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NPEAUCIHOBHUE

XXVI cwe3n KIICC ewe pas aKueHTHpOBaJ BHHMaHHe
Ha HeOGXOAMMOCTb AanbHefillell BCeMEPHOH 3KOHOMHH TOI-
JuBa d 3Heprun. B «OcHOBHBIX HampaBJieHHAX 3KOHOMHUYE-
ckoro u coudanbHoro pa3sutuss CCCP na 1981—1985 roaut
n Ha nepuon o 1990 romas», mpuuateix XXVI cbesmom
napTHM, NOCTaBjeHa 3ajaya obecreyeHHs [aJbHeHLIEro
Pa3BHTHS LEHTPAJH30BAHHOTO TEIVIOCHAGXeHHS NOTpPeGH-
TeJleil, cTpouTeabcTBa Hapaay ¢ TOLl KpymHBIX paiOHHBIX
KOTeJbHbIX, JaJbHEHIUEro CHHXEHHS YyJAeNbHBIX PacxoJ0B
HCKOMTaeMOTO TOTIHBA H Ce6eCTOMMOCTH TEMIOBOH H 3JEKT-
puuyeckoii sHepruH. OcoGeHHO aKTyasbHO# siBAsieTcS 3aja-
Ya 3aMellleHHsl YaCTH HCKOMaeMoro TOMJIHBA MPH BbIpaGOTKe
HU3KOMOTEHUHAJbHOI TEIJIOTE Al TEeNmJ0oCHaGXKeHHst TOpo-
JIOB TOPIOYHMH OTXOJaMH.

ITocranosnennem LIK KIICC u CoBera Munucrpos
CCCP 00 yayyLleHHH MJaHHPOBAHHA H YCOBEpILEHCTBOBA-
HHH XO3SIHCTBEHHOrO MeXaHH3Ma IpeAycMOTpeHa pa3pabor-
Ka KOMIIEKCHOH IPOrpaMMbl 5KOHOMHH TOMNJIMBA Ha Mepcrek-
THBY. B pesynbrare Hcnonb3oBaHHS TBepAbIX OLITOBBIX OT-
xofoB (TBO) B HapoaHoM XO3sIHCTBe CTpatbl, NPEeLYCMOT-
pensoro nocranossienHeM LIK KIICC u CoBera Munuctpos
CCCP «0O6 ycusienuH oxpaHbl MNpUpOAbl H YJAYYLIEHHH HC-
MO/Nb30BAHHA TPUPOAHBIX PeCcypcoB», pellalTcs OAHOBpe-
MEHHO JBe BaxKHeflluHe 3aJayH — JHKBHAAUHMA CBaJOK
BOJMIH3H CeNHTEGHbIX TEPPHTOPHI H YCTpaHeHHe HCTOYHHKOB
Cepbe3HOT0 3arpsi3HeHHs MOJPYCJAOBLIX BOA H aTMoOc(ephi,
a Takxe pa3MHOXKeHNS1 GOJIe3HeTBOPHbIX OaKTepHH H TphI-
3yHoB. TeM caMbiM [OCTHraeTcs 3HaYHTe/bHBIA 3ddekt no
YCHJIEHHIO OXpaHbl IPHPOALI B Hallel CTpaHe.

" Bmecre ¢ TeM ucnosb3oBaHue TBO B kauecTBe TonJuBa
OJ KOTJIAMH CHellHajJbHbIX YTHAH3AUHOHHBIX YCTaHOBOK
ofecneyuBaeT 3KOHOMHIO He TOJbKO KOTEJIbHOTO TOMJIHBA
(yrasi, ma3yTa, rasa), HO Takxe OeH3HHA HJH AU3eJbHOTO
TOIJINBA, B CBSA3M C T€M YTO pacloNoXKeHHe TaKHX YTHJIH3a-
ILHOHHBIX YCTAHOBOK B YepTe ropoja No3poJsier B 2—3 pasa
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COKpaTHTb meyo BhiBo3a TDO mno cpaBunenuio ¢ mieuom
HX BbIBO3a Ha CBAJIKH.

BaxHbIM B Hese HCMOb30BalMS MPHPOMHLIX pecypcob
fABJICTCA TaKXe TO, YTO npH cxkurauay TbO B Tonkax ytu-
JIU3ALHOHHBIX YCTAHOBOK M3 l1aKa OTOHpAEeTCs YepHbIH Me-
TaJlJ, UCNOJIb3YeMblli JJIs1 JaJibHelillelf nepepaGOTKH, MpH
3TOM CaM LIVIaK MOXKeT ObITb HCNOJNb30BaH B CTPOUTENbCTBE.
Heobxonumas 1yl cOOpyXeHHsl YTHIH3aUHOHHON YCTAHOB-
KH TEPPHTOPHS coCTaBJiAeT npuMepHo Juwb 109% To#, Ko-
TOpasi norpe6oBasach Obl J/17 3aXOPOHEHHS OTXOAOB Ha
CBajiKax, Onarojapss ueMy GoJbliHe TepPUTOPHH 3€MJIH
COXpaHSIOTCA AJISL HCIOJNb30BAHHA MO Ha3HAaYEHMIO.

Bonmpocamn pa3spaGoTKH NPOEKTOB YTHJAH3aLHOHHbBIX
YCTaHOBOK AJst HcnoJb3oBaHusa TBO B kauecTBe TomsnBa
B CHCTeMaxX 3HeprocHabKeHHs TOpOAOB 3aHHUMaeTcsi B Ha-
el CTpaHe MOKa ellie Y3KHil KPYTr CHeLHaJHCTOB-3HEpreTH-
KOB. DTH paGoThl B MOCJeJHHE TOAbl BEAYTCS B WHHCTHTY-
Te «l'unpokoMMmyHsHepro» MHUHHCTEPCTBA MKHJIMIIHO-KOM-
MyHaJgbpHoro xossiicrea PC®CP nogx pykoBoacTBom aBTOpa
M NpH yyacTHH AKaJeMHH KOMMYHAJbHOTO XO3siCTBa
um. K. II. IlampunoBa, a Takxke B uHcTHTyTe «Temnompo-
eKT» M JAPYIHX OpraHH3auHusx. B npeasaraemoill kHure us-
JIOXKeH 3apy6exkHbIl H OTeYeCTBEHHBIH ONLIT CO3[aHHST OC-
HOBHOTO H BCNOMOTaTeJbHOro OOGOPYAOBAHMS MJSI HCMOJb-
sopanuss TBO B 3HepreTHKe, HaKOMJEHHBII HHCTHTYIOM
«'HnpokoMMyH3Hepro», a TaKXe INpPHBEAEHBl XapaKTe-
DHCTHKH TBepIAblX OBITOBBIX OTXOAOB KaK CBOe0GpPa3HOTO
BHjla TOMJIMBA W NYyTH €ro HCnoJab3oBanus. M3-3a He6oJib-
Ioro o6beMa KHMIH NMPHLJIOCh OTKA3aTbCHl OT H3JOXKEeHUSt
B Hell XapakTepHCTHK OGBIYHBIX BHAOB TOILIHBA H HOpMa-
THBHBIX MaTepHaJ/IOB MO pacyeTaM TOMOYHbLIX YCTPOHCTB H
KOTNOB [cM., wHanpumep, «TennoBoii pacueT KOTeNbHbBIX
arperaTtoB (HOpMaTHBHBIII MeToa)». — M.: Dueprus, 1973].
B KHHre paccMOTpeHbl CXeMbl YCTAHOBOK /ISl CXKHIaHHS
TBO c¢ ucnonb3oBauHeM MoJyueHHOH TEMIOTHI, KOHCTPYKIHH
CMeLHaNbHbIX TOMOUHLIX YCTPOMCTB M KOTJOB-YTHJIH3aTOPOB
C HMX BCOMoOrarteJbHbIM 060pyJOBaHHEM, B YAaCTHOCTH,
s OYHCTKH YXOASiLIMX ra3oB mepej MX BulGPOCOM B art-
mocoepy.

YuutbiBasi HHTepec, NPOABJSEMbli MHOTHMH MPOEKTHBI-
MH H 3KCMJyaTallHOHHBIMH OpTaHH3aLHUAMH K HCIOJb30Ba-
uHio TBO B kauecTBe TONAHBA, B KHHre H3JIOXKE€HA METOMIH-
Ka c60pa U NMOATOTOBKH HCXOAHBIX JAHHBIX M MPOEKTHPO-
BaHHS YTHJAH3aUHOHIBIX YCTAHOBOK, @ TaKikKe PacCMOTPeHb
4
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TEMJIOBble CXeMBl TAKHX YCTAHOBOK H HX BK/IOUeHHs B CH-
CTeMbl TemJIOCHA0KEHHST TOPOJOB.

OnucbiBaeTcss MeTOAHKA TEXHHKO-9KOHOMHUYECKHX pacue-
TOB, 00OCHOBbIBAOILHX IenecooGpa3HocTh cxkuranus TBO
B KauecTBe TOIJIHBA, H3J1araiTcsi 0COOEHHOCTH KOMIOHOBKH
ClelHaibHOro o0OPYAOBAHHA YTHJIH3AIMHOHHBIX YCTaHOBOK.

Kuura sBasieTcd oOJHOH H3 MepBHIX B JAaHHOW o6JjacTH,
n03TOMYy, 6e3yC/J0BHO, He JIHIIEHAa HeJOCTaTKOB, H aBTOp
3apaHee OmarofapeH BCeM, KTO MNpHILJET CBOM 3aMeuaHHs,
BOMpOCH M moxenaHus no azapecy: 113114, Mocksa, Laio-
3oBas Hab., 10, Dueprounsaar.
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BBEJLEHHE

TepmuHOM <«TBepjible GHLITOBbIE OTXOABI> B KHHUTe 060-
3HauyaeTca OBLITOBOH MYCOp, KOTOpHIA 3a HeHag0GHOCTbIO
BbIOpacbiBaeTcsl HaceJleHHEeM TOPOJIOB H MOCEJKOB FOPOACKO-
rO THIA H3 XWJIbIX U OOLIECTBEHHBIX 3JaHUM, a Takke U3
pPa3/IHYHBIX COOPYKEHHH HEeNpPOH3BOJACTBEHHOrO Ha3HaueHHS.
DTOT Mycop 10 CHX NOp, KaK NMpPaBHJIO, BHIBO3HTCA Ha ro-
pPOACKHe cBaJKH. B Hero He BKJIOYAIOTCS Takue GbITOBBIE
OTXOAbl, KaK ocaikH, o6pasywuiuecss npu o6paGorke cTou-
HBIX BOJ M3 CHCTEM KaHaJj{3alHH, a TaKxKe OTXOMbl, Tpelby-
IollHe crennanbHoli 06paboTku (6OJMbHHUL, POAHJBHBLIX [JO-
MOB, CKOTOGOeH H T. .). BMecTe ¢ TeM B COCTaB TBepAbIK
ObITOBLIX OTXOAOB NPHHATO BKJAIOYATh' TaKkKe CMeT YJHL H
OTXO[bl CafioBO-MAapKOBOro XO035IHCTBA (JIMCThbS, TPaBbl, BeT-
KH JlepeBbeB U T. I.).

BosHuKalomye B pe3yabTaTe Npou3BOACTBEHHOH AeATeNb-
HOCTH pas3JIMYHBIX MpeANpHATHH OTXOAbl, KUTOpPbIe MOTYT
ObITb Ta3000pa3HbIMHU, XKHAKHMH HJH TBEpAbIMH, B OTJIHUYHE
OT ObITOBBIX OTXOAOB NPHHATO HA3blBaTh NPOMBILIIEHHBIMH.
[TepepaGoTke TakHX MPOMBILIJIEHHBIX OTXOJL0B U HX HCIOJIb-
30BaHHIO B HApPOAHOM XO3§CTBe IOCBSillleHa CHelHaJabHas
JHTepaTypa, H B JaHHOH KHHTe 3TH BOIPOCH He paccMaTpH-
BAIOTCH.

B MupoBO#l mpakTHKe NPHMEHAIOTCS Pa3/iHyHble CHCTEMB
NPOMBIILIEHHOH NepepabOTKH TBepAbIX ObITOBBIX OTXONOB
C HX TOCAEAYIOLIHM MOJHBIM HJIM YAaCTHUHBEIM HCIOJIb30BaA-
nueM. K num otHocsitesi: nepepa6otka THO nyreM mexanu-
3HPOBAHHON COPTHPOBKM M H3BJEeYEHHS] U3 HUX UEHHBIX CO-
crapaswomux; npeccoanne TBO B dopmoBaHHBIE GJOKH C
X OMTYMHHH3alUHel M DOCHeAYIOHMM MNPHMEHEHHeM B
CTPOMTENbCTBE; KOMIOCTHPOBAHHE OPTraHMYeCKOd  HacTH
TBO ¢ ucnonb3oBaHHeM MOJY4aeMOTro KOMIIOCTAa B KauecTBe
yACOpeHHs: U OTHeBOil 06PabOTKOH HEKOMIIOCTHPYEMOH 4a-
CTH OTXOJOB NyTeM MHPOJH3a HJH CXKHraHds 06e3 HCIoJb30-
BaHHA JH6O C HCTONb3OBAHHEM MOJNYyUaeMO#l TEMIOTHI; MPH-
menenne TBO TosbKO B KauecTBe ToOmanuBa JHGO 6e3 BCAKOi
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NpeJBapHTE/IbHOIl COPTHPOBKH C li3BJeueHHeM 06e3BpeKeH-
HOTO MeTa/ljla H3 0YaroBblX OCTaTKOB, 06pa3yloluXcs NpH
CJIOEBOM CXHTAHHH OTXOJ0B, JHOO C HX NpeIBAPHUTENbHOMH
COPTHPOBKOH (TOJIyueHHeM TOMIHBA U3 OTXOHOB).

B nocnennne roabl B 3apyGexHOil MpakTHKe BHeAPSAIOT-
Cfi HOBBle MeTOAbLI TepMHuecKoro oGesspexkuBanuss ThO ¢
HCIIONb30BaHHEM MX B KauecTBe TOMJIMBA H OXHOBPEMEHHbIM
nojsyyeHueM MOGOYHBIX MOJIE3HBIX NPOAYKTOB. K 3THM MeTo-
IaMm OTHOCHTCS HH3KOTeMmnepaTypHbil nmupoan3 TBO Ge3 ux
NpeABapUTeNbHON COPTHPOBKH, a TaKMKe HX BbICOKOTEMIe-
patypHbiii nupoan3. llupokoro pacnpoctpaneHusi 3TH Me-
TOJbl MOKA elle He MOJYYHJIH,

[Tpu peuwenun Bonpoca o IiesecooGpa3sHOCTH NMpPHMeEHe-
HHS B JAHHBIX KOHKPETHHIX YCJOBHSIX OJHOFO H3 Tepeuuc-
JIeHHBIX Bbile MerogoB nepepabotku TBO cnenyer pyko-
BOJACTBOBATbCH  Pe3y/AbTaTaMH CIEHHANbHO BBIMOJHSEMbIX
TEXHHKO-I3KOHOMHYEeCKHX O00O0CHOBaHHH ¢ 005i3aTesNbHBIM
yYeTOM COLIHaJbHBIX U NPHPOLOOXPAHHBIX (HAKTOPOB.

B naHHOll KHHTe B OCHOBHOM pacCMaTpPHBAIOTCS JIHIb
BONPOCH HCNONb3OBAHUS TBEPABIX OBITOBBHIX OTXOMOB B Ka-
yecTBe TOIJIHBA CO CXKH[AHHEM €ro B C/M0e IOJ KOTJIaMH
YTHJIH3aIHOHHbIX YCTaHOBOK. Kpome Toro, B Hell NpUBOAMT-
csi (cM. § 2.4) xpatkas wMHQOpPMALHUA O HOBHIX CHCTEMax
MoJyYeHUss TOMAHBA M3 OTXOA0B C €ro mocjefylouHuM
UCNONb30BAHNEM B 3HEPTreTHUECKHUX YCTAHOBKaX.

Kak u3BecTHO, TOMJIMBOM Ha3biBaeTcs Ji000€e BellecTso,
crnocofHOe BCTYyNaTh C OKHCJAUTENEM (M, B UACTHOCTH, C HaH-
6osiee MOCTYMTHbLIM OKMCJHTENEeM — KHCJAOPOJOM BO3AyXa) B
GBICTPOTIPOTEKAIOUIHI OKHCAMTENbHBI Tpolece (ropeHue).
Takoit mpolecc CONpOBOXKAAaeTcAd BblLeNeHNeM NPOAYKTOB
CropaHusi ¢ BBICOKOH TeMmepaTypoill W, OJHH pa3 HayaB-
IIKCh, B COCTOSTHHU TOAJEPXKHBATHCS CaAMONPOU3BOJBHO (ca-
MOBO3TOpaHue) HJH MPHHYAHTENbHO (3aXKHTaHHe) BIJIOThb
JI0 TIOJIHOTO MCUepraHHsi 3amaca roplouero BelitectBa (Tom-
JHBAa) B ouare ropeHusi, NpH 3TOM MpaKTHYECKOe 3HaueHHe
MOTYT MMeTb TOJIbKO Takue BH/bI TOIJHBA, KOTOpbie YI0B-
JIETBOPSIOT TpeM obd3aTejbHbiM ycaoBuaM. [Ipexpge Bcero
3TO TOMJHBO JOJI’KHO ObIThb HOCTATOYHO PacCNpoOCTpaHEeHHbIM
U JOCTYTHBLIM /11 MACCOBOTO NPHMEHEHHS.

B § 1.1 nokasaHo, uTO pecypchl TBepAblX GLITOBLIX OTXO-
JIOB TIDAKTHUECKW HeHcueplaeMbl, TaK KaK OHH Bce BpeMs
BOCNPOU3BOAATCS HAceJeHHeM, TNPOXKHBAIOUIMM Ha JAaHHOH
ceNuTe6HON TeppUTOPHH, BOJH3H KOTOPOH MOXHO pa3me-
CTHTb YCTAHOBKH /ISl MX Hcnofb3oBanusa. Takum o6Gpasom,
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TBepAble GblTOBbIE OTXO/bl  yNOBNETBOPSIIOT 3TOMY NepBOMY
o6s3aTeNbHOMY /i1 BCeX BHAOB TOIJIMBA YCJOBHIO. '

BTopbiM 006s13aTeJbHBIM YCJOBHEM SIBJSIETCA JOCTATOY-
Hasi XHMHYeCKas#d AaKTHBHOCTb TOMJIMBA, 0O6eCHeyHBalolas
BO3HHKHOBEHHE MpOIECcca ero ropeHHss B KHCJIOPOIe BO3Ay-
xa. Kak H3BecTHO, Ha Tak Ha3bIBaeMbIX HEOPTaHH30BAHHBIX
cBaJKax HalJI0OAaeTcsi caMOBO3ropaHHe GbITOBLIX OTXOJOB
B TeX cjaydasix, KOrja HX macca H TOJLIHHA CJIOS J0CTaTou-
Hbl ISl CO3[laHHSi YCJOBHH, NMPH KOTODHIX NOTEPH TEIJIOThI
B OKPYXKaIOULYI0O Cpelly CTAaHOBATCS CYIIECTBEHHO MeHbLUH-
MH, Y€M KOJIHYECTBO TeMJOTbl, BHIACJAIOMIENCS IPH TaKOM
6HOTEPMHUYECKOM Pa3J/IOKEeHHH.

Takum o6pa3om, akTHBHOCTb TBEpPIAbIX OGBLITOBHIX OTXO-
JIOB IO OTHOINEHHIO K KHCJIOPOJY BO3AYXa KaK OKHCJHTEJNIO
npy  coOJIOJeHHH OmNpejlesIeHHBIX YCJOBHA He BbI3biBaeT
comHenuli. Bo BcsikoMm ciyyae, NpH BHIOJHEHHH COOTBETCT-
BYIOINHX TEXHHYECKHX MEPONpPHATHH TBeplble GLITOBbIE OT-
XOAbl MOTYT BCTYNAaTb B OKHCJAUTENBHYIO PeaklHIo ¢ KHCJIO-
pPOJIOM BO3JyXa M € 3TOH TOYKH 3pEHHs BIpaBe CUMTATHCH
cBoeo0pa3HbBIM BHIOM TOIJIHBA.

HakoHelu, TpeTbuM 0065i3aT€NbHBIM  YCJOBHEM SIBJISIETCS
HaJiMyue 3HAUYHTEebHbIX YAENbHbIX TENJOBbIE/NEeHHH Ha eJH-
HHIlYy MacChl HjH o6beMa NMPHU TOpeHHH TAKHMX BeL(eCTB, KO-
TOpble MOT'YT pacCMaTpHBATbCA KAK TOMVIHBO B OGILENpHHA-
TOM CMBIC/IE 3TOrO CJ0OBA. YJAeabHOE TeMNJOBLIfENEHHE JIIO-
60ro BelllecTBa, OTHECEHHOe K 1 KI €ro Macchl H BbIpaKeH-
HOe B MPUHATOH B JaHHOH KHHre MeX1yHapOJHOH cHcTeMe
ennnnun (CH) B meramxkoynsax (MIx), aBasercs ero Bax-
HellHIell XapaKTepUCTHKOH, N0 KOTOPOH cpaBHHBaeTCA IHep-
reTMyeckasl LEHHOCTb pa3JiMYHBIX BHAOB TOMJAHBA. ITO
yaesibHOe TemoBbIAeJeHHe OObIYHO Ha3biBAaeTcsl yAeJbHON
TemoToil cropanus Q, M /kr.

B TemmoTexHHYECKHX pacyeTax pas/jHYalOTCA MOHATHA
BhICLIEH YAENbHOH TENJAOTH CropaHus paboyero TOMJIHBA
Qrg, xapakTepusyolllefi NMOJHOE KOJHYECTBO TENJOTH, Bbl-
Jensioueiics npu cropaHud | Kr TomiHBa NpU YCJIOBHH
KOHJEeHCAllU{ BCeX BOJASHBIX IMApOB, COJepXKallUXCsd B MpPO-
AyKTax CropaHusi STOrO TONJHBA, H HH3LIEH yHebHOM
TemnoThl cropaius QPy, €clH TaKoe KOJHYECTBO TEMJIOThI
NPHBOIUTCS 32 BBIYETOM YacTH ee, 6€3BO3BPATHO TepsieMoi
B pesyJbTaTe HCapeHHs BJard, cojepiKalleicst B TOMJHBe
Hau o6pasyioleiics npH TOPEeHHH BOAOpPOAA TONJMBA, C
nocaeaylomuM  BbiGpocoM B aTMocdepy BOASHBIX TNapoB
BMecTe ¢ MpojykTamu cropanus. Ilo stomy npushaky Obl-
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TOBble OTXO[bl TaKXe COOTBETCTBYIOT HEKOTOPLIM BHA4M
HCKONaeMOro TONJIMBA, HCHO/b3YEMBIM /51 BbIpaGOTKH Tell-
JIOBOI1 M 3JIEKTPHYECKOI 3HEpPrHH KaK 3a pyGexoM, TakK H B
HalleH cTpade.

Kak u3BecTHO, B/axKHble H MHOTO30J/bHbIE Gypble YIJIH C
Hu3lIed paboyeil TenyoTol cropanus okodo 6—8 MJIx/kr,
XapaKTepH3YIoLIHeCs BLICOKHM COJEepXKaHHeM Hepas/ioxHB-
weica ApeBeCHHb (KCHJIHTA), paccMaTpPUBAlOTCsl Kak ToOI-
JHBO H MCIOJNbB3YIOTCS B SHEPFETHUECKHX YCTAHOBKAaX Kak B
Halllell cTpaHe, TaK H 3a pyGeKoM.

Tak, HucruryroM tonnusa B HCCP paspaGoraubl yct-
poHCTBa IS CXKHTaHH BBICOKO30JBHOrO Oyporo yrisi ¢
QPy==5,5 MJIXK/Kr B Tak Ha3biBAeMOM KHNSILIEM cJ0e, H
HMeHHO Ha 6Gase onbiTa UX paGoThl CO3JAHO TOMOYHOE YCT-
pOACTBO AJIst C2KMFAHHS TBepAbIX GBITOBHIX OTX0H0B. CiKH-
raeMble B CCCP HekoTopble BHAB OYpbHIX yr/eill Takke HMe-
I0T CPaBHHTEJNbHO HEBLICOKYIO HH3WYIO TEMJIOTY CrOpaHHs
QPy. Tak, pns  O6ypbix yrael Tpecra «AJeKCaHAPHAYTOMbY
(YCCP) Qry=5,0=+-6,5 M1 x/kr. Cegyer HalOMHHUTb, 4TO
B HalleH CTpaHe NPOJOJXKAIOT CXXHUraTh TOpPQ C HHU3UIEH Ten-
n0TO# cropanust QPy=8--9 MJIx/Kr, a Takxe JIeHHHTpaX-
CKHe ropioune cjaHuel ¢ QPy=4,6+-6,0 MIx/kr [46].

B § 1.2 mokaszaHo, uTO B pa3jiHUHBIX CTpaHaX MHpa, B
tToMm uncie n B CCCP, Hu31ag yaenbHasi TeMJoTa CrOpaHHs
TBO o6biuHO KoJeGaerca B npenenax 4—10 MJIx/kr, npu-
yeM 3TH 3HaUeHHs OGHAPYKUBAIOT TEHACHUHIO K POCTY B Mep-
cnektuBe. Takum o6paszom, TBO ¢ HekoTOpHIMH  Jomylie-
HUSIMH MOTYT pacCMaTpUBaTbCs KakK cBoeoOpasHblil, BeCbMa
pacnpocTpaHeHHbIH BHX MeCTHOTO TOMNJIHBA, KOTOPOE YAOB-
JIETBOpSiET BCeM TpeM 00s3aTeJbHbIM AJf TOMJIMBA YCJOBH-
SIM H KOTOpoe 1eecoo0pasHo  HCNOJb30BaTh B HAPOJHOM
XO03f1HCTBE CTpaHb.



F'naBa nepBas

TBEPJADBIE BbITOBBIE OTXOJbl KAK TOIIJAUBO

1.1. PECYPCbl TBEPABIX BbITOBbIX OTXOJ0B U OIEHKA
HX POCTA HA NMEPCNEKTHUBY

AHnanu3 3apyOexKHbIX H OTEUECTBEHHbIX JaHHBIX MOKA-
3bIBAeT, UTO pecypchi TBEPAbIX GBITOBBIX OTXOJOB NMpaKTHYe-
CKH HeHCueplaeMbl, a UX KOJIHYeCTBO M3 roja B roj pacTer
[35, 39].

Taxk, B CIIA B 1971 r. 610 co6pano 125 Mau. T TBep-
AblX OBITOBBIX OTXOJO0B, HaU B cpegHeM 600 kr/roa, uiu
1,64 kr/cyt Ha Kaxjoro ropoackoro xureas. Ilo mporHo-
saM AreHTcTBa mo oxpaHe okpyxatouwen cpeaol CLIA
(EPA) npu exerogHoM pocTe KoJHyecTBa OBITOBBIX OTXO-
J0B B cpexHeM Ha 3,0% Bcero B ctpaHe B 1980 r. mosikHO
6b10 6bITh  coOpaHo 170 MuaH. T orxonoB, a B 1990 r.—
230 MaH. T. B AHrIMH KOMHYeCTBO TBepAbIX OBITOBLIX OTXO-
foB k 1980 r. pgocturHer 22 MJH. T, WIH B CpeAHEM
417 xr/roa, unu 1,15 xr/cyr Ha xurtensd. Bo ®panuun B
1976 r. O6bo co6pano 13 wman. T TBO, wnam 250—
350 xr/rox, uan 0,685—0,96 xr/cyr Ha xurteas [27]. [lo
AaHHBIM paGouell rpynusl 3HepreTHkoB Ppanuuu B 1980 r.
B cTpaHe A0JKHO ObiTh cobpano 15 man. T TBO. Ilo nan-
HbIM pupmbl «Maptuny (PPI') B cpeaHeM Ha OJHOrO XHrTe-
asi B ropopax Espombl B 1977 r. npuxoguioch 300 kr/rox
TBO. B llsenuu 3a nocaeanue 18 jer KoauuecTso cobHpae-
MBIX B ToJi GBITOBBIX OTXOAOB YABOMJOCh, @ B CpPEJHEM Ha
ollHOrO xuteisi cefivac mnpuxogurca 300 Kr/roi, HAK
0,824 Kr/cyr OTXOHOB; HaMeyaeTcsi JaJbHeHLIHHA POCT HX
koauuectBa Ha 4% B rog [30]. B LlBeiinapun xoJinuecTso
TBO Ha ogHoro xurenst KoJjebsaerca B npepenax 200—
300 kr/rog, unu 0,55—0,824 kr/cyT; Anf pacyeToB B CpeA-
neM no crpase npunuMaercs 250 kr/rox [41]. B SInonuu
3a nepHox ¢ 1965 mo 1969 r. kosuyecTBo coGMpaeMbix 3a
ron TBO ysennuunocr ua 4589% [48]. BolcTpbiit  poct

10



KOJIHYecTBa coOupaeMbiX ObITOBbIX OTXOJOB HMeeT MecTo
TakKe B COLHAJHCTHUeCKHX cTpaunax. Tak, no manubiMm Hu-
CTHTYyTa KOMMYHaJbHoro xossiictsa I'IP [33] B T'/IP B
1975 r. 6b10 cobpano 22,8 MJH. M3 TBepAbIX GHLITOBHIX OT-
XOMOB, HJH NPH HX cpefAHeH MJIOTHOCTH OKoJio 250 kr/m3 —
5,5 maH. T; B 1980 r. no/kHO GBITh coGpano 29,5 mMuH. M3, a
B 1990 r. — 37,9 man. M3 I1o nanueim HUH no ouncrke ro-
ponos B [THP [14] nunamuka pocra c6opa TBO xapakre-
pusyercs cjeAyollMMH JRaHHeiMH: B 1970 r. cobpauo
15,5 man. T (0,93 M3/rog na xutens), B 1975r.—20,2 MaH. T
(1,1 mM3/rox Ha xurens), a B 1980 r. oxxupaercs c60p 3THX
oTX0J0B B KoJauuectse 27,0 man. 1, uan 1,32 m3/rog Ha xu-
tens. B UCCP [42] B 1975 r. 6bu10 cobpano 3,0 maH. T
TBO, T. e. B cpexHeM Ha opnHoro xurensi 200 kr/rox.

BoJsiee nogpoGHo crnexyer paccMOTpeTb TOJOXeEHHe ¢
HaKoNJeHHeM TBepAblx GbitoBhix orxonoB B CCCP. Axane-
muelt KommyHanbuoro xossiiictea (AKX) um. K. JI. ITam-
¢usosa [21] ycranoBiaeno, uto B 1975 r. B ropoxax u mo-
cejkax ropoiackoro Ttuna 6el10 co6pano 40 mau. T TBO,
uiau 160 maH. M3 oXHAaeMblli TeMD €XeroJHoro NpHpocTta
KOJIHUECTBA 3THX OTXOJOB cocTaBasieT B cpeanem 5%. B
yactHoctd, B MockBe kosmvuectBo TBO yBennuuaoch c¢
3,3 man. M B 1960 r. 10 9,7 man. m®* B 1976 ., T. €. B
2,9 paza 3a 16 ner. B neBsTofl maTH/NETKE eXEroXHbIA NMpH-
pPOCT KOoAMUecTBa OLITOBHIX OTXOA0B B MoOCKBE COCTaBJisI
0,7—0,8 man. M3 Kaxable cyTkH B MOCKBe H3 XKHJABIX H
0o0lleCTBEHHBIX 3JAHHH BBLIBO3UTCS B cpemxHeM 26 Thic. M3
TBO, a ux cpenHee Neyo BBIBO3a HA CBAJKU BO3POCJO C
24 km B 1971 r. 1o 33,9 kM B 1976 r. Ilo moxcueram AKX
um. K. 1. Tlam¢dunosa B 1980 r. konnuecTBo GLITOBBIX OTXO-
noB B Mockse coctaBuio 12,0 man. M3, a njeuo BeIBO3a HX
Ha cBajxku Bo3dpacrer no 50 kM. HMcxoms us mamuwix [11]
O UHCJEHHOCTH HaceleHUs MOCKBB, MOXHO MNOACYMTATH,
yro B 1976 r. Ha KaxKJAOro JKUTEJ]sI ropofa NPUXOAUJIOCH
B cpegneM 1,23 m* TBO, unu npu ux cpemseil NAOTHOCTH
250 kr /Mm% — 307 kr/rox (0,84 kr/cyT).

ITo nanubim 1JCY CCCP B cpeanem mo ropogam H mo-
ceNKaM TOPOJACKOTO THMA B OTAEJABHBIX COMNO3HBIX pecnybau-
kax B 1974 r. konuuecTBO TBEpPABIX OLITOBHIX OTXOAOB Ha
KaXXJoro xutenas cocrasisano ot 210 kr/rox nmo PCOCP no
596 kr/rox no Typkmenckoii CCP, a no CCCP B cpeanem
220 kr/rox, uau 0,6 kr/cyr. ITo ganneiM nemorpacdos [12]
K 2000 r. ropoackoe Hacenenne CCCP moxeT cocTaBuTb
245 maH. yen. Ecnu k 2000 r. Ha Ka)KZOro ropojckoro »KH-
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TaGanua 1.1. Mopdonoruyeckuit MAcCCOBH cOCTAB TBepybIX 6 LITOBBIX

3a nepuold
& H
Dpanyus Auraus S Haepnau-
= Ab
Cocrasasiiomas ;
4acTh = . ] = z

e| & .| £| 5|8 el B,

= =4 E ® o~ = & o

Sl x| E| 5| 2| 5fsE|l | el g 5|3

gl o 8l 5| | |5zl s8] &|E

Hlm || = | sl a8l & |a| =] 8|«
Gymara n Gymax- [ 55[19,6] 30 | 30 33,5]/41.4| 65 |45,2] 16 |40,4 | 40—50( 70

Hele H3 e

Tepeso - =] =-1=-1-1=1- - 4| — el
TeKCTHIb - - | - 2 2,5 3| — —_ — — —_ | =
Koxa, pe3uHa —_— = 2 - - =1 - —_ 2,8 — — -
Inacrvacca — - 1 1 — - | = — — — — -_
Koctd - - | = — — — | = — 1,2 — — -
Crekao 151 3,9 3 8 8,2| 7.5] 5 4,9| 4,57 3,6 5 5
Merana 6| 4,2 3 8 — | 5,81 5 4,81 5,5 2,8 5 5
Tpliesble OTXOMAB 121 24 | 14 | I5 2 |34,7] 1o 14 | 20 |45,0|25—15| 10
TTpoyue OTXOABL 120 24 | — 5 [13,8] 63|15 | 22| — 22| 5 5
3ona, Wwaak — 24,3 47 31 22 1,3] — g,1| 46 6,0 20 5

TesIsl HaleHd cTpanbl 6yaeT MpUXOAHTHCA YABOEHHOE NMPOTHB
ypoBHa 1974 r. konuvectBo TBO, 1. e. 440 xr/rox, 10 exe-
FOJHO B ropofax crpaubl mpuaercs cobuparb 108 MaH. T
TBO, nau npu ux nepcrekTHBHOH maoTHocth 180 Kr/m3 —
600 man. M3 Takue mporHosbl AHHaMHKH Hakonsenus TBO
ABAAIOTCA CYry6o OpHeHTHPOBOUHBIMH. ONHAaKO MMH Xapak-
TepH3yIoTCcA MacwTabbl NMepcrneKTHBHONO HAKOIJIEHHS TaKuX
OTXOJOB, KOTOpPBIe B TOH WM HHOH Mepe MOJKHBI HAHTH
MpUMEHeHHe B HAapOJHOM X03f#CTBe crpaHbl. ITpomblimien-
Has nepepaboTKa 3THX OTXOJ0B C BOCCTAHOBJEHHEM H3 HHX
pecypcoB sBJsIeTCS CJNOXKHO# HHXKeHepHOH npobJemoii. Ee
pemleHHeM B Macwmitabe cTpaubl 3anumaiorcs AKX  nm.
K. II. TMamdunosa, uHCTHTYTH <«[HIPOKOMMYHIHEPFOY,
«lunpokoMMyHerpoiis, «Temnonpoekt» u ap. Hcnonb3osa-
HHe JlaXke YaCTH TBepAbIX OLITOBBHIX OTXONOB B KayecTse
TonAIMBA 1451 KoTeabHbix u TIOIL Moxer obecneuuts cyue-
CTBEHHBIH HAPOJHOX03s1HicTBEHHDIH 3P deKT.

1.2. COCTAB U TENJOTEXHHYECKHE
XAPAKTEPUCTHKH TBO

Baxuefimumu  xapakTepHcTMKaMi  nw60ro  TBEpPAOro
TOMIMBA SIBASIIOTCS €ro MOp¢OJOTHUECKHH H (PpaKLHOHHBIN
COCTaBbl, JIeMEHTapHbll COCTAB, <«XUMHUECKHH» BO3pact
[9] u cBsA3aHHBIA ¢ HHM BBIXOJ JIETYYHX BelleCTB A0 Hauya-
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OTX0f0B B Tropojiax 3apyGekHbIX cTpaH, %

1960—1967 rr. 3a nepuog 1970—i975 r.r.
CHIA (no wiraram) I

= ¥

U & w3 a < ®

218 |25 S| 5 s8] € e | 5| E

.4 =4 [+] I © o E‘ = & ©

O 5 8 8 S K 2 2a 3 % e S b5 E
wm |KE|&2 | T | & |f<| £ | & = = = &
38 68,4 | 40,7 50 39,7 | 44,9 56 22 45 20 21 28
3,5 — - — — 3,1 2,6

LS 1 - - | = -~ 3,21 08 }13 }12.5 } 3 } 3 } 7

3 16 | — — 0,8 3,5( 0,8

4 - - - - — 3,4 - 5 5 — 4
o [n7|w7| 2| 7| esiso| =| 75| 7 4| e
10 10,7 7,1 —_ 8 8,! 7,2 3 — — — —_
28,5 - 35,6 28 44,5 | 20,8 9,2 32 15 25 45 15
1,5 — 1,9 — - — 12 30 — 15 5 16
— 7.6 — - 6,9 —_ —_ 15 25 22 21

Jla aKTHBHOTO TOPEHHSI B cJ0oe o0pasylouerocs Kokca.
Bosbuwioe 3HaueHne HMEIOT TaKXe OJHOPOAHOCTb TOINJIHBA
00 cocraBy, cTaGUABHOCTb 3TOTO COCTaBa B TeueHHe TOAa,
cojiepxKaHue B TOIVIMBE BJarH, 30Jbl H TFOPIOYHX COCTAaBJA-
IOIHX, B OCHOBHOM ONpeeNAIOLHX YAeJbHYIO TEeNJOTY Cro-
paHHs TONJHMBA, a 3HAUYHT, H €ro HEPTreTHUECKYIO HeHHOCTD.
C TOuKH 3peHHS] OpraHM3allHH Tpolecca FOpPeHHs CYLLecT-
BEHHOe 3HaueHHe HMEIOT NMJOTHOCTb TOMJHBA, CHEeKaeMOCThb
€ro IIJ1aKOB, TeMMepaTypa MNJaaBJeHus JieTyuell 30/bl, COAep-
’KaHHe cepbl U T. [I.

B oTanuMe OT HCKONaeMbIX TOMJIHMB, HMEIOWIHX He OJHHA-
KOBBIl, HO JOCTAaTOYHO COJIHAHBIA «XHMHUECKHI» BO3pacT H
BCE Xe He SIBJSAIOIIHUXCA BIOJHE ONHOPOAHBIMH MO COCTAaBY,
TBO kak TOMJIMBO NPaKTHYECKH HE HMEIOT «XHMHYeCKOTro»
BO3pacTa H SIBJASIOTCS NMPOCTOH CMechbl0 caMblXx pa3HooGpas-
HBIX cocTaBasiollUX. B Hux comepxarcs ©Oymara, KapToH,
JlepeBo, lesnodaH, miacTMacchl, KOoXa, pe3nHa, TeKCTHIb,
KOCTH, MeTaJlJl, CTEKJIO, Yepenuiia, nullleBble OTXOAbl B pa3-
JUUHBIX BHAAX, CMeT YJHL, 30J1a, LLIaK, MPOAYKTH HenoJ-
HOTO CTOpaHWsl TONMJIMBA NpPH HEeYHOM OTOMJEHHH H T. IL
[IpouenTHO® COOTHOLIEHHE BTHX cocTaBasdmKHX B 1 kr
TBO pesko koJseGaercsi B 3aBUCHMOCTH OT MHOTHX ¢akTo-
pos. Kuaumartosornueckne ycaoBus mo mecty cb6bopa THO
ONpEeAe/sioT HX COCTAaB B YAaCTH OTXOAOB OT (PYKTOB, OBO-
uielf, HaJHuMs 30J1bl, 11J1aKa, HECFOPEBUWHX OCTATKOB TBeEp-
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Ta6auua 1.2. Mopdponornyeckuii MaccoBblii cocTaB TBepapIX GRITOBBIX

3a nepHOA

- 2 ¢ | =

@ 1 @ = 8 x

CocTaBafAOWAN 4acTh §§- E %E E g g §5 5? ;
E- Pl [=% [} 14 @ 3] ]

Sagl 2 |SE| S| £ | & 88|82 2

Bymara 36,4|24,3]33,1131,3(35,3| 30 |24,41 9,3]10,1
Iepeso 2 2| 1,91 2,8 2,9] 2,6] 3,8]11,9]| 4,3
Texkcruns 3,4] 3,5| 5,61 4,4} 7,8| 3,5] 5,4{ 8,0} 2,4
Koxa, pesuna 1,61 1,3} 0,8] — 1,7] 0,5 1,71 0,84 0,4
[MnhacTmacca 0,8 1 —_ ]l - -} -1 1123
KocTtu 1,3 3,7| 1,3{ 2,4 2,3} 2,5] 1,71 1,7} 2,8
Crekio 3,7) 8,8 3,1] 3,3| 2,1| 4,81 5,1 4 16,7
Meraan 3,4} 5,21 2,1 2 2 { 2,7] 3,8 4,71 1,7
Kamuu 0,9 1,8} t,2| 1,4 0,2] 2,5/11,5] 7,7} 2,8
IMumessie oTxoAbl 36,8131,7141,2| 38 [39,6]38,7]34,4128,6{10,6
Ipoune oTxome! 3,41 1,3] 1,6] 2,6( 1,5] 1,2] 0,3] 2,6 —
3ona, wnak -Vt -} - =] =1 —=1]—=151
Orces menee 15mm | 6,3115,4) 8,1[11,8| 4,6] 11 7,9120,7150,8

* Ipoude orxolibi+orces meHee 15 MM.

JOTO TOMJHMBA W T. I.; OT 9TUX XK€ YCJOBHHl B M3BECTHOM
cTeneHu 3aBHCHT H BaaxHoctb THO. Crenenb 6saroycrpoii-
CTBAa XXHJBIX M OOLIECTBeHHLIX 3AaHUil B pailoHax coopa
TBO Takxe okasbiBaeT BJHsIHHE HA HX cocTaB. Tak, npu
HaJMHYHH LEHTPaJU30BAHHOrO TenjocHaGxeHus B 3THX
paiioHax Hab6J/lofaeTcsi NMpPaKTHYECKOE OTCYTCTBHe B ObITO-
BbIX OTXOAaX LJiaka H HecropeslIHX OCTaTKOB TBEPAOTO
tonauBa. CreneHb PA3BHTHA NHUILEBOH INMPOMBIUIIEHHOCTH
TaKKe OKa3bLlBaeT olpejleJieHHOe BJIHMSHHE Ha cOCTaB OblTO-
BbIX 0TX0/0B. PocT BLIpaGOTKH KOHCEPBHPOBAHHBLIX OBOLLEH,
$pyKTOB H ApPYrHX NPOAYKTOB NUTaHHA, €CTECTBEHHO, MPH-
BOJHT K YMeHbLUeHHIO B ObITOBLIX OTXOAAX COJepKanusd
KOXYpbl, OUHCTOK OT oBoulell H (PYKTOB M T. M., a BMecCTe
C TeM K YBeJHUYEHHIO COAepkKaHHsl TOHKOJHCTOBOTO MeTaJJa,
cTeksa, GyMmaru, KapToOHHOH H 1JacTMaccoBOH Tapel H T. M.

Mopdonoruueckuit coctaB TBO no HekoTOpBIM CTpaHaM
HJM OTJEeNIbHBIM TOpOfiaM 3THX CcTpaH 3a mepuoan 1960—
1967 rr. [4] u 1970—1975 rr. [1] npusesen B Taba. 1.1.
ConocrtaBJ/ieHHe 3THX JaHHBIX A4si ropognoB ®paunuu, AHr-
aun, Gunnaupnu, [seiiuapun, Kanaast u CIIA nokasbia-
er, uro 3a mepuoabl 1960—1967 u 1970—1975 rr. aror
COCTaB NMPAaKTHUECKU OCTAJCA MPEXKHHM, a 10TOMY JAaHHbIE
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OTX0Z0B MO HexoTopum ropogam CCCP, ¥,

1968—1970 rr. 3a nepuon 1975—1976 rr.

ES @ & 2 ;

2 E 1 8| » | & Bl g i |8

g A = E | 3% g Ex | 28 | BF

g1 8| s 5| & |58 & |28)&8 |83 8
25,2 135,7 27 | 24,4 | 33,6 20 34 38 27,5 126,3| 30,3

—_ — 2 2,2 0,2 2,4 | 2,91 2,6] 2,6

— — 3,4 4,2 3,8 3,4 5,0 3 4,31 1,7| 5,4

— — 2,1 1,8 1,3 0,4 2,2 0,5 3,91 0,8 6,4

— — —_ 0,3 0,7 — 1,6 1,2 1,51 0,5 1,2

— — 1,3 2,7 1,8 1,9 i,1 0,5 2,5 1,81 3,2
3,5 2,1 5,6 1,3 5,3 5,3 4,6 5,5 7,61 2,3} 7,6
2,3 2,0 1,8 1,4 3,3 1,4 4,4 3,9 5,4 1,3|] 4,6
— —_ — 2,5 0,8] 0,7 2,91 0,9 1,61 2,1] 0,6
48,2 130,5 47 | 41,7 | 28,1 | 45,8 | 33,1 29 36,2 |47,4] 31,2
20,8*]29,7* 2 0,1 — — 0,8 0,5 1,1 0,6} 0,8

— — 2 — — 1,3 — —_ — — —-—

— — 58 |17,4(19,3]19,6| 7,9116,0] 5,5}12,6] 6,1

3a 1970—1975 rr. no sthM ctpaHaM B TalJHile He NpHBe-
[leHBbl. ‘

B Ta6a. 1.2 npuBenen mopdonoruyeckuii cocra TBO mo
psany ropogos CCCP 3a neproap 1968—1970 [4] u 1975—
1976 rr.

Auvanus npuBeneHHblx B Taba. 1.1 u 1.2 panubix noka-
3bIBaeT, YTO OBITOBBIE OTXOJbl KaK TOMJHBO He HMEIOT CTa-
OHJILHOTO COCTaBa M NPH pelleHHH NpoGJieM WX CXKHTAHUS B
3a/laHHBIX KOHKPETHbIX YCJAOBHAX 3TOT COCTAB JOJIXKeH OblTh
THLaTeNbHO H3YYeH.

B Hacrosillee BpeMsi HaMeTHJaCh TeHAEHLHS K YBeJH-
ueHuio cojepxanus B TBO Gymaru, kaproHa, makeToB H
JpPYrux OYMaXKHbIX HM3eJHil M MyacTMacc 3a cueT CHHXe-
HHUA COAEpXKAaHHUS NUIUEBBIX oOTXoJoB. Tak, mo maHHbIM
P. Hoptmana u 3. Hedema [47], B KpynHbix ropojax
CHIA maccoBoe cojiepxkaHue GyMard, KapToHa M IJjacrMac-
chl coctasaser g0 759% TbBO, a nuueBble oTxoant 8—10%,
OCTaJIbHOE KOJHUYECTBO OTXOJOB HpPHXOAHTCA Ha MeTaJul,
cTekn0, ARepeBo, 30gy H T, n. [lo pauumim B. ®Pocrepa B
cpeaieM no CHIA npu npoekTHPOBAHHM YTHJIH3ALHOHHBIX
KoTeJbHbIX Aasi cxkuranHa TBO cefiyac cjaeryetr HCXOAHTH
u3 cogepxanus B TBO 519% Gymaxkuwix usgenuii, 1% naa-
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cthkoB, 8% KoXH, pesubl, TeKCTHIs H mepetH, mo 109
creksa H Meraana, 18% nuiuesnix oTxomoB H 2% npoynx
coctapasawouHx. Huswas tensora cropaHus takux oTxoinoB
Ha CYXYIO Maccy MOXKeT npHHHUMaTbcsi paBHoit 11,6 MJIx/kr
C ee pocToM B nepcrnekTHBe no 16 MJILx/kr.

B ta6a. 1.3 npuBoisATcs panHble 06 H3MEHEHHH MOpdO-
goruueckoro cocraBa TBO B Mockse, Jlougone, I'IP u
®panunu 3a psAx Jer, H3 KOTOPBIX BHAHO, YTO KOJHYECTBO
TOpPIOUHX BellecTB B OTXO0JaX HEYKJOHHO BO3pacTaer.

Ta6nuua 1.3. Hamenenne mopdoiorHUECKOro COCTaBa
TBO 3a psax Jer

MockBa JloH non rap dpanuun
£l g | & £l & g
cO(’TaBJlmou[a;[ 1acTh g g g N é § . E . R
| T I O R I I Bl B B
Bymara 16,7116,4(36,4( 47(14|30(40(20[32] 35} 48
Hepeso 70 L2 2 =) —=]—-|—=| 4125
TekcTunb 4,31 1 5,81 5( 2| 2f 2{ 2f 3| 3} 3
Koxa, pe3una — 1 0,6f 1,6]1,8|—{—|—|—]—} 1] 1
IMracT™acca — | =107 2= 1} 3;j—] 3|1,7] 5
Koctn 2,31 0,6 1,310,6]—|—|—|—]|—| —| —
Crekno 1,61 1,4 3,7 3] 8110 —[—[5,2] &
Mertann 1,3 1,6 3,4{4,5| 4| 8|10| 3| 44,1 4
Kamuu 511 6 0,910,3|—|—|—113]12] 1 1
IMuwesble 0TXOAL! 22,2131,3136,8(29 |14({15]16(132]32|23 | 22
ITpoune oTxoaml 0,5 — 1,1{0,4] 6] 5] 4]30[—|— | —
Otcen Menee 15mm| 39 ( 40 | 6,3(4,5({57|31]|15]—{14[22 [8,5

* JlpiBeieHbl MO NPOTHO3HBLIM pacyeTaM B KaueCTBe OPHEHTHPOBOUHBIX.

