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BBEJAEHUE

TemoreHepupyronme yCTaHOBKH SIBJISIFOTCS OCHOBHBIM O0OpPYZOBaHUEM KOTEIb-
HBIX, 00€CTeUnBAIONIMX TEIJIOBOM SHEpruel B BUJE Iapa W HAarpeTod BOJbBI HYKIbI
IIPOMBIIIICHHBIX MOTPeOUTENEH, a TaKkKe KUITUITHO-KOMMYHAIIbHOTO X035HCTBA.

PocT KUIUIIHOTO CTPOUTENBCTBA B NPOMBILIIJIEHHBIX PETUOHAX U OTCYTCTBHUE
KAUTAIBHBIX BJIOXKEHUH B Pa3BUTHE LIEHTPAJU30BAHHOIO TEIJIOCHAOKEHUS JEIaroT
aKTyaJbHbIM BOIIPOC CTPOUTEIBCTBA PANMOHHBIX HEOONBIIUX MPOU3BOJICTBEHHO-
OTOMUTENBHBIX KOTENIBHBIX, B KOTOPBIX OCHOBHBIM OOOPYJOBAHHEM SIBISIOTCS KOTJIBI
POU3BOAUTEILHOCTRIO 1-30 TOHH mapa B vac [1].

[IInpokoe pacnpoCTpaHEHUE B 3TOM JUANa30HE HArpy30K IOJIy4YWJIA ra3omMa-
3yTHbIE KOTJIbI THIa JIE-I'M npousBoautenbHOCTRIO 4-25 T/4 [2,3].

[IoaTOMy B [JaHHBIX METOJWYECKMX YKa3aHHUSAX IPHUBEACHBI OINHUCAHMUS
KOMITOHOBKH, KOHCTPYKLIHUH U MpUHIHUIIA padboThl napoBoro kotia JJE—XX-14I'M, gano
onvcaHue (QU3NYECKHX MPOLECCOB, NPOUCXOIAIIMX B TOBEPXHOCTSIX Harpena,
MPUBEIEHBl YKa3aHMs K IMPOBEACHHUIO TEIUIOBOTO pacyéra KOTJa, KOTOPBIA SIBISETCS
IIPEAMETOM  KypCOBOTO IPOEKTa IO AUCHUIUIMHE «KOTelbHBIE  yCTaHOBKH
MIPOMBIIUICHHBIX TPEATIPUATUI.

[ToBepOUHBI1 pacdyeT NMapoBOr0 KOTJa BBIIOJHIETCS U1l OLEHKH ITOKa3aTeseu
HKOHOMHUYHOCTH, BBIOOpa BCIIOMOTraTeNbHOTO O0OPYAOBaHHUSA, TMOIYYEHHSI HCXOJTHBIX
JAHHBIX i1 MPOBEACHUS a’pOAMHAMUYECKOTO, THIPABIMYECKOTO M MPOYHOCTHOTO
pacy€ToB.

[Ipn MOCTOSAHHOW HAarpy3ke B Ka)KJIOM TOYKE KOTJIA YCTAHABIMBAKOTCS BIIOJHE
ornpeaenéHHble 3HaYeHUsl TapaMeTpOB BOJIbI, ITapa U IPEIOIIMX ra30B, KO3PPUIUEHTOB
teruionepenaud. CUCTeMbl YpaBHEHHM MaTepUalbHBIX M HHEPreTHUECKUX OanaHCoB
CBSI3BbIBAIOT BEJIMUYMHBI MapaMeTpoB pabodyero Teida W MPOAYKTOB CrOpaHUsl C
BEJIMYMHAMU [TOBEPXHOCTEN HArpeBa, UX KOHCTPYKTUBHBIMH XapaKTEPUCTUKAMH.

[lens pacuera COCTOMT B OIPEACICHUM TEMIeEpaTyp Ta30BOW cCpeabl H
TEIJIOBOCTIPUATUI paboyero Teina B MOBEPXHOCTSIX HarpeBa Komia. B KypcoBoM
MPOEKTE MPOBOAMUTCS KOHCTPYKTUBHO-TIOBEPOUHBIM pacdeT, KOTOPbI 00s3aTesieH npu
MPOBEJICHUM MOBEPOYHOTO pacyeTa KOTja IMpHU IMEPEeBOAEC €ro Ha CXKUTaHUE JPYroro
BH/J1a TOIUINBA, 3JIEMEHTHBIN COCTaB KOTOPOI'O OTJIMYEH OT PaCYETHOTO.



1 OCHOBHBIE IOHATHUA. OBIIUE CBEJAEHUSA O
TEIIVIO'EHEPUPYIOIINX YCTAHOBKAX

Tensorenepupyomme yCTaHOBKHM TpeAHa3HAYEHBI IJI1 BHIPAOOTKHM Tapa HId
ropsueii BOJbI, COOTBETCTBEHHO HA3bIBAIOTCS MNMAPOBbIMH WJIH BOJOIPEHHBIMH
KoTJIamu [4].

IlapoBoii koTén mpeacraBisgeT coOOW CHCTEMBI MOBEPXHOCTEW HarpeBa IS
MIPOMU3BOJACTBA Mapa W3 HENPEpPhIBHO IMOCTYMAONIE B HEro BOABI 3a CYET
WCIIOJB30BaHUS TEIJIOBOM SHEPruH, BBIJICIUBIICHCS TMPU CHKUTAHUU TOILUIMBA,
M0/1aBa€MOTO B TOIIKY BMECTE C HEOOXOIUMBIM KOJIHMUYECTBOM BO3/1yXa.

Boporpeiinblii KOTEI npeacTaBisieT cOO0M CUCTEMbI TOBEPXHOCTEN HarpeBa s
MIPOU3BOJICTBA TEIJIOBOM HEPTUM B BUJIE HArPETOM BOJbI, HEMPEPHIBHO MOCTYIAOLIEH
B HEro, 3a CYET MCIHOJIb30BAHUS TEIUIOBOW SHEPIUH, BBIICIMBIICHCA NPHU CKUTAHUU
TOIUIMBA, IOJABAaEMOr0 B TOIKY BMECTE€ C HEOOXOJMMBIM KOJMYECTBOM BO3ayXa.
Boporpelinbie KOTIIbI — IPSMOTOYHBIE KOTJIBI.

[lon naBjaeHMeM MapoBOro KOTJIa MOJHMMAETCS JlaBjicHWE mapa B Oapalane
KOTJIa MpU TPOU3BOJICTBE CYXOr0 HACBHIIIEHHOIO Tapa WM JIaBJICHUE B BBIXOJHOM
KOJUJIEKTOPE MaponeperpeBaTesisi Ipu Nporu3BOACTBE IEPETPETOTO Mapa.

TemyioHocUTe/IeM B TEIJIOTEHEPUPYIOMINX YCTAHOBKAX SBIAIOTCA MPOAYKTHI
TOPEHHS] OPTaHUYECKOr0 TOIINBA, HA3bIBAEMbIE IBIMOBBIMH Ia3aMH.

PaGouum TesioM Ha3bIBACTCS BOJIA M AP, KOTOPHIM MPOAYKTHI CTOPAHUS OTIAIOT
CBOIO SHEPTHUIO B TOBEPXHOCTSIX HAarpeBna.

IToBepxHOCTH HArpeBa — OCHOBHBIE pabOyue 3JEMEHTa KOTJa, KOTOpbIE Mpe-
CTaBJISAIOT COOOM METaINTMYECKUe TpyOdaThle MOBEPXHOCTH, CIyXKallUe AJisl Meperayu
TEeIUIa OT TOPSAYUX ABIMOBBIX T'a30B BOJIE, MAPOBOIASHOM CMECH, Mapy U BO3AYyXY [S].

[ToBepXxHOCTM HarpeBa, IMOJyYAOUIME TEIJIO MPEUMYLIECTBEHHO 3a CYET
W3JIYYEHUs], HA3bIBAIOTCS PaAMAIlMOHHBIMH.

[loBepxHOCTM HarpeBa, B KOTOPBIX Iepelada TeIjia MNPOUCXOAUT 3a CUET
KOHBEKTHUBHOI'O TEINIOOOMEHA, Ha3bIBAIOTCSI KOHBEKTUBHBIMU.

PanuanmonHbie MOBEPXHOCTH HArpeBa, pacrojiOKEHHbIE B TOIMKE KOTJa U BOC-
MIPUHUMAIOIIME TEIIO 33 CUET U3TYyUEHHUsI, HA3bIBAIOTCS TONMOYHBIMHU IKPAHAMM.

bapaban koTia mnpenHa3zHaueH Ui pa3[eieHUs MApOBOJSHOW CMECH, MO-
CTyMamImie u3 mapooOpas3yromux MOBEPXHOCTEH HarpeBa, Ha Map W BOMY W JJIS
pacrpeeneHus BoJIbl O UPKYJISIIUOHHBIM KOHTYpaM.

BoaHbIM MpOCTPAaHCTBOM MAPOBOIo KOTJA HA3BIBAIOT YacTh 00bEMa OapabaHa
WM BepxHero 0apabaHa, eciii KOT€J1 MHOro0apaOaHHbIN, 3aHSATYIO BOJIOM.

I[TapoBbIM NPOCTPAHCTBOM MAPOBOI0 KOTJIA HAa3bIBAIOT 4acTb 00BbEMa Oapa-
OaHa uu BepxHero 0apabaHa, eciu KOTEM MHOToOapabaHHbIN, 3aHATYIO TTAPOM.

BoasinbiM 00b€MOM Ha3bIBAIOT YacTh 00BEMA OapabaHa, 3aMOTHEHHOTO BOJIOM.
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3epkajioM HcHapeHHsi HAa3bIBAIOT IOBEPXHOCTh, PA3JECISAIOLIYI0 IApOBOM H
BOJIHOM 00BbEMBI  OapabaHa koTia. Tomo4yHoe YCTPOHMCTBO (TONMKAa  KOTJIA)
NpelHa3HAYeHO [IJIl CHXKUTAHWS TOIUIMBAa HaumOoJee HKOHOMUYHBIM 00pa3oM U
PEBPALICHUS XUMUYECKON SHEPTUH TOILIMBA B TEIJIOBYIO SHEPTHIO.

@eCcTOH — CUIBHO pa3peKEHHas 4acTb MCHAPUTEIBHOM MOBEPXHOCTH 3aJHETO
niM OOKOBOIO SKpPaHOB, pACIOJIOKEHHAas B Ta30BOM OKHE MEXAY TONOYHBIM
IIPOCTPAHCTBOM U Ta30XO0JI0OM.

IHaponeperpeBaresib — IIOBEPXHOCTh HArpeBa KOTJIA, B KOTOPOM NPOUCXOAUT
NEPErpeB NOJIYYEHHOIO B KOTJIE Mapa 10 3aJaHHON TeMIIEpaTypBbl.

KoHBeKTHBHBII My40K — TmapooOpas3yrolias MOBEPXHOCTh HarpeBa KoTJja,
pacnoJIoKeHHas 3a TOIKOM IO X0y ra30B.

BoasiHoii 3k0OHOMaAali3ep — KOHBEKTHMBHAasT NOBEPXHOCTh KOTJA, B KOTOPOWU
ITOJOTPEBAETCA IMOCTYIAKOMIAs B HETO BOJA TEIUIOM YXOISAIIMX M3 KOTJIA IPOIYKTOB
CrOpaHusl.

Bo3ayxonmogorpeBaresib — KOHBEKTHBHAs IIOBEPXHOCTh KOTJA, NPEIHA3HA-
YeHHas I [IOA0rpeBa BO3AyXa TEIUIOM YXOASAIIMX ra30B IEPEN €ro Mojadyei B TONKY
KOTJIA.

I'opeJsioyHO€e YCTPOMCTBO CIIY)KUT JUIA IPUTOTOBIEHUS TOIUIMBO-BO3IYLIHOM
CMECH K BOCIUIAMEHEHHIO TOIIMBA U AKTUBHOMY €T0 TOPEHHUIO B TOIIKE KOTJIA.

KosuiekTop (kamepa) — npeaHa3HAuCH IJi pacipenesieHus uiu coopa pabouero
Tena, ABWXKYIIErocs MO OTACIbHBIM AJieMeHTaM (TpyOam) KoTJa.

KoTelbHBIM arperaToM Ha3bIBaeTCs MAapOBOM KOTEN, BKIIOYAIOLIMNA B ceOs
TONKY M mapooOpa3yolliue I[OBEPXHOCTH HarpeBa, NaporeperpeBareib, BOJISHON
DKOHOMaM3ep, BO3AYXONOJAOTPEBATENb COBMECTHO C MPHUMBIKAIOIMMU K HHUM
IIapOINPOBOIAMHM, BOJIOIIPOBOJAMH, BO31yXOBOJAMHU U ra30X0/laMH M YCTaHOBJICHHOM Ha
HHUX apMaTypou.

ITapoBbie KOT/IBI ¢ €CTECTBEHHOW HUPKYJsiUeil — 3To 6apaOaHHbIE KOTJbI, B
KOTOpPBIX HEMPEPHIBHOE JBMIKEHHWE MApOBOJSHONM CMecM B MHapooOpa3yroIux
IIOBEPXHOCTSX HArpeBa IPOUCXOIUT 3a CYET PA3HOCTH YACIBHBIX BECOB BOJIBI B
OITYCKHBIX TPy0ax U MapoBOJSHON cMeCH B ObEMHBIX.

IMapoBbie KOT/IbI ¢ IPUHYAUTEILHON UPKYJIsIUed — 5To 6apabaHHBIE KOTIIHI,
B KOTOpPBIX HENPEPHIBHOE JBIKEHUE TMApOBOASHOW CMeCH B MapooOpa3yroIInx
MMOBEPXHOCTSIX HArpeBa MPOUCXOJIUT 3a CUET AABICHUS UUPKYJISLHOHHBIX HACOCOB,
BKJIIOUCHHBIX B KOHTYPBI HUPKYJISIIIUA MEXKIY OIMYCKHBIMU U MOJBEMHBIMH TpyOaMu
MCIIApUTENbHBIX TOBEPXHOCTEN Harpena.

TsarogyrbeBble yYCTPOMCTBA BKIIIOYAIOT B ce0sl BEHTHISTOP(BI), IBIMOCOC(bI),
ra3oxoibl W BO3AyXONPOBOJIbI, JBIMOBYIO TpyOy, oOecneduBaromde Moaavy
HEOOXOMMOT0 KOJIMYECTBO BO3[yXa B TOMKY KOTJIA, IBUKEHUE MPOAYKTOB CrOpaHUS



10 Ta30X0/1aM U yAAJIEHHUE UX 3a IPEesbl KOTEJIbHOIO arperara.

TonnmBo — roprodee BELIECTBO, CO3HATEIBHO CKHUIAaeMOE€ I MOJy4YEHUs
OOJIBIIIOTO KOJIMYECTBA TEIMIOBOW SHEPTUU.

Opzanuueckoe mMonaugo 6 3A6UCUMOCHU OM (QU3UUECKO20 COCMOAHUA
noopaszoensiemcs Ha: meepooe, HCUoKoe U 2a3000pasHoe.

TBepaoe TomimBo — apoBa, Topd, ClaHIbl, Oyphlii yroib, KAMEHHBIH YTOJb,
aHTpaluT.

Kuakoe TOIUIMBO — IPOIYKTHI MiepepaOb0TKH HedTH: OEH3WH, KEPOCHH, TTEYHOE
TOIUIMBO, Pa3JIMYHbIE MACJa, Ma3yThI.

I'a3000pa3Hoe TOMJIMBO — MPUPOJHBIA ra3, MOMYTHBIA HEeMTSIHON ra3, OTXOMIbI
METaJUTyprUueCKOro MpOn3BOCTBA (KOKCOBBIM, TOMEHHBIH ra3), KPeKMHTOBBIN Ta3.

CioeBoe C:kMranme TOIJIMBA — 3TO KOI'/Ia TOIUIMBO TOPUT B CIIOE, JIEXKAIIEM Ha
COOTBETCTBYIOILIEH OOPHON TOBEPXHOCTH.

dakenbHOE CKUTAaHWE TOIUIMBA — 3TO KOrJa TOIUIMBO CrOpaeT B TOMOYHOU
KaMepe BO B3BELIEHHOM MEJIKOJIUCIIEPCHOM COCTOSHUU.

CryneHuyaToe wucnapeHue — Croco0 TMOBBIIICHUS KOHIIGHTPAllMU COJel B
KOTJIOBOM BOJIe 06€3 yXy/IlIeHUs KauecTBa BhIpadaThIBAEMOT0 Mapa.

HenpepbiBHasi npoayBKa — IMOCTOSIHHOE yJaleHHe U3 OapabaHa KOTJIa HEKO-
TOPOr0 KOJIMYECTBA KOTJIOBOM BOJIbI C HAKOMUBIIIMMUCS PACTBOPEHHBIMU B HEHM COJISIMU
0e3 HapyLIeHUsI PEXKUMOB €ro padOoThl.

Ilepuoguyeckass MpoAyBKa IEPUOJUYECKOE YyJaJI€HUE M3 HIKHEro OapabaHa
KOTJIa WM HWKHUX KOJUIEKTOPOB MapooOpa3yIoluX MOBEPXHOCTEHW KOTIOBOM BOJBI C
OCEBILIUM IIJIAMOM.

Booa u nonyuennwlii u3z Heé nap wiuUPOKO UCHONB3YEMCA 6 NAPOCUTIOBHIX
YCMAHOGKAX U MENN06bIX cXemax KomeavHvlx. B yuxkine xomenvnvlx yuacmeyrwom
ceoyruiue nomokKu 600vl u napa:

UCXOHas1 BOAA (MIPUPOJHAs WU BOJAOIPOBOJIHAA), NTOJIydaeMasi OT UCTOYHUKOB
BOZIOCHAOXKeHUs (peKa, apTe3uaHcKasi CKBaXKHHA, BOJIOEM, TOPOJCKON BOJONPOBO/), KaK
MpaBujIo, MoJBepraeTcsi 00padoTKe AJid NOJydeHHs] J0OABOYHON U MOANMMUTOYHOU BOABI
COOTBETCTBYIOILIETO KAaYECTBA;

n00aBOYHAs BOAAa — BOJA, CIEIUAIBLHO NPUTOTOBIsAEMas B YCTAaHOBKaxX
XUMBOJIO- OYMCTKH, MpEAHA3HAUYCHHAsl /Jis BOCIOJHEHHUS TMOTEpPh TEIUIOHOCUTEINS B
TETIJIOBOM CXeMe KOTEIHbHOU U MOTEPh KOHJICHCATA Y MPOMBIIIJICHHBIX TOTPEOUTENCH;

nuTaTeJbHasi BOJAAa — BOJA, MOJaBaeMas NMUTATEIbHBIMM HAacocaMHu U3 Jie-
a’paropa B TNapoOBbIe KOTJIbI, MpEACTaBistomas H3 ceds cMechb KOHJEHcaTa OT
TEMJIOOOMEHHUKOB, BO3BPATHOI'O KOHJEHCaTa OT BHEIIHUX NOTpeduTene ¢
00aBOYHOM BOJIOM;

KOTJIOBasl BO/Ia — BOJIA, HAXOISIIASCS B MTAPOBOM KOTIIE;



NMOANMUTOYHAS BOJAAa — CIICIHMAJIBHO IIOATOTOBJICHHAS BOJAa B CHUCTEME XHMBO-
JIOOYMCTKH, HaIlpaBjisieMas Ha MOANUTKY TEIJIOBOW CETH MJIsi KOMIICHCALIMM TOTEPh B
Hel TEIUIOHOCUTENISA, a MPU OTKPHITON CHCTEME TEIJIOCHAOXKEHHUS W Ha BOCIIOJHEHHUE
pacxojia BOJIbl Ha ropsuee BOJIOCHA0KEHHUE,

MPOAYBOYHAS BOAA — BOJA, yAalsieMasi U3 KOTJIa C HEMPEPBIBHOW MPOIYBKOW;

KOHJEHCAT — BOJIa, MOJYYEHHAs] B PE3yJbTaTe KOHJACHCAIIMU Iapa B IMapOBO-
JSTHBIX TEMJIO0OMEHHHMKAX U Y MPOMBIIIUIEHHBIX MOTpEOUTENEH napa;

Nap — TEMJIOHOCUTEIIb, MOJIYHYAIOIIUKCS U3 BOABI MyTEM €€ UCIIAPCHMUS;

BJIAKHBIA Map — Map, COACP AU MEIKOIUCIEPCHBIC KANeIbKU U MMEIOIIHI
CTETIEHb CYXOCTHU MEHEE €IMHUIIbI,

CYXOH HACBIIEHHbIN Map — Iap, HE COACPIKAIMKA BJIATM U UMEIOIIUN CTEICHb
CyXOCTH PaBHYIO €IMHUIIE;

neperpersliii map — nap, UMEIOIINN TEMIIEPATYPY BBIIIE TEMIEPATYPhl KATIEHUS
MY TAHHOM JIaBJICHUU,

peaAyHUPOBAHHBIN Map — map mocie pPeayKIMOHHO-OXJIAUTEIbHON YCTaHOBKHU
(POY).



2 ITAPOBBIE KOTJIbI TUIIA JIE

2.1 Onucanue KOHCTPYKIUH KOTJIOB

[TapoBoii, nByxOapabaHHBIN, BEPTUKATBHO-BOAOTPYOHBIM KOTEN ¢ €CTECTBEHHOM
uupkymsiiuedt tuna JIE npenHasHadueH i BhIpaOOTKM HACHIIIEHHOTO Tapa ¢
temriepatypoit 194 °C u neperperoro ¢ Temneparypoit — 225 °C, ¢ pabounum J1aBlieHuEM
napa 1,37 Mlla, uMeeT HECKOJIHKO THIOPA3MEPOB, OTIWYAIOMIUXCS MEXTYy COOO0M
HOMUHAIBHOW TPOU3BOIUTEILHOCTRIO 4; 6,5; 10; 16; 25 1/4. Kotnel obecrneunBaroT
TETJIOBOW JHEPTrHeil MOTPEOHOCTH TEXHOJOTHUYECKUX HYKJ, OTOIUICHUS, BEHTUJISAIINU,
ropsaero BojocHaoxenus [4,5].

Buemnwit Bua kotna cepun JJE npuseaén Ha pucynke 2.1.

o

=~ &

Pucynok 2.1 — BHemnuii Buj kotia tuna J1E

Kotnoarperar mnpexacraBisger u3 ce0s MOHOOJOK, KOTOPbIA CMOHTHPOBAH B
3aBOJICKMX YCJIOBUSIX Ha METAUIOKOHCTPYKIMsAX. Ha (GppoHTOBOM MOBEPXHOCTH TOIKH
KOTJIa pa3MENIeHO TOpesioyHoe ycTpoicTBO (6). CieBa OT TOMKH PACIOIOKEHBI JIPYyT
HaJ Ipyrom BepxHui (2) u HkHUHN (3) OapabaHbl, KOTOPHIE COSTUHEHBI MEXKIY COOO0M



MapooOpa3yIIMMH  TTOBEPXHOCTSIMHA HArpeBa, pPacCHOJIOKEHHBIMH TIOJT OOIIMBKOM
KoTia. Mexay 6apabaHaMu pacrojiokeH Jtok (1), uepe3 KOTOphIi Ipu HEOOXOIUMOCTH
obOecrieunBaeTcs JOCTyl K KOHBEKTHBHOMY TYydYKy. [OpelodHoe yCTpOHCTBO
NPECTaBIIeT U3 ce0sl Ta30Ma3yTHYIO TOPENKY, KOTOpask UMEET IMOJABOJ] ra3a K KOTIY
gepe3 mTynep (5) 1 o80T Ma3yTonpoBoa K popcyHke (4).

OCHOBHBIC TEXHUYECKHE XapaKTEPUCTUKH KOTIOB THma JIE moka3ansl B TabiuIie

2.1.

Ta6muma 2.1 — Texuuueckue xapakTepUCTHKHA KOTJIOB Tumna JIE

Mapxku koTia
HaumenoBanme JE-4- JE-6,5- | HE-10- | JE-16- | JE-25-
14T'™M 14T'™M 14I'M 14T™M 14T'M

Tun Tomusa (I' — ras, r M r I Ml T I MITIMIT | M

M — ma3yr)

HpOHSBOI[I/ITeJIBHOCTB,

4 6,5 10 16 25
T/4

Temmepatypa 100 | 135 | 100 | 135 | 100 | 135 | 100 | 135 | 100 | 135

MUTATEIbHOM BOIHI, oC

Pagnanmonnas

.| 222 28,1 39,9 52,6 64
HOBerHOCTB HaneBa, M

Konpextipias | 56,2 81,8 1316 | 181,8 | 230,1
HOBerHOCTB HaneBa, M

T1y6uHa KoT/Ia, MM 3530 4280 5710 7180 9390
upuna koTiIa, MM 2920 2920 3030 3030 3090
BbICOTa KOTIA, MM 4028 4028 4028 4032 4032
KT/ kotra, % 92,13 | 92,23 | 9324 93,1 93
Macca KoTa, Kr 11400 | 13080 | 16680 | 19130 | 23500

biiok koTia JOMOJHUTEIBHO KOMIIOHYETCS OJIOYHO MOHTHUPYEMBIMH 3aBOJIOM,
TSATOJYTbEBOM YCTAHOBKOW, SKOHOMAW3EPOM, JI€adPAMOHHO MMUTATEIbHOW YCTaHOBKOM,
ycTaHOBKOM ceTeBoil Bombl, XBO u 1.n1. Ha mecte MoHTaxka mocTraBiisieMble OJIOKU
0OBSI3BIBAIOTCS] TPYOOIIPOBOIAMH.

KoTapl cnenuann3vpoBaHbl HA CKMTAHUWE Ta3a M Ma3yTa, 4TO MO3BOJISIET Ooliee
MIOJTHO PEaM30BaTh MPEHMYIIIECTBA HCITOJIb30BAHUS BRICOKOKAIOPUHUHBIX TOILIHB [6,7].

Ha pucynke 2.2(a) nmpuBeneHsl pa3zpessl nmapoBoro komia JIE-16-14I'M [4], a Ha
pucyHnke 2.2(6) — miaH ¥ poA0bHbIN pa3pe3 koTia JIE-10-141'M.

Ha pucynke 2.3 npusenena gororpadus kotna JIE-16-14I'M B cranuu MoHTa-
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Pucynox 2.2(a) — [1aposoii korén JIE-16-141I'M:
1 — BepxHuii 6apaban; 2 — TpydornpoBoa it pocdaTupoBaHusi; 3 — TpyOOTIPOBOJI s TTOABO/IA MUTATEILHOM BOBI; 4 — COJIEBOM OTCOH OapabaHa; 5 —
TpyOa A MpoIyBKH; 6 — ropenka; 7 — ra3oIuIoTHas Ieperopoika; 8 — npasblif okpaH; 9 — TorouHas kamepa; 10 — HwkHui 6apadan; 11 —
KOHBEKTHUBHBIN Iy4eK; 12 — yCTpOICTBO Ui IPOTYBKH.
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Pucynok 2.2(6) — ITaposoii kotén J{E-10-14I'M:

1 — B3pBIBHOM MpeTOXpaHUTENBHBIN KilanaH; 2 — KOpoO Mpe10XpaHUTEIbHOTO B3PbIBHOTO
KJlanaHa; 3 — TpyOka MaHoMeTpa; 4 — BepXxHuil 6bapabaH; 5 — mapoBas 3aJIBUXKKa; 6 — IuIonaaKka
o0cimykuBaHusI; 7 — 0OMypOBKa OTHEYMOpHast; § — Kopod 0TBOJa MPOIYKTOB CrOpaHus; 9 —
001yBouHBIN anmapart; 10 — razoma3yTHas ropeka.

’Ka, Ha KOTOPOU BUJHO, KAK MOHTUPYETCS TOIKA KOTJIA.

XapakTepHOl 0COOEHHOCTBIO KOTJIOB 3TOM CEpUU SBIIAETCS PACIOIOKEHUE
TONOYHOM Kamepbl (4) cOOKy OT KOHBEKTMBHOIO My4yka, OOpa30BaHHOIO
BEPTUKAIBHBIMU TpyOamu (5), pa3BaJbLIOBaHHBIMU B BEPXHEM U HIKHEM
OapabaHax.

Takoe pacrnoniokeHrne TOMKH MpeI0TBpaIaeT 000rpeB BepxHero 6apabdana u
3HAYUTEJIPHO YMEHBIIAET IUIOWIAlb orpaxaaronmx nosepxHocreit [9,10]. KoTas
TOM CepuM BCEX TUIOPa3MEPOB HMEIOT €JIMHBIA MONEepeuHbld Mnpoduib ¢
OJIMHAKOBOM IIMPHUHON TONOYHOM Kamepbl MO OCSIM OOKOBBIX 3KPaHOB TpYyO,

paBHo# 1790 mm.
12



Pucynok 2.3 — Tonka xotia tuna JIE B npouecce MOHTaxa

['myObuHa TOMOYHON Kamepbl U3MEHSIETCS B 3aBUCUMOCTH OT HOMHUHAJIBLHOU
MapoBOM MPOU3BOAUTEIHLHOCTH KoTia. Cpeansisa BbicoTa Tonku — 2500 Mm. JImuHbI
WIMHIPUYECKON YacTH BEPXHETO M HIDKHEro OapabaHOB OJMHAKOBHL. B mHummax
O0apabaHOB HMMeEIOTCS Jia3oBble 3aTBOPHI (6) u (7) A BHYTPEHHETO OCMOTpa H
OYHCTKH BHYTPEHHUX MOBEPXHOCTEH O0apabaHOB KOTJIOB OT OTJIOKEHUMU. JlunameTp
BEpPXHETO U HIDKHETo 6apabanoB coctasisger 1000 mwm [4].

Tomnka KOTia TMOJHOCTHIO PKpPaHUPOBAHA M OTHEJEHA OT KOHBEKTHBHOTO
My4yKa ra30IuIOTHOM Tieperopokoi (8), oopaszoBanHOM U3 TpyO nuamerpom 51x2,5
MM, YCTaHOBJICHHBIX BIJIOTHYIO C IIIaroM 55 MM U CBapeHHBIX MEXAy coOoil. B
3a/IHeH YacTH MEeperopoaKy HIKE BEpXHEro OapabaHa UMeEETCsl OKHO AJI MPoXo/a
TOMOYHBIX Ta30B B KOHBEKTHUBHBIM mydok (9). B ra3zoBoM OKHE pacIiOIOXeH
OJTHOPSIAHBIN (HDECTOH.

OCHOBHBIMH COCTaBHBIMH YACTSMHU STUX KOTJIOB SIBJISSFOTCS: BEPXHUI U HIK-
Hull OapabaHbl, 1Ba KOHBEKTHBHBIX Iy4Ka, (pOHTaIbHbINA, OOKOBOW M 3aJHUMN
’KpaHbl, 00pa3yrolue Tonounyo kamepy [11, 12].

TpyOsbI IeBoro 6OKOBOTO IKpaHa, MpaBOro OOKOBOIO dKpaHa, 00pa3yIoIIero
MO/ U TMOTOJIOK TOMOYHOW Kamepbl, BBOJSATCA HEMOCPEACTBEHHO B BEPXHHUU H
HIDKHUM O0apabaHbl KOTJIa.

OPOHTOBOM 3KpaH KOTJIOB MPOU3BOAUTEILHOCTHIO 4; 6,5 u 10 T/4 mosaco-
CIMHAETCA K BEPXHEMY M HIDKHEMY KOJUIEKTOpaM JauaMeTrpoM 159x6 mwm.

13



@OpOHTANIBHBIA AKPAaH aHAJTOTMYEH 3aJHEMY SKpaHy M OTJIMYAETCS OT HEro JIMIIb
OTCYTCTBHMEM YacTH TPyO B MeCTax pacIoJIOKEHHs amOpa3ypbl rOpeJioK, ja3za u
COBMEIICHHOTO C HUM B3PBIBHOTO KJIaraHa.

Ha xoTnax Gompliielt Mpou3BOAUTENHHOCTH 16 1 25 T/4 GpOHTANIBHBIN dKpaH
oOpa3oBaH YeTHIPbMsI TPyOaMH, MOJACOSTUHEHHBIMU HEMOCPEICTBEHHO K HUKHEMY
U BepxHeMy OapabaHaM.

[1noTHOE SKpaHMpOBaHUE OOKOBBIX CTEH TOIKH, MOJIa U MOTOJIKA C OTHOCH-
TenbHBIM Imarom Tpyo s/d=1,03 mo3BosisieT Ha KOTIAax ATOrO TUMNA MPUMEHHUTH
JETKYI0 M30JISILUIO B 2-3 C10S1 M30JISIIUOHHBIX IUIAT TOJUHON 100 MM, KOTOpBIE
YKJIaJbIBAIOTCS HA CJIOM IaMOTOOETOHA TOMIUHOMN 15-20 MM.

Ha ¢poHTanbHO CTeHE TOMKK KOTJIOB MPOU3BOJUTEIBHOCTHIO 4; 6,5 U
10 /4 ycTaHOBIEHO MO OJHOW ra3zomMa3yTHOHW ropenke TumnoB ['M-2,5; I'M — 4.5;
I'M -7 TennaoBoii MOIIHOCTBIO COOTBETCTBEeHHO: 2,9 MBT (2,5 I'kan/4); 5,22 MBT
(4,5 I'kan/v); 8,12 MBT (7 I'kan/a). Ha xotne JIE-16 ycranoBieHa ropenka Tuma
I'M-10 ¢ umnuHApUYeckord amMOpa3ypoll TerioBod MomHocTeio 11,6 MBT
(10 I'kan/u), a Ha kotie JIE-25 — kamMepa JBYXCTYIEHUATOTO COKUTAHUS C TOPEITKOM
['M-16 temnoBoit moutHOCThIO 18,56 MBT (16 I'kan/4).

KoHBEKTUBHBINI MY4YOK KOTJIOB BBINOJHEH U3 KOPUIOPHO-PACIIOI0KEHHBIX
BEPTUKAIBHBIX TPYO AuameTpoM 51x2,5 MM, KOTOpbIE pa3BaibllOBaHbl B BEPXHEM
u HWKHeM Oapabanax koria. IIpomosibHbIM 1mar TpyO Baoibs Oapabana 90 mwm,
nonepedyHsii — 110 mm.

[TaponeperpeBaTenb KOTJIOB MPOU3BOAUTENBHOCTHIO 4; 6,5; 10 T/yac BbI-
MOJIHEH B BHUJE 3MeeBHKa U3 TpyO muamerpom 32x3 mM. [lapomeperpeBarens B
KOTJax OoJbleit mpousBoguTeabHocTH (16 1 25 T/4ac) BBHINOIHEH U3 JBYX PSIOB
BEPTUKAIBHBIX TPYO AuamerpoM ©51/2,5 MM (pucyHok 2.4).

B BoasiHOM mpocTpaHcTBEe BepXHETo OapabaHa HaXOIUTCA MUTATENbHAS TPY-
6a u Tpyba mms BBoaa (QocdaroB. B HmkHem OapabaHe pa3meniaror
nepdopupoBaHHbie TPyObl JJIsi MPOAYBKH, a TaKXKE YCTPONCTBO [Jisi MapOBOIO
nporpeBa Bojibl B 0apabaHe MpH PacTONKE U MaTPyOKH JJIsl CITyCKa BOJIBI.

Ha xotnax mpomsBogutenbHOCTBIO 4-10 T/4ac depe3 matpyOOK sl ClivBa
BOJIbl OCYILECTBIISIETCS MEpHOIMYEcKas W HempepbiBHas NpoayBku. Ha koTmax
Oonbielt npousBoauTeNbHOCTH (16 1 25 T/49ac) depes3 3Ty TpyOy OCYyILIECTBISETCS
TOJBKO NEPUOANYECKAas MPOAYBKA, a HEMPEpPbIBHAS MPOU3BOJUTCA W3 COJIEHOTO
OTCEeKa BepXxHero bapabdana kotTioB [13, 14].

B BepxHem OapabaHe KOTIIOB PacioJioKeHbl CenapaluoHHbIe ycTpoiicTBa. B
MepBOM CTYNEHU UCIAPEHUs B KAU€CTBE CeMapalMOHHbIX YCTPOUCTB MCIOJIb3YIOT-
Csl IIUTKU Y KO3BIPHKH, HAMPABISIONIYIO U3 IKPAHHBIX TPYO MapOBOJSHYIO CMEChH
Ha ypoBeHb BOAbl. (CemnapalMOHHBIE YCTPOWCTBA BTOPOMl CTYNEHU HCHAPEHUS
BBITIOJTHEHBI U3 MPOJOJIbHBIX IIUTOB, HAMPABISIOMIMX JI BHKEHUE MApOBOJSHOU
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cMecu Ha Toper OapabaHa W 3aTeM BJOJb HETO K IOIMEPEYHON MEePEropoJiKe,
pa3IeNsoIel OTCEKH.
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PucyHok 2.4 — 3MeeBUKOBBIN NTaponeperpesaresb KOTioB tuna JIE:
1- BXOHHOﬁ KOJUICKTOP; 2 — 3MeeBUKOBas IMMOBCPXHOCTH HAI'PCBA, 3 - BBIXOI[HOﬁ KOJUJICKTOP.

J17ist BIpaBHUBaHMS CKOPOCTEH Mapa BHYTpU OapabaHa Mo €ro JJIMHE BBIIIIe
CenmapalMoOHHbIX YCTPOMCTB B OapabaHe KOTia pacroJiaracTcsl JbIpYaThiii Mapo-
MIPUEMHBIN MTOTOJIOK.

Ilepen mnaponpu€MHBIM TIOTOJKOM YCTAHABIMBAETCS TOPU3OHTAIBHBIN
KATIO3UMHBINA cernapaTop, KpoMe KOTJia MPOU3BOAUTENILHOCTHIO 4 T/4ac.

UuCTBIN U COJICHBIA OTCEKU COOOIIEHBI MEXK Ty CO00H M0 mapy u 4epes3 mo/i-
MUTOYHYIO TPYOy MO BOJE.

Ha Bcex koTiax ocyiecTBiseTcsi BHYTpU KoTjioBas oOpaboTka Bonbl. Ilo
TpyOompoBogy 2 B BepxHHM OapabaH BBOAWTCS BOJHBIM pacTtBOp 3-
HaTpuiidocdaTa, KOTOPHI BCTyMaeT B PEAKIMIO C PACTBOPEHHBIMU B KOTJIOBOM
BOJIE COJISIMU M TIEPEBOJUT MX B HEPACTBOPEHHOE COCTOSHUE C 00pa3OBaHHEM
nuiama. [llnmaM 1o omyckHbIM TpyOaMm oOIycKaeTcs B HWKHUM OapabaH
BBIBOAMTCS U3 KOTJa MEPUOANUECKON MPOTYBKOM.

[IutarenbHass BoJa MOCJIE BOASHOTO AKOHOMAaii3epa BBOJIUTCS B BEPXHUU
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Oapaban uepe3 TpyOy 3.

OnyckHbIMU TpyOaMu B KOHTYypaxX LUPKYJSLHUU SBISIOTCS MOCIETHUE T10
XO/ly Ta30B HaMMeHee 000rpeBaeMbIe PsiJibl TPYO KOHBEKTUBHOTO ITyYKa.

JIJist CHYOKeHUST TeMIIepaTyphl YXOISIIKUX Ta30B U MOBBIICHUS KodhpuiueH-
Ta TMOJIE3HOTO JIEUCTBUSA KOTJbl OCHAIIAIOTCS WHIWBUAYAJIbHBIMU YYT'YHHBIMU
BOASHBIMM SKOHOMai3epaMH. DKOHOMal3epbl YCTAaHABIMBAKOTCS B KOTEIBHON
PSAIIOM C TAPOBBIMU KOTJIAMHU U MPUCOETUHSIOTCS K HUM C IIOMOIIBIO T'a30X0/I0B.

UyryHHbIE 3KOHOMaU3Ephl COOMPAIOTCS U3 OTACIBHBIX TUIOBBIX 3JIEMEHTOB
— pebpucteix Tpyo mmmHOM 1500, 2000, 2500 mmu 3000 MM, KOTOpBIE CO-
SANHSIOTCA MEXKY 000 (PaCOHHBIMU U3JIETUSIMU, HA3bIBAEMBIMU KaJlayaMH.

B 3aBucHMOCTH OT KOJIMYECTBA TPYO IKOHOMAM3EpPhl MOHTUPYIOTCS HA MECTE
1 OOKJIaJIbIBAIOTCA KUPIUYHOW KJIAAKOW WIJIM TOCTAaBJAIOTCA B BHUJE OTACIBHBIX
0JIOKOB, KOTOpbIE COOMPAIOTCS Ha 3aBOJIE.

[Ipu MoHTaxxe Ha MecTe COOMPAIOT TOPU3OHTAIBHYIO Tpynmny u3 He Oojee
YeM BOCBMHU TpyO B psAny M COOHUpAIOT KOJOHKY M3 YETBIPEX psoB TpyO IO
BbicOoTe. KolMuecTBO psAOB 1O BBICOTE OrPAHUYMBAETCS BO3MOXKHOCTSIMU
00JTyBOUYHBIX aIapaToB, BCTPAUBAEMBIX B OJIOKM SKOHOMAaii3epa.

CkopocTh BOABI B TpyOax 3koHOMamzepa coctarisier 0,3-1,5 m/cex. Bona
JIBIDKETCSl CHU3Y BBEPX, YTOOBI BO3AYX, BBIACIAIONIUMNCS UX BOJIBI IIpU €€ Harpe-
BaHUM, Jydiie yaamsuicsa. [IpoaykTel cropaHus OOBIYHO HANpPaBJISIOT MO CXEMeE
MPOTUBOTOKA M0 OTHOIICHUIO K HAIIPABJICHUIO JIBUKEHUS BOJIBI.

Kotnel cepun JIE MMEIOT BBICOKYIO CTENEHb 3aBOJCKON TOTOBHOCTH, YTO
noBbImaeT 3H(HEKTUBHOCTH UX MOHTAXKA.

2.2 KoHCTpyKIHSI Ta30Ma3yTHOI0 TOPEJOYHOr0 YCTPoOiicTBa THIA
I'Mr

['openouHbie yCTpOMCTBA CyKaT IJIsl TPUTOTOBJICHUS TOIUIMBO-BO3YIIHOM
CMECH U MOJIaY¥ €€ B TOIIOYHYIO Kamepy.

Jlns cxuranuii Mmaszyrta u raza B Tonkax komioB tuna E (JIE) mupoxoe pac-
[IPOCTPAHEHUE IOJYYWIN TOpesioyHble ycTporcTtBa Tuna I'MI, KoHCTpykuus u
MPUHITUT pabOTHl KOTOPOTO MOAPOOHO omucaHsl B [16, 17].

Koncrpykiusa raszomaszytHou ropenku tuna ['MI' npuBeneHa Ha pucyHke
2.5. T'openka 'MI" npenHa3HavueHa aJii COBMECTHOTO U Pa3/IEIbHOTO CHKUTAHUS
ra3000pa3HOro U KUAKOTo ToruBa [18, 19].

[To neHTpy ropenky ycTaHOBJIEHA MapoMexaHnueckas (opCcyHKa IJisi CKuUra-
HUS KUJKOTO TOIUIMBA, KOTOpas 00ECleYMBAET XOpOIIee KayecTBO paciblia BO
BCEM /IMana30HE PEryJIMPOBAHUS HAIPY30K.

16
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Pucynok 2.5 — I'openouynoe ycrporcto tuna [’ MI'™:
a — Iropeliika, 00— Q)OpCYHKa; 1- ra30BO3YyIIHAA YaCThb, 2— Ma3zyTHas ropeJika, 3 — MOHTa)XKHas
IIJIMTAa, 4 — PErucTp BTOPUIHOI'O BO3AYyXa, 5-— PErucCTp IEPBUIHOIO BO3AyXa.

B mazytHyto ¢opcyHky (2) momaercs Ma3yT W map JJiA pachbiia Mazyrta. B
dbopcyHKe Ma3yT M0 BHYTpEHHEH TpyOe MOCTymaeT K KOJbIIEBOMY 3aBUXPHUTEINIO,
13 KOTOPOTO MO TAHT€HIUAJIBHBIM KaHAJIaM MOJAETCsl B Kamepy 3aBuUXpeHus. B ka-
Mepe 3aBUXPEHUS KHUJIKOE TOIUIMBA MPHOOPETaeT BpallaTeIbHO-TOCTYNATEIHHOE
JIBIDKCHUE U 32 CUET LIEHTPOOCKHBIX CHJI PACTIBUIMBAETCS Ha BBIXO/IE U3 COILIA.

Bo3ayx B ropenky mocrtymnaer nBymsi notokamu. Okosio 15 % ot obmiero
KOJIMYECTBa B BUJIC TIEPBUYHOIO BO3/yXa Yepe3 PErucTp MEepBUUHOIO Bo3ayxa (5)
nomaércss K KopHIO dakena. B perucrtpe moTok Bo3ayxa 3akpydumBaeTcsi, oOe-
CIIEYMBAs XOPOIIIee MEPEMENTUBAHUE €TO C TOIIMBOM.

Jlpyras 4acTh TOIUIMBA B BUJE BTOPUYHOTO BO3yXa B KOJUYECTBE MPUMEP-
HO 85 % OT 00I1IeT0 KOIMYeCTBa 3aKPy4YUBACTCS B JIOMIATOYHOM ammapare perucTpa
(4) nomatkaMu, YCTAHOBJICHHBIMHU MOJ yrJioM 45° K HamnpaBJICHUIO JIBUKCHUS
MoTOKa. PerucTpel mepBUYHOIO MU BTOPUYHOTO BO3/yXa BBITMIOJHSIOTCS JIEBOTO U
MIPaBOIO BpAIlICHUSI.

["a3000pa3Hoe TOTIMBO MOAaETCs K KOPHIO (hakena.

[Ipu pabote KOTIa HA KUIKOM TOIUIMBE MMOjada MEPBUYHOTO BO3AyXa B
ropenky He perymupyercs. [Ipu pabore Ha raze pacxoj] NMEPBUYHOTO BO3AyXa
WU3MEHSETCS IPOMOPLMOHAIBHO PACX0/ly ra3a peryjasiTopoM BO3IyXa.
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2.3 Onucanue npuHUUNa padéorsl Ko1i0B THNA [IE

IIpu pabote KOTJIa B HEro 4epe3 rOpesIoYHOE YCTPOMCTBO, YCTAHOBIIEHHOE
Ha (POHTOBOM CTEHE TONOYHOM KaMmephl, MOJAETCSI OpraHUYECKOe TOIUIMBO,
KOTOpPOE€ CKHraercs B TOIOYHOM IHpocTpaHcTBe. Ilpm ropeHum Ttommsa
00pa3yroTcst NPOAYKTHI CrOPaHUs U BBLAEIAETCS OOJIBIIOE KOJUYECTBO TEILIOBOM
sHeprun. IIpoaykTel cropanus npuoOpeTaroT Temneparypy mnopsaka 1700—
1900°C. BHyTpeHHssI NOBEPXHOCTb CTEH TOINKM HKpPAaHUPOBAaHA, 3aKpbITa
apooOpa3yroIMMHU TpyOamu.

Tak Kak CKOPOCTb JBHKEHHUS IPOAYKTOB CTOPAaHHUsI B TOIIKE HEBEJIMKA, TO OC-
HOBHBIM CIIOCOOOM ME€peJadyM TEIIOBOM 3HEPIMU B HEH SIBISAETCA M3IydeHHE. 3a
CU€T JIyYHCTOTO TEIJIOOOMEHA 4YacTh TEIUIOBOM SHEPTruU MPOAYKTHl CrOpaHUs
OTJAIOT NMapooOpa3yIOUIMM [TOBEPXHOCTAM HarpeBa, OXJaXJIascCh 10 TEMIEPATYPbl
1150-1250°C na BBIXOJE M3 TONKH. 3a CYET TEIJIOBOM JHEPTUH, MOTYyYECHHOU
HKpPaHHBIMHM MOBEPXHOCTAMH B HAXOJSALIEHCS B HUX BOJE, 0Opa3yercs map u na-
POBOJISIHASI CMECh HAUMHAET JIBUTAThCS BBEPX K BEpxHEMY OapabaHny.

CxeMa IBMKEHMS NPOAYKTOB CrOpaHUs B KOTJIAX IPOU3BOJUTEIBHOCTHIO 4;
6,5 u 10 T/yac nmokazana Ha pucyHke 2.6.

1 KOHESKTHEHBIM MY OK 2 KOHBEKTMBHbIM MM OK
---------------------------- —’
' nr
o € —————— -
5
r /ooo;oo
e - P - 3
/ N\

; A ™

ropeAoy HOE YCTPOMCTBO decroH
TONK3

Pucynok 2.6 — CxeMa IBM)XEHUS Ta30B B KOTJIaX MPOU3BOAUTEIBLHOCTEIO 4; 6,5 u
10 T/9ac

JIpIMOBBIE Ta3bl IPOXOAAT TONKY AO 3aJHEr0 dKpaHa, B palilOHE KOTOPOro
PAcCIIOJI0KEHO OKHO B MIEPETOPOJIKE, OTACIAIOLIEN TONKY OT KOHBEKTUBHOTO ITy4Ka.

IIepBblli KOHBEKTHMBHBIA IY4OK OT TONOYHOM Kamepbl OTIEIEH JIEBBIM
TOMIOYHBIM 3KPaHOM, KOTOPBIN MpeCTaBsieT cOO0M ra3olIOTHYIO MEPEropoiKy,
BBINIOJIHEHHYIO U3 CBAPEHHBIX MEXy co00H TpyO nuamerpom 51x2,5 Mm.

B razoBoM OKHE pacIioyioxKeH OJHOPSIHBIN (pecToH.

Ha xotnax nmpousBoautenbHOCTHIO 4; 6,5 1 10 T/4ac KOHBEKTHBHBINA My4YOK
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UMEET MPOJOJIbHBIE NEPETOPOJKH, Pa3Jeisaollue €ro Ha JBa xoja (IepBbld U
BTOPOW KOHBEKTHUBHBIE ITyUKH).

[Ipu BXOJie B EpBbIA KOHBEKTUBHBIN MTy4YOK JBIMOBBIE Ia3bl H3MEHSIOT CBOE
HarpasyieHue Ha 180° u 1BUTarOTCs B HampaBieHUH GPOHTA KOTJIA.

B paiione ppoHTOBOI CTEHKM KOTIIa UMEETCSl Ta30BOE€ OKHO B MEPETOPOIKE,
OTACJSIONIEN MTEPBBI KOHBEKTUBHBIN My4OK OT BTOporo. [Ipoxons yepes razoBoe
OKHO JIbIMOBBIE Ta3bl BHOBb MEHSIOT CBOE HampaBiieHUE ABUxkeHuUs Ha 180°,
ronazas BO BTOPOM KOHBEKTMBHBIM IIy4OK. BBIXOA ra3oB OCYIIECTBISETCA 4epe3
3aIHIOI0 CTEHKY KOTJIA.

Kotnel mpu mnomomu Tra30BbIX KOPOOOB COEOUHSIOTCS C BOASHBIMU
HKOHOMal3epaMy, MOHTUPYEMBIMHU B OTJEIBHBIX KOJIOHKAX 3a KOTJIAMM.

Ha pucynke 2.7 mpuBeaeHa cxema [ABW)KCHHS Ta30B B  KOTJIax
IIPOU3BOAMUTENIBHOCTBIO 16 1 25 T/4ac.

KOHBEKTUMB HBIM MYM OK

nr 7
‘— """"""" ( """""""" -~ .
0000
r y S
------------- B p—— ...._,/.....’
B z/ X
rOPEeA0Y HOE YCTPOMCTED decroH TONKa

Pucynok 2.7 — Cxema JIBH>KEHHSI Ta30B B KOTJIaX MPOU3BOIUTEILHOCTHIO 16—25 T/4

Kotnbel npou3BoguTeabHOCTRIO 16 1 25 T/9ac HE MMEIOT B KOHBEKTHUBHOM
IIy4KE MPOJOJIBHBIX NEPErOpoAOK, IMO3TOMY KOHBEKTHBHBIM IIy4OK SIBIISIETCS
OJTHOMOTOYHBIM M JBIMOBBIE Ta3bl MOKUAAIOT KOTEN 4Yepe3 Ta30BOE€ OKHO Ha
dbponTOBOI cTeHke. [lepedpoc ABIMOBBIX Ta30B ¢ (POHTOBOTO IKpaHa KOTJIOB K
BOJASTHOMY SKOHOMAaM3epy OCYIIECTBIISIETCS Ta30BbIM KOPOOOM.

Ha pucynke 2.8 npencrasiena ¢ororpadusi KOHBEKTUBHOTO MyYKa KOTJIOB
cepuu /(E.

KoTenbHbIi MydoK CO CTOPOHBI TOMKHU KOTJIa MPEACTABISAET IJIOTHYIO TPYO-
Hyto cucteMy (1), ¢ mocraTouHbIM pazpspkeHueM crpasa (2). IlnothHas TpyOHas
CHUCTEMAa CO CTOPOHBI TONKHU B JaJbHEHIIEM MOKPHIBAETCA M30JIALMEH, CO3/aBast
JIEBBII AKpaH TOMOYHOUW KaMephl. Pa3zpexxeHHoe mpocTpancTBO TpyO (2) siBisiercs
OJTHOPSIAHBIM ~ (PECTOHOM  KOTJIA, PpACIIOJIOKEHHBIM B Ta30BOM OKHE MEXIY
TOIOYHOU KaMEPOU U KOTEJIbHBIM ITYYKOM.

Kotaer nponsBoautensHOCTRIO 45 6,5; 10 T/9ac MMEIOT OJIHY CTYNEHb HCTa-
penusi. Kotnbl Gosnbiielt mpou3BOaUTENBHOCTRIO (16 U 25 T/9ac) UMEIOT ABYyX-

19



CTYIIEHYATYIO CUCTEMY MCIIAPEHUS C BHYTpU OapabaHHBIM COJIEBBIM OTCEKOM.

2.4 Teopernyeckue OCHOBbBI CTYIIEHYATOr0 HCIIAPEHHUSA

Opranuzanusi BOJHO-CEMAapallMOHHON cXeMbl paboThl OapaOaHHBIX KOTJIOB
0 METOJY CTYNEHYATOro MCHapeHHs MIMPOKO MPUMEHSETCS JJIs CHYXKCHHS] KOH-
LEHTpaluK npuMecei B koTiioBou Boje [20, 21, 22].

Pucynok 2.8 — Bua KOTEJIBHOTO IydKa CO CTOPOHBI TOTIKU

[IpuHIIMTT HENPEpPHIBHOTO TMPOM3BOJCTBA Mapa B OapabaHHBIX MapOBBIX
KOTJIaX OCHOBaH Ha paboTe KOHTYpPOB IUPKYJSAIHUHA KOTIOBOM BOJbL. [lpu Takoii
cXeMe TPOM3BOJACTBA Tapa uMmeercs Oapaban koTna (1), HWKHHE KOJUIEKTOpA,
00BbEIMHSIONINE YaCTh Mapoo0pasyIoluX MOBEpXHOCTEH HarpeBa (2), B KOTOpbIC
KOTJIOBasi BOoJila B OOIIeM ciydae mojaercss u3 OapabaHa 4vepe3 OIyCKHBbIE He
oborpeBaembie TPYOHI (3), a U3 HUX IO MAPOOOPA3YIOUIUM MTOBEPXHOCTSIM Harpena
(4) mapoBojgsiHas cMmech moctymaer B Oapaban kotna (1). [lpuniunm paboTsl
HUPKYJSIUOHHBIX KOHTYPOB PAacCMOTPEH B CJEAYIOUIEM pa3fielie HAacTOSIIEro
oCoOuHI.

YpoBeHb COJiepKaHUsl MPUMECE B KOTJIOBOM BOJE TaKXe OMPEACseTCs
KauecTBOM  TOCTymnaromied B Oapaban  nuTaTenpbHOM  Boawl.  (Cxema
OJIHOCTYIICHYATOT'0 MCITApEHUs MpUBecHa Ha pucyHke 2.9 [23, 24].

[Tpu omHOCTYIIEHYATON cXeMe MCTIapeHusl MUTaTellbHas Boja (5) mocTymaer
B Oapaban xotna (1). B mpomecce e€ mcmapenus B mapooOpasyromIuX MOBEpX-
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HOCTSIX HarpeBa (4) KOHIEHTpalus IMpUMECceil pacTeT, MOCKOJIbKY HUX pacTBO-
puMocTh B mape (7), oOpa3oBaBIIEMCSl U3 KOTJIOBOM BOJIbI, CYIIECTBEHHO HIKE,
yeM B Boze. Clie1oBaTesibHO, KOHLIEHTPALUS NPUMECEN pACTET B KOTIOBOM BOJIEC B
npoliecce MpoOu3BOJCTBAa mapa. st Toro 4toObl KOHIIGHTpallus TMpUMecei B
KOTJIOBOW BOJIE HE JIOCTHUIJIA 3HAYEHHUS, IPU KOTOPOM HAYHETCS MX BBIHOC C MapoM,
oOpa3oBaBIIeMCS B KOTJE, TPUMEHSETCS HempepbiBHas TMpoayBka (6),
npousBoauMas u3 6apabana koria. KonnenTpanus npuMeceil B KOTJIOBOM BOJE
3aBUCHUT OT [apaMeTPOB pabOThI MAPOBOr0 KOTJIA U JJI Ka)KIOW IpylIbl MapOBBIX
KOTJIOB OIpejielieHa TPeOOBAHUSIMU MPABUII TEXHUYECKOM SKCIUTyaTallUu.

CryneHs

ucnape s

Pucynok 2.9 — IIpocreiimas cxema OTHOCTYIIEHUYAaTOr0 UCTIAPEHUS B

O0apabaHHOM KOTJIE:

1 — 6apaban koTya, 2 — HUKHUI KOJUIEKTOP 3 — OIMYCKHbIE TPYObI, KaK MPaBUIIO,
HeoborpeBaemble, 4 — TapooOpasyrolre MOBEPXHOCTH HArPeBa, S5 — mojaya MUTATEILHOM BOIBI
B KOTeJI, 6 — HeNpephIBHAS MPOYBKA KOTJIA, 7 — BBIXOJ Mapa u3 Kotia, Cry — KOHIIEHTpaIus
npumeceii B nape, Crpp, — KOHLIEHTpAIHs IpuMeceil B muTarenbHoil Boje, Crp — KOHLEHTpaIHs
npuMeceil B mpoayBoyHOU Bojie, d; — 1 — 011 HAaCBIIIEHHOTO Napa B KOTJe, p—BeJIMYMHA Helpe-
PBIBHOM MPOAYBKH KOTJIA B JIOJISAX OT €ro Harpy3KH.

Jns paccMarpuBaeMoOu OAHOCTYNEHYATOM CHCTEMbBI HUCIIAPECHUS 3aIHILIEM
ypaBHEHUE OaslaHca COIepKAHUS TPUMECEH B CIIEIYIONIEM BUIE:

Cus. 1+ p)= C,+pCpp (2-1)

rae C, , — KOHIEHTpalus NpuMeceld B MUTATEIbHOU BOJE, P — OTHOCUTENbHAs
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BenuunHa nponyBku, C,, — KoOHUeHTpauuss npumeced B mape, C,,

KOHIIEHTPALMs IPUMECEUN B ITPOTYBOYHOM BOJIE.

KoHIeHTpanys BEIECTB B KOTJIOBOM BOJE OTBEYAET COCTABY HMPOLYBOYHON
BOJIBI, TOATOMY B ypaBHeHMH (1), 3aMEHUB 3HaYe€HNE KOHIIEHTPALUK IPOLyBOYHOM
BOJbI HAa KOHICHTPALIUIO KOTJIOBOM BOJBbI, ITIOJIYUHUM:
_Cus A+p)-C4

CK.B. p

(2.2)

N3 3TOro COOTHOMIEHUS CIEAYET, YTO €CIIH MPUHSITH COJIECOJEPKAHUE Tapa
PaBHBIM HYIIIO, TOCKOJIbKY PAacCTBOPUMOCTh MpUMEce B HEM Oojiee 4eM Ha To-
PATOK HUXKE, YEM B BOJIE, TO U3 COOTHOIICHHMS (2.2) MOIYIHM:

c., =Cusl*p) 2.3)
Y

KadecTBO mapa MOXXHO TIOBBICUTH 3a CYET CHUXEHUS KOHIICHTpaIUu
BpEJIHbIX TMpUMEcCEl B KOTJIOBOM BOJIE, 3a CYET TMOBBIIICHUS BEJIMYUHbI
HEMPEPBIBHON MPOAYBKH, YTO MPUBEIET K CHUKEHUIO KOHILIEHTPAIIMU B KOTJIIOBOM
BOZIE. DTOT MyTh DKOHOMHYECKH HE BBIrojeH. [Ipum obecrneueHnn HOpMaTbHOMN
paboOThl KOTJIOB B KadyeCTBE HMCXOJHOW MBI HCIOJb3yeM BOJYy C TEMIIepaTypoi
nopsinka 15-20°C. A mnpoayBowyHasi BOJa WMEET TEMIleparypy, OJM3KYI K
TeMmrepaTrype HachillleHusi B OapabaHe koTia. Takum 00pa3om, TOBBIIICHUE
BEJIMUMHBI HEMPEPHIBHON MPOJAYBKH MPUBOJUT K CHIDKCHUI0O SKOHOMHUYHOCTHU
paboTHI KOTJIA.

[TosToMy BelMUYMHA HEMPEPBHIBHOM MPOAYBKU CTPOTO PETJIAMEHTUPYETCS U B
coorBercTBUM ¢ [ITO He momxHa npebimath 5-10 % OT HMpOU3BOAUTENBLHOCTH
KOTJIA.

J1J1st TOBBIIIIEHUST S)KOHOMUYHOCTH BBIPAOOTKH TIapa B HACTOSIIEE BPEMS 1T~
pPOKO TIpUMEHAETCS CTyneHdaroe ucnapeHue [23]. IIpuHIUNUAIBHBIE OCHOBBI
CTYNEHYATOTO UCIIAPEHUS PACCMOTPUM HUXKE.

Ha pucynke 2.10 npuBejeHa NpUHIUMIIMAIBHAS CXeMa JIBYXCTYNEHYATOTO
HCIIAPEHUs, PACCMOTPEHUE KOTOPOM TMO3BOJISIET MOHATh (U3UKY ITPOIIECCOB,
MPOUCXOAIINUX TTPU 3TOM [24].

Cxema  CTymeHYaToro HCHApPEHUs  MOPEAyCMATPUBAET  pa3/eiiCHUE
UCIIAPUTENIbHBIX TOBEPXHOCTEM HarpeBa Ha OTIEIbHbIE [UPKYJSIIUOHHBIE
KOHTYpPBI, OOIIMM AJIEMEHTOM JUIsi KOTOPBIX SIBJISETCS MapoOBOE MPOCTPAHCTBO
Oapabana kotna. IIpu NIByXCTyIleHUaTOM HCIIApEHUHM BOJsSHONW 00BbEM OapabaHa
KOTJIa pa3/iesisieTcs Ha JBa OTCEKa.
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Hwxuue xomtekTopa mapooOpasyronmx IMOBEPXHOCTEH HarpeBa UMEIOT
CBOM OITyCKHBbIE TpyObl M TIOAKIIOUCHHBIE K HHUM COOTBETCTBYIOIIHE
napooOpa3yroIyue IOBEpXHOCTH HarpeBa. IlapoBas mpouU3BOIUTEIHLHOCTH
COJIEHOTO OTCEKa JoJkHA cocTaBysiTh 20—10 % oT mapoBoi NMPOU3BOIUTEIHLHOCTH
YHCTOTO OTCEKA.

B Gapabane koTna ycTaHOBJICHA MEPErOpOKa, KOTOpas JEIUT €ro Ha J[Ba
orceka. OTCekM MO BOJI€ pa3lieNieHbl, UMEs CBOM KOHTYPhl LUPKyJAnuu. B
MEPEropoOJKE  BBIMOJHEHO  BOJOMEPEMYCKHOE  OKHO, yepe3  KOTOpoe
OCYIIECTBIISIETCS TIPOJTyBKa MEPBOM CTyNEeHU UCTapeHus BO BTopyto. [lurarenbHas
BOJIa ITOCTYMAET TOJIHKO B YUCTHIN OTCEK.

1+p N
cﬂ.l. /
5
3
4/
2
~I 1<

Pucynok 2.10 — /IByxcTyneHuyaTtas cxema UCIapeHUs:
1 — 6apaban koTia, 2 — HUKHHME KOJUIEKTOPA UCTIAPUTENBHOM CUCTEMBI, 3 — HEOOOTrpeBaeMble
OMYyCKHBIE TPYOBI, 4 — HCTIApPUTENIbHBIE TOBEPXHOCTH HArpeBa, 5 — rojayva MUTaTeIbHON BOIBI B
KOTeJl, 6 — HeTpepbIBHAs IPOAYBKa KOTJa, 7 — BBIXOJ Mapa U3 KOTJa.

ComocTtaBUM  KadecTBO Iapa, MOJy4aeMoe€ MpU  OAHOCTYNEHYATOM
VCIIAPEHUH, C KaYeCTBOM I1apa, MOJy4aeMbIM IIPU JABYXCTYIIEHYATOM HCIApPEHUH,
IIpY OJHOM M TOM JK€ KAaue€CTBE MUTATEIIbHONM BOJABI U OJMHAKOBON BEJIUYHUHE
HENpepplBHOM  mponyBku.  HenpepeiBHas npoxyBka paBHa 5 % ot
IIPOM3BOAUTEIILHOCTH KOTJIA.

[lpu omHOCTYNEHYATOM WCHAPCHUU HA OCHOBaHWMU ypaBHeHus (2.3)
IIOJIyYUM COOTHOLIEHHE i1 KOHLEHTPAalMM IPUMECEd B KOTIOBOM BOJE B
CJIEIYIOIIEM BHJIE:
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C, , (1+0,05)
Cren="""008

=21C, , (2.4)

PaccunTaeM KOHIIEHTpALMIO IPUMECEN B UUCTOM M COJIEHOM OTCEKE IPHU yC-
JIOBUH, YTO MapOBasi MPOU3BOAUTEIBHOCTh YACTOIO OTCEKA I3 COCTABISIET 85 % OT
IIaPOBOU ITPOU3BOAMUTEIBHOCTH KOTJIA, COJICHOTO OTceKa I, — 15 % mpu Toit xe
CaMOM BEJIMYMHE HEMPEPHIBHOW MPOAYBKH KOTJIA.

JIJist 4uCTOrO0 OTCEKa MPOAYBKOW OYyJEeT SBISATHCA BEIWYMHA HETPEPHIBHOU
IIPOIYBKHM KOTJIA P ¥ TO KOJIMYECTBO KOTJIOBOM BOJIbI, U3 KOTOPOU IIPOU3BENIEH Iap
napooOpa3ylnMMU MOBEPXHOCTAMH HarpeBa coJIEHOro otrceka. Ilpu Takoi
BEJINYMHE MPOAYBKM YUCTOTO OTCEKA KOHIICHTPAIUS BEIIECTB B KOTJIOBOM BOJE
YUCTOTO OTCEKA 3HAYUTEIIBHO HIKE, YEM IIPU OJHOCTYIIEHYATOM UCIIapEHUHU.

ConeprxaHue mpuMecei B IIEPBOM CTYIIEHN ONPEIEIUM IO COOTHOLIEHUIO:

CI:L(.B. _ CU.B. (nl + n, + p) — 5’ 25C17,B, (25)
n,+p

Coz[epxcaHHe HpHMeCGﬁ BO BTOpOﬁ CTYIICHH UCIIAPCHUA COCTABHUT:

1
c, =W=21,04cn_3_ (2.6)

N3 npuBenéHHOro npumepa BUIAHO, YTO COJIEPIKAHUE IPUMECEN B YUCTOM
OTCEKE 3HAYMUTEJIBHO HWXKE COJEpXaHus IpuMeceld BO BTOpoM oTceke. Orcrona
cleayeT, 4YTO OCHOBHasg Macca Iiapa IIpU JIBYXCTYIIEHYAaTOM HCIIApEHUH
NOJIy4aeTcsl U3 rnapa 0oJiee BBICOKOro KauecTBa U TobKO 15 % mapa Mbl nostydaem
U3 Mapa ¢ IPUMECSMHU, OYeHb OJIM3KUMH K KOHIIEHTPALMUSIM UX B KOTJIOBOM BOAE
IIPU OTHOCTYIIEHYATOM HCIIAPEHHH.

[IpuBenénublil mpumep Aoka3biBaeT 3PGEKTUBHOCTh UCIOJIb30BAHUS JIBYX-
CTYNEHYaTOr 0 UCITAPEHHUS.

Ha pucynke 2.11 npuBeneHa cxeMa CTYNEHYATOr0 HCIApEHUs] KOTJIOB TUIIA
JIE mpousBoauTensHOCTHIO 16 1 25 T/4ac.

24



1+0
Cas

ODONT KOTAS

Pucynok 2.11 — JIByxcTyneHuaras cxema ucnapenus Kotios /(B

MIPOU3BOIUTEIIBHOCTRIO 16 1 25 T/4ac:
1 — BepxHwmii 6apaban KoTa, 2 — HWKHUN OapabaH KOTIA, 3 — OIyCKHBIE TPYObI YUCTOTO U CO-
JEHOTO OTCEKOB, 4 — MeperopojaKa B BepxHeM OapabdaHe KOTa, 5 — mojadya mUTaTeIbHOU BOJIBI
B KOTeJ, 6 — HelpepbIBHAs NPOAYBKa KOTJIa, 7 — TiIyXas Meperopojka, 8 — moabEMHbIE TPYObI
YHUCTOr0 OTCEKa, 9 — MOoAbEMHBIE TPYOB! COJIEHOTO OTCEKA.

Cxema [BYXCTYIIEHUaTOro0 HCHApPEHUS OTUX KOTEIBHBIX arperaToB
OTJINYAETCSI OT KIIACCHYECKOM CXEMBI TEM, UYTO y HCIIAPUTENIBHBIX MOBEPXHOCTEU
HarpeBa OTCYTCTBYIOT HUKHUE KOJUIEKTOpa W BCE OHHU BKIIIOUEHBbI B HUKHUU
O0apaban kotria. IlosTomy paccMoTpuMm ©Oosee MOAPOOHO TPUBEAEHHYIO
JIBYXCTYIIEHYATYI0 CXEMY UCIIaPEHUS.

[Ipy onHOCTYNEHYaTOM HUCHApPEeHUH BCE NapooOpas3yrollre MOBEPXHOCTH
€ro — SKpaHHbIE MOBEPXHOCTU TONKU (OOKOBBIE, (PPOHTOBON M 3aJHUNA SKpPAHBI),
MOBEPXHOCTHU KOTEJIIBHOTO (KOTEJbHBIX) MyYKa — OOBEIMHECHBI HDKHUM U BEPXHUM
Oapabanamu.

[Ipu nByXCTymnmeHUYaTOM HCHApEHUHM HWDKHUN OapabaH pa3aensercs TIyXou
MIepEeropoaKOr Ha JiBa oTceka. UMCThIN OTCEeK, Kak OBLJIO CKa3aHO paHee, 00beIu-
uset 80—85 % moBepxHOCTE HarpeBa KoTia, a conénbiii — 20—15 %.

B Bepxnem OapabaHe KOTJIa BBINOJIHEHA MEPETOPOIKA, KOTOPask IETUT BepX-
HUM OapabaH KoTJia Ha JBa oTceka. Ileperopoaka paszaensieT TOJBKO BOJISHOU
00BEM M HECKOJIbKO BBICTYIAeT HaJ YpOBHEM BObl. B Hell mMmeercs oTBepcTHE,
COEMHSIOIIEE YUCTHIN U COJIEHBINM OTCEKH I10 BOJIE.

YucTtelii OTCeKk BKIIOYaeT B ce0s uacTh BepxHero Oapabana (1),
PacoJIOKEHHYIO C (D)POHTOBOW MOBEPXHOCTH KOTJIA, YACTh HIKHETO Oapabana (2),
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napooOpa3ymoIre MOBEPXHOCTU (8) YHMCTOrO0 OTCeKa M OIMyCKHbIe TpyoOsl (3).
OmnyckHasi cucTeMa MepBOM CTYNEHH UCHAapeHUsi COCTOUT M3 MOCIEAHUX IO XOAY
ra3oB c;1a00 000TrpeBaeMbIX PsAJIOB TPYO KOHBEKTHUBHOTO MyYKa.

[ToBepxHOCTAIMH HarpeBa COJIEHOr0 OTCeKa SBISIOTCS Haubosiee oborpeBae-
MbIe TPYOBbl KOTEIBHOTO My4Ka, COCIWHEHHBIE C BEpPXHUM OapabaHOM KOTJIa 3a
neperopokoi (4). 3tu TpyOsI MO X0y Ta30B PACIIOIOKEHBI Cpa3y 3a (eCTOHOM.

OnyckHbIMU TpyOaMu COJEHOTO OTCEKa SIBISIOTCS HeoOOTpeBaeMbie TPYOHI,
COCTMHSIIONITNE COJICHBIN OTCEK BEpXHEro OapadaHa ¢ 4acThIO HUKHETO OapadaHa.

Ha pucynke 2.12 nokaszaH BUJ KOTJIa TPOU3BOAMTENILHOCTHIO 16 T/4ac co
CTOPOHBI 33JJHETO HKpaHa TONKHU. B 3TOl yactu GapabaHOB KOTJIa pacrojaraercs
COJIEHBIN OTCEK.

Ha pucynke xopouo BugHa HeoOOrpeBaeMasi OIyCKHAasi CUCTEMA COJEHOIO
OTceKa KoTJa.

OnyckHas Tpy0a (1) 1 MOHTakHBIE OTBEPCTHS (2) A1 NPUCOECAUHEHUS BTO-
poil onyckHOU TpyObl. OmyckHbIe TPYOBbI PAaCMOJIOKEHBI 32 MOBEPXHOCTHIO KOH-
BEKTUBHOI'O ITy4Ka BHE 30HBI 000rpeBa NPOAYKTAMH CTOPaHHUSL.

HeobGorpeBaemsbie ormyckHbie TpyObl UMerOT quamerp 159x4,5 mm. V kotna
IPOU3BOAUTENLHOCThIO 16 T/4yac MX JBE, a Ha KOTJIE MPOU3BOJUTEIBHOCTBIO 25
T/49ac TaKUX OIMyCKHBIX TpyO 3 [11].

” i
I

Pucynok 2.12 — Bun TpyOHO#1 crcTeMbl KOTiIa MPOU3BOAUTEIBHOCTHIO 16 T/49ac co
CTOPOHBI COJIEHOTO OTCEKa

2.5 IlapooOpa3ymwiue NOBePpXHOCTH HATPpeBa

IIponecc renepannm napa B KOTJax ¢ €CTECTBEHHON LUPKYJISALMEN OCYILECT-
BJISIETCS B OT/ACJIBHBIX KOHTYpaxX LHUPKYJISLUU.
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[TpuHMn padoOThl HUPKYJISIIMOHHOTO KOHTYpa PAacCMOTPUM Ha IpUMEpE
paboThI MPOCTOTO HMUPKYJSAIMOHHOTO KOHTYpa, IpUBEAEHHOTO Ha pucyHke 2.13.
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Pucynok 2.13 — Cxema nupKyJIAIMOHHOTO KOHTYpa KOTJa:
1 — Gapaban xoT1na; 2 — mapoobpasyroiue TpyOsl; 3 — maporneperpeBareins; 4 — BOJSHON
9KOHOMaf3ep; 5 — OMyCKHBIC TPYOBI; 6 — HUKHHI KOJUIEKTOP

Kontyp o0benuHser cucTteMy MapauielbHbIX MOABEMHBIX Tpyo (2),
UMEIOLINX OJIMHAKOBOE KOHCTPYKTHBHOE O(POPMIIEHHE M OJUHAKOBBIM TEIUIOBOM
oborpeB. OHU OOBEIMHEHBI B OJJHO 3BEHO, UMEIOILEE CBOWM pacHpeleUTeIbHbIN
KOJUIGKTOp M CBOI OINYCKHYIO cHucTeMy (5), COCTOALIYyI0 W3 OJHOW WU
HECKOJIBKMX OMNYCKHBIX TpyO, a BHHM3Yy OOBEIUMHEHHBIX KOJUIeKTOpoM (6).
3amMKHyTas cuctemMa oOpa3yeT LHMPKYJISLUUOHHBIA KOHTYpP, KOTOPBIN 3aIlOJHSETCS
BOJIOH /10 YPOBHS HIKE TUaMETPaJIbHOM MI0CKoCcTH Oapabana 1 Ha 15-20 cwm.

IIpyn co3maHMM B TONOYHOM Kamepe 30HbI BBICOKMX TEMIIEpATyp ra3oB B
o0orpeBaembIX razamu TpyOax Boja 3akumaeT. [lanee mpu moJaBeaeHUM TeIUla K
HKpaHHBIM TPyOaM OHH 3aIOJHSIIOTCS MApPOBOASHON CMEChI0, UMEIOIIEH TIIOTHOCTD
Pens KOTOPAsE HUYKE TIIOTHOCTH BOJIBI.

HeoGorpeaemMbie TpyObI 5 3aM10THEHBI BOJIOM, UMEIOIIEH IIOTHOCTh BOJBI P’
IpH 1aBJieHUH B OapabaHe.

BeprtukanbHas MIOCKOCTb, TPOXOIAIIAs BIOJAb OCH HHUXKHETO KOJIJIEKTOPA,
YCIIOBHO pa3JeisieT THAPaBINYECKYI0 CUCTEMY Ha JBe yacTu. C JIeBOM CTOPOHBI OT
KOJJIEKTOpa CHUCTEMa TOJBEpP)KEHa [JaBJICHHUIO CTOJ0a BOIbI, 3alOJIHAIOIIEH
OIyCKHYI0, HeoOorpeBaemyto TpyoOy, paBHomy Hp'g. C mpaBoii cTOpoHbI cucteMa
MOJIBEP’KEHA JIABJICHHUIO CTOJ0Aa MapoOBOJASHOMW CMECH, 3amloJiHAIoIIe oborpe-
BaeMble TpyOsl, paBHOMY Hp,,J.

Pasnocte naBnenuii H(p'-p.,)g Ha3bIBaeTCs IBUXKYILIUM HAIOpOM €CTe-
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CTBEHHOUW LIUPKYJISALIHU:

S =H(p=po)9 (2.7)
raoe S B JBWXKYIIUMN HAIOp €CTeCTBEHHOW umpkynsuuu, [la; H — BeicoTa KOH-

) . 3

TYpa, M; P Py, — IIIOTHOCTH BOABI M MAPOBOASHON CMECH, KI/M”, § — YCKOpEHHE
2
CBOOOHOTO IaJCHUs, M/C”.

Oo6orpeBaeMblie TpyObI OJYYUIIM Ha3BaHUE MOIBEMHBIX TpyO, HE 00OTpeBa-
eMbIe TPYOBI — OITYCKHBIX TPYO.

B noabémHBIX TpyOax MPOUCXOJUT B OCHOBHOM HcCIapeHue Boibl. IloTok
MapoOBOASHON CMeCH OO0€CIeUrBaeT OXJIAKICHHE MeTaula MNOIbEMHBIX TPYO,
o0orpeBaeMbIX MPOAYKTAMH CrOpaHHUs, U TapaHTUPYeT UX JJIUTEIbHYIO |
HaJIEKHYIO paboTy.

Takue KOTJIBI MOMYYUIIM HA3BAHUE MAPOBBIX KOTJIOB C €CTECTBEHHOW LHUP-
KyJsiuueil. BenuuumHa ABWXKYHIEro Hamopa OpsSMO MPOMOPLUUOHAJIbHA BBICOTE
KOHTypa H M pa3HOCTH MJIOTHOCTEW BOJIIBI M MAPOBOJSHON CMECH, SIBISIOIICIHCS
(yHKUIHEW HHTEHCUBHOCTHU TEMI000MEHA B TOTIKE.

OTHOLIEHHE MaCcCOBOI0 pacxojia MUPKYIUpYrolieil Bojbl G, Kr/c, K KoJau4e-
CTBY 0Opa3oBaBIIErocs mapa B €IMHULY BpemMeHu D, Kr/c, Ha3pIBaeTcs KpaTHO-
CTBIO LIUPKYJISILUN:

k=G, D (2.8)

KpatHocThs nupKyisuuu o0b4HO cocTaBisieT Benuuuny ot 4 10 200. Pacxon
BOAbl B KOHTYpE LUPKYJSLUU B K pa3 OoJibllle MapoOBOM MPOU3BOAUTEIBLHOCTH
KOTJIA.

OO6nacth nepexoja OT BOJABI K COCTOSIHUIO Mapa Ha3bIBalOT 30HON (azoBOro
nepexona [5].

2.6 HcnapurteilbHble TOBEPXHOCTH HarpeBa kotioB Ttuma JIE u
HMPKYJIALHUA BOJAbI B HUX

HcnaputenbHbIMA TOBEPXHOCTSAMHU BEPTUKAIBHO-BOJOTPYOHBIX MapOBBIX
KOTJIOB SIBJIAFOTCA IOBEPXHOCTH, B KOTOPBIX IPOUCXOIUT HUCIIAPEHHUE BOJBI, a
4acTO M JOTPEB BOABI 10 TEMIIEPATypbl KHUIIEHHs. TakMMH NOBEPXHOCTIMHU
ABJISIIOTCSL KOTEJIbHbIC MYYKH, IMOJYYalOlHe TEIJIO NMPEUMYIIECTBEHHO 3a CUET
KOHBEKTUBHOI'O TEIUIOOOMEHa € TOPSYMMHM MPOAYKTaMH CropaHus, (pecToH,
PACIIOJNIOKEHHBIM B Ta30BOM OKHE W IPEACTABIIAIOLIMN IOJYyPAIHALUOHHYIO I10-
BEPXHOCTb HarpeBa, 1 IKPaHHbIe MOBEPXHOCTH TOIKH, ITOTYYAOUIUE TEIJIOBYIO
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SHEPruii 3a cu€T paguaMoHHOro oborpena [26].

B xomnax tuna JIE npUMEHSIOTCS CIIOKHBIE KOHTYPBI, KOTOPBIE COCTOAT U3
HECKOJBKMX TIPOCTHIX KOHTYPOB, y KOTOPBIX HEKOTOPbIE 3BEHBS SIBISIOTCS
oOmuMu. B HaieM cityyae oOUMMU SIBJISIIOTCS OIMYCKHbBIE TPYOBI.

Pucynok 2.14 — Tpy6Hnast cucrema kotna tuna J{E npousBoautenbHocThio 4-10
T/4

Ha pucynke 2.14 uzobpaxxena tpyOHasi cucrema kotia tuna JE mpowusso-
JTUTENbHOCTHIO OT 4 110 10 T/9 (Bup c3a1u).

CrnieBa pacmoJioKeH 3aIHUM dKpaH TOMKU, 00bEIMHEHHBIN BEPXHUM U HUXK-
HUM KOJUIEKTOpaMH, COCAMHEHHBIMH C BEPXHHUM WU HIDKHUM OapabaHamul KOTIIA.
HwxHuii KOJUIEKTOp PacnoioKeH TOPU30HTAIbHO, a BEPXHUI — HAKIIOHHO.

C npaBoil CTOPOHBI OT TOMKH PACIION0KEH KOHBEKTUBHBIN My4OK, pa3aeiaeH-
HBI Ha JBe 4YacTu ri1yxoi neperopoakoit (1). Kotnsl 3T0if npou3BoAUTENbHOCTH
MMEIOT JIBYXXOJOBOW KOHBEKTHMBHBIM Ny4OK. [IpOAyKTHI Cropanus NOKUIAIOT
TOMKY KOTJIa, MPOXOJAT dYepe3 IMepBbId KOHBEKTHBHBIM TydoK (2) oT 3amgHeH
CTEHKH TOIMOYHOM KaMmepbl K (PPOHTOBOW CTEHKH KOTJIA, Pa3BOpPAYMBAIOTCS B
razoxoqie Ha 180° u BO3BpalarOTCs K 3aJHEH CTEHKU KoTia. M3 mpaBoil yacTu
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KOHBEKTUMBHOTI'O Iy4yKa (3) MPOIYKThI CTOPAHMS YXOIAT B Ta30X0/, COEIUHSIOIINN
KOTEJI ¢ BOASIHBIM SKOHOMaii3zepoM. YacTe TpyO BTOPOro KOHBEKTUBHOIO Iy4Ka
(3), KOTOpBIE HAxXOJATCS B 30HE HHU3KHUX TEMIEPATYp, MOCKOJIbKY OMBIBAIOTCS

MPOJYKTaMU CrOpaHHWsl Tiepe] HMX BBIXOAOM B Ta30Xxo0jA, C HauboJblen

BEPOATHOCTHIO MOXKHO CUUTAaTh OMYCKHBIMU TpyOamH BceX MNapooOpa3yromux
ITIOBEPXHOCTEN HarpeBa KoTJIa.

Ha pucynke 2.15 uzo0paxkena TpyOHas cuctemsl kotia tumna J{E mpousso-
TUTETBHOCTHIO 16 1 25 T/9 (u30MeTpus).

r
-

=
1
-

-

-
R

Pucynok 2.16 — U3ometpus TpyOHO# cuctemsbl kotia tuna J{E
MIPOU3BOJIUTEIIBHOCTHIO 16, 25 T/

KoTnibl 3TOM pOU3BOAUTEIBHOCTH UMEIOT OJHOXOI0BOM KOTENBHBIN MYUOK,
MO3TOMY TMPOAYKTHI CrOpaHUs TMOKUIAIOT KOTeT ¢ (PPOHTOBOW CTEHKH KOTIIA.
[IpoyKThl cropaHusi Ha BBIXOJE M3 TOIKH, MPOXOoAs (PecToH, MOBOpaYMBAIOT Ha
180°, mpoxoxast yepe3 KOHBEKTHUBHBIN IMYYOK, MOKHUIAIOT KOTENI. ['a30X0/1 K KOTITy
MOJICOEAUHSETCS C (PPOHTOBOM MOBEPXHOCTU KOTIA. YacTh TpyO KOHBEKTHBHOTO
IIy4yKa, TaK K€, KaK M y KOTJOB MEHBUIEH IMPOU3BOAUTEIBHOCTU JTOM CEpUH,
SIBJISIETCS] OIMYCKHOM TSI BCEX Mapoo0pa3yroNuX MOBEPXHOCTEH KOTIIOB, BKIIFOYAS

U TMapooOpa3yrolire MOBEPXHOCTH (POHTOBOTO M 3aJHEr0 SKPAaHOB, a Apyras
YacTh SABISETCS MOAbEMHBIMU TPYOaMHU.
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OnyckHBIMU TpyOamu SIBISIOTCS c1abo oOorpeBaembie TPyOBI, pacmojara-
IOIMecs B 30HE MUHUMAJbHBIX TEMIIEpaTyp MPOAYKTOB cropanus. [is Hamiero
KOTJIa TAKUMHU TpyOamu sSBISIOTCS TPyOsI (1).

N3 BepxHero 6apabana Bojia 1o ¢jiabo o0orpeBaeMbIM TpyOaM MOCTYMaeT B
HIDKHUM OapabaH KOTJa, KOTOPBIA pacrpeiensieT e€ Mo BceM MapooOpasyroluM
TpyOam. Boma mo Oomee oOorpeBaeMbIM TpyOaMmM, B KOTOPBIX YacCTHYHO
UCHapsAeTCs, 3a CUeT MOJIE3HO OO0pa30BaBIIETOCS Hamopa MapOBOJSHON cMecu
MOJTHUMAETCs B BEpXHU OapabaH KOTIa.

Kak mokazano B mpeabiaylieM pasjelie, CUJION, BhI3bIBAIOLIEH JIBUKEHUE B
KOHTYpax LMPKYJSIUU, SBISETCS Pa3HOCTb IUIOTHOCTEH MAapOBOJASIHOW CMECH B
noabEMHBIX TpyOax M BOJBI — B ONMYCKHBIX. B BepxHem OapabaHe mapoBoisHas
CMECh pa3leisieTcsl 3a CU€T CEenmapalroOHHBIX YCTPOWCTB Ha BoAy W map. Boma
BO3BpAIIaeTcs B BOJASHOW 00BEM KOTJA, a Map HaMpaBisieTCs K TOTPEOUTEIO UITH
B mnapormneperpesarenb. KoTioBas BoJa ¢ BHOBb IIOAAHHOM M3 DKOHOMai3epa
MMATATEILHOW BOJAOUN BOBIIEKAECTCS B LIUPKYJIALHUIO.
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3 OBIIUE CBEJIEHHUA O TEIIJIOBOM PACYHETE KOTEJIBHOI'O
AI'PET'ATA

3.1 OcHoBHBbIE OHSITUSA U OTIPeeIeHUs

TennoBoil pacu€r KOTENBHOrO arperata B 3aBUCUMOCTHU OT LIEJIEH, CTOSIIUX
nepes HUM, pa3iinyaeTcs Ha MOBEPOYHBINA U KOHCTPYKTUBHBIN.

IloBepouHbI1 pacdy€T KOTIA MPOBOAMUTCA [UJII OLEHKM ITOKa3aTelen
SKOHOMUYHOCTH W HAAEKHOCTH €ro paboThl Ha KOHKPETHOM BHJE TOILIUBA,
BbIOOPA BCIIOMOIIATEIEHOTO 00OPYIOBaHUS U MOJYUYEHUSI UCXOAHBIX JAHHBIX IS
NPOBENCHUS a’POAMHAMUYECKOTO U TUAPABIMYECKOrO PpPacyETOB, OLICHKHU
MHTEHCUBHOCTU KOPPO3UHU U T.1. [25].

[Tpu npoBeneHNM NOBEPOYHOTO pacuéra IOJKHBI ObITh W3BECTHBI: THUII
KOTEJIBHOI'O arperara, KOMIIOHOBKAa W pa3Mephbl €ro MOBEPXHOCTEW Harpesa, BUJ
C)KMUTaeMOTr0 TOIJIMBA U CHOCOO €ro NMpUTOTOBJICHUS K CKUTAHHIO, Harpyska H
napamMeTpbl Iapa, TeMIepaTypbl NUTATEIbHOM BOJbI W MEPErpeToro Imapa,
BEJINYMHBI HEMIPEPHIBHOMN MPOTYBKHU.

[Ipy KOHCTPYKTHMBHOM pacyé€Te M3BECTHbI BCE IMapamMeTpbl BOAbI, Napa H
MPOJYKTOB CTOpaHUsl Ha BXOJE U BBIXOJIE M3 Ka)K0Ml MOBEPXHOCTU HArpena, a
TaKXe KOHCTPYKTHBHas cxema KoTia [25].

IIpy KOHCTPYKTHMBHOM pacyére ONpENENsoTCd pa3Mepbl TONKH H
NOBEPXHOCTEH HarpeBa OTAEIBHBIX JJIEMEHTOB KOTJAa, HEOOXOIUMBbIE st
oOecrieyeHus: MPUHATON HOMUHAIILHON MPOU3BOIUTEIBLHOCTH.

[Ipy MOBEPOYHO-KOHCTPYKTUBHOM pacyéTe 4acTh MOBEPXHOCTEH HarpeBa
pPAcCUMTHIBAETCS MOBEPOUYHBIM pPACUETOM, B PE3yJbTaTe KOTOPOTO ONPEAEISIOTCA
UX TEIUIOBOCIIPUATHS, & YaCTh MOBEPXHOCTEH — KOHCTPYKTHBHBIM pacué€roM. B
pe3ysbTaTe KOHCTPYKTHBHOIO pacyéra ompeensercs HeoOXoaumas IUIonalb
MIOBEPXHOCTH HarpeBa BOJSHOIO SKOHOMai3epa.

Taxoit pacu€r 0ObIYHO MPOBOIAUTCS IPU MEPEBOAE KOTJIa Ha COKUTAHUE TOTO
BUJIa TOIUIMBA, KOTOPBIM HE MpEAyCMATPUBAIICA AJIA CKUTAHUSI JAHHBIM THUIIOM
KOTJa MpH ero mnpoektupoBaHuu. Hampumep, koTen ObUT CIPOEKTUPOBAH IS
C)KMTaHUsSI Ma3yTa, a €ro B IMpollecce SKCIUTyaTallud NEpeBEeIM Ha CXKUTaHHUe
ra3zo00pa3Horo TOIJIMBA.

3.2 PexomeHIalMM MO TEMJIOBOMY PacuéTy KOTJIa

TeroBo#t  pacuér KoT/a HAYMHAETCS C  ompeneieHus 00BbEMOB
TEOPETUUECKH HEOOXOJAMMOTro KOJMYEeCTBa BO3AyXa U OOBEMOB MPOIYKTOB
CrOpaHus IS 33JIJaHHOTO BHJIA TOIUIMBA M €0 PACUETHBIX XAPAKTEPUCTHUK. 3aTEM
pacCUUTHIBAIOTCS JCHCTBUTEIBHBIM O0BEM BO3JyXa W MPOJIYKTOB CrOpaHus B
TOTNKE M ra3oxojax KOoTjJa B COOTBETCTBHM C BHIOPAaHHBIMH M30BITKOM BO3/1yXa B
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TOIKE U MPUCOCAMU IO Ira30xoAaM KOTiIa. ONpenessitoTcss SHTANbIUU TPOIYKTOB
CropaHusi U BO31yXa, TEIUIOBbIE MOTEpU KOTeiabHOro arperara. CocraBisercs
TEIJIOBOM OajlaHC KOTJa, PACCUUTHIBAIOTCS KOA(D(PUIIMEHT MOJIE3HOTO JACHCTBUS U
pacxoj TorirBa [26].

PexomeHnmanmu no NpoBeACHHUIO TEMJIOBOIO pacyeTa TONKU U KOHBEKTUBHBIX
MOBEpXHOCTEH HarpeBa chOpMyIHpOBaHbl HAa OCHOBAHUU OOIIMX TOJOKEHHI
METOJMK pacu€ra KOTJIOB MAJIOW U CPEAHEN NMPOU3BOAUTEIBHOCTH.

1. TennoBon pacuer TOIIKU OCYIIECTBIISETCS METOJI0M
NocJIeIoOBaTEIbHBIX NpuOIMKeHUl. B Hauane TemioBoro pacuéra TONKH KOTIA
3a1aéMcsl TeMIIepaTypol MPOJYKTOB CrOpaHUs Ha BbIXOJ€ U3 He€. 3aTeM IO 3TOoM
TEMIIEPATYPE PACCUMTBIBAIOTCA INapaMeTpel VCo M §; KOTOpBIE HCIIOIb3YIOTCS
Janee Il pacdy€ra TeMIEparypsl Ha BbIXOAe M3 TOnKU. [lomydeHHoe 3HaudeHHe
TEMIIEpaTypbl HA BBIXOJI€ U3 TOIIKH CPABHUBAETCS C TEMIIEPATYPOU, IPUHATON IS
onpezneneHus VCg, U . Eciiu IpuHsATOE M pacyeTHOE 3HAUYEHHs OTIMYAIOTCS OoJlee
yem Ha *100 °C, 1O pacu€t HEOOXOAUMO TMOBTOPUTH, 33JABIIUCH HOBBIM
3HAUYEHUEM TeMIlepaTypbl. ECIM NpUHATOE M pacuyeTHOE 3HAYEHUS OTIMYAOTCS
MeHee yeM Ha *+100 °C, TO pacu€r cuuTaeTrcsd 3aKOHYEHHBIM, pPAaCUETHBIM
3HAYEHUEM TEMIIEpaTyphbl HAa BBIXOJIE U3 TONKU CUMTAETCS 3HAYEHUE, IMOJTYYEHHOE
Ha OCHOBAHMM pacy€Ta, U OHO HCIIOJIB3YETCS Jajiee IPU IMPOBEACHUU pacuera
KOHBEKTUBHBIX IIOBEPXHOCTEW HAarpesa.

2. l'a3oxon KOTJIa, B KOTOPOM pacCIOJIOKEHbl KOHBEKTHBHBIEC ITy4YKH,
OTIEJIEH OT TOMKH KOTJa OJHOPSAHBIM (PECTOHOM. B COOTBETCTBHM C PEKOMEH-
JanusMU HOPMATUBHOTO MeToja [26] mpu pa3MelleHHH B ra3oBoM oObEME (pe-
CTOHOB C YHCJIOM PSAZIOB Z <= 3 TEIJIOBOM pacy€T 3TOM MoBepxXHOCTH ((hecToHa) HE
MPOBOJUTCS, @ cCaMa MOBEPXHOCTh BKIIFOUAETCS B OBEPXHOCTh CTEH TOMKHU.

3. [Ipu moBepoyHOM pacyéTe KOHBEKTHBHBIX IOBEPXHOCTEW Harpena
IIPEABAPUTENIBHO 33aK0TCs TEMIIEPATYpOR OJHOM U3 Cpell — MPOJYKTOB CrOpaHUs
WJIM HarpeBaeMou cpelibl (1mapa, mapoBOSHON CMECH WIIA BOIBI).

JlanpHENINNA pacdy€T COCTOUT U3 ABYX ITAIIOB:

— HA TEpPBOM dTafne MO0 TMPUHATOMY 3HAUYEHHUIO TEMIIEpaTyphl
paccUMThIBACTCSl AHTAJIBIMS ATOW Cpelbl. 3aTeM MO YpaBHEHUIO OanaHca IO
NPUHATON TeMIeparype OIpEeAeNaioT TEIUIOBOCHPUITHE 3TOW IMOBEPXHOCTH
HarpeBa M pacCYMTHIBAIOT KOHEYHYIO SHTAJIBIIUIO BTOPOH Cpeibl;

— Ha BTOPOM 3Talle PaCCUUTHIBAECTCS BEJIMYMHA TEIJIOBOCIPUATHS 3TOM IO-
BEPXHOCTH I10 YPaBHEHHIO TEINIOOOMEHA.

Ecnu tennoBocnpusTHe MO YpaBHEHHUIO TEIUIONepenayn OyAeT OTIMYaThCs
OT OMNpPEAENIEHHOTO TEIJIOBOCIPUATHS MO OanaHCy MeHee 4eM Ha 2 %, pacu€r He
yrouHnsiercs. [lonmaraercsi, 4to pacu€r 3aKOHYEH M OKOHYATEIbHBIMU CUUTAIOTCS
TeMIlepaTypa 1 TEIUIOBOCIIPUSTUE, IPUHSTHIE TPU pacUETE TEIMIOBOTO OallaHca.
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[Ipu OomnpieM pacXOoXICHUH HEOOXOJUMO TIPUHITH HOBOE 3HAYCHHE
TEMITepaTyphl ¥ IIOBTOPUTH PaCUET.

[Ipu nepBoM NpUOIMKCHHHM BEIMYMHA TEIJIOBOCIIPUATHS IO yPaBHCHHIO
TEILIONEepEaYl MOYKET OKa3aThCs BBIIIE BETUIMHBI TEIIJIOBOCIIPUATHS IO OaJIaHCYy.

B sToM cirydae HEOOX0UMO IPUHSATEH TaKyl0 TEMIIEPATypy ra30B Ha BHIXOC
13 TTIOBEPXHOCTH HATrpeBa, MPU KOTOPOH pasHUIA MEKIY TEMIIepaTypaMH MPOTYK-
TOB CTOpPaHUs Ha BXOJIE ¥ BBIXOJIE U3 MOBEPXHOCTH HArpeBa Oblia Obl OOJIBINE, YeM
IIPY TIEPBOM MIPUOJIMKEHUN U HA00OPOT.

4, JIJIst BTOpOro TpHUOJIMIKEHUS IeJIeCO00pa3HO MPUHUMATh 3HAYCHHUE
TEMIIepaTypbl, KOTOPOE OTINYACTCSA OT TEPBOHAYAILHO MPHHITOTO MPU IEPBOM
npuOmmkeHun pacuéra He Oosee yeM Ha 50 °C. B atom cinydae koadduimeHt
TEIJIONepeIau MepeCcYNThIBaTh HE Hamo. HeobOxomumo mepecyuTaTh TOJIBKO
TEMITepaTypHBI HAMOp W TEIJIOBOCTIPUATHE HW3IIYYCHHEM, €CJIH TaKOBOE HWMEET
MECTO M 3aHOBO PEIINTh YpaBHCHHS OajaHca M TeIUTOTepeIayun.

5. Ecnu mipu BTOpoM IpHOIMKEHUN PACXOXKIACHUE MEKIY BEIUIMHAMHU
TEIJIOBOCTIPUATHUS 110 YPABHEHUIO TEIUIONEpPEeaady U TETJIOBOCTIPUATHUS 110 OallaHCy
okaxkeTcsi Oonee 2 %, TO HCTHUHHYIO TEeMIEpaTypy MOXKHO HaWTU MyTEM
aHAJTUTHYCCKON MHTeprosnuu [28]:

8", = 9"+ (9" 9")(Qy ~ Q) [(Qs ~ Q) — (Qy — Q)] (3.1)

[TosryuyeHHOE 3HaUEHUE TEMIIEpaTyphl IPUHUMAETCS 32 PACUETHOE 3HAYCHHE.

Jlnis 3aBepieHus] pacdeTa HEOOXOIMMO TOJIBKO PACCUUTATh TEIUIOBOCTIPHS-
THE TPOIYKTOB CTOpPAHUS AJSl ONpeneNEHHONW TeMIepaTyphl U TEIJIOBOCIPHITHE
MOBEPXHOCTH Harpena mno OajiaHcy.

6.  Ilpu TermoBoM pacuyére KOHBEKTHBHOTO Iy4yKa CJIEIyeT YYHUTHIBATh,
4TO TeMIepaTypa o0orpeBaeMoi Cpe/ibl MOCTOSIHHA M paBHA TeMIIepaType KUMIEHUS
npu naBieHUM B OapabaHe komia. [Ipum 3TuUX yCIOBHSX TeMIlepaTypHBIH Harop
PaCCUMTBIBAETCS 110 CIEAYIOIEMY COOTHOLICHHIO [25]:

At - At

At

M

At

B Tex cmyuasix, korma At /At < 1,7, TemmepaTypHbIi Hamop MOXHO C
JIOCTAaTOYHOM TOYHOCTBIO ONPENEIUTh Kak CpeaHeapu(PMeTHuecKyro pa3HOCThb
temmneparyp/

7. [Ipu TemnoBoM pacyé€re BTOPOr0 KOHBEKTMBHOIO MydKa U BOASHOIO
SKOHOMaM3epa KOIPHUIMEHT TEIUIOOTAaYu HM3JIYyYEHHEM HE YUHUTHIBAETCS, €CIU
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CpelHssl TeMIepaTypa NpoayKToB cropanus B HUX MeHble 300 °C.

8. BonsgHon  3KOHOMAaM3ep  pPACCUMTHIBAETCA  KOHCTPYKTHBHO. B
pe3yibTrare  pacu€ra  ONpPENeNIIETCS  MOBEPXHOCTh  HAarpeBa  BOJSHOIO
sKOHOMai3epa. B pacu€re skoHOMaif3epa HCHONB3yeTCs (PAKTHUECKUU Pacxojl
BOJIbI UEPE3 HETO C YYETOM IPOTYBKH.

9. Temmneparypa 3arpsA3HEHHOW CTEHKHM IIOBEPXHOCTH  BOJSIHOTO
HKOHOMAai3epa paCCUYUTHIBACTCS MO0 COOTHOIIEHUIO:

t =t +At (3.3)

3 cp.6
10. Tlocnme pacuéra SKOHOMAai3epa OINpeneseTcss pacdyeTHas HEeBs3Ka

TEIJIOBOro OajlaHca TennoreHepprIomeﬁ YCTAHOBKH II0 CJICAYIOIICMY COOTHO-
MICHUIO.

AQ = Q5 ) 771(.11 - (Qm + lel + QKnZ + Q@a) (34)
rre Q.,Q.,.Q., Q, — TemwoBocnpuATHA MOBEPXHOCTEH HarpeBa: TOMKH,

KOTCJIBHBIX ITYYKOB M BOAAHOI'O 3K0H0Maﬁ3epa.

B dopmyny mnoactaBnsioTCs 3HAUYCHUS, OMNpENENEHHBIE U3 YPAaBHEHHM
TEIUIOBOro OaliaHca.

[Ipu npaBuILHOM BBIMOJHEHUHU pacyéTa BeJIMUMHA HEBSI3KU HE JOJKHA Mpe-
BbIIATH 0,5 % OT BEJIMUMHBI pacioara€Moro Teria.

Ecnu pacuérHast HeBsi3ka TEIUIOBOro OajaHca TEIUIOreHepupyrolen ycra-
HOBKM Oyznet mpesbimarh 0,5 %, TO HEOOXOIUMO MOBTOPHUTH TEIUIOBOM pPACUET
KOTJIa, 3aJaBasCh B KaXJOW MOBEPXHOCTH IPYTMMH 3HAUYEHUSIMH TEMIIEpaTyp C
TE€M, YTOOBI TOJYYUTHh MEHBIIUE PACXOXKICHUS MEXKIY TEIUIOBOCIPUSITHUSIMU TI0
OaslaHCy ¥ MO ypaBHEHUIO TEIJIONEepEIauH.
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4 TEILIOBOM PACYET KOTJIA

4.1 3anaHue HA NPOEKTHPOBAHHE

IIpoBecT MOBEPOYHO-KOHCTPYKTHUBHBIN TEIUIOBOW PacyET MapOBOro KOTJIA
JHE-XX-14I'M, cayxaiero juisi BBIpaOOTKM HACBIIICHHOTO mapa. BapuaHThbl
3aIaHUI BBIAAIOTCS MPENoIaBaTeeM B Hadaje ceMectpa. VICXOaHbIe NaHHBIE IS
TEIUIOBOTO pacyéTa MapoBOro KOTJa moka3aHsl B Tabnuie 4.1

Tabmuma 4.1 — Vicxogabie JaHHBIC 715 TETUIOBOTO pacdéra KoTia

XapakTepucTuka O6o3HauyeHue
MapkupoBKa KoTJIa JE-XX-14I'M
HomunanpHas mapoBasi mpOU3BOIUTEILHOCTD D,.
Temneparypa nMUTaTENILHON BOJIBI t

JlaBieHMEe MUTATEILHOM BOIBI P,

Bug Tormnsa HPHPOI[HbeI I'A3
Conepxxanue MeTaHa CH,
Copeprkanue >TaHa C,H,
CozepskaHue mporaHa C,H,
Copepxanue Oyrana C,Hy
Copnep:xaHue NeHTaHA CH,
ConeprkaHue yrIIeKHCIIOro ra3a CGO,
CozepxaHue a3ora N,

Hu3mias teroTa cropanusi TOTJIMBA Q

IIponieHT MpoAYyBKH KOTJIA p

4.2 Pacuyér 00bEéMOB TMPOAYKTOB CropaHusi, O0bEMHBIX J0JIeH
TPEXaTOMHBIX Ia30B

OOBEMBI M SHTAIBIIMKU BO3/1yXa U MPOAYKTOB CTOPaHUs PACCUUTHIBAIOTCS Ha

1 M CyXOro Tra3000pa3HOTO TOIJIMBA TP HOPMAJbHBIX YCIIOBHSIX (OOC 151
101,3 xI1a).

0
TeopeTrueckoe KOIMIECTBO BO3ayxa V.~ , HEOOXOAMMOTO sl COKUraHus |
M® CyXOro ra3006pa3HOro TOIIHBA IpH & =1, ompexernseM o hopmyie:

V" =0,0476| 0,5CO +0,5H, +1,5H,5 + > m+% C,H,-0, (4.1)

Teopetnueckne 00bEMBI MPOAYKTOB CrOpaHUs, MOJyYEHHbIC MPHU MOIHOM
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CTOpaHHU TOIUTMBA C TEOPETUICCKU HEOOXOIMMBIM KOJIMUECTBOM Bo3ayxa (a =1),
OTIPEIEIISIIOTCS IO CIICTYIOIINM (hopMyIam:

— TEOPETUYECKUM 00BEM a3oTa:

VO —0,79v° 4z
: 100

— 00BEM TPEeXaTOMHBIX Ta30B:

Vg, =0,01(CO, +CO+H,S+> mC H,)

— TEOpeTUYECKUil 00bEM BOJSHBIX MAPOB:

V2o =0,01(H,S +H, + chmHn) 10,0161V

Teopernyeckuii 00bEM MPOTYKTOB CrOPAHUS:

0 _\s0 0 0
V, —VN2 +VRO2 +VH20

(4.2)

(4.3)

(4.4)

(4.5)

Koaddurment n30bITKa BO3ayxa Ha BBIXOJIE U3 TOMKHU JJIsi KaMEPHOM
TOIKHU IPUHUMAEM 1o Tabmure 4.2.

Ta6nuna 4.2 — Pacuérueie kKoapbunreHThl N30bITKA BO3AYyXa HA BHIXO/E U3 TOMKU

Tomnka Tomnuso Kosbdurment Or
Kamepnas ¢ TBEpabIM | AHTpAUUT, TOIUN YTOJb 1,20-1,25*
yAaJICHUEM IIJIaKa OcTajabHO€E TOIJINBO 1,15-1,20
KaMepHas ¢  uaxium QHTpaHI/IT: TOILMH %Ironbv 1,20-1,25
yAQJICHUEM LIJIaKa AMCHHBI 1 YppIH 1,15-1,20

NARIY

IIpupoHbIii ra3 1,05-1,1**
Kamepras Masyt 1,02-1,05%**

*Bonplire 3HaY€HUS] — IPU TPAHCHIOPTUPOBKE MBUIM TOPSYUM BO3AYXOM U
HAJIMYUU OTACIIbHBIX COPOCHBIX TOPEIIOK.

**[[py HANMYNK Ta30ILIOTHOI TOMOYHOM Kamepbl mpuanmator & =1,05.

***B Tomkax C ra3omIOTHBIMH JKpaHaMU W B YIUIOTHEHHBIX TOMKAX MPHU

AO[T < 0, 05 IIpUHUMAIOT O = 1, 02 —1, 03

3HaueHHUs BEJIMYMHBI [TPUCOCOB BO3AyXa B rasoxonax koria JIE-XX-14I'M
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OTIpEAETAI0TCA U3 TabIuIs! 4.3.

Tab6nuna 4.3 — [Ipucockl Bo3yxa 1o ra30BOMY TPaKTy

Benmnuuna
DNeMEHTHI Ta30BOT0 TPaKTa KOTiIa o Ag
pPHCOCOB
TonouHsie I"'azomnoTHbIC 0,02
KaMephbl C MeTamnyeckoil 00IMBKON TpyO dKpaHa 0,05
npUIeyTONbHBIX U | C OOMYypOBKOM W METaJUTMYCCKOMN 0.07
ra3oMa3yTHBIX OOIIMBKOM ’
KOTJIOB C oOmypoBKoO# U 6€3 0OIIMBKH 0,1
['a30muIOTHBIM  Ta30X0J OT TONKH [0 0.02
BO3/IyXOMOI0TpeBaTEIS ’
@DeCcTOH, NIMPMOBBIN MTApOIeperpeBaTelib 0
I"azoxobl ITepBbIii KOHBEKTUBHBIN ITYy4OK KOTJIa 0,05
KOHBEKTUBHBIX BTopoif KOHBEKTUBHBIN MTyYOK KOTJIa 0,1
MOBEPXHOCTEH DKOHOMaif3ep KOTJIa CTAIbHON 0,08
Harpesa OKOHOMam3ep  KOTJa  YyI'yHHBIM  C 01
OOIIMBKOM ’
DOKOHOMaM3ep KOTJIa UYyryHHBIM 03 02
OOIIIMBKHU :

C wucnonwszoBanuem Ttabmuny 4.2, 4.3 u dopmyn (4.1-4.5) 3anonHsercs
tabimua 4.4.

Tabsuna 4.4 — O6bEMbI ra30B, 00BEMHBIE JIOJIM TPEXATOMHBIX Fa30B

0 0 0 0 0
Vg ’VNZ ’VROZ ’VHZO’Ve
Bennuunna Tasoxon
Tomka | 1KII | 2KII | Dxonomaiizep
KoaddunmeHnT n3bpITka Bo3ayxa
Gpun Ay a, o =a,_ +Aa
3a MOBEPXHOCTHIO HArpeBa
Cpenuuii k03 HUIMeHT (@ +a)
M30bITKA BO3/yXa B a, = %
MMOBEPXHOCTH Harpena
. 3 3 0 0

OO0BEM BOJSIHBIX TTAPOB, M /M Vio =Vio + (),0161(0%)i -1V
ITonHbIM 00BEM ra3os, MM V. :VZO + (acp_ -1 .Vg0
OOBbEMHAs 011 BOASHBIX IIapOB Mo =VH20 IV,
OObéMHasT OIS TPEXaTOMHBIX IRV,

rRo2 = VRo, ' V.
razoB
Jlomsg TpexaTOMHBIX Ta30B U r=r. +r

n "~ "RO, H,0
JTOJIs1 BOASTHBIX IMapOB

U3 qepTeiKa KOTJIa-aHajJdora M TEXHHUYCCKOI'O0 OIIMCAHHMA BBIIIKMCBIBAEM
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OCHOBHBIE XaPAaKTEPUCTUKU MOBEPXHOCTEN HArpeBa KOoTJa:
— Pa3Mepsl TomouHO#M Kamepsl 1Mo ocsiM TpyoO (ri1yOuHa, IMPHHA, BRICOTA);
— O0BEM TONKH ¢ KaMepoU JOTOpaHus;
— JIlyueBocipuHUMAOIIAs TOBEPXHOCTh HAIPEBa;
— KOHBEKTHBHAsI IOBEPXHOCTh HArpeBa;
— HapyxHblil 1uaMeTp U ToJIIKMHA TPYO SKpaHa;
— HapyxHbIil 1uamMeTp U TOJIMIMHA TPYO KOHBEKTUBHOTO MTyYKa;
— Hapy>xHbIil TuaMeTp U TOJIIKUHA TPYO SKOHOMa3epa;
— [ar Tpy0 3KpaHOB;
— IIpoaosibHBIN mIar TpyO KOHBEKTUBHOIO ITy4Ka;
— [Tonepeunslii mar Tpyd KOHBEKTUBHOTO ITyYKa.

3HT21J'IBHI/I$I TeopeTI/I‘—IGCKI/I HCO6XOI[I/IMOFO KOJIM4YeCTBa BOSI[YXa
ompenenseTcs mo GpopmyJie:
0 __ 0
I,=C,-¢t,-V, (4.6)

rac C —  TEINIOEMKOCTb BO3ayXa IIpU COOTBCTCTBYIOHIGﬁ TCMIICPATYpC,

8

orpezensieTcs no taonuie 4.5.

Tabnuna 4.5 — CpegHuie TemI0EMKOCTH BO31yXa, Ta30B, BOJISIHBIX apOB

#oc Cro, , KIDK/M® Chi,o , KIDK/M® Cy, , KIDK/M® C, , KJDK/M®
100 1,70 1,49 1,30 1,32
300 1,86 1,54 1,31 1,34
500 1,98 1,59 1,33 1,37
700 2,08 1,64 1,35 1,40
900 2,17 1,69 1,38 1,43
1100 2,23 1,74 1,41 1,46
1300 2,28 1,80 1,43 1,47
1500 2,33 1,85 1,44 1,49
1700 2,37 1,90 1,46 1,50
1900 2,41 1,94 1,47 1,52
2100 2,44 1,98 1,48 1,54
2300 2,46 2,02 1,50 1,55

. 0
DHTaNBNHA TEOPETUIECKOro 00BbEMa MPOLyKTOB cropanus |, onpenensem
o ¢opmyiie:
0__py/0 0 0
I —(\/RO2 -CRO2 +Vio -CHZO +Vy, 'CN2)°19 4.7)
0

0 0 o . .
i€ Vo, V0, Vy, — 00BEMBI IPOLYKTOB cropauusi; Ceo, ,Cy, ,C, — TCMIOEMKOCTH

COOTBETCTBEHHO TPEXaTOMHBIX I'a30B, BOASHBIX TTAPOB U a30Ta MPH MOCTOSTHHOM
3
nasiennu, kJx/(Mm°K), BbiOupaetcs u3 Tadbiuiibi 4.5.
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DOHTaJIBNUIO NPOAYKTOB cropanus |, kJ[K/M, ipr KodhduIEeHTe H30BITKA
BO31yxa « >1 ompenensieM no ¢popMmyie:

L =1%+(a-1)I° (4.8)

PesynbraThl pacuéra SHTAIBIUI MPOJYKTOB CTOPAHHUS IIPH JCHCTBUTEILHBIX
n30BITKaX BO3yXa B ra30Xojax MpuBeAeHbI B Ta0uie 4.6.

Tabmuua 4.6 — DHTANBINN TPOAYKTOB cropaus, kJx/m’,

"o 0 0 0
[ToBepxHocTh HarpeBa | $",°C I I Al I Al

2200
2000
1800
Tonounast kamepa 1600

a; 1400
1200
1000
800

1000
800
600
400
200

1-b1l1 KOHBEKTUBHBIH
IYYOK O 4y

800

2-011 KOHBEKTUBHBIHN 600
NYYOK &,y 400
200

600
BoasiHol s3x0HOMAI3Ep 400

., 200
100

4.3 TenjoBoii 6ajaHc KOTEJHLHOI0 arperara H omnpeejeHnue pacxoaa
TOILINBA

CocraBnenue TeIoBoro OajaHca KOTEIBHOTO arperara 3aKjiIiovacTcs B
YCTAHOBJIEHHHM PAaBEHCTBA MEXK]y IOCTYNHBIINM B arperar KOJIW4YeCTBOM TEILIA,
HAa3bIBAEMBIM PACIOJIATAEMBIM TEIUIOM, W CYMMOW ITOJIE3HO MCIIOJIb30BAHHOTO
TeIjia ¥ TeTUIOBBIX MoTeph. Ha ocHOBaHuu TeroBoro 6ananca Beraucisitores KITJT
KOTJIa ¥ HEOOXOUMBIN pacxo/l TOTIUBA.

Pacrionaraemoe Terio Q, Ha 1 M3 ra3006pa3HOTO TOILIMBA, ONMPEACTACTCS
o ¢opmyiie:
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Q; =Q;-10° (4.9)
[ToTepu Tema ¢ yXoaamuMu razamMu d,, % , onpeaensercs o Gopmyrie:

(I, -a,l;)100-q,)

X xe
Q)

3
rac |yx— OHTAJIBIINA YXOOAIINUX TI'a30B, KI[)K/M , HpHu COOTBCTCTBYIOIICM

q, = (4.10)

KoauimenTe n3bbITKa BO3AyXa @, oupenensercs u3 Tabiauupt 4.6; (,— norepu

TEIUIa OT MEXaHMYECKOTO HEJO0XKOora MpH CHKUTaHUM Ta3000pa3HOTO TOIUIMBA
npuHUMaeTcs paBHou 0.

Temmeparypy yxoIsuux ra3oB npuHUMaeM paBHO# 1, u3 nuanasona 120-

130 °C miist npupoaHOro rasa.

DOHTaNBIHS TEOPETHUECKH HEOOXOAMMOTO KOJIMYECTBA XOJOTHOTO BO3IyXa
(t., =30°C), npunumaem pasroit 388,97 kJI/m .

Jlnis ra3000pa3HOro TOIUIMBA MOTEPS] TEIUIOTHI OT XMMHUYECKON HEMOTHOTHI
cropanus 0,,% , npuauMaem no tabmuue 4.7

Tabmuna 4.7 — PacuérHble XapaKTepUCTUKH KaMEpPHBIX TOIMOK Ta30Ma3yTHBIX
KOTJIOB

TommuBo | Koadgduuuent | CymmapHsbIil Henoxer % npu Harpy3kax KOTJia B

M30bITKA IIPOLIEHTAaX OT HOMHUHAJIBHOU
BO3yXa D =100 70 <D <100 D<70
[Ipuponusiii 1,03-1,05 0,15-0,20 0,20-0,25 0,40-0,50
ras

[oTepio TemmoThl OT HapyxHoro oxjiaxaeHus 0,% mms HoMuHANBHOlM
Harpy3Ku KOTJa OnpeAessieM no pucyHky 4.1.

3,5
Qs, %

"

2,5 4

2 4

1,5 4

14

05
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Pucynok 4.1 — Ilorepu Temia ot Hapy>kHOTo oxJyaxxaeHus (s
Koadduiment nonesHoro aeicTBUS KOTIa OnpeneseTcs no Gopmyie:

n.=100—-(g, +0; +0, +0s + ;) (4.11)
Koad¢uiment coxpanenus Temia HaxoauTes o popmye:

9

p=1-—o__
q5+771<

(4.12)

Pacxonx TomnuBa, Kr/c, mojaBaeMoro B TOMOYHYIO KaMepy MapoBOTO KOTJIA
omnpezensieM no popmyre:

DHn (iH}’l - ine) + an (ixun - ine)
Q) -7,

— KOJIMYECTBO BBIpa6OTaHHOFO HAaCBIIICHHOTO IIapa, OTAaHHOIO

B= (4.13)

rne D,=D

HOM

IIOMUMO TapolieperpeBaTeis ¢ SHTAIbIUECH 1 ; |~ — SHTAIBIUS HACBHIIIEHHOTO

mapa, ompezpelsieMas IO JaBICHHIO B OapabaHe koria mo Tabmume 4.8; i —

SHTAJIBIINS MUTATEIbHON BOJIBI HAa BXOJI€ B BOASTHOM 3KOHOMA3ep, ONpeaesieTcs
no tabmuie 4.9 npu temneparype 100 °C; i — SHTamBOHS KOTIOBOW BOIBL

Kun

onpenensercs no tabnune 4.8 mo nanennto B Gapabane kotna; D, — pacxon

BOJIbI HA IPOJIYBKY KOTJIa, onipeaensercs no Gopmyne (4.14).

D,, =0,01-p-D,, (4.14)

r7€ P — HeOpepbIBHAs IPOLYBKA KOTJIA.

Tabnuna 4.8 — YaenbHble 3HTAJIBIMKA CYXOr0 HACBHIIIEHHOTO Tapa U BOJbI Ha
KPHUBOU HACBIIICHUS

p, Mlla t,°C i, kol xke | i kel ke r, ko | ke

1 179,88 762,6 2777,0 2014,4
1,1 184,06 781,1 2780,4 1999,3
1,2 187,96 798,4 2783,4 1985,0
1,3 191,60 814,7 2786,0 1971,3
14 195,04 830,1 2788,4 1958,3
15 198,28 844,7 2790,4 1945,7
1,6 201,37 858,6 2792,2 1933,6
1,7 204,30 871,8 2793,8 1922,0
1,8 207,10 884,6 2795,1 1910,5
1,9 209,79 896,8 2796,4 1899,6
2,0 212,37 908,6 2797,4 1888,8
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Tabomnura 4.9 — Y nenbHas SHTAIBIIUA BOJBI

{oC 1, Kdorc [ ke 1, Kdorc | ke 1, K orc [ ke
’ p=10MIIa p=15MIla p=2,0MIIa
50 210,1 210,6 211,0
60 251,9 252,3 252,7
70 293,8 294,2 294,6
80 335,7 336,1 336,5
90 377,7 378,0 378,4
100 419,7 420,1 420,5
110 461,9 462,3 462,7
120 504,3 504,6 505,0
130 546,8 5471 5475
140 589,5 589,8 590,2
150 632,5 632,8 633,1

4.4 Pacyér Tersioo0MeHa B TOIKE

[IpoBoarM NOBEPOYHBINA TEIJIOBOM PACUYET TOMNKH, 3AKIIOYAIOIIUNCST B
ONPEAECICHUN TEMIIEPATYpPbl T'a30B Ha BBIXOAE M3 TONKH Ui CYILIECTBYIOLIECH
KOHCTPYKILIMU TOIIKH KOTJIA.

N3 wuyeprexxka KoTiIa-aHajmora M TEXHUYECKOTO OMNMCAHUS IPUHUMAEM
XapaKTEPUCTUKHU TOTIOYHOU KaMephl.

Temneparypa ra3oB Ha BBIXOJI€ U3 TOIIKH OIpeAeIsieTcs Mo GopmyIie:

9 = L — 273

0,6
M 5767‘l/lcp.FT'§T'(Ta)3
11
10"-¢-B,V-c,

o (4.15)

PaccuutbiBaeM mnapaMmeTpsl, Bxonsdue B (GopMylly s pacuéra
TEMIIEPATYPBI HA BBIXOJAE U3 TONKU. HEKOTOphIE M3 3THUX MapameTPOB 3aBUCAT OT
TeMIleparypbl Ha BbIXoAe U3 Tomnku. [lodtomy B Hauvane pacu€ra 3amaémcs

TEeMIIEpaTypoil TPOJYKTOB CrOpaHMs Ha BBIXOJE U3 TOHNKM &, a 3areMm

paccunthiBaeM e¢ 3HaueHue. [IpuHsATOE M pacuéTHOe 3HaueHHWE J, HE MOJDKHBI
otnuyathes 6onee yem Ha +100°C.
Annabatnueckass Ttemmeparypa ropenus &, ,°C, ompenensercsa 1o

3
MOJIE3HOMY TerIoBbIeieHni0 B Tonke Q,, x/[x/M°, mpu n30BITKE BO3AyXa Ha
BBIXOJI€ U3 TOIIKU U .

[onesnoe Temnosbiienenne B Tomke (mua  pacu€ra Ju  V-c,)

CKIaAbIBACTCA M3 pacnonaraeMoﬁ TCIJIOTBI TOIINIMBA 34 BBIYCTOM TOIIOYHBIX
IMOTCPb U TCILJIOTHI BO3AyXa:
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—_0O? 100_q3_Q4_QG
QT QP 100 _ q4 + QB (416)
Trac CI4, q6 — HIOTCpHU TCIlJIa OT (I)I/ISI/I‘—IGCKOI?’I HCIIOJIHOTBI CropaHuvs TOILJIMBA U C
TCIJIOM IJIaKa, QB — TCIUIOTa, BHOCHUMAA BO3JYyXOM B TOIIKY, KI[)K/MS,
OmnpecaACIACTCA 110 COOTHOIICHHNIO!
Q,=1c, (4.17)

[Ipu cxuranum rasa MOTEpPU TeIUla OT (PU3UYECKON HEMOJHOTHI CTOPAHUS
TOIUIABA U C TETUIOM IUIaKka paBHbI (.

[lo BbluncieHHOMYy 3HaueHHr0o Q,, mo Ttabmuue 4.6 JUHEHHOH

MHTEPIOJIALHEH onpenernsercs 3, .
Anunabatryeckasi TeMIepaTypa FrOpeHHUs ONpeneisieTcs o hopmyIie:

T, =9, +273 (4.18)

[IpenBapuTenbHO NMPUHUMAET TEMIIEpATypy Ta30B Ha BBIXOJIE W3 TOIKH
9. =1100-1200°C.
CpelHiol0  CyMMapHYI0 TEIUIOEMKOCTh MPOJAYKTOB  cropanus V -c,,

ompenesnseM mo Gopmye:

V-c :ﬁ
g ‘ga_"g"T

rae 9, — anmabaTuyeckas TeMIlepaTypa T'OpEHHsI, COOTBETCTBYET YCJIOBHIO, YTO

(4.19)

BCE TIOJIE3HOE TEIUIOBBIJEICHUE BOCHPUHUMAETCS MNPOAYKTaMHU CrOpaHUs
(OTCYTCTBYIOT TEIJIOBBIE MOTEPH TOMKH); | ", — SHTambIMs MPOIYKTOB CrOpaHUs

Ha BBIXOJI€ M3 TOIKH, COOTBETCTBYIOIAs MPUHATON BBIIIE TEMIEPAType, paBHOU
§,, onpenensiercst u3 TabauLEL 4.6.

Onpeoenenue napamempa M
[TapameTp M onpenensieTcsa B 3aBUCUMOCTA OT OTHOCUTEIBHOTO MOJIOKEHUS
MaKCHMyMa TEMIIEpaTyphl INIAMEHU IO BbICOTE TONKH X ,. OH 3aBUCHUT OT BHJIA

TOIUTMBA W crocoba ero cxuranus. JlJig ciaydas CKHTaHUS Taza mapameTp M
ompenensieTcs no popmye:

M =0,54-0,2X, (4.20)
rae X, — OTHOILIEHHUE BBICOTHI PACIOJIOKEHHUS OCEH IOpesIoK (OT IOoJa TONKH) K
oO1eit BeicoTe (0T MMoJIa TONMKU JI0 CEPEMHBI BBIXOIHOTO OKHA U3 TOTIKH)

Koagppuuuenm mennogozo uznyuenus monouHnoii Kamepwl

44



Koa¢ddunpenT TerioBoro usnyueHus TONOYHON KaMmepbl &, BBEJIEH BMECTO
IIPUMEHSBIIENCS paHee CTENECHU YEPHOTHI TONKU &, . OH ABIsETCA paAualliOHHON

XapaKTEPUCTUKOM H3Iy4alolIero Tejla M 3aBUCUT TOJBKO OT €ro (puU3MyecKux
CBOICTB U TEMIIEPATYPHI.

Jlna ompemeneHHs TEMIeEpaTypsl Ta30B Ha BBIXOAE U3 TONKH &
pPacCUUTBHIBAIOT KOI(PPULUUEHT TEMJIOBOIO M3JIy4yeHUs TONKU &, KOTOPBIH
omnpezensercs Ko3hpGUINEHTOM U3Iy4eHus ra3oBoro akena &, , 3al0JIHSIOIETO
TOIOYHBIA 00BEM, U TEIIOBOI ) (EKTHBHOCTHIO SKPAHHBIX TIOBEPXHOCTEH ¥/, .

[TormommarensHas CIOCOOHOCTh PACCUUTHIBACTCS IO (hOPMYJIE:

_ s,
é:q) + (1_§<1)) Ve

& (4.21)

Koaddurment uznydenus razoBoro (axemna éd?, 3aBUCHUT OT TEMIIEPATYPHI

% ra3oB Ha BBIXOJI€ U3 TONKH (OT aOCOIOTHOM TeMIIEpaTyphl ra30B Ha BBIXOJIE U3
tonku). KoadpuimeHt TemioBoro u3mydeHus: ra3oBoro ¢akena onpenensercs mo

dbopmyie:

Sp =MG,,, + - m)ér (4-22)
re Cesr I — KOA(PPUIIMEHTHI TEIJIOBOTO H3JIyYCHHUS CBETSIICHCS YacTH
dakena W HECBETAMMXCSA Ta30B; M — KOADQUIMEHT, ONMPEACIISIIONIANA OO

TOIOYHOT0 00BEMA, 3aIIOIHEHHOTO CBETAIIMMCS IuTIaMeHeM, g raza m = 0,1; mis
maszyta m = 0,55.

Koaddumnuent &, Haxoaum 1Mo COOTHOLICHUIO:

E.=1-e (4.23)

rae KpS — omTuyeckas TOJIIMHA TOMIOMICHHUS TOMOYHOM cpemwl, K = Koy —
koddurreHT ocadneHus (MOTIOMIECHUS ) JIy9e TOTIOYHOM Cpeoi; P — 1aBJICHHE
ra3oB B TOIMOYHOW Kamepe, JUIsl TOMOK, padOTAONMIMX TOJ Pa3psHKEHUEM U C
HajTyBoM He 6osee 5 klla, mpunumarot p = 0,1 Mlla; S — addexruBHas TommmHa
U3ITyYarOIIeTo CJIOS MTPOYKTOB CTOPaHusl, paCCUMTHIBAETCS IO popMyIie:

V.
$=3,6-" (4.24)

CcT

rac FCT — TIOJIHasA IMOBCPXHOCTb OKPYXKAKOIMIUX CTCH TOIIKHU, OIPCACIICTCA 110
KOHCTPYKTHBHBIM JdHHBIM KOTJIA.

Omnpenensercs K03pGUIUESHT OCTA0ICHUS JIy9e TPEeXaTOMHBIMH Ta3aMU 110
dbopmyre:
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7,8+16r, 7"

k=kk, =| ——"°41 (1—0,37—T)r 4.25

s — = (4.25)
rae 7", — abcomroTHas TeMreparypa ra3oB Ha BbIXOIE U3 TONKH; I, =Ty, + 1y, , —

00BEMHAS OIS TPEXaTOMHBIX Ta30B.
B dopmyne (4.23) monaraercs, 4To:

k= krkn + kc (4-26)

rie K. — xoadounment ocmabneHus Jyded CaXHCTBIMH  YacCTUIIAMH,

oOpazyronuMucs B sfpe (akena mpu CKUTAHUU raza, KOTOPBIN OmpeneseTcs Mo
COOTHOILIEHHUIO:

,
k.=0,3(2-a",)16-107 -T"T—O,S)% (4.27)

Py P v
rne C'/H' — cooTHoOmeHNne MEXAY COACpKaHHEM YIiepoa U BOJopoaa B paboueit
Macce TOIUIHBA, OMPEAEIISAETCS IO COOTHOIICHHIO:

7=

P
¢ 0123 ”C.H, (4.28)
n

Koadpunment tennoroit 3¢ PeKTUBHOCTH IKPAHOB TOIIKU OMPEACIISICTCS KaK
MIPOU3BEJECHUE YCIOBHOTO KO3 (PHIIMEHTa 3arpsi3HEHHs Ha YIIIOBOM KO3(PUIIMEHT
JKpaHa:

w==Ex (4.29)
rae ¢ — yriuoBoi KOA()(UIMEHT 3arps3HEHHs IOBEPXHOCTH Harpesa (Uit

npupoaHoro raza 0,65; misg mazyra 0,55; 1ist TBEpAOro TOIUIMBA, COKUTAEMOTO B
cioe 0,6); x — yrmoBoit k03P huUIMeHT IKpaHa, MPUHUMAETCS PaBHBIM 1.

[Tocne mpoBeneHUs pacu€ToB MOJNYYCHHOE 3HAueHHWe &, CpaBHUBAEM C

TpeIBAPUTENBHO TPUHATHIM 3HaueHHeM &, =1100-1200°C. PacxoxkueHue He
nomkHo mnpesbimate +100°C. Ecmm mpoBepka pacXokAEHUS HE CXOOUTCS
TpeOyeTcsi MPOU3BECTH MepepacuET TeMIIEPATYypHI.

PaccunThiBaeM SHTANBINIO TAa30B Ha BBIXOJE M3 TOMKH IO TOJyYEeHHOU
TeMIiepaType 13 Tadiauisl 4.6.

KonnyecTBo Teruia, BOCIPUHATOrO B TOIIKE, OIpeiensieM 1o (popmyIie:

Q, =p(Q, — 1) (4.30)
Cpennsig TemioBas Harpy3ka Jy4eBOCIPUHUMAIOIIECH MOBEPXHOCTH HArpeBa
onpenenseTcs mo GpopmyJe:
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:BP'QI
F

vy

a,

rac Fﬂyq — JIYUCBOCIIpMHUMAIOIIAsA ITIOBEPXHOCTH HAI'PCBA.

(4.31)

PacuétHOEe TeminoBoe HaIIPpAKCHUC TOIIOYHOI'O 00BEMa PaCCYUTBIBACM IIO

bopmyie:

_Be-Qy

p
V="7

TennoBo# pacy€T TONKHU 3aBEPIICH.

4.5 Ten1oBo# pacyéT 1-ro KOHBEKTUBHOIO IY4YKAa

(4.32)

[loBepoYHBIM TEMIOBOM pacdy€T KOHBEKTUBHOTO IIydyKa CBOIUTCA K
ONPENEICHUID KOJIMYECTBA TEIUIa, BOCIPMHUMAEMOro IydykoMm. KoimyecTBo

TCIIZIOTBI, BOCIIPHMHHUMACMOC KOHBCKTHUBHBIM IIYYKOM,

PaCcCYUTBIBACTCA 11O

YpaBHEHUIO TEIUIOBOrO OajlaHca M MO ypaBHEHUIO Teruionepenaud. Pe3ynbrarhbl
pacuy€ToOB CpPaBHUBAIOTCS, €CIIM PACXOXKICHUE PE3YyJbTaTOB pPacu€ToB IO
YpaBHEHUIO TEIJIOBOTO OajlaHca M MO YPaBHEHHUIO TEIUIONEpeIayd He MPEBBIIIACT

+5%, TO pacy€T CUUTAECTCS BHIITOJTHEHHBIM.

W3 cripaBo4YHOM JIUTEpaTyphl U ¢ YepTeka KoTia-aHaiora B Ttabmuiy 4.10

3aHOCATCA OCHOBHBIC KOHCTPYKTHUBHBIC XapPAKTCPUCTHKHU I'a30X0/J1a.

Tabnuna 4.10 — OcHOBHBIEC XapaKTEPUCTUKH KOHBEKTUBHBIX MMYYKOB KOTJIA

Jns koo JIE-XX-14I'M

Hapanerper Tepsiit KIT | Bropoii KII
T[10BEPXHOCTb HArPEeBa [IEPBOTO ra30X0/1a, M F F,
Yucno tpy0 1mo xoay ra3os, T n n,
YKuBOE ceueHue I IPOX0/a Ta30B, M’ f f,
HapyxHbIil qramerp Tpyo, MM d, d,
ITpononensrii mar Tpy6 KII, mm S, S,
IMonepeunsrii mar Tpyo KII, mm S, S,

N

1

2.2

Pacnionoxxenue Tpyo

N3 pacu€ra TONKM U3BECTHBIMU SIBJISAKOTCS TEMIIEpaTypa

rasop T nepea nepBbIM KOHBCKTHUBHBIM ITYUYKOM.

W JHTAJbIIUA

Temneparypa oOorpeBaemMoill cpeibl IMOCTOSTHHA W paBHA TeMIlepaType

KUTICHUS TIPU JaBJeHUU B OapabaHe KOTja.
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IIpn pacuére KOHBEKTMBHOM IIOBEPXHOCTM KOTJIA IIPEABAPUTEIBLHO
IIPUHUMAIOT JBA 3HAYEHUs TEMIIEpaTyphl Ha BbIXOAE M3 rasoxona. IIpm pacuére
IIEPBOT0 KOHBEKTHBHOTO IIydKa MPUHAMAEM I Ia30X0Ja TEMIIEpATypy ra3oB Ha
BeIXOZE M3 Hero — &, =600...800°C un 4", =300...500°C. Ilpu pacuéte

eIMHCTBEHHOTO KOHBEKTMBHOTO My4YKa NPHHUMAaeM I ra3oxojia TeMIeparypy
ra3oB Ha BbIXoje u3 Hero — 4", ., =200...300°C u 4",,,, =150...250°C.

[Tocne BbIOOpaA NpeABapUTENbHBIX TEMIIEPATYP JIBa BApUaHTa pacuéTa BelIeM
napauiesnbHo. Ilocne mnpoBeneHHs pacy€TOB JNEUCTBUTEIBHYIO TEMIEPATypPy
NPOJYKTOB CrOpaHHs 3a Ta30XOJOM OIpEAeNsieM IO YpPaBHEHHS TEIJIOBOTO
OalaHca W TeIUIoNepenayd MpU ABYX paHee NPHUHATBHIX TeMIEeparypax WU IO
dbopmyie.

[lo Tabmuue 4.6 ompenensieM >SHTaIbIIMU, COOTBETCTBYIOIIMM MPUHSATHIM
paHee TeMIIEpaTypaM.

Terutora, OTHAaHHAsE ABIMOBBIMM Ta3aMM B 1-M KOHBEKTHBHOM IIyYKe,
OIIPENEIAETCS 110 COOTHOLEHUIO:

4.33
1 n Aa 0 ( )
Qz=0| ' — 1"yt | e
rae ¢ — KO3(pQHUIMEHT COXpaHEHHS TEIUIOTH; A — MPHCOCH BO3AyXa B

IO

TIOBEPXHOCTH; | 0.

— DHTAJBIINS MPUCACBIBAEMOI0 BO3AYyXa, ONPENEISAETCS IPU

TeMITepaType X0I0IHOro Bo3ayxa pasHoro 30 °C. 12 =388,97x/orc | m°.

Temmeparypa HachIlieHUs BOABI MNPH JaBICHUHM B OapabaHe KoTjia

onpenensercs mo Tabnuie 4.8.
TeMmreparypHbIii Harop B maporieperpeBareiie onpeaeisieTcs mno Gopmyle:

At At
- In & ,
At (4.34)

At =9 "=t At =" -t AL, =3",—1,;

O H? H?

At

Cpennsisi TeMiiepaTypa ra3oB pacCUMTHIBAETCS MO popMyIie:

— lgT "+ 19"1(171 . — 19T "+ "9"1(172 . (435)

cpl 2 1 Yep2 2 ’

CKOpOCTb Ta30B onpeaensercs no Gopmysie:
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B, V, (4, +273) B, V,-(9,,+273)
@, = 573 W)y = . ; (4.36)
a1° a1 273
KoadduimenT tennootaauyn KOHBEKIUEH OT ABIMOBBIX T'a30B K CTEHKE IS
KOPHUJIOPHBIX TJAJKOTPYOHBIX IyYKOB ompenenserca mo pucyHkam 4.2-4.3 u

bopmyie:

a}c = aH : Cz ) Cs : Cd) (437)
riae o, — Kod(pQHULUUEHT TEMI00TAAYN KOHBEKIIUEH, ONIpeeseTcs 0 pUCYHKY 4.3.

OmnpenenseM OTHOCHTEIBHBIE TIPOJOJBHBIE U TIONEPEYHBIC Iarv 110
bopmyie:

S S,

0, =20, =22 (4.38)

H

ITo 3TMM 3HAaYEHUAM ONPEIEIAEM CIEAYIOIME ONPABKU:

C, — mompaBka Ha YHCJIO MONEPEUHBIX PAI0B TpyO IO X0y TIa3oB,
IIPUHAMAEM PaBHBIM 1.

Cs — mompaBka Ha KOMIIOHOBKY ITy4Ka, IPUHUMAEM PaBHBIM 1.
ITonpaBka Ha BiusHKME HU3MYECKUX MapaMeTpoB cpeabl Cy, onpenensercs no aojie
BOJISIHBIX IIAPOB U CPETHEN TeMIIepaType ra3oB IO PUCYHKY 4.2.

1,2 ] S I T O T
n il I 3
[ ] C¢ Q L ."‘1&...' l. | S
. x = Jsuonute raau £y = 0,25
- N hh“..\ ".“' i — S 1 —+- -.-..J! +1
N -HT ~' 07 ST 17T oa —-H
1.0 . T - . 0.2 - lo |5‘ 1 11 = —
M S8 — ! 2 -:—-l T"T_| 1__ |
! 8 2 T T i 0l TS re 4 S kama]
. ™ ] 1 _-"' i o‘os :i jI L.
s = 02 7 -
y i 4 Boayx 002 4 i 1] H
0‘8 | T | Ehna 8] {111l 1 M
0 200 400 600 800 1000 1200 1400 160

Temneparypa noroka, °C

Pucynok 4.2 — Homorpamma Ji1st onpe/ie/ieHHs TONPaBKH Ha BIUSHUE (PU3NICCKUX
napameTpoB cpeasl Cy,

OnpenensieM 3phHEeKTUBHYIO TOJIUHY U3JTy4arOIIEero cjios no Gpopmyie:

T

4SS
S :O,9dn(—-#—lj (4.39)

H
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Pucynox 4.3 — Homorpamma st ko uireHTa TeriooT1aqyl KOHBEKINEH npu

MOTIEPEYHOM OMBIBAHUM KOPUIOPHBIX TIAIKOTPYOHBIX MYyYKOB U IIHPM
Koygppuyuenm ocnaonenusn nyueit mpexamomHoiMu 2a3amu.
JI71s1 HaX 0K JIEHHS ATOTr0 KOA(DPUIIMEHTA paCCUUTHIBACTCS BEJIMUMHA:

(4.40)

p,S =r pS

I[To pucynky 4.4 onpenensercs KodhPuIUEHT ociaabieHus Jydyen
50
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Vool T %
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ke VaMnay | g,

Pucynok 4.4 — KoadduimeHnt nornouieHus Jiydeit ra3oBoi (pa3oit mpoyKToB
CrOpaHHust

Kosddurment  Temroormauym — M3IydeHHEM  MPOAYKTOB  CTOPaHHS
ompenenseTcs mo GpopmyJie:

a=a,-& (4.42)

rae o, —kKo3(ppUuueHT TemI00TAaYH N3Ty4YeHUEM, HAXOUTCS 10 PUCYHKY 4.5.

OnpenenseM k03¢GOUITUEHT TEIIoNepeaadn 1mo Gopmysie:

k=0,85(c, +cx,) (4.43)

Temmo, BOCHPUHATOE TIEPBBIM KOHBEKTHBHBIM ITYYKOM, II0 YCJIOBHIO
TEIUIONIePEIavuy ONpenessieTcs o hopmysie:

_Kk-F-At

p

Qr

o1
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Pucynok 4.5 — Ko uument ternooraun nu3nydyeHueM
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PacuérHoe 3HaUYeHHE MCKOMOl KOHEYHOW TeMIepaTypbl ONpPEAENsieTCs IO
COOTHOUIEHHUIO:

n l9"1072"' (‘9"1072_ l9"1071)((1?5 _ QT)Z
9" =
P (Q5 - QT)l - (Q5 - QT)Z (445)

DTy TemMneparypy NpuHUMaeM 3a TEMIEpaTypy Ia30B Ha BBIXOJIE U3 MIEPBOTO
KOHBEKTHUBHOTO ITy4Ka.

DOHTanbusg NPOJYKTOB CrOpaHUs HAa BBIXOJIE€ M3 MEPBOI0 KOHBEKTHBHOTO
My4YKa PACCUMTHIBACTCA MO TeMneparype 3", u3 tabmuipl 4.6.

TermoBoctpusiTue  MEPBOTO  KOHBEKTUBHOTO TMydyka TI0  OamaHcy
paccuuthiBaetcs no dopmyne 4.33 s pacu€THOW TeMIlepaTypbl W IHTAIBIUU
IIPOAYKTOB CTOPAHUS HA BBIXOJIE U3 MIEPBOIO KOHBEKTUBHOIO ITyYKa.

4.6 Term10Boii pac4éT 2-ro KOHBEKTUBHOI'0 Iy4YKa

JInist BTOpOTO KOHBEKTHBHOTO ITyYKa aHAJOTHYHO TMPEABIAYIIEMY pacuéry
NpUHAMaeM Ha BBIXOAE W3 Hero temmeparypy &",., =200..300°C wu

3", =150...250°C. TIlpm pacuére eTUHCTBEHHOTO KOHBEKTHBHOTO ITydYKa

IIpUHUMACM JUII Ta3oxodga TEMIICpATypy TIa30B Ha BbIXOAC W3 HCIO —
9" .. =200..300°C u 9", =150...250°C .

[Tocne BrIOOpa MpeaBapUTENHHBIX TEMIIEPATYp JBA BapUaHTa pacuéra BelIeM
napasuiesibHO.

[To Tabmuie 4.6 ompenensieM SHTAJIbIIUU, COOTBETCTBYIOIIMM MPHUHSATHIM
paHee Temmneparypam.

Termmora, oTAaHHas IHIMOBBIMH Ta3aMd B 2-OM KOHBEKTHBHOM TIy4Ke,
OTPEIENSIETCS IO COOTHOLIEHUIO:

1 n Aa 0
Qa1 :gp(l an— V'emt 5 Inpcj
Ag (4.46)
1 mn 0
Q52 :(P(I an— V ket > Inpcj
rae @ — KOd()QHUIUEHT COXpaHEHUS TEIUIOTH; Aq — TNPHCOCHI BO3IyXa B

0
| ,pc — DHTAIBIINSA IPUCACBIBAEMOIO BO31yXd, ONPENENAETC IpU

TeMITepaType XOI0IHOro Bo3ayxa pasHoro 30 °C. 125 =388,97x/orc | m°.

MOBEPXHOCTH;

Temneparypa HachlllleHHs BOJbI TNpHU JaBjieHMd B OapabaHe KOTJIA
onpezensercs no tabnuiie 4.8.
TemnepatypHblif Harop ornpeaensercs no GopmyJe:
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At AL,

A
t |n & ,
At (4.47)
Atﬁ = ‘91{171 — tn; AtMl = ‘9"1(171_ty; Ath = ‘9"1(172_ty;

Cpennsisi TeMiiepaTypa ra3oB pacCUMTHIBAETCS MO popMyIie:

9 = ‘91(171 + ‘9"1{171 9 = l91{171 + ‘9"1{172 . (4.48)

2 T 2 ’

cpl

CxopocThb Ta30B omnpeaensercs no Gopmyse:

o B, -V, '(’9"”1+273)-a) _B,-V, (8,,+273) (4.49)
i f,.213 "7 f.o213

KoaddunuenT tennooTaaun KOHBEKUUEH OT ABIMOBBIX T'a30B K CTEHKE IS
KOPHUJIOPHBIX TJIAJKOTPYOHBIX IyYKOB ompenenserca no pucynkam 4.2-4.3 u
dbopmyie 4.37.

OmnpenensieM OTHOCUTENBbHBIE MPOJOJIBHBIE M IONEPEYHbIE IIarv 0
bopmyie:

Sy Sy .
. ~d. (4.50)

[To 5TuM 3HaYEHUSIM OIpeNesieM CIEAYIOLUE MOMPaBKU:

C, — mompaBka Ha YHCJIO MONEPEUHBIX PAIO0B TpyO IO X0y Ta3oB,
IIPUHAMAEM PaBHBIM 1.

Cs — mompaBka Ha KOMIIOHOBKY ITy4YKa, TPUHAUMAEM PaBHBIM 1.

ITonpaBka Ha BiusiHUE HU3MYECKUX apaMmeTpoB cpeabl Cy, onpenensercs 1no aoje
BOJISIHBIX MIAPOB U CPETHEN TeEMIIEpaType ra3oB IO PUCYHKY 4.2.
OnpenensieM k03¢ HUIIMEHT Terionepeaadu no Gopmynie:

k=0,85(c, + ) (4.51)

Koadpounuent rtemnmootaaum usmydeHUeM, Il TpyOHOro  mydka,
PacmojI0KEHHOIO 3a MMyYKOM, PaBeH HYIIIO.

Temno, BocCHpUHATOE TEPBBIM KOHBEKTHBHBIM ITYYKOM, IO YCJIOBHIO
TeIUIoNepeaun onpezensercs no popmye:

o K F A
=5 10 (4.52)
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PacuérHoe 3HAauYeHHE MCKOMOW KOHEYHOW TeMIepaTypbl ONPEAENSIETCs M0
COOTHOUIEHHUIO:

n l9"1072"' (‘9"1072_ l9"1071)((1?5 _ QT)Z
9" =
P (Q5 - QT)l - (Q5 - QT)Z (453)

DTy TemnepaTypy NpUHUMAEM 3a TEMIIEPATypy ra30B Ha BBIXOJE U3 BTOPOTO
KOHBEKTHUBHOTO ITy4Ka.

DOHTanbUg TPOIYKTOB CrOpaHMsI Ha BBIXOAE W3 BTOPOrO KOHBEKTHBHOIO
My4YKa PACCUMTBHIBACTCS MO Temreparype 3", u3 tabmupl 4.6.

TemmoBocnpusiTie  BTOPOTO  KOHBEKTHBHOTO  My4yka 1o  OajaHcy
paccuuthiBaetca 1o ¢dopmyne 4.46 nns pacd€THON TeMIepaTypbl W SHTAIBIIHU
IIPOJYKTOB CIrOpPaHUs Ha BBIXOJE U3 BTOPOr0 KOHBEKTUBHOIO ITyYKa.

4.7 TenJioBo#i pacuyéT BOJASIHOIO IKOHOMaii3epa

IIpy noBepoyHOM pacuére YYIryHHOIO BOJSIHOIO  3KOHOMai3epa
TEMIIepaTypa ra30B M SHTAIbIUA NPOAYKTOB CTOPAHHs HA BXOJE IPUHUMAETCS U3
TEIJIOBOTO pacy€Ta BTOPOr0 KOHBEKTUBHOTO IMy4YKa (€C/IM KOHBEKTUBHBIN MY4YOK
OJIMH, TO JAHHbIE BRIOUPAIOTCS U3 pacy€Ta NEPBOr0 KOHBEKTUBHOT'O MyYKa).

Temneparypa ra3oB W SHTaJbIMS HA BBIXOJE W3 BOJISHOIO 3KOHOMai3epa
paBHa TeMIlepaType yXOASIIMX ra3oB, KOTOPOM MbI 33JJaIMCh MpU pacuére OanaHca
KOTJa.

[lens pacuéra — ompezereHHE MOBEPXHOCTH HarpeBa SKOHOManzepa F .

DKOHOMai{3ep KOMIIOHYETCS M3 OTHAENbHBIX PeOpUCThIX 4yryHHbIX Tpyo BTU
~ e 2
AJIMHON 2 MeTpa, ¢ MOBEPXHOCTBIO HarpeBa ¢ ra3oBoll ctopoHbl f =2,954" u
_ 2
p = 0,121°.

[TpoxomHOE cedeHue s ra30BOr0 MOTOKA MOXKHO ONPEACIUTH 1Mo (hopMmyie:

JKUBBIM CCUCHHCM IJIA IIPOXO0Ja I'a30B f

F:?K = nfanp (454)
rae N — 9ucjao TpyO B psay SKOHOMaii3epa

[IpyauMmaeM TteMiieparypy NUTATEIbHOM BOABI Ha BXOAE B BOJSHOM
) 0 o .
sxoHOoMai3ep — 100 “C u sHTanbnus nutatenbHol Bos! |, =420 xJx/Kr.

TennoTa, BoCIpuHATass BOJOM B BOASTHOM 3KOHOMAaM3epe, ONPEAECIISIeTCs 10

dbopmye:
Ao

Q6:¢'(|jl*(172_|yx+ 23K.|IOYPC) (455)

OHTAJBIMS Ha BBIXOJIC U3 SKOHOMa3epa:

.- Q, B
h, =i+ 5o (4.56)
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IIo »HTanpIUM OIIpCACIIsACM

TEMIIEpaTypy BOAbI Ha BBIXOAE U3
’KOHOMai3epa t”  mo Tabmuue 4.9.

Ha pucynke 4.6 npuBeeHa cxeMa BOASHOI0 3KOHOMa3epa.

'9!'

a3

1

l ot L

PucyHok 4.6 — Pacué€THas cxema BOASIHOTO 9KOHOMan3epa BTOPOU CTYIICHH

TemrneparypHplii Hamop B BOJSHOM OKOHOMAaW3epe ONpEeNessiercs 0
bopmyie:

At - At
In & ,
AL (4.57)
Atﬁ = "9|832|_t" : At.u :tyx _tlns;

At

637
Cpennsisi TeMriepaTypa BOJbl PACCUUTHIBACTCS IO (OpMYJIE:

t,, =@, +t",)/2 (4.58)

CpenHsis TeMIieparypa NOBEpXHOCTH CTEHKH OIpesiessiercs mo Gpopmye:

t,=t,,+25 (4.59)

Cpennsisi TeMiiepaTypa nIpoyKTOB CTOpaHUsl paCCUUTHIBAETCS MO popMyIie:

9 4t
g, = % (4.60)
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CKopocCTh ra30B onpeaensercs no Gopmyse:

_B,-V.-(9,+273).

: 4.61
f 273 (4.60)

r

Kosddumment rtemmomepenaum  ompepensercs 1Mo pucyHky  4.7.
Koo duruent Teronepeaadn KouBexuueii paser 20,5 Br/(M°K). Kosddurment
TerIo0TAauH 1 Ta3a paBeH 1. [lepemennas C, = 1,05.

30 —— -
Lk, J. 4 |
L]
I - "J_.f ol
25 ' -
1 4 T
;_.l -
| A1
] [
20 at
- /.4-" - —_-
///l '_‘__—---",'“"-“r:_—1
- L‘___...-" *a
; ERNPZ=s 2 1]
p“" - . "1 t L 4!7
T "J P:"-- :C' 1
' "";‘—‘-FT‘ -."‘"-u T
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ERREREN T, K
1 09 ]
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Pucynoxk 4.7 — KoagduiimeHT TeniooTaaun 4yryHHbIX PeOPUCTHIX
sKoHOMai3epoB: 1 — axonomaitzep BTU u axonoMaiizep u3 tpyoO ¢
JIOTIOJTHUTENIBHBIM MTPOJIOJIbHBIM OpedpenueM; 2 — skonomaizep [IKKb

Termo, BocmpuHATOE  BOASHBIM  DKOHOMAi3epoMm, IO  YCJIOBHIO
TEIUIONepeIaun OmpeenseTcs mo Gopmyne:

k-F-At
Qs =Q; = B, 10° (4.62)
OnpenenuM II0MIab MOBEPXHOCTH BOISHOTO SKOHOMAak3epa:
-10°- B
F_% , (4.63)
K- At

Yucno TpyO BOASHOTO SKOHOMai3epa pAacCUMTHIBAECTCA KaK OTHOIICHHE
IUIOIIAAN MOBEPXHOCTH K IUIOIIAAM MOBEPXHOCTHM HArpeBa C ra3oBOM CTOPOHBI.
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DTO OTHOIIICHUE IMPUHUMACTCS KPATHBIM IISITH. KonuuectBo BCPTHUKAJILHBIX PSAAOB
HaXOAHUTCA KaK KOJIMYCCTBO TPY6, Pa3aACIICHHOC Ha IIAThb.

4.8 KoMmnoHoBka BOJASIHOI0 3KOHOMaii3epa

BonsHoit  SKOHOMai3ep TPOEKTHPYEM  JBYXKOJIOHHBIA B OJIOYHOMN
obonuoBke. [lepBas KoJOHKAa MO XOAYy Ta30B BKIIOUaeT B cels Tpu Makera.
[lepBblil TAKeT COCTOUT U3 YETBHIPEX PAOB TPYO, BTOPOM — U3 BOCBMHU, TPETHH —
4eThIpEX psnoB  Tpyd. Mexay makeTaMH YCTaHaBIMBAIOTCA OOTyBOYHBIC
anraparsl.

BTopas kosloHKa BKJIIOYAET ABa MAKETa: MEPBBIA MAKET U3 YETHIPEX PSAIOB
TpyO U BTOPOHl — U3 TpEX psiioB TpyO. Bo BTOpOIl KOJIOHKE yCTaHABIMBAETCS OJIUH
OOJIyBOUHBIN ammapar MeXAy MmakeTaMu. [IpolyKThl cropaHusi Tociie MepBOM
KOJIOHKM TepeOpachiBalOTCA B BEPXHIOK YacTh BTOpOM KoJIOHKH. [lo BTOpO#
KOJIOHKE OHH TAKXKE JBUKYTCS CBEPXY BHHU3.

4.9 PacuéT HeBA3ZKH 0aJIaHCA KOTJIA

Hess3ka 6ananca KoTia PaCcCYUTBIBACTCA 110 (bOpMy.]'ICI

AQ = QS Nea — (Qp + Qi + Qurr + Qps) (4.64)
rae Q. Qs Qurrn s Qpr— KOJIMYECTBO Tera, BOCHPHUHSATHIC

Jy4EeBOCTIPUHUMAIOIIMMHA ~ TTOBEPXHOCTSMU  TOTMKH, KOTEIbHBIMH  ITyYKaMH,
BOJSTHBIM dKOHOMai3epom. B dopmyny moacTaBisitoTcs 3HaueHus, ONpeAeICHHbIE
U3 ypaBHEHUH TEIUIOBOTO OanaHca.

Hess3ka TemioBoro 0anaHca KoTiia OoNnpeaACIACTCA IO COOTHOIIICHUIO!

5Q :g_?-100<o,5% (4.65)

p

Hepsizka TemoBoro OamaHca KoTja HE J0JpkHa mnpeBbimarthk 0,5%, nHaue
pacy€T KOTEIBLHOI0 arperaTa CUYMTaeTCs HEBEPHBIM. ECiIi HEeBs3Ka HE MPEBBIIIACT
0,5% TernoBoi pacuéT KOTEIIBHOTO arperaTa CunTaeTCs 3aKOHYCHHBIM.
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3AK/IIOYEHUE

VYyebHoe mocoOue TMpegHa3HAYEHO IS CAMOCTOSITEIBbHO HM3yUEHHUS
KOHCTPYKTHUBHBIX OCOOEHHOCTEH mnapoBoro kotia Ttuna JE mpu BhImogHEeHUH
KypcoBOro Tpoekta 1o Kypcy «KoTelnbHble yCTaHOBKM MPOMBIIUICHHBIX
PEAIPUATUID.

[IpuBenena MeToAMKa TEIUIOBOIO  pacyé€ra KOTEJNBHOIO — arperara,
paboTarolero Ha ra3000pa3HoOM M JKHJIKOM TOTUIMBAX.

TeroBol pacdy€T KOTEIBHOIO arperara 3aKaH4MBaeTCS PACUETOM HEBSA3KHU
Oaanca, KoTopast He 1oJkHa peBbimath 0,5%.

B pe3ynbrare TemioBoro pacyéra AOKHBI ObITH ONPEeNIeHbl TEMIIEPATYpPhI
MPOJYKTOB CrOpaHUsi Ha BBIXOJIE M3 TONKHM M 32 KaXKIOM KOHBEKTHUBHOM
MOBEPXHOCTBIO  HArpeBa, OIpENENieHa IOBEPXHOCTh HAarpeBa  BOJASHOTO
DKOHOMau3epa.
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