TEMJIOTEXHUNKA

MNoa peaakuuen A. M. backakosa

2-e uapaHme, nepepaboraHHoe

JonyweHo NoCyAAPCTBEHHBIM KOMMTETOM CCCP
MO HApOAHOMY 06pPa30BaHMIO B KayecTse
yuebHMKa ANA CTYNEHTOB MHIKEHEPHO-TEXHUYECKUX
cneyMansHOCTEH BY308B

5

MOCKBA
SHEPTOATOMMUIAAT
1991



BBK 31.3
T34
YK 621.1.01(075.8)

Pemcuseu nadeapa o6lieidl TeMI0TEXHUKH
KHeBcKoro 1noanTexHHueckoro HHCTHTYTa

Pegaktop nagateabcrtnaa M. M. Kysneuosa

Tennorexnuka: Yue6. gas sysos / A. I1. Backakos,
T34 B. B. Bepr, O. K. Burt u ap.; IToa pen. A. I1. backa-
KoBa.—2-e¢ H3a., nepepal.— M.: IHeproaroMH3aar,
1991.— 224 c.: ua.
[SBN 5-283-00121-0
Wanoxebl OCHOBDL! TGXHM‘JGCKOI}‘! Tt‘pMOﬂ.HllaMHKH U TEOPHH Telno-
u maccoofimend. [1puBeseHbl OCHOBHBIE CBEJEHHA MO mpoueccam rope-
HHA, KOHCprKLlHﬂM TOTMOK H KOTeJbHbLIX arperatos. PaCCMOTPEHbI
[lpHH[lHIIbI paé()'l‘hl Tel10BbIX [LBM["dTeJ]eﬁ, mapoBblX U I'a308hbIX TypGHH,
,’lBHFélTG‘ﬂei"l BHYTPEHHETO CropaHus H Komnpeccopon. OnHcaHbl KOM-
MIOHOBKH W TEXHOMOTHUECKOE oﬁopyﬂ.osauue TEINOBbIX 3AEKTPHUECKHX
CTaHIMi, @ TaKKe 060pYLOBAHHE IPOMBILIJIEHHBIX TENJOIHEPreTHYE-
cKHx ycTanoBok. [leppoe wananve BHILINO B 1982 r. Bropoe nananune
AONONHEHO MaTepHanamMu Ans CaMOCTOﬂTeﬂbHOﬁ paﬁoTbl CTYAEHTOB.
,U,Jlﬂ CTYAECHTOB BY30B HeTe[IJIO’iHepFeTH‘-IeCKMX cneunanbnocreﬁ.

BBK 31.3

Yuebroe uspanue

Bacxakos Anb6ept [lasnosuu

Bepr bopuc BukropoBHH

Burt Oabra KoHcTauTHHOBHA
Kysuneuos HOpuit Bacuabesnu
Pnannnoscknii Hukonaih depoposuu

TENJOTEXHUKA

3au. peaakunen H. B. Boaobyesa

Pejiaktop namareaocrsa M. H. Kyaneyosa
Xy1oxkecTsennblit peraktop B. A. [osak-Xosak
Texuuueckuit pegaktop T. fO. Andpeesa
Koppexrop 3. b. [Ipanosckas

Ub Ne 2384

Caano B nabop 30.03.90. Tlopnucaso B nedats 04.03.91. dPopmar

70% 100"/ 5. Bymara odcetnaa Ne 2. Fapuurypa nurepatypuas. [leuats

opeernas. Yea. neu. a. 18,20 Yea. wkp-oTT. 36,73, Yu.-usn. . 21,68,
Tupax 60000 k3. 3akas Ne 610. L{ena 90 x.

AueproatoMuinar. 113114, Mocksa, M-114, lllnw3sosas Hab., 10

Opaena Okrsifippekoit Peontounn, opaena Tpyaosoro Kpacuoro 3Hamenn
JIEHmu'pancm)c ﬂpOHSII(ULCTHCIIHO'TCXHH‘-IGCK()(’ ()ﬁ’bEﬂHlll‘HHE «llenaTunit
Asop» umenn A. M. Topwkore npu [ockommedary CCCP. 197110, Jleunn-
rpan, 11-110, Ykanosckuit np., 15.

© 3ueproatomuanar, 1982

ISBN 5-283-00121-0 © Asntopb, 1991, ¢ uaMeHeHHAMA



MPEAUCINOBUE

Hacrosillasn KHHra SABAAETCA yHeOHHKOM
JUIR CTYACHTOB HETEIMOTEXHHUECKHX clie-
HaJIPHOCTEH BY30B, KOTOpbIM aBTOPbl Ha
NPOTAKEHHH MHOTHX J€T YUTaNn H 1po-
AOMKAKT YUTATH STOT Kype B YPajbCcKoM
NONUTEXHHYECKOM HHCTHTYTE.

Yue6HHK HAnUcaH B CTPOrOM COOTBET-
CTBHH C MIPOrPaMMOil Kypca, yTBep K AEHHOH
MB u CCO CCCP B 1981 r.

B TemnoTexHHKe, KAK W BO BCAKOW AHC-
UHIHHE, BAKHO 1aTh NpeyKae BCEro Teope-
THUecKMe OCHOBbl 3HaHuWi. [lostomy GoOfb-
wie NMONOBHHBI Bcero 06nemMa yuyebHHKa OT-
BEACHO H3JOKEHHIO TEXHHYECKOH TEepMOIH-
HAMUKH, OCHOB Temao- H maccoofMeHa
M TEOPHH TOPEHHUS.

B TO xe BpeMS HCXOAs M3 33434 HHXKE-
HepHOll MOArOTOBKH CTYAEHTOB aBTOPBLI 110-
cTapanucb BKAKOYHTb B y4eGHHK pajg mpH-
KA3/HbIX BOMPOCOB,  YAOBJETBOPHAIOLIMX
TpeGoBaHUAM LIKPOKOro Kpyra cneuxanb-
HocTel.

JlaHHOe H3jaHHe CYLIECTBEHHO nepepa-
60TaHO N0 CpaBHEHMIO ¢ mepBuM. Bo Beex

pasjenax BBEJAEHbl BONPOCHI H 3ajaud Aas
camocTosATeNbHO pa6oTbl ¢ OTBeTaMH
B KOHUe KHHrd. Urtobbl HE YyBEJHYHBATH
B CBSI3H C 3TUM 06beM yueGHHKA, Obla Omy-
UIeH pSJ BTOPOCTENEHHBIX WAH HE Tpelye-
MblX NPOrpaMMoOH BOMPOCOB.

Fnasbl | —5 Hanucaubl O. K. BurT,

. 7—10, 12—14 n 24 — H. ®. Qunun-

nosckum, ra. 6, 15—17 — A. [1. Backako-
pbiM, . 11, 18, 19, 22 — B. B. beprom,
ra. 20, 21 — KO. B. KyaHeuoBbim,
rn. 23 — B. B. Beprom u 10. B. Kyaue-
uoBbiM. B npouecce pa6orbl Haa PyKoO-
[HCbIO aBTOpbl AKTHBHO [OMOranH ApPyr
APYFY B HAMMCAHUH OTAENbHbLIX Pa3/Le/oB.

ABTOpbl BecbMa NPH3HATENbHbI COTPYA-
HAKaM Kadeaphl TemnoTexHuKH KHesckoro
NOJHTEXHHYECKOrOo HHCTHTYTA, BO3rJasasne-
moit npopeccopom C. M. KoHcTaHTHHO-
BbiM, 3a UEHHbIl aHANHW3 PYKONHCH U OYAYT
6/arolapHbl 3a BCE 3aMeYaHHA H NoKeaa-
HUA MO YJYUYUICHHIO KHHTH.

Aaropbi



BBE AEHME

Buonor H. Peiimepc yreepxkpaer: «Hac
(uenoBedecTBO) ceflyac oTaensieT OT Teno-
BOH cMepTH GHochepsl JHLbL OHH NOPALOK
Beqinund. byaem wucnonbsosats B 10 pas
6osiblle 3HEePruy, ueMm cefluac, ¥ NOrHOHeM ».
IlpnuvHa 3ak/o4aeTcs B TaK HA3LIBAGMOM
«IaPHHKOBOM 3GexTe»: cogepKallUice
B atmocgepe auokcua yraepopa CO; npo-
NYCKAeT COJHeYHble JydH Ha 3emii, Ho
APensTCTBYET OXJAAXAEHHIO 3eMjid nyTem
u3JyvyeHust B KocMoc. B nociegnue romel
yuyeHble MHpa cO Bce 60JblINM GecrnoKoHCT-
BOM TOBOPAIT O MOBbILIEHHH KOHLEHTPALHH
COs B atmMocepe. Ecain 3TH onacenus noa-
TBEPAATCH, YENOBEUECTBY B HE TAKOM YXK
OTJalieHHOM Oy/lylleM MpHAeTCA pe3Ko or-
pPaHW4YNTb ROTpebJieHHe YIriepoAcoAepKa-
wHx tonJHe. Kpome Bui6poco CO,, ToNMH-
BOCXHIrawiuue H TENJIO3HEPreTH4eCKHue
YCTAHOBKH NPOM3BOAAT TENJOBLle 3arpA3-
HEeHHA (BbIGPOCH! HATPETOR BOAb! M rasos),
XHMHYECKHE (OKCHABI cepbl H a3ora), 30.y
H caxy, KOTOpbie ¢ yBe/iHueHHeM Macuitaba
NPOU3BOACTBA TaAKXKe CO3[aKT Cepbe3Hble
npo6aembl. MckiiouuTs 3TH BLIGPOCH HiH
XOTAl Obl CBECTH HX K MHUHHMYMY MOXHO
TOJIbBKO Ha OCHOBE TIJyGOKOro MOHUMAHWSA
poLeccoB, NPOTEKAWIHX B TOMJIHBOHC-
MOMb3YIOIIKUX  ycTaHOBKaxX. PakruueckH
3KOJIOrMSl CTABHT 4Ye€JIOBEYeCTBO repej He-
06X0AMMOCTBIO Ie/1aTh NPOH3BOACTBA 6e3-
OTXOAHbIMH.

JKOHOMHYecKHe (aKTOpbl TAKXKe 3a-
CTABJSIOT De3KO YBEeNHUYUTb CTeneHb He-
nosb30BaHUA foBbiBaemMore Tonausa. [loka
elle 3HepreTHyeckan 3QpEQeKTHBHOCTb MHO-
FHX TEXHOJOTHYECKHX TPOLEeCcCOB Ype3Bbl-
yaillHO HH3Ka, 60 TeXHOMOrH, paspafarhl-
BAaf  COOTBETCTBYIOLLHE MNpOLECCH, 3a-
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YacTyK He CTABHJH BO IMaBy yrjia BONpOCH
35KOHOMHH Tonsua. B CCCP rakomy noa-
X0y 06bEKTHBHO cNOCOGCTBOBANH H HEOM-
PaB/laHHO HH3KHE LieHbl Ha Hero '. Hampwu-
Mep, HedTb cTOHT 32 py6as 3a | T, B TO
BpeMsl KaK Ha MHPOBOM pbIHKE €€ IleHa
B WioHe 1987 r. cocraBuna 110 gonnapos
sa Mm% a B 1981 r. gaxe 300 J10J1/1apOB.
[losToMy oreuecTBennbie npouecchl 3a-
YACTYI0 OKa3blBalOTCA Goliee IHEProeMKH-
MH, YeM 3apy6exxHeie.

BboicokHe uennl Ha TOMAHBO (npexse
BCEro He)Tb) HA MHPOBOM PbIHKE CTHMY.H-
poBajiu paspaboTKy 3sHeprocGeperarwuinx
TexHoJorui. B pesysbraTe yaesnbuble pac-
XO/[lbl YCJIOBHOrO TOIJIHBA HA TMPOH3BOACTBO
I T uementa B $InoHMM cHU3WAHCE A0
110 «r, 8 CUIA — g0 150, B To Bpems Kak
B CCCP — 210 «kr/t. Pacxog AM3eNbHOro
TOMJIMBA Ha | ra cesbcKOX03ANCTBEHHBIX
yroaui B CIHA cocrasaser 94 kr,
a s CCCP 185 xr/ra. B nepenoBbix ctpa-
Hax MWHpa MPHPOCT BAaJOBOrO MPOAYKTa
B roja coctaBua B 70-e roawe 2,8 %, B TO
BpeMsl Kak morpefsieHde 3Hepropecypcos
HEe BBIPOCNO. DTO, KCTATH, CTAJIO0 OJHOH H3
MPUUHUH CHHXKEHHA LeH Ha HedTh (B 2—
3 pasa c nauana 80-x rogos). Tem He MeHee
YPOBeHb NOTPe6/IeHHS TOMJIHBO-IHEPTETH-
ueckux pecypcor (TIP) B pasnbix cTpanax
elle cuibHee pasanuaercs. [lo ouenkawm,
B 1890 r. B cpeaHeM KOMHYECTRO exXecyTou-
HO noTpebaneMbix 3HEPropecypcoB B pac-
yeTe Ha OJHOTO XKUTeas 3eMJM 5KBUBa-
JEHTHO NPHMEPHO 7 KI YCJOBHOrO TOI-

' B HacTosilLee BPEMA UEREl HA TOIVIMBO Mepe-
CMaTPHBAIOTCA.



aupa. B Hau6onee pas3BHTBHIX CTPAHAX 3TO
yncso npesoiwaer 30, 8 CCCP oo cocTas-
qstet 6osee 20 kr/cyT (6e3 yueTa akcnopra).

B coorsercTBHM ¢ 3JHepreTH4eckKoH
nporpammoii CCCP 80 9% mupupocra npo-
MBILLJEHHOR MPOAYKUHH JOJXKHO ObLITh
o6ecreueno 3a cyer akoHomuu TIP, u ope-
KIE BCEro B TEXHOJOrHHYECKHX npoueccax
¥ Ha Tpancnopre, rae Tpaturcs g0 80 %
106bIBAEMOr0  TOMJNMBa  (OCTanbHOE —
B 3nepretuxe). [1aBHas poab B paspabor-
Ke MeHee SHEpProeMKHX TEeXHOMOrud npH-
HAJJEXHUT TEXHONIOram -— HeIHEepreTukam.
Ee HeBO3MOKHO pelinTb 6e3 riyboKHx 3Ha-
HHH OCHOBHBIX 32KOHOB TEMJOTEXHUKH.

CerofHsa BbLIroiHEEe BKJAAAbIBAThH Cpel-
cTBa He B yBeJaHderHe 00blYM TOIIUBA,
yTo6bl MPOAONIKATH PACXOL0BATh €r0 C HHU-
3K0H 3(Q(eKTHBHOCTbIO, & B pa3paborky
TeXHOJNOTHYECKHX Mpaleccos, obecnedynna-
oKX O6onee 3KOHOMHOE €ero HCnoaAb3o-
BaHHeE.

Jeno B TOM, uTO 60ablIas 4acTh Ha-
CENEHHS1 M TIPOMbBILLNEHHBIX MPeANpPHATHR
CTpaHbl PACIONOKEHBH B 3aNajHol ee
4YacTH, a OCHOBHbie 3anachli TONJHB —
B BocTouHoil (Cubupb, Kasaxcrau). Ha-
yuHas ¢ 1980 r. 3nech go6biBaeTcs Goablie
O/JOBHHbI TOMNJAMBA, 3aUaCTYi0 B CJOXKHEH-
ILHX TCeoNorHueckux ycaopusax (6oaora,
BEeYHAs Mep3JOoTa) MPH OTCYTCTBHH MECT-
HBIX TPYLOBLIX pecypcoB. B nepcnekruse —
OocBOEHHe elle OGojee TPYAHOLOCTYIHBIX
MeCTOpOXAeHHH. DTO YBEJUUNBAET KaK ce-
6€CTOUMOCTh TOMJHUB, TAK H PacXoAbl O HX
JocTaBKe. PacTyT M KanUTaJ0BI0XKEHUS HA
CTPOMTEJNLCTBO HOBBIX TOIJHBOAOGHIBAKO-
UWIMX MPEANnpHATHI H Ha MOALEpXKAHUE NO-
OblUW HA TpexHeM YPOBHE Ha CTapbixX
MECTOPOXAEHUsIX (ocBoeHne Goaee ray6o-
kux nnacroe B Jlon6acce H Tleuopckom
GacceilHe, 3dKaYyuMBaHHe TOpA4YEH BOMbL
B HeTAHbIE MacThl U T. A.). B TonausHo-
3HepreTHYeckHil KOMINEKe celvac BKAaabl-
BaeTest OKOJMO 23 %) Bcex KamMTa/O0BJIOXKE-
HHH CTpaHbl.

Io6wiua ocHosHbix BUaoB Tonanwsa 8 CCCP

Tonaueo 1975 . | 1980 r. [ 1985 r. [(9490 ¢!
Yrodb, Mad. T 701 716 775 200
HedTtb u raszo- | 491 603 630 635

BOIH KOHARH-
caT, MaM. T
[Tpuponnbiii 289 435 630 G5
ras, ,
mapia. m*
" Mo naauy.

TpaHcnopr He crnpasasercd ¢ BoO3pa-
CTAIOUIMMH 11ePEBO3KAMH TOMNJHUBA, MO3TOMY
MPUHATO pellieH’e He CTPOHTb B €Bponei-
CKOH YACTH CTPaHbl HOBBIX KOHAEHCALHOH-
HbIX TEMJOBbIX 3JIEKTPOCTAHUMH.

Jlo 1985 r. B TonaMBHOM Ganakce crtpa-
Hbl HEYKJOHHO BoO3pacTana aons HedTH
M [IPHPOJHOro ra3a, YTo BHAHO U3 TabaHLbl.

[Tocne 1985 roga gobniua HedTH (hak-
THYeCcKH cTabHNH3UpOBajach, a BLX04 No-
Jy4aeMoro M3 Hee KOTeJNbHO-NEYHOro TOoIl-
AMBa — Masyra — Gyger HEYKJOHHO
yMeHbIaThCsl B CBA3H ¢ Gosee T1yGoko#
nepepaboTkoid HedTH Ha MOTOpPHbIE TO(JIH-
Ba. [lorpeGieHne mMasyra B 3IHEpPrerHke
peako orpannuupaercs '. Kpynuas snepre-
THKAa OPUEHTHPYeTCs B OCHOBHOM Ha TBep-
Jloe TOMJUBO (HA HeM BbipabatblBaercs
OKOJIO TMOJOBHHLL BCEH 3JEKTPOIHEPTHH
CTpPaHbl) M MPHPOAHLIA ra3, gobbiua KOTO-
poro OyleT mo-npeXxHeMmy BO3PacTaTh.

B uesnom Gonee 90 9% Bcel ucnoabsye-
MOH YeNOBEeYeCTBOM 3HEPTrHH TPHXOAHTCH
Ha HCKOMaeMble OPraHHYeckHe TOMNJ/IMBA.
310 onpeensier poab TENJAOTEXHHKH —- 08-
WeunIcenepHOt ducyunaunst, usyqarcuied
MmeTodul noaydenusn, npeobpazoeanus, ne-
pedadu u UCNOAL30BAHUA TENAOTbL U €8s~
3AHHLLX € 3TUM ANNAPATO8 U YCTPOUCTS.

! B 1983 r. Ha MeKTPOCTAHUHSAX CTPAHbLL BbIO

H3PACXONAOBAHO MAKCHMAbLHOE KOJHUECTBU Ma-
3yta — 120 mau. T.



Yacte nepsas

TEXHHUYECKAS TEPMOOMHAMMUKA

fnasa nepsas

OCHOBHbIE MOHATUA U UCXOAHIE M NOMEHMUS

TEPMOANHA MUKU

1. NIPEAMET H METO/L
TEPMOJAHUHAMHKH

TepmonuHamuka usyaer 3axko-
Kbl Npespauyenus 3Inepaul 8 pa3AUdHbL
npoyeccax, npoucxo0auux 8 MAKpocKonu-
HEeCKUX CUCTEMAX U CORPOBOMOAIOUYUXCS
renaosvimu  Ipdexramu. Makpockonuue-
CKOW CHCTeMO# Ha3blBAETCH M0G0 MaTepH-
AJNbHBIH OGBEKT, COCTOSILLHIA H3 6OJbBLIOTO
4YHCsMa 4acTHU. Pasmepbl Makpockonuue-
CKHX CHCTEM HECOM3MEPHUMO 6osblie pasme-
POB MOJIEKYJ H aTOMOB.

B 3aBucuMocTH OT 3aau HcC/AeA0BAHHSA
paccMaTPHBAIOT TEXHHUECKYIO WK XMUMHYe-
CKYI0 TEDMOAMHAMHKY, TEepPMOJAHHAMHKY
GHOJIOTHYECKHX cHCTEeM W T. A. T e X H H Y e-
CKasi TepMOAHUHAMHKA u3ywaer
3aKOHOMEPHOCTU B3AUMHO20 NPeEBpPALYeHUS
TENnA0B0U U MEXARUYECKOL IHepaULl U C80l-
CT8Q Ten, YHACTEYIOWUX 8 ITUX npeapauye-
rusx. Bmecte ¢ Teopueil Tennoo6mMena ona
ABJACTCA TEOpPeTHYECKHM (YyHIAMEHTOM
TenorexuHki. Ha ee ocnose ocywectsas-
10T pacyeT H MpPOeKTHpOBaHUE BCeX TerJo-
BhIX /IBUraTeNel, a4 TAKKE BCEBO3MOMHOIO
TEXHOJIOTHUECKOro 0GOpY10BaHHUS.

Paccmarpusas Tonbko Makpockonuye-
CKHe CHCcTeMbl, TEePMOAMHAMHMKA H3y4yaer
3aKOHOMEPHOCTH TeNJOBOH HOpMbI ABHKe-
HHSl Marepuun, O6YCJOBJAEHHbIE HalH4YHeM
OrPOMHOrO YHC/A HEMPEPHIBHO ABHMYLHX-
Cfl H B3aMMOACHCTBYIOLIMX MEXAy co60il
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MHKPOCTPYKTYPHbIX YACTHL, (MOJEKY., aTO-
MOB, HOHOB).

®usnueckne crOHCTBA MaKpOCKOMHue-
CKMX CHCTEM H3y4yalOTCH CTATHCTHUECKHM
H TepMOAMHaMHueckdM MerogamHu. Craru-
CTHYECKHH M€TO4 OCHOB4H HA HCNOJb30BAa-
HHH TEODHH BEPOATHOCTE! H ONpeaeseHHbIX
MOJeN€ed CTPOEHHS 3THX CHCTEM W Npea-
CTaBASIET COGOH copep)KaHHE CTATHCTHYe-
CKOil ¢dHu3rkn. TepMOgHHaAMUUECKHI MeTOf
He TpeGyer NPUBJIEUEHHS] MOAENbHBIX Npej-
CTABJIEHHH O CTPYKTYpe BellecTBa M fBJfA-
ercs QEHOMEHONOTHUYECKHUM
(t.e. paccmarpuBaer «(eHOMeHb» — sIB-
Jednst B ueqaom). Ipu 3Tom Bce OCHOBHbIE
BbIBO/Ibl TE€PMOAHMHAMHKH MOXHO MOJYUYHTh
METOAOM NeAYKUHH, HCIIOAb3YSH TONbKO ABA
OCHOBHbIX 3MIIHPHYECKHUX 3aKOHa (Hauana)
TePMOJHHAMHKH.

B panbueilliem vcxoas U3 TepmopHHa-
MHUYECKOTO MeToaa Mbl Gyfem AAS Haras-
HOCTH HCNOJIb30BATb MOMEKYASPHO-KHHETH-
HECKHE NPEACTABNEHHA O CTPYKTYpe Be-
lecTRa.

1.2. TEPMOOHHAMHUYECKASI CHCTEMA

TepMoarrHaMuuecskas
CHCTeMa npedcTasaseT co6oil cosokyn-
HOCTb MATEPUANBHBLY TeA, HAXOOAUUXCA
8 MEXQHUHECKOM U Tenao8oM &3aumodeii-
creusx Opye ¢ OpyeoM U ¢ OKpYMAOWUML
CUCTEMY BHEWHUMU Teramu («BHewHeil
cpenoits).



BhiGop cucTeMbl MPOH3BONEH H AHKTY-
eTcs yclnOBHAMM pellaemoil 3agauu. Tena,
He BXOJsillYe B CHCTEMY, HA3bIBAIOT O K P Y-
Kawueid cpenol. CucreMy oraens-
10T OT OKpYXalolled cpeflbl KOHT P OJ b-
HOH NOBEPXHOCTHLIO (O60JOUKOH).
Tak, uHanpumep, AAsf npocreiuledl cucre-
Mbl —— ra3d, 3aKJaYEHHOr0 B LMJAHHAPE O
nopuIHeM, BHeIHEH cpeaoil AB/seTC s OKpY-
JKAUKMR BO3/lYX, & KOHTPO/NbHBIMH MOBEP-
XHOCTAMH CJYXAT CTEHKH LUHAHHADA H 10-
plieHb.

MexaHHueckoe H TeIJIOROe B3aUMOAEH-
CTBHAl TEPMOLHHAMMUECKOH CHCTEMbI OCYy-
ILECTBAAIOTCA Uepe3 KOHTPO/IbHblE NOBEp-
xHocTH. TIpH MexaHHueckOoM B3aHUMOIEHCT-
BHH caMmOH CHCTeMOH WIH Hal CHCTeMOW
coBepluaercs pa6ora. (B obuiem caydae Ha
CHCTEMY MOTYT AeHCTBOBATb TAKXKE 3JIeK-
TpUYECKHe, MArHUTHbIE H JPYrHe CHIBL, MO
BO3JEHCTBHEM KOTOPbIX CHCTeMa Oyler co-
Bepulats paGory. OTH BHAL paboOT Takxke
MOTYT GbITh YYTEHbl B paMKax TepMOAHHA-
MHKM, HO HaMW B JajbHeHIllleM paccMaTpH-
BaTbcd He OynyT). B Hawem npumepe me-
XauHueckas paboTa NPOH3BOAHTCA MPH Te-
peMellleHHH TOPLWIHA W CONpoBOXAaeTcs
u3MeHeHuem of6beMma. TemjgoBoe B3aUMO-
JedcTBYe 3aK/a04aercsi B [€PEXoie Tenso-
Thl MEXAY OTMAe/JbHbIMH TeJlaMH CHCTEMbI
M MEXJY CHCTEMOR U OKpyXKaiolleil cpeoi.
B paccmarpHBaemoMm NpHMepe TEMIOTa Mo-
JKET MOABOJHTbCA K rasy uepes CTEHKHU LH-
NuHApa.

B camom ofueMm cayudae cUcTeMa MoO-
)KeT O6MEHHBATHCH CO Cpel ol U BeLLeCTBOM
(Maccoo6mennoe Baanmoneiictare). Takas
CHCTEMA Ha3biBAETCA O T K p bl T 0 #. [loTo-
KH rasa Wiu napa B TypOHHax W TpyboInpo-
BOAAX — NpHMEpbl OTKPbITbIX cHeTeM. Ecan
BEULECTBO HE I[IPOXOAHT 4epe3 TpaHHLUbl
CHCTeMbl, TO OHA HAa3blBAeTCA 3 a K P bi-
T 0 . B najsbHefilem, ecad 3TO CnelHadbHO
He OrosapHBaeTcs, Mbl 6yleM paccMaTpH-
BATb 3aKpPbITbie CHCTEMbI.

TepMOAHHAMHYECKYID CHCTEMY, KOTO-
pas He MOXeT OGMeHHBATBHCA TenJoTOoH
¢ OKpyxaiollefl cpefoH, Ha3bIBAKOT T € II-
JOH3O0JAHPOBAHHOW HIM ajHa-
6 atHoil [lpumepom aguabatHoil cucTe-
Mbi SIBJARETCH Ta3, HAXONALHACA B COCYAE,
CTEHKH KOTOpPOTO MOKPHITH HA€ANbHOW Tell-
JOBOH H3OMsALHEN, HCKIOUAOLLEH Tenno06-
MeH MEXKAY 3aKJAYeHHbIM B COCyle rasom

H OKpYXKakoLlUMH TenamHi. Takylo H30/ALLKH-
OHHYIO O6OQJOUKY HA3bIBAIOT aaHabaTHOH.

CucreMma, He o6MeHHBaOLAACH
C BHewHed cpefod HH 3Hepruef, HH Be-
WecTBOM, Ha3hlBaeTcsl H3ONHKP OB 2 H-
HOH (WIH 3aMKHYTOH).

[Tpocteden TepMOJLHHAMHUECKON
cHCTeMOH fBaRerTcA pafouee Teao,
OCylUecTBAsAILEee B3AHMHOE NpeBpalleHne
TenJaorbl U paborbl. B aBuraresne BHyTpeH-
Hero cropaHusi, Hanpumep, paGouHM TeJNOM
AIBJASIETCA NPHIOTOBJEHHAA B KapOiopaTtope
ropouasi cMmech, COCTOALLAA H3 BO3AyXa
M napoB OeH3HHa.

1.3. TEPMOJHHAMHWYECKHE
NAPAMETPbl COCTOAHHUA

CBoficTBa KAaX/JAOH CHCTeMbl Xapakre-
PH3YIOTCSL PAOM BEJIHUMH, KOTOpble NpH-
HATO Ha3biBaTb TEPMOLHHAMHUYeE-
CKHMH napameTpamHu Pacemor-
pUM HEKOTOpble H3 HHX, WCNOMb3YA NpH
3TOM H3BECTHbIe H3 Kypca (PHIUKU MOJIeKy-
AAPHO-KUHETHYECKHe TpeicTapjenns 06
WA /b HOM TFa3e KaK O COBOKYMHOCTH MoJe -
KyJ, KOTOpble WMeIT Hcuesaille majble
pasmepbl, HaxogsitTcad B 6ecnopsiio4yHOM
TENJOBOM JIBHXEHHH H B3aHMOAEACTBYIOT
APYT ¢ APYroM JIMilb NPH COYAapeHHAX.

JdasaneHue OBYCHOBIEHO B3aHMO-
JedcTBHEM MOJieKyJs pabouero tena ¢ mno-
BEPXHOCTbIO M UHCJEHHO PaBHO CHJE, Aedd-
CTBYIOWEH HAa eJWHMLY MJOWAEaH MoBep-
XHOCTH Teja MO HOPMAnH K MOCJeiHed.
B COOTBeTCTBHH ¢ MOJEKYJAAPHO-KHHETHYE-
CKOW Teopuefl 1aBJeHHe rasa omnpeaensercs
COOTHOLLEHHEM

2

mc
=20 {1
pP=3 3 (r.h
rae n — YHCJO0 MOJEKYJ B eMHHULE

o6bema, m — macca MOJEeKybl; c2— cpel-
HAS KBaApaTHyecKas CKOpOCTb Mocryna-
TENbHOIO [ABHXXEHHSl MOJEKYJ.

B Mex1yHApPOAHOH CHCTEME €eAHHHILL
(CH) napneHue BblpaxKaetcsi B Mackagsx
(1 MMa=1 H/m?). TocKONbKY 3Ta €1HHH -
1a mMafja, ynobuee ncnoabzosath | kila=
—1000 Ma # | MITa=10° Ma.

llaBnenve u3MepsieTCA MNpPH MOMOLLH
maHoMeTpoB, 6apOMeTPOB H BAKYYMMETPOB.
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JKUAKOCTHBIE H TNpPYXHHHbIE MaHOMETpH
H3MepAT H36bITOUHOE AaB/ieHHe, [Mpej-
crapasiollee cO60H pazHOCTb MEXAY (0J-
HbIM HJIH a6CONOTHBIM [3BJEHHEM p H3Me-
psiemoil cpefibl ¥ aTMOCGhepHbIM AdBJEHHEM
Patm, T. €. Dua6 =P — Paru-

[Tpu6opbl ansi u3Mepenus jpaBJjeHuit
HUKe aTMOC(HEPHOro Ha3blBAKTCH BAKyyM-
MeTPpaMH; HX MOKa3aHWA [al0T 3HauyeHHe
paspekeHus (HJH BAKYyMa): Pa=Paru —pP,
T. €. H30LITOK aTMOCHEPHOTO AABJEHHA Hal
a6COMOTHBIM.

Caenyer OTMETHTh, YTO MapaMeTpoM
COCTOSIHMA sIBAsieTcsl a6coJI0THOe jaaBJe-
HHe. UMeHHO OHO BXOLMT B TEPMOAHHAMMU-
yeckue ypaBHeHHUs.

Temnepartypo# nazesaerca gu-
3u4eCKas  BeAUMURA, XAPAKTEPU3YIOWAan
crenens Hazperoctu teaa. [lowatue o tem-
nepaTrype BbITEKAET M3 CJAEAYIOUlero yTBep-
KAEHHA: €Ccld [ABe CHCTEMbl HaXOAsTCH
B TENJOBOM KOHTaKTe, TO B cJydyae Hepa-
BEHCTBA MX TemnepaTtyp oHu 6yayT o6MeHH-
BATbCSA TENJOTOH APYr ¢ IPYroM, €ciu xe
HX TeMIepaTypbl pasHbl, TO TemiooOMeHa
He Oyer.

C TOUKH 3pEHHH MOJEKYNSPHO-KUHETH-
yecKUX MNpeAcTaBjeHUd TemMneparypa ecThb
Meépa MHTEHCHBHOCTH TENJOBOrO ABHKEHHA
MonekyJ. Ee udcnenHoe 3Hauetne CBA3aHO
C BEeJMUMHON cpellHell KHHeTHUeCKOH 3Hep-
THH MOJeKyJs BellecTsa:

mec* 3

=_kT
2 2

(1.2)

rae k — nocrosHHas bBosbumana, paBHas
1,380662- 10~ % Ix/K. Temneparypa T,
onpeneseHHass Takum o6pasom, Ha3blBaeT-
caabconloTHOMN.

B cucreme CH eantnuedt temneparypsl
ABAsieTcs KeJabBHH (K); Ha npakTHke wupo-
ko npumensercs rpaayc [Heabcusa (°C). Co-
OTHOUIeHHe MexAy abcomioTHol T ¥ cTorpa-
LYCHOH { TeMnepaTtypaMH UMeeT BUJI

T=1+4273,15.

B npombiiineHHbIX H Ja60paTOpPHBIX ye-
JNOBHAX TEMMEpPaTypy H3aMepsiioT ¢  1o-
MOULbIO KHAKOCTHBIX TEPMOMETDPOB, HHPO-
METPOB, TepMonap M APyrux npubopos.

YaeabHbh o6bem v-—aro
o6vem edunuyn. maccet seujectsa. Ecau
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OLHOpPOAHOe Teno Maccod M 3anumaer
o6bem V, To no onpegenennio v="V/M.
B cucreme CH eguHnua yaeabHoro

o6bvema | m*/kr. Mexay yaeabHbIM
06bEMOM  BellecTBA H €ro MIOTHOCThLIO
CYIIECTBYET  O4YEBUAHOE  COOTHOLIEHHE:
v=1/p.

Jns cpaBHEHUS BeJHYUH, XapakTepH-
3YIOWHX CHCTEMbl B OAHHAKOBbIX COCTUAHU-
AX, BBOOAHTCA MOHATHE «HOpMAaJibHble (1)"31/1-
yeckde ycnoBusi»:  p=760 MM pT.cT.=
= 101,325 klla; T=273,15 K.

B pasHubx oTpacifx TeXHHUKH U Pa3HbIX
CTPaHax BBOASIT CBOH, HECKOJbKO OTJIHYHbIE
OT MPHBEAEHHBIX <«HODMAJbHBIE YCJAOBHA®,
Hanpumep, «TeXHUUYecKHe» (p=
=7356 w™m pr.cT.=98 «lla, t=15°C)
HJIM HOpMaJIbHbl€ YCJAOBHA [1J151 OLUEHKH Mpo-
M3BOJUTENbHOCTH  KOMIPECCOPOR  (p=
=101,325 «klla, t=20°C) u 1. a0. B gau-
HOH KHHre, ecM 3TO He OTOBUPEHO 0c060,
6YAYT HCMOJb30BATLCSH HOPMAaJbHbIE (PH3IH-
yecKHe yCJOBHA.

Ecau ece repmodunamuveckue napa-
METPbL NOCTOSHHOL B0 BpEMEHI 1 O0UHAKO-
8bl 80 B8Cex TOYKAX CUCTEMbl, TO TaAKOE
COCTOAHUE CUCTEMbL HA36LBAETCS P A B H O-
B€CHBIM.

Ecau mMewOy pasziudneimu TOYKAMU
8 CUCTEME CYULECT8YIOT PA3HOCTH Temnepa-
Typ, dasaenul u dpyzux napamerpos, To
OHQ  SBAAETCRE HEepPABHOBECHOH.
B Ttaxkol cucrteme mnoa AeHCTBHeM rpaiu-
€HTOB MapaMeTpoB BO3HHKAIOT NOTOKH Tel-
JIOTbI, BEULeCTBA W Apyrue, CTpeMsitivecs
BEPHYTL €€ B COCTOSHHE DABHOBECHH. Oneit
NOKa3blBAET, UTO U3OAUPOBAHKAS CUCTEMA
C Teuenuem spemenu 8ceeda npuxodur 8 co-
CTOAHUE PABHOBECUA U HUKO20a Camonpo-
U3B0ABHO B6LUITU U3 HEZO0 He MOMCeT.
B ksaccHueckoh TepmMoaMHaMHKe paccMar-
PHBAEOTCH TOJLKO PABHOBECHbLIE CHCTEMbI.

t.4. YPABHEHHE COCTOSSHHU4A

Jlnsi paBHOBECHOH TepMOLHHAMUYECKOH
CHUCTEMBl  CYLLECTBYET (YHKUHOHANbHAA
CBSI3b MEXIY MapaMeTpaMH COCTOAHUS, KO-
TOpan Ha3blBaeTcsl ypaBHEHHEM CO-
¢ T O HHA. OnbiT N0Ka3bIBAET, UTO YA/ b-
Hbld 06beM, TeMmeparypa W AapjaeHHe Npo-
CTEHLIMX CHCTEM, KOTOPbIMH SBASIOTCA
rasbl, mapbl HAH KHAKOCTH, CBA3AHBI T € p-



MHUYEeCKHM YpPABHEHHEM COCTO-
AaHua euga f(p, v, T)=0.

YpaBHeHHIO COCTOAIHHSA MOXHO NPHAATH
apyryio ¢opmy: p=fi (v, T); v=fa(p, T);
T=f3 (pv U)‘

3TH ypaBHEHHF TMOKa3biBAKT, UYTO M3
Tpex OCHOBHBIX NapaMeTpoB, Onpeaensao-
LIMX COCTOSIHHE CHCTEeMbl, He3aBHCHMbIMH
ABJAIOTCA ABa JIOGHIX.

[ peuleHna 3aay MeTOJAMH TEPMO-
JMHAMHKH COBEpLUeHHO HEOOXOAWMO 3HATb
ypaBHeHHe cocTosiinn. OQHAKO OHO He MO-
¥eT 6bITh M0JYy4eHO B paMKax TepMOIHHA-
MHKH H JI0JHKHO GbITh Haltiero aubo 3kcne-
PHMeHTANbHO, TUOO METOLaMH CTATHCTHYE-
cKoil pu3nku. KOHKpeTHbIH BH/A ypaBHEHHS
COCTOSIHHSI 33aBHCHT OT HWHAMBHAYAaJIbHBIX
CBOWCTB BelLeCTBA.

YpaBueuue cOCTOSIHMS MAEANbHBIX ra-
aos. M3 ypasuenuit (1.1) n (1.2) caenyer,
yto p=nkT.

PacemoTpum | Kr raza. YunTwiBas, uto
B HeM COZEpKHTCA N MOJeKyJ H, cle/loBa-
teawno, n=N/v, noayuum: pv/T=Nk=
=cornst.

[TocTosinHylo BeJHuMHY NR, OTHeceH-
Hylo K | kr rasa, o6o3HaualT 6yKBOW
R v wHaspBalOT ra3o0BOH NOCTOAH-
H o i. Tlostomy

pv/T=R, nan pv=RT. (1.3)

[TonyueHHoe COOTHOWEHHE [peJCTaBJ/iseT
co6oil ypaBHenne Kianeiipona (1834 r.).

Ymuoxus (1.3) na M, noaydum ypasn-
HEHHWe COCTOSIHUA /151 NPOH3BOJbHOH Macchl
rasa M:

pV =MRT. (1.4)

YpapHenuio Kuianeipona MOXKHO NpH-
AaTh YHHBePCanbHYI0 GOpPMY, €CIH OTHECTH
raizoBylo MOCTOSIHHYI0O K | KMoJI0 rasa,
T. €. K KOJMUecTBy rasa, macca KOTOpPOro
B KWJOrpaMmax 4YHUCJE€HHO paBHa MOJIEKY-
JsipHo#i Macce p. [lonoxus B (L 4) M=p
u V=V,, noayuum ans OAHOrc Mo.s ypas-
Henne Kunaneiipona — Menjesneesa:

pV,=uRT. (1.5)

3nechb V, — o6beM Kuiomossa rasa, a pR —
yHHBepca/lbHas ra3oBas NMOCTOAHHAA.

B cooTBeTcTBHM ¢ 3aKOHOM ABOrajapo
(1811r.) ob6bem | KMOIf, OAMHAKOBbIM
B OJHHX M TEX e YCJOBHAX [JAl BCeX He-
aJbHbIX ra30B, NPH HOPMAa/dbHbiX (H3HYE-

CKHX ycaoBHAX pasen 22,4136 m’, nostomy
wR=pV,/T=

=101,325-22 4136/273,16=
=8314 Ax/(kMoab-K).

[a3oBas nocTtosiHHasa | Kr rasza cocrasnsier

R=8314/pn. (1.6)

YpaBHeHne cocTOfHHS pealibHbIX ra-
30B. B peanbHBIX raiax B OTJIHUHE OT Hie-
AbHbIX CYULECTBEHHbI CHJIBl MEXMOJEKY-
JIIPHBIX B3aHMOZEHCTBHA (CHJBI IPUTSIKE"
HHS, KOT[1a MOJIEKYJ/Ibl HAXOAATCA HA 3HAUH-
TeJIbHOM PacCTOAHHH, H CHJIbl OTTANKHBAHHS
NpH [AOCTATOYHOM COJIHXKEHHH HMX Jpyr
C JpYyrom) M HeJb3sl npeHebpeub cOOCTBEH-
HbiM 06BbEMOM MOJIEKYJI.

Hanuune mexMonekynasipHblx cHd OT-
TaJKHBAHHA MPHBOLHUT K TOMY, UTO MOJEKY-
JIbl MOTYT COAMKATBCHA MEXLY COBOH TOMb-
KO 10 HEKOTOpPOro MHHUM&JbLHOIO PaccTof-
HUA. [103TOMY MOXHO CUHTATH, UTO CBOOOL-
HbIH 151 ABHXKEHHA MOJeKyad obfbem Gyjer
paBeH v—b, rae b — TOT HaWMeHbLUHH
o6beM, [0 KOTOPOre MOXHO cXKaTh ras.
B cooTBeTcTBHH ¢ 3THM AJHHA CBOBGOJIHOIO
npo6era MOJIEKY/]l YMEHbLIAETCA M UHCJIO
y1apoB O CTEHKY B €IHHHLY BPEMEHH,
a cJie[l0OBaTeqbHO, H JaBJeHHe yBEJH4YHBA-
eTCsl N0 CPaBHEHHIO C HAeaJbHbIM [a30M
B OTHOWeHHH v/(v—b), T.e.

RT
v—b'

__RT v
T o (v—b)
Cuabl [IPUTAKEHHA AEHCTBYIOT B TOM
)Ke Hanpas/ieHWH, 4TO W BHellHee namJe-
HHE, U NTPHBOISAT K BOSHHKHOBEHHIO MOJIEKY-
JAIPHOrO (MM BHYTPEHHEro) JaBJieHH:.
Cuia MOJEKYJISPHOTO MPHUTAKEHHA KaKHX-
JMB0 IBYX MaJjblx yacte#l raza npomnopuHo-
HAJbHA NPOW3BENEHHIO UYHCAA MOJEKY.Jl
B KaXIO0M H3 3THX YacTeH, T.e. KBaaparty
IJIOTHOCTH , NO3TOMY MOJIEKYJSIpHOE aaBae-
HHe OOPATHO NPONOPLHOHAILHO KBaApaTy
YAENbHOrO 06beMa rasa: pua=a/v’, rie
a — KO3 HHUHEHT MPONOPLUHOHANBHOCTH ,
3aBUCHUIAN OT MPUPOABI rasa.
Orciona noayyaem ypabHeHHe DBan-
nep-Baanbca (1873 r.):

p+a/v*=RT/(v—b),
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(p+a/v*) (v—b)=RT. (1.7)

[Mpy GomblMx ygenbHBIX 06beMax
U CPABHUTEJILHO HEBBICOKHX AaBJEHHUAX pe-
aJIbHOro ras3a ypasHeHde Ban-gep-Baanbca
NPEKTHYECKH BBIPOXKAAETCHA B YpaBHEHHE
COCTOAIHMA HMJeasbHOro rasa Kaaneipoua,
H6o BenuuyuHa a/v® (10 CPaBHEHHIO C p)
u b (N0 CpaBHEHUIO C V) CTAHOBATCS NpEHe-
6pexxHMO MalbIMHU.

Ypaeuenue Ban-gep-Baanbca ¢ ka-
YeCTBEHHOA CTOPOHBI AOCTATOYHO XOPOLIO
onuchiBaer cBofACTBA peasbHOrO rasa, Ho
pe3yJabTaTbl YHCAEHHBIX PAcuYETOB He BCer-
Aa COrjacyloTcsi ¢ 3KCINepHMeHTaJbHbIMH
JaHHBIMH. B paige ciiydaeB 3TH OTKJIOHEHHA
OOBACHAKTCA CKJIOHHOCTBIO MOJEKyJ pe-
aJbHOrO ra3a K acCOLHALHH B OT/AENbHBIE
FPYNIbl, COCTOsLLUWE U3 ABYX, TPeX H Oogee
MoJeKy1. AccolHalus NpOMCXOAHT BCJEs-
CTBHE HECHMMETDHYHOCTH BHEUIHEro 3JjeK-
TpUUueckoro noas monexya. O6pasosaBuUin-
ecsl KOMIVIEKChl BeAYT ceBsl Kak camoCTos-
TeJNbHble HecTabuabHble yacTHuel. [lpu
CTOJKHOBEHHAX OHHM pacnajgawTrcs, 3arem
BHOBb OObEAMHAIOTCA YXXe ¢ APYIHMMH MO-
JiekysaMu U T. 1. [1o Mepe noBeIlieHHs] TeM-
neparypsl  KOHUEHTPAUUs  KOMIJIEKCOB
¢ GONbIUMM YHCJAOM MOJEKYJa GObICTpO
yMeHbIUAeTcsl, a J0JA OLHHOUHBIX MOJEeKYJ
pacter. Bosbulylo CKJIOHHOCTB K accouua-
UHH TPOABJSAIOT MOJAAPHbIE MOJEKYJbl BO-
AAHOrO napa.

1.5. TEPMOAHHAMHYECKHA NPOLECC

H3amenenue cocroanus tepmodunamu-
4eckotl CuCTembt 80 8PEeMEHI. HA3bl8AETCH
TEPDMOAIHHAMHUYECKHUM MpoOILecC-
cowm. Tak, npu nepeMelleHdM TOPLIHS
B UMWIMHApe 00beM, a C HHM JAaBJeHUe
¥ TEMNEpaTypa HAXOAALLerocs BHyTPH rasa
6yayT H3MeHATbCH, OYAEeT COBepLIaThCs
NpoLece PaclIMpPeHHsl UAH CXKATUA rasa.

Kak yxe orMeuanoch, cucreMma, BHBe-
NE€HHas M3 COCTORIHHUS DABHOBECHS, U mpe-
IOCTaBNeHHasA NpH MOCTOAHHBIX napamer-
pax okpyxaiouieit cpeabl caMmo# cebe, ue-
pe3 HeKoTopoe BpeMsl BHOBb NPH/ET B pPaB-
HOBECHOE COCTOSIHME, COOTBETCTBYloLLEee
3THM napamerpam. Takoe camMONpOU3BOJb-
Hoe (0e3 BHellHero RO3AeHCTBHS) BO3Bpa-
LLEHHE CHCTEMBbl B COCTOSIHHE DaBHOBECHHA
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HasbiBdeTc pesakcauuei, a npome-
XKYTOK BPEMEHH, B TEUEHHE KOTOPOTO CHUCTE-
Ma BO3Bpallaercs B COCTOAHHE DaBHOBE-
CHfl, HA3bIBAETCA BPEMEHEM peJak-
cauuu. [as pasHbX 1IpOLECcCcoB OHO
Pa3nUYHO: ecan A YCTAHORJAEHUH PABHO-
BECHOrO 1aBJEHHsl B rase TpeGyercs BCero
107" ¢, TO AnA BBIpARHUBAHUSA TeMneparTy-
pHl B 06'b€ME TOrO XKe ra3a HYKHbl IeCATKH
MUHYT, a B 06'bE€ME HATPEBAEMOr0 TBEPAOr0
T€Jda — MHOI1a HeCKOJbKO YdCOB.

Tepmodurnamuueckuli npoyecc Hazblaa-
eTcR pPaBHOBECHbB M, ecau gce napa-
METPbL CUCTeMbL NPU €20 NPOTEeKAHUU MEHS-
H0TCA JOCTATOYHO MEJACHHO NO CPABHEHUIO
C COOTBETCTBYIOWUM NPOUECCOM PeAaKca-
yuu. B stoM ciayuae cucrema dhakTHUeCKH
BCE BPEMS HAXOLHTCH B COCTOSHHH PABHO-
BECHS C OKpY>Kalolel cpeol ,uem U onpe-
JeJiaeTc Ha3BaHHve npolecca.

Uro6el npouecc 6blT  PABHOBECHBIM,
CKOpPOCTb HM3MEHEHHMS NapaMeTpoB CHCTe-
Mbl dA/dv 10MKHE YA0BIETBOPATH COOTHO-
LIEHHIO

dA/dT«Cp('.quA/Tpuh (18)

rae A — napamerp, Haubosee GLICTPO U3-
MEHRIOUMACS B paccMaTpuBaeMoM Mpotec-
C€; Cpen — CKOPOCTh HU3MEHEHHA 3TOrO na-
paMeTpa B peaakCallHOHHOM [poOlecce,;
Tpen — BPEMS peJAKCAIMH,

Paccmorpum, Hanpumep, npoiecc cxa-
THA rasa B uMAWHApe. Ecau Bpems cmeue-
HHUA NMOPIIHA OT OAHOr0 NoJ0XXeHua o0 Apy-
roro CyulecTBEHHO NpeBbILIAeT BpeMsi pe-
JakcalHu, To B INpoLecce nepeMeuienus
MODLIHA AABJEHHE M TEMIEpPaTypa yCnewT
BbIDABHATbLCHA MO BCEMY 06'bEMy LLHAUHADPA.
70 BHIpaBHUBaHHe 06ecIeYHBABTCA Henpe-
PBIBHBIM CTOJIKHOBEHHEM MOJEKYJa, B pe-
3yJbTaTe HYero noaBojHMas OT TNOpLUHA
K Ta3y SHeprus /I0CTaTOUHO GBICTPO U paB-
HOMEPHO pacnpefefsieTcsi MexJ1y HHMH.
Ecau nocaegyouine cMelenus noplns 6y-
AYT NPOMCXOAHTb AHANOCMYHBIM 06PE3OM,
TO COCTOAHHE CHCTEMbl B KAXKAHH MOMEHT
BpEMEHH Gy/1eT NPAKTHYECKH PABHOBECHBIM,

Taxkum o6pasom, pasgunosecnstii npoyecc
COCTOUT U3 HEenpepuenozo pada nociedo-
8ATeAbNOLY COCTORAHUI PUBHOBECUR, TIOSTO-
MYy B Ka)J0l ero TOuke COCTOSIHUE TepMO-
JHHAMHYECKON CUCTeMbl MOXHO OMHCaTh
YPaBHEHHEM COCTOSIHMA NLAHHOro paboyero
tena. MmenHo noatomy Kaaccuueckas



TEPMOJHHAMHKA B CBOMX HCCJAENOBAHHAX
onepHpyeT TOJbKO PABHOBECHLIMH MpOLEC-
camu. Onu aBasitOTCst yno6HOH! Maeanuaa-
uHeil peasibHbIX MPOLECCOB, NMO3BOJAIOLLIEH
BO MHOrMX CJAYYadAX CYILECTBEHHO VIi-
pPOCTHTbL pelleHde 3agauyu. Takas vieanu-
3alHA BOJHE OGOCHOBAHA, TaK KaK yCao-
Bue (1.8) BhIMoAHsETCSH HA TNpakTUHKe .0-
CTaTo4HO 4YacTo. [TocKoAbKY MexaHHuecKHe
BO3MYLUEHHS PACIPOCTPAHAIOTCS B rasax
CO CKOPOCTbIO 3BYKA, MpOLIECC CXKATHA rasa
B UH/IHHAPE GYylleT pABHOBECHbIM, €C/IH CKO-
pPOCTHb MepeMeLeH sl NIOPUIHA MHOTQ MeHb-
e CKOpPOCTH 3BYKA.

poyecceot, ne ydosaeraoparowue Ycao-
8ur0 dA/dt & Cpes, NPOTEKAIOT C HAPYLIEHH-
€M pABHOBECHSA, T.€. ABAAIOTCA HEP 4 B-
HOoBecHBH MH. Ecad, Hanpumep, 6bicTpo
VBENUYUTH TEMIIEPATYPY OKPYXKaIOUIEH cpe-
Abt, TO ra3 B UHJAUHApe GYIeT MOCTENeHHO
NpOrpeBaThesl Yepes ero CTeHKH, PeaakcH-

fnasa sTopas
MEPBbIK 3AKOH TEPMOAUHAMUKU

Pyl K COCTOSIHHIO DPABHOBECHA, COOTBET-
CTBYIOLLEMY HOBBIM NapaMeTpaM OKpYxalo-
et cpennl. B npolecce penakcauumu ras
HE HAXOAUTCA B PABHOBECHH C OKpYKalo-
(€A CPENOH U ero Hesb3sl XapaKTepu3oBaTh
YPaBHEHHEM COCTOSIHHSL XOTs Gbl MOTOMY,
YTO B PA3HbLIX TOUKAX of6beMa rasza temne-
paTypa uMeeT Pa3/HYHble 3HAUEHHA.

Korrpoasrote sonpocet

[.1. 1 m* Boznyxa comepaur | K& BOdb!
B BHI€ MEJKHX Kaneab, Paclbl/IeHHbIX 10 0HBEMY.
MOXHO /1M 3Ty CMeCh PACCMATPUBATL KAk TEPMO-
JMHAMHUYECKYIO CHCTEMY?

1.2. Uro npousoiiger c reMmnepatypoil cucre-
Mbl, €CJIM NPH TOCTOAHHBLIX YIeJAbHOM CObeMe
M [aBJEHHH U3 CUCTeMbl YOpaTh MOJOBHHY ee
CTPYKTYPHbBIX 4aCTHIL?

1.3. Ha rtopuax crepxHa, 60KOBad 110Bep-
XHOCTb KOTOPOro TENJIOH30JMPOBAHA, TOAREDIKH-
BalOTesl MOCTOsIHHble Temneparypul Ty u Ty (T, >
Ty). B KakoM cOCTOSIHHM HAXOAMTCH CHCTeMa?

2.1. BHYTPEHHASA 3HEPIHUA

BHYTpEHHSS 3HEPrUsi CHCTEMbl BRJOYA-
et B cebs:

KHHETHYECKYI0 3HEPrui0 NOocTynaTe/b-
HOrO, BPALLATEJNbHOr0 H KoJebaTesbHOro
JNBHKEHHA 4ACTHL;

NOTEHUHAJIBHYIO 3HEPrui0 B3aMMoOpei-
CTBHA YaCTHL;

3HEPTHIO
aTOMOB;

BHYTPHUALEPHYIO 3HEPTHIO.

B 6onbluvHcTBe TENI03HEPreTHUECKHX

3JIEKT POHHBIX ofosiovek

NpoLeccoB ABe MNOCACAHUEC COCTABJAAKOLIHE !

0CcTalTCs HensMeHHbIMU. [loaTomy B adnb-
HelllleM 7100 [BHYyTpeHHe#H 3Hep-
ruei 6ydem NOHUMATH IHEPUIO XAOTUYE-
CKO20 BUMENHUS MOAEKYA Il ATOMO8, 8KAIO-
HAOWY IHEPSUIO NOCTYRATEAbHOEO, 8PA-
u4areabno2o u Koasebaressnoeo dauxcerud
KAK MOAEKYAAPHO20, TAK UL BHYTPUMOAEKY-

AAPHO2O, A TAKIHE NOTECHYUAABHYIO SHEp2UIO
cun 83aumodelicraun mMexdy MOAEKYAAMU.

KunHeTHueckasi sHeprusa MoJexkyJs sBJA-
erci ¢QyHKUHel TeMnepaTyphl, 3HaueHHe
MOTEHWUHAJNLHOH 3HEPrUH 3aBUCHT OT Cpel-
Hero pACCTOAHMA MEXKAY MOJEKYJaMH H,
C/el0BaTeNbHO, OT 33HHMAeMOro rasom
o6bema V, 1. e. aBasercd bdyukouei V. MMo-
ITOMY BHYTpeHHAR 3nepeun U ecto pywk-
YU COCTOARUSA Tead.

Insa caoxHOA cHCTeMbl OHA ompeneds-
€TCA CYyMMOH 3Hepruil OTAe/bHbIX 4YacTeH,
T.e. obaanaer CBOHCTBOM AAAUTHBHOCTH.
Beanuuna u=U/M, Ha3bIBAEMast
YyreabHONH BHyTpeHHe#H sHep-

ruei (Ix/xr), npeacrasiaser co6oii
BHYTPEHHIOIO 3HEPTHIO eIHHUIbl MacChl Be-
uecTea.

B nanbHefilieMm assi KpaTkKocTH GyaeM
Ha3blBaTb BEJIHYMHY u NPOCTO BHYTPEHHeH
sHeprueld. [10CKO/IbKY BHYTPEHHAS 3HEPrHs
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ecTb QYHKIHSI COCTOSIHHA Tena, TO OHA MO-
KeT GhITb NpeicTaBjeHa B BUAE (YHKIHH
NBYX JI06bIX HEe3aBUCUMbBIX NapameTrpos,
onpefesfiiOlUX 3TO COCTOAHHE!

u=q(p, V), u=qy(p,T); u=g,(v, 7).

Ee u3amenenve B TEPMOJLHUHAMHUYECKOM
npouecce Au He 3aBUCHUT OT Xxapakrepa
npotiecca H onpejeadercd TOJNbKO Ha4dallb-

HbIM H KOHEYHbIM COCTOSIHHAMH Teqa: Au=
2

=Sdu=ug—u|, r/e 4 -— 3Ha4eHHEe BHYT-
f

peHHell 3Heprdd B HAyaJbHOM COCTOAHMH,
a t9 — B KOHeYHOM. MaTeMaTHuecku 3To
03Hauaet, 4YTO GECKOHEYHO Ma/joe WiMeHe-
HHe BHYTpPEHHell 3Hepruu du ecTb NOJHbIH
auddepeHLHan u; ecau BbIpa3UTb BHYTPEH-
HIOI0 3HEPTHIO B BHAE (YHKLUHMH YAENbHOro
o6beMa M TeMIepaTypbl, TO

du=(du/0dT), dT +(du/dv); dv. (2.1)

BHyTpeHHsiIA sHeprust naeanbHOTO rasa,
B KOTOPOM OTCYTCTBYIOT CHJIbI B3aMmogel-
CTBHA MEXJAY MOJEKYJNaMH, HE 3aBHCHT OT
ob6beMa raza WM aasnenus [(Ou/dv); =0,
(0u/dp); =0} a onpegensiercs TONbKO €ro
TeMnepaTypoH, [03TOMY NPOH3BOAHAA OT
BHYTPEHHEH SHEPrHH HAEAJbHOTO rasa 1o
TemnepaType ecTb NOJHA# [POH3BOAHANA:

(0u/dT),=(0u/0T),=du/dT. (2.2)

Jlns 3anay TeXxHH4YecKOH TepMOAHHAMH-
KU BAXXHO He aGCOI0THOE 3HAYeHHe BHYT-
peHHElN SHEPrHU, a ee U3MeHeHHe B PA3/IHU-
HblX TepMOLHHAMHUecKHX mpoueccax. [lo-
3TOMY Hauajno OTcuyeTa BHYTpeHHeH 3Hep-
TMH MOXeT ObiTb BHIOPAHO MPOU3BOJNbLHO.
Hanpumep, B COOTBETCTBHH C MeXAYHAPOL -
HbIM COTJIalI€HHEeM A5 BOAbI 32 HYJb TNPH-
HUMaeTcd 3HaueHHe BHYTPeHHeH 3Hepruu
npu temneparype 0,01 °C u pasJenue
610,8 Tla, a 14A WaeanbHbIX ra3oB — NpH
0 °C BHe 32aBUCHMOCTH OT [ ABJEHHSA.

2.2. PABOTA PACUWIHPEHHSA

Pabora B TepMOaHHAMHKE, TAK Xe Kak
W B MeXaHHKe, OfpefesseTcs 1POU3BEAEHH-
eM JeHCcTBYIOLel Ha paboyee TeAO CHIbl Ha
nyTb ee jpeficTBUA.

Paccmotpum ras maccol M v o6bemom
V, 3ak/ioueHHbId B 371aCTHYHYIO 060/0UKY
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Puc. 2.1. K onpenesennio pa6oTel pacLivperus

¢ nosepxHocteto F (puc. 2.1). Ecan rasy
COOGLIUTL HEKOTOPOE KOJNHYECTBO TEMJIOTh,
TO OH OyJeT paclUHpATbCA, cOoBepllias Mpu
3ToM paboTy NPOTHB BHEWIHEro AABJEHHA
p, OKasblBaeMoro Ha Hero cpegoki. ['as geit-
CTBYET HA KaXJblH 3jemMeHT 060J04KH dF
¢ cuaod, paBHOH pdF w, nepemellas ee no
HOPMAJIH K MOBEPXHOCTH Ha PACCTOsAHHE dn,
cOBepluaer ajeMeHTapHyl pabory pdFdn.
O6wy paGoTy, COBEpPLUGHHYIO B TeYeHHE
6eCKOHeYHO Maforo mpoiecca, MOJYUUM,
MHTErpUPYHA JlaHHOE BbIPa)KeHHe¢ MO BceH
nosepxHocTH F o6ogoukn . 8L =:deFdn.
F

M3 puc. 2.1 BUAHO, 4TO u3MeHeHue
o6nema dV BhipaXkaeTcAl B BHAe HHTErpana
N0 MOBEPXHOCTH: dV:SdFdn, caejoBa-

7

TeJNbHO

8L =pdV. (2.3)

“,\_ﬂ_pu KOHEUHOM H3MeHeHHH obbema paboTa
NPOTHB CHJ BHEWIHEro AaBJEHHA, Ha3hBae-
MasspaboTOH paclWHpeHHHA, paBHa

V2

L={pav. ' (2.4)

v, »

M3 (2.3) caenyert, uto 8L u dV Bceraa
MMEIOT OJ\MHAKOBbIE 3HAKH:

ecat dV >0, To u 6L >0, T.e. npH
paciuupeduu paora Teaa NONOKUTENbHA,
IpH 3TOM TEJO camO coBepluaer paboTy,

ecau e dV <0, toun §L <0, 7. e. npu
cxKaTud paboTa Tena OTPUUATENbHA: 3TO
03HauaeT, 4TO He TeJ0 cosepliaer pa6ory,
a HMa ero caTHe 3arpayuBaercsi pabora
H3BHe.

' Paannune cumeonoB (8 W d) y 6ECKOREUHO

Majablx Bennunk L w dU cBA3aHo ¢ TeMm, uTo
penuunia 8L B otanuuve or dlU He spaserca
NOAHBIM AHDepeHLHATOM.



Epunuueil uaMepeHns pa6orhi 8 CH sB-
nneres mKoynb (JUK).

Otnecsi paGoTy pacClHperns K 1 Kr
macchl pafouero Tesa, noayunu

[=L/M; 8l=8L/M=

=pdV/M=pd (V/M)=pdv. (2.9)

Bennuuua [, npeacTapasiollad coGoi
yaeabuyio paboty, coBepluaeMyl0 CHCTE-
Moit, cogepxaiued | kr rasa, paBH3

Y9

1= pdo.

v

(2.6)

[lockosbKy B 0o0lLeM Caydae p — BeJIH-
yHHA NEpeMEHHas, TO WHTErpHpOBaHHE BO3-
MOKHO JIHLIb TOCAA, KOTjia H3BECTEH 33KOH
A3MEHEHHA [1aBJeHHs p=P (v).

dopmyasl (2.3) — (2.6) cnpaseiJuBhl
TONbKO A5l PABHOBECHBIX NPOLECCOB, npH
KOTOpbIX JaBjenue paGouero Tena paBHO
JaBJICHUIO okpyxalouiei cpeabl.

B TepMojHHAMHUKE LIA uccae10BaAHHA
pABHOBECHBIX [IPOLECCOB WHUPOKO HCNOodb-
3yi0T p, U-AHArpamMmy, B KOTOpO# OChIO a6-
CLHCC CAYXKHUT yuenbﬂbu?l o6beM, a OCbiO
OpAMHAT — AaBJEHHE. [ToCcKO/AbKY COCTOS-
HHe Tepmonuuamnuecmﬁ cHCTEMbl onpeje-
nsieTcs ABYMS apaMeTpam, TO Ha D, v-1d-
arpaMme OHO u3obpaxaercs touxkok. Ha
puc. 2.2 TOuKa | COOTBETCTBYET HAUAJBHO-
MY COCTOSIHHIO CHCTEMBIL, Touka 2 — KOHeY-
HOMY, @ JIWHHA 12 — npoueccy paciupe-
uua pabouero Tena oT Ui 10 Uz

[lpu GeckOHeuHO MaAJOM W3MeHeHHU
o6bema dv nowlankb 3AIUTPHXOBAHHON
BePTHKANbHOH MOJOCKH paBHa pdv=>4L;

P 1 )
/J——tx a “2
.

vy c_t_v) Uy V

Puc. 2.2. [padnueckoe usobpaxenue pa6ortsl
B p, v-KOOpAHHATAX

cnefoBaTelbHo, paboTa mpouecca 12 wu3o-
Gpaxaercst MIOLaLbIO, OrpaHvueHHON KPH-
BOil mpouecca, 0Cbio A6CLACC H KpadHHMH
opaunarami. TakAM o6pa3om, ppabora u3-
menenus 00Bema IKBUBALEHTHA naowadu
nod kpusoti npoyecca 8 duaepamme p,’z')‘._l

KamaoMy nyTd 1lepexoia cucTeMbl H3
cocTosinua | B cocTosHHe 2 (uanpumep, 12,
[a2 wau 1b2) COOTBETCTBYET CBOS pa6ora
pacluupenus: pa=> lia2>> Lz Caenosa-
TEAbHO, Wéom 3agucurT OT xapakrepa
Tep MO0 UHAMUHECKO20 npoyeccaj a ne siaf-
ercsi PyHKLHEH TONBKO WCKXOAHOIO M KO-
HEYHOrO COCTORHHA CHCTEMBL C apyro#
cropoubl, § pdv 3aBHCHT OF NyTH WHTErPH-
poBaHHs H, CNEAOBATENBHO, sjemeHTapHan
pa6ora !/ He ABARETCH nodHbiM AHdGe-
peHUHanoM H HE MONKET 6LiTh NPEACTABIE-
HA COOTHOLIEHHEM, aHAJOTHYHBIM (2.1).

Pa6ora Bceraa cBfAzaHa ¢ nepemeLLe-
HHeM MAKpOCKOIHUYECKHX Tel B poOCTPAaH-
cTBE, HanpuMep rnepemerienueM MOp LKA,
nedopmauueit 06004KH, TIO3TOMY OHA Xa-
pakTepusyer ynopfAOYEHRYI0 (Makpopu3n-
yeckytlo) (opmy nepenadt 3HEPruU OT OA-
Horo Teaa K APYromy H ABAFETCH mepoH
nepeaHHON FHEPTHH.

[lockoabky Beauunna 8l IPONOPUUO-
Ha/ibHA yBeJUY eHHIo 06bema, TO B KauecTBe
pabounx Ten, peAHa3HaueHHblX JUIst 1pe
06pa30BaHHA TenJIOBOHR 3HEPTHA B MeXaHH-
yecKylo, 11e/1eco00pasHo BbIGMPATL TAKHE,
koTopble ©0GaaaaloT CHOCOBHOCTbIO 3HAYH-
Te/bHO YBEJHUYHBATD cpoii ofmeM. JTHM
KauecTBOM 06/1a/al0T raabl 1 Napel WU LKO-
cteil. [lostromy, nanpuMmep, Ha TENJ0BbIX
3/1eKTPUHECKHX CTAHIUAX pabounm Te/lOM
cayKaT fapbl BOAbl, @ B ABHraTeqfy. BHYT-
peHHero Cropatus — razoobpasuble  [po-
AYKTbl CrOpaHHUS TOTO HJIH WHOrO TOMJIUBA.

2.3.TEMJIOTA

[TomMHMO MaKpoqmauquKoﬁ dopmbl ne-
peaauu sHeprin — paboThl cyuiecTByet
rakKe M MHKpoduauueckasm, T. €. ocyuie-
CTRAAEMAs HA MOJEKYJIAPHOM yposk e $op-
ma ofmeHa JHeprued  Memuy cACTEMON
n orpyxaouies cpenoi. B aToM cayyae
SHEPrusi MOXET GhiTh nepejand CUcTeme
6e3 copepluenust padorsl. Mepoi KOJIUUECT-
Ba SHEpruu, MepelaHHoH MHUKpOQHU3HUE-
CKHM TyTEM, CILYXKHT T eIJ oT a.J
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Tennora Moxer mnepemaBaThcA JHOO
NPH HEMOCPeACTBEHHOM KOHTAaKTE MEXX1y
TejJaMd  (TeMJONPOBOJHOCThIO,  KOHBEK-
uueit), W60 HA pACCTOAHUH (H3TyHEHHEM),
npUYeM BO BCex cJydasix 3TOT [Mpolecc
BO3MOXEH TOJbKO NpPH HalHUWK Pa3HOCTH
TeMIepaTyp MeXALy TeJaMH.

Kak Gyaer nokasano HUXKeE, 3NeMeHTap-
HOe KOJM4eCcTBO TemnoThl 8Q, Tak XKe Kak
u 8L, He fiBASeTCA TMOMHBLIM AH(epeHuHUa-
JIOM B OT/MuHe oT AuddepeHuHana BHYT-
pexHed svepruu dU. 3a 310l mMaremaTuye-
CKOH CHMBOJIHKOH CKPBIT r1yGOKHi usnue-
CKHI CMBICJI Pa3/MYUsl NMOHATHH BHYTPEH-
Hell 3HepruM, TemnoThl H paboThl.

BryTpennaa 3unepeus — 370 (80UCTEO
camMoOl cuctemot, OHA XAPAKTEPUIYET COCTO-
anue cuctemsl. Tenaora u pabora — 310
3HepeeTUdecKUe XApaKTepucTuku npoyec-
€08 MEeXAHUHeCKOZO U Tenaoeoz0 B 3 a U-
MOALEHCTBHH cucremst ¢ oxpyscarouel
cpedoti. OHH XapaKkTepH3yIOT Te KOJHYecT-
Ba 3IHEPrHH, KOTOpble JNepefaHbl CHCTEME
MW OTAAHBl €10 Yepe3 ee rpaHHuubl B onpe-
JeJIeHHOM npouec/c_&l

2.4. AHAJIHTHYECKOE BbIPA)XEHHE
NEPBOT0 3AKOHA TEPMOJAHWHAMHKH

[TepBhiii 3aKOH TepMOLHMHAMHKH NpeA-
cTap/seT COGOH YacTHbIR cayuaid sceoblue-
ro 33aKOHA COXPaHeHHS H [pPeBpalleHHs
3HEPruu NPUMEHHTEJIbHO K TENJOBbIM FBJIE-
HUAM. B cOoOTBeTCTBHH € ypaBHeHHEM JiH-
wreina E=mc¢® wHago paccMaTpHBath
eIMHbIA 3aKOH COXPAHEHHA H NpeBpAaLlEeHHs
macchl H 3Heprud. OfHAKO B TeXHHYECKOH
TePMOAHHAMHKE Mbl HMeeM AeJ0 CO CTOMb
Ma/blMH CKOPOCTAMH OGBEKTa, YTO AedeKT
Macchbl paBeH HYJI0, U MO3TOMY 3aKOH CO-
XpaHEeHHA SHEPrHH MOXHO paccMaTpuBaTh
HEe3aBHCHMO.

3aKOH COXpaHEHHI M TNpeBpaLleHus
3HEepruH siBasieTcs PyHAaMEHTaNbHbiM 3a-
KOHOM MpHPO/bl, KOTOPBIit NO/YYeH Ha Oc-
HOBe 06061LeHHsI OrFPOMHOTO KOJHYECTBa
SKCMEPUMEHTANbHbIX JaHHBIX H MPHMEHHM
KO BceM sBJeHHsM npupoanl. OH yTBep-
KJ1aeT, YTO 3HEepPrus He HUCUe3aeT U He BO3-
HHKAE€T BHOBb, OH4 JHUb MNepexojHT H3
04HOH ¢OpMBl B JpYyryio, npHuem yObLIb
3HEPruu OLHOrO BHAA AA€T 3KBHBAJIEHTHOE
KOJIMYECTBO 3HEPrHH APYroro BUAA.
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B ducne nepsbiXx y4eHbIX, YTBEPKAAB-
[UMX MPUHLMI COXPAHEHHS MATepHH H 3Hep-
ruH, 6bL1 Haw cooTevecTBeHHuk M. B. Jlo-
MoHocoB (1711—-1765rr.).

[Tyere HekoTopoMy pa6ouemy Teny
¢ o6bemom V 1 maccoit M, umelollemy TeM-
nepatypy T ¥ 1aBjaeHue p, coobuiaercs H3-
BHE OECKOHEUYHO MaJjloe KONHW4ECTBO Temao0-
Tol §Q. B peayabrate nogsoga Temnorhl
Teao HarpeBaercs Ha dT W yBeauyuBaercs
B o6beme Ha dV.

[ToBbllleHHe TemnepaTyphl Te.1a CBUAE-
TeJbCTBYET 00 VBEJAHUEHUH KHHETHUECKOH
JHEPTHH €ro uacTHIl. YBeauwdenHe obbema
Tesa NMPUBOJHT K M3IMEHEHHWIO MOTEHUHNalb-
HOU 3HepruM yactuu. B peaysbrare BHYT-
PEHHSAA 3HEpPrus Teja YBEJNWUHBAETCHA Ha
dU. Tlockoabky pabouee Teno OKPYXEHO
CpefoH, KOTOpasi OKa3blBaeT HA Hero [as-
JIeHHe, TO NpH pacllUpPEeHWH OHO TMpPOH3BO-
JHT MexaHuueckvio pabory 8L nporus cun
BHELIHero gaBjJeHHsA. Tak Kak HHKAKHX
APYTUX H3MEHEeHHH B CUCTEeMe He MPOHCXO-
AUT, TO MO 3aKOHY COXPAHEHHS IHEPTHH

8Q=dU+5L, @.7)

T. €. TenJoTa, C()OGLU,BEMEIR CHCT2Me, Haet
Ha [pUpatueHHe ee BHYTPeHHed IHEepTHH
M Ha COBepuUIeHHEe BHeLIHe# paboThl.

[TonyyenHoe ypaBHeHHe siBJAsieTCS Ma-
TeMaTHYECKUM BLIPAXKEHHEM NEepBOro 3ako-
Ha TepMOLMHAMUKH. Kax bl H3 Tpex uJfe-
HOB 3TOT0 COOTHOLIEHHA MOXET GbLITh NoJo-
XKHTE/NbHBIM, OTPHLLATEJbLHLIM HJH DAHBHBIM
Hya10. PaccMOTpHM HeKOTOpble 4YacTHble
cyyan.

1.6Q=0 — tenaoo6MeH CUCTEMbl C OK-
pyxawule# cpefod OTCYTCTBYeT , T .e. Ten-
JIOTa K CUCTeMe He MOoABOAHTCH K OT HeE HE
orBoautca. [lpouecc 6e3 tenaoobmeHa Ha-
3plBaeTcl aguabdarub M. J[aA Hero
ypaBHeHne (2.7) npuHUMaeT BHA

SL=—dU. (2.8)

CaegoBarenbHo, pa6ora paclUIMpPeHHs,
coBepliaemMasi CHCTeMOHW B aaqdabaTHoMm
npouecce, paBHa YMEHbIUIEHHIO BHYTPEHHeH
3HepruH gaHHoH cuctemul. [Ipu apuabar-
HOM C)KATHH paboyero Teja 3arTpauupae-
Mast H3BHe pafoTa LesIMKOM HAET Ha yBeJH-
YeHHe BHYTPEHHCH IHEPIUM CHCTEMBL,

2. §L=0 — upu stom o6neM Teaa He
usmenserca, dV=0. Takol upoiiecc Ha-
3bIBAETCH H3 O0XODHDL M, AT HEro



«“‘

5@=dU, 2.9)

T. e. KOJAMYeCTBO TEMJOThl, MNOABEAEHHOE
K CHCTEME [PH MOCTOAHHOM o6beme, PaBHO
YBEJHUEHNIO BHYTPEHHEH 3Hepruu AaHHOR
CHCTEMbI.

3.  dU=0 — sHyTpeHHAs  3HEeprud
cHcTeMbl He H3MEHAeTCA U
6@=05L, (2.10)

T. e. coobllaeman CHCTEME TenIoTa mnpe-
BpAaLLAETCA B IKBHBAJEHTHYIO el BHELIHIOW
pa6oty.

Jlnsi cucTeMmbl, cofepxanled | kr pato-
yero Tena

Sdg=du+dL (2.11)

[IpounterpuporaB ypaBHEHUH (2.7)
w (2.11) ans HEROTOPOro mpouecca, noay-
UMM BBIPAKEHHE NEPBOTO 3AKOHA TEPMOLR-
HAMHKHM B MHTErpanbHoil ¢popme:

@=AU+L; g=0u+tl,
rie AU=U,—U\, Au=us—t.

(2.12)

2.5. TENJI@EMKOCTb FA3@B

@rHolleHHe KOAM4ecTBa TENNO0Thi 00,
[OAY4EHHOrO TEIOM NPH GeCKOHEWHO MaloM
H3MEHEHHH €T0 COCTOAHMS, K CBA3AHHOMY
¢ 3TUM M3MEHEHHIO TeMNepaTyphbi Tenaa dT
HA3LIBAETCH TENJO0eMKOCTbIO Terad
s nansom mpouecce: C=56@/dT.

OGHLIUHO TEMIOEMKOCTb OTHOCHT K €an-
HUIE KOJWUYECTBA BELeCTBA W B 3aBHCHMO-
CTH OT BHIGPAHHOH eAHHHUb PA3IHiAIoT:

yapeabHylo MaccoBylo Ten-
JOeMKOCTh ¢, OTHeCeHHYI0 K | Kr rasa,
Jx/ (xr-K);

yaenpuyio o6bemuyi TeM
NO0EeMKOCTB ¢, OTHECEHHYIO K KOJHYE-
CTBY rasa, colepxauerocs B 1 m* o6bema
pH HOPMAanbHbIX QUIHYECKHX YCJAOBUAX,
o/ (- K);

yAenAbHYO MOJAbHYIO TEMAO
eMKOCTb JC, OTHECEHHYIO K OLHOMY KH-
nomonio, Ax/(xmoan-K).

3aBHCHMOCTE MEXAY YAeJdbHbIMH TeN-
JAOEMKOCTSIMH YCTAHABIHBAETCH OUEBHIHbI-
MU COOTHOILIEHHSIMU!

c=pc/p; =0y (2.13)

31ech pu — MJOTHOCTD ra3a npH HOpMalb:
HBLX YCAOBHSAX.

Hi3meHenune TemnepaTyphbl Tena fpH oa-
HOM W TOM e KOJMUecTBe coobuiaemod
TENNOTHl 3aBUCHT OT Xapaktepa NpouCxoas-
lero ppu 3TOM Npouecca, No3ToMy Tertio-
eMKOCTb ABAAETCA PynKyuel npoyecca. ITo
03HAYaeT, UTO OJHO W TO e pabouee TeN0
B 3aRHCHMOCTH OT npouecca TpeGyer and
cBaero HarpeBanna Ha | K pa3anunoro Ko-
AMuecTBa TeMoThi. UHCIeHHO BelW4HHa
¢ H3MeHsieTcs B pefenax ot + oo 10 -— oo.

B TepMOAHHAMUUECKUX PACHeTaX 50/b-
110€ 3HAaUYEeHHE HMEIOT:

TenaoeMKOCTb MNPpH nocToO-
SHHOM JaBJeHHHU
,=06g,/dT, 2.14)

paBHasi OTHOUIEHMIO KOJMH4ECTRA TerA0Thl
8gp, COOBILEHHON TeAy B MpoLecce npu no-
CTOSHHOM  JlaBJ€HHH, K  H3MEHEHHIO
temnepatypsl Teaa dT;

TenaoeMKOCTb NpH MOCTO-
aHdom o6beme
cu=6qu/dT, (2.15)

paBHas OTHOLIEHHIO KOMHYECTBA TENOThI
84., MOABEJEHHON K Teay B MpOUECCE npu
[HOCTOSIHHOM OGbEME, K H3MEHEHHIO TeMIe-
parypbl Teaa dT.

B coOTBETCTBMH C NepBbIM 3aKOHOM
TEPMOLMHAMMKH A% 3AKPBITHIX  CHCTEM,
B KOTOpLIX NPOTEKAOT PABHOBECHRIE TPO-
necchl, 8g=du-+pdu.

C yueToM COOTHOWIEHHS 2.1

8g =(0u/aT),dT +[(Ou/dv) + pldv.

(2.16)

Tlast u3oxopHoro mnpouecca (v =:const)
3TO ypaBHeHHe NPUHUMAET BHI 6q.=
= (Qu/aT).dT, H, yuursiBas (2.15), no-
Jgyuaem, 4To

¢, =(du/aT),, (2.17)

T. e. TenAOeMKOCTh Tela Npu MOCTOSTHHOM
ofheMe paBHA UACTHOM NPOM3BOAHON OT
era BHYTpEHHeH 3HEprHH No Temnepatype
M XapaKkTepHayeT TemIl pocTa BHYTpeHHe#
3HEPTHH B M3OXOPHOM mpouecce ¢ yBesmM4e-
HHEM TeMNeparyphl.

C yuetom (22) Ans MaeanbHOro rasd

=du/dT. (2.18)

Jlas uao6apHoro npouecca (p==const)
M3 ypaBHEHHs (2.16) u (2.14) monyuaem

¢,=(0u/dT),+
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+((du/dv)r + pl(dv/dT),,
WU
co=Cuo+ [(Qu/0v)+p]| (dv/dT),. (2.19)

310 ypaBHeHHe MOKa3biBaeT CBA3b
MeXAy TeMJOeMKOCTAMH ¢, H Co. Haf uge-
aJbHOrO ra3a OHO 3HAYUTENbHO YAPOLLAET-
cA. [lelicCTBHTENBHO, BHYTpEHHSSt 3HEprus
HIeaAbHOrO ra3a orpefesieTcs TOJAbKO ero
TeMnepatypoil M He 3aBHCHT OT 06beMa,
nosromy (du/dv)yr=0 u, kpome Toro, u3

ypaBHeHus1 coctosHua  (1.3) caeayer
p(0v/0T),=R, oTkyaa

c,=¢,+R. (2.20)

CoorHowenne  {2.20) Ha3blBaeTcH

ypaBHeHueM Maiepa W ABAAETCA OLHHM U3
OCHOBHbIX B TeXHHYeCKOll TepMOAHHaMHKe
H€aNbHbIX a30B.

B npouecce v=const Tennora, coob-
uaeMass rasy, HaeT JHWb Ha H3MeHeHHe
€ro BHyTpEHHeH 3HeprHH, TOrla Kak B Apo-
uecce p=-const TennoTa pacXoAyeTca H Ha
yBeJIMYEeHHEe BHYTPEHHEH IHEPTHH H HA CO-
BeplieHHe paGoThl NPOTHB BHELIHWX CHJ.
[Tostomy ¢, Gonblue ¢, Ha BENHUYHHY 3TOH
pa6oThl.

Hdns peanbHbix rasos ¢,—c¢,> R, no-
CKONIBKY MPH HX pacllHpeHHn (npu p=
==const) coBepwaerca pa6oTa He TOJBKO
IPOTUB BHEWHHX CHJI, HO M NPOTUB CHJ
NPUTAXKEHHA, JeHCTBYIOULUX MeXI1y MoJe-
KyJaMH, YTO BhI3bIBAeT JAOMNOJHHTENbHBIH
pacxo/l TemoThl.

O6bLIYHO TENJOEMKOCTH ONpeaeNfloTcs
JKCMePHMEHTANLHO, HO [Jf MHOTMX Be-
UeCTB HUX MOXHO paccyHTaTb METOAAMH
CTATHCTHYECKOH (H3HKH.

YucnoBoe aHayeHue TEMJIOEMKOCTH Hjlealb-
HOTO rasa NO3BOJAET HAHTH KAaccHYecKas Teo-
pHUA  TEMJOEMKOCTH, OCHOBAaHHAA Ha TeopeMe
0 paBHOMEPHOM pacTpeje/ieHHH 3HepruH Mo cTe-
newAam cBo6oabl Monekyd. CorjacHo 3TOH Teope-
ME BHYTPEHHAA 3HEPrU# HAEaNbHOrO raia npamo
NPONOPUHOHANLHA YKCAY CTerneHed cBOGOAH MO-
JEeKysn W 3uepruv kT /2, npuxogsiledca Ha OIHY
crenenb csoGoabl. Jdan | mons raaa

) {
Uu=? N(,szfi uRT,

rae No — 4ucsio ABOraapo; { — UMCNO CTeneHel
CBOGOALl (YHCJIO HE3dBUCHMbIX KOOpAMHAT, KO-
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TOpble HYXHO 3afaTb AJA TOro, 4TC6bl MOMHO-
CTbIO ONpeesUTh NONOKEHHE MOJEKYJbl B [pO-
CTPAHCTBE) .

Moanekyna 0QHOAaTOMHOrO ra3sa HMeeT TpH
CTENneHy CBOOOAL! COOTBETCTBEHHO TP2M COCTaB-
JIAIOIHM B HANPABJEHUM KOOPJAMHATHLIX OCel, Ha
KOTOpbIE MOXET ObLITh Pa3j(KEeHO MOCTYNATENb-
Hoe [BHKeHue. MoJjekyna JIBYxaroMHOrO rasa
UMeeT NATh CTerneHed cBOGO/LI, TAK KAK MOMMUMO
MOCTYNATENbHOMO [ABHXEHHH OHA MOXeT Bpa-
I1aThCA OKOJO ABYX OcCeH, neprneHAMKYJAApPHbIX
JIMHHMH, COEIHHAIONIEH 4TOMbl (3Heprud Bpallle-
HHF BOKPYI OCH, COEIMHAIOUEH aToMbl, paBHa
HYJII0, €CJIM aTOMbl CYMTATL TOYKAMK). Mosekyna
TPEXATOMHOro " BOO6LLE MHOroaTOMHOro rasa
MMEET WIecTb cTeneHed CBOBOALI: TPH Mocryna-
TeNbHbIX W TPH BpallaTeabHbIX.

[Tockonbky AJR MAEANBHOrO rasa wc,=
=dU,/dT ="/4ipR, TO MONbHBIE TEMIOEMKOCTH
ONHO-, ABYX- H MHOTOATOMHKIX ra3oB paBHbl CO-
OTBETCTREHHO:

nee=>3/opR=12,5 kI / (kmoaib-K); pe,=
="/2pR=20,8 k[1x/ (kMO K); pe, == /3 R =
=249 k1x/(kMoab-K).

Pe3yabraThl KJaccHUECKOH TEOPUH Temaoem-
KOCTH JOCTATOYHO XOPOLIO COrJMACYIOTCA ¢ KCne-
PHMEHTAJNbHLIMH AaHHbEIMH B 061aCTH KOMHATHbBIX
Temnepatyp (ta6a.2.1), oaHako OCHOBHOH Bhl-
BO/J O HE3ABHCHMOCTH OT TemnepaTyphl 3Kcnepu-
MEHT He moATBepxaaer. PacxoxieHus, ocobeHHo
cyllecTBeHHble B 06J1acTH HH3KHUX W JOCTATOYHO
BbICOKMX TEMAEPAaTyp, CBA3aHbl C KBAHTOBLIM NO-
BEJEHHEM MONEKYJ H HAXOAAT OGBACHEHHS
B paMkKax KBaHTOBOH TEOPDHH TEIJIOEMKOCTH.

OTa TeOpHUA YCTAHABJWBAET NPEKLE BCEro
HeCnpaBeLiHBOCTb TEOPEMbBI O PABHOMEPHOM pac-

Tabanuma 2.1. TennoeMKocTb HEKOTOPBIX
ra3os npu ! =0°C B HAEaJIbHO-ra30BOM
COCTOAHHH

MoabHas l
Uncno TenJo- |
laa creneyeit | EMKOCTh,  ‘p— . /p,
cBoGOAB KX |
(kmoab - K) j
lFeauit He 3 12,60 . 1,660
Aprou Ar 3 12,48 1,660
Kucnopoa O 5 20,96 1,397
Boaopoa H, 5 20,30 1,410
Asor Ng 5 20,80 ¢+ 1,400
Mertau CH; 6 26,42 i 1,315
Ammrak NH;y [ 26,67 | 1,313
Juokena yrie- 6 27,65 1,302
poaa COq
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npejeseHHH FHEPTHH MO CTEMEHH cBoGosbl B 06-
1aCTH HU3KHX U BLICOKHX Temmeparyp. C yMeHb-
IEHHEM TeMIepPaTyphl ra3a IPOHCXOLUT «BHIMO-
paiMBaHue» uucia creneHeft ¢BoGOAbl MOJNEKY-
abl. Tak, AR JBYXATOMHOH MOJEKYJH MPOUCXO-
[T «BLIMOPAXKHUBAHHEY BPALILATENDHBIX cTeneHei
cBOGObl U OHd BMECTO MATH WMeeT TPH CTENEHH
CBOGOAKI, a CJAEAOBATE/NbHO, H MEHbIUYO BHYT-
PEHHIOI 3HEPTHIO U TEIIOEMKOCTb. C yBenHueHH-
€M TeMnepaTyphi Y MHOTOATOMHBIX MOJEKYJl IIpO-
HCXOAMT BO3Gy#jeHHe BHYTPEHHHX crenexed
cB06OAbl 32 CYET BO3HHKHOBEHHSA Kosie6aTeqbHO-
[0 JBUKEHHS ATOMOB MOMNEKYJbl (MOJeKy1a ¢Ta-
HOBUTCH OCLUAAATOPOM) . DTO NPUBOLUT K yBRJIH-
YEHMI0 BHYTPEHHEH 3Hepruu, a C/Iel0BATeNbHO,
H TENAOEMKOCTH C POCTOM TemnepaTypbl.

Tena0eMKOCTh PealbHOro rasa 3aBHcuT
OT AABJEHHSA, NpaBa, OueHb c1abo.

[TockonbKy TEMIOEMKOCTh PEANBHOIO
rasa 3@aBUCHT OT TeMNepaTypbl, B TEPMOH-
HaMHKe Pa3JnualoT KCTHHHYIO W CPEAHION
TeNJOEMKOCTH.

Cpenneit TenioeMKOCTHIO
CplaHHOrO Npouecca B HATEP:
paJje Temnepartyp oT hH A0 to
HA3bLBALTCSA OTHOWEHUE KOAUECT8A TEMA0-
Tol, CO0BWaemoli 2asy, K pasHoCTU KOHewd-
HOU U HO4AAbROU Temneparyp:

¢
Cep |2 =0/t —1))- 2.21)
BelpaxeHHe
¢c=06q/dT (2.22)
onpejensier TeMJIOEMKOCTh  MpH AaHHOK

Temnepatype WAH  TaK  HasblBaEMYyio
MCTHHHY TENnnOoOeMKOCTh.
H3 (2.22) caeayer, 4TO

(2.23)

Puc. 2.3. 3aBHCUMOCTb HCTHHHON TEMIOEMKOCTH
OT TeMmnepatypbl

M03TOMY
{

2
L,
o |1 = Yeat/t, — )

t
1

Jlasi npaKkTHYECKHX pacuyetoB TEnJoeMm-
KOCTH BCEX BEILeCTB CBOAAT B TAGJHIIbI,
MpHYEM C Uebio COKpaIEeHH ob6bema Ta6-
JAMIL  CPEAHHE TEMNOEMKOCTH MPHBOIAT
B HUX 151 HHTepBaaa Temnepartyp ot 0 10 t

JList yACHEHHA METOLUKH ONPCANeHHs pe/l-
el TenioeMKOCTH 10 YKA3aHHhiM TaGa1lam BOC-
3awTpuxopduiias

nonbayemcst pue. 2.3. 1o-

{laAb JKBUBANEHTHA KOJHUECTBY TEMIOTHl §=
)
=Scdt, HeOBXOAMMOMY NS Harpeanus | Kr

t
i

paboudero TeJja oT t, no ty. Ee MOKHO 3aM2HHTL
PABHOBEINKHM NPAMOYTOJIbHAKOM C OCHOBAHHEM
fo—£t, W BbICOTOH, UYHCJAEHHO pasHo# cpesned
TENJOEMKOCTH €,
Ana/OFHYHO KONHUECTBA TeNJoThl, HeoGX0 1 HMble
nis Harpeea | Kr paGouero Tena oT 0 a0 &) uor

2 a = ltz(t t
(0 Tarpa g=_Cq, byl — l).

¢
0 pgo £y, paBHbl COOTBETCTBEHHO q|=ccp|01tln
¢

42=Ccp|02t2 W SKBUBAJIEHTHB mjowansm 3740

u 32¢,0. Pa3HocTb 3THX MAoIaAEH AaeT 3aliTpi-

XOBAHHYIO [101a/lb, CE0BATENBHO, § =§2-- 1=
¢ t !
2 by 2.

—cp |ty Lot =cop |1} =t

oTKyaa

12 tlt
c ty _ CcplOtQ’_ ccplOﬁl ‘
cplt l,—t,

Bece K3N0XKEHHOE OTHOCHUTCH TaKXe
K MOJIbHbIM H K 06 beMHbIM TEMNIOEMKOCTAM.

2.6. HTAJIbIIHA

B TepMOAHHAMHKE BAXHYIO POIb HIpa-
eT cyMMa BHYTpEHHeHl 3Heprun CHCTeMb U
H MPOH3BELEHHs aBJeHHs CHCTEMB p Ha €€

obbem V, HazbiBaemas 3IHTANbBIIHE 74
1 oGozHauaeman H:
H=U+pV. (2.25)

Tak Kak BxoAslLUE B Hee BeJIMUHHbI ABJIA-
I0TCA (t)yHKLLHFlMH COCTOAAHUA, TO H camd
IHTAABNUA ABARLTCA (ynKyuel COCTOARUA.

Tak e Kak BHYTPeHHfIi 3Heprud, pa-
60Ta U Tengora, OHa HSMCPHGTCH B AXKOY-
aax ([x).
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SHraabnus obaajgaer cBOHCTBOM aflu-
THBHOCTH.\BCJIM'-IHHZI

h=u+puv,

Ha3blBaeMasd YyAeAbHOH SHTAJb-
nueil (h=H/M), npeacrasaser coboi
SHTAJbMHI0O CHCTEMDBI, cofepxaueii | kr Be-
uectsa, ¥ uaMepsaercs B JIx/kr.

[TockonbKy 3HTanbNHUs ecThb (PYHKUHS
COCTOSIHMSA, TO OHAa MOXeT OblTb NpencTaB-
JieHa B BHAe (QYHKUMH ABYX JA106blx napa-
METPOB COCTOSHHSA:

h=1y,(p,v); h=1y(v,T); h=19,(p,T),

a BeJHuUMHA dh ABAfieTCs MOAHBIM AHpde-
PEeHLLHAJIOM.

‘\/I:la)ueneuue InTasbnuu 8 aw0bom npo-
yecce onpedesneTcss TOAbKO HAYHAAbHOIM
U KOHE4HbIM COCTOAHUAMU TEAQ U HE 3a-
BUCUT OT XAPAKTEPA NPOYecca.)

dninuecku CMBICA 3SHTAMbIHH BbIAC-
HHUM Ha caepywouleM npumepe. Pacemorpum
paCLIMPEHHYIO CHCTEMY, BKJIOYAIOLLYIO ra3
B LUHJMHApE W MOpIUeHb ¢ IPpy3oM OOLLHM
BecoM G (puc. 2.4). DHeprusi 3ToH CHCTEMbI
CKNalblBaeTC H3 BHYTpeHHeil 3Hepruu ra-
33 K [OTEHUHAJbHOA 3HEPrdu MNOpLUHSA
C rpy3oM B noje BHewHHXx cua: E=U+4
+ Gy. B ycaosusix paBHoBecus (G =pF)
3TY QYHKUMIO MOXHO BbIPa3UThb uepe3 na-
pamerpul raza: E=U+4pFy=U+4pV.
[Tonyuaem, uto E=H, T.e. 3HTaJABIHIO
MOXHO TPAKTOBATb KaK 3HEPTHI0 PACLIH-
pPeHHOH CHCTEeMbI.

Ypasueuue (2.11) 8g=du—+pdv
B cJyvae, KOr1a eMHCTBEHHbIM BHIOM pa-
6oThl ABAsieTcs pa6oTa paclUIHPEHHs, ¢ yye-

(2.26)

TOM OUEBHAHOTO COOTHOWeHHs pdu=

=d (pv)-—udp MoXxeT GbiTb 3anHcaHo

B BHae 8g=d (u+pv)—uvdp, uau
8g=dh—uvdp. (2.27)

H3 3Toro cooTHoleHus c/leayeT, 4Tto
eCJIH JaBJeHHe CHUCTEMblI COXpaHAETCA He-

Puc. 2.4. K onpeaesneHnio pU3HYECKOro CMbICAE
SHTAJbINH
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H3MeHHbIM, T. €. OCYLUECTRJAAETCH u306ap-

Hbiii npouecc (dp=0), TO

8q,=dn (2.28)

gy=hy—hy, (2.29)
T. €. TENJ0Ta, NOABEAEHHAA K CHCTEME MpH
NMOCTOAHHOM [aBJEHHM, HiIeT TONLKO Ha u3-
MEHEHHE SHTAJbMHU NAHHOH CHCTEMbI.

3To BbIpaKeHHe O4eHb 4aCTO HCNOJb-
3yeTcsl B pacderax, Tak Kak OrpOMHOE KO-
JHUYECTBO MPOLEcCcoB 110BOJA TEMIO0Th
B TeNJo3HepreTHKe (B MAPOBbIX KOTJAX,
KaMepax CropaHusl rasoBblX TYpOHH W pe-
AKTUBHBbIX J1BUrareJeil, Tenjo006MeHHbIX af-
naparax), a Take Leabll psa 11pOLECcCcOB
XHMHUECKON TEXHOJOIMM H MHOTHX ADPYIHX
OCYLLECTBJISETCH [PH MOCTOSIHHOM [aBJe-
Huu. KecraTth, no stoil npuunHe B taéauuax
TepMOAHHAMUUECKHX CBOHCTB OBLIYHO MpH-
BOASATCHA 3HAUEHHWS 3HTAJbNHH, @8 HE BHYT-
pPEHHEH 3HepruM.

Jas wneannHoro rasa ¢ yuerom (2.18)
1 (1.3) nmoayuum

dh=du-+d (pv)=c,dT+RdT=

=(c,+R)dT=c,dT.  (2.30)

Tak Kak MeAy SHTaJabNHed v BHYTPEeH-
Hell sHepruedl cyulectByer cBfizb (2.26),
BbIGOp Hauana oTcueTa OJAHOM H3 HHX He
NPOU3BOJEH: B TOUKe, MPHHATONH 3a HaAyalo
oTcueTa BHYTpPeHHeH 3HepruM, h:=pv. Ha-
npumep, aas soawl npu t=0,01°C u p=
=6108 [Ila, u=0, a A=puv=6108X
%X 0,001 =0,611 dx/kr.

[1pu pacuerax npakTHYeCKHit HHTepec
npeacTaB/sfieT H3IMEHEHHE 3HTAJbIMH B KO-
HEYHOM Mpolecce:

L

Ah=hy—h = {c, dT.

!

(2.31)

Konrpoasusie aonpocst u 3adaqu

2.1. 1 1 BoOjbl HarpeBaeTcs C MOMOLLbIO
3JEKTPHUECKOTO  KHNSTHIbHUKA  MOLLHOCTBIO
300 Br. 3a kakoe BpeMs BOja Harpeercsi A0
TeMIepaTypbl KMIEHHsA, C/TH TenJ006MeH C OKpy-
Karollleh cpejoi OTCYTCTBYET, @ Haua/bHaa TeM-
nepatypa BoAbl paBha 20 °C?

2.2. Halitn cpenHwi0 YIEJbHYK TenioeM-
KOCTb a30Ta B MHTepBaie Temneparyp 1000—



2000 °C, eciu M3BECTHO, YTO B MHTEPBAJE TEMME-
patyp 0—2000 °C oua paska 1,19 kJIx/ (kr-K),
a B untepsaie Temmepatyp (—1000°C—
1,12 x I/ (kr-K) .

2.3. CtajbHOl 6pYC BHICOTOR 2 M 1 cevenmem
100 ca? naxopntces noa warpyskod 100T. Hago
AH YUHTEBATH paboTy paciiipeHys 1ipy pacuere

fnasa TpeTtToA
BTOPOWM 3AKOH TEPMOAWUHAMUKHU

TennoTh Ha Harpes 6pyca ot 0 a0 200 °C? Tlaot-
HOCTb cTaJH 7,8 r/CM3, KO3 ULHEHT JIMHERHOrO
pacuiupenns: 0,000013 /K, yaenbhas TenaoeM-
kocTb cramn (0,46 kI / (kr-K).

24, Kakast 10A8 TeILIOTbl, NOABEAEHHOK
x | kr kMcjaopoaa B W306apHOM rpouecce, 34a-
TPAUMBAETCH HA HIMEHEHHE BHYTpeHHeH IHEPTHH?

3.1. 3HTPONHA

Kak y®e YKa3biBasoch, BeJHUHHA 6qg=
=du+pdv He ABJIRETCS 110JHBIM nudode-
perumanom. [eiicTBiuTe bHO, IS TOFO UTO-
6bl IPOMHTErPUPOBATH NIPABYIO HACTh ITOTO
BbIPAXKEHHS, HYXHO 3HAThb 3ABHCHMOCTH
p or v, T.e. mpouecc, KOTOpHI# coBepuia-
eT ras.

B maTeMaTHKe LOKa3bipaetcd, uTo AHd-
pepeHllHaNbHbI ABYUJIEH BCErla MOXKHO
npeBpaTHTh B HOJHBIN auddepenunan my-
TeM yMHOXeHHs (MH JleNeHHs) Ha MHTer-
pUpylOULHKil MHOXHUTEND  (HJIH JeNuTenn).
Takum HHTETPHPYIOLLHM JendTeneMm A/
3/1EMEHTAPHOr0 KOMHYECTBA TEMJOThHI bq
spafeTca abconiorsan Temneparypa T.

[Tokaem 3TO Ha (pHUMepe U3MEHEHUH
napamerpoB H/1eaNbHOTO raaa B paBHOBEC-
HBIX Mpolleccax:

5g _ ¢, dT +pdv _, 4T R dv

T T T v
(3.1)
Buipaxeuue 8g/T npu paBHOBECHOM
W3MEHEHHH COCTOSHHA raza ecth MOJHbIi
And epeHLHa HeKOTOPOi PYHKLUH COCTO-
aunsi. Oua HaswiBaeTcs 3 HTpOMNHER "
o6o3Hauaercs A9 | Kr raaa uepe3 s U HM3-
mepaercst B JIxk/ (kr-K). Jas1 npou3BoNb-
HOTO KOJMYECTBA rasa 3HTPONHdA, 0603HA-
yaemas uepes S, papHa S =Ms u H3meps-

erca B Jx/K.

! Tepmun 3uTponds Buut preten P Ketavisny-
com B 1865 r.

TakuMm 06pa30OM, aHATHTHUECKH 3HTPO-
MWst OlpejleqIfieTcsl CaeylouiHM 06pasoM:

ds=56q/T. (3.2)

dopmyna (3.2) cnpaBeATnBa Kak LA
Maea bHbiX Ta30B, TaK H 51 peasibHbix TeJl.

[Topo6uo 1060l Apyroil QYHKLUHH CO-
CTOSIHUS SHTPONHA MOXeT OhlTh Npeactas-
JAeHa B BHAe (QyHKUMH J0GbIX ABYX [apa-
METPOB COCTOSIHHS:

s=E& (p.v); s=E(p. T s=8& @ 1)

3HaueHue 3HTPONUH A5 3a1aHHOTO CO-
CTOSIHMSL ONpejefeTcss HHTErpHpoBaHHem
ypasHenus (3.2):

s=89;7—+s0,

Flie So — KOHCT@HTa MHTErpHpOBAHUSA.

[pn temneparypax, GJH3KHX K abco-
JAIOTHOMY HYJIO, BCE€ W3BECTHHIE BELLECTBA
HAXOAATCH B KOHJIEHCHPOBAHHOM COCTOA-
uiu. B. Heprer (1906 r.) skcnepHAMeHTaNb-
HO ycTaHoBua, a M. [TnaHk (1912 r.) okon-
qaTesqbHO  COPMYJHPOBAJ  CAeAYOHH
MPUHLHIT: npu Tesnepatype, cTpemsiyedcs
K aBCONOTHOMY HYAIO, ILTPONUS BEL4LECTEA,
Hax00aUWe20CcA 8 KOROEHCUPOBAHHOM CO-
CTOAHUU C YnOPAOOYEHHOU Kpucraaude-
CKOL  CTPYKTYpo, CcTpemurcs K HYLO,
t. e so=0 npn T=0K. 3Iror 3akou Ha-
3bIBAIOT TPEeTbHUM 34K0OHOM
TCPDM OaAMHAMUKH UKW TEILTOB( il Teo-
pesofl Heprera, O 1HOnBOARET pis 2 e
JOCONIOTHOE 3HAYCHHY IHTPOIKKE
tue oT BHyTpeHHel;l SHGPFHH H 3HTA.1blldN,

Uk -
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KOTOpbIe BCErja OTCUMTBIBAIOTCA OT MpO-
H3BOJIBHOI'O YPOBHA.

OnHaKko B TeXHHYECKOH TEPMOMHAMHKE
OGBIYHO HCMONB3YeTCH He a0COoN0THOE 3HA-
YeHHEe 3HTPOINHH, a ee H3MEHEHHE B KAKOM-
au6o npoiecce:

2
As=s5,—5 = S 8q/T, (3.3)
1

2

[103TOMY 3HTPOIHIO TOXE 4aCTO OTCYHTHIBA-
10T OT MPOU3BOJIBHO BbIOPAHHOIO YPOBHS.

[Tonyurm ¢opmMyabl, 1103BOASIIOLULHE BbI-
YUCJHTh H3MEHEHHe 3HTPOMHH HAeaNbHOro
raza. J1as 3TOro NpoHHTErpHpyem ypasHe-
Hue (3.1), nosoxuB 1A NMPOCTOTHl Cy=
=const:

sy—s,=¢, In(Ty/T)+ R In (vy/v,).
(3.4)

Ha ypasHenunss Kaaneifipona, zanucan-
HOro s cocrosiuil 1 u 2, cnenyert:

To/Ti=pyvy/p10y; 0g/Uy=Top\ /T Py

[Tocnie noactasoBKH oTHouwieHw T2/T)
W vp/U; B BbipameHue (3.4) nosyudm cie-
aAyloue GOpMyabl A5 H3IMEHEHHS 3HTpO-
MUK KAeasibHOro rasa:

sg—s;=0¢, In(Ty/T\)—R In(py/p);
(3.5)
Sy —8,=¢, In(py/p)+¢, In (vy/0)).
(3.6)
[TocKoabKY IHTPOMHUSA €CTb PYHKLUHA CO-
cTosHHs  pafouero Teja, YpPaBHEHHAMH
(3.4) — (3.6) MOXKHO 10JB30BATbCH BHE
34BUCHMOCTH OT fIyTH nepexopa pabouero
Tejqa Mexiy coctosHMAMHl u 2 W,
B 4AaCTHOCTH, OT TOrQ, PaBHOBECHbIH 3TOT
nepexon MK HeT.

&y
ThF——

NN

ds 8§ &

Puc. 3.1. I'paduueckoe uzo6paxeHue TeMI0TH B
T, s-koopaunarax
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[ToxATHe 3HTPONHH NO3BONAAET BBECTH
upe3aBblualHO YAOOHYI0 AJS1 TEPMOAHUHAMH-
yeckHx pacuetoB T, s-AMarpammy, Ha KOTO-
poii (Kak ¥ Ha p, v-AMarpamMmme) COCTOsIHHE
TEPMOAHHAMHYECKOH CHCTeMbl HM306paxa-
eTcsl TOUKOM, a paBHOBECHbI TePMOJHHE-
MHUECKHH Tpouecc JHHHeH (pHc. 3.1).

M3 ypasHenus (3.2) caeayer, uTo
B DaBHOBECHOM MpoLecce
6g=Tds; (3.7)
2
g={1ds. (3.8)
[

OueBuino, uTo B T, s-AHarpamme 3sJe-
MeHTapHasl tenaora npouecca &g nsobpa-
AKAaeTcs 3/eMEHTAPHOR NNOLAAKOH ¢ BbICO-
toli T M OCHOBAHHEM ds, a naowads, ozpa-
HUYEHHAS AUNUEd npoyecca, Kpadnumu
OPOUHATAMU U OCIO ABCYUCC, IKBUBLNEHT-
HQ TenaoTe npoyecca.

dopmyaa (3.7) nokaspiBaer, 4ro ds
¥ 8¢ MWMEIOT OJMHAKOBbBIE 3HAKHM, CJEAOBA-
TeAbHO, N0 XAPAKTEPY H3MEHEHHSI 3HTPONHUY
B DaBHOBECHOM MpOLECCe MOKHO CYAHTh
O TOM, B KaKOM HarpaBJ/IeHHH MPOUCXOAUT
tenaoo6med. [1pH NoABOAE TENNOTH K TEIY
(8¢ =0) ero suTponua Bospacraer (ds>
0), a npu orsoge TemnoThl (8g<C0) —
y6biBaer (ds << 0).

3.2. OBIUASA #OPMYJIHPOBKA
BTOPOrO 3AKOHA

M3 nepsoro 3akoHa TepMOAHHAMHKH
cJeiyeT, YTO B3aUMHOE MpeBpalllenue Ten-
JIOBOH H MEXAHHYECKOH 3HEPTHH B [iBUrare-
Jieé 10JIKHO OCYLLECTBJATLCH B CTPOro 3KBU-
BaJeHTHBIX KoauuecTsax./ Jlaueareas, Koro-
poiii nozsoannr bl noaydare pabory 6es
IHepeeTU4eCKUX 3aTPAT, HA3bLLBALTCA B € U-
HblM ABUraTeJeM Nepeoro po-
aa. SlcHo, 4TO TakoW [ABWraTeJb HEBO3-
MOXXEH, HOO OH NPOTHBOPEUHT NEPBOMY 3a-
KOHY TepmoAMHaMHKW. [losTomy nepBbli
34KOH MOXHO chOPMYJIMPOBATH B BHJE CJle-
AYIOULETrO YTBEpKAEHHS: 8eunbtld dguzaressb
nepeaozo poda HEBO3IMONEH.
B 1755 r. ¢rpanuysckan Axajaemusi Hayk
«pas u HaBcerfa» 06DbABHAA, YTO He Gyler
foJ/ibllie MPHHMMATb Ha paccMOTPEHHE Ka-
KHE-JIHGO MPOEKThl BEYHbIX ABHTaTeneH.
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Puc. 3.2. TepmoanHamuueckas cxema TENJOBOro
ABUTATESE

HecMoTpsi Ha 3KBMBAJEHTHOCTb TEMJO-
Tl U paGoThi, IPOLECCHl KX B3aUMHOrO npe-
BpallleHHs HepaBHO3HAUHBlL. ONbIT NOKA3bI-
BaeT, 4YTO MexaHuueckasi 3HEprusi MOXeT
6bITb MOJHOCTbIO MpeBpallleHda B TEMIoTy,
HanpuMmep, NyTeM TPEHHsl, OJHAKO TEMI0Ty
MOJHOCTBIO NpPEBpPAaTHTh B MEXAaHHYECKYIO
3HEPTUIO B MEePHOJHUYECKH NOBTOPSIOLLEMCS
npouecce Hesab3d. MHoronernse MONbITKH
OCYILECTBUTb TaKOM NPOLECC He YyBeHda-
JUCh YCHEXOM. JTO CBA3AHO C CyUWecTBORA-
HHeM (DYHIAMEHTAJLHOrO 3aKOHA NPHPOALI,
Ha3biBAEMOr0 BTOPbiM 3aKOHOM
TepMOoAHHAaMHKH UYUTobH BBIAICHHTD
ero CyulHOCTb, 06paTHMCH K MPHHLUHIHANb-
HOH cxeme TENnJa0BOro ABHraTenn
(puc. 3.2).

Kak nokasaa onblT, Bce 6€3 HCKaye-
HURA TenJoBble ABUrarteJd AOJKHbI HMEThb
ropAYMi HCTOUHHK TeMAOoThi, paGouee Tedo,
copepuialoulee  3aMKHYThIH  mpolecc —
LMKA, H XOJOAHBIH HCTOUHHUK TEMJOThI.

[TpakTHUECKH B CYLLECTBYWOILHX TemJo-
BhIX JBHCATENSX TOPAYHMH HCTOUHHKAMH
CJyXKAT XHMHUYECKHE peakUWH CXHTaHHSA

TONJHBA HAH BHYTPUAJEpHble peakiluy,
a B KayecTBe XOJIOAHOr0 HCTOUHHKA
F 7

| B

|
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|

1 |
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Puc. 3.3. Kpyrosoit npouecc (uuka) B p, 0-
u T, s-koopaHHATAX

HCMoJIb3yeTcsl OKpyXaiollast cpepa -— at-
mocepa. B kadecTse pabounmx Ted, Kak
OTMeuan0Ch Bhillle, TPUMEHAITCH raskl HIH
napsl.

Pa6Gora apuraTensi OCYyULeCTBJAAETCS
caenywiunm obpasom (puc. 3.3). Pacuu-
pasicb 1o JuHuH [B2, pabouee Teno co-
Bepwaer paboTy, paBHYl0  [IOLALH
1B22'|’. B nenpepbiBHO feiicTBYOWES Ten-
JOBOH MallWHe 3TOT MPOLeCcC AOJMXKeH Mo-
BTOPSITBCSE MHOrOKpaTHO. [I/1st 3TOr0 HYXKHO
yMeTb BO3BpallaTh pabouee TeN0 B HCXOM-
Hoe cocTosinke. Takoi nepexol MOXKHO OCy-
uecTBHTh B npouecce 2B, HO npH 3TOM
notpe6yercsi COBEPUIHTb Haa paGounm Te-
JOM Ty e camylo pa6ory. SlcHo, 4To 3TO He
MMeeT CMbicaa, TaK Kak cymmapaas pa6o-
Ta — paboTa UWKAA — OKaXercs pPaBHOH
HYJIO.

Hasi Toro uto6bl ABHraTe/Nb HEMPEPLIB-
HO MPOH3IBOAM/I MEXaHHUYECKYI 3HEpPTHIO,
pa6oTa paclinpeHs 1onxHa GulTh Goblle
pa6otbl c)katus. [TosTomy KpHBan cxarTusl
2A 1 poaxHa JexaTb HHXKE KPUBOH PACLLUH-
pennsi. 3aTpayeHHas 8 npouecce 2A7 pago-
Ta u3obpaxaercs (J0ULaNbIO 2A11'2".
B peayabTaTte Kax bl KuaorpamMm pagoue-
ro Tena coBeplIaeT 3a UMKA [O0JEe3HYIO pa-
60Ty [y, IKBHBANEHTHYIO MJIOLLAAH 1B2A1,
orpaHMueHHoil kouTypom Umkaa. LlMka
MOXHO pa36uTb Ha 1Ba ydacTka: AIB, na
KOTOPOM MPOHCXOMHT MOABOA TEMJIOThl g1,
1 B2A, Ha KOTOPOM MPOHCXOAHT OTBOJL Ten-
JOTHl 2. B TOuKax A n B HeT HH moaBoaa,
HH OTBOAA TEMJOTHI, U B 3THX TOYKAX MOTOK
TenAoThl MeHueT 3Hak. TakHM o06pasom,
A5l HermpephiBHOH paGoThl ABHraTe/]si He-
06XOAHM LHKJAHUUECKHH Mpollecc, B KOTOPOM
K paGoueMmy Teqy OT ropsidero HCTOYHHKA
MOABOAHTCA TEMJA0Ta ¢, H OTBOAMTCA OT
HEro K XOJO4HOMY Temjora gs. B T,s-au-
arpamMe TemJoTa ¢ 3KBHBAJEHTHa JIoLla-
am A'AIBB', a gy — naowanu A'A2BB'.

[pimMeHUM NepBbIH 3aKOH TEPMOAHHA-
MHKH K LHKJAy, KOTOpbil cosepiuiaer | kr
pabouero tena:

§8g=4du+§ol.

3neck § O3HauaeT UHTErpHpPOBaHHE MO 3a-
MKHYTOMY KOHTYpY {B2A[.

BHYTpeHHsisi SHEPIHsl CHCTEMbl SIBJACT-
cs ¢pyHkuued coctostua. [Ipu Boappalle-
HHH paBodero Teja B HCXOAHOE COCTOsIHHE
OHA TaKKe NpHoGpeTdeT HCXOMLHOE ZHadYe-
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nue. [Toatomy § du=0, u npeavinyulee Bbl-
paXkeHHe MpeBpallaeTcd B PaBEHCTBO

qu=lu’ (39)

rae q.=§ 8¢ npeacrapasier co6oi Ty 4acTb
TENJOTHl COpPAYEro HCTOUHHMKA, KOTOpas
npeBpailleHa B pa6ory. ITo — TENNOTa, 1o-
JIe3HO HCMOAb30BAHHASA B LIHKJE, OHA paBHA
Pa3HOCTH TEMJOT ¢i—¢g2 H IKBUBAJIEHTHA
NJIO0WALH, OrPpaHHYEHHON KOHTYPOM LMK/A
B T,s-aHarpamme.

Ornowenue pabots,, APOU3EOIUMOL
deuzaresem 3Q YUKA, K KOAUHECTBY TENAO-
Tot, n00B8eJeHHOL 3a 3TOT YUKA OT 20pALezo
LCTOYMUKG, — HA3blBaeTcA  TEepMHUe-
CKHM KO3 PHMUHNEHTOM MONE3-

Horo pefictrausa (KITJ) wuxna:
n=lL/a = —9)/q (310
KoadpduuueHT nojse3Horo  AedcTBHA

OllEHHBAET CTeMNeHb COBEPUIEHCTBA [HKJA
renosoro apuratens. Yem Goabwe KIT/,
TeM 60MbUIASl YACTb TMOABEAEHHOH TemIdTH
npeapauiaerca B padory.

CoorHoluenue (3.9) sABaaercA Marema-
THYECKHM BbIpa)K€HHeM NMPHHLUHNE 3KBHBA-
JEHTHOCTH TeloBOfi M  MeXxaHHUYeCKOoH
3HEPrHH.

OTMeTHM, UTO eCJH MCKJ/IOUHTh U3 cXe-
Mbl TEMJOBOTO ABHraTe sl XOJMOAHBIH HCTOU-
HUK, TO (QOpMaabHO TPHUHLHN 3KBHBANEH-
THOCTH He 6yaer HapylweH. OaHako, Kak
NOKa3biBaeT ONbIT H Kak CJelyeT H3 mpo-
BeJleHHOr o BhillI€ aHAJANU3A p360’rbl ABUrarte-
51, TakoH ApMrateab paGoraTh He Gynet.

Tenaoaoii dsueareas Ge3d x0A00HO2O
UCTOUHUKA TEnAOTeL, T. €. 08uU2aTeab, NOA-
HOCTBIO npeapaujaouuil 8 pabory 8co no-
AYHEHRYIO OT e0pALe20 UCTORHUKA TenAO0TY,
HO36IBAETCA BEUYHBIM ABHTCatTeneMm
BTOpPOTrO poAa.

Takum 06pa3om, BTOPOH 3aKOH TEpPMO-
NUHAMHKHK MOXHO cOpMYy/IHpPOBATh B BHAE
ClefyIOULero yTBEPKAEHHS: « Beunoid dau-
2areab 870po20 poda nego3moxcens. B 6o-
Jlee paciiM)pOBAHHOM BHIe 3TY QOPMYJH-
poBky B 1851 r. nan B. Tomcon: «Hesoa-
MOXHA MepHoAHuecKd AeHCTBYOLLAA Ter-
JIOBas MAallMHA, eJHUHCTBEHHbIM pe3yJbTa-
TOM feficTBHSA KOTOPO# 6bljio 6bi MoNydeHne
paGoTHl 32 cueT OTHATHS TEIIOTBl OT He-
KOTOPOTO HCTOYHHKAE».

HPOGJIEMB C031dHUA BeyHOro ABHIaTenn
npHuBJaeKana Wecnenosartenefl Ha NpOTHXKEHHH
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AJHTeNLHOro BpemeHd. YenaoBedecTo OBJANEN0
6bl HeHcuepnbiBaeMmbiMH 3aNACaMH  BHYTPeHHEN
3Heprun Tes, GyAb NOCTPOEH BEYHBIA ABHraTetb
BTOpOro pona. [lelcTBATE/bHO, KOJNUYECTBO Tefl-
JIOThI, BBIAGAIOULEACH TIPH OXJaXAEHHH, HANpPH-
mep, 3eMHOro wapa seero Ha 1 K (macca 3eMHo-
ro wapa pasua 6. 10 kr, ero ynenbuyo Tenao-
eMKocTh nipumem pasHoit 840 [Ix/ (kr-K), pasxo
5-10%7 xx. Jlasi cpaBHeHHA CJAeLyeT YKa3aTb,
uto B 2000 r. MHpOBOe noTpebaeHke BeeX 3HEPTO-
PecypcoB MHpa He NPEeBBICHT 5- 102° x, 7. e. 6y-
aeT 8 10 MWIJIHOHOB pa3 MeHblUe.

3.3. NTPAMOU LHUKJI KAPHO

Wrak, pAaa TNpeBpalleHHUs TenioThl
B paGoTy B HEIPepPLIBHO JeHcTByUeR Ma-
LIHHEe HYXHO HMeTh MO Kpaiineil mMepe Tes0
WM CHCTEMY TeJl, OT KOTOPBIX MOXHO Gbin0
6bl TOAYUHTb TEMJOTY (rOpsiuHd HCTOM-
HHK) ; paGouee TeJ0, COBepLIAOLLEe TEPMO-
AHHAMHYECKUH npoLece, H Teso, HIH CHCTe-
My Ten, CMOCOGHYI0 OXJaxjarh pafouee
Teo, T. €. 3a6UpaTh OT HEro TEMJIOTY, He
npespauleHHyl B padoTy {xoJs0nHbI}
HCTOYHHK) .

Paccmorpum npocrefiniuit ciydait, Kor-
Ia MMeeTCH OJIMH TOpPAYMA ¢ Temiepary-
poit T\ 1 OAMH XOJOHHBIA € Temeparypon
Ty WMCTOMHHKH TemaoThl. TemioeMKoCTh
KAXAOr0 W3 HHX CTOJib BEJNHKA, 4TO OTHEM
pabouMM TeJIOM TEMJOThl OT OJIHOrQ HCTOY-
HUKA M nepejaua ee APYromy npaxkTHUECKH
He MeHseT HX Temmeparypul. Xopouwei Hi-
JIOCTPALLKEll MOTYT CJAYXKHTb 3eMHble HEApa
B KauecTBe ropsiiero UCTOYHHKA H aTMOC-
¢depa B KauecTBe XOJOAHOrO.

EQHHCTBEHHAA BO3MOXHOCTh OCylle-
CTBJIEHUA B 3THX YCJOBHSAIX ILHKNA, COCTOA-
l1lero TONbKO H3 PABHOBECHBIX ITPOLECCOB,
3akjiouaerca B caepyloulem. Temsory ot
ropsYero HCTOHHUKA K paGoyeMy Teqy HYXK-
HO NOLBOAMTL H3oTepMHuueckd. B .11060M
APYroM cjyyae Temneparypa paGouero Te-
Jaa 6yaeT MeHblile TeMMNepaTypbl HCTOUHHKA
T(, T.e. Tennoo6MEH MeXAy HHUMH Oyner
HepaBHOBECHbIM. PaBHOBECHO OXJAAHTL pa-
Gouee TeJo OT TeMMEPaTypbl ropadyero Ao
TeMnepaTyphbl XONOAHOrO HeTaukHKa Ta, He
OTAAaBas TEMJoTy APYrMM Tenam (KOTOpbIX
MO YCJOBHIO HET), MOXHO TQIBKO NYTeEM
2A1abaTHOrO paclIMpeHHsl ¢ COBEplIEHHEM
paGotul. [To Tem ke cooGpakeHHsIM Mpo-



uecc TEMAOOTAAYH OT paboyero Tena K Xo-
JNOLHOMY HCTOYHHKY TOXE HLOJXKEeH GbiTbh
M30TEPMUUECKHM, @ IPOLECC MOBbIIIEHHS
Temnepatypsl pabodero reqa or Ty 1o Ty —
afguabaTHbIM CXKaTHeM ¢ 3aTpaToit paboThL.
Takol LWMKA, COCTOAILMU U3 ABYX H30TEPM
M IBYX aaHabaT, HOCUT HAa3BaHHE LK KJ a
K apHo, NOocKOIbKY MMEHHO C €ero no-
moutbio C. KapHo B 1824 r. ycraHoBHa oc-
HOBHBIE 3aKOHBI MPEBPALLEHHA TEMJOBOH
JHepPrUH B MeXaHHYeCcKylo.

Qcyutectsienne unkaa Kapso s renno-
BOH MAallHHE MOXHO MPeACTaBHTh CJeAYi0-
mpum ob6pasom. a3 (pabouee teno) c Ha-
yanbHbIMH [apAMETPAMH, XdPAKTEPH3YIO-
IIMMHCH TOYKOH @ (puc.3.4), nomeuleH
B LMAMHIP NOJ MOpLIeHb, ipHYemM GOKOBbIE
CTEHKH LHJAMHAPA M MOpIUeHb aBCcoMioTHO
HeTENJONPOBOAHDI, TAK YTO TEM10Ta MOXET
epefaBaThest TOABKO HEPE3 OCHOBAHHE LH-
NHHApA.

BBogMM UMJMHAP B CONPHKOCHOBEHHE
C rOPAUMM HCTOYHHKOM TeMoThl. Pacuups-
fich H3OTEpMUUECKH NpH Temaepatype Ty oT
o6beMa v, 10 obbeMa u,, raz 3abupaer ot
roptoyero UCTOYHHKA Tennotry gi="Ti (s2—
—s;). B Touke b 1noaBoA TENNOTH peKpa-
HaeM M CTABUM LUJIMHAD Ha TEMJIOH30Nf-
top. HanbHefiee pacuiMpenue padouero
Tesa npoucxoiut ajiuabaTtHo. Paborta pac-
(LMPEHHS COBEPLLARTCA MPU 3TOM TOJIBKO 34
cueT BHYTPEHHEH 3HepruH, B peayJbrare
yero TeMnepatypa rasa nagaet o Ta.

Puc. 3.4. [pamoi unka KapHo

Tenepb BO3BpPATHM TeJNO B HayajbHOE
coctosure. [lna 3TOro cHaua/jga MNOMECTHM
HUJHHAP HA XOJOAHBIH UCTOUHHK C TemIle-
patypoit T, W 6ysem cxkumaTb paboyee
Tes0 N0 uzorepme cd, cosepiian paboty [
M OTBOASA NPU ITOM K HHXKHEMY MCTOUHHKY
oT pabouero Tena Temaory go=T2(se—
—s1). 3arem CHOBA 11OCTaBUM UHJUHAP HA
TEMJOH3ONATOP M /Ja/jbHeHllee cxarue
nposegeM B aauabaTHbIX ycsaoBuax. Pabo-
Ta, 3aTpavyeHHas Ha ckarHe no JHHHH da,
HIeT Ha yBejuyeHHe BHYTPEHHEH 3Hepriu,
B pe3yJabraTe 4yero TeMmneparypa rasa yse-
anudsaercst fo Ty

Takum ofipazoM, B peayjbrTaTe UHKNA
Ka)/bli KAJIOrpaMM rasa nojy4yaer oT ro-
psiYero UCTOYHHKA TEMJIOTY ¢, OTAAeT Xo-
JIOZHOMY TEMNQTY ¢2 ¥ coBepluaet paboty lu.

floactasus B ¢opmyay (3.10), cupa-
BEAJMHBYIO 18 JI000T0C LHKIA, BbIpaxe-
HHA AR §1 WM g2, UOJYy4YHM, UTO TEPMH-
yeckuid KI1[ uukna KapHo onpepeasier-
cst popmysI0H

n=1-—T,/T,. (3.11)

U3 nee BugHo, uto repmuueckud K1/
yukaa Kapro 3agucut T0A6K0 OT abCOAIOT-
HOLX TeMneparyp 2opaueco U XOA00HO2O
uctounuxos. Ypenuuutb KITJ uukaa mMox-
HO AiMBO 3a cueT yBeJHUYEHHA TeMIIepaTyphl
POpPSIMero UCTOYHMKA, NHGO 38 CUeT yMeHb-
LIEeHHS] TeMNepaTypbl XOJOIHOTO, NpHUEM
BausHue Temnepatyp T\ n T, Ha 3HaveHHe
T)¢ PA3JUUHO:

on,/0T, = TQ/TQ,

on,/dTy= —1/T = —T\/T5,

a tak kak T, >Ty TO |0N/0T2] >
|dT]t/dT1|.

Taknum o6pasom, yBe/nueHHe TeMmnepa-
Typbl FOPSUETO UCTOUHHKA B MEHbILEH CTe-
nenu noeblwaer KITO uukna Kapho, yem
Takoe Ke (B KeJbBHHAX) yMEeHbLIEHHE Tem-
nepaTypH X0JOLHOTO.

dBaAACL CJAEICTBUEM BTOPOrO 34KOHA
TepMonuHamnkd, popmyna aas KITIL nuk-
na KapHo, ecTecTBEHHO, OTpaXaer ero co-
nepxaune. M3 Hee BHAHO, uTO TeNAOTY
ropsayero HCTOUHNKA MOXHO GbLIO 6bl noa-
HOCTBIO NpeBpaTHTh B paboTy, T.e€. moay-
yutb KITJI uMk/aa, paBHBIR eJHHHLIE, JHUIIbL
B cayuae, xoraa T1—oo nubo T,—0. O6a

3HaueHns Temmepatyp HegocTHxumbl. (He-
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JIOCTHXUMOCTh a6COMIOTHOrO HYJIsl TeMile-
paTyp cAeAyeT M3 TPeThero Hayana Tepmo-
JUHAMHUKH) .

lpu T, =T, repmudeckuit KI1[ uuknia
paseH HYA0. 3TO YKA3bIBACT HA HEBO3IMOXK-
HOCTh TpeRpalleHHs TemaoTh B pabory,
€CJIM BCe TeJ1a CUCTEMbl MMEIOT OJHHAKOBYIO
TEeMNepaTypy, T.e. HAXOAATCHA MEMXJy CO-
60ii B TENJIOBOM PAaBHOBECHH.

Jinf OpUeHTHDPORKH [PHBOAHM 3HAuUe-
aus tepmuueckoro KITJ tukna Kapuo npu
pPa3JMUHBbIX TeMrepatypax ropsiyero Ueroud-
HUKZ H NIPU TeMnepaType XOJOAHOro HCTOou-
uuka, paBHod 10 °C.

H,°Coo oo 200 400 600 800
W o« - . - . . 040 058 068 074

[1podoancenue

1200 1400 1600
081 0,83 085

{,°C . . 1000
||/......0,78

[Npupenennsvie uudpn paior KI1 une-
agbHoro uukna. Koagguuuent mnonesHoro
JefcTBUA peastbHOr0 TeNJOBOro ABHraTeds
Oyner, KOHEYHO, HHXKeE.

3.4. OBOBILEHHbIA (PETEHEPATHBHbLIA)
WHKJl KAPHO

Hpu HalH4YNH TOJABKO ABYX HCTOYHHKOB
TenaoThl ¢ Temneparypamu Ty H To MOXKHO
OCYIECTBUTh Gosee CJAOMHBIA LUK/, €ciu
MCNO/Ib30BATL pereHepal Mo Tel-
A 0Thl. CyHNHOCTh e 3aKII0Yaercs B cie-
LYIOLLeM.

Paccmotpum unka abfe ua puc. 3.5, a,
COCTOSAIILUI H3 ABYX H30TEpM ab u fe u 1ByX
NpOM3BOJbHBIX PABHOBECHBIX NPOLECCOB bf

Puc. 3.5. CpaBHexre NPOH3BOJBLHOrO LMKAA €
uukaoM KapHo npH OAMHAKOBHIX MpeNENbHbIX
TemMnepartypax
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H eq, JHHHH KOTOPbIX 3KBHIMCTAHTHbI
B T,s-nMarpamme. [iis paBHOBECHOTO Ha-
rpesa paGouero Tena MO JIHHHKH ea H OX-
JaNAEHHA N0 JAMHUM bf HYXHO pacuona-
ratb 6GecKOHeYHO OOJ/bLIMM KOJHUUECTBOM
MCTOYHHKOB TeMI0Thbl, 4TOGb NPU KaKAO#H
temnepartype B avanasone T,—T, Tenao-
06MEH MeXy MUCTOUHMKOM TEMIOTH W pa-
604HMM TeqoM nportekan panHosecHo. Ogna-
KO MOMHO OCYILLeCTBHTb Npouecc Tak, 4To-
6bl Tensiora 8¢, BblIEASIOILAACS TIpH OX-
JamMAeHHH Teja npu Temueparype T no
JUHUK bf, 3aTpauMBanach Ha Harpes Teqa
pW TOH »Ke TeMnepaType no JIMHHH ed.
Ecau aunvu ea u bf 3KBHAMCTAHTHBI, TO
KOIMYEeCcTBa OT/J3HHOH NPU  OXJaAeHHH
(naowans ifbk) ¥ nonyyeHHoH npu Harpe-
Be (maowaab geaht) TenJaoTbel O MHAKOBHI,
T. €. TeNJOoTa, BblJeJEeHHas [pH OXJamie-
HHM NO JUHUH bf, NOJHOCTBIO MCNOAb3YETCH
(perenepHpyeTcsi) MO JHMHWH eq.

Ot ropsAvero UCTOYHHKA NPH Temnepa-
Type T| Mo-npexHeMy NOABOLKTCH Tenora
g1, 3KBHBAJEHTHAA Towann habk, u K xo-
JIOAHOMY HMCTOUHMKY npH Temnepatype T
OTBOJMTCA TENJOTa ¢, COOTBETCTBYIOLLAA
naolann gefi.

Tepmuuecknit KI1[ pannoro unkaa

91—9 Ti(sy—sp)—Tyls;—5y)
q T\ ($p—$4) '

n=

HO Sp—Sp=S§;—Sg BCACIACTBHC 3KBHUOH-
CTAHTHOCTH KpUBhIX bf 4 ed, NosTOMY 1=
=(T1—T2)/T|.

Takum 006pa3oM, paBHOBECHbIE LHKJIbI,
noA06GHbIe paCCMOTPEHHOMY M OCYILECTBJIsA-
emble Tak Xe, Kak U UHKI Kapho, mexay
JABYMSI HCTOYHHKAMH  TEIJIOTEI, HMMEIOT
KI1[, pasubit KT uukna Kapho. Ouu

Ha3blBalOTcA 06 O0G6LIeHHBIMU (pe-
reHepaTHBHLIMH) LUKJIAAMHU
KapHo.

Bo Bcex ApYrHx c/aydasx J60H LUK
¢ pepxneil reMnepatypoi Ty v HHKHEl Tem-
neparypoii T, umeer Tepmuueckuf KITJ]
Huxe, uem uuka KapHo. Ha puc.3.5,6
13006paxeH Npou3BObHEIA LUK efgh, ocy-
LLeCTBUMBIH [IPH HAJTAUHH 6eCKOHeYHO GOJlb-
wIoro KojaWyectsa WCTOYHUKOB TenoThl.
Onuiem BOKpYr 3T0ro uukiaa udka Kapho
abcd W o6oanauum uepes A, B u T. 4. co-
OTBETCTBYIOLLHE IVIOILAJKH, TOraa



Tl;zh(rdz 1 _qi=
q,
= A4B+CHDHE+F
nf’g“=1—£=1—--———F+D+E--~;
q A+DA4E+F
oTciofa caeayer, uto ni*d >nit 1. e. npu

00UHAKOBbLX npedesbHblx  Temneparypax
yuka Kapno umeer 60aeec sbicokud repmu-
weckuti KI1/, uem aw0bod dpy20d Yuka.
[Mostomy popmyna n,=1—Ty/T\ Bbipaxa-
€T MaKCHMAaJbHO BO3MOXHYIO NpH 3aNaH-
HBIX TEMNEPATYPHBIX YCJIOBHSAX CTENEHb HC-
NOJAb30BAHUA TENJOThl B LHKIE, H LUK
Kapuo siBisiercsi csoero poja 3TajOHOM,
B CPABHEHHH C KOTODBIM ONpEJe/sieTcs cTe-
neHb 3PHEKTHBHOCTH A060r0 UWHKIIA.

3.5. OBPATHBIA LLHKJ1 KAPHO

Qcyutectsum UuK1 KapHo B 06paTHOM
nanpasnaendu. Pabouee Ten0 ¢ HauaabHbIMH
napaMeTpaMmH TOUYKH a (puc. 3.6) paciuupsa-
eTcA aguabaTHo, coBepluas paboTy pacluH-
peHHMs 3a cueT BHYTpPEHHeHd 3HepruH, U ox-
aAax<iaercs or Temneparypbl Ti [0 Temne-
patypbl Ty JlanbHeduiee pacipeHne npo-
MCXOAHMT [0 H3oTepMme, W pabouee TeNO
OTGUPAET OT HHUXKHEr0 HCTOUYHHKA € TeMile-
patypoit T, Temnory ¢, [anee ra3 noa-
Bepraercsl CXKATHIO cHadana no apuadare,
W ero temnepatypa ot Tz nosbiiiaercs A0
T\, a sarem — no usorepme (T =const).
[Mpu stom pabouee TeNO OTAZET BEPXHEMY
HCTOUHMKY ¢ TemmepaTypod T, KonuuectBo
TENJOoThl ¢j.

O6uwas cxema npeoGpa3oBaAHHA IHED-
rHY moKa3aHa Ha puc. 3.7.

[TockonbKy B 06paTHOM LHKJIE CXKaTHe
paBodero Teaa NPOUCXOMHT NpH Gojee Bbl-
COKOl TeMmepaTtype, uem pacilupeHue, pa-
60Ta CcKAaTHA, cCoBeplIaeMas BHEIUHUMH CH-
Jamu, 6anbine paboThi pACUIHPEHHA Ha Be-
AMUYMHY niouwlanu abed, OrpaHHueHHOH
KOHTYpOoM uMkia. Jra pa6oTra npespaumia-
eTCA B TENJOTY H BMECTE C TenaoTod ¢
nepejaeTcsi BepxXHeMy HCTO4HMKY. Takum
06pasoM, 3aTpaTHB Ha OCYLIECTBAEHHE 06-
paTHoro uukna pabory [y, MOXKHO nepene-
CTH TeMNIOTY OT HCTOYMHHKA ¢ HU3KOH TeMie-

Puc. 3.6. OGpatdbli UHKJ
T, s-avarpammax

Kapuo 8 p, v- #

lopsyud
UCITIGYHUK MERNGITE
T

Zonodusiti
UCITIOYHUK TIERRGTE!
72

Puc. 3.7. TepmoarHamMuueckas Cxema XOoJ0UHIb-
HOH MaWHHbI

paTypoit K MCTOUHMKY ¢ 6o0/€e BbICOKOH
TEMIIepaTypoil, TPU ITOM HHIKHHA UCTOUHHUK
OTAACT KOJHYECTBO TEMAOTHL g2, A BEPXHHH
NOJYUHT KOJIHYECTBO TEMNOTH g1 = g2+ lu.

O6patupiit  unkn KapHo ABjsiercs
MACaNbHbIM LHKNOM XOJO[HJbHBIX yCTa-
HOBOK M TaK HA3hIBAeMBHIX TCMJ OBBIX
HacocoB

B xoJ04u/bHON ycTAaHOBKE palOuUMH
TeJdaMHu CAYXaT, Kak MpaBuJQ, Naphbl Jerko-
KHIALLMX XHUAKocTEH — (peoHa, ammuaka
v T.n. [lpouecc «nepekauku TenaoThl» OT
TeJl, NOMEULEHHbIX B XOAOLUIbHYIO KaMepy,
K OKpYXalolllell cpeje NMPOUCXOJMT 33 cueT
3aTPAT 3JE€KTPO3HEPTHH.

ddPpexkTUBHOCTD X0J0AUNbHOH
YCTAHOBKH OLLEHHUBAETCA X 01 O A HJIbH BI M
Ko3hbHULUEHTOM, onpedesdembin KaK
OTHOWEHUE Koaudecraa 1enaorst, OTHATOU
3a YUKA OT X0A00UAbHOL Kamepol, K 3a-
TPpa4ennoil 8 yuxae pabore:

e=q,/{,=4,/{q, —4:)- (3.12)
Mas o6parHoro uukia Kapho
e=To/(T,—T,). (3.13)
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3amerdMm, UYTO ueM MeHblie PA3HOCTb
TEMMEPATYP MEXAY XOJOAUILHON KaMepoid
M OKpYXaiouledl cpefoi, TeM MEHbIUe HYX-
HO 34TpaTHTb 3HEPTHK AJA [epejayu Ter-
JAOTHl OT XOJOAHOrO Tesa K ropauemMy H Tem
BhILE XOJOAHAbHBIA KO3DPHUHEHT.

XON0AHABHYIO YCTAHOBKY MOXHO HC-
NoJb30OBATh B KauecTee TEILIOBOrQ Hacoca.
Ecau, nanpumep, pjf OTONJEHHA NOMELLe-
HHS UCIOAb3OBATh 3JMEKTPOHArpERATE/NbHbIE
npu6opLl, TO KONMYECTBO TENJOTHI, BblIE-
JeHHoe B HUX, OyeT paBHO DPAcxody 3Jek-
TposHeprun. Ecin e 310 KOMHUECTBO 3J1eK-
TPOIHEPrHH HCMOb30BATE B XONOLHIBHON
yCTAHOBKE, TOPAUMM UCTOUHHKOM, T. €. IpH-
EMHHKOM TEeMJOTHL ¢, B KOTOPOH siBjdeTca
OTaNJNBAEMOE MOMELLEHHE, 8 XOJOJHBIM —
Hapy»KHas aTmMocdepa, TO KONMUeCTBO Ten-
JOTHI, MOJYUEHHOE TOMEL(eHHeM,

q,=4q, + lu'

€ g9 — KOJHUYECTBO TEIUIOTHI, B3ATOE OT
HapyXHOl atmocdepsl, a l, -—— pacxon
snektposreprud. [lonsitno, uTO g >,
T. €. OTOIJIEHHE C MOMOLLBIO TENIOBOro Ha-
coca BHIFOAHEE MPOCTOro 3nekTpooborpesa.

HUcnonbaya obpatHeifi nukn  Kapuo,
paccMOTPUM €LIe OAHY QOPMYJIHPOBKY BTO-
pOro 34KOHA TEPMOJAUHAMMKH, KOTOPYIO
B TO ke Bpemsi, 4uTo u B. TomcoH, npen-
noxua P. Knaysuye: Telsiora He MOXET
caMonponssosbHo (6e3 KOMIIEHCALHN) Te-
PeXOAUTb OT Tea ¢ Gonee HU3KOH K TenaMm
¢ 6oJee BHICOKOH TeMmeparypod.

Ata HOpPMYIUPOBKA UHTYHTHBHO CJEAY-
€T M3 HAllero MOoBCEeJLHEBHOro ONbiTa, KOTO-
pblii TIOK23bBaeT, 4TO CaMOMNpPOM3BOJIBHO
TenaoTa NepexoiuT TOJAbKO OT Tes ¢ Gosee
BBLICOKOH K TesaM ¢ fosiee HU3KOH Temnepa-
Typoil, a He HaoBopoT. MOXHO [0Ka3arh,
uto (opmyanpopka P. Knaysnyca 3kBHBa-
nentHa gopmyanposke B. Tomcona.

NleficTBATENLHO, ecli Obl TEm0Ta 4o,
MOJy4EHHAA 34 [HMKA XOJOAHbIM HCTOYHH-
KOM, MOIJa CaMOMpPOM3BOJBLHO Mepedtu
K TOpAYEMY HMCTOUHHMKY, TO 3@ CHer Hee
CHOBA MOXHO ObIJIO 6bl NONYUHTD KAKYIO-TO
paboTy — BeuHbll ABUTATeNb BTOPOTO pO-
12, TaKUM 06pa3oMm, Obl1 Gbl BO3MOXHBIM.

Ha paccmorpenua oO6paTHOro UMUK
KapHo c/jiepyer, uTo nepejada TenaoThl 0T
TeJa MeHee HarpeToro K Teny Gosee Ha-
TPeToMy BO3MOXHA, HO 3TOT «HEECTECTBEH-
Whli»  (TOUHEe — HEcamOllpOM3BOJbHbIN)

26

npoiecc TpeGyeT COOTBETCTRYIOULEH IHEP-
reTHUECKOH KoMreHcaunu B cucreme. B o6-
patHoM wuukae Kapno B kauecvse Takou
KOMIIEHCAMH BbICTyNnana 3aTpadeHHas pa-
60Ta, HO 3TO MOXKeT ObITh ¥ 3aTpaTa Tenjao-
TH 6oNee BBLICOKOro MOTeHlHana, crnocob-
HO# COBEpWUTb PaBoTy MpH mHepexose Ha
6oaee HU3KHH MOTEHUHa.

3.6. ABMEHEHHWE 3HTPOMHUH
B HEPABHOBECHbIX NPOLLECCAX

PacemoTpuM  NPHHUMNHAJbHBIE  OTHH-
Y¥s HepaBHOBECHBIX MPOLECCOB OT PABHO-
BeCHbBIX Ha TMpHMepe pAClUHpeHdun r1asa
B LWHAMHAPE NOA nopuisem (puc. 3.8), noay-
yapoulero Tteisoty 8¢ OT  WCTOUHHKA
¢ remnepatypoit T, 1 cosepinaioulero pabo-
Ty MIPOTHB BHEWHed cunnl P, peicTByOULed
Ha MOpLIeHb.

Pacwiuperde 6y1eT paBHOBECHBIM TOJb-
KO B cJaydyae, ecad Temuepatypa rasa
T pamHa TeMmnepaType UCTOUHHKA (T=Ty),
BHELUHAS cHJa P pasna JaBJeHHIo ra3a Ha
nopwensb (P=pF) u npu pacilupenud ra-
3a HeT HY BHEUIHero, HW BHYTPEHHEro Tpe-
Husi. Pa6ora paciidpenus raza B 3TOM Cy-
uae paBHa 8lpsen= Pdy=pduv, 3 H3MEHEHHE
sHTponuK pafodero Teaa B TAKOM rpouecce
dspasn=295q/T.

HeBbinonHede K0Ts1 Gbl OQHOIO U3 yKa-
3aHHBIX YCJOBHI AenaeT paciinpeHHe rasa
HepasHoBecHbIM. Ecan  HepaBHOBECHOCTH
BbI3BAHA TPEHHEM MOPIIHA O CTEHKH UH-
aupapa, To patora 8/, coepiuaemasa npo-
TUB BHEIIHEA chabl P, 0Ka3blBaeTcd MEHb-
e, ueM pdv, TaK Kak 4acTb ee zaTpadyusa-
eTcsl Ha NPEOAQEHHe TPEHUs U [ePeXOIHT
B Tennory 8g.,. OHa BOCHpHHUMAETCH Ta-
40M BMECTE ¢ NOABEAEHHOH TeloToH (g,
B peayibTaTe Yero BO3PacTaHHe SHTPONHH
raza B HEpaBHOBECHOM npouecce ds=
=8¢+ 06g+p)/T fosiblie,

—,

oKasbigaeTcs

, ”

Puc. 3.8. K onpeaeliednio U3MeHeHHA
NHH B HepABHOBECHBIX Mpoleccax

3HTPO-



yeM B PABHOBECHOM IIDH TOM XK€ KOJIHYECT-
Be MOJABEACHHOH OT HCTOUHHKA TenoThl 8.

Ecan HEpPAaBHOBECHOCTh BbI3BAHA
OTCYTCTBHEM MEXaHHUYECKOr0 PpaBHOBECHA
(P<pF), nopweHn OyleT ABHraThes
ycKopeHHO. DBhicTpoe [BMXKEHHEe TNOpILHA
BLI3bIBAET NOWBJAEHHE BHXpei B rase, 3a-
TYXAIOWMX [0f JeHCTBHEM BHYTPEHHEro
TPeHHH, B PE3yJbTaTe uero 4actb paGoThl
paclIHpeHds ONATb NpPEBpAlLAeTCa B Tel-
Aoty 8g.,. Pa6oTa npoTHB BHEWHEH CHIbI
CHOBA noJy4yaercA Meublue, a BO3pacCTa-
HYe 3HTPOMHH — 6oJablle, 4eM B DaBHO-
BECHOM MPOLECCE C TEM Ke KOJHUYECTBOM
Ten1oThl 84.

Ecsau HepaBHOBECHOCTb BbI3BaHa Tell-
NOC6MEHOM IPH KOHEUHOR Pa3HOCTH Temre-
patyp (Temnepatypa raza T meHblle TeM-
nepaTypsl ucTounuka T,), TO BO3pacTaHHe
3HTpOnuM pabouero tena ds ==8q/T oka3sbl-
Baercss  Goanmwe, uem  dSpaan=1084/T)
B PABHOBECHOM MpOLECCE M3-338 CHHIKEHHS
temnepatypnl rasa. [lpu ToM Xe noJoxe-
HAX [NOPIUHS, T.€. 3a1dHHOM YAeJbHOM
o6beMe v, MeHbllell Temaeparype rasa co-
OTBeTCTBYET MeHbluee ero Aapaenue p. Co-
OTBETCTBEHHO  MeHbllie HOMKHA  ObiThb
M ypaBHOBellHBalollas cHaa P: P'=
=p'F << P=pF. Pa6otra paclunpenus npo-
THB 5TO# ChJbl §!= P'dy=p’du<Cpdv.

Utak, nepasnosecnocTe 8ce2da npuso-
JuT K yaeaudenuo INTponuu pabouezo re-
AQ ApU TOM He Koauuecrse nodaedennoll
TenaoTol U K norepe wacru pabors.. B 00-
(EeM BHIE 3TO MOXHO 3aNHCaTbh CJAedYIO-
1wumM obpasom:

dS =6q/T+dSuepaau; 8= Pdv - 6luepauu.

npuveM dSuepasn H Oluepanu BCET/LA TTOJOKHU-
TEJbHBL.

Panee 6bi/10 MOKA3aHO, UTO AJNA PABHO-
BECHBIX MPOLECCOB cNpaBeilUBO COOTHOLIe-
uue ds=2~0¢q/T. Pa3oGpaHuniii npumep J0-
CTATOUHO HACJSIAHO MOKa3blBaeT, UTO B He-
paBHOBECHBIX fpoleccax ds>>08q/T, ecan
8g — KOJM4ECTBO MOABEACHHON K CHCTEME
WM OTBENLEHHOH OT Hee Temiorhl, a T —
TEMIEpATYpa HCTOMHHKA TenyoTel. O6e 3a-
MUCH ABJAIOTCH AaHAJHTHYECKMMH Bbipaxe -
HHSIMH BTOPOrO 3aKOHa TEPMOAMHAMHKH:

ds=2~8¢/T — B paBHOBECHbIX Mpoleccax;
(3.14)

ds> 8q/T — B HepaBHOBECHBIX fIpOLEcCaXx.

Jast M301MpOBAHHBIX CHCTEM, KOTOpbIE
N0 ONpejeeHHI0 He OOMEHHBAKTCH Teno-
TOW ¢ okpyxaioiei cpepofl (6¢=0), 3ty
BbIpAXKEHHs NPHOOPETAIOT BRI

ds>=0. (3.15)
Ecain B  aana6atHO-M30JHPOBAHHOH
cHCTEME  OCYLLECTBASIIOTCH  PaBHOBECHBIE

npoUecchl, TO 3HTPONHA CHCTEMb OCTAETCS
NOCTOSHHOHM.

CaMonpou3BOJbHbIE (@ 3HAYWT, M He-
pABHOBECHbIE) NpOUECChl B H30NHPOBaHHOM
cHCTEME Beer[a TMPHBOAAT K YBEJHYEHHIO
3HTPONHU. IDTO MOMOKEHHE TNpecTanisfer
co6oit Hanbosee Oo6ULYID (QOPMYJIHPOBKY
BTOpPOro HauaJja TePMOAHHAMHKH [ad He-
paBHOBECHbIX TPOLECCOB, H3BECTHYIO MOX
Ha3BaHWeM NpPpHHUHIDA BO3pacrTa-
HUA B3HTPOMHUHA.

CJiefyeT NOJ4epKHYTh, Y4TO HEPABEHCT-
B0 (3.15) NPHMEHHUMO TOJABKO K H30.1HPO-
BaHHbIM cucTemaM. Ecayn ot chcteMbl OTBO-
JIMTCH TEMJOTa, TO €€ 3HTPOIHA MOXKeT
yOblBaTh, OAHAKO CYMMapHOe H3MEHeHHe
IHTPOMUH CHCTEMBl H 3HTPOMHH BHELIHHX
Tel Bcerja MNOMOXKHTeAbHO (1160 p&aBHO
HYJI0, €C/IM B CHCTEME NPOTEKAIT paBHO-
BECHblE MPOLECcCH).

Koraa H30/MpOBaHHAA CHCTEMA HAXO0-
JMUTCA B COCTOAHHH ¢ MAKCHMAJNbLHON 3HTPO~
nHeit, To B Heil He MOryT MPOTEKaTb HH-
K4KHE CaMOMpPOH3BOJbHbIE NpOoUecchl, Mo-
TOMY 4TO J11I060# CaMONPOH3BOJNLHBIA MpO-
lecc HEPAaBHOBECEH H CONpoBOX AAETCS
yBenuyennem suTponun. [lostomy cocros-
HKHE M30JMPOBAHHONH CHCTEMBI ¢ MAKCHMAJb-
HOW 3HTpONHel ABASETCH COCTOAHHEM ¢e
YCTOAUHBOrO PABHOBECHA, H CaMONDPOH3-
BOJIbHBIE TTPOLLECCH! MOTYT NPOTEKATh B H30-
JMPOBAHHOH CHCTeMe JIHUb A0 TeX Tnop,
NOKa OHA He JOCTHTHET COCTOAHUA PaBHO-
BECHA.

3.7. CTATUCTHYECKOE TOJIKOBAHHE
BTOPOTO HAYAJIA TEPMOJHHAMHKH

C MO3HUMA KHHETHUYECKOW TEOPHH Fa3oB 3H-
TPOMHKIO MOXHO ONPELENHTb KaK Mepy Heynops-
AOMEeHHOCTH CHCTEeMbl. Koraga or cHcTembl npu
NOCTOSIHHOM [12BJEHHM OTBOAMTCH TEMJIO0TA, 3H-
TPOTIHA  yMeHbluaercs, &  YNOpAAOYEHHOCTD

B CHUCTEMe [MOBbIIUAETCH. 3T0 MOXHO HaIJMALHO
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fpPOAEMOHCTPHPOBATL HA NPHMEPE MPEBPaLLEHUS
razoo6pasHoro BellecTBa B TBepAOe.
Monexynbl rasza jIBHXKYTCH OeCnopsiouHo.
Koraa ras npH OTBOME TENJIOTH H COOTBETCTBYHO-
IWEeM  yMeHbLUIeH!H KOH/IEHCHPYeTCst
B JKHMIKOCTb, MOJEKYJILI 3aHUMAIOT Boaee onpeae-
JIEHHOE NON0XKEHHE (HCKOTOPOE BPEMS MOJIEKYJ1a
KMLKOCTH KOJ1e6/1eTCsl OKOJIO KAKOr0-TO NON0XKe-

IHTPONHUH

HUSl PABHOBECHS, 3aTeM [ON0XKEHHEe PABHOBECHHA
CMEILACTCST ¥ T. 4., T. €. IPOMCXOAAT OAHOBPEMEH-
HO MEAJEHHbIE TEPEMEILLEHHA MOJIEKYJ H HX KOne-
GaHUs BHYTPH Mauabix 00bemo). [lpu nanbuei-
LIeM NIOHHXXEHUU TEMIIEPATYPbl JKHAKOCTH 3HTPO-
UMS YMEHLIIAETCH, a TEI0BOe ABHXKEHHe Mmose-
Ky/l CTAHOBWTCH BCE Meiiee MHTEHCHMBHbIM. Ha-
KOHel, MHAKOCTh 3aTBCPAEBAET, UYTO CBA3AHO
C  AanbHEHIMM  YMEHblUEHHEM  3HTPOIMH,
HEYNMOPSAOUCHHOCTh CTAHOBUTCS  €lle  MEHblIe
(MOJIEKYIIBL TONBKO KOJNCOJAIOTCH OKONO CPeLHHX
PABHOBECHBLIX MOJOXKEHHI).

B KHHETHUECKOH TEOPHH Ta3’oB JOKA3bIBAET-
Cfl, UTO MEX/Yy 3SHTPOIHEeH cHCTeMbl B AdHHOM
COCTOAHHHU H TepMO}ll/HlaMl/l‘{GCKOﬁ Bep()ﬂTHOCTka
3TOr0 COCTOSIHUS CYUleCTBYeT (QYHKILHOHAIbHAS
3apucHMOcTb. QCTAHOBHMCH Ha 3TOM NoapobHee.

[lycTh TepMOLHHAMHUECKAS] CHCTeMd npea-
crapJjisier coboll ras. Jlus onpepenenusi ee co-
CTOSIHUSL HEOOXOAHMO yKA3aTh BCEro ABAa MAKPO-
CKOTHMUECKHX Mapamerpa, Hanpumep' AdBJeHue
u Temneparypy. Ho MOXHO 3TO cOCTOSIHHE 3a1aTh
M [0-APYroMY, YKa3as, HANPUMEP, NOJOXKEHHe
H CKOPOCTb KaKAOH K3 YACTHL, BXOAsiLLEl
B cHctemy. Takum o6pa3om, B NEPBOM CJyyde Mbl
jafgaeM MAKpPOCOCTOsiHHE CUCTEMbI, BO BTOpOM —
€€ MUKPOCOCTOSIHUE.

QueBUAHO, YTO OLHO
TEPMOAMHAMHUECKHX NapaMeTPOB CHCTEMbl MO-
KET NOJNYUHTBLCA [PH PA3NH4HBIX NMOJOKEHUAX
M CKOPOCTHX ee YACTHU, CNeJ0BATENbHO, OJHOMY
MAKPOCOCTOSIHHIO CHCTEMbL OTBEHAET PAA MHKpPO-
cocTOAIHMI. B cTaTUCTUUECKOH MeXaHHMKe NMpHHSA-
TO XApaKTepH30BAThb KaXKA0€ MAKPOCOCTOAHHE
BEJAHUHUHOH P — UMCIOM  COOTBETCTBYIOILHX
MHKPOCOCTOAHHH, PLANU3YIOIIHX A2HHOE MaKpo-
cocrosiyue. Beswuuna P HaspiBaeTcd Te€p M O-
AMHAMHUECKON BEDOATHOCThIO [aH-
HOTO MAKPOCOCTORIHUS.

Ecaun B MSOJIM])OHHHH()“ CHCTEME TIIPOHUCXOJNNT
CaMONpOU3BOJbHBIH NPOIECC W TePMOAHHaMHIe-
CKOC COCTOSIHHE MEHSETCSsl, 3TO CBHAETENbCTBYET
0 TOM, 9TO HOBOE COCTOSIHHE peannayetcs 60/b-

" TO )X€ 3HaueHune

IIHM KOJIHYeCTBOM MHKpOC()CTOﬂHHﬁ, yem lpenbl-
AYlLee MAKPOCOCTOSIHUE. A 3TO 03HAuaeT, 4TO
B pe3yabTate CAMOIIPOH3BOJAbHOTO npouecca
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TEPMOAHHAMHYECKAS COCTOAIHHS
cucrembl pacter. Ho ojHOBpeMEHHO yBeJaHYHBA-
ercsi u sutponuA. boasuman (1872r.) aokasar,
4TO MEXAY TePMOAHHAMHYECKOH BEPOATHOCTBIO
W SHTPONMEHl CHCTEMbI CYLECTBYET (YHKUHO-
HaabHas 3aBUCUMOCTb S =£RINnP, rae # -- nocTo-
aunast boabumana.

Taxkum 06Pa3OM, FHTPONUS USOAUPOBUHKOU
cucTembl 8 KAKOm-AubO COCTOAHUU nPONOPUUO-
HOABHA HATYPUAAOLHOMY AV2APUGMY BCPOATHOCTU
danno2o cocronnur. Tak Kak nNpUposa CTPEMUT-
C51 OT COCTOSTHHI MeHee BePUATHbBIX K COCTOAHHAM
Goaee BepOATHBIM, 3IHTPONHS UIOJNHUPOBAHHON
CHCTeMbl YMEHbILATLCS He MOXKeT. DT 14Ba YT-
BEPIXKAEHHA SBJASIOTCHA, N0 CYTH [ie]a, CTATHCTH-
uecKod W (PeHOMEeHONOrHIECKOH GOpMYNHPOBKa-
MW BTOPOrO Hauana TePMOAHHAMUKH. Pasaunuue
MEMX/Jy HHMH COCTOHT B caenyowem. Cratucry-
yeckasi GOPMYJHPOBKA YTBEP)KAAET, HTO B H30-
JHPOBAHHOH CHCTEME MPOLECChI, COMPOBOXKAAK-
lyecss BO3PACTAHHEM SHTPOMUH, SBJASIIOTCSH HAEH-
6oJiee BEPOATHBIME (HO He FABIAIOTCH HeH3Gex-
HBIMH), B TO BpemMs Kak (eHOMEeHOAOrHueckas
(hOpPMY/IMPOBKA CHYHTAET TAKME NPOULGEbl €HH-
CTBEHHO BO3MOMKHBIMH.

OD,HHKO pibie| OObIYHbIX CHCTEM, COCTOSLIHX
13 60bLIOIO YKUCJa 4acTHL, Hanbonee BepOSTHOE
HanpasaeHue mpolecca MpPaxTHYECKH copnanaer
¢ a6conioTHO HenaGexubim. [loscunm 3170 Ha
caepyoiueM npumepe. IlycTh HMeeTcsi paBHOBeC-
Wblil ra3. Bblgeaum B HeM OmpejeNeHHbill 00beM
W NOCMOTPHM, BOIMOXKHO M B 3TOM 0fbeme ca-
MOnpou3sobHOE yBeiuueHue aasnenus. Ma-aa
TEnJOBOro ABHXEHHHA HHCAO MONEKYJ B ofibeme
HENPEPLIBHO (PIJYKTYHPYET OKOJIO CPELHEro 3Ha-
yeHnn N. OnHOBpEeMEHHO QJIYKTYHPYIOT U TeMMNeE-
paTypa, W AABJICHHE, W BHYTPEHHSIS 3IHEPrus,
H T. A. Teopusi NOKa3LBaeT, HTO OTHOCHTE/NbIIAS
gefHuyMHa 3TUX QAYKTYaUnid o6paTHO NPOMOPLH-
OHaJIbHA KOPHIO KBAAPATHOMY M3 HCNA MOJICKY]
B BbIAENEHHOM 06beme, MO3ITOMY Ap/p= I/W.

Ecan N senuko, T0 Ap/p=0 1 camonpo-
U3BOJIbHOE [OBbILIEHHE NaBJeHHA B COOTBETCTBHH
CO BTOPHIM 33KOHOM TEPMOJHHAMHKH OTCYTCTBY-
er. Ecau ke paccMaTpuBaTh CH/IBHO paspekeH-
HbIl ras WaM ouyeHb Majbll 06beM, B KOTOPOM
conepxuTcs, Hanpumep, acero 100 Mosnekyn, TO
Ap/p=1/10. B Ttakom o0neme Haba0Aa0OTCA
3aMeTHble CAMOIPOU3BOJIbHBIC Y/AbCAIIHH 1aBJe-
uus (B cpennem na 10 95 or cpeasnero), a caeno-
BATENbHO, BTOPOH 3aKOH TEPMOAHHAMMKH Hapy-
maetcs. [TosToMy yuHTLIBaTh (PAYKTYyALHH HYXK-
HO JIMUIL B TOM CJay4yae, KOraa 4YHCJO 4acTHl
B paccmaTpuBaeMmolt cucteme maso. Ho ans Ta-

BE€POATHOCTb



KHX CHCTEM YTPAYMBAIT CBOH OGLIYHBIH CMbIC
TaKHe TePMOAHHAMHUYECKHE ITOHATHA, KaK Temre-
patypa, TelaoTa, SHTPOMHA.

Tak kak udca0 yacTuy N B peanbHbIX QH3U-
YECKHX CHCTEMAaX OIPOMHO, TO H (GryKkTyaluHH
H BbI3hLiBAEMbIEe HMH OTKJIOHEHHS OT NPeANUChIBA-
eMOro TepMOAHHAMHUCCKHMH 34KOHAMH XOAa

npouecca GyAYT HHYTONHO MAasbl.

3.8. 3KCEPTHA

OcHoBblBasACb HA BTOPOM  Hadaje
TEPMOAHHAMHKH, YCTAHOBHM KOJHYECTBEH-
HOE COOTHOUIeHHe MexAay paboroH, KOTo-
pasi Morja 6bl GbiTh COBEpLIEHA CHCTEMOH
MPH J@HHLIX BHELIHMX YCAOBHAX B cjaydae
NPOTEKAHUsT B HeH PABHOBECHBIX TMpouec-
COB, H JeACTBHUTENBHOH paBoTOH, NPOH3BO-
AUMMOIl B TeX K€ YC/JOBHAX, MPH HEPABHO-
BECHBIX fpoleccax.

PaccMOTpUM M30MHPOBAHHYIO CHCTEMY,
COCTOSLLYI0 H3 TOPAYEro UCTOUHHKA € TeM-
nepatypoit T, XONOAHOrO UCTOUHHKA (OK-
pyxawouleit cpeabl) c¢ TemnepaTtypo# Tq
¥ pabodero Tena, COBEpLIAIOLLErO UHKJL

Pa6otocnocoGHOCTDHIO (nau
skcepruell) Tenaoro Qi or6upae-
MOM OT ropAYero MCTOYHMKA C TEMNEPAaTy-
poit T\, HA36L8AETCA MAKCUMANGHAR NOAE3-
nas pabora ', koropas moxer OoiTb noay-
4eHa 3Q CHET 3TOU TEnAOTbL npu YCao8ul,
4TO XOAQOHbBIM UCTOHHUKOM ABARETCA OKPY-
warowan cpeda ¢ remneparypoti To.

M3 npeaplnyllero $CHO, 4TO MAaKCH-
ManbHadA nose3dHas pabora Liak TemJoThl
Q. npencrasaser co6oi pabory paBHOBeC-
Horo uMkna KapHo, ocyulecTBafgemMoro
B nuanasone temnepatyp Iy —To:

Liawe=1,Q,, (3.16)

rae y=1—"To/T\.
Takum 06paszoM, IKCEPTHdA TemaoThl Q)
Liae=Q, (1 =Ty/T)), 3.17)
T. e. paborocnoco6HOCTb TEMJIOThl  TeM

6osbiue, 4eMm MeHblie oTHoweHue To/T.
[Tpu T1=T, OHa paBHa HYJIO.

! [Tone3Hol Ha3LIBAETCHA T4 YACTh NpoOHU3BE/ACH-

HO! paboThl, KOTOPAsA MOXET ObiTh HCIOMb30BAHA
0 HAlleMy YCMOTPEHHIO, B OTJHUYHe OT MONHOH
padoTbi pacllMpeHus (cm., Hampumep, H3oGpa-
JKeHHe UHKNa B p, U-KOOPAHHATAX Ha puc. 3.3).

[Tonesnyto paboty, noJy4eHHYKWD 3a
cuer TenJoTel @, ropAyere HCTOYHHKA,
MOXHO NpeAcTaBATh B BHAe L ==Q)— Qa,
rae Qo — TemaoTa, oraaBaeMas B LHKJe
XOJNOJHOMY HCTOMHHKY (OKpyXawuei cpe-
ae) ¢ remneparypoi T.

Ecau uepes AS,., 0603Hauuch npHpa-
UEHHE IHTPONHH XOJOAHOrO HCTOYHHKE, TO
Q2=TiAS 0, TOTAZ

L,:Ql - T()Asxmh (318)

Ecsy Gbl B paccMaTpHBaeMOi H30J4PO-
BAHHOW CHCTEME MPOTEKAJIH TOJBKO paBHO-
BECHBIE TIPOLECCH, TO 3IHTPONHA CHUCTEMbI
octaBanachk Obl HEM3MEHHOM, a yReJHueHue
3HTPONHUH XOJOLHOIO HCTOUYHHKA AS 0, PaB-
HAJ0Ch Gbl YMEHBLICHHIO SHTPOINKH ropaye-
ro ASiqp. B 3TOM cayuae 3a cder TennoThl
Q1 MOXHO ObIJIO Obl MOJYYHTb MAKCHMaJb-
HYIO nogesxyio pabory

Liae=Q1— ToAScop, (3.19)

YTO caelyeT M3 ypaBHeHHs (3.18).

JecTBUTEIbHOE KOJHYeCTBO paboThl,
NPOU3BEAEHHOH B 3THX KE YCJIBUAX, HO
NpH HEpPaBHOBECHHIX Mpoueccax, onpepeds-
eTcA ypaBHeHHem (3.18).

Takum o6pa3om, norepio paGotocno-
COGHOCTH TEMJIOTbl MOXHO 3alHcaTbh Kak
AL = L;/waxc —_ L/= T() (Asxon - ASrop)y HO
pasHoctb  (ASyon—ASiep) npelcraBaser
COOG0H H3MEHEHHE 3HTPONUH paccMmaTpUBae-
MOH M30/IHPOBAHHOM CHCTEMbl, MO3TOMY

AL=ToAS cucr. (3.20)

BennuuHa AL onpejenser norepio
pa6oThbl, OGYCAOBJIEHHYKD pacCeuBatHEM
HEPrUY BCJEACTBHE HEPABHOBECHOCTH MPO-
TeKawlMXx B cHcTeme npouecco. Yewm
Goavwe HEPagHOBECHOCTbL MPOULCCOB, Me-
poil KOTOpOH ABJAETCA YBEJHUERHE 3HTPO-
MUY H3OJAHPOBAHHOH CcHCTEMbl AScucr, TeM
MeHbule npou3BO0UMAR cucTemoll padora.

YpaeHenue (3.20) Ha3biBalT ypaBsHe-
Huem [ou — Croponbl NO UMEHH GpaHuys-
ckoro ¢uavka M. I'ou, nonydusiuero 3To
ypaBHenue B 1889 r., W caoBauUKoro TenJo-
TexHdka A. CTOAO/bI, BNEpBbi€ TPUMEHHB-
LIero 3TO ypaBHEHHe.
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KOoHTpoAbHbLE BONPOCHL U 3A0GHU

3.1. Bo3MoxeH JHK npouecc, B KOTOPOM Tell-
0Ta, B3ATAS! OT FOPAUEro HCTOUHHKA, 110NHOCThIO
npespaiaercss B padory?

3.2. Kakos makcumansautit KIT/L tensosoit
mMallntbi, pafoTalouledl Mexay TemMneparypamu
400 u 18 °C.

3.3. Kak MOXHO MCNONL30BaTh TEMIOTY BO-
Abl ¢ Temiepatypoii 4 °C pasi oTorsieHus 10-

lhaea 4eTBEepTaA

MelleHns, umetowero Temueparypy 20 °C? Ha-
pHCyiiTe CXeMy Takod MallHHbL.

3.4. lMoka3atb, 4To gBe aauabaTbl HE MOTYT
flepecekaThcs APYr € APYrom.

3.5. Onpeneantb paGoTOCNOCOBHOCTE (3K~
cepruio) 200 k[lx TenaoThl IPOAYKTOR CropaHust
s Tonke npu temneparype 1000 °C. Temnepatypa
cpesbt 10 °C. ONPeALIHTD NUTEPI) IKCEPLHH FTOH
TEeMJIOTI, ec/ii Best OHA OYAeT nepefana TellioBo-
My MCTOUHMKY (1apy B KOTJIE) ¢ Teuvnepatypoit

500 °C.

OCHOBHbIE TEPMOANHAMHUHECKUE NPOLECCHI

B TA3AX, MAPAX U NX CMECAX

4.1. TEPMOAHHAMHYECKHE NPOUECCHI
HIAEAJIbHbIX FTA30B B 3AKPbITbIX
CHCTEMAX

OcCHOBHbBIMH AIPOLLECCAMH, BEChMA BaX-
HbIMH H B TCOPETHYECKOM, H B MPHKIaJHOM
OTHOLIEHHAX, FABAAIOTCA: H3O0X 0P HBbIH,
NpOTEKAWHA NPH MNOCTOAHHOM 06beme,
M3 06 apHsfit, TpoTeKalOLUUil APH NOCTO-
SIHHOM [JaBJEHWH; H3O0TEepMHUYECKHH,
APOMCXOASILHA NPH MOCTOAHHOA Temmepa-
Type; aanabartHhi i — npouecc, NpH Ko-
TOPOM OTCYTCTBYeT Tennoo0MeH ¢ OKpYXKa-
olied cpeoi, H NON TP ONHBH, yLOB-
JIeTBOPAILKH ypaBHeHHo pu”=const.

MeTton HcciefOBaHHA [IPOLECCOB, HE
3aBUCALLMIA OT WX OCOOEHHOCTEH H ABJSIO-
IWHAcH OGLIHM, COCTOHT B CJAELYyIOU(eM:

BLIBOAMTCS ypaBHEHHe lipouecca, ycra-
HABAMBAIOLLEE CBA3b MEXJAYy HA4aJbHbIMU
M KOHEUHbIMH Mapamerpamu padoyero tena
B LAaHHOM MpOLLECCE;

BBIYHC/IAIETCH pabora M3aMeHeHHUR
o6bema rasa,

onpenesnsieTcsi  KOAMYECTBO  TEIJIOTHI,
nojBeAeHHOH (MM OTBEJEHHOH) K rasy
B npouecce,

onpejensieTci M3MeHeHHe BHYTPEHHe!
IHEPTUM CHCTeMbl B MpOLecce,

onpeaensieTcH H3MCHEHHE
CHCTEMbl B Mpouecce.

Haoxopuuiit npouecc. Tlpu u3oxopHom
npouecce Bbinoansaercs ycnosue du =0 nan

IHTPONHH
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v=const. M3 ypaBHeHUs] COCTOAHHUA He-
aabHoro rasa (1.3) caenyer, uro p/T=
=R/v=const, T. €. 1aBJEHHE 432 (PIMO
NpONOpPUHOHAIBLHO ero abeooTHOR TeMie-
patype:

po/p=Ty/T,.

Ha puc. 4.1 npeacrapien rpaduk npo-
uecca.

PaGora paclinpesnss B 3TOM Mpoliecce
paBHa HYJIO, TaK Kak duv=0.

KoauuecTso TenaoTel, MOLBeAeHHOH
k pafouemy Teqy B npouecce [2. npu ¢,=
—const, onpeje/sieTcss M3 COOTHOUIEHHH

(2.23):

4.1

TQ
g=\cdlT=c (T,~T)). (42)
TI
[Tpu nepeMeHHOH TENAO0EMKOCTH
(
q__-cuql ‘ lzl (t‘) —tl):
A 2 T 2
14 y 77
v
v S 5 s

Puc. 4.1. M3o6paenue H30XOpHOro npouecca 8
p, v- v T, s-kKoopauMHaTax



(4.3)

—c |2t —c |t
“Luep 10 P2 vep 10

!
2
vep |ll — CpeAHAsA MaccoBdsl H30XOp-

rae ¢
HAs TEMJOeMKOCTb B HHTEpBAJe Temnepa-
TYp OT £ RO to.

Tak kak [ =0, TO B COOTBETCTBHH C nep-

BbiM 3aKOHOM T€pMOAHHAMHKH Au=q H

Au=c, (T, —T,) npu ¢,=const;

L
Au=c,, l,f (t,—t,) npuc,=var.(4.4)

[TOCKONIbKY BHYTDEHHSIST 3HEPTHA UAEANbHO-
ro rasa sipasercsi (QyHKUHEH TOJbKO €ro
Temiepatypsl, To gopmynnl (4.4) cnpasen-
JHBLE 8 J1060T0 TEPMOIHHAMHUECKOTO
npolecca HAeanbHOro rasa.

HMameHeHHe 3HTPOMHM B H30XOPHOM
npouecce onpeneanercs no gpopmyne (3.6):

se—s=¢, In(py/p))=c, In(Ty/T)),

(4.5)

T. €. 3aBHCMMOCTb 3HTPONHH OT TeMMepaTy-

pbl Ha H30XOpe NpH c,=const umeer sora-
pupMuuecknil xapaktep (cM. puc. 4.1).

Hao6apusiit npouecc. M3 ypapuenus

COCTOAIHHS HAeanbHoro raza (1.3) npu p=

=const HaxopuM v/T=R /p=-const, uau

/v, =Ty/T\, (4.6)

T. €. B H300apHOM mpoliecce 06beM rasa
NponopuHoHaned ero a6GcoJIOTHOH TemIe-
parype (3akoH ledi-JTioccaka, 1802 r.). Ha
puc. 4.2 nzobpaxed rpadguk npouecca.
W3 Bolpaxenus (2.6) cneayer, 4TO

Yy

1=\ pdo=p (v,—v). (4.7)

.
)

Tak kak pv,=RT, u pva=RT,, TO oaHO-
BPEMEHHO

I=R(T,—T,). (4.8)

KonunuectBo Temnothl, coofuiaemoe ra-
3y nNpH HarpeesaHHH (HJ]H OoTAaBaeMoe HM
npH oxna)l(uemm), HaxOoJdHM H3 YDaBHEHHSHA
(2.23):

(4.9)

!
? — cpeaHsii MaccoBast H3oGap-

P 4 2
/

(4
a

Puc. 4.2. U3o6pakenue H3oGapHOrc mpouecca
B p, v- U T, s-KoopHHATaX

Hasl TEIJIOEMKOCTb B HMHTEpBaJje Temmepa-
TYp OT ¢ 1O f2; npu c,=const

q=cp (12_tl)‘

HameneHue 3HTponHu npu ¢,= const
cornacio (3.5) paBuo

sy—s8 =0, In(Ty/T)),

(4.10)

(4.11)

T. €. TeMnepaTypHasi 3aBHCHUMOCTb 3HTPO-
MU NpH U306apHOM MpoLecce ToKe UMeeT
AorapHGMHUECKHi XapaKTep, HO HOCKOJbKY
Cp>>Cy, TO H306apa B T, s-AHarpaMmme HaeT
Gosee non6ro, ueM Haoxopa.
Haorepmuuecknii npouecc. [Tpu H3orep-
MHUYECKOM TpoLlecce TeMIepaTypa NOCTOfAH-
Ha, cnepopatensHo, pv=RT =const, H1H

Pa/Py=10,/1,, (4.12)

T. €. laBJeHHe U 06beM O6PATHO [IPOMOPLH-
OHaAbHbl APYF APYTY, TdK UTO NPH H30-
TEPMHUYECKOM CXATHH NAaBJIEHHE Ta3a BO3-
pactaer, a MpH paclIMPeHHH — najlaer
(3akoH boitns — Mapwuorra, 1662 r.).

CpacdukoM H3oTepMUUECKOro mpouecca
B p, U-KOOpAHHATAaX, KaK NOKa3blEaeT ypas-
HeHne (4.12), sBasierca  paBHOGOKas
rdnep6ona, [Js KOTOPOH KOOpAHHATHBIE
OCH cJyXaT acumnroraMmu (pHc.4.3).

1. 2
A
S Sz 8

Puc. 4.3. H3o6paeHHe H30TePMHYECKOro MpoO-
uecca B p, v- K T, S-KOODAMHATAX

N

SOV

Oy U, U
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Pa6ora npouecca:
vy

(= pdv={ RTdv/o=RT In (s,/0,)=

4

—RT In (p,/py). (4.13)
Tak kak Temnepartypa He MeHsieTCs, TO
BHYTPEHHSIsL 3HEPrHs WJEANbHOro rasa

B JAHHOM TpPOLECCE OCTAETCH NMOCTOAHHOM
(Au=0) 1 BCcsl N0JBOAMMAN K ra3dy Temio-
Ta MNOJHOCTBIO NpeBpauiaerc B paboTy
paclliupenHs:

g=1. (4.14)

[Tpx H30TEpMHUECKOM CXKATUM OT rasa oT-
BOAMTCS T€MI0Ta B KOJAHYECTBE, PABHOM
3aTpaycHHOW HA cxKaTHe pabore.

U3 coornowennit (3.3) u (4.12) caeny-
€T, YTO U3MEHEHHE IHTPOIHH B H30TEPMHYE-
CKOM npoliecce Bupaxaercs (GpopMyJoi

2

So—8, = S 8q/T=4q/T=
i

—R1n (p,/p,) =R In (0y/v)). (4.15)

Apuabathniii npounecc. [Ipouece, npo-
uexolsiliui 6e3 Tenyioob6MeHa ¢ OKpyXKato-
weil cpeaoil, HazblBaeTcA aiuabaTHbIM, T. €.
8g=0. las Toro uTo6nl OCYULECTBHTh Ta-
KOii mpolece, ciefyer JH00 Tema0H301Hpo-
BaTb Ta3, T.e. NOMECTHTb ero B ajanabat-
HYI0 060J04KY, JHOO NPOBECTH MPOLECC Ha-
CTONBKO GblcTpo, UTOOB H3MEHEHUe TeMmie-
paTypnl rasa, o0yCNOB/JEHHOE ero Temio-
o6MEeHOM C OKpyXalolleld cpeaod, Gblio
npeHeGpeRHMO Mal0 Mo CPABHEHHIO C H3-
MEHEHHEeM TEMMEPATYPbl, BbI3BaHHbIM pac-
wMpeHHeM WJH cKaTHeM rasa. Kak npasu-
710, 3TO BO3MOXHO, W60 Temyoobmen mpo-
HCXOIHT 3HAUHTENbHO MeAJieHHee, UeM
C)KaTHE WM pacliMpeHHe rasa.

YpamHenus nepBoro 3akoHa TepMOIH-
HAMHKa A5 aAna6aTHOro Npouecca NpHHU-
maior  BHa: ¢ dT —vdp=0; ¢ dT +
+ pdv=0. Tlonesur nepeoe ypaBHeHHe Ha
BTOpOE, NONYUHM

cpdT
¢, dT

_vdp e o 2P

pdv v p

Huterpupys nocjennee ypapHeHHe MnpH
YCJOBHH, YTO K ==Cp/C,=CONst, HaXoLUM

32

k §du/v=

Py

- _ Sdp/p wkin (vy/v,)=In (p,/p,).

Py

MMocae OTeHUHPORAHHS uMeem
(va/v ) =p1/ps, uan
p vy =py03. (4.16)

3To W ecTb ypaBHEHHS ajuabathl Waealb-

HOrQ ra3a [pH TOCTOAHHOM OTHOLIEHHH
tTenaoemkocTelt (k=const).
Besnunna
k=c¢,/c, (4.17)

nasplpaeTca nokasarteaem aaunaba-
Tol. [ToacTapus ¢p==c,+ R, noayunm k=
=14+R/c, COracHo KAacCHUECKOA KHHe-
THUYECKOH TEeopuU TeINOeMKOCTh ra3oB He
3aBHCHT OT Temrepartypsl (cm. § 2.5), mo-
3TOMY MOXHO CYHMTaTh, UYTO BeJIMYHHA
k£ Tak)Ke He 3aBHCHT OT TeMIlepaTypbl W Of-
peneasiercs YMcJIom cTeneneil caoGoabl MO-
aexkyasl. [ 01HO4TOMHOrO rasa k=166,
AnA  AByxaTomHoro k=1,4, agad Tpex-
¥ MHOPrOATOMHBIX rasos k= 1,33.

[Mockonbky £>>1, TO B KOOpAHHATAX P,
v (puc.4.4) aunus aguabathl UAeT Kpyde
JIMHHH H30TEpPMbl: NPH a4HaBaTHOM pacilH-
peHHH [aBlieHHe IOHHKAeTCs GuicTpee, UeM
npH HaOTePMHUECKOM, TaK Kak B npolecce
paciiMpeHHsl YMeHbiaercs TeMiepaTtypa
rasa.

Onpeneaus M3 ypaBHEHHs COCTOSHMA,
HAMUCAHHOTO /A COCTOSIHMH [ W 2, OTHO-
wreHHe 06GbEeMOB HJM [JaBRNeHMH M NoacTa-
BHB HX B (4.16), nosyuum ypaBHeHUe aaHa-
GaTHOro npollecca B HOpMe, BuIpaKaKoiLled
3aBUCHMOCTL TeMIlepaTyphl OT 06beMa HIH

y, 1 pu-cansz/.‘ T 1

Z 2
] A z

U, U, U s

Puc. 4.4. U3o6paxenne aaualaTHOro npouecca
B p, v- ¥ T, S-KOOpPAMHATAX



AaBJIEHUSA:

Ty/T) = (Ul/UQ)kklll

Ty /T =(py/p)f* =% (4.18)

Pab6ora paclunpenust npu aaua6aTHoMm
npouecce  COrJMacHO  (IGPBOMY  3aKOHY
TEPMOAMHAMUKH CcoBepulaeTcss 3a cuer
YyMEHhIUEeHHs] BHYTPEHHEH 3HEPIHH H MOXKeT
ObITb BBIYMCJICHY MO OAHOH M3 CJAERYIOUIMX

dopmy.r:

l= —Au=c, (T, =Ty =, & (T, Ty).
(4.19)
Tak kak pyvy=RT, ¥ pyws=RTs TO

| .
l=7e;~l (v —pyvy) (4.20)

B nanHom mnpolecce TenaoobMeH rasa
¢ OKpyxawolleil cpeiol HCkJaloYaeTcd, Mo-
stomy ¢=0. Boipaxenne ¢=4¥84/dT noka-
3biBaeT, 4TO TeMI0eMKOCTh aaHabaTHOro
npouecca paBHAa HYJIO.

[Tockoabky npu apunabaTHoM mpouecce
0g =0, sutponuns pa6odyero Tesa He H3Me-
HaAeTcsl (ds=0 u s=const). CreaoBareJb-
Ho, Ha T, s-puarpamme aavabatHbldl npo-
fiecc U306paxaercs BepTHKaJbIO.

Moautponuniit apouecc 1 ero o6obuLa-
ouwee 3Hadenue. J060H TNPOH3BOJBHBIHA
NPOLeCC MOXHO ONHUCATb B P, U-KOOPAHHA-
Tax (1o kpaiHed wmepe Ha HeGOAbLIOM
yuacTtKe) ypaBHeHUeM

(4.21)

COOTBETCTBYIOUlEE  3HAueHue
n. [lpouecc, onucbiBaemblii ypaBHEHHEM
(4.21), Ha3bBaeTCss NOJHTPOINHBLM.
[TokasaTesb MOAUTPONBL 1 MOMKET NPHHHU-
MaTh JiI060e YHCJAEHHOE 3HAUeHHe B npeje-
Aax OT — oo 0 -+ oo, HO AAS AAHHOTO
npouecca OH fIBAsIETCS BEJHYHHOHE mnocto-
STHHOHR.

W3 ypasHenus (4.21) W ypaBHeHus
Kaaneipona HeTpyAHO NOJYUHTb Bhipame-
HHA, YCTAHABJMBAIOUIHE CBSI3b MEXAY p,
v U T BoBLIX ABYX TOUKAX HA MOJUTPONE,
AHAJOTHYHO TOMY, KaK 3TO 6bLIO caesaHo
AJst apnabartnl:

pa/py= (v, /vy)"; To/T\ = (Un/Ug)ngl;

To/Ty= (po/p)" V" (4.22)

2 Tenaorexuuka

pu" ==cornst,

nopbupas

Pa6ora pacuiupenns ra3a B IOJHTPOIN-
Yy
HOM fIpOLecce WMEeT BHA [= Spdu.
v
L

Tak kKak ajaa DOAMTPONBl B COOTBATCT-
BHH c (4.22)

p=p, (v,/v)",

TO
vy
[=p] S dufy" =

Yy

Sl
= l—- —_— ——
n—I1 Uy
n—1 7
1—_- &— n -
P ]

YpaBuennsa (4.23) moxHo npeo6paso-
B4Tb K BHAY:

Py

(4.23)
n—1

Py

[=— _-
n—1

(4.24)

(-5)

1
[:’ﬁ‘j (P10, —pyu,).

KonuyecTso nogpeaeHHoll (uau oTBe-
IEeHHOH) B ITpOIleCcce TeNMOThl MOXHO Ollpe-
JAe/MUTb C MNOMOLLbIO YPABHEHHS [E€PBOrO
3aKOHA TEPMOAHHAMUKH: g =(us—w) +1.

[Mockoabky wus—u=c, (To—T));, (=

= - R (TQ*T]),T(J
l—n
—k
qg=cC, - l(Tz T)=cu(Ty—T)),
(4.25)
rje
n—=k
W= C, ——— 4.26
f=c, 2 (4.26)

npeacTaBasieT co6OH TenJoeMKOCTh #je-
aJbHOr0 rasa B [MOJHTPOIIHOM MPOUECCE.
[1Ipy MOCTORAHHBIX Cy, £ U N TEMJIOEMKOCTD
Cqo==const, NOTOMY MOJUTPONHbIA NpOILECC
HHOrJ1a ONpeneasioT Kak Mpolecc ¢ mocTo-
SIHHOH TENJI0eMKOCTbIO.
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MameHeHne 3HTPONHH

2
8q T, n—k Ty
As_lS —=F6n In —|——cu py In T,
(4.27)

MMoautponubiil nponece nMeer o6obuia-
ouiee 3Hadexde, M60 OXBATbHBAET BCKO CO-
BOKYNHOCTh OCHOBHBIX TEPMOAHHAMHUECKUX
npoueccos. Hiuxe npupeneHbl XapaxTepu-
CTHKH TEPMOJHHAMHUYECKHX MPOLECCOB.

Ipoyecc n Cu
HMaoxopHeli + oo c,
HM3o6apublit 0 Cp
H3orepmHueckui 1 o
Agnabatubiil k 0

Ha puc. 4.5 noka3aHo B3aHMHOe pacno-
JoXeHue Ha p, v- U T, s-aMarpamMax nonau-
TPONHLIX MPOUECCOB C Pa3HbIMH 3HAUEHHS-
MW noKazaTensl moautponsl. Bee mpouecchl
HAYMHAIOTCS B OAHON TOUYKE («B UEHTPE»).

Haoxopa (n= =+ oo) AeJHT nojie Auar-
pammsl Ha JBe 06J1acTH: MPOUECChl, HaXo-
AslliMecH npaBee H30XOPhbl, XapakTepH3y-
IOTCA MOJOXKHTENbHOH paboTol, TaK Kak
CONpOBOXAAKTCA paclinpeHueM pabodero
Tes1a; AJIsl MPoLeccoB, PAClONOKEHHbIX Jie-
Bee WU30XOpbl, XapakrepHa OTpULATeibHaf
pabora.

[Mpouecchbl, pacronoXeHHue Tpasee
M Bbille aauabarbl, HAYT C MOABOAOM Tel-
JOTH K paGouemy Tejy;, MPOLECChHl, Jexa-
UiHe Jiepee H HUHXeE aﬂHaGﬂTbl, npoTeKawT
C OTBOJOM TeNJoThl.

Ian nmpoueccoB, PacnoNOXeHHBIX Haj
naorepmoil (n=1), xapakTepHO YBejuye-
HHe BHYTPEHHEeil JHepPrHH rasa; mpouecchl,
pacnoJioKeHHble MOJ W3OTEPMO#, compo-
BOXKAAIOTCH  yMeHbILeHHeM  BHYTDeHHed

IHEPTHH.

v S

Puc. 4.5. Mao6pakeHne OCHOBHbIX ~TEpPMOAH-
HaMHYeCKHX TPOUECCOB HAEabHOTO rasa B p, u-
n T, s-KoopaHHaTax
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[Mpouecchl, PacmoNOXEHHbE MEXAY
afjda6aroil ¥ H30TEpMOH, WMEIOT OTpHLaE-
TENbHY!O TENJO0EMKOCTh, TaK Kak 8¢ n du
(a caenoBaresibHO, H dT), WMET B 3TOM
06Js1aCTd POTHBOMO/IOXKHbIE 3HAKH. B Takux
npoueccax |{|>1{ql, noaTOMy Ha 1POHU3-
BOACTBO PaGoTh! MPH PaciMPeHHN TPAaTHTCH
He TOJbKO NOABCAMMASN TEMJOTa, HO ¥ 4acTb
BHyTpeHHeiNl 3Hepru¥ paGouero rena.

1.9, TEPMOAHHAMUYECKHAE HPOUECCDI

PEAJIbHbIX TA308B

B xauectTBe peajbHOro rasa paccMor-
pHM BOASIHOA nap, KOTOPbU! WHPOKO HC-
MONb3yeTCsi BO MHOTHX OTPAcisiXx TEXHHKH,
M Npexie BCEero B TENJOIHEpPreTHKe, rie oH
ARAseTcs OCHOBHbIM pa6ouuM Tenom. [lo-
3TOMY HcCeqOBaHHe TepMOAHWHaMHYECKHX
CBOHCTB BOALl M BOASIHOrO Mnapa HMeeT
6onblLIOe MPAKTHYECKOE 3HAUYEHHE.

Npouece napoo6pasopanus. OcHoBHHE
NOHATHA M onpejeeHud. PaccMOTpHUM Npo-
uecc monyuesust napa. Jlas aroro | kr BO-
aut npu Temneparype 0 °C nomecTum i 1Ld-
JHMHAP C MOABHXKHbBIM MopuiHeM. [IpHioxum
K MOPUIHIO H3BHE HEKOTOPYIO MOCTORHHYIO
cuny P. Toraa npH nJOULAAH MOPLUHSA
F nasaenue 6yaer NocTOSHHHIM H DaBHLIM
p=P/F. l306pa3um npouecc napoobpaso-
BaHusd, T.€. MpeBpaUlEHHA BEULeCTBAa H3
AHKOrO COCTOfIHMSA B razoobpasHoe, B p,
v-puarpamme (pHc. 4.6).

HauanbHoe cocTOfHHe BOJbI, HAXOAH-
uteilcsl NOA AABJIEHHEM p H HMeOLleH TeM-
nepartypy 0 °C, nsoGpasurcs Ha aAMarpam-
Me TouKo# aq. [Tpu noaBoae Temj1oThl K BOJE
ee Temmeparypa MOCTENEeHHO NOBLILAETCA
J0 Tex nop, noKa He JIOCTHCHET TeMnepary-
pbl KMNIEHUS f;, COOTBETCTBYIOWEH AaHHOMY
naBnenuio. Ilpu 3TOM yaenbublil 00beM
XHUJKOCTH CHauaja yMeHbilaercs, [LOCTH-
raeT MHHMUMAJBHOTO 3Ha4eHHA NpH f=
—=4°C, a 3aTeM HauyWHaAeT BO3pacTaThb.
(Takoit aHoManHed — yBejHueHHeM NJOT-
HOCTH NpPH HarpeBaHWH B HEKOTOPOM AHE-
naszoHe TemrepaTtyp — 00/181a10T HEMHOTHe
MMAKOCTH. Y GONbWHHCTBA KHAKOCTEH
ylaeabHbli 06beM NPH HArpeBaHHH YBEJH-
yupaercl MOHOTOHHO.) COCTOSIHUE KHIKO-
cTH, AOBEJEHHON 10 TeMnepaTyphi KHIEHHH,
H306paMcaeTcss Ha AMarpamme TOUKOA a’.

[pu nanbHeiweM MOABOAE TEMIOTHI
HauMHaeTc KHNeHHWe BOAbl C CHJBHBIM YyBe-



Ay

Puc. 4.6. p, v-avarpaMma BOAAHOTO Napa

JHueHHeM obbema. B UHAMHIpE Tenepb Ha-
XOAHMTCA ABYyX(paszHas cpeaa — CMeChb BO/bI
M napa, Ha3blBaeMas BJ A XK HbIM Hachl-
umeHHbM napom. [lo mepe noasoaa
TENJ0Thl KOJIHYECTBO MKHUAKOH (asbl yMeHb-
waercd, a naposo#t — pacrer. Temnepary-
pa cMecH MpH 3TOM OCTAeTCs HEeH3MEHHOH
H paBHOH [, TaK KaK BCH TEIJOTa pPACXOAy-
eTcsl Ha ucnapeHHe xuukoit dasn. Cnego-
BaTE/bHO, Npollecc Mapoo6pa3oBaHHA Ha
3TO# CcTaaMu fABAsieTcs H306apHO-H30TED-
Muueckum. HakoHew, nocneansa kanasa Bo-
Abl TpeBpallaercd B nap, 4 UHAMHAP OKa-
3blBAeTCA 3aM0JHEHHBIM TO/bKO NapoM, KO-
TOPBIA HAa3blBA€TCA CYXHM HaCblLLeH-
Hbi M. COCTORHHE €ro M300paxaeTcsa Tou-
Ko# a”.

HacbllleHHB M Haszbisaerca nap,
HAXOOAUUICA 8 TepMULECKOM U JUHaMUYe-
CKOM PABHOBECUU C HUOKOCTbIO, U3 KOTO-
pod ox obpasyerca. [INHAMHUYECKOE PABHO-
BecHe 3aK/1I04deTCsA B TOM, YTO KOJHYECTBO
MOJICKYJ, BblIETAIOLUIHX M3 BOAbl B 1apOBOE
NPOCTPAHCTBO, PaBHO KOJIHUECTBY MOJIEKYJI,
KOH/JEHCHPYIOLLHXC HA €€ MOBEPXHOCTH.
B napoBOM NpOCTPAHCTBE NIPH 3TOM PaBHO-
BECHOM COCTOSIHUM H@XOLHTCA MaKCcHMaJb-
HO BO3MOXHOE NpH JaHHOH Temneparype
yucao moaekya. [1pu yBeanueHuu temnepa-
TYpbl KOJHYECTBO MOJeKyJ, ofgajaoLiux
HeprueHd, A0CTATOYHOH ANA Bbllera B na-
pOBOe NMPOCTPAHCTBO, yBeaUuuBaeTcA. PaB-
HOBECHE BOCCT@HABJHBAETCA 3a CUET BO3-
pacTaHHA [aBJeHHMsl mapa, KOTopoe BejeT
K YBEJHUYEHHIO erc IVIOTHOCTH H, CJe10Ba-
Te/kHO, KOJNHYECTBAa MOJIEKYJa, B EAUHUILY
BPEMEHH KOHAEHCHPYIOLIHXCA HA IOBEPXHO-

2*

cTi Bognl. Otctofa cregyer, YTo JdaBJIEHHE
HACbILIEHHOrO Napa ABASAETCH MOHOTOHHO
Bo3pacrawoueii ¢pyHkuHe#dl ero temnepary-
pbl, HAH, YTO TO XK€ camoe, TemilepaTypa
HaCbILIEHHOTO Mapa ecTb MOHOTOHHO BO3-
pacTtalowas ¢GyHKUHA ero 1aBJEHHS.

[Ipu ysenuueHun o6bemMa Haj nosep-
XHOCTBIO }KH/KOCTH, HMEIOLLEH TeMMepary-
Py HachblllieHHsl, HEKOTOpOe KOJHUECTRO
JKHJKOCTH MEpeXoAHT B nap, NpH yMeHbllle-
HUM 006bema «M3JHUIHHA» nap cHoBa nepe-
XOOHT B XKHAKOCTb, HO B OGOHX cJlyqasx
[aBjeHde napa OCTAaeTcs MOCTOSHHbIM.

Hacsuyennoiii nap, 8 KOTOPOM OTCYT-
CTBYIOT 838elUenNbLE HACTUYbL HUOKOL Pa-
3bl, HO3bLBALTCACY XHM HaCDILLEHHbIM
napoM. Ero yaenbHelt o6beM U TeMmiiepa-
Typa sBAAOTCA PYHKUAAMA AaBaeHus. [To-
3TOMY COCTOSIHHE CYXOro liapa MOXHO 3a-
JlaTh JIO6bIM U3 apaMeTPOB — JAaBJEHHEM,
yaedbHbBIM 00BHEMOM HAH TeMIiepaTypoil.

Hayxpasznan cmecs, npedcTagAnOUiQA
co60l nap co 838EUEHHbIMU 8 HEM KONEAb-
KaMu HUOKOCTU, HA3LIBAETCA BJ d XK Hbl M
Hachl lleHHB M IapoM. MaccoBaa go-
JIfl CYXOro HachlLIEHHOro Napa BO BJAaXKHOM
HAa3bIBAETCH CTENEHHLIO CYXOCTH Na-
pa u o6o3nayaercsn Gykeoi x. Maccosas
foasl KHOALLEH BOAbl BO BJAXKHOM nape,
paBHasd | —x, Ha3biBaeTcss CTeNEHbIO
BAAXHOCTH. [Ana Kunaue#l XHAKOCTH
x=0, a AAs CyXOro HachlEHHOro napa
x=1. CocTosiHHe BNa)KHOrO [lapa xapakre-
pusyercsa AByMA napaMmerpamMmu. AAaBAECHUEM
(1M TeMmnepaTypoH HacChiULEHHS [, onpe-
JeJAoliell 3TO AaBJleHHe) U CTENeHbK Cy-
XOCTH napa.

[lpu coo6lieHdH CyXOMy apy TEMIO0Thl
MpH TOM JXe [aBJ/leHHH ero Temmneparypa
6yHeT yBeJUYHBAThCS, nap 6yAeT neperpe-
BaTtbcs. Touka g M306pa)kaeT COCTOsIHHE
neperpeToroc napa H B 3aBUCHMOCTH
OT TeMmmepaTypbl mapa MOXeT JexaTh Ha
pPa3HblX PacCTOAHMAX OT TOYKU a”. Takum
o6pa3oM, NeperpeThiM HA3bIBUETCA
nap, Temneparypa KoTopoeo npeasLuaer
TeMNeparypy HACbLULEHHOZO0 napa To20 Me
dasaenus.

Tak Kak yaenbHbll 06beM [EPErpeToro
napa IpH TOM JXe JaBaeHdH 6oablie, uem
HACBILLEHHOrO, TO B elUHKLE oObema nepe-
FPETOro Napa COAepMKHUTCH MEHbLIEE KOMH-
YeCTBO MOJIEKYJ, 3HauuT, oH o6azjgaer
MeHbulel maoTHocTbio. COCTOSIHUE neperpe-
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TOrO Mapa, Kak M a6oro rasa, onpeaens-
eTcsl ABYMA JIOGbIMH HE3aBUCHMbBIMH Mapa-
METpaMHu.

Ecau paccmorpers npouece napooSpa-
30BaHus NpH Goslee BBICOKOM JaBJEHHH, TO
MOXHO 33aMETHTh CJelyloliHe H3MEHEHHS.
Touka ao, COOTBETCTBYIOLLAA COCTOSHHIO
1 xr Bogbl npH 0°C ¥ HOBOM [a@BJEHHH,
OCTAeTCs NOYTH HA TOH ke BePTHKAJH, TaK
KaK BOXA NpakTHueckKH Hecxknmaema. Tod-
Kka a’ cMellaetcs BNpaso, HGO ¢ POCTOM
A ABJEHHS YBEJHUMBACTCA Temneparypa Ku-
MIeHHUSA, @ KHAKOCTb NMPH MOBbILIEHHH TeMIe-
parypbi paclukpsierca. Urto ke kacaercs
napa (Touka a”), TO, HECMOTPSl Ha YBEJIH-
qeHHe TEMNepaTyphl KHIIEHHS, YAebHbIA
o6beM Napa BCe-TAKM najaer u3-3a Gosee
CHJIBHOTO BJIMSIHHA pacTyllero AaBjeHHS.

[MockoabKy yaeabHbil 06bEM KHIKOCTH
pacTet, a n1apa najaaer, TO lIpH NOCTOSIHHOM
yBeJIMUEHHH [AABJEHHsi Mbl JOCTHrHEM Ta-
KOl TOUKH, B KOTOpOH YyjellbHble 00beMbl
JKHIKOCTH W napa cpaBHSIIOTCA. JTa TOUKA
Ha3bIBaeTCA KPpHTHUYECKOH. B kputHue-
CKOH TOYKE pasjinuus Mexay >XHAKOCTbIO
W nmapom ucueaaioT. J[laf BOAB napameTpel
KPUTHUECKOH TOuKH K COCTaBARIOT: Pyp=
=921,29.10°% Tla; t,=2374,15°C; vp=
=0,00326 m"/kr.

KputHueckasi Temnepartypa — 3T0 MakK-
CHUMAaJIbHO BO3MOXKHasl TeMneparypa cocy-
LecTBOBAHHSA ABYX ¢a3: XKHUAKOCTH U Ha-
coilieHHoro mapa. [lpn Temneparypax,
6OJbIUUX  KPHTHYECKOM, BO3MOXHO CY-
leCTBOBAHUE TOJILKO ofHOM dasbi. Hazsa-
e 970l (asbl (KHUIKOCTb MM NEperpeThii
nap) B  KAaKOH-TO CTeneHH  yCJIOBHO
W onpejensieTcl OObIYHO ee TeMIepaTypoil.
Bce raabl SBASIIOTCH CHABHO [€PerpeTbiMH
ceepx Ty napamu. Hewm Bbllle TeMnepaTypa
neperpeBa (NpH JAHHOM [ABJIEHHH), TEM
GJHKe Map Mo cBOUM CBOHCTBAM K Hiealib-
HOMY rasy.

HaumenbinuM JaBjeHueM, npH KOTOPOM
ellle BO3MOXKHO paBHOBECHe BOAbl H HACHI-
LLleHHOro napa, siBAfeTcs JAaBJieHHe, cOOT-
BercTByIoUlee Tpoino# Touke. Tlon
nocaeaHed NOHUMaeTcs TO €IMHCTBEHHOE
COCTOSIHHE, B KOTOPOM MOTYT OXHOBpEMCH-
HO HaxOAMTbCH B PABHOBECHW rnap, BOAA
u jen (Touka A’ Ha puc. 4.6). Tlapamerpei
TPOMHOH TOYKM Aist BOABL: po=611I[la;
fo=0,01 °C; vo=0,00100 m*/kr. [Tpouecc
napoo6pa3oBanus, nponcxoaawui npu a6-

36

CONIOTHOM AaBJaeHHH po=~611 [1a, nokasan
na guarpamme u3obapoit A’A”, xoropas
NpaKTHYECKU COBNAJaeT c ochio abcuuce.
[TIpu Gonee HU3KMX AABJEHHSX Nap MOXeT
COCYLIECTBOBATDL JHUIL B DABHOBECHH CO
abgoMm. [lpouece obpa3oBanua napa Hero-
CPEACTBEHHO M3 JIbA Ha3blBaeTCs C Y 6 J1 H-
Mauued

Ecau Tenepb COeAMHMTb OJAHOHMEHHBIE
TOUKH NJABHBIMH KPHUBBIMHM, TO MOJYIHM
HydeBywl H30TepMy [, Kax1as TOUKa
KOTOpPO# COOTBETCTBYET COCTOSIHUIO | Kr BO-
Aol npy 0°C n gaBjeHdd p, HHIXKHIOIO
norpaHuuHyw kpusywo [, upea-
CTaBJSAIOILYI0 3aBUCHMOCTb OT Ji@BJIEHHS
YAebHOrO 00beMa HAKOCTH MPH TeMmme-
parype KWlleHMsl, W BEPXHIOI norpa-
HHUHYIO KpHBYIO [/, 1a0Uyi0 3aBH-
CHMOCTb Y/IEJhHOrO 06bEMa CYXOro Hachl-
LLLEHHOrO fapa OT AaBJEHHS.

Bce TOuUKHM TOpPH3OHTANEd MEKIY KDH-
BoIMH [ 1 []] cOOTBETCTBYIOT COCTOAHHAM
BJIAXKXHOrO HACBILEHHOro napa, To4KH KpH-
BOH /] oOnpenessiioT COCTOSIHME Kunsiled
BOAI, TOUKH KPHBOR [// — cOCTOSIHUA CY-
XOTO HACHILLEHHOro napa. Bneso ot KpUBOH
Il 10 HyJeBOH H30TEPMbl JIEXKUT 06/acTh
Hekunsiuie# oaHoha3HON XKHAKOCTH, Brpa-
BO OT KpuBo# [/[ — o6jactbk neperperoro
napa. Takum oGpasom, kpusbie /7w [// on-
peaesisiior 06/1acTh HACbLEHHOTo napa, oT-
feasisi ee oT 00JacTH BOAbl H NEPErperoro
napa, W MO3TOMY Ha3blBalTCA NOrpa-
HUYHblMH. Bbiuie toukn K rae norpa-
HHYHBIX KPHBBIX HeT, HaXOgMTcA 06.1acTb
oAHOGa3HbIX COCTOSIHHM, B KOTOPOH Hesb3s
NPOBECTH YETKOH FPaHUUbl MEX1Y KHAKO-
CTbIO U MapoM.

OnpegesieHHe NapamerpoB BOAB W na-
pa. TepMOLMHAMHUECKAE NAPAMETPhl KANS-
el BOABI H CYXOro HAachiLEHHOro napa
GepyTes M3 Tabauu  TenJogH3MYECKHX
CBONACTB BOAB M BOASIHOro napa. B atux
Ta6auuax TepMOAMHAMHUECKHE BeJHUHHbI
CO IITPUXOM OTHOCSATCH K BOJE, HArperoH
JO TEMIEpPATypbl KUMEHHWsl, a BEJHYHHBL
¢ JBYMS LITPHXAMH — K CYXOMY HAChILIeH-
HOMY napy.

[Mockoabky mjsi u3o6apHoro npouecca
B cooTBeTcTBHH ¢ (2.29) noaseneHHast
K JKHUAKOCTH Ternora g=has—Hh,, TO, NMpH-
MEHHB 3TO COOTHOILEHWE K npoieccy a’a”,
NoJyunm

g=r=nh"—h (4.28)



Bejiuuyua r Ha3sblBaeTcss TenAoTOo i
mapoo6pasopauus H ofnpejensier
KONMMECTBO TEmnoThl, HeoGxojiumoe JLIs
peRpalleHHsl OLHOrO KUIO0TpamMMa BO/bl
B CYXOit HACbILEHHbIH 11ap TOl XKe Temre-
paTypbi.

[1pupasuenie 3HTPOIHU B npouecce na-
poo6pa3oBatus Olpefensiercs popmynont

o (0 (sg=L
o] tmf free

s

3a Hyaesoe coctosHpe, OT KOTOpOro
OTCUMTHIRAKTCH BEJHYHHDI s’, §”, NPHHATO
COCTOSIHUE BOAbI B TPOHHON TOUKE. Tak KaK
COCTOSIHHE KHMSiLell BOAbL H CYXOro Hachi-
UIeHHOTO Napa ONpelefsiercd TOJIbKO O
HHM [apaMeTpoM, TO 10 H3BECTHOMY JdBE:
WMIo WM TemnepaType Ha Tabadi BOAbI
M BOASIHOTO napa GepyTcH 3HAUCHHHA v, v”,
W, h"”, s, s, r

Y nesibHbIH 06beM Uy, IHTPOIHA Sy W 3H-
rajbnHa h, BJAXKHOTO HACHIILEHHOTO Napa
oTpefensioTCs M0 NPABHIY AJAUTHBHOCTH.
[Tockoabky B | KF BA2KHOrO napa COLep-
wutest x K cyxoro v (I —x)Kr Kuasuei

BOJlbl, TO

vi=xv" + (1 —x) v’ =0"+x (v —1).

(4.29)
AHAJOTHYHO

;=8 +x(s”"—s)=5+ xr/Ts; (4.30)

h,—=h' +x (B — ) =h +xr.(4.31)

HenocpencTaeHHO U3 TaGauLL B3ATH Ta-
paMeTphl BJAAXHOrO 1apa Heb3A. Wx onpe-
JENAIOT 110 NPHBELEHHBIM Bhillie dbopMynam
110 3a/aHHOMY JlaBneHuio (MW Temnepary-
pe) H crerieHH CYyXOCTH.

OpnodasHble  COCTOAHHA Hekunsilled
BOJbl H neperpeToro napa 3a4410TCA ABYMSHA
napamerpamu. [lo 3ajakiibiM  1aBJACHAIO
¥ TemnepaType u3 TaGIHIL BObL U IEPETDE-
TOre napa HaxoAsT 3HaueHHH v,h,s.

T, s-auarpaMma BOASHOro napa. Jns
MCCJJeAOBAHUS Pa3jIMUHbIX TPOLECCOoB ¢ BO-
JASIHPIM TIAPOM Kpome TalJHiL HCNONb3YeTCs
T, s-gnarpamMa (puc. 4.7). Ona crpodrcest
MyTeM MepeHoca "KCJIOBbIX AAaHHbIX TabJHIL
BOAHHOIO napa B T, S-KOOp}ll/IHaTbl.

CocTosiHMe BOAL B TPOHHOH TOUKE
(80=0); To=273,16 K)  mn3o6paxaercs
p auarpamme Toukon A’ OTtkaapbiBasi Ha
avarpamMme JUIsSi pasHplX Temneparyp 3Ha-

7 p=canst

Puc. 4.7. T, s-AnarpaMma BOARHOIO Napa

wenusi §° W s”, IIOJYUHM HUIKHIO H BERX-
HIOK NOrpaHHuHbie KpHBbie. BJeBo OT HH-
JKHEil 0rpanHuHoil KpHBOH pacnoJiaraercst
O61aCTb XKHIKOCTH, MEKLY NOrpaHHuHLIMHA
KpHBbIMH — ABYXdasHas 06J1aCTb BJaXKHO-
O HACHILEHHOrO NMapa, BIPABoO M BBEPX OT
BepXHeil MOorpanHuHol KpUBO# — 00.13CTh
neperperoro napa.

Ha puarpamMmy HaHOCHT naobapsi, H30-
XOpBl M JIMHIH NOCTOAHHON CTeNeHn cy-
XOCTH, /sl 4ero Kaxayw usobapy a’a”
JIeJISIT HAa OJIHHAKOBOE HMC/IO yacTedl U coe-
JAKHSIOT COOTRETCTBYKLLHE TOUKH JHHHAMH
x—const. O6aacTb AHarpaMmbl, Jexaulas
HHKe HYJeBOH H30TEpPMbl, OTBEuaeT pas-
JMUHBIM COCTOSTHUSIM CMeCH nap +-Jej.

h, s-puarpamma BOASHOro rnapa. Ecau
3a He3aBUCHMble Mapamerpbl, ONpeAeAsio-
{He cocTosihue pafouero Tena, NPHAATHL
SHTPONKIO § H IHTAIBIHIO h, TO KaxkiLo0e
COCTOSIHHE MOXKHO H306pa3suTh TOUKOH Ha
h, s-puarpamme.

Ha puc 4 8 nzobpaxena h, s-quarpam-
Ma ANS BOASIHOTO Mapa, KoTopas CTPOUTCH
[IyTeM ePeH0ca YHCIOBbIX 1AaHHbIX TabaHLL
ROASIHOrO napa B A, §-KOOPIHHATDL.

32 HauaJo KOOPAUHAT NPUHATO COCTON-
uMe BOAb B TPOiHO#A Touke. OTKIaNbIBAS
Ha [MarpamMme AJs pas/iHuHbX AaBJleHH#
3HAUYEHHS §' W A/ [ BOABI PH TeMilepaTy:
pe KUMeHus, a TakKK € s” W h"” AJs CYXOro
HACBHIIIEHHOr0 Mapa, lojydyaem HIDKHIOW
W BEPXHIOK MOrpaHHuHbie KPHBLIE.

UaoBapbi B BYX(asHoil 06NCTH BIAXK-
HOFO flapa NMpeacTasasaioT co60il TyuoK pac-
XoAsuHxcs MpAMBIX. JleHdCTBUTE/BHO,
B npollecce p=const ds=38q,/T=dh/T,
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p=canst

T=const

AI

§

Puc. 4.8. h, s-quarpamma BOASHOro nmapa

uau (Oh/0ds)y=T, T.e. Taurewc yrjia Ha-
KJIOHAa n306apol B A1, S-KOOPAHHATAX YUHCJ/EH-
HO paBeH aGCOMIOTHOR TemnepaType AaHHO-
ro coctosinus. Tak Kak B 00J1aCTH HaChILLe-
HHA u300apa coBmajgaeT ¢ H30TepPMOil,
TAHrEHC Yr/d HAKJIOHA NOCTOSHEH H H30-
6apa sissisiercsi npsivoi. Yewm Bbiilie 1adBJe-
HHE HacbllleHUsi, TeM Bhbillie TeMmeparypa,
TeM Go/iblie TAH[EHC YIJia HaK/IoHA H30-
Gapbl, n03TOMY B 06]aCTH HACHILLEHHS NpH-
mble p=const pacxoastcsa. Uem Goabure
JaBJeHHe, TeM Bhlille JexHuT nzobapa. Kpu-
THueckasi Touka K JIeXXHT He Ha BepllH-
He, Kak 310 6b10 B p, v- H T, s-nuarpam-
Max, a Ha JeBOM CKJOHE TOrpaHuYHON KpH-
BOH.

B o6aacTH neperpesa Temneparypa ma-
pa (IpH MOCTOSIHHOM J[aBJEHHH) pacTeTr
C yBe/NHUEHHEM S TIPHMEPHO N0 JOTrdpHPMH-
yecKo# KPUBOI U KpYTH3HA H306apHl YBEaH-
yypaercsl. AHAJOrHUHbIA XapakTep HMelT
1306apbl 4 B 00/1aCTH BOJbl, HO OHH HAYT
Tak GAU3KO OT MOrPAHAUHOH KPHBOH, UTO
NpaxTHYECKH CNUBAIOTCA C HeH.

[1p4 HH3KHX AaBJEHHAX H OTHOCHTEJb-
HO BbICOKHMX TEMIIEPATYPAX Meperperbid nap
10 CBOHM CBOACTBAM OJM30K K HIEAJTbHOMY
rasy. Tak KaK B H30TEPMHYECKOM Mpolecce
3HTA/bIIHA HAEANbHOI0 rasa He H3MeHsleT-
csl, M30TEpPMbl CHJbLHO TMEpPerpeToro napa
MAYT ropusoHtanbHo. [IpH NpHGAHIKEHHH
K 061acTH HacbluleHus, T.e€. K BepxHei
MOrpaHUiHON KPUBOH, CBOACTBA Meperpero-
ro napa 3HAYMTENbHO OTKJIOHSAKTCH OT
CBOMCTB H/EaJbHOTO ra3a H H30TepMbl
HCKPHBJSAIOTCS.

38

B h, s-anarpamMme BOJSIHOrO Mnapa
HaHeceHbl TAKXKE JHHUH v=const, uayune
Kpyue H306ap.

O6LIYHO BCHO MATPAMMY He BbIMOJHA-
10T, 4 CTPOST TOJAbKO €€ BEPXHIOK YACTb,
Hanbosee yNnoTpPeOHUTEJLHYIO B NPAKTHKE
pacueToB. ITo jgaer BO3MOXKHOCTb H306pa-
KaTb ee B Gojiee KPYIMHOM Mmacuitabe.

Jlas mo60i TOUKK HA 3ITOH jMarpamme
MOXHO HaiiTh p, v, ¢, h, s, x. Boabiuoe
JOCTOHHCTBO [MarpaMMhbl COCTOHT B TOM,
YTO KOJIHUECTBO TEMJIOThI B H3004PHOM M1poO-
ecce PaBHO PA3HOCTH OPAMHAT KOHEUHOH
M HauaJbHOH TO4ex mpouecca U M3oGpaxa-
eTCsl OTPE3KOM BEPTHKAJBHON NpAMON, 8 He
wiouaabio Kak B T, s-aMarpaMmme, noaromy
h, s-pHarpaMMa HCKJIIOUHTEJIbHO LIHPOKO
MCNOAb3yeTCsl MPH TNPOBEAEHHH TEIJIOBbIX
pacyeTos.

OCHOBHblE TEPMOJHHAMHYECKHE NPO-
ueccnl BojasHoro napa. [lias asaausa pa6o-
Thl IAPOCHIOBBIX YCTAHOBOK CYILECTBEHHOE
3HaueHHe HMEIOT H30XOPHbIA, H306apHbIH,
M30TEpPMUUECKHH H afnabaTHBIA TIpPOLECCh.
Pacuer 3THX MPOLECCOB MOXHO BbINOJHATH
JNH60 C NOMOULbIO TA0AKLBl BOJBL H BOASIHO-
ro napa, 1i60 ¢ NOMOUWbIO A, §-AHArpaMMmbl.
[lepBoiil cnoco6 Gojdee TOYeH, HO BTOPOH
60J1ee MpPOCT W HarasifieH.

O6uluit MeToA pacyera no h, s-nuar-
paMme cocTOMT B creayloueM. Fo nasecr-
HbIM MapamMeTpaM HAaHOCHTCS HavagbHOe
cocTosiHMe pabouero Tena, 3aTeM [IPOBO-
JAUTCA JUHUA npounecca M onpepeasnnTcs
€ro napamerpsl B KOHEUHOM COCTOSIHHH.
Jlanee BbIMHCASIETCA H3MEHEHHe BHYTpEH-
Heil 3HeprdH, OnpefensiioTCs KOJH4ecTBa
Tena1oThl K paGoThl B 3aaHHOM fipoLlecce.

Haoxopuwit npouecc (puc. 4.9). Hs
AMarpaMMbl Ha PHCYHKE BUJHO, 4TO Harpe-

h f P=top 57
/\,\\

by

Prc. 4.9. HU3oxopHeifi npouecc BopAHOrO napa



BaHHeM MpPH MOCTOSIHHOM ofbeMe BJaXHbIi
nap MOXHO MepeBecTH B CYXOH HacbILLEH-
HBll ¥ meperperhlil. OxjaxAeHHeM ero
MOXHO CKOHAEHCHpOBATb, HO He 0 KOHUA,
TaK KakK NPH KAKOM YroAHO HHU3KOM jaBJje-
HHH HAJ XUAKOCTbIO BCEI1d HAXOLUTCH HE-
KOTOpPOE KOJHUYECTBO HACBILIEHHOro napa.
Jt1o 03HauaeT, YTO M30XOpa He lepecekaer
HHUXKHIOIO TOTPAHHUYHYK0 KPHBYIO.

HM3meHeHue BHyTpeHHEN 3HEPrHH BOASA-
HOro napa npH v=const

Au=u,—u, =(hy—p,u,)—(h —pv,).

(4.32)

Haunas gopmyna cripaBeiidBa W /st
Bcex 6e3 HCKAKUEHHS OCTajlbHbIX TEPMOIH-
HAMHYECKHX MPOILLECCOB.

B usoxopruom npouecce paora (=0,
[103TOMY [1OBEJeHHAA TeNJ0Ta PACXOAYeT-
¢l (B COOTBETCTBHH C MEPBbIM 34KOHOM
TE€PMOAMHAMHKHA) HA yBeJHYEHHE BHYTpEH-
Hell 3Hepruu napa:

g=u,—u,. (4.33)

H3obapuniii npouecc (puc. 4.10). [lpn
MOABOAE TenJOThl K BJA3XXHOMY HAChIlUEH-
HOMY mapy ero CTereHb CYXOCTH yBeJHUH-
Baercs W OH (NpHu MOCTOAHHON Temnepary-
pe) MepexoiHuT B CYXOil, a NpH jafbHeliem
NoABOAE TeMJIOTH — B NeperpeTbil nap
(TeMnepaTypa napa npH 3TOM pacTeT).
[pu oTBOAE TENUIOThl BAZXHbIM NAP KOH-
naeucHpyetcs nipu Ts=const.

[TonyueHHan B npolecce TEMJIOTa pas-
Ha Pa3HOCTH JHTAMBIUA!

g=hy,—h,. (4.34)

PaBora npolecca NOACYHUTBIBAETCHA NO
thopmyae

I=p(v,—v)) (4.35)

}T:wﬂst
K

s
Puc. 4.10. U3obapublit npolece BOAAHOTO napa

7

N

Puc. 4.11. U3orepmudeckuii npouecc BOAAHOTO
napa

H3orepmuuecknii npouecc (puc. 4.11).
BuyrpeHHnaa  3Heprus  BOARHOrO napa
B npouecce T =const He ocTaercd NMOCTOAH-
HOH (KakK y HAeanbHOro rasa), Tak Kak
H3MEHSAETCH €€ NMOTeHUHaNbHaA COCTaBSAIO-
mwan. BeanuuHa Au HaxoauTcs no gopmyae
(4.32).

KoanuecTBo nofyuyeHHOH B H30TepMHU-
4ecKOM Npouecce TenjoTbl paBHO

g=T (5,—5)). (4.36)

PaGora pacluHpeHHs onpenenserca H3
NepBOro 3aKOHAa TePMOAHHAMHKH:

[=g—Au. (4.37)

Apuabartuuiii npouecc (puc. 4.12). Tlpnu
anHabaTHOM pacllMpeHUH NaBJeHHe U TeM-
nepatypa napa ymeHblwawTcsd H neparpe-
Thli Map CTAHOBMTCHA CHaya/a CyXHM, a 3a-
TeM BJa»HbiM. Pa6ora aguaGatHoro npo-
ecca onpefensieTcs BbipaxKeHHeM

l=—Au=u —uy=(h —pv)—

— (hy-— pyvy). (4.38)
h F /0‘\00,/.02(
]
}7=£ﬂﬂ.$‘t
K =)
2
&//“

S'.
Puc. 4.12. AguabatHblii npolecc BOAAHOrO napa
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4.3 CMECH UILEAJBHBIX FAJOB

Bce 34BHCHMOCTH, MOJYYEHHBbIE Bbille
/IS MleanbHbIX ra30B, CIPABEANHBH U AN
WX cMmeced, eclH B HUX NOACTABJSTH ra3o-
BYIO MOCTOSIHHYIO, MOJEKYJSsIpHYIO Maccy
H TEMJ10EMKOCTb CMECH.

3axon JlaabroHa. B HHXKeHepHOH Npak-
THKE 4aCTO MPHXOAHTCS UMETh €10 C Ta30-
06pa3HbIMH  BeulecTBaMH, OJHIKHMH 110
ceoficTBaM K Haea/bHbIM rasam M npef-
CTaBAAOUIUMH COO0H MEeXaHHUECKYIO CMECh
OT/leJIbHbIX KOMIIOHEHTOB Pa3/IH4HbIX [A308,
XHMHUECKH HE PEarHpylollUX Mexay coboi.
At1o Tak HasblBaemble Ta30BblE CMe-
¢ u. B gauecTBe npHMepa MOMKHO Ha3BaThb
NPOAYKTHl CTOPAHHUS TONJIHBA B JABUTaTE/sIX
BHYTPEHHEr0 CropaHusi, TONKAxX neved u na-
POBbLIX KOTJIOB, BJaXKHbIH BO3YX B CYLLH/b-
HbIX YyCTAHOBKAaX W T. .

OCHOBHbIM 33KOHOM, ONpelediouLH1M
N0BE/IeHHE Ta30BOH CMeCH, SABJSETCH 3aKOH
JaabToHA: TONHOE [3BJE€HWE CMECH Hae-
ANbHbIX 330B PAaBHO CyMMe NapLHaJbHbIX
JABJEHHH BCEX BXOJSLIMX B HeEe KOMMO-
HEHTOB:

"
p= Z p.. (4.39)

1
lapuvnanbnoe gasjeHuHe pi—
LaB/eHHe, KOTOpoe HUMes Gbl ras, ecan Obl
OH OJIMH TIPH TOM Ke TemMnepaTtype 3anumal
Becb 06bLEM CMECH.

Cnocobui 3ananua cmecH. Cocrap ra-
30BOH CMeCH MOKeT ObiThb 3a0dH MacCOBbI-
MH, OO BEMHBIMH HJH MOJIBHBIMH JOJSIMH.

MaccoBo#l aQAoaeH Ha3bBaercs
OTHOLUEHHE MACChl OTEJbHOT0 KOMIIOHEHTa
M, Kk macce cmecu M:

g=M/M. (4.40)

QOueBHAHO, YTO M=ZM[ u Z g =1
I ]

MaccoBble  ZOJH  uacToO  33AaI0TCH
B npoieHtax. Hanpumep, aa1s cyxoro Bo3-
ayxa gN2z77 % g02z23 %.

O6bemHas 10Js MOpeicTaBaser
co60il OTHOUIEHHE nNpHBELEeHHOro obbema
raza V; K nojnomy o6bemy cmecu V:

=VV. (4.41)

[puBenedHHb M HasbiBaeTcss 0GbeM,
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KOTOpbIA 3aHMMan Obl KOMIIOHEHT rasa, ec-
JH 6bl €ro JasJeHHe H TeMnepaTypa papHA-
JHCH AABJEHHIO W TeMIepatype CMecH.

Jas BbIYHCJAEHHS NPHBEAEHHOrO
ofbeMa 3amuuleM ABA YpPaBHEHHS COCTOS-
HHUSI [-TO KOMIIOHEHTA:

p.V=MRT, (4.42)

pV,=MRT. (4.43)

[TepBoe ypaBHEeHHEe OTHOCHTCS K COCTOAHHIO
KOMIIOHEHTA ra3a B CMECH, KOrJa OH HMeEeT
NapuHalbHOe JaBJeHHe p; H 3aHUMAeT noa-
Hblll 06'beM cMecH, a BTOpOe ypaBHeHHe —
K NPUBEAECHHOMY COCTOSIHHIO, KOraa aasJje-
HHE Y TeMrepaTypa KOMIIOHEHTa paBHbI,
kak H aas cmecd, p v T. U3 ypapHenud
cJeayer, uTo

Vi=Vp,/p.

[MpocymmHpoBas cooTHouleHde (4.44)
AJA BCEX KOMIOHEHTOB CMeCH, TNOJyUUM

n

¢ yuerom 3akoHa JlanbTona Z V.=V, or-
1

(4.44)

n

Kyna Zr.[=l. O6bemMHbIe JOJH TaKxKe
i

yacto 3apatorcs B npoueHtax. Jlasi Bo3-
ayxa r02=21 %. rN2=79 %-

Huorna ObiBaeT ypobhnee 3anarb Co-
CTAB CMECH MOJIbHBIMH A0JsiMH. M 01 b-
HOW Jgonel Ha3blBaeTCsl CTHOUICHHe
KosMuecTBa MoJei N; paccMmaTpHBaeMmoro
KOMIOHEHTa K 0fieMy KOJHUeCTBY MOJeH
cmecH N.

IlycTh raszoBasi cMech COCTOHT u3 N
MoJied MepBOro KoMnoueuTa, Ny monei Bro-
pOro KOMIOHEHTa K T. 1. Hucao mosei cme-

n

cH N=Z N,, a wmoJabHasi [ponst KOMAO-
T

Heura Gyaer pasHa N /N.

B COOTBETCTBHM C 3aKOHOM ABOraiapo
o6bemMbl Moas JIOG0Oro rasa npu OAHHaKo-
Bblx p U T, B 4AaCTHOCTH NpH TeMmepatype
M [1aBJC€HHH CMECH, B HA€aJbHO ra30BOM
cOCTOsIHMM oadHakosbl. [losatomy mnpuBe-
IEeHHbI 06DbeM JI60ro KOMIOHEHTA MOXKET
6bITh BbIUHCJIEH KAK NpOoU3BeleHue o6bema
monst V, Ha 4YHC/IO MOJEH 3ITOTO KOMIO-
Henta, T.e. V,;=V,N;, a o6bem cvecd — 1o
dopmyae V=V,N. Toraa Vi/V=r=
=N,;/N, u, ciej0BaTenbHo, 3a/aHHE CMECH



HjaeasbHbiX ra3oB MOJbHbIMH AQJAAMH paB-
HO3HAYHO 32 aHHI0 €e 06 bEMHLIMH AOJAAMHU.

Fa3o0Ban NOCTOAHHAA cMecH ra3os. [1pocym-
MUPOBAR ypaBuchHs (4.42) anst BCCX KOMITOREH-

n n
TOB ¢MecH, nojayuim V Zp":Z gMRT. Yun-
1 1

ThiBasi {4.39), MOXHO 3anucartb

pV=MR.T, (4.45)

rae

Row== Z 2R, (4.46)
l

W3 ypasncnus (4.45) caepyer, 4TO cmech
HACAALUBIX TA30B TAK/KEe MNOAYMHAETCH ypasHe-
Huto Knaneitpona.

[Mockoabky B coorercTeHr ¢ (1.6) Ri=
=8314/w;, to ua (4.46) caejgyer, 4TO rasosas
noctosinuas cmecu [JIk/{(kr-K)| umeer snp

n
Ru=8314 ) g/u,. (4.47)
l

Kaxywancs MONEKYJApPHASl MACCA CMECH.
BblpasuM GpOpMa/bHO ra3oByio NOCTOAHHYIO CMe-
cH Rey no dopmyne (1.6), seeasi kamxyulylocs
MOJICKYASIPHYIO MACCY CMECH [hew:

R =8314/pen. (4.48)

CpaBHMBAasi (paBble UYACTH COOTHOLUEHWHA
(4.47) u (4.48), Haiigem

Pew = ‘ (4.49)

. :
Z &,/
t

Ha OHPeRCJEHHS] MACCOBbLIX [LOJIEI‘/‘! caeayer, 4to
g,':M,'/M‘—_“;N,'/(.U-CMN):

=u;r1/ucw
ITpocyMMupOBaB 3TO COOTHOLUEHHE JIsi  BCCX
n
KOMIIOHEHTOB W YUHTLIBAS, UYTO th.sl, noay-

1
UMM BBIPAXKEHHE A5 KAKYULEACA MOJEKYNSPHON
Macchl CMeCH, 3alaHHOH OGBLEeMHBIMH JOFIMH:

n
Hew = Z riky
l

(4.50)

CooTHOoUeHHe MEXAY O0bEMHbBIMH H MACCO-
BLIMM poAAMH. YunTbiean (4.50), nonyuaem

n
gt:""z’l/z Tt (4.51)
I

n
[Tockonbky r;= V‘/V=N,/N=N[./Z N, 10
[
M[/P«;
=
Z M,/
[

Pa3jequs udcauTeNb U 3HAMEHATENL ITOH
GopmyJbl Ha Maccy cmecH M, nonyunm

po B (4.52)

nz (g,/n)
1

Tenn0eMKOCTh CMeceil MAeasibHbIX ra-
308. EcsiM cMech ra3oB 3afiaHa MacCOBbIMH
JONSIMH, TO €€ MacCOBad TEIJIOEMKOCTh
¢ OnpejensieTcs Kak cymMma npon3ee/ieHui
MAaccoBblXx A0J€i Ha MAaCCOBYIO TeIT0eM-
KOCTb Ka)XJO0ro KOMIIGHEHTa, T. €.

r

%=‘"Z 8icur Cp=nz g, (4.53)
! ]

[lpr 3apaHuu cMecH O6GbeMHbIMH NO-
JsiIMH 06bEMHAfA TEMJOEMKOCTh CMECH

(;2:2 rt_(;!’”,; c;: rct.. (4.54)
{

i pi

-

AHanorH4yHo MOJNbHAA TEMNJOEMKOCTh
CMEeCH paBHaA NMPOH3BENECHHIO 06 beMHbIX AO-
Jeil Ha MOJIbHbBIE TRIJIOEMKOCTH COCTAaBAI0-
LI[HX CMEeCb rason:

n n
pe U—_Z r.(ne ) ne P__Z f[(HC,)l-
I |

(4.55)
L BUAXKHBIHA BOSJILYN

B cylnAbHON TEXHHKE B KAUeCTBe padouero
Tena WHPOKO HCHOMb3YIOT BN A K HblH B O3-
Ay X, TPEACTABASIOUMH COGOH cMeCh CYXOI'0 BO3-
JAyXxa W BOASIHOI'O napa.

Conepxanue BOASIHOTO napa B armocdep-
HOM BO3JiyXe 3@BHCHT OT METEOPONOTHYECKHX YC-
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JI0BUH, a TAKXKe OT HAJNYWA HCTOYHHUKOB Hcnape-
HUS BOAB U KOMe6JeTcs B LIHPOKHUX Npejenax: ot
Manbix Aoneil no 4 % (no macce). Cmech cyxoro
BO3AYXa M HACBIUWEHHOro BOASIHOTO napa Hasbl-
BAETCA HACH UL EHHBIM BAAXHb M BO3-
Ay x oM CMmech CyXoro BO3Lyxa H neperperoro
BOASIHOTO [4pa HA3BIBACTCS HEH acbl Ll €H-
HbiM BAaXHb M Bo3ayx oM. Temnepary-
pa, 40 KOTOpPOH HeoOXOAHMO OXJaXAaTh HeHa-
ChilleHHbIl BNAXKHBIA BO34YyX, 4T0OB coaepxa-
WHMACH B Hem [eperperbli Map cTajd Hachl-
LIEHHBIM, HA3bIBAeTCST TeMNepaTypo#
TOUYKM poch. [Ipn nanbHedliemM oxaaxaeHun
BJIAXKHOrO BO3AYyXa (HHXXE TEMIepaTypbl TOYKH
POCHl) NPOHCXOANT KOHJAeHCallUsl BOASTHOrO napa.
[To3ToMy TemnepaTypy TOYKH pOChl 4ACTO HUC-
NONb3YIOT KaK Mepy COfepKaHHs B BO3AYXe BOAb
B Napoo6pa3noM COCTOSAHUM.

O6bIUHO K BAZKHOMY BO3AYXY NPHMEHAIOT
ypaBHEHHUS M/ MAeANbHBIX ra3oBblx cMeced. Tak
KaK B MPOLECCax CYWKH KOAHYECTBO BOASIHONO
napa B BO3/yXe MOXET MEHAThCH, 8 KOJHUeCTBO
CYXOro BO3[lyXa OCTAeTCs MOCTOSHHBIM, TO lede-
¢c006pa3HO OTHOCHTb BCe BEMHUUHBL K | Kr cyxoro
BO3Ayxa (a He cMecH).

Bnarocoaepixxadnue, a6cogailOTHAA H OTHOCH-
TenbHAs BAAKHOCTL, Macca napa 8 | M° Baax-
HOTO BO3YXa, YHCAEHHO paBHasi JIOTHOCTY napa
pn NPU NAPLUHANLHOM AABJEHHH Py, HA3hIBAETCH
a6cosOTHOW BAAaXHOCTL 0. OrHoue-
HUe JeACTBUTENBbHOA aBCOoIOTHOH BJAAXKHOCTH
BO31YXa pn K MAKCUMaJbHO BO3MOXHOH abco-
MIOTHONW BAAXHOCTH ps NIPU TOH e TeMmneparype
Ha3bBAKOT OTHOCHUTEJbBHONW BJAXHO-
CTh M 0603HAUAIOT Yepes @:

(P=pn/ps=pn/p5y (4.56)

rie p, — NapuuanbHOe AaBJeHHe BOAAHOro napa
BO BJIAXHOM BO3JyXe, ps — MAKCAMAaJbHO BO3-
MOXHOe NapuHalbHOe JaBJeHHe BOAAHOro napa
Npu JaHHOW Temneparype.

BennunHa @ BhipaxaeTcs B NPOLEHTAX WJH
OTHOCHTesIbHbIX eanHunuax. [Tockoaeky 0 pn <<
ps, To 01009 (MM COOTBETCTBEHHO
0L o< l). dada cyxoro Bodayxa ¢=0, g% Ha-
coientoro =100 %.

OTHOCHTeNbHAS BJAXKHOCTH cama no cebe
MOJHOCTBIO He XapakTepuayeT COAepXXaHHe napa
BO BJIAXHOM BO3[yXe, HYXKHO elle 3HaTb Temre-
paTypy BAAXHOro BO3/yXa, OLHO3HAYHO Ofnpeje-
JAAIOULYI0 BENHUUHY Ps.

OTHolleHue Macchl BoAsiHoro napa M,, co-
Jepalllerocsi BO BJa)XKHOM BO3Jyxe, K Macce
cyxoro Bo3nyxa M, Ha3bBaeTcss BAaroco-
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LepxaHHeM BO3AyXxa U HIMepsiercs
B KHIOTPAMMaxX Ha KHJIOTPaMM:
d=M,/Ms. (4.57)

Onpepnessist macchl Cyxoro B0o3fyxa H BOASHOTO
napa u3 ypaBHeHUs COCTOSIHUSA MACANhHOrO rasa,
npeoGpa3syeM BhipaxeHnue (4.57) x BUAY

g PV pV
T RJTTRT
_ Rapn _ WanPu

T Rpe pe(p—pa)

Ecau p.=qps; pn=18,06 kr/kmoni  H
=28 .95 Kkr/KMoab, TO

18,06 9P, PP,

= 0622 —
2995 p—gp, P—p,

to =

(4.58)

MaxkcumManbHO BO3MOKHOE BIArocofepxa-
HHE [0CTHraeTcsl NpU MOJHOM HACHILUEHHHM BO3-
AYyXa BOASIHBIMU Tapamu (¢ =I).

p
duaee=0622 —

(4 59)
s

Ecnn naBneyue HachiLeHHOCO napa CTaHo-
BUTCA pABHBIM BHELIHEMY AABJEHHIO p, YTO A0-
CTUraeTcs INpU TeMnepaType KHNeHUs, To d = oo.

TennoeMKOCTb H IHTANBNHA BAAKHOIO BO3-
ayxa. M3o6apHylo Tenn0eMKOCTh BJ1aKHOCO BO3-
NyXa ¢, 06BIYHO OTHOCAT K | Kr cyxoro Bo3ayxa,
T. e. K (1 4+ d) kr BaaxkHoro Bozayxa. Ona paBna
CyMMe TemJIoeMKOCTeH | Kr  cyxoro BO3Ayxa
W d Kr napa:

cp=cpﬂ—+-dcp“. (4.60)

B npuUOIHIKEHHBIX TEPMOAHHAMHYECKHX pacueTax
NPOUECCOB ¢ BJAAXKHBIM BO3LYXOM B HeGOMbILOM
NUANA30HE TeMIepaTyp MOXKHO  TIPHMEHATH
YAEJbHYI0 H306apHYIO TeNI0eMKOCTh CYXOro BO3-
ayxa c¢ps=1 k[Ix/(Kr-K) =const, yaenbHyi0
M306apHYIO TEMIOEMKOCTb BOASAHOIO 1apd Cpp =¥
2~ 2 k/Ix/(kr-K)=consi. B atom cayuae, Bbl-
paxan tenaoemkoctb B K[/ ( kr-K) , nonyuaem

c,=1+2d (4.61)

AHTanbOKA BJIEXHOIO BO3AyXxa onpepenser-
€5l KaK SHTAJbNUA Ta30BOK CMeCH, cocTosiiel ua
1 kr CyXoro Bo3ayxa W d Kr BOASHOIO napa, T. €.

h=h,+dh,. (4.62)
Auranenus | Kr cyxoro Boaayxa, kIx/kr,

Ho=Cpal =1 -1. (4.63)



Suranenua | kr napa, kJK/Kr, L0CTATOUHO
TOUHO MOMeT ObiTk BbiuncieHa Mo dqopmyie,
B KOTOpoOil Tennora ucnapeuust soanl npu 0°C
npuusata paBroi 2500 kK /KT, a TeNnaoeMKocTb
napa 2 kIxk/ (kr-K):

h,=25004-21{. (4.64)

Toraa

h =t 4(2500 + 2£)d. (4.65)

Kontpoabreie 3ada4u

4.1. Bosayx no ofbemy coctouT M3 21 94
kucaopoaa u 79 % asora. Onpepedutb cocTas
BO3/lyXa N0 Macce, NapUHaibHble 1aBJICHHA KHC-
noposa M asoTa  NpH  [ABAEHHH  CMECH
760 MM PT.CT. ¥ MJOTHOCTb BO3[YXa TpH HOp-
MaJibHbIX PH3UMECKHUX YCJAOBHAX, CUHTASA €ro Hie-
aNbHBIM Td30M.

4.2. | xr Boanyxa npu Temmeparype 10 °C
u uavanbHom fasnedud 0,1 MTla cxumaercs

fnasa u

OCOBEHHOCIM TEPMO IMHA MUK b

AT d 4

3.0, YPABHEHHE NLPBOIO 3AKOHA
TEPMOJH HAMU KW JLilsl HOGTOKA

Kak yxa3blBa/jocCh Bblille, NOA OTKPBITHI-
MM [OHMUMAIOTCA  TepMOJHHAMHUYECKHEe
CHCTEMBbI, KOTOpble KpoMe o6MeHa TenaoToH
W paGoTOHl ¢ OKpyXatowleil cpenoit no-
NycKaloT Takxe U o6MeH Maccod. B TexHu-
Ke LUMPOKO HCIOJb3YIOTCA MPOUeCCH Mpe-
o6pa3oBaHHA 3HEPTHH B MOTOKe, KOraa pa-
fouee TeJO TnepeMellaeTc M3 06nacTH
¢ OAHMMH napamerpamu (p,, v\) B obsiactb
C APYrUMH (ps, vg). ITO, Hanpumep,
paciuupeHde napa B TypOuHax, cxarue ra-
30B B KOMIIpECccopax.

Bynem paccmartpuBaTth JMdilb O A H O-
MepHBE CTaAaUHOHAPHBE MOTO-
K M, B KOTOPbIX MapamMeTphl 3aBUCAT TONbKO
OT OHOH KOOPAMHATHI, cCOBNajawiued ¢ Ha-
npaBJeHHeM BEKTOpPA CKOPOCTH, KW He 3a-
BHCAT OT BPEMEHH. YC/I0OBHE He P a 3 P bl B-
HOCTH TEUYEHHUH B TAaKHX NOTOKAX 3aK/II0-
Yyaercsl B OJHHAKOBOCTH MacCOBOr0 pacxo-

H30TepMHUYECKH B KOMIPECCcope A0 KOHEeYHOro
parnenus | MIla. OnpeseAnTb KOHEUHbIA O6beM,
3aTpayeHHyl0 paboTy M KOJHUYECTBO TEMJOoThl,
KOTOpOe Heo6XOAHMO OTBECTH OT rasa.

4.3. Kak u3pecTHO, B aTMOoCcdepe CyecTBy-
0T KOHBEKLHOHHbie TOKH, HENPEpPLIBHO Mepeme-
1laK0lIHe BO3AYX H3 BEpPXHHX C/0€B B HUXKHHe,
a K3 HHKHUX B BepxHde. Koraia Bosfayx Moa-
HHUMaeTcH B BEPXHHe CJIOH ¢ 60/1ee HU3KHM aaBiie-
HueM, OH agHabaTHYecKH pacuupsaerca (HGo AB-
JAETCA MUIOXMM MPOBOAHUKOM TENJIOTH) H ero
Temnepatypa noHmkaerca. Cuuras BO3AYX HAe-
aJbHBIM TA30M, BbIYUCJAMTL BHCOTHBIA FpagUeHT
TeMmnepaTypbl B aTMmocdepe.

4.4. 3 w3 Bosayxa npu naBiedun 4-10°Tla
pacuMpAIOTC 10 TPeXKpaTHoro ofbema M AaB-
seunsi pp=10° [Na. Cyntas npouecc noauTpon-
HbIM, BEIYHCJMTh TOKA3aTeb MOJHTPOMNLL, paboty
pacUIMPeHHs, KOJHIECTBO TEMUIOTH W M3MeHeHHe
BHYTPeHHEeH 3HEpruUH B 3TOM NpOLECCe.

4.5. TleperpeTold nap pacuiupseTcs & Typ-
fuHe no aguabare OT Ha4albHOTO [JABJEHHR
8 MIla u temnepaTypsi 500 °C g0 po=100 kfla.
OnpejesiHTh KOHEUHOE COCTOfIHME napa, H3-
MeHeHHe BHYTPeHHell Heprin W pafoty pac-
IIHPEHHS.

CTHPRY BLY 72O TEM

Aa m pa6Godero Tena B JN06OM CEUEHHHU:
(6.1)

rae F — nsiollanb NOMNEPeYHOro CeueHHst
Kanana, ¢ — CKOpOCTh pafouero Tena.

PacemoTpum TePMOAHHAMHUECKYIO
cHcTeMy, NPeACTABJEHHYI0 CXeMaTHYeCKH
Ha puc. 5.1. [To TpyGonposoay / paGouee
Teslo ¢ napamerpamu Ty, py, v nojaerTcs ¢o
CKOpPOCTHIO €, B TeNJOMeXaHHueCKHH arpe-
ratr 2 (4BuraTtelb, NapoBOH KOTeJ, KOM-
npeccop H T.A.). 3aech KaxAbll KHJO-
rpamMm pa6Gouero Tena B 0flUeM cJydyae
MOXET MOJy4aTb OT BHELIHEro UCTOUHHKA
TeMNJOTY ¢ M COBEPLIATHL TEXHUUECKYK pa-
60Ty [rex, HATIPUMEDP, NPHBOAS B JBHMKEHHE
poTOp TYpGHHBI, a 3aTeM yjansercs depes
BBIXJIOTIHOH NaTpy6ok 3 €O CKOPOCTHIO Ca,
umest napametpol T, pa, Vo

m=Fc/v=const,

* Texuuueckoil HasbiBaertcs paora, oTOnpae-
Masl M3 [10TOKA 33 CUET KAKMX-JIMGO TEXHHUUECKHX
YCTPOACTB MM MOJBOAHMAR K HEMY.
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Puc. 5.1. OTKpbITast TepMOJHHAMHUECKAR CHC-
Tema

Ecsin B IOTOKE MbICJEHHO BbIAEJNHTDb 3a-
MKHYTBI 06bem pabouero Tena H Habio-
4aTb 3a HW3MEHeHHeM ero fapameTpoB
B npoilecce nepeMelients, To JUis Onuca-
HUSI €ro nopejeHHs OyAYT NPHUTOAHBI BCe
NoAyUeHHbIE BbILLIE TEPMOJHHAMHUECKHE CO-
OTHOLLUEHKHS H, B YACTHOCTH, NMEPBbIA 34KOH
TEPMOAHHAMHKH B OBGLIUHOA 3anUCH: ¢=
=Au-+t1.

BryTpeuHsisi 3Heprus ecTb QYHKIMS Co-
cTosinus pabouero Teia, 103TOMY 3HAUEHHE
4, onpefe/sercss napameTpamd pabouero
Tena NpH Bxofe (cederye notoka /), a 3ua-
yeHue u, — napamerpamu paboyero Teqaa
Ipd BbIXOE W3 arperara (cedenne !]).

Pa6ora pacindpends [ COBepluacTcs
pabouuM TeJOM HA MOBEPXHOCTAX, OTPAHH-
UWBAIOILHX  BbLIEJEHHBI  JBHKYUIHACS
Oﬁ'beM, T. €. Ha CTEHKax arperara H rpaHu-
uax, BblAEASIOILHX 3TOT 0ObEM B [OTOKE.
YacTh CTEHOK arperara HenojBHAKHA, d pa-
60Ta paclIMpeHHss Ha HHX paBHa uHyJio.
ﬂpyraﬂ 4acTb CTEHOK CHOEILHAJbHO JeJdeT-
cs MOLBHXKHOI (paGoune JONaTkH B TYpOH-
He W KOMMpeccope, NOpileHb B MOPIIHEBOH
MaliMHe), H pabouee Tejs0 COBEPIIALT Ha
HHX TEXHHUECKYID PABOTY lrex-

[1pu Bxoge padouee Tej0 BTAIKUBAETCS
B arperar. [ 3TOrO HYXHO NpeEojoNeTb
npapaenue p;. TlockonbKy pi=const, 10
KaxAbli KWiIOrpamMM paouero tesa MOXKeT
3aHATb 06bEM U JHillb MpH 3aTpaTte pabo-
Thl, PABHOH [pr= —p U\ .

JLnst Toro yToGbl BbIATH B TPYGONPOBOL
3, pabouee TeNO JIOJKHO BBITONKHYTb H3
HEro Takoe XKe KojaudecTBO pafouero resa,
paHee HAXONHBUIErOCST B HEM, MPEOLOJER
NARJEHHE pPg, T.E€. Ka) bl KHJIOIrpamm,
3aHumMan o6beM U, LOJIKEH NPOH3BECTH

onpegeseHuylo  paboTy  BbITAJKHBAHHA
IHNTZPQU‘Z-
Cymma [y==povs—pi1v1 Ha3bIBAETCH

pa6boToll BHITECHEHMUS.
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Eciu ckopocTb ¢ HA BBIXOAe GoablIe,
uem ¢; Ha BXOJE, TO 4acTb PabOThI paciuu-
peHust 6YAET 3aTpayeHa Ha yBEJHUCHHUE KH -
HeTHUeCKOW 3Hepruu pafoyero Teja B no-
TOKe, paBHoe ¢3/2—ci/2.

Hakouell, 8 HepABHOBECHOM lipollecce
Hekotopasi paGora [, MoxeT OLITb 3aTpa-
YCHa HA npeojonende cua Tpenun. OKonda-
TeJbHO

lzlwx_}‘(ﬂ‘z”?’“plvl)*_

+(63/2—¢1/2)+F L. (5.2)

TEIIJIOTa, coobieHHas Ka»JA0My KHJIO-
rpamMMy pafouero Tejga BO BpeMsl [HPOXOXK-
JEeHWHS1 ero uepea arperar, CKJ1aablBAeTCHd U3
TEMAOTHl  Jaunew, NOABEJEHHOH CHAPYXH,
W TeIJIOThl grp, B KOTOPYIO NEPEXOAHT pa6o-

Ta TpeHUd BHYTPH arperara, T.€e. =
:qﬂllelll+qu~
[loacTasus MOJYyUYeHHbIC 3Ha4YeHus

q #u s ypaBHEHUE [1€pBOro 3aKCHA TEPMO -
AHHAMHKH, MNOJAVUIHM

G anen +‘Q‘rp=ur2 — U, =+ Lrex +p202 — Py, +

2 2

+cy2 —cy2 41,
[TocKOJIBbKY Tel1oTa TpeHus paBHa pabore
Tpenus (grp=1I+), @ u—+pv=~Hh, OKOHYaA-
TEJbHO 3dlIHIIEM:

I"qancm:h&—hl + lu‘x +(Cé_0f)/2J (53)

L.?TO H €eCcTh Bbhipd)XeHHEe OepBOTO 3aKOHa

TEPMOAUHAMHKH JUIS  NMOTOKA, KOTOPBIA
MOXHO CcQOPMYNHPOBATH TaK: Teni0Ta,
nodgedennas K noToky paboueeo TeaAd u3s-
He, pacxo0yercs HA YBeAULEHUE FHTAABNUU
pabo4ezo Tead, NPOUIBOOCTBO TEXHULECKOU
paboTsL 4 yseaudenue KUHETUHECKOU IHep-
euu noToKa.

B aunpdepenunanpioil popme ypaBHe-
uue (5.3) 3anucbiBaeTcss B BHAE

éqﬂuelll=d’l+6llk‘x+d (02/2) (54)
OHo crpaBeAliBO Kak [AJsi paBHOBECHBIX
NPOLECCOB, TaK H A/ TEUEHUH, CONPOBOK-
JAIOLHXCA TPEHUEM.

Bbilie 6bl10 yKa3aHo, YTO K 3aMKHYTO-
My oO6bemy paboyero Tena, BblCJICHHOMY
B NOTOKE, [IPHMEHUMO BbIpdKEHHE NEPBOTO
3aKOHA TEPMOAHHAMHKH VIS  3aKPbITOH
cuerembl, T.€. 8g=08wuen+&gp=dh—
—uvdp, 0TKYAA 8qsuew =dh —uvdp—8l;;.



CpasHuBas 3710 BhIpaXKéHHe ¢ ypaBHe-

uvem (5.4), mnoaydHM —vdp =08liex+
+d (c*/2)+ 8lrp, M

; G

S Udpleex+’§—’+lTp.

Ay
"
Besnunny S vdp Ha3bIBAKOT pacmo-
ny
naraemoit pabotoi. B pu-auar
pamMe (pHc. 5.2) oua H3o6pakaercs 3a-
(ITPHXOBAHHOH MIOWAABK.

[IpumeHyM NEpBbIH 3aKOH TEpPMO/HHA-
MHKH K pasjMuHbIM THIAM TeNioMeXaHnae:
cKoro o6OpyAOBaHHS.

Tenjoo6meHHbIA annapar (ycTpoHCTBO,
B KOTOPOM Tenaora of HKUJKOH MK raso-
06pa3Hoil cpeisl nepenaercs apyro# cpe-
ne). Odasn wero lex=0, a (c5— &) < Goneun,
103TOMY

Qnuem:hg_‘hl- (55)

Caepyer MOAUEPKHYTb, UTO AJ15 Tenao-
O6MEHHUKA, YCTAHOBJIEHHOTO B MOTOKE, 3TO
BHIpAKEHHE CIPABEATUBO HE TOJABKO B H30-
GapHOM npouecce, HO U B npouecce ¢ Tpe-
HHeM, KOraa LaBleHue Cpelbl yMeHbLIAETCH
M3-3a COINpPOTHBJIEHHS.

TenjoBOil JBHraTelb. Q6buno  ¢h—
—l & lrex, @ Gawew=0, 103TOMY pabouee
Teso NPOH3BOAHT TEXHHUECKYIO pa6orty 3a
cyer yMEHbUIEHHUS FHTAJbHHK:

l‘rex———hl——hg. (56)

Beanunuy A, —ho HA3BIBAIOT pacnonas
raeMb M TengonepenanoM.
Wurerpupys ypasHeHue (2.27) ot pi A0
pa 1 OT Ay A0 Ay st cAyuas, KOTAA Gonen =
=0, 1oJyuum
1y
— \vdp=h,—hy
”

(5.7)

CpaBHHBas BbIpaXeHUA (5.6) u (5.7),
[IPHXOAKM K BbIBOLY, 4TO
ny
Lo — \ 0dp; Sleex=—vdp. (58)
Py
Takum  06paszoM, [NpH ct—ci=0,
(owew=0 # OTCYTCTBUH 1OTEPb Ha TPEMHE
noiydaemas OT ABHraTens TeXHHUeCKas

P2

v

Puc. 5.2. U3obpakeHHe pacnonaraemMoi M Tex-
HUueckod paboTbl B p, U-KOOpPAMHATAX

pabora paBHa pacnonaraemoi, T.e. Toxe
naobparkaercs 3aIITPHXOBAHHON 1110
wagbio Ha puc. 9.2

Komnpeccop. Ecau mporecc CRaTHA
raza B KOMIpeccope Mpoucxoaut Ges Tef-
n1000MeHa ¢ OprmalouLeﬁ cpenoi (Gamen=
=0) u ¢1=Cy, UTO BCErAa MOXHO obecne-
YMTh HadeXKallHM BulGOpOM ceyeHHuit BCa-
cLIBAIOLLEr0 M HACHETATEJIBHOr0 BO3AYXO-
poBOAOB, TO

Lyex=h, — hy. (5.9)

B oriMuMe OT NpedblAyUIEero cnydasi sfech
h, << hy, T.e€. TEXHUUYECKAA pa6ora B d41Ma-
GaTHOM KOMIpeccope 3aTpayupaerca na
yBeJMUeHHe HTANbNHH rasa. Caydau nea-
AHa6aTHOro CXKaTusi GyAyT paccmoTpeHbl
B §5.6.

Conna w anddysopn. Cneyuarbho
CAPOPUAUPOBAHHDLE KUHAAbL dast pas3eona
paboueil cpedot U npudanus noToKYy onpe-
FCACHHOZO HANPABACHUS HA3BIBAIOTCA € O
nnawuun Kanaast, npedHasuaqentoic Oast
TOPMONCEHUA NOTOKA U MOBLLULEHILA dasae-
nus, Ha3LBATCA  AH O hysopamHu.
Texnuueckass paboTa B HUX He COBEpLIALT-
csl, MOITOMY YpaBHeHHeE (5.4) HpHBOAHTCS
K BUAY

éqsnem =dh + d (C2/2)

C apyrofi CTOPOHbI, ANA o6wema pabo-
yero Teja, JIBHXYyllerocs B noroke 6€3
TpeHHs, MPHMEHHMO BHIpAMEHHE nepsoro
3aKoHA TEPMOAHMHAMHMKH AJA 34KPBITOH
cHeTeMBl 3G aen=dh —udp.

[IpupaBHsis npaBbie uacTH ABYX no-
CAENHMX ypaBHEHHH, NOJYUHM

(5.10)
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Ha (5.10) BuaHo, uto dc n dp Bceraa
MMEIOT NPOTURONOAOXKHBIE 3HaKH. ClenoBa-
Te/NbHO, YBEJHYEHHe CKOPOCTH TeyeHHs
B KaHaje (dc>()) BO3MOXHO JHIIb MPH
yMeHbileHHH paBjieHuss B Hem (dp<<0).
Hao6opor, TopmoxeHHe notoka (dc<<0)
COTNPOBOXAAETCS YyBEeJHYEHHEM [ aBJIEHHS
(dp>0).

Tak kak aauua conaa W auddy3opa
HeBeJ/HKa, 8 CKOPOCTb TEUEHUA CPeAbl B HUX
JIOCTATOYHO BbICOKA, TO TEMJ0OOMEH MEXIY
CTEeHKaMH KaHajla H cpeloil npu manom
BPEMEHH HX KOHTAKTa HACTO/bKO He3HAuH-
TeJieH, UTO B GO/bIIMHCTBE CJHy4yaeB HM
MOXHO mpeHe6peub M CYHTATL MOpolecce
HcTeyeHHsl agnabaTHbiM (Gasew =0). [lpu
3TOM ypaBHeHHe (D.3) npuHUMAEeT BHUA

(G—c)/2=h —hy  (5.11)

CaepoBaTeqbHO, ycKopeHHe aauabar-
HOT'O MOTOKa NMPOHCXOAHUT 33 CUET yMeHblue-
HHA 3HTAJbIHH, & TOPMOXKEHHE NOTOKA BhI-
3blBAET €€ YBeJHuYEeHHe.

[IpounterpupoBas cooTHoweHHe (5.10)
M CpaBHUB ero ¢ ypasHenuem (5.11), noay-
4Y¥M, 4TO AJA PaBHOBECHOrO aanabaTHOro
NoTOKa

Py
h’l —h2= S Udp NnpH aneLu=0y

Py

g =0,

T. €. pacnojaraemasi pa6ora npd aauMadar-
HOM pAaclWMPEHWH DABHA pacnojaraeMomy
Tenjonepenany.

2.2 MCTEYEHKWE H13
COHAA

CYHRUBAGILENOCH

PaccMoTpum  npouecc paBHOBECHOrO
(6e3 TpeHHsi) aAHa6ATHOrO HCTEUEHHA ra3a
yepes COMJO H3 pe3epByapa, B KOTOPOM ras
umeer napamerpul p,, v, T,. CkopacTb ra3a
Ha BXOle B COM10 0GO3HAaYHM uepes (.
ByneMm cuHTaTh, UTO AaBJeHHe ra3a Ha Bbl-
XO[e H3 comnna p; paBHO AABJEHUIO CPenbl,
B KOTOPYIO BbITEKAeT ras.

Pacuer conaa cBOAHTCH K onpenene-
HHIO CKOPOCTH M DACX0]a ra3a Ha BhlXofle
M3 Hero, HaXOXIEeHHIO MJOoILafu Monepey-
HOrO Ce4yeHHs H NPABUJIbHOMY BBIGOpPY ero

dopmbl.
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CKOpPOCTb HCTEYEHHA B COOTBETCTBHH
¢ ypaBHeHuem (5.11)

¢y ="\[2 (h, —hy)+¢°. (5.12)

Bui6epem nocTaTouHo 6OAbLIYIO TJO-
Iaab BXOAHOIQ CEYEHUA COMAd, TOrAa
C|=0 H

=2 (b, —hy)=28h,, (5.13)

rge Ah0=fl|—h2=u1—u2'+(plvl_
—poug) — pacnonaraembiit  agvabaTHbIi
TenJjonepenan.

Jlns upeanbHoro ra3a U3MeHeHHe BHYT-
peHHed 3HeprHuM B anMabaTHOM mpoilecce
U1 —us=1_ BbluHcaAseTcsE no ¢Qopmyae
(4.20), nostomy
Ahy=

ﬁ(ﬁl”l—l’2“2)+(ﬁlv|‘ﬂ2”2)=

k
zk—_‘l(plvl—pQUQ)- (5.14)

2k
Cy= ﬁ(plvl_p202)=
2k Pyq
= _— l— - =
k—1 plvl( pY >

k—1

2k Py N\
= T 1t l—(p—) (5.15).

2

Torna

MaccoBsiii pacxon rasa m 4yepea conao
(Kkr/c) onpenensieTcst M3 COOTHOILUEHHS -

m="Fc,/v,, {(5.16)

rie F — naouanb

conJia.
Bocnoab3opasuineh

(5.16) u (5.15), moayuum

27k
me=F\ fo_k PP Y"_
kE—1 v, P,

Py \tk+1)/k
)l

W3 Buipaxkenust (5.17) caenyer, uTto
MaccOBbIH pacxoA HJeaJbHOrO rasa mapu

BbIXQAHOr0o ceyeHus

BbiDAXKEHHAMH

(5.17)
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Puc. 5.3. 3aBMCHMOCTb MACCOBOFO pacxoia rasa
yepes COTIO OT OTHOLIEHUR p2/p

HCTeYEeHHH 3aBUCHT OT MJOLLAAH BIXOAHOTO
ceueHHs comJa, CBOHCTB M HavaJbHbIX Na-
pameTpoB raza (k, pi, vi) M CTEMEHH €ro
pacwHpeHnsi (T.e. NaB/leHHA py rasa Ha
BhIXOJIE) .

[To ypasnennio (5.17) mocTpoena KpH-
Basn [KO Ha puc. d5.3.

[Tpu pp=p, pacxop, €CTECTBEHHO, pa-
sex Hymo. C yMeHbUIEHHEM JaBJeHHA cpe-
Ibl p PACXOJ rasa yBeJHUMBAETCS H JO-
cTUraer MAakCHMAa/JbHOMO 3HAuYeHHA MpH
p2/P1=Pxp. [IpH fanbHEfLIEM YMEHbLUICHHH
OTHOLIEHHS pp/p| 3HAUCHHE M, PACCYHTAH-
Hoe mo ¢opmynae (5.17), y6biBaeT H MpH
p2/pi=0 CTAHOBUTCSA PaBHBIM HYJIO.

CpaBHeHHe ONMC2RHO# 3aBHCHMOCTH
¢ IKCMEPUMEHTA/bHbIMHY aHHBIMH N0Ka3a-
70, 4TO AJR Pep<< Po/p1<<l pe3yabTathl
NOJHOCTBIO coBNaaloT, a ana 0<<pe/pr<<
< Pxp OHH pacXOJATCH — JelcTBUTE  bHbIA
MacCOBbIii PACXOJ Ha 3TOM YYACTKe 0CTaer-
csl nocTosiHHbiM (npsmas KD).

[aa toro 4To6hi OOGBSACHHTL 3TO pac-
XOXIEHHE TEOpHH C  IKCMEPUMEHTOM,
A. Cen-Benan 8 1839 r. BELABHHY/1 THIIOTE3Y
0 TOM, UTO B CYXXHBAIOWEMCS COMJie HeBo3-
MOJMHO TOAYUHTh AABJEHHE ra3a HHXKE He-
KOTOPOro KPHTHUECKOTO 3HAUEHHUS Pyp, CO-
OTBETCTBYIOILEr0 MAKCHMaJAbHOMY PACXOAy
rasa uepes comnio. Kak 6bl Mbl HH MOHH-
K aJHu JaBJdeHHe py cpellbl, Kyla NPOHCXOAHT
vcTedueHue, JAaBJEHHE HA BbIXOJe W3 conja
ocTaercs MOCTOAHHBIM H PABHBIM Pyp.

Jlis OThiCKaHHsi Makcumyma (YHKLHH
m=Ff(po/p)=f(B) (5.17) (mpn pi=
=const), COOTBETCTBYIOILEro 3HAUEHHIO
Brp, BO3BMEM NEPBYIO MPOH3BOAHYID OT Bbl-
pa<eHust B KBAJIPATHbIX CKOOKAX M MpH-
paBHfieM ee HyJIlo:

d p, 2/k P, (R 1)/k
wlG) -Gk

2 /P \¥H=1 4
7 ___E_x

, \(e+ /eI
X — =0,
Py

‘ 92 k/k—1)
Bup= F;P=<__k+l> . (5.18)
i

TaknuM 06pa3oM, OTHOLUEHHE KPHTHHUECKOro
JaBIEHHA Ha BLHIXOAE p2==pkp K AABJECHHIO
nmepen conJIoM pi UMeeT NOCTOAHHOE 3Haue-
HHe W 3aBUCHT TOJBLKO OT NOKasaTeas aana-
6aTHl, T. €. OT NpHpoAbl paboyero renaa.

OTKyAa

faa . . . . . . l-aTOMHBIN  2-aTOMHBIH
Eo . . 0 0. 1,66 1,4
Bep - - o - - 0,49 0,528
[Tpodoarenue
faa . . . . . . 3-aTOMHBIA H
neperpeTbiid nap
Bep - - o - - - 0,546

Takum 06pa3oM, U3MEHeHHE Byp HEBENHKO,
M103TOMY /151 OLEHOYHBIX PacueToB MOXHO
NpHHATD Pyep 0,5

KpHTuueckas CKOpOCTb ycra-
HaBaHBaeTcsd B YCThe COMJa TMPH  HCTe-
YEeHHH B OKPYXKAIOULYIO CPefly C aBJICHHEM,
paBHBIM WM HIXKe KpHTHueckoro. Ee mox-
HO ONpelefHTb H3 YpPaBHEHHH (5.15), noa-
CTaBHB B HEro BMECTO OTHOUIEHHA Pa/pi
3HaueHHe Pgp:

k k
CKP_V;mplvlzv;Trf. RTI

(5.19)

Bennunna KPHTHUECKON CKOPOCTH onpe-
geasiercst pU3HUECKHMH CBORCTBAMH H Ha-
yaJbLHBIMH apaMeTpaMH rasa.

W3 ypaBHeHns aaunabatbl Cjejyer, u4to
v1="0up (Pxp/pPy)'/*. 3amenas 3mecb OTHO-
weHue (Pyp/P1) B COOTBETCTBHH C ypaBHe-
nueM (5.18), noaydaem

. 2 1/tk—1)
U} =Uxp ~le— .

lMoncrapass oTClofa 3HAYEHHE Uy, @ U3
(5.18) — 3nauenne p; B ¢opmyay (5.19),

noayyaeM Cep= \VRPxpVxp K13 Kypca ¢uau-

KH H3BECTHO, YTO '\/RPUxp=a €CTb CKO-
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pPOCTb pachpocTpaHeHHsl 3ByKa B cpele ¢
napameTpamiu p=py, U U="0xp.

Takum 06Gpa3oMm, KPHTHUECKass CKO-
pOCTb ra3a NPH HCTEUEHHH PaBHA MECTHOM
CKOPOCTH 3BYKa B BbIXOLAHOM CEYEHHH CO-
naa. MmMeHHo 3TO 0OCTOATENBCTBO 0OBAC-
HSAET, MOYeMy B CYXXHBAWWIEMCA COIJIE ra3
HE MOXET PpaclIMPUTbCA 10 [AaBJeHHd,
MEHbLIEr0 KPUTHYECKOro, a8 CKOpPOCTb He
MOMKET MPEBBICHTH KPHTHUECKYIO.

JLeficTBHTENBHO, KK H3BECTHO H3 (u-
3UKH, UMITYJBC AaBACHUS (yOpYyrue KoseGa-
HWS1) pacnpocTpaHseTcs B C2KMMaeMoi cpe-
J& CO CKOpPOCTBIO 3BYKa, 1103TOMY KOria
CKOPOCTh HCTEUEHHS MEHbIUE CKOPOCTH 3BY-
Ka, yMeHbIUEHWE [ABJCHHA 338 COIJIOM Ie-
pefraeTcsl 110 MOTOKY ra3a BHYTDb KaHa.ja
C  OTHOCHTEJBLHOM CKOpPOCThIO C¢4a H
MNPUBOAUT K [MepepaclpencieHtio  J1as-
NeHusi  (MpW TOM 2KE 3HAYCHHH JdBJe-
HUSA ra3a p; nepejs C()IU]()M). B pe3yJabTarte
B BHIXOJHOM CEUEeHMH COMJa yCTAHAB/MUBA-
eTcA JaBjeHHe, paBHOe AABJEHHUIO CPeabl.

Ecau e CKOpOCTb MCTEUEHH: AOCTHI-
HET CKOPOCTH 3BYKa (KPHTUYECKOH CKOpO-
CTH), TO CKOPOCTb ABHXXEHWA rasa B Bhl-
XONHOM CeueHUN M CKOPOCTb pacrnpocTpane-
HWA AaBjieHdAsi G6YAyT OnMHAaKoBbl. Bosua
paszpexeHufl, KOTOpas BO3HHKAET MpH
pajibHefdleM CHHIKEHMM [aBJEHHs cpeflbl
34 COMJOM, HE CMOXET PAaclpoCTPAHHThCH
NPOTHR TEYEHUS B COIIE, TAK KAK OTHOCH-
TeqbHA® CKOPOCTh €€ pacnpocTpaHeHus
(a—c¢) Gyaer pasHa wuynw. [losromy Hu-
KaKoro nepepacrpeieserus AaBjJeHHH He
IPOM3OHIET M, HECMOTPA HA TO YTO jldBJe-
HHE Cpejibl 32 COMJOM CHH3WAOCh, CKOPOCTh
HCTEUEHHsE OCTAHETCH [pexxXHeH, PaBHOH
CKOPOCTH 3BYKa Ha BBbIXOJAE M3 COILIA.

MakcHManbHbIiA CeKYHAHBIH pac-
X0 rasa 1pM  KPHTHUYECKOM  3Haue-
HUM B¢ MOXKHO OTIpEJeNUTb U3  YpdB-
HeHdst (5.17), ecin B HETO ULOACTABHTH
Bup— [2/(k+ 1) */*~ . Torna

2k P 2 N\
RET o, <IT+‘1> ‘

(5.20)

MakcHMa/bHbId CEKYHAHBIK Pacxomi on-

peﬂeﬂHETCH COCTOsSIHNEM Tada3a Ha BXoac

B COMIO, BEJHUYMHOH BBIXOLHOrO CCYeHHs

conna Fuu W TOKazaTenem aguadathl rasa,
T. €. ero NpUponoH.

Myp= FMMII
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Bce npHBeAcHHBIE COOTHOWIEHUS NpH-
6JHKEHHO CMpaBeluBbl M /i HCTEYEHUS
M3 HEeNpOdHJAHPOBAHHbIX ClIELKABHO COM,
HAlpUMepP U3 OTREPCTUA B COCYALE, HAXOAA-
wemesl noa aasiennem. CKOpPOCTh HCTeue-
HUSI U3 TAKHX OTBEPCTUH He MOMERT IPeBRH-
CUTb KPUTHUECKYIO, OMpeenaeMy gopmy-
Ao (5.19), a pacxon He MOMKeT ObITh
6oabuie onpeneasemoro no (5.20) npw Jjio-
6oM pasaenun 8 cocyae. (Ma-za 6oabuinx
NoTepb HA 3aBUXPEHHS B ITOM CJyuae pac-
X0/l BbiITEKALLLero rasa 6yaeT Mexbllle pac-
CYUHUTAHHOrO N0 PUBELCHHbIM GOpMynam).

Yr1o6bl MOJYUHTL HAa BBIXOAE U3 Colid
CBEPX3BYKOBYIO CKOPOCTb, HYXKHO [PHAATh
eMy crelHajbHyIo GopMy, UTO BHAHO H3
ciaenywoulero naparpada.

G40 OCHOBHDLIE 3AKOHOMEPHOCTA
TEHEHAY T ASA
B COINJAX W j[LdddyY30PAX

B cooTBercTBHM ¢ ypaBHEHHeM Hepas-
PHBHOCTH MoToKa (5.1) B cTaUNOHAPHOM
pexumMe

F=mu/c. {5.1a)

CeKYHAHbIA MaccOBbI pacxal m O4H-
HAKOB [/i BCEX CCUCHHH, NO3TOMY H3IMEHE-
HMe TJiomanu cedyedua F groab conna (mo
KOOpIHHATE x) ONpelenseTcsi COOTHOLIeHH-
€M MHTEHCHMBHOCTEH BO3DACTAHHA YARAbHO-
ro obbema 1aza v 4 ero CKOPOCTH C. Ecan
CKOPOCTh  YBeJIMYHBAETCH ObICTpEE, ueM
yneqnshbiii o6bem (dc/dx>dv/dx), To co-
A0 JAOJKHO  CYXHBATbCH, ECJAH  XKe
dc/dx<<dv/dx,— pacluupsaTbes.

Bosbmem auddepeHuHansl OT J1€BOH
¥ npasoil uacted ypaBHeHHs (5.l1a) npu
YCJIOBHH m = const:

dF =m (cdv —vdc)/c*. (5.21)
Paspeaus (5.21) ua (5.1a), noayuum
dF/F=dv/v—dc/c. (5.22)

[lpu agpabaTtHOM PaBHOBECHOM PACLIM -
PEHHH UAEAbHBIX TA30B CBA3b MEXKAY LaB-
JEeHHEM M O6'BEMOM ONUCHIBACTCH ypaBHe-
uvem (4.16) pv* =const.

OnbiT NnoKaisblBacT, UTO C H3BECTHLIM
NPUOAHKEHHEM 3TO YPABHEHHE IPUMEHUMO
M K 41HabaTHOMY MPOLECCY BOASHOIO napa
(nas neperperoro napa k=1,3).

1 Dk, SN UM T WO



[Tocae auddepeHUHPOBAHUA YpaBHE
Husi aguabaTthl 1Mojayvaem

du 1 d
= 7}77‘ (5.23)
Pasgenup ypaBHeHHe (5.10) wna puv,
Haljaem
A _ g Y 5o
p pu puv ¢

[logcrapus B (5.22) smecto dv/v ero
BbIpdXKeHHe H3 (5.23) ¢ yueroMm (b.24),
NoJay4YHM

dF _( ¢ )
F  \_kpu

PaccMOTPUM [(BUKEHHE Iazd Hepes co-
nno. 1TocKoMbKy OHO lIpeiHa3Haueno A
YBEJIHUCHHHA CKOPOCTH MOTOKA, TO dc>
>0 u anak y dF onpejensercs oOTHOWRHA -
eM CKOPOCTH 110TOKA K CKOpOCTH 3ByKd
B fannom ceuend. Eean ckopocTs MOTOKA
mana (c/a<<C1), BbipdXeHHE B ckobkax
B ypasueHun (5.20) OTpHLATEILHO H dF <<
<70 (comju cyuBaerca). Fcau xe ¢/a>
=1, 0 dF >0, T. ¢ CONNO J0JIKHO pac
UIHPSATBCH.

Ha puc. 5.4 upeicTanieHs TpH BO3-
MOSKHBIX COOTHOIIEHHS! MEMCLY CKOPOCTHIO
HeTEUEHHSE ¢ M CKOPOCTBIO 3ByKa a id
BHixoLe W3 colid. [Ipy OTHOWEHHH AdBae:
nuit - pa/pr<Pw  (puc. 54,a) CKOpPOCTh
JCTEUEHMS MeHblle CKOPOCTH 3BYKa B Bbl-
tekalouleil cpeae. Buyrpu conia cKopocTh
[OTOKa TAKKE BeEsje MeHblle CKOPOCTH
spykd (CnefoBaTenbHO, CcOMI0 NOJIKHO
ObiTh CYKHBAWLUIHMCS HE peeit naune. Jau-
HA cofa BAMAET JHllb HA [OTEPH OT Tpe-
HHS, KOTOpPbIE 3eCh HE PACCMATPUBAIOTCA.

[Ipn Gosee HH3KOM AaBACHHH 33 co-
J10M MOKHO OJIYYHTD pPeXHUM,
u306paxenHbiil Ha PHC. 5.4, 6. B stom cay-
yae CKOPOCTb HA BbIXOJe M3 COMJIA pABHA
CKOpPOCTH 3BYyKa B ppiTeKawlled cpene.
BuyTpu COMJIO TMO-NpeXHEMY AOIKHO cy-
wnBaThest (dF << 0), W TOJbKO B BHIXOAHOM
ceuennn dF =0.

(_Uro6si moayunTL 3a COIUIOM CBEPX3BY-
KOBYIO CKOPOCTH, HYAKHRO HMETL 34 1AM AaB-
a1enue mefblie KPHTHYECKOro (puc. 5.4, 8).
B srom cayudce conao HeoOXOAHMO cocTas

(5.25)

Puc. 5.4. 3aBicuMocTb POPMBI COILTA 0T CKO-
POCTH HCTEUEHHs Co
a — co<<a, 6—ca=a, 8—ca>4a

BUTHL #3 ABYX uacTed — CYKUBAKLLERCH,
rle C<Ca, W pacuipsiouledcst , rie >
~ . Takoe KOMOUHMPOBAHHOE COIIO BIEP-
pbfe GLLIO NPHMEHEHO LIBEACKHM HHXCHE:
pom K. I'. JlaBanem B 80-x roaax mpolaoro
CTONETHS A5 NOJydeHWsi CBepX3BYKOBHX
ckopoctedt napa. Cefuac connia JlaBans
NPUMEHAIOT B PEAKTHBHDBIX ABHraTe1sx ca-
MOJSIETOB M paker. Yroj paculMpenus HeE
poiKeH npesbiuath 10 —12° ,urT06bl HE Obl-
710 OTPbIBA MIOTOKA OT CTEH.

[IpH WCTEUEHHH rd3a M3 TAKOrO conia
B cpely C AaBaeHnem MeHblle KPHTHUECKO-
fO B CAMOM Y3KOM CEUeHHH comjia ycTa-
HABJIMBAIOTCH  KpWMUeckuHe  AABACHHE
n ckopocTh. B pacunpsiowefica Hacaike
11POMCXOHT AanbHeilluee yBENHUEHHE CKO-
POCTH H COOTBETCTBEHNHO NALEHHE JAaBJeH 1A
HeTekawluero raza ao gapJjerust BHeUlHel"’i
cpenp.d

PaccMOTpHM Tefepb ABHXKEiHie a3a
uepea auddysop — Kanal, 8 KOTOpPOM AaB-
Jende TOBBILIAETCH 34 CUET yMEHbIUCHHS
CKOpPOCTHOrO Hanopa (de << 0). M3 ypapue
uust (5.25) caeayer, uTO ECIH c/a<< 1, 10
dF >0, T. €. €cit CKOPOCTh rasa 1pH BXO/€
B KaHAaJ MeHbLIe CKODOCTH 3BYKd, TO -
{py30p AOMKEH PACIIKPATLES 1O uanpdsJe-
HHIO JBUIKEHHS ra3a TaK e, KaK NpH Tede-
unM HeckHumaemod kuaxocTH. Ecan ke
CKOpOCTb Fa3a Ha BXOAE B KaHAJ 60/bl1E
CKOPOCTH 3BYKa (c/a>1), To anphdysop
nomxen cyxuparbes (dF<0).

34, PACHET MPONECC W R ENTIE
¢ HOMOULE ) ho- JIMATEAMMOG!

U cTedenne Ges Tpenus. Tak Kak BO-
JSIHOM map He SIBASETCA HeanbHbIM rasoM,

49



h &
&7 Zy=const
- /71_.__._
S
_L p =]

2 <
\ 7 z

hy 7 ¢

§

Puc. 5.5. [Tpoueccnl paBHOBECHOTO H HePaBHO-
BECHOrO pacliMpeHUst mapa B COIMJe

pacyeT ero HCTeYeHHs Jyulle BhIMTOJAHATH
HE 110 AHAJNHTHYECKHM ¢GOpMYyJaM, a C Mo-
MOLLbIO A,S-AHArpaMMAL

[Tyctb nap ¢ HadanbHBIMM Napamerpa-
MH p(, {| BLITEKAET B Cpely C AaBJEHHEM ps.
Ecnn norepu sxeprun Ha Tpenue npu asH-
XKEHHH BOJSAHOrO Napa Mo KaHaly H Temio-
0TJa4a K CTEeHKaMm comia npeHeGpeXxumo
MaJibl, TO MPOLECC HMCTEYEHHS] MpOTeKaer
MpH NOCTOSIHHON SHTPONMM M H306paxaer-
CAl HA A,s-AMAarpaMMe BEPTHKAJbHON mOpS-
Mol [-2 (pHe. 5.5).

CKOpOCTb HCTEYEHHSl paccuuThBaeTcs
no gopmyae (5.13):

c=\2 (h, —hy)=~[2Ah,,

rae h; ompejensieTcsl HAa MepeceYeHUH JiH-
HHIA py U £, @ hy HAXOHUTCSA HA nepecedeHuu
BEPTHKAJ/HY, IPOBEACHHONH H3 TO4YKH 1, ¢ U30-
6apoit p, (touka 2). Ecad 3HaueHus 3u-
TalblHi NOACTABAATL B 3Ty dopmyay
B KIX/Kr, TO CKOPOCTh HcTedeHHs1 (M/c)

NpHUMeET BHI
c=44,7 \/h; —h,.

JeiicTBHTENIbHBIA NpOUECC HCTEYEHHS.
B peanbHBIX ycN0OBHAIX BCJEACTBHE TPEHHS
NOTOKA O CTEHKH KaHaja npouecc Mcreue-
HHS OKas3blBaeTCs HepaBHOBECHbIM,
T. €. IPH TEYEHUH rasa BbIAe/AETCHA TeMm1o-
Ta TPEHHSI U MOITOMY 3HTPONHA pabouero
Teja BO3pacraer.

Ha pnc. 5.5 HepaBHOBecHbIH mnpolecc
aaMabaTHOro pacllupeHns napa H306paxxeH
YC/I0OBHO WITPUXOBOH auuued [-2/. TIpu Tom
Ke nepenage AasieHuid p,—p, cpabarhl-
BaeMasl Pa3HOCTb 3HTANbNHA h —h, =Ah
nosyuaerca MeHblie, yeM Afly, B pe3yabra-

(5.26)
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Te Yero yMeHbLUAeTCA W CKOPOCTb HCTede-
HUA ¢y, PH3HUECKH 5TO O03HAYaeT, UTO
4aCcTb KHHeTHYeCKOH HeprHH MoToka H3-3a
TPeHHs IePeXO/IHT B TEMAOTY, @ CKOPOCTHOM
Hanop cj,/2 Ha BBIXOJlE H3 COMIa NoJyYaer-
Cfl MEHbIlle, YeM MPH OTCYTCTBHH TpeHHs.
[loTeps B connoBOM annapate KHHeTHYe-
CKOHM SHEPTHH BC/EACTBHE TPEHHSI BbIpaxa-
eTca pasHocTeio Ahy—Ah=h, —h, Or1-
HOILIEHHe NoTeph B COMJE K pacnojaraemo-
MY TenjonafeHMIo Hasbsaercs Koapduum-
€HTOM [OTepPH 3HEepPrHu B conde £

Ee=(Ahy— Ah)/Ahy =1 — Ah/Ah,,.

(5.27)

Buipaszus w3 (5.27) peflcTBHTENbHOE

TenJjonajeHHe yepes pacnonaraemoe Ah=

=Aho(l —&) ¥ noacraeuB ero B (5.26),

NONY4YHM GOpPMYAY AJA NOACYEeTa AeHCTBH-

Te1bHOH CKOPOCTH aaHaGaTHOrO HEPaBHO-
BECHOr0 HUCTEYEHHS:

ey =44,7 \[1—&,) Ahy = 44,7qc \[ARy.

Koad@HuueHT ¢, Ha3uiBaeTcsi ¢ K 0 p 0-

CTHBH M KO3PpPHUHUEHTOM CoO-
naa CoBpeMeHHAs] TEXHHKA M03BOJSET
CcO314aBaTh XOPOILO cNpOQHUINPOBAHHBIE

H 06paboTaHHble COMIa, ¥ KOTOPBIX Q=

=0,95+0,98.

-
5.5, APOCUEJIMPOBAHUE TA30B
HTAPOB

TN

Ha onnTta u3BecTHO, UTO €c/id HA NyTH
JABH)KEHHS ra3a WK napa B KaHaje BCTpe-
4yaercsl NPEeNATCTBHE (MECTHOEe CONMpOTHBJE-
HHE), YaCTUUHO 3arpOMOXAAI0LILee nonepe-
YyHOe ceueHHe TMOTOKa, TO AABJEHHe 3a npe-
NATCTBMEM BCerja OKa3blBaeTcsl MeHblie,
4yeMm neped HHM. ITOT NpOLECC YMEHbLIEHHS
AABJ/IEHUS, B HTOre KOTOPOrO HET HH yBe/H-
4YeHUS KHHeTHYecKOM 3HepruH, HH coBep-
IIeHHSI TeXHHWYecKOH paboThbl, HA3bIBAeTcH
ApOCCeNHpPOBAaHUEM.

PaccmoTpum Teuenue pabouerc rtena
CKBO3b MOPHCTYIO NEPeropoaky (puc. 5.6).
[TpuHsiB, 4TO pApoOCCeNHpPOBAHHE NPOHCXO-
AHT 6e3 TensicobMeHa ¢ OKpyxawieh cpe-
JIOH, pAacCCMOTPHM H3MEHEeHWEe COCTOSHHS
pabovero Tesa NP NEpPEeXOne H3 CEYEHHs
I B ceuenue /I.

CornacHo ypasHenuio (5.11) Ay=ha+
+(c5—c?)/2, rae Ay v Ay — 3HaYeHHs 3n-
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Puc. 5.6. [lpoccenuposauue pabouero Tena 8
MOPHCTOH neperoponke

Tanbnuk B ceuenuax [ v [[. Ecan ckopocetH
[I0TOKa 0 H MOC/e [1OPUCTOH Neperopoiky
JOCTaTOMHO Majbl, Tak uto ¢3—ci~0, 10
hi=h,.

Hrak, npu agnabaTHOM ApOCCEgHPOBA-
HHM paGouvero Tejla ero 3HTa/blHs 0CTaeT-
csl MOCTOAHHOM, jAaBjienne najgaer, o6bem
YBeJHUHBAETCH.

BoisicHuM  Tenepb, KakK H3IMEHSETCA
B npouecce agnabaTHOro [poccendpoBa-
nusi Temnepatypa. [lockoabKy A=u-+puv,
TO W3 paBeHcTBa A =Ahy noJyyaem, uTQ
w+pvr=us+ pave, HAH Uy —Uug=
= Pola— PU1.

[ast aeanbHbIX rd30B B COOTBETCTBHUH
¢ (2.32) ho—hi=c,(ta—t), 103TOMY
B pesy/jbraTe [pOCCEJIHPOBAHHA Temnepa-
Typa MAeajJbHOr0 rasa OCTaeTcsl MocTOAH-
HO#, BCJEACTBHE UETrO ¢y =1ug H P |V ==Pols.

Tpu ppoccenrpoBanHuy peabHOro rasa
temnepatypa Mensietcs (3dpext [Ixoy-
na — Tomcona). Kak (10ka3biBaeT OIbIT,
3Hak u3MmeHeHus temnepatypol (dT/dp)a
AAA OJHOCO W TOrO XKE BELLeCTBA MOXET
6biTb monoxureasibim ((dT/dp)n >0, ras
NpH ApOCCENUPOBAHUU OXNAXKAAETCS) H OT-
pHUATENbHbIM ((dT/dp)n<< 0, ras
yarpepaercsl) B pasaudHbIX 06JacTAX CO-
CTOSHHS.

CocTosiHHe ra3sa, B KOTOpOM
(dT /dp)a=0, HA3LIBAETCA TOYKOH HH-
Bepcuu 3pdpekra [dxoynsi — Tomcona,
a TemnepaTypa, [pH KoTopo# 3¢dext me-
HfleT 3HaK,—TeMinepaTypo# HUH-
Bepcun. Jlos Bogoposa OHa PpasHa
57 °C, pas reaua cocrapaser — 239 °C
(npu armocdepHoM AaBIECHHU).

AnuabaTHOe ApocceqUpOBAHHE HCIIONb-
3yeTcA B TEXHUKe [TOJYUEHHH HUIKHX TeM-
nepaTyp (HMXKE TEMNEpPaTypbl UHBEPCHH)
n oxmuxenust razos. Ectectsenno, 4to 10
TemnepaTypbl HHBEDCHH Ta3 HYXKHO OXJa-
JIHTb KAKHM-TO JPYTHM CIOCOGOM.

Ha puc. 5.7 yc10BHO MOKa3aHO H3MeEHE-

HHE NapaMeTpoB fIpH JAPOCCeNHPOBAHHH
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Puc. 5.7. [IpoccendpoBande HIealbHOro rasa

(a) u popsisoro napa (6)

MLeajbHOrO rasa H BOASIHOrO napa. YcioB-
HOCTb H306paeHHA COCTOMT B TOM, 4TO
HepaBHOBECHLIE COCTOAHHA Helb3A u3obpa-
3HTb HA AMArpaMMe, T. €. MOXHO H30Gpa-
3UTh TOJBKO HAUAJbHYIO H KOHEUHYIO TOYKH.

[1Ipu ApoccesinpoOBaHHH H/eaJbHOTO ra-
3a (puc. 5.7, a) TemMnepatypa, Kak yxe ro-
BOPMJIOCh, HE MEHFeTcs.

N3 h,s-guarpaMmbl  BHAHO, 4TO TNpH
aavaGaTHOM [pOCCENMPOBAHMM KHNALLEH
BO/JbI OHA MpeBpallaeTcs BO BAAXHBIA nap
(npouecc 3—4), nprnuem uyem Gofblue na-
paeT jaBJjeHde, Tem OGoablle CHUXKaeTcH
TeMneparypa rnapa M yBeauM4HBaeTCHd cCTe-
nenb ero cyxoctu. [lpy apoccenupoBaHyH
napa BbICOKOTO [aBJEHHA M He60/bLioro
neperpesa (mpolecc 5—6) nap chauana
NepexoaMT B CYXOH HACBILLEHHbIH, 3aTEM BO
BJ1AYXKHbIH, MOTOM CHOBA B CYXOH HAChILLEH-
Hblil U ONSITh B [ieperpeThii, npuiyeM TeMIe-
paTypa €ro B UTOTe TaKXKe yMeHbLIAeTCH.

[ poccenupoBaHue ABJAAETCH THITHYHBIM
HEpPABHOBECHHIM MPOLECCOM, B pesy/bTaTe
KOTOPOrO 3HTPONHA pabouero Tena Be3pa-
cTaer 6ea moasoaa Tennorhi. Kak u Bcakuht
HepaBHOBECHBIl mpouecce, ApOCCENHpPOBA-
HHe TIPMBOAMT K [OTepe pacrnosnaraemod
paGorul. B 3TOM s1erko y6eaMTbesi HA MpH-
Mepe napoBoro Asurarens. [laa nonyueHus
C €ro MOMOILbID TEXHHYeCKOH PaboThl Ml
pacunosaraeM napoM ¢ MNapaMeTpamu pi
u t,. Jaenenne 3a ABHraTeseM PaBHO p;
(ecain nap BeiGpacbiBaeTcA B atmocdepy,
to pe=0,1 MIla).

B upeanbHOM cjyyae paclUHpEHHE ra-
pa B Jsurareqe fBJAETCA aAuaBaTHbIM
1 M3o6paxaercA B h,S-AMArpamme BepTH-
KaJbHOH JUHMEH [-2 Mexay u3obapamu p
(8 Hawem npumepe 10 MIla) u p;
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(0,1 MITla). B coorsercTBHH C (5.6) co-
BepuiaeMas JBMraTeseM TexHHueckas pa-
GOTa paBHA pa3HOCTH 3HTanbnuil paGouero
Tena A0 M Nocie ABMratedsi: lex=Hhi—~ha.
Ha puc. 5.7, 6 sta pa6ora uzoGpaaercs
orpe3kom [-2.

Ecau nap npeaBapHTenbHO ApOCCeNH-
pyeTca B 3aJBHKKe, Hanpumep, 10 I MlTa,
TO COCTOSIHME €ro nepej ABHraresdem Xa-
pakTepuayercA yxe Toukoit I’ Pacunpe-
Hue Napa B JABHUraTe/e HOALET MPH 3TOM MO
apsamoit [’-2’. B pesysabrare TeXHU4ECKad
pabora aBuraressi, H3obpaxaeman OTpes-
koM [I’-2’, ywmeubutaercss. Yem cuibHee
Apoccenupyetcsi nap, tem Gojblias 1045
pacnojiaraeMoro Tenjoneperana, W3o6pa-
AHaemoro orpeskom [-2, 6e3BO3BpATHO TeE-
psaetcd. [1pu apocceadpoBaHuu [0 AasJje-
HUsT Py, PaBHOro B Hawewm cayuae 0.1 MIla
(Touka [”), map BOBCE TepsieT BOIMOK-
HOCTh COBEPLIKTL padoTy, HOO 10 ABHraTe-
JISl OH HMeeT TaKOe Ke JaBJeHHe, Kak H 110-
cne Hero. J[lpoccennpoBaHne HHOTAA HC-
NOAB3YIOT Adsl  DEryiMpoBaHHA  (yMeHb-
WeHWA) MOLULHOCTH TETIOBbIX ABHraTeNed.
KOHeuHO, TaKoe peryJaMpoBaHHe He3IKOHO-
MHUHO, TaK KaK 4acTb pa6oThl 6e3Bo3ppar-
HO TepsieTcs, HO OHO MHOrAd NPHMEHAETCH
BCJIEACTBHE CBOEH MPOCTOTHL

5.6. TEPMOLHUHAMUYECKHUHA AHAJINS
NPOULECCOB B KOMIIPECCOPAX

Mpoueccol CKATHA B HAEANLHOM KOM-
npeccope. KoMnpeccopom Hasnsa-
eTCA YCTPOUCTBO, NPeJHA3HA4eHHOe OAf
COUTUA U nepemeyerust 2a3os.

ITpuHUKN AeACTBHA HOPUIHEBOrO KOM-
npeccopa Takos (puc. 5.8): NpH ABHKEHHH
IOPLIHA CJ/€BA HAnpaso [aBJeHWe B UH-
JYHAPE CTAHOBUTCH MEHbIEe AABJEHHS pi,
oTKpblBaeTcA BedcbiBalowrit knanau. [lu-
JHHAP 3anofHsieTcA rasoMm. BceacbiBative
H306paxaeTc Ha HMHAHMKaTOpHOH
avarpamme Jauuueit 4-1 Tlpu o Gar-
HOM JABHXKEHHH [OpPIINA  BCACHBAIOLIHA
KJAanaH 3aKpblBAETCH, M 1a3 CKHUMAETCH N0
AuHUW [-2. Jlapiiedde B IWMJIHHAPE YBEJH-
yhBAeTCH [0 TEX HOP, 10K HE CTaHET GOMb-
uie py. HarverarteabHulii Kjianas OTKpbiBa-
eTcsl, W ra3 BbhTaJdkk3aerTcs HOPUIHEM
B ceTb (AHHns 2-3). 3arem uarHeraTellb-
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Puc. 5.8. Unpukatopuasa avarpamma
HOTrO NOPLIHEBOTG KOMIIpeccopa

ujpcanb-

Hbl{l KNaNaH 3aKPhIBAETCA, U BCe TPOLECCH
NOBTOPAIOTCH.

WM HAMKATOpHYIO AHATPAMMY He clieayer
CMellUBaTh ¢ p,u-14arpaMmod, Koropas
CTPOMTCS AJ5 MOCTOSHHOTO KOJIHYeCcTBa Be-
lectTBa. B MHAHWKATOpHOIl Anarpamme Ju-
HHM BcachiBaHua 4-/ n HarHetanus 2 3He
M306paxalT TepMOJHHAMUYECKHE NPOoLec-
CH, TaKk Kak cocTofiHde pabouero Teja
B HHX OCTAeTCH TMOCTOAHHBIM — MEHAeTCH
TOJBKO €ro KOJKHYecTBo.

Ha ckaTue W nepemeileHde | kr ra3sa
3aTpauuBaercsi pa6ora (—lrex), KOTOPYIO
NMPOU3BONMT ABMraTe/b, BPalLaOUIWH Baj
komnpeccopa. OGo3nauum ee yepes [ (lk=
= — lex). A3 (5.8) caepyer, uTO

Py
=

4

vdp. (5.28)

Ha uHaukaTopHoil guarpamme [ u3obpa-
kaeTca naowanbio 4-3-2-1.

TexHuueckass pa6ora, 3arpauynBaemas
B KOMIIpeccope, 3aBHCHT OT XxapakTepa lpo-
wecca cxathda. Ha puc. 5.9 n3o6paxensl

o

Puc. 5.9. Cpasiende paGorbl aguabaTHoro, H3o-
TEPMHUECKOTO H MOJHTPONHOTO CKATHA



uzorepmuuecknit  (n=1), agna6GaTHblil
(n=~F) u MOAUTPONHBIH NPOUECCH CXKATHA.
Cykatie 110 H30TepMe jaeT HAUMEHbHIyIO
AOWAlb, T. €. IPOHCXOAUT € HauMeHbLle#
3atpaToit pabothl, CJ1eA0BATEIbHO, npHme-
HeHde H30TEPMHYECKOTO CKATHA B KOM-
apeccope ABJAACTCH IHCPreTHIECKH Hauobo-
Jlee BBICOJHDBIM.

Uro6pl IPHGAU3HTL [IPOLECC CAKATHA
K H30TEPMHUUECKOMY, HEOGXOAUMO OTBOAHTD
OT CKHM4eMOlro B KOMIpeccope rasa reil-
JOTY. ITO LOCTHIARTCH TTYTEM OXJ1a XK AeHH S
HAPYXKHOI MOBEPXHOCTH LHIAHAPA BOJOH,
nojagaeMoil B pybaulky, o6pasyemylo 1o-
JbIMM CTeHKAMY UnAdHIpa. OnHako npak:
THYECKH CXKaThe rasa ocyliecTaifercs no
MOJMTPONe ¢ floKazaTejem n=1,18+12,
HOCKONLKY AOCTHYb 3HAYEHHR n=1 ne
ylaeTcs.

Pabora, 3aTpauupaemasi Ha TIPHBOA
AeafnHOro KoMiipeccopa, Bee rpolecesl
B KOTODOM pPABHOBECHDI, BhIYHC/AGTCH MO
coothomenuto (5.28). Cunras ras Hiealb-
HbiM ', W3 YypaBHEHHUsl [OJHTPOIIB! (4 22)
noaydaem v=(p\/p)"/" vi ¥

" Y /n
l“ZS(p"') ordp =

) P

|
‘:,,7”4_7 v JUE (n— l)/n— |
== s,

(5.29)

Ecan 0603HAaYHTh PACXOA Taza B KOM-
npeccope uepes m, Kr/c, TO TEOPETHURCKAs!
MOLLLHOCTbL MpHBOAA KOMIIpeccopa ofpeje-
JMTCS U3 YpaBHEHHS

. (n—1)/n -
— P, g, pi —11
Py

(5.30)

Muoroctynenuaroe cxatue. [Lisa noay-
yeHHsl Ta3a BbICOKOTO [ABJEHHA HPHMEH:-
0T MHOTOCTYNEHUATbIe KOMApeCcophl
(prc. 5.10), B KOTOpbIX Tpouece cxKaThs
OCYLLeCTBSIETCA B HECKOJIbKHX MOC/ARA0BA-

' Teopust  KOMIPECCOPHEX  MALIHH, obua-

JAKOULAS TPAKTHYCCKE HPHCMACMOR TOUHOCTBIO,
OCHOBBIBACTCH Hd TCPMUAHIAMAKE WACATLHOCO
ra3a. Halpumep, pacueT RO3LYUNIhX KOMIpecco-
pos Ha pasaesuue 10 10 Mlla no ypasnenuam
WAEANBIOr0 Fa3d AAeT NorPEeUIHoCTL OKOIO0 2%.

Puc. 5.10. Cxema MHOrOCTYIEHUATOTO KOMIIpec-
copa:

| ol - erynenn cKatise, [, 20 - HpUMCKYTOUINE
XOJOAHABITHKA
o g I
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Puc. 511, MHakkatopnas jgxarpaMma Tpexcry-
nesuaroro Komnpeccopa (a) # u306paxeHue

gpouecca CKaTha B T, s-anarpamme (6}

TeJbHO COeJHHEHHBIX IHJIHHAPAX C NpOMe-
JKYTOUHBIM OXJ/lakK/AeHHEM 1a3a 110Cae KdXK-
JOTO C/KATHS.

MugdkaTopHas AuMarpamma TPEXcTy-
[leHuaToOro Kommpeccopa u3o0paxeHa Ha
puc.5.11. B nepBoil crynend komnpeccopa
raa C)KHMaeTcs HO [10NUTpone 10 AaBJACHNA
Py, 34TEM OH NOCTYMAeT B APOMEKYTOUHDIH
XOJNOAMIBHUK [, rie oxjaxpaercs 10 HA-
uanbHou Temnepatypbl Ty. Comporusierue
XOAOMHABHHKA 110  BO3JAYUWIHOMY TP{lKTY
¢ LEJBI0 SKOHOMMH 3IHEPTHH, PACXOLYEMOH
Ha cokarde, 4eJai0T HefoibWHM. ITO 00
3BOJSIET CUHTATh NMPOLECC OXJAXKACHUF ra-
3a u3o6Gapubim. [locie Xo/noAu/bHHKA A3
MOCTyNaeT BO BTOPYIO CTYNEHb H CXKMUMACT-
CHi MO MOAHTPONE 10 Py, 3ATeM OXJAKAAET -
cn g0 Ttemnepatypbi T\ B XOJOLHJIbHHKE
2 ¥ nocTynaer B (MAWHIP Tperbell CTyIeHH
rae COKHMAercs A0 [ABJeHHA P o

Ecin  6bl  npoiecc CxKaTva  OCyLle-
cTBASICA no M3oTepme [ 357,70 pabora
ckaTus Goiaa 6b Mundmanbia. [lpu cxa-
THH B OLHOCTYMIE€HYATOM KOMMpeccope no
JuHuKM [ —9 Beauuuta paboTbl onpejend-
fack 6bi maowagbo 0-1-9-8. Padora Tpex-
CTYNEHUATOr0 KOMIIPECccopa ONpeefserc
anouiaabio 0-1-2-3-4-5-6-8. 3amTpuxoBaH-
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Hasl MJO0LA/lb OKA3bIBAET YMEHbLUEHHE 3a-
TPAT paboTbl OT NPHMEHEHHS TPEXCTYIMEH-
4aTOrO CHKATHUS.

Yem Gonblle ydHcno cTynereil cxaTus
H MPOMEXYTOYHBIX OXJaanuTenei, Tem GJH-
XKe npolecc K HauGojee IKOHOMHUHOMY —
H30TEPMHYECKOMY, HO TeM CJlOXKHee U J0-
poAe KOHCTPYKUHUA KoMnpeccopa. [Tostomy
BOMNpOC 0 BbifOpe yucna crynesedi, o6ecne-
YHBAIOILHX TPeOyemMylo BETHUHHY po, pelua-
€TCH Ha OCHOBAHHH TEXHHYECKHX H TEeXHH-
KO-3KOHOMHYECKHX cO06paxeHu.

[Tpoueccw cxaTua B peanbHOM KOM-
Npeccope  XapakKTEepPH3YIOTCA  HaJdWHuHeM
BHYTPEHHHX TI0T€DPb Ha TpeHWe, MO3ITOMY
pabora, 3arpauuBaeMasl Ha cxaTHe rasa,
OKasbiBaeTcl 0oJiblle pAacCYUTAHHOR NO
ypasHeHuo (5.29).

Ad¢pekTHBHOCTE paboThl  PeanbHOro
KoMnpeccopa  onpefensieTcsi OTHOCH-
TEAbHBIM BHYTPEHHHM K I/,

fIpeACTaBAAIOWMM COOOH OTHOLWEHHE Pa6o-
Tbi, 3aTPAY€HHOH Ha NPUBOA HAEAJbHOro
KOMIpeccopa, K AeHCTBUTEbHOH.

Jl1st XapaKTepHCTHKH KOMIPeccopos,
pabotalumux 6e3 oxaax/ eHus, NPUMEHSIOT
apuabatHbll KITIL nay=1la;/lcn, TRE lag —
paboTa npd pPaBHOBECHOM aauabaTHOM
CXATHH, BbIYMCNEHHAS TI0 YPABHEHHIO
(5.25) npu n=~+; [, — pabora, 3aTpauen-
Haf B peaibHOM KOMIMpeccope MpH CXKATHH
| Xr rasa.

Jas XapaKkTepHCTHKH  OXJa)KAaeMblX
KOMAOpECCOPOB HCITOJAb3YIOT naorepmuue-
ckHl KITA Mua=1lus/lxa, rne lus — pabora
PAaBHOBECHOIO CXKATHA B H30TEPMHUECKOM
npouecce, MOACYHTAHHAA no copmyae
(5.29) npu n=1.

5.7. IKCEPTHSA NOTOKA PABOUYENO TENAA

OnpeneauM BO3MOXHBIH PaBHOBECHIN
nyTh nepexona pabovero Tena B NOTOKE H3
HAYaJbHOIO COCTOAHUA [ ¢ JAaBjeHUeM p,
v Temnepartypod T B KOHeUHOE COCTOAHHE
0 ¢ aaBnennem po H Temnepatypoi Tq OKpY-
xKawleid cpean (puc. 5.12).

Tak Kak paccMaTpuBaeMasi CUCTEMa CO-
JEPXKHT TOJNbKO OfHH HCTOUHHK TEMJOThI
(OKpYKaLyI Cpesy ¢ HEH3MEHHOH TeM-
nepatypo#t Ty), To paBHOBecHBIH mpouecc
MOXHO TMPEACTABUTL cebe NHOO NpH OTCyT-
CTBHH Tena006MeHd Mex Ay NMOTOKOM H cpe-
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Puc. 5.12. K onpegenenuto 3xcepriu notoka pa-
6ouero Tena

Aod (apuabaTHOe paclUMpPEHHe HJH CXKa-
THEe), JAW60 NpH HaAMuHK TenaooGMeHa
MEXY MOTOKOM H cpenol, HO o6si3aTelib-
HO npu temneparype Ty (M30TepMuueckKoe
pacuiMperdse HaM  cxaTtde). Bo Bcex
OCTaJIbHBIX TpoLeccax HeuaGexmHo Oyaer
MMETb MECTO TennoobMeH MexKAy paGouum
TEJOM H CpPefloil NpH KOHEeYHOH pa3HOCTH
TEMNEPaTyp MU PABHOBECHBIH nepexoa cra-
HET HEBO3MOMHBIM. 3TO 3HAUMT, UTO €JHH-
CTBEHHBIM BO3MOXKHBIM MNYyTeM mnepexona
K DaBHOBECHIO C OKpYyxaiolled cpeaoH se-
JfeTca agnaGaTtHoe pacllupedHe 10 po, Ty
M OC/IEAYI0LIee H3OTEPMHYECKUE PACLIHpe-
HHEe (WJIN CXKATHE, eC/iH TOYKA 2 OKaXKeTCH
npasee TO4kH 0) no po, To. B nocaegnem
npouecce paboyee TeNO OTHUMAET OT Cpe/bl
TenJ0Ty qo=7To (So—S2). Ha puc. 5.12 ona
“306paxkeHa 3alITPUXOBAHHOH naowan-
koi. Tak kak [-2 — apuabara, TO S;=s,.
Torna go=7To (so—s$1).

CorlacHO ypaBHEHHIO NMEepBOro 3aKoHa
TEPMOAHHAMMKH A7 motoka (5.3) B cay-
4ae, KOTAA C9=C{ H anew==(qo (MOCKOJbKY
npouecchl PABHOBECHBL), § == ho— h( 4 (Y35,

[ToacTaBHB BhipakeHHe A5 g B IPERbi-
Aywyio ¢GopMyay, noJydum

e=02=h —hy—T,(s,—sy). (5.31)

Tex

Beanunna [S° ectb MakcuManbnas

yaenbHasi TexHudeckast paboTa, KOTOpyio
MOXKET COBeplINTh pabouee Teno B TOTOKe
B NpOLECce PABHOBECHOrO MepexoAa H3 Co-
CTOsINMSL Py, T1, B KOTOPOM IHTPONHUA paBHa
$1, @ 3HTalbhua Ay, B cocTosuue po, Ty
¢ 3HTponHe# So M 3HTaJbNUEd hy. OHa Ha-
3blBa€TCA MaKCHMaJdbHOHW paboro-
CNOCOBROCTbLIO HIH 3KCceprHed
notoka pabovero Tena M obo3Hayaercs
OyKBoO# e.



M3 u3noxeHHOro ACHO, 4TO IKCEPTHS,
T. €. MAKCHMAaJbHas paboTa, KOTOPYIO MOX-
HO MOMYUUThb OT pabouero Tena B MOTOKE,
KaK MPaBuUIq, He paBHA pacrnojaraemomy
Tenaonepenany fi,—hy. B nexoropeix cay-
yasix, Kak B  HU300paKeHHOM Ha
puc. 5.12 npumepe, OHA OKa3blBaeTcs 60/b-
e pacnosaraemMoro Temjonepenaga 3a
cYeT TemIoThl, oT6HpaemMol pabouum TeN0M
OT OKpyxatoue# cpenbl. B apyrux cayuasx
(korpa so<<si;) OHA O6yAeT MeHbLIE, ueMm
hy—hq.

Akceprus e=h;—hy—To(s1—sa) 3a-
BHCHT OT MapaMeTpoB Kak pafouyero tena
hi, s, Tak W okpymxalwouleit cpeanl po, To.
Onnako ecjd [apameTpel OKpYyXKaiouied
cpeabl 3aAaHBl (4alle BCEro MPHUHUMALOT
To=293 K, po=100«klla), Tto 3kcepruw
MOXHO paccMaTpHBaTh [POCTO KakK QyHK-
UK COCTOAHUS paGouero Tena. ITowsiTue
IKCEPTHS MOJNE3HO MPH aHAJNM3E CTENEHH
TEPMOAHHAMHUECKOrO0 COBEPLIEHCTBA Tel-
JIOBbIX annaparos.

[TpoHaMOCTPUPYEM 3TO HA CAeLYIOUEM
npumepe. [IpeactaBum cefe, 4TO B anmapar
noTok paBouero Tesaa BXOAMT C YAENbHOI
3Kceprueil e, a BLIXOAHT U3 HEro C 3Kcep-
THeil eq, NpHUeM B anmapate paodee Tesio
COBEpLIAeT TeXHHUecKylo pabory ... Ha-
CKOJIBKO COBEPLIEHHO MpOTEKaeT TEPMOAH-
HamHuecKHil mpolecc B arnapare?

Kaxablit kugorpamm pabouero tesna ao
annapara [OTEHIHAJbHO MOXKEeT CcoBep-
IIHTb MaxkcHMaJjbHylo paborty e), a mocie
annaparta e;. 3HAudT, Opoias annapar,
pafouee TeNO «NOTepsaO» uacTe paboTto-
€noco6HOCTH, paBHYIO €3 — 2. Ho 11pH 3TOM
6bl1a coBeplUeHa TeXHHYecKan paboTa lrex.
Takum ofpa3om, «udctafa» norepa pabo-
TOCMOCOGHOCTH B amnmapare

Al:(el ——62)_ITCX< (532)

3Ta norepsl MOXKET NPOUCXOAHTL TOJbBKO
M3-32  HEDABHOBECHOCTH  [POTEKAIILUX
B annaparte mpoueccoB. HeMm 6Gosbine He-
PABHOBECHOCTb, TeéM OoJblie Al ¥ MeHbule
noneanast pa6ora lr... Ecan Bee npoucxoast-
lMe B annapare fpouecchl PaBHOBECHBI, TO
Mbl MOMyYdeM MAaKCHMAJbHO BO3MOXKHYIO

B JaHHBIX YCNOBHSIX pabory:

[yoe =21 —&,. (5.33)

Make —

Ecau 8 Tensosoft annapart, 1poH3Bois-
WHH 101€3HYI0 PaBoTy lrex, BXOAHT MOTOK
pa6Gouero Tesa c¢ napamerpamu p, T
M NOABOAMTCH TEMJOTa ¢ OT HCTOYHHKA
¢ temnepatypoit Tux, @ H3 anmapara Bhl-
XOAMT MOTOK pafouero Tesa c fnapaMerpa-
MU po, Ta, TO noteps pabBoTOCMOCOBHOCTH
COCTaBHT

Al={ (e, + )=y ]~ Lrexr (5:34)

FA€ €nx H Cuwyx ONPEAEJSAIOTCH N0 GOpmyse
(53[), a e,=4q\ (1 — TO/TMCT)-

B BhipaxkeHHe BeqMUHHB Al BXOAAT NO-
Tepd paboTocnocOGHOCTH, 06YCAOBAEHHBIE
TPeHHEM H TEMI0OGMEHOM MNpPH KOHEUHOH
pa3sHOCTH TeMmNepaTryp, a TaKxe NOTepH
TENJOTHl annapaToM BCJAEACTBHE TEMI006-
MeHa ¢ OKpyxalouled cpeloH.

Jlna KoJuuecTBEHHOH OLEHKHM CTENEHH
TePMOAHHAMHYECKOrO COBEpILUEHCTBA Tel-
JNIOBOTO ABHraTedss HCIOAb3YeTCst 3 KCep-
retvyecku il KIIJI, koTopbiii HMeeT BH]

Nake = l'rex/(enx +eq _— eﬂHx) . (535)

Konrporeusie gonpocet u 3a0a4u

5.1. OnpenenuTb TeOpeTHYECKHE 3HAYEHHA
CKOPOCTH HCTEUEHHS H PAacXORa BO3AyXa, BbiTe-
KaiolUlero H3 BO3JAYXONPOBORA 4epe3 OTBEPCTHE
adameTpoM 5 MM B aTMocdepy. MabuiTouHoe nas-
seHpe B Bo3ayxonposoze 0,2-10° [a, Temnepa-
Typa 20°C. DBapomerpuueckoe  jgaBjeHue
758 MM pr.cT.

5.2. Bo CKONBKO pa3s H3MEHHTCS TeopeTHye-
CKafl CKOPOCTb HCTEYEHHS! CYXOrO HAaChIUU(EHHOrQ
napa (p,=4,5 MIla) B aTmocdepy, ecan cyxu-
BaloUleecs COMJIO 3amMeHHTb conjaoM JlaBans?
TpeHue B comje He yUHTLIBATh.

5.3. 3a cuer 4Yero npH JApPOCCENHPOBAHHH
napa a1060ro COCTOAHUS NPOHCXOAHT YBENHYRHHE
3HTPOMHHU?

5.4. MoxHO M B pesyabTaTe ApPOCCENHPO-
BAHWA CYXOrO HachIULEHHOrO Mapa BHOBb MOAY-
UHTb CyXOH Map MeHbLIEro AaBACHUSA?

5.5. Komnpeccop cxumaer 100 m*/4 Boany-
xa temneparypolt ¢ =27 °C oT AaBjeHus p =
=0,098 g0 p.=0,8 Mlla. Onpenenutb mouL-
HOCTb, HEOﬁXO}lMMle AJIA MpUBOAAa HAeaJbHOTO
(6e3 norepb) KOMMpeccopa, CUMTAS CKATHE H30-
TEPMHUUECKMM, aiHabaTHUECKHM H [MONHTPONHBIM
¢ MoKasateneM MnojuTponbl n=1,2.



nasa wecras

LMK Aibi TENJIOCUNOBLIX YCTAHOBOK

i1 TEPMOJLMHAMHYECKAY
AAGTETHRHOCTD ITHKTOR
TEONOCHANOBBIX YOTAHDBOK

Kak nokazauo B § 3.3, HauGosbiuui
tepmudeckuft KI1J1 B 3ananHOoM juanasone
remnepatyp umeer unkn Kapwo. [lpu ero
OCYLLECTBJEHHH [PEANOoNaraeTcs HCnodb-
30BaHUE FOPAYETrO UCTOURHMKA C MOCTOAHHON
TemnepaTypol, 1. €. haKkTHYeCKH C 6ecKo-
HEeuHOH TenIoeMKocTbhlo. Mexay TeM Ha
npaKTuKe B pab0Ty npespaliaercs renaora
NPOAYKTOB CrOpP@aHusi TOMJHBA, TEIIOEM-
KOCTh KOTOpbIX Koneuna. Oraasas Tersory,
OHHM OXJAXKAAIOTCA, MO3ITOMY OCYLICCTBHTH
M30TEpMHUEcKoe pactuupenHe paGouero re-
Ja NpH MaKCHMa/bHOH TeMnepartype rope-
HUA He yaaetcA. B 3THX yeaoBHAX HeoGXo-
AMMO YCTAHOBMTH OGILME MPHHUMIIBL, ONpe-
peasiowe HanGOIbIYI0 TEepMOIMHAMHYE-
cKy10 3QPEeKTHBHOCTD TEMJOCHAOBOrO LHK-
Ja, B 4acTHOCTH, ¢ 103MuM#i  noTepH
3KCepruy.

JKcepreTHUECKHH H TePMHUECKHA KO3}-
(ULUHERTHI TONE3HOr0 ACHCTBHA MO3BOAAIOT
OLEeHHBATb TEPMOLHHAMHYECKOE COBEPILEH-
CTBO MPOTEKAloILUX B TEMJOBOM annapare
MPOLECCOB ¢ Pa3HblX cTOPOH. Tep MK ue-
ckni KIIJ, aTakke cBS3aHHbIHA C HUM
MeTOnd TenJoBbx OGajJaHCOB
M03BOJSAIOT MPOCJAEAHTb 38 [IOTOKAMH Tefl-
NOTHl, B UACTHOCTH PACCUUTaATb, KaKOe KO-
JIMUECTBO TEIIOTHl NpeBpalllaeTcd B TOM
WM HHOM anmapare B paboTy, a Kakoe
BHIGPACHIBAETCA C HEHCONb30BAHHbIM (HA-
NpHMep, OT12ETCA XOJOLHOMY HCTOUHHKY).
[Morexuuan 3Toil cHpacbiBAEMOd TENJOTH,
ee cnocofHOCTL ellle COBEPLUMTH Kakylo-
AH60 mnoJesHyilo paboTy METOA TEnJOBbIX
6asiaHCOB HE paccMaTpHBAET.

DKcepretTHuecku MeTOJmI,
Hao60poT, M03BOJAET MPOAHANH3HPOBATH
KauecTBEHHYIO CTOPOHY Npouecca npespa-
LIlEHHA TemjaoThl B paGoTy, BbIIBHTb MpH-
UMHBl M paccuMTaTh 0TEpH paboTocnocob-
HOCTH MOTOKa pabouero Teja M TemaoThl,
a 3HAUYMT, M IPEUIOKHTE METOLbI UX JIUKBH-
IALLMH, YTO MO3BOJIHT YBEJHYUTh 3Kcepre-
tuueckuil KITJ1 u 3ddexTuBHoCcTh paGoThl
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ycranoskd. [1osToMy B fasbHehilem and-
auze 3p@exkTUBHOCTH paboThi TeIUIOBbIX
yCTaHOBOK Mbi 6y 1eM Mapajedabio noab3o-
BATbCS KAK IKCEPreTHUeCKMM MEeTONOM, TaK
H MeTOA0M 6a/aHCOB TENAO0Th.

HasnaueHuem TENJIOCHAOBBHIX YCTAHO-
BOK SIBJSIETCS POM3BOACTBO NOJE3HOH pa-
B0TH 33 CUET Tem10Thl. McTOuHUKOM Terl10-
Thi CJAYXHT TOIIHBO, XapPaKTepH3YIOULEecs
onpeaeaenHoil TENIoTol cropanns Q. Mak-
cumanbHas nonesuas padora Luake, KOTO-
PYIO MOKHO NOAYYMTb, OCYLIECTBASS 0
6Yi0 XHMHYECKYIO peakiuio (B TOM HHCAE
W peaki(Mio TOPEHHA TOIHMBA), ONpeesi-
erca cooTHolennem né6ea (1839—1903)
u Teabmroabua (1821—1894), noayuae-
MbBIM B XMMHUYECKOH TEePMOAMHAMHKE:

LMau('=Q+Td LM.’:\K(‘/dT- (61)

Ara pabGora MoXKeT GbITb MEHbLIE Tell-
JOTHI Cropanus Q, a MOXer Ob(Tb H 60Jb-
ue, B 3aBUCMMOCTH OT 3HaKa dlyae/dT.
Pacuerbl MoKa3biBAOT, YTO AJsl GOJbIIHH-
CTRA MCKOMAEMBIX TOMJHB Lyakc = Q. TaKuM
06pa30M, IKCEPrua OpPraHHueckoro TOMIH-
Ba (B pacuere Ha €AHHHLY €TO Macchl)
NPUMEPHO DPaBHA TErJOoTe ero Cropanud,
T. €. TEopeTHYeCKH B paGOTy MOXHO npe-
BPATHTb BeCb TeMOBOR 3(PdeKT pearuuy,
HanpHMep, B TOTUIMBHbBIX 31€MEHTAX. Dusu-
WecKH 3TO TMOHATHO, TOCKOJbKY B CBOeil
OCHOBE XMMHYECKas peakiiMsd CBA3aHa C ne-
PEXONOM 3JMEKTPOHOB B BELLECTBE; OpraHH-
30B4B 3TOT MEPEXOM, MOXKHO Cpasy Mody-
YHTb 3JEKTPHUECKHH TOK.

B TenJiocMJOBBIX YCTAHOBKaX SHEPTHHA
TOMJIMBA cHadaja TpeBpallaeTcs B TemIo-
BYID MyTEM ero CXHraHua, a NofyyeHHas
TENAOTA HCMOoJb3YyeTcs AIA BoipaGoTKH Me-
xanuueckoit aHepriuu. [lockonbky rope-
HHe — HepaBHOBECHBIH Mpollecc, OH CBA3AN
¢ motepeit paGoTOCNOCOGHOCTH TeM GOMb-
weii, 4em HHKe Temnepatypa T, nogaydae-
MbIX MPOAYKTOB CropaHusl. [LedCTBHTRNbHO,
U3 ¢gopmyan (5.31) BUAHO, YTO 3KCEPTHA
pafouero Tena B IOTOKE e BO3pacraer
¢ yBeauuenuem h=c, T, Bce Gonee nph-
6aMKasICh 10 Mepe yBenHuenust 71 K Teno-
Te peakuuy. B coBpeMeHHbIX NapoBbIX KOT-



Aax, HATpUMep, rie TeopeTHYeckan TeMme-
paTypa ropeuusi JocTHraeT 2000 °C u 6onee,
fI0TepH 3KCEPTHHM MpH COPEHHH COCTABAIOT
20—30 %.

Bhllie yxKe OTMEUaqoch, UTO OCHOBHBI-
MH TIPHUHHAMH, CHHKAWOUWIHUMH 3 PeKTUB-
HOCTb TEMJIOBBIX MPOLECCOB. ABASIOTCS Tpe-
HUe W TEMJQO6MEH TIPH KOHeUHOW pasHOCTH
temneparyp. Bpeanoe BausinHe TPEHHA He
HyXAaeTcA B MOSACHEHHAX. Yrobbl penbed-
Hee TpeACTaBHTL BPELHOE BJIHSIHWE HEPaB-
HOBECHOrO Tenyoo0MeHa, a 3a04HO Npoae-
MOHCTPHPOBAThL PA3HHLY MEXKAY METOAAMH
6a/14HCOB 3KCEPrHH H TeIUIOTH, pPaccMmor-
pUM nepeﬂaqy TernjaoTbl OT OJHOFO TENJOHO-
cHTeasl K JIPYroMy, HanpHmep, oT NMpoayK-
TOB CropaHusi TONIKBA K BOJE H Bapy B na-
pPOBOM KOTJIE.

MpoaykThl ~ cropaHus,  OXJI2XA3ACH
B H3o6apuom npouecce /-2 (pHC. 6.1), or-
AA0T TEMI0Ty Qp=m, (hir— h2), KOTOPEH
3aTpayuBaeTcsl Hd Harpes BOAL (JMHHUA
3-4), ee ucnapense (munus 4-5) W nepe-
FpeB napa [0 HYXHOI Temneparypbi (an-
nust 5-6). Ecain He yuUHTHIBATD TeIJIONOTEPH
B OKPY3KAIOLLYIO CPEY, TO KOIMUECTBO TeIl-
J0Tbl, OTAAHHOW rasamH, OyaeT PpaBHO
KOJUYECTBY  TemJOThl Qu=D (he —h3),
BOCIIPHHSITOH BOJOW H Mapom: Qo= Qn vaH
e (Mo —har)=D (hs—Hhs).

3aech m, W D —- MaccoBble pacxoabl
razoB W napa, a frr, ..., hs — yleqabHble
9HTANLIIMH  COOTBETCTBYIOUWHX  BEULIECTB
B COOTBETCTBYIOLLHX COCTOSHHAX.

Yro6bl H306pa3HTh ONKMCAHHbIE TIPoLeC-
cbl B T, s-aMarpaMme BOJSIHOro napa 8 oi-
HOM MaciiTabe, OTJ0XEeHHble Ha Hel 3Haue-
HHsSl SHTPONMM BOAB W [1apa OTHeCeHbl
k | Kr, a SHTPOIHH TPEIOLHX ra3os — K HX
KoMMuecTRY, NpHxodsiliemycs #a | Kr napa,
T.e. Si=5s+ M/D, sg=s2.m: /D, rpe S0 —
yaenbHast surponusi rasa. s yno6etaa
cpaBHeHHst NPHHATO TakxKe ofllee Hawano
oTcueTa IHTPONHH, T.e. Sach/D=ss
B rakom cayuae naowane [-1-2-2, npen-
crapasiolulas cO60H KOJUYECTBO OF JAHHOM
raizoM TenaoTul, H naowaab 2-3-4-5-6-67,
9KBHBAJICHTHAS KOJNHUECTRY TeIJorbl, BOC-
NPUHATOH 11APOM, PaBHbL APYT APYrY.

MMotok rasa BXOAWT C 3Kceprued
el:l/llr-h'[lr_r(] (sll_—sm_)‘ml/[), a
BBIXOAHT € 3Kceprued e, = lh,.,]_—h[)r—

—T“(sm.—s()l)lml_/D, Tepsid Ha KHAO-
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Puc. 6.1. K pacuery no T, s-auarpamme 3Kcep-
FeTHUECKHX NOTEPD [IPH HEPABHOBECHOM TeMI006-
mete
rpamm napa IKCEPTHIO e —ey=

= [hi — hohoo— To(s1c—$24)] m,/D.

COOTBETCTBCHHO YBEJHUEHHE IKCEPrHH
Kuaorpamma napa ee— es== [s—hs—ToX
X (s6—s3)}]. Tlorepu skceprud npu nepe-
naue Tenaorel |(e—en)—(es—es)]
TapAT

coC-

To(se—sume/D)=Ta(s¢—s1). (6.2)

[pacuueckit 5TH TNOTEPH H300pa)awTCH
3aITPHXOBaHHOR Ha puc. 6.1 1J10ULa JKOH.

PacueTbl MOKa3biBaOT, YTO TONbKO W3-
33 HepaBHOBECHOTO TemN00GMeHa MoTepH
SKCEpPrHH, T. €. paboThl, KOTOPYIO TEOPETH-
HeCKH MOXKHO 6bl10 Obl NOAYUHTb, HCMOAb-
3yfl TEMJIOTY MPOAYKTOB CrOpaHKsl TONIHBA,
npesbiaer 30 %.

6.2, ILMKJIbE HOPLIHEBDIX IBHIATEJEH
BHYTPULHHEDLO CIOPAHHAS

YT106bl HCKJIOUYHTD 3KCepreTHYecKHe 1no-
TepH 3a CueT HEPABHOBECHOIO TensoobMeHa
C rOpPAYHM HMCTOYHMKOM TeMJIOThHI, 1eAeco-
06pa3n0 HCIONb30BATh B KAUECTBE paboue-
ro tejaa rasbi, no.nyqalomuecs{ HpH Cl"Cipﬂ—
HUH TONJAHBA. DTO Yaaercsl OCYLLeCTBHTbL
B JABWratene  BHYTPEHHEro  CropaHus
(ABC), cxurasi TONAHBO HenocpeacTBEHHO
B ero UWAHHLpAaX.

TeopetHueckrh Wk [IBC. coconT H3
agnabatHoro cxkatua [-2 paGouero rena
B IHJAHHApE, M30XOPHOTO 2-% WiH nsobap-
roro 2-7 NMOABOAA TENJOThI, annabaTHoro
pacuinpennst 3-4 HIH 7-4 H H30XOpHOrO
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Puc. 6.2. Hukao ABC:
a — B p, v-Koopaunarax; 6 -- 8 T, s-KoopanHaTax;
8 — cxeéma UWJAHHAPA C MOPLHEM

orsoja rtemnjorn 4-/ (puc. 6.2). B peann-
HbIX [ABHraTeNsaX NOABOJ TERJOThbl Ocylie-
CTBJSIETCH nyTeM cxuranua ronausa. Ecan
napbl GeH3uWHa nepemeuiaHbl ¢ Heo6XoaH-
MBIM A5 FOPEHUS BO3JYXOM 10 1ONA[aHHs
B UHJHHApP, CMECb Cropaer B UWIHHIADE
MPAKTUUECKH MTHOBEHHO, MOLBOA TEMJOTbl
OKa3biBaeTcs GJU3KUM K H3oxopHoMy. Ecan
KE B LHAUHADPE CKHMACTCHA TONbKO BO3/YX
M YK€ 3aTeM BIPBLICKHBAETCS TOMJIHMBO, TO
€ro Mofauy MOXHO OTpPery/JupoBaTh TAKHM
o6pa3oM, uTobbl AABJIEHHE B Npoilecce Cro-
paHus OCTaBajJoCh MPUOIU3IHTENbHO MOCTO-
SIHHbIM, H YCJIOBHO MOXHO TOBOPHTH 00
M306apPHOM MOABOJAE TEIJIOTHI.

Yr1o6bl He AeqaTb UMJAMHAP ABHraTEs
O4YeHb [JAHHHBIM, @ XOL NOPLIHA CJAKUIKOM
GOoJbIUMM, paclUidpeHHe NPOAYKTOB cropa-
Hus B8 JBC ocyuiectsasiioT He 40 arMmoc-
¢drepHoro gaBjeHust p;, @ A0 6oJjiee BbICO-
KOrO JaBJI€HUS1 p4, 4 3aTEM OTKPHIBAIOT
BLIYCKHOH KnanaH 4 BbIGpachiBAlOT rops-
uyue (¢ Temnepartypoi T4) NPOAYKTHI cropa-
uusi B atmocdepy. MsbniTounoe nasaenue
ps—p1 TPH 3TOM TepsieTcs GecroJe3Ho.
B upeanbHOM LHKAaE 3TOT npouecc 3aMeHs-
ercsl U306apHBIM OTBOLOM TEMJOTH 4-1.

OTHOUIeHHe NOJHOro 06bemMa IKAHHAPa
K 06b€MYy Kamepbl CrOpPAHHA HAa3bIBAETCH
CTEMNEeHbIO CXAaTHHA JBHrarelsa e.
[TpuMeHHTENbHO K HAEAJTBHOMY ILHKIY
(cM. puc. 6.2)

e=10,/0,. (6.3)

CreneHb cKaTHs fABJIAETCH OCHOBHLIM

napamerpom, onpeiensioliHM TepMHIeCKHH

58

KITJ uuxkaa. PaccmoTpum  JBa UHMKIA
C OAMHAKOBBIMH TouKamu [ U 4, OAHH H3
Kotopblx ([7-2-3'-4) umeer 60JbUIYIO CTe-
neHb cxatua e, uem npyrod ([/-2-3-4).
BoablueMy 3HAYEHHKIO ¢ COOTBETCTBYeT 60-
Jlee BhICOKAS TEMIIePATYPA B KOHLLE CXKATHA
1-2. CneposaTenbHo, H3oxopa 2/-3" pac-
nonoxena B T, s-adarpamme Bbllle, 4eM
u3zoxopa 2-3. U3 puc. 6.2, 6 8HAHO, 4TO
KONRYECTBO TEMAOTH ¢, MOABENEeHHON
B LMKae [-2-3-4 (maowapb 2°-3'-5-6),
60Jblle, YeM KONHYECTBO TEMIOTH, N0jBe-
AeHHol B uukae [-2-3-4 (maoniagb 2-3-5-
6). KonnuecTBO OTBEJEHHOH TenaoThl ¢
B O6OHX LMKJAAX ONMHAKOBO (miaolaib 4-5-
6-1). Caeposateabno, tepmudeckuil KIT/Q
ni=1—¢s/¢ 6oabuie B unkne [-2'-3'-4.
Tepmuueckuit KI1Jl umnkna peurarens
BHYTPEHHErO cropanus VBE/JIHUHBAETCS
C pOCTOM cTeneHH cxaTua e. HetpyaHo no-
JIYUHUTb aHAJUTHYECKYIO 3aBUCUMOCTb 1, OT
e, HAnpumep, nas LHKJId CO CTOpAHHEM HnpH
=const. TIpy NOCTOSIHHON TEILIOEMKOCTH

q; ¢, (T,—T))
R e
q, ¢, (Ty—Ty)
L @r=nT
(Ty/Ty— 1) Ty

[Ipu OJMHAKOBbIX MOKAa3aTe]Ax anuabarsl
k NpoIecCOB CXKATHA H PACIIHUPEHHS B CO-
OTBETCTBUH ¢ (4.18)

T,/ T,=T,/T =¢"",
ry/T,=T,/T, =0
Torna il bel paccmannBaemoro IIHKA 4
n,=1—1/e"" (6.4)

Ha puc. 6.3 npusesenbl KpHBble 3aBH-
cumocTH Tepmuudeckoro KINJL unkna co cro-
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Puc. 6.3. Uamenenne 1, /IBC ¢ noasonom teil-
JOThl APH U=cONSt B 3@BUCHMOCTH OT CTENEHH
CHKATHA UPH PasJMUKBIX 3HAUCHMAX NOKA3aTes
aauabatnol k



paHKeM NpH u==const OT CTeNeHH CKaTHA
NpH paajMyHbIX NOKa3aTeasix afjuabarhl.
Yeeanuenne KI1J IBC ¢ poctom cre-
NEeHH CXAaTUA ¢ OO6DbsicHAETCH CBA3aHHbLIM
C 3THM [OBbILIEHHEM MAaKCHMAaJIbHORX TeMre-
paTypsl UMKIA, T. €. yMeHblIeHHeM MOTEepb
SKCEPrdd OT HePaBHOBECHOrO rOpeHHs.
MakcuMaabHasa CTeNeHb CXKaThA B Kapobio-
PATOPHBIX ABHraTe/AfIX OrpaHUUMBAETCH Ca-
MOBOCIJIaMeHEeHHEeM TOMJIKMBOBO3AYLIHOH
cMmecH ¥ He npesbiaer 9—10. B anseasx,
B KOTOpBIX MOpIUeHb CKHMAET BO3AYX, &~
~ 18, uTo Mno3BoJAET CYLLeCTBEHHO MOBbI-
cuth KIT[ uukna. OgHako npd OAHHAKO-
BblX CTeMeHfAX CXKAaTHA LHKJA C [NOABOAOM
TeMJioTHl NpH p =const, peaausyembld B 11-
sensix, umeer menbwuit KITM, 4em wuka
¢ MOJBOAOM TemaOThl NMpH v=const, no-
CKOJ1bKY ﬂpld ONHHAKOBOM KoJMyecTBe OT-
NAHHOI XOJOLHOMY UCTOYHHKY TEMJIOThl KO-
JIHUECTBO MOABEAEHHON npH v=const (no
JUHMK 2-3 Ha puc. 6.2, 6) Tenaotsl Godblle,
uem npu p=const (nuuua 2-7). Ilpu cro-
paHuy¥ Mpy p=const MakCHMa/nbHas TeM-
nepatypa rOpeHHs, KaK 3T0 BHJIHO H3
puc. 6.2, 6, 0Ka3bIBAETCA MEHbllle, YeM NpH
v=const, a 3Ha4YWT, MOTEPH 3IKCEPTrHH OT
HEPABHOBECHOTO FOPEHHS BbilleE.
Hcnoab3ysi B Kauectse paboyero tesa
Hepa3faBJ/ieHHble  TPOAYKTbl  CrOpaHuf
(c MakcuMaJbHOl 3Kceprueid), JIBC umetor
camblii BbICOKMI H3 BCex TemnJOBbIX MaliWH
KI1J. OaHako HHEpLHOHHBIE CHJIbL, CBA-
3aHHbie ¢ BO3BPATHO-NOCTYNATENbHBIM ABH-
JKeHHeM [OpILIHA, BO3PACTalOT C yBeaHde-
HHeM Kak pa3MepoB UM/JIHHAPA, TaK
M 44acTOTHl BpalleHHs Bajd, Y4TO 3aTPyIHA-
er cospauue JIBC G6GO/bIIOA MOLLIHOCTH.
BoJbILIKM HX HEAOCTATKOM SIBARIOTCS H BhI-
cOKue TpeGOBaHHA K KauecTBY norpebase-
MOTO TOMAHBA (KHMAKOTO MJAH rasa).
JBC okaabiBaloTcsi HE3aMEHHMMbIMH Ha
TPAHCNOPTHLIX ycTaHOBKax (Mpexie BCEro
aBTOMOGU/IH, TENJOBO3bl H HeBoJbLIKWE ca-
MoJNeTbl) W MPHMEHSIIOTCA B KauyecTBe He-
GOJMIbILIMX CTALKOHAPHbIX [ABUraTenei.

6.3. WHKJ FA30OTYPBUHHON
YCTAHOBKH

B uukaax JBC paGouee Teso BhiOpa-
CblBATCH W3 LMJIMHAPA C TeMmnepaTypoi
T4 W NABJEHHEM P4, KOTOpbiE [IPEBLILIAIT
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Puc. 6.4. CxeMa rasoTyp6HHHOA YyCTAHOBKH

COOTBETCTBYIOLLHE [apaMeTpbl OKpYXKaio-
utei cpeabi po, To, MPAKTHYECKH COBNAAAIO-
wre ¢ pi, Ti. [TosTomy unkiam JABC npu-
CYILH IOTEPH KCEPTHH H3-33 «HEL0pacilu-
peHHsi» rasos A0 MapaMerpoB OKPYyXaio-
wei cpeani. HMx ypaercs 3HAUHTENAbHO
COKPATHTb B UKKAAX rasoTypOHHHBIX ycTa-
HOBOK.

MpuuuunuanbHas cxema rasoTypGHH-
voit ycranoeku (['TY) npeacrasneHa Ha
puc. 6.4. Boapywnblii komnpeccop K caku-
MaeT aTmoc¢epHbiii BO31yX, MOBbIWIAA €ro
[aBJIeHHE OT P 10 P2 U HEMPEPhIBHO MOLAET
ero B kamepy cropanusi KC. Tyna xe cre-
LHaJbHbIM HarHetartejeMm H HeENpepbiBHO
foflaeTci Heo6XOAHMOE KONHYECTBO HKHA-
Koro unu rasoo6pasxoro ronnksa. O6paay-
IO MECH B KAMepe MPOLYKTH CTOpaHHs Bbl-
XO[AT H3 Hee ¢ TemnepaTypol T3 W NpakTH-
yeCcKH ¢ TeM »XKe JaBJjeHHeM (eciu He
Y4HTBIBATH COMPOTHBJIEHHA), YTO U HA BbIl-
xOfie U3 Kommpeccopa (ps=py). Cnenoa-
TeJbHO, TOpeHHe TOmIHBA (T.€. MOABOA
TENJOThl) MPOUCXOAMT IMPH TOCTOSTHHOM
JaBJIEHHH.

B rasosoit typ6use T npoaykrsl cropa-
HUA anHabaTHO PaCILUHPAIOTCS, B Pe3y/LTa-
Te uero WX TemnepaTtypa cHuxkaerca Ac T4,
a naBjeHHe ymeHblliaercs A0 arMocdepHo-
ro pi;. Becb nepenajx AaBaerHid pa — P
MCMONB3YeTCs AIs MONydeHHA TEXHUUECKOH
pabotbl B TypOHHE [ DBoablias 4yacTb
1Ol paboThl [, pacxoiyeTcs Ha MNPHBOL
KOMIpeccopa; pasHoCTb lrex — [« ABASRTCH
MoNe3HOol ¥ HCMONb3yeTcs, HANpUMep, Ha
NPOH3BOACTBO 3JIEKTPO3IHEPTHH B 3JIEKTPH-
yeckom rereparope 31" WM Ha ApyrHe LeJH
(MpPH  MCHONb30BAHMKM KUAKOrO TOMJIHBA
pacxon 3HeprHH Ha [MpPHBOJ TOMJIHBHOIO
HACOCA HEeBeJIMK, H B [epBOM NPUBJIHKEHHH
€ro MOXHO HE YYWTBIBATb).
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Puc. 6.5, [Lnka raszoTypOUHHOR yeTAHOBKH:
a - R p, U-KOOpAMHATAX; 6

3aMeHHB cropauue TOMJIHBA H300ap-
HBIM MOABOAOM TelaoThl (AuHHA 2-3 Ha
pHc. 6.5), a oxaaxiedue BBIOPOILICHHBIX
B aTMOocdepy MPOAYKTOB CropaHHsl — HM30-
GapHBIM OTBOAOM TEMNOTHl  (JHHHSA 4-1),
NOAYUHM LLHKJA Fa30TypOHHHON YCTAHOBKH
1-2-3-4.

MMoseaunas pa6ora [, un3oGpaxaercs
01 AAblo, 3aK/JAIOUEHHOH BHYTPH KOHTYpa
UHKAa (1J0Laab 1-2-3-4). Ha puc. 6.5, a
BHIHO, UTO MoJie3Has paboTa paBHa PadHoO-
CTH MeXJy TexHuyeckod paboToil, noay-
qenwoli B TypGuwe (naowans 6-3-4-5),
M TexHHueckoil paboToil, 3aTpayeHHON Ha
MpHBOL Kommpeccopa (nuollaib 6-2-1-5).
Maowanp uukaa /-2-3-4 8 T, s-auarpamme
JKBMBANEHTA 3TOH e Moje3Hol pagore
(puc. 6.5, 6). Tenaora, npeBpaileHHas
B pa6ory, MOJy4deTcs KaK pasHocTb MEXAY
KonuuecTBamu noapeaenHofl ¢, (maowanb
8-2-3-7) u orsepentod ¢, (maowans 1-4-7-
8) tennorsl. KospUUUEHT NOJE3HONO nei-
cTBMS uaeanbroro uukna ITY

n,=1 _qg,_ _ ff_gi TI) —
’ T ¢, (T3—Ty)
T (Ty/T,—1)

(6.5)

Ty (T4/T,— 1)’

[Ipn 3TOM TEMIOEMKOCTb Cp MPHHATA A4
IPOCTOTHI NOCTOSIHHOM.

OnHOH H3 OCHOBHBIX XApPaKTEpPHCTHK
(KA ra3oTypOHHHON YCTAHOBKH ABNAETCH
¢Tenenb MNOBHIWEHHS AaBJae
HUSA B KOMIpEccope n, paBHas OTHOILE-

6()

8 T, S-KOOpAMHATAX

HUIO [aBMEHHS BO3/lyXd NOC/JE KOMIIpecco-
pa p» K LABJEHHIO HEPEL HHM Py, T. €. =
=ps/pi. BEpa3uM OTHOUIEHHE TeMIEPATYD
B ¢opmysae (6.5) uepea creneHh NoBblLIe-
HUF NABJEHHS M3 YpaBHEHHs asHaGaThi:
TI/TQZ(pl/pQ)(kWWkZI/T‘Wil)m?

T4/T1 =(T4/T:s) (T:;/T‘z) (TQ/Tl):-

=(p4/p3)(k V(T /Ty) (W/PJM# Wk,
MOCKOJBKY pa=pP| H py=pz, TO T./T\=
=T4/Ts.
Ha (6.5) noayaum
n,=1—l/a* "k (6.6)

Mpu £=1,33 dopmyna (661 naet cie-
AYIOULHE 3HAUeHHs 1), IS PA3JUUHHIX BE-

JIMUHH T
1 SR 2 3 4 5 6
W% . - - o 16 24 29 33 36
H podoamenue
1 S PP 7 8 9 10
W% . - . . . . s85 40,5 42 435
KOos(p@HULHMEHT  1101e3HOr0  AeHCTBUSA

M€eaNbHOrO LKKI4 HENIPEPBIBHO BO3pacTacT
C yse.ﬂuquHeM . 3T0 CBH34HO C yBEJlHl{C-
HHEM TeMnepaTypbl B KOHLC IlpUlLGCCa CKd-
TUA TQ H COOTHETCTB €HHO 'remnepa‘rypbl ra-
308 nepea Typbunoit Ty . Ha puc.6.5, 6 or-
YeTAMBO BH/AHO, UTO IHKA [-2/-3'-4, B KOTO-
poM s Gosibliie, S3KOHOMHYHEE LHKIA {-2-3-



4, u60 no aunun 2’-3’ noppoautca Gonablie
TEMI0Thl ¢, UeM 110 JIUHUU 2-3, IIDH TOM XKe
KOJIHUECTBE OTBe/leHHOH B npouecce 4-
| Temnotnl ¢o. [Tpu srom T u T Goabuie,
yem cootBercTBeHHO Ty H Ta.

Hdeno B ToM, 4TO ¢ yBeadueHuem T3
BO3pACTaeT KCeprusi pabouero Tesa nepegj
TYpOHHOH es=cp(Ta—To)—To(s3—S0)
[cm. popmyay (5.31)], 1. e. yMeHbUIaOTCA
MOTEPH IKCEPTHH [IPU CTOPAHUH, TOCKOJbKY
IKCEPrHs HCXOAHOrC TOMJIHBA MOCTOSIHHA
(paBHa TenjoTe ero cropaHus). 31o v yae-
auuusaer KI1/L uwuknaa.

MakcHmanbHas TeMmlieparypa rasos fe-
pen TypOUHOH OrpaHHuMBAETCH XKAPONpoy-
HOCTBIO MeTaJl1a, U3 KOTOpOro AenainT ee
sneMenthl. [IpHMeHeHHe OX/1aXKAAEMbIX JIO-
NaToK M3 CMelUasbHbiX MATEPHAJIOB NO3BO-
AMA0  TioBbickTe ee o 1400—1500 °C
B aBHaluk (0CO6EHHO HA camogeTax-rnepe-
XBATUMKAX, [€ Pecypc /BHraTens Madg)
1 g0 1050—1090 °C B cTauMoHapHHX Typ-
6MHaX, peHa3HAUeHHbBIX IS AJIHTENBHOH
pa6Gotel. HenpepbisHo paspabaThiBaloTCH
foJjee HaAeKHble CXeMbl OXJaXKAEHHS,
ofecreudBaollle fAajbHeflIee [OBbIIIEHHE
Temnepartypsi. [ToCKOJIbKY OHA BCe XKe HU-
e [pefesbHO AOCTHXHMOH TpPH TOpeHHH,
NPUXOAHMTCS CO3HATENBHO WATH HAa CHHXKE-
HHe TeMnepaTypbl FOpeHHs TonaHea (33
CYeT Nojaud H3JAMIIHETo KOJHYeCTBA BO3-
Ayxa). ITO yBeJIHUMBAET IKCEPreTHUECKHe
notepu ot cropaudst B ['TY uuorpa no
40 %.

[aabl BEIGpACHBAIOT H3 TypOHHBI ¢ TEM-
neparypoit T.>T,~To. CaenoBare/bHo,
3kceprus pabouerc resia ez, KOTOPOH Mbl
pacnosiaraeM nepei TypOMHOMH, HCMOJAB3Y-
eTCsl TaKXKe He TNOJNHOCTHIO: MOTEpPH JKCep-
THH C YXOASIWIMMH Fa3amH MOTYT [LOXOAHTh
10 10 %. TMostromy KI1JL ['TY oxkaabiBaercs
noka eue uuxe, dyem JIBC.

He umes neraseft ¢ BO3BPATHO-TIOCTY-
naTebHbIM IBHXEHHEM, ra30Bble TYpOHUHbI
MOCYT pa3BUBATb 3HAUHTENRHO OosbliMe
mownoctH, uem [IBC. lpeaenbubie MOLLHO-
ctu TTY  ceroanst  cocrasasior  100—
200 MBT. OHH onpeaeasitoTcsi BHCOTOH J10-
narok, NpovYHOCTH KOTOpPbIX A0J/OKHA BblAEP-
MaTh HAMPSDKEHUST OT LEHTPOOENHBIX YCH-
JMH, BO3pacTalollMX C YBeJHYEHHEM HX
BHICOTBI M UACTOTHl Bpailenua sana. [losto-
My Ta3oBble TYPOHHbI TPHMEHSIOTCA Tpe-
/€ BCero B KauecTBe MOLWHBIX ABHraTesen

B aBHALLMH U HA MODPCKOM GJ10Te, a Takxe
B MAHEBPEHHbIX CTALHOHAPHBIX 3HEPreTH-
UECKHX YCTaHOBKax.

Psin T€XHONOrHYECKHX MPOLECCOB, 0CO-
6EHHO XHMHUECKOH MPOMBILLJIEHHOCTH, CBSA-
3aH ¢ MOTOKAMH HArpeThiX CKAThIX Fa30B.
Paciuvpenue 3THX ra3oB B razoBoi Typ6uHe
N03BOJSIET NOJYYUTh 3HEpPrHIo, KoTopas
O6LIMHO HCIIOb3YeTCs B 3TOM XKe NMPOLECCE,
HalpuMep AJ5 HArHEeTaHHS TeX e rajos.
B a3rom ciayuae Ban TypOHHBI Henocpesu-
CTBEHHO COEJHHSIETCS ¢ BaJOM TYypOOKOM-
npeccopa. Takoe KOMOWHUPOBAHHE MO3BO-
JSIeT CYULECTBEHHO CHH3HTb notpeb/eHde
JHEPrUH B TEXHOJOTHUECKOM Tpolecce.
K coxasieHuK, OHO HCIIOJb3YeTCs elle He-
JOCTATOYHO LWWHPOKO, BO-TIEPBbIX, U3-34 KOC-
HOCTH MBILIJIEHHS] TEXHOJNOTOB, 8 BO-BTOPLIX,
M3-33 OTCYTCTBHA TYPOHH HA HYXKHblE napa-
MeTpbl. YacTo HMCnoab3yloT aBUALHOHHAIE
ABHraTe/d, BolpaboraBlune CBOM pecypc.

B sueprerdke rasoBble TYpOHHbI HHOC-
A4 HCNOJb3YIOT AJA IPHBOAA BO3LYXOLY-
BOK, HarHeTawulx BO3AyX B TONKY KOT/a,
paborawulyio noa pasaendem. Jlasi 3toro
NPOAYKTHl Cropakus, OXJaxKAeHHble B KOT-
Je 10 HeO6XOAHMOI TeMNnepaTypbl, HANpas-
agoTess B TYpOHHY, CHAALLYIO HA OQHOM
BaJy C BO3JYXOAYBKOH, H pacllMpATCs
B Hefl 10 aTMOc(epHOro LaBjeHHs, COBep-
was pa6ory.

6.4, ILHXNblI TAPOTYPEHHHbDLIX
YCTAHOBOK

CoBpemMéeHHasl CTALMOHAPHAA TeIlIo-
3HepreTHka 6azupyeTcsi B OCHOBHOM HA na-
POBbIX TEMAOCHI0BLIX ycraHoBkax. [Ipo-
AYKThl CrOpaHusl TONJAHBA B 3THX YCTAHOB-
Kax ABASAIOTCS JHIIb TPOMEXKYTOUHHM Ten-
JgoHocutesem (8 oranune ot ABC u I'TY),
a paGoduM TeJOM CNYXKMT udllie BCEFO BO-

ASHOH nap.
Hukaol KapHo u Penknna Hacblili(eH-
Horo napa. Perenepauuss  TENJAOTHI.

Unka KapHo HachlLEHHOrO napa MmMox-
HO 6bl10 6bl OCYLLECTBUTD CJAeAYLNM 06-
pasom (puc.6.6). Tenaora ot ropsiuero
MCTOYHHKA TOABOAWTCA TNPH  [OCTOSIHHOM
Temneparype T\ no AHHKH 5-1, B peayibra-
Te 4ero BOJA C flapaMeTpamMH TO4YKH § upe-
BpALLAETCH B CYXOH HACHIULEHHBIA map
¢ napamerpamu Touku [. Ilap aanabatHo
pacliupsiercsl B TypGHHE 10 TeMnepaTyphl
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Puc. 6.6. Unknet Kapno v PeHknHa Hachbilue-
HOro BoAsiHOrO napa B T, s-Auarpamme

Ty, coBeplIas TEXHHUYECKYID pPAGOTY lrey
H TNpeBpalascy BO BJAXHbIH nap ¢ napa-
MeTpaMH TOYKH 2. IJTOT Map nocTynaer
B KOHJEHCATop, rjie OTAAeT TemIoTy XO-
JIOAHOMY HCTOUHHKY (LHMPKYJHpYIOLEH no
TpyGKam oxjaxpamwuueil Bone), B pe3yib-
TATe Yero ero CTENeHb CYXOCTH YMeHbllaeT-
CA OT X9 N0 x%. M30Tepmbl B 06nacTh Brax-
HOTO napa siB/ISOTCA OLHOBPEMEHHO H H30-
Gapamu, nostomy mnpoueccht 5-/ u 2-2
NIPOTEKaloT NPH NOCTOAHHBIX AABJEHHSIX P,
H pe. BaaxxHblil nap ¢ napamerpamu TOYKH
2’ CHHMAercsi B KOMNpPECCOpPe MO JIHHHH
2'-5, npespawmasnch B BOAY € TeMIepPatypoil
kuneHusi. Ha NPpAaKTHKe 3ITOT LHKA He ocy-
IWECTBJAAGTCH TIPEXAE BCErO MOTOMY, uTO
B PEANbHOM LHKJIe BCIeACTBUE NOTEPD, CBA-
3a8HHBIX C HEPABHOBECHOCTBIO MNPOTEKAK-
IUX B HEM MIPOLECCOB, HA MPHBOA KOMIIpec-
copa 3arpauuBajacb 6bl 60OJblaf 4acTb
MOLIHOCTH, BblpaGaThiBaeMoi TYpGHHON.
3HauuTeNbHO YyA06HEe M IKOHOMHUHee
B PRAJIbHOM LHKJE KOHACHCHPOBATH Map 0
KOHLLA 1Mo JIMHHH 2-3, a 3aTeM HacocoM
YBEJIHUHBATHL AABJEHHE BO/bI OT Py A0 p| NO
JuHuH 3-4. [lockonbKy BOLA HeckHMaema,
TOUKH 3 U 4 NOYTH COBIAAAIOT, U 3aTPAUM-
Baemasl Ha MPHBOJA HACOCA MOIUHOCTh OKa-
3bIBAGTCA  HHUTOXKHOH MO  CPaBHEHHIO
C MOLLHOCTBIO TYPOMHB (HECKOJBKO npo-
LEHTOB), TAK 4TO MPAKTHYECKH BCH MOILLL-
HOCTb TYPOHHBI HCTOAB3yeTcs B KayecTse
noneano. Tako#l WHKI GbLT MNpeaoXKeH
B 50-X roaax NMpoLLIOro BeKa WOTIaHACKAM
HH¥eHepOM M (H3HKOM PeHKHHbIM M mo-
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YTH OZHOBpeMeHHO Kaayauycom. Cxema
TEMJIOCHIOBOA YCTAHOBKH, B KOTOPOH OCY-
LLECTB/SAETCA 3TOT UMK/, NPEJCTaBJeHa Ha
pHc. 6.7. (Ha 3T0#l cxeMe MOKAa3aHa Takxe
BO3MOXKHOCTb Meperpepa mapa B napoite-
perpeBaTesie 6-/, KOTOpas B UMK/ HAChi-
UIEHHOrO napa He peajn3yercs).

Tennora B 3TOM UMK/e MogBOAHTCA NO
JIMHHK 4-5-6 (cm. pHuc. 6.6) B napoBom Kort-
ne [IK, nap nocrynaer B ryp6uny T u pac-
LIHPSETCA TaM MO JHUHHA [-2 10 AaB/eHun
P2, COBEpLIAS TEXHHYECKYID PAGOTY [rey.
Oua nepepaercs Ha 3/MeKTPHUueCKHH reHe-
patop 31" WM ApYryi0 Mauludy, KOTOpYIO
Bpawaer typ6una. OrpaboTaswnil B Typ-
GuHe nap nocrynaer B KoHAeHcatop K, rie
KOH/IEHCUpYeTCS 1no JAuHWK 2-3, orpaBas
TeMJO0TY KOHAEHCALUHH XOJ0AHOMY HCTOUHH-
Ky (oxaaxnpatouwell soge). KongeHncar 3a-
6upaercA HacocoM A W NOmMaeTCA CHOBA
B KOTea (JaMnua 3-4 Ha puc. 6.6).

Tepmuuecknii KII[J unkaa Penknua,
€CTeCTBEHHO, MEHbIIIE, YeM 1); UHKJIa Kapuo
NpH Tex xe rtemneparypax T, u Ty, mo-
CKOJIbKY CpeaHsisi TeMmueparypa nogsoja
TeMJO0THl YMEHbLIAETCA TPH HEH3IMEHHOH
reMmneparype orsoaa. OaHako peasbHblil
UMK (C YUETOM HepaBHOBECHOCTH CXKATHA
napa B KoMnpeccope B uuk/ae KapHo) oka-
3bIBAETCS 3KOHOMHYHeEE,

Teoperuuecku tepmuueckuit KIT[ uuk-
JNa PeHKHHA MOXHO caenath pasubim KI1/]
unkaa Kapuo ¢ nomoueio pereunep a-
Lun TENJOT bl, €CJIH  OCYLLECTBHTD
paciivpeHue napa ne no aguabare /-2, kax
B OObIYHOH TypOHHe, a no nogutpone /-

g1

Puc. 6.7. Cxema napocnaoBo#l ycTaAHOBKH:
/1K — naposoit koten; T - napopas Tvp6uua;, 3 —
3nekTporedepatop; K — konaencartop; H — uacoc



7 (puc. 6.8), 3KBUAMCTAHTHOH JHHHUM 4-§
HarpeBa BOJBI, M BCIO BhHIIEJAIOULYIOCA
npu 3TOM TemaoTy (naowanb /-17-7’-7) ne-
penaTtb B HAaeanbHoM (6e3 moTepb 3Kcep-
rMH) TernJooOMeHHUKe Boae (MJiollanb
3-3-5-5").

Ha npakTHKe TaKylo HaealbHYK pere-
Hepauui OCYILeCTBUTb He yJlaeTcs, OHAKO
B HeCcKObKO WHOM BHJE pereHepaTHBHbIH
MOAOrpeB BOAbl NPHMEHSAETCS OYeHb LIKPO-
KO M TMO3BOJAET CYLLECTBEHHO YBEJHYHTH
KI1/l peanbHoro uuKaa.

K coaneHH1o, LUK/ HACHILIEHHOrO BO-
AAHOro napa o6/1anaer BECbMa HU3KHM KI1/,
¥3-33 HEBbICOKMX TE€MMepaTyp HacblUleHHS.
Hanpumep, npu pasnenud 9,8 MIla Tem-
nepatypa Hacoienns coctrasasger 311 °C.

[lpu TemmnepaType XOJOAHOrO HCTOUHH-
Ka, paBHoO# 25 °C, Nykapo =1 —
—(273+25)/(2734311)=0,49. Hanb-

Heiiliee yBeJMUYEHWe Temnepatypbl Ty, a
3HAYKT, U JABJEHHUS p; He UMeeT CMblcJa,
u6o, majno yseauuuBaa KI1J, oHo npuso-
OHT K YTHKe/JeHH!0 060DY/10BaHHA H3 yC0-
BUfl NMPOYHOCTH, @ TAKKe K YMEHblIEHHIO
KOJIHYECTBAa TEMIOTH ¢, 3a6upaeMoll Kax-
JbIM KWJIOTpaMMOM BOAbI B MpoLecce Hena-
peHust 5-/ (M3-32 CcOMHIXKEHHA  TOYEK
5 u I na puc. 6.6 1 6.8 no Mmepe NoBbILIEHUS
TEMNEepaTypht). IJTO 3HAYHUT, 4TO AJs 00-
Jy4YeHHs TOH >Ke MOUIHOCTH Heo6XOAWMO
yBEJMUMBATh PAacxoibl BOAB K Napa,
T. e. rabapuTbl 060py10BaHHA.

[py TemnepaTtype, npessiliatolied
KpUTHYeCKylo (4nf Boal fp=374,15°C,

J 57 7’

S

Puc. 6.8. MneanbHasn peredepaunst TenjoTtbol B
LIMK/le HACLIIEHHOro napa

4TO cooTBeTCTBYeT fAasjenuio 22,1 MIlla),
LMK/ Ha HAChILLEHHOM nape BOOOLLE HERO3-
moxeH. [103TOMY LUK HACHILLEHHOrO 1Apa
(pereHepaTHBHbIA) MPHMEHAETCA B OCHOB-
HOM B aTOMHOH 3HEpreTHke, rie fneperpes
napa Bhlllle TeMIepPaTypbl HACHILIEHHS CBS-
3aH C onpejefeHHBIMH TPYAHOCTAMMH.

Mexay TeM MeTanjbl, KOTOPbIMH pac-
foJ1araetT COBpeMeHHOe MallHHOCTPOeHHE,
NoO3BOASAIOT neperpeBaTh mnap Ao 550—
600 °C. 910 gaeT BO3IMOXKHOCTb YMEHbLIHTD
(OTepH IKCEpPrHU NMpH nepeaaye TeNaoTs oT
npoayKTOB CropaHua K pabouemy Teny
M TeM CaMbiM CYLIECTBEHHO YBEJHUHTH 3¢-
dexTHBHOCTB UMKNa. Kpome Toro, neperpes
napa yMeHblUaeT NOTepH Ha TPeHHe NIPH ero
TeYeHHH B NPOTOUHOH yacTH TypOuubl. Bee
6e3 HCK/IOUEHHS TenJOBhie 3JEKTPHYECKHE
CTAHUWM HA OPraHHyecKoMm ToraHpe pabo-
TaloT cefiyac Ha neperpeToM nape, a HHOT-
A4 Nap Ha CTAHLMH NEPErpeBaioT ABAMIbI
u aaxe Tpuxabl. [Teperpes napa sce wupe
NpUMeHAeTCA H Ha aTOMHbIX 3J€KTPOCTaH-
IHAX, 0CO6EHHO B peaKkTopax Ha GblcTpbIX
HeHTpOHaXx.

Liukn PeHxkHHA HA TNeperpeTom nape.
H306pakeHHs HAeanbHOTO LMKIA neperpe-
TOro napa B p-, v-, T, s- W h, s-juarpammax
npuBejenbl Ha puc. 6.9 1 6.10. Dot LKKA
OTJIMYAEETCA OT UMKAZ PeHKMHa Ha Hachl-
leHHOM nape {(cM. puc. 6.6) TOIbKO Ha-
JIMUHeM [OMOJHHTENbHOrC TMeperpesa no
auHud 6-1. OH ocyllecTsJAsieTcs B napore-
perpesarene, ABJAKOIIEMCH 3JEMEHTOM nad-
pPOBOro KOTJa.

Tepmuueckn#t KITJ, uukaa onpeneaser-
CAl, KaK O6bIUHO, 110 YPaBHEHHIO 1= (g —
—4q2)/q:

Tennora g, MOABOAHTCH NpH p=const
B nipoueccax 4-5 (noaorpes BOALI 10 TeMmIle-
paTypel KHIeHHR), 5-6 (napooGpasoBaHue)
u 6-1 (neperpes napa). Temaora g, noa-
BeaeHHasi K | kr paGodero Tena B H30-
6apHOM nMpoLecce, paBHa Pa3HOCTH 3HTANb
nuil B KOHEUHOH M HayaJbHOH TOuKax 1po-
necca: g =h,— hs.

OTBOA TeNioThi B KOHAEHCATOpE 0CY-
LLECTBAAETCA TaKxe Nno H3obape 2-3, cae-
JLOBATeJbHO, ga=Hhy— h3.

Tepmuueckuit  KI1J — wuukna 1,=

= [(hy—h4) — (ha—Hh3) |/ (hi—hs). Ecan

He YYUTBIB4Tb HHUTOXKHOrO TOBLILECHAR
TEMMEPATYPLI IPH aAMaBaTHOM CXKATHK BO-
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Puc. 6.9, Lluki PexkuHa Ha neperpetom liape:

a-- B p, v-Adarpamma; § — 8 T, s-anarpamme

A
by
tZ
&=
la
{7 5
Puc. 6.10. 1luks Penknba v h, s-Anarpamme

ABbl B Hacoce, 10 hy=Hhq4 4
n,=(h, —hy)/(h —hy)=

z(hl _h'Z)/(hl —hé)f

rae hb=h; — 3HTAABNUA KHNSLLEH
NpH 1BJEHHH po.

HUs ¢opmyau (6.7) suano, urto KITJ
HieaneHoro HKk1a Penkuna onpegensietcs
3HAUEHUSIMH 3IHTANBNKI napa A0 TypOWHbI
hy ¥ nocse Hece Ay ¥ 3HTAJBIHWH BOAL Hj,
HAaxoasilulefcA 11pU TeMIepatype KHNeHus
. B cBOW0 ouepe/lb 3TH 3HAYEHUS Onpeje-
ASIOTCS TPEMA HAPAMETPaMH UHMKAA: [aB-
JeHdem p, U Temrepatypod f, napa nepen
TypGHHOH W nanjenuem pp; 3a TYPOUHOR,
T. €. B KOHAGHCATOpE,

(6.7)

BOAbI
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B camom gene, 3Has py M [, J€rKo
OTHICKATh [OM0KEHUE TOUKH [ B A, S-AR-
arpamMme 4 HAWTH  3SHTanbAMIO  h
(cm. puc. 6.10). [Tepeceuenue apuaGartsl,
NpOBEAEHHON M3 TOUKM [, ¢ H306apod py
onpeaesner N0J0KEHHE TOYKH 2, T. €. 3H-
Tanbnuio he. HakoHeuw, snTanbnus k% BOABI,
aakunawoulei npu NaB/JE€HHU p,, 3EBUCUT
TOJILKO OT 3TOro AaBJIEHUS.

[leperpes napa yBeaHUHBaCT CPEHION
TeMmnepatypy NOABOAA TENNOTbl b HKAE, He
MeHsisi Temnepatypy orsoga tensorbl. [lo-
stomy Tepmuueckuit KI1J napocunosoi
YCTAHOBKH BO3pacTaeT C YBEJIHUCHUEM TEM-
neparypbl napa nepea ABuratesem. [as
nNpuUMepd HUXKeE ITpHBEAeHd 3aBUCHMOCTL 1y
ot [ 0pH aBCOMOTHBIX AdBJGHUSIX p=
=98 Mlla u p,=3,9 xlla:

o, °Coo .o 350
Wo /b

4000 500 600
40,6 41 425 44,2

C yBeJHueHueM /aBJeHHSl 11apa nepej
TYPOHHOH p| MPH MOCTOAHHBIX £{ H P MONE3-
nasi pa6otra uMK1a BO3pacraer, T.e. [ >
= %, >l (puc. 6.11). B 10 xe Bpems
KOJIMUECTBO TO/BEAEHHOR 32 LUK TEIJIOTh
g\ HECKONbKO YMCHBIUACTCH 38 CHET YMEHb-
IIeHHsl 3HTANbIIMM [eperpetoro lapa hy.
[Toatomy uem Bhlllle AaBAEHHE P, TeM 60Jb-
ure KI1J1 waeanbHoro nukaa PeHKWHa.

Ha puc. 6.11 BHAHO, uTO GosbluEMY
aaBJeHuio nepea TYpO6HHOW COOTBETCTBYET
6oJiee BBHICOKAS BJAXHOCTb BBIXOAALLETO H3



"

i 1]
P12P1° Py
yi

h
()
A T A
= W
=G
~
\Q‘::“S“
5
5[
4,
J
$
Puc. 6.11. Banauve LaBaeHns NeperpeToro napa

HA napamMmeTphl UHKJ/A Pelikuna

nee unapa. [Ipn py=pi K3 TypOHHb BbI-
XOJHT feperpeTulii nap; npk p=p{ OH no-
JlydaeTcsl yXe cJjerka BJaxHbiM, a T1pH
p) = pi’cTeneHb CyXoCTH ero x™ 3HauuTesb-
HO Mesblie eqlHHLb. CofepxKaHie Karnenek
BOJAbI B Nape yBeJHUHBAET NMOTEPH OT Tpe-
HHA ero B NpoTo4Holl uacth TypGuubl. [lo-
3TOMY OJHOBPEMEHHO C NOBbIlIEHHEM J1aB-
JIeHHsl Mapa 3a NapoBbIM KOTJIOM HEOOXOAH-
MO NMOBHLIATL ¥ TEMNEpPAaTYpPy €rc neperpe-
Ba, 4To6bl NOAJEPXHBATh BJAAMXHOCTb Bbl-
xoasiiero u3 TypGUHBI napa B 3aJaHHbIX
npenenax.

C 370l XKe Lesbl0 Map, 4YacTHUHO pac-
wupuBlWKics B TypOuue, BO3BpallalOT
B KOTEN H CHOBa neperpeparmoT (yKe TpH
MeHbllIEM JaBJEHHH), OCYLLEeCTBJSAA TakK
Ha3biBaeMblil BTOPHYHBLIA (@ HHOrda W Tpe-
THUYHBLIH) noporpes. OHOBPEMEHHO 3TO NO-
soiiaer tepmudeckdd KITJL nnkaa.

Typ6uubl  aTOMHbIX 3JEKTPOCTAHIHK,
paGoralolike Ha HACBILLEHHOM ftape, HMeloT
CMEUHANBHYID KOHCTPYKILMK), TO3BOJAI-
WY OTBORUTH BhIAENSIOULYICA MPH KOH-
AEHCAUMHA BOAY.

[ToBbilieHHE MapameTpoOB napa onpeje-
AfleTCSl YPOBHEM PAa3BMTHHA METAJJlyPruy,
NOCTABASIOER  METandbl A KOTJOB
v Typ6un. [lonyuenre napa c Temrepary-
poit 535—565 °C cTano BO3IMOKHBEIM JHLIb
6narofaps NPUMEHEHWIO HH3KONErHpOBaH-
HbIX cTajeld, U3 KOTOphIX H3rQTOBJAAIOTCA

3 TenaoTexiuka

napofieperpeBaTeyin n ropsiine 4acTH Typ-
6un. [lepexon na 6oJiee BHICOKHE Napamer-
pbt  (580—650 °C) TpeGylOT NPHMEH HHA
JAOPOrocTOALLNX BLICOKOJIETHPOBAIIHbIX
(ayCTEHHTHBIX) CcTafek.

[Ip# yMeHblIEHHHR NaBJIEHAA py NAf 4 3d
TypOHHOR yMeHblLAETCs CpeHAs Temnepa-
Typa f, 0TBOAA TEMJIOTH B LMKIE, 3 (pea-
HAS TeMnepaTypa NoABOAA TEINOThl MEHS-
eTcs mano. [105TOMY Uem MeHblle JaBicHie
napa 3a typ6uuoil, Tem suiwe KILI napo-
CHJIOBOH YCTAHOBKH.

Jasneune 33 TYpOHHOR, paBHOe laBJe-
HHIO 11apa B KOH/EHCATOpe, Onpejensercs
TeMnepatypoil oxJaxaawued Boapl. Lcin
CpelHerofoBas TeMHuepatypa OXJax.1aiw-
uteil BOAbI HA BXOAE B KOHAEHCATOP CO-
crasnsier npubanaurensio 10--15°C, To
H3 KOHJEHCaTopa OHa BBIXOAHT Harperoi
g0 20—25°C. [lap mOXeT KOHAEHCHPO-
BATbCH TONBKO B TOM cJyyae, eciqn obecne-
YeH OTBOJ Bblaesiiollefic TENAOoTh, a I
3TOrQ HYMXHO, 4TOGbl Temneparypa 1apa
B KoHAeHcatope 6Gblia 6onblie Temile[ary-
pHl OXNaXKA@OLLell BOAN XOTH 6bl HA 5-—
10 °C. [TosToMy TeMrnepaTypa HacChILLEHHO-
ro napa B KOH/eHCcaTope cocTaBJ/sieT ofblu-
Ho 25—35°C, a abcoaloTHOEe paBJeHHe
3Toro napa pe coorsercrsedno 3—5 «[la.
Mopbiwenne KITJ uukna 3a cuer nantueli-
Iero CHHXXEHHA pg MPAKTHUECKH HCBO3-
MOXHO H3-32 OTCYTCTBHAl €CTECTBEHHbIX OX-
aaguteseil ¢ Gosee HU3KOH Temmnepatypoi.

Tenaodpukauua. Mmeetcs, oaHako, BO3-
MOMHOCTb MOBBICHTb 3(PPEKTHBHOCTb I apo-
CHJIOBOH YCTAHOBKH NyTeM YBEJHUECHHS,
a He yMEeHblUeHHsl 1aBJeHUsl U Temmnepary-
phl 3@ TYpOHHOU 0 TAKOH BEJIHUHHBI, YTO-
661 OTOPOCHYIO TEnJOTY (KOTOpas CocTaBs-
asier 6ojiee MOJNOBHHBL BCEro KOJHYECTBA
TEMNOTH, 33TPAUCHHON B LHKIE) MOMKHO
6bIJ10 HCNOAL30BATh LSl OTOMJIEHHKH, 10ps-
yero BOAOCHAGXEHHS! H PA3JHUHBIX TCXHO-
Jorudeckux npoueccos (puc. 6.12). C 3To#
eabrw oxgaxaawuas BOojaa, Hargeras
B KoHaeHcarope K, He BLIGpacbiBzeTcs
B BOJOEM, KAK B YACTO KOHAEHCALHO1HOM
HK/€e, 4 NPOronseTcs epea OTONUTEJ bLHbIE
npu6opbl Tenaosoro norpebutena T.'T u,
oxnak1ascb B HHX, OTAdeT NOJAYydeHHYIO
B KOHAEHcaTope Tenuory. B peayanrare
cTaHUMUs, paboTalllan no Takoh c.eme,
OJHOBPEMEHHO BblpabaThiBAET W JIELTPH-
yeckyl 3Hepruio, u tennory. Takas craw-
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Prc. 6,12, Cxema ycraHoBKM AN coBMecTHoil
BHIDAGOTKI TENJIOBOH M 91eKTPHUCCKO IHCPIUK:
HK -~ naposodl koren, T - naposas TypOuHa; K --

KONABHCATOp-Ttoaorpesareas; H — wacoc: Tl — ren-
N0BOR norpedutean. Llndpe COUTBETCTBYIO T TOYKAM
UHKAa 8 T, s-guarpamMme

UHS HA3BIBAETCSH TEIWO/1EKTPOLCHT PAbIO
(TOLL).

OxJ14XKA210ILYI0 BOLY MOMHO HCIIOMbL-
30BATh /1A OTOIJIEHHA AHLLL IPH TOM YCJI0-
BHH, 4YTO ee Temuepartypa He Huwxke 70—
100 °C. Temneparypa napa 8 kowaeHcara-
pe (noaorpesarete) K nofxHa GbiTh XOTH
66l Ha 10—I15°C Bbuue. B 6oabuinHcTBe
cAydaes oHa nosiydaerca Goabwe 100 °C,
4 AaBJeHHe HACBILEHHOrO napa p, npu
3TOH Temnepartype Bbile aTMaCHEPHOrO.
[Tosromy TypGuubl, padotamone no rakoi
CXeMe, Ha3blBAKTCA TYPGHHAMM C NIPOTHBO-
NaBaeHUEM.

Hrak, nasnenue 3a Typ6uHoOil ¢ npo-
THBO/AABJEHHEM NOJIy4aeTcs OObIYHO He me-
tee 0,1—0,15 Mlia smecto okoao 4 klla
33 KOHAGHCAUHOHHOH TYpOUHOH, uyTO, KO-
HEUHO, NPHBOAMT K YyMEHbIIEHHIO paboThl
napa B TypGHHE H COOTBETCTBYIOLEMY yRe-
JUYEHHIO KOJMMYECTBA OTOPOCHOHR TenaoTHl.
J10 BHAHO Ha pue. 6.13, rae noaesno ue-
MOJb30BAHHASL TEMIOTd ¢, B KOHIEHCAIH-
OHHOM LLHKJIE H300paXKACTCR MNJ0IANBK |-
2-3-4-5-6, 4 npu UpPOTHBOAABACHUH -—
naowanbo  /-2-3-4-5-6.  [laowanp 2-
2-3’-4 gaer yMenblueHue [104e3H0H padoTbl
M3-33 NOBLIEHKS JaBACHUS 34 TYPGHHON
C ph a0 po.

Tepmuuecknit KI1]J1 YCT@HOBKH ¢ NIpO-
THBOJAABJICHHEM NOJYUAETCSH HMMKC, 4Yem
KOHIEHCALLHOHHOH VCTAHOBKH, T. €. B 3J1€K-
TPO3HEPIHI0O  NpeBpallaercsd  MeHbllas
HaCTb TEIMIOTHI TOMJMBA. 3aTO O6LIAS CTe-
IIEHb HCNOAB3OBAHUHA ITOH TENAOTH CTAHO-
BHTCS1 3HAYHTENbHO O0AbILEA, YEM B KOH-
NEHCAUHOHHOH yCcTauoBKe. B ujaeasbhnom
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UHKAE C MPOTUBOAABJEHHEM Tem1OTd, 3a-
TpAueHHAA B KOTJOATPEratTe Ha NoAy4eHHe
napa (maowane /-7-8-4-5-6), NOJHOCTBIO
Henodbsyeress norpeburedsimi. Yaers ee
(nowann /-2-4-5-6) npespawaercs s me-
XAHHYECKYIO MJIH 3JIEKTPHYCCKYIO IHEPrHIO,
a 44cTh (maowanb 2-7-8-4) orpaercs rei-
JIOBOMY NOTPCOHTENIO B BHAE TRNOTH ndpa
WIH TOPSIYCH BOJLBI.

[Tpu ycranoske TypSunm ¢ NPOTHBO-
HABJEHHEM KAdKIAbIH KHAOFPAMM napa co-
BEPUIACT NOAE3HYIO PABOTY [ =:H, — Ha
H OTH4eT TEINIOBOMY NOTPEGUTRIK KOJAHYE-
CTBO TeIWIOTH ¢, y=hy— A% . MowHocTh
YCTAHOBKH 110 BHIPAGOTKE 3CKTPOIHEPrHH
Ny=(hi—hy) D u ee rtennoBas MOWHOCTL
Qeu=(hs—ht) D HPONOLIHOHA b bl
pacxony napd D, T. ¢ MECTKO CBS3dHbI.
3TO HeYNOBHO Ha NpakTuKe, W60 rpadmku
HOTPEGHOCTH B IMCKTPOIHEPIHH H TENAOTE:
OYTH HHUKOILA HE COBHALAT.

HTo6bl N3GABUTLCS OT TAKOH KecTKOM
CBASH, Ha CTAHUMAX LIHPOKO [IPHMEHSAIOT
TYPOHHBL C PeryaupyemMblM npome-
KYTOUHDIM 0T6opOMm napa
(puc. 6.14). Takas Typ6uHA COCTOMT n3
ABYX 4acTeH: YAaCTH BLICOKOrG JABJAEHHS
(UBI), B koropoit nap pacwupserca or
NABJEHUS p) N0 AABJCHHSA Pors, HEOBXOLH-
MOTO IS TENAOBOro HoTpefuTeas, 4 4yacru
HH3koro pasiedus (MHJ/), rae nap pac-
WHPAETCH L0 NdBACHAS Py B KOHAEHCATOPE,
Hepes UB/L npoxoaut sech nap, shipa6a-
ThlBaemblll KoTJ10arperatom. Yacrs ero D
(IpH JAABAGHHE pure) OTOHpaeTCA nocTy-
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Puc. 6.13. Tennopukauvonnwit wusa 8 T, s-
AHarpamme



Puc. 6.14. YcraHoBKa TYpOHEDBI C PEryanpyembim
orbopom napa

naer K TemIoBOMYy norpeéurenio  T/1.
OctaabHoit nap B Konuuecrse D, npoxoaut
uepes UH]L B kouaeucarop K. Peryaupys
cooTHowEeHusT MeXAY Do M Dy, MOXHO
HE3ABHCMMO MEHATb KaK TeMNOBYK, TakK
M 3JEKTPHUECKYI0 HAarpy3kH TypOHHbl
C POMEXKYTOUHBIM OTOOPOM, UeM H 06bSAC-
HAETCH MX LHPOKOE pAacnpocTpaHeHHe Ha
T3LL. [Tpy Heo6X0AHMOCTH NpPEAYCMATDH-
BaloTcA 1Ba H Gonee peryaupyeMmbix ot6opa
C pasHbIMM NapaMmeTpaMmu napa.

Hapany ¢ peryjgupyeMbiM¥ Kaxnas
Typ6HHA HMEEeT elle HECKOJNbKO He p eT y-
AupyeMblx 0T60p OB Napa, HCHOb-
3yeMblX RJIA pereHepaTHBHOrO NOAOrpeBa
NUTaTeNbHOH BOAbl, CYLIECTBEHHO [OBLILIA-
oiero trepmuueckuit KM uukna.

CBoeo6pa3Has «TenJoQHUKaLHsi» MO-
KET OCYLLECTBASITLCS! JaKe HAa YHCTO KOH-
MeHCAUHOHHBIX CTAHUMAX, TAE OXJAdXKAal0-
I1as BOAA M3 KOHAEHCATOPOB HCNONb3yeT-
cs, nanpumep, aasi oborpea OGacceilHOB
HJH BOLOEMOB, [/le HCKYCCTBEHHO BbIPALLH-
paercsi poi6a. Or6pocHas TemjoTa MOXKeT
HCNOAb30BAThCA AJ5 060rpeBa [apHHKOB,
Tensuu U 1. 1. Kodeuno, norpe6roe B pai-
oHe T3l KosHyecTBO TEMJOTHl A ITHX
uesel 3HAYHTENBHO MeHbLIE 06LLEero KOJH-
yecTBa OTGPOCHONM TEMJOTHI, HO TEM HE Mé-
Hee TaKoe ee UCNOJIb30BaHHe ABAAETCH J1e-
MEHTOM 6€30TXOLHOH TEXHONOTHH — TEXHO-
JIOrun 6yayuuero.

Hecmorps Ha 6oJblliMe NOTEPH 3IKcep-
rHH NpH Nepefave TEMJOThl OT NPOLYKTOB
cropauus Kk napy, KI1I napocunosbix
YCTaHOBOK B cpeavem sbiwie, dem y [TV,
H 6auaok k KIT[ ABC, npexae Bcero 3a
CUeT XOpOLIero HCrnoMb30OBAHKHA pacnosara-
emoil skcepruu napa. (Kak ykaszano solile,

3*

ero TeMmnepartypa Ha BbIXOJ€ H3 KOHJ ‘Hca-
UMOHHOH Typ6HHb cocTasaner 28—30 °C.)
C npyrodt cTOpOHb!, 6O/bLICH pacnoairae-
Mbl Tenaonepenasn B TypOUHe H CBA3AHHBIH
C 3TUM OTHOCHTENbHO HHM3KHMH yaenhHbIH
pacxoa napa Ha pbhipa6oTky | kBT masso-
ASIOT C03/1aTh NapoBble TYpOHHBI Hi KO-
Joccasbhble  MOIWHOCTH — Ao 1200 MBT
8 ogHoM arperare! [lostroMy napocusoBbie
YyCTAHOBKH 6€3pa3fe/bHO  [OCNOACTBYIOT
KaK Ha TEMNJOBbIX, TAK U HA aTOMHbIX 3J1€K-
Tpocraduusix. [laposble TypOHHbLI NpHMe-
HAIOT TaKXe A5 NpHBOAA Typ6OBO3,1yX0-
AYBOK (B YacTHOCTH, B AOMEHHOM I1)OH3-
pojcree). HeagoctaTrok napoTypOHHHbBIX
YCTAHOBOK — GOJblUHe 3aTpaThl MET 144,
cBA3aHHblE npexje Bcero ¢ 60bUIOH Mac-
coil kotnoarperara. [1o3TOMY OHH NP IKTH-
YEeCKH HE NPHMEHAIOTCH HA TPAHCNIOPTE M UX
He [€eJaI0T MaJOMOLLHBIMH.

6.5. IIAPOFA30BbBIE LLHKJbI

B n1060M UHKRE BCSl TENAOTa TOpiYero
MCTOUHUKA ¢, He npeBpalleHHas B padOTy
{,, OTL@eTCH XOJOJHOMY HCTOYHHKY ga.
B uuxiae I'TY (cM. puc. 6.5, 6) oHa ¢ 1KTH-
yeCKH BbifpacbiBaeTcsa B atMocdepy Bliecre
¢ MpPOAYKTaMM CrOpaHusi, MMEWWHMIl 10-
CTATOYHO BbICOKYW Temneparypy (400 °C
M BhilLE).

KoneuHo, TenyaoTy 3THX rasoB M mKHO
MCNONB3OBATh Ads Lejed TennodHkalHH
4HAJOrHUHO TOMY, KaK 3TO ONHKCAaHO B Mpe-
Ablayliem naparpade, OfHAKO BbICOK{H ee
norenuHan (6osabuiasi pa6orocnocobH ICTh)
N03BOJSIET IPUMEHUTDL €€ M A5 POHIBOA-
CTBA JHEPrHH B KOMOHMHMDOBAHHBLIX yCTa-
HOBKaX.

KoM6GuHHpOBAHHblE YCTAHOBKH, B KOTO-
pPblX OLHOBPEMEHHO HCMOJBL3YIOTCH AB4 pa-
6ouux Tesa:. rad U nap, HalblBalTCs N a-
pora3oBbl MH. [Ipocreiiiuasn cxema na-
porasoBod  yCTAHOBKM  NOKasaHa  Ha
puc. 6.15, a uuka ee -— Ha pHc. 6.16. 1'opa-
uue rasbl, YXOAfLLHE H3 ra3oBod TypOHHbI
nocje coBeplueHUs B HeH paboThbl, Oxjax-
paloTcsl B nogorpeBarene /I, Harpepad nu-
TaTeJqbHYIO BOIY, NOCTYNAOLULYIO B NajOBOK
Kotes. B pesysnbraTe ymeHbllaercs picxod
TEeNJAOTH (TOMJAMBA) HaA NOAYyYEHHe iapa
B KOTJI€, UTO IIPHBOAHT K NOBLILIEHHK) 3()-
(HEKTUBHOCTH KOMOHHHUPOBAHHOrO 11HK.14 1O
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Puc. 6.15. Cxema

YCTAHOBKH!

T'T — razosan Typ6uka; I -- 3nekTporeHeparop,
K — naposoit koren, [TH — MTaTeNbHBI HACOC,
K — kougencartop; [T — naposas TypOuua; BK —
posaywnetii  komnpeccop; KC -— kamepa CTOpaHus;

npocrefwei naporasoBoi

TH — TonausHbtil Hacoc; [T — noporpeBatenb
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Puc. 6.16. Lluka napora3oBo#l yCcTaHOBKH

CPARHEHHMIO C ITHMH XK€ UHKIAMH, OCYLLe-
CTBASAEMbIMH pa3fenbHO.

MOILLHOCTH H napaMerpbl rasorypoHH-
HOIl M MapoTypOHHHON YCTaHOBOK BhIOHpA-
JOTCA TAKHM 06pasoM, YTOOhl KOIHYECTBO
TEenoTH, OTAAHHON B nogorpesateqe {1 ra-
3aMM, pPAaBHSIOCH KOJMMYECTBY TEMJOTHL,
BOCTIPHHATON NMUTaTE/bHOH BOAOi. JTO on-
pejensieT COOTHOLIEHHE MeXy pacXOLamH
rasa u BoAbl yepe3 nogorpearens [1. Lnka
KOMGHMHHPOBAHHOW YCTAHOBKH (puc. 6.16)
cTpouTcst 448 | Kr BOAAHOrO mapa M Co-
OTBETCTBYIOILETO KOJMYECTBA Fa3a, MPHUXO-
asumerocss Ha | kr BOAKL

B uMkjie ra3oTypOHHHOR YCTAHOBKH
NMOABOAHTCA Tenaora, paBHaﬂ naouianu
[-6-0-5, W nonyuaerca noaesnas pabora
[y, paBHas naoulagu {-2-3-4-5. B uukae
NapoTypOHHHOH YCTAHOBKM TpH €ro pas-
J€AbHOM OCYULECTBJAEHHH KOJHYECTBO MNOA-
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BeJIeHHON TeMJ1OThl PaBHO MAOUWANAH 6-e-6-8-
9-10, a nonesnasi pa6oTa [, — MJAOLLALH
6-7-8-9-10. Tenaora orpaboTaBIMX B Typ-
GuHe ra3oB, pPaBHas MIOLLAIH 2-6-0-4, npH
pa3/iesbHOM OCYILECTBAEHHH 060HX UHKIOB
BbIGpachiBaeTca B atMocepy. B naporaso-
ROM LHMKJe Tennora, Beijejfiowancs [pH
OX/IAMI€HHH Fa30B M0 JAHHWY 2-3 H paBHaA
niowanu 2-6-a-3, ve Bol6pachBaeTCs B aT-
mocoepy, a HCMOb3YETCA Ha MOAOrPEB [IH-
TaTeJbHOI BOAbI N0 AHHKHH 8-9 B nojorpesa-
rene [I. Tennora, aarpauuBaemas Ha 06pa-
30BRAHME Mapa B KOT/E, YMEHbUIAeTCA Ha
KOHUECTBO , paBHOE 3ALITPHXOBAHHOH MAO-
majke 9-2-8-8, a4 3pHEKTHRHOCTL KOMOHHH-
POBAHHOTO UKHKAA YBEIHUHBACTCH, NOCKOb:
Ky cymMmapHasi rnojesnas pabora 06OHX
UMKAOB Loc+ lun OJAMHAKOBA MK COBMECT-
HOM H pa3fe]bHOM MX OCYULECTE/CHHH.

B pas/iHyHblX TEXHOJOrHYECKHX CXEMax
BO3MOMHbI APYrHe BapHaHTHl MApOrasoBbix
YCTAHOBOK, MO3BOJSAIOUIAX HCNONB30BATE
TEMIOTY, BbUIEJAULYKCA B TEXHONOTHYE-
CKOM TIpOLecce A NONYYEHHs MEXaHHUE
CKOl 3HEepruu, yallle BCEro norpebasemon
B 9THX XK€ CXemax, Ha [IPHBOJl KOMIIPECCOo-
poOB, HAcOCOB H T. A.

KonTpoabhote 6onpoce. u 3aduiu

6.1. Buimectu dopmyny ana KILJL uukaa
JBC co cropadvem 1pH p=consl U CpaBHUTH
KI1/l ABYX UMKJIOB fIpH OAHHAKOBhIX 3HAUCHMAX
¢. vr/vs (cM. puc. 6.2, @) 0603HAYETB HEPE3 p.
K KAKOMY 3H@4YEHHIO CTPEMHMTCH 7| lIPH p—12.

6.2. Tlouemy BoipabaTbiBaeMasn TYpGHHOW
MOILLHOCTb MPEBLIIIAET MOULHOCTH, 3aTPAYCHHYIO
Ha MPHBOA KOMNPECCOpa, €ClM MACCOBhIE PACXO-
bl Uepe3 HUX padodero Tena ¥ repenajbl AaB/e:
HU [PAKTHUECKH OAMHAKOBLE (cM. puc. 6.4)?

6.3, [Mob3ysick A, s-jinarpamMmodl BOASTHOTO
napa, nocunrats KINJL uukaa Peuk#Ha na Hé-
CblULEHHOM Mape npH A3BJeHHU nepel TypOUHOR
9,8 MIla. CpaBuuTb ¢ KI1/1 uukna Kapuo, ume-
{OULEr0 T KE lapaMerTphl, a TAKXKe UHKNA Pen-
KMHa npw neperpeBe napa 0 540 °C. laBaenne
3a TypBuHoil py=4 klla.

6.4. [ap w3 or6opa TypOUHLL (M. PHC. 6.14)
¢ [A3BJACHHEM Pure MOXKHO MCIIO/NB30BATH HE TOMb-
KO s TenaoiMKallMK, HO W ISl MOoAoTpeBa
KOHJIEHCATa, NMOCTYNAIOUIero W3 KOHAeHcaTopd
g KoTea. [e HY)XKHO YCTAHOBUTb MOBEPXHOCTHBIA
TENJOOBGMEHHHK — A0 WK 110CAe KOHAGHCATHOTO
Hacoca, NOAANLLero B KOTe KOH/eHCdT. l1oBbiI-
cur au 3to KITL iukna?

6.5 MMeer M CMblCa (10CTABHTb XOJOAUIL-
HHK, UTOGbl CHH3UTh TEMMEPATYPY KOHAEHCALHH
napa 3a TYPOUHON M TEM CAMBIM MOBLICHTD KIQ
uuKna?



Yacte BTOpPpAas

Ffnasa ceabman

OCHOBHbBIE NOHATUA U OTPEAENEHUA

7.1. CHOCOBLI NEPEMAUYU TEIVIOTDI

CornacHo BTOpOMY 3aKOHY TepMOJHHA-
MHKH CﬂMOl’lpOH'jBOJleblﬁ npouece nmepeHo-
ca TeIOoThl B MPOCTPAHCTBE BO3ZHHKAET MO/
nedcTBUEM pasHoCTH TeMneparyp
U HanpaeieH B CTOPOHY YMEHbILIEHUS TeMm-
eparyphb.

3aKOHOMEpPHOCTH TMepeHoca TemaoTH
M KOJMMECTBEHHbIC XAPAKTEPHCTUKH 3TOr0
npouecca ABAAOTCA NPEAMETOM HCCaeL0-
BaHWA TeOpUH Telnoo6MeHa (TenJornepe-
nadu).

Tennotra MOXKET PAacnpoCTpaHATbCA
B JilOObIX BELLECTBAX W AadXKe 4epe3d BaKyyM
(nycrory). HpaeanbHblX TEMIOH3OJIATOPOB
He CYLLeCTBYeT.

Bo Bcex BeulecTBax TemJoTa nepeiaer-
CATEeNJAONpPOBOAHOCTLIO 32 CUET Ne-
peHoca 3HepruM MHKpodacTHuamu. Mose-
KYJlbl, aTOMbI, 3J€KTPOHbt U APYyrHe MHKpO-
YaCcTHIbI, U3 KOTODBIX COCTOMT BeULECTBO,
JABRXKYTCS1 CO CKOPOCTSIMH, IPOIOPILHOH Wb -
HBIMH HX TeMeparype. 3a cueT B3auMoel-
CTBHA APYT C APYroM ObICTPOJABHIKYLLIHECA
MHKpOYaCTHLbI OoTAAal0T CBOW 3HEPrHIO 60-
JNlee MeAJIeHHBIM, NEePEHOCsl TakuM 06pasom
TEIJIOTY U3 30HBI C BBICOKOH B 30HY ¢ GoJee
HU3KOH TeMnepartypoil. B Teopuu Tenynoob-
MeHa, Kak ¥ B I'HAPOMEXaHHKe, TEePMHHOM
OKWJIKOCTb» 0003Hauaerca Jiobasd cnJjoll-
Has cpepa, o61anaas CBOHCTBOM TeKy-
yectu. [logpasfaeneHde Ha «KalleJbHYO
JKUAKOCTE» H «ra3d» UCHONb3YeTCsl TONbKO
B cJyudae, KOTJla arperarvHoe cocTofHue Be-

OCHOBbI TEOPUU TEMJIOOBMEHA

WecTBA UrPAET B PACCMATPHBAEMOM TNpO-
lecce CYLIeCTBEHHYIO POJlb.

B KMIKOCTAX MEPEHOC TelNOThl MOXKET
OCyLL[eCTB.ﬂﬂTbCﬂ eLlLe 1 33 cuer ﬂepeMCLUH‘
Banua. [1pu 3TOM ye He oTAeNbHbIE 1400€-
Kydbl, a GOJblIHe, MAaKPOCKOMHYCCKHE
06beMbI TOPAUE KHAKOCTH MEPEMELLAIOTCH
B 30HBl ¢ HU3KHMHM TeMNepaTypamH, 1 Xo-
JOLHAS KHAKOCTb MONajfaeT B 30HbE ¢ Bbi-
coknmu Temnepatypamu.|[Teperoc Tenaotel
BMECTE € MAKPOCKONUHECKUMU 00Bemamu
BELECTBA HOCUT HA3BAHUL KO H B € KT H B-
HOro TenaonepeHOCa, WIH IPACTO
KOHBEKUHH. |

CheqyeT MMeTh B BHLY, 4TO OAHOBpe-
MEHHO C KOHBEKUMEHR BCEraa cOoCyLIecTByeT
W TEnJONpOBOAHOCTb, OMHAKO KOHBEKTHB-
HBlil NepeHoC B XKMAKOCTAX OGBINHO ABIISET-
€A OnpeaeNaloWlM, MOCKOAbKY OH 34auM-
TeJibHO HHTEHCHBHEE TEeMONPOBOLAHOCTH.

B TBepAbIX MOHOJIMTHbIX TE€/NaX Mepeme-
(lEHHe MAKPOCKOMUYECKHX OOLEMOB OTHO-
CUTEJbHO APYr APYra HEBO3MOXHO, N03TO-
My TelJ0Ta IIepEHOCHTCA B HHUX TIbKO
{TennonpoBoaHocTei.{ONHAKO IpU HalpeBe,
CYWIKE 3€PHUCTHIX MaTepHanoB (I eCKa,
3epHa U T. ) OYE€Hb HACTO MCKYCCT3IEHHO
opraHusylT uepemciusanue. [lpouecce
TEMJONEpPeHoca NMPH 3TOM PE3KO HH1EHCH-
¢guuHpyerca M QUIHYECKH CTAHOBUTCSI MO-
XOXHM HA KOHBEKTHBHBIH TemjoneleHoc
B JKHUAKOCTHX.

ﬁaCTO MPUXOLUTCHA PACCUHTBIBATH Ten-
JOOOMEH MEXAY MKHIKOCTbIO H I1OBEPXHO-
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CThIO TBEPAOrO TeMA. ATOT MPOLECC MoAYUHII
crenranbHOe Ha3BaHHe KOHBEKTHBHAR
TenJaooTA&a4Ya (Tenaora oraaeTci OT
XKUAKOCTH K NOBEPXHOCTH UAH HaOﬁ()pOTu

{TpeTbiM cnocoBoM MepeHocd TenaoThl
sBAfeTCA M3aydenne. Manyuenvem ten-
JI0Ta NepejdeTcs dyepe3 Bee Jydenpospad-
Hbie Cpeabl, B TOM YHC/AC H uepe3 BAKyyM,
HANpHMeEpP B KOCMOCE, I'1e 3TO eAHHCTBEHHO
BO3MOXKHBIA CltOCO6 NMOJYUEHHA TCIAOTHI OT
CoJlHIla U [TOTEepH €€ B MeX3Be3lHOe NPo-
CTpaHCTBQ_.jHocheJIHMH SHEPruu NpH Ter-
NOOOMEHE M3NyYeHHeM SABJRIOTCH (POTOHBI,
H3Jydaemble H 10IJ0ULdeMble TeJaMH, yda-
CTBYIOILHMMH B TeNJ00OMEHE.

B 6oabldHCTBE cayyaen MepeHoc Ten-
JOTHl OCYULECTBAAETCH HECKOJBKHMHU CNOCO-
6aMH OLHOBPEMEHHO, XOTS 4YaCTO OLHHM
WK jaxe AByMs cnocofamu npeHebperator
BBH/AY HX OTHOCHTENbHO He6GOMbLIOro BKAA-
fd B CYMMApHBIH CAOMHLIA TemonepeHoc.

72 KOJTHRECTBEHHBIE XAPAKIEPHCTHKH
NEPEHOCA TENLIOTHI

HHTeHcHBHOCTb nepeHoca TeMIOTHl Xa-
PAKTEPH3YeTCA(MNOTHOCTHIO TemJao-
BOroO MOTOKA, Ti€ KONHIECTBOM TeN10-
Thl, NepelaBaeMol B elHHHUY BPEeMeHH de-
pes edHHHUYHYIO TAOILAAb MOBEPXHOCTH.

[nasa sBochmas

TENNONPOBOAHOCTDL

dta Benauuuna waMmepserca B Br/m?
H 00bIuHO 0603Havaercs ¢. (Cneayer obpa-
TUTb BHHMAHHE Ha TO, 4TO B TEPMOAHHAMH-
Ke TeMH Xe OykBamMH 0003HA4aT ApyrHe
BEJHUHHLE @ — KOJHUYECTBO TEIJIOTHL, § -
YANLHOE KOAHYECTBO TeMJOThl, T.€. OTHE -
CEHHOE K e[KhLHLEe Macchl pabouero redaa.)

KOJIH‘{CCTE\U TEMJIOThI, NepeaapaeMoe
B €/MHHILY BDEMCHH Uepe3 MPOU3BOJbHYIO
HOBEPXHOCTb F, B TeOpHH TemaooOmena
IIPHHATO HA3LIBaTh MOILHOCTbLIO TEl-
JOBOTO NOTOKA HAH NPOCTO T €04 0-
BbBIM HOTOKOM H 0003HayaTL OYKBOH
Q. [Eaunuuedl ee uamepenus 0BLIYHO CIy-
KuT Hox/c, 1.e. Br.

Kosuuecrso TtemnsnoTel, nepegasaemoe
34 NPOM3BOJILHLIA NPOMEKYTOK BPEMENH T
uepes NPOM3BOIbHYI LOBEpXHOCTL F, BOy-
Aem ofo3navare Q.. Mcnoassys sty 0603-
HAUYEHHS, MOXKHO 3aNUCATb COOTHOLEHHE
MEXKAY PACCMOTPEHHbIMH BEJIHHHHAMH!

9=Q/F=Q,/ (xf). 7.1

B obwem cnyuae TensnoBoi norok Q,
a COOTBETCTBEHHO, KOJUUYECTBO TeNaOThl @,
MOTYT M3MEHATbCA KaK 10 BPEMEHU, TaK
M N0 KOOPAHHATAM, rje BbipaxeHue (7.1)
MOXHO 3aHChIBATb TOMbLKO B AH(depeHLH-
anbHOH (opme:

g=0Q/0F =0*Q,/(010F).  (7.2)

8.1. OCHOBHOHM 3AKOH
TENJOMPOBOAHOCTH

B 0cHOBHOR 3aKOH TeM10NPOBOAHOCTH
BXOAUT P/l MATEMATHYECKHUX TIOHATHH, Of-
pese/leHHsa KOTOPbIX LLe1ecoofpasno Halo-
MHHUTb H TIOACHHTL.

TemnepatrypHoe noae — 3T0 co-
BOKYHHOCTb 3HAYeHWA TeMNepatypsl BO
BCEX TOUKAX TeJA B JaHHBIH MOMEHT Bpeme-
HY. MareMaTH4eCKH O0HO OMHChIBARTCH
B BUae = (x,y, 2, 1). Pasinuanr craun-
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OHApHOE TEeMMEPATYpHOe 110J€, KOrda Tem-
nepaTtypa BO BCeX TOUKAX TEJA HE 3ABHCHT
OT BPEMEHHU, H HecTalMonaphoe. Kpome To-
ro, ec/H TeMIepPaTypa M3MEeHAETCH TONbKO
o O,[LH()ﬁ HJH [ABYM NPOCTPSHCTBEHHbIM
KOOPAHHATAM , TO TEMMEPATYPHOE N0Ae Ha-
3bIBAIOT COOTBRTCTBEHHO OLHO- WJH ABYX-

MEPHEIM.

MsotepMmuueckad noBepx-
HOCThL -— 9TO  [COMETPHUECKDE  MeCTo
TOYEK, TEMICPATYpd B KOTOpBLIX  O[MHHA-

KOB4&.



Fpaauenr TeMmoeparTyphbl —
grad t ecTb BeKTOp, HanpaBJ/jeHHbI! MO HOP-
MaJin K HSOTEPMH'-IGCKOI::I NOoBEPXHOCTH
M YHCJEHHO PABHLIH MPOW3BOAHOH OT TeM-
neparypbl no 3TomMy HanpasJIeHHUIO.

CoraacHo OCHOBHOMY 3@KOHY Tefo-
NPOBOAHOCTH — 3aKOHY bypbe
(1822), sekTOop MJNOTHOCTH TEMJIOBOIC M0-
TOKA, MepeiaBaeMoro TEMJONPOBOAHOCTHIO,
NpONOPLHUOHAJEH FPAJHEHTY TeMIIePaTyphl:

q= —Aigrad ¢, 8.1)
roe A—ko3¢p¢dHUHEHT Tenaonpo-
BOAHOCTH BeLLECTBRA;, ero eanHuua
uaMeperust Bt/ (m-K).

3Hak MuUHyc B ypaBHenuu (8.1) yka-
3biBaeT Ha TO, 4TO BEKTOP ( HanpasJjeH

[IPOTHBOMON0XKHO BEKTOPY grad f,
T. €. B CTOPOHY HaHGOJbILEro yMEHbLIEHHS
TeMnepaTyphbl.

TennoBo# noTok §Q depe3 MpOU3BOJIb-
HO OPMEHTHPOBAHHYIO 3JI€MEHTAPHYIO ILIO-
wanky dF paBeH CKaasipHOMY NpOW3Beje-
HHIO BeKTOpa  HA BEKTOD 3/JEMEHTapHOH
nioutanky dF, a noaHslii TemyioBod NOTOK
Q depes Bcio nosepxHocTb F onpejensiercs
MHTECPUPOBAHUEM 3TOrO MPOH3BEAEHHA TIO
MOBepXHOCTH F:

Q={qdF

3

(8.2)

8.2, KOAPDOUUHULEHT
TEMJSIONPOBOJLHOCTH

Ko3(pdUUuHeHT TennAonpoBOAHOCTH A
B 3akoue dypoe (8.1) xapakrepuayer cno-
CcOGHOCTb AAHHOTO BeLlecTBa [MPOBOAHMTH
Tenjaory. 3HayeHusa KoIQ@PHUIIHENTOB TEMI0-
NPOBOAHOCTH MPUBOAATCH B CNPABOYHHKAX
no Tena0pU3UIECKHM CBOACTBAM BEILECTB.
YucaeHHo KOI(QQHUUHEHT TEeNaonpoBoHO-
cTu A==¢q/grad { paBeH MJOTHOCTH TeNI0-
BOro MOTOKAa APH TpajMeHTe TeMmepaTyphbl
1 K/m. IlodsiTe BAHSIHWE pa3JIMUHBIX Mapa-
METPOB, a MHOrAA M OUEHHTb 3HAYEHHE A
MOXHO Ha OCHOBE PACCMOTPEHHS] MeXaHH3-
Ma nepeHoca TenJorel B Belwectse. Corac-
HO MOJIEKYJSIPHO-KHHETHUECKOH TEOPHH KO-
3¢ HUHEeHT TEeNNONPOBOAHOCTH B ra3ax 3a-
BHMCHT B OCHOBHOM OT CKOPDOCTH JABHKEHHA
MOJIEKYJ, KOTOpas B CBOI0 OuYepelb BO3-
pacraer ¢ YBEJHUEHHEM TeMmfeparyphbl

U yMeHbleHHeM Macchl Moaeky. Han jonb-
el TenJoNpOBOAHOCTHIO 06AAAAET 1 TKHH
ras — BOAOpPOA. [IpH KOMHATHBIX YCAOBHUSAX
K03 HHUHMEHT TENJAONPOBOAHOCTH BOLOPO-
n1a Ax~02Bt/(M-K). ¥ 6osee Ta}.cabix
rasoB TEMJONPOBOJHOCTh MEHbLIE — V' BO3-
ayxa A=0,025 Br/(m-K), y nvoxkcuza yr-
aepoga A=0,02 Br/(M-k).

B Meraanax TensonpoBOAHOCTL obec-
neyuBaeTcs riaaBHbIM 06pa3om 3a cuer Te-
JIOBOTO JIBH)KEHHSA 3JE€KTPOHOB («3/€KTPOH-
HOro  rasa»), Kotopble  fojee  yeM
s 3000 pas jerue MoNeKyJl CaMoOro JIerkoro
raza — nopopoaa. CoOTBETCTBEHHO b Tel-
JIOIIPOBOAHOCTb METAJJIOB MHOrO  Bibille,
ueM rasos.

HauboablinM  KO3GQHIHEHTOM  TEILIONPO-
HOJAHOCTH O6J8/al0T 4YHCTbie cepe6po M Medb!
A~400 Br/(M-K). [las yrjiepoaMcTeix crased
A50 Br/(M-K). ¥ &uiaxocTed (Hemerzanos)
K03 UIULUEHT TENONPOBOAHOCTH, KAK [P 1BUIO,
menbe 1 Bt/ (m-K). Boaa asasiercst 04t M H3
JAYULIAX KHAKKX TPOBOAHMKOB TeNNOThHI, 15 Hee
A=0,6 Br/(m-K).

KoxbdHuHeHT TennonposoiHOCTH He 4eTasl-
JIMHECKHX TBEPABIX MaTEpHasoB OOBIYHO HHXKe
10 Br/ (m-K).

[MopucTeie MaTepdabl — npobka, pasiiHy-
Hbl€é BOJOKHUCTHIC HAMOJHHTEAM THNA BAThl —
0613/210T HAUMEHBLINMHU KO3hUUHEHTaN H TeN-
aonpopoaHocTH A << 0,25 Br/(m-K), npn€inxa-
IOLMMHCA NPU MaJOH MJIOTHOCTH HaGHBKF K KO-
3G hHUMEHTY TEMJIONPOBOAHOCTH BO3AYX4, 3anoJ-
HAKOULETD NOPbI.

3HauuTeNbHOE BJWAHWE HA KO3(dildueHT
TEnJ0NpOBOAHOCTH MOI'YT OKa3bIBATD TEMIepaTy-
pa, AaBjeHue, a y MOPHCTHIX MdTepHanCE elle
H BJAXHOCTL. B cnpaBouHHKax BCceraa npiisoaaT
YCAOBHSA, [IPH KOTOPBIX ONpefensics ko3¢ ¢pHuH-

1 1 1 1
7077 7 10 0"
A,8T/m-K)

Puc. 8.1. MurepBabl 3HaueHHH KO3QOUUKHEHTOR
TENJOMNPOBOJHOCTH Pa3JMYHbIX BEILECTB

1
103 1072 703
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€HT TenNonpoBOJHOCTH AAHHOrO BELLECTRA, U AJA
APYrHX YCJOBHH 3TH JlaHHble HCNOMb30OBATb
Heb3A. JInanaioHbl 3HaUeHHH A AR PasAHUHBIX
MAaTEpPHAJIOB IPUBEAEHbl Ha puc. 8.1.

8.3. NEPLHOC TENJOTHI
TEMAONPOBOAHOCTHIO
NPH CTAHHUOHAPHOM PEXHUML

OnHopoaHas njockas crenwka. [lIpo-
CTedlled W OYeHb PACNPOCTPAHEHHOH 3a-
pavel, pewaeMoi Teopueil TensnoobmeHa,
ABJISETCH ONpejedeHne UIOTHOCTH Temno-
BOrO  [OTOKAa, MNEpPelaBaeMOro  uepes
NJOCKYI0 CTEHKY TOJAWMHOW §, Ha nosep-
XHOCTSIX KOTOPOH NOAJIEPIKUBAIOTCA TeMrle-
partypbl {a Kt (puc. 8.2). Temneparypa
H3MEHAETCA TONBbKO [0 TOJILHHE MNJaCTH-
Hbl — [0 OAHON KoopauHaTe x. Takue 3a-
a4 Ha3blBAIOTCA OAHOMEPHbBIMHK, peuleHus
UX HanboJee NPOCThl, U B JaHHOM KYypPCe Mbl
OrPaHHYHUMCSl PACCMOTPEHUEM TOJBKO Of1-
HOMEpPHbLIX 3ajay. YuHTbiBas, YTO AJ1H Of-
HOMEPHOro cjaydas

grad t=dt/dx, (8.3)

MW HCNOJAb3YyA OCHOBHOW 3aKOH TeNJaornpo-
BoaHoctH (8.1), nonyuaem anddeperuu-
anbHOE YpaBHEHHE CTallHOHApHOH TemJao-
NPOBOJHOCTH IUIA NJAOCKOH CTEHKH:

g= —Adt/dx. (8.4)

B CTAauMoOHAapHBIX YCJAOBHAX, KOraa
3HEeprusl He pacXoAyeTCA Ha Harpes, NAOT-
HOCTb TEIIOBOrO M0TOKA ¢ HEH3MEHHA Mo

(A

é‘ X

Puc. 8.2. CrauuoHapHoe pacnpejeneHue Temne-
paTYphl MO TOMLUHHE NJOCKOH CTEHKH
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TOJIILHHE CTeHKU. B 60bLUIMHCTBE NPAKTH-
yeckux  3apay  npHOJMKEHHO  Npef-
nojaraercd, UTO KO3(PQHUIUHEHT Tenjo-
NPOBOMAHOCTH A HE 3aBUCHT OT TEMNEpPaTyphl
H OJIMHAKOB 110 BCEN TOJLLIHHE CTEHKH. 3HAa-
YeHue A HaxXOAAT B crpaBouHHkax [15] npu
TeMmneparype

=05 (t 4 1.). (8.5)

CpelHel MexAy TeMNEPATypaMH OBEPXHO-
cteil crenku. ([lorpewHoctTs pacueToB npu
3TOM 0GLIYHO MeHblle MOrPellHOCTH HCXOA-
HbiX AaHHbIX H TABJHUYHbLIX BEJKHYHH, a NPH
JHHENHOH 3aBUCHUMOCTH KO3 HllHeHTa
TENJONPOBOAHOCTH OT TeMIepaTyphl A=
=a- bt Tounaa pacueTHas dopmyna naf
q He orau4vaetca oT npubanxkenHoh). [lpu
A=const

dt/dx = —g/h=const, (8.6)

T. €. 3aBHCHUMOCTbL TeMnepartyphl ! OT Ko-
OpANHATH x JIMHeHHa (cM. pHc. 8.2).

PasgenuB nepemeHHble B ypaBHEHHH
(8.6) n npouHTerpupoBaB Mo { OT fo M0 te»
H o x or 0 10 &:

!

di— 9§ dx,
y di=—31

t i}

ol

(8.7)

[MOJYHHM 34BHCHMOCTb AJA pacdeTa (110T-
HOCTH TeNJ0BOro HnHotToka

g=(t, — 1) 1/8, (8.8)

HJIH
Q=qF=(t,,—ts)AF/4. (8.9)
[Monyuennas npocrefiias GopMyaa umeer

O4YeHb LIMPOKOE PaclipocTpaHeHHe B Terno-
Bbix pacyerax. [1o 3Tolt hopMyJe He TOJNBKO
PaCCHHUThLIBAIOT MJOTHOCTH TelJIOBOro naTO-
Ka uepe3 IMJOCKHE CTEHKH, HO W JAenaioT
OUEHKH a7 cayvyaeB Oosee CJACKHBIX, Y-
pOLEHHO 3aMeHdAd B pacu4eTax CTEHKH
CAOKHOA KOHQUrypalud Ha 0JAOCKYIO.
Muoraa yxe Ha oCHOBaHWH OLEHKH TOT HJH
HHOH BapuaHT orpepraercs 6e3 naJibHeH-
IIKX 3aTpaT BPEMEHH Ha ero AeTalbHYio
npopadoTky.

[lo dhopmysne (8.9) MOXKHO paccunTaThb
KO3 (HUUHEHT TENJONPOBOAHOCTH MaTepua-
Ja, €C/li KCNEePUMEHTAJbHO 3aMepPHUTh Tell-
JIOBOH MOTOK H pPa3HOCTh TEMIEPaTyp HAa
NOBEPXHOCTAX NJAACTHHBI (CTEHKH) HM3BeCT-
HbiX pa3Mepos.



Otnouenune AF /8 HasblBaeTcs Te M J o
BOAd TMNPOBOAHMOCTBIO CTEHKH,
a o6paTHasi BeauunHa §/(MF) Temno-
BbiM HIHTEPMHUYECKHM COMNPOTHB-
NeHHeM cTeHKW W oBozHauyaeTca R;.
[Tonsbaysick NOHSITHEM TEPMHUYECKOro conpo-
THBJAEHUA, (bOpMyJIy AJIA pacyeTra TenjoBo-
O NOTOKA MOXHO NpencTasnTb B BUAE

Q:(tcl_tc2)/RX! (8.10)

aHaJOrMYHOM 3aKOHY OMa B 3/1€KTPOTEXHH-
Ke (CUJa 3JeKTPHYECKOro TOKA pasHa pas-
HOCTH NTOTEHUHAJOB, AeJAeHHON HA 3JIEKTPH-
ueckoe CONpPOTHBJAEHHE NMPOBOAHHKA, MO KO-
TOPOMY T€YeT TOK).

Ouenb yacTO TEPMHYECKHM COMPOTHB-
JeHHeM HasblBalT BeaHUHHY 8/h, KoTO-
pasi paBHA TEPMHUYECKOMY COMPOTHBJEHHIO
AVIOCKOM CTeHKM miowansio 1 M.

Npumep 8.1. Onpeaenurs TeNJAOBOH NOTOK
yepes GETOHHYIO CTeHY U4IaHHst  TONUHHOW
200 MM, BoicoTo H=2,5M W LAHHOH 2 M, eciiH
TemaepaTypel Ha ee (0BepxHocTsx fo=20°C,
teo=-—10°C, a K03pQHUHEHT TERJIONPOBOAHO-
ctH A=1Br/(M-K):

Q= —l)AF/6=(20+410)-1-2,5.2/0,2=
=750 Br.

Mpumep 8.2 KO3 PUUHERT
TEMJIONPOBOAROCTH MATEPHANA CTEHKH TOJILLLHHOA
50 MM, EC/IH IUIOTHOCTb TelIOBOrO 10TOKa 4epes
ree ¢=100 Br/m” a pasnocTb Temnepatyp Ha
nosepxuocrax Al=20°C:

g8 100-0,05

A= =
—i, 20

Onpegenntn

=0,25 Bt/ (m-K).

¢l

Muorocaoiinas  crewka. Popmyno#
(8.10) MOXHO NMOJIb30OBAThCH H [ pacuera
TEMNJOBOTO [OTOKA uepe3 CTeHKY, COCTOs-
UIYIO U3 HECKOJbKHX MJAOTHO NPHJErarHux
JPYr K APYTY CJIOEB PA3HOPOAHbBIX MaTepHa-
J0B (puc. 8.3), HanpuMep KUPIUUHYIO CTEH-
Ky 31d@Hus, MOKPLITYIO CJOEM LHITYKaTypKH,
KpackH W T. 1. TepMHueckoe CONPOTHBJIEHHE
TAaKOH CTEHKM PABHO CYMMe TEPMHUYECKHX
COMPOTHURJAEHHH OT/eNbHbIX CJOEB.

n 6[
- Z o

=1

& 11)

B ¢opmyay (8.10) HYXKHO MOACTABHTL
pa3HoCTh TeMmepatyp B Tex TOYKax (no-
BEPXHOCTSAIX), MEMKLY KOTOPbIMH «BKJIOUE-
Hbl» BCE CYMMHUpYeMble TepMHUECKHe COMpo-

q
2 2
I\ T
J’z é\z N ’4“"
R

Puc. 8.3. PacnpepnesnenHe TeMnepatypbl IO TOJ-
L{HHE MHOrOCJAOHHON MJOCKOH CTEHKH

THUBJEHUHA, T.€. B J[JaHHOM cJayuae ey

H tc(,H. 1)

Q___l‘c,——t

2 R

i=1

clnt1)

tcl _tc(n+l)
5
F,

(3.12)

[\/]:

i=1

dopmyay (8.12) nerko noayduTh, 3a-
[IMCaB Pa3HOCTb TeMmnepatyp no ¢gopmyae
(8.9) and KaxXLOro U3 f CJI0EB MHOrOC/ION-
HOH CTEHKHM H CJOXHB BCE N BbIPaXKCHHH
€ y4eTOM TOro, 4HTO BO BCex c10ax Q umeer
OAHO U TO Xe 3HaueHne. [IpH cnoXKeHHH BCe
OPOMEXYTOUHblE TEMIIEPATYPBl COKPATSITCS.

Pacnpegeneide Temmepatyp B npeje-
Jax Kaxioro cjosi — JuHedHoe, O1HaKo
B Pas3JMUHBIX CJOAX KPYTH3IHA TEMIEPATYp-
HON 3aBHCHMOCTH Pa3JiiuHa, NOCKOABKY CO-
raacHo gopmyie (8.6) (dt/dxni= —q/ .
[TnoTHOCTL TENAOBOrO 110TOKA, npoxoasiue-
TO 4yepe3 BCE CJOM, B CTALlHOHAPHOM PeXH-
Me OJMHAKOBA, 2 KO3(PPHLUHEHT TEMJ0Npo-
BOJAHOCTH CJ0OEB PaszjnueH, CJAef0BATENbHO,
Gosiee pe3ko TeMMepaTypa MeHSeTCst B CJIO-
X ¢ MeHbileld TenJonpoBOAHOCTbIO. Tak,
B npumepe Ha pHc. 8.3 HauMeHbIIe#d Tenio-
NPOBOAHOCTHIO 06J1anaeT MaTepHa/ BTOPO-
ro caosi, a HauGonbllell — TPEThero.
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Paccuuras TennoBoil norok yepes mHo-
FOCJIORHYIO CTEHKY, MOMKHO ONpefequTh na-
JleHHEe TeMnepaTypbl B KaXAOM CJ0e 110
CooTHoweHuw (8.10) W Haiitu Temnepary-
Pbl Ha rpanuuax BCeX CJ0EB. ITO OYeHb
BA)KHO NpH UCAO/Ib3OBAHUH B KayecTre Ten-
JIOU30JIAATOPOB MATEPUANOB C OrpaHHyYeH-
HOM onycTUMO# TemnepaTypoii. O606uen-
Hyl0 GOpMyny aiA pacueTa Temmeparypbi
fe(k 1) 38 1106bIM cioem (i=k) MOXKHO NO-
JY{UTL K3 BblpaxkeHus (8.12), noacrasus
B Hero n=k:

£
tc(k+l)=tc1_Q Z R,,. (8.13)
(=1

Kontakthoe tepmuueckoe conporuaJe-
Hue. MaeaqbHO NMOTHBIE KOHTaKT Mexnay
OTAEJbHBIMH CJOAMH MHOMOCJAOHHON CTeHKH
moayJyaercs, ecqd OLHMH U3 CJ0EB HAHOCHAT
Ha 1Pyro#l B HAKOM COCTOSIHHH WK B BHJe
TEKY4ero pacTBoOpa (LLeMEHTHOro, rHIICOBO-
ro H ap.). Teepabie Tena KacawTcs Apyr
ApYyra TolbKO BepluuHamu npoduaelt wepo-
xosarocte#t. [lnowans KoHTakTa Bepu
NpeHeGpPeXMMO Mafa, W BeCb TENJAOBOH N0-
TOK HMAET 4epe3 BO3RyWHHIH 3aszop. ITo
CO31aeT  NONOJHHTEdbHOE  (KOHTAKTHOE)
TEPMHUECKOe compoTuBJaeHue R,. Ero mox-
HO MPHUOIHKEHHO OLEeHHTb, ecqH NPUHATD,
HTO TOJILULMHA 3330pa MeXAY COmpuKacaro -
U{UMHUCA TelaMH § B CpefiHEM BIBOE MEHb-
i€ MEKCHMAJIBHOTO PACCTOAHHA Oyane MEXK-
Ay BnannHamu uiepoxosaTocTel. Tak, npw
KOHTaKTe 1BYX MJACTHH C WIEPOXOBATOCTLIO
MOBEPXHOCTH 5 K/aacca (mocide 4uCTOBON
0o6TOuKH, CTpOraHus, thpe3sepoBanus)
Suave=0,03 MM u B BO3yXe KOMHATHOH
Temneparypsi

R,=8/L=15-107/(2,59.10" %)=

=0,58-10"" m?. K/Br.

3TO 3KBHBANEHTHO TEPMHYECKOMY conpo-
THBJEHHIO CJIOS1 CTadW TOJULMHON OKOMO
30 Mm.

Jna yMeHbIIeHUA KOHTAKTHOrO conpao-
THBJIEHUH HeOﬁXOﬂMMO 34MOJAHATL 3330pbl
KaknM-11u6o Marepuasom ¢ Gosee BbICOKOH,
HEM Yy BO34YyXa, TERJIONPOBOAHOCTBIO, Ha-
NpHMED CHadATb WK XOTS 6bl CKAEUTBL [10-
BEDXHOCTH.

Linauuapuaeckan crenxa. Ouens 4acTo
TCMIOHOCUTENH  ABHXYTCH N0 TpyGam
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W TpeGyeTcsl paccyuTaTh TEMJOBOM MOTOK,
nepejaBaemblit  uepes LUHJTHHAPHYECKYIO
CTeHKY TpyObl. 3aaaua o pacnpocTpaHeHuu
TENNOTHL B LWJHHADPHYECKOH CTeHKe npu
H3BECTHLIX H ITOCTOSIHHbIX TeMNepaTypax Ha
BHYTPEHHE U HapYXKHOH nOBepxXHOCTSX,
TAKKE OLHOMEpHasdA, ec/H ee paccMaTpu-
BaTb B UMIHHAPUYECKMX KOOpAMHATax.
Temnepatypa wuameHsercs TOAbKO Bioab
panuyca (mo koopauHate r), a no mauue
TPyGbl H MO ee MEpUMETPY OCTaeTcH He-
M3IMEHHOH. B 3toMm cayuae grad t=dt/dr
H 3akoH ®ypbe Gyner umern Buj

g= —A\(dt/dr), (8.14)

MKW AJst Tpy6bl AJHHOH [
Q="Fq= —2nrir (dt/dr). (8.15)
Hurerpuposate  yao6wxo ypaBHeHHe

(8.13), Tak Kak Ten10BOH NOTOK He MeHsieT-
Cs1 110 TO/ILIHHE CTeHKH, a8 ¢ = Q/F 7= const,
fockoMbky naouwane F=2anrl, uepea kKoto-
PYIO NpOXOAHT TERJOBOW NOTOK, 3aBHCHT OT

paauyca.
Paspenum nepemeHubie:;
Q dr
=— _— .1
! 200l r (8.16)
Hurerpan ypasuenus (8.16)
Q
t=C—2annr 817)

IOKa3bIBACT, UTO pacApejle/eHHe Temnepa-
TYPbl 10 PaaHyCy CTEHKH MOAUMHSIETCHA JIO-
rapupmuueckomy 38KOHY (puc.84).

Tez

Puc. 8.4. Usmenenue TEMNepaTyphbl N0 TONLIKHHE
OLHOCJOWHOKH LUM/JMHIPUUECKONH CTeHKH



Y BHyTpeHHeil MOBEPXHOCTH, 1€ KPHBHIHA
cTeHKHM OoJbille, TeM{epaTypa MeHseTes
peaue, ueM y HapykHOH.

Hurerpupopanue  ypaBHEHHs (8.16)
B OfpejeNenHbX npeienax (no ¢t o1 te 8O
feg ¥ 1O F OT ry A0 ro) [Ka€T 3aBHCHMOCTH
AMA pacdyera TeMIoBOro MOTOKA Hepes M-
NUHAPHYECKYIO CTEHKY!

(8.18)

[las Tpy6 OGbIYBO H3IMEPRETCH H MPH-
BOMMTCS B YCJAOBHAX 3a/a4 MaMerp, a He

pajuyc, f03TOMY OTHOUIEHHE pajHycoB
ro/r\ 3dMEHEHO OTHOUICHHEM [HAMETPOB
dq/dn.

Tepmnuecxoe CQﬂpOTHBJleHHC ansg UH-
JlHHIlpH‘{eCK()l‘jl CTEHKH HMeeT BHJL

R o In d?
Mo omM o 4

(8.19)

npuuem npu dp/dy = 1 pacuer A0JKeH Npo-
BOAMTLCS € BHICOKOH TOUHOCTBIO, TOCKOJBKY
Hebodbiliasd  MOCPELHOCTh,  AONYULEHHAA
NpH Ofpefle/leHnH OTHOLICHHS dy/d,, B 3TOM
cAydae JaeT 3HAYMTENbHYIO OWHGKY NpH
BbluMcJeHHH aorapugma. Hanpumep, eciu
anauedne do/d,=1,09 OKpyrauTL A0
1,1 (MOrpelHocTs  OKPYLJ@HHs  MeHbILE
1 9% ), NOFPelIHOCTE BhIUHENCHASA saorapug-
Ma, a CAeJOBATEIbHO, H TeNI0BOTO MOTOKA
Gyner Goabuwe 10 9%. C APYrof CTOPOHHI,
OKA3bIBACTEH, UTO MPH OTHOLIEHHH da/d) <<
< 1,5 norpeiHOCTh onpeiesie s TepMHde-
CKOTO  CONPOTHBJEHHUS LLHTHHAP HYECKOW
cTeHkH 1o dopmyne R,=35/(AF), cnpasei-
AMBOIl S FJOCKOH CTEHKH {TOBEPXHOCTH
TpyOHl CYHTAETCH MO cpeaneapudmeTrie-
CKOMY jlMaMerpy d=0,5(d 4 d,)], naer
onn6Ky Menbiue 1,5 9. Bosece BblcoKas
TOUHOCTD B [IPAKTHUECKMX pacueTax Tpeby-
eTesd Penko.

Tlas ouapefeneH Hs TeioBaro Mokl
yepes  MHOTOCIOMHIYIO  IMITHHAPHHCCRYIO
CTEHKY CAELYeT, KaK W s MHOrOCJ O HOH
N10CKOH CTEHKH, NPOCYMMHUDOBATL TEPMH-
yecKHe CONpPOTHB/IBHHS OTARMbHBIX CA0EB:

{

o hry

"Z R;;

i=1

_ faTleen
< | d(fH)
e N : 8.2
Z ol d, (8.20)
@ Thuue gopmyab (820) or (812)

34KMI0YAeTCs TONLKO B crocole pacdera
TEPMHUUECKHX COMNpPOTHBJAEHUHA OTAGABHBIX
csioes Ansl [TOCKOHW H (MM HAPHUECKOH CTe-
wok. Ho M 3TO pasaauvuue CYULeCTBEHHO
TOABLKO TIPH GO/bLUIKX OTHOWEHHSIX HAPYXK-
HOTO H BHYTPEHHErO [1HAMETPOB KaMAOro
c109 dﬂ/dﬂuzd(,+l)/di>l,5. [Tpu menb-
IUHX OTHOLWEHHAAX dy/day TEPMHUUECKHE CO-
fIPOTHBJEHHA OTAEJbHBIX CJOEB, Kak yxKe
GblI0 MOKAa3aHo, lenecooldpa3Hee CUHTATDH
Mo yNpoLLeHHOH (opmMy.ie Ru=8i/(MFy),
cnpaseiMBOi ANS NAOCKOH CTEHKH.

Pacuer Temrneparyp Ha rpaHHuax cioes
B 1AHHOM CAayyae OcylIeCTBAAETCA TaK KE,
KaK Uil MHOTOCAOMHOM MIOCKOH CTEHKH,
1. e. no gopmyae (8.13).

Llaposan creHka. [lpu TOCTOSHHBIX
TemnepaTypax fc M [z HA BHyTpeHHe# (pa-
AUYCOM r{) M HAPYXKHOH (papuycoMm rz)
MOBEPXHOCTSAX WAPOBOH CTEHKH TemMnepa-
TypHOE TnOA€ OLHOMEpPHO B cepHUecKHx
KOOpAKMHATAX, T. €. TEMNEepPaTypa HIMEHHET
cq TOAbKO no paanyecy. CaeaoBaTesbHd,

@ =gF= —\F(dt/dr)=

= — Mnrt (di/dr). (821)

Pasje/uB NepeMenHble W TIPOUHTEIDH-
poBae no { B npejesax or {cr fO I ¥ MO
r B mpejaenax oT ry A0 rg

e e "2 d
— ar
r.S. di= |

. S 8.22
anh J 2 ( )

my

MOJYUYHM PACUCTHYIO (POpMYay Aast Tell1o-
BOCO MOTOKA 4epe3 LIapoBYIO CTEHKY:

(823)
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UHTepecHO OTMETHTD, UTO B OTJIHUHE OT
[MAMHAPA H TIACTHHbI TEfN0BARA U30NAUHKA
GeCKOHeUHOR TOoALHHBL  (ro—> 00 ), Hano-
JKEHHAf Ha WaAp, HE HCKII0HAeT Tenjaonore-
PH OT HEro LaXKe B CTALUOHAPHOM pexume:

Q/aco=4nrl}"(tc|—t/—m)' (824)

Tena cnoxHoil Kondurypaunn. B stom
cayuae UPUXOIMTCH PAacCMATPHBATH M3ME-
HeHue Temreparypbl 0O ABYM MJAH TPEM
KOOpPAMHATAM, MHTEIPHPOBAHHE ypaBHEHUS
TeNAONPOBOLHOCTH CHIIbHO  YCIAOKHACTCS.
MMoAYyuHTb AHANUTHHECKOE peLIeHHe 4acTo
He yaaeTcsi, TOFa MCMO/Nb3YIOT HHCNEHHBIE
meroabl peniennst (§ 14.3).

WHoraa npolle BOCNO/Ab30BATHCH METO-
J0M  3JEKTPOTENJOoBO#  aHaJOorHH. Heno
B TOM, YTO 34KOHbI PacnpocTpaHeHus TeM-
JOTHI M JeKTpUYecTBa B CIVIOLIHBIX Cpelax
OMUCHLIBAIOTCA OAMHAKOBLIMH N0  (doOpMe
(anaJOrH4HbIMH) YPaBHEHHSMH.

3akon OMa B AuddepeHLHansHOR Qop-
me j= —o grad £ ananornues 3aKoHy
dypbe (8.1). CoOOTBETCTBEHHO aHANOMMH-
HHIMH MOJNYUYAIOTCH W pellleHus 3anad Ten-
JONPOBOJHOCTH U 3/1EKTPONPOBOLHOCTH LIH
Ted onHHAaKoBOH dopmbl. Kaxiomy Temnso-
BOMY napamerpy B 3THX  peLIeHHsX
COOTBETCTBYET BIOJHE ONPeAeseHHblH 3/1eK-
TPUUECKHIl aHAJIOr: [UIOTHOCTH TenaoBOro
NOTOKA q — [IOTHOCTH TOKA j, TEMJIOBOMY
notoky Q — cuna Toka [, Temneparype
t — 3JeKTpUYeCKUid MoTeHlHan E, Tenao-
NPOBOAHOCTH A — 3J1€KTPONpOBOAHOCTD G.

[Moabaysick 3]EKTPOTRIVIOBOA  aHano-
rueil, MOKHO MO HMEIOUIUMCS UYHCJEHHBIM
3HAYEHUAM 3JEKTPUUECKHX BeJHYHH pac-
CYMTATh COOTBETCTBYIOLLHE TEMNIOBLIE H HA-
o6opor. Hanpumep, BbpaXXeHH LR TEP-
MUYECKOTO R; M 3/JEKTPHHECKOTO R, conpo-
THBAEHHI B pelleHdn 1060 KOHKPETHOH
3aaud pasiHuyalnTCsA TOJNbKO BXOASIILLUMAU
B HUX 3HAYEHUSAIMH A U O, T. €.

R,/R,=a/k HiH R,=R.a/\ (8.29)

Ecad foayduTh aHaNUTHUECKOE pellie-
HUe CAOKHOR 34/43auUH He yAaeTcsd, MOXKHO
CHAENATH 3/IEKTPUUECKYID MOAElb 0OBEKTE,
OMMETPOM 3AMEPHThL 3JEKTPHUECKOE CONPO-
TUBJEHHE, 4 3aTEM paccUuTaTh TEpMHHE-
CKOE CONPOTHBJERHE M TEnNOBbIE NOTOKH.

Hau6oJjee TPOCTO H3TOTOBUTH NBYX-
MEpHYIO 3/1eKTPU4ECKYI0 MOAE/D. W3 anex-
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TPONPOBOAHOA Oymaru, KoTopas BbiyCKa-
eTcA Halleil MPOMbIILJEHHOCTbIO, BbIPe3atoT
MaciuTa6HYI0 MOEb CEUeHHs HCCIENYeMO-
ro tena. Mzorepmuueckas rpaHMila MOAe-
AMpYeTCs JUHHEeR NOCTOAHHOrO 3JEKTpHHE:
cKoro norenlinana. Tlo 3Toi rpandue k 6y-
Mare PHXHMAETCS METAJIMUECKHH SJeKT-
poa cooTBeTCTRYIOILENR Popmbl. Tersonso-
JMPOBAHHAA FpaHula (ecqiM Takas ecTb)
MOjleJMpYeTCs [POCTO Kpaem Gymary.
[Ipy pewmeHHH ABYXMEpHbIX 3a1a4
apeanonaraercs, 4To B HalpaB/ICHHH, nep-
NeHAMKYJIAPHOM PAccMarpuBaeMoMy ceude
HHIO, HCCaelyeMoe Teno UMeeT €IMHHUHYI0
anuny. Ecau peasnbHas AA#HA TEAA [, T0
ero TepMHUUECKOE COMpOTHBJIEHHE R; Bhipa-
3UTCH Yepe3 3JeKTPUYECKoe CONpOTHBAEHHE
R} NBYXMEDHOH MOMENH H 3JEKTPONPOBOA-
HOCTh o' ByMarH CJelyKIiiM 06pasom:

R, =R’ /(M). (8.26)

Mpumep 8.3. PaccuntaTh 110TEPH TENAOTH oT
Tpy6ut AHamerpom dy H ITAHOR { K PACMONOMCH-
HOll HECOOCHO € Heto (C IKCUEHTPUIMTETOM h)
Apyroi TpyGe AMaMerTpoM d, (puc.8.5). (as
JTOH 3ajaud HMEETCH T[OTOBOE aHaHTHHeCcKoe
peiuenue (9])

MexTpy6HOE POCTPAHCTBO 3AMOAREHO TEN-
JOM30AATOPOM ¢ KO3(HULUHMEHTOM TEMNTONPOBOL-
wocth A, TemiepaTypa BHYTPEHHCH Tpy6Ls 1,
a HapYXKHON [y Jlas peuenust 3TOH 3aaUH MeTOo-
710M 3JIEKTPOTENVIOBOR aHAJIOTHA AOCTATOUHO 34~
MEPHTb JIEKTPHUECKOE COMPOTHBICHAE R’ mexny
LBYMS| METALIHUECKHMH KOJbLLAMH, TIOTHO TIPH-
KATbIMH K JIMCTY 3/eKTPONPOBOHONR GymarH,
JEHKALLEMY HA F13AKOM HEIeKTPONPOBOLKOM OC
HOBAHHWH.

Pacnosokerne xoaew na Gymare AONAKHO
€CTECTBERHO COUTBRTCTBOBATD PHC. 8.5. Macuwirab
[LIOCKO# MOZENH MOXeT OnTb NPOU3BOLHDLIM,

Puc. 8.5. K npumepy 8.3



3TO HEe OTPA3UTCS Ha 3HAYEHHHM INEKTPUHECKOro
conpoTHeJeHns. 3aTeMm HaMepsieTcs COMpoTHBIe-
Hue R7 mexay ABYMA MJIOCKHMH 3JeKTPOAAMH,
HPHKATBIMU K KPasiM MPAMOYTOJBHOIO KyCKa ToO#
e camoil 6ymMart, H pacCYHThiBAETCS yAe/lbHas
3/EKTPONPOBOAHOCTE Oymark o'=a,/(bRY), rie
a — pacCTOfHUE MeXAy 3INCKTPOAaMH (LUHPHHA
Gymaru); b — fnuna Gymarsd (31eKTPOAbl Ha
Kpasix AOMKHBI ObiTb M0 BCEH AJHHE).

fnasa peBsatas

Tepmuueckoe conpoTuBaeHie MOLEIUPYEMOi
rensionzoanauud:  Ry=Rio’/(Al), a 1oTepH
TemaoTh: Q=(t, —12)/R;.

Koutpoabsee gonpocst u 3adati

8.1. Bo cKONBKO pa3 yMeHbIHAWTCHA TEIJIONO-
Tepd Yeped CTEHKY 3[aHHA, €CAH MexXAy ABYMs
CJI0AMH KMpIingel TOMMLHHON no 250 MM ycraHo-
BHTb MPOKJIAAKY MeHomnacta ToJuHHoin 50 mm,
hp=0,5 B1/(M-K); 2n=0,05 Br/(m-K).

KOHBEKTMBIHbIM TEMJSIOOBMEH (TENSIOOTAAYHA)

9.1, OCHUBHOH 3AKOH
KOHBEKTHBHOUO TERJNOOLMEHA

OO6bIUHO XKULKMe U rasoofpasuse Ten-
JOHOCHTENIW HATPEBAIOTCA HJH OXJaXKAaK0T-
CHl NPU COMPHKOCHOBEHHHU C [LOBEPXHOCTAMH
Teepablx Tea. Hanpumep, abiMOBHIE ra3bl
B Meuax OTAAT TENJoTy HArpeBaeMblM 3a-
FOTOBKAM, a B MapoBbiX KOTJIax — TpyGam,
BHYTPH KOTOPbIX FpPeeTcsl WIH KHILHT BOAA;
BO3/AYX B KOMHATE rpeeTca OT rOpsiuMX MpH-
Gopos oTonJeHun U T. 1. {[Ipoyecc Ternao-
06 MeHa MeHAY NOBEPXHOCTbIO Teepdo2o Te-
AQ U HUOKOCTbIO HA3bIBAETCA TE€MN0OT-
faded, @ nOBEPXHOCTb TeAQ, 4epe3 KOTo-
DYrO nepenocuUTca TentoTa,— NOBep X Ho-
CTb TenjoofMeHa WIM TemnJo-
oTAalIleild NOBEPXHOCTDbIO. |

{ Cornacno 3akody HbioTona 1643 —
1717) u Puxmana (1711—17583 rr.) remo-
BOli MOTOK B Tpolecce TeniooTiaun mnpo-
IOPUMOHANEH [JIOWAAH NOBEPXHOCTH Tel-
noo6bmeda F W pasHocTH Temmnepatyp no-
BEPXHOCTH fc M HMHUAKOCTH {4

Q:aFltc—zM\J

B npollecce Temjaoorgauyn HE3aBACHMO
OT HanpasJeHHs TEMJIOBOro noroka Q (ot
CTEHKH K XHAKOCTH WJIH HAoB0pOT) 3Haue-
HUE ero NPHUHATO CUHTATH NOJIOXKHTENBHbIM,
103TOMY Pa3HOCTb f.—ix OepyT no adeo-
JIIOTHOW BeJHYHHE.

Ko3ad@HunestT nponopunoHaNbHOCTH &
HasbiBaercd KO3DPUHUHMEHTOM TEN-
NO0OTAAYH;, ero eldHdAla H3MepeHHs

©.1)

Br/(M?.K). On xapaxrepH3yeT WHTEHCUB-
HOCTb fpolecca Ternoorgauy. Yucaewnoe
3HaueHue ero paBHO TenJoBOMY MOTOKY OT
eIMHUYHOI [IOBEPXHOCTH Tenaoo6mMeHa npu
PA3HOCTH TEMOEPATYD NOBEPXHOCTH H KHA-
koctu B 1 K.

Kosddpuuuent Ttenjooriadn OGLIYHO
onpeiensiioT 3KCMEPUMEHTA/bHO, H3MepAnA
TENJNOBON NOTOK Q ¥ PA3HOCTb TeMNeparyp
Al=1t.—14x B npouecce TemJI00Taa4d oT
NIOBEPXHOCTH U3BECTHON miowaan F. 3atem
no gopmyJje (9.1) paccuuteipaior . [pn
POEKTHUPOBAHUN annapatos (npoBeieHHH
TEMJOBbIX PACYETOB) MO 3TOH GopMyae of-
PEAEJAOT OAHO M3 3HAYEHUH Q, F uan Al
[Ipn 3TOM @ HAXOAAT NO pe3yJbTaram
060611eHHA paHee I[POBEJEHHBIX 3KCIepPH-
MEHTOB.

Crporo rosopsi, Bbipaxenne (9.1)
CNpaBejJiuBO JWlb 418 AHPQepeniinanbho
MaJIOro yuacTka nosepxnoctu dF, T.e.

§Q=adF|t,—t,], 9.2)

MOCKOJbKY KO3Q@ULHMEHT TENJOOTAAYH MO-
XeT OhITh HE OJMHAKOBbIM B PA3HbIX TOYKAX
NOBEPXHOCTH TeJa.

Jloa pacueTa [OJHOIO MOTOKa TeJoThl
OT BCEll MOBEPXHOCTH HYXHO NPOHHTErPH-
poBaTb ofe yacTH ypasheHus (9.2) no no-
BEPXHOCTH

Q=\ai—1,ldF.
e F

(9.3)

OO6bl4HO TEMIepaTypa NOBEPXHOCTH NO-
cTosiHHa f.=const, Toraa
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Puc. 9.1. Pacnpegescnue ckopocTe#t U Temnepa-
TYP TENAOHOCHTENH OKOJIO BePTHKANLHOH TenJo-
oTjalolle# MOBEPXHOCTH NPH €CTECTBEHHOR KOH-
BEKUHH

Q=1t.—t,| {adF
F

(9.4)

B pacuertax HCNOJB3YIOTCA NMOHATHA Cpea-
Hero Mo noBepXHOCTH KO3(p@HuUHUeHTa Ten-
JIOOT A duH:

(9.5)

(9.6)

KoadgduunenTr tenaooriayy o 3aBUCHT
OT (H3UYECKHX CBOHCTB XXHIAKOCTH H Xa-
paktepa ee [ABHXXeHWd. Pasauuaior
ecTecTBeHHOE M BbIHYXIEHHOE
ABHMKEeHHE (KOHBEKI HIO) XKHIKOCTH.
BhiHy)X/I€HHOE JBUXKEHHE cO3naeTcsl BHel-
HHM HCTOYHHKOM (HACOCOM, BEHTHJIATODPOM,
BeTpom). EcTecTBEHHAA KOHBEKLWSA BO3HH-
KAeT 3a cYeT TenJjoBOro paclliUpeHHs XKHUI-
KOCTH, HArpeToil OKOJO TenaooTaatouled
noBepxHocTH (puc. 9.1) B camom npotecce
tTenyoo6mena. OHa GyneT TeM CHIbHEe, UEM
6osblie pasHOCTh Temnepartyp Af=tf.—Ix
H TeMnepaTypHb KO3(p(dHLHEHT 06beMHO-
ro pacuMpenus:

I [/ ov
ﬁ B _b' <dr>p—consl,

rae v=1/p — yaeabHbIH 06bEM KHIAKOCTH.
Jlaa ra3os, kotopble B GOJbLIMHCTBE
cjaydaeB I1PHOTHXKEHHO MOMXHO CYHTaTb
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9.7)

MAeasbHbIMH, KO3(QOHUHEHT 06BEMHOro
pacluMpeHnss MOXHO NOJAYYHUTh, BOCNQJb3O-
paBuwinch ypasHenHem Kaanedipoda (1.3):

B=1/T. (9.8)

TemnepatypHblit KO3QPULHEHT 06DBEM-
HOrO pPAaCLIMPEeHHs] KaMeabHbIX >KHAKOCTEH
3HAYHTEJLHO MeHblle, ueM ras3os. B He-
60J1blIOM 1HaNa3oHe W3MEHEHHs Temnepa-
TYp, 4 3HAUHT, U YAeJdbHbIX O0LEMOB NpO-
M3BOJHYI0 B ypasHeHuH (9.7) MOXHO 3a-
MEHUTb OTHOLUIEHHEM KOHEUHBIX Pa3HOCTEH
napaMeTpoB XOJOAHOH (C HHIEKCOM «X»)
v nporpetoii (6e3 WHIEKCOB) XHIAKOCTH:

ﬁzL<U ”)= 7P (99
v t—t, p, (t—t,)

Pasuocth NJAOTHOCTEN P —pP=
=PRpx({ —tx) UPHBOAHT K TOMY, UTO Ha
A0Gol eAMHUUHBIH 06BEM IPOrpeTod MHUA-
KOCTH OyneT AeiCTBOBATb NOABEMHARA CHNA
F., paBHas anre6pauveckoil cymMe BhITaJ-
KHBAIOLUEH apXuMeq0BOH CHIbl A= — p.g
H cHJbl TSXKecTn G=pg:

Fn=A+G=_g(pm_p)=

= —Pp, & (1 —1,)- (9.10)

[TogvemHas cuna F, nepemeinaer npo-
rPEeTYI0 XHUIKOCTb BBepX 63 KakHx-au6o
nobyxaawUlux  YCTPOHCTB  (BO3HUKAET
ecTecTBEeHHasi KouBekuus). Bee paccyxae-
HHSl O BO3HHKHOBEHHH eCTeCTBEHHOW KOH-
BEKLHH CIIPaBe/VIHBL H AJ5 CAyyas oxJax-
JeHUs KHMAKOCTH € TOA JHUb pa3HHLeH,
YTO XHAKOCTb OKOJIO XOJIOJHOH MOBEPXHO-
¢t GyaerT ABMUraThCsl BHH3, NOCKOJAbKY ee
NJ0THOCTh OyneT Ooabllie, 4eM BAaAW OT
NOBEPXHOCTH.

M3-3a BA3KOrO TPEHUA TeueHue KHAKO-
CTH OKOJIO MOBEPXHOCTH 3aTOPMaKHUBALTCS,
103TOMY, HECMOTPS Ha TO UTO HAUGOJ billHHl
Nporpes JKHIAKOCTH, d COOTHETCTBEHHO
M NOABEMHAs CHJla NPH €CTeCTBEHHOH KOH-
BEKLUMH OYAYyT OKOJO TeNnJoOoTAalued no-
BEDPXHOCTH, CKOPOCTb [ABHXKEHHSI 4acTHIL
KHIKOCTH, TIPHAKIITNX K CaMol NOBEpPXHO-
CTH, paBHa Hymo (cM. puc. 9.1).

CHyla BA3KOrO TPEHHA 3aBHCHT OT AH-
HAMHUUECKOro KO3 GdHIHEHTa BA3KOCTH p
XKHAKocTH, uamepsiemoro B H-c/m*([la-c).
B ypaBHEHHSIX TeNJIOOTAAYH HYalle HCROJb-
3YIOT KHHEMaTHuecKui Ko3(HILHeHT BA3-
KocTH v=p/p (M*/c). O6a 3TH Ko3bDHLH-



eHTA XapPAKTEPHAYIOT (QH3HYECKHE cBONCTBA
KUAKOCTH, HX  3HAUEHHS  TIPHBOAATCH
B cnparounukax [15}

9.2, NOUPAHHUYHBIN CJIOH

PaccMOTpUM 1Poilece TeniooTiaun ot
[OTOKA TeNAOHOCHTENR K [IPOAOABLHO OMbI-
paeMoil UM naactuHe. CKOpPOCTb ¢ TeMMEpd-
Typa Haberaioulerc 10TOKA HOCTORHHbBI
W paBHbl Wk H Ix {puc. 9.2).

KaK y)e 0TMedaoch, 1acTHLIb MHLKO®
CTH, HENOCPEACTBEHHO CONPHKACAIILHECH
¢ NOBEPXHOCThHIO, ancopOupyoTca  («npH-
aunaior») K seir. Conpukacasch ¢ HENOI-
BHIKHBIM CJI0EM, TOpMO3ATCs 1 Gogee yaa-
JIeHHBIE OT NOBEPXHOCTH CJOH  HMHAKOCTH.
3Joua MOTOKA, B KOTOPOH Hal/waaercs
yMeHbiueHHe CKOPOCTH (w << wx), BbI3ABAH-
HOe BA3KHM B3aHMOLEHCTBHEM HKHAKOCTH
C NOBEPXHOCTHIO, HA3BIBACTCH TH AP OAH
HAMUUEGCKHM ((OrpatHniHbM C.T0
e M. 3a npeieaMu IOrpaHiuHoro cioa Te-
yeT HeBO3MYILeHHLIH NOTOK. UeTKOH TPAHH-
(B MeNAy HHMH HeT, TdK Kak CKOpOCTh
w 10 Mepe YAaneHHs OT NMOBEPXHOCTH NO-
cTeneHHO (ACMMITOTHUECKH) BO3pacraer
10 @x. [TpaKTHUECKHN 38 TOJNULHHY THAPOAH-
HAMHUECKOTO MOrPAHHUHOTO COS YCI0BHO
NPHHHMAIOT PACCTOAHHE OT TOBEPXHOCTH no
TOUYKH, B KOTOpOil CKOPOCTb W OTJHYARTCH
OT CKOPOCTH HEBOAMYLLEHHOTO MOTOKA W
HeaHauuTeNbHO (06biuHO Ha 1 %).

Ha nauanbHoM ydactke (11pd manbx

IHAUEHUAX X) [MADPOAHHAMUUECKHHA cJloi
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o
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Puc, 9.2, O6pazoBanue HOIPANIHHOLo CoH (a)
W PACTipe/ICIeHHE MECTHOT (AOKAALHOTO) KO-

PrienTa TeN00T1auH (6) RpK NPOAOALHOM 06-
TeKAHHU TOHKOH [IAaCTHIB

oueHb TOHOK (B NOGOROH TOUKE C KOOPAHHA-
10l x="0 TONMHA PABHA HYJIIO) K TEUEHUE
B HeM JamMBHapHOe — CTPYHKH KUAKOCTH
ABHIKYTCH NapasenbHo, He nepeMeilinBa-
sch, [lpu ynadjenun OT N060BOH TOUKH TOJ-
{lHH@ TOCPAHKYHOTO CA0A PacTeT. Ha ne-
KOTOPOM PACCTORHHH X ==Xy, JaMHHAPHOE
TeueHde CTAHOBHTCH HeycTOAuHBHIM. B no-
rPAHUYHOM COe MMOABISIOTCA BHXPH (Typ-
6yJleHTHbIE [1yabCalHU ckopocti). [locre-
NEeRHO TYpOY/EHTHBIH peokiM TeHeHHs pac
fpoCTpaHfeTcs M04TH Ha BCK TONHIHE Y
FUPOLMBAMHYECKOTO TIOrPAHHIHOTO CJa0A.
JlHiLb OKOJO CAMOK TIOBEPXHOCTH N1ACTHHBI
B TYpO yAEHTHOM MOTPALHIHOM C0€ COXPa-
gAeTcsl TOHKMA JNaMHHADHBIA  WIH
R3KHH, MOLCAOHWH, TAe CKOPOCTb HE-
BCAMKA W CHILI BA3KOCTH [aCAT TYPOYAEHT-
lble BHXPH.

AHATOrHUHBIM O6P#30M OCYIHECTBAACT-
¢l W TenJoBOC B3aUMOJEeHCTBHE 110TOKA
¢ mnacTvnoi. HacTrlnl KHAKOCTH, <IpH-
JAUnuHe» K I]OBerHOCTH, HMEKT TeMiepa-
TYpy, PABHYIO TEMILepaType MOBEPXHOCTH L.
ConpuKkacaioliieca ¢ 3THMH UACTHILAMH
ABUIKYILHECS C/IOH KHIAKOCTH OXJIAXAAIOT
cfl, OT1aBad MM CBOIO TENAOTY. Ot conpu-
KOCHOBEHHA C 3THMH CJIOAMH OXJaXKAAI0TCA
ciaedyoulde Gonee yaaleHHble OT HOBEP-
XHOCTH CNOM TOTOKA -— Tak (QopMupyeTcs
TennoBOH NOrpaHMumbid Ca0 i,
B TPelenax KOToporo Temieparypa MEHA -
oTCH OT . HA MOBEPXHOCTH [0 fx B HEBO3-
MYLIlEHHOM MOTOKE. [1To ananoruu ¢ THAPO-
AMHAMUUECKUM T10r PARHUHBIM C10eM ol
UlWHA TENJAOBOro MOIPaHHYHOTO CJ0s 8+
NpPHHUMAETCA PABHOM PACCTOAHHIO OT f1o-
BEPXHOCTH [10 TOUKH, B KOTOpOH M30bITOU-
Haa Temnepatypa KHAKOCTH H=t—1{( OT-
JuuaeTcs OT M3BbITOUHOR TeMnepaTyphb HE-
BO3MYLIEHHOTO NOTOKA Op=1Ix— 1t Ha Ma-
Ayl BenuuHHy (06biUHO Ha 1 9%).

C ynanenwuem OT N10GOBOWR TOUKH KOJH-
4eCTRO OXJaXKAaiouleiica y MaacTHHbL KHA-
KOCTY YBEJWUYHBARTCH, H TONILHHE TENJIOBO-
ro ﬂ()l‘pHHl/qu()l‘O caod BO3p3CT36T arano-
ruuHo Ro3pactandio &, B obmem caydac
TOAILHHbBI TEIUIOBOTO H I'H}l[)()jll(lH.’:lM UUeCKO-
ro caoep He pﬁBHbl, HO 4aCTO JAOCTATOMHO
GAN3KE APYF K ApYTy, 0cofeuno B razax.

Ilpu naMunapHom TeuenHH Terns OBOH
[OTOK OT OXJaKAaKiedca B 10rpaHuynom
C/IOE KHUAKOCTH TEPEHOCHTCS! K MOBEPXHO-
CTH MJACTHHBL TOILKO 3@ CHeT Temidnpo-
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BogHocTH. [lpu sToM mioTHocTs Temiosoro
MOTOKA N0 TOMUUHHE NOTPAHHYHOrO CJIOS
HEOIMHAKOBA: HA BHeUIHeH rpaHule qg=0,
HGO Hanblile XHIKOCTh He OXJIaXaeTcs;
110 Mepe NPpHGIHKEHHS K TOBEPXHOCTH 3Ha-
4eHHe g Bospacraer. [lA8 KauecTBeHHOro
4Ha/H3a MOXHO NPeANOIOXKHTh, 4TO MAOT-
HOCTBL TENJIOBOrO NOTOKA ¢ N0 BCEH TOALLU-
HE HOrpAHMYHOrO C0s Takas e, Kak
H Yy TOBEPXHOCTH. 3TO yCJOBHE COOTBeT-
CTBYET 34/1a4€ O NepeHoce TenaoThl Temno-
HPOBOAHOCTBIO Yepes MIOCKYI0 CTeHKY (I1o-
IPaHUYHBIA cnod TonulaHol §, ¢ Temnepa-
TypamMu f. W {, Ha nosepxHoctax). Co-
F1acHo  peweHwo  (8.9) Q~AF (te—
tx) /8.  CpaBHuBas 570 BblDaKeHHe
¢ dopmynroii (9.1), MOJAYYUM JA9 Ka-
HECTBEHHBIX OUEHOK

a~Mn/s,. ©.11)

B nepexoanom, a rem Goaee TypOyeuT-
HOM DCXKHMAX OCHOBHOE TepMHUYECKoe co-
NPOTUBJICHHE COCPEIOTOYEHO B TOHKOM Ja-
MHHAPHOM 0OAC/A0E, nO3TOMY ¢$hopmyaa
(9.11) npubaukenuo NPUroaHa AAs oue-
HOK H B 5TUX peXHMAX, €C/IH BMECTO 8, noj-
CTABJATH TOJNUIHHY AAMHHAPHOrO MOACAOS.

C yBennyenneM TonulHHbI TeMJI0BOro
IOTPAHHYHOTO C/IOSt TIPH 1aMUHAPHOM Teue-
HHH KHAKOCTH y [OBEPXHOCTH IAACTHHEI
MHTEHCUBHOCTb TEMJOOTAAYH YMEHbLUIACTC S,
B nepexonnoii 3one ofias TOJMWHHA fo-
PPAHHUROrO CNIOA NPOOIKAET BO3PACTATD,
OlHAKO 3HAYeHHe o Mpu 3ToM YBeJAHUYUBAET-
Csl, NOTOMY 4YTO TOJIWHHA JaMHHApHOro
OAC0s1 YGLIBAET, a B 06pa3ylouieMcs TYp-
GyJeHTHOM caoe Tensdo NEPEHOCHTCHA He
TOJLKO TeNJMONPOBOAHOCTBLIO, HO U KOHBEK-
UHell BMecTe ¢ nepemelnatomelics Maccoh,
T. €. 60/ee HHTeHCHBHO. B pesyabrare cym-
MApHOE TEPMHUYECKOE CONPOTHBAEHHE Te(l-
J00TAa4YH y6GhIBaeT.

[ocse crabuauzaunn roauwmne navu-
HApHOro MoAc/MOsl B 30HEe pasBHTOro TYp-
OYJEeHTHOTO pexuma KO3 pduuredT Teno-
OTA4YH BHOBb HAaYHHACT YGHBAThL H3-3a
BO3pacTanus obulell TOMWHHBI 1 orpaHuy-
HOTO 109,

M3 dopmyan (9.11) BHIHO, 4TO KO-
apPHUMEHT TennooTaauy K razam, obsnaza-
IOUHM Ma/loi TEenJIonpOBOAHOCTIO, 6yner
HHXKe, uem KosdduuneHt Temioorgayn
K KaneJabHbIM JKHAKOCTSAM, a TemM Gosee
K XHIKHM Meransam.
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Puc. 9.3. Cxema TEPMOOGPAGOTKH UCTOBBIX H3-
Aendi Ha «BO3AYWIHOA nopylKe»

s nonyvenus seicokux KOs puumnen-
TOB TENNOOTAAYH K ra3aM CTapaloTcsi Ka-
KHM-J1H60 €MOCOGOM YMeHbILUTD TONUIHHY
MMOrPaHHYHOrQO cJaoA. ﬂpome BCEr'o AJ/19 3T10-
PO YBEJIUYUTL CKOPOCThL TedeHUst raza. Up-
TEHCUPHKAUUS  TeMI00TAAYH IIPOHCXOAHT
H [IDH pe3KoH HCKYyCCTBeHHOM Typbyausa-
UHH NOTPAHHYHOTO €108 CTPYSIMH, Hanpan-
JEHHBIMM N0 HOpMAMM K nNoOBepxHoCTH
(pHc. 9.3). C nomowso cHeTemu H3 MHO-
HECTBA CTPYH MOKHO 06ECMEYUTE BHICOKHE
3HAYEHHS a OT AOCTATOYHO HPOTAKEHHOM
NoBepxHOCTH. Tak, B BO3AyWHLIX CTPYSX
C OTHOCHTENbHO HEBLICOKHMH CKOPOCTSIMH
Heredenns (w=60 M/c) ypaetcs pocT-
ratb 3HaUYeHHU# npu a=200+
300 Br/(m*-K). Tlpu obbianonm NpoaONb-
HOM OOTEKAHUH [POTAKEHHBIX NOBEpPXHO-
CTed ToJLMHA norpaHMuHOro cjos Ha
HHX B&JIHKA, 8 KO3GPUUHCHTBI TeNT0OT 12U
K BO3AYXY NpH TAKHX CKOPOCTAX OBLIYHO
Hxe 100 Bt/ (m2-K).

Ucnonewsosauue cucremn CTpyH B psne
CAyddeR MO3BOJSET He TOABKO YJY4UWHTh
TENJI006MEH, HO M yJauyHO OPraHM3OBAaTh
TEXHOJOrHYeckHit npouecc. Hanpasienusie
BBEPX CTPYH MOrYT yAEPKHUBATL JHCTOBOE
H3NQNHE Ha <«BO3AYWHON nogywkes. 3to
obJaeryaer TPAHCNOPTHPOBKY M3 ae/Hs,
YMEHBLIAT M@XaHHUYECKHE HATPY3KH Ha He-
0 H IPAKTHYECKH HCKAIOUART NMOBPeXAeHHE
noBepxHocTH. [locnesnee wematosaxuo,
HalpuMep, npu TepMoob pab oTKe JHCTOBOND
CTeKJ4a.

ITpu Tedenun smugkoctn s Tpy6e Tou-
ILHHA NOrPAHHYHOrO CJ10f1 BHAYane pacter
CHMMETPHYHO NO BCEMY NEPUMETPY, Kak Ha
nnracthue (puc. 9.4, a), o Tex 1op, rnoka
CTOM C NPOTHBONONOXKHBIX CTEHOK HE CO-
JBIOTCS Ha OCH TPYGbl. [l anblie jBHXKeHKe
CTabUAUIUpYeTCH H bakTHYECKH TUAPOLU-
HaMHYECKHi (dHAT0rHYHO U TENJ0BOH) no-
TPAHHYHBIA CA0H 3anoausicT Bee ceyenuo
Tpy6ul. B samucumoctu or KOHKPETHBIX yC -
JIOBHIl NOrpaHvunblii caoil Ha Ha4aJabHOM



YUACTKC MOKET YCHETh (IEpeATH 8 TYp6Y-
AeHTHHIA, a MOXeT n He ycneTb. CooTset-
CTBCIHO CTABMIAMBHPOBAHHLIA DEKUM Tede-
uuda B Tpybe Gyrer aubo TYpOYJNEHTHBIM
¢ JaMHHapHbBIM [OACA0EM OKOJO CTEHKH,
Au60 NaMHHApHBIM MO BCEMY CEYEHHIO.

B cBs3n ¢ OCOGEHHOCTAMH TEYEHHS
KHUIAKOCTH B TpyOe H3MEHSIeTCst U caMo 1o-
HsiTHe KO3pduuMenta Tengooriauu. [las
MaacTHHE KOIQQHIHENT o PACCUHThIBAJCA
KaK OTHOLIEHHE [JOTHOCTH TENJ0BOro [1o-
TOKa ¢ K Pas’sHOCTH TemiepaTyp BHEWHEro
HEBO3MYILUEHHOLO [OTOKA M MOBEPXHOCTH
(nau HaoGopoT upk f.>>1x). B Tpy6e no-
rpaHduHblil CAOH 3aHHMAET BCe CeveHue
M HEBOJMYILEHHOTO 110TOKA HeT, {I03TOMY
10/ KO3(p(UILMEeHTOM TEIIO0T1a4H NOHUMA-
0T OTHOIUIEeHHE [OTHOCTH TEMJI0BOro fo-
TOKA ¢ K DA3HOCTH TEMIepaTypbl CTEHKH
W CPEAHeMacC OBOH TEMIIEPATYpPbl AHAKO-
CTH, IPOTEKE0ILCH uepes jannoe Cceuelue
TPyOhl. IJKCMEPUMEHTANBHO CPELHEMACCO-
BAA TEMIEPATYPA XKHAKOCTH Ollpeensiercs
M3MEPEHHEM €¢ TEeMICPATYphl 11OCHE XOpy-
UIErO lepeMeltHBaHHs.

JIOKAJbHLIH KO3(QQHIMEHT TEIJ00TAd-
un or TPy6bl K TEKyUleH B HeH XKHIKOCTH
H3MEHSAEeTCA JiHllb Ha HadajdbHOM YYacTKe
(puc. 9.4,6), a Ha yuacrke CcTabUAHIHPO-
BAHHOTO TEYEHHRA Qer=CONSt, MOCKOMbKY
TOJLLHHA [OrpaHUyHoro ciost (§:=r) no-
crosiiHa. C yBeqHUYEHHEM CKOPOCTH Tede-
HUS TensoHocuTeNs B Tpy6e o BO3pacTaer
M3-32 yMeHbIUeHHs TOMUIHHb JAMHHAPHOrO
[IOACJOS, a ¢ YBeJHUYEeHHEM JHaMeTrpa Tpy-

| ERE)
) :’: ~4 P’J))J R
Wy —> Sl 9952 5 22
. . 22 S5
—a = JJ) 33, 532 5 5o
— Ao T S 33123 35492
z)
o« Havansusid Yqacmox
yeacmox cmalyny 3upeianna o
MEYERUA
7)
F4
Prc. 9.4, OGpasonanue norpaniunoro caos (d)

W pacrpefeselne MeCTHOTO KO3 QUIHENTE TCh-
sooTaaun {(6) ipu TypOyNEHTHOM TCHEHUH TEIIo-
HOCKHTENA BHYTPU TPYGHI

6bl yMEHbLLAETCS, MOCKOJbKY pacTeT ToJ-
ULMHA BCEro NOrPAHHUHOrO CNOR Or=r.

Yro6bl 10AYy4YNTH aHATHTHUECKOE BbIpa-
eHne AnA Kosh(GHUMEHTa TEm100TAdYH,
HEOGXO0AHMO WHTEIPHPOBATL CHCTEMY JH-
(pepeHLHATbHBIX yDaBHEHHH, OMHCHIBAI-
ULHX  JABHIKEHHE IKMJIKOCTH M [EPEHOC
tennorsl B HeH. Jlaxe MpH CyuleCTBEHHBIX
YIPOILEHHSIX 3TO BO3MOXKHO JHIIb B OT-
AeJbHBIX CAyYasX TNpH AAMHHAPHOM Teue-
HUH KHLKOCTH, MO3ITOMY OOBIMHO AJIA NOAY-
yeHHs pacueTHbIX 3aBUCHMOCTER npubera-
0T K 3KCIEPHUMEHTANLHOMY HM3YUEHHIO siB-
NeHHs.

9.3, MOHATHE O METO/LE AHAJIH3A
PASMEPHOCTEH H TEOPHHW NMOAOBHSA

OcHOBHAsl TPYAHOCTb, BO3HHKaKuULas
OpH  3KCIIEPUMEHTAILHOM  HCCJeL0BalIH
KOHBEKTHBHOrO TeIJ0o6MeHa, 3akaoyacTca
B TOM, 4TO KO3(D(PHUUHEHT TENN00T/1auH 3a-
BUCHT OT MHOTHX mapamerpos. Haipumep,
CpeAHHH MO MNOBEPXHOCTH Koappruent
TEeNJ0OT/Aa4H OT [pOAOJAbHO OMblBaEMOH
1AACTHHBE (CM. pUC. 9.2) 3aBUCHT OT JJIHUHBL
ILTACTHHBL [, CKOPOCTH Haberawinero no-
TOKa Wx M TEMNOPHIHUECKHX [APAMCTPOB
WMHUIKOCTH:

o_L:f.(l, W, Ay C, 0 V).

B » B A 3 M

R )

Ec/id NPOBOJHTH FKCIEPHMCHTHL, H3Me-
HAS m pa3 KaxAbld M3 WECTH N1apavCTPOB,
BJAHSFIIDILHX HA TeNJo06MeH, TO CyMmipHoe
YHCAO — IKCNEPUMERTOB  OyjaeT N = m®,
1. e, nopsiaxka 10°%

TeOpHﬂ noKaspiBaer, YTO 4YMCJA0 hapa-
METPOB 3dBHCHT OT BbIGOPA eIMHHLL HiMe-
pennsi. HauMenblllee 4HCJAO NAPaMETPOB
[IONYYHTCH, €CJH eLHHHLBI H3MepeHus Gy-
JYT CBA3AHBI C CaMoii pemaemMoit 3ajade.
Tak, B KauectBe €IHHHIbI AJUHbl MOXHO
ApHHATH HE MeTp, a JJIHHY T[UIaCTHHE
[ Ins nepesoga Bcex napaMmeTpoB B «HO-
BYIO> CHCTEMY €[MHHIL H3IMEPEHHS NONeIHM
ux Ha [ B TOM XKe cTenedu, B KOTOPOH JUIMHA
BXO/IHT B HX DPa3MepPHOCTh:

al*=Jul/1,
B
I: ¢ K

i " P —

w-K

w,./l M, o«
| 131 Br-¢

pl!, v/
_ i
ok
(9.13)
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Yucao lapameTpos B mnpapoit yacty
YPABHEHHA YMEHbLIHIOCH, TaK Kak l/l=1,
T. €. Mbl H36aBHAUCL OT Torg napaerpa,
KOTODbIH NpHHANK 3a CAHHULY H3MepeHus.
Ecan teneps seecry €LLE TDH «HOBBIX» efy-
HHUbI H3MepeHHus: g5 BpemenH [*/v, gas
Maccsl pf* g, HaKOWel, a8 oTHowewus
TEeMIOBOR MOUHOCTH K fiepenany remnepa-
TYp Al (B paccmatpusaemoi cucreme peny-
YHH e1HHHubl Bt n K Pa3neqbHO He BeTpe-
YaloTCA, a BXOAAT Jaump g KOMGHHaluy
Bt/K), 1o B npasoit yacTu paccmaTtpupae-
MOH 3aBHCHMOCTH ocTaneTcs BCEro fpa
GeapaszmepHbix napamerpa:

Ea'l/)\=f3 (@, /v, cov/A). (9.14)

Takne xe Gespasmepble napamerpui
MONYHA0TCA H NMpH ananuse TENI00TRAYH
OT MOBEPXHOCTH TPY6LL, HO onpeaesom um
pasmepom B uux Gyner ue gruma {, a nua-
MeTp d, cooTBeTCTBeHHO BHYTpeHHed —
TPH TeYEHHMH IKHAKOCTH BHYTPH Tpy6nl
H HAPYXHbBIH — npu HapyxHoM 06TeKkaHuu
OLHOH TPY6H sy yyka Tpy6.

Cornracio ocHoBrol Teopeme Metopa
dHa/nu3a paamepHocre (n-Teopeme) 3apy-
CHMOCTb Mexay N PasmepubIMH Betnyypa-
MU, ONPeAeNAWUMH KaH b npouecc, mo-
KT GbITh NpeacTasiena g BHIE 3aBHCUMO-
CTH MEX1y COCTABACHHBIMH U3 HHX N —
K 6e3pasmeprlMM B&IHYNHAMH, e K —
YHCIO  NepBHUYHBIX nepemenubix C Hesa-
BUCHMbBIMH paBMepHOCTHMH, KOTOpre He
MOrYT GOblTh MoAyyenpl Apyr wW3 apyra.
B ypasueHuu (9.12) obwee yucno nepe-
MEHHBIX (BKaIOUas u o) PaBHO 7, M3 Hux
UETEIPE MEPBUYHBIX (MX Mb NPUHUMAJH 33
CAHHHIbI H3Mepenns) COOTBETCTBEHHO Ge3-
Pa3MmepHbIX uyHcen g ypasHenuu (9.14)
N—K=7—4=3

Kaxaniit u3 Ge3pazmepHbix napamer-
POB  uMmeer onpepenenumii ¢ H3HYeCKHH
CMblen. Mix npuusare 0603HaYaTe nepanivy
GykBamu damunuis YHEHBIX, BHECWIHX cy-
WeCTBEHHBIH BKAag B H3YYeHHe npoueccos
Tenjonepesoca yu THAPOAHHAMHKH, W Ha-
IBBATb B YECTh 5THX yyenpyx.

Unceao Hyccennra (1887 —1957 rr.):

Nu=gai//4 (9.15)

npeacrasaser co6oi GeapasmepHubiii Ko3g-
HUHEHT TemnooTauy.
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Yucno Peitnonbaca (1842-—-1912):

Re=w_i/v (9.16)

Bblpaxcaer oruowenue cuy HHEPUHH (cKo-
pocTHoro nanopa) Fu=pw3.(/2 K CHsTam BRI -
KOTO Tpenus F,~ pw,/I.

Beapasmepnbie KOMILIEKCH 06blunO He
ABNAIOTCH TOUHBIM OTHOWEHMEy KaKux-to
CHJ, & JHWb KavecTBenng XapAKTEPHIYIOT
HX COoOTHoweHne. B pannom cillydae cuna
BASKOTO TPeHUs Mexay cocenumu CJ0SIMHU
ABHXYILGHCS B OrpanHuHOM crive SHUAKG-
CTH, AelCcTBYIOULAan Ha CAHHHYHYIO Na0ILA -
KY, nNapannensuyio naockocru Y=0, pasua
10 3aKoHy HblotoHa Fu=u(dw/dy). 3a-
MEHAS NMPOH3BOAHYID OTHOMWEHMeM KOHey-
HBIX pasHocreit (dw /dy) XWu/b,, nosyunm

w R pwWx/8:, roe 8, — TOIWHHA rUApoH-
HAMHYECKOro norpanuynoro cjoy. Mpuyn-
Mast BO BHHUMaHMe, yro 8 ~{, uonyuaem
Bblpaxcenne Fy~yw, /1.

[lpn manwix yucnax Re npenGaagaior
CHJIbL BA3KOCTH # PeXHM Teuenus XKHUAKO-
CTH NamuHapHod (oTaeabHble CTPVH NOTOKa
HE nepemewnsaTtes, npurascr napadji-
N€ALHO APYr Apyry, W Besikme cayyafinsle
3aBHXpeHHH GbicTpo 3atyxawT noxg jgeii-
CTBHEM cra BA3KocTH). [Ipw TYpOYJeHTHOM
TEUCHUH B notoke npeoaagapr CHJIbI
HHEPUHH, NO3TOMY 3aBHXpenus HHTEHCHBHO
passusaiores. Ipu npogonsuom o6TeKauny
MTACTHHBL (CM. puc. 9.2) JaMHHapHOe Teye-
HHE B norpaHuyHoM caoe Hapywaercs ua
PaccTosHun x,; 0T 1060BOY TOYKH, HAa KOTO-
POM Revp=wuxyp/v 2 5. 105,

[Tpr  Teuenun HHAKOCTEdA B TpyGax
(cM. puc. 9.4) JIAMHHAPHBIA PeXHM Ha cTa-
GHAH3MpoBaHHOM yHactke nabaiogaerca q0
Rew=wd/v=2300, 4 npu Re> 10* ycra-
HaB/HBAeTCA pa3BUTHI TYpOyaeHTHbL pe-
HKHM  (3pech g — BHYTpeHHUR nuamerp
TPY6bl) .

Yucno Mpanaras (1875—1953) -

Pr=cpv/a (9.17)

COCTOMT H3 Benuumm, XapakTepusyoulux
TeNJ0pu3HYeckue CBOHCTBA BellecTna u no
CYUECTBY caMo sBasercs TeII0i H3NYe -
CKOW KOHCTAHTOM Belilectea. 3Hauenue yuc-
N8 Pr npusoputcs g ¢npasaynkkax [15].
B cayyae ECTCCTBEHHONH  KOHBCKUMH
CKOPOCTb XKHAKOCTH Branu ot NOBePxHOCTH
Wyw=0 u COOTBETCTBEHHO Re=0, wo nua
Tel0oTaauy 6yner BausTh noabeMHas cu-



Aa F,. 970 npuBejeT K MOABJEHHIO APYro-
ro Geapa3MepHOro napamerpa — 4HCa1d
[pacroda:

Gr=gp (1, —1,) /¥ (9.18)

OHO XapaKTepHIyeT OTHOWEHHE NoABEMHON
CHJIbI, BO3HHMKaIWE# BCAeACTBIE TEMNI0BOr0
pacuIHPeHHs XHUAKOCTH, K CHAAM BSA3KOCTH.

[Ipu HCCIEXOBAHHH NOKAMBHOTO TenJ10-
ofMena KpoMme GeipasMepHbix  HHCEd
B ypaBHEHHS BOMAYT GeapasMepHble KOOp-
AMHAThI, MpeicTaBafAloLLHe cofoil oTHOLWE-
uue OGBLIYHBIX KOOPAMHAT K OUpefensiole-
my pasmepy. Has MPOAOALHO OMbIBaeMo#
nnacTuibl 310 Gyner X=ux/L

OcHOBHARA CJAOKHOCTb METOAA aHAH33
pa3MepHOCTEl 3aKIo4aercs B TOM, 4TO
HYXHO 3HaTb BCe Napamerpobl, BJaMsIIOLLHE
HA MCKOMYIO BejMunny. s cOBEpPUWEHHO
HEeHCC/1e0BaHHBIX NPOUECCOB 3TH apaMmer-
pbl HaxoAaT, NpPOBOAS npeaBapuTe/bHbIE
3kcnepumenThl. EcTi xe npouecc yxe ofnu-
cal MaTeMaTHUECKH, XOTs Gbl H3 YPOBHE
AxddepeHLHaNbHbIX ypaBHeHHH, TO B 3TH
ypaBHeHHsl, B TPaHHIHBIC H HayaJlbHble YC-
JOBUA K HHM, OYEBHAHO, BXO/ST BCE BAHSIO-
{{#e Ha Tpolecc napamerpsl. [1puBoast
K Ge3apa3sMepHOMY BHAY MaTemaTHUeCKOoe
onMcaHMWe npollecca, MoJyyaloT Te XKe ca-
mble Ge3pa3MepHble yHCaa. 3TuM 3aHHMA-

(naBa pecsTad

eTca Teopus nogo6us. W, Hakonen, eca
Ja)e 3ajaua pelleHa aHalUTHYeCKH, TO
H B 3TOM cJydde Aas yA06cTBa aHanu3a no-
CTPOEHMA HOMOTPAMM PelUeHHs HacTO MpH-
BOAAT K 6e3apa3MepHOMY BHLY. Hanpumep,
MOCTPOHTH IpadHUeCcKyo 3aBUCHMOCTD TEI-
OBOrO MOTOKAa uepe3d UWIHHAPHECKYIO
cTeHKy [cm. (8.18)] oT Beex BJHSIOLLMX Ha
Hero napaMeTpoB OUeHb CJ0XKHO, 8 3aBHCH-
MocTb B GeapasmepHOH ¢opme Q/IM (fer—
fe)]=Ff (d2/d1) BbIpasutca ¢ [IOMOILLEIO
eIHHCTBEHHON JIHHHUH. [Ipuuem, ecit 6bl He
6LI10 aHAMUTHIECKOTO PEUIeHHS!, Mbl MOT.TH
bl 5Ty JHHHI NOCTPOMTH HA OCHOBAHH
pe3y/ibTaToB 3KCMEPUMEHTOB, 4 3ateM no-
Ao6paTh BHA GYHKLAH. He HCK/IOYEHO, YTO
B gAaHHOM cJaydae Mbl Obl yragand Jjora-
pH@MHUECKYl0 3aBHCHMOCTDb, HO npH He-
GonbIIOM WHTEpPBANE H3MEHEHWs napamer-
poB €e Jerko cuyrarb C JINHeHOH, TEM
fonee YTO IKCHEpHMEHTalbHble TOUKH CaMH
OTKJIOHAIOTCSL OT TOUHO# KPHBOH 13-3a 110-
rpelusocTH H3MepeHuid. HuKoraa HET Mo
HOil yBEPEHHOCTH, 4TO noAo6paHHast AMITH-
pHuecKas 3aBUCHMOCTb TOUHO COOTBETCTBY-
eT HEeH3BECTHOMY peajbHOMY 3dKOHYy, 110-
sToMy 00aacTb ee NPUMEHEHH: BCeraa
OrpaHHYMBaeTCA TEMH HHTEpBANAMHU H3me-
HeHHMs Ge3pa3MepHbiX ApaMeTpoB, B KOTO:
pbiX MpPOBeAeH 3KCTIePUMEHT.

pPACYETHbBIE 3ABUCUMOCTH Anst ONPEAENEHAA

KO3DDULMEHTOB TEMNOOTHAHU

10.1. TEJOOTIAUA
(1PH Bbi HY XJLLHHOM
NABUKEHHN TENNOHOCUTENS

flponosibHoe ofTekanne naactuubl. J1o-
kadbHER KO3(M@UIHEHT TerooTAauH (na
paccTosiHHH X=x/l or gavana J1aCTHHbBI)
npy JaMHHAPHOM TeUYEeHUH TelJOHOCHTENS

(HAKOCTH) B MOTPAHHAHOM G106 MOXKHO

paccunrsisars 10 POPY, Mﬂ
Nuy =0,33X ~*5Rek*Pryc*? (Pry/Pre) ¢ 2.

(10.1)

6e3paaMepHbIX

=5-10% 06<

H3MEHEHHUs
w, !

[Tpeaenst

uyncesn: Rex<<Rewp=

K

< Pr<C 15. Mnpeke «x» 03HAayaeT, 4TO BCE
TenaopU3NUECKHE napaMeTpbl, BXOASLIHE
B nanunoe Ge3pasmMepHoe YHCJO, chaenyer
GpaTb MpH TemMnepatype paberapouero no-
TOKA fx, PTc — NpH TeMnepaType J1aCTHHDI

i Pr (Prc?“ 4 g 1ie10M (OHO

6yaer BCTpedathes H B APYTHX (POPMY/Iax
YYUTLIBACT H3MEHECHHE CBOUCTB TEIJOHOCH-
TeJfl MO TONLHHE NOTPAHHYHOr0 CJ01. ,rl.llﬂ
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rasoB ¢ AOCTATOYHOH TOUHOCTBIO MOXKHO
cuutath, uto (Pry/Pro)? ¥ =1.

Mpu Rex>>Rey, pexkum TeueHHs K-
KOCTH B MOTPaHMUHOM c/10e TypOyJIeHTHbl#
# pacueTHasl 3aBUCHMOCTh ISl JIOKAJIbHOFO
KO3 PULHEHTA TeNN00TAauH HMEeT BUL

Nu, =0,03X ~“?Re}*Pri* (Pr, /Pr,)"?.
(10.2)

OrpuuaTedbHbie cTeneHu (ipH
X 8 (10.1) u (10.2) yxa3nlBatoT HA yMEHb-
leHve Ko3(pgHUlUMeHTa TEemI00TAa4Yud Mo
aauue raactHebl. Ecau 3aMmeHuTbh Bee 6e3-
pasMepHble UMCIa OTHOWEHHSMH COOTBeT-
CTBYIOUIMX Pa3MepHBIX BeJqHuMH, TO OynyT
BHJLHBl CTEEHH BJAHSIHHSI H APYrux (hakro-
pOB, HApUMep: Ha ydacTKe JaMHHapHOro

AOrpaHMuyHoro ¢jaos aNUU()L'B, a Ha yuacTkKe

TypOyaeHTHOro o~ w'®, nokaszateib cre-

nend y Ko3ap@puUHeHRTa TenaonpoBOLHOCTH
cooTBeTcTBeHHO pased 0,67 u 0,57.
®opMmysbl AJgs pacueTa CpeiHHX [0

JWITAHE JTACTHHIEL 3HAUYCHHHU yuce Nu MOX-
HO MOJY4YNTh HHTErPUPOBAHHEM MO X ypaB-
Henuit (10.1) u (10.2). TaK, eciu Ha BCER
NJ4cTHHE PEXHM TeueHua B MOrpaHHUHOM
cjloe  JIaMHHApHbIA (Rex=wx!/va<<
<5-10%), To

Nu, =0,66Re’*Pr%¥ (Pr, /Pr,)".

(10.3)
Ecau ke Reyx>>5-10° T.e. noutH Ha
BCcedl MJHHE MNJACTHHbI PEXKM TeueHusl
KHUAKOCTH B IOTPAHMYHOM cJ10€ TYpOyaeHT-
HbI#, TO

“u, =0,037RelBPri (Pr, /Pr )",

(10.4)

O6Texanue wapa. CpelHHHA 110 noBep-

—10cTH KO3 HHUILHEHT TEII00TAauH OT Lia-

pa, 06TEKaeMOoro NOTOKOM TEMJIOHOCHTENA,
MOXHO PacCcuuTarTbh no gopmyae

Nu=2+ 0.03Re%™Pri* +

+0,35Re\®Pre, (10.5)

3a onpefensiollyit pasMep 34ech [MPHHAT
amamerp wapa. [Ipegcabl NpUMEHAMOCTH
ypasherns  (105): Ke.<3-10°, 06<C
< Pr.<<8-10%

“4

TensooTnaua nNpH  TEUEHHH  rasa
(Pryxa 1) uepes NAOTHbIA CJI0H WAPOB HIH
4aCTHLL NPOH3BOJALHOR GOPMbI MOXKET GbiTh
paccuutana no dopmyaam B. H. Tumodee-
Ba (1940r.):

Nu, =0,106Re,, npu Re, = 20-200;
Nu, =0,61Re%® npn Re, =200 1700.

(10.6)

B xauecTBe oOnpefessioliero pasmepa

B popmyaax (10.6) apuuar gnamerp luapa
(ecid uwacTdubl He cdepdueckde, TO

3
d=\6V/n, rae V — ofbeM HacTHlh).
Onpepessiionlass TemMneparypa . — cpel-
HASl MeX/y TeMiepaTypaMmiy rasa Ha BXoje
B CJOl W Bhixofe U3 Hero. CKOPOCTh ra3sa
pacCUMTHIBARTCH N0 MOJIHOMY CEUEHHIO, 6e3
yuera 3arpOMOX/EHHUS €ro YacTHUaMu.

Monepeunoe oBTeKaHHe ONHHOUHOW
TPy6n M nyuxka Tpyh. DKcnepuMeHTaNbHbIe
JAaHHble N0 TENJ00TAaue NP MONepevHoMm
0B6TeKaHUK ONMHO4HOK Kpyrach TpyGHl
{puc. 10.1, a) cnokoiHbIM, HETYp Oy TH3HPO-
BAHHBIM MOTOKOM 06061 a0Tes (hOpMYJOH

Nu, = (0434 CReLPri*) e . (10.7)

[Mapamerpnl TennoHocuTenst B hopmyae
(10.7) CcOOTBETCTBYIOT yC/JOBUAM Haberaio-
[LIEr0 NOTOKa, ONpefe/siiolliM pa3MepoM
ABASIETCH HAPYXHbLL nuameTp TpyObl. 3Ha-
yenus kos3d@uunenta C ¥ mokasarens CTe-
ANEHH 1 B 33aBUCHUMOCTH OT KDpHTEpHUN Re-,.(
NpUBEeNEHbl HHXE:

Rex | —4.10" 4.10°—4.10" 4.10°—4.10°
C 0,55 0,2 0,027
n 0,5 0,62 0,8
Yy
a)
4?{} )
al L& IS D 9D
P& doobod
{}-G)- -0 O-OD
57 7) 57 2
Puc 10.1. Pacnosioxende Tpy6 npH NonepevHom
06TeKaHuWH:

a — oaHHOuHa# Tpy6a, 6 — WAXMATHAIE MYYOK', & -
KOPHOPHBIA MyUuOK



0,7
06

0,8

04
90 60 LA

Puc. 10.2. 3aBHCHMOCTb  NOLIPABOYHOTO KO3(h-
QunMenTa e, OT ylad MEKiy nanpanjeHHem
notoka M ocsmu Tpy6 aaa OAMHOYHON TPYOBI
(1) u anst nyuka Tpyo (2)

.

Kosp@HUUHENT g YIHTBIBAET YTOJI MEXK-
Ay HANPaB/JeHHEM TedeHus NOTOKA H 0ChiO
Tpy6bl. HanGosbline 3HaueHHn alee=1)
HAOMIOLAOTCA fIPH  PACcNOJNOXKEHNHA Tpyo
nepreHARKyNAPHO NOTOKY. Ecaun Tpy6a na-
KJIOHEHa, TO 3HadeHHe g, MOKHO B3ATH M3
rpatduka Ha puc. 10.2.

Typ6yausaunst HaGeraouero MoToka
yJyuiiaer Tenaoo6me. 3nayeHud nonpa-
BOK, Y4MTBIBAKOIUMX TypGysusalso, 1A
pAAA 1IPAKTHYECKA BaKHbIX Clydaes MOX-
HO HaitTH B cipasodHuke [15]

Bo MHOPHX TeN006MeHHHKaxX TpPYyObl
pacno/araioTea B BHOE [1aXTHBIX
(cm. puc. 10.1, 6) WK KOPHLOPHBIX
(puc. 10,1, 8) my4KoB. KospHruneut Ten-
J00TAAUYH TIPH TIONEpedHoM OOTeKaHHK Ta-
KX [Y4YKOB B HHTEpBaJe Rex= 10°= 10°
MOKHO PaccUHTBIBATb MO Gopmy.e

Nu, = CRe” Pr¥ (Pr, /Pr.)*e e, (10.8)

Jas uraxTHbIX NYYKOB C=041; n=
0,6, @A KOPHAOPHBIX ¢ =0,26; n=0,65.
OnpenensiouidM pasMepom B (10.8) asas-
eTCA HapYXHbiA AHAMETp Tpy6, onpenens-
jolLed TeMnepaTypoil — CpellHee 3HaueHue
MeX/Ly TeMmIepaTypamu KHAKOCTH OT myd-
ka u nocde Hero. CKOPOCTb Wy PaCCHHThHI-
BaeTCH KaK OTHOLeHHe 06'beMHOro pacxoia
TenIoHOCHTeA IPH [x K HawGonee y3komy
CEUEHHIO B Ty4Ke, UIHPHHA KOTOPOTO MEHb:
(e WHPHHbL KaHa/la Ha 3HAYCHHH NPOUIBE-
NeHHs HapYXHOro juamMerpa Tpy® Ha HX
qHcAo B oaHom paay. [lonpaBouHbi KO-
SO PHUNEHT &5 YUHTHIBACT BIHAHUE nonepe-

GHOTO §1 W NPOAOABHOrO sp waros. Jlis
WAXTHOrO  MNyuKa aj;z(s,/sg)‘/“ npH
si/se<<2 n eg,=1,12 upH s1/se =2 [das
KOPHIOPHOFO NyuKa go==(s2/d)” """

[Mpu NpOUHX OLHHAKOBHIX YCAOBHSIX KO-
3 GHUMEHT TENJIO00TAAYH OT TpyO WAaXTHO-
ro NyuKa Bbill€, 4em OT TPYG KOPHLOPHOIO,
BedencTeHe 6odbliei TyvpOyaHsaudy noro-
Ka B [IaXMaTHOM [NYUKe.

TeueHHe TENAOHOCHTENS BHYTPH TpYy6.
0606uieHHe BObHIOTO HYHCId 3KCIIEPUMEH-
TaMbHbIX LAHHBIX JAET CJAEAYIOULYio 3abH-
cuMocTb AJA pacuera Kos(pduiMenra rei-
A0O0TAAuH OT CcTeHKH TpyObi K TEKYILEeMY
B Heil TeMJIOHOCHTENIO Ha yuacTKe CTaO!/n-
3MPOBAHHOrO TeueHust (CM. pHc. 9.4):

Nu, =0,021 Re™ P (Pr, /Pr )" .(10.9)

B (10.9), cnpaBeanuBoi a9 Haunbouee
pacnpocTpaHeHHoro TypOyAeHTHOro Tede-
st npH Re,=10%+5-10" n Pr=106-+
2500, onpefesiOlLLHM pa3MepoM  ABIN-
eTcA BHYTPEHHWH JHaMeTp Tpy6ni d. Ecau
5TO He KpyrJas Tpy0a, a KaHaJs npoH3BOJb:
woro ceuenusi, To dopmyaa (10.9) Toxe
NPHMEHHMA, TOJbKO ONpEe/sOLHM pas-:
mepoM Oyner 3KBHBAJENTHLIH AHAMETp Ka-
Hana dsw=4F/[1, rie F -— niowmanb 1o-
nepeuroro ceuenns; 1 — BHYTPEHHUU Te-
PHMETD 3TOMO CEUEeHHs.

Onpeaensoued TemMnepaTypo# fx sAB-
ASeTCs CPeAHsiA MEeLy Temueparypamy
TeNVIOHOCHTENA HA BXO/[€ W BbiXOje H3 Tpy-
6bi. [1o MAOTHOCTH Pu, COOTBETCTBYIONLEH
5TOi TeMmnepaType, W MacCOBOMY pacXOoLy
m PACCUHTHIBAGTCA CPELHsA MO CEUCHHIO
CKOpPOCTb NOTOKA ww=m/(pxF).

[as pacuera cpeasero no Bcell AJiMHE

py6br ueaa Nu,, HEOBXOAHMO YMHOMHTD
Ni, Ha I01paBodiiLiii  KOY(PPUIHENT €
(raba. 10.1}), YUHTHIBAIOUMA BAHAHKE HA -
YaNbHOTO YUACTKa, rjle Kosh@HUHEHT Terl-
700TAaUH Bbille (CM. PHC. 9.4). lna pocta-
Touno AAHHHBIX TPY6 (I/dZ=00) ei= 1.

Ta6auia 10.1. 3aBACHMOCTb fIONPaBOUHOro
ko3t duuuenTa ¢ OT [/d nast pa3HbIX anayeHud Re




Mpumep 10.1. Paccuntath KO3IQPHUHENT
TENAOOTAAUH U TEMJIOBOH NOTOK OT CTEHKH TPYG6b
nogorpesatens Boabl. [auHa TpyGel [=2mM,
BHyTpeHHuil nuameTp d =16 MM, CKOpOCTEL Teye-
WS BOABI wy=0,995 M/c, cpeaHAn TeMmrepary-
pa BOMbI =40 °C, a cTeHKu TPY6hl £ =100 °C.

Tennogusnyeckue CBOACTBA  BOABI  NpH
,=40°C: h =0,634 Br/(M-K); V=
—=0,669-10% wm?/c, Pr,=43. [pu {=100°C
Pr.=1,75.

Paccuutaem

Re, =w d/v, =

—0,995-0,016/(0,659-10 %) =2,42.10*.

[Mockanbky Rey>>10*, pexum Teuenuss TypOy-
JenTHblii. Bocnonbayemca dopmyaoit (10.9) u
paccuyuTaeMm
Nuy=0,021Rel?® Pry*® (Pry/Pro)’ =
=0,021 (2,42-10%" *.(4,3)"* X
X (4,3/1,75)° ** = 158.

Toraa Ko3dpgpuUHEHT TEMN0oTAa4YH  Ha
yuacTKe CTaGHIM3HPOBAHHOTO TeueHus Gyrer
paBeH

Nu_ A

w7
a. .= =

T d

158- 0,634

— 2,
0.016 =6260 Br/ (M2-K).

OrHowenne [/d > 50, clelloBATENbHO, o=
Gy M TENNOBOH MOTOK COMacHO YPaBHEHHHO
(9.36) paBeH Q=oandl(tc—tx)=
=6260-3,I4-0,016-2(100—40):37,8-lO3 Br.

10.2. TEAJIOOTAAHA
NPH ECTECTBEHHOW KOHBEKLHH

Jas pacuera KOI(p@HUUEHTE TENN00T-
Jaud B YCAOBHAX €CTECTBEHHOW KOHBEKIMH
O6LIYHO MONB3YIOTCH 3aBHCHMOCTbIO BHAA

Nu, =B (Gr,Pr, )" (Pr,/Pr)"?,

(10.10)
obobuialolileit 06 WUPHbIE KCNEePHMeEHTalb-
Hble, fAaHHble. 3HaueHuss KoapduuHeHTa
B u nokasared CTeneHH n [AJ4d BepTHKAb-
uoit (1) u ropusouranbnoit (I1) nosepxuo-
cTelt B 3aBHCUMOCTH OT MNPOU3BELEHHA
(GruPry) npuBefieHbl HHXKeE:

1 11

p—— et
GruPry 10%-10" = 10" 10°—10*
B . . . . 0,76 0,15 0.5
o e e e 1/4 1/3 1/4
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Hdaa tpy6 H WwapoB ONpefeNfiOUlHM
JKHEHbIM pa3mMepoM, BXOASAILHM B 6e3pas-
mephble urcia Nuy o Gr, siBAACTCA AMa-
MeTp d; 151 BEpTHKANbHbIX TPYG G0ABILOTO
AMaMeTpa M miacTHH — Bhicora H. Ecau
3HadeHHe KoxpduuHeHTa B yBeJIHUHTb HJ
30 9% 00 cpaBHeHHIO ¢ NPUBEAEHHBIM, TO
GhOpMYI0H MOXKHO M0Jb30BATHCA W IS
pacueTa o OT FOPH3OHTANbLHOM NMAMTHI, 06-
palleHHof rpelolLei CTOPOHOi BBEPX. Ecau
rperolLas cTopoxa ofpaleHa BHH3, TO 3Ha-
uewne B caeayer ymenbuintb Ha 30 %.
B ofoux cayuasx onpegessitoiliM ABJSET-
cA HaWMeHblIHil pa3Mep MJIHTH B MJaHe.

[10BOJILHO 4ACTO MPHUXOAMTCS PaCCUH-
THIBATh TenJoOOGMEH ecTecTRBEH-
HOo{l KOHBEKI HeH B y3KUX ITYXHX Ka-
nanax. THNHUYHBIH npuMep — MepeHoc Tern-
JOTH MeXAY OKOHHBIMH cTekanamu. Cpea-
HIOIO MJOTHOCTh TEMJIOBOTO MOTOKA ¢ MeX-
Ay [OBEPXHOCTAMH, PpasjeseHHBIMH 11pO-
CJOHKOM raza WAM XKHAKOCTH TOJNLEHHOH §,
MOXHO PacCudTHIBaTh, KaK B ciyuae nepe-
HOCa TeM0TH TEMJONPOBOAHOCTBIO tepe3
MJOCKYIO CTEHKY:

q=(tcl_tc2) }\‘3/6, (1011)
riae fc M fco — 6ONbLIAA H MEHbLIAS Temne-
paTypbl  OFPaXKAAIOLIMX  NOBEPXHOCTEH,
As — 3KBHBaJIEHTHBIH KOI(Q@HIUHEHT Tenjo-
NPOBOAHOCTH, YUHThIBAIOIWHA W KOHBEKTHB-
Hblfl epeHoc TemIoTH.

Mpu (Gr Pry< 10* ecTecTBeHHYIO KOH-
BE€KUHID MOXXHO BOOﬁLlLe He YUYHUTHIBATD,
cuntan A, =>Ay. [lpn Gr Pr> 10® anauenne
A, CTAHOBHTCA 3aMETHO Ooubilie, 4eM Ay,
H PACCUUTHIBACTCA NO (DOPMYJE As=exhx.
[TonpaBKa HA KOHBEKUHIO &, MPUOIHAKEHHO
onpeaensieTcsi 3aBHCHMOCTbIO

e, =0,18 (Gr Pr)"*. (10.12)

OnpeneasiiollHil pasMep npu pacuere
qucaa Gr — ToOALLKHA Npocnoiiku d§, a on-
penejsoilan TeMneparypa -— CpeaHAd
Mex1y noBepxHocTaMU: £ =05 (fc1 + te2) .

Mlpamep 10.2. [laA oronneHuss rapaxa Hc-
nonb3yloT TpyGy, B KOTOPOH NpOTEK&ET ropavan
Bofa. PaccyuTarth KOHBEKTUBHEIA Kuad@uiMenT
TEMJIOOTAAYH M KOHBEKTHBHbIH TCMIOBOA NOTOK,
ecan paamepbl TpyOul d,=0,1 M, [=10 M, a Tem-
nepartypa cTeHkd TpyObl {=85°C # B0O3AYyxa
tx=20°C.

Tennoduanueckne cBOACTBA BO3AYyXa IpH
tw M Lo



Aw=2,59-10"2B1/(M-K); V=
—15,06-10"° m?/c; Pry=0.703; Pr.=0,691;
B 1/Tw=1/(273+20)=3,4-10"" 1/K.

BespasMmeproe uncio pacroda:

o Ot

2
Vi

_981-34-107° (85 —20)-0,17
(15,06- 1052

=9,56- 105,

(10.10)  Nu, =

Cornacio  ¢opmyJe "

=0,5 (GruPra)**

(Pry/Pro)? =
—0,5(9,56- 10°-0,703)"%-(0,703/0,691)" **=
=25,6;

- . ->2
=M2'05_911.0___=5,53 Bt/ (M*-K):

Q=and [{{ —1t,)=

—6,63-3,14.0,1-10 (85 —20)=1353 BT.

10.3. TENJIOOTAAYA NMPH U3MEHEHHH
ATPEFATHOTO COCTOSIHHSA BEIULECTBA

TensaooTaaua NpH KHNEeHHHU. B npolecce
KUTEHUs ¥HAKOCTb OOGBIYHO COXpAaHsAeT no-
CTOSHHYIO TEMMepaTypy, PaBHYIO Temmepa-
Type HacbllueHHs f,. [1oBEPXHOCTD, K KOTO-
POil NOABOJMTCA TEMIOBOH MOTOK, Meperpe-
ta cBepxX ty Ha Af. [lps Manbix 3HAUCHHAX
At TeJ0Ta IepeHOCHTC S B OCHOBHOM NYyTEM
eCTECTBEHHOH KOHBEKUHH, KO3(DPHUHUEHTDI
TEenJ00TAaul MOXHO paccuuTaTth no $op-
myie (10.10). [Ipk yBennyeHud meperpesa
MOBEpXHOCTH Ha Heil o6pasyeTcs BCe 60b-
Iee YMCJI0 NapoBLIX Ny3bipeH, KOTOPLIE PH
OTpbIBE 1 MOJbeME HHTEHCHBHO TIEPEMELU-
BAIOT JKUAKOCTb. BHayane 3TO NPUBOANT
K pesKOMy yBejuueHHio KOI(p@HLUHeHTa
rengootaadd  (puc. 10.3)  (nysbipbKOBbIH
peXUM KHMIEHHs), HO 3aTeM napoo6pasoBa-
HHEe Y NOBEPXHOCTH CTAHOBUTCS CTOJMb HMH-
TEHCHBHbBIM, 4TO XKUJIKOCTb OTIENAETCs OT
rpeiouleif MOBEPXHOCTH MOYTH CIIOLHOM
npoc/ioiiKoll (nieHkoi) napa. Hacrynaer

] T
Ny3s1psnoboe
o, BT/M-K) Kunesue
s+ \
10 \ g
5 FemecmBaonna s, fnenouHoe
10° 1~ wowbernyus Kunexsue
h
A\
0% \
o\ o
N—
103
1
At
mz 1 1 l/ i %P
g1 1 0 02 107 A¢,K

Puc. 10.3. 3aBHCHMOCTb TUIOTHOCTH TENJOBOTO
noToka ¢ M KosdduuneHra TemN00TAAuH a OT
neperpesa cTeHKH Af=1{.-—ty

nneHouHblil peHM Kunenus. EcrecTBeHHO,
yTO MJEeHKa fapa HeycToduxiBa M Henpe-
PHIBHO pa3pylraercs, HO TYT Xe BOCCTa-
HABJMBAETCA 33 CUET HOBLIX MOPUHMA o6pa-
aywierocsi napa. [lap, kak H Mmo6oe raso-
06pa3Hoe BelIecTBO, NJ10XO NPOBOAMT Tel-
AOTY, W Jaxe TOHKas [JeHka, HMER
6oablloe  TepMHUuecKoe  CONPOTHBJEHHE,
yxyauaer TennoobMeH — HacTynaer Kp -
3HC TenJo0OMEeHa NPH KHNEHHH.

B 60NbUIMHCTBE TeXHHUECKUX
YCTPORCTB (MAapoBBIX KOTJAX, SAEPHBIX pe-
aKTOpax, 3JeKTpOHAarpesartenfix) crapaiot-
cA He MpUGAHKAETBCA K KPHTHUECKOH MJI0T-
HOCTM TENAOBOrO TMOTOKA (. [IpH p=
=0, MIla aaa esoabl gep=(l, 1+
1,6) - 10° Br/m% C ysenndueHHeM JaBJje-
uas Ao p~7 MIla 3nauenue gup BO3-
pacraer 10 4-10° Br/m’, a 3aTem Hauunaer
YMeHbLIATHCS.

Ko3ddHilheHThl TEMJI00TAAUH NPY KH-
[IEHWH BOAbl PACCUYMTHIBAIOT OUEHb PEIKO,
TAK KAK OHM HACTOJbKO BEJIHKH, UTO O6blu-
HO 6e3 60/bILIOA MOrPeIHOCTH Temnepary-
py TEMI0OTAAMILEH OBEPXHOCTH Lo MOXKHO
CcuUUTaTh pPaBHOH fy.

[puBeneM ANA UpHMepa JHIlbL OLHY
34BHCHMOCTb AJSl Ty3bIPbKOBOrO KHIEHUS
Boasl B Boabwiom obbeme npn 0, 1<<p<<
< 3 Mlla:

(10.13)

EQMHHUB H3MEpeHWs BCeX BeJHUMH
B ¢popmyae (10.13) cOOTBETCTBYIOT CH: a,
Br/(M2-K); g, Br/u%; p, Tla.

a=0,38g%3p"/5.
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Tennoorpaya npu Kosaexcauuu. [lap
KOHJEHCHPYETCH, T. €. TIEPEXOHUT B KHUAKOE
COCTOSIHME, Ha IOBEPXHOCTH Terioo6MeHa,
TemnepaTypa KOTODOH HHXKE TeMIiepaTypbl
Hacniueuus (t.<<f,). Pasauyawtr Ka-
neabHYI0 KOHJAEHCAlU WO, Koraa 06-
pasoBaBlIasica XUAKOCTh (KOHAEHCAT) He
CMauyuBaeT [OBEPXHOCTE M CKAThIBAETCHA
B BU/e OT/Je/bHbIX Kaneab, HanpuMep pTyTb
Ha CTanbHOM CTEHKe, M MNJAEHOUHYIO
KOHJEeHCalluio, KOrja KOHAeHCaT cMma-
yMBaeT NOBEPXHOCTh H 06pa3yeT CIJIOWHYI0
naenky (puc. 10.4). TlnenoyHas KOHAeHca-
LLMA BCTpeYaeTcst 3HaYHTENbHO YaLle.

AHanuTHUeCcKOe pellenye Aasi pacyera
NOKAABHOTO KO3I(Q(HUUHEHTA TEmJa00TAaqYH
npu JaMHHapHOM TeueHud maeHkH (Re=
=wd/v<400), nonyuensoe B. Hyccesn-
tom B 1916 ., UMeeT BHA

rp2 gka

4“‘(tu—tc)x‘ (1014)
rje r — TemIoTa napoobpas3oBaHHus.

W3 ¢opmynu (10.14) BHAHO, 4TO HH-
TEHCHBHOCTb TEIUIOOTAauy Y6biBaeT no me-
pe cTekaHusl KOH/eHcaTa u3-3a Bo3pacra-
HUS TOMWMHL ero naeHkn. CpelHee 3Hade-
HHe KO03(dulUHeHTa TEeNJooT1a4H OoT To-
BEPXHOCTH BHICOTOH H

o
o =—
H

B 6e3paszmepHoH ¢opme H C YYETOM
SKCIEPUMEHTAJIBHLIX MOMPaBOK pacueTHoe
ypaBHEeHHe MMeeT BH]

z 6)

Puc. 10.4. Xapakrep TeueHUs KOHJEHcATa Ha
BepTHKanbHO# naacTHhe (a) M pacrpenenende
K03 dHLMEHTa TEMIOOTAAUH MO BbiCOTE (6)
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Re=0,952"%¢;

a(t,—t)H
rae Re = -

<L>3 " 1/8
A 1.
Tensodpusnyeckne napameTpbl KOHAEH-
cara B ¢opmyan (10.14), (10.156) caenyer
MOACTABJATL NPU TEMAEPATYPe HACHILULEHHHA
ty, @ Ac U pc TIPH TEMIIEPATYPEe CTEHKH.
B10Jb MOBEPXKOCTH, HAaKJIOHEHHOH DO
YIJIOM @ K BEePTHKA/H, KOHIEHCAT CTeKaeT
Me/JeHHee, NJEeHKa ero nojy4aerce Tojlle,
K03 UL HEHT TEeI00TAaYH B COOTBETCT-
BuH ¢ dopMyJoil a=A/8 HHXKE, T. €.

4

aHaKJI = a’ﬂep'r VCOS (p'

Jlaa ropusoHTanbHOH TPYObl yroa ¢ —
nepemennan penuuuxa. MurerpuposaHnuem
MOXKHO MOAYYHTE Gopmyay AJas pacyera
CPelHEro MO TEpPHMETPY TOPH3OHTANLHOH
Tpy6bl KO3 PHUHEHTA:

(10.16)

a=0,728 e. (10.17)

B NpOMbiULIEHHLIX TerJoO0MeHHHKAX
KOHAEHCALHA OOGLIYHO MPOHCXO[MT HA MO-
BepxHocTH nyukoB Tpy6. Kosdduuuest
TEMJOOTAAUH OT Nyuka TPyO HUKe, uem OT
QANHOUHOI Tpy6bl, TMOCKOAbKY TO/AILHHA
IJEHKH XOHJAeHcaTa Ha HWXHHX TpyGax
yBEJHYHBAETCA 34 CuYeT CTeKaHua ero
¢ BepxHHux Tpy6. Popmydnl U rpapHky Ans
pacueTa NOMPABOK MOXHO HailTH B cnpa-
BOUHHKAX.

TpucyTcTBHE B nape HeKOHAEHCHPYIO-
W HXCHA ra3os (HanpuMep, BO3AyXa) CHALHO
CHUM(AET 3HauyeHde KO3(PQPHUHEHTA TEMIO-
ornaun (puc. 10.5) u3-3a rtoro, uto nap,
NOAX0AS K MOBEPXHOCTH, HAa KOTOPOH MAeT
KOHJeHCallHA, yBJekaer BMecte ¢ coGoit
¥ HekOHJeHcHpywllueca rasmi. [Ipu KoH-
JIeHCalHH MPOHCXOAHT KaK Obl COPTHPOBKA
nepeMeuleHHbIX MOJEKysl napa # rasa —
nepBble 3aXBATHIBAIOTCA MAEHKOH KOHJEH-



—
@/yugrara napa

wy=13,5 M/c

0.8
06
0%
gz W=
a é -'lf ; g Jpr %o
Puc. 10.5. VameHenne WHTEHCHBHOCTH TerLIO-

oT4aud K TOpH3OHTaNbHOH TpyGe B 3aBHCUMO-
¢TW OT MAcCOBOM KOHUEHTPALMY BO3AYyXa B Nape
NpH aTMOCHEPHOM AABJCHHH W Pa3THUHBLX CKO-
pocTAX 00TeKaHH

caTa, a BTOpbie 0CTalOTCA B rasoBoil pase,
HAKANJHBAOTCH H BHIHYXJeHbl JBUTAThCS
Ha3aj OT IOBEPXHOCTH pasjena ¢as. ITor
BCTPEUHbIH [OTOK 3aTPYAHACT JOCTYM HO-
BHIM MOJEKYyJaM 1napa K MJeHKe KOHACHCA-
Ta, T. €. 3aMeiJsieT NMPOLECC KOHLEHCALHH.
BliMAHMe HEKOHIEHCUHPYIOUIYXCH ra3osB Ha
Tenn00TAAYY NPH KOHZEHCALMH yMeHblia-
eTCsl B CJIyuae, KOrJa MOBepXHOCTh 06/yBa-
eTcl NOTOKOM Mapa €O CKOPOCTbIO Wy, NMO-
CKOMbKY TIPH 3TOM MOJEKYJIbl ra3a CHOCAT-
¢sl HaGerawUlHM NOTOKOM H He YCNeBaioT
HAKAMJIHBATLCA OKOJIO IUIEHKH KOHAEHCATA.

Mpumep 10.3. Paccuntatb KO3 HUILHERT
Tenjiooraavud 1 TEernJoBOH MOTOK K TOPH3OHTAaJAb-
HOW TpyOKe NapOBOrO MOAOTPeBATENs BOAM LNR
ropsuero BOAOCHAGKeHHS. Odauua Tpybku [=
—2 m, napyXKHblil AnaMmerp d.= 18 MM, Temne-
partypa crerku .= 100°C. Ha tpy6e KoHaeHCH-
pyeTcsi  HachILUEHHbIH BOAsiHOH map, pu=
=0,6 MIlla.

Tennogu3anueckue CBOACTBA BOANI (koHaeH-
cara): npu t,=1568,8 °C; 2=0,683 Bt/ (M-K):
p=909 &kr/m% w=172-10"° Ta.c; r=
—9086 wk[x/xkr; npu  te=100 °C;  he=
—=0,683 Br/(M-K); pe=282.10"° Ia-c.

Mo dopmyne 10.17 HaxonuM

4

3 2 3
—0728 0,683%.909%.9,81-2086- 10

172.10 % (158,8 —100)-0,018

M TRLERY 172107 17%
0683 ) 282.10°% |

—8980 Bt/ (M2 K);

’
N

Q=aF (t,—!t)=

—8980-3,14-0,018-2 (158,8 —100)=

—59,7-10" Br.

104, OPHL HIMPOBOYHDIE 3HAUEHUS
KOADdOUUKEHTOB TEIJIOOTAAYH

Uro6n HE AONYCTHTH Tpy6oi OLHOKH,
HY#(HO 4€TKO MPEACTABJISNTH AHANA3OHbL 13-
MeHenust  Ko3(hHIHenToB  TEIJOOTLauH
B pa3jqHYHBIX YCJHOBHAX. Onu 1npUBENEHBl
nuske, Br/(m7-K):

CrofoaHasl KOHBEKIM B I'a3ax H 30,
CpofoaHasi KOHBEKILMA  BOJbI 10° - 10¢

BhiHYKACUHAA KOHBCKIHS 1'A-

308 Ce e e 10— 500
By AeHnas KOHBEKLMSA BOjibl 500--2. 10"
Kunenue BOAbl L L 24107410
YKuakue Meraans . - - - - 10° -3 .10
[leHOuHas KOHICHCAIIHA BO/A-

Horo mapa . . . . - - . 4 10%-—10"
KaueabHasi KOHACHCAILHA BOLS-

HOTO Napa - .. 410" 10"

Ecau B pe3y/bTaTe pacuera no opmy-
naM KO3M@UUUEHT TeMI00TAAYH BBIXCLHT
A4aJ€KO 32 YKa3aHHble Npejeibl, Hal0 BHU-
MaTe/bHO pa3obpaThcsl B NPHUYHHAX 3TOMO.
[TpuBe/ieHHbIe 3HATEHHS MOXHO HCMOAL3O-
BaTb M /1% OlleHouHbix pacuetos. MHoraa
fnajbHelillye YTOUHEHHSi OKAa3blBAIOTCA He-
HYXKHBIMH.

KonTpoashele 8onpocel u dadaiu

10.1. [loueMmy B cayne ¢ TemnepaTypoi Gonee
100 °C 4eIOBEK MOMXET HaXOAUTLCH JIOBOJBHO
AOJTO, & B KUnALLeH Bojle HeT?

10.2. OlleHNTb BAMSHHE CKOPOCTH MHUAKOCTH
Ha KO3Q@HLUHEHT TENI0OTAAUH TIPH APOAOALIOM
06TEKAHHN TIAACTHHbI.

10.3. TTonyunTh 3aBHCHMOCTb [UISL pacueTa
Ko PullHeHTa TeNN00TAaUH OT TpyOLl K JBHKY-
lueMycsl BHYTPH Hee MOTOKY rasa, HalpiMep,
K BO3JYXY.

89



10.4. OueHUTh BAHAHWE TemnepaTypbl BO3-
Ayxa Ha UHTEHCHBHOCTb KOHBEKTHBHOH Ten100T-
44l OT Hero K CTeHKe TPYOhL.

Ffnaga oauHHaAAULATAA
IYUUCTBIA TENNOOBMEH

10.5. Kakum 06pa3oM MOKHO UHTEHCHHUK-
poBaTb Tena00TAauy MnpH KOHJleHCal WK napa Ha
BepTHKa/AbLHOH Tpy6e?

t1.1. ONUCAHHUE TPOUECCA
H OCHOBHLIE OUPEJAEJIEHHSA

TenJiopoe H3JyueHHEe eCcTb Pe3ynabTaT
npespallleHdss BHYTPeHHeH 5Hepruu  tel
B 3HEPTHIO 3/EKTPOMATHUTHBIX KoNeGaHHH.
[lpy nonagaHkH TeNJOBBIX ayueil (BOJH)
Ha Jpyroe TeNO KX 3HePrHsl HAaCTHYHO MO-
rAoulaeTcss UM, CHOBA MpeBpaulancb BO
sHyTpeHnwow. Tak ocyecraasgerca Jay-
YUCTBI Temnoo0MeH MeXAy TeadMH.

TenJioBOe M3JiyueHHe Kak mpolecc pac-
IPOCTPaHEHUA  SJeKTPOMArHUTHBIX  BOJH
XapaKTepH3yeTcH AJHHOK BOMHBL A ¥ 4acTo-
Tol Konebauuit v=c/A, rie ¢ — CKOpOCTh
ceeta (B Bakyyme ¢=3-10%m/c).

Bce BHAB 2JE€KTPOMArHMTHOrO H3Jyue-
HHS HMEIOT OJHHAKOBYIO MPHPOLY, MO3TOMY
KaaccuduKalUA u3JydeHHs MO AJHHAM
BOJIH B 3aBUCHMOCTH OT MNPOU3BOAMMOro
WMH 3ddexTa HOCUT JHLb yca0BHBIH Xa-
paxktep. [lpu Temnepartypax, ¢ KaKkHMH
06bIUHO HMEIOT Jesio B TeXHHKe, OCHOBHOE
KOJMUECTBO SHEPTHU M3JyuaeTcs npu A=
0,8 =80 MKM. 2TH JYYH TPHHATO Ha3bl-
BaTb TeNJOBHMHU (MHPpaKpacCHbI-
M d). BObIIYIO ANIHHY HMEIOT PAAHOBOJIHEL,
MEHbLUYI0O — BOJIHBL BUAMMOT O (CBETO-
poro, 0,4—0,8 MKM) KW yaAbTpaduoae-
TOBOT O H3JyUeHHS.

Tens0BoI NOTOK, H3Jy4aeMBH Ha BCeX
IJUHAX BOJH C eMHHULB TOBEPXHOCTH Tena
[0 BCeM HaNpaBJeHHsAM, Ha3bp BaeTCs
NOBEPXHOCTHOW MJOTHOCTHIO N0
TOKA HHTErpaJdbHOro U3JYy4YeHus
E, Br/M% Ona onpepensercs MpUpPOAOH
LAHHOTO Tena W ero Temneparypoi. Irto
cOGCTBEHHOE H3JydeHue Tena.

Yactb sHeprut uajyuenus Enag, nafamo-
et Ha Ttejo (puc. 11.1), noraoulaercs
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(E,), uyacte otpaxaercsi (Ep) M uacTe
IpoHUKaeT CKBO3b Hero (Ep).
Takum 06pasom,

Es+Eg+Ep=Eu (11.1)

3To ypaBHEHHE TeNJ0BOro 6ajnaHca MOXHO
sanucaTh B 6e3pasMepHoOil dopme:

A4+R+D=1.

Beanunna A =EF ,/Enaz Ha3biBaercs K 09 ¢-
GuuKeHTOM nornowenns, R=Ey/
Enan—KO3pdUuLHEHTOM oTp a-
meHua,D=FEp/Enx — KO3 GUUHECH-
TOM NPONYCKAHHSIL

Ten0, noerowarowee 8ce nadaoujee Ha
Heeo usaydenue, Hazetsaerca abconioT-
Ho uepHbol M. Jlas sroro Tena A=1. Te-
A3, LA KOTOpbix Kosdduunent A <1 H He
3aBHCHT OT AJKHBI BOJHB Najawulero Us-
JydeHus, HasbIBaKOTCA cep bl M H. [lna a6-
coawTHO Gesorotena R=1, ais a6-
conwTHO mpo3paunoro D=1.

Ecau 1OBEPXHOCTb 11Or/10WLAET Tenjio-
Bble JYUH, HO He TOTJIOULEeT CBETOBHIE, OHA
He Kaxercs uepHoli. Bosiee Toro, Haue
3peHHe MOMKeT BOCIPHHHMAETL TAKYi No-
BEPXHOCTh Kak Geylo, HallpUMep cHer, A3
koroporo A=0,98. Crexao, npospaunoe
B BUAMMOH 4acTH CIIEKTpa, NOYTH He Mpo3-
pauHo AJfl TENIOBBIX Jyued (A=0,94).

3

(11.2)

A Lnag,

207

Puc. 11.1. PacnpeneneHde 3Hepr¥u Ha.nyueHHd,
najatoied Ha Teso




TBep/ble H KHIAKHE Tena B 60/bLIHHCT-
Be H3Jy4aloT 3HEPrHi0 BCex AJHH BOMH
B uHreppade or 0 A0 oo, T. e HMEOT
CT1J Ol HO i CIEeKTp H3Jy4yeHus (XOT# Ha-
U6oabliee KOTHYECTBO IHEPTHA HCIIYCKAeT-
¢l B [Mpeaenax AJdMH BOJH OT 0,8 no
80 Mkm). Hucrble (HeOKHCJeHHbIE) MeTan-
Ab M Tasul xapaKkTepH3ywTca BeIGOpO-
HBIM — CEeJEeKTHBHBM  H3AYyUYEHH-
eMm, T. €. H3JyyaloT 3HEPrHI0 TO/IbKO onpe-
NeJIeHHBbIX AJHH BOJH.

B 60/ bILIHHCTRE TBEPLbIX H XHUAKHX TE]
LOIOLLEHHE TEeNNOBLIX Jyuei 3aBepmaercs
B TOHKOM [OBEPXHOCTHOM cJjoe, T.€. He
3aBHCHT OT TOAULMHBL Teaa. [as sTHX Ted
Tenaopoe uaayyenue oObIMHO pacCMaTpHBa-
eTCH KaK TOBEPXHOCTHOE siBjeHWe. B rase
B CHJY 3HAYHTEJNbHO MeHblued KOHUEHTpA-
[LHM MOJEKY/ NPoLUecc Jy4HCTOro Temn1000-
MeHa HOCHT o6beMublit xapakrep. Kosgdu-
(LMEHT MOrJOLLeHHsI [a3a 3aBUCHT OT pasMe-
pOB («TOJIHHbI») FA30BOCO ofbeMa H Aas-
JIeHUH rasa, T. €. KOHLEHTpaluy norJaoa-
IOUHX MOJIEKYJI.

CymMa [OTOKOB COGCTBEHHOrO M 0Tpa-
WEHHOrO TEeJOM H3Jy4YeHHs Ha3blBaeTcs ero
5pPeKTHBHLIM H3JAYyUEHHEM:

E,,=E+RE,, (11.3)

Cymmapusitl NPOYECC BIAUMHOZO UCnY-
CKANUS, NOZAOWEHUS, OTPANERUR U NPONY-
CKAKUA JHEepeul U3AYy4eHus 8 CucTemax
TeA HA3LIBAeTCA NYYHCTHIM Tena006-
MEeHOM.

W3 kypca QH3HKK H3BECTHO, 4TO C N e K-
TpanbhHast MNJOTHOCTbL TMNOTOKA
W3syueHHs A6CONIOTHO YEPHOTO Tesa
lml,=d50/d7~ (B Aa/bHeHlIeM BCE XapaKTe-

PUCTHKH a6COIIOTHO 4epHOro Tefa 6yaem
3AMHCHIBATD C MHAEKCOM «HYJb»), XapakKre-
PH3YWOllasl HHTEHCHBHOCTb M3JYUeHHA Ha
AAHHOH AJIMHE BOJHBI A;, MMEET MAKCUMYM
npu onpejeseHHON ANHHE BOJTHbI Au. Beau-
yMHa Ay (MKM) CBSI3aHA C abCONOTHON TeM-
neparypoit T Tesa 3aKOHOM Buna:
A, =2,898/(10° T). (11.4)
M3 Boipamenus (11.4) cAeAyer, 4To
¢ POCTOM TeMIEpaTypbl MAKCHMYM H3Jyue-
HHUS cMelLaeTcss B CTOPOHY KOPOTKHX BOJIH.
Tak, B uadyuesun ¢ nosepxsoctd Coanna
(T =~5800 K} makciMy™m TIDHXOAHTCS Ha
BHAHMYK0 4acTh CreKrpa (Au= 0,5 MKM),
a B M3JYJYEHHH 3JeKTpoHarpesareld (T~

~ 1100 K) A,=3 MKM, OpHyem B Nocjaen-
HeMm cJydae 3HEprHs BHAHMOro (cBETOBO-
ro) W3JyueHHs HMUTOXKHA B CPaBHCHHMH
¢ 3Heprueil TemaoBoro (MH¢d paKpacHoro).

{Y}PaeprOCTHaﬂ [VIOTHOCTb TOTOKA HH-
TerpajbHOro H3ayuenust aG6CONOTHO YEPHO-
rO Tena B 3aBHCHMOCTH OT €ro Temmepary-
pbl OMHCBHIBAETCS 38KOHOM Credpana—
BoabuMasa:

E,=oa,T". (11.5)
3pech  Go=5,67-107% Br/(m*.K*) — no-
crosinHan  Credana—boabumada. JOas

TeXHHYECKHX pPacyeToB 3aKOH CredpaHa—
BoJbuMaHa 0ObIMHO 3aNHCHIBAIOT B BHAE

Ey=C, (T /100)", (11.6)

rae Co=—=ao-102="567 Br/(M*.K') Ha3bl-
paeTc KospduuueHTOM H3Jay4de
HHUA ab6CONKTHO UepHOro Teaa.

Tena, ¢ KOTOPbIMH Mbl HMeeM Ae10 Ha
npaKkTUKe, H3JyyaioT MeHbilie Tel] 0BO#
3Hepruy, 4eM aGCONIOTHO HepHOe TeN0 MpH
TOll ke Temieparype.

OrHouterue nOBEPXHOCTHOL NAOTHOCTU
NOTOKA COBCTBEHHO20 UHTE2PALbHOCO UIAY-~
wenus E Odannoeo Teaa K nOBEPXHOCTHOU
NAOTHOCTY NOTOKO UHTE2PAAbHOSO U3RYHe-
wus Eo aBCOAIOTHO wepro20 Teaa npu Tod
e Temneparype HA3vl8aerca CTeNnelbio
YepHOTH 37020 Tead:

e=E/E,. (11.7)

CreneHb YE€PHOTHI € meHgeTcH AN pas3.aHy-
HbIX T OT HyAs AO eAMHUUbl B 32BUCHMO-
¢TH OT MaTrepuaJa, COCTOSHWA NOBEPXHOCTH
u Temneparypbl. Hcrnonb3ays noHsTye crene-
HY UEpPHOTbI, MOXHO 3aMHCaTh 3aKOH Cre-
dpana—BonbiMana Aas peanbHoro reaa:

E=eE,=eC,y(T/100)'=C (T /100)".

(11.8)

3nece C=eCo—K0o3PGHUMEHT

MajsyueHus peadpHoro Teaa,
Br/(m2-K*). ]

CoraacHo 3akoHy Kupxroga cTeneHb
yepAGTH 1I060r0 Te1a B COCTOSIHUH TEPMO-
AHHAMHYECKOro PaBHOBECHST UMCJIEHHO paB-
Ha ero Koad¢dHLHenTy MOIJOUWLEHH TIpH
Toil ke Temneparype, T.e. e=A. B co-
OTBETCTBUM € 3ITHM 33aKOHOM OTHOLUCHHE
JHEPTHH H3Jy4YeHHs K K03 GULHEHTY NO-
riouietnsn (E/A) He 3aBMCHT OT NPHPOLB
Tefla ¥ PaBHO IHEPTHH H3JYJEHHS E, abco-

91



JIOTHO YEPHOrO Tea NPU TOMH XKe TeMnepa-
Type. Uem Gosblue KOSGPHUUHKEHT NOrJIOLLE-
HU", Tem GoJblle M 3SHEPrusi H3JydeHHd
3TOr0 Tesia N[pH 3aJlaHHOH TeMmeparype.
Ecan Teno Mano u3nydaer, TO OHO MaJjo
u norgouwaer. A6conoTHo Genoe Teno He
CNOCOGHO HH  H3JNyuaTh, HH FOMJIOWAETH
IHEPruio.

11.2. TENJIOOBMEH H3JIYYTCHUEM
CUCTEMDBI TEJL B TPO3PAYHOW CPEIL

PaccMoTpuM Tenaoo0MeH MeXIy IBY-
MS elHHHUHBIMA (Hanpumep, no | m”) no-
BEPXHOCTHIMH, OOpAIlleHHBIMH JIPYT K JApYrY
¢ HeBonbuuM 3azopom (puc. 11.2), npuiem
T, >T. B 310t cucreme E, —- sueprus co-
6CTBEHHOrO H3/y4eHHH [1€pBOro Tejna Ha
Bropoe, F. — BTOpOro Ha neproe. BBuiy
MaJIOro PacCTOHUA MeXLy HHMH HpPaKTH-
YecKH BCE MaNydyeHHe KAXKAOA W3 paccmar-
pHBaCMbix DOBEPXHOCTEH ONanaeT Ha 1po-
TUBONOJOXKHYI0. Bocnoabdyemcs 1noHATHEM
3PEKTHBHOTO HanyyeHus Eyy, Apeacras
aeunoro siipaxendem (11 3) . inn wenpo -
spaunoro tena (D=0 n R=1—A) Bb-
paxenue (11.3) 3annwercsa B Buae Esp=
= E+ Euan (1 — A).

Kaxpoe H3 paccMarpHBaeMbix
umeeT 3dhekTHBHOE (NOJHOE) HAJYUEeHHe,
COOTBETCTREHHO, Esp ¥ Esg2. s nepsoro
rena F,yp ABJAAETCS AANAIOUHM H3JYy4eHU-
€M, MO3TOMY

Epr=E +Eg(l—A).  (119)

Ay
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Puc. 11.2. Cxema nyunctoro TenaoofmMeHa Mex-

Y ABYMST TelaMH
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Auxanoruuso aas BTOpOro teJa

E po=Ey+E,o (1 —Ay. (11.10)

[110THOCTL pe3yJbTHPYIOLWLErD TenJo-
BOrO AOTOKA OT HEPBOI'O T&1a Ha BTOpOE
paBHa

Gra=E, —Ep (1.1

[TojcraBasis HalileHHble K3 COBMECT-
HOTO peLueHus ypaBHeHHH (11.9)
m  (1110) Bupaxenua E.p v Eag
B (11.11), noayuyaem

TS F AL A,
3amennum seanununl E v Ey no dopmyae
(118). Torpa

(1112)

gy o=

Ay, Co (T, /100y — A, e,C, (T5/100)
A +A,—AA, .

(11.13)

Byaem cuMtaTh, 4T0 CTenelh YEpHOThHI

o6enx MOBEPXHOCTER He MEHSeTCH B JHana-

sone Ttemueparyp or T, po Te Cacposa-

TeabHo, no 3akoHy Kupxropa Ai=¢

v Ay=r¢y. 3amenssi A Ha ¢ 4 BBIHOCH £1£:C0,
nojaydaem

N2 e /ey —

() )]

(11.14)

Benauuuna
Af——lhA—:e (11.15)
/e, +1/e,—1 wooA
Ha3bipaeTcs NpHBEeJEeHHOH crTe-
AEHbIO UYEPHOTH CHCTEMbH TeJ.

C yuerom eqp ¥ Boipakenus (11.14) ¢popmy-
Jaa aJas noJHoro TernjoBoro 110ToKa 34NkChl -
BaeTcsl B BHje

QI.2: F‘|ly\(;()F X

T\ 7\ .
)l oo

rae F —— muiowanb Tenoo6MeHHONH noBepX-
HOCTH, OJHMHAKOBAasi B HallleM cJyuae AJs
o6oKx Tes.



U3z (11.15) BHAHO, 4TO Enp MEHSET-
Sl OT HYAR [0 elMHHMIBl, 0CTaBasiChL BCErla
MeHbLi€ H Ei, U €2.

B coorsercTsud ¢ topmyaoi (11.16)
MO HBIH NOTOK TENJ0Tbi, nepeaBaeMblil H3-
JydeHueM OT ropsuero Tena 6oJee XOJOM-
HOMY, NPONOPLUOHAIEH NOBEPXHOCTH Teua,
NpUBEAEHHON CTENeHH YEPHOTH H pa3HOCTH
yeTBepThIX CTereHel a6CoNOTHbIX TeMminepa-
TYp Tea.

Ha npakTHKe 4acto OAHa Tenaoo6meH-
Has MOBEPXHOCTb MOJHOCTBIO OXBATHIBACT-
cq apyroil (puc. 11.3). B oTanuue OT Tef-
o06MeHa MeXAy OJU3KO PacrofNoeHHb-
MM NOBEPXHOCTSMH C PAaBHBIMH DNOILALIMH
ajech AWIIb YACTb H3/yUeHHA MOBEPXHOCTH
F, nonagaer Ha Fi. Ocranbhas 3Heprus
BOCTIPHHHUMAETCA CaMOH Ke MOBEPXHOCTHIO
F,. TennoBoil noTok, nepenaBaeMbiii H3JY-
yeHueM OT BHYTPEHHEro Teaa K BHEUIHEMY,
MOXKHO TaKXKe ONpelesauTh no (11.16), ecin
amecto F 10JCTaBHTb MOBEPXHOCTh MEHDb-
uiero Teaa F\, a CTENeHb 4€PHOTHl CHCTEMB
onpeaesutb no popmyne

1
g, = - (1117
=1 F /1 ( )

LI G|
91+F2 €y )

B cayuae TennooGMeHa Mexny NpoH3-
BOJbHBIMH TEJaMH KaXKA0e H3 HUX H3JyHa-
eT Ha ApYroe JHllib 4aCTb SHEPTHH, H3Jayua-
eMOli HM MO BCEM HanpaBJeHUAM; OCTajb-
Hasl SHEPrUsl PACCEHBAETCSA B NPOCTPAHCTBE
WiM nomajaer Ha Apyrue Teqa. B 3ToM
cydae B pacueTHyto dopmyny (11.16) pso-
AWTCS MOMpaBoOUHbIA K03 PULHEHT, Ha3bi-

N
N\
[\

Fy

T >Ty

Tz

/77 Z 7

Puc. 11.3. Cxema JydHCTOrO TenJaoo6MeHa Mex-
Ay TeaaMi B 3aMKHYTOM ApOCTPAHCTBE

paeMmblil KosphpHUHEHTOM
06AYUEGHHOCTH TeNa @2 M YUHTHIBA-
[OLLiMi} OO M3JYUYEeHHsl EPROro Tena, KO-
TOpas BOCIPHHHMAETCS BTOPbIM TENOM.
Takum o6pa3oM, TenaooGMeH Mexy
ABYMSl NPOH3BONBHO PACMONOKEHHBIMA Te-
aMH MOXeT ObiTh PacCuuTaH no popmy.ie

Q=0 .QEanOFl X

X[(TI/I(JO)“—(‘TQ/IOO)“]. (11.18)

Ko3apduiuent 061y4eHHOCTH Ha3bIBA-
0T TakxKe yr0oBbM K03 GuUHeHTOM
W3AydeHn s DTo UHCTO reomeTpuuecKuit
dakTop, saBUCALLHA TOJABKO OT (HOpMBL,
pa3MepoB Te H HX B3AMMHOrO pacronome-
Hnsl. Paannuaor Ko3hOHUUHENT 06,1 yueHHO-
CTH NepBbiM TEJOM BTOPOro @i H ko3 u-
LLHEHT O6/JYUeHHOCTH BTOPbIM TEJOM NEPBO-
ro ga,1. [1pn 3TOM @ioFi=q@2.1F2 Koapdu-
LHEHT OBJYUeHHOCTH ONpeensieTcs anaan-
THUECKH WJIH  JKCTEpPHMEHTAbHO. Das
6O/BIUIMHCTBA HACTHBIX C/ydaen, HMEOUHX
MeCTO B TexHuKe, 3HaueHHsi KO3 duineH-
TOB OBJYUEHHOCTH HJIH COOTBETCTBYIOULIKE
Qopmysbl JUIR  HX pacuera NpUBOAATCH
B cnipaBounukax [16} Ecau Bee H3Jyyedue
0[HOr0 TENa [onafaer Ha Apyroe, T0 ¢i.2=
— 1. TpuMeHuTeNBHO K (PHC. 11.3) ¢ro=
=l, a (p2,|=F|/F2.

B npu 61K XeHHBIX pacuerax JYUHCTOro
remioo6MeHa MeXAy IBYMsl NPOH3BOABHO
PACNONOXKEHHbIMH TENaMH  Eap A0MYCTHMO
paccuuThiBaTh N0 GOpPMYye Eap=E1E2. ITpu
g ¥ £2>>0,8 owHOKA TaKMX pacHeros Me-
ametcs ot 0 10 20 % upu U3MeHeHnyd OTHO-
wennsi Fi/F» ot 1 ao 0. Ourkibxa BospacTa-
eT ¢ yMeHbIIEHHEM &) WIH E2.

Mpumep 11.1. Paccunrathb TenaoBolH NOTOK
H3NyHEHHeM OT CTalbHbIX OKUCJCHHBIX TPYO 1Ha-
PYXKHBIM [IMAMETPOM d-=0,1 m, obien JJIHHON
[= 10 M, HCIIOABbIYEMbIX JJI51 OTOMNCHHS rapaxa
C TemnepaTypoi cTeH t;=15°C. Temnepatypa
crenku TpyOni =385 °C.

YunThlBAS, UTO MJOILAAL MOBEPXHOCTH TPY-
6bl Fi MHOrO MeHblUe Moulajin cren rapama Fy,
W3 BblpaxKeHus (11.17) BMeeM kg =81 Jlas
OKWCJIEHHOH CTalH COr/IACHO CNpaBoMibiM AdH-
uoim [15] &/=0,8. Toraa npu paowanu TpyOni

F1=ﬂ.dl=3,14-0,l-1()———3,]4MQ no  GopMy.ac
(11.16)  naayuum Q\g_»:E\CnF;[(T\/I()())4—
—(T2/100)*} =0,8-5,67-3,14 [ (358/100)" —

—(288/100)'] = 1360 Br.
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11.3. HCNNOJIb30OBAHHE 3KPAHOB
AAA 3AMATHL OT HINYYEHHKS

ns 3a11uTel OT NeperpeBa HEKOTOPbIX 3Je-
MEHTOB TEIlOTeXHHYECKOro 0BOpYNOBAHUS Tpe-
6yeTcd  yMEHBLIHWTL  JYYHCTBIH  TemIooBMeH.
B 3Tom cayyae Mexay Hanydatenem u oborpesa-
€MbIM 3JIEMEHTOM CTABAT MeperopoikK, Hasbipae-
Mble 3KpaHaMu.

Paccmorpum cuctemy Tes, anasormunyio
u3oGpaxenHoil Ha puc. 1.2, YeranoBuM mexay
HHUMH 3KpaH (puc. [1.4). Jlyuwyio 3awuTy BTO-
poro Tesa OT H3NYYEHHA NEPBOrC 0Gecrneyur,
€CTeCTBEHHO, abCoMioTHO Genbll 3KpaH, MoJHO-
CTbIO OTP@XKAIOLIHH BCe MajaloulHe Ha Hero W3-
Nydenusi. PealbHO MOXHO caenaTh 3KpaH M3
NOJHPOBAHHBIX METaNJNHYECKHX MJACTHH CO cTe-
TNeHbI0 YepHOTh e,=0(,05+0,15. B 3tom cayuae
4YacTb 3HEPrHU, HCNyCKaemoil nepBeiM TenoM, Gy-
NET MOTJOWATbCA IKPAHOM, a OCTajlbHAd — OT-
paxarbcs. B cTaunoHapHoM pexume BCA MO-
FJIOLEHHAA 3KDAHOM 3HEPTrHA GyLeT H3Ny4aThest
MM Ha BTOpOe TeNO, B pe3yJbTare uero Gyaer
OCYWLECTB/IATLCA NEpefaya TeM1oThl H3NyUueHHeM
OT MePBOro Tesa uepes 3kpad Ha Bropoe. OueHum
pPOJIb 3KpaHa, HCKMIOYHB W3 PACCMOTPEHHS KOH-
BEKLHIO H TEM10NPoBOAHOCTs. [Ipumem, uto e, =
=ey=¢,=¢ U T > Ty TepmHueckoe cCOMpoTHB-
JIeHHE TEMJONPOBOAHOCTH TOHKOCTEHHOr O 3KpaHa
IPAKTHYECKH PaBHO HYJIO, Tak u4To 06e ero mno-
BEPXHOCTH MMEIOT OAHHAKOBLIE TemnepaTypbl T,

[IpuBeneHHble CTeMEHM YEPHOTbI CHCTEMBI:
nepBoe TeN0 — 3KpaH H 3KpaH — BTOpoe Tedo
B coorBercTBUH ¢ (11.17) 0OMHaAKOBBI U paBHBI

| e

= et ije—1)  2—

11.19)

Ot Gonee ropauell M1acTHHBL 3KpaHy nepe-
[AeTCs TeMJOoTa, IWIOTHOCTh 10TOKA KOTOPO#H

7\ 7, \}
D=t [\ 7557 ) "\ 750/ | (129
7 O
A ey
s A 2 Ixpan
1‘?!,3
777
v o A
Puc. 11.4. JlyducTslil Ten1006MeH MeXAY ABYMH

NMOBEPXHOCTAMH 4Uepe3 3KpaH
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a OT 3KpaHa K Gojee XONOAHOH [TOBEPXHOCTH

4 4
T's _ T? '

_— _— 1.21
100 100 (1 )

q?azanpc()

B crauHoHapHoM pexume gis=¢as, T.€.

4 4
Ty (T

100 100

T. \* 7, \*
= Y (11.22)

Orciona

T 4

4{() ()] o

[MoacraBasns monyuennoe Boipaxcenue B (11.20)
win (11.21), nonyuaem

1 T, \
N5 =92 =5 % |\ Too ) ~
T 4
2
— — 11.24
100 ( )

210 H ecTb MJOTHOCTb TENJIOBOrO [OTOKA g7,
nepefaBaeMoro OT MepBofl MAaCTHHLL KO BTOPO#
NPH HAMTHUUH IKPAHA.

Bes 3kpana
T, \ T, \
q1.2=ean0 705 ] "\ Too | |, (11.25)
rae epp=¢t/(2—e).
Ha  cpasuenus  Boipaxeuuii (11.24)

H (11.25) cnenyer ¢ia2/g12=0,5, T. e. ycTaHoBKa
OJLHOTO 3KpaHa INpH e | =¢ y—¢ YMeHtLdeT 110 DK
H3JIy4YeHUs BIBOe.

MoXHO noKa3aTh, UTO NMPH YCTAHOBKE 7 3K-
pPaHoB ¢ g, e (e=¢g;==¢y)

UL _ i

. 11.26
o (T FaeC—ejin@—e 4%

Ecav e=0,8 (okuciennast crajpuas nosep-
XHOCTb), a €,=(0,1, TO UPH HaJIHYHH ORHOrO
3Kpana gi./9,2=0,073, T. e. nyuncToiit Tenso-
BOil TOTOK yMeHbllaercsi Gosee dem B 13 pas.
FlpH Hanuuuu Tpex TaKMX SKPAHOH JYUHCThHIN
Tennoobmen cHUxaetcs B 39 pas! Ha stom ocHo-
BAHO KOHCTPYyHPOBaAHHE CNEUHAJBHOH H3OJSIIHH,
COCTOSIIENR U3 MH(KECTBA 110JHPOBAHHBIX MeTa-
JIHYECKHX NIACTHH HJH QOJbrH € 3a30paMH, LH-



poKo npuMeHﬂeMov"l B mocnejiHee BpeMs. Jast
UCKJIOUEHHST KOHBEKUHH U TenaonpoBOAHOCTH H3
3430pOB 4aCTO OTKAYUBALRTCH po3ayx. Takas u3o-
AALLES] HA3BIBAETCH saKyyMHo-MHorocnoi’moi«‘l.

11.4. NEPEHOC JYYUCTOR 3HEPIHH
B NOTJOWAIOWENA H N3JYUYAIOILEN

CPEJE

PaccMoTpuM MepeHoc 3HEprHH NJ0CKO-
napasienbHbiM J1y4OM B sanblleHHol Cpe-
e, HanpUmep B NPOAYKTAX cropaHusl TBep-
[OTO TOMAKBA, COAEPKAULUX yacTHUH 30-
A, Jlyy  HanpasleH BAOMb  OCH
x (puc. 11.5). [lowans cevyeHus ny4a npH-
mem paBHOil | M2, TOrA@ 3HEprus Jayya Ha
BXOle B CpeAy paBHa E,.. Hnsi npocToThl
GyaeM CUNTaTb 4acTHIlhl nbiin chepHyecKH-
MH OAMHAKOBOrO pasmepa ¢ [LHAaMETPOM
d u aGCcoMIOTHO YEePHbIMH. B cJjoe TOMWH-
Hoft dx 4acTHLbl, BCTpeTHBLIHECH Ha nyTH
Jyda, MOFOWAIT FHEPIAIO B KOJIHUecTBe
dE. ToraoiuenHasi 3HEprus dE paBpa mpo-
y3BeeHMI0 Nafanied (E) Ha CyMMapHyK
Q/OWAaAp ROMepedHoro  CeueHus BCEX
4ACTHI B C0E TOALUHHOH dx. B cBow oue-
peib, 3Ta MAOlLalb paBHa npOM3BEAEHHIO
fonepedHoro  CeueHus OAHOH YacTHLbl

nd®/4 Ha MX 4HCIO f. Ypucao n) 4acTHl
£
£q
I3
(E-dE)
aa
0 a) x
£n
B £ (E-aE)
000 ° 0 o) o 0. °
. [5] o0 =
o . REF-TaN o - o -
- 5 o o
0 -0‘0 < 0. - .
o0 ’a o- © 0 - © X
] 9 %-0) AX |0 .79 .
. e, |‘———) .o
pr S8 o-.¢° “0 g .0 ° .
}—r——— . .
] 20 -9 ° - e
J)
Puc. 11.5. Ocnabnense [0CKONapanenbHora

uanyqeuuﬂ B 33[1leleHHOﬁ cpeae

B efuHHLe ofbemMa cpelbi PABHO OTHOLIE-
HMIO MX Maccel ¢y B EAHHHMLIE ofbema
(kr/m%) K macce OHOM YacTHlibl MMOTHO-
CTBIO Pu! = c.6/ (pand®). Uneno yacTHl
B O5beMe CJ0f TONULHHON dx (4 naowaib

| m¥): n=mdx. Toraa
2 6¢
dE— —E M 2 dp=
4 pnd
Cu
— —F15-dx.  (11.27)
dp,
Orcroaa
1,5¢
ii—E—= —— : dx.
E dp,

Mnrerpupys 3TO BblpaXeHHe OT HauyajibHo-
ro snauenns E, (npH x=0) L0 TeKyUiero
E, nonyuum

1,5¢,
E=E“exp<——d—p x). (11.28)

O603anauns Beanunny (1 S5c)/dp,) uepes
%, @ TOALLUHY C05T CPeflbi HEpE3 [, nonyudm

E=Ee ™. (11.29)

70T 3aKOH 3KCMOHEHUHATIBHOTO ocaatae-
HHu$ H3J1YyyEeHHs B .nyqenor.nou.talol.ueﬁ cpene
HOCHT Ha3paHHe 3 aKOH Byrepa: KO-
3ppUUHEHT ocaabaeHns % YBEIH-
yupaercss ¢ pOCTOM MaccoBOH KOHILEHT-
pauMH 4acTHU H yMeHbllieHHeM HX paiMe
posB.

K03t MLHeHT Or10UIEHHS CJ101 3aMbl-
JIeHHOH cpelbl toalLMHoi x=={ paBeH

A=(E,—E)/E,=1— e . (11.30)

Takum 06pasom, K03 QULUHEHT NOrN0-
lleHHsi (@ CNeL0BaTelbHO | CTeNneHb 4yepHO-
Thi) COR 3anblleHHOl cpedsl, B OTAHIHE OT
TBEpAOro Teaad, 3aBHCHT OT ero TOJJILLKMHbBI
W KOHLEHTPaLKH MbliH.

B pea/ibHBIX CHCTEMaxX Npouece nepeja-
4p NYYHCTON 3IHEPruu OCAONHEH TeM, UTO
Hechepuueckue HaCTHUbl HMEIOT pasauy-
Hble pa3Mepbl, CTeneHb HX yepHOTbI HE Pas-
Ha eaMHHMle, & Jy4 HE nuockonapajenh-
unlii. TlosTomy AeficTBUTEIbHAA BeJiHUMAHA
x, @ TaKXKe BeJH4INHa {, 3amensiemas oGbi4-
HO HA BEARUMHY (a2, HA3DIBAEMYIO 3dp ek
rMBHON AAWMHOA nyua HIH s dek-
THBHON TOAILHHON H31yYatollero C1od, on-
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pereaswores ps 3KCnepuMenta y MPHBO-
AATCS B cnpasounukay.

Ipouece pacnpocrpanenys AYYHCTOH
SHCPrUK B razosojj (HeaanbmeHHoﬁ) cpene
HMCET MHOro ofuero ¢ BbILIEONHC aHHbIM
fpoucccom B 3anbmenpof cpene. Pojb 11y-
MHHOK MIpaloT 3necy MOJEKYJIbt rasa, koy-
UEHTp Al U KOTOpbIx YBeMHYHBaeTCy
¢ poctoM naeaenus rasa.

Paanuuneie rasy obuanaror Pas’auyHoi
CHOCOGHOCTBIO  Haayyarty 4 norjomars
SHepruw. Opno- y IBYXaTOMHble raa3p
(kucaopon, azor Ap.) mpakTHuecku upo-
3payHbl pivig:] TEIJIOBOro H:i./'ly‘{eHHH. 3Ha‘”‘l-
TCABHOR C110¢O06HOCT bio H3JAY4aTb U norso-
MaTh 3Hepruio aayyenps oBragawnt muo-
FOATOMHBI® raabt: guokcug yraepoga CQO,
M cepul SO,, Boasnoi nap Hy0, ammuax
NH; u np. Haun6onbiwni HHTepec npefcras-
JA0T CBegeHHn of H3JIYYeHHM nHOKcHpa
yraepona u sogsgoro apa, obpasyiouwnx-
€A 1IpK cropauuu Tonaua, Hurencushocroio
HX HM3JIYYEHHS B OCHOBHOM onpegeasiercs
TeII00OMeH  packanenunx rasoo6pasHbix
TpoAykTOB cropanng ¢ oborpeBaemaimy Te-
JlaMH B Tonkax.

Fasel apasiores CENCKTUBHBIMK K3sy-
Harteasamy. Yyactuy CNeKTPpa, B KoTOpbIx
43 H3ayyaeT u noraowaer 3Hepru, Ha-
IBIBAIT N0 0Ccamu H3AydeHnunsn (no-
P10 enus). Huxe NpHBENEHH OCHOB-
HBIE TOTOCHl NoroIenus A, MKM, nas CO,
1 H,0:

cO, H.O

2 3 22.3

4 49 4,8--85
125 16,5 1230

Bunno, yro g CBETOBOM (BHAHMOH )
dactu criekrpa CQ, u napel HoQ ne Hany-
Hal0T u He mornowanr. B KOpOTKoBOMHO-
BOH qacry CUeKTPa raswl norgowaior y H3-
AYUAIOT XyKe, yem p AJHHHOBOIHOBOJ.

C poctom TeMIepaTypol, korga makcn-
MYM Hanydewus cmewaercy g 06aactb Ko-
POTKHX BosH, cTenens HYEPHOTH YMeHbLg-
2TCH. ﬂOCKO.ﬂhKy CTeNneHbL YepHoThl rasa g,
CYILECTBEHHO 3aBHCUT O TeMIEepaTyphl,
€3UKOH 4ETBEPTOH cTenenus Credana—
Boabumana CTporo He BubIMoaHseTCH. Tak,

A0THOCTBL  noToka Hadyuennn £, o ~T7
2

a Ego ~TH.

Bbinie OTMEYaNOCh, YT H3JlyueHHe ra-
30B HOCHT 06beMy bl Xapakrep. Cnoco6-
HOCTb rasa wiayuary, SHEPIHIO H3AMeHseT s
B 3dBHCHMOCTH o1 IWIOTHOCTH W TomIU My
T430Boro cnos. Yem phpe AOTHOCTL Hsay-
120ILero KoMnoHeHTa razonoii CMeCH, orr-
Perensdemas napumaninpim Lasacuuem p,
W uem Gonbue Tonmuna caos rasa /, tem
6oiibite moekya NpHHUMAET yuacThe g p3-
JNYUEHHH g TEM Bblile erg M3leLlaTEJleaH
ClOCO6HOCTL N KO3 puinent MOrJIOILeHHs .
[TosTomy crenens HEPHOTHL rasa g, 06biyno
peAcTaBaAlOT B Buge SABHCHMOCTH OT 1po-
USBELCHHA pl Wi npupogsr g HOMorpawm-
max [15]. Hockonbky nomock H3JyYenus
AMOKCHRa yraepoga yu BOMSIHBIX r1apos me
NIePEKPLIBAIOTCS, cTemens HepHOTHL cogep-
Kalero UX TonouHoro rasa g nepBOM npH-
GnuxenHn moxHo C4UHTaTL NO dopmyse

Er=£C02 +E‘H2O' (11.31)

HUsnyuenne unernyx rasos (H;0, CO,
H Ip.) Haxommtesn g UHGpakpacuoi uacry
Chektpa. Umewumnecs g MPOAyKTax cropa-
HHA packagaeHnse TBEpAbIe YyacTHUH (3004
M T. 1) upuaawr naameny BHIHMYIO OK-
Packy, u ero crenenp YEPHOTHI MOXeT GuiTh
Bostbioi, AOCTHradA  3Hayenui 0,6—0,7.
[Tostomy 0pH akenbHom CHUrakHn TBep-
ABIX TONMUB, a NpH Buinenenny caxu (npu
CKHTaHHK ¢ HepoctaTkom BO3Ayxa) —
H OKHAKHX, M razco6pasmmix OCHOBHOE KO-
AHUECTBO TeMAOTH B Tonkax nepegaercs
H3Jydenuem naameny. Hsayuenne ropsuie-
ro naamenu (pakena) NpH Tennoobmene
B Tonkax paccunrupaercs o CHeUH AN bHbIM
Gopmynam (15}

Kourposnee 80npocHt U 3adayy

1.1, Ckonbko IKDAHUNX  ATIOMHHUeRbIX
TOJIMPOBAHNLIX  nnacTry CACLYCT  1ocTaBHTH
B CHCTeme BAKYYMHO- MHOr G061 o H30MsI MY
CYWRAbKOrO wKada iy YMEHBLUEHHS TenaoBorg
IOTOKA M3nyuennn pe MeHee uem na 994 %
CyWnabubr Iukag paboraer Mpu Temneparype,
He npesnimawineir 20 °C.

1.2, [owemy ¢ YBeAHUEHHEM Ccomepkanmy
VIIEKHCHOro raza g armochepe 3eman (pn cmp-
FauvH GoubUINX Komugecty OPravuyecKoro Torg-
JHUBA B npowecce nponinogcrs LHHOM gestenbho-
CTH HeJI0BEKa) BOIMON 10 foTenaenue Kaumary?



Tnasea AseHapauvaTasd
TENNONEPEAAYA

12.1. CIO)KHbIR TEMJOOBMEH

PasjeseHde TensonepeHoca Ha Temao-
NPOBOAHOCTb, KOHBEKUHIO H H3JyueHHe
yaoGHO Jisi H3YueHMsl 3THX MPOLECCOB.
B feilcTBATENLHOCTH oYeHb 4acTo BeTpeya-
eTc CJOXHBII TenaoofMeH, NpH KOTopoM
TenJoTa nepesaeTcs JABYMA WM 1axe BCe-
MH Tpemsi croco0amMi OLHOBPEMEHHO.

HaunGoaee pacnpocTpaHeHHbiM CIydaeM
cJOKHOro TenjoobMeHa siBJAeTcs TEHJIo-
OTJaua OT IOBEPXHOCTH K rasy (uau ot
raza k mosepxHocTh). [lpu 3TOM HMeeT
MECTO KOHBEKTHBHLLA TenjooOMeH MEeXAy
MOBEPXHOCTBIO W OMLIBAIILHM €€ ra3oM H,
KpoMe TOFO, Ta Xe camas NOBEPXHOCTh
H3JQy4aer W NOIJIOILAeT 3HEPrHIo, o6MeHH-
Basich MOTOKAMHM M3JYYEHHS C ra3oMm H OK-
PYXKAIOMHMH [IPEAMETAMH. B ea0M HHTEH-
CHBHOCTb CJAOMKHOrO TemnooGmeHa B 3TOM
cayyae xapaKTepu3yloT cyMMapHhiM k03¢ -
(pHUHEHTOM TENJIOOTAAUH:

o=o,+ %, (12.1)

O6bIUHO CYHTAIOT, YTO KOHBEKIIHA W H3-
Jydenue He BAMSIOT ApYr Ha 1pyra. Ko-
3 PUIUHeHT TeNI0oTAa4H KOHBEKLHEH O
cuuTalT N[0 GopmyaaM, NpHBENEHHBIM
B ra. 10, a noa ko3P PHUMEHTOM TenjooTaa-
YM M3JYYEHHEM o, MOHHMAWOT OTHOLIEHHE
IJIOTHOCTH TEMJOBOro MOTOKa H3JydeHHeM
ga K DPA3HOCTH TeMNepaTyp MOBEPXHOCTH
M rasa:

a,=q,/(t.—1t) (12.2)
Crnoco6b pacueTa TelOBOro MOTOKA
H3NYUEHHEM §n M3JIQXKEHbI B TJ. 1.

Mpumep 12.1. Paccuntars MOJIHBL TEMI0BOH
NOTOK W CyMMapHblil KO3 uLUHEHT TENnA00TAauH
or TpyGonposoja d,=0,1m, [=10wm, =85 °C,
MCTOB3IOBANHONO JJI5l OTOMJIEHHS rapaxa, Tem:
lepaTypa BO3yxa B KOTOpOM 20, a cren 15°C.

OTieABbHO KOHBEKTHBHBIA Q« # AyuHCTBA Qs
TeH/OBRE 1IOTOKH JLIST YCI0BHI jlayHoi 3ajaaqy
6LIIM  HamjeHbl B lipuMepax COOTBETCTBCHHO
10.2 u 11.1. CymmapHbli NOTOK Q=Q«+ Q=
—=13534 1360=2713 Bt IHAUEHHE Oy =
—6.63 Br/(M-K) nasectvo, a o, GyleT paBHO

4 TenaoTexHuka

-

a.rle.n/lF (tc —[r)]z

—1360/[3,14-0,1-10 (85 —20)}=

=6,66 Bt/ (M2 K).

CyMMmapHoe 3HalieHHe COCTABIAET =0+ ta=
—=6,63+6,66=13,3 Br/(m*-K).

Kak BHIHO 43 NpHMepa, JHae (pH HH3KAX
TemMnepaTypax BKJaj H3NYyUEHHs B TenJioobMeH
MEK/Y MOBEPXHOCTBIO M FA30M MOMKET GbITh 3HA-
UHTENbHBIM, OCOGEHHO TPH HM3KOH WHTEHCHBHO-
CTH TeMI00TIAa4H KOHBEKIUHE:.

B psne caydaeB BJHMFAHHEM OHO M3 CO-
CTABMSTIONULHX KO3 HLHEHTA TENN00T1aNH MOXK-
1o npene6peun. Hanpumep, ¢ yBeJHUEHHEM TEM-
nepartypel pesko Bospacraer TenJioBOH NOTOK H3-
JyuendeM, [03TOMY B TONKax napoBbIX KOT/NOB
W Teueii, [J€ CKOPOCTH TeueHHs £a30B HEBEIHKH,
a {.= 1000 °C, 06bYHO NPHHUMAIOT a=0Ca H,
Ha06OPOT, NPH TEMN006MEHe MOBEPXHOCTH € no-
TOKOM KaMeJbHOH XKHIAKOCTH ONPeLeNsIolHM A8
JSieTCS KOHBEKTHBHBIA TenA000MeH, T. €. &=y

(2.2, TENJONEPEJAUA MEXAY
JABYMA KUIAKOCTAMU
YEPE3 PA3EJSIOWYIO HX CTEHKY

YacTo NpHXOAUTCH PACCYHTHBATDL CTa-
LLMOHAPHBIA NpoUece nepeHoca TEenaoThi OT
OJHOrO TEMJIOHOCHTENA K JPYroMy uepes
pasfeqsiouLyl0 HX CTEHKY (puc. 12.1). Ta-
KOl npolecc HaablBaercs TenJaonepe
nadeil. O ofbeHHRAET BCE PACCMOTPEH-
Hble HaMHM paHee 3/JieMEeHTapHbIE MPOLECCHl.
BuauaJde TEmJoTa nepejaercs OT ropsvero
TEMJIOHOCHTENA by K OJHOH W3 TOBEPXHO-
cTell cTeHKH NyTeM KOHBEKTHBHOTO TErJo-
ob6MeHa, KOTOphiil, Kak 3TO MNOKa3aHo
B § 12.1, MOXET CONPOBOKAATLCSA M3NYyde-
uHeM. MHTEHCHMBHOCTbL mpolecca TernooT-

AauM  XapakTepuayercs Ko3(huLUEHTOM
TenJoOTAAYH a1
3ateM Tenaora TeMnJonpoBOAHOCTLIO

nepeHocHTCs OT OO MOBEPXHOCTH CTEHKHU
k apyroii. Tepmuueckoe COMPOTHBJICHHE
TeMI0NPOBOAHOCTH R; paccunThiBaeTcd 10
dopmynaM, NpHBECHHbIM B § 83, B 3a-
BUCHMOCTH or BHAA CTEHKH
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(cp. puc. 12.1 ¢ puc. 8.2). Y, nakoueu, ten-
JI0T@ ONATb NYTEM KOHBEKTHBHOTO TeIL1O-
06MeHd, XapaKTePH3YEMOro Ko3ddHiUHeH-
TOM TerN0OTAAYN o, NMEpPefadeTcss OT Io-
BEPXHOCTH CTEHKH K XOJOMHOH >KHAKOCTH.

[pu craunonapom pexume Temiosoi
MOTOK Q BO BCeX Tpex MPoUeccax OduHa-
KOB, & Nepenajg Temnepatyp Mexjy rops-
Yell M XONOZHOH YKHIKOCTAMHU CKJAAbBAET-
Cfl H3 Tpex COCTABASIOUIHX:

1) mexay ropsiued XHAKOCTBIO H IO-
BEPXHOCTbIO cTeHKH. OGo3nauum R,=
=1/aF, Toraa cornacHo 3akomy HetoTo-
Ha—PuxMana

tml_tcle/(alF)=QRa.l;
2) MEXAY NOBEPXHOCTAMU CTEHKH:
ty—ly=QR;; (12.4)

3) Mexay BTOpOH NMOBEPXHOCTBIO CTEH-
KH, N0 &b KOTOPOH MOXKET 6biTh OTJHY-
Ha oT F| (HanpuMep, LA LHAMHAPHYECKOH
CTEHKH), U XOJOLHOH KHAKOCTbIO:

tc2_t»<2=Q/(a2F2)=QRa2' (12.5)
ITpocymmupoBas JseBble npaenie

yacTH Beipaxkenuit (12.3), (12.4) u (12.5),
NoJay4yHm

(12.3)

1
bt —to=1Q (a—F+
1Py

1
a,Fy )

t)a(l_t)kQ

Q= =

1 |
o F R oy F,

+R, + (12.6)

OTKyAa

t)Kl _t»<2

- Ral+RA+Ra2 -

t)«l _t"»(2

= R (12.7)
Popmyna (12.7) npuroaHa ana pacde-
Ta lpouecca Tenjgonepeaud yepes w6y
CTeHKY — IJIOCKYIO, LHAHHAPHYECKYIO, Ofi-
HOC/OHHYI0, MHOrOCNOHHYIO M T. 4. OTau-
UHAL TIPH 3TOM OYAYT TOBKO B PACYETHbIX

¢dbopmynax ana R; (cm. § 8.3).
Beanunna R,= 1 /(«F) Ha3biBaeTca
TEPMHUHUECKHUM CONPOTHBJEHH-
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Puc. 12.1. Pacnpegenenne TEMOEPATYPBl  (pH
nepefade TeraOTHl MEXAY ABYMS TeJOHOCHTe-
JISIMH Yepe3 MJI0CKYI0 CTEHKY

eM TENJOOTAAYH, acCyMMAPHOe Tep-
MHYECKOE CONPOTHBNEHHE R, — Tep M H-
YECKHM CONPOTHBJAEHHEM Teén-
Jonepepadn. Hcnoabays noustHe
TEPMHYECKOTO CONPOTHBJEHHS, Mbl ONATH
cBeau QGopMyny Aas pacuera TemJoBOro
NOTOKA K 3aBHCHMOCTH, dHaJIOTHYHOH 3a-
Koty Oma: TennoBoO# NOTOK paBeH OTHOLLe-
HHIO Tiepenana TeMneparyp K CyMMe TepMH-
UeCKHX CONDOTHUBJEHHH, MEXLY KOTOpPBIMH
3TOT nepenaj usMepaercsa. B npouecce ne-
peaauH TensoTbl Uepe3 CTEHKY MEXAY [BY-
Ml TEMJIOHOCHTENAMH TEIJIOBOH NMOTOK npe-
0/10/1EBAET TPH [OCJEAOBATENbHO «BKJIO-
YEHHDbIX» TEDMHUYECKHX COMPOTHBJICHHA:
TeMN00TAaYH KR,i, TENJ0NpOBOAHOCTH R,
U CHOBA TEINOOTAa4H Rq. [Tocae pacuera
TENJOBOTO MOTOKa Q U3  COOTHOUIEHHH
(12.3), (12.5) moxHO onpenenuth Temmne-
paTypbl Ha NMOBEPXHOCTSAX CTEHKH:

L=t —QR,; (12.8)
to=1+ QR,s. (12.9)
B caydae Tennonepesaus  uepes

MJIOCKYIO cTeHKY (cM. puc. 12.1), aaa Koro-
poii Ry=8/(AF), a maowaau nopepxuo-
CTeH MNOCKOW CTEHKH OAMHAKOBH C OGeHX
CTOpOH (F;=Fy=F), yao6Hee paccuuThi-
BaTb MIOTHOCTh TENJIOBOTO NMOTOKA ¢. Toraa
{(12.7) npeo6pasyerca « BHAY

g_ tml_t»d _
F 1o +8/A+1/a,

q:

=k, — o) (12.10)



1

[ S—
1ja,4+8/A+1/ay’

(12.11)

rae k —Ko3dpbuUuHeHT Tenaone-
penauu. Ou xapakTepH3yeT HHTEHCHB-
HOCTb TipolUecca Tenjionepefayn OF 0f4HOrO
TENJOHOCHTENA K APYroMy depes pasjensi-
OUIYI0 HX [UIOCKYI CTEHKY. YucaeHHoe
3HaueHHe Kod(dHlHeHTa Tenjonepeadu
paBHO TEIlJIOBOMY NOTOKY OT OAHOTO TeMJo-
HOCHTENA K ApYroMy uepes | M pasjefsio-
Lleil MX MJIOCKOM CTEHKH MPH Pa3sHOCTH TeM-
nepatyp TeMJOHOCHTeel B 1 K. B cayuae
MHOTOCJIONHOH CTEHKH BMECTO OTHOLUEHUR
8/ B opmyasnt (12.10), (12.11) cneayer
NOACTABAATb CYMMY 3THX OTHOWIEHHA 1A
KaXKA0ro CJOf.

OGpaTuTe BHHMAHKE HA PA3JIHUME MEXK-
Ly KO3 @HLUHEHTAMH TeMIONPOBOAHOCTH A,
TeMJOOTAAUM o W Temsornepenaut k. 3T
KO3 HUUHEHTHl XapAKTEPH3YIOT HHTEHCUB-
HOCTb Pa3/JHYHBIX MPOLECCOB, MO-pPa3HOMY
PACCUHTBIBAKTCA W NyTaTh HX HELOMYCTH-
mo. KospoduuHent TenJonepepadn €CTb
yyCTO pacueTHas BeJHUHHA, KOTOpARA Olpe-
peasercs Ko3d@uLUHEHTAMH TenJooTiauu
¢ 06eHX CTOPOH CTEHKH W €e TePMH4ECKHM
conpotuseHHeM. BaxHO NOA4EPKHYTD, UTO
KO3 HHUHEHT Tensonepelain HHKOrAa HE
MOMKET GbiTh 6osblie ay, as H A/8. CaabHee
BCEro OH 32BHCHT OT HAMMEHbIUEro U3 3THX
3HaueHuil, ocTaBascb BCErfa MeHblie €ro.
B npenenbHOM caydde, KOrAa, Hanpumep,
a Lo o L8/\ ko

KoadduinenToM Tenjaonepefady nojb-
3yl0TCA W NPH pacuyeTe TErnJoBoro NMoToKa

yepes TOHKHE LHJIHHIDHUECKHE CTEHKH
(Tpy6m), ecan du/da<<1,5:
QTp=qFTp=k(t,“——t,K2)FTp. (12.12)

[lnowaab NOBepXHOCTH TPYOul Frp cul-
TAlOT NP 3TOM ¢ TOH €€ CTOPOHbI, C KOTO-
poit KO3 HLKEHT TEeNI00TAAUH MEHbLIE.
Ecau e Ko3p@uiuedTsl OAU3KH ApYyT
K ApYTY, G|Aztg, TO Uelec006pa3Ho nio-
lWAafb CYATATb MO CPEAHEMY LHAMETDY TPY-
60 d=0,5 (dsw+ds). B 3TOM cayuae no-
FPELIHOCTh OT 3aMEHH B pacuerax LHAHH-
APHUECKOH CTEHKH Ha MJOCKyl Oyaer
MuHUMaabHa. CrnpaBelJMBOCTb MPHBEAEH-
HbiX BBIllE PEKOMEHAALHA HECJOXKHO MpoO-
WJIOCTPHPOBATDL HA MpHMEpE.

4*

Mpumep 12.2. Paccuurate TenJaoso# no-
Tok Q or ropaueit Bofbl twi=86°C, TeKylLeH
B cTanbHoil (cTamb 20) Tpy6e AanHOi [=10M,
anametpoM dg./dy=90/100 M. Pacxon BOLbI
V=102 m*/c. Tpy6a ucnonbayerca 4as oToie-
HHWA rapaxa, TeMnepaTtypa BO3AiyXa B KOTOPOM
tu2=20°C, a TemnepaTypa CT€H rapaxa fe.=
=15°C. KoagduuheuT TenjonpoBoiHOCTH LA
ctagau A=51.,5 Br/(M-K).

PellieHye Takhx 3alau HAXOAHTCA METOAOM
nocieaoBatenbHbix npubavxkennii. Bavane pas
pacuetra 3HaYEHHH NPUXOAHTCA
3a04BaThcA TeMIepaTypaMmH nMoBepXHocTeH Tpy-
Obl U3 YCAOBHS Lyt = fei = fea > [x2, IPHUEM Pa3-
HOCTb COCEAHHX TeMmneparyp Tem Gofblie, 4eM
60/blle TEPMHUECKOE COTPOTHBJIEHHE MEXAY HU-
mu. Mcxonsa M3 3TOro npuHumaem ty=285,5°C;
tco=285b°C.

Cpenansisi CKOPOCTb TEYEHHs BOAB B TPY-
6e paBHa

[« 2] ) [+ %)

—2
w, = AV _ 4 lo——=1,57 M/ c.

“Tad, 3,14-0,097

Mo anasoruu ¢ npumepom 10.1 paccuntaem
KO3(PQULHEHT TEMI00TAaYH OT BOLbI K CTEHKE
Tpy6h! o =6695 Bt/ (v*- K). Cymmapnoe 3Hae-
HHe KO3(pPHLKENTA TENJoOTAa4H OT HapYXKHON
CTEHKH TPYObl C YHETOM KOHBEKLHH H H3JyHeHHs
pPACCUHTAHO B npumepe 12.1
=13,3 Br/(M*-K).

Cornacho dopmyne (12.7) Tennoso# norox
yepes LHIHHLPHUIECKYIO CTEHKY TpyObl OyAeT paseH

t t

A=

Qe=— Xt _x2
Ral+Rk+Ra2
- t»(l_t»d _
1 ] d, 1
[ S T SN ' Q. S
o nd, ! + 2nMd n d,, + azndul
_ 86 — 20 _
1 4 1 % a
6695-3,14-0,00-10 ' 2.3,14.51,5-10
0,1 1
m— -
Xln 556 v 13.33.14-0,1-10

_ 8620 .
528-10~°+43,25-107° +2,39452- 102

= 2746 5~ 2750 BT.

3Haf 3HaueHHe TEJIOBOrO NMOTOKA, YTOYHHM
sHayYeHns TeMnepaTyp nosepxHocrel Tpyoni. Cor-

99



N1acHO Gopmynam (12.8) n (12.4)
tcl =t>«l —QRaI =

=86—2750.5,28. 107°=85,9 °C.
’c2=’c| —QRA=

=85,9—2750.3,25. ]()_5=85,8 °C.

YToyHeHHpe 3HayeHusn Temneparyp nosep-
XHOCT@H CTeHKM TPYGhl GNH3KH K npensaputens-
HO MpHHATHIM, MTOSTOMY 1OBTOPHbIA pacyer ¢ we-
MTONb30BAHHEM STHX yTOYHEHHLIX Temneparyp aa-
€T TO Xe camoe 3navenpe TeNI0BOro motoka Q.
Ecnn 60 pesynwrar MOBTOpHOro pacyeta orgy-
Hajica oT npeapapuTensHoro Gonee yem Ha 10 %.
To ceaosano 6ol nposecty ewge ONHO yTOuHeHue.,

lpu pacuete temnoporo MoToka @ no npu-
GAMXKeHHO# dopmyne (12.12), 8 KOTOpO# cTenka
TPYObl CYHTAETCA MAOCKO] C TOMUKMHOE §=5 MM,
Itonyyum

('»(l —lyo) nd, ! _
V/a,+8/a+1/a,

(86 —20)-3,14.0,1 . 10 _
1/66954-5.10=3/51 51 1,13 3

Q=k(tml—t”(2) F=

=2747,3 ~ 2750 Br.

Pacxoxaenne P€3y1eTaToB pacueros 1o
TOYHOH H NPHGAMMKeHHO dopmynam a YETBEPTOH
3Hauawed nugpe HeCyLllecTBeHHO, TeM Gonee yro
norpewHocTs hopmyn gas OnpeseneHns Kosg-
tuuHenTOoB TEMI00T Ay OKOJI0 10 %.
O6riuno Tennopse Pacuetnl npoBogAT ¢ Toyno-
CTbIO 10 TpeThell anavawe UHPpPH. Cienopa-
T&JIbHO, TouHam y IpuGAHIKEeHHAR dhopmy.n
B NaHHOM mpumepe garor COBEPIUEHHO OHHAKO-
Bbtil pesyabrar.

[2.3. HHTEHCH &Y KAUNS
TERJIONEPENAYH

Has HHTEHCH(UKALKK nepenoca Tenjao-
Thl 4epe3 cTeHKy coriacho ¢dopmyne (12.7)
HYXKHO JHGO yBeaHuHTH nepenan remnepa-
TYP Mex 1y TennonocHTens My bx)—tyo, -
60 yMeHblHTh TEPMHYECKoe conporHae-
HHe Tennonepenayun R,. TemnepaTypm Ten-
JIOHOCHTeNel 06ycrionenp TpeboBaHHAMY
TEXHOMIOrHYecKoro lipouecca, mostomy ua-
MEHHTD HX OGBIYHO He yaaetcs.
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TepMuueckoe CONpPOTHBNEHHE R, MO-
HO yMeHbuIUTh Pa3THYHBIMHK cooco6amy,
Bo3neiicTBys Ha M06yI0 M3 cocTaBasio-
Wwux Rq1, Ry, R, Kak ormeuanocs g §9.2,
HHTeHCHGHUHpOBaTh KOHBEKTHBHMI Temuo-
OGME€H M yMeHbiuT R. MOXHO MyTeM yBe-
JIHYEHHA CKopocTH ABHXKEHHA TelnonocHTe-
a9, TypOyausauuu Orpa”nyHoro cqog
H T. 1. TepMHueckoe conporusnenue remno-
NpoBogHOCTH R, 3aBHCUT OT MaTepHana
H TOMWHHE cTeHKH. Opnako npexae yem
BBIGHPaTh MeTogml BO3/eHCTBHA Ha npouece

Tennonepesaun, neoGxomumo YCTAHOBHTD
BKJIaK OTAeabHRIX Cocrasasiownx R,,, R,
H Ra2 B CYMMapHyio BEJIHYHHY

Re. EcrecTsenno, yro CYLLeCTBEHHO® BJIHS-
HHe Ha R, 6yner okasmBaTh YMéEHbLIeHHe
HanGoabuwero ya Cnaraemeix. B wupoko
HCMOb3yeMOM B TexHuke lpouecce nepepa-
YH TEMJIOTH OT KanenpHok MHUAKOCTH K ragy
Hepes Merananueckyio CT€HKY HauGoabliee
TepMUYecKoe conporusienye HMeeT MecTo
B npouecce Temnoorgayu or rasa k crexke
Ra2, a ocTanbhpie TepMHUecKkHe conporua-
JeHHA R, u R, npenebpexxumMo Maam mo
CPaBHEHHIO ¢ HUM (cm. Npumep 12.2),

B takux cayyanx A0 HHTeHCH MKauun
TeNIonepesaun oueny yacro opeGpsior Ty
NNOBEPXHOCTL CTeHKH (puc. 12.2), rennocor-
Aava or KoTopoil menee HHTEHCHBHa. 3a
CHET yBelTHYeHHs maowangu Fa opebpennoii
ITOBEPXHOCTH CTeHkH TEPMHYecKoe compo-
THBJEHHe Temnooraayy c 3TOH CTOpoHK
CTEHKH Ras=1/0yF, YMEHbIUIAETCH M co-
OTBETCTBEHHO  yMeHbwaeTcs 3HayeHHe
Re. Ananornunoro Pe€3yabTaTa MoxHO 6pi-
710 6bl KOCTHrHYTD, YBEIHYHB a9, HO anq
3TOro 06biv4HO TpeGyiorcs AONOTHHTEMbHBIE

Puc. 12.2. K pacuery rensonepegayu
OpeGpennyio mosepxuocts

uepes



3aTpaThl MOLIHOCTH Ha YBEJHUYEHHE CKOPO-
CTH TEUEHHS TelJOHOCHTEs .

Pe6pa, wumewoline ¢GOpPMY RNJACTHH,
cTepyKHeH HH M6yl APYrylo, ONHHM KOH-
LIOM TJIOTHO TPHKPEMIAT K TemIo0TAal-
el MOBEPXHOCTH ¢ NOMOLLBIO CBAPKH, Nai -
KM WJIM H3TOTOBJSAIOT KakK LieJ0e CO CTEHKOM.
Pe6pUcTbiMK BBINOJIHAIOT paiHaTOPbl OTO-
JIEHWA, KOpNyca ABWrartened U peayKro-
POB, PagMaTOPbl ANA OXJaXKAECHHA BO/bI
B JIBMrare/six BHYTPEHHEro cropaHus
HT. A

TepMuyeckoe CONPOTHBJICHHE TENJooT-
faun R,z 3a cueT opeGpeHHs IOBEPXHOCTH
yMeHbIlIaeTcss TIPONOPUHOHANBHO K 03 ¢-
buuveHty opeGpeHus (OTHouUle-
HHI0O MJIOWAAX Ope6pPeHHOH MOBEPXHOCTH
K MJaoulai rAafgkoid MOBEPXHOCTH A0 ee
ope6pennsi), T. e. Kop=Fop/Fer, 1 paccuu-
ThIBAETCA 1O OGBIYHOMY COOTHOIUEHHUIO
Raop=1/(0taF op), HO TOIBKO B TOM CHyuae,
KOrjla TepMH4ecKoe CONpPOTURJAEHHE TENJIo-
NPOBOAHOCTH CaMHUX pebep 3HAUNTENbHO
MEHbILE TePpMHUECKOr0 CONPOTHBJIEHHS Tel-
JI0OTAAUH OT HHX:

lP
=P <R,,= . (12.13)

Rus AS,

1
ayf,
rae /|, — gnuHa pebpa; S, — Miowanb no-
nepeynoro ceuenusi pebpa;, F, — naowmanb
NOBEPXHOCTH pebpa.

[Tpu G0JIbILIOM TEPMHYECKOM COMPOTHB-
JIEHWU TEMJIONPOBOAHOCTH pefep Temnepa-
Typa N0 Mepe yajeHusl 0T OCHOBaHHA pes-
pa npubJMKaeTCH K TeMnepaType TenaoHo-
cHTesil W KOHUBl pe6Gep paboTalT He-
3¢ eKTHBHO.

Mpumep 12.3. Paccuntath, BO CKOIBKO pa3
YBEJIUYMTCH TeNJ0BOH NOTOK OT TPyGbl (yC/aOBHS
npumepa 12.2), ecnH ee HAPYKHYK) NOBEPXHOCTD
yBeqHuuts B 10 paa nytem ope6penus. Tepmuue-
CKHM COMpOTHBJAEHHEM pebep npenefpeun. Ko-
3¢ HHUHEHTb! TENNOOTAAYH CUHTATh TAKHMH XK,
KakK B npumepe 12.2.

Beawauna R,, ans ope6peHHOA NMOBEPXHO-
cTH 6yner B Kq,,= 10 paa mcHbllle, ueM A8 raaa-
KoH. OcTanblble TEPMHUUECKHE COMPOTHBJEHHSA
(R.) M R,) oCTaHyTCH HEHU3MCHHBLIMH, CJEL0BA-
TeNbHO,

— t»(l—t»d o
Ra.l +RL+RG.2/10 N

q

_ 86 —20
528-10943,25.-107°42,39.10—2

=26 660 Br.

Taknm o6pa3oM, B AaHHOM CJlyyae yMeHb-
wenne R,» B 10 pas NpHBOAHT K YBEIHYEHHIO
TeNJOBOr0 NOTOKA B MNpouecce TensonepeaayH
B Qup/ Q=26 660/2750=9,68 pa3a, noCcKoNbKY
B/AHSIHHE JBYX MEHbLIMX TEPMHYECKHX CONpPOTHE-
JIEHHA 1peHeGpeKuMo MaJo.

Kak npaBuio, yctaHoBka pebep NpUBOAHT
K HEKOTOpPOMY CHHXEHHIO KO3 (PHLHEHTOB TeNn0-
OTAAYH KOHBEKLHEH W H3JyueHHeM, MO3TOMYy pe-
anbno 3pdekT GyAeT HeCKOAbKO Huxe. Bonee
TOYHbIE pacueThbl CAEAYeT BBINONHATL NO HoOpmYy-
JaM, DEKOMEHAOBAHHbIM B CNPABOYHMKAX ANA
KOHKPETHOro BHAa OpeGpenns.

12.4. TERJOBAR U30041LHA

Jas  yMeHblUEHHA MOTepb TelJOTH
MHOTHe COOPYXKEHHSl, arperathl, KOMMYHH-
KallHH MPUXOAHTCH TENJAOH3IQIHPOBATh, NO-
KPbIBAS UX CTEHKH C/J0eM MaTepuaja ¢ Ma-
J0# TEeNnJoNnpoBOLAHOCTBIO [A <
< 0,2 Br/(m-K)]. Takue marepuaJbl Ha-
3bIBAIOTCSL TENJAOH30JNATOPAMH.

BoMbLIKHCTBO TENIOU30IATOPOR COCTO-
MT M3 BOJIOKHMCTOH, NMOPOLIKOBOH WM NO-
PHUCTOH OCHOBBI, 3aNOJHEHHOH BO3AYXOM.
TepMuuecKoe CONPOTHBJIEHHE TEIJIOH3OJNA-
TOpa co3JaeT BO3AYX, 4 OCHOBA JiHlWIb npe-
NATCTBYeT BO3HHKHOBEHHIO eCTeCTBEHHON
KOHBEKLHH BO3JAYXa H NepeHocy TeIJioThl
nanyuennem. Cama OCHOBa B IJIOTHOM CO-
CTOAIHHHM O6bIUHO 06J1ajaeT LOCTAaTOUHO Bbl-
COKOH TeNJa0NPOBOAKOCTbIO [A=
1 Br/(M-K)], nosTomy c¢ yBeanuendem
MJOTHOCTH Ha MBKH MHHEpaJbHOH Bar bl
acbecta WIH APYTOro TEMJIOU3ONATOPA HX
TeMJONPOBOAHOCTE Bo3pacraer. C yBesnye-
HHeM TeMmepaTypbl KO3(QQPHUHEHT Temao-
NPOBOAHOCTH TeMNI0H30ALLHN TaKKe
pacTeT H3-32 yBeJHUeHHSl Tem1ONpOBOAHO-
CTH BO3/lyXa H YCHJEHHA Temloneperoca
H3JTYYEHHEM.

OueHb CH/IBHO pacTeT TenJonpoBoa-
HOCTb MPH yBJAAXKHEHHH MOPHCTBIX TEMNJIOH-
sonsTopoB. [lopel 3anonHsTC BOAOH,
TEMJONPOBOAHOCTE KOTOPOH Ha moOpsaoK
BhILLIE, UEM BO3AYXA, H, KDOME TOrO, 38 CUET
KamuaJApHbIX AIBJIEHHH BOLa MOXeT nepe-
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MellaTbCsl BHYTPH I0p, YCHAMBAA TaKUM
o6pa3oM MepeHoc  TeflJIoThI. BepodaTHO,
KaK Al HA COBCTBEHHOM OnbiTe y6exaaer-
Cfl, HACKOJbKO XYXKe BIAXKHasl Ofexia 3a-
WHMULaeT YeN0BEKa OT X0A04a.

JloGasnsia CBs3ylOUIHE BeillecTBa, H3
BOJIOKHUCTHIX M TOPOLIKOBBIX MaTepHaloB
MOAY4alT  TeNJIOM3ONAUMOHHBIE  TJTHTHL,
6/10KH, KHpTMHuH. B nocaegHee speMs LUH-
POKOE€ pacnpocTpaHeHHe NOMYHHAH HCKYC-
CTBEHHO BCNyueHHbie MaTepHajlbl H3 3a-
cThiBILEH MeHbl (MEHOMAACThl, BEPMHKYJHUT,
nenobeToHsl ¥ T. [.), obnajaicliiye Xxopo-
UIMMKH TEMJIOH3ONSLLHOHHHIMH CBONCTBAMH
H3-3a X GOJIbLIOH MOPUCTOCTH.

Eie Jy4liumMd cBoiicTBamu obJafaioT
BAKYYMHO-MHOTOCJIOMHbIE H BAKYYMHO-IO-
POWKOBbIE TErJIOH30/SIHOHHbE MaTepHa-
JIbl. ﬂepeuoc TENJIOThI TEI]ﬂOHpOBOﬂHOCTblO
yepes IMOpbl B TAKMX TeMJOH3OAATOpAX
yMeHbILIAeTcs NyTem Co3fanusi ray6okoro
pakyyMma, a JUIfl YMeHbLIEHHs nepeHoca
TEMJAOTEL H3JyUeHHeM CIYXKHT jaubo mopo-
oK, AHO0 psf CA0eB (QOJbIH C MaJoH
CTeNeHbi0 UYEPHOTH, BBLIMONHSOWHX pPOJb
5KpaHoB. BaxkyyMHO-MHOrOC/IOHHAS TenJo-
M3QIALMA COCYAOB /Al XPAHEHHS CXHUKEH-
HbIX ra3oB uMeeT 3@ dexTHBHbIN K03 bHUH-
eHT TENJONPOBOAHOCTH Aop =~
10~* Br/(m:K).

PacueT TenOH30SUHH NPOBOAAT MO
dopmyne Tensonepefnaud (12.7), npuuem
JONYCTUMBIE TEMJIONOTEPH OGLIYHO H3BECT-
Hbl, 4@ B peay.anaTe pacdera HaxXoAsT TOMA-
LHAY CJ0S TEMIOM30AAUUA §, KOTOpasi BXO-
auT B BhipaxeHnue R,. MHorpa B ycnoBuu
3ajaercsl TeMlepaTypa HapyXHOH CTEHKH
fco, HATIpUMEp, B 30He paboTsl OOCAYKHBA-
10Lllero nepcoHana OHa He AOMKHA NpeBbl-
wats 50 °C. B 3Tom cayuae [L0NYCTHMbIE
tenacnorepd ¢ | M* MOBEPXHOCTH TEMJIOU30-
aupyemoro ofbekTa onpenensiior no ¢op-
myne (9.1): g=aa(fee—Ix2), TAE lx2—
TeMInepartypa BO3/lyxa B NOMEUIEHHH.

Bua TenaoH3oasiTOpa BHIGHPAKT NO
TeMneparype W (U3HKO-XMMHUYECKHM CBOii-
cTBaM TennoHocutenedl. Kaxablh Tennou-
30/J5TOP MMeeT BIONHE ONpefelleHHYIo npe
Ae/bHYIO TEMNEPATYPY fap, TPH KOTOPOH OH
elle coxpaHsieT CBOM CBOMCTBA.

BbiCOKOTEMMEPATYPHYIO  TEeMJIOU30AA-
1(HIO PA3JHUHbIX feyel Aeal0T MHOroC/10H-
HOMl, NMOCKOJbLKY TEMJOHU30AATOPbHl € BbICO-
KOM npefiedbHOl TemnepaTypoil 06blYHO 10-
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pOrH M HMeloT 60/blIyi0 TENJAONPOBOA-
HocTh. ToduiMHa BHYTpPEHHEro Cjosl Tenio-
W30ATOPA Nenaercsi Takoi, uToObl Temne-
paTypa Ha ero Hapy>KHOH MMOBEPXHOCTH He
peRkiLIana NpeJlebHYIo TEMIIePATYpY CJe-
Ayowero Gosee JeUIEBOro W MeHee TEn1o-
NPOBOAHOrO MaTepuata. 3aTeM CUHTAIOT
TOJIMHY CHeAylolUlero cjaos, T.e. pacyer
NPOBOASAT MOCAELAOBATE/BHO, HauMHasg OT
BHYTDEHHELO, CaMOro XapoCTOHKOro Ter-
JOH30ATODA.

TennodHanyecKHe CBOHCTBA TEMJIOHO-
cutesel M TEMJOM30JNATOPOB 3dBHUCAT OT
temnepaTyp, OOJbIIHHCTBO H3 KOTOPBIX
B HAuaJe pACYeTa HEeH3BECTHBI, [03TOMY
MMH TPHXOMHTCA 3a[aBATbCH H pacyeT npo-
BONMTE METOAOM ROC/EeL0BATE/NbHbBIX TPH-
GMKEeHHH.

BuiGop TenaowsoanTopa aas Tpybomnpo-
BOAOB. YBe/HUeHHe TOJNULHHBI CJI0A H3005-
UMM Ha MJOCKOH CTeHKe yBe/iMuuBaeT ee
TepMHUECKOEe CONPOTHBAEHHE Ry, B pe3ynb-
TaTe uero YyBeNHUHUBAEETCA H CymMMapHoe
TepPMH4ECKOe COMPOTHB/EHHE Tenqonepeia-
uyu R, 3uaueHust Rq U Ro2 1IDH 3TOM He
MEHSIOTCA.

Hano)XeHue TemIoM30asILHA HA NOBEP-
XHOCTb UMJMHAPA TaKke yBeTHUMBAeT Ry,
HO OJ(HOBPEMEHHO yMeHbllaeT Rqz= | fasFs
M3-33 yBEJMUYEHHS HADYXKHOH MOBEPXHOCTH
Fy=mndyl. Tlpd HEKOTOPHX YCJMOBUSX MO-
KET MOJNYYAThCH HA TePBHLA B3rAfA Napa-
JOKCaJbHbIH peaynbTar — yToAlende Ten-
NOM30ASILUY TIPUBOLHT K YMEHBILIEHHIO CYM-
MapHOr0 TEPMHYECKOr0  CONMpPOTHBJIEHHS
tenaonepegau R, (puc.123) u cootsert-
CTBEHHO K yBejHueHuio Temjonotepb. Oka-
3BIBAETCH, TEIIOH3OAAUHA Ha Tpy6e 3¢-
$eKTHBHO paboTaeT TO/NBKO B TOM CayHae,

Fx
Fans

K1 Raz

”l.rp
—

T
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Puc. 12.3. 3aBUCUMOCTb TEPMUUECKHX COMPOTHB-
JIeHWH OT HApYXHOTO pajuyca TEeNJOH3ONfALHH
Ha Tpy6e



€CJIM €e Hapy>KHbIH pajHyc 60JblIe HEKOTO-
pPOro KPHTHUECKOro 3Ha4YeHus ryp. s ero
onpeneneH’s MpHpaBHAeM HYJAI0 NTPOH3BOA-
HYIO 110 79 OT NMOJHOTO TEPMHUYECKOTO COMpo-
THBJeHUs  Tensonepesaudn R,=R, +
+Rinp+Riws+Rarrae Rywsu Ryzp— TEp-
MHYECKHE CONMPOTHBJACHHS CJ0s H3OMALUHH
H CTeHKH TpyObi. B pesysnnTate nosayuum

Fo=hu/0; d =2, /0y (12.14)

Hanpumep, B cayyae TeniOH3OJMALHH
Tpy6, HAaXOAsLIMXCH B [OMELlEHHH [aa=
~ 10 Bt/(M:-K)], coBeantom [hwm=
~0,1 Br/(m-K)| 3HaueHHe KpHTHUECKOTO
auamerpa Oyper paBHO dy,=2.0,1/10=
=0,02 m.

KonTpoasrbie gonpocst u aada4u

12.1. [Monb3ysick METOAOM aHaan3a pasmep-
HOcTel, TMOAYyYHTb 3aBHCHMOCTb AJH  pacueTa

Fnasa TpuHaguartTas

KPUTHHECKOr0o pagHyca TEMJOH3OJSULHU HA TpYy-
Ge.

12.2. Paccunrarb Tensonorepu uyepes Iiy-
Xyl0 CTeHy 3/aHusi pa3MepoM 2,5X4 M 3uMOil
(ti=20°C; ty=—20°C). Crena cpenasa u3
kapnaua A=0,5 Br/(M-K), Toatwnna cren § =
=0,5 m; a; =10 Bt/ (M*-K);
=30 Br/(4*-K).

12.3. Paccunrarte TenomoTepu uepes noJ-
HOCTbIO 3aCTEKNEHHYIO CTEHY TpH YCJAOBHAX

ay =

3anaud 12.2. Ocreknende aBoitHoe. Toauiuna
cTeKod 8o=3 MM, 3a30p MeXAy CTeKnamu
§;=0,1 m.

12.4. Ouenurb n0UIAAL paaMaToOpa oTONE-
HUA /151 KOMHATBl ¢ ABYMS Hapy>XHbIMH CTEHKA-
MU (cM. 3agaum 12 2 u [23) , ecan Temuepatypa
BoAbl B paanarope 80 °C.

12.5. PaccuuraTh, uepe3 Kakoe Bpemsi Ha-
yHeT 3aMep3aTb Boja ¢ Temmeparypoi 20 °C
B HEM3ONUPOBAHHOM  BOAOBOAE  [MaMETPOM
200 MM 0pu BbIXOEe M3 CTPOSl HACOCOB 3MMOMH
[t=—20°C; &=30B1/(M*-K)].

12.6. Ha kakoe paccTosiHHE MOXKHQ TPaHC-
MOPTUPOBATL BOAY NO TPYOGORPOBOAY COrJacHo
ycnoBuam 3afdauu 12.5 co ckopacteio | M/c?

OCHOBb! TENNOBOTO PACYETA TEMNOOBMEHHbIX AMMAPATOB

13.1. THNbl TENJOOBMEHHbIX

ANDAPATOB
TennooO6MeHHbIH annapaT (Temjoo6-
MEHHHK) — 3TO VCTPOWCTBO, IpelHa3Ha-

YEHHOE AJIA HATPEBAHHA, OXJaXJAEeHHA HJIH
AJIA H3MEHEHHs arperatHoro CoOCTOSIHHA
TemsoHocutensi. Yaule Bcero B Tensa006-
MEHHBIX annapatax OCYLlecTBJAAeTcs nepe-
Jlaya TemJoThl OT OLHOTO TeNJOHOCHTEs
K APYrOMYy, T. €. HATpeBaHHE OJHOro Temno-
HOCHTEJIS1 MPOMCXOLHT 38 CUET OXJaXKAeHHs
Apyroro. HckanoueHHe cocTaBasiiOT Teao-
O6OMEHHHUKH C BHYTPEHHHMH TEIJIOBbIAGIEC-
HHAMH, B KOTOpbIX TE€NJOTa Bhijejsercs
B caMOM anmnapare H HAET Ha HATpeB TeN-
JIOHOCHTE/IA. JTO pa3HOTO pofga 3JeKTpo-
HarpeBaTe/Nd H PeaKkTOophl.

Tensoo6MeHHHKH ¢ ABYMS TEMJAOHOCH-
TeJASIMH B 3aBHCUMOCTH OT crnocoba nepeja-
Yd TENMJIOTbl OT OAHOro TEeIJVIOHOCHTEJSA
K JpYrOMy MOXXHO Pa3Je/IHTb Hd HECKOJBKO
THINOB: CMECHTEJAbHBE peKyImne-
pPaTHBHUE, pereHepaTHBHb €
HCNPOMEXYTOUHHM TEMNJOHO-
CHTeJdeM.

HauGosee npocTbiMH H KOMMAKTHBIMH
IBJASIIOTCA CMECUTe/bHble TeMJ00OMEHHHKH,
B KOTOpPbIX CMELIHBAIOTCSA TEMJOHOCHTEH,
He TpebyloliHe AaabHelIUero pasfeeHus,
HanpuMep NpH MOAOTPeBe BOLbI NapoM
(puc. 13.1).

HcnoabsayloTes cMecHTebHblE TeN1006-
MEHHHKH H /1R JIerKO pasje/sioniHXca Ten-
JIOHOCHTeJIefl:  ra3 —— >KHMAKOCTb, ra3 —
IMCcnepcHbld TBepALIH MaTepHana, Boga —
Macao H T. A. Jif yBeJHYEeHHUs! MOBEpPXHO-
CTH KOHTaKTa TeMVIOHOCHTE el HX TilaTeb-
HO MNepeMelIHBaoT, >KHAKOCTH pa36phia-
FHBAlOT WJIK pa3GUBAlOT Ha  MeJKHe
CTPYH.

Ha puc. 13.2 u3o6paxkesa cxema rpa-
JHPHH — CMECHTEbHOr0 TenJoo6MeHHHKa
IJ5 OXJIaXK/leHUsT BO/Jbl TOTOKOM aTtMocep-
Horo Bo3ayxa. TakUMH Tenan00OMEHHHKAMH
0o60pyaoBaHLEL O4eHb MHOTHE NMPOH3BOACTRA,
rae TpeGyercs cOpOCHTb TEMJOTY B OKpY-
)amouyio cpeny.

OxnaxaeHHasi BOAA HYXHa Ha Temlo-
BbIX 3JIEKTPHYECKHX CTaHLUHAX AJST KOHJAEH-
catopoB TypOHH, B KOMMPECCOPHbIX CTaH-
LHAX AJA OXAAXKJAEHHA BO3LYXa H T. A.
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raas ¢ nefonsltitM
rasuveembon napa Xonodwar buda
¢ pacmiopeRrbIMY

gazamiu

L Haggeman o
res easal

Puc. 13.1. Ucnonb3oBandHe CcTPYHHOTO CMeECH-
TeNIbHOTO TENOOGMEHHHKA A NOACrpesa BOAK
napoM NpH TepMHYecKo# Aeaspauuy (ylaleHus
PaCTBOPEHHBIX ['330B)

OxnaxjeHde BoAbl B TPAgHPHSIX APO-
HCXOAHT He TOJbKO 33 CUeT Harpesa BO3-
AyXa, HO H 33 CYeT YacTHYHOrO HChapeHHs
camoil Boanl (okono 1 %). [las o6Gecneue-
HHAt  [BHXEHMSl  BO3AyXa  TpajHpHH
060pyayIOTCs AHGO BEHTHJAATOPOM, JHGO
BLICOKO# BHITSOKHOW GawHeid. Tenablit
H BJaKHbIil BO31yX Jerye HapyXHoro, no-
3TOMy CO3JaeTcl  eCcTecTBeHHasd TAra
C NOAheMHbIM [BHXEHHEM BO3RYXa BHYTPH
GalluHH.

B pexynepaTHBHhIX TeNJ0OOMEHHHKAX
TEnJoTa OT OJIHOrO TENJOHOCHTENA K ApYro-
My fepelaeTcsi uepe3 pasfensiouylo Hx
cTeHKy. Jas yMeHbUieHHS TEPMHUYECKOro
CONPOTHBJIEHHS CTEHKA BBINOJHAETCA M3
MaTepuasa ¢ XOpolleH TeMJOonpOBOLKO-
CThlO: MeJH, CTaJH, JaTyHH, CIJIaBOB aJio-
MHHHA H T. L.

Haub6onee pacnpoCTpaHEeHb
tTpybuarhe TenaQo6MeHHHKH
(puc. 13.3), B KOTOpHIX OJMH TEMJOHOCH-
Telb ABHXeTCH B Tpy6ax, a apyrod —
B MeXTpyOGHOM npocTpaHcTBe. B Takux
Tenaoo6MeHHHKAX CMEUIEHHS TemJOHOCHTE-
JeH He MPOHUCXOAMT, U OHH HCIIO/Nb3YIOTCH
IJA CaMblX Pa3HoOGPasHLIX COYETaHUM rpe-
lowero H Harpeaaemoro Bewecrea.

PereneparuBhnble TenN000MEHHHKH
H TeJI0OOMEHHHKH C IPOMEXYTOYHbIM Terl-
JIOHOCHTENEeM PAaBOTaI0T PAaKTHYECKH M0 O4-
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Puc. 13.2. CxeMa CMECHTENBHOrO TEMJI00GMEH-
HHKAa (TPamHpPHH):

| — Hacaaka; 2 — cenapaTop BOAAHKIX Kanedab; 3 —
BEHTHAATOP

Puc. 13.3. CxemMa npocTefiliero KOXyXoTpy6-
HATOTO PEKYNEPaTHBHOrO TEMIOQOGMEHHHKa ANHA
nepefaud TEMIOTEl OT OJHOTO TEMNJOHOCHTENH

(1) x mpyromy (/)

HOMY M TOMY »Ke NPHHUKNY, 3aKJI0Yaoule-
Mycfl B TOM, YTO TE€IJIOTa OT OAHOTO Tel1o-
HOCHTENSl K [pYroMy MNepeHocHTes ¢ no-
MOULbIO K3aKOro-TO TPeTbero — BCIOMOra-
TeJIbHOrO BellecTBa. JTO BeliecTBO (Npo-
MEXYTOUHBI! TENJOHOCHTENb) HArpeBaeTcs
B MOTOKE FOPAYEro TEMIOHOCHTEs, a 3aTeM
OTLaeT AKKYMYJHDOBAHHYIO TEMJOTy XO-
JIOAHOMY TemnoHocutemo. [as sToro He-
06X0auMQ JH60 NepeHOCHTh CaM NPOMexy-
TOUHBLIH TENJOHOCHTENb M3 OAHOrO MOTOKa
B Apyro#l, Ju60 NEepHOAHYECKH MNepeKo-
yaTh NMOTOKH TEMJOHOCHTeNEeH B TEmioo6-
MEHHHKE epuoaH4YecKoro NEeHCTBHA
(puc. 13.4).

B perenepaTHBHBIX Tem1006MEHHHKAX
B KauecTBe HPOME)KyTO‘IHOl"O TENJOHOCHTE-
Jfl  HCOONb3Yercsl TBepiblii  JA0CTaTOYHO
MACCHMBHbIl MaTepHaj — JIHCTh MeTajuaa,
KHpnuuy, pasjduHbie 3achilkH. Perenepa-



gxnawien-
HbIE EAIBI
—_—

Puc. 13.4. PeredHepaTHBHbIA N0A0rpeBaTeb BO3-
IyXa NEPHOLHYECKOTO [eHCTBHA ¢ Nepekfioye-
HHMEM [OTOKOB, ABHXYIIHXCH 4epe3 Hacaaky

THBHBIE TEMNOOOGMEHHHKH He3aMEeHHMBbl 1
BpICOKoTeMneparypHoro (£ >> 1000 °C) no-
JIOrpeBa rasos, MOCKO/bKY XapOCTOHKOCTb
METaNJIOB OrpaHHYEHA, 4 HAcajlKa H3 OrHe-
YIOPHBIX KHpMH4Yel MOXeT paborarb MNpH
o4YeHb BHICOKHX Temneparypax. Mlnoraa pe-
reHepaTHBHble TeNJ00OMEHHHKH BHIrOJHO
HCNOAb30BATb H S OXJ&XAEHHS 3abl-
JIEHHBIX Ca30B, KOTOpble CNOCOOHBI GHICTPO
H3HALIHBATb HIH 3a64BaTb TPYOKH pekyne-
paTopos.

B Tem1006MEeHHUKAX C TPOMEKYTOUHBIM
TEMJIOHOCHTENEM TEMJIOTA OT rpelolled cpe-
JIbl K HarpeBaeMmo#i [ePEHOCHTCSl MOTOKOM
MEJKOAHCNEPCHOro MarepHaJ/a HiH XH/AKO-
cTH. B psge ciyuaeB npoMexyTouHbld Ten-
JIOHOCHTEJb NPH paGoTe MEHSIET arperaTHoe
COCTOfIHHE.

OnHHM H3 ODHTHHANBHBIX YCTPOHCTB,
HCTOJNb3YIOULHX B KAYeCTBE POMEXYTOUHO-
ro TEMJIOHOCHTEsl Nap H €ro KOHAEHCaT,
SIBASICTCA repMeTHURasi Tpy6a, 3amofHeH-
Hasl YACTHYHO XHAKOCTbIO, a YACTHYHO Na-
poM (pHc. 13.5). Taxkoe ycTpOACTBO, Ha3bl-
BaeMoe TenJaoBoil TpyG6 oi, cnocob-
HO nepejaBaTh Go/bUIHE TEMIOBLIE MOLLHO-
ctd (B 1000 pas Gosablwe, uyeM MEAHBIA
CTepXKeHb Tex e paamepos). Ha ropsiuem
KOHLE TemnoBoil TpyOGhl 3a cyeT MOJABOAA
TENNOThl MCMNapsAeTcsl KHAKOCTb, a4 Ha XO-
JOJHOM — KOHZEHCHpYeTCA mnap, ornaBasi
BheauBUIYIOCA TemnoTy. Konaescar Bo3-
BpalLaeTcsl B 30HY HCHapeHds aubo camo-
TEKOM, €CJIH XOJNOAHBLA KOHElL MOXHO pa3s-
MeCTHTb Bblllle ropsiyero, JHGO 3a cuer HC-
10/b30BAHHA CHEIHAJIbHBIX (HUTHIEH, TO
KOTOPEIM KHAKOCTb JIBHXKETCHA [ON Jei-

fNomaox napa

NanBencam

Puc. 13.5. Cxema pa6oThl TennoBOH Tpy6m ¢
BO3BpaTOM KOHAEHcaTa Nnoj AeHCTBHEM TPaBH-
TALMUOHHBIX CHI (TepMOCH(DOH)

CTBHEM KaNW/UISAPHBIX CHA B JIOGOM Ha-
IpaBJieHHH, AAKE TMPOTHB CHJA THIKECTH
(kaK CUHPT B COHDPTOBKE).

TennioBrle Tpy6nl ¢ CaMOTEUHBIM BO3-
BPATOM KOHJEHCATa H3BeCTHHl AaBHo. [Lu-
pOKOE pacnpocTpaHeHHe TemloBblXx Tpy6
¢ GUTHISIMH Ha4yaJoCb HEAaBHO B CBA3H
¢ HeOGX0AMMOCTBIO OTBOAA 6OJbLIHX TEMIO-
BbiX [IOTOKOB OT MOLLHBIX, HO ManoraGapur-
HbIX  NOJYNPOBOAHHKOBHIX  YCTPOHCTB.
[1pakTu4ecKH He3aMeHUMbl TeMJNOBblE TPYy-
Obl ¢ GpUTHAAMH B Kocmoce. [lasa oxnaxae-
HUA MEXaHHYECKHX, 3/eKTPHUECKHX HJH pa-
JIHOTEXHHYECKHX YCTPOHCTB B 3€MHBIX YCa0-
BHAX Mbl O4YEHb [UHPOKO HCMOJb3yeM
eCTeCTBEHHYI0 KOHBekuHio. B  Kocmoce
€CTECTBEHHOH KOHBEKUHH He MOXEeT ObiTb,
MOCKOJbLKY OTCYTCTBYET CHJA THKECTH,
H HYXHbl HHBE crniocof0bl OTBOAA TEMJOThI.
Tennossble Tpy6H ¢ QUTHAAMH MOTyT pabo-
TaTb U B HepecoMocTH. OHU Manorabapur-
Hbl, He TpeGyIOT 3aTpaT SHEpPr{H Ha nepe-
KauKy TeNJOHOCHTeNeH H MPH COOTBETCTBY-
ioleM nog6ope pabouerc areHra paboraior
B ILIHPOKOM WHTepBaJe TEeMIEparyp.

LlinpokHe BO3MOXXHOCTH OTKpbIBAIOTCS
NPH HCMOJNb3OBAHHH B KayecTBe NpPOMEXY-
TOUHOTO TENJIOHOCHTEJSl MeJIKOAHCITEPCHOr o
MarepHana, KOTOpbi MoxeT pa6oTaTh
B CaMbiX Pa3JIHYHbIX YCJOBHAX (NpPH BHICO-
KHX H HH3KHX TeMneparypax, B arpeccHB-
HbIX ra3ax H 1. 4.). Tako# maTepHaa Jerko
TPAHCMNOPTHPYETCHA MNOTOKOM ra3a H B 3a-
BUCHMOCTH OT YCJOBHH MOXKET HaXOAHTbCHA
BO B3BEILEHHOM, [JIOTHOM HJIH [ICEBLOOKH-
XEHHOM COCTOSTHHH.

HcnonbaoBaHHe TOro WM HHOTO THMA
TEMJ0O6MEHHHKA B Ka)XJAOM KOHKDETHOM
cllyyae J0JKHO GLITb 0GOCHOBAHO TEXHHKO-
IKOHOMHUECKHMH pAacyeTaMH, MOCKOJbKY
KaM/Abli U3 HUX MMeeT CBOH JOCTOHHCTBA
H HEeJO0CTaTKH.
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13.2. PACHETHDIE YPABHEHHUA

O6uiuM ypaBHeHHeM [DH pacueTe Ten-
Noo6MeHHHKA J060ro  THNA  SBJAAETCHA
ypaBHeHHe TenagoBoro 6anaat-
Cca — ypaBHeHHe COXpAHEHHA  3HEePrHH.
TennoBo#t NOTOK Q,, OTAAHHBIH B TeNa006-
MEHHHKE TOpAYHM TenJOHOCHTedeM (MH-
Aekc 1), HanpHMep, MPH €ro oXJaAeHHH '
OT TeMmnepaTypsl f{ Ao t{, pasen

Qu=my (¢, t] —c )\t

rje m — MaccoBulil pacxol TeMJAOHOCHTENA.

Heckonbko npoueHToB (06bIYHO | —
10 %) or Q, TepsieTca B OKPYKAIOLLYO
cpeny uepe3 CTEHKH Tena0oOMeHHHKa, a oc-
HoBHasa 4actb Q:=nQ: (KIIO Tenn006-
MEHHHKA 1] YYHTBIBAET N0TEPH) NepenaercH
BTOpOMY TemjoHocHTeno (uuaeke 2). Ten-
JOBO# TMOTOK @3, NoJyudaeMblii XOJOAHLIM
TEMJOHOCHTENEM, MOXKHO PacCUHTaTh uepes
PA3HOCTb 3HTAJBIHIA N0 AHAJOTHH C ypaB-
Hennem (13.1):

Qy=rmy (C;;/Qté'— C,'ﬂté)= nQ, =

(13.1)

=nm, (C;'Jl - C;’;’l 1).

(13.2)

Ypasusenue Tennosoro Ganauca (13.2) no-
3BoasieT HafTH OfMH HeH3BecTHbIA napa-
MeTp: JHGO pacxol OAHOrO H3 TENJIOHOCH-
Tenedl, au60 OAHY H3 TemmnepaTtyp. Bce
ocTaJjbHble MapaMeTphl AOJXHBI ObITh H3-
BECTHBbI.

TOHKHEe CTeHKH TpPYOOK peKynepaTHB-
HbIX TeMnJ006MEHHHKOB NPAKTHYECKH BCEr-
Jla CUHTAIOTCA MJOCKHMH, MO3TOMY MOBEP-
XHOCTb F, Heo6xoaHMas IS Nepefayn Ten-
JIOBOrQ MOToKa Q2 OT ropAuero TerJIoHOCH-
TeNd K XONOAHOMY, ofpeiefeTcss U3 Npu-
6aukeHHoro ypaeHenust (12.12), cornacto
Kotopomy Qo==RF (t, —ta)=kF At

Mertonukd pacuera Tenjao0OMEHHHKOB
JAPYrUX THIOB MOJKHO HAATH B CreuraabHol
aureparype [7].

" Ecan B Tenoo6MeHHWKE NPOHCXOAAT ¢aso-
Bble MPeBpallenns, TO PasHULY 3HTAAbNHA cie-
JyeT DACCUHTLIBATL MO AHArpamMaM COCTOSAHHSA
LAHHOrO BellecTBa, a He uvepe3 TeNJOeMKOCTh
¢p. Hanpumep, npy KoHAeHcalHH napa TeMrnepa-
TYypa He H3IMEHAETCH, @ 3HTAMbIHA KaXAOro K-
JIOTPaMMa TEMIOHOCHTE/IA YMEeHbIUAETCH Ha Tell-
JIOTY Mapoo6pa3oBaHKe r.
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Puc. 13.6. CxeMbl ABHXEHHA TEMJIOHOCHTENeH B
TeNnN006MeHHHKAX:
a — MPOTHBOTOK; 6 -— MPAMATOK

t, | Map)
t]
" -

/

| 2
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Puc. 13.7. MameneHue TeMmiepaTtyp TEMJOHOCH-

Teneil B TennooHMeHHuKe, oGorpeBaeMOM ANapom

[Tpu BbiBOAe ypaBHeHus (12.12) npea-
noaaranochk, YTO TeMNepaTyphl TeMJOHOCH-
Teqeil /| U fg MOCTOAHHLI, @ MEXAY TEM OHH
H3MEHSIOTCA N0 AJHHE TenJoo6MeHHHKa
(puc. 13.6). B pacyere, OY4EBHIHO, HYXHO
HCMOJb30BaTh CPEAHEHHTErpajbHylO [0
JUIMHE TenJoo6MeHHHKA pa3HoCTh TeMnepa-
TYpP TeNJOHOCHTe/NeH:

Q,=kF At (13.3)
Toab3oBatbest cpeiHeapu@MeTHUECKHM
anaueHnem Af=0,5 (Ats+Aly) MoxHO
TOJBKO B cayuae, Koraa Ats/Aty<<2. Tlo-
rpeiHocTh He 6yaeT npesbiwartb 4 %.
OnpegenuM TOYUHOE 3HAYEHHE CPEIHEro
nepenaja TemnepaTypbl Af ansm mpocre-
llero cjyuasl, Korga TeMmreparypa rpeto-
iero TENJOHOCHTENS HEH3MeHHa
(puc. 13.7). Yepes auddepenuraibHo Ma-
Ayl naollafs Tennoo6MeHHUKka dF nepe-
JaeTcsl TeMJOBOR MOTOK

6Q,=k AtdF, (13 4)



3a cyeT KOTOPOTO TeMrepaTypa Harpemae-
MOr0 TEMJOHOCHTEeNs M3MeHseTcsl Ha dis,
A PA3HOCTb TEMMEPATYP TeMJOHOCHTeNEH —
ua d (Af), npuueM npu {,=const dis= —
d (At). Toraa

8Qy=myc,,d (Al). (13.5)
[lpupaBuseM npasble
(13.4) n (13.5):

k AldF = myc,,d (Al).

UacTH ypaBHEHHH

(13.6)

PasgenuM nepeMeHHble H NPOHHTErpHpYeM
no F or 0 no F u no At ot Aty 10 Al NpH
cp2=const:

{ar= e
p k
| 2w )
AtM At ‘
Orcroaa
ol o A
k AL
HJIH
myc,o=kF/In (Als/AL).  (13.8)

[MoactaBum mocye w3 (13.8) B ypaBHeHHe
(13.2)

Qo="myCpo (tF—8)=
= mye,y (Al — Al,)=kF (At —

—AL) /|In(Ate/AL) )L (13.9)

CpaBuuBas Bbipakenus (13.9) ¢ (13.3),
HeTPYAHO BHIETh, 4TO
Atg—AL,
In (Atg/AL,)
TouHO TAKMM K€ Noay1deTcst Bbipaxe-
HMe A5 Af U npy APYTHX CXeMax ABHXKEHHS
TeMJOHOCHTeNei, 1306paXKeHHbIX Ha
puc. 13.6. OG6patute BHUMaHHe, 4TO Alg
¥ Af, — 3TO nepenajbl TeMnepaTyp Mexay
TEeNJOHOCHTENAIMH Ha KOHLAX TenaooGMeH-
#uka. TONbKO B NPAMOTOUHOM TeN1006MeH-
HHKe 3HaueHHe Afs BCerja paBHO PasHOCTH
Temnepatyp TelUIOHOCHTe]ed Ha BXOJe,
a Aty — Ha Bbixofe. B npoTHBOTOUHOM Ten-
N006MEHHHKE TEMJOHOCHTEIN ABHXYTCA

Ai= (13.10)

¢¢¢¢ rasst

|r|”|"| Iy o

[HI‘—’% S

L < S S
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Puc. 13.8. CxeMbl Tena006MEHHHKOB C lepekpe-
CTHBIM TOKOM TEeMN/OHOCHTEJeN:

a — ABYXX0A0BOi BO3AYXONOAOrpeBaTenb; § — MHO-
rOX0A0BOH 3MEEBHKOBbA BOAONOAOrpeBaTens (3KO-
Homafizep)

HaBCTpeuy APYr APYry M 3HaueHus Af Ha
KOHIlAX OMNPEJIe/ATCA YXKe M0 PU3HOCTH
TeMnepaTyp Ha BXOje TPelollero W BeIXONe
HaTpeBaeMoro TelsoHocHTens. Ha kakom
KOHIe TEMIo0OMEHHHKA 3HaueHHe Al Gyner
6oablile, NOKA3bIBAET KOHKPeTHbIA pacuer.
Ecau Als n Af, NoMeHsTbh MECTéMH, TO
OWHOGKH He Oyier, n60 OTpHUATETbHBIMH
CTAHYT W YUCAHTENb, U 3HAMEHaTelt B Gop-
myae (13.10). TunuuHas ownGKa BI3HHKA-
€T, ecJIM fIpH pacdeTe TeMMepaTypHbIX Ha-
nopoB Af 6epyTcsi pa3HOCTH MeXAy Temne-
paTypaMH TeNJOHOCHTe el (a nHOrj(a H Of-
HOrO TEMJOHOCHTENA) Ha pPasHblX KOHLAX
Tenjaoo6MeHHHKa. [IJAA HCK/IKOUEHHS OLIH-
60K NpH pacdeTe 3HaueHHH Al Ha KOHLAX
Tennoo6MeHHHKA lenecoofpasHo  Bceraa
pHCOBaTb rpadMK H3MeHEHH§ TeMmilepatyp
N0 AJHHE Tennoo6MEeHHHKA, aHaJCTHYHbIA
npuBefeHHnM Ha puc. 13.6 u 13.7.

Ha npakruKe 4alie HCNOJAb3YIOTCH Npo-
THBOTOUHbIE CX€Mbl JBHXXEHHS, MMOKONbKY
MpK OJ(MHAKOBLIX TEMNEPATypax BXOAAIINX
¥ BBIXOIAILHX TenJaoHocutenei Af npu npo-
THBOTOKe Bceria Gosblue, 4em npH npsamo-
toke. CornacHo ¢opmyae (13.3) 310 o3Ha-
yaeT, 4TO [J5 MepejaqyH OAHOTO H TOro Xe
TENnJOBOrQ MOTOKa Q MpPH MPOTHBITOUHOH
cxeMe notpeGyerTcd TenoO6GMeHHHK MeHb-
weil naomaad. Ewe oaHO npeHMYiUecTBO
NIPOTHBOTOYHOrO TeMMOOOMEHHHKA 3aKmi0-
yaercsi B TOM, UTO XOJOAHbIH TENJIOHOCH-
TeJb B HEM MOXHO HarpeTb 10 TeMnepary-
pel Gosee BHICOKOM, ueM TemmnepaTypa rpe-
|OILErD TEeNJOHOCHTeNs Ha Bbixoae (4>t
(cM. puc. 13.6). B npsMOTO4YHOM 1€M1006-
MEHHHKE 3TOr0 CAenaTb HeBO3MOXKHO.

KpoMme npsMOTOUHOH H NpPOTHBOTOMHOH
CXeM 4acTo BCTPeYaloTcs [MepeKpecTHble
¢ pasJuuHbM 4HCAOM XooB (puc. 13.8).
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Cpenusis pasHoCTb TemlepaTyp npH nepe-
KPECTHOM TOKE MeHbIle, UeM [PH MPOTHUBO-
Toke, HO Goablie, ueM npu npamoroke. [pu
pacuere Af ANfl CACHKHBIX CXeM JABHXEHHS

TenJoHOCHTeNeH BHAYade onpeaensior Al B
NPEANGAOKEHHH, UTO Tela00GMEHHHK —
NPOTHBOTOUHbIA, @ 3aTeM BBOIAT NONPABKY,
yHCJeHHOe 3HAaueHHe KOTOpbix GepyT A
Ka)K[L0r0 KOHKPETHOro cayuas ¥3 cnpasou-
uukos [15]. [lpn unc/ie nepekpecTHbIX XO-
10B Gosee Tpex, HalnpHMep, LA LIHPOKO
pacnpocTPAHEHHbIX 3MEEBHKOB Teroo6-
MeHHHKOB (puc. 13.8 6) cxemy ABHXEHHA
MOYHO CUMTATh YHCTO [IPOTHBOTOUHOMH WIH
YHCTO NPSIMOTOUHOHA.

13.3. YYET BO3MO)XHbIX OTK/IOHEHH A
PEAJIbHbIX YCJOBHHA

PABOTbHl TEMNOOBMEHHHKA

OT PACYETHbIX

Bce npuBeelnble Bhlile ¢popMybl 114
pacuera TeNJOBOroO MOTOKA Q (uau naoila-
au F) B Ten1006MEHHHKAX NPHrOAHBL 115
WieaNbHbiX YCJAOBHI: YHCTble TerOHOCHTE-
JH, CTPOrO OAHHAKOBblE YCJOBHA O6TEKa-
Hufl 1ToBepXHOcTed M T. 4. B peanbubix Ter-
N006MEHHHKAX MNOoJAyyaloTes 3aHHXKEHHbIE
3HaueHust Q, NO3TOMY MPHXOJHTCA BBOLHTD
cneuManbHble MOMNPaBKH s yyeTa HeHuae-
aJAbHOCTH TENIO0GMEHHHKA.

HanGonee npocto, HO H HauGoaee rpy-
60 BCE€ OTKJOHEHH5 MOXHO y4ecTb OAHHUM
K03(OhHULUHEHTOM HCIOAB30BAHHA NOBEP-
XxHocTH Tennoobmena np=F/F/, rAae
F u F’ — nnoilaid MOBEPXHOCTH TeTLIO-
of6MeHa HAeaJbHOro H peatbHOro TENI0-
06MEeHHHKOB COOTBETCTBEHHO.

3HaueHHe MF 3ABUCHT OT MHOPHX (aK-
Topos. B cnpaBouHoit auTepatype (15]
MOMKHO HANTH DPEKOMEHAAUHH MO BHGOPY
3HaYeHHs T|f, NOAYyUYEHHbIE HA OCHOBE Ofbl-
Ta ANHTENbHOll 3KCNAYaTaUHH TenaooOMeH-
HMKOB LAHHOTO THNA HA Pa3JHYHBIX Temno-
HOCHTENSIX W MNPH Pas’jHUHbIX DexHMax.
O6uuno nr=0,75+0,9. MubimMu caosami,
nnowanb TennoobmeHHuka Gepyt Ha 10—
25 9% 6osblue pacuyeTHOH.

CylecTBYIOT H Goee TOYHbIE METOLHKH
pacuera [7], B KOTOpbIX BMECTO My BBOAMT-
Cfl HECKOJILKO MONpaBoK, NpHueM He 06s3a-
TenbHO B KoHeuHoe ypaBHenue (13.3). Tak,
np# pacyere a BBOAATCA! Ko3pdHuMent
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OMbIBAHHA, YUYHTHIBAIOIIHA HEOLHHAKOBbIE
ycnoBHA 06TeKaHHA NOBEPXHOCTH MOTOKOM
(HepaBHOMEPHOE pacnpefeNedHe TenaoHo-
cuTens no Tpy6xkam, 3acTodHble 30HbI NpH
CAOKHOM TEUYEHHH TelIOHOCHTENR H T. 1.);
K03 (POHILHENT, YIHTBIBAIOIUHA HATHUHE HE-
KOHJEHCHpYWIlLHXCA  rasop B nape
(cm. puc. 10.5). Tlpn pacuete Ko3¢pduLH-
€HT4 TerJonepeiaut 3a4acTyro NPHXOIHTCA
YUYHTHIBATb 3arpsiaHeHne NOBEPXHOCTH Ten-
Noo6MeHa MblIbI0, 3010H, HAKHIbIO. 310
genaercs NyTeM BBeAeHHS! JAOMOJHHTE/b-
HbIX MIEAJbHbIX TEPMHUECKHX CONpPOTHBJE-
HHiA 3arpastenun (6/M)s.

OAHAKO HaNTH peKOMEHAAUHH MO Bbl-
60py BceX 3THX NONPAaBOK MOXHO TOJBKO
A5 OTAEJAbLHBIX affapaToB CO CTPOro per-
NAMEHTHPOBAHHLIMH YCIOBHAMH PAGOTH,
HanpuMep, AJs MapoBbIX KOTJAO0B, KOHAEH-
caTtopoB TYpOHH.

[lps pacueTe O0ONbLUIHHCTBA Tena006-
MEHHHKOB MOXHO OTPAHHUHTLCA BBEJEHHEM
Nr~0,8 # PEeKOMEHL0BATb B TpoLECcce K-
CIYATAUMH TIEPHOLHYECKH OUYHILATh TPYG-
KM TEMJICOGMEHHHKA OT 3arpA3HeHHit, uto-
66l NPEeAOTBPATHTD CHHKEHHE 3pPeKTHUBHO-
ctH ero paGotbl. [Ipuuem mpoule OUHCTHTbL
BHYTPEHHIOI0 TOBEPXHOCTL TPYD, NO3TOMY
GoJee TrpA3HYI0 Cpedy Jydlle HanpasasTh
B TPyObl, @ UHCTYI0O — B MEXTPYGHOE Mpo-
cTpaHcTBo. Hanpumep, B NOAOrpeBaTenifx
BOMBI: CHIPYIO (HeoGpaGoTanHyt0) BOAY Ha-
npaBAfioT B TPyGbl, a nap WK KOHAeHCAT
B MEXTpyOGHOE MNPOCTPAHCTBO. E xeroaHo,
a MHOrJa M yaule, TPYOKH TAKHX TEMIO-
O6MEHHHKOB OUHILAKT OT 3arpAIHEHAH M3-
HyTpH JHGO MexaHWueckd, Jubo c¢ o
MOLLbiO ClelHalbHblX PAacTBOPOB.

13.4. BAUAbl TEIJOBOrO PACHETA
TENJOOBMEHHHKOB

[lpy KOHCTPYKTHBHOM pacyere
Tenn006MEHHHKA  M3BEeCTHbl  HayalbHblE
W KOHEUHble NapaMeTpbl TENJOHOCHTENEH
M HeoGXOAMMO pPaCCUHUTATb MOBEPXHOCTH
Tenaoo6MeHHHKd, T.e. QakTHUeCKH CKOH-
ctpyupopath TtemnoobmenHuk. ITopsiok
BLIMTOJIHEHUs1 TAKOTO pacyera:

1. A3 fanancoBOro ypaBHeHHs ofipene-
ASIOT MOUIHOCTb TENJOBOro NOTOKa @2, KO-
TOPYIO O/KEH MOJYUYHTb XOJOAHBIA TENJo-
HOCHTENb OT Tropsvero.



2. Monb3yscy peKOMEHJALHAMH CMIELH-
anbHOl aMTepatypel [9], 3a4aw0Tes CKOpo-
CTAMHM TEYEHHMA TEMJIOHOCHTENeR H KOH-
CTPYKTHBHBIMH OCOGEHHOCTSIMH  TEI1006-
MEHHHKa (AMameTpaMy TpyGOK, MPOXOJHBI-
MK CEUEHHSIMH JJIfl TeNJOHOCHTeNeH).

3. Mo meroauke, H3a0KeHHOH B ra. 10,
PACCYHTLIBAIOT KOS(PHUHEHTHI TEIIO0TAA-
uyh, a 3areM no d¢opmyae (12.11) — xo-
sp@HUMEHT Tenaonepenaur k.

4. Tlo ¢opmyae (13.10) onpepensioT
anauenue Al

5. W3 ypaBHeHHs TelJonepenauv
(13.3) mnaxoaat naowanb F KAEaNbHOTO
TENJ006MEHHHKA.

6. 3anatTca 3HaYeHHeM KO3 EHUHEH-
Ta MCNONh3OBAHHA MOBEPXHOCTH TeMI006-
MEHA 1 U PACCUHTBIBAIOT MIOWA/Ab NOBEP-
XHOCTH PE€afbHOrO TeM1006MeHHHKa £,

7. Mo u3pecTHOlW naouwann F/ paccuu-
THIBAIOT JJIHHY TPYGOK TeNIoO6MEeHHHKaA.

[lpu r?oaepoquom pacuere
H3BECTHA KOHCTPYKUHS TenJoOGMEHHHKA,
T. €. 3a/laHa MI0WaAb NOBEPXHOCTH TerJo-
o6mena F’, KpoMe TOro, 3ajlaHbl HavaJbHbie
napamerpsl TeroHocurened. Heo6xonumo
paccyurarb KOHEYHble napaMmerpsl,
T. €. NPOBEPHTb MPHIOAHOCTb A@HHOIO TeM-
NOOGMEHHHKa JI/I KaKOro-TO TeXHOJOoTHue-
ckoro mnpoitecca. ClOXKHOCTL pacyera 3a-
KJAIOUAeTcd B TOM, UYTO yXKE€ B CamMoM ero
Hauane HeoGXOAHMO 3HATh KOHEUHbE TeM-
MepaTypbl TENJOHOCHTEJNEH, MOCKOAbKY OHH
BXOASIT KAK B YpaBHEHHE TEIJIOBOro 6anaH-
ca, Tak M B YyDaBHEHHe TEMJIONEepeaayH.
[pu cpeanedl Temnepartype, KOTOPYl0 He
HaliTH Ge3 3HaHWA KOHEuHHIX, 6epyTcs na-
paMeTphl TENJOHOCHTENeHd B pacyerax Ko-
3¢ QHLHEHTOB TEIJIOOTAAYH.

OnHuM U3 METOJOB [1OBEPOYHOro pacye-
Ta SIBASIETCA YK€ YNOMHHABILUHACA METO[
nocneoBaTeNbHbX  npubiarxeHni.  Jana
3TOr0 3a0dI0TC KOHEUHOH Temrneparypo#
OJ/LHOTO H3 TEMJOHOCHTeNEeH, 10 YPaBHEHHIO
TEMJOBOro 6ajaHca PacCUHTHIBAIOT KOHeY-
HYK) TeMneparypy BTOpPOro H MpOBOAAT
KOHCTPYKTHBHbIH pacyer. Ecau nosnyuennas
B pesy/bTare nJaoulaab £’ He coBnajpaer
¢ MJOWLAJbI0 TNOBEPXHOCTH HMMEIOLLETOCH
Tenjao0o6MEeHHHKA, pacueT NPOBOAAT BHOBD,
3a1apafch APYrHM 3HAYEHHEM Temmepary-
pbl TENJIOHOCHTENS Ha Bhixohe. Boabunyio
foMols 0pPH  BHIMOJHEHUH [OBEPOYHOTO
pacueTa moxer oka3zatb IBM, pe3ko cHu-

XKailas TPpyLoeMKOCTh BapHAHTHLIX pac-
4YE€TOB.

Mpumep 13.1. [lpoBecTH KOHCTPYKTHBHBIA
TEMJIOBOIH pacdeT KOKYXOTpy6uaTtoro 'renyooG-
MeHHHKa (cM. puc. 13.3), B KOTOPOM HAChIULEH-
HbIM napoM ¢ AaBaeHHeM p,=0,6 MIla rpeercs
npoxoasiuiad no TpyGkam Boxa ot ¢=10°C no

t=70°C. O6beMHbl Ppacxoi Boan Vy=
=1 a/c=10"" m*/c.

[Mputunmaem TpyO6sr W3  aatynn  [A=
=106 Br/(m-K)| anametpom  Ju/du=

=16/18 mm. CKOpOCTb TeueHus BOLb 1: TpyGax
TENJI00OMEHHHKOB @9 OOBIYHO NPUHHMAETCA OKO-
Ao | m/c. Tennopusuueckue cBocTBa 110bI BY-
zeM GpaTh u3 cnpasounnka [15] npu cpennedt
Temmeparype Boanl i3==40 °C, a KomnjeHcata —
npH TemMnepaType HaChlILeHHUs {,=1,=1588°C.

Jlis HarpeBa BOAbl HEOGXOAHM ~elJOBOH
N10TOK:

Qy =,V (cty —cyly)=992,2- 1073 293 —

— 46,2)=245-10° Br.

Cpeanuil nepenap Temnepatyp Af MoxHO
paccuuTLiBaTh A0 PA3HOCTH CPEAHUX TEMNEPATYP
Aft=1t —1;=1588—40=118,8 °C,
oTHolleHHe Atg/At.= 148,8/88 8<2.

CymmapHoe ceyenue Tpy6 Aasl Mpexoaa Bo-
Abl Syp=Va/wy=10"%/1=10"2w’. Ilnowaan
BHYTPEHHET0 CeyeHHs OJHOH Tpy6Il Sh=
—nd2/4=3,14(16-10%2/4=2,01-10"* wu’,
CNeA0BATENLHO, YHCIO MapaelbHO 3IKJUEH-
HbiX TPYBOK n==S./Si,=107%/(2,01-107 )=

~ 5.

MOCKOJEKY

YTouHeHHOe 3HaUeHNEe CKOPOCTH TEYeHUs BO-
Abl B TpyOKax

wy=V,/(nS, )=

=10"3/(5.2,01 - 10~ % =0,995 1/c.

Nas pacueToB KOI(HILMEHTOB T:M00TAA-
YW B MepBOM MPHOIHMXKEHHH TeMnepaTypy CTeH-
K TPYOGKH NpUMeM PaBHOH CPeaHeH MKy TeM-
nepatypaMu  TemjoHocHTedeil  fci= fc2=(t_|+
+£)/22~100°C.  CoraacHo peayabTaTam
pacyeToB, NMPHBEAEHHBIX AJASl JAHHBIX YCAOBHH
B [pHMepax (10.3) " (10.1., o=
=8980 Br/(m>-K) u a2=6260 Bt/ (1*-K).

VuuThiBad, uto du/dew<< 1,5, 6yaev nonwio-
BaThcA  ¢opmyJod  Tenjomepeaauyn uepes
MAOCKYI0 cTeHKY (12.12), npuuem niow agb G60KO-
Boit mosepxHocTH TPY6wi Fry GyaeMm ciMTaTh 1O
cpenHeMy AHaMeTpy d=0,5(am+dn)=
=0,5(16418)=17 MM, MOCKOALKY a|=®s.
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Kospduunent tennonepenaun paccunraem
no ¢opmyae (12.11):

1
k:—_—_z
i 3 4 I
a, A ay
_ l
T 0,001 I
8980 T 106 6260

=3560 Br/(m%-K).

Cornacho dopmyae (13.3) naouwians tenao-
ofMeHa

F=Q,/(k Al)=245-10%/(3560-118 8) =

=0,580 m2.

YTouHUM TeMmnepaTypy noBepxHocTell cTeH-
KH Tpy6Ku: 1) co cropoHsl napa no dopmyae
(12.8) t(-|=[|—Q2/(a|F)=l58,8—
245.10"/(8980-0,580) =111 °C; 2) co cropo-
Hbl BOABI 110 (opmyae (8.13)

loy=t, —Q,8/(F)=111—
—245.10".10~°/(106-0,58) = 107 °C.

[TosTOpHB pacuyeT (HauuHAR C KO3(PHUH-
€HTOB TEMJNO00TAa4H) € YTOUHEHHBIMH 3HAYEHHSI-
MH TEMAEPATYP fc1 M fca, noNyunm F=0,567 M2
[TockoibKy pacxoXaeHHe YTOUHEHHOM BEJHUH-
ubl F ¢ npeasiayuweit mensuwe 10 9%, aanbreinmx
YTOUHEHHH MOXXHO He [eNaTh M CUHTaTh 3TOT
PE3VIAbTAT OKOHUATEJIbHbLIM.

3anaemca KO3QHHUHEHTOM HCMONb3OBAHHS
NoBEpXHOCTH  Temsaoofmena mnr=08, Toraa
MA0WAAb  MOBEPXHOCTH  TenJoofMeHa  pe-

FTnaBsa yetwipHaguatas

aILHOTO  Tennoco6MeHHWKa  6ygeT  pasHa
F'=F/n,=0567/0,8=071 u’ a panua tpy-
6ok I=F'/(nnd)=0,71/(5-3,14-0,017) =
=2,66 M.

PaccuuTsiBaTbh (uaHM BBIGHpAaTh) Bce
paamepnl Tennoo0MeHHUKA OObLIUHO HE UMe-
€T CMbIC/a, TOCKOJABKY CaMOCTOATENBHO
TeNJIOOOMEHHHKY TIPEANPHATHA OBGBLIYHO He
H3rOTAB/AHBAIOT, 4 HA CHELMAIUIHPOBAH-
HBIX TIPEANPHATHAX MOXHO 3aKa3aTh JHLIb
TenN006MEHHNK, COOTBETCTBYKOULHA TeM
FOCTam, Koropbie OpenensioT HX OCHOB-
Hple THnopasmepn. Tak, coraacio TOCT
25449—82 noOBepXHOCTb  NApPOBOASIHOrO
TEMIOOGMEHHHKA He MOXeT ObiTh paBHa
0,71 »%, a Toawko 0,6 wan 0,8 M2, [Inuua
TPY6 MoxeT 6biTh 2 Haun 3 M. [Tpoute Beero
nocse pacuera MOBEPXHOCTH Temaoo6MeHa
BbIGPATh B KaTaJgorax u 3aKa3aTb HOAXOAS-
UWHA CEPHAHO BLIMYCKAEMblil TENJI006MeH-
HHK, OOLIYHO 34Ka3biBAKT Tennoo6MeHHHK
¢ OGoubwield noBepxHOCThlo. B Hawewm cny-
uae F=0,8 m2.

Kourpoasuete aonpocet u 3adaqu

13.1. 3auem pasbpuiarupaercs soga B rpa-
aHpHAx (puc. 13.2) u KakoB OATHUMAJbHHI pa3-
Mep Kanesb?

13.2. Kakoit napamerp caepXHBaeT MoLL-
HOCTb TEMJIOBOTO MOTOKA, NepeJaBaeMoro Temio-
Boit Tpy6o# (puc.13.5)?

13.3. OueHHTb OWHOKY, CBA3AHHYKO C HC-
noJab30BAHHEM CpefiHeapHdMETHUECKOTO Nepena-
Aa TeMAepaTyp BMECTO CPEIHENOrapH{IMHUECKO-
ro B APSIMOTOMHOM H APOTHBOTOYHOM 0OLOrpeBa-
TeJAX BOAbl, B KOTOPOM Boja rpeerca ot 20 po
80 °C, a ra3s ocTeiBaer ot 500 mo 200 °C.

TENNONPOBOAHOCTL MPU HECTALMOHAPHOM PEXXMME

14.1. PACHET HATPEBA U OXNA)XJEHUSA
TEPMUYECKHU TOHKHX TEJI

[Tpun Ttepmoo6paboTke MeTansioB, Ha-
NpHMEpP, HYXHO 3HAaTh, 3a KakKoe BpeMsl
34roTOBKa NMporpeeTcsi B Ne4H A0 3a)aHHOH
TeMlepaTypbl HJH OCThIHET HDH 3aKajke
B BdHHE € MacJoM.
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Han6oanee npocthiM, HO poctaTouno
pacnpocTpaHeHHbiM ABJAAETCH caydail, Kor-
Aa yAelbHOE TEPMHUYECKOE COMPOTHBJIEHHe
Tennootaaun l/e ot rpeiouwei  cpennl
K paccMaTpHBaeMOMY TeNy 3HAUHTENLHO
6oJbule yEJbHOTO TEPMHYECKOr0 conpo-
THBJEHHS [1€PEHOCY TEMIOTbl TEMIONPOBOJ-
HOCTbIO BHYTDH TeNa OT €ro [MOBePXHOCTH



K cepeauHe §/A, T.e. Koria

a < \/®, (14.1)

roe & — MONOBHHA TOMILMHBl Teaa ([NacTH-
Hbl) WM pafHyc (wapa M UMAHHApA); AAR
Ten CAOKHOH (opMbl & — MosoBHHA HaH-
Gosbiuero JuHeiiHoOro pasmepa.

[Mpu BBIMOIHEHUH YCJOBHA (14.1) Teqno
HA3BBAOT TEePpMHUHUYECKH TOHKHM.
B Kaxablii MOMEHT BpeMeHH Temiepatypa
{ BHYTPH TAKOrO TeJla yCnenaer BhIpOBHAT-
¢l 3@ CueT HHTEHCHBHOrO NnepeHoca Temlo-
THl TEMJIONPOBOAHOCTHIO. Takum obpasom,
a3HayenHe ! 3aBHCHT TOJBKO OT BPEMEHH T
W He 3aBHCHT OT KOOp/AHWHAT.

PacCMOTPHM TEPMHYECKH TOHKOE Tel0
NPOH3BOLHOR (POPMBI € 0GBEMOM V, BCe
TOYKKH KOTOPOro OXJaxAaaTca 3a cuer
TEMJOOTAAYH C ONWHAKOBOH CKOPOCTBHIO
dt/dv. 3a Bpems dt Teaqo OTAAET KOJHUECT-
BO TEIIOTh

8Q,= —cpV (dt/dv)dt.  (14.2)

OpHOBpEMEHHO 3Ta TeNJ0Ta nepelaer-
¢sl MyTeM TemI00TAadYd K HKHAKOCTH HWIH
rasy ¢ TeMnepatypoi tx oT 110BEPXHOCTH F,
uMelolllell TemrepaTypy { Tena:

6Q, =afF (t—tx) dr. (14.3)
[To 3aKOHY COXpAaHeHHsi FHEPTrHH
—cpVdt=aF (t—t)dv.  (14.4)

Beeasi M36LITOYHYIO Temnepatypy ¢={—
— tx, pa3je/uB nepeMeHHble

db aF
W POHHTETPHPOBAB BbipaXKeHHe (14.5),
MONYUHM
me=—2"1c (14.6)
oV . .

CorfacHo HauyadbHbIM YCJOBHSM (0PH
1=0, 0 ="ty—tx="=09) DOCTOAHHAA HHTEr-
pupoaua C=In &, caepoBaTeNbHO,

HJAH

L aFt
8, exp( coV ) (14.7)

Taxkum o6pasom, W36biTOUHAA TeMnepa-
Typa TEPMHUYECKH TOHKOTO Teld C TeUeHHEeM

BPEMEHH YMeHbLIAETCH 3KCMOHEHUHIJIBHO
OT HauanbHOH Temnepartypbl @ nNpw T=
=0 [0 HyaAs MpH T->oo0, H TeM ObicTpee,
ueM Goablue Kommaeke aF/(cpV).

dopmyaa (14.7) npuroaHa W npu pac-
uetrax Harpesanus Tena. B 3tom caysae
ynoGHee H36BITOUHYO TeMmmepatypy C4u-
tath no Qopmyise ¢=tx—! U cooTBET-
cTBeHHO Go=Ix— lo.

14.2. AHAJIMTHUYECKOE PEUWIEHHE
HECTAUHOHAPHBIX 3A0AY
TENNONPOBOAHOCTH

Ecau ycnosue (14.1) He BbIMOAH:1€TCH,
TO TeMmnepatypa BHYTDH OXJ2XAaeMoro
(wny narpesaemoro) Tejla 3aBUCHT HE
TOABKO OT BPEMEHH, HO W OT KOOpJIHHAT,
T.e. pa3Hble Y4acTKH TeNa OXJaX 4 2TCA
¢ pa3auUHOlN CKOPOCTBHIO. 3aBHCHMOC b t=
=f(x, y, 2, T) B ITOM C/Iyuae MOXKHO NaaY-
UWTh, MHTETPHPYA HECTaUHOHapHOEe Jud-
depeninaNbHOe ypaBHEHHE TEMJIOMIpOBON-
HOCTH. DTO ypaBHEHHE MOXHO TOJYyUHTb,
paccMOoTpeB GallaHc 3Hepril MPOH3BOIBHO-
ro ofbema V BHyTpW Tena. BhIGpaHHBIA
o6beM OrpaHHueH 3aMKHYTOH MOB::PXHO-
ctoio F. [lpd OTCYTCTBHM HCTOUHHKOB
W CTOKOB TEMIOTH B 06beMe Teja MOMHbIA
TenoBofl MOTOK, YXOAfILLMA vepe3 10Bep-
xHocTh F cornacHo (8.2),

Q=@quF

paBeH CKOpOCTH H3MEHEHHS HTEJABMHU
(TennocoAepaKaHHA) BeLlecTsa, 3aKJI0HEH-
HOro B o6beme

(14.8)

at

dijdv=—cp ——dV.  (149)
Vv

ar

Mo teopeme Octporpaackoro—Iaycca

§rqdF = {divadv.  (14.10)
v
YuuThiBas, uto q= —A grad ¢, a div X
2
f= v2t=_02i+_62t _di
ot oy o7

cpaBHuBasi Bhipaxenus (14.9) u (14.10),
noJjyuaem

X grad

Sw%dV:Scpﬁdv. (14.11)
y v Jt
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Papencreo (14.11) cnpasenaupo aas
JI060ro NPOU3BONBHO BRIGPAHHOrO a6bema,
MO3TOMY NOAbIHTerpajbHble  BhIPAXKEHHS
Takxe paBHbl aApyr apyry. Toraa

a7 ?t=2at/or, (14.12)

rae a=~A/(cp) — KoapHLUHEHT Temnepa-
TYPOMPOBOAHOCTH.

3TO M ecTb HeCTAUMOHAPHOe Audde-
peHlHaNbHOe YpaBHEHHe TeILIONpPOBOAHO-
cTH. [Ind ero HHTErpUpoOBaHUS HEOG6XOAHMO
3a1aTb HayallbHble YCJIOBHSA, ONpefensiio-
UHe TEMMEPATYPHOE NoJle B pacCMaTpHBae-
MOM TeJle B HaudalbHbIH MOMEHT BPEMEHH
1=0, U rpaHuuHble yCIOBHUS, Onpeaesio-
LIHEe TeMNepaTypy MJH 3aKOHBl MepeHoca
TEMJOThl Ha CPaHHIle Tesa.

B Temnnonepesaye npuHsTa kaaccugu-
KalUHsl TPAHHYHBIX YCJAOBHH:

[ pona —3anana temneparypa Ha no-
BEPXHOCTH Tena;

Il pona — 3ajaHa [LIOTHOCTL TEMOBO-
ro MoToKa Ha MOBEPXHOCTH TeJia;

I1I poaa — noBepxHocTb Tena o6MeHH-
BAeTCs TEIIOTOH CO Cpeoil H3BECTHOH TeM-
neparypol no 3akody Hbiotona (9.1);

IV popa — paccmartpusaemoe Teso Ha-
XOJHTCH B IJIOTHOM KOHTaKTe C JApPYrHM
TeJ0M.

[Ipn peurennu crauuonapusix 3agau
TEMJONPOBOAHOCTH  TPaHHUHbIE  YCJOBHS
I pona 6uinn Hamu ucnonb3osanbl B § 8.3,
a [Il ponra — B §12.2.

AHaJ’IHTH‘{CCKHe PEWICHHA MHOrCHX He-
CTAUHOHAPHLIX 3a1a4 AJS Pa3HOOGpPa3HbIX

13
pa 7 e
3=
e 77 e
e BN

tw ] = | s
—4 a6

pu— [ A
o 77 4

Puc. 14.1. K nocranoeke 3aja4n 06 oxaamie-
HHH TUIACTHHK
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YCJOBHH MOXHO HAlTH B CNEUMABHON AH-
TepaType. 31eCh MBl PACCMOTPHM JNHLIE OA-
HO H3 HHX — OXJaxJeHHe OeCKOHeYHOH
N1aCTHHBl B CpPeflle ¢ NOCTOSHHON TeMnepa-
TYPO#i Lx M NPH NOCTOSHHOM KO3 (UL HEHTe
Tensooraauu (puc. 14.1). (Pacnpenenenne
TEMIIEPATYPbl [10 CEYEHHIO [L1ACTHHbI KOHEY-
HbIX pasmepoB OyAeT NMPaKTHYECKH TaKHM
e, KaK B GECKOHEYHOM, ecqH paccMaTpu-
BaeMOe CeyeHHe OTCTOHT OT Kpas Ha pac-
cTOsiHuM, Gonee vem B |0 pas npesbiwarn-
LEM TOMUMHY NAACTHHBI.)

B sTom oxuomepHom ciyuae (Temnepa-
TyYpa H3MEHAETCA TONbKO 110 TOJLi{HHE
nnactuubl) ypaBHeHue (14.12) umeer Bun

ad’t/ox* =0t /ot (14.13)
C HayaNbHbIM YCJOBHEM
L _o=1!,=const. (14.14)

[pannunoe ycaosue 11l pona nonyuaercs
U3 Gajianca ABYX TellJIOBLIX NOTOKOB'. NOJ-
XOAALLEro 38 cHeT TenJaOoNpPOBOJHOCTH K N0-
BEPXHOCTH OCTBIBAIOWErO Tesa H3 ero riy-
6UHBl gr=s= —A(0¢/0x),—s 4 OTBOLHMOro
TEN0OTAAuEH K  TEeMIOHOCHTENID =
=a(fe—1tx):

— A (04/0x)cs=a (fc.—1x). (14.15)
[To ycn0BHSIM CHMMETPHYHOCTH TeMnepa-
TYPHOTO oasl fipH x==0

(0t/dx), _,=0. (14.16)

AHajuTHuecKOE  pelieHue '  3amaud
(14.13) — (14.16) o6bluHO NpUBOAUTCH
B Geapa3MepHOM BHiE:

o

0 Z 2sin p,, (X)X
= cos
om,tsinpg, cos o

=1

Xexp (—plF,), (14.17)

rae O=(f—tx)/(to— tx) — Ge3pasmep-
Hasl TeMNepaTypa; |, — KOPHU XapakrepHu-
CTHYECKOrQ  ypaBHeHus  ctg p,=p./Bi;

' Merosbl pewlenus 3agad  nogoGHOCO poaa
PaccMaTpuBalOTCA B CNCUHAJBHON HayKe — Ma-
TEMATHUECKOH (PH3HKE W B JLAHHOM KPATKOM Kyp-
ce He npusBoasitea. [lpaBuabHocTs  pelnenus
MOXHO NPOBEPHUTL €r0 110/CTAHOBKOH B HCXOAHOE
YPaBHeHHe, 2 TaKXKe B Haua/bHLIE U I'DaHUUHELE
YCJOBHS.
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Fo=ar/6% — uucao dypbe (GespasmepHoe
ppemsi); Bi=ab/A — uncio buo.

Yucno Bruo xapakTepuayeT OTHOLIeHHE
TePMHUECKOro CONPOTHBJEHHS  MEpeHocy
TeMJNOThl TENJONPOBOAHOCTLIO OT CepeHHBI
TBEpPAOTO Tena K nosepxHocTH Ry==8/(AF)
K TEPMHUECKOMY CONPOTHBJ/IEHHIO TEenJooT-
faaun R,=1/(aF). Yciosue (l4.1) agan
TEpPMUUECKH TOHKOrO Tela MOXHO 3a0UcaTh
B Buae Bi—~0 (npakruueckn Bi<<0,1).

Pacuer no ¢opmyae (14.17) MOxHO
BLINOJMHHTb C MOMOULbIO JIOOOro MHKPO-
KaNbKyJA#TOpa € NpocTedluM NporpaMmu-
porannem. BHauane B uHTepsane ot 0 10
n/2 HaxoAAT NepBbli KOPEHb |1y YPABHEHHS
clg pa=p./Bi ¥ paccuuTbIBAIOT NePBbIi
ujeH pAja, 3aTeM K HeMy CyMMHpPYIOTCS
nocjeyouLde, AMf KOTOPbiX HHTEPBAJ Ha
CABHUraeTcs Ha 3HaueHHe 1 MO CPaBHEHHIO
c npeabAYy LM 3Ha4YeHHeM B —1)
(puc. 14.2). Psig 6BICTPO CXOAHTCH, O6BIMHO
poctatoyHo wectd uwiexos. [lpu Fo>
= 0,3 MOXHO OIPAHHUMTHCS OAHHM [nep-
BbIM UYJEHOM.

Ewe npoule BOCMoONb3oBATHCH HMEO-
LLUMHCS B crpaBouHnkax (9] Homorpam-
MaMH, OCOOEHHO ecJH paccMaTpHBaemoe
TeN0 UHAMHAPHUECKOH HAH cdepruueckoit
G OpMbl, TTOCKOAbKY B peILeHHsl TaKux 3a-
fau  BXOAST  cleuHadbHble  QYHKLHH,
a CTaHAapTHLIX NPOrpaMM jJIst HX pacyeta
y MHKpOIBM ner.

Pacnpejesenye TeMiepatypal [0 TOJ-
ILLMHEe 11J1aCTHHbl B paaJidtidble MOMEHTDI
BPEMEeHM TIPe/CTaBAseT COo60H ceMeHCcTBO
KPHBBIX B KOOpAMHATax 6, X (uiu ¢, x)
C  MAKCMMYMOM Ha  OCH  MJACTHHBI
(puc. 14.3). B moGoit MOMEHT BpeMEHH
Fo> 0 (1 >0) KacaTelbHble K KPHBOH pac-
npenesieHds TeMNepaTypbl Ha rpaddue
NAACTHHLI BRIXOAAT M3 OgHON Touku C, pac-
noJ0oXKeHHO# Ha och X Ha paccroanun 1/Bi
OT MOBEPXHOCTH TMJIACTHHBI. IJTO HECJHOXKHO
{10Ka3aTb, ecau rpaHnunoe ycaosre (14.15)

npueecTH K Ge3paaMepHOMY  BHAY
(38/0X)x = = —Bif..

ITo onpe/ieseHnIo POU3BOLHOM

{08/0X)y_,= —tg ¢ (puc.14.3), cneno-

BatenbHo, tg ¢=Bi0.. M3 puc. 14.3 BunHo,
uto tg 9=AB/AC, rae AB=4H.. Crenosa-
teabno, AC=1/Bi.

Ilpu 6oabiunx 3Havenuax Bi (npakru-
yeckn npu Bi>100), koraa a>A/8, pac-

I yr=ctyp

Puc. 14.2. I'padHueckoe pelleHHe ypaBHEHHS
clg pn=pa/Bi

Fo,=0

Xy =1/Bi

Puc. 14.3. Pacnipeaesetne TeMnepaTypbi 0 T0J-
LLLHHE ox.na)mlaemoii MJI12CTHHbI

crofuue |/Bi—0. 3T0 3Hauut, uTC Ccpasy
nocje Hayana Npolecca NOBEPXHOC b Tena
oxJaxjaaercd A0 TeMnepaTypbl XKAAKOCTH
(puc. 14.4, a). Tlpn Takux pexuMa: H3Me-
HeHUe TemnepaTypbl BHYTPH Teaa onpeje-
AAeTCA TOAbKO TEPMUUYECKHM COMpoTHBIE-
HHEM TeMJONPOBOAHOCTH H fafb iediulee
yBeNMUEHHEe @ yKe He yCKOopsieT mfouecca
OXJ1aXKAeHHA.

Cnyyai manbix 3Hadenudt Bi—~0 cneuu-
aJbHO paccMOTpen B HavyaJe OadH JH rJaa-
Bul. [Ipu atom AC=(l/Bi)—>o0, T.€. TEM-
neparypa 1o TOJLULHHE NJACTHHLI H2 H3Me-
usietcst (puc. 14.4, 6).

Peuienne (14.17) MOMKHO HCNIOA>30BaTh
M JAAl PAacHeTo8 TeMNEparypHoro nodis
B GECKOHEUHOM CTEpXKHE MNpPSIMOYI'OJbHOK
(opmbl M faxe B napainenenunene. Takue
Tena paccMaTPUBAIOTCA Kak 06pa3cBaHHble
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o o
ERE
Fo=0 6=/ Fo=0 8=7
FO, FU1
Fo,|Fo, Fo,
Fos
L] *
e
a 5)

Puc. 14.4. Pacnpejeneyue TemnepaTypst no roj-
Ll HHe oxJaxaaemoil nnactunsl npu Bi — oo (a)
u Bi—> 0 (6)

nepeceueHHeM ABYX HJH TPeX B3aUMHO nep-
MeHJHKYJIAPHBIX GeCKOHeYHBIX MJACTUH,
u Geapa3MepHasi TemnepaTtypa B J1060i ux
TOUKE HAXOAHTCS B BHAE MNPOH3BEAEHUS
6e3pa3MepHbIX TeMIepaTyp B 6ECKOHEUHBIX
NJACTHHAX, MepecedeHHeM KOTOpLIX o6pa-
30BAHO JaHHOE TeJo.

Mpumep 14.1. PaccuntaTh BpeMsi Harpesa
KPYrJ10ro pyTKa H3 cTain 20 auamerpom 50 MM
1 asuuoil 2M or 0 no 800°C B anekTponeun
¢ temnepatypoit 900 °C.

B npeaenax 3afaHHOro HHTEPBAJaa TeMnepa-
Typhl HarpeBa feTafnH TenJopH3HUECKHe CBOHCT-
8a MeTalia M YCIOBMA Tenjgoo6MeHa CHIbLHO
MEeHAIOTCHA, TO3TOMY MPH BhINOJIHEHHH TOYHOrO
pacyera lejecoo6pa3HO ITOT HHTEPBAK pa3bHTb
Ha Gosiee MEJKKWE U IONHOE BPEMS Harpesa HalTH
B BHIE CyMMbl. B KadecTBe HANIOCTPALHM METOAA
BOLITONHUM JIHIb NMPUGTHKEHHYIO OLEHKY Cpaldy
/LTSl BCEro TeMIepaTypHOro HHTepBana (MeToau-
Ka pacueTa He 3aBHCHT OT BeJIMUHHBI HHTEpBaIa
TeMneparyp Harpesa). Tenjodu3ndeckue CBOi-
CTBA MeTajla H YCJOBUS TensoobmeHa Oynem
CYHTATb NPH CpelHelt B 3a]aHHOM MHHTepBaJe
Harpena TemnepaType f,=400 °C.

B cnpasouyHuke {15] naiinem tennogusnye-
ckde cBoficTsa crann npa by=400°C: A =
=427 Br/(M-K); p.=7682 «kr/m' c¢=
=682 Ox/(kr-K); e=0_8.

Ternnoduandeckye cBoHCTBA BO3AyXa NpH
»=900°C " c=400°C: =
=7,63-10"* Br/(m-K); vx=155,1-10"°¢ m¥/c;
Pr.=0,717; Pr.=0678; fu=1/Tx=1/273+
+900)=8,5-10"" 1 /K.

KosddHuueHT TenaooTaayd NpH ecTecTBEeH-
HOM KOHBEKUHH N0 aHaJIOrHH ¢ npumepom (10.2)
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Nu, =05 (CryPr,) **° (Pr./Pr,) " # =

=05(2,17-10*-0,717)° % (0,717 /0,678)° »° =

=566,
rae Cr,“:M:
v
_9,81-8,5-107*(900—400)-0,05° _
(155,110~ 6?2
=2,17-10%
a.(=‘N*ur,.(k,K/d=

=566-7,63-1072/0,05=8,6 Br/ (v -K).

TennoBO# NOTOK H3Jy4YeHHEM OT CTEHOK ne-
Uy, UMEIOILLHX TEMNEPaTYPY fx, K NPYTKY Haklem
no auanoruu ¢ npumepom {11.1}:

Q, y=£Cynd! [(T, /100)* —(T /100)*] =

, 1173 \*
=0,8:5,67-3,14-0,05-2 [(’T(W) —

4 p
—(E3Y |=24-10° Br.
100

KoapuuUeHT TEMT00TAauH H3AyueHHeM
o= Q) y/ndl (u—t)=

=24.10%/3,14-0,05 -2 (900 — 400) =
=153 Br/{M*-K) .

CymmapHblil KO3QdHLHEHT TeniooTaauu By-
neT paseH

=0y + o =86+ 153=162 Br/(m*-K).

QGpaTHTe BHHMAaHUe, YTO NMPH BbICOKHX TeM-
nepatypax TennooGMeH H3NyyeHHeM HABJAETCH
npeo6/1ajalouiiM H 6e3 60AbUIOH NOTPEILHOCTH
BEJIHYHHOM o MOXHO Gblio mpeHefpeub M He
paccUNTLIBATL €e.

Ilns Bi6opa cnoco6a pacuera BPEMEeHH Ha-
rpesa BuluncauM Bi=ar /A, =162-0,025/42,7 =
=0,095.

Q6patuTe BHUMaHWe, 4TO B UHCAO Bi BxoauT
TENJONPOBOAHOCTL HArpeBaeMoro Teja (Merad-
aa), a B yHeao Nux — TenaonpoBofHOCTb rasa.

[Tockoabky Bi<<0,l, HarpeBaemoe TeJa0
MOMXHO CUHTaTh TEPMHUYECKH TOHKHM H BOCMOJb-
30Bathes popmynoil (14.7), H3 KOTOPOH C yyeToM
TOro, Yto AAS uMauHapa F/V=4/d (naowanno



TopuoB npeHe6peraem), MOAyHHM

cp d {,—1
T—= —— n—mm———==

4a t.—1{,

682-7682-0,05

9u0 — 800
- 4-162 -

900 -0

=888 c & |5 vHH.

14.3. NOHATHE O YUCAEHHbIX
METOJAX PEUWIEHHSA
3AJ1AY TENJOMNPOBOAHOCTH

AHAJUTHYECKHE pPelleHHn 3a4ay Tenlo-
NPOBOAHOCTH YAAeTCA [OJ1yUHTh TOMBKO
A8l upocTediinx ycaouit. B T0 ke BpeMs
coBpeMeHHasl BLIUHC/UTENbHAS TEXHUKA T10-
3BOJISIET UMCJIEHHBIMH MeTOAAaMH pacCuu-
TaTh pacnpejle/ieHHe TeMNepaTypbl B Teje
npakTHueckH M0G0l dopMbl, Aaxe ¢ yue-
TOM H3MEHEHHs TPaHHUHBIX YCJOBHIl HIH
TenJohM3NUECKHX CBOHCTB B 3aBHCHMOCTH
OT TemMnepaTypbl HIH BPeMEeHH.

JIis peleHHa YMCIEHHBIMH MEeTO1aMH
ypapHeHye TeIIONPOBOLHOCTH 3aMeHdeTcs
cHeTeMoit  anre6paMueckHx — ypaBHEHHH.
Jlasi 3TOro paccMaTpHBaeMoe Telo pasGH-
BAETCA Ha HECKOAbKO 06beMoB AV KoHeu-
HBIX pa3MepoB H Kaxaomy o6bemy nph-
cBaHBaercs Homep. B npegenax o6vema AV
OGhIYHO B ero LeHtpe BbiOWpaercd y 3J 0-
pas To4Yka Hau ya3ea TennoemkocTb
BCEro BellecTBa, Haxolslierocsa B o6beme
AV (C=cpAV), cuutaercs COCPEAOTOHEH-
HOH B Y3JIOBOH TOUKE. Y3/0Bbie TOUKH COe-
AHHAITCS APYr € APYrOM TemjernpoBOAst-
IMMH CTEPXKHAMHK C TepMUYECKHM COnpo-
THBJEHHEM TeMIONPOBOAHOCTH R; CTEHKH
TOJILIHHOM, PABHOH PAcCTOSHHIO MEXKAY Y3-
JaMH, ¥ NI0LLAaAblo, paBHOH NJIOWALH KOH-
Takra o6beMoB. KpailiHHe yaJjbl B 33BUCH-

Puc. 14.5. YuacToK UHCNOBOH CETKH ANR ABYX-
MepHOH 3alayH TeIIONPOBOJHOCTH

MOCTH OT pOAa TPaHUdHbIX YCAOBHY JHGO
NOLAEPKHBAIOTCS NIPH ONpPeAeNeHHO T TeM-
nepatype, JAu60 0OMEHHBAKTCA TeI1oTOR
¢ okpyxatwoweil cpenoi. Cucrema yajoB
¥ TEIJONpPOBOASALUNX CTEPKHEHR Ha3H 38€TCH
ceTko#. [[las ABYyXMepHOH 3ajaud OHA
M B CcaMOM Jleje ToX0XKa Ha CeTKy
(puc. 14.5).] Uem TouHee H nertanbtee He-
06X0IHUMO 3HATh TeMNepaTypHoe noJe B Te-
Je, TeM MeJibue 10K Ha ObiTh CeTKa, HO NpH
3TOM pe3Ko Bo3pacTaer o6beM BbIUHKCIeHUi,

Tensnoduanueckne cBOHCTBA BeILECTBA
B yanax H YCJOBHA HX TenaoobMeri Jpyr
¢ ApYrOM MOCYT ME@HATBHCS! OT TOUKH K TOUKE
M COOTBETCTBOBAThL peasibHOH 3aBHC IMOCTH
TennohU3MYECKHX CBOACTB H TpalHUHBIX
YCJAOBHH OT KOOpAMHAT.

[Mocse npeiacTaBieHHs paccmalpHBae-
MOro TeJa B BHI€ CETKH COCTAB.IATCA
ypaBHeH#usl TeNa0BOro Gajanca A KaRa0-
ro yaaa. CHcrema 6ajlaHCOBBIX ypasHeHnit
npeactaBasier coBoiM Pa3HOCTHBIA aHanor
AuddepeHiHalbHOro ypaBHeHHs Ter10npo-
BOJHOCTH, B  KOTOPOM  MPOHW3301HbI€
3aMeHeHbl OTHOLIEHHSIMH KOHEUHbIX MpHpa-
weHHid (pasHocTeil) HE3aBHCHMBIX nepe-
MEHHBIX.

Hanpumep, eciy nauaibHble Temnepa-
Typbl y3J0B CeTKH, TMpPHBEIEHHHX Ha
puc. 14.5, paBHbl £; (3TH TeMmnepaTyphl H3-
BECTHBl M3 HA4albHOTO YC/JOBHS), I 4yepe3
NPOMEXYTOK BpeMeHH At GYAYyT paBHH 4,
TO A7 JKGOro y3Ja MOXHO COCTaBHTb Ga-
JIAHC TEemJoThl, HpHpaBHHB H3MEHE {HE 3H-
tanbnuu cpAVi(ti—1t) x anre6paiyeckod
cyMMe MpHXOISLIHX 32 BpeMA AT KOTHUYECTB
TemnoThl AQ; No BCceM TemlonpoBOAALUIMM
crepxHam. Tak, AnfA NATOro y3ja CeTKH

_tS

’ t2
CspsAV; (5 — )= [_“

+
R(2 =5

L=ty b=l =t |,

R(4—5) R(e—s) R(s—s) 3
(14.18)

Uucsio Takux ypaBHeHui Oyper paBHO
YKCaAY Y3J10B, IPHUEM [JISi BCeX BHYFPEeHHHX
y3/0B ypabBHeHus OyAyT aHAJOr1YHBIMH,
a ypaBHeHMA 1/ KpPaHHHX Y3703 6yayr
YUMTHIBATE TPaHHUHbie YCJIOBHA. Peuins
3TH ypaBHEeHUsl OTHOCHTENBHO t{, Hanaem
TeMnepaTypy BCEX Y3JOB 4epes MOMEexy-
TOK BpemeHH AT ¢ HauyaJja npoueccil. 3arem

NoJdyYeHHOe pacnpejiefieHHe TeMIepatyp
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Gepercsl 3a Ha4aNbHOE H pelleHHe MOBTOPA-
ercsi. [paHudHble YCJOBHS U TeMI0QH3Nde-
CKHE KOHCTAHTbI B KaXKJAOM LHKJIE MOryT
OTJIHUATbLCA OT NpeAbIAYUIHX, €cJIH OHH 34a-
BUCHAT OT TeMlepaTypbi WIH BpeMeHHU Tpo-
necca.

MuorokpaTtHoe [OBTOpeHHe pacuera
N03BOJNAET HAUTH pacnpejeleHue Temnepa-
Typbl B y3JIOBBIX TOYKax B JIOGOH MOMEHT
Bpemenn 1= NAT, rie N — 49HCI0 IOBTOpe-
Hull pacuera.

Mpumep 14.2. HailTu u3MeHeHHne BO BpeMeHH
pacnpejesendst TeMIepaTypbl W TeIOBbX NOTO-
KOB OT GOKOBBIX MOBEPXHOCTEH KHPHHUHON KO-
JIOHHBL ceuenneM | X | M K Boicotoll 10 M. Ycao-
BN Ha (I0BEPXHOCTHX KOJOHHBI M306paxenbl Ha
puc. 14.6. Tennopuzuueckue CBOMCTBA KHPIHY-
HOH PEENING x=0,8 Br/(M-K) . c=
=900 Jix/(kr-K); p=1700 kr/m". Hauanb-
Has temneparypa to=20°C.

Pajzofbem nollepeyroe ceyeHrWe KOJAOHHbI Ha
JeBsTh SueeK H B IPEAEaax ITHX sueex BbiGepeM
yan0Bble TOUKA. Yadosvie Toukd [, 4, 783, 6,
9 nexaT Ha MOBEPXHOCTAX, TEMIEpaTypbl KOTO-
PbiX TOULEPKHBAIOTCS OCTOSHHBIMY, CIEA0BA-
treabHo, I =l1=1;=100°C H
—9200°C. Tlepemeunywy Temneparypy OyuyT
uMeTh TONbKO TpH yana 2, 5, 8. Cocrasum Ga-
Aancosble ypapHeHds 3Tux ysaos. [laa ueH-
TpaibHOro yana § ypasHenwe Ganauca (14.18)
yiKe 3andcaso.

ti=te="to=

YuutniBas, 4TO R(2_5)=R(4_5)=
8 8
=Re-9=Re-a=7F =70 a1 " *V°7

= 6%, BLIpa3uM B AIBHOM BHIE TEMMeEpaTypy 15:

I
£,,=20°C, 0c = 208T/(M?-K)
I T |
’Q1 | ‘T&z | 3)‘
& [ &
ISL- e S S |
'.Tu ™y : \1>(5 ls” ‘ﬁ‘:
S =4 —-qF-+-"
718 | g
N S
5/2| 5=0,5m |9/2
v ¢1=0

Puc. 14.6. K npumepy 14.2

116

t =Fo (ty+t, + 15 +tg) +(1 —4F0) £,

rae Fo=aAt/8% — uncio dypee.

CoctaBuM ypaBHeHHe 6ajaHca HeprHd a4
yada 2, OAHA W3 rPaHHL KOTOPOro o6MeHWBaeTCA
TEMIOTOH ¢ OKpyXawuleii cpelod NO 3aKOHY
Hewotona (9.1):

t—1y
CaPplAVy (fy — 1y) = R -+
(1-2

Ix—t t,—t t.—t
Ll BT L_?_] ar,
R, Ri3_y Ri5_y
rape
. 6 2 2
R(I_Q)—R(3_2)=T‘5—l=ﬁ‘
Re—oy=Re—5=737"
1 1
Ra= aF  abl’
8%
Vo= —
AV, 3
Buipa3uM B SIBHOM BUje TeMmIeparypy th:
ty=Fo (t, +t3+2t,+2Bitw) +
+(1 —4Fo—2Fo Bi) t,,.
ad 20-0,5
e e = = 5.
3aece Bi T 08 12,

TouHo TaK Ke MOXHO COCTABHTb H ypaBHe-
HHe GajaHca 3HEPIHH AJIS BOCHMOroO yana, ¢ TOR
JHiIb pa3HuLeit, 4To =0 u Bi=0, 1. e.

ty=Fo (t; 4ty +2t5)+ (1 +-4F0) 5.

B paccMaTpuBaemMoM HaMH npocTeiuem
(ABHOM) MeToje pelueHHs 3alayH BPEMEHHOI
uHTepBal AT HYXHO BbGHpaATh TakKnM, 4TOG Bl
KO3(QHUHEHT TNPH  MCXOAHON  TeMmepaType
paccuHTHIBAEMOrO y3ia Obl NMONOXKHTEJIbHLIM.
D10 yoloBHEe B JaHHOM ciayvae Oyner Bbl-

NOJHATLCA, eCJiU
Fo<0.25; Fo (I +0,5Bi)<0.25.

Bropoe ycJ0BHE, 6onee
«KECTKOE», HCXOIA M3 HErO W HYXKHO BHIGHPATDH

At. Hanpumep, npr At=14=3600¢

o4eBHAHO,



PeayabTaThl pacueTa Kk npumepy 14.2

T, s, °C ta, O tg, °C Q[,KBT Q“,KBT Q|[|,KET

L 21,96 21,96 21,96 —5,25 13,20 — 11,5

10 28,95 38.09 38,30 — 5,02 13,89 — 11,62

50 33,01 82,11 87,81 — 446 14,30 — 1106

100 34 .68 104 2 1159 —4 .16 14 47 — 10,76

300 35,66 117.1 1333 —399 14,57 — 10,59

E A At 08 3600 —753.10—3 Topy MK-52 norpe6oBanock 0Koo 1,54 mawnn-
=% 52 900-1700 052 ' HOrO BPEMEHH.

Fo (1 +05Bi)=7,63- 10" %X
% (1 +0,5-12,5)=0,0055 < 0,25.

Buibpannoe 3nauenue AT YAOBAGTBOPHCT
YCAOBHsIM YCTOMUMBOCTH pelieHus H, N10ACTABHE
B GaJaHCOBLIE YPABHEHHA KOHKPETHbLIE 3HAUCHHA
Bi u Fo, noayuum

th=="ty+7,53- 1073 (800 + 2t5 — 29¢4);
ty=t,+7,53- 1077 (300 4ty +tg — 4L;);

(=l + 7531077 (30042, —4ty).

B nepBOM LMK/ pacdyeTa UCMOAh3YeTCs Ha-
yasbHOe yenoBue [a=(5=13=20°C u nonyda-
1OTCS 3nauenns f5, th, th uepe3 | u nocae Hauana
npouecca (cm. Tabanuny pe3yaLTaToB), 3aTeM,
(IpHHMMAS [ONYUEHHOE paciipe/leyieHne Temnepa-
TyYp 3a HauanbHoe (QOpMasbHO MPHPaBHHBAA
to=1y, ts=1%, ts="14) M NOBTOPAA PACUET MHOrO-
KpPaTHO, TNOAYYMM pacnpeielieHne TeMmneparyp
B J1060# HHTEPECYIOILHA HAC NEPHOA BPEMEHH.

Tloc/ie HEKOTOPOTO YHC/1a WHKNO0B (B IAHHOM
cayuae okono 300) 3HadeHus Temnepartyp fiepe-
cTaoT u3MenaTbes. Iloayuaerca CTalMOHapHoe
pelenre McxoaHoin 3agauu. Eciu 8 3anave Tpe-
6yeTCsi OThICKATb TOJBKO CTALMOHAPHOE pellie:
ke, TO HAUaJ bHOE pacnpeneneine TeMmnepatypsl,
ecTeCTHEHHO, He 3aLd€TCH W ero UPUHHMAIOT Npo-
u3aBoabHO (nanpumep, tp=0°C).

CyiecTByloT U JPYrHe UHC/CHHBIE METO/bI
pelienHsi CTAIHOHAPHBIX H HECTAUHOHAPHBIX 32~
nau TenjonposogHocTH. JloCTOMHCTBAMM pac-
CMOTPEHHOTO 3[€Ch METOIA FABMSAIOTCH POCTOTA,
HATJH/AHOCTL H BO3MOXHOCTL peanu3alnu naxe
Ha MHKPOKaJbKy/IATOpax 6e3 NpuBJIEIEHHR 6onb-
wux IBM H CNOXKHBIX CTAHAAPTHHIX NMPOrpamM.
Jlnn pelueHusi AaHHOA 3axa4U MHKPOKAIbKYJIA-

TenioBble NOTOKK OT [IOBerHOCTGﬁ KQUITOHHbI
paCC'—lHTblBalOTCﬂ CYMMHPOBAHHEM TenJjoBbIK [10-
TOKOB OT OTA&NbHbIX Yy3./10B, [)aCﬂ()JIO)KeHHHX Ha
}laHHOﬁ fI0BEPXHOCTH!

5
Qu=(t, — ta) o - L (ty — ) 281+

F(t,—i,) o - =11000+ 100¢,.

Ha nosepxnocrax [ u 1T ycnosus 1enso-
o6MeHa He 3afaHbl, MO3TOMY [PHAETCA HCKATh
TerJioBble MOTOKH, NMOCTYNalpollHe KO BCEM rpa-
HUUKBIM y3AaMm. TemMneparypbl 3THX y3Jos 1o-
CTOSIHHBI, TIO3TOMY TENJO0Ta B HUX HE AKKYMYJIH-
pyercs, a BCs Nepefaercs K MOBEPXHOCTH:

o]
Q=(,—1)a —2‘l+(t2_tl)/(R(l gt

+(t5‘t4)/R(4;5)+
+(t3— t7)/R(7 8

= —5600-+4 ({24 215+ Ls);
8
Q=(tx—13) a—2—l+(12—t3)/R(2_3) +

+(t5‘ tﬁ)/R(rJ _5)+(tg - lg)/R(g_g)z:

= — 1220044 (£, + 215+ Lg).

PeayabraThl pacuera TerJOBbIX
npuBefeHbl B 0bwed Ta6aunle Pe3ynbTaTOB. Or-
pHuaTe/ibHble TEMJOBbIE NOTOKH HAMpiIBJEH!
BHYTPb KOJIOHHEL. [1paBHILHOCTD CTAUMOHAPHOTO
PElIEHHS MOXHO TNPOBEPHTL, MNPOCYMM 4pOBaB
TEMJ0BblE NMOTOKH OT BCEX NOBEPXHOCTEH KOJOH-
Hel. B HaeadbHOM cjaydae cymma AOKLEE pas-
HATLCA HYJIO.

NOTOKOB
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Hactbe TperTsb s

TEMNNO3HEPTETUMECKUE YCTAHOBKM
U MPOMBILLUNEHHAS TEMNO3HEPTETMKA

Fnasa natrnaguartas

BUABl U XAPAKTEPHUCTUKKM TOMNMBA

15.1. COCTAB U OCHOBHbBIE

XAPAKTEPMOTHYKY

TBEPIOTO TONMJIHABA

{_ﬂo onpenesnennto . M. Menpeneena,
«TOIVIHBOM HAa3blBAeTCHA roptoyee BellecT-
BO, YMbILLIEHHO CXKHIraeMoe AJ15 N0JyYeHHus
TENJIOThI»

B nauHoii rnaBe 6Gyayr paccMmarpH-
BAaTbCA OpraHUYEcKHe TOMJHBA, NPHMEHse-
Mbl€ B MPOMBIILNIEHHOCTH H 3HepreTHke.|[To
CBOEMY COCTOSIHHK) OHH JeJATCA Ha TBEp-
Able, KHAKHE H ra3oo6pasHble, a 0 Cnoco-
Gy NonyyeHHsi Ha eCTECTBEHHbIE H HMCKYcC-
CTBeHHble_.J

Hckonaemble TBepabie TomMBa (3a
MCKJIIOUEHHEM CJlaHleB) ABAAIOTCA NPOAYK-
TAMH DAa3JOXKEHH OpraHHuYeckoii Macchl
pacrenuii. Camoe MoN0Of0e H3 HUX — TOPG,
npeacrasasier coboit NJAOTHYIO maccy, 06-
Pa3oBABIIYIOCA H3 MEPETHUBLIMX OCTATKOB
GostotHbix  pacrenud. ClelywwWuMH no
«BO3pacTy» fIBAAOTCA Gypble Yyriu — 3em-
JIHCTAsl WM YepHash OAHOPOAHAs Macca,
KOTOpasi MNpH AJHTeNbHOM XpaHEHHH Ha
BO3/lyXe YaCTHYHO OKHC/AeTCA («BbIBETPH-
BaeTcs») W pacchlnaercsi B MOPOILOK. 3a-
TEM HAYT KaMeHHble Yrid, o06/ajaloliue,
KaK MpaBHJO, MOBBILIEHHOH NPOYHOCTBIO
W MeHblled nopucTocThio. OpraHuueckas
macca Haubonee cTapbiX H3 HAX — aHTpa-
LHTOB — mperepresa HauGobllIHE H3MeHe-
HHA M Ha 93 % cocTouT H3 yraepoaa. AH-
TPALHT OTJIMYAETCH BLICOKOH TBEPAOCTHIO.
Boso6HoBasieMbiM TBepAbIM TOMJHBOM fIB-
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naetes apesecuHa. [loas ee B sHepro6a-
JlaHCe MHpa ceHvac 4Ype3BbluaHHO HeBeqH-
K3, HO B HEKOTOPBIX perdoHax JpeRecHHa
(a uvaue ee OTXOAH) elle HCHOAL3YIOTCH
B KayecTBe TOIJHBA.

CaoficTBa TONIHBA KaK IOPIOYEro MaTe-
puana onpenesstOTCA COCTABOM €0 B C y-
XOM 6€3301bHOM COCTOAHHHU
{o6o3nauaercs uHgekcom «daf») * B KoTo-
pblii BKJIOYAKOTCH 3JIEMEHTh, COCTABJAW-
[L1He OPraHHYecKylo0 Maccy TOMIHBA, H KOJ-
uejaHHas cepd, Cropawuias BMecTe ¢ opra-
HHUecKo# Maccoi. [Tockonbky xumHueckuii
COCTaB TBEPAOrO TOMJIHBA CAOXKEH H OBbIu-
HO HEH3BEeCTEeH, €ro XapaKTepH3YKT MAcco-
BhIM COIEpKaHHEM 06pasyioULUX 3JeMeH-
TOB, OTpefe/AeMbIM B pe3yanrtaTe 3JeMeH-
THOTO aHanu3a (B aHTIMHCKON JiHTeparype
HCNONb3yeTcss TepMuH ultimate). uaKHM
06p330M,Cdaf+Hdaf+Oda[-+- Ndaf_+_séiaf=
=100 %, rae S.— cymmapHoe cogep-
XaHue ropioueit cepbi]

Co6CTBEHHO TOPWUYHMH B OpraHHue-
CKOM TOMIMBE SIBJSIIOTCH YTJ€POL, BOAOPOA
i cepa. C yBenHueHneM Bo3pacTa TONJHBA
COoN€epXKaHHe yTrJaep oA a YBeJIHUHBAETCH
(or 40 y apesecunbl a0 93 % y anrpaun-
Ta), a BOAOPOAA — CJErka YMEHbLUAeTcs
(or 6 no 2 %). Kucaopon, kak H octanm-

* dry ash—free — ycnosnoe cocTosiHue Ton-
JMBa, He cofepxallero obulei Baard U 30.sl
(Crannapr C3B 750—88, T'OCT 27313—89) .



Hble 3/IEMEHThl, COAEPXKHUTCS B BHIE CJOXK-
HbIX OPraHH4YecKHX coefHHeHH#H. UeM 60/b-
e B HHX KHCJIOpOLZ, TeM 6oibliasi AOJA
BOAOPOAA U Yr/epoAad TOMHBA XHMHYECKH
CBSA34H4 C HHM, T. €. haKTHYECKH cropena,
M TeM MEeHblle BbIIENHTCH TEmJOThl MpH
CrOPaHHUM eAUHHUbl Macchl. C yBeauueHneM
Bozpacta Tonansa O%' ymeubwaercs or
42 y ppesecuHbl 10 2 % y anTpaunra.

IlpH nonHom cropanuu yraepona obpa-
3yeTCsl OTHOCHTENbHO 6e3BpefHbIA JHOKCH]
yraepoga CQO; u Bblgensiercss 32,8 M/Ix
TenaoThl Ha | kr yraepoaa. Ilpu Henpa-
BHJbHOH OpraHH3alHH TNpoluecca TOpPeHHs
(o6BIYHO TPH HeNOCTATKe BO3[yXa) INpo-
JYKTOM CTOPaHHA ABJAETCH O4eHb TOKCHY-
Hblit okcuy yraepona CO u Bbliensiercs
Bcero 9,2 MJIx Tenaors.

[Ipu cropanun c e p bl 06pasyeTcs TOK-
CHYHbIA cepHUcTbIHl auruapung SO, v (B He-
6oabIKX KOMHUeCTBAX) elle Hojee TOKCHY-
Hbif cepubld anruapua SQO;. BoiGpoc ux
C MPOAYKTaMHU CTOPAHHS BbI3HIBAET 3arpa3-
HEHHe BO3AyWHoro 6acceilHa. KoauuecTso
cepbl, BXOAALIEH B COCTaB OPraHHUYecKoH
Maccel TOMNKBA (TaK Ha3blBaeMoll 0 p T a-
HHdeckoit cepn S} uesasucur or
BO3pACTa yrJs H Pa3JHUHO B YIJAX PasHblX
MECTOPOXACHHH.

KonyuecTso Koauenaunoi cephl
Sd" onpenensercs cocrasom MHHEepaabHO#
4acTH, KOTOpAst MOXeT COAepXKAaTb Kele3-
Heti FeS; w Meanniii CuFeS, konuenansl.
B 6osbliHHCTBE yryied BOCTOUHBIX PaiiOHOB
CTPaHbl (33 HCKJIIOYEHHEM KH3eJO0BCKOro)
cozepkanne cepsl Hepeanko (SP?'—Sdaly
4S8 <1 9%), B TO BpeMs Kak y yKpauH-
CKHX, MOAMOCKOBHBIX H HEKOTOPbIX IPYFHX
yraei S#'=6-+9 %.

Conepxanne a3oTa B Cyxom OGes-
30/IbHOM  COCTOSTHUH  TBEpPAbIX  TOIIHB
o6biyHO coctasaser 1—2 Y% no macce. He-
CMOTPSl Ha CTOJb Majoe KOJHYECTBO, da30T
ABASETC BeCbMa BPEIHLIM KOMITOHEHTOM,
NOCKO/bKY NIPH CTOPAHHH a30TCONEP K ALLHX
COeJIMHEHUH B BbICOKOTEMIIEPATYPHbIX TOM-
Kax o0pasyloTCsl CHIbHOTOKCHUHBIE OKCHI
NO u nuokcun NQO; (npu Temneparype
cebilie 1200 °C oHH o6pa3yloTcAd Takxke
H H3 aTMoc(epHOro asora).

[Tonauso 8 TOM BiHle, B KOTOPOM OHO
CHHMaeTcs B TEXHHYECKHX YCTpOHCTBAX,
XapakTepusyercad ero pab6oOuYHM Co-

cTosdsHHeM (HHIOeKC r). B ero cocras
BXOAAT 301a A u Bnara W, cocrasaioiune
6annacT TONIHBA:

CHH O +N+S A+ W =100%. |

Conepxanne n060ro snementa 3% s cy-
XOM 6€330IbHOM COCTOAHHH JIETKO 1 OICUH-
ThIBA€TCH MO U3BECTHOMY €ro COfep. K aHHIO
3" B paboueM COCTOSHHH H3 QUeB4LHOrO
COOTHOILEHHUSA F(100—Ww - A)=
= 1003".

BinaX HoOCTb TOWIMBA ONpejeasier-
ca no TOCT 11014—81 ¢ n3MeHeHH:IMH OT
01.02.87 r. BbICYIUWBAHHEM HABECKH IpH
105—110 °C. MakcumanbHas BJAa){HOCTb
B paboueM coctoaHud W' goxoaut ao 50 %
1 GoJlee U onpegensieT 3KOHOMHUECK /IO Le-
Jecoo0pa3HoCTb HCNOAb30BAHHST A:AHHOTO
ropiovero Marepuana W BO3MOMXHOCTb €ro
C)KHTraHHA, MOCKONbKY OJA IpeBpaluleHns
| kr Bogbl, B3sAT0# npu 0 °C, B nap KOMHarT-
HOH TeMnepaTypbl HYXHO B COOTBETCTBHH
¢ dopmyaoit (4.64) sarpaTHTb NprMepHO
2,5 MJ1x Tenaorsl.

CocTas TONVIMBABCYXOM CO( TOH-
HH U C'+H'+ 0"+ N +894-4'=
=100 9%; 3¢(100— W")=1003".

3 01 a BkauaeT B ce6s MHHepaJbHbIE
NpUMecH, 3aHeceHHble BONOH H FETPOM
B nepuoa o6pa3oBaHHs MJacTOB TO IJHBA,
H NPOCTO YaCTHLUBI NOpPOAbl, 3axBa 'biBae-
Mble BMecTe ¢ HAM npu fo6biue. He6onbioe
KOJIMHECTBO MHHEpaJibHbIX npnmeceﬁ (He
Gosee 1 —2 %) BXOAHMT B cOCTaB pacreHHi,
H3 KOTOphIX 06pa30Ba/och TOMJIHBO.

[1py cropaHuu ToniHBa MHHEpZJbHAA
4acTb ero TOXe MpeTepreBaeT H3Me ieHus,
3aBHCAWME OT YycaoBui ckuranud. [lo
FOCT 11022—75 ¢ H3MEHEHHANH OT
01.01.86 r. 304bHOCTb TOMJHBA B CYXOM CO-
crosinun AY onpenensiior nyrem npokisuBa-
Husi npu Temneparype 800—825°C (man
¥Huakux tonauB 500 °C) npeaBapuTelbHO
BLICYIIEHHOH Mpofbl 10 npekpaLlleHn:l yobl-
JH Maccul. 30JbHOCTb TONNHBA B paboueM
COCTOAHUHU MNOACUHHUTHIBAE€TCHA MO cpcpmyne
100A"=(100— W) A%

B COOTBETCTBHH C CYLLECTBYIOULH M C&-
HHTADHBIMH HOPMaMH 06pa3yioULyiocs npH
CPOPA@HHH TOMJIHBA 30/1Y HEO6XOIHUMO YJ/1aB-
nuBaTh. TPAHCNOPT ee B OTBaJbl YCJ0KHA-
€T U yAOPOXKaET NPOH3IBOACTBO, MO3TOMY €e
CTApaloTcA HCNOJAb30BATb B HAPOAHOM XO-
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afiicTBe (1063BKA K LEMEHTY, PACKHC/ICHHE
nouB).

BeTpeualoTesi TBepAhie TOMIHBA (npe-
JJe BCEra JApemecHHa, Topd, yriu HEKOTo-
pHIX TJIACTOB), 30JBHOCTb KOTOPBIX B CY-
xom cocrosinun AY me npeswiwaer 10 %.
Maxkcumanbnoe 3nadedwe AY noxonut A0
50 % u 6onee. [Tockonbky Goabuias 4acTh
30/l HE CBA3AHA C OPraHU4ecKoi Maccof,
‘30/IbHOCTh MO)KHO CYILECTBEHHO YMEHb-
uuTh NyTeM 06 Or a L e HH A, T. €. OTAe
JeHusi MycToik nopoabl (¢ HeGO/bIiuM KO-
audecteoM rtomauBa). [lpouecc stot 10-
CTATOUHO JOPOrof, MOITOMY MPHMEHAETCA
rMaBHBM 06pasoM /I yried, mpeiHasHa-
yenHbix Ansi Kokcosauus. OTxombl o6ora-
UeHMA YacTO HCMOJb3YIT B 3HEpreTrke
B KayecTRe TOMJIUBA.

[lpu HarpeBaHuu TBepAOro TOIMIHBA
Ges LOCTyNma BO3LyXa €ro opranHyeckas
Macca pasjaraercsl, B peay/bTare Uero 06-
pa3ylOTCsl Ta3bi, BOAsIHbIE ¥ CMOJSHBIC A~
pbl H YNJIEpOLCOepkKallnil ocTaTOK. CymM-
MapHOe KOJHUECTBO BbUIGNSIOULAXCH Je-
TYyuumx BeUECTB  YBeJIHUHBACTCH
¢ pOCTOM TeMrepaTypbl W BpeMeHH BblIED-
#KH. JTOT Npouecc B OCHOBHOM 3aKaH4M-
paercd mpu 700—800 °C. o TOCT 6382—
80 (craupapt CIB 2033—79) BBIXOL
JdeTYyuHux véal B npouenrax Ha cyxoe
6e330/IbHOE COCTOsIHME omnpeaensderca My-
TeM MpoKajsWHBaHuWsi | T TOMIHBA B 3aKPhI-
rom Turae upu 850+10°C 8 TeueHHe
7 MuH. Bbixold JeTyunx sABJsieTcH BaKHew-
wefl XapaKTEPUCTHKOH TOMIHBA H YyMEHb:
l1aeTcsl MO Mepe yBeJHUeHUsl ero Bo3pacra.
Uem 6osblue BBIXOL JETYYHX, T.é€. HEM
Goablue cyxoil 5e330JbHOA MACChl NpeBpa-
WaeTCs NPH HArPEBAHMW B TOPIOYHH ras,
Tem Ipolle 3ameub 3TO TOIIHBO H Jerye
O fepKUBATh YCTOHYMBOE rOpeHHe. Opra-
HUHuecKas 4YacTb JpeBecHHbl H TOPIOUHX
claHLeB NP Harpesanku 6e3 nocTyna BO3-
AyXa TOUTH UETHKOM NEPEXOLHUT B JETYUHE
BeliecTsa (Vda[=85+90 %), B TO BpeMs
Kak y aHTpalLHTOB vyt =34 %. Umenno
60J1b1I0IH BLIXOA JETYUIHX ONpeenseT Xopo-
WY rOpIovecTb JApeBeCHHbL.

Onpegenedue 30JbHOCTH, BJIAXHOCTH,
BHIXOA JIeTydux ¢ TemloThl CropaHusi
{0 Heft Oyner ckasauo HHYXe) cocTaBjfier
couep)xaime TAK HAa3blBaeMoro Te X HH-
WecKOro anasnaaTonnansa (Ha
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AHCJHACKOM fi3blKe HCMOAb3YyeTCA TEePMHH
proximite). Mnoraa B Hero BKAio4aiT H co-
AepKaHHe HeleTyuero yraepoia {mo cran-
papty C3B oH Ha3bBaercs «HeJeTyuHH
ocTatok 6e3 3oanl» (NV).], koropoe B pac-
yere Ha cyXoe 6e33onbHOE COCTOfIHME, HA-
npumep, pasuo (NV)E =(100— V') %.

Ha onpepenenHoit cTaguu pasiomeHus
OpraHuM4ecKOi Macchl MPU HarpeBaHHK OHA
MOXET CTAHOBHTbCH  BFI3KOM, Tekyued,
mnacTuuHoil. [lpu AdanbHeiiuiem pasioxe-
HHH NJacTHUHadA Macca CHOBA 3aTBepiaena-
eT. B 3aBHCHMOCTH OT TOrO, MPOHCXOAHT
miacTA(HUKALMA WK HET M KAKOBA CTenexb
ee (a 3TO 3aBMCHT OT COpTa yras), KOKco-
BbIl 0CTATOK MOMKeT OblTh MJTOTHbIM CIIEK-
LIUMCSt WJIH pPHIXJIbLIM  PacCHINAUMCA.
B nepBoM cjydae yrid OTHOCATCA K pa3apd-
Ay KOKCY IO ULHXC s 3anachl TAKHX yr-
Neil OTHOCHTE/bHO HEBEJMKH, OHH BeCbMa
JeUUATHE ¥ HMCHOJAb3YIOTCA TONbKO N4
MOJIyUeHHsl MeTaJlypTHUecKoro Kokca.

B 3HepreTHYeCKHX H TEXHONOrHUYECKHX
YCTAHOBKAX CXMramT TOJNBKO yIiH, HElpH-
rogHbie A5 NOJydeHHs KOKCa, WIH KOKCO
Bhle oTceBbl Mesbue 10 MM H OTXOABl yI/€0-
6oratleHHs.

15.2. COCTAB H OCHOBHbIE
XAPAKTEPHCTHKH )KHAKOTO TONJIHBA

TpaKTHuecKH Bce XKHUAKHE TOM/IHBa M0
Ka noayuaoT fyreM nepepaGoTKH HedTH.
Chipyto He(hTb HArpeBaloT 10 300—370°C,
focde vero NofydeHHble [apbl pa3roHaioT
Ha (paKUHH, KOHAEHCHPYIOLHECH NPH pas-
JAMYHOlM TeMmmepatype f: CKHMKEHHBIH ras
(Bbixog okoao | 9), GeH3HHOBYWO (OKOJIO
159%, t,=30-+-180°C), KepOCHHOBYIO
(okono 17 %, tk= 120= 135 °C), nu3enb-
Hylo (okono 18 %, t,=180+350 °C).
YKHAKUil OCTATOK C TemrmepaTypoi Hauana
kurnenus 330—350 °C Ha3biBaeTcs Masy-
ToM. YKazaHHble QpaKUHK CAYyXKAT HCXOM-
HbIM ChblpbeM /IS MOJyYeHHA CMa304HbIX
MaTepuajoB H TOIIHB JAJA ABUraTened
BHYTPEHHErO CrOpaHHfl W ra3oTypGUHHBIX
YCTaHOBOK — GEH3HHA, KEPOCHHA, AH3ellb
HbIX TOMJIMB H T. 1.

Masytnas ¢pakilusa MOXKET MOABEP-
raThcsl AasibHefueil nepepaboTKe Ha CBET-
Able  HedTenpolyKThl MyTeM KDPEKHHra,
T. €. pacliellleHus THAXKeJIbIX MOJeKyld Ha
Gonee serkue. [lepBbll TMaTeHT Ha Yycra-



HOBKY TepMHueckoro (T.e. ocyilecTsJse-
MOro nyTeM Harpepa [0 BBICOKHX TeMnepa-
TYp Noj AaB/JEHHEM) KpEKHHra Hedrernpo-
AYKTOB GBI TONyueH PYCCKHM HHXXEHepOoM
B. [. [llyxoBbiM B 20-x roaax Hauiero Beka
110 peLIeHHIO MeXAyHapoAHOro Cyaa Ha oc-
HOBAHHH «IIPHBHJAETHH», BLIAAHHOH €My
eute B 1891 r. Ceftuac 3TOT NpoLeECe YCKO-
PAIOT ¢ MOMOLLBIO KaTain3atopoB. bBomb-
IO KOJNHUeCTBO Ma3yTd (C HEKOTOPbIMH
Ao0aBKaMK) BCe elle HCIlOJb3YeTcsi B Ka-
YyecTBe TOMJIHBA.

B 1975 r. Buxox masyra 8 CCCP co-
CTaBHJA OKOJIO 45 % KoIMYecTBa CHIPOH He-
¢tu. B nauane 80-x ropos riybuna nepe-
paboTkH HedTH BO3POCAA NPHMEPHO 10
60 %, a K KOHIly B€Ka BHIXOA Ma3yTa
ymenbluTcs A0 20 % coipoit wedru. [lo-
CKOJIBKY Ma3yT C/AYXHT H TPEJMETOM 3K-
crnopTa, ero norpebiaenke B KauecTse TOM-
JHBa yMeHbliaeTcA. Ma3yr, Kak U MOTOp-
Hble TOM/IHBA, fpeAcTaBaseT cOOOH CJIOXK-
HYIO CMeCb YIVIeBOJLOPOAOB, B COCTaB KOTO-
phiX BXOAAT B OCHOBHOM yraepoa (C'=
=84-+86 %) usosopoa (H'=10=+12%).

MasyThl, nojydyaemple H3 He(TH psia
MECTOPOX/AEHHH, MOTrYT COAEPIKATb MHOro
cepni (10 4,3 %), uTO pe3KO YCIOXKHAET
3alluTy 06OPYAOBaHMS M  OKpYXaloulei
Cpeanl NpH HX CXKHIAHUH.

30nbHOCTD Ma3yTa He AOJKHA TpeBbl-
warb 0,14 %, a copepaHue BOAbI LOMXKHO
6biTh He 6oaee 1,5 %. B cocTas 3046l BXO-
AAT COeAMHEHHUA BaHausf, HHKead, XKeae3a
W APYCHX METAMJI0B, MO3TOMY €€ 4acTo He-
NoJb3yIOT B KadyecTBe Chipbsi JJA nojyude-
HHA, HanpuMep, BaHA/Hs.

B nocaenHee spems Bce Gonee akTyanb-
HBIM CTAHOBHTCH MOJy4YeHHe XXHAKOro ToM-
JHMBa M3 yrasi, ogHako B ycaosusax CCCP
MCKYCCTBEHHOE MXHMAKOE TOIJIHBO NOKa eile
3KOHOMHYECKH HEKOHKYPEHTOCNOCOBHO 0o
OTHOIIEHHIO K TMPHDPOLHOMY.

t5.3. COCTAB ¥ OCHOBHbIE
XAPAKTEPUCTHKH
FA300BPA3HOTO TONJIHBA

K ra3zoco6pasHbiM TOMIHBaM OTHOCHTCH
npexjie BCEro NPpHPOAHbB # raa3s,jor-
POMHBIMH 3aNacaMu KOTOPOra pacnon’a’l}am
CCCP. OCHOBHHIM €ro KOMITOHEHTOM SiBJISA-
erca merad CHi, kpome Toro, B rase pas-
HBIX MECTOPOXAEHHH coaepxaTca HeOonb-

lWHe KoJuyecTsa a3ora N, BbICUIHX Yrie-
sopoponos C.Hm, anokcupa yraepona CO..
B npouecce A0GBIYH NPHPOAHOrO rasa ero
OMHILAIOT OT CEPHUCThIX COEAHHEHKH, HO
4acTb HX (B OCHOBHOM CEPOBOLOPOJ) MO-
»eT octaBatbcsi. Kpome Toro, B 6bTOBOH
rasz Aas OGHapyXeHUus yreuek 100a3/f0T
TaK Ha3blBAeMble OLOPH3aTOPhbi, NMpPHIAI0-
li{He ra3y cneuudHUeCKHH 3aMaX; OHF TOXeE
coaepxkar coefidHenus cepol. [IpUHATO CUH-
TaTh, YTO KOHLUEHTPALHUA BOASHOro napa
B MPHPOLHOM ra3e COOTBETCTBYET COCTOS-
HHIO HAacChlleHHsl NpH Temneparype rasa
B Tpybonposoae.

‘Tlpn poGblue HePTH BHIAEASETCA TakK
HasblBaeMbli MTONYTHBH ras, ogep-
ALK MeHblle METaHa, 4eM NPHPOAHBIH,
HO Bosblile BBICHIHX Yr/€BOJOPOAOB H MO-
3TOMY BbLAE/SIOULHI NPH cropaink Gonblie
Tensiorhl. [Ipo6rema nonHOro ero HImoib-
30BaHHsl cefluac BecbMa aKTyalbHa. Tak,
g8 CCCP na nonytsom rase pa6oraer Cyp-
ryrckas [P3C mouHoersio 2,5 I'Bt, B ToM
Xe paioHe COOPYXAITCH aHaJol H4iHblIE
'PAC. EctecTBeHHO, ecliH BJH3KO ecThb ra-
30MPOBOJL NPHPOAHOrO rasa, NonyTHLE ras
[Ipolle BCEero 3aKauHBaTb B HeEro.

B NpOMBILIJIEHHOCTH M 0COGEHHO B ObITY
HAXOIHT LIMPOKOE PACNPOCTPAHEHHE C XK H-
MEeHHBIH ras3, nosmydaembil np4 nep-
BHUHO nepepaboTke HedTH H NOIMYTHBIX
nedranbix  rasos.f flo TOCT 2)448—
80 ¢ wu3meHenuamun ot 01.0384r.
u 01.07.86r. BoNIYcKalT  TexHHUEC-
kuit nponan (ne wmenee 93 % CaHs+
CsHe), Texwuueckuit Oyrad (He Menee
93 9 C4H,o+ CHs) u nx cmecu. Temnepa-
Typa KOHJEHCAUMH MpOnaHa NpH aTMoc-
¢eprHom narnennn pasa —44,56°C, a 6y-
rana +5°C, coorsercrserto npu 20°C
AAaBJIEHHE 11apoB MPOMaHa COCTaBAsI2T OKO-
a0 0.8, a 6yrasa — okoao 0,2 MIla. Tlo-
3TOMY 3TH rasbl TPAHCIOPTHPYIOT B XKHA-
KOM BHge B §anjaoHax noj HeGoJiblinM 1a8B-
nendem (Menee 2 MIla).

B 3aBHCHMOCTH OT Ha3Ha4yeHHs W YCJo-
BHI HCNOJNb30BAaHHSI CMECH COJepXaHHue
B Hell mMponanoBoi W GYTaHOBOW hpaxuui
A0KHO GeiTh pasHeiM. Hanpumep, B pai-
OHAX C CYPOBHIM K/JMMaTOM UACTEPHBbI 6e3
nogorpena, pasMeulaemble Ha Yyjuue, A0-
JKHBL 3UMOH 3aMOMHATHLCS NponanoMm, Heo
GyTaHn NPH OTPHLATE/NLHBIX TeMNepaTypax
ucnapatbes He Gyner. Haol opot, HeD olb-
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mwHe 6aNJNoHbl, yCTAHaBJIMBaeMble B IOMe-
weHHH, W Jo6ble GamioHbl B padoHax
C TeMJblM KJIMMATOM, 3aIMOJHAIT CMEChIO,
coctosiuleil MPUMEPHO NOPOBHY W3 NMponana
u OyraHa, B pe3yJbTaTe 4ero AamieHHe
B GananoHe 0ObIUHO He  [peBblLIAaeT
0,6 Mlla.

Ha merannypruueckux 34BOfax B Ka-

yecTBe T[ONYTHBIX MPOAYKTOB I10/1Yy4310T
"KOKCOBBA M JAOMEHHB# rasbl.;
Y Tor ¥ aApyroft HCnoab3yloTCH 31eCh XKe fla
3aBOAAX ANA OTOMJEHHS Neyed H TEXHOJO-
ruueckux annapator. Kokcosbiit raa uHor-
naa (rmocse OUMCTKH OT CEPHHCThIX coelHHe-
HHil) TIPHMEHSIOT AJs1 GBITOBOro razocHab-
MEHHST MPHIEramuHX KHJIbIX MAaCCHBOB.
HN3-3a 6Goabmoro copepxkanua CO (5—
10 %) OH 3HAUNHTE]bHO TOKCHYHEe NPHPOIL
Horo. VI3GBITKH AOMEHHOro rasa o6bluHO
CIKHraloT B TOMKax 3aBOACKHX 3J1€KTpO-
CTaHUHA.

B paiioHe PpacnoJoXeHus YroJbHbIX
[WaxT ¢Boeo6pa3HblM «TOMJHBOM» MOXeT
CAYXHTb  MeTaH, Bbljensouwuics M3
MI1acToB MPHU MUX BeHTHAANHH. KoHlleHTpa-
LLMA ero B CMeCH C BO3/YyXOM MOXeT co-
cragasitb ot 2,5 no 40 % wu Bowe. [lo-
CKO/IbKY METaHO-BO3/YIIHAS CMECH B3PBIBO-
OMacHa NMpH KOHUEHTPAUHH MeTaHa B Heil
6onee 5, Ho MeHee 15 % H MOXKeT 3aropeTb-
¢sl (P30OpBATHCA) B MOABOAALLHX TpyGoNpo-
BOAAX, AJAA CXHIAHHA HCNOABL3YIOT JHIb
CMeCH ¢ KOoHUeHTpalued, nexaied 3a 3TH-
MH Mpeje/laMmH.

[a3bl, mosyuaemble nyTeM rasupUxa-
LMK (reHepaTopHble) WIH MyTeM Cyxoi ne-
peronkd (Harpesa 6e3 pocryna BO3AYXa)
TREpAbIX TOMJHB, B OOJbIIMHCTBE CTpaH
NPAKTHUECKH MOQJHOCTbIO BbITECHEHbl INpH-
POIHLIM, OJHAKO cedyac CHOBA BO3POXKAE-
eTCA MHTEpEeC K UX NPOH3BOJACTBY H HCHOJb-
30BaHHIO.

B nocnesHee BpeMs B psile MeCT BCe
Gonbllee NpHMEHEHHe HAXoAHT (6 M o-
r a3 npoaykr auaspofHoit ¢epmeHra-
uua (cOpakKMBaHWsl) OPraHUYECKHX OTXO-
J0B (HaB03a, PacTHTENbHBIX OCTATKOB, MY-
copa, cToMHbIX BOA4 H T.4.). Ilo nanHbiM
akajemMHuKa W. B. lerpsinopa-CokonoBa
B KuTae Ha camblX passbix orbpocax pabo-
TalOT yXKe€ CBblile MWNHOHA (pabpuk 6uo-
raza (no nanubiv IOHecko — no 7 MaH).
B {nonun ncrouHukamu 6HOrasa cayxar
CBAJIKM TNPEJABAPHTENBHO OTCOPTHPOBAHHO-
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ro 6biToBoro mycopa. «Pabpuka» npoH3BO-
AuTenbHOCThI0 g0 20-10° M rasa B cyTkH
oTanauBaeT HeGOAbUIYIO 3JEKTPOCTaHIHIo
moutHoetoio 716 kBr. B CCCP nepeble
YCTAHOBKY A/l MonydeHuss OHorasa Obliu
nocTpoenbl B JlaTBHiickom coBxose «Orpes.

KoHcTpykuus Hefoablloro ¢epMeHta-
TOpa AJS MHAHBHAYaJbHOro MOTpeburens
npeaefbHO NpoCTd: TEMAO- H THAPOH3O0MH-
poBaHHas fiMa C THAPO3AaTBOPOM, 3aro0J-
HEHHAR DPAa3KHKEHHBIM ChIpbeM  (BJaX-
HocTh 88—94 %) ¢ naaBawILuM B Hell Ko-
JIOKOJIOM-aKKYMYJIATOPOM AJA BbIBOAA Tra-
3a. [Ipon3aBoanTenbHocTh (epmeHTaTopa
cocTasaser rpy6o okoao | M® raza B cyTKH
¢ 1 m® ero o6bema npH TeMneparype B HeM
30—40 °C. depmenraropa paamepamu 2 X
X 2X 1,5 M BloJHe 10¢TAaTOUHO Aas pabo-
Thi ABYX GBITOBLIX Ta30BbIX ropenok. Chipbe
3arpy»aercsl MOPLUHAMH 1O KpailHell Mepe
1 pa3 B cyTku. [lonyuawomwniics ra3 cCoCTOHT
B OCHOBHOM M3 METaHa H JHOKCHAA Yriepo-
a ¢ HeGOJMbLIHMH KOJHYeCTBAMHU CEPOBOAO-
pona, asora H sojopona. Ero cxkuranue
(yuuTbiBasi Gogee BBICOKYIO 3(pexkTHB-
HOCTB) JlaeT He MeHblle 3HePruH, YeM HEMo-
cpeacTBeHHOe cxKuraHe knaaka. [Toayda-
IOlHeCH B npoueccax ¢GepMEHTaUHH MHA-
KHe OTXOAbl HCMONb3YIOTCA B KauecTse
B BICOKOKAYECTBEHHOro yao6penusi, Cofep-
xatiero sasoe Gosplie CBA3aHHOro a3ora,
yeM HMCXOLHOE Chlpbe.

Aunaspo6Hoe cOGpaxkMBaHHe OTXOA0B
KPpynHblX XXHBOTHOBO/JUYECKHX KOMIIJIEKCOB
MO3BOJAAET pPeLIHTh 4YPe3BLIYaHHO OCTPYIo
npo6jeMy 3arpsi3HEHHst OKpyixaioled cpe-
Jbl XKHAKHMH OTXOA3MH NMyTem Mmpespalile-
HHs ux B 6uoras (mpumepno Im® B cyTku
HAa eQHHHLY KpPYMHOro pOraToro cKora)
M BbICOKOKauecTBeHHbIe YL06peHHus.

15.4. TEMJOTA CTOPAHHUSA TONJIHBA

Mop TenaoTodl cropaHHdA no-
HUMAETCA KOAUHECTBO TenaoTbl, 8610eAAI0-
welca npu NOAHOM CeOpanu eodunuysl
tonausa. TemoTy CropaHus TBepAOro
M KUAKOrOo TONJIMBA OOBIUHO OTHOCHT
k | Kr, a razoo6pasnoro — k 1 m° (B HOp-
MaJ/bHBIX yCJOBHAX) Ha paGouee, Cyxoe
Win cyxoe GeasonbHoe coctosuue. Ilo
IFOCT 147—74 ¢ M3MEHEHHAMH OT
01.01.1981 r. 1 01.01.1985 1. ona onpenens-
eTcsi B KaJopHMeTpe.



[lpoayKThi CropaHus npo6ul TOMJIHBA
OXJ12)KAdI0TCA B KaJOpHMeTpe A0 KOMHAT-
noil TemnepaTypsl. [1pH 3TOM Boaa, 06pasy-
fOLLASiCS IPH CTOPAHHK BOJLOPOAA H COAEP-
K AlAascs BO BJAXHOM TONIHBE, OKa3biBa-
eTca B xuakom Buiae. Eciu B pesyaprarte
CropaHus BOAA I'lOJIy‘{aETCH B BHAE XHIAKO-
CTH, TeNa0Ta CropaHHA Ha3blBaeTcs B bl-
cuei — Qs

B TexHHYECKHX YCTpOMCTBax BoAd
06bluHO BbIGpachIBAETCSl BMECTE C NMPOAYK-
TaMH CTOpaHHs B Buie napa. Ecau B pe-
3yJbTaTe CTOPAaHHA BOAA NOJyYaeTcs B BH-
A€ 1apa, Tem1oTa CropaHHs Ha3blBaeTca
hn3wmei — Q. Ona meHblue, yeM Qs, Ha
KOJMYECTBO 3aTPAT TEIIOTLL HA UCNAPEHHE.
B CCCP w psage ApYrHX CTpaH OGLIYHO
ONepHpYIOT HH3ILEeH TENJoTOA CropaHus Ha
paGouee cocrosnve Qf. B CUIA u Bean-
KOGPHTAHHH TEILIOTEXHHYECKHE pacuerbl
BLIMOJHSIIOT HAa OCHOBE BbICIIEH TeNaO0Thl
cropaHus.

[Mockonsky | Kr BOAOPOAA Aaer NpH
cropaHdd 9 Kr BOABL, 3 KOHAEHCALHA | kr
napa npu 20 °C — 0Ko.I0 2,5 MJLx Ttenao-
T [cM. (4.64)], TO MPROIHKEHHO

Q,=Q+25@H +W).  (151)
3nauenuna H" 1 W' noacrasasiorcs B 3TY
dopmyny B %, @ — 8 KIx/kr. [Tounee,
Q,= Qi+ 24,42 (W' +8,94H")] .

MakcHMaslbRass  Tennora  CropaHus
TBepAbIX  TOIJIMB  AOXOAHT A0 Qi=
=28 MJIK/KC (TOILHE YrJW H aHTpalH-
Thl), MHHHMa/lbHAsA MOXeT B 3aBHCHMOCTH
oT cojlepKaHusi Gajnacra omyckarscs AO
10 MJIK/Kr H HHXKE.

Tensora cropaddsi 06e3BOXEHHbIX Ma-
aytos Qf=41,5+39 M/JIx /kr. [TockonbKy
3JeMEHTHBIA COCTAB BCEX XKHIAKAX TOMJHB,
MONYYEeHHBIX MeperoHKO#A HedTH, NPHMEPHO

Ta6avua

OMHAKOB, HX TenjoTa Cropanus TaKxe
NpUMepHO OAHHAKOBA.

3aBHCHMOCTD TeNJjoThl cropaHus
(MJLx /Kr) WHPOKOro Kpyra opraHudeckux
BeLLeCTB OT HX 3JI€MEHTHOro COCTaBa (%)
XOpOLLO WLIIOCTPHPYET dopmyaa
1. V. Mergeneepa:

Q' =0,34C" 4 1,03H —

—0,11 (O —S7)—0,025W".

KaJsopHMeTp NO3BOJAET ONPEALIHTE TenJao-
Ty Cropasus ¢ 6oabliedl TOYHOCTBIO, 4EM
5Ta M aHajorduHble el QopMyJibl, TOITOMY
OHA HCHOAB3YETCSl KaK WINIOCTpaTHBHAA
W MHOrAa — AAsi MPOBEPKH TOUHOCTH 3J€-
MEeHTHOrO aHajlu3aa.

Tenaoty cropanus razoo6pasHoro Ton-
JHBa OGBIYHO OTHOCAT K 1 m3 cyxoro raaa
(Tak HasbiBaeMas HH3UIAA TeNJoTa Cropa-
HUSl CYXOro rasa Q%) B HOpMAJBLHBIX YCJIO-
BUSIX ¥ PACCUHTHIBAIOT Yepe3 TennoThl Cro-
paHHs COCTABJAKLIAX €ro KOMIOHEHTOR
(k1K /M®) , ABASOLIHECA KOSPPHUHEHTAMH
B dopmyae (15.2), yMHOXEHHBIMH HA 100:

Q¢ =358,2CH, +637,5C,Hq +
+912,5C;H, +590,6C,H, +
+1190C,H,,+ 126,4CO+

+ 108H, -+ 234H,S. (15.2)

3pecs CHi, CoHe n T. a.— colepxanue
COOTBETCTBYIOULHX KOMIOHEHTOB B rase, %
no o6bemy. C Apyro#i CTOpOHbI, TEMIOTY
CrOpPAHHS HETPYAHO OMNpeAelHTh 3KCNepH-
MEHTaJbHO B KajJopumerpe. 3HauyeHHA Q
AJsl OCHOBHBIX ra3000pa3HblX TOMJIMB MPH-
BefeHbl B Taba. 15.1.

15.1. Coctas (% 06.) H TenaoTa cropaHHs roplo4Hx rasos {OpHEHTHPOBOYHO)

ras CH, Ha coO | CHn | 0. | CO: | HS N Q,,A—AME#
[MpupoaHeit (raso- 94,9 -— — 3.8 — 0,4 — 0,9 36,7
nposoa byxapa—
Ypan)
KokcoBbili  (ounuen- | 22,5 57,5 6,8 1,9 0,8 2,3 0,4 7.8 16,6
HbIf)
JloMeHHBbIH 0.3 2.7 28 — — 10,2 0,3 58,5 4
Cxuxernblit 4 [lponaw 79, stan 6, Oytan 11 88,5
Buoras 55—70) 10 0,6 28 —43 ' o0, l No0,51]18--23




15.5. YCAOBHOE TOMJIHBO.
NPUBEAEHHDIE XAPAKTEPHCTUKH

JKOHOMHMYECKHMe pacueThl, CpaBHEHHE
nokasareJsei TOMJAUBOUCIIONB3YIOLLUX
yCTPOMACTB APYT ¢ APYFOM W NUIAHHPOBAHHE
HeoGXOMMMO OCYIECTBsATh HA eIHHOH 6a-
3e. [103TOMY BBEEHO [IOHATHE TaK HA3bIBA-
eMOroyc/JA 0BHOT O TOMNJHB 3, TEMN0-
Ta CropaHusi KOTOpOro IMpHHATA paBHoO#l
99,35 MJIx /kr (7000 KKaJl/Kr), uTo COOT-
BeTCTBYET XOpOlIeMYy Maj030MbHOMY CYyXO-
My YrJio.

YacTo TakMe XapakTepHCTHKY TOMINBA,
KaK 30JBHOCTD W BJIAXKHOCTb HJIH COAEpKA-
HHe cepbl, noaydaioTes fonee HaTJAAHbIMH
[Py MX OTHECEHHH He Ha eNHHHIY Macchl
TONMMBA, 4 Ha €AHHHLY Bblfensolilelca
MpH CrOpPaHHU TENOThL Ato o06yca0BUNO
losBJeHHe TAK Ha3hiBAGMBIX MPHBEACHHBIX
XapaKTepHCTHK.

1100 npuedeHHbim MORUMAETCA codep-
scanue OGHRH020 KOMIOHEHTA 8 Zpammax,
OTHECEHNOE K OOHOMY Me2AdHCOYAI0 TENAO-
To1, 8bl0eARIOUELC npU CZOPAnLU TonAU-
ga. (B HEKOTOpHIX CTapbiX crnpaBOYHHMKAX
[[pHBEAEHHbIE XAPAKTEPHCTHKH BhIpaKeHbl
s 10°kr-% /kkaa.) [lpuBesenHas 307b
HOCTb, HAllpMMep, NOKa3blBaeT, KAKOE KO-
JHUECTBO 30/bl B IPaMMaXx €XECeKyHAHO
06pa3yercs IIpH CKUTaHHH JAHHOTO TOMAU-
Ba B YyCTAHOBKE C TeNA0BOH MOLLHOCTbIO
{ MBT. Uawe Bcero Wenob3yioT npuBeLEH-
4ble BJAMHOCTL W 30JBHOCTb, 2 HHOTAA
U NpUBEAEHHOE CONEPIKAHHE Cepbl:

W= 10W"/Q); A"=10A"/Q[;

S =10S./Q;. (15.3)

B 51 opMysni nauenua W', A" u Se
NoACTABAAIOTCA B [polUeHTax, a Q —
8 Mk /Kr.

Wcnonp3oBaHue TpHBELEHHBIX Xapak-
TEPUCTHK CYULECTBEHHO YIPOULALT HEKOTO-
pue pacuersl. Hanpumep, Ha THUNOBO#H
KpPyMHOi  3/1€KTPOCTAHLHH 3JIeKTpr1ecKoi
molHoeThio 2400 MBT, pa6oraolelt Ha

3KMBacTy3CKOM  yrae (S"=0,5 r/MJLx;
A"=25r/MLx) ¢ KT, pastbim 40 %
€KECEKYHIHO ofpasyercH 25X
% 2,4-107/0,4=150. 10" r/c 30sbl M BBLE-

JAfeTCs B BHAE OKCHIOB 05%24: 103/0,4=
3-10° r/c cepal

124

15.6. KIIACCHOHKALLUA TONJIMB

Teepable, XKUAKKHE U ra3006pasnsle TON-
AMBA KJAACCHHUUHPYIOTCS MO PA3HBIM NPH-
AHAKAM, 3aBHCALIAM K TOMY e OT HasHa-
yenus tonaus. [loaToMy B pa3HbiX CTpaHax
¥ AaXKe B PasjHUHbIX OTPAC/AAX MPOMbIL-
JIEHHOCTH OJIHOIL ¥ TOi XKEe CTPaHBbl TOMJIMBA
K1acCHQUIHPYIOT NO-Pa3HOMY.

HickonaeMmsle yrjd MO CYULECTBYIOULUM
B CCCP cranaapram Jeasitca Ha TpH OC-
HOBHBIX THMA.

"KGypbM (mapka B) otHocaTea yr-
¥ C BhicLIEH TENJOTOH CropaHus BO BJI2aX-
HOM 6€e330JbHOM COCTOSIHHH Q;”:Qs’.lOO/
/(100 —A") <24 MILxk/xr . Hx xapakre-
pH3yeT GOJbIUIOH BBIXOA JETYUHX (Vdafz
—40 = 50 %), Hecnekaouuiics KOKCOBbIH
0CTATOK M 60/bLIASA BJIAXKHOCTh, A0X0AALLAA
10 55—58 % y Monoapix 4 10 30 % y cra-
peix yraeil. T1o copepxanuio BAark 8 pabo-
yeil Mmacce OHM NOAPA3/ENAOTCA Ha FPYNIIbL:
Bl (W >40%), b2 (W=30+40 %)
n B3 (W'<30%). Yrau Bl — mfArKue,
moJoasie; yrau B2 B3 — naoTHbie, Oonee
crapble. [lnoTHOCTD GYpbix yraei cocras-
nset 500— 1300 kr/m>. OHH nerko TepsioT
Ha BO3AyXe Bllary M MeXaHuueckyio Mpo-
4HOCTb, MPEeBPALLasiCh IPH 3TOM B MEJOUb,
W 06JaAal0T MOBBILEHHON CKIOHHOCTDIO
k camoBoaropaiio. Mx 10Ka HCIONB3YIOT
riaBHeIM 06pPa30M KAaK MECTHOe 3HepreTH-
yeckoe TOIIMBO, NOCKOJIBKY H3-33 HU3KOH
TEMJNOTHI cropaHuA (Qi=10-=-
17 Ml /Kr), caMoBO3ropanus W pac
TPeCKMBAHWA WX HEBHIFOAHO H CJI0XKHO
TPaHCOHOPTHPOBATb HA PACCTOAHHME CBBILIE
150 k.

|K. KaMeHHbBIM OTHOCATCA yrau
¢ BHICLteH TEMNOTOM CropaHust BO BAANKHOM
6e330/bHOM cocTosiHun Gosee 24 M1 x/Kr
A BLIXOAOM JieTyuHx BellecTs Gonee 9%.
YUx naoTHocTb pasha 1150-—1500 Rr/m>.

KaMeHHble YraM Jensrca Ha MapkH
B OCHOBHOM 1O BHIXOAY JeTYUHX BeliecTs
v 4 no xapaxkrepucTHKe HENETYHero
octaTka nocde HarpeBaHusi Ge3 10CTyna
BO31YXa.

Wa ta6a. 15.2 BuaHO, UTO [IpH HArpeBa-
HAM Ges A0CTyNa BO3JyXa CNEKAoTCA Ka-
MeHHBle YTJ/H, MMeollxe BbIXOL JNeTYydHX
Goapwie 17, HO MeHbuie 40 9%, Bce onu
HCMOIB3YIOTCA Ads KOKCOBAHMUA, ocTaJ/bHhle



yrau (OpHMEHSIIOTCA B KauecTBe TON/HBA
AJIfl 3HEPTETHKH, TPAHCNOPTa M HEKOTOPbIX
neuen.

B 3HepreTHke HCNONb3YIOTCSA W Tak Ha-
aplBaeMbieé OKHC/EHHbIE YIJIH, HMMeoLLlHe
17 V' <40 %, no nawline Hecnekawo-
WHMACA OCTaTOK, T.e€. HEeNPUrOAHbie AJIs
KOKCOBRAHHA (HAnphmep, 3KMOACTY3CKHH).
Yrau, xapakTepH3ayloiliHecs CNeKWHnMes He-
JEeTYYdM OCTATKOM, AOMOJHHTENbHO MNOA-
pa3fensloTCA Ha TEXHO/JIOrHYECKHe Tpynmbl
B 3aBHCHMOCTH OT HX [JIACTHYECKHX
CBONCTB B npouecce KOKCOBaHHS.
B Ta6a. 15.2 3Tv rpynnbl HE OTPaKeHHL.

K nosnyautTpauntam (mMapka
FIALﬁl aHTpauUHuTa U(MapKa A) orHo-
CAT YIJH, AaOliHe BbIXOM JETYUUX BeillecTs
Ha cyxoe 6e330IbHOE COCTOARNE MeRee 9 %.
[MoayauTpauutel o61aaaioT GoJee BLICOKOH
Tenaoroil cropanus (Q¥*' =35 Mk /xr),
TOrJa Kak CpelHfisl TeN/oTa CrOpaHUs aH-
TPaUMNTOB Q‘sm ~33,7 MJIx/Kr. 3T0 — BHI-
COKOKaueCTBEHHOE MEXAHMUYECKH MpPOUYHOe
KOTe/bHOE TOMJINBO, KOTOPOE, Kak U MHOrHE
COpTa KAMEHHBIX YrJie#d, 3KOHOMHYECKH Bbl-
roHO TPAHCIOPTHPOBATh HA 3HAUNTENbHBIE
paccrosiHus. Tenjota cropakusi KameHHbIX
yraei " aHTPaLHTOB Q=23+
27 M1k /xr, NJOTHOCTb 1400—
1700 kr/m®. Ma-3a Masoro BHX0Aa JETYUHX
OHH (B OTJIMuHE, HANPHMEp, OT JKHPHBIX)
TpH CrOPaHHHK B ¢Jjoe 06pa3yioT Mano CaxH.

[penensl 3HaueHuil NoKasarenel, npu-
BeaeHHbIX B Taba. 15.2, Moryr aJin pasHbix
yronbHblx 6GaccefHOB HECKOJbKO pasJH-
yaThcst. B passbix crpanax EBpornsl rpasn-
Wbl MeXJy YLJAsMH (a2 HHOrAa M HX
Ha3BAHHA) TaKkKe HECKOAbKO pa3/invator-
e,

B otanuke ot EBponedickux crpaH
B CUIA, Kanane, ctpanax lOxHo# Amepu-
K, Sinounn u ABCTpasiuyu HCKOnaeMble Yrin
JeNAT Ha aHTpauuThl (MPHMEPHO COOTBET-
CTBYIOT HALUINM AHTPAaUHTaM H TOLAM yr-
AsiM), GHTYMHHO3HBIE H CYGGHUTYMHHO3HbIE
yrau (COOTBETCTBYIOT HAUINM KaMEHHBIM)
M JHUCHHTBl (IPHMEPHO COOTBETCTBYIOT Ha-
UM GyphiM).

HckonaeMble YyIJH U FOpIOYME CJAAHUBI

[KAACCHOHLIUPYIOT TaKXe N0 KPYNHOCTH, ec-
AW WX TyTeM TPOXOUYEHHs pa3fefsioT Ha
Kaaccel: n A M T a (Gosnee 100 Mm), K p yo-
Hbel il (50—100 Mm), opex (25—50 mm),
MEJKHH (13—25MM), cemeuko
(6—13 Mmm), W THO6 (<6 MMCO()TBeT-
CTBEHHO K MapKe yras A006apasioT o6o3Ha-
yeHHe KNacca KpynHocTH, Hanpumep ALl —
anTpauutoBbiil Wrei6, BK — Gypeiit Kpyn-
HbI M T. 1. DHepreTHYecKue TOMJIHMBA Hallle
BCEro rPOXOUEHHI0 He MOABEPraiT W Ha-
NpaBAsiiOT K NoTpefWTensiM B BHAE TaK
HA3bIBAEMOro PHAOBOrO Yyrisi, pasmep Kyc-
KOB KOTOPOTO He 10J1KeH npesbiiath 300 Mm
(nanpumep, BP — Gypuifi psinosoit). Pac-
NPOCTpaHeHHbIM SHEPreTHYECKHM TOMJIHBOM
apnsierca Alll, majso npuroanbii aas apy-
TUX uenei.

YacTb yraefl, npeHMYUIECTBEHHO CTIeKa-
OLLMXCAA, TMoABepraerc o6orauleHHIo —
CYXOMY HJIH MOKPOMY — C BbIACTIEHHEM Ma-
J030/1bHOTO KOHLIEHTPaTa, BhICOK030JAbHOr0
(A4=33+39 %) npomnpoaykra (OH Hc-
NONB3YeTCH [Jf 3HEPreTHUeCKHX Lened)
W OueHb BBICOKO3OJbHBX (A%>45 %)
XBOCTOB, KOTOpPBIE Yallle BCEro yAajfioTcs
B OTBAJbI

Tpu MoOKpoM oforalueHud yried Bbl-
nedqsercd Kak CaMOCTOHTeJIbell‘"I NpOAYKT

Ta6auuna 152, KiaccHORKALUNE HEOKHCAEHHBIX KAMEHHbIX yraei
BbIXOX N€TY4HX Ha XanaKTepucTHKA
Mapka yras Q6o3rHauenune | cyxoe 6e330abH0E Henegyuerg 0CTATKE
coctoskue, Vdal 9
JAMHHOMJIaMeHHbId Jat =36 Ot nopowkoo6pasnoro 1o caabo-
CrHeKLLIerocs
["a3oBeIid r =35 Crnekwdica
[a3osblil KHPHBIA K 3137 To xe
HKupHolit H 24— 37 »
KokcoBbidl xHpHBIH KK 25---33 »
KokcoBblll - K 1733 »
OTouleHHbI cnekaolUinca oC 14--27 »
Towwn# T 9--17 Ot nopowkooGpasioro 10 cjabo-
cnekiuerocst
CnaGocnekatouuics CcC 1737 To xe
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maam (krace 0—3 mMm), KoTOphlil nocae
NOACYIIKK TAKKe HCMOoMb3yeTcss B 3SHEP-
reTuke.

Ma3zyThl, NpelHa3HaueHHbie AJS CRHA-
FAHMSI B KOTEJbHbBIX W TEXHOJOTMHYECKHX
yCTaHOBKaX, NOAPA3ALAAKTCS HA daoTcKue
®5 u ®12 u Tonounsie. TonouHbIE MA3yThl
uMelor Mapkd M40 u M100. Lugppa no-
KA3blBAET OTHOLIEHHe BPEMEHH HCTEUCHNA
200 ma masyta npu 50 °C K BpeMEHH HCTe-
JUeHHSI TAKOTO )XKe KOJHYeCTBa AHCTHIIHPO-
Bannoi Bogbl npu 20 °C 8 cTporo onpeae-
AenHeix ycaosusx. M3 sTOro BUAHO, HTO
Ma3yThl — OYEHb BSI3KHE XKHAKOCTH. Naxe
npu 80 °C KHHemaTHuecKas BA3KOCTh Masy-
ra M100 moxer goxoauth no 118 mm?/c;
a mapkd M40 — g0 59 mm?/c. BaakocTb
BOAbl MpM ITOM TemnepaType pasHa
0,365 mm*/c. [li1s nepekauku MasyTos IO
Tpy60ONpOBOAAM H PACHhIIUBAHUS dopcyH-
KAMH HMX NPHXOAMTCA TNOAOrpeBarb A0
100— 140 °C, yTo6bl CHU3UTb B3KOCTh XO-
18 6b1 Ao 15—20 mm?/c. Temneparypa 3a-
cThIBAHUA Ma3yTa M40 He L0/MKHA NpeBhl-
watb 10, a M100 — 25 °C. MasyThl ¢ TOCy-
JapCTBEHHbIM 3HAKOM KauecTsa AOMNoJ-
HUTeNbHO MapkupywTcs Gyksoil B (BBICO-
KokauecTBenHbli) — M40 B u ML00 B.

B npesenax MapoK TOMNOUHbiE Ma3yThl
NOApa3AeNsUOTCA HA TPH COPTa B 3ABUCH-
MOCTH OT COfEp)KaHusi Ccephbl: MaJjOCEpHH-
ctole (S7<C0,50 %), cepHucTbIe (8"=0,5+
29%) WM BBICOKOCEPHHCTbIE (=256~
35 9%), TOCT 10585—75 c H3MEHEHHS-
mn ot 01.02.77 u 01.04.82r.

FTnaBa wecTHaauartasd

O ka1accHPUKaUHU TOMIHB A5 JIBUra-
Teseil BHYTpEHHEro cropanust 6yneT cKasa-
Ho B ra. 21.

KonTpoabHbLe 80RPOCHL U zadaqu

{5.1. | kr Ha3apoBCKOTO Gyporo yris (Wi=
=399%; A1=7,3 %; Q=13 MJIx/kr} Bbicy-
WMWK A0 BJAAXHOCTH W,=159%. Paccudrarh,

yemy paBHa macca Goer OCTABUIETOCH YL, ero
300bHOCTh A M HM3WAA TeNioTa CropaHui
QEQ) nocae CyLiKy.

15.2. Yemy paseH paccUMTaHHbIi 110 Q
KI1Jl «uaeanshoit» (Ge3 TenqaoioTeph) MeuH,
CHKUTAOLLeH KepOocHH ¢ Q[ ==40 MJ1x/xr, H =
—=129% u Wr=0, ecltH NpPOAYKTb Cropania
p Hell yaajock Obl OXJI44WTh 1O TeMUEpaTyphl
HapyMHOro BO3AyXa, pasnoit 0 °C?

15.3. KakoMy KOJiHUecTBy YCJIOBHOMO TOMJH-
Ba 3KBUBAJIEHTEH | kr HedTH Q=
=42 MJIx /kr): | M’ (8 HOpMANbHBIX YCJIOBHSIX)
npuponHoro rasa (Qf =35 Mk /M*) u 1 kr ka-
paraHAMHCKOro KaAMEHHOro yras (Qi=
=21 MJIx/Kr)?

154. Yemy paBHa TemjiorTa CropaHud CO
u Hy, oTHecennas K | M> (B HOpMA/bHBIX yCAOBH-
fX) H ] KI COOTBETCTBYIOLLETO rasa’?

15.5. Coaepxaunue cepul Ha pabouee coCTOA-
Hde S. Ma3yTa paBHO 39, a MOAMOCKOBHOTO
yras 2,7 %. Tennora cropanua Q' COOTBETCTREH-
Ho 40 u 10 MJLxx/kr. Ha kaxkom TOMJIHBE H BO
CKONbKO pa3 shibpocsl SO, H3 TONKW Naposoro
KoTAa GyAyT BIle NPH OAHHAKOBLIX TEMJIOBbLIX
moutHoctax ¥ KIT/L na o6oux TonauBax?

15.6. Kak uU3MeHsiercs Tennora CropaHds
TONJIMBA C yBeJIHUYEHHEM COIEPKAHWA B HEM KHC-
JOpOAA W 1ToueMY?

157 Ha cKOABKO YBEJMUHTCH pacxoll
TBEpAOro TOIUIHBA B KOTeJbHOW NpH yBeaHye-
unn ero soasHoctd ¢ 10 1o 40 % (MowWHOCTD
He MensieTcs)?

PACYETHI MPOLIECCOB FTOPEHWA TBEPAOFO,
HUIKOTO U rA300BPA3HOMO TOMNMMBA

16.1. KOJIMYECTBO BO3IAYXA,
HEOBXOAMMOTO AN TOPEHUSA.
TENJOTA ,CrOPAHHSA* BO3JYXA

KakuM Gbi CAOKHBIM HH Obll €OCTaB
Yr/1eBOLOPOAHOrO TOMJIWBA, MpPU €ro noJ-
HOM CrOpaHuy YIJIepoj OKHCASETCs A0 CO,,
soaopoa — Ao H»O, cepa — Ao SO, Dop-
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MaJibHO NMOJHOE OKHCJEHHE cepbl COOTBET-
cTByer o6pasosanuio SO, OAHAKO NPH TO-
nouynbix Temneparypax SOs NpaKTHUECKH
we o6pasyercs. OKucauTENEM 06bIUHO CJY-
WuT BO3AYX. KoJjuuecTBO ero AOMKHO
6LITh, €CTECTBEHHO, AOCTATOUHBIM N5 NOJ-
HOrO CrOpaHMsl BCEX FOPIOHHX 3/1EMCHTOB.

Basancosbie YpPasHEnUs, MOKI3bLBAlo -
wue uCXoOHble 1 KOHEUHble COCTOARUA



YHACT8YOUUX 8 pPeaKyUAX KOMNOKHEHTOS8,
HAa3blBATCA CTE€XHOMETPDHUYECKH-
M H.

B cooTBEeTCTBHH CO CTEXHOMETPHUYECKHM
YPaBHEHHEM peakilMH ropeHHsi BoaopOLd

H,+0,50,=H,0 (16.1)

Ha 2 Kr, T. €. Ha | KMoJb BojOpOAa, HEOOXO-
AHMo 3aTpaTutb 16 Kr (0,5 kMoab) Kuci0-
poaa, npH 3ToM 06paayercs 18 Kr BoasiHOrO
napa. AHalorHyHO H3 peakum#

C4+0,=C0,; S+0,=5S0, (16.2)

caeayer, uTo Ha 12 xr yraeposa u 32 Kkr
cepbl HYXHO 3aTPaTHTb no 32 Kr KHCAOPO-
Ja, MPH 3TOM NOJAYy4aeTC COOTBETCTBEHHO
44 xr COp u 64 kr SO,. ChengoBartenbho,
AJIS NOJTHOTO CrOopaHusa | Kr yraepoaa Teo-
peTuuecku TpeGyeTcs 3aTpaTHUTb 2,67 Kr
KUcaopoga, a | Kr cepsl M BOAOPOAA CO-
orBeTcTBEHHO | M 8 kr kHcaopoaa. Yacrts
Heo6X04AHMOro KHCJI0poaa, paBHas
0,01 O kr/Kr, COAEPXKHTCA B TOIUIHBE,
OCTaJbHOE B  KOJHYECTBE M04,=0v01><
X (2,67C"+8H"+ S¢—O") HyxKHO noaaTh
¢ Bozayxom. [1nOTHOCTL KHCOpoOLa B HOP-
MasibHBIX YCJAOBHAX paBHa 1,43 kr/m® (Mo-
JeKyasipHas macca, [eNeHHas Ha 00BbeM
| kuaomoan, T.e. 32/224), conepxaHue
KHCJOpO4a B CyXOM BO3/yXe COCTABJAET NO
o6bemy 0,21. CnenobarenbHo, o6beM BO3-
Ayxa (NMpHBeAeHHbIA K HODMaJbHBIM YC0-
BHSIM), TeOpeTHYeCKH HeoOXoaHWMoro Aas
MOJHOr0 CXXMraHusa | Kr TonJaHBa, pasBeH,
B M*/Kr,

V°=M02/(l,43-0,21)=

=0,033 (2,67C"+8H"+ S, —O").

(16.3)

Bbllie yKaselBaaoch, YTO TeNJOTY, Bbi-
AEJSI0ILYIOCH B PEaKLUUH FOPEHHS, IIPHHATO
OTHOCHTb K €JHHMLE MaccCbl TOMJHBA, Ha-
3piBas Tenaorodl ero cropaHus. [ToCKOMBKY
B peakUuu B PaBHOH Mepe ydacTBYWOT H ro-
plodde 3MeMeHTbl (TOMJIHBO), H KHCJIOPOL
(BO31yx), 3TY TENNOTYy MOXHO OTHECTH
M K elHHULEe Macchl Bo3ayxa. Pacuern no-
Ka3bIBAIOT, YTO OTHECEHHAR K €AHHUIlE NOoJ-
HOCTBIO IIPOpPearHpoBaBlUEro Bo3jyxa Ter-
JOTa CroOpaHHa pasiHyHbIX TOIJIHUB He-
CKONBKO pasnuyaercs, OAHAKO B CPeOHEM
ee MO%HO npunare pasuod 3,8 MIx na

I v (8 HOopmasbrox ycrosusx) OedcTau-
TEAbNO npopeazuposaswe2o 8030yxa. 3ra
uM¢ppa ynobHa LJs NPHOJTHMKEHHBIX pacue-
TOB, OGECNEeYHBAOLHX TOYHOCTb B Mpeje-
aax 10—15 %. [Mo3Tomy AJAA OLEHOUHBIX
pacyeroB MOXHo npuHaTe V'=Q!/3 8.

[TocKonbKY pPaBHOMEPHO MepeMELLaThb
BO3/YX C TOIVIHBOM TPYAHO, B TONKY MpPH-
XONMTCA NOAaBaTb 60dblie BO3AYXA, YEM
Heo6xoauMo TeopeTHueckH. OTHOWeRUE KO-
audectéa 8030yxa V,, delcraureabno no-
0aHHO20 8 TONKY, K TEOpeTu4ecku Heobxo-
dumomy V° naseieaerca K o3 ¢ ¢ U LK e H-
TomM M36BTKa BO3yXa:

o, =V,/V" (16.4)

{Ipx HOpMaBLHON OPraHH3alUMH TOMOY-
HOTO NMPOLECCA oy >> |, MPHUEM UEM COBEP-
lWeHHEE TONKa H Jydlle ropesoyHbie
YCTPOHCTBA, TEM MEHbLIE NPHXOANTCS MO-
1aBaTh «JHILHEro» BO3ayxa. B siyyiunx To-
NOUHBIX yCTPOHCTBAX as=1,00+-1,1,
B nioxux — ao 1,3—1,5.

16.2. OBBEMbI U COCTAB
NPOAYKTOB CTOPAHHA

[IpH [pPOEKTHPOBAHHH TENJOTEXHHYE-
CKHX arperaToB HYXHO 3HAaTb KOJHMYECTBO
06pa3yiolnXcsl ra3oB, HTOOLI MPEBHJBHO
paccuuTaTh rasoxofbl, AbLIMOBYIO TpYyOy,
BBIGPATh yCTPOACTBO ( ABIMOCOC) Aasl yaa-
JeHus 3THX rasos  T.4. Kak npasuio,
KOJMUECTBa TMPOAYKTOB Cropahus (Kak
¥ MOJAaBaeMOro BO3AyXa) OTHOCAT Ha elH-
HULY TonauBa (HAa 1 Kr AJAA TBEPAOrO
M KHAKOro W Ha | M® B HOpMaNbHBIX yCJ0-
BUAX AJA ra3a). Mx paccuHThiBalOT HCXOAA
M3 ypaBHEHHS] MaTepHaJibHoro 6ajaHca ro-
penus. [las rpyObIX OI€HOK MOMKHO CUH-
TaTb, YTO B HOPMAJbHbIX YCJOBHAX OO0bEM
NPOAYKTOB CrOPaHusl V, TBEPAOro H KHAKO-
ro TOMJIUB paBen o6beMy Bo3ayxa Vs, a ra-
3oo6pasnoro tonauea V,+ 1, n6o obbem
OCHOBHOW COCTaBAAKOLIEA ABIMOBBLIX ra3oB
— 430Ta, TaK XK€ KaKk H «H30GLITOUHOro»
KHCJOPOAd, TNPH TOPEHHH He MEeHSEeTCH.
B peaxkuusx (16.2) ofbem rasoB TOXe
ocTaercsl NOCTOAHHBIM. [l 6ogee TOUHBIX
pacueToB HeOOXOAHMO BCE XK€ YUHTHIBATH,
YTO NPH CKUFAHHH TBEPAOrO TOMHRA V >
>V, (06biuno Ha 15—-25 Y3) npexae Bce-
ro H3-3d HCIAPEHUA COAEePIKAILEACs B HeM
BNATH, @ TaKXe H3-3a 00pa3oBaHnsl BO-
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ASIHOrO apa NpH CropaHuu BOLOPOLCOAEP-
KAULUX COeJHHEHHH.
[py NOJHOM CrOpaHHH

V. =Vgo,+ Vi,o+ 0,792 V4

4021 (as—1) V°. (16.5)

3aeck 0,21 (as—1) — H36bITOUHBIH KHCAO-
pol BO3AYXa, «TPAH3HTOM» IPOXOAR LKA
B OPOAYKTb CrOPaHHS; 0,79a,V’ — azor
BO3/YXA, TAK)KE NPOXOASLINH «TPAHIHTOM>
(aszorom TOILIHBA npexneGperaem}; VR02=

=Vco,+ Vso, — o6beM  CYXHX  Tpex-
ATOMHbBIX TPOAYKTOB CrOpaHHs.

[locKoAbKY NpW CTOpanuu | kmofs yr-
Jepona u cepol (cOOTBETCTBEHHO
12 1 32 Kkr) no peakuHsm (16.2) obpasyer-
cst o 1 kmonio COg # SO,, a 06beM 1 KMoO-
/sl WAEANibHOTO ra3a B HOPMaJbHbiX YCJ0-
pusix paped 22,4 m", TO 00beM TpexaTom-
HblX TPOAYKTOB CropaHus, M*/Kr, MOXHO
3anucarb

VR()2 = VcoAZ + Vso2 =
=(0,01C"/124-0,018;/32) 224=

— 00168 (C"+0,37587).  (16.6)

[pu cropanud | Kr BOAOPOAA 10 peaK-
uun (16.1) obpasyercs 9 Kr BOAAHOrO na-
pa, Kpome TOrO, HCNapsaeTrcsH ¥ BJjara ToOIll-
nuBa. B MaeanbHO-raz’oBoM NpHGIHK €HUH
WIOTHOCTh BOAAHOrO Mapa B HOPMaJbHbIX
yC/IOBHSIX ~paBHa 18/22,4 = 0,805 kr/m’.
BOAAKEIM NapOM, CofepXKallnMcsd B BO3-
ayxe (okono 10T Ha | M%), MOKHO mpeHe-
6peub. C/el0BaTEIbHO,

VH?O =0,01H"-9/0,805+ v /0,805=

—O1IH 0124w,  (167)

Jlas BCeX TOWJHB CCCP aunauenus V',
VRO2 4 Vio TabyJHpOBaHDI.
[Mpusesensble  GOpMyasl  MO3BOJSIOT
paccuuTaTh TaKXe COCTaB NPOLYKTOB cro-
paHusi, T. €. TPOIEHTHOR COACPIKAHHE B HeM
OT/eJHBIX KOMIOHEHTOB, HANpPHMEp KOH-
weHTpalmio Kueaoposa Qr= 100Vo,/ V:, BO-
aaxoro napa H,O= IOOVH?O/Vr W T A
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16.3. IHTANLNHA
NPOAYKTOS CIOPAHHSA.
H t-DIUATPAMMA

B COOTBeTCTBMHM C YPaBHEHHEM (5.3)
[epBOr0 3aKOHA TEPMOAHHAMWUKH, KOMHHE-
CTBO TENJQTHI, OTAABAEMON MOTOKOM [a30B
B TennooGMeHHHKEe, PaBHO pPa3HOCTH 3H-
TANbIHE CA30B A0 W NOC]e TenO0OMEHHH-
Kka (M3MeHeHHeM CKOPOCTHOro Hafmopa
MOXKHO NpeHe6peyb, a8 TeXHUYEeCKas pa6ora
ne cosepaercsi). [Toaromy OCHOBOH Tell-
JOBbIX pPACYETOB TOMJIHBOHCIONB3YIOULNX
yCTPOHCTB ABASIETCH IHTAABIUA IIPOAYKTOB
CropaH#sl, KOTOPYIO NPHHATO PACCUHTLIBATD
HA eAMHHIlY KOJMYECTBa TONNHBA, W3 KOTO-
POro MOAYUHJANCH 3TH MPGAYKTDL 1. e

H.=V.it. (16.8)

3pech t — temneparypa, °C, ¢t — CpeaHss
8 nuanasode temneparyp 0 — f°C Tenso-
eMKOCTb [PO/YKTOB CrOpaHuf npu mnocro-
SAHHOM AABJI€HHH, OTHeCEHHas K €JIMHHLE UX
o6bema B HOPMaJbHbIX  YCJOBHAX,
T/ (m*-K). Duranenus H. Hamepsercs
B JI:K/Kr uin Tlw /M3, YaensHasi (oTHeceH-
Has K | M3 B HOPMAJbHBIX YC/OBHSX) Ten-
J0EMKOCTb /IBIMOBBIX Ta30B 4yTb GoJblile,
yeM BO3/1yXa, MOCKO/bKY BMECTO ABYXaTOM-
HOrO KHCAOPO4A B HHX MOHBASIOTCH 6onee
rennoemkne TpexatomHele CO2 H H,0, oa-
HAaKO pa3Hula He npesbiliaet 5—10 %.
Kak W y Bcex ra3os, TefJIOBMKOCTb MNpoO-
JAYKTOB CrOPaHHs 3aMeTHO BO3pAcTaeT
¢ Temnepatypoit. [1as Gojee TOUHBIX pacde:
TOB ee MOXKHO HAWTH N0 COCTaBy CMECH
ra3os:

cl=cyr cH T
r N2 N2+ O2 ()2+

+Cf:02’c0?+cﬁzofﬁzov (16.9)
rie ¢ W r,— ylejabHbie (Ha ELAHULY
o6beMa) TenjioeMKOCTH H 06 beMHBIE KOH-
UeHTPALUH KOMIIOHEHTOB.

[MocKoabky 0GBEM TPOAYKTOB CrOpanus
V. yBeNMuuBaeTCS C YBENHUEHHEM &g, TO HX
SHTAJbIKA NPH OPHHATOM METO/e pacuera

' YroBbl OTJAMYHTL OT [IPRHATOR B TEpMOAMHE"
VHKE YAENbHOW IHTANBLOVH, oTHeceRHOH K | Kr
pafouero Teja, 3HTA/bITHIO NPOAYKTOB CTOpaHHus
ofoanauawT H, a He A
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Puc. 16.1. H, [-auarpaMma HPOLYKTOB CTOPAHAR

MPUPOJIorg rasd

(Ha CcAMHUIY KOJMUCCTBA TOMNJHMBA, a He
IPOAYKTOB CropailMa) 1pH 39TOM TakxXe
yBeJUYHBAETCH.

Pacuernol Tenio06MCHIHKOB YA00HO Bbl-
HOJHATL ¢ nomMowblo A f-puarpammbl,
npeacrasasoiledl coboll psjL JIBHHMH, Rao-
HIHX 34BHCHMOCTL 3IHTAJbIWH [IPOJIYKTOB
cropaudsi H, OT #x Temnepartypbl Npu pas-
BBIX 3HAYCHHAX a, Jlas upvmepa Ha
puc. 6.1 nocrpoena H,i-auarpamma aas
MPOJAYKTOB CrOPaHys IIPUPOAHOro rasa (ra-
sonposon byxapa -- ¥Ypan).

ITpexe Bcero no H,t-qanarpamme mox-
HO ONpelenuTb Temrneparypy, KOTOpyiko
uMesiH Obl NPOAYKThI CropaHMd npu ycJo-
BMM, YTO BCA TEMJOTA rOpeHdusi 3aTpadyusa-
eTcsl TOJbKO Ha WX HATPeR, a TEeIJonoTepH
OTCYTCTBYIOT. T4 TeMNepaTypa Ha3blBaer-
e a1uMabatThHol, MoCKONbKY FOpeHHE
OCYUECTBASETCt B aiHalbaTHO-H30JMHPO-
BaHHol cucrteMe, 6e3 Tervionorepb. Ecau
NPOAYKTOB HEMOIHOMO CrOpaHusi HET, Tel-
JOTA W3 30HBL TOpPEHUSt He OTBOAMTCSH
M CXKHIAHHC OpPraHU30BaHo B [OTOKe
(upakTHyeckH npH p=const), To B COOT-
BETCTBUM C ypaBHeHHcM (5.3) KolH4YecTBO
BHILCASIONIEACA NPH  CTOPAHHH  TEMNJOThI
PABHO FUTAJABIUNH LPOAYKTOB CrOPAHHS!

Hi=Q 4+ M, +h, (1610

Liciu reMuepaTypa BO3AYXa £, M TOIUIMBA
({r4) HA BXOAC B TOIKY PABHLI HYJ1O, TO UX
sutanbiun Hy=Hh,=0 4 Hi=Q/.
Ortkjnanwvinast va /,f-jmarpamme 3Have-
uue H,=Q!, naligem uHa [CPCECRUCHHH
¢ KPHBOH, HOCTPOCHNOH A49 BbIGPAHHOTO
JHAUEHUS oy, COOTBRTCTBYIOULYK) apuabar-
Hylo Temncpatypy. Hanpumep, 3HaueHHsM
as=1,25 u Q[=36,7 M1x/m" coorser-

5 TeaAOTCXBHKA

cTByer Touka A Ha puc. 161, T.e. f,=
1700 °C. EcrectBenno, aamabatHasi Tem-
nepatypa OyAeT MaKCMMAaJbHON AJA CTe-
XHoOMEeTpUUYeCKOH CMECH,
T. e. Aisl a,= 1. OHa Ha3bIRaeTca T e o p e-
THYeCKOH t~. B npumepe  Ha
puc. 16.1 £=2000°C. C yReauyeHHeM a,
B NPOAYKTAX CrOpaHusl NOSBJASETCS «JIHLI-
HUH> BO3AYX, HA HArPEB KOTOPOro TaKxe
3aTpauMBaeTtcs TEMIOTA, M03TOMY aanabart-
Hasi Temreparypa ymeubwaerca. Teoperu-
yeckasi TeMmrepaTypa TOpPeHHSl HEKOTOPhIX
rasoo6pasHbliX TOIJIHB B XOJOLHOM BO3JY-
Xe, paccuhTanHas 6e3 yuera AHCCOILHAUHH,
COCTABJSAET:

las. CO H, CH4

L, "C 2370 2230 2030
[1podoaxcenue

[Cas. . . Kokcosuiit llpupoansiit Jlomeunbii

i e 2090 2020 1410

JeficTBUTeNIbHAA TeMmepaTypa OKasbl-
BaeTcs TeEM HHKe aaua6aTHOH, 4yeM 6oJblle
TeNnJaonoTepH (B OCHOBHOM U3JIYyHEHHEM) H3
30HEl TOPEHHA HA XOJOAHbLIE CTEHb! TOMKH
H B OKPYXaWUlylo cpeiy, U OObIYHO OTJH-
uaetcs ot Hee Ha 20—25 9. Tlpu Harpese
BO3JyXa AU 00OralleHHH ero KHCJOPOLOM
agnabaTHast TeMIOEPATYpPa YBEJHUHBAETCSE.

B npouecce cropauusi TomsaMBa B TO-
NnouHoH KaMepe Tenjiora MOXeT Tlepeaa-
BaThCA KOHBEKUHeH M H3JyueHHeM narpe-
BAEMOMY MaTepHajy B Meyax WIM OXJax-
JaK0UIHM MOBEPXHOCTAM B KOT.1ax. B pe-
ay/JbTaTe rasbl OXJaKAalTCH, HX 3HTAb-

NHA  CHHXaeTcA. ITOT  npouecc Ha
puc. 16.1 u3oBpaxkaeTcs JHHHEH .=
=const. Hanpumep, npn oxnaxaesuu

B TONKe NPOAYKTOB cropauud go 1100 °C
M HeuaMeHHoOM Ko3adpdHuuenTe H3OLITKA
Bo3ayxa a,= 1,25 (auHus AB) ux 30Tanb-
nust cHmKaetcs n0 225 MIAx/M'. B co-
OTBETCTBMH C ypaBHenuem (5.5) Tennora,
oTAaBaemasi IPOAYKTAMH CrOpaHusi B 1po-
lecce MX OXJaXKAeHHst (B pacueTe HA €JlH-
HULLY KOJM4eCTBAa CropeBlliero TOMAHBA),
paBHA YMEHbLUEHHIO UX 3HTAJbIUU, T. €.

Q =H! —HY?, (16.11)
roe H{ v H! — 3HTa/bNHH TasoB COOTBET-

CTBEHHO [0 H MOCJ€e TEMNOOOMEHHHKA.
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Ypasuense Tensosoro 6ananca (16.11)
CNYKHUT OCHOBOH LIS pacyera BCex Tenuio-
0OMEeHHBLIX [TOBEPXHOCTEH.

O‘{CHb qy4aCcTo AJIs yﬂ,a.}leHl/lﬂ IlpU}lyK’l‘OB
CTOPAHWSL M3 arperarta HX OTCACLIRALOT,
T. €. OHM JBHKYTCS B arperare 1104 paspe-
xeHrem. HUepes HelJIOTHOCTH K HHM MOXKeT

MOJACACHBATLCA  aTMOCQEPHBIH  BO3AYX.
[lyers ko3pdrunenT WabbiTKa BO3AYXA
yseauuuTcd  npd stom  oT 1,25 1o

1,5 (Aay=0,25). DHTalblOHA ra3oB I[pH
3TOM UPAKTHUECKH HE HIMEHHTCS, TOCKO/b-
KY 3HTAJbIHA M0ACACLIBAEMOrO XOJOAHOIO
posayxa Gun3Ka K uymo. CaeloBarenbHo,
[OAMEUIHBARHE ([TPUCOC) XOMOAHOTO BO3-
JAyXa K IPOAYKTAM CropaHHs H3ofpasuTces
B H [-auarpamMme ropusOHTanbHoH JUHHER
H.=const. B Hawem ipHMepe rasbl OX14-
asites 3a cdet npucocon (¢ 1100 no 950 °C,
anauss BC). Yem Oosiblue MPHCOCH], TEM
MEHbIIE OKAAETCHA Pa3HOCTb IHTANLIMA
NpH TOH e PAa3HoCTH Temmeparyp (cpas-
anre H,—H, n H,—H, na puc. 16.1),
MO3TOMY HM3-32 NPHCOCOB 4epe3d HemloTHO-
CTH B Fa30Xx0[aX, KOrja ra3 ABHMXeTcs 10/
paspexeHueM, 3KOHOMHUYHOCTb Temioos-
MEHHHKA CHMXCEETCH Tak Xe, Kak ¥ H3-3a
yTedeK YACTH TFOpsiuero rasa 4epes Te xe
HeMJOTHOCTH, KOra ras mo ra3oxoay ABH-
XKeTCsi MOL 1aBJleHHeM.

Kontpoaonsie aadadi

{6.1. CKOMbKO BO3yXa HYXHO N014BaTh
B KOTeJ MOLLHOCThi0 @1 =15 MBT npu ero pato-

[napra cemraagLLarasn

Te ¢ KOIPPHUAEHTOM H3OBTKE BO3AYXd oLy =
1,25 Ha JIOMCHHOM rasze (Cro coctas 1pHECILCH
g Taba 15.1) u na antpaunre (C'=638 %,
H=12%. O:=13%, S=17%. Q=
—=92256 M/Ix/kr, W =285 %). CKoJnKOo 1IpH
srom oBpadyeress npoaykron cropasua?  KILL
Kotja w oBoux cayuasx pasen 90 95, Dapady
PeWiTL  CHAYALa  NPHOAMAKEHNO  (HCnoub3ys
«TEIAOTY CTOPAIUA» BOZAYXA ), a4 3dTeM TOUHO.

Kakoll 101112 OblTty IIPOHAROAHTE JHIOCTI
BEHTHASTOPA, TTOAAKOLLCTO B TOHKY XCAOMLH BO3-
Ayx ((=20"C), 0 ABMOLoCd, OTCACLIBAIOWEro
H3 KOTAa HpoaykTa cropanis (= 200 °Cy lpu-
COChl BO3AYXA MO TPAKTY KOTHA HC YUHTLBATL.

16.2. KaKor KoJHUeeTBO SeMnuoTLl (iPHMeHN-
TEABHO K veaoBusiM nipumepa 16,1 organyr npo-
AVKTLL cropanust | Kr antpaiara n 1w’ (s Hop-
MALHLIY YCJAOBHIX) LOMCHIOUO ra3a, QXJIaquB-
wHeh B waponeper pesaregac ¢ 1000 go 800 °C.
TeHAGeMRKOCTL> 1P OAVKTOB  CrOpasus  NPHHATL
pasnoit 1,1 renuoeMkoeTn sosayxa [cle. 0=
=893 A/ (K)o M =9160 JIx/
(v K)|. Kakoe ofutee KogdiuecTso Tenaotnl 6y-
16T OTH4HO [APY B TOM H APYrom caydae.?

16.3.  llocanraure  snTaIRNUIO
AYKTOB  CropanMs Hpw 1000 °C, oTlre-
CEHHYIO  HC M CJLHHMILY  Maccul  TOIIH-
Ba, Kak B npumepe (6.2, 4 nHa | m?
CaMMX  [POAYKTOB  CTOPAHRA B HOPMailb-
HLIX YCJOBHSX.

164 . B 116}
TORJHUB CCCP,
V' Kakolt nug
Jgee  KoMiaKTHas
MUl GPOAYKTOB  HX
TAgbOHA  3ABHCHT KK OT
Tak W or  Koydupuikenra
ayxa?

16.5.
Adnue
cropanus
sepa 16.1.

npo-

npmwuen
PacCUMTaHb
N0MKIHA  HMETb
TabaMila Ui 9HTAdb-
Cropanms, — eca it
TeMNnepaTvphl
H36BITKA  BO3-

COCTAB  BCEY,
IHAYEHHH
Hanbo-

ofbeMHOe  codep-
NpoyKTax
npH-

Paccunraite
BCeX  KOMIQHENTOB B
ANTPALHTA LIS YCJIOBHH

OCHOBBI TEQPUU FOPEHUS M OPTAHU3ALIMA
CHMI AHMSA TOTMNMB B MPOMBILLNEHHBIX YCNOBKAX.

TONOYHbIE YCTPOUCTBA

17.1. OCHOBbI PACUETA
H OCHOBHDLIE MAPAMETPDI
TOTMOUHBIX YOCTPOHCTR

YunTuBasi upeapbluaidHoe pasnoodpa-
3HE TOMJHMB H YCJAOBUI HX CHHIAHKA, B aH-
Hom naparpade OyayT pACCMOTPEHb JHUIb
OCHOBHbI€ MPHHIKIILI OPTaHU3alKK NpoLeC-

130

COB FOPEHHST IPHMCHUTENLIIO IIPEXKAE BCETO
K TONKaM [POMDBLILIACHHLIX neyen v KOTJOB.

HasnadenneM 1apoBoro KoTaad
ABASETCST  UPOM3BOACTBO  H3  BOALI 0apa
¢ MABJACHUCM BbIIE aTMOCHEPHOrO, HCIOMb-
3yeMoro BHe 9TOTO Korsia. Bojaorpei-

HblH KOTE.l NpeaHasHayen AJifl Hdrpesa



gogbl. Takum 06pasoM, 8 KuT.1e Boideasto-
WAACH NpU C20PARUY TENAOTU nepedaercs
s8ode uau napy.

[1eun npesHaznauderca AAd HArpe-
B, MJABJAEHHS, CYUIKH, IDOKAJAKH, T. €. JJ14
TepMuueckod  06pafotku (B UIHPOKOM
cMBICAE CJ0BA) Pa3nMUHBLIX MATEPHAJOB.
B ormanume OT KOTJIOB B /le4ax Tenaora
nepedaercs obpadarsisaemomny marepuarty
(MeTanny, Chipbi, IWHXTC K T. J4.). B GbitTo-
BbIX OTOMHTENBHBIX lTeuax TCUJA0TA 1epend-
eTcl AKKYMYJAUPYIOWHM €€ CTEHKAaM, KOTo-
pble, OCTHIBAS, BBIAGAAOT €€ B OTANJIHBAC-
MOe [lOMelLeHHE.

B ofoux cayuasix arperatom, B KOTO-
POM 3d CUET CIKHTAHHA TONJIHBA [0JYyYaeT-
Cfl TeMJMOTA, ABJAETCH TON OUHAdA Ka-
Mepa, KM TOUK 4.

Wuorpa npuMeHsIIOT BhIKOCHbLIE TOIKH,
Ha3HAYEHHEM KOTOPbIX $ABJASETCS TOJAbKO
noJyueHHe OPAUYHX 1IPOAYKTOB CIOPaHHA,
ACTIOB3YEMBIX A5 TEXHOAOI HUBCKHX LeeH
BHE TONKW. BbIHOCHBIMM TouKamu, 1o cy-
LLEeCTBY, SIBJAAIOTCA H KaM e phl ¢cropa-
HHU s rasoTypOMHHBIX YyCTAHOBOK, PEdKTHB-
Hblx aBurateseil u . A. OJIHAKO yaule BCero
TOMKA HCAOAB3YETCH He TOIbKO ISl €XHra-
HUSl TOMJIMBA, HO W AJf Nepenadd 4acTH
TEeNOThl BOAE M 1apy (B KOTJAX) HJIH Ha-
rpesaeMoMy MaTepany (B lledax). 3To
CYLLECTBEHHO YCJONKHSET Co3laHue ofued
METOJAHKHU pacuera.

B obuiem cayuae TelnaoBOH pacuer Jlio-
foro arperata Oazupyercd Ha y paBHe-
HMU ErOTEAJOBOTrO 6a/aiuca,Ko-
TQpPOe COCTABJSAETCA NyTEM IIDHPABHHUBAHUA
MCTOKOB BXOAStled B arperat U BbIXOASA-
weil u3 Hero TemnorTel. Pacemorpum B Ka-
yecTBE IIpUMepa TenNoBOH OanaHc TOIKH
pogorpeiinoro korsia (puc. 17.1). Iloctyna-
ollee B Hee ra3oo6pasHoe TOIIMBO cropa-
eT BMeeTe ¢ NoAaBAeMbIM BO3AyXoM. Boas-
IIAR 4acTh BbIAENAIOILEACA TRIUIOTHI OTAA-
eTCcA Boge, KOTOpasi ABUMKeTCA B Tpydax,
pas3MeLleHHbX 110 CTEHAM TOIKH,

ATO —- NOJAE3HO HCNOJIBL30BaRHAST TENJ0-
Ta Quos- HACTH TEMIOTHL 34TPAUMBAETCS HA
YBCJHUEHHE  IHTAUBIMA UPOAYKTOB
cropanuda (rpy6o rosopsi, Hda Harpes
BO3AYXa, NOLABAEMOTO 8 TOUKY) a0 Hu.
B npoaykTax cropaiust MOry1 COLCpXKaTh-
ca Heporopesunwe rassl (CO, Ha, CHi
# 1. 4.). Tenaora, KOTOPYK MOTIH Obl 1aTh
5TH rasel, ecJd 6bl OHH XHMHUECKU [IP0-

D*

6ananca

Puc. 17.1. K ypasucru:o
TOIKN

TEINJIOBOIO

pearupoBain ¢ KHCAOPOAOM, HA3blBaercs
XHMHUECKHM HECLOXKOIrOM Quuu

{Ipn COKHraHHH TBEPAOIO TOMJIHBA H3
TONKH MOTYT YAANSATECA (C 3070/ WIH juna-
KOM) TBEpAblE HEJOropeBllHe YacTHI(bl, KO-
TOpbIE JIEFKO OTAEAHTb OT I'asd Mexanuye-
cki. OHH 06pa3syloT Tak Ha3bBAEMbId M e-
XxXaHHUYeCKHUd HeloXKOor Quex Ha-
KOHEeL,, 4aCThb TCIIOThE Q¢ BCEMLA TepseTcs
uepes CTEHKH TORAKH, WECMOTPSl Ha TO uTa
OHU 1eNAIOTCA U3 TEIVIOH30AIMAHHOIO M a-
TepHaJja.

Yrobbl cocTaBuTh GajaHc arperara,
HYKHO YCJIOBHO BhIAENHTh €r0 M3 CHCTEMBb
€BA3AHHBIX ¢ HMM arperaTtoB M YCTPOHCTB
(I TPHXNYHKTHPHBIA KOHTYp Ha puc. 17.1)
M PaccMoTpeTb MOTOKH, BXO/SILLHE H Bbl-
XOLSAUIHE 4epe3 TpaHHIlbl BblAEJTEHHOrO
kouTypa .[ToTOKH BEIXOAAILLEH TEITOTH YXKe
pacemotpetbl Quos, Hue, Qu, Quex H Qer
(B KOTeabHOH TexHuKe BeJHUHHBL Qs
Hio, Quexs Quin M Qo 0003HaUAIOTCH CO-
orBeTeTBeHHO Q1, Qo. Q3, Q4 1 Qs.)

B TONOUYUHOH TexHHKE BCE€ COCTABJSAIO-
LLHe Tenyosoro 6analca ApHHATO OTHOCHTh
Ha €JIHHUILY KONHYeCTBa [10aBaeMoro Tomu-
auBa. K BXOAHbLIM NOTOKAM NPHUMEHHTENIbHO
K puc .17 1 npexie Beero OTHOCHTCH Te0-
Ta Cropasusi TOMAKBA Q], @ TAKKe IHTA/b-
IIMK TOMAMBA Ay, ¥ BOsayxa H, ..

[lpupaBHuBas BXOAHbBIE [IOTOKH RbIXOA-
HbIM, noJy4aeM

Ql: +h' T + [ln. = QIIU.I + Hn.c +
+QY.HM+QML‘\'+QL‘T' (171)
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B ofiem cayuae ofe yacTH ypaBHeHHs
MOCYT COAEPKATb AONONHHTENbHBIE 4JICHb!
(Hanpumep, TENNOTY, BHOCHMYIO U BbIHOCH-
MYIO TPAHCIOPTEPOM B rledax s 06K Hra,
YHOCHMYIO H3 TONKH Harpero#l 30M0@ NPH
COKMTAHUM MHOTO30MbHLIX TOMMKB W T. A}

B pauHofi raase pedb NOHIET JHLIb
0 HIOTEPAX H3-3a HECOBEPLUEHCTBA Mpolecca
ropenus. TIpH CKHraHUu TBEPAOTO H KHMA-
KOTO TOMJHBA XMMHUYECKHH HeLOKOI CBA3AH
g ocHoBHOM ¢ Haauduem CO B DpoAYKTAX
cropanus. ECIH M3BECTEH HX COCTaB (Ha-
npuMep, B pe3yabTare HCIbITAHWHA), TO
B ofulem caydae

Qum= V(‘,()Q(i() + ‘/r12QH2 + VCH4 Q(illqv

(17.2)
rae Qe Qu, Qey, — TEMJOTH  Cropa-
HHU$ COOTBETCTBYIOLLIHX KOMIIOHEHTOB
(8 xJIx/m*), KOTOpbie MOXHO B3ATH W3
thopmy.ibl (15.2), YMHOXKHB Ha
100 Ko3(duiMeHTsl nepej COOTBETCTBYIO-
wrMe Komnouenramd. O6beMbl KOMIIOHEH-
T0B V; (B HOpMalbHBIX YCJOBHAX) pacctu-
ThBatoTces no gopmyae Vi=rV., rie ri —
OTHOCHTENbHOe  O0bEMHOE — COAEpXKAHHE
KOMMOHEHTa (OofipefessAercs nyTem rasoso-
ro ananusa), a V,— ob6nheM TpOLYKTOB
Cropandsi, noJyd4aeMbld H3 eAHHHLBL KOMH-
4yeCcTBa TOMJIHBA.

XHMHUUeCKHH HepoXor fBAseTcd Mpe-
/e BCero C/Ae[ACTBHEM HEOCTATKa BO3NY-
Xa B 30HE FOPEHHS WJH MJI0XOro ero nepe-
MellHBaHHA ¢ TOMJAWBOM. Ero yBesH4eHuio
crocoBCTBYET TaKKe yMeHbllleHHe Temre-
paTypbl B TOMKe NpPH CHHMXEHHW HArpy3KH
(OHO yMeHblIAeT CKOPOCTh peakiHu) U ma-
Joe BpeMmsi IpeGbiBaHUs TOMJHBA B TONOY-
Hoil kamepe. [locieanee HabalonaeTcss NpH
(opcHPOBAHHH TOMKHK, KOrAa IOBbLILIARTCA
CKOPOCTb TOMJHBOBO3JYLIHOH CMECH H pe-
AKLLWM TOPEHNS He YCMEBAIOT 3aBEplIaThCd
B Tipefenax TONKH.

MexaHduecKHi HeaoXKOr onpeiensercs
cogepxanuem I (9% no macce) ropiodnx
3JEeMEHTOB B 30J1€ H 1lJ1aKe, 06pa3yoLLUXCH
B pe3y/bTare CrOPaHMs TOM/NWBA (OHO Ha-
XOAMTCSL flyTeM BbDKHIaHug fpo6 307kl
u waaka). [IpuHumasi TennoTy CropaHus
ropouux pasHofi 32,65 MJIx/Kr (modTH
KaK Yy YMCTOro Yriepoja), BejuiHHy Quex
MO>KHO paccuuTarth no hopmyae, MJx/kr,

Quex=32,65A'T /(100 (100—1)).  (17.3)
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3jech A’ — 30MbLHOCTD TOMNHBA B paboyem
cocTosiHuH, a uied (100—TI) B swamexate-
A€ YUMTbIBAET yBeJHUEHHe MacChl 30.bl
W LIJ1aKa 34 CYeT COAep)KaHus B HUX ropio-
UMX BeLLEeCTB.

Yauwe Bcero TOIOYHbIE MMOTEPH Bhipa-
JKAIOT B NPOLUEHTAX OT TEMAOTH CTOpaHus
TOIIHBA:

g xuww = lOOquM/Q,(', Guex = looQMLX/QL,

(17.4)
3HAUCHUS yuuw W Guex JABHCAT OT THNA
CHKHraeMoOro TOMLIWBA, KOHCTPYKLHH # pad-
MEpOB TOTKH, crnocoba MexaHu3auHuw TOo-
TOYHBIX MPOLECcOoB (MPH CXKHUTAHWK TBIP-
abix TorauB) M T.A. CylleCcTBEHHOE BJIHHA-
HHe Ha HUX O0KalblBaeT KO3 HLHEHT
U36LITKA BO3AYXa Q. ¥YBEJHUEHHE KOJHYE-
CTBA 11I0ABAEMOro B TONKY BO3AyXa CHa4a-
Ja yJydulaer ropesue, MpHBOJH K yMeHb-
ILEHHIO Gxaw H Guex, OAHAKO UPE3IMEPHOE
yBeJHUeHHE otp CHHMKAET Temiepatypy ro-
peHHsl, UTO MOXKET NPUBECTH K yBeJHUEHHIO
Gxam Y Guen. B KAMHBIX KOHKDETHBIX YCJIOBH-
AX CYLLeCTBYIOT ONTHMaJbHbIE 3HaueHus
Ko3duinenta H30bITKa BO3AYXa.
OJHUM N3 OCHOBHbIX floKasaTesel Ton-
KH #ABJAsieTcd TenJoHanpsXeHHe
TonouHOTro o6beMa gy, T.€ OTHO-
wenue KoaudecTsa esideasouelca npu
ceopanuu TenaoTol K obmemy TOMKU:

qgy=Q{B/V-.

3peck B — pacXxod TOMJHBA;
TOMKH.

ﬂ.}'lﬂ cJOoeBbIX TOMOK Ha TBEPAOM TOIMNJH-
Be Ba)KHee 3HATb KOAUHECTE0 TenAoTbL, 8bl-
deasrowelica Ha edunuye naouadu nod-
depacusarowsell pewetku («3epkajna rope-

(17.5)

V., — o6bem

Hnﬂ»),——TenAOHanpﬂ)KeHne
jepKaJjga ropenus Ciaos
qR=QfB/R. (17.6)

3aech R — mJaowWwaib caosi TOMIHBA.

[Mpu yBenHueHHW ¢, M g, HEAOKOr
O6BIUHO TOKE YBEJHMUABAETCH H3-38 YMEHb-
leHHs BpemeHd MpeGbiBaHHsl peareHToB
B TOMOUHOM ofbeme . [IpakTUKON yCTaHOB-
JEeHbl ONTHMAJbHbIE BEJHUHHBL gy U §p AJS
pa3HLIX THIIOB TOMKH.

PacueT TONKH CBOAWTCH K ONPee/eHuio
ee paamepos, T.e. V H R, u Temnepatyphl
rasop Ha BbixOje. 3nadeuus q, H gp Bbl-



GUpaT TakUMH, 4TOOL OGeciieuuTh He
TONBKO IOJHOE TOpeHHe, 10 W OXJaxAeHue
IPOAYKTOR CrOpaHHst A0 HYXHOH TeMnepa-
Typul. O6beM # 1T0AAL TONEPEYHOrO Cce-
QCHHA  TONKH onpejacjsitor 1o (bopmyﬂaM
(17.5) u (17 ). a temneparypy raaos Ha
BHIXOJC 13 TOINKH PACCUHHTLIBAKT 10 ypas-
HCHHSM TCHJIONCPCAAddH ¢ YyUETOM ypabHe-
nust Tenaosoro Gadanca (17.1) u poiGpan-
HbIX [0 COOTBETCTBYIOILNM HOPMATHBAM
IHAYEHHA Gaum H Guex-

{7.2. OCOBEHHOCTH CKHUTAHHA TA3A

B TONKY MOXHO [0AaBATL 3apaHee
HOAFOTOBACHUYI0  TA30BO3AYIIEYK  CMECh,
4 MO0 BAYBATH TOPIOYHMA ra3 M BO3AYX
pasnenanno.  CRHTAHHE  NOJATNOTOBJEHHOH
CMCCH  HASHIBACTCY KHIHETHYECKHUM,
HOCKOJBKY OHO ONPEeAeasieTCss TONbKO KHHe-
THKOH peakluid ropeuusi. B cOOTBETCTBUU
¢ sakoHoM Appeunyca (188971.) cropoctb
pEAKILAY CUJIbHO (IT0 IKCIMOHEHTe) BO3pa-
CT4eT ¢ TeMIepaTypod, 1103TOMY MPH BLICO-
KHX TeMIepaTypax, 00blUHBIX AJsT TOMNOY-
HbIX KAMep, TaKasd CMech MOXeT Croparb
C OIPOMHOR CKOPOCTHIO.

[Tpensapureabno 1IOATOTOBJ/EHHYIO
CMeCh CHKHIawT B KapOopaTOpPHbIX ABHra-
TCJAAX BHYTPEHHErO cropanus, rie ropeHue
AOJXKHO 3aBEPUIMTLCA 38 HHYTOXKHO MaJloe
BpeMs. B NPOMBIIUJIEHHBIX TOMKAX W Medax
TaKoil GONbIIOH CKOPOCTH CropaHHsa ofbiu-
o He -TpeGyerca. B To xe Bpems non-
rOTOBJAEHHASI CMECh YPe3BblYAWHO B3PbIBOO-
nacua. OHa MOMXKET B30PBATHCA OT JEKTPH-
YecKOR MCKpbl (Kak B LUAKHApe KapOopa-
topubix JIBC), npu 1pOoCcKOKe [J1aMeEHH
uepes COPEJKY M3 TONKH W NPOCTO TNpH
Harpese [0 ONpefeJeHHOR Temreparyphl,

vasniBaemoifi TemMnepaTypo# camo-
BocnaaMmenedust Ee snayenua and
HEKOTOPbIX ra3os B CMeCH C BO3AYXOM NPH-
BeAeHbl HUKE!
[as H.,

t°C

cO CH, CoH,
580—-590. 644 —658 650-- 750 406440

Hano oTMeTHTb, YTO HE BCAKYIO CMeCb
MOMKHO TOMAXKEeYb [aXe OT TMOCTOPOHHErO
WCTOYHHKA  (HalpuMep,  3JEKTPHYECKOH
MCKpBt). PasnnuyaloT HUKHHH (os > 1, Gea-
Has cMecb) W BepxHHH (a.<C 1, Goratas
CMECb) KOHULEHTpPAUMOHHBIE [P a-
BHHLb 3aXHUraHusa Bue stux npege-
JIOB CMECb HEBO3MOXHO 3axeub, T. €. OHA
noxapo- 1 B3pbiBo6e3onacna (Hago UMEThb
B BHJY, YTO 60OraTas TOMNJIHBOM CMECH, BbI-
Te€Kana B BO3AYX H p836aBﬂHﬂCb UM, CTAHET
noxapoonacHoit). [lpegenbHbie  KOHUEH-
TPaLMM 3a3KHTaHusi MpUBedeHbl B Tabiuue.

YyurhiBasi B3pHIBOONACHOCTL [OTOBO#H
CMecH, B HPOMbILJIEHHbIX YCTaHOBKaXx
npeAnounTaioT 6e3 0co6oil HeoOGXOAHMOCTH
He HMETb C HEW jena, MoAaBas FOpIOYHH
ras B TOMKY OTAeNbHO OT RO3Ayxa. B oriu-
YHe OT KHHeTHMYeCKOro Takoe ropeHHe Ha-
3biBaeTcd AU P ¢ y3 M OHH b M, NOCKO/b-
Ky CKOPOCTb ero CropaHHsi Onpeaessiercs
WHTEHCHBHOCTBIO CMEILEHHA KOMIIOHEHTOB,
OCYLLECTB/AEMOrO B KOHEUHOM CYeTe nyTeM
B3aUMHON AU dy3nn.

TypGyneHTHbIE MyJbcauuu obecneynsa-
IOT CMEIIeHHe 10CTATOYHO KPYINHbBIX l"lO[)LlMM"
TONJIKBA C OKHCJAHTENEM, CO3/aBad nepeme-
Xatouipecsi o6beMbl TONJIMBA, OKHCJIHUTEIA
M NPOLYKTOB CrOPaHus (MakpocMelleHue).
OaHaKo ANsi TOpPEHHS HEO6XOAHMO CMellle-
HHE HA MOJEKyJsipHOM ypoBHe. B kaxaom
M3 3THX OG'BEMOB peareHTbl NyTeM MOJEKY-

ﬂpeucnhm.le 00BbLEMHbIE KOHUEHTPAIUY TONJAHBA B CMECH C BO3LYXOM, %

(remneparypa cmecu 20 "C)

l Tonanso
\'H[lilhr(‘[)ll(‘lﬂl\l\ CMO it N \L,T,] " an B ono ()KCPU[* K()KCOﬂbIFl [Ia[)bl
au pouat OROPOL 1 yrnepona ras SETE
Huxknsist rpannita 3aauranus 5 2 4,1 12,5 5,6 2.4
CTeXHOMETPHYCCKAS CMECh 9.5 4 29,6 29,6 18,8
Bepxusisi TPauHLE 3OKHMITST [N 95 75 75 308 49
“ [Ipn paadns B enecit napos HyO (ne Menee JlecATHX noser %) .
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aapHoit  AMGPY3IHH  TPAHCMTOPTHPYIOTCA
K MOBEPXHOCTH HX pa3flena, rie obpasyercs
nJaaMs, HenpepsiBHO pa3pyllatolleecs Typ-
6yJIeHTHBIMH MyAbcalMAIMH H BO3HHKaOLlee
B HoBbIx MmecTax. [lockoabky ropenne oc-
NOXKHACTCH AU dy3Hed — npoueccom,
NPOTEKAKLIHM BecbMa MELNEHHO, AHGBDY-
3UOHHBIH akes nony4yaercs MHOro IJHH-
Hee, 4eM @akea [OArOTOBJAEHHOH CMeCH.
Tem He meHee c)KMraHHe TOMJIHBA IIPH Pa3-
Ne/IbHOH MO0aye ero ¢ OKHCJAHTeNeM IHPO-
KO [MpHMEHAeTCs (10 ABYM MNpHYHHaM. Bo-
MepBhIX, PA3Ae/bHHA HX TPAHCHOPT 11O TPY -
60MpoBOJAM K TONMKE H CMELWEeHHe YyKe
B pouecce CHHIraHHA HAMHOro 6esonac-
Hee, yeM MoAaya B3PhIBO- H MOXKAPOONAC-
HOH roproued cmecH. Bo-BTophix, HHOraa
HYMKHO CO3HATENbHO 3aMeMJIMTh CHHraHHe,
K4K FOBOPAT, «PaCTAHYTh» (QaKen, cienath
ero JJHHHee, HanNpuMmep, AJS TOro 4TOOBl
paBHOMepHee Harpetb MeTaln (10 BCeH JN-
He e HIH YBeJHUYHTL CBETHMOCTb pakena
34 CYET CAMHCTBIX YACTHU, BblIE/AOLIHXCH
pH AHGMGDY3MOHHOM CHUTAHHH.

170 TOPV KK U YONTR

SLIBE PAOOLEPA SO0 TOLTHBA
H TASOOLPAIHLIX OTRO)08
HPOMIBRONCTDA

CoKHrase TOMNHMBA OCYIUECTBJIACTCH
C MOMOLLLID YCTPONCTB, HA3bIBAEMbIX rO-
peakamu. OHM npeaHa3dHauyeHbl AAs BBOAA
raza M okdcadrensa (06bl4HO BO3jAYyXa)
B TONKYy, CMeleiids NOTOKOB 0 Hadana
FOpeHHsl HAH B CAMOM IIPOLECCe OPeHHs
M aasa craéuanidauumu daxkeaa.
[Ton cra6uausauueil NoHUMaeTcn co3danue
YCA0BUL, 06ecneHusarouux RAOENHOE 20-
penue ¢pakeaa be3 nocacanuld, nyarscayud
UL OTPHIBA OT 20penKi. 3@ O4eHb PCAKHM
HCKJIIOUEHHEM 3TO [JOCTHrdeTCH [IYTeM CO-
3[1aHHA TAKOTO A3POAHHAMHYECKOrO PEXH-
Ma, MpU KOTOPOM 06pasyrLlHeca [pH Cro-
PAHHH pacKaJsleHHble MPOLYKTbl HEnpepbiB-
HO TOJIMELIHBAIOTCA K CBeXeH TOIJIHBO-
BO3AYUIHOH cMecH, obecrneydBad ee 3a-
KHrauue.

[To npuHUMMY cMeceoOpa3OBAHHA Td-
30Bble I'OpPeJKH MOXKHO pa3lleluTh Ha ABE
f6oablIMe TPYNIb: HHMKEKUHOHHBE
M CMPUHHYALUTENbHOW nopaved
B0o3AaAyxa B ropeskax neppoil rpynnbl
BO3AYX HHXKEKTHUDYeTCss U3 aTMocdepbl
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Ba3dyx

Puc. 17.2. Cxema npocTehiuel HIKeKLHOIHOR
FOPCaKH

CTpvel rasa, HCTEKaKILLero U3 comia, fe-
pel KOTOPbIM OH HMEeT COOTBETCTBYHOILEE
jasJjenne. B ropeskax BTOPOH rpymel noj
AaBJelHeM MoJalTCa Kakh a3, Tak H BO3-
ayx. K nepBoil OTHOCSITCA, B HYaCTHOCTH,
ropesKku 6LITOBBIX ra3oBhblX IITHT
(prc. 17.2). T'a3 ¢ H30LITOUYHBIM JIABJEHHEM
B HECKWIbKO KHJONAcKased, BolTekas H3
COILTA B CMECHTE/1L, BbIIIOJHEHHbI B opme
9KEKTOpPa, [0/CACBIBACT B HCIO HYKHOE
KOJIMYECTBO BO3JYXA H3 OKDyXKAOULeH cpe-
abl | cmemdBaerest ¢ num. KoaddecTBo
HHXXEKTHPYEMOro BO3ayxd MPHUMepHO 11po-
MOPUHOHAJBHO PACXOLY 3IMEKTHPYIOLLETO
raza, mno3TOMy IpH HIMEHEHHH TEILTOBOH
MOULHOCTH ropeakd (NnyTeMm yBeJHuYeHHs
HJIH YMEHbLIEHHA PACX0[ad ra3a ¢ NOMOLLBIO
BEHTHJIT MJIH KPaHa) COOTHOLUEHWe ras —
BO3AYX, T.e. KOI(dHUHEHT H3OhITKA BO3-
ayxa, octaeTcst NPHEGIHIHTRNBHO TOCTOAH-
HbiM. [laf ero U3amMeHeHUs1 NpH HaAcTpoHke
ropejkd Ha JHHHH MOABOJAA BO3LyXa ycra-
HABMHBAKT 34CJI0HKY WM Wakby perynu-
pPyeMoro COMnpuTHBJIEHHS.

HUuxekuHolHNe ropenky He TpebyloT
YCTAHOBKM BEHTHAATOpPA LJA NMOLAYM BO3-
AyXa, HO HYXAATcs & GONbLIOM jlaBje-
HUH raza. [1pombiulieHHble HHKEKILHOHHbIE
rOpesiKd HUMeIOT 60abllyK AJHHY, HEoOXo-
JHMYIO AJR OPraHH3alHH TIABHOTO Teye-
HHUA (430BO3/IYUIHOH CMeCH B KaHane aud-
dysopa.

B kpynuoix neuax, H 0coOEHHO B KO-
TeJAbHBIX TONKAX, YdllLe UCOONB3YIOT ropeJ-
KW C [pPHUYAHTEJBHOH noaayed BO3AYXaA.



CMelleHHe BO3yXd € ra3om 4acro ocylue-
CTBAAETCA B HUX (IyTEM 3aKPYYHBAHHA 110-
[1aBaeMOro Ha ropeHue BO3AyXa, KOTopoe
HE TOMbKO CHILHO TypOyaH3HpyeT (axeil
(UTO HHTEHCH(HUUHPYeT HepeMellHBate),
HO M CO3/A€T MOLUHYI  ITHPKYJAUHIO
K YCTbIO TODEJKH pacKaJieHHbIX NPOAYKTOB
CrOpaHKA, MOAKHIAKUIHX BHITEKAKULYIO H3
TOPeSKH Td30BO3AYUIHYIO CMeCh.

Ha puc. 17.3 cxemarndHo usobpaxena
LIMPOKO pacnpocTpanennas B HeGObilIMX
nevax ropenka tana [HIT (ropeika Hu-
3KOr0 AaBAEHHsi npuponHoro rasa). [lpu-
POIHBIH ra3 ¢ H3OBITOUHBIM JABJEHHEM /O
8 k[Ta (OHO yMEHbUIAeTCSl MPH CHHXKCHHH
MOLLLHOCTH TOpeJKH, T. €. YMEHbLUIEHHH paC-
X044 ras3a) BulITEKAeT U3 Fa30BOr0 HACALK4,
HMEIOLLLETO OJLHO MW HECKOJbKO OTBEpPCTHH.
TlopaBaemblil BEHTHISTOPOM BO3AYX 3aKPY-
YHBAETCS JIONATOUHBIM 3ABUXpUTEEM K ne-
pemelunsaercs ¢ rasom. [lpu pozxkure ro-
pefkd QaKes MOAKHIAT JICKTPHYECKHM
3anajbHUKOM HIH APYIHM MO KU AI0UIHM
yerpoiicteom. 1locne storo craGunusauns
ropeHnst 06ecneynBaeTcsl €e MOMKHIAHHEM
pAaCKAaJeHHbBIMH NPOAYKTAMH CIOPaHHA, KO-
TOphie TOACACHIBAIOTCA K YCTBHIO TOPeJiKH
BCJIEACTBHE PA3peXEHHs N0 OCH, BO3HHKA-
IOULETO H3-32 BPALLLEHHR (TOTOKA.

HomuHanbnaa MomHocth ropeaok IHIT
He npesnitnaer | MBr.

[azoBble  TOpefikM  yCTaHABIWBAKWT
06bIYHO Ha CTEHAX, HHOTAA — Ha MOTOJKe
HJIH HA TI0Y UM, IPELCTd BASIOLLIE A cob0H
Kkamepy, GopMa KOTOPOH ONpeAeseTcs ee
Ha3HaYeHHEM.

B HarpeBaTe/ibHbIX [€Uax TENJOHAIPA-
KEeHKHe TOMNOUHOro oHbema 4, 1pn CHXKHra-
HHH ras3oB Aoxoaut Ao 0,6—1,2 MBrt/m*.

Mpu 3toMm as=1,05--1,3, a XuMHuecKu#
*5035_1/)(
JlonamoyHeid
3aBuxpumens

Puc. 17.3. Topenka ¢ upuHyAHTeARHOA Topaved
so3iyxa tna I'HIT

wegoxor cocrapasger [—3 % (6oabuine
undpol OTHOCATCA K GeaHblM rasaM THna
JAOMEHHOTO (IPH MJ0XOM NepEMELIHBAHUH HX
¢ Boaayxom). TlpH HeOOXOUHMOCTH OXJa-
JAWTh rasbl B npefejax TONKH BbiGHpAlOT
MeHbLI{e 3HAYCHHUA ¢, IPH ITOM CHHXKAET-
Al U (xuw. LN CPABHEHHS YKaXKEM, UTO
B OCHOBHbIX Kamepax CropaHHsl aBHaILMOH-
HLIX PEAaKTHBHLIX ABHratejed, B KOTODBIX,
npasfa, cxuraerca cnennasbHoe XHAKOE
TOMNJIMBO, 4 He ra3, TelNIOHANPHXKEHHE gy,
ApPHBELCHHOE K aTMOoCcdepHOMY AaBJeNHIO,
cocrtapasiet 30180 MBt/wv?, a B dpopcax-
Hbix — 10 300 MBt1/m?. O6bem 3THX Kamep
OnpeesicTCsl TONbKO YCJIOBHSIMH OPEHHS,
M ero yMeHblUICHHE HACTOAbKO BaXKHO, 4TO
B (opcazKHbIX Kamepax CrupaHHs HAYT Ha
nejoxor, poxoasautui no 5—10 %.

B psifie TEXHONOIHUECKUX [MPOLECCOB
06pa3yloTcsl Toployne rasbl, CofepXKaliHe
K TOMY K€ BpejHbl¢ BellecTBa, KOTOpbIE
Hesb3f BbfipackiBath B armocdepy. I
OTXO/Abl MOXHO Pa3j/le/iIMTb Ha ABE I'PYMITLL.
B nepsaylo BXoAsIT ra3bl ¢ TENAOTOA cropa-
HUA Q;]>3 MJxk/M* (KOKCOBbIEt ¥ AOMCH-
Hblfi, raznl QeppocnaaBHbIX Nevyed M KOH-
BEPTOPOB, OTGPOCHLIE CEPOBOLOPOAHHE ra-
3pl HedTenepepaGoTkH W T. 4.} . Ux cxura-
10T TaK K€, K&K W IPUPOAHDbIH, OAHAKQ NpH
HU3KHX 3HAYEHHSX ij KesaTedbHO Mpea-
BAPHTEJNbHO [1040rPeBaTh BO3AYX, 4 HHOMAA
M caM ra3 (Hanpumep, /OMeHHbIH) H HC-
NoJIb30OBATHL CreurdaJbHble FOPesKH.

Tasbl, y kotopeix Q! <3 M1k /m® (o7-
XOASILLHI ra3 CameBbx 3aBOA0B, OOMNLILINH-
CTBO BarpaHo4HblX BHI6GPOCOB, BEHTHJSALH-
OHHBIE BbIGPOCH CYLIH/IbHBIX H APYTHX an-
11apaToB, coAepKallde [apbl OpraHH4yecKHX
pacTBopHTenel, Hanpumep ToNyona,
M T.J.), 10 CyulecTBy, He fABJAIOTCA TOPIO-
YMMH, @ MHOIHE U3 HHX COAEPXKAT H KHCJIO-
pol, 4TO jAefaeT HX B3pPbIBOOMACHBLIMH H
HCKAOuaeT WX noporpes. B atom cayuae
NPUMEHSIIOT HX OTHeBoe 0O0e3BpeXXkHBaHHe,
CYKUTas B TOJIKE BMecTe ¢ OCHOBHbBIM TOIJIH-
BOM. BeHTHJISIUHOHHbie BbIOPOCH], T. €. BO3-
AyX, COAEPXKAULMI Tapbl PACTBOPHTENR HIH
ropsiuyld TOKCHUHYIO [blib (HANpuUMep, Ha
APOXKIKEBLIX 3aBOAAX), UACTO HCMOAb3YIOT
HPOCTO B KauyecTBe JIYTbEBOro BO3AYyNd
B Tonkax. [1py 3TOM HCK/IOWAETCA 3ATPH3-
HeHHe aTMOC(epHOTro BO3yXa H HCNOAbL3Y-
eTCsl Temora CropaHus BuiGPOCOB.
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17.4. GOPCYHKH ¥ TONKH
A KHUAKOro TONMJIHBA

Meakuil pacneia, xopoutee nepemeuii-
ganue ¢ OKUCAUTEAeM W HAOewHas cTabu-
Au3ayus 20perus —- BOT TpH  YCIO0BH#,
obecrednpatoniie GbiCTpPOE W 3KOHOMHUHOE
CKUTAHHE HuUdKo20 TORAUSA.

[lns pacnbiiBaika XKHAKOTO TOMIKEA
W JKHMAKMX OTXOA0B FPOM3BOACTBA NpHME-
HSIOT  MeXaHHueckHe, NHEBMATHYECKHE
M pOTallMOHHbIE (HOPCYHKH. B mexaHu-
qeCKHX MHLKOCTb TMOJ BbICOKHM H36bI-
FouHblM aasieHuem (ot | MIla B TOmKax
110 MHOTHX AECSITKOB Meranackasei B iuae-
JNAX) [POAABIHBAETCH CKBO3b ne6osabline
OTBEPCTHSA, MHOMAa IIPEABAPHTENDHO HHTEH:
CHBHO 3aKpYyunBasch B LEHTPOGEKHOM 3a-
BHUXpHTENE, BLITEKAET H3 oTBEpPCTHH ¢ 60Jb-
uIOH CKOPOCTHIO H pacianaercs Ha MEJIKHE
kanau. B gopcyHke, Hanbojee pacnpocTpa-
HeHHOR B Tonkax (puc. 17.4, @), masyr ue-
pes UMIHHApPHYECKHE CBEpJEHHA B waibe
3 mocTynaer B KONbLUEBYIO BHITOUKY B 3TOH
ke walibe, u3 Hee B (UTYpPHbIE BbIPE3bI
B AWCKE 2, 10 HUM ABHKETCA K OCH POPCYyH-
KM, OJHOBPEMEHHO 3aKPY4HBAsiChb, H BBIXO-
ANT uepes OAHO UEHTPanbHOe OTBEPCTHE
B waiibe /.

[Tepen MexaHWUECKOH dOpCYHKOH TOI-
JIMBO JOMXHO 6GbITh OUHNILEHO OT MexaHnue-
CKHX NpHMece#, uHaue OTBEPCTHA (popcyH-
KK 6yayT 3a6uTbl. B yca0BHAX, KOTA@ TPYA-
HO OBECcrnedHTb HAJEXHYK OUYMCTKY, Npu-

Buds! coopru

3
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MeHSIOT THEBMAaTHUeCKHE (OPCYH-
KH, B KOTOPBIX TOMJAHBO (OGBIMHO MasyT)
pacnbliMBaeTcs cTpyed Bosayxa (pexe —
napa). [lepsyio coBepLIEHHYIO hopCyHKy
TaKoro THNAa co3fan B 1877 I. BbIAAKILAH-
ca umxenep B. T Ulyxos (8 TO BpeMs OH
6hL CTYLEHTOM 3-T0 Kypca). OHa NpUMeHS-
eTCs [10 CHX M0p, XOTH BIOCAEACTBHH GbLIX
co3janbl 6oaee coBepuleHHble KOHCTPYK-
liMM, OCHOBAHHMble HA 3TOM e MpHHUHUOE.
QpHa N3 HUX NMpejcTasneda Ha puc. 17.4, 6.

Bo3/yx WaW nap BLICOKOrO AABJCHHSA
{06biuto 0,4—0,8 MITa), BbiTekas W3 CO-
Mia CO CBEPX3BYKOBOH CKOPOCTLIO, MOAXBA-
THIBAET M MHTEHCHBHO PacibUIMBAeT CTPYH-
KM 1IPeLBAPHTE/NLHO [010TPETOTO JO 100—
140 °C masyTa, 1104aBaeMOro HPUMCPHO
[OA TAKHM 3Ke, KAK W pacibliMBAONMH
aredT, AaBieHHCM, M BHIGpackiBaeT 00pasy-
JOLLKHCA TymMaH B TONKY. Pacxos pacribliu-
BAIOILEr0 arelTa COCTABAHCT 0,51 kr na
I kr ma3syrta.

dopcyHKY YCTAHABIMBAIOT B I Op €l
K €, 4epe3 KOTOopylo 104aercs 3aKpy4eHHbIl
B 3aBuxpuTene Bo3ayx. Koncrpykinn rope-
JIOK OTJIHYAIOTCH 6ObILMM pasHoobpasieM.

OCHOBHbIM 3JIEMEHTOM P OTal HOH-
Hoil ¢opcynkn (puc.17.4,8) aBasercs
T ATEAbHO OTMOAMPOBAHHBIA H3HYTPH pac-
npuinBapiMi crakan 2 juamerpom 150—
200 MM, BpalialollHidcs HA [OJI0M Baly
3 ¢ yacroroi 5000—7000 06/mun. TonanBo
{noporpetsifi MasyT) no Tpybke [, mpo-
XOARLIEH BHYTPH BaJjad, Mojaercs Ha BHYT-

Puc. 17.4. Buabl GOPCyHOK:

d) a — MexaHuueckad,
nan; M — masyt; B — s0o31yx

y y

6 — nuesMaTvyeckKan, 8 — pPOTALHON-



PEHHIOK [OBEPXHOCTb CTAaKaHa, pacnpeie-
JSIeTCH MO Hell TOHKMM ¢J10eM H pa3fphI3ry-
RaeTcsl, CTEKas ¢ Kpas cTakana Mol
neiicTaHeM LeHTpoGexHoi cuanl. [Tonagas
B [MOTOK BO3AYyXd, MPOXOAHAILEr0 Hepes Jo-
[aTOYHBLIH 3aBHXPUTENb, [JIEeHKAa TOMJIHKBA
pacnajaercs Ha MeapyafllHe KanjK, Bhbi-
HOCHTCH B TONOYHBIA 0OBEM H TaM BOC-
niamensercs. Baa co crakaHoMm Bpallaer-
Cfl B MOALIHIHHKAX OT 3JEKTPOABHTaTENH.
Muorja Ha 3TOM e Bajy pacnojiaramoT
M BEHTHAATOp /A HAFHETaHHA BO3AyXa.
PoraiioHHble GOPCYHKH CJIOXKHEE B 3K-
CIIYATALLHH, Y€M MEXAHHUYECKHE M THEBMA-
THYecKde, HO 00J1agaroT [0 CpaBHEHHIO
¢ HHUMH GOJBUIKM MPEAMYLLECTBOM: XOpO-
WO pacubIMBAIOT TOMIHBO B UIHPOKOM NH-
anasone uaMeneHust Harpyskn — ot 100 1o
10 %. Kpome TOro, OHH He TpebywT TOH-
KOH OYMCTKH XMAKOro TOMJMBA OT [pH-
mecell (Tak Kak He HMeloT OTBEpPCTHH Ma-
JbIX CcedeHHi) H paBoTaoT UPH HH3KOM ero

JAaBJCHHH.
YKHAKOe TOIJHBO CXKHMraloT B KaMep-

HbIX TOMKAaX, KOHCTPYKLUHH KOTOpbiX TpaK-
THUECKH He OTJHUapTcs OT TONOK A ra-
3a. MasyT TpyAHee CKHTaTh, HeM BhICO-
KOKAJMOpHiHbIA ras, Mo3TOMY TenoHanp#-
KeHHe TONoyHoro obbema gy AN MasyT-
HbIX TOMNOK MPUHHUMAIOT OGBIYHO HE Gosee
300 kBt/m*, BEGHpaT a.=11- 1,35,
[PH 3TOM G, = | +3 9% Jlyuiuxe nmokasa-
TeJd rOpeHdsi MasyTa JOCTHrawores B Torn-
Kax KPynHbIX [ApOBbIX KOTJIOB, XyAulHe —
B HeGOJIbIIHX Mevax.

Tonku, paGoTaioillie HA Ma3yTe, Ypes-
BLIUAHHO UYYBCTBHTENbHBI K MNONAalaHHIO
B Hero BoAbl. OHa He TnepeMellHBaETCH
C Ma3yToM, W €C/IH 10CTaTOYHO Boviblias ee
nopuus nonajgaer 8 (OPCyHKY, TO daken
NoracHeT, 4TO MOXET BbI3BaTh B3phiB
B TOMKE, KOTAA Yepes hOPCYHKY CHOBA MO-
[eT MasyT. B 70 e BpeMs XKHIAKHE OTXOAbI
He(bTelepepaboTKH, colepKaUiHe  JaKe
50 9% BoOAbl, HMEOT elle AOCTATOYHO 60Jib-
wyK Tenaory cropanust. Jlas ux yTuau3a-
unu  (CKMTaHMSI) BOAOMA3YTHYKIO CMeECh
fipe/BapUTENbHO NPEBPAlanT B TOHKYIO
CYCHEeH3MI0, KOTopasl CXKHraercs, Kak Jio-

6oe KHIKOe TOIJHBO.
CiKHraHne ApYFHX XHAKHX MaTepHalos

W TOPIOUHX MKHIKHX OTXO[OB Pa3IHIHBIX
npOM3BOACTB (Cepbl, cMOabl H T. 4.) opra-
HH3YIOT TPHMEPHO TaK XKe, KaK K MasyTd,

HO O6bIYHO C MEHbLIHM TeNJIOHANDPAKEHHEM
obbema qy.

B TOMO4HOM TeXHHKE WHPOKO MPHMEHS-
10T KOMOHHHPOBAHHBIE TOPEJKH, MO3BOJSIO-
[L[He NONEepeMEHHO MM OAHOBPEMEHHO CHKH-
raTh pasadunble Tonuea. Hanpumep, aas
KOTJI0B, paBoTAOIKX HA ra3e, 0fu3aTeb:
HO MpelycMaTpHBAIOT 3aMac pe3epBHOro
TOMJIHBAa — uaille BCero Mma3yra, a B HX
TONMKAX YCTaHaBJAMBAIOT [a30MaA3yTHhIE I'O-
PeJiKH, MpeACTaB/ALINE cobolt ra3oBble
TOPENKH CO BCTPOEHHBIMH Ma3yTHHIMH ¢op-
CYHKAMH.

175. OCOBEHHOCTH CXHTAHHS
TBEPAbLIX TONJIHA

[opiouHe raspl H Napbl cCMOI (Tak Ha-
3plBaeMble JeTy4dHe), BbiAe/sHecs NpH
TEPMHUYECKOM PAa3/I0XKEHHH HATYpPalbHOro
TBEPAOro TONJHBA B IPOLECCE €ro Harpesa-
HHA, CMEILHBAsCh C OKWCAMTENeM (BO3AY-
x0M), MPH BLICOKOH Temmeparype cropaiot
LOCTATOYHO HHTEHCHBHO, KaK OObIuHOE ra-
3006pasHoe TonauBo. [losToMy CHHraHue
TOMJIHB C GOMBLUIAM BEIXOLOM JIETY4HX (PO -
ga, TOpd, caaHel) He BbI3BIBAET 3aTPYJHE
HHH, €C/IH, KOHEUHO, COAepKaHKe 6aJnacrta
B HUX (BJAMKHOCTb TJIOC 30JbHOCTh) HE
HACTOABKO BEJHKO, UTOBbl CTaTh TPENsT-
CTBUEM [/l TIOJYYEHHS HYXKHOR s rope-
HHA TeMmneparyphl

Bpemsi cropakHs TOMJHB €O CPELHHM
(6ypble M KaMeHHble yrau) W HeGOJbIIHM
(TOLLHE yIyH H BHTPALKMTHI) BHIXOLOM JIETYy-
YMX NPAKTHYECKH ONpPENeAETCs CKOPOCThIO
peaxiiH Ha MOBEPXHOCTH KOKCOBOrO OCTaT-
ka, 06pa3yloULerocs Mocie BhIIEJACHHA Je -
tyyrx. Cropanue 3TOro OCTaTKa obecneun-
BaeT W BblejeHHe OCHOBHOrO KOJIHYECTBA
TENJOTbl.

Peakyus, npoTeKaowas Ha No8epXHO-
cru pazdeaa Osyx ¢as (B LAHHOM CIyyae
HA MOBEPXHOCTH KOKCOBOrO KyCOuKa) Ha-
ameaercaTeTeporentoit Oua cocro-
WT MO KpaiiHeit Mepe M3 J[BYX nocaenosa-
Te/bHbIX NPOLECCOB: AW(pHYIHH KHCIOpOLa
K l'lOBerHOCTM H €ro XHMH‘-IECKOﬁ peaKan
¢ TOMMBOM (MOYTH YHCTBIM YFRJIEPOAOM,
OCTABLIMMCS MOCJe BbIXOAA JETY4HX) Ha
nOBerHOCTH. yBeﬂH'—lHBaﬂCb no 3aKOHY
Appenuyca, CKOPOCTb XUMHUECKOH peakLnH
MpH  BLICOKOH TeMmepartype CTAHOBMTCA
CTOMb GOMBLIOH, YTO BECh KHCIOPOL, MO
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BOAWMbLIH K T[IOBEDXHOCTH, HEMELIEHHO
BCTYNAaeT B peakuui. B peavnerate cKo-
POCTb [OPEHHSt OKa3blBAeTCH 3aBHCHIIEH
TOJbKO OT HHT@HCHBHOCTH AOCTAaBKH KHCJO-
pona K MOBEPXHOCTH (OPSILLER YaCTHLDI HY-
Tem maccoobGmera u audgdysuu. Ha nee
MPAKTHUECKH [1€pecTaloT BJAHAThH KakK TeM-
neparypa npouecca, Tak M pPeaxklHOHHbIE
CBOACTBA KOKCOBOro ocrarka. Tako# pe-
KHM TreTeporeHHodl peakUHM Ha3bIBACTCSs
anbodyzuonunnm  Hurencuduuupo-
BATH TOPEHHE B ITOM pPEXKHUME MOMHO TOJb-
KO I1yTeM HHTeHcnuKalHnu NOABOAA pea-
reHTa K JOBEPXHOCTH TOMJIWBHON UaCTHILHI.
B pazHbIX TONKAX 3TO [LOCTHTA€TCA PA3Hy-
HbIMH MeTOJdaMU.

Choesble TONKM. TBepnoe TONNUBO, 3a-
rPYXEHHOe CJ0eM OfpefeNeHHOH TOMILHHbI
Ha Pacupe/eNuTENBHYIO PEIleTKY, NOLKH-
raeTcs W MpoayBsactcs (4alle BCEro CHH3Y
BBEpX) Bo3ayxom (puc. 17.5, a). ®unbrpy-
ICh MEXAY KyCOUKamu TOM/IHBA, OH Tepsier
Kucjopon U oborauaercs okcuaamu (COy,
CO) yraepona BcneiCTBHe TODeHUS Yrad,
BOCCTAHOBJIEHHA Yyriem BOASIHOrO napa
M JHOKCHAA yraepona.

3o0Ha, B npenenax KOTOPOH MpaKkTHUe-
CKH NMOJHOCTBID HCUE€3aeT KHCJA0pOoa, Ha3sbl-
BaeTcd KHCJ OpOHOIM,; ee BHCOTA CO-
CTaBJsieT IBA-TPH IHAMETPA KYCKOB TONJH-
Ba. B BBIXOmAWMX W3 Hee raszax co-
nepxarcsi He Toabko CO, HeO u Ny, Ho
u roptoume rasst CO u Hy, o6pazoBasuinecst
KakK M3-3a BocctaHoaenun COy u HyO yr-
NeM, TaK W M3 BHILEIAIOWHXCA H3 yrad
geryunx. Ecau seicora caon Godbule, yem
KHCAOPOAHOA 30Hbl, TO 33 KHUCJOPDAHOM

bt

B

clefyeT BOCCTAaHOBHTENAbHAS 30
Ha, B KOTOPOH HLYT ToNbKO peakunu COs+4
+C=2C0 u HO4+C=CO+H., B pe-
3yAbTATE KOHUEHTPAaUMUsl BBLIXOARIIMX H3
¢J0f TOPIOYHX Ta30B YyBeJIHUUBaETCH 110
Mepe YBEJNHUEHUH €ro BbICOTHI.

B caoeBbix TOMKAax BHICOTY CJ0sl cTapa-
I0TCH Jep:KaTh PABHOH BLICOTE KHCJOPOA-
HOH 30HbI HAM Goabluei ee. [Iad moXura-
HUS NPOAYKTOB HelloaHoro cropanua (Hy,
CQO), BhHiXOASILUX M3 CJOA, a TakKxe JAns
JIOKUT aHHS BLIHOCHMOH U3 HETO [IblH B TO-
MOUHbIK 0ObeM Haja cJjoem noadwT JLonoda-
HUTEJNbHBIA BO3LYX.

KonuudecTso cropesuiero TOMJKBA Npo-
MOPUHORAJNBHO KOJHUYECTBY NOLAHHOTO BO3-
JyXa, O[HAKO YBEJHUEHHE CKOPOCTH BO3-
JAyXa CBEPX ONpefejeHdoro npejaenia Hapy-
WaetT YCTOHUMBOCTH [UIOTHOIO CNOA, Tak
KaK BO3/YyX, FpOpbIBAOILNACH uepea cjol
B OTJe/bHBIX MeCcTaxX, obpa3yerT KpaTephl.
[Tockonbky B cnoil Bcerpa 3arpyxaercs
NOHIHCIIEPCHOE TOIJIHMBO, YBeJAMYUBACTCA
BbIHOC MesouHd. Yem kpyrnHee yacTHibl, TeM
c 60abWER CKOPOCTbIO MOXHO NpOJyBaTh
BO3JyX uepea caoil 6e3 HapyweHus ero
ycrofiunBocTH. Ecau npuuaTe ans rpy6bix
OUEHOK TenaoTy «cropanus» | m* Boagyxa
B HOpDMAJbHBIX YCJAOBHSX NpH a,=1 pas-
Hoi 3.8 M1k ¥ rnoHumMartb TMOL w, NpH-
BeAEHHBI K HOPMaJbHbIM YCIOBHAM pacxop
BO3/yXa Ha €JHHHUY MIONIAIH pEeLIeTKH
(M/c), To TenJioHaMpsiXKeHUe 3epKana ro-
penun (MBt/m?) cocrasur

[/R=3.8Wil/aw (177)

A
| l|,|,r,'|v|.
PR P

Puc. 17.5. CxemMbl OpPranusaliu TONOUIbIX [POLECCOB:

a — 8 NAOTHOM ¢a0e; § - 8 NBLACBHAROM COCTOAHMH, 8

~- B ILHKAOHNHOW TONKe, ¢ - B KHAslem caoc; B -

Bo3ayx; T, B -~ tonaueo, soanyx;, XU — wuikuil waak

138



Puc. 17.6. Cxema TONKHA ¢ MHCBMOMCXAHHUECKUM 3apachiBateseM H LEIHOA pelleTkoH 06paTHOro

xoaa:

| o ROAGTHO KOJOCHHKOBOM PeleT i, 2 — NPUBOJHKIC «3BL3L0NKHY, 3 —- cJoit TONAMBA M WINAKA, 4 — (O0ABOA
BO3LYX K saGpaceiBatenior 5 — poutop 3aGpacblBaTenn; 6 — JeHTOUHbIH UTATCTb; 7 — TONAHBHBIA GYyHKEP;
& —- Tonodnslii o6bem; 9 - IKpauiue Tpy 6bl; [0~ ocTpoe AyThe W BOIBPAT ynoca; /1 — 06MypOBK2 TOMNKH,
{2 - 3annce ynaotuenne, /3 — OKnd 4A% NOABOAA RO3LYXA 1o/, CAoR

Kos@@uiieHT H3OBITKA BO3NYXA A, B ¢dop-
myae (17.7) yuuThiBaeT TOT Qakr, uTO NpH
s> | H3OLITOUHAR Y4CTh COlepXallerocs
B HeM KHCJOpPOa He OKHC/AET roplolee,
a 3HAUMT, W He JAaeT TelOTbl. 3HaueHns
w WM Wy CBA34HbI COOTHOLUEHUEM W=
= w,(273+¢)/273. Tonounbie yCTPOHCT-
Ba 8 CJOEBOTO CHKHIAHHA KAACCHOHUIM-
pYIOT B 3aBHCHMOCTH OT cnoco6a nmoaad,
nepeMellleH s H UIYPOBKH * €10 TOMIMBA
Ha KOJOCHHKOBOW peweTKe.
B HeMeXaHM3IHPOBAHHBIX TOMKax, B KOTO-
pbix BCE TPH ONEPALHW OCYLLECTBIRIOT
BPYUHYIO, MOXHO CKHUraTh He Gonee 300—
400 xr/u yrasi. HauGosbliee pacnpocTpa-
HeHHe B MPOMBIILUIEHHOCTH HOAYYWIH NOJ-
HOCTbIO MEXAHW3UPOBAHHbIE CJIOEBbIE TOM-
KH c [IHEBMOMEXAaHHIECKHMH
3a6pachbiBATENAMH U LLETHOH peuieTkoll 06-
paTHOro xojaa (pHcC. 17.6). Hx ocobeH-
HOCTb — FOPEHHC TOILIMBA HA HENPEPHIBHO

* PaspyllicHue CUEKOB (IIPH CHITAHUU CNEKA-
joLMXCH yrjeit) W LIAaKoBbIX arioMeparos, 06-
pasyloUKXCH B npouecce 'opesus.

LBHKYUEHCH CO CKOPOCThIO |15 M/u KO-
JOCHHKOBOH peueTke, CKOHCTPYHPOBAHHOM
B BHAe NOMOTHA TPAHCMOPTEPHOH JIEHTH,
yMeolleil NpUBOL OT 3JIEKTPOABUTATE.A.
[TOJIOTHO PEILETKH COCTOHT H3 OTAEIbHbIX
KOJIOCHUKOBBIX 3JIEMEHTOB, 38erﬂﬂeHHle
Ha GeCKOHEeUHbIX LIAPHHPHBIX HendAx, [npH-
BOLMMBIX B JBHKeHHe «3Be3foukamu». He-
06XONHUMBIil 4151 TOPeHHA BO3AYX NIOABOAHT-
€51 NOJ PELUEeTKY Yepes 33a30pbl MEXAY 3Je-
MEHTaMH KOJOCHHKOB.

[lopaua TomJaWBA  OCYILECTBJAAETCA
nHeBMOMeXaHHUeCKuM  3a6pacbiBaTesiem,
OCHOBHBIM 3JIEMEHTOM KOTOpPOro fBJISETCA
poTop, BpallaloWHAcs ¢ yactotoit 500—
1000 o6 /mud.  JlenTOUHbIM ~ MHUTATEJEM,
T. €. HeOObIIMM TPAHCNOPTEPOM, TOMJIHBO
nogaetcs U3 GYHKepa Ha JonacTv poropa
¥ 3a6pacbiBaeTcsi WM B TOMKY. KpynHbie
KYCKH JIETSIT K 3aj/lHedl CTEHKE W ABHXKYTCA
Ha pelueTke NOJAblUe, MeJKHe MaaawT 6a14-
We, a cambie TOHKHe (pakiuuH (Meabue
| Mm) cropalT B TONOYHOM ofbeMe Ha
JeTy, Adsl 4ero CleLWanbHO MOMABOAHTCHA
Boaayx (10—15 % scero pacxona) co CKo-
pocToio 20 M/c.
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OnucaHHasi TONKA OTHOCHTCSL K paspsi-
Ay G aKeJ bHO-CJOEB bl X, TOCKOJbKY
yacTb TOIUIHBA cropaetr B ¢akene. [das
HHTeHCH(HKALMK ropeHus B 00beMe Yepe3
COMJa, PacnojioyKeHHble Ha 3aiHel cTeHKe,
JOMOJHHUTENLHO MopaloT Bo3ayx (5—10 9%
0611ero KONHYECTBA) B BHE CTPYH «OCTPO-
ro AyTb» co ckopocTbio 50—70 M/c. Itu
CTPYH HHTEHCHBHO MepeMelInBAIOT MOTOKH
B oObeme Tonku. OGBIYHO BMECTE ¢ OCTPhIM
AYTheM B TOMKY BO3BPALLAIOT YJAOBJAEHHBIH
B 30/10YJIOBHTENE YHOC C BBICOKHM coaep-
XaHHEeM TOPIOUHX, YTO MO3BAJSIET 40XKEUb
BBIHECEHHblE M3  TONKH HEAOFOpeRiiine
4aCTHULI.

[llypoBka cJi0s1 B TAKKX TOMKAX He Tpe-
6yeTcs, MOCKONbKY, NpOrpeBasich B NpoLec-
ce noJiera, 4acTHUbL yr/s TepsioT crnocob-
HoCTh cnekartbes. 1lnak c6Hpachiraercs
B IHJ1AKOBYIO WLAXTY, @ U3 HEe — B CHCTEMY
IMJIAKOY/1a/€HHS.

OCHOBHBIMH NMOTEPSIMH B CJOEBLIX TOMN-
Kax SABAAIOTCH NOTEPH OT MEXAHWUECKOTro
Heaoxora. [1pn oTcyTCTBHH OCTPOro ayThsi
M BO3BPATAa YHOCA 3HAYEHHE §uex MOXKET
AoctHrate 13 %, npu BoaBparte yHoca OHO
3HAYUTEIbHO HHXKeE.

OnTHManbHBIA pasMep KycKoB yrast A1
CJOEBbIX TONOK cocTasaser 25-—50 mm.
3TOMY COOTBETCTBYET CKOPOCTL ra3a B Cjl0e
w=15+25m/c, T.e. w,=03=-05m/c
npu £=1200 °C u B cooreTcTBUHU ¢ (17.7)
aHayenue g, =1 =1,5 MBt/m% C ypennue-
HHEM ¢, YBEIHUMBACTCH yer M3-33 BHIHOCA
Hecropeailied Menoud Kak copepxauiefica
B PALOBOM (HECOPTHPOBAHHOM) TOIJHBeE,
Tak W o0pasyiollelicsl U3-3a PacTPecKHBa-
HUA TOMNJHBA MPH CrOpaHHH.

Bonbluas  KOHUeHTpauWss  TonavBa
B [JIOTHOM CJl0€ CO3AdeT Pa3BUTYIO MOBep-
XHOCTb pearHpOBaHHsl, NO3TOMY B €IHHHLE
00b€éMa CaMOoro CJ105 BhIAENSIETCA OrPOMHOe
KOJIMYeCTBO TemnoThl. OfaHaKo Heo6XoaH-
MOCTh JOXXHIFaHWsl BbIHOCHMBIX H3 CJ1OS1
NpoAyKTOB HenoJHoro cropanuna (CO, Hy)
H MEJIKAX TOMJWBHEIX YACTHL, a TaKXe 0X-
JIAXKAEHHA ra3oB B TOMKE A0 TeMneparyp,
NPpH KOTOPbIX 34TBEPAEBAIOT YHOCHMbIE HMH
30AbHble vyactuubl (1000—1100 °C a 3a-
BHCHMOCTH OT MJABKOCTH 30J1bl), 338CTaBJIfA-
eT NpPeAyCMAaTPHUBATh HAA CAOEM JOCTATOU-
HO GONLUIOH TOMOUHBIA 06bEM, TOrAA ¢, =

=250 + 450 kBr/m>.
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M3-32 HepaBHOMepHOH BBICOTH /108
KO3 PHLUHUEHT U3ObITKA BO3AYXA B CJOEBbIX
TONKaX [PHXOAHTCHA A€pPXKAaTh JOBOJABHO
BBICOKHM: a,= 1,314, Torna q¢ua=
=0,09=11%.

B CCCP BBINYyCKAIOT UENHbIC PeUITKH
¢ MIOWIAAbI0 3epKana ropeus or 3,3 no
24,4 M%, 4TO NPUBAHIUTENLHO COOTBETCTBY-
€T TennoBsoil MowHoctd oT 3 aa 30 MBr.
O6nacTblo UX NPUMEHEHHMS SBJSIIOTCH HC-
Goablie NapoBble M BOLOTPEHHBIE KOTJbI
¥ NeYH MOUWHOCTLIO He Gosee 70 MBt. [1pe-
MMYLIECTBOM CJOEBLIX TOIOK ABJSAETCS MPO-
CTOTa 3KCIUIyaTauWHu, OTCYTCTBHE yrjepas-
MOJIbHBIX YCTPOUCTB, BO3MOXHOCTL YCTOI-
4yMBOH (6€3 noracanuit) paboTel B LIMPOKOM
lHana3one Harpy3ok. MIx HepocratkoMm siB-
JisieTcs npexkae Bcero HeGomblUlas npau3Bo-
NNTEILHOCTb, MOCKOJAbKY [J10ILdAb TOIOK
Aa)ke € UEMHbIMH PEIIETKAMH HE TPeRbl-
waer 50 M*. B coeBhix TonKax ne yaaercs
CIKHIaTh TOIJIMBA C O4EHb BLICOKOR 3QUILHO-
CThIO W BRAXKHOCTbIO *, 2 B psile KOHCTPYK-
LMA He TOPAT W CcnerawLUlHecs yrau, obpa-
3ylolllHe B mpouecce HArpeBa KOpKy, He
MPONYyCKaloWyio BO3AYX.

dakeabHnie TONKKH. B npouliom Beke
MJIsl CXKHTaHHsl B CJOEBbIX TONMKax (a japy-
FHX TOrAa He OblJI0) HCMOJbL3OBAMH TOJNBKO
yroib, He cofep>awui Mmenoun (06GBIYHO
¢ppakumio 6—25 Mm). Dpakuus Medbue
6 MM — wThO {(OT Hemeukoro staub —
Nblib) ABAAAACH OTXOAOM. B Hauage storo
BeKa [AJs1 ee crxkuranuda Obl1 paspaboran
NbIEBHAHBIA CIOCO6, 1PH KOTOPOM  yIJiH
uamenbyaan ao 0,1 MM, a TpyaHocKurae-
Mble aHTpaLUThi —— eule mednde. Takue nut-
JUHKH YBJEKAIOTCH NOTOKOM rd3a, OTHOCH-
Te/bHAsi CKOPOCTb MEXY HUMHW o4eHb Ma-
aa. Ho v BpeMsa HX cropaHus upeaBbl4aino
MaJlo —— CEKYHIb U 104U cekyHa . [Tostomy
NPH BEPTHKAJAbHOH CKOPOCTH Tra3za MeHee
10 M/c M pocTATOUHON BhiCOTE TONKH (de-
CATKH METPOB B COBPEMEHHBIX KOTJAX)
NblJlb YCNEBAET 10JHOCTLIO CTOPETh HA JIeTy
B mpolecce ABHXXEHHA BMeCTe C raszom oT
ropenku A0 BblXOAd U3 TONKH.

DTOT NPHHUMN H [OJOXKEH B OCHOBY
GakeabHB X (KamepHsnx) TONOK,

* TlpaBna, UMEOTCS ClelHATbHLIE TORKH A3
CHKMTAHUA CHIBHO BJAKHBIX TOPPA H APLBECHbIX
OTXONOB (LUEfbl, KOPbl H T. 1.).



B KOTOpble TOHKO Pa3MoJoTas ropro4as
Mblib BAYBAeTcss 4yepe3d rOPeJKH BMecTe
¢ HeoO6XOAMMbIM [/ TOPEHHE BO3JlYXOM
(cMm. puc. 17.5, 6) aHanOrHYHO TOMY, Kak
CKHUralTCH raszoobpasHble HIK  XKHIKHE
tonauba. Takum oGpa3om, KaMepHble TOMKY
NPUIOAHBL A CXHranus JOGbIX TONJMB,
uTO IBASAETCS 6OJAbUIMM WX MPEHMYLIECTBOM
nepen cJoeBniMd. Bropoe npeumyuniect-
BO — BO3MOXHOCTb CO3[aHHA TOMNKH Ha
M06Y10 PAKTHYECKH CKOMb YTOAHO GOJb-
Wy MOWHOCT. [103TOMY KaMepHble TOMKH
3AHMMAIOT CeRuac B 3HepreTHke HOMHHHUPY-
joiLee nojsoxernde. B To e BpeMs Mbiib HE
yAAeTC YCTOHUMBO CIKWIaTh B MAJEHDBKHX
TONKax, OCOGEHHO MPH NEePEMEHHBIX PeXH-
mMax paGoThl, 1OITOMY NBUIEYTONbHbIE TOMKH
¢ TenJoBoil MolHocTbio MeHee 20 MBT He
DeJAoT.

TonNHBO H3MeNbUAETCS] B MEJIbHHUHBIX
YCTPOWCTBAX M BAYBAETCH B TOMOUHYIO Kd-
Mepy HepesmblleyTr oA bHb € rope.J-
k H. TpaHcnopTHpylOLLMH BO3AYX, BlyBae-
Mblil BMecTe C [bljibi0, Ha3biBAETCH 11 € pP-
B HYHDBM.

[lpd KaMepHOM CKHMFaHWH TBEPAbIX
TOMJIMB B BHMAE MblIK JeTy4He BeLLeCTBa,
BHACASACH B IpoLecce ee nporpesa, cropa-
0T B (aKesae Kaxk rasoo6pasHoe TOHJIHBO,
yro cnoco0GCTByeT pasorpeBy  TBepAbIX
YyacTHLl A0 TeMMepatypbl BOCNJAAMEHEHH:H
W obaeruaer crabunuzauuio pakena. Koau-
YeCTBO EPBHUHONO BO3,1yXa JOMKHO ObITh
JOCTATOUHBIM IS CHKHTdHUR AeTydux. OHO
cocrasasierT oT [5—25 % Bcero KosuHecTBa
BO3/AyXa A yrjeH ¢ MajlbiM BBIXOAOM .Ji€-
Tyudx (Hanpumep, aHTPAIUTOB) A0 20—
55 % g8 TONJWB ¢ 6OJbLIAM HX BbIXOAOM
(6ypbix yraeit). OcTanbhoit HeoOXOAWMbIA
ANR rOpeHHsi BO3AYX (ero HasblBAlT BT O-
p¥uUHBIM) IOAAIOT B TONKY OTAENBHO
¥ MepeMellBaIoT ¢ MbiAbI0 YKe B fpolecce

rOpeHHs.
Jlais Toro yTo6bl Mblb 3aropesnach, €e

HYXHO cHadana Harperb 10 J0CTaTOYHO
BbICOKOIl TemnepaTtypbl. Bmecte ¢ Hew,
eCTEeCTBEHHO, DpHXOJlHTCﬂ HaneaaTb
W TPAaHCNOPTHPYIOULHA ee (T.e€. MEpBUY-
HbIi) BO3AYX. DTO yA4eTCR ClleNaTbh TOAbKO
nyTem no0seuLuBanua K nOTOKY nolieasee-
CU PACKAAE tHbLX APOOYKTOB C2OPAHUA.
Xopoliylo  OpraHH3aluuio  CKAraHH#A
TBEPABIX TOMHMB (0cO (eHt HO TPYLHOCKHUrE
eMHX, C MaJbiM BBIXOLOM JleTy4Hx) obecre-

B A-A ﬁh
’ 4
Y’

1<

Puc. 17.7. [IpAMOTOUHO-YJHTOYHAR TOPEJIKA AR
TBEPAOrO MbLIEBKAHOTO TOIUIHBA:
B — mostyx; T, B — TonuuBo, Bosayx

ydBaeT HCNOAb30BaHME TaK HA3bIBAEMbIX
YJAHTOUHbIX ropeaok (puc. 17.7). Yrojabuas
MBI € MEpPBUYHBIM BO3AYyXOM [NOJAAeTCH
B HUX Uepe3 LeHTpaabHylo TpyOy u 6Gaaro-
Japs  HaJlWUHIO  paccekaTens  BbIXOAHT
B TOMKY B BHjle TOHKOH KOJbUEBOH CTPYH.
Broprunblil BO3AYX NOLAETCS Yepes «YJHT-
Ky», CHAbHO 3aKpyuuBaeTcs B HeH W, BbI-
XOAs B TOIKY, CO3a€T MOLUHBIH TypO yeHT-
HBIfl 3aKpyueHHbd (akes, KOTOPbIH o Gecrie-
YHBaeT MOACOC GO/bINAX KOJHYECTB packa-
JIEHHBIX Ta30B W3 sijpa (akesa K yCThbio ro-
pedku. D10 ycKopsieT MpOrpes CMecH Tom-
JMBA ¢ TNEPBMYHBIM BO3JyXOM H €€ BOC-
1aMeHeHu e, T. €. CO34aeT Xopollyw cTadu-
AW3aUMIo paKesa. BropuuHbli BO3LYX XO-
poLIo MepeMemtHBaeTcs ¢ yxe Bocmiame
HUBMHIEHCS MbLIBI0 6/1arofapsi CHALHOH ero
typ6yausaunu. HanGonee Kpynnble nblIun-
KH AOrOpPalT B Npouecce Ux Nojera B (10-
TOKe rasos B npenenax TONOUHOTO o6bhema.

[lpu (aKeabHOM CXHIAHHH YrOMbHOR
NblIK B KAX/]bIH MOMEHT BpEMEHH B TOMKeE
HAXOAUTCH HUUTOXHbIH 3amac TOMJAWBa —-
He GoJee HECKOJIbKHX [ecATKOB KHJIOrpam-
MoB. JT0 nenaeT pakeNbHbil 0pOLece BECh:
Ma UYBCTBHTEJIbHbIM K M3MEHEHHAM pacxo-
0B TOMJMBA W BO3/lyXa H [O3BOAAET MPH
HeO06X0AKMOCTH MPAKTHUYECKH MIHOBEHHO
H3MEHATHb MPOU3BOLAHTENbHOCTD TOMKH, KaK
MpH CKHraHuM MasyTa uau raza. OLHOBpe-
MEHHO 3TO NOBbiillaeT TPpeGOBAHWA K Ha-
AENHOCTH CHAGKeHHs TOMKH Hblinio, H6O
maJjeiluil (B HeCKOJIbKO ceKyHA!) nepepniB
npHBeAeT K noracanuio gakesa, 4To CBA3a-
HO C ONACHOCTHIO B3pblBa MpH BO30GHOBJE-
HUK nofadd nbind. [1oaTomMy B NblICYTOab-
HBIX TONKAX yCTAHAB/AHBAIT, KaK I1PABHIIO,
HECKOJIbKO TOPEJioK.

[lps nbJIEBUAHOM CHXHIAHHH TOIINB
B sape (akena, pacnofoOXKeHHOM HELAJEKO
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OT yCTbfl [OPCJAKM, PA3BHBAIOTCSH BBICOKHE
temnepatyphl (10 (400--1500 °C), npu Ko-
TOPHIX 302 CTAHOBHTCH KUAKOH WK
tectoobpasioi. Hajunuarue 3ToW 301bl Ha
CTEHKU TOHKH MOMKET TPHBECTH A HX 37-
pactanuio 1waakom. lTostomy cxKuranue
MBUTEBHAHOTO TOIIHBA Yalle BCero nphHme-
HAIOT B KOTJIAX, I'1€ CTeHbl TONKH 34KPbIThI
BOAOOXNAXKAAEMbIMH  TpyGamu  (3Kpana-
MH), OKOJMIO KOTOPbIX Ta3 OXJamlaercs
M B3BELICHHbIE B HEM UACTHIBL 30J1h yCe-
BAIOT 3aTBEPAETh A0 COIPHUKOCHOBEHHA €O
creHkol., TluieBuanoe CORHranie MOXeT
MPUMEHSITHCS TAKKE B TOHKAX ¢ KHIKHM
WAAKOYAaJeHHeM, B KOTOPBIX CTEHDL 1to-
KPBITHl TOHKOH [ICHKOK AKHUIKOTO II1aKa
W pacnjaB/jeHdHble dqactullbl 3006l CTeKawT
B 3TOI NJeHKE.

Tennonanpsiketine obHbeMa B (bliey-
FOJbHBIX TOMKax 06biuto coctasaser |50—
175 kBr/m", yBeanuuBasch B HeBGOAbLIIUX
tonkax o 250 kB1t/m”. Tlpu xopowem ne-
pemMeuIHBaHHH BO3AYXa ¢ TONJIUBOM MPHHHU-
maeress a,=12-+-125 gua=05+6%

(GoabuiMe 1UGPDL! -~ NPU  CHUTAHUK  aH-
TPAuMUTOB B HEBOALIUMX TOMKAX). ¢um=
=0+1%.

B kamepHbIX TOMKax yjdeTcs nocJje

JIONOAHUTENBHOrO PA3MOAd CHKHUMATb OTXO-
Abl yraei, obpasyloluecst npu 1ux oforatie-
HHH HA KOKCOXUMHUECKHMX 3apoaax (mpom-
1IIPOJAYKT), KOKCOBBIe OTCEBLL M eule Gosee
MEeJKHH KOKCOBBIH (11am.

ukaonusie Ttonku. Cneurduueckuit
crnocob CHKMraHusl OCYLIECTBAEH B LLHKIOH-
HHBX Tonkax (cw. puc. 17.5, 8). B nux wuc-
MONb3YIOT JLOCTATOYHO MEJIKUE YACTHILH YT-
Jasa (o6bluHO Meabue 5 MM), a HEeOGX0AUMbIIA
J11 TOPEeHHS BO3AYX 110/1a10T ¢ OTPOMHBIMH
ckopocTsimi (10 100 M/c) no KacaTeabHOR
K ofpa3aywouel ukiIona. B Tonke co3iaer-
CHl MOIIHbIH BHXPb, BOBJAEKAKUIUA YACTHLLbI
B UMPKYIALHOHHOC ABH/KEHHE, B KOTOPOM
OHH HWHTEHCHBHO O6AYBAIOTCH  [MIOTOKOM.
B pe3yabTate HHTEHCHBHOrNO  TODEHHA
B TOMNKE PA3BUBAIOTCS TemnepaTypsl, 6au3-
Kue K aguabathbiv (o 2000 °C). 3ona
YOAS MAABUTCH, XKHAKHE [1J1@K CTEKAeT [10
creukam. [lo pALy IpHUHH OT IPUMEHEHUS
TAKHX TOINOK B SHEpreTHKe OTKA3AJNCh,
M celuac OHHM HCUOILIYIOTCH B Kauccrne
TEXHOMOUHUECKHX -~ AJ5  CKUMAHKA  Cepbl
¢ uenn nojgydedust SO, B npoussojicrae
HeSO4, 06xura pya u 7. 1. Mnorga s 1iHk-
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JOHHBIX TONKAX OCYUEeCTBJAAIOT OrHeBoOe
()GCSBPC)KMBBHHQ CTOUYHBIX BOJA, T. €. BbiXH-
rasuve cojepKalluxcq B HHX BPED.HOCTeﬁ 3a
cyeT nmojavu A00O0NHHUTEJIBHOIO (06bl‘-|H0
r'..51'%()06;)83HOI‘() WIH KHAKOro) TOIMHBA.

TONKK ¢ KHNALWMM CA0eM. YCTORUMBOE
rOpeHKe MbLIeyroIbHOrO (hakeana BO3IMOXKHO
TOABKO MpPH BLICOKOH Temnepartype B €ro
aape — ne Huxe 13001500 °C. ITpw atux
TEMIepaTypax HauyHHaeT 3aMeTHO OKHC-
JATbCS A30T BO3Ayxa 10 peakiun No+
4+ 0y=2N0O. OnpejeaeHnoc KOJHULCTBO
NQ oGpasyeTcsl U 13 a30Ta, COePKALUEro-
cq u Tonause. Okeu azora, BuIOpPOIEHHbIR
BMeCTe ¢ IbIMOBbIMH razamu B aTmocdepy,
JOOKHUCJSIOTCST B el A0 Bbit GEOTOKCHUHONO
anokcupa NOo. B CCCP ppegenbHo A0-
NYCTHMAas KOHUEHTPaurs NO, (I1JIK), be-
jomacHasl AJs 310pOBbst JI0JAEH, B BO3iyXxe
BACENeHHBIX MyHKTOB cocTaBageT
0,085 mr/m?. Utobsl obeclieudTs €€, Ha
KPYNHBIX TCIJIOBLIX 37€KTPOCTAHIHAX NpH-
XOAHUTCA CTPOHTL BBICOYEHHBIE JhiMOBDIE
TpyGbl, pazGpachiBAOLKE AbIMOBHE Ta3bl
Ha BO3MOKHO Gonbliyio wiomaab. OnHako
NP4 COCPEANTOUC.HRH BOJIBILIONO KOJHUECTBA
CTAHUHMH HEJLAJEKO APYT OT APYra M 370 He
cnacaer.

B psile crpaH perJameHTHpyeTcd He
MK, a KosnuecTBO BpeAlbiXx BHOPOCOB HA
CAMHHIY TENJIOTH, BbIIEAGHHOH 11pH cropa-
nuu Ttomnusa. Hanpumep, 8 CHIA ans
KPYOHBIX TPEATIPUATUR A0IIYCKAeTCA BH-
GpOC 28 MI' OKCH/L0B A30Td Ha 1 Mk Ten-
aotnl cropanus . B CCCP nopmsl Beipocos
COCTABASAKIT ISl PA3HLIX TOMIHB 0T 125 a0
48( mr/m".

[pu cxurasHy TOTIMB, COACPXKALULNX
cepy, obpasyercs TOKcuudblit SOy, netbcr-
BHE KOTOPOTO Ha 4YeJIOBEKa K TOMY e CyM-
mupyercs ¢ neitcrBuem NOp. ITh BIGpOCH
cayKaT npuuHiioil o6pa3oBaHust (HOTOXH-
MHUYECKOTO CMOra H KHCJIOTHBIX AOWK[EeH,
BPEHO BJAWSIIOUIMX HE TOMNbKO Ha aoei
U KHBOTHbIX, HO H Ha pPACTHTEJbHOCTb.
B 3anaauoit Enpore, nanupumep, oT TaKHUX
JOK/AeH  NOrHOAeT  3HAUMTENbHAS  HdCTh
XBOHHBbIX J1eCOB.

[a3006pa3stsie BpeAHbIC BHIOPOCH MOX-
HO PEIKO YMEHBLUTHTL 1HYTeM CHHKCHHS TeM-
nepatypbl ropeuust o 850--950 °C. {Ipu
TUX TEMHepaTVpax 4307 BO3AYXa NPAKTH-
qecKH He OKHeasieTed, a Anoketn cepbl SOy



COCMHAETCA € OKCHAOM KalbliMs 1O peax-
M (aHaaorudebM  o6pasom  pearupyer
n MgQO)

S0, + Ca0+0,50,=Cas0,. (178)

Eean B 3ue TOMIHBA OKCHAOB KalbUHA
W MATHHH HCAOCTATOYHO JJist CBA3LIBAHHA
scero SO, (06bIMHO NYXeH JBYX- Wl TPEX-
KpaTHbIfl ero H3OhTOK (10 CpPABHEHUIO CO
CTeXHOMETPHER PEaKluu (17.8)), K TOIIH-
By NOAMEUIHBAIOT HIBECTHIK CaCQ,. Ha-
BECTHSK DpH TemnepaTtypax 850950 °C
MHTEHRCHBHO pasaraeTcs Ha Ca0O u COy,
a runce CaSO, ne pazaaraercs, T. €. peak-
wust (17.8) cupara HaneBo He WIET. Takum
aBpasom, TokCHIbI SOy CBAIBIBAETCH 10
()QSB[)Q}LH()FO llpaK'l‘l/lllCCKH llt‘pﬂC'TB()pHM()l"()
B BOAEC I'HNC, K()’l‘()pblpl \_/,'LQ.J]?‘C'I‘CH BMECTE
¢ 3oa0h.

C apyroit croponsl, 8onpouecce Aes-
TeJbHOCTH UeI0BeKa GhpasyeTes 6 oabmoe
KOJHUECTBO TOPIOUHX OTXOL0B, KOTOPbIE HE
CUMTAIOTCA TOMAMBOM B OGULIEMPHHSTOM
CMbICIe: «XBOCTHI» yraeoforaluenus, orsa-
Jbl npd Lo0bIME yras, MIOrOUHCAEHHBIC OT-
XO/b! UEMTIONO3HO-GYMAKHOM 1POMBILLIEH-
HOCTH M APYFMX OTpACAel HAPOHOrO XO-
ssiicTBa. [1apafoKcanbio, HAUpUMEP, HTO
«NOPONA», KOTOPYIO OKOJIO YLOJBHBIX HaxT
CKJAALIBAIOT B OrPOMHbIC TEPPUKOHBL, 3a-
yacTyl camoBosropaercs M JJIATES bHOE
BpeMs 3arps3HAET AbIMOM H blABIO OKPY-
K AI01llee POCTPAHCTBO, HO HU B CHOEBDBIX,
MM B KaMepHBIX TOMKax ee He yaaeresd
cskedb H3-33 GOMBLIOr0 COLEPKAHUA 30D
B cioepbix TOMKax 307a, Cnekasce ApH
ropeHudu, [penarcTBycT IPOHUKHOBEH WD
KHCﬂOpOﬂa K yactvuam F()pl()‘l(‘l‘(), B KaMep-
Hb(X HE YA3eTcs MOJYUWTb HYXKHYH I3
YCTOMUHBOrO rOpestus B HHX BBICOKYIO TCM-
nepartypy.

BosHKKIIAsl TEpe/ Ueg0oBeHeCTBOM Ha-
cTOsiTeNbHAn HE0OX0AMMOCTh paspaboTKH
6e30TXOHBIX TEXHOJAOrMA MocTaBuIa BO-
NpoC O CO3AHUM TOMOUIIBIX yeTpOHCTB 1A
CHKHranns Takux marepuanos. Mmu cranu
TOMKHA ¢ KUMSTUAM c10eM (¢M. PHC. 17.5, 2).

MceBAOOKHUKCHHDBM (nau
KW SILUM) HasblBaeTed CA04  MEAKO-
JepHucToco  marepudid, apodysaemoll
CHU3Y B8ePX 2a30M CO CKOPOLTHIO, npeaot-
warowell npeder YCTouHUB0OCTY LACTHO20
cA0f, HO HedocTarodHol dasn  BeBIHOCA
wacTuy u3 caos. VIaTeHcHBRAR UKPKYJs-

LSl YacTHU B OrpaHHUEHHOM o6beMe Ka-
Mepbi cO3jadeT BreuaraeHue 6ypHO KHUIISH-
(el KMAKOCTH, YTO H OGbACHAET Mporc-
XO)K/CHKWE HA3BAHHA.

DU3HUECKH NPOLYBAGMBbIH CHU3Y IIOT-
HbIH CAOH wacTUll TEPHET yCcTOHYHBOCTD MO
TOMY, UYTO COMPOTHBJICHHE huabTpyoLle-
Mycsl CKBO3b HEro rasy CTaHOBUTCA paB-
HpiM Becy cTonfa marepHana Ha eMHHILY
NOLULAAHM [TOAAEPKHBAIOIEA PeLIeTKH. [To-
CKOJIbKY a3POAMHAMHUYECKOE conpoTuse-
HHe ecTb CHJIA, C KOTOPOH ras aefcTByer
Ha UACTHIbI (B COOTBETCTBEHHO NO TPETb
emy 3aKoHy HbloTOHa -— yacTHUBLl Ha Ta3),
TO NPH PABEHCTBE CONPOTHBJICHHH ¥ Beca
cJ0f 4acTHIbl (€CaM paccmarpuBarTe HAE:
alpHLIA cayuail) onupaloTca He Ha peuier-
Ky, @ Ha ras.

CkopocTh w. (m/c) nperend yCTOH-
QHROCTH [LIOTHOFQ €AOS HACTHIL AHAMET-
poM d H MJIOTHOCTHIO 9 65 r/M*, npoiyBa-
€MOro BO3LYXOM c TeMneparypoi
90 u 1000 °C, umeeT chelyiollye 3Hade:
WK (OKpYFJeHno):

doMM L 0,1 0,2 05 1,0
R (1) 0,03 02 0,04
T 0,003 001 008 03

[Tpodoaxcenue

dMM . e e - 20 50 10 20
L 10 19 27 4
@l 12 32 53 8

Cpeannii pasmep 4acTHl B TOMKaX € KH-
[STLLHM C0eM 0OBIYHO COCTABACT 2-—3 MM.
UM cooTBeTcTBYET pafodan CKOpOCTL nces-
JOOKHKeHus (ee GepyT B 2--3 pasa 6onb-
we, uem @) 1,b=4m/c Aro onpefeaser
g coorserctuu ¢ (17.7) naowaib raso-
pacnpenemnenbﬂoii pewieTKn NpH 3adaH-
HOM TennoBOH MOLLHOCTH TOMKH. Tensonan-
psketine 06peMa gy IPHHHMAKOT TPHMEPHD
TAKHM e, KAK M s CJ0EBbiX TOMOK.

Mpocreftuas Touka ¢ KMOALLHM CJOeM
(puc. 17.8) BO MHOTOM HaAMOMHHAET CJa0e-
Byl0 (cM. pHC. 17.6) n nmeet C Hell MHOrO
OB LIHX KOHCTPYKTHBHBIX 3TEMEHTOR. [1pun-
LUHNKANbHOE pasauude Mexuy HUMM 3&-
KAOUACTCH B TOM, UTO MHTEHCHBHOE nepe-
mewinBanne uacTui ofecueduBaet [1OCTOSIH-
¢TBO TeMIeparypbl 110 BeeMy 06 beMY KMMA-
{ero cJaos.
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Puc. 17.8. Cxema tonku ¢ KHISILHM CJA0CM:
! — BBIrpy3ka doau;, 2

K 3a6pachiBatenio; § - porop saGpacweiBaTeds; 6 -

Hbilt 06beM; 9 — sKpasHble TpYy6ni; 10 - ocTpoe AyThe H BO3BPAT yuoca, [/

noABOA BO3AYXA 1HOA CAVH; F —

BOCHpHAUMAWILME TPYGB B KHMALEM cAoc, B soaa, /7 - nap

Moaaepxauue temnepatTypsl kunsiLero
Cl1osi B HeoOXONUMBIX [pefenax (850—
950 °C) obecreduaeTcs ABYMA pPasnuuHbi-
MH cnocobamu. B He6oablunx npombiiinen-
HbIX TOINKAX, CHKHIAOUHX OTXOAL HJH Je-
IIeBO€ TOMJHBO, B CJIOH MOAAIOT 3HAYUTEb-
HO Gonbile BO31yxa, YeM 3TO HEOBXOAHMO
LAt OJTHOTO  CXKMMaHWA, yCTaHaB/AHBas
s = 2.

[Ipn ToM ke KoaWuecTBe BhineseH-
HOH TemIoTH Q) TeMneparypa rasos yMEHb-
laercs No Mepe yBeJHYEHHS a,, HEO Ta Ke
TENJIOTA TPATHTCH HA Harpes 6oJbLIOrO
Ko/n4ecTBa ra3os (cM. puc. 16.1).

B KpynHbix 3HepreTHueckux arperarax
TaKOH MeTO/l CHUMKEeHHH TeMnepaTyphl rope-
HHA HEIKOHOMHYEH, HOO «IHILHHHY BO3AYX,
YXOAs M3 4rperaTa, YHOCHT M TEINJOTy, 3a-
TPaueHHYI0 Ha ero HarpeB (BospacraioT
MOTepH C YXONSIIUHMH Tra3amu — CM. /1a-
Jee). Tlostomy B TonKax ¢ KRIAWAM Caoem
KPYIHbIX KOTJI0arperaTtos pasmemator Tpy-
6bi 9112 ¢ LUHDKYJIUDYIOLLAM B HUX pabo-
4iM TesoM (BoMOK WK napom), BOCHIpHHH-
MaloWHM HeOOXOMHMOE KOAHYECTBO TelLio-
Thl. MHTEHCHBHOE «OMBIBAHHE» 3Tux Tpy6
H4CTHUAMH ofecrneYnBaeT BLICOKHI KO3(-
$HUMeHT TenaooTAauM OT caom K Tpy6am
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KUINA UK A0l 30401 1 Totann, 4 — nogson BO3Y XA
ACHTOUHBIA HUTATCADL; 7 TOUMMB L bl Gynkep; 8 — ronou-
OOMYPORKY TONKK; 12 - reusno-

. oo
[ =2250 Br/(m*-K)], wro » HCKOTOPLIX

CIyvasix nO3BOJAET YMEHbIUHTH MeTadno-
EMKOCTb KOTJIa NO CPABHERMIO ¢ TPAAKIH-
OHHBIM. TOMIUBO yCTORYHBO ropuT IIpH ero
COAEPXKAHHH B KHIALLEM CJ10€, COCTABJSIO-
ulem | % u mence; octanbhbie 99 % ¢ aunu-
HUM — 3ona. [Jaxe fpy cTOdb HeGaarol-
PHATHbLIX YCJAOBHAX HHTEHCUBHOQe nepeme-
UIMBAHHE HE O3BOJISCT 30JbHbIM YACTHILAM
610KHpOBATL rOpIOYHE OT JIOCTYIA K HUM
KHCA0opoaa (B OTJHUHE OT [JIOTHOrO caost).
KoHuentpauus roprounx IIDH 3TOM OKa3bi-
BACTCA OAMHAKOBOA N0 Beemy obbeMy Ku-
nswero caos. [as yranenus 3oaul, BBogH-
MOH € TOIUIHBOM, 4aCTh MarepHana cJos
HCIIPEPLIBHO BLIBOZMTCH M3 HErO B BHje
MEJTKO3CPHUCTOrO  UL1aKa — Yalile  Beero
IPOCTO «CJIMBACTCH» YEPE3 OTBEPCTHSA B 110-
AHHE, NOCKOJbKY KHNAIHHA cA0H crnoco6en
Te4b KaK KuAkocTh. [lpn =1, Q=
=16 MJIx/kr u A-==30 Y%. unanpuamep,
bopmyanl (17.3) u (17.4) nawrT gl =06 Y, .
dakrHuecku MEXAHHICCKH It HEeL0XKOr
¢ WJaakoMm Gyaer clile MeHbUIC, uio JLoJs
306, MepexoisILeH B UIAK, cocTasasier
B TONKax C KHIAWMUM CJloeM 0Koao 70—
80 % (octanbHbie 20—30 % 30ab YHOCHT-
Cfl H3 TOMKH ¢ razamu).



lllupokoe BHeApeHHe KOTJOB C KHOA-
WHM caoeM (OHH CO3JalTC BO MHOIUX
nepefonbix crpanax wmupa, 8 CCCP yxe
patoraer 6oaee 100 korios, B KHP —
6ogec 2000) BHABHIO H WX HEJLOCTATKH,
OCHOBHOW M3 KOTOPbIX — GO/bLIOH MEeXaHH-
veckuil HeNOKOr € yHocOM g Jeno
B TOM, 4YTO C/KU[aeMO¢ TOMJHBO HMEET
MONMIKCNIEPCHBIA COCTAB M (PH CpeaHeM
paamepe uacTHi 23 MM upumepro 20 %
YacTHIL OKasblBaeTest medbde 0,5 mm. Itw
YacTHUbI, HE YCeBasd HOJHOCTLIO CrOPETh,
BLIHOCSTCA razom W3 eitod. s ux poxu-
raunst OPUXOIUTCH NpelycMarpusath Jlo-
CTATOUHO BLICOKOE HAJC/I0eBOE [1IPOCTPaN-
cTBO (06bEM TOIKHK HAJL CJOEM BhICOTOW He
mMeHee H—6 M), rJe 4acTHUH TOPAT «Hd
JeTy», Kak B o0bunom dakese 3a cuer
OAABAEMOro TyAa JAOHOSHHTEIBHOTO BO3-
ayxa (uepes couna [0, pue. 17.8).

TONKH ¢ UUPKYASIUHOHHBIM KHNAULUM
caoem. B nocsaeitee spemMst HOSIBUJIHCH TON-
KH BTOPOIO I1OKOJCHHA ¢ TUK HA3BIBAGMbIM
(LUPKYAS ILMOHHBIM KMIAULKM CA0eM. 38 3TH-
MH TOMKAMH YCTAH4BAHBAIOT UMKJAOH, B KO-
TOPOM YJABJAHBAIOTCA BCE HELOrOpeBIIHE
YyacTHUBLI W BO3BPALLAOTCA 0OPATHO B TOM-
Ky. Takum 06pa3oMm, 4acTHllbl OKa3blBAKOT-
Cfl «3anepThiMH» B CHCTCMC TOMKA — LHK-
JIOH ~— TONKA [0 TeX Mop, I0Ka He CrOpAT
NOMIHOCTBIO. 3TH TOIMKH WMEIT BHICOKYIO
IKOHOMHUHOCTh, HE YCTYNaIoWyo KaMEPHO-
My CHOcOBY CXKHralWd, UPH COXPaHEHWH
BCEX 3KOJMOCHUYCCKHX [IPCHMYLLCCTB.

TonKY € KHISIOLUM CAOEM IHHPOKO HC-
MOAB3YIOTCH HE TOAbKO B 3IHCPreTHKE, HO
M B APYFHX OTPACAsiX TNPOMBIIICHHOCTH,
nanpuMep, AR CKHMAHHA  KOJAUELAHODB
¢ uenbto noayueHust SOq, 06KHra pasiny-
HbIX PYA M HX KOHUEHTPATOB (UHHKOBHIX,
MeIHbIX, HHKeJIEBbiX, 30]0TOCOAEPKALIHX)
u 1. 4 (C TOYKM 3pEHHST TEOPHUH TOPEHHsI
06K Ur, HaOpUMep, WHHKOBOH pYyibl TO pe-
akimn  2ZnS +30,=2Zn0+4280, ectb
Cropanue 3Toro CleHpUUecKoro «TOIIH-
Ba», NpOTeKawllee, KAk W BCC PeaKlluH
ropensus, ¢ BblaedeHdeM OOoNbUIMX  KONH-
yectB TennoTh.) Boaantioe pacnpocrpane-
HHe. 0cobenno 3a py6ekom, TOUKH ¢ KHOsA-
UMM €10eM HalK [Jisl orlieBoro o6easpe-
AKHpannd  (T. ¢ CKHUAHUA)  PABJHUHLIX
BPEAHBIX OTXOLOB HPOHIBOACTHE (TBEPABIX,
WUAKHX H razoo0pasHLix) —- aamMos oc¢-
BETIEHMA CTOUIBIX BOA, MYCOpd W T IL

KOHTQ()/leblé’ sONpOCHL U sadaqu

17.1. F'a3oBLIA anaau3 IMPOAYKTOB CropaHud
AHTPAUMTOBOrO MITHGa (cM. npumep 16.1) oHa-
pyud | % CO. OueHnTb NPHOIHIHTEILHO XH-
MHUYECKHI HELOKOr (HMeHTe B BHLY, UT0 BCC
raznanaiu3aTophl 43T COLepKaHue KOMHONeN-
TOH B CyXOM rase).

17 2. lIpH HCMBbITAHHK KOTsA WK 1TeUH, Pa-
()OTEHOLLLeﬁ lia TREPIUOM TOIUIHBC, pazjieganto Ol
PENENHIOT COACPKANME [OPKUHX (B IPOILCHTAX
maccnl) B nutake [y, ynoce [y M nposaic i,
a TAKXKe JO0JH 30Jbl, 1POBAJIHBAWILICHES CKBOJD
OTBEPCTHS PEILETKH (B CAOCRBIX TONKAX) dug,
COPACHIBACMON C PEWIETKH B BHLC NNIAKE du
W yHOCHMOH rasamu ay,. [1o anatoruu ¢ dopuy

Aok (17.3) nanucarts Gopmyay s Que. 1o
CUHTATh Guex B KAMEPHOH TONKE, COHULUAKULCH
AHTPAIHT, €CAH Ay =085; du=0.15, o=

=10%: F.=x0; A7=229%.

[7.13 Kakoe KOJMUCCTBO BOIAYXA LHITKEN
SKEKTHPUBATH | M’ NPHPOANOrO rasa B M3006pa-
wemiol na pue. 172 ropenke, utofu ropenne
nporexano npu a, = 1,2? {TeopeThtiecky neHHxo-
JAHMBIA Pacxojl HO3LyXa MOKHO HOCUMTATL 110
OUEHOUHONH (HOPMYyJIe Ueped 3HAUCHUE Q':., npri-
pejieHHoe B Taba. 15.1))

17.4. I1py upOEKTHPOBANHN KOTCABIDIX ¢ii-
peraToB 1PeLycM aTPHBAKOT BOIMMKHOCTL HX D
HOTLl KaK Ha OCHOBHOM , TAK H 1d Pe3CpPBHOM
tonause . Ecii 0CHOBHOE TOIUIMBO  — HPHPOATTLIAT
ras, a pe3epBHOE —— MA3yT, TO yCTaHdaBANBAKT
ra3zoMasyTheie ropejkd. CylulecTBEHHO JTH H3M €
HHTCH PACXOf BO3AYXa {IPH (IEPEXOAC € OLHOO
TOWAHMBA [d APYroe, eC/id MOULHOCTL KOT/a, €ro
KITJI v xoaduuHeHT U36hITKE BO3AYXa OCTa-
BHTb HCH3MCHHLIMK? JL5 N1PHPOLIOIO (434 V=
—9.73 m%/m" QI=136,70 MIIx /M5, Aas masyTa
VO=10,2 m*/kr, Q/ =38,76 M[Ix/kr.

17.5. HeoB6x0AWMO HCHONb30OBATL B KAUeCTRU
TONJIMBA XBOCTbl OBOrALLEHHA CHERIIONLErOCH Ka-

MEHHOrO YIVIH € 30JbHOCTBIO AY== 60 7. Kakois
THI TOMKH Jyuie BCero IMOAXoLT ©9TOro
[Touemy?. K akoBhIG yAYT NIOUA L b H Bl i 70d TOI -

KM NIPH TENAOROH MOILHOCTH KOTJE, Pablisi Q=
— 15 MBT, a,=1,2 u KI1JL 80 Y. Hjuuartb
CKOPOCTb ra3es B TOIKE [1PH TeMilepaType =00 °C
paBuoit 3 m/c, ¢, =350 kBT/u’.

17.6. Ha kaxoit cnocof cxHranus 0Oyporo
yris Aydite BCEr0 OPHEHTHPOBAThL TODKY KOT.14
MomHocTbio 150 MBT?

17.7. Ha 3/4eKTpHYECKOH CcTamIluK st NPH-
goga TypGuubl Mowsocruio 1200 MBr nocrpocn
Kored. OnpefesnTs NPUMEPHBIA OFLEM €rv Toi-
ku, ecan KITJ crauunn pasen 40 %,

17.8. UeMy npHGAH3UTCABIO PUABHATTCS KON -
wentTpauns SO; B yXOASTUIMX W3 TOHRH TiPOILYK-
Tax Cropatnus HOAMOCKOBHOID Bypors viibi U Ma
ayra (B MHAMrpammax s | WP OLYRTOL
B HOPMAJLITHIY YCAOBHSIX) JULsI yeaosii npimepa
15.5 npu a,=1,5? [Ipuuate, 41O Best cepa lpe-
ppauaercst Upu  TOPCHHK B SO CKonbko
OGHEMOB BOBJLYX @ A OMKHO NOAMEIIATLCS B aT-
vocdepe K 0LIoMY 06bEMY IPORVKTOR CTOPARKA,
qTo6b cHHANTL KoRllenTpawuto SOy a0 npegeb-
no gonyctumoii? TIAK=0,5 Mr/m?.
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17.9. Kuseaosckuit yrons ¢ S¢ =6,1%
CKMMraloT B TOMKe ¢ Kunswwm caoem. Onpede-
JIHTh PACXOJ M3BECTHSIKA, HEOGXOIMMBIH ARl CBSI-

aniBaHun 80 Y% cepwi 8 Biae CaSQO,, ecin H3BeCT-
HO, YTO /Sl 3TOr0 HeOOXOZHMO NaBaTh B TOMKY
e 2,5 pasa Goabiue Ca, 4Yem 3TO CaelyeT U3
crexuomerpuu ypasuenus CaO+ S0,+40,50;=
CaS0,.

17.10. Copeakn THI1 npeanasnauedsl ags
CHKHMMaHASL KaK MIPUPOJLHOrO rasa, Tak H CXKH-
KEHHOTO, PHUEM NePeXnil ¢ OAHOTO la APYro#
OCYULeCTBAAETCA 3aMEHOH TOJbLKO [a30BOTO Ha-
cajlka: B OJHOM CJydae H4CAA0K HMEET O4HO

[nasa BocemHaguaras
KOTESIbHbIE YCTAHOBKHU

8.0 OLBILAE CBEJLIEHHY

)! YcTpodcTBa, npeiHasHadeHHble 417 No-
AydeHus napa WaH ropsivedl BOIbl [OBbI-
LIEHHOro JABJEHHA 33 cYeT TENNOTbl, Bbl-
JeseMOl IPU CXKUFAHHU TONJIHBA WJlH NMOA-
BOAMMOR OT TOCTOPOHHHX HCTOYHHKOB
(06BIYHO C TOPIOYHMH rasaMH), Ha3blBAIOT
kotaamu JOHH 1eNATCs COOTBETCTBEHHO Ha
KOTALl Td POBB € W KOTJIBI BOJLOT pe -
H bl e. Kotibl, Henose3ywouiue (T. €. yTHIH-
AHPYIOLLHE) TEMNOTY OTXOAAIWMX H3 neded
ra30B WM JIPYTHX OCHOBHBIX H [OGOYHBIX

IIPOAYKTOB  PA3IUUHBIX  TEXHOJIOTHYECKHX
MpOUECCcOB, HA3bIBAKT KOTJAAMH-YTHIA3A-
TOpaMmu.

C ueablo ofecneyeHdss CcTabuNbLHOM
1 6e3onacHoi paboThl KOTJa ero CHa6KawT
BCIIOMOraTeabHbiM 060PYAOBAHHEM, CllyKa-
MM AJS NOAFOTOBKH H NOAA4N TOMNJHBA,
BO3/yXa, OUHCTKH H NOLA4YH BOAH, OTBOJA
NPOAYKTOB CrOPaHMA H UX OYHCTKH OT 304kl
4 TOKCHUHBIX MpUMeceld, yAaNeHUs 30J0-
IJIAKOBbIX OCTATKOB.

Komuneke yeTpo#icTs, BKJOUYAWOLLHRA
B ce6a cOGCTBEHHO KOTesa W BCIoOMOraTtesb-
Hoe o6OpyLOBaHHe, Ha3BIBAIOT KOTEJb-
HOR yCTaHOBKOHM.

Kore ibHbl€ YCTAHOBKH, CHafxawlne
napoM TYPGHHbI TEMIOBhIX 3/EKTPHUYECKHX
CTaHUWH, HA3bIBAIOT IHEPreTHYECKH-
M u. Jnsi cHalxeHUs 11apoM MOPOH3BOA-
CTBEHHbIX NOTpe6UTeNEH W OTOMJIEHHA 31a-
HWH B psife CAyyaes CO3JAI0T ClelHa/lbHble
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otsepctHe (cM. puc. 17.3), B ApyroM — HECKOJb-
KO OTBepcTHit ¢ OONbLIMM CYMMapHBIM CEUEHHEM.
Kako#t HacafoK NpeiHa3HaueH AJsl KaKoro raia
NpH TOH Xe MOLIHOCTH TOpesKH?

17.11. B BeHTHASILLHOHHOM BOA/lYX€, BLIXONA-
leM H3 YroAwHOR axThl, cogepxurces 5 Y%
(061emubix) MeraHa. Paccuutarh, HYXHO JH
NOAMELIMBATL K 3TOH CMECH JLOMOJIHHTENbHbIR
BO3AYX V15l CAKHMAHUA METAHA C KOIDDHILHEHTOM
HAOBITKA os=1,2, H €CcH HYXHO, TO CKOJLKO.
Kak u3MeHWJach Obl CHTYAIlHSs], el Gbl BMECTO
merTana Obl1 CokmxeHunil raz (50 % CiHy+
50 % CsHio)?

NMPOH3BOACTBEHHKE H  OTOMNH-
TeJ bHbl€ KOTEJbHEE YCTAHOBKH. f

B kauyecTBe HCTOUYHHKOB TENAOTHI S
KOTEJIbHBIX YCTAHOBOK HCIOAbL3YIOTCS OPH-
POZiHble H HCKYCCTBEHHbIE TOMJIMBA, OTXOAA-
lLiHe ra3bl OPOMBIULIEHHBIX Meyedl H APYrux
YCTPOHCTB, CONHEYHAH 3IHEPIrusi, 3IHEPrus
JleJIeHHs A1ep TAXKENbIX 3JeMeHTOB (ypaHa,
NAYTOHHUSA) U T. .

18.2. MAPOBOH KOTEN
U EFrO OCHOBHDBIE 3JIEMEHTDI

PaasuTHe KOHCTPYKuMil Kotaos. Mcto-
PHUYECKH pa3BHTHE NapOBBIX KOTJIOB LLIO
B HanpapJ/eHHH MOBLILIEHUA NaPONpPOU3BO-
JUTENbHOCTH, NapaMeTpoB MPOH3BOLAHMOTO
napa (naBieHHs W TemnepaTyphi), HajeX-
HOCTH M 6e30MacHOCTH B 3KCNJYaTalMuH,
yBennueHust skonomMuunocty (KI1I) u cHb-
EeHHSl Macchl MeTaNJOKOHCTPYKIMA, Tpu-
xoaauieicst Ha | T BoipabarbiBaeMoro napa.

M CXOLHBLIM THIOM COBPEMEHHBIX KOTJIOB
OblJl NPOCTOA LHMJIHHIPHUECKHUH KO-
ten (puc. 18.1, a), BoimoAHeHHbIH B Bule
rOpH30HTaNLHOrO 6apa6ana ¢ TONKOH NOL
HuM. CTeHkH GapabaHa 6blIH OJHOBpEMEH-
HO H MOBEPXHOCThIO HarpeBa. B nanbHei-
eM ygejaddyeHHe NOBEPXHOCTH HarpeBa o
no AByM Hanpasjenusiv. B omnom caydac
HeMoCpPeaCTBEHHO B BOAAHOM MIPOCTPAHCTBE
Hapabana pa3menianuch 6oablIHE H MaTbIe
Tpy6bl; npy 3TOM OONbIlIHE OAHOBPEMEHHO



Puc. 18.1. Cxema pa3BHTHA napoBblXx KOTJA0B:

a — npoctoi LAMTHHAPHIECKHIl  KOTEN, 6 — BOAO-
rpyém.m KoTen ¢ HAKAOHHBIM TPYOHBIM NYHKOM, a8 -
nnyxﬁapaGaHHmh aemeaﬂhuoraoumpyGHbm KaTeda.
CTpenKkaMi NOKA3dHO ABHOKEHHE TIPOAYKTOB Cropatus
g rasoxopax: f - GapaGan; 2-- TOOKY 3 — Tpy6bl

KUNATHABLHOTO (MCNapHTENBHOr0) NYUKa: 4 —- ony-
CKHble TPYOH:; 5 - KOMIEKTODAL, 06 heAH HALLHE
Tpy6el nNOBEpXHOCTER HArpeBa; 6 - BOASIHON 3IKOHO-

mafisep AR
nepea mojaued ee B fapabau,
razoxojlax KoTna; f1B — nuTATEnbas
nap

npeABapUTENbHOTO nojorpesa BOIbI
7 — neperopojKd B
popa; I -

GR/SUIMCH TOMKOH (KOTbL C APOBbIMH TpYy-
GaMmu), A [0 MaJbM POIYCKANHCH NPOAYK-
Thi cropannsi (KOTJbl € J(LIMOTAPHBIMHU TPY-
Gami). B apyrom cayvae K Gapabany fpH-
COeIMHSIKCh JLONOTHHTEILHBIE HapyxHble
TpyGHble TOBEPXHOCTH Harpesa — Ky 05
THJIbHHBC T YUK H, A OMHCHIBIE l!();‘l()ﬁ
n 06()Fp€l)a€Mble TOIOUHBLIMHA ra3zdamMu (B 0-
LOoTpYyOHBIE KOTADB).

YMeHbllIeHye AuaMeTpa TpyH ITHX 00~
pepxHocTeid W yBeauueie Hx KoJaudecTsa
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Puc. 18.2. Corpemennbiid REePTHKATBHO-BORO-
TpyGHbIA Gapabanunii [apoBOd KOTEA ¢ eCTeCT
BEHHOM UMpRYARILACH:

{183 - noaada puratTeaLol nogu HIL - naRas na-
culluenoro napa; [1] ~ oTBOjL DEPerperoro napd;
T - nojiaua TONJAWBA K TOPESKC, B - 110[BOA BOBLY-
%4 K BO3JYXONOL0TPEBAT ¢/, I'B — ropaunil BO3AYX,
HC -- Y1 — TPpaxT HPOAYKTOR cropanus TONAKBE H
YXOASULUX (M3 KOTAA) 1asomn; I - wmaak, |- 9K-
PENGIEN Tpy6ui; 2 Gapabin;, J - liaponeperpesa-
rean; BOAHItOR sKonoMa3ep, 5 - BO3YXOI10A0-
rpesatedin; 6 KOJJIEKTOPLL, 7~ TOpeaKa, 8 - von-
Ka, Y KOHTYPD (cTena) TOHKA I rasoxono B f0--
onyckhad Tpy0a; 1 W32y 120U TENA0TY TOIOU-
it paxed

BeJH K pPOCTY yHeAbHON [10BEPXHOCTH Ha-
rpesa (MQ/MSOG’beMa rasoxona). B koraax
STOrO THNA [LBHKEHHE CDefbl uepe3 KHllsi-
TUABLEbBIH TMY4OK TPYO ofiecneynuBasioch 34
cuer ecTeCTBEHHOH UHPKYAsALWW: napoBo-
AfHas cMmech B Tpybax KUNATHABHOTO (HMC-
NapHTENbHOTO) NYuKa, KOTOpasi, ecTeCTBeH-
o, Jerue BOAbi, MOAHHMANACH BBepX, BhI-
TecHsemas BOAOH, noc-rynalouleﬁ u3 6apa-
6aHa MO ONYCKHBIM TpyGam. Yrobsl
npefoTBPATHTD o6pasoBanye napoBoAfHON
cMecH B ONYCKHBIX TpyGax H yMEHbLIHTH UX
CONpOTHBJICHHE, yBeAUUHBATIH HX JHaMeTp
no cpaBHEHHIO C NOALEMHBIMH — KUOfl-
TunbHbIME  (puc. 18.1,6) ¥ yMeHbLWaH
oforpes, pacnonaras px 8 30HE 6osiee HU-
3KHX TeMmiepatyp T[POAYKTOB CropaHus
(puc. 18.1, 8). B jafibHefllieM ONYCKHbIE
TpyObl BbIHECTW 34 M3QJIALHOHHYIO CTEHKY
(0OMypOBKY) KOTJA (puc. 18.2). Mcnoss-
JoBaHHe BEPTHKANbHBIX TPYOOK B KAGCCTBR
KUTSITHABHOMO My4Ka (CM. puc. 18.1, ) no-
BLICHJO HAAEKHOCTb LUUPKYJIALAN 14 pOBO-
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AstHOH cmecd B HHUX. Kotael 3toro THna
I1OJy4UIM HA3BAHHE BEPTHK AN bHO-BO-
AoTpy6HbX. Biociegcrauu seprukans-
Hple (MOJbeMHble) TPYyGbl HCIAPHTEIbHOR
MOBEPXHOCTH HArpesa CTa/lW pdcnojararb
¥ Ha creHax Tonku. Tak MoABH/ANCH 3 K-
paHHBEe NOBEPXHOCTH Harpesa.
(HasBaHHWe cBA3aHO C TeM, UTO OHH, BbIMOJ-
HSS CBOKO OCHOBHYIO QYHKLHIO B KauyecTse
MCNaPHTENBHOH NOBEPXHOCTH, €lle H 3Kpa-
HUPYIOT CTEHHI TOMNKH OT H3JYUEHHH TOMQY-
Horo ofbema, NPesITCTBYS HaJHNaHHI0 Ha
HHX pasMsArdeHHoro umaka M o 30Jbl.)
Bmecto HHXHUX OGapaGaHOB B KauecTse
KOJJEKTOpP QB (puc. 18.2, 18.1, 0),
06 BEeAMHSIOIIHX TPYObl [OBEPXHOCTEH Ha-
rpeBa W SIBJIAICIINXCA NMEPEXOIHbIMH 3Je-
MEHTAMH MEXKLY HUMH H OYCKHBIMH Tpy6a-
MM, B KOTJIaX BBICOKOTO [a@BJEHHS HCOOJb-
3YIOTCH LIHJAWHIPHUECKHE KaMephl (Tpy6bi)
OTHOCHTE/IbHO HeGosblioro auamerpa. ba-
pa6aH MOCTeneHHo nepectan Hrpatb poib
noBepxXHOCTH Harpesa. Bonee toro, crpem-
JIeHHEe MOBLICHTb HALEXHOCTh PaboTbl KOT-
Jla SIBHJIOCH PUUYMHON BhiHOCA Gapabana n3
30HbI o6orpesa.

[{enecoo6pasHocTh neperpera nmnapa
JJISl 3HEPreTHYECKHX YCTAHOBOK (cM. § 6.4)
notpe6oBasia pasMelleHHst CnelnanbHbiX
noeepxHocTe#t Harpepa —mnapofmneper-
pesaTteseit Tak, K cepeauHe XX Beka
odopMHIaCcCh MPHHUMUIHAJbHAST CXeMa8 KOH-
CTPYKLHH 6apabaHHOro BEPTHKA/1bHO-BOAO-
TpyOHOrQ KOTJ1a C MHOTOKpAaTHOH
eCTeCTBEHHOH ILHPKYASILHEH, HMEIOLILEro 3K-
paHUpOBAHHYIO TONKy (pHc. 18.2).

YCTpOHCTBO COBPEMEHHOro MapoBoOro
Kotaa. O1Ha N3 CXEM KOT/1a C ecTecTBEeHHOH
LMPKyJsilHeld npuBedena Ha puc. 18.2. Ba-
pabaHHbIl MapoBOH KOTe1 COCTOHT H3 TO-
MOYHOH KaMephl W rasoxoioBs, GapaGaHa,
MOBEPXHOCTEH Harpesa, HAXOAAWMXCA MOI
jgasJjeHneM paGouei cpedbl (BOALI, NAPOBO-
JIAHOH CMecH, mapa), BO3yXOMoAOorpenare-
JIi, COEJIMHHTENbHBIX TPYOONPOBOAOB H BO3-

LYXOBOJL0B.
TonauBo  noadeTcs K TOPENKaM
7 (puc. 18.2). K ropenkam noaBOAHTCH

TaKXe BO3IyX, MPeABapUTebHO HarpeThiH
YXOAAULUMH H3 KOTJIa ra3aMi B BO3JLYXONO-
porpesarese 5. TONNHBOBO3AyUIHAS CMECh,
nopaBaeMas TOPENKAMH B TOMOYHYIO Kame-
py (tonky) & mapoBoro Kotja, Cropaer,
ofpasysl BbLICOKOTeMIepaTypHbIH (fpumep-
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Ho 1500 °C) ¢ake, H3/1yyalolllHit TEMLIOTY
Ha Tpy6ul I, pacnoNioXKeHHble Ha BHYTPEH-
Hell MOBEPXHOCTH CTEH TONKH. ITO HCMapH-
TeJibHbie MOBEPXHOCTH HArpesa — 3KPaHbi.
OTaB 4acTb TeI1OThl IKPaHaM, TOMOUHbLIE
rasul ¢ Temneparypoit okoao 1000 °C npo-
XOAAT yepe3 BEPXHIOW 4acTb 3a/1Hero 3Kpa-
Ha, Tpy6pl KOTOPOro 3jlech pasBe/eHbl
B ARA-TPH PSAL3, U OMBIBAIOT Naponeperpe-
sateb 3. 3aTe€M NPOAYKThl CrOpaHHs [ABH-
KyTca uepe3 BOAAHON 3KOHOMaitsep, BO3-
AyXOnogorpeBarefb “ TOKHAAKT KOTEJ]
¢ temneparypo#t okono 110—150 °C.

Boma, nocrynawinas B napoBod koTel,
HasbiBaeTcs nuTarenbHoi. OHa nogorpesa-
eTcs B BOAAHOM 3KoHOMal3epe 4, 3abupas
TENAOTYy OT MPOAYKTOR CropaHus (yxoms-
LUIHX ra3soB), 3KOHOMS TE€M CaMbiM TEMJIOTY
coxxenoro tomausa. Hcnapenne Bodbl
NPOMCXOAMT B 3KpaHHbXx TpyGax /. Hcia-
pHTE/bHbIE MOBEPXHOCTH NOAKAOUEHBl K Oa-
pabaHy 2 U BMEeCTe C OMyCKHbIMH TPyGamH
10, coemnusoilMMH OapabaH ¢ HHXKHHMH
KOJJIEKTOPAMH 3KPAaHOB, 006Pa3yioT UHPKY-
ASUHOHHBIA KOHTYp. B Gapabane npoucxo-
JNMT pa3jieieHHe napa ¥ BOAbl, KPOME TOTO,
6oabLWOR 3anac BOAbl B HeM MOBbIIAET
HageHocTh paborel Korna. Cyxoil Hachl-
LeHHbId map U3 6apabaHa nocTynaer B Ha-
poneperpesarte/b 3, meperpeTbi nap Ha-
Np4BJseTcs K MoTpeGuTenio.

Bce nOBEpXHOCTH HArpeBd KOT/ia, B TOM
yycae W BO3JYXONOAOrpeBaresb, Kak mnpa-
BHJIO, TpyOuaTnie. JlMulb HEKOTOpbIEC MOLLL-
Hble MapoBble KOTJIbl HMEIT BO3LYXONOAOT-
peBaTesqH MHOH KOHCTPYKLHH.

HuxxHioi0 TpaneureBHAHYIO YacTb TOM-
KH KOT@JIbHOrO arperata HasblBaloT XOJOA-
HO# BOPOHKO — B Hel OXJa)JAdeTcs Bbi-
najaolKil H3 hakena YaCTHYHO CMEKWHH-
¢l 30MbHBIHl OCTA4TOK, KOTOpLI B BHAE
1aKa MPOBaJHBaeTCH B CMEIHANBHOE NIPH-
eMHOe ycTpoficTBO. [a3omasyTHbie KOTJbl
He MMEeIOT XOJNOJHOH BODOHKH.

[a3oxo0/l, B KOTOPOM pPacroNOXkeHbl BO-
NAHON 3KOHOMai3ep M BO3JyXOmoJorpeBa-
Tesib, HA3bIBAIOT KOHBEKTHBHbIM (KOHBEK-
TUBHAN U1axTa), B HEM TeI/IOTa NepelaeTcs
BOJE M BO3AYXy B OCHOBHOM KOHBeKIHeEH.
[TosepxHOCTH HarpeBa, BCTPOEHHBIE B 3TOT
rasoxoj U Ha3biBAEMbie TAKKE XBOCTOBbI-
MM, MO3BOJAIOT CHH3UTBL TeMaepaTypy npo-
aykToB cropauusi or 500—700°C nocae
paponeperpesateqs mouth jpo  100°C,



T. e. MTOJIHEE HCIOIbL3OBATD TEMIOTY CXKHra-
eMoro TOIJIHBA.

Bea tpy6Has cucTeMa 6apaban KoTsia
MOAAePKHBAIOTCA KAPKACOM, COCTOALLHM
M3 KOAOHH M ronepeutbix 6Gajnok. Tonka
W ras’oxoflbl 3atlHULeHBl OT HapyXKHbIX TeM-
jonotepb 06MYpPOBKDA — ClOEM OrHeynop-
HbIX M W30JsLHOHHbIX MaTepHanos. C Ha-
PYHOiA CTOPOHBI OOMYPOBKH CTEHKH KOT/E
MMEIOT Fa3oIIOTHYIO OfIUMBKY C(TaJ/bHbIM
JIMCTOM C UeJblo 1IpeJOTBPALLEHHs MPHCO-
COB B TOMKY H36bITOUHOrO BO3AyXa H BhbI-
6UBAHHS HApYXKY 3anblieHHbIX FOpAUHX
IPOAYKTOB CrOpaHHs, COdepKalHx TOK-
CHUHble KOMNOHeHTbl. [l MOBbIUIEHUR Ha-
[eHOCTH paGoThl KoTJa B psijle Clyvaes
JBMMKEHWE BOAbl H MapOBOASHON CMECH
B UMPKYJAILKOHHOM KOHTYpe (6apabaH —

onyckHble TpyObi - HUKHHHK KONIEKTOp —
nopbeMubie  TpyGbl — BapabaH)  ocytie-
cTRAsieTCsT  PHHYIMTEbHO (Hacocom).

3710 — KOTAB € MHOTOKpaTHOHN
NPUHYAHTENbLHOW UHPKYJASTUHERN.
OfHUMH U3 MOC/ENHHX SIBAAIOTCH KOH-
CTPYKUMH [(PAMOTOUHBIX KOTAOB
¢ MPHHYAHTENbHBIM — [IPH NOMOUIH [IHTa-
TeJbHOrO Hacoca — JBHAKEHHEM BOAbI, Na-
POBOASIHON CMECH H [1ePerpeToro napa. Has
3THX arperaToB HCOGXOAMMOCTDL B 6apaba-
He OTMAJAeT, H OH He yCTAHABJIHBAETCH. [To
MPAMOTOMHOH —cxeme paboTanT  TaKKe
l]paKTH'IeCKH BCE BO[LO[‘pL’I“’IHble KOTJbl, HE
{MeIolHe HY HCTIapUTeNbHBIX, HH neperpe-
BAKUIMX ToBepxHocTed. (OCHOBHbIE CXEMbi
JABHIKEHHUH [OTOKA BOAA -— [@POBOASHAR
cMech — Map B COBPEMEHHbIX KOTelbHbIX
arperaTax noxkasaHbl Ha pHc. 18.3.

B ra3oxojax H TOIKE KOTJa 3a cuer
MM COeHajbHO YCTaHAaBIMBAEMOro Abl-
Mococa MoALepkHBaeTcs paspexenne. OHO
He MO3BOJSET NPOJYKTaM CIOPAHHS BhiGH-
BaThed B aTMocdepy KOTeNbHOTO Lexa de-
pe3 BO3MOXKHbIE HEMIOTHOCTH 06MYypOBKH,
uepes JIOYKH H J1a3bi.

[1apoBbie KOT/IH OCHAILAI0TCA CHCTeMa-
MH [HCTAHILHOHHOrO Y PABJIECHUA U aBTOMA-
TH3alHH, O6eCMeuHBAKUIHMH HALEKHYIO,
6e30NacHYI0 ¥ SKOHOMHUHYIO HX paGoTy.

Ha npeanpuATHsiX CTpaHbl yCTaHOBJE-
Hbl H3FOTOBJIEHHblE OT€YECTBEHHBIMH 33BO-
NaMHd [apoBble KOTAbl Pa3fJH4HbIX KOH-
cTpyKUHil. Pasmepbl napoBbix KOT/AOB TaK-
e pasanunbl. Hexkoropsie B co6paHHOM
BUIE MOXHO NEPERO3UTh ABTOMOGH/BLHbIM

Puc.

18.3. CxeMbl ABHXXEHUA BOAbI, MapoBOAsi-
HOH CMECH M Mapa B KOTE/IbHOM arperare:

4 -— CCTCCTBEHRAA UMDKYJAANHA, § - MHOTOKpATHO-
NPHHYHTEIbRAY  IHPKYARALMA; 8 — HPAMOTOUTOC
nBAKenne: [ -— NMOABOA IHTATENLROA BOAB, 2 - 04
paban; 3 — HeoGorpeBaembie OMYCKIILIC TpyGbi, 4 -

HHKHHE KOJJeKTOp; 5 - 06CrpeBacMble NOABEMULIE
Tpy6bl, 6 — OTROJ HACHLIUIERHOrO Mapa; 7 — UHPKY-
NAIAOHHBIH HACOC; 8 -— HCHAPHTEAbilan TORCPXHOCTL:,

g — nuratenbHbit  Bacoc; [0 -- 3goHomaisepnas
4acTh MOBEPXHOCTH Harpewa, [/ — maponeperpena-
TeJbHAH 4ACTb NOBEPXHOCTH Harpesa; [2-— oTROL

ileperpeToro napa

4

TPAHCMOPTOM; B TO XKe BpeMs KpynHeiuxe
KOT/Ibl TEMUIOBbIX 3JEKTPHUECKHX CTaHUHH
uMetoT BbicoTy Ao 100 um.

Hau6osee KpPYMHBIMA H3 BblllyCKaeMblX
B HacTosilllee BpeMA KOTJOB SABJAAIOTCA
sHepreTuyeckue. Kx maponpoH3BoAHTENb:
wocTb pocturaer 4000T/4, a MOUHOCTh
[MTawiedcss 0T HUX TYpOHHBI MOXET [0-
xoanTk ao 1200 MBt, nasnienne napa — IO
95 MIla, TemnepaTtypa neperperoro na-
pa — no 560 °C.

18.3. NOBEPXHOCTH HATPEBA KOTJIA

HcnapuTeabHble NOBEPXHOCTH. [Tapore-
HepHpYlollHe (MCHapHTeNbHble) TMOBEPXHO-
CTH Hagpesa OT/MYaloTes APYr oT Apyra
B KOT/1AX Pa3jqHUHbIX CUCTEM, HO, KaK lipa-
BHJI0, PACNOAFa0TCS B OCHOBHOM B TOf0OH-
HOIl Kamepe ¥ BOCAPHHMMAIOT TeMJoTy H3-
AyueHusi. ITO — 3KpaHHble TpyObl, a8 TaKXe
yCTAHABAUBAEMbIH HA BHIXOIE H3 TONKH He-
GOJIbLUIKX KOTNIOB KOHBEKTHBHBIA  AY4OK
Tpy6 (cm. puc. 18.1).

JKpaHbl KOTJIOB ¢ eCTeCTBEHHOH [LHDPKY -
aduded, padoTalI(HX MOA paspexenreM
B TOMKEe, BHIMOJHAKTCS M3 TJALKKX pyb
¢ BHyTpeHHHM Auamerpom 40-—80 mm. k-
paHbl [PEACTABIAT coboil psd napas-
JIeJIbHO BKJIOYEHHbIX BEPTHKAAbHHX
M0AbEMHbIX TPYD, coelHHeHHbIX MEXAY CO-
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6oil koanekTopamy. 3azop Mexay Tpybamu
o6bluHo cocrasager 4—6 Mm. Pa3smepnl
TONKH W BeJMYHHY NOBEPXHOCTH SKPAHOB
pPacCYHTBIBAIOT .TAKUM 06pa3om, uToObl Ha
BBIXO/E M3 TONKH TeMmnepaTypa NPOLYKTOB
CropaHusi He IpeBbllIajga TemnepaTypy
pa3MsirieHHs 304bl, HHaue 3oaa OyeT NpH-
JUNATh K [JeTalsIM KOT/a, PaCHoJ/lOXKeHHbIM
332 TONKOH, W 3a6beT («3alNakyeT») MyThb
A5l IPOXORA ra3a.

Maponeperpesarean. [laponeperpesa-
Te/b NpegHa3HaueH /AAsl MOBBIIEHHS TeM-
nepaTypbl napa, NOCTYRaKULero H3 HCHapH-
TEJIbHOH cHeTeMbl Kotaa. Ero Tpy6nl (ava-
meTpoM 22—54 MM) MOryT pacrnoaararbcs
Ha CTEeHAX WM MOTOJKE TONKH H BOCMPHHH-
MaTb TEMOTY M3Jy4eHHeM — P a i a U H-
OHHbI /i maponeperpesatenb au6o B Oc-
HOBHOM KOHBEKLUHeH —~ KOHBeKTHBHBI}
naponeperpesatesb. B 3ToM cayuae Tpy6sl
naponeperpeBarens pacnoJjaratmTtcs B ro-
PH30HTANbHOM ra3oxo/e H/H B Hauyaje KOH-
BEKTUBHOH LIAXTHL

Temneparypa ueperpeToro napa LoJx-
Ha MOAJEPHKHBATbLCA TOCTOSHHOH BCerza,
HE33BHCHMO OT pexuMa paboTbi W HArpys-
KH KOTJl0arperara, NocKo/bKY NpH ee MOHH-
MEHUH MOBbILIAGTCHA BJAAKHOCTb Napa B [10-
CJEJHHUX CTYNEHsIX TYpOHHbI, a IIpH IOBbi-
IIeHUH TEMMepaTyphbl CBEPX pacyeTHOH mo-
SIBJISIETCS OMACHOCTh UPE3MEPHBIX TEpMUUe-
CKHX fedopMaluil U CHUXKEHHA NIPOYHOCTH
OT/leJIbHBIX 3/eMeHTOB TypGunbl. [lopaep-
JKHBAIOT TeMNepaTrypy Napa Ha MOCTOsIHHOM
YpOBHE C  TMOMOLULBIO  DEryJiHpYIOULHX
ycTpoéicTB — napooxaaauteneit. Haubonee
LIMPOKO pacnpocTpaHenkbl Napoox/alnuTelt

BNPBICKHBAIOULETO THIA, B KOTOPHX peryu-
pOBaHHe NMPOHW3BOAHUTCH NYTEeM BNPbICKHBA-
HUsi  o6eccoNeHHOH BOAbl (KOHAeHCATa)
B NMOTOK napa. Boma npu ucnapeHud OTHH-
MAET YyacTb TENJOThl Y Napa H CHUXKAET ero
TeMneparypy.

HuskoTemneparypHbne NOBEPXHOCTH
HarpeBa. Hu3koreMnepaTypHbIMH CUMTAIOT-
Csl MOBEPXHOCTH, PACMOJOXKEHHhle B KOH-
BEKTUBHOM ra30oxo/fe H paboTatolliue MNpH
OTHOCHMTE/bHO HEBBLICOKMX TeMmilepaTypax
NPOAYKTOB cropanus. K HUM OTHOCSTCSH
BOASIHBIE 3KOHOMaKl3epbl W BO3AYyXONOAOT-
peBartenn. OCHOBHAS LieJb HX YCTAHOBKH —

MAaKCHMAaJbHOE HCNOJb30BAHHE TENJIOThI
YXOAALKMX K3 KOTJa Ta3o0B.
BoagsaHuble 3KOHOMAaH3ephl,

npejHa3HauyeHHble [Js TMOA0rpeBa IHTA-
TeALHOH BOABI, OOKUHO BHIMOJHSIOT H3
CTajJbHbIX TPY6 anamerpom 28--—-38 MM, co-
THYTHIX B BePTHKaJbHble 3MEEBHKH H CKOM-
NOHOBaHHLIX B nakerol. TpyOnl B nakerax
pacno/aaraiTcs B WAaXMaTHOM NOpsiAKe [L0-
BOJILHO [JIOTHO: PAcCTOSIHUE MEXAY OCSIMH
COCEAHHX TPYO NONepeKk NMOTOKA JbIMOBBIX
rasoB cocTaBasior 2—2,5 nuamerpa TpyoH,
a Mexay psaamu — BAOAb NoToKa — | —
1,5. Kpennenve Tpy6 3MeeBHKOB H HX
JHCTaHLLHOHHPOBAHHE OCYILECTBJSIOTCS
OMOPHBIMH  CTOHKaMH,  3aKpeNJaeHHbIMU
B GOJbIIMHCTBE cayuaeB Ha TNOJABIX (1751
BO3JYIWHOT'O OXJaX/eHHs1), H30JHPOBaH-
HbIX CO CTODOHK TOPSIYHX ra3oB Gajkax
Kapkaca (puc. 18.4).

B 3koHOMaN3epe KOT/IOB BBICOKOrO 1aB-
Jenust 10 20 % Boabl MOXeT NpeBpaLlaTh-
ca B nap.
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Puc. 18.4. Cekuus (naxker) BOAFHOIO 3KOHOMAH3€pa M ero KpelJeHHe:
| — K0AnexTop; 2 — TPyOul 3MEeBUKOB 3KOHOMAl3epa; 3 — CTOMKH; 4 — ONUPHAA BO3AYX0OXJdwiaeman Ganka
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O6iuee 4yucao napalnenpHo paboraio-
HMX TPYD BHIGHPAETCA HCXOAS H3 CKOPOCTH
BOAbl He Huxe 0,5—1 M/c. DTH cKOpOCTH
06YCA0BIEHN HEOGXOAHMOCTLIO CMBIBAHUS
€O CTEHOK Tpy6 My3blpeKOB BO3yXa, cno-
¢OGCTBYIOUIMX KOPPO3HH, H npejoTepallle-
HHSL PACCAOCHHS NapOBOAAHONH CMECH, KOTO-
poe MOXKeT [IPHBEeCTH K neperpesy csabo
OXfaxa4aeMoOi MapoM BepxHel CTEeHKH TPy-
6bl M ee pa3pbiBy. [IBHXKeHHE BOMIbI B 3KO-
Homafiepe  0653aTeqbHO  BOCXOAsilLee;
B 3TOM cJyyae uMmeroilniicst B Tpyfax nocJe
MOHT4Xa (peMOHTa) BO3[yX JIerKo BbiTec-
1s1eTCA BOAOH.

Uueno Tpy6 B rnakere B rOPH3OHTANb-
HOM MJOCKOCTH BEIOUpAETCH HCXOAS U3 CKO-
POCTH MPOAYKTOB cropanus 6—9 m/c. Cko-
POCTb  3Ta ONpejeNsAerTca  CTPeMJEHHEM,
¢ OJAHOH CTOPOHbI, MOAYYHTb BbICOKHE KO-
@QUUHEHTBl TEIOOT/IauM, a ¢ APYrod —
He JONYCTHTb YPe3IMepHOro 30JI0BOro H3HO-
ca. KoadduuuenTtnl Tennonepegaud Tmnpu
3THX YCJOBHAX COCTABMAIT OObIMHO He-
cKOJIBKO pecATkos Bt/ (M”-K). Jlas yno6-
CTBA PEMOHTA H OUHCTKH TPYO OT HApYX-
HblX 3arpsi3HEHHHA 3KOHOMaH3ep pasfensitoT
42 nakerbl BhicOTOH |-—1,5 M ¢ 3as3opamu
vexay HUMu o 800 mm.

HapyxHble 3arpsaHedus ¢ MOBEPXHO-
CTH 3MEEBHKOB yJLAJAOTCA, HaNpuMep, iy-
TeM MePHOJHUYECKOr0 BKIlOuenus B paGoTy
CHCTEMbl /IPOGEOYHCTKH, B KOTOPOA MOTOK
veTaNJMdecKoil Apo6U mponyckaerca (na-
,1aeT) CBEPXY BHH3 Hepes KOHBEKTHBHbBIC
NTOBEPXHOCTH HarpeBa, cOMBasi HaJHILIHE
Ha TPyOw oTJd0keHHs. Hanunanue 3010l
VOXeT ObiTb CJAEACTBHEM BbiNALEHHS POCH!
W3 ABIMOBBIX F430B HA OTHOCHTEJNbHO XO-
JMOAHON HOBEPXHOCTH TpyD, 0COGEHHO NpH
CHKUTAHMUHM  CEPHHUCTHX  TOMJIWB  (Taphl
H,SOs KoHpeHcupyloTcs npu 6Gogee BbICO-
kol Temneparype, uem HyO). B Tenaosnep-
reTHYeCKHX YCTAHOBKAX MuTaTelbHasi BOAA
nepej MOCTyMJeHHEM B KoTes 006513aTesibHo
M0ABEPraeTca pereHepaTuBHOMY MOLOTPeBY
(cm. § 6.4), NO3TOMY HH HANWUMAHHA 307bl,
HH HAPYXHOH KOPPO3HH (pXKABJEHHS)
TPY6 BCJAEACTBHE BBIMAAEHUS POCHl B 3KOHO-
Maii3epax TakUX KOTJOB He ObiBaeT.

Bepxuue psigbl Tpy6 3KOHOMaM3epa npH
paboTe KOTJa HAa TBEPAOM TOIIHBE Aaxe
TMPHU OTHOCHTEJBHO HEBBICOKHX CKOpOCTAX
ra3oB NojBepXeHbl 3aMETHOMY H3HOCY 30-
aoil. Jiad ero npefoTBpauUleHHsi HA 3TH

Tpy6Gbl KpensaATCcs PAa3/IHUHOTO poad 34LLUT-
Hble HAKJAAJKH (OGBIYHO CBEPXY BULOAL TPY-
Obl PUBAPHBAIOT YIrOJOK).

Boaayxonogorpesarean. [llo-
CKOJIbKY TIHTATENbHAS BOAA llepefl IKOHO-
Mai3epoM 3HEPreTHYECKHX KOTJOB HMEeeT
BBICOKYI0 TEMIIEPATYPY £n » MOCJAE pEreHepa-
THBHOro Harpesa (npu p==10 MIla, nanpu-
Mep, tn. =230 °C), r1y60KO OXJa[AHTb YXO-
[AsllHe H3 KOTJA ra3bl C €e MOMOULbIo He-
ab3a. s panbvHelliero OXJaxKIeHHs ra-
30B nocJe 3KOHOMal3epa CTaBAT BO3LYXO-
nojlorpenaresb, B KOTOPOM HarpeBaKT BO3-
JyX, 3a6upaemblil u3 atMochepsl U HAYLLHi
3aTeM B TONKY Ha ropenue. I1pu cxxuranuu
BJAXKHOIO yIJIs HarpeTblif BO3AYyX npeasa-
PHTEJIBHO HMCIOAb3YeTes A €ro  CYUIKH
B YriepasMONbHOM YCTPOHCTBE MW TpaHC-
(IOPTHPOBKH MOJYYEHHOH TbLIH B rOpesKy.

[To npuvuuny AeACTBHA BO3LYXOMOAOr-
peBateNd pasielAlOTCA HA PeKynepartus-
Hble W pereHepaTHBHble. Pexynep aTHB-
H bl € -— 3TO, K&K NPaBHJI0, CTallbHble TPY6-
yaThle BO3AyXOMogorpeBaTenn (AHaMeTp
Tpy6ok 30—40 Mm). (Cxema Takoro nofo-
rpesatensn npueeseta Ha puc. 18.5. TpyGku
B HEM PACHOM0XKEHbl O6BIYHO BEPTHKAMbBHO,
BHYTPH HUX ABHXKYTCA NPOAYKTHI CrOPaHUA;
BO3JyX OMbIBAET HX MOMEPEUHbIM MOTOKOM
B HECKOJNIbKO XOJIOB, OPFaHH3yeMbIX 2a C4eT
nepenycKHulX  BO3AYXOBOLOB  (KOpOGOB)
W TMPOMEXKYTOUHBIX MEePeropoLoK.

['a3 B Tpy6Kax ABHKETCS CO CKOPOCTbIO
9—13 m/¢c, BO3AYX  MEXAY TpPYyOKaMH-—
BABOE MejJjieHHee. DTO AO3BOJIAET HMETb
IPUMEPHO paBHble KOIQQUILHEHTH TEILI10-
OTAAUH ¢ 06EHX CTOPOH CTEHKH TPydbl.

Temnepatypy CTeHOK Tpy6 BO3Jyxono-
jorpesare/isi BO M30€KaHHE KOHAEHCALHH
Ha HUX BOASIHBIX MAPOB H3 YXOAALLHX ra3on
KenaTeqbHO TOLAEPKHUBATL Bblllle TOUKH
pochl. JTOro MOXHO AOCTHYL [PeLBAPH-
TeabHbIM MOAOrPEBOM BO3AyXa B MAPOBOM
Kajopudepe Ju60 PpeLHPKYNALHEA 4acTH
ropsiuero BO3ayxa.

PerenepaTHBHBIH BO3AYyXO0NoO-
aorpeBaTedb Kotaa (puc. 18.6) mpea-
cTapnsieT co60i Me/JIEHHO BpalLaIoUINHACH
(3—5 06/mun) GapabaH (poTop) ¢ HaOMB-
KO# (Hacafkoi) W3 ro@pUpPOBAHHBIX TOH-
KHX CTaJbHBIX JHCTOB, 3aKJIOYEHHbIA B He-
NOABHXKHbIA Kopnyc. CeKTOPHbIMH MUIMTAMH
KOpOyc pasjeneH Ha [Be 4acTH — BO3AYLI-
Hyto W rasosyw. [lpun BpalleHHu poTopa
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Puc. 18.5. PekynepaTHsHblil TpyGUaTbIi TPexXxo-

ﬂOBOﬁ BOJAYXOIOAOIPEBATE/ L]

| —— TPyORH; 2 — TpyGHbie JOCKH; 3 — 1eperopoika;
4 -— nepenyckHbie Kopo6a

Topryud yﬁgﬂ%fe
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Puc. 18.6. YcrpolictBo pereHepaTMBHOTO Bpa-
uLaulerocs BO3AYXONOAOrpeBaTens:

! — potop; 2 -— UENOABHKABLIA Kopayc; J -— HaGHB-
Ka, 4 K()])()()A HOABOMY 1L QTROAA BO3AyXa W rasa;
5 -~ CEKTOPHEIE UAUTHI, pasjensiolLne rasoBnidl W BO3-
Ilylllell/I NOTOKH 6 — MexdaHuam npueoaa (jJICKTpD-
JBMTaTeJD, PEAYKTOp, LWecTepHa); 7 — cnjollHble
NEePEropojIkH poTopa, NPenATCTBYOILHE nepeMeute-
HUIO BO3YXa W NPOLYKTOB CrOpaHusi

HaGUBKAa I10IepeMEHHO MepecekaeT To ra-
30BhBIA, TO BO3AYIIHLIA 110TOK. HecMmoTps Ha
TO 4TO HabMBKa paboOTaeT B HeCcTaUHOHap-
HOM peXHMe, NOJCTPEB HAYILEro cnJjoll-
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HhIM AOTOKOM BO3[YyXa OCYULECTBJSIETCS He-
npepuiBHO 6e3 KoneOaHnui TeMrnepaTypbl.
JlBH>KeHHe ra3oB M BO3]yXa -— MPOTHBO-
TOUHOE.

PereHepaTHBHbIA  BO3AYyXONoorpena-
Telb OTJHYAETCs KOMMAKTHOCTBIO (A0
250 M’ noeepxHocTH HarpeBa B | M' Ha-
6WBKH), OH [IHPOKO pacnpocTpaHed Ha
MOILLHBIX 3HepPTeTHHYEeCKHX KOTJoarperarax.
HepocTaTkoM €ro fIBASIIOTCA Gosibuive (A0
10 %) neperoku BO3Ayxd B TPAKT ra3sos,
4TO BEJeT K Neperpyskam AYTbeBblX BEHTH-
JIATOPOB W /IbIMOCOCOB H YBEJHYEHHIO MO-
Teph TEMJIOTbl C YXOAALUIMMH ra3amu.

Bce onucaHHble TEMJOBOCIPUHHMAIO-
L{He 3JEMEeHTH KOT/ia {0BEpPXHOCTH Harpe-
Ba) ABASIOTCH THIUUYHBIMH TeNIOOGMEHHH-
KaMH, ¥ pacueT HX BeleTcA No ¢opmyJsiam,
npuBejeHHbiM B ra. 14. [TosepxHocTe Ha-
rpeBa pacCHHThIBAETCH MO YPAaBHEHUIO Tem-
Jonepejauu
B,e
kAL’
rae k — KO3(DPHUHMEHT TeJolepeaun;
At — cpeaHenorapudMuyeckass pasHocTh
TeMnepaTyp MPOAYKTOB cropakusi n pa6o-
yell cpeabl; B,QQ — KOINUECTBO BOCNPHHA-
TOH TEMJIOTH.

Oco6eHHOCTh pacueTa KOTJOB COCTOHT
B TOM, UTO €r0 MPUHATO OCYILECTBAATDL AIA
| xr TBepaoro W xuiakoro u 1 m? razoo6-
pasnoro TonuuBa. B 3toM cayuae Q —
TEeNJOoTa, OTAaHHAds NPOAYKTaMH cropaHus
| kr (M%) TonauMBa ¥ paBHa Pa3HOCTH 3H-
Tagbnuil  MPOAYKTOB cropaHus no (H’)
u nocie (H”) paccMaTpuBaeMOW KOHBEK-
THBHOH TOBEPXHOCTH, T. €.

Q=HI——H”.

[Ton B, noHUMaeTca pacCuyeTHblii Pacxof
TOIIMBA, T.€. €r0 KOJW4ecTBO, AeHCTBU-
TeJIbHO CropeBliee B TOMKe. 3TO e KOJH-
4eCTBO TEMJOThl NMepelaeTcsl B AaHHOH M0-
BEPXHOCTH pabouemy Teay (Boae, mapy,
BO3AYXY):

F— (18.1)

(18.2)

ByQ=D (Haux— hex). (18.3)

B atoit popmyne D — pacxon pabouero
Tena;, hesx M Haux — HTANbAMU pabouero
TeJla Ha BXO/le B TOBEPXHOCTb HAarpena u Bbl-
XOjle M3 Hee, PACCYUTAHHbIE, KaK OOLIUHO,
Ha 1 xr pa6ouyero Tena.



18.4. KOHCTPYKILHH
OTEYECTBEHHbIX KOTNOB

BapaGanHble KOTAB C €CTECTBEHHOH
uupkyasumeii. Ha puc. 18.7 nso6paxeHnl
razomasyTHhid Koteqa mapkd TIT'M-84b npo-
W3ABOAHUTENBHOCTBIO 420 T/4 1IpU AaBJEHHH
BhIpabaThiBAeMOro napa 13,7 Mila
(140 krc/em?) u Temnepatype 560 °C. Aror
KOTEJ MMEeeT CpPaBHHUTEJbHO He6obliHe
pa3Mephl (BblcoTa Ao ock GapaGaHa BCero
28,7 m). Tonka KoTaa pasjeneHa Ha JBe
CHMMeTpHYHbE KaMmepbl (TIOJYTONKKH) BEp-
THKaJbHBIM, BOCIPHHHMAOILHM H3JyueHHE
¢ [ABYX CTOPOH ([JBYCBETHbIM) 3KPaHOM.
[lepBas cTyneHb naponeperpeBaTess ITOCO
KOT/Ja BbINOJHEHa H3 TPYOHHIX MaHeJsen,
paciioOMXeHHBIX 10 Bcel BbICOTE (PPOHTO-
BOU CTeHbl OO6EHX [OJYTONOK, M ABJRETCH
({ponToBbiM 3KpaHoM. [lorosok Takxe 3a-
KPBIT CILIOIWHBIM PRRAOM TPYO, 06pa3yloUInx

28700

MOTOJOUHBIA 3KpaH. JTO — BTOpas 4acTs
naponeperpesateqas (paaMauMOHHbIA 110TO-
JIouHBIA naponeperpenarenb). TpeTbel cTy-
NeHbi0 naponeperpeBaTens sIBJASIOTCA pa3-
peKeHHble MaKeThl BEPTHUKAJbHbIX 3MEEBH-
KOB, TAK Ha3biBaeMmble WHPMBbl, pacrnono-
AEHHbIE OTUACTH B TOIIKE H BOCIIPHHHMA-
ULHe H3JY4eHHeM OT TOpPAUMX TOMOYHBIX
ra3’oB 3HAYMTENbLHYK 4yacTbh TemjaoT. [lo-
CJIeHAA CTyNeHb — rOPH3OHTAJbLHbIE laKe-
Thl Tpy0 B KOHBEKTHBHOM rasoxoje (KOH-
BEKTHBHbI maponeperpesartenn). B pe-
ayabTate pagnaiunei nepegaetcs a0 60 %
BCE€H TENJIOThl, BOCIPUHUMAEMOH napoile-
perpesaresem.

BokoBble 3KpaHbl B HUKHEH 4acTH UMe-
10T ¢1a60 HAaKAOHEHHbIE CKATbl K CEpeiHHE
TOMKH, ofpasywoouire noa. Bo udbexanue
neperpesa o0palleHHOH K TONKe NOBEPXHO-
CTH NOUTH FOPH3OHTA/bLHBIX MOJOBbLIX TPYO
NMPpH BOBMOXXHOM PACCAOEHHAN B HHUX MMAPOBO-

|4 |5
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Puc. 18.7. [asomaayrueiit naposoii koren TIM-84b:

a — NPOROAbNIBHA pa3pes; 6 — nonepedHsld paspes:

| — Tonka; 2 — ropesiki; 3 — pPanMaUHOHHBIN HAaCTeHHbIN naponeperpesarelb; 4 — Gapabat: 5

yeTpohcTBa

certapalliM napa OT BJark; 6 — WWPMBL NaponeperpeBaTess; 7 — KOHBEKTHBHAH 4acTb napaneperpenaTen;

& ROLANON yKOHOMAaW3ep; 9 — apobecTpyHHan ycTanoska, [0

narpena; Il -— gaycpeTHnd skpan

BOKOBOM 3KpaH HCNAPHTEALHOA NOBCPXIOCTH
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ASAHOM cMecH 3TH TpyObl HMET 3aUUTHYIO
06MYpOBKY CO CTOPOHB TOHKH. B Hacros-
Llee BpeMs 3TOT KoTed cHabxaercs JHGO
ueTbipbMs, JHG0 [ECTbI ropeakamu Go/b-
WOH NPOM3BOAWTENbHOCTH. Majioe uueno
COPENOK yrpouaeT o6cayXHBaHUE W pe-
MOHT KOTJa.

MuTepecHo KpeneHHe 3MeeBUKOB KOH-
BEKTUBHOrO naponeperpesatensn. [laxkets
3MEEBMKOB OMMPAIOTCH Ha CTajbHble Kame-
phl (Tpy6bl), CTyXalide ONOPHbIMU Gaska-
Mu. Camu Kamepbl OXJAXKAAK0TCSH IPOKAYH-
BAaeMoll uepes HUX MUTATeqbHOH BOAOH.

Besl 3kpaHHAs CHCTEMA HCTIAPHTEJbHBIX
g napoleperpeBaTeqabHbix TPy0 UMeeT BO3-
MOXHOCTb CBOGOAHO YAJNUHATHCS BHU3.

[1s ynafeHdsi ¢ NOBEPXHOCTH TPY6
KOHBEKTUBHOH 1IAXTbl OTJOXKEHUH, o6pasy-
IOULHXCA IPU CXKUIMAHUY MA3yTa, UCTOIb3Y-
eTcd cuctema apobeoudcTkd. lloanumae-

Masi [HeBMOTPAHCHOPTHHIM YCTPOUCTBOM
uyryuHasi fApo6b BbiGpachiBaeTcss 3aTeM
B KOHBEKTHBHYIO WIAXTY H, najan, cOupaer
c TpPY6 HAKOMHUBLIHECH OTJIOKEHUS, KOTO-
phle YHOCATCH 3aTeM JbIMOBHIMU [a3aMH.

Bpawamoiu1ica pereHepaTuBHbil BO3-
LYXONoAoIrpeBaTe/Nb YCTAHABAUBAETCH Ha
WHAHBHYaJbHOH ONOPHOR KOHCTPYKIIMK HA
HEKOTOPOM DPACCTOAHHM OT KOTJAA.

Pacxol TOMJIMBA KOTe/lbHbIM arpera-
ToMm — npumMepHo 29 000 kr/d4 maszyra W/
30 000 mM*/4 upupoanoro rasa. Temnepary-
pa nurateaboll Boabl 230 °C; KILL Kotaa
92,5 % TeMnepaTypa ropsderc (mocae
BO3/YXOMOAOIpeBaTesA) BO3AYyXa — OKOJO
300 °C; Temnepartypa yXOAAlLLHX ra3oB NnpH
pa6ote na masyre 130 °C, npu paGore Ha
npupoxdoM rase 120 °C.

(OCHOBHbIM THIIOM MAPOBbLIX KOTJOB Ma-
JIOH 11POU3BOJAUTENBHOCTH, WHPOKO PACIpo-
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Puc. 18.8. Korea JIKBP-6,5-13-250 co caoeBoli TOOKOH [J1si  COKUTAHHS  TBEPAOTrO  TOMAHBA

(NMPORSBONTEALHOCTL 6.0 T/4 1apa ¢ W3OHTOUHBM JaBICHHEeM 1.3 Mlla u remueparypod 250 “C):

{ - KOJOCHHKOBAH peurevka; 2 — KaHal HoABoAd 803Ayxd; § - TONKA; 4 - KAMCPd LOKHIaNUA; 5 -

yCTpOR-

CTBO A% NOAAUA TOMUIHBA; 6 — BepXHUI 6apabak; 7 — TpyGHl MOABOAA NUTATENLHON BOJK,; & — Tpyba oTBOAA

HEPErPeTOro Mapa M3 mapoleperpeBartess;

AN npoaysky; /2 — Tpy6w naponeperpenatens; /3 —

9 — KUNATHABHBE TPyOb; /@ — uHkuuil Gapabau; /I — tpy6a

TpyObl GOKOBOTO 3Kpasa; [/4-— 344HRH CTEHKA TONKH

¢ OKHOM LA BBIXOA4 TONOYHBIX rasos, [5 -- neperoponkw, 16 — obmyposka:, 17 — onycknble TpyGul
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CTpPaHeHHbIX B PA3/IMUHBIX OTpac/afAx Mpo-
MBILUJIEHHOCTH, HAa TPaHCMOPTE, B KOMMY-
Ha/bHOM H CeJbCKOM Xo03fficTBe (map
HCMOJb3YeTCH M TEXHOJOIHYECKHX H OTO-
HIUTENbHO-BEHTHAALLMOHHBIX HYXA), d Tak-
JKe Ha 3JIeKTPOCTAHUUAX MaJOH MOLLHOCTH,
SIBASIIOTCA BEPTHKAJbHO-BOAOTPYOGHBIE KOT-
Jasl JKBP npouspoacrsa Buiickoro koreb-
Horo 3aBoja. Kortabl 3Toro Tuna Buinycka-
IOTCS1 TMPOM3BOAHTENbHOCTBIO OT 2,5 10
20 T/4 HacblIUIEHHOTO HAH MeperpeToro na-
pa npu pasnenun 1,4; 2,35 n 3,9 Mlla
u temmepatype A0 440 °C. Koram JKBP
SIBASIOTCA YHHQHIHPOBAHHBIMU TpaHCMmop-
Tabe/bHBIMK U NOCTABJAAKTCA 3aKA3UHKY.
MaJ/ble — B cOGPAaHHOM BHAE; NOBBILIEHHOH
IPOH3BOANTENLHOCTH — TPEMSl  KPYIIHbIMH
GJIOKAMH.

OKBP (puc. 18.8) — nByx6apabaHHble
KOTJ/Ibl C €CTECTBEHHOH LHPKYAALUKEH H 3K-
paHupoBaHHON TonodHo#l Kamepoidl. bapa-
(GaHbl pacnofoxeHbl BAOAb OCH KOTA&,
MEXAY HUMH pa3MellteH KOPUAOPHBIA My4yoK
KUNATUABHBIX TpyO. [IBv>KeHHe TOMOYHLIX
I'430B — FOPU3OHTAJIbHOE C TMONepPedHbIM
oMblBaHueM Tpy6 u nopoporami. [ToBopoThl
T0MOYHBIX ra3oB 06ecneynBaloTCa YCTAHOB-
KOH neperopojaok, nepsas H3 KOTOPbIX Bhl-
IOJIHEHA W3 IUAaMOTHOIO KHpMNHYd, BTO-
pas — U3 uyryHa. BokoBble 3KpaHHbiE TPY-
6bl BEPXHUMH KOHLAMH 3aKpelJeHbl B BEpX-
HeM 6Gapa6aHe, HHXHHE KOHLbI IKPaHHBIX
~py6 NpHBapeHbl K HHXKHHM KOJJIEKTOpaM.
ITepenHue omyckHble TpyObl, PacrnoJiOXKeH-
ble B 06MYPOBKe, SIBAAIOTCA TaK)Ke A0M0J-
HUTENbHOH onopolt BepxHero 6apabana.
IlaponeperpeBatesb, €cjJH OH HMeEETCH,
paaMmellaeTcss BMeCTO YacTH Tpy6 KHOA-
“HJIBHOTO nyuka (06bIYHO MepBOro ra3oxo-
ja). Bxoa napa B naponeperpeBaTtenb —
HernocpeacTBeHHO M3 6apabaHa, BBIXOA —
B KOJJIEKTOp, PacnofioKeHHbli HaL nepe-

KPHITHEM TOMKH.
TemnepaTypa YXOASLHX H3 KOTaa ra-

308 Moxer aocturars 400 °C. [Tostomy 3a
KOTJIOM HAacTO YCTAHABJAMBAIOT BOAAHOH
3KoHOMai3ep Jubo Tpy6uarTblii BO3AYXOMO-

gorpesatenb. IJTO M03BOJSET NOAHATH
KI1[ koraa ao 90,5 %.
Boporpeiinnie  kotaw. Boporpefinbie

KOTJIbI NpejHa3HayeHbl AJA Harpesa BOAbI
C Ue]bi0 OTOILIEHHS M HCMOJb30BaHHS €€
aasa 6biToBhix HyxA. O6GLIYHO BOAY TeEIJO-
BOH ceTH nogorpesator or 70—104 g0

150—170 °C. B nocnensee BpeMs HMeeTCH
TEHAEHLMSA K TMOBbILIEHHIO ee TeMIepaTyphl
no 180-—220 °C. Croib BbICOKHH YpPOBEHb
HarpeBa BOALI MO3BO/SET NepelaTh NOTpe-
6uTeNI0 AOCTATOMHO $OJbllIoe KOJMHHECTBO
TEMJOTHl OTHOCHTENbHO MaJbiM PaCXOAOM
Boabl. Kotabl 06bi4HO paboTatoT no npamo-
TOUYHOH CXeMe ¢ MOCTOSHHbIM pacxoloM BO-
Abl, 3 KOJMHYECTBO [epelaBaeMol TenJoTbl
peryaupyerca (B 3aBHCHMOCTH OT TOI'OAL-
HbIX YCJOBHH) TeMNeparypoi ee Harpena.

Bo uszGexaHne KOHAEHCAUHH BC/IAHBIX
NapoB H3 YXOASULMX FA30B W CBA4AHHOM
C 3THM HapyXHOH KOPPO3HH NnoBepxHocTel
HarpeBa TeMneparypa BOAbl Ha BXOJE B KO-
Teaq A0M¥HA OLITh Bblllle TOYKH POChl AJs
NPOAYKTOB cropanusi. B aTom cayuyae TeM-
neparypa CTeHOK Tpy6 B MeCTe BBOAA BOAbI
Takxe Oyaer He HHUAKe TOUKU pockl. [103T0-
My TeMnepaTypa BOAbI Ha BXOJ€ He A0/KHA
6biTb Huxe 60 °C npn pabore Ha npupoa-
Hom rasze, 70 °C npu pa6oTe Ha MaJOCEPHH-
crom masyte u 110 °C npu Henonbe30BaHUK
BLICOKOCEPHUCTOrO  Mmasyra. [lockoabky
B TENJIOCETH BOAA MOXET OXJaXAATbCs A0
Temneparypbl Hixke 60 °C, nepea Bxonom
B arperar K Heil NOAMEIIHBAETCH HEKOTOpPOE
KOJIHYEeCTBO yxKe Harpetoil B Korae (npsa-
MO#) BOALL.

Ha puc. 18.9 naobpaxen o6uiHi BHI
rasoMasyTHOro BOAOIPEHHOTO KOTJd THIA
T[ITBM-30M-4 Tenaonpon3BOAHTENbHOCTbIO
npu  pabGore Ha  masyre 41 MBr
(35 'kan/4), XOpOLIO 3apEKOMEHAOBABLIE-
ro ce6a B 3kcnayarauuu. Korea wnmeer
[1-06pa3Hyil0 KOMMOHOBKY H 060pYAOBaH
IIECThI0 Fa30Ma3yTHbIMH ropeakamu (no
TPH HA Kax A0/ OOKOBOH CTeHe) ¢ Ma3yTHbI-
MH# (HOPCYHKAMH MEeXaHHYeCKOro pacblid-
BaHWs. TOMOYHAH Kamepa KOTJIa 0OJHO-
CThl0 3KpaHHpOBaHa Tpy6aMH AMAMETPOM
60 MM. KOHBEKTHBHas NMOBEPXHOCTb Harpe-
BA BBIIOJHEHA H3 TOPH3OHTANbHbIX TPYO
aHametpoM 28 mM. KOHBeKTHBHAs 11axTa
Takxe skpannpopana. O6aeruennasn obmy-
POBKA KOT/Ia KPEMHTCA HENOCPEACTBEHHO
Ha Tpy6bl, ONMPAIOULHECH, B CBOIO OUepesib,
Ha KapkacHyl pamy. KoTabl 3TOro THna,
npeaHasHaueHHble A1 paboThl Ha masyTe,
o6opyaylTes  ApoGeodHcTHTeNbHOR  yCTa-
HOBKO#.

LIHpKyAALHOHHAR cXeMa KOTJd lipHae-
aena Ha puc. 18.10. Boapa wnoasoauresi
K (QPOHTOBOMY 3KpaHy TOMOUHOH Kame-
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Pue. 18.10. Cxema IWHPKYJI UM KOTqd
HTRM-30M-4:
! ppotosol ykpan TonkH, 2 — GOKOBBIC 3KPAHbI
ConKH: 3 - GOKORBIE 3KPatHbl KOHBEKTHBHOH HAXTH,

4 KOHBEKTHBHBIE TOBEPXHOCTH , % —3dJUHRA 3KpaH
KONBEKTHENON YACTH, 6 —- 3a/lHAH 3KpaH TORKH
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TOPEJIKH KOT.4, 2 - NMODLAAKH #f ACCTHHILLE JLI

pbl, BBIBOAUTCA — M3 GOKOBOrO
TOIKH.

Kotapi-yruansaropnl. [las HCronb3o-
BAHHS TEMJIOThl OTXOAAUIHX Ta30B PA3JIHY-
HBIX TeXHOJOrHYECKMX YCTAHOBOK, 8 TOM
ydcsae W nedefl, NPUMEHSIIOTCH KOTJBI-YTH-
JHU3aTOPbl, BLIPAOATHIBALLHE, KAK NPABHU-
ao, nap. [lpu BbiCOKHUX Temieparypax ra-
30B (600ee 900 °C) 3TH KOTAbl CHAOKAIOT-
€S paAMalMOHHBIMH (3KPAHHBIMH) 110BEPX-
HOCTAMM HarpeBa H MMEIOT TaKyl K¢ KOM-
MOHOBKY, Kak M OObIUHKLI 11apoBoil kored,
TOMBKO BMECTO  TOIKH ~— pajiHaLHOHHAR
KaMmepa, B KOTOPYHO CHH3Y BXOAST rasabl.
BosayxonoporpeBartedb OTCYTCTBYeT, €CaH
HeT HeOoOXOAHMOCTH B ropsiieM BO3AyXe
IR HYXA npousBoactBa. [adbl cuavasa
OXJA4XJ1310TCA B pajdalMOHHOR Kamepe,
KdK B TOMKE «OOBIYHOrO» KOTJd. Boabuiod
CcBOGOAHBIK 0OheM 3TOH KaMepbl 103BONACT
WMETb MOBBILEHHYK) TOJILHHY H3JdYy4ak-
Hero <J10A M, KaK CJICACTBHE, MNOBbILIEH-
HYIO cTeleHb YepHOTh rasos. [losTomy

IKpaHa



3fech npeoGaafaet repefava TerutoTel U3-
JIYyUEHHUEM.

[Tepsuunoe oxJakjlenuwe rasoB B CBO-
GOAHOM OT 3MEEBHKOB 00beMe HEOOXOAHMO
A 3aTBePAEBAHHA YHOCHMbIX H3 lieun pac-
IJ1EBJAEHHBIX UACTHIL QKA MK TEXHOJIOTH-
EeCKOUo [POJIYKTa A0 TOTO, KAK Ol HpUani-
HYT K XOJO/IHbIM 3MECBHKAM K 3aTBepAeioT
Ha HHX.

Eciu oTX0oasiLMA M3 TEXHOJOTMUECKHX
YCTAHOBOK a3 HE COEPKHUT FOPIOHHX KOM-
NOHEHTOB, TO TAKOH KOTEJd ropeouHblX
yCTPOHCTB He wMeeT. ITH KOTJbl paboTaioT
¢ eCTECTBEHHON MM MPUHYAWTEJbHOR I(HP-
KyaAlUHed H HMEIOT NMPAaKTHYECKH BCe JeTa-
JlK OMHUEAHHBIX BbILIE KOTeJNbHbIX arPEraToB.

[Ipy  KOHCTPYMPOB@HHWH KOTJIOB, HC-
MOAbL3YIOUWHX TEIJOBbIE OTXOAbl, CJAedyeT
YUHTBIBATbH CONEPXKALLHECS B IPEOLLHX ra-
33X arpeccHBHble KOMIOHEHTbI, HanpuMep
CepHHCTble [asbl, MOCTYNAKUIME M3 never
ofikura cepocoaepkatiero coipbst. [1pu Ha-
JWUHH B NOABOAMMBIX K KOTJY TeXHOJOTH-
YeCKHMX raszax roprodux COCTaB/AAILHX Op-
F4aHU3YETCA WX [PeABapHTeNbHOE A0XKHIa-
HHe B pajHalHOHHOH Kamepe, KOTOpas
B 3TOM ¢Jjyuae paKTHUECKH MpeBpallaeTcH
B TOIKY.

[pu remnepatypax rasos Huxe 900 °C
B KOT/AX-YTHAH3ATOPaX O0BIUHO HCMONb3Y-
IOTCA TOJIbKO KOHBEKTHBHDBIE [1OBEPXHOCTH
HarpeBa. DT arperaTbl PaJHaUHOHHON Ka-
Mapbl HE UMEIOT, a UEJMKOM BhINIOJNHAITCA
M3 3MEEBHKOR.

Tak, B HacTOsllee BpeMs BblllycKaercs
cepus. yHHOULHPOBAHHBIX KOT/I0B THIA KY
(KY-125; K¥-100-1, K¥-80-3; K¥-60-2),
yeTaHaBJIMBAEMBIX 3@ Me4aMH 33BOAOB Yep-
Holl mertasaypruu. [lepsaa uddpa B map-
K4POBKE 03HAYAeT MaKCHMalbHbiH 4acoBoH
pacxoA rasoB yepe3 Koresa (ThiC. M* npu
HopMaJibHbIX yeaosuax). Temnepatypa ra-
30B Ha Bxofe 650--850°C. [lapamerpnl
BulpabaThiBaeMOro napa: Aasnende 1,8-—
4 5 MIla u remnepatypa 365-—-385 °C. Ila-
PONpPOU3BOANTENbHOCTL KoTAa KY-125, Ha-
npumep, cocrasasier 27—41 1/4. Bee kot-
JIbl 3TOH CepHH, KaK U BObLINHCTBO APYIHX
3VEeBHKOBBIX YTHIM3aropos, pa6oraiT
C MHOrOKpAaTHOH MPHHYAHTENbHOW LHPKY-
JAsHed BOAbI yepe3 UClapUTe/bHble NOBep-
xHocTH (puc. 18.11). Boapa, noporperasn
B BOAAHOM 3KOHOMai3epe J, TMOAaeTCA
B GapabaH 3, oTky1a 3a6HpaeTcst LHPKy.I9-
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Puc. 18.11. YnpoluieHHas cxeMa KOT/ia-yTHIH3A-

Topa cepun KY, ycTaHap/dBaeMoro 3a fevamu
3aBOJOB YepHOil MeTalypryH

UHOHHBIM HAcOCOM 2 W MpoOKayuBaercs ve-
pe3 HcnapuTesbtble 3MeeBHKH 4. 3atev na-
pOBOAfAHASL CMech BO3BpallaeTcs B Gapa-
6aH, rae nap orgensercs or Boabl. Boaa
BHOBb HAanpaBifiercid B LUMPKYJISLUMOHHbIA
Hacoc, a OTCenapupoBaHHbIA nap — 3 na-
poneperpeBaredb [, KOTOPbI{ YCTaHOBJEH
B 30HE NOBbILIEHHON TemnepaTypbl rasos.

18.5. TEMJOBONA BAJIAHC
MAPOBOTO KOTJIA. KO3dPUILUTH]
NOJIE3HOTO AEHCTBUA

TennoBo# 6asaHc KOT/a, KaK U JK60ro
TeMnJ0TeXHHYECKOro arperara, XapakTep-
3yeTcsl PaBeHCTBOM MEKNY KOJHYeCTBaMH
NofBeACHHON (pacnojaraeMoil) U pacxoay-
eMoit TenaoTbl: Qupux = Qpacx. OOBIUHO TeH-
N0BOM 6asaHc cOCTaBAAT HA eIMHHLY KO-
JIMUECTBA CHKHUraeMmoro Tomnusa | Kr Teep-
A0rO0 WIH xuakoro, aubo 1 M’ rasoofpas-
HOrO TOMJHBA, B3IATBI NPH HOPMAaJIbHBIX
yesosusix. C yyeToMm s3Toro o fipeneperas
(hH3MYeCKON TenJIOTOH TOIIMBA H XOJOAHO-
ro BO31yXa, MOXHO CUHTATb

anux ~ QL,

3aech Q) — HH3Wasg  TeisoTa
eAMHHLBl TOMIWBA B pabouyeM COCTOSIHHH.
YacTh TENJOThH, 3aTpayuBaemas ia no-
JlOrpes, MCnapeHHe BOJLbI W Meperpes napa,
cocTapafeT HCNOAb3OBaHHYIO Temiorty Qi
ocTanbHoe — notepH. B uTore ypaeHedue

(18.4)

Cropanus
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Pue. 18.12. TensoBo#i Gasane naporora Kotaa:
XB, I'B — xo/ouublil 4 ropsiudit RO3AY X

TenjoBoro 6asaHca Kotaa 0yaer UMeTh BH/
QL{:Q1 ‘|"Qz '+'Q3+Q4 +Qr,y (18-5)

rie Qi Qi Qs Qs -— NOTEPH TENNOTH CO-
OTBeTCTBEHHO C YXOAAILMMH Fa3zamMH, OT XH-
MHUYECKOH HEeMOJHOTH CTOpPaHUs TONMHBA,
OT MexaHHYecKoro HefoMora, uepes
OrpaKAeHHA TONKH M KOHBEKTHBHLIX Ia3o-
XO[LO0B.

B nponeHrax oT pacnosaraeMmoi Temao-
Thl Q] Tennopo# GajsaHc MOXer ObITh 3a-
nucau tak (cm. § 17.1):

100=9g,+¢,+ 93+ 9,1+ g5

Tennosoft 6anaHc mapoBoro Koraa
¢ 0603HaUeHHEM OCHOBHBIX COCTaBJ/SIOLLHX
PHXOAHOA W pacxoaHoll yacted npHeeseH
Ha cxeme puc. 18.12. 3aMKHYTHIA KOHTYP Ha
PHCYHKE MpeiacTdBasieT TelloTy ropuyero
BO3AyXa Q. 3a0HpaeMyio oT NPOLYKTOB
CTOPAHMSA IIPH OTHOCHTEJIbHO HU3KOW Temmne-
patype W rnepeadaBaeMyo B TONKY.

Jlosst TeoThl, HCNoab30BaHHOH B KO-
TE€JIbHOM arperare ([1(‘[)6,[LaHH()ﬁ ROjae U l1a-
Py}, €cTb KOIPPHUHUEHT NOJC3HO-
ro jgedcTsHa KoTsda OpyTTO 7,
(rak nassieator KI1/1, noacuntannni 6e3

(18.6)

ylleTZl 38T[)8T .aHepruu Ha coOCTBEHHKIE
HYXKIbL).
Takum o6pasom,
Q,-100
he=-to—=gq,  (187)
Q

158

WU

M= 100—(gy+ 33+ ¢, -q5). (18.8)

Tensiora (Q(, BOCIpHHsITAS BOLOH W na-
POM B KOTJ/e, MOXeT OLITh onpeaeseHa u3
ypaBHEeH U

0

5 (18.9)

D (/lH(' ;hll Il)'
3nech Ay M By o — IHTAJLIIHH [IEPErPeTOro
11apa W MUTaTeNbHOA BOJbLL.
PaccmarpuBaa soipaxenue (18.9) co-
BMecTHO ¢ (18.7), neTpyaHo noayduTth gop-
MyJly IS pacueTa pacxopda ToluBa, B:

(18.10)

Beauunna 1, 535174 31€Ch B OAX € 1HHH Wb,

Ilo gopmyae (18.7) KIIJ koraa noa-
CUMTBHIBAIOT 16 LAHHBIM GaJAHCOBbIX HCIIbl-
TaHuil (upaMol OGasanc), MO3IBONAIOUIMX
TOYHO U3MEPHTbL PACXOA TOMJIHBA B YCTaHO-
BUBLIEMCH (CTAllHOHAPHOM) pexume pado-
Tbl. [TO3TOMY MCIBITAHHIO KOTJAE HOMNXKHA
NpeAlIecTBOBATL AJMUTe/ibHAA ero pafora
¢ MOCTOSAHHOW HAarpy3koH, Npu KOTOpPOH
¥ nposoaurest  HenbiTanue.  dopmyna
(18.8), nasvisaemas (opMya0Hd 06paTHOTO
6ajlaHca, HCUOJb3YyeTCH B pacyerTax Mpo-
ektupyemoro Koraa. Ilpy stom kamaas u3
COCTABJAAIIHKX §; NPHUHMEETCA N0 PEKo-
meHaauusam [16], paspaboraHHbiM Ba oc-
HOB€ MHOroKpaTHblX WCMBITaHWA Aotnos
B YCJAOBHAX, aHAJOPHUHBIX MPOEKTHBIM. JTa
dopMyna Henoab3yeTest TAKKe B Cjydasnx,
KOI'13 He MpeAcTaBAAeTCa BO3MOXHbBIM TOU-
HO 3aMepHTh pacxol Tomausa. CoBpeMeH-
Hble KOTJbl SBASIOTCA AOBOJNbLHO COBEpIUEH-
ubimu arperaramu, Hx KI1JI npesbilaer
90 %.

18.6. TEXHOJIOTHYECKAS CXEMA
KOTENLbHOW YCTAHOBKH

Cxema kot/a, paboTalollero Ha Mbie-
BUJLHOM yrJae, ripHBeieHd Ha puc. 18.13.
TonauBo ¢ yroasHoOro ckaaja iocae apod-
JIEHHS 1ogaeTcs KOHBedepoM B Oy HKeDp
colporo yrana [, U3 KOTOPOro Hanpas-
JSETCH B CHCTEMY  IbLJIeNIPHIOTOBJEHHS,
HMEIOWYI0  YrNepasMOabHYI0 MeNbHHULY 2.
Bosayxom, HardetaembiM = CliellHaadbHbIM
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Fuc. 18.13. TexHonoruyeckas cxema KOTeNbHOU YCTAaHOBKH, paboTawiiefl Ha TBEPAOM TOMJHBE!
[ — BoasHoi Tpakrt; [/ — neperpetnifi nap; /// — TonAuBHEIA TPAKT: [V — nyTh ABHxeHHA BO3AYXA; V —- TpaKT

NMPpOAVKTOB CropaHHn; Vi— YyTh 30Jbl )1 [OJaka

EEHTHJATOPOM 3,  1IBIEBHAHOE  TOILIMBO
TpaHcnopTHpyercd no Tpy6am K ropea-
kaM 4 TOMKKU KOTJa §, HAXOAALWErOCH B KO-
TeabHol 6. K ropenkam NOABOIMTCH TaKKeE
DONOJHUTENBHBIA ~— BTOPHYHBIH BO31YX,
ofecneuuBaIOWMN NOJHOE CXKHraHHe TOI-
suBa. OH NofaeTcsl AYTbeBbIM BEHTHJATO-
poM 9 uepe3 BO3AYXONOAOrpeBaTe/lb KOT4.
Boga 449 11MTaHHA KOTJA HATHETAeTCA MH-
TaTeqbHbIM HacocoM 8 u3 6aka nuTaTesb-
HOH BOIbI 7, HUMEWLIEro [Jea’paldoHHoe
YCTPOHCTBO.

Yxoasiye H3 KOTJAA rasbl OYHILAIOTCH
CT 30/b B 30J0YyJABIMBAIOULEM YCTPOH-
ctBe 10 u abimococoM [/ sbibpachiBaloTC
B aTMochepy uepe3 AbiMOBYIO Tpy6y /2.
YiosaeHHast U3 ABIMOBbLIX ra30B MbLIEBHA-
Fas 30/1a U BbIMABIUWUI B HHMKHIOK 4acCTb
TOOKH UNIaK YAAJAKTCH, KAk [PaBHIO,
B IIOTOKE BOJbl 110 KAHa/JAaM, a 3aTeM ofpa-
3YIOILACA MyJblla OTKAYHBAETCA CIIEUH-
aJIbHbIMY OarepHbiMU Hacocamd /3 W yna-
sasnercst o Tpy6onposoaaM. OAHAKO B CBA-
31 C TEM YTO 30/12 MOXKET HCNONb30BATHCA
IJs HYM CTPOHTENLCTBA, HAalpHMep Kak
HHepTHas 10GaBKka B G€TOH (a AJs 3Tol

LeJH OHA JOMKHA BbIBOAHTHLCH H3 KOTeJb-
HOi B CYXOM BHAe€), B NOC/JeLHee BpeMs
WHTEHCHBHO BHe[pPSICTCS TPAHCNOPT 30QJibl
B CYXOM BHIe — OObIMHO C ITOMOLLbI) BO3-
AYIIHOrO NOTOKA.

Kak yxe ykaswiBadocb B §18.1,
YCTPOHCTBA, fepeuncenHble Beille U ofec-
neyyBarollue HOpMaNbHYIO pabory KoTaa,
HO He AIBJAAKLLINECH €r0 COCTABHLIMYU 4aCTS-
MH, OTHOCSTCSH K BCIIOMOTATEeNbHOMY 000pY-
IOBAHHIO KOTEJNbHOH YCTAHOBKH.

Kon TPOAbHbELE BONPOCLL

18.1. MoxHO /1K co3aaTh 6apabanublii kKoTed
C ecTecTBEHHOW UMPKyasuHeR Aas paborel Ha
CBEPXKDHTHUECKHX Napamerpax?

18.2. Ha3oBuTe OCHOBHbIE NMOTEPH TeMIOTHI
B KOTeJLHOM arperarte.

18.3. Moxet au KI1/1 kot1a 6biTh Bhitne cra
NPOUEHTOB?

18 4. B uem pasauyne B 4TO 0OLLErO MEXKAY
30408 H uLIaKoM?

18.5. YUro Brinoyaer B ce6a nouatue <llapo-
BOASIIIOM TPAKT» KOT/A?

18.6. Uem oranuaeTes Apyr oT Apyra napo-
BOH KOTes H KOTE-yTHIH3dTOp?

18.7. MOXHO /1M «XBOCTOBbIE» MOBEPXHOCTH
HATPEB2 KOTJA Pacronarath Haj ero Tol Kod?
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BOMPOCHI IKCNNYATALMUM KOTENbHLIX YCTAHOBOK

19.1. BHYTPUKOTNOBBIE NPOLECCHI
¥ BOJLHbIA PE)XHM NMAPOBOTO KOTJIA

B BogAnom npocTpatcTBe Oapabaua
KOT/a W TpyGax B lIpollecce HClapeHkHs
HAKAIUTHBAIOTCA CONH, KOTOpble HellpCpbiB-
HO RIOCSTCH HHTATeNbHOH BOLOW, HO HE
yuocsitesi itapom. Hakorsienue 3tux conel
MOKET BH38aTh UX BHIIA1€HHe HA BHYTPEH-
HHX [TOBCPXHOCTHX Harpesa B BH/AE NAoTHOH
HaK#anH wid puixaoro waawma. [lpu
HAJHYNHU 9THX ()TJIO)KGHHI‘V‘{, HUMEIIIUX HH-
4AKYI0 TEIIOIPOBOAHOCTD U BbICOKOE TEPMH-
HeCKOR C()Hp()THBJleHHe, oxJaxjaeHve cre-
HOK TPY6 ABKIKYULMMHCS BHYTPH BHX BOJLON
HAR NapoM yXyAlI2eTcH, OHH MOTYT nepe-
rpeThCs M NOTEPSTh NPOUHOCTb, UYTO, Kak
IPABKIO, IPHBOANT K WX Pa3phiBy. [TosTo-
My a5l HAAEXKHOH padoTbl MapoRoro KoTaa
OH 10JKeH NHUTATLCH OTHOCHTEJIbHO UMCTOH
(iturareasroit) sopoi. Hanpumep, ofuas
HeCTKOCTh (copepxanue coteit Ca H Mg)
NHTATCALHOR BOAbl Aaf GapaGaHHHX KOT-
AOB © jlapJienvem ke 4 Mlla jpomxkua
6biTh Menee 10 mir-sks/kr. [1pH naBjenuu
20 10 Mila o6uias KecTKOCTh NUTaTelb-
HOfl BOJAbI JOMXKHA OblTb MeHee 5 MKI-
3kB/Kr. (ITpUHATLIR 38 €IHHHLY XKECTKOCTH

]| MKI'-3KB  COOTBETCTBYeT  COAEpPKAHHIO
20,04 mkr Kadbiua Wik 12,46 Mkr Martus
B BOJE.)

[Map, seixoast u3 GapabGaHna Kotaa, MoO-
JKeT  3axBaThiBaTb  KanejbkKd  BOAbI,
4 BMECTC ¢ HUMH W coldepXxatnecss B HHX
coiu. YHOcHMble napoM u3 6apafaHa cosu
OTJATAIOTCH B 1laponeperpesarese 1 Ha J0-
naTKax TypOuHbl, yxyaas ux pabory.

TakuM o6pasom, Aas HagexHol pabo-
Thl NAPOBOrQ KoTaa HeoBxoaumo cobio-
AaTh ONpeicieHHbit BHYTPHKOTIOBOR pe-
HMHM, [LJI5 HCro:

1) NOALEPXKUBATL OTHOCHTEJNLHO HH-
3KVIO KOHLEHTPaLHIO cofell B KOTI0BOH BO-
fe B Opefesax YCTaHOBJIEHHBIX HOPM C (0-
MOLLLBIO NIEMPCPLIBHOrO YAANEHHA YacTH BO-
Jlbl BMCCTE C COJIsiMH n3 Gapabana (Henpe-
PHIBHAS IPOLYBKA);

2) UPOBOAMTL BHVTPHKOTAOBYW 0bpa-
GOTKY BOJIb CHELHAJNbHbIMA (KODPEKTHPYIO-
IMH) pedreHTamMH Adf obecrieuenus BO3-
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MOKHOCTH BbiTTa/lEHAHA HAKHIICOGP A3 YIOIHX
coJlefl B BHE PHIRJAOIO HCUPHKHHAIOULETO
WAaMa, KOTOPbil JIeTKO yiadferc U3 HH-
KHHUX TOYEK KOTJa KpPaTKOBPEMEHHBIMH
HPOAYBKAMH ([IEPHOAHYCCKAR IPOAYBKA);

3) opraHu3oBaTh cerapauKl napa —-
OTJejleldHe Cro OT Kafedb KOTIOBOH BODI
¥ €ro nNpoMbiBKY.

KoJaHUecTBO codel 13 KOTJOBOH Bojle
B CTAUKMOHApPHOM pexkume paboTel KOT.1a
NOMKHA NOAAEPAKUBATHCH HA OJAMHAKOBOM
npeiessHo JIONYCTHMOM YPOBHC, T. €. C HE-
npepblBHOA [POAYBKOH LOIKIO YAdNATHCH
OPAKTHUCCKH CTONBKO XKE CONeH, CKONbKO
X BHOCHT nuTaTenbHan sopa. [lpoayBka
D, Bblpax<aercsi o0bMHO B lIPOIEHTaX OT
NPOH3BOANTEJBHOCTH TIdporeHepaTopa D

Dup
d”p Z“—Du N 10()

Pacxon mMHUTATEeNbHOR Boabl D, . YBeJH-
UMBAETCH 34 CUCT NPOJLYBKH H COCTABAACT

D,,=D+D (19.2)

(19.1)

-

Beanunua D,, onpeneasietcsl CONeBbIM
6aJlaHCcOM KOTJa4d

D,.S,.=D,S

o up~p*

(19.3)

3nech Sy, Sup —— KOHUEHTPANMA  CONCH
B NUTATENLHON U NPOAYBOHHON (KOTJIOBO#H)
BOAAX.

He6onbiioi yHoe cojed mapoM H OTJ0-
KEeHHe cosell BHYTPH [10BEPXHOCTER Harpe-
Ba B Beipaykenun (19.3) He yurens. OTciona

D [)u nsu it D Sn @ (19 4
T TR
J Sy 100 Lo

1p —’g-ijgk - ( . )

IIP .

HenpepsiBiast NpoayBka 0ObIMHO CO-
ctasaser 0,5-—3 Y%. [1poayeka yBesnunBa-
eT TenjoBble NOTEPH, KOTOpLIE B ITOM CJY-
yae (6apabaHHblil KOTe) AOJKHBL yUHTbI-
paTbest pu pacuetax KM koraa (§ 18.5)
H Tpebyemoro pPacxond TOIJINBA
[em. (18.10)].

B naporedeparopax npu Aapaenuu Go-
gee 1,6 MIla B KauecTse KOpPpPEKTHpyiOLLE-
ro pearedta OOBIUHO PHMEHHAIOT TPUHAT-



puitpochar NazPO,-12H,0. Tlpu BBene-
HUM B KOTJOBYO Boay (B 6apaban)
B npucytctBud NaOH on pearunpyet ¢ coe-
AuHenuamu Ca u Mg, Haupuwmep:

6Na,PO, + 10CaSO, +2NaOH =

=3Ca, (PO,),-Ca (OH), 4+ 10Na,S0O,.

(Obpasywolidecs HepacTBOPUMblE COEAHHe-
s Ca u Mg BhIMafamT B 0CAalOK TOb-
KO B BHJA€ HENPUKHUIAOLLlero ullama, Jer-
KO y[1aJsieMoro nepuoiuvecKod MNpoayB-
Koi. PexoMeHgyeTcs MNoJJAepKHBaThL He-
KoTopuit  M3GHTOK  docdaros (PO ?)
B KOTJ0BOH BOJE.

CpeicTBOM YyMEHbLIEHHA YHOCA COJEH
¢ napom sIBJSIETCS NPOMbIBKA €0 YHCTOH
(nutareasHod) Bopo#. [das sToro B napo-
BOM [IpocTpaHcTBe 6apadaHa pasmelaercs
LIMT, HA KOTOpPLIA noaaetcs a0 50 9% Bcei
BBOAUMOH B 6apabaH nuTaTelbHON BOAb
(puc. 19.1). LIInT 06p1uHO BbIDGINEH B BUIE
cHcTeMbl KOPBIT. Boaa nokpbiBaer WHT ¢a0-
eM a0 70 MM M CTeKaeT C HEro B BOASIHOE
npoctpaHcTBo 6Gapafana. [lap npoxomuT
uepes CJAOH NMUTATENLHON BOAbI; KanjaH KOT-
JOBOH BOAHI, COAepIKalLlheca B nape, yHo-
CATCA MUTATeNbHOH BOJOH, a Nap 3axBarhi-
BAET yXe KalJu NuTarte’bHOH BOAbI, B KO-
TOpo# coJeil MeHblie. 3aTem MOpH Npo-
XOMAEHUH 1apa uyepe3 psAd NePeropoiok

4

Puc. 19.1. Cxema 6ap6oTaxHOW NPOMBIBKK T1a-
pa B 6apabane:
/ -— WHAT ¢ UPOMBIBOMHBIMH KOpBITaMu; 2 — xaso-

AHMAHBIA cenapaTtop; 3 -— NapOUPHEMHbIA 1WHT, 4 —
OTBOA NAp&; 5 - MOABOA [MTATENbHOH BOABL;, 5a — Ha
NPOMBIBKY; 56 -— 1104 ypOBeHb; 66 — BBOA NapoBOAA-

HOR CMECH W3 MCIAPHTENbHBIX TPYG; 7 — OMyCKHble
Tpy6ul; & — AbIPYATHIH WIHT

6  Teunorexnuxa

HJH HHBIX CMelHaNbHbIX YCTPOHCTB B Hapa-
6aHe Kanau BAATH 0CAXK/AIOTCH HA N 2pero-
poakax u, eile 6osee yKpynHAACh, CT2KaOT
C HMX B BOJASIHOE MpocTpaHcTBO GapabaHa.
Takum o6paszom, nap oyduiaeTcs 4 Or BJja-
rd (Bjaara ceuapupyercs), M OT oJeH.
B wurore nap, BbIXxoAswHd H3 Gapabana,
OKa3blBAETCA [AOCTATOUHO YHCTHIM.

KavecTtBo KOT/MOBOH BOJABI M 4¥CTOTA
Mapa MOCTOAHHO KOHTPOJHMPYIOTCA CNELH-
aJbHO OPraHU3OBAHHOW XMMHYECKOW CJyXK-
60i. B Bemenuu 310l cayxK6Gbl 0OLIYHO HA-
XOJAHTCH UeJbld 1eX — LeX XHMBOLOMOL-
FOTOBKH, B PA3/IMUHBLIX (PHABTPAX KOTOPOro
MPOXOAMT OYHCTKY BCA jAoOaBouHas BOAA
KOTEJbHOH MM 3NEKTPOCTAHUHH, HEOGXO-
AHMas AAs BOCNOJIHEHHS MOTEPb KAK BOAHI,
Tak ¥ napa. Camble GoablliKe NOTEpPU napa
NpH 3TOM HMEKT MECTO AJs NPOMbI LJEH-
HbIX KOTeJbHbIX U TILL B cBAA3M C 11€BO3-
BpPaTOM NpeANnpHATHAMH YaCTH KOH/eHCaTa
napa, OTNYCK3eMOro Ha TeXHOJOrHYECKHe
HYXKIbl.

19.2. KOPPO3HA
MOBEPXHOCTEH HATPEBA

B  pesyabrate  (hM3HKO-XMMHL€CKHX
POLECcCOB, NPOMCXOAAILHX TNpPH B3aWMO-
JefCTBHA METa/Ja ¢ OMhiBaloleH ero cpe-
JO0W, MeTajs MNOCTENeHHO paspyLlaeTcs.
310 paspyluenue Ha3bIBAETCA KOPPO3HEH.

BHewHsAd KOppO3MWsA lOBEp-
XHOCTEH HArpeBa 3aBHCHT OT COCTABA MPO-
AYKTOB FOpeHUsl H TemMnepatyphl o6orpesa-
eMblX Tpy0G. OKCHIbl BaHAIHMSH, COLEpKAllH-
ecsi B 30J€ MasyTa, BO3JeHCTBYA HE
3/JIeMEHTHRI KOT/1a [IPH TEMNEPAType MeTaN1a
680 °C u Bbilie (N0OABECKH MOBEPXHOCTE
HArpeBa, X OMOpbl H Ap.), BLI3bIBAIO” B bi-
COKOTEMMNEPATYypPHYK KOPFO3HIO.
3TOMY BUIY KOPPO3HM Npexae BCEro mof-
BEpPXKEHbl CTAJIH ayCTeHHTHOTO Kaacce . H u-
3KOTeMNepaTypHas KOPpO3HA Bbl-
3bIBAETCH CEPHOM KHUCJIOTOH, Napbi KCTOPOR
obpasywrcs npu coeguHeHnn SOj 1noay-
4alomerocss TMPH CHKHUIAHHU  CEPHHCTOrO
tTonsuBa napsany ¢ SO;) ¢ BOASHBIMH napa-
MH H KOHJEHCHUDPYIOTCA NPH OTHOCHIEJLHO
BbICOKOH TeMnepatype raszos (100—140°C
B 3aBMCHMOCTH OT HX CO[ePXXaHNA B VX0~
IWHX ra3ax).

OT HH3KOTEMOEPATYPHOW KOPPO3HH
O0COGEHHO CTPAalaloT XBOCTOBhIE NOBEPXHO-
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CTH KOT/I0B, pafoTalowWHKX Ha CEpPHHCThIX
masyrax. [lns 6opb6ul ¢ Heil uesecoobpas-
HO CHH)XXATh M3GBITOK BO3/yXa B TOMOYHOM
Kamepe 10 ypoBHA a.= 1,2+ 1,05, Tak Kak
3TO CHHXKAeT KOJIM4eCTBO o6pa3yloluerocs
SO; (cepa B OCHOBHOM OKHCJSIeTCH [0
SQO,). Kpome Toro, B 3THX YCJAOBHAX Cledy-
eT NOBbILIATE TEMIEPATypPy YXOASLLUHX ra-
308 BNMJOTh A0 140 °C ¢ paxe Boliue, 4T06bI
n36eXKaTb KOH/EHCALIHH NAPOB CePHOM KHUC-
aotel. [lo 370 e npuynHE CTEHKH TPYO
BOASIHOrO 3IKOHOMAi3epa W BO3AyXONOAOr-
peBaTeNsl TAKKE He 0JKHbBI ObITh H3JHLIHE
XOJMIOAHBIMH. DTOMY CNocoOCTBYeT INpejBa-
PHTE/NbHbIA MOAOrpeB MHTATENBHOH BOJbI,
a4 NpU KCNONB3OBAHUH CEPHHUCTOrQ TOMJIH-
Ba — M NpejABapHTe/bHbIH (A0 BO3LYXOMO-
AorpeBareisi) Mojorpes BO3AyXa B Napo-
BbIX KajsopHdepax.

BHyTpeHHssAdA KOppPO3IHA nNo-
BEPXHOCTEH Harpera oGycJOBJIEHA B OCHOB-
HOM  3JIEKTPOXHMHUECKHMM  [POLECCAMH.
OKUCIHTENAMH NPH 3TOM FBJAKTCA B OC-
HOBHOM pactBopetnble B Boae rasbl O
n CO, [Iaa npefoTBpalUEHHA KOPPO3MH
pPACTBOPEHHblE Tasbl YAAJSIIOTCA M3 MHTA-
TeJibHOH BOABI (B Leasparopax).

19.3. OCOBEHHOCTH 3KCRJIYATALLKHH
KOTEJIbHbIX YCTAHOBOK

Hapywenne pexuma paboTsl KoTsioar-
peraTa MOXKeT NPHBECTH He TOJIbKO K Helo-
NyCTHMOMY HM3MEHEHWIO 11APAMETPOB OTAA-
BaeMbIX TMOTPebHTe/NI0 BOAbl WA Napa
H CHUMEHHMIO IKOHOMHYHOCTH paboThbl KOT-
Jla, HO U K KPYNHbIM aBapHUAM, BbIBOASALLHM
o6opynoBaHHe H3 CTpOsl, a TakXe K Ha-
PYLIEHHIO YCJIOBHA 6€30NacHOCTH paboThl
06CayKHBAIOLLETO NepcoHala.

Tak, BCJEACTBHE MaJIOr0 KOJHYECTBa
MbIAEBHAHOTO, XHJIKOr0 HJH ra3oobpasHoro
TONJWBA, HAXOASILErocs B TOMKe, Npekpa-
WleHMe faXKe Ha OueHb KOPOTKOe BpeEMA
MOAAYH TOMJIWBA WK BO3LyXa BEAET K MO-
racanuio dakena. JanbHeiiee BOCCTAHOB-
JeHHe MX NOjJa4Yu B TONKY NPHBOAHT K Ha-
KOMJIEHHIO B MOTyxXuleid TONKe OGOJMbLIOro
KOJMYECTBE  TOMUIMBOBO3AYIIHOH  CMech
M B3PLIBY €€ B Pe3y/bTaTe BOCMIAMEHEHHS.

Ysenuuenne orGopa napa notpebute-
JieM pU HEM3MeHHOH f0gaye MUTATe/bHOH
BOAbl NPHBOAHT K OLICTPOMY CHHXKEHHIO
ypoBHa  Boibl B  Gapabade  KoT/a
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C eCTeCTBEHHOH UHMPKYJAUHeHd, OroJeHHIo
BXO/JHOH 4acTH OnyckHulx Tpy6, T.€. npe-
KpallleHdio MOoJaYH KOTJOBOH BOABI B 3K-
paHnHble TpyO6bl, NPeKpaLleHHI0 OXJaXAeHUA
3THX TPYO H3HVTPH, HX NeperpeBy H paspy-
LWEHHIO.

BoapgeiicTBusi Ha Bce npoueccel, Npo-
TeKalolHe B KOTJe, CBA3aHbl C PeryJMpoBa-
HHEM NOJa4YH TOMJIHBA, BO3AYXA, MUTATE/b-
HOM BOJBI, C DEryJIHPOBaHHEM pa3peXXeHHs
(LasjeHun) B Tonke W T. A. Boimosnenue
3THX oOnepauHid BpPYYHYIO NPHBOAMT K 3a-
MasabBaHHI0  BO3JEiCTBUA  HA  HYXHBIA
06beKT M TpeOyeT OrpOMHOTO BHHMAaHMA
u nanpsixenwdst. HanexHocts, Gesonac-
HOCTB M SKOHOMHYHOCTb PaboTbl KOTeJbHO-
ro arperara ofecreyuBaeT aBTOMATHUYECKOE
peryJMpoBaHue MpPOLECCOB.

PacemoTpuM, HanpHMep, NpHHUMN pa-
60ThI peryasaTopa yposHa Boabl B 6apabane
KOTJd. Peryasitop, HenpepbiBHO H3IMepHsi
pacxobl apa H NMHTATENbHOH BOAbI, MOA-
JepxuBaeT MXx papeHcTBO. Bosnukawoluas
Npu H3MeHeHHH pexxuma paboThl KoTja
pasHUUA MeX/y PacXO]aMH HCNOJb3yeTcs
B KadyecTBe MMIYJbca 1/ BO3JeHACTBUA Ha
peryaupyoLiMil K1anat NuTaTe/lbHO# BObI.
OpHaKo H3-33 HEH30eKHOH HeTOUHOCTH Bhi-
noJIHeHHs 3TOH oflepauMHd BO3MOXHO HAa-
KONJIeHHe OlNOKH, 1Sl YCTPAHEHHA KOTO-
poil 06s13aTe/IbHO NPHMEHARTCA KOpPEKUHS
N0 ypOBHIO BOJbl B Oapabane.

CoBpeMeHHble CHCTEMbl aBTOMaTHue-
CKOra peryJjdpoBaHua 6a3upyioOTcs  Ha
MHKDOMNPOLECCOPHOH TeXHHKE.

Jna cBOEBpPEMEHHOrO NpeAynpeX/aeHHs
BAXTEHHOrO MEepPCOHaNa O HeAOMYCTHMOM
H3MEHEHHH OCHOBHBIX MapaMeTpPOB KOTEJb-
Hbl€ YCTAaHOBKM OGODYAYIOTCH 3BYKOBBIMH
M CBETOBBIMH YCTPONCTBAMH CHIHAJHU3ALHH.
CyL1eCcTBYIOT CHIHA/IN3ATOPhl NpeeJbHOro
ypoBHs BOAbl B GapabaHe, NpeAeJbHbIX
TeMNepaTyp napa, OCTaHOBa BCMOMOra-
TeJbHbIX MEXaHH3MOB H [p.

st obecrieYeHHst [PaABHJALHOR MocJe-
JIOBATENbHOCTH ONEPALIUI 1PH TYCKe H OCTa-
HOBE MEXaHM3MOB HCIIONb3yeTcs HX OJIOKH-
poska. Tak, NpH aBapHUAHOM OTKJIOYEHHH
eJMHCTBEHHOro paGoTalllero JAbiMococa
ycTpoficTBa GJOKHPOBKH OTK/IO4AOT N0jJa-
4y TOMJIMBA H 1yTbeBOH BEeHTUNATOP. Byioku-
pOBKAa He [03BOJIAACT BKJKOUYMTL AYyTbe-
BOH BEHTWJISATOP NMPH OTK/AIOYEHHOM JIBIMO-
coce.



Kaxantit napoBo# KoTesl 10/1KeH UMETh
TaKXe€ 3allHTHbIE YCTPOHCTBA — Npeaox-
paHHTE/bHbIE KJAMaHbl, YCTaHABJAHBAEMblE
Ha 6apabaHe KOT/.1a H BbIXOAHOM KOJIJIEKTO-
pe naponeperpeBartens. TH KaanaHsl npe-
AoxpaHAT HapadaH KOTaa W [OBEPXHOCTH
Harpesa OT HeAONYCTHMOFO TIOBbIILIEHHUA
JAaBJIEHHA, BLIYCKAS Map NMPUH AOCTHXEHHH
OnpefleleHHOr0  aaBaeHns B 6apabade.
Kpome Toro, kamepHble TONKH ISl CXKHUra-
HHMA TBEpJOro MbLIEBHIHOIO TONAHBA 060-
PYAYIOTCA ra30BbIMH [1DEAOXPAHHTEbHBIMH
(B3pbIBHBIMH) KJaNaHaMH, KOTOpble AAlOT
BbIXO/, NMPOAYKTaM CrOpPaHUA MpH B3pblBe
Mbl1¥ AIA NPeLOTBPALLEHHA DAa3pyLUEHHs
0o6MYpOBKH, TPYGHOH cHCTeMbl H Kapkaca.

IKcnayatauuss napoBblX M BOAOTPER-
HbIX KOTJIOB, COCYILOB, PpaBoTaiolLlMX MNOL
JaBJieHHeM, 1 TpyOOINpPOBOLOR Napa H ropa-
yeH BOAblI CBAAI3aHA C MNOBBILIEHHOH ONAaCHO-
cTbio. Ux B3pbIBbI RBI3LIBAIOT GosiblIMe Pa3-
pPYUIEHHS, TPABMbl U HAHOCAT 60JbLIOH Ma-
TepHaJbHbIH ylwep6. [Ias npeaynpexaeHus
NoAOGHbLIX aBapHil OpraHM3oBaH rocynap-
CTBEHHBIH HaJA30p, NOPYYEHHbIH NPaBUTEb-
crBom CCCP KomHTery no Haasopy 3a
Ge3onacHbiM BejeHHeM paboT B MPOMbIL-
JEHHOCTH H ropHomy Haasopy (locroprex-
Haazop CCCP). lNocroprexsaasop CCCP
yTBepXjaeT npasuna ycTpodcTBa H 6e3o-
NacHOW 3KCINyaTauWH KOTJOB, COCYIOB,
paboTanlUKX 004 AasneHHeM, H TpySonpo-
BOJ/IOB 11apa W ropadeil BoAbl, 06A3aTe/bHbIE
aJsi BC€X MHHHUCTEPCTB MW BE€AOMCTB. Ot
npasuaa NpHHATO HasbiBaTh «[IpaBuiamu
KoraoHagsopa», a o6bEKTH, Ha KOTOpble
OHH pacnpocTpaHsioTcs, obbekramu Kot-
JIOHaA30pa.

OcHoBHble TpeGOBAHUA K NPOEKTHPOBA-
HHIO, H3TOTOBJIEHHIO H IKCIAyaTAUHH KOT-
JIOB M3JIOMEHbl B NEPHOLHYECKH 06HOB/RE-
mbix «[1paBusiax yctpoficTBa M 6e3onacHo#
IKCNJIyaTalud TMapoBblX H BOAOTPeHHbIX
KotaoB». JononHutenbHble TpeboBaHUs
N5t TAPOBBIX KOTJOB 3J€KTPOCTAHLHH NpH-
BogaTcA B «[IpaBuiax  TexHHYecKOH
IKCNAYATALHH  IJEKTPHUECKUX  CTAHUHH
u ceTeil».

Ha ocHose YKa3aHHbIX MaTtepyHanoB AJd
KaX/JA0H KOTeJbHOH YCTAHOBKH JOJIKHbI
ObITb COCTABJEHbL TEXHUUECKHE nacnopra
Ha 060pyNOBaHUe, CXeMbl TPyOONpPOBOAOB,
NLOJXKHOCTHBIE H TEXHOJNOTHYECKHE MHCTPYK-
UHMU N0 06CAYKHBAHUIO 06OPYAOBAHUSA, pe-
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MOHTY H TexHHKe Ge30MacHOCTH 4 T. A.
K skcnsmyatauuu gonyckaloTcs TOJbKO Te
pabOTHMKKM, KOTOpble CIaJW 3IK3AMEH Ha
3HaHHe COOTBETCTBYIOIWLHX MPABHJA H HH-
CTPYKUHH.

BakHbIM 3JeMEHTOM HaA30pa 3a Ko-
TeJIbHBIM aTPeraToM ARJIACTCH €ro TEXHHYe-
CKOe OCBHIeTe/bCTBOBAHHE B YCTAEkOBJIEH-
Hole cpokH. TexHHuecKkoe ocBULe-
TEAbLCTBOBAHUE NPOBOLAHTCH BT PHCYT-
cTBUM HHcrnexTopa [ocroprexnaiasopa o
BKJIIOUAET B CEOS BHY TPEHHU I OCMOTP H
rHAPpAaBAUYECKOE HCNbITAHNE.

BHYyTpeHHHI OCMOTD NPOBOJAKTCA HE pe-
xe | pasza B 4 ropa. Ilpu ero Bhino.iHennu
npeXXJe BCEro OCMATPHBAIOT H3HYTpH Hapa-
6aH kotsaa. [uapaBavueckoe WCNLITAHHE
KOTJIa Ha NPOYHOCTb H ILIOTHOCTb €ro 3Jje-
MEHTOB MPOH3BOJHUTCA He pexe yem uepes
kaxabte 8 sger. [MapaBandeckoMy HCAbITa-
HHIO BCEr[a rnpeilecTsyeT BHYTPEHHHH oC-
moTp. McneiTanie npoBOAMTCH MOAHATHEM
NaBJeHHs Bbllle pabodero B 3an0JiHeHHOM
BOLOH KOT/e C LeJbl0 NPOBEDKH €ro npo-
YHOCTH W TIOTHOCTH. Pe3ysibTaThl ccBHAE-
Te/bCTBOBAHUA 32HOCATCA B MACIOPT KO-
TeJbHOTO arperara.

19.4. OXPAHA OKPY)XAIOUWEA CPE[RDbI
OT BPEAHbIX BbiEPOCOB KOTEJLHbIX
ATPErATOB

B pesynbraTte cropaHus opranuteckoro
TonAuBa o6pasyeTrcAa psA  BpeAHEIX Be-
ulecTe. JTO Npexje BCero OKCHAB! Cephl
SO2 v SO3 ¥ 304bl. 30/12a HEKOTOPbIX TOI-
JIHB TIOMHMO MeXaHH4YecKoro BoO3jlelcTBUA
Ha OpPraHbl IbIXAHUS OKA3LIBAET TAK{€ TOK-
cHYecKoe BJHMAHHe HA opranuaM. Tak, B 30-
Je JOHeUKHX aHTPAUMTOB COJE[KHTCA
MbILIBSAK, 30/1a PSifa TBEPALIX TOMIHB CO-
JEePKHT PTOpHCThIe coedHHenHsa. [1pu cxu-
FAHHM Ma3yTOB BLLAENHAIOTCA COELIHEHHs
BaHaiHa. BecbMa TOKCHYHBIMH KOMMOHEH-
TAMH JBIMOBBIX ra30B, KOTOPbIM B [OCJEA-
Hee Bpems yaesnsercsi 6Osiblioe BHUMaHHe,
AIBJAAIOTCH OKCHAB a30Ta, 06pa3yk llidecs
M3 a30THCTHIX COEJMHEHHH TOINUBA, A TaK-
e -— MPH BBICOKOH TeMmnepaType 1 30He
FOpPeHHsl — B pe3yJbTaTe OKHCJEHHA a30Ta
B03ayxd. OueHb BaXKHO, YTO HEKOTOpblE H3
COCTaBJAIILNX ABIMOBOrO rasa, Halpumep
OKCHZbl Cepbl H a30Ta, YCHUJIHBAIOT B)eJHOe
BO3AeHCTBHE APYT Apyra Ha opranusu. [1pu
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CKHTAHUKH TPHPOAHOTO ra3a BbIGPOCH OK-
CHAOB a30Ta SBJSIOTCH, MOXKAaAyd, €1HH-
CTBEHHBIMH, HO CYLLECTBEHHbIMH 3aTpA3HHU-
TensIMH aTMoCc(ephl.

ExerofHo B Mupe B pe3yJbTaTe CXKHMra-
HUsl OPraHU4eCKHX TOILIMB B aTmocdepy
poibpacoipaercd 40 100 MJIH. T 30J1bl U OKO-
A0 150 man. T cepuucroro anruapuaa. Us
TONKH OIHOTO TOALKO MAapOBOro KOTJa Npo-
H3BOMUTENbHOCTBIO 950 T/4 NpH CXHHUTaHHH
AHTPAUUTOBOro WITHI6a B aTrMocdepy mo-
crynaer a0 60 T OKCHAOB a30Ta B CYTKH.
[1pu p3aumopeiicTeuH ¢ aTMOCepHO# BJa-
rod 3TH OKCHABI 06pa3yiOT KHCJAOTHI, Bbl-
nagalouive B paione BbICOKOH KOHLEHTDA-
UMM MPOMBILUJIEHHBIX MNPEANPUATHH Jaxe
B BHAE «KHCJOTHBIX AOXKIEH».

B CCCP rsaBHOH CaHUTAPHOHK HHCNEK-
UHel yTBepXAeHbl HOPMblL NMpe A e bH O
LOMYCTHMBX KOHLEeHTpaUH#H
(ITIK) BpelHbIX BellecTB B aTMoc(epHOM
BO3/yXe, H3MepsieMbiX HA YPOBHe [blXaHHH
yeJ/l0BeKa, KOTOpble MpHBeJeHbl B Tal/HLE.

B apyrux crpanax INIOK oraunsaiorcs
ot npunsiteix B CCCP. Hanpumep, ana NO;
B CLIA ycraHoB/ieHO CpelHeroioBoe 3Ha-
yeune T1JK 0,1 mr/m®, B ®PI npu kpar-
KoBpemenHom BozneidctBid NO, [N1JJK=
=0,3, a npu anuresnsHom — 0,1 Mr/m?.

[Moanepxkanue [1JIK Ha pomycTHmOM
ypoBHe oGecneudBaeTcd ABYMHA MeTOAa-
MH — M4CCHBHbIM M aKTHBHBIM. [1accrBHbI#
MeTO[ 3aKJII0YaeTCH B CTPOHTENLCTBE BBICO-
KHX JAbIMOBbIX pr6 C Ueabld paccedaTh
BpPedHble BELleCTBA [0 BO3MOXHOCTH Hajl
GoJsblied TeppHTOpHeH, yMEHbIIHB TeM ca-

MpepeabHo NONYCTHMbIE KOHUCHTPALHH
BpPe/IHLIX BelleCTB B aTMOCHEPHOM BO3AyXe
(nopmei CCCP), mr/m’

Bemecrno @232:.];“ Cpenes
cyTayian
pasosas

3ona W nban 0.5 0,15
Jrokena aszota (NO-.) 0,085 0,085

Juokeua eepnt {(SO») 0.5 0,05
Banaguesblit anruapui — 0,002

(V20s)

B atmocdepe Boijyxa 60AbIUAs yacTb 06pasy K-
HLeTOoes 1 TONKEe OKCHLd NO AOBOJABHO ()IJIL‘T])() OKHC-
aaerest 10 NOy, KOTOPWIH N8 OPranH3Ma YCI0BEKa
onacHee, dyem NO. Hostomy THIK npusogurtes iaech
a8 NQ,.
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MbIM CPEJHIO KOHLUEHTPALHIO BHIOpachiBa-
eMbiX BELleCTB. JTOT MeTO/ ABJNAETCH B HA-
cTosiulee BpeMA HauGosee pPACIpPOCTPAHEH-
HblM /15 MOJLAEpPXKAHHA KOHLEHTPaLHH
CEPHHCTBIX ra30B H OKCH/I0B 430Ta B 4TMOC-
¢epe ua yposue, o6ecneunpaioutem [1J1K.
BoicoTa AbIMOBBIX TPYO COBPEMEHHBIX KpyIl-
HBIX TEMUIOBBIX 3JEKTPHUECKHX CTaHUHH
yxe npesbicuiaa 300 M; 3TO cJ0XKHbIE, 10-
pOrye HHXKEeHepPHble COOPYKEHHH.

K aKTHBHBIM METOIaM CHHEHHSA KOJH-
YecTBa BpelHbIX BbIGPOCOB OTHOCHTCH Mpe-
JKJe BCero mnpejaBapHTe]bHas NOATOTOBKA
TOMAKBA ¢ UEAbl0, HanpUMep, YMeHbUIEeHHs
COAEPKAHHA B HEM Cepbl [OCPEACTBOM Me-
XaHHYeCKOro o6oralleHHs WM rasuduka-
uud. Kpome TOro, cHHXeHHIO BbIGPOCOB
BpeAHbIX BellecTB CHOCOOCTBYET PaLHO-
HaJbHOE BeeHHE TOMOYHOro npouecca (pe-
®KdMma paboTbel kotJjoarperata). Tak, Ha-
TpUMep, CHHXEHHE TeMIepaTypbl B sifpe
dakena MPUBOAHT K YMEHBLIEHHIO OKHCJe-
HUSl a30Ta BO3AyXa H CHHXKEHHIO BbIOPOCOB
OKCHAOB 330Ta ¢ ABIMOBBIMH Ta3aMH.

Bosblive HafexAbl B HacTosllee Bpe-
M BO3J1aTalOTCA Ha BHEJPEHHE KOTeJbHbIX
TOMOK, CHHIaloWHX TOMJIUBO B PEXKHUME KH-
msiitero cjaos. Kak ykaasiBadocs B ra. 17,
B KHUNALLEM CJ0e BO3MOXHO BEAEHHEe npo-
lecca TOpeHUs MpH TeMmleparype, He mpe-
pbimawweid 950 °C. B stom caydae asor
BO3/lyXa He OKHCNAeTCs, a CePHHCTHIA aH-
FUApPH] pearupyet ¢ 106aBJsAeMbIMH B CA0H
HUJIHU coaep}alulkMHCH B MHUHepaJbHOHU
4aCTH CaMmMoro TOMJHBA COEJHHEHHSIMH
KaJbliisi W MAarHWs, MOrJ0Wasch, TAKHUM
o6pa3zoM, CaMHM CJOeM W He yXods 3a

npeaeabl TOMKH.
Jlo BbICOKOH CTemeHd COBEPILEHCTBA

[JOBEAeHBl 30J0yJaBJHBAIOLULHE YCTAHOBKH.
Heo6X0IMMOCTb OUYHCTKH T[a30B OT 30Jibl
CBfi3aHa MOMMMO 3aWHTE aTMOC(epbl Tak-
HKC ¢ npeaoTBpalleHies abpa3uBHOrO U3-
HOCa AbIMOCOCA.

3oaoynosureau. B nukaodne LIH
(puc. 19.2) oraenende 30/10BbIX YaCTHU OT
rasa NpOMCXOAHT 33 CUET CHJ HHEPLUHH NPH
3aKpyuHBaHMK NOTOKA B Kopnyce. Ot6po-
IIeHHble K nepHdepHH YacTHILbl CYXOH 30kl
CCHINAIOTCS BAOJAb CTEHOK UHMKJIOHA B OYH-
Kep, 4 OYHLWEHHbIH rai No UEeHTPaJdbHOW
TpyGe orcaceiBaeTcsl AbIMococoM. 1A LHK-
noxHoe audamerpom 400—-1000 mm npu cko-
poctd Bxoma rasa [5—25M/c creneHn
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Puc. 19.2. Huxaon [1H:

! - KODIYC UMKJOHA C BXOAHLIM H BLIXOAHKIM l1a-
rpy6KaMi; 2 - 3000B0# ByHKep, 4 —— Kadllah-MHran-
Ka; I" -~ ras; 3 — s0aa

OuHCTKH jgocThraer 60-—80 9. C yseanue-
HHEM [QMaMeTpa UHKJIOHA €ro 3QQeKTHB-
HOCTh yXYZLlIaerc.

bartapeiinbli 30/0Y/N0BH-
TeJdhb COCTOHT H3 DOJLLIOrO YUCAA UHUKJIIO-
HOB  HefoJbWIOro  JHaMeTpa (150—
250 MM), CMOHTHPOBAHHBIX B OLHOM KOpNy-
ce u paboTaplKx napanjenbHo. Kaxasli
UMKJIOHUHK 30J0YJ0BUTeN paboTaer nono-
6no uukaony LIH c tem aulib oTaHYyueMm,
YTO 3aKpYUHBAHUE 110TOKA OCYILECTBJISAETCH
cneuuasbHbiMH BCTABKAMH, PacrnoJoXkeH-
HBIMH B KOJIBLIEBOM NPOCTPAHCTBE MEXAY
KOPIYCOM LMK/JIOHYHKA H BHYTPEHHEH OTBO-
asied Tpy6oi.

HepoctraTKoM yKa3aHHbIX «CYXHX» afl-
napaToB-30J0YJOBHTENEH SABJSETC  BTO-
PHYHBIH YHOC 30Jbl — 3aXBAT H YHOC rasoM
yae oTGPOLIeHHBIX K nepugepun naunbosnee
MEJKHX 4YacTull 3odabl. st ymeHblUeHHS
BTOPUYHOTO YHOCA MCIOJAb3YIOT 30J0YJ0BH-
TEJH CO CMOYEHHOH [OBEPXHOCTHIO.

Hlentpobemubii ckpybOGep
BTWU  (puc. 19.3) npeanaszsayen  Aas
OUMCTKH JbIMOBBIX T'a30B 33 KOTJaMH Npo-

U3BOAUTENbHOCTHIO Menee 200 T/u. CKpy6-
6ep COCTOHT M3 BEPTHKAJNLHOrO CTa.1bHOrO
UHJIHUH/IpA ¢ KOHHYECKUM JHHIUEM, BKXOJHO-
ro natrpyGka, OpDOCHTENBHOH CkCTEMbI
H rujpaB/Juuyeckoro 3atsopa. Bo u:6exa-
HHE KOPPO3HM BHYTPEHHASA 10BEP (HOCTh
KOpIyca H KOHHYECKOro AHUILA (QyTepyioT-
€l KHCJAOTOYNOPHOH KepaMH4YecKol nauT-
Kkoi. Conga opoCHTEeNbHOH CUCTEMb, BBe-
JleHHble TaHreHuMaJbHO BHYTPb KOpMyca,
CO31aI0T Ha BHYTPeHHell cTeHKe ckpy66epa
BOASIHYIO MJIEHKY, YJaBIMBaIOULyI0 JT6PO-
(UeHHblE [eHTPOGEMHBIMH CHJAAMH 4aCTHY-
KH 30bl. O6pa3yloulancs MmyJabla OT 30JMT-
¢ uepes ruaposarsop. Ilpn auimerpe
cKkpy66epa no 1500 MM H CKOpOCTH rasoB
Ha Bxoge OKojo 20 M/c cTeneHb OUHUCTKH
MaoxeT O6mTh aoseaena ao 90 %. Facxoa
Boan — 0,1—0,2 a/m* rasa.

Ha wmownbix 3aekrpoctanuuax CCCP
B KAUECTBE OCHOBHBIX 30J10YJIABAHBE IOLLIHX
annaparoB B HACTOsILLEe BPeMs HCNIAb3y-

Puc. 19.3. Cxema ueurpobexnoro ckpyboepa
BTH:

| — xopiyc; 2 — nxOAHOA MaTPy6OK; 3 - 30 10CMBID-
HOH AnNApay THIA KOBUI-MUCANKA,  ~ KOAACKTOP

IOABOAA BOABI; 5 — OPOCHTCJLHLIC conaa; 6 - 1HOAA-
HaH AACHKA ¢ 30M0BhIMH udactuuamu, I - ray, Il -
MOTOK
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Puc. 19.4. fIpuuunnauanbnas cxema paGorsl 3ACKTPOGUALTPA (a) KU KOHCTPYKUMH 3NCKTPOAOB (6):

{

I — KOPOIUPYIOHIHE 34€KTPOAN, 2 — OCAAHTEAbHBIE 3JEKTPOJb; 3 -

10T 3M1eKTPOPUIbTPHL. KOHCTPYKTHBHO
snektTpoduabTp (puc. 19.4) npex-
cTapJifier co6ON MeTaJIHUeCKHIH WK Kede-
300€TOHHLIA KOPIYC, BHYTPH KOTOPOro pac-
MOJOMXKEeHbl 11aCTHHYAThie 3JeMEeHTbl ¢ pas3-
BHTOIi MOBEPXHOCTHIO, ABJASIOUIAECA OCAlHU-

TeJbHbIMH  3JeKTpodaMH. Mexay HUMH
YCTAHOBJEHBl O6LIUHO CTEP X HEBBIE KOPOHH-
pyolHe  (reHepHpyloUlHe  3JIEKTPOHbI)

3J1eKTpobl. KOpOHHPYIOLLHE 3JeKTPOARI CO-
efiMHeHbl C OTPHLATENbHbIM [OAIOCOM arpe-
rata 3JeKTPONUTAHUA, JAI0ULEro BhIIPAM-
JIEHHDbIA MYJbCHPYIOUIHA TOK BbICOKOTO Ha-
npsixenus (10 80 «kB). Ocaautesnbubie
3JIEKTPOALI 383€MJISIOTCA. 3aNblIEHHbBLA Abl-
MOBO# ras co ckopocTbio 1,5—2 m/c aBu-
JKETCH B MeX3JEeKTPOJHOM NPOCTPAHCTBE.

Y noBepXHOCTH M3/y4alolLEro 3JeKTpo-
@ TPOHCXOMUT HHTEHCHBHAR HWOHHU3alUMs
rasa, COTMPOBOXKAAOUIAACH BO3HUKHOBEHH-
eM KopoHhoro paspsaja. O6pasywouinecs
B 30HE KOPOHbI Ta30Bble HOHbL Pa3JHYHON
NOJNAPHOCTH BUKYTCA NOA [eHCTBHEM CUJI
3JIEKTPHUECKOTO TIOJIA K COOTBETCTBYIOILKM
paSHOHMeHHbIM BHCKTPO}IZMA L[BCTHU.L\I 30-
Jibl, BCTpeYasi Ha CBOEM MYyTH MOHH, TAKXe
3apAKaOTCA. QcuoBHOe KOJIHUECTBO
YACTHLl oOocaxadercHd Ha ])ElSBHTOﬁ nosep-
XHOCTH OCaJdHTe/NbHbIX 3JEKTPONLOB, MEHb-
urass 4acTb nolnaagaetr Ha KOpOHH[)leLU.Me
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343CMJIEHHE OCAAUTENbHBX JCKTPONOB

anekTpoabl. [1o mepe HakolIEHUA HaA eK-
TPONAX OCAMIAEHHbIX UACTHUL OHU yAANSIOT-
¢fl -— OGBIUHO TYTeM BCTPAXHBAHHUA.

Tpu anauTesbHOCTH NpebGuiBaHUS 3aTIbl-
JIEHHBIX TA30B B AKTHBHOH 30HE 3J/1EKTPO-
¢dHaAbTpa He MeHee 8 ¢ NPaBUJIbHO 3anpo-
€KTHDPOBAHHbIE M XOPOUIO BbINOJHEHHBIE
3/EKTPOGUILTPEl MOTYT 0OG€CNeYuTh CTe-
NEHb OUHUCTKH JbIMOBOIO Tasa OT 304kl A0
99,8 %.

Konrpoashsie sonpocet

19.1.
TPYObHI.

19.2. KoresbHasa CnpoekTHPOBAHa HA 4eThl-
pe OHOTHIHbLIX KOTJ0Arperara ¢ o6Ien KNpnuy-
#o# aniMoBol Tpy6oi. C OKoHYAHHEM MOHTaXa
NePBOro KoT/1a OH Gbi1 BBEJEH B IKCIMIyaTalHIo.
3umoil BepXHAS HacTh TpyOsl €T4na paspyllaTh-
csi. [louemy?

19.3. C kakoll wenblo B TONKE KOTNd MOA-
AEPAUBAETCS paspexenye.?

[94. K uemy MOXET MPHUBECTH MOracaHue
(haKesia B TONKE KOTJIA?

[9.5. TToyemy HELONYCTHMO OCa)KAeHHe Ha-
KHIIH HA BlinpEHHEﬁ MOBEPXHOCTH 3KpAHHBIX
Tpy6 Koraa?

19.6. Jlsin dero CJAYMHT HenpepblBHaa npo-
JYBKd KOTJa H MOXHO /M HCHO/IL30BATH ee
TeunoTYy?

19.7. Kak nopauser ua paboTy 3J€KTpo-
CbMJlep'cl YBEJHYCHHE CKOPOCTH AbIMOBbIX rasom?

O6nsicaute Ha3HaueHHe ﬂblMOBOﬁ



naea psaguaras
MAPOBBIE U TA3OBbIE TYPBUHDI

20.1. AEACTBHE PABOYEFO
TEJIA HA JIONATKH

L\Typ6omamuua (typbuna) asafeTCA
deuzateses, 8 KOTOPOM Tenaora pafode-
20 Teaa — napa uAu 2a3a — nocaedosa-
TeAbHO NPeobpasyercs 8 KUMETUHECKYKO
SHep2Wo CTPYU, 4 3aTem 8 MEXAHUYECKYIO
pabory.)

BhiTekawoluii U3 consa notoxk patoye-
ro Teda, 061afawiiMil 3HAUHTEIbHOH KHHE-
THYECKOH IHeprue, AeHCTBYET HA JONMATKH
C CHJOH, KOTopasl 3aBHCUT OT (oOpMBI HX
nosepxHocTH {(puc. 20.1).

Pacuetsl RO ypaBHEHHIO KOJHYECTBA
JABHIXKEHMS MOKA3LIBAIOT, YTO MPH MPOYHX
pPaBHLIX YCJOBHAX, HANPUMED INpPH 3aLaH-
HOH CKOpPOCTH HCTEUEHHA Co M pacxoje pa-
6ouero Teqaa m, ¢ HaUGOUbILEH CHIION MOTOK
Gyner BO3JeHCTBOBATL Ha JONATKY, dpopma
KOTOpPOH ofecnedyuBaer ero MOBOPOT Ha
180° (puc. 20.1, 6). Ecau nossosuTh JO-
naTKaMm mepeMellaThesl Toj  JeHCTBHEM
CTPYH, TO [BHXEHHe raza N0 cXeme
(puc. 20.1, 6) ofiecneyuT NpH OAUHAKOBOM
BO BCEX CXeMaX CKOPOCTH M HaHGOJbILYIO
MOLLHOCTb, PaBHYK [IPOH3BEJEHHIO [eft-
CTBYIOLLEH HA JIONAaTKy CHJIbI HA CKOPOCTh
ee nepementenns. Orciona, B YaCTHOCTH,

cnefyet, 4TO AJS MOAYyYeHMSl MAKCHMAJb-
HOH PaGOThl NOTOK AOJKEH He yAapAThCA
0 NOBEPXHOCTb, 4 06TEKaThb ee [JIaBHO, 6es
3aBUXPEHHH.

P=340#

7. 8)

Puc. 20.1. Cxema peficTsud CTPYH rasa Ha no-
BEPXHOCTH TEN PA3NHUHOA POpMbI

Ho ucnoab3oBath Hau6oJee BhiF OAHbBI
(C TOUKU APEHUS NONYYEHUS] MAKCHMAIBHOH
MOUIHOCTH) NPOQH/IL JONATOK ;lis Tenjo-
BOrO JABHTaTeNsl HENPEPLIBHOrO AeF CTBHA,
HanpuMep Typ6OM aliWHb,  HEBO3MOXKHO,
TAK KaK MPaKTHUYECKH He yadaeTcs MEH Bpa-
UATEJbHOM ABMMXKEHHH JHCKA € JOMiaTKAMH
nofgarb Ha HUX ra3 B HamnpasJeHiH, CO-
BriajatnolleM C M0oCcKocThio Bpanlenus. [lo-
9TOMy B TypOGUHax CTpys Tasa, BbITEKalo-
ILero M3 HenoABHXKHOrO COMJa, nomraerca
HA JIONATKH, HW3OTHYTble NOJ HEK(TOPBIM
yrJaom K MVIOCKOCTH BpaLUIeHHA
(puc. 20.1, 8), npHUEM N0 KOHCTPYKTHBHAIM
COOBpPAXKEHHSAM ITOT YroJ He yjaetcs cie-
JadaT b MeHbtle 11— 16° (B psge clyuwieB ero
npuHMUMaioT pasibiM 20—30°).

PaccMOTpeHHbIft MTPHHUHMA A€ACTHUSA NO-
TOKAa Ha [OBEPXHOCTH Pas/IHuHBEIX (opM
HA3blBAETC 2 KTH B H bl M, B OTJHYHE OT
pPeaKTHBHOTO, KOrda CHia co3naercsa
3a cueT peaKUMH CTPYH, BhITeKawLled M3
comia (puc. 20.1,e). PeaxruBnas cuJa,
NpUAOKEHHAA K UHJIHHADY, HAMp1BJeHa
cor/iacHo TpeTbeMy 3aKkoHy Hptorone B cTO-
pOHY, TNDPOTHBOMOJNOXKHYID HCTE€YEHHIO ra-
30B. C Takoi xe CHJI0H AeHCTBYET CTPYA Ha
NOBEPXHOCTh (aKTHBHBIHA NPHHILAT,
puc. 20.1, @), HO npu peakTuBHOM cnocoGe
KOHCTPYKUHSL TEIJOBOro ABHraress nojay-
yaercs GoJsiee palMOHAJNBHOH, TAK kaK CO-
BMELLAITCA COMJIOBOH W ABUTATEJAbHBLIK an-
naparbl.

20.2. AKTHBHLIE TYP5EHHbDI

TypOHuHbBI, B KOTOPBIX BeCh pacniarae-
MBI Tersionepenaji npeo6pasyerca B KuHe-
THUECKYK) 3HEpPrHI0 MOTOKd B :0MJax,
4 B KaHajax MexAay pabouuMH JOnaTKamu
pacILUpeHUs He NPOUCXOANT (AaBJEHHE pa-
fouero Teja He MEHAETCA), HA3bLIBAIOTCHA
AKTHBHHMHU HJy Typ6HHaMHU
PaBHOTIroO JaBJeHHSH

B npocrefiwiel akTuBHOH Typ6iiHe pa-
Gouee Tes0 nocrynaetr B corno { (Wan
rpyinmny comJ), pa3roHAeTcs B HEM A0 BbiCO-
KOl CKODOCTH M HanpasJ/seTcs Ha [abouue
gonatkd 2 (puc. 20.2). YCHJIHA, BhI3BaiHbie
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Puc. 20.2. Cxema cTyneHH TypOMHbI

NOBOPOTOM CTPYH B KaHajax pa6Gouux Jo-
natok {(cm. puc. 20.1,8), Bpawamwr
IHCK 3 v cBA3aHHbIl ¢ HUM Ban 4. Jluck
C 3dKpemJieHHbIMH Ha HeM paboyHMH J0-
NaTkamMH W BaJOM HAa3bIBAETCA P oOT O-
powm. OauH psij coma H OAHH AMCK C pabo-
YUMH JOTATKAMH COCTABJAAKT CTY N E€Hb.

[IpupaileHHe KHHETHYECKOH IHEPrHH
Ha BBIXOJE H3 COMJIa MOMXKHO ONpeeuTh Mo

dopmyae (5.11):
et /2—ct/2=h,—h (20.1)

rie Co, ho — CKOPOCTh M SHTAJBNUS MOTOKA
nepen ComaoM; Cir, Air — TeopeTHdeckas
CKOPOCTb H 3HTAJBIHS NOTOKA HAa BBIXOAE
u3 consna.

Eciy nprHATH, UTO Nepej conJaamy cKo-
poctb co=0, noayuum

e} /2=(hy—h

Ir?

)=Ah (20.2)

It T
rae Ah. — pacnosaraemulii Tenjonepenan,
COOTBETCTBYIOUIMA CKOPOCTH Cir.

B peanbHbix ycnoBHSIX B pe3yabrare
TPEHHWsSl W 3ABHXPEHHUIA MPH TEUEHHH NMOTOKA
YaCTh KHHETHUYECKOH 3HEeprHH HamnpagJieH-
HOTO /JBHXKEHHMA MOJEKYJ [peBpallaercs
B JHEPrHIO HEYNOPSACUEHHOrO JABHKEHHS
MOJIEKYJI, YTO MOBLILIAET 3HTAJALIHI pabo-
4ero Te/a 3a COMIOM, yMEHbILAET pacnosa-
raeMblil Tenjonepelas 1 CKOPOCThb MOTOKA"

€, =L, (20.3)

rae @ —— Ko3OHLHEHT CKOPOCTH comia,
AA51 COMJIOBBIX ANMApaTOR COBPEMEHHbIX
Typbun ¢.=10,95-+0,98.

Ha nonarkax pa6ouero koseca KuHeTH-
4eckKas 3Heprus 1noTtoka npeobpasyercs
B pa6ory. Ilpn Bxoae Ha JIONATKY OKpyX-
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Hasl COCTABJALAA CKOPOCTH MOTOKA CO-
BN3A3€T C HaNpPaBJAEHHEM [BHXEHHA JO-
NaTKU, a NMPH BbIXOAE —-— MPOTHRONOJOKHA
eil (puc. 20.2). [MosTomy a6CcoONOTHAA CKO-
POCTb NOTOKA HA BBIXOAE MHOrO MEHbiile,
4eM Ha BXo/e.

JBuxyuniics notok geficteyer Ha pa-
6oune nonatku ¢ cuaoil P. [Ipoekuusi sToit
CHJIBI HA OCb MaUIMHBL P, (0ceRas cusa)
BOCIIPUHMMAETCA YNOPHBIMU TOALHIHHKA-
MH, MPEeLOTBPALLAIOLUIMMH CMELLEHHE POTO-
pa BOJb OCH, 8 NPOEKLHA Ha HanpapJeHHe
OKPYKHOH cKOpocTH P, (OKpyXKHasa cuaa)
BbI3bIBAET BpAUlEHHE POTOpA.

OauocTyneHyaTas 4xkTHRHAS TypOuHa
6elna nocrpoesa Jlasanem B 1883 T.
(puc. 20.3).

[lap nocrynaer B OAHO WJIH HECKOJBKO
comut 4, npuo6peTaeT B HHX 3HAUUTEJLHYIO
CKOPOCTb H HanpaesJsercss Ha pabouue J0-
natku 5. OtpaGoranublii nap yaansiercs
yepes BHIXNONHOA naTtpy6ok 8. Potop Typ-
OWHBI, COCTOALLMA U3 IMcKa 3, 3aKpenJeH-
HblX Ha HEM JIONATOK W Baja /, 3akjioueH
B Kopnyc 6. B mecre npoxoaa Bana uepes
KOPTyC YCT4HOBJeHbl mMepenHee 2 W 3a-
aHee 7 NabUPHHTOBBIE YIWIOTHEHUS, MpeoT-
BpalLaIoUlHe yTeykd mapa. Tak Kak Becb
pacnonaraemblii Tensonepenajn cpabaTbipa-
eTcA B OAHOH CTYNEHH, TO CKOPOCTH MOTOKA
B COMNAax OKasblBaloTcs GoJabliumH. [lpu

pacuHpeHnH, HanpHMmep, [eperpeToro na-
napamerpbl

pa, HMewLero 1 MIla

A-A

Paapes ¢ ©
paalfepmra

Puc. 20.3. Cxema
Jlapass

OAHOCTYNeH4aToH TypOHHBL
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Puc. 20.4. CxeMa aKTHBHOH TypOuHbl ¢ Tpema
CTYNEHAMH [AdBAEHHA:

| — confo; 2 -— BxoaHo#H natpy6ok; 3 — paBouas jo-
natka [ ctynenu; 4 —- conno; 5 — paboyaa gonarka
Il ctyneuu; 6 — counjo; 7 -— pabouaa nonatka [/
CTYHEHH; & — BLIXJIONHOHA NaTpy6oK; 9 — Anadparmot

u 500 °C, no nasaenus 10 kIla Tenaonepe-
nag okpyraenso pasen 980 kJx/kr, uto
COOTBETCTBYET CKOpOCTH notoka 1400 m/c.
[Ipu TakMX CKOPOCTAX NMOTOKA HEHIGEXKHbI
6OJbLIKE MOTEPH H, CAMOE IJaBHOE, HEJO-
HyCTHMbIe o yC/JOBHAM HPO'-IHOCTH Jaona-
TOK OKpYXHble CKOpocTH B HHX. [loatomy
OfHOCTYNEeHUYaTble TYpGHHbL JIaBaifl HMEIT
OrpaHHuEHHY0 MOIHOCTh (mo | MBT)
u uusxuit KI1J. Bce kpynHble TypOHHbBI

lenanoT MHOCOCTYHEHYAThIMH. Ha
puc. 20.4 nokasaHa cxema aKTHBHOH
MHOrOCTyneHuaTol  TypOuHel,  KOTOpas
BKJIIOYAeT HECKONbKO MOCJeJ0BaTeNbHO

pacrosoXeHHblx N0 XoAy napa cTyneHeH,
cUAALMX HA oaHOM Baay. CTyneHu oTiene-
Hbl Jpyr OT Apyra Auvadparmami,
B KOTOpble BCTPOEHbI COMJa.

B Takux Typ6uHax [aBJeHHe nanaet
TIpH MPOXOJIE Napa Yepes coMnia H 0CcTaeTcs
MOCTOSHHBIM HAa padouux sonatkax. A6co-
JIOTHAS CKOPOCTb Napa B CTYNEHH, HA3bIBA-
eMOHCTYNneHbio 1daBJeHHHA, TOBO3-
pacraer — B CONJaAX, TO CHMXaerTc — Ha
pabouux sonarkax. Tak kak oGbem napa no
Mepe €ro pacllMpeHHs YBeJHuHBaercs, TO

reoMeTpHYECKHE pasMepbl NPOTOYHON UACTH
no xofay napa BospacratoT. Ecam 16wui
resonepena (Ao— foux) PACIPENLIHTL NO-
POBHY MEXAY 2 CTYNEHfIMU [aBJEHH#A, TO
CKOPOCTb HCTEUEHHA rapa H3 oIl Kax-

ol crynewu, Mm/c, r=1\2(hy—1F )z
OTcoga caAeyer, UTo NPHMEHEHHEM CTyne-
HEell JaBJACHHA MOXHO JOCTHUb yME[ €HHbIX
sHaueHui ¢,, o6ecneuun Bbicokui KIT.

20.3. PEAKTHBHbIE TYPBHHbI

[Teppas Mogefb ABHraTeNs, HCNOAL3Y-
IOLLETrO PEAKTHBHYIO CHJY, ObiNa MOCTPOeHA
l'eponom Anekcanapuiickum 3a 120 ner fo
H. 3. (puc. 20.5).

Ilpu McTeueHHH napa W3 COMJ 3/eCh
BO3HMKAIOT pEaKTHBHLIE CHJbl, BpaLlal0-
IIlHe CHCTeMy MPOTHB HACOBOH CTPEJIKH.
Cryneun Typ6HHH, no mofeid [lepona,
npejcTaBasiia Gbl OGO BpalamLIuics
JAHCK € COMJIaMH, K KOTOpHIM HeoG)oauMo
OpraHHW30BaTb HerpephiBHbIi M0ABOJ pa6o-
yero Teqa. BBHILY CJOXKHOCTH KOHCTPYHPO-
BAHHUS TAKHX CTyIeHell, a TeM 6oJee MHOro-
CTynmeHuaThix TYpGHH, YHCTO pPEaK HBHBIE
TypGHHB HE CO3AaBaNHCh. PeakruBHbIA
NPHHLMA  Hawea WHPOKOE [PUMEHEHHE
JHIIb B PEAKTUBHBIX [IBUTATE/AX JeTaTeNb-
HbIX anNnNapartoB (PAKET, CaMOJETOB H AP.).

[paxkTudeckH PpeAKTHBHbBIMM Ha3biBa-
J0TCA TYPGHHbI, y KOTOPHIX pacrnonaraembiii
Tennonepenaj npeoGpasyerci 8 KHlIeTHUE-

Co

Puc. 20.5. Cxema nepeoil MOJENH [e: KTHBHOH

napoBoil TypOunbl
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CKYI0 3HEprui0 MOTOKA He TOJNbKO B COMIIax,
HO H Ha pa6ouydx JonaTkax.

OrHouwleHue Ttensonepenaga na pabo-
yux Jonatkax Ak, K pacrojaraemMomy Ter-
Jgonepenany Ak, Ha3blBAGTCHA CTENEHLIO pe-
aKTHBHOCTH:

Q=Ah,/Ah,. (20.4)

[Ipu Q=0 (yucTO AKTHBHAA CTYMNEHb)
BECh pacrojaraeMblil Tenjonepenan, a cie-
J0BATENbHO, H Nepenaja aaBaexuél cpaba-
THIBAETCA B COMJOBOM amnnaparte, npespa-
wasicb B CKOpocTHO Hanop. MMeHHo Takas
CTyneHb paccMorpeHa Ha puc. 20.2, 20.3.
[Mpy Q=1 (YHCTO peAKTHBHAA CTYMNEHb)
Becb pacrofaraeMbiil Tensonepenas cpaba-
TolBaJca Obl HA paboYHX JonaTkax.

CoBpemeHHble MOULHbIE TYPOHHBI Bbl-
MOJHAIOT MHOrOCTYNEHYAaTHIMH C ofpeje-
JIEHHOH cTeneHbio peakKTHBHOCTH, yalle Bce-
ro Q=0,5. B kaxg0#l cTyneHu Takod Typ-
GHHbl paciuiipeHHe pabodero Tea NpPoUCxo-
JIUT He TOAbKO B COMJOBBIX KaHajax, HO

v Ha paboyux Jonatkax. Crynenp cpaba-
ThIBAeT JAHULIb YACTh OOLIEro nepenaja aas-
JeHuss Ha TypbuuHe, U mpu OGOJbLIOM HX
yUC/ae pasHOCTb AAaB/eHHE B OTAEJNbHOH
CTYNEeHH Noayyaercs HeGOJbLUIOH, a CKOpo-
CTH 110T0Ka — yMepeHHbiMH. [Ipu cTenenn
peaktuBHocTH Q=0,5 conosele H paGoyue
JIONATKH UMEIOT OIHHAKOBYIO opmy. Bosee
TOrO, OAMH M TOT e MNpOo@uIb JOMATOK
MOKeT ObITh HUCMNOJAL30BAH BO BCeX cTyne-
HAX Typﬁl/IHbl, U TOJbKO AJHHA JIOIAaTOK
H3MeHSIETCA B COOTBETCTBUY C YBeJUYEHHEM
o6bema pabouero BELIECTBA N0 Mepe NOHH-
KEHHUA naBJI€HHUA. 3rto y}LOéHO C TOUKH 3pe-
HUSI UX HM3TOTOBJIEHHS.

Ha nesaii nosoBiHe pucynka 20.6 noka-
34l KOPOyC MM IHJHHAP BbICOKOIrO JaB-
nernsn (LIBJ1) KOHAEHCALHOHHOH TPEXKOP-
nycHol Tpy6Gunnl moutHocTbio 300 MBT Ha
CBEPXKPHTHYECKHE MapaMeTphl napa ¢ npo-
MEKYTOUHLIM neperpeBoM napa ao 565 °C.
LB/l npeacrasasder co60if NBYXCTEHHYIO
JUTYIO KOHCTpYKUHIO. Tlap cHavana nocty-

.

= SN

Puc. 20.6. [lpononsuniit paspes TypGunnt K-300-240-1 JIM3: ciieBa -— UHINKADP BLICOKOTO AaBJEHUT,
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ndeT 8 COMIOBYIO KOPOOKY 4, pacno/oxeH-
HYK0 BO BHYTpeHHeM Kopryce J, NPOXOAHT
yepes CTyneHb 6 ¢ ABYMS JIONATKAMH
M NATb CTYNEHeH 1aBJeHHsl CIPaBa HaJeso.
Bbixona U3 BHYTPEHHEro Kopnyca, nap o-
sopauuBaetcs Ha 180°, UPOXOUHT MexHy
BHYTPEHHHM M HapyXHbIM /| Kopnycamu
M [octynaer jajee Ha LIeCTb CTyNeHeH
AasJieud. [Ipy 3TOM OH OMbIBAET N OXJId K-
AaeT BHYTPEHHHI KODIYC, a TAKKe 4acTHY-
HO PAa3rpyXaeT ero CTeHKH, HCIbITbIBAIO-
1lHe BHyTpeHHee nasieHHe. Bo BuyTpeHHem
Kopryce auadparmbl 2 KpensiTest HENnocpest-
CTBEHHO B CTEHKe, & B HADYXXHOM — B 11pO-
MeXYTOMHBIX o6oiiMax 5. O6o#Mbl 1103BO-
JFI0T OPTaHH30BATb OTGOPHL napa ais pe-
IeHEPALHH.

[Tocsie  NpOMeXYTOYHOrO Neperpesa
B KoTJe nap ¢ napamerpamu 3,53 Mlla
1 565 °C noctynaer B KOpHYC CPEeILHero,
4 3aTeM HU3KOIO AaBJeHHst {ClpaBd).

CrnpaBd — UWJIHHAPBL CPEIHErO H HU3KOro naBJeHHHA /!

20.4. MOIMHOCTb H KNJX TYPBHHDI

Pa6ota Typ6uHbE KaK TeNJOBOrO IBHCA-
TeNst XAPAKTePU3yeTCH BHyTpeHHed (HHau-
K4TOPHOH) MOLUHOCTBIO, Pa3BUBaeMOH J0-
natkamu, U s¢peKTUBHOH (Ha BaJy MOLL-
HOCTbIO.

JddekTuBHas MOWHOCTbL N, MeHbLUE
BHyTpeHHe#i N, Ha 3HAaYeHHe MEXAHUYECKHX
HoTepb (B NMOAUIMIIHUKAX, HA [TPUBOJ, BCIIO-
MOraTejibHbIX MEXaHH3MOB H T. 4.). Bnyt-
PEHHSIST MOULHOCTL N; MeHblle MOILHOCTH
Ng, KoTopyl pazBuBaja Obl HA€AIbHAS
TypOHHA, HA 3HAYEHHE BHYTPEHHHX fIOTEPb
(OT TpeHWs W 3aBHXpPEHHS B KaHaJ ax, oT
neperedek napa B 3a3opax NOMAM) COMI
HT a.).
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Buytpenuuii otHocHTenbHbld KIT, yuu-
TBIBAET BHYTPEHHHE NOTEPH TYPOUHBI H OI-
pejensgercss OTHOIEHHEM

Ny =N,/N,. (20.5)

MexaHHUYeCKHe MOTEPH OLIEHUBAKOTCS MeXa-
nuyeckum KITH:

TIM(‘X = NE/NI (20'6)

Oas 6onblUMHCTBA COBpPEMEHHbIX TypOuH
[14] M0i=0,7+0,88; 1y =0,99+0,995.

20.5. KJJACCHO®HKALLHA TYPEHH

TypGHHbl NapOBble CTalMOHAPHbIE LA
npuBofa typboredepartopos ([OCT 3618—
82) BbINYCKAWTCH MOLWHOCTBIO OT 2,5 10
1600 MBt Ha mapameTpbl CBexero napa
po=3,4-+235Mlla u 1,=435-=-565°C.

TypOKHBl H3TOTOBAAIOTCA CJAEAYIOIUHX
THNOB: KOHAeHcaurouHbie (K), KoHmeHca-
MOHHBIE C OTOMHUTENbHLIM (TennodHKauu-
oHHbIM) 0TGOpPOM rapa c jasjaeHuem or0o-
pa 0,18 MIla (T), ¢ UPOH3BOACTBEHHLIM
or6opoM napa s [IPOMBILIEHHOTO MO-
tpebaends (I1), ¢ aAByMsl peryjupyembiMH
or6opamu napa ([1T), ¢ nporHBOAaB.IEHH-
em (P), ¢ nNpOM3BOACTBEHHbIM OTOOPOM
u nporueofasjenrem ([1P)-d tensoduka-
[IMOHHbIE C [IPOTHBOJABJIEHHEM H OTOIH-
tejbHbiM 0TGopom napa (TP). B obosuaue-
HUH TI0cjae OykBb (THIl TypOHHBI) NPHBO-
JIATCA €€ HOMHHAaJbHaa MOLHOCTh B MBT,
a 3aTeM HOMHHAJbHOE QaBJeHHe napa (ne-
pex  CTOMOPHBIM  KJANnaHOM  TypOHHBI)
B kre/em® [as typ6un 1T u T B 0603Ha-
YEHUH [aBJEHHA 110] 4epTOH oTMedaeTcs
HOMHWHAJIbHOE [1aBJIeHHE TPOU3BOACTBEHHO-
ro or6opa UJad NPOTHBOAABJEHHA TYPOWUHBI
B Kre/cm®.

Mpumep. Typ6uHa HOMHHAJNBHOK MOlL-
HocThlo 60 MBT Ha HavaJjbHOE JaBJjeHHe
12,74 MI1a (130 krc/cM®) ¢ aByms peryau-
pyeMbiMH oTO6OpamMu napa — MAPOHM3BOL-
cTBenHbIM 1,274 MIla (13 krc/cm?) o Ten-
JO(PHKALHOHHBIM OTGOpPOM 06O3HauaeTcs
[1T-60-130/13.

MolllHble KOHJEHCALMOHHBIE TYPOHHbBI
THna K XxapakTepu3ylOTCH TeM, 4TO [OYTH
BeChb nap, npoias uepes TypGUHY, Hanpas-
AsieTcd B KOHAEHCATOD H BbHIAEASAIOILAACH
IpH KOHAEHCAUHWH TEMN0TA NOJHOCTbIO Te-
paercA. M3 HeckonbkMX NPOMEXYTOUYHBIX
cTyneHed TypOUHBL YacTh napa oréupaercs
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JANA  pereHepaTHBHOroO [oJAOrpeBa MHTA-
TeNBbHOH BOJbl, MOBLILIAILEr0, KAK [OKA-
3ano B §6.4, tepmuueckuft KI1Jl uukna.
Takux oTGOPOB, HA3bIBAEMbIX HEPETYJHPYeE-
MbIMH (LaBreHHe oTGOpa Kojebaercss npH
M3MeHEeHHH HAarpyskH), MOXeT ObiTb OT
LBYX [10 IEBATH.

B koHaeHcauuoHHbix Typ6unax tina T,
npeaHa3HayeHHbIX AJ COBMECTHOW Bhipa-
GOTKH 3JIEKTPOIHEPTHH U TEILIOThI, Nap B KO-
JIMUeCTRe, 3HAYUTENbHO OOJbLIEM, YEM HA
pereHepalio, oT6HpaeTca Ha Tenao@HKa-
M0, a OcTaBlUHdcHA, npodas nocaeanue
CTYyneHd TyYpOMHBI, HANpaBAfAeTcsi B KOH-
neHcatop. [aJjende napa, orGupaemoro
Ha TemaoMHKALKIO, TOLAEPKUBAETCH NO-
CTOSIHHBIM, OTCIOAA OTGOp HA3bIBAIOT pery-
JHPYEMbIM.

Typ6unbl Tuna I1 ornruyaiorca or Typ-
6WH TtHna T saMwb Tem, UTO NMAp U3 HHUX
or6upaeTca A NPOMBILIJNIEHHOrO noTtped-
JIEHH H HMeeT 6osiee BLICOKHE MapaMEeTphI.
[TpomblinjieHHBIH 0TOHOD Takxke aAbBasercd
peryJHpyeMmbiM, TaK Kak NOTpeOHTe/d Tpe-
6YIOT NMOCTOSHHOrO JlaBJEHHS.

TypOuunl THna P oTiH4aOTCH OT Beex
npeibiiyLUIMX THIOB TEM, YTO MOC]e HHX
OTCYTCTBYET KOHJeHCAaTOp M Bechb 0Tpabo-
TaBIKHH Nap HJET HA OTOILIEHHE WJH NIpo-
M3BOACTBEHHbBIE HYJJIHL.

Typ6uHaMmH ¢ IPOTUBOAABJEHHEM ABJIA-
10TCH  TaK)Ke . NMPeJBKIIYeHHbe TYpPOUHBI,
nocje KOTOPhIX Nap Hcnoab3yerca B TypGu-
Hax cpegHero pgasJjieHHd. Takue TypOHHBI
MPUMEHSIOT U AN «HAACTPOAKHM» TYPOHH-
HOro O6GOPYNOBAHHA 3JEKTPHUECKHX CTaH-
UUH MpH nepeBode UX Ha map 6GoJee BbICO-
KHX MapaMeTpoB C LeJbi0 MOBbILIEHHA 3KO-
HOMHUYHOCTH.

[1pu paciuupeHuu napa B MHOTOCTYMEH-
yaThlXx TypGHHAaX yAenbHbld oObeM ero oT
CTYNeHH K CTyNeHH BO3pacTraeTt, Bbi3blBas
yBesuyende ofulero odbema napa, Mpoxo-
JIALLero Yepe3 MPOTOYHYIO YACTb TYPOHHbL.
Hanpumep, nap, Bxoaa B TypGUHY ¢ [aBJje-
HHem 2,85 MIla u temnepatypoit 400 °C,
uMmeer yJeJIbHbIA obem, PABHBIH
0,103 m*/xr, a npu BuIXOAe H3 TYpOHHBI
B KOHJEHcaTop, rje AasjeHHe napa 4 klla
U BJaXHOCTh 12 %, yaenabubli o6beM co-
crapaser ysxe 31 m*/kr, T.e. B 300 pas
Gosiblle. [lis ponycka BO3pacTamlIero
of6bemMa Mapa MNPHXOAMTCA YBEJHUYHBATD
XUBOE CeyeHHe COIJ M JOMaTOYHLIX KaHa-



aoe. Ho ¢ yBenuueHWeMm BBICOTHI JIONATOK
U [HaMeTpa JHCKOB BO3PACTAKT OKPYXKHbIE
CKOPOCTH WX [BHXKEHHs, MPEBbIIATE KOTO-
phle No YCJAOBHAM TPOUHOCTH CBEPX J10-
nyctumbix  (4=350+-400 m/c)  Heab3sl.
Tak Kak HauBOMbIIYIO BHICOTY HUMEWT J10-
MaTKH¥ NOCJAEJHUX CTyneHeH, TO WMEHHO HX
IPONYCKHast CNOCOGHOCTb N0 Napy JHMHTH-
pyeT npejefbHyl0 MOUIHOCTD TYpOUHDI.

B wacTosilee BPEMS MpejesbHasi MOLL-
HOCTb  OJHOMOTOYHOH  KOHAEHCAUWOHHOH
TypOHHBL HA BHICOKOE [aB/IeHHE HE MpEBHl-
waer 50 MBT.

20.6. KOHJLEHCALHOHHLIE YCTPOACTBA
NAPOBbLIX TYPBHH

KonJeHcauHOHHAA YCTAHOBKa IIpejHa-
3HaueHa As CO34aHust 332 naposodl TYpGu-
woit I (puc. 20.7) paspexenust (Bakyyma)
C LEJBIO yBEJIWUEHHA HMCMOJb3yeMoro Tem-
Jjorepenaga M IOBBIUEHHS TEPMU4ECKOro
KI1/l naporyp6uuuoil ycraHoBKH. B KOH-
JACHCALUOHHYI0 YCTAHOBKY BXOAAT KOHACH-
caTop 2, UMPKYJALHOHKHBIA 3 W KOHIEHCaT-
Hblf 4 HACOCH, a TaKXKe YCTPOHCTBO ANA
OTCacblBAHHA BO3AYyXa M3 KOHJEHCaTo-
pa 5 (06bIUHO 3TO NapoBOH sxekrop). Ot-
paGoTAaBLUKi Nap NOCTYNaeT B KOHAEHCATOP
cepxy. ConpHKacasch C MNOBEPXHOCTbIO
Tpy6OK, BHYTPH KOTOPbIX MPOTEKAET OX-
naxjamolias Bojaa, nap KOHLEHCHPYETCH.

KouaeHcaT cTeKaeT BHH3 H H3 CGOPHHKa
KOH1eHCALHOHHbIM HAacOCOM NnojilaeTcHd B MO-

BEPXHOCTHbBIE XOJ0JUJABHHKH napoBoro
3)KEKTOopa, a OTTyjla yepe3 CHCTEMY perene-

nay

paTHBHBIX  [OJOrpeBaTened
B MApOBOH KOTEJ.
A6coI0THOE jJlaBJeHHe napa B K)HIEH-
catopax MOAAePKHBAETCS B NPEAETX 3—
7 k[1a. TeopeTHueckH aGCojtoTHOE 1aBJe-
HMEe B KOHAEHCATOPE JOJXKHO ObTh PaBHO
NAaBJEHHIO HACBILEHHOro Mapa, CCOoTBeT-
CTBYIOLLEMY KOHEUHO# Temrepartyfe OX-
naxaawilei poas. O1HAKO B AEHCTBHTENb-
HOCTY B KOHAEHCATOP BMECTE ¢ BOLAHBIMH
napaMu TOCTYNaeT HEKOTOPOEe KOJH4eCTRO
Bo3ayXxa. Kpome TOro, BO3ayx NpOiMKaer
yepe3 HEMJIOTHOCTH BO (IAHUEBbIX COENH-
HeHHRX KOHJeHcaTtopa H TpyGoONpCBOJIOB,
(103TOMY [aB/JeHHE B KOHACHCATOpE pPaBHO
CyMMe naplHaibHbIX JaBaeHWH BOIAHOrO
napa u Bo3ayxa. CkolJeHHs BOSAYXa yXYIl-
WAalT BAKYYM B KOHIEHCATOpe, T. €. YBEJH-
yWBAIOT aBJeHHe napa 3a TYPOWHOH, uTO
cuxaer KITJ uukna. [losTomy BO3AyX
HeO6GXOAUMO MOCTOSIHHO YI&JsTh, AJ A Uero
CAYKAT 3KekToph. B naporypluHHBIX
YCTAHOBKAX MPHMEHSAKTCA OLHO-, JBYX-
W TpexcTynewdaThie 3:kekTophl. Cxema oa-
HOCTYMEHUATOrO 3KEeKTOpa MNoKaszHa Ha
puc. 20.8. B pa6odyee cono nofaer:a cpe-
Kuil nap. Boltekawouiaf M3 HEro CTpy#,
o6aafan 6abIIOH KHHETHYEeCKOM 3Hepruef,
yBaekaer 3a coBOH BO3AYX C HEKOTOPBIM
KOJAMYEeCTBOM fapa W3  KOHAeHcaropa.
B nuddysope KMHETHUECKAA SHEPTH! T1ApPO-
BO3AYUIHOH CMecH npeoGpasyercs i 3HEp-
FHIO NaBJeHHMA, MO3ITOMY map W3 MapOoBO3-
AYLIHOH cMeCcH KOHAEHCHpyeTrcst B X0J10-
JHJbHHKE, @ HACHILLEHHBIH MapoM BO3AYX
BLIGpachiBaeTca B aTMOChepy .

Moc ynaer

Roadyx

e/
- iy

Kow@encam

Puc. 20.7. [puHuMnUabHas cxema KOHAGHCALLMOHHOH YCTAHOBKH
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nag
Bosdyx

KNowGencamop

B ammocqepy

Puc. 20.8. Cxema 0aHOCTYNeHYaTOro 3KeKTOpa:
I -—— 3meKkTOp; 2 — XONOAHAbHHK

20.7. FA3OTYPBHHHDBIE
YCTAHOBKH (ITY)

Pa6ouuit npouecc I'TY. B cospemen-
Holx ['TY ucnonbsyetcs WHKA co cropanuem
npu p=const (puc. 6.5).

B cocras I'TY o6bi4HO BXOmAT kamepa
Cropanus, rasoeasi Typ6HHa, BO31YLIHBIH
KOMIpeccop, TenJooGMeHHBle annapathl
pa3nHyHOro HasHaueHusi (BO3AYXOOXJAafH-
Te/H, MAacJOOX/JAaJMTE]H CUCTEMhl CMa3KH,
peresepaTHBHbie TENJOOGMEHHHKH) H BCIO-
MoraTe/ibHble yCTPOHCTBA (Mac/JoHaCOCH,
3/1€MEeHTBl BOAOCHAGXKEHUA H Ap.).

PaGouum Tenom 'TY cayxat nposyKThl
CrOpaHusi TOM/IMBA, B KauyecTBE KOTOPOro
MCNONb3YeTCA TMNPUPOAHBIA ras, Xxopoiuo
OYMILLEHHBIE HCKYCCTBEHHBIE Ta3bl (A0MEH-
HbIH, KOKCOBBIH, FeHepaTopHbI) W CheuH-
anbHOe Tra3oTypOHHHOE KHIKOE TOIMIHMBO
(npoiuesiree 06paboTKy AU3ENLHOE MOTOP-
HOE U COJSIPOBOE MAacdo).

g_gourmom(a pabouyelt cMmecH NpoH3BO-
autcs B Kamepe cropanusi. OrHeBoit 06bem
Kamepnl (puc. 20.9) pasgensieTcd Ha 30HY
TOPEHHSA, I/l€ IPOMCXOJHT CrOpaH{e TOIJIH-
Ba npu Temnepatype nopsinka 2000 °C,
H 30HY CMELUEHHS, e K NPOAYKTaM cropa-
HHSl NIOJIMEILHBAIOT BO3AYX NJA CHHMKEHHS
uX Temnepatypsl 40 750— 1090 °C B cTaun-
OHapHblx TypbuHax #u go 1400 °C —
B dBHALMOHHBIX Typﬁuuai.di

[lpunuun paGornl rafOBOH H NAPOBOI
TYpPOHH OJMHAKOB, HO KOHCTPYKLMS Mpo-
TOYHOM 4acCTH ra3oBblX TYPOHH 3HaUYMTEMb-
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Puc. 20.9. Cxema wkamepwt cropanus T'TY:

! -— Bospyxonanpasasiowee ycrpoicrso; 2 — aa-
nanbHuk; 3 — dopeynka; 4 — naamennan (xaposas)
Tpy6d; 5 - KOPRYC; 6 — cMecHTeNb
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Puc. 20.10. Peanbubiit unkn I'TY B T, s-aua-
rpaMme

Ho npoute. OHM pa6oOTaT HA OTHOCHTENBHO
HeGOMbIIOM pacrojiaraeMoM TernJonepena-
A€ H TNO3TOMY HMeT HeGOoAbLIoe YHCLIO
cTyneneit.

B cBfA3H ¢ BbICOKO# Temnepatypoil npo-
IAYKTOB CrOpaHHsl AeTajd NPOTOYHON YACTH
Typ6uH (conaa, paGouyue J1ONATKH, HHCKH,
BaJ/ibl) H3rOTaBIMBAIOT H3 JErHPOBAHHBIX
BbICOKOKa4YeCTBeHHEIX cTaae. Jlnd nanex-
HOH paboThl y GOJbIIMHCTBA TYpGHH npe-
AYCMOTpPEHO MHTEHCHBHOE OXJIaX/AeHHe Ha-
ubosee HarpyxeHHbIX [erasqefl Kopnyca
H poTopa.

B peanbHBIX YCNOBHAX BCE MpOLECCH
B I'TY #ABAAIOTCH HEPAaBHOBECHBIMH, 4TO
CBAI3aHO ¢ mnotepAMH pabGoTel B TypOuHe
H KOMMpeccope, a TaKXe ¢ ajpojHHaMuue-
CKHMH CONpOTHBJeHHAMH B Tpakte [TVY.
Ha puc. 20.10 peficTBuTenbHBIR npolecc
CXAaTHUsl B KOMIIpeCcOope H306paeH JiH-
HHeH | —2, a mpolecc pacuiMpeHust B Typ-
6une — aunell 3—4. Touxamu 2a u 4a or-
MEUHCHO COCTOHA HUE |)a()()'~l(‘l‘() T¢Sgd COOT-
BETCTBEHHO B KOHIlE DABHOBECHOI'O ajIMa -
6aTHOro CXKaTHA H  paclUMpeHHsi, TOu-
kot O — napaMeTphl OKPYKAKIULEH Cpejnl.



Beuay notepb faBjeHHs BO BCACbIBAOLLEM
Tpakte Komnpeccopa (auuus Of) npouecc
CKATHS HAYMHAETCSt B TOYKe /.

Takum 06pa3oMm, Ha CXKaTHE BO3AYXa
B peaqbHOM LHKJIE 3aTpauHBaeTCst GOJb-
was pa6GoTa, a UpPH PpacClIMpeHdUH rasa
B Typ6uHe nojgyuaetcs MeHbUIds paboTa no
CPaBHEHHIO ¢ HAeanbHhim uukiom. KITI
UHKJAA noaydaercd HHxe. Yewm Goabuie cre-
DeHb 1IOBbILIEHHSt [dBJEHHA . (T. €. BhIlle
p2), TemM GoJablie cyMma 3THX NOTEpb M0
cpaBHeHHI0 ¢ nosesHoit pa6oroid. [lpu on-
peleleHHOM 3HAYEHHHM 1t (OHO TeM BhIlUE,
yem 6oablie T3 U BHYTPEHHHHA OTHOCUTE/b-
putit KITJL Typ6uHbl M KOMmpeccopa,
T. €. MeHblLe OTepH B HUX) paGoTa TypOH-
Hbl MOXKET CTaTb PaBHOM paboTe, 3aTpayeH-
HOl Ha NPHBOL KOMIIpeccopa, & INojJe3Has
patora — HyJMO.

[TosTomy wauBoabinast 3QEKTHBHOCTD
PeaNbHOro LUHK/A, B DTIHYHE OT HAEAJTbHO-
ro, JOCTHraeTcsl npu onpeieseHHod (OnTH-
MaabHOH) CTeNeHd MOBbILIEHHA [1ABJEHUS,
TIpUYEM KaXAOMY 3HadeHHO T3 COOTBET-
CTBYET CBOE Ton (puc. 20.11). KILI npo-
crefiwnx [TY ne npesmimaer 14—18 9,
M ¢ uenb ero nosbitiedust [TY 8sbinosa-
HAIOT ¢ HECKOJBKHMH CTYNEHSAMH MOABOAA
TEMNOThl H NMPOMEXKYTOUHBIM OXJAKAEHHEM
CKHMAeMOro BO3[YyXa, a TAKXKe ¢ pereme-
PATHBHBIM [OJOTPEBOM CXKATOLO BO3AYXd
oTpaboTaBWInMKU ra3amd nocje TypOuHsL,
NpUGJMKAS TeM CambiM peanbHbil LHKA
K uMkay Kapxo.

ITY ¢ yraau3audei TenaoTel yxons-
wux raszos. Tenaory yxoasuux us I'TY ra-
30B MOXHO HMCI0/b30BaTh AJSi NOJY4YE€HHUS
napa 4 ropsiyed BOAbl B OObIYHBIX TeMNJO-
o6menunkax. Tak, ycrauoskd [T-25-
700 JIM3 cHab6xeHnbl N0A0TPeBATENAMN,
HACPEBAKOULHMH BOAY B CHCTEME OTONJE-
uua no 150—160 °C.

BMmecTe ¢ TéM CPABHATE/LHO BbICOKUH
ypoBeHb K03(h@dHIHEHTA U30bITKA BO3AYXa
g ['TY nossosiser cxuratbh JAOCTATOUHO
Gonbllioe  KOMHYECTBO  JAONOJHHTENBHOrO
TONJIMBA B Cpefe [POAYKTOB CrOpaHus.
B pesyabraTe H3 JONOAHUTEALHOH Kamepbl
cropanus nocje I'TY BbIxOAAT rasel ¢ 10-
CTATOUHO BLICOKOH TeMmmepaTypol, nNpuroi-
Hbie A5 MOJY4eHHS Napa SHepreTHUECKHX
napaMeTpoB B ClieLlHa/bHO YCTaHAB/HBAE-
MOM I/ 3TON ueqd naporewepatope. Ha
Kapmanosckoit 'PIC no rtakoit cxeme

|
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Puc. 20.11. 3asucumoct Tepmuueckaro KT/

uukaa I'TY m, OT cTeneHn NOBHIUIEHUA 13 3J1€UHA
W HAY4aALHOK TemIepaTyphl rasa f (AdA
Komnpeccopa 4 TypBuub ng= 0,9}

CTPOMTCS KOTEN K GJIOKY 3JEeKTPH'ECKOH
MolHocTbi0 500 MBrT.

Mpumenennwe FTY. B nocaennie ro-
gl ITY 0IMpOKO HCNOAb3YIOTCA & pas-
JMUHBIX ~ oBsacTAX:  HA  TPAHCHOOPTE,
B 3HEpreTHKe, Js NPUBOAA CTALIOHAp-
HbiX YCTAHOBOK H [Ip.

rduneprernyeckune ITY Ta-
30Basl TypGHHA MEHbLIEe H Jerye naposoi,
MO3TOMY [P fIyCKe OHA [Iporpepae ci A0
pabounx TeMnepaTtyp 3HAUM TeABHO
6oicTpee. Kamepa cropaHusi BbIBOIAHTCA Ha
pPeEXHUM ﬂpaKTH'—lC‘CKH MTHOBEHHO, B O JIHYHE
OT NMapOBOro KOT./14, KOTOPbid TpeGyet Mel-
JEHHOTO JUIMTENbHOrO (MHOTHE Yach W Aa-
e [ecsTKM 4acoB) nporpeBa BO Hufexa-
HHe aBapHH M3-33 HePaBHOMEPHbBIX TerLIo-
BbIX YAJMHEHHH, OCOBEHHO MacciBHOrO
Gapa6aHa nHaMETPOM A0 1,5 ™, aauiol oo
15 M, ¢ ToauwuHONR cTeHkn Bbiwe 100) MM,

[Mosromy IT'TY mpuMeHSIIOT Npex,1e Bee-
ro AJf  TOKPHITHA THKOBBIX HArpy3ok
M B KauecTBe aBapMi{HOro peiepea 14s
COGCTBEHHBIX HYMXIA KDYMHBIX 2HEProcH-
CTeM, KOorad Hago QUEHb 6blCTp0 BKJIIOUHUTH
arperat B paboty. Mennwnit KITA I'TY no
cpaenennio ¢ [1CY B 3TOM cayuae DOJH HE
MCpaerT, TaK KaK YCTAHOBKH paGoTaK T B Te-
yenue HeGOJbLIHX OTPE3KOB BpemeH 4. [last
rakux [TY xapakrepitbl uacTole Nyckn (10
1000 B roj1) 1NpH OTHOCHTENBHO MAJUM HYHC-
jge uacos ucnosnbsosanust (ot 100 no
1500 9/roa). [IMana3oH €JMHHYHBL} MOML-
wocreit takux [TY cocrasasier o | no
100 MBT.

[TY npumeHsIIOTCA TaKXKe 415 N1IHROAA
3JIEKTPOreHEPATOPA H NOJYYEHHS 3.[EKTPO-
3HEpPrHH B NepeABUIKHBIX YCTAHOBK:X (Ha-
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npumep, Ha Mopckux cyaax). Takue ['TY
06bl4HO PAOOTAIOT B AHAanaszoHe Harpysok
30—110 9% HoMMHAAbHOH, C 4aCThIMH
NYyCKaMH H OcTaHOBKAaMHU. Eaunnunbie Mo -
HocTH Takux I'TY coctasasioT or gecaTkon
kuaosatt o 10 MBrt. Boictpoe passutue
ATOMHBLIX 3HEPreTHUeCKHX YCTAHOBOK C pe-
4KTOpPaMH, OXJaKAAeMbIMH, HAMPHUMED, re-
JIHeM, OTKDbIBAET NePCIEeKTHBY NPHMEHEHHS
B HHX ofHOKOHTypHbix ['TY, pabGoraiowux
no 3aMKHYTOMY UHKJY (pab6odee Tejo He
IIOKH/deT YCTaHOBKY).

Creunduueckyio rpynny 3HepreTuye-
ckux I'TY cocraBafoT ycTaHoBKH, pabora-
IOLHe B TEXHOJAOrHYECKHX CXeMax XHMHUe-
CKHX, HedTenepepabaThiBalOWHUX, MeTaJ-
JYPrHYECKHX M APYrMX  KOMGHHAaTOB
(3HeproTexHONOTHUECKHE).
Onu pa6Gorator B 6a30BOM pe)XuMe HaArpys-
KH H npefHa3HaueHbl yallle BCero AJs NpH-
BOJAA KOMMnpeccopa, ofecreurBalolero Tex-
HOJIOTHUECKHI TPOLLECC CKAaThIM BO31YXOM
HJIM Ta30M 3a CuUeT 3HEPrHH paciUHpeHHs
ra3oB, o6pasyloUIHXCA B pe3ynbTaTe camo-
ro TEeXHOMOrHYECKOro Mpolecca.

Jdlpusoanbe I'TY wHpoko Hc-
NOJb3YIOTCA [MJA [PHBOAA LEHTPOGEKHBIX
HarHetarteJed MPHPOJAHOrO rasa Ha KOM-
NPECCOPHBIX  CTAHUHAX  MAarucTPaibHbIX
TpyGONpPOBOAOB, a TAaKXe HAacOCOB A4f
TPAHCIIOPTHPOBKH He(pTH W HePTenpoiyK-
TOB H BO3IYXOAYBOK B Naporas’oBblX yCTa-
HoBKax. [lonesnas mouiHocTb Takux I'TY
coctasasier or 2 no 30 MBT.

(Tpaucnopruue [TY wupoko
[IPUMEHSAIOTCH B KauecTBe TJaBHBIX H ¢op-
ca)KHbIX JABUrateseil camoJeToB (Typo6ope-
AKTHBHbIX H TYPOOBHHTOBBIX) H CYJAOB MOp-
ckoro ¢daota. IDTO CBA3aHO C BO3MOXHO-
CTbIO TMOJIYYEeHHS PEKOpAHbIX Nokasareijel
N0 yAeJbHOW  MOLLHOCTH W rabapHUTHBIM
pa3Mepam MO CpPaBHEHHIO ¢ APYTHMH THMa-
MH JIBHraTesed, HeCMOTPS Ha HeCKOJbKO
3aBbIlLIEHHbLIE PACXOAbl TOIJHBA. [azoBbie
'Fy[)ﬁHth BecbMd NepCrieKTUBHbI KaAK JIBHTrd-
TeJIH JIOKOMOTHBOB, Tlle HX He3HAYHTE/bHbLE
raﬁapmbl H OTCYTCTBHE ﬂOTp€6HOCTH B BO-
ae sdpasorca ocoGeHHo ueHHbIMH. TpaHe-
noptHule I'TY pa6oratoT B LIMPOKOM aAHa-
11a30He HArPY30K W MPUrOAHbl 1A KPATKOB-
peMeHHbIX (POPCHPOBOK .

Ennnnunan mowHocts I'TY noka He
npesblinaer 100 MBt, a KIIJ ycranosku
27--37 %. C mnoBbllIEHHE HAYAJNLHOH TeM-
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nepatypul rasos po 1200 °C MowHOCTb
['TY 6yner noeeaena ao 200 MBt u KIT/I
YCTaHOBKH 10 38—40 %.

20.8. TYPBOPACIUHPHTEJIbHDIE
MAUIHHDI

Typ6opaciiMpHTe bHblE MAUIMHBI TIPe]-
CTABJAAIOT cOOOH rasoBble TYPOHHBI, Npem-
Ha3HayeHHble ANA OXJaK/JeHWA rasa 3a
CUeT COBEpPIUEHUH HM TEXHHUECKOH palGoThl.
OHM  TNpPHMEHSAIOTCA  [JaBHBIM  00pasom
B TEXHHKE CHXKHXKEHHl H pasje/eHHsa ra-
30B (Typ6oseraHaepbl) H KOHAULHOHHPO-
BaHUA BO3JyXxa (TYpOOXOJOAHILHHKH).

B pesysbrare maccoBoro nepesoja j10-
MEHHbLIX mMeuell Ha paGoTy C MOBBIUICHHBIM
JlaBJIeHHEM ra3a 1104 KOJOIMHUKOM MOfBH-
Jlach BO3MOXKHOCTb HCMOJNB30BAHHA ITOTEH-
LUManbHOH 3IHEpPrHd AomeHHoro rasa. [lo-
MEHHBbIH ras, UMEKILHH aaBaeHue (,25-—
0,3 MIla, pacwHapsieTcA B clelHaJbHOH
razoBoi TypOuHe [0 J[aBJEHHA OKOJO
0,11 Mlla, eue nocrtaTouHoro A8 TpaHc-
MOPTUPOBKH ero norpedureio. MoulHOCTb,
pasBHBaeMas TakoH TYpOHHOH, 3aBHCHT OT
KOJIHUECTBa [JOMEHHOrO ra3a, €ro Hauadb-
HOTO JaBjeHHs U Temnepatypol. Hanpumep,
BBIXO/J JOMEHHOrQ ra3a H3 LOMHbl 06bHEMOM
1400 M® pocturaer 250 000 m*/u; mouw-
HOCTb, pa3BuBaeMasi TypOHHOH NpH aasje-
uuu rasa 0,25 MIla u remneparype 500 °C,
coctaBuT okoao 12 000 kBt. KoncTpykumus
TYPOHHBI MaJO OTIHUYAETCS] OT OMNHCAHHBIX
BbILLIE.

B TexHHKe CXKMXKEHHUA H Da3[E/IE€HHS
razoB Hau6oJsiee LIMPOKOE NPHMEHEHHE Ha-
UM pajgMajibHble TypOopacUIHpPHTEbHbIE
mawiuHel (puc. 20.12), B KOTOpBIX ITOTOK

Prnc. 20.12. CxemMa panManbHOA OAHOCTYHEHYA-
TOH PEaKTHBHOA PACIUMPHTENbHOH MALUHHDI

[ -- cnupaabHeld NOABOA rasa, 2-— 1anpaBASsOIHH
annapat; 3 — pafodee Kogeco, 4 — aTo raza, s
Ban



CKATOTO ra3a HanpapJed OT TepudepuH
K LeHTpy no paauycy. OcHOBHBIMH pabouH-
MH 3JIeMEHTAMH SIBJSIOTCA HEMOIBHKHbIA
COMJIOBLIH HaNpapAAWHKA annapat, B KO-
TOPOM MPOUCXOAHT NPeolpa3oBaHKE MOTEH-
LlMa/ibHOH 3IHEpPrUH rasa B KHHETHUECKYIO,
W spawawuleecss pafouee Koneco, B KoTo-
pOM KHMHeTHUEecKas 3Heprus rasa npeob-
pasyercsi B pafory, nepelaBaeMylo Ha
BaJ.

[aBHBIM NIPEUMYLIECTBOM PALUHANbHBIX
Typ6HH Nepel OCEBbIMH ABNALTCA 60J1bLIOA
nepenaj naBJaeHui, cpaGaTblBaeMblﬂ B Of-
noil crynend. [103TOMY PaCUIMPUTE]bHBIE

fnasa Asaauare nNnepsasn

ABUrATENb BHYTPEHHErO CrOPAHMA

TypGuHBl  06bIMHO  yaaeTcd  Cpeaath
OZLHOCTYNEHUYATBIMH, YTO YMPOLLAET KOH-
CTPYKUHIO.

Pajguanphble pacUIHpUTE/bHbIE MAUIM-
Hbl HMEIOT Npou3BoanTenbHoCTb o1 0.03 10
|5 Kr/c W OTHOILIEHWE HAYaJbHOrO ,(aBle-
HuA K KoneunoMmy or 4 o 30. Hicrora
BpalleHHn  Bajla  JOCTHraer 2530 1/c
(150 000 06/MHH).

OpuocTyneHuatast pajudanbHas peak-
TUBHAA PACLUMPUTENbHAS MaLIXHA BI €PBbIE
6bla TpefIoKeHa aKaJeMUKOM 1. .T. Ka-
NKiedl AR CHCTEM TayOOKOro OXJa JIeHH:
razos B 1931 r.

21.1. OBWMHE CBEAEHNSA
H KAACCHOHKALHA JABHTATEJIER
BHYTPEHHEIO CTOPAHHA

[Topuwnesoin dgucaresem BHYTPERREZD
cecopanun ([BC) nasvieaerca Tena0sas
MAWuKa, 8 pabodem yuiundpe Koropot
npoucxoouT Cxcueanue TONALBA U npeobpa-
308anue TenioTsl 8 paboty.

[lopiiHeBOH ABHraTe]b BHYTPEHHEro
CTOpaHUA N0 CPABHEHHIO C JNOGbIM APYTHM
TeNJIOBBLIM ABMraTesneM apasercs HanGogee
SKOHOMHUHBIM. MaJiass MeTanl0eMKOCTh,
HaaeKHOCTh, ObICTPOTA 3aryCcKa U OTHOCH-
Te/lbHAS AOJNTOBEUHOCTh MO3BONHAH 3TOMY
THMY MailMHbl 3aHATh BEAyliee MeCTO mpe-
xae Bcero Ha TpaHcrnopre. CTauHOHapHHE
JABUraTeJ N NPUMEHAIOTCA Ha 3/MEKTPOCTAH-
[(AAX AJA TIPUBOAA HACOCHBIX YCTAHOBOK,
Ha HedTe- M raszonepekaunBaioUHX U 6ypo-
BblX YCTAHOBKAX, B CEJIbCKOM xo3sicTBe
W T. 1. Kpome Toro, onu pabaTaioT Ha Me-
TaANyPrHUecKMX 3aBOAAX, HCMOb3YS B Ka-
qecTBe TONNHBEA AOMEHHbI M reHepaTOPHbIH
raabl. MoGHAbHbIE ((lEpeLBHIKHbIE) JIBHIA-
TeNW YCTAHABAMBAIOTCA Ha dBTOMOGHASX,
TPAKTOpPaX, CaMoJeTax, Cyadx, JOKOMOTH-
Bax W JAPYLHX MCPEABHIKHBIX YCTAHOBKAX.
JIBC ocofento HesaMenHMbl 31 MECTAX, HE
OXBAUYEHHBIX CETbIO PAHOHHLIX 3JEKTPO-

CTAHUMI: NECTPOMXO3dX, TeQ10ropa: Befo4-
HbIX MapTHAX H AP.

MOLLLHOCTD CYLIECTBYIOUIHX cTalHOHap-
HbIX JBuratenei cocrasaser ot 20 o
3500 kBT (umeeloTCA eAHHHYHbIE arperarbl
mormgoctbio 20 MBT), a o6uan MOLHOCTh
NOpIUHEBbIX ABHTATE/NEH B HACTOALLE Bpe-
MSI 3HAUMTEJNbHO TMpeBbILIAET MO IHOCTb
pcex ajekrpocTaHuui [15].

[IpdHUMNHANbHAA cXema JIBC npexn-
craBnena Ha puc. 21.1. OcHOBHbIM "WIEMEH-
TOM JI060r0 NOPLUIHEBOr0 ABHraTen i sfBjf-
eTcd HAKWHAD 4 ¢ nopLiHeM §, CO:[LHHEH-
HbIM TOCPEACTBOM KPHBOLIHTHO-11A YHHOTO

Puc. 21.1. [Tpunuunua/bHas cxema nojsuHesoro
IBHTATE/SI BHYTPEHHErO CropaHus
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MEXaHH3MA C BHEHIHHM MoTpe6uTesnem pa-
Gotel. Lluauuap (wau GAOK LMJIMHAPOB)
MOHTUPYETCA Ha BepxHed 4YacTH Kapre-
pa I u cBEpXy 3aKPhIT KPLILIKOH, B KOTOPOit
YCTAHOBJEHB  BHYCKHOH 2 M BBINYCK-
HOH 3 KJ1anaHbl H 3JEKTPUUECKAs CBeYa 3a-
XKHraHus (B Kap6OpaTOpHOM H Tra30BOM
ABHratensix) HAM copcynka (B au3ene).
B 3apy6aweunom npocTpancTse UuMAHHApaA
H €ro roJIOBKH LHPKYJHPYET OXAaKAAL0-
uas Kuakocts. B kaprepe mouTHpyercs
KOJIEHYaThld BaJ, KDPUBOLWHN 7 KOTOPOTO
NOABHKHO COEHHEH ¢ lWaTyHoM 6. Bepx-
HfSl TOJIOBKA LIATYHA COYJEHEHa C Mopll-
HeM, KOTOpPbIH COBepuiaeT NPAMOJHHEiHOe
BO3BPATHO-NOCTYNATENbHOE IABH}¥EeHHe
B UHJHHJpE.

Kpome ocHOBHEIX peTaneil apuraren
HMeeT psil BCIIOMOTaTeJbHBIX MEXaHH3MOB
AR NOAAYH TOMJHBA (TOMJHBHBIE HACO-
Chl, CME€CHTe/bHbie YCTpOHCTBA, (PUALTPHI,
TOMJIHBHbIE GaKH, Deryisitop), CcMa3KH
(MacaAHBle HAcOCH, (UABTPH, MaclsiHbe
6aKH, Mac/eHKH), OXJamKAEHHS (BoasiHBIE
Hacocel, BOAAHble Gakd, paaHATOpBLI)
H Apyrde ycTpoilcTBa, HEeO6XOAMMEIE ILAA
ero o6eayxxusanusi. BenomoraresbHble Me-
XaHH3MBl MPUBOASITCA B ABHMKEHHE OT KO-
JleHYaToro BaJja.

KpaiiHue mosioskeHusl NOpPILHA Ha3hiBa-
10T BepxHed MepTBOH Toukoil (BMT) u Hi-
KHell mepTBo#t Toukoit (HMT). Xoa mo-
pwHA or BMT ao HMT uaamiBaioT TakTom.
OGmnem, onucoiBaembiii nopuwHem 3a ofum
Xo[, ABNAETCA paboyuM 06GbEMOM LHJAHHI-
pa, Vo=nD’S/4 (D — auamerp umauua-
pa, S — xon nopuHs).

Cymmy paBounx o6beMOB Beex WMAMH/IL-
POB NBHTATENS B JMTPaX HA3LIBAIOT JIUTpA-
XOM JBHraTtens.

O6vem V. nany nopwneMm, HAXOAAIWHM-
cA B BMT, naspipaior ofnbemMoM kamephl
cropanus. [TonHelil 06beM ORHOrO UHJIHHA-
pa Vu=V,+ V. oTHowenue e=V,/V.—
CTeNeHb CXKAaTHS.

Ananua paGouero uukaa B JIBC 06biu-
HO TMPOH3BOASIT € NOMOUWLBIO HHAKKATOPHOI
LHarpammbl, Ha KOTOPOH rpaduuecku 13o-
6paxena 3aBHCHMOCTb RABJEHUS B UAJIHH-
Ape or 06'bema, 3aHATOrO radom, HJIH noJo-
Kenua nopwna. [1pu pa6ore IBC uuauka-
TOpHAast [HArpaMMa 3anucLIBAETCA [PH-
COEJHHEHHBIM K HEMY CNeuHaNbHBIM NpH-
6OpOM — HHAHKATOPOM.
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Pasauualor fBa THONAa noOpUIHeBHIX
,U,BC—LerblpexTaKTthle
HABYXTAKTHB € Y 4eTHPEXTAKTHOrO
ABHMraTe/s, HHAHKATOPHAA AMArpamMma Ko-
TOpOro u3aobpaxena Ha puc. 21.2,a, or-
N€/bHBIM NTPOLECCAM COOTBETCTBYIOT: (-1 —
BCACblBAHHE TOILIHMBHOR cMecH (1-if Takr);
1-2 — cxatne cmecn (2-it Takt); 2-3 —
cropaHue+ 3-4 — pacliMpeHde NPOAYKTOB
cropaHusa 4 4-5 — sbixson (3-# Takr); 5-
0 — BBITA/IKMBAHHE NDOLYKTOB €ropaHus
(4-# Takr).

M3 Bcex derbipex TaxkTom, cocrapJsio-
WHX UHKJ, TOJbKO B TPETheM NOJNyYaeTcs
ofe3Has pa6ora, B OCTAJBHLIX TPeX TaK-
Tax paboTa 3aTpauyHmBaercs.

Y ABYXTaKTHOTO ABHraTens OTAe bHbIM
npoueccaMm COOTBETCTBYIOT (pHe. 21.2,6):
0-1 — nponysKa ¥ BBEJEHHE HOBOH NOPLUHH
cMecu+ /-2 — cxarne (l-i rtakt); 2-3 —
cropanue+3-4 — pacwupenre +4-0 —
BhixJon (2-i TakT). B gsyxrakrHom nBura-
TeN€ OYHUCTKY IHJAHHAPA OT OCTATOUHBIX
rasoB W HAMOJHEHHE €ro CBEXHM 3apsi10M
BHIMOJNHAIOT MPOJAYBOYHLIM BO3AYXOM Hepes
ULJHMLb], OTKPhIBAaEMBIE MOPLIHEM.

Hdeurateau c «m THOBEHHB M
cropaHdemM» TONJAUBaA (kap6lopa-
TOpHble 1 razosbie). Ilepsrulit razoBbill ABH-
rarejb Oba  nocrpoen Orto  (1876rT.),
a nepBblil KAPOIOPATOPHLIR ABUraTe b GbL
C03/1aH MopsikoM pycckoro daora O. C. Ko-
crosuuem (1879r.). B umaunap takoro
IBHTaTeJs BCACBIBAETCA [OTOBAs ropioyas
CMecb, KOTOpas B HYXHbIH MOMEHT Mof-
XKHraeTcsi OT BHELIHEro HCTOYHMKA (3JIEK-
TPHYECKOM HCKDhl BBICOKOTO HAMPSKEHHs,

i

Prc. 21.2. Unaukaropras anarpamma yerbipex-
TaKTHOTO (a) M JIBYXTaKTHOro (6) ABHrateeii:
A — BHIOYCKHOE OKHO; 5 — NpoAYyBOYHOE OKHO



packajieHHoro wapa). Bpemst cropanus ro-
TOBOM CMecH O4eHb MaJjo, B CBA3H C YEM
JAOMYCTHMO CYHTATh, UTO MPOLECC CTOPAHHA
OCYLLECTBJSETCS MPH (MOUTH) NOCTOSHHOM
o6beme.

Kak 6uino ycranosaeto (§6.2), teope-
tuueckuit KITJL uukna ¢ V=const 3aBucur
TONBLKO OT CTeNeHH cKaTHs e. Ho npeneb-
Hble 3HAUEHHF & OrpaHW4EHbl YCJOBHAMH
caMOBOCIlIaMeHeHHsT  TOMIMBOBO3/YIIHOH
CMeCH MPH CKATHH. Y COBPEMEHHbIX GeH3H-
HOBBIX Apdratenedl e=6- 11, y rasoBhbIX
¢=5—=10. PacueTn moka3blBaloT, 4TO AJ5
e= 10 Tepmuueckuit KI1J nukaa n:=0,61.
CO CropaHHemM
AAHOM JaBJeHuid (KOMIPECCOPHblE
an3eiin) . Co3ganue Takoro ABHrarens CBf-
3310 ¢ umenem P. Iuzens (1898 r.). B uu-
JHMHLpe ABUTATeNsT CKAMATCH YHCTHIA BO3-
Ayx. B KoHUe CXKaTHs B WHJIHMHAD BIIPbICKH-
BaeTcsl TOMJIMBO, KOTOpoe B Mpolecce
CMelleHHA ¢ TOpsiYHM BO3AYXOM BOCIUA-
MeHsileTcst M cropaer npu p=yconst. [las
pacnbuia TOMMMBA, MOAaBaeMOTO B UH-
JHHAP, HCMOAB3YIOT ~ BO3AYX, CXKATHIA
B KOMMpeccope 10 AaBjenus, B 1,2—2 pasa
npesblaioWero AaBlieHHe B LHJHHApE

(oTcioaa W MPOM3OLIO HA3BAHHE «KOM-
npeccopHble AH3eNn»).

Takue fBHraTesu HMEIOT Psill KOHCTPYK-
THBHBIX HELOCTATKOB (HaJlHYHE KOMIpecco-
pa AAs pacnelia TOMIMBA, CJAOXKHOE
ycTpo#icTBO OPCYHOK M p.) H B HACTOA-
111ee BpeMsl He CTPOSATCH.

Jdsurarteaud co cMeWaHHBM
cropanuem Tonausa (6eckom-
npeccopHble AH3eaHn). B unnnua-
Pe 3TOr0 ABHrate]si TOXe CKUMaercs
4yMCTHIE BO3JYX, 8 MHUAKOE TOIUIHBO, CXa-
Toe HacocoM Ao Aasjenud okoso 30—
40 MIla, nogaercs B OPCYHKY, uepes Ko-
TOPYIO OHO B MEJKODACHblIEHHOM BHAe pas-
6pHI3rHBaeTCA B LUMJAMHIAP B KOHLE TaKTa
cKaTHs.

TonnHBo, Monaaas B BO3LYX, HAaTpeTHIH
B Npolecce CKATHA 0 TeMNepaTyphl, npe-
BhILAKOLIEH TeMIepaTypy BOCNJIaMeHEHHS,
cropaer Mo Mepe BRoAa €ro B UWJIHHAP
cHauana (mourtu) npu V=const, a 3atem
npu (noutH) p=const. HauGonee ueneco-
0o6pa3sHbiM CHHTAETCHl KOHCTPYHPOBAHHE
KomnpeccopHbx au3eneii c e= 1318, rak
Kak fanbHeiilllee MOBbILIEHHE CTENEHH CXKa-

nocro-

THSl He3HAUHTEJbHO yReauyupaer v,. Ha-
npuMep, npu yseauuenuu & or 13 o 20 v,
noBbitaercs Ha 7 %, a mexaHU4ecklie Ha-
npsKeHUsi JeTajell  BO3pacTaiOT MOYTH
B 2 pa3a.

Bce THMbl JABHraTtened MOryT Bbiloj-
HATLCSA KAK YETHIPeXTaKTHBIMH, TAK H JIBYX-
TAKTHBIMH.

21.2. CMECEOBPA30OBAHHWE B BC.
NPUMEHSEMBIE TOMJHBA

[MogroroBka CMecH TOIJIHBA C 1034Y-
XOM B HEOGXOLMMBIX MpOIOPLHSAX, Ojecre-
yppalolWKX HaHGonee 3¢dheKTHBHOE rope-
HMe, Ha3blBaeTCsl  cMeceoBpa3’oB: HHEM.
Pa3auualoT JABMrateJH C BHEI HHM
M BHYTpeHHHM cMeceo6Gpaso-
BaHHEM.

K OBC c BHewnuM cMeceo6pa3coBaHH-
eM OTHOCATCS KapGlopaTOpHble H HKOTO-
pHie rasoBbie AgBHratend. B apurareasx,
paboTalolIHX Ha 6EH3HHE, CMeCh FOT(BHUTCA
B kap6iopartope. Ilpocreimnit kap6iopa-
TOp, NPHHUHIIHANBHAA CXeMa KOTOPOro mo-
Ka3aHa Ha pHC. 21.3, cocTOHT H3 MOM.IaBKO-
BOW M CMecHTeJbHOH Kamep. B mor.iaBko-
BOIt Kamepe TMOMell@eTcsl JATyHHb no-
nAaBoK /, yKpemJieHHHH# I11apHUpEO Ha
ocy 3, W Hroabuarblil KnaraH 2, KOT )PHIMH
NOJAEPXUBAETCA  MOCTOSIHHBIM  Y[1OBEHb
GensuHa. B cmecHTeqbHOA Kamepe )acno-
J0kKeH AHQPY30p 6, KHuKAep 4 ¢ pacIblIH-
TeseM 5 W ApoccenbHasd 3acaonka 7. JKuk-
Jep npeacrasasier co6oi npobky ¢ zannb-
POBaHHBIM OTBEPCTHEM, PACCUHTAHHIM HA
NMpOTEKaHHe OMNpPee/IeHHOr0  KOJK 1ecTBa
TONJINBA.

Boa3fyx

GEHIUN

2

Puc. 21.3. [IpuHnunuanbHas cxema npceredure-
ro kap6ioparopa
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Korga nopuwenb gBHXKeTcH  BHH3
H BIYCKHOH K/amaH OTKPHIT, BO BNYCKHOM
TPyGONpoBO#E H CMECHTENbLHON KaMepe co-
31aeTCs pa3pexeHue, W NOA AelCTBHEM
Pa3HOCTH LaBJEHHH B NOMJIABKOBOH H cMe-
CUTEJLHOH KaMepax H3 pacObLIMTENsl Bbl-
TekaeT GensuH. OLHOBPEMEHHO yepes cMe-
CHTENbHYI0 KamMepy NpPOXOAMT NOTOK BO3-
AyXa, CKOpPOCTb KOTOPOro B CYXXEHHOi
HacTtd guddyasopa (TaM, Kyaa BIXOJAHT KO-
Hell pacnbliuTens) gocruraer 50—150 m/c.
BeH3HH MenKo pacnuliMBaeTcsl B cTpye Bo3-
AyXa H, NOCTENEHHO HCNapsAsick, o6pasyer
TOPIOYYI0 CMECh, KOTOpa#i M0 BOYCKHOMY
TpyGonposony nocrynaer B uumauuap. Ka-
4eCTBO rOpOYeH CMECH 3aBMCHT OT COOTHO-
IIeHHs KoJuvecTs GeH3WHa W Bospyxa. [o-
prouas cMecb MOXeT G6biTb HOpPMaJbHON
(15 kr Bo3nyxa Ha | kr GensuHa), GexgHoil
(Gonee 17 kr/Kr) W GoraToit (Menee
13 kr/kr).

KosuuecTBo u KauecTBO ropioueit cme-
CH, a C/1€10BATENbHO, MOUIHOCTh H YHCJO
0GOpOTOB ABHraTe/ifi PeryjHpyloTCs Apoc-
CEJILHOH 3aC/IOHKOH M PANOM CleLHa/bHBIX
npucnocoGiedi, KOTOpele npeaycMmarpH-
BAIOTCS B CJIOMHBIX MHOTOXHK/IEPHBIX Kap-
GlopaTopax.

K JIBC ¢ BHyTpeHHHM cMeceofpa3oBa-
HHEM OTHOCATCSH AH3eJbHble ABuraTesnu. Ha
npouecchl cMeceoGpa3oBaHuUsl, MPOUCXOAA-
lLlHe HEenoCPeACTBEHHO B LHJHHIpE, OTBO-
JAUTCS He3HauHuTeslbHoe BpemMa — ot 0,05 a0
0,001 ¢; 3to B 20—30 pa3 MeHblue BpeMeHH
BHELIHero cmeceofpa3oBaHus B Kap6iopa-
TOPHbIX aBHrarensix. [logaua TonauBa
B UHJHHADP AH3ENH, nocjaeaywiuiee pacnbi-
JIABAHHE M YACTHUHOE pacnpefeseHHe no
oGbeMy Kamepbl CropaHHsl [POH3BOASITCH
TOMJIMBONOAAIIEH annapatypoll — Haco-
com u ¢opcyHkoii. CoBpemeHHhle IH3EH
HMeIOT (POPCYHKH, Tl YUC/IO COMIOBhIX OT-
BepcTHi auameTpom 0,25—1 MM ROXOAHT
00 LecsTH.

Beckomnpeccopheie gu3enn 6bIBaOT
C Hepasje/IeHHOH U pa3jie/IeHHON Kamepamu
Cropaxus. ToukocTh pacnblIBaHUs
M 1aJbHOGOHHOCTD ¢ aKenoB B Hepa3ieneH-
HbIX Kamepax ofecrnedusaloTcs 6Giaropaps
BbICOKOMY [aBJIEHHIO BNpPbLICKA TOMJMBA
(60—100 MIla). B paspenenHbix kamepax
CrOpPAHHA NPOHCXOLHT GoJjiee KauecTBEHHOE
cMeceo6pasoBanve, YTO NO3BOJNHUIO CY-
LEeCTBEHHO CHU3HThb [4BJA€HHE BIpBICKA

180

ronsuBa (8—13 MIla), a Takxke ucnosnbso-
BaTh GoJlee AelleBhle COPTA TOMJHBA.

B rasoseix ABHraTensix razoo6pasnoe
TONJIMBO H BO3JyX N0 co06paxeHusiM 6e30-
NaCHOCTH MOAAIOTCA MO OTAENbHbIM TPy6o-
nposoaam. [lanbHefiee cmeceoGpasoBanne
OCYILECTBJSIETCH WJH B CNELHAJbHOM CMe-
CHTE/Ie 10 HX MOCTYNJIEHHS B LMJAMHAD (3a-
NOJIHEHHE UWJHHApPA B Hauaje XOo4a CxKa-
THA ﬂpOHSBOﬂHTCﬂ rOTOBOH CMECbK”, HJTH
B CaMOM LHJHHAPE, KyAa OHH NOAAOTCH
paszeabHo. B nocnesueM cayuae puauane
LUWJIHHAP 3aNOJHAETCS BO3AYXOM H 3artem
110 X0y CXATHA B HEro uepe3 cnelralbHbiil
KJanaH nojaetcsi ra3 noj gasJjeunem 0,2—
0,35 MIla. HauGonbliee pacnpocTpaHeHHe
MOJIYYHJIA CMeCHTeIH BTOpPOro Thna. Boc-
NJIaMEHeHHE ra3oBO3NYLIHOH CMeCH ocylile-

CTBJISIETCS  3JIEKTPHUECKOH HCKPO#H  HWau
packajleHHbIM 3anaJjibHbiM LIAPOM — Kajo-
pH3aTOpOM.

B cooTBeTcTBHH ¢ pa3snMuHBIMM TpH-
HUHNaMH cMeceo0pa3oBaHHs pasaHualoTes
H TpeGOBaHUsl, KOTOpPhIE MPeAbSIBISIOT Kap-
610paToOpHble JBHrATeJH W JU3€M K HpH-
MEeHSIEeMbIM B HHX XHAKHM TonJuBam. Jlas
KapGrpaTopHOro ABHraTe sl BAXHO, YTOOH
TOIUVIHBO XOPOLIO HCOAps/JoCh B BO3AYyXe,
KOTOPBIH HMeeT TeMIepaTypy okpyxaiouiei
cpenbl. [103TOMy B HHX PHMEHHIOT GeH3H-
Hbl. OCHOBHO# 1IpoGJeMoil, NpensiTcTaylo-
e #l NOBLIWEHHIO CTENEHH CHKATHS B TAKHX
JABHTaTeNAX CBEPX YXKe JOCTHTHYTHIX 3HAa-
UeHHH, ABJIAETCS AETOHAallMH. Ynpowas sis-
JIeHHe, MOXHO CKa3aTh, 4TO 3TO — npe-
JKAEBPEMEHHOE CAMOBOCIIAMEHEHHE [OPIO-
yed cMecH, Harpetoil B NMpoLecce CXATHA.
[Ip 3ToM ropedue npuHUMaer xapakrtep
AeTOHAUHOH HOH ( yLapHOW, HeCKOJbKO Ha-
MOMHHAIOIIENR BOJHY OT B3pbiB2 GOMOHI)
BOJIHBI, KOTOpasi pesko yxyAaliaer paGory
ABHraTessi, BH3LIBAET ero GbICTPHIE H3HOC
H paxce nonomku. [lis ee npenoTspaulenns
BBIGUPAIOT TOIIMBA C AOCTATOUHO BHICOKO#H
TEMIIEpaTypoil BOCTIAMEHEHHS AU 106aB-
JSI0T B TOMJIWBO aHTHAETOHATOPH — Be-
U(eCTBA, NMaphl KOTOPbIX YMEHBLUAIOT CKO-
poctk peakiuu. Hanbosee pacnpocrpanen-
HbIf aHTHM/ETOHATOP — TETPASTHA CBHMHIA
Pb (CyHs) 4 — cunbHrefiuit a4, aeiicteyio-
LKA HA MO3T Yesi0BeKa, N03TOMY npH obpa-
LEHHH C 3THIHPOBAHHBIM OEH3UHOM HYKHO
ObiTh Kpalie ocropoxubiM. CoenHHeHHS,
Cojlepxalllie  cBHHel, BhIGpachIBalOTCA



C MPOAYKTAMH CropaHHa B atMocdepy, 3a-
rpsasHAs M ee, M OKPYXalouilyw cpeay
{c TpaBOH ra3oHOB CBHHEL MOXET MONAacCTh
B MHILY CKOTY, OTTY/[a — B MOJIOKO H T. A.).
[ToatoMmy norpe6aeHHe 3TOTO IKOJOTHUECKH
OacHOTO AHTHIETOHATOpa LOJXKHO ObITh
OrpaHH4€eHo, H B PAJIE rOPOAOB MEPhl B 3TOM
OTHOLIIEHHH TPHHHUMAIOTCH.

J.as onpeesnenna CKIOHHOCTH JaHHOTO
TOMAHBA K AeTOHALlHH YCTAHABJAHBAIOT pe-
KHM, NDH KOTOPOM OHO (€CTECTBEHHO,
B CMECH C BO3/IyXOM) HauHHAeT JETOHHPO-
BaTh B ClellMaJbHOM JBHrarteje co CTporo
3aJaHHbLIMU napaMeTpamH. 3aTeM Ha 3TOM
Ke pexkuMe [104GHPAIOT COCTAB CMECH H30-
oktaua CiHig  (TpyAHOLETOHHPYIOILETO
ronausa) ¢ H-rentanom C;H e (erkogero-
HHPYIOILHM TOMJMBOM), [IPH KOTOPOM TOMKE
BO3HHKaeT feToHauus. [TpouenTHoe coaep-
KaHHe H300KTaHa B 3TOH cMecH Ha3biBaeT-
CH OKTAHOBbLIM YHCJOM JAAHHOrO TOMNJHBA
W siBAsieTCH Ba)KHeillled XapakTepUCTHKOH
TOMJHB LIS KapBlOpaTOpHBIX JBHraTeed.

ABTOMOGH/bHbie GeH3HHbl MapKHPYIOT
no OKTAHOBOMY yucay (AH-93,
A-76 u t.n.). byksa A oGosnauaer, uTO
6en3ud aBToMOGHAbHBIH, KM — okranoBoe
YHea0, OnpeesqeHHoe CellHalbHbIMH HCIbI-
TaHHsIMK, 4 UH(ppa nocje OYKB — CaMO OK-
TaHogoe uMcao. Uem OHO Bbille, TeM MeHb-
11e CKAOHHOCTb GEH3HHA K J€TOHALHH H TEM
BhILIIE JOMYCTHMasn CTeNeHb CXKaTHd, a 3Ha-
YHT, H 3KOHOMUYHOCTb JABHrATEJA.

Y aBHaUHOHHbIX llBHI‘aTe.ﬂeﬁ CTE€INEeHbL
CIKATHS BhILIE, MO3TOMY OKTaHOBOE YHCJO
aBHAIMOHHBIX DEH3HHOB LOJKHO ObITh HE
meHbute 98,6. Kpome Toro, aBHauuoHHbIE
6eH3NHB JOJKHL 6osee Jierko HenapsaThCs
(MMeTb HH3KYI0 TeMmneparypy «KHMEHUS»)
B CBSi3H C HH3KMMM TemnepatypamH Ha
GoJibIIUX BHICOTAX. B AH3eAX KHAKOE TOIM-
JMBO HCIApsieTcsl B Npolecce rOpeHns NpH
BHICOKOH TeMIepaTtype, No3ToMy Hcrnapse-
MOCTb a5l HMX poan ne urpaeT. OnHaKO
npu pa6oueit Temnepatype (Temneparype
OKpysaiolled cpeabl) TOMIHBO JOJKHO
6bITh AOCTATOYHO KHUAKOTEKYUHM,
T. €. HMeTb JAOCTATOYHO HHU3KYIO BSI3KOCTb.
O1 3TOro 3aBHCHT 6e30TKa3Haa [ojpava
TONJUBA K HACOCY H KayecTBO pacnbmemm
ero ¢opcytkoit. [losTomy Ans AM3EJABHOTO
TONJIUBA Ba)XHA [pexXJe BCETO BA3KOCTH,
a TaKkKe COJlepKaHHe cepbl (3TO CBA3AHO
¢ 3kogoruei). B mapkuposke AH3€JABHOTO

ronauea AA, 13, 1J1 u [1C 6yxea [ 0603-
HayaeT — AM3eJbHOE TOMJIHBO, CJAELYOWas
6ykea A — apKTHUecKaf (Temnef atypa
OKPYKAIOILEr0 BO3AYXa, NPH KOTOPO { NpH-
meHsieTcsl 3T0 Tomauso th= —30°C}, 3 —
sumHee (fo=0-+ —30°C), JI — .ieTHee
(to=>0°C) n C — cneunanbHoe, noiyiae-
Moe H3 MaJocepHHCTHIX HedTeid ({i>
>0°C).

21.3. TEXHHKO-3KOHOMHYECKHE
MOKA3ATEJIX 1BC

Boipaxenue HHAMKATOPHOH MOL(HOCTH
npuraredasi, Bt, umeer BHL

2
N.=7 L.ng, (21.1)
rae ng — 4acToTa BpalleHHA BaJa, o6/c;
2 — YHCAO UHJAMHAPOB;, T — KO3hGIILHEHT
TAKTHOCTH (/1A UETBIPEXTAKTHOTO [EUraTe-
A8 T=2, AAA [ABYXTAKTHOro t=1), Li —
MHAMKaTopHAas paboTa, coepliaeMai B Ol-
HOM UHJIHHADE 34 OJHH LHKJ, Jx;

Li:pivu‘ (212)

31ech p; — Cpe/lHee MHAMKATOPHOE NaBJE-
HHe, npeAcTaBasiollee cOBOH Takoe yCNOB-
HO-NOCTOSIHHOE AABAEHHE, KOTOpOE, AefcT-
By Ha NOpIUEHb B TeuyeHHe OAHOTC XOAa,
copeplaet paGoTy, paBHylo paGoTe rasos
3a BeCcb LHKJ.

padmueckd OHO ONpefefsieTcs BHCO-
Tofi IpAMOyroabHHKa (puc. 21.4), nyowane
M OCHOBAHHWE KOTOPOro COOTBETCTBEHHO
paBHbl MJIOWAAH M AJHHE MHIHKA TOPHON
JAHATPAMMBbl.

Wugukatopubnii KIT[ ecth fosst MOA-
Be1eHHOM TEM0Thl Q, NpeBpaileHHCcH B HH-
AuMKatopHylo pabory, T.e.

ni:Ni/QzNi/BQir,

rje B — ceKyH/Hbil Pacxo TOMJMB 1, KI/C;
@} — HM3IIEA TeMIOTa CrOpaHHA, JUK /K.

Muankaropnbiit KI1JL y kapGrparop-
Hpix Asuratened m;=0,25-=-0,40; / nuse-
aeit 1;=0,40-+0,53.

K addexkrHBHbIM NOKa3aTesdd OTHO-
csitest 53§ (eKTHRHAA MOILHOCTh, 3¢ PeKTHB-
Hbifi M MexaHudeckuit KITJL ¥ yIeabHbilt
3¢ heKTHBHBIA PACXOA TONJMBA.

SdpexkTHBHAHA MOUL10CThH
(Ne) — 3TO MOILHOCTb Ha BaJly JBrraTens,

181

21.3)



A Vi v

Puc. 21.4. Unankaropuas auarpamma JIBC

OHA MeHblle HHIMKATOPHOH MOLHOCTH Ha
MeXaHH4YeCKHe NOTEPH B y3/1aX TPeHHS [BK-
raTenfi, a8 TAKKe MOLLHOCTH, pacxoayeMmoi
Ha TPHBOA BCIOMOTAaTEe/NbHbIX MEXaHH3IMOB
H arperaros.

YKazaHHble 3aTpaThl MOIIHOCTH H Me-
XaHHUeCKHe MOTEPH OLEHHBAKXOTCH MeXaHH-
yeckum KII[, koropuiii umeer Bup

nw:x=Ne/Ni (214)

H coctraBasilot 8—30 % MHAHKaTOpHOM
MOLUHOCTH, T. €. Nuex=0,7-=0,92.

Sddexrusuniil KI1 ecTh goas nog-
BEIeHHOH K JABHraTe/i0 TeMJIOThi, Npespa-
IWeHHOA B 3¢ ¢eKTHBHYIO paboTy:

nmex=Ne/BQ;-' (215)

A dexruBHbll U uHAKHKaTOpHBIH KT, cas-
3aHbl MeXJAYy COOOH COOTHOLIEHHEM 1=
= MNiNwmex-

Addextunnuiii KI1/1 y kapGropaTopubix
Asurateaedt n.=0,22-+0,3, a y auaednei
ne20,3+0,42.

Yaenpuslit 3 ¢ekTHBHBIA pacxoa ToI-
JIUBA — 3TO pPacXo] TOMNJMBA, MPHXOMA-
WHACA HA eIHHHLY 3PPEKTHBHOR MOLLHO-
CTH ABHrartenss be=B/N..

Jng pasHblXx THNOB ABWrarenei b,=
=162+330 r/(kBr.u), npuuem HaumMeHb-
iMe [I0Ka3aTen be HMEIOT YeThipexTaKT-
Hble IH3eMH.
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21.4. TEMJIOBOA BAJIAHC
ABHTATEANA

PacnpeaeseHue tenaorsl, nogseaeHHON
K ABHMraTe/i0 ¢ TOMJIMBOM, Ha MOJE3HO MC-
NOJIb30BAHHOR H NIOTEPH faeT TenJoBoi 6a-
NadHC NBHraTensl, KOTOpbLIH HasbiBaercs
BHEUWHUM TenaoBbM 6aaadtH-
c oM. O6buHO OH cocTaBasieTcs aas | Kkr
HHAKOro au | m? rasoo6pasHoro TOILKBA.
B o6uiem Buae TenaoBoil 6anaHc ABKHraTe-
JIfl MOXKHO 3aMHKHCaTh CACLYIOLAM O6pPA3OM:

Q=0+ Q+QuuutQur (21.6)

rae Qe — TenJora, npeBpaileHHas B 3¢-
tekruBHy©O pabory; Q. — Tennora, yHe-
CeHHan OTpaGoTaBUINMH ras3saMH; Qox, —
TeMNJ0Ta, OTREACHHARA OXJAXKACHHEM J(BHra-
TeNst; Qocr — OCTATOMHBIE, TPYMHOOIIpEe-
JHMble NOTEePH (OT XHMHUUECKOH M MeXaHH-
YECKOH HEMOAHOTBI CFOpaHHA W Ap.).

B ypaBuennn (21.6) OTCYTCTBYET cJja-
raeMoe, y4uTbiBaKOLlee 3aTPAThi TEMIOThI
TOMJHBA Ha MEXaHHYECKHE MOTePH Q yex.
ITO O6BACHNETCS TEM, YTO OCHOBHOE KOJIH-
UECTBO TeMJIOTHl MeXaHHYeCKHX TNoTeph
(TPEHHs1) OTBOAMTCH oxnaxaamLlell Bogoil
H MAacioM H BXORHT B Qoxi, @ HEKOTOpas
€€ UYACTb BKJAKYAETCH B OCTATOYHbIe HO-
TepH.

B 34BHCHMOCTH OT KOHCTPYKTHBHBIX M
3KCIJIyaTaLMOHHBIX (DAKTOPOB pasyiByHbIX
IBC orne/bHbie COCTARISIONLHE YpaBHEHHS
(21.6) UMEIOT NPUMEPHO TAKHE 3HAYEHHS (B
npouentax or Q9): ¢,=(Q,-100/Q): ge=
=22429%;  4:=25+55%; Qo=
=10+35 %, 40c'r=2+ lO %

OraenbHble COCTaBASIOULHE TEMJIOBOTO
6anaHca 3aBMCAT OT HATrPY3KH ABHraTeas.
Tlo Mepe CHH)XeHHHA HArPY3KH OT MOJHOMH A0
50 % addexrusubii K11 MeHsieTcst HesHa-
udTeNbHO, HA 2—3 9 CcBOEro MakcHManb-
HOro 3HAYEHHs, HO 3aTeM pe3Ko najaet (A0
HYJfl Ha XOJNOCTOM XO4Y).

3HauuTeNbHAsl 4ACTb TEMAOTH (A0
70 %) TepsieTcsi ¢ OTpaGOTABWIMMK ra3amu
H C OXJ1dXAaI0Wed BOLOH (MU ¢ BO3AYXOM
IPH BO3AYLUHOM OXJaXAeHHH). DKOHOMHY-
Hocth ABC MOXHO 3HAUYHTEIbHO NOBRICHTS,
€CJM HCNOJb30BATh 3TY TEMNJAOTY, HAlNpH-
Mep, 445 TOpAvYero BOJAOCHAaGKeHHs.



21.5. TOKCHYHOCTb BbIXJIONHbIX
rA30B NBC

JBHraTeny BHYTPEHHEr0 CrOpaHusi ce-
FOfHA SBJAAIOTCA OCHOBHBIMH 3arps3HuTe-
asamu Boaaylwworo Gacceftna. B ®PL, Ha-
npuMep, aBTOMOGHJbHBIA TPAHCNOPT, MO-
TpeGasia 12 9 obuiero pacxofa TONJHBAE
B cTpane, naeT 50 % o6ulero xkoan4ecTsa
BpeAHbIX BoGpocoB. OCOGEHHO [J10XO, HYTO
OCHOBHAfl Macca BLIXJQMHBIX 3308 OT aB-
ToMOGHAEH BHIGPACHIBAETCA B MECTAX € Bbl-
COKOil KOHLeHTpauuefl Jojeit (ropoaax),
npHYeM Ha YPOBHE pOCTa 4YeJO0BEKa {oco-
GeHHO AeTeit), rje raibl He paccenBaloTCH
Ha OoMbiude pPAcCCTOsHMA. B BBHIXJIOMHBIX
razax JIBC coaepxarcs TBepabiil yriepon
(caxa), KOTOpbl# ABJIAETCH ancopOeHToM
TOKCHYHBIX, B TOM uHCJ/e KaHUEePOTeHHhIX
geiecTs, okcuan azora NO,, yraesonopo-
g C H,, okcun yraepoga CO u anbier-
Abl, @ npy pa6oTe Ha ITHIMPOBAHHOM GeH-
3HHE -— W KpafiHe TOKCHUHbE COeHHEHHA
ceuHua. ComepxKaHHe YKa3aHHbIX CORAHHE-
HHIl B BLIXJIOMHBIX Td3ax 33BUCHT OT THNA
ABHraTE/s, €r0 COCTOAHUS H PEry/qUpOBKH,
pexuma paboThl, NPHUMEHSIEMOrO TOMJIMBA
u ap. Hanpuwmep, conepxanue NOy B oTpa-
6oTaBUIMX ra3ax auaeneiél M Kapbwoparop-
HLIX JIBHraTeseidl MpaKTHUYeCKH OJHHAKOBO
(o 2,5r/m%), B TO BpEMA KaK BblIGpOC
CO B Kap6oOpaTopHbIX ABUTaTENAX (10
14r/m*) 8 4pasa smwe, a CHy (no
1,4 r/m%) B 2 pasa HHXKe, 4eM B JH3eNAX.

Caxa, yrieBoJopoibi, OKCUIL Yr/iepoaa
W agabierdibl 06pasyoTcss B pesynbrare
HeNOMHOTO CFOPaHHA TOMJIMBA, CBA3AHHOrO
An6O ¢ HELOCTATKOM KHCJ0poja B paGoueit
cMecH, JHBO ¢ MJI0XHM CMeceoGpa3oBaHHu-
em. [Teproe ocoGeHHO XapaKTepHO WS GeH-
3IMHOBbLIX JBHraTtesel, Koraa xap6iopartop
BbipafaTbiBaeT 6OraTyl) CMech Ha pexu-
MaX XOJOCTOrO XOAa ¥ TopMoxeHHusi. Jluze-
JIM BCerja pafoTaloT cO 3HAUYUTE/bHBIM H3-
6LITKOM BO3yXa, nosToMy Bu6poc CO
Y HHX HEBEJHUK, 3aTO B OTpaboTaBIIMX Ta-
3aX MHOMO YrJeBOJOPOIOB, U OCOGEHHO ca-
KU, 06YCJOBIHBAIOLIHX ABMHOCTh Fa30B.

B pasjHuHbIX CTpaHaX MHUpa BBEIEHbl
CTAHAAPTBl Ha BbljejeHHe [BHTATEJNsMH
TOKCHUHBIX BellecTs. Hanpumep, coraacho
MOCT 17.2.2.03—77 cofepxaHue OKcHaa
yraepoaa B oTpaBoTaBUIKX razax GeH3HHO-

BbIX JBHraTesiedl He [OJXKHO NpeBbIlUAaTh
1,6—2 9% Ha MHHHMAAbHBIX 0060} OTaX.
B 6auxaifiliee BpeMsi clAeLYET OXHAATh
pacuHpeHHsi HOMEHKJAATYPhl HOPMHPY ' eMbIX
BpeaHocTed B OoTpaboTaBUIMX rasax, Il fpe-
X/ BCEro KaHUEepOreHHbIX BEULeCTB.

CoseplueHcTBOBaHHe paGoyero nf ouec-
ca u KoHcTpykuud JIBC nanpasjedc npe-
XJe BCEro Ha KAauecTBEHHYIO MOArCTOBKY
pa6oueit cMecH, paBHOMEPHOE paclp¢ aese-
HHe €e N0 LWJMHAPAM H MOJHOe CXKHI'aHHE.
Tak, B nocjejHee BpeMsi NOABUJIOCH pery-
JMpPOBaHHE Kap6iopaTopa Mo Napam:Tpam
oTpabOTABUIHX Ta30B ¢ MOMOLLBIO 3JEK-
TPOHHBIX KOMMbIOTEPOB.

Bce 6ogee LWHPOKOE TPHMEHEHFE Ha-
XOAAT yCTpOfCTBA AJA HeATpasH3aUHK
TOKCHUHBIX KOMMOHEHTOB B  BBbIN)CKHO#
cucTeMe JBMraressi, Tem Oojee 4°0 HX
MOXHO NPUMEHHTb Ha ACHCTBYIOLLEM IADKE
MawuH. HauGosbllee pacnpocTp: HEHHE
MOJydaeT KaTaJHTHYECKOE «A0XHIAHUE»
oTpa6oTaBlWIHX Tra30B, obecnedyHs:iollee
BHICOKYKO CTerneHb HeHTpasH3aluk CcO
u CH,.

CerogHa Ha Halled nJjaHere HIieercs
cebiiie 400 maH. aBTomoGujeH, MX UHCJIO
NOCTOAHHO  pacTeT M, MO  NPCTHO3Y,
k 2000r. pocrurHer 700 mJaH. e (MHHL.
B cBsi3d C BO3pACTAIOULHM NOTpe6s eHHeM
ropIoYero U3 HediTH, 3anacsl KOTOPO¥ orpa-
HUYEeHbl, cefiyac BejeTcsl HHTEHCHBHIIA Mno-
HCK 3aMeHHTeJieil HeTAHOrO TOMJHL.A, KO-
TOpOE K TOMY KE CHJIbHO 33TPA3HAET CPEAY
OGUTAHUS UeJIOBEKa.

Xopouide NepcnekTUBbl ¢ TOUKK [.PEHHS
CHIXEHHS 3arpA3HEHUs OKpYXaiollt i cpe-
bl MMEeT rasoBoe TOMJMBO: nponat-6yra-
HOBas cMechb, nojiydaemas npH He hrene-
pepaboTKe, M COKMXEHHble TPH[OAHblE
rasl.

[a3oBo3jylWIHAsl CMEeCb Cropaer B LH-
JAuuape ABuratens Gosjee MOJAHG, HeM
GeH3HHOBO3AYLIHAS], ¥ NpH 3TOM O6[ asyeT-
¢Sl MeHbLIE BPeJHbIX BELIECTB, B 4aCTHOCTH
OKCHIA yriepoaa.

lazoBoe TOMJIKWBO He TpebyeT pajH-
KaJbHOH MepejeKH KOHCTPYKLHK AlLHrare-
as, a Tpe6yeT JHWb €ro A00GOpYN IBAHUA
crnenMaJbuOil anmaparypoi. 3anac rasa
B COKH)KEHHOM HJIM CXKATOM COCTOAF HH Ha-
XOAUTCA Ha aBTOMOGHJIE B CHEUH IbHAIX
6ajsoHax, pasmellaeMbix OGRIYHO 1104 Ky-
30BOM.
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Boabuioi HHTEpeCc npeacTaBadeT eile
0JHa PAa3HOBUAHOCTh ra3oBOro TOMJIHBA —
BOAOPOA, MOJNy4eHHEe KOTOPOro noka o6xo-
JMTCS [0BOJIBHO AODPOro.

B CCCP npoxoasiT ONbITHYIO NPOBEPKY
JIBUTATENH, B KOTOPbIX OCYLLECTBJAAETCS 10-
6aBka He6ONbUIOTO (NOCTOAHHOrO Ha BCeX
peXxHMax) KoJMvecTBa BOAOPOAA K GEH3H-
HOBO3AyWHOH cmeck. Conepxkanue B oTpa-
60TaBLIMX Ta3ax TOKCHYHLIX BEIECTB [MPH
9TOM pE3KO YyMeHbIUaeTcs, OCOOeHHO Ha
YACTHYHBEIX HATPY3KAaX M Ha XOJOCTOM XO4y.
B TO )Ke BpeMs MOLLHOCTb ABHTaTeqNs He
najaer cTolb 3aMeTHO, Kak npH pa6ote
TONbKO HAa BOJAOPO/OBO3YIIHOA CMECH, Ha
KOTOpO# ee CHMXXeHue cocTaBuT 15—20 9.

CnupTel KaK 3aMeHHTeJM GeH3nHA H3-
BECTHbI 13BHO, UX MPHUMEHSAIH, KOT 1A YXYI-
manoch cHatxeHne HedTENPOAYKTAMH.
CYMDPTH 3THJOBBIA (3TaHO) H METHJIOBbIH
(MeTaHos) 06/1a4aK0T BHICOKHM OKTaHOBBIM
yucaom (90—94). ¥ uux Gosiee BbICOKaf,
yeMm y GeH3HHa, TENJOTA Napoo p & @ aHHs
YTO 3aTpyAHSeT 3anyck ABHraTenst B XO-
JOAHYKO norofy. B To ke Bpemsa npoaykThi
CrOpPaHHS CMHPTA COAEPXKAT 3HAUUTENBHO
MeHbllle OKCHJOB a30Ta H YIJVIEBOLOPOIOB,
B TOM UHWCJE€ OCHOBHOrO KaHUEpPOreHa —
GeH3anupeda, N30T MeHbille OTJOXeHHHA
HAarapa Ha feTajsix ABHraTessl.

Bpa3uaus, Goratad pacTHTENbHbIM
chipbeM, ellle [10JiBeKd Ha3aj WHWPOKO HC-
110JAb30BaJNa B ABTOMOTOpAX CIHPT, NoJayua-
eMblil 6po)XeHHMeM pacTUTEJbHOW Macchl,

fnasa ABaauatTsL BTOpPAaN

noABepruyToil cHauyada ruppoansy. B oc-
HOBHOM B fI&JI0 KAYT OTXOAbl OT nepepa-
OOTKM CaXapHOTO TPOCTHHKA M MaHHOKA.
Ceflyuac 60OMBLIMHCTBO OPA3HIBCKHX 4BTO-
mMoGuseil xoguT Ha GeHaune ¢ N06GaBKOH
20 % cnupra, a BCKOpe HAJEIOTCH COBCEM
oTKasaTthest oT 6eH3nHa (250 Thic. apTOMO-
6uasied, soinyuieHHbix B 1980 r., paccunranml
Ha CNHUPTOBOE roployee).

HUnponesns TaKKe HaMmeyaeTt
kK 1990 r. nepeBecTH cBOM aBTOMOOH/U HA
CTIHPT.

Eciid 3THJOBBIA CNIHPT HETOKCHUEH, TO
METAHOJM, KaK H 3THJAMPOBAHHBIA OGEH3HH,
CHJBHBIA 4. 3TO 06CTOATENLCTBO CaeayeT
NpUHUMATL BO BHUMAHHE TNpPH OLEHKe Tep-
CNEKTHB ero NPHMEHEeHHS.

Konrpoabuete sadawu

21.1. Onpepgenutb MHHHMAaJNbHO HCOGXOIN-
Myto ctenenb cxatus ¢ 8 [IBC, uto6nl Tonanso,
BAPLICHYTOE B IWIHHAP B KOHLE XON4 CXKATHA,
BOCNAaMeHHaoch . Temnepatypa BOCIJIAMEHEHHSA
Toniakea 960 K, Temmeparypa Bo3ayxa nepej
cxatnem 300 K, cxkarne cuntath aagnabGaTHbIM.
KakoBo Gyaer pasneHne B KOHUE CXKATHSI, €CIH
Ha4yaabHOe namieHue cocrasader 92 k[la?

21.2. Onpesendtb paGoTy paclUUpPeHHs, No-
ayueHHyio B uuaddape [1BC B pesyawraTte cropa-
HAS 2 GEH3RHA, €CJIH NMPOAYKTH CrOpPaHHs pac-
wupsioTes no unoautpone n=127 or 3 no
0,3 MIa npu uavanbuoH temnepatype 2100 °C.
CocTaB NMpOAYKTOB CropaHusi (no macce), npH-
xouAauwnica Ha | kr Geusuua: CO,=3,135 kr;
Hy=1,305 kr; Nuo=12,61 kr; Oy, =0,34 kr.

TENNOBLIE DNEKTPUYECKUE CTAHLIMA

22.1. OBIUWHE CBEREHHA

Jnexrpuueckoll crTaHuKeil Ha3biBaeTcH
3HepreTHyeckas YCTAHOBKAa, CJiyXallas
A8 npeoGpa3oBaHUsl NMPHUPOAHOH 3HEpPruu
B 3JjekTpuyeckyio. Haunbosee pacnpoctpa-
HEHbl TENJOBHIE 3JEKTpPHYECKHe CTaHUHH
(T3C), vcnosb3ywliHe TEMJIOBYID 3Hep-
THIO, BBlEJSIeMYIO NPH CXKHTAHHH OPranH-
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4ecKOro TONJHMBa (TBEPAOro, XXHAKOro, ra-
3006pa3HOro).

Ha tennioBbix 3/eKkTpH4eckuX CTAHLUSX
3J€KTPO3HEeprus BhipabaTbiBaeTcA Bpalia-
IOUIMMCS TeHepaTopoM, HMEKUIMM MPHBOJ,
OT TEIJIOBOTO ABHIaTe s, yallle BCEro napo-
BOH, pexe — ra3oBoil TypOuHbl. Menee
pacrnpocTpaHeHbl (B OCHOBHOM B YAAJI€H-
HbIX PalloHax) AH3e/bHbIE 3JEKTPOCTAHUHUH.



Ko3adpprudeHT noJje3noro AeACTBUA CO-
spemennbix TOC ¢ napoBbiMH TYpPOGHHAMH
nocturaer 40 9%, c ra3oBbiMH TypOHHa-
M1 — He npesblinaer 34 %. Ha TAC c na-
POTYPOHHHLIM TNPHBOJAOM BO3MOXHO HC-
no/b3oBaHue J60ro BUaa TOILMBA; raso-
TypOHuHble CTAaHUKWH MO0KAa HCNOJb3YIOT
TONLKO MKHAKOE H rasoofpastoe. OpHako
napoBas Typ6HHA He CTOdb MAHEBDEHHA,
kak rasosasn. [leno B TOM, 4TO [aBjeHHe
napa, nogaBaemMoro B TypGHHY, BblCOKOE —
10 23,5 MI1a u kopnyc TypOHHb a1a obec-
NeYeHHA MPOUHOCTH O4eHb MaccHBed. 3TO
He No3BoAsieT GLICTPO H PAaBHOMEDHO MpO-
rperb napoByw TypOHHY npu nycke. Iaso-
pbie TypOHHBl paGOTAOT LIPY NABJCHUAX pa-
Gouero Tena we Gosee | MIla, ux koprnyc
MHOrO TOHbLIE, TMPOrpeB OCYLULECTBJIAETCS
6nicTpee. IloaTomy ra3orypOuHHBEIE arpera-
Tol Ha TIC paccmaTpHBaOTCA B MepCrek-
THBE KaK NMHKOBble — A 06ecneueHHsi Bbl-
pa6OTKH 3JeKTPO3IHEePrHH NpH KPaTKoBpe-
MEHHOM YBEJUUYEeHUH B €e NOTpeGHOCTH —
ANl CHATHA [HKOB 3JIEKTPHUECKOH Ha-
FPY3KH.

[TosBuBILKecs B 50-€ roAbl HAlEro Be-
Ka aToMHble anekTpoctatuud (A3C) rak-
K€ HMEKT NapoTypOHHHBIA NMPHBOA 3J€K-
TPOreHepaTopa H OTJIHYAI0TCs OT TPaJAHLA-
ontbix TAC anlb THOOM KOTAA (naporere-
paTopa}).

[To BuAy OTMycKaeMOil 3HEPrHH napo-
Typ6utHble TIC Ha OpPraHnyeckoM TOMJHBE
nou.paanenmomﬂ Ha KOHJAEHCALHOHHDbIE
sgektpuueckie cratunn (K3C) u rtenno-
anektpouentpaan (TILL). Ha K3C ycra-
HOBJIEHbIL Typ6oarpera1‘bl KOHAEHCALLWOHHO-
ro Tvna, OH¥ NpoOU3BOAAT TOJBKO 3JIEKTPO-
sdepruto. TILL ornyckaloT BHEWHWM TNoO-
TpeOHTENAM 3JEKTPHUECKYI0 M TenJioBYyio
3HEPTUi0 ¢ Mapom Hau ropaded Bopoi. [lo-
ckoabky TILL cBfAizawa ¢ npeanpHsiTHeM
HIH JKHABIM pailoHOM Tpy6oOnpoBoAaMH Ma-
pa wau ropsiuedl ROAbI, @ MX upe3MepHOe
YAJHHEHHE BhI3bIBAET MOBBILIEHHBIE TENJO0-
[OTEpH, CTAHLHS 3TOro THNa OObIMHO pac-
nonaraeTcss HenoCpeaCcTBEHHO Ha npennpu-
ATHH, B XKUJIOM MaccHBe H/H BOJNH3H HHUX.

K3C cBA3bBIBAKOT ¢ NOTpPeGHTEIAMA
TONBKO JIMHHH JIEKTpPOTNepefadt, Mo3TOMy
OHAa MOXET HAXOAMTHCS BAAJH OT NOTPesH-
Tens, HanupuMep, BOAM3H MecTa A0OblYH
tonausa. Kpynune K3C, o6ecneunBaioliine
3/IEKTPO3Hepruedl lenble MPOMBILLJIEHHbIE

padonnl, HasbaloTcs [PIC  (rocyaap-
CTBEHHbIE PAfOHHBIE INEKTPOCTAHUHIL), HX
MOLUHOCTb cocTasaser a0 2/3 Bcell 3Jex-
Tpuueckoit mougHocTd TAC Hawed c1panbl.
Arto — xkpynubie  crasuuyu.  Hangumep,
motuHocTb Pedrnuckoit [PIC wa Ypase
coctasiaser 3800 MBt, cranuuu KiHcKo-
Aunnckora TONJHBHO-3HEPrETHUC CKOro
komnaekca 6yayt no 6000 MBr. Kon nnek-
cbl KOTeJq — TypGHHA — 3JeKTporeHepartop
kpynubix TAC, paboTaloilide NPAaKTyUecKH
ABTOHOMHO, HA3BBAKTCA 3HEPro6Jor AMHU.

22.2. KO3GSULHEHT NOAE3HOTO
AEACTBHA W TEMJIOBAS CXEMA
NAPOTYPEHHHON KOHAEHCALLHOHHON
T3C (K3C)

OcCHOBO/ TEXHOJOrMYecKoro npciecca
naporyp6uuHoit TAC aBafeTcs TEPMC LIHHA-
MHUECKHH LHKN PeHkHMHa ansl neperjeroro
napa (cM. puc. 6.9, 6.10), cocroawni u3
1306ap NOABOAA TEMIOTH B MapOreH:paro-
pe, OTBO/1a TENJIOTH B KOHE€HCAaTOpe 1 Npo-
1eCCOB pacUIMpeHHst mapa B TypGHHE H MO-
BbILIEHHS1 NaBiesus Boabl B Hacoca¢. Co-
OTBETCTBEHHO 3ITOMY LHMKJAY CXeMa Mpo-
cTefedl KOHAEHCALLHOHHOH 3JIEKTD )CTaH-
uuu (cM. puc. 6.7 1 22.1) Braouaet 3 cebs
KOTEJIbHbLI arperat ¢ naponeperpeBa rejiem,
Typ6oarperar, KOHAEHCATOP H HAacovhl ne-
pEKaukH KOHJeHCaTa W3 KOHIeH(aropa
B naporeHepaTop (KOHAEHCATHbIA U MuTa-
TenbHblH Hacockl ). [lorepu napa W K)OHAeH-
caTa #a CTAHUWH BOCNOJHAIOTCH IOANH-
TOUHOW 106aBOYHON BOAOH.

Cosepuwenctso TIC onpegensie cs ee
KO3((HLUHEHTOM  [0JE3HOro  JAeHCTBHA.
KIT[ cranuun Ge3 yuera pacxoiOB SHep-
rMM. Ha COGCTBEHHbIE HYXJAbi, HArpHMep
NPHBO/ 3/IEKTPOLBHIATENEH BCMOMOT ATeNb-
Hblx arperatos, HasbiBaetca KI1[ vpyrTo
M MUMeeT BH[

n(lipac=3ul.(p/Qc:aﬂmp/BQir' (22l)

rae Juwp — KOJIHYECTBO BbipaboTant Of re-
HEpaToOpPOM 3JEKTPOSHEPTHH, KK, Q. —
pacxon TENAOTbl HA CTAHILHH (B rnar oreHe-
patope) 3a To xe Bpems, k/lx; B — pac-
X0/ TOIIMBA 34 TO e Bpems, Kr; Q —
Tennora cropanus tonausa, KIx/kr.

B npakTHKe KOJHUECTBO 3MEKTPH {€CKOH
3HEpPruM H3MEpHT B KBT-u. YuurnBasg,
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Puc. 22.1. Cxema npocteiiueil KOHACHCAUMOHHON TENAOBOH IIEKTPOCTAHILHH:

| — napoBod KkoTed, 2 — naponeperpenatedin; 3 -— Typ6uHa; 4 — 3JeKTporeHepaTtop, 5 - KOHAEHCATOD,
6 —- KOHAeHCATHBi Hacoc; 7 — 6aK NUTaTCLHOH BOAbL, 8 -— nUTaTeNsbHbI Hacoc, 9 — NHHHUA OHUTATEAbHON
80/bl KOT/1a; [0 — yclOBHAA JHMHMA ToTepb napa W Kodgeucata Ha TAC; [/ - nogsoa L06aBOYHON BOAbl AJA
BOCIHO/NIHEHKA noTepb; /2 — UHPKYJAAUHOHHBIA HACOC; /3 — HCTOYHHMK OxJaxiawlled BoAb (BoaoeM)

7 PeHkunHa CyuHoctb pereHepanud H3-
aoxena B ra. 6. Tennosaa cxema T3C
C O/HHM pereHepaTHBHLIM NOLOrpeBa-
teaewm (PII) nao6paxena ua puc. 22.2;
Ha puc. 22.3 npuBegeH TepMOAHHAMHYE-
CKHH LMK, a Ha pHC. 224 — npouecc pac-
unpedna napa B Typ6HHe (6e3 yuera mno-

Tepb) Ha 3Toit TAC.

Cy
[+

-2
o5

7

Puc. 22.2. Tennopas cxema TAC ¢ oaHuM pe-
FeHCPATHBHAIM [IOACTPEBOM [THTATeNLHOR BOALL
| — perexepaTuBHBIf NojorpeBaTtenb; 2 —- NapoBoi
KkoTed; 3 — naponeperpesateab;, 4 — Typ6una; § —
AJNEKTPUUECKHI reHepdTop, 6 — KoHieHcatop, 7 —
KOHAEHCATHHE Hacoc; 8 —— nuraTedbHbll HACOC

utro | kBT-u=3600 k/1xk, (22.1) B 3TOM
c/yuae MOXKHO 3aMHCcaTbh B BHAE

6p

Nse =36003,,,,/ Q.. (22.2)

8 g 7 K

Bce TennoBble 31eKTPHYECKHE CTAHIHM Puc. 22.3. Huka TIC c perenepaumeit. Beinecen
poLece NOBLIWEHUS AABAEHH BOJbl B 11MTA-

€ MapoBLIMH TYPGUHAMH PAaGOTAIOT MO P e-  renpuom Hacoce (4-5 — npouecc Harpesa nuTa-
reHepaTHBHOMY LU KJAY TelbHOH BOAB B BOAAHOM IKOHOMaii3epe KoT.ia)
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Puc. 22.4. [Tpouecc paclunpexus napa s TypGu-
HE C pereHepaTHBHbIM OTGOPOM

Ecan u3 kaxaoro kujiorpamma noase-
JEHHOTO K TypBute napa JloJsl ero o oT6u-
paetcst Ha peredepauuto B PIT, To kosuue-
CTBO TEMJOTH! ¢f), M0J€3HO HCHONB3OBAHHOM
B Typ6GuHe (B pacdere Ha | kr napa), co-
craput  gh=Ilr. [—2—3—-5—6—1(1—
—a)+ 1. [—2,—3,—6—6—1 (cM.
puc. 22.3). [luratenwHo#t Bone ile-
pelaeTci  KONIHUeCTBO TEMOTh, PaBHOE
g'=Iln. 2)—7—9—3,—2y2, a norepu

coctapaT Bcero ¢y =ITn. 3—2—7—8—
3(l —a).
Tenaoty, HCNOJNb30BAHHYO TOJC3HO

B Typ6UHE, MOXHO MOACUHTATb TAKKE MO
popmy.ae

gh={(h,—hy)=ua(h,—h,), (22.3)
a TemoTy, NOABENEHHYIO K OAHOMY KHJO-
rpammy paGoueil cpeibl B naporeHeparope
(cm. puc. 21.4), no dopmyJe

q =h] —hnn' (224)

MHuaekc «p» O3Hadaer, YTO paccmaTpuBae-
Mble BeJHUHHBI OTHOCHTCH K LMKNY PeHku-
Ha ¢ pereHepauued.

Tepmuueckuit KITJL unkna ¢ perenepa-
1Hed (pH OHOM pereHepaTHBHOM OT6OpE)

P

o = o (hy—hy)—a (R, —hy)

| =—= .
qll) hl _hn,n

Upcao CTyneHeidl pereHepaTHBHOTO MOAO-

rpesa BOJbi Ha COBPEMEHHBIX KPYIHBIX

SHeproBaoKax — OT  CeMH [0  [AEBATH,
a KM takux TAC nocturaet 40—42 %.

(22.5)

B ueaom KIT[ TAC rrsc, KpOME BeJH-
YuHbL 1}, BKJAKOYaeT B ceGf BHYT|eHHHUH
OTHOCHTE/IbHBIN To; M MEXAHHYECKHH 1y
KT typ6unst {cu. rat. 20}, a takxke KITJQ
3JIEKTPHYECKOrO reHeparopa Msr Tpy6Ho-
NPOBOAOB Vrp (KOTODPHIA yYUTHIBAET 10TEpPH
tennothl Tpy6onposoaamu TIC) n naposo-
ro Kotaa mu:

Nrac = MMM My, 1 Nep N (226)
rie Mo, >0,7; ne=0,9; Kaxaasi U3 Be JIMUHH
Nw, Nor M Mo GaH3Ka K 0,99.

CaMoe HHM3KOE 3HAUEHWEe M3 BC2X CO-
CTABJNAOUIMX Wrac HMEET TePMH ieCKHH
KM/ unkaa ;. [103TOMY GCHOBHbIE ''CHIHA
TeNMOTEXHUKOB B HANPABJieHUH Yy (LIeHHA
9KOHOMHUHOCTH pa6orbl TAC HanpenieHbl
Ha [MOBbIllEHHE 1), W Npexje BCer0 Ha
yMeHbilieHHe NoTephb B LIMKIE, KOTOPb € HMme-
10T MECTO B OCHOBHOM B KOHAEHCATOpe TYP-
OHHbBI.

Kak ykaswiBasock B §6.4, m, v KI111
TAC MOXHO NOAHATb KOMOGHHHPONLAHHOM
BHIPAGOTKOH 3JEKTPOIHEPTUH H Te 1O0Thl,
OTBOAA H3 TYPGHHEI YacTh napa B nCuorpe-
BaTe/H BOALI AJA OTOMMEHHA HJIH TEXHOJIO-
THYECKHX HYXK/J 3aBOAa. JTOT NMap MOXKHO
HCMOAb30BAaTh U HENOCPEACTBEHHO B TEXHO-
Jorudecknx uensix. BoamoxHa Takx: ycra-
HOBKa nojorpesaresell BOAbl, MOJIIOCTHIO
3aMeHAIOLIMX KOHLeHcaTop. Takue ¢ aHumu
(T2LL) wumeior 6Gonee BHICOKMIT 0OLWLHH
KI1J, uem K3C, nockoapKy norepu Temnno-
THl Ha «0BOrpeB aTMocgepbl» (4epe3 KOH-
JeHcaTop) 31eChb MHOrO MeHbllle.

22.3. HArPY3KH T3C
H TEXHHKO-3KOHOMHYECKHE
MOKA3ATEJH

OcCHOBHO#H 0COGEHHOCTLIO PAafoTII ANeK-
TPOCTAHIMM SIBJISIETCA COBNAjienne B A1060#H
MOMEHT KOJMYECTB TMPOH3BOAMMOH H 10-
TpebnseMon 3/1eKTPHYECKOH J11ePTHH.
PaGora «Ha ckaaz» (aKKymyjaupeBaHue)
B KPYMHbIX MaclITa6ax B 0ObIUHBIX | CJIOBH-
AX HEBO3MOXHa. B CBA3KM ¢ 3TUM pauuo-
Ha/lbHAs 3KCMAyaTallusi cTaHuuu 1pedyer
[pOrHO3HPOBaHHS  OYAYUIHX  HA PY3OK.
«[1pefBHAETb» HArPY3Ky MOMOraloT CyTOo4-
uple rpaduen (puc. 22.5). Kaxpas or-
pacab TPOMBILIEHHOCTH, ObIT, C¢JbCKOE
XO3AHCTBO ¥ T. i. XaPAKTEPH3YIOTCHA UETKOM
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Sfemo (155 dned )

rodobod zpagux

Juma (210 8ned)
Ny MBT '
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(t,*t5) 210+¢5-755

Yyacs: cymox
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Yacs cymox
| !

a <} 78 24 <] 75

8760
t,4

24 Yacs: eoda

Puc. 22.5. CyTouunie (eTHHI W 3UMHHH) W rOZ0BOI rpaduKkH NPOLOMKHTENLHOCTH ICKTPHUCCKOrO

norpebaenusa

33aBHCHMOCTbIO NOTPe6/sieMOl  MOUIHOCTH
OoT BpeMeHH CcyTok. COOTBETCTBEHHO AAA
LaHHOro palona, BKJAIOYAIOLErO, HANpH-
Mep, NPOMbILUICHHbBIE MPEANPHATHS H >KH-
Jible KBapTaJbl ropoaa, MOXeT 6bIThb 1O-
CTpOeH cyMMapHblii rpaduk norpeGaeHud
3/JEKTPOSHEPrin (sMeBasf uacTb puc. 22.5).
Ha ocHoBe cyTOUHBIX rpadUKOB CTPOATCH
NpUOAHKEHHbIE TPaPUKH roL0BON NMPOLO-
HHUTEJBHOCTH 3JIEKTPHYECKOro norpebJe-
HUA (npapas yacTh pHc. 22.3) B npeanoJo-
XKEHHH, 4To B rogy 210 3MMHUX CYyTOK
v 185 nmeTHux  (ans cpenaHeH  moJocht
CCCP).

Ho6asus K N, anekTpuueckoro norpe6-
JEHHS1 pacxoll 3Hepruu Ha colGCTBEHHbIE
Hyxaph T3C W nortepu B ceTdAx, MOXHO
NOJYYHTH HArpy3Ky N, Ha ctaHuHio. Takum
ofpa3oM, xapaxkrep rpadHKOB HArpyakH
AHAJIOTHYEH XapakTepy noTpebiaeHus.

[Trowasn 1o cyTOYHBIM H Tr'O0BbIM
rpaHKaMud Harpyaok ONpeLeNsiloT CooT-
BETCTBEHHO CYTOUYHYIO Jfup H rogoBYI0 Jhup
BbIpaGOTKY 3J€KTPOIHEprHH, T. €.

24

3=V 0a
4]
8760)
3:;1.1;): S NH (t) dt (227)

a

3aeck 8760 — obiee 4UCIO 4acoB B FOLY
(He BMCOKOCHOM).
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AHasloruuHo cTposiTCs rpadUKky TemIo-
BOr0 notpe6/eHns, Mo KOTOPbIM IIPOCHO3H-
pyerca TtenaoBas Harpy3ka Ha TIC.

Kauectso pa6orel TIC oueHusaercs
npex/e Bcero ¢e KoapPHUHEHTOM N0Me3HO-
ro feHcTBHA, 3aTpaTaMid TOIIMBA HA elH-
HULY OTNycKaeMo# MOTPEGHTENI0 EKTPH-
YECKOH U TEMNOBOH 3HEPruM H ceGecTOUMO-
CTBIO NPOAYKLHH.

Hasn tensosjekTpoueHTpadgedl noublil

KII 6pytTo

6p 3uhlp =+ thlp

TITalL——EE,——v (228)
t

rie Juup U Quup — KOMHUECTBO BhIpAGOTAH-

HOH 3JEKTPHUECKOH H TEIIOBOH 3IHEPTHH,

k/lx; B — pacxoa Tomausa, Kr/c.

JiA pacueToB TEXHHKO-3KOHOMHUECKHUX
nokazatened TILL onpegensior pacxossl
TOIVIMBA MO OT[AENbHOCTH Ha BbIPAGOTKY
TEMJOBONH B M 3/]IEKTPHUECKON B, 3HEPrUH.
Ilpu 3TOoM pacxol TomiMBa Ha BhIpaGOTKY
OTnyCcKaemo# noTpeGHTeNo TemI0BON 3Hep-
THH YCJIOBHO CUHTAIOT TAKUM XKe, KAK U NPU
ee BbIpaBoTKe HEMOCPEACTBEHHO B KOTJE .
Toraa

B, = 9‘;‘%; (22.9)
Q/nn
B,=B—B, (22.10)

rae B — o6umit pacxon tomnuea na TILI.



[Tpu TakoM meToge pacuera BCA BHI-
roja OT COBMECTHOH BbIPaGOTKH TENJNOTHI
M 3JEKTPO3HEPrHH TPHXOAUTCA Ha [0JI0
3/1EKTPO3HEPTHH.

KospduumeHnts Mnose3Horo AedCcTBHS
T3ALL 6pyTTO — MO NPOH3ROACTBY SJEKTPH-
yeckoit ¥ W Tensosoi 1 3Heprad —
Haxompsatcs no Gopmynam

6p LY
L 22.11
BLQ, #210
op — P 22.12
B 2212

B KOTODBIX HH[EKC «T» 03HaudeT rojoBhe
BbIPABGOTKY JHEPIHH W PacxOAbl TOIIUBA.
dopmyan (22.11) u (22.12) npuroansl
M AaA J1060r0 ApYyroro OTpe3Ka BPeMeHH.
Pacxog tonausa Ha K9C onpeneaser-
cfl Kak

6
B =N/(Qnisc)- (22.13)
COOTBETCTBEHHO PacXof TOIJIHBA HA Bbl-
paBoTKy eAMHHMLbI 3EKTPHYECKOH 3HePTHH
(yAenbHblli  PACXOA  TONJHBA), Kr /K,
paBeH

b=B/N=1/(Q/nc), (22.14)
a yleNbHbIl Pacxol YCJAOBHOrO TOMIUBA
(Qi=29 300 xx/kr) Ha BHIPAGOTKY
1 kBT .u 3/1€KTPHUECKOH 3HepPTHH,
kr/(kBT.u), BolpasuTca PoOpMYoi

b¥ =3600/(29 300m%c)=

=0,123/1%5c.

Opn ngh.=0,4h* =0,308 kr/(kBT-u).
O6bluHo  BenduuHa  bY  Bbipaxaercs
B r/(kBT-u).

®opmyna (22.15) npuroana rakxe AaA
onpejeneHyus yIeNbHOTO PACXOAE YCNOBHO-
ro TOMJAMBA, TNOMEALIEro Ha BBIPaGOTKY
anektposHepriun Ha TALL. B atoM cayuae
oHA uMeeT BHUI

b}, =0,123/m2}
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(22.15)

(22.16)

Ypenbublil pacxoi ycJOBHOIO TOMJHKBA,

33aTPAYEHHOr0 HA TPOH3BOACTBO | wJx
TEMO0ThH, BHipaxaerca Gopmynod
bY=10%/(29 300n%"). (22.17)

Takoe 3aBeilOMO WCKYCCTBEHHOE pas-
JenbHOe onpejeneHne Besuunn b, u of 1na
TAOLL B ycnoBusiX MJZHOBOTO XO39HCTBA
CCCP cTuMyaupyeT MPOH3BOACTBO 3Je€K-
TPO3HEPTHA HA TEIIOBOM MOTPeC1eH 1d.

Nas TRU B, u b, noacHHUTAHHSE 1O
(22.10) # (22.16) o0Ka3bLIBAOTCA HUXKE,
a n% no (22.11) — seiute, yem ana KIC.

YpenbHul# pacxol YCJNOBHOrO TONJMBA
HA eIHHHUIY OTNYULEHHOMH 3Hepruu b, pac-
CUUTHLIBAETCA MO 5THM e GopMynam, TOMb-
ko Bmecro KIIJl 6pyTTro B 3HaMeRarenab
cnesyeT MOACTABJSATh COOTBETCTBY OULIKH
KIT[ nerro.

B cpennem no TIC B 1986 r. yae 1bHbIH
pAcXojl YCJOBHOrO TOMJHBA HA OTMyLIEH-
ubifi KBT-u coctasun 327 r. CHIKEHF 10 b3
CMOCOGCTBYET COBEpIIEHCTBOBAaHHE ((OpY-
nopauust TAC n passurve ceth TILL
YaeabHulil pacxold yCJOBHOrO TOMIMBA HA
ormyck 1 r/Ix Tenaoth B 1986r. 8 ZCCP
coctaBua 41,32 Kr.

O6061eHHbIM  NOKa3aTeneMm paGoThl
5/IeKTPOCTAHUMH SIBARiETCA ceGecTor MOCThb
suepruu. (N5l 31€KTPUIECKOA IHEPTIHN OHA
cocTasasier 0,6—1 kon/ (kBt-u), Tei noo#t
(na TALL) — oxono 0,5 py6as 3a 1 rflx.

22.4. ATOMHDBIE ANEKTPHYECKHE
CTAHUHH

Ha aTOMHBIX 3JIEKTPUHECKHX CTAHLM IX Tel-
JNoBAs 3HEPrus, CAyXKallasa A NPOH3t OACTBA
napa, BbileJIAETCH NpPW [eJeHHW Flep dTOMOB
BellecTBa, Ha3blBAEMOro SAAEPHBHIM TO LIMBOM
(ropio4nm) . SlaepHbIM TOPIOYHM CJYKHT B OCHOB-
HOM 06orallleHHbIH NPHPOAHBIA ypaH 2381 5 cme-
cn ¢ ypanoM ¥U. HauGonee ocBoeHHbIMA 3HEP-
reTHUeCKHMH PeakTopaMy SBJAATCA BOJI-BOAS-
sisie (BB3P). Takod peakTop [peac aBjseT
co6Ol MeTasIHYEeCKHiT KOpnyc C pa3Mell *HHbIMH
B HeM Kacceramu. Ka)aasd kaccera COCOHT M3
METAJIMYeCKOro KOXYXa ¢ cOGpauHbIMiH B HEM
LHJIMHIPHYECKHMH CTEPXKHAMH. CrepxHH,
B CBOIO O4Yepelb, COCTOST M3 TOHKOCTEHH )i LHP-
KOHHEBOM O6GOJIOUKH, 3alOJHEHHOH /pAHOM.
CTEP)KHH ABJAAKTCA TEIJIOBLIACJASIOLLIAIA 3Je-
MeHTaMHu (TBIJAMH).

Uepes KOpyc peakropa, T. €. Uepe3 (acceTsb!
TB3/108, HACOCAM¥ [POrOHAETCH TEeNJOH JCHTENb
(Bona), kOTOpHI HAarpeBaeTcs 3a cyeT T2MJOTAL,
BbULENSAIOLLEHCS B PE3yabTaTe PeaKUHH (E/CHHS
fAePHOro TOMINBA.
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Slnpa atomos ypama U o6nagaior cro-
COGHOCTbK) CAMOMPOU3BOMbHO JeanTbed. Ockon-
KM AEJEHUA Pa3NeTaloTcs ¢ OTPOMHON CKOPOCTbIO
(2-10* xm/c). 3a cuet npeo6pa3oBAHUA KHHETH-
4ecKOH 3SHEPrHH 3THX 4acTHU B TelJOBYIO
B TB3J1aX Bhblaeasercs Go/bliloe KOJHUECTBO Tel-
aotel. [Ipeonoserb MeTasaHueckHil KOXYX TB3AA
€noco6Hbl TOMbKO Helitponul. [lonanas B cocen-
HHE TB3J1bl, OHH BHI3bIBAIOT AeseHHe sigep °U B
HHX M CO3Aa10T LUEIHYIO fAEPHYIO peakuHio.

Boaa, fABassick TemIoHOCHTeNeM, OLHOBpe-
MEHHO BBIIIOJIHAET TAKKe POJb 3aMeJIHTeNs Hel-
TpoHOB. [l1s1 moAmepaHHA UenHOH peakiuu
HY)KHBl 3aMeleHHble (TenaoBble) HEHATPOHHI,
CKOPOCTb KOTOpPbIX He TpeBbiliaer 2 kM/c. Mmen-
HO JBOSIKAA DOJb BOAbl B PEaKTOpe MOLOOHOro
THNA ONPE/ENNIA ero Ha3BaHHe — BOAO- BOASHOH
sHepreTHvyeckHil peakrop (BB32P). Takoi peak-
TOp HA3blBAIOT TAKKe pPeakTOpOM HAa TeMJOoBbIX
(MeAneHHBIX) HEHTpPOHAX.

Cxema A3C, B KoTopo#l nap, HanpasJsiemMblil
B TYpOHHY, IPOH3BOAHTCS PEAKTOPOM, Ha3blBAET-
CA O/IHOKOHTYPHOH (pHuc. 22.6, a).

Boaa, B ocobeHHOCTH cojtepxailasn TBepnle
NPHMECH, CTAHOBHTCH B KOpNyce peaxktopa pa-
AnoaKTHBHOH. [lo3aToMy B ogHOKOHTYpHbIX ADC
Bce obopyloBaHdHe paBoraeT B PaiHalLHOHHO-
AKTHBHBIX YCJIOBHAX. 3TO YCJAOMKHSAET €ro 3KCnay-
arauuio. [IpenmyulecTsoMm HX fBJASIETCA JHWD
NPOCTOTA KOHCTPYKUHH. B aByxkoHTypHBHIX ADC
(pHc. 22.6, 6) KOHTYpbI NMEPBHYHOTO TENJOHOCH-
TeJad H paboyero Teaa pasfeneHbl. TenoHocH-
Tellb, UHPKYJIUPYIOULHI B IEPBOM KOHTYpE, ABJIA-
€TCHA HCTOUHHMKOM TEIJIOThl AJdf BTOpPOro KOoHTYpa,
B MapOoreHepupyiouemM ycTpoHCTBe KOTOpOro o6-
pasyerca nap A5 NapoTypGHHHOH YCTAHOBKH.
B stoMm cayuae paGouee Teno o6ianaer sameTHO
MEHbIEH pPaAHALMOHHON aKTHBHOCTBIO, UTO yII-
poulaet skcnayarautio A9C.

Utobut u36exaTh B TEPBOM KOHTYpe peaKTo-
pa BCKHMAHHKA BOJbI, HEOOXOAUMO MNOLLEPKHBATL
B HeM 0oJ/iee BbICOKOE JaBJIEHHE, YeM JaB/eHHe
napa BO BTOPOM KOHTYpe LBYXKOHTYPHOH cxe-
Mbl. [lAA yMeHbUIEHHA [ABJEHHA B peakrope
MOMKHO UCTIONB30BATL BhICOKOKHIAWMH TENIOHO-
CHTeJsIb (OpraHH4ecKHe MKHUAKOCTH, KHAKHE Me-
TaJNbl, KHISLIHE TPH BbICOKHX TeMMepaTypax
NIPH OTCYTCTBHH 3aMETHOTrO H3GLITOUHOrO AaBJe-
HHH) WKW ras.

[as cywectsywownx ADC xapakrepeH HH-
3xui neperpes napa. [lap nocrynaer B TypGuny
HACBILEHHBIM, NI0ITOMY I[pH AOCTHAEHMH [Ipe-
[eJIbHOM BJAKHOCTH (N0 YCJIOBHAM 3PO3HOHHOrQ
H3HOCa JoTmaToK 8—12 %} OH BEIBOLATCS U3 1IPO-
MEKYTOUHBIX CTYNEHEH TYPGHHBI H pOlycKaeTcs
yepes cenapartop AN OTAEJEHHS BAACH, @ HHOrAa
M uyepe3 rnaponeperpeBaTelb, 3aTeM Nap CHOBA
1ocTynaer B MOCAeAYIOULHE CTYITEHH TYpOUHbI.

Pa3ssutue u cobepuieHcTBoBaHHe 060pyao-
sauus ASC nozeonuio nosnicitb KITJ a0 35 %,
d eJHHHUHYIO MOWHOCTL 3HEProGIOKOB JLOBECTH
A0 1000 MBt u 6onee. Ce6ecTOHMOCTL NPOU3BO-
auMoit Ha ADC 3/eKTPO3HEPIHH COM3MepHMa
¢ ce0eCTOMMOCTLIO 3JIEKTPOIHEPIHU, OTHYyCKAe-
Mol TOC, HCONb3YIOLUHMH OpraH{vecKne Tom-
auso. Hanpumep, cefectoumocTb 3J€KTpO3HEp-
rMM Ha JIeHUHrpaACKOH ATOMHOM 3JEKTPOCTaH-
u1u  MoulHocThio 4000 MBT cocrasnser npu-
mepHo 0,5 kon/ (kBt-u).

K nacTofilleMy BpemMeHH NOABHJUCHL H ApY-
rue Tunbl peaxkTopos. McnosbioBanue, Hanpu-
Mep, PeAaKTOPOB-pa3MHOKHTeJeHd Ha OLICTPBIX
HeﬁTpOHaX NO3BOJASAET BOCNPOW3IBOAHTHL A4EPpHOE
ropodee Ha 25-—40 % OGosblue 3aTpayeHHOro
tonauea. [lpu stom w3 2*U, uaxomsiwerocs
B peaxrtope Bmecte ¢ **3U, nosyuaerca nayTonHi
29Py. DTOT HCKYCCTBEHHO MOJYYeHHbIH H30TON
IJIYTOHUA (B NPHPOAE OH He CYLLeCTBYeT), Tak

(To

) g

Puc. 22.6. TlpuHuunransHble cxeMbl OLHO- M ABYXKOHTYpHBIX ADC:

a -— OLHOKOHTYpPHAA CXeéMa; 6 — LBYXKOHTYpHaR; / — peaktop; 2 — typ6uua; 3 — naporeneparop; 4 — KOH-
AesxicaTtop; 5 — neasparop; 6 — cenaparop; 7 — napocGOpHIK, 8 — KomneHcaTop o6bema; 9 — KOHAEHCATHLIA
Hacoc; /0 — UKPKYJAAUHOHHBIA HAcoe; /] — MUTATeNbHBIN HAcoc; /2 — HPOMEKYTOUHBIH naponeperpesaTtent
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we Kak # 2%U, sensieTcs iAEPHBIM TOPIOUHM,
MOCKOJIbKY JIErKQ CaMONpPOH3BOJIbHO AEJNHTCA.
OcHoBrbIM aocToMHCTBOM AJC  aBasiercs
HE3aBHCHMOCTb OT HCTOUHHKOB ChIpbsl (YPaHOBbLIX
MECTOPOXKAEHHIA) 61arofapa KOMNAKTHOCTH [O-
pIOYEro, JEerkocTH €ro TPaHCMOPTHPOBKA M Mpo-
NOJKHTENBHOCTH Henoabaosahusa. Ha Hososopo-
nexckoil ASC na BepaboTky | MaH. KBT-u anek-
TPO3HEPrUM pacxojyeTcsi Beero okono 200+ ypa-
Ha, YTO 3KBMBAJEHTHO apumepro 400 T yras.
Akonoruyeckan yucrora A9C MHOCO Bbhillle,
yem TIC, paboraroieil Ha OPraHHYECKOM TONH-
Be, a4 BEPOATHOCTb aBapuH Ha HHX HMUYTOMKHA.
[Moatomy aToMHas 3HepreTiHka 6yAeT pa3BHBaThL-
csi u B 6yayuiem. Bo ®paduuni, Hanpumep, B Ha-
crosiuiee Bpemst 70 % 3/eKTPO3HEPrMM Bhipaba-
toiBaercsi Ha ADC. [lo mepe passuTus 6e€30-
naciocTs ADC HEYKNOHHO [OBbILLIAETCA, MNPH
5TOM YYHTHIBAETCS H OMLIT HMEBUIWX MECTO, XOTH

fnasa ABaguaTe TpeTeL A
TENAOCHABXEHUE

H MAJOUHCTEHHbIX, aBapuil, B TOM UHCI K Ha
UYepro6biabckod A9C B Hawed cTpaHe.

Konrpoasnste gonpocst u 3adauu

22.1. [Moyemy B KauecTBe ManeBpeHHoIX MO-
FyT GLITb NpesdoxeHbl rasorypbunasie TIC?

22.2. OnpefennTb yACALHbIA PACXOL YC/I0B-
HOro Tonnusa Ha npouspoacTeo | [k Tenaorhl,
ecan KI1J1 koTeabHoro arperata paBeH 35 %.

22.3. OueHHTb yAelbHbli DACXOL YC(JNOBHO-
ro TOMAHBA, 34TPAauyeHHOro Ha  BupAGOTKY
snektposteprun Ha TALL npr KIUL c-asumu
6pyrto 38 %.

22 4. Uem rpaduk norpebaeHHR 3J.€KTpO-
SHEPTHH OTJAUUAETCS OT rpadiuka HATPY3IK 1 3JeK-

TPOCTARUNH?
22.5. Uto 03HAYa0T CJaelylilde Ha3BaHWs
TENJAOBBIX  3JEKTPHUECKHX cTaHUKH: K3C,

FP3C, TALL. Uto Mexay HMMH OOLIETO | B UEM
passiunuue?

23.1. OBUIHE CBENNEHHA

Pa3annualoT ofeciiedeHHe  TenaoTol
MPOMBILLNEHHBIX NPEeANnpPUATHA —— NPOMbILI-
JNeHHoe TemnocHaGiKeHHe H KOMMYHa/b-
Hoe — mojaua TemIoThl B JKHJble H 06-
uecTBeHHbie 31aHuda. [as nepegays renyao-
BOil 3HEPTHH OT HCTOYHHKA K MOTPEGHTENI0
HCNOJb3YIOT pa3/iuyHbie TEJOHOCHTEH.

dbiMoBble Ta3sbl MNPUMEHAIOT Ha
[IPOMBILLIIEHHBIX (IPEANPHATHAX (B MeTa-
JIYprudeckHX Nnedax, Tonkax KoTA0B U T. 4.)
/18 HEMOCpPEeACTBEHHOrO 000rpeBa pasJHy-
HbIX MaTepHaJOB H H3AeNHA Npu Temnepa-
typax 600—2000 °C. HMx ocHoBHOe n0CTO-
MHCTBO — BBICOKAaA Temnepartypa npu oOr-
cyTcTBHM H36hITOuHOrO AaBaenus. Heno-
CTaTOK — HHM3KHH KOIQ(HUUHEHT Telao0T-
a4y OT rasa K oforpeBaeMoMy marepHaly,
Masoe KOJHUYECTBO TEIIOThl, NEPEHOCHMOe
elWHHLeH ofbema rasa, HEBO3MOXHOCTh
TPAHCIIOPTHPOBAHHSA [axe Ha HeOoablHe
paccTosiHHs (BCAEACTBUE OTCYTCTBHA [aB-
NeHKss B TOMOYHOM YCTPOACTBE).

B HM3KOTeMNepaTypHBIX NpoLeccax He-
NOJIb3YIOTCs O6GbIUHO BOJAA H BOAAHOM
nap. ITH TENNOHOCHTENH NO3BOJSAIDT MO-
Jy4aTb BbICOKHE KO3()PHUHEHTHI TensooT-
fayd B TemyooOMeHHBIX anmapaTa(, OHH
fJelieBbl H MOCYT TPAHCMOPTHPOBATLCA HA
3HAUHTE/NbHbIE PACCTOAHHA, TepsAst M) NyTH
OTHOCHTEJNbHO MaJlo TEMNOTHl. [1151 3KOHO-
MHUHOU pa6OThi Beell cHCTEMbl TemsdcHa6-
WKeHHS, 06 beJHHAIOILEH HCTOYHHK H NOoTpe-
6HUTeNb TENJOThl, KeaaTejeH c60p W BO3-
BpaT o6pasywulerocs H3 napa KOHLEHCATa.
UHCTOTY 3TOTO KOHAEHCATa TPYAHO ¢ Gecnie-
yuTh. TakK, KOHIeHcaT, o6pa3yloLiHiica
B nojorpesaTensx HedTenpo 1yKTOB
W pacTBOPOB KpacHTeJeH, YaCTO B HCTOUHHUK
TeMIOThl He BO3BPALLAeTCSH, NIOCKOAbKY NPH
BBIXO/IE W3 CTPOSl HATPeBATeJbHbIX TpyGOK
Tenn00OMEHHHKA-TIOAOrpeBaTenss  KOH/eH-
caT 3arpsiaHfeTcs M CTAHOBUTCS HEDPHIOA-
HbIM [JI MHTAHHS KOTJIOB.

B npoMblULIeHHOCTH AJS TeXHOJ OTHYe-
CKHX MPOILECCOB NPeHMYLLECTBEHHO ¥ CMOJb-
ayeTcs cJierka neperpetbiii map ¢ LaBAeHH-
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em 0,6—1,5 MIla, a aaa oronjeHHs mpo-
M3BOJCTBEHHBIX MOMELIEHHA H Harpesa
BO3/1yXa, MAYLLErO Ha BEHTHJSIHIO,— TO-
psuas Boaa. [lap nopaercd ua oTGOpOB
Typ6un  Tennoanekrpouenrpaneii  (TILL)
n1u60 HernocpeacTBEHHO U3 KOTJOB, OObIYHO
tuna JIKBP, uau KOT/IOB-yTHAK3ATOPOB.
Tak ocyulecTBAsieTCA UEHTPANH3OBaHHOE
Tena0CHabxeHue.

KoMMyHansHoe notpeGieHnne BKIIOUAET
pacxonsbl TEMmJI0Thl Ha OTOMJIeHue
M BEHTHJALHIO, AAMHHHCTDATHBHBIX, 0O0-
LIECTBEHHLIX M MUJBIX 34aHUH H HA GbITO-
Bble HYXJbl (ropsiiee BodOCHaGkeHue).
KomMyHanbHOe TensocHabeHdHe Takxke
ocyllecTBAsieTcsl UeHTpadu3oBaHHo. Lleu-
TpaAu30BaHHbIA OTRYyCK TenaoTel oT TALL
M pafioHHBIX KOTeAbHbIX C BOLOTPEHHBIMH
koraamu nokpeiBaet B CCCP B HacToslLee
BpeMs OKOJIO TPeTH BCEro TeIJIOoBOro fo-
TpebJaeHus.

OronieHde B Hallell cTpaHe ocylie-
CTB/ASIETCS, KAK NPaBHJO, mojaauelt K mo-
TpebUTENIO HArpeTOl BOABI, T. €. TEMNJAOBble
ceTH siBAsIOTCS BoasHbIMU. Mcnoab3oBaunue
BOJIbl B KAUECTBE TEMJIOHOCHTENS B OT/JAHUHE
OT Nnapa ¢Bf3aHO C BO3MOXHOCTBIO pery.iu-

POBAHUA OTIyCKA TeMI0Tbl H3MEHEHHeM
TeMmmepaTypbl TeIIOHOCHTeNd, OoJbliel
AaNbHOCTbIO TeMJIOCHA6XKeHHUAA, a TaKxe

BO3MOXHOCTbIO coxpaHeHus Ha TILL kow-
IleHcaTa rpemwuero napa. [Ipumenenue Bo-
Jbl BMECTO 11apa B TEMJIOBbIX CETAX H OTO-
nuTenbHbIX npubopax (paguMartopax, Tpy-
6ax W T.A.) TNO3BOJAET, KpOMe TOro,
MCKAIOYHTb WIYM MpPH UX paboTe H UMeTb
OTHOCHTEJbHO HEBBICOKHE TemIiepaTypbl
rpelolLHX NOBEPXHOCTEH, UTO noBwiaeT Ge-
30MACHOCTb HX 3KCIYaTalUM U HCKAKOYaeT
pasJoxeHHe oceBlUeH Ha HUX NblJIH, PE3Ko
YyCHJIMBAIOLIleecst NpH TeMIepaType Bblllle
80 °C.

23.2. TENNOCHAB)XEHHWE
NMPOMDBILUJTEHHDBIX MPEATIPHATHR

Hcrounuku  tenaorel.  OCHOBHbIMU
HCTOYHMKAMHK  TeHJoThbl  (ropsAivyed  BOAbI
u napa) ssasiioresi TOLL U korenbHble.

Hcnonb3oBanne geuieBbiX, KOMIAKTHBIX
TpaHcnoptaGedbHblX  NApOBbIX  KOTJOB,
a TakXxe BOAOrpeldHbIX KOTJAOB GOJbiIOH
MOLLLHOCTH MO3BOJISIET ¢ MUHUMAJbHBIMHU 3a-
TpaTaMH Ha COOpY)KeHHE HCTOYHHKA TEMJo-
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Thl 0GecrneyuTh TenaocHaGKeHUe MpeanpH-
ATHH B TeX MeCTax, e BBOX B JeHCTBHE
T3LL orcTaer no BpeMeHH OT BBOIA TeILIO-
Boix norpe6ureneii. ITocne BBoja B j1eHcCT-
sue TILL 3TH BoAOrpefiHbIe KOT/bl HCIIOJb-
3YIOTCH JUIA [TOKPLITHA NMKOBOH HACTH Tel-
JIOBOH HArpy3KW ¥ pe3epBHPOBAHHUS TEIUIO-
CHaOKeHHUs.

Hemaayio ponb B ofwmen Gasance Ten-
JonorpebaeHus MpeanpUsITHSI MOTYT HIpaTh
KOTJIbl-YTHAH3ATOPH U YCTPOHCTBa Henapu-
TeJBHOrO OXJaXAEHHH TEeXHOJOI'HYEeCKOro
o6opyaoBaHus (cMm. paJjiee r.a. 2). Ha psape
NpeanpUATHH 3d CYeT UCNONb30BAHUA BTO-
PHYHBIX 3HEPrOPEecYpPCOB [OKpbIBAETCS [0
MOJIOBUHH ToTpeGHOCTH B TennioTe. B ka-
HeCTBE MCTOYHHKOB TEIJIOTBI MOI'YT TaKxXe
HCMO/1b30BATbLCA ATOMHbLIE CTAHUHH TEMJ10-
cHabxenus (ACT), npeacrasasiomue co-
60H 10 CyillecTBY aTOMHbIE KOTJbI.

PexHmbl  TenaonoTpebJaeHns  UMEIOT
3HaueHHe NpH [JIAHUPOBAHHH TelsocHal-
KEHHA paccmarpdBaeMol oTpaciu npo-
MBILIEHHOCTH, OCOGEHHO €& TEeIJ0eMKHX
NPOH3BOACTB, M NJAAHHpPOBaHuu paGoThbi
T3 (koreabhoit). Umest roposoil rpaduk
rennonorpebaeHust  (puc. 23.1), MOXHO
MOACYMTATb OOGILHI TOA0BOH pacXod Tenjo-
Thl Qr, KaK MJOLLAJb MOA KPHBOH TEMJOBBIX
Harpysok.

PexumMbl pacxoLoBaHHsl TEMJOTbl pas-
JUUYHBIMH TNPeanpUATHAMH pasaudnbl. Cy-
LeCTBYIOT noTpe6uTe/H, pacxoLyloLlde
TENJOTY KPYrJbld roj, HanpuMmep ropsiyee
BONOCHAGKEHHe, HO HEePaBHOMEPHO (B Te-
YeHHe CYTOK, HelesH, MecAlua u T. A.). He-
KOTOpble NOTPeGUTENH PaCXOAYIOT TEINOoTY
B TeueHHe Bcex AHell HejesH, Apyrue mo-
TPEOAOT €€ HAa TEXHOJNOTHUECKHE HYM bl

QKA [
N 7 2

T ——"r
r’{
xXi

§

|
WDV |V (VEVINIT| X X |XT X
MecaLy s/

Puc. 23.1. Foposoit rpaduk norpeaenust Ten-
JIOThl NPeANPHATHEM:

[/ — HepaBHOMepHoe, 2 — paBHOMepHOe tloTpebieHue
TeNnMOThl B TeHeHHe rojga



Wb B pa6oude AHH, a B Cy660TYy H BOC-
KpeceHbe OCTABJAIOT paGOTaoULUMH TO/b-
Ko cHcTeMbl otomnsenusi. HepamHomepHoe
notpe6aeHne TeNNOTH B TEYEHHE CYTOK Xa-
PAKTEPHO /15l PEANPHATHI C OLHO- H ABYX-
CMEHHOH paboTOoi.

HauGonee papHoMepHbie CYTOUHBIE Fpa-
(PMKH TENJOBONl HATPY3KH HMEIOT TNPEAnpH-
ATHHA C TEMVIOEMKHM TEXHOJOTHYECKHM Ipo-
leccoM, He JONYCKAlOUWMM fiepephiBOB.
K HHM OTHOCATCA MpeinpHSTHA XMMHUE-
cKoil, HedTenepepabarbiBaollel, PE3HHO-
TeXHUUECKOH, aJIOMUHHEBOH M APYTrHX OT-
pacseit NPOMBILIIEHHOCTH. Tag, 3dUMHSAS
cpenHecyTOUHasd Naposas Harpyska HedTe-
nepepa6aThiBaloLero 3aBORa COCTABARET
oKkodio 95 9% MakcuMmaJ/bHOW, JIeTHAS —
OK0J10 65 % 3MMHEro mMakcumyma.

[MorpeGHOCTL NPEANPUATHS B TenJI0BOH
3HEPTrHM Ha TEXHOJNOTHYECKHE U CAHMTapHO-
TeXHUYECKHE HYXAbl PACCUHTHIBAETCH HC-
X048 H3 yleJbHHX PacxofoB TENJOThbl Ha
elMHUUY rpoayKuuu. Hopmel yIeAbHBIX
pacxoloB NMPHBOAATCA B (2, 15, 17].

25.3. OTOIIEHHL

Tenaosas Harpy3aka. Pacxoi TemaoThl
Qor HA OTONVIEHWE, PABHbIA TENNONOTEPAM
3/ aHHS, CUHTAETCH MPAMO NPONOPLHOHA b
HbiM O6beEMY 34aHHA (N0 HAPYXKHBIM pas-
mepam) V W pa3HOCTH Temneparyp BO3Ayxa
BHYTDH MOMEILEHHS foy M HAPYNKHOTO BO3-
AyXa fuap, OPHEHTHPOBOYHO MOXET 6uiTh
noacyuTaH no dopmysne

Qor = tarV (tau— tuap)- (23.1)

30ech  Gor — KO3PGHUIHEHT, Ha3blBaeMbli
OTOMHTEIbHON XapaKTEPHCTHKOH 31aHHUSA.
Benuuuna V — B m°, temneparypa B °C,
a Qor noayvaercs B k[ /4 uau kBT B 3a-
BMCHMOCTH  OT  €IMHMLbI  H3MEPEHHHA
oter (KK / (M* -4 - K) niim kBt/ (M- K)].

B 3aBHCMMOCTH OT THna u ofbema 31a-
HH oy H3MeHsieTcs B CJaelyioliux rnpe-
fenax: ANf XKUJIbIX 31aHHi 06BEMOM (50—
100) - 10° M? KO3 PUUKEHT otor=12-+ 1,4
IR MPOMBILIIEHHBIX 31aHHA Q=06+
1,7 kIx/(M*-K).

Temnepatypa BO3AyXa e AO/KHE MOA-
NepXKHUBATHCH 18, 20 u 16 °C coOTBETCTBEH-
HO B MKHMJBIX TIOMEILEHHAX, AETCKUX YUPEeX-
JAEHHMAX, WIKOJaX H B HHCTATYTAX, KAy6ax,
Tearpax. TemnepaTypa HapyxHOro BO3Ly-

7  TennoTexHuka

X2 tyap B 32BHCHMOCTH OT K/IMMATH-€CKUX
YCJOBHI MECTHOCTH H Ce30Ha U3MersieTcH
B WIMPOKHX fipefenax, Hanpumep, B cpei-
neit nonoce esponeiickoit vactn CCCP npu-
6ansuTe o or — 35 °C no +35°C Kau-
MaTOJOrHYECKHe JaHHbie, BKJIOUZ 1OUIHE
TeMnepaTypHbie yCJAOBUS MECTHOCTH 4 11pO-
AOJKHUTEJIBHOCTh  AEHCTBHA  PasJadHbIX
TeMmepartyp, TaKxe NPUBONATCH B JiTEpa-
Type [13,15].

B coorsercTBUH ¢ Qopmyaoi (23.1)
PacXOA TENJOTH Qor HA OTOMJEHHE 3AAHHS
MAM LeJoro paiioHa MpY MPHHATBIX 3HAde-
HUSIX gy M fyap JHHEHHO YBEJIHUMBAETCS
C yMEHbIUEHHEM fuap (PHC 23.2). bonee na-
rASIAHO JHHeHHas 3aBHCHMOCTb Qor=
= (fusp) C/CAYET W3 ypaABHEHH TELloNe-
pejaud  4yepes  OTPaKAEHHd  {CTEHbI
M T.a 332aHHR): Qor=A&F (taw—1lsa), TAE
k — KO3(phHLHMEHT Tenaonepenadn; F—
naowans orpaxaenus. Co6erBenHo, Bbipa-
wedne (25.1) ecTb MoAMPHKAUUA ITOrO
ypapHenns. T1pH MOBbilIeHHH TEMNEL aTypEl
HAPY}KHOTO BO3JyXa [0 YPOBHS fs 3Hade-
nne Qor=0. OnHako Bo M3bexaHue nepe-
rpesa W /A IKOHOMHH TOMJHBA C /HETOM
aKKyMyJHpylolle#  CMOCOGHOCTH sJaHuR
NMPHHSATO BBIKAKOYATh H BKAOYaTbh CTOIMJIE-
Hue B paGoOTy NpH TEMNEPATYPaAX HA[YKHO-
ro BO3/[yXa HHXKE TEMIepaTyphl nome LeHUH
(06b1uHO NPH lyap=8-10°C). Tlp4 37ux
TeMTepaTypax OCTAaeTcd TOMbKO rapsuee
BofocHabxeHue.

Hau6osee HH3KHe TeMmlepaTypbl Ha-
PY2KHOTO BO3yXa nepxarcs o6LYHO HeRo -

ro. Jlnsa MocKkBbl, Hanpumep, ML HTelb-
Qor*48uir
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Puc. 23.2. 3aBucHMMOCTb HaCOBOTO pacxoja Tef-
JOTH Ha oTtonnenHe Qo W NOKpuITHE GLITOBOM
HArpyaku Qeur OT TEMIIEPATYPEl HAPYKEOMO BO3-
gyxa (sieBbiit rpaguk) H ropaosas MpOLOTKH-
TEJBLHOCTb 3THX HArpy3oK (HH3LIas picdeTHas
Temfepatypa Hapy:KHOTO BO3/lyXa NpHHATA pas-
Holt — 36°C)
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HOCTb [JeHCTBHS (CTOSIHMS) TemmepaTyp
—25°C M HUMKE COCTABAAET OKOJO
50 u/rog. C Uenbld CHUXEHHS KanHTanb-
HBIX 3aTpPaT U C YYeTOM aKKYMYJHpyoile#
CMOCOGHOCTH 3MaHUA HH3IIYI0 DPACUETHYIO
TEMNEPATYPY HAPYMHHOrO BO31YXa [IPH Npo-
EKTHDOBAHUH CHCTEM OTOIJIEHHs NPUHUMA-
10T HECKOJIBKO Bbillle HH3LIEH TeMepaTyphi,
HabJioaaBwedcst B 4aHHON MecTHOCTH. Tak,
A1 MOCKBB HM3LIas pacdeTHass TeMmnepa-
Typa (cpeaHssi HauGosee XONOLHON OSITH-
AHEBKH M3 4YeTblpex Haubogee XOJ0LHBIX
3UM 3a 25-7eTHU# nepuoa) ANS npoexTHpO-
BAHHSA OTONJEHHS NPUHATA paBHOil — 25 °C

(npu QAaKTHUECKH Habawonasweics
—35°C u nHuxke), ans Ceepanoscka —
mutyc 31 °C.

[To M3BECTHOH AJHTENBHOCTH CTOSAHHA
TeMNepaTyp HAPYMHOIO BO3AYXa CTPOAT
rpaguk roaoBoll NMpPoOLONKHUTENLHOCTH Ten-
JIOBBIX HArpy3okK (lpaBasi 4acTb puc. 23.2).
Bpemsi AefCTBUA OTOMMTENBHO-BEHTHASILLH-
OHHOW HATPY3KH {MPOAOIKUTEALHOCTb OTO-
NUTEIBHONO  Ce30Ha), COOTBETCTRYlOLLAS
ANUTENBHOCTH CTOSIHUSI TEMNEPATyp HHKe
8--10°C, B pafione MockBbl cocTasjser
npumepuo 5000 u/roa npu o6iuedl nponon-
KHUTENbHOCTH roga (HEeBHCOKOCHOrO)
8760 u. Tem He MeHee B 11eJ10M TeNIOBas
Harpyska Tnpu HaJHuHM GLITOBOH cOXpaHs-
€TCH KPYrJbli rof.

Tennosan cerb. PeryaupoBanue or-
nycka rtemaorel. LlUpkyasuusi soam B ce-
Td. Cucrema HEHTPAJIU3OBAHHOIO TEMJIO-
cHaGxenus 3naHui (puc. 23.3) Bkawouaer
B cebs:

1) yerpo#icTBa ans npoussoacTBa Ten-
JIOBOM HEPIMH — MCTOUHHKM TEMAOTHl {Mno-
JlOrpeBaTe/iM CeTeBOH BOALI, yCTaHABJAUBAe-
Mble Ha TALL unu Boaorpeiinbie KOTAL);

)

In

3

Puc. 23.3. OcHoBHbIe 3eMeHTHl CHCTEMBI TEMO-
CHaOMeHUs1 3JaHuil:

| — HCTOYUHHK TennoTw; 2 — TennoBas CceTh; J —
31aHHMA C MECTHBIMH CHCTEMAMH NOTpe6uTeNel Tenao-
Tol; T/1 — TensioBbie NyHKTH
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2) Tennosble ceTH, COENHHALLUE
MCTOUHHK TENJOThI C TEMAOBLIMH MYHKTAMH;

3) rennoewe nywkrw (TI),
pa3melllaeMble BHYTPH HWJH BHE 31aHHH.
B TennoBhix nyHKTax nponcxomuT pacnpe-
JesleHue, peryjMpoBaHie W yyer pacxoaye-
MO# TenJoThl;

4) MecTHble cHcTeMbl notpe6uTeneil
TEN/NOTHl, pasMellaeMble B MOMELLIEHHSX.
MMeHHO OHM HcnodbaylT noaBOAUMYIO
TEMJIOTY.

TpyGonposoanl  ropsidedl  (mpsMoit)
W OXJaXAEHHOH y noTpeGurenst (o6par-
HOM) BoAbl 06pa3ylT TEMIGBYK ceTh. Bo-
Aa, UMPKY/IUpYIOLLas B CeTH, HMeHyeMmas
ceTeBOH BOAOH, HArpeBaeTcs B NapoBoOAs-
HbIX Tenynoo6MeHHHKax TIIl (cetesnx no-
NorpeBaTtesisix) NapoM M3 OTGOPOB TeMAo-
GHUKALMOHHBIX TYPOUH, B BOAOTPEHHBIX KOT-
Jlax WK KOTJIaX-yTHAU3aTOopax.

B oronutenbubix npuGopax (pagmaro-
pax, KOHBexkTOpax) y noTpeGurTenen uc-
MOJb3YIOT rOpAYYi0 BOAY C TemrepaTypoil
He Bhile 95 °C. OaHako TenaotTy Qor+ Qeur
9KOHOMHUUHEeEe TpaHcnopTUposats ot TIL]
HIKW UeHTpasbHOA padoHHOH KOTeNbHOH
C MOMOLLBIO MEHbLIEro KOJHYECTBa BOALI,
nojorperoii 40 Gosnee BhICOKOH Temnepary-
PBl, NO3TOMY B KPYMHBIX FOPOAax Temmepa-
TYpa npsiMOH ceTeBOH BOAB NpPH HU3LWeEH
pacyeTHOA TemnepaType HapyXHOro BO3-
ayxa pocruraer 150 °C. B 3oHe norpe6ure-
JIS IPAMYIO BOLY OXJ1aXAAI0T NOAMeIXBa-
HHUEM K HeH HEKOTOPOTO KOJAH4YECTBaA OX-
JaxAeHHOH Bo3BpaTHOH (06paTHOH) BOAMI
¢ TeMmnepatypoil 20—70 °C.

[Toanepxanue noctoauHo# Temnepary-
pbl B nNOMEUEeHHAX (peryiMpoBaHue OT-
NyCKa TenaoThl Ha OTOMJIEHHE) (PH H3Me-
HAULEACA TeMnepaType HapyMXKHOrFo BO3-
AyXa M HEU3MEHHOH TenuaooTaawuied no-
BEPXHOCTH OTOMHMTENbHBIX NPHOGOPOB OCy-
ILECTBASIETCH OObIYHO U3MEHEHHEM TemIe-
paTtypbl npAMO# BOAB B NOAAIOLLEH JUHHH.
drta TemnepaTypa H3MeHSIETCH NPHMEpPHO
JIHHEHHO B 3aBUCHMOCTH OT TEMNEPaTyphl
Hapy»Horo mosayxa. Takoe peryauposa-
HHE OTOMUTENIbHOH HATPY3KH HOCMT Ha3Ba-
HHEe Kda4YecTBeHHOTro BoamoxHo Tak-
Xe KONUYECTBEHHOE peryjiupoBaHde
M3MEHEHHEM pacxoia CeTeBOH BOJAbI, HO
OCYLLLECTBUTL €r0 3HAUYUTENbHO CAOXKHEeE.

OTnyck TennoTbl Ha GLITOBbIE HYM bl
Hace/eHHS] BO3MOXEH C HCNONb3OBAHHEM



OfIHOH M3 ABYX CHCTeM cHaGKeHua morpe-
Guteneil rapsiuell BOAOK — 3aKPBHITO #
wid oTkphiTo# [lepsas npeanojaraer
MCMONb30OBAHME BOAbl H3 CETH MHTREBOrO
BOJZONMpPOBOAA, HArpeToil B BOLO-BOARHOM
nojorpesateie npaMOH pogofl. 3aech
HCKJIOYAI0TCA NIOTEPH CETEBON BOABI, rops-
yas BOAA HMMEET TaKoe e KayecrTso, 4To
¥ nuTbeBan. [IpH OTKpBITOA CHCTEME BOLO-
pa36op NPOHU3BOAHTCA HENOCPEACTBEHHO U3
CeTH, 4TO yBe/MYHBaeT 3aTpatel Ha MOA-
[OTOBKY CETEBOH BOAbI.

