126

2. BBIBOP U PACYHET CUCTEM IIBUIETNIPUT'OTOBJIEHUSA
U I'OPEJIOYHBIX YCTPOUCTB KOTEJBHBIX ATPETATOB

[ToaroToBka TBEpAOro TOILUIMBA K MBIJIEBUJHOMY CKUTAHHUIO BKIIFOYAET B Ce-
Os1 IPOIIECCHI €ro0 OYUCTKU OT MOCTOPOHHUX MpHUMECEH, MpeIBaAPUTEIBLHOTO JIPO0-
JICHHUS, CYIIKHA U U3MEIbUCHUs. B mMpsiMO CBSI3M C HUMU HaXOAATCSI MPOLIECCHI UC-
TEUEHHUS TOTUIMBA WY TOTOBOM MBUIM U3 OYHKEPOB, a TaKXKe JI03UPOBAHUS TOILIMBA
B TOIKU KOTJIOB. Bb1Oop 00opynoBanus, obecneunBaroniero 3pGhexKTuBHOE, HAIEK-
HOE€ MPOTEKAHUE BCEX 3THX MPOLECCOB, HAXOAUTCS B 3aBUCHUMOCTH OT OCHOBHBIX
XapaKTEPUCTUK TBEPJBIX TOIUIMB — CHIMIYYECTH WIM CKIOHHOCTH K HaJIUIIAHUIO;
BJIAJKHOCTH, 3aCOPEHHOCTH TBEPABIMU NMPUPOJHBIMU BKIIOUEHUSAMHU, A TAKKE MeE-
TaJJIOM U JIPEBECUHOM; COMPOTUBISAEMOCTH U3MEIBUYCHUIO; a0pa3uBHOCTH; COJEP-
KaHUS JETy4YUX TOPIOYMX BELIECTB, OMPEACISIONUX TPeOyeMyto TIIyOuHY U3MEIb-
yeHus ToruirBa [9].

[IpuMeHeHne HOBBIX 3JIEMEHTOB M CXEM IMBUICIIPUTOTOBICHUS TpeOyeT Ooliee
JETaTbHON YBA3KHU PeXrMa pabOThl MbUICTIPUTOTOBUTEIBLHOIO U TOMIOYHOTO 000pY-
noBaHus. [Ipu 3ToM HEOOXOIUMO KpOME YBSA3KH CyMMapHON pa3MOJbHOU U Cy-
IIWIBHON MPOU3BOUTEIBHOCTH MEJBHUIL U ONpe/IeNICHUs] He0OX0JUMMOIo pe3epBa
YUHUTBIBaTh YA0OCTBO YIPABICHHS] CUCTEMAaMU MbUICIPUTOTOBICHUS U TOPEIIKAMH,
a TaK)K€ BO3MOYKHOCTb YCTPAHECHUSI PEKUMOB, NPUBOJAIINX K CHUKECHHUIO SKOHO-
MUYHOCTU M YBEJIUYEHUIO BPEIHBIX BHIOPOCOB KOTEIBHOI'O arperara mo yCJIOBHIO
paboThl MEIbHUYHBIX YCTPOUCTB.

[Ipu skcrutyaTaliny NbIIENPUTOTOBUTEIBHBIX YCTAHOBOK OOJIbIIOE BHUMAaHUE
YAENSAETCS MOBBIIIEHUIO HAACKHOCTH. [ paMOTHBI MHKEHEPHBIN MOJIXOJ K pelle-
HHUIO BONPOCOB MOBBIIICHUS HAJEKHOCTH BCEX 3JEMEHTOB CUCTEMBI MOATOTOBKHU
TOIUUIMBA K CXKUTAHUIO U JIOBEJCHUS KO3 (PUIIMEHTa TEXHUYECKOTO0 UCTOIb30BaAHUS
BCE YCTAaHOBKHM JO YPOBHS JIYYIIMX 3JIEKTPOCTAHIMNA MOXKET MOBBICUTH 3(Pdek-
THUBHOCTh TOIUIMBOWCIOJIB30BaHUs, CYIIECTBEHHO CHU3UTh 3aTPaThl TPYJa U MaTe-
pHUAJIOB HA PEMOHTHOE 00CIY>KMBAaHHUE MbUICTIPUTOTOBUTEIBLHOTO 000PYAOBAHUS.

K mpuHuIuMnuaibHbIM MOMEHTAM MPOEKTUPOBAHUS KOTJIOB, pabOTalOUX Ha
TBEPJIOM OPTraHUYECKOM TOILIMBE, CIEAYET OTHECTH BHIOOP THUIA FOPEJIOYHBIX yCT-
POMCTB U UX KOMIIOHOBKHY B TOIIOYHOM Kamepe KOTIIA.

OcHOBHas 4aCTh HACTOSAILETO pa3jieia COACPKUT METOUKY BbIOOpA U pacue-
Ta YIJI€Pa3MOJIbHBIX U TOPEIOYHBIX YCTPOUCTB KOTEIBHBIX arperaToB 3JIEKTPOCTAH-
IUA cpeHel U OOoJIbIION MapoNpPOU3BOAUTENHLHOCTH, CKUTAIOIINX TBEPJOE Opra-
HUYECKOE TOIUIMBO B MBIJIEBUAHOM COCTOSHUMU.

Paznen cocraBiien Ha ocHOBe HOpMaTUBHBIX MaTE€pHUAJIOB 10 PACUYETy U MPO-
€KTUPOBAHHIO NBUIEIPUTOTOBUTENBHBIX YCTAHOBOK M TOPEIOYHBIX YCTPOMCTB, pa3-
pabOTaHHBIX KOJUIEKTUBOM aBTOPOB BEAYIIMX HAYYHO-HCCIIEIOBATEIHCKUX UHCTH-
TyTOB M 3Hepretuueckux npeanpustuii (BTU, HITO UKTH, OPTPOC, TOII, TK3,
3uO u bK3 u T.1.). HopmatuBHBIe MaTepuaibl coriacoBanbl ¢ «Hopmamu TexHO-
JIOTUYECKOTO MPOEKTUPOBAHUS 3JEKTpocTaHumii», «[IpaBuiamu B3pbiBOOE30MAaC-
HOCTH YCTAaHOBOK JUISl NPUTOTOBIICHUSI M CYKWUTAHHUS TOIUIMBA B NMBUIEBHIHOM CO-
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cTossHUN», «lIpaBriamMyu TEXHUYECKOW IKCIUTyaTallMM 3JIEKTpocTaHuuii» u «Hop-
MAaTHBHBIM METOJIOM pacueTa KOTEJIbHOTO arperara».
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2.1. TEIIOBOU PACYET
CYIUINJIbHO-MEJbHUYHOU CUCTEMBI

2.1.1. BbiOop CymMJIbLHOI0 aT€HTA U €ro TeMIlepaTyphl

KonuuecTBo Teria, BHOCHMOTO B CYIITHMIIBHO-MEIIBHUIHYIO CHCTEMY, JTOJIKHO
o0ecreunBaTh CYIIKY TOILIMBA ¢ padodel BiaxHoctu Torwmea (WP, %) mo 3agan-

HOW BiaxHOCTH MUtk W™ (Tabm. 2.1.1) u BeIACpKUBATH PEKOMEHIYEMYIO TeMIIe-
patypy HbUIEra30BO3yIIHOW CMECH Ha BBIXOJIC M3 MEJIbHUIIBI (Tadi. 2.1.2).

Br16op cymumibpbHOTO areHTa 3aBUCHT OT ABYX (DaKTOPOB: BIAKHOCTH TOILIH-
Ba ¥ BbIXoja yietyunx [10].

C yBenuueHHWEM BBIXOJA JIETYYHX BEIIECTB IMOBBIMIACTCS B3PHIBOOTIACHOCTH
IBUICBO3AYITHON cUCTEMBI. PeanbHasi OmacHOCTh B3phIBA BOSHUKAET MPU pa3MoIie
yriaed ¢ BBIXOJAOM JeTydnx Oosnee 25%. YcTpaHUTh OMACHOCTH B3PBIBA MOYKHO
CHUKEHUEM COJIepKaHusl KUCIopoda B CylImiibHOM arente 10 17%. 3to noctura-
eTCsl J0OABKOM B CYIIMJIBHBIN areHT MPOTYKTOB CTOPAHUSI.

JIBIMOBBIE Ta3bl JJIA ATOW MW MOTYT OTOMPATHCS M3 BEPXHEHW YaCTH TOIKHU
(mpu Temmepatype 900-1000 °C) mubO MOKHO HCIOJIB30BaTh YXOJISIIUE Ta3bl
(06br9HO TIOCTIE TBIMOcoca mpu Temnepatype 130-150 °C).

Yewm BbIIe BIAKHOCTH TOILIMBA, TEM OOJBINE TpeOYyeTCs Teria Jyisl ucrmape-
HuUs Biard. [Ipy BO3AyIIHON CyIIKE W BIAXKHOM TOIUIMBE TEIUIA, COJASPIKAIIETOCS B
rops'YeM BO3JIyX€, MOKET OKa3aThCs HEAOCTATOYHO JUIsl MCMAapeHus Biard. Torma
MIPY JTIOOOM BBIXOJIC JIETYUUX MOTpeOyeTcss m00aBKa B CYIIMIBHBIA areHT TOPSYHX
ra3os.

W3 BRITIIEN3II0KEHHOTO BBITEKAIOT CIEIYIONTUE PEKOMEHIAIIHH.

1. ITo ycmoBusaMm cymiku mpu BiiaxxHocty TorumBa WP <25 % u V' <25 %

CJIeyeT MPUMEHSTh BO3IYIIHYIO CYIIKY. J{JIs1 TOIUIMB ¢ BBIX0IOM JieTyuux V' > 25
% HEoOXOaUM TIEepeXo] Ha Ta30BO3AYIIHYIO CYIKY (IO YCIOBHSIM B3PBIBOOIIACHO-
CTH).

2. [Ipu 6onpimo#t Bnaxkaoctu Tormmua (WP > 40 %) pexoMeHIyeTCsl IpUMe-
HSTH Ta30BYIO CYIIKY.

3. st TormuB BinaxkHocThio WP = 25-40 % pekoMeHIyeTcs CyliKa CMEChIO
BO3/yXa C ra3aMHu.

[lpr BO3IYIIHOM CYIIKE HW3BECTHBIM SBJSICTCS KOJWYECTBO CYIIHMIIBHOTO
arenta (OHO paBHO KOJIMYECTBY IMEPBUYHOTO BO3]yXa). B 3TOM ciydae mo Terio-
BOMY OaJIaHCy CYIIMJIBHO-MEJIbHUIHON CHUCTEMBI OTPEICIIICTCS ero TeMIeparypa.
Ecin mony4yeHHoe 3HadeHue OyIeT HIKE MPUHATOW TeMIIepaTyphl OI0TPEeBa BO3-
ayxa, TO HeoOXouMasi TeMIIEpaTypa Ha BXOJE B CYyIIMILHO-MEIBHHYHYIO CUCTEMY
JOCTUTAETCS CMCIIMBAHUEM TOPSUETO BO3AyXa C XOJOJHBIM, TOOABISEMBIM U3 OK-
pyXKaroLIen Cpebl.
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Tabmuna 2.1.1

HexoTopble XxapakTepUCTUKH UCXOJHOTO TOTUIMBA U YTOJBHOW MbLINA

Bacceiin, mecTo-
pOXIeHUE

Mapka
TOII-
JJUBa

| Koag-
bu-

IIpuBeneHHbIE
Pexo-
IIUEHT MEH/1ye-
pa3mMo-  Masi TOH-
JI0- KOCTB
CII0COO-  moMmoIIa,
HOCTH,

BnaxuHocte  30JBHOCTH

%-kr/MJIx

%-kr/MJTx

1 2 3 4 5 6

Vronb
JloHenkuit I 2-3,5 2,78 4,65 1,28 20-22
Jlonenkuit r 1,5-3,0 1,82 4,37 1,25 25-33
JloHenxuit T 0,5-1,0 0,87 4,11 1,8 10-13
Jlonenkuit Alll 0,5-1,0 1,58 4,24 0,95 7
Ky3nenkuii yi| 3,54 2,2 2,49 1,1 22-25
Ky3zHnernkuii r 1,5-3 1,36 1,76 1,3 25-33
Tomb—Y cuHcKHit 10C 3,5-5 2,22 3,51 1,45 17-20
Ky3nernkuii 10C 1,8-3,5 1,58 3,2 1,6 17-20
KpacHoOpoackuit T 2-4 1,69 2,75 1,4 11-14
Kaparan muHckuit K 0,8-2,0 2,58 9,97 1,4 18-20
DkubacTy3cKkuit CC 1,3-3,0 1,79 10,47 1,29 15-25
JlenrepoBckuit B3 10-15 12,85 10,12 1,8 53
ITo xMOCKOBHBII b2 11-16 13,96 13,06 1,8 55-60
Bopkyrunckuit XK 0,9-2,0 2,52 5,81 15 21-26
Nutnackuit Ji| 3,5-5 1,9 3,77 1,4 25-33
Bonremacknii r 2,0-3,5 1,55 5,01 1,2 24-32
Kuzenosckuii r 0,8-1,5 1,28 6,6 1,0 26
YensaONMHCKHI B3 45-11,0 5,4 8,86 1,2 55-60
Eropumnckuit ITA 0,5-1,0 1,5 447 1,5 9-1
BorocioBckuii B3 9,5-14 9,24 13,95 1,2 55-60
TxBap4enbcKkuit K 0,8-2,5 2,87 8,75 1,6 22-30
AHTpEHCKHIA b2 11-17 10,45 3,97 2,1 50
Kox—SIHrakckuii Ji| 34 2,04 3,48 1,35 23-30
Keeur—Kuiicknii B3 10-15 7,43 2,82 2,0 50
CynIOKTUHCKUH B3 5-12 5,14 3,12 1,3 50
Npma—
BoponuHckuit b2 12-16 8,82 2,34 1,2 55-60
HazapoBckuit b2 13-12 12,5 2,34 1,1 55-60
bepe3oBckuii b2 12-15 8,83 1,25 1,3 55-60
Urarckuii b1 12-14 13,23 2,22 1,4 55-60
bapan natckuii b2 11-12 10,45 1,24 1,4 55-60
YepHoropckuit Ji| 6-8 2,78 3,08 1,0 25
YepeMxoBCKHit Ji| 2,545 3,04 6,32 1,3 28-40
Aselickuii B3 5,5-14 6,04 3,08 1,12 55-60
I'ycuno—O3Epckuit b3 6-13 6,01 4,3 1,09 55-60
Basaronsckunii Ji| 5-8 5,34 3,57 1,1 28-33
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OxkoHnuanue taon. 2.1.1