H3-3a ypennuenusi ponu B THO Jerkux cocraBnsiiouiux
HX TJIOTHOCTb COOTBETCTBEHHO CHH’KaeTcsl, 4TO HJJIIOCTPH-
pyercsi nauubiMu Tabua. 1.4 [4]. MoXHO paccCuHTBIBATDL, UTO
K 1990 r. naotHocTh oTxonoB B psige crpaH (CHIA, dpan-
1K) cHU3UTCA B cpeaHeM a0 120 krfmd.

[1pu nameuaemom ucnosab3osannd THO B kauectBe Tom-
JIMBA JJIfl KOTEJbHBIX H 3JIeKTPOCTAHLHA HEOOXOAHMO ROCTa-
TOYHO TOUHO OlleHUTb cojepxkanue B TBO Bnaru, roprounx
"BellecTB W 30Jbl B pas3Hble BpeMeHa roja, YUHTbIBas, 4To
HHM3lIasa TemoTa cropaHus Jo60ro TOMJIHBA HAa rOPIOYYiO
macey (Qra, MJIX/KT) cama mo cebe elle He ABJIAETCHA €ro
MIOJIHOM XapaKTepUCTHKOI B TOM BHJe, B KOTOPOM 3TO Ton-
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Ta6nuua 1.4, Jlanupie 06 namenenus niorsoctn THO no rogam

NMaornocts TBO, krfm3, no rogam

Fopoa 1930 | 1956 1967—1970
Mocksa 500 400 200
Jlenunrpaj 570 350 250
XapbkoB 470 — 300
Bapuwasa 720 560 290
Jlounon 900 750 490
[Mapmx 560 290 150
Hoto-Hopk 710 — 100
lam6ypr 850 380 240
Bena — 300 200

JIHBO MOCTYNaeT Ha cxkuraHue. Takoll xapakTepHUCTHKOH Mo-
JKeT CJYKHTb TOJNBKO ero HU3llas TemyioTa CropaHusi Ha pa-
Gouylo Maccy (QPy, MK /Kr), cBA3aHHAsA C 3TOH TeMJIOTOl
CropaHHs Ha roprouyro Maccy GopmyJoi

. 100—Wwp— A0
P =Q', ——o—— —0,023W", (1.1)

B ¢opmyne (1.1) WP u AP — maccoBble KoJHyecTBa
BJIaTH H 30Jbl B pabouem Ttomause, %; 2,3 MJIx/kr—
yAeJbHasi TemnoTa napooGpa3oBaHUs BOJbI NpH aTMmocdep-
HoM pnaBaenud. M3 ¢opmyant (1.1) caeayer, uto yem Goub-
lle BJArd COMEPIKHTCS B TOMJHBE TMPH ero 3aJaHHON 30Jib-
HOCTH, TeM HHKe 3HaueHHs QPy. Tak xak TBO sapasercs
CMeCbl0 Pa3NHYHbIX KOMIOHEHTOB, TO HX CyMMapHas TeIo-
Ta cropaua QPucymm, MIXK/Kr, onmpenensieTcssi MCXoAs U3
9TOH TEIJIOTHl CrOpaHHs A/l OTAENbHbIX KOMIOHEHTOB MO

dhopmyJe
QP ey = Qw11 + Q0 115 + Q% 1ty o A QP 10, (1.2)

rae Qp . — HA3l1aag TENJOTa CropaHusa OTAEJbHOIO KOMIIO=
Hnj

HeHta cmecn, Mk /kr, onpepensiemas no ¢opmyae (1.1)
IJisl 3TOrO KOMIIOHEHTA; My, ... N; — JOJHK COOTBETCTBYIOLIMX
KOMNoHeHTOB B o6uieil macce THO.

Has onpepenenus mno ¢opmyne (1.1) 3Hauenuit QPy
05 oTAenbHbix KommnoHeHToB TBO caeayer mcxoauTb M3
3HaueHHil Qfy ANA 3THX KOMMNOHeHTOB. Takue 3HAUYEHHA JJA .
HauGoJsiee 4acTo BeTpevaloluxesa cocrapasiomux TBO npu-
BejieHbl B Taba. 1.5 [2].
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Ta 6anua 1.5. 3navenns nuswedt Tensotsl cropanns THO
Ha roprouyio mMaccy QFy, MJ/kr

Q'
Kounonesitet TBO | o ganns Mo panuum | Tlo paHusiv
®pPT CUIA AKX Cpepuss
Bymara 19 18,8 19,9 19
JpeBecuna 20,7 20,3 19 20
TekcTunn 19,9 18,2 16,8 17,6
Koxa 19,9 22,8 — 21,4
Pe3una 19,9 29,3 30,9 26,1
[luwiesbie oTX0ABI 20,5 23,5 18,7 20,9
Orces —_ 20 22,8 21,5
[Tpoune oTxonnt —_ 18,6 22,9 20,8

3HaueHHs1 BAaXHOCTH H 3oabHocTH TBO okasbiBaloTcs
He OJHHAKOBbIMH He TOJIbKO B Pa3HBIX CTpPaHaX, HO W B OT-
AeJIbHBIX Tropojax OAHOH M TOH ke crpanbl. Tak, B OPI
saaxHocTb TBO xoseGmercs B npenenax 25—50% ux mac-
Chbl, 30JIbHOCTb MeHseTcs B Tex e npefenax. B CIIA cpen-
HSId MaccoBasi BJIaXKHOCTh OBITOBHIX OTXOJ0B COCTaBJSIET
20—259%, Ho nnorga pocruraet 40%.

B Byanoc-Afipece (AprentHHa) BaaxHoctb THO serom
poxoautr Ao 58%, a soabHocth — o 13Y%, Tak uto Mmacco-
BOe COAepxKaHHe TOpPIOUHX BeILeCTB CHHXKaeTca A0 29Y%.

Ta6nuua 1.6. dmemenTapHblil cocras, BLIXOJ JeTy4uX
M ylAejibHas TERJOTAa CrOpaHHA OTAeNbHbIX KOMNOHEHTOB
ThO Ha paGouyio maccy (no ganHniM AKX mm. K. A. lamdwaosa)

Maccosutii coctas, % ; °

> &

>.§ L3

Koynonentst TBO § g §
c® | gp | op | NP | sp | a0 | we é‘gg =

. g
Bymara 27,7| 3,7(28,310,1610,14{ 15 25 79 | 9,49
[Tmessle orxoaw | 12,6 1,8 8 10,95|0,15| 4,5 72 [65,2 3,43
Texkctuns 39,4 4,9(23,2(3,4 [1,1 8 20 { 84 |15,72
Hpesecuna 40,5| 4,8(33,8]0,1 — 0,8 20 }67,9|14,46
Kowxa, pesuna 65 5112,6/0,2 j0,6 [11,6] 5 | 49 (25,8
[MnactMacca 55,1} 7,6117,5/0,9 10,3 [10,6| 8 | 89 |24,37
OrTcesn 13,9 1,9(14,1| — |0O,1 50 20 54 | 4,6
3ona, waak 25,210,45( 0,7| — {0,45(63,2| 10 | 2,7( 8,65
[Ipoyue orxoant 47 |5, 27,7(/0,1 10,2 11,7 8 [60,2(18,14
Crekno, KamHH, - — | — | - —_ 100 — | — —

MeTaul
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Baaxuocte TBO B MockBe konebaercs ot 36 no 589% B re-
yeHe ropa [1], ananoruyubie KoJieGaHus XapaKTepHbI H
AJs1 HU3lIeHd TenJoTbi CropaHus OTXOLOB Mo paboueil mMacce
QPy.

B Tta6a. 1.6 npuBoasTcsa paHHble O coCTaBe, BHIXOJE
JEeTYYHX W HU3LeH TemJoTe cropaHus QP Ha pabouyio Mac-
Cy TBepAbIX ObITOBLIX OTXOHOB No AauHbiM [4]. Ha puc. 1.1
HaHeCeHb! KpHBbie H3MeHeHHsl 3HaueHnit QPy TBO mo mecs-

5
<
=<
-~

838 ﬁ\\

Puc. 1.1. KoaeGauus \Z\g-&_ﬁ 547,
TEemN0TH cropaHus 612 >~ <~
i 2 575 515

TBO zns Mockeu (1) 410
" Pocrosa-na-Jlony "y
(2) no mecauam 1975r. [

0 .
Xbponmwy v vyl X XiXi
Mo mecauam eoba (

a8, Maw/kr

aM JJjisi TOpoAOB, HJsi KOTOPbIX MOP(OJOrHYeCKHi COCTaB
OTXO0JIOB 1O BpeMeHaM roja npuseied B taba. 1.7 [1, 28].
Tensiora cropauus moAcuHTeiBanach no gopmynae (1.2), a
3HayeHust QPy OTAEJbHBIX KOMIOHEHTOB OTXONOB NMpPHHHMA-
Juch H3 Taba. 1.6.

Ta6nuya 1.7. HameHenne MopdoNOTUYECKOr0 MaCCOBOrO
cocraea TBO B ropogax no cesoHam 1975 r., %

Mocksa PocroB-Ha-JIoHy

Kounouentst TBO
3uma IBeCHa Jleto IOceHb 3uma | BecHa Jleto | Ocennb

o=}

Bymara
[Muugesbie oTxoab!
Jpesecuna
TekcTHIbL

Koxa, pesuna
Koctu

MeTtann

Kamun

Crexno
[lnacTmacca
[Tpoune otxoabl
Otces MeHee 15 MM
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BaxusiMu xapakrepuctukamu TBO saBasioTcs npenenb-
HBle CQAepXKaHUA B HHX BJlaTH, 30Jbl H TOPIOYHX COCTABJIA-.
IOLMX, MPH KOTOPHIX 3TH OTXOJAbl MOTYT CXKHraTbcsl 6e3
no6aBJeHHA HCKONAeMOro TOMaHBa, DTH 3Ha4yeHHs ObLIH MO-
2% 19



JyuyeHbl WBeAcKHM yuenbiM Taunepom [35]. Ha puc. 1.2
npuBefieH TaK Ha3plBaeMblli TpeyrosibHHK Tauuepa. B pe-
3yJbTaTe MHOTOJIETHHX HcciaeloBaHuii TauHep ycraHOBHJ,
uro 6e3 noGaBjleHHs1 HCKOMAEMOro TOMJIMBA C BbICIUIEH Tem-
Jaotoil cropanus QP HeoGoraieHnvie TBO Moryr roperb
npu copepxkanud siaaru W He Gosee 50%, sonn A He Gosee
60% wu npu comepxanuu ropiounx seuects C He MeHee 25%.

0 A100

10
20 80
30

40 Av% v‘ 650
AVAVATI A
WANANY /11
AVAY /]

Odracms eqpenus
de3 donospumens-
hoeo monmuba

w 72 ///////{///////f//////////////{/////////////ﬂ Y
A

I EEEEEEIE

Puc. 1.2. Tpeyronbuux Tannepa.

Ha tpeyrosbnuke TanHepa ouepueHa o6JsacTb TeopeTHue-
ckd ycroiunsoro ropesuss TBO pasHoro cocraBa Ge3 no-
NOJIHUTENRBHOTO TonauBa, Ecan oTxoAbl , XOTS Gbl YaCTHYHO,
SIBJAIOTCA COPTHPOBAHHBIMHM, HaNpuUMep NpPH OTAENEHUH OT
HHX KOMIMOCTHPYEMOH YacTH Ha MycoponepepabaThiBaOIMX
3aBojax, U COCTOAT B OCHOBHOM M3 JepeBa, OyMaru, Tek-
CTHJSA, Ueanopana, naactmacchl ¥ NOAOGHBIX HM KOMIIOHEH-
TOB, TO MX HH3LIas TemnoTa CropaHus Ha pabouyl Maccy
MOXeT OKa3aTbca IHpebiuatomeil 9 MJxK/KT u pocrurarthb
3HaueHu#t okojo 14—15 Mk /kr. Takue TBO cxkurathb
3HauYuTeJbHO Jerue, yeM HecopTHpoBaHHble. Temnota cropa-
HUst HecopTHpoBalHbiXx THO MokeT OblTh NOBLIIEHA TaKXKe
NyTeM HX CMeIleHUs C OTXOAaMH TNPOMBILUIIEHHBIX TPOU3-
BojacTB. Eme B 30-x rogax J. M. PaOGudoBuueM Ha OMbITHON
ycraHoBke B Ojecce GbIM HPOBeJEHbl HCCAe10BaliA 10 NO-
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BbiluelHio  Tenaorol cropanua  TbO 3a cuer mobGassienus
ONMHJIOK H JAPYrHX OTXOJ0B JAepeBooOpabaThiBAIOIHX Npej-
npuathit [29].  pyruM npuMepoMm sBJASETCS CXKHTaHHe
B I. [lep6u (BenukoGputanus) cmecn u3 859 OLITOBBIX H
15% npoMblileHHbIX OTXOMOB, HMeloLleit TemIoTy Cropa-
HHSI Ha paGouyio Maccy 10,8 MJIx/Kr.

Tak kak OgHHM H3 OCHOBHBIX HCTOYHMKOB 3arpsi3HEHHs
atMocdepbl TOpOJOB NMPOAYKTAMH CrOpaHHs TOMJIHBa SIBJS-
ercs cepHHUCThili ra3 SOg, TO 0 ieHb BaXKHO, YTOOH! B HCXO[-
HOM TOMJIHMBE COJepXKajoch KaK MOXHO MeHblle cepbl. HM3-
BECTHO, YTO, HallpHMep, TOMOUHble Ma3yThl coxepxkat 0,5—
3,5, a roproune cranub 1,6—3,6% cepbl Ha cyxylo maccy.
B kM3ea0BCKHX YrisX 3Ta BeJHYHHA QOXOAHT 10 9, B moj-
MOCKOBHHIX OypeIX A0 8, skuHGacTy3ckux pgo 2,5, noueu-
kux 710 4%. Hapsiny ¢ stum TBO siBasiioTcsi caMbiM MaJio-
cepHHCTHIM TBepAbiM TomiHBoM. B TBO CHIA copep:xurcs
0,1—0,15% cepbl mo paGoueii Macce, eBpONeHCKHX CTpaH
0,1—0,3 u fAnonnu 0,056—0,29% [16]. ConepxaHue cephl
B paboueil macce TBO CCCP B cpejHeM He mnpeBHIIAET
0,2%; conepxaHue a30Ta B TBEPABIX GBITOBHIX OTXOAAX
MockBnl no cyxoii macce koJe6iaercsi or 0,60—0,66 BecHoii
1o 0,81% 3umoit [4].

B Ta6na. 1.8 npuBeseHbl ycpeJHeHHble JaHHble MO 3Je-
MeHTapHomy coctaBy TBO, BbIXoay JeTyuHX Ha TOPIOUYIO
Maccy H CpelHeroJoBOil TENJ0Te CrOpaHHs OTXOJMOB Ha pa-
Oouyio U ropiouyw Macchl no paay ropoaos CCCP u 3apy-
O€XKHBIX CTPaH, KOTOpble MOT'YT ObITb HCIOJb30BaHbl B MpH-
KHJOUYHBIX pacuerax.

I'paHyJOMeTpHUECKHT COCTaB OTXOAOB B KaXKAOM KOH-
KpPeTHOM CJiyuyae JOJIXK€H ONpeje/isiTbCsi Ha OCHOBe (haKTH-
yeckoro aHanusa. [IpHHATO cuMTaThb MeNKHMH HacTHLAMH
TBO ¢pakunu 0—15 MM, cpenuumn 15—40, kpynHbiMu 40—
120 u ouenp kpynHeiMH cBbie 120 mm. Ananuse TBO
MockBr nokasanu [4], uTo oueHb KpymHble ¢pakiHn (pas-
MepoM GoJee 150 wmM) o6mafaloT 3HAUMTENbHO MEHbLIEH
30JIbHOCTBIO H BJIAXKHOCTBIO H, CJefoBaTe/bHO, OGoJbllei
TeNJOTOH cropaHusl Ha paGouylo maccy TomjHBa. Tak, eciu
ans  Bce  Macchl  HecopTHpoBaHHBIX  TBO  QPg=
=8,37 MLk /Kr, TO AJs OTXOAOB C pa3MepoM (pakiuil
150 mm u Goaee ona gocruraer 12,52 MJIx/kr. Ipu npoek-
THUPOBAHHWH YCTaHOBOK s cxkuranusa TBO caenyer nmerb
B By, uto ucxonusle TBO comepxat eie Gosee KpynHbie
KOMMOHEHTHI, pasMep KYCKOB KOTOPBIX JAOXOAHT Ao 250X
X250 mm u 6osee [1]. EcrectBenHo, urto taxas GoJbluas
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Ta6nuna 1.8, dnementapHblit COCTaB, BBIXOX JETYYHX H HH3WAS
remynora cropanusi TEO B cpegHem 32 rog no pagy CTpan H ropoaos

5
Maccosuit cocTas, 9% 5ol E ]
g 22,
CrpaHa (ropon) ol ® g =
o S ¥
c H o N S A wolEx|egy
ERAEEE
21,50 | 1,80 | 10,12 | 0,42 | 0,26 20,30 | 36,42 7.24
B8 . . , 0,42 [ 0,26 , , .
Avcrpis (Bewa) | o8 | &51 | 30052 | 7.23 | 0,76 | = — | ¥4 B
20,96 | 1,99 | 12,32 | 0,31 | 0,20 38,73 | 25,49 7.2
A a : Pl ! o == 4 : 42,1 4
HIH 58,58 | 5,56 | 34,43 | 0,87 | 0.56] —— = 21,9
Benbrst 22,10 | 1,53 | 8,82 [ 0,2 | 0,28 40,30 | 26,72 | 45 .| 7.45
(Bptoccesm) 67,01 | 4,64 | 26,74 | 0,76 | 0,85 — — ’ 24,53
Henanua 19,34 ]'_(}.5 1,13 (_)_.4_7 0,21 _2_(?& M 48,3 6,36
(Maapan) 58,55 | 6,80 | 32,51 | 1,42 | 0,63} — — ! 22,27
Kata za 25,57 | 3,19 | 18,40 [ 0,42 | 0,13] 25,26 | 27,03 | ., g ,
53,60 | 6,67 | 38,58 | 08 | 0,27 — — ’ 20,9
Huzepatnu 22,17 | 1,51 | 834 0,231 0,28 43,27 [ 242 | 4 ,| _7.58
68,45 | 4,64 | 25,64 | 0,71 [ 0,86 — = i
Hopeerus 20,12 | 2,52 16,07 | 0,46 | 0,16] 18,79 | 41,88 | , || _6.52
51,15 | 6,41 | 40,86 | 1,17 | 0,41 — — ’ 19,27
P 26,31 | 3,38 | 23,35 | 0,22 0,13) 21,95 { 24,66 | o, o] 9,24
(Xemcunkn) | 49,28 | 6,33 | 43,74 | 0,41 | 0,24| — — 1 18,43
®parus 24,19 | 3,0 [ 18,99 | 0,34 | 0,12} 28,24 | 25,12 } o5 .| 8,59
(Mapuk) 51,86 | 6,43 | 40,72 | 0,73 | 0,26] — - 'l 19,76
Wae#naphs 21,41 | 2,3 | 15,8 | 0,27 | 0,19} 31,04 | 8,9 |5 | 7.15
53,44 | 5,74 | 39,68 | 0,67 | 0,47 — — 19,7
I eryrs 20,39 | 2,89 | 19,84 | 0,21 [ 0,12 31,2 [ 23,35 ool 8,15
49,26 | 6,36 | 43,66 | 0,45 | 0,96 — — 19,2
CIIA 24,66 | 3,11 | 18,97 | 0,35 | 0,13} 27,64 | 25,14 | o o1 8,9
53,24 | 6,65 | 39,10 | 0,74 | 0,27 — — 17200
P A— 21,54 | 2,3 | 12,48 | 0,57 | 0,20 25,20 | 37,71 | o of 7.4
oecp: 58,15 | 6,2 | 33,60 | 1,4 | 0,56 — — 21,7
Mocksa 21,36 2.8 | 1752 10,61 40,13} 17,93 f 39,65 f 55 5f 7,23
50,35 | 6,6 | 41,31 { 1,43 | 0,31 — — 19,35
Tenntrpan 17,52 1 2,3 | 14,33 | 0,47 | 0,00] 31,15 | 34,14 | oo || _5.9
50,48 | 6,63 | 41,28 | 1,35 | 0,26 — — 19,1
Fopuiut 19,62 | 2,62 | 16,67 | 0,56 | 0,11 20,51 | 39,91 | oo o 6,52
49,56 | 6,62 | 42,13 | 1,41 | 0,28]  — — B X))
[— 17,4 | 2,24 [ 13,85 1 0,85 | 0,11} 31,09 | 34,76 | ¢4 5f 5,81
50,95 | 6,56 | 10,56 | 1,61 | 0,32 — — 19,6
XapbKos 19,38 | 2,48 | 14,7 | 0,61 | 0.14] 19,13 | 43,56 | . [ 6,44
51,04 | 6,65 | 39,4 | 1,63 | 0,38 — — | 29,2
B na (HBOCTOK 16,34 | 2,18 | 13,27 [ 0,50 | 0,13 24,35 | 43,14 | . 5,27
50,26 | 6,71 | 40,82 | 1,81 | 0,4 — — 19,52

TipumeuaHnue. 3Hai2HUA, NDU321eHHSIE B 44d/iTeNne, OTH CArs K COramy W
Hu3iueft Tennore cropanisl OTX0TOB H1 paodyi0 Maccy, a B 3HAMEHaTeNE — Ha FOPOiyio
MacCy; BbIXOA JeTy4uX NpHBEAECH Ha Cyxylo Maccy. ,
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pasHopoaHocTh KoMnoHeHTOB TBO no pasmepam BHI3bIBaeT
T0NOJHHTE/IbHbIE TPYAHOCTH B OPraHM3alMH HX CXKHraHHUs;
HHXe 3TH BONpochl OyayT paccMoTpeHbl mnoupoGHee. Ilo
JaHHbIM 3apy6GexHbX (HPM TeMmepaTypa pa3MsryeHHs
LIJ1aKOB OPH CXKHIaHHH HecopTHpoBaHHbLIX THO HaxoauTcs B
npepenax 850—1200°C, a nuaBaenns 3oas — 1200—1300°C,
YTO TaKxe cJjedyeT YYHTbIBAThb NPH NPOEKTHPOBAHHM YCTa-
HOBOK C HCIOJIb30BAHHEM TeIJOThI.

Brile paccmarpuBasiuch CBOHCTBA HECOPTHPOBAHHBIX
OTXOJIOB, MOCTYNAIOIIUX B HAKOMHUTE/bHble OYHKepa KOTeJdb-
HbIX YCTAHOBOK HEMOCPeJCTBEHHO C MaLUIHH-MYCOPOBO30B.
Onnako B CLIA B mocneanue roabl paspaGoraH ClelHalb-
Hbili cnmoco6 noarotoskd tomiuBa M3 TbO (Refuse — deri-
ved fuel, coxkpamenno RDF). B 1974 r. lllearom u OaTe-
poM [51] Obuio mpoBeseHO HccleJOBaHHE LeNecO00pasHO-
ctH npuMenenuss RDF Bmecto HecoprHpoBanHbXx TBO kak
tonnuBa. Ilpensapurenbnas moarorosxa tomiausBa u3 THO
(RDF) 3aknaiovaercss B 0TOOpPe M3 HHX MeTaJ/JIOB H CTEKJa,
nocne vero TBO nopsepraiorcsi H3MeJNbyeHHIO, a 3aTeM
IIPONYCKaIOTCsH 4epe3 BO3JAYLIHBIA cemaparop, B KOTOPOM
GoJsiee Jerkue pakuuu (oxosno 85% Bceit maccui TBO —B
OCHOBHOM Gymara, mJacTMaccoBasl ynakoBKa ¥ Ap.) moOToO-
KOM BO3JyXa BbIHOCATCSl B ClelHanbHbIl OyHKep, Fje ckam-
JHBaeTcAd TOMJMBO M3 OTXOJ0B. Tsxkenble KOMIIOHEHTbI
(kaMHH, pe3nHa, HeGoOJblLIHe MeTajJJHYyecKHe BKJIOYeHHUs
Il T. I.) CKaIJIMBAIOTCA B HHXKHEH 4acTH cemapaTopa H yaa-
asiioTcst u3 Hero, Takum o6pa3om, MOATOTOBKA TONJHUBa H3
OTXO/I0B OJHOBPEMEHHO SBJISIETCS NPOLECCOM BOCCTAHOBJe-
Hus pecypcoB u3 TBO (meranna n crekna). [locae npo-
XOXK/I€HHSl 4Yepe3 BO3AYILHBIH cemaparop TOMJHBO H3 OTXO-
J0B IO MpHBeJeHHbIM B paboTe [51] mannbiM oGnajaer
HU3LIeH TENJIOTOH CrOpaHHsl Ha CyXyl0 Maccy B CpelHeM
16,5 Mk /kr npu cpenHeit 3oabHocTH 24,9%. Kak nokasa-
Ho suille [cM. dopmyay (1.1)], Tensora cropanua Ja0Gore
TONJHMBA 3aBHCHT OT COJEpPXKAHUA B HeM 30/1bl H BJATH.

Ha puc. 1.3 nokasana mnpuBeieHHast B paboTe aMepH-
KaHCKHX HccJeJoBaTesel HOMOrpaMMa 3aBHCHMOCTH TeMJso-
TH CrOpPaHHsl TOMJIMBA M3 OTXOJAOB TOJNBKO OT NMPOLEHTHOrO
cojilepKaHus B HHX BJArd NpH HU3IUeH TEMJOTe CropaHus
cyxoit maccel B npegenax 11,6 —20,9 MIx/kr. B coorBer-
CTBHH C 3TOM HOMOTPaMMOH NpPH MacCOBOH BJAXKHOCTH
RDF, pasuoii npumepHo 83—90%, Bca Hu3lIasg TemjaoTa
cropanusi RDF noiijier Ha ucnapenue 3Toi BJard (TeopeTH-
yeckdii cayyaii). HauGoabwnii npaxkTHYecKHit HHTepec
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npejcTaBagioT Co0oi 3HaueHHS] MAac¢OBOH  BJIAMKHOCTH
TOMJIHBA H3 OTXOA0B B HHTepBane WP==20-:-40%. Tak, npu
Wr=20% 1 uusuweii Tennore Cropanus TOMIHBA H3 OTXO-
0B Ha cyxylo Maccy 20,9 M /kr ero uHu3luasi TemaoTa
cropasusi Ha pabouyl maccy cocraBut 16,3 MJIx/kr (cM.
WITPUXOBble JIHHWM Ha pHc. 1.3), a npu WP=409, Qry==
=11,6 MIIx [kr.

Hpyraa nomorpamma (puc. 1.4) mnpegnasunauena anst
onpenejennst QPy TomiuBa M3 OTXOJOB B 3aBHCHMOCTH OT
COJlePKAHHS B HUX TOPIOUHX COCTABJISIIOLIHX, BJAard H 30Jbl.
JTa HOMOrpaMMa MOCTPOeHa HCXOAsl H3 TOro, UTO NPH HC-
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4,6 : N\ Puc. 1.4. 3aBHCHMOCTb HH3ILEH TENAOTbE
i CropaHHs TOMJMBa M3 OTXONOB OT CO-
23| Jlep3Kalust B HHX 30JBI, BJarH H ropio-
' UHX COCTABJIAIOIHX MPH 3aJaHHOM 3Ha-
E 0 yepun Qfy (mpu X=0 u Y=0 Q=
Maccoboe codepxarue 43 l= —I?J%ia?:{‘ril}l:/xn?énenax KoTopoft Tennora
bracu Wh% ? .

CropaHHs TONAHMBA HEAOCTATOUHaA ANA Bbhl1a-
Pa BJAarH B HeM.

Pue. 1.3. 3aBHCHMOCTb HM3LIeH TemaOTH CrOpaHHsA TONJHBA H3 OTXOAOB
Ha pa60uyl0 MacCy OT COAep}KaHWs BJATH NPH 3aJaHHOM 3HAUEHHH €ro
HH3IIeH TENJIOTH CropaHHs Ha CYXylo Maccy.

caepopannd RDF wa 12 o6pasuax B CHIA Geuto nosydedo
MaKcMMaJjibHOe 3HayeHHe HU3LIeH TemIoThl  CropaHus
19,5 MJIx /KT Ha Toplouylo Maccy.

ITo ocu abcuucc HOMOrpaMMBbl OTJIONKEHO COflepkKanHue
30q1b1 Ha paGouylo Maccy RDF, no ocu opauHAT — BJarH,
a HAKJOHHbIE JIMHHUH Z XapaKTepH3YIOT CONeprKaHHe ropio-
ynx KomnoHentos B RDF. Tak kak Z=1 cooTBeTcTBy€ET
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TONMBY C HH3LeHd TemoToil cropanusa Q=195 MJIx/kr,
TO npH 3ToM 3HaueHun AP/100=X=0 u WPr/100=Y=0.
;" NOCTPOEHHS TPEYroJbHHKAa HMCHOJb30BaHbl COOTHOLIEHHS

X4Y4Z=1, (1.3)

npn 19,52— 2,3 Y—_—0> (1.4)

QDH =0,

M3 HoMorpammbl BHAHO, 4TO NpH BbicyliuBanud RDF
yBeJHUHBAeTCs coJepxKaHue 30Jbl B TOMJHBe. Tak, mpH
BbIcyluMBaHHu obpa3ua Tomiusa, cojgepxaitero 309% Baaru
v 16% 3onbl na pabouylo mMaccy (touka / Ha puc. 1.4), no
10% Baaru (Touka 2) 30/IbHOCTb TOMJUBA YBEJAHUHBAETCs
J0 21%, HO ero HM3las Tema0oTa CropaHus Ha paGouyio
maccy Bospactaer ¢ 0,505 QTyakc A0 0,68 QTmake, T. €.
or QP;=0,505-19,5=9,85 M x/kr no QPy=0,68.19,5=
=13,26 M/Lx/xkr. Bmecte ¢ TeM, OpH yAaJeHHH 30J4bl H3
TBO, conepxawnx 30% 30abt u 10% Baaru, 1o 10% 3ouw,
BJIAXHOCTb TONJHBa noBbicuTes A0 12,5%, a wuswasa Tten-

- Jiota cropaiusi ¢ 59Y% QTmake, T. €. ¢ 11,51 MJIx/kr, Bo3pa-
crer 10 76% QTyaxe, T- €. 10 14,82 MJx [Kr.

Ha puc. 1.4 o6o3naueHa xapakrepusyemas (GopMyJoH
(1.4) 3ona, B npefesax KOTOPOH HU3LIEH TEMJIOThl CTOPAHUA
RDF HemocTaTOyHO I BLINapHBAHHA COAeplKalleHcs B
TOTJIHBE BJACH.

[TpakTHueckoe 3HaueHHe HMeeT 00J1acCTh HOMOTDAMMbBI B
nutepBanax koopauuat 0,1<<X<<0,3 n 0,2<<Y<C0,4. Opxna-
KO B KaXJOM KOHKDETHOM cJyyae HeoO6XOJHMMO Ha OCHOBa-
HHH TEeXHHKO-3KOHOMHYECKHX pacyeToB YCTAaHOBHTb, YTO
ABJsieTcss Gosee BHIFOJHBIM C TOYKH 3PeHHs HAPOAHOXO3AM-
cTBeHHOrO 3¢dekrTa: cxkuraHue HecopTHpoBanHbix TBO B
crenyasbHbIX TOMOYHBIX YCTPOHCTBAX MJH COOpYXKeHHe
YCTAHOBOK /151 TIOJy4eHHsl H3 OTXOLOB TOM/IHBA C IOHHXKEH-
HOM BJIAXKHOCTHIO H 30JILHOCTBIO, CKUTaeMoro 3atem B TOM-
Kax OGbIYHBIX KOHCTPYKUHH NpPH HX He3HAUYHTEeJbHOH Mojep-
HHM3aIlHH.

Takune Tennogusuueckne cpoiicta TBO, kak Temnepa-
TYPONpPOBOAHOCTb, TEMJIONPOBOAHOCTb, TEMJOEMKOCTb, HC-
caepopaauch AKX um. K. JI. Tlamdunosa ¥ H3JI0KEHH
B [40]. '
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1.3. HEKOTOPBIE 3APYBE)XHbBIE U OTEYECTBEHHBIE

JAHHBIE MO CXUTAHHIO TBO C HCHNOJIL3OBAHHEM
TENJIOTbI

[To nopcueram suepretiikos CHIA cxxuranue mox Korna-
mu 165 mun. T/rog TBO mossoauT oTKasaTbess OT JOGBIUH
H CXKUTaHHsl 72 MJIH. T/TOA Yras ¢ TelJIOTOH CropaHus Ha
paGouyio maccy 12,15 MJDxk/kr. [lo Tem ke oueHkam moJ-
HOe HCroJib30BaHue Bcel TemioThl cropanus TBO crpaum
COOTBETCTBYeT TnpHMepHO 1% Bcero pacxoma 3HeprHH No
CILA, a raxxke 129 3Heprun, mnosyuaeMoil OT CXHHIAHUA
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Koauyecmbo T50 Halveno-| Aoss eodoBoco pacxoda mensomsi,
Beka, xr/rod 2%,nokpsibaemoco 3a cvem Cxuaa-

Hus ThO, npu K114 xomeqbrod 70%

Fuc. 1.5. IInarpaMMa ans onpenefeHns AOMM TeMAOTH, MOJYYeHHOH OT
cxuranns TBO, or yaenbHoro morpe6Jenust TEMJIOTH Ha XKHTeASA B TOJ
(®pannua) B 3aBHCHMOCTH OT TemoThl cropaHus TBO u ux rouosoro
KOJIHYECTBA Ha OJHOrO XKHTeJ,

yras, uan 33% sHepruu, BhipaGaThiBaeMOll THAPO3JIEKTPO-
cranuuMamu crpannl. [lo nauubiM anepretukos Ppanuum, rae
BonpocaM Hcnosb3oBaHusds THBO B KauecTBe TomnuBa ¢ BbI-
paGoOTKOM TenoThl M 3JMEKTPO3HEPTHH yaensieTcs: Goablioe
BHHMAaHHe, H3 CYMMAapHOro pacxoja TemJaoThl Ha HYXKAbI

OTOIVIEHHS, BEHTHJIAUHH H ropdavyero BOJOCHAOXKEHUA KH-

JHX H obulecTBeHHbIX 3iaunit 17—21 I'Ix/roxg B pacuere
Ha OMHOrO XKHUTesad B YCJOBHSX LeHTpasabHOH EBponsl oxo-
a0 109% TemaoTH MOXKET KPYIJIOTOAHYHO MOKPHIBATHCS 3a
cyer noaxoro cxkuranuss TBO (npu KIII xotenbHolt ycra-
HOBKH 70%), WM, HHBIMH CJIOBaMH, OJHH JKHTEIb MOXKE]
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6bTL ofecrieyeH KPYIVIBIA roJl TEMAOTONH 3a CUET CXKHTaHHS
TBO, cobpaunbix oT mecsiTH XKHTesell ctpanbl. Ha puc. 1.5
npejicTaBjeHa JAHarpaMma, 3aHMCTBOBAHHas M3 paboThl
()paHIY3CKHUX 3HEPreTHKOB, H3 KOTOpPOH BHJHO, UTO TaKoOH
3(dekr mocturaercd upH HU3lleH Tensote cropanust ThO
Ha paGouyio maccy 9,20 M /Kr H KOJIHYeCTBe OTXOJOB Ha
kaxporo xuteas 300 xr/rox. ITo mepe pocra Tensoret cro-
panusi TBO n yBeniMueHHS] KOJMMYeCTBA OTXOAOB, NMPHXOAS-
LIHXCSA HA OJ(HOTO XKHTeJsl, LOJS1 BBITECHIEMOT0o HCKOMaeMo-
FO TONJIHBA B CHCTEME TEMIOCHAOXeHHS XKHJHILHO-KOMMY-
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200 300 400 500 600 700| 3 &5 7829 #1_13 15

KonuvecmBo TE0 Ha odHoeo| Inexmposrepausi, Bbipadamsibae-
wumens, kr/rod Mas 3a cuem CwueaHus T60,%, .

K cymmaproMy koauvecmly 3/71eK-

mposHepeuu, nompedasemod 04~
HuM xumenem 8 ead

Pnc. 1.6. JlnarpaMma Aas onpelesieHHs AONH 3JeKTPO3HeprHH, Bhipaba-
ThiBaeMoil npu cxuranun TBO, oT cyMMapHOro moTpe6JeHHst 3NeKTpo-
3HEePTHH Ha ojHoro >kuteas B rof (Ppanuus) B 3aBHCHMOCTH OT Ten-
Jotel cropanuss TBO M HX roJoBoro Kosuectsa Ha OLHOTO MHTeJA.

HaAJIbHOTO ceKTOopa ropoja Oyner Bo3pactarb. Ecan xe mc-
10JIb30BaTh 3Ty Tennory or cxkurauug TBO agna BoipaGotk
3JIEKTPHUECKOH 3HEPTUy, TO 3a CYeT Hee MOXKHO MOKPHITH
8,2% romoBoro pacxofa 3JMEKTPOIHEPrHH H3 pacyera Ta-
KOro pacxofa Ha xkutens B koaudecrse 9000 MJIx. Ha
puc. 1.6 npeicraBaeHa JauarpamMma, XapakTepH3yiOllas
JOJII0 9J1eKTPO3HEPIrHH, KOTOPYIO MOXKHO MOJYYHTH 3a cuer
nosHoro cxxuranusa TBO B nmpouenrax x o6LieMy rogoBOMY
HOTpebJIeHHI0  3JIE€KTPOIHEPTHH  KHUIHUIHO-KOMMYHAJIBHOTO
CeKTopa ropofa, OTHEeCeHHOMY K OXHOMY xHuTenio. Ppan-
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LYy3CKHMK crnelrdanicTaMi MoAcuHTano Takxke, uro | T TBO
¢ HH3Weil TenyoToi cropanust 7,76—8,6 MJIx /xr npn KITJ1
Kot10B 70% Moxer samenntn 190—200 kr KuAKOro TOMN-
anpa ¢ QPy=238,4 MILxk/kr. [To Tem »Xe HAHHBIM KOJHYECT-
BO Takoro Ton/HBa, 3aMmeilaemoro TBO Ha | xkutens B rog,
cocrasisier: B Ilapuxke 33,5, B Mionxene 42,5, Bene 32,7 u
UlBelinapun 37,5 Kr.

B 1974 r. BolpaGoTka TEMJIOTHl OT CXKUraHHA GBITOBBIX
OTXOLOB Ha MYCOPOCXKHTaTeNbHHIX cTaHuusax [lapuxka mno-
3BOJIMNIA C3KOHOMHTbL 174 Toic. T/rof TonoyHoro masyra. [o
AaHHBIM crnelHasbHOK paboued rpynnel 3HepreTHkoB Ppan-
IIHH, NPHBEJEHHbBIM B ee JOKJafe AreHTCTBY MO BOmpocam
SKOHOMHH 3HEPTHH MOJ Ha3BaHHEM <«DKOHOMHYECKas BHITO-
Ja pereHepauuH 3HEPIHH MOCPEICTBOM CXKHTaHUS TBepABIX
GbiToBBIX 0TX0M0B», B 1975 1. yxke 209 cobpaHHbIX B TO-
ponax TBO cxuranoce ¢ HCNOJAb3OBAHHEM TEMJIOTHI, a K
1980 r. sTa gons Bo3pactaer jgo 50%. Taxme maciradbi
ckurauna  TBO noseoasitior  cakonomuts B 1980 .
700 tbic. T TomoyHoro masyra. [lo maHHbIM PupMbl «DOH-
Ponn» (Ilsefinapus) B Lllopuxe u )KeneBe npu pacuere Ha
OJIHOTO KHTe/A BCeH MOTPeGHOCTH B TeMJIOTe TOPoAa, BKJIO-
yas NPOMBbILJIEHHble TipeanpHaTHs, or 2 go 2,7% 3Ttoii no-
TpeGHOCTH B TOJOBOM pa3pe3e yxKe IOKpPbIBaeTcs 3a CYeT
cxkuranusa TBO. Takue pe3yabTaTbl [OCTHTAIOTCS NMPH Cpel-
Hell pacueTHoil Temnore cropanust TBO 8,17 Mk /kr U Ko-
JuyecTBe coOHpaeMbIX ObITOBBIX OTXOAOB B cpefxHeM 250 kr
Ha kurteas [41]. Awnanoruusble faHHble MOXKHO HaliTH B
martepuanax suepretukos Hanuu, OPT, dnonuu u apyrux
CTpaH. :

Has onpejneneHus KoJaMYeCTBAa HMCKOMAaeMOro TOMN/HBA,
KOTOpOe MOXKeT GbITh cakoHOMJeHO B ycioBusix CCCP 3a
cuer cxkuranua THO ¢ ucnonb3oBaHHeM MOJYyYEeHHOH Temao-
THl AJASi YaCTMYHOIO MOKPBLITHA MNOTPeOHOCTH B TemJe Ha
KOMMYHaJIbHO-GbITOBblE  HYXKAbl TOPOXOB, MOTYT GBITH HC-
MOJIb30BAHbLl pPe3yJNbTaThl pacueToB 3TOH NOTPeOGHOCTH, NMpH-
Bejenubie B [45]. B 3Toii paGoTe naHbl YKpYNHEHHbIE MOKa-
3aTeJ yJAeJbHLIX PACXOJ0B TeMJOTbl HAa OTONJIeHHe, BEeHTH-
JIAIMIO U TOopsuee BOJOCHAOKeHHe XKHJIbIX H OOLIeCTBEHHbIX
3JaHMil B pacueTe Ha OAHOTrO XKHTeas B rof. Tak, anasa ropo-
JoB ¢ HacejnenueM 50—250 Tbic. KUTeseil MpH pacueTHOH
TeMrepaType Hapy»KHOTo BO3AyXa A/ CHCTeM OTOMJEHWS

tpu=-—20°C, a MJS CHCTeM BEHTHJSILHH {P-BeHT = —9°C,
cpenHeil TeMrepaType HapYXHOTO BO3J1yXa 3a OTOMHTEJb-
Hblit nepuop (o, =-—0,4°C u cpeaHell NpPOJO/IKHTENIbHO-
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CTH 3TOro Tephoaa Zor, paBHoii 190 cyT/roa, rogosoil pac-
XOf TenyioThl Ha OJHOTO KHTeNs Q:;f: KosiebJieTcst B npe-

ndenax 21,81—30,12 I'lk. [pu nepexoge X HCXOAHLIM 3na-
yeHusiM Py=—30°C; fpvent,— —18°C; Zo, =218 cy1/rog;
tepory—=__57°C COOTBETCTBEHHO MOJYyYaeM Qc"y’ﬁ =28,12+
39,82 'k, a npu  {Py=~—40°C; (pBeuT —_ 95°C; Zop=
=234 cyr/rox; {eP-oT;=—88°C szﬁ =32,98-+-46,30 I'Lx
Ha ojHoro :kuteasd. HuxHue npefeabl 3HaueHHH 3THX
YAeNbHbIX PAaCXOMO0B TEMJOTHl MOJCYHTAHBI NPHMEHHTENbHO
K HOpMe 00ecneueHHOCTH XHJOH mioumiaabio 9 M2/xkurens,
a BepxuHue K Hopme 12 M2/xutens [45].

Has onpejeneHuss KoaHyecTBa TEIIOTHI, KOTOpOe MO-
XKeT ObITb nosayyeHo or cxkuranus TBO B kavectBe TOmJIM-
Ba, B JaJibHeilleM IPHHATO, UYTO B MepCleKTHBE KOJHYeCT-
Bo TBO na oanoro xkutens b;=2300 xr/rox [38], npu cpex-
HEroJI0BOH HH3UIeH TenJjoTe cropaHus Ha pabouyl Maccy
QPx=7,54 MIIx [kr u cpenuerogosom KI1[l yruiausauuon-
HOH KOTEeNDbHOH Mxy==0,7, NpH 3TOM KOJHYECTBO TEILIOTHI,
KOTOpOe MOXKeT ObiTb noJyyeHo ot cxkurauusi TBO B pacue-
T€ Ha OJHOr0 XKHTeJIS, BHUHC/AAETCS Mo Gopmyse

G =01 Q- (1.5)

B nanuom cayuae ans ycaosuit ropogos CCCP nosyua-
em: g, ==2300+7,54-0,7 - 10~°=1,6 I'[[x/rox. CeioBareibHo,

npu tPy=—20°C MoxHO MoKpbiTh 5,3—7,3% roxoBO# NO-
TPeOHOCTH B TEMJOTE KaxKAOT0 >KUTeJsS 3a CUeT CKHraHHs
TBO, BriGpacEiBaeMbIX 3THM XXHTEAEM,

Ecau ycnoBno mpuHuMaTth, yTo Temora cropanus THO
ocTaeTcss MPHUMEPHO MOCTOSTHHON TNPH HW3MEHEHHH KJAHUMaTH-
yeCKHX yca0BHH B mpefenax Goabmieit yvactu CCCP, to no-
Jl TIOKPBITHA NMOTPEGHOCTH B TEMJIOTE KHUTeS 33 CUeT CHKH-
ranuss TBO ¢ uncnoap3oBaHueM nogyyaemMoit TemJaOTHl MpPH
CHHXKEHHH pacyeTHOH TeMIepaTypbl Hapy:KHOTO BO3JyXa
t°y ¢ —20 gpo —30°C cokpamaercsa ao 4,0—5,6%, a npu ee
cHrkenun go —40°C—po 3,4--5,09%. FomoBoe KoJuuecTBO
YCJI0BHOTO TOMJHBA, He0GX0AHMOe Jisi obecneyeHus morpeod-
HOCTH B TemjioTe OfHOrO Kurens (6Ge3 yuera norepb B Ten-
JIOBBIX CETAX), MOXKET TNMOJCUHTHIBATLCS MO (opmyJe

ron Qeyu
byae = oo v (1.6)

QE! y.TnKY
29



rie QPuyr=29,3 MJx/kr— Hu3inas TemioTa cropaHus
AJIst YCJOBHOTO TOIVINBA; Miy=0,85 — npuHATHI cpezHero-
nosoit KIIJ] KoTe/ibHbIX NpH LEHTPAJH30BAHHOM  TEMJIO-
CHa6XeHHH TOpoAa OT KPYNHBIX HCTOYHHKOB TeHJOTH, pa-
OoTaloIHUX HAa HCKONMAaeMOM TOMNJINBeE.

B wactrocTd, npu 7, = — 30°C n Q= 39,82 '/ rox

39,82.10%
nojiyqaeM b %= 595085 — 1998 Kry.T./rOL.

B 3tom cayuae npu ucrnoswbsoBanun THBO B KauecTse
TOMJUBA MOXKeT ObIThb 3a roj c3kKoHomseHo 63,5 Kr ycJoB-
HOrO TOIVIMBA Ha Kaxjoro xurenas. I[Ipu cxkuraHum B Tom-
Kax KOTJIOB-yTHJAH3aTOpPOB Bcero koJguuyectsa TBO B ropo-
e ¢ HacesenueM 250 Thic. KUTeJed [OJYyYeHHas 3a roj
3KOHOMHSI YCJIOBHOrO TOmJHBa cocraBut 15875 T.

Huxe npuBoasTCs HeKOTOpble XapaKTepHbie MPHMepHI
HCMO/b30BaHHA 3Heprun ot cxuranus TbO ans nyxp ro-
POJCKOro X03siHcTBa 3a pyGeKoM.

B Ilsefinapui GLITOBblE OTXOJBI LIHPOKO HCNOJB3YIOTCH
kak tomiuBo. Ewe B 1967 r. B JlozaHHe Obl10 COMXKXKEHO
98 ThIC. T TBepAbIX GBITOBBIX OTXOMOB, 33 CUET KOTOPHLIX Obi-
J0o BbipaboTaHo 119 Teic. T mapa W OTHYLICHO HA HYXKAbI
ropoackoro xossiicrea 169 489 I'l:xx temnotel. B Kenese
B roj cxkuraercs 79 131 T orxonoB, 3a cyeT yero Bblpaba-
TeiBaeTcl map Aassienuem 3 MIla u Temmepatypoil nepe-
rpesa 360°C B kosuuectBe 192 325 t/roa, Hanpasasemblit B
TYpOHHBl ¢ roA0BoH BbIpaGOTKOH 3jekTposHeprun 79 TJIx.
B ILopuxe mycopocxkuraresnbHass TOL] BoipabaTbiBaeT Kak
3JIGKTPO3HEPTHIO, TaK U TEelNOTYy B BHJE Mapa, OTAaBaeMo-
ro B napoBble ceTH ropofa. 3a roj coxxeHo 124 844 r
OLITOBLIX OTXOJ0B, noaydeHo 298278 T napa AaBJeHHeM
3,7 MIla u rtemnepatrypoii neperpeBa 420°C u Ha 3Toil
6a3e BbIpaboTaHa 3JieKTpPo3Hepruss B koaudectse 96 Tk
H Tenjorta B KoauuyectBe 164 TIx [41].

B Munane (HMranusi) 3a cuer nepBoii yCTaHOBKH B TO-
pone, cxkurawmeit 366—549 t/cyr TBO, 6b10 NOKpLITO
30% mnoTpeGHOCTH B 3/JEKTPUYECKON 3JHEPTHH  KHJIHILHO-
KOMMYHaJbHbIX norpe6uteneit ropoma. K 1975 r. B ycra-
HOBKe OblI0 coXkeHo 2,54 MJaH. T Mycopa H Bbipa0OTaHo
Ha 3rtoii 6aze 1080 TIx saekrpuueckoit snepruu. Hlnak
ot cxurauua TBO B Mmunane ucnosnb3yercss Ajad CTPOM-
TeJbHbIX Hedeli. Tonbko Ha pacxomax no nepesoske ThO
eXKerojHo akoHoMuTcs 438 Tric. monu. {35].

B Mionxene (PPI') 3a cuer ucnosnb3oBaHUS TeNnaOThI
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or cxuranua TBO nokpwuiBaercs 109 roxoBoit norpe6HO-
CTH B 3JIEKTPHYECKOH 3HepPrud ropona, a B TOMJIMBHOM Oa-
Jgance ropoackoft TIIL momuoctsio 180 MBT 20% cocras-
JAIOT TBepHble OLITOBblE OTXOHbl, CXKHraeMmble NOJ 3Hepre-
THYeCKMMH KoTjamH. Ha onHo#l U3 ropoaCKHX MYCOPOCHKH-
rarenphbix T3 B ®PTI', noxg kotnaMu KOTOpO# CKHraercs
1000 - t/cyr TBO, exeromHo BuipabatbiBaerca 180 TIlx
3JIeKTPO3HEprHH, yacTb Kotopoit (20%) wucnonb3yercs Ha
noxkpbiTHe cobcrBeHHbix Hyxa TIIl, a ocranpuas (80%)
nocTynaer B TOPOJCKHe 3JIeKTpHYecKHe ceTH. B cneumasnn-
HOU JiuTeparype [44] oTMeuaeTcs, 4TO NPH HCNOJb3OBAHHH
B ®PI' n gpyrux crpanax TBO B kauecrBe TonuuBa And
TOIl cyumiecTBeHHO  BO3pacTaloT MPEHMYIECTBA TaKHX
T3l no cpaBHEHHIO C TemIOCHAGXKeHHEeM TOPOAOB OT KO-
TeJbHBIX M HX 3JeKTpocHaGxenumeM oT Mouubix K2IC.
Hnorna 3a cuer cxurauus TBO nonHocTbio NOKpHIBAIOTCA
JIETHHE TelJIoBble Harpy3ku mnorpebuteneil. Ilo naHHBIM
¢dupmbl «Hotie Xaiimar Kommynan» B ®PI' B nacrosiuee
BpeMsl 3KcyaTHpyercsi 39 sHeprerHueckKHX YCTaHOBOK IO
cxuranuio TBO ¢ ucnonb3oBanueMm TemsoTs U eine 40 3a-
NJ1aHUPOBAHO MOcTpouTh Ao 1985 r. Exunuunasi npousBo-
JUTENBbHOCTh YCTAaHOBOK 1o cxuraembim TBO B ®PI no-
cruraer 2000 t/cyr. Cpenu nHux 12 ycraHOBOK SIBASIOTCS
T3, BuipabathiBatomuMu npu cxkurauun TBO anektpuue-
CKYIO HEepPrHio B COYETaHHH C HU3KOMOTEHIHaJIbHON Tenmuo-
TOH A1 KOMMYHAJbHO-GBITOBBIX HYMKI.

B fInonun nonosuna THO cxkuraercs mox KoTJaMu OTO-
MHUTENbHBIX KOTEJbHBIX HJIM 3JEeKTPOCTaHUui. DTa TenJora
HCNOJIb3YeTCsA Al HYXK[ TenjocHaOXeHHust TOpOIOB, a HHOT-
Ja Takxe And BblpaGOTKH 3JeKTPHUECKOH 3HepTHH M obec-
connBanusag Mopckofi Boabl. Tonbko ofHa simoHckas ¢upma
«Tokyma» noctpouna B ropoaax Snonnu 38 ycrasoBok nas
cxkuranua TBO npoussoantensnocroio or 30 mo 650 t/cyT
[48]. B 1970 r. B SInounu yxe pa6orano 287 yTuansaumoH-
HbIX YCTAHOBOK, HCHOJIb3YIOUUX TEMJOTY OT CXKUraHus
TBO kak ua cobcTBeHHBle HYXAB, TaK H IJA ee OTIycKa
B CHCTeMbl LEHTpPaNU30BaHHOTO TenjocHaOxenus. Hx
yCTaHOBJIEHHAS! TEMJONMPOU3BOANTEIbHOCT COCTABJASET OT
20,9 MBr B pafione Cuxoky po 430,4 MBrt B paiione Kan-
t0. IlonoBuna TBO Tokno yxe B 1970 r. cxuranace B
KOTJ1aX TAKHUX YCTAHOBOK.

B BenukoGputanuu B Hactosillee Bpemsi paboraer 50
KPYNHBIX YTHJIH3AaLHOHHBIX YCTaHOBOK. '0f0BOe KoJHuecT-
BO TeMJIOThl, MOJYyYaeMO#l OT CKHraHHUA TBEPAbIX ObITOBBIX
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OTXOMOB B 3THX YCTAHOBKAX, 3KBHBAJEHTHO MOJYyUaeMOMY
oT Cxkuranust 1,5 Mau. T yras, 1. e. 1% Bcelt nobbiun yras
B cTpaHe. B ycranoBkax JlonmoHa cxuraercs 86—919
obumero konuvectsa TBO roponpa. K navany 1970 r. Geuin
pa3paboTaHbl KOHCTPYKUHH MOLIHBIX YCTAHOBOK IJISl CXKH-
rauns 1330 t/cyr TBO ¢ ucnosb3oBaHWeM TeMJOTH JJist
BbIDaOOTKH 3JIeKTPHUECKONl 3HeprHH. JTH YCTAHOBKH YKe
BBeJeHbl B KCMJAyaTauuio.

B 1971 r. B Horrunreme BcTynu/ia B CTpPOi HOBasi YTH-
JIM3allUOHHAA KOTeJbHad, CXKHrawouasi ObITOBble OTXOAbI B
KoJuuectBe 175 ThiC. T/roa; mpeamosaraercs, uto K 1980 r.
B Heil 6yaer cxuratbes go 200 Toic. T/ron. YcraHOBKa Bbi-
pabaTbiBaeT map BBICOKOTO HAaBJIeHHs, OTJaBas e€ro 4acTHuy-
HO NPOMLILIJIEHHBIM TpPEeANnpUSATHAM, a uacTHuyro TILL, B
6J10Ke ¢ KOTOpOil oHa paboTaeT B CHCTeMe 3HeprocHabKe-
HHsA. [010BOe KOJHYECTBO TemJOTH, 00pasyoIencss oT CxKii-
raiua otxofoB B HorTHHreMe, 3KBHBAJIEHTHO MNOJYyYaeMo-
MYy OT CXKHTAaHHAl KaMeHHOTo yrjs B KojuuectBe 40 ThIC.
T/rOA, CTOUMOCTb KoToporo cocrasjaser 200 tbic. (yHT.
cTepa. —

B IMTapuxe (®Ppanuus) na TIL Hccu-te-MyanHo cxu-
raercss 500 Teic. T/rox GBHITOBBIX OTXOJOB, BhipaGaTbiBaeTCst
oxoso 30 ThIC. T 3HEPreTHUECKOrO napa, 3a CYeT HCMIOJb30-
BaHUA KoToporo BeipabarteiBaercss 720 Tk [rox anektpo-
3HEPrUM U OTNYCKAaeTCsl B BOJSHbIE TEMJOBLIE CETH
1465 THx/rom Tennotsl. B 1969 r. B Ilapuxe nylueHa B
3KCNayaTaluuio etne GoJee MOLLHAS MYCOPOCKHraTeJbHas
T3 Hspu, cxkuraromas 2400 t/cyT oTX0n0B ¥ BhipabaThl-
Bawllasl Ha 3Toil 6a3e TEMJNOTY W 3JIEKTPOIHEPTHIO.

ITo nanuwiM B. Maptena u I'. Baitanpa (®PT), coo6-
IleHHbIX HMH Ha CHUMMo3uyMme npu BeicTaBke «HMHTepGbit-
mauw-76»> B Mockse, B 1974 r. Ha Tpex YTHUJIH3ALHOHHBIX
T B ITapuxe (Mpu, Hccu-ne-Myauno u CeHT-Y3H)
6bi10 coxkxkeno 1478850 © TBO (909% coGpaHHBIX OTXO-
OB OT 5,2 MJIH. XuTenei).

B Konenrarene ([anusa) cxkuraiores sce TBO ropoma
¢ Boipa6oTko#t temorhl, ITpu cxkuranuu 1 T TBO skonoMmsaT
190—200 kr kumaxkoro tomjusa. M3 monyueHnoro umsaka
H3FOTOBJSAIOT CTPOHTE/bHbIE GJIOKH, pHMeHAeMEE M Ma-
JIOOTBETCTBEHHBLIX CTPOEHHH.

B Kanage nakanausaercsl B rogx okoJo 154 MAH. T
TBO n 10 mau. T npombleHHbix oTxonoB. [lpu cpeaHei
TenaoTe cropauua 3Tux otxojos 8,37 MJIX/kr owd MoryT
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MOKPLITh OKoJo 3% o6neilt noTpeGHOCTH B TeMIOTe, HJIH
oxousio 7120 T x/roa.

Boapmylo paGoty B o0snacTH OpraHH3auuu  CKHIAHHS
TBO c¢ ucnosb3oBaHHeM TemJOTbl HPOBOASIT 3IHEPTETHKH
counanucTHyeckux crpan. B UexocnmoBakuu Ha 3aBoaax
UK-Oykaa u 1-m DpHeHCKOM MalllMHOCTPOHTEJbHOM 3a-
BOJle H3TOTOBJAETCA CcreuxHanbhoe 00OpYyIAOBaHHe; 3aKaH4YH-
Baerca pekoHcTpyKuHsa ytuauszauuonnoii TILL B [lpare,
KOTopasd Haxoausaach B padore ¢ 1932 r. 3akoHueHo coopy-
XKeHHe YTHIH3aUHOHHOH KoTeabHOH anas cxuranug TBO B
Bparuciage, cocrosinieli M3 TpeX KOTJOB, KaXKAbIH HpOH3-
BOJUTEJbHOCTBIO MO cxuraemomy TBO 3,33—4,17 «kr/c.
[Tap or cxuranusa TBO moctynaer B KOJJIEKTOP KOTEJNbHOH
HedTenepepabaThiBalOIler0 3aBOAA,  pAacHOJOXKeHHOH B
600 M OT nJIOMIAAKH YTHJHM3aLHOHHOH KOTeJbHOH.

B bepaune (I'’AP) peficreyer T3, cxkurawmas TBO
¢ BHIpaGoTKoil mapa jnasnenuem 9,7 MIla n Temnepatypolr
neperpesa 525°C B ABYX KOTJax IIPOH3BOAMTENbHOCTDHIO MO
9,72 kr/c (35 t/u) [35]. DroT map ormaercs B OOGLHI KOJ-
JIEKTOP CBeXero mnapa OT 3HepreTHYeCKHX KOTJIOB Ha XKHA-
KOM TOIJIMBe, TaK 4YTO BbipaGOTKa 3JeKTPOIHEeprHH ocylie-
CTBJISIETCA NPH 3aMelleHHH YacTH JKHAKOTO TOMJIHBA OHITO-
BBIMH OTX0JaMH. HaMeueHo mMOCTPOHTb YTHIU3AHHOHHBIE
YCTaHOBKH KaK HCTOUHHMKH CHCTEM LeHTPaJM30BAHHOTO Tel-
jgocHabxenuss B r. Jlefinuure, [pespmene, Kapa-Mapke-
[lItranre, Pocroke, MarneGypre, dpdypre u Tanne. dnd
nosbiienus KIIJ ycraHoBok oHM GYAYT OOBERUHATHCA CO
CTPOALIMMCA TeNJIOBBIMM 3JeKTpocTanlmsaMu. Bcero 3a py-
6exxoM 3KcmiyaTHpyeTcs okosao 600 HCTOUHHMKOB Temao- H
3JIeKTPOCHAGKEHHS] TOPOJOB, HA KOTOPBIX CIKHUTAETCs TNpH-
mepHo 60 man. T TBO u BripabarbiBaerca 90 MaH. T ma-
pa [21]. :

B Mockse pa6oTator 1Be ycTaHOBKH mo cxkurauuio THBO
Ha OCHOBHOM 060pyqoBaHMM (paHLy3cKOi mocTaBku. B
1976 r. Ha OfHON M3 HHX coxxkeHo 55,5 Toic. T THO, BH-
pab6orano 90 Teic. T mapa M c3koHomJeHo 3a rox 8200 T
yCJOBHOTO Tom/HBa. B 3ToM ke romy Ha BTOpOH YCTaHOB-
Ke coxxkeHo 78 Thic. T TBO, Ho M3-3a 3a1epXKH ¢ BBOAOM
B 3KCNJyaTalHI0 TemJOMOATOTOBHTENbHOI YCTaHOBKH JIHIUb
yacTp mapa u3 126 Teic. T/roja HcnoJab30Banach Ha coGCT-
BeHHble HYXAbl. [TolHOe nenonb3oBaHue TENAOTH 3TOH YTH-
JIH3ALHOHHOA KOTeJbHOH MO3BOJIHAO Obl AO0OHTBCA 3KOHO-
MHH 12,3 Thic. T ycjaoBHOro TonauBa B rog. B Mockee co-
Opyxaercs TakXe KPyNHas YTHIH3allMOHHAs KOTeJbHas B
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paiioHe BupiosieBo, B Kotopoil 6yaer cxuratbesa 13,9 krfc,
nau 400 teic, T/rog, TBO. Ilpu cpenneil Tennore cropaumi
0TX0J0B Ha pabouyio maccy 6,91 MIx/kr u KIII kotnos
0,7 sta KoTesbHasi JOJ/DKHAa OTHYCTHTL B CHCTEMY TeEmJao-
cHaGxenusa 1875 Tk /roa TtemyaoThl, NpH 3TOM Oyaer Ao-
CTHTHYTA 3KOHOMHst 79,4 TBIC. T/TOA YCJAOBHOLO TOMJIHEA.
3anpoekTHpoBaHHAsi MHCTHTYTOM «[ HIpOKOMMYyH3HEPro»
U BBelleHHass B 3kcnayarauuio B 1980 r. yTHau3anHoHHad
KoTeabHas Bo BaammBocToke mocie BbXoAa Ha MPOEKTIYIO
MOIIHOCTL OymeT cxkurath 400 T/cyt, uaun 132 Twic. T/roxn,
TBO c BbipaGorkoit 502 THx/rox TemjaoTel, 0TAaBACMCH B
CHCTeMY TemyiocHabXeHusi pailoHa vepe3 Konjaekrop OJaH3-
pPacrnoJIoKeHHOH KOTeNbHOH, mpH 3TOM OyAeT AOCTHTHYTA
3KOHOMHUS! 22 THIC. T/TOJ YCJOBHOTO TOMJINBA.

HMuctutyToM «I'HIPOKOMMYHHEPro» 3anpoeKTHPOBAHKL
crposiludecd B Coun, [Iaruropcke u CeBacrolioie yTu/u3a-
LUHOHHbIE KOTesbHble Aas cxuranua TBO B kauectBe Tom-
JINBA, BeJleTcs NPOEKTHPOBaHHE TAKHX KOTEJNbHLIX AJA CO-
opyxenus B PoctoBe-na-Ilony 1 Mypmancke. Bce 3t ko-
TeJbHble 3aNpOEKTHPOBAHbl HA MMIOPTHHIX arperatax Aas
cxuranust TBO B cooe.

Hucruryrom «IHNpoKOMMYH3HEPro» 3ampoeKTHPOBaHbI
nepBas B CTpaHe 3KCHEepHMEHTaJbHAsA KOTeNbHAsd AJA CXKH-
rauusi TBO, cneuuanbHoe oGopynoBaHue* nasi  KOTOPOi
paspaborado um coBmectHo ¢ AKX um. K. JI. ITamdunosa,
HHcturyramu «TensonpoekTs u «[unporasoouncrka», buii-
CKHM KOTeJbHbIM U KYCHHCKHM MAaIIMHOCTPOUTE/NbHbIM 3a-
BOJaMH. DTa KOTeJbHAasi NOCTPOeHa BO Biaaumupe ¢ Lefbio
3KCcrepuMelTaNbHOH NPOBEPKH B dKCMJAyaTalHH KOTJAOB AJs
cxurauns ThBO u orpaGoTku Ha 3TOH 6a3e OTEUECTBEHHBIX
KOHCTPYKUHHA IJsi CepUHOTO TNpPOW3BOJCTBa. KoTenbHad
nocje ee HalajAkd M MyCKa B HOPMAaJbHYIO 3KCIJYATaLHIO
JoJKHa cxkurath 66 Thic. T/rog TBO M ornyckaTbh B Ten-
goswie cetd 223 TIxk/rop TenjoThi, UTO MO3BOJHT CIKOHO-
MHTb OKOJIO 13 ThIC. T/TOX YCAOBHOTO TOMNJHBA.

Takum o6pa3oM, MOXXHO YTBepKAaTb, UTO ULeJecool-
pasHocth cxkuranuss TBO c¢ KpyraoroguuubiM HCNOJb30Ba-
HHEM TeINJOTH M YACTHUHBIM 3aMellleHHeM 3a 3TOT Cyer
MCKOMAeMoro TONJHBA SIBJAsIETCS OOLIeNnpU3HalHO# MpaKTH-
4eCKH BO BCEX KPYHHBIX CTpaHax.

* A ¢ 577354 (CCCP). VYcrauoBku JIas CHKHTaHHA Mycopa.
Ony6a. 8 B. 1., 1977, Ne 39,
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I'naBa propas

OCHOBHBIE KOHCTPYKTHBHBIE CXEMbI
YCTAHOBOK AJis4 C)OKUTAHUSA TBO

2.1. KIIACCH®HKALUA YCTAHOBOK

OcnoBibid  nasnavenieM YCTalioBOK AJA  CxkHTaHHA
TBO sapaserca nepepaGoTka 3THX OTXOAOB HpH OAHOBpeE-
MEHIIOM OO0e3BpEeKHBAIIMI OUArOBLIX OCTAaTKOB  (30/1b H
mjgaxKa), a TakxKe NpH HeoOXOAHMOH OUHCTKE YXOASILMX
M3 3THX YCTalOBOK JALIMOBBIX rasos. [lpu cxkurasun TBO
B TCNKax KOTJIOB CHELHaJbHbIX KOHCTPYKLHII BblpabaThbl-
BaeTca TemnJoTa, Koropasd o0053aTeNbHO JOJXkKHA  ObITb
HCIIOIL30BAHA MOJHOCTBIO IJIM YacTHUYHO (HAnmpHMep, Ha
coOCTBeHHble HyxAbl ycranoBku). Ulnak u 3oma, npakrt-
UYeCKH He cojepiKallive THHIOWHX COCTAaBJSIOUHX, MOTyT
ObITb HCIOJbL30BAHbl [JiSl CTPOMTEJbHBIX Liejell, a MeTalll
JM00 OTOOpaHHbIH CHelHaibHbIMi YCTPOHCTBAMU J0 MOCTYIN-
JIeHHs! B TONKH KOTJIOB, JHOO NpOIUeJIIHH npeiBapuTesbHOe
NpOKaJuBaHHe B 3THX TOIIKax,— B MeTaJJypruud. B 3apy-
OeA(HONl NpaKTHKe HCOBITbIBAKOTCA ycTaHoBKH (cm. § 1.3),
B KOTOpHiX 10 moctymieHuss TBO na cikuraHue M3BJEKaIOT-
cs1 yepHbie M LBETHble MeTaJJlbl, CTeKJO, T. €. BOCCTaHaB-
JIMBAIOTCA pecypchl, B TO BpeMs KaK OCTaBLIHeCs OTXOJbl
B BHAE TOMAHBA NpHOOpeTatoT O6OJbIIYIO LEHHOCTb. YCTa-
HOBKH Aad cxkuranus TBO, B TeXHOJNOTHUECKOM LUKJAE KO-
TOpHIX BbipabaTbiBaeTcs TemsaoTa B BUAE Napa HUJAH TOpd-
yeil BoAbl Oe3 mocyeaylouleil BLIpaOOTKH 3JIeKTPOIHEPTHH,
HCIoJib3yeMasl Kak Ha cOoOCTBeHHble HYXKJbl, Tak W Jasd
OTJayy BHellHeMy MOTpeOuTe/Nl0, NPUHATO HAa3blBaTb YTH-
JU3aUHOHHBIMH KOTenblbiMu (¥YK). ¥YcTanoBku pas cxu-
ranua TBO, B TexHosOrHueckoM LMKJe KOTOPbIX 3a cueT
paboTbl mosyuaemMoro B KOTJAX Napa B TelJOBHIX JBHra-
TeJIAX BbIpabaTbIBAETCS 3JeKTPO3HEprus, MOryT ObITh Ha3-
BaHbl YTHJAU3ALHUOHHBIMH  3JeKTPHUYECKHMH  CTAHUUSAMH
(Y2C). Ecnu Ha Takux CTaHUHAX OCYLUECTBJsIeTCd KOMOH-
HUPOBaHHad BbIpabOTKA TeMNJOTH U 3JEKTPOHepruu Ha Oa-
3e cxkuranua TBO c oTmyckoM TemJoThl U 3JeKTpPOIHEePruH
Ha CTOPOHY, TO 3TH CTAHLHH MOTI'YT ObiTb BbI3BaHbl YTHJIU-
3aUUOHHBIMK TenJjoajekTpouentpanamu (YTILL).

YTuau3auuoHHble KOTeJbHble MO BHAY NPHMEHSIEMOro
TENOHOCUTENS TNOAPAa3LeNsoTcsl Ha YTHJAH3AllHOHHble ma-
poBble koteabhble (YIIK), Bogorpeiinble korenbubte (YBK)
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W OCHalleHHble KaKk MapoBbLIMM, TaK H BOJOTPEHHBIMH KOT-
aamu (YIIBK). Ilo xouruurenty o0cayxXHBaeMblX NOTpe-
OHTeJel KOTeJbHblE I0]pa3JiesioTCsi Ha NPOMBILLJIEHHbIE,
NPOMBILIIEHHO-0TONUTEbHbIE U OTONMHTE/bHble. B npombiw-
JeHHbIX YK, oTnyckalomHx nap Ha TeXHOJOTHUECKHE HYXK-
Ibl TpeinpHATHII, MapaMeTpbl 3TOr0 napa Ha BHIXOLE H3
KOTJIOB, KaK NpPaBHJIO, COCTaBJSAIOT He MeHee 2.4 MIla no
dasJjeHuto u 250°C no TeMmnepaType neperperoro napa.

B § 1.3 O6bl10 ynomsanyTo, uto Tensota cropauusi TBO
MOKeT KoJe0GaTbcA B 3HAUMTEJbHBIX Mpejesax (Harpumep,
ot 4,2 no 12,6 MJI/Kr), a mMOTOMY ApH OJHOM H TOM Ke
KOJIHYeCTBe OTXOJOB, CXKHI@eMblX B eJMHHIY BpeMeHH TOJ
KaXKIbIM H3 KOTJIOB, NapONPOH3BOAMTEJNbHOCTH KOTEJIbHOM
MOKeT pe3KO H3MeHATbcs. [las mopnep:kaHus rapaHTHpye-
MbIX MOTpeOHTe/I0 napaMeTpoB mapa (pacxoaa, JaBaeHus,
temnepatypbl) B koraax YIIK Heo6xomumo snbGo mnpen-
yCMaTpHBaTbh BO3MOXHOCTb Cxkurauua Hapsgy c¢ TbO
TaKKe HCKOMaeMoro TOmJaHBa, JHG0 KoMmjeKroBath YK He
TOJNBKO cnelHanbHBIMH Kotaamu Aass TBO, Ho u kKoTnawmy,
CXHUFAIOIMMH TOJBKO HMCKOMaeMoe TONJHBO. Takue Koresb-
Hble MOXKHO Ha3BaTb YTUJH3ALUOHHBIMH MApPOBLIMH KOMOH-
HUpoBaHHBIMU KoTesibHbIMH (YITKK).

YTunuszauuonunsie snexkrpocranuuu (¥YIC u YTILL) ua-
CTO OCHAIAIOTCH He TOJbKO CHEelHajibHbIMU KOTJaMH [/
cxxuranua TBO, Ho U OGBIYHBIMM KOTJAMH, CHHTAOUHMI
HCcKonaemoe tonauBo. O6a THNAa KOTJOB MpPH 3TOM HMEIOT
OJIHH M Te XKe pacueTHbie MapaMeTpbl Mmapa, MOCTYyMalollero
B oOWHMH KosanekTop. B 3apyGexHoit mnpakTHke Hayaiu
NPUMEHATBCS KOTJbl, B TOMOUYHBIE YCTPOACTBA KOTOPHIX MO-
JaTes A8 CXKHTaHUS JBa BHJAa TONJHBA — HCKONMaeMoe
n TBO. B nmpakTHke uX 3KCI/yaTallid BO3MOXKHBI CJIyuaH,
korga TBO cxkuraercs B cjioe, a UCKomaeMoe TOIJIHBO —
B BHJe nblIH. MHorza ocyiiectBisieTcsl COBMECTHOE CXKH-
raHHe HCKONaeMOro TOIIMBA C 3apaHee MOATOTOBJEHHBIMH
TBO B Buge nbinn. Takue yTHAM3ALHOHHBIE 3/€KTPHUYECKHE
CTaHIMH TPHHATO Ha3bIBaTh KOMOGHHHPOBAHHBIMH.

YTunusauuonsble yctaHoBkH a4t cxkuranusi TBO mox-
HO K/JacCHHUHMDPOBATh TAKXKe MO BHAY HJIH KaYecTBY CXKH-
raeMblX OTXOHOB. B CBfi3u ¢ 3TUM pas3auualoT YCTAHOBKH
IS5 CKUTaHHSI HECOPTUPOBAHHLIX (MMM, KaK HX TNPHHATO
Ha3biBaTh, chipbix) TBO, nocraBsasieMbix crienHajbHbIMH aB-
TOMAlIMHAMH HENOCPeJCTBEHHO ¢ MecTa c6opa B NpHeMHble
OyHKepa YCTAHOBOK, H YCTAHOBKHM [J51 CXKHLAHUA TOJBKO
TAaK HAa3biBAeMblX HEYTHJbHBIX HJH 11EKOMIOCTHPYEMBIX wa-
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creii. TBO. Iocnennne, xak npaBuo, SIBJSIIOTCS JIHIUD
YacTbl0 KOMIUIEKCHLIX 3aBoioB mo nepepabotrke THO B
CeNbCKOX03sficTBeHHble yA0OpeHHs] (KOMIIOCT) H HCMOJb3Y-
IOTCH, B YaCTHOCTH, JJisi MOKPBHITHS COGCTBEHHBIX HYXI B
TeNJioTe 3THX 3aBOJOB. YCTAHOBKH HPHHSATO KJaccHpHIH-
poBaTh Takxe mo KoJauuecTBy cxkuraembix TBO. CambiMu
ManbiMH Ha3biBAIOT YCTAHOBKH, B KOTOPBIX CHKHUraercs
0,0014—0,008 xrjc (5—30 kr/u) TBO. Ito kaxk npaeuJo,
Mme4d ¢ pyuHbIM oOcayKHBaHHeM ©e3 HCIOJb30BAHHA Tell-
JoTbl cxkuraemplx TBO u ouHcTKH yXoaslllux ra3oB OT 30-
Jbl H NblJIH. MajibiMH MPHHATO Ha3biBaTb YCTAHOBKH, CXKHU-
ratougre 0,008—0,14 kr/c (30—500 kr/u) TBO, uaiie Bce-
ro INpoeKTHpyeMbie 0e3 HCNOJNb30BAHHS TEIJIOTH, HMHOTAA
C ee YaCTHMYHBIM HCHOJIb3OBAHHEM JHIIb Ha COGCTBEHHbIE
HY>XIbl YCTAaHOBKH M 0e3 ocHauleHHs oGOpyAOBaHHeM Js
OYHCTKM YXOAALMX ra3oB. Camble MaJjble W MaJble yCTa-
HOBKH He SIBJASIIOTCSl KOTEJNbHLIMH H PACCMATPHBAIOTCS HHXKE
JMIIb C LeJbI0 ONUCAHHA Pa3JHYHBIX THIOOB YCTAHOBOK MJsI
cxkuranuss TBO. CpegnuMmu NMpHHATO HAa3bIBATh YCTAHOBKH,
B Kotophix cxkuraercs 0,22—0,83 kr/c (0,8—3 T1/4) TBO.
B 3anaanoit EBpone Takne YCTaHOBKM, KaK HPaBHJO, CO-
OpYKaITCA € KOTJaMH-YTH/IM3aTOpPaMH. YCTaHOBKH, B KO-
Topbix cxuraercss cBuimie 0,83 kr/c (3 1/u) TBO, Hasbisa-
I0TCA KPYNHBIMH U mpoekTHpylorcs B BHAe YK waum gaxe
¥YaC (¥YTaL).

KorenbHble ycranoBkH Ana cxkuranuss TbBO caepyer
pasjiMuaTh Tak)Xe MO THNY TOMNOUHLIX YCTpoiicTB. OHuM MoO-
FyT UMeTb TONKMU Kak JJs1 CJA0eBOTo, Tak W A/ TNblJIeBHI-
HOTO CXKHFAHUA TOI/HBA. YCTAHOBKH CO CJIOEBBIM CIXKHra-
uueM TBO, HauGonee pacnpocTpaHeHHble B MHPOBOM
IpaKTHKe B HacTosllllee BpeMs, PasJHualoTCd N[O TUMY U
NPHHUHITY paGoThl KOJOCHHKOBHIX pelieTok. Takasi KjaaccH-
¢dHuKauuss o60CHOBBIBAETCS TEM, UTO COBEPLIEHCTBO Mpolec-
ca ropeHusl TOMJAUBA B CJO€, a 3HAYUT, H TEXHOJOTHUECKHUI
YPOBEHb YCTAHOBOK BO MHOTOM 3aBHCSIT OT KOHCTPYKTHBHOU
CXeMbl M BBINOJIHEHHS! KOJOCHHKOBOH pelleTKH, OCOOEeHHO
NpHU CXKUraHHM Takoro ceoeoBpasHoro tonausa, kak ThO)
Ko/nocHHKOBbBIE pelieTKH TOMOUHBIX YCTPOUCTB /Sl CHKHura-
Hig TBO MoXHO moapasmesnuTh Ha JBe OCHOBHbIE TPYMIb!:

6e3 caMOUIYPOBKH CJIOSI TONAHBA (C HENOJABHXKHBLIMH ToO-
PM3OHTA/NIbHBIMU KOJOCHUKAMH, ONPOKHAHBIMYM KOJOCHHKA-
MH, HEMOABHUXKHBIMH CTYMEHUYaTbIMH PAAaMH KOJOCHHKOB,
FOPH3OHTANLHBIME HJH HaKJOHHBIMH  OJHOCTYNEHYaThiMH
JBHXKYLLUMHUCS TOJOTHAMH U T. I.);
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¢ ray0oKoii caMOLIypOBKOH cjios TonauBa (c mepetadi:
KHBAIOWKMI BIiepel FOPH30HTAJbHO HJH HAKJOHHO pacno-
JIOXKEHHbIMH  KOJIOCHHKaMH, oOpaTHonepeTa kHBaILUMH
KOJIOCHUKAMH, CTYNMEHYaThIMH TEPETANKHBAIOUIUMH KOJOC-
HHKaMH, KaUalolHMHUCS U TOJKAIOIMMH CHH3Y BBEPX KOJOC-
HHKaMH, GeCnpoBaJbHBIMH LEMHBIMH W BAaJKOBHIMH pelleT-
KaMH, HaOpaHHbIMK CrEeUHaJbHLIMH KOJOCHHKAMH, LUJIHHI-
pHUECKHMU JOKUraTeJbHLIMH GapabaHaMu M T. 1.).

YCTaHOBKH C TOMOYHBIMH YCTPOHCTBAMH IJISE CXKHTAHHS
TBO B nbl1eBUAHOM COCTOSIHHH JIHLIbL HAYaJu MOSIBJAATHCS
3a pyoOexoM. OHH, KaK NMPABHJIO, MPOEKTHPYIOTCA /S COB-
MeCTHOTO CXKUFaHHSl TONJIHBA M3 OTXOJOB H NbIJIEYTOJbHOTO
TOMJIHBA M HHXKe 1nojpoGHO He paccmarpuBaloresi. B moc-
JIe[IHHe TOAbl B NpakTHKY nepepaborku TBO B Tonsanso mas
JHEPTeTHYECKHNX YCTAHOBOK CTaJH BHEJPATHCS PEaKTOphl, B
KOTOpHIX BeayTcs mpolecchl nupoaun3da TBO ¢ noayueHuem
JKHAKOTO TONJHMBA WJAM Toplovyero rasa. Peakrophi mnpef-
CTaBJASIIOT CO0ON BepTHKaJbHble LIAXTHI, IOJIeJeHHble Ha
30HbI, ¥ OyayT KpaTKo onucanbl B §2.4. 3aeck Juiub OTMe-
THM, UYTO B COUETAHUH C KaMepaMH CropaHHsl TaKue PeaKkTo-
pbl npeicTaBasloT co60H OCOOBIH THN TOMOYHBIX YCTPOHCTB
KY nns ucnonwsopanus THO B kauecTBe TomjuBa.

Kak usBectHo, 1o cnocofy pasMeLieHUs 3HepreTHYeCKUe
YCTaHOBKH NPHHATO NOAPAa3JefaThb Ha 3akpbiThle (Bce 060-
pyloBaHHE HAXOJHUTCS BHYTPH NOMEILEHHH), MOJAYOTKpHI-
Tble (4acTh OCHOBHOTO OOOPYIOBAHHS YCTaHaBJHBaeTCs Ha
OTKPBITOM BO3JyXe) W OTKpbITHle (Bce o0opyroBaHHe pac-
nojiaraercss BHe [MOMEIIEHHH M TOJbKO  UACTHYHO — MOJ
TEXHOJIOPHUECKUMH HaBecaMu). DHepreTuyeckie YCTaHOBKH,
paboralolliie Ha TBEpPAOM TOIJIMBE, KaK MNPaBUJIO0, HMEIOT
Ha NJOWAAKaX OTKpPbIThIe CKJaaAbl 3toro Tomausa. ITpume-
HHUTEJIBHO K YCTAHOBKAM [JJSl C)KUT'aHUA B KauyecTBe TOIJIHBA
TBO rakas knaccubukauus HenpuemjJeMa, TakK KakK BHe
3aBUCHMMOCTH OT KJMMaTHYeCKoii 30HBI, B KOTOPOH COOpY-
JKAIOTCSt YCTAHOBKH, BCe HX OCHOBHOe 0OOpynoBaHHe (CH-
creMa npHema d momaud TBO B TonmkH, caMH KOTJIb, Mexa-
HH3Mbl LIJAKOyAaJeHHs B TNpejenax KOTJOB) Bcerga pac-
nosaraercst BHyTpu noMellenunil. Hukakoit 3anac TBO Ha
naomaakax YK n ¥2C (YT3U), xpansawuiica Ha OTKpbI-
THIX CKJanax, HeJOMyCTHM MO THIHEHHYECKHM coobpaxe-
HUAM, a MUHUMaAabHblii 3anac TBO pns obecneyeHust He-
NPepLIBHOCTH PaGOThl YCTAHOBOK COMEPIKHMTCA B 3aKPHITOM
GyHKepe, HaxofsileMcss nol c/aabbim paspexeHHeM. Bre
MOMellleHHH, KaK NPaBHJIO, YCTaHABJAMBAIOTCA TOJBKO 30J10-
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yJNaBJAMBalOLIHe arperathl, yepe3 KOTOPbIe INPONYCKAKOTCH
yXOAAllHe H3 KOTJOB rasbl nepeg HX BHIGPOCOM B aTMO-
chepy uepe3 aniMoBHle TPyGHl. Bce ycTaHOBKH mo cxkHra-
1o TBO dABNsIOTCS 3aKPBITBIMH COODPYIKEHHSIMH M pacno-
Jaratorcst Au60 Ha ceauTeOHBIX TeppHTOPHUSX, JHOO B Mpo-
MBILIIEHHBIX 30HaX BOJH3M ueHTpoB cbopa TBO nns nan-
HOTO paiioHa WJH TOpPOAAa, NPH 3TOM 0053aTeJbHO COOGJIO-
Jal0TC CaHUTapHble pa3pbiBbl OT JKHJALIX 34aHui, npel-
NHCaHHble CAHUTAPHBIMH HOPMaMH.

2.2. YCTAHOBKH BE3 UCNTOJAB30OBAHHSA TENJIOTHI
OT COKHUTAHHUA TBO U C ETO YACTHYHbBIM
HCNMOJb30BAHHEM

ITogpo6Hoe usyuenue cnocoGoB ynuuroxenud ThHO 6Ges
HX HCMOJb30BAHHUA He ABJsETCS 3ajavell JNaHHOH KHHTH.
PaccmoTpeHiie KOHCTPYKTHUBHBIX CXeM YCTaHOBOK IJSl JIHK-
sunannn TBO nvreM wux cxkuranus 6e3  HCMOJb30OBaHHA
TEMJOTH JIMIIb Mpecjaeqyer LeJb O3HAKOMHUTb C 3TanaMu
pPa3BHTHA YCTAaHOBOK, HAUHHAsg OT MNpPOCTEHLINX H KOHYad
coppemennbiMit YK u YTIIl. OxnoBpeMeHHO OTMeuaTcs
HegocTaTku neveit ans cxkurauus THBO, paccMmarpuBaiorcs
HeKOTopble TpeGOBaHHA K COBPEMEHHbIM YCTAaHOBKaM MJf
orHeBoil nepepabOTKH OTXOAOB, OIMHAKOBO BaXHble MJA
YCTaHOBOK KaK 6e3 HCNMOJb30BaHMSA, TaK H C HCNOJb30Ba-
HHEM TEMJOTHl OT CXKHTaHHS OTXOAOB, YKa3nBalOTCA IIPHU-
YHHBI, TIO KOTOPbIM HEIONYCTHMO TpHMeHeHHe B HallleH
CTpaHe MaJblX (IOMOBHIX) Teueil, a TakKe He)KesaaTeNbHO
COOpY)KeHHe YCTAaHOBOK 6e3 MCMOJb30BAaHHA TENJOTHl YXO-
JIAUHX Ta30B.

YcraHOoBKH 6e3 YTHAH3ALWH TENAOTH OT cxuraxus TBO, OCHOBHHI-
MH arperataMi KOTOPHIX SIBJASIOTCH CIelMajibHble TeuH, MOJAYUHIH HEKO-
TOpOe pacmpocTpaHenue B psife 3apyGexubix crpan [32]. IMpocreitmne
aBTOHOMHbBIE YCTAHOBKH 0e3 HCIONb30OBAHHS TeMJOTHl YXOMSAIIHX Ta30B
elle A0 CHX IOP pacnpocTpanenbl, wanpumep, B CIIA [47] u no xoau-
YeCTBY CXKHMAeMbIX OTXOM0B OTHOCATCH K TPyNNe CaMblX MaJibiX WAH Ma-
JBIX yCTaHOBOK. Ilo CyltecTBy OHHM SIBASIOTCS AOMOBHIMH Iie4aMH, pac-
CYHTAHBl Ha pyuHoe 00GCAyXMBaHMe H OGBIUHO pasMellaloTcs B NOJBAAaX
JKHABIX H OOLLEeCTBEHHBIX 3JaHHI.

Ha puc. 2.1 nokasana KOHCTPYKTHBHasI CXeMa TaKOH LOMOBO ycTa-
HOBK}f, COCTOsIIeA M3 ABYX OCHOBHBIX Y3/10B — YCTpOiiCTBa AJa cGopa
TBO u co6erBento meun gas nx cxurauus. EMkocts ans c6opa TBO —
Gynkep I, pasMelulaeMuit B TNoABaJe 3MAHHS, UMEET XHUILE C YKJIOHOM
B CTOPOHY BHIrpe6HOH kpbliiku 2. B ator GyHKep-HakomuTeadb uepe3
3arpysounble JwkH 3 nocrynaior TBO mo mycoponposoay 4. He6osb-
Io# 3amac OTXOLOB B OyHKepe MO3BOJSET MepPCOHANy paBHOMEpPHO 3a-
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rpy>kKaTh KOJNOCHHKOBYIO DeINeTKY NeuH H NOJIEp:KHBaTh Onpeneenolil
pexuM ropesins TBO B TonKe He3aBHCHMO OT rpaduka HOCTYNJIeHHs
0TX040B OT :kHTedeil. [leup paCoraer caeiymolmiuM o6pasom: yepes ToO-
MOYHYIO JABEpILYy & OTXOAH BDYUYHYIO 3arpyxaliorcs Ha KOJIOCHHKOBYIO
pelleTKy 6, 4acTb NOJOTHA KOTOPOH BHINMOJIHEHA HAKJIOHHOMN, a OYaroBble
ocTaTkH (1ak) ¢6pachiBaioTC B 30/bHAK 7. B0O3ayx AJs rOpeHHs Io-
cTynaet uepe3 JaBeplly 8. YxoislilHe Tasbl € OCTaTKaMH HeCrOpeBILINX
TbO uepes kavepy cropamusi 9 noCTynaioT B kamepy AoxHrawus 10,
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Puc. 2.1. YcoBepiieHcTBOBaHHAA Teub AJsA cxuranus TBO, ycranasiu-
BaeMasi B moiaBaje 3fanus (CIIA).

OT/e/leHHYIO Tleperopoakoit /1 OT 30HBI OCHOBHOFO FOpPeHHA OTXOLOB B
cioe. B Bepxmedl uacTH xamephl ROXHIaHHS pasMeluaercs ropeika 12
JJIl CHHTAHUS Tasa WIH MasyTa, ofecleunBaiouiasi NojAepxallie TeM-
nepaTypel B 3TOH xamepe Ha yposre 700—800°C aas ycroiuusoro jo-
TOpaHHsi MEJKMX YaCTHI OTXOMAOB H YCTPAHEHHSi HENpPUATHBIX 3aNMaXoB
AbLMOBBIX Fa30B. Kamepa moxuranus oGpasyercst meperopoikoii 13, xo-
TOpasi CAYAKHT JJsi PE3KOrO M3MeNEeHHS] HanpaBleHHs ABHXEHHS YXOMd-
lHX ra30B, MOCTYNAIOUINX 3aTeM B OCANHTeNbHYI0 KaMepy /4. CkopocTb
ABHJKEHWS YXOMALMHX Ta30B 1O BCEMY TPAKTy HEBeNIKa, a yeThipex-
KpaTHOe HM3MEeHeHHe 11anpaBjleliHsi Ta30BOr0 MOTOKAa MO3BOAsier ofecre-
YuTh rpyGylo Cenapauiio MacTHL 30/bl W3 YXOASMIMX B TpyGy rasos.
dra 30ma 3ateM yaansercs BpyuHyw. Kak BHIHO M3 Phc, 21, uacts
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30/l MOXeT OCefaTh B HHXKHeli 4aCTH ABIMOBOH TpyOwl I§, rpe nas ée
ynralienus npeaycmotrpena nsepua I6. Ileyb pabGoraer na camorsare, JAH-
MOBast TPyGa NPOXOAUT vepe3 MeAAyITaskHble NEPeKPLITHA H KPOBJHO.
Maxke npu OTCYTCTBHH BLIOMBalHSI Ta30B M IbIAH HA 3Taxax BhOpOC
3anblieHHBIX ALIMOBLIX ra3oB Ha HeGOJbLIOH BHCOTE B Hpejenax MHKpo-
PaHOHOB HPHBOJAHUT K HeONYCTHMOH 3aras’oBaHHOCTH H 3allblICHHOCTH
BO3AyHIHOro Gacceiina. B cBA3M € STHM JOMOBHIC MYCODOCAKHTaTe/bHble
ey B HaLHX YCJOBHAX He JOJNAKHLI HPHMEHSITBCH.

HauGosbwee pacnpoctpaneHue 3a PpybGexkoM MNONYUHJH YCTaHOBKH
aas cxuraiuss TBO ¢ neyaMii COBpeMeHHBIX KOHCTPYKUHMH, BbiHECEHHble
3a Mpejelibl KHABIX 31auuil H OGCAYKHBAOUIHE TOPOACKHE PailoHbl HIH
HeGoJbIIHe TOPoAa B HesoM. [IpHHUMNHaNbIAs cXeMa TaKOH YCTaHOBKH
B r. Heep (®panuus) npmsegena na puc. 2.2,

Teepiibie GHTOBbIE OTXOAB CO BCEX PalOHOB ropoia, a TaKike OT-
XOAbl MPeAIPHATHA MOJOUHOH NPOMBIUIJIEHHOCTH AOCTaBJSIOTCS K yCTa-
HOBKe aBTOMAaUIHHAMH, KOTOphIE PasrpyxalnTcs ¢ miomaakd I B creuy-
aJbHBLIH  XKene300eTOHHHA OyHKep-Hakonuteab 2. [any6uHa GyHKepa
paBHa 4 M, CYHTas OT OTMETKH pPasrpy3OyHOH IIOWAJKH, 4 ero eM-

20

Puc. 2.2. Cxema ycraHoBku aast cxurauuss TBO 6e3 ucnosb3oBanus
remaothl (r. Hesep, ®panuun).

koctb 400 M3. C nomompio kpaHa 3 ¢ rpefibepHsiM 3axsaToM, rpyso-
DOALEMHOCTL KOBIIAa KoTtoporo cocrasaser 700—800 «kr, orxoab
NOAAIOTCA B 3arpy3oyHylo BOPOHKY neun 4, 3aTeM NOCTymaioT Ha pe-
WeTKY-ToJKaTeNb 5 N cOPacHBAIOTCA Ha OCHOBHYIO HAKJOHHO feperaJ-
KHB2IOULYI0O pEWeTKY 6 CHCTeMBbl MTalbsiHCKOf (UPMBL «AnbGepTHs.
IMoasuxHble KOJOCHHKH pELIETKH TNEpeMellaloTcsi BHH3 € NOMOLLbIO
raponpusoia 7, 8, mporasikuBasi Cropatollie OTXOALI. XOJOAHbIH TNep-
BHUHBIIT BO3AYX ANA ropcHHs 3ab6HpaeTcsl BeHTHJAATOpPOM 9 H3 BepxHei
3onbl OyHKepa H Tojaercst No Bosayxonposoay 10 moj KOJOCHHKOBYIO
pewetky. llnaku c6pacwiBaloTcst ¢ pelleTkH B waakocGopuuk 11, 3a-
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flionnennbii BomoH, rae OHM OXJaXKAalOTCA NpHMepHO Ao 80—90°C
pacnajaloTcss ua MeJKHe KYCO4YKH (rpanyaupyiorcs). B artor ke mna-
KOCGOPHHK NOCTYNAaioT ¢ HOMOMIbIO BHHTOBOrO liHeKa /2 nposajinBalo-
LIHeCst NOJ pelleTKy 30J1a H MeJKHH IIJaK B KOJHYeCTBe OKouio 1Y%
NPOH3BOAHTEJILHOCTH PelleTKH. |'opsiuve rasbl NomafaloT uyepes NCpPexKiv
B TOIKE B BEPXHIOIO €€ YacTb, KyJa C MOMOILbIO BeHTHJAsTopa I3 BTO-
pHYHOro BO3Ayxa uepe3 comJa /4 moctynaeT XOJOAHHH BO3AYX, OXJaiK-
Aatouwnii 3t rassl Ao 700—750 °C. Ilepea BbIXOAOM B ABIMOBYIO TpY-
6y I5 raswl nocrynaior B Kamepy I6, rie HpPOXOAAT yepe3 BOASHYIO
3aBecy, c03/aBaeMylo pasOpbisTHBAaHHEM BOAHI yepe3 (opcyHkH [7, npu
9TOM TeMneparypa yBJaxKHEHHBIX Ia30oB Nepej NOCTyIJeHHeM B TpyOGy
cunkKaercs Ao 350—400°C 3a cuer ucnapeHust yactd BoAsl. OAHOBpe-
MEHHO IIPOMCXOJHT NMPOMBIBKA ra3oB C yAajleHHEeM H3 HHX JeTydeil 30Jbl
BMECTE ¢ BOJAOH, cTekawoweit B wakoc6opuuk 1. Jlaa peryauposanus
paspexeHHss B ra3oxoAax iledd H, B YACTHOCTH, Ha BLIXOAE M3 TOMNKH
CcMOHTHpoBaubi wubGepnl I8. Camorsira cozpaercs 3a cyer xese3obeTol-
HOM ABIMOBOH TPYGH BHICOTOH 42 M OT YPOBHS IOJa YCTAHOBKH C AHa-
MeTpom ycTba 1,4 M. Ileub cHaGxeHa pacTONOYHOH Ma3yTHOH ropeJkoi
19 ¢ coOcTBeHHBIM HEGOJLIINM BEHTHISTOPOM BO3Jyxa, DTa ropelka,
paccudTaHHas Ha CXHranue Masyrta B KouudectBe 50—100 Kr/y, cayxKuT
B OCHOBHOM A/ Nycka neud B pabory. Ho B Tex cayuasx, Koraa TenJio-
Ta CropaHusi OTX0A0B cocrasiaseT MeHee 3,35 MJIX/kr, ropenka Moxer
GblTh HCIOJb30BaHAa B KayecrTBe NepHOAHYecKH pabortalowed Aaf NOA-
AepxKaHus HeoOXoAMMOro pexcuMa ropenus. [as xpaHeHus 3amaca Mma-
3yTa Ha mJjoimajke HMveercs 6ak 20, a B 3JaHHH yCTaHOBJIEH PacXOAHLIH
6auox 27, OTKyJa MasyT HEMOCPeACTBEHHO MOCTymaerT K ropenaxe. 3a-
rpsisHeHHasi MeJKHM LIJIaKOM H 30/10f BOAA H3 lIakocGopHuka I/ cre-
LHaabHbIM  HacocoM 21 mNoOAaeTcs B TPeXCEKUHOHHBH JABYXPsAHbIH
OTCTOMHHK 22, rjie OCBETJSIETCS] H YaCTHYHO BHOBb HCIOJb3YETCA B KOH-
Type OTBOJAA 30Jbl H IUIJAKOB YCT2HOBKH, a YacTHYHO cOGpachlBaercsi B
KaHauausaumio. llnak cnennasbHeM TpaHcnmoprepoM 23 3abupaercs u3
waakoc6opHUKa, POXOAUT Haj MeTajioyJoBHTedeM 24 H cOpachiBaercs
B Oynkep 25, OTKyJda BHIBO3HTCA aBTOMalUHHAMH Ha CTPOMTEJBLCTBO
aBTOMOOMJIbHEIX J0pOr. UHCTHil npoxaieHHbil MeTan cOpacbhiBaercst B
OyHKep 20, H3 KOTOpPOro oH 3abupaercsl AJis NpPOJAXKH Ha NEPEIIABKY.
[leub cxuraer okono 3 T/4 oTX0A0B M paboraer 90—110 u B Hepelo.
B 1966 r. ycranoBka npopaGorana B o6ulei cnoxHoctd 4000 4 H coxria
12 thic. T TBO. Bompoch Hcnosb3oBahHs TemsiorTel or cropanus TBO
He paccMaTpPUBAJIHCh, TaK KaK B IOPOJAE OTCYTCTBYIOT KakHe-1uGO CHCTe-
MBl L€HTPaJH30BAHHOTO TelMoCHa6xKeHHd. YCTAHOBKA AJs CXKHraHHA OT-
XO/OB NOJIHOCTbIO aBTOMATH3HPOBaHAa M YIPaBJsAeTCsi ABYMS MallKMHHC-
TaMH ¢ LeHTPaJbHOro LIHTa, Ha KOTOPOM CMOHTHpPOBaHa MPOMBILIJIEHHAs
TeJleBU3HOHHAs cHcreMa. Habaionas no skpaHy Te/neBH30pa 3a ropenneM
OTXOJ0B Ha pelleTKe, MAlUMHHCT AMCTAHUHOHHO yNpaBJjseT rpeilpepHbiM
KpaHOM H 4—5 pa3 B yac NOAAeT OTXOJbl B 3arpPy30YHyi0 BOPOHKY me-
un 4 nopuusivu no 650—750 kr. Kpome rtoro, nHabsiwofas no Te/esKpa-
Hy 3a MOJIOXKEHHEM OTXOMOB B OyHKepe-HaKomuTese, MalIUHUCT PeryJH-
PyeT pasrpysky cneuuajbHBIX MAlUMH, AJs 4ero BOAMTENb, MPUOHIB Ha
pasrpysKy, 3BOHKOM MNOJaeT Ha IMHT CHTHaJ, a MAWHHUCT €O LIMTa 3a-
XKHFaeT JaMIOYKy HaZ Pasrpy3OuHHMH ABEPbMH TOro oTceka OYHKepa,
KyJAa OH CUMTaeT HeOOXOAHMBIM BBITPY3HTb OYEPEAHYIO NOPLUHIO TBEPAbIX
oTxoA0B. MHCTpyKuMeil N0 3KCIVyaTauHH MAUIHHHCTY BMeHeHO B 00s-
32HHOCTb IIPUHMMATh MEpHl MO YCPEAHEHHIO COCTaBa OTXOAOB, IojaBae-
MBIX B 3arDY30uHYI0 BODOHKY Ileud, a MOTOMY B OJHH H3 OTCeKOB OyH-
Kepa-llaKoIuTe s CTPYXKAIOTCS JHIIL Tapa H OTXOAH MPOMBIULIEHHOTO
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npeaAnpuaTHs. C nomollbio rpeddepHoro KpaHa MaLIHHHCT NEPHOZHYC-
CKHM TiepeMelIHBAaeT OTXOAbl B GYyHKepe-HaKomuTesde, AoGHBasch ycpea-
HeHHs HX cocTaBa. BHICOKHIl ypoBeHb 3KCMJIYaTalUHH YCTaHOBKH C TOA-
epxKaHHeM ONTHMAaJNbHOTO peXHMa TopeHHs IJis oGecrieueHHsl OTHOCH-
TEJIbHO TOJIHOrO CropaHHs OTXOAOB H TPAKTHYECKH OTCYTCTBHE B
I1aKaxX THHIOMIMX BeHleCTB, YTO NMOATBEPKAAETCH AAHIBLIMH aHAJNH30B H
cobJofeiHeM HOPM 3alblIEHHOCTH M 3ara30BaHHOCTH BO3AYIIHOro 6a:s-
cefiHa Ja’ke NMPH TAKOM /eMEHTAPHOM CNocobe OYMCTKM AbIMOBBIX ra3oB
OT JieTyyeil 30.ibl, MPHBEJH K TOMY, YTO Y TOPOJACKHX CaHHTapHBIX Op-
FaHOB H KHTeJell HeT HMKaKHX NpeTeH3HH K paboTe yCTaHOBKH.
IpHHUMNHANbHASL KOHCTPYKTHBHAsi cXeMa OJHON H3 3apyOeHbIX
ycranoBok aas cxuraius TbO ¢ 4acTHYHBIM MCMOJIB30BAHHEM TEIJIOTHI

Puc. 2.3. TIpuHuunuanbHas KOHCTPYKTHBHAsI CXeMa YCTAHOBKH JJIft CXKi-
rauust TBO ¢ yacTHUHBLIM HCIONb3OBAHHEM TEIIOTHI.