Boi6op TOi MK MHOH CHCTEMbI ropfue-
ro BOLOCHA6XKEHNA ONnpeeNsieTcsl TEXHHKO-
3KOHOMHUECKHM pacyeTOM M 3aBHCHMT B OC-
HOBHOM OT KauecTma (coCTapa) MCXOMHOH
(chlpoit) BOJBI, KOTOPOH pacnonaraer T3U.
Hanpumep, B Mockse, rae Boia HMeeT r0-
BLILIEHHOE COLAEpIKAHHe cONed W ApYrHX
npumeceii, npeo6iafaer 3aKpulTas CHCTE-
ma; B JlenuHrpane ¢ MArko# HCXOAHOH BO-
poit p. Hessl, copepxaueit MaJno coJied,
NPUMEHSIOT OTKPHITYIO CHCTEMY rOPAYEro
BOLOCHAGKEHNS.

[To xapaKTepy LUHPKYJIALHK pA3IHUA0T
CHCTEMbBI OTOMJIEHHSA C €CTECTBEHHbIM H NpH-
HYLHTebHbLIM NBHKEHHEM BOJHI.
EcrecTReHHan LUHPKYJSIUASA OCYLLeCTBJASET-
€A 33 CuUeT rpaBHTALMOHHBIX CHJl, BO3HHKA-
{OLLKX BCJEACTBHE pa3HHLb NJIOTHOCTEM ro-
prded n oxJaxjleHHoil y norpeburens BO-
Abl. CHCTEMBL OTONJEHHST ¢ TAKOA UMPKY.IS-
et NpAMeHATCA B HeGOJbILMX JKHJBIX
AoMax, 060pyAOBAHHBIX HHAHBUAYAABHBIMH
KOTe/IbHbIMH.

[MpuHyauTeabHAs LUPKY/IALHA OCylle-
CTBJSETCA CeTeBbiM HacOCOM.

B cucTemMax BOASIHOTO OTOMJIEHHA NpU-
MEHSIOTCS pa3JuuHble [Pelollue YCTPOHCT-
Ba (MX 06bIYHO HA3blBAlOT HarpepaTe/bHb-
Mu npubopamu). Oco6eHHO YacTo BeTpeya-
JOTCA PAAHATOPEl U KOHBEKTOpLI — FaJLKHE
uan peGpucTbie TPYGHI.

PacueT NOBEPXHOCTH HArpeBaTeNbHOrO
npu6opa NpOH3BOAUTCA N0 yPABHEHHIO Terl-
nonepenaud Qor=kFAt, rae k — K03 H-
LLMEHT TeMnJofnepegayn uepe3 CTEHKY OTO-
nuTesbHoro npubopa; F — Bcs  MNOBep-
XHOCTb, HaXoAflllasca B KOHTAKTe C BO3-
LYXOM TIOMelleHHs; 8 Al — pa3HOCTh TeM-
nepaTyp rpeioulei BOLbl H BO3AyXd B oTan-
JMBAEMOM [OMELLEHHH.

B npocteiinx cayyasx (HanmpuMep,
NPH MCNOJb3IOBAHMM B KaueCTBE npu6opos

7*

z)

b) g)

Puc. 23.4. BepTukanbHble CHCTEMbI  BOAAHONO
OTONJieHMst C BepXHeil pa3aBOAKOH (4 2pHBIMU

TouKaMH yKasaHbl mecTtad coeanHerni Tpy6):

a -— Tynnkosas ABYXTpyOHAas, 0, 4 --— TynuKoBpdsi
QHOTPYOHAR COOTBETCTBEHHO C OCEBLIMH 3 MbIKAK-
IWMMH Y4aCTKAM¥ CTOAKOB H 6e3 nux; | — nonalowni
(passoaswni) Tpy6onposoa; 2 — o6paTHul'l Tpy6o-
nposoj; § — HarpesaTe/bHbIE npuGopsl; 4 -- BEHTH-
AW, 5 — 3aMBIKAKOIKE YHACTKH CTOSKOB, TIT -- ten-

JIOBOR (IYHKT

raafakux Tpy6) coctasasiollne KO3 (PHILLH-
eHTa TEIIONepeAdud k(ar M &g) MOTYT
6blTh HaligeHbl No dopmyaam, NpHBELEH-
ybiM B 1. 10—12 aaa COOTBETCTEYIOULKHX
pEXHMOB  JABHKEHHA TeloHoc uTeneh
C y4eToM H3Jay4yeHus oT HapyKHOH nosep -
XHOCTH NPHOOPOB.

Nnsn  GOAbLIHHCTBA HarpeBaTe/bHBIX
npHGOPOB, HMMEILIHX OOBIYHO ACBOJBHO
CJOKHYIO QOpPMY, KOIQPHIUHEHTb! T21J100T-
La4H onpe/jeseHbl 3KCMEePHMEHTAbIIbIM Ty~
TeM NPH YCJOBHAX TEMJIOOGMEHA, (IH3KHX
K pabouuM, MX MOXKHO HAWTH B CMLHAb-
woit autepatype [15]. B uenom ko3 hpuun-
enThl Temionepeaaun B npuGopax oromnie-
uust Hepeaukd. Hanpumep, aas npubopa,
COCTOSLIEr0 U3 TPEX rOPH3OHTaJbHbIX Pes-
pHCTBIX TpyG, PAcNONMKEHHbIX APYT Hal
apyrom, k=45 Bt/ (v*-K).

[Tpu6opbl OTOM/IEHHUS noMellennit ¢Bs-
3plBAIOTCA C Pas3falolIMMH CeTeBYIo BOLY
M c60pHbIMH TPy6ONpOBOAAMH (cToAKamH)
3A4aHAs 10 PasJHUHbIM cxemam (puc. 23.4).

PeryidpoBanue ceTd BHYTDH 31aHHUA
(B OCHOBHOM B MpoOLE€CCe Hanalkd Nocie
MOHTa}a) CBOAMTCA K M3MEHEHWK: cOonpo-
TUBJEHAS OTAENbHBIX Y4yacTKoB (Kpanamu,
APOCCEJILHBIMH WaAGaMi) ¢ Lebio H3MEHE-
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HHA pacxopa Boabl B HUX. CuMTaercs, 4TO
ceTb PeryJlnpyeTcs XOpOoLIo, KOr4d H3MeHe-
HYe Pacxofa BOJbl OLHOIO y4acTKd HE OKa-
3bIBAE€T 3aMETHOrO BJIHAHHA HA PAaCXOAbl
BOAbl B IPYrux yuactkax. JByxTpyOHas
BepTHKaJbHas cucTema (puc. 23.4, a) xo-
poLLIC pery1upyeTcsi H AOIYyCKaeT B CpaBHe-
HUM ¢ JPYTMMH CHCTEMAMH HECKOJAbKO
MEHbIIWE TMOBEPXHOCTH HArpeBaTe/bHbIX
npu6opoB, HO pacxol Tpy6G B 3TOM cJjydae
npumepHo B 1,5 pasa Goabiue, yem [as
OLHOTPYGHON cHcTeMbl. Panee nmpH cTpoH-
TEJIbCTBE MHOTO3T@XKHbIX 34AHKIA NPUMEHS-
Jdachk TOJNbLKO Takas cHcTema. B mocaenuee
BpEMS OHAa HCIIOJb3YeTCH pPEeLKO, OObIYHO
IJI1 ABYX-TPEXITAXKHBIX 31aHHH.

OpHoTpy6Has BepTHKaJdbHAA CHUCTeMa
¢ BepxHel pa3sBoakod (puc. 23.4, 6, 8) cel-
ya¢ IWHPOKO NPHMEHSIETCH B MHOr03Tax-
HBIX 302HHAX, TAK KaK TpeOyeT MEHbLIEro
pacxona Tpy6 ¥ 3aTpaT Ha MOHTaX B CPaB-
HEHUM ¢ ABYXTpY6HO# cucTemol. OnHako
ONHOTPY6GHbIE CHCTEMbI TPYAHEe NoJaa10TCo
pery1upoBaHuio.

[Mpu 3anonHeHMM CHCTeMbl BOAOH,
a MHOrZAa ¥ B Mpolecce 3KCNyaTaLuH, H3
CHCTeMbl HEO6XOAMMO BLINYCTHTh BO3AYX,
MHaue BO3AyLIHAA npo6ka OyaeT mnpenst-
CTBOBATL UMPKYAsILMM BOAbl. OH BbINycKa-
eTcsl uepe3 CreuHaJbHble KpaHbl, ycTa-
HOBJIEHHblE B CAMbIX BEPXHHUX TOYKAX CH-
CTEMBL.

Tenaooii 6ananc nomewenus. Cucre-
Mbl OTONJIEHHHA, NOAAEPXKHUBAKILIHE BHYTPH
nomelleHHss HeoOXOLHMMYIO TeMneparypy,
pPacCYHTHIBAIOTCA 0OBIYHO HA TENJOBYIO
MOILHOCTb, PaBHYIO MOUHOCTH TenJono-
Tepb. OHEKO UacTO B MPOU3BOLCTBEHHHIX,
KOHTOPCKHX, OGLULECTBEHHbIX W APYTHX no-
MeLEeHUAX HMEIOTCH HCTOYHHKH TeIUIOTHI,
KOTOpLle Hapsily ¢ OTONUTeJdbHbIMH NpHO-
paMu MOTyT y4acTBOBaTb B KOMNEHCAUMH
TeMJIONOTEPL 34aHUA yepe3 ero orpaxie-
HHA (CTeHbl, Mof, NOTONOK, ABepH). K aTum
MCTOYHMKAM OTHOCATCHA CcaMH JlodH, pabo-
TaloUIHe MeXaHH3Mbl, TEXHOJOTHYECKHE ne-
YW W MPUEOPHI,-Macchl HarpeTbix MaTepHa-
JIOB, BHOCHMMGLIX B NOMELLEHHA, W Ap.

KpoMe nortepb Tem1oTbl Yepe3 orpax-
J€HHSI BO3MOXHBI W ApPYrHe BHIbl NOTEpb!
Ha Harpes TPAaHCIOPTHPYEeMbIX 4depe3 rMo-
MelLeHrHe XOJOAHbIX MaTepHaJoB, Harpes
Bbe3XKAIOILIero  XONOAHOrO  TPAHCIOPTa
HT. L
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B 3ToM cayuae aas onpejiesieHHs MOLL-
HOCTH OTOMNMUTEJbHBIX ﬂpHﬁOpOB Q() COCTaB-
JseTCA  TenaoBoR  6anaHc  NoMelleHus
C y4YeTOM BCeX TNOCTOPOHHWX HCTOYHHMKOB
TeMnJOThl U BCE€X HCTOQUHHUKOB TeﬁJIOI'lOTepr

Qo=Q:1— Qra. (23.2)

3aeck Q, — MOTEPH TemAOThbl NOMELLEHHEM
yepe3 orpaxiaende [cm. (23.1)] ¢ yuetom
YKA43aHHbIX Bbillle LOMOJHUTE.IbHbIX NOTEPD;,
Qs — CyMMapHble TEMNOBbIIGJEHHT B MO-
MELEHHH.

Ecnn TenjoBbifesendss 8 MOMeELUEHHH
MpeBBbIUAIT NOTEPH Yepe3 OrPakAeHHA, TO
NpefycMaTpuBaloT TOJMbLKO LEXYPHOE OTO-
MmaeHue, BKAOYaeMOe B LeHCTBHE JHIUb NPH
TEXHOJIOTMUYECKUX nepepbiBax B pabore no-
MelleHHs (uexa).

B Hepa6ouee Bpemsi B OTanJHBaeMHX
MOMELLEHUSIX B XONOLHHH nesHol rona je-
XKYPHbIM OTOM/JEHHEeM [OJdXKHA MOLNAEDIKH-
BaTbcs Temneparypa He Huxe +5 °C.

JaekTpHuECcKOe OTONJEHME. DTOT BHI
OTOMJ/IEHWA TMPHMeHsleTCsl B Halled cTpaHe
B BHJe UCKJ/IOUeHUS B paiionax, obecnedeH-
HbiX 3jekTpoaHeprueid or [AC nam A3C,
MPU OTCYTCTBHKH MECTHBIX TOMJMBHBIX pe-
CYypcoB ¥ 0pH [AOpPOrocTosiulefl gocTaBke
TOMJWBA W3 JAPYTHX PpalCHOB CTpaHbI,
a Takke A48 HeGOJblIMX OTAeJNLHO CTOS-
IHX 3RaHUH C MANBIMM PACXOAEMH TEIJIO-
Thbl, yAa/JeHHbIX OT pPaHOHHbIX HCTOUHHKOB
TEMJIOTHl M TEMIOBbIX CeTeH, AJf KOTOpbIX
CTPOWTEJBbCTBO H 3KCNJYyaTallud co6cTBEH-
HOH KOTEeJbHON IKOHOMHMYECKH Hele/eco06-
pasubl. K TaKUM 31aHHAM OTHOCHATCH HACO-
CHHE CTaHUHWH AJA NepeKadkH BOABI KW Ka-
HAJM341IHOHHbIX CTOKOB, CTODOXEBble MO-
CTHl ¥ OGBEKTHl BHE rOPOACKONH 34CTPOWKH.

B 3/1eKTpHYECKOM OTONJIEHHH MPUMEHR-
I0TCA HarpepaTesbHble NTPUGODPLL Pa3IHYHOR
KOHCTPYKLHH, 3JeKTpokajnopudepsl (BO3-
AyXOHArpepaTeld) H 3JeKTpOpaaHaTOphl
MPOMBILIJIEHHOTO MPOHW3BOACTBA; OHH MOrYT
6bITb CTALHOHAPHBIMH MJIH TNepeHOCHBIMU.

CoJlHEYHOE® OTONJEHHE B Moc/elHee
BpeMs HauMHaeT [I0BOJbLHO LUIHPOKO HC-
NnoJb30BaThCS B MUPOBO# mpaktHke. [loay-
yaetr npumeHeHue oHO U y Hac B CpenHel
Asnu. OCHOBHBIM 3J€MEHTOM CHCTEMBI CO-
JIHEYHOTO OTONJEHHUA (HCTO'-[HHKOM TEenJao-
Thl CUCTEMBI) SBJIAETCHA COJNHEUHBIA KOJLIeK-
Top (pMc.23.5), B KOTOpOM Harpesaercd
BoZa. Bosblias yacTb COMHEYHOTO H3Jyde-
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Puc. 23.5. CxemaTuyeckoe H300paxeHHe cod-

HEYHOrQ KOJLIEKTOpa:
! — npoapauHbie TOKPHITHs; 2 — [oroULaeILasn nid-
cTHHa; 3 — TPYG6HI, HMEIOLLHE XOPOUINH TENTOBOK KOH-

TAKT € NJAACTHHOH; 4 - TeOH3OAAUHA

HMSI, NAJAI0ILEro HA KOJJEKTOp, Moraoma-
eTCH «UYepHOil» MOBEPXHOCTBIO 2, KOTOpas
NP GJAOTHOM KOHTaKTe ¢ Tpy6amu OTaaer
TENAOTYy UMPKyJHpYyoOULed  (eCTECTBEHHO
WJH NPUHYAHUTENbHO) B HUX BOJE. [Mpoapau-
HOE O OTHOLIEHHIO K COJNHEUHOMY H3Jy4e-
HHIO TOKPBbITHE YyMeHbLUIAeT TeMIonoTepH
H KOHBeKUHeid, ¥ OOpaTHLIM H3Jy4UEeHHEM
HarperaeMoil naacTuhbl 2 (110 OTHOUICHHIO
K TEMJOBOMY H3/yYEHHIO MJACTHHbL 5TO NO-
KPhITHE HeNpo3pavto). QOco6enno 3ddex-
THBHO 3J€Ch CTEKJ0, [oraoulaiollee HIH
oTpaamlllee BCe Majaioliee Ha HEro €O
CTOpOHBI MOMOLLALLEH 1ACTHHBL NTHHH O
BONHOBOE (TEMJoBOE) HM3Jy4eHHEe H COXpa-
HAOILEE TEM CAMbIM TENJOTY, NOJNYYEHHYIO
koaaektopoM ot ComHua.

OcTaJjibHafd uacTh CHCTEMbl OTOMJIEHHH
He oOTJHuaercs OT TPHBEJEHHLIX BbILIE.
OB6bIuHO COnHeuHble cHcTeMbl (0COGEHHO
8 ycnosusax CCCP) sBasioTes AONOJHH-
TeJbHBIMM W PE3EPBUPYIOTCA MOCTOSHHBIM
MCTOUHMKOM TEIJOThl, HE 3aBHCALLIUM OT
noroasl u Bpemenn roga. B CCCP yxe
BO3BENEHO HECKOJbKO «COJIHEUYHBIX» AOMOB,
a 8 KpuiMy BBeleHa B CTpOH co/HeuHas
3/1eKTPOCTaHUUA MoltHocTb0 5 MBT. Pac-
yeThl CHCTEM COJHEUHOrO OTOMNJICHHS IpH-
pegennl B [17].

234 BEHTHISILEHS

Ha3snauenHe  BEHTHAALMM — MOJAep-
KHBAaTh KMUMUUYECKHI cocTaB M duU3HYECKoe
COCTOSIHHE BO3/1YyXa, YAOBJNETBOPSIOLLHE K-
rHeHdueckHM TpeGOBaHUAM, T. €. 06ecnedu-
BaTh HEeOGXOAMMYIO UYMCTOTY BO3AYXa, €ro
TEMIepaTypy, BAAXHOCTb H CKOPOCTH [BH-
wenusi. Heobxonumas udCTOTa BO3AYXA
pernamMeHTHPYeTCsl CaHHTApHBIMH HOpMA-
MM, YCTAHABJIMBAKOLIMUMH TMpeLeNbHO L0-

nyctumbie Kouuentpauun ([LAK) 3 Hem
Bpe/HbIX MPHMeEcEH.

Jas yAOBAETBOPEHHSI STHX HOPM H Tpe-
6oBaHWil M3  NPOM3BOACTBEHHBIX,  00-
[ECTBEHHBIX H MHIbIX [TOMELIeHHA H206X0-
AMMO  yaansTh  3arps3HeHHbIH  LO3AYX
U BBOJAUTh BMECTO HEro CBEXHA M3 iATMOC-
depbl. MuTeHcHBHOCTb BO3AYLIHOTO cOMeHa
3ABHCHT OT MHTEHCHBHOCTH 3arpsiHeHui
BO3/yxa B NoMellennu. HacoBas KparHoCTh
BO3/lyx006MeHa, T.e. 4acoBOH 06b2MHBIA
pacxoj BO3[yXa yepes MOMelleHne, 1eaeH-
Hbli Ha 06GbeM NOMEIeHHs, Kojelfercs
B IIMPOKHX Mpejenax — OT OAHOKPATHOTO
o6MeHa BO3AyXa A0 COPOKATATHKPATHOrO
B TaKHX NPOM3BOACTBEHHHIX MMOMENLEHHAX,
KaK rajibBaHMYECKHE LEeXH, LEeXH OLpacKH
apemecuubl W Ap. Ecan nocrynatoul 1 3u-
MO B MOMELLEHHsT BO3AYX OXJaXKAZeT HX,
ero cJjejyer Harpesarth.

EcrecTBeHHAs BEHTHAALHA NOMeUIEHHA
MPOMCXOAUT 33 cueT 06MeHa BO3AYXOM e-
pe3 OKHa, ABEpH M CleLHasbHble BEHTHIA-
ILMOHHBE OTBEPCTHA B HAPYKHBIX OCpAXK/IL-
HUSIX 3AaHHA. VIHTEHCHBHOCTb €CT¢CTBEH-
HOMl BEHTHJSUHH MOXKET J0CTHYbL Tpex-
kpaTHoro oGmena B uac. I1pu ecrecr 3eHHOM
BEHTUJIALMN O6MEH BO34yxa TNPOMIXOAHT
HepaBHOMEPHO B Pa3Hbix MeCcTax MOMELle-
HUS, NOCKOJIbKY CBEXHA BO3JYyX CMCIIMBA-
eTcd ¢ 3arpA3HeHHhIM HeOPraHH3CBaHHO.
[Ipd ecTecTBEHHOH BEHTHASUHA  BO3AYX
NpeIBAPUTEBHO HE MOAOCpeBaeTcs, B OTO-
NHTEJNbHBIA NEepUo]l ero Harpes Jcylle-
cTBAAAETCHA 3a cUeT CHCTEeMbl oTonJier M no-
MeLLeHHS.

[lpu pacdyete cHcTeMbl  OTOMJIEHHS
B 3TOM CJydae MOXHO NMPpUHATD, 4yro anas
narpesa | kr Bosayxa Ha | K npu armo-
cheprom aasnennn (0,1 MIla) u B.1axHo-
et 30—70 % tpebyercs npumepHo | kIx
TeMJIOThL

MNpuHyauTenbHas BeHTHAALUS SPek-
tupHee ectecTBenHofl. OHa ofecneunBaer
Mobylo Hanepej 3aJaHHYI HHTEHCH.BHOCTb
BO3Jyx006MeHa, [O3BOJISET PABHOMEPHO
BEHTHJIMPOBAaTb BCE yacTH NOMCILLEHHUS
M M36eXKaTb HEIKOHOMHYHOrO CMilUEHHA
CBEXKEro BO3JdyXa C 3arpsazHeHHbiM. 3a-
rpA3HEHHbIH BO3AYX YAAJIS€TCA U3 noMelle-
HHA CHELMANbHBIMH BBITAXKHBIMA BCHTHIS-
UMOHHBIMH CHCTEM3MH M 3aMEHfeT 5 CBe-
JKHM, 10JABAeMbIM NPUTOUHOH BEH 'HJIALK-
onHoll cucremoit (puc. 23.6). IIpu 3TOM
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Puc. 23.6. CHctema OpUHYAHTE/NbHOH BEHTHJIfA-
LHH:

{ — BO3AYX0BOAW CHCTEMH MPHTOYHOR BEHTHAHUMH;
2 — BO3AYXOBOAbI CHCTeMbI BbHITHXHON BEHTUAAUHH,
3 — BEHTUATOpPH;, 4 — peryAHPYIOLUIHE YCTPOACTBA
NPUTOKA HAM BLITAKKH BO3AyXxa;, § — Kanopudep;
6 — BO3LYXOBOJLI MECTHOH CHCTEMB BHITAXKHOA BeH-
THAAUAN, 7 — GUALTP AR OUYHCTKH BO3RYyxa; 8 —
percHepaTop —— TEMOO6MEHHMK Al PEreHepannu
TENJOTH OTBOAHMOrO BO3AYXa

TENNOT4 OTBOAMMOrO 3arpfA3HEHHOro BO3-
AyXa MOXeT GbITb MCNONb3OBaHAa ANA Ha-
rpeBa CBeXero B CMELHa/bHOM Tennoob-
MeHHHKe §.

Ecnu Bpeatble BelllecTBa BHIAENAIOTCS
B ONpejefeHHbIX TOUKAaX MOMELIEeHHs, TO
3]1eCb YCTPAWBAIOTCS MECTHble BHITHXKHBIE
ycrpoiierea (orcocel). B cayuyae, koraa
BhIAEAAILKECS Ta3bl Jerue BO3AyXxd, TOY-
KW 0TCOCa PacrnoaaraloTcs NOA MOTONKOM,
a TOYKM TNPHTOKA CBEXKEro BO3AyXd —
BHU3Y.

[Mpu npuHYAHTENBHON BEHTHNALMH A5
HArpeBa NOCTYNAILIero X0M0/HOro BO34y-
Xa MCIOAB3YIOTCH MapoBble, BOAAHLIE HJIH
3NeKTpUYECKHE Kaaopubephl (BO3AYyXOHAr-
pesatenu). JlyduiMm TenJOHOCHTeJdeM AJf
HArpesa BO31yXa fBAAETCA rOpA4as BOAA
¢ Temnepatypoi 70-—150 °C. 3toT Tenno-
HOCHTe b Hanbojiee 3KOHOMHYeH M olecre-
4YMBAET BO3MOXKHOCTb XODPOLLEro peryJ’aupo-
BaHWA M aBTOMATH3aLHH BEHTHJALKOHHBIX
cucreM. [TpumeHeHne BOJASHOrO Napa MeHee
3SKOHOMHUHO H YCAOXHSeT peryjiHpoBanue,
OAHAKO pasMmepbl KajopudepoB NonydaioT-
CAl MEHbILE, YeM NIPH HCIOJNb30BAHUU rops-
yel BOABI.

Pacxoj TeIioThl Ha BEHTHALHIO pac-
CUMTHIBaETCH 10 dopmy.e

Qaen-r=C7uem (tsu—tuap) V, (233)
FAE Gaeur — yﬂeJ]beli“l pacxon TenaoTbl Ha
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BEHTHJAALHIO, kAx/ (M 1-K) 1K
kB1/(M*.K). OcranbHbie 0603HaUEHHA Te
Ke, uto W B dopmyae (23.1).

Ja8 KHABIX JOMOB gewr =0, 1a5 318a-
HHil PA3JMUHONG THNA NIPUBOLHTCH B CIHELHM-
anbHoli auteparype [17]. Hanpumep, aas
AETCKUX CaJ0B NMPHU HAPYKHOM CTPOHTENb-
HOM ofbeme 3naHua Gogee 5000 M* Guewr=
=0,42 kllx/(m*-u-K), a ana way6os
M ABOPLUOB KyAbTypbl ¢ 06hLeMOM 31aHus
10 000 M* Goene=0,96 kIlm/ (m>-u-K).

CaeldyeT MOMHHTh, YTO NPH pacyerax
TEMNJIOCHAGKEHHA BEJIHUHHE (Qpenr CYMMHPY-
ercq ¢ Qor.

Bo3ayxoofmen
dopmyae

paccyHrbiBaeTcs no

Va=2Z /(IIK — 2). (23.4)

3necs Vs — Heo6xoauMblA BO31yX00OMeEH
(KONUUEeCTRO 3aMeHAEMOr0 Ba3ayxa), m*/u;
Z — KOJIHYECTBO BbIAENAIOLIErOCcs B NOMe-
ILeHHH BPEIHOrO KOMIOHEHTa (BpELHO-
ctd), r/u (mr/u); MIK — apegenbHo 10-
NyCTHMas KOHUEHTpPALMA JIaHHOro BHAA
BpPeJHOCTH, YCTaHABJAMBAEMasl CAHUTAPHbI-
mu Hopmamu, r/m® (Mr/m%); z — KoHueH-
TpauMs [JaHHOW BPELHOCTH B MNPUTOUHOM
BO3AYyXe B TeX )Xe eAMHHLAX.

KpaTHOCTb ks BO31yX006MeEHA NIPH 3TOM
6yner paeia V./V, rae V — o6bem nome-
LLLEHHS.

[Tpu BeIAEJIEHHM B NMOMCILIEHMH H3GHI-
TOYHOH TenaoTbl Quss BO3AYXOOGMEH pac-
CYUTBIBAETCS NO GopMyJe

Vym Qe (23.5)

C (byx— tup) Po
rae c — y}le.’leaﬂ MaccoBas TerJio-
E€MKOCTb BO3/yXa4, paBHaA [TPUMEPHO

1 kIx/(kr-K); ps — NJIOTHOCTb BO3AYX4,
tyx — TEMMepaTypa BO3AYyX4d, YXOAALLEro
B NPHEMHbIE YCTPOHCTBA BHITSXHOH BEHTH-
JASIUMH;  fp — TEMIepaTypa [PHTOYHOTO
BO34yXd, MOCTYNAIOULEro B ITOMEILEHHE.
3HaueHue Quss ONpeneqasieTcs Kak pai-
HOCTb KOJIMYECTB TeNJOThl, EblleNsioLlecs
B MOMELWEHHHU H TepﬂeMOl’[ uepes HapyXHble
orpas/eHdus B eJlHHHLY BPEMEHH.

[1pH NpOEKTHPOBAHHK CHCTEM OTOMNJE-
HHSl, BEHTHJAALHM U KOHAHIHOHMPOBAHMSA
BO34yXa CJeliyeT MMeTh B BHAY Tpe6osa-
HHA, H3JoXeHHble B «CTpOUTENbHBIX HOP-
Max H NMpaBUIaX» NPOEKTHPOBAHHA AAHHO-
ro 060pynOBAHHA (ranpumep,



CHuI1-11-33-75. Oronaenue, BEHTHAAUHA
W KOHAMLMOHHpOBAHHe BO3Ayxa. M.
Crpoiiuagar, 1976).

200, RO Mo e oAl BOJJLY XA

KaaccudHKauus CHCTEM KOHZMLUMOHU-
posanus Bo3nyxa. OyHKUHMH [IPHTO4HOH
BEHTH/JASALHH YAaCTO BbINOJHAOT CHCTEMbI
KOHAMIHOHHPOBaHHA BO3jlyXa, (IPEACTaB-
asouine co60id cOBOKYMHOCTh TEXHHUECKHX
CPeACTB, CJAYXalKX A NPHTOTOBJCHAS
(cO6CTBEHHO KOHAHIHOHEpbl), CMEILEeHNd
(cMecHTe/bHble KOPOOKH) H pacnpesene-
HHA (KaHajibl H BO3JYyXOPaclipeAe/HTe/lb-
Hble ycTpoOilcTBA) BO3AyXa W aBTOMAaTH4E-
CKOTO PeryJHpOBaHHA €ro napaMmeTpos.

Pa3u4aioT KoMQOpPTHOE H TEXHOJIOrM-
yecKOe KOHAWIHOoHWpoBaHKHe. C NOMOLLbK
cucTeMbl KOM(OPTHOTQ KOHAMLHOHNPOBA-
HUAl CO34ai0TCH GJaronpHATHbBIE YCAOBHA
AN uesoBedeckoro oprauuama. Camouys-
crBHe W paboTocnoco6HOCTL  UYeslOBEKA
B 60/bLIOH CTEMEHH 3aBHUCAT OT TEMMEPATY-
pbl, BJZXHOCTH, YHCTOTHl H Ta30BOTO CO-
cTaBa BO3LyXa.

TexHOJMOrHYECKOe KOHAMLUHOHHPOBAHHE
o6ecneudBaeT napamMeTph BO3AYLIHOW cpe-
Abl, YAOBJETBOPAIOLIHE TPeGOBAHHAM Tex-
HoJornueckoro  npouecca. Hanpumep,
c60pKa H3jle/Hil B UE€Xax NPEeud3HOHHOro
MallUHOCTPOEHHA [OJKHA MNPOBOAHTHCA
npH MNOCTOAHHOH TeMmnepaTtype BO3lyXa
¢ AONYCTHMBIMH OTKIOHeHHsiMH =+0,01 °C.

B cHcreMe KOHAHUHOHHPOBAHHA OCY-
[leCTBASIETCA OUMCTKA BO3J4yXa OT NblIH
M ero TeloBnaxHuocTHas o6paborka:
B TeNMBIH MepHom rofa HapyXHbli BO3AYX
OXJlaX1aeTcsl M TpH HeoGXOAHMOCTH OCy-
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Puc. 23.7. TpuHuMnXanbHaA CXema KOHAMIMO-
HHpOBaHUA BO3AYXa

lwaeTcs, a B XOMOAHBIA nepHos — MCAOTpe-
BaeTCsl U YBJAXKHAETCH.

[MpHHUMOIHAIbHES CX€Ma KOHAHUHOHH-
pOBaHUA BO3AyXxa NoOKasana Ha pu:. 23.7.
Hapyxublii BO3AyX BEHTHAATOPOM & noaa-
eTcsl NOCJeA0BATENBHO B BO3/yX03a 30pHOe
ycTpoHcTBO [, NPHEMHYIO DPETYIHDYIOLULYIO
peuteTky 2, ¢uabTp 3 W YCTPOHCTHO LA
TEMJ0BAaXHOCTHON oOpatoTkn 4. Obpaco-
TaHHbIA BO34yX N0 NPHTOYHOMY BO3JYXOBO-
Ay 6 HarHetaeTcsl B MOMeLLeHHe 7, OTKYAd
3aTeM yJajseTcsl BbiTSXKHBIM BEHTHJSATO-
pom. OcHosHoe 00OpyLOBaHHE A/S obpa-
GOTKH K NEepeMeLieHUs] BO3AyXa, KakK npa-
BHJIO, KOMIIOHYeTCSl B OAHOM arpe‘are —
KOHAMLLHOHEpE.

OCHOBHbBIE TIPOLECCH H 3/1EMEHTBl KOH-
auuuonepos, OTeyecTBEHHOH [POMEILLIEH-
HOCTbIO BhINYCKAtOTCS CEKILHOHHbIE KOHIH-
IHOHePHl NPOH3BONHTE/IBHOCTBIO NO BO3AY-
xy or 10 o 250 thic. M*/u (Ka-10, Kx-20,
KT-30, KT-40, ..., KT-250) B Brpe oT-
JeNbHbIX THIOBLIX CEKLHH, KOTOphHIC CO6H-
paiorca B arperaT. [lpumeHAs TUNOBLIE
CEeKLHH, MOMKHO OCYIIECTBHTh pa3.1HUHYIO
06paboTKy BO3JyXa: OXJa)/JeHHe, ocylue-
HHEe, yBJaXXKHEHHe — B KaMepax OpoLIeHHsA
M MOBEPXHOCTHBIX BO3[YXOOXJal {TelsX;
Harpee B BO3/yXOHarpeBaTelnsX; OYKCTKY
OT NblIH — B QHIbTPAX.

B opocHTe/bHBIX Kamepax TeJoBIaX-
HOCTHafA 06pa6oTKa BO3AYyXa NPOH3NOAHTCH
XOJOAHOH /M ropsiueil BOAOH, pastpbi3ru-
BaeMOH (POPCYHKaMu, MpHYEM 3alaHHbIA
PEXHMM LOCTHraeTcsl noafopoM Temaepary-
pei Boabl. Tak, ecan Ttemneparypi BOOb
paBHa TeMmrnepaType TOYKHM POChl BO3AYXa,
TO OH GyjAeT OXJlaxAaThC 6e3 U3MEeHEeHHs
cBoero Baarocojgepxauusi. Ecau T:@Mmepa-
Typa BOLBI NPEBBILIAET TeMIlepaTypy TOYKH
pochl BO3/1yXa, TO €ro BJarocoiaepxanue
GyaeT pacTH 3@ cueT UCIAPEHHs Pa36phi3-
rHBaeMol BOABI (NPOM3OHAET AOYyBJIaXKHe-
HHe Boaayxa). JloyBaarkHeHde MO3BOJAET
TaKKe CHU3HTbL TeMnepaTypy Bo3dyxa (Ha
vcnapeHde BOAbLI PACXOAYETCH CKphTas
Tensiota napoo6pasonanus, 3abupaemasn U3
poszayxa). OHO WHPOKO TNpUMEHsieTCs
B CHCTEMAX KOHAMUHOHHPOBAHHA [JS TeK-
CTH/BHOM, NOMHTpacUUecKOi, XHMHUECKOH
¥ APYTHX OTpac/eil NpoMblll/JIEHHOCTH.

K OHAHUHOHHPYEMBIA BO3AYX OXaaMAd-
10T TAKXe B MOBEPXHOCTHLIX BO3/) XO0XJa-
auteasix. OHH M3roTaBjMBaloTcA H3 0pel-
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peHHBIX TPYOOK, BHYTPH KOTOPbIX MpOTeKa-
er XJIaJOHOCHTeNb (X0J0AHAH BOAA, paccod
uiad xnanoH). CHapyH TpyOKH OMbIBAIOT-
cA OxJaj/jaemMblM BO3AYXOM.

Harpee  BOo3ayxa  ocyllecTBAsieTCH
B CeKUHAX nojorpesa (BO3jyxoHarpesarte-
JAX) NOBEPXHOCTHOTO THNA. OHH TaKXKe Bbl-
MOJHAOTCA H3 OpeOpPEHHBIX TPYOOK, BHYTPH
KOTOPBIX UHPKYJAHPYET TEIJOHOCHTENb —
nap wad ropauan sopa. Ecan cauurtapubie
HOpPMBI JOMYCKAIOT BO3BpPAT BO3AYyXa B [10-
MelleHHe H HCNOJb30BaHHE YAAAAEMOro H3
HEro BO3LYXad [0CJe NOBTOPHOH 06paboTKu
B KOHAWLHOHEpPE, TO MPH ITOM 3HAUYHTENBLHO
3KOHOMATCH Tenaora u xonoa. Pacxon ump-
KYJHPYIOLLEro BO3yXa MO)eT OblTb 1OCTO-
SIHHBIM HJIM €PEMEHHbIM B 3aBHCHMOCTH OT
napaMeTpoB HapyXHOro BO3AyXa.

XosoaniabHbie Mawuubl. [Ias oxaaxje-
HHSA BO31YyXa B KOHJHUHOHEPAX HCIIOJAb3Y-
FOTCS  ecTeCTBEHHble HCTOMHHKM  (Bosa
M JieA) H HCKYCCTBEHHbIE (XOJOMHJbHLBIE
mMawiHbl). Boaa, paxe M3 apTe3HaHCKHX
CKBaXHH, MMeeT L0BOJBHO BbICOKYIO TeM-
neparypy, 6oaee 6-—8 °C, uto He no3sosd-
eT OCylWecTBUTb TriyBfokoe OXxJaxAeHHe;
Jie], WMHOrAa INPHMEHSIKOT TOJbKO B YCTa-
HOBKaX He60/blIGH NPOH3BOAHMTE/NbHOCTH.
M3 X0N04WAbHBIX MalUH UWIHPOKO HCHOJb-
3yoTcst (hpeoHOBBIE KOMIPECCOPHBbIE ycTa-
HOBKH, pexke a6COPOUHOHHBIE H 3IMKEKTOp-
Hble. B kauecte pa6odero tena B X0J0-
JUJBHBIX MallMHaX OO6bIYHO HCMOJb3YIOT
¢ppeoH HJIH aMMHaK.

[luka peanbHOH NapoBOH KOMOpeccop-
HOH XOJOAWJBHOH MAlIMHbL CYLlE€CTBEHHO
oTJiHyaeTcs OT paccMorpeHHoro B § 3.5 06-
patHoro uukiaa KapHo. Pacwnpende napa
B _HEH OCYLLECTB/JsETCA MyTeM €ro japocce-
JUpPOBAHWSL B KjaanaHe (JHHHA J-5 Ha

Puc. 23.8. Llukn napoBoi KOMIPECCHOHHOH Ma-
LLIMHb
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Puc. 23.9. 3aBHcUMOCTb COCTABA KHMALLErO pac-
TBOPA (HHXXHAS KPUBAs) M HACEILLEHHOIO napa
HaJl HHM (BepPXHAS KpHBas) (' Temrieparyphi
upu pasaennu 100 klla (& — KoHIleHTpauud
NH; B pacrsope H,0, %)

puc. 23.8) npn h=consi, 4TO 3HAYHTENbHO
yropoulaeT KOHCTPYKUHUIO Matiebl. Jlonoa-
HHATEJIBHBIE [10TEPH, BhI3BAHHLIE Ha/JlHuHeM
Jpoccesst, OKa3blBAOTCHA HE( YILECTBEHHbI-
MiA  (naowaap  9345). llepen nojpadent
B KOMMNpeccop QpeoH NoAHOCTbIO HCcnapseT-
CA 3a cYeT TEHJOTHl ¢y, OTHMMAaemMoH or
OXJIAXKLAE€MOH CPelbl, YTO YBEJHUHUBAET KO-
AuuecTBo oT6UpaeMoi 3a LUK/ TEMAOThl MO
cpaBHeHui0 ¢ uukiaom Kapuao. [lpouecc
CxKaTusd napoB ¢gpeoHa NPOHCXOLHUT B 06-
JacTH neperperoro napa, 6aaropaps uemy
KoMnpeccop paboraer B Goaee 6Gaaronpu-
ATHBIX YCJOBHAX (Ha NeperpeToM, a He Ha
BJIA)KHOM Tfape).

®peoHoBbIE MaLLHHBI C X0,1040MPOH3BO-
JMTEJAbHOCTbIO (KOJHYECTBOM TEMJIOThI, OT-
HHMaeMOf OT OXJa/1aeMoil :peabl B eaH-
ULy Bpemenu) o 200 kBt seinyckarrcs
B BH/l€ KOMMAKTHbIX KOMNPECCOPHO-KOHEH-
catopHeiXx arperatos. [as 5o/blIHHCTBRA
TaKUX arperaToB XQJOAHJbHBIH KO3IPHHLH-
eHT (T.e. OTHOLUIeHHe KoaHdyecTBa oTéupae-
MOH TeIIOTH K 3aTpadyeHHoit paborte npe-
Bbliraer 3—4).

Ba6copOluHOHHBIX XONOLHIBHBIX
yCTaHOBKax BMeCTO PaboThl HCNOAb3YeTCS
Tenjora 6oJee BbICOKOro nmot2xHuxaJfa. Pa-
604HMM TEJOM B HHX fIBJAETCA PACTBOP ABYX
BELLECTB C Pe3KO Pa3/iM4HHMH TeMIEpaTy-
pamn kuneHuss. Temnepatypa kuneHus OH-
HapHoro (ABOMHOrO) pactBopa MpH JaHHOM
JaBJEHMM 3ABHCHT OT  KOHUEHTpAaLlMH
pactBopa. BomoamMMuaunelil pacTBOp, Ha-
npuMep, NpH KOHUEHTPAlUMH aMMHaKa §=
=0 (uucras BOjA) HMeET NDU arMmocpep-
HoM aasaeHuH, parHoM 100 klla, remnepa-
Typy Kunenusd 99,64 °C  (touka [ Ha




puc. 23.9), a api =100 9% (4HcTbIA aMMH-
aK) ero TemnepaTypa KHMeHUA paBHa
—33,4°C (touka 2). [Ipu npomexyToyd-
HbIX KOHUEHTPAUMAKX TEMIIEPATYPbl KHMEHHA
npu aasnenuu 100 klla nexuT B yKasau-
oM wuurtepBate (kpuas [2). Cocrasbl
pacTBOpa M PAaBHOBECHOrO C HHM Napa 1pH
TOl )Ke TeMmneparype OKa3biBAlOTCA pas-
JUYHBIMH, T. €. [IPY KHNEHHH PacTBOpPa KOH-
uentpaudu §, obpasyercst nap, AMEIOLLHH
110 CPAaBHEHHIO C HCXOMHbIM PAcTBOPOM GO-
Jlee BBHICOKYIO KOHLEHTPAUHIO JIErKOKHNs-
uiero Komnoxenta, pasuyio £a. {Ma pacrso-
pa MHTEHCHBHO BhINapHBAeTCA TOT KOMNO-
HEHT, KOTOpbil MpH [AHHOM [8BJEHHH
UMeeT MeHblIYIO TemnepaTypy KHMeHHs.)
[TocKoMbKY MpOUEece BbiNapHBAHUA ABJSET-
csl SHIOTEPMHUYECKHM, T. €. NpOTeKaeT ¢ 3a-
TpaToil TEMJIOTEI, TO 06paTHbI eMy npolece
NOrJOLLEHUA KOMNOHERTA PACTBOPOM ABJIS-
eTCcsi 3K30TEPMHUECKAM.

A6cop6uyoHHan  XOJOAHAbHAA  YCTa-
HOBKA COCTOHT H3 CJeAYIOIUUX 3JEeMEHTOB
(puc. 23.10): ucnapurensi H, KOH1EHCATO-
pa K/I, a6copbepa A6, kunardabduka K1,
nacoca H W JApoOCCedbHBIX BEHTHJER
PB! u PB2. OcHoBHble 3JeMEHTHI yCTa-
HOBKH — KHMATHJILHHK C KOHAEHCATOPOM
u abcopGepoM — TpeaHa3HaueHbl A He-
MpepLIBHOrO  BOCAPOU3BOACTBA KHIAKOCTH
BBICOKOH KOHLUEHTPALHMH, NOCTynallel 3a-
TeM B HMcrnapuTesb Ha Napoo6pa3oBaHHe,
M HAKOCTH HH3KOH KOHUEHTpaUHH, cay-
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Puc. 23.10. Cxema abcopOUNOHHOR XOMOLHJb:
HOlU yCTAHOBKH

watueil A a6cop6uMH  (MOTJIOULEHNA)
KOHUEHTPHPOBAHHOTO napa.

B kunaATuAbHHKe npu p,=const npo-
HCXOJAHT BbITApPHBAHHE H3 pPAcTBOPa KOMNO-
HeHTa 3a cyeT NOABOJAHMOH OT rOpfYeEro
McTouHHKa Tenaotol ¢,. [1ap nanpasasercs
B KOHJEHCATOp, rae, OTAaBasi TENJOTY OX-
nakjaamowed cpeae (Boae), KOHAEHCHpYyeT
csl Takke npu po=const. [1pu 3Tom ofpa-
3yeTca JKHMAKOCTb C BBICOKOH KOHLEHTPA-
1Heil aMmHaka. B peryaupyiollem BEHTH/IE
PB2 napieHve 3TOTO JIECKOKHIIALLETO KOM-
[IOHEHTa CHixAaeTcs 40 AaBaeHHs B aGeop-
Gepe (pa<<ry); OpH 3TOM YMeHbILIAETCHA
u TemnepaTypa Kuneumus. C 3THMH napa-
MeTpaMH KHUIKOCTh [OCTYNaeT B HcOap-
Tellb M, OTOGMpAs TemJoTy ¢i, NepPexOoduT
s nap. [lap Hanpasnnerca B a6copbep, rae
[1OrJ0ILAeTcs PacTBOPOM; BblIEJIAIOLIAACH
NpH 3TOM TEI0Ta OTBOAMTCA OXJaX/alo-
uteit Bogol. UTto6bl He OHNO H3MEHEHHH
KOHIEHTPaLUHH PacTBOPOB B KHMATHIbHHKE
n a6copbepe E, (Ea>>Ex) BCIARACTBHE BHNA-
PHBaHHS KOMIOHEHTA B MEPBOM H NOCAOLLE-
HMF BO BTOPOM, 4acTb 06OralleHHOro
JIETKOKHITAILAM KOMIIOHEHTOM pacTBopa H3
a6copbepa NepekauMBaeTCs HACOCOM B KH-
NATHABHUK, @ W3 [OCJAE[HEro 4acTh 06Gel-
HeHHOro pacTBOpa uepes apocceab PBI wa-
npasaserca B aécop6ep.

CpaBHeHHE  CXeM a6cop6 LHOHHOM
W KoMIpeccHoHHOR (cm. puc. 23.10 1 23.8)
XOJIOJH/bHbIX YCTAHOBCK MOKAa3biBAeT, HTO
poJlb KOMIlpeccopa B a6coOp6GUMOHHOHN yCTa-
HOBKE BHIMOMHSAIOT KHUNATHIbHHK W a6cop-
6ep. [pouecc nornouennss B abcopGepe
COOTBETCTBYET BCAChiBAHHIO Nap OB XOJO
AMJBHOrO areéHTa B KOMMOpeccop, a Bhbna-
puBaHMe B  KHIATHJbHHKE — NpOLECCY
CKATHA W BHITAJKHBAHHS areHTa U3 KOM-
npeccopa.

[Moaesubim 3¢pekToM paGoThl aGeop-
6LHOHHON YCTAHOBKH FIBJAETCH TEMI0Ta (o,
BOCMPUHATAs B ucnaputene. [liA nogyue-
HHA 3Toro 3d@dekTa B yCTAHOBKE 3aTpayu-
BaeTcsl TennoTra ¢, NMOABOAMMAs B KHNA-
THJIBHHKE.

Crenedb 3(deKTHBHOCTH a6coOpOUHOH-
HbiX MallMH B OTJU4HE OT APYFHX XOJO-
AWJbHBIX YCTAHOBOK XapaKTEPH3YIOT TEMI0-
BbIM KO3 @HUHEHTOM

(23.6)
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B 3aBHCHMOCTH OT CXeMbl H IIPHMEHHEMOro
pacTBOpa OTHOWEHHe KOJAe6AeTCH B LIHPO-
Kux npepenax ot 0,2 go 0,8.
OredecTBeHHas (POMBILIJEHHOCTb cé-
PHAHO BhIMyCKaeT 6POMMCTO-JHTHEBLIE XO-
JoA”/bHbIe arperatel THna ABXA. Hanpu-
mep, arperat ABXA-2500 npenHa3snauen
AJA OXNaXIEHHA BOAB [0 TeMnepaTypbl
+4°C 3a cueT HCNO/Mb3OBAHHA ropsidelt
BoAbl (80-—120 °C) HAH HM3KONOTEHLHAb-

Horo mapa. XoJOLONDOH3BOIHTENbHOCTD
arperata cocrasaseT okodo 3000 kBr,
wa==0,7.

ABTOHOMHBE KOHIHUHOHEPH. ABTOHOM-
HbHl€ KOHIHIIHOHEpbl TIPHMEHSAIOTCH uYalle
BCEr0 A1 HEGO/bIUNX MOMELLEHHH H HMEIOT
OrpaHHYEHHYI0 MPOHU3BOAHTENBHOCTH MO
BO34yXy — 10 620 kr/4. ABTOHOMHBI# KOH-
JMUHOHED Bcerja KOMIIEKTYETCS XOJo-
AWNBHOW MAlIHHOHA, KOHAEHCATOp KOTOpOi
HMEET BOJASIHOE MJH BO3JYLUIHOE OXJa)ie-
nve. KOHAHLHOHEDP ¢ BO3AYLIHbIM OX/aKAe-
HHEM KOHJeHcAaTOpa OOGBYHO YCTaHABJHBA-
€TCAl B OKOHHOM HJH CTEHHOM npoeme
(pHc. 23.11) Tak, yTO HApPYXKHbIA €r0 OTCEK
10 cooblaerca ¢ OKpyxaolled cpenos,
a BHYTpeHHHH 4 — ¢ nomeuteHHem. 3aca-
CbIBaeMbli Uepes Ka/sH J HaPYKHbIH BO3-
LyX BEHTHASMTOPOM 2 mnojaercss Ha o6ayR
KOHJ€eHcaTopa |/ W 3aTeM cHOBa BbIGpachl-
Baetca Hapyxy. Bo3gyx noMelieHust ouu-
waercs B QUIAbTPE 6 U LPYrHM BEHTHJATO-
poM 7 nojaercs B MCIAPHTENb 5 XONO[Hb-
HOM MaWwuHbLl, rjge oxJaxjgaerca H [o-
CTynaet o6paTHo B nomelneHue. [epmeTny-
HbIH KoMnpeccop 9 XOMOAMJIBHON MaluMHbL
yCTaHaBJMBAETCA B HAPYXHOM oTceKe. [las
Mojlayd B INOMELLEHHE CBEXEro BO3AYXa
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Puc. 23.11. Cxema aBTOHOMHOrO KOHIHUHOHepa
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Puc. 23.12. Cxema Tennosoro Hacoca

B MEPeropojke KOHAHLUHOHEpa, pasiensito-
el 06a oTceKka, NpeycCMOTPEHO OTBEPCTHE
8. Bosiee yHHBepcaJibHbIMH ABJAAIOTCA aBTO-
HOMHBbIE KOHAHLHOHEPBl, B KOTOPBIX XOJ0-
IU/bHAS MallMHA paboTdeT NoO CXeMe Ten-
noBoro  Hacoca. Takue KOHAHLHOHEPHI
06ecrnevunBaOT He TOJBKO OXJAaxIEHHE, HO
¥ Harpes BO3AYyXa B MOMELEHHH B 3aBHCH-
MOCTH OT yCJIOBHH NMPOM3BOACTBA.

Tennoebie Hacocw. Bonbluxe nepcnek-
THBbi B KAYECTBE HCTOYHHKOB XOJIOAA H Tel-
JIOThl HH3KOrO H Jaxe cpeaHero (ao
300 °C) noTeHuHasa HMEIOT TENJOBbIE Ha-
cocbl. OCHOBHBIM 3JIEMEHTOM TEMJIOHACOC-
HOH YCTaHOBKH fIBJISIeTCAl KOMMPECCOp HJIH
a6copOUHOHHAA MALUHKHA.

Ha puc. 23.12 npuBenena cxema renso-
BOr0 Hacoca AJf OTOMJEHHA 3ganus. Sae-
MeRThl CXeMbl: komnpeccop K, KOHAEHcATOp
KA, peryaupyioluuél Bentuabs PB v ncnapu-
TeAb M COCTaBAAIT OGbI4HYI0 KOMIPECCH-
OHHYIO XOJO[HJbHYIO ycTaHoBKY. Mcnape-
HHE XOJOAHJBbHOrO aredra B HcMapHTese
NPOUCXOAHT 323 cYeT TeIJIOThl, noJy4yaemoH
OT XOJIOAHOH BOABI, ¥ 3HEPTHH, NOABOLUMOH
K KOMIIpeccopy.

Hacocom H/! Bopma, cayxauwasi ucrod-
HUKOM HH3KOMNOTEHUHAJbHOH TENJOThI, MO-
AaeTcs B Hcnaputeab. B konneHcaTope xo-
JIONHJIbHBIA areHT OTJdeT YacTb CBOEH Ten-
JoThl BOZe M3 cHcrembl otonjedus CO.
Uupxyasiuus moporperod BoAbl  ocylue-
cTBAsieTc Hacocom H2. [lpomblwneHHo-
CThbIO BblyckaeTcs tensonoi Hacoc HT-80,
npeAiHa3HaueHHbl 148 Temao-, XJAano-
H  TEeMIOXJal0CHAOMKEeHHSl  pa3JIH4YHbIX
06bekToB. B pexume tennocHabxkeHHs Ha-
coc ofecrneuHBaeT noayuyeHue ropsadeil Bo-
bl ¢ Temnepatypof 45—48 °C npu Temne-
paType HH3KONOTEHLHAJNLHOTQ TeNJOHOCH-
Tena He HHxe 6°C; B pexHme xJaa-
JOcHabKeHNsT — TIONy4YeHHEe XOJ04a C TeM-
nepatypoi 1o —25°C npH OxJaxXAeHHH
KOHJAeHcaTopa BOROH ¢ TemmepaTtypoil He



spiwe 30 °C. B kauecTBe WCTOUHHKA HH3-
KO[I()TEHuﬂaﬂbHOﬁ TEMJOTh B TENJAO0BOM
HACOCe WCMOABL3YIOT BOAONPOBOLHYIO, apTe-
3HAaHCKYIO H TEPMaJibHYIO BoAYy C TeMiepa-
typoit ot 10 mo 40°C. XaajgaresTom
B YCT4HOBKE ABAAETCHA XJAAOH ®-12. Ten-
JONPOH3IBOAUTENBHOCT TPH TEMMepaType
kunenus t,=6°C u Temnepartype KOHAEH-
caudu fy="61°C cocrasaser 130 kBr. Xo-
NOLONPOK3BOAUTENBHOCTD NPH TEMNepaTy-
pe kunenus t,=5°C n Temneparype KOH-
neucaunn t,=35°C cocrapaser 150 xBr.

KouTpoabHbie 80RPOCEL U 3adauu

93.1. 1Touemy 8 CCCP ucnonpayercs B oC-
HOBHOM BOLSIHOE, 4 HE TApOBOE OTOTIEHHE?

fnasa ABajULATE YeTBEpPTAaR

23.2. Kak peryaupyercs rnojaua Tenjorsl
B CHCTEMAX OTOMAEHHA?

23.3. PaccynTaTb pacxod TemnoThl Ha OTO-
fNeHHe YeTblPexKBAaPTHPHOTO JABYX3TaXHOro /0-
Ma, PACMONOXKEHHOTO B paitone T. CrepanoscKa,
U BHIGPATh HEOBXOAMMOE HHC/IO CEKUHH Harpesa-
TEeNbHOro NpHGOpa — YYTYHHOTO  CEKLHOHHOTO
paaqaropa THna M-140-A0O_(nosepxHOCTb HKa-
rpesa oaxolt cekunn 0,254 w?). Mnowanbk 1oma
no HapyxHomy ofmepy 100 Mm%, KksaprtHpul —
TPEXKOMHATHBIE C KyxHeft; sbicoTa goma 6,28 M.
TemnepaTypa ropsueil oAbl B pajHaTope 80 °C,
KO3 UUHEHT Tenaonepenait k uepe3 CTEHKY
pagnaTopa NpHHATL paBHbIM 6 Bt/ (m?-K). Tem-
mepaTypa BO3LYXa B KBapTHpax pasHa 18 °C. i

93.4. PaccuHTaTh UHKI ORHOCTYNEHYATOH
XONOLMALHOM MAIIMHBI, €C/IH 3a4aHb TEMnepaTy-
pa KHIeHHs tpeoHa-12 T, =258 K (puc. 23.8),
TeMmnepaTypa nepea ApoccesneM T:=303 K.

MNOBBLILEHME IDOMEKTUBHOCTH MG ITh FOBA Y
TONNMBOIHEPTETUHECKKMX PECYPCOB

24.1. AHEPIETHYECKHMA

W IKCEPTETUMMECKHA

METO/bI OULEHKHY HECOBEPHIEHCTHA
TEXHOJOMUECKUX NPOUECCOB

HarasigiHo MoKasaTb CTeNeHb JHEPreTH-
4eCKOro HecoBeplUeHCTBA arperarTos, BXO-
ARIWHX B J1060e MPOH3BOACTBO, MOXHO
C MOMOLBI 3HEPreTHYECKOH auarpamMMel,
COCTABJIEHHOH HA OCHOBE 6ajlaHca MOTOKOB
IHEpPrHM B Kax/AoM arperare (cM. npumep
6anaHca tonku — puc. 17.1). Ha
puc. 24.1, a npuBeAEHa 3HEPreTHYECKAS K-
arpamma TIC. OcHOBHOE KOMHYECTBO
snepruu (55 %) TepseTcs B KOHAEHCATOPE
Typ6uHet. [ToBbiliasi AaBieHHe, a COOTBET-
CTBEHHO W TEMMepaTypy mnapa B KOH AeHCa
TOpE, 3TY HEPTHI0 NONHOCTHIO WK YaCTHY-
HO MOXHO HCIIONb30OBAaTb Ha TenJaoduka-
unio {cm. §6.4).

YacTo u36bITKM TENJIOBOH 3HEPTHH TIpH-
XOAHTCA Mpeo6pa3oBbiBaTh B APYrHe BHIbL
3HEPrHH (MEXaHMUECKYI WJH 3JeKTpHue-
CKy10). B 3TOM ciydae uenecoobpasnee no-
CTPOMTb  3IKCEPreTH4ecKYl0 — AHarpammy
(puc. 24.1, 6), B KOTOPOH YYHTHIBAETCA pa-
60TOCTIOCOGHOCTD TIOTOKOB TEMJIOBOM 3HEp-

run (cm. §5.7). Peaynbrartel 3HepreThue-
CKOTO H 3KCEPTeTHYeCKOro aHasn30B MOryT
pe3ko oTauuaTbes Apyr oT Apyra. Tak,
MOTEPH 3KCEPrHH B KOHAEHCATOpE KOHAEH-
CALMOHHOH 3JEKTPOCTAHUHH COCTABJAIT
Bcero 3,5 %, MOCKOAbKY NMOTEHUHaa (TeM-
nepatypa) TepseMmoifl TEIUIOBOW 3HEpPrHH
61M30K K NOTEHUHANY OKpyXKatoued cpeibl
M COTJIdCHO BTOPOMY 3aKOHY TEPMOJHHAMMU-
KM Kb MAJYIO L0J10 3TOH 3HEPrHH MOXKHO
npeo6pa3oBaTh B APYrof BHA.

Boablue Bcero 3kceprun (56 %) Tepa-
eTcA B KOTJe, KOTOpbIHl ¢ 3HEPreTHUecKO#
TOYKH 3PEHHS BBHINAAHT BrOJHE Giarorno-
aydwo (norepu 9 %). Kak ykasbiBasioch
B § 6.1, XMMHUECKYI0 3HEDrUIO, NOCTynakw-
11yio B MapOBOH KOTeJ TOMIHBA, MPHHUHIIH-
aJbHO MOXXHO MOJIHOCTHIO NPEBPATHTD B Me-
XaHHUEeCKYIo (WK 3jiekTpuyeckyw). B npo-
Lecce ropeHust XHMHUECKAasl 3HEPTHsA Tpak-
THYECKH MOJIHOCTBIO Mpespallaercss B Ten-
JNOTY, a YXE€ TemIoTy MNOJHOCTBIO Tnpe-
BPaTUTh B paGoOTy HEBO3MOXKHO. TakuMm
o6pa3om, 6e3 MoTepb IHEPTHU B OKPYXKalk-
myio cpeay Tepsiercsi paBoTocnocoGHOCTh
(3kceprus). CrnocoObl CHHXKEHHSI aKcepre-
THYECKHX NOTeph ANA [JAHHOrO NpHMEpa
paccmorpetbt B § 6.1 u 6.2,
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Puc. 24.1. duepretnueckan (a) u IKcepreTHyeckas (6) AMarpammbl TEMAOROH KOHAEHCALMOHHON

3eKTpHYecKoih cranund (TAC)

CrepyeT uMeTb B BHAY, YTO OKOHYa-
TeJbHbI# BBIGOP MYTH COBEPLIGHCTBOBAHHS
M0G0/ TEXHOMOrHH OCYLILECTBAAETCH HA OC-
HOBE TEXHHKO-3KOHOMHUECKOr0 CpaBHEHHS
pa3/iM4HbIX BAapHAHTOB.

24.2. OCHOBHbIL:
OPTAHU3ALLMH
IHEPTOCBEPEIAKWLWHKUX TEXHOJIOIH K

CIocobbl

KoHKkpeTHule  criocofibl  yayuiienus
3HEPreTHYECKHX H IKCEepPreTHYeCKHX MoKa-
3arefeil 1A pa3HuIX [IPOH3BOACTB M NpO-
LeccoB pasJMyHbl, HO €CTb M o6LIHe mpHe-
MBI CHH)XKEHHS 3Heproaarpar.

HaunGonee pacmpocrpatedHbiM U 30-
(DEKTHBHBIM CTIOCO6OM HBASIETCA pereHepa-
uust 3Heprud. CyulHOCTb pereHepauuy 3a-
KN04aeTcs B nepejiaue 3HEpPruy oT BbIXOLfA-
IMX M3 arperara NOTOKOB K BXOAALIHM.
Hanpumep, mHorue kpynHue narpesaTesb-
Hble H NJaBU/bHbIE Neud 060pyIOBaHbl Ten-

JOOGMEHHHKAMH, B KOTOPbIX BO3AYIIHOE
ALyTbe (a HHOTAA H ra3006pa3Hoe TOMJHBO)
nogorpesaercs YXOAALIMMH rasamu
(puc. 24.2).

OueHb BaXHO, 4TO pereHepaLHUs no3go-
JSIET He [IpOCTO YTUIM3HPOBATh TEMJIOTY
OTXOAAULMX a30B, HO CHHXKAET PACXOj Tof-
JIMBa H, KPOMe TOro, yayuluaer pabory ca-
MOil [IeuH, MOCKOJbKY TeMmnepaTypa rope-
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HUS TIPH HCNIOJb3OBAHHH MOAOTPETOrO BO3-
Ayxa BO3pacTaer. YJayuIllamOTCH YcJOBHS,
& COOTBETCTBEHHO W MOJHOTA FOPEHHA TOM-
JIHBA, PE€3KO YCHIHBAETCH TeNT006MeH H3-
JYYeHHEM MEXIYy MOTOKOM ra3a M Harpepa-
€MbIMH U3/1EJIHSIMH.

B psne cayuaes pereHepauuio Tensotel
1€es1ec006pa3HO UCNOAbL30BATh H HA HHU3KO-
TeMnepaTypHelx notokax. Hanpumep, ten-
JIOTOH BEHTHJAIIMOHHBIX BbIGPOCOB MOXKHO
ﬂOLlOI‘pETb MMOTOK BO3ayXxa, noﬂasaemqro
B MOMELIEHHE, YMEHBLIHB, TaKHM 00pa3oM,
PacxXo/ 3Heprud Ha OTOILICHHE.

Becbma 3¢dexTnBHO pereHepHpoBaTh
u xonon. Hanpumep, ana nuesMorpancnop-
T4 LeMEHTa H B PsAle APYTHX caydaes Tpe-
OyeTcA cyxoii Bo3ayXx (63 BOAAHLIX na-

poB). OcywKy BO3ayXa MOXHO oOCylle-
ropsyud Bo3dyrx
(—— 5 \xrandes-
pa— - . HbIE 2038/
-~§ ——> ras bl —_—
4 | —

- —- - -.—{ H....(_
f 8038yx

Pue. 24.2. Cxema narpemartenchoil neuu ¢ pere-

Hepauneu TEMNOThl YXOASAILHX ra3os:
! — paGouuit o6bem neun, 2 — Harpesaembie feTaaH’,

3 — BO3nyXonoporpesatenb; 4 -— ropenka
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Puc. 24.3. Cxema yCTaHOBKH A OCYLIKH KOM-
IPECCOPHOro BO3AYXa!

{ — TennoOGMERHHK, 2-— KOHAEHCATOp MK BBIMOPA-
HBATEAb BJATK, 3 — XonogKAwLHAst MallHHa

Puc. 24.4. [ipusuun pereHepalunn HEPTHA Hd-
BLITOYHOTO [AaBJeHHA

CTBHTb 3@ CUET €ero  OXJaxIAeHHA
(puc. 24.3), npu 3TOM BJArA CKOHEHCHPY-
eTCsl WM BbIMEP3HEeT, €C/IH B BbiMOpaXKHBa-
reqe f<0°C. Hcnonb3oBanue 1pH 3TOM
rTensioo6MeHHHKa | pe3Ko cokpaiaer MOoLl-
HOCTb XOMOAMJbHOM MalIMHbl 3 U PACXOn
3HeprUM Ha ee NPHBOL.

PereHepdpoBaTh MOKHO HE TONBKO TeIl-
JIOBYIO 3HEPLHIO, HO 1 IHEPTHUIO 13 GBITOUHO-
ro aasnenusi, Hanpumep, eciv B peaKlHOH-
noit kamepe I (puc. 24.4) O YCAOBHAM TeX-
HOJOFMM HE06X0AMMO H3OBITOUHOE [aBJje-
HHE, TO UCXOJHbIE TPOAYKTH 2 MPUXOAUTCR
cKMMaTb KOMnpeccopoMm 3, saTpauuBas Ha
310 3JekTposnepruio. OqHako 4acTh 3TOH
SHeprHH, @ MHOrAa Aaxe Gonblie IHepPruu,
yeM 3arpayeHo (ecau, HaNpUMeED, B PeakTo-
pe ! yBeqnyHBaeTCH o6beM ra3oB), MOXKHO
BepHYTh (pereHepHpOBaTh) 3a CUET pacilli-
peHusi MOJYHaILHXCS POLAYKTOB 4 B TYp-
Gune 5. djeKkTpoMalldHa 6 NpU 3TOM Hrpa-
€T pOJb MYyCKOBOrO ABMIATENs, 2 TAKMKE
WCTOUHMKA HEAOCTAIoIeN HAN NOTpeGuTens
M36bLITOUHOH MOILHOCTH (B MOCJEAHEM CJY-
yae 3NeKTpOMAllHHA PAGOTaeT B PEXHUME
reHepaTopa) . XOpOWMM NPHMEPOM HCMOJE-
30BAHHA 3HEPTHH JAABJEHHA ABAAETCH Typ-

6uHa-pacliHpUTenb, YCTanaBjlWBaeman 3a
JOMEHHO# Meublo AAs cpadaThiBans U3 Gbl-
TOYHOrO AABJEHHA LOMEHHOrO rasa. [Mpu-
ueM B 3TOM cJjydae yaolnee BCIO Bblpaba-
ThIBaeMYI0 TYpOWHON 3HEPTHIO NpeBpaLlath
B 3JEKTPO3HEPTHIO C IOMOLLBIO FeHepaTopa,
2 KOMIpEccOopbl, HArHeTalollMe BO3AYX
B e4b, MPUBOAHTL B [ABHXKEHME OT 3/CK-
TPOJBHraTeIei, T. €. OCYILECTBAATL IHEPre-
THUECKYIO CBS3b YEPE3 3/EKTPUUECKYIO CETh.

PereHepalns TEIIOTh Haubosee 3¢-
(peKTHBHO PABOTAET COBMECTHO C APUHUA-
NOM MPOTHBOTOKA, B COOTBETCTBUU C KOTO-
pbiM HarpeRaeMele MPOAYKTHLL HJH AeTasnu
JOMKHBl ABUIaThCA HAaBCTPeYY OXJMaXK1ae-
MBIM, OT KOTOPLIX OHH MOJAYHAKT SHEPTHIO.
Ha puc. 24.2 crneudasbHo J10Iy eHd HeTOu-
HOCTb M MPHHUHMI MPOTABOTOKA HMCNOJb30-
gaH TOJAbKO B camoii neuu (ropsiuue rasel
¥ neraqu), a BO3AYXONOAOrpenartedb BIAT
C nepekpecTHbIM [BHXKEHHEM cpel. [1po-
THBOTOUHbIHl TElJOOGMEHHHK, Kak, HAaNpH-
mep, M306paXeHHblii Ha PHC. 24.3, no3go-
JIUA 6bl CHJbHEE CHH3WUTb TeMmepaTypy OT-
XOASILIKX M3 [IeUd Ta30B, a8 CJAELOBATEIBHO,
i B 6OJbllIell cTelleHd YMEHbIUWTh NoTepio
TensoTh BMeCTe C HHMH.

B 1e10M HYXXHO CTPEMHTLCH, MCNOJb-
3ys NPHHUMIIEL PEreHepalui | MpoTHBOTO-
ka, NpUGAM3UTH MapameTphl BCeX BRIXOAA-
X MOTOKOB K NapaMerpaM BXOASULIUX,
yMeHblLas, TakHM 06pasom, BHEIUHUH noa-
Boa sHepruu. Kak yxe 6blI0 MOKa3aHo, 310
HE nponnaopetu«rr TPEﬁOBaHHﬂM TEeXHOJIOrH-
yeckKoro Mpolecca HAarpesaTth, OXJ1axAaTh
UAM CXKUMaTh cpeabl WM MaTephanbl Ha
NpOMeKYTOUHBIX CTAAUAX. Co3naBadl 3Hep-
rocGeperalpllie TeXHONOTHH (s 3HEpro-
TeXHOJOrHH), KakK, BMpoyeM, H mo6oe 6Ge3s-
OTXOAHOE MPOH3BOACTBO, uesecoobpasHo
[OAXOANTD K HEMY KOMILIEKCHO, 06 benHsf
NpOMeXKYTOUHbIE 3TANbI.

He wnago 3abbiBaTb, UTO [PHHATHIE

OUeHKH 3PPEKTHBHOCTH MCMOAb3OBAHASA
3HEPrUH B 3HAUHTE/NBHOH Mepe OTparaior
TexHUUecKHil  ypoBeHb  CErodHAUIHErc

(a nHoraa W BuepalHero) aud. Hanpumep,
KI1/] neun aast HAarpesa MeTa/a OLEHHMBA-
eTCcsi Kak OTHOlIEeHHE KOJH4YeCcTBa TEIoThl,
BOCMIPUHATON METaJJ0M, K TEelIoTe COoxX-
seHHoro Tonausa. Ho B HapOLHOM XO03slit-
CTBe HArpeThlil MerTajj He HYIKeH. W ecau,
OXNajMB ero, MCIONb30BaTb 3Ty TEIIOTY
(Takue YCT@HOBKH umetorcsi), o KIL ne-
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YH MO COBPEMEHHbIM [1PEACTEBJAECHHAM MO-
AeT oKasaTbeA Bhillte 100 9%.

B psage cayyaes Boo6le ygaetc npH
ayyiien OpraHH3auHH NpPOHM3BOACTBA
HCKJ/IOUHTb HEKOTOpble TEeXHOJOrHYECKHe
npouecchl, B TOM 4HCJI€ H MNpPoLecch Ha-
rpeBa. Hanpumep, Haynuaer npaxTHko-
BaThCAl TepMOOOpabOTKa HENOoCPeACTBEHHO
C NMPOKATHOTO Harpesa BMECTO TPALHUHOH-
HOrO ABOWHOro Harpesa nepeja MPOKATKOM
1 nepel TepMooGpaboTKOH, OCyllecTBAse-
Moil o6niuHO B apyrom lexe. EctecTsenHo,
4YTO BO BPEMHA TPAHCIOPTHPOBKM M3 Lexa
B lleX MPOKAT OCTHIBAET H ero BHOBb [PH-
XOMHUTCA HarpeBaTh.

24.3. YTHAU3AUMS BTOPHUYHbIX
(NMOBKOMHDbIX) IHEPTOPECYPCOB (B3P

Ecan B naHHOM MpOM3BOACTBE 33 CYeT
pereHepallid He yAaeTCH MOAHOCTbIO HC-
N0Jb30BaTh BCK 3IHEPTHI0, HYMKHO TNOMbI-
TAThCSl He cOpacbiBaTb €€ B OKPYKaOLLYIO
cpesy, 4 MpoAaTh 3TH HEHYXHHE BTOPHU-
Hble (rto6o4HbIE) aas NAHHOTO
NPOU3BOACTBA 3HEpPropecypcbl APYTrUM Mo-
Tpebutenam JaubGo opraHusoBaTh y cebs
creuxanbHoe MNPOM3BOACTBO, MOTpebasio-
wee 3Ty 3Hepruw. Takod noaxoa He naet
SKOHOMHM TOMNJHBA B CAMOM TeXHOJOrHYe-
CKOM Mnpolecce, HO MOXeT CYIULECTBEHHO
yay4yllaTh  3KOHOMHYECKHE  TOKa3aTesH
NPOH3BOACTBE 3@ CYET CPEACTB, MOJYYECH-
HbIX OT peanuzauud BIP.

[naBHasi TpyAHOCTb NpPH peLUEHHH Mpo-
GaeMbl yTHAu3aunH B3P 06LIYHO cOCTOMT
B noucke norpe6utensn. [lpuxoantcA ana-
JIM3HPOBATb YXKe He TOJIbKO CBOE NIPOH3BOA-
CTBO, HO H B NEPBYIO O4Yepeab COMYTCIBYIO-
ulMe, a8 HHOTAA H COBEpPLIEHHO HEe CBA3aH-
Hele. Hepegko ans ytuauzaunu BIP co-
343I0T TeNJHuHble Xx03AlcTBa, ppI6OBOAHEIE
npyant 1 T. 4. Cnoco6 yruausauuu BIP Bhi-
6HpaI0OT B 3@BUCHMOCTH OT TpeOGOBaHHH 110-
TpeGHTeNs H BHAA BTOPUUHOH 3HEDPTHH.

Ecau Ha npoH3BOACTBE HMEIOTCA roplo-
YyHe OTXOAbl — TonJiMBHble BIP, To ncnonb-
30BaHue UX OOBIYHO He MpeicTaBjAsieT TPy -
na. Tak, 1OMeHHbIH H KOKCOBBIH ra3sl Me-
TaNJNYPrHYECKOr0 KOMOGHHATa CHKHralTcH
B TONKAX NapoBblX KOTJIOB BMeCTe ¢ APYTH-
MH BUAaMH TOMaMBA. B kpalHem cJiyuae,
€CJIM He yaaeTcsl CKedb TOMAMBHble BIP
B OObIYHBIX TOMKAX, CO343I0T ClelHasbHbIe,
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HanpuMep TOMKH C KHOAUWMM  CJ0EM
(cm. ra. 17) anA CKUraHHA BBICOKO30b-
HbIX TBEPAbIX OCTATKOB Yr/ieo60raTHTe/b-
HbIX (abpHK.

3a cuer B3P u36uiTouHOro aaB/eHus
B paculMpHTeJbHbIX Typ6HHAX OGBIYHO MO-
JAY4alT  3/JEKTPO3HEPTHIO (kak  Ha
puc. 24.4). HauGosbiyio gono cocTasas-
o1 Tennossle BAP. Yacro, rosops o BAP,
TOMBKO  HMX H  HMelOT B BHIY.
B 1985r. B CCCP 6hiI0 YTHAM3MPOBAHO
okos0 0,7-10" Ik takux B3P — npumep-
HO [MOMI0BHMHE TOTO KOJHYeCTBa, KOTOPOE
CUMTAeTCH SKOHOMHMUECKH LesecoobpasHo
MCIIO/bL30BATh B HacTodAllee BpeMs. B ue-
JOM e TemaoBeix B3P mHoro Gosblie.

Tennossle B3P rasoBbix nNoToKos ¢ Bbl-
coKo# remnepatypo# ( >400°C) u cpeaHen
(100—400 °C) oOBbl4HO HCHOJABL3YIOTCHA ANA
NPOM3BOACTBA Mapa WM NOLOTPEBA BOIMI
C MOMOLLbIO NapOBbLIX HJH BOAOTPEHHBIX
KOT/I0B-yTHAU3aTopoB (cM § 19.5). Bono-
rpefHble KOTJbI-YTH/AW3aTOpPbl MpeAHA3Ha-
4eHbl AAA [OAOTpeBa BOAbI, HAylled Ha
TeN10MUKALHIO MHJIBIX W MPOMBILLIEHHbIX
3aaHui. KOHCTPYKTHBHO OHH MNpeacTaBJsi-
10T coboit cuctemy TpyO, uepes KOTOpble
NpOKaYyHBaETCA ceTeBas BOAA, NO3TOMY He-
peaKo BoOAOrpefHble KOTJbI-YTHIH3ATODHI
Ha3bIBAIOT YTHJIH3ALUHOHHBIMH 3KOHOMaH-
3epami.

[llupokoe pacnpocTpaHeHHe B HACTOA-
uiee BpeMst MOJNYYMAH CHCTeMbl HCrapu-
TE€JBHOro OXJamiaeHusa 3JE€MEHTOB BbICOKO-
TeMnepaTypHbix nedefl. B neyax MHorue
3/1eMeHTbl NMPUXOAUTCA [enaTb W3 MeTan-
Jla — MpexAae BCero 3TO HecyllHe W noa-
IepKHBaoLHe 6ajJKH, Ha HHX JOKHUTCHA
6o/bllas Harpyska, KOTOpPYIO HE BblaepKaT
OrHeynopHele Marepuann. [lpakTHueckH
HEBO3MOXXHO NeJ1aTh H3 OTHEYNOpPOB H MOA-
BUXKHBIE 3/€MeHThl, 0CO6eHHO Te, KOTOpble
A0JXKHbl FepMEeTHYHO 3aKphIBATbCA, HANpH-
Mep 3aBaJjo4Hble OKHa, WHOephl, NEPEKPHI-
BalOlLHe MPOXOLHOE CeYyeHHe Ta30X0/0B,
H T. 4. Ho MeTanasl MoryT pa6oTarb TOIBKO
NpH YMEpPeHHbIX Temnepartypax ao 400—
600 °C, a TemnepaTypa B NeUH MHOrG Bbl-
we. [TosToMy MeTananuyeckie snemeHThl ne-
yeil 1eMal0T MOJAbIMH M BHYTPH HUX LHPKY-
JIMpyeT oxJamaawluas soaa. das Uckao-
YeHUs 00pPa30BaHHA HAKHMIIH H 3arpsA3Henki
BHYTPH OXJlaXKAa€MbIX 3/1eMEHTOB BOAA A0O-
JKH2 ObiTb CreLdalbHO NOATOTOBJEHHOH.
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Puc. 24.5. YnpolueHHas cXxema KOTJa-yTHJH3a-
Topa ¢ cHCTeMOH ncnapmenbnoro OXJaXK/AeHUA:
1+ quraTensubiit Hacoc; 2 ~— BOAAHOH skoHomadaep,
3 — ycnapuTeabHaA NOBEPXHOCTh KOTAAL 4 — Gapa-
6aH KOTA2; 5 — OXJAMAAEMble EMEHTH NedH; 6 —
UUPKYAAUMOHHBH Hacoc; 7 — naponeperpesarent

Kpome TOro, 3Ty BOAY HYXHO 0XJaX1aTb
uan c6pacbiBath. M B TOM H B 1pyroM
clyuae TPOMCXOIMT 3arpA3HeHHe OKpyxa-
jouLelt cpeabi.

Bee 3T HELOCTATKH MCKAOHAIOTCH, €C-
/1M B OXAN2XKAaeMble JMEMEHTH NedH NojaloT
BOAY W3 KOHTYpPa UHPKY/AUAH MapoBOro
KOTNa-yTHAW3ATOpa (pHC. 24.5). Oxnaxnaa-
emble 3JeMeHThl [edd 3[4ecb BbIMOIHAIOT
pO/b HCNAPHTEIbHON MOBEPXHOCTH, B KOTO-
poll TenJ0Ta yXKe He c6pachiBaeTcsl B OKpY-
Kapulylo cpesy, a HIeT Ha BoIpabOTKY
napa. [luTanue KOT/IOB OCYLLECTBIAETCS
YUMHYECKH OYHILEHHOH BOLO#H, N03TAMY Ha-
KHMH ¥ 3arpa3HeHnil BAYTPH OXJ2XAaEMbIX
3/leMEHTOB He OGpPa3yeTcs H CPOK HX CJYX-
66l B 1,5—3 pasa GoJblue, 4eM NpH OXJaX-
JleHHH Heo6paGoTaHHOM MPOTOUHOH BOJOH.

CHeTeMa HCTapHTeNLHOro oXnaxaeHus
moxer paGoTaTb H Kak caMoCTOATEN bHbIA
napoBO# KOTE/, HO MOULHOCTb €ro 6yaer
cavmkom magoit. [lpu KOMMieKCHOM N[OA-
XO/€ K YTHJAU3ALHH TEMJIOThl OT ra3oB H OX-
Aa)KAaeMblX 3/1eMeHTOB KOHCTPYKUHH NeuH
aHaYyWTeJbHO COKpalawTcd 3aTtparbl Ha
BCrOMOraTesibHoe OGOpYINOBaHHE, KOMMY-
HUKalMK, obcnyXupaHde H T. 1.

B psafe cayuaes yoaeTca HCNOJNb30BATH
TENJOTY pacKa/eHHbX TBepAblX MPOILYKTOB.
Ha MHOTHX MeTa/yprayeckux komGunarax
cefiuac pa6oTal0T yCTAHOBKM OXJIAXIEHHA
(TeXHOMOrH TOBOPSAT «CYXOTO TYLIEHHA»)
xokca (YCTK), B KOTOpBIX OXJaMAaETCH
KoKe ¢ Tempepatypoii cauiwe (000 °C, BbI-
rpysaemblél 3 KOKCOBbIX Gavapeit. Ocobas
CIOYKHOCTh 3TOH YCTAHOBKH COCTOMT B TOM,

4TO KOKC — roprouuil matepuan. [loaromy
AN er0 OXJaXK/AEHHS MCHNONb3YIOT HHEpPT-
Hblil 230T, a BCIO YCTaHOBKY epMeTHaupy-
JOT, MO-BO3MOXHOCTH OpefoTsBpauias yreu-
KM a30Ta.

PackaneHHblii KOKC B CeUHaNbHbIX Ba-
roHax GhICTPO (MOCKONbKY Ha BO3JyXe OH
rOpHT) TPaHCHOOPTHPYeTca OT KOKCOBOH 0a-
TAaped M 3arpyxaercs B repMeTHUHYIo dop-
kamepy I (puc. 24.6), 3arem nocrynaer
B KaMepy TyiueHua 2, B KOTOpOH OH CHH3Y
BBepX MPOAYBABTCA HHEPTHbLIM [A30M. 3a
cyeT MOCTEMeHHOH BLIFPY3KH CHH3Y KOKC
NJOTHBIM CJOEM [BHXKeTcA CBepXy BHH3
NPOTHBOTOKOM K OXJaXjawoulemy rasy.
B peayabTaTe KOKC OxJaxjpaercd OT
1000—1050 °C a0 200—250 °C, a ras Ha-
rpepaetcs ot 180—200 °C o 750—800 °C.
Uepes crieLnabible OTBEPCTHA 3 M MblACO-
cajdMTe/NbHYI0 Kamepy 4 rasel nonaaaior
B KoTea-yTHAM3aTOp 5. B Hem 3a cuer OX-
JaxAeHHs | T Kokca MofydaioT MpHMEpPHO
0,5 T mapa AOCTATOUHO BHICOKHX NMapamer-
pos p=(3,9+4,0)Mlla n t=(440=
450)°C. Tlocae KoOT.Na-yTHaAM3aropa OX-
JaXK/eHHblfl ras elle pa3 OYMiLaKT OT INbl-
AH B LHMKJOHE 6 M BEHTHAATOPOM 7 BHOBD
HanpaBJAIOT B Kamepy TYWeEHHs noa chie-
LHaabHbIl paccekaTenb AJsi PaBHOMEpHOro
pacnpe/esleHHs M0 CEYEHHIO Kamephi.

Cyxoil ¢noco6 OxnaxAcHHA N0 CpaBHE
HHIO C TPAJHUHOHHBIM, KOr)2 packaJ/eHHblfl

ropayul
KOKE

Netns

Xaﬂaiﬁa/%
KOKE

1161716

Puc. 24.6. Cxema YCTAHOBKH CYXOrO TYLRHHA
KOKCa
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FOPAILLHA KOKC JeHCTBHTENBHO «TylIaT»,
M0J1MBAsE BOLOH, MO3BOMSIET HE TONBKO MO-
JAYUHTD JONOJHHTENbHY SHEPTHIO (YTHAU-
3upoBath B3P), Ho M nosbllraeT KayecTso
KOKCa, yMEHbUIAET €ro NnoTepu 3a cUeT Bbl-
ropaHHsi B NpOLECCE TYIWEHHUS, UCKJAKUAET
pacxoj BOAbL, a I1aBHOE — MO3BOAHET H3-
6exaTb 3arpsa3HeHHst arMocdepbl napom
H KOKCOBOH MbL1bIO. .

AHanoruuHble CXeMbl YTUAH3ALUK Ter -
JIOThl PYTHX TBEPAbIX BEIUIECTB MOXHO HC-
N0/1b30BaTh TOJNLKO NPH JOCTATOUYHO GOJb-
WOA JIPOH3BOAMTENBHOCTH, HHAYe 3TO 6y-
H€T 3KOHOMHYECKH WEBBLITOAHO (0 [pH-
YHHaM, yKa3aHHbiM Bbilie. [Tpou3BognTeNL-
Hocth YCTK no koxey cocTasasier 50—
56 T /4.

Han6onee cnomuo waittn npimenenue
HH3KOMOTEHIHANBHBIM  TemaoBbiM  BAP
(¢<C100°C). B nocnennee Bpemsi Hx Bee
WHpe HCOONL3YIOT S OTOMNEHHS U KOH-
JAHLUHOHNPOBAHUA [POMBILIJEHHBIX H KH-
JIbIX 3AAHUHA, TPHMEHAIOT TENJOBBIE HACOCH
ANs NOBBIICHAS TEMIIEPATYPHOrO MOTEHIH-
ana WaIH U noaydeHusi xoaoaa. Heno-
CPEACTBEHHO HCNOMBL3YIOT TakHe BAP Tonb-
KO Ha OTOMJIeHHe GJM3KO PacnOJOMXEeHHhX
TeMJHL HAH pblOOBOAHBIX XO3ACTB.

Ouenb ocTpoymnoe peuwenue sl He-
NOJb30BAHHS HH3KONOTEHUHANBHOH TemnJo-
Tbl OTXOAAILHX ra30B Aa€E B 6GbITOBLIX
yenosusx Gblio Hakgeno @. Haucewom aaa
KYXOHHOrO  ammnapara,  KOTOpHIH  OH
B 1895 r. npumenssn Bo Bpems cBoero no-
xopa k CesepHomy noaiocy. INocae oforpe-
Ba cocypa ANA BAapKA NHIWH (puc. 24.7)
AbIMOBBI® T'a3bl HANDABJAJHCH B ACMOJHH-
T€/1bHbI€ Ta30Xo4bl, T[1€ OTAABANH CBOIO
Tennory rasuwemy cuery. KITJ sToro anna-
para npesbiwan 90 %, B TO Bpems kak
Y OGbI4HBIX ra3oBbIX MJIUT OH MeHee 50 %.

B npombliiseHHbIX ye0BHAX OXaaXKae-
HHE JbIMOBLIX T'a30B Jl0 TEMIEPATYP HHKe
100 °C BecbMa 3aTpyaHHTENBHO npexje
BCEro M3-3a KOHAEHCALHH BOASHbIX Napos.
XonogHbEe CTEHKH TPY6, M0 KOTOpbIM LUp-
KYJHpyeT HarpesaeMasi cpeja, 3an0TeBaoT
H TIOBEPraloTC HHTEHCHBHOH KOPPO3MH.
Konnencaunsa BoasiHbix napos umena mecto
W B arperate, u3obpaeHHOM Ha pHuc. 24.7,
HO BBH1Y YHHUKAJbHOCTH HA3HAUEHHUHA €ero
MOMHO GblNO M3rOTOBHTL H3 JIOPOrOCTOSA-
LHX MAaTePHaJIOB, He GOSIIEHXCH KOPPO3HH,
KPOME TOro, 1eHCTBOBAL OH MEPHOAHYECKH
M He J04ro.

Puc. 24.7. Kyxounumit annapar ®purboda Han-
CeHa:

I — naockuht cocyn 4as Abga u cuera, 2 — KphUKa
C oTBepcTHeM; J -~ HAPYXKHBIT Koanak; 4 — cocya
ANA BADKH MHWH', T — KOAbUECOIGPAIHAR eMKOCTh ANS
TafAHUA Abjla U CHera,; 6*([0D,CT2!BK3 AR KOoAblle-
06pa3Hoil eMKOCTH, 7 — ra20KepocHHABAA [OpefKa
«IPHMYC»

ITpomblLiieHHble noOfOrpeBaTend BO3-
AyXa [ HCKAIUEHHS KOPPO3HH TakKxe
HHOr1a M3roTaB/HBAIOT H3 HEKOPPOAMPYIO-
UUXCS CTEeKASIHHbIX Tpy6. Ecan Her BuGpa-
UKMH, Takue Tpy6bl paGoOTalT A0CTATOUYHO
J0JITO.

Hast nosorpesa Boanl HH3KOTemmepa-
TYPHbIMH Ta3ami ({<Z 100 °C) naunHaloT
HCNOIb30BATb KOHTAKTHBIE 3KOHOMAM3ephl,
npejacTasasiiouiHe co6od oOblYHbIE CMeCcH-
TeNbHble TENNOOOMEHHUKM THMA TPajgMpPHU
(cM. pre. 13.2). B HHX npoHcxoanT Harpes
BOJABl 33 CYET TEMJOThbl KOHTAKTHPYIOLUIHX
¢ HeHl ra3os. [ToBepxHOCTb KOHTaKTa Ka-
ne/jb BOAbl ¢ ra3oMm Goablias, H TEM1006-
MEHHHK NOJyuyaeTcsl KOMNAKTHBI H jelue-
BbIl 1O CpaBHEHHIO C peKynepaTHBHbLIM
(Tpy6uaThiM), HO BOAa HachlWATCH BPEA-
HbIMH BELLECTBAMH, CONEPKAILMMHCS B Ahi-
MOBhIX rasax. B pspe caydaeB sto jo-
NyCTHMO, HanpHMep, AAs BOAbl, HAVLIe#
B CHUCTEMY XHMBOLOMOArOTOBKH B KOTEJb-
HbIX MKW Ha TOC. Ecnu 3arpssHesne soan
HEAOMYCTHMO, TO CTAaBAT elMe OAHH Tem-
NO0GMEHHHK, B KOTOPOM «TpsI3HAsl» BOAA
OTA2€T TeIIOTY «UHCTOH» U BO3BpallaeTcs
B KOHTAKTHBI 3KOHOMali3ep. 3MeeBHKH, No
KOTOPbIM  UHPKYJHPYET «4YMCTasl» BoOAA,
MOXHO YCTAHOBHTb H BHYTPH KOHTaKTHOrO
3KOHOMaMl3epa BMECTO HACAKH,

Konrpoarsnste aonpocet

24.1. Nouemy eeirosHee wenoab3oBats BIP
Ha HYXIbl NDOM3BOACTBA, YeM Ha OTOMJIeHHe?

24.2. MOXKHO M C NOMOLLLIO PEKYNEPATHB-
HOrO Terso00MeHHHKE OCYILECTBHTh perewepa-
UHIO TeMJOThl MAH AJA 3TOr0 NPHTOAEH TOJAbKO
pereHepaTHBHbIA TEMI006MEHHHK?

24.3. lNoyemy €0XKHEE BCEro HCMONbL3OBATD
HH3KOMOTeHUHANbHLEe Tennosbie BAP?



PELLIEHUS 3ALAY K OTBEThH HA BONPOCHI

1.1. MoxHo.

{.2. Temnepatypa He H3MEHHTCH.

1.3. B crauvoHapHOM HePaBHOBECHOM CO-
CTOAHHH.

2.1. 18,6 mun.

2000 °C

292 .
" | 1000 °C

= 1,26 x/Ix/(kr-K).

2.3. He Hago, Tak kak AU =14 380 k[lx,
a L=5«kJlx.

2.4. CorslacHO MepBOMY 3aKOHY TEPMOLHHA-
MHKH NOABeAeHHast Temnora ¢=Au-+4[ win
¢p AT=c, AT 41, oTKyaa

Au/qg=co/Cr= 1/k=0,7.

3.1. Takum npoueccom ABNAETCS, HaNnpUMep,
M30TEpPMHYECKOe PaCIUMPEHHE HAEalbHOro rasa,
HAXOAALLErocA B TElJOBOM KOHTAKTe ¢ TOPSYHM
MCTOUHHKOM. Tak Kax B 3TOM Npouecce HaMeHe-
HHe BHYTpPEHHeH 3HEepPrHu paBHO HYJIO, TO CO-
r14CHO NEPBOMY 3aKOHY TePMOAKHAMHKH, paso-
Ta, COBepliUeHHas NMPH pacllMpeHHH rasa, pasHa
KOMHYECTBY TEMJOTHI, NEPeJlaHHOH OT ropsuero
uctoundka. Takum 06pasom, HMeeT MeCTo Mnod-
Hoe mpeBpallexye TenaoTel B pagory. Ho 3To He
[IPOTHHOPEUYHUT BTOPOMY 3AKOHY T€PMOLHHAMHKH,
KOTOpbLIH YTBEPIKAAET, UTO HEBO3MOXEH Mpouece,
€MHCTBEHHBIM KOHEUHbIM Pe3y/abTaTOM KOTOpOro
6yaet npeepaulenue B paGoTy TEMJOThHI, H3BJeE-
UeHHOH OT ropsiuero UcTouHuKa. [leficTBUTENBHO,
B KOHIL€ H30TEpPMHUYECKOrQ npouecca ra3 3aHu-
maer of6bem GoJblie, HeM OH 3aHWMa] BHadaje.
VlameHeHHe cOCTOANHA ra3a v ABJIAETCH KOMMNEH-
caudeil NpeBpPALLEHNA TEMJOTHl B paGoTy.

3.2. 1, =0,57.

3.3.

—~——
t,=20%| 7, 3.

3.4, [Tpeanonoxum, 4to agualbaThel nepece-
KaloTcsl B To4YKe ¢. [IpoBeaem Mexay HHMH H30-
TepMMYECKHIl Mpolecc ab, NoayuMMm UMK abc,
B KOTOPOM COBepliaeTcA pa6ora (3KBUBANEHTHAS
3aLITPHXOBAHHOH NJouLajIM) 3a Ccuer oxjamje-
HHA OfHOTO HCTOYHHKA TEMIOThi, 4TO NPATHBOpE-
UHT BTOPOMY 32KOHY TEPMOAHHAMHWKH.

0 v

3.5. Okceprusi TeNJOTH TPH TEMIepaType
1000 °C

L;axczol(l _TQ/T|)=
=200 (1 —283,/1273)=155,5 kL.

kceprusa tendothl npu Temneparype 500 °C
L7 =200(1—283/773)=126,8 k[l x.

Makc

Takum ofpa3oM, B peay.abTate rnepexoia
200 k[ TenaoTbl ¢ BBICOKOTO TEMIeparypHoOro
ypora (1000 °C) Ha Gosee uuakuit (500 °C)
pa6oTOCNOCOGHOCTE 3TOTO KOJNHYECTBA TeMNAoThl
YMEHBILIHAECH Ha 28,7 x A x, Ha
(28,7/200) - 100=14,35 %, HecMOTps Ha TO
4TO BCA TEMAOTa NMPOAYKTOB CropaHusl nepeaa-
Ha napy.

4.1. Kaxywascsa
cMecH

MOJEKYNApHaA Mmacca

n

bow =) rity=32:0,209+
1

+28-0,791 =28,9 kr/Kkvo:t.

[TNOTHOCT BO3j1yXa MPK HOPMA.iLitbiX QH3H-
YEeCKHX YCJOBHAX

p=1,/22,4=289/22,4=1,293 Kkr/m®,
209



Cocran BO34yXd 110 Macce

Ho, 32
_=—— ——'—---0,209:0.23‘:
0,7 "0, " 2839
N 28
gy =—2 1y =-aee0,791=0,77.

2 W, 2 289

Hapuuanbﬂbw AAaBJEHUA KUCJ0pOoaa H a30Ta

Po, =r02p=0,209-760= 159 mm pT.CcT;
pN2=rN?p=0,791 -760=0601 mm pT.CT.

4.2. Hauanbublit 06beM BO3AYXA
v, =RT,/p, =287-283/(0,1-10%)=0,81 »*/kr.

M3 ypaBHeHus npouecca KOHeuHblH o0bem

p
uy=v, —=0.81X
Py

% 0,1-108/(1-10%)=0,081 m3/kr.
PaGora, aaTpauMpaeMas Ha cxarTHe,

[=RT in(pi/p2)=287-283-1n0,i =
= — |87 kl*/kr.

Konuuectno TennoTel, OTBOAMMOH OT ra-
3a, paBHO pafoTe CXKATHA, NO3ITOMY ¢g=
= — 187 kX /Kr.

4.3. Yro6bl HallTH H3IMEHEHHE TeMNepaTyphl,
paccMOTpHM cTo/16 BO3ayXa BhicOTOM dy ¢ no-
nepeyHbiM ceueHueMm, paBHbIM eauHHlue. Ha uu-
KHel NOBEPXHOCTH 3TOrO cToN6a AaBJeHHe pas-
HO P, @ Ha BEepPXHel OHO cocTaBafeT p-+dp, rie
dp — H3MeHeHHe [1aBJeHHA, BbI3BAHHOE BECOM
cTon6a Bo3ayxa. [TockosbKy yBeaHUY@HHE BHICOTHI
COMPOBOXKAAETCA yMeHbWeHHeM AaBJEHUA, TO
dp= —pgdy. Tak kak p=1/u=p/RT, Todp=
=—%%dy. Oas
T/p®*~V/*—=const. JlorapudmupoBanue u aud-
¢$epeHLMPOBAHHE ITOrO YpaBHEHHA jfaeT

aauabaTHoOro inpolecca

[Mocne noOLCTaHOBKH BhipaMeHHA Aa8 dp
noJyuaem

ar _ k-l &
dy E R
[Monaras k=1,4; R=287 Ax/(kr-K);, g=
=9,81 M/c?, nonyyaem
dT l4—1 9,81
& T 20,0008 K/m.
dy 4 287 K/m
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Ha6nionaeMoe B RefiCTBUTENLHOCTH CpeiHee CHH-
XeHue Temnepatyphbi no Beicote (1 K Ha kaxanle
200 M) HeckoJIbKO MeHbllUe sbluHcAeHHOro. Paa-
JAM4He O6BACHACTCA HEYYeTOM BJAXHOCTH BO3-
Ayxa. Koraa 11pu HekoTopoit remnepatype Boagyx
OKa)KeTcs HachlIEHHBIM BJAroi, To AafabHeiulee
MOHHXKEHUE TEMIEPaTypbl NPHBEAET K KOHAEHCA-
LHMH BOAAHBIX NAPOB H BbIAEJEHHIO TEMAOTHl KOH-
AeHcaluu. [lo 3Tolt NpUYHHE NOHHXKeHHE TeMmIe-
paTypbl 6yAeT NPOHCXOLHTb MeJeHHee, YeM 3TO
cAelyeT H3 pacyera.

4.4. B noautponsom npouecce pVi=p,Vj
wan 4-10°V7=10°(3V,)", orkyaa nokasaTenb
naaurponsl n=1n4/Iln 3=1,26.

Pa6ora pacutdpenus

1

L= n—1

bV —pyVo)=

=ﬁ_1"(4' 10%.3—10%-9)=1154 k/Ix.

n-—=k
KosuvectBo tennotel  Q=Mc, —-—lx
n—

X(T:—=T)), wo Mc,(T:—T\)=AU — uame-
HeHHe BHYTpeHHeH SHepruu raaa, KOTOpoe no
NnepBoMy 3aKOHY TEPMOAHHAMHKH paBHo AU =
=Q—L, nostomy

n—k
Q:=(Q'_'L)_E::i-
OTKYAa
h—n 1,4—1,26
= = i ! =404 N
Q Lk—l 1154 TA=1 kLK

AU=Q—L=404—1154= —750 kI x.

Pa6oTa pacliHpeHHn COBEpPLIARTCA Ta3oM 3a
CUET COOBLUEHUS €My TEMIOThl  YMEHbIUEHUS ero
BHyTpeHHEeN 3HeprHH.

4.5. Tlo h, s-auarpamme HaxoauM, 4TO map
B KOHUE paclIMpeHH GYAer BJAaXKHbIM CO cTe-
nenbio cyxoct x=0,81. Hauanbune napamer-
phl: Ay =23405 k[Ix/kr; v, =0,046 m*/kr.

KoHeunbie napamerpbl: ho=2130 kIl /Kr;
vy =12,7 m%/xkr.

H3ameHenne BHyTpeHHell 3HEprHu

Au=h;—h,— (pav2—pi1v,))=2130—
—3405—(0,1-10%-12,7—80.10%.0,046) =
= — 1034 kO x/kr.

5.1. AGcontoTHOE jaBieHHe BO3lyXa B BO3-
AYXOnpoBoae
758

S 5
—10°=1,21.10"Ta.
750 10°=1, a

p,=02-10°+



OtHoweHe 1aBreHUlt MpH HCTEUEHHH
Py 758-10°
P 750.1,21.10°

MO3TOMY CKOPOCTb HCTEUEHHS MEHbIUe KpHTHYe-
cKof u onpenenserca no ¢opmyae (5.15):

2k py \t /%
02=VﬁRT1 [1-(?) =

=\/12‘;l'41 .287.293 [1 — 0,835 4~ /14—

=0,835> i, =0,528,

=183 m/c.
YaenoHslt o6beM BO3AyXa B BO3LyXONpPOBOAE
RT
v = — 287293 =0,695 m*/kr. [lnowans
P, 1,21.108
OTBEPCTHA F= nd? = 3,14-0,005” =
P =% - % -
=19,6.10"% M2

CexyHasblfl pacxod Hadaem no dopmyse

Fcy  Fey [ py \'/*
m = B i B
Yy Yy P
_ 19,6-107°.183.0,835'/14
o 0,695

=5,17-10"% «r/c.

5.2
Py 0,1
=—=—"-=0022<p, =
P =3 Brp
9 \&/(k—1)
'(W) -
9 1,135/0,135
= ——- =0,577.
1,13541
Cnel0BaTeNIbHO,  HCTEUEHHE  MPOHCXOAHT
B CBEpPX3BykoBO# obaacTy,
KpuTtnueckoe  faBJjenne  pypo=_fPupp1=
=0,577-4,5=2,6 MIla.
CKOpPOCTb  HCTEYEHHAI H3 CYXHBAKILILEro
conaa

Cy=44,7 \f, —hy =

=44,7 /2800 —2700=447 m/c;

TO xe H3 conad JlaBaas

ey =44,7 \Jh, —h,=

=44,7 /2800 —2180=1113 m/c.

Taknm o6pasomM, Mpu 3aMeHe CyHBAKOLUE-
rocf consa congom Jlasans CKOpPOCTh HCTEYEHHA
yBeqauuntea B 2,5 pasa.

5.3. 3a cuer HepaBHOBECHOCTH npollecca
APOCCETHPOBAHHA.

5.4. [la, MOXHO, ec/it HauaabHOE [aBJeHHe
Apoccennpyemoro napa Goabwe 2,9 M[1a.

5.5.

Py
=Vp In ==
Qv = VP11
100 3, 08 .
=2.303 510,098 10° In o =5.7 KB
k—1
k Py k
Nyaa=s— PV [(?> —1]=
1,4 5 100
=—"2.0,008. 103 ——_
04 98-10 3600 X

0,8 =
’ 1.4 .
—— _}Y"* —1 |=77 «B1;
x [( 0,098 >
n—I|
n Pq n
NOnonu‘rp=ﬁpl |4 [<_pl—) —1 ]=

_ 12 3 100
T 0.2 0,098-10 3600
0.8 22
) L2 _ — .
X [(W) l] 6,8 kBT
l pt—1
6.l y=l—— = TaK KaK p>
Ne Ek_l E(p—1 P

>0 n k>1, 10 *—1)>k(p—1). 3uauur,
yem Gosblle p, TeM GOALILAEA BEJHYHHA BhIUMTA-
eTCAl M3 eAHHHUB, T.e. MeHblue 1. Ilpa p—1,
pacKphlBAA HEONPEAENEHHOCTh, NOJYUHUM T—1 —
~1/et",

6.2. Temnepatypa rasa B TypGHHe Bblue,
yeM B KoMMpeccope, no3Tomy Gojblle H yaedb-
Hbifl OGBEM NPH TOM XKe 1aBAEHHH, a 3JeMeHTap-
Hasd TexHHYeckas padoTa |dhe«| ==|vdp|. B pe-
3yAbTaTe U lrex > li (cM. pHc. 6.5).

6.3. Temneparypa HacblueHHs npH p=
=0,8MlIla pasna 309°C, a napu p=
=4.10"3MI[Ta — 29 °C. KI1J uukaa Kapno
B 3TOM [Hana3soHe temnepatyp pased 0,48. K111
unknos Penkuna — 0,4 u 0,43.
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6.4. Tennoo6MeHHHK HYXHO CTaBHTb [0C]€
KOHAEHCATHOrO Hacoca, TaK Kak [0 Hero Bola
HAXOAMTCA M0pH Temneparype KHMeHud, N0J0-
rpeTh ee, He Mpeapaulas B Nap, NP1 3TOM JlaBJje-
nud senbss. KITJ unkaa noeblcHTCH 34 cYeT
pereHepal{H TEIJIOTH — MEHbLUE TENJOTH OTpa-
6oTaBuiero mnapa Oyaer OTAAHO XOJOAHOMY
HCTOYHHKY B KOHIEHCATOpe.

6.5. CrTaBUTh XOJOJHJABHUK HET CMblCna.
B uieanbHoM cJydae oH OyileT norpebastb Ta-
KYIO Xe paboTy, KOTOPYIO MOXKHO JONOJMHHTENbHO
nonyunth 3a cdyer yseauyenus KII wuukna,
a B peanbHOM (C y4eTOM MNOTepb 3KCEpPrHH) —
60bILYIO.

8.1. Tenaonotepu yMmenblIaloTca B 2 pasa.

10.1. MuTencuBHOCTb TENJAOOTAAYH OT BO3-
AyXa Ha 2— 3 MOPALKA HHIKE, YEM OT BOLbL, 1103T0-
MY H KOJHYECTBO TEIIOTH, MoNyuyaeMmo# nosep-
XHOCTbIO T€/1a YeJl0BeKa B CayHe, MHOTO MeHbLUE,
yem B Kunsiweil Boje. B cayne 37O KOJAHYECTBO
TeMJOThl OTBOJAMTCH OT NOBEPXHOCTH Te€na 3a cueT
WCnapeHus Norta, NOITOMY Temneparypa nosep-
XHOCTH YA€p:KMBaeTcsl B AOMYCTHMBIX Npejenax.

10.2. [Inn onpeneseHHsi BIHAHKA n06Or0
pasmepHoro ¢akropa Ha KO3((HUHEHT TenJo-
OTAaud HeOGXOJMMO Bblpa3Tbh Bce OGe3pasmep-
Hble 4HCJa Yepe3d BXOAfLIHE B HHX pa3MmepHble
BEJHYHHDI H [1ONYYUTb 3aBHCUMOCTb o OT BCEX
pa3MepHbIX BeJMuHH B sBHOM BHje. Ho ckopocTe
BXO[MT TOJBKO B OfHO Oe3pasMeproe uncao Re,
NO3TOMY CTEMNeHb ee BJAHAHMA Ha @ paBHa cTene-
Hu BnusiHus Re Ha Nu. [las npoponbHoro obre-
KAHHS MJAACTHHL @ ~ W™ — NPH JaMHHADHOM
TEUEHUH B NOTPAHHYHOM ClOE H o~ wl® — npH
TYpGYJAEHTHOM.

10.3. dnst MHOrnx rasoe 4ucao Pr npakrtu-
YecKH MIOCTORKHO U Gau3Ko K eannuue. [las Bo3-
nyxa Pr=0,7. Toraa npu TypOy/]eHTHOM Teue-
HUH BO3AYXa BHYTPH TPyGbi Nu,=0,018Rel?.

10.4. Ot TeMnepaTypbl BO3AYXa 3aBUCAT €ro
Tenoguindeckne cBoficTa. [IpnBeneM nosnyye-
HYI0 Bhilie (GOPMYNy B pa3MepHyilo Gopmy:

08,—08,—02
a=0,018\ w ~v d .

Ecau noacTaBHTh YHCAEHHbIE 3HAYEHHUA Ax H Vi,
To dopuyna npuMer Bul a=Awy®d % Tpn
Temnepatypax Bosayxa 0, 500 n 1000 °C 3naue-
HHA Ko3apduunenta A pasusl 3,5; 1,97 u 1,46 co-
orBetcTBeHHO. TakuM o6pa3oMm, ¢ yBelHyeHHeM
TemrepaTypbl KOHBEKTHBHbIH KO3 @HLIHEHT Ter-
nooTAayn y6uiBaer. B nannoM cayuae creneb
BAHAHHA aBCONIOTHON TeMnepaTypbl H2 o COCTAB-
aser nopumepho  (—05), a Tounee A=
=83,87 935,
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10.5. Jnd uHTeHCHOHKALHH TenI00TAAUYH
pH KOHAEHCALMKH Napa Ha BEPTHKAADLHOW TPyGe
HYXHO YMEHbLIHTb TOJLIMHY CTeKallieH NieHky
KOH/€HCATa, HaTpHMep, 34 CHeT YCTAHOBKH KOJb-
LEeBbIX KO3bIPbKOB, C KOTOPBIX KOHIeHcaT Gyner
cTekaTbh He Kacasick Tpy6ol. MHTescHduunpyioT
TENN0OTAAYY H MPOLOJbHbIE KAaHABKM, N0 KOTO-
pbiM, KAK N0 apTEepHAM, YCKOPEHHO CTEKAET KOH-
AeHcar.

11.1. Bocnonbayemca ¢opmyaoi (11.31).
[Mpu 3TOM pacuer nposeieM NPH MAKCHMAJbHO
BO3MOKHOM B 3THX YC/JOBHAX TENJOBOM TOTOKe,
T. e. npH gy =¢gs=e=|. [lockonbKy NOTOK TemO-
noTepb uYepe3d K3OAALHIO LOMKEH COCTABHTL HE
Gonee (100—99,4) % =06 %, 10 gi2/qi2=
=0,006. M3 [15]: cTeneHb 4epHOTHl aJIOMHHHE-
BOM NOJMPOBAHHOH IJACTHHB [IpU TeMNeparype
200 °C cocrapasiet ¢;=0,04. [Ipn Gonee HU3KHX
TeMnepaTypax 3KpaHHbIX MIACTHH CTEUEHb YePHO-
TH NOJHPOBAHHOTO AMOMHHHA coraacHo [15] —
HHXKE, T. €. TEMJI0noTepy 6y1yT elle MeHblie.

Toraa, no (11.31):

_ 1 (2—0,04)
0,006 =1 /<l+n AE—T ]

Pelnasi 310 ypaBHeHHe, mojyuum n =338,
T. €. TpeGyemyio H30AALHKIO (c 3anacom) ofecne-
4yaT yeTbipe NJIACTHHHI.

11.2. CornacHo 3akony Buua (§ 11.2) mak-
CHMYM H3JayueHus BhicokoreMmnepatypuoit (7=
~ 5800 K) nosepxHoctu Co/IHLa IPHXOLMTCR HA
Ave=2,898/T =2,898/5800=10,0005 m=
=0,5 MKM, T.€. HAa BHIMUMYI0 UaCTb cnekTpa.
B sTo#t o6aactu cnektpa (ra6a. 11.1) yrnekuc-
Nblfi ra3 aTmocdepbl He NOrJaolLaeT Jy4YHCTYIO
TEMIOTY, T.€. TPOMYCKaeT €e K MNOBepXHOCTH
3eman.

MaKkcHMYM H3JyuyeHHsl NOBEPXHOCTH 3eMaH
B uHTepaane Temnepatyp 223—323 K B mupoBoe
NpOCTPAHCTBO HMEET MECTO (COfJIACHO 3AKOHY
Buua) B npejenax 3HaueHHA Au,=13--9 MkM,
T. e. M3JyyeHne 3eMiH — AJIMHHOBO/JHOBOE H OT-
4acTH COBMajaeT ¢ NOJOCOH MOrJOUIEHHSI 3Hep-
FHH M3JyueHUsl yraeKucabim rasom (ra6a. 1.1).

Taxkrm 06pa3om, 4151 KOPOTKOBOJHOBOTO H3-
ayuenus Condlla atmocdepa 3emian ssasetcs
NpaKTHYECKH MPO3PauHoM, B TO BPEMSl KaK ANHH-
HOBOJIHOBOE TernoBoe H3aydenue 3eMyH B Godb-
el CTeneHu yaaBinBaercd €. ITHM O6YCJO0B-
JeH «napHHKOBbI 3(eKkT» BAUAHKA aTMochepbl
Ha BO3MOXKHOE MOTeN/JeHHe KAHMATA NpH yBeau-
ueHun copepxanns B Heit CO,y BeaencTBHE Npo-
H3BOJICTBEHHOH AEATENbHOCTH YeJOBEKaA.

12.1. Ha xpuTHueckuil paguyc H3OAALHH Fp



MOr'yT OKa3blBaTh BJHMSIHHE TOJBKO BA Mapamer-
pa: TeIONPOBOAHOCTh TEMVIOH3OAATOPA Aus H KO-
3pduunent temsootaaud a, T.e. ryp=Ff (A, ).
CorsacHo s-TeopeMe W3 pa3MepHbiX MAPaMEeTpOB
MOXHO CQOPMHPOBAThL JHLIb ORHH (e3pasmep-
HbIH KOMIUJIEKC atry,/hip =const. KoHcTanTta pas-
Ha e[[HHHIEe (ee MONYYAlOT W3 ONbITA AHGO aHANH-
THUeckH). Takum 06pasom ry,=A./a.

12.2. Q=353 Br.

12.3. TepMuueckoe conpoTHBEHHE BO3AYIL-
HOrQ 3a30pa MEXAYy CTEHKaMH MOMKHO pacCuM-
TaTb MO COOTHOLIEHHIO

R,=8,/(M F)=8,/(eM,F)

Coraacio  (10.2)  &,=0,18 (Gr Pr)°®,
B nepBoM npH6/HXKEHWH MpHMEM TeMnepaTtypbi
CTeKO paBHbIMM f; H {3, TOrAa {=0°C, 9=
=(t; —t)=40°C, [=8; u paccuHTaeMm g,=

=8,82. CyMmmapHoe TepMHYECKOe COMNPOTHBJE-
HHe OyjeT paBHO

r= (! 28,
TF\e L T
+€m+
+_1_ =0,0593L.

@y Bt

a TensoBol nmotok Q=669 Br.
o pe3yabraTam 3TOro pacuera Heo6X0AHMO

CaMOCTOATE/IbHO OLEHHTb TEMMEPATYpPY CTEKOJ,
a 3aTeM NOJAYYHUTb YTOUHEHHbl€ 3HAYEHHS Ex, R,

R« m Q

12.4. Jast OUeHKH npuMeMm o=
=10 Br/(M?-K) (YTOMHEHHO 3TO 3HAUYEHHE He-
06X0AMMO cuHTaTb Kak B npumepe 12.1). Tepmu-
YECKHMH COTIPOTHBJIEHHSIMH TEIIOOTAa4H OT BO-
Ibl ¥ TEIIONPOBOAHOCTH CTEHKH METaJJIHYeCKOro
pasHaTOpa MOXHO lpeHe6peun; F=2,6 m>.

12.5. 3amep3aHxe HaAUYHeTCH NOCAE OXJAX-
AeHusi Boabl a0 0°C. Boga B TpyGe Moxer
nepeMellMBATLCA 32 CUET €CTeCTBEHHOH KOHBEK-
LHH, [103TOMY TEMMIEpaTypa ee MO CEeYEHHIO TPY-

6bl  oauMnakosa. Bocnoab3yeMcs ypaBHEHHEM
(14.7), otkyaa
T=— coV In i
af B,

[TpeneGperasn TennoemkocTbio MmeTanna Tpy6ol,
noAyuHM
n-0,.22 /

4 0—(—20)
30n0,2/ 20—(—20)

4190-1000-

=4840 c~ 1,3 u.

12.6. MakcuManbHoe paccTosiHUe TPaHeop-
THPOBKH BOAbI 6e3 3amep3anns L=wt =4840 m.

13.1. Yem menbue paaMep Kaneab B rpagup-
He, TeM Godblile TOBEPXHOCTh Tem1oo6MeHa (KOH-
TakTa BOAbl M Boddyxa). OaHako oueHb MeJKde
KanjH YHOCATCHA NOTOKOM BO3AYyXa, MO3ITOMY pas-
Mep Kanedb [JOMKEeH ObiTb TAKHM, UTOGbl CKO-
POCTb MX NaieHHsI MPEBbILIAJLA CKOPOCTh BO3LYXa
B rpajupHe.

13.2. TTpu oueHb 60AbLWINX TEMIOBBIX [0TO-
KaX CKOPOCTh TeUEeHWS napa B TeNnoBOoH Tpybe
CTaHOBUTCA OueHb 6OLLIOH K OHA TIPENsiTCTBYeT
CTeKaHHIO KoHaeHcaTa. B 3Tom cayuae genaior
oTAenbHble TPpy6bl AJfl CTEKAHWS KOHAEHcaTa
U LBHXXEHHA Napa. ‘

133. [Ipn npsAMOTOYUHOM [ABHKEHHH BOAbI
v rasa 13,3, npu npotusoTouHoM 5.6 %.

15.1. KosauecTBo cyxoro peulecrsa ocraer-

Ccfl NpH CcylIKe HenaMeHHbIM Goyy=1 (100—
— W1)= GOCT(IOO— WQ) OTcrona Goer=
=(100— W,)/(100— W5)=0,718 kr.  Anano-

CHYHO  3oabHOCTE  Ar=A,(100— W2) /(100 —
—W))=1029%. llpu cropanuu noacylIeHHOro
TONJHBA BbIAEAWTCH TAKOE JKe KOJHYECTBO Tero-
Thl, YTO H HCXOAHOTOQ (BJAXKHOCQ), OAHAKO Te-
nepb OHO OTHOCHTCA K MeHblIeH Macce yras.
Kpowme Toro, npu nogcuere HU3wWweil TEMIOTH Cro-
paHus He HALO YUHMTHIBATb TEIVIOTY HA UCMapeHHe
yAaJeHHOH NpH cywke Baaru. CreroBaTenkbHo,

QP =@ +0.25 (W, — WyG, )}/ G per =
=[13 000425 (39— 15-0,718)]/0,718 =
=17 120 Ak /kr=17,12 M1 /Kr.

15.2. Tak Kak notepb HeT, TO NOJE3HO HC-
noabaylorcs Bce 40 M/ TensoThl, Bhigeasiio-
uteficsi npy cropaHud | xr kepocuHa. Kpome To-
ro, NpakTHYeCKH Bech BOASIHOH nap, o6Gpa3syio-
IWHHCA NpPH rOPeHHH, KOHIEHCHPYeTCs NpH OX-
Jaxieddd rasoB go 0°C u© remiora KoH-
JIEHCALHU TOXEe HCMOJab3yeTcs nose3dHo. Takum
o6pasowm, KINO=100(Q/425-9H") /Qi=
= 100(40 000 +25-9-12)/40000= 106,75 % [lpu-
mepHo takoi KI1[l umena neur ®. Haucena ans
BAPKH [HLLH.

15.3. 1,43 kr/kr nHedTH, 1,19 kr/m* npupoa-
Horo ra3a u 0,717 kr/kr yras. WMeHHo Takue
uu@pbl (NPHOAH3UTENLHO) HCNOABL3YIOT MPH ne-
pecueTe KOJNH4YeCTBA HATYPANbHBIX TONJIHB B yC-
JIOBHOE B rJo6afbHLIX pacuyerax.

154, s dopmyan (15.2) umecM Qo=
=12 640; QH2=10800 kx/m'.  Tak kax

| KMOAb 106070 HMAEaNbHOrO ra3a 3aHuMaer
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B HOPMA/NBHBEIX YCAOBUAX o6beM 22,4 m®, macca
| kmoasi CO pasna 28, a Hy — 2 kr, 10 Qo=
=10 100 kA /kr, a QH2= 121 000 kI x /xr.

15.5. S, =10S:/Q/=0,75u 2,7 r /M1 X ans
maayra u yras. Takum o6pa3oM, BHIGPOCH cephl
MpH  CHUTAHWM MOAMOCKOBHOro yras Gyayt
B 2,7/0,75=23,6 pasa Bbilue, 4eM BbICOKOCEPHH-
CTOro MasyTa.

15.6. ¥YmeHbLIaeTc, NMOCKONAbKY C yBenuye-
HHEM COJlepKaHUA B TOMNHBE KHCJIOpPOAA YBeJH-
UMBAeTCA AOAA CBA3AHHBIX C HHM (T. €. «Cro-
pEBIUIMX») COPIOUHX — YIJIepoAa M BOAOPOAA
(cm. Takxe opmyny Menneneesa).

15.7. B 1,5 pasa.

16.1. MOLLHOCTb, BbIJENAIOUIAACA B TONKE,
Q=2Q./0,9=16,67 MBr.

OueHouunbll pacuer. [IpuHuman «TEmnNOTY
cropaHnsl Boagyxa» pabHod 3,8 MIx/m%, noay-
UM 418 O60HX TOMIUB TEOPeTHYECKH HEOGXOLH-
Mblii pacxom  Bosayxa BV®~16,67/38=
=4,39 m®/c. [leictBuTeabnbift pacxon BV,=
=, (BV")=5,48 m*/c (B HOPMAJbHBIX YCAOBH-
Ax). OG6beM nNpPOAYKTOB CropaHHs aHTpaluUTa
npuMepHO paseH 06bemy Bosayxa. Kosuuectso
CXKHraeMoro JIOMEHHOro rasa pasHo B=Q/Qi=
=16,67/4=4,17 m*/c. O6beM NPOAYKTOR Cropa-
HHSL npH ero cxurauun (BV.)=(BV.)+B=
=9,65 M*/c (B HOpMaNbHBIX YCNOBHSAX).

Touuntét pacuer. Jomennn it ras [lo-
peTb MOTYT YeThipe KOMNOHEHT@ MO PeaKUHsM:
CH,+20;=C0;+2H,0; H;+40,50:=H0;
CO+0,502=COQ; H)S + 1,502=H10+SOQ.
CrexnomeTpuueckue koddpdruunenTol npu Q yka-
3bIBAIOT KOJMMUYECTBO KYGOMETPOB KHC/AOpOAA, Te-
OpETHUECKH HEOOXOAHMOE IR CHHrauud | m?
COOTBETCTBYIOLLErO ra3a. Yursl o6beMHble conep-
KaHHS 3THX ra30B B | M> LOMEHHOro W MojenHs
Ha 06bheMHOE COdEepPXKAaHHE KUC/IOPOAa B BO3AYXe
(0,21), nonyuum

v =(2rcy, +05ry +0,5rc0+
+ 157y 6)/0.21 =
=0,781 u®/m3; (BV,)=Ba V'=
=4,17-1,25-0,781 = 4,07 m%/c.

[MpoaykThl cropanus COCTOAT M3 rasos, 06-
pasylOILKXCA B pe3yabTaTe HANUCAHHbBIX BbIllE
peakuun#, rnaoc CO3 u Ny, cOpepKaIluxcs B 10-
MEHHOM T'a3€e, ¥ MKC a30T ¥ U3GBITOUHbIH KHCJI0-
pon BO3ayXa:
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Ve=8rcy +ru,Trcot2u,stco, T
+ry, +0.79, V4021 (@,— 1) V0=
=3.0,00340,0274+0,28 4-2.0,003 40,102 4
+0,58540,79.1,25.0,781 4+ 0,21(1,25 = 1) X
% 0,781 =1,82 m*/m?; BV, =4,17-1,82=
=759 M¥/c. TTpon3BOAKTRALHOCTE BEHTHARTOPA
Vaews =BV, (2734 20)/273=4,37 m*/c.  TTpona-
BOAHTEAbHOCTh AbiMococa Vuw=BV (2734

+200)/273=13,1 m"/c.

Auntpaunt [lo dpopmyne (163):

V®=0,033(2,67-63,8+8-1,2+4+1,7—
—1,3)=5,95 M3 /kr.

B=16,67/22,56=0,739 kr/c;
=0,739-1,25-5-95=5,5 m?/c.

Mo ¢opmyne (16.6) VROQ-—:O,OlﬁS 63,8+
40,375+ 1,7)=1,08 M*/kr.

[To ¢opmyne (16.7) VH20=0'1 111,24

BV,=

40,0124 -8 5=0,239 nm*/xr.

Mo dopmyre (16.5) V,.=1,0840,239+
+0,79-1,25-5,95+0,21 (1,25—1).5,95=
=751 M*/xr.

BV.=0,739.7,51 =555 m*/c.
Vi = 9,62 v*/c.

Takum o6pa3om, AR aHTPAUHMTA (KAK H LAS
GONbILHHCTBA TBEPABLIX TONNNB) OLEHOYHHIA pac-
yeT naeT JOCTATOYHO TOUHEIH Pe3yibTaT, a 418
JIOMEHHOro ra3a 3aBblllaer pacXoibl BO3LyXa
H MIPOJYKTOB CrOpaHus npuMepHo Ha 30 %. dan
MPHKHLOYHLIX PACUETOB 3TO MPHEMJEMO.

162. AuntpauwuTt. B coorBercTBHH
¢ dhopmyaamu (16.8) u (16.11)

Qr=(VFCF2)1000—(_Vrc‘ft)two:
=751-11-1,916.-1000—7,51-1,1-893-800=
=1 665 000 dx/kr,
BQ.=0,739-1,665-10°=1,23.10°Br=
=1,23 MBT.

JdoMeundnH# ras. Q.=
=1,82-1,1-916-1000—1,82-1,1-893-800=
=403 600 dx/m’; BQ.=0,4036-10%.4,17=
=1,683.10°% Br=1,683 MBT.

16.3. At=cit=1,1-916-1000=
=1,008-10% BT ans 06OHX TONJHB.

16.4. B a6 nue HY>XHO NPHBECTH B 3aBHCH-
MOCTH OT TEMMEPATypbl 3HAYEHHA 3HTAJbIMK
NPOAYKTOR cropanusi H{ LaHHOTO TONAHBA TIpH
as=1, 8 TaKxKe 3HAUEHMH SHTANBMUH BO3AYyXa
Hi, TeopeTHYecKH HeoOGXOXHMOro Ais NOJNHOro

Vien:=5,9 M*/c;

CIKHCAHUA eIHHULb KOAM4ECTBA AaHHOTO TOILIH-
Ba. Torja 3HTANLMOUA NPORYKTOB CrOPaHWs Bbi-
paxaercst Kak Hy=H2+(ca— 1) H3.



16.5. feor+50,= Vo Ve=108/751=
=0,144; rH20=0,032; r02=0,2l (1,25—
—1)5,95/7,51 =0,042; N, =079.1,25%
%X 5,95/7,51=0,782. Takum o6paaom, oc-
HOBHBIMH KOMTOHEHTAMH TPOAYKTOB CrOpaHHA
fABAAIOTCA a3or (78,2 %) W AHoKeua yraepoaa
(14 %).

17.1. O6beM cyxux NPOAYKTOB MOMHOrO Cro-
panus antpaunta (npeHefperaeM ero HUYTOXK-
HhIM H3MeHeHHeM B CBA3H ¢ Hannudem | % CO)
Ver=Vi— VHQO =7,51—0,239=7,27 m*/kr.
O6bem CO, nonyyenuslt mpu cropaHuu | Kr au-
Tpauura, Veo=rcodV . ,=001.727=
=0,0727 M*/kr. B cooTBetctBHH ¢ (hopMynOH
(17.2)  Quuw=0,0727-12 640=919 kI /kr=
=0,919 MIX/Kr;  gruw=100Quuu/ Qi = 100X
%X 0,919/22,56 =41 %.

17.2.
A T
=3265 —( — ¥
Quex 100 (100—ryﬂ Byt
+ rnp a + ru.l.llalll.’l —
[00—7,, "' 100—T,,
22,9 10
=3265 — - —— . —

3255 156 (100—10 0’85)
=0,706 MO x/xr; Guex=100-0,706/22,56 =
=3,1%.

173, V'x=Q{/3,8=236,7/3,8=9,66 m*/m*

(ecaH CYUMUTATb, UTO NMPHPOAHBLIA a3 COCTOKT M3
OIHOro MeTaHa, TO B COOTBETCTBHH C peakLHel
ero ropexus, wanucaunoil 8 npumepe 16.1, V0=
=2/921=952 w'/m%); Vi=1,2.9,66=
=11,6 m¥/m.

17.4. B npexnnosnoxeHuu, yro | M3 BO34yXa
NpH NOJHOM CTOPAHHH C JIO6bIM TOMJIHBOM Bbi-
neasier 3,8 MK Tensaothl, HEO6XOAHMOE KOJiHYe-
CTBO BO3/lyXa MpH 3aJaHHOH MOLLHOCTH KOT/IA OT
THNA TOMJMBA He 3aBHCHT. TOUHbLIE OTHOLUEHHHA
Q‘/V0 paBHbl AaA masyra 3,8 m¥/MIxk, a ans
npHpoAHOro rasa 3,78 m*/MJIx, T. e. H NpH ToU-
HOM pacueTe pacxoj BO3AyXa HE H3MeHHTCH.

17.5. Kotan Takoi HeSOMbWON MOLLHOCTH
MOT'YT HMETh JHGO CAOEBYIO TOMKY, MHGO C KHUNSA-
LIHM CJI0EM, HO B CJOEBOH TOMKE yroJb ¢ TakoH
60/bILOH 30/ILHOCTLIO, 1a elle CNeKawILnics, ro-
petb He Gyner. Ilo dopmysae (17.7) (ona npu-
FOfHa W AR TOMOK C KHOSILUHM CJOEM) gp=
=3,8-3-273/1,2 (273 +850)=2,31 MBt/m%.
Maowans tonke R=15/2,31=6,5m2. O6bem
TonkH V=Q/q,=15/0,350=43 m®. Ipy6o cuu-

Tas TOMNKY npuH3Moll, HalinemM ee BuICOTY h=
=V/R=43/65,5=6,6 wm.

17.6. KamepHni#i.

17.7. das Taxko#t MOWHOCTH OpPHMEHAIOT
TONbKO KaMepHble TOMKK. TenyioBas MOUIHOCTb
Tonku paBHa 1200/0,4==3000 MBr. [Tpu Tenno-
BOM HamprKeHHH o6neM g, =150 KB1/m* V=
=20 000 m°.

17.8. Ua | moas S ¢ monekyasipHo# Maccoit
32 r/monb o6pasyercs no peakuuu S+ 0y =S80,
oguH Moab SO, ¢ MonekyaspHoit mMaccoft
64 r/monb. CaeposatenbHo, Macca SOy 6yaer
B 2 pa3a Gonblle MacChl Cropeslied cepbl.

['py6o cunTasn, uto 06beM MPOAYKTOB Cropa-
HHSL paBeH o6beMy BO3AyXa H UTO «Temiora
noaxoro cropanuA» | M® Boanyxa paBHa
3,8 MI1x/M%, nonyuum: KoHuextpauus SO, =
~2. Sq-10°.3,8/0.=3550 u 12 670 mr/m* co-
OTBETCTBEHHO AJf MAa3yTa H NMOAMOCKOBHOro yr-
an. Jdasn pocrixenus [NJK npoaykrel cropa-
HHA Han0 paabaBuTh npuMepuo 8 7-10% n 25.10°
pas.

17.9. [To cTexHOMETPHUECKOMY YPaBHEHHIO
na 32 kr cepbl {1 kmonb SO3) HYyx)HO HMeTb 40 Kr
Ca (I kmoab Ca0), 1.e. 100kr (1 kMonb)
CaCO;. C yueToM cojiepKaHHA cephl B yrJe H He-
ob6xoaumoro uabnitka Ca pacxog CaCOy=

100 St
W‘W_O'“ﬁ kr CaCO; Ha | Kr

=25
yras.

17.10. TlockonbKy Tensora cropaHHA CHXH-
MeHHOro rasa Gosbule, ueM [PHPOAHOrO
(cM. Ta6n. 15.1), ero pacxod AOMKeH ObiTh
B 88,5/36,7=2,4 paza menbuwe. [lpn oanuako-
BbIX {NPHMEPHO) CKOPOCTAX HCTeueHHs Godblue
OTBePCTH# JOJKEeH HMeTb HacaloK /18 NpPHpoA-
HOTrO rasa.

17.11. 1an cxuranan | m* merana Teoperu-
yeckn neo6xoaumo 9,62 m* Bozayxa (cM. pelue-
HHe npumepa 17.3). B cmecn ua 1 m* CH, npu-
xogutess  (100—5)/5=19m® Bo3gyxa, T.e.
as=19/9,62~2. [lononuTeabHbIA BO3AYX NOJ-
MEWHBATh He Hano. J[Ins cxHKeHHOro rasa
(cM.  Ta6m 15.1)  V°=885/3,8=23,3 m*/M’.
B 3rom cayuae B cMecn a,=19/233=
=0,815 4 0aa nonydeHus a,=1,2 HyXHO non-
MELHBATL AOMOJHHTENbHbBI? BO3JYX.

18.1. Heab3s, nockoanKy He Gyaer obecne-
4yeHa pa3HHUA BECOB BOIbl B ONMYCKHHX Tpy6ax
H NapoBOOSIHOH CMeCH B  WCMapHTE/bHBIX
{noabeMHBIX), T.e. He GyaerT ABHXKYILEH CHJbI
eCTeCTBEHHON UHPKYJASUHH. 3TO CBA3AHO C TeM,
4yTo {CcoraacHo § 4.2) B KPUTHYECKOM COCTORHUH
yieabHble 06beMbl (M MJAOTHOCTH) BOABI H mapa
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OIMHAKOBHI; T. €. B TEMIOOGMEHHBIX TPyb6ax KOT-
Na ABMXKETCH efMHas «pabouas cpeaar.

18.2. CocTaBnatouLye TENJIOBbIX MOTEPD YKa-
3aunl B popmynae (18.5). U3 uux norepu teno-
THl OT XHMHUECKOH HEMOJHOTH cropaHua Q3 H OT
MEX3aHHUECKOTO HEeA0XKOoTa Q4 AJH COBPEMEHHBIX
KOTEAbHbIX arperaToB HEBEJNHKH, YTO CBA3aHO
C¢  BbICOKHM  COBEpPLIEHCTBOM  [OPEJOHHBIX
yetpoiiets (em. ra1. 17). Heckoabko Godblie mno-
TEpPH B OKPYXKAIOULYIO Cpely 4epe3 orpa)cieHHe
(cTEHBI) KOTNA, HO H OHH OGBIMHO HE NpPeBLIAT
2,5 %, NOCKOJIbKY MJIOTHRIE OTHOCUTENBHO XOJO/-
Hble 3KpaHbl TOMKK M H3OIALUHOHHEIA CJ0H 06MY-
POBKH KaK TOMKH, TaK M ra30XxOA0B AOCTATOHHO
HAAEXKHO 3aLIHLLAET KOTeJ OT TEeIIoNnoTepb B OK-
pyxatouyo cpeay. HauGosbuiwe Temsonorepu
(5 % u 6osee) COCTARJAAOT NOTEPH C YXOLALUH-
MH Ta3aMH, NMOCKOJAbKY OHH YAAJANTCHA M3 KOT-
na ¢ temmepatypoit 110—150°C (cm. §18.1),
YTO HAMHOTO MpeBHILIAET TEMIEPATYPY OKpyHKa-
ouLefl cpeanl.

18.3. Tlpu pacuere KI1[ xoraa no npuuHsa-
Toli B Hawe§ crpaHe meroauke [dopmyna
(18.7)] remioTa, NOABEAEHHAR €IHHHLEHN TOMIH-
Ba, NPUHMUMAaeTcAd PAaBHOH HM3IeH TennoTe ero
cropatus Qf. Ecau yxoasiuue rasn oxjaaiuTb 10
TeMIeparypbl, MPH KOTOPOH CKOHAEHCHPYIOTCH
BOAAHDIE NAPHI, NOJYYEHHBIE OT CKHI2HHA «BOAO-
poAHOH» cocTaBARKOMIEH TOMIHBA (oxoso 56 °C
NPH CKHIAHHH NPHPOAHOTO rasa), To UCMoJb30-
paHHan TemqoTa Gyier npeseimath Qf. Takum
ofpasom, B popMaibHOM pacuere no (18.7) uuc-
JMNTeb  MOXET  MpPeBhICHTH  3HAMEHaTeJb,
T. €. paccUMTaHHasa TakuM O6pa3oM BeJHUHHA
KT moxer 6uith Sonnwe 100 9% . Kpome Toro,
TEMNEPATYPY YXOAAILHX ra3oB MPHHUHIHANBHO
MOMHO CHH3HTB [IOUTH A0 TEMMEepaTypbl aTMoc-
(epHOro BO3JlyXd, HCHOJB3Ysl HX TEMIOTY ANf
HarpeBa OTHOCHTEBHO XOJOAHBIX Cpel, HaMpH-
Mep BOAb TEMJOBOH CeTH, MoanutouHod (moba-
BOUHOM) BOAbl KOTEJbHOH, MPHPOAHOro rasa
(uMeowero 0o6bIYHO  TeMnepaTypy, OJHM3KYO
k 0 °C). lNpu'3TOM C/IeAYeT NOMHHTh, YTO A0MOJ-
HHTeJbHAA TENJoTa OT KOHAEHCAUHH BOASIHBIX
MapoB CYLLECTBOBAJA BCEr[a, HO BBUAY TeXHHYE-
CKHMX TPYAHOCTER €€ UCIONb30OBAHHSA HE YUHTBHIBA-

Jach B pacuerax.
18.4. 3oaa, BkiaOUaILan B ce6 HETOPOUHE

MuHepanbkble npuMecu (§ 15.1), pasmsruaerca
HJH 1JIaBUTCA B BBICOKOTEMMEPATYPHBIX 30HAX
Tonk4 Korjia. OcHosHan dactb (no 85 %) mes-
KHX TNBUIEBHAHBIX YACTHL 30J/Hl MblJAEYTOALHOTO
KOT/a TPAHCMOPTHPYETCA TOMOUHBIMH ra3amH
B BEPXHIOIO HM3KOTEMMEPATYPHYIO 30HY TOIKH,
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rie CHOBa 3aTBEpAEBAET M B BHAE <«jeTyued»
30/1bl YHOCHTCSl M3 KOTJIA C YXOASULHMH Fa3aMH.
Yactb (okoqo 15 9)) 30/0BbIX uacTdy, nonas-
WHX B HHXKHIOKW 30HY ¢akena, BbINanaer B XO-
JOAHYK0 BOPOHKY BCJEACTBHE OTCYTCTBHA Tam
BOCXOAALLEr0 NOTOKA TOMOYHHX rasos. Kpome
TOro, THAXKEJhE KpyMHble arjoMepaThl CTOJNKHYB-
WHXCA W CAHNMLIKXCH 30J0BBX YaCTHLL BbiNafaoT
BHM3 M H3 LeEHTPajJbHbIX 30H TonkH. Bea ara,
oBbIUHO CNEKLIASCA, Macca 30J10BbIX YACTHL, CKO-
NUBLIAACA B HHXKHEH UYACTH TOMKH, HOCHT Ha-
sBaHHe «uiak». Takum obpasom, 300d H LK
KOT/12 pasjHYyalOTCRA TO/IbKO BHEUIHHM BHIOM.
[Ipy CKHraHHH KPY[HOKYCKOBOTO TOIJIMBA Ha
KOJIOCHHKOBO# pelleTKe B LLIAK NepexoauT 60/b-
was 4acTb 30Jhl.

18.5. Tpakr Bogw # napa (cM. puc. 18.2,
18.1) Bkalouaer B ce6A JHHHIO 1104a4YH MTHTATENb-
Ho# Boabl, BOAANOH 3KOHOMaKH3ep, 6apabaH KoT-
J1a, OMYCKHbIE M HCNapHTEeNbHble (KHNATH/bHBIE)
TpyGhHl, JHHHIO HACHILLEHHOrO napa, naponeper-
peBaTesb M JIMHHIO OTBOJAA MEPerperoro napa,

18.6. B xorae-yTuiM3aTope He CXKHraercs
TONMMBO. B HEro nocrynaior roptouse rasbl (npo-
AYKTHl CTOPAHHA TOMJIHBA) H3 [PYroro TeXHOJ0-
FHYECKOro arperata, Hanpumep NJaBHJIbHOH HJIH
narpesatenbHod neud. MMeHHo B Tonke 3TOrO
arperara H C)XKHraetcs TOIJIMBO, YacTb TENJIOTHI
CrOpaHHsl KOTOPOTO HCMO/Ib3YETCHA B CaMOM arpe-
raTe, a OCTaBLIASICA YACTb B KOTJIE-yTHAM3ATOpE,

18.7. MoXHO, TakHe KOTJbl (O6bHUHO BOAO-
rpediHble  MaJdoil  MPOH3BOJAHTENLHOCTH)  Cy-
UlecTBYIOT. DTa KOMMOHOBKA KOTJa Ha3blBaeTcs
GallueHHOH, HO OHa MPHMEHAETCA PEAKOo, Koria
MOXHO 06OMTHCb Ge3 amnimococa (paboTaTth Ha
€CTEeCTBEHHOH Tsre nNpH BHICOKOA TeMneparype
YXOMAULHX T330B) M YCTAHOBHTb ABIMOBYK) TpY6y
Hal KOTJIOM.

KoTenbHan ycTaHoBK2 60/blIOA MOULHOCTH
MOJIiy4aeTc NPH TAKOH KOMMOHOBKE H3JHLIHE
rpomMo3axoii H Buicoxkoit. Kpome <roro, HH3Kas
TeMreparypa ABIMOBLIX azOB He ofecneydnaer
KOTJIY €CTECTBEHHYI TATY, T.e€. BO3MOXHOCTb
3BAKYHPOBATb H3 KOTJ1a MPOAYKTbl CTOPaHHMR 3a
CUeT OfHOH TONbLKO AbIMOBOM TPyObl 6€3 ABIMOCO-
coB. M aniMococ, W KpynmHas AabiMoBas Tpy6a
YCTaHABJMBAIOTCA HA (YHAaMEHTe NPUMEPHO HA
TOM Xe YPOBHE, UTO H dyHiameHT koraa. Takoe
pacnoioxKeHne AbIMOCOCAa NpPEANOaraer HasjM-
yHe HHUCXOAfLlero ra3oxoaa AJd MOABOAA K HEMY
yxoasiux rasos. B aTom rasoxone u pacnosara-
1oTcsl 06bIUHO XBOCTOBbIE MOBEPXHOCTH Harpeea.

19.1. Paublie apiMoBafA Tpy6a oGecrneyuBa-
Jla eCcTeCTBEHHYIO TAry, CO34aBaBIIYIOCA 32 CUeT



pPa3HOCTH TNJOTHOCTEH TAXKENOLO OTHOCHTENbHO
XOJIOJIHOMO OKPYIKAIOLUIErO BO3yXa H JIeTKHX ro-
psiuMx yxoasuwux rasoe. Ee 6buio pocratoudo
AAs1 YAAJEHUS H3 KOT/A NPOYKTOB CTOPAHHS.

Bonee nostoe ucnoabsoBaHue TenaoTH npo-
NYKTOB CrOPAHHUA TIPHBENO K 3HAYHTENbHOMY CHH-
KEHHIO TeMNepaTypbl YXOASUHX Fa30B, H ycTa-
HOBKa /ONOJHHTENLHBIX MOBEpXHOCTEll Harpesa
(BoasiHOro 3KOHOMad3epa M BO3AYXONOAOTpeBa-
TeN) H 30M0y/J0OBHTEeH YBeJHUHAA A3POAHHA-
MHYECKOE CONPOTHBJCHHE TPAKTA YXOAAUIHX ra-
30B. B 3THX YyC/IOBHAX YAaleHHe Ta3oB CTano
BO3MOXHBIM TOJBKO 33 cyeT paboThl AbIMOCOCA,
a ¢GyHKUUS ABIMOBOH TpYGBl cBenach K pacces-
HHIO BPEHbIX BelLeCTB (30Jbl, TOKCHUHBIX Fa30B)
¢ 6OJbLWON BLICOTHl MO-BO3MOXKHOCTH HaA 64b-
i1ed TeppUTOpHEH AN YMEHbLIEHWS HX KOHLEH-
TPaUHH.

19.2. OnuH xoten (NPOTHB 3aNPOEKTHPOBAH-
HBIX 4eTbipex) He o6ecneuyus HeoOGXOAHMbIH pac-
X0/ rasoB W AOCTATOUHBIA HArpes ABIMOBOW Tpy-
6bl. OceHblo ra3bl B KOHLE CBOETO NMYTH HACTOMb-
KO OX/aM1aJNHCh ABIMOBOH TPYOOH, YTO CKOHEH-
CHPOBAJHCh COAeprKalllHecs B HHX ~BOJSIHbIE
napbl. Boga npoHHKAa B KNAAKY, a C HAcTymae-
HHEM MOPO30B 3aMepana. 3TOT mpouecc o6pa3zo-
BaHHA abjaa, HMmeoulero 6GOJbLIHH, 4YeM BOAA,
06beM, H ABUJICA NPHUYHHON pa3pylleHHsT yBJIaXK-
HEHHOH 4acTH TpyG6bl.

19.3. Paspexenue B TONKe He NO3BOJAET
TOPAYHM 3albIEHHBIM H TOKCHYHBIM MPOAYKTaM
cropaHHsi TONJHBA BHIGHBATLCA B aTMocdepy uUe-
xa, rae pabotatoT Joau. [IpH HaMHuuK HemuOT-
HocTed B O6MypOBKe H/H 06UIHBKE KOTJa He rasbl
BLIGUBAIOTCHA HApy»Ky, a4, HA060POT, BO3AYX NOA-
cacehlpaercsi B Tonky. [1ocko/bRy nopgcoc po3fyxa
NPHBOANT K JOTNONHHTENbHBIM NOTEPAM C YXOAA-
UWHMH ra3aMi (4acTh TENNOTH 3aTPayHBaETCH HA
Harpes 3TOro BO31YyXd), TO pa3pexeHde Moanep-
JKHBAIOT HA MHHHMAJIBHO BO3MOXHOM ypoBHe. H3
rasoxoi0B, PACMOJIOXKEHHBIX Nocjae Tonkd (6au-
Ke K JbIMOCOCY) Tasnl Takxe He OynyT BbIGH-
BATbCA HaPyXy, IOCKOJbKY B HHX pa3pekeHHe
elle Bblule.

19.4. Ecau npu noracanuu dakena TONJHBO-
BO3AYLIHAA CMECb NMPOAO/KAET NOCTYNAaTh B TOM-
Ky, TO OHA, BhITECHAS MPOAYKTH CrOPAaHHS, Ha-
Kanadeaercd B o6beMe TOMKH H COMPHKOCHOBE-
HHE ee ¢ JI06biM HCTOYHHKOM 33)XKHTaHHs
(packaneHHo# o6MypoBKoil B MecTe ee Hernoa-
HOTO 3KPAaHHPOBAHHSA, HAJHMILIKM WJAKOM, Npe-
MJEBPEMEHHO 3a M MEHHBIM H BBEJCHHBIM B TONKY
3ana/jbHHKOM) TpHBeAeT K B3puiBy. [lo3Tomy
B cJayyae noracaHus gakena cieiyeT NpeKpaTHTb

nojady TOMJAHBA, 3aTeM MPOBEHTHJIHPOBATL TOMN-
KY H TOJIbKO 110CJ€ 3TOTO PHCTYNHTh K OMepalH-
AIM BTOPHYHOH PacTONKH.

19.5. JlioBbie OTJNIOKEHHS HA BHYTPEHHUX
NOBEpPXHOCTAX TPy6, 060rpeBaeMbix - CHapyXH,
ABJSIOTCA CBOETD POAA M30JSALMeH OT OXJaxie-
HHSl CTEHOK TPYO ABHXKYLIEHCA BHYTPH HHX na-
poBOASiHOH cMecblo, BOAOH, mapom. CHuxKenue
KOJHYECTBA OTBOAHMOW OT CTE@HKH TemJOoThl No
Mepe YBeJMYEHHS TOJLIHHBI HAKHIH NpHBEJET
K neperpesy Tpy6hl, notepe NpOYHOCTH H pas3phbl-
BY CTEHKH MOJ BO3/]eHCTBHEM NABJIEHHS TeKyLLeH
B HeH cpelbl.

19.6. HenpepbiBHast NpOAYyBKa CJAYXHT AJsd
yIa/leHHA CONeH H3 KOHTYpa LLHPKYASALUHH KOTJA
BMeCTe ¢ HeGOMbIIHM KosMHyecTBOM Boabl. CosH
HaKal/iHBAOTCA B KOTJIOBOH BOfE B npoiecce
npeBpalleHds BOALI B Map, NPAKTHYECKH He
PAacTBOPRIOWHMHA CONEH H He YHOCSILLHA HX C CO-
6oii. [TockoabKy NpoayBKa OCyULeCTBASIETCH OT-
BOAOM YAaCTH KOTJIOBOH BOABI, TO C HeH YXOAMT
3HAYHTEJNBbHOE KOJIMYeCTBO Termnotel. [TosTomy Bo-
A2 NPOAYBKH (T. €. 4acTb KOTJOBOH BOJIbl) OTBO-
JIUTCHl B COCY[l C MEHBLUHM JaBJieHHeM (pacLliH-
pHTeb WM CenapaTop HenpepsiBHOR NPOAYBKH),
rje OHa OKa3blBaeTcs neperpeToi Mo OTHOLIEHHIO
K 3TOMY faBJIeHHIO H Bckunaet. [Toaydennndt nap
He pactBopsier B cebe cojed H MoxeT OHITh
HCNIO/b30BaH Kak TtemsoHocHresb. Ocraburascs
ropsiuas BO/A YK€ C MEHbLUEeH TeMepaTypo#, HO
¢ 6OJbIIHM COJepXAHHEM COJefl, Takke MOXeT
6hITh HCNOAb30BAHA KAK TENJOHOCHTE/b, HamnpH-
Mep, ANA HArpeBa XMMHUYECKH OMMILEHHOH BOIbI,
uayuledf Ha MOANHUTKY KOTJA.

19.7. Otpruarensho. C yBesH4eHHEM CKOpPO-
CTH 3anbUIeHHBIX Tra30B B  3JEKTPOPHAbLTpE
YMEHBUIUTCA BpeMs NpeGbiBAHHA YacTHL 30Jbl
B HeM. 32 3TO (YKOpPOYEHHOE NPOTHB pacyeTHOro)
BpEMS He BCE YaCTHLbI N0 MEpe CBOEr0 ABHIKEHHS
BAOJb JIEKTPOPHUILTPA yCMewT MpolTH nomepe-
YHBIH NYTb K OCAJHTE/bHbIM JNEKTPOAAM.

21.1. Tlo ypaBHeHHAM aaua6aTHOrO npouec-
ca (4.18) nomyuum

EMMH=UI/02:(T2/TI)I/(k_l)=

=(960/300)'/("'~ ) =18,3.
ﬂaBJ’leHHe B KOHUE CKATHUA B UHJHHIApE
pr=piedu=0,092.183"* =539 MIa.
21.2. Macca Bcelt cmecd m =17 39 kr.
MaccoBbl#l COCTaB CMECH: grpy = Mgy /M=
=0,1803; gH20=0,0750; g02=0,0196; gN2=
=0,7251.
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l'a3oBas MOCTOSIHHAA CMECH
R=0,1803-189+40,075-462+0,0196- 260+
40,7251 -297 =289 JIx/(xr-K).
TemnepaTypa CMecH B KOHIE DPACLIMPEHHS
Py —(n—1)/n

P

T,=T,

=2373/1002'% = 1454 K.

Pa6ora pacliMpeHns rasos
L= 17-39-0,002.289 (2373 — 1454)
- 0,27

=34,212 klx.

22.1. Tlogp ™MaHeBPEHHOCTLIO MOHHMAETCA
cnocobuocts TAC  (KOTAOB, TYpGOYCTAHOBOK)
GHICTPO HAGHpaTb HArpy3Ky, OLICTPO YBEJNHUK-
BaTh BLIPAGOTKY 3/€KTPOIHEPruH, uro OblBaeT
HEOOXOAMMO B MOMEHTHl HanGosbuiero (OHKOBO-
ro) notpe6ieHds SHEPrud NPEANpPUATHAMH H Ha-
cefenHeM. [IpH 3TOM KOTesl M TYPOGHHY 4acTO
MPUXOAHTCHA MYCKaTh H3 XOJMOAHOrO COCTOAHHS.
BBoa Typ6uibl B pa6oTy H Ha60p Harpy3KHd Bo3-
MOXHBI TONIBKO NOC/1€ [IPOrpeBa ee 0 TeMnepary-
pel 1apa. BsicTpo o6ecneunTh paBHOMEPHBIA PO-
rpeB MaccHBHbIX (GACOHHBIX 3JEMEHTOB NapoBoi
TypOHHbl, paGoTalOUIEA NOL BBICOKHM AaBJEHHEM
napa, HEBO3MOXKHO, T. €. HEBO3MOXKEH H GhlCTPHIA
nyck MOLLHOH napoBo#ft TYpOHHBI H3 XOJAOLHOrO
COCTOAHMSA.

la3oBuie TYpOHHBI DPaGoTalOT NPH HH3IKHX
nasienusix paboued cpeanl, HX KOpMYC MHOro
TOHbUIE, B 3THX YCA0BUSIX PaBHOMEpHBIHl nporpes
6e3 KOpoGAeHHs KOPTYCa MOXET OblTh BHIIOJHEH
3HaunTeNbHO GbicTpee. Takum 06pa3oM, rasotyp-
GuuHblil TypGoarperaT maHeBpeHHee MapoTyp-
GHHHOrO.

PapHomepHbifi, 6e3 KOpOOJNEeHHH M pa3spbl-
BOB, NPOrpeB BCEX 3/1EMEHTOB KOHCTDPYKLUHWH na-
POBOTO KOT/4, 0CO6EHHO KHPNHYHOH 06MYDOBKH,
ecqd OHA €CTb, H CWIbHO YAJIMHAIOWHXCA MNPH
HArpeBe 3KPAHHBIX TPYO, CBA3AHHLIX MEXYy CO-
6o KecTKHMH Tpy6aMH O0JbILOrO jHaMeTpa —
KOJMJIEKTOPAMH, TAKXE HEBO3MOXKHO OCYUICCTBHTh
6bicTpo. TOHKOCTEHHAs KaMmepa CropaHHsi raso-
BOH TypOHHEI, paGorawiuas nNpH HA3KOM JaBje-
HHMH, TIpOrpeBaeTcs HaMHOro GhicTpee KOTAa.

22.2. [MTockoJbKYy pacxol TOMJHBA Ha Bbl-
paGoTKy TeMJOBOH 3HEPrHA YCJAOBHO CUMTAIOT
TAaKHM XK€, KaK H MpH BhpaboTKe ee B KOTJAe, TO
KI/L TALL no sbipaGoTke Ten1oBoft sHepriu 1’
moxer Gttt npupasHed K KIT/ kotna n«. Toraa
dopmyaa (22.17) npumer  BHL  bi=
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=10°/(29 300.m,), T.e. B HaweM cayuae bi=
=10°/(29 300-0,85)=40,15 kr/T L.
22.3. CorsacHo BhipaxeHHo (22.15)

b =0,123/1%% . =0,123/0,38 =
K3C

=0,324 kr/(kBT-4) =324 r/(kBr-u).

22.4. Ha rpadrke norpe6/enus ykasblBaer-
CA MOLLHOCTb (CM. pHC. 22.5) W/ 3HEpPTHA, HC-
nosib3yemasl noTpeGHTENeM. DAEKTPOCTAHUHKA A0-
JKHA BLIPaGaThiBATh HECKONbKO GOabliee, yeM
Geper NOTpeGUTENb, KOJHUECTBO IHEPTHH {AONXK-
Ha HecTH G6OJbIIYI0 Harpyaky). JTO CBH3AHO
C TeM, 4TO 4acTb BHIPABGOTAHHON CTAHUHEH 3HED-
FHH He JOXOAKT A0 NOTPeSHTENsA, 4 HCIOAb3YyeTes
HAa caMOM CTAHLHH AR NIPHBEOAA HACOCOB, BEHTH-
JATOPOB, ALIMOCOCOB, MeJbHHIL. Kpome TOro,
4acTb 3HEPTHHU TepsAeTCH B 3, IeKTPHHECKHX CceTHaXx.
Takum 06pa3oM, HEPrus HilH MOLIHOCTB, OTJ0-
MeHHble HAa rpadHKe HaArpysok, Bblllle TAKOBbIX,
yKa3aHHbX Ha rpaduke notpetaesns. Ux pasnu-
lla paBHA CyMMe pacXoia 3Hepruu Ha co6CTBeH-
Hble HYX/Ibl CTAHUHH H NOTepbh €e B CETH.

22.5. KAC — koHaeHcalHOHHAsA 3/eKTphye-
cKasl CTAHLUMA, HA Hell ycTaHoBJ/eHul TypGoarpe-
rathl KOHAE€HCAUHOHHOro Thna. [lns BHeWHero
nOTpeGHTENA TAKAA CTAHIHSI NPOH3BOJHT TONLKO
anekTprueckylo suepruio. Kpynasie K3C, cHab-
KAIOllHe 3JeKTPO3HEprHel WeJhbli NpOoMsllLIeH-
Hblit pailoH H SBIAIOLIHECS CAMOCTOATENbHBIMA
NpeANpHATHAMH, HA3bIBAIOTCA rpaC -- rocy-
JapcTBeHHLIE PAMOHHbBIE 3JEKTPOCTAHUHH. Onu
CBA3aHbl C MOTPEGHTEISIMH  3JIEKTDOIHEPIHH
TO/ABLKO JHHHAMH 3/1€KTpoHepeaaud H OGhIUHO
pasMellaioTcsl BAAJIM OT MpPeARpHATHHA M ropo-
[10B, UTO N03BOJIAET H3GEXATh LONONHHTENLHOrO
3arpA3HeHUst NPHPOAHOH cpelbl B 30HE rOPOAOB
suibpocamp TPIC. TILl — rtensoanekTpoueH-
tpaJjb. TILL cBsA3ana ¢ npeANpHATHEM H XHIbIM
MacciBoM TpyGSonposofaMH A8 Noaaud napa
W ropsiueit Boabl. Bo nafexakue Gonbuinx Tenjo-
NOTepb, YTO MOXET HMETh MECTO A/l YPe3MEPHO
AJMHHBIX naponpopoaos u Temsorpacce, TILL
pacnojioxena o6bIUHO B npeaenax ropoaa, Ha
TEPPHTOPHH NPEANDHATHS wAW B6iH3H Hux. Ha
T3LL ycranasausalorcs TypOMHBL ¢ 0T6Opamu
napa Aas HYX[ NPOH3BOACTBA H OTOMJEHHA JHOO
TYpGHHBI C MPOTHBOAABJEHHEM.

23.1. Ucnonbaopanne BOALI B KAUECTBE TEM-
JIOHOCHTE/IA MO3BOJIAGT PeryJjupoBatb OTNYCK
TenJoThl HanGoJee NpoCThiM €NOco6oM -— H3me-
HEHHEM TEMNEepATyphl TENJOHOCHTE/S MPH HeH3-
MEeHHOM ero pacxogae. Kpome TOro, npHMeHeiHe
BOAB MO3BONSET [OAAEPMHBATb TEMNEpaTypy
noBepxHOCTel HarpeBatebHbIX npuGopos (6ata-



pefi oTON/NEHHA) Ha yPOBHE, HCKAOUalOLLeM paa-
NOKEHHE OCeBlIel Ha HHX NBIIH, OCOGEHHO YCHIH-
Bajouleecq npu temneparype soiiwe 80 °C. Tako-
ro ypOBHSI TeMMepaTypbl Ha Mape MOXHO mnoay-
YUTb TOMLKO MPH AABASHHW B TeMIOBOH ceTH
HuxKe armocdepHoro. [TogaepxaHHe TaKoOro HH-
3KOTO 1aBJEHHS HEBO3MOXHO BCACACTBHE 3HAUH-
TeJIbHOr0 CONPOTHBJEHHS CeTed M BHICOKOTO CTa-
THYECKOro Hanopa IpH pacno/oxeHdH o6orpesa-
€MbIX O6BeKTOB (10MOB, LE€XOB, KBAPTHP BbICO-
THBIX [OMOB) Ha pasfMYHbX, HacTO B [JECATKH
H Gonee MeTpOB, YPOBHAX.

23.2. HamenendHem TeMmnepaTyphl npsMod
BOAbI.

23.3. Ilpumep TenaoBOro pacdera CHCTEMEI
OTOMNEHHA.

O6nem
COCTABHUT

3JdHHA 1O HapyxXHOMY oOMepy

V=100.6,28=628 m3.

Pacxog TennoTH Ha OTOMJIEHHE MOACUHTLIBA-
erca no dopmysae (23.4):

Qm =gy 4 (tsu - tuap)‘

Pacuernas TeMnepaTtypa HapyXHOro BO3ay-
Xa lyap ANSA NPOEKTHPOBAHHS OTOMJIEHHS H OTOMH-
TeNbHA" XAdPaKTEPHCTHKA 3JAaHHUA BbldealOTCﬁ
Mo cnpaBoYHBIM  fandbiM 11, 17]:
= —31°C; au=1,76 kldx/(M*.u.K). Toraa
Qor=1,76.628 [18 —(—31)]=15 040 Br.

Pacyer nosepxHocTH Harpesa F pagMaropa
BunonHserca 1o ¢opmyne F=Qo/(k-Al)=
=15 040/ [6 (80 — 18)] =40,43 m’. Obuee HHcAO
CEKUHA pagxaTtopa MpH NOBEPXHOCTH KaxAo#h
0,254 M? cocrasut 40,43/0,254 ~ 159 wr.

IMpu udcae oTanauBaeMblx  [OMELIEHHH
(KOMHATBl U KyXHH), paBHOM 16, B Kax.1I0M H3
HMX noTpeGyeTcst YCTaHOBHTb B cpelHeM [0
159/16=9,94 ~ 10 cekuuit paguartopa. Pacnpe-
[eNUTs BCE CEKUMH PAfAMATOPOB palHOHAdbHEe
NPOMOPLHOHANBHO TNJOWIAJAAM  OTal/IHBaEMbiX
nomeleHni.

23.4. B cOOTBeTCTBHH CO CXEMOH H LIUKAOM
napoBoil XONOAKALHOH MallHue (cM. puc. 23.8)
OfpefeNsloTC NapaMerpsl Y3JOBbIX TOHEK M0
T,S-anarpamme v TabaMLAM HAChlEHHbBIX NAPOB
tpeoHa-12 [4]:

tunp=

I —T,=258 K; p,=0,1830 MIla;

h, =545,26 kIIx/Kr; v, =0,091225 m®/xr.

2—T,=310K; p,=0,7435 MIla;,
h2=570,l4 KJL XK /Kr.

3—T,=303 K; p;=0,7435 MIla;
bk, =429,08 k1 /kr.

4—T,=258 K; p,=0,1830 MIla,

h,=249,08 KK /K.

Yneavnast maccoBas X0J1040NPOH3BOANUTENb-

HOCTh go=h—h.=0545,26 —429,08=
=116,18 g/l x/Kr.

Yaenbnasi o6beMHass  XOJOAOMPOH3BOAH-
TeNBHOCTb Gu=¢qo/v1=116,18/0,09125 =
=1277 k/Ix/M°.

KoanuecTBo TEma0Th, OTBOAMMOH H3 KOH-
ZeHcaTopa, cocraBafier g=h,—h3=57014 —
—429,08= 141,06 kx/kr.

Pa6ora komnpeccopa B TeOpeTHYECKOM ajiH-
a6aTHOM  [fpolecce  CKaATHA  ly=hy—h =
=570,14 — 545,26 =24 88 &1k /Kr.

XonoauabHbll  kKO3PHLUHEHT
=116,18/24,88=4,67.

24.1. Tlpexae Bcero HY)>XHO HMETb B BHAY,
yro B3P — 3710 Ten.noBbleé OTXOAb,, 8 TeXHHYe-
CKHH ypOBeHb TEXHOJOTMH ONpejefsieTcs B Ha-
cTosilee BpeMsl CTeneHbio ee Ge30TXOAHOCTH,
B TOM YHC/e H 3HepreTHyecKol (Ge30TXOAHOCTbIO.
Bo-BTOpHIX, OTOMJEHHE -— Ce30HHasA Harpyska,
no3TOMy Hcrnogabn3opande BAP Ha oronaenne He
MOXeT OulTb KpyraorogHuueiM. M, Hakoen, ue-
peako oromiende 3a cyer B3P npupoaut
K yeHbwendo tenaoBod Harpysku T3LL
T.e. yxyawaer 3(¢eKTHBHOCTb HCNOJb30BaHHA
TonsinBa Ha TIILI.

24.2. Perenepau4s TeNNOTH MOXET Ocylile-
CTBAATBCA JIOGLIM MO KOHCTPYKLUHH TeIJI006MeH-
HHKOM — pereHepaTHBHbIM,  PEKyNepaTHBHbLIM,
CMECHTEbHbIM.

24.3. BblcoKomoTeHUHaJbHbie  TenJaOBbie
B3P Bcerga MoXHO HCMOJAb30BaTb HAa NPOH3BOA-
CTBO 3JIEKTPOIHEPTHH, MOTPES HTEJIH KOTOPOA ecTh
Besfe. M3 HuskomoTeHuHanbHblx Tenaossix B3P
MPAKTHYECKH Heb3d NMOJYYaTh 3NeKTPOIHEPTHIO,
tak kak KIT1[ ycraHoBku Oyaer OueHb HHU3KHMM
(cmotpr uHka Kapho). [Morpe6ureneit Hu3Kono-
TeHUHa bHOH TenJoTbl HAiTH Ha MecTe 3HAUH-
TelbHO C/OXHEee, a TPAHCMOPTHPOBaTh ee Ha
6oablUde PACCTOAHHA IKOHOMHYECKH HEBhIrOJHO.

e=qo/l=
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