1 2 3 5 6
bykauaunHckuii r 2-4 1,25 1,44 1,2 25-34
YepHOBCKU b2 11-16 9,69 3,79 1,25 55
XapaHOpCKUi b1 10-13 13,6 2,83 1,38 55-60
PaiiunxuHckumii b2 12-19 12,33 3,09 1,3 55-60
VYpransckuit r 1,3-2,5 1,57 6,18 1,05 25-28
JlunoBernkuit I 2-4 1,38 7,76 15 25-30
CyuaHckuii XK 1,0-2,0 1,19 7,31 15 25-28
CyJaHCKuit T 0,5-1,0 1,12 6,56 1,4 14-16
ApTeMOBCKUI B3 9-12 7,55 7,64 1,3 55-60
TaBpuyanckuii b3 0,9-2,5 3,43 6,10 1,3 55-60
bukuHcKui b2 1,5-5 17,2 10,23 1,35 45-50
Canrapckuii )| 2-3,5 1,73 2,33 1,1 30-40
YynpMaKaHCKUI XK 1,0-2,0 1,35 4,16 1,2 25-30
Bepxne—

ApKaraiuHCKui )| 6-9 4-3 2,94 1,0 26
AHaIBIPCKU b3 5,5-7,5 4,58 2,6 1,0 30

PexomenyeMble 3HaUEHUsT TEMIIEPATYPhI

Ha BBIXOJIC U3 CYIIMIbHO-MenbHIYHOM cuctemsl T, (°C)

Tomnuso

Cyuika ropsguum

Bo3yxoMm, °C

Cyiika cMechlo
JABIMOBBIX I'a30B C

Ta6muma 2.1.2

Cymika JpIMOBBI-
Mmu razamuy, °C

Bo3yxoMm, °C

YcTaHOBKa C MPSIMBIM BIYBaHUEM
Touwmii, 5KUOACTY3CKUI yroib 160 - -
Jlpyrue kaMeHHBbIE YTIu 130 170 170
Bypsle yriu u cnaHusl 100 140 140
®pesepHslil Topdh 60 120 140
Y CTaHOBKH C MPOMEXYTOYHBIM MBUIEBBIM OYHKEPOM
Toume yriu 130 - -
DKHOACTY3CKHE YIIIH 110 - -
Jlpyrue KaMeHHbIE YU 70 80 80
Bypsie yrnu 70 80 100
AHTpaLUT ¥ TOITyaHTPAIUT HE OTPaHUYMBACTCSI - -

Ecnu nonydenHas pacueroM TemmepaTypa OKa)XeTCsl BBIIIE MPUHATOW TEM-
IepaTypsl IOJOrPEBA BO3/lyXa, CIECAYET NEPEUTH HA Fa30BO3AYIIHYIO CYIIKY € JO-

OaBeHUEM ropsa4mx ra3oB U3 BCpXHCﬁ 9aCTH TOIIKH.

[Ipn razoBO3ayIIHOM CYIIKE KOJIUYECTBO BO3AyXa, MOIaBAEMOT0 I CYIIKH,
JIOJIKHO OBITh PAaBHO KOJIMUECTBY MEPBUYHOTO. /[ajnee BO3MOXKHBI /1Ba BapHaHTA.

1. Bnaxwnsie Oypoie yrim (WP = 25-40 %). B aTom citydae tpeOyercst 601b-
II0€ KOJIMYECTBO TeIlia Ha UCIApeHHE BIIAard. B pacdyer mpuHUMAIOTCS KaK U3BECT-
HbIC TeMIIepaTypa Topsiuero Bo3ayxa W TemIiieparypa razoB perupkyssiuu (900-

1000 °C).
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W3 tertoBoro Oananca OonIpeACIACTCA KOJIMYICCTBOM ITIOMCIIMBACMBIX I'da30B.

2. Kamennbie yriu ¢ 6ombimM BeixooM aetyunx (V' > 25 %). B atom ciry-
yae, KaKk IpaBuiio, TpeOyeTcss Mallo TeIula Ha ucnapeHue Biaru. KoiauuectBo nmosa-
MEIINBAEMBIX Ta30B MOJACYUTHIBACTCS M3 YCIOBUI B3PBIBOONIACHOCTH (pacdeT mpu-
BeZIcH Hipke). Jlist cymiku 3a0MparoTcsl YXOMISIIUE JBIMOBBIC Ta3bl (TemmepaTypa
YXOJSIIUX Ta30B 3a/1aHA).

W3 TeruioBoro OajlaHca HaXOAMTCS TEMIlepaTypa BO3AyXa, IMOJaBa€MOIo Ha
CYLIKY.

[Ipu uncTo ra30Bo# CcylIKe ra3el 3a0uparoTcs u3 BepxHei yactu Tornku (900—
1000 °C). C Taxoii BEICOKO# TeMIepaTypoi ra3bl B MEIBHHILY TIOCTYIIATh HE MOTYT.
[Ipennonaraercs, 4TO B 3TOM CiIy4ae MPUMEHAETCS MPEIBKIIOYEHHOE CYIIMIBHOE
YCTPOMCTBO, B KOTOPOM TeMIIepaTypa ra3oB OyJIeT CHUKEHA JI0 IOMyCTUMOM BEJIH-
yuHbl. B 3amauy nanHoil paboOThl HE BXOJIUT OTAENBHBIN pacueT CyHIMIbLHON ycTa-
HOBKH. COCTaBJIIETCS TEIUIOBOM OajaHC CYIIMJIbHO-MEIBHUYHOTO yCTpoWcTBa (B
KOMILICKCE).

2.1.2. BbiOOp pa3MoJIbHOIO YCTPOICTBA M CXeMbI NMbLJIENPUTOTOBIEHHUS

BpiOop THNA MENbHUI] MPOU3ZBOAMUTCS B 3aBUCUMOCTH OT (U3UUYECKUX
cBoiicTB TorumBa (kKo3(dduimenTa pa3MoIIOCTIOCOOHOCTH, BBIXOJA JETYYHX) H
MOITHOCTH KOTEJIBHOI'O arperara.

[IlapoBbiec OapabanHbie MenbHUIBI (LLIBM) mpuMeHstOTCS i TpyIHOpa3-
MaJlbIBa€MbIX TOTUIMB, TPEOYIOIIMX TOHKOTO [MOMOJIa: aHTPAIUTA, MOJyaHTpaluTa u
KaMEHHBIX yriiell ¢ ko3¢ duureHTom pasmonocnocodnoctn K, < 1,2. Kpome sto-

0, 3TH MEJILHUIIBI MOTYT IPUMEHSAETCS JUTsl pa3MoJia TOIUTHB ¢ OOJIBIIAM COJIepIKa-
HHeM KoiuenaHa: SP = 6-7 %.

Bbonee nerkme yriam pasMalbIBalOTCS B MOJIOTKOBBIX MedbHHUIIAX (MM),
cpenHexoaHbix MenbHHIAX (CM) m MmenpHHIAaX—BeHTHIATOpax (MB). Vriepas-
MOJIBHOE YCTPOMCTBO MOXKHO BBIOPATH MO PEKOMEHIAUSIM Ta0JI. 2.1.3.

Tabmuna 2.1.3

ILOHOJIHI/ITC.HBHLIC 3HAa4YCHUS K BI:I60py TUIIa MCIBHHUIIBI

TommmEo Koapdunuent PexoMeHryemblii
Pa3MoJIoCIIOCOOHOCTH THUI METHHUIIBI
AHTpanut 1,0 [IbM
KameHnHnsble yrou <11 IIEM, MM
Ot1xoapl 00OrameHus <1,2 1M, MM, CM
Kamennsie yrnu >1,1 CM, IIIbM, MM
Ot1x0pl 00OrameHus <1,2 [HIBM
Kamennsie yrom ipu V'© > 28 % >1,1 CM, MM
Bypble yriu Her orpannuennit MM, MB
Her orpannuennit MM, MB

Cnanen, ¢pesepnsiii Topdh
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Tabmuna 2.1.4

Yriaepa3molibHbIC MEIBHHIIBI IapoBbie Oapadanubie (LIIEM)
u BayikoBbIe cpeanexoaubie (MBC)

[Tpon3BOANTENBHOCTB, Yucao 060poToB
Tunopaszmep MeIbHULBI
T/4 B MUHYTY

IBM 207/265/23 (111-4) 4 23

IBM 220/330/21,8 (111-6) 6 21,8
HIBM 250/390/20 (111-10) 10 20,0
111bM 287/410/18,7 (111-12) 12 18,7
1BM 287/470/18,7 (111-16) 16 18,7
IBM 320/570/17,8 (LLI-25A) 25 17,8
IBM 340/737/17,2 (111-32) 32 17,2
H1BM 370/760/17,5 (111-38) 38 17,5
[I1BM 370/850/17,6 (11I-50A) 50 17,6
1116M 400/1000/17,1 (111-70) 70 17,1
MBC-90 4,5 78,2
MBC-105 6,5 64,5
MBC-125 11,5 59,4
MBC-140 14 50,0
MBC-160 25 48,5
MBC-175 32 41

MBC-240 50 41

[Tpumeuanue: nepBas nudpa B TUIIOpa3Mepe MApoBOi OapabaHHO MeNbHUIIBI — JHaMeTp Oapa-
6ana. l{udpa B THIIOpa3Mepe CpeTHEXOTHONM METbHUIIBI — JUaMETp CTOJIA.
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Puc. 2.1.1. IllapoBas 6apabannas menbHuna (LLIBM): 1 — snekrpoasurarens; 2, 3 — 3y04a-
Thle My(THI; 4 — COEMHUTENBHBIN BaJI; 5 — MPUBOIHBIC POJIUKH; 6 — OTIOPHBIC MOIIUITHUKH Ka-
YeHUs1; / — OTIOPHbIE POJIUKH; 8 — IMaJKue HMIMHAPUIEcKue BeHIbl; 9 — 6apaban menbHuIsl; 10
— yriaenoaommii natpyook; 11 — neuieBbIa0mui marpyook; 12 — nunuaapudeckas 4actb 6a-
pabana; 13 — TopieBble CTCHKH
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Puc. 2.1.2. CpennexoHasi BajKo-
Bas menbHuIa (MBC): 1 — pa3mosibHbIi
CTOJI, 2 — MEIIOIMUNA BajJoOK, 3 — Ha-
KUMHas NpykuHa, 4 — noOANOpHOE
KOJIBIIO; 5 — BO3IYyIIHBIA KOpoO; 6 —
KapMaH JUIs 0TXoAa; 7 — peaykrop; 8 —
KOJIBIIEBOM KaHall; 9 — Bpamaruuics
cemaparop; 10 — sjekTpoaBUTATENb
MPUBOJIA Cemaparopa

Tunopasmep MenpHUIBI HaxomaT mo Tabn. 2.1.4, 2.1.5. Ilpu npumenennn
CUCTEMbl MBUICIPUTOTOBIICHUSI ¢ NpomMOyHkepom u IIIBM ycranaBnuBaioT nBe
MEJTBHHIIBI Ha KOTeI. [IpOU3BOIUTEIIEHOCTS METBHHMIT (CyMMapHasi) JOJDKHA B 3TOM
ciydae ooecnieunBath 110-115 % Harpy3ku KoTia.

CxeMy NbLIENPUTOTOBICHUSI BRIOMPAIOT C YUYETOM CIEAYIOIIMX PEKOMEH/Ia-
uuid. Ilpu ucnonb30BaHUU MOJOTKOBBIX, CPEAHEXOJHBIX MEJIbHUI] U METIOMINX
BEHTWJIATOPOB OOBIYHO MPUMEHSIOTCS 3aMKHYTBIE CXEMbl MbUICIPUTOTOBICHUS C
MPSIMBbIM B/IyBaHUEM.

[Tpon3BOAUTENHHOCTD OJTHOM MENBHUIIBI, KT/C

, (2.1.1)

rae N, — KOJIMYECTBO MENbHUL, WT, 1pu yctaHoBke MM, MC u MB npu npsamom

BJyBaHMH Ha KaXKIBIH OJIOK YCTaHABIMBACTCS HE MEHEE TPeX MeNbHHMII (IIPH MPO-
U3BOJMTENbHOCTH KoTioarperara 6osee 400 1/4). [lpu MeHbIeH MPOU3BOINUTEb-
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HOCTU — HE MeHee JBYX. [Ipu ocTaHOBKE OJHOUN M3 MEIBHUIl OCTAJIbHBIC JTOTKHBI
obecnieunth He MeHee 90 % HOMHMHAIBLHON MPOU3BOAMTEILHOCTH KOTiIa, B — mon-
HBIM pacxo] TOIUIMBA HA KOTEJ, KI/C (CM. TEeIIoBoil pacueT kotna); K — ko3d-
(duULMeHT 3amaca Mo MPOU3BOAUTENILHOCTH MeNbHUIIBL. [Ipu ycTaHOBKE MOJIOTKO-
BBIX WJIH CPETHEXOHBIX MEIIbHUIl B CHCTEME TBUICITPUTOTOBJICHHSI C TIPOMEKYTOU-
HBIM NBIIECBBIM OyHKepoM Kod(duuueHT 3anaca K, 10 NpOM3BOAUTENBHOCTH

BbIOMpaeTcs cieaytomuM oopa3zoM. [Ipu ycraHoBKe JBYX MENBHUII HA KOTJIOArpe-
ratax K_ = 1,35; npu ycranoBke Tpex MenpHun K = 1,2; npu ycraHOBKe de-

3am

TeIpeX 1 6onee menpaun K =1,1.

Tabnumna 2.1.5
Yraepa3MolibHbIe MEJIbHHUIIBI MOJIOTKOBOTO THIa (MM)
U MelbHUIIBI-BeHTIIIATOpBI (MB)

[Tpon3BOAUTENBEHOCTB, Yucio 060poToB
Tunopasmep MEITbHHIIBI
T/4 B MUHYTY
MMT 1000/470/960 3,3 980
MMT 1000/710/980 5,0 980
MMT 1000/950/980 6,6 980
MMT 1300/1310/740 10,8 740
MMT 1300/2030/735 16,7 735
MMT 1500/1910/740 23,4 740
MMT 1500/2510/740 30,6 740
MMT 2000/2600/590 34,6 590
MMT 1500/3230/740 39,7 980
MMT 2000/2200/735 55,3 735
MMT 2600/3360/590 101 590
MMA 1000/470/980 3,5 980
MMA 1000/710/980 5,2 980
MMA 1300/950/735 8,1 735
MMA 1500/1190/735 14,5 735
MMA 1500/1670/735 20,4 735
MMA 1660/2030/735 24,0 735
MB 1050/270/1470 5,2 1470
MB 1050/400/1470 7,2 1470
MB 1600/400/980 11,8 980
MB 1600/600/980 17,2 980
MB 2100/800/735 28,8 735
MB 2700/850/590 44,0 590
MB 3300/800/490 58,0 490

[Mpumeuanue. [epBas mudpa THIOpazMepa — AMaMeTp poTOpa, MM; BTOpas — [UIMHA POTOPA, MM; TPEThS — YUCIIO
000poTOB, 00/MHH. [IJIs1 MENBHUIIBI-BEHTWIATOPA BTOpas nudpa — padovas mmpuHa jonatox, MM; MMT — momnor-
KOBBIE MEJILHULIBI TAHTeHIMATbHBIE; MMA — MEJIbHHITBI MOJIOTKOBBIE aKCHalbHbIe; MB — MeIbHUIBI-BEHTHIISITOPHI.

CuctemMbl TBUICTIPUTOTOBJICHUS C MPOMEKYTOUYHBIM OYHKEpOM MbLIH, Kak
MPABUJIO, IPUMEHSIOTCS NpH UCIOJb30BaHuu LIIBM, X0oTda MOryT nmpuMeHsTbCA U
pu padbore MM.
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Puc. 2.1.3. MoJioTKOBas TaHT€HI[U-
anpHas Menpauia (MMT): 1 — kopmyc; 2
— potop; 3 — Ban; 4 — 6una; 5 — Ouo-
JepykaTenu; 6 — OTOpPHbBIE MOAITUITHUKY,
7 — 2NEeKTPOABUTATEN; 8 — COCMHHU-

'y TenbHas My(dhTa; 9 — 0BOJI U OTBOJ OX-
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Puc. 2.1.4. MenpHULIa-BEHTHIISATOP C MPEABKIIOYCHHON OMbHON YacThio (MB): 1 — kop-
yc; 2 — MEJIOIIee KOJIECO-BEHTUIITOP; 3 — MPeIBKIIOUEeHHAast OMIIbHAS YacTh; 4 — MHEPIIHOH-
HBII cemapaTop; 5 — MOABOJI TOILUIMBA U TOPSYEro Bo3ayxa (CYIIMIBHBIN areHT)
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Puc. 2.1.5. UnauBuayanbHbIe CUCTEMBI MBUICTIPUTOTOBJICHUS KOTEIBHBIX arperaToB: @ — CUC-
TeMa IBUICTIPUTOTOBICHUS NpsiMOro BayBaHus ¢ [IIBM u ra3oBo3aynIHoN Cymikoi Tormaa; 6 —
crcTeMa MbUICIPUTOTOBIICHUS C IPOMEXYTOYHBIM OYHKEPOM M T'a30BO3AYLIHOW CYIIKON TOTLIHU-
Ba; 8 — CUCTEMA MBUICTIPUTOTOBIICHHUS C TPOMEXKYTOYHBIM OyHKEPOM, BO3AYIIHOW CYIIKOM U BEH-
THIIATOPOM Topsiuero Bo3ayxa (BI'/I); ¢ — cucrema mbLIenpUroTOBICHUS NPSMOTO BIYBaHUS C
MOJIOTKOBOM MenbHHIIEH: 1 — OyHKep ChIporo yrisi; 2 — aBTOBECHI; 3 — BeCOBOU OyHKep; 4 — nu-
TaTeNb YIJId; 5 — YCTPOUCTBO AJIsl MCXOAALICH CyIIKH; 6 — Muraika; 7 — MelbHUIA, 8 — cemapa-
Top; 9 — MenbHUYHBINA BeHTHIIATOP; 10 — KOpoO mepBUYHOTO BO3ayxa; 11 — kjmamaH mpucaaku
XOJIOAHOTO Bo3ayxa; 12 — ropenka; 13 — kopoO BropuuHOoro Bo3ayxa; 14 — nmaporeneparop; 15 —
ra3omnpoBoj; 16 — BO3yXOMmpoBO ropsYero Bo3ayxa; 17 — Bo3ayxomnoaorpeBaresb,; 18 — myTbe-
BOM BeHTWIATOP; 19 — B3pBIBHOM KilanaH; 20 — cMecuTenbHas kaMmepa; 21 — Teuka ChIporo yri;
22 — otcekatomuit mmobep; 23 — pacxogomep; 24 — ukIoH; 25 — atMocdepHbIit KiianaH; 26 — me-
pexuaHoi mubep; 27 — mHek; 28 — Oynkep nbuin; 29 — Tpydonposo Biaaroorcoca; 30 — Tpy6o-
npoBOJ peuupkyisnuu; 31 — kopod cOpocHoro Bo3ayxa; 32 — cOpocHast ropenka; 33 — BEHTHIIA-
TOp Topsiuero Bo3ayxa, 34 — mubep ¢ OBICTPO3aKPHIBAIOIIMMCS YCTPOHCTBOM; 35 — 3ariylika,
36 — TpyOOnpOBOJ aBapUIHOM MPHCAAKH XOJOIHOTO BO3Ayxa; 37 — TPyOOIPOBOJA XOJIOJHOTO
BO3/yXa JJIs YIUIOTHEHHUS BaJia MEJIbHUIIBI
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2.1.3. Ten10Boii 0aaHC CyIIMIbHO-MeJbHUYHONH CHCTEMBI
2.1.3.1. Bo3aymHas cymika

[Ipuxonnsie crathu Oaianca
qnpnx = qB + qux + qnpnc ' (212)

rae (, — gusmdeckoe TEIUIO, BHOCUMOE B PAa3MOJBHOE YCTPOWCTBO C BO3LYXOM,
k/lx/kr; (.,
raHosB, kJ[x/kr; q

— TEILIO, BBIJEIAIONIEECS B pe3yabTaTe paboThl pa3MalIbIBAIOIIUX OP-
— (hu3MYEeCcKOe TEIJI0 MPUCOCOB XOJIOTHOTO BO3AyXa, KJIK/KT.

pHC

dwuszndeckoe Terio, BHOCUMOE ¢ Bo3ayxoM (kJ[k/kr)
q,=9,ct. (2.1.3)

3ﬂCCB gB— KOJIMYCCTBO BO3AYyXad, IMMOoAaBacMOro B CymnMJIbHO-MCIBbHHUYHYIO CHUCTC-

My, KI/KT, IPUHAMAETCSI PaBHBIM KOJUYECTBY MEPBUYHOTO Bo3myxa. Jlis ero Ha-
X0XKJICHUST HEOOXOJIUMO BBIOPATH THUIIOPA3MEP FOPEIIOYHOTO YCTPOMCTBA (CM. pas.
2.2), a 3aTeM NPUHATH MO pekoMeHmanusMm tadn. 2.1.6 3nadenue kod3ddunmenra
HOJauu IbUIEBO3AYLIHON cMecu o, . Torga pacxox NEpBUYHOIO BO3AyXa (um*/kr)

0
onpenensercsa kak V=V -0, WIM B MaCCOBBIX €AMHUIAX (KI/KT)

neps
g, :VBO o, P, - (2.1.4)

3nech VBO— TEOPETUYECKH HE0OXOIUMOE KOJIMYECTBO BO3lyxa Ha 1 ke TOIUIMBa,
3 Do 3 :
oM /kr (ompeneneH panee); p,= 1,29 HM'/KT — IIIOTHOCTH BO3AyXa; €, — TEIUIOEM-

KOCTh B0o31yXxa, kJx/(kr-rpan), nmpuHuMaercs mo Tadi. 2.1.7 B mepBoM MpuOIHKe-
HHUHM 110 TEMIepaType ropsuero Bo3ayxa; t, — remmeparypa Bo3ayxa, I0AaBaeMOro

B CYIIMJILHO—MEIBHUYHYIO CUCTeMY (SBJISCTCS HEM3BECTHOW BEIIMYMHOMN U OTpe/ie-
JISIETCSI 110 pe3ysIbTaTaM pacyeTa U3 YpaBHEHHS TeIuioBoro Oananca), °C.
Teno, BeIIETSAIONIEECS B pE3yJIbTaTe pa0OThl pa3MalbIBAIOIINX OPTaHOB!

quX = KMBX ) 3

pasm !

(2.1.5)

rae K — ko3(p(pULIUEHT, yYUTHIBAIOIIKAN OO SJHEPTUH, IEPEXOAAIIEN B TEIUIO B

nporiecce pa3Mosia. B pacdyerax mpUHUMAETCS PaBHBIM:
JUTs apoBbIX OapadaHHbIX MenbHHIT ([IIBM) -0,7;
JUTS. MOJIOTKOBBIX MebHUI] (MM) -0,8;
IS cpeaHeXOaHbIX MeIbHUI] (CM) -0,6;
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3O, ..u— YACIBHBII pacxol 3HEPruHM Ha pa3Mmoil, KJDK/Kr, mpuHUMAaeTcs Mo TaOJl.

pas

2.1.8.
duznueckoe TEMIo MPUCOCOB XOJIOJHOTO BO3yXa, KJK/KT:

qnpc = Knpnc ) gB ’ CXB ’ tXB’ (216)

rae K. — Koadouument npucoca (KOJTMYECTBO XOJIOJHOTO BO3JyXa, MPHCACHI-

BacMOIo B CUCTEMY, B JOJIIX OT BECOBOI'O KOJIMYCCTBA CYIIHUJIBHOTO areHTa).
I1o onbITHEIM JaHHBbIM Knpm IIPUHUMACTCS.

s cuctemsl ¢ LIIBM u mpombynkepowm ot 0,15 no 0,25;

It cxeM ¢ mipsimbiM BayBanuem ot 0,3 mo 0,18.

Bosnbime 3HaYeHHsI OTHOCSTCS K MaJIBIM THIIOpa3MepaM, MEHBIITUE — K MEJTb-
HHUIaM OOJIBIION TpoM3BOAMTENBHOCTH (25 T/4 m Gonee); t — TemmepaTypa Xo-

JoxHOTO Bo3nyxa, °C, MpUHUMaETCsS MO 3aJaHuIo; C, — TEIUIOEMKOCTH XOJIOIHOTO
Bo3xnyxa (cm. Tabm. 2.1.7), x/[x/(xr-rpan), onpenensercs no tadbn. 2.1.7 mpu t_, .
Pacxonnbie cTaThu TEMI0BOTO Oamanca, KJ[x/Kr:

qpacx = qncn + q:a, + an + q5 ! (217)

rae (., — TeIlo, 3aTpaunBaeMoe Ha ucnapeHue Biaru, kKDk/kr; () — Temno, yHO-

CUMOE M3 YCTaHOBKH CYIIMJIBHBIM areHToM (B JaHHOM cCliydae — C BO3IyXOM),
k/K/Kr; (|, — TEIUIO, 3aTpadynBaeMoe Ha MOJOTPEB TOILINBA, KJ[XK/KT; (. — nmoTepu

TeIia OT OXJIAXKICHHS YCTAHOBKH B OKPYXKAIOILIyI0 cpeny, KJDK/KT.
Temuio, 3aTpaunBaeMoe Ha UCTIapeHue BiIaru, kKJHx/Kr:
q,., =AW -(2500+1,9-t2—4,19-tm), (2.1.8)

rae AW — KoM4ecTBO UCTIApEHHON BJIaru Ha 1 KT CBIPOTO TOILINBA, KI/KT.

p_ LI
w2 W (2.1.9)
100-w™

Bnaxunocts yrompaoi meum W™ mpuaEMaetcs mo Tabn. 2.1.1. J[ng torms,

HE MONaBIIMX B Tabnuily, oHa mpuHuMaercs Ha 0,5 % Gosble THTPOCKONMUYECKON
BiaxHOCTH ToruinBa W™ (cM. Tabnuiry 3jeMeHTapHoro cocraa toruma [10]).

Temneparypa nbuIeBO3ayIIHON cMecH 3a MenbHuuei t, , °C npuHumaercs

no tabu. 2.1.2. TemnepaTypa CyMMIBHOTO areHTa B KoHIle ycraHoBkH t,, °C mnpu-

HUMaeTcd paBHou: t, =t, —5, °C — npu cxeme ¢ npssMbeIM BayBanueMm; t, =t, —10,

°C — mpu cxeme ¢ TPOMeKyTouHbIM OyHKepoM; t _, °C — Temmeparypa ChIporo To-

T !

IUTHBA, PUHUMACTCS] PABHON TEMITEpaType XOJIOJAHOTO Bo3ayxa (o 3amaHuio). Te-
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IUT0, YHOCHMOE W3 YCTAaHOBKH C CYIIMJIBHBIM areHTOM (B 3TOM cliydae — C BO3JY-
XoM), KJIK/Kr:

A =(1+K,.) g ¢t (2.1.10)

rae C, — TEIUIOEMKOCTh Bo3ayxa, K/x/(krrpan), npuaumaercs mo tadn. 2.1.7 npu
TeMIIepaType a3pOCMeCH 3a MEIbHUIEeH — t, .

Tabnuna 2.1.6
Kosdduuuent n3dpITka Bo3myxa B ropeike Ol

u 1noJgadyu HBIHCBOSI[}IIHHOI\/’I CMECHU (ll IpH CyHIKC TOINIMBA r'OPSAYHUM BO3AYXOM

Cxema Bun cxxuraemoro tormsa
Tharctiop- AL TIA Kamennsriit yrosb Byps1it yrosib
Tumn ropenku TUPOBKHU Y TOIIHE YTIIU
MBLTH K TO-
peskam
Fopsteam 1,05 | 0175 | 1,05 | 0,225 - -
Buxpesas BO31yXOM
OBYXYIUTOY- | CyIIWIIb-
Has HBIM areH- 1,05-1,1 | 0,225 | 1,05-1,1 | 0,26 - -
TOM
Fopstiiu 105 | 0175 | 1,05 | 0225 | 1,05 | 0,25
Buxpesas BO3yXOM
YJIIUTOYHO— Cymnib-
JIOTIATOYHAs HBIM areH- 1,05-1,1 | 0,225 | 1,05-1,1| 0,26 - -
TOM
Fopseam 1,05 | 0175 | 105 | 0,225 - -
Buxpesas BO31yXOM
npsAMOTOYHO- | Cymmniib-
YIIUTOYHAS HBIM areH- 1,05-1,1 | 0,225 | 1,05-1,1 | 1,26 | 1,05-1,1 0,5
TOM
ggf;;fg; 1,05 | 015 | 1,05 0,2 1,05 0,3
IIpssmoTOoYHas
Cymmnib-
Hesena meM ares- | 1,05-1,0 | 0,215 | 1,05-1,1 | 0,25 |1,05-1,1| 0,55
TOM
[Ipssimotounast | I'opsuum 1,05 0,15 1,05 0.2 1,05 0.3
C OJIHOCTO- BO3IyXOM
pOHHUM BBO- | CyIIniib-
JIOM BTOPUY- | HBIM areH- 1,05-1,0 | 0,215 | 1,05-1,1| 0,25 |1,05-1,1| 0,55
HOTO BO3JyXa | TOM

HpI/IMeanI/Ie: BUXPCBBIC I'OPCIOYHBIC yc’[‘pOﬁCTBa PECKOMCHAYCTCS UCITOJIb30BATh MIPU CXKUTAHWUHW HU3KOPCAKIIMOH -
T
HBIX TOIIJIMB C V <25 %, IPAMOTOYHO-IICJICBBIC TOPCIKU PEKOMCHAYCTCA UCIIOJIb30BATh IIPU C)KUT'aHUU BBICO-

T
KOPEAKI[MOHHBIX TOILIUB C V' >25%.
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TemnoeMKoCTh HEKOTOPBIX Ta30B, kJ[x/(kr-rpan)

Tabnuna 2.1.7

TeMHiIéaTypa’ Kucnopon Azot Bozayx Vrne;c;cnbm Bonsnoii nap

0 0,9148 1,0392 1,0036 0,8148 1,8594
100 0,9337 1,0421 1,0103 0,9136 1,8903
200 0,9630 1,0517 1,0245 0,9927 1,9406
300 0,9948 1,0693 1,0446 1,0567 2,0005
400 1,0237 1,0915 1,0685 1,1103 2,0645
500 1,0484 1,1154 1,0923 1,1542 2,1319
600 1,0689 1,1392 1,1149 1,1920 2,2014
700 1,0856 1,1614 1,1355 1,2230 2,2730
800 1,0999 1,1815 1,1539 1,2493 2,3450
900 1,1120 1,1974 1,1702 1,2715 2,4154
1000 1,1229 1,2150 1,1844 1,2900 2,4824
1100 1,1317 1,2266 1,1970 1,3059 2,5456
1200 1,1401 1,2410 1,2083 1,3197 2,6042
1300 1,1484 1,2514 1,2179 1,3314 2,6586
1400 1,1564 1,2606 1,2267 1,4315 2,7089
1500 1,1639 1,2686 1,2347 1,3498 2,7553
1600 1,1710 1,2761 1,2418 1,3574 2,7980
1700 1,1786 1,2824 1,2485 1,3636 2,8382
1800 1,1757 1,2883 1,2944 1,3695 2,8742
1900 1,1928 1,2933 1,2602 1,3741 2,9073
2000 1,2004 1,2979 1,2653 1,3783 2,9366
2100 1,2075 1,3021 1,2703 1,3816 2,9668
2200 1,2142 1,3063 1,2749 1,3842 2,9936
2300 1,2213 1,3096 1,2791 1,3862 3,0178

Tabnuma 2.1.8
OpHEHTUPOBOYHBIE 3HAYECHUS kJK/KT

Mapka Torumsa

MOJIOTKOBast

Tumn MeapHUIEL

mapoBas

CpeIHEeX0THas

MCJIIbHHUIIA—

Alll

KamenHsb1#i yrons
Bypslii yrois
Crnanusl
®pesepHslil Topdh
Jlonemnxkuit T
Jonenxkuii I'
Kysneuxwnii CC
[TonmockoBHbI b
Hazaposckuii b
bukunckuii b

47-85
18-43
22-43
15-18

40
43
46

OapabanHas

BCHTUJIATOP
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Termo, 3aTpaunBaemMoe Ha MOJAOTPEB TOILIMBA, KJ[K/KT!

100-W? W™.4,19
2O W e J W R Ly, 2.1.11
q'rn 100 |:CT11 100 _Wnn:| (21‘ TJ'[) ( )

rae ¢, — TEIIOEMKOCTh CYXOW Macchl TOIUMBA, KJ[X/(Kr-rpax) mpUHHMAeTcs IO

CJICTYFOIIIUM PEKOMEHIAIIHSIM
JUTS aHTparuTa u tormmx yrmeidr — 0,92;

JUISl KAMEHHBIX YIJIen -1,1;
11 OypbIX yriiei u Topda —-1,16;
JUTSL CIIAHIIEB -0,88;

t, — Temmeparypa yroiabHOH IbUIM B KOHLIE YCTaHOBKH, °C, IpUHUMAETCS B pac-
gyerax t, ~1,.
ITorepu Temna oT 0XIaKICHUS YyCTAHOBKH B OKPYKAIOILLYIO cpeny, KJK/KT:

J3iis
O =——, (2.1.12)
BM
rae Q" — wyacoBas ToOTeps Temia HA OXJIAXKIEHHE YCTAHOBKH, KBT, MpHHUMaeTCs

mo tadi. 2.1 9.
Tabmuna 2.1 9

TloTepy Tema B OKPYKAKOLLYIO CPeLy cucTeMaMu nsutenpurotosnenus Qg , kBt

[ITapoBas 6apabaHHast MeIbHUIIA

YcTanoBka YcranoBka
C IPSIMBIM BAYBaHHEM C IPOMEXKYTOUYHBIM OYHKEPOM
bes © C mpen-
npeaBa- Bapu-
o Bapu- TenbHO bes npeasapu- C npenBapuTeb-
. | TEILHOU TEJIbHOM CYILLIKHU HOW CYIIKOU
Tunopasmep TEJIbHOUN o o -
MEJIbHULIBI CYLLKHU cyuion CYILIKOU
s Oy-
Tyt AT s peixu | Kamen- | Alllu
o KaMeH- | HbIE yrI- TOIIHE
yrIen MEHHEIE
HBIX yT- A yIIu
Jnen
IIIBM 160/235 15 18 16 14 22 20 24
IIIBM 207/265 18 22 20 20 29 28 31
IIIBM 220/330 23 27 25 25 38 36 42
IIIEM 250/360 u
IIIBM 250/190 28 32 30 29 43 42 47
IIIEM 287/410 34 39 37 36 52 52 58
IIIBM 287/470 35 40 38 37 53 53 59
[ITBM ¢ npowus-
BOJUTEIBHOCTBIO 42 49 46 45 64 64 71
2,5u 32 1/4
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MenbHULIa — BEHTUISATOP

OxkoHuaHue Tabnuue 2.1.9

CpennexoiHas MeJIbHHIIA

Tunopasmep ‘ IToreps Tunopasmep IToreps Tunopasmep IToreps
MMA 1000/470 6 MB 8/90 4,7 | MBC-65 10,5
MMA 1000/710 8 MB 12,5/105 7,0 | MBC-80 13,0
MMA 1300/950 12 MB 20/105 9,3 | MBC-90 15,0
MMA 1500/1190 15 MB 50/160 13,0 | MBC-105 17,5
MMA 1500/1670 20 MB 80/210 16,0 | MBC-115 19,5
MMA 1600/2030 23 MB 150/270 20,0 | MBC-125 21,5
MMT 1000/470 6 MBC-140 26,0
MMT 1000/710 8 MBC-160 28,5
MMT 1000/950 10 MBC-175 32,0
MMT 1300/1310 15
MMT 1300/2030 20
MMT 1500/1910 21
MMT 1500/2510 25
MMT 1500/3230 30
MMT 2000/2200 30
MMT 2000/2600 35
MMT 2600/3360 46

2.1.3.2. T'azoBas cymika
[Ipuxonnsie cTaThu Oasianca
Qe = A F G + Gupuc (2.1.13)

rae  — (u3nYeckoe TEIIo, BHOCHMOE C Ta3aMH, MOJABAaeMbIMU ISl CYIIKH U

TPAHCIIOPTUPOBKU TBUIM B CUCTEME MbUICHPUTOTOBICHUS, KJK/KT; (  — TeIo,

MEX

BBIJICTISIIONICECS] B pe3yjIbTaTe padOThl pa3MallbIBAIOIIUX OPraHoB, KJ[x/kr (cM.
dopmyny (2.1.5)); 0, — TETUIO BHECEHHOE C MPUCOCAHHBIM BO3TYXOM, KJ[K/KT.

dusznyeckoe TCIIJIO, BHOCUMOC C ra3zaMu, 11oJJaBaCMbIMHU IJIdd CYIIKHU U TPAHC-
IIOPTHUPOBKU IBIIX B CUCTEME MBUICIIPUTOTOBIICHUA, KI[)K/ KI'

!/ !/
q =9, c t. (2.1.14)
3nech t' — Temmeparypa ras3os, mogaBaeMsix B cuctemy, °C. Ilpu 3abope ra3os u3
BEpXHEH YacTH TONKH C YYETOM TPHCAIAKU YXOIIIIMX ra30B MpUHUMaeTcs 1t =
500-600 °C (cM. BbIme); ¢, — TEMIOEMKOCTh Ta30B, K/ x/(Kr-rpai), MOXeT pHHU-
Matbcs o puc. 2.1.6 npu TemmepaType ra3oB t’, 100 MOJCUYUTHIBATECS UCXOAS M3

TEIJIOEMKOCTH Ta30B, BXOIAIIUX B cMech (Tadin. 2.1.7), u ux coaep:kaHus B CMECH
(cM. TETUTOBOM pacueT KOTEIBHOTO arperaTa); g, — KOJHYECTBO Ta30B, KI/KT, SBIS-

€TCS HEU3BECTHOM BEJIMUMHON U ONPCACIIICTCA 110 PE3YyJIbTAaTy pacdCTa U3 TCIIO-
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Boro Oamanca. OmpeneneHue (|, AHAJIOTHYHO PacyeTy NPH BO3AYIIHOW CYIIIKE
(cM. hopmyity (2.1.5)). Terio, BHECEHHOE C TIPUCOCAHHBIM BO3TYXOM, KJIK/KT:

qnpnc = Knpnc ) gr ’ CXB ’ tXB ! (2115)

rae K. — Koadouument npucoca (KOJTMYECTBO XOJIOJHOTO BO3JyXa, MPHCACHI-

BaeMOT'0 B CHCTEMY, B JIOJISIX OT BECOBOTO KOJUYECTBA CYNIMIIBHOTO areHTa), MpH-
HUMAECTCS [0 pEKOMEHIAIMSIM, TPUBEACHHBIX K (hopmyte (2.1.6).
Pacxonnsie ctathu OanaHca, K/[K/Kr:

Upacx = Oyen T Or + 0y, + s, (2.1.16)

rae (., — TemIo, 3aTpaunBaeMoe Ha UcrapeHue Biard, kJx/kr (cMm. popmyy 2.1.
8); q" — Teruto, yHOCHMOE U3 YCTAHOBKH CYIIMIBHBIM areHTOM (B JTaHHOM Cllydae —
C IBIMOBBIMH Ta3zaMu), KJ[K/KT; (|, — TEIUIo, 3aTpaunBaeMoe Ha IOI0TPEB TOILINBA,
kJLK/kr (cMm. dopmyny 2.1.11); g, — mOTepH TeIula OT OXJAXKIEHHS YCTAHOBKH B
OKpy’KaroIyto cpeny, kJx/kr (cM. popmyny 2.1.12).

Temno, yHOCHMOE CYNIMIBHBIM areHTOM (ra3aMu) M3 CHCTEMBI MBUICTIPUTO-
ToBIeHUs, KJ[&/Kr:

0 =(1+K,.) & ¢t (2.1.17)

rac gr — pacxo/J ra30B Ha CYUIKY, ABJIACTCA HEHU3BECTHOM BEIUUYMHON U onpcacisi-
CTCA 110 OKOHYAHHUIO pacdCTa U3 YpaBHCHHA TCILJIOBOI'O 6ancha, KF/KF; C. — TeIUIO-

eMKOCTb Ta30B, KJ[x/(Kr-rpan), onpeaensercs ¢ momoIisio puc. 2.1.6 mo temmepa-
Type, 1,; t, — TemmepaTypa aspocmecu 3a MenbHuUIEH, °C, BEIOOP KOTOPOIl Ipon3-
BOJIUTCS aHAJIOTHMYHO PACUYETy MBLICCHCTEMBI NMPU BO3AYIIHOW cymike (cTp. 143).
3HaueHUsT BEJIWYUH ( q,,, Os ONPENEeNsIOTCS aHAJIOTUYHO pacyeTy NpH BO3-

ucn !

AYITHOW CYIIIKE, COOTBETCTBEHHO 1o ¢dopmynam (2.1.8, 2.1.11 u 2.1.12); K P

K03 GuIMeHT nprcoca (KOJIUISCTBO XOJOJTHOTO BO3yXa, MPUCACHIBAEMOTO B CHC-
TEMY, B JIOJIAX OT BECOBOTO KOJIMYECTBA CYIIWIBHOTO areHTa), IpUHUMAETCS 110 pe-
KOMEH/IAIMSIM, TTPUBEICHHBIX K opMmyite (2.1.6).

2.1.3.3. 'a3oBO3MyMIIHAS CyIIIKa

[Ipuxonnbie cTathu Oaianca

qnpnx = qca + qux + qnpnc ' (2118)
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rae (., — pusndeckoe TEIo, BHECEHHOE CYIIMIBHBIM areHToM, kJ[x/kr; - — Te-

MEX

IUTO, BBIICJISIFOIIIEECS B PE3yIbTaTe padOThl Pa3MalIbIBAIOIIUX OPTaHOB, K/ /KT (CM.
dopmyny 2.1.5); 0, — dusnHECKOE TEMIO MPUCOCOB XOJOAHOTO BO3yXa, KJDK/KT
(cM. popmyiy 2.1.6).

du3nyecKoe TEIUI0, BHECEHHOE CYIITMIBHBIM areHToM, KJK/KT

qca:gB'CB'tB-l_gr'Cr'tr- (2119)

[TepBoe cnaraemoe B ¢popmyiie (2.1.19) yuuThiBaeT TEII0, BHECEHHOE C BO3YXOM,
BTOPO€ — C ra3amu, OJAaHHBIMHU B CUCTEMY MbUICIPUTOTOBIICHHUS.

WuTepniperanus BeIWUnH, BXOAIMUX B popmyiy (2.1.19) onpexnensercs aBy-
MS THIUYHBIMU CITYYasiMHU

1. Pa3manbiBaeTcs BIIaXXHOE TOIUIMBO (Hampumep, Oypblil yrojb), JTOMOIHH-
TellbHas T0/1a4a ra3a BbI3BaHA OOJBIION MOTPeOHOCTHIO B Temie. B Takoil cutya-
LMY U3BECTHBIMU BEIUYMHAMU SIBJISIOTCA: (, — pacxXold BO31yXa, KI/KI, paBHBIN

KOJIMYECTBY MEPBUYHOTO BO3AYXa, IMOJIABAEMOTO Uil TOpeHMs, (ompeneneHue g, —
cm. paszen 2.1.3.1, dopmyna (2.1.4)); t — temneparypa Bo3ayxa, °C, paBHas BbI-
OpaHHOH paHHEe TeMIlepaType rops4ero Bo3ayxa (CM. TeIJIOBOW pacdeT KOTiaa); C,

— TEIUIOEMKOCTh Bo3ayxa, kJ[x/(kr-rpan), onpeaensemMas mo 1abn. 2.1.7 mo temrie-
patype t; t — Temmeparypa rasos, °C, oTOMpaeMbIX U3 BEpXHEW 4acTH TONKH
(mpuHnMmaeTcs B pacuerax t = 900-1000 °C.

B koHIIe pacueTa CymIMIbHO-MEIBHUYHOM CUCTEMBI U3 €€ TEIUIOBOTO OajnaHca,
ClIeyeT ONPENEIUTh KOJINYECTBO IOMEIINBAEMOr0 raza — ¢, , KI/KT.

2. PazmanbpIBaeTCsl MaOBIAXXHOE TOIUTMBO, HO C OOJBIINM BBIXOJOM JIETYyUUX
(HammpuMep, KaMeHHbIE YTIIN).

B »TOM ciy4ae KOJIM4YECTBO NMOAMEIIMBAEMBIX T'a30B ( JODKHO oOecredu-

BaTh CHI)KCHHE COJIepKaHMs Kuciaopoaa B cMecu 10 17 % (mo oobeMy). D10 KOJIH-
4ecTBO . MOKET ObITh ompezeneHo u3 ypaBHenus V _ -0,2E (V +Vr)-0,17.

nepB meps

Orcroma V. =0,235-V, .. Torna, 3sHa4yenue g, , KI/KT MOKET ObITh HANIEHO U3 CO-

OTHOIIIEHHUS
9 _0,235. 9 (2.1.20)
P: Py

3neck V. — 00beM NOIMENIMBAEMBIX A30B, HM3/Kr; VHepB — 00BbeM MEPBUYHOTO BO3-

3 . . - 3
Ayxa, 0JJaBaeMOro B CUCTEMY, HM /KT; §. — Macca ra3os, Kr/kr; p, = 1,3 kr/um™ —
IUTIOTHOCTH Ta30B; §, — Macca BO3Iyxa, KI/KT, onpexaersiercs no ¢opmyne (2.1.4);
p,=1,29 KI/HM® — ILIOTHOCTS BO3/1yXa.
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Torma xosnmdecTBO MOAMENIMBaeMbIX razoB, Kr/kr: g =0,235-g . Pacxon
BO3AyXa (,, KI/KI, OIpeleNsercs COIJIacHO pekoMeHaauusMm paszznena 2.1.3.1
(bopmyna (2.1.4)). Temmnepatypa ra3os t , °C — npuHIMaeTCs paBHON TeMIlepaTy-
pe ra3oB 3a AbIMOCOCOM, TO ecTh t =1 .

Takum 00pazom, pu pa3Moie MAJTOBIAXKHBIX TOIUINB, B PE3YJIbTATE COCTAB-

JICHHSI TEIIOBOTO OajaHca CJIeayeT onpeaAcnTb TCMIICPATYPY BO3AYyXa, IMOoAaBac-

MOT0 B CYHIMJIbHO—MEIbHUYHYI0 cuctemy — t , °C.
Temuto, BeLENSAIONIEECSA B pE3YIbTaTe pabOThl pa3MaJIbIBAIOLIUX OPTaHOB, (

mex !

k/K/KT, ¥ yYUTBIBaEMOE B MPUXOJAHON YacTH OajaHca, ONpeaessaeTcs] aHATOTHIHO,
KaK M B cIy4ae Bo3aymHo# cymku (cM. pasgen 2.1.3.1. — popmyma (2.1.5)).
dwuszndeckoe TeIIo MPUCOCAHHOTO BO3ayXa, KJK/Kr:

qnpc = Knpnc ’ (gr + gB) ) CXB ) txe ! (2121)

rae K. — Koadouument npucoca (KOJTMYECTBO XOJIOJHOTO BO3JyXa, MPHCACHI-

BaeMOT'0 B CHCTEMY, B JIOJISIX OT BECOBOTO KOJUYECTBA CYNIMIIBHOTO areHTa), MpH-
HUMAECTCS 110 pEKOMEHIAIMSIM, MPUBEACHHBIX K (hopmye (2.1.6).
Pacxonnsie ctathu OanaHca, KJK/Kr:

qpacx = qncn + qga + an + q5 ! (2122)

rae (,, — Temo, 3aTpaunBaeMoe Ha ucmapeHue Biard, kJ[k/kr (cMm. dopmyry
2.1.8); Q! — Termio, yHOCHMOE M3 YCTAaHOBKHU CYIIMJIBHBIM areHToM (B JAaHHOM CITy-
Jae — CMECBHIO BO3JyXa C ABIMOBBIMHU Tazammu), KJDK/Kr; (], — Temso, 3aTpaynBae-
MoOe Ha TomorpeB TorumBa, K/Dk/kr (cMm. dopmymy 2.1.11); g, — moTepu Temia oT
OXJIQXK]ICHHsI YCTAHOBKHU B OKpYIKaroIlyto cpeay, kJx/kxr (cm. popmymy 2.1.12).

n

Pacxon Tema ¢ oTpaboTaBmIMMH B IbUIECHCTEME Ta3amy, () = Q"+, , KJx/kr
al =(g, ¢ +g-¢)t LK) (2.1.23)

7€ ¢, — TeIUIOEMKOCTh JIBIMOBBIX Ta30B, k/[x/(krrpax), onpexnensercs mo puc. 6 mpu
TEMIEpaType a’pocMecH 3a MenbHUIEeH 1f,; C, — TemIOeMKOCTh BO3/IyXa,

B
kJIx/(kr-rpan), onpenenseTcs mo tadi. 7 Ipu TeMIlepaType a3pOCMECH 32 MEJTbHUIICH
t,; g, — Macca TOIMENIMBAEMBIX Ta30B, KI/KT, ONPEAENACTCS M3 COOTHOIICHUS

(2.1.20); g, — macca Bo3myXa, KI/KT, omnpernensercs no ypasHeHuto (2.1.4); K e =

KO3 GUILIMEHT TpUcoca, MPUHUMAETCS TI0 PEKOMEHIAIUAM, IPUBEACHHBIX K (hopMyIie
(2.1.6).
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1,24 1.2
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2 2
3 3
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8) 2)
Puc.2.1.6. TeroeMKOCTh TOTOYHBIX Ta30B NPH PAa3IHYHBIX M30BITKAX BO3IyXa: d) OYpPBIH
yronb, b1l; 6 — Oypsiit yronb b2; 6 — Oypeiit yronb b3; 2 — kamennsrii yronb; 1 — a0 =1,2;2 — o
=14,3-a=16;4-a =18;5-a =20

2.1.3.4. HaxoxneHue NCKOMOM BEJTNUYUHBI

Hckomass BenuumHa (MO0 TeMIieparypa BO3AyXa Ha BXOJle¢ B CYNIMJIBHO-
MEJIbHUYHOE YCTPOMCTBO Ipu Bo3aylIHOH cymke — t , °C, nubo pacxox razoB mpu

ra3oBOH CylIKe — ¢ , KI/KT, 1100 TeMIepaTypa BO3[yXa WIH pacxo ra3oB IIpH ra-

30BO3/YIITHON CYIIKE) HAXOJIUTCS MO YPaBHEHHIO TEIUIOBOTO OajlaHca TMOCie MPH-
paBHUBAHUS TPHUXOJHBIX cTarei Oananca (( k/x/kr) pacxomaeiM ((Q

kJK/KT):

npux ! pacx !

G = e (2.1.24)

01051
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qca + qux + qnpnc: qncn + qga + an + q5 ' (2125)

2.1.4. TlepecueT NPOU3BOAUTETHHOCTH YIJI€Pa3ZMoJIbLHBIX
MeJILHUII HA IPYroe TOIJIMBO

2.1.4.1. OGocHOBaHHE HEOOXOIUMOCTH TIepecUeTa

Ha npou3BoauTEIbHOCTh MEIBHULIBI OKA3bIBAET BIMSHUE LEIBbIA P PaKkTo-
POB: Pa3MOJIOCIIOCOOHOCTh TOIUIMBA, HAYaJbHBIA pa3Mep KYyCKOB, KOHEYHas TOH-
KOCTh TIOMOJIa, HavaJibHAsl BJIAXXHOCTh TOIUIMBA, KOHEYHAs BIAKHOCTH (IMBUTH) U
psan apyrux ¢aktopoB. B Tabnuiax xapakTepUCTUK METbHUYHBIX YCTPOUCTB 00sI-
3aTeIbHO yKa3bIBACTCSA, MO KAKOMY TOILIMBY (3TAJIOHHOMY) OTNpejeiicHa e¢ MPOu3-
BOJUTEIBHOCTh. [Ipu MCHONIb30BaHUM Pa3MOJIBHBIX YCTPOWUCTB Ha JIPYTHX TOIUIH-
BaX CJEyeT MPOU3BECTHU Mepepacyer.

2.1.4.2. Metop niepecyeTa IpOU3BOAUTEILHOCTH PA3IUYHBIX THIIOB MEIbHUIT

ITepecuet pa3zmonbHO# npousBoautenabHocTu [IIBM, CM, MMA, MMT u MB
MPOU3BOIUTCS MO clieaytoien popmyre, T/4:

KT T T fin 1
B"=B = (2.1.26)

KJ,m .H;nl -H];J'I2 'HL,[p ) In "

R90

rae B”, B! — mpon3BOmMTENFHOCTh MEIBHUIIBI HA PACCUYMTHIBAEMOM H 3TaJOHHOM

TOIUIMBAX: C OJJHUM IITPUXOM JJIsl STAJIOHHOTO M JIByMsI IITPUXaMU JJIS UCCIeqye-
MOTO TOIUTHBA; BeJMYMHA B BeIOMpaercs mo 1adn. 2.1.4 n 2.1.5 B 3aBUCIMOCTH OT

BBIOPAaHHOTO TUIIOpa3Mepa MENbHUIBI, 11

Bial?

11, —nonpaBo4HbIe KOO PHUIIUEHTHI,

YVUUTHIBAIOIINE BIUSHUE BIAXHOCTH TOTUIMBA HA €r0 Pa3MOJIOCITIOCOOHOCTH, TO/I-
cuutbiBatoTcs 1Mo Qopmyrnam; K — xosddummeHt pasmonocnocoOHOCTH (TadI.

2.1.1).
3Ha4yeHus MONPaBOYHBIX KOd(duuuentos I/, u I[ , paccYUTHIBAIOTCA IO

CICAYIOIMM 3aBUCUMOCTSIM.

_ (= WE) _(WCP)Z, (2.1.27)
KZ—(WH“)

rac K- KOHCTAaHTAa, XapaKTCPHU3yromass MaKCUMAaJIbHYIO BJIA’)KHOCTb TOILJIMBA,

Bl
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K=1+107-W*®, (2.1.28)

rne WP — cpemHsisi BIaKHOCTh Pa3MalbIBAEMOT0 TOIUIMBA JUTSL CIIAHIEB M OYpPBIX
yraeu, %

P . i}
we :w, (2.1.29)
JUISl KAMEHHBIX YIJIEH
p . w1
we =W—+$ W (30)

rae W™ — BrnaxkHocTh TomiuBa, %; WP — BIaXHOCTh TOILIMBA MEpe] MeIbHULEH
(BIaXXHOCTH TOILIMBA HAa pabodyto Maccy), %.

[Tpumeuanwue: npu nmoacuere W v HATUYIUK MPEABKIIOYCHHBIX CYIIHIBHBIX
yctpoiictB BMecTo WP ciietyeT HCIIoJIb30BaTh BJIAXKHOCTh TOIUIMBA 32 3THMHU YCT-
poiictBom (nepen mensHueit) W', %. Meronuka onpenenenuss W mpuBenena B

[11]. B 0Obem naHHOW pabOTHI pacdeT MPEABKIIOYCHHBIX CYIIMIBHBIX YCTPOWCTB
HE BXOJIUT.

100-W®

_ , 2.1.31
P2 100 -WP ( )

3nauenue /1, npunumaercs no rpaduxy (puc. 2.1.7); mns Alll mompaska

I1,, =1. Jlnsa Beex MenbHUIL pekomenayemoe 3nadenne Ry = 20-30 %. Toukocts

I1,, nomona 3a cenaparopom Ry, (%) st pasneix yriel mpugenena B tabmn. 2.1.1.
XapaKkTepUCTUKH STATTOHHOTO TOTLTUBA JJISI MEJIbHHMII Pa3TAYHBIX THIIOB!

1. MMT u MMA (Oypbiii yrojib, HHEPIIMOHHBIE CEeTapaTophl):

WP =33%; K/, =1,7; R. =20 %; Ry, =55 %; W™ =8 %;

2. IIBM (yrosib—aHTpaIur):

WP =85%; K/ =0,95; R, =20%; Ry, =7 %; W™ =1 %;

3. MC (yromb KaMEeHHBIN):

WP =30%; K/, =1,5; R, =20 %; Ry, =10 %; W™ =3 %

4. MB (yroas OypbIii):

WP =56,6 %; K, =1,7; R, =20 %; Ry, =60 %; W™ =6,5%.
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1,14
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Puc. 2.1.7. 3aBucumocts K03(-

¢unuenrta 1/ ,p OT OCTaTKa Ha CHTe

R5

0
51 /0

2.1.4.3. OnpeneneHue CymmIbHONW MTPOU3BOAUTEIIBHOCTH METHHUIIBI

[lo HaiieHHOMY M3 TEIJIOBOTO OajaHCa 3HAYEHUIO pacxoja CYUIMIBHOTO
areHTta (_, , KI/KT, MOJCYUTHIBAETCS OTPAaHUYMBAEMasl YCIOBUSIMU CYIIKHA TTPOU3BO-

ca’

JTUTEIBHOCTD (CYIIMIIbHAS IPOU3BOIUTEIILHOCTD, KI/C) MEITBLHUIIBI JTFOOOTO TUIIA!

B, = Vi B , (2.1.32)
0. -(0,774+0,786- K +0,00125-d/, +1,245-AW )

rae ¢, — pacxoj CYHIMJIBHOTO areHra, KI/Kr, IpH: BO3AYIIHOHM cymke (., = .,
ra3oBoil cymke ¢, = (., ra3oBO3QyLIHOHN cymke ., = ¢, +0,.; B — mompasou-

HbIN KO3 PUIMEHT Ha OapOMETPUYECKOE JIABIICHHE U TeMIEpaTyphl adpOCMECH 3a
MeNbHHUIIEH, onpeensercs no Gopmyre

St
13,6
(273+t,)-760

273-| b —

B= (2.1.33)

rae S — pa3pekeHue nepesa MEeTbHUYHBIM BEHTHIISITOPOM, TPUHUMAETCS B pacye-
Tax S, = 150-200 mm.ox.cT.; K = — MpHCOCHI BO3yXa B MENBLHUYHOH yCTAHOB-
ke (cM. pazmen 1.3.1); 5 — GapoMeTpudeckoe JaBJiIeHUE, TPUHUMACTCS B pacdeTax
5 =760 mm.pT.cT.; t — TemmepaTypa a’pocMecu Ha BXOJE B MEIbHHYHBIN BEH-
THJISITOP, TIPUHAMAETCS PAaBHOM TeMIepaType Ha BBIXOJe W3 MenbHHIBl 1, —(cM.
tabm. 2.1.2); d! - BmarocomepkaHue CYIIMJIBHOTO areHTa Ha BXOJE B MEIBHUILY.
IIpu Bo3mymmnoii cymke d/ = d, =10 r/kr. [Ipu cymxe razamu d/, = d_, rae Bia-
rocojiep>kaHue Ta30B ONpenesieTcs no popmyie
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10(9-HP +WP)+p, -0V, d,
d = - , (2.1.34)
1+p,-o-V2—
100

rae o — ko3ddumnmeHT u30bITKa BO3ayXa B paiioHe oTOOpa ra3oB (CM. TEIJIOBOU
pacuet KoTJja).
[Tpu cymike cMechio BO3yXa U Ta30B, T/KT

gr =9°0,70.-0, (2.1.35)
g, +9,
V,_ , — OpOU3BOJUTEIBHOCTh MEJIBHUYHOIO BEHTUIIATOPA, M/c, paBHas 00beMy ra-
30B Ha BBIXOJIE U3 CYIIMJIbHO-MEIbHUYHON CUCTEMBI.
IIpu BO3MyHmIHOM CyIIKe
I+ K ) 9 AW | (2734
V. = ( mp ) N ( 3+ MB].BM, (2.1.36)
P, Pun 2173
rae B, — pacderHas npou3BOAUTEIBLHOCT MEIBHUILIBI, KI/C.
IIpu rasoBou cymike
273+t
V= 9. +M+VBO'KWC (ﬁjgh{ (2.1.37)
P Pun 273
IIpu ra30BO3AYIIHOM CYyIIKE
4 K ) 9 AW 273+t
V. = ( e LAV 9 (L)BM (2.1.38)
P, P P 2173

3 ) _ 3 )

rae p, = 1,29 kr/HM” — mIOTHOCTH Bo3ayXa; P, = 1,3 KI/HM™ — IUIOTHOCTH ra3oB;
3

p,., = 0,804 Kr/HM” — IJIOTHOCTH BOZSHBIX HAPOB.

ITocne pacuera pa3MONIBHON Y CYIIMJIBHOW MPOU3BOIUTEILHOCTH MEJIbHULIBI
BBITIOJTHSIIOT POBEPKY MPABUILHOCTU BRIOPAHHOTO paHee TUIIOpa3Mepa MEIbHUIIBI,
a TAKXe TUIA CYIIMJIBHOTO areHTa U €ro TeMIEPaTyphl.

Ecnu Bemonssitores yenosust B” > B, u B, > B, T0 3T0 cBUmETENBCTBYET
O TOM, YTO BBIOpPaHHBIN paHee TUIIOpa3Mep MEIBHUIIBI, @ TAKKe TUI CYIIHJIBHOTO
areHTa M ero TeMrnepaTypa yAOBIECTBOPSIOT KakK MO0 Pa3MOJIbHOM, TaK U MO CYIIUJIb-
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HOW TMPOU3BOAUTEIBHOCTH M PACyeT CYIIMJIbHO-MEIbHUYHOW CUCTEMBI CUMTACTCA
3aKOHUYECHHBIM.

Ecnu B pe3ynbTaTe pacuera CylIMJIbHO-MEIbHUYHON CHCTEMBI MOJYYUIIOCH,
yto B” < B, To crneayer 3aMEHHTh THIOPa3Mep MEITbHUYHOTO YCTPOWCTBA U BbI-

MOJHUTH 3aHOBO PaCyeT CYyIIMIIbHO-MEIBHUYHOTO YCTPOMCTBA.
[Tpu oTnMuMM CyIMIBHON MPOU3BOAUTEIBHOCTH OT BBIOpaHHOMH, Korga B, <

BM cieayer, HallpuMep, U3MCHHUTL THUII CYHIMIIBHOI'O arcHTa (B YaCTHOCTH, BO3-

OYIIHYIO CYHIKY TOIUIMBA 3aMEHHUTh HA ra30BO3AYIIHYIO; Ta30BO3AYIIHYIO CYIIKY
3aMEHHUTh Ha Ta30BYI0) WM TOBBICUTH TEMIIEPATypy CYIIMJIBHOTO areHTa IMepen
MEJIbHULIEW U BBIITOJIHUTH 3aHOBO PACUET CYIIMJIBHO-MEJIBHUYHONW CHCTEMBI Ha W3-
MEHEHHBIM Ha0Op MCXOAHBIX JaHHBIX. Takke AaHHYIO MPOOJIEMY MOXKHO PELIUTh
IyTEM HCIOJIb30BAHUS B CUCTEME MBUICHPUTOTOBICHUS MPEIBIOYECHHOTO CYIIHIIb-
HOT'0 YCTpOHCTBa (HampuMep, TPyObI-CYIIMIKH) € IMOCIEAYIOMUM IIePECUSTOM Tell-
JIOBOTO 0anaHca CylHIbHO-MEIbHUYHON CUCTEMBI.

2.2. PACYET I'OPEJIOYHBIX YCTPOUCTB
2.2.1. Boioop TUIIOpa3Mepa ropejioYHbIX YCTPOHCTB U KOMIIOHOBKH TONMKH

['openodHoe ycTpOWCTBO BHIOMPAETCA B 3aBUCUMOCTH OT CIIOCO0A CKUTAHUS
(TBepIOe WIIM JKHUIKOC NMUIAKOYAAJICHHE), TCIUIOBOW MOITHOCTH TOPEIKH M MapKu
C)KUTaeMoro TorumBa. [ BeIOOpa THIOpa3Mepa TOpeloK W uX KommdecTBa (Z,)

CJIeTyeT UCIIOIB30BaTh nanHbie Tabm. 2.1.10.

[Tpu BBIOOpE TOPETOYHBIX YCTPOUCTB HEOOXOMUMO YUYUTHIBAThH CIEHYIOIIHEC
MPAKTUYECKUE PEKOMEHAAIMH. Pa3muvaroT JaBa OCHOBHBIX THIIA TOPEJIOK. BUXpE-
BBIE W TIPAMOTOYHBIC. BUXpeBbIe TOPETKH YHUBEPCATHHBI M TPUMEHUMBI JUIS JTEO-
00ro TBEPIOTO TOIUIMBA, HO HAWOOJBIIIEE PACIPOCTPAaHEHUE OHHU TOJYyYHIIN TMPHU

C)KMTaHWM TOILIMBA ¢ MaJIbIM BbixozoM Jietyunx (V' < 25 %). Buxpesbie ropeiku
OBIBAIOT IBYXYJIHMTOYHBIE C 3aKpyYHMBAaHHEM a’pOCMECH M BTOPHYHOTO BO3TyXa
(puc. 2.2.8) 1 NPIMOTOYHO-YIUTOYHBIC, B KOTOPBIX TIEPBHYHAS CMECh IMOAETCS 110
NpSIMOTOYHOMY KaHally, a BTOPUYHBIA BO3AyX 3akpyduBaercs (puc. 2.2.2). Pabora
BUXPEBBIX TOPEJIOK XapaKTePU3yeTcs mapaMmeTpoM KpyTku (cM. tadi. 2.2.1).
[TpssMOTOYHBIE TOPEIKH, B KOTOPHIX MOTOKH HE 3aKPYYMBAIOTCS, BKIIIOYAIOT
OJTHO WJIM HECKOJBKO COTEJ MBIJICBO3AYIIHOW CMECH M BTOPHYHOTO BO3AYXa, pas-
MEIICHHBIX B OHON amOpa3ype (puc. 2.2.3). [lox spycom ropesiok HOHUMAaETCs CO-
BOKYITHOCTh TOPENIOK, OCH aMOpa3yp KOTOPBIX Pa3MEIIaloTCs B OHOW TOPU30HTAIb-
HOW TI0CKOCTH. [IpAMOTOUYHBIE TOpENKH MO CHOCO0y MOAaYd MBLICBO3AYITHON
CMECH JCNIATCA Ha TOPENIKH ¢ ofHocTopoHHeu (puc. 2.2.4), neHTpaibHO#N (pHC.
2.2.5) n gepenytometics (puc. 2.2.6, 2.2.7) nogadyaMu mbUICBO3AYIIHON cMecu. [1o
dbopMe corell, U3 KOTOPBIX BBITEKAIOT CTPYH BTOPUYHOTO BO3/yXa, TOPEIKHU JEIIST-
csi Ha BepTUKaIbHO-IedeBbie (puc. 2.2.4, 2.2.6) W TOPHU30HTAIHHO-IICICBBIC,
BKJTto4ast Kpyriibie (puc. 2.2.7). KOHCTPYKIMH rOpeioK JOJKHBI YBSI3bIBATHCS C
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KOMITOHOBKOH TOIOYHON Kamephl. Toka ¢ TaHreHIHMaJbHOH KOMIIOHOBKOM (pHC.
2.2.8-2.2.11) npaKTHYECKH MPHU CKHUTaHUU BCEX MApOK yIiIed MOXeT ObITh KakK C
TBEPABIM, TaK W C KHJIKUM MUIAKOyJaieHueM. [Ipu KUIKoM MIIaKkoyIajJeHUU pe-
KOMEHJIYIOTCSI TIPSIMOTOYHBIC TOPEJIKU C OJHOCTOpOHHEH (puc. 2.2.4) U ICHTpaIb-
HOW T0JTaYaMH¥ MBUICBO3IYIIHOW cMecH (puc. 2.2.5).

[Tpu coxuraHnyM KaMEHHBIX U OyPBIX YIJIeH B TOMKAX C XKUIAKAM IIIaAKOy/Iaje-
HUEM PEKOMEHIYETCS MPUMEHSTh BEPTHKAIHHO-IIEICBBIC TOPEIKH C OJHOCTOPOH-
Hel mojaueit mputeBo3yIHON cMecu (puc. 2.2.4), iockodakenbHbie (puc. 2.2.5)
U TOPU3OHTAIBHO-UIEIEBBIE C YEPEAYIOUIEHCS MONAyYel MNbUICBO3AYIIHOW CMECH
(puc. 2.2.7).

CxeMa TONKHA CO BCTPEYHON KOMITOHOBKOW mMpejcTaBieHa Ha puc. 2.1.12.
O6nacTu ee NMPUMEHEHMS, THUIIBI TOPEJIOYHBIX YCTPOWCTB U MpPEAEsbl TEMIOBOU
MOIITHOCTH PEKOMEHTYEMbIX TOPEJIOK MPUBEACHBI B Ta0n. 2.2.1, 2.2.3.

Tabmuna 2.1.1
[TapameTpel CTpyH NBLICBO3AYINHOM cMecH M, ¥ BTOpHYHOTO Bo3ayxa N,

UL BUXPCBBIX IBYXYJIIMTOUYHBIX U YIIMTOYHO-JIOIIATOYHBIX TOPCIIOK

[TapameTpsl KpyTKH
Buj TorumBa v croco0 IMIIaKoyIaieHus
AHTpaIMTOBBIN MITHIO, MOTYaHTPALUTHI, TOIIUE YIIIH 3,5-4,0 4,0-4,5
IIPH KHUJIKOM [IUTAKOYIaJICHUH
Kamennsie TIPH JKUIKOM MUTAKOYAATICHUN 3,0-3,5 3,0-3,5
u Oypsle yriu IIPU TBEPJOM IIJIAKOYIAJICHUU 2,0-3,0 2,5-3,0

[Ipumedanue: napaMeTpbl KpYTKH CTpy# BTopudHOro Bosayxa [, s BUXpEBbIX NPAMOTOYHO—YIMTOYHBIX U TIPSi-

MOTOYHO—JIOTIATOYHBIX TOPEIOK 0€3 pacceKaTells MPH CKUTAHUU KAMCHHBIX M OYpPBIX YIJIeH: IPH JKUAKOM IILTaKO-
ynaneanu 3,5-4,0; mpu TBepaoM nmtakoynaneanu 3,0-3,5.

2.2.2. PacueT mMpOXOAHBIX CEYEeHHH

2.2.2.1. Onpenenenrie MPOXOAHOTO CEUSHUS JJIs1 IEPBUYHON MBUIEBO3TYIITHON
2 N
cmecu (F, M%) mpu Bo3ayImIHOM CcyImIke TOTTNBA

KonnuecTBo Bla)KHOTO CYIIMIBHOIO areHTa B KOHIIE CUCTEMBI MbLIEIIPUTO-
TOBJIEHUS, KI/KT

O =0, @+15-K_ )+AW, (2.2.1)

pHc

rae ¢, — KOJMYECTBO CYIIMIBHOTO areHTa, MoAaBaeMoro B IMBUIECHCTEMY, TIPH BO3-
nymHo# cymke g, =@, (cm. pasn. 2.1.3.1); K = — xooddunment, yunteiarommii

npucockl Bo3ayxa (cMm. Tam xe); AW — KoJIM4uecTBO BiIard, UCIIApEHHOW B IMBLICCH-
cTeme, Kr/kr, (cM. pa3n.2.1.3.1).



Tabmuna 2.2.2

TermioBass MOIIHOCTh Qr (Z, xonM4ecTBO NPSAMOTOYHBIX TOPENOK Z,, 9uCIo SIPYCOB)

I[Taponpousso- Kunkoe makoynaneHue \ TBepaoe mnakoynageHue
IUTENbHOCT, ~ KaMEeHHBIN U Oypblil yroian Bce yrimu Kamennsiit u Oypblil yrosib
KOTJIA, TanrennmanbHOE Bcerpeunoe TanrennumansHOE Bcerpeunoe
_Kr/C pacroyioxXeHue pacroyioxXeHue pacnoyioxKeHue pacrnoyioXeHue
MBr ‘ MBr ‘ MBr
20,8 4 1 13-15 4 — — 4 1 13-15 — — —
33,4 4 1 20-25 - - - 4 1 20-25 - - -
44,4 4 1 25-30 4 1 30-35 4 1 30-35 — — —
61,0 4 1 30-35 4 1 30-35 8 2 20-25 8 2 20-25
4, 1 45-50 8; 1-2 35-40
89,0 8 1-2 30-35 8 1 45-50 16 2 30-35 8 2 30-35
4, 1 70-75 8; 1-2 30-35 8; 1-2 30-35
L5 8 1-2 60-65 £ . =g 16 2 25-30 16 2 25-30
4, 1 90-100 8; 1-2 45-50 8; 1-2 45-50
LRI 5 1-2 86-96 £ . el 16 2 40-45 16 2 35-40
8; 1-2 65-75 8; 1-2 65-70 8; 1-2 65-75
Tl 16 2 30-35 £ . =1 16 2 30-35 16 2 35-40
278.0 8; 1-2 86-100 8; 1-2 86-100 16; 2 45-50 12; 2 65-75
' 16 2 45-50 16 2 45-50 24 3 30-35 16 3 40-45
16; 2 65-75
415,0 16 2 65-75 16 1 65-75 24 3 45-50 24 3 4045
24; 3 65-75
735,0 16 2 107-125 16 1 107-125 48 4 45-50 24 2 45-50
32; 3 85-100
1100,0 - - - 24 2 107-125 48 4 6575 - - -

€aT



Tabmuna 2.2.3

Cxopocru nsuteso3aymsoit emecu W, 1 Bropuunoro Bosayxa W, Ha BbIX0/1€ IbLIEra30BbIX TOPEIOK

Temnosast Bu cxxuraemMoro TomnjauBa
MOIIHOCTD 4 . o 6. HOMvaH-
PAMTOBBIH HITHIO, Tio.Tya KamenHpIii yronb Bypgrit yrons
Tun ropesnku IR0 I 1 TPALMT U TOLIUHN YroJib yr YPHIH YT
MB:F , M/c , M/c , M/c , M/c , M/C , M/c
25 14-16 18-21 1,3-1,4 20-22 26-28 1,3-1,4 - - -
Brisqonas 35 14-16 18-21 1,3-1,4 2224 28-30 1,3-1,4 - - -
50 16-18 22-25 1,3-1,4 2224 28-30 1,3-1,4 - - -
FIBYXYHUTORHBLE 75 1820 | 2630 | 1,415 | 2425 | 30-34 | 14-15 — — —
100 20-23 28-33 1,4-1,5 26-28 33-38 1,4-15 - - -
35 18-20 26-28 1,3-1,4 2224 30-34 1,3-1,4 22-24 30-34 1,3-1,4
Buxpesbie 50 18-20 25-28 1,3-1,4 2224 30-34 1,3-1,4 22-24 30-34 1,3-1,4
— 75 20-22 28-30 1,4-15 24-26 34-36 1,4-15 24-26 34-36 1,4-15
TOHATOUHEIE 100 20-22 30-32 1,4-1,5 26-28 36-38 1,4-15 26-28 36-38 1,4-15
125 22-23 32-34 1,4-15 28-30 38-40 1,4-15 28-30 38-40 14-15
150 23-25 33-36 1,4-15 30-32 40-42 1,4-15 30-32 40-42 1,4-1,5
25 14-16 17-19 1,2-1,3 18-20 22-25 1,2-1,3 18-20 22-25 1,2-1,3
Buxpesie 35 - - - 18-20 22-25 1,2-1,3 18-20 22-25 1,2-1,3
MPSIMOTOYHO— 25 18-20 28-30 1,5-1,6 24-26 36-42 1,5-1,6 24-26 36-42 1,5-1,6
YIIUTOYHBIE 35 18-20 29-32 1,6-1,7 26-28 42-48 1,6-1,7 26-28 42-48 1,6-1,7
50 20-22 34-37 1,6-1,7 28-30 48-50 1,6-1,7 28-30 48-50 1,6-1,7
Mmoo 25 26-28 30-34 1,2-1,3 27-29 42-45 1,5-1,6 27-29 42-45 15-1,6
HeNeBhie 35 27-29 32-36 1,2-1,3 28-30 46-48 1,6-1,7 28-30 46-48 1,6-1,7
50 28-30 36-38 1,3-1,5 29-31 48-50 1,6-1,7 29-31 48-50 1,6-1,7

121"
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. . 3.
Pacxon nepBUYHOM NMBUIEBO3AYIIHON CMECH YEPE3 OJHY FOPEIIKY, M /C!

B, (9, A+ K,.) AW 273+t,

, 2.2.2
Z P, P 273 (222)

rac Bp — pacxon TOIIlIMBAa Ha KOTCII, KF/C; Zr — KOJIMYCCTBO YCTAHOBJICHHBLIX Ha

KOT/IEe TOpenok (cM. pasm. 1.2.1); p, = 1,285 Kr/HM® — IIOTHOCTH BO3AYXa; P, =
0,804 Kkr/HM® — ITOTHOCTH BOMSHBIX MAPOB; t, — TeMmeparypa IbLIEBO3AYIIHON

cMecH Tiepen ropenkamu, °C, MpUHUMACTCS PaBHOW TeMIlepaType 3a CYIIUIbHO-
MEJBHUYHBIM yCTpocTBOM (cM. pa3n. 2.1.3.1).
o 2.
[TpoxoaHoe ceueHne KaHata MepBUIHON CMECH, M

F=-L, (2.2.3)

Vi
Wl
rae W, — pekoMeHtyemMasi CKOpocTh B KaHaie IepBUYHON cMecH, M/c, (Tabi. 2.2.2).

2.2.2. OtnipeneneHne IpOXOAHOTO CeUeHHUs A mepBUYHOM cmecn (F, M%)
IIPY Ta30BO3IYIIHOM CYIIKE TOIUTHBA

[Tpu ra3oBo3ayNIHON CYIIKE TOIUIMBA, B CXEME C MPSIMbIM BIyBaHHUEM IpHU
OTCYTCTBHUU MbIJIEKOHIICHTPATOPOB BCA MbLUIETA30BO3/YyIIIHAS CMECh paclpeesier-
cs o ropenkaM. [Ipudyem B cMecH yXe COJIEPKUTCA BO3AYX, KOTOPBIA HYXKHO IO-
naTh Kak nepBUYHBIN (¢ ydetom koaddummenta pacxoxa o, ). KomnuectBo moxa-

BaeMbIX Ta30B ( , KI/KT, M BO3ayXa {,, KI/Kr, moacuutaHo panee (paszaen 2.1.3.3).

Tor):[a KOJIMYECTBO BJIAXXHON CMeECH ra3oB, BO3ayxa M BOJAHBIX I1apOB, KF/KF, OIl-
PEACIACTCS IO BBIPAXKCHUIO.

Oprow = (0, +0,)-(1+1,5-K_ )+ AW, (2.2.4)

. . 3.
Pacxon nepBuYHO MbLUIETa30BO3YIIIHON CMECH YEPE3 OJHY FOPeIIKy, M/C:

V,=—L. 9. 9% '(1+1’5'Knpc)+AW 273+t

, (2.2.5)
z. [\p. P, P | 273

rie p, = 1,3 KI/HM® — MIOTHOCTH ra3oB. OCTabHble 0003HAYCHHS TE XKe, UTO H B
2
pa3n. 2.2.1. IIpoxoanoe ceuenue F, M°, onpenensiercs kak ykasaHo B pasq. 2.2.1.
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2.2.2.3. OnpeneneHne MpoOXOAHOTO CEUCHHUS JIJIsl IEPBUIHONU CMECH
IIPU Ta30BOM CYIIKE TOILIMBA

[Ipn ra3zoBoil Cymke TOIUIMBA, CXEME C MPSIMBIM BIYBAaHUEM U OTCYTCTBUU
MBUICKOHIICHTPATOPa B TOPEJIKH MOCTYIIAET, KpOME CYIIMIBLHOTO areHra (rasa), u3
CYIIUJIbHO—MEIbHUYHON CUCTEMBI €I1I€ U MEPBUYHBIN BO3yX, KI/KT:

0
gB.HepB :VB 'al -pB’ (226)
rae o, — Ko3hdUIEeHT pacxoaa MepBUYHOro Bosayxa (cM. Tabm. 6); V.” — teope-
THYECKOE KOTHYECTBO BO3LYXa, HEOOXOMMMOTO IS TOPEHHS, HM /KT p, = 1,285

3
KI/HM®~ — IUIOTHOCTh BO3/yXa.
KonundecTBo nepBUYHOM ra30BO31yIIHON CMECH, KI/KT:

gl = gr + gB. neps ! (227)

rac gr — KOJIMYCCTBO ra3oB, IMoAaBaCMbIX B CYIIWJIBHO—MCIIBHUYHYIO CHUCTCMY,

kr/kr, (cM. pa3m. 2.1.3.2.).
KonnuecTBO BIIaXKHOTO Ta3a Ha BXOJIE B TOPEJIKH, KI/KT:

O =9, - @Q+15- K )+AW +g, 00 (2.2.8)
Pacxo/1 IepBUYHOIT [IBUICTa30BO3IYIIHON cMecH, M /¢
B
Vl =_P. i (1+1’5 KHpHC)+ AW n gB.nepB ) 273+tCM . (229)

Z. | p; Pun P, 273

B dpopmyne (2.2.9) Te xe 0003HaUCHUS, YTO U BBIIIC: KOJIMYECTBO ra30B I0-
clle CYIIMJIBHOTO YCTpOWCTBa ( , KI/KT, X Temnepatypa t,, °C, ux TemioeMKocTh

c., KJLk/(kr-rpam) HaXosATCS IO METOMKE, U3JIOKEHHOM B pazaene 2.1.3.2.
KonmdecTBo BOASHBIX MapoOB MOCIE MEIBHUYHO-CYMMIBLHON cuctembl AW |
KI/KT, BX Temmeparypa t,, °C, temoemkocts C, = 1,9 xJIx/(xr-rpan).

KonmuecTBo nmoamemmBaeMoro Bo3ayxa: g KI/KT, €ero Temmneparypa t_,

B. IIepB. !

°C, IpyHMMAETCs PaBHOM TEMIIEpaType Ha BBIXOJE U3 BO3Ayxomomorpesarens t_;
TETIOEMKOCTh ¢, , KJx/(kr-rpax) onpeaensercs no tadm. 2.1.7,
t ., — TeMmIeparypa cMecHu nepes ropenkoi, °C, onpenensercs METOAOM I10-

CJIEOBATEIBLHOTO MPUOJIMKEHNS C TIOMOILIBIO CIEAYIOIIEro 0aJlaHCOBOTO ypaBHE-
HUS:
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t -(0.+0, weps T AW)-c.= g -c-t,+0, weps "G Ly AW -t - (2.2.10)

Tenmoemkocts cmecH c,,, Kx/(kr-rpam), B mepBoM MPUOIMHKEHHH TPUHH-
MAaeTcsi OPHEHTHPOBOYHO C,, = C., a BO BCEX MOCIESAYIONINX NPUOIIKEHUAX C,,

omnpenensercs no remneparype t_, °C, no puc. 2.1.6. IIpoxonnoe ceuenne F, M,

cm !

HaxXOJIAT, KaK yKa3aHo B pa3f. 2.2.1.

2.2.4. OnpenenieHre MPOXOTHOTO CEYCHUS TOPEIIKU
JUTSE BTOPUYHOT'O BO3/TyXa

Koaddunnent pacxoga BTOpUUHOTO BO31yXa

o= o, —0, (2.2.11)
rae o, 1 o, — Ko3QGUIUEHT U30bITKAa BO3AYX MEpeN ropenkod U kKodpduuueHt

pacxojia mepBrHYHOro Bo3ayxa (tadi. 2.1.6).
Pacxoj BTOPHYHOTO BO3LYXa 4epe3 TOPEIKY, M/c:

v _VBO.az.Bp(273+trBj (2.2.12)
? z 273 )’ o

T

rae t  — Temmeparypa Bo3dyxa 3a BozayxomonorpesateneM, °C, (cM. TemmoBoii

pacueT KoTJja).
2.
[IpoxomHOe ceuyeHue Wil KaHajla BTOPUYHOTO BO3AyXa, M :

, (2.2.13)

rae W, — pexkoMmeHIyemas CKOPOCTb BTOPHUYHOIO BO3AyXa JUIsl JaHHOU TOPEJKH,
Mm/c (Tabm. 2.2.3).

[Ipumeyanue: Tpy UCHOJIB30BAHUU PA30MKHYTOM CXEMBbI IBUICIPUTOTOBIIE-
HUS BECh CYIIWIBHBIN areHT C MCMapUBIIIEICs BIaro BeIOpackiBaeTcs B aTMoche-
py. B aTOM ciydae B ropenky mocTtynaer YMCTBIA BO3IyX, PACCUHUTHIBAEMBI 110
TEOpETUYECKH HEOOXOAMMOMY KOMMUecTBY Bosayxa V., H306BITKY BO3yXa B Io-

penke o, ¥ Ko3(p(UIHEHTaM pacxo/a IEPBUYHOrO BO3ayXa O, U BTOPUYHOIO O,
(Tabm. 2.1.6).

[Ipu ycTaHOBKE B CHCTEME MBUICIPUTOTOBJICHUS MBUIEKOHIIEHTPATOPA MPU-
MepHO Ha 70-75 % cymuasHOTO areHTa HampaBIsIeTcs B COPOCHBIC TOPENKH, a 25—
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30 % — B ocHOBHBIE TOpenku. Tyaa ke mogaeTCs MEPBUYHBIN BO3yX, UCXOS TI0
pacyeTy U3 peKoOMeH1yeMbIX Kor(hPuimeHToB pacxoaa. BapuaHTtsl ¢ ucnonb3oBa-
HHEM IBIJICKOHIIEHTPATOPa B CUCTEME MOJATOTOBKM TOIUIMBA B JIAHHBIX METOJAUYE-

CKHX MaTCpuaiax HC paCCMaTPHUBAIOTC.
2640

- -

@ﬁo

Puc. 2.2.1. Topenka TypOyJeHTHas ¢ 3aKpYYMBAHUEM MOTOKOB MEPBUYHONW CMECU M BTOPHY-
HOTO BO3/IyXa

A-
A

Puc. 2.2.2. TypOynenTHas ropenka ¢ 3aKpy4uBaHUEM ITOTOKAa BTOPUYHOTO BO3yXa
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2.2.3. PacueT KOHCTPYKTHBHBIX Pa3MepoOB TYPOYJeHTHBIX IrOPeJIOK

JIJIs yITUTOYHO-JIOMIATOYHBIX TOPEJIOK (TypOYJICHTHBIX) C IMIMHAPUYECKUMU
Hacajkamu auaMmeTpsl kaHaoB (puc. 2.3.10) moacuuThIBAIOTCS CIICIYIOINUM 00pa-
30M.

Hapy>xHbIil 1uamMeTp HeHTpaibHOU TPYyOBbI, M:

O
a

&V

Puc. 2.3.3. CxeMa BBIXOJHOTO CEYEHUs KPYIJIOW BUXPEBOH (TypOYJICHTHOI) TOPENIKU: a —
KOJIBLIEBOE CEYCHHE BbIX0/1a IEPBUYHOM MBUIEBO3AYIIHON CMECH; O — KOJIBIIEBOE CEYCHUE BBIXO-
71a BTOPUYHOTO BO3/TyXa

m? 4
DO:\/l—m2 —(R+F,). (2.2.14)

3HavyeHue KodpduurenTa M BoIOMpaAETCS B CIEAYIOMINX Mpeaeaax:
TUTsl KaMeHHBIX U Oyphix yriei 0,3<m<0,4;

JUTSL aHTPAITUTOBOTO MITHIOA 1 TommXx yriaeir 0,35<m<0,45.
BuyTtpennunii nuamerp TpyObl NbUIEBO3AYIIHOW CMECH, M:

d - |p2+2H (2.2.15)

T
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TonumuHa cTeHKU TpyObl, NMpeaHa3HAYEHHON JJIS MOJa4yu MbUICBO3AYIIHON
cmecH, S, M, 00br9HO cocTtaBisier S = 0,01 m.
BuyTtpennuii nuamerp TpyObl BTOPUUHOTO BO3yXa, M:

d, = D12+4":2. (2.2.16)
T

rae D, =d, +2S — HapyxHBII qTuaMeTp TPYyOBI MBIEBO3IYIITHOW CMECH, M.
Hapy>xHbliif tuameTp TpyObl BTOPUYHOTO BO3AYyXa, M:

D,=d,+2-S. (2.2.17)

Cxema ¢ 0003HaUEeHHUEM JUAMETPOB CEUECHUN TOPETKH MPEACTABICHA Ha PUC.
2.2.3. Iuametp ambpasypsl D, =D, .

Ilocne ONpCACIICHNA KOHCTPYKTUBHBIX Pa3MCPOB BbIUCPUUBACTCA CXEMa I'0-
PCJIKH C YKa3aHUCM €C Pa3sMCPOB.

2.2.4. OnpenesjieHue KOHCTPYKTHBHBIX Pa3MepoB
1IeJIeBbIX MPSAMOTOYHBIX FOPEJIOK

B pa3n. 2.2.2 onpeneneHbl HEOOXOUMbBIC IIPOXOIHBIC CCUCHUS KAHAJIOB JIJIS
. . 2 2
[0JJauu NepBUYHON NMbUIeBO3AYIIHON cMecu K, M, 1 BTopuuHoro Bo3ayxa F,, Mm%,

IJIs1 OTHOM TOPEITKH.

Jlyis pacdeTa KOHCTPYKTHBHBIX Pa3MEPOB MPSIMOTOYHBIX TOPEIOK HEOOXO-
MO BBIOpaTh €€ KOHCTPYKIIHUIO, TIOJB3YSACh PEKOMEHIAIUSIMHY, TPUBEICHHBIMH B
pasnene 2.2.1.

Pacduer pa3smMepoB MpsSMOTOYHO-IIEICBOM TOPEIKH MPOU3BOIUTCS B 3aBUCH-
MOCTH OT €€ KOHCTPYKIIHH CIEAYIOIIHM 00pa3oM.

1. Ilpsmomouno-wenesas eopeika ¢ 0OHOCMOPOHHEU nooadell NblleGo3-
oywnot cmecu (puc. 2.2.4).

[lepBuyHas cMech TOJBOIUTCS MO JBYM MPSMOYTOJBHBIM KaHAIaM C pa3Me-
pom ctopor b, u h_. Torma

F=2-b,h. (2.2.18)

BTopuunslil Bo3ayx mojgaeTcs Takke MO ABYM KaHalIaM C pa3MepoM CTOpOH b, u
h . Toraa
F,=2-Db,-h. (2.2.19)

B K
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Pexomennyemoe COOTHOIIEHHE:

k=46, (2.2.20)

W3 npencraBieHHbIX ypaBHeHUH (2.2.18-2.2.20) HaxomaT Tpu UCKOMBIC Be-
mmumeel. b, h. w b,. Ilpu 3TOM mmprHa amMOpa3ypsl TOPENKH HAXOIUTCS Kak

B,=b, +b,.
Bricota amOpaszypbl npuHUMAETCsI paBHOM BBICOTE TOPEIKH:

H,=H= 2-h-h,, (2.2.21)

rjie Beicota npomexytka h =0,5-B,.

2. Ilpsmomounas weneeas 20peika ¢ YeHmpaibHol nooadeli nbliego30yil-
Hot cmecu (puc. 2.2.5).

B 3T0#f KOHCTPYKIMH TOPENKH IMOABOJM KaK MEPBUYHOMN IMBLICBO3AYIIHOM
CMeCH, TaK U BTOPHYHOIO BO3AyXa MPOM3BOIUTCS MO ABYM IMIMHAPUYESCKAM Ka-
HaJlaM.

JInaMeTp KaHaa JJIs IEPBUYHOM MBIICBO3IYIIHOW CMECH, M:

d, =,/0,637-F,, (2.2.22)

Y 1711 BTOPUYHOTO BO3yXa

d,=./0,637-F, (2.2.23)

BricoTa amOpasypsl BEIOMpAETCS 110 COOTHOLIECHUIO:

2 =3-5, (2.2.24)

3. Topenka eepmuxanvHo-wenesas ¢ yepeoyioueucs nooadell nwvlieso30yul-
not cmecu (puc. 2.2.6).
B ropenke nMmeeTcs dyeTsipe KaHaJIA 11 IPOXOAa MbUIEBO3YITHON CMECH.
[IpoxoaHOE ceueHne OJTHOTO KaHaa, M
. F
=

-1 2.2.25
2 (2.2.25)
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OTHOIIEHNUE BBICOTHI Ka)XXI0ro KaHaljia K €Iro INUPUHE BI)I6I/Ipa€TC5I B IIpeaeiax.

%:1,5—2,5. (2.2.26)

K

2
Benmnunny mpoxomHOTo cedeHus, M°, OJHOTO KaHalla MOXHO BBIPA3UTh
bopmyoit

f.=h b —F. (2.2.27)

PGKOMGHI[YGMOC COOTHOLICHUE CTOPOH KaHaa.

h
=15-25, (2.2.28)
|
S
A //‘ } /‘ /
,,,,,,,,,,,,, _ 7 ’/ J //
,7,7,7,7,4:1171/7774/, ,,,,,,, *71
//// L . ¥
B e e — 4, O Je-

= ~ N\ \ I b, be

hy

b.

Puc. 2.2.4. TlpsaMoTO4HO-IIIeNIeBasi TOpeKa C OJHOCTOPOHHEH Mojadyel MbLICBO3IYIIHON
cMmecu: 1 — mbUIEBO3AYIIHAS CMECh; 2 — BTOPUYHBIA BO3YyX; 3 — Ma3yT; 4 — 3amajJbHOE YCTPOii-
CTBO; D — JIOYOK IJISIIETKU
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Puc. 2.2.5. [IpsMoTOYHO-1IIeNIeBasi TOPEJIKa ¢ LEHTPAIbHOM MoJaueii MbIJICBO3AYIIHON CMe-
cu: 1 — mpuIeBO3AyIIHAS CMECh; 2 — BTOPUYHBINA BO3YX; 3 — 3alalbHOE YCTPOICTBO; 4 — Ma3yT,
S — JIFOUOK

W13 mocneqHUX IBYX COOTHOIICHUH MOXHO HalTH 3HaueHne h u b, .

Kananel mepBrUYHOTO BO3/yXa paclojiaraloTcs B KaHaje BTOPUIHOTO BO3MY-
Xa CHMMETPHYHO. PaccTossHMEe OT CTEHKM KaHaja, M, BTOPHYHOTO BoO3ayxa (cM.
puc. 2.2.6) 10 CTCHKM KaHaJla TIEPBUYHOTO IO TOPH3OHTAIH PACCUYUTHIBACTCS TI0
CIIEYIOIIEMY COOTHOIICHUIO'

b-2-h,
e

| (2.2.29)

PaccTosiHEe OT CTEHKH KaHajla BTOPHYHOTO BO3/yXa J0 CTCHKH MEPBHYHOTO
(cM. puc. 2.2.6) o BepTHKAIH, M:

czi%%ﬂ. (2.2.30)
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Puc. 2.2.6. I'openka npssMOTOYHAsI BEPTUKAJIBHO-ILENIEBAs C YEPEaYIOIIEHCs 1Mo1a4ueil mblie-
BO3YLIHOW CMeCH

4. ['openxka npsamomoyHas 2opu30HmMailbHO-Wenesds ¢ uepeoyuencs nooa-

yeu cmecu (puc. 2.2.7).
B ropenke mo crtpenke 1 mogaercs mepBHYHAs MBIICBO3IYIIHAS CMECH, IO

CTpenKe 2 — BTOPUIHBINA BO3AYX. Y TAHHOTO TUTIA TOPEIOYHBIX YCTPONUCTB MTUPUHA
TOPEJIKU, M, paBHA IIMPHUHE KaHaJa MEPBUYHOMN MBIJICBO3YIIIHON CMECH:

b =bh,. (2.2.31)

T K

PexoMenayeMOe COOTHOLIEHHE CTOPOH TOPEIOYHOI0 YCTPOUCTBA!

=3-4. (2.2.32)

[TpoxomHoe ceveHue AJis MEPBUYHOM MBUICBO3AYIIHON cMecH (NpH TMATH KaHaiax
MEPBUYHON CMeCH):

F=h -b -5. (2.2.33)
[Tonb3ysich MOCIETHUMH JIByMsI YPaBHEHHSIMH MOXXHO HAiTH pa3mepsl b u

2.
HpoxonHoe CCUYCHUC JIA BTOPUYHOI'O BO3AYyXa, M .
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F,=h-b -F. (2.2.34)
A
o AA
| -] A | | i
&
|
e e e | s
<&
1 ! | |
] 1 —| .
- h
A
BB
7

Puc. 2.2.7. T'openka npsMOTOYHAsi TOPU3OHTAIBHO-IIIENIEBAsI C YEPEAYIOIIEHCs MoaaYel mblie-
BO3YLIHOW CMeCH

Orcrona onpenensiercs BeanynHaa N, M. Beicota ogHOTrO KaHana (M3 4eThIpex) Juis
MPOXO0ja BTOPHYHOTO BO3/IyXa, M:

h =%. (2.2.35)



166

HaumeHoBaHve BETUYHH U UX YCIOBHBIC 0003HAYCHHUS
(10 IPSMOTOYHBIM ILIEIIEBBIM FOPEIIKAM)

HanmMenoBanue BenuunH
I'myOuHa TOTMKHM — paccTOSHHE MEXIy CTeHaMH, Ha KOTOPOM YCTaHOBJIEHBI TO-
PENKU NIPU HACTEHHOM paCIIOJIOKEHUH, WU MEHBIIUN pa3Mep MEXKIY CTEHAMH
IIpU YIJI0BOM PACIIOJIOKEHUU TOPEIOK, M

Tabauua 2.2.5

O06o03HaueHne

IllvprHa TONKKM — pa3Mep CTEHbI, HA KOTOPON YCTAHOBJIECHBI TOPEIKH IIPU Ha-
CTEHHOM PACIOJIO0XKEHUHU, WK OOJBIINN pa3Mep MEX1y CTeHaMU TOIKH IpH yT-
JIOBOM PACIIOJIOKEHUH FOPEIIOK, M

BeicoTa ropenku — cymMma BBICOT COIIEJ TOPENIKHA U MPOMEXKYTKOB MEXy HUMH
NPY TOPU30HTAIBHOM PACIONIOKEHHH comedn (puc. 3—7), M

)

[[IupuHa ropenku — cymma pa3MepOB COIEN TOPEIKU M MPOMEKYTKOB MEXKAY
HUMH 10 TOPU30HTAIIN MEXTy KpPalHUMU CTEHAMU FOPEIKH

(puc. 3-7), m

o

BeicoTa conen nepBUYHOM MBUIEBO3AYIIHOM cMecu (puc. 3—7), M

BeicoTta comuta BropuuHoro Bo3ayxa (puc. 3), M

[Iupuna coruia MeUICBO3AYIIHOW cMecH (puc. 5), M

[IIupuna comia BTOpUYHOTO Bo3ayXa (puc. 5), M

N SH Iy

[upuna amOpa3ypsl — HIMPUHA [TPOEMa HAa BHYTPEHHEH CTOPOHE CTEHBI TOIKHU
IUIsl YCTAaHOBKH ropeliok (puc. 5), M

Koy

BricoTa aMOpa3ypbl — BbICOTa ITpoeMa JUTsl yCTAHOBKH ropeiku (puc. 5), M

o'

Beicota 610ka ropenok (o BepTukaiu, puc. 5), M

L =

(@)
=

Paccrosinue Mexay ocsiMu amOpasyp rOpesioK MO BEPTHKAIH MEXKIY SpyCamH,
(puc. 5), m

]

Paccrosinue Mex 1y KpOMKaMH KpalHHUX COIENI COCEIHUX FOPENIOK M0 BEPTUKAIU
(puc. 5), m

jn i e

8

Paccrosinue oT HIDKHEH KPOMKH amOpa3yp TPENIOK J0 Hadaia cKara XOJIOIHOM
BOPOHKH WK ciaboHakaonHoro noja (puc. 10, 12), m

>

o
~

PaccrosiHue 1o ropu3oHTaIM MEXIy ocsiMu aMmOpasyp ropeinok (puc. 15, 16), m

w

—

Paccrosinue ot oceit aMOpa3yp KpalHUX TOPEJIOK 10 MPUMBIKAIOIIUX CTeH (pHC.
15, 16), m

w

Q
-

2
['opuzoHTaNbHOE CEUEHHE TONKH, M

2
Ceuenue amMOpazyp TOpeiKu, M

o 2
CYMMapHOe CCUCHUC COIICII NBIJICBO3AYIIIHONU CMECH, M

|—\-n m-n "J-n

2
CYMMapHOC CCUCHUC COIIC]TI BTOPUYHOT'O BO3AYyXa, M

L

YToJs1 MeXay OCSIMU COIIEN MbUIEBO3AYIIHOW CMECU B BEPTUKAJIBHOMN IUIOCKOCTU
(puc. 7), paxn (rpaxn)

==
S

YTron Mexay OCSIMHU COIel BTOPUYHOTO BO3/yXa B BEPTHKAJIBHOW IIOCKOCTH
(puc. 7), pax (rpan)

=
)

VYT0J1 OTKJIOHEHHSI OCH TOPEJIKH OT OCH aMOpa3yphl B BEPTUKAIBHOM TIOCKOCTH
(puc. 16), pan (rpan)

==
o
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OxkoHuaHue Tabnuuel 2.2.5

HaunmeHoBaHue BeTUYNH O0o3HaueHne
VYToJl OTKJIIOHEHHSI OCH TOPEIKU OT OCH aMOpa3ypbl B TOPU30HTAIBHOM IMJIOCKO-
ctu (puc. 16), pax (rpan) T
TemnoBast MoutHocTh Tonky, MBT (I'kan/4) Q..
TemnoBast MoutHocTh Topenku, MBT (I'kain/4) Q.
Juamerp yCIIOBHOM OKPY)KHOCTH, KOTOPOHM KacaroTCs OCH BCEX TOPENIOK IpH d
TaHTeHIMAILHOM pacronoxenu (puc. 10), m Y

] A-A nogepHymo

/

Puc. 2.2.8. BocbMurpanHas TOnka ¢ »KUAKHM IITAKOYAaJIeHUEM
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Puc. 2.2.9. TanreHuuaibsHOE PACHONOKEHHE TUIOCKO(AKEIbHBIX TOPEJIOK B TOMKE C HKH/I-
KHM IIIJIAKOY/AJI€HUEM MPSMOYTOJIBHOTO CEUEHUS
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Puc. 2.2.10. TanreHnuagbHOE pacoOOKEHUE TOPU30HTAIBHO-IIENIEBBIX TOPEIOK C yepe-
NYIOIIEHCS ToAauel NMbUIEBO3AYIITHOM CMECH B TOIIKE C TBEPABIM LUIAKOYJAJICHUEM
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Puc. 2.2.11. HanpaBneHue BpalieHys B IBYBUXPEBBIX TOMKaX
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Puc. 2.2.12. BerpedHoe pacrosiokeHHe IIOCKO(paKeIbHBIX TOPEIoK (a) U BEpTHKAIBHO-
IIEJICBBIX TOPEJIOK C YepPEeAYIOIICHCs Mojaucii MbIJICBO3AYIIHOM cMecH (6) B TOIKaX C TBEPIbIM
LIJIaKOY1aJIEeHUEM