Ha COOCTBEHHBIC HYXIbl MOKasaHa Ha pHc. 2.3. Dta aBTOMaTH3UPOBaH-
Has yCTaHOBKAa cpefHell MPOM3BOAHTCNLHOCTH € Bpalllaioliedcst LUHIHHA-
puyeckoil Tonkok 4 cxuraer 0,39 Kr/c OTXOLOB H MOMET OGCJAYKHUBATH
ropoi ¢ HaceneHweMm 35 THIC. Yes. BDeiToBHe OTX0AB cOpachiBaiOTCA H3
TPaHCMOPTHBLIX MALIHH B HaKOMHTeNbHBbIA O6yHKep I, eMKOCTb KOTOpPOro
obecneunsaer 3anac TBO ua 2 cyr paGornl ycranoBkd. Ha aHe Gyhke-
pa pacnojioxkeH ABYXUENHOH TpaHcnopTep 2 ¢ TAKeJALIMH NJAYXKKAMH
u rpeGeHKol, KOTOpble NpelCTaBJsfIOT coboit cBoeoGpasHoe APOGHIBHOE
ycrpoitetBo ¢ yeuavem B 70 kH. JlpobJenbie oTX0AB MOCTYNAOT B uep-
BAYHBEIR MUTaTe]b 3, KOTOPHIH HECKONbKO HX CNPeCcCOBBIBAET H MOAAeT
MOPHHH OTXOAOB BO BPaILAIOUIYIOCS TONKY, MPEACTABJASIOWYIO coGoil Me-
TaJVIHYecKHit uuauHAp AMamerpoM 1,06 u gaunoit 9—12 M, dyreposaH-
Hbli U3HYTPH OTHEYNopHO#M Kaajako# tonamuHo#t 380 mm. Bapaban, ycra-
HOBJICHHBI C HAK/JOHOM B CTOPOHY HITaKoc6poca, MelVIeHHO Bpalllasichb,
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nopaer OTXoAnl BuepeA. K HukHemy Topuy GapabaHa npHMbiKaeT Kame-
pa ropeHHs 6, rlle CMOHTHDOBaHa ropejka 7, pa6oTalollas Ha XHAKOM
HJH ra3006pa3HOM TOIJIMBE, NPH CrOPaHMH KOTOPOTo BO BpallaloulleHcH
TOTIKE NOAAepKHBaeTcs HeoOxopuMas BeICOKasi Temneparypa. lllnak ot
CrOpeBIIHX OTXOJOB INONajaeT B IUJAKOBYIO BaHHY 5 W yRmajasiercs
TPAHCHOPTEPOM 3a NpefieNsl ycTaHoBKH. [opsiuHe AbIMOBble Tasbl, yHOCS
¢ coboli MeJKHe YacTHUH OTXOJOB Hal HX CJOeM BO Bpaialouiefics
TOMKe, MOCTYMAT B AOXKHTaTeJbHYIO KaMepy 9, B KOTOpPOH CMOHTHpO-
BaHa JONOJIHHTeabHAs ropenaka I0 nns obecreuyeHHsi AOKUraHHsS TOpIO-
YHX YaCTHL BO B3BEIIEHHOM COCTOSIHHH H TOAJEPIKAHHS TeMrepatypbl
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Puc. 2.4. ITpunuunnanbiasi KOUCTPYKTHBHAsE CXeMa YCTAHOBKH JJISl CXKH-
rauna TBO (r. Kaun, ®panuus).

! — npueMHbli 6yHKep; 2 — rpefihepHbtll KpaH; 3 — npHeMHasi BOPOHKA TONKH; 4 —
TOMOYHAA DeuleTKa; 5§ — TonouHas Kamepa; 6 — (GOPCYHKH AJifl BNPbICKAa BOMAbI; 7 —
6ax ans BoAbl; 8 — snektpodhuabTp; 9 — Bozayxononorpesatenb; [0 — BEHTHAATOD,
/1 — npiMococ; 12 — ReiMoBasi Tpy6a; I3 — ocTpoe AyTbe; /4 — ropenku; 15 — Gapa-
GaH-lNaKocHUMaTeab;, 16 — WAakoypanuTeab;, [7 — TpaHcnopTep wWiaaka; I8 —
CKJajn wwJiaka; /9 — TpaHcnopT AAA BbiBO3a LIJakKa,

ras3oB Ha ypoBHe 750—800°C ¢ wuenblo YHHYTOXKEHHSI HeNPHATHBIX 3a-
naxos. Ha Bhixole 13 Kamepbl pasmellleH npepuiBartean Taru I7, obec-
neyHBalolHi raienne dakejsa NJaMeHH Ha BHIXoJde B Fa3oXoaw I[.
lopsuiie AbIMOBbie ra3bl, NMPOHAS CHELHANbHblE HHKJAOHB 12, rae oHu
OYHLIAIOTCA OT MBLIM Ro octatka 0,5 r/M3% moctymaioT B Kopnyc Tpy6-
yaToro Bo3ayxomoporpeBatens 13. B stom nopmorpeBartelse rasbl OXJax-
naiorcsi no Temmeparypsl okosio 300 °C, moporpeBas XOMOAHHI BO3AYX
po 220°C. dror BO3AYyX Nojaercs BeHTHasTopoM I4 u3 OGyHkepa [ B
BO3JlyXONOAOrpeBaTesb, a 3aTeM Hanpas/seTcAd BO BpallaouIviocs
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TONKY uepe3 comia & H YaCTHYHO pocTynaer B Kamepy 9. Ou crnocober-
BYeT NOACYMIKe OTXOA0B B Gapalane, NIPOXOAS Haj HX CJOEM B TOMOY-
HoM rnipocTpancTBe. HacTHUHO ropsiymit Bozmyx noctynaer X ropeakam 7
u 10. Kak suano u3 puc. 2.3, OXaakjeHHbie yXOZAiHC raswl BHIGpach-
BalOTCS 4epe3 ALIMOBYIO TpYGY 16 animococom 15. TToMumo TOro, uto B
naHHOM cayuae ans obecneueHds xopowero Beixkura THO Bo Bpamaro-
ueficss TONKe H BePTHKaJbHOH KaMepe 3aTpauyHBaercsi AOMOJHHTENbHOE
TOMJHBO, K CEPbE3HOMY HeJOCTaTKy Takofi YCTAHOBKH OTHOCHTCS Masast
CTeNeHb OYHCTKH ra30B OT IIHIM, 4yTO TNPHBOXMT K HELONYCTHMOMY 3a-
rpsi3HeHHI0 Bo3aywtoro Gacceiina,

Ha puc. 2.4 npuBefleHa KOHCTPYKTHBHAS CXeMa YCTAHOBKH (HPMBI
KHHUM pas muksnpaunu Beex TBO B r. Kaun (®panuun). Koauvectso
CXUFaeMbIX OTXOAOB B ABYX TapajejbHO paGoTAOIHX TeYax yCTaHOB-
Kn cocrasaser 450 T/cyT. Tleun 3anpoekTHpoBaHB ¢ KOJIOCHHKOBHIMH
o6paTHO-NiepeTaJKHBAIOWAMH Dpelletkamu GupMel  «Maprtun»  (OPT),
KOHCTPYKIHSI M MPHHUHN AEACTBUN KOTOPHX OyAyT MOAPOGHO PaccMoT-
peHBl HHXKe. YCTaHOBKa DAclosioXeHa B ropax B 8 KM OT ropopa-Ky-
popta. IlpeoGnanaoiee HanpavJeHne BeTpa TAKOBO, YTO BhIGpachiBa-
eMble H3 JBIMOBOH TPYObl rashi MOryT OTHOCHTBCH B CTOPOHY TOpOAa.
C6poc 3arps3HeHHBIX CTOKOB B GO/bIUMX KOJNHYECTBAX NPH BO3MOXKHOM
BBIHOCE HX B MoOpe 3afmpeuleH. DTh cneundHyeckHe ycJOBHA GHUTH yyTe-
e (GUpMOH TMPH NPOEKTHPOBAHHHM YCTAHOBKH B COCTaBe ABYX Meuell W
Npefonpe/ie/iHIn  ce CXeMY, XapakFepHble OCOGEHHOCTH KOTOpOi mno
CPaBHEHHIO CO CXeMOW YCTaHOBKH, mpeACTaBJeHHON Ha pHC. 2.2, 3akaio-
valorest B cnenywoeM (cM. pre. 2.4),

IMeun wumeroT pas3BuUTHE MO BLICOTE TOMOYHHE KaMeph 5 H 060py-
Z0BaHBl comsaMi I3 Tmojaayd ropsyero BTOPUYHOrO BO3AYXa, PacroJio-
MEHHLIMH TakuM o6pasoM, uTO B kamepe ofecneyuBaerTcsi HeKOTOpas
3aKpPYTKa BOCXOAsILIEr0 NoToKa. B pesyibrate NMPOHCXOAHT HHTEHCH(U-
KalHst HOJKHTAHHSI YacTHI JIETYYero Kokca B YXOASIKX rasax. B Bepx-
el 4acTH TOMOYHOH KaMephl PacrosoMeHH JABa pAga Ccoma 6, uepes
KOTOPBIC HABCTpeYy YXOMSLUIHM TaszaM Da36pbi3rHBaeTcs BOAA B KOJM-
yecTBe, 1EOOXONMMOM NN CHHIKEHHst HX Temmepatypn a0 350°C mnpu
NOJHOM MCHapeHHH 3ToH BOAB. ITO KOJMYECTBO BONH COCTABJSET IO
gauHeiM GupMBl 7 Kr/c, TIpHYEM MaccoBas BJAAXKHOCTb YXORAWMX M3
KaMepnl rasos jgocturaer 129%.

3a kaxkpnoil neybto ycranaBaHpaercs anekrpoduantp 8, KIII koro-
pPOTO MPH HOPMaJbHOW SKCHNyaTalluu rapaHtHpyercs GpupMOHl Ha ypoBHe
98—--99%, uto oGecneunBaeT BHICOKYIO CTENEHb OYMCTKH YXOASILIHX ra-
30B. M3 puc..2.4 BHAHO, YTO OUHLIEHHBIE ABIMOBBIE a3kl C TeMIepaTy-
poit okosio 350 °C noctynaior B MexXTpy6HOE NPOCTPAHCTBO BO3AYXOMNO-
jporpepatenss 9, uepe3 TpyOGKH KOTOpOro ¢ nomollbio BexTuastona [0
nponyckaercs BO3AYX, 3a0paHHBIT u3 BepxHelt uactu 6yHkepa J. Ha-
rpetolii 1o 130—150°C Bo3nyx monaercsi B Kopo6a KONOCHUKOBHIX pe-
weToK W B comnta ocrporo AyTba /3. Takum o6pa3oM, B OTJIHYHE OT
ycTaHoBKH B T. HeBep B HaHHOM ciyuae HMeeT MeCTO HEKOTOpoe He-
NONb30BaHHE TEMOTHl YXOAALIMX Tra3oB Ha cOGCTBEHHBIE HYXABI YCTa-
HOBKH. YXoAsliHe rase ¢ Temneparypoii 220—250°C ¢ noMouipto Ab-
mococoB I/ ypansaworcs depes AnMOBYi0 Tpyby B atmocdepy. Tak kax
YCTaHOBKA PacnoJioXeHa BAaNH OT cenMHTeOHOM TeppHTODHH, TO CKJaal
maaka I8 BHIIOJNHEH OTKPBITHIM, OTKYJAa UIIAK BBLIBO3HTCA aBTOMallH-
Hamu mokynarteneft [9,

CoBpeMeHHble KDYNHble YCTAHOBKH Ans cxuranus TBO 6e3 wc-
MONb30BAHHA HJIM TOJNILKO C YaCTHYHBIM MCMONMb30BAHHEM TEMJIOTH Ha
cOGCTBEHHBIE HYXAbl B Noc/aelHee BpeMs INPOEKTHPYIOTCA BCe pexe.
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Hx npuHunnua’bHele KOHCTPYKTHBHBIE CXeMbl MaNo OTJAHYAIOTCA  OT
paccMOTpeHHbix Bbilie. CaMbIM Cepbe3sHBIM HEIOCTAaTKOM TaKHX yCTa-
HOBOK fBJIsieTcst MoTpebJenne sHeprHd Ha obecrneueHne paboThl MalIVH
M MeXaHH3MOB (a B psifle cayuaeB W AJs crabuansauuu ropeuus TBO)
6e3 HCNOJMB30BAHHS TEMJIOTHI CrOPaHHSI OTXOJOB, MOjJBepraeMbiX OrHeBoil
obpabotke. Kpome Toro, TakHe yCTaHOBKH He MOIYT 3KCIIyaTHPOBAaThb-
cs1 6e3 X OCHallleHHs o6opypoBaHHeM [Jsl CHHXXEHHS TeMmmepaTypsl ra-
30B Ha BHIXOZEe B AbIMOBHE Tpy6H 10 250—300°C, utobel ofecneuutsb
HafleXkHyl0 paboTy Ta3004YHCTHHIX YCTPOMCTB M JABIMOCOCOB, & TaKkKe
6e3 BBICOKOI((EKTHBHBIX YCTPOHCTB AJsI OYHCTKH OT MBIIH YXOMSIIHX
ra3oB. Mx Toriounble yCTPONHCTBa TakKe XOJIKHBI ObiThb BBICOKO3((ek-
THBHBIMH H o0ecneuHBaTh BHIXOA CTEPWJIbHBIX IMyakoB. B pesysabrare
KamHTaJbHble 3aTpaThl Ha COOPYXKEHHe TaKHX YCTAHOBOK MaJo OTJIHYa-
IOTCA OT TAKOBHIX JJ/If YCTAaHOBOK C HCIIOJIb30BAHHEM TENJIOTHl OT CXKH-
raHHA OTXOAOB JJis ec oTmycka Ha crtopory. Ilo 3Toif npuuune ycra-
HOBKH, Ge3 ToJb3bl A HAaDOAHOTO X03AHCTBA CTpPaHbl YHHYTOXKAlOUIHE
cofepikauleca 8 TBO BTopuunbIe TONMNBHBIE PECYPChl, € Hawel TOUKH
3PeHHs, KaK NpaBujo, COOPYKaTb He CJCAyeT, H B JaJIbHCHLIEM OHH li¢
paccMaTpHBaKTCS.

2.3. YTHJIU3AUUOHHBIE KOTEJIBHBIE H
JAEKTPOCTAHUUH CO CJIOEBBIM C)KHUTAHHEM TbO

B § 1.3 Obl10 noka3aHo, uTo B psige 3apy0exHbIX CTpaH
yXe [JHTenbHOe BpeMst HajaexHo paboraior YK, ¥3C u
YTOL, BeipabatbiBatomne na Gase cxkurawua TBO remso-
TY B BHJE [apa HJIH ropsueil BOAbI, a HHOTLA TaKxKe 3JeK-
TpHYecKy!o 3HeprHio. [1HKe B KauecTBe mpuMepa paccMmar-
PHBAIOTCSl KOHCTPYKTHBHAsI cXeMa M NpHHUHNB paGoTel YK
C NMAapoBbLIMH KOTJaMH, 3anpoeKTHpoBaHHOH (dpaHLy3CKOi
pupmoit KHUM nas oxgnoro u3 paitonoB Mocksbl. CTpou-
TeJIbHAs 4acTb KOTEJbHOH, a TakKXe HeKOTOpbie BCIOMO-
rateqbHble CHCTEMBl H NMOJCOOHBIE COOPYKEHHSI 3anpPOeKTH-
poBaHbl HHCTHTYTOM «MocnpoekT-3», UM 3Ke pa3paGoTaHbi
cxemMa W 0060py/lOBaHHe IJS1 BKJIOUEHHA KOTEJbHON B CH-
cTeMy TemsocHa6keHus pafioHa. KoTeabHast nyteHa B
skcnayarauuio B mapte 1975 r. Ha puc. 2.5 npeacrasnena
ee KOHCTPYKTHBHAs CXeMa B NPOAOJbHOM paspe3e MO KOT-
gam. Korenbnaa o6opyroBana ABYMS YTHJIW3alHOHIBLIMH
KOTJ1aMH, TIpeJiHa3HAUEHHBIMH [J151 CKMT'aHUST HECOPTHPOBAH-
Heix (cbippix) TBO B konuuecTBe 2,3 Kr/c MO KaxkKIabIM
KOTJIOM Tpu pacueTHoifl Tenjore cropanua THBO Qr,=
=6,3 MJIx/xr. [To pacuery ¢HupMB TOmLOBOE KOJHUYECTBO
CKHTaeMblX OTXOJOB MOJIKHO COCTaBaATH 135 Thic. T mnpH
cpeaHecyTouHoM  KosuuectBe 400 1. Kaxkawii M3 Kor-
JOB NPH pacueTHOM peXHMe ROJKen BblpabaThiBaThb 4 Kr/c
(14,5 T/u) HacbllleHHOTO Mapa NMpH €ro JaBJeHHH 3a TJaB-
Holl mapoBo#t 3aasuxkkoit 1,3 MIla. [Tocrynatwoimue B Teue-
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HHe 8 4 B CYTKH CreliHaJibible MallnHBI f10cje B3BeIUHBAHHUSA
Ha aBTOBecax pasrpyxaiwrcst B nomeuleHuu /, cOpacpiBa4
TBO B npueMublit Gynkep 2 obuweil eMkoctbio 2600 M3 u3
pacuera asyxcyrouHoro 3anaca TbO. OpgnoBpemenno no
IJHHe OyHKepa MOTYT pa3rpyxaTbcd nAThb MawuH. C no-
MOLUbIO BOCbMHUEJIOCTHOro rpefipepHoro kosuwia 3 CHCTe-
Mbl «[lonun», CMOHTHPOBAHHONO HAa MOCTOBOM KpaHe, 00-
cnyxuBalolleM OyHKep IO Bceilt ero JJjHHe, OnepaTtop u3
repMeTHYeCKOH BEHTHJHPYeMOil KaOHHbl Ja ynpasJaseT I0-
saueii TBO B 3arpy3ounbie Boponku 4. OH ke oOCyLLecTB-
asier nepemewinBanie TBO B OyHkepe, HeCKOJbKO ycpex-
ndasa ux cocras. B 1977 r. B Topue OyHKepHOTO NOMeLleHHUs
Oblla CMOHTHpPOBaHa CTaliMoHapHas kKabHia ynpasJjeHus
KpaHaMH, OTKyaa onepatopy OoJjee yAOGHO OOCHYXHBATb
34rpy3ouHble KpaHbl, YOpaBJsAsd HMM JMCTaHUHOHHO. B Ko-
TeJIbHOHl CMOHTHPOBAHO ABa KpaHa, OAHMH M3 HHX pe3epB-
nolil. I'lo HakaoHHOH Teuke 4a, BLINOJNHEHHOH B BHAE yce-
yeHHoro konyca, TbO moctynaioT Ha croa nutarteis 9, kKo-
TOpbIH NpeAcTaBasier cOOOH TOJNKAIOUWHKH NOpIIEHb, PHBO-
JUMbIl B JBHKeHHE OT TMAPaBJHUECKOTO CepBONPHBOAA.
CKOpoCTb BO3BpATHO-TIOCTYNATENbHOIO JBUXKEHHSl [OpLIHSA
HJIM UHCJIO LUMKJOB ero paGoTbi B MHHYTY MOXKHO DeryJiHpo-
BaTb, TAK XKe KaK M JJIMHY €ro nojadu(xopx), B npejesax
crona nutatens. C atoro croja TBO c6packiBaloTcsi ¢ Bbi-
CcOTHl | M Ha BepXHIOK YacTb 0OpaTHO-NMepeTaJKHBaoLLel
pewerku [0 tuna «Maprtun» (PPI'), npu stom oTxonb
YAaCcTHYHO JpoOATCS M OTHOCHTENbHO PaBHOMEDPHO MOKPbI-
BAlOT NepBble CTYNeHH pelieTKH Mo Bced ee wupuHHe. Ha
pewetke ocyilectsasercsa cropaine TBO npu 3a6poce ux
CBEXHX NMOPUHH Ha yXKe TrOpALIUHA CJOH, H TakuM o0pa3om
OCyLeCTBJsIETCA TaK HasblBaeMOe HHIKHee 3aXKHTaHue Toll-
auBa. KoHcTpyKuus co6CTBEHHO pelleTKM THHa «Maptuhs
U ocoGeHHocTH ee pa6GoTbl paccmartpuBaiores B § 3.2
lnak cGpacwiBaercss B Ll1akoyAajuTeJb Tuna «MapTuu»
12 — BaHHY ¢ NMOCTOSAAHHBIM YpPOBHeM BOAbl B Hefl. Hlnaku us
BAaHHBI, OXJaxieHHble 10 TeMnepatypnl 80—90°C, nomatorca
Ha JIEHTOUHBI TpaHcnmopTep /3 ¢ NOMOLWbIO ToJKaTedsl ¢
BO3BPATHO-NOCTYNATENbHBIM JABHXKEHHEM, CMOHTHPOBAHHOIO
B BaHHe W MPUBOJUMOrO B JIBH:KeHHe OT LEeHTPaJNbHOWH T'MJ-
paB/JMYeCcKO# cucTeMbl ynpasjeHusa peuweTkoit. Llnakosas
BaHHA OAHOBPEMEHHO SIBJSIETCS T'MIP0O3aTBOPOM, Mpensr-
CTBYIOLUHM MOJCOCY [OCTOPOHHEro0 BO3JAyXa B TONKY KOTja
H NPOHHKHOBEHHMIO 3a €ro npejesbl HeNpHATHBIX 3aMaxoB
OT cropatomiux oTxofoB. [lepBHuHbIl BO3AYX AJsi TOpeHHs
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TBO 3aGupaercsi BeHTHASTOPOM 6 uepe3 BCacbiBAIOLIMiL
KOpoO 5 n3 BepxHeil 30Hbl OyHKepa, B KOTOPOM 3a CYeT 3TO-
ro nopjep:xupaercsi HeGoJsblioe paspexkenue. [lostomy
Nblb M3 OGyHKepa NpH HepeMellMBAaHUM B HEM OTXOA0B H
pasrpyske cheiMalilH, a TaKxe CHelH(pHUeCKHe HENpHAT-
Hble 3amaxH TNpaKTHYECKH He NPOHMKAIOT B pa3rpy3ouHoe
MOMellleHHe M 33 Npejesbl YCTAHOBKH, UTO MOJATBEpXKAAeTcsl
ONMBITOM 3KCIJyaTailid. B COOTBETCTBUM C BbIJAaHHBIM 3a-
JaHHeM Ha NpOeKTHpPOBaHHe KOTEJNDLHOH H MO pacueram
¢upmot KHHUM npun xoneGanuu tennotol cropadusi THO
ot 3,35 mo 6,3 MJIx/Kr TeMnepatypa BO3jyXa, NojaBae-
MOIO MnoJj, peLIeTKy, AOJXKHA H3MEHATbCA COOTBETCTBEHHO
or 170 no 110°C. Ias nojporpeBa BO3AYyXa HCHOJb3YeTCs
BO3AyXONojorpeBaresib 7, pa3MelllaeMblii Ha HaMOPHOM
BO31YXOBOJle OT BEHTHJSITOPA [0 PELIETKH U COCTOSILHA N3
JABYX ctymeneil 1o xoay Bo3sgyxa. Ilepsas crtyneup mnpen-
craBasger co0oil ‘BOJOBO3AYIUHbIH TenJ0OOMEHHHK, B KOTO-
poOM BO3JyX HarpeBaercsl NMHTaTe/bHOl BOAOH, OTGUpaeMoi
/i 3TOH UeJH INepes MnocJdefHeil ceKlHel 3KOHOMaizepa
KOTJIa H BO3BpalllaeMOl 3aTeM B 3Ty CeKUHIO AJS ee Jorpe-
Baunofaud BOGapabanKorsia. Bo3nyx B mepBoii cTyneHH no-
gorpesaerca gpo 110°C. C sTtoii Temmepatypoil OH MoOXeT
nocTynaTb JHO60 HenoCpeACTBEHHO MO  pelleTky, Ju6o
NpeABAPHTENbHO B MapOBO3AYIIHBIA TenJOOOMEHHUK, The
oH HarpesaeTcs 2o 170°C unu ni060i1 MPOMEKYTOUHOH TeM-
neparypbl.

Temnepatypa B 30He akTuBHOro ropenuss TBO B Tomke
cocraBasger 1100—1300°C, a ansi CHUXKeHHS TeMmepaTypbl
rasoB Ha BbIxoje M3 Hee o 800—850°C, mocrarouHoii aJs
YHHUTOXKEHHs HENpHATHBIX 3amaxoB, B INaXTy TONKH MO-
JaeTcs yepe3 comJia BTODHYHBIA BO3AyX, KOTOpHIl OfHOBpe-
MEHHO CnocoO6CTBYeT HEKOTOPOH 3aKpyTKe ra3oBOTO MOTOKA
H JyulleMy NepeMeliMBaHHIO C BO3AYXOM J/is obecreueHus
BLITOpANHA YacTHLl YHOCHMOro TomauBa. Jis pacronku
KOTJIOB M3 XOJIOJHOTO COCTOSIHHSI, & TaKXe BO3MOXHOCTH
NOACBeTKH (akesa NpH TOPeHHH Ha peIleTKe OUeHb BJIAXK-
Heix TBO ¢ tensotoit cropanua umxke 3,35 MIX/kr B TO-
TOYHOH Kamepe MOHTHpYETCH ra3oBasi TOpeJka.

Yxoasulne U3 TONKH rasbl MOCTYNAlOT B BepTHKaJbHble
rasoxojbl KotTja /4, riae N0 BXoja B rasoXojibl 9KOHOMAaii-
3epa /4a oHH 5 pa3 HU3MEHSIIOT HanpaBJeHHe JBHXKEHHS.
Baarogaps pe3kuM H3MeHeHHMAM HanpaBJ/eHHs MOTOKa ra-
30B OPOUCXOAUT rpybasi cemapanust 30Jbl H3 MX MOTOKA, MO
CelMaNbHBIM  TeUKaM TNonajamwieil B UVIAKOyAaJHTedb
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THNAa «MapTHH», OTKyZa OHa BLIHOCHTCS M3 YCTAHOBKH.
Meskie yacTullbl 30/bi H3-NIOJ PELIETKH € TMOMOLLbIO MHEB-
MoTpaucnoprepa /1 Takxe NoRajaloT B LLIAKOYAAJAMTEJb.

ITpoiina HHCXOAALWMM IOTOKOM Yepe3 ra3oxo[bl 3KOHO-
Mai3epa, yxoAsuMe rasbsi npid Temnepartype 180—225°C
HaNpasJAlOTCA B 30JI00YHCTHUTEJNBHYIO YCTAHOBKY, IIpHYeM
KaxXJblii H3 KOTJOB OOOpyAyercsi 3JeKTPOCTaTHYECKHM
¢dunotpom 15. KoadduiueHT nonesnoro neicTBHS 3/1€KTPO-
(GuAbTPOB NpH HX HajJdexalled 3KCIJayaTalud rapaHTHpY-
ercsa ¢upmoii Ha ypoBHe 98—99%, uro COOTBETCTBYET
ouellb BLICOKOH CTEMeHH OYHCTKH Ta3oB. ITO N03BOJIHJO
OCYILECTBJATL BLIOPOC ABIMOBBLIX Ta30B € NMOMOLILLIO JABIMO-
cocoB /6 B amimoBylo TpyOy 17 Bouicotoit Bcero 60 m. Hs
ra3oxoJoB 3KOHOMaiisepa u OyHKepoB cOopa 304b NOJX
3JeKTpohuIbTPpaMu 30Ja cOpacbiBaeTc Ha TPaHCIoprep
13, KOTOpHIM LUNaK¥ NMOJAIOTCS K LLAaKOBOMY OyHkepy 21.
Tak kak wWaaku comepxar MeTaJJ/HueckHe NpeAMeThl, MO-
crynaiouine ¢ TBbO B Tonky koTia u mpouejuine OrHeBoi
0o0orpeB ¢ BbIXKMIOM THHIOHIMX BellecTB, TO Ha TpaHCHOp-
Tepe I3 ycraHoBJeH MeTaanoyJoButenib I8 co obGpocom
YJIOBJIGHHOTO uYepHOro MeTajsa Ha TpaHcnoprep 20. 3toT
MeTaJJyl MOCTyNnaeT B NakKeTHPYIOLIMHA Ipecc, a 3aTeM BH-
BO3HTCA A4 npojaxu Bropuepmery. C nomolubio MocTO-
BOT0 KpaHa /9 muak W 30sa TPY3siTCA B aBTOMALUMHBI H
MOTYT OTHpaBJAsiTbcsl JAHO0 HA 30J100TBaJj, JHOO HOTpeOH-
TeJsM I1aKa HX aBTOTPaHCNoOpTOM. Boiule yxke oTMeua-
JIOCh, UTO HIaKH M 3oga oT cropanua TBO crepuiibHbl,
COMepaKaT THHIOLLHE OCTAaTKH B KoauyecTBe He Gosee 0,3%
Macchbl CyXoro uiaka M HOTOMY MOTYT ynoTpeGJsaTbes AJs
CTpOMTe/bHbIX LeJeld. KoTenbHad MoKeT oOTDYcKaTh TNO-
TpebuTtessM JHOO nap ot KOTJIOB, JHOO NOAOTPeTYI0 Napom
BOAY AJnA CUCTeM OTONJIeHHA H OBbITOBOTO TOpsYero BOJO-
cna6xkenust. Yactb BblpabaThiBaeMOro KOTJaMu Temnja Hc-
IONIb3yeTcs TaKXKe Ha COOCTBEHHble HYX/Ibl YCTaHOBKH, B
YACTHOCTH Ha CHCTeMbl OTOIIEHHSI M TOPSAYEr0 BOJOCHAG-
JKeHHsl KOTeJNbHOH, a Tak)Ke Ha IPHFOTOBJEHHe TOpsyeii
BOAbl A/ MOHKHM aBTOMALUHH B ClelHaJbHO NOCTPOEHHOM
A5 3TOM Ue/H MOMelleHHd Ha NJollajKe KoTeabHo#. Cmer-
Hasi CTOMMOCTb CTPOMTE/IbCTBA KOTEJNbHOH CO BCEMH BCHO-
MOraTeJibHbIMH 3JaHHAMH H COODYXKEHUSIMH Ha ee IJo-
majke coctabaser 5,6 maH. py6. Pe3dyabraTel npombili-
JIEHHON 3KCIJIYaTalWH KOTEeJbHOH NOATBEPAMJIH, UTO MpH
cxuratinn TBO, npencrasasiomwnx coGoit cmech Gymaru
(maccoBoe coaep:kauue 36%), Kyxonublx or6pocos (38%),
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apesecHubl (1,5%), tekcruas (3,5%), meranna (2,7%).
crekaa (2,5%) u npounx cocrasasiiomux (15,8%), npu Ko-
J1€0aHNH HM3LIeH TEeNJIOThl CrOpPaHHsl B TeYeHHe roja B mpe-
Aeaax 3,8—10,5 MJIK/Kr TexHOJIOTHYeCKas cXeMa H KOH-
CTPYKLUHH OCHOBHOrOo O0OpYHOBaHHSl SIBJAAIOTCA AO0CTATOY-
HO coBepuleHHbIMH. COrJIacHO HCC/IEIOBAHHSIM  OUArOBBIX
octratkos ot cropanus TBO MaccoBoe comepikanue ropio-
YMX B HHX He npesbiiaer 2%, y4TO CBHAETEJNbCTBYET O CO-
BEPILIEHCTBE TONOYHOTO YCTPOHCTBA. YKe B IepBbie 9 Mec
3KCIJyaTaluHH yAaJochb AOCTHUb CpelHeH MpPOH3BOAUTEJb-
HOCTH pelleTok. no cxHuraembim THBO, pasuoit 90% pac-
ueTHOH. [lpakTuka paGoTHI KOTeAbHO! NOATBEpPAMJA, HTO
cxkurande TBO Ge3 npeasaputenpHoii COPTHPOBKH mpen-
cTaBJaseT co0olf Haubosiee COBEPUIEHHBIH C THTHEHHYECKO
TOYKH 3peHHst MeTOA 00e3BpexXUBaHHS ObITOBLIX OTXOAOB C
OJIHOBPDEMEHHBIM MX HCHOJbB30BAaHHEM B KauecTBe TOILIHBA.

Ha puc. 2.6 nokasan npopoJbHblii pa3pe3  KOTCJbHOI
oas cxuranus TBO, zanpoextuposanunoii ¢upmoni UKJIL-
Hykna  (HCCP)  pas oaHOI H3 3apyGexibx
TOU. Tak kak KkoTejapHast oOTHaer 1nap B  00-
IHUA  KOJJIEKTOP TIL, otkyna OoH nocrynaer
K MapoBblM TypOMHAM BBICOKOrO JaBJjeHHsi, TO o0a KOTJa
Buipa6arteiBatoT mo 9,75 kr/c (35 T/u) mapa mpu AaBJeHHH
9,5 MIla u temnepatype neperpera 525°C. Texuosoruue-
ckada cxema nojauun TBO B OyHKep KOTeJbHOH, a Takxke
MPOIIECCOB CXKUTAHUA OTXOAOB M OUHCTKH YXOJALIHX Ta3os
NPUHUHMHAJBHO He OTJHYaeTcsl OT PacCMOTPEHHOH  BhILIe
(cm. puc. 2.5)., OTMeTHuM, 4YTO KOTJABl BbICOKOTO JAaBJEHHS
saoga YKJI-Hykaa (HCCP) o6opymoBaHbl BajKOBBIMH
TOMOUHBIMU peIlleTKaMH, CTOJb e BbiCOKO3(p(EeKTHBHBIMH
B pabore, Kak W pelleTks THna «MapTuu». ITH TONOUHble
pelIeTKH, KOHCTPYKIMA M NPHHUHN paboThl KOTOPbIX OYAYT
paccmotpenbl Huxke, narotopastoress B HCCP no snuuensu,
sakynaenHoit y ¢upmbl Vereinigle Kesselwerke AG (VKW)
Hioccenvaopd, PPI. Ouu nposepeHut B AJHTENBHOR
IKCMJIyaTalHi B pa3HbIX CTpaHax H TOKa3alH BbICOKYIO
najgexuoctb B padore npu cxkuranun TBO. Kortenbnas
ans cxxuranust TBO Bcero ropojaa B JaHHOM cJaydae MnocCT-
poeHa Ha Tepputopun TILI, ocHOBHBIE KOT/IBI KOTOPOH pa-
6oTaloT Ha BbicOKocepHUcTOM MasyTe. [lap, BbipaGaThiBae-
Mblil YTHJIH3AIIHOHHBIMH KOTJaMH B KoaudecTse 19,6 xr/c,
yto coctasJaser 20% o6meil BuipadoTky napa Ha TIL, no-
CTymaeT B IJ1aBHBIl TMapoBOil KOJJEKTOp BMecTe ¢ TapoM
OT TpeX sHepreTHUYeCKHX KOTJOB, a OTTyAa B mMapoBbie Typ-
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OuHb ¢ mporuBofabsenuen. Takum oOpa3om, TennaoTa, Mo-
ayueHHasn ot cxkurauusa THO, ucnoab3yercs Kak AJs Bbl-
pabGoTKH 3J1eKTpO3Hepruy B TypOHHAX, Tak H AJs OTHyCKa
B BHJle FOpsiued BOAbI HA HYXKAbI OTOMJIEHHS, BeHTHJIAUMH
H ropsYero BoJocHaGxeHust moTpebuTeneil. 3a cyeT CXKH-
ranug TBO na TOLL skoHomurcsi Gonee 45 T/cyT Masyra.

Ha puc. 2.7 noxasan nonepeuHulii paspe3 KOTeNbHOTI'O
exa oanoil n3 camuix kpymuwix TILL, cxkwuraowux ThO
B KayecTBe TOMJMBA JIOA KOTJAMH BBICOKOTO jAaBijeHHA 0e3
Kakoi-a1ub0 npelBapHTeJNbHOH MOATOTOBKM OTXOAOB, a
uMmenno YTIL Mspu (r. [Tapuxk), BBegeHHO#l B 3Kcmaya-
tauxo B 1969 r. Kak BuaHO u3 puc. 2.7, cneuMaliuHbl pas-
rPYXKaloTCs B 3aKpHLITOHl raJiepee ¢ OTMeTKoil mosa 8,5 M
HaJ NJaHUPOBOUHOH OTMETKOH MOMelleHHH, pacloJOXeH-
HbIX TNOJ TJOUIAAKOH pas3rpy3ku (CKJajabl, MacTepcKHe,
cayxebGHble TNOMelleHHsl, ObITOBbe IOMeENleHHs1 jpJsl o6cay-
XKUBawllero nepconajsa). Ha 3Tty mjomaaky MalHHH
MOJTHHMAIOTCA MO CNHpaJabHOH 3crakaje. DyHkep mas Ha-
Komsiensi TBO nmeer paGouyio emkocte 9000 M3, raybu-
HY (cuntasi BHU3 OT IJOLLlaAKH pa3rpy3ku) 15,56 M, mauny
BAOJb (hpoHTa KOTJOB 92 M M wupuny 9 M. JIBa MOCTOBBIX
rpefipepHbix KpaHa Jas 3arpy3kn TBO B BOpPOHKH KOTJIOR
rpy3onoabeMHOCTbIO Kax bt 120 T o6opyaoBaHbl KOBLIa-
MH cuctembt «Ilosun» emkoctbio 1o 6 M3, Bbicora noabema
TBO 355 M. Kaxpabiit MOCTOBOIi KpaH OCHAllleH YCTpPOH-
CTBOM JJ151 aBToMaTtHueckoro B3pemuBanusi TBO nepex ux
BLITPY3KOIi B BOPOLKH KOTJOB, a TakxKe AJs nepejaud Mno-
Ka3aHH{l KOJOM MO PajHO HA ILEeHTPaJbHbII IIUT YymnpasJje-
Husa. IlocnexhHnit umeeT 3anoMuHalollee YCTPOHCTBO AJA
cymMmupoBaHus Macchl coxkenHbnlx TBO. Takum obGpasom,
JEKYPHBIH HHXKeHep MOXKeT Mo Mepe HeoO0XOAMMOCTH I0-
Jy4yaTb OMNEPaTHBHYIO MH(POPMAUHIO O KOJHUECTBE COMKIXKEH-
HBE!X OTXOMOB. ,

OnwitT skcnayatauun 6onee Mmenxkux YTIIL Tlapuxa (B
vactHoctd, YTOLL Hccen-ne-Mynuno) noxasan, uto npH
Goabiuoil BuicoTe nogbema THBO 13 OGyHKepa H HX BBLITPY3-
Ke B MpHeMHble BOPOHKHM KOTJIOB YNpassieHHe KpPaHAMH M3
KaGuH, CMOHTHPOBAHHbLIX HA MOCTaX KPaHOB, OYeHb 3aTPYyX-
nurenbHo. Tlostomy Ha YTIL HMBpu ocHOBHOH nyabi
ynpaBJeHUsi KpaHaMM MO pajHo pasMelleH B CTallMOHApHON
KabuHe, PacnoJOXKeHHOH Ha cTeHe OyHKepa Ha YpOBHE IIO-
JIOBHHBI €ro BblcOThl. C lenblo obGjeryeHuss paboThl omepa-
TOPOB W yBeJHUeHHs MaHeBPEHHOCTH KpaHOB ToCJefHHe
aBTOMATH3HPOBAHBI TaKUM ofiba3oM, uTo xoj rpeiidepa m0
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JHa TpaHuiew, ero NogbeM BBepX H pacKpbiTHe TOYHO Hal
MPUEMHONR BOPOHKOH KOTJIOB OCYLIECTBJAIOTCA 0e3 BMewIa-
TeJibcTBa oneparopa. llocaenunit Habaogaer 3a 3arpyskod
TBO B KOT/IBI ¢ NOMOIUBIO NPOMBILITEHHOH TeJeBH3MOHHOM
yCcTaHOBKH. B ciyyae HeoOX0AMMOCTH, HanpuMep B aBapHi-
HbIX CHTyall¥siX, MOXKHO BOCIOJIb30BaTbCsl JJIS1 YNpaBJeHus
KaXIblM H3 KpaHOB KaOWHOH, CMOHTHPOBAaHHOH Ha ero
mocty. KpaHbl, CMOHTHpOBaHHble HaJ OYHKepoM, MOTYT

31,500
r__ 2,000

il
\

_..
=

=
—

6,000 6,000 10,500

3

Puc. 2.7. Tlonepeunsiit paspes koremsHoro uexa YTILL WUspu (®dpau-
LHA).

6biTh MCMOJNB3OBAHBI He TOABKO MO HX NMPSIMOMY HasHade-
HUl0, HO ¥ AJs Beirpydku TBO u3 GyHkepa H MOTPY3KH HX
Ha aBTOMAIUMHB B TexX cayuasx, korga TOLl monxHa 6biTv
OcTaHOBJAeHA Ha HauTedbHblit cpok. Korawl YTIL umeror
cle[yolide pacuyeTHbie XapaKTepHCTHUKH: HOMMHAJbHAas
NPOM3BOAUTENbHOCTL Mo cxkuraembiM TBO 11,1 kr/c npu
Qry=10,5 MJx/kr uau 13,9 kr/c npu QPy=8,4 MJLk/xr.
KoneGanust Temnotsl cropanuss TBO npu ux cxkuranuu
npuusiThl B npegenax 525— 10,5 MIx/xr, npu atom TBO
cxkuraiorca 6e3 mo6aBKM HcKonmaemoro rtomauBa. IlBa Kort-
aa YTOL BuipaGathiBatoT nap ¢ gasjenunem 9,3 MIla u
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temneparypoit 470°C, HanpaBJisieMbiil B KOJJIEKTOP CBeXero
napa, a 3areMm B napoByio TypOuHy. TomouHoe ycTpoiicTBO
KaxJ0ro 13 KOTJIOB COCTOHMT Ii3 LIECTH OJHHAKOBbLIX CeKUHI.
O6was wHpuHa pemeTkd no GppoHTy KoTJa paBHa 12,8 M,
aquHa 10 M. Bosayx nopx pewerky nopaerca uepes 42 pac-
npejeJiuTeNbHbIX KOpo0a, KOTOpble OJHOBPEMEHHO HCIOJb-
3yl0TCA JJA YJaBauBaHHsl H yJaJeHH MeJKHX uacTHll
L1aKa M 30Jibl, NPOBaJUBLUMXCS nof pewerky. Ilo Beicore
TOMOYHOIl KaMepbl B Hee MOJAITCA yYepe3 CHCLUHAJAbHbIE
COIlIa NOTOKH BTOPHYHOTO H TPeTHUHOro Bo3jyxa. Kotabt
HMEIOT MO WIeCTb Ma3yTHbLIX ropenok jAjas pactonku. O6a
KoTaa pabotaloT Ha o0Llylo AbIMOBYI TpyOy BbICOTOH
100 M, yepe3 xoTopyio B aTMoctepy BHIOPACLIBAIOTCH rasbl
temnepatypoir 210°C, ounleHHblE OT NbJIM B MOLIHBIX
anekTpopuabTpax ¢ pakruueckum KITI 99%.

Beiule Gbtyid paccMOTpeHbl KOHCTPYKTHBHble CXeMbl H
npuHuuns padorst YK u YTOU, cxkuraouwux TBO B caoe-
BbIX TonKax Kot/aoB. CioeBoe cxkuranue TBO 3a pybexom
OCBOEHO YyiKe J1aBHO, H KOHCTPYKUHHM TaKHX TOMOYHBIX
YyCTPOHCTB AOCTaTOYHO oTpaboraHbl (cM. § 3.2). Bmecre ¢
TeM B NocJe/lHee BpeMs B psAfe CTpPaH M Ipexie BCEro B
CIIA navara pa3paboTka HOBbIX MeTomoB cxkuranus TBO.
KOHCTpYKTHBHbBIE CXeMbl TaKHX HOBBIX YCTaHOBOK pPacCMOT-
peHbl HHMXKe JHIUb ¢ LeJNbl0 XapaKTePHCTHUKH TeHJeHLHH
pa3BuUTHA cucteM ucnosb3oBanuss TBO B kauecTBe TOMJIH-
Ba, TaK KaK HaJeXHbIX JaHHBIX O JJUTENbHOH 3Kcayara-
UMM 3THX CHCTEM K HACTOSLIeMY BPEMeHH He HMEeeTCH.

2.4. HOBbIE CHCTEMbI NMOJIYYEHHUSAA ¥ HCNOJb30BAHHUIA
TOIJIHBA U3 TBO

B nociesHnHe roAbl B Halllell CTPaHe B TNPAaKTHKY HCNOJb30BAaHUs
TOIJIHB BHEAPSAIOTCSl HOBble NMPHHUMMABL WX BHICOKOHHTEHCHBHOH TepMHYe-
CKOH nepepaGoOTKH € 1eJbI0 IIHPOKOrO BOBJIEYEHHS] B TOMJIHBHO-3HEp-
reTHYecKHii G6anaHc CTPaHBl OTHOCHTEIBHO JAelIeBhIX HH3KOCOPTHHIX TOM-
JauB (6ypHIX yrieH OTKPHITOH AOOBIYH, 3CTOHCKMX C/NAHLEB K T. M.). ITH
NPUHUHNL H SHEPrOTEXHOJOTHYECKHe CXeMbl pa3pabaTbiBalOTCH H HCMbI-
THIBAIOTCS! HA TPOMBIILJIEHHBIX YCTAHOBKaX DHEPreTHYeCKHM HHCTHTYTOM
uMm. T. M. Kpxuxkanosckoro (dHHH).

