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BBEJIEHHE

PasBurne crucTeM LEHTPAIN30BAaHHOTO W ICHEHTPATM30BAHHOTO TEILIO-
CHA0XCHUS MPOMBIIIICHHBIX MPEANPUATHI U MOTPeOUTENeii KOMMYHAIBHO-
OBITOBOM C(ephl OCYIIECTBIACTCS MyTEM MAaKCHUMAIBLHOTO HCIOJBb30BAaHUS
Bo3moxHocTelt TOII, a Takyke cOBEPIIEHCTBOBAHUS TETUIOBBIX CXEM KOTEIb-
HBIX U BHEJPCHUS COBPEMCHHBIX KOHCTPYKIMH MApOBBIX WU BOIOTPEHHBIX
KOTJIOB HEOOJIBIIION MOIITHOCTH.

B coBpeMeHHBIX YCIIOBHSX TOBBIMIAKOTCS TPEOOBAaHUS K YPOBHIO TCXHU-
KO-9KOHOMHYECKHX U 3KOJIOTHYECKHX IMOKa3aTelNeil KOTeMbHBIX YCTaHOBOK. B
MOCTIEIHIE TONBI pa3paboTaH M OCBOCH IIEJBIH PSII BEICOKOIKOHOMHYHBIX
KOTJIOB MaJIOH MOILLIHOCTH.

Hactosmee yae6HOe mocoOre mpeqHa3sHaueHo Ui CTYACHTOB CIICIIHAb-
HocTH «Terurora3ocHaOXXKeHNe ¥ BEHTHILAIM» 0 3a09HON popme 0OydeHuns
C IPUMEHEHUEM JTUCTAHIIUOHHBIX 00Pa30BaTENbHBIX TEXHOIOTHIA.

Btopast yacte y4eOHOTO MOCOOMSI COAEPKHUT CBEACHHS, HEOOXOJMMBIE
JUTSL OCYIIECTBIIEHUS! PAacUeTOB TEIUJIOBBIX CXE€M KOTEJIbHBIX Pa3IMYHOTO Ha-
3HAUEHUs, a TAK’)Ke OCHOBHOTO M BCIIOMOTATEILHOTO 00OPYIOBAaHUS KOTEIb-
HBIX. PaccMOTpeHBI THUIBI, KOHCTPYKIUH, TEXHUYECKUE XaPAKTEPUCTUKU H
MPUHITAI PabOThI KOTEIBHBIX YCTAHOBOK, HA0OJIEE YaCTO YCTAHABIUBACMBIX
B OTONHTENBHBIX, NPOU3BOACTBEHHBIX W MPOM3BOJICTBEHHO-OTOMUTEIHHBIX
KOTEJIbHBIX.

B y4e6HOM mocoOuM MpHUBEICHB METOAUKH PAaCUeTOB: TOPEHHS TOTUIHBA,
TEIUTOBBIX CXEM KOTEIBHBIX C MAPOBBIMH WIIM BOAOTPEHHBIMU KOTJIAMH, TETI-
JIOBOTO W a3POAMHAMHYECKOT'O PacdeTOB KOTJA, BCIIOMOTATEIBHOTO 000pYy-
JIOBaHUS KOTENBHBIX, MaHBI PEKOMEHIAINH 110 BEIOOPY KOTJIOB M BCIIOMOTa-
TEJBHOTO 000pyIOBaHUS.

CripaBouHbIe MaTEepHabl, HEOOXOIMMBIC U IMPOBEACHHUS PACUETOB B
X0JIe KypCOBOTO MPOEKTHPOBAHUS, MPEACTABIEHBI B BUJE TAOIHUII U HOMO-
rpaMM.



I'nasa 1. PACUET I'OPEHMUS TOIIJINBA

[Ipr TpOEKTHPOBAHWHU TOIIOYHBIX YCTPOWMCTB HEOOXOIMMO ONpPEHETATH
KOJIMYECTBA HEOOXOAUMOTO JIJIsl TOPEHHUS TOTUIMBA OKUCIHUTENS U ra3000pas-
HBIX MPOAYKTOB CropaHus. JJaHHBIE Ui TAKMX PacdeTOB MOTYT OBITH IOIY-
YeHBI B pe3yJIbTaTe aHaJM3a JIEMEHTAPHBIX PEaKIUi TOPEHUS TOPIOYUX dJIe-
MEHTOB, COICPIKAIINXCS B TOIUIUBE. [ OpeHne TOIUINBa MOXKET OBITH ITOTHBIM
1 HemoNHBIM. [loTHOE TOpeHre MPOWCXOINT IMPH JTOCTaTOYHOM KOJINYECTBE
OKHCIIUTENS U 3aBEepIlacTCs MOTHBIM OKHCICHHEM TOPIOYUX AJIEMEHTOB TOII-
muBa. [Iponyktel cropanus npu atoM cocrost u3 CO,, SO, u H,0. Ilpu He-
JIOCTaTOYHOM KOJINYECTBE OKHUCIMTENS MPOHCXOJUT HETIONHOE CrOpPaHUE yT-
nepoaa ¢ oopazosanuem CO.

KosmdecTBeHHbIE COOTHOIICHUS XUMHUYECKUX PEAKIUi TOPeHHUsS MOTYT
OBITH TOJYYCHBI MIPU M3BECTHBIX MOJICKYISPHBIX Maccax |l BEMIECTB U IUIOT-
HOCTSX p = [t/ 22,4 Ta30B IpH HOPMAJIBHBIX (PU3NIECKUX yCIoBHUX. [ opeHne
yriaepoga ¢ oOpa3oBaHHEM YTJIEKHUCIIOTO Ta3a MOYKHO NPEACTaBUTHh ypaBHE-
HUEM

1 xr C + 32/12 xr O, = 44/12 xr CO, + 404/12 M]Ixx/kr C.

CnenoBarenbHo, Ha 1 Kr yraepoaa npuxoaurces 2,67 kr wiu 1,866 M Kn-
ciopona u 3,67 wm 1,866 M° nuokcuaa yraepoaa CO,.

I'openue yriepoaa ¢ oopazoBanueM okcuza yriepoga CO

1 xr C+32/(2:12) xr O, =28/12 xkr CO + 119/12 MIx/xr C.

B stom caydae Ha | kr yrnepona npuxogutcs 1,33 kxr wim 0,933 m® k-
cropona u 2,33 kr wm 1,867 m° okenna yrnepona CO.

T'openue oxcuaa yrieposaa ¢ 06pa3oBaHueM JUOKCHAA yTiIepoaa

1 xr CO + 32/(2-28) xr O, = 44/28 xr CO, + 284/28 M Tx/xr CO.
3neck Ha 1 kr okcuaa yraepoaa npuxoaurtcsa 0,57 xr wim 0,4 M° KHCIIO-
pona u 1,57 xr unm 0,8 M JMOKCHJIA YTIIepoa.

T'operune Bogopoaa ¢ 06pa3oBaHNEM BOJASHBIX ITapOB

1 kr Hy +32/(2°2) kr O, = 18/2 xr H,O + 284-2/(2:238) MJIx/xr H,.

B sToM ypaBHeHHU TeIUIOBOW 3(P(EKT peakiiu, JaHHBIA B YHCIIHATEIE,
YUUTBIBACT TEIUIOTY KOHAEHCAIIMM BOJSHBIX MAapoB, OOPa3yIOIIHUXCS MHpH
C)KMTaHHWU BOJOPOJa M OXJNaXAeHUH KoHaeHcaTa 1o 273 K. B 3namenarene
npuBesieH TersioBoi 3¢ dext 238 M/ x/kmonb Hy mpu oTCYTCTBUM KOHIIEH-
caruu mapoB Bojbl. Takum 00pa3oM, Ha 1 KT BOJAOPOJa IPUXOAUTCS 8 KI' WITH
5,55 M kucnopona u 9 xr wim 11,12 M BOJISIHBIX MapOB.

I'openue cepbl ¢ 00pa3oBaHUEM CEPHUCTOTO aHTHIPUIA

1 xr S + 32/32 xr O, = 64/32 SO, + 288/32 M Tx/xr S.

CrnenoBarensHo, Ha 1 kr cepsl npuxoautcs 1 xr win 0,698 m® KHCIIOpoAa

u 2 kr wim 0,699 M CEpHUCTOTO aHTUIPUJIA.



T'openne merana ¢ obpaszoBarrem CO, n H,O MOXHO MpencTaBuTh ypas-

HEHUEM
1 xr CH; + 64/16 xr O, =
=44/16 xr CO; + 36/16 xr H,0 + 56,1/50,5 M/]x/kr CH,.

Ha 1 xr metana mpuxoaurcs 4 kr win 2,8 M kucnoponaa, 2,75 xr wnu 1,4
M JMoKcuaa yriaepoaa u 2,25 xr wiu 2,79 M BOJSIHBIX MapoB. Ha 1 M Mera-
Ha MpuxomuTcs 2 M~ Kuciopona, 1 M® nuokcuma yriaepona u 2 M® BOIsHBIX
napoB. Ha ocHOBe IpUBEICHHBIX COOTHOIICHUH TEOPETHYCCKU HEOOX0TUMOE
JUIS TIOJTHOTO CrOpaHusi | Kr TBEPAOTO WM >KHIKOTO TOIUIMBA KOJHYECTBO
KHCJIOpo/a (B KT') OIpeAeIsieTCsl BRIPaKEHHEM, KI/KT

Lo, = (8/3CP +8HP +S2 —0P /100, (L)

Ecnu y4ects, 4T0 MaccoBast I0JIs COACPKaHHs KUCIOPOIa B BO3AYXE CO-
craBisietr 0,232, TO TEOPETUYECKH HEOOXOAMMOE KOJIMYECTBO BO3JAyXa IS
cropanusi | Kr TBEpJIOT0 U JKUIKOTO TOILIHBA, KI/KT

L =(8/3CP +8HP +SP —OP )/(100-0,232). (12)
PasyenuB ypasuenne (1.12) Ha mioTHOCTS Bo3ayxa (p, = 1,293 kr/m° mpu

HOPMAJIbHBIX (DU3UYECKUX YCIOBHUAXK), MOJYYUM TCOPETUUCCKUN OOBEMHBIN
pacxof, Me/kr
Vg =0,0899(CP +0,3758] )+ 0,265HP — 0,03330" . (1.3)

Teopernueckuit 00BEMHBIM pacxo] BO3AyXa MPHU CXKUTAHUU I CyXOro
rasa, Mo/

Vo' =0,0476 (0,5CO+0,5H,+1,5H,S+Y (m+n/4)C,H,~O). (1.4)

B peanbHBIX YCIOBHSX MOJHOCTHIO CXKEUb TOIIMBO IPU TEOPETUUECKHU
HEOOXOIMMOM KOJIMYECTBE BO3/lyXa HEBO3MOXHO, TAK KaK TOIUIUBO U BO3/IYX
HE y/IaeTCsl UJIealIbHO MEpeMeNIaTh, U MPOIECC TOPEHUsI OKa3bIBACTCS He3a-
BepIIeHHBIM. [103TOMY ISl IOJIHOTO CrOPAHUS MPUXOAUTCS M0aBaTh BO3/Y-
xa Ooubine. OTHOIICHHE NEHCTBUTENHLHOTO KOJIMUECTBA Bo3ayxa V,, moja-
BaeMOr0 JiJIsi OPraHU3alMK IPOIecca TOPEHUs, K TCOPETHUCCKH HEOOXOIH-
MOMY KOJTHYECTBY Vo Ha3bIBACTCS KOIPPuyueHmom usdbimxa 6030yxa

a=V,/V,. (1.5)

3navyenne ko3¢ uIreHTa n30bITKa BO3AyXa 3aBUCHT OT BHJA TOIUIUBA U
crioco6a ero cxkuranus. O0braHo oo = 1,05-1,5.

OOBbeMHBIC 10T TPOAYKTOB MOJHOIO CrOPAHMs TOILIHBA

COZ + SOQ + HQO + N2 + 02 = 100%,
U B KyOMYECKUX MeTpax Ha | KI' COMOKEHHOTO TBEPJOTO WM KHJKOTO TOTI-
nmBa, MY/KT
Vi =Veo, +Vso, +Vh,0 +Vn, +Vo, - (1.6)



Teoperndeckne (MUHUMAaJBHBIE) OOBEMBI TPOAYKTOB CTOPAHHSA, IOJTY-
YEHHBIC MPH II0JIHOM CTOPaHUH TBEPAOTO WM JKUIKOTO TOIUIMBA C TEOPETHU-
YeCcKH HEOOXOIMMBIM KOJIMIEeCTBOM Bo3ayxa (o = 1) ompeznemnsroTcs mo ¢op-
Mymam, MO/KT

NP
Ve =079V +0,8— (1.7)
0-N; 0 100
CP +0,375SP
VE =1866— =" "0n (1.8)
RO, 100
Vg',0 = 0111HP +0,0124W " +0,0161V5' . (1.9)

[Ipr HamuMYMU MapoBOTO AYThs WM MApOBOTO PACIBUIMBAHHS Ma3yTa C
pacxomom mapa Gy, KI/KI, K BeJIHYHHE Volszo no0aBiseTcsT BEJINMYHHA
1,24G,,.

ITpu n36bITKE BO3AYyXa 0, > 1 pacueT 00bEMOB MPOIYKTOB CrOPAHUS TBEP-
JIOTO WJTH JKUAKOTO TOIUTHBA BEICTCS IO CICAYIONNM (hopMyiam, MY/KT

V,\El{2 :VOH.NZ + 0,79(a —1)\/0H ) (110)
Vi o =Vi'h,o +0,0161(c — 1)y, (1.11)
I/IHBG.OQ = 0,21(&,_1)/01{ y (1-12)

A =VF1{{02 +Vri112 +V;36.02 +V;|*20 =
H H H H (1.13)
=Vgo, +Voin, +Vii o + (-1
IIpu pacueTe arperaros, B KOTOPBIX MPOUCXOANT KOHACHCAIIUS YaCTH BO-
JSIHBIX MApOB U3 MPOAYKTOB CropaHus (KOHACHCALMOHHBIC BOJOHArpeBare-
JM), BO3HHKAeT HEOOXOJMMOCTH ONpelelieHHs O0beMa CYXHX MPOIYKTOB
cropanms, M>/kr

Vet =Vgo, +Vo', +(o—1)g" (1.14)

OOBeMHBIC IO TPEXAaTOMHBIX T'a30B OIIPEEIIIOTCS 1Mo GpopMynam
ro, =Vio, [V (1.15)
Mo =Viro [V, (1.16)

Teoperudeckne (MUHHMAJbHBIE) OOBEMBI MPOIYKTOB CrOpaHUs, IOIY-
YCHHBIC TMPH TMOJHOM CTOpPaHHU Ta3000pa3HOTO TOIUIMBA C TEOPETUYCCKH
HEOOXOJIUMBIM KOJMYECTBOM BO3ayXa (o0 = 1) OmpenesstoTcs CIeAyIOMIHM
o6pasom, m>/m°

Von, =0,79Vg" +0,0IN,, (1.17)



Vio, =0,01CO, +CO+ H23+Zm.cmHn), (1.18)

Vg'u,o = 0,01{H28+ H, + Z%CmHn + 0,124dr.mj +0,0161V" . (1.19)

rae dy. ., — BIaroconepxanme raz000pa3HOro TOIIIHBA, OTHECEHHOE K 1 M°
cyxoro rasa, T/m°.

OO6BeMBl U 00BbEMHBIE TOJTH Ta30B TIPH 0. > | pacCUYUTHIBAIOTCS IO PopMy-
aam (1.10) — (1.16).

J171s1 BBITTOJTHEHUSI TETIJIOBBIX PACUYETOB TOIIOYHBIX YCTPOHCTB HEOOX0IMMO
3HaTh SHTAIBIIHIO NMPOAYKTOB CrOPaHUsl, OTHECEHHYIO K | KI' TBEpIOro WU
KUAKOTo TorumBa (K x/kr) i k 1 M ra3000pa3HOro TOILIMBA (K,[[)K/Ms), B
BUJIE CYMMBI SHTaIBIHNH ra30B lo, mpu oo = 1 ¥ SHTANBIUHN N30BITOYHOTO BO3-
nyxa |y, Tak, 4To

I = IO.I‘ +((x’_l)|0.B' (120)

OHTaJBNUs Ta30B NpH Kod(hdHULIMeHTe N30bITKAa BO3ayxa o = 1 U Temrie-

parype 9 (°C), kJlx/xr (xIi/m°)

lor =VRo, (09)co2 +Voin, (‘39)1\12 +Vo}szo(CS)Hzo- (1.21)
DHTAIBINS TEOPETHIECKH HEOOXOIUMOTO KOJMIECTBA BO3MyXa MPH TEM-
neparype 9 (°C), kJlx/xr (klK/m’)

lo, =Vo'(c9), - (1.22)
Tabnuya 1.1
Suragsnun 1 m° razos u BO3/yXa
§,°C ((39)c02 ‘ (‘39)N2 ‘ (CS)HZO ‘ (CS)B
kJDK/M
100 171,7 130,1 150,5 132,7
200 360 261 304 267
300 563 394 463 403
400 776 529 626 542
500 999 667 795 685
600 1231 808 969 830
700 1469 952 1149 979
800 1712 1098 1334 1129
900 1961 1247 1526 1283
1000 2213 1398 1723 1438
1100 2458 1551 1925 1595
1200 2717 1705 2132 1754
1300 2977 1853 2344 1914
1400 3239 2009 2559 2076




$,°C (C‘())co2 ‘ (CS)NZ ‘ (CS)HZO ‘ (CS)B
KJDK/M
1500 3503 2166 2779 2239
1600 3769 2324 3002 2403
1700 4036 2484 3229 2567
1800 4305 2644 3458 2732
1900 4574 2804 3690 2899
2000 4844 2965 3926 3066
2100 5115 3127 4163 3234
2200 5386 3289 4402 3402
2300 5658 3452 4643 3571
2400 5930 3615 4888 3740
2500 6203 3778 5132 3910

Teopetnueckue obbembl cyxoro Bosayxa Vo' u rasoB Vgo , Vo,

H
Vo.n,0 onpenenstorest o popmynam (1.3) u (1.7-1.9) must TBeproro u xuu-
Koro ToruuB U 1o ¢popmynam (1.4) u (1.17-1.19) anst ra3oBOro TOIIMBA.
Duranbmun 1 M° BIXHOTO BO3IyXa (CS)B , YTIEKHCIIOTO Ta3a (CS)CO2 ,
a3oTa (CS)N2 , ¥ BOJISIHBIX T1apOB (CS)Hzo onpeensiorca no tabiu. 1.1.

Tabauya 1.2
O0bembl ra3oB, 00beMHbIE 10U TPEXaTOMHBIX I'a30B,
KOHLEHTPALHS 30JIbI

H . H . H .
Vo =, VO.N2 = VRoZ =
Pazmep-
Benmnuuna VE
HOCTb 0.H,0
l"azoxosr
CpenHee 3HaueHHE KO PHIIHEHTA O
B ra30Xx0/1e
3
M°/KT
Vi o =Voho +0,0161a —1N,'
H,0 = Vo.H,0 :( )‘/o (Ms /M3)
3
H H H H H M°/KT
V' =Vro, *Von, +Vh,0 +(0‘_1)‘/0 ()
H
RO,
RO, H -
Vl"
H
_ VHZO B
HZO - H
Vl"
ry =Tro, +Th0 _




Pacuer 00BEMOB ¥ OSHTANBIHA PEKOMEHAYETCS BECTH COTJIACHO
Ttabm. 1.2 m 1.3.

Ipu cocrasnennn |- 9 -tabmumpr (Tabm. 1.3) i xKaxgoro o ompenens-
foTcs 3Ha4eHus | B o0iacTH, mepeKphIBaloIIel 0KUIaeMbIi THAa30H TeM-
nepaTyp B razoxoje, u Al — mpupamieHie HTANbINN IS 33JaHHOTO HHTEP-
Bajla TeMIepaTtyp. lcmomp30BaHME TpPH TPOBEICHHH TEIUIOBOTO pacdera
KoTna |- -rabnmipl 3HAYNTENBPHO YIPOMIAET pacyeT, CBA3aHHBIN C OIpene-
JICHUEM SHTAJILITUH T'a30B B Ta30X0/1aX KOTJIA.

Tabauya 1.3
DHTAAbNNSA NPOAYKTOB cropanus (1- 9 -Taéauua)
IO.r ' IO.B ’ I = IO.r + (0“ _1)I0.B ’ KI[)K/KF (K'H)K/Ms)
8,°C KJx/xr k/Ix/kT ' o
(&M% | (k) I Al I Al I Al

KoadduiueHt nzbpiTka BO3IyXa B TOIKE, COOTBETCTBYIOIIUI COCTaBY ra-
30B B KOHIIC TOIIKH, IPUHUMAETCSl B 3aBUCUMOCTU OT THIAa TOIOYHOIO YCT-
po¥icTBa M polia cxUraeMoro Tormsa no tadia. 1.4. KoagdurenTsr u30bIT-
Ka BO3JlyXa O, 33J[aHbl, UCXOsl U3 BEIHYHH MTOTEPh OT MEXAHUYECKOTO HE10-
Kora (.

Tabauya 1.4
Ko3¢duuneHt u3dbiTKa BO31yXa HA BbIX0JE U3 TONKH
Tun Tonku
Toruuso KawmepHnas Kamepnas KawmepHnas

¢ TIIY ™ ¢ KLY Croesas rasomMasyTHas
ARTPAIMTOREIH | 4 50 1252 | 120-1,05™ | 110 1,60 -
IITHIO
Touye yrmm 1,20-1,25 ° | 1,20-1,25° — -
KamenHbIe yriau 1,15-1207° | 1,15-1,20 7 | 1,30-1,60 ° -
Bypbie yrim 1,20-1,25™ | 1,15-1,20° | 1,30-1,60 ° -
Masyt - — — 1,02-1,03
[IpuponHsIii ra3 - — — 1,03-1,05 3

1 TBepnoe nutakoyaaaeHue.

“2 Kumxoe IUTaKOYZAJICHHUE.

*® MeHblee 3HAUCHHE — JIsl TOTIOK C Fa30MLIOTHBIMU SKPAHAMH.

“* Bonbliee 3HAUYEHIE — IIPU TA30BOiI CyIIKE M HU3KOTEMIIEPATYPHOM CHKHTAHHHU yTIIEit.

Benmunna ko3ddunnenTa n30bITKa BO3AyXa B CEUYCHHH Ta30BOTO TPaKTa
KOTJIa C YPaBHOBEIIEHHOH TATOH OMpenemnseTcss CyMMHUPOBAaHIEM KOA(PHIIH-
eHTa M30bITKa BO3/AyXa B TOMKE C IIPUCOCAMHU B Ta30X0/aX, PACHOI0KECHHBIX
MEXy TOIIKOW M pacCMaTPHUBAaEMBIM CEUCHHEM.
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Tabauya 1.5
IIpucocsl BO31yXa B KOTJIAX H CHCTEMAX NbLICNPUTOTOBICHUS
Bennuuna
OO6BEKTHI XapakTepucTHKa 00bEKTOB
npucoca Ao
Tonku T"a3zomoTHEIE 0,02
C Merammdyeckoi 0OIUBKOH TpyO KpaHa 0,05
C 00MypOBKOi U METAIUTNYECKO# OOIIMBKOI 0,07
C 00MypoBKOit U 6e3 OOIIMBKU 0,10
IToBepxHocTH I'a3omnoTHBI ra30Xxof OT TONKH A0 BO3LYyXOIO- 002
Harpesa, ra3o- | JOrpeBaTes '
X0JIbl ¥ 000py- | PecToH, MUPMOBBI TAPOTIEPErPEBaTEND 0,00
JIOBaHHE Ta30- 1-it korenpHbIi mydok (D < 50 kr/c) 0,05
BOT'0 TpakTa 2-it korenbHbIH my4ok (D < 50 kr/c) 0,10
KOTIa IMaponeperpeBatens (Ha CTYIEHb) 0,03
[epexosHast 30Ha NPSIMOTOYHOTO KOTJIA 0,03
DxkoHoMaiizep (D > 50 kr/c) kaxaas CTYIICHb 0,02
DxoHoMaifzep (D < 50 kr/c):
CTaJbHON 0,08
YYTYHHBIN ¢ OOMIMBKON 0,10
YyTyHHBIH 0€3 OOIIMBKH 0,20
TpyOuaThlii BO3yXOIOI0T peBaTellb:
kotibel D > 50 kr/c (kakaasi CTymneHb) 0,03
kotibl D < 50 kr/c (kaxmast CTyIeHp) 0,06
PerenepaTuBHBII BO31yXONOAOTpPEBATEND:
xomisl D > 50 kr/c 0,15
xomisl D <50 kr/c 0,20
ONeKTpOPUIBTPHL:
xotTisl D > 50 kr/c 0,10
xomisl D <50 kr/c 0,15
Ckpy00epbI, IMKIOHHBIC U OaTapeiHbIC 3010~ 005
YJIOBUTEIU '
I"azoxo/1p1 32 KOTIIOM (Kaxbpie 10 M) 0,01
IIemecucremsl ¢ | C mapoBsiMu OapabaHHBIMU MENBHUIIAMH TIPH 010
MIPOMEXKYTOU- CYIIIKE TOPSYUM BO3YXOM '
HbIM OyHKepoM | To e IpH CYIIKE CMECBIO BO3/lyXa M ra3oB 0,12
C MOJIOTKOBBIMHA MEJLHULIAMHU 0,06
[TbIIecucTeMsl ¢ C MOJIOTKOBBIMH WJIM CPEAHEXOHBIMU MEJIbHU- 0 04
MPSIMBIM B/lyBa- | LaMH '
HHEM TIOJL pas- C MenbHHUIIAMH-BEHTHIIATOPAMHU 0,20-0,25
peKeHHUEM
To e nox nas- C 1100BIMH MENNBHULIAMH 0,00
JICHHEM
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Jlnst XoTIIOB, paboTaromux 1MoJ HAAAyBOM, KOOPGHUIIUEHT W30BITKA BO3-
JlyXa Ha Yy4acTKe TPaKTa OT TOMKH J0 BO3AYXOIMOIOrPEeBaTENs IPHUHUMAETCS
MOCTOSIHHBIM.

PacyeTHblc BETHMUYUHBI IPUCOCOB B TOIKE U ra30Xx0jax KOTJIa, B TOM YHC-
Jie TIPUCOCHI BO3/lyXa B Ta30BYI0 CTOPOHY BO3AYXOIIOJOTIpEBATENs, PaBHbIC
MEePETeUKEe M3 BO3IYIIHONH CTOPOHBI, IPH HOMUHAIBHON Harpy3Ke NMpUHUMA-
10TCs 1Mo Tabm. 1.5.

KonudecTtBo BO3ayxa, MOJaBacéMoOe B TONKY M3 BO3IyXOIOJOTPEBATEN,
OTHECCHHOE K TEOPETHYCCKH HEOOXOIMMOMY JJIsi CTOPaHMs TOILTHBA, OIpe-
nensieTcs mo hopmyie

BT =0y — AaT _A(xrm - (a‘OTﬁ _1)rT J (123)
rac Aaﬂﬂ — HpHCOC B CUCTEMEC HLIHerI/IFOTOBHeHHH C y‘{eTOM BO3MOXHBIX
HAPYIICHH IIOTHOCTH BO BPEMs 3KCILTyaTalluy; onpenessiercs mno tabi. 1.5.
[pucoc B pa3OMKHYTHIX MBIIECHCTEMAX HE YIUTHIBACTCS; Oy — KOIP HUIIH-
eHT U30BITKa BO3MyXa B MeCTe 0TOOpa ra3oB Ha PElMPKYISANHUIO; I — KOd(}-
(I)I/H_[I/ICHT PEOUPKYIANNA T'a30B B HU3 TOIKHU WA F'OPCJIKH.

Bonpocs! 111 camonpoBepku

1. C xako# 1menpko MPOU3BOJUTCS pacyeT ropeHus TOIuIBa?

2. Uro co0oii mpeACTaBISAIOT ¥ YEM ONPECIISIOTCS TOJHOE M HETIOJTHOE
CropaHme Tormaa?

3. Tlouemy B peasbHBIX YCIOBHSX HPUXOJMTCS MOAaBaTh OOJIbIIEE KO-
JIMYECTBO BO3JyXa HAa TOPEHHE, 9YeM I3TO TEOPETHIECKH HEOOX0TUMO?

4. Yo Ha3biBaeTcst KO QUIEHTOM N30bITKA BO3yXa?
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T'nmasa 2. PACYET TEIIJIOBbBIX CXEM KOTEJIbHbBIX
2.1. PacyeT Temj10Boii cXxeMbl KOTeJIbHOM ¢ BOJOTPeiiHbIMH KOTJIAMH

Pacyer TemioBoii cxeMbl BOJOTPEHHON KOTENLHOW 0a3upyeTcs Ha perie-
HUU YpaBHEHHH TEIUIOBOTO M MaTepHajJbHOro OanaHca, COCTaBISIEMbIX IS
KaXX0ro 3JeMeHTa cxeMbl. [Ipu pacxoxaeHuu NpeaBapuTeaIbHO MPUHSATHIX B
pacdeTe BEIMYUH C MOJYYCHHBIMH B Pe3yibTaTe pacueTa Oojee yem Ha 3%
pacder cieayeT MOBTOPHUTh, MOJCTABUB B KAU€CTBE UCXOJHBIX JaHHBIX TOY-
YEHHBIC 3HAYECHUSL.

Pacuer TennoBOM cXeMbl KOTENBHOM C BOJOTPEMHBIMU KOTIaMH
(cMm. puc. 2.1), paboTaromieii Ha 3aKpPBITYIO CHCTEMY TEIIOCHA0KEHHUS, PEKO-
MEHAYETCSl NPOU3BOAUTH B TakOM MOCIEAOBATEIbHOCTU. Pacuer mpousBo-
IUTCS IUIA TPEX XapaKTEPHBIX PEKUMOB: MaKCHMaJBHO-3MMHETO, Hanboiee
XOJIOAHOTO MeCsIa U JIETHETO.

Ao

S

] 75 T5
[Masyrroe
3 XO3SHCTBO
1
3 L0 s =
< |1 T
2 8 9 2
-B6 BGAQJ 12
o
Q = 5 4
——DB6:
o
7
o~ F - QL
—76 2
Z J,,(;ﬁ R
=B]()=‘
© N ~ )
Q ~ ~ ~
Cbl[lmﬂ Obparnas Toxaromas
BOoja JIHHHA JIHHHA

Puc. 2.1. TeruoBasi cxema KOTEJILHON ¢ BOIOTPEHHBIMU KOTJIAMH:

1 — BoOTpeHHbII KOTEN; 2 — CeTeBOi HACOC; 3 — HACOC CHIPOil BOMBI; 4 — MOJOrpeBaTeb
CBIPO¥ BOZIBI; 5 — XUMBOIOOUHCTKA; 6 — MOANUTOYHEII Hacoc; 7 — OaK Jea3pHpoBaHHOI
BOJIBI; 8 — OXJIaIUTENb A€a’pUPOBAHHON BOABI; 9 — MOI0TPeBaTENh XUMHYECKH OUHIIICHHOM
Bogbl; 10 — measpatop; 11 — oxmagurespb Boimapa; 12 — perupKyIaIuOHHBII HacoC
O603HaueHus1 TpyOOIpoBoIoB (OyKBa ¢ IU(POIi) BEITOIHEHB! B COOTBETCTBHU ¢ Tabu. 3.4

1. CocTaBuTh Ta6nnuy HUCXOJHBIX JTaHHBIX JJId pacucTa. OTa Ta6n1/111a CO-
CTaBJIACTCA HAa OCHOBAHUHN MPOCKTAa CUCTCMBbI TEIUIOCHAOKEHUS HUIU pacucTa
pacxoga TCIJIOThI PA3JIMYHBIMHA HOTp€6I/IT€J'I$IMI/I IO YKPYITHCHHBIM IIOKa3aTe-
M. B aTol ke Ta6J'II/III€ YKa3bIBAOTCA 3HAYCHUS BEJINYUH, [IPECABAPUTCIILHO
IMPUHATHIC B IOCICAYIOMNX pacucTax.



13

Tabauya 2.1
Kaumarudeckue napamMerpsl X0JI0JHOT0 IEPUO/IA T0/Ia
151 HEKOTOPBIX ropoaoB Poccun

TemnepaTypa HapykHOTo Bo3ayxa, °C [ponomxu-
Hacenennprit pacdeTHas | pacueTHas | CPEIHss 3a | TENLHOCTh OTOIH-
MYHKT JUIS OTOIUIC- | JJIsSl BEHTH- | OTOIMTENb- | TEIBHOTO IEepHO-
HHS JAUMH | HBIA mepro I3, CyT.
ApXaHrenbsck -31 -19 4,4 253
Bapuayn -39 -23 =77 221
Benropon -23 -12 -19 191
Bpsiack —26 -13 -2,3 205
BmagusocTok 24 -16 -3,9 196
Brnanukaska3 -18 -5 +0,4 174
Bragumup -28 -16 -3,5 213
Bourorpan -25 -13 2,2 178
Boponex —26 -14 -3,1 196
ExarepunOypr -35 —20 —6,0 230
UpkyTck -36 -25 -8,5 240
Kazaub -32 -18 -5,2 215
Kpacuonap -19 -5 +2,0 149
KpachHosipck —40 —22 -7,1 234
Kypck —26 -14 2,4 198
JIumenk 27 -15 -3,4 202
Mocksa -28 -14 -3,1 214
H. Hosropox =31 -17 -4,1 215
HoBocubupck -39 —24 -8,7 230
Omck -37 -23 -84 221
Open —26 -13 2,7 205
ITensa -29 -17 —4,5 207
ITepmb -35 -20 -5,9 229
IIckoB -26 -11 -1,6 212
PocToB-Ha-/lony -22 -8 -0,6 171
Psi3aHb 27 -16 -3,5 208
Canxkr-IlerepOypr —26 -11 -1,8 220
Tomck —40 -25 -8,4 236
Tyna 27 -14 -3,0 207
XabapoBck -31 -23 -9,3 211
YensaOUHCK -34 -20 -6,5 218
SlpocnaBib =31 -16 —4,0 221

2. Ompenensetcs K03()MUIMEHT CHIDKEHUS PacXo/a TEIUIOTHl Ha OTOIIIe-
HHE ¥ BEHTWIALHIO JJIsI peKHMa HanOoJiee X0JI0AHOTo MecsIa



__ “BH H
Kos= I (2.1)
BH _ 'p.0

rae t,, — Temmeparypa BO3IyXa BHYTPH OTAaIUTMBAaeMbIX HomemieHuil, °C;
t,o — pacyeTHas TemIepaTypa HapyKHOro Bosiyxa, °C (IpUHUMAaeTCs IO
Tabn. 2.1); t; — Temmeparypa Hapy>KHOTO BO3AyXa IUII pekAMa HamOoiee
xoJomgHoro Mecsma, °C (mpuHHMaetcs mo Tadm. 2.1 paBHOW pacueTHOH ais
BEHTHJISIIVH).

3. Onpenensiercsi TeMneparypa BOAbl Ha HY)XIbl OTOIUICHHUS W BEHTHIIS-

I[UY B TIOJIAFOIICH JTUHUU JJIs peKuMa HanboJiee X0JI0MHOTo Mecsina, °C
0,8
t, =18+64,5K_° +67,5K__, (2.2)
4. OmpenenseTcs TemIieparypa oOpaTHOM CETEBOH BOIBI IOCIIE CHCTEM
OTOIUICHHS ¥ BEHTHIIALUH [T PeKUMa HarboJiee X0I0AHOTO Mecsa, °C
t, =1, -80K,,, (2.3)
5. OnpenensieTcss OTIYCK TEIUIOTH Ha OTOIUICHHUE M BEHTWIALUIO C yde-
TOM noreps, MBT
- UIS MAaKCUMaJIbHO-3UMHETO PEXKHMa

QL =Q,+Q,, (2.4)
- I peKruMa HanOoiee XOJOAHOI'O MEcAIa
i =(Q, +Q,) K., (2.5)

rae Q, — pacxon TemwIoThl Ha oTtormuieHue, MBT; Q, — pacxoa TemIoThl Ha
BeHTWJIAMI0, MBT.

6. OmpenensieTcsi CyMMapHbBIA pacxo]l TEIUIOTH Ha OTOIUIEHUE, BEHTUIS-
IIUIO U Topsiuee BoiocHa0xkeHune, MBT

Q=Q,+Q.. (2.6)

rae Q. , — pacxo TEeIUIOTH Ha Topsiuee BoJoCHaO)eHe, MBT.

7. OmpenensieTcsl pacxo]] CETEBOW BOJABI B MOJAMOIICH JTUHHH CHCTEMBI
TEIJIOCHA0KEHUS ISl HYKJ TOPSYero BoJ0CHa0KEH s, T/4

- TIpU NapajuIebHOM BKJIFOUEHHU MECTHBIX TeIJIO0OMEHHHUKOB

~3600Q,,

)
" CB (tl _t2 )
r7e C, — yaenbHas MaccoBasi n300apHast TeII0eMKOCTh BOIbI, KJx/(kr-K);

- TIpH JBYXCTYNEHYATOH (TIOCIENOBAaTENbHONW MM CMEIIAHHOW) CXeMme
MPHUCOEIMHEHUS MECTHBIX TEIUIOOOMEHHHKOB CHadajla ONPENeNsIeTCs] PacxXo.l
BOJBI B MOJAIOMIEH JMHUH CHCTEMBI TOPSUETr0 BOJOCHAOXKEHHS MOTpeOuTe-
JIeH 111 MaKCUMaJIbHO-3UMHETO peXnma

@.7)
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3600Q,,
c,(tor-t, )

TeMmIiepaTypa ropsiieil Bojbl, MojaBaeMoii morpeburensM, °C;

notp _
Gr.B -

(2.8)

roe t7 -
t. s — TeMmepaTypa ceIpoii Boasl, °C.

Temmeparypa cbIpoii BossI mprHUMaeTcs 3uMoit 5 °C, netom 15 °C.

a) — 0) B)
iR
| —4

)
i

di dl

%
1{[]

Em 1{[]
=
|ﬁJ

] (I
L Cep [

Puc. 2.2. CxeMbI IPUCOCTUHEHHSI MECTHBIX TEILIOOOMEHHHKOB:
a — mapauIeNbHOE; 6 — JABYXCTYIEHYATOE MOCIIEN0BATENBHOE; 6 — CMEIAHHas CXeMa
BKJIFOYCHMUS

3—‘|]]]H|]]] H

Jnst ompesiesieHus pacxo/a CEeTeBOM BOJBI HA MECTHbBIE TEIIIOOOMEHHUKU
Opu pexuMe HauboJee XOJIOJHOTO MeECsa NPEeIBapUTEIbHO BBIYUCIACTCS
TEIJIOBasl HArpy3Kka MOJOrPEeBaTellsi MEPBOH CTymeHH (TEINIOOOMEHHUK Ha
00paTHOM JINHIH CETEBOH BOAKI cM. puc. 2.2 6, g), MBT

noTp

G
er.s = ﬁcs [t2 _(Ats +tC.B ):I 1 (29)

rae At, — MUHUMaNIbHAs PA3HOCTh TEMIIEpaTyp TPeEIolIeil U moIorpeBaeMoit
Bojibl, °C (mpuHHMaeTcs paBHOH At, = 10 °C).
TeruloBas Harpy3ka nojgorpesareiis BTopoil crynesy, MBt
no_ |
QF.B - Qr.B _Qr.s ’ (210)
Pacxop ceTeBoii BOJbI HA MECTHBIH TEIIIOOOMEHHUK BTOPOH CTYIEHH, T.€.
Ha ropsiiee BojlocHa0XKeHHe I pexkuMa HanOosree X0I0IHOTO Mecsna, T/4
1
n _ 3600Q;,
Y (2.12)
C, (tl _tz)

Pacxon cereBoit BOfbl HA MECTHBIE TEIUIOOOMEHHUKH JIJIsl JIETHETO PEKH-
Ma, T/4

. 3600Q,
Tt -(an )

(2.12)
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a

rae Q — pacxoj TEIIOTHl INOTPEOUTENAMHU TOPAYEro BOJAOCHAOKEHUS IS

nerHero pexuma, MBT; t'— TemmepaTypa ceTeBoil Boabl B MpAMOIl JTMHUM

TOpsYero BOJIOCHA0KEHHUSI IIPU JIeTHEM pexume, °C.
8. Ompenernsercst pacxof CeTeBOH BOABI HA OTOIUICHHE W BEHTUIIIHIO,
/9

_3600Q,, 013
0.8 c, (t1 —tz) .

9. OnpenensieTcs pacxoa BOJIBI BHEIIHUMH HNOTPEOUTENSIMU Ha OTOILIE-
HHE, BEHTHWISILIUIO U Topsiuee BOJOCHAOKEHHUE, T/4
G,, =G, +G,,, (2.14)
10. Ompenensercs TeMmepaTypa oOpaTHOH CeTEeBOW BOIBI IOCIE BHEII-
HUX noTpedureneit, °C
- TIpH NMapaJuIebHON CXeMe IPUCOETUHEHHS MECTHBIX TEMJI000MEHHUKOB
TOPSYETO BOJIOCHAOKESHHSI

nox __ .
ts =15 (2.15)
- IpU JBYXCTYNEHYATOH (MOCIeN0oBaTeIbHOM HIM CMEIIaHHOI) cxeme

MpUCOCANHEHUST MCCTHBIX TEIIO0OMEHHHKOB A pEeKUMOB MaKCHUMAJIbHO-
3UMHEr0 U Hanbolee XO0JIOJHOT'O MECALa

3600Q!
ot =, - —— 2.16
00p 2 CB . GBH . T] ( )
- a i JICTHETO peiKruMa 1pu TOM 7K€ cXeMe IIPOBEPACTCA TEMIICpATypa
3600Q;"
o — tﬂ _ I.B , 2l17
00p 1 CB . G;“ . T] ( )

rie n — KIIJl moorpesatesns (Bo Bcex pacdeTax MpuHUMaeTcs paBHbIM 0,98).
11. OmnpenensieTcs pacxo MOAIUTOYHOM BOJBI JJIs1 BOCIIOJTHEHHS YTEUEK
B TEIUIOBBIX CETSX M B CUCTEME MOTpedUuTeNeH, T/4
G, =0,01K,, -G,,, (2.18)

rae K, . — moTepu BOJBI B 3aKPBITON CHCTEME TETUIOCHAOXKEHHS U B CHCTEME
norpeburenei, %.

ITpunaumaercs K, . = 1,5-2 % ygacoBoro pacxoja BOJbI BHEITHUMH TTOTpE-
ouTenIMU.

12. Onpexnensercst pacXxoJ CHIPOH BOJIBI, TIOCTYMAIOIIEH HA XUMBOIO0UYH-
CTKY, T/4

G,, =(1,25+1,3)G,, . (2.19)
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B ckobkax — yBenuueHne pacxoaa ChIpOi BOBI B CBSI3U C PACXOZOM €€ Ha
COOCTBEHHBIE HYKIbI XUMBOJIOOYNCTKH, @ TAK)Ke HA OOMBIBKY MOBEPXHOCTEH
HarpeBa KOTJIOB, HAa YNJIOTHEHHE M OXJIaXIEHHUE IMOIIMIMITHUKOB HACOCOB U
TSATOYTHEBBIX YCTPOICTB, Ha OXJIAXICHUE TPUOOPOB HA KOTIAX U Ip.

13. IIpu ycTaHOBKE Jea’paropa, padoraromero mpu aasicauu 0,12 MIla
U TeMIeparype aeadpupoBaHHON Boabl okoio 104 °C, ompenensercs TeMIie-
paTypa XMMHUYECKU OYHIIEHHOH BOABI MOCIE OXJaAUTeNs Aea’pUpOBaHHOI
Bojbl, °C

" G, /. " .
tX.O.B = G'_(tnoﬂn _tnoJm )Tl +tx.0.s ’ (220)
X.0.B
rae t . — TemrmepaTypa ChIpOM BOABI Iepel] XMMBOJOOUYHCTKOH, °C (peko-

MeHxayercs npuHuMate ee 18-20 °C); t — TemmepaTypa HOJIUTOYHOH

TIOAT

BOJIBI TOCIIE feadparopa, °C; t  — TemmepaTypa MOANUTOYHOM BOJBI IOCHE

TIOAIT
OXIIaMUTeNs JaeadpupoBaHHON Boabl, °C (mpu TemmeparypHoM rpaduke
150/70 pexomennyercs npuHuMaTh ee pasHoi 70 °C); G_ ,— mpeaBapu-

TENBHO MPHUHATHIA PACX0J] XMMHUYECKH OYHMIIICHHON BOABL, T/4.
14. Onpenensercs TemnepaTypa XMMUYECKU OYUILEHHOM BOJBL, IOCTY-
narouieit B neasparop, °C

oz,

¢ = Gi(t,“‘ ~t )t

(2.21)

X.0.B ' X.0.B !

X.0.B

rae G — pacxon rperoiieil BOJbI Ha MOJOIPEBATENb XUMUYECKU OYHIIEH-
HOI1 BOJIBL, T/4 (MM cllefyeT IIpeBapuTeIbHO 3a1aBaThed); t" — Temneparypa

BOJbI HAa BBIXOZC M3 BoAOrpeiHoro komia, °C; t — TemIiepaTypa rperomei

BOJIBI TIOCIIE MOAOTPEBATENs] XMMUUECKH OYUIEHHOW BoAbI, °C (00BIYHO €€
NpUHUMAIOT Ha 4—6 °C BbIIIE TeMIEpaTyphl HACBHIIICHHUSA IPU HABICHHH B
JieadpaTtope).

15. C y4eToM MOJACYUTAHHBIX BEIHMUUH MPOBEPSETCS TeMIepaTypa ChIpon
BOJIBI TIEpE]] XUMBOI0OUUCTKOH, °C

nox
' " "

ts = (6 ~thow )1+ L (2.22)

C.B

16. Onpenensercst pacxo/i TPEIOIIEeH BOABI Ha IeadpaTop, T/4

.t;IOHﬂ - )’(OB .t)J(JOB
Gy =2 Puan e (2.23)
6"
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17. IIpoBepsieTcst pacxoJl XMMHUUYECKH OYHUIIEHHOW BOJBI HAa MOAMHUTKY Te-
IJIOCETH, T/9

G,.. =G, -G}, (2.24)
18. OmpenenseTcs pacxo] TEIUIOTHl Ha MOJOIPEB CHIPOI BOABI, XUMHUYE-
CKH OYMIICHHON BOJBL, HA JIea’paTop U Ma3yTHOE X034KUcTBO. [Ipu ycTaHoBKe
OXJIaJUTeNs MOANIUTOYHOM BOJBI OIIPENEISIETCS PACXO TEIIOThI HA HETO.
- Pacxop TemnoTsl Ha MOKOrpeB ChIpoi Boasl, MBT

Q= pe, (.t ) (2.25)

- Pacxox TemnoTsl Ha MOAOTPEB XMMUYECKH OYHMIIEHHOH BOJBI (B TEIIO-
obmennnke 9 cwm. puc. 3.1), MBt

G w1
=—222c (1], —t..])—
QX.O.B 3600 B ( X.0.B X.0.B ) n (2'26)
- Pacxon Temnotsl Ha neasparop, MBT
. + 1
_ P BK __ =
Qﬂ - 3600 B (t] tl‘lO}JH ) n . (227)

- Pacxoz[ TCIJIOTBI Ha MOAOTPEB XUMUYCCKN 0'~II/IH1€HHOIZ BOJBI B OXJIaJdU-
TeJe Aea’pupoBaHHOM Boabl, MBT

G " 1
=22 C (4 on —Teon )= 2.28
QDXJ'I 3600 B ( X.0.B X.0.B ) n ( )
- Pacxop Temnorsl Ha noporpes Mazyra, MBt
£, —t,
=B-c, *—~, 2.29
QM M T] . 103 ( )

rne B — pacxon Ma3zyTa Ha yCTaHOBJIEHHBIE KOTJIBI IIPHU COOTBETCTBYIOIIEM
pexume, Kr/c; Cy — yAelbHas TEIUIOEMKOCTh Ma3yTa (OPHEHTUPOBOYHO MO-
xKeT npuHuMatbes paBHol 2 k/bx/(kr-K)); t, u t,— Temmeparypa MasyTa
nociie mojorpesatens u nepe auM, °C.

[Ipn oTCyTCTBUM TaHHBIX O PACXO0JIE TOIUIMBA PACXOJ TEIJIOTH HA MazyT-
HOE XO3SICTBO B 3aBUCHMOCTH OT MOIIHOCTH KOTEJIHHOH MOKET OPHEHTHPO-
BOYHO NpuHuMaTthes ot 0,6 1o 1,4 MBT.

19. Berumcnsercss cyMMapHBIH pacxoJl TEIUIOTHI, KOTOPBIH HEO0OXOIMMO
HOIY4MTh B KOTIax, MBT

ZQ = Q+Qc.g +Qx.o.s +Q:| +QM _Qoxn ) (230)
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20. Onpenensercs pacxo.1 BOJIBI Uepe3 BOJAOTpEHHbIE KOTIbI, T/9

~3600)Q
ROy Fr (E=g) (231)

21. Onpenensercst pacxo/l BOJbI HA PEUUPKYIISIIUIO, T/4

GK (t;x _tnon)

00p

= T e (2.32)
g’ tl _toﬁp
22. OnpepnensieTcsi pacxoi BOJBI 110 MEPENyCKHOH JIMHUH, T/4
GBH tB.K _t
niep = BE 1 n(n:ll) ' (233)
tl- - toﬁp

23. OmpenenseTcs pacxoJl CETeBON BOABI OT BHEUTHHUX MOTpeOUTENCH Ue-
pe3 oOpaTHYO THHHIO, T/4

Goﬁp = GBH _Gyr : (234)
24. Onpenensercsi pacueTHBIN pacxol BOABI yepe3 KOTIIbI, T/4

G, =G, +G +G,, -G, - (2.35)

25. OnpenensieTcsi pacxo BOZbI, MOCTYMAIOIIEH K BHEIIHUM MOTpeOuTe-
JISIM TIO TIPSIMOM JIMHMU, T/4

"' 1 nox
G =G, -G,-G" -G, +G,, - (2.36)
26. Omnpenensercss pa3HULIA MEXJy HalIEHHBIM paHee M YTOYHEHHBIM
pPacxoaoM BOJBI BHEITHUMU TIOTpedutesimu, %

AG = G“"G—G~100 . (2.37)
BH

IIpu pacxoxneHnn, MeHbIIeM 3% pacyeT CIUTaeTCs OKOHUYEHHBIM.

ITocne pacdera TemnoOBOH cXxeMbl HEOOXOAUMO BBHIOpPATh YHCIO YCTaHAB-
JMBaeMbIX KOTJIOB. Kak moxasany TeXHMKO-3KOHOMHUYECKHE PacdeThl, ONTH-
MaJIbHBIM YHCIIOM KOTJIOB SBJsieTCst N = 3. 3aTeM ONpenessioT pacxo BOIbI
OJTHUM KOTJIOM M CPaBHMBAIOT €T0 C PAacXOAOM BOJbI, YCTAHOBIEHHBIM 3aBO-
JIOM-HN3TOTOBHUTEIIEM.

Ecin Y G/n > G, periiaMeHTHPOBAaHHOT'O 3aBOJAOM-H3TOTOBHTEIIEM, TO BBI-
00p KOTJIOB CYHMTAIOT 3aKOHYEHHBIM M MPOBEPSIOT, KAKOE YHCIO KOTJIOB
JOJIDKHO paboTaTh HPHU PEeKUME Hambosiee XONOJHOTO MECSIa U JISTHEM pe-
KHME.

Jns pemeHus Bompoca 00 yCTaHOBKE PE3EPBHOIO KOTIA HEOOXOIUMO
MPOBEPUTH, OyIyT M OOECIEeYEeHBI TEMJIOTONH INPH BBIXOAE W3 CTPOS HaH-
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00JBIIET0 MO MOIIHOCTH KOTJIA MOTPEOHTENH TEepBOH KaTETOPHH, HCIIONb-
3YIOIIHE TEIUIOTY:

- Ha TEXHOJIOTUYECKOE TEIUIOCHA0KEHUE W CHCTEMbI BEHTUIIALNHU B KOJIH-
YECTBE, ONMPEIEIIEMOM MUHUMAIIBHBIMU JOITYCTUMBIMU Harpy3KaMu;

- Ha OTOIUICHHWE W Topsdee BOJOCHAOXKEHHE B KOJMYECTBE, OIpejaernse-
MOM PEXUMOM HanboJIee X0JI0THOTO MecsIa.

IIpu BBIXOAE U3 CTPOS OJHOTO KOTJIA KOJUYECTBO TEIUIOTHI, OTITYCKAEMOE
HOTPEOUTENSIM BTOPOW KaTeropuH, He HOPMHUPYETCS.

2.2. PacyeT TenJioBoii cxeMbl KOTEJbHOM ¢ MAPOBHIMU KOTJIAMU

Pacuer TennoBoil cxemMbl KOTEIBLHON C MapOBBIMU KOTJIAaMH BBIIOJHAETCS
JUTS TPEX PEKHMMOB: MAaKCUMAJIbHO-3UMHETO, HA0O0JIee XOJIOIHOIO MECsa U
JIETHETO.

T8 1—=— KoHzeHcar ¢ npon3BoicTBa

TO,

=—T197- CH

—
=
Ha nponssoactso
4
13 12
W 10
N
11 9
-B30
2
Ilozaromas Ob6parnas 4 o
JIHHHS JTHHHS (',,',pg 4 Bosa

Puc. 2.3. TerumoBas cxema MpOU3BOACTBEHHON KOTEIFHOM:

1 — mapoBoii KOTeIT; 2 — pacIIUPUTEN HEMPEPBIBHON TPOAYBKH; 3 — HACOC CHIPOil BOABL;
4 — Gapbortep; 5 — oxnaUTENbh HENPEPHIBHON NPOYBKH; 6 — II0OrpeBaTENh ChIPOI BOJIBI;
7 — XUMBOJOOYHUCTKA; 8 — MUTATENLHBIN Hacoc; 9 — moanuTounbli Hacoc; 10 — oxnaauTens

MOAMUTOYHOM BobI; 11 — ceTeBoii Hacoc; 12 — oxmaauTens KoHAeHcaTa; 13 — cereBoit
rojtorpeBaresip; 14 — mogorpeBareis XMMHYIECKH OYHIIEHHOMN BO/bL; 15 — oxaauress

BhImapa; 16 — atMochepHblii geaspatop; 17 — peyKIHOHHO-0XIaIUTENbHAS YCTAHOBKA

Pacuer TemnoBoii cxembl MPOU3BOJACTBEHHOHN KOTeNbHOH (pHc. 2.3) pexo-
MEH/IyeTCs IPOU3BOANTE B TAKOH MMOCIICIOBATEIBHOCTH:

1. CocTaBuTh TaOJNHUITy UCXOIHBIX MAHHBIX I pacuera. OHa cocTaBis-
eTCsl Ha OCHOBAHHH JAaHHBIX O pacxoJiax Iapa TEXHOJIOTHYCCKAMH MOTPeOH-
TEJSIMA ¥ TEIUIOTHI Ha HYXIbl OTOIUICHHS, BEHTHISAIMH U TOPSYETO BOJO-
cHaOxeHus. B 310l ke TaOnmuIe yKa3bIBarOTCs 3HAYCHUS BEIIUYUH, NPEIBa-
PHUTETHHO TIPUHSTEHIC B IOCIEIYIONINX pacyeTax.
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2. Ompenenuth KO3(Q(GHUIIMEHT CHIDKECHHSI pacxoa TEIUIOTHl HA OTOILIC-
HHUE W BEHTWIILNHUIO JJIs peknMa Hanbolee xoiogHoro mecsamna K, mo ¢op-
myme 2.1.

3. OmpenenuTh pacxo[l BOJBI Ha MOJOTPEBATEIIN CETCBOM BOJIBI, T/4

- JUTS MAaKCUMAaJIbHO 3UMHET0 PeKHMA

CB (tl _tZ )
rae Q — pacueTHas TeIIOBas HarpysKka MoTpeOHTelNleld CHCTEMBI TeIIOCHA0-
KeHusl  (OTOIUIEHHe, BEHTWIALMSA, Topsdee BopocHaOkenue), MBT;
t;, t; — Temmeparypa ceTeBoil BOJbI COOTBETCTBEHHO IIOCIIE CETEBBIX MOAOT-
pesateneif u nepen HuMH, °C.
- U4 pexuMa HanboJjiee X0I0AHOTO MecsIa

G= 36OO(Q0AB i KO.B + QrAB)
Cy (tl - t2 )
rac QO,B — pacxod TCIUIOTbl Ha HYXKAbI OTOIUVICHHWA W BCHTWIALMU, MBT,
Q... — pacxo] TEILIOTH Ha TOpsYee BOAOCHa0keHue, MBT.
- UL JIETHCTO pEeiKUMa

, (2.39)

3600Q
G = LB 1 2.40
Cy (tl - t2 ) ( )
4. OmnpenenuTh pacxo] napa Ha M0I0TPEBaTENIN CETEBOM BOIBI, T/4
c,-G(t,-t,)
Dn.C.B = f ! (2'41)
(Ipoy -k )n

rae iPOV — OHTAJIbIUA PEAYHHUPOBAHHOIO I1apa Mepe] NoA0TrpeBaTe/IAIMU CETEC-

BOW BOJIBI, KJ[XK/KT; I, — SHTaIBIKS KOHAEHCATa TIOC/Ie MOJ0rpeBaTelieil ceTe-
Bo# Bojibl, KJ/[x/kT; 1 — KIIJI cereBoro mogorpesareds.

Jis pa3muuHBIX ogorpeBareiel coocTBeHHBIX Hy) KI1J] npuanMaercs
paBHbIM 1 = 0,98.

5. Omnpenenuts pacxo]l peAyIHPOBAHHOTO Iapa BHEIIHUMH IOTpeOHTE-
JIAMH, T/4

Dyoy =D, +D

nc.B !

(2.42)

rae D, — pacxon penynMpOBaHHOTO TMapa BHEUTHUMH TEXHOJOTHYECKUMU
MOTPEeOUTESIMH, T/4.
6. Ompenenuts pacxon mapa nepeqa POY, 1/4

! " I - Il‘l B
Droy = Dpoy +5—", (2.43)

pov s
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TOC ipyy — JHTAIBIMS CBEXEro mapa, KJK/KT; i, — SHTAIBINS IUTATEIBHON
BOJIbI, KJIK/KT.

7. OrmpenenuTh CyMMApPHBIA PAacXOJl CBEKEro mapa BHEIIHUMH MOTPEOU-
TEJISIMH, T/9

D,, = Dyoy + D, , (2.44)
rac DT — pacxoJ CBCKETO Mapa Ha TEXHOJOTHYCCKNUEC HYKIbI, T/‘I;

8. Ompenenutp KOIWYECTBO BOJBI, BIPBICKHUBAEMOH B PEAYKIMOHHO-
OXJIaIUTEIbHYIO YCTaHOBKY, T/4

Groy = D;"oy f)'oy—_.poy ) (2.45)
IPOY - Irma
9. OmpenenuTh pacxo[] mapa Ha COOCTBEHHBIC HYKbI KOTEIBHOM, T/4
D(I).H = O’ OlKC.H . DBH ! (246)

rae K., — pacxox mapa Ha cOOCTBEHHBIE HYXK/bI KOTEIBHOU (TIOJOTPEB ChI-
POl U XUMHYECKH OYHMILIEHHOW BOJIBI, PACXOJ Mapa Ha JIea’paTop) B MPOLCH-
Tax pacxoja rapa BHEIIHHMH MOTPEOUTENSIMU; PEKOMEHIyeTCsl IPHHUMATh
ero paBHbIM 5-10%.

10. Pacxon mapa Ha Ma3yTHOE XO3SHCTBO, T/4

D,6=0,01K, -D, , (2.47)

rae K, — pacxon mapa Ha Ma3yTHOE XO3SHMCTBO B IPOLEHTAaX pacxoja mapa
BHELTHUMH MOTPEOUTEINSIMH; NP OTCYTCTBHH J@HHBIX PEKOMEHIYETCsI MpU-
HUMATh €ro AJisl HeOOJBIINX KOTEJIbHBIX paBHbIM 3%.

11. Pacxox mapa Ha IOKPBITHE MTOTEPh B KOTEIHHOM, T/4

D, =0,01K (DBH +D, + DM) , (2.48)

rae K, — pacxon mapa Ha MOKpBITHE IOTEph B IPOIEHTaX pacxoja Iapa
BHELIHUMH NOTPEOUTEISIMU; PEKOMEHAYETCS IPUHUMATh ero paBHbIM 2—3%.

12. CymmapHblii pacxofi 1apa Ha COOCTBEHHbIE HYKIbI, Ma3yTHOE XO3slii-
CTBO U IOKPBITHE NOTEPh B KOTEJILHOM, T/4

D, =D, +D,+D,. (2.49)
13. CymmapHas mapomnpOon3BOAUTEIEHOCTE KOTEIBHOM, T/9
D=D,+D,,. (2.50)

14.Tlotepn KoHzmeHcaTa B OOOPYIOBAaHMHM BHEIIHWUX IOTpeOuTeneii u
BHYTPH KOTEIHHOH, T/4

G =(1— B)(DT + D;)+ 0,01K,D, (2.51)
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roe f — Oons KOHZAGHCaTa, BO3BPALaeMOro BHEIIHMMH ITOTPEOHUTEISIMH;
K« — moTepu KoHIEHcaTa B IIUKJIE KOTEIbHOH yCTAaHOBKH B IIPOLICHTAX CyM-
MapHOU MapoIpOM3BOJUTEILHOCTH KOTEIBHOW; PEeKOMEHIYETCS NPHHUMATh
ux paBHbIMHU 3%.

15. Onpenenuth pacxoa XUMHYECKH OUMIIEHHOW BOMBL, T/4

G,,..=G"+0,01K -G, (2.52)
rae K. — moTepu BOABI B TEIUIOCETH B MPOLCHTAX KOJIMYECTBA BOJBI B CUCTE-
Me TEIUIOCHA0KEHUS; peKOMEHAYeTCsl IPUHIMATh MX paBHBIMHU 2—3%.

16. Onpenenuts pacxoi CHIPOX BOIBL, T/9
G =Kios " Grons (2.53)

rae Ko, — K03 duiuent, yuuteiBalonmii pacXxoa ChIpOH BOJBI Ha COOCT-
BEHHBIC HYK/Ibl XUMBOJIOOUHUCTKH (IIPUHUMAETCS paBHBIM 1,25).

17. OnpenenuTh KOIWYECTBO BOJBI, MOCTYMAIONIEH B paCHIMPUTENH C He-
MPEPBIBHON TPOTyBKOH, T/4

G, =001p, D, (2.54)

e Pyp — IPOLEHT IPOLYBKH, IPHHUMAETCS OT 2 110 5 %o.

18. KonnuecTBo mapa, MoIy4aeMoro B pacUIMpHUTEsIe HEIPEPHIBHON Mpo-
JIYBKH 32 CUET CHWDKCHUS B HEM JIaBJICHHs IPOIyBOYHOM BOJBI, T/4

Gy (e )

pacix - K o 1
X('pacm - Ipacl.u )

D (2.55)

re iy, — SHTAJIBINSA KOTIOBOM BOIBI, KJIK/KT; | — DHTANBIHS Tapa, IMoIy-

paci

YaeMOro B paclIMpHUTeNie HeNPEphIBHOW NPOXyBKH, KIDK/KT; | — DHTAIIb-

paci
NHs BOJBI, MOJy4aeMOil B paclIMpHTelNie HEeNPEpbIBHOW MPOAYBKH, KJ[K/KT;
X — CTENeHb CYXOCTH Iapa, BBIXOAAIIETO U3 PACIIUPUTENS HENPEPBIBHON
MPOJYBKH; NpuHUMaeTcst paBHoOM 0,98.

OHTalbIUM KOTJIOBOM BOJBI, @ TAKXKE BOABI U Mapa, MOIy4aeMbIX B pac-
MIUpUTEe HENPEPHIBHOW NMPOAYBKH ONPEACISIOTCS MO TabiaWlaM BOIBI U
napa Ipy COOTBETCTBYIOILEM JABICHUU U TEMIIEPATYPE HACBILICHUSI.

19. KonndecTBO BOABI Ha BBIXOJIE W3 PACIIMPHTEINST HENPEPBIBHON IPO-
JyBKH, T/4

Gpacr = Gup ~ Dy (2.56)

20. Onpenenuth TEMIIEPATYPy CHIPOH BOABI MOCIE OXJIAAUTENS Hempe-

pBIBHOI poayBkH, °C
. I (N |np)+t“, 257)
c, -G,
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rjae i, — OHTaIbIHS BOUbI TOCIE OXJAJUTENsS HENPEPHIBHON MPOIYBKH,
kJx/KT; t., — TeMnepaTypa cbipoii Bogpl, °C; 1| — KO3 PHUIHEHT, YIUTHIBAIO-
MU OTEPH TETIa TEMI00OMEHHUKOM B OKPY’KaIOIIYI0 Cpey; MPUHIMACTCS
paBHbIM 0,98.
21. Pacxon nmapa Ha IoJiorpeBaTeib ChIpoil BOJBI, T/4
D _ G ix.o.s B iC.B
cB ~ cB (/.1 - POY ’ (258)
('Poy —l )n

rae i, — SHTANBIHUS CHIPOH BOABI IMoCie mojporpesatens, KJK/kr (ompene-

X.0.
aseTcs A TeMIeparypsl Bojsl, mpuHuMaeMoil or 20 go 30 °C); i;ﬂf 3H-
TaJIBIIUS CHIPOW BOJBI MOCIE OXJIAMUTEINsT HEMPEPBIBHON MPOIYBKH, KJ[M/Kr
(ompenensercs Mo TEMIEPaType t;_B); i;oy— SHTAIBIHUSA PEIYyHUPOBAHHOTO
napa, kJx/kr (ompenenseTcs U3 TaOIHIl BOABI U Mapa MpH 33JaHHBIX TeMIIe-
paType U JaBIeHUH PELyLMPOBAHHOIO Mapa); ii . — SHTAIbIHUs KOHIEHCaTa

pexynrpoBaHHOTO mapa, KJK/Kr (ompenensercs Mpu TeMIlepaType HaCHIIIe-
HUS TIPY JABJICHUU PEIYLHUPOBAHHOTO Mapa).

22. Onpenenuth TEMIEPaTypy XMMHUYECKH OYHIIEHHOW BOABI MOCIE OX-
JaJUTENS 1eadpUpoBaHHOMN Boibl, °C

. 001K, -G(t, ~t .
€, = - (b =t)n ¢ (2.59)

X.0.B

rae t  ,— TemmepaTypa XMMHYECKU OUHUIIEHHON BOIBI Ha BXOJE B OXJIadU-
Telb Aea’pupoBaHHOU Boabl, °C; t  — TemmepaTypa Aea’pUpOoBaHHOHU (UTa-
TEJIbHOI) BOJBI HA BXOZe B oxyaaurens, °C; t, — TemmepaTypa Jea’pHpoBaH-

HOU Bojbl Tocie oxnagutens, °C (mpuHUMaeTCcs paBHOW Temmeparype 00-
paTHOM ceTeBOM BOABI Ha BXOAE B IOJOTPEBATENIM CETEBOW BOBI);
0,01K,.-G — pacxon MOAMUTOYHON BOIBI JJIS MOKPHITHS YTEUEK B CHCTEME
TEIUIOCHAOKEHHUSI, T/4.

23. OmpenenuTh pacxo. mapa Ha MOJOTPeB XUMUYECKH OYHIICHHON BOIBI
B TIOZIOTpeBaTee Mepe 1eadpaTopom, T/4

i, —i,
DX.O.B = GX.O.B ’ "K—le ' (260)

P i POY
| 1

POY ~ 'k
Tae ikf SHTAJIBINS XUMHUYECKH OYHIIEHHON BOJBI IIOCIE nmoaorpeBareis,
KI[)K/KF (OHpeI{eJ‘ISIeTCH 10 TeMIIepaType, paBHOfI TEMIICpaType KOHACHCATA,

T.e. 70-85 °C); i_,,— SHTaIbIHs XUMHYECKH OYUIEHHON BOJBI IEpe] Mo-
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JorpesateneM, kJK/Kr (ompenensercss MO TEMIEpaType XUMHYECKH OYH-
IIEHHOW BOJIBI TIOCJIE OXJIAZUTENS JeadpUPOBAHHON BOJIBI).

24. CymmapHOE KOJIMYECTBO BOJBI U Iapa, MOCTYIAOIIee B IeadpaTop, 3a
BBIYETOM T'PEIOIIEro apa Jea’paTopa, T/4

Gu = GX.O.B +B( DT + D':" ) + DX.O.B + DC.B + DI'[.C.B + D " (261)

pacir

25. OmpenenuTh CpeTHIO TEMIIEpaTypy BOIHI B geaspaTope, °C
G, osls +B(DT + D;)iK +D,,,ir” +D,,if” +D,_,i. + D

' X.0.B K C.B K I.C.B K acu.rl acIn
t = P (2.62)
. ¢, G,
26. OmpenenuTh pacxo] rPEromIero mapa Ha Iea’paTop, T/4
i, —C, -t;
D, =G, = (2.63)

(IPOY - In,B )n
27. OnpenenuTh pacxoa peaylupOBaHHOIO Mapa Ha COOCTBEHHBIC HYIKIbI
KOTENbHOM, T/4

DY =D,+D,,,+D,,. (2.64)

CH

28. OnpenenuTh pacxo/ CBEKEro mapa Ha COOCTBEHHBIC HYM Kbl KOTENb-
HOH, T/4

oy —1
_ POV ‘poy LB
DC.H - DC.H ! R ' (265)
IPOY - Il'l.B
. JleficTBUTEIbHAS TIAPOII OU3BOJUTCIIBHOCTH KOTEIIbHON C YCTOM
29 y

pacxojia napa Ha COOCTBEHHBIC HYKIbI M IOTEPH I1apa B KOTEILHOU, T/4
DK = DBu + Dc.u +07 OlKn (DBll + DcAu) ' (266)

30. HeBsi3ka ¢ mpenBapHTeNbHO TPHHATON MapONpON3BOIUTEIHHOCTHIO
KOTeIbHOH, %0

AD=—:_2100. (2.67)

Ecnu HeBs3ka nomyuutcst MeHble 3%, TO pacyeTr TEIJIOBOW CXEMbI CUM-
TaeTcs 3aKOHYCHHBIM. [Ipu Ooubliell HEBsI3KEe pacueT CIeAyeT MOBTOPHUTH,
W3MEHUB Pacxoji napa Ha COOCTBEHHBIC HYK/IbI.

YTO4YHEHHBIN pacxo/ peaylIPOBAHHOIO Mapa ¢ yUeTOM JEHCTBUTEIBHOTO
pacxopa napa Ha COOCTBEHHBIE HYXKIIbI, T/

Dy. POV = DT + DI'I.C.B + Dcpl(-l)y ' (268)

YTOYHEHHBIN PacXo]] CBEKETo Mapa ¢ y4eTOM JCUCTBUTENBHOTO pacxo/ia
Ha COOCTBEHHBIE HYXKIBI, T/4
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. " i
_ POY LB
y.POY — DyA POY " . (2-69)
POY InAB
YTO4YHEHHOE KOJIMYECTBO BOJIBL, BIPbICKMBaeMoii B POY, T/4

D

1 —1
Gy4 POY — Dy. POY M . (2-70)
poy s
YTouHEeHHas cyMMapHas NapoIPON3BOAUTENFHOCTh KOTEIBHOM, T/4
D} =D, +D, oy +0,01K, (D, + D, oy ) - 2.71)

[o pe3ynbpTaTam pacdera U3 KaTajJoroB MOAOMPAIOTCS KOTEJIbHBIE arpera-
TBI ¢ TPeOyeMBIMH MapONPOU3BOAUTEIHLHOCTRIO U MTapaMeTpaMu mHapa (TeM-
neparypa, naBieHue). [IpeamnouTHuTeNsHbIM KOJIMYECTBOM MAapOBBIX KOTJIOB,
TaK ke, Kak ¥ BOJOTPEHHBIX, OOBIYHO ABIsIETCS N = 3.

Bonpocsl a1 caMonpoBepKHU

1. Jlnga xakuxX pPeXHUMOB INPOU3BOAUTCS pacyeT TEMJIOBOM CXeMBl KO-

TeNbHOU?

Ha 4em 0Oa3upyeTcst pacyer TeIuIoBOil CXeMbl KOTEIbHOMU?

3. B kakom ciyuae pacueT TEIUIOBOU CXeMbl KOTEIbHOI MOXKHO CUMTATh
3aKOHYEHHBIM?

4. Kaknum 06pa3om ocyniecTBIsIeTCS! BHIOOP KOTEIBHBIX arperaton?

n
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I'nasa 3. YCTPOUCTBO, PABOTA M XAPAKTEPUCTHUKH
KOTJIOB, HCIIOJIB3YEMBIX JIJISI HYK/I TEIIVIOCHABKEHU S

3.1. I1apoBbIe KOTJIbI

Jnist mosrydeHus HachIIIEHHOTO Mapa B HEOOJBIINX KOJIMYECTBAX C JaBie-
HueM 0,9 Mlla B HacTosimee BpeMsl IPUMEHSIIOTCSL J[Ba THIIA ITapPOBBIX KOT-
70B: BepTHKabHO-ImHAprdeckue M3K u nByxO6apabaHHBIe BOTOTPYOHEIC
KOTJIBL

Boixod

by 5 " napa ]
I
p 15— T
; @) @
- ™
— 3 & 151 g g | E‘ 13
. .
' T = iz i ‘
3 * ‘ | .7—"' o
il -9 = Baod— i)
J | numam
I}l L Boder L-20
i 0
. | i ‘ t = 1V 21
2/‘,‘}" L 1 ‘ i = |
— i
7 wﬂnﬂ R : |

=

W)

1
Puc. 3.1. Koren E-1,0-9T" (M3K-7T):

1 — sKkpanHbIe TPYOBI; 2 — TOMOYHASI KaMepa; 3 — BO3LYXOBO/ FOPSIYEro BO3Ayxa; 4 — muta-
TenbHAs TpyOa; 5 — BO3YNIHBIN perucTp; 6 — razopas ropenka; 7 — BEpXHHIT KOJUIEKTOD;
8 — mapopacnpenenuTensHas penrerka; 9 — HapyxHas oommBka; 10 — moBos Bo3gyxa oT
BeHTHIATOPA; 11 — KOHBEKTHBHBIE TPYObI; 12 — HIDKHUIA KOJUTIEKTOP; 13 — CIIyCKHOW BEHTHIIb;
14 — ypoBHeMepHas KoNoHKa; 15 — BojoykasarensHbIe TpHOOpPEI; 16 — MaHOMeTp; 17 — rinas-
HBII apoBoif BeHTHIB; 18 — mpetoxpannTenbHbIi KianaH; 19 — rusaenka; 20 — nmuTaTenbHbIH
Hacoc; 21 — 1yTbeBO BEHTUISITOP

Bepmuxanvno-yununopuuecxkuii naposou xomen M3K-7I" — 310 xoten ¢
ectecTBeHHOH mupKysiuei. Koren (puc. 3.1) coctouT u3 BepxHero 7 u
HIDKHETO 12 KONBLEBBIX KOJUIEKTOPOB, COSIUHEHHBIX MEXIY cOOO0W MpsIMBbI-
MU BepTHKaJIbHBIMU TpyOamu 1 m 11, pacrosio)k€HHBIMH MO KOHIIEHTpHYe-
CKUM OKpY>XHOCTsIM. IlepBbIii BHyTpeHHUI KojibLeBod psin 1 oOpasyer mu-
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JMHIPUYECKYIO TOIIOYHYIO Kamepy. TorodHas KaMmepa BBINOJHSETCS I'a30-
IUIOTHOH 3a CYeT NPHMEHEHHUS IUTaBHUKOBBIX TPYO, CBApEHHBIX MEXKIY COO0H
10 IUTaBHUKaM. YacTb SKpaHHEIX TpyO 1, MeXIy KOTOPEIMH BBIXOASAT TONOY-
HBIE r'a3bl, yCTAaHOBJICHA 00JIee PEAKO U HE UMeEeT INIaBHUKOB.

TexHnueckue XapakTEpPHCTHKH BEPTHUKAJIbHO-LWIMHIPUIECKUX MapOBBIX
korioB M3K-7 npusenens B Tabi. 3.1.

Tabnuya 3.1
Texnuueckasi xapakrepucruka kotiaos E-1,0-9T" u E-1,0-97K
HaumenoBanue Mapka kotia
E-1,0-9T E-1,0-9K
JlaBnenne napa, MITa (krc/cm?) 0,9(9) 0,9(9
HomuHanbHas maponporu3BOANTENb- 1000 1000
HOCTb, KI/4
Bnaxxnocts napa, % (He 6oee) 2,0 2,0
Tomnuso [Ipuponnsii ra3 | XKujakoe TOIIMBO
Terutora cropanus ToIUIMBa (HU3ILIAs), 33494 41868
kJk/M®, KIDK/KT (KKa/MS, Kkai/Kr) (8000) (10000)
Pacxox TomMBa mpyu HOMHHAIBHOM Ha- 90 72
rpysKe, M>/d, Kr/d
[ToBepXHOCTH Harpesa MoJHAs, Ve 17,1 17,1
O6beMm, M°:
BOJISIHOM 0,39 0,39
apoBoi 0,35 0,35
TOTIOYHON KaMepbl 0,61 0,61
[Inomane 3epkana HCHapeHus, M2 0,63 0,63
Temmepatypa, °C
[MATATEILHOM BOJBI 50 50
YXOJSIINX ra3oB 250-270 300-320
KoaddurrieHT n36pITKa BO3AyXa 1,15-1,20 1,15-1,20
Koaddurment monesnoro neiictus, % 86,0 84,0
[Notpebnsemas aneKTprdecKas MOIII- 2,6 3,7
HOCTB, KBT
Macca MeTajuia KoTjia IoJ JaBJICHHEM, KI 1860 1860
OOmas Macca KoTJia, K& 2800 2800
TabapuThl KOTIIA, MM:
JUTHHA 2300 2300
[IMPHHA 1525 1525
BBICOTA 2750 2750

Pabora xotna ocymecTBisercs cieqyromuM odpazom. Bosmyx, HeoOxo-
JUMBIH ISl TOPSHHS, MOJAeTCs NYTHEBBIM BEHTHIITOpOM 21 depe3 matpy-
6ok 10 B BO3IyIIHBIN KOJBIIEBOM KaHaJ, 00pa30BaHHBIN BHYTpEHHEW jKapo-
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CTOWKOW W HApY>KHOH OOIIMBKaMH, SBJSIFOIIMMHECS OJHOBPEMEHHO U TEILIO-
BOH M3ossiueil kotaa. Harperslil BO3ayX M3 KOJIBLIEBOIO KaHajia 4epe3 BO3-
JIyXOIPOBOJ 3 M BO3AYIIHBIN PETUCTP 5 TOAAETCs B TOPENKY 6 KOTIa.

[IponykTel TOpeHHUs: Yepe3 JBa OKHA, 00pa30BaHHBIC Pa3peXEHHO ycTa-
HOBJICHHBIMH SKPaHHBIMU TpyOamu, ABYMs IIOTOKaMH PAaCXOJSTCS IO ra3o-
X0y KouiblieoOpa3HOW (OpMBI B IPOTHUBOIOJIOXKHBIE CTOPOHBI, OMBIBAsi HA
CBOEM ITyTH KOHBEKTUBHbIE TpyOb! 11. Ha mpoTHBOMIONIOXKHO BXOLY CTOpPOHE
MOTOKHU COEIHMHSIOTCS U OTBOJSITCS B IBIMOBYIO TPYOY.

IuTarenpHas Boga HacocoM 20 dyepe3 muTaTeNnbHYIO TpyOy 4 momaeTcs B
BEepXHHUIA KOJUIEKTOp 7. 3aTeM OHa OIyCKaeTcs Mo MeHee 00orpeBaeMbIM
KOHBEKTHBHBIM TpyOam 11 B HmwkHHH KoimiekTop 12, a 1O SKpaHHBIM
Tpybam 1 mapoBoxsiHas cMech IMOCTYNAeT B BEPXHUH KOJJIEKTOP, TAE MPOHC-
XOAUT OTJEJICHUE MTapa OT BOJHI.

OTBOx mMapa OCYIIECTBISIETCS] U3 BEPXHETO KOJUICKTOpa 4Yepe3 TIIAaBHBII
MapoBOi BEeHTUJb 17, yCTaHOBICHHBIM Ha BEepXHEH KphIlIKe KoTia. Tam ke
YCTaHOBIICHBI J[Ba MPYKUHHBIX MPEJOXpPaHUTENbHBIX KiarnaHa 18. Ha Goko-
BOM MOBEPXHOCTH BEPXHET0 KOJJIEKTOPA YCTAHOBJICHBI J]Ba BOJOYKa3aTellb-
HbIX npubopa 15 u manomerp 16. [IpoayBka KOTJIa U3 HUXKHETO KOJIBLIEBOTO
KOJUIEKTOpPa OCYIECTBIISIETCS Yepe3 BeHTHIIb 13.

Jleyxbapabannvie 6odompyonvie xomawt E-1/9-1, E-1/9-1M, E-1/9-1I'
00BeTMHEHBI 00IIeH KOHCTPYKTHBHOM cxeMoi. KOTIeI 3T0# Tpymmmsl, nMero-
mue napornponsBoauTenbHocTh 1000 Kr/4, mpenHa3HadeHs! Ui paboThI, CO-
oTBeTCTBeHHO Ha TBepaoM (aHTpanut AC m AM) TomnmBe, MazyTe MapKu
MI100 u mpupomHOM Ta3e M CIY)XaT Ui YIOBIECTBOPCHHS MOTpeOHOCTEH
NPEANPUSATHH B HACBHIIICHHOM Iape BJIAKHOCTBIO J10 3% JUISt MOKPBITHS TEX-
HOJIOTHYECKUX M TEIUIO(UKAIMOHHBIX Harpy3ok. TexHudeckas XapakTepH-
CTHKa ITHX KOTJIOB MpHUBe/eHa B Ta0I. 3.2.

IMapoBoit koten E-1/9-1 cocToMT W3 BEPXHErO M HIDKHErO 0apabaHoB,
PacToNIOKEeHHBIX Ha OJHOW BepTHKanbHOU ocu (puc. 3.2). bapabans! coenu-
HEeHbI MeXAay coboil myuxkom Tpy6 (11 psimos mo 14 Tpyd B kKaxmom), obpa-
3YIOIUX KOHBEKTUBHYIO NMOBEPXHOCTh HarpeBa. Tormo4yHas Kamepa dKpaHH-
poBaHa AByMs OOKOBBIMH HACTEHHBIMH SKPaHaM{ M TTOTOJIOYHBIM SKPaHOM.
BokoBbIe 3KpaHbI BBITOIHEHB! U3 NPSAMBIX TPYO, 00bETMHAEMBIX BEPXHUMH U
HIDKHAMH KOJUIEKTOPaMH, BBAapEHHBIMH B BEPXHMH M HIDKHHMN OapabaHbI
COOTBETCTBEHHO. I10TONOYHBIH 9KpaH YaCTHYHO OXBATHIBAET U (PPOHT KOTJIA.
On 00pa3zoBaH (POHTOBBIM KOJJIEKTOPOM M BBAPEHHBIM B HETO MTAKETOM H30-
THYTHIX TPYO (TIOBTOPSIIONIMX OuYepTaHUsl (POHTA M MOTOJKA TOINOYHOH Ka-
Mepbl), KOTOpbIE MPUCOECIUHEHBI CBAPKOH HEMOCPEACTBEHHO K BEPXHEMY
Gapabany. Iy TOTIOYHBIX PKPAHOB U KOTEJIBHOTO ITydKa HCIOJIB3YIOT TPYOHI
0 51x2,5 mM. Bona u3 BepxHero 6apabaHa KOT/Ia B HIDKHHH MOCTyIaeT IO
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MOCJIEIHUM pPAaM TPyO KOHBEKTHBHOTO IIyYKa, PAacIlOJI0XEHHBIM B 30HE
MOHIKCHHBIX TEMIIEPATYp IIPOAYKTOB CTOPaHMUS TOIIIHBA.
[IuTarne GOKOBBIX PKPaHOB BOJOW OCYIIECTBISIETCS U3 HIDKHETO Oapaba-
Ha KOTJIa TI0 HIDKHUM KOJUIeKTOpaM. [10ToJIOYHbIN 9KpaH muTaeTcst oT GhpoH-
TOBOT'O KOJUIEKTOPA, B KOTOPBII BOAA MOCTYMAET 10 COETMHUTEIBHBIM TPY-
0aM M3 HIKHUX KOJJIEKTOPOB OOKOBBIX KPaHOB. XapaKTepHOH 0COOEHHO-
CTBIO IIMUPKYJIALUOHHOM CXEMBI KOTJIa SBJISAETCS OTCYTCTBUE HEOOOTPEBAEMBIX
OITyCKHBIX TpYO. Jlaxke GppPOHTOBON KOJIIEKTOP PACIIOIOXKEH B TOMOYHOU Ka-
Mepe.
Tabauya 3.2
TexHu4eckass XapaKTepHuCTHKA AByX0apadaHHbIX
BOJOTPYOHBIX KOTJIOB

HanmenoBanune Mapka kotna
E-1/9-1 E-1/9-1M | E-1/9-1T
HomuHanbHas maponpou3BOAUTEIb- 1,0 1,0 1,0
HOCTb, T/4
JlaBenue mapa, MITa (krc/cm?) 0,9(9) 0,9(9) 0,9 (9
TemnepaTypa yxoasiux ra3os, °C 350 300 250
TomnmuBo Kamennsiit Masyt IIpupon-
yroib, M100 HBIH ra3
ACu AM
Pacxox TOIUMBA, KI/4, M/4 134,5 82,6 90,1
T[ToBepXHOCT HATPEBa, M- 30 30 30
O6sem, M°;
BOJSHOM 1,25 1,25 1,25
napoBoi 0,36 0,36 0,36
TOMOYHOI'O MPOCTPAHCTBA 1,70 2,24 2,24
Koaddumment monesnoro 72,8 80-81 86
nevictBust, %o
l'aGapuTtHBIe pa3Mepsl, MM:
JUTAHA 3300 3695 3300
HIMpUHA 2400 2300 2300
BBICOTA 2700 2790 2870
Macca KoTJa, Kr: 5180 5620 5506
MeTajia KoTia 3270 2830 2890
00MYPOBOYHBIX H U3OJSIIMOHHBIX 550 550 550
MaTepHaioB

BBoa nuTaTensHOM BOIBI BHITIOJNIHEH B BepXHHH OapabaH KOTia, BHYTPH
KOTOpOTO YCTaHOBJICHA pacrpenenurtensHas Tpyoa. [Ipoxyska kotna mpeny-
CMaTpHUBAETCs 4epe3 MTYyNepsl B HIKHEM OapabaHe, B HIDKHUX KOJIJIEKTOpax
GOKOBBIX 9KPaHOB ¥ BO ()POHTOBOM KOJIIEKTOPE.
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Puc. 3.2. [IByx6GapaGanublii BOX0oTpyOHBIH napoBoii kotena E-1/9-1:
1 — BepxHuii 6apabaH; 2 — HIKHUIT OapabaH; 3 — GOKOBOH (TIpaBblil) TOOYHEIN dKpaH;

4 — BepXHUii KOJUIEKTOP GOKOBOIO (IPaBOro) 3KpaHa; 5 — HIKHUI KOJUIEKTOp OOKOBOTO
(mpaBoro) ’KkpaHa; 6 — MOTOJOYHBIN YKPaH; 7 — JIFOUKH 11 OCMOTPA U OYMCTKU IKPAHHBIX
TpyO; 8 — TOpIEBEIE JIFOYKU KOJIEKTOPOB; 9 — JIFOK BepXHero Oapabana; 10 — mrynep npo-

JIyBKM HUOKHEro Oapabana; 11 — mTynepsl IpoayBKH HUXKHUX KOJJIEKTOPOB OOKOBBIX JK-
paHoB; 12 — razosble neperopoaxu; 13, 14 — mryneps! A1 HOAKIFOYEHUS BOJOYKa3aTeb-

HBIX IPHOOPOB M YPOBHEMEPHOH KOJIOHKH; 15 — (hpOHTOBOI KOIIIEKTOP

Ha puc. 3.3 mokaszana cxema MUPKYJISIIUK B ABYX0apaOaHHBIX BOLOTPYO-
HbIX KoTnax E-1/9-1. 3mech ke moka3aHbl JIMHUM MPOJIYBKH HHXKHEro Oapa-
6aHa 1 KOJJIEKTOPOB 3KPaHOB.

Vay
<
<

Puc. 3.3. Cxema HMpPKy/ISLUH Bojb! B KoTie E-1/9-1:
1 — nUHYUA TPOYBKM KOJUIEKTOPOB 3KPAHOB; 2 — JIMHKS POIYBKH HIDKHET0 OapabaHa
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Jnst obecrieueHnss yCTOMYNBON MUPKYJISAIMA ¥ PABHOMEPHOT'O TPOTpeBa
3JIEMEHTOB KOTJIA NPH PACTONKE U3 XOJOJHOTO COCTOSHHS NPETyCMOTPEH
MIOJIBOJ TTapa OT IMTOCTOPOHHETO HCTOYHHKA B HIDKHUI OapabaH.

[TapoBonsHast cMech U3 TOIOYHBIX 3KPAaHOB M KOHBEKTHBHOTO ITy4yKa I10-
CTynaeT B BepXHuUi GapabaH, TJie OT mapa OTJAEISI0TCS YacTuIlbl Boabl. Heoo-
XOAUMas CyXOCTh Iapa 00ecHeYMBacTCs CenapallMoOHHBIMU YCTPOWCTBAMH,
yCTaHaBJIMBaeMbIMU B BepxHeM Oapabane. Ha nuumie Bepxuero Oapabana
pasMenieHsl naTpyOoKH AJisl MPUCOEANHEHUs BOJIOYKa3aTeNIbHBIX NPUOOPOB H
YPOBHEMEPHOM KOIOHKH CHUTHAIM3aTOpa MPEAENbHBIX YPOBHEH U aBTOMAaTH-
K1 0€30T1aCHOCTH.

ITo BepxHeii oOpasytomeii BepxHero 6apabaHa pa3MeIeHbl 1Ba MPYKUH-
HBIX IPEIOXPAHNTEIBHBIX KIIalaHa.

Tonoynast kamepa KOTJIa BBINOJHEHA MPSIMOYTOJIbHOW (POPMBI, 4TO TO-
3BOJISICT NIPUMEHATH PA3INYHBIC MEXaHWYECKHE TOIOYHBIE ycTpoicTsa. Ilo-
MepeyHOe OMBIBaHHE TPYO KOHBEKTUBHOIO ITyYKa TOIIOYHBIMM Ta3aMu ¢ Tpe-
OyeMoit CKOPOCTBIO JOCTUTaeTCs YCTaHOBKOH B HEM JIByX Ta30BBIX IEpero-
POIOK M3 KapOCTOMKOM cTanu. 1IpoayKTel ropeHus NpoxoJsaT TOIKY, KO-
TeJbHBIN IIY4OK U Yepe3 ra3oXxoj B BEPXHEH 4acTH 3aJHEH CTEHbI HAaIpaBis-
I0TCSI B IBIMOBYIO TPYOYy.

OOMypOBKa maporeHeparopa 00Jer4eHHas ¢ METAUTHIECKO# OOIIMBKOM.

Tonounslit 00BEM KOTIIOB, IpEIHA3HAYEHHBIX JUIA PabOThl Ha TBEPAOM
TOIUINBE, OTPAHMYMBACTCS KOJIOCHHUKOBOW PEIIETKOH, MOTOJOYHBIM U OOKO-
BBIMH 3KpaHaMH ¥ HEPETHHM psIOM TpyO KOHBEKTHBHOTO Iydka. Bo3myx,
HEOOXOINMBIHA AJIs1 TOPEHHs TOIUIMBA, IOJIAECTCs O] KOJIOCHUKOBYIO peIeT-
Ky 0e3 IpenBapUTENbHOIO IOJOTPEBa, YTO IMPEAOXPAHSIET KOJIOCHUKOBYIO
pelIeTKy OT Ieperpesa.

TomouHsIi 00BEM KOTJIOB, pabOTAIONIMX HA KHUIKOM M Ta3000pa3HOM TO-
IUTMBE, OTPAHUYMBACTCS TOJOM TOIKH, MTOTOJOYHBIM M OOKOBBIMH DKpaHAMU
U TIEpEeTHUM PSIIOM TPyO KOHBEKTHBHOTO ITyUKa.

Bepmuxanvno-e00ompyonvie xomavt muna /[KBP npenHa3HaueHbI IS
BBIPAOOTKH HACBHIIIEHHOT'O U MeperpeToro mapa c¢ remmeparypoi 250, 370 u
440 °C, UMEIOT HECKOIBKO THIIOPa3MEpOB C pabovnM AaBieHHEM mapa 1,4;
2,4; 3,9 Mlla 1 HOMUHaAJIBHON MapoONPOU3BOAUTENBHOCTEIO 2,5; 4; 6,5; 10;
20; 35 1/4.

YcnoBHoe o6o3HadeHnue naposoro kotia JJKBP o3nauaer nByx6apaban-
HBII KOTeJ, BOAOTPYOHBIH, peKOHCTpyupoBaHHbIH. [lepBas nmdpa mocie
HavMEHOBaHUs KOTJIa 0003HaYaeT MapoNpOU3BOIUTENBHOCTD, T/4, BTOpas —
M30BITOYHOE JAB/ICHNE Mapa Ha BBIXOJE M3 KOTIA, Krc/cM” (JUIsi KOTJIOB C Ia-
poreperpeBaTeNsiMi — JaBICHHE Iapa 3a MapoleperpeBaTeieM), TPETbs —
TeMIiepaTypy neperperoro napa, °C.
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Kotasr Tuna JIKBP mpumensitorcst mpu paboTe Kak Ha >KHIKOM, Ta3000-
Pa3HOM, TaK U Ha PAa3IMIHBIX BHIAX TBEPJOTO TOILINBA. TEeXHUUECKAsA XapaK-
tepucTrka koTiioB Tumna [IKBP npuBenena B tabm. 3.3.

KonctpykTuHas cxema kotinos tTuna JIKBP maponpon3BoauTeasHOCTbIO
2,5; 4 m 6,5 T/4 oIMHAKOBa HE3aBUCHMO OT HCIIOJIb3yEMOI'0 TOIUINBA U IIPH-
MEHSIEMOT0 TOIOYHOro ycTpoicTBa (puc. 3.4). TonmouHas kaMmepa 3THX KOT-
JIOB UMEET JIMIIb OOKOBBIE SKPaHBI, B TO BPEMsI KaK TOIOYHBIE KaMephl Mapo-
renepatopoB 10 u 20 T/4 uMeroT Takxke (GPPOHTOBOH U 3aHUI SKPAHBI.

Tabnuya 3.3
TexHuveckasi XapakTepucTHKa KoT/10B Tuna IKBP

Mapka KoTna
JKBP- | IKBP- | IKBP- | IKBP- | IKBP- | JIKBP-
Hanvenosarne 2513 | 4-13 | 65-13 | 10-13 | 10-39- | 20-13
440
ITaponpon3BoauTenbHOCTD,| 2,5 4,0 6,5 10,0 10,0 20
/4
Masnenue napa u3d., MITa | 1,3 (13) (1,3 (13)]1,3(13) [1,3(13)| 3,9(39) [1,3(13)
(kre/em?)
Temnepatypa napa, °C 194 194 194 194 440 194
TToBepXxHOCTh Harpesa
Ko, M%:
paauanuoHHas 17,7 214 27,9 47,9 345 51,3
KOHBEKTHBHAs 73,6 116,9 | 1974 229,1 176,5 357,4
o0mas 91,3 138,3 | 225,3 | 277,0 211,0 408,7
TaporneperpeBares - — - - 68,0 -
O06beM KOTIIa, M”:
MapoBO 1,57 2,05 2,55 2,63 1,45 1,80
BOJITHOM 4,00 5,55 7,80 9,11 7,00 10,5
KII1, %, npu cxuraHuu:
KaMEHHOTO YTJIst 81,9 82,1 83,1 83,5 78,7 83,6
MasyTa 89,6 89,8 - - - 89,6
rasa 90,0 90,8 91,8 91,8 — 90,0

Koten nmeer BepxHHUil JUIMHHBIN U HIDKHUN KOPOTKHH OapabaHbl, pacmo-
JIO)KEHHBIE BJIOJIb OCH KoTia. bapabGaHbl cCOeMHEHbl pa3BaJIbIIOBAHHBIMH B
HUX THYTBIMH KHIIATHJIBHBIMH TpyOamu, 0Opa3yIONmMH Pa3BUTHIH KOHBEK-
TUBHBIN IydoK. [lepes KOHBEKTHBHBIM ITyYKOM PACIIONIOKEHA KPAaHHUPOBAH-
Hasl TONOYHas1 Kamepa. TpyOrl OOKOBBIX 3KPaHOB 3aBAJBI[OBAHBEI B BEPXHEM
GapabaHe, HIKHHE KOHIIBI SKpaHHBIX TPYO MPUBApEHB! K HIKHUM KOJIIEKTO-
pam. KoHcTpykTHBHasg xapaktepuctuka koTinos Tuna JIKBP npusenena B
Tabm. 3.4.




34

7203

Puc. 3.4. BeprukansHo-BoaoTpyOHsrii koten JJKBP-6,5-13
€ Ta30Ma3yTHOHN TONKOM

TomouHast kamepa Ui UCKIIOUEHUs! 3aTATUBAHUS IUIAMEHH B KOHBEKTHB-
HBI ITy4OK M YMEHBUICHHS MOTEPh C YHOCOM M XUMHUYECKUM HEJOXKOTOM
pa3zensoTes MaMOTHON MeperopoaKoil Ha cOOCTBEHHO TONKY M KaMepy J10-
ropanusd. B kotmax mapomnpounsBoguresnsHocThi0 10 T/9 M Oonee mepen mra-
MOTHOM MeperopoKol yCcTaHOBIEH 3aHUN 3kpaH. Kamepa noropanus otae-
JsieTCs OT KOHBEKTHUBHOTO IyyKa IaMOTHOW MEPeropoakoi, ycTaHaBIHBae-
MOH MEX[y MEPBbIM ¥ BTOPBIM PSIJaMU KHIISITHIBHBIX TPYO, BCIEACTBUE YEro
HEpBbIi psifi TPYO KOHBEKTHBHOIO ITy4Ka SIBJISIETCS] OJJHOBPEMEHHO U 3aJHUM
SKpaHOM KaMephl JIoropaHHsA. BHYTpH KOHBEKTHBHOTO ITyYKa YCTaHaBIIUBa-
eTcs YyryHHas IeperopojiKa, pa3Aessiomas ero Ha MepBblif 1 BTOPOH raso-
XOJBI.

Tonka Kamepa noroparns
7 7 r Puc. 3.5. Cxema nBuxe-
( ) é [ HHSA TIPOJYKTOB TOPEHUS B
I N/ koTinax JIKBP:
T I g T B )
| | ? | — TOIJIUBO; &5 — BO3/1yX;
—| " JI IL 7 J III" — IpOyKTHI FOPEHHS

\

~—

XO,Z[ JABWIKCHUS IPOAYKTOB IOpCHUA TOIUIMBA B KOTJIE CXEMATUYHO ITOKaA-
3aH Ha puc. 3.5. I[BIMOBLIC ra3bl U3 TOINKHU BBIXOJAT Y€PE3 OKHO, PACIIOIO-
JKCHHOC B IIPAaBOM YIJIYy CTCHKHM TONKH, U NOCTYIAOT B KaMEPy AOTOpaHuA.
3areM oHU MMPpOXOJAT NOCJICA0BATCILHO HepBLIﬁ n BTOpOﬁ ra30xo0abl KOHBCK-
TUBHOTI'O ITyYKa. Ilocne aToro JABIMOBBIC T'a3bl BBIXOIAT U3 KOTJIA 4Y€PE3 CIIC-
qUaJIbHOC OKHO, PACIIOJIOKEHHOC C JIeBOI CTOPOHEI B 3aHH€ﬁ CTCHKC KOTJIa.
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Tabauya 3.4

KoncTpykTHBHAs1 XapakTepucTuka ko108 Tuna JJKBP

Mapka kotia
HaumenoBanue JKBP- | IKBP- | IOKBP- | JKBP- | JKBP-
2,5-13 4-13 6,5-13 10-13 20-13
BayTtpennuii nuamerp 1000 1000 1000 1000 1000
BEPXHEr0 M HUKHETO
OapaGaHOB, MM
Tonmuna cTeHku 6apa- 13 13 13 13 13
0aHOB, MM
JlnvHa UUIrHapHYe-
CKOM 4acCTH, MM:
BepxHero OapabaHa 3310 5010 6315 6510 4500
HIDKHEro Oapabana 1200 1800 2700 3000 4500
Juamerpsl, MM:
MePETHUX OMYCK- 127%x4 140%x4,5 | 159x4,5 | 159%x4,5 | 108%x4,5
HBIX TPYO
SKpaHHBIX U KUIIS- 51%2,5 51%2,5 51%2.5 51%2,5 51%2,5
THJIBHBIX TPYO
ar tpy6 60xoBOTO 80 80 80 80 80
9KpaHa, MM
Yucno Tpy6 60K0BOTO 23-2=4 | 30-2=6 | 37-2=7 | 29-2=5 154
JKpaHa, MIT. 6 0 4 8
OO11ee YUCII0 IKpaH- 46 60 74 98 207
HBIX TPYO, LIT.
[Ilar KOHBEKTHBHBIX 100%110 | 100x110 | 100x110 | 100x110 | 100x110
TpYO, IPOJOTBHBIIH X
XTIONEPEeYHbIN, MM
Yucino KOHBEKTUBHBIX
TpyO, IT.:
o ocu b6apabana 10+1 16+1 23+1 27+1 43
B IIONIEPEUHOM Ce- 20 20 22 22 20
YEeHHHU KOTJIa
BCETO 200 320 506 594 894
O0BeM TOIIKU B KaMepHhl 10,4 13,0 20,4 39,3 43,0
Joropamus, M°

B komnax ¢ meperpeBoM mapa mapoleperpeBareib yCTAHABJIUBACTCS B
MIEePBOM Ta30X0Jie MOCJIe BTOPOTO-TPETHEro psifa KUIATHILHBIX TpyO. Heob-
XOIMMOE TSI pa3MeIleHHs TapoleperpeBaTenss MecTto (IIpH HEU3MEHHBIX
pa3Mepax KoTiia) 0OecrieunBaeTcsi OTKa30M OT YCTaHOBKH YacTH KHITATHIIb-
HBIX TpyO. [lapomeperpeBatenu komioB tuna JIKBP yHu¢uumposans! 1o
npoduIiIo U OTIIMYAIOTCS APYT OT JApyra JUIl KOTJIIOB Pa3HOW HMPON3BOUTEINb-
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HOCTH YHUCIIOM IapaJUIeIbHBIX 3MECBHUKOB. JlJIs1 M3rOTOBICHNUS MapoIeperpe-
BaTeNeil mpuMeHeHsl TpyObl ¥32%3 M. Bxonmubre KoHIBI TpyO maporepe-
rpeBaTelssi KpeIsTcs B BepXHeM OapaOaHe BalbIlOBKOH, BBIXOAHBIC KOHIIBI
TpyO IpUBAapHUBAIOT K KOJJIEKTOpY Ieperperoro mapa. [Ipu pabouem nasie-
Huu 1,3 u 2,3 MIla naponeperpeBaTesy BBIIOJIHEHB! OAHOXOJIOBBIMH IO Ma-
py 6e3 mapooxiaaurens.

BBoj nutaTenbHOM BOABI IPOM3BOJUTCS B BepXHUil OapabaH. Bona B Bo-
JSIHOM TPOCTPAHCTBE pacnpeaensercs no mnepdopuposanHoit Tpybe. U3
BepXHEero 0apabaHa BOJA MO OIYCKHBIM TPy0aM IOCTYIIAeT B KOJIJIEKTOPHI
OGOKOBBIX KPaHOB, a M0 OMYCKHBIM TPyOaM KOHBEKTHBHOTO ITydKa — B HHXK-
HUH OapabaH. OMyCKHBIMH TpyOaMHu KOHBEKTHBHOTO ITy4dKa SIBITIOTCS 000T-
peBaeMble TPYOBI HOCIEIHUX PSAAOB, PACIOIIOKECHHBIX BO BTOPOM Ta30XO/I€.
W3 HmxHero 6apabaHa 4acTh BOJBI 110 COCAMHUTENBHBIM TPyOaM TakKe IMo-
CTyMaeT B KOJJIEKTOPHI OOKOBBIX 3KpaHOB. Bo3Bpamiasch Mo MOJBEMHBIM
TpyOaM 5KpaHOB M KOHBEKTHBHOTO ITy4Ka B BepXHHU 0apabaH, 4acTb BOJbI
ucnapsiercsi. B BepxHem OapabaHe IPOUCXOJMT OTIEICHUE Napa OT BOAbL B
KayecTBE CEMapallMOHHBIX YCTPONCTB NPUMEHSIOTCS XallO3U U JbIpuaThie
nucThl. J{ys HempephIBHOW NMPOMYBKU Ha BepxXHeM OapabaHe ycTaHAaBIMBACT-
Csl IITyLIep, Ha KOTOPOM CMOHTHPOBaHA PEryIUpPYIOIas U 3allopHast apMaTy-
pa. B HmxHem Oapabane ycraHaBiMBaIOTCs nepdopHpoBaHHAs TpyOa Iuis
MEPHOINYECKON MPOAYBKH M TPYOBI U1 MPOrpeBa KOTIIA MapoOM IPH PacTOI-
Ke.

ITo HwxHEW oOpasyromiel BepXHUX 0apaOaHOB BceX KOTIOB yCTaHABIIH-
BAIOTCS JIBE JICTKOIIJIABKHE TIPOOKH, IIpeIHa3HAYEHHbIE IS TIPE Ty IPEXICHHS
neperpeBa cTeHOK Oapabana mox nasneHueM. CriaB MeTaiia, KOTOPBIM 3a-
JMBAIOT MPOOKY, HAYMHAET IUIABUTHCS NIPH YIIyCKe BOJBI U3 OapabaHa W 1mo-
BBILIEHHH TemrepaTypbl cTeHku a0 280-320 °C. Illym napoBozsiHOW cMecH,
BBIXOJAIIIEH depe3 obpasyrolieecs B MpoOKe OTBEPCTHE NMPH PaCIUIaBICHUH
CIUIaBa, SBISETCS CHUTHAJIOM IEPCOHATY AJIS NMPHHATHUS 3KCTPEHHBIX Mep K
OCTaHOBY KOTJIa.

MexaHnueckass O4UCTKa TPyO KOHBEKTHBHOTO IIy4YKa M SKPAHOB MPOU3-
BOJHUTCS M3 BepxHero Oapabana. KoieKTopbl 3KpaHOB OYHIIAIOTCS depe3
TOpPIIEBBIE JIFOUKH, YCTaHABINBAaEMbIe Ha Ka)KIOM KOJUIEKTOPE.

OuncTka HapyXHBIX TTOBEPXHOCTEH HarpeBa OT 3arps3HEHHH B KOTIAX
tuna JIKBP ocymectsisieTcs 00/1yBKOM HACBHIIIEHHBIM WIIM MEPETPETHIM Ma-
POM, AOIYCKAaeTCs NPUMEHSITh AJIsl 3TOW LENU CKAThIM BO3IYX.

B OmoyHO-TpaHCIOPTAaOENbHBIX KOTIAaX MapONpPOM3BOAMTEILHOCTHIO
10 1/9 maBnenuem 1,3; 2,3; 3,9 Mlla nocnenneit MoguduKauy JTUHBI BEpX-
HEero M HIKHEro 0apabaHOB OJMHAKOBEL. B 3THX KOTIax NPUMEHEHO ABYX-
CTYIIEHYAaTOE HCIApPEHUE C YCTAHOBKOW BO BTOPOIl CTYNEHU BBIHOCHBIX IIH-
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KJIOHOB. [IprMeHeHre [UKIOHOB MO3BOJISIET YMEHBIINTh NPOLIEHT POYBKU
M YIy4IIUTh KauecTBO Mapa mpu paboTe Ha MUTATEIbHOW BOJE C MOBBIIICH-
HBIM COJIECO/IepKaHUeM. BTopast cTyleHb HCHapeHus BKIIIOYAET 4acTh TPYO
OOKOBBIX 3KpPaHOB. B KOHBEKTHBHBIII My4OK BOJa MOCTYMAeT U3 BEPXHEro
OapabaHna uepe3 00orpeBacMbIie TPYOBI OCICIHUX PAIOB TPYO CaMOro mydka
U uepe3 HIKHUI OapabaH. [lutaHne BTOPO# CTYNEHH HCHAPEHHS OCYLIECTB-
JseTcs U3 HKHero Oapabana. Bosja M3 BBIHOCHBIX IMKJIOHOB MOCTYIAET B
HIDKHUE KOJUICKTOPBI 9KPAHOB, a Map — B BEPXHHUiA GapabaH, Ie OYHIIACTCS
BMECTE C MAapoOM MEpBOil CTYNEHH HCIAPEHHUsS, MPOXOAS Yepe3 KATI3U U
IBIpUaTHIi (TIephOpHUpOBaHHBIN) JIUCT.
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Puc. 3.6. Beprukanbuo-Bozorpy6ubiii koren IKBP-20-13 ¢ rasomasyrsoii ron-

KOH

[aporenepatop mnpousBoauTenbHOCThI0 20 T/4 moka3aH Ha puc. 3.6.
Bepxnuit 6apabaH maporeHeparopa yKOpO4eH, TOIIOYHasi KaMepa MOJHOCTBIO
sKpaHupoBaHa. [IpogyKThl cropaHus U3 TONKH MOCTYNAIOT B KaMepy Joropa-
HUS, B KOHIIE KOTOPOH PacIOJIOKEH BEPTUKAIIbHBIA Iaporneperpesareis. [1a-
poreHepaTop MMeeT Pa3BUTYI0 KOHBEKTHBHYIO IOBEPXHOCTh Harpema, KOTO-
past OMBIBAeTCSl IPOJYKTaMHU CrOpaHusl B OIUH XOJ (OTCYTCTBYET FOPH30H-
TaJILHBIM Pa3BOPOT MPOAYKTOB CrOPaHMs, KaK y OCTAJILHBIX 1apOreHEPaTopoB
cepum).

HupkynsunonHas cxema naporeHeparopa JKBP-20-13 nokazana Ha
puc. 3.7. VI3 cxembl SICHO, 4TO MaporeHepaTop MMEEeT HECKOJIBKO CaMOCTOS-
TENBHBIX IUPKYJALUOHHEIX KOHTYpOB. B mepBoii (110 xomy NMpoayKTOB cro-
paHKs) TMOJOBUHE TPYO KOHBEKTHBHON MOBEPXHOCTH COAEPXKATCA IOIBEM-
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HBIE TPYOBI, @ BO BTOPO — omyckHble. Kaxkaplii O0KOBOW 3KpaH pas/eieH Ha
JBe gacTH. HikHME KOJUIEKTOPHI 3a{HEH 4acT OOKOBBIX 3KPAHOB MOIYYaroT
BOJIy W3 HIDKHEro O6apabaHa 1o omycKHEIM TpyOam. IlogpeMHbIe TpYyOBI 3a1-
Hell 4acTh OOKOBBIX JKPaHOB 4epe3 MPOMEKYTOYHBIH BEPXHHUI KOJUIEKTOD
COE/IMHEHBI C BEPXHUM OapabaHOM, KOTOPBIH SBISETCS YHCTHIM OTCEKOM
MEpBOM CTYNEHU HCIIAPECHUSL.

|'\'H“|
N
AUV

Puc. 3.7. HupkymsinnoHHast cxema maposoro kotia JJKBP-20-13:

1 — omyckHBIe TPYOBI INKIIOHA; 2 — (POHTOBOM dKpaH; 3 — HepepbIBHAs IPOLYBKa; 4 — OTBOX
napa B 6apabaH; 5 — BBIHOCHOH LIMKJIOH; 6 — II0J{BOJI B IIUKJIOH TAPOBOJSTHOM cMecH; 7 — IpoMe-
JKYTOUHBIII BEpXHHUI KOJUIEKTOP TepeaHei YacTi OOKOBBIX OKPAHOB; 8 — BEPXHUIT KOJIEKTOP
3aIHETo dKpaHa; 9 — MPOMEXYTOUHBIH BEPXHHIT KOJUIEKTOP 3aaHel 9acTH OOKOBBIX KPAHOB;
10 — orBOZ Mapa n3 uKiIoOHa B 6apaban; 11 — BepxHmii 6apaban; 12 — BBOX MUTATENBHOM BOJIBI;
13 — omyckHbIe TPYOBI KOHBEKTHBHOI ITOBEPXHOCTH Harpesa; 14 — ninkuuii 6apaban; 15 — moxn-
eMHbIe TpyObl KOHBEKTHBHOM ITOBEPXHOCTH HarpeBa; 16 — HoMIHUTOYHbIE TPYOBI 33THETO DKpaHa;
17 — moxmutouHbIe TPyOHI 3a1HEl YacTH OOKOBBIX 9KpaHoB; 18 — 3amHuit akpan; 19 — moamu-
TOYHBIC TPYOBI [HKI0HA; 20 — MOAMUTOYHBIE TPYOBI (HPPOHTOBOTO IKpaHA

17
3 = — —

HwxHre KonnekTopsl OOKOBBIX IEPETHUX KPaHOB MUTAIOTCS M3 BBIHOC-
HBIX IUKJIOHOB. [lobeMHbIe TPYObI OOKOBBIX MEPEAHMX HKPAHOB Yepe3 Mpo-
MEKYTOYHBIH KOJUICKTOP COEIMHEHBI C BHIHOCHBIMH IIUKJIIOHAMH, U3 KOTOPBIX
nap HanpaBJIsIeTCsl B BEpXHUM OapabaH maporeHeparopa.

BbIHOCHBIE IIMKIIOHBI ¥ COSJMHEHHbBIE C HUIMU OOKOBBIE SKPaHBI TIepeIHe-
T'O TOTIOYHOTO OJIOKA SIBJISIFOTCS TPSI3EBBIM OTCEKOM (BTOPOH CTYNEHBIO) CTY-
MeH4YaToro ucnapenus. Hukauit KojutekTop GpOHTOBOTO 3KpaHa MUTAeTCs U3
BepxHero Oapabana. [TorsemMHBIE TPYOBI (PPOHTOBOTO 3KpaHa uepe3 BEPXHUN
KOJUIEKTOP COEIMHEHBbI C BEpXHUM OapabanoM. HIDKHUI KOJJIEKTOp 3aHETO
9KpaHa MHTaeTcs U3 HIDKHEro Oapabana. [logpeMHBIe TPYOBI Yepe3 BEpXHHUU
KOJIUIEKTOP 3aJHEr0 3KpaHa COeTMHEHBI C BEpXHUM OapabaHOM.
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Tabauya 3.5
TexHnyeckass XapaKTepucTHKA 0JIOYHBIX YYTYHHBIX IKOHOMaii3epoB

Tun sxoHOMaM3epa
DOI12-94 |3I12-142|9112-236|3111-330|2I11-646|O111-808

HaumenoBanue

TloBepXxHOCTB Harpe- 94,4 141,6 236,0 330,4 | 646,0 808,0
2
Ba, M

YKCa0 KOJIOHOK, IIIT. 2 2 2 1 1 1
KommaectBo Tpy6 B 2 3 5 7 9 9
psay, Wr.

KonuuectBo psimoBmo | 4 + 4 4+4 4+4 |4+8+4|4+8+4(4+8+8
rpyImam, Iirt.

KonuuecTBo rpymm B 2 2 2 3 3 3
KOJIOHKE, IIT.

Jluna TpyOsI, M 2,0 2,0 2,0 3,0 3,0 3,0

Buytpennunii nuamerp 60 x 8
Y TOJIIMHA CTEHKH
TpyO, MM

lar Tpy6 B rpymme 150 x 150
(IpOONBHBIN X TO-
HEpPEYHBIN), MM:

Pasmepsl, mm:
pebep 146 x 146
(hnanieB 150 x 150

TloBepxHocTs HarpeBa| 2,95 2,95 2,95 4,49 4,49 4,49
1 pebpucToii TpyOsI C
ra30BOM CTOPOHBI, M2

JKusoe ceuenne s 0,12 0,12 0,12 0,184 0,184 0,184
MpOX0/ia ra3oB B Mpe-
nenax 1 Tpy6sI, M

MaxkcuMaInsHO J01ryc- 425
THMasi TeMIepaTypa
ra3oB Iepe]] IKOHO-
Mmaiizepom, °C

[penenbHOE naBie- 3,0
HHE BOJIBI B OKOHO-
Maiizepe, MIla

Macca skoHOMal3epa 3,90 5,20 8,00 11,35 20,50 25,35
0e3 kopo0a, T, HE
Ooiee

Mapka koTia JE-4; | 1E-6,5; | AE-10; | JE-16; | AKBP- | JE-25;
JIKBP- | IKBP-4| JIKBP- | JIKBP- | 20 | JIKBP-
2,5 6,5 10 20
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Jns uicnionp30BaHus TeIUIa yXOAsMIIuX ra3oB 3a komiamu tuna JIKBP yc-
TaHABIIMBACTCS BOJISHON SKOHOMaH3ep: CTAFHOMN MIIN OJIOYHBIN IyTyHHBIH.

TexHIUECKUE XapaKTEPUCTUKU ONI0UHbIX YY2YHHBIX IKOHOMAU3epOs TIPeI-
CTaBJICHHI B Ta0II. 3.5.

Pa3meps! XBOCTOBBIX MOBEPXHOCTEH HarpeBa A TOTO MIM MHOTO KOTJa
OIpEeNIeNAI0TCS BEIMYMHAMU TEMIIepaTyphl YXOISIIUX ra3oB, paCCUUTaHHOU
IPU ONTUMAJIBHBIX 3HAYEHUAX CKOPOCTEH Ia30B U ONTHUMAJIBHBIX Pa3HOCTAX
TeMIlepaTyp Ha XOJIOJHOM KOHIIE SKOHOMai3epa. BemnunHa 3KOHOMUYECKU
HaMBBIT'OJAHEHITNX CKOPOCTEH ra30B HAXOAUTCA B Ipejenax 6—8 m/c.

Tabnuya 3.6
TexHn4eckass XapaKTepPUCTHKA CTAJbHBIX BOASHBIX 9KOHOMAaii3epoB
Tuna BBIC
HauMeroBamme Tun sxoHOMal3epa
BBOCI-2 | BBOCII -2 | BBOCIII-2 | BBOCIV-1

T10BEPXHOCT HATPEBA, M- 28 57 85 113
Pab6ouce naBrnenune, Mlla 15
Juametp tpy0, MM 28 x3
Pacnonoxxenue Tpyo KopunopHoe
Hlar tpy6, MM:

HOIEPeYHBbII 70

HPOJIOJIBHBIN 50
Yucao makeroB TPyO, IIT. 2 2 2 3
YuCa0 KOJIOHOK 110 XO1y 2 2 2 1
rasa, Iir.
Ceuenne, M

JUIS TPOXO/1a ra3oB 0,239 0,492 0,743 0,932

Bozer, 107 2,28 4,56 6,84 9,12
Temneparypa Boapl, °C:

Ha BXOJIe 100

Ha BBIXOJIE 138
Conpotusnenue, klla:

MO Ta30BOMY TPaKTy 0,21 0,15 0,17 0,25

THIIPABINICCKOEC 10,70 6,80 8,00 10,30
Macca, kr:

MeTaJuia Mo 1aBJie- 654 1272 1910 2440

HUEM

o0mas B 00beMe 1mo- 1810 2660 3490 4890

CTaBKH 3aBOjia
Tun koTIa JIKBP-25 | JKBP-4 | JIKBP-6,5 | JKBP-10

YTo0kI HE JAOITyCKaTb 0OJIBIIOTO MpOoIEHTa KUIICHUA BOJbl B YYT'YHHOM
3KOHOMaﬁ3€pe IpU PA3JINIHBIX OTKIIOHEHUAX OT paCYETHOI'O PEKUMaA pa6OTLI




4

arperata, IIpH MOJICUETe TIOBEPXHOCTH HarpeBa 3KOHOMA3epoB TeMIieparypa
BOJIBI Ha BBIXOJIE TOJDKHA OBITH MpUHATA HE MeHee, yeM Ha 20 °C Himke TeM-
nepaTypsl KUTIEHUS IPH HOMUHAIBHOM JaBIICHUH B KOTJIC.

[ToBepxHOCTH HarpeBa 3KOHOMal3epOB BHIOUPACTCSI U3 YYT'YHHBIX peOpH-
CTBIX TpyO. TpyOBl yKIIaABIBaIOTCS B METAJUTMYECKOM KapKace U COSAUHSIIOT-
csl Mex 1y co0oii KajayaMu Tak, YTOOBI MUTATeNbHAS BOJA TIOCIIEI0BATEIILHO
npoxoamia Bce TpyObl. X0J0Hasi BOAA JOJDKHA MOCTYINAaTh B HWKHUI KOJI-
JIEKTOP BTOPOH MO X0y I'a30B KOJOHKH. MeXy KOJIOHKaMH yCTaHaBIMBACT-
Csl CTaJIbHAS TIEPEropoKa.

PeGpucTrie TpyOBI NMEIOT Ha KOHIIAX KBaJpaTHEIC (IIaHIIBI, 00pa3yIomme
npu cOOpKe TOPIIEBBIE CTEHKH 3KOHOMaii3epoB. s ycTpaHEHUs MPHCOCOB
BO3/AyXa HIeTH MEXIY (hIaHIaMH YIUIOTHSIOTCS acOeCTOBBIM IIHYPOM, YKIIa-
IBIBAEMBIM B CIICIIUAIFHBIX KaHABKAX.

JUIL O4HCTKY TTOBEPXHOCTEH HarpeBa OT 30JIBI M CAXKH MEXAY OTICIBHBI-
MH TpYHNIIaMH 3KOHOMai3epoB YCTaHaBJIMBAIOTCS YCTPOMCTBA Uil 00IyBKU
HX IMapoM WJIK CKATbIM BO3AYXOM.

CranbHble 3KOHOMai3epsl NpuMeHsroTes st kKoTiaos Tuna JIKBP nasie-
nuem 1,4 Mlla (14 KFC/CMZ), pabotaroiux Ha rase. TeXHUUecKas XapaKTepu-
CTHKA CTAJIbHBIX YKOHOMA3epoB MpUBE/CHA B Ta0II. 3.0.

Q

Puc 3.8. Cxema cTaapHOTO KOHO-
Maitzepa BBOC-11-2

W Ww

CranpHbBIe YKOHOMa3epsl HAOMPAIOTCS U3 3MEEBUKOB UTHHOW 1820 MM,
M3TOTOBIICHHBIX M3 TPYO @ 28 % 3,0 MM ¢ paamycom ruda 50 Mm. Mecra ru-
00B 3MEEBUKOB OTOTHYTHI B CTOPOHY Ha 5°, YTO IO3BOJISIET Pa3MECTHTh JBa
3MEEeBHKa B OJIHOH IUIOCKOCTH ¥ BBINOJHUTH 0oJiee IUIOTHBIA KOPHUIOPHBINA
my4dok (puc. 3.8). Uucio cIBOSHHBIX 3MEEBHUKOB B OJIHOW KOJIOHKE SKOHO-
MaizepoB st kooB tuna JIKBP-2,5; JIKBP-4; IKBP-6,5 u JIKBP-10 co-
craBisieT 3, 6, 9 u 12 mT., COOTBETCTBEHHO.
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OxoHoMait3epsl komioB tunoB JIKBP-2,5, JIKBP-4 u JIKBP-6,5 BbImo-
HSIOTCSL B IB€ KOJIOHKH, pa3ZelicHHbIE MEXIy co0oi meperopoakoit. ['as3sr
MPOXOAAT IOCIIEIOBATENHHO OIHY, 3aTeM IPYTy0 KOJIOHKY. CTambHOM 9KO-
HoMaii3ep koria tuna JIKBP-6,5-13 Moxer ObITh BBITIONHEH U B OJHY KO-
JOHKY. B OIHY KOJIOHKY BBINIOJHEHBI TaK)K€ IKOHOMaW3ephl KOTIa THIIA
JKBP-10.

B xaxmoil kosoHKe pa3MelIeHbl JBE MM TPU CEKLUU IKOHOMaii3epa,
pacTonoXKeHHbIE IpYT OT Apyra Ha paccTosHuu 450 MM. B aToM npomexyTke
YCTaHaBIMBAIOTCS Ja3bl U JIIOYKH JJI NEPUOJUYECKOTO OCMOTpa MakeToB
Tpy0. CranbHBIE PKOHOMAaW3epHl M3TOTOBIAIOTCS C BHYTPEHHEHW CTalbHOU
OOIMIMBKOH M MOCTABIIIIOTCS OJHUM TPAHCIIOPTaOETbHBIM OJIOKOM.

Tazomasymnvle naposvie eepmuxaivhivie 6000mpybHble Komavl muna E
(4E) mpenHa3sHAa4eHB! U BBIPAOOTKM HACBHIIICHHOTO HIIM IIEPETPETOro M0
Temrniepatypsl 225°C mapa, HCHONB3yeMOro Ha TEXHOJIOTHYECKHE HYMKIIBI,
OTOIUIEHHE, BEHTWIALMUIO W ropsiuee BojocHaOkeHue. Kornbel aToro THma
BBIMYCKAIOTCSI HA HOMHUHAJIBHYIO MapoMpou3BOAUTENBHOCTE 4; 6,5; 10; 16 u
25 1/ ipu paGouem naenennu 1,4 u 2,4 MIa (14 u 24 krc/cm?). Kot Tma
E (JIE) crenmanu3supoBaHbl Ha CKUTaHUE Ta3a M MasyTa. TexHudeckas Xa-
PAKTepHCTHKA KOTIOB ¢ pabounm nasnenneM 1,4 MIla (14 krc/cm?) npuse-
neHa B Tabi. 3.7.

KoHcTpyKTHBHOM 0COOEHHOCTBIO TaKHUX KOTIOB (pHC. 3.9) sBIseTCS pas-
MEIEHNE TOIOYHON KaMephl COOKYy KOHBEKTHBHOTO Iy4Ka, 0Opa3oBaHHOTO
BEPTHKAIBHBIMU TPyOaMH, pa3BalbllOBAaHHBIMH B BEPXHEM M HIDKHEM Oapa-
6anax. Bo Bcex Tumopasmepax KOTJIOB IMaMETp BEPXHEr0 M HIXKHEro Oapa-
06anoB cocraBnsger 1000 MM, paccTosHEEe Mexay Oapabanamu 2750 mm, s
9KPaHOB ¥ KOHBEKTHBHOTO ITy4Ka IPHMEHEHBI TPYObI B51 X 2,5 MM.

s Bcex THIOpa3MepoB JAHHBIX KOTJIOB IIMPHHA TOTIOYHOW KaMepsl
MPUHATA OIMHAKOBOH, paBHOW 1790 MM (10 ocsiM 3KpaHHBIX TpyO). B 3aBu-
CHUMOCTH OT HapONPOM3BOIUTEIFHOCTH KOTIOB U3MEHSIOTCS TIIyOMHA TOMOY-
HOW KaMepbl (JU1d Maponpou3BoAUTEIbHOCTH 4 T/4 — 1980 MM, 11 maponpo-
M3BOJUTENBHOCTH 25 T/4 — 6960 MM) W cBsi3aHHas C Heil ryOMHa KOHBEK-
TUBHOTO Ny4yka. CpenHsig BbICOTa TONOYHOM kKamepsl 2400 mm.

Tonounast kamepa oTAeNseTCS OT KOHBEKTHBHOTO ITyYKa Tra30IUIOTHOM
Meperopoikoi, obpazoBaHHONH W3 Tpyd @51 X 2,5 MM, YCTaHOBJICHHBIX
BIUIOTHYIO C IIAroM 55 MM M CBapeHHBIX Mexy coboil. Konmpsl Tpyd obca-
JKEHbI 10 AuaMeTpa 38 MM. B 3agHell 4acTH neperopoiku BHIIOIHEHO OKHO
JUI IPOX0/1a TOIOYHBIX Fa30B B KOHBEKTUBHBII My4OK. YIJIIOTHEHHUE B MECTE
BXOZa 0OCa)XKeHHBIX KOHIIOB TpyO B OapabaH obecmeunBaeTcs 4yryHHBIMU
rpebeHKaMu, MTPUMBIKAIOIIUMH K TpyOaMm u O6apabany. IloTomnok, nmpasast 60-
KOBasi TIOBEPXHOCTh M O] TOIOYHON KaMephl SKPaHHPOBAHBI (PaCOHHBIMU
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Tpybamu @51 x 2.5 MM, 00pa3ylonMH €IWHBIA dKpaH, BBITOJHEHHBIA C

mraroM Tpy0, paBHEIM 55 M. KoHIBI TpyO KpaHa 3aBabLOBAHEI B BEPXHAN U

HIDKHUH Oapabanbel. TpyOsl 3amHEeT0 SKpaHa HE UMEIOT 00CAaTHBIX KOHIIOB U

NPUCOETUHSIOTCS CBapKOM K BEpXHEMY M HW)KHEMY KOJUIEKTOpam

9159 x 3,5 mm. KosekTops! coeIMHEHBI C BEPXHUM U HIKHUM OapabaHamu

¥ 00bEeJMHEHBI HE00OTPEeBAEMO PELUPKYIIALIOHHOM TpyOoil @76 % 3,5 MM.
Tabnuya 3.7

Texnuveckasi xapakrepucTuka kotjaoB Tuna E (IE)
¢ naBjenuem napa 1,4 MlIla (14 KFC/CMZ)

Mapka koTia

HaumenoBanue E-4- E-6,5- E-10- E-16- E-25-
-14T™M -14T'™M -14T'™M -14T™M -14T™M
Tlaponpon3BoauTeEH- 4,0 6,5 10,0 16,0 25,0
HOCTb, T/4
Temmnepatypa, °C:
HACBILIEHHOI' 0 Mapa 194 194 194 194 194
MeperpeToro mapa 225 225 225 225
MUTATEIBbHON BOJIBI 100 100 100 100 100
Temmneparypa yxoasuiux
ra3os, °C:
Ha Ma3yTe 197 195 174 173 172
Ha rase 164 162 146 147 142
Pacuernsrii KI1/1, %:
Ha Ma3yTe 89,63 89,84 90,99 90,89 91,09
Ha rase 90,94 91,15 92,1 91,92 92,3
T'a30Bo€e COMPOTHBIICHUE 0,546 1,10 1,96/2,107| 1,68/1,8 | 2,70/3,0
kotia, klla 8" 5
O0BEM TOITOYHON Kame- 8,01 11,21 17,14 225 29,0
pbl, M
Hznomam; MTOBEPXHOCTH,
M
HarpeBa M3IIy4eHuEM 21,84 27,97 39,02 48,13 60,46
Harpesa KoHBekmueit | 45,0 63,3 110,0 | 154/144" | 210/201
naporneperpeBares - 15,02 15,02 10,08 10,08
JKOHOMak3epa 94,4 141,6 236 330,4 808,2
["abapuTHBIE pa3Mepsl, M:
JUTMHA 4,280 5,050 6,530 8,655 10,195
IIMpUHA 4,300 4,300 4,300 5,205 5,315
BBICOTA 5,050 5,050 5,050 6,053 6,098
Macca B 00beMe 3aBO- 7,96 9,545 13,620/ | 18,293/ | 24,293/
JICKOM MOCTaBKH, T 13,052" | 18,038" | 24,440

=
B uncnmTesne XapakTepUCTHKH KOTIIOB 6e3 maporneperpesarens, B 3HaMeHaTele — C Maporie-
perpeBatenem



44

-. Omtop .
cromtimere } ey
’ e, i Mumamenssan Bode
gl ]

[ W, qart —— A= ¥ 1
T H T T 160
75 [\L|75x90-7350 |54 | 15x90-1350||150 || r9x 301550 |15 ||| 16x90-T350. | |5 x167-660F
i M AR Toaa |l (5| 56 85 =7

2750

g 7508

595

Puc. 3.9. [Taposoii koten JIE-25-14I'M

B kotiax maporpousBoauTeabHOCThi0 4—10 T/4 (HpOHTOBOI dKpaH BbI-
TOJHSIETCS. aHAJOTHYHO 3aJHEeMy dKpaHy. OTIHYHe COCTOUT B TOM, YTO IS
o0ecrieueHNs pa3MeIleHUs TOPEJIOYHOTO YCTPOHCTBA U J1a3a, COBMEIEHHOTO
C B3PBIBHBIM KJIAIIaHOM, BO ()pPOHTOBOM 3KpaHE COOTBETCTBEHHO YMEHBIIIEHO
KOJMYEeCTBO TPpyO. B KOTIIaX mapompon3BoAUTENEHOCTRIO 16 U 25 T/94 GpoH-
TOBOM 3KpaH 00pa30BaH 4eTHIPbEMS TpyOaMH, MPUCOEANHEHHBIMH HENOCPe -
CTBEHHO K BEPXHEMY M HIDKHeMY OapabaHaM.

KoHBeKTHBHBIH Iyd0K 00pa3oBaH KOPHIOPHO-PACIIONOKECHHBIMU BEPTH-
KaJbHBIMH TpyOamu @51 X 2,5 MM, pa3BajbllOBaHHBIMU B BEPXHEM M HUXK-
HeM OapabaHax (mpoonbHbId mar Tpyd 90 MM, nonepeunsiii mar 110 Mm).

JBmxenue razoB B kotnax JIE cxematnuHo mokazano Ha puc. 3.10. [bI-
MOBBIE Ta3bl IPOXOJAT TOIKY, ITOCTYMAIOT Yepe3 OKHO B IMEPErOpOJIKe B KOH-
BEKTHBHBIN My4oK. /{751 obecnieuennss He0OXOIMMBIX CKOPOCTEH Ta30B B KOH-
BEKTHBHBIX ITyYKax KOTJIOB MapOIPOM3BOAMTENBHOCTEIO 4; 6,5 n 10 1/9 yc-
TAHOBJICHBI MPOJOJbHBEIE CTyIEHYaThe mneperopoaku (cMm. puc. 3.10, a).
Kpome Toro, mponoibHble HMEPEropoiKd OOECIEeUMBalOT Pa3BOPOT I'a30B B
KOHBEKTHUBHOM ITy4KE€ U BBIXOJ HX 4epe3 3aJHIOI0 CTEHKY KoTna. B xormax
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MapoINPOU3BOIUTENLHOCTRIO 16 1 25 T/4 Mpo0JbHBIC IEPETOPOAKH HE TIpe-
IycMmaTpuBaroTes (cM. puc. 3.10, 6), mepedpoc IpoxyKTOB CropaHus ¢ GpoH-
Ta, TIOCJIe BBIXOAA M3 KOHBEKTHUBHOTO ITy4dKa, K 9KOHOMaM3epy, pacroiIoKeH-
HOMY €331 KOTJIa, BBINOJHEH MO I'a30BOMY KOpoOy, pa3MeIIeHHOMY Hal
TOIOYHOW KaMEPOU.

I
T L»
_—r T — - — — —-_——— —

| I ———) =1 -

B / /
4 i 4 T
Tornka Decron Tornka Decron

a 6

Puc 3.10. Cxema nmkenus ra3os B komax J{E-4, -6,5, -10 (a) u JIE-16, -25 (6):

T — tornuBo; B — Bo31yX; /1" — pOyKTbI FOPEHUs

[upkynsnnoHHas cxeMa BCEX TIa30-Ma3yTHBIX MapOBHIX KOTJIOB THIA
E(JE) onmHakoBa W BKJIIOYAET YeTHIpe 3KpaHa (PpOHTOBOH, 3agHUI W NBa
OGOKOBBIX) ¥ KOHBEKTHBHBIN Iy4OoK. B KOTIax maponpon3BOAUTENBHOCTRIO 4;
6,5 n 10 T/4 nprMeHeHa OJHOCTYIEHYATass CXeMa UCIapeHHs, B KOTJax Ia-
POIPOU3BOIUTEIBHOCTRIO 16 U 25 T/4 — AByXcTymeHdYaTas ¢ BHyTpuOapa-
GaHHBIM COJICBBIM OTCEKOM. BTOpas cTymeHp HcHapeHusl BKIIOYAeT IepBbIC
M0 XOJy T'a30B TPYObl KOHBEKTUBHOI'O ITy4YKa M OIYCKHbIE HEOOOIpEeBacMbIe
TpyOBl D159 X 4,5 MM (IBE y KOTJIOB MapoNpOU3BOIUTENILHOCTEIO 16 T/4 1
TPU — Y KOTJIOB NTApOIIPOM3BOANTENBHOCTHIO 25 T/4). Bo Bcex koTmax oOmm-
MU OITyCKHBIMH TPYOaMH HCIapUTEIbHON CHCTEMBI (B KOTJIAX MapoNpor3BO-
JTUTETBHOCTEIO 16 U 25 T/4 — mepBOl CTYNEHH HCTAPEHUs) SBISIOTCS II0-
CJIE/THHE TI0 XOJY Ta30B psAAbl TPYO KOHBEKTHBHOTO ITyUKa.

B mapoBoMm mpocTpaHCcTBe BepxHEro 06apabaHa yCcTaHOBIECHBI Cerlapaly-
OHHBIE YCTPOICTBa, B BOJISHOM IIPOCTPAHCTBE Pa3MEIICHBI MUTATENIbHAS TPY-
6a u Tpyba mms BBoma (ocdaros. Bommbiii pactBop TpuHatpuiidhocdara,
BCTyIAasi B XUMHUYECKYIO PEaKIUIO C PACTBOPEHHBIMH B KOTJIOBOH BOJE COJISI-
MU, TIEPEBOANT UX B HepacTBopuMoe coctostHue. OOpa3yromuiics mmaM 1o
OIyCKHBIM Tpy0aM MNOCTyIaeT B HWKHUI Oapaban. B HibkHHX Oapa®anax
KOTJIOB MapONpPOHU3BOANTEIBHOCTBIO 45 6,5 u 10 T/4 pacnonoxena neppopu-
poBaHHast TpyOa AJIsl HEPEPHIBHON MPOAYBKH KOTJa, KOTOpasi COBMEIICHA C
nepuoguueckor mpoayskoil. Ilepuoauueckas npoayBKka KOTJIOB MapoOIpOU3-
BOJMTEJILHOCTBIO 16 1M 25 T/4 mpemycmarpuBaeTcsi U3 HIKHEro OapabaHa,
HeTpephIBHAS — U3 COJIEBOTO OTCEKa BepxHero Oapabana. Hrxuane 6apabaHb
BCEX KOTJIOB CHAOXEHBI YCTPOMCTBAMHM JUIS HAapoOBOTO IIPOrpeBa BOIBI IPU
pacToIike M ITYLepaMu JUIsl CITyCKa BOMBI.



46

IlepBuuHbIMU CcenapaliMOHHBIMU yYCTPOHCTBAMH TEPBOM CTYNEHU HCTMa-
PEHUSI ABIAIOTCS pa3MELICHHBIC B BEpXHEM OapabaHe HaNpaBIISIOIINE IIUTHI
U KO3BIPHKH, OOECIeUnBAlONIUe I0Aady MapoBOJASHON CMECH Ha ypOBEHb
BOJbl. BropuuHble cemapanMoHHBIE yCTPOICTBA BBINOJIHEHBI B BUAE TOPU-
30HTAJIBHBIX JKATIO3UIHBIX CemapaTopoB C AbIpYaThiMU JucTaMu. Cenapariy-
OHHBIMHU YCTPOMCTBaMH BTOPOH CTYNEHU MCHAPEHUs SBISIOTCS MPOJOJIbHBIE
IIMTHI, OPTaHU3YIOIUE IBMKCHUE [TAPOBOISTHOM cMecH Ha Topel OapabaHa, a
3aTeM BJIOJIb HETO K IONEPEYHON MEPEropoiKe, pasfeisomel orceku. Yuc-
TBIH M COJIEBOM OTCEKHM COOOLIAIOTCS IO Iapy 4Yepe3 OKHO HaJ| IONepeYHON
MIEPErOpOIKOii, a 10 Boje — Yepe3 MOAMUTOUHYI0 Tpyoy @ 89—108 mmM, pac-
TIOJIO’KCHHYIO B BOZISTHOM O00BEME.

[TaponeperpeBarens KOTIOB MapONpOU3BOAUTEIRHOCTEIO 4; 6,5 n 10 /9
BBITIOJTHSACTCA 3MEEBUKOBBIM U3 TpyO D32 X 3 mMm. B koTiax mapompomsso-
JUTEILHOCTBIO 16 1 25 T/4 maporieperpeBaTenb BHIIOIHICTCS BEPTHKAIbHBIM
U3 IBYX psLIOB TPYO D51 X 2.5 MMm.

B xauecTBe XBOCTOBBIX IOBEPXHOCTEH HarpeBa KOTJIOB IPUMEHSIOTCS OT-
JICTBHO CTOSIINE CTaHAAPTHBIC YYT'YHHBIC SKOHOMai3epsl (cM. Tabu. 3.5).

['a30Mm10THOE 3KpaHUPOBAHUE OOKOBBIX CTEH, MOTOJKA M MOAA TOIIOYHOM
KaMepbl TO3BOJIMIO OTKA3aThCsA OT TKEIOW OOMYPOBKM M NMPUMEHHTH JIET-
Kyl0 HaTpyOHyro m3oisanuio ToumuHoit 100 MM, ykianeiBaeMyro Ha CJOif
IaMOTOOETOHA IO CETKEe TONMIMUHON 25 MM. [ yMEHBIIEHUS MPHUCOCOB
BO3JlyXa B Ta30BBII TPAKT KOTJIAa HATPYOHAS M3OJLIIMS CHAPYXKH IOKPBIBACT-
Cs TNCTOBOW METaJUTMUECKOI OOIMIMBKOMH, TPUBapUBaEMON K KapKacy KOTJa.

Ilaposvie xomuvl cpedHell npou3600UMenbHOCMY BBITIOIHAIOTCS Oapa-
OGaHHBIMH C €CTECTBEHHOW mupKyssiiueil. KoTisl mpenHasHadyeHs! I 1oy-
YEeHUs] HACBIIIEHHOTO W TEPerpeTroro mapa, WAYIIETO0 Ha YIOBJIECTBOPEHHE
NoTpeGHOCTE! B Mape MPOMBIIUIEHHOCTH, CTPOUTEIBCTBA, TPAHCIOPTA, KOM-
MYHQJIBHOTO ¥ CEJBCKOI'0 XO3SMCTBA, HA TEXHOJIOTHYECKHE, OTOIUTENIBHO-
BEHTWJISIIMOHHbIE HYKIbI, 8 TAKXKE TSI MANbIX 3JIEKTPOCTAHIUH.

Kotnoarperats! BeimonHeHs! ¢ [1-00pa3Hoil KOMIIOHOBKOH MOBEpXHOCTEN
HarpeBa Mo OJHOW M3 JBYX KOHCTPYKTHBHBIX CX€M: OJJHOOapaOaHHbIC HIIH
nByx0OapabaHHEIE.

OnHoOapabannbie koTioarperatel — bM-35P®, BI'M-35M, I'™M-50-1 u
BK3-75-39T'MA.

B maposbix kotnax bBM-35P®, BI'M-35M u BK3-75-39TMA koHBeKTHB-
Hasl I1aXTa PACHOJIOKEHA 3a TOPU3OHTAIBHONW MOBOPOTHOM Kamepoil. Korten
I'M-50-1 BBINOIHEH C COMKHYTBIMH ra30X0JIaMH, C IAMOTHOU pa3/IeiIuTeTh-
HOM 3KpaHUPOBAHHOW CTEHKON MEXJy TOIOYHOM KamMepoil 1 KOHBEKTUBHOMI
IaXTOM.
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Puc. 3.11. O6mmii Bun xotnoarperata bK3-75-39TMA
TormouHble KaMepbl KOTIOArPEraToB IMOJHOCTHIO 3KPaHHPOBAHEL, 33 HC-
KIoyeHneM KoTiioB bBM-35P® u BI'M-35M, umeromux ropstauit mon. Ilox
naporeHeparopa ['M-50-1 nByckarHbiii, 00pa3oBaH TpyOamMH 3aJHEr0 M
¢ponToBoro skpanoB. [Tox korna BK3-75-39T'MA — ogHOCKaTHEIH, 00pa3o-
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BaH TpyOamu 3agHero SKpaHa. B BepxHel gacTi TpyOb! 3alHUX SKPAHOB BCEX

KOTJIOATPEraToB pa3BeCHHI B (DECTOHEI.
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Puc. 3.12. OOmwmii BUI KOTIIOAarperara FM-50-1
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Puc. 3.13. [upkynanuoHHas cxema

koTioB bI'M-35M u BM-35-P®:

7 1 — sxoHOMaii3ep; 2 — 6apabau; 3 - GppoH-

9 TOBOH 9KpaH; 4 — 3aJHuil dKpaH; 5 — KO-

— = 39004 JIEKTOp OOKOBOTO 3KpaHa; 6 — BEIXOIHOI

S | 883388

5 g Il lm KOJUIEKTOP OCHOBHOT'O GOKOBOTO dKpaHa; 7
| | I — uukioH |l crynenu ucnapenust; 8 — dec-

! ] | ' | | I I | ToH; 9 — maponeperpesatens; 10 — Bo3my-

~ giéqwn{t'ﬁm nd. XOIOJI0rpeBaTeb; 1.6. — MUTATEIbHAS

- =T Boma; m.n. — HACHILEHHBIiE Map; 1.1, — Tepe-

-

1 } 10;45 IPETHIN Tap; X.6. — XOJNOMHBIN BO3IYX; 2.6. —
31 F 7_‘11; ,f_ N ropsuMii BO3/yX; 7 — TOILTMBO; ).2. — yXO-
Ilfr J/ Y JIAIIME Ta3bl
i it ]
& XTI
4

OKpaHBl pa3geNeHbl HA CAMOCTOSATENbHBIE UPKYIISIIINOHHBIC KOHTYPHI 110
yuciny O10KoB TONKU. bapaOaHbl BceX KOTENBHBIX arperaTroB pacroiOKeHb

HaJl TOIIOYHOU KaMepoil.

7o cuid gaalens
Eﬁ!n Huzorwd gu#..-;«b \

Cpeduud ypodew |

L8795
¥ 8600

45 funun
pasbemss
drgwal

Puc. 3.14. O6mmii Bux korensHOTO arperata ['M-50-14
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ITaponieperpeBatenu kotiaoB BM-35P®, BI'M-35M u BK3-75-39TMA
KOHBEKTHUBHBIC, BEPTUKAJIBHOTO THUIIA, PACIIOJIOKEHBI B TOPU30HTANIBHBIX T'a-
30x01ax, koria I'M-50-1 — KOHBEeKTHBHBIH, IPESHUPYEMBIN, TOPH3OHTAIIEHOTO
THIIa, PAcIIOJIOKEH B KOHBEKTUBHOH maxte. [laponeperpeBarenu Bcex KOT-
JI0arperaToB COCTOSIT M3 JBYX CTYIEHEH, B pacceyke MEXIy KOTOPBIMHU
BKJIFOYEHBI TIOBEPXHOCTHBIE MAapooXiaauTend. [lepea mepBbIM U MEXIy Iep-
BBIM M BTOPBIM IO XOJly I'a30B MAaKETaMH IMaporeperpeBaTelis yCTaHaBIUBa-
I0TCSl CTallMOHapHBIE O0JyBOYHBIE YCTpPOWCTBA. PacnonokeHne 3MeeBHKOB
naporneperpeBareieii Bcex KOTIoarperaToB — laxMarHoe.

Tabauya 3.8
TexHHYecKHe XapaAKTePUCTHKHU MAPOBBIX Ia30Ma3yTHBIX KOTeJIbHBIX
arperaToB cpejHeii NPOM3BOANTEILHOCTH

Tun KoTeNpHOTO arperara

EM- BK3-75-
HaumenoBanne 35PO BIM-35M| IM-50-1 | TM-50-14 39I'MA
TommuBo
Ma3yT| ra3 |mMasyr| ras |Ma3yT ras |Ma3yT ras |Ma3yT
IMaponpownsBoau-tensHocTh, | 50 | 35 | 45 50 50 75
/94
JlaBnenue napa, MIla 4,0 4,0 4,0 1,4 4,0
Temmnepatypa, °C:
[eperpeToro mnapa 440 |440| 440 | 440 | 440 |250| 250 | 440 | 440
UTATEIHLHON BOJBI 145 | 145| 145 | 145| 145 [100| 100 | 145 | 145
BO3/yXa 3a BO3yXOIO- — |117]| 156 | 178 | 207 |146| 181 | 187 | 235
JorpeBaTeieM
YXOJSIINX I'a30B 185 |[158| 178 | 188 | 216 |126| 155 | 127 | 175
Pacuernsnii KITJT, % 90,0 |91,6| 88,6 |{89,6| 88,2 |92,0{ 91,0 (92,4| 90,4
O6GBeM TOTKH, M° 147 147 144 133 284

[ToBepxHOCTH HarpeBa,MZ:
mydeBocripuHuMaromias | 131 |326| 296 | 165 | 165 158 211 211

TOIKH
KOTEJIBHOI'O My4Ka - - - - - 344 - -
(becTona 42 | 42| 42 | 22 | 22 32 31| 31
naporneperpeBaTens 281 (184| 336 |165| 300 | 165/- |353| 560
9KOHOMaM3epa 768 |554| 554 |521| 521 1062 |1070| 1070

Bo3ayxomonorpesareinst | 1000 |800| 800 |1428| 1428 496 2150( 2150

ConpoTHBIICHHE Ta30BOTO 1,22 |0,27| 0,23 {0,17| 0,19 |3,14| 3,32 0,67
TpakTa, klla
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Tabauya 3.9

KoHcTpyKTHBHBIE XapaKTepPHCTHKH MAPOBbIX Ia30Ma3yTHBIX KOTJIOAT-
peraTos cpeiHeii NPOM3BOAUTEIbLHOCTH

Tun KoTenbHOTO arperata
HaumenoBanune BK3-75-
BM-35P® |BI'M-35M| I'M-50-1 |I'M-50-14 39IMA
Bapabansr:
KOJIN4ECTBO 1 1 1 2 1
JUTMHA 7874 7874 8258 8190 9430
quamerp X tonu- | 1580x40 | 1580%40 | 1580x40 | 1548%24/ | 1580x40
Ha CTEHKH, MM /1000x24*
TomnouHas kamepa:
pa3Mepsl B IJI1aHe 4140x 4140x% 3665x% 3700x% 5140x%
(nnuHa X mupuHa), | *x4400 %4400 %5200 %5060 %5900
MM
JIMaMeTp X TOJIIH- 60x3 60x3 60x3 60x3 60x3
Ha 9KpaHHBIX TPYO,
MM
mrar Tpy0 3KpaHoB,
MM:
OOKOBBIX 110 110 70 70 100
¢ poHTOBOTO 110 110 70 70 150
3aJHero 110 80 70 70 150
®DecToH:
JUaMeTp X TOJIIH- 60x3 60x3 60x3 60x3 60x3
Ha TpyO, MM
YHCIIO PSAAOB TPYO 3 3 3 3 4
0 XOJIy I'a30B
war Tpy6 S,/5,%, MM | 240/220 | 240/220 | 210/100 | 210/100 -
IMaponeperpeBaTens:
JIaMeTp X TOJILU- 38x3 38x3 32x3 32x3 38x3
Ha TpyO, MM
ancro psno Tpy6 | 6° | 40° | 6° | 40° 27 17 6; 6
0 XOJy I'a30B
war Tpy6 S./s,%, mm | 110/ | 110/ |110/{110/| 75/55 75/55 -
/97 | /82 | /97 | 182
KorenbHsril mydok:
JIMaMeTp X TOJIIH- - - - 60x3 -
Ha TpyO, MM
YHCIIO PSAAOB TPYO - - - 14 -
0 XOJy T'a30B
mar Tpyo $,/5,2, MM — — 90/120 -
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IIpooonxcenue maoa. 3.9

TH KOTEJILHOTO arperara
HaumenoBanue BK3-75-
BM-35P® |BI'M-35M| I'M-50-1 |'M-50-14 39IMA
BonasHoli sxoHOMaii3ep:
JIUaMeTp X TOJIIUHA 32x3 32%3 28x3 76x8 32%3
TpyO, MM:
YHCIIO PATOB TPYO MO 70* 70* 44 15* -
XOJy Ta30B
wwar Tpy6 $1/5,%, MM 80/60 80/60 50/35 150/150 —I75
Bosnyxononorpesatens:
nuametp x tommuHa | 40%1,6 40%1,6 40x1,6 40%1,6 40%1,6
TpyO, MM
YHCIIO PSAZOB TPYO 1O 34° 34° 34° 48 39°
X0y BO3IyXa
war Tpy6 S1/5,%, MM 56/44 56/44 60/42 60/42 60/42
KOJIMYECTBO XOJ0B 110 2 2 3 1 3
BO3JIyXY
Yucno:
CTyIeHel ucnapeHust 2 2 2 2 2
BBIHOCHBIX LIUKJIOHOB 2 2 2 2 2
TOPENIOK 4 4 6 4 6
Tun gpiMococa JIH-19 JH-17 J1-18 JIH-19 JI-18x2
Tun BeHTHIIATOpA B/JIH-15 | BJIH-17 | BJI-13,5 | BJIH-15 | BAH-20I1
T'abGaputHsie pazmepsl
KOTJIa, MM:
otMmerka ocu O6apaba- | 12600 12600 12500 10000 15000
Ha
BBICIIIast OTMETKA 15800 15180 15570 14954 19375
KOTJIa
riryouHa 1o ocsim ko- | 12280 9850 9778 14204 9900
JIOHH Kapkaca
IIHPUHA TI0 OCSIM KO- 5310 5740 5930 6320 6810
JIOHH KapKaca
Macca Meraiia KoTiia B 173,3 128,0 154,0 164,0 259,0
00bEMeE IMOCTaBKH 3aBOJA,
T

1 B unciuTene ykasaHbl pa3Mephl BEpXHETo GapaGaHa, B 3HAMEHATENE — HIKHETO.

%'5; — miar Tpy6 moMepeK MOTOKA ra3oB, Sy — Iar TPYO B0 MOTOKA Ta30B.

% B neBoii suelixe XapaKTePUCTHKA [EPBOH CTYIIEHH MapOIeperpeBaTe/s Mo X0y rasos, B
MpaBoi — BTOPOIi CTyINeHH.

* Yucno psaoB TPy6 110 X0y ra3oB B KaxKI0il CTYIICHH.

5o OJTHOMY XOAY BO37yXa.
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KommoHOBKa XBOCTOBBIX IOBEPXHOCTEH HAarpeBa: B IIaporeHepaTopax
BI'M-35M u BK3-75-39'MA B KOHBEKTHBHOM IIIAaXT€ ITOCIIENOBATEIBLHO
PacHoNoKeHbI YKOHOMAa3ep M BO3yXONOAOTPEBATENb, B MaporeHepaTopax
BM-35P® u I'M-50-1 skoHOMaii3ep pacHoyo’KeH B KOHBEKTHBHOHW IIaxTe,
BO3AyXOMNOAOTPEeBaTEIb BBIHECEH U3 IIAXThl U YCTAHOBJIEH HAa CAMOCTOSITENb-
HOM Kapkace. BozsiHO# sKkoHOMaii3ep BceX KOTJIOB INIaAKOTPYOHBIN, 3MEEeBH-
KOBBII, C NIAXMaTHBIM pacloJOKeHHEM TpyO. DKOHOMaW3epbl KOTIOB
BK3-75-39T'MA u I'M-50-1 — kumsimero tuna. Ha kotioarperarax Bcex TH-
MIOB MCHOJIB3YIOTCSL TpyOUaThle Bo3ayxomnoporpeBarein. OOmue BUIbI KOT-
noB BK3-75-39T'MA u I'M-50-1 npusenens! Ha puc. 3.11, 3.12. Hupkynsmu-
onHas cxema KoTioB BI'M-35M u BM-35-P® nokasana Ha puc. 3.13.

K nByx6apabanHbIM KoTIIOarperatam otHocutcs 'M-50-14, koHBEKTHB-
Has IIaxTa KOTOPOTO PacIloi0o)KeHa 3a TOPH30HTAIBHON MOBOPOTHON Kame-
poii. TonouHast kamepa IOJHOCTBIO SKPaHUPOBaHA, TPYObl ()POHTOBOTO U
3aJJHEr0 SKpaHOB 00pa3ylOT JBYCKATHBIN O], B BEpXHEH 4acTH TpyObl 3ai-
HETro 9KpaHa pa3Be/ieHbl B ()eCTOH; TpyObl OOKOBBIX SKPAHOB B BEpXHEH dac-
TH 00pa3yIOT MMOTOJIOK TOIKH; 9KpPaHbl Pa3zieeHbl Ha CAMOCTOSTENbHBIE IIUP-
KYyJISILIMOHHBIE KOHTYPBI MO YHCITy OJOKOB TONKH. B ropuzoHTambHOM raszo-
X0JIc MeXIy OapabaHaMU PACIONOKECH BEPTHKAIBHBIA KOTCIBHBINA MYYOK C
[IAXMaTHBIM PACIOJI0KEHUEM TPYO.

ITo Topriam Gapa®aHBI COeANHEHBI IBYMS psIaMH HEOOOTPEBAEMBIX OITy-
CKHBIX TpyO; B IICHTpE KOTEIBHOTO ITy4YKa, BAOJIb 0apadaHOB, pacroiioKeH
PsIIl OTAIUTMBAEMBIX OIYCKHBIX TpyO. [IuTaHne Bcero 4ucTOro oTceKka 3KpaH-
HOHM CHCTEMBI OCYILECTBIIICTCS M3 HIKHETO OapabaHa.

KomMmnoHOBKa KOHBEKTHUBHBIX MOBEpXHOCTEH HarpeBa koTia ['M-50-14: B
KOHBEKTHBHOW IIaxTe ITOCIEJOBATENbHO PACIIONIOKEHBI IapoIeperpeBareib
U TpyO9aThli BO3AYXOIOJOrpeBaTeNb; YKOHOMaW3ep — 3a IIaXTOH Ha camo-
CTOSITENILHOM Kapkace. IlaponeperpeBarenb KOHBEKTUBHBIN, JPEHUPYEMBIi],
TOPU30HTAJIBHOTO THIIA, C IIAXMAaTHBIM PACIOJIOKEHUEM 3MEEBHUKOB, 03 pe-
rynaropa neperpeBa. BonsHOW 3KOHOMai3ep BBINOJIHEH M3 YYT'YHHBIX peo-
pHucTHIX TpYy0. PacnionoxxeHnune Tpyd — KOpHI0pHOE.

OO6uwii Bug koTiioarperara 'M-50-14 u300pakeH Ha puc 3.14.

TexHn4eckne U KOHCTPYKTHBHBIE XapaKTEPUCTUKH KOTIOB CpelHEN 1po-
W3BOJIUTEIILHOCTH MPpHUBECHEI B Ta0M. 3.8 u 3.9.

Bce rasomasyTHble KOTJIOArperatsl 000pyIyIOTCS KOMOWHHPOBAaHHBIMHU
ra3oMa3yTHBIMH TOpPEJIKaMH JUIS pa3/iebHOTO COKUTaHMA rasa u mazyta. s
HOJ/Iep’KaHusl MOCTOSIHHOM TeMIepaTypbl IeperpeBa napa Ipu U3MEHEHUU
BUJa TOIIJIMBA YCTAHABJIMBAIOTCA AOIMOJTHUTCIbHBIC (bOprHKI/I MEXaHHUYCCKO-
ro pacnsumBaHuSA. KoTiel, paboTaromue TONBKO Ha Ma3yTe, 000pynyroTcs
(hopcyHKaMU MEXaHUYECKOTO PaCIbIITUBAHUS.
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Korensubie arperatsl BM-35P®, IT'M-50-1 u I'M-50-14 umeror BepxHuUii
BBIXOJ] Ta30B, a KotenbHbIe arperatel bBI'M-35M u BK3-75-39TMA — HuX-
HuM. 111 OYMCTKM KOHBEKTHBHBIX IOBEPXHOCTEH HarpeBa MpeqyCMOTPEHBI
YCTaHOBKH JPOOEBOM OYUCTKH.

3.2. Boporpeiinbie KOTJIbI

B oTOmnTENBHBIX KOTENBHBIX IMHUPOKO HCIONB3YIOTCS CHANbHbE 8000-
mpy6Hvle komawl caenyromux Tamnos: TBI, KBTI, KB-I'M u IITBM.
Tennoghuxayuonnsiti 6odoepelinsiil 2azoguiii komen TBI” (puc. 3.15) npen-
CTaBISET COOON MPSIMOTOYHBIA CEKIIMOHHBIA TEIJIOTEHEpaTop C MPHHYIH-
TENBHOM IMPKYJIALUENd BOJBI, 00OpPYAOBaHHBIN OTAEIBHBIM JBIMOCOCOM H
BeHTHIATOpOM. Kotnel TBI' BbImyckaroTcs TEmIONPOU3BOAUTENBEHOCTBIO
4,65 MBT (TBI'-4) u 9,3 MBT (TBI'-8). OcOOCHHOCTBIO KOTJIOB SIBISACTCS
pa3BuTasg paauanuoHHas nosepxHocTs. Kornsl TBI'-4 u TBI'-§ umeror Tpu
JIByXCBETHBIX 3KpaHa M YeThIpe FOpeiKU. JIByXCBETHbIE SKpaHbI IENAT TOIKY
Ha yeTbipe orceka. lllupuna orcekoB 740 mm. Kpome Toro, Kaxaslii KoTen
MMEET /1B OJTHOCBETHBIX SKPaHa, PAcTOJ0KEHHbBIX Y CTEHOK, U MOTOJIOYHBIN
9KpaH, YaCTHYHO TepexoIsamuii Bo (GppoHTOBO# »KkpaH. Kaxkaprii TOmMOYHBIH
9KpaH, KPOME ITOTOJIOYHOT0, COCTOUT N3 BEPXHETO U HIDKHETO KOJUIEKTOPOB,
B KOTOpPBIE BBapeHs!I 1o 40 BepTUKAIBHBIX TPy O 51%2.5 mm. [l cozganus
JIBYX XOJIOB JABM)KEHHS BOJBI BEPXHHE KOJJIEKTOPHI KaXXIOT0 TOMOYHOTO 3K-
paHa UMEIOT MocepeanHe MmeperopoAku. I10ToNMoUHbIN dKpaH COCTOUT U3 32
(8x4) Tpyd @ 51x2,5 MM, BBapeHHbIE B IepeiHUH (HWKHUI) M 3aJHUH
(BepxHHUIt) KOJJIEKTOPHI.
r-r‘ m"f_]]{

-

Puc. 3.15. Bomorpeiinsrii koten TBI'-8
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KoHBeKkTHBHAs MTOBEPXHOCTh HArpeBa COCTOUT M3 IBYX CEKIHUH C BEpX-
HUMHU U HIDKHHAMH KOJUIEKTOPAaMH, COSIMHEHHBIMH MEXIY COOOH BOCEMBIO
cTroskaMu @ 51%2.5 MM, B KaXIbId W3 KOTOPHIX BBapeHBI IO HYETHIPE
[1-06pa3ubIx 3MeeBrKa @ 28%3 MM. 3MEEBHKHU PacIojaraloTcsi apauiesbHO
(poHTY KOTJIa B IIaXMaTHOM Hopsike. [yl HampaBieHUs! IBHKEHUS BOJbI
0 3MEEBUKaM B CTOSKAX €CTh MEePETOPOIKH.

OCHOBHBIE TEXHMYECKHE M KOHCTPYKTUBHBIC XapaKTEPUCTHKH KOTJIOB
TBI' npuseaeHs! B Tad:1. 3.10.

Tabnuya 3.10

OcHOBHbIE TeXHHYECKHE XaPAKTePUCTHKU M pa3Mepbl ko108 TBI'

HaumeHnoBaHne TBI-4 TBI'-8
TemnonponssoaurensHocTh, MBT (I'kan/4) 5,0(4,3) 9,6 (8,3)
IlT0ma/b TOBEPXHOCTH HATPEBA, M-

panuanroHHas 355 76

KOHBEKTUBHAs 54,8 109,6
Temnepatypa yXo/IsIIHX ra3os 3a KOTiIoM, °C 180
Temnepatypa Bojpl, °C:

Ha BXOJIE B KOTEN 70

Ha BEIXOJE U3 KOTJIa 150
JlaBnenue Boabl Ha Bxoje, MIla:

MaKCHUMaJIbHOE 1,4

MHHUMAJIEHOE 0,8
Pacxop Bonpl, T/4 53 104
Bousgnoli 06neM KoTIIa, M 2,8 4,0
Pacxoz rasa, M/4 557 1100
JaBnenue rasa nepen ropenkamu, klla 15,3 16,9
Pa3zmepsl, Mm:

JUIMHA 3,415 4,875

HIMpPHUHA 3,840 3,840

BBICOTA 3,970 4,650
Macca MeTauIM4ecKOi YacTH, T 6,20 9,92
KI1J] xoTna, % 91,5

Jlig cxuraHus rasa UCHOJB3YIOTCS MOA0BBIE TOPENIKH C MPSIMOI HIETIBIO,
3aKaH4YMBAOLICHiCS BBEPXY BHE3AIHBIM pacIIUpeHueM. ['openkn pa3MenieHsl
MEXIy BEpPTUKAJIbHBIMH TOIIOYHBIMU 3KpaHamu. [IpomyKTeI ropeHns mocTy-
MAr0T W3 TOIKH B KOHBEKTHBHBIM ra3oxoj depe3 mpoeM BbicoToit 800 MM B
BEPXHEH 4aCTH, HAJl PA3AEIUTEIBHON CTEHKOM.

Cxema nepemenienus Boabl B koTiax TBI' nmokazana na puc. 3.16. Boga
U3 TEIUIOCETH MOCTYyNaeT NapaulesIbHO B BA HIDKHHUX KOJUIEKTOpa 1 KOHBek-
THUBHOM MOBEPXHOCTH, TPOIJIsl KOTOPBIE COOMPAETCS] B BEPXHUX KOJUIEKTO-
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pax 2, a U3 HHUX IO PARY HOTOJIOYHO-(PPOHTOBEIX TPYO 3 HampasiseTcs B
HIDKHUH KOJUIEKTOpP 4 HOTOJIOYHOT'O 3KpaHa. M3 Hero mo apyromy psny mo-
TOJIOYHO-(PPOHTOBHIX TPYO 5 Boma coOmpaercsi B BepXHEM KOJUIeKTope 6 mo-
TOJIOYHOTO 3KpaHa, 3aTeM I0CIIeJOBATEIbHO MPOXOIAMT Yepes JIeBbIH (co cTo-
poHbI PpoHTa KOTIa) OOKOBOI OZHOCBETHBIN SKpaH 7, IBYXCBETHbIE SKPAaHBI
8 ¥ BBIXOJWT B TEIUIOCETh U3 BEPXHEr0 KOJUIEKTOpa 9 MmpaBoro GOKOBOTO 3K-
pana. ToroyHble SKpaHbl BBHIIOJHEHBI B BUAE CEKIUI C OMYCKHBIM W HOAB-
€MHBIM JIBUKEHHEM BOJIBL.

Puc. 3.16. Cxema nBmxenus Boasl B kotinax TBI'-4 u TBI'-8:
1 — amxaMe KOJUIEKTOPBI KOHBEKTHUBHOM IIOBEPXHOCTH, 2— BEPXHUE KOJUIEKTOPBI KOHBEK-
THUBHOM MOBEPXHOCTH; 3 — cpeiHue TPYObI MOTOIOYHOTO dKpaHa; 4 — HIKHUIA KOJIIEKTOP
MOTOJIOYHOTO 3KpaHa; 5 — KpaifHue TpyObl MOTOJIOYHOTO IKpaHa; 6 — BEpXHHIT KOJUICKTOP
MIOTOJIOYHOTO JKpaHa; 7 — JIEBbIil GOKOBOW KpaH; 8 — ABYyXCBETHBIC YKpaHbI; 9 — MpaBbIi
0OOKOBOIi KpaH

B nacrosimee BpeMsi BMecTo komioB TBIT BeITyckarotest eazossie 6000-
epetinvle komavl muna KB-I" TeNI0npon3BOUTENBHOCTBIO 4,65 u 7,56 MBT.
OTO MPSIMOTOYHBIE CEKIMOHHBIC KOTIIBI, pa0OTArOIMKe Ha Ta30BOM TOILIHBE.
Kotmer paccunrtansl Ha momorpeB Bogsl oT 70 mo 150 °C ¢ xauecTBEeHHBIM
peryiupoBaHHEM OTITyCKOB TeIlIa, T.€. C IIOCTOSTHHBIM PacXO0JI0M BOIBI Yepe3
koten. TemmepaTypa BOAbI Ha BXOJIE B KOTEN MOJJCPKUBAETCS MOCTOSTHHOM,
pasHoii 70 °C Ha Bcex Harpyskax.

Puc. 3.17. Koren
BOJIOTPEHHBIN
KB-I'-4-150:

1 — KOHBEKTHBHAs
MOBEPXHOCTh HATPEBa;
2 — OTOJIOYHBIN K-
paH; 3 — BepTUKAIb-
HBIH TOMOYHBIN SKpaH;
4 — monoBast ropenka
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Kotast KB-T" npencTaBisiroT co6oii TpyOHYIO CHCTEMY, CKOMITOHOBAHHYIO
B OJHOM TpaHcIopTabensHOM Onoke. TpyOHas cucTeMa COCTOHMT W3 paana-
IIMOHHOH ¥ KOHBEKTHBHOH IMOBepXHOCTEH Harpea (cM. puc. 3.17).

KoTnel MMeEOT TOpH30HTaJBHYIO KOMIIOHOBKY, €IUHBIN MONEpedHbIi
npoduik ¥ pa3nMyaroTcs JUIIb NIyOMHOW TONOYHOW KaMephl U KOHBEKTHB-
HOM 1maxThl. Paqnannonuble mosepxHocTy HarpeBa kotioB KB-I' o6pasytoT-
Cs JIEBBIM U NIPAaBBIM OOKOBBIMHU JKPAaHAMH, ABYMsI ABYXCBETHBIMHU dKpaHAMU
U TIOTOJIOUHBIM 3KpaHOM. PaccTosiHMe Mexay BepTHKAIbHBIMH TOIOYHBIMU
skpaHamu coctaBigeT 906 mm. Kaxaslii BepTHKalIbHBII TONMOYHBIN 3KpaH
COCTOHT U3 MPSMBIX TpyO @ 51x4 MM, ycTaHOBICHHBIX ¢ maroM 80 MM, u
IIBYX KOJIEKTOPOB (BEpXHETO M HIDKHEro) ¥ 159x6 mm. g 3agaHHOTO Ha-
NPaBJICHAS] ABM)KEHHUS BOJBI IO TOMOYHBIM JKPaHAM BEPXHHE KOJUICKTOPEI
UMCIOT CMEIIEHHYIO OT IICHTpa TIyXylo meperopoaky (15 u 23 tpy0sr). Ok-
PaHbI KOTJIa COeAMHEHBI MTePeIryCKHBIMU TpyOamu @ 102x6 mm.

KoHBeKkTHBHas MOBEPXHOCTh HArpeBa COCTOMUT M3 JBYX CEKIUI — mpaBoit
Y JIEBOH, B K0 10 ceMb TpyO @ 51%4 MM, BBapEHHBIX OJJHUMH KOHIIAMH
B BEpXHHE, a JPYTUMU — B HIDKHHE KOJUICKTOPBI, T.€. MPEACTABISIOT cOO0H
HIDKHUE W OOKOBBIE YAaCTH IOBEPXHOCTH HarpeBa. B GOKOBBIE MOBEPXHOCTH
HarpeBa BBapeHbl YEThIpe MakeTa, HaOpaHHBIX U3 [1-00pa3HBIX IMIKMPM, BBI-
MOJTHEHHBIX U3 TpyO O 28%3 mMm. [{ng HampaBiIeHUs ABMKCHHS BOIBI B 3Mee-
BUKax IIUPM B OOKOBBIX TpyOaxX yCTaHOBIEHHI ITyxue mneperopoaku. Ilnp-
MBI TTAKETOB YCTAHOBJICHBI NapaJUIENBHO (PPOHTY KOTJIA M PACIIOJIOKEHBI Ta-
KAM 00pa3oM, 4YTO WX TpyObl 0Opa3yloT MIaXMAaTHBIH ITy4OK C IIaramu
Sy =64 MM u S; = 26 mm. /i1 pazneneHus KOHBEKTUBHOU IIAXTH W TOIKA
KpalfHHe IMPMBI, OOpallleHHbIE B CTOPOHY TOIIKH, BHITTOJHEHBI B BUJIE Ia30-
TUIOTHOH CBapHOM MaHeIH NPUBAPKOM MPOCTABOK K 3MEEBHKAM LIIHPM.

B kotnax KB-I' ncnons3yroTcs Tpu MOJOBBIE TOPEIKH, KOTOPHIE pa3Me-
IIEHBI MEXKIY CEKIUSIMH BEPTUKAIbHBIX TOTIOUHBIX PKPAaHOB. I 'opeska uMeer
JIBa psiia OTBEPCTHH OMAMETPOM 1,5 MM, PacIOJIOKEHHBIX B IIAXMAaTHOM
MOpSIZIKE.

IIpu paboTe KOTJIOB MCHOIB30BAaH MPHHLIKI MPOTHBOTOKA. OOpaTHas BO-
Jla U3 TEIUIOBOM CETH IMOCTYIAeT BO BXOJHON KOJIJIEKTOP KOHBEKTUBHOM I1O-
BEPXHOCTH Harpesa. M3 KoyutekTopa Bojia IByMs IOTOKaMH, BIIPaBO H BIIEBO,
MPOXOANT IO CTOSIKAM M 3MEEBHKAM U MOMNAaJaeT B BBIXOJHbIE KOJJIEKTOPHI
(TIpaBBIi U JEBEIH).

Bopa U3 3THX KOJUIEKTOPOB MO IEPENyCKHBIM TpyOaM Iomnajgaer B Kpaii-
HHE 3aJHU€ KOJUIEKTOPBI MOTOJOYHOIO 3KpaHa, U3 KOTOPBIX 10 OAUHHAALATU
KpaifHUM TpyOaM IPOXOIHT IO MOTOJIKY, Iepexo/is BO (POHTOBOH IKpaH U
[0 HEMY B MEPETHUNA KOJUIEKTOp. B KOJIEeKTOpe MOTOKHM CMEUIMBAIOTCS U TI0
OJIMHHAIATH CPETHUM TpyOaMm Boja TOMajaeT B 3aJHUN (CPETHUN) KOJUIEK-
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TOp TOTOJIOYHOTO dKpaHa. M3 3Toro KoynekTopa Boja AByMs HEepemyCKHBIMA
TpyOaMu MmoJgaeTcst B 33AHIOI0 YaCTh BEPXHETO KOJJIEKTOPA JIEBOTO TOMOYHO-
To 3KpaHa. 3aTeM IO 3aJHUM TPyOaM BOJa OIyCKAaeTCS BHU3 M IOMAIacT B
HIDKHUH kosutekTop. Ilo HeMy Boja MpOXOIUT BIEpeN U MO IMEepeiHUM TpY-
0aM 1MoTHUMAeTCs B IEPETHIOI0 YaCTh BEPXHETO KOJUIEKTOPA.

Boga, nBurasce mocienoBaTenbHO MO BCEM dKpaHaM, HarpeBaeTcs U U3
3aJ{Hel yacTu BEpPXHEro KOJJIEKTOPA MIPABOT0 3KpaHa MOCTYIAeT B BBIXOAHOM
KOJIJIEKTOp KOTJa. VI3 KoJIJIeKTopa BoJia MOCTYNAeT B TEIUIOBYIO CETb.

Texunueckue xapakrepucTuky kotiaoB KB-I" mpuBenens! B Tabm. 3.11.

Tabauya 3.11
Texnuyeckue xapakrepucTuku koraos KB-T'

HanmenoBanue KB-I"-4-150 KB-I'-6,5-150
TemnonpousBoAUTEIBHOCTS, MBT 4,65 7,56
(T'kan/a) 4) (6,5)
Jasnenne Boabl, MITa: 0,8-1,4 0,8-1,4
Temnepatypa Bopl, °C:

Ha BXOJIE B KOTEN 70 70

Ha BEIXOJE M3 KOTJIa 150 150
Pacxon Bonpl, T/4 49,5 80,4
Pacxoz rasa, M/4 506,0 822,6
Temmeparypa OTXOIAMIMX Ta30B 3a 140 140
xotiiom, °C
I101ma16 TOBEPXHOCTH HATPEBA, M2 86,75 149,50
O0BbeM TOMTOYHOM KaMephl, M 12,67 18,90
TabGaputHsie pa3mepsl, M:

JUIMHA 4,200 5520

IIHpHHA 4,186 4186

BBICOTA 4,102 4102
Macca MeTaJuIM4eCKOM YacTu, T 3,818 6,045
KIIJI xotna, % 92,2 92,2

CranpHbIe TIPSAMOTOYHBIE 0002cpetinbie komavl KB-I'M yHupUIHMpOBaH-
HOM CEpHH BBIIYCKAIOTCS Pa3IMUHBIX THUIIOPa3MEPOB IO TEIUIONPOM3BOIH-
tenbHOCTH. KOTibI npesHasHavyens! 1 ycraHoBku Ha TOLI, B mpousBoacT-
BEHHO-OTOITUTEJIBHBIX M OTOITUTENBHBIX KOTENIBHBIX, PadOTAIOMNX Ha ra3o-
00pa3HOM M JKHJIKOM TOILIHBE.

Kotnet KB-I'M-4 n KB-I'M-6,5 Teruionpon3BoAUTEILHOCTBIO, COOTBETCT-
BEHHO, 4,65 u 7,56 MBT paccunTanbl Ha mogorpeB Boxasl oT 70 qo 150 °C ¢
Ka4eCTBEHHBIM PETyINPOBAaHUEM OTITyCKa TeIla.
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KoTer mMeroT enuHbI TpodwiIs U pa3IndaloTcs pasMepamu (TIryOHHOM)
TOIOYHOW KaMepbl 1 KOHBEKTUBHOM 1axThl. [IpoaoibHbIN pa3pe3 KoTiia Tel-
JIOTIPOU3BOTUTEIHLHOCTRIO 4,65 MBT m300pakeH Ha puc. 3.18.

Puc. 3.18. Koten Bomorpeiinslii
KB-I'M-4-150:

; M m.\ 1- ropenka; 2 - (hpoHTOBOII DKpaH;

: ““]M T F 3 —60KoBoii 9KpaH; 4 — 1pobeBast OYUCT-

mj;j Hl f! [||| ¢ Ka; 5 — KOHBEKTHUBHAsI IOBEPXHOCTh

"“'” il HarpeBa; 6 — 3aJHUI dKpaH

Jns cHMWKEHUs CKOpPOCTH HU3KOTEMIIEPATYpHON CEPHUCTON KOPpPO3UU
npu paboTe KOTJIOB Ha Ma3yTe TeMIeparypa BOJbl Ha BBIXOJE W3 KOTIa
JIOJDKHA TIOIIePKUBATECS MIOCTOSTHHOH, paBHOi 150 °C Ha Bcex Harpyskax.

[Ipn pabore KOTIOB Ha MPUPOTHOM ra3e TeMIlepaTypa BOJABI Ha BXOJAE B
KOTeJ JOJDKHA TIOAePKUBATHCS MTOCTOSHHON, paBHOH 70 °C Ha Becex Harpys-
Kax.

KoTiter 060pymoBaHbl OJHOH POTAMOHHON Ta30Ma3yTHOW TOPENTKOM THITA
PIMI'  cootBercTBytomeil  TemnonpousBoautensHoctd (PIMI-4  u
PI'MI-6,5). lnanazon perynupoBanus Harpy3ku 20—100%. laBnenue ma3zy-
ta nepex ¢opcynkoit 0,2 Mlla. JlaBnenue rasa nepex ropenkoii 0,03 MIla.
Koaddpunment n3dbiTka Bo3ayxa npu padore Ha mazyre o = 1,1 u Ha rase
o=1,05.

TomouHast kamepa KOTJIOB, KaK M KOHBEKTHBHAs IIaXTa, MOJHOCTHIO K-
paHHpOBaHA MEMOpPaHHBIMH ITAHEISMHU, CBAPSHHBIMH U3 TPYyO O 51%x4 MM ¢
maroMm 80 MM U MPOCTaBOK mmpwHOH 30 MM ¢ TommmHON 4 MM. MemOpaH-
HBIE TIAaHEIN O00EeCIeUYMBAIOT T'a30INIOTHOCTh KOTIA. TpyOBl 3a1HEro sKpaHa
TOIIKM B BEPXHEH 4acTH pa3BeseHbl B (hecToH ¢ maramu S; = S; = 160 MM.

KonBekTHBHAsA MOBEPXHOCTh HATPEBA COCTOUT U3 ABYX MakeToB. Kaxkabiit
naker HaOupaercss u3 [I-00pa3HBIX IIMPM, BBINOJHEHHBIX M3 Tpyo
@ 28x3 mm. [IupMbl MakeTOB YCTaHOBIEHHI MapayjIeIbHO (HPOHTY KOTIA U
PacIIoNIoKEHBI TaKUM 00pa30M, YTO WX TPYOBI 00pa3yrOT MIAXMATHBIN ITyYOK
¢ maramu S; = 80 MM u Sy = 26 MM. Hrci0 napaiebHbIX 3MEEBUKOB B KaK-
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noit mmpme — 9. TpyObl OOKOBBIX CTEH KOHBEKTHBHOM MIAXTHI SBISIOTCS OJI-
HOBPEMEHHO CTOSIKAMHU KOHBEKTHUBHBIX IITHPM.

TpyOsl OOKOBBIX IKPaHOB KOTJIA BBAPEHBI B KOJDIEKTOPH ¢ 219%8 mm.
Tpy0Ob1 (GpoHTOBOTO, MOJOBOrO, HOTOJIOYHOTO M 3aJHETO SKPAaHOB TOIIKH, a
TaKke TPYOBI MOTOJIOYHOTO M 33JHEr0 SKPaHOB KOHBEKTHBHOW IIAaXThI BBa-
peHbI B KOJUIEKTOphl @ 159%6 MM. BHYTpH KOJIIEKTOPOB MOMEIIEHBI TITyXHe
MEepPeropojky, MOCPEACTBOM KOTOPBIX CO3[AeTCs HAMpPaBIEHHOE JBHKECHUE
BOJIBI CO CKOPOCTHIO, 00€CIIeUHBAIOIIEH HaIe)KHYI0 paboTy KOTIa.

[Ipu pabote koTiIa Ha Ma3zyTe MCHOJIB30BaH MPUHINI NPSIMOTOKA, T.€. BO-
Jla CHaJaja MoAaeTcs B PaJANalMOHHBIC TOBEPXHOCTH TOMOYHBIX 3KPAHOB, a
3aTeM B KOHBEKTHBHBIE NOBEPXHOCTH Harpesa. [Ipu pabore KOTIOB Ha rase
UCIIOIb30BaH MPHHIMI MPOTHBOTOKA, T.€. BOJAa CHAYalIa MOJAETCS B KOHBEK-
THBHBIEC TTOBEPXHOCTH HarpeBa, a 3aT€M B PaJMAIlMOHHBIE TTOBEPXHOCTH TO-
MIOYHBIX HKPAHOB.

Tabnuya 3.12
Texnuuyeckne xapakrepucTuku kotjoB KB-T'M-4 u KB-I'M-6,5

Hanmenosanue KB-I'M-4 KB-I'M-6,5
Tennonpou3BoAUTETHHOCTH, MBT 4,65 7,56
(T'kain/q) (4) (6,5)
Jasnenne Bozpl, MIla 1,0-25 1,0-2,5
Temnepatypa Bosl, °C:

Ha BXOJIE€ B KOTEI 70 70

Ha BBIXOJIC M3 KOTJIa 150 150
Pacxon BoJbI, T/4 49,5 80,4
Pacxo Tormsa:

rasa, m*/a 494 797

Ma3yTa, KI/4 478 774
TemmepaTypa  yXOASAIIKX  Ta30B 135/215 130/220
(raz/masyr), °C
ITiomiaap MOBEPXHOCTH HArpeBa, M

paguanoHHas 38,6 49,0

KOHBEKTUBHAs 88,7 150,4
O0BeM TOTTOYHOI KaMepHl, M 16,2 22,5
['aGaputHbIe pa3mepsl, M:

JUIMHA 6,415 7,855

HIMpUHA 3,510 3,510

BBICOTA 6,705 6,705
Macca B 00beMe ITOCTaBKH, T 8,055 10,937
KIIA xotna, %:

Ha rase 93,9 94,1

Ha Ma3yTe 90,4 90,2
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IIpomyKTel cropaHusi NOCTYMAalOT B BEPXHIOK YacTh TOINKH, OTKYZAa,
Mpoiast (ecTOH, MONaAaloT B KOHBEKTHBHYIO 4YacTh, IPOXOMASAT €€ CBEPXY
BHH3 U YAQIAIOTCS U3 KOTJIA.

Texunueckast xapakrepucTuka KoTiaoB tunoB KB-IT'M-4 u KB-I'M-6,5
npuBeseHa B Tabi. 3.12.

Kotner KB-I'M-10-150, KB-I'M-20-150 u KB-I'M-30-150 (puc. 3.19)
obecrnieunBaroT nogorpes Bosl 10 150 °C ¢ pa3HOCTBIO TeMIepaTyp BOJBI Ha
BXO0JIe U BbIX0jie, paBHOU 80 °C, paboTaloT ¢ MOCTOSIHHBIM PACX0JO0M BOJBI Ha
BCEX Harpyskax.

KoTmsl ABIAIOTCS NMPSIMOTOYHBIMH, UMEIOT €ANHBIA poduib B paspese u
Pa3IMYarOTCs TOJIBKO TITyOMHOM TONKH M KOHBEKTHBHOTO I'a30X0/a.

Tomkn KOTIOB 000PYIOBaHBl YCTAHOBICHHOW HA (PPOHTOBOW CTEHKE OJI-
HOW Ta30Ma3yTHOW TOPEJIKOH ¢ poTalMoHHON (opcyHKoi tuma PIMI, Ten-
JIOTIPOU3BOIUTENBHOCTBIO COOTBETCTBEHHO 11,63; 23,26 u 34,89 MBT.

Juanazon perynupoBaHus Harpy3ku koTioB 20—100% oT HOMUHATBHOU
TEIUIONPOU3BOAUTEIBHOCTH.

Puc. 3.19. Boporpeiinbie KOTIBI
KB-I'M-10-150 u KB-I'M-20-150.
Pa3mepsl B ckoOKax — It KOTJIa
KB-T'M-20
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Tonka moiaHOCTBIO SKpaHuUpoBaHa Tpybamm © 60%x3 MM c IIarom
S = 64 MM U pa3jielieHa IPOMEXYTOYHBIM JBYXPSIIHBIM [TOBOPOTHBIM JKpa-
HOM, BBINOJIHEHHBIM M3 TpyO @ 60x3 MM c maramu S; = 128 MM u
S; = 182 MM, Ha KaMepy TOpeHHst U KaMepy JI0)KUTaHusI.

[TakeTsl KOHBEKTUBHBIX MOBEPXHOCTEH HAarpeBa pacloIOKEHBI B BEPTH-
KaJbHOM Ta30X0/€ C ITOJHOCTHIO SKPaHMPOBAHHBIMH CTCHKaMH. 3agHSIS U
HepeHsist CTeHbI BBIOJIHEHBI 13 TpyO @ 60%3 MM ¢ marom S = 64 mm. Boko-
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BbIC CTCHBI 3KpaHMPOBaHbI TpyOamu @ 83%3,5 mm ¢ marom S = 128 Mm, sB-
JSIFOLIMMUCS KOJUTEKTOpaMu Juts [1-00pa3HbIX MIMPM KOHBEKTHBHBIX MaKe-
TOB, BBHINOJIHEHHBIX W3 TPpyO @ 28x3 mm. IllMpMBI mMakeTOB pacIioNOKeHBI
napajuiesIbHO (pPOHTY KOTJIa U YCTAHOBJICHBI TaKUM 00pa3oM, UTO M3 TPYObI
00pa3yIOT MaXMaTHBIHA MyYOK ¢ maraMu S; = 64 MM u S; = 40 Mm.

[Ipu pabore Ha MazyTe KOTJIBI 110 BOJIE JIOJDKHBI BKIIFOUATHCS 1O MPSMO-
TOYHOH cXeMe, BOJia MOJBOAUTCS B IIOBEPXHOCTH HarpeBa TOMOYHOTO OJIOKa,
a OTBOJUTCS] — U3 KOHBEKTHBHBIX TIOBepXHOCTEH Harpesa. IIpu pabore ToJb-
KO Ha ra3000pa3HOM TOIUIMBE BKJIIOYEHHE KOTJIOB MO BOJIE BBIMOJHAETCS IO
NPOTUBOTOYHOW CXeMe, BOJA IOJBOJHUTCS B KOHBEKTHUBHBIC MOBEPXHOCTU
Harpesa, a OTBOJUTCS M3 MOBEPXHOCTEH HarpeBa TOMOYHOTO OJI0KA.

Tabauya 3.13
Texunyeckasi xapakrepucTuka korjos KB-I'M-10, KB-T'M-20

u KB-I'M-30
HaumenoBanue KB-IT'M-10 | KB-I'M-20 | KB-I'M-30

Tennonpou3BoAUTETHHOCTH, MBT 11,63 23,26 34,89
(T'kan/q) (10) (20) (30)
JlaBnenue Bozasl, MIla:

pacueTHoOE u30. 2,5 2,5 2,5

MHMHHMMAJILHOE Ha BBIXOJE alc. 1,03 1,03 1,03
Temnepatypa Bosl, °C:

Ha BXOJIE, HE MEHEe 70 70 70

Ha BBIXOJIC Ha Ma3yTe, He MEeHee 150 150 150

Ha BBIXOJI€ Ha rase, He OoJiee 150 150 150
Pacxon BoJbI, T/4 123,5 247,0 370,0
Pacxon TomuBa:

rasa, Mo/q 1290 2580 3860

MasyTa, Kr/4 1220 2450 3680

Temmepatypa  yXOIALIMX  Ta3oB 185/230 190/242 195/250
(raz/masyr), °C
Tlowmas MOBEPXHOCTH HATPEBa, M

paauanuoHHast 73,6 106,6 126,9

KOHBEKTHBHAs 221,6 406,5 592,6
O0BeM TOTTOYHOI KaMepHl, M 38,3 61,2 77,6
['aGaputHbIe pa3mMepsl, M:

JUIMHA 6,500 9,700 11,800

HIMpUHA 3,200 3,200 3,200

BBICOTA 7,300 7,300 7,300
Macca B 00beMe ITOCTaBKH, T 18,400 28,300 32,400
KIIA xotna, %:

Ha rase 92,0 89,0 89,7

Ha Ma3yTe 88,0 87,0 87,7
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[IpoxykThl TOpeHHsT U3 TOMKH MPOXOIAT B Kamepy JOTOpaHHs, OTKyJa
4yepe3 (PeCTOH — B KOHBEKTHBHYIO IIAXTy U U3 HEe 4epe3 OTBEPCTHE B BEpPX-
HEH 4aCTH MOKHUJAIOT KOTEII.

Texunueckass ~ xapaktepucTuka KomwioB  TurnoB  KB-I'M-10-150,
KB-I'M-20-150 u KB-I'M-30-150 npuBenena B Tabim. 3.13.

Kotner KB-I'M-50-150 u KB-I'M-100-150 (puc. 3.20) BBIIOJHEHBI BOJO-
TpYOHBIMH, NMPSAMOTOYHBIMU C [1-00pa3HON COMKHYTOH KOMIIOHOBKOH ITO-
BEPXHOCTEH Harpesa.

Kotnbl npenHasHaueHsl AJIsl MOJY4YEHUsI TOpsideld BOJBI C TeMIEpaTypoit
150 °C B OTHENBHO CTOSIINX KOTEIBHBIX IS HWCIIOJIB30BAaHUSA B CHCTEMAaxX
OTOIUICHHS, BEHTWISIMA W TOPSYEro BOIAOCHAOKEHHUS] OOBEKTOB MPOMBIIII-
JICHHOTO U ObITOBOrO HaszHaueHust U Ha TOI] B kauecTBe MUKOBO-PE3EPBHBIX
HCTOYHHUKOB Teruia. KOTibl UCTIONB3YIOTCS JJIsi pabOThl KaK B OCHOBHOM pe-
JKHME, TaK U B MUKOBOM (JIJI MOJOTPEBA CETEBOM BOJBI COOTBETCTBEHHO OT
70 no 150 °C u ot 110 go 150 °C). Kol 10mKHBI paboTaTh ¢ HOCTOSHHBIM
pacxo/ioM BOJbI.
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Puc. 3.20. Bogorpetinsie kotiasl KB-I'M-50 u KB-I'M-100.
Pasmeps! B ckobkax — amst kotina KB-I'M-50

Tonky KOTJIOB 00OpYAOBaHBI T'a30Ma3yTHBIMU TOPEIKaMH C POTAI[MOH-
HbIMH (opcyHkamu Tuia PTMI'-20 (nBe ropenku Ha kotiae KB-I'M-50-150)
u PI'MI'-30 (tpu ropenku Ha kotie KB-I'M-100-150) Terionpon3BoanuTe b-
HOCTBIO coOoTBeTCTBEHHO 23,26 u 34,89 MBT. 'openku nomyckaror ¢opcu-
poBky: PTMI™-20 no 29,1 MBT u PI'MI'-30 no 38,8 MBT.

Ha ¢ponroBoii crene tonku koriaa KB-I'M-50-150 B oxun sipyc ycra-
HOBJIEHBI /1Be ropeiku thra PITMI-20, a Ha (pOHTOBOH CTEHE TONKM KOTJIA
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KB-I'M-100-150 tpeyrossuukom Tpu ropenku tria PIMI'-30. Inana3on
perynupoBanust Harpy3ku KowioB 20—100% oT HOMHUHAIBHON TEIIONPOU3-
BOJMTEIEHOCTH.
Tonka u 3aaHss CTeHa KOHBEKTUBHOT'O I'a30X0Ja MOJHOCTHIO YKPaHUPO-
BaHbl TpyOamu @ 60x3 MM ¢ marom S = 64 Mm.
Tabauna 3.14
Texnuueckue xapakrepucruku kotyioB KB-I'M-50 u KB-I'M-100

HaumeHnoBaHne KB-I'M-50 KB-I'M-100
Termnonpou3BoguTeNbHOCTh, MBT 58,2 116,3
(I'xan/q) (50) (100)
JlaBnenue Boasl, MIla:

pacuetHOE u30. 2,5 2,5
MHHUMAJILHOE Ha BBIXOJE a0c. 1,03 1,03
Temnepatypa Bojsl, °C:
Ha BXOJE:
B IIMKOBOM PEIKHMeE 110 110
B OCHOBHOM peXHME, He
MeHee 70 70
Ha BBIXOJIC Ha Ma3yTe, He MeHee 150 150
Ha BBEIXOJIE Ha rase, He oojee 150 150
Pacxop BoJIbI, T/4, HE MEHEE:
B IIMKOBOM PEKHMeE 1230 2460
B OCHOBHOM PEIKHME 618 1235
Pacxon TomnuBa:
rasa, m*/a 6260 12520
MasyTa, Kr/4 5750 11550
Temmepatypa  YXOASIIMX  Ta3oB 142/180 138/180
(raz/masyr), °C
ITirotaap MOBEPXHOCTH HATPeBa, M
pazuanuoHHast 245 325
KOHBEKTHUBHAsI 1223 2385
0GBbeM TOIOUHOI KaMephl, M° 251 388
TabapuTHBIE pa3sMepbI, M:
JUIHHA 18,000 18,000
[IMPHHA 12,000 18,000
BBICOTA 15,000 15,000
Macca B 00beMe ITOCTaBKH, T 85,0 127,0
KIIA xotna, %:
Ha rase 92,6 92,7
Ha Ma3yTe 91,1 91,3

KonBekTHBHAas MOBEPXHOCTh HArpeBa KOTJIOB COCTOUT M3 TPEX IaKETOB,
pacmoyioKeHbl B BEPTUKAILHOM ra3zoxozae. Kaxaplii maker HaOupaeTcs u3
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[T-00pa3HbIX MUPM, BBHIMTOTHEHHBIX U3 TpyO @ 28%3 mm. [Iupmbl makeToB
PacHoNoKeHBI MapauIebHO (PPOHTY KOTIA M yCTAHOBIICHBI TAKUM 00pa3oMm,
YTO W3 TPYyOBl OOpa3zylOT IIaXMaTHBIH MydOK C maramMp S; = 64 MM o
S; = 40 MM. BokoBBIE CTEHBI KOHBEKTHBHOI'O BEPTHKAJIBHOIO ra3oxoja 3a-
KpBITHL TpyOamu @ 83%3,5 MM ¢ maroM S = 128 MM, SBISIOIIKUMECS KOJUICK-
Topamu Juist [1-00pa3HbIX MIMPM KOHBEKTHBHBIX MTAKETOB.

KoTsbl moaHOCThIO YHUGHUIMPOBAHBI MEXIy COOOH M OTIMYAIOTCS TOJb-
KO ITyOMHOHN TOIOYHOI KaMephl 1 KOHBEKTHBHOT'O ra30Xxo/a.

[Ipu pabore Ha MazyTe KOTIBI 110 BOJIE JIOJDKHBI BKIIFOUATHCS 1O MPSMO-
TOYHOH cxeMe (IOABOJ BOJBI OCYIIECTBIISCTCS B MOBEPXHOCTH HArpeBa TO-
MOYHOH KaMepbl, a OTBOJ] BOABI — M3 KOHBEKTUBHBIX ITOBEPXHOCTEH HAarpena).
IIpn pabote TOIBKO Ha ra3000pa3HOM TOIUIMBE BKIFOUCHHE KOTJIOB TI0 BOJE
BBITIOJTHACTCS 110 MIPOTUBOTOYHONW cxeMe (IOJBOJA BOJAa — B KOHBEKTHBHBIC
MIOBEPXHOCTH HArpeBa, a OTBOJ BOJBI — M3 TIOBEPXHOCTEH HarpeBa TONOYHOU
KaMephl).

IIpoayKTBl rOpeHUs BBIXOIAT U3 TONKH Uepe3 MPOXOoJ MEXy 3aJHUM K-
PaHOM U MOTOJIKOM TOIIOYHOW KaMephl M ABMXKYTCS CBEpPXY BHHU3 uepe3 KOH-
BEKTUBHYIO IIaXTy.

Texunueckass ~ xapaktepuctuka KomwioB  TurnoB  KB-I'M-50-150,
KB-I'M-100-150 npuBenena B tabm. 3.14.

Boooepeiinvie komnvt muna IITBM nipenqHa3sHa4deHB! 1711 pabOTHI Ha Ta30-
00pa3HOM (OCHOBHOE) U XKUIKOM (IJI1 KPaTKOBPEMEHHOM pabOThI) TOILIHBE.
OTH KOTIBI MMEIOT OalIeHHYI0 KOMIIOHOBKY, T.€. KOHBEKTHBHBIC TTOBEPXHO-
CTH HarpeBa pacloJiaraloTcs HENMOCPEICTBEHHO HaJl TOMOYHOH KaMepoi, BbI-
MIOJIHEHHOW B BHZE MPSIMOYTOJIHOM MIaXThl. ToMoYHas KaMepa KOTJIOB MOJI-
HOCTBIO 9KpaHHpoBaHa TpyOamu @ 60%3 MM, pacHoIOKEHHBIMH C OTHOCH-
tenpHbIM miarom S/d = 1,07. Tonka koo tuma [ITBM-180 momumo ¢pos-
TOBOTO, 3aHETO M JBYX OOKOBBIX IKPAaHOB MMEET [[Ba psAla JBYXCBETHBIX
9KPaHOB, KOTOPBIMH OHA pa3eNsAeTcs Ha TP COOOIIAIOIINECs KaMepHl.

KonBekTHBHBIE MOBEpXHOCTH HarpeBa koTioB Tuma IITBM pasnuunoif
TEIUIOTNPON3BOAUTENIEHOCTH OJHOTHITHBI M OTJIMYAIOTCS TOJBKO IMHOU
[1-00pa3HBIX 3MEEBHKOB M YHUCIIOM IapauIeIbHBIX 3MEEBHKOB, COCTABIISIO-
KX OJHY CEKIMIO. 3MEEBHKHM BBINOJHEHBI U3 Tpyo @ 28x3 mm. [lomepeu-
HBIH mar Tpyo paBeH S; = 64 MM, a mpoodbHEI — S; = 33 MM. TpyOs! pac-
MOJIAararTCs TOPU30HTAIBHO, B IIAXMAaTHOM MOPSJIKE U OMBIBAIOTCS MEPIEH-
JMKYJISIPHO K HUM HalpaBJICHHBIM Ta30BBIM IIOTOKOM.

[IpuHIMNIMaNEHONH 0COOEHHOCTHIO KOTJIOB OAallleHHOM KOMITOHOBKH SIBJIS-
eTcsl IPUMEHEHHE OOJIBIIOTO YHCIa CPABHUTEIBHO MENKHX TOPEIOK C MOA-
BOJIOM BO3[yXa OT WHAWBHIYAIbHBIX AYTHEBBIX BEHTUIATOPOB. B KauecTBe
ropesiovyHbIX ycTpoicTB Ha KoTiax tuna [ITBM wucnosnb3yrorcs razomasyrt-
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HBIE TOPENKH C NepU(EpHITHBIM MOABOIOM Ta3a ¥ MEXaHHYECKHM PaCIIbLIH-
BaHHEM Ma3yTa. UHCIIO yCTaHABIMBAEMBIX TOPETIOK B 3aBUCUMOCTH OT TETI-
JOIPON3BOJUTENFHOCTH KOTJIA PA3IMYHO, HO PAcIIONararoTCsi OHH BO BCEX
TUIIOpa3Mepax Ha JABYX MPOTHBOIIOJIOXHBIX CTOpOHaX MOpoBHY. Perymupo-
BaHME TEIUIOBOH NPOU3BOIUTEIEHOCTH KOTJIOB OCYILECTBIACTCS U3MEHEHHEM
yucna paboTaroluX ropejok 0e3 M3MEHEHHUsS PeXHMa OCTAIBHBIX IPH MO-
CTOSIHHOM Dacxo/ie BOJbI M NEPEMEHHOM TeMIlepaTypHOM rnepenaje. Korisl
paboTaroT Ha €CTECTBEHHOM TATE, U KAKIBIH KOTEJ UMEET COOCTBEHHYIO Jbl-
MOBYIO TpyOyY, BBICOTa KOTOPOIH OT YpOBHS 3€MJIM JOJDKHA OBITH HE MEHee
55 M; Kak IpaBuII0, TPYOBI PacIoararoTcsi HEMOCPEACTBEHHO Hall KOTIAMH U
KpETATCS K UX KapKacy.

Ha puc. 3.21 mokazan xoren [ITBM-50. I"'a30BbIe TOpENKH pa3MeIIaloTcs
Ha OOKOBBIX CTE€HAX, MMOATOMY TPYOBI OOKOBBIX IKPaHOB B MECTaX yCTAaHOBKH
ropenok pasBeZeHbl. @POHTOBOM M 3aJHUI 3KPAaHbI BBIIIOJIHEHBI OJIMHAKOBO.
KoHBeKTHBHBIE TIOBEPXHOCTH Pa3MEILEHbI [0 BHICOTE B /IBa Psifa.
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Puc. 3.21. O6muit Bu OalieHHOro
xotaa IITBM-50
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Tabauya 3.15

Texunyeckasi xapakrepucTuka korjos [ITBM-50, ITBM-100

u IITBM-180
HaunmenoBanne IITBM-50 | IITBM-100 | TITBM-180
TemnonpousBoauTensHOCTH, MBT 58,20 116,30 209,34
(T'xan/q) (50) (100) (180)
M36sITouHOE HaBnenue Boasl, MIla:
pacueTHoOe 2,5 2,5 2,5
MHHHMAJILHOE Ha BBIXOJIE 0,8 0,8 0,8
Temnepatypa Bojsl, °C:
Ha BXOJI€ B KOTEJ:
B OCHOBHOM PEXHME 70 70 -
B IIMKOBOM PEXHUME 104 104 104
Ha BBIXOJIC U3 KOTJIa 150 150 150
Pacxon Boabl, T/4:
B OCHOBHOM PEXHME 625 1250 -
B IIMKOBOM PEKHMeE 1200 2140 3680
Pacxon Torutusa:
rasa, M°/u 6720 14100 25300
MasyTa, Kr/4 6340 12800 22300
Temmeparypa  yXOISIIMX  Ta3oB 180/190 185/230 182/223
(ra3/masyr), °C
[L101a1b TOBEPXHOCTH HATPEBa, M2,
paauanrnoHHas 138 224 479
KOHBEKTHBHAs 1110 2960 5500
O0BbeM TOTTOYHOI KaMephl, M 124,5 245,0 461,0
KommaecTBo ra3oMa3yTHBIX TOPEJIOK, 12 16 20
IIT.
I"aGapuTtHbie pa3mMepsl, M:
JUTHHA 9,200 11,200 16,700
[IMPHHA 8,680 10,620 11,850
BBICOTA 12,540 14,600 15,600
Macca B 00beMe ITOCTaBKH, T 83,5 209,6 286,0
KIIA xotna, %:
Ha rase 89,6 88,6 88,8
Ha Ma3yTe 87,8 86,8 87,3

HI/IpKyJ'Iﬂ[H/IOHHaS{ CX€Ma KOTJIOB YCTBIPEXXOA0BAA IJIsI OCHOBHOT'O PEXKU-
Ma U ABYyXXOJoBasd HJIsI ITUKOBOTO. B ocnoBHOM PEKUME BOAA MOJACTCA B
HIDKHUH KOJUTEKTOp (PPOHTOBOTO 3KpaHa, OTKYZa 10 AKPaHHBIM TpyOaM Moa-
HUMAaeTCsl B BEPXHHUH KOJUIEKTOP (PPOHTOBOTO 3KpaHa. 3 BepXxHETro KoJiek-
TOpa (POHTOBOTO HKpaHa BOJA IOMA/IaeT KOHBEKTUBHBIN Iy4doK. V3 BepxHe-
ro KOJJIEKTOpPa KOHBEKTUBHOIO ITy4dKa BOJA IEPETEKaeT B BEPXHUE KOJUICK-
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TOpBI OOKOBBIX 9KPaHOB. B OOKOBBIX 3KpaHaX BOAA OITyCKACTCS IO YacTh
TpyO, pacmoIOKEHHBIX ONmKe K (POHTY KOTJA, B HIDKHHE KOJUICKTOPHI, a
3aTeM MO YacTu TPyO, PaCTIONOKEHHBIX B 3aJHEH YaCTH KOTJIA, BO3BPAIAETCs
B BEPXHHE KOJUIEKTOPHI. J{J11 0OecredeHust TAKOTO XapakTepa ABHKEHHS BO-
JIbl BEPXHUE KOJUICKTOPHI OOKOBBIX SKPaHOB pa3zieieHbl Ha JBE YacTH TJIyll-
Kamu. 113 3a1Hei 4acTH BEpXHUX KOJUIEKTOPOB OOKOBBIX 9KPaHOB BOJIa Iepe-
TEKaeT B BEPXHHUH KOJUIEKTOP KOHBEKTHBHOT'O IIydKa M, IPOWAS MOCIeI0Ba-
TENBHO 110 TPyO0aM KOHBEKTHBHOT'O ITyYKa M TpyOaM 3aJHEro sKpaHa, OTBO-
JUTCS B TEIUIOBYIO CETh M3 HIKHErO KOJJIEKTOpa 3aJHEro sKpaHa. B muko-
BOM PEXHMME BOZA MOJBOANUTCS B HIDKHHUE KOJUIEKTOPHI (PPOHTOBOTO U 3agHE-
TO 3KPaHOB, MOJHUMACTCS 110 3KPaHHBIM TPyOaM M TpyOaM KOHBEKTHBHOTO
My4Ka, OMYyCKaeTCs Mo TpyOaM OOKOBBIX 3KPaHOB M OTBOJHTCS B TEILIOBYIO
CETh U3 HIDKHUX KOJUIEKTOPOB OOKOBBIX SKPaHOB.

KoHcTpyknns KOTIOB AOIyCKaeT MONYyOTKPBITYIO YCTAaHOBKY B paiioHax
CO CpeIHel TeMIIepaTypoil Bo3ayxa caMoi XomoHou nsatuaaeBku 10 —30 °C
IPU Pa3MENICHAH B 3aKPBITOM IOMELICHHH T'OPEIOYHBIX yCTPOWCTB, AyThe-
BBIX BEHTWISATOPOB M apMaTyphl.

TexHnueckue XapaKTEpUCTUKU KOTJIOB OallleHHOW KOMIIOHOBKH IpHBE-
JIeHbI B Tabm. 3.15.

Bonpocs! 1151 caMonpoBepku

1. Tpuwrnun neiictBus mapoBeix kKotiaoB M3K-7T.

2. TpuHuun peiicTBus AByxOapabaHHBIX MApOBBIX KOTIOB THma E-1/9-
IT.

3. Tlpunnumn nefictBus napoBsx KoTiaoB tuna JIKBP mamoit MonrHOCTH.

4. TlpwHmun neiictBus mapoBbix koTioB Tuma JJKBP mapompownsBonn-
TenbHOCThIO 10 1 20 1/4.

5. Ilpunnumn neiicTBus nByx0apabaHHBIX MapoBbIX KOTI0B THNa J(E.

6. OcHoBHbIE OCOOEHHOCTH YCTpOiicTBa M pabOThl MApOBBIX KOTIIOB
cpeaHell MpOonu3BOAUTENILHOCTH.

7. Tpunnun aeiictBust BogorpeiHpix kotiaoB tuna TBI' u KB-T.

8. Boporpeiinbie kol Tuna KB-I'M. OcHOBHBIE KOHCTPYKTHBHBIE OT-
JIM4US B 3aBUCUMOCTH OT IPOU3BOAUTENBLHOCTH.

9. KoHcTpyKums M TpPUHOMI JEHCTBHS BOJOTPEHHBIX KOTJIOB THIA
I[ITBM.
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I'nasa 4. METOJUKA TEIIJIOBOI'O PACYHETA
TEIIVIOTEHEPHUPYIOIIUX YCTAHOBOK

4.1. CocTaBJieHHE TEIJIOBOI0 0aJIaHCA KOTJIa

IIpu TeroBOM pacyeTe MaporeHepaTopa MM BOAOIPEHHOro KOTIa TEll-
JoBo OanaHc coctaBisiercst s onpenenenus KIIJ 6pyrTo m pacueTHoro
pacxona TormBa. Pacuer KII/l OpyTTO KOTJIa IPOU3BOAMTCS B CIEAYIOLICH
NOCTIE€0BATENBLHOCTH.

1. Omnpepnensiercs pacrosaraeMasi TEIJIOTa:

1 KT TBEpAOTO WM KHUJKOTO TOILINBA, K/K/KT

Q, =QF +i,, +(1-k)Qys. (4.1)
1 M® razoo6passoro Tommiea, KJx/M>
Qp = Q: + i'rn ' (42)

rae QF, Q) — Hu3MIas TemIoTa Cropanus padodeil Macchl TBEPAOro (KUIKO-

T0) U CYXO¥ MaccChl Ta3000pa3HOTO TOILIHB, KJ[K/KT (kM) iy — ¢dusmae-
CKasl TeIIOTa, BHECEHHAs! TOIUIMBOM, KJIK/KT (KI[)K/M3); Qups — TEmnora, 3a-
TpaveHHas Ha pa3JioKeHHe KapOOHATOB (YUUTHIBACTCS TOJBKO MPH CKUTAHUU
cnanues), k/x/kr; K — koaddurmeHt pasnoxxenns: kKapOOHATOB, PaBHBIN PU
cioeBoM cxxuranuu 0,7; npu kameprom — 1,0.

Pacuet Q, KOTJIIOB, TeMIIepaTypa yXOASAMIUX Ia30B KOTOPBIX HIKE TEMIIe-

paTypsl TOYKH POCHI, CIEAYeT BECTH IO BBICIIEH Teruore cropanus QF,

(QF) mmst ydera 4acTHYHOTO HCIIOJB30BAHUS TEIUIOTHI MapooOpa3oBaHUs

BOJISTHBIX TTAPOB.
Om3nyeckoe TEIUIO TOIUIMBA ompeaensercs mo ¢opmyne, KJDK/Kr
(& JIx/M)

ITJ‘I = C'mtm ' (43)
rae C,, — TemioemKkocTs paGouero tormsa, kx/(kr-K) mwin klx/(mM*K);
t., — Temmeparypa padouero Tomiusa, °C.

TemmoeMkocTh pabodeld Macchl TBEPIOTO TOTUINBA, K[ x/(kr-K)

p _ p
ch = 4,19W—t +c;, 100 -W7 , (4.9)
100 100
MmasyTa npu temreparype t, < 100 °C, xJx/(xr-K)
c., =189+0,0053t, (4.5)

a pu temneparype t,, = 100-150 °C, xx/(kr-K)
c,,=130+0,0112t; (4.6)
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TEII0EMKOCTh Ta3000pa3HOr0 TOILIMBA, OTHECEHHas K | M° CyXoro rasa,
Kk Jx/(M>K)

Coun = 0,01(cHz H, +¢;,CO+cCg,,CH, +¢¢,,CO, +.. .)+ 0,00124¢,, od, ., (4.7)

rra !
rac CH2 , CCO , CCH4 seees CCOZ ) CHZO — TCIJIOEMKOCTH KOMIIOHCHTOB I'a30-

00pa3HOTO TOIUIMBA, ONpEAeieMble IPK TeMIEpaType TOILINBA U3 Tabn. 4.1,
4.2; WP — conepranne Brarn B paGoueii Macce TOIMBa, %; Cy;— TEMIOEM-

KOCTBh cyxoit Macchl TomuBa, kJ[x/(kr-K); Hy, CO, CH,,..., CO,, H,0 — co-
Jep)kaHre KOMITIOHEHTOB B CYXOHM Macce ra3oo0pa3HOro TOIUiuBa, %;
d, ., — BIarocomepxkanne ra3000pasHOTO TOILIHBA, /.

Tabauya 4.1
Cpennsisi TEINIOEMKOCTH BO3yXa U Ira30B
t, °C Cen Cy Cco, CN, Co, Ch,0
K/ (M- K)

0 1,2981 1,3198 1,6010 1,2955 1,3069 1,4954
100 1,3014 1,3253 1,7016 1,2968 1,3186 1,5063
200 1,3081 1,3328 1,7887 1,3006 1,3362 1,5235
300 1,3182 1,3433 1,8641 1,3077 1,3571 1,5436
400 1,3299 1,3555 1,9312 1,3173 1,3785 1,5666
500 1,3437 1,3693 1,9902 1,3286 1,3990 1,5909
600 1,3576 1,3840 2,0426 1,3412 1,4179 1,6161
700 1,3718 1,3986 2,0900 1,3546 1,4355 1,6425
800 1,3852 1,4124 2,1327 1,3680 1,4510 1,6693
900 1,3986 1,4259 2,1708 1,3806 1,4657 1,6969

1000 1,4108 1,4384 2,2052 1,3928 1,4786 1,7242

1100 1,4225 1,4594 2,2366 1,4045 1,4904 1,7514

1200 1,4338 1,4623 2,2655 1,4154 1,5017 1,7782

1300 1,4443 1,4736 2,2915 1,4263 1,5117 1,8042

1400 1,4539 1,4841 2,3154 1,4359 1,5214 1,8293

1500 1,4631 1,4937 2,3372 1,4451 1,5306 1,8541

1600 1,4719 1,5029 2,3573 1,4539 1,5390 1,8775

1700 1,4799 1,5113 2,3761 1,4623 1,5474 1,9010

1800 1,4879 1,5189 2,3933 1,4698 1,5553 1,9228

1900 1,4950 1,5268 2,4092 1,4770 1,5629 1,9437

2000 1,5021 1,5340 2,4239 1,4837 1,5704 1,9643

2100 1,5084 1,5411 2,4377 1,4904 1,5771 1,9840

2200 1,5147 1,5474 2,4503 1,4962 1,5842 2,0024

2300 1,5205 1,5536 2,4620 1,5021 1,5909 2,0204
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du3nvecKoe TEIIo TOIIMBA YYUTHIBACTCS B TE€X CIIydasix, KOra TOILTHBO
NpeBapUTEIbHO MOAOTPETO IMOCTOPOHHUM HCTOYHHKOM Telia (mapoBoit
MOZIOTPEB Ma3yTa, MapoBbIE CYIIMIKA M T.IL.), & TAKXKe MPU CYIIKE 10 pa-
30MKHYTOMY IIMKJIy. B mocienHeM ciydae Temmeparypy U BIaKHOCTb TOTI-
JIMBa CJIEAyeT MPUHUMATh MO COCTOSHHIO Mepeq TOMKoW. [Ipu oTcyTcTBHM
MOCTOPOHHETO MONOTpeBa (YU3MYCCKOE TEIJIO MOXKET YUHUTBHIBATHCS TOJBKO
Uit OypbIX yriaei u topda. [Ipu 3TOM Temmeparypa TOIUIMBA MPHHUMACTCS
20 °C. Ilpu 3aMKHYTOW CXeMe MBIICTIPUTOTOBICHHS TEIUIO MOJ0TPEBa U MO/I-

CYIIKH TOILTUBA B MEIILHUYHOM cUCTeMe B OalaHCEe HE YUUTHIBACTCS.
Tabauya 4.2

Cpeansisi TENJI0EMKOCTh FOPIOYHX ra3oB

t,°C | ceo c c c c

H, Hs | CcH, | CcHg | CciHy | Couhyy | CosHy,

KJ1x/ (M3'K)

0 1,300 | 1,278 | 1,508 | 1,548 | 2,210 | 3,049 | 4,129 | 5130

100 1,303 | 1,289 | 1534 | 1,642 | 2,495 | 3,510 | 4,705 | 5,836

200 1,307 | 1,300 | 1,562 | 1,757 | 2,776 | 3,964 | 5256 | 6,516

300 1,314 | 1,300 | 1,595 | 1,883 | 3,046 | 4370 | 5774 | 7,135

400 1,328 | 1,303 | 1,634 | 2,012 | 3,308 | 4,759 | 6,268 | 7,740

500 1,343 | 1,307 | 1670 | 2,138 | 3,557 | 5,094 | 6,689 | 8,255

600 1,357 | 1,307 | 1,710 | 2,261 | 3,776 | 5429 | 7,114 | 8,784

700 1372 | 1,310 | 1,746 | 2,380 | 3,985 | 5,724 | 7,484 | 9,230

800 1,386 | 1,314 | 1,782 | 2,495 | 4,183 | 5987 | 7,808 | 9,626

900 1,397 | 1,325 | 1,818 | 2,603 | 4,363 | 6,232 | 8,114 | 9,990

1000 | 1,411 | 1,328 | 1,850 | 2,700 | 4,529 | 6,462 | 8,402 | 10,346

2. Ompenensiercs TEIUIO, BHECEHHOE B TOINKY BO3IYXOM, IPH €ro Io-
JIOTpeBe BHE KOTJa — MapoM W3 OTOOpOB, OTpabOTaHHBIM TEIJIOM M T.IL.,
K Jlx/xr (i J1x/m°)

Qun = (B o — Tora) 4.8)

rae B’ — OTHOLIEHHE KOJIMYECTBA BO3AyXa HA BXOJE B BO3AYIIHBIA TPaKT K
TeopeTnyeckn HeoOxomumomy. Ilpu penupKyssiiuud ropsdero Bosayxa (B
TOM YHCIIC U IIPUA CXeME C M30BITOYHBIM BO3AYXOM) IOJISI PEIUPKYIAPYIOIIE-
o BO3yXa He BKIIOUAETCA B B’; Pyys — OTHOLIEHHE KOJIUYECTBA H30BITOUHOIO
(oTmaBaeMoro “Ha CTOPOHY”’) BO3AyXa K TEOPETHYCCKH HEOOXOAMMOMY;
|

BXOZIC B BO3IyXOIOJOTpeBaTeNb (KoTe), KJK/Kr (xJIx/M), onpezensercs

— OHTaJbIIUA TCOPETHYCCKU HeO6XO}II/IMOFO KOJIMYECTBa BO3yXa Ha

0.81
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mo |- 9 -tabnume (cm. Taba. 1.3) mpu TemmepaType BO3AyxXa Ha BXOJAE B
BO3AyxomogorpeBaTenb (cM. T1adin. 4.3); |y, — SHTAIBIUSI TEOPETUYECCKU
HE00X0IMMOT0 KOJIMYECTBa BO3/1yXa Ha BXOJE B BO3JAYUIHBIH TPakT (Ime-
pex kamopudepoM, BeHTHIATOPOM H T.11.), KJi/kr (k[x/m°). Temmepary-
pa XooxHOTO Bo3myxa mpuHuMaetcs pasHoi 30 °C, eciau He 3amaHa npyras
BEJIMYHHA.

Tabauya 4.3

IapameTpsl TeNJIOHOCUTEJIEH B OMIOPHBIX TOYKAX Fa30BO3yIIHOTO U
BO/IONIAPOBOT0 TPAKTOB KOTJIOB

[Tapametp | PexoMennyemoe 3HaueHue
Lazosviii mpakm
Temneparypa Ha BbIxoze u3 Tonku 3, °C:

TBEpABIC TOILUIUBA 900-1200"

MasyT MajoCEepHUCTHIi <1350

Ma3yT BBICOKOCEPHHUCTHIH C MOBBIIIEHHBIM

COJEP/KAHNEM BaHAIHS <1200

ras <1350
TeMmnepaTypa ra3oB nepez NpoMeKyTouHbIM 1a- ([Ipn ogHOOalacHO IMycKOBOM

! o cxeme: 800-850 mis TBepmoro

porieperpepateiieM Sm“ﬂ » °C ToruBa U 1o 900 nmst rasa
TemmepaTypa ra3oB nepea TpyouaThIM BO3AYXO- < (515-530)

0

IOZOrpeBaTeeM BTOPOH cTymenn 3, ,, °C

) '
Temneparypa ra3os 3a skoHoMaitzepoM 9, , °C | He 6Gomee t,_+40 (t, — Temme-

paTypa BoAbI 1epes IKOHOMa-
3epom)

Temneparypa yxonsmux razos 3., , °C cM. Tabm. 4.4

Boszoywnuiii mpaxm
Temmepatypa ropsiaero o3ayxa t. ,, °C cM. Tabu. 4.5
Temmneparypa Bo3/tyxa 3a IepBOH CTYIIEHbIO BO3-
JTyXOTIOJIOTpeBaTelIs TPU IBYXCTYIIEHYaTOM I10-

He menee t;K +15

norpese t_,, °C

Temmnepatypa Bo3iyxa Ha BXOZI€ B BO3/LyXOIO-

JIOTpeBaTeNb t;nl , °C:
MasyT ¢ coaepxkanueM cepsl 6omee 0,5 % 110/70™
Ma3yT ¢ coaepxkanueM cepsl 0,5 % u MeHee 90/50"

ras >30
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IIpooonocenue mabn. 4.3
[Tapamerp | PexoMmenyeMoe 3HaueHHE
Booonaposou mpaxm bapabannvix Komnog

OHTaNbIMs BOJBI HA BEIXOAE U3 TIEPBOH CTYNEHH | ' -
A A PBOH €Ty i —(125—167) , 1g — dHTANBIUA
JIBYXCTYIIEHYAaTOTO KUIISIIEr0 SKOHOMai3epa
BOJBl HA JIMHUM HAaCBIMIECHUS
iy, KJK/Kr "
IpY JIaBIE€HUM P, 33 IKOHO-
Mai3epoM
CHIDKECHHE SHTABINH [1apa B PeryJsaTopax mepe- 65-68
rpesa Aiber: KI[)K/KF
Temmneparypa napa 3a mupmamu t,, , °C < (480-485)
[IpupamnieHue SHTAIBINY 1apa B TOPSYUX CTyIIE- < (160-200)
HsX maporeperpesatens Al ., kKJ[x/kr

"1 PexoMeH tyeMble 3HAYEHUS TEMIIEPATYP 3aBUCAT OT BHJIa TOILINBA H OBEPXHOCTH Ha-
rpeBa, HaXOIAILEHCS 3a TONKOM.

2 Jlnst KOTJIOB, paGOTAIONIMX TONBKO HA Ta3€, 10 YCIOBMAM PAabOThI IMPM M KOHBEKTHB-
HBIX IIOBEPXHOCTEH HarpeBa MOXKET ObITh JOIYyILEHA Oosiee BEICOKAs TEMIIEpaTypa.

% B uncnuTene TemmepaTypa Bo3yXa Ha BXOJE B TPYOUAThIi BO3IyXOINOIOrpEBaTeb, B
3HaMEHaTese — B pereHEePaTUBHBIIL.

KomnuectBo BO34yXa, NOCTymaromiee B BO3,I[yIHHBII>i TpaKT KOTJa, OTHE-
CEHHOE K TEOPETUICCKH HEOOXOIUMOMY OTIPENIeIIACTCS 1Mo PopMyIie

B'=a,-Aa, —Aca, —Aa,,, (4.9)
rae o, — ko3¢ uIIeHT u30bITKa Bo3Myxa B Tomke (cM. Tadm. 1.4); Ao, A,
A0y, — IPUCOC BO3/1yXa B TOIKY, CUCTEMY MBUICTIPUTOTOBICHHS U BO3AYXO-
nojorpesatesis (cM. Tabi. 1.5).
Tabruya 4.4
Temneparypa yxXoasiux ra3os

Pexomennyemsie 3Hadenus 8y, , °C, npu

TEMIIepaType TUTaTeIbHOM BOJHI t,, °C

Tomnueo 150 | 215-235 | 265
Conepxanue cepbl (151 Ma3yra), %
10 1 1,12 [ 213 ] >3
TBepi0e TOMINBO C NPUBEAECHHOMN
BIXHOCTBIO, %/(1000 KJIx/KT):
cyxoe, W) <0,7 110-120 | 120-130 130-140
paxnoe, W =1-5 120-130 | 140-150 150-160
cunbHo Briaxknoe, W, >5 130-140 | 160-170 170-180
Masyt 140 150 160 | 165

["a3 6e3 CepHUCTBIX COCIMHEHUI He amxe 90
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Tabauya 4.5

Temneparypa ropsiuero Bo3ayxa Ha BbIX0/le U3 BO3/yXONO/0rpeBaTeist

Cucrema IbIICTIPUTO-

Tomno4Hoe ycTpoiCcTBO TOBJICHUS TomnuBo trs °C
Tonku ¢ TBepAbIM 1LTa- |3aMKHYTasl, C BO3- AHTpanuTOBBIN 450-470
KOyJaJICHUEM JyLIIHOH CYMIKOH mtsIo (ALLD)

Touwii (T) 420-450""
Mpoune kamenubie | 300-420""
YN
Bypsie yrmu, Topd | 350-400°
CrnaHIp! 250-300
3aMKHYyTas1, ¢ ra30BOi Bypsie yrou 300-3507°
CYIIKOI
PazomknyTas, ¢ razo- Jns Bcex TonnuB He 6omee
BOM CyIIKO#t 350
Tomnku ¢ xunkum 1wia-  |([logypasoMkHyTast All 450-470
KOyJaJeHUEM WM pa30MKHYyTas, ¢
MoJja4yeii mbUK ropsi- T 400-450"T
YHM BO3TyXOM
T'a30Ma3yTHBIE TOIKU — I'a3, Mma3yt 230-270

* o o
1 BonbIune 3HAYCHNUS IS OKICICHHBIX yraei 2-i rpynmnsl 1 Tonmx 2T.

2 [Tpu BHICOKOBIIAXKHOM TOpde W"'p > 50% npunumaercs t., = 400 °C.
*, o
® BOIbIIHE 3HAYEHHS [PH BBICOKO# BIIQXHOCTH TOTLIHBA.

3. PaccuutsiBaercs Temiora, BHOCHMMas B arperar depe3 (GpoOpCcyHKy mpu
HapOBOM PACIBbUIMBAHUU JXKHUIKOTO TOIUINBA, ONPEAENIACTCS CISIYIOIUM 00-
pazom, KJDK/Kr

Q, =G, (i, —2400), (4.10)
rae Gy — pacxos mapa Ha pacnelnmBaHue 1 kr masyra, kr/kr (Gg = 0,30-
—0,35 Kr/Kr); iy — SHTANBNHMS Iapa, mogaBaeMoro B ¢popcyHku kJk/Kr (ompe-
JeJseTcsl u3 TabJuI A7 BOASHOTO Mapa 10 ero napamerpam, KJHK/Kr).

4. Onpenensetcs (TOJIBKO IPH CKHUTAHUU TBEPIAOTO TOILIMBA) MOTEPS Te-
IJIOTBI OT MEXaHUYECKOW HEIOIHOTHI ropeHus, %o

r

WJHIp yH

alﬂﬂ+ + a H
Q "®100-T *100-T,
q, ==%100 =
Q, Q

rae amnﬂ-[p, aYH — J0JIM 30JIbl TOIVIMBA B IUJIAKE, MPOBAJIC U YHOCE, %; mep,
Fyn — COACPIKAHUE TOPIOYMX B IJIAKE, MPOBAJIC U YHOCE, %.

3HaueHus TMOTEPU TCIIOTBI OT MEXaAaHUYCCKOT'O HEA0XKOTa B 3aBUCUMOCTH
OT THIIA TOIIOYHOTIO yCTpOﬁCTBa, BUJA TOIIMBA U NUIAKOYJIAJICHUA IIPHUBO-

32,7-10° AP
(4.11)

LHTIPp
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JIATCSL B HOPMATHBHOM METOJIe TEIUIOBOTO pacueTa KOTJIOB U B CIIPAaBOYHOU
JHTEpaType.

5. Ompenensercs moTeps TEIDIOTH ¢ YXOIAMIUMHU Ta3aMH. JTOT IOKa3a-
TeNb ONPECTICTCA KaK Pa3HOCTh SHTANBITNH MPOITYKTOB CrOPAHUS HA BBIXO-
Jie U3 TIocjieIHel TOBEPXHOCTH HarpeBa U XOJOIHOTO Bo3ayXa, %

— &100 — I_I yX - (a’yx - Bl)lo.npc - BI IO,X.BKlOO - q4)
2 ’
Q Q
rae ly, — SHTanbNuA yXOAAIMX Ia30B MPU U30BITKE BO3AYXa Oy U TEMIEpa-
Type Yy (ompenemsiercst mo |- 8 -tabmuume (em. Tabm. 1.3)), xIbr/kr

q (4.12)

(< Joxc/); lo.npe — PHTANBIUA BO31yXa, MPHCACHIBAEMