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BBEJAEHHUE

Hayka, u3ydaromass mpouecchl MOJIYyYeHUs] U UCIOJIb30BAHUS TEIUIOTHI B
Pa3IMYHBIX NPOU3BOJACTBAX, & TAK)KE MALIMHBI U allllapaThl, IPEAHA3HAYECHHBIC JIJIS
ATUX LEJIEH, Ha3bIBAETCS TEIUIOTEXHUKOU. B HacTosimee BpeMs poib TEIUIOTEXHHU-
KM 3HAYUTEIHLHO BO3POCTA B CBSI3U C HEOOXOAUMOCTHIO SKOHOMHOTO HCIOJIb30Ba-
HUS TOTUIMBHO-?HEPTEeTUUECKUX PECYpPCOB, pEUICHHUEM MpOoOJEeMbl OXpaHbl OKpPY-
Kalollew cpelbl U co3JaHuEeM O0e30TXONHBIX TexHojoruil. [Ipobiemsl pa3zBuTHs
AHEPIreTUYECKON MPOMBIIIUICHHOCTH, TEIUIO(UKAIIUA COMPOBOKIAIOTCS OCBOCHUEM
HOBBIX TEXHOJIOTUW MPOU3BOJCTBA TEIJIOBOW U AIEKTPUUECKOW SHEPTUN, Pa3BUTH-
€M KOHCTPYKIIMH MapOBBIX KOTJIOB W UX BCIOMOTATEIbHOrO 00OpYyIOBaHUs, OC-
BOCHMEM  HOBBIX BHJOB TOIUIMBA, COBEPIIEHCTBOBAHUEM  KOHTPOJIBHO-
U3MEPUTEIBHON TEXHUKH U CPEJICTB YIPABICHUS 000PYA0BAHUEM.

JIJist criennaiucToB JIF0OOTO TEXHUYECKOTo MpOoduis BakHA TEOpETHYECKas
U MpaKTUYeCcKasl MOArOTOBKA MO OCHOBHBIM pa3jieliaM TEeIJIOTEXHUKH, dHeprocoe-
PEKEHUS, OCHOBHBIM 3aKOHAM TEPMOJNHAMHUKHU.

OyHIaMEeHTaIbHOW JHEpreTuieckoi nporpammon Poccuiickoint @enepanuun
SBJISIETCS dHEprocoeperaromas noautuka. Hedrsnas, razoBas u Hedrenepepada-
THIBAIOWIAS.  OTPAacid  MOPOMBIIUIEHHOCTH  COCTaBJISIOT  4acThb  TOIUJIMBHO-
AHEPreTUYECKOro KoMmIiekca crpanbsl. HedrenepepabarsiBatomas, HedhTexummuue-
CKasi 1 XUMHUYECKasi MPOMBIIIJICHHOCTD SIBJISIFOTCSI HA0OJIee SHEPrOEMKIUMU OTpac-
JSIMM HapOJHOTO X03sicTBa. B cebecToMMOCTH MPOU3BOJICTBA OTJEIBHBIX BHUJIOB
MPOAYKIMHU B ITUX OTPACISAX MPOMBIIUICHHOCTHA HA JIOJI0 SHEPreTUUYECKUX 3aTpar
npuxoaurcs ot 10 1o 60%, Hanpumep, Ha nepepabOTKy OJAHOW TOHHBI HePTH 3a-
TpaunBaercss 165-180 kr ycnoBHOro rtommmBa [l]. DHepreTuyeckoe XO03sMCTBO
HIT3 u HX3 Bxiouaer coOcTBeHHO sHepretuyeckue ycraHoBku (TOLI, korenb-
HBIE, KOMIIPECCOPHBIE, YTUIN3ALHUOHHBIE, XOJOAUIbHBIE U TEIJIOHACOCHBIE YCTa-
HOBKH U [Ip.), SHEPIe€TUYECKUE IJIEMEHThI TEINIOTEXHUYECKUX YCTAHOBOK U DHEP-
FeTUYECKUE DJIEMEHTbl KOMOWHHPOBAHHBIX 3SHEPro-XUMHKO-TEXHOJIOTHYECKUX
cucteM (DXTC), npou3BOIAIIUX TEXHOJOTUUYECKYIO U SHEPTETUUYECKYIO MPOAYK-
LHUIO.

B nannoil paboTe Ha mpuMepe KOTEJIBHOrO arperata pacCMaTpUBarOTCs Me-
TOJIbI pacueTa MpoLecca CKUTaHUS U pacxoa TOIUIMBA, K.II.1., TEIJIOBOTO U dHEP-
reTUYECKOro 0anaHCcOB. DKOHOMMS TOIUIMBA MPU €ro CHKUTAHUU SIBIISIETCS OJIHOU
U3 BOXXHEHIINX 3a/1ay B PEIICHUHU TOIUIMBHO-3HEPreTuYecko mpodiemsl. Bompo-
Cbl 3KOHOMHHM TOIUIMBA M PALHUOHAIBHOTO HCIOJIb30BaHUs TEIUla PEIIAlOTCS B
KypCOBOM paboTe NMpUMEHEHHEM B CXE€M€ KOTEJIbHOM YCTAaHOBKH 3KOHOMaii3epa,
BO3yXOHArpeBareisi, KOTjaa-yTUian3aTopa.
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1. OBIIME CBEAEHHUSA O KOTEJBbHBIX YCTAHOBKAX
N O ITAPOBBIX KOTJIAX

KotenbHble yCTaHOBKHM MOTYT OBITh JIMOO OCHOBHBIM 3JIEMEHTOM TEIIOBOM
AIEKTPOCTAHIIMU, TUOO BBHIMOJIHITH CAMOCTOSATENbHbIE QPyHKIMKU. Hanpumep, oto-
MUTENbHBIE KOTEJIbHBIE YCTAHOBKHU CIYXKaT Il 0OECIEeUeHHs] OTOTUICHUSI U TOPSi-
YEero BOJIOCHAOXKEHUS, MPOMBIIUIEHHBIE — JJISI TEXHOJOTUUYECKOTO TEIIO- U Mapo-
cHaOXeHus U T.4. B 3aBUCUMOCTH OT Ha3HA4Y€HUsI KOTEJIbHAasi YCTAHOBKA COCTOUT
U3 MApOBOTO WJIM BOJOTPEHHOI0 KOTJAa U COOTBETCTBYIOIIETO BCIIOMOTAaTEIbHOTO
000py0BaHUs, 00ECTICYMBAIOIIETO €ro padoTy.

[TapoBoii (BOAOrpeiiHBII) KOTE — 3TO YCTPOIMCTBO, B KOTOPOM ISl TTOTy4e-
HUA napa (ropstueil Bonbl) TpeOyeMbIX MapaMeTpOB UCIOIL3YIOT TEIJIOTY, BBIJE-
JISFOIIYIOCS IPU CTOPAHUK OPTaHUYECKOrO TOIUIMBA WJIM OTXOSIIUX ra30B.

Jlnst ynobcTBa cxemMy KOTEJIbHOM YCTaHOBKM pPacCMaTpUBAIOT B BUJIE OT-
JIEBHBIX TPAKTOB COOTBETCTBYIOIIETO HAa3HAYEHUS: TOIUIMBHOIO, Fa30BOr0, Mapo-
BOJIIHOTO M 30Jioluakoyaaistomero. Ha puc.l mpeacraBieHa TexHONIOTHYECKas
cXxema KOTEJIbHOW YCTaHOBKU 0apa0aHHOr0 KOTJa BBICOKOIO JIABJICHUSI CO CXKUTa-
HUEM TBEPJOTO TOILJIUBA B MbUIEBUIHOM COCTOSIHUU.

OCHOBHBIMH 3JIEMEHTAMM MMAPOBOTO KOTJIA SIBJISIIOTCA MOBEPXHOCTH Harpe-
Ba — TEMJI0OOMEHHbIE TOBEPXHOCTH, MPEHA3HAYCHHBIE JIJISl IepeIadn TEIIOThl OT
TEIJIOHOCUTENS K pabouemy Teny (BoAa, MapoBOJISIHAS CMECh, Map WK BO3IAYX).

COBOKYMHOCTh MOCJIEI0BATENIBHO PACIONOKEHHBIX MO X0y paboyero tena
MOBEPXHOCTEN HArpeBa COCAUHSIONIUX UX TPYOOIPOBOJOB COCTABIAET MAPOBOIS-
HOM TPaKT MapoOBOro KOTJja. B OCHOBHOUN MapOBOJISHON TPAaKT BXOAAT: 3KOHOMAali-
3ep, 6apabaH, oTBOJAIINE TPYObI, ONyCKHbIEC TPYObI, pacIpeACIUTEIIbHBIA KOJIICK-
TOP, TPYObI TOMOYHBIX SKPAHOB, MOTOJIOUYHBIA M KOHBEKTUBHBIN Maporeperpenare-
.

TonauBHBIM TPaKT KOTJa MPEACTaBISIET CO00 COBOKYIMHOCTH 00OpyHdOBa-
HUS [ TPAHCIIOPTa M MOATOTOBKHU €ro JJisi CKUraHus. Bo3ayuHelil Tpakt pado-
TaeT 1noJ U30bITOYHBIM JIABJICHUEM, PA3BUBAEMBIM AYTheM BeHTUIATOpA. [logorpes
BO3/lyXa B BO3JYyXOMOJOrpeBarelsie MO3BOJIsAET 00ECIeUnTh CYIIKY TOIUIMBA U MO-
BBICUTh UHTEHCUBHOCTh U 3KOHOMUYHOCTbH FOPEHHUSI TOILIHBA.

[lo Bugy c:kxMraemMoro TOIUIMBA Pa3IMYarOT MapoOBbIE KOTJIBI AJIsl ra3000pas3-
HOTO, JKUJIKOTO U TBEpJOro ToruBa. [1o 0cOOEHHOCTSIM ra30BO3AYIIHOTO TPaKTa
pPa3IMYaroT KOTJbl C €CTECTBEHHOM, YPAaBHOBEHICHHOW TATOM M ¢ HaggyBoM. [lo
BUJly MMAPOBOJSIHOIO TpaKTa pa3inyaroT OapabaHHbIE M MPSMOTOYHbIE KOT/Ibl. Ha
puc.2 MpeACTaBICHbl CXEMbl TAPOBOASIHBIX TPAKTOB MapoBBIX KOTJIOB. B HacTos-
miee Bpemsi Ha TeIioBbIX 3JeKTpocTaHusax (TOC) U Temno’neKTpOLEeHTPATIAX
(TOL) HanbonblIee MpUMEHEHUE HalIM O0apaOaHHbIE KOTJbI, B KOTOPBIX 3a(UK-
CHUpOBaHa I'paHUIIa pa3jeia MeXIy NapoM U BOJIOU.
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Puc.1. Cxema KOTe/JIbHON YCTAHOBKH ¢ 0apadaHHBIM KOTJIOM

ecTeCTBEeHHOI MUPRYJIANUH:
1 — 31aHMe KOTeJBHOI; 2 — IyTheBblii BEHTWIATOP; 3 — BO3AyX0NOA0IpeBaTe/ib; 4 — ropeJi-
KHM; 5 — Tonka KoTJia; 6 — BoAsAHOM Hacoc; 7 — 0ak NMUTaTebHOI BOABI; 8 — 30/10y/1aBJIH-
Balollee ycTpoiicteo; 9 — apimococ; 10 — neimoBasi Tpy0a; 1 — Boasnoi Tpakt; II — nepe-
rperbiii map; III — TomuBHBIN TpakT, IV — myTh ABMKEHHA BO3ayXa; V — TPAKT NPOAYK-
TOB CrOpPaHMus.
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Puc. 2. Cxemsbl MapoBOJASAHOI0O TPAKTA NIAPOBLIX KOTJIOB:
a) 0apa0aHHOIO C eCTeCTBEHHON HMPKY.JIsnMeil, 0) 0apadaHHOro ¢ NPUHYAUTEIbHON IHP-
KYyJisil[Hell, B) NPSIMOTOYHOr0; 1 — nmuTaTe/ibHbI HACOC, 2 — JKOHOMAli3ep, 3 — 6apadan, 4 —
OIyCKHBbIe TPYObI, 5 — KOJLJIEKTOpP, 6 — moabeMHbIe TPYObl MCIIAPUTENbHON MOBEPXHOCTH
HarpeBa, 7 — mapomneperpesarejib, 8 — HUPKYJIAIMOHHBIN HACOC.
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[lapoBble KOTJIBI XapaKTepU3yIOTCSI OCHOBHBIMHU MapamMeTpaMu: HOMHUHAb-
HOM IPOU3BOJUTENBHOCTHIO, JaBICHUEM, TEMIIEpATypoil mapa (OCHOBHOTO U MPO-
MEKYTOYHOI'O TIeperpeBa) v nmurarelbHoi BoAbl. [lo mapamerpam pabouero Tena
paznuuaroT KoTael Hu3Kkoro (Menee 1 Mlla), cpennero (1-10 MlIlIa), Beicokoro (10-
22,5MlIlIa) u cBepxkputuyeckoro aasieHus (6oxee 22,5 MIla). Haubonee xapak-
TEepHbIE OCOOEHHOCTH M OCHOBHBIE MapameTphl BBOASATCA B €ro obo3HaueHus. B
npuHAThIX 110 ['OCT 3619-82 0003HaueHUAX YKA3bIBAECTCS THUI KOTJA, MapOMpPOU3-
BOJUTENBHOCTD (T/4) U nasienue (MIla), TemnepaTypa neperpeBa, BUJl CXKUTaeMo-
ro TOIUIMBA U HEKOTOPbIE APYrue 0COOCHHOCTH.

2. COAEP)KAHUE KYPCOBOM PABOTHI

BrinonnenHas kypcoBasi pabota oopMIISIETCS B COOTBETCTBUU C Tpe-
ooBanusimMu ECK/I.
[losicHuTenbHAs 3aNUCKA TOJKHA COACPIKATD!

- BBEJICHUE;

- IUTEepaTypHbIA 0030D;

- ICXOJHbIE JaHHBIE;

- pacyeT mpolecca TOpeHUst TOIUIMBA U OIpEJeIeHUe TEOPETUUECKON TeM-
nepaTypbl TOpEHUs;

- pacyeT TEeIIoBOro OaaHca KOTEJIBHOIO arperata v JuarpaMMmy TEIJIOBBIX
IMOTOKOB B MacIITaoe;

- DKCEepreTUYecKuil 0ajaHC KOTEIBHOIO arperata v Juarpammy SKCepreTu-
YEeCKHX IIOTOKOB B MacIITaoe;

- pacuer KoTia-yTHiIn3aTropa;

- 3CKHU3 KOTeNbHOTO arperara (popmar A3) u onucanue ero padoThl;

- cxeMy Kotia-ytunuzaropa (bopmat A4) u ee KpaTKoe OMUCAHUE;

- BbIOOp, cxembl (hopmat A4) u onrcanue pabOThl BCIOMOTaTeIbHOTO 000-
pyZlOBaHUs: SKOHOMal3epa, BO3AyXOIMOA0TPEBATEIS, TOPEIIKY;

- CIMCOK UCIOJIb3YEMOM JIUTEPATYPHL.

3. METOOUYECKHUE YKA3AHUSA

3.1. Bgsenenue. B aTom pa3zzaene paboTbl HA OCHOBAHUU U3YyUECHUS JINTEPA-
TYPHBIX UCTOYHHMKOB U JIEKIIMOHHOTO MaTepuajia MPUBOASITCS JaHHbIE 00 OCHOB-
HBIX 3a7ja4ax 3HEProTEXHOJIOTMHU, YHEProcOepeKEeHUs] U MEPCHEKTUBAX Pa3BUTHUS
KOTEJIbHBIX arperaToB XUMHYECKHUX MPOU3BOJICTB.

3.2. JlutepaTypHbIii 0030p TOTOBUTCS IO OJ0M U3 MPEIIOKCHHBIX TEM

- «KoTenpHbIE YCTAaHOBKH U MAPOBBIE KOTIIBI»,

- «TexHoJMIOrMYECKNE CXEMBI OJYUYECHUS SJIEKTPUUECKON U TEILUIOBOU 3HEP-
THI,

- «DHEPreTHYECKOE TOILIUBOY,

- «COBpeMEHHBIE TEHACHIIUU B OPTaHU3AlUU U PETYJIUPOBAHUN TOIOYHBIX
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MIPOIIECCOBY;

- «BTopuuHbie 3HEpPropecypch»;

- «Bompockl oxpaHbl OKpY:Karoel Cpeabl MPU CKUTAHUM OPTAaHUYECKOTO
TOIUTUBAY;

- «Y TUNU3aIMOHHBIE YCTAHOBKH U KOTJIBI-yTHIIM3aTOPBIY;

- «[TapoBble TypOUHBI PTEKTPOCTAHIININY;

- «TermnosHepreTHYeCKUe CUCTEMbI IPOMBIIIIICHHBIX MPEINPUITHIIY;

- «IlepcrieKTUBBI U OCHOBHBIC HAMPABJICHUS PA3BUTHUS TOILJIUBHO-
SHEPreTUYECKOro Komruiekca PDy;

- «TommMBHO-3HEpreTHYECKU KOMIUIEKC bamkoproctanay;

- «MIcTOYHUKY SHEPTUH U PECYPCHI SFHEPTETUUECKOTO ChIPhS».

CTyaeHT caM MOKET NMPEJJI0KUTh TEMY JINTEPATYpHOTO 0030pa, Coraaco-
BaB €€ C pyKOBOJAUTEIEM KypcoBOi padoThl. OO0beM JIuTEepaTypHOro 0030pa A0J1-
eH OBITh B mipesenax 13 — 15 cTpanul] pyKOnmuCHOTO TEKCTA.

3.3. Hcxoanwie naHHble K KypcoBOM paboTe mpuBeneHbl B Tabu. 1 u 2.
Homep BapuanTa BeiOMpaeTcs Mo mnociieHel u npeamnocieaeit nudppam 3a4yeTHON
KHW)KKHA WM CTyJeHUYeCcKoro Ousera. TemmnepaTypy OKpyXkarollero Bo3ayxa Mpu-
uath t, = 0°C, a TeMreparypy moaorpeBa Bo3ayxa B BO3AYXOHAIPEBATENE - Ly, =
200°C. Benuuuny HENPEPLIBHON MPOAYBKH MPUHATE 11 = 3%.

3.4. PacdeTtsl mpouecca ropeHusi, ONpeaeICHUs TEOPETUUECKON TeMIIepa-
Typbl TOPEHUSI, TEIJIOBOTO M SKCEPreTHUECKOro OaJaHCOB KOTEIBHOTO arperara,
pacyeT KOoTJa-yTUIU3aTopa MPOU3BOASTCA B COOTBETCTBUM C pa3lieiiaMu y4eOHO-
METOJMYECKOr0 MOCOOHUS.

3.5. BpiOOp KOTENBHOTO arperata MPOU3BOAUTCS MO MAPOMPOU3BOIUTEIb-
HOCTH, TEMIIepaType napa, ero JaBJICHUIO U TUITY CXKUTaeMOTro ToruinBa. Onucanue
Y NPUHIUIIMAIIbHBIE CXEMbl KOTEJIbHBIX arperatoB NpUBECHbI B yueOHOM JIUTepa-
Type [2,3,4,5,12,13,14] u B npwioKeHUr 2 JAHHOTO Y4eOHO-METOAUYECKOTO II0-
coOus.

3.6. Cxemy TerioBoro OajnaHca KOTEJIbHOIO arperara, [uarpaMmy 3KcCep-
reTUYECKUX MOTOKOB MOCTPOUTH B MacIITade, aHaJIOTUYHO pUC. 4 U 6.

3.7.  BsiOop, onucaHue U CXeMy KOTJIa-yTUIW3aTOpa B3ATh U3 [2,7,12] win
B MIPUJIOKEHUU 3 yueOHO-METOANYECKOTO MOCOOUS.

3.8. Bbibop u onucanue pabOThl BCIOMOraTeibHOro obopynoBanus. K
BCIIOMOTaTEILHOMY 00OPYAOBAaHUIO OTHOCSITCSI MapoIeperpeBaTeau, SKOHOMaii3e-
pBl, BO3ayxomojorpeBarenu W ropenku. [lpu BeiOOope aAaHHOTO 00OpYyHOBaHUS
MOoJb30BaThCs Juteparypou [2,4,5,6,12,13,14] u npunoxenuem 4, 5 u 6; y4uThI-
BaloT 3(PGEeKTUBHOCTh PabOTHI, METANIOEMKOCTh, IMOBEPXHOCThH TEIJIO0OOMEHA,
MPOCTOTY KOHCTPYKIIMU U OOCITY>KUBaHUs, YCIOBUS pabOTHI (TeMIepaTypy, /1aBiie-
HUE pabouero Tena).
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3.9. TI'paduueckas yacTb KypcoBOil paOOTHI BHIMOJIHIETCS aKKYpaTHO B CO-
otBeTcTBUHU ¢ npaBuiaamu ECKJI. Cxema-3CKH3 KOTEIBHOTO arperara BbIIMOJIHSACT-
cs Ha jucte Gopmara A3. Cxembl KOTIa-yTHIM3ATOPa, MaponeperpeBaTess, 3Ko-
HOMai3epa, BO3AyXOMNOoI0rpeBaTeNsl U TOPEJIKU BBIMOIHAIOTCS Ha JIUCTaxX opmara

A4,
4. HNCXOJ/IHBIE JTAHHBIE K 3AJIAHUIO
Tabmuna 1
penmno-
caeHss P,,., Lunes t e, l )y, P.,.,
wippa | MMa | °C °C 'c | moa | m

mmgpa
0 8,0 450 40 190 1,6 1,05
1 8,0 400 50 190 1,7 1,20
2 10 350 60 175 1,8 1,15
3 10 435 70 170 1,9 1,10
4 12 425 80 160 1,5 1,15
5 12 440 85 185 1,0 1,20
6 10,0 500 90 145 1,1 1,15
7 10,0 350 95 140 1,2 1,10
8 14,0 420 100 175 1,3 1,20
9 14,0 400 110 190 1.4 1,05

Tabmuna 2
Hocaen- IMaponpous- | Ilpucoc
Hsist uugpa Buja ronmsiuBa BOJAMTE/Ib- BO31yXxa

unppa nocrs D, 1/4 Aa,
0 MenuTonoabCKUil TPUPOAHBIN a3 45 0,35
1 3ananHo-CruOupCcKuid MpUPOIHBINA a3 50 0,30
2 CraBpononbCKuid MPUPOIHBIN ra3 35 0,20
3 Byrypycnanckuii npupOIHbIi ra3 40 0,25
4 CapaToBCKuid TPUPOJIHBIN a3 40 0,30
5 OpenOyprckuiit IpupoaHbIN Ta3 45 0,30
6 Byxapckuii npupoaHbIii ra3 35 0,20
7 Tomounsriii ra3z HII3 50 0,35
8 Kupnsbiii raz HIT3 35 0,30
9 KoxcoBerit ra3 45 0,30

XapaKTepI/ICTI/IKa JaHHBIX Ia30B IIPCACTAaBJICHA B IIPHUJIOKCHHUH.
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5. PACUET KOTEJIbHOI'O ATPEI'ATA
5.1. Pacyer npouecca ropeHus TOIIMBA

5.1.1. Ins obecnieyeHus MOJHOTO TOPEHUSI TOIIMBA MPAKTUYECKU B KOTEIb-
HBII arperar mojaeTcs BO3AyX ¢ U30BITKOM [0 CPABHEHHUIO C TEOPETHUUECKUM. DTO
xapakrepusyercs: Ko3(hPuIueHToM n30bITKa BO3/lyXa 32 YCTAHOBKOIA:
Olyx=Olyx 1 Olyx (1)
5.1.2. TeopeTudeckoe KOJIMYECTBO BO3AyXa, HEOOXOAUMOIO MIJisl MOJTHOTO
cropaust | HM ra3006pa3HOro TOIIHBA, M/M°

V0=0,0476- 0,5-(CO+H2)+Z{m+Z C H +15H,5-0,|.2

5.1.3. O6beM TpeXxaTOMHBIX Ta30B, MM,

Vro, =0,01-(CO+XmC, H,+H,S+CO;). (3)

5.1.4. TeopeTnueckuii 00beM a3oTa, MM,
o N 7
= +772 .
VN2 0,79V 100 (4)

5.1.5. O6bem u30bITKa BO3yXa, MM,
AVgos= (ayx - l) VY : (5)

5.1.6. O6beM BOJSHBIX MTApOB, MM,

Viro =0.01- (H2+ZZCmHn+H2Sj +0,016-a, V. ()

5.1.7. O0beM TpOIYyKTOB CropaHus, OOpa3yloIIUXCsA MPH CXKUraHuu | M
(Ipu HOPMaJIbHBIX YCIOBUSIX) TOILINBA, M,

Vi= VR02 + VN2 + VH20 + AV, (7)

3
5.1.8. IIIOTHOCTH TOMOYHOIO ra3a NPy HOPMAJIbHBIX YCIOBUSX, KI/M,

p, =001-[196-CQO, +0,52- H,S +125- N, +143- 0, +1,25-CO
+0,089- H, + ¥ (0,536 m+0,046-n)- C,H, +0803 H,0| ~ ®
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5.1.9. Macca nABIMOBBIX Ta30B IIPU CXKHUTAaHWU Ta3000pa3HOr0 TOILUIHMBA,
3
KIr/M°,

Gr=p,, +1306-a,, - V", 9)

5.1.10. OnpenensieM TEOPETHUUECKYIO TEMIIEPATYPY TOPEHHUS, ISl YETO BBI-
YUCIUM SHTANBIUIO MPOJAYKTOB CrOPaHUs IIPU MPOU3BOJIBHBIX TeMIlepaTypax (Ha-
npumep, 1400 u 2000°C) no popmyne

rae C’- cpenHre 00beMHbIE N300apHbIE TEMJIOEMKOCTH YIJIEKUCIIOrO rasa, a3ora,
BOJISIHBIX MApOB M BO3/lyXa COOTBETCTBEHHO, ompeaestorcs no tadia.I11.3. Tlo
paccuutanubM 3HaYeHUAM npu 1400°C u npu 2000°C ctposiT B Maciuitadbe 3aBu-
CHMOCTb SHTAIIBIIMH MPOAYKTOB CropaHus oT Temreparyps h,—=f(t).

45000

40000

OHTanbnus, KIDK/Kr

/'*

35000 ]

30000

——

25000 b 4

20000 ‘ ‘ : : : ; ‘ ‘
1300 1400 1500 1600 1700 1800 1900 2000 2100
TemnepaTtypa, °C

Puc.3. luarpamma At - npoayKToB cropanus

3 .
OHTaNBNUIO TPOAYKTOB cropanus (kJk/M”) mpu TEOpEeTUUYECKOW TeMIiiepa-
Type OoIpeesieM U3 ypaBHEHUS TEIIOBOTO OanaHca TOMKU

10
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Qg +h, + hgoy = My, (11)

rae h, - GusHyecKoe TEIIO TOIUIMBA, BBUAY €r0 MAJOCTH MOKHO IPHHATH Hgps-
(uzmYecKoe TEIIo BO3/1yXxa;

hgosz =, - Cgo3 * tpos. (12)
31ech gy - TEMIIEPATypa BO3LyXa, BRIOMpaeTcs cornacHo 3aganuio; C gy

CpCaHAA H306apHa>1 00BbEeMHas TEIIOEMKOCTh BO3ayXa IIpyU TEMIICPATYypEC BO3/1yXa,

onpenensiercs u3 Ta6n.I11.4.30as A, , o ht-nuarpamMme onpeaesnseM TeopeTnye-
CKYIO TEMIIEpPATypy FOPEHHUS.

5.1.11. DHTaNnBNUIO YXOASIIUX Ta30B (xJIx/M’) ompenemnsieM:

5.1.11.1. C Bo3ayxomnoorpeBarTenemM

hyy = (VC02 ‘Ceo, tVn, Cy, +VH20‘CH20+(O‘yX _1)‘VBO3‘CBO3)‘ tyx - (13)
5.1.11.2. be3 Bo3ayX0moaorpeBaTesis

/ ' ' ' '
hyx = (VC02 ‘Ceo, Vi, Cy, +VH20'CH20+(ayx_1)VBO3'CBO3)' tyx - (14)

J7ist 3TOTO Cllydasi onpeAeanM NpUuOInKEHHOE 3HAUECHHE TeMIIEpaTyphl yXO-

JUIIHX Ta30B )  6e3 BO3LyXOMmoaorpeBartens U3 ypaBHeHHs TEIUIOBOTro OajaHca
MOCJIETHETO:

1,293-C Vi (tyy —tyy) =a,, -V - Caos(taos — o) - 1,293, (15)
rac Cr - CpCaHsd H3o6apHa51 MacCCoOBasd TCINIOECMKOCTD I'a30B; IPUHUMACM

C~=1 ,16 KI[)K/(KP-OC);

CB03 - CpCaHsd H3o6apHa51 MacCoBas TCINIOECMKOCTb BO34yXad, IPUHUMACM

Ces=1,02 KI[)K/(KP-OC),

OTKyJa
0,88,V 150
vV, '

tyy =tyy + (16)

11
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5.2. TenJioBoii 0a/1aHC KOTEJBHOI0 arperara

TemnmoBoi 6aaHc KOTa, KaK W JIFOOOTO TEIJIOTEXHUYECKOro arperara, Xa-
PaKTepU3yeTCs PABEHCTBOM MEXKy KOJIMYECTBAMU MOABEJEHHOM (pacmojiaraeMoi )

1 pacxomyemoit TernoTh: Qupux = Opacx. OOBIUHO TEILIOBOH OanaHC COCTABIAIOT
Ha eIMHUILY KOJINYECTBA CKMUIAEMOTO TOILUTMBA: | KT TBEPIOTO WITH KHIKOTO, JTHOO0
1M ra3006pa3HOrO TOIIMBA, B3ATOrO MPH HOPMAIBHBIX yCIOBHAX. C ydeToM 3To-
ro u npeHedperast pU3NYECKOM TEIUIOTON TOILIMBA M XOJOIHOTO BO3/IyXa, MOXKHO
cuntath, 410 Qppux = Qi (0, — Hu3mas TemnoTa CropaHus eIMHALBI TOILIMBA B
paboueM COCTOSIHUM).

TemnoBoii OamaHC KOTEIBHOTO arperara pacCYMTHIBACTCS MO YPABHEHUIO
COIJIaCHO cxeMe puc.4.

Qn=Q;+Q, +Q; +Q, + Qs (17)
TO %€ B % :

100% =q,+q, + 95 +q4 + 495 + g, (18)
rae (| — HOJE3HO HMCIOJIB30BAHHAS B KOTEIBHOM arperare TeIuora; (J- moTepu
TEIUIOTHI C YXOAALIMMH ra3aMu ; (J3- HOTEPH TEIUIOTHI OT XUMHYECKOW HEMOIHOTBI
cropanus (cm.1a0i.II1.2); (4- moTepu TEIUIOTHI OT MEXAaHMYECKOW HEIOIHOTHI
CropaHMsl, IPUHUMAEM PABHBIMH HYIIO ; (J5- IOTEPU TEIJIOTHI OT HAPYKHOIO OX-

naxpaeHus (cM.1abdin.111.3); - morepu ¢ pU3MIECKUM TEIUIOM HUIAKA, IPUHUMAEM
PaBHBIMH HYITIO.
5.2.1. Ilotepu TEMIOTHI C YXOIAIIUMH ra3aMH ONpEEsieM IJis CITy4aeB:
5.2.1.1. C Bo3ayxomnoorpeBaTeinemM

hyX _ho .
QP

5.2.1.2. be3 Bo3ayX0noa0orpeBaTes

q, = (IOO—q4 ) (19)

_hO

- hy,

9 = o (100—q4 ) (20)

ree =0 mpu £p=0 °C,
5.3. K.n.x. 6pyTTo KOTEIBHOTO arperata, %

12
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Puc.4. TemioBoii 0aj1aHc KOTeJIbHOI0 arperara

5.3.1. C Bo3myxonogorpeBareiem
Mea =1 =100-(gy +q5 +q4+q5 +q5) o1

5.2.2. be3 Bo31yxonoaorpeBaTens

/ / /
Ni.4 =91 =100— (612 +q3+q4+95+ 46 ) (22)

13
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5.4. YacoBol pacxo]l HaTypaJbHOrO TEIUIa, M/
5.4.1. C Bo3myxonogorpeBareiem

I/
D- (hn.n. —hy . ) + 100 ‘ (h/ - hH.B.)
B= , (23)
P Tg.a

7100

rae h,, - >HTAILIMA IEPErpeToro mapa, onpeaensercs o Tabuunam [3,9] tepmo-
JIMHAMUYECKMX CBOMCTB BOJBI U BOISHOIO mapa mpu t,, u P,, ; h,, - sHTansnms
IUTATEIBHOM BOABI IpH Temrepatype f,, u P, Takxke omnpenensercs 1o Tabim-
tam [3,9]. h’ - suTanenus Boabl B KOTEILHOM arperare; MpUHMMAeM PaBHOM DH-

TaJIBIMK BOJBI IPH TEMITEpAType Hackimenus t, u P,, B tabnumax [3,9].
5.4.2. be3 Bo31yxonoaorpeBaTens

D- (hH.H._hH.B.)+ " '(h/_hH.B.)

100

B = U/KA , (24)
P A.
2 100

rac D - MMPOU3BOAUTCIBHOCTE KOTCJIBHOI'O arperara, KI/4.

6. YHNPOIIEHHBIN YKCEPTETUUYECKWUHN BAJIAHC
KOTEJBHOI'O ATPET'ATA

PaznuuHble BUABI SHEPrUH HWMEIOT HEOJMHAKOBYIO LIEHHOCTH C TOYKH
3peHHs] BO3MOXHOCTH HMX MPAKTUUECKOTO HUCIOoyib30BaHUs. CIOCOOHOCTH COBEp-
IIEHUS MEXaHUYECKON pabOThl MPUHATA B KAYECTBE BCEOOIEro MoKazaTessl Kaue-
CTBa SHEPIrUU Pa3IMYHBIX BUIOB. YUem 0oJibllle OTIMYAIOTCS MapaMeTPhl CUCTEMBI
OT MAapaMETPOB OKPYKAIOMIEH CPEAbl, TEM BBIIIE YHEPreTUUECKAs] LICHHOCTh JaH-
HOU cucTeMbl. [IpakTnueckas 3HepreTudeckasl HEHHOCTh BEIIECTBA MM CHCTEMBI
paBHa HYJIIO, €CIIA UX MTapaMeTPbl COOTBETCTBYIOT MapaMeTPOM OKPYKAKOUIEH Ccpe-
TTBI.

MakcuMmanbHas paboTa, coBepiliaeMasi CUICTEMON MpH €€ B3aUMOJECHCTBUU C
OKpY’KaIOIIEH Cpeor, MOIy4Yuaa Ha3BaHUE SKCEPTUU. « IKCEPTrUsi MAaTEPUU SIBJISI-
€TCs MaKCUMAaJIbHOM paboTON, KOTOPYIO 3Ta MaTEpHsi MOXKET COBEPIIUTH B oOpa-
THUMOM MPOLIECCE C OKPYNKAOIIEH CPENOM, €ClIM B KOHIIE 3TOTO IpoLecca BCe y4a-
CTBYIOLIME€ B HEM BHUJbl MAaT€pUHU MPUXOIAT B COCTOSIHUE TEPMOAMHAMHYECKOTO
pPaBHOBECHUSI CO BCEMHM KOMIIOHEHTAMH OKpY:Karouien cpeasi»|[19]. Dkcepruro Ha-
TJISITHO MOYXKHO M300pa3uTh rpaduuecku (puc.S).

14
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S SECETTEETEETRETEEPERETRETREE Y

R R )

9,]
p—

S, S
Puc.5. Dkceprusi Temiorsl

B npousBoiabHOM mporecce 1-2 K Teny MOABOAUTCS TemioTa (ILIOIIAAb
125,5;). Dxceprust MOABOJAUMOM TEIUIOTHI M300pakaeTcsl 3alITPUXOBAHHOM IIJIO-

AbI0 €,~q — T O(S PENY, ) . Ilnomans nox nunueit T,=const paBHa T 0=(S 2

S 1), TipeficTaBisAeT coboif 4aCTh TETNOTHI, KOTOPYIO HEBO3MOXKHO HCIIONB30BATh
JUISl IPAaKTHYECKHX I1eJie. Ta 9acTh 2HEPTruu, KOTopas He MOXKET ObITh IIpeBpallie-

Ha B MCXAHHMYCCKYIO OJOHCPIHUIO, HA3BIBACTCA 3HeprI/IeI71 A, CJIEAOBATCIIbHO,
Pa3muuaroT SKCEPIrUI0 TEIUIOTHI, SKCEPIHIO BELIECTBA B 3aMKHYTOM 00BEME,

AKCEPIrUI0 BEHIECTBA B MOTOKE. {1 pacyuera yaeNbHBIX 3KCEPTrUi MCIOJIb3YIOTCA
3aBUCUMOCTH:

- DKCEPIUs TEILIOTHI eq=q( 1-(T/T));

-9KCEPrusi BEIIeCTBA B 3aMKHYTOM 00BbeMeE
ev=(U'Uo)'To(S'So)+Po(V'Vo ’
-9KCeprus BEIICCTBA B IOTOKE eh=h-h0-T O(S-So y
rae 1, o,T — abCOJIIOTHBIE TEMIIEPATyPhl OKPYIKAIOIIECH Cpe/ibl, BEIIECTBA WU TO-
TOKa COOTBETCTBEHHO; Uo,ho,So, vV, - BHYTPEHHSIS DHEPrUsl, YHTAJIbBIINUA, SHTPO-

i, yaensusiit ooveM npu 1,; U,h,S,V — 1o xe npu T; P, — nasnenue oxpy-
JKAIOIIEH Cpeibl.

[IpuBeneHHBIE 3aBUCUMOCTH HE BCErJa IMO3BOJISIIOT MPOCTO PacCUMTATh
AKCEPruI0, MO3TOMY MCIOJB3YIOT APYTUE YIPOLICHHBIC 3aBUCUMOCTH. B 4yacTHO-
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CTH, 3TO OTHOCHUTCSl K TOIUIMBaM. VX XMUMUYECKYIO SKCEPTUI0 PACCUUTHIBAIOT IO
dbopmynam:

- s xuakux tous e=0,975 Qe;

- s TBepabix torme e= Qe(1-Wp);

- s razoo6pasuoro tommsa e=1,04Qe, rne
Q6 — BeICmIas TemIOTa CropaHMs TOIUIMBA, KJ[K/KT, K JK/M Wp- Bnaxuoctsh
TBEPJIOr0 TOIUIUBA.

Kaxnmas ananuzupyemasl cuctemMa XapakTepu3yeTcsl MaTepualbHbIM, TEM-
JIOBBIM U JKCepreTuueckuM Oanmancamu. Besikuil peanbHblii HEOOpaTUMBIN MPOIEce
COMPOBOXKJAETCS MOTEPSIMH IKCEPTUHN U YpPaBHEHHE MOTOKOB SKCEPTUM UMEET BUJT
nepasenctea 2E°) 2 E” | r.e. cyMma dKcepruii Ha BXOJIE B CHCTEMY BCEra
OoJibllle CyMME SKCEpruii Ha BeIxojie u3 Hee. C y4eToM MOTEPh SKCEPTUil BCIEICT-
Bue nHeobpatumoctu npoueccos( Y A = T,AS - ypasuenue I'ton-Cromomns), mpo-
UCXOJSIINX B CUCTEME, MOTYUYUM YPAaBHEHUE IKCEPreTuuecKoro OanaHca

SE”=YE’ -YJq=YE’-T, AS.

Ha puc.6 wu3o6paxkena aumarpamma ['paccmana misi mpoliecca CXKUTaHUS

TOIUIUBA.

/ A
aex, clex,,s
o
h_ e g
NN
NN
~==C -\))"
EXm KA 5/
i ik AEXnn
/ T e
ACX,,s

£

Puc.6. 3KcepreaneCKaﬂ AnarpamMmma FpacCMaHa AJId Ipoiecca

C:KHT'aHHud ToIlJINBa:
L 1 BHeIIHHWE OTEepH;
NN BHYTpPeHHHE NT0TepH.
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YcTaHOBKA COCTOMT M3 MOAOrpeBaTeneil Tormsa U Bozayxa BII, kamepsr
cxuranus KA u snemenra IIII, rie nporcxoauT HCIIOIB30BaHNAE YKCEPTUU TOILIH -

Ba. B yCTaHOBKY NOCTyNarT MOTOKU TOIUIMBA W BO3[yXa C 3Kceprusimu €X,, u

A€X,,; COOTBETCTBEHHO. B pe3ynbrare mogorpeBa TOIUIMBA M BO3yXa B IMOJOIPe-
Barese BII 3a cuer skceprum mpoaykToB cropanus FE s ux sxceprus Bo3pacTaeT OT
E; no E’;. TIponecc mogorpesa conpoBoxkaaercs norepeit sxcepruu d€X,,; , BbI-
3BaHHOW HEOOPATHMBIM TETUIOOOMEHOM MEXTy TPOYKTaMU CTOPAHHUS, TOTTUBOM
1 Bo3ayxoM. Jlajee moJorpeToe TOILIMBO M BO3ayX ¢ okceprueii E, mocrynaer B
kamepy cropanusi KA, rue ocyiiecTBiasieTcs MpoIece NpeBpaiieHus 3KCeprud To-
IUTMBA M BO3AyXa B MPOIYKTHI CrOpaHUs BBICOKOUM Temmepartypsl. [Iporecc cropa-
HUSI TOIUTMBA B KaMepe CTOpPaHHsS COMPOBOXKIACTCS IOTEpel IKCepruu dexz,,,,.
[ponykrel cropanus ¢ skceprueii F; mocrynaror B aiement I1I1, KOTOpBIM sIBIIS-
eTcs MmaporeHeparop (mapomeperpeBatenb). Ilporecc HMCHONB30BaHUS SKCEPTUU
npoayktoB cropanus E4 B III1 compoBOXaaeTcs >KCEPreTUUYECKUMH MOTEPSIMHU

dex,,, Be3BaHHBIME HeoOpaTHMBIM TemnoooMeHoM. Ocratounas skceprust A€X
YAaCTUYHO HCHOJIB3YETCS ISl MOI0TPeBa TOIUIMBA M BO3JlyXa B TOIJIMBO- U BO3.Y-
XOTO0TpeBaTENAX. DKCEPTHsl BhIOpAachIBaeMbIX B aTMocdepy MpPOAYKTOB Cropa-

Hus €X,,, MCIONB3YETCsS B KOTIAaX-yTuin3aTopax. A€Xyy SBISIETCS MOJE3HO UC-
MOJIb30BAHHOM 3KCEPTUEN MEPErpeToro napa.

3 .

6.1. Dkceprus TomnuBa (kx/M”) ¢ 4OCTATOYHON TOYHOCTBIO AJi MPUOJIH-
EHHBIX TIPAKTUYECKUX PACUETOB MOXKET OBITh MPUHSITA PABHOU TEIIOTE CTOPAHUS
TOIUINBA:

ex,, =0y, 25)

6.2. DKceprus Temia IpOAYKTOB cropanust (kDk/M’) OmpenenseTcs mo
3aBUCUMOCTH
1y
exp=Op | 1= | (26)
meop

rae T, - remneparypa okpyxaromiero Bo3ayxa, K; T - Teopernueckas TeMmepary-
pa ropenus, K.

6.3. [lotepu npu aagunabaTHOM ropeHun (0e3 ydeTa NoTepb SKCEPTUH 3a CUET
TEI1I000MeHa TOIKU C OKPYXKaIoIIei cpenoi), KI[)K/M3,

dexrop = ex,, —exr 27

uii B %:
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ex, ,, —ex
dex rpp = —"——1L.100% . (28)
ex,,
6.4. OnpenensieM YMEHBIICHHE 3KCEPTUH MPOTYKTOB CTOPAHUS (xJK/M°) 3a
CYET TEIJIO0OMEHA B HAarpeBaTebHO-UCIAPUTEIbHON YaCTH:

Ae.X} = 1,293 VF . CF . (tTEOP—fg/X) TO CF hl

- (29)
yX

6.5. [Ipupaiienue 3Kkcepruu B Mpouecce MpeBpalieHrs BOAbl B IEPErPETHIN
nap, KI[)K/M3,
_D h h
Aexpypg. ) (2.2 =hz.8)=To-(Srrr.—Srip )] (30)

rne Sp . Sizp. - yaeabHAs SHTPOIHS NEPerpeToro mnapa M MHTATENbHON BOIBI
COOTBETCTBEHHO, OIPEEAETCS MO TadIulaM TEPMOJANHAMUYECKUX CBOMCTB BO/IbI
u BojsiHorO mapa [3,9], kJ[x/(kr K).

6.6. [loTepst axceprum OT TEMIOOOMEHA MO BOJONApOBOMY TPAKTY, KI[;K/M3 ,

dexH = A@X/F _Aex]IU (31)

wii B %:

/
Aexr —Aex 7. 1100%
ex,, '

6.7. YMeHbIIICHNE dKCEPTUU MPOTYKTOB CTOPAHUS 3a CUET TEII000MEHa B
3
BO3JAyXonojiorpesarene, kK x/m

dex 7 = (32)

T/

Aex =1 293 VF CF (yx — ) TO (33)
yX

3
6.8. YBenuueHue 3Kceprum Bo3ayxa B BO3/lyXonoorpenareie, K »x/m °,

T,
Aexz03=1293 0, V0| Cpog (tgo3—to) ~Tp - Gy In-B93 ?03. (34)
0

6.9. TloTepss skceprum 3a CYET TEIUIOOOMEHAa B BO3YXOIOAOTpEeBaTee,
KI[)K/M3 ,

_ Jl
dex ;,; = Aex. — Aex,,, (35)

uii B %:
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Aex — Aexpo3 100%

ex,,

6.10. CocTtaBUM SKCEPreTUUECKUM OajaHC KOTEIBHOI'O arperara M orpese-
3
JIUM SKCEPTUI0 YXOISIIUX Ta30B, KJK/M™ :

ex,, = Aexyy ;g +dexppp+dexy +dexgpz+exyy, (37
exyy = ex,, —(Aexy; +dexrop+dexy +dexgpz)  (38)

dexppz = (36)

uii B %:

ex
exyy = —2.100% (39)

ex,,

6.11. DkcepreTHyecKuil K.1.J. KOTEJIBHOTO arperara OLEHUM 4YE€pe3 CpeaHe-
TEPMOJIMHAMHYECKYIO TEMIIEPATYPy OpH Tertonoasoe, K:

T = hHH _hH.B.

m : (40)
Si.11.—S1.B.
6.12. DxcepreTuueckuil K.1.J. KOTEJIBHOTO arperara, %o:
6.12.1. C Bo3myxomnoaorpeBarenem
EX QH 11- Ty
NK.A. =TNK.A4." (41)
ex,, T,
6.12.2. be3 Bo3myxonoaorpeBaTens
EX' o (, T
NK.A. —UKA —— | (42)
ex,, T,

6.13. /ImarpaMma MOTOKOB SKCEPTUU KOTEJIBHOIO arperara CTPOUTCS B Mac-
mrade (cM. puc. 6).

7. PACYHET I'A3OTPYBHOI'O KOTIJIA - YTUJIN3ATOPA

KoTbl-yTunu3aTopsl NPUMEHSAIOT JJIsI BHEIIHEN SHEPreTUUECKON yTUIIN3a-
UM TETUIOBBIX OTXOJOB PA3JIMYHBIX TEXHOJOTUYECKUX YCTAaHOBOK, HE HCIOJIb3Ye-
MBIX WJIM YaCTUYHO HCIOJIb3YEMBIX JJI pEreHepalr B TEXHOJIOTUYECKOM MpPO-
necce. XapakTepHOU OTIMYUTEILHON ocoOeHHOocThIO KV sBnsieTcs oTcyTcTBUE Y
HHUX TOIMOYHOI'O0 YCTPOWCTBA IS CKWUTAaHHUS TOIUIMBA. VCMOJIb30BaHME TETIOBBIX
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orxofoB B KVY oOecrneunBaeT mojiydeHUE AOMOTHUTEIBHONW MPOAYKIIMH B BHUJC
HHEPIreTUYECKOI0 MM TEXHOJOTUYECKOTO Mapa, ropsiueil Bo/bl, HEBOASHOTO YHEP-
TF€TUYECKOTO TEIJIOHOCUTEINS U T.I., YTO MPUBOJUT K SKOHOMUU TOILJIMBA HA MPE]-
MIPUSITUU.

INazoTpyOHbie KY mupoko mpuUMEHSIOTCS BO MHOTHUX OTPAacisX MPOMBIIII-
neHHocTd. [IpoaykTel cropanus (OTXOSIIME TEXHOJIOTUYECKHE ra3bl) B 3TUX KY
MPOXOJST BHYTPHU TPYO, pa3MEIlICeHHBIX B BOASTHOM oObeMe OapabaHa. DTU KOTIIbI
HE TpPeOYIOT CleNHalbHOW OOJUIIOBKH, XapaKTEpU3YIOTCS BBICOKOHN Ta30IIO0THO-
CTBIO, MPOCTOTOM M3TOTOBJICHUS, MOHTaXXa, OOCTY>KHUBAaHUS U MMOHWKEHHBIMU Tpe-
OOBaHMAMM K NUTaTEeNbHOU BoJe. ['a30TpyOHbIe KY MMEIOT OTHOCUTENBHO HU3KHIMA
KOA(D(PUIIUEHT UCTIOJIb30BAHUS TETUIOTHI OTXOASIIMX OT TEXHOJOTMYECKUX arpera-
ToB ra3oB (50...60%), HuU3KUI Tmpenen AaBjieHUS BbIpaOATHIBAEMOTO Mapa
(1,5...2,0 MlIla), orpannueHHbld mpomnyck orxoasumx ra3zoB (mo 30...40 Teic.
M°/4). B CBSI3H C 3THM HpHMEHEHHE Ta30TPyOHBIX KOTIOB LEIeco00pasHo s ye-
TaHOBOK HEOOJIBIIIONH MOIITHOCTH.

B 3aBUCUMOCTH OT KOHCTPYKTHBHOTO O(OpPMIIEHHUS Ta30TPyOHBIE KOTJIbI-
YTUJIN3ATOPHI JIETIAT Ha TOPU3OHTATIBHBIE U BEPTUKAIbHBIE.

OcCHOBHbBIE KOHCTPYKTHUBHBIE UM TEXHOJOTHMYECKHUE XaPAKTEPUCTUKHU TOPHU-
30HTAJIbHBIX OJHO- M JIByXOapaOaHHbIX razorpyonsix KY mnpusenenst B [7]. B
MPUIOKEHUHN TMPEICTABIEHbI JaHHBbIE MO Ta30TPYOHBIM KOTJIaM-yTHIH3aTOpaM,
HauOoJiee MIUPOKO MPUMEHsIEMbIM B HedTenepepabarbiBatolied 1 HEPTEXUMUYE-
CKOM MPOMBIILICHHOCTH.

[logoOpaunHublii KoTeN-yTUNM3aTOop, Hampumep, KY-40 (puc.7), padotaer
cieayromuM o0pa3omM. [[pIMOBBIE Ta3bl MOCTYMAIOT MO KaHATy MoJa4yu 7 BO BXOJI-
HYI0 KaMmepy 9, mpeaBapuTEIbHO OMBIBAIOT HApPYXKHYIO MOBEPXHOCTH Maporepe-
rpeBaTess 8, OT/Ial0T YacTh TEIJIa CYXOMY HACBIIIEHHOMY Mapy. 3aTeM MPOXOJST
aeiMorapHeie TpyObl 11, koTopble 3akperieHbl B TpyOHbIX pemetkax 10. Kopmyc
anmnapata 4, aABe TpyOHbIE pELIETKH U JbIMOTapHbIE TpyObl 00pa3yroT OapabaH
KOTJIa-yTHJIM3aTOpa, KyJa MOJaeTcsl NMUTaresibHas Boja. BocnpuHsB TEao oT mo-
BEPXHOCTHU JBIMOTApHBIX TPYyO, BOJa KUIUT MPHU JIABIICHUU U TEMIIEpAType HAChI-
LICHHS U MTPEBPAIIAETCA BO BJIAXKHBIM HACHIIICHHBIN Map. YPOBEHb KUIISIIENH BOIBI
B OapabaHe KOTJIa-yTHUIM3aTOpa MOJJIEPKUBAETCS aBTOoMaTH4yecku. B cemaparope
15 oTaensitoTcs Kariv BJIard U MOJYYEHHBIM CyXON HACHIIIEHHBIN Map mno Tpyoo-
MPOBOJY MOJAETCA B MapoleperpeBaTeib, e €ro Temieparypa mnobiaercs 00-
Jee TeMneparypsl HackimeHus. [IpoayKTsl cropanus U3 JIbIMOTapHBIX TPYO MOCTY-
MalT B BBIXOJHYIO Kamepy 16, riae ouumarTcst OT TBEPbIX BEIIECTB U HAIIPaBIIs-
I0TCSl B IBIMOBYIO TpyOy. {151 ouncTku, ocMOTpa U aBapuiiHOro cOpoca JaBieHUs
MPEeTYyCMOTPEHBI TPA3€BOU 3, CMOTPOBOM 12 JITOKH M MPEeIOXPAHUTEIBHBIN KilanaH
13. Koren-yrunuzaTop ycTaHaBIMBaeTcs Ha (yHIaMEHTE 2, 3aKpervisiercsl aBa-
pUMHBIMU OOJITAMHU.

7.1. BeiOop Tuna kotna. ['a3sl nepen KOTIOM-YTUIN3aTOPOM HMMEIOT HEBBI-

cokyto temmepatrypy I=350-500°C, a aOcooTHOE AaBJICHHE HACHIIIEHHOTO Tapa
cocrasisieT Bcero 0,55...1,4 Mlla. Kak cinenyer u3 [2] m karanora-cipaBOYHHKa
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[7], aTM yclioBHsIM Hanbojee YAOBIETBOPSET ra30TPyOHBIA KOTEN-YTUINU3ATOP C
OOJBIIMM BOJSHBIM 00beMOM. Takol KOTeNl OTIMYaeTcsl MPOCTOTOM 00CIyKHBa-
HUA U O0JBIION HAJEKHOCTHIO.
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Puc. 7. Korea-yrmwiuzarop KY-40:

1-koHM4YecKOe THUIIE IJIS yAaJeHNs 30Jbl; 2- 0eTOHHBIN GyHIaMeHT; 3- rpsA3eBoil JI0K; 4-
KOpIYC; 5- oNOpHBIii y3es; 6- Tpy0a nmogaym NuTaTeIbHON BOABI; 7- KAHAJ MOJA4YH IbIMO-
BBIX I'a30B; 8- maponeperpesareib; 9-Bxoqnas kamepa; 10- TpyOnas pemerka; 11- xpimo-
rapable Tpyosni; 12- cMoTpoBOii JI0K; 13- npeaoxpaHuTeabHbIN Ki1anaH; 14- Tpy6a nogaumn
CYXO0r0 HACBhIIIEeHHOT 0 napa; 15- cemaparop; 16- BbIX0aqHasi KaMepa

7.2. O0BeM NPOAYKTOB CrOpaHUsi NPUHUMAEM COIIACHO pacyeTy M IO pac-

/ /
X0y ra30B 4epe3 KOTeJl-yTUIN3aTOp Vp = Vp -B" v, BBIOMpAaEM KOTEIl-

YTUJIU3ATOP, KOTOPBIA MpeaHa3sHayeH il HedTenepepadaThiBaromed U XUMHUUE-
CKOW oTpaciieil MPOMBIIIJIEHHOCTH, a TaKXe KOJIMYECTBO KOTJIOB-yTHJIM3AaTOPOB,
KOTOpBIE€ BKIIIOYAIOTCS B pabOTy MapaieabHoO.

7.3. OnpenensieM CpPEIHIOK TEMIIEPATYPY MPOAYKTOB CrOpaHUsl B KOTIIE-
YTUJIU3AaTOPE, ’c:

Z‘F _tyx+tyx

— : 43
CP 2 (43)
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7.4. BeimuceiBaeM TemtoGU3NYECKUE CBOWCTBA MPOIYKTOB CTOPAHUS TPH
2
.y u3TalIL:

A " — ko3 puument remtonpooarHoctr, Br/m’C ;
U — k03buIreHT KUHeMaTHIeCKOi BI3KOCTH, M/C ;

C [ - CpenHsas 00BEMHas TEIIOEMKOCTb JIBIMOBBIX ra3oB, KJ/kr K;

Pr — xpurepnii Ipauars.

7.5. BpiOupaeM CKOpOCTh JIBMXKEHHUSI MPOAYKTOB CTOpPaHUSI MO JHIMOBBIM
TpyOam

(06braH0 W = 10-25 M/c?).

7.6. OnpenernseM HEOOXOAUMYIO TUIOMIAb OMEPEUYHOIO0 CEYEHUS JbIMOBBIX
Tpyo, M”:

/
V
Fop ="t (44)
w3600

7.7. Tlpunumaem u3 [7] nuameTp IABIMOTApHBIX TPYO KOTJIa-yTUIM3aTOpA,

TOT/Ia KOJIMYECTBO JILIMOTAPHBIX TPYO OMpeaesieTcs:

 4-F,,
n=——5". (45)

T-d BH
7.8. onyuennoe kommuectso # < H ’ CpaBHUBAEM C BEJIMYUHOU, UMEIO-
HIEHCS B TEXHUYECKOW XapAKTEPUCTUKE KOTENA-yTUIU3aTopa [7], Mpyu HEBBINOJIHE-
HUU YCIIOBHSI HEPABEHCTBA YBEIWYMBAEM CKOPOCTh JIBHXKEHUSI MPOJIYKTOB Cropa-
HUS O JBIMOTapHBIM TpyOaM M pacdeT MOBTOPSiEM 0 COOJIIOJCHUSI YCIOBUU He-

PaBEHCTBA.

7.9. KoadduiueHt TemiooTaaun KOHBEKIIMH OT MPOAYKTOB CrOpaHusi K

CTEHKaM JIbIMOTapHBIX TPYO MpU MPOJIOIBLHOM JABUXKEHUU Ta3za B TpyOax B COOT-
2
BercTBUMU ¢ [8], Br/(M™ K),

0,8
A w-d ’
= B\ . Pp*-Cy-Co. wo)
dpy vr
rae C; u C, - nonpaBouyHbie KOIPPUIUEHTHI;

ap =0,023-

C; = 1,06 - npu OXJIaXKIECHUH Ta30B;

C,=1-npu U/d > 50.

7.10. KoadduuueHt Temionepenadd oT ra3oB K BOJE Yepe3 JBIMOTApHBIC
TpYyOBI, Br/™m? K,
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o
K=—"AX
1+8‘a1{

, (47)

rae &= 0,005 - ko3pduImeHT 3arpsa3HeHust TOBEPXHOCTH HarpeBa (OMbITHAS BEJIU-
yuHa) [8].

7.11. TemnoTa, mepegaHHasi MPOAYKTaAMH CTOPAHHS UCTIAPSIEMOM BOJIC B KOT-
JIe-yTWIM3arope, kBT,

Gr-B' -(t/x—tyx)-cp

0= 3600 ‘ ()

7.12. Metonuka pacueTa CpeAHEUHTETPAIBHON BEJIMYMHBI TEMIIEPATYPHOTO
0
Haropa uznoxena B [1,2,3,4,6]. Benuuuna temneparypHoro Hamnopa (-C) omnpene-
JI€TCsI IO 3aBUCUMOCTH

Ats — Aty
Aty (49)
Aty,

Ipu Atz / At,, = 0,6...1,67 TeMuepaTypHbIii HAaoOp ONpeneiAeTcs Kak
cpeaHeapupMeTHIECKas BETUINHA

AtCP —

In

Atrp = , 50
CP 5 (50)

rne Ats - pasHOCTB TemmepaTyp cpejl Ha TOM KOHIE IIOBEPXHOCTH HArpeBa, Iie

ona mamGomsmas, 'C; At,, - pasHocTb TEMIIepaTyp Cpell Ha APYrOM KOHIIE IO-
BEpPXHOCTH HATPeBa, Ti¢ OHa HamMeHbmast, 'C.

7.13. IIpuHrMas no aHajoruu ¢ [8] morepu Temia KOTJIOM-yTHIIA3aTOPOM B
OKpyXarwulyto cpeay paBHoil 10 %,ompenensemM NOBEPXHOCTh HArpeBa KOTJIa-
YTUJIINU3aTOPA, M

%K VT, = 1=01)-0 (1)
T K Mgy |
7.14. JITMHA ABIMOTAPHEIX TPy (M) BEMACIACTCA 110 3aBHCHMOCTH
-ty
T dcp. n - (52)

7.15. Tlaponpou3BOAUTENBHOCTh (KI/C) KOTJIa-yTUIU3aTOpa OMpEAesieTCs
U3 ypaBHEHUS TEIUIOBOro OanaHca

O=Dyyr. -(h"—hp 5 )+0,10, (53)
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»
re h” - yJelIbHas SHTAJBIIMS CYXOro HACHIIIEHHOTO mapa, KJ[x/Kr; h,,- YAEb-
Hasg SHTAIbNUS NUTaTeAbHON BOIbI, KJ[k/kr; 0,1 - mons morephb Temiaa B OKpPY-

KAOIIYO CpeIy, TOrAa
0-0,1-9

Dgyr. =
W' —
11.B. (54)
t,°C
/
tl A
At
//
A tl
// v
12 Aty
/
t 2
F, e

Puc. 8. Cxema 0THOCHTEJILHOIO ABUKCHUSA CPE€A H UBSMCHCHUA UX
TEMIIEPpaATyp BAOJb MIOBEPXHOCTHU HaArpesa:

t’| — TemmepaTypa AbIMOBBIX I'a30B, BXOASIIIMX B KOTE/I-yTHJIM3AaTOP; t”| — Temnepa-
TYpPa AbIMOBBIX Ia30B; MOKHAKIINX KOTeJ-yTHIN3ATOP; t’, — TeMnepaTypa NuTaTeIbHOI
BOJbI; t”;— TeMIepaTypa HacbIlleHUsI BOJBI IPH JABJCHUH B KOTJIe-yTHJIN3aTOpe

7.16. N3BecTHO [2], 9TO AKCEPreTUUYECKUM K.M.J. TPOTOUYHOTO TEIJI00OMEH-
HUKa (TEIIomaporeHepaTopa) paBEeH OTHOIIEHUIO W3MEHEHHUs JKCEPruu Harpe-
Baroniero (ropsiyero) tena. Torma mpu OTCYTCTBUMU TEIJIOBBIX MOTEPh B KOTIIE-
YTUIN3ATOPE IKCEPreTUYECKUH K.I1.JI. BBIPA3UTCS CIAEAYIONIMM COOTHOILICHUEM:

Dgyr. [(h// —hp B )— Ty - (S// - S8, )J

ex
NKkyr. = ;- (55
/ / Tyx
G[*'B . C["(tyx—tyx)—T()'C["hl
Tyx

3
7.17.1loTepu 3Kcepruu 3a cUeT TEII000MeHa B KOTJe-yTUiIn3arope, K/ x/m",
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Aexg yr. = 2e. (h// - hH.B.)_ Iy ‘(S// - SH-B-)’ (56)

B/
. /!
dex vy = Aex| — Aexy yr | (57)
niu B %:
Aex). — Aex . ,r o
dex . y; = - -100% (58)

m
7.18. DkcepreTudyeckuii 0ajlaHC KOTEJIBHOTO arperara, pabortaromiero 0e3
BO3TyXOIOOTPEBATEIISA, HO C KOTJIIOM-YTHIN3aTOPOM UMEET CICTYIOIIUNA BHT

ex,, = Aex; ;; +dexyop +dexy +dexgr +eXyy (s
OIIPENEIISIEM DKCEPIUI0 YXOASAIIUX Ia30B:
ex,y =ex, _(Aexn. Hdexq pt+dex; + dexK.YT), (60)

nii B %:

ex
exyy = —2.100% 61)
ex ,,

7.19. DOxkcepretuyeckud K.I.J. KOTEJIBHOIO arperata ¢ KOTJIOM-
YTUIN3ATOPOM:

exyy +dex ,p, +dex, 100%
ox . (62)

m

M =| 1

7.20. Tlo pe3ynbTatam pacueToB MPOBOIST aHAIU3 BIMSHUSA dHEprocoepe-
ratoiero ooopynoBanusi Ha 3p(HEKTUBHOCTH U SHEPTrETUUECKOE COBEPIIEHCTBO KO-
TEJIbHON YCTAaHOBKH.

8. TOPEJIOYHBIE YCTPOUCTBA U UX BBIEOP

Coxuranue KHUAKOTO W Ta3000pa3HOTO TOTUIMBA OCYIIECTBISETCS C TIOMO-
IIBI0 YCTPOWCTB, Ha3bIBa€MbIX TopenkamMu. OHH MpeaHA3HAYCHBI JUTsl BBOJA TOTI-
JUBA ¥ OKHCIUTENS (OOBIYHO BO3/yXa) B TI€Yh WJIM TOIKY, CMEIICHUS TTIOTOKOB JI0
HaJaJia TOPEHUS WU B CAMOM TIPOIECCe TOPEHUs U cTabuimu3anuu akena.

KoHCTpyKITHst TOPENOYHBIX YCTPONCTB TOTOK JOKHA OTBEUATh CIIETYIOIIAM
TpeOOBAHUSAM:

- obOecrneunBaTh CTa0WJIBHOE PAaBHOMEPHOE pacHpelelicHue TeIIOBOM

DHEPTUU TI0 30HaM TOIIKH;
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o0ecreynBaTh MOJHOE CKUTaHUE TOIUIMBA JIFOOOr0 COCTaBa;

TOPEHUE JOJKHO ObITh YCTOMYHMBBIM 0€3 OTphIBA IJIAMEHH OT BBIXOJHOM
YacCTHU TOPEIIKH;

UMETh OOJBIIYI0 €IWHUYHYIO TEIUIONPOU3BOAUTEIHLHOCTh, MO3BOJISIO-
IIyI0 B TOIMKE pa3MellaTh OrPaHUYEHHOE YUCIIO TOPEIIOK;

OTJINYATHCSI IPOCTOTON U3TOTOBJIEHUS, COOPKU, MOHTAXKA;

obOecnieurBaTh 3P(HEKTUBHBIM U SKOHOMHYHBIM pacXo]| TOIIMBA, pabdo-
TaTh ¢ MUHUMAaJbHBIM pacxojioM Bo3ayxa (1,05...1,1);

OBbITb KOHCTPYKTHBHO HE€ CJIOKHOW M YAOOHOW AJisI TEXHUYECKOro 00-
CITY)KHUBaHUS;

oOecrieuynBaTh 0€30MaCHOCTh 3KCIUTyaTallUM U PEMOHTA, a TaKXe coxpa-
HATb YACTOTY OKPY>KAIOLIEH CPeIbl U JIp.

[IpumensieMble Ha HEePTEXMMHUYECKUX 3aBOJAX TOPEJIOYHbIE YCTPONCTBA —
koMmOunupoBanubie ropenku (I'Tl), ux TexHudeckue XapakTepUCTHKUA U PUCYHOK
MPEJICTABJIEHBI B IPUIIOKEHUU 4.

AxkycTtudeckue razoBblie ropenku (Al'T) ucnonb3yroTcest 1Jist SHEPreTUUeCKUuX
TOIOK, I MEeYEed MUPOJIU3a YIVIEBOJOPOJHOTO CHIPbS M BBICOKOTEMIIEPATYPHBIX
TpyOuaThix meuei HeTSHBIX TexHoJorudyeckux mpoueccoB. Konctpykmus AIT
pa3paboTaHa Ha MPUHIIMIUAILHO HOBOM TEOPETUUYECKOW OCHOBE C MPUMEHEHUEM
aKyCTUYECKOTO PE30HaHCa, CO3/AI0IIET0 MOUIIHBIM BUXpEBOM 3(DPEeKT cMemeHus
TOIUIMBHOIO Ta3a ¢ aTMOC(HEpPHBIM BO3yXOM. AKYCTHYECKHE TOPENIKU 001aaaroT
PAIOM MPEUMYIIECTB:

BBICOKas TEIJIOMPOU3BOAUTEIBHOCTh TOPEIKH COYETAETCS C pPaBHOMED-
HBIM C)KMTaHHEM Ta3000pa3HOTo TOIJIKMBA J000T0 COCTaBa;

MPOCTOTAa KOHCTPYKIMHK M HEOOJbINas Macca o0JIeTYaloT €€ M3rOTOBIIC-
HUE, MOHTaX, PEMOHT, O0CITy>KHBaHHE;

pPaBHOMEpPHOE H3JIYY€HHE TEIUIOBOM SHEPIHMH B TOIKE CHOCOOCTBYET
YIY4IICHUIO pabodero pexuma, yBeJIMUYeHUI0 MeKPEMOHTHOTO Mpolera;

B pe3yJibTaTe€ BUXPEBOIO CMEIICHUS TOIUIMBHOTO Ta3za ¢ aTMOC(hepHBIM
BO3JyXOM B ropeikax oOpa3yercss OJHOPOJHAs Ta30BO3YIIHAsS CMEChH,
Croparoliasi ¢ MaJibiM U30BITKOM BO3/1yXa;

TOPEJIKH TPUTOAHBI JUIS IOAKIIOUCHHS K aBTOMATHYECKOH CHCTEME
yIIpaBJICHUS TETUIOBBIM MIPOLIECCOM PA0OThI TOMKH;

OosbII0M pecypc padbotsl ropenok (30000 ).

TexHuueckne xapakTepucTHKdA U pucyHOK Al'T mpencraBieHbl B IpUIOkKe-

HUU 4.

9. KOHTPOJIBHBIE BOITPOCHI

1. Yro Ha3pIBaeTCSA TOIIIUBOM?

2. JlaiiTe knaccuuKaInio TOIIUB.

3. KakoB cocTaB )KHUJIKOTO U TBEPAOTO TOILIUBA?

4. JlaliTe TEINIOTEXHUYECKYIO OLIEHKY 3JIEMEHTOB TOILIHBA.
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5. Yrto Ha3bpIBaeTcs OanacToM TOIIMBa?

