUTEJIS, TO TAaKOE JIBIXKEHUE HA3BIBACTCS nepekpecmubim moxom (puc.12.3,8). Kpome
ATHX OCHOBHBIX CXEM JBUKEHUS KUIKOCTEH, B TETNIOOOMEHHBIX allllaparax MpUMEHSIOT Ooee
CJIOHBIE CXEMBI JIBIYKEHUS, BKITFOYAIOIIHNE BCE TPU OCHOBHBIC CXEMBI.

12.4. Pacyer Ten1000MeHHBIX aNNapaToB.

[lenbio TEMIOBOTO pacueTa SBIsSETCs ONpeieIeHNe ITOBEPXHOCTH TEINIO0OMEHa, a €ClIn
MOCIIEAHSISI U3BECTHA, TO LIETIBIO pacyeTa SBIISETCS ONpeesieHue KOHEUHBIX TeMIepaTyp
pabouux xuakocreil. OCHOBHBIMH PacyeTHBIMU YPaBHEHUAMH TEIJI00OMEHa MU CTAllMOHAPHOM
peXUMeE SBIISIOTCS YpaBHEHHUE TEeIUIONepeaun U ypaBHeHHE TEIJI0BOro OanaHca. Y paBHEHHE
TEIUIoNEepe1adn:

Q=kF(t1—-t2),

riae Q — teruioBoit moTok, BT,

K - cpenumii kK03 HUIMEHT Terionepeiayu, BT/(MZFpaJI), F — nosepxHocTh TemiooOMeHa B
anmnapare, M%, 11 ¥ t; - COOTBETCTBEHHO TEMIEPATYPBI TOPSYETO U XOJOJAHOTO TETIIOHOCUTEIIEH.
VYpaBHeHHe TEII0BOro 6anaHca MpU YCIOBUU OTCYTCTBHS TEIUIOBBIX MOTEPh U (Da30BbIX
NEPEXO0JI0B!



Q==my Aty = my-Aty,
YIH
= Vi precyr-(ts - 1) = Vo pareys +(t - ), (12.16
Q=Viprcy(ti-t1) =Vapocy (2 - t2), (12.16)
rae Vi p1, V2 P2 - MaccOBBIE PacXo/ibl TEMIOHOCHTENEH, KI/CEK, C
. I
Cp1 M Cp2 - CPEIHME MACCOBBIE TEIIOEMKOCTH KUIKOCTEN B MHTEPBAIIE TEMIIEPATYD OT t' 110 t',
t' u t', Temneparypst xuaKOCTEl PY BXOZE B anmapar;
t', u ', - TeMuepaTypbl KuIKOCTEH K BBIXOZE U3 ArIapara.

Bennuuny npousseaeHus
V-p-c, =W, Br/rpan
Ha3BIBAIOT BOOSAHbIM, WIH YCAOBHbIM, IKEUBANEHMOM.
C y4eToMm MoCJIeTHETO YpaBHEHHUE TEIJIOBOTO OallaHCa MOXKET OBITh MIPE/ICTABICHO B
CJIEYIOLIEM BHUJIE:
(-t 1 (5 -t) = WL /Wy, (12.17)
W5 , Wi - yclioBHBIE 9KBUBAJICHTBI TOPSAYEH U XOJOIHON KUIAKOCTEH.

[Tpu npoxo’kaeHnu yepe3 TeII000OMEHHBIN anmnapar paboumnx >KUIKOCTEH U3MEHSIOTCS
TEMIEPATYPbI TOPAYUX U XOJOTHBIX KuKocTed. Ha n3menenue remmeparyp 00JblI0O€ BIUSHUE
OKa3bIBAIOT CXEMa JIBUKECHUS KUJKOCTEH U BEIMUYMHBI YCIIOBHBIX SKBHBaieHToB. Ha puc.12.4
IIPEJICTaBJICHbI TEMIIEpATYpHbIE TpauKH JUIsl alapaToB ¢ NPSIMOTOKOB, a Ha puc.12.5 s
anmnapaToB C IPOTUBOTOKOM.

Puc. 12.4.

Kak BuaHo u3 puc.12.4 , npu npsIMOTOKE KOHEUHas! TEMIepaTypa X0JIOAHOTO TEIIOHOCUTENS
BCErJja HUKe KOHEUHOU TeMIlepaTypsl ropsuero terioHocutens. [Ipu npotusBortoke (puc.12.5)
KOHEYHas TeMIEepaTypa XOJIO0JHON KHUIKOCTU MOKET ObITh 3HAUUTEIBHO BbIILIE KOHEUHOU
TEMIIEPATYPBI ropsA4el )xuakocT. Ciie0BaTenbHO, B anmnapaTax ¢ IpOTUBOTOKOM MOKHO
HarpeTh XOJIOAHYIO Cpey, PH OAMHAKOBBIX HAYAJIbHBIX YCIOBHSX, 10 00JIee BHICOKOM
TEMIIEPATYPBHI, YEM B alIapaTax ¢ IpAMOTOKOM. KpoMe Toro, kak BUAHO U3 PUCYHKOB, Hapsiay C
M3MEHEHUSIMHU TEMIIEpaTyp U3MEHSETCS TAKXKE U Pa3HOCTh TEMIEPATyps MeX1y padbouuMu
JKUJKOCTSAMH, WU TEMIIEPATYPHBINA Harop At.

Puc. 12.5.

Benuunnsl At 1 k MOXHO IPUHSITH MOCTOSSHHBIMH TOJIBKO B TIpe/ienax dJIeMEHTapHOI
noBepxHocTH Teriooomena dF. [ToaToMy ypaBHEHHE TeTUTONepe1auu s SJeMEHTa
noBepxHocTu TernooomeHa dF cnpaBeqmBo nuib B quddepeHnnaibsHon hopme:

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



TennoBoi NOTOK, IIEPEIaHHbBIN Yepe3 BCIO TOBEPXHOCTD F IpU IOCTOAHHOM CpeaHEM
koa(ddurmenTe Teronepeaaun k, onpeaensercss HHTErpupoBaHueM ypaBHeHHS (12. ):

Q =] k-dF-At=k-F-At,, , (12.19)
rae Ate, - cpeHuil JorapupMudecKuii TemMrepaTypHblii Harop 1o Beeil HOBEPXHOCTU HArpeBa.
st ciryyaeB, korna ko3 (GUIMEHT TerIonepeadyd Ha OTASbHBIX Y4aCcTKaX MOBEPXHOCTH
Ter1000MeHa 3HaYUTENbHO U3MEHSIETCS, €r0 YCPEeIHSIOT:
kcp = (Fl‘kl +Fko+... + Fn'kn) / (F]_ +F+ ..+ Fn).
Torpa npu k¢, = const ypasaenue (12.9 ) npumer Bujg

Q = Jkep At -dF =k -Aty, F. (12.20)
Ecnu remneparypa TerioHOCUTENIeH U3MEHSETCS 110 3aKOHY IpsiMoit inHuu (puc.12.6,
MYHKTHPHBIE TUHUH), TO CPEIHUIN TeMIepaTypHbI HANOp B anmapaTe paBeH pa3HOCTH
cpenHeapuGpMETHUECKUX BETNIHH:

At, = (U1 + )12 - (t; + t))/2 . (12.21)

= dt'tp
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Puc. 12.6.

OpaHako TeMreparypbl pabouuX KUAKOCTEH MEHSIOTCS IO KPUBOJIMHEWHOMY 3aKkoHy. [ToaTomy
ypaBHeHue (12.21) OyaeT ToapKo MPUOIMKEHHBIM U MOKET TPUMEHSATHCS PU HEOOJIBIITNX
M3MEHEHUSX TeMIlepaTypbl o0eux kuakocten. [Ipu kpuBoIMHEHHOM U3MEHEHUH TEMIIEPATYPhI
BEJIMUNHY Alc, HA3BIBAIOT CPEOHEN02APUDMULECKUM MEMNEPAMYPHbIM HANOPOM U
ompenensieTcs mo GopMynam:

[UIsl annaparoB € NPSIMOTOKOM

Aty = [(T1 - ) - ("1 - )]/ In[(ts - o)/t - 1)] . (12.22)
JJIA anriapaToB C IIPOTHUBOTOKOM
Ate, = [(T1 - 1) - (t"1 - €)1/ In[(th - 1", - £2)] . (12.23)

Yucnennsle 3HaueHns At U1 anmapaToB ¢ IPOTHBOTOKM IIPH OJJMHAKOBBIX yCIOBHAX BCEr1a
Ooublie Ate, 171 aNmmaparoB ¢ MPIMOTOKOM, ITO3TOMY anmapaThl ¢ IPOTUBOTOKM UMEIOT
MEHBIIINE pa3MepBI.

Tema 13. JHepreruyeckoe TOMIHUBO.
13.1. CocraB TonimBa.

Tonnusom Ha3bIBACTCS ropro4yecec BCUICCTBO, UCITIOJIB3YCMOC B KaUCCTBC NCTOYHHUKA MMOJIYYCHUA
TCIJIOTEI B OHEPIrETUYCCKUX, IIPOMBIIIJICHHBIX XU OTOIMUTEIIBHBIX YCTAHOBKAX.

B 3aBucumocTu oT THIIA peaKuHﬁ, B PE3YJIbTATC KOTOPBIX BBIACIIAICTCA TCIJIOTA U3 TOIJIMBA,
pas3inyaroT opeaHud4ecKkoe nu }Z()€DHO€ monJjueo.

B nacrosmee BpEM: U 11O ITPOTrHO3aM 10 2030 . OPraHn4€CKOC TOIUIMBO ABJISICTCSA OCHOBHBIM




NCTOYHUKOM BHCPI‘I/II/I (TGHHOTBI) JUISA HpOMBIH_UIeHHOFO HCITIOJIb30BaHUSL.
Tabmuma 13.1.

[ToTpebnenue oprannyeckoro Tormsa B1993 r.

[Torpeburens Bun tonnusa
Tsepnoe Kunkoe  T['azoobpaznoe
Bo Bcem mupe, MIIPA.T V.T. 3,21 4,29 2,66
Poccus, MiH.T y.T. 226 232 503

Ilpumeuanue: y.T. — yCIOBHOT'O TOILJIMBA

B opranndeckux TOIUIMBAX TEIIOTA BBIAEISACTCS B PE3yJIbTaTe XUMHUYCCKON PEaKIIUi OKHCICHUS
€ro FOPIYHX YacTel IPU yIaCTUHU KUCIOPO/Ia, a B SIEPHBIX TOIUIMBAX — B Pe3yJbTaTe paciajaa
JCTICHUS SICP TSHKENBIX IIEMEHTOB (ypaHa, IUTyTOHUS | T.JI.).

Tabmmma 13.2.

KHaCCI/I(l)I/IKaIII/ISI OpPTraHUYCCKUX TOIUIMB I10 arpE€raTHOMYy COCTOSHHUIO.

ArperatHoe
Tonnuso
COCTOSIHHE
Trepaoe Kunkoe ["a3000pazHoe
Hpoga, Topd, Oypsie u
KaMEHHBIE YTJIU .
IIpuponxoe YOI, Hedts [IpupoaHbIi ra3
aAHTpPALUT, TOPIOYHE
CJIAHIIBI
JIpeBecHblil yrosb, MasyT, KepOoCHH, ["a3w1 HE(TSAHOM, KOKCOBBIHA,
MOJIYKOKC, KOKC OCH3MH, COJIIPOBOE  TE€HEPATOPHBIN, TOMEHHBIH
HckyccTBeHHOE YKOKC, ’ » COIP PAaTOPHBIM, /1 ’
YTOJIbHBIE U MacJjo, ra3oiib, ra3 IoA3eMHON
Top(siHbIE OPUKETHl  TIEYHOE TOTINBO razopuKanuu

TBepbie U KHUAKHE TOTUIMBA COCTOST U3 Toprounx (yraeposa - C, Bogopoza - H, neryueit cepsr -
Sy == Sop + S¢) 1 Heroprouux (azora - N 1 kuciopoa - O) 3JeMeHTOB U O6anaacTa (301bl - A,
Biaru - W).

3HCMCHT&pHBII>i COCTaB TBEPAOT'O U KUJIKOT'O TOIIJIMBA AACTCA B IIPOLCHTAX K MacCe 1 kr
tortuBa. [Tpu 3TOM pasinuyaroT pabouyio, Cyxyr, 20proUuyI0 U OPeaHuyecKyio Maccy TOTLIIHBA.
Pabouas macca — 310 Macca M COCTaB TOIIMBO, B KOTOPOM MOCTYIAET K MOTPEOUTEIIO U
TIOJIBEPTacTCsl CKUTAHUIO.

CocraB paboueit, TOprouei, Cyxoil 1 OpraHM4eckoi Macchl 0003Ha4YaeTCsI COOTBETCTBEHHO

nmn o on_non_n n.n

HHJACKCAMHU p ', €, T W O H BbIPpAXKAKOTCA CICAYIOIIUMHU PABCHCTBAMMU:

CP+HP+SP,+ NP+ O+ AP+ WP =100 % ; (13.1)

CHH +S+N+0°+ A°=100 % . (13.2)

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

C°+H’+ S%pr+ N°+ 0°=100 % . (13.4)
Opranndeckasi Macca TOTUIMBA B OTIIMYUH OT TOPIOYEH MACCHI COJIEPYKUT TOJIBKO OPTaHUYECKYIO
Cepy U He BKIIIOYAET KOJIYEAAHHYIO:

S%pr = S% - S% . (13.5)
KoaddumumenTs mepecyera coctaBa TOIINBA U3 OJJHOM MacChl B IPYTYIO TPUBEICHBI B Ta0I.
13.3.
Tab6numal3.3

3anaHHas macca Koaddunments! nepecuera Ha
TOILJIBA Maccy
pabouyro TOPIOYYIO CYXYIO

PaGouas 1 100/[100 - (A® +  [100/(100 -



WA WP)

(AP 4 WP (100 -
Toprouas [100 - (AP + WP)]/100 1 A%)/100
Cyxast (100 - WP) / 100 100/ (100 - A°) 1

Jlns cnannes cocrasa (CP, HP, SP, NP, OF, AP, WP) nepecuer ¢ paboueii
Macchl Ha TOPIOYYIO OCYLIECTBIISETCS C HOMOLIBIO KO3 (HIMEHTa:

K=100/[100 - AP, - WP - (CO)"] , (13.6)
rae APy - cTMHHAs 30bHOCTE paboueii Maccesl, %', WP - BiaakHocTh paboueii Macchl, %,
(CO2)’« - cozeprkanue YrIIEKUCIOTH KapOOHATOB, %. McTHHHAS 30JbHOCTL pabouell MacChl
ompeaensercs no Gopmyie

AP, = AP - [2,5(S, - SP. ) +0,375S"] [(100 - WP) / 100], (13.7)
rae SP, - coepskanue ceprl B J1a0OpaTOPHOI 30J1€ B IPOLIEHTaX K Macce Torumsa; SP -
coJiepkaHue Cyib(aTHOM cepbl B TOILTHBE, %o.
Bemuuuna [2,5(SP, - SP.) +0,375SP,] au1st JEHUHIPAACKHMX U DCTOHCKHMX CIIAHLIEB MOXKET OBITH
npuHsATa paBHou 2,0, 11 Kammnupckux - 4,1,
[Tepecuet coctaBa (%) pabodeli MacChl TOILTMBA IPH U3MEHEHUHN BIQKHOCTH ITPOU3BOIUTCS TIO
dbopmynam :

CP, = CP4(100 - WP,) / (100 - WPy) )

HP, = HP(100 - WP,) / (100 - W‘“}l) r,(13.8)
rae WPy - HayanbHas BOaKHOCTh TOILIMBA, Yo, WP, - KOHEUHas BJIaKHOCTh TOILIMBA, Y.
Cpennuii coctaB (%) cMecH ABYX TBEPABIX WM KUJKUX TOTUIUB, 3aJJaHHBIX MAaCCOBBIMH JIOJISIMU,
- mepsoro (CP,, HP; ....)u Broporo (CP1, HP ...) - onpenensiercs mo ypaBHEHUSIM:

CPey=b1 CP1 + (1-by) C%, )

HP., = by HPy + (1 - by) HP, ¢, (13.9)

......................................... )
TJIe MaccoBast JI0JIs by OJTHOTO U3 TOILTUB B CMECH HAXOIUTCS 10 (hopMyJie:

b;=B:1/(B; + By) . (13.10)

3nech By u By - Maccel TOMIMB, BXOJAIINX B CMECH, K.

["a3000pa3HoOe TOMIMBO MPECTABIsIET COOON CMECh TOPIOYUX U HETOprOYMX ra3zoB. ['oprouas
4acTh cocToUT U3 npenenbHbIX (?7CyHant2) 1 HenpenensHbIX (?7CH2n) yriieBoopoa0B, Bo1opoaa
Hj, oxucu yrnepoaa CO, u cepauctoro Bojnopoja (HzS). B cocta Heroprounx 3ineMeHTOB
BxoauT a30T ( Ny), yruekucibiii ra3 (CO,) u kuciaopo (O2). CoctaBsl IPUPOIHOTO H
UCKYCCTBEHHOI'O ra3000pa3HbIX TOIUIUB pazauyHbl. [IpupoaHblii ra3 xapakTepusyeTcs BEBICOKUM
conepkanueM metana (CHy), a Takke HEOONIBIIOTO KOJMYECTBA JPYTUX YIJIEBOJOPOIOB: ITaHA
(CzHe), mponana (CsHg), 6yrana (C4Hip), sTunena (CoHa), u nmponunena (CsHsg). B
HCKYCCTBEHHBIX T'a3ax COAEP)KaHUE FOPIOYHX COCTABIISIOMUX (BOIOPOJIAa i OKHCH YTIIIepoaa)
nocturaet 25-45%, B 6amnacte npeobaasaoT a30T U yriaekuciaora — 55-75%.

CocraB ra3000pa3HOro TOIUIMBA 33/1a€TCSl B 00OBEMHBIX JIOJISIX M B OOIIEM BHE MOYKHO 3aITUCaTh
CJIEAYIOIIUM 00pa3oM:

YCnHons2 + ZCiH2n + Hp + CO + HaS + O, + N2 + CO, = 100% , (13.11)
rae XCnHan+2 — mpeensHbIe YTISBOIOPOIBI;
>ChH2n — HeTIpeienpbHBIC YTIIOBOIOPO/IHI;
Hj,S — cepHHCTHII BOIOPO/I.
CO — okuch yraepoaa;
CO; - yriekucnslii ras.

13.2. XapakTepucTuka TOIJIMBA.



Brasicnocme 6030yxa. CpefHsisi BIaKHOCTb TOIIMBA B pa00ueM COCTOSTHUH COCTABIISIET B Y%o: IS
topda 50; cnannes 13-17; kamennoro yris 5-14 u antpanura 5-8. bypbsie yriu B 3aBUCUMOCTH
OT BIIQXXHOCTH JIenaT Ha 3 rpynmsl: rpynna b1 — 6omnee 40% Bnaxuaocty; rpynmna b2 — 30-40%;
rpynmna b3 — menee 30%.

3o1a monausa. B cocta 305161 BXOIAT IPEUMYILIECTBEHHO COJIA LIEJIOYHBIX U IIEJI0YHO-
3eMeJIbHBIX METAJUIOB, OKHCIIBI JKeje3a, allOMUHUS, a TakKe Cyiab(paTHas cepa. MuHepaibHbIE
OCTaTKH, 00pa3ylolrecs Mocjae Cropanus TOIUIMBA, UMEIOT BUJI JIMOO CBIMTy4Yei Macchl (30:1a),
100 CrIaBIeHHBIX KycKoB (1u1ak). [Ipu BeICOKHMX TemmepaTypax 30ja pa3Mardaercs, a 3aTeM
r1aBuTCs. Pa3msrueHHas 3071a U MTaK TPUJIUIAIOT K CTEHKaM 0OMYPOBKH TOMKH, YMEHBIIAs
CEYEHHE Ta30X0/I0B OTKJIAJBIBAIOTCS HA TOBEPXHOCTSAX HArPEeBa, YBEIUYUBAs TEM CAMbIM
TEPMHUECKOE COIIPOTUBIIEHUE B IIPOLIECCE TEILIONEPEAAUHN O Fa30B K HArpeBacMoM Cpeie,
3a0MBaIOT OTBEPCTUS AJISl IPOXOa BO3/lyXa B KOJIOCHUKOBOI! perieTke, 00BOTAKUBAIOT YaCTUIIbI
TOIUIMBA, 3aTPYIHSASI KX CKUTAHUE.

Paznuynble BuAbI TOIUIMBA COAEpKAT pa3Hoe KoludecTBa 30ibl. Hanpumep, B %: npesecuna — 1;
topd — 10; ky3neukuit yronb — 10-20; mogmockoBHbIH Oypslit yronb — 30; cimanisr — 60. XKugkoe
TOomMBO (MaszyT) coaepxut 0,2-1% MuHepaIbHBIX IPUMECEH.