Ha puc. 2.8 nokasaHa nNpHHUHOHAJbHAS CXeMa TePMHYECKoH nepe-
pa6otkn TBepaoro Tomausa no Meroxy DHUH [18]. KpynnokyckoBoe
ChIpOe TOMJHBO NMEepBOHaya/bHO MOABEPralT rpybomy apobienuo B Apo-
6unxe I, a 3aTeM HANMpaBJAIOT B MeJbHULY 2 AJs TOHKoro pasmona. Ilo
YTBEPXKEHHIO aBTOPOB CXEMH, M3MeJbueHHe TOMIHBA [0 HbIIEBHAHOTO
COCTOSIHKA Tepej, €ro TePMHYECKHM Pa3JIOXKEHHEM CINOCOGCTBYET Jyuule-
MY pEryJupoBaHHIO npoitecca. MeJKOAHCNepCHas MbIb NMOCTYNAET 3aTeM
B CMEUMaNbHYIO CYWIMIKY 3, Fie AHMOBBIMH Ta3aMH M3 KOT/IA HJIH aBToO-
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IIOMHOM TONKH NPH HX Temnepatype ao 600 °C nmoacywdsaercs, a B Ten-
NooOMeHHHKe 4, NOABEPrasch BO3ACHCTBHIO TENJIOHOCHTEIS ¢ TeMmepa-
typoit 800°C, norpesaercs npumepuo ao 300°C. YroabHas nblib ¢
TAKOM TeMNepaTypOH MOCTynaeT B peakTop 5, rie NOABEPraercs Mpo-
leccy TePMHUECKOrO pasjioxkeHHs 6e3 JocTyna BO3AyXa Ha MHIKOe
TOIMIHBO, ra3 H noaykokc. Ilocjennlili HCmosb3yercss 4acTHYHO AAA TO-
gorpeBa rasop B CHELHAJLHOM YCTPOHCTBe 6, *KHIKOe TONJHBO coGHpa-
eTcst B IICTepHe 7, a Ta3 H KOKC OTMYCKAaloTCs MOTPeOHTesAM, NpHYeM
Ol MOTYT TPAHCTIOPTHPOBATLCS Ha 3HAUHTENbHLIE pPaCCTOSHHS GoJec
3PQPEKTHBIO, YEM MHOr030/1bHOC BLICOKOCEPHHCTOE TBeploe TOIJIHBO.
CiKHraHde NOJYYEHHOTO TaKMM CNOCOGOM rasa H KHAKOrO TOMJIMBA B
3HepreTHYeCKHX YCTaHOBKAaX B3aMeH, HampHMep, 3CTOHCKHX CJaHLes,
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Puc. 2.8. TIpunuunnaibHas cXeMa TepMHYeCKO#H TepepaGoTKH TBepAOro
TonsuBa no meroay dHHUH.

6e3ycJI0BHO, COCOGCTBYET He TOJBKO YJYYLIEHHIO 3KCIAYaTaLHH ¥ TO-
BLILIEHHIO HAJIeXHOCTH KOT/I0B, HO H nosuiennio KITJ Tonausoucnosn-
3oBaHus. Kpome TOro, mpH 3TOM JOCTHraercsi yJyuylleHHE COCTOAHHS
OKpy:Kalollel cpefibl B paHoHe pPacnosoXeHUst 3JIeKTPOCTAHUHH, TAK KaK
PE3KO YMEHBINAIOTCS BLIOPOCH NbIIM H BPefHBIX BelllecTB B aTMocdepy.

KpaTkoe omHcaHue NMPHHLHIOB TepMHYeCKoil nepepaGOTKH TOMJIHBA
no meroay SHHWH ymectHo B cBA3H ¢ TeM, 4TO B 3apyleHbIX CTpaHax
HavaJd BHEAPATbCA TNPHHUHNHAJLHO aHAJIOTHUHBIE CXeMbl NepepaGoTKH
u HcnosbsoBanua TBO B snepreTnke. Tak, ¢upmoit «Tappers (CIIA),
KOTOpO#i B moc/ieJHHe rofisl ony6jaHKoBaH psf paboT MO NPOH3BOACTBY
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H3 YrJis CHHTETHYECKOrO JKHIKOrO TOIUIHBA, MOJYKOKCa, FOPIOYHX ra3oB
u 3aeMeHTapHol cepu [32], B 1974—1975 rr. Gblna BBeleHa B ONBIT-
HO-TIPOMBILIJIEHHYIO 9KCIAyaTauHi0 YCTaHOBKA MO mepepaboTKe TBEPAbIN
OLITGBHIX OTXOAOB B CHHTeTHYeckoe TomauBo. Ha puc. 2.9 npusenena
CTPYKTYpHasi CXeMa 3TOH YCTaHOBKH, BKJOuaiolas o6opydoBaHHe TNO
TNprABapHTENbHON MOATOTOBKE TOIVIHBA H3 OTXOAOB C MONMYTHLIM BhIAE-
aeiiem u3 TBO merannos u crekaa. Tsepiavle GLITOBLIC OTXOBI PA3rpy-
¥aloTcsl Ha maowaaxe I H cOpachiBalOTCH GYJ/bA0O3EPOM Ha TpPaHCIOp-
Tep 2, KOTOPHH AOCTaB/isfieT CHIPHE HECOPTHPOBAHHBIE OTXOAW B mep-
8HYHYI0 ApobuiKy 3 rpyboro pasmona. K3 30HB ApoG/eHHS OTXOABI
nocrynalrt Ha TpaHcnoprep 4. OTXoan Apo6ATCA A0 KYCKOB pasMmepa-
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Puc. 29. Crpykrypnas cxeMma TepMHueckoil mepepaborkn TBO B cuHTe-
THYECKOe JKHAKOE TOIIHBO Mo MeToay ¢upMer «[apper» (CHIA).

MH  25—50 MM, a apobJeHnii MaTepHaa TpPaHCMOPTepOM TOAAeTCs B
BO3AYIUHEIA cenapaTop 6, KOTOPHIH CJAYXHT AJs OTAENEHHS JIerKHX
¢pakuuit TBO or Taxenux. BeHTHnaTop 5 HarHeraeT BO3AYX B KOpmyc
cenapaTopa THNa «3Hr3ar» cO CKOPOCTbIO, MOAOGHPACMO B 3aBHCHMOCTH
OT coctaBa OTXoA0B. [ToTOKOM 3TOro BO3AyXa, YacTb KOTOPOTro BhIGpa-
CbIBAeTCsl HApyXKy 4vepe3 (GuAbTp 7, JeTKHe B OCHOBHOM OpraHHuecKue
¢hpakuny BHIHOCATCS M3 cemapaTopa B CYWIHJAKY &8, a Tsaxenabie B oOC-
HOBHOM HeoOpraHudeckHe ¢paxkmuu (MeTa/mrsl, CTeKJ0, KaMHH, LIJaK H
T. N.) MOA AeHCTBHeM COOCTBEHHO! TSIXKeCTH COOGHPAIOTCS B HHIKHEH
YyacTH celmaparopa, OTKyfaa MmocTymaloT B OyHkep c6opa I2. Bhicymwen-
Hbil TOPSYHM BO3AYXOM MaTepHan HampaB/seTcs H3 cymuakn 8 Ha
BHGPOrpoxoT 9, rae MesJKHe HeopranudeckHe (pakuHH HPOBAJIHBAIOTCA
yepe3 CHTO ¢ oThRepcTHsiMu 14,5 m 6 MM H BosBpautalorcs B Gyukep 2.
Hana napexuocts mupoansa TBO mo meroay ¢upmut «Tappers, neco6xo-
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AHMO, Y4TOGH B OpraHHuYeckHX (pakUHAX, H3 KOTOPLIX HNOJYYAlOTCs Ko-
HeUHble MPO1yKTLl, MacCOBOE COJEPKAHIC HEeOPraHHYeCKHX MaTcpHasoB
cocraBasno He Gosiee 4%, B CBsI3H ¢ YeM B CXCMY BKJIOYel BHOpOrpo-
xot 9. Cywnnka 8 CAYKHT AJsl CHHXKEHHSI MaccosBo#l BJIaXXHOCTH opra-
HHYeCKOH uactH orxofoB ¢ 25 g0 5Y%. Cyxofi opraHuyeckhil Martepuas
(TomTHBO M3 OTXOA0B) Hanpasasiercss B ApoGHJKY TOHKoro nomodaa 10,
rae apoburess go pasmepoB 1—2 mm. [lpoaykT Ha Bmxode M3 3Toil
ApoGUJKH Mo BHAY HaNOMUHAeT cMeT M3 nbutecoca. M3 apobuikn 10
TOMJHBO H3 OTXOMOB HANpaBJsETCs B BEPTHKAJIbHBI LHJIHHAPHYECKHTT
peakTop AN TEPMHYECKOro pasjioxendst J/I, rac mnpoliecc nuponusa
npoxoxut mpu TeMmncparype 260°C Ge3 goctyna Bo3ayxa, TpH ITOM
H3 OTXO/I0B BBLAGJSIOTCS JKHAKOE TOMIMBO, CJHBAaeMOe B UHCTEPHY,
KOKC, coOHpaeMblii B €MKOCTH, H a3, KOTOPbIH MoxeT Ju6o cobupatbes
B Oamnonax, mbo cpasy Hanpasasrbes norpebutensm. [lo panHBIM
¢upmbr «Iappers H3 1 T OTXOZ0B MOXHO NOJYYHTh OAHH Oappesb
(159 n1) nNHPOJIHTHYECKOrO Ma3yTOMOAOGHOrO TOMMHBA C YHelbllof Ten-
JA0TOH cropanus okodo 28,3 Mk /kr. ¥roas M ras 4acTHYHO HCNOJb-
3YI0TCs1 Ha cOOCTBEHHBlE HYXKAB YCTaHOBKH. Kak moka3saju pe3y/bTaThl
NPOMBILIJIEHHBIX HCMNBITAHHH, CMeCb 3TOr0 TOIJIHBA C MasyroM B IIpo-
nopunn 25—50 u 75—50% masyra mapku 6 (CILUA) ycmewo cikura-
ercs moA KorsaMH. ITuposurtiyeckoe »KHAKOE TOINVIHBO MOMKET TaKxKe
CXKHraThCsi B KayecTBe €AHMHCTBEHHOTO, HO TaK KaK MaccoBoe CoAepxKa-
HHe cepol B uem Bcero 0,1—0,2%, TO ero NnoaMemiHBaHHE K TOHOYHOMY
masyty, colepxamemy 2—4,59% cepn, o6saropaxkusaetr TOIIHBHYIO
CMeCb, YMEHbIUAET CEPHHCThIe OTJIOXKEHHS Ha TMOBEPXHOCTAX KOTJOB H
BHIOpOCH B aTMoCepy cepHHCTHIX coeluHennii. [Ipu nepepaborke 6,2 T
oprannueckux ¢pakuuii TBO mo cxeme dupmb «Fapper» MoxKHO 1O-
Jy4uTh | T XKHAKOro TOMJIHBA.

B cxeme Tepmuueckoii mnepepaGoTku TomsmuBa no Meroay DHHH
HCXOAHBIM CbIPbeM, Kax TPaBHJO, SBJSIOTCS OTHOCHTEIbHO OAHOPOIHbIE
NPOAYKTbl M HET Heo6XOAHMOCTH B BLIAENEHHH H3 CHIPOTO TOIJIHMBA Ka-
KHX-JHOO COCTaBJISIOLIMX, eclH 3TO He TpebyeTcs HasHayeHMeM ycTa-
HoBKU. B cayuae o6paGorku THO meroaom TepMHUeCKOTro pPas/ioKeHMs
3apy6exxunle ¢UpMbl, B yacTHOCTH ¢upma «lapper», cuntalorT uenccoob-
Pas3HbIM NOMHMMO NOJIyYeHHsI TONJIMBA M3 OPranuyeckux ¢pakuué orxo-
JOB TONYTHO H3BJEKATb H3 HeopraHHyeckKHX (pakuHil uepHble H UBET-
Hble METaJJIbl M CTEKJO, T. €. BOCCTAHaBJMBaTb M 3TH pecypchl. B 3Toi
CBSI3H CJEAYeT PaccMOTPeTh Ty YacTh cXeMbl Ha puc. 2.9, KoTopasi Mo-
cBsilllgHa pellieHHIO 3TOH 3aaaud. Kak qlokasano na cxeme, Heoprariue-
ckue ¢pakuun TBO npoxoast yepe3 maruuTHbl cenmapatop 13, rae us
CMeCH BBIAEISIOTCS 4epHBle (MarHUTHBIE) MeTaJl/ibl, KOTOPhIE BHIrPYyXKa-
10TCA B HakonuTeJdbHbld Oyukep I4. Ilo pmauHbiM ¢upMBEl M3 1 T oTXO-
jgoB B CIIA MoxHO noayuutb 63,5 Kr UepHbIX MeTaJlJIoB. DTH MeTaJlibi
MOrYT NOABEPraTbhCsi NPOMBIBKE H JAPOOJEHHIO HJH, HaoGopoT, mpecco-
BAaHHIO B ODHKETH, NPOXOAHTb CleLMalbHYyl0 06paboTKy IS CHATHS
OJIOBSIHHOrO MOKPHITHS H T. M. OcranbHast 4acTh HEOPraHHYecKHX (pak-
UM (HeMarHHTHBIE METaJVIBl, APOGJEHOe CTEKJIO, IeCOK, KaMHH H LVIaK
H Ap.) mocTymaerT B cenmaparop 15, rie no MeToAy INeHHOH daoTauuu
OT HeMarHHTHBIX METaJJIOB, KaMHeil M iaKa OTAEJAIOT JECOK H CTeK-
Jo, HanpasaseMble B cOopHHK 16. C noMollpio neHHolt ¢uiorauuu y./aB-
auBaercs npumepHo 70% coiepxkauierocsi B OoTXoAax creksa. Ilpose-
pendbie B CILIA onbiThl NOKasaJdd BO3MOXKHOCTh H3TOTOBJIEHHs U3 NOJY-
YEHHOrO CHIPbSI CTEKJAHHBIX cocyAoB. M3 1 T OTXOZOB, NO JAaHHHM
¢bupmbl «Capper», MOXKHO nonyuuth 54,4 Kkr crekaa. Ocrapuiascs CMech,
cofiepxalllasi HeMATHHTHBE MeTaljibl, IVIaBHBIM 00pasoM aslloOMHHHEBHE
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Ganxn u dosbry, nponyckaercs uepes cnenuanbHuit cenaparop 7, Ko-
TOpHi pa6oTaeT NO NPHHUHMOY JAUHEHHHX ABHrarteneil. HemaruutHule
Mertamel cOpachiBaloTest B c6opuuk /8. He paccmatpusas sgech npuH-
uun paboThl M KOHCTPYKIHIO Cenaparopa HEMarHHTHBIX MeTa/uloB, OT-
METHM JHlilb, 4TO MO AAHHBHIM (PHPMH «['apper», H3 | T OTX0H0B MOXKHO
B cpeiHeM MOJy4YHTb 9,1 Kr HeMardHTHHX MeTamioB. TakuM crnocoGom
H3 OTXOZOB B Hrore yjaBausaercst 90, 4epHBHIX H UBETHBHIX METaaJOB.
MaccoBoe copep:xaHue KaMHeil, WJgaka 3046 H ADYrHX KOMHOHEGHTOB
cocrasiasier 7—8Y, ucxoanoro kKoauuectsa TBO. Kamuu, 30na, waak H
JAPYrue KOMIOHEHTH colbupalorcs B Oyiikepe /9 u BHIBO3SITCS A/ 3a-
xopoHerHs. M3 ofuero xoJxyecrsa TONMHBA, NMOJYYaeMOro 10 METOAY
¢upmbl «[apper», MaccoBoe cofepKaHHe KHAKOTO TOIIHBA COCTaBJAET
40Y%, yrast 20 ¥ rasa 27—30. DxoHoMH4ecKyI0 3()(PEKTHBHOCTL YCTAHO-

Abirrobsie
easht
[lap F
nompesumesm /4
70
"
|

Puc. 2.10. TIpununnuanbhast cxema sHepreTHYecKoll YCTaHOBKHM ¢ TOMOY-
HBIM ycrpolicTBoM Ro cxeMe «Anzako-Toppake» (CHLIA).

BOK ¢upmbl «[apper» noka ycTaHOBUTH TPYAHO, TaK KakK OHH He ToOJy-
YHJIH IDMPOKOro pacnpocrpaHeHHs. Bo BcsAkoMm ciyuae peanusanus Me-
TOJA2 NOArOTOBKH TOIIHBA M3 OTXOXOB C BbIAEJEHHEM M3 HHX MeTasia
H cTeKJaa Tpebyer 60jblIOro KosauyectBa 060pyAOBaHHMS, PErysJHpOBKa
KOTOpPOro B Mpolecce 3KCMAyaTallid C YYeTOM DPe3KolmepeMeHHOTo cocra-
Ba TBO MoxKeT BBI3BaThb ONpejle/ieHHble TPYIHOCTH.

Ha puc. 2.10 npuBoANTCA TeXHOJOTHYECKast CXeMa 3HEPreTHUecKofi
yCTaHOBKH, paboraioliell Ha NMHPOJIHTHYECKOM ra3oBOM TOIIHMBE, TNOJY-
YeHHOM OT pasJioXeHHs OBITOBBIX H HEKOTOPHIX HPOMBILLIEHHHX OTXO-
noB no cxeme Auaxo-Toppakc (CIHA). 3ra cxema BnepBsle Gnlna mpen-
cTaBieHa B Aekabpe 1975 r. Ha HayyHO-TeXHHuecKoM ceMHHape B Mock-
Be npeactasuteneM GupMmsl «Kapbopyuaym Huk» (CIHA) no pesysbra-
TaM  3KCMJIyaTalHH ONBITHO-MPOMBILIACH!NOH ycTaHOBKH B DByddaino
(wrar Hew-Fopk), satem B mae 1977 r. ¢pupmoit «Hoite Xaiimar Kom-
myHaJsi» (OPI) u B uione 1977 r. ¢upmoit «Kanmuksas (Ppanuus).
YcraHoBka paboraer caeayiouium obpasoMm. Kak M NpH CJI0EBOM CXKH-
ranun TBO, oTxoAbl crnenaBTOMALIHHAMH Crpy»awoTcs B NPHEMHbBL
6yHKep, OTKyJda KpaHoMm c rpafi¢epupiM 3axsaToM [ nofaloTcst B NpH-
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EMHYI0O BODOHKY BEPTHKAJIBHOrO peakropa 2 waxtioro tund. Caenyer
MOAYEPKHYTb, YTO B YCTAHOBKY NOCTYMalOT ChipHe, He NoAscpraembie
Kakofi-160 npeiBapHTeabHON 00paboTke TOPOACKHE OTXOAB H, CJeJO-
BaTesibHO, KpaiHe Heoiluopoiubie no coctasy. [loxg aefictBHem co6crt-
BEHHOIl TSXKECTH OTXOAb MeAJeHHO OMYCKAaloTCsi M3 BepXHell yacTH pe-
aKTOpa B €ro HHXKHIOW 4acTb H Kak Obl HCYR3AIOT B 30HE CaMbiX BHICOKM X
Temneparyp. Tepmuueckas nepepab6oTka OTXOAOB 31eCb COCTOHT H3 ye-
ThIpex (pa3 Mo Mepe NPOXOXKAEHHS OTXOJAOB yepe3 ueThipe 30HBl Peak-
Topa. B BepxHeil yacTH [UaxTel cpasy ke 3a NpHeMHOH BOPOHKOH
OTXOAbl ymjoTHsiloTcss (1-1 ¢asa), 3aTeMm, ONycKascb BHH3, BLICYIIHBA-
I0TCA  TEMJIOTON JBHAKYIUHXCA HABCTPEdy NO TNPHHUMNY HNPOTHBOTOKA
rasoB H3 30HBl ropenus (2-s ¢asa). [logcymennsie orxoam, nporpernie
NpHOJIH3NHTEIBHO 10 Temnepatypbl 500°C, onyckaloTcst B 30HY aKTHBHOL'O
nupoansa (3-a ¢asa). B 3rtoil 30ome opraHuyeckue ¢pakuuH OTXOLOB
npy temneparype 700—900 °C noasepraioTcsi BO3roHKEe NPH KOJHYECTBE
kHcaopoga 10 30%, HeoGxoaHMOro AJsl aKTHBHOro ropenns. 31ech Npo-
HCXOAHUT HHTEHCHBHOe BBIJE/IEHHe JIeTYYHX, KOTOpHle MEeMJEeHHO ABHXYT-
csl BBEpX HaBCTPeuyy ONYCKAIOWIHMCA HOBBIM MOPLHSM TNOJCYLIEHHBIX
0TX0A0B. HuepTHble (pakuny OTXOMOB I YrJIEepOMHCTBIT OCTAaTOK opra-
HUYECKUX COCTaBJIAIOMHX (KOKCHK) ONYCKAIOTCH B HHXKHIOO UacTb IAXT-
HOro peakrtopa, e 3TH (pakuld [JOJ/KHB NJABHTbCSA TNpH  TeMile-
patype 1600°C, a KOKCK cropaTh B MOTOKEC BO3AyXa, [OCTyNalo-
wero npH remneparype 1000—1200°C u3 pexynepatopos 8 noxa Haro-
poM, pasBuBaeMbiM BeHTuasiTopoM 7. JKHAKHe HIJakH NpPH TemmepaType
1500 °C pe/mKHBl CHHBaTbCSl B BaHHY C BOAOR &, rjie rpany’aupylorcs
Ha MeskHe Kycouku (Ao 5 Mm). M3 BanHbl LIakH YAQJSIOTCS CMELH-
aJbHRIM ycTpoiictBoM. ['a3, o6pasoBaBliuficsi B pesyJjbrare NHPOJIH3A
OTXOLOB H COJAEPXKallHi B3BelUleHHble BelllecTBA (MBLIb) B KOJHYECTBE
25 mr/m? (mo pmaHHbiM ¢upmbl «KanukBas), MOCTymaeT 3aTeM B BePTH-
KaNbHYI0 LHJHHADHYECKYI0 KaMepy CropaHHs 4, I'lle CXKHraeTcsi NpH
remnepatype 1200°C. [lasi oGecneyeHnst mpoilecca ropeHHs BeHTHJATO-
poM 6 uepe3 BO3AYXOMOZOTPeBaTeNb H B Ta3oBYl0 TOpenKYy KaMephl
nojfaeTcss B HYKHBIX KOJHYeCTBaX BO3AyX. ['opeHHe rasa B Kamepe Cro-
paHHsl H AHHAMHMKA [ABHXKEHHS rasoBOro MOTOKAa OPraHH3OBaHH TaKHM
0o6pa3oM, uTO HecropeBliHe TBepAble YacTHLbl Yyrjepoja B NOTOKE Cro-
paioT, a WHEpTHad NbLIb B BHAE PACIaBa MONajZaeT B BOASIHYIO BAaHHY
4a, rae rpanyaupyercs. [To AaHHBIM 3KcnjyaTalMH NMHJIOTHOH YCTaHOB-
ku B . Byddano (CIIA) u3 obulero KosiuecTBa BLICBOGOXKAAEMOro B
npouecce uiaka okono 90% musBiaekaercsa M3 BaHHH 3, 10% — u3 Banu-
Hbl 4a. Takum o6pasoM, B KaMmepe cropaHusi (BHIHOCHOH TONMOYHOH Ka-
Mepe) NPOMCXOAMT KakK TOJNHOe CrOpaHHe rasa, Tak M ero OYHCTKa OT
B3BEIIEHHBIX YACTHL, YTO O4YeHb Ba’KHO C TOYKH 3PEHHS CHHJKEHHS BbI-
6pocoB melIM B aTMochepy, a TakKe yMeHblueHHs aGpa3HBHOro H3HOca
TPYOHBIX NMYYKOB KOTJOB-YTHAH3AaTOPOB. YXOAAIHe H3 KaMephl CrOpaHHs
NBIMOBHIE Ta3bl, COAepXallWe NblJIb B KOJuyecTBe He Gosee 3 mr/m3,
HanpaBJAsOTCA B KOTEJ-yTHAH3aTOp 9, rie BhpaGaTbiBaercss nap 3a-
NaHHBIX TapaMeTpoB. YXOAfl(He H3 KOTJa ra3bl C TeMmepaTtypoit Ao
300°C (uawe Bcero 220—250 °C) OKOHYATeNbHO OYHLIAIOTCA OT MBIU B
9NEKTPOCTATHYECKHX (HIbTPax [0 M ¢ MoMOWBIO AbIMOococoB ] BuiGpa-
chIBaIOTCS yepe3 AbIMOBYIO TPYOY [2 B atmocdepy. Camo coboii pasyme-
eTcsl, YTO B PsIke CJYy4YaeB, TaM TJe 3TO MOXKET OKa3aThCs IKOIIOMHYECKH
Hesnecoo6pasibiM, NOMYYEHHH B peakTope 2 ra3 Mmoxer Jiu6o Tepeka-
YyHBATLCS [0 TPYGOMPOBOAAM IJst CKHMraudst B tTonkax kotnos TILL nau
KOTEJbHBIX, JHO60 COGHPATHCA B rasrojbAcpax AJs TMOCJeAYIOULEero He-
noJb30BaHHs: caMOil CYTH npollecca B cXxeme Auako-Toppakc aro He
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MeHnseT. B onscanHoM npouecce BBICOKOTEMICPATYPHOI'O HHPOAH3A HM3-
Was TEmIoTa CropaHus OTXO0A0B HcHoab3yercsi na 70%, manpnmep mnpu
Qry=7,54 MJIx/xr noayuaercs 5,28 MJIx/kr tenaotrsl. Okojdo 15—
20% nonyyeHHoOH TCIMIOTH 3aTpaynBaerTcsi Ha MOAOrPEB BO3AyXa B pe-
Kynepatopax, ocrajbibie 10—15% — ana sBripaboTku napa norpebure-
ao. He paccmarpuBas 3Jecb XHMHYECKHH COCTaB «OTXOAO0B» Ipoliecca
BRICOKOTEMNEPATYPHOrO NMHPOJH3A (YXOASUIHX ABLIMOBHIX Tra3oB H Iia-
KOB), 1COOXOAHMO OTMETHTb, YTO HO J2HHBIM ONBITHON 3KcnAyaTauun
AbIMOBBIE Ta3bl JIHIUCHLI KAKHX-J1100 HENPHATHBLIX 3amaxoB H NpaKTHYC-
CKHM YHCTBI, a WJIAKH HE COJAEP’KAT IHHIOIHX COCTaBJSAIOWHX, HHCPTHBI,
OJIIOPOAIIBL, HIE TOPST H HC PAacTBOPHIOTCS AaKe B Kunsiueil Boae (Aau-
noie  Gupmp «Kanuksa»). IlrorHocte wwiakoB 2,8 T/M%, Hackinuaz
macca 1,4 1/M3 a cro KoauuecTBo cocTaBaser JHWbL 3% Bcell Macei
00pabaTLiBaeMbIX OTXOJOB, MNPIYEM HX MOHO BBIBO3HTL Ha OTBeAEHHbIIl
0TBaJ Hay 0OWeEropoicKylo CBaJiky, He onacasch 3arpsi3HelHs OKpPYKalo-
Leit cpeAbl i NOJPYCJOBLIX BOJA, KAaK 3TO HMCET MeCTO IPH 3aXOPOHEeHHH
Ha csankax THO. Oauako Takoe yjajeHHe WLIaKOB OT BLICOKOTeMMepa-
TYPHOrO MUPOJIH3a OTXOAOB HellesecoobpasHo. [1o gaHHEM ¢upm [lanuu,
CIHIA, ®panunn u OPI, 3aHHMaOWHXCA TePMHYECKON NepepaGoOTKON
OTXOMOB B OCHOBHOM METOAOM HX CJIOEBOrO CXKHraHus, WJAAKH MOXHO
HCMOJIb30BATb B KayeCTBe MOACTHAAIOWErO CJI0Sl NPH CTPOMTCJALCTBE A0-
por, ApeHaXKHOro cJost B KaHnaJjax pasJHYHLIX Ha3HaueHHii, a nocjie nmpo-
CeHBaNKsl — B KayecTBe abpa3liBHOrO MaTepuasa B IECKOCTPYHHBIX ycra-
HOBKaX, 3aNOJIHUTENs] NPH H3TOTOBJEHHH IJIHT JOPOXKHOrO MOKPLITHA i
T. . Jo 1979 r. no onmucanHoi Bbllle cxeMe OHIIH COOPYIKEHBI CaeRylo-
e ycravosku: B 1972 r. B Bydoano (CIUA) npoH3BOAHTENLHOCTBIO
100 t/cyr (1,11 kr/c) no nepepabaThiBaeMbM otrxoAaMm; B 1977 r. B
JliokcembGypre npousBoAuTesbHOCTHIO 200 T/cyT (2,22 kxr/c) Ajs Bhpa-
6otkn mapa pasaendeM 3,5 MIla, ucnosbayemoro 3ateM AJd NMojauu ye-
pe3 KOJIEKTOp CBeXero mapa B TyPOHHB AJ BHPAGOTKH 3JEKTPOIHEp-
rud; B 1977 r. B r. I'pacc (Ppanuns) npouUsBOAHTEJIbHOCTBIO 90—
150 T/cyT, rie ROMKHB NMOABEPraTbCs BHICOKOTEMIIEPATYPHOMY MHPOJIH-
3y kak ThbO, tak u orxozbl oT 20 napdioMepHbix (abpHK ¢ TENAOTOH
cropanus 8—8,4 MJIx/xr. Ilap, BHpaGaTbiBaeMblil B KOT/JaX-yTHJIH3a-
Topax, OyAeT OTRaBaTbCA 3THM (pabpHKaM Ha TEXIOJOTHYECKHE HYXKIBI.
3aBoj pacrnofioxell B LEHTPe FOpPoAa, HO NpakTuyecku e Oyier 3a-
IPA3HATb OKPYKAIOIULYI0 cpefly BhIOpocaMH AhiMOBBIX rasos. Kpome To-
ro, ¢ 1977 r. Bo ®pauxdypre-na-Maiine (®PI) Ha ycraHoBke npoH3-
BoauTeapHocTeio 200 T/cyt noaydaercs nap nasaenneM 5,7 Mlla,
HCIOJIB3YCMblIt /I BBIPaGOTKH 3gaektposnepruu. B 1977 r. B okpecrt-
noctsix [lapuxa mayato CTPOMTEALCTBO YCTAlIOBKH CYMMAapHOH NpOM3-
BOAMTEJbHOCTLIO 10 nepepabaThiBaeMbiM oTxoAaM 400 t/cyt (4,44 kr/c),
rae OyAyT CHraTbcsi Kak OBITOBble, TaK H NPOMBIULIEHHBIE OTXOAHI, a
BhipabaTbiBaeMas TEMJOTa OTAABATbCA B CHCTEMY TeIIOCHAGXKeHHs ro-
poaa. B 1977 r. Hauato TakKe cTpouTenbcTBO 3asoaa B . CeHT-DTbeH
(®Ppanuus) npoussoautennHoctoio 100 T/cyT, nosyvyaemas Temaora Gy-
JeT HCTONb30BAThCSl /S OTOMJEHHS, BEHTHJAALUHH H TOpAYero BOAOCHal-
JKenusa GOJbHHLBL, A Taxyke AAd NapocHal:eHus npaveunoir. Kpome
NePCUHCeHHbIX BLILIC MO JaHHOM cXeMe 3aNpOeKTHPOBAaHBI YCTAHOBKH
ana Ilapuxa (600 r/cyr) u Ky6wm (500 t/cyr), npuvem mnocieasis
B Bufle T3LL mowHocTeio 12 MBT.

M3 1310XeHHOr0 BHAHO, YTO METOJ, TepPMUYECKOH lepepaboTKU OT-
X040B ¢ BbIpaGOTKOIl ropioYero rasa noJyyaer HeKOTOpPOe pacnpocTpa-
uenie B CUIA n crpanax 3anaanoit Esponwu. Caenyer, oaHako, otme-
THTL NPHHLMIHAJABLIOE pas3/nyie MexAay MeTofoM ¢upMu «[appers, rae
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cxeMofi npeaycMarpuBaetcst npeasapureacas ob6pabotka THO ¢ noay-
YCHHEM nepen nojauell B NMHPOJHTHYECKHI DeakTop FOMOTeHHOH cmecH
opraHnueckux ¢pakuuit, u npomeccoM Amnaxo-Toppakc, rae Her npea-
BaPHTEJNLHOTO MONYYelHs TOIVIHBA M3 OTXOJAOB, a MpPEAlPHHATA TONBITKA
TepMHyeckoi nepepaboTKH reTeporeHHoii cMecH OTXOAOB B NMPOMBIINIEH-
HBIX YCJOBHSIX NpPH BBICOKMX TeMmnepaTypax B peakrtope. Ecaum merton
oupME «Tappers NPHHUMIHAJBHO MaJo oTiHyaercs or meroga DHUH,
To npouecc Anaxo-Toppakc uMeer CyLIeCTBEHHBIe OCOGEHHOCTH, TaK Kak
B DeaKTOp 3arpyXalTcs OTXOABl, B COCTaBE KOTOPHIX HMEIOTCHA Kak op-
rannyecke (ropiouue), Tak W Heropioune (MuUHEpasbHBE) (paKIHH.
[Nocnexnne 3aTeM AOJKHBL GHITh yafeHH H3 PEAKTOpa B BHIE KHAKOTO
waka (pacnjaBsa), MpH 3TOM HeoGXOJHMO HMETb B BHAY, YTO TeMIepa-
TYPH TJIaBJEHHA XHMUYECKHX 3JE€MEHTOB, BXOASUIHX B COCTAaB HHEPTHBIX
¢dpakuuii OTXOHOB, CHJABHO passHualoTcs Mexnay coboit. Tak, KpeMHHH
naapurcs npu temnepatypax 1700—1800°C, okucH KaJbuusi W aJioMH-
uis — npu Temnepatype okoao 2000 °C, cmecb 13 OKucefl csesa u
kpemunsi — npu 1700 °C. Maxke yuutbiBas, 4yto cMecH 3THX (dpakuui no
nannpiM pupMbl «Kasuksas npu comepxannn po 8% Ca n nobasiieHnn
Na umeioT Temmepatypy mJiaBiaeius Oonee Huskyw (oxoso 1200 °C),
ofecreucHiie XHUAKOTO COCTOSIHHS LIJIAKOB TNPH HEBO3MOXKHOCTH pery-
JIHPOBAHKsl WX XMMHUCCKOTO COCTaBa KpaiiHe 3aTpyauHTedbHo. Kpome
TOro, NpH HeoanopolHoM cocraBe TBO, sarpyxkaembix B BepPTHKAJbHYIO
IAXTy peakTopa, Oenb TPYAHO JOCTHUL PAaBHOMEPHOTO pacnpejlelieHus
0 NONEpeylioMy CEYCHHI0 DEaKTopa ras3oB, ABHXKYUIMXCA CHH3Y BBepX
K BBHIXOLHOMY NaTpPyGKy H3 KOpmyca, pH 9TOM MOTYT HMeTb MCCTO Kpa-
Tepuoe ocefarne TBO BHH3 10 LIaXTe H HeHopMaJjbHas paBorta peak-
Topa. B ciayyae oJHOPOAHOrO COCTaBa CMeCH APOGJIEHHIX FOPIOYHX OTXO-
JI0B, KaK 3TO MPeiycMOTpeHO B cxeme ¢dupmbl «I'apper», Takoe siBieHHe
Mano BeposaTHo. C Hauwlell TOUKM 3peHMst, Kpalie TPYAHO HOOHThCH mo-
Jayl B HIKHIO YacTh peaKkrTopa BO3AyXa C TeMIepaTypoH He MeHee
1200°C, B 1O BpemMs Kak coG/iofeHHe 3TOH TeMINepaTypsl sABJAAETCA He-
O6XORHMBIM YCNOBHEM [/ TOAJEPIKAHHS Tpolecca NepeBofa LLIAKOB
B XHAKOe cocTosiHHR. JIpH HecoGMONEHHH 3TOTO YC/IOBHA HHXKHAS 4acTh
peakropa (WaKoBasi BaHHA) MoXeT GLICTPO 3alLIAKOBHIBATLCHA, a IIPO-
ece NpekpauaThes, YTo HaOMIOAANOCh Ha OAHOH H3 NEPBHIX YCTaHOBOK
no npoueccy Anaxo-Toppake, sanylieHHHIX B NPOGHYIO 3KCMIYaTalHIo.

B namefi crpane paGoThl MO H3YYeHHIO Mpolecca BHICO-
koreMmnepatrypuoro nuposusa TBO ana BHeapeHus ero B
MPOMBILIEHHYIO  3KCMJIYaTaluHio MPOBOASITCS AKX
um. K. 1. TTambunosa (kang. texu. wayk J. H. Beubs-
MOBCKHH) COBMECTHO € HHCTHTYyTaMH «['MIPOKOMMYHCTpOil»
1 «HnpokoMmyusnepros. PesyJsbTatl 910 paGoTbl GyayT
B OauxKaiiinee BpeMst onyGJaHKOBAHDI.

B CIHIA co3pana Takke yCTaHOBKa M0 HCMOJb30BAHUIO
nbinesuanoro ronansa u3 TBO npu coBMecTHOM CyKHTaHHH
€r0 ¢ YroJbHOH MbIJIBIO B KAMEPHBIX TOMKax KoTjaoB {34, 35].
CTpykTypHas cxeMa yCTAHOBKH 110 COBMECTHOMY CXKHTaHHIO
TBEO wu yronpHoO#l mblIM moOKazana Ha puc. 2.11, rae ans
yNpouleHHsl COBMeLUEeH Y3eq NpeaBapUTe bHOI MOATOTOBKH
TOMJNUBA W3 OTXOJOB C 3HEPreTHYECKOH 1UacThio YCTaHNOBKH.
B r. Cent-Jlync (wrar Muccypn) mocrtpoena H paGoraeT
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y>Ke B TeueHHe HeCKOJbKHX JieT yCTaHOBKa No mnepepaboTke
OTXOAOB B KauecTBe AOMNOJHHUTEJNBHOTO TOMJIHBA AJsS FOPOA-
ckoil sJjektpocranuuH. [IpoekTHass npOH3BOJAHTEIbHOCTD
ycraHoBkd 650 T/cyT no mepepabotaHHBIM OTXOHaM C IO-
JyuyenseM npd 3ToM 520 T/CYT IONOJHHTENBHOr0 TOMJIHBA.
[TpenBapurenbHass o6pabotka ceippix TBO  (pasrpyska,
nepBHYHOe ApoO./eHHe, OTIeseHHe TOPIOYHX OT HEeroplovux
M COPTHPOBKA HeOpraHHyeckKHX (ppakuUHi OTXOZOB) aHaJo-
THYHA ONHCAHHOH BbIlle H MOKa3aHHuoi Ha puc. 2.9. [lo man-
HbIM 3KcnayaTaluu yctaHoBkH B r. Cenr-Jlyuc B BO3ayli-
HOM cenapaTope oTAeasieTcsi Jerkasa ¢pakuaus TBO (ropro-
yue) B KosauuectBe 80% macchl orxomos, a 209 cocraBasi-

Bbtxson -
5, 8 \mparcropmu-
7 pyroweeo
3 \ bo3dyra
15
4
-9 13 4

L@ 10 ‘ i

A
1 ‘ '

X

16
Boadyx

XoA00Hb10

B cucmemy copmupobku
HEOP2AHUYECKUY

‘ondencam
yacmed  omyodof K

Puc. 2.11. CtpykTypHas cXeMa YCTAHOBKH NO COBMECTHOMY CXKHraHHIO
TBO u yroasnoit noiny (CUIA).

1 — pasrpyska OTXoxoB; 2 — tpaHcnopTep ans nogasu TBO B apobunky; 3 -- apo-
6uaka: 4 -- TpaHcnoprep; 5 — a’pocenapatop;, 6 — BeHTHAsITOP; 7 — OyHKep c6opa
aerknx dpakuuil; § — uukaoH; 9 — ma3oBof 3atBop; 10 — BuGpocuto; 1/ — GyH-
Kep c6opa neopraliHyeckHX uvacTed OTXonoB; /2 —imaxTHas MenbhHRa ans TBO;
13 — am6pasypa nblleyronbHol ropeiku; I4 — ropenka: I5 — TomouHass KaMmepa,
16 — BenTuasTop; 17 — BO3AYXONOJAOTpeBaTe/]b MapOBO3AYMIHLIA; /8§ — llaxTHas
MenbHHIlA AN yris.

I0T HeopraHuueckue MaTepHa/abl. [opioune MaTepHasbl
BHIFpPY2KalOTC H3 OyHkepa 7 uepe3 BuOpocuto 10 u aBTO-
TPAHCMOPTOM JOCTABJSIOTCA Ha 3JeKTPOCTAHUHIO, HAXOMAA-
uyiocst Ha pacctosHuu nopsigka 30 kM OoT ycTraHOBKH. Tem-
JoTa CropaHdsi  TONJAMBA W3  OTXOJOB  COCTaBJseT
64 '

-



13,9 MJI>k/Kr npu YCJIOBHH, UTO y CHIPbIX OTXOAOB OHa
pasua 10,26 Mx/xr. Ha snekrpocranuun B r. Cent-Jlyuc
ckuraercs cMmecb 3 859% yrsisi ¢ TenjoToH  Cropanus
23 MJIIx/kr u 15% rtonaMBa M3 OTXOAOB, NpHYEM MOCHAE]-
HHE CcOolep)KaT MeHblIe cepbl M 3HAUUTEJbHO MeHblie 30-
Jabl.  Ycranoska B . Cenr-Jlync  mepepabarbiBaer
170 Teic. T/rog TBO, u3 xoropeix nosyuaercs 135 Thic. T
tonsuBa. Kak BuaHo u3 puc. 2.11, TOnIHBO H3 OTXOAOB
MOCTynaer B LIAXTHYIO ‘MejbHHLY /2, re NOACYIHBaeTcs,
npeBpalllaercd B Nblib H TOPSYHM BO3AYXOM  BBIHOCHTCS
yepes amOpasypy /3 B TomouHyio kamepy kKorsaa. Tak Kak
onbiT 3Kcnayartaund 3tofl ycraHoBku B CIIA noxaszan ee
HaJAeXXHOCTb H 3IKOHOMHYECKYIO 1esnecoo6pa3HocTb, TO B
r. Cent-Jlync B Hacrosiiiee BpeMsi CTpPoOUTCst elie OoJgee
MOILHAsl YCTAHOBKa MPOU3BOJHTENbHOCTbIO 7—8 ThIC. T/CYT
no mnepepabaTbiBaeMbIM OTXOZaM C [OJYyYeHHEM H3 HHUX
5,4—6,4 TeIC. T/CYT TOmAMBA, TpH 3TOM OyAyT nepepaba-
thiBaTbcd Bce THBO r. Ceur-Jlync w mecru Gamxaimux
oxpyroB. Ilo HauleMy MHeHHIO, Takoe HCIOJb30OBaHHE TOI-
JIHBA M3 OTXOAOB NpPH NpelBapHTeJbHOM H3BJI€UEHHH U3 HHX
METaJJIOB H CTeKJa MOXET SIBUTbCSl MEPCHeKTHBHBIM C
TOYKH 3peHHs] KaK SKOHOMHH TONJIHBHO-3HEPreTHYeCKHX pe-
CYpCOB, TaK H 3allUThl OKpyxamwueil cpeasl. B {34] npuso-
BoAATCA Oojee NMOAPOGHLBIE JaHHbie MO TNPUMEHEHHIO TOM-
JUBA M3 OTXOJMOB JJS BIAYBAaHUA B TONKH MNblAEYTOJbHBIX
KotyoB. CJelyeT TakKe OTMETHUTb, YTO ONHUCAHHbIE BBHILIE
HOBble MeToAbl Hcnosb3oBaHusa TBO B kauecTBe TON/MBa
SIBJSIOTCS ellle HeIOCTAaTOYHO H3YUYEHHbBIMHM, a mnpeobaaga-
IOUIUM BHJOM 3HepreTHueckoro ucnoabnzoBanusgs THBO no
CHX TOP W Ha OJHXKAMLIYIO NMEepPCeKTHBY OCTaeTcs HX cJoe-
BOE C)KHUTAaHWEe B ClelHaJNbHBIX TOMOYHBIX YCTPOHACTBAX.

F'nasa TpeThbs

OCHOBHOE OBOPYNOBAHHWE NJI CJIOEBOTO
C)XHUTAHHUSA TBO C HCNOJIb3OBAHHEM
TENJIOTDI

3.1. TPEBOBAHUA K OCHOBHOMY OBOPYAOBAHHUIO IJId
C)KXMUTAHHUA TBO

Kak nokasano B § 1.2, TBepabvie ObITOBble OTXOJbl, He
IIOJIBEPTHYTHIe TIpelBapuTe/bHO 06paboTke (COPTHPOBKe,
yaaJeHUI0 MeTaJjsa, cTekja W HeOpraHUYecKOW 4acTH OT-
XOMOB MJIH ofOoraleHuio), SBJISIOTCA HU3KOKAUYECTBEHHBIM
TOMJHBOM MepPeMEHHOT0 COCTaBa H ¢ OLICTPOMEHAIOUWIUMHUCA
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TeNJAOTEXHHYECKAMH XapaKTepHCTHKaMH. CiKuranue Tako-
ro TBEPAOrO0 TOMJMBA C MCMONb30BAHHEM TEMJIOTHI B OOLIY-
HBIX TOMOUHBIX YCTPOHCTBAX MOA KOTAAMH JJs HCKONaeMmo-
ro TOMJHBA HEBO3MOXHO, a CcreLHa/jbHOe 00OpylOBaHHE
IS TAKOTO CXKHFAHHs JOJKHO OTBeYaTh LEJIOMY PRy Tpe-
6oBaHui.

OO6uim Tpe6oBaHHeM K TOMOYHOMY YCTPOHCTBY, KOTO-
poe B J@HHOM cJjyuae IOJXKHO He ToJbKOo cxkurath TBO,
HO ¥ 00e3BpeXXHBAThb lJIAKH, SIBJAAETCH ofecleueHHe CTe-
PHJBHOCTH 3THX ILLTAKOB M IIOJHOTO BBLITOPAHHS Ta3000-
pasHbIX MpOAyKTOB. B Macce TBepAblX OYaroBLIX OCTat-
KOB JOJMXKHO 6bTb He 6Gosee 0,3% rHMIOIHX BeulecTs.
Hust nosHoro o6Ge3BpexxuBaHUs YXOMASINX H3 TONKH ra-
30B M YHHUTOXEHHS HeNpHSATHOTO 3amaxa TemIeparypa
ra3oB Ha BbIXOJe H3 TOMKH JOJJKHA ObITh He HHXKe
750°C w ;myuuie Bcero HaxoguThes B mpepenax 750—800°C.
Ins oGecneyeHusi paGoThl TOMKH € MHHHMAaJbHBLIM HIJIAKO-
BaHMEeM TeMnepaTypa B Heft He [OJKHA NpeBLIIATDH
1000—1200°C, a xoundwurypanust TONOYHOTO yCTPOHCTBA
JIoJkHA o6ecreunBaTh 3(PGEKTHBHYIO CYWIKY MOCTynalo-
uiux B Hee TBO 3a cuetr TemjoTHl NMPOAYKTOB CrOpaHMs, KO-
TOpBle JNOJKHBI HANPaBAATbCA K MeCTY MOCTYMJEHHA B TOMN-
Ky cexux nopuuit THO. TonouHoe ycTpoOHCTBO HOJKHO
ObITb CKOHCTPYHPOBAHO TakUM o6pa3om, uToObl obecneuyuTh
HajieXXHoe 3aXKHraHue TMOCTYNAlILEro B HEro TOIJIHBA
BaAaxHocThlio 0 60% na pabGouyio Maccy, a Takxke Haubo-
Jlee TNOJIHOe BBLITOPaHHEe €ero JNEeTYYHX COCTaBJSIOULHX.

ITpu cnoeBom cxkurannu tomausa (puc. 3.1) HeoThbeMJe-
MOH 4HacTbl0 TOMKH fIBJSIETCA 3arpy3ouHoe yCTpoiCTBO ANA
npHeMa CBeXHX MOPUHHA OTXOJOB M TMOAAYH HX HA KOJOCHH-
KOBYIO pelieTKy. JTO YCTPOficTBO BKJOUaeT B cefd cJe-
AYIOLHe 3JIeMeHTbl: TpHeMIylo Boponky /, Teuky 2, Hemo-
JABUJKHBI CTOJM 3 M TOABHIXKHBIN MexaHWuecKHil TOJKaTeNb
(muraresb Tonausa) 4. [IpueMHast BOpOHKa mo CBOMM pas-
MepaM JOJIKHA ObiTb TakoH, YTOOBI MPH MOJHOM PACKpbI-
tuu rpefipepa norpysousoro kpana THO ne monamanu 3a
ee Tpefesibl, @ YroJ HakKJIOH4 CTEHOK BOPOHKH (He MeHee
75°) nomxkeH o6GecreyHBaThb HajeXXHOe MepeMellleHHe OTXO-
JIOB B TEYKYy 3arpy3odHoro yctpoiictBa. Bopouka poskHa
HUMEeTb NPOYHOCTb M >KECTKOCTh, HEOOXOIUMbIe AN NMPHEMKH
TBO caMoro pasnuMyHOro cocrtaBa, B TOM YHCJe MeTalH-
YyeCKHX MpeaMeToB, KamHell 1 T. 1., a MOTOMY OHAa BHINON-
Hsierca cranbHoil. Teuka npennasnadcna aas nogaun THO
HEMOCPEACTBEHHO [a CTOJ  3arpy3ounoro  ycTpoficTsa, a
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TAKAE ST CO3AaHks ¢TON6a TONAHBA, 00€CeunBaloOWEro
repMeTH3alUHI0 TONOYHOTO YCTPOICTBA CO CTOPOHbI NMOAAYH.
Kak nokaszan onbiT sKcnayaTalMH, Teuka JoJKHa OblTh
0o6opyoBaHa OTCeKAULNM HINOCpoM 5, TepeKkpbiBalOLIM
ee CeuCHHe MpH MOHKXKCHHUM YPOBHS TOIVIMBA B HPH HHXKe

AONYCTHMOI'O HJIH BO3TOpAaHHH TOIIMBA B TEYKeE. HuxHiow

Puc. 3.1. CrpykTypHast cxeMa KoTJa aas cxkuraius ThBO
B CJIO€.

YacTb CTEHOK TeYKH, PACNOJOXKEHHbIX HajJ CTOJIOM MHTdTe-
Js1 B 30He OTHOCHTE/JIbHO BBLICOKHX TeMmepaTyp, HeoOXO[H-
MO BBLIMOJIHATB C BOAAHBIM OXJIa*KJEHHEM.