6. KakoB cocTaB ra3000pa3Horo TOrimBa?

7. JlaiiTe onpeiesIeHUE HA3UIEH U BBICIIEH TETUIOTHI CTOPAHUSL.

8. UTO MOHMMAIOT MO/ YCIOBHBIM TOIIIIMBOM ?

9. UTo Ha3bIBAETCS TOPEHNUEM TOILIUBA?

10. TToHsiTHE MOJIHOTO M HEMOJIHOTO TOPEHUA.

11. Kak omnpenensiercs TEOPETUYECKH HEOOXOAUMOE KOJIMYECTBO BO3qyXa
MPY CTOPAHUH TOILIMBA?

12. Jaiite nonsarue ko3 duiimenta n30bITKa BO3AyXa.

13. KakoBbI COCTaB M KOJWYECTBO MPOAYKTOB CTOPAHUS TOILIABA?

14. Kakum 00pa3oM MOKHO ONPEACIUTh MOJHOTY CTOpaHus TOILJIUBA?

15. [IpuBenuTte KaaccuPUKAIMIO TOMOYHBIX YCTPOUCTB.

16. [lepeuncaure OCHOBHBIE MTOKA3aTEIU PAOOTHI TOTOK.

17. Yto Ha3bpIBaeTCAd KOTEJIbHBIM arperatoM (KOTeabHOM ycTaHoBKo)? Ee
Ha3HA4YCHHUE.

18. Knaccudukanus KOTeIbHBIX arperaTos.

19. O0BsicHUTE TPUHILIMI ASUCTBUS KOTJIA C €CTECTBEHHON IUPKYIIALIUECH.

20. Ins yero npeaHa3HayYeH BOJASIHOM SKOHOMAM3ep?

21. Hanummure ypaBHEHHE TEIJIOBOTO OanaHca KOTelabHOTO arperara. O0b-
SCHUTE, KAKUE COCTABJISIONINE BXOIAT B 3TO YPABHEHUE.

22. Yto Takoe skceprusi?

23. Kak omnpenensaeTcs 3kceprus temnia’?

24. B 4yeM 3aKIIIOYaeTCsd 3KCEPreTUYECKH METOJ TEPMOJIUHAMHUYECKOIO
aHanu3a?

25. YUto Ha3bIBAETCA TEOPETUUECKOW TEMIIEPATYPON TOPEHUS U KAaK €€ MOXK-
HO ONIPENEIINTD?

26. KakoBbl BOIIPOCHI OXpaHbl OKPYXKAKOUIEH CPeAbl IPU CKUTAHUU TOILIH-
Ba?

27. HazoBuTe THUIIBI KOTJIOB, IPUMEHSAEMBIX Ha MPEANpPUATUIX HedTerazo-
BOW MPOMBILLICHHOCTH.

28. Kak pemarorcst BOIPOChl 3KOHOMHH TOILJIMBA B BBIIIOJIHEHHOM 33/1aHUU?

29. Ilonsarue o BTopuuHbIX 3HEepropecypcax (BOP).

30. KakoBbl MyTH CHUKEHHSI DHEPro3aTpar Ha TEIJIOCHAOKEHUE Mpearnpu-
SATUN?

31. HazoBuTE OCHOBHBIE TPYNIIBI BTOPUYHBIX YIHEPTETHUECKUX PECYPCOB.

32. PacckaxuTe 0 COBPEMEHHOM COCTOSIHUHU HcToib3oBaHus BOP B nHedre-
nepepadaThIBaroie U HEPTEXUMUUECKON MTPOMBIIIIJIEHHOCTH.

33. Kakne BOP M0HO MCNOJIB30BaTh NPU IKCILTyaTallul KOTEJIBHOTO arpe-
rara?

34. BpluncieHHEe TEOPETHUYECKH HEOOXOJAMMOI0 KOJIMYECTBA BO3AyXa s
CKUTaHUS TBEPJIOTO U KUJKOrO TOIIIUBA (TI0 CTEXUOMETPUUECKUM YPAaBHEHUSIM ).
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35. Hanucate ypaBHEHHE MO OMNPENEICHUI0 TEOPETHYECKH HEOOXOAUMOTO
KOJIMYECTBA BO3/JyXa JUIsl CHKUTAHUS ra3000pa3HOro TOIUIMBA (C YYETOM CTEXHO-
METPUYECKUX YPaBHEHUH ).

36. Hanucate ypaBHEHHE MO ONPEAECICHUIO HU3IIEH M BBICIIECH TEIUIOTHI
CrOpaHUs.

37. CymHOCTbh HPOLIECCOB €CTECTBEHHOW LUPKYJIAILMU BOJABI U CEMapanuu
BJIard B MapOBOM KOTIIE.

38. Ha3HaueHne W NPUHLMI ACHUCTBUS MapONEPErpeBATENs] U BO3AYXOIO-
JOTpEBATEIIS B KOTEJIIbHOM arperare.

39. Ha3HaueHue W mpuUHLOMN JEUCTBUS BOASHOTO YKOHOMamn3epa B KOTEIb-
HOM arperare.

9. HCCJIEAOBAHUME U AHAJIN3 ITPOLECCA I'OPEHUA
B KOTEJIBHOM AI'PEI'ATE

1.JlononHUB mporpaMmy pacudeTa mpoiecca ropenus Ha IBM, npoananuszu-

pyiiTe Biusinue ko3 duimenTa n3oniTka Bo3ayxa (0 = 1,05-2) Ha TeopeTHuecKyo
TeMIIEpaTypy TOPEHHUS TOIUIMBA, IPUHSB LIAar n3MeHeHus paBHbM 0, 1.

2. Ucnonb3ys 9BM, mpoBoauTe UcCiea0BaHUE MO BIUSHUIO KOdhPuimenta
M30bITKA BO3/lyXa Ha TeMIEpaTypy YXOISIIHUX MPOJAYKTOB CrOpaHUs, U Ha UX DH-
TaJIBITUIO.

3. WUcnonb3yst 9BM, npoBeauTe UCCIEIOBAHUS BIMSHUSL TEMIIEPATypPhl BO3-

nyxa ( tz;= 100-200°C), mogaBaeMoro B KamMepy CropaHus Ha TEPMHUUYECKHU KO-
3 PUIMEHT MOJIE3HOr0 ACHCTBUSI KOTEJIBHOIO arperara, MPUHSB IIar U3MEHEHUs
pasubM 10°C.

4.1lpoaHanu3upyiTe s3KcepreTuieckyro 3(p(HeKTUBHOCTh KOTJIa-yTUIN3AaTOPa
B 3aBUCUMOCTHU OT TEMIIEPATypbl YXOASIIUX MPOJTYKTOB CTOpaHUs WK KO3DPuiu-
eHTa M30bITKa BO3/yxa, NpuMeHuB pacueTsl Ha DBM. IIporpamma pacuera npen-
CTaBJICHA B MPHUJIOKECHUU 7.

BUBJIUOI'PA®UUYECKHI CIIUCOK

1. Kynepman JI.H., PomanoBckuii C.A. BTopuuHble 3HEpropecypchl U SHEp-
FOTEXHOJIOTUYECKOE KOMOWHHMpPOBAaHME B MpoMbIuIeHHOCTH.-KueB.: Briciias
mkoaa. I'onoBHoe u3a-Bo, 1986.

2. Yeuetkun A.B., 3anemoneny H.A. Temnorexuuka.- M.: Brpiciias 1mkosna,
1986.
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3.Anabopckuit A.H., Henyxuit U.H. Tennorexuuka.-Kues.: Briciias miko-
nma. 'onoBHOE M31-BO, 1986.

4. backakoB A.IL., bepr b.B., Butrt O.K. Tenmorexnuka.- M.: DHeprousaar,
1982.

5. JlapukoB H.H. Temnorexnuka.- M.: Crponnszaar, 1985.

6. JbitHepoBckuii FO.M. OCHOBHBIE MPOLIECCHI M anmapaTbl XUMHAYECKOU
TexHoJioruu.- M.: Xumnus, 1983.

7. Kotnbl-yTunuzatopsl sHeprorexnoiorundeckue.- M.: HUWundopmTsxk-
mai, 1973.

8. TemmoBol pacyeT KOTENbHBIX arperatoB. HopmatuBHbBIM MeTOI.- M.:
Ouneprus, 1973.

9. Pukun C.JI., AnekcannpoB A.A. TepMoauHaMHU4eCKUe CBOMCTBA BOABI U
BoisiHOTO Tapa: CripaBo4yHHK.- M.: DHeprouzaat, 1984.

10. Pognatuc K.®@., CokonoBckuil f1.b. CripaBOYHHK O KOTEIbHBIM YCTa-
HOBKaM MaJjioil MpOU3BOAUTEIBHOCTH. - M.: DHeprus, 1975. - 240 c.

11. Terorexanueckuit cnpaBoyHuk. M.: Dueprus, 1975, 1976. -T. 1,2.

12. Tlanun B.M. KotenbHble YyCTaHOBKH MAJIOW M CPEIHEN MOIIHOCTH.-
M.:131-Bo mo CTpOUTENLCTBY, 1964.

13. Hdees JI.B., banaxunueB H.A. KoTenbHble YyCTaHOBKHM U UX OOCITYy>KHBa-
Hue. - M. :Bricmas mkona, 1990.

14. IsoiinumaukoB B.A., JleeB JI.B., N3toMmoB M.A. KoHCcTpyK1Ius U pacuet
KOTJIOB M KOTEJIbHBIX YCTAHOBOK. — M.:Mammunoctpoenue, 1988.

15. by3nukoB E.®., Pognatuc K.®., bep3unbiu 3.4. [IponsBoacTBeHHbIE 1
OTONUTEBHBIE KOTENBHBIE. — M.: DHeprouszaar, 1984.

16.PabunoBuy O.M. COOpHUK 3a7a4 MO TEXHUYECKOW TEPMOJMHAMHUKE. —
M.:Mammnoctpoenue, 1976.

17. Estioxun H.A., Ky3nenosa B.B., MomuanoBa P.A. Tepmoannamuye-
CKMI aHaJIN3 TOTUIMBOCKUTAIOIIUX YCTpoucTB. — Yda: YI'HTY, 1995.

18. EBtioxun H.A., Jlatemos P.I1I. K sneprocoeperaroieil TeXHOIOTUH XU-
MHKO-TEXHOJOTHYECKHX cucTeM: Metonuueckue ykasanus. — Y da: YHU, 1987.

19. Caxun b.C., bynekoB A.Il. DkcepreTndecknii METOA B XUMHUYECKOU
TexHoJioruu. — M.: Xumus, 1992.
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HNPUJIOKEHUA

XAPAKTEPUCTUKHU HEKOTOPBIX I'A30B

IMPUJIOKEHHUE 1
Tabmnuma I11.1

CocTaB ra3on, % 1o oobemy Temtora
Haumeno- CropaHus
BaHHE ra- CyX0ro ra-
30B CcO H, CH4 Csz C2H4 C3H6 C3H8 C4H10 C5H11 HzS 02 N, COZ HzO 3a, 5
M I:x/m
Byrypyc- 0,2 0,0 | 76,7 | 3,5 0,0 4,5 1,7 0,8 0,6 1,0 | 0,0 | 11 0,0 0,0 33,9
JIAHCKHUH
Capartos- 0,2 0,0 |90,0- | 2,0 2,0 1,2 0,7 0.4 0,2 0,000 |33 00 0,0 35,8
CKHH
Mumro- 0,2 0,0 | 93,0 | 2,9 2,0 0,0 0,1 0,0 0,0 00|00 | 1.8 | 0,0 0,0 35,1
MOJILCKHAI
3ananmo- 0,0 0,2 | 92,0 | 3,0 0,7 1,9 0,5 0,3 0,1 0,000 | 1.3 | 00 0,0 36,5
Cuoup-
CKHH
Craspo- 0.1 0,0 | 93,0 | 3,0 2,0 0.4 0,2 0,0 0,0 0,000 | 1.3 | 00 0,0 35,5
MOJILCKHAI
Opendypr- | (,7 1,0 | 91,0 | 04 1,0 3.1 1,9 0,6 0,0 0,000 | 02| 00 0,0 37,9
CKHH
Byxap- 0.4 0,0 | 92,0 | 2,0 0,9 1,2 1,9 0,6 0,1 1,0 | 09 | 0,0 | 0,0 0,0 36,7
CKHi ra3s
Koxcosriii | 6,34 | 55,63 | 22,24 | 0,0 2,63 0,0 0,0 0,0 0,0 039|078 7,32 | 2,24 | 243 16,422
ra3
Tonounwrii | (),( 33 | 153 | 2,0 16,4 4,8 25,0 25,7 4,3 32 10,0 | 0,0 | 0,0 0,0 83,7
ra3z HII3
Kupnprii 0,0 0,0 0,0 0,0 9,6 0,0 48,2 35,1 6,8 0300/ 00 | 00 0,0 102,1
ra3
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IIpoxos:kenue nmpuiaoxenns 1

Tabnuua I11.2

OU3NYECKUE XAPAKTEPUCTUKHU BO31YXA U ABIMOBBIX I'A30B

Temne- Bo3ayx JAbIMOBBIE ra3bl
parypa,
'C v A Cp, | Pr p v } Cp, | Pr p
10°m%/c | 10°Br/m® | KI#/Kr KoM | 108 w¥/e | 10°Br/m® | kI/Kr Kr/m’
C °C C °C
0 13,3 1,006 0,73 1,293 12,2 2,28 1,042 0,72 1,295
100 23,0 3,22 1,009 0,70 0,996 21,5 3,13 1,068 0,69 0,950
200 34,8 3,94 1,029 0,68 1,746 32,8 4,02 1,097 0,67 0,748
300 48,2 4,61 1,047 0,67 0,615 45,8 4,85 1,122 0,65 0,617
400 63,0 5,22 1,068 0,66 0,524 60,4 5,70 1,151 0,64 0,525
500 79,3 5,75 1,099 0.65 0,466 76,3 6,56 1,185 0,63 0,457
600 96,8 6,25 1,114 0,64 0,604 93,6 7,44 1,214 0,62 0,405
700 115,0 6,71 1,125 0,63 0,362 112,0 8,28 1,239 0,61 0,363
800 135,0 7,20 1,156 0,62 0,329 132,0 9,15 1,264 0,60 0,330
900 155,0 7,64 1,172 0,61 0,301 152,0 10,02 1,291 0,59 0,301
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IIpoxos:kenue nmpuiaoxkenns 1

Tao0muma I11.3
CPEJIHUE U30BAPHBIE OB bEMHBIE TEIVIOEMKOCTH
HEKOTOPBIX I'A30B, x/I:x/(m° °C)

,, Cur | Crnz | Cuz | Cu,

t, C Boszayx A3zor Yraekucnasiii | BogsHoit map
0 1,2971 1,2987 1,23398 1,4943
100 1,3004 1,3004 1,7003 1,5052
200 1,3071 1,3038 1,7373 1,5223
300 1,3172 1,3109 1,8627 1,5424
400 1,3289 1,3205 1,9297 1,5654
500 1,3427 1,3322 1,9887 1,5897
600 1,3565 1,3452 2,0411 1,6148
700 1,3708 1,3686 2,0884 1,6412
1400 1,4528 1,4407 2,3136 1,8280
1500 1,4620 1,4499 2,3354 1,8527
1600 1,4708 1,4587 2,3555 1,8761
1700 1,4788 1,4671 2,3743 1,6996
1800 1,4867 1,4746 2,3915 1,9213
1900 1,4939 1,4821 2,4074 1,9423
2000 1,5010 1,4888 2,4221 1,9628
2100 1,5072 1,4955 2,4359 1,9824
2200 1,5135 1,5018 2,4484 2,0009
2300 1,5194 1,5072 2,4602 2,0189
2400 1,5253 1,5127 2,4710 2,0365
2500 1,5303 1,5177 2,4811 2,0528
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IIpoxos:kenue nmpuiaoxkenns 1

Tabnuua I11.4

OCHOBHBIE PACYETHBIE XAPAKTEPUCTUKU KAMEPHbBIX

TOIIOK
IMorepu Termia
HpuHumn Ko dpunuenr oT
KamepHblie Tonku CXKUTaHUS H30bITKA XMMHYECKOM
TOIJINBA BO31yXa HENOJHOTBI
B Tonke, Ol CropaHus,
qs
I'opeaku MoJHOTO
NnpeaIBapUTEJIbLHOI0 KHHeTH4e- 1,05 0,5...1,0
CMelleHHUs CKHii
AtmocdepHbie ropea- | aupPy3non- 1,20 2,5...3,0
KH HbIi
I'opeaku ¢ He3aBep-
HIEHHBIM NpeJIBapu- CMelIaHHbII 1,15 1,0...2,5
TeJIbHbIM CMeIlIeHHEM
KamepHble 119 cKu- CMeNIaHHbINi 1,15 1,5
raHus KUJKUX U ra3o-
00pa3HbIX TOILUIMUB, KHHETHYe- 1,10 0,5...1,0
IKPAHUPOBAHHBIE CKMI

Tabmuua I11.5

IHOTEPHU TEIIJIA HA HAPYKHOE OXVIA’KIAEHUE AT'PEI'ATA B
3JABUCUMOCTHU OT EI'O TAPOITPOU3BO/UTEJIBHOCTH

IMaponpous-

BOJIUTEITh-

HOCTH KoTele- |\ 6,5 | 10,0 | 12,0 | 20,0 | 25,0 | 35,0 | 40,0 | 45,0 | 50,0 | 65,0 | 90,0 | 150
HOT'O arperara,

D,1/4

ITorepu temna

Ha HapYXHOE

OXITaXJIEHNE, 22 | 1.8 1.3 (1211|1009 (085|088 | 0,7 | 0,6
qs,%
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Puc.1. ITapoBoii kores tuna bI'-35-P:

1-kamepHasi Tonka, 2-06apadan, 3-Ko/1eKTOp, 4-010K IKOHOMAali3epoB, S-
BO3/yXOIO/I0rpeBaTelib, 6-maponeperpesaresib

34


http://www.abbyy.com/buy
http://www.abbyy.com/buy

IIpoxosxeHue NpuI0KeHUst 2

Puc.2. /Ipyx0apadannbiii naposoii koresa tuna E (I'M):

1,6-HyKHMI U BePXHUI KOJLJIEKTOPBI, 2-TPyObl TONOYHBIX IKPAHOB, 3-TONOYHAsI KamMe-
pa, 4-00MypoBKa, S-BbIHOCHOM LINKJIOH, 7-0TBOAsIIINE TPYOBI, 8,11-BepXHuii 1 HUKHUI
O0apadanbl, 9-¢pecTon, 10-TpyOBI KOTEILHOIO My4Ka, 12-naponeperpesarens, 13-
IKOHOMAN3ep, 14-Bo3ayxonogorpeBareb, 15-onyckHbie TPyObI
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Puc.3. ITapoBoii kores tuna TII-35-y ¢ miaxTHO-MeJIbHUYHON TOIKOM:

1-6apa0aH, 2-00k0BbIe IKpPaHbl, 3-QPOHTOBOM 3KpPaH, 4-3aAHUI IKPaH, S-0IlyCKHbIE
TPYOBI 1JIsl IUTAHUA IKPAHOB, 6-3MeeBUKH NaponeperpesarTeis, 7-NoBepXHOCTHBIN Me-
POOXJIAIUTE/Ib, 8-BBIXOIHOH KOJJIEKTOP Naponeperpesares, 9-nepsas rpynna 3K0Ho-
Maiizepa, 10-BTOpas rpynmna 3koHoMaiizepa, 11,12-nepBasi u BTOpasi rpynna Bo31yxomno-
porpesareis, 13-so3ayxoBos, 14-x0/101Hasi BOpOHKA TONKH, 15-cenapanuoHHas maxra,
16-B3pbIBHOI KJIanaH, 17-mMeabnnna, 18,19-sepxHue U HHIKHUE HIJIMIBI
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Puc.4. I'opuszonTajabHbIi BOXOTPYOHBIH KoTe 1 cucTembl lllyxoBa-bepiuna:

1-kunATHIbHBIE TPYOBI, 2-T010BKH, 3-0apadaH KoOT/1a, 4-0nyCKHbIE TPYOBI, S-
noxbeMHbIe TPYObl, 6-nuTaTeIbHAsA TPYOa, 7-naponeperpesBare/ib, 8-razoBbie nepero-
PoAKH, 9-3:KeKTOPHOE YCTPOICTBOAJISI BO3BpaTa yHoca, 10-3acioHka apiMoBas, 11-
TONKA ¢ MeXaHN4eCKUM 3a0pacbiBaTesem, 12-xomyT, 13-kpirok, 14-kapkac kot.1a, 15-
BOJOYyKa3aTeJlbHOe CTeKJI0, 16-maHoMmeTp, 17- razoBas neperopoaka
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Puc.S. ITapoBoii kores Tuna bBI'-35 ¢ razomMa3yTHOM TONKOM,
NapoNpoOU3BOAUTEIBLHOCTHIO 35 T/4:

1-razoma3syTHbIe TapeJIKH, 2-3KPAaHUPOBAHHAs TONKA, 3-0apadaH, 4-
naponeperpesare/ib, S-BOAsIHOIM 3KOHOMaii3ep, 6-Tpy04aThIii BO3XyX0noaorpesareib, 7-
Kapkac, 8-00MypoBka, 9-Bogoyka3arejbHbIi npudop, 10-manomerp, 11-kianan npeno-
XpPaHUTEJbHBbIH, 12-B3pbIBHBbIE KIanaHbl, 13-1a3, 14-rasgenka, 15-peryasrop neperpe-

Ba, 16-BbIX0JHOM KOJIEKTOP Naponeperpesareisi, 17-noasoa nuratTeabHON BOAbI
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IIpoxosxeHnue NpuIoKeHUst 2

Puc.6. /[Byx0apa0daHHbIii KOTEJ € ra30Ma3yTHOM TONKOM HA AaBJe-
HUH 2,2 Mna:

1-BepxHmii 0apadan, 2-HukHNH 0apadaH, 3-cCyXonapHuK, 4-nepBblii My4Y0K KHIS-
THJIbHBIX TPYO, S-ppoHTOBOI IKpaH, 6-00K0BbIe IKPaHbI, 7-3a1HMI IKpPaH, 8-
nuTaTeJbHbIe TPYObI GPOHTOBOIO 3KpaHa, 9-nuTaTebHbIC TPYOBI 3aHEr0 M 00KOBBIX
3KpaHoB, 10-nmaponepenyckusie TpyOsbl, 11-nmaponposon, 12-ko/11eKTOPHI Naponeperpe-
BarteJs, 13-3MeeBMKH naponeperpesares, 14-nperoxpanuTeJbHbIN KJIanaH, 15-
BOJOYKa3aTeJbHbIil Npudop, 16-manomerp, 17-3an10pHBIH NUTETEJbHBINH K1anaH, 18-
o0paTHBI NUTATEJNbHBIH KJIanaH, 19-B3pbIBKOi Ki1anaH, 20-1a3, 21-rasjaenka, 22-
MeCTO YCTAHOBOK I'a30Ma3yTHBIX F'OPeJIOK, 23-ra30Bble NleperopoaKu

39


http://www.abbyy.com/buy
http://www.abbyy.com/buy

IIpoxosrikeHue MPUIIOKEHUA 2
Tabmnura [12.1.

OCHOBHBIE XAPAKTEPUCTUKH ITAPOBbBIX KOTJIOB

CPEJJHEH MOIIHOCTH
IHaponpo- | JaBiaenue | Temnepa- | Bup cxu- Temme-
No Tun KoTaa M3BOIH- napa, Typa na- raemMoro parypa
i} TeJb- MIla pa, °C TOILINBA nuTa-

HOCTDb, T/4 TeJbHOM

Boabl, "C
1 E-35-I'M 35/40 4,0 440 lNaz/mazyt 145
2 E-50-1,4I'M 50 1,4 440 ras 100
3 E-50-4,0I'M 50 4,0 440 lNaz/mazyt 145
4 E-75-3,9TM 75 4,0 440 lNaz/mazyr 145
5 TII-20-Y 20 3,9 440 ras 100
6 TII-35-Y 35 3,9 440 lNaz/mazyr 90
7 BM--35 35 3,9 440 Masyt/ra3 110
8 bI'-35 35 3,9 440 ras 100
9 I'M-50-1 50 3,9 440 ras 110
10 bI'-35-P 45 3,9 440 ras 110
11 b-25-TM 25 2,2 350 lNaz/mazyt 90

12 JIByx0apa- 25-50 2,2-4,4 | 350-550 | l'az/mazyr | 90-140

O6annbiii ['M
13 [lyxoBa- 30 1,3 350 ["az/ma3yT 80
bepnunra
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HHPUJIOKEHUE 3

TEXHUYECKHUE XAPAKTEPUCTUKU I'A3OTPYBHBIX 'OPU30OHTAJIBHbBIX
KOTJIOB-YTHJ/IN3ATOPOB

Taoauua I13.1

Tun KY KVY-16 KY-40 |I'-445b | I'-250 | I'-105/3006T | 1-420 | I'-4206I13 | I'-950 | I'-3306U | I'-1030b
[TaponrpousBOAUTEB- 1,6-2,0 7,4 4,8 3,2 7,6 1,0 25 5,9 9,5 31
HOCTB,T/4
JlaBnenue mapa, MIla 0,9-1,4 | 09-14 1,4 1,4 0,5 0,5 1,5 0,5 1,4 1,4
Temmepatypa ra3oB Ha 600 600 1200 600 1285 280 900 287 1200 1200
Bxoze, 10 °C
Pacxon razos uepes koren | 16000 | 40000 | 25000 | 16000 74000 72600 56200 | 2190 | 15000 | 50000
, HM /4 0
TemnepaTypa nutareib- 50 50 50 60 65 90 100 40 100 90
HoM Boapbl, °C
[ToBepxHOCTH Harpesa, M
[TaponieperpeBarens 7,2 18,0 - - - - 5.7 - - -
HcnapurenbHoil yacTu 275 485 445 250 105 210 420 475 330 1030
Yucno aeiMorapusix Tpyo, | 239 438 648 500 212 1044 790 1600 648 1032
T
Hapy:xHbiil nuameTp abl- 0,06 0,06 0,05 0,05 0,05 0,032 0,05 0,032 | 0,05 0,05
MOTapHbIX TPYO, M
Buaytpennuit nuamerp 0,054 0,054 | 0,044 | 0,044 0,044 0,028 0,044 | 0,028 | 0,044 0,044
JILIMOTApHBIX TPYO, M
JInvHa qbIMOTapHBIX 6,5 6,5 4,96 3,61 3,61 4,96 3,61 8,1 3,4 7,3

TpyO, M
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Hp OJOJIZKEHHUE ITPUITOKCHUA 3

Puc.1. Korea-yruiamsarop tuna KYI'-66:

1-nbIMOrapHbIe TPYOBI, 2-3KOHOMAN3ephl, 3,4-BX0AHAS 1 BBIXOHAS ra30BbIe KaMephbl,
S-nmaponeperpesareJib, 6-ra3zoxos
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HpOIlO.]I)KeHI/Ie NMPAJTO0KCHUSA 3
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Puc. 2. Korea-yruiausarop I'-1030b:

1-BepxHss razoBas Kamepa, 2-HWKHUH O0apa0an, 3-BepxHuii 0apadan, 4-cenapanMoHHoOe
YCTPOMCTBO, S-IbIMOrapHbie TPyObI,
6-BbIXO1Has1 KaMepa
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Puc.3. Korea-yruiausarop I'-420:

1-BxoaHast razoBasi Kamepa, 2,5-pa3aeJiMTe/bHbIC Ieperopoaku, 3-6apadan, 4-
AbIMOTapHble TPYObl, 6-BBIX0AHAS ra30Bas KaMmepa

44


http://www.abbyy.com/buy
http://www.abbyy.com/buy

IIpoxosnxenue npusioxkenus 3

Puc.4. Korea-yruiausarop I'-950:

1-BxoaHast kamepa, 2-AbIMOrapHbie TPyObl, 3-HcNIapuTeIbHbINH Oapadan, 4-
cenapanuoHHoOe YCTPOCTBO, S-BBIX0IHAA KaMepa
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Puc.5. Korea-yruiamusarop I'-330bH1:

1-BxoaHasi razoBasi Kamepa, 2-HUkHHMI OapabaH, 3-BepxHuii 6apadaH, 4-cenapanuoOHHOe
YCTPONCTBO, S-IbIMOrapHbie TPyObl, 6-BbIX0AHAA Ia30Basi KaMepa, 7-npeABKJII0YeHHAs!
HCIapHuTeJbHasi IOBEPXHOCTh

46


http://www.abbyy.com/buy
http://www.abbyy.com/buy

4 O gad S el
| adi Dvghpod,

B30

bl |

L'’

Puc. 6. Korea-yruiausarop I'-420BI19:

1-razoTpy0Hasi NOBEePXHOCTH HAIrpeBa, 2-HMKHUI 6apadaH, 3-BX0AHasA ra3oBas KaMepa.
4-noBopoTHAas ra3oBasi Kamepa, S-BbIX0HAasl ra3oBasi Kamepa, 6-Bepxuuii 6apadan, 7-
naponeperpesare/ib, 8-3MeeBHKH Il pa3orpesa MeTaJluia IOBOPOTHOM U BBIXOHOM ra-
30BBbIX Kamep
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Puc.7. Korea-yruauszarop I'-105/300B6T:

1-ropesiouHoe yCTpPOICTBO, 2-TONOYHAasI Kamepa, 3,7-Tpyd4uaThie MOBEPXHOCTH HATPEBa,
4- napocOOpHHK, S-IpOMeKYTOYHAasi Fa30Basi KaMepa, 6-mryuep, 8-BbIxoaqHast razoBasi


http://www.abbyy.com/buy
http://www.abbyy.com/buy

NPUJIOKEHUE 4
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Puc. 1 I'opeaka Tuna

|
%ﬂmdyr
I

1-ra3oBblil KOJLIIEKTOP, 2- KOPIYC, 3- perucTp, 4- BO3AYUIHBIA 3aBUXPUTENb, 5- BO31yX0-
BOJ, 6- ¢popcyHka, 7- mubep, 8- cektop, 9- razonoaBoasas Tpyda

Tabmnuia [14.1.
TEXHUYECKAS XAPAKTEPUCTUKA I'OPEJIOK TUITIA T'TI

XapakTepucTuKka I'opeaka
I'1-1 I'T1-2

Tenmopas MolIHOCTh, MBT 1,91 2.4
IIpon3BOIUTENBHOCTD:
Ha KHUIKOM TOILIMBE, KI/4 480 216
Ha rase, M°/4 210 250
JlaBienue nepen ropenkoii, MIla 0,47 0,38
JlaBiieHue B kamepe cropanus, Ila 510 150
Temmeparypa niepes ropeskoit, °C
Masyra 120 120
I'aza 250 250
VY nenbHbli pacxo Mapa Ha paclbUICHUE TOILIUBA,
KI/KT 0,17 0,2
Kosdduument u3bdpiTka Bo3ayxa npu padbote
Ha ma3zyre 1,1 1,1
Ha rase 1,07 1,08
Macca, kr 73 73
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Puc.2. AkycTnueckas razosas ropejka tuna AI'T:

1-peryaunpyouuii 1ucK, 2-Kopnyc, 3-1ITOK, 4-CTOlKA, S-pe30HATOpP, 6-HAKNMHAS BTYJI-
Kka, 7,13-raiikm, 8-60Jt, 9-BTy/IKa HanpaBaswias, 10-rpasepca, 11-caJbHUKOBas Ha-
O0uBKa,12-razoBblii 0TBOJ, 14-pyKosiTKa.

Ta6muma 114.2.
TEXHUYECKAS XAPAKTEPUCTUKA AKYCTUHYECKHUX I'A30OBbIX
I'OPEJIOK AI'T
XapaKTepuCcTHKA AIT-1 AIT-2 AIT-3 AI'T-4
TemnoBast MomHOCTB, KBT | 10 2970 464-1392 185-557 92-278
Pacxop TommmBHOrO rasa,
M/g 100-320 50-150 20-60 10-30
JlaBneHME TOILIMBHOIO
raza, klla 50-300 50-300 50-300 50-300
Kospunment nzdbiTka
BO3JyXa 1,03-1,05 1,08 1,05 1,05
Macca ropenku,kr 6 4,2 3,5 2,8
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Puc.1. HHlIupmoBslii naponeperpesareib (ILMPpMa):

1-cpennue TpyObI IIMPMBI, 2-00BsI3049HbIe TPYObI, 3-1MCTAHIMOHUPYIOIIME IJIAHKH, 4,5-
BXO/HOH M BBIXOJHOH KOJIEKTOPBI, 6-cBsI3yromue TpyobI
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Puc.2. ITaponeperpesBare)ib ¢ BepTUKAJIbHBIMY TPYOaMHu (2) IPH KOPUIOP-
HOM MJIM HIAXMATHOM MX PacloJIOKeHUM:

1-nucTaHIMOHUpYOLHe rpedeHkH, 2,4-Tpy0bl BepTHKAJBHOIO0 M MOTOJI0YHOI0 NapoIe-
perpesareiisi, 3-ck00a MOABECKH, S-0aJIKH NMOTOJOYHOI0 NEPEKPHITHS, 6-KOJJIEKTOPHI,
7-ANCTAHIHOHMPYIOIIHE HAKIAIKHA
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Ipoxo/kenne NPUIOKEHUS S

Puc.3. 'opuzoHTabHBII aponeperpeBaTeib:

1-onopHblie 0aaku, 2-Tpy0bl, 3-CTOMKH

[TaponeperpeBaTeny yCTaHABIMBAIOT B 30HE BBICOKOW TEMIIEpATYphl ra-
30B, 4YTOOBI 00ECTIEYUTh HaOOJIee BEICOKUE BBIXOJIHBIE TeMIepaTyphl napa. Ilo-
ATOMY OHHM pabOTalOT B TSKENBIX YCIOBUAX. B 3aBUCUMOCTH OT MeCTa yCTaHOB-
KM TaporeperpeBaTesii MOTyT ObITh MOJypagualliOHHBIMA U KOHBEKTUBHBIMH.
[Ipu paboTe KOTIOB TeMIEpATypa ra3oB M0 CEYEHHUIO ra30Xxoa OObIYHO HEPAB-
HOMEpHA, a CJIeIOBATENIbHO, TEMIIEpaTypa Mnapa Mo OTAeIbHbBIM 3MEEBHKaM, Ha-
XOJIAIIMUXCA B Pa3HbIX 30HAX, MOXKET CHJIBHO OTIMYATHCSA. UTOOBI YyMEHBUIUTH
MeperpeB OTJEIbHBIX 3MEEBUKOB, MPUMEHSIOT MHOTOCTYIEHYAThIE Mapomnepe-
rpeBaTeIu C MEPEMEIIMBAHUEM CPEJbl B KOJUIEKTOPAX MOCIE KaXA0W CTyNeHU U
NEPEKPECTHBIMHU ITEpeOpOcaMu Napa U3 OJHOM 30HBI 000rpeBa B APYrylo.
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Puc.1. Boasinoii 3xoHOMaii3ep 3MeeBUKOBBIM:

1-HMKHUH BXOJHOH KOJJIEKTOP, 2-BepXHMil BLIXOJHOH KOJLJIEKTOP, 3-3MeeBUKH,
4-onopHbIe CTOHKH CMEeeBHKA, S-0MopHasi 6ajKa ¢ BO3IYLIHBbIM OXJIaKIeHHeM, 6-cimyck
BOJbI, 7-00MypOBKa
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Puc.2.Yyryuunslii peOpucThiii 3koHOMai3ep BTU:

a) o01mii Buj, 0) pedpucTbie TPYObI
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Puc.3. TpyOouaTslii BO31yXonoaorpeBare/ib ABYyXIOTOYHBINM:

1-cexnms TPyO04aTOro BO31yXonoaorpeBareJisi, 2-nepenycKHoi kopoo, 3-
00MypoBKa, 4-KOJIOHHBI KapKaca
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Puc.4. TpyOuaTslii BO31yXonoaorpesareib 0JHONOTOYHbIN:

1-TpyOKu, 2-TpyOHBIE 10CKH, 3-NIepenyCKHbIe KOPo0a /sl BO3AyXa, 4-JII0K s
Jiaza, S-KoMIneHcaTop, 6-onopa 11 BO31yX0N00rpeBaTeJist
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HNPUJIOKEHUE 7

ITPOIT'PAMMA PACYETA ITPOLIECCA T'OPEHUSI HA SI3BIKE
"BEUMCHUK"

6 REM

7 GOSUB 300

10 PRINT" BBEJIUTE KOMITAHEHTHI I'A30BOIl CMECH'
15 PRINT" COAEPXXAHUE KOMITAHEHTOB, %'

20 INPUT" CO, H2, CH4 "'CO,H2,Cl

25 INPUT" C2H2, C2H4,C3H6 "C2CH3C4

30 INPUT" C3HS, C4H10, C5HI1 "C5,C6,C7

35 INPUT" H2S, 02, N2 "S202N2

40 INPUT" CO2, H20 "C,0

45 INPUT" BJTIATOCOJEPXXAHUE, I'/M3 "D

50 INPUT KOOOOUIMEHT U3bLITKA BO3AYXA A
52 PRINT

55 PRINT" ========HCXOIHbLIE TAHHDLIE

60 PRINT"

63 PRINT!3.3!

65 PRINT" BJIATOCOHEPXXAHMUE, I'/M3 ........... ‘D

70 PRINT' KOOOOUIMEHT U3EbITKA BO3AVXA ..... ‘D
75 PRINT' COHEP’)KAHUE KOMITAHEHTOB CMECH, %'
78 PRINT!3.2!

80 PRINT" CO .... "CHO: PRINT" H2 .... "H2

85 PRINT" CH4 ... "C1: PRINT  C2H2 .. 'C2

90 PRINT" C2H4 .. 'CH3: PRINT  C3H6 .. 'C4

95 PRINT" C3H8 .. "CHS: PRINT" C6H10. "C6

100 PRINT" C5HI11. "C7: PRINT" H2S ... 'S

105 PRINT" O2 .... "O2: PRINT  NH2 .... 'N2

110 LETV0=0.476*(0.5*(CO+H2)+2*C1+2.5*C2+3*C3+H4.5*C4)
115 LETV0=V0+0.0476*(5*C5+.5*C6+7.75*C7+1.5*S+0)
120

LETV1=0.01*(CO+C1+2*C2+2*C34+3*C4+3*C5+4*C6+5*C7+S5+C)

125 LETV2=0.79V0+N2/100

130 LETV3=0.01*(H2+2*C1+C2+2*C3+3*C4+4*C5+5*C6+5.5*C7+S)
135 LETV3 =V3+0.01 *0.124*D+0.01*A*V0

140 LETV4=(A-1)*V0: LETV5=V1+V2+V3+V4

145 LETP=0.01*(1.96*C+111.59S+111.25*N2+1.43*02+1.25*CO)

150 LETP=P+HO0.01*(0.089*H2+0.72*C1+1.264*C2+H1.25*C3)
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Ipoxoikenue npuroKeHus 7

155 LETP=P+0.01*(1.884*C4+2.076*C5+2.04N*C6+3.18*C7)

160 LETM=P+D/1000+1.30*A*VO

15 LETQ=127.7*CO+108*H2+358 *CHI1+555*C2+590*C3+636C4
170 LETQ=Q+913*C5+1185*C6+1465*C7+934*S

175 PRINT: PRINT: PRINT

180 PRINT ========= PE3VJIbTATbI PACHETA
182 PRINT

185 REM

190 REM IIEYATD PE3YJIbTATOB
195 REM

H197 PRINT!F1.3! 5
200 PRINT TEOPETUYECKMU OBbEM BO3IYXA, M3/M3 ... "VO

205 PRINT'OBBEM 3-X ATOMHBIX 'A30B, M3/M3 ....... V1
210 PRINT'OBBEM A30TA, M3/M3 ......ccceeuuens V2

215 PRINT'OFBEM BOJAAHBIX ITAPOB,M3/M3 ............ V3
220 PRINT'OBBEM BO3JIYXAM3/M3 ......cc.cenee. V4

225 PRINT'OBBEM ITPOAYKTOB CI'OPAHUAM3/M3 ....... V5
230 PRINT TIJIOTHOCTb I'A3OB,KI'/M3 ................ P

235 PRINT'MACCA TTPOAYKTOB CI'OPAHUA, KI'/M3 ...... N'M
240 PRINT TEIIUVIOTA CI'OPAHUA, JUK/M3 .............. Q

245 PRINT#HO

250 STOP

255 END

300 INPUT'BAM HY>KHA PACUYETKA PE3VIJIbTATOB (JA-1,HET-

305 IF J=0 GOTO 350

310 PRINT#0

315 FOR I=1 TO 30: PRINT: NEXT I

320 PRINT'BAM HEOBXOJMMO HABPATH KOMAHAY - 52

PRINT#1 .°

325 PRINT'HAXKMUTE KJIABUIITY ?TIC? WJIU ?B1?. TIOJAUTE"
330 PRINT' KOMAHAY GOTO 350. HA’KMUTE KJIABUILLY ?TIC?”
335 PRINT WJIA ?BKT?

340 STOP

350 RETURN

360 END
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COJIEP’KAHUE

Beenenne

1. O0mue cBeeHUs O KOTEJbHBIX YCTAHOBKAX U O MAPOBBIX KOTIIAX
2. ConepxaHue KypcoBoil pabOThI

3. MeTtonnueckue ykazaHus

4. VcxongHble TaHHBIE K 3aIaHUIO

5. Pacyer KOTenpHOTO arperara

5.1. Pacuet npouecca ropeHust TOInBa

5.2. TennoBoii 0anaHCc KOTEJIBHOTO arperara

6. YTIpoIIeHHBIN dKCEPreTUUECKUM OamaHC KOTEIBHOTO arperara
7. PacyeT ra3oTpyOHOT0 KOTa-yTUIN3aTOpa

8.I'openounbie ycTpoiCcTBa U X BHIOOP

9.KOHTpOIBHBIE BOIPOCHI
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24

10.MccnenoBanue u aHanu3 npolecca rOpeHusi B KOTEIbHOM arperare 26
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[Tpunoxenne 1
[Tpunoxenne 2
[Tpunoxenne 3
[Tpunoxenue 4
[Tpunoxenne 5
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[Tpunoxenne 7
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