Jlemyyue eewgecmesa. 1lpu HarpeBanuu TBepaoro torausa 10 870-1100 K 6e3 qoctyna
OKHUCJIUTEJIS, BBIJCNAIOTCS Mapora3oo0pa3Hbie BEIIeCTBa, KOTOPbIe Ha3bIBalOTCA zemyuumu. OHU
SBJISIFOTCS TPOIYKTaMU PaCIiajia CIOKHBIX OPraHUYECKUX BEIECTB, COACPKAIIUXCS B
OpraHHYecKOl Macce ToIIuBa. B cocTaB eTy4nx BEmecTB BXOAAT: a30T N, kucnopon Oy,
Bogopoa Ha, oxucek yranepona CO, yrineBogopoaubie razsl CHa, CoHa 1 1.1, a Taxoke BosiHbIC
napebl.

Koxkc. TBepplii 0cTaTOK, KOTOPBIH MMOTy4aeTcs OCIe HarpeBaHus Torumaa (0e3 goctymna
OKHUCJIMTENIS) U BBIXO/IA JIETY4HX BelIecTB. B cocTaB Kokca BXOAST OCTaTOUHBIN YIIIepo U 3071a.
[Ipu HU3KUX TeMrepaTypax B TBEPJOM OCTATKE KPOME 30JIbI MOKET OKa3aThCsl YacTh 3JIEMEHTOB
(C, H, S;, N). Torma TBep/blii OCTaTOK HAa3bIBACTCS noayKoKkcom. [10 CBOMM MEXaHUYECKUM
CBOMCTBaM KOKC MOXET OBITh IMTOPOIIKOOOPA3HBIM, CTA00CTICKITMMCS U CIIEKITUMCSI.

B 3aBHCHMOCTH OT BBIXO/1A JIETYYMX BEUIECTB U XapAaKTEPUCTUKU KOKCA KAMEHHBIE YTIIN
pasnensitorcs Ha 10 MapoK: JIIMHHOIUIaMEHHBIH - [1, ra3oBbii - I, ra3oBsIil sxupHbIil — [K,
*kupHbIi — XK, kokcoBbIl xupHbIN = KK, kokcoBbIil - K, kokcoBbIil BTOpo# — K2, OTOIIEHHBIN
crnekaromuiica — OC, cnabocnekaromuiica — CC, Tomuii — T.

Tennoma ceopanus. OMHON N3 OCHOBHBIX XapaKTEPUCTUK JTFOOOTO BHJIA TOILJIMBA SIBISIETCS
TEIJIOTa CTOPAHMUSI, T.€. TO KOJUYECTBO TEIUIOTHI, KOTOPOE MOXKET OBITh MOTYUYEHO TIPHU MOITHOM
CTOpaHMM €UHHIIBI Macchl WM 00beMa ToruBa. [1oHBIM cropaHueM Ha3bIBa€TCs TaKOE, IPU
KOTOPOM Toproure KOMIoHeHTHI ToruBa C, H u S mOTHOCTBIO OKUCTISIOTCS] KUCTOPOJIOM.
Tennoty cropanusi TBEpAOTO U KUJKOTO TOIUIMBA OTHOCAT K | Kr, a ra3oBoro — kK 1 M npu
HOPMAJIbHBIX YCJIOBUSIX.

PaznuyaroT Huswiyro u gulcuiyio TETIIOTY CrOpaHus. B BBICIIYIO TETIOTY CTOpaHUs BXOJIUT
KOJIMYECTBO TEIUIOTHI, KOTOPOE MOXKET OBITh BBIICJIEHO TIPU KOHICHCAIINH BOJISIHBIX MTApOB,
HAXOJSAIIUXCS B MPOAYKTaX CTOpaHUs TOILINBA.

[Ipu U3BECTHOM dJIEMEHTAPHOM COCTaBE TBEPJOTO M JKHJIKOTO TOILIUB TEIJIOTY UX CTOPAHMS
(xJ1x/KT) onpenensoT o AMNUpHUECKUM Gopmynam, npepnoxenHon J[.M.MenaeneeBbim:

QP, = 340CP + 1035H" — 109(0O" - SP,) — 25WP . (13.12)

QP, = 340CP + 1260HP — 109(O" - SP,) ; (13.13)
Terutora cropanus Cyxoro rasa (KI[)K/M3) OTIPEETISIOT IO 0OBEMHOMY COCTaBY,%, M U3BECTHOU
TCIJIOTEC CTOpaHusl KOMIIOHCHTOB!

QpH = 358CHy4 + 640C,Hg + 915C3Hg + 1190C4H;g +

+ 1465 CsHy, + 126,5 CO + 107,5H; + 234H,S; (13.14)

QP =398CH,4 + 700C,Hg + 995C3Hg + 1285 C4Hyo +

+ 1575 CsHyp + 126,5 CO + 127,5H; + 257H,S; (13.15)




Ecnu B coctaB raza BXOJST HEM3BECTHBIE YIIIEBOJOPOIHbIE KOMIIOHEHTHI (TMIPU YCIOBHUH, YTO
CoJIep’KaHue METaHa U3BECTHO), TO CYMMY YIJIEBOJOPOOB YCIOBHO MPUHUMAIOT KaK
conepskanue 3trana CoHy 1 TermoTy cropaHusi pacCYMTHIBAIOT 1O (hOopMyTaM, aHAIOTHYHBIM
ypaBHeHusMm (13.14) u (13.15).

Jlyist cpaBHEHUS pa3IUYHBIX BHJIOB TOIUIMBA 110 UX TETUIOBOMY (P (GEKTY BBOAST MOHITHE
YCJIOBHOT'O TOILJIMBA, TEIUIOTA CropaHus KoToporo npuHsara pasHoi 29300 k/[x/kr.
Otnomenne QP manHOrO TOMIHMBA K Qy ;. YCIOBHOIO TOIUIMBA HA3BIBAETCS NMONIUGHbLM
akeusanenmom — J. Toraa amus pacyera pacxoia HaTypaabHOro Tommsa B, B ycnosHoe By 1,
JIOCTaTOYHO BEJIMYUHY By YMHOXHUTH Ha SKBUBAJICHT O, T.€.:

Byr = By:*D = By:+(Q%: / Q1) (13.16)

13.3. MoTtopHble TonmuBa st nopmuesbix ABC.

OCHOBHBIMU MOTOPHBIMH TOIUITMBAMH SIBJISIIOTCS O€H3UHbL U QU3elbHble TOILTUBA, MOJTydaeMble
nyTeM nepepadboTku HehTH. KpoMe 3TOro Takke UCHONB3YIOT Cocamble U CHCUNHCEHHBLE 2A3bl,
cunmemuyecKue moniusa, Ioaydaembie IepepaboTKOM yriis, CllaHleB, OMTYMOHO3HBIX MTECKOB;
chupmbol; dQupbol.

ABTOMOOUIbHBIE OEH3UHBI TPECTABISIIOT COOOK CMECH YTTIEBOAOPOI0B, BHIKUIIAIOIINX B
muana3one remmeparyp 35...205?C u BeipabateiBatoTes cienyrommx Mapok: mo 'OCTy 2084-
77 A-76, A-93 (A-92), AU-95, a Taxxe HeaTrIIMpoBaHHbBIN AW-91; skciopTHBIC OCH3UHBI A-
80, A-92, A-96, ¢ ynyumeHHbIMH 3Ko0Jornueckumu cBoiictBamu — HOPCU AN-80, HOPCU
AUN-92, HOPCU AU-95. Lludps! B Mapke OeH3MHA MOKa3bIBaeT okTaHoBoe uncio (OY), kotopoe
XapaKTEepU3yeT 0emOoHAYUOHHYIO CMOUKOCHb OEH3NHA.

Ju3enbHble TOMIMBA BRIPAOATHIBAIOTCS B OCHOBHOM U3 THAPOOYHUIICHHBIX (hpakiuil mpsaMoit
neperonku Hedtu. B Pocunn BepabaTeIBatOT TpU COpTa AU3EIBHOTO TOILUINBA!

"n" (metHee) — i SKcIuTyatauuu npu temieparype 0?C u Baie;

"3" (3UMHee) - 1715 SKCIuTyaTauuu rnpu remmeparype -20?7C u BbllE;

"a" (apkTHUECcKOe) - Ul SKCIUTyaTaluu rnpu temneparype -50?C u Bblie.

YTrieBo10poIHble ra3000pa3HbIe TOIUIMBA MTPU HOPMAIBHBIX YCIOBHAX TTOAPA3ACISIOT HA
coarcamoie (CIID) u cocuscennsvie (CHI'). B kauecTBe c:xaToro raza uCoib3yIOT IPUPOIHBIHN ra3
(95% merana CHy). CoxukeHHBIE Ta3bl ABISIOTCS IPOIYKTaMH NepepadOTKH MOMYTHHIX Ia30B U
ra30B ra30KOHIEHCATHBIX MECTOPOKICHUN 1 BOCHOBHOM COJIepXkKaT OyTaHIIPOIIaHOBhIE U
OYTHJICHIIPOTIMIICHOBBIE CMECH, HaXOSIIIUECS TPH HOPMAIILHOW TeMITepaType B KUIAKOM
COCTOSIHUH.

OCHOBHBIM IPEUMYIIECTBOM TaK30BBIX TOTUIUB SIBJISIETCS MX YUCTOTA, OOJIEe JISTKHI 3aITyCK B
XOJIOJJTHOE BpeMsi, BBICOKHE IKOJOTMUECKUE KauecTBa.

Tema 14. KoTesibHbIC YCTAHOBKH.
14.1. KoTenbHBbIi arperart u ero 3J1€MeHThI.

Kak y»xe yka3bIBaJIOCh, yCTPOHCTBA, B KOTOPBIX HETIOCPEICTBEHHO BhIpabaThIBAETCs Map U
HarpeBaeTcs BOJa, Ha3bIBAIOT MAPOBBIMU WIIM BOAOTPEHHBIMU KoTiaamMu. Eciu KOsl B
OTONMTENBHBIX KOTEIbHBIX BBIPaOaTHIBAIOT Map JaBjieHueM P

B nmpou3BOoICTBEHHBIX M SHEPreTUUYECKUX KOTEJIbHBIX MO JaBJICHHIO MOTYy4aeMOoro napa
KOTEJIbHBIE arperarsl pa3AesstoTcs Ha cieayromue: Huskoro nasinenus (0,8-1,6 MIla), cpeanero
(2,4-4 MITa), Beicokoro (10-14MIIa) u cBepxBbicOKOr0 naBnenus (25-31Mmna). [TapoBbie
KoTenbHbIe arperatsl ctannaptuzupoBansl ('OCT 3619-76) mo mapameTpam BeIpabaThIBAEMOT0
napa (P u T) u momHocTu.

KotenbHble arperatsl mpou3BoauTenbHocThio 0,01-5,5 Kr/c OTHOCATCS K KOTJIaM Majlon
MOIITHOCTH, TPOU3BOAUTEIHHOCTHIO 10 30 KI/C K KOTJIaM cpeaHeit MomHocTH u 6omnee 30 kr/c
(mo 500-1000 kr/c) — K KoT/1aM OOJIBIION MOIITHOCTH.

Boporpeiinbie KOTibl YHUPHUIMPOBAHBI IO TEIIONPOU3BOJUTENILHOCTH Ha BOCEMb TUIIOB: 4, 6,5,



10, 20, 30, 50, 100 u 180 I'kan/a. KoTibl Temmonpou3BoauTeIbHOCTRIO HIbke 30 ['kan/a
MpeHa3HAYAIOTCS 711 Pa0OTHI TOJIHKO B OJTHOM peskuMe (0CHOBHOM). KoTitb
TETUIONPOU3BOANTENBHOCTHIO 30 I'Kas/d 1 BBIIIE JOMYCKAIOT BO3MOXXHOCTh Pa0OTHI KaK B
OCHOBHOM, TaK U B TMKOBOM PEXHMaX, T.€. B IEPUOJI MAKCUMaJIbHOTO TEIUIONOTPEOICHUS IpU
Han0oJiee HU3KKUX TeMIIEpaTypax HapyKHOTrO BO3/1yXa.

J1J1s KOTJI0B TEIIONpon3BOAUTeNbHOCTHIO 10 30 ['kan/u Temneparypa Boabl Ha BHIXOJIE
npunumMaercs 432 K, a naBienue Bosbl Ha Bxoze B koten — 1,6 MIla. [{ns kotinos
TEIUIONPOU3BOAUTENIbHOCTHIO 30 'kas/u 1 Bblllle MaKcUMalbHasi TEMIIEpPAaTypa BOAbI Ha BHIXOJIE
npunumaercs 450-470 K, a naBnenue Boasl Ha Bxoze — 2,5 MITa.

[To KOHCTPYKIIMU MTAPOBBIE KOTIBI MOXKHO Pa3/IeIUTh Ha JBA TUIIA — 2A30MpyOHble U
6000mpy6Hbie. B Ta30TpyOHBIX KOTIaX OCHOBHBIE TOBEPXHOCTH HArpeBa HaXOIATCsl BHYTPH
UIMHIPUYECKOT0 cocyia OOIBIIOro AUaMeTpa B BUIE TaK HAa3bIBAEMBIX KAPOBBIX HIIU
JBIMOTApHBIX TPYO MIIM Pa3IMYHBIX X KOMOWHAIIHA, IO KOTOPHIM JABIKYTCS TIPOITYKTHI
cropanus TorumBa. Ha puc. 14.1 noka3ansl cXxeMbl KOTJIOB C KapOBBIMU H JILIMOTapHBIMU
TpyOamu.

Pue. 141, Cxemu xaraos

4= MAPOBWIMH  TpvOaMH; G- & gmi-
rapueasn TpyGamMn

Bonee coBeplieHHBIMU SABISIOTCSA BOJAOTPYOHBIE MapoBbie KOTJIbl. OHU UMEIOT Pa3BUTHIE
MOBEPXHOCTH HArpeBa, COCTOSIINE U3 TPYO, 3aI10JIHEHHBIX BHYTPH BO/IOM U MapOBOSTHOM
CMECBIO, a CHapyH 000rpeBaeMbIX NMPOJTYKTaMH cropanus Toriausa. KoTiel oTHOCATCS K
TOPU30HTAIHO-BOIOTPYOHBIM, €CIIM TPYObI PacIoyiosKeHbI IOJ] YTJIOM K TOPU30HTY He Ooee
25°, ¥ K BEPTHKAILHO-BOJIOTPYOHBIM, €CITH TPYOBI HAYT OOJiee KPYTO MIIM BEPTHKAIBHO. B aTHX
KOTJIaX MyTeM M3MEHEHUs yiciia TpyO B IMyYKax U YHUCia CaMbIX MyYKOB YAAJIOCh YBETUYNUTh
IUIOINAb TOBEPXHOCTH HArpeBa, HE yBEINYNBas IUaMeTp UX 0apabaHOB, UTO B CBOKO OYEPEb
JIaJI0 BO3MOKHOCTD ITOJIYYHUTh B 3TUX KOTJIAX Map BBICOKOTO AABJICHUS.

ITpu paboTe mapoBOro KoTjia O4eHb BaXXHO 00ECIIEYUTh HA/IEKHOE OXJIAKICHHUE TTIOBEPXHOCTEH
Harpesa, B KOTOPBIX MPOUCXOJUT mapoodpazoBaHue. [ 3Toro He06X0IMMO COOTBETCTBYIOLIUM
00pa3oM OpraHu30BaTh JABHKEHUE BOJIbI U MAPOBOSHONW CMECH B HCTIAPUTENbHBIX
MOBEPXHOCTSAX Harpena. [1o xapakTepy opraHu3anuu IBHXEHHU paboyero Tena B
UCIIAPUTEIbHBIX MIOBEPXHOCTSIX KOTEJIbHBIE arperaThbl AeATCS Ha TPU THUIIA:

1. c ecrectBeHHOM upkKyisnuei (puc 14.2,a);

2. C IpUHYIMTENHLHOU HUpKyIsiuei (puc 14.2,6);



3. TpSAMOTOYHEIE.
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Puc. 14.2. Cxemu xotaos

U==C CCTeCTBenwHON  uMpKyanumer; 6 —c¢
HPHUYANTCALNQN  UKpKYasulefi. [ — Gapa-
GaN; 2 — MCDADHTCABHIE NOBCPXHOCTH, J —
aponcperpesareas; 4 — yaonoxanscp; 5 -—
BOSAYNONOAOIPCBATEND

[IpuHnunuaneHas cxema NpsIMOTOYHOTO KOTJIa oka3aHa Ha puc 14.3. [luraTenbHas Boaa
noJaeTcs B KOHBEKTUBHBIN SKOHOMaif3ep 6, TJie OHa MoIorpeBaeTcs 3a cyeT Teria ra3os, U
MOCTYIAET B 9KPaHHBIE TPYOBI 2, BEITIOTHEHHBIC B BU/IE TTAPAIIETFHO BKIFOYEHHBIX 3MEEBHKOB,
pAacIoNIO’KEHHBIX HA CTEHaX TOMOYHOM Kamephl. B HIKHEH yacTu 3MeeBUKOB BOJ1a HATPEBAETCS
110 TeMreparypsl Hacklmenus. [lapoodpazoBanue 1o creneHu cyxoct 70-75% MpoucxoauT B
3MEEBUKAaX CPEeJIHEr0 ypOBHs pacrosioxkeHus. [lapoBoisiHas cMech 3aTeM MOCTYIAeT B
NEPEeXOHYI0 KOHBEKTUBHYIO 30HY 4, T]Ie IPOUCXOAUT OKOHYATEIBHOE NCTIAPEHHE BOJIBI U
YacTUYHBIN neperpes napa. M3 nepexoHoi 30HbI Tap HaNpaBiIsIeTcs B paJualliOHHbIN
neperpeBaresb 2, 3aTeM JIOBOIUTCS JI0 3aJJaHHOW TeMIIepaTyphl B KOHBEKTHBHOM TIeperpeBaresie
3 ¥ mocTynaer Ha TypOuHY. B onmyckHOM 11axTe KOTioarperara pacroioXeHsl neppas (1o Xomy
ra3oB) U BTOpas CTYINEHU S U 7 BO31yXOIO0TpeBaTeIs.
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Puc.14.3. Cxema npamorousoro KoT-

Joarperara

f WHAHAN  PAJHUUHHOHILIY 30Tl Heltapw-
TCALHOR MODCPXUOCTH  uarpens: 2 - pasua
IWHOnH R NePLrpUBaTeab; 4 - KOWDUKTHRH AN
TALTh  MAROICPCr pesaTean; 4 HOBUPDXHOCT R
narpesa Avpexodued  soHL: 5 7 - aepaasn
HBTOPad CTVICHH  B0JAVXOHO IO PG IATUAN;
A RUHBCKTHBITI FLOHOMA LD & ro

peara

K OCHOBHBIM 3J1€MEHTaM KOTEJIbHBIX arperaToB OTHOCATCS MapoleperpeBaTeiin, 3KOHOMan3epsl
Y BO3J1yXOIIOJ0IPEBATEIIH.

ITaponeperpeBarenb npeacTaBiseT co00i 3MEEBUKOBYIO TOBEPXHOCTh TEINIOOOMEHA,
IIpEeAHA3HAYEHHYIO JJIs [IeperpeBa napa, oJIlyd4eHHOTO B MUCITAPUTEIbHON YaCTH KOTEIBHOTO
arperata. [lap nBuxkercs BHyTpH TpYOOK, OMBIBA€MBIX CHAPYKH JIBIMOBBIMH Ta3aMH.
[TaponeperpeBaTenb — HEOTBEMIIEMBIN AIEMEHT SHEPreTHUECKUX KOTENBHBIX arperaros. Eciaun
JUISL HEKOTOPBIX TEXHOJIOTMYECKUX MPOLIECCOB TPeOYeTCs MeperpeThlil map, To KOTeIbHbIE
arperaTbl MaJIol U cpe/iHeil MOIIHOCTH TaK)Ke CHA0XKaloT aporeperpeBaTesiMu.

Boasinbie 3KOHOMAaM3epbl ITPEAHA3HAYEHBI JIUIS IOI0IPEBA MUTATEILHON BOBI 10 MOCTYIUICHHS
€€ B UCIIapUTENbHYIO YaCTh KOTEJIBHOIO arperara. IIpenBapurenbHbIil OI0rpeB BOJBI 38 CYET
TEIJIOTHI JBIMOBBIX I'a30B cyniecTBeHHO yBennunBaeT KII/[ korensHOTrO arperara .

B 3aBUCHMOCTH OT IPUMEHSAEMOT0 MaTeprala YdKOHOMAaNW3€EPhl IENSTCS Ha YyT'YHHBIE U
CTaJIbHBIE, 10 TUITY IOBEPXHOCTH — HA peOpUCTHIE U TTIAAKOTPYOHBIE, IO CTENEHH MOJ0TPeBa
BOJIbI — HA HE KUIIAIINE U KUISALIHE.