HenoABHXKHBIN CTOJ MUTaTeNsl, KOTOPbIH J0J1XKeH ObITb
NMPOUYHBIM M JKECTKHM, TaKk KaK Ha Hero H3 BOPOHKH MOTYT
lafiaTh TSKeJble NPEAMETHl, CJleAyeT BLIIOJIHATL JHOO U3
’KapoNnpoOUHbIX MaTepHaJoB, JHO0 C BOAAHBIM OXJaXIAEHH-
eM. [1lnockocTb cTosa ROJMXKHA ObITh CTOHKOH K aGpa3uBHO-
My Hcrhpanuio cocrapasiomumu TBO. OrsercrBenHoit ya-
CThI0 3arpy30YHOTO YCTPOHCTBA sABJsIeTCA NuUTaTeNb, obec-
neunsatomwmit nogauy csexux nopuuit TBO Ha Komocukko-
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BO€ TMOJIOTHO pellleTKH. XoX NHTaTeNst JOJIKeH peryanpo-
BaTbCA B LWIMPOKHX Mnpefesax. Iluratenb nosKen Takxe
o6safaTbh AOCTATOYHOH MPOYHOCTHIO M KECTKOCTBIO H, Kak
NpaBUJIO, BLINOJHATBCA CTOAKMM K HcTHpanHio. [llupuna
TeYKH 110 ()POHTY TONKH M CTOJIA NMUTATeNsl, a TakKe CaMo-
ro MUTaTe/is1 JOJI>)KHA COOTBETCTBOBATH IHMPHHE 3arpysou-
HOTO OKHa B TOMouNOM YcTpoicTBe. Bce counenenus noa-
BHXKHBIX H HEMOJABHKHBLIX dacTeil 3arpy3ouHOro yCTpoiicTBa
JOJIKHDI ObITh TILATENBHO YNJAOTHEHDI.

HauGoJsiee OTBeTCTBEHHBIM 3/€MEHTOM TOTOUHOTO YC-
TPOHCTBa SBJSIETCH KOJOCHHKOBasi pelleTka 6, KoTopas
npejHasHayeHa aJas 3G(eKTHBHOTO CIKHTaHUS [1OCTOSIHHOTO
konnuectBa TBO nepemeHHOro cocrtaBa ¢ pe3Ko KoJjeb.i0-
uteiica Huswell pabGouel TenJaoTON CropaHus, MeXaHH3HPO-
BAHHOTO TPOABHXKEHHA TOPALWINX OTXOAOB U OUaroBbiX
OCTAaTKOB K LIMAKOyAaJslolleMy YCTpoHCcTBY 7, obecneue-
HHA TVyOOKOTO IYPOBOYHOFO 3(p(eKTa C 1leJbl0 pasphixJe-
HHS, yJyulleHUs BBITOpaHUA TONJMMBA H JHMKBHIALHHK Llja-
KOBaHHA CJ0s1, a TaKXKe [J51 HEOOXOAHMOTO pacrpeiesnerHs
NepBHYHOrO AYTbEBOro BO3JAyXa 1o 30HaM. [lpaBuabHO
CKOHCTPYHPOBAHHAs KOJIOCHHKOBasl pellleTKa AOJXKHA OCy-
ILeCTBJAATb MeJJIEHHYIO LIYPOBKY CJOSI TONJHBA H3 OTXOAOB
¢ TeM, UTOObl HCKJAIOYHTL BO3MOXKHOCTh KPaTepPHOTO rope-
HUA W B TO JKe BpeMs He JONYCTHTb HHTEHCHBHOTO YHOCA C
razamu meakux ¢pakuuit TBO, uto npuBoaMT K yBesuue-
HHIO MeXaHHuecKoro Hepoxora Ttomaura [32]. Haunuue
60JIbLIOr0  KOJIHYECTBAa TBEPABIX YacTHLL B YXONSWHUX U3
TONKHM Trasax, B TOM uHcjde pa3mepoM MeHee 10 MKM, He
TOJIbKO CNOCOGCTBYET MCTHPAHHUIO H CHJIBHOMY 3arpsi3HeHHIO
NOBEPXHOCTUH HarpeBa KOTJIOB, HO W TNPUBOAUT K INeperpys-
Ke NblIeyJaBJHBAOLIMX YCTPOHCTB W BHIGPOCY B aTMO-
cdepy 3anblleHHBIX YXOAAWMX ra3oB. KosocHukoBasi pe-
uieTka AoJkHa ObITh HajeXHOH B paboTe NpH TeMmnepary-
pe Merajna kojocHukoB jgo 400°C u jomyckaTh 1O YcJo-
BHSIM MPOYHOCTH NOJOrPEeB NMepPBHYHOTO AYTHEBOTO BO3AyXa
B c/ayuae HeoGxomumoctH ao 250°C. KoncTpykuus KoJoc-
HUKOB NOJI’)KHAa ofOecnmeuuBaTb HX paBHOMEpPHOe M ObicTpoe
OXJlaXK/leHHe AYTbeBbIM BO31yXOM, OTCYTCTBHE BO3MOXKHO-
CTH 3aKJMHMBAHHS ABHXKYLIUXCH KOJOCHHKOB B clydae Mo-
najgaHusg MeXAYy HHMH MeTalJiMyecKUX NpeiMeTOB, a Tak-
JKe JIoNnyCKaTb ObICTPYIO H JIETKYIO 3aMeHY KOJIOCHHKOB 6e3
JJIHTENIbHOTO OCTAHOBA pelleTKH, YHUCTKY 3a30POB Mexay
HHMH H BO3JYLUHBIX KaHaJOB B TeJe KOJOCHHKA. Tomnounbie
pewerku aasi sddexrusuoro cxuranua TBO n oGecneve-
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i1isi BO3MOXKHOCTH MNO30HHOTO PeryaHpOBaHHsl KOAUYECTBA
BO3/1yXa, M0AaBaeMOro MOJ pelIeTKH, YCJOBHO MNojpasje-
JSIIOTCS 0O JJIMHE Ha 30HBI MOACYLIKH TOIJIKBA, BOCIJaMe-
HeHHA (pasJyoXKeHHs) OTXOJOB, AKTHBHONO TOPEHHSI U Bbl-
rOpaHHsl OYaroBbIX OCTAaTKOB. [1pOOJIKHTENBLHOCTBIO NEPHO-
[0B TIPOTEKAHHSl ITHX MPOLECCOB B TOMNKEe, 3aBUCAIUEH OT
CBOWCTB OTXOMOB, XapaKTepH3yeMblX TeNJOTOH cropaHus
QPy, M, onpenensioTcs AOMNYCTHMAs BeJHUMHA TeIJIO-
BOrO HANpSIXKEHHS 3epKajla TOPCHHA PelleTOK H UX YAeJb-
Hasl NPOM3BOAHTENbHOCTb MO CXKHIFAaeMbiM OTXolaMm [2].

HOas obecneuennst xopouwero Bbixkura TBO B cioeBbix
TONKaX [JHHA KOJOCHHKOBBIX peLIeTOK MNpHHHIMaercss He
meHee 4 M. KoJsiocliHKOBble peLIeTKH [OJIXKHbI ObITb CKOH-
CTPYHPOBAHBl Tak, UTOOB BCe HEOOXOJAMMble Ofepallu{ Bbl-
NOJNHSJIUCh Ge3 npuMeHeHUus pyuyHoro Tpyaa. OHHW AOJKHBI
ObiTb 06OpPYHOBaHbl yCTpoHicTBaMH 1Jsi cGopa mnpoBaja 8
M ero TPaHCIOPTHPOBKH B LIaKOCOOPHHK arperara.

CucreMa 1JaKkOyAaJieHHs JOJ/KHA [pelycMaTpHBaTh
OXJIaXK/eHHe LIJIAKOB, YAaJ/sieMblX W3 TONKH, IJ1s uero, Kak
NpaBuMIO0, CAYKHT IJ1aKOBasi BOJAsHas BaHHa 9 ¢ NOCTOSIH-
HbIM ypoBHeM ‘BOAbl B Heli. BxonHoe n BbIXOAHOE ceueHHs
UJIAKOYIAJHTeI TOMKH JOJXKHBL ObITb TaKuMH, UTOOBI
NpONycKaTh KPYyMHBle KYCKM 11JaKa MpH OTCYTCTBHH luja-
KOBOH JpoOuaKH. KOHCTpyKUMs LIJaKOyJdaJuTeNsi A0/MKHA
NpeiycMaTpuBaTh €ro JEerkKylo OUHCTKY, a Takke ObiCcTphiil
JeMOHTax u MoHTax. o/mkHa OBITbH MpeaycMoTpeHa KoM-
MeHcaluss TeMnepaTypHbIX VIAJMHEHHH 3/J1eMEHTOB LUIJIaKo-
yaaJjuress TpH teMnepatype Merajana 100°C.

K 06MypoBKe TONOYHOrO YCTPOHCTBA AJsi CXKHTAHHSA
TBO mpeawsiBasitoncs MOBLILIEHHbIE TPeGOBAHUA 1O CPAB-
HCHHIO C MpelbsABJASEMbIMH K OOMYpDOBKe TOMOK OOBIUHBIX
KOTJ10B. DT0 00BsICHAETCS Kak cneuuduxoir cocraBa ThO,
TaK H TeM, UTO TOMKH AJS MX CXKUTAHHA, KaK MPaBHJO, BbI-
MONHAIOTCS HEeIKPAHUPOBAHHBIMH B 30HE TOpEHHMs, a NOTO-
MY TeMmreparypa BHYTpeHHeldl IOBeDPXHOCTH OOMYpPOBKH
MpakTHYeCKH paBHa TeMileparype Ta3oB B TOIOYHOM MPO-
CTpaHCTBE ¢ Y4YeTOM HEPaBHOMEDHOCTH €e paclpejeseHud,
Bcerga uMetolleli Mecto mpu ropewuu TBO HeoxHOpoHOTO
cocraBa B cjoe. [ToatoMy o0O6MypoBKa HOJXKHA BbliepKH-
BaTh GOJblliHe TewTepaTypHble Tepenajbl: ODHEYMOpPHBI
ca0it OOMYpPOBKH B 30HE TOPEHMS MOXKET UMeThb Temmepa-
Typy 900—1200°C, B TO BpeMsl KaK Ha ee HAPYXHOH Mo-
BEPXHOCTH 3Ta TevIleparypa JOJNKHa COCTaBAATb HE CBbI-
ue 45°C [26]. Kak mokasasn 3apy0exXHbIi U OTeyeCTBeH-
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HBI ONLIT 3KOIIYATAUHH YCTAHOBOK mO Ckurannio TDHO,
0o0MypOBKa TONKH A0J2KHA TPOTHBOCTOSITH JJIHTEJBHOMY
XHMHYECKOMY H MeXaHHYeCKOMY BO3AEHCTBHIO WIIAKOB H
30JIbl, TOCKOJIBKY ILIJaKOBaHHE B TOMOYHOH KaMepe Tipak-
THYECKH BCETAA MMeeT MeCTO M3-3a OTHOCHTEJNbHO HH3KOIl
TeMIepaTypbl Hauaja pasmsirdenns 3oapl  TBO  (oxoso
950°C). dro Bo3ueiicTBHe, 0COGEHHO MeXaHWYecKoe, Mpo-
siBJASIETCS] TJaBHBIM 06pa3oM y OGOKOBBIX CTeH TOTKH B 30HE
asuxkennsi cnoss TbO u wnaka ¢ gpoHTa TONKH K IJAKO-
Boji BaHHe. TaK Kak H30BITKH BO31yXa B TOIKE JOCTaTOUYHO
BeJIUKH, TO 06MYpOBKa J0JKHA ObIThb MJOTHOH, HCKJAIOUAI0-
mieil HeOpraHH30BAHHBIA MOACOC yepe3 Hee BO3AyXa, aTak-
’Ke BbilOMBaHHE U3 TOINOUYHOrO MPOCTPAHCTBA INPOYKTOB
CrOpaHHsi, KOTOpble JO BBIXOJa W3 TONKH MOTyT 00.a1aTb
HENpUATHBIMH 3amaxamu. Jnasg obecneueHus NJIOTHOCTH
0OMYpPOBKH B 30HE TOMNOYHOTO TPOCTPAHCTBA, KaK NPaBHJO,
BBIIIOJIHSIETCS €e Ta3oHempoHHllaeMas oGMa3Ka HiaH OOLIHB-
Ka CHapyXH MeTaJJu4eckuM koxyxoM. Kak ykasaHo HH-
JKe, TOMOUHble YCTpoOiicTBa JJs cJjoeBoro cxkuranus THBO
000pYAYIOTCS pPaCTONOYHBIMH TopeJKamu HJs paboThl Ha
Ta3000pa3HOM HJM KHJIKOM TOMJWBE, KOTOpHle MOTYT TaK-
)Ke paboTaThb B KauecTBe TONCBEYHBAIOLIMX MPH MaJeHHH
pabouell TemJaoTH cropanus oTxoaoB Huxe 3,35 MJLX/kr,
a Takxe YCTpOHCTBAMM BTOPUUHOTO M Ja¥Xe TPETHYHOTO
OCTPOTO AYThA C leJblo obecneyeHus Xopollero nepeMeli-
‘BaHHUs Ta30B HaJ CA0EM M JYy4llero BHINOpDAHHS KaK JeTy-
YHX BeUIeCTB, TaK M MeJakux cocrasasiomux TBO, suralo-
wHMx B TonoyHoit kamepe. Korasl pas cxuranusg TBO ¢ yru-
JH3aliedl TenaoTH 0G0PYAYIOTCS TaKXKe CHCTeMO#l BO3Bpa-
Ta yHoca 10 451 JOXKHIAHUS YaCTHL yrJepoja, BHIHOCHMBIX
€O 11J1aKOM H 30J/10i1 B Ta3oxodbl KoT./a.

HasuauenueM xoria-ytunusartopa I1 aBisieTcsi HCIOJb-
30BaHHE TeNJOTHl YXOAAIIUX U3 TOMOYHONO yCDPOHCTBA Ta-
30B, a TaKXe MX OXJaXIAeHHe J0 TeMNepatryp, ¢ KOTOPHIMH
OHH MOTYT HAaNpaBJASTbCA JABIMOCOCOM B Ta300YHCTHOE YCT-
poiicTBO M BBIOpaCcHIBATLCS Uepe3 JAbIMOBYI0O TPyOy B aTMO-
cthepy. B csasu ¢ ocobbiMu cBoiicrBaMu TBO kak tonnnsa
(HEOXHOPOAHOCTb HX COCTAaBa M pe3kHe KoJleGaHHMs TEemIOoThi
CrOpaHusi) M OCOGBIMH YCJAOBHAMM HX CXHUraHHd (He00XO-
auMocth cxkuranugs TBO B mMOCTOAHHBIX KOJHUeCTBAX
B EIUHHUIlY BPEMEHHM BHe 3aBHCHMOCTH OT KoJebaHus HX
TEMJOTH 'CrOpaHus, YTO TMPHBOAHT K 00PasOBaHUIO NBIMO-
BBIX Ta30B TIEpEMEHHOro COCTaBa, a TakK¥Xe K H3MEHEHHIo
HX ppacxoja U TeMIepaTyphl) KOT/LI-yTHIU3ATOPHl JOJKHB
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HaJlexHO paboTaTh B TMEepEeMEHHLIX peXnMax ¢ KosebaHus-
My npoussonutencHoctH 0T 30 po 100% HoMHHaABLHOIL.
BBuay aoctatouHo GOJIBLIOH 3aNbLIEHHOCTH JIBIMOBBIX Ta-
30B Ha BHIX0de H3 TOmMOuHoro YycrpoicrBa (2—30 r/m3)
NepBLIA MOABOMHbIH Ta30Xx0J B Npexenax CcOGCTBEHHO KOT-
Ja JOJXKeH ObITb JOCTATOYHOH BBICOTH /i 'BBIFOPAHUs
YacTHL Yr/a1epoja, He YCHEeBHINX CrOpeTh B Tpefesax To-
IIOYHOr0 TpPOCTPAHCTBA, H OfecneueHHss TPaBHTAIHOHHOMN
cemapaluy HECropeBIUHX YaCTHL W3 JABIMOBBIX a30B ¢ BHI-
najeHueM KpYNmHbIX (pakuuii yHoca o0OpaTHO B TOIKY.
Temnepatypa ra3oB Ha BXOZe B KOHBEKTHBHbIE ITOBEPXHO-
CTH KOTJIa H3-3a HH3KOH TeMmleparypbl Hauajsa pasMmsirye-
HHUST 30JIBl MOJIKHa ObITh He Bbilie 850°C, a moToMy y KOT-
JIOB NIPELyCMAaTPUBAIOTCS KaMephl OXJaXKiaeHHs raszos /2 1o
HX BX0Ja B KOHBEKTHBHBIE TIOBEPXHOCTH Harpesa /3. dtu
KaMephl J0JIKHB UMeTh Pa3BHTHlE PaIHAUMOHHblE TOBEpPX-
Hoctn Harpesa. Mx Jyuille Bcero BBHIMOJHSTD MHOTOXOMO-
BbLIMH ¢ MOBOPOTOM Ta30B B BEPTHKAJLHOH IJIOCKOCTH, UYTO
TNPHBOAUT K YMEHblLIeHH}0 afpaswBHOTO M3HOCA KOHBEKTHB-
HBIX TOBepxHOocTel korsa. CKOpocTH HABIMOBHIX Ta30B B
KOHBEKTHBHBIX TIOBEDPXHOCTAX HanpeBa JOJKHBI HPUHHMATh-
csl JOCTaTOuUHO HHU3KUMM (5—8 M/c), 4T006B yMEHbIUHTH
9pO3HI0 CTEHOK TpYyO uacTHLaMu 30JH. MeHbllIHe CKOPOCTH
Ta30B MOTYT TPHBECTH K MOBHILIEHHOMY 3arpA3HeHHIO TPYO-
HBIX MOBEPXHOCTEH Harpesa KoTioB. Kak mpaBusio, B XOT-
Jax-yTHAM3aTOpax TemaoThl oT cropanus THBO mnpuHuMa-
eTcs MPOJOJNBbHOE OMbIBAHHE TPyO KOHBEKTHBHLIX MOBEPX-
HOCTell HarpeBa < (1eNbi0 YMeHbIUSHHA H3HOCA MeTasa
Tpy6 u ux 3arpssuenus. lllaru Tpy6 KoTsa Kak B MPOAOJD-
HOM, TaK W B TONEPEuHOM 'HATIPABJEHWH TPHHHMAIOTCA
yBeIHYEHHBIMH O CPaBHEHMIO ¢ TAKOBBIMH B KOTJaX Ha
HckonmaeMom rtonause. s MexaHuuecKoi OUHCTKH TPyG OT
OTJIOKEHHH B raszoxofax KOTJOB MOHTHPYIOTCS yCTPOHCTBA
Ans ApobeBoit OUHCTKH M 06AyBKH Tpy6. OnblT akcmiyara-
UMH YCTaHOBOK mo cxkurannio THO ¢ ucenosabzoBaHueM ren-
JOTH MOKa3aJ, 4TO MpH TeMIepatype CTEHOK TPyO KoTJa
Gonee 300°C wnabmomaerTcsi HHTEHCHBHAs BbLICOKOTEMMNepa-
TypHast KOppo3us Meraasa mof Bo3jeficTBHEM rasoofpas-
HBIX TIDOAYKTOB TOpeHHus, ocobenHo comepxawux HCIL
B 3T0il cBA3M HambOsIee MPHEMJEMBIMH SIBJASIOTCS MOHH-
JKeHHble MapaMeTphl Mapa KOTJIOB-YTHJIH3ATOPOB ITHX yCTa-
HOBOK ¢ TeMmmeparypoii meperpeBa He Bbime 275°C. TeM-
neparypa YXOISIIHX ra3oB HAa BHXOAe H3 3THUX KOTJIOB
o6bluHO momaepxkuBaerca He muxke 200°C ans npenorspa-
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LIeHHsT HU3KOTeMIepaTypHOil KOPPO3HH XBOCTOBBIX NMOBEpX-
HocTell HarpeBa. Bompochl KOpPpO3HH Me€Tajaja KOTJOB,
cxuratomx TBO B Kauectse TOnm/MBa, MOXPOGHO OcBelle-
HBl B [2] ® 3Zecb He paccManpuBAalOTCsH. XBOCTOBLIE
MOBEePXHOCTH Harpesa [4 KOTJNOB-YTHJIH3aTOPOB, Kax mpa-
BHJIO, BHIOJIHSIIOTCSI B BHIe 3KOHoMal3epoB. Boaayxonomo-
rpeBaTeJii ‘Ha TpakKTe JILIMOBBIX ra30B 'HE yCTaHaBJMBAIOTCS
HE TOJILKO C ‘leJbi0 MPELOTBPAlleHHsi HU3KOTeMIepaTyPHOM
KOPPO3HH TPYO, HO ‘H MO [IPYTHM H3JOMKEHHBIM HHXKe MpH-
YHHAM.

3.2, CNHELHAJIbHBIE TONOYHBIE YCTPONCTBA 1151
CJIOEBOTO C)KHMTAHHSA TBO

B [19] noapoGHO paccMOTpeHB! MpPOLECCH CJOEROrO
CXKHFAaHHSl BHICOKOBJIAXKHBIX M MHOTO30JBHBIX OYpHIX VrJjel
¥ Npu 3TOM MOKA3aHO, UTO B TONKAX C PYUHBIM 0OCJYKH-
BaHHeM KOJOCHUKOBBIX pelleTOK HJH ¢ peHleTKaMH, He
ofecneynBalOUIMH XOpOIlell TPOMYPOBKH CJOSl, 3TH YIJIH
CXKHTAIOTCA KpalHe HeIKOHOMHYHO W ¢ ©0JpLIOH 3aTpaToi
pyuynoro Tpyma. TBepabie IGBITOBBIE OTXOABI, SIBJASIOIINECs
HE TOJbKO BBICOKOBJIAXKHBIMH M MHOTO30JBHBIMH TOMJAHBA-
MH, HO H ‘He HMeIOUUMH CTabUJIbHBIX 3HAUEHHH TemNJIOThl
CrOpaHHUsl, HE MOTYT 9KOHOMHYHO M HAAEKHO CKHraThCs B
TONOYHBIX YCTPONCTBAX € PYYHBIM OOGCJHYXKHBAHUEM, HA pe-
mretkax 06e3 caMOIIYPOBKM €Jlos H JaXe B MoJyMexaHHye-
CKHX TOTIOUHBIX YCTPOHCTBAX, B KOTOPBHIX XOTsA OBl 0JHA H3
OCHOBHBIX ONepaluii 3arpy3kH TONJWBA, YAaJeHUs UL1aka,
IIYPOBKH CJOST H ero fepeMelleHHsi B CTOPOHY LIJIaKocO6op-
HHKa He MexaHHaupoBaHa. OTKa3 mpH BTOM OT TOMOK ¢ pyd-
HBIM  0OCAyXKHBAHUEM U TOJYyMEXaHHUECKHX TOMOYHLIX
YCTPOHCTB OGOCHOBLIBAETCS TaKXKe CAHHTapHBIMH cO0bpa-
JKEHHSIMH, NOCKOJBKY COMPUKOCHOBEHHEe OOC/YXKHBAKILETo
nepcoHana ¢ '60JblIOH Maccoii ChIpHIX OTXOJ10B HELOMYCTH-
Mo. B cBsisu ¢ ussoxenHoiM s cxkuranus TBO B xornax
BO BCEM MHUpe TIPUMEHSIOTCA TOJNbKO MeXaHHUYecKHe TOMKH
¢ ray6oKoii camollypoBKOil ¢sosi TonauBa (cM. § 2.1) wu
TI0JIHOI MexaHH3alHell TOMOUHBIX mpoueccoB. Hiuxe pac-
CMaTpHBalOTCH HauboJiee pacNpOCTPaHEHHblE M COBEPIUEH-
Hble W3 HHUX.

Ha puc. 3.2 mokasaHbl cKeJleTHas cXeMa TOMKH ¢ KOJ0C-
HHKOBOJl pellleTKoil 3anagHorepMaHckoil dupmbl «MapTuu»,
a TakKXe cxeMa JABWXKEHHs WaCTHIL TOM/MBa Ha pemerke H
o011t BHI TPEXCEKUHOHHOH pelleTKH Nox CBOAOM TOTOY-

72



ttoro npoctpanctea. C 1959 r. 37a Ko.T0CHHKOBAs pelIeTKA
C yomexoM TIDHMEHAETCSl A/l CKMICAHHS HECOPTHPOBAHHBIX
THO u k 1976 1. B 61 yTuansaunonusix Koreapubix 0 1IOL
Ha 120 pewerkax cxkuranaocr oxoso 35 Thic. T/cytr ThO
C HCNO/b30BAHUEM TEIIOTHl UX CropaHus B KOTJaX, Beipa-
OaTeiBalolHX map gaBiaeHueMm 1,3—10 MIla.
O6parHoneperaikuBalollas peuierka / ycTaHaB/JHBaerT-
csl B TOTNKe HakJOHHO (pHc. 3.2,a) nog yrjom 26° K ropu-
30HTY, a TONKa BLUIOJIHAETCA € XapaKTePHLIM IepeRHMOoM
2 3aj]Hell CTEHKH € LeJ/bI0 HApaB/eHHs TMOTOKA YXOASIIHX
rOpsAYHX Ta30B 'HABCTPEYY MOCTYMAIOLIUMM Ha pelleTKy CBe-
xkuMm nopuusim TBO. Pasnomepuas 3arpyska TBO no-Bceit
IIHpHHe pellleTKy obecneunsBaercs muTareneM 4, pacnojio-
JKOHHBIM TOPU3OHTaJpHO (oM. puc. 3.1) U coBeplialoUM
BO3BPATHO-NOCTYIIATe/]bHblE  IBHXKEHHS C XO/JOM, peryJi-
pyembim ot 0 ;1o 1250 MM B 3aBHCHMOCTH OT XapaKTepH-
CTHKH {IOCTYyNaloWHXx OTX0A0B. [luTaTtesb BbITOJHEH B BHie
CBApHOi 'paMbl, MepeMellarlleiicss MmO YeTbipeM POJHKAM.
[Tepeansis yacTp MHUTATENS — MJAYHKEP — CKOJL3HT N0 MO-
BEPXHOCTH HEMOABHXKHOTMO CTOJA, PAaclo/OXKEHHOIo MNoj
3anpy3ouHofi BOpoHKOH TOomkH 3 (cM. puc. 3.1). Yacrs
nayHxepa, obpallleHHasi B 30HY ropeHusi, 00U OBaHA TJIH-
TaMu U3 XKaponpowHoro wuyryna. Ilayuxep cOpacnhiBaer
TbO Ha noJOTHO pelleTKH ¢ BBLICOTHl | M, mpHueM MpH ma-
JeHHH OTXO0Jbl YaCTHYHO TMOACcylIuBaloTcsa M Japobstes. [lo-
JOTHO pelleTkH wHpmHOH 1,6—22 M ocobupaerca H3
MOC/JIeA0BATE/LHO UYepeAYIoLUXcs pPSALOB TOJABHIKHBIX 3 H
HEeTOABUKHBIX KOJOCHHKOB 4 (puc. 3.2,a, 6), CMOHTHPOBaH-
HBIX TaK, YTO KaxJas CTYNEeHb SIBJASIETCS ONOPHOW, Ha KO-
TOPYIO OMHPAIOTCS MOJOBKM KOJIOCHHKOB HHXKepacTIOMOXKeH-
HOH cTyneHy. TlogBHKHBIE CTYNEHH KOJOCHHKOBBIX MOJOTEH
KaxXJO0H CeKUUH peLIeTKH YCTaHOBJeHBl Ha JABYX 3HI3aro-
ob6pasHbix 6ankax & M Kpemsuiuxcs K HHM [MOTMEpPEeYHbIX
OTMOPHBIX ‘6a/IKax 6 MO YMCAY PSAOB JMOABHKHBIX KOMOCHH-
KOB B ceklUuH. Bcg ora moaBuiKHAs KOHCTPYKLUHS, B CBOIO
oyepeib, CMOHTHPOBaHA Ha CBapHON OMOPHOH paMe perler-
KH, ¥€CTKO CBSi3aHHOH ¢ HeCcyllHM KapKacoM KOT/a, ¥ TpH-
BOAMUTCS B JABHKEHHe PbIUaKHOH CHCTEMOH 7 OT THAPOTIPH-
BOJOB Yepe3 cneluuasbHble cepBogBurartenu. IloasuixHble
KOJIOCHHKH iMOTYT coBepliaTth oT 0 no 60 x0ox0B B uac Tpu
aavHe xoma 415 mM. Hemoasuxkuble KOMOCHUKH MOHTHDY-
I0TC Ha momepeuHblx 0ankax 8, XKecTKO 'COUNEHSTEMBIX
C OMOPHOH PaMOH pelleTKH. Y3/l KpenjeHHs K 3THM 6aJ-
KaM HeMOABHXHHX KOJOCHHKOB, cOOpDaHHBIX B OAHY CTY-
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fieHb, ‘BLITOJHEHH TaKUM 006pa3oM, 4TO BO BpeMsi padoOThi
pelleTKH 3TH KOJIOCHHKH B3aHMHO TlepeMelialoTcs B Tpe-
neaax 2530 mMm. CoGcTBEHHO KOJOCHHKH AOBOJIBHO C.10XK-
Hbl TI0 KOHCTPYKLHH, BHITIOJHEHB M3 XPOMHCTOTO 4YyTyHa
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H HMewT cO0Ky mnaso-
Bble OTBEPCTUS AJs NPO-
Xxoaa Bo3ayxa W pe6pa
st Jyuulero  oTBoja
TenAoThl OT Tena KoJoc-
HHKoB. Kaxk BuaHo u3
puc. 3.2,8, yactb KoJoc-
HHKOB pelUueTKH HMeeT
HIypylollHe  BLICTYINbI.
B koHue peweTkH pac-
nosoxeH OapabaH-luna-
KOCHHMareJb 9, Koro-
peldi  BBIMOJHSIETCH M3
CTaNbHOH TPYOLI, 0OO6JH-
LIOBAHHOH CHeLHaJbHbl-
MM OLUMIIOBAHHBIMH IJIH-
Tamu. ItoT Ke Oapa-
0aH CJOYXKHT  peryad-
TOPOM  TOJILMHBI  CJI0S
TOMJHBA Ha  peLleTKe.
OnopHas paMa pelierku
M3HYTPH TONKH OOJHLC-
BaHa YYTYHHBIMH NaHe-

Puc. 3.2. Tonka ¢ o6parHoneperankuBaiomieil pelieTKoMH
(pupMBl «MapTHH>,

@ — CKeJeTHast cxeMa TONKH; 6 — cxeMa NBHMIKEHHMS 4AaCTHL TOMN-
JIHBA Ha p2leTKe.



asamu (puc. 3.2,8) Kak ¢ OOKOBBIX CTEH TONKH, TaK H CO
cTopoHb ¢poOHTA KOTJa.

Ha pwue. 3.3 mpuBsenena KOHCTPYKTHBHas cxeMma NOZAuH
MEePBHYHOTO BO3JAyXa MOM JBYXCEKUHOHHYIO pelleTky up-
Mbl «MapTuu», a Takxe <CHCTeMa VYHaJeHHS OYaroBbIX
OCTATKOB #3-NOL MOJOTHA peweTkd. [lepBHuHBIE BO3AYX,
MOLOrPETHI B COMEUHAJBHBIX KaJopH(pepax X0 TeMmepary-
pbl B mpenenax 256—170°C B 3aBHCHMOCTH OT TENJOTEeXHH-
yeckux xapakrtepuctuk TBO, HarHeTaencs BeHTHAATODPOM |
MOJ pelleTKy uepe3 BOJAYXONPOBOI 2 M pacmpeneasercs mo
NATH 30HaM, B KaXKAyl M3 KOTOPHIX MOCTymaer 3ajaHHas
IoJs nepBHUyHOro Bosayxa. B 3ouy I, rme oGecneuuBaercs
nepBuuHas moAcymwka TBO, mocrynaer 10—15% ropsuero
BO31YyXxa, B 30Hbl /] u II] (30HBI aKTHBHOrO rOpeHHs TOIMJIH-
Ba) —60—709% Bo3ayxa, B 30Hy IV (BEITOpaHHS UTIAKOB)—
8—10% Bo3ayxa, a ero ocrajbHOE KOJHYECTBO MOXAETCS
B 30Hy V (oxJaxjaeHHs ouaroBwix octaTtkoB). C moMmouibio
NOBOPOTHBIX 3aCJOHOK 3, YIPaB/AsSEeMBIX Uepe3 CHCTEMY Phl-
4aroB 6 CepBONPHBOAOM OT MIPOCHCTEMBI, PaCXOJ BO3AyXa
MOXET mepepacnpeiensiTbCsl M0 30HAM B 3aBHCHMOCTH OT
XOZla npolecca ropeHusi TonauBa Ha peuterke. Kpaitne He-
3HauNTe/IbHAsA YacTh OYAroBBLIX OCTATKOB monajaer B c6op-
HBI KOMJIEKTOp 5 mocJjie MepHOIHYeCKOro OTKPHITHS IHbe-
poB 9 M BO3AyXOM TPAHCMOPTHDPYETCS K LijaKoyzaauresio 8
KoTJa.

Puc. 3.2. Tonmka c o6paTioneperaikupaiouiel pewueTkoi
¢upmbl «<MapThi».
8 — TpeXCeKLUHOHHasl pelwieTKa MOA CBOAOM 7TONKH (BHA Ha nHTatenb TO1-
nKHBa),
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Pewerka paGoraer caefgyiouum o6pasom. Ceexue mnop-
uun THO c6GpaceiBaloTCs MUyHXKEPOM MHTATENs Ha M0JOT-
HO, MpPOXOASIT CTaJHI0 MOJACYWKH TONJHBA M NOCTYNMawT B
30Hbl aKTHBHOTO ropeHHst. IlogBHXKHBIE KOMOCHHKH pelieT-
KU 7 nepeMeLlaloT ropslliee TOMJHBO BBepX IOJ CBEXHemop-
uny THBO, uev jgocTuraercs Tax HasbiBaeMoe HMKHee 3a-
JKMraHue TollauBa B cjoe. bBnarogaps s3aumHoMy nepeMe-
LIEeHHIO KOJIOCHHKOB M mogaue 15—30Y% ropsawero tonausa
BBEPX HABCTPEUY CHON3AIOUIUM CBEXHM MOPLHAM OTXO010B.
TOTIJIHBO MOCTOSIHHO MOJBEpPraercss XOpoLIeli 1IypOBKe H

TTTI L 1131

K waakpyodasumen

Puc. 3.3. KoHcTpyKTHBHAA cXeMa MOAAYH NEPBHYHOrO BO3AYXa MOM ABYX-
CEKUMOHHYIO pelleTKY ¢HpMBI «MapTHH» H yJasleHHs mnpoBaJna.

mepeMelaercs TakK, Kak ToKa3aHo Ha pHc. 3.2,6 cTpenka-
mu. Takuv 06pa3oM, pelleTka OCyLlecTB/seT pbeKTHBHOe
mepeMeliyBaHue C€J0s, YTO He TOJBKO CIIOCOOCTBYET IOJHO-
My BLITOpaHHI0 YIJepojaa TONJHBA, HO H TIPeNsITCTBYeT
0o0pa3oBaHyIo NYCTOT ‘Ha pellleTke, HCKJlOUas KpaTepHoe
ropeHye Jlaxke B TeX CJAyyasiX, KOTJia Ha TOJOTHEe <ropaer
cnpeccoBaHHas Gymara uium KpynHorabaputibie THO. To-
psume Ha pewlerke TBO mocrenewno mepemewalorcs x ee
HXKHeH vacTtn 6aarojapsi TOMy, UTO OHH BCE BpPeMs mepe-
BOPAUHBAIOTCA HA ‘HAKJAOHHOW maockocTH. Cropanue Tom-
JWBa TPAKTHYECKH 3aKaHUWBAETCS Ha UBYX TPeTAX 00ulei
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JauHbl peuletkH, Ha ee nocaenneit Tpets wiak ot cropes-
IIMX OTXOUI0B JOKHraercs H TOJA BO3NEHCTBHEM MepBUYHO-
ro ‘BO31yXa HECKOJIbKO OXJaXAaeTcsq A0 yAaJeHHUs H3 TOT-
KH.

Ko/MIOCHHKKM pelleTKH CKOHCTPYMPOBaHB TakKUM obpa-
30M, 4TO BO3AYX JJs TOPEHHS CHayaja MpPOXOAHT MO CHe-
IIMaJIbHOMY a3y MO Bceil JAJHHe KaXIOro KOJIOCHHUKA H
TOJBLKO TIOC/Je 3TOr0 NONajaer B MpPOPe3H, uepe3 KOTophle
OH fIOCTYyMaeT MOQ CJIOH Topsiuero TonawBa. baaromaps
3TOMY NPOHUCXOQHT MOCTOSTHHOE HHTEHCHBHOE OXJ/aXKIEHHE
KOJIOCHHKOB H TeMliepaTypa HX MeTa/Ja MOLLepKHBAeTCs
MPHMEPHO Ha YPOBHe TEMOepaTyphl MepBHYHOTO BO3AYXA,
YTO YBEJHUHBAET CPOK CAYKOB KOJOCHHKOB. OTHOCHTEND-
HOe mepeMellleHHe KOJIOCHHKOB MeX/y coO60d cnocoOGCTRyeT
CaMOOYHCTKE HX MpOpe3eH OT BO3MOXKHOrO 3a0MBaHUS 30-
-JI0fi, a TakxXe pPaBHOMEPHOMY paclpeleseHHI0 BO3AyXa B
caoe TomauBa. Bospiuine mortepn naBneHHs BO3AyXa B mpe-
nenax camoii pewerkd (no 3 x[la) mpuBoaaT K TOMY, uTO
KOJIHYECTBO BO3JyXa, TIOCTYNAIOUIEr0 MOy CJOH TOMJHBA
yepe3 KOJOCHWKOBBIE MPOPE3H, TIPAKTHUECKH He 3aBHCHT OT
HEepaBHOMEPHOCTH CJOSI M TOJNIUIHHLI CJIOS TOTJIBA Ha pe-
werke, Pemerka jpocrarouno komnakrHa, OnbiT sKcijya-
TAalUHH TIO3BOJISIET YTBEPKAATb, UTO HAMPsiKeHHe 3epKaJia
ropenus pocturaer mpumepHo 1| MBt/m2.  Kosnuectso
PHHIOUIMX Belllects B jaakax we npeswiliaer 0,3% wmx cy-
XOil Macchl, a MeXaHHYecKHil HeloXOor (Hecropesliyde Be-
wecTBa B mIake) cocrasager 1—4% asnofi macce. B wHa-
CTOALLEe BPEMsT HAXOMSTCA B KONJAYATAUUUM KOJOCHHKOBbIE
pelleTkH THma «MapTHH», COCTOSIIIHE KAK U3 ORXHOH CeKUUH
aKTHBHON Ta0OmMajgbio 3epkaia ropenns 10,1 M2 tak w u3
HECKOJILKHX CEXIHH 10 IIeCTH BKAounTeNbHo (HOBag TILL
Mspu B Ilapuxe). B TonouHbix ycTpoiicTBax, OCHallleHHBIX
ofpaTHONEpETANKHBAIOUMMH pelIeTKAMH Hale)KHO CXKH-
ratorcs TBO nw6oro cocraBa ¢ TennoToH cropaHud
oiie 3—3,3 MJIx/kr 6e3 mo6aBJjeHHs HCKONMAaeMOro TOm-
JHBA.

Ha pwuec. 3.4, moka3aHa ckeJjieTHas cXeMa TOIOYHOTO
yetpoiictBa ¢ pewerkoit cucreMbl Hioccenvropd (PPT), a
Ha puc. 3.4,6 —cxemMa [ABHXKEHHs YAaCTHII TOMJHMBA Ha
pelleTke W MOjaud BO3AyXa MNOJ KOJOCHHKOBOE IMOJOTHO.
KonocHuKoBasi penierKa, COCTOSAsT M3 LIECTH LHJAMHAPOB
2, KaX[blil U3 KOTOPBIX HacaXXeH Ha noJsnlil Bana /, pa3meuia-
eTcs B TOMOYHOM TIpOCTpaHCTBe 3 HAKJOHHO, OOBIYHO MOj
yraom 30° K ropusoHTy. Basiku peilleTKH BHIIOJMHSIOTCA
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Puc. 3.4. Tonka ¢ BaaKoBoOit pewerkoii cucrems Jlioccenbnopod.
a — CKENETHAR CcXeMa TONKH: 6—cxeMa JIBHXKE€HMA YacTHIl TOIMJVIHBA Ha pellere,



Puc. 3.5. PaMHble KOHCTPYKIMH BaJKOBOH pelleTKH.

paamepoM mo wupuHe ot 1 no 4,5 M. Ha puc. 3.5 moxasa-
Hbl OMOpHas paMa / pelleTKH M KapKachl OTAENbHBIX BaJ-
KOB, Ha pajHaJIbHLIX TIaHeAsiX 2 KOTOPHIX 'HaBapeHbl JO-
naTKH ‘3 JUIst paclpejeseHdst BO3AYXa MO OTCEKAM KOJOC-
HHKoBoro mosoTHa. Ha :xecTkuii cBapHO#l Kapkac Bajika
HaHU3BIBAIOTCA TOJ 3aMOK THNA «JIACTOUKHH XBOCT» CJAOXK-
HBle 10 KOH(pUIYypaUUH YYTYHHBIE KOJOCHHKH, 3a30PHI MeXK-
Ay 3yObsiMH KOTODBIX BO BpeMsi BpallleHHUs BAJKOB CaMo-
perysupylores. Mexny BankamMu MOHTHPYIOTCS NpOMeEXKY-
TOYHbIE KOJIOCHHKH, HacaXuBaemble Ha 6asKy, WapHHPHO
3aKpemjieHHyl0o Ha paMe peuietkd. Ilycrotenas och BaJka
ycTaHaB/MBaeTcs B MOAWMNHHKaX. Bes cucreMa Kapxaca
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BajsKa AuaMerpoM 1,0 M ¢ paaua/bHbIMH NAHENIMH I+ KO-
JOCHWKAMH INpeacTaB/asieT co0OH JKeCTKYH KOHCTPYKUHIO
¢ GO/MbIIXM MOMEHTOM CONPOTHBJAeHHs u3ruby. Kaxibiii
BaJOK WMeeT CBOH ‘BapHaTopHbIl TpuBod. Bo Bpems skc-
MayaTaluy Jerko o6cayXuBaTb H KOHTPOJUPOBATL PaGoTy
TMOAIIUIHHKOB H TMPHBOLHLIX MeXaHH3MOB, BLIHECEHHHIX 3a
npejesbl TONOUHONH Kamepbl. CMa3ka BpalualomKMxcs yacrted
BaJKa TaKXKe OCYyLIeCTBJASETCS ¢ HAPYXKHOH CTOPOHBI TO-
MoYHOH KaMepbl H He TpebyeT ocranoBa pewerkd. Kosoc-
HHKOBOE TMOJIOTHO HEYYBCTBHUTEJNBHO K MeTaJJIHYSCKHM
BkaodeHuaM TDBO, Tak KakK KOJOCHHKH B fpenenax BajKa
B3aUMHO He TepeMellaloTcs, BC/EICTBHE Yero OTCYyTCTBYET
HU3HOC KOJIOCHMKOB M3-3a MX TPEHHMS JAPYr O ApyTra, Kax 3TO
HMeeT MeCTO B pelleTKax C IepeTaJKHBaIOUIHMU KOJJOCHH-
KOBBIMH TTOJIOTHAMH.

Pemerka pabotaer caegyiowmm obpasom. [layxxep
NHTaTeis MO BCeH 1UMpHHe pelLleTKH cOpacbiBaeT MOPILMH
OTXOA0B Ha TIEPBBIH BaJIOK ¢ BBICOTH 1—1,5 M Ha ropsawui
clofi TonaMBa. Banku MelJieHHO BpallaloTCs € pasJHyHbI-
MU YacTOTaMH, TaK KaK KaXXAblii BaJOK HMeer HHAMBHAY-
aJpHbli MPpUBOA. BapuaropHblii npuBoj MO3BOJISIET peryJiu-
pOBaTh YacTOTY ‘BPalleHHs ‘BAJKOB B 3aBHCHMOCTH OT Tpe-
GyeMoro cpoka npebbiBanHst oTxX0on0B B Tonke. IIpy oueHb
BJIAXHBIX OTX0JAaX € MaJoH Hu3UIed TemJOTOH CropaHus
(okono 3,4—4,2 MJIIx/Kr) NpOROMIKHTENBHOCTb TOPEHHS
BO3pacTaeT W BaJKH BpallaioTcs MejJeHHee, yeM TIpHU
cxkuranuu TBO c Gosiee BbICOKOI TenoTol cropanus (0Koao
6,3—8,4 M/Ix/xr). Kak BuaHo u3 puc. 3.4,6, OTXOAHl BOJI-
HOOOpa3HO TepeMellaloTces € BajKa Ha BaJOK M IIpH 3TOM
XOpOIlo TpOLIyPOBHBAIOTCS, a TIEPBHYHLIA BO3AYX AJS TO-
peHus MmoJaeTca TOA KOJOCHHKH pelleTKH ¢ TOopua (cM.
puc. 3.4,6, mo3. 5). Ilpu tennore cropaHus OBLITOBBIX OTXO-
a0 okoso 3,4 MJIx/Kr BO3AyX X0 NOCTYIJEHHUs MO pe-
wetky Harpesaerca mo 110—120°C, a npu ux Temiaorte
cropanuns 6osee 6,3 MIIx/Kr on mojaetcs ¢ Temneparypoit
25°C. aBnenue Bo3ayxa nog pewerkoit oxosao 500 ITa.
[To pnuHe TOMOYHOUN pelleTKH OTUETIHBO BLIAEJNSIOTCH TPH
YCJOBHBI€ 30HBl TOPEHHUS: Ha ABYX BEPXHMX BajKax ocylie-
CTBJSIIOTCA TOACYIIKa U BocrniameHenne TDBO, a mpu Ha-
6poce muTareseM CBEXHMX TOPUHHA Ha TOpALMH CI0H Hmeer
MeCTO HX HHXXHee 3axkuranwme, OMbiBaHHe CJIOSA OTXOLOB
FOPAYMMH Ta3aMH CBepxy onocoGeTByerT HX ObICTpeiiliemMy
BOCTIIaMeHeHUIo B 3Toil 30He. Ha creayiolinx ABYX Bajkax
OCYLIEeCTBJSETCH AKTHBHOE TOpPeHHe OTXOJ0B SPKHM CBeTd-



luMces MmaaMeHeM paBHOMepIlO IO Bceil IMHpHHe pelleTKIl.
[Tocneanne aBa Banka oGecneuuBalOT XOpOLIEE BbINOPaHHE
H OXJax/jeHHe LIJaKOB, KOTOpble 3aTeM MOCTYMaloT ‘luepes
LIJIAKOBBIA KaHas ‘B TaCHTEJNbHYI0 LIMAaKOBYIO BaHHY, Kak
nokasano Ha puc. 3.1. Ilog KaxabiM M3 BajKOB peLICTKH
(cm. puc. 3.4,a) umeercs KopoO 4, uepe3 KOTOPBLi 1OCTY-
[HaeT BO3AYX, M, KpDOMe TOro, yaajsieTcss He3HayHuTe/bHbIH
npoBaj TONJAHBA, TOCTYMAlOUIUA OTCIOAA ‘B CREUHAJLHDIR
cOOpHbINl KOJIJIEKTOP 7 M ‘HAampaBJsieMblii B LIJAaKOBYIO BaH-
Hy. Tak Kak BaJKH MENJISHHO BPAlLAIOTCS, TO TOJOBHHA
KaXJOro M3 HHX TIePHOILHYECKH BBIXOJHT H3 30HBl TOPEHHS
H OXJIaXJaeTcs BO3JyXOM, NPOXOASLHM uepe3 Kopol pe-
werkd. Takum 006pa3oM, KOJOCHHKH pelIeTKH paboTaioT
TIpH HEBBLICOKOH TeMIlepaType, a MOTOMY MOTYT H3TOTaBJH-
BaTbCsl M3 HeJerMpoBaHHOro uyryHa. Kaxawlii M3 Bajakos
pelleTky MOXKeT BpaWaTbCs € YacTOTOH, OTJHYAIOLIEHCS
OT YacTOTbl BPAlLEHUs COCEJHEro BaJiKa, UeM J0CTHTaeTcs
He TOJIbKO XODOLUHH BbIXKHI TONJNHBA NEepeMeHHOro CoCTaBa,
HO H pasJiHyHas CTeNeHb MPOLIYPOBKHM CJOS M €ro BHIPaB-
HuBaHHe Ha peulletke. Kpome roro, mpeaycMmorpeHa cucre-
Ma pery/JHpoBaHHs (pacnpejeseHus BO3AyXa TO 20HAM pe-
WeTKH (KaanaH 6 Ha puc. 3.4,6). OcHoBHass mMacca BO3ny-
Xa, TaK e KakK H y pelletok Tuna «MaptHH», nonaercs
B 30HY aKTHBHOTO TODeHHs, HO B 3aBHCHMOCTH OT TeMJO-
TeXHHUYECKHX XapaKTePHCTHK TONJNHBA COOTHOLIEHUS PAacXo-
I0B BO31yXa, MOCTYNAOIUX B DAa3JHUHbiEe 30HbI pPelIeTKH,
MOTYT H3MEHATbCS B Npolecce KcAJyaTtanmuH. Baskosble
pewietkn cucreMbl Jliocceanaopd H3roToBASIOTCS /s €HKH-
ranusi TBO B koauuectse 1,4; 2,8; 4,2 u 5,6 Kr/c Kaxpaag.
B Hacrosuee Bpemsi mpopabaTbiBaeTcst KOHCTPYKUHMA IJs
CKuraHus noJ ofaHuM KotsioM 1o 8,3 kr/c THO. Baakopuie
pelleTkH obecneyyBalOT He MeHee mMoJHOe cxkuranne 1BO,
ueM ofpaTHOmeperaJKUBalOllHe pelleTKH Tuma «MapTuh»,
HO mpolle TOCJeJHHX B IKcIAyaTalluu. TenJoHamnps#cHHe
aKTHBHOTO 3€pKaJjia TOPeHHst pelleTOK 'COCTaBJseT OKOJO
0,5 MBr/m2.

3a 15 ger go 1977 r. BKAOUHTEABHO ObINH TIOCTPOEHDI
MycopocxkHrateabHbie KorenbHbie H TILL co 120 xoraamu
ans cxkuranus TBO na saakosbix pemterkax B CIHA,
®panuuu, Snonmwn, Auramu, ®PT u apyrux KanuragucTy-
yeckHx crtpanax, a takxke B HCCP u I'IP. B Hnacrosiee
spemsa B CCCP mno npoekram uucturyta «lHIpOXKOMMyH-
SHEpro» coopyxkaioorcs TpH Koresbuble (B Ilarturopcke, Co-
yp n Cepactonone) ¢ Koraavu aas cxuradus TBO Ha
6—70 81
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Puc. 3.6. @ — KOHCTPYKTHBHasl CXeMa TOIOYHOTO YCTPOHCTBa RAaTCKOM
creMbl BOJyHA; 8 —— HMWJIHMHAPHYECKAs BPAIAIOIAACA MeYb.

BaJIKOBHIX pelleTKax, m3roToBJeHHbx 8 UHCCP na 3asopax
UKIO-Hykaa mo sakynaentoit 8 PPT mmuensun.

Hatckoii ¢upmoit «Boaywn» eme B 1930—1932 rr. B

paitonax TI'enrodr n Ppenepukcbepr r. Koneurarena 6nliu
NOCTPOEeHbl ABA IpemsmnpHsiTus ajs cxuranusg TBO B Tonoy-
HBIX ycTpoiicTBax cobcTBeHHOH KoHeTpyKuuu, K 1975 r. o

82



Y/ VA 13 1 20

%

i [ ; < 10 17 0 i) T T e T
I l \3 ﬂli]l
NV ===
[ I'q>
4

d)

¢upmbn «Boayni»; 6 — KOHCTPYKTHBHAsi CXeMa TOMOYHBIX PELIETOK CH-

BCeX CTpaHax yxe paborano 55 xoreapHbix n TIL, mopg
KOTJIaMH KOTOPhIX B TOMKax (upMbl «BOJyHA» CKHralMHCh
B KayecTBe TOmmBa HecopTupoBauubie THO. Koncrpyxrus-
Has CcKeJEeTHAas CXeMa TaKol TONKH Tl0Ka3aHa Ha puc. 3.6,a.
Tonounoe ycTpolicTBO COCTOHT M3 3arpy30uHoOit waxtel 1,
CHCTeMBI 'HAaKJIOHHO-TIEPETaNKHBAOWHNX peleTok 2—4, Bpa-
6* 83



Iawlledcs JAOXHIaTeNbHOH IUWJIHHAPDHYECKOH neud J, 06-
BOJZHOTO TOTMOYHOIO KaHasna 6 W CMeCHTe/bHO-I0XKHIaTe/b-
noit Kavepnl 7. KOHCTpPYKTOpPH 3TOro yCTpOHCTBa ILpeC/e-
OOBaJIM LeJb CO3LAHHS TOMKH JJS CJOEBON0 CXKHTAHHA
0TX0/10B, o0ecneunsalollleli MONHOe BBITOpaHHE yriepona
TOMJIHBA ‘PA3JHUHON BJAKHOCTH H 30JbHOCTH ¢ TIpaKTHYe-
CKH JIOOBIMY KOJIeOaHHSIMH TeNJIOTeXHHYECKHX XapaKTEpH-
CTHK, TpHYeM KakK ObICTPOCMOpPAIOUIMX, TaK M TPYIHOBOC-
naavensomuxes  orxoxos [13]. Kax mokasan onbit
3KCIJIyaTallHH TOMOYHLIX YCTPOHCTB hpupMbl «BoayHa», 3Ta
ueap Obl1a JQOCTHPHYTA MyTeM KOMOUHAUHHM CHCTEMBI TO-
MOYHHIX PelleTOK M Bpallalouedcs UHIHHAPHIECKOH NeuH.

Ha puc. 3.6,6 mpuBegeHa KOHCTPYKTHBHast cXeMa To-
MOYHbIX pellerok. TpH CTYNeHH TOMOUHBIX PEUIeTOK yCTa-
HaBJHBaloTcs mox yrjiom 18—25° x ropusoury, a pasmepbl
CTyneHeill U MOPOroB MeXIY HHMH /s cOpoca OTXO/0B
C OJHOH peELIeTKH Ha APYrYI0 ONpejelsiioTCsi MECTHBIMH
yenoBusMH M cBofictBamu TBO, momaexamuMy cKUraHuio
B tonke [13]. Kaxnas cekuus pewerkn 2—4 COCTOHT U3
TOJNKAIOIMHX TOABHXHBIX [0 M HemomBHKHHIX I/ KoJaocHH-
KOBBIX Gs0k0B. IloaBHKHEIE KOJOCHHKOBBHIE GJOKH KpemsT-
CSl Ha MPOLOJNLHBIX TOABHKHBIX Gaskax /6, xoropbie ¢ 0J1-
HOl CTOPOHBL COUNEHAIOTCH C BelyluM BajsoM [4, a ¢ apy-
roii onupaioTcs Ha poankosbiit Baa 15. Ilo sromy Baay
KOHUBI 6aJloK MOT'yT nmepeMellaTbcst B NMPOAOJBbHOM Hampas-
Jenun. HemomBuxkHble KOJIOCHHWKOBble 'GJIOKM  KpemsATCs
K TPOXONBHBIM Gasnkam I3, B CBOIO OUepeldb 3aKpPeTIEHHLIM
Ha pame /8 pewerkH. TlogBMAKHBIE KOJIOCHUKOBHIE Gasaku
NMPUBOASITCA ‘B NBHIKEHHE OT rHAponpuBona 22 uyepes BaJi 14
¢ MoMollblo cHcTeMbl pbiuaros /7. CobCcTBeHHO KOJOCHHKH
12 nuTble, 3aKpenysIOTCS B  KOJOCHHKOBHIX  GJIOKax Ha
IITHIPSIX, UMEIOT KaHaJbl JJsi TPOXOXa BO3AYXa H TPHJIH-
BHI, (MKCHPYIOIIHE MOJOMKEHHE KOJOCHHKOB B cOOpKe u
obecreunBalollle TPO3OPHL YIS TPOXONa 'BO3IYXa MeXKAY
KomocHHKaMH. Ko/aHuecTBO KOJOCHHKOB B 6M0Kax 3aBHCHUT
OT pa3MepoB pelleTKH. 3a TpeTbel CTYMEHbIO peleTKH
yCTaHABJIMBAIOTCS Tepexomuble KomocHuku 23, orkyaa TBO
MOCTYMawT BO Bpallaioulyiocs mnedb. C AOMOLLBIO YCTaHO-
BOYHBIX mpucnocobseHuit /9 mosoKeHHe pelleTKH B TOIKe
MOJKHO PeryJiMpoBaTh B TIONMEPeYHOM HampaBaeHuu. Mexnay
KpalHUMH KOJOCHUKOBBIMH GajKaMu M CTEHKaMH TOTMKH
ycranaBauBatoTest ynaotHenus 20. I1pu npsimom xone (Bme-
pen) NOABHIKHBIE KOJOCHHKOBHIE 'Gajikh, uyepeiyiolinecs
C HEMOABMXXHBIMM, TMOZHUMAIOTCH BBEPX, a TMpPH 06paTHOM
84



xole (Ha3aJd) OMYyCKAOTCs BHH3, TIPH OTOM TPOHCXOIHT
WHTEHCHBHAsl NpPOIIYpOBKA CJOS ¢ Dacy/eHeHHeM OTXOAOB
Ha 4acTd M TMojaueill WX Bmepe] Ha 3aTopalollMHcs HJH
ropamui caoit tonnusa. HlupuHa OTAENbHBIX NPOAOALHBIX
KOJIOCHHKOBBIX 6a/iok H 6a0KOB koJebuercs or 130 g0
300 MM B 3aBHCHMOCTH OT Pa3MepOB {PEUIeTKH, a TOJNIIHHA
CJI0si OTXOAOB, Kak mpasuto, cocrasiaser 300—400 mwm.
¥ HeGosbluMx pewmerok mpu cxuranuy TBO po 1,49 xr/c
THAPONPHBOA NOABHXKHBIX '0aNiOK BHIIOJHsIETCS 00WuM, a
y pelleToKk Goviee KPYyNHBIX TOMOYHBIX YCTPOHCTB [10IBHK-
Hble 6anKH OCHalUalTCs paboTalOLMMH CHHXPOHHO WHAH-
BHAYaJbHBIMH THApaBaAnYeckuMu npusoiamu. Iloa kaxnoi
ceKliHell KOJOCHHKOBBIX peleTOK pacrnoaaralmorcsa Kopoda
21 B BHIe BODOHOK, KOTOpble CJYXKaT KakK AJs NMOAAYH MOj
pelieTKH MEepBHYHONO BO3AYXa AJs NOpeHHs, TaK H 1
c6opa nposasa tonamsa. IlokasanHas Ha puc. 3.6,8 Bpa-
mwapomascs OapabanHas meup 5 cobupaercss H3 CTaJdbHBIX
TOJICTOCTEHHBIX 06evyaeK, CBapeHHbIX MeKAy co00H B 1H-
JuHAp. BapaGaH ¢ HEOONBIINM YKJOHOM YCTaHaBJHBAETCS
Ha omopax-poaukax 24, Ha KOTOpHe ONMHPAIOTCA JBa TIPH-
BapeHHbIX K KOPNyCy IHJIHHAPA METANNHYECKHX KOJbila 25.
B mecrax mpuBapKH KoJjel KOpNyc IHMJIHHAPA YTOJILEH, TaK
YTO NpH TOJMIHHE MeTasJja Kopmyca 18 Mm 9T obeualiku
aMeloT tosunHy 40 mM. PonnkoBble Onopbt BBHIOIHANTCS
yrnopHeiMu ¥ mpuBogHbIMH. IlpuBoaHas poJukoBas onopa
24 pacnonoxeHa y BXOAHODO Topua 6apabaHHON NeyH, NpH-
yeM KOJIbllo Ha GapabaHe M POJUKOBAs ONOpa NPEXCTABIA-
10T coboli (PUKUMOHHYIO Tepefady OT THAPaABJIHYECKOTO
TPHBOJA H YEPBAYHOTO PeAykTopa 26 c OveHb ‘GOJbLINM
nepefaTouHeiM oTHoileHHeM okojo 800:1. Yacrora Bpa-
INEeHHs] UHJHHIDHYECKOH TeYH MOXKeT NJaBHO Perywpo-
Batbecs of 0 mo 15 06/u. BHyTpeHHsAd yacTh UMAHHADPA BHI-
JIOKEHA HM30JISIIHOHHBIM CJ0eM ToJNLHHOH 60 MM, Mo KOTO-
pOMYy CMOHTHpPOBaHa OrHeynopHas KhAajKa TOJLIHHON
06b1yHo 200 MM. ¥ TOpPLOB neud BBHIMOJHSAIOTCH CKOJIb3sillHe
YNJOTHSIOILNWE KOHCTPYKIMU 27 B BHAE KOJel U3 MOJIOCOBOK
crtann 6040 MM, K KOTODbIM TNPYXKHHHO MNPHXKHMAIOTCA
crnelpanbHble TOHKOJIMCTOBblE TOPMO3Hble HAaKJaJKH, 3a-
KpemsieHHble Ha 0O0lLeH KOHCTPYKUMH KapKaca TOMKH.

Bcsa cucreMa TOMOYHBIX YCTpoiicTB paGoTaer ciaerylo-
wumM ob6paszom (puc. 3.6,a): TBO wuepes sarpysoynyio Bo-
pouky [ noOpHMAMH HORAIOTCA HAa TNepBYI0 CTYIeHb
KOJIOCHUKOBOH pelieTkH 2, KOTopas BBIMOJHAET (QyHKUHIO
TpaHcnopTHO# ¥ noAcyunBatomen. Ha sroii crynenn TBO
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Puc. 3.7. a — KOHCTpYKTHBHA$i CX€Ma TOINOYHOIO YCTPOli-
crBa ¢panuysckoit dupmnt «Creitn Unpycrpu»; 6 — o6umit
BHJ Kackalla TOMOYHLIX PEIETOK H3HYTPH TOIKH.

NOJCYILHBAIOTCS MOCTYNAIOIHMH HABCTPEUY H YXO/AUIHMHM
B O06GBOXHOH TOMOYHBIH KaHan 6 ropstumMu rasamu. Cyuika
NPOUCXOMUT HHTEHCHBHO, TAaK KaK Ha 9TOH CTyNEHH OTXO-
Abl XOPOWIO NepeMellnBaloTCs B MPOIecce NPOTaJKUBAHHS
K NepBOMY TNOPOT'Y 3a CUET IBHIKEHHS NOJIBHXHBIX 6/J0KOB
KosocHukoB. Tlajgass yepes mopor a HaBCTpeuy TOpSTUAM
razam ¢ BbicoThl 10 1,6 M, TBO yactuu#o BOCHIAMEHAIOT-
csl, CJOH PHIXAUTCA M JONOJHHTENBHO wWypyerca. OTxoab
HAUMHAIOT HHTEHOHBHO TOPeTb Ha BTOPOH CTYNEHHM pemier-
KH 3 (30Ha Hauaja akTHBHOTO ropenus). TlogsukHbe KO-
JIOCHHKHM 3TOiH CTYNeHH MpOLIYPOBBIBAIOT IOPSAIIHE OTXOAbI
u cOpachiBaloT HX Ha pelleTKy cTymeHn 4 yepe3 mopor 6,
rle OHHM TIOTIQAAIOT B 30HY AKTHBHOI'O TOPE€HHA. 3/eCh BHI-
ropaer Ta yacTb OTXOLOB, KOTOpasi HanGoJsiee Jierko BOC-
nnameHsnercs, ¢ GONBIUIMM KOJHUECTBOM JIETYUHX M OTHOCH-
TeJbHO BLICOKOH Tenuoroii cropanus. Ha stoit ke crynenn
BOCTI/IAMEHSIOTCS XOPOLIO MOJTOTOBJNEHHBIE MPH MPOXOKIe-
HHY no cTyneHsM 2 U 3 TPYAHOCTOpaeMble COCTABJSIOLIHE
TBO. Ilox xonOCHHKOBBIE pellieTKH H3 Kopo6os 2/ uepes
NPO30PH KOJOCHUKOB MOM C/AOH TOMJIMBA MOCTyNaeT Tops-
Ynii BO3AYX. YXOASUIHE € KOJOCHMKOBBIX MOJIOTEH radsl M0o-
86
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Kak mokasan ombiT sKcnayaTtauuH, Bo Bpainalotefics el
Bbiropalor nojaxoctsio TBO jwo6oro cocrasa. Yacrora Bpa-
HICHHS NeYd MEHSeTCs B 3aBUCHMOCTH OT CBOHCTB OTXOJ0B.
Yxoaslune u3 Bpalualolliefics [eyd rasbl TOJHHMAIOTCS B
CMECHTE/NbHO-J0XKUTATeIBHYI0 KaMepy, NIe CMeLIHBAaIoTCs
C ras3aMi, MOCTYNaloUHMH U3 OGBOAHOIO TONOUHOTO KaKaJa.
3aech TPOHCXOAUT MPAKTHUECKH [OJIHOE JIOrOpPaHHe YacTHI|
yrjepoaa B TONOYHbLIX ra3ax. 'asel BbIXQUAT M3 TONKHM C
Temnepatypoii 850—900°C u nocrymaior B ra3oxoabi KOT-
Jda-ytuansaropa. Ulaaku uyepe3 kanaa 8 cGpachiBaiorcs B
wjaxkosyo BaHHy. Tonku ¢Hpmbt «Boayna» mnponssoa-
reabhocThio 1,4—7,0 krfc mo cxkuraemeiM TBO koMniex-
TYIOTCA KakK pelleTkamy, Tak U Bpallaloweiics 6apadaHHol
neypro. [locnenHsis, Kak mpaBu/ao, HE YCTAHABJIMBAETCS B
TOMKAaX IMPOHIBOAHTEJNbHOCTbIO TIO 'CXKHIAEMBIM OTXO0JaM
Mmenee 1,4 xrfc.

Ha puc. 3.7,a, 6 mokasaubl KOHCTPYKTHBHAsI CXeMa TO-
MOYHOTO ycTpokicTBa (paHuy3ckoil pupMmbl «Creiin Huny-
CTpH» M OOLIMI BHE Kackaja TOMOYHLIX pelleToK H3HYTpH
tonkd. Cxkuranune TBO 3mech ocyluecTsasieTcss Ha LEMHBIX
pewmieTkax, B JJAHHOM CJyyae YCTAHOBJIEHHBIX B BHAE Tpex
cryneneil. Penterka 2, pacnoJioxeHHast HAKJIOHHO NOJ YrioM
25° K TOpH30HTY, BHIMOJHSET (GYHKUHIO THUTATeNss NOCTY-
TMalollero 43 BOPOHKH [ TOMJMBA ¥ OJHOBPEMEHHO CJYXKHT
Ans npenBaputenbHoil moacymku TBO u nx Bocnmnamene-
Husi. Kak 1 B paccMOTpeHHBIX Bbillleé TOMOYHBIX YCTPOHCT-
BaX, KOH(UTypaluus €BOJa TONKH 6 TakoBa, 4TO JBHIKEHHe
FOPSIYUX Ta3oB B TOMOYHOM MPOCTPAHCTBE OCYLECTBJSETCS
HaBcTpeuy cBeXuM mopuusiMm THBO, moctynaromuM B TOIKY.
H3nyuenre 0T TropsiynX MOBEPXHOCTEH CTeH HEIKpaHHPO-
BAHHOH TOMKHM TaK¥Xe CNocobCTBYeT MOACYIIKe CBEXHX I10p-
IHH OTXOAOB # HX BOCILIAMEHEHHIO B IpOLecce JBHKEHHs
no ‘HakJoHHO#U pellieTke. Ha ycraHaBiuBaeMbX TOPH30H-
TaJbHO IEMHBIX peuieTkax 3 U 4 OTXOAbl TOPAT aKTHBHO, a
UX NepeMelyBaHHe OCYLIECTBJSETCS B TpoLecce depeBaJ-
kn TBO ¢ monorua oxHol pemieTkn Ha @mpyrylo. Pacuernoe
Hamps)KeHHe aKTHBHOIO 3€pKaJjia rOpeHHsl pelieTKH COCTaB-
aser go 0,4 MBt/M2. Ha BTopoil yacTH mocnenHeli pelrer-
KU OCYILECTBJSIETCS BHIFOPaHHE LIIAKOB M MX OXJaxjeHue
no cGpoca B mwakosyio maxty 5. TlepBuunblit BO3AVX ¢
remnepartypoil 1o 200°C nocrynaer B Kopo6a & noj noJor-
Ha pEIIeTOK M uepe3 3a30pbl MeXAY KOJOCHHKAMH T0JaeT-
ca mox caoiit TBO, o6ecneunBast ux akTHBHOe ropenue. Pac-
XOJA BO3JAYyXa MOXET PeryJHpoBaTbcsd MO 30HAM, a ero
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qaBJieHue oy peuwerkoii cocrasaser 800 Ila. I'lon monot-
HO peuierok moaaercs okoao 90Y% obmero pacxoga mep-
BHYHOTO BO3AYyXa, a ocTajbHbie 10% mocTymaior 8 7TONKYy
CO CTOPOHBI ee GOKOBBIX CTE€H C NJIOIATH, OTPAaHHUCHHOH
no BeIcoTe '1—1,5 M OT KOJOCHHKOBOIO MOJIOTHA KaxXIOH
pelleTKH. DTH CTeHbl BLIMOJNHAIOTCH W3 KapOOpYHAOBOH H3-
HOCOCTOHKOH M KapocTOWKOH OO6MYPOBKH, B MOJIOCTH KOTO-
poil mojaercs BO3AYyX. B KaHanax OOMYypOBKH 9TOT BO3AYX
Harpesaercs 10 300°C u, BHIXOIS Yepe3 OTBEPCTHS B KHP-
MUYHOH KJajAKe, HECKOJIbKO OTXKHMaer maaMss K LEITPY
pelleTKH, NpeAoXpaHsisi CTEHKH TOMOYHOH KaMepH OTF 3a-
IJIaKOBKH. B y3Kylo ropsoBuHy 7 moaaeTcs ‘BO3AYX, obec-
neyHBalolMi xopoluee nepeMellinBaHHe Ta30B JO BX0da B
ra3oxoabl KOTJia M JIOXKHTaHHE Yrjiepoja, YHOCHMOTO H3
CJIOSt TOMJIHBA ‘B TIOTOKE T'a3oB.

Tonounasi pelretrka oGpa3yercsi HenpepbiBHbIM Oecnpo-
BaJibHBIM KOJIOCHHKOBBIM MOJIOTHOM, HaGpaHHBIM Y3KHMH
JHUTBIMH KOJOCHHKaMH /0 wmanabix raGaputoB. C HHXKHei
CTOPOHBI KaXK[OH pelleTKH BBHIMOJHEHBl IIHPOKHE JIIOKH,
yepe3 KOTOpPble 3TH KOJIOCHHKH JIerKO CHHMAIOTCA C UelnH
pelleTKH ¥ MOTYT ObITb 3aMeHeHbl B INpoliecce 3KCIJyara-
uvd. CaMH KOJIOCHHKM [OCTAaTOYHO JOJTOBeYHbl, TaK Kak
OHHM TIePHOAUYECKH OXJaXKAaloTC BO3AYXOM TNpH BhIXOAE
H3 30HBl AaKTHBHOTO TOpeHHSl B HUXKHee II0JI0XKeHHe, Hero-
JBUMKHBI OTHOCHTEJNBHO JAPYT ApYra H cJosl TONJHBA H, Cie-
JoBaTeNbHO, Mano HuctHpalorcs. Kaxpaada TonouHast peruer-
Ka HMeeT CBOH HHAMBHJYyaJibHbIH PEAYKTOPHBIH 3JIEKTDO-
NPHBOJ C BapHMaTOPHOH NMPHCTABKOH, TaK YTO CKOPOCTH me-
peMellleHHs] MOJOTeH OTHAeJbHBIX peleToOK MOTYT pasJH-
yaThesl Mexay coGofi. CpegHSi CKOPOCTb JBHXKEHHA MO-
JOTeH pelleTok 6—7 M/u, a pacueTHoe BpeMsi npeObIBaHHA
TBO B Tonkax cocraBaser npumepHo 1,5 4. Kak mnokasaxa
OMBIT 3KCNJyaTalHH, TakHe peKUMbl paboOTH pelleTOK MO3-
BOJSIIOT AOOUTHCS MHHHMAJBLHOTO KOJIMUECTBA HeCTOpeBLINX
yacteit TBO B mnakax. B kauecTBe mpuMepa MOXKHO INpH-
BEeCTH CJeAYIOlHe pacueTHble naHHble. [Ipn cxkuranum
TBO ¢ QPy=4,2+7,5 MJIIx/kr (B TOnmkKe C KackaaoM H3
TpPeX pelleTOK € aKTUBHOH MOBepXHOCTbIO 9 M?) mpousBo-
JIUTeJIbHOCTb TOMKHU coctaBasger 1,5 kr/c. Ilpn mosbllenun
HH31el TenaoTh cropanus no 9,6 MJIx/kr npousBoauTe/b-
HOCTb TONKH 1I0 CXKHraeMblM OTXORaM CHHXaeTca J0
1,2 xr/c. Ilpu Hu3weill TemsnoTe cropaHus orxonos 4,2—
4,6 MJIx/Kr TemMnepaTypa ropsiuero BO3AyXa MOJ pelueT-
Koit jnoykpa coctapaath 200°C, npu 6,7 MJIx/kr coorser-
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cteenno 100°C, a npu 7,56 MJIx/kr 20°C. U36bITKH BO3AyXa
B TonKe KoJge6Jiorcss B mpegenax 1,6—19 u  yBenuuu-
BAIOTCA MO Mepe MOBbIIeHHs1 TemyaoTwl cropanust THO.
MunuManbHO JOMycTHMasl TOJIIMHA CJIOS TONJIHBA Ha pe-
mwerkax cocrasasier 300—600 mm. Ilpu TenJore cropanus
orxonoB MeHee 4,2 MJIk/kr TpebyeTcsl MOACBETKa Ma3yToOM
HJIM Ta30M A5 ofecneyeHHs] YCTOHYUBOTO TOPEHHSI OTXOJOB.
Ha puc. 3.8 nokaszana ckeneTHas cxeMa TOMOYHOIO YCTpOH-
ctBa ¢upmul «bpemep Byakau» (®PI') ¢ peumerkoir, koto-
pas B Hoc/aefHHe TOAbl Hallljla MpPUMEHeHHe IJS1 CXHIaHHA
OBLITOBBIX U NPOMBILIJIEHHBIX OTXOZOB B KOTJIaX-yTHJIM3aTO-
pax. Kak # B paccMOTpeHHHX Bhille ycTaHoBKaX, TBO ue-
pe3 BOpOHKY [/ mocTymaloT Ha CTOJ NHTaTesNst W TJyHKe-
poM 2 c6pacpiBalOTC HAa KOJIOCHHKOBYIO MHOrOCTyHeHua-
Ty1o peuierky. KosocHnkoBasi pemerka co6pana H3 Ha-
KJIOHHBIX 3 M TOPH30HTAJbHBIX 4 NOABHUXXHBIX KOJOCHHKO-
BbIX OJIOKOB, KOTOpbleé OJIHHM H3 CBOHX KOHLOB IapHUPHO
8 3akpenJieHbl Ha HeMOJABHXKHBIX nomepeuHbix Oajkax. Ilo-
JBHIKHblE KOHIBI FOPH3OHTANbHBIX 6JI0KOB KOJIOCHHKOB OIH-
paloTcs Ha MOJBHIKHbIE GAaJNKH §, MPUBOAMMbIE B ABHIXKEHHe
OT HMHAMBHAYAJbHBIX THIPONPHUBONOB 6, TMOPIIHH KOTOPHIX
COBEepLIAIOT BO3BPATHO-NOCTYNATeJbHOE ABHXKeHHe BBepX H
BHH3. CBOMMH TMOABMXKHBIMH KOHIIAMH HAKJIOHHblE KOJOCHH-
KOBble GJIOKH ONMHPAIOTCA Ha MOABHXKHblE KOHIbI TOPH30H-
TanapHbIX OJ0KOB. Takum o6pa3om, NMpH XoHde NOpLIHEH THUA-
POUMJHHAPOB BBEPX BCE KOJOCHHKOBHIE OJIOKH pelleTKH
u3 noJsoxkeuust I (cTyneHnp) nepementaoTcsi B moJioxkenue I/
(HaKJIOHHAA MJOCKOCTb), B KOTOpPOM 3TKH OJOKH YCTaHaB-
auBatotest noa yraom 20—26° k ropusontry. Ilpu nompeme
BBepX OaJlKH 5 MO KOJOCHHKOBOMY O6JI0KY 4 CKOJBb3HT KO-
Hell KOJIOCHHKOBOTO GJioka 3, o0ecneuuBas XOpoWIYiO 1y-
poBKy canosi u nopauy ropsuux TBO Ha nocnepyioiine cry-
MeHH pellleTKH. DTa pellleTKa He MMeeT HeMOABHXKHBIX 6Ji0-
koB. KoJsiocHHKOBble GJOKM HAaGHPAIOTCA JHTHIMH KOJOCHH-
KaM{ M3 XPOMHCTOH CTa/M, BbIAEPIKHUBAIOIMMHU TO JaHHBIM
¢upmbl Temnepatypy no 1050°C. KosoCHHKH TOpH3OHTaJb-
HbIX OJIOKOB MOTYT TIPHMIOAHHMATLCSI OJWH OTHOCHTENbLHO
APYroro ¢ MOMOLIbIO CHELHaNbHOTO THAPABJHYECKOro MPH-
BoJa. DTHM JOCTHraeTcsl JOMOJHHTeJbHas wyposka TBO
Ha pellleTKe, a Takxe peryJHpoBKa 3a30pOB MeXAY KO-
NOCHMKAMH AJA NpOXOfa MepBHULOrO BO3AyXa, Mocrynaio-
Hero K ropsiemy Ttonjuey H3 xopo6os [0. Kopoba mas
nogaud Bo3ayxa W cHbpoca mMpoBaJa TOMAHBA MOHTHPYIOTCSA
NOA Kask10il nmapoii KoNOCHHKOBLIX OJOKOB, MPUUEM PACXO],

90

»



fioctynaiottero B KaX ALl kKopo® BO3AyXa MOXeT peryiiu-
poBaTbcsi. TeMnepaTtypa nepBHYHOTO BO3lyXa MOXKET JOCTH-
ratb 250°C. T'maponpuBoabl KaxaoH mapbl HAKJIOHHOTO H
FOpH30HTAJBHOTO GJIOKOB KOJOCHHKOB JHG0 MoOryt pabo-
TaTb CHHXPOHHO Ha MOAHBIA XOJ, JHOO KaXXJAblH U3 NPHBO-
OB MOXKeT paboTaTb NOCJAEI0BATEIbHO C MpeAbIAYUIHM.
Takum o06pa3oM, u3MeHSeTCHd KaK CTeleHb LIYPOBKH CJIOf
TOMJMBA HA CTYMEHSX pelIeTKH, Tak W BpeMs TpeObiBanHs

Puc. 3.8. CkeseTHas cxeMa TONOYHOTO yCTpoHcTBa (GUPMBI
«Bpemep Byakan» (OPT).

OTXOJ0B Ha Ka)KJOH mape KOJOCHHKOBBIX 6JIOKOB H B TONKe
B LlesioM. Takasi KHHeMaTHueCKas CXeMa pelleTKH Mo3BoJs-
eT 00eCleynTb XOPOLIMH BBIXKHT TBepAbIX OBITOBHIX H IIPO-
MBILIJIEHHbIX OTXOJOB [MepeMEeHHOro cocraBa ¢ OOJbLIHM
JHana3oHOM H3MeHEHHSl TemJOThl cropaHua. AKTHBHOe ro-
peHHe OTXO/I0B 3aKaHYHBAeTCs, KaK MpaBHIO, Ha 2/3 Anu-
Hbl TOMOYHOH pelleTKH, a KOJOCHHKOBBIH OJIOK 7 siBJsieTCs
OTKHAHBIM. Ero moJioxkeHue, mpu KOTOpOM LijaK cOpachi-
BaeTcsl B MpHEMHYIO WIaxTy 9, HokasaHo Ha pHC. 3.8 NyHK-
THpoM. PerynupoBka cjiod TOMJMBA Ha pelleTKe MOXeT
OCYIIECTBAATBCS NYyTeM H3MeHEHHs I10JIOXKEeHHs KOJOCHHKO-
BOro GJioka 7 OTHOCHUTENbHO TOPH3OHTAJbHOM MJIOCKOCTH.
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Koudurypauus tonkn ¢ KaualomHMHCA KOJOCHHKOBLIMH
6JIOKaMH HAMOMHHAeT ONHUCaHHbie Bbillle TOMOYHbIE YCTPOH-
cTBa: cBoA /] mpuxKMMaeT ropsiyMe raspl K CJOI0 TOINJHBA,
rasbl ABHXKYTCSl HAaBCTpeuy CBeXKHM NMOPLHAM OTXOJOB, MOJI-
CyLIMBasli HX M NMOMOTas BOCIJAaMEeHEHHIO TOIJHBA, a B V3-
KOH TOpJIOBHHe Ha BbHIXOJE H3 TONKH OCYILeCTBJsAeTCS
octpoe aytee 3 conna /2. KosocHHKoBbIe pelneTKn ¢up-
mMbl «Bpemep BysakaH» skcnayaTHpyioTcsi TOA  KOTJIAMH
pasJjiuHOl MPOM3BOAUTENBHOCTH, 4 HX NMOBEPXHOCTb AKTHB-
HOTO TOpeHHsl HaGupaeTcsl NMapaMH KOJOCHUKOBBIX OJIOKOB
3, 4, o6bluHO He Oosiee yeM M3 WeCTH nap Ha peuweTky. B
HacTosilllee BpeMsi (UPMOH MOCTABASAIOTCST  TOMOYHbiE YC-
poficTBa NPOU3BOJAMUTEJBLHOCTBIO MO CXHFaeMbiM  OTXOAaM
0,8; 222 —28 u 56 Kr/c IJs KOTJIOB COOTBETCTBEHHO Tel-
JonpoussoautTenbHoctoio 9,3 MBT npu QPy=10,5 M/Lx/kr,
23,2 MBr npu QPy=8,4+10,6 MJx/kr u 69,6 MBT npu
QPa=12,6 MIxk/kr. [lnomane 3epxana ropeHus pelleTOK
paBHa cootBerctBenHo 10, 25 n 75 m2. TensioHanpsiKeHue
3epkaJjia ropeHus peiretok cocrasaser 0,87—0,93 MBt/m?
NPH ee OTHECEHHHM KO BCEeH MJIOILAAH PeleTKH.

K xonuy 1976 r. na 30 »sHepreTHueCKMX YCTaHOBKaXx,
cxuraowux TBO u npomblljieHHbie Toployde OTXOAbI, pa-
GoTasM TOMKH ¢ pewleTkamu wmBeackoir ¢upmbol K+K
Ofenbau. Ha puc. 3.9 nokazanbl o6Liuil BUL TOMOYHOH pe-
IIeTKH M cXeMa JBHXeHHs KoJIoCHHKOB. HaknonHo-nepe-
TaJKHBaIOLHe CTyNeHYaTble pelleTKH 3TOH KOHCTPYKLHH
HabpaHbl NOJBHXXHBIMH | M HEMOABHXKHBIMH 2 KOJIOCHHKA-
mu. IloxBuHble KOJOCHHKH cOBeplIaloT BO BpeMs paGoOThHI
BO3BPAaTHO-NMOCTYNaTeJbHOe ABHXKEHHEe HOA YIJOM MO OTHO-
IIEHHIO K HaNpaBJeHUIO [BHKEHHUsA TONJIMBA Ha pelleTke,
UeM [OCTHraercsi yMeHblUeHHEe CHJABbl TPeHHS HX O IJIOCKO-
CTH HeMOABMXXHBIX KOJOCHUKOB. [1pH ABHXKEHHH MOJBHMKHBIX
KOJIOCHHKOB ofecneunBaeTcl HHTEHCHBHAs LIYpOBKa CJoOf,
KoTopas etle 6GoJiee yCHJIMBaeTcsi BO BpeMs cOpacbiBaHHA
TBO uepe3 nmoporu cTyneHuaToil pelleTKM, a Takxke mepe-
MellleHHe TOMJMBA Bhepej M YacTHYHadA Mnojaua Moj cBe-
XHe MOPLUHH TOMJHBA ropsuero kokca B cjoe. Oco6eHHOCTb
TOMOYHOrO ycTpoiicTBa ¢ pelreTkaMu ¢pupmbi K+K coctout
B TOM, 4TO npH OGLIMHOH KOH(HUTypaHHHW TONKH H nojaye
TBO Ha pelieTky nuraTeseM ¢ MOMOLLbIO MJYyHXKepa mo-
CTyNJIeHHe TIepBUYHOTO BO3JyXa Ha TOpeHHe B 3TOM
YCTPOHCTBE OCYLLEeCTB/AETCS He TOJbKO MOJ KOJOCHHKOBOE
MOJIOTHO, HO W Yepe3 OTBEepPCTHA B CTaJbHbIX OTHEYMOPHBIX
JHTHIX GOKOBBIX MJHTax 3 W MAHTaX 4, U3 KOTOPHIX BbIJIO-
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AKeH nopor cryneHeii. Takoe OpurHnasbloe pellenne nos-
BOJISIeT OpraHu3OBaTh [pPOLECC TFOPeHHs TOMJIUBA MepeMeH-
HOro cocraBa C OTXKHMOM MJaMeHH K cepejudHe peLleTKH
Tak, uTOGBl OHO He Kacajocb OOKOBbIX CT€H TONKH, INpH
3TOM, Kak MoxasaJa MpaKTHKa 3KCIJyaTrallid, He NPOHCXO-
JAMT 3aUIIaKOBKM CTEH TOINOYHOH Kamepbl, OOBIYHO Hapy-
wawllei paboty KoT/0B. BOKOBbIE MUIACTHHBL M3 JIKTOH XKa-

7 2
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Puc. 3.9. Tonouyrasi peuieTka
wseackoit dpupmor K4-K.
a —o6wmut BHR; 6 — cXema JBHKe-
HHA KOJIOCHHKOB,
pPOINpPOYHOH CTaJJd HaBeLlH-
BalOTCH Ha OOKOBLIE CTeH-
XH TOnKH u cobGpaHbl H3
npodUAbHBIX CTANbHBIX 3J1e-
d MeHTOB. Pacxon ropsiuero
005 i g BO3/yXa, TOCTYMAIOIEro B
D it — i OTBEpCTHA OGOKOBBIX CTE€H
TOMKH, MOXHO pPEeryJaupo-
BaTh B ULIMPOKHX TMpefe-
aax —or 0,06 no 0,28 m3/c
Ha 1 M? MJOWAAH CTEHKH
(no 50% o6wiero pacxoga nogaBaeMoro B TOMKY BO3AyXa).
Tak kak BO3AyX B30HY peLieTKU I0AETCS CO BCEX CTOPOH H
y GOKOBHIX CcTeH o6pasyeTcs cJOil ropsyero Bo3ayxa, To B
3TOH CXeMe nepeMellHBaHHe C HUIM MPOAYKTOB cropaHus oGe-
Cre4yuBaeTcs yulle, yeM NPH nojave NePBUYHOrO BO3AyXa
TOJbKO MOA CJOH TOmAUBA. DTHM [JOCTHTAeTCsl yMeHblle-
HHe XHMHYECKOro Hefl0XKOra TONJHBA CPa3y Ke Haj CJoeM,
a oopasoBaHde CO, NpOHUCXOANUT 3HAYHTEJbHO ObICTpEe.
Tonounbie ycrpoiictsa ¢pupmbl K+ K paspaboraub passinu-
HBIX THIOPa3MepoB, H B HHX MOXHO CXHraTb GbLITOBbIE H
NPOMbILLINEHHbIE TOpIOYHE OTXOAbl C PAa3JHU4YHON TemnoToMH
cropanus B Koauuecrsax ot 0,35 po 4,2 kr/c. Tlo aaHHbIM
(GupMbl XKApOYNOpHble CTaNbHble MJACTHHbI 6e3 3aMeHbl pa-
oorator 125 Thic. u. Kak u B OnuCaHHbIX BbIllie TOMOYHbBIX
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YCTPOHCTBAX, B Y3KYIO FOPJOBHHY KaMepbl JOTOpaHHus Ha
BbIXOJe€ M3 TONKH [0JaeTcsi BTOPHUHBIH BO3JAYX 4epe3 COI-
J12 OCTPOro AyThsl C LeJbI0 MOAJEPXKAaHHS TeMIeparyphl ra-
308 Ha BbIXOJe M3 Tonku He Bblule 850°C u obecrneueHusi
HauNyulllero BLIFOPAHHST YIrJepoja TOMJIHBA, BBIHOCHMOTO
IIOTOKOM MNpPOJYKTOB CropaHusi B ra3oxoab koraa. Kosoc-
HHKH pelIeTKH BbINOJHSIOTCH U3 JIETHPOBAHHON CTaJH C JO-
6aBxo# 27% xpoma u 3% Hukenss. PacueTHble TensioHanpsi-
JKeHMsl 3epKaJia TOpeHHs pelleTOK KoJe(JaloTcs B mpefe-
aax 0,7—0,9 MBr/m2 DBes n0No/IHATENLHOIO HCKOMAEMOro
TonauBa MOXHO cxuratb TBO ¢ paGoueii TensoToil cro-
panus 3,4—5 MJIx/kr, HO NpH 3TOM MaccoBasi BJaXK-
HOCTb OTXOAOB J0J1AHA COCTaB/sITL He Gojee 45%. Caeny-
€T OTMeTHTb, 4YTO ONHCAHHAas cHCTeMa NOJAayd BO3ayXa B
TONKY B IIOCJeJHee BpeMs CTajla LIMPOKO NPHMEHATbCA
psaaoM 3apyGexXHbiX (uUPM HpPH J106BIX KOHCTPYKUHSIX KO-
JIOCHHKOBBIX pelUeTOK, IpeJHa3HaYeHHbIX [/ CXKHUFAHHUS
TBO.

Ha puc. 3.10,a nokazaHa KOHCTPYKTHBHAasi CXeMa OJHO-
ro H3 TOIOYHBIX YCTPOHCTB, pa3paboraHHbix 1-M DBpHeH-
CKHM MaWwHHoCcTpouTeabHbiM 3aBogoM (HCCP) pas cxu-
rauus TBO Ha ropusoHTaJIbHOH nepeTaskuBalouleil perleT-
Ke, KOHCTPYKLUMS KOTOpoil co3naHa u 3amatentoBana CKDB
storo 3aBoja. Ha puc. 3.10,6 npuBeieHa KuHeMmaTHuecKast
CXeMa JBHXKECHHA KOJOCHHKOB pelUeTKH C NPUBOJOM OIHOMH
CEeKUHH U KpaHHMMH noJjoxeHUusaMu [ u /I MOABHUIKHBIX KO-
JIOCHHKOB [0 OTHOLIEHHIO K HeNoJABHXHbIM. OTXoabn no
TeuKe MOCTYNAKT K NHTaTear0 / W NOAAIOTCA Ha CTYIeHb
2, TAe, 3aJlep>KHMBadACb Ha HEKOTOPOe BpeMs, MOABEPraroTCs
npeiBapHTeNIbHOH CyLIKe M NPOrpeBy, a 3aTeM C BBICOTHL
3—4 M najalT Ha HayaJbHYIO CeKUMIO pelleTKH 3 uepe3
HOTOK TOpPAYMX TOMOYHBIX Ta30B, YXOAAWIMX B ra3oxo/sl
Kortsa. Ilpn aTOM najeHHH NPOHUCXOAMT 4acTHYHAsh COPTH-
pOBKa TONJIMBA BO B3BELIEHHOM COCTOAHHH. Meskue u Jer-
KOBOCTJIaMeHSIOLMecs 4acTULbl HAYHHAIOT ropeTb, a Kpyn-
Hble, MOACYLIeHHble H TOTOBble K BOCIJIAMeHEHHIO, NajaioT
Ha TOJOTHO pewreTKH. TakuM o0pa3oM OCylleCTBAAETCS
NPOTHBOTOK OTXOJO0B M NPOAYKTOB CrOpaHHst C XOpollel
npejBapUTeJbHOH MOJATOTOBKON K BbIKMTY YrJepoia ToM-
JuBa B cioe. Tomounas pewerka (puc. 3.10,6) cocTout w3
pabouero no/ioTHa, HabpaHHOTO MNOJBHXKHBIMH 4 H Hemoj-
BHXKHBIMH O KOJIOCHHKOBbIMH 6Jl0KaMH. OHa, Kak npasuJo,
pasjeseHa no AauHe Ha TpH cekuuu — A, b, B —m wecTb
repMeTHYHBIX OTCeKOB (Kopo6oB) 9. IlogBHiKHBIE KOJOCHH-
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Puc. 3.10. KoHCTpYKTHBHAsl cXeMa TOMOYHOrQ ycrpoiictBa 1-ro BpHen-
ckoro mamszaBoga (HCCP).

a — ¢XeMa TONOYHOTro YycTpo#cTBa; 6 -~ KMHeMaTHUYeCKas CcXeMa CeKUHH pelleTKH;
8 — KpafiHKe MOA0XKEeHHs MOABUXKHBIX KONOCHHKOB.

KOBble 6JI0KM YepelylOTCsl MO AJHHe CeKLHH C HeMmOJBHXK-
HBIMH M KpenmsiTcsi Ha BHYTPeHHell 7 M BHeIUHeH 6 Tejex-
Kax, ABHXKYLUXc mo poaukam [0. HenoxpuxkHble KoJoc-
HUKOBbIE GJIOKH 3aKpemnseHbl Ha TMomepeuHbix 6ankax 8 H
11, B cBOIO ouepenp MPHUBapeHHbLIX K pame pemleTkH. [{BH-
JKEeHHe TeJleXXKaMm Nepefaercs uyepe3 BapHatop /2 or 3jek-
TpoABuratessi. Bapuatop BbINMO/NIHEH ¢ MJAaBHBIM PeryJHpo-
BaHHeM YacTOThl BpalleHHs H BO3AEHCTBYeT Ha Te/eXKH
yepes TArH I3, KyJUCHBIH pbiuar /4 H pbIYAXKHYIO CHCTEMY
15. Tlpn orkjaoHenuu jaByXivleyero puluara /4 Bnepen
BHELIHAS TejeXKa ABUXKETCH BBepX, a BHYTPEHHsSt — BHH3.
Ilpu oTkJiOHeHHWH pbiuara Ha3aja [IBHXKeHHe TeJiexXeK MpPO-
UCXOQUT B obpaTHOM HanpasjeHuH. Takum o6pasom, Ha-
npasJjeHde ABH)KEHHA [JaHHOTO psja NMOABHXHBIX KOJNOCHH-
KOBbIX OJIOKOB Bcerja MpOTHBOMOJOXHO TaKoOBOMY JJis
npenbiaymero psaa. Ha puc. 3.10,86 nokasano pasmeilexue
KOJMIOCHHKOBHIX OJ0KOB B KpailHem BepxHeM /I u kpaitHem
HykHem [ nmoJoxenusax. JIBHrasfich HaKJOHHO BBeEpX H
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BHH3, KOJIOCHHKOBble OJIOKH 0GecneynBalOT HpPOWYPOBKY
ciaof TBO u ux nepemenieHHe K mocjefHell CeKLHH pelleT-
k. IlpH ABHXKEHHWHM COCeIHHX MOJBHXKHBIX KOJOCHHKOBLIX
6/10KOB B TNDPOTHBOMOJIOXKHBIX HamnpasJeHHAX o00pa3yioTcst
BbICOKHE CTYMeHW M yrayOjeHus (BHajuHbl) B KOHEUHBIX
HOJIOXKEHHAX, YTO MPensiTCTBYeT CNeKaHHi0 TonjuBa B 6OJb-
mwre KyckH. lllnak cOpacbiBaercs yepe3 kaHana /6 B 1mIaKo-
yaaauteab I7. IlepBUuHBIN BO3AYX [IJISl TOPEHHUS] MOCTymaeT
Noj pelletTky ¢ TeMmnepatypoil o 150°C uepe3 kopoGa 9
H NPOXOJHT Yepe3 3a30Pbl KOJOCHHKOB NOJ CJOH TOMJIHBA.
B sasucumoctu or pexxuma ropenuss TBO temnepatypy u
pacxol BO3AyXxa MOXKHO pery/jupoBaTtb mo 3oHaM. Ha Bhbi-
XOle TrasoB H3 TOMOYHOH KaMepbl K HHM TNOJAMeLIHBaeTcs
BTOPHYHBIH BO3AYyX TaK e, KAK H B pPacCMOTPeHHBIX BblLIe
TOMOYHBIX YyCTpoiicTBax. B Hacrosiuiee BpeMsi KoTesbHas
C TpeMs KOTJAaMH, NOJ KacKIbM H3 KOTOPHIX CXKHTaercs
5 kr/c TBO Ha onucaHHbIX pelleTKax, paGoraer Bo Buaanu-
BOCTOKe. XapakTepHUCTHKA TOMOYHLIX PEIIeTOK 3TOH KO-
TeJbHOM TakoBa. Ilpu Hu3weli Tensnore cropanus THO
3,4—4,8 MJIK/Kr KOJIHYECTBO CKHraeMblX OTXOI0B Ha Kax-
Joi pewierke coctasiser 1,67 Kr/c npu JONOJHHUTENbHON
nojave cTaOWIHM3HPYIOILETO NPOLECC CropaHHs TOmJHMBa
(masyra) B kommuectBe 0,08—0,135 xr/c. [lpu nuswei
tenjiote cropadusa 6,3 MJDK/Kr ¥ Bbllle JOMOJHHTENBHOrO
TonyuBa He TpebGyercsi. KouuuectBo cxkuraemnix THO
yMeHbIllaeTcsl NMpH pocTe TenmJoTel cropanusi TBO: Ttax, npu
tTensote, paBHon 9,2 MJIx/xr, oHo cocraBaser 1,2 kr/fc
JJsl peuleTKH ¢ aKTHBHBIM 3epkKaJjom ropenusi 20,1 m? npu
ero renjonanpsikenun po 0,52 MB1/m2.

Ha puc. 3.11 npuseneH o6wuit BUA TOMOYHOTO YCTPOii-
ctBa ¢upmb «Tokyma» (Hnonus), koropas x 1975 r. mo-
cTpousna B cBoeil ctpaHe 38 ycraHoBOK anda cxkuradus TBO
¢ HCMoNb30BaHHeM TeMIOTh. TomKa ocHalleHa cTymeH4a-
TOH pelleTKOH, Ha KOTOPOH OCYLIeCTBJASAIOTCS MOACYIIKa,
BOCHJaMeHeHHe H aKTHBHOe TOpeHHe TONMJUBA, a Takxke
BbirOpaHHe miakoB. M3 3arpysouHoit Teyku I TBO nona-
JAl0T Ha NHTaTesb 2, TAe, MO JaHHBIM (GUPMbl, OHU Bbiep-
KuBalorcs oxono 30 MUH Ang xopouleil MOACYWIKH YXOus-
IIMMH H3 TOMKH ra3aMH 3a CYeT JYUHCTOro TemnooGMeHa.
3aTeM MNOATOTOBJIEHHble OTXOJbl CTAJKHBAIOTCH HA MepBYIO
CTyNeHb pellleTKH 3, ycTaHOBJeHHYIO mox yriaoMm 20° x ro-
pusonty. Ilpu tonuuue cnos TBO 0,9—1,2 M orxoam 3a-
JIepXKUBAIOTCA HA 3TOH CTYNMeHH Takxke okono 30 MHH, BOC-
MJIAMEHAIOTCS M HAUMHAIOT AKTHBHO roperb. Pewerka ¢up-
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Mbl «Tokyma» sABasieTcs CTYneHnyatoil HaKJOHHO-TepeTas-
KHBalollel M Habupaercsas uyepeJyIOUMMHCS INONEPEYHbIMH
psiiaMH TNOABHXHBIX H HENOJABHMKHBIX KOJOCHHKOB. JIBH-
KyLKecss psiibl NMPHBOAATCA B JEHCTBHE THJPaBJHYECKHMH
CepBONPHBOAAMH &, MpHYEM CHCTeMa CcOBeplIaeT BO3BpParT-
HO-NOCTynaTeJbHble nepeMellenns. Kaxablii psa noasux-
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Puc. 3.11. Tonka sinounckoit ¢upmb «Tokyma».

HbIX KOJIOCHHKOB INpH nojayde Brneped ABHKETCH HECKOJbKO
BBEpX Mmoja yrjom K NAOCKOCTH HENMOABHXKHBIX KOJOCHHKOB,
Mpu 3TOM cnon ropsiliHX OTXOAOB Ha pemeTKe BCMyynBaeT-
e M paspuixasercd. [Ipy ABHXKeHMM KOJOCHHKOB Hasaj
co3paeTca nonepeutas BhnagHHa MeXAY HX TNOABH>XXHBIMH
U HEMNOABHUXKHBIMH pAdaMH H HPOHUCXOAUT AONMOJHHTEJbHAaf
uiypoBKa CJa0d B [IONEPEUYHOM HalpaBJeHUH. Tak Kak 3ToT
npouecc OcylueCTBJIﬂeTCﬂ Ha HaKJlOHHOﬁ JIOCKOCTH, TO Iro-
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psililee TOMJIHBO MNopjaercs Bneped. [IBHiKenHe NOABHXKHBIX
KOJIOCHHKOB He TOJbKO obecneunBaeT 3(Q(QexTHBHYIO wWy-
POBKY TOMJIWBA, HO W PaBHOMEPHOE MOCTyIJIeHHe K CJIOI0
TOIVIHBA TOPSIYEr0 MEPBHYHOrO BO3AyXa 7 TeMHepaTypoi 10
250°C. T'opsimtue TBO yepe3 nopor cOpachiBaloTcsa Ha ryias-
HYIO CTYneHb pelleTKH 4, KOTOpasi HakjJOHeHa K TOpPH3OH-
TY NMOA YIJOM, MEHbIIMM, YeM IepBasi CTyNeHb, a HMEHHO
15°. Dta pemwerka HWMeeT jABa ycTyma. 3leCb 3aKaHuYHMBaerT-
Csl BbifleleHHe U3 TOMJIMBA JIETYYHX BellecTB (30HAa aKTHB-
HOrO ropeHHst), Kotopble B TeueHHe 20—25 MMH cropaior.
ToauuHa caos TominBa o6biyHo cocraBaser 0,6—0,9 M.
Packasnennblii muiak, cojepauiuii eue A0CTaTOYHOE KOJIH-
YecTBO HecropeBllero TonJauWBa, cGpacbiBaercs Ha Moc/efl-
HIOIO CTyMeHb 5, KOTOpasi Takxke HakJOHeHa Ha 15° k ropu-
30HTY. 3/IeChb B TeuyeHHe NpUMepHO 2,5 4 B CJioe TOJIIHHOM
0,9 M BHIropaer yriepog TONJHBA, TaK 4TO MaccoBoe CO-
JepXKaHHwe OCTaTKa HeCPOPEBUIMX BeilecTB B  lLIake
coctapjsiet Todbko 0,15% wmaccel TonsuBa. Ilpn nuskoka-
YeCTBEHHOM TOIJIMBe TOpEHHe MOXeT INOAJepXKHBaTbCsa C
MOMOUIbI0 BCNIOMOTaTeJbHOH TOpeNkH 6, KOTOpas CJayKHT
Takxe JJs pacronku koraa. llnak nonagaer B Baudy c
BoJoH M TpaHcnoptepoM /0 BLIBOAMTCS 3a npefleanl ycTa-
HoBky. IlpoBan mu3-nop peletkn cobnpaercst B OyHkepax
9 W TakXe OTBOJAMTCSH B ULIaKoBYl BaHdy. Tomka, o6opy-
JoBaHHAs TsAXesaoft oOMypoBKoi /I, BuiloJHeHa ropsiyei
H HeskpaHHpoBaHHoi#i. TeMmepaTypa Ia3oB Ha BbIXOJe H3
TONKH, TaK e KaK U BO BCE€X ONHCAHHBIX Bblle YCTAHOB-
Kax, MOJAJep:KHBAeTCs 3a cyeT NMOJAayd BTOPHYHOTO BO3AY-
xa B npegenax 750—850°C. KoJsocHHKoBbEe GJIOKH MOHTH-
pyioTcs Ha monepeuHblx Gajikax /2, KOTOpble BbiHECEHB! H3
30Hbl TOpPEHHA H OXJa)XAalTcs BO3NyXoM. [IBHKeHHe Ko-
JOCHHKOB pellleTKH B pasHblX CeKUHAX MOXeT -OCYyliecTB-
JATBCS C Pa3/IMYHBIMH CKOPOCTAMH H AJMHHAMH NYTH, YTO
obecrneynBaeT BO3MOXKHOCTb peryJHpOBaHHs pexkuMa rope-
HHA TOMJIHBA B 3aBHCHMOCTH OT TellJIOTeXHHYCCKHX XapaKTe-
pHCTHK OTX0foB. TOomKa OCHalieHa TakkKe CHCTeMOH pery-
JUPOBAHHS PacXoJ0B BO3]lyXa, NOAAaBAEMOT0 B KaxXAylo H3
30H MOA CTynmeHH peitteTkd. M3 o6uiero pacxojaa nmepBHUHO-
ro U BTOPHYHOrO BO34YyXa, MOCTYNaloHiero B TOMKY KOTJa,
80—90% nogmaerca moj cjoi TomauBa Ha peleTke. Xapak-
TepHONl OCOOEHHOCTBIO CXeMbl MOJAyH BO3JAyXa SBAAETCH
MOCTYIJIEeHHe YACTH er0 BJOJb BCeH JJHHBI PelleTKH Y CTeH
TOMOYHOH KaMepbl C JBYX CTOPOH, UeM, MO AaHHbIM (UPMBI,
Jocturaercs o6pasoBaHHe BO3AYWIHOH 3aBechl MEXAYy mJja-
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MeHeM M OOMYpPOBKOH TONKH ¢ HeJbio fipefoTBpalileHHs
UIJIaKOBAHHA CTeH. JTOT NMPHHLUN HANOMHHAeT ONHCAaHHBIN
Bbillle y TOnouHbX ycrpoiicte ¢upmbl K+ K. Heo6xoxumo
OTMETHTb, YTO KOJIOCHHKH 3TOH pelleTKH OYeHb AOPOTH, TakK
KaK BBINOJNHAIOTCA H3 BBICOKOXPOMHPOBAHHBIX HHKEJEBBIX
CIJIaBOB, oOJamalomKuX GOJbIIOH H3HOCOCTOMKOCTHIO H aH-
TUKOPPO3HOHHBIMH CBOHCTBAMHM M BBbIAEPKHBAIOIIHX TEM-
nepatypy csbimie 1000°C . OHH U3TOTOBJSIIOTCS JIHTHIMH H
paccuHTaHbl Ha HeNpepHIBHYIO paboTy B TeueHHe 5 JeT.
TennonanpsaxeHne 3epkajia TOPEHHs] PELIETOK JOCTHTaeT
0,6 MBt/m2. :

HocTaTouHo wHPOKOe pacnpoCTpaHeHHe MJsi CJOEBOro
CXKMTaHHs ObITOBBIX # MPOMBILLIEHHBIX OTXOLOB 32 pyGe-
JKOM NOJYYHJIH Tak¥kKe APYrHe THIBl TOMOUHBIX YCTPOMCTB,
KaK, HallpuMep, KackajHasi ¢ pewmerkamMu ¢upMmbl «PoH-
Posu» (LlBefinapusi), HeCKONBKO MeHblee — pupM «AJb-
6epru» (Hranns), «Xunan u ®pya» (Awrausi) u ap. Bee
OHM SABJAIOTCH, KaK NPaBHJIO, CTyNEHYaTbIMH, HAaKJOHHO-
nepeTajKUBAIOIMHMH, HX NPHHLUHUNOBL AEHCTBHS MaJao OTJH-
YaloTcA OT ONHCAHHBIX Bblllle AJAS MJIOCKHX KOJOCHHKOBBIX
CTYNEHYaThIX pelleTOK i NO3TOMY 3Jech NMOAPOGHO He pac-
cMmaTpuBaloresi. Bmecte ¢ Tem mnpejcraBisieTcs uesecooG-
pPa3HbIM MPHBECTH OMHCAHHE OPHTHHAJILHON KOHCTPYKLHH
pPOTAaLHOHHOH TONKH C BOASIHBIM  OXJaXKJAeHHEM SIMOHCKOIT
¢upmbl «lchikawajima — Harima Heavy Industries Co».
Ha puc. 3.12,a,6 mokazaH MakeT KOT/Ia C POTallHOHHOI
TOIIKOK H IONlepeyHblif pas3pe3 MO TOMOYHOH LHAHHApHYE-
ckoit kamepe. TomouHoe yCTPOHCTBO COCTOMT U3 MHUTaTesNf-
nayHxepa / W Bpallalollerocs moJioro HWJIHHApPa 2, ycTa-
HOBJICHHOTO € HeGOJIbIIMM HAKJIOHOM K TOPH30HTAaJbHOM
MJIOCKOCTH B CTOPOHY [BHMKEHHS OTXOJOB, AOXHIaTeJbHOH
[enHoi pelieTkd 3, BO3AYX0BOJAOB 4, KopoGoB § ansf OTBO-
Jla mpoBajla TOMJNHBA B LIJIAKOBYIO BAaHHY 6 H LIJIAKOBOH
waxTthl 7. PorauMonHas uwianujpuyeckas tomnka o6pa3oBa-
Ha TpyOkaMu 8, MeXay KOTOPHIMH BBapeHbl MPOJOJbHbIE
MeTaAJHueckHe NJacTHHBL 9 ¢ HeGONLIIHMHM OTBEPCTHAMH
Aas mpoxosa Bospyxa. Ilo TpyGkam mupkyaupyeT BoAa,
nocrynaiouniast ¢ Temneparypoit 200°C u3 GapaGaHa koraa
yepe3 crelHaJbHBIl Bpamaoluics Koanektop /0 u BHOBb
orBoauMas B 3ToT GapaGan. Ha TpyGkax cHapyXu Hasa-
peHbl HampaBJsouike gonatku /1 pas paBHOMepHOro pac-
npejeseHuss BO3AyXa MOJA CJAOH TOMJHBA, KOTOPbIN Mojaer-
cl MO BO3AYXOBOAAM BHYTPb KOXyXa [2, oOpaMJasiollero
Tpybuatyio cucreMy. 3Jecb 3a HEHafAOOHOCTbIO OTCYTCT-
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Puc. 3.12. Koten ¢ poTauHoHHO! TONKOH SIMOHCKON (HPMBI.

a -— nonepeyHbll paspes N0 TOMOYHOMY YcrpoiicTBy; 6 — nonepey-
HW pazpe3 No UHARHAPHYECKON! Kamepe.

Byer oObluHas ¢yrepoBka Bpamaiouierocss uuaunapa. Ilo-
CTymJieHHe BO3JyXa B KaXAyl0 H3 TPex 30H NOJ CJOH OT-
XOJI0B MOJKeT PperyJHpoBaTbCc C MOMOLLBIO  [OBOPOTHBIX
sacaonok I3. Tlpn mepnenHom BpauieHuu uuauaapa TBO
XOpOLIO MepeMelHBaloTCs, MPOIIYPOBLIBAIOTCA H BHITOPAIOT,
a nyrteMm peryJHpoOBaHHs UacTOThbl BpallleHHsl POTalHOHHON
TONMKH MOXKHO M3MEHSATb BpeMs npeGbiBaHHA OTXOAOB B Ka-
Mepe cropaHus. Takne ycloBHs TO3BOJASIOT 3D (dEKTHBHO
CXKHraTb KaK GbITOBble, TaK U MPOMbIIJIEHHbIE OTXOABI Me-
PEMEHHOro cocTasa ¢ HH3KOil TemjoToit cropais. Buixkur
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H OXJaXjeHHe IITaKOB OCYIIECTBJASIOTCS Ha LeNHOi pelter-
Ke, The MNoj c/10il TonauBa Takxke nopaerca Bosayx. llaax
W [poBaJ YAAJSIIOTCA N0 TEYKaM B LIT4KOBYIO BaHHy, a
OTTyjia TpaHcnopTepom B lujgakoc6ophblili 6ynkep. Tensota
ot cxkuranusg TBO ucnonbsyercss B napoBom kotje /4, nap
u3 OapabaHa KOTOpOrO MOCTYnaer B OOLIMA  KOJIJIeK-
TOp KOTeapHOH uau TIAL, ajxs ganbHeiimero HCNoOJAb30Ba-
nusa. OnucanHas CHCTeMa sIBJSIETCSl HOBHHKOM, HE MOJIy4HB-
Wwed ewe WHWPOKOro pacnpocrpaHenus. CieayeT OTMETHTb,
YTO, MO YTBEPXKAEHHIO KOHCTPYKTOPOB, NpH Hell oTmajaer
HafoOHOCTL B NpEABapHUTENbHOH TOArOTOBKE OTXOJOB,
a Hu30BLITOK BO3Jdyxa cHMxaercs jgo 1,5 Bmecto 2 mnpu
CXKHraHHH B OOBLIYHBIX TOYHBIX YycTpoHcTBax anas TBO
H, CJIe[IOBATEJIbHO, COKpAallaeTcsl pacxof YXOAALIHX ra-
30B. B cBA3M ¢ 3THM CHHMXalOTCA KamuTajbHbiEe BJOXeE-
HHA B Ta3oouHCcTHOoe o00OpyAoOBaHHe, a TakKke Ppacxof
3JIEKTPO3HEPIHH Ha COOGCTBEHHBIe  HYXJAbl  YCTAHOBKH.
H3-3a orcytcTBHS OGMYpPOBKH TONKH CPOK CJYXObl ycTa-
HOBKH GoJsbllle, yeM Yy OOBIYHBIX TOMOYHBIX YCTPOMHCTB,
a 3aTpaThl Ha ee peMOHT yMeHbiiaiorcsd Ha 30%. Ongnaxo
CYAMTb O JOCTOBEPHOCTH 3THX YTBepPXKAEHHH MOXHO Oyzer
JHUIIb MOCJe H3YYeHusl ONbITa 3KCN/yaTalHd TaK{X TOMOY-
HbIX YCTPOHCTB Ha 3HAYHTEJbHOM KOJHYECTBe YCTAaHOBOK,
cxkuraoumux TBO pasnuuHoro coctaBa H CBOHCTB.

3.3. KOTJIbI-YTHJIHU3ATOPbI, HX KOHCTPYKTHBHbIE
CXEMbl H OCOBEHHOCTH

Kak yxe ormeuasnoch B § 3.1, KOT/ABI-YyTHAH3ATOPHI YCTa-
HoBOK AasA cxuranua TBO momxHBl ya0BJAETBOPATH PALY
cnennduyeckux TpeGOBaHUI, OTJMYAIOLKXCA OT TAKOBBIX
K KOTJIaM OObIUHBIX YycTaHOBOK. IIpexkae Bcero maposble
KOTJIbI-YTHJH3ATOPHl JOJIKHbl OBITb paccyHTaHbl Ha pe3KHe
KoJle6aHHsl MX NapONpPOHM3BOAMTENBHOCTH B TedeHHe KOPOT-
KHX TIPOMEXYTKOB BpeMeHH (Hampumep, yaca), a BOJO-
rpelHble — Ha CTOJIb XK€ pe3KHe H3MeHeHHUs TeMmmepatyp
BOJbl HAa BbIXOJE M3 KOTJIOB NpPH HEH3MeHHHIX pacxojax BoO-
Ibl yepe3 HX TpyOHble CUCTeMbl M3-3a MEPEeMEHHOTO KOJH-
yecTBa TeMJIOTHl, BblAeasseMoH IpH CrOPAHHH 3aJaHHOrO KO-
auuectBa TBO ¢ mepeMeHHBIMM 3HAYeHHAMU TeMJOTHl Cro-
panus. C Hauiel TOYKM 3peHHUs, 3TOMY TpeOOBaHHIO Jyullle
BCET0 YAOBJETBOPAIOT TaK Ha3blBaeMble KOTJIBI C YTJIOBHIMH
Tpy6amH, paspaboranHbie B 1944 r. u u3rorosjsfeMble aat-
ckoil pupmoit «Boanynny, uranbauckoit gupmoit «AnbGepTu»
I Apyrumu 3apyGexnbiMu dupmMamn, crnenHaJIH3UPYIOIUHU-
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HiHMHCA HA KOHCTPYHPOBAHHHU, H3TOTOBJIEHHH M SKCHJyaTé-
TalHH OCHOBHOro 000pyAOBalis 3HEpPreTHUECKHX ycTaHo-
BOK, B TOM 4YHCJe H [UIA CXKHUCaHHA B KauecTBe TOIUIMBA
TBEPJbiX OLITOBBLIX H HPOMBIJIEHHBIX OTXOJ0B.
Ha puc. 3.13 nokaszana wupky/asiLHOHHAsi cXeMa KOTAa
C yroJiosbiM# Tpy6amu, padpaboranHoro ¢gupmoit «Boaynp».
Ilutatenpnas Boja M3 3KoHOMali3epa KOTJia IOCTyMmaeT ye-
pe3 wryuep 7 nox yposeHb BoAbl B 6apaban 6. Ilo omyck-
HbIM BepPTHKaJNbHbIM HeoGorpeBaeMblM Tpybam I 3HauH-
TeJbHOro JaHMamerpa (Hanpumep, 193 MM) Boaa nepere-
KaeT B HHIXKHHE paclnpefenu-
*Bb/xoﬁ napa TE€JbHBIC KOJIJICKTOPDI 2, OT-
KyAa no  oGorpeBaeMuM
noabeMHbiM TpybaM 4 mnapo-
BOJASIHASL 3MYJIbCHS MOCTYLa-
€T B BepXHHEe KOJJIEKTOpHl J.
3nech nap orjensieTcsi OT BO-
bl M HampaBJsieTcsl M3 KOJI-
nekTopa 3, a Takxe U3 mapo-
c6opHOrO KoOJJIeKTopa 5 B
napooit o6beM 6Gapabana
xotna. Ilap uepes BHYTpH-
6apabaHHble yCTPOHCTBA O7T-
BOJHMTCS U3 BEpPXHEro IUTyLe-
Pue. 3.13. LlupkynsiuuoHHas cxe pa & 10 HasHaueHHio, a
M:c.ﬂa.pOl;Ol‘O [1)(0}1,'J'1auc YrJaOBLIMH HacThb HeHCHapHB]ﬂeHCﬂ‘ BOZbI
Tpybamu pupmut «Boaynp» (Ja-  1€pe€3 ONYyCKHbIE TpyGbl BHOBD
HHsA). nocrymaer B HHXHHE pac-
npejfenuTesbHble  KOJJIEKTO-
pul Kotna. OcoGeHHOCTHIO TAaKOil CXeMbl ¢ MHO[OKPATHOH
UUpKYJsiuveH BOAbI B KOTJe SIBASETCS CTPOro BEPTHKaJb-
HOe pacmoJioXKeHHe ONMYCKHBIX TPy6 MO BCeH BBHICOTE KOTJa,
a TakXe TO 0OGCTOATENbCTBO, YTO TOJIBLKO YaCTh UHPKYJIHPYIO-
el no Tpy6am Boab (Mo maHHLIM GHUPMBEL «BoayHA» JHLIbL
40—60%) MHOroKpaTHO MPOXOAUT uepe3 BOASAHOH 06BbeM
6apab6ana kortaa. OcTajbHasi ee 4acTb ONMYCKaeTCsd BHHM3 IO
3aaHuM TpyOaM, mocrynasi HenocpeACTBEHHO H3 KOJJIEKTO-
pos 3. Takad cxeMa MHOTOKPaTHOH UHPKYJALUMH BOJbI
HajllexkHa M ycroiuuBa K KosieGaHusIM JaBJjeHus B Gapada-
He KOTJa, Hecyllero pe3kolepeMeHHYIO Harpysky, Tak Kak
Jaxe NpH 3acToe BOJAbl B ONYCKHbIX TPy6ax HJH BpeMeH-
HOM ONpPOKHALIBAHMM UMPKYJNALMH My3blpbKH Napa B OMYCK-
HbIX Tpy6ax CBOOOJHO NPOXOAAT BepPTHKAJbHO BBEpPX H IIO-
napaloT B 6GapaGaH KOTJIa MJH TapoBOH KOJJIEKTOp 5, mpu
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3TOM Tpebyemble rabaputhl GapaGana KOTJa H NOBEPXHOCTb
3epkaJjla BOJbl B HeM OKa3blBAIOTCA MeHbIUMMH, 4eM IPH
UMPKYAALUHH BCEro pacxoia BOAbl uepe3 Oapabany KOTJa.

KOHCTpyKTHBHAsi cxeMa KOTJIOB C YIJIOBHIMH TpyOaMH
OTHOCHTeJIbHO mnpocra. Boporpy6ubiii  ogHoGapabanHbli
KOTeJl TpeicTaBjseT co0oii mnapaJJejienunef, BCe MNpPOCT-
paHCTBeHHbIe YIVIbI KOTOPOro o0pa3oBaHbl KJETKOH BepTH-
KaJbHbIX H TOPH3OHTAJbHBLIX TPpyG OOJBIIOTO AHAMeETpa.
JTa KJaeTKa M3 YIVIOBHIX Tpy6, rie BepTHKaJbHble TPYOLl
ABAAIOTCA ONYCKHbIMH, a TOPH3OHTaJbHbBIE NMPeACTaBAAIOT
co00ii KOJIJIEKTOpPbl MOABbEMHBIX TPYO, OJHOBPEMEHHO CJay-
KHT HecyLIHM KapKacoM, Ha KOTOpHIi omupatorcss Oapaban
KOTJIda W BcA ero TpyOHasd cHCTeMa, KaK 3TO IOKAa3aHO Ha
cxeme (puc. 3.13). Crneunanbloro Hecyllero Kapkaca KoTed
He umeer. OOMypoBKa KoTJa Jierkast H KpenHurcst K Tpy6am
KOTJIa, a 3KPaHHbit MOJADLeMHble TPYOb 06pasyioT ras3omior-
Hbie NOBEPXIOCTH Harpesa.

Ha puc. 3.14 nokazaHa KOMMOHOBKAa KOTJa [/ CXHra-
uus TBO, paspa6orannoro ¢upmoit «Boayna» u cMOHTHpO-
BAHHOTO B KOTesbHOH pafioHa BupioneBo B Mockse. Koten-
yTHAH3aTOp / ¢ yraoBbIMH TpyOaMH BbiHECEH B CTOPOHY OT
TOMOYHOTO YCTPOACTBA 2 M VCTAHOBJIEH Ha CaMOCTOSITEJb-
HOM TlopTaJjie. KoTeql HOMHHAJAbHOH MPOH3BOAHTENbHOCTHIO
7,2 Kr/c npu gaBjeHuH HackluleHHoro mapa 1,3 MIla paGo-
TaeT ¢ Temneparypoi nuraresbHoll Boabl 120 °C. OH umeer
BOCEMb ONMYCKHBIX BepTHKAaJbHBIX TPYO, JBe (POHTOBLIE
Tpy6nt auamerpom 193,7X7,1 MM, ABe cpefHHe M [Be 3a1-
HHe jguaMetrpom 168,3X6,3 mM. Bricora Bcex Tpy6 11 M.
HuxHue pacnpejenure/nbHble H BepXHHe NpPOAOJbHBIE KOJ-
JIeKTOpBl, B TOM 4YHCJIe W NapoBOH, BBapeHHble B GapabaH
KOTJ1a, BBINOJNIHEHHl W3 TpyO auamerpoMm 244,6X6,3 Mwm,
a TMonepeyHble KOJJIEKTOPH o0orpeBaeMblX MNOJBEMHBIX
Tpy6—CcoOTBETCTBeHHO U3 TpyO auamerpom 168,388 u
159X5,6 MM. DTH KOHCTPYKLHH BMECTe C ONYCKHbIMH TpPY-
0aMH COCTaBAAIOT KJeTKy — HecylWHi kapkac koria. Ha
3TOH KJeTKe KpenuTca GapabaH HapyXKHbIM AHaMeTpOM
1500 MM H anuHON BROJMbL (GpoHTa KoTsNa 7053 MM.

Kak BuaHo u3 puc. 3.14, TonouHbie rasel BXOAAT B KOTeJl
CHH3y M3 KaMepbl CMeIleHHsl Ta30B 4 B NepBblil BepTHKAaJb-
HbI ra30Xox KoT/la a. BokoBuie CTeHKH I MOTOJNOK pajHa-
LMOHHOH CEKLUHH IepBOro rasoxofa BbLIMOJHEHW H3 TpYyO
auamerpoM 60,3X4.0 MM ¢ mwarom 75 mMm. K tpy6am npu-
BapeHbl NPOJAOJbHbIe peGpa TakK, UTO BCA CTEHKA BLIMOJHEHA
ra3omioTHON, a Ha ee HapyXHOH MOBEPXHOCTH 3aKpellleHa
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Puc. 3.14. Komnonoska mapoBoro kotaa ¢upmbl «<BoayHa» B KoTeabHoit
(Mocksa).

Jerkasa Harpybuasi o6mMypoBka. Takue creHkH U3 peGpHu-
CTBIX TPYO, Tak Ha3biBaeMble MeMOpaHHblE CTEHKH, OKaHTO-
BbIBAlOT BCE BepTHKaJbHble Ia30XoAbl KOTMa a — 2. 3agnue
CTEHKH ra30X0f0B UMEIOT OKHa AJfA NMpOXoJa ra3os, a B ra-
30X0[ KOHBEKTHBHOTO IIyuyka & rasbl NMOmajaioT yepe3 psj
pa3pexennnlx Tpy6 creHku (¢decron). Takum obpasom,
B KOT/ie OPraHH30BaHO NpPOAOJbHOE OMBIBaHUE TPYO rasamu
B BBICOKHX Tra3oxojax a4 — 8 ¢ MOBOPOTOM IoOTOKa Ha 180 °,
B KOTODPHIX pPa3MellaloTcst pajHaLHOHHbIE TOBEPXHOCTH
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HafpeBa, pu 5ToM NPOUCXOJHT xOpollas cerapauus TBep-
JBIX UaCTHI 30/bl, B3BeLIEHIbIX B Ia30BOM MOTOKe, HX c6op
B OyHKepax 6 u yjaJjenie yepe3 TeukH 7 B IIJAAKOYJaJH-
Tesab KoTJa 5. B nocsneatem rasoxose KoTja pasmeniaercs
KOHBEKTHBHAsi MOBEPXHOCTb — 3KOHOMaH3ep. bokoBble cTeH-
KH 3TOro rasoxojfia Takxe MeMOpaHHble, HO 3Jecb wLiar
Mexnay Tpy6aMu paBeH He 75, a 90 MM H B 3TH TpPYyO6bl
BBapeHbl 3MeeBHKH H3 Tpy0 3KOHOMai3epa. [linHa 3MeeBH-
KOBOH CEKUHH COOTBETCTBYET MOJIOBHHE IUIHUPHHBI MO (PPOHTY
rasoxozna KotJya. Bcero MoHTupyercss 4X2 nakeToB 3meeBH-
KOB C paccTosiHHeM Mexay naxkeramu 880 mMm u ¢ warom
Tpy6 mno xoxay rasos 52 mM. TpyGel GOKOBBHIX CTeH, Kyja
BBapeHbl 3MeeBHKH, OOOPYAOBaHbI 3arjJyllKaMH TaKHM
ob6pasoM, 4yToObl MmocTynamoiias K HHM clu3y Bojaa o0si3a-
TeJIbHO MpoUIJIa MO 3MeeBUKaM 3KoHOMai3epa. ['aspl oMbl-
BaloT TPyObl 3KOHOMaM3epa CHapy»XH NoMepeyHo, H HX CKO-
poctH npuHATH He Gojsee 8—I10 M/c ¢ TeM,uTo6nl HCTUpA-
HHe 3THX TPy6 TBEpAbLIMH YaCTHLAMH B JBIMOBHIX rasax
Obl10 MMHMMaJbHbBIM. B 3TOM rasoxojze KoTjia CMOHTHpO-
Bana Apo0GeOyHCTUTENbHAA YCTaHOBKA. PacueTnas npepenb-
Has TeMmepaTtypa ra3oB Ha BXoJe B koTesq paBna 925°C,
a na Bonixofie 3 Hero 300°C npu Ttemaore cropanusa TBO
10,5 MJIxk/kr. Becb koTesn BMecTe ¢ HATpyGHOH OGMYpOB-
KOi Hpu TelJIOBOM YAJHHeHHH TPy6 cBOGOJHO mepeMella-
eTcsl BBEPX U sABJAsETCS MaJloMHepUHOHHBLIM. CHapyXH Ko-
Tes OOIIMT MeTajJHuecKHM KoxyxoM. Cienyer moguepk-
HyTh, 4TO TdK Kak 6apabaH KoTia He o6OrpeBaercs, TO
B HEM HE NPOHCXOJAHT Napoo6pa3oBaHHus, a MOYTH Bech o6pa-
30BaBIUHiiCA B KOTJe nap mocrynaer B Gapa6au Has pabo-
uMM ypoBHeM BoAbl B HeM. [losTomy 3epkano Boawl B Gapa-
6aHe ocraercsl CNOKOHHLIM H MEeHOOGPa30BaHHA NP aAKTHYECKH
He TMPOHMCXONHT, yeM o6ecrneyHBaeTCss XOpolilee KayecTBO
3abupaemMoro H3 Kotsia napa. Ha puc. 3.14 nos. 3 — uu-
JIMHApUYECKasl Mneyb.

Ha puc. 3.15 nokasan napoBoif KoTen HTaNbSHCKOM
¢bupmbl «AnbGepTH» MapONPOU3BOAUTENBHOCTBIO 2,6 Kr/c
npu pasienun 1,3 MITa u remneparype 250°C, ycTaHos-
JIEHHBIH B KayecTBe YTH/IH3aTOpa B KOTeNbHOH MOCKOBCKO-
ro cneusasofa Ne 1. Koresn Takxe BBHINOJMIHEH € YIJIOBBIMH
TpyGaMH, Ha KOTOPHIX KaK Ha HeCyIleM Kapkace Kpemurcs
6apab6aH HapyXkHbIM pauamerpom. 1300 MM u asauHoOl
4550 mM. B cucremy yrioBbix Tpy6 BXOAAT BepTHKaJbHbIE
HeoGOrpeBaeMble ONYCKHbie TOJCTOCTEHHble TPYGbl HapyX-
HbIM fuameTpoM 193 MM H coeauHsIoUHe 3TH TPYGbl MeK-
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Jy co00H ropH3OHTaJbHbIE HUXKHHE H BepPXHHE KOJJIEKTOpH
TPYOHBIX 3KpPaHOB I KOHBEKTHBHOro nmyuka. CorsacHo AaH-
HbIM (QHpMbI, TNOATBEPXKIEHHBLIM ONBITOM 3IKCHJYaTalHH,
KoTeJl OJarofapsi NpPsMbIM BePTHKAJbHLIM KOHTYPAM LHp-
KYJALKMH BOJABl H mapa paboTaeT yCTOHUYHBO HpH JIOOBIX
nepeMeHHbIX pexknMax. Becb OJI0K KOT/ia YCTaHOBJIeH B
JIaHHOM CJiyyae HemoCpejCTBEHHO Haj TONOYHOH pelleTKOH,

e llap

lasor
——p—

S

Puc. 3.15. KoHCTpyKTHBHAst cxeMa MapoBOrO KOTJIa C YIVIOBHIMH TpyGa-
MH HTaJbAHCKONX GHPMBI «AJbGEpPTHY.

HpUYeM KOHCTPYKLHA H3 YIJIOBHIX TpyO ofecneuHBaer pas-
HOMepHOe TeMnepaTypHoe pacuinpeHHe TpyOHOH 4acTH KoOT-
na. CucreMa MCHapHTeNbHBIX TMOBEPXHOCTEH HarpeBa Kot-
J1a COCTOMT M3 TPYOGHLIX 3KPAHOB H HAKJIOHHOTO KOHBEKTHB-
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Puc. 3.16. DxpanHvie TpyOL M NMaHelH KOHBeKTHBHOro nakera tpy6 na-
poBoro Kotsa (GupMbl «AsbbepTH».

Horo nyuka Tpy6. Ilepennnii, 3agHuiit M gBa  GOKOBHIX
3KpaHa KOTJia NpPeACTaBASAIOT co0Oi cnjoliHble TpyGHbIE
CTeHKH, CMOHTHPOBalillble U3 TJIOTIIO TpPHJEraloUux Apyr K
apyry Tpy6 auamerpoM 76X2,5 MM, KOHLLI KOTOPLIX BBa-
peHbl B BepXHHe M HiKHHMe Koaaektopbl. Ilepemuunit u 3an-
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HHIl 3KpaHbl CcONOKHPOBAHBI KaXXALIH W3 JBYX uacTef,
HUMEIOIHX CAMOCTOATE/bHbIE HHXKHHE KOJJIEKTOpPH U OAHH
0oOLIHHA BepXHHH KOJJICKTOP, NPHYEM 3TH KOJJIEKTOPH Coe-
JIHHEeHbl APYr ¢ JAPYroM, a TaKxKe ¢ YMJIOBBIMH ONYCKHbIMH
Tpy6aMn n 6apaGaHoM Korsaa. Hak/oHHBIH KoHBeKTHBHBIA
NY4OK BbimonHeH H3 629 TpyO6 auamerpom 38X2,6 mm,
pasje/eHHbIX Ha [iBe CeKLHH, BBapeHHble B TPYyObl 3ajHEro
3KpaHa KoTsa. Ero KoHCTpPYyKHHA, a Tak»Ke KOHCTPYKTHBHOE
BBIMOJIHEHHE 3KPAHHbLIX CTEHOK KOTJAa XOPOWIO BHAHLI Ha
puc. 3.16.

Tpy6uble skpanbl kKoTaa 06pasyioT TPH BEPTHKAJbHbIX
rasoxoja. ¥xoasillne H3 TONKH rasbl NOCTYNalT B MepPBbIi
BEPTHKa/bHbIi BOCXOAALHH ra3oxon a (cm. puc. 3.15), pac-
TI0JIOXKEHHBI HEMOCPEJCTBEHHO HAJ, TONMOYHBIM MPOCTPAHCT-
BOM H NpeiCTaBAsIOlHA cOOOH CBOEro poia KaMepy JO0XKH-
raHus. 31ech BO3MOXKHO JOrOpaHHe YacTHL Yrjiepoja, yHO-
CHMbIX M3 TONIKH C NMOTOKOM Tra30B, @ TaKXe INPOUCXOIHT
HHTEHCHBHAf TelJoOT/a4a 3IKPAHHLIM NOBEPXHOCTSM TPYO
3a CYET JIYYHCTOTO TensooOMeHa. 3afHfAs CTEHKa 3TOro ra-
30X04a B BepXHeH YacTH HMeeT OKHO JJ151 NPOX0Ja ra3os,
06pa3soBaHHOEe pa3BeJleHHBIMH KOHLAMH YacTH 3KpaHHBbIX
Tpy6. Uepes 3T0 OKHO ra3ml NonagaioT BO BTOPOH HHCXOHS-
IIMH ra3oxo] 0, B BEpXHeH YacTH KOTOPOTO pa3smellaercs
Tpy6GUaTHIf 3MEeeBHKOBBHIH NapomneperpeBatesb H3 TPyO AHa-
merpoM 33,7X2,9 MM c noBepxHOCTbIO Harpera 16,5 M2,
Ha noBopore ra3oB B TpeTHH BOCXOSIIHE rasoxol &
B HMJXXHEH 4aCTH BTOPOro ra3oxofa pa3MellleH 30Joc6op-
HHK, OTKyJa OTCenapHpOBaHHas M3 rasoBoro MoTOKa 304
nomnajaer B LINaKOyAaJuTelb KoTna. B TpeTbeM rasoxone g
rasbl MOJAHHUMAIOTCA BBepX, MOMEPEYHO OMbIBAsA HAKJIOHHBIH
UCcnapuUTeNbHBIl TNYyYyoK, U CBepXy MNOMajaioT B rasoxoj e
3KoHOMa#3epa. [@sagkoTpyOHBII CTalbHOH 3MEEBHKOBBHIM
3KoHOMal3ep, paGoTaloUKK MO MPUHLUHUNY NMPOTHBOTOKA ra-
30B W MOJOTpPeBaeMOH NHTaTeJbHOH BOAbI, BHIMOJHEH H3
Tpy6 auamerpom 33,7 X2,9 MM M MMeeT NOBEPXHOCTb Harpe-
Ba 87,5 m2.

Tak kak TomouHble rasbl ABHXYTCA B ra3oxofax 3TOro
KOT/1a TOJIbKO B BepTHKaJbHOH MJOCKOCTH, TO 31€Cb, Kak H
B KoTJie pupmel «Boayun», obecneunsaercs xopouias cena-
pauusi 30J1bl U3 MOTOKa ra3oB M caMooOAyBKa MOBEPXHOCTeH
Harpesa. O6MypoBKa KoTsia odeHb npocra. C BHeIIHed cTo-
POHBI K T'a30MJOTHBIM CTEHKaM ra3oXOJO0B KOT/1a MPHMbIKaeT
CTAJIbHOH YIJIOTHHTENbHbII KOXYX, Ha KOTOPOM Kpensitcs
[Ba CJIOS TEIJIOU3OMALMH. AHAJOTHYHO BHINOJHACTCS Temo-
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H3onsinis GapabGana KoOTJ2 H YIVIOBLIX ONYCKHBIX TpyG.
Tonbko 3aaHAs CTEHKA 4eTBEPTOrO ra3oxofa & H MOTOJOY-
HOe TepeKpbITHE KOTJa, He HMeIoIHe MIOTHLIX TPYGHHIX cTe-
HOK, BBIMOJIHAIOTCA M3 KHPMHYHOH OrHEYNOPHOH KJaiKH, Ha
KOTOPYIO 3aTeM HAHOCHTCA TemlJou3oasuusa. Becb korten
cHapyXHu odopmJieH NJOTHOH rodpupoBaHHOH OGUIMBKOM,
(Ta/ibHbI€ JINCTHI KOTOPOH TNpHBAapeHbl K JIerKOMY O0GBSI30u-
HoMmy kKapkacy. [l OYHCTKH Hapy»XKHbIX MOBEPXHOCTEH Tpy6
HAaKJIOHHOrO MNyykKa H 3KOHOMai3epa, 2 Takxke naponepe-
rpeBaTesisl OT CbINYYHX CTJIOKEHHI B Ta30XOfax KOTJa yCTa-
HOBJIEHBl MApOCTpYyHHble 0GyBOUHbIE YCTPOHCTBA.

Kotabl ¢ yryioBoiMH TpyGaMu oueHb YAOGHBI [/l TPaHC-
MOPTHPOBKH H MoHTaxa. OHH, KaK NPaBUJIO, MOCTABJSIOTCSH
JH60 ogHHM GJokoM 0e3 OOMYPOBKH W OGIIHBKH, JHGO
HECKOJIbKUMH  6JIOKaMH, KOTOpble TPOXOAAT KOHTPOJNbHYIO
c6OpKY Ha 3aBOJ€ H TOJbKO MOATOHSIIOTCS APYT K APYTY NpH
MOHTazKe, BBIIOJHAEMOM N03TOMY B MHHHMaJbHBIE CPOKH.

[ToMuMO MapoBHIX KOTJIOB C YIVIOBBIMH TPYyGaMH PSIOM
(UpM H3rOTOBJAIOTCA TaKxKe BOJOrpefHble KOTJBI, HCNOJb-
3yeMble B YTHJIH3aUHOHHBIX KOTedbHbIX, cxkurawomux ThO.
Tak, ynomsinyroii Bbiie ¢upmoit «BosyHa» mpousBositcs
IJS1 KOTeJdbHBIX, - cxurawiumx TBO c rennoroit cropanus
5—10,5 MJIx/kr, BomorpeiiHble KOT/bl TeMJONPOU3BOAH-
TeapHOCTBIO 3,5; 4,6; 8,1; 9,3; 15,1 u 21 MBT ¢ nogorpesom
BoAbl B HuX no 120—150°C. Takne KoTeabHbIE AMUTENbHOE
BpeMs HajeXHo paboTaloT B CHCTeMax TemJoCHaOXKeHUs
ropoJOB C OTHYCKOM OT HHX Topsiue#t BOAbl naBjenuem 0,6—
1,0 MIIa. Ha puc. 3.17 nokasaHbl NpHHUHIIHANBHAA KOHCT-
DYKTHBHAsl cXeMa TaKoro BOAOrPEHHOTO KOTJa C YIJIOBBIMH
Tpy6amu. Boaa u3 ob6paTHeix TpyGONpOBOAOB TEMJIOBLIX
ceTeil MOCTYNaeT B KOHBEKTHBHYIO TMOBEPXHOCTb KOTJA § H
JNBHXeTcad No TpyGaM CHU3Y BBEePX HaBCTpPeuy TOMOYHBIM
raszaM 1o cxeme npoTuBoToka. Ilpofias KOHBEKTHBHLIA na-
KeT Tpy6, Bofa MOCTymaeT B 3aJHIO0 UYacTh BEPXHHX KOJ-
JekTopoB 3 3KpaHOB 4, OTKyHa uepe3 3ajHHe YIJOBble
Tpy6bl I mopaercss B HUXKHUE pacrpejesiuTe/bHbIe KOJJIeK-
topbl 2. I3 3THX KOMsMeKTOpoB no Tpy6am skpaHoB 4 M yr-
JOBbIM TepeIHUM TpyGaM BoJa TNOCTYIaeT B NepegHIONn
YacTb BEPXHHX KOJIJIEKTOPOB 3KPaHOB M, MOJOTpeTas A0
HYKHO# TeMIlepaTyphl, OTBOJUTCS B HOjAalolKe Tpy6onposo-
I(bl TENJIOBHIX ceTell. KaK M B KOHCTPYKIHH NapoBHIX KOTJIOB
C YTJOBBIMH TPy6aMH, 3TH MPSMOTOYHBIE BOAOTpeliHbie KOT-
JIbi HEe HMEIOT Hecyllero Kapkaca, poJib KOTOPOTO BbHIOJHA-
eT KAeTka H3 yraoBoix TpyO. KoHCTpyKuus mepefHux yrJo-
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BbIX TPYG rapaHTHpPYyeT COXpaHeHHe BHYTPeHHel LHPKYJd-
IIHH BOABI B KOTJE JaXe B CJyyae pe3KOro najeHus aasJje-
HUS1 BOAbl H 00pa3oBaHHs mapa H, TakHM 0o6pa3oM, 3aLIUTY
Tpy6 OT pa3pyuwenus. Tak xe Kak H napoBbie KOTJIbI C yr-
JIOBBIMH TpyGaMH, BOJOrpeiiHble KOT/bl MOCTaBAAIOTCA HA

Puc. 3.17. ITpuHunnnancHas KOHCTPYKTHBHAst cXeMa BOAOrPeHHOro Kor-
Jna ¢ yrioBoiMil TpyGaMu Aarckoit dupmu «Boayup».

MOHTax JH60 B c6ope NpH TeMJIONPOU3BOAUTEABHOCTH 3,5;
4,6 n 8,1 MBT, 1160 HeCKONbKHMH KPYNHBIMU GJIOKaMH.

B 1975 r. B MockBe (pafion BeckymnukoBo) nyilleHa B
3KCIMyaTauMio KoreabHasi, cxuraiomasg 4,6 kr/c TBO B
Kotaax ¢panuysckoi ¢dupmel «k KHHMM» Ha onMcaHHBIX BbI-
ule pemterkax tTHna «MaptuH». Ha puc. 3.18 nokasana cxe-
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Ma naposoro koria ¢upMe «KHHUM>», npenHasHauenHoro
ansi BoipaboTKu 4,2 Kr/c mapa daBienueM 1,3 MIla » TeM-
nepatypoii 194°C. Koten aByx6apa6aHHbiii BepTHKaAbHO-BO-
JOTPYOHLIH, HO B OTJIHYHE OT OOBIUHHIX KOTJIOB C TaKMMH
napaMeTpaMi mnapa M CJ0€BbIM CiXlTraHHeM TOIVIHBA OH
HMeeT pa3BHTble pafHaLHOHHblE TOBEPXHOCTH Harpesa, pas-
MelleHHble B TpeX BBICOKHX BepTHKaJbHbIX Fa3oxojax, a

8 g V/ 1

Puc. 3.18. CkenerHass cxeMa IapoBOro KoTAa (GHpPMb
KHHUM (®panuusn).

KOHBEKTHBHASA MOBEPXHOCTb Harpeba yjaaJjieHa OT TOMOYHOTO
npocrpancTBa. Bepxuuit Gapaban | BHYTPEHHHM AHaMeT-
pom 1362 MM M mJMHON UHJAHHApHYeCKOH uyacTh 4750 MM
pacrnojioXeH napajsiefbHO (QPOHTY KOTia M H30JHPO-
BaH OT BO3JefiCTBUA TOMOUHBIX Ta30B TaK XKe, Kak
M HHXKHHE Gapaban 2 BHyTpeHHUM JuamerpoM 1124 mm H
qauHost 4500 mM. Coepunsiomige o6a 6apabGaHa NMy4yKd

111



tpy6 3—5 o6pasyior KOlUBeKTHBHYIO HacTb froBepxXHOCTI
Teroo6Mena. B To Bpems xak BepxHuii 6apaGan npH noMo-
WH ABYX NOJABECOK KPenHTCsa K HecylieMy Kapkacy KoTJaa,
HHAKHIT Gapaban BHCHT Ha TPy0ax KOHBEKTHBHOIO IYYKa,
pasBajabLOBaHHBIX B 000MX OapabaHax, H, CJel0BaTeJbHO,
CBOGOJHO mepeMelllaeTcss BHH3 NpPH YAJHHEHHH BCEiH CHCTe-
Mbi TpyG. B npesenax koriia TOMOYHble Tra3bl COBEPIIAIOT
1IeCTh BEPTHKAJbHbIX X0[0B. HemocpeicTBEHHO HaJl TOMKOM
pacnojioxeHa Kamepa Aoropanus [’, B KOTOPOH OTCYTCTBY-
10T OTKPbITbie pajHalHOHHLIe MOBEepPXHOCTH HarpeBa. Ona
o0pasyeT HHXHIOIO, TaK Ha3bIBaEMYI0 TOPAUYIO YacTb Bep-
THKaJIbHOH LIaxThl EPBOro ra3oxofa kKorsaa. Bce skpaHHble
MOBEPXHOCTH HarpeBa BbIMOJHEHb H3 TpyOH JAHAMETpOM
70X 3,6 MM. DKkpaHHble TaHeJH CO CBOHMH KOJIJIEKTOpPAMH
Kpensrcsa K HecyllleMy Kapkacy kKorsia. TpyOul ¢ponTOBOrO
3KpaHa 0, BbIOJIHEHHbIe ¢ 1aroM no ¢poHTy Kotsia 160 mMm
H HMeEIOLIHEe HAaKJOHHbIH YYacTOK OT ONOPHOTO HHXKHEro
KOJIJIEKTOPA, BEPTHKAJIbHBIH YUaCTOK W HAKJIOHHBIH NOTOJ0U-
HbIH Y4aCTOK OAHHM KOHLIOM BBAapeHbl B HHXKHHH KOJIJIEKTOP,
a JApYruM 3aBaJbliOBaHbl B BePXHHH NOJAYLHJIHHAD Oapaba-
Ha. YuacTku 3KpaHHBIX TpPyO OT KOJUIeKTOpa A0 NepBOro
BEPTHKAJbHOTO ras3oxoja KoTJa B Ipefejax Kamepbl AOro-
paHusa [’ 3aTopkpeTHpoBaHbl. 3agHH# 3KpaH 7 NepBoOro ra-
30X0/1a, COCTOALIMH U3 TPYO TakxKe ¢ marom 160 MM, numeer
BEPTHKAJIbHbIl H HAKJOHHBIH yuyacTKH, 06pasyioliHe HH3KHH
VAJMUHEHHBI CBOJ HaJ KOJOCHHKOBOH pelleTKoH. DKpaH
MMeeT BEPXHUH U HUXKHHH KOJJIEKTOPHI, B KOTOphle BBapeHb
KOHIB PHYTHIX TPY6. Ha 3TOM 3KpaHe MOHTHpYeTcsl HATpyO-
Hasi 0OMYypoOBKa, H3o0JupyolLad TPYOLl OT NMPAMOro H3nyue-
HHA (akesa NJaMeHu M ropsfiyMx Tras3oB B NEPBOM BEPTH-
KasbHoM rasoxopme /’. BokoBbie 3skpanni 8—I0 no cBoeit
KOHCTPYKLMH aHAaJIOTHUHbl 3aJHeMy, TPYyObl B HHX TaKke
pacnosioxennl ¢ mwarom 160 MM, a manesnn oGpasyiorcs ¢
MIOMOLIbI0 HHXKHHX M BEPXHHX KOJJeKTOpoB. Bepxnue koi-
JIEKTOpbl OOKOBBIX 3KPaHOB ClelHaJbHbIMH HaKJIOHHbIMH
nepenycKHbIMH TPyGaMH coelHHAOTCA ¢ BepxHuM Gapaba-
Hom. Iluranne 3KpaHOB BOJOH NPOM3BOAMTCA Yepe3 OMyCK-
Hble TpyGbl B HHXKHHE KOJIJIEKTOPbI, PacroJioKeHHbie BHe 30-
Hbl o6orpeBa. TonouHbie rasel, Mpoias BOCXOAALIHM MOTO-
KOM KaMepy Aoropanusi /° W mepBbIH BepTHKAJbHBIA dKpa-
HHpOBaHHbIi razoxon I”, cosepuaioT nosopor Ha 180° u
HanpaBJSOTCS BHU3 MO BTOPOMY ragoxoay [/. 3apuss creH-
Ka 3TOro rasoxofa o6pasoBaHa JABYCBETHbIM 3KpaHom [/,
BHINOJMIHEHHBIM U3 TpAMbIX TpYG Anamerpom 70X 3,6 MM, Ho
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