Bo3nyxomoxorpesareiu. B otnnune oT BOASHOTO SKOHOMaM3epa 1 naporeperpeBarelis
BO3/yXOIIOAOIPEBATENb. OTHUMAs TEIJIOTY OT YXOAIIMX ABIMOBBIX Ia30B U YMEHbIIAsl TAKUM
00pa3oM MoTepHU ee C STUMU ra3aMu, HEMOCPEJICTBEHHO OTHSATYIO TEIUIOTY HE NepeacT
pabGouemy Temny (Boje WiH napy). I'opsumii Bo3ayX, HarpapJisieMblid B TONKY KOTJIA, YJIy4IlIaeT
YCIIOBHSI CTOPaHUS TOIUIMBA, YMEHBIIAET MOTEPU TEIJIOTH OT XUMHUYECKON U MEXaHUYECKOMN
HETOJIHOTHI CTOPaHMs TOIUIMBA, MOBBIIIAET TEMIIEPATypPy €ro TOPeHHsl, UHTEHCU(PUIIPYET
TeriooOMeH, uto B urore nossimaet KI1J[ ycranoBku. B cpenneM nonmxkenue remnepaTypbl
yxoasmux razoB Ha kaxable 20-25 K noseimaer KIT/ nmpumepno Ha 1%.

14.2. BcnomorarejibHOe 000py10BaHHE KOTEJIbHON YCTAHOBKH.

CenapanuoHHble ycTpoiicTBa. BiaxHblil HachIIEHHBIH Map, moyiydaeMblii B OapabaHe
KOTJIOArPeraToB HU3KOIO M CPEJTHETO JaBJICHUI, MOKET YHOCUTH ¢ COOOM Karlii KOTIOBOM
BOJIbI, COZiep Kallleil paCTBOPEHHbIE B HEW cosii. B KoTiioarperatax BHICOKOTO U CBEPXBBICOKOTO



JABJICHUI 3arpsi3HEHUE Mapa 00yCIaBINBACTCS €Il U JOTIOJTHUTEIHHBIM YHOCOM COJIEH
KPEMHHUEBOM KUCIOTHI M COEIMHEHUN HATPUs, KOTOPbIE pacTBOPSAIOTCS B Mape.

[Ipumecu, yHOCHMBIE C TApOM, OTKJIQ/IBIBAIOTCS B MapONeperpeBaTelie, YTo KpaitHe
HEXKeJaTeJIbHO, TaK KaK MOKET MPUBECTH K Mepexory Tpyo naponeperpesareis. [loatomy map
nepes BBIX0I0OM 13 OapabaHa KOTia MOJBEPraeTcs cenapayuu, B mporecce KOTOpoi Kariu
KOTJIOBOI BOJIBI OTAEJSIOTCS M OCTatoTcsl B 6apabane. Cenapaius mapa oCyIiecTBIseTCs B
CIIELUATIBHBIX CEMAPUPYIOIINX YCTPONUCTBAX, B KOTOPOM CO3JAI0TCS YCIOBUS JJII €CTECTBEHHOTO
WJIM MEXaHUYECKOT0 pa3/ieJIeHHs BOJbI U Hapa.

EctecTBeHHas cenapaius MPOUCXOIUT BCIICACTBUE OOJBIION PA3HOCTH TUIOTHOCTEH BOMIBI U
napa. Mexann4yeckuil HHEpIIMOHHBIN MPUHIUI CeMapalii OCHOBAH Ha Pa3JInYMU HMHEPIIMOHHBIX
CBOMCTB BOJISIHBIX Kameib U Mmapa Mpu pe3KOM YBEJIMUYEHUH CKOPOCTH U OJJHOBPEMEHHOM
M3MEHEHUU HaMpaBlIeHUs WM 3aKPYyYMBaHUA MTOTOKA BIAXKHOTO Hapa.

Ha puc 14.4 noka3anbl NpUHIIMIHAIBHBIE CXEMbI CETAPUPYIOIINX YCTPOUCTB.

TaroayrbeBble yeTpoiicTBa. J{1s1 HOpMalIbHOI pabOThI KOTEIBHOIO arperara HeoOXo UMbl
HEIpepbIBHAS M0j1a4a BO3/yXa JJIs TOPEHUsI TOIJIMBA U HEMIPEPHIBHOE yIaJIEHHE MTPOIYKTOB
CTOpaHHsL.

Puc. 14.4, Cxemsl cenapauHoHHbIX YCTPONCTR

a4 -- TOrpyXMHOR JAbipuaThifi MKT: [ — ALPYATLIN WHT, 2 — NAPONPHEMHLIR ARPYATHIT WHT, 6 -
OTOOMHLIe 1T pacnpeIcANTeaAblible UWHTH:  { — Oor6OfAHLIA  WHT; 2 — naponpHeMublit  AbIpUATHIA
WHT, & — Waasudusii cenapartop: [ — orGofibifl WHT; 2 - - MaA3MAHLIE cemapaTtop; J — na-
POOPHCMHBIE ABPUATHIY UIHT, & —— UHKJAOHEBLI Cenapatop: / — UHKAOH; 2 — RapoupHeMibit abip-
GATHI KT

B coBpeMEHHBIX KOTEJIBHBIX YCTAHOBKAX IIUPOKO PACIPOCTPAHEHA CXEMA C PA3PEKEHUEM T10
razoxonaM. K HeocTaTkaM 3TOM CXEMBI CIIeyeT OTHECTH HAIMYUE IIPUCOCOB BO3/1yXa B
ra300TXO/Ibl Yepe3 HEIJIOTHOCTH B OTPAXKIECHUSX U PadOTY ABIMOCOCOB Ha 3albUICHHBIX ra3ax.
JIOCTOMHCTBO TaKOM CXEMbI — OTCYTCTBHE BHIOMBAHUS U yT€UEK BIMOBBIX Ta30B B MTIOMEIICHUE
KOTEJIbHOM, TaK KaKk BO3/{yX B TOIKY HarHETA€T BEHTWIATOP, a AbIMOBBIE I'a3bl YIAISAET IBIMOCOC.
B nocnennee BpeMs B MOIHBIX SJHEPIETUUYECKUX KOTEJIBHBIX YCTAHOBKAX IIMPOKO IIPUMEHSIETCS
cxema ¢ HaayBoM. Torka ¥ BECh Ta30BBIM TPAKT HaXoAsATCs o naBieHueM 3-5 klla. JlaBnenue
CO3/J1a€TCsl MOIIIHBIMUA BEHTHJISITOPAMU; JIMOCOC OTCYTCTBYET. OCHOBHOM HEIOCTATOK ATOU
CXEMBI — TPYJAHOCTH, CBSI3aHHBIE C 00ECIIeYeHUEM HaJIeKAIEH TEPMETUYHOCTH TOTIKH U
ra30Xx0J0B KOTEJIbHOT'O arperara.

Jnst mosrydeHust TSITu HeOOXOMMO YBETTUYUBATH BHICOTY TPYOBI HUIM TEMITEPATYPY YXOISIIHX
ra3oB. OJIHAKO MPU UCTIOTIB30BAHUH JIFOOOTO U3 ITUX CIIOCOOOB HEOOXOAUMO UMETh B BH]Y, YTO
BBICOTA TPYOBI OrpaHUYCHA €€ CTOMMOCTBIO U MPOYHOCTHIO, a TEMITepaTypa ra3oB —
ontumanbHbiM 3HaueHHEeM KIIJ[ koTenbpHO# ycTaHOBKHU. [109TOMY OONBITUHCTBO COBPEMEHHBIX
KOTEJbHBIX YCTAHOBOK 000PYIYIOT MCKYCCTBEHHOU TATOM, JIJISt CO3aHUSI KOTOPOH MPUMEHSIOT
JIBIMOCOC, TIPEO/I0JICBAIOIIHNI COMPOTHBIICHUE T'a30BOT0 TPaKkTa. B 3TOM cirydae BBICOTY TpyObI
BBIOMPAIOT B COOTBETCTBUH C CAHUTAPHO-TEXHUIECKUMHU TPEOOBAHUSIMU.

Hanop Bo3ayxa, co3gaBaemblii BEHTHUIATOPOM, TAKXKE CIEAYET ONPEAEIATh HA OCHOBAHUU
a’pOIMHAMUYECKOT0 pacyeTa BO3yLIHOTO TpakTa (BO31yX0BOI0B, BO3AYXOIOA0IpPEBaTENs,
TOPEJIOYHOTO YCTPOUCTBA U T.].) MakcuMabHBINA HANIOp BEHTHIIATOPA AOKeH ObITh Ha 10%



6onbie (B2=1,1) moTeps Hamopa B BO3YIIIHOM TPaKTe KOTEIBHOIO arperara.

OcHoBBI Bo0onOATroTOBKU. OIHON N3 OCHOBHBIX 3ajjay 0€30IacHOM SKCIUTyaTallui KOTEJIbHbIX
YCTaHOBOK SIBJISIETCSI OPraHU3allks paliMOHAIbHOIO BOJAHOIO PEXKUMA, IIPU KOTOPOM HE
o0Opa3yeTcs HaKuIlb Ha CTEHKAX UCIApUTEJIbHBIX IOBEPXHOCTEH HarpeBa, OTCYTCTBYET UX
KOppO3usl U 00eCIeurBaeTCsl BEICOKOE KauecTBO BeIpabaTeiBaeMoro napa. Ilap,
BbIpabaThIBaeMblil B KOTEJIbHON YCTaHOBKE, BO3BpAILAeTCs OT NOTPeOUTENs B
KOHJICHCHPOBAHHOM COCTOSIHUH; TIPU 3TOM KOJIMYECTBO BO3BPAILIAEMOI0 KOHJICHCATa OOBIYHO
ObIBaeT MEHbIIIE, YEM KOJIMUYECTBO BBIPAOOTAHHOI'O Mapa.

[Torepu KOHIEHCATa M BOABI IPH MPOYBKE BOCIIOJIHSIOTCS 32 CYET JOOABKH BOJBI U3 KAKOTO-
a100 NCTOYHMKA. DTa BOAA JOJKHA OBITh COOTBETCTBYIOLIMM 00pa3oM MOJATrOTOBJIEHA 10
NOCTYIUIEHUS B KOTEJIbHBIN arperaT. Boga, npoieamas npeaBapuTeabHyto NOATOTOBKY,
Ha3bIBAETCS 006a60UHOl, CMECh BO3BPAIIAEMOr0 KOH/IeHcaTa U 100aBOUYHON BOJIbI —
numamenbHou, a BOJA, KOTOpas LUPKYIUPYET B KOHTYPE KOTJIA, KOMA0GOU.

Ot KauecTBa NUTATENBHOMN BOJBI 3aBUCUT HOpMaJlbHasi paboTa KOTEIbHbIX arperatoB. Gu3uko-
XUMHUYECKHE CBOMCTBA BOJIbI XapaKTEPU3YIOT CJIEAYIOIINE TOKA3aTEIN: PO3PAYHOCTb,
CoJIepKaHNe B3BEILICHHBIX BEILECTB, CyXOH OCTaTOK, COJIECOIEPKaHUE, OKUCISIEMOCTb,
KECTKOCTb, IICTIOYHOCTh, KOHLIEHTPAIUs pacTBOPeHHBIX ra3oB (COzu O,).

[Tpo3payHOCTh XapaKTepU3yeTcs HAIMYMEM B3BELICHHBIX MEXaHMUYECKUX U KOJUIOUTHBIX
IpUMecel, a cofiepKaHKNe B3BELIEHHbBIX BELLECTB ONPEAEISAET CTENEHb 3arps3HEHUS BOIbI
TBEPJbIMU HEPACTBOPUMBIMU IPUMECSIMH.

TonauBonogaya. /{ist HopmansHOU U OecriepeOoitHOI paboThI KOTEIBHBIX YCTAHOBOK
TpeOyeTcst, YTOObI TOIIMBO K HUM 10/1aBajoCh HenpepbiBHO. [Iponece nogauun Tormsa
CKJIa/IbIBAETCS U3 JIByX OCHOBHBIX 3TaIloOB: 1) Iojjaua TOMIMBA OT MECTa €ro 10ObIUM Ha CKJIaJlbl,
pacIoyio’keHHbIE BOJIM3HM KOTEJIbHOM; 2) I0/Jjaua TOIUIMBA CO CKJIaZI0B HEMOCPEACTBEHHO B
KOTEJIbHBIE [IOMEIICHHUS.

OumncTka AbIMOBBIX Fa30B M y/AaJleHHe 30J1bI M Hu1aka. [Ipy cropanuu TBepAOro TomiMBa
oOpasyetcsa MHOro 30ibl. [Ipu cii0eBOM npouecce cKUraHusi OCHOBHAs 4aCTh MUHEPAJIbHBIX
npumeceit Torusa (60-70%) npeBparaercs B IUIaK U MPOBAMBACTCS Yepe3 KOJOCHUKOBBIE
pELIETKH B 30JbHUK. B IblIeyronbHbIX TONKax 0osbiias yacThb (75-85%) 305161 yHOCHTCA U3
KOTJIOArPEraToB C JbIMOBBIMH Fa3aMH.

B Hacrosiiiee Bpemsi B KOTEIbHBIX IPUMEHSIOT CJIEIYIOIINE TUIIBI 30J10yI0BUTENEH: 1)
MHEPIHOHHbIE MEXaHUUYECKHE; 2) MOKpBIE; 3) 31eKTPOPMIBTPHI; 4) KOMOMHUPOBAHHBIE.
WuepunoHHbIe (MEXaHUYECKHUE) 30JI0YJIOBUTENN PabOTAIOT MO IPUHLIMITY BBIJEJIEHUS 30JI0BbIX
YaCTHUL U3 Fa30BOr0 ITOTOKA MO/ BIUSHUEM CHJI HHEPLIUU.

B Hacrosiiiee Bpemst MpPOKO IPUMEHSIOTCS 30J10yJIaBUTENN MOKporo tumna. Ha puc.14.5
MOKa3aHa cXxeMa MOKpPOTro 30JI0yJIaBuTels (ckpyOOepa) ¢ HUKHUM TaHT€HIIMAJIbHBIM 110ABOJAOM
3aIbUICHHOTO rasa.



Puc.14.5. Cxema uenrpobexnoro
ckpyOOepa koncTpykunn BTH
1-xopnyc; 2-exonuoit narpybok;
3-knanas; 4-KoJUTeKTOp NORoaAa
BOZIbL, S-OpPOCHTEJIbHBIE COMUIA.

HpI/IHHI/IH I[CI\/JICTBI/IH 3J'I€KTpO(1)I/IJ'II)TpOB 3aKJII049acTCA B TOM, YTO 3albIJICHHBIC Ta3bl IIPOXOAAT
yepes3 IEKTPUUECKOoe 1oJie, 00pazyeMoe MeX1y CTAIbHBIM LIHJIMHIPOM (ITOJI0KUTENbHBIN
M0JIFOC) ¥ TIPOBOJIOKON, IPOXOAIIEH 0 OCH LIMIUHAPA (OTpULIaTeNbHbIN Not0c). OCHOBHAs
Macca 4acTHIL 3016l MOJTy4aeT OTpULaTeIbHbIN 3apsa U IPUTATUBAETCS K CTEHKaM LIWIMHIPA,
HE3HAYUTCJIIbHAd 94aCTh YaCTUI 30JIbI ITOJIy4acT MMOJ0KUTEITbHBIN 3apAd U NPpUTATUBACTCA K
npoBoJjioke. [Ipu nepuoguueckoM BCTPSAXUBAHUU 3IEKTPOPHIBTPA dIEKTPOIbI OCBOOOKIAIOTCS
OT 30J1bl. DJEKTPOPUIBTPBI IPUMEHSIOT B KOTEIBHBIX C pacX0J0M JAbIMOBBIX T'a30B Oosiee 70000
M>/d, OTHECEHHBIX K HOPMATBHBIM yCIIOBHSIM.

KomOuHMpoBaHHBIE 30JI0YJIOBUTENH SIBISIFOTCS IBYXCTYIIEHUAThIMU , TIPYU 3TOM padoTa Kask01
CTYIEHHM OCHOBaHa Ha pa3IMYHBIX MpUHIUNAX. Yale Bcero KOMOMHUPOBAHHBIN 30JI0YJIOBUTEIh
COCTOMT U3 OaTapeHOro IMKJIOHA (TiepBasi CTYNEHb) U 3JeKTPOUIbTpa (BTOpas CTYNEHb).
ITpouecc 3o0o01IaK0yJaIeHAs MOKHO Pa3/IeIUTh Ha JBE OCHOBHBIE ONlEpallui: OYMCTKA
IIJIAKOBBIX U 30JIbHBIX OYHKEpPOB M TPAHCIIOPTUPOBKA 30JIbI U LIUIaKa Ha 30JI00TBAJIbI WU
HIJTaKOOETOHHBIX U3JIENIUH.

14.3. TenJioBoii 6aj1aHC KOTEJIBLHOIO arperara.

TerutoBo# OaTaHC KOTEIBHOTO arperara yCTaHaBIMBACT PAaBEHCTBO MEXKIY MOCTYIAIOIINM B
arperar KOJMYeCTBOM TEIUIOTHI U €ro pacxooM. Ha ocHoOBaHMM TeMIOBOTO OanaHca
OTIPENIETISIIOT PACXO/]T TOTUIMBA U BBIYUCIISIIOT KOA(DPHUITMEHT TOJIE3HOTO ICUCTBHS,

3¢ (HEeKTUBHOCTH pabOTHI KOTEIHHOTO arperara.

B koTenbHOM arperare XMMHUYECKU CBS3aHHAS SHEPTHUS TOILIMBA B MPOIIECCE TOPCHHMS
npeodpaszyeTcs B PU3NYECKYIO TEIJIOTY TOPIOYUX MPOIYKTOB CrOpaHus. ITa TeIioTa
pacxoayeTcsl Ha BRIpaOOTKY W TIeperpeB Mapa Wik HarpeBaHus BOJIbI. BeieacTBre Hen30eKHBIX
MOTeph MpH Niepeade TEIUIOTHI U IPeoOpa3oBaHus JHEPTHH BhIpaOaThIBAEMbI MPOAYKT (TIap,



BOJIA U T.JI.) BOCHPUHUMAET TOJBKO YaCTh TEIUIOTHI. J[pyryto 4acTh COCTaBIISIOT IIOTEPH,
KOTOPBIE 3aBUCAT OT 3(PPEKTUBHOCTH OPTaHU3AIUHU TIPOLIECCOB MTPeoOpa30BaHUsI SHEPTUU
(coxuraHMs MOTIIMBA) U IEPEIavyl TeIIOTHI BHIPA0aThIBACMOMY MPOIYKTY.

VYpaBHEeHHE TEIUIOBOTO OanaHca i yCTAaHOBUBIIETOCS TEINIOBOTO COCTOSIHUSA arperara
3aMMCBIBAIOT B CIEAYIOIIEM BUJIE:

Qpp:Ql+ Qn

NN

Q"p=Q1+Q2+Qs+Q4+Qs5+Qs (14.1)
rae Q°p — Terora, KOTOPOii pacmonarart; Q1 — UCMOIB30BAHHAS TEIIOTA; Q; - O0IIME MOTEPH;
Q2 — moTepH TEIUIOTHI C YXOAAIIUME razaMu; Q3 — MOTEPH TEILIOTHI OT XUMUYECKOTO HEJIOKOTa;
Qs — moTepu TEIIOTHl OT MEXaHMYECKON HEMOJIHOTHI cropanusi; Qs — HOTEpH TEIIOTHI B
OKpYXaroIIyto cpeny; Qs — MOTEpH TEIUIOTHI ¢ GU3UUYECKON TEIJIOTOH MIITAKOB.
JleBas nmpuxoaHas 4acTh ypaBHEHUs TeruioBoro Oananca (14.1) sBiusercs CyMMOH CIIeIyIOMuX
BEITUYMH:

Qpp:QpH+QB.BH+Qnap+Q¢)n3.T_ (142)

rae Qg sy — TEIUIOTA, BHOCMMAs B KOTJIOArperaT ¢ BO3/1yXOM Ha | KI TOIUIMBA; 3Ta TEIJIOTa
YUUTBIBACTCS TOTJA, KOT/Ia BO3/IyX HArpeBaeTcsl BHE KOTEIBLHOTO arperata (Hampumep, B
MapOBBIX WJIH JIEKTPHUYECKUX Kanopudepax, yCTaHaBIMBAEMBIX JI0 BO3yXOIOIOTPEBATEIS);
€CJIM BO3JIyX HarpeBaeTcs TOJIbKO B BO3JlyXOHarpeBarelse, T0, TeII0Ta He YIYUTHIBAeTCs, TaK KaK
OHa BO3BPAIIAeTCs B TONKY arperara; Qpap - TEMI0Ta, BHOCUMAsI B TOIIKY C IyThEBbIM
(opcyHouHbIM) napoM Ha 1 Kr MOTIMBA; Qgus . - PU3HUECKas TemioTa 1 xr wim 1 M TOILIHBA.
TemnoTy, BHOCUMYIO C BO3YXOM, PaCCUUTHIBAIOT 10 PABEHCTBY:

QB.BH = Blvocp/(Tr.BS - TX.BS)l . (143)
rjae B/ - OTHOLIEHHE KOJMYECTBA BO3/[yXa Ha BX0JI€ B BO3/JyXOIOA0IPEBATENb K TEOPETUUECKU
HE0OXO0MMOMY; cplz 1,33 KI[)K/(M3~K), npu Temneparype Bo3ayxa a0 600K; Try;, Txps —
TEMIEPATYPhI TOPSIYETO O XOJIOTHOTO BO3/1yXa, 00BIYHO Ty 5; = 300K.
TemnoTy, BHOCUMYIO C TApOM JUIsl paciblIeHHs Ma3yTa ((GOopCyHOUHBIN Nap), HAXOAAT MO
bopmye:

Quap = Wy (ip 1) ,. (14.4)

rne Wy, — pacxog popcynounoro napa, pasusiii 0,3-0,4 Kr/Kr; i — S9HTaIBNNSA GOPCYHOUHOTO
napa, kJ[>k/Kr; r — Teruiota napooopazoBaHus, KJ/Kr.
®dusnueckas Temiora | Kr Toniausa:

Qgusr. = ¢r (Tr — 273) , . (14.5)

/i€ C; — TEeII0EMKOCTh TorunBa, kJ[x/(kr- K); T; — reMneparypa Tomnnusa.
Ecin npenBapuTeNbHBIN IOAOIPEB BO3yXa U TOIUIMBA OTCYTCTBYET U Map JJIs PaclbUICHUS
ToIuTHBA He ucnoib3yercs, To QFp=QP,.



Tema 15. Tono4Hble yCTPOHCTBA.
15.1. Tono4HbIe ycTpoiicTBAa.

Tonka — oJJH U3 OCHOBHBIX 3JIEMEHTOB KOTEJILHOTO arperata. B Heil mpoucxoIuT mporece
TOPEHUs, IIPU KOTOPOM XUMHUYECKasi JHEPTUs TOIUIMBA IPeo0pa3yeTcs B TEILIOBYIO SHEPTHUIO
HPOLYKTOB CrOpaHus, IIEpeNaBaAEMYIO Jajle€ )KUAKOCTH U apy, HaXOOAIIUMCA B KOTIIE.
CyIecTBYIONIHME TOMOYHBIC YCTPOMCTBA MOXKHO Pa3JICNIUTh HA Cl0e8ble U KAMEPHbLE.
CioeBble TONKYU MTPEIHA3HAYCHBI JJIs1 COKUTAHUS TBEPIOTO TOTUIMBA B CJI0€ Ha KOJIOCHUKOBOU
pemeTke. B kKaMepHBIX TONMKAX CXKUTaeTCs TBEPI0€ TOIUIMBO BO B3BEIICHHOM COCTOSIHHH B
BUJIE MBUTH U JPOOJICHBIX YACTHII, a TAKXKE JKUKOE, PACIBUISIEMOE C IIOMOIINBI0 POPCYHOK, U
razoo0pasHoe. KamepHblie TOKY MOpa3ACISIIOTCS Ha hakebHble U 8UXpesble.

Ha puc.15.1 nmokazanbl cCXeMbI CII0€BOTO, ()aKeTbHOTO U BUXPEBOTO CIIOCOOOB CXKUTAHUS
toruuBa. [Tpu ciioeBoM criocobe cxxuraHusi HeOOXOAUMBIH JJIsi TOPEHUS BO3IIYX IMONAIAeTCs K
CJIOIO TOIUIMBA Y€pe3 KOJIOCHUKOBYIO PEIIETKY.

a)

1

q”?’a -

R
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Puc. 15.1. Cxempt ciocoGoB CKHrauun TBeploro ToOAHBA

¢ — caocnolt;, 6 — akenpusiil; 8 — BUXPCBOil; | — TooARBO, 2 — BOAAYX
[Ipu dakenbHOM crtoco0e CXKUTAHKS TBEPA0E TOTUIMBO MPEABAPUTEIIHFHO Pa3MalIbIBAETCS B
MEJIbHUIIAX U MBLTh BMECTE C BO3IYXOM (a9pOCMeCh) MonaacT B TONKY. Bpems mpeObiBanus
rasa v IbUTH B 00beMe TONKK He3HauuTeabHO (1,5-2 ¢).
[{ukIOHHBIN CIOCOO CHKUTaHUsI OCHOBAH Ha MCIOJIb30BAHUN 3aKPYUEHHBIX TOTIMBOBO3TYIIHBIX
NOTOKOB. TpaHCOPT TOIIMBA OCYHIECTBISAETCA BO3AYXOM. TOIUIMBHBIE YACTULIBI ITUPKYIUPYIOT
0 OTPEJICICHHBIM TPACKTOPHSIM B TEUCHUE BPEMEHHU, HEOOXOIUMOTO JIJIsl 3aBEPIICHUS UX
cropanus. [Tox geiicTBreM EHTPOOESKHBIX CHJT YACTHIIBI ABHKYTCS B BHJIE YIIJIOTHEHHOTO
MIPUCTEHHOTO CJIOS, UHTEHCUBHO MEPEMEIINBASCH C BO3IyXOM. BpeMst npeOriBaHuUs YacTHI] B
[IUKIIOHHOM KaMepe BHIOUPAETCs TOCTaTOUHBIM JIJIsl BRITOPAHUS TPyO0ii MbutH (pa3Mep 4acTull —
200 MKM) Ui ApOOJICHOTO TOTUTHBA (pa3Mep YacTHIl 10 5 MM).
CaoeBble Tonku. [1o ciocody Mexanuzamnuu onepamnuii o0cnyxuBanus (1oj1aya TOTUINBA,
IIMPOBKA CJIOA, yIaJeHHE 30JIB U IIJIaKa) CIIOEBBIC TOTIKH JICTSATCS Ha PyYHbIE
(HeMeXaHU3MPOBaHHbIE), MOJyMeXaHHYeCKHe U MeXaHu4ecKue. B momyMmexaHnueckux
TONKaX MEXaHU3UPOBaHA YacTh Onepalnuii. B MexaHnuecKnx TOmKax MeXaHU3UPOBAHBI BCE
OTEepaLNH.
Knaccudukannmu Hanboee THMUYHBIX U OTHOCUTEIFHO IMIMPOKO PACTIPOCTPAHECHHBIX TOTIOYHBIX
YCTPOMCTB CO CJIIOEBBIM CKUTAaHUEM TOIUIMBA MMOKa3aHa Ha puc.15.2.



Puc. 152, CxeMbl CROEBEIX TONOK

! - - TONAHBED, 2 — DOSAYX, J -- DPOAYKTH CrODAHHR. 4 - DUATORBE OCTATHH
B 3aBucuMocTH OT crioco6a opraHu3aiuy nporecca COKUraHus TOIJIMBA CIIOE€BbIE TOMKH MOYKHO
pa3enuTh Ha TPU IPYIIIbL:

1) ¢ HEMOABMXKHOW KOJIOCHUKOBOM PEIICTKOM U HEMOBIKHBIM CJIoeM TorutuBa (puc.15.2,a, 6);
2) ¢ HEMOJABUKHON KOJIOCHUKOBOM PEIIETKOM U NepeMELEHUEM TOIUIMBA 110 pereTke (puc.15.2
8, 2, 0);
3) ¢ MOABM>XHOM KOJIOCHUKOBOM PEIIETKON U JBUKYIIUMCSI BMECTE C HEH CJI0EM TOTUIMBA
(puc.15.2 e).
B noka3annyto Ha puc.15.2,a TONKY TOIUIMBO 3arpyaroT BPYUHYIO U BPYUHYIO YAAJSIOT
0YaroBbl€ OCTATKH Yepe3 30JbHUK. M3-3a 00Jb1110# 3aTpaThl (PU3UYECKOTO TPy/1a TOKH 3TOTO
THUIIA UCTIONB3YIOT TOJIBKO JIJISl KOTJIOB MaJIo maporpou3BoauTenbHocTh (10 0,5 Kr/c).
Ha puc.15.2,6 nokazana noixymexaHnudyeckasi TOIKa ¢ THEBMOMEXaHUYECKUM 3a0pachiBaTesieM
(IIM3) (puc.15.3) u pyussiMu noBopaunBaromuMucs konocHukamu (PIIK).
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Puc. 153.  [IHeBMOMexaHHYeCKHME 3a-
fpacHEaTe L TONAHBA

f — Gynxep; 2 — nHTatens: 3 — poropunl
METATCAL; 4 — COMAOBasi peUleTHE

TormumBo 3abpaceiBaercs nutareneM [IM3 u paBHOMEpHO pacipenenseTcs 1o pemeTke,

VY angroT o4aroBble OCTaTKU MTyTeM UX cOpachIBaHUs B 30JIbHBIN OYHKEp MPHU IIOBOPOTE
KOJIOCHUKOB OKOJIO CBOEH OCH OT Py4HOro npuBoja. B Tonke, nokazanHoi Ha puc. 15.2, ¢,
3arpy3ka OCyIECTBIISIETCS 1101 BO3/IEHCTBUEM COOCTBEHHOTO Beca TOMIMBA. TONKY ¢ HAKIIOHHOM
pemetkoii (¢ yrinom 40-50, 4TO COOTBETCTBYET YIUIy €CTECTBEHHOTO OTKOCA CKUTAEMOT0
TOIIMBA) UCTIOJIB3YIOT OOBIYHO I CKUTAHUS APEBECHBIX OTXOJI0B M KYCKOBOTO TOopda.



BosBpaTHo-nocTynaTenbHOe JBUKEHNE KOJIOCHUKOB Ha HAKJIIOHHO-TIEPETATKUBAIOIIEH pPellIeTKe
(puc. 15.2,2) naeT BO3MOKHOCTh OCYIIECTBUTH HETIPEPBHIBHYIO IIIYPOBKY CJIOS TOTUTMBA, B Takux
TOTKaX BO3MOXHO CYKHTaHUE TOPIOYUX CIAHIIEB, OYPBIX Yl ¢ OONBIINON 30JbHOCTHIO H
MOBBIIICHHON BJIQKHOCTBIO M KAMEHHBIX YTJI€H ¢ OOJBIINM BBIXOJIOM JIETYYUX BEIECTB.

Tomnku ¢ mypyromiei miankoit (puc. 15.2,0) npenHasHaueHbI ISl CKUTAHUS MHOT'O30JIbHBIX
OypbIX U HecneKarmuxcst kameHHbIX yrieil. Llypyromas rmianka BoIIONHSAETCS B BUC
TPEXIPAaHHON IPU3MBI U3 JIUTOTO YyT'YHA WM CTAJIU. YTOJ HAKJIOHA MEPEIHEN MIIOCKOCTH K
TOPU30HTAIILHOM TIJIOCKOCTH cOocTaBisieT 35, a 3agueit — 15. [lpu nBrwkennn Buepen (K 3aaHeH
CTEHKE TOIKH) TOIUIMBO MOIPE3aeTCs 3aIHEM IPaHbl0 U OCYILECTBISACTCS IYPOBKA TOPSIIETO
CJIOSl TOTLITMBA.

KaMepHble TOnKH U1 C:KUTAHUS TBEPAOI0 TOMJIMBA UCIOJIb3YIOT B KOTEIBHBIX arperatax
cpenneit (10-42 kr/c) u 6osbmioi ( 42 Kr/c) Mpou3BOIUTEILHOCTH.

OCHOBHBIE TPEUMYIIECTBA KAMEPHBIX TOMOK 3aKIIFOUAIOTCS B CIIEIYIOIIEM:

1) BO3MOKHOCTh 3KOHOMHYHOT'O HCIOIb30BaHUSI MPAKTUYECKU BCEX COPTOB YIS, B TOM YHCIIE U
HU3KOKaYeCTBEHHBIX, KOTOPBIE TPYIHO CKUTATh B CJIOC;

2) xopoliee nepeMernBaire TOIINBa C BO3LyXOM, YTO MO3BOJISIET paboTaTh ¢ HEOOIBIIUM
u30bITKOM Bo3ayxa (a=1,2-1,25);

3) BO3MOKHOCTb MOBBIIIEHUS €IMHUYHOM MOIIIHOCTU KOTEJIBHOTO arperara:

4) oTHOCUTENBHAS TPOCTOTA PETYIUPOBAHUS PEXKUMA paOOTHI U, CIIEI0BATEIHLHO, BO3MOKHOCTh
MOJIHOM aBTOMAaTH3aI[MH TOIIOYHOTO Mpoliecca.

15.2. Ckuranue TOJIABA.

Cxuranue TBEpOro TOIUINBA B (hakene. bonbinoe 3HaueHHE A1t pabOTHI BUICYTOIBHBIX TOTIOK
UMeeT KOHCTPYKLUS IPUMEHSEMBIX TOpesioK. ['opesku JoKHbI o0ecreurBaTh Xopolee
nepeMenInBaHie TOIIJIMBA C BO3LYXOM, HaJIC)KHOE 3aKUTAaHNE a9POCMECH, MAaKCHMaIbHOE
3arojiHeHHe (aKeIoM TOMIOYHOM KaMepbl U JIETKO M01aBaThCs PErYIMPOBAHUIO IO
POM3BOIUTENFHOCTH B 33JaHHBIX Tpeesax.

C:kuranme Ma3yTa M ra3oB B Tonkax. JKuikoe TOmimBo, CKuraeMoe B TOIKaX, OJIBEpraeTcs
IpeBapUTEIbHOMY PACIIBUICHHUIO C TOMOIIBI0 (DOPCYHKH, SIBIISIOMICHCS DIIEMEHTOM TOPEITKH.
[Ton ropenkoii B 00111eM citydae MOHUMAETCs arperar, BKIYaOLUUi moMUMo GOpCyHKH
BO3yXOHAIPABIISIONINH anmapar, 3alalbHOe YCTPOHCTBO M MEXaHU3M YIIPABIICHHUS.
KagecTBeHHOE COKUTaHUE JKUAKOTO TOIUIMBA 00YCIaBINBAETCS TOHKOCTBIO €r0 pachblieHus. [
ATOM 11T UCTIONB3YIOT (POPCYHKH, KOTOPBIE, KPOME TOTO, 00ECTICYHBAIOT HEOOXOTUMBII
JIMara3oH peryJupoBaHMs pacxo/ia TOIIMBA U YCTOMYMBOE 3a)KUTaHUE CMECH.

B 3aBucumocTH OT crtoco6a pacnbiIeHUs TOTUTHBA (OPCYHKHU TIOPA3IEISIOTCS Ha YEThIpe
KJlacca: MeXaHUYeCcKue, apoBble, BO3AYIIHbIE (THEBMAaTHYECKHE) 1 KOMOMHUpOBaHHbIe. Ha
puc.15.4 mokazaHbl MPUHIUITHAIEHBIE CXEMBI IPUMEHSIEMBIX (POPCYHOK.



Puc. 15.4. MprHuMNuanbHBe CXeMbl Ma3yTHBIX GOpCyHOK

! — vonaneo; 2 — BO3AYX; J— nap
DOpPCYHKH ¢ MEXaHUUYECKUM PACIIBUIEHUEM PA3JIENSAIOT Ha MPSIMOCTPYHHBIE, LIEHTPOOESKHBIE U
poranuonHbie. B mpsaMocTpyitabix Gopcynkax (Puc.15.4,a) npoGienue cTpyu TOIIMBa Ha
MeNTbYalIIie KaruTi MPOMCXOTUT MPH €ro MPOJIABINBAHUY 1101 3HAYUTEIBHBIM AaBieHueM (1-2
Mna) yepe3 coIio Majoro AuaMerpa.
B nenTpobexubix Gopcynkax (Puc.15.4,6,6) TOIIMBO pactbUISETCs O ICHCTBUEM
HEHTPOOEKHBIX CHJI, BOZHUKAIOIIUX MPHU 3aKPyYUBAHUHU TOIIMBHOTO MOTOKA.
B porammonnsix ¢popcynkax (Puc.15.4,2) TomnmBo mogaercss BHYTpb OBICTPO BPAIAIOIIErOCs
pacTbUIMBAIOIIETOCS CTaKaHa, T/Ie OHO PACTEKAeTCs MO ACWCTBUEM IIEHTPOOEIKHBIX CHII,
o0pa3yst TOHKYIO TUIeHKY. Ha BBIXOJJHOM KpOMKE CTaKkaHa TOHKas IJICHKA MOXBAaThIBAETCs
MOJABOUMBIM [IEPBUYHBIM BO3yXOM.
[TapoBrie 1 MHEBMaTHYECKHE (DOPCYHKH MOYKHO OOBETMHUTD B OJIUH KJIACC — (POPCYHKH C
pacnbuIHBaroIIei cpenoil. B mapossix gopcynkax (Puc.15.4,0) B kauecTBe Takol Cpeibl
UCTIONB3YIOT BOJsTHOM ap ¢ nasieHuem 0,4-1,6 Mma., a B mHeBMaTn4eckux (popcyHKax
(Puc.15.4,e) ucnonw3ytot Bo3ayx Huzkoro (0,002-0,008 Mmna) u Beicokoro (0,2-1 Mma u Bsile)
JTaBJICHMUSL.
["a30BBIE TOpENKH OBIBAIOT:
KuHemuyeckue - IOJTHOTO MPEeABAPUTENBHOIO CMEIIEHNUs (Ta3 ¢ BO3LyXOM CMEIINBAETCS J10
BBIX0/J1a U3 TOPEIIKH);
ougpysuonHo-KuHemuyeckue — YaCTUIHOTO MPEIBAPUTEITHLHOTO CMEIICHUS;
ougy3uonnvle — BHEUTHETO CMELICHHUS.
[To criocoOy nmoiauu Bo3ayxa FOPENKH AEISATCS Ha UHHCEKYUOHHbIE U OYMbesble
(MpUHYANTENBHOM MoJauelt BO3yXa).
Ha puc.15.5 noka3anbl OCHOBHBIE IPUHIMITUAIBHBIE CXEMBI Ta30BbIX FOPENIOK.

Puc, 15.5. CxeMbl ropeiok AAf CHHIAHHA Ta3a

I razxosoc condg, 2 — PEryaHpYIOULan BOAYUNRIAA 3ACAOHKA: J -- CMUCHTONB: 4 — KCpPaMW9ecKan
i:acanxa:”.ﬁ — AONATOYHBIN RABHXDHTCAB: 6 -~ FasoBblil  KOAACKTOP:, 7 - oOMYDOBKA TORkW, [ —
BOAAYX] —ras



15.3. TensioTexHMYeCKHe MOKa3aTeId padoThI TOMOK.

BakHelias TenaoTeXHUYECKAsi XapaKTEPUCTHKA TOIIOYHBIX YCTPOMCTB, OCHOBBIBASICh HA
KOTOPOM pelIatoT BOMPOCHl UX KOHCTPYKIIMU U OLICHUBAIOT UHTEHCUBHOCTH PadOTHI, - menjiogoe
HanpsdiceHue oovema monournoeo npocmpancmea. OHO BbIpaxkaercs: oTHouieHueM Q/V; u
IpeJICTaBiIsIeT COO0M KOJIMYECTBO TEIUIOTHI, BBIICTUBIICHCS MTPU CKUTAHUU ONIPEAEIICHHOTO
KOJINYECTBA TOILUIMBA B €IMHUILY BpeMeHH B u npuxopsmieiics Ha 1 Kky0.M 00bemMa TOITOYHOTO
IIPOCTPAHCTBA, T.€.:

gy = Q/V; = Q% B/V.. (15.1)

Enunuiiei usmepenus q i sSiBIsSETCS Br/m®.

Ecnu 3Hauenue q OyaeT mpeBbIaTh ONPEACICHHYIO YUCIOBYIO BETMYMHY, YCTAHOBICHHYIO
MPAKTHUYECKH, TO 32 BpEMSI HaX0K/IEHUS B TOIIKE TOIIMBO HE CTOPUT MOITHOCTHIO. OTBIT
AKCIUTyaTalli KOTEJIbHBIX arperaTtoB MOKa3all, 4To Ui Pa3IMYHbIX BUIOB TOIUINBA, CIIOCOO0OB
C)KMTaHUSl ¥ KOHCTPYKIIMM TOMOK JTOMMYCTUMOE 3HaYeHHE (, U3MEHSETCS B IIUPOKUX Ipeieax.
Hamnpumep, ai1s C10€BBIX TOTIOK C HEMOJIBUKHOM PEIIETKONM U PYYHBIM 3a0pOCOM TOILIHUBA (y =
290 — 350 kB1/M°, y c110eBBIX MEXaHH3HPOBAHHEIX TOMOK yx =290 — 465 KBT/M>, 1111 KaMEPHBIX
TOTIOK MPU C)KUTAHUH YTOJIBHOM MBUIH ¢y = 145 — 230 kBT/M>, a [IpH CKUraHWUM B HKX Ta3a WIK
mazyTa qy = 230 — 460xB1/M°.

B cioeBbIX TomKax, B KOTOPBIX YacTh TOIIUBA CTOPAET B CIIOE, a APYyras 4acTh B TOIOYHOM
IIPOCTPAHCTBE, IPUMEHSIOT €lIe OJHY XapaKTePUCTUKY HUHTEHCUBHOCTH TEIJIOBOM paboThI
TOTIKH, Ha3bIBAEMYIO MeNI08bIM HANPSN’CEHUEM 3ePKaANd 20peHUs N UMEIOIIYIO BU/:

4r=Q/R=Q",/R. (15.2)

EMHAIeH H3MepeHns Ui qr sBisiercs Br/m%; B — kr/c; QP — Juk/xr i s - R m°.

OTa XapaKTepUCTUKA MPEICTaBIsAET COO0I KOJMYECTBO TEMJIOTHI, BbIJETUBIICHCS T CoKUTaHAH
OTIPENIeIEHHOTO KOJIMYECTBA TOIUIMBA B €IMHUILY BPEMEHH U TPUXOASIIeics Ha 1 M” rmiommau
MOBEPXHOCTH 3€pKajla TOpeHUs. Y CTAaHOBJIEHO, YTO 4eM OOJIbIIe gRr, TEM OOJIbILE MOTEePs
TETUIOTHI OT MEXaHWYECKOTO HEJJOKOTa BCIEICTBIE YHOCA U3 MPEIEIIOB TOIIKM MEJIKUX, HE
YCIIEBUIMX CTOPETh YaCTUI] TOIUIMBA. 3HAUEHHsI TEIIOBOIO HAMPSKEHUS 3epKajia 30J1bl,
KOHCTPYKIIMH TOTKH ¥ T.1. X H3MEHSIOTCS B IIMPOKKX Tpeenax — ot 350 xo 1100 kB/M.
OueBUIHO, YTO YeM OOJIbLIE 3HAYEHUE (y M (R JUI 3aJJaHHBIX Pa3MepOB TOIKU U OJHOTO U TOTO
K€ BU/Ia TOIJIMBA, TEM UHTEHCUBHEHN (PopcrpoBaHHE) IpoTeKaeT paboTa TONKH, T.€. 00JIbIIe
C)KUTAETCs TOIUIMBA B €IMHUILY BpPEMEHH U OoJiblile BbIpabaThiBaeTCs TEIUIOTH. OHAKO
dopcupoBaTh TONKY MOKHO JIMIIB J0 ONPEIEIEHHOTO peaeia, 100 B IPOTHBHOM CITydae
BO3PACTAIOT MOTEPH OT XMMHUYECKON M MEXaHWYECKOI HEeMOIHOTHI cropanus u cHikaercs KIT/I.

Tema 16.I'openue TonauBa.

16.1. ®usuyeckuii npouecc ropeHns TOIJINBA.

lopenue moniusa — XuMHUeCKasi peakiusi COEAMHEHUS TOPIOYUX SJIEMEHTOB TOTUIMBA C
OKHCIIUTECIEM HpI/I BBICOKOI7[ TeMnepaType, COHpOBO)K,Z[aIOH_II/II\/'ICﬂ NHTCHCUBHBIM BBIJICJICHUEM
TEIJIOTHL. B KauecTBe OKUCINUTENS UCTIONB3YIOT KMCIOPO BO3IyXa.

[Iporeccol TopeHus pa3ensioT Ha 2 TPYIIIIHL:

1). comoeennoe TOpeHne — TOpeHUe ra3000pa3HbIX FOPIOYNX (XapaKTEPU3YETCsl CUCTEMOM
"raztraz");

2). cemepocentoe TOPEHUE — TOPEHHUE TBEP/IBIX U XKHUIKUX TOPIOYNX (XapaKTepU3yeTCsl CUCTEMO
"TBepaoe Teno+ra3" win "KUAKOCTh+Taz").

[Ipotiecc ropeHust MOKET MPOTEKATh C Pa3HON CKOPOCTHIO — OT MEIJIEHHOTO JJO MTHOBEHHOTO.
MeyieHHOE TOpEeHrEe — CAaMOBO3TOpaHUe TBEPAOTO TOIJIMBA MIPH €r0 XpPaHEHUH Ha CKIIaax.



MrHoBeHHOE TOpeHHe PEeACTaBIsSIET COO0H B3pHIB. B TeIIoOHEpreTHIeCKUX yCTaHOBKaxX
IPaKTUYECKOE 3HAUCHHE UMEET TaKasi CKOPOCTb PEAKIIUHU, IPH KOTOPON IMPOUCXOJUT
YCTOHYMBOE TOPEHUE, T.€. IIPHU IIOCTOSHHOM M0jaue B 30Hy TOPEHUsI TOIUIMBA U okuciautens. [lpu
5TOM COOTHOILIEHHE KOHIIEHTPALMHU TOIINBA U OKHCIIUTENS TOJDKEH ObITh onpeseneHHbIM. [Ipu
HApYLICHUH 3TOTO COOTHOIIeHU (OoraTtast cMech, Oe/THasi CMECh) CKOPOCTb PEAKIIUU CHUKACTCS
Y YMEHbIIAETCs TEIJIOBbIIETICHNE HA €IMHULY 00beMa.

['opeHne — 3T0 B OCHOBHOM XMMHMUECKUI IIPOLIECC, T.K. B PE3YIbTATE €0 IPOTEKAHUS
IPOMCXOIUT KaueCTBEHHbIE M3MEHEHHUs COCTaBa pearupyromux Macc. Ho B To ke Bpems
XUMHUYECKast PEaKIUs TOPEHUSI COMTPOBOXKAACTCS Pa3IMYHBIMU (PU3HUECKUMH SBJICHUSAMU:
HEePEeHOC TEeMIO0Thl, AU} (y3NOHHBINH EPEHOC pearupyroIUX Macc U Jp.

Bpemsi ropeHus TomimBa CKJIaAbIBa€TCs U3 BPEMEHH IPOTEKaHU PU3NIECKHX (lpus) U
XMMHYECKUX MPOLECCOB (lxuy):

lrop = gms + L - (16.1)
Bpemst nmporekanust GU3MYECKHUX MPOIIECCOB COCTOMT M3 BPEMEHH, HEOOXOAUMOTO JIIsI
CMEIIMBAHKS TOIUIMBA C OKHCIUTENEM (1cy) U BPEMEHH, B TEYEHUU KOTOPOT'O TOILIUBO —
BO3JIyIIIHAsE CMECH [TOIOTPEBAETCS IO TEMIIEPATyphl BOCIUIaMeHEHUS (t):

lpms = low + 1 - (16.2)

Bpems ropeHus (1rop) ONPENENSeTCss CKOPOCTBIO HAN0O0JIEE MEITIEHHETO IIPOLIECCa.

["openue razoo6pa3Horo TomauBa. MUHUMabHas TeEMIIEpaTypa pu KOTOPOU MPOUCXOTUT
BOCIIJITAMEHEHHE CMECH, Ha3bIBACTCSI memMnepamypou 60cniameneHus. 3HaueHue 3To’
TEMIEPATYPHI [ pa3IMYHbIX Fa30B HEOJUHAKOBO U 3aBUCUT OT TEIUIO(U3UUECKUX CBONCTB
TOPIOYUX Ia30B, COJEPKAHUS TOPIOYETO B CMECH, YCIOBUH 3a)KUTaHUs, YCIOBUI O0TBOJA
TEIUIOTHI B KaKJIOM KOHKPETHOM YCTPOMCTBE U T.JI.

["oprounii ra3z B cMecH ¢ OKHCIUTENIEM cropaeT B (paxene. Pa3nuuaror 1Ba MeTo/1a CKUTaHUs Ta3a
B (hakene — kunemuueckuui v oughghyzuonnwiii. [Ipr KHHETHYECKOM CKUTAHHUH JIO HaJasa
TOPEHHUs T'a3 MPEIBAPUTEIILHO CMEIINBACTCS C OKUCIUTENEM. ['a3 U OKUCIUTENb OJAI0TCS
CHayaja B CMEILIUBAIOIIEEe YCTPONCTBO ropenku. ['opeHre cMecu oCcyIiecTBISETCS BHE MPEETIOB
cmecuTtens. [Ipu 3ToM CKOpOCTh TOpPEHUs He JJOJKHA MPEBBIIIATE CKOPOCTH XUMHUECKUX
PEAKIMM TOPEHUS Lrop = Lyuy-

Juddy3nonHoe ropeHre NpOUCXOJUT B POIlEcce CMELIMBAHUS TOPIOYEro ra3a ¢ Bo3ayxom. ['a3
MOCTYIaeT B pabounii 00beM OTACIBHO OT Bo3ayxa. CKOpOCTh mpoliecca OyeT orpaHudeHa
CKOPOCTBIO CMEUIMBAHH I'a3a C BO3AYXOM lrop = s

Kpome 3toro cymiectByeT cMemmanHoe (auddy3noHHO-KHHETHYecKoe) roperue. Ilpu atom ras
IPEJIBAPUTEILHO CMEIINBAETCS C HEKOTOPHIM KOJIMYECTBOM BO3/1yXa, 3aT€M MOJyYE€HHAs! CMECh
HOCTyMNaeT B pabounii 06beM, I7ie OTAEIbHO NOJAeTCsl OCTallbHAs YacTh BO3AyXa.

B Tomnkax KOTeIbHBIX arperaToB B OCHOBHOM HCHOJIb3YIOT KHHETHUYECKUN U CMEIlIaHHBIH
CHOCOOBI CKUTAHUS TOTUIMBA.

["openue TBepaoro Tomusa. [Ipoiecc ropeHnst COCTOUT U3 CIEAYIOMNX cTaauii: 1) moacymka
TOIIJIMBA U HarpeBaHUe JI0 TEMIIepaTyphbl Hauyaja BHIX0/1a JIETYYHX BEIIECTB; 2) BOCIUNIAMEHEHUE
JIETY4YMX BELIECTB U UX BBHITOpPaHKE; 3) HarpeBaHue KOKca 10 BOCIIaMEHEHUS; 4) BRITOpaHue
TOPIOYMX BEILIECTB U3 KOKCAa. DTU CTAJMM WHOT/Ia YACTUYHO HAKJIAJbIBAIOTCS OJHA Ha IPYTYIO.
BbIxos neTyunx BEMIECTB Y pa3IMYHBIX TOIUIMB HAYMHAETCS NP Pa3IMYHbIX TEMIIEpaTypax: y
topda npu 550-660K, y Oypseix yraeit npu 690-710K, y Tomux yrieit u antpanuta npu 1050-
1070K.

['openue *uakoro TomimBa. OCHOBHBIM XHJIKUM TOIUTMBOM, UCIOJIb3YEMBIM B TETIJIOOHEPIeTUKE
Y TIPOMBILIUIEHHOM TEMJIOTEXHUKE SIBJIsieTcs Ma3yT. B ycTaHOBKax HEOOIBIION MOIIIHOCTH TaK»Ke
HCIIOJIb3YIOT CMECh TEXHUYECKOIO0 KEPOCHHA CO CMOJIAMHU.

Haubonbiee npuMeHeHne Noayyiiio METO CKUTaHHs B PACIIbIJIEHHOM COCTOSTHUU. DTOT METO
MO3BOJISIET 3HAYUTEIBHO YCKOPUTD €r0 CrOPaHue U MOJIyYUTh BHICOKHE TETIJIOBbIE HANPSKEHUS
00BEMOB TOIOYHBIX KaMep BCIIEACTBHE YBEIMUEHUS TUIOIIA/IU TTOBEPXHOCTH KOHTAKTAa TOIINBA C
OKHUCJIUTETIEM.




[Tporecc ropeHus )KUAKOTO TOIUIMBA MOXHO Pa3/IeNIUTh HA CIEAYIONINE CTaIuu: 1) HarpeBaHue
Y UCTIapeHue TOIUIMBA; 2) o0pa3oBaHue roprouel cMecH; 3) BOCTUIAMEHEHHE TOPI0YE CMECH OT
MOCTOPOHHETO HCTOYHHKA (MCKPBI, PACKAJICHHOHN CIIUPAJH U T.11.); 4) COOCTBEHHO FOpEHHE
CMECH.

16.2. OnpenesieHne TEOPETHYECKOI0 M JeHCTBUTEIbHOI0 PACX0/1a BO3/IyXa HA rOpeHue
TOIJINBA.

["oproune BelecTBa TOIUIMBA B3aUMOICUCTBYIOT C KUCIOPOJIOM BO3/1yXa B ONPEACICHHOM
KOJIMYECTBEHHOM COOTHOIIIEHUH. Pacxoa Kuciopoaa v KOJTUYECTBO MOTYUYAIOIIUXCS TPOTYKTOB
CrOpaHUs PACCUUTHIBAIOT IO CIMEXUOMEMPUYECKUM YPABHEHUSAM TOPEHUS, KOTOPBIC 3alTMChIBAIOT
JU1st 1 KMOJISL KaKJI0M TOpIOYEl COCTaBIIAIONICH.

CTexuoMeTpruIeCKrue yPaBHEHUS TOPEHUS TOPIOYNX COCTABIISIONIMX TBEPIOTO U YKHJIKOTO
TOIIJIMBA UMCHOT BU.

yraepona C + Oz = COy:

12kr C + 32kxr O, = 44kr CO» ;

lkr C + (32/12)kr O, = (44/12)kr CO; ; (16.3)

Bojioposia 2Hy + O, = 2H0 :

4xr Hy + 32xr O, = 36T H,0 ;

1kr H, + 8kr O, = 9xr H,0 . (16.4)

cepbr S + O, = SO, :

32kr S + 32xr O, = 64kr SO ;

1kr S + 1kr O, = 2kr SO; ; (16.5)
Jlist ropenust 1 kr yriiepoJia, BOJOPO/Ia U Cepbl HEOOXOAUMO COOTBETCTBEHHO 8/3, 8 1 1 kT
kucioposa. B rormse naxomurces CP/100 kr yranepoaa, HP/100 xr Bomopona, S;*/100 kr
nerydeit cepbl u OP/100 kr kucnoposa. Torma yist ropeHus 1 KT TOIIMBA CyMMapHBIA pacxojl
KHUCTIopo/ia OyAeT paBeH:

M°0, = (8/3C" +8HP + S,”- O ) /100 . (16.6)
Tak kak MaccoBas J10Jisl KUCJIOpoaa B Bo3ayxe paBHa 0,232, To MaccoBO€ KOJUYECTBO BO3AyXa
ompezensercs o hopmye:

M° = (8/3CP +8H" + S,”- O”) /100 - 100/23,2 .

M°=0,115 C" + 0,345 H" + 0,043(S,"- O") . (16.7)
[Tpr HOPMATBHBIX YCIOBUSIX TUIOTHOCTH BO3YXa Po= 1,293kr/M>. Torna 06bEMHOE KOJTHYECTBO
BO3/yXa, HEOOXOUMOTO JIJIsi TOPSHUS | KT TOTUTMBA MOKHO PAaCCUMTATH IO CIICTYIOMICH
bopmye:

VO =M°/co= M°/ 1,293 M® /xr.

V°=0,0889 (C” + 0,3755S,”) + 0,265 H” — 0,0330" . (16.8)
JLi1st Ta3000pa3HOro TOIUIMBA PACX0, HEOOXOMMOT0 BO31yxa V ONpeesioT u3 00bEMHBIX
JIOJIeH TOPIOYMX KOMIIOHEHTOB Ta3a C UCIOJIb30BAHUEM CTEXHMOMETPUUYECKUX PEaKIIUii:

H, + 0,5 O, =H,0 ;

CO+0,50,=CO5;

CHs+2 0,=CO,+2H,0 ;

H,S+ 1,50, =S0, + H,O .
TeopeTnueckoe KOITUYECTBO BO3AyXa (M*/M®), HEOBXOMMOTO JUISL CHKUTAHNUS Ta3a, OTIpEACTISIOT
o ¢opmye:

V° = 0,0476 [0,5CO + 0,5H, + 2CH, +
+ 1,5H,S + X(M + n/4)CrHn - 03] . (16.9)

Konnyectso Bo3ayxa VO, paccuntsiBaeMoro 1o ¢popmysiam (16.8) u (16.9), HasbiBaeTcs
TEOpETHYECKH HEOOX0MMMBIM. To ecTh V° mpecraBisieT co00H MUHUMAITBHOE KOJIHYECTBO
BO3/yXa, HE00X0MMOe JUIs 00ecieueH sl TOJIHOTO CropaHus 1 Kr (1m®) TorummBa IIPY YCIIOBUH,
YTO IIPU TOPEHUH UCIIONIB3YETCSl BECh COJEPIKAIIMICS B TOIUIMBE U TI0JIaBa€MBbIii BMECTE C



BO3/1yXOM KHCJIOPOJ.

B peanpHbIX yCcIOBHSIX HM3-3a TEXHUUECKHUX TPYAHOCTEH OIIYIIAaeTCs MECTHBIA HEAOCTATOK UITU
U30BITOK OKUCIIUTENS (BO3yXa), B pe3yabTaTe yXy/IIaeTcs MOJHOE TopeHue Tormusa. [loaromy
BO3/yX MOJAeTCs B 0OJIBIIEM KOJIMYECTBE [0 CPABHEHUIO C €r0 TEOPETUUYECKUM KOJIUYECTBOM
V°. OTHOIIICHUE ICHCTBUTENILHOTO KomdecTBa Bo3ayxa (V,), 01aBaeMoro B TOTIKY, K
TEOPETHYECKH HEOOXOIUMOMY KOJIMYECTBY HA3BIBACTCS KO3 Puyuenmom uzdovimrka 6030yxa.

o=V,/V°. (16.10)

16.3. KosinyecTBO MPOAYKTOB CrOPAHUs TOILUIMBA.

[Tpu OTHOM CrOpaHHUHU TOIUIMBA MPOAYKTHI cropanus cojepxar ra3sl: COy, S20, Ny, Oz 1 napsl
Boasl HyO, T. €.

CO72 + S,0 + Ny + O, + H,O =100 %.
[ToHbBIN 00bEM MPOAYKTOB CrOpaHust V. (M3/I<r) MPEACTABISAET CO00 CyMMYy 00bEMOB CYXHX
ra3oB V. M BOJSHBIX IAPOB Voo !
V:=V.r. + Vo, (16.11)
pu 5ToM Ve = Vroz + V2 + Vo,
rae Vroo = Vco2 + Vso2 - 00b€M TpeXaTOMHBIX I'a30B, M/KT ;
VN2 + Vo2 - 00beM IBYXaTOMHBIX Ta30B, Mo/kr.
l.lpuno,=1
1. JI7st TBepABIX (KpOME CJIAHIIEB) U JKUAKUX TOIUIMB TEOPETUIECKHE OOHEMBI (M3/Kr) IIPOJYKTOB
MOJIHOTO CTOPAHUS ONPEAETSIOTCS o (popmynam:
a). 00beM JIByXaTOMHBIX T'a30B :
V°\2 = 0,79V° + 0,8N°%/100 ; (16.12)
0). 00beM TpEeXaTOMHBIX T'a30B :
VRro2 =0,0187(C? + 0,375 S*,) ; (16.13)
B). 00bEM CYyXHUX Ia3oB :
Vo = Vroz + VN2 =
=0,0187 (C? + 0,3753 SP,) + 0,79V° + 0,8N°/100; (16.14)
r). 00beM BOJISHBIX MTAPOB :
V°mo = 0,0124(9HP + WP) + 0,0161V°; (16.15)
). IOJIHBIN 00bEM MIPOJYKTOB CTOPaHMUS :
Vo =V, + Vo =0,0187 (C° + 0,3753 SP;) + 0,79V° + 0,8N°/100 +0,0124(9HP + WP) +
0,0161V°; (16.16)
2. JIns cnaHueB 00beM TPEXaTOMHBIX I'a30B OIpeeNsieTcs o Gpopmyiie :
VRro2k = VRoz + [0,509(CO,)"/ 100] K =0,0187(CP + 0,375 SP;) [0,509(CO2)"«/ 100] K, (16.17)
rae K - koappuumenT pasnoxeHnus kapOOHATOB:
npu ciioeBoM cxxurannu K= 0,7 ;
npu kamepHoMm- 1,0 .
3. lns ra3000pa3HOro TOIIMBA TEOPETUYECKUE 00BEMBI IPOAYKTOB CTOPAHUS (MS/Ms)
OTIpeNIeNAI0TCs 0 (opMyIaMm:
a). 00beM IByXaTOMHBIX Ta30B
V°n\2=0,79 V° + N,/ 100 ; (16.18)
0). 00beM TpEeXaTOMHBIX Ta30B
Vko2 = 0,01 [C02 +CO+H,S+ ZmCmHn] ; (1619)
B). 00bEM CYXUX Ta3oB :
VO = Vroz + Vn2 ; (16.20)
r). 00beM BOJIIHBIX MTapOB
V°h20 = 0,01[H3S + H, + (n/2)CpyH, + 0,124d, + 0,0161V°, (16.21) rae d; -
BIaroco/iepKanme ra3oo0pa3HOro TOIUIMBA, OTHECEHHOE K 1 M~ cyxoro rasa,
/™M”;



11). IOJHBII 00BEM MPOIYKTOB CrOPAHUS
Vo =V, + Vno. (16.22)
b. IIpu a,; 1
1. JIns TBepabIX (KpOMeE CIAHIIEB), )KUAKUX K Ta3000pa3HBIX TOIUIMB 00BEMBI IPOTYKTOB
noytHoTo cropanust (M/I/kr) onpenenstores mo Gopmysiam:
a). 00bEM CyXHX Ta30B :
Vc_r. = VOC.F. + (OLT - 1)V0 =Vgro2 + VONZ + (OLT - l)Vo ; (1623)
0).00beM BOJISHBIX TTAPOB :
Vh20 = V°h20 + 0,0161(at, - 1)V° ; (16.24)
B). IOJTHBIH 00BEM MPOJIYKTOB cropaHus onpeaensercs mo (3.31).
2. J1y1s1 craHIeB MOJHBIN 00hEM MPOIYKTOB CTOPaHUS (Mg/Kr) :
Vi = VRox + VON2 + Voo = Vroac + VONZ + 0,0124(9Hp + Wp) + 0,01610LTV0 . (1625)
Conepxxkanne CO2, S0 u RO, B cyxux ra3ax np IoJIHOM CTOPAHHH TOILJIMBA OMPEIEIAETCS 0
dbopmynam:
CO2=(Vcoz/ V) ; (16.26)
SZO = (VSOZ/ Vc.r.) ; (1627)
RO2= (Vroz/ Vcr) . (16.28)
MakcumansHoe coziepikanue (%) TpeXxaToMHbIX razoB RO, B cyXuX ra3ax IIpH IIOJHOM
CTOpaHUM TOTUTUBA!
RO,™ =21/ (1+B), (16.29)
B - XxapakTepucTHKa TOIUINBA;
JUTSL TBEPAOTO U )KHUJIKOTO :
B=2,35(H"-0,1260" + 0,04NP) / (CP + 0,375SP,) ; (16.30)
JUTSI Ta3000Pa3HOTO :
B =0,21 (0,01N, + 0,79V°) / Vro2- 0,79 . (16.31)
Copepxanue (%) azora Ny, 1 KUCIOPO/a, B CyXUX ra3ax U MOJIHOM CTOPAaHUU TOIUIMBA:
N, =100 - RO; - O, ; (16.32)
0,=21-BRO; - RO;. (16.33)
Macca npodykmos czopanus.
a). Jlyig TBeporo (KpoMe CIIaHLEB) U KUJKOTO TOIUIMBA (KI/KT) :
M;=1-0,01AP + 1,3060,V° ; (16.34)
6). JUIst ra3006pa3HOro TorUTHBa (KI/M°) :
M; = p%.r. + 0,001d ... + 1.3060,,V°, (16.35)
p°r.x. - TNIOTHOCTB CYXOTO Ta3a, KI/M° ; d r. - COlepIKaHNE BIIATH B TOIUTABE, KI/M® ;
B). IS CNAHIIEB (KI/KT):
Mk = 1- 0,01AP + 1,3060,,V° + 0,01(CO) P.K , (16.36)
rae AP - pacueTHOe cojepKaHHUe 30JIbI B TOIUIMBE C YUETOM HEPA3JIOKHUBIIUXCSA KapOOHATOB, %0,
K - koo durment paznoxenus kapOoHaToOB: pu cinoeBoM cxxkuranuu K == 0,7, npu kamepHoM -
1,0.
Pacuetnoe conepxanue (%) 30J1bI B TOIUTMBE C YY€TOM HEPA3I0KUBIIMXCS KapOOHATOB:
AP = AP +(1-K) (COy) " . (16.37)
Jliis TBepABIX TOTIJIMB KOHIEHTPALMSA 30JIbI B IPOAYKTaX CrOpaHHsl onpeaessiercs no popmyse:
N = AP ay, / (100 M) , (16.38)
TJIE Ayy - 1071 3011l TOIUINBA, YHOCHUMOM MTPOIYKTaAMU CTOPaHUsI.
Korppuuuenm uzovimka 6030yxa ¢ monke. [1py oaHOM CropaHuy TOMIMBA KO3PPHUITUEHT
n30BITKA BO3/lyXa B TOINKE ONpeAessiercs no popmyse:
o, =21/(21-79 0,/ Ny), (16.39)

rae O, u Ny - copepkanne KUCIopo/ia U a30Ta B razax, (%).

Tema 17. KomnpeccopHble yCTAHOBKH.



17.1. O0beMHBIIT KOMITpEccop.

CoxkatTblil BO3/IyX MOJIYYaeTCs ¢ HOMOLIBIO Pa3IMYHOTO TUIIA KOMITpeccopoB. KoMmiipeccopsl
HU3KOT'O JaBJICHUS HA3bIBAIOT BEHTUIIATOPAMU U IPUMEHSIOT IS IEPEMELICHUS U II01a4U
BO3/yXa B KaJIOpUQepbl CYIUIBHBIX YCTAHOBOK, BO3/IyXOMOJOTPEBATENH, TOIKHU, a TAKXKE IS
NIPEOI0JICHHS COMPOTUBIICHUS IBHKEHHIO Ia30B, YTOOBI 00€CTIEUUTh TATOAYTHEBON PEXKHUM B
Pa3IMYHBIX YCTAHOBKAX.

[To mpuHIUIYy yCTpOiicTBa M pabOTHI KOMIIPECCOPHI ACTATCA Ha JIBE TPYIIIBI — 00beMHble U
nonamoynsie. OOGbEMHBIE KOMIIPECCOPHI OJIPA3ACIIAIOTCS Ha HOPUIHEeble U pOMAYUOHHbIe, &
JIOTIaTOYHBIE — HAa yeHmpobedichvie N ocesvle (akcruanbHble). HecMOTpsi Ha KOHCTPYKTUBHBIE
pa3ianurs TEpPMOAMHAMUYECKHE IPUHIIUIIBI UX pabOThl AaHAJIOTUYHBI MEKTY COOO.
OO0BbeMHBII KOMIIPECCOP — ITO KOMIIPECCOP CTATUUECKOIO CKATHsL, KOTOPOE ITPOUCXOIUT B HEM
BCJIE/ICTBUE YMEHbILIEHUS 00beMa, TIe 3aKIIFOUEH ra3.

OpaHocTyneH4aTblii mopmHeBoi kommnpeccop. Ha puc.17.1,a nokazana npuHuMnuagbHas
CXeMa OJIHOCTYIEHYaTOr 0 MOPIIHEBOro kommnpeccopa. KoseHuaTslil Ban kommnpeccopa
IIPUBOAMTCS BO BPALLIEHUE OT 3JIEKTPOABUTATEINSI WM OT IIOPLUIHEBOTO ABUIATEISI BHYTPEHHETO
cropanus. [Ipu nemwxenun nopmns or BMT k HMT B nunusap ¢ oxnaxaaeMon pyoaikoi
yepe3 aBTOMaTUYECKH OTKPBIBAIOIINKCA KiIanad 4 U3 OKPYXKAIOILEH Cpe/ibl BCAChIBACTCA ras.
HarneraTtenbHblil Ki1anan B 3axkpuim 1o J€HCTBUEM JIaBIICHUS ra30B B pe3epByape, KOTOPOe
6ombire atmocheproro. I[Ipu ooparHom nerkeHun mopiHs or HMT k BMT ras naunnaer
CKUMAThCA, JaBJICHUE €r0 YBEIMUYMBACTCS, M BCAChIBAIOILIMN Ki1anaH 3akpeiBaeTcs. [Ipouecc
CKaTHS IIPOJIOJIKAETCA 10 TEX I10P, ITOKA JABJICHUE B HUIUHAPE HE CTAHET PABHBIM
(mpakTUYECKU HECKOJILKO OO0JIbIlIe) IaBICHHIO B pe3epByape. Torna kinanaH B OTKpbIBaeTcs, U
HAa4YMHAETCS IIPOLIECC HArHETaHUs CKATOT0 Tas3a B pe3epByap 10 TeX I10p, ITOKA TOPIIECHb HE
npuaer B BMT.
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Puc. 17.1. QarocTynenyarmint
NOPUIHEBOH KoMnpeccop

G == cXeMa  patornl; & — TeopeTmie-
cxana HNAHKITOPHAR ANSTPaAMMAT
6 — npoueee CMITHA B Ts-aun 5
TpaMMe

PaccmoTpum pabounii mporiecc B pV - KoopArHATaX IS HACATBHOTO OJHOCTYIIEHYATOTO
KoMIIpeccopa (M1€albHOr0 B TOM CMBICIIE, UTO B HEM HE YUUTBIBAIOTCS [TIOTEPU HA TPEHUE, A
YTE€UKHU ra3za ¥ 00beM BpEAHOI0 MPOCTPAHCTBA (00BEM MEXKAY KPBIIIKOHN [WIMHIPA U JHULLEM
MOPIIHS MPH €ro moioxeHnu ero B BMT) npuHuMaroTcst paBHBIMU HYJIO, T. €. Ha puc.17.1,6
nosioskenne BMT Oyzer coBnanate ¢ ockto opauHat). O603Hauum: Vi - pabounii (0JI€3HBbII)
o0beM IunHApa; P1 — naBienue okpyxaromeii cpensl; Py - naBienue rasa B pesepByape;
nporieccel: D - 1 - BcackiBanue; 1-2 - cxxarue; 2-C - HarHeTaHUe.

C HauajaoM HOBOI'O X0/1a MOPIIHS CHOBA OTKPHIBAETCS BCACHIBAIOIIMI KilanaH, 1aBJICHHUE B
nuauHApe nagaet ot Po 1o Py TeopeTrndeckn MrHOBEHHO, T. €. o BepTukanu C-D, u pabounit
npoliecc MOBTOPSIETCS, 3aBepIIasiCh, TAKUM 00pa30M, 3a J1Ba MOCJIE0BATENbHBIX X0/1a TIOPIIHS.



CrnenoBarenbHO, KOMIPECCOP MPEACTABIAET cO00M NBYXTaKTHYIO MamuHy. [1nomans
TEOPETHYECKOM MHAUKATOPHOU auarpammbl D-1-2-C, koTopas rpadudecku n3o0paxaer
KPYTOBOM Iporiecce, u3MepseT paboTy, pacxolyeMyr0 KOMIIPECCOPOM 3a OJJMH 000pOT ero Baja.
HyxHO nMeTh B BUy YCJIIOBHOCTb Ha3BaHMs KPYTOBOTO Mpoiiecca (II1KjIa) KOMIIpeccopa, TaK
KaK BCAachIBaHUE M HaTHETAHUE HE SBJISIOTCSA TEPMOJANHAMUYECKUMU IPOLIECCAMHU, TIOCKOIbKY
OHHM MPOUCXOJIAT MPU NEPEMEHHOM KOJIMYECTBE ra3a. B 3ToM cocToUT OTIIMYKE WHINKATOPHOM
JarpaMMBbl OT PX-IUarpaMMbl, KOTOpast CTPOUTCS JJIsl IOCTOSIHHOT'O KOJIMYeCTBa pabodero Tena.
B nnnukatopuoit quarpamme D-1-2-C cxxartue raza 1-2 - TepMOAMHAMUYECKHH MpoIecc, KOO B
HEM Y4acTBYET MOCTOSIHHOE KOJIMUECTBO raza. OueBUIHO, YTO IIPU OJTHOM U TOM K€ KOHEUHOM
naBieHuu Py koHeuHblil 00beM X OyIeT pa3IuieH B 3aBUCUMOCTH OT XapaKTepa KpUBOi
npoiiecca cxxatus 1-2, a 3HauuT, OyJeT pa3indyHa u paboTa, 3aTpaynBaeMasi Ha IPUBOJ
KOMITpeccopa.
Kak cnenyer u3 puc. 17.16, HanOosnee BBITOJHBIM IIPOIIECCOM CXKATHS 10 3aTpare paboT U3BHE
JUISL IPUBOJIa KOMIIpeccopa sBJsieTcsl u3oTepMuueckuii npouecc 1-2'. B aToMm ciydae
coOII0Aat0TCs TAKXKE UJealIbHbIE YCIIOBUS AJI COXPAHEHUS KaueCcTBa CMa30YHbIX Macell
(BSI3KOCTB, TEMIIEpaTypa BCIBIIKY U JIp.). OIHAKO U30TEPMUUYECKOE CKATHE ra3a B KOMIIpeccope
IIPAKTUYECKHU HEOCYIIECTBUMO, U KPUBasl CKaTUSI OOBIYHO PacIionaraeTcsi MeKIy U30TEPMOM U
ananabaToii U MOKET ObITh MPUHSTA 3a MOJUTPOIY C mokazatenem n = 1,2—1,25. Yem
WHTEHCHUBHEE OyAET OXJIAKICHUE Ta3a MPHU CHKAaTUH (Yallle BCEro BOAOM, MPOXOAIIEH yepes
py0alky KoMIpeccopa), TeM 0oJiblie OyeT NOoTUTpona ckaTus 1-2 OTKIOHATHCS OT aanuadaThl
1-2" B cropony uzorepmsl 1-2'. C ymeHbIIEeHHEM TEII00OMEHA MOKa3aTelb N yBEIUYUBACTCS.
OueBHIHO TAKKE, YTO C YBEIUYCHHEM N MPH OJHOM H TOM K¢ OTHOIICHUH Po/P1 KoHeuHas
Temreparypa cxaroro rasa Ty Oyzer Bo3pacTarh 110 3aKOHY:

-|-an1-nl — -I-nzpl-n2

win T, = T1(Po/P) ™™ (17.1)
Hampumep, npu P; = 0,1 MlIIa, t; = 16°C u xoneunoit remneparype t; = 160°C npu annadbatHoM
CKaTUU JaBJICHUE BO3/yXa MOXKHO YBEJIMYUTH B 4 paza, a mpu nojautpornHoM (n = 1,2) B 10 pas.
To ecTh KOHEUHas TemrepaTypa ckaTusi T 3aBUCHUT OT xapakTepa mporiecca cxaTtus. Hanbonee
HEBBITOJIHBIM MPOIIECCOM SIBISIETCS aquabaTHOE CKaTHe.
AOcomoTHOE 3HaUeHHe paboThI, 3aTpaunBaeMoi Ha c)kaTHe 1 KT raza B OTHOCTYIIEHYaTOM
u7eanbHOM KoMIipeccope (Ag) MOXKET OBbITh MTOJICYUTAHO TaK:

AO = Ac>1< + AHarH - ABcac = .[ PdV + PZ Vy - Pl Vi. (172)

[To cmbicy paGoThl Ag, Acx, Anars IBISIOTCS OTPUIIATEIBLHBIME, a pab0oTa Mpoiiecca BCaChIBaHUS
Agcac - TIOIOKUTENBHOM, TaK KaK Ha €€ COBEPIICHNE SHEPTUs He 3aTpauynBaeTcs (TpeHue
OTCYTCTBYET), M COITPOTHUBJICHHE BO3/yXa, HAXOSIIETOCS CIIpaBa Mo/1 MOPIIHEM MPU X0J1e
BCACBHIBaHMsI, HE YUYUTHIBAETCS, MO0 HE MPUHUMAETCS TaK)Ke€ BO BHUMAHHE MOJIOKUTETIbHAS
paboTa 3TOro BO3/1yXa MPHU CKATUU U HATHETAHUH.

B 3aBrcHMOCTH OT XapakTepa npolecca CxaTus [ Pdv umeer 3nauenus:

JUIS1 ©30TEPMHUYECKOTO IpolLiecca:

A= P, V]_ll’l(P]_/Pz);

JUTsE amuabaTHOTO TpoIiecca:

A= 1B - 1)(PLvi—PaVvy);

JUIs1 IOJIMTPOIIHOTO TMpoIiecca:

A™ = 1/(!’] — 1)(P1 Vi— P> V2).

YToObl HE UMETH JENI0 C OTPUIIATEIHLHBIMHI BEIMYMHAMHU MPU TOJICUETe pPa0OTHI CIKATHS, HX
YMHOXAIOT Ha -1. 910 maer:

AT= P Vlll’l(Pz/Pl); A = 1/(B — 1)(P2 Vo—Pq Vl);

AHOJI = 1/(n — 1)(P2 Vo — P1V1).

Toraa Teopernyeckas paboTa KOMIIpeccopa 3aTpaunBaeMasi Ha cxxaTue 1 Kr rasa, mpu
M30TEPMUYECKOM IIPOLIECCE CKATHUSL BHIPA3UTCSI PABEHCTBOM:



ATo =P Vlln(Pz/Pl); (173)
IIpu aI[I/Ia6aTI/I‘ICCKOM IIPpOoLECCe CKAaTHUA:

A% = BI(B — 1)P1va[(P2/P1) © PP —1]; (17.4)
IIpU IMOJIUTPOITHOM ITPOLIECCE CIKATH:

A" = n/(n — 1)Pyvy[(Po/Py) "~V _17; (17.5)

[Tpu ymMeHbIIEHNN TPOU3BOAUTEIBHOCTH KOMIIPECCOPA C YBEIIMUEHUEM JIABJICHUS CKATOTO
BO3/1yXa U YXYIIIEHUHU IIPU 3TOM YCIOBUN CMAa3KU M3-3a MOBBIIICHUS TeMIepaTrypsl T2
OJIHOCTYIIEHYATBIM KOMIIPECCOP CTAHOBUTCS HETIPUTOAHBIM JJIsl IOJYYEHHS CKAaTOro rasa
BBICOKOTO AaBiieHus. OOBIYHO OJTHOCTYIIEHUAThIE KOMIIPECCOPHI IPUMEHSIOT JIJIS ITOTYYCHHUS
ckaroro rasa nasienuem He Boime 0,8—1 MIla. [Tpu HeoOX0UMOCTH UMETH CIKATHIN ra3 bosee
BBICOKOT'O JaBJI€HUS UCIIOJIb3YIOT MHOTOCTYIIEHYATHIE KOMIIPECCOPHI.

MHorocryneH4aTslii NOPUIHEBOH KoMIIpeccop. B MHOrocTyneH4aTsIX KOMIIPECCOPAX CHKATHE
ra3oB OCYILECTBIISETCS MOCIEI0BAaTeIbHO B HECKOJIBKUX HIJIMHAPAX (0 CEMU) €
IIPOMEKYTOUHBIM OXJIAXKIEHUEM TI0CIIE KAXKI0T0 LIWJIMHAPA B CIELUAIBHBIX XOJIOAWIBHUKAX.
[Tpu TakoM npuUHIIKIIE PA0OTHI C’KATUE ra3a B KAKIOM LUIMHAPE BO3MOXKHO MPH TOMYCTUMOM
TEMIIEPaTypHOM peKuMe, 00ecTieynBaroIieM OJaronpusTHbIE YCIOBHS cMa3Ku. B
MIPOMEKYTOUHBIX XOJIOJUIBHUKAX MOCIIE KAXI0T0 HUIMHAPA ra3 OXJIaXAAI0T IPHU MOCTOSTHHOM
JTaBJICHUH, PABHOM JaBJIEHUIO KOHEYHOI'O CKAaTHsI B COOTBETCTBYIOIIEH CTYIIEHH.

PaccmoTpum B kaduecTBe puMepa padoTy TPEXCTYIEHYaTOro MOPIIHEBOTO KOMIIpeccopa, cXxema
KOTOPOT0 NMpuBe/ieHa Ha puc.17.2, a pabounii mpoIecc B pX- U TS- KOOpAMHATAX (151
UJeaTbHOT0 KOMITpeccopa) — Ha puc.17.3.
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Puc. 17.3. Teopersyeckans HHAWKATOPHA® AHArpamma TPEXCTYNEHYATOTO KOMNpeccopa
{a) n npouecc ¢xatus B Ts-nuarpamme (6)

["a3 BcacbIBaeTCs B IMIIMHIP HU3KOTrO AaBieHus (mpouecc D-1 Ha puc.17.3), cxxumaercs no
nonutpone 1-2 1o naBnenus P, u HarHeTaeTcs B MPOMEXYTOUHBIM XOJIOAMIBHUK X1, T€ MPU
IMOCTOSTHHOM JIaBJICHUH P> oXItaxkaaeTcsl BCISACTBHE OTAAaUH TEIUIOTHI BOJIE, OMBIBAIOIICH
3MeeBUK. V3 MpOMEKyTOUHOTO XOJIOAWIIBHUKA CKAaThli ra3 MPU TOM e AaBieHUu P)
BCACHIBAETCS BO BTOPYIO CTyneHb. KoHeunslit 00beM BcachiBanus Vi < Vy; Tak kak P, = Const, a
T3 < T,. Bo BTopoii cTyneHu ra3 CKuMaeTcs 1o MOoJIUTPoIie 10 aaBieHus Py (mpomecc 3-4),



HATHETaeTCs MPU ATOM JABICHUU BO BTOPOH IPOMEXKYTOUHBINA XOJIOIUIBHUK X2 U OTTYa
MOCTYMAeT B TPEThIO CTYIEHb, i€ U CXKUMAETCS O KOHEYHOTO 3aJaHHOTO JaBieHus Pg
(mporiecc 5-6) U HarHeTaeTcs B pe3epByap.

PaboTy MHOrOCTyIeH4aToro KOMIpeccopa CTpeMsITCSl OpraHu30BaTh TaK, YTOOBI
00ecTeurnBalIUCh CIEAYIOIIUE TPU YCIOBHUS:

1) nonmHOE OXJIaXK/IeHUE ra3a BO BCEX XOJOIUIbHHUKAX, T.€. TEMIEPATypy raza JOBOASAT JI0
HavaJIbHOH Temrepatypbl T1, KOTOPYIO OH HMEI P Bxoje B iepByto cryneHb (T1 =Tz = Ts);
2) onvHaKOBas KOHEYHAs TEMIIEpaTypa CKaThsl ra3a BO BCeX CTYIEHSX, oOecreynBaromias BO
BCEX IWIMHApaX HaJlexkHbie yciaoBus cMma3ku (T = Ty = Tg);

3) olMHAKOBBIE MMOKA3aTEH MOJIUTPOII CKATHS BO BCEX LIMIUHAPAX, T.€.

n=n'=n"=n.

[Tpu BBIOTHEHUU 3TUX YCJIOBUHN Nepernajbl JaBlIeHUN (OTHOIIEHUE KOHEYHOTO JaBICHUS K
HAYaJIbHOMY) BO BCEX CTYIEHSIX OJMHAKOBEI, T.€. Po/P1 = P4 /P3 = Pg/Ps.

s onpenenenus oOuieit paboThl, 3aTpaurBaeMoil Ha MPUBOJI MHOTOCTYIIEHYATOTO
KOMITpeccopa, He0OXOAMMO MPOCYMMHUPOBATH PadOTHI, 3aTpaurBaeMbIe Ha C)KaTHE ra3a Mo
OTJIeIbHBIM CTYIEHsIM. HeTpyiHO 1MOKa3aTh, YTO MPU BHINOJHEHUH TPEX YKA3aHHBIX YCIOBHM
A'o, A“o, A“'o OyIyT OJTMHAKOBBI.

B cootBercTBuu ¢ Gpopmyroii (17.5) umeem:

Aly=n/(n-1)P, Vi[(Po/P) (- _1]=
= n/(n — 1)RT[(Po/Py) " " —1]; (17.6)

Ao =n/(n—1)P; V3[(P4/P3? O-Dh_qy=
= n/(n — DRT3[(P/Pg) " 2" - 1]; (17.7)

A“Io = n/(n - 1)P5V5[(P6/P5) (-1 _ 1]:
=n/(n — 1)RTs[(Pe/Ps) "~ VM _1]; (17.8)

Tak Kkak npaBble yacTy ypasHenuit paubl, To A'g = A''y= A"y, Torna reopernueckas paGora m
CTYIEHYaTOro KOMIIpeccopa, 3aTpaunBaeMast Ha cykaTve 1 Kr rasa, OyzeT onpeaensiThes
Ipou3BeiIeHuEM MeAy.

Teoperuueckas MmomHocTh No (BT), 3aTpaunBaemas Ha pUBOJ KOMIIPECCOPA, MOKET OBITh
OIIpeJieNIeHa 110 PaBEHCTBY:

No=M-meAg, (179)

rzae: M — pou3BOAUTENBHOCTh KOMIIpECCopa, KI/c; Ao — TeopeTrueckas paboTa Ha cxkartue 1 kr
rasza B OJJHOM ctymneHu, JK/Kr; M — 4ucio cTyneHel KoMIpeccopa.

Jns onpenenenus aecTBUTenbHON (3 (GeKTHBHOI) MOITHOCTH N, HEOOXOAUMOM /17151 MPUBOAA
KOMIIpECccopa, Hy>KHO 3HaTh OTEPU PaOOTHI Ha MPEOI0JIEHUE CONMPOTUBICHUN KIIallaHOB U
TpyOOIIPOBOJOB U HA TPEHUE B COMPHUKACAIOLINXCS YACTAX KOMIIPECCOpa, KOTOPhIE
yuuTeiBaroTcst Mexanndeckum KII/I:

Ne =No /3y =M'meAy/3,.(17.10)
Jlyist mopirHeBOTO KoMIipeccopa 3, = 0,8—0,9.

17.2. JlonaTo4Hblil KOMIpeccop.

B otiinume oT 00HeMHOT0 JOMATOYHBIH KOMITPECCOP - ATO KOMIIPECCOP JMHAMHYECKOTO CHKATHS.
OnHM OBIBAIOT JIBYX BUIOB: YeHMPOOEIHCHbLE U OCeBble (AKCUATbHBLE).

LenTpode:KHbINE MHOTOCTYNEHYATHI KOMIpeccop (HarHeTaTeb) pacCUMTaH Ha MMo/1avy ra3oB
nasnenueM 10 0,8 - 1 MIla. [lpunnun ero padots (puc. 17.4) cnenyronuii. Pabodee komeco 1 ¢
paauaIbHO HAMPABICHHBIMH KaHAIAMU YKPEIUICHO Ha Bally 2 M BpallaeTcs ¢ TOMOIIBIO
JBUTATEIS B Kopryce 3. Bo3myx wiu ra3, mocTynaromuii B KaHaJIbl pabodero KoJjeca,
0oTOpachIBaeTCs IEHTPOOSKHON CHIION K Iepudepuu U monaaaeT B JIONATOYHBIN anmapar 4,
JIOTIATKH KOTOPOTO 00Pa3ylOT pacIIupsromIrecs KaHaibl. B 9THX KaHallaX BCIIEICTBHE



YMEHBIIEHUsI CKOPOCTH BO3/yXa (Tra3a) MOBHIIIAETCS €ro AaBieHue. Jlanee cxaTblii BO3IyX uepes
HaIOPHBIN MAaTPyOOK 5 MOCTyNaeT B HAarHETaTeNIbHBIA TpyOompoBo. [1o onmncaHHOMY NPUHIIHAITY
paboTaroT ¥ EHTPOOESIKHBIC BEHTUIISITOPBI, TPHUBOUMBIC MJICKTPOJIBUTATEIISIMHA U CO3/IAIOIINE
n30bpITOuHOE nasiienue no 12 klla.

Puc.17.4.  [NpuHuunuans-
Ham cxema ueHTpoGexHo-
ro KoMnpeccopa

I — patoycy KOACED: 2 —
Baa; J— Kopnyc, 4 - Aona-
TOWHRI  annapaT; & narpy-
fiok

OOBIYHO B LIEHTPOOEIKHBIX HATHETATENAX BBIXOIHOE CEYEHHE MOAOUPAECTCS TaK, YTOOBI CKOPOCTH
ra3a Ha BXOJI€ W1 M Ha BbIXOJIe W2 ObUIM OIMHAKOBBI. B aTOM ciyuyae TeopeTuueckas padora,
3aTpaurBaeMas Ha cxkaTue | Kr ra3a B UJeaIbHOM IIEHTPOOEKHOM KOMITpECcCcope, T.€. B TAKOM,
I7Ie OTCYTCTBYET TEILIOOOMEH C OKPYIKAIOIICH Cpe1oil (IIOTepH TEMIOTHI Yepe3 CTEHKU PABHBI
HYJII0), MOXET OBITh OMpe/esieHa o ypaBueHnuo (17.4).

Ha npakTrke He0OX0AMMO 3aTpadynuBaTh OOJIBIIYIO PA0OTY, YeM MpU aarnabaTHOM CXKATHH.
TemmnepaTypa ra3oB Ha BbIXO/I€ U3 HarHeTartens OyaeT Bceraa Oobliiie, yeM B aAnadaTHOM
MpoIIecce, 3a cueT nepexo/a padboThl TPEHUS B TEIIOTY, TOBBIIIAIOIIYI0O KOHEUHYIO TEMIIEPATYPY
BO3/TyXa.

[TokazaTenb moauTporsl cxxkatust n = 1,5—1,55 B 3ToM ciydae Oosibiiie moKas3aTesist ainadaThl.
Jlns nenTpoOexubIx HarneTatenei Ny = 0,7—0,8.

Ocesoii kommpeccop (puc.17.5,a) paccuntan Ha mojady ckatoro rasa gasienueM a0 0,4—0,5
MITIa. KIT/I ero BhllIe, 4eM y IEHTPOOEKHOTO HAarHeTaTeNs, U MOXKeT gocturatb 85—90%. B to
JKe BpeMs OCEBbIe KOMITPECCOPHI 00JIaat0T OOIBINON MPOU3BOAUTEIHHOCTHIO, MAIBIMU
pamuaibHBIMHU pa3MeEpPaMH U MacCoOi. DTH MPEUMYIIIECTBA OCEBBIX KOMIIPECCOPOB 00YCIOBUIU
UX IIUPOKOE MPUMEHEHHNE B Ta30TYPOUHHBIX YCTAaHOBKAX, U, B YACTHOCTH, B BO3/TyIITHO-
PEaKTUBHBIX JBUTATEISAX.



Puc.17.5. Cxema ocesoro xoMnpeccopa {a) H
npodmnib paGoOYHX H CIPAMASIOHIHX JOMATOK

(%)

I —wopnve: 2 — portop; J — paBoune Jonatku; 4 —
BX0auoil  HANPABAAOLIHI  Bouen  JONATOK: &5 —
COPYMINKOMHE  JIONATEH, 1 — GRPYHIUAA CKOPOCTH;
@, Wy — UTHOCHTCABHLIC CHKODOCTH Ha BX0AC B
MOEAQUATOMHEC  KaHaansl  paGoyHX  A0NaToR  H
CHPUMASONICTO afnaparta; &, €. ©O3-— A0COAMTHBLIR
CROPBETY Hid BXOALC B MOEHJIONATOUHBIC KaH3aAW pa-

GOUHE  AOMATOR,  COPAMARIOUICTO anmoapara # R
NWMX0AE H3 CHPAMIEHROrO anmaparta

OceBoll KOMIIpeCCOp COCTOUT U3 Kopiryca 1, BHyTpu KOoToporo Bpamaercst porop 2. Ha Hem
YKPEIUIEHO HECKOJIBKO PpsAA0B pabouux Jionarok 3. [lepen nepBbIM psoM pabouyux JI0NaToK Ha
KOPILYCE YKPEIUICHbI HETIOABM)KHbIE JIONATKU HAIPABJISIIOIIETO anmnapara 4, a mocie Kaxaoro
psiia pabovMX JIONATOK - HEMOABHKHBIE JIOMATKU CIPAMIISIONIETO ammnapara 5.

Kaxnp1ii psin pabovmX JIOMATOK B COBOKYITHOCTH CO CJEIYIOIIUM 32 HUM CIIPSIMIISIOLIIM
afnmnapaToM COCTaBJISIET OJIHY CTYIEHb IOBBIIICHUS AaBlIeHUs. YUCIO CTyneHel MOXKET JOXOUTh
1o 15—20. I[Ipodunb paboymnx M CIPSIMIISIONINX JIOTATOK BEIOUPAIOT TaK, YTO TPU
IPOXOXKJICHUU Yepe3 MEXJIONATOUHbIEe KaHaIbl pA0OYMX JIONATOK BO3/1yX MOIy4aeT OT poTopa
MEXaHUYECKYIO SHEPTUIO U CKOPOCTh €r0 BO3pacTaeT, a MPH MPOXO0KICHUH Yepe3 CIPSAMIISIONIHIMA
anmnapar CKOpOCTb BO3/1yXa YMEHbILAETCS, BCIEACTBUE YETO BO3PACTAET €T0 JaBIEHUE. DTO
WTIOCTPUPYETCS TPEYroJbHUKaMU CKOpocTel Ha puc. 17.5,6.

[TockonbKy BO3/1yX (ra3) B TaKUX KOMIPECCOPAX MPOXOJUT BJOIb UX OCH, TO OHU U MOIYYHIIN
Ha3BaHHE OCEBBIX MJIM aKCHAJIbHBIX KOMIIPECCOPOB.

HenoctaTkoM 0CEeBBIX KOMIIPECCOPOB SIBJISETCS CIOXKHOCTh UX KOHCTPYKIIMA, 00YCIOBIEHHAs
HEO0OXOUMOCTBIO THIATEILHOTO BBIITOJIHEHUS MPOUIIeH J0MaTOK padoyux Kojiec u
HaMpaBJIIONUX alNapaToB.

Tema 18. Bonipocsl 3K0/10rum MpPU MCNOJb30BAHUM TEIIOTHI.

18.1. Toxkcu4HbIe ra3spl NPOAYKTOB CrOPAHHUS.

[TpoaykThl cropanusi, pacdeT KOTOPbIX U3J10kKeH B /1 16.3 Tembl 16, oka3bIBaloOT
oTpeeNsolee BIUSHIE Ha YHEPreTUUECKUE U KOJIOTHYECKHE MTOKa3aTel pa3InyHbIX
TEIIOTEXHUUYECKHUX YCTAaHOBOK.

OpaHako MOMUMO 3THX MPOAYKTOB IIPU CrOPaHUM 00pazyeTcs U P IPYruX BELIeCTB, KOTOpPhIE
BCJIE/ICTBHE UX MAJIOTO KOJIMYECTBA HE YUUTHIBAIOTCS B SHEPIETUUYECKHUX PACUETAX, HO
OTIPEeIISAIOT SKOJIOIMYECKHEe MOKA3aTeN TOMOK, NeUel, TEeTUIOBBIX ABUraTeNlel U APyrux
YCTPOMCTB COBPEMEHHOM TETNIOTEXHUKHU.

B nepByto odepeap K UUCITY IKOJIOTUYECKU BPEIHBIX MPOAYKTOB CTOPAHUS CIE1yeT OTHECTH TaK
Ha3bIBAEMbIE€ TOKCUYHBIE Ia3bl.

ToxcuunbiMy Ha3BIBAIOT BEILIECTBA, OKA3bIBAIOIME HETaTUBHBIE BO3/IEHCTBUS HA OPraHU3M
4eJI0BEKA M OKPY’Karolyto cpefly. OCHOBHBIMU TOKCUUHBIMU BEILIECTBAMU SIBJISIOTCS] OKCHJIBI
aszora (NOx), okcun yraeposaa (CO), paznuanbie yraeoaopoasl (CH), caxxa u coequHeHus,
CoJIeprKalllie CBUHEL U CEPY.



Oxcuovl azoma. I1lpu cropaHuy TOIUIMB TIIaBHBIM 00pa3oM oOpaszyetcs okcua azora NO,
KOTOPBIN 3aTeM B atMocepe okucisercs 10 NOo.

O6pa3oBanne NO yBennuuBaeTcs ¢ pOCTOM TEMIIEPATYPHI Ia30B U KOHLEHTPALUU KUCIOpoa U
HE 3aBUCHUT OT YIJIEBOJAOPOIHOTO COCTaBa TOILIMBA.

Haxopmsmiics B atmocdepe NO; npeacrasisier co00i ra3 KpacCHOBaTO-0yporo 1Bera,
o0rnanaromuii B 60IbIINX KOHIIEHTPALMSIX YyIUIHBBIM 3araxoM. NO; Oka3bIBaeT HEraTUBHOE
BO3/ICHCTBUE HA CIU3UCTHIE 0OOJIOUKH IJ1a3 U

Oxcuo yenepooa (CO) ob6pa3yercst BO BpeMsi CTOpaHHs IIPH HEIOCTATKE KMCIOPOIa WIH TIPU
mucconuaiuu CO,. OcHoBHOE BiusiHUE Ha oOpazoBanue CO OKa3bIBACT COCTAB CMECH: YEM OHA
Ooraue, Tem BoIe KoHneHTpaius CO.

Oxkcup yriepoja - OecliBETHBIN U HE UMEIOLMH 3anaxa ra3. [Ipu BapixaHuu BMecTe ¢ BO3AYXOM
OH UHTEHCUBHO COEIMHSETCS C TEMOTJIOOMHOM KPOBH, UTO YMEHBIIIAET €€ CIIOCOOHOCTh K
CHA0KEHUIO opraHu3Ma KuciopogoM. CUMITOMBI OTpaBieHUs opranu3Ma razoM CO: rosoBHast
001b, cepaLeOueHune, 3aTpyIHEHUE IbIXaHUS U TOIIHOTA.

Yeneeooopoowr (CH) cocTOSAT U3 UCXOIHBIX WM PACTIaBIINXCSI MOJIEKYJI TOIJIMBA, KOTOPHIE HE
MPUHUMAJIHU Y4acTUs B CTOPaHHUH. Y TIIEBOJAOPOIbI MOSIBISIOTCS B 0TpadoTaBmux razax (OI)
JIBUTATEJICH BHYTPEHHETO CrOpaHus BCJIEACTBUE TAIICHHUS TNIAMEHH BOJIM3U OTHOCUTEIIEHO
XOJIOJIHBIX CTEHOK KaMephl CrOpaHHusl, B “3allleMJICHHBIX 00beMax, HaXOJSIIUXCS B
BBITECHHUTEJISIX M B 3a30p€ MEX/y MOPIITHEM H HIIMHAPOM HaJl BEPXHUM KOMIIPECCHOHHBIM
KOJIBIIOM.

B nusensx yriaeBogopoasl 00pa3yroTcs B epeoOoraeHHbIX 30HaX CMECH, TJI€ TPOUCXOAUT
MUPOJIU3 MOJIEKYI TOIINBA. Eciu B mpoiiecce paciiupeHust B 3TH 30HbI HE MOCTYIUT
JIOCTAaTOYHOE KOJIMUeCTBO Kuciopoaa, To CH okaxercs B cocrase Ol

KonunuecTBo pa3ianyHbIX HHAMBUAYAIBHBIX YTJIEBOJOPOI0OB, BXOISAIIUX B 3Ty TPYIITY
TOKCHYHBIX BellecTs, npesbimaeT 200. B Tex koHuentpanusx, B koropbix CH conepxutcs B
BO3/yX€, HAl[pUMep, B 30HaX C MHTEHCHUBHBIM JIBI>KEHUEM aBTOTPAHCIIOPTA, OHU HE MPUHOCST
HEIOCPEJICTBEHHOT'0 BpE/la 3/J0POBBIO YEJIOBEKA, OJHAKO, MOTYT BbI3bIBAaTh PEAKIIMH, KOTOPBIE
BeAYT K 00pa30BaHUIO COEMHEHUH, BPEIHBIX J1aXKe IPU HE3HAUNTEIbHOW KOHIIEHTPALIUH.

Tax, yrieBogopo/ipl 1o/ JEHCTBUEM COIHEUHBIX JIyuell MoryT B3aumojeiictBoBats ¢ NOX,
00pa3yst OMOJIOTHYECKN aKTUBHBIE BEIIECTBA, KOTOPBIE pa3/ipakarolle AeHCTBYIOT Ha OpraHbl
JIBIXaTENbHBIX MTyTeH U BBI3BIBAIOT MOSBICHUE TaK HA3bIBAEMOTO CMOTa.

Ocoboe BIHsSIHUE OKa3bIBAIOT BEIOPOCHI OEH30:1a, TOIYOJ1a, MOTUIMKINIECKUX apOMaTHYECKUX
yraeBogopoaoB (ITAY) u B nepByto ouepens 6ensnupena (CyoHip). Ita rpynma
BBICOKOTOKCHYHBIX BEIIECTB 00pa3yeTcsi B pe3ybTaTe MUPOIU3a JIETKUX U CPEeTHUX (pakiuit
torutuBa ipu Temneparype 600...700K. Takue ycaoBusi BOSHUKAIOT BOJU3H XOJIOTHBIX
MOBEPXHOCTEHN LIUIMH/PA MPU HAJIMYUU TaM HECTOPEBIIUX yriieBo10po1oB. Komnuectso [TAY B
OI" Trem Oosblie, yeM BBIIIE KOHIIEHTpaMs B ToriuBe Oen3ona. [IAY oTHocuTes K Tak
Ha3bIBAEMBIM KaHIIEPOTCHHBIM BELIECTBAM, OHU HE BBIBOAATCS U3 OpraHU3Ma 4YelloBeKa, a co
BPEMEHEM HAKaIlJIMBAIOTCA B HEM, CIIOCOOCTBYSI 00Opa30BaHUIO 31I0KAaYECTBEHHBIX OMyXOJIEH.
Caorca pescTaBiseT coO0 TBEpAbI MPOJYKT, COCTOSIINN B OCHOBHOM U3 yriepoza. Kpome
yriepojia B caxe conepxutcs 1..3 % (mo macce) Bogopoa.

Caxa oOpasyertcs npu temneparype Boie 1500K B pe3ynbrate 06beMHOI0 Iporiecca
TEPMHUECKOT0 pa3siokeHUs (MUpoK3a) MPH CUIIBHOM HefocTaTke Kuciaopoaa. dopmanbHO
peaKIys MUPOJIN3a BBIPAKACTCS YPaBHEHHEM:

Hauano o6pazoBanus caxu umeet mecto npu ? menbiue 0,3... 0,7 ¥ 3aBUCUT OT TeMIepaTypsl U
JTaBJICHUSI Ta30B, a TaK)Ke OT BUJa ToruinBa. [Ipy oguHaKoBOM KOJIMUYECTBE aTOMOB YIJIepoJa 1Mo
CTETICHU YBEJIIMYECHHUSI CKIOHHOCTH K 00pa30BaHUIO Ca’KH YTIIEBOJOPO/IbI PACHIOIAraloTCst
ceyromuM 00pa3om: napaduHel, 0IePUHBI, APOMATHKH.

Hanuune caxxu B OI" nuzeneii o0yciaBnuBaeT YepHBIN AbIM Ha BBITYCKE.

Caxa npezcraBiisieT co00i MEXaHNYECKHUH 3arpsiI3HUTENb HOCOTJIOTKY U JIerkuX. bonbas



OIIACHOCTb CBSI3aHA CO CBOMCTBOM Ca)kM HAaKaIlJIMBaTh Ha IOBEPXHOCTH CBOMX YACTHIL
KaHIEPOTreHHBbIE BELIECTBA U CIYKHUTh UX IEPEHOCUMKOM.

Caxa - He eIMHCTBEHHOE TBEPAOE BEIIECTBO, coaeprxkaiieecs B OI'. [lpyrue TBepble BelecTBa
00pa3yIoTCs U3 cozleprKalleiics B TU3€IbHOM TOIJIMBE CEpPbl, & TAK)KE B BHJIE a3p030JIel Macia U
HECTOPEBILIEro TOIMBa. Bee BemecTBa, KOTOPBIE 0CEAAI0T Ha CHEUATbHOM (GHIIBTPE IPU
npoxoxxaeHuu uyepe3 Hero OI, mosryumin oO1iee Ha3BaHUE - YACTULLBL.

Conepxkanne B OI' npoaykroB HenoiaHoro cropanus (CO, CH u caxxu) HexenaTesIbHO HE TOJBKO
U3-3a X TOKCUYHOCTHU, HO U IIOTOMY, YTO IPU HEMIOJHOM CTOPAaHUH TOIJIMBA HEJAOBBIICIIACTCS
YaCTh TEIUIOTHI, @ 3TO O0YCIIaBIMBACT yXy/IIEHUE SKOHOMUYECKHUX MTOKa3aTeNeil TerIOBBIX
YCTaHOBOK.

Csuney u cepa. Ilpumepno 50... 70% cBuHIIa, HaxosIIerocs B OeH3uHe, monagaet BMecte ¢ O
B aTMoc(epy B (hopMe CBUHLIOBBIX COJIEH, T.€. B BU/I€ YACTHIL JUAMETPOM MeHbIIe 1 MKM. OTH
YaCTULbI IPOHUKAIOT B OPTaHU3M YEJIOBEKA BMECTE C BO3/1yXOM M uepe3 Koxy. CoeTMHEHUS
CBHUHIIA OYEHb SJIOBUTHI U HE BBIBOJATCS U3 OPraHU3Ma, HaKaIuIMBasch B HeM. OHU HEraTUBHO
BO3/ICICTBYIOT Ha IIEHTPAJIbHYIO HEPBHYIO CUCTEMY, BbI3bIBasi HEPBHBIE U IICUXUUECKUE
paccTpoiicTBa.

Cepa, cogepskamasics B JU3€IbHOM TOILIMBE, Ma3yTe M KAMEHHOM YTJIe BBIOPAChIBACTCS B
aTMocdepy ocie CropaHus 3TUX TOIIUB B popme auokcuaa SOz, KOTOPBIM OUeHb BpeAEH AJIs
pacTeHuii U criocoOCTBYET BOBHUKHOBEHHUIO “KUCIOTHBIX  JTOXKICH.

[TpucyrctBue B OI' coequHeHni CBUHLIA U CEPbI JIe1aeT HEBO3MOKHBIM HCII0JIb30BaHUE
KaTaJIUTUUECKUX HEUTPAIN3aTOPOB, IPEIHA3HAYEHHBIX JUIsl CHUKEHUS TokcuyHocTu O
HekoTopsle TOKCHYHBIE BEILIECTBA MIOCIIE TOrO, KAaK OHU MONaaoT B aTMoc(epy B cOCTaBe
IIPOJIYKTOB CTOpaHus, IPETEPIIEBAIOT NalbHEHIINE TpeodpazoBanus. Hanpumep, mpu HaIM4uu B
aTMocdepe yrieBoJ10po10B (WK UX PAJUKAIOB), OKCHJOB a30Ta U OKCHJA yIiiepoja MpH
MHTEHCUBHOM YJbTPA(QHOIETOBOM U3IYyUEHUH COJIHLA oOpa3yercs 030H O3, ABISIOMUNCS
CHJIBHEHIIIUM OKHCIIUTENIEM U BbI3bIBAIOLIMH ITPU COOTBETCTBYIOLIEH KOHLIEHTPALUU YXYALLIEHUE
CaMOYyBCTBUS JIFOJICH.

[Tpu BeICOKOM cOJiepKaHUU B MaJIONOIBUKHOM U BiaxkHOU atMocdepe NO2, O3 1 CH BozHuKaeT
TyMaH KOPUYHEBOT'O I[BE€Ta, KOTOPHIN MOIY4YHJ Ha3BaHUE “cMor’” (OT aHMIMHMCKHUX c10B Smoke -
1M 1 fog -Tyman). CMOT SBJISIETCS CMECHIO XKMJIKUX ra3000pa3HbIX KOMIOHEHTOB, OH
pasapakaeT ria3a 1 CIU3UCThie 000I0YKH, YXYIIAeT BUIUMOCTD Ha I0pOrax.

OCHOBHBIMU UCTOUYHUKAMH BBIOPOCA TOKCUYHBIX POJTYKTOB CTOPAHUS SIBIISIIOTCS aBTOMOOMIIH,
IPOMBIIIIIEHHOCTD, TETJIOBBIE U 3JIEKTPUUECKHE CTAaHIIMH. B HEKOTOPBIX Topoaax cojep:kaHue B
aTMocdepe TOKCHYHBIX MPOJYKTOB CTOPaHUsI IPEBBIIIAET MPEIEIbHO TOMYCTUMYIO
KOHIEHTPALUIO B HECKOJIBKO JIECSITKOB pa3.

Ji1st 60pbOBI C 3TUM 3JI0M B OOJIBIIMHCTBE CTPaH MUPA MPUHATHI COOTBETCTBYIOIINE 3aKOHBI,
OTrpaHMYMBAIOLIUE TOYCTUMOE CO/IEpKAaHNE TOKCUYHBIX BELECTB B POAYKTaX CropaHus,
BBIOpAChIBa€MBIX B aTMOC(hepy.

18.2. Bo3aeiicTBMSI TOKCHYHBIX Ta30B.

JI71s1 OLIEHKW KOHIIEHTPAIUi TOKCUYHBIX BEIOPOCOB PUHSITO CPAaBHUBATH MX (PaKTHUECKHE
KOHIIEHTPAIUHU C IPEAETbHO JOMYCTUMBIMH (MAaKCUMAJIbHO Pa30BBIMH, CPEIHECYTOUYHBIMU HIIN
CPEIHETO0OBBIMH).

Ha ocHOoBaHMY MHOTOYMCIEHHBIX AMUAEMUOJIIOTMYECKUX U TOKCUKOJIOIMYECKUX MCCIIeJOBAaHUI
YCTaHOBJICHO, YTO BO3JICUCTBUE KAXKIOTO M3 BPEAHBIX KOMITOHEHTOB MOXKET MTPUBECTHU K
ONpEeIETICHHBIM HETaTUBHBIM MOCIEICTBUSM.

Oxcuo yenepooa CO (Bpems xu3HU B aTMochepe 2...42 Mec.) BO3IEHCTBYET HAa HEPBHYIO
CUCTEMY, BbI3bIBa€T OOMOPOKH, TaK KaK BCTYMAET B PEAKIIUIO C TEMOTIOOMHOM KPOBH, 3aMelias
kuciopo. B 3aBucumoctu ot koHneHtpanuu CO B BO3yXe U BpEMEHHU BO3/IEUCTBUS CTENIEHb
MOPAKEHUSI OPTAaHU3Ma MOXKET CYIIECTBEHHO Pa3IMYaThCs.

Korma Baox npekpamtaercs, CO, CBA3aHHBIM TeMOTJIOOMHOM, IMTOCTEMEHHO BBIJICTSETCS, U KPOBb
37I0pOBOT0 YeJ0oBeKa ouuIaercst ot Hero Ha 50% kaxsie 3...4 4.



BoszneiictBue CO Ha LIEHTpaJIbHYIO HEPBHYIO CUCTEMY IIPOSIBIISETCS B U3BMEHEHUH LIBETOBOM U
CBETOBOI YyBCTBUTEJILHOCTH TJIa3 - BO3PACTAET BEPOSATHOCTh aBapuil. MakCUMaJIbHO-Pa30Bast
ITJK 3TOro BemiecTBa B HaCEIEHHBIX ITYHKTaX COCTaBIsAET 3 mr/m°, B CIIIA - 10 mr/m° 3a 8 4
BO3JICUCTBUSL.

B aTtmocdepe Hax aBTOMArucTpaisiMy U MPUIETAIONINX TEPPUTOPHSIX U3 OKCUIOB a30Ta
BcTpeuaroTcs, B ocHOBHOM NO u NO;. NO sBisieTcsi HeyCTOMYMBBIM KOMIIOHEHTOM, KOTOPBIU B
teuenue ot 0,5...3 10 100 4 (3aBUCUT OT KOHLIEHTPAIIMU B BO3ayXxe) okucisercs 10 NO,.
Toxcuunocts NO; B 7 pa3 Bbiiie TokcuaHocTi NO.

Ha opranusm uenoBeka NO; 1eHCTBYeT KaK OCTPbIA pa3ApakuTelb Py KOHLIEHTpauu 15 mr/m
Y MOYKET BbI3BATh OTEK JIErKUX Mpu koHuentpauuu 200...300 mr/me, Pearupys ¢ armochepHnoit
BJIaroi, OKCHIBI a30Ta 00Pa3yIOT a30THYIO KHCIIOTY, BBI3BIBAIONIYI0 KOPPO3HIO METAIIJIOB,
YHUUYTOKEHUE PACTUTEIBHOCTH U T.J.

Haunbomnp11yto onacHOCTh OKCHJIBI a30Ta IPEACTABIIAIOT KaK aKTUBHBII KOMIIOHEHT ITPU
o0pa3oBaHNH POTOXUMUYECKOTO cMOTa. MakcuManbHO-pa30Basi KOHLIEHTPALUs OKCUIOB a30Ta B
aTMoc(epe HaCeIeHHBIX TyHKTOB - 0,085 mr/™’.

T'az006pasHvie HU3KOMOIEKYIAPHbIE Y21e8000pP00bl OKA3bIBAIOT HAPKOTHUECKOE JIEHCTBUE HA
OpraHM3M 4YeJI0BEKa, BbI3bIBAsl COCTOsIHUE 3 popun, uTto yBennunsaer BepositTHocTs JTII.
TOKCHMYHOCTh UX BO3PACTAET MPU HAIUYUH B BO3/AyXE APYTUX 3arps3HEHUI, KOTOPBIC B
COBOKYITHOCTH 110/ ICIICTBUEM COJIHEUHOU pajuanuu o0pa3yroT GOTOXUMUUYECKHE OKCUIAHTbI
cmora. IT1/IK makcuManbHO-pa3oBasi COCTaBISAET S MI/M".

Honuyuxknuueckue apomamuueckue y2nee000poosl, COIEpKalIiecs B BBIOpocax JBUraresei,
SBIIAIOTCS KaHIIEPOTEHHBIMU, U3 KOTOPBIX HAMOOIBIIECH aKTUBHOCTHIO 00J1a1aeT OEH3MUPEH
(C20H12), comeprkamuiicst B oTpadoraBmux razax auseneit. [1JIK cocrasnser 0,1 mxr/100 M
BO3/IyXa.

Caoica, coneprkaiascst B 0oTpadOTaBIIMX ra3ax, 001aaaeT 00Jblield TOKCUYHOCTBIO, YeEM
oObIuHas bUTh. Ha MOBEpPXHOCTH YaCTHUIL CAXKH aJICOPOUPYIOTCS KAaHIIEPOT€HHBIE BEIIECTBA.
BH/IMMBIM aBTOMOGHIIBHBIN BBIXJION CTAHOBUTCS TIPH KOHIIGHTPAIHH caxu 130 Mr/n’.

Pa3mepst yactury cocrasisoT 0,19...0,54 MKM B 1amMeTpe U MOTYT JOCTUTATh aJIbBEOJ JIETKUX
WM OTKJIA/IbIBaThCsl B HOCOBBIX Ma3yxax, TpaxesxX Wik OpoHXax.

Oxcuovl cepvr ipu Manbix KoHIeHTpauusax (0,001%) BeI3bIBAIOT pa3apakeHue IbIXaTeIbHbIX
nytei, npu koHueHTpauuu 0,01% mpoucxoauT oTpaBieHue JIt01eH 32 HECKOJIBKO MUHYT.
Hanuune B atMocdepe cepHUCTBIX ra30B MPENITCTBYET (POTOCHHTE3Y pacTeHUH,
HeOJIaronpusITHO BO3JEHCTBYET HA JbIXaTelbHbIE MyTH yesnoBeka. [Ipu konuenTpauuu SO B
BO3ayXxe 6onee 0,9 mr/m® MIPOUCXOIUT U3MEHEHHE MPOLIECCOB (POTOCHHTE3A pacTeHUil; uepes 5...
10 nHel XBOsI COCHBI, €11 HAUWHAET PbDKETh U MPEXAEBPEMEHHO ONaAaeT. Y CTAHOBJIEHO, UTO
cmech SOz u CO npu ATUTEIHHOM BO3/I€HICTBUN BBI3BIBACT HApYyILIEHHE FeHETHYECKON (PyHKIMH
opranusma. [1JIK B paGoueit 30He cocrapnser 10 mr/m®,

Coeounenus céuHya NPUBOAAT K BOSHUKHOBEHHUIO T'OJIOBHOM 00JH, YTOMIIEHUIO, HAPYILIEHUIO
cHa, (pepMEHTaTUBHON aKTUBHOCTH O€NKOB >KUBbIX opranu3MoB. [I/IK cpennecyrounas
cocraisier 0,0003 Mr/m>. CBUHEIl HAKATLIHBACTCS B OPraHU3ME U MOXKET BbI3BATb TSKEIIBIC
paccTpoiicTBa HEPBHOW U KPOBEHOCHOW CHCTEMBI.

HeratuBHoe Bo3/1eiicTBIE aBTOMOOMIBHBIX BEIOPOCOB Ha YENIOBEKA MPOSIBIISETCS U Yepes3
MUTHEBYIO BOJY, U IPOAYKTHI MUTaHUS. [IpUBOJAT K yXyIIIEHHUIO 3J0POBbs TPAHCIIOPTHBIHN IIIyM
Y DJIEKTPOMATHUTHBIE U3TyYEHHUS.

3

18.3. IlocaencTeust mapHUKOBOIo 3 pexra.

OaHMM U3 OCHOBHBIX NMPOJIYKTOB CrOPAHUS YIIIEBOJOPOIHBIX TOIJIUB SIBISETCS TUOKCHU]L
yriepozaa (COz), KOTOPbI HE OTHOCUTCS K TOKCHYHBIM TazaM. ['ogoBas smuccus CO;
cocraiusieT 130...1100 mupa. 1/rox. OcnoBHOe KonruecTBO CO2 MPOU3BOAUTCS TPUPOIHBIMU
MCTOYHUKAMU, U TOJIBKO IPUMEPHO 1...3 % CBsI3aHBI ¢ TEXHUYECKOU JEATEIBHOCTBIO YETIOBEKA
(aaTpomnorennsie BEIOpOCH). OqHako 3TH 1...3% MOryT HapyIaTh paBHOBECHE B aTMOC(epe u
CIIY’)KUTh IPUYNHON BO3HUKHOBEHHS TaK Ha3bIBAEMOT0 “NapHUKOBOr0” 3¢pdexra.



B BepxHuxX crosix aTMocdepsl Bcerja pacrosarajiach CMech ra3os, cocrosmas Ha 60... 90 % u3
BOJISIHOTO TTapa. JTa CMeCh ra30B MPENATCTBYET OTBOAY TEIJIOTHI OT TOBEPXHOCTH Hallei
MJIaHETHI, TTOBBIIIAs ee cpeaHioro Temneparypy Ha 33°C (ot -18°C no +15°C). B yBenuuenuun
CpeIHEeH TeMInepaTypbl Ha TOBEPXHOCTH 3€MJIM U 3aKJITF0YACTCS “TapHUKOBBIN 3P deKT,
KOTOPBI 00yCIOBUII OJ1aronpHsITHRIEC YCIOBUS /1711 BOSHUKHOBEHUS U PA3BUTHUS )KU3HU HA
3emsie. OTHAKO B pe3ysbTaTe JesTeIbHOCTH YelloBeKa B cTparocdepe u Tponochepe cramu
HakaruBaThes Takue BemectBa kak COy, CHy, rasioreHrpoBaHHbIe YTIAEBOAOPOIbI, O30H U
remuokcun azora (NO7). CymmapHasi 10715 3THX ra30B B “NMIAPHUKOBOM’ CJI0€ OTHOCUTEIHHO
Hesenuka Beero 0,5... 15%. Onnako oHu BbI3Bany 3a nociennue 100 neT noBeliieHUe cpeaHen
temnepaTtypsl ipuMepHo Ha 0,45°C, 4TO BBIPAa3UIOCh B M3BECTHOM MOTEIJICHUHU KiuMmarta. [Ipu
JanbHEeHIIeM HEKOHTPOIUPYEMOM YCUIICHUH “TapHUKOBOTO” 3(h(ekra MoKeT IpOr30UTH
WHTEHCUBHOE TasHUE JIEAHUKOB, KOTOPOE MOXKET MIPUBECTH K II100aIbHOI KaTacTpode.

13 Bcex aHTPONOI€HHBIX “NIAPHUKOBBIX Ta30B IJIABHOE 3HAUEHUE JJISl YCUIIEHUS “TIapHUKOBOIO”
s dexra umeer CO,. BaxkHEHIITMMU UICTOYHUKAMU aHTPOIIOTC€HHBIX BEIOpOCOB CO; SBIISIOTCS:
TEIJIOBBIE U AJICKTPUUYECKUE CTAaHIIUHU - 27%, MPOMBIIIIEHHOCTH - 20%, OTOINIICHUE KHIIBIX
MoMeIleHu 1 Manas sHepreruka - 20%, tpancnopt - 17%.

CHMXEHHE aHTPONOTeHHBIX BBIOPOocoB CO7 cTaio oCTpoid HKOIOTHYECKOM mpobiaemoii. B To xe
BpeMsI H3BECTHO, 4TO ueM Oombiie CO, 0O6pasyeTcs pu CropaHuu yriieBOJOPOIHBIX TOILIHB,
TEM OHO coBepiieHHee. [loaTomMy penieHne npo0IeMbl YMEHbIICHUS aHTPOIIOTEHHBIX BEIOPOCOB
CO3 BO3MOKHO ITyTEM:

- YMEHBILIEHUS KOJIMYECTBA CKUTAEMOI0 YIII€BOJOPOJAHOIO TOILJIMBA, T.€. IIOBBIILIECHUS
TOTUIMBHON SKOHOMHUYHOCTH TEIIJIOOHEPTreTHYECKUX YCTPONUCTB U TEIUIOBBIX ABUTATENCIH;

- IPUMEHEHUSI TOIUIMB C MAJIbIM COZEpKAHUEM yriiepoza (CxKaTbli U CKUKEHHBIN Ta3bl, CIIUPTHI
1 3QUpHI);

- MCII0JI30BAHUS BOAOPO/IA;

- Iepexo/1a K MUPOKOMY MIPUMEHEHHIO aTbTEPHATUBHBIX UCTOYHUKOB SHEPTUU (PHEPTHsI COJIHIIA
U BeTpa, TUJIPOIHEPTUs, ATOMHAsI U AJIepHAasl SHEPrus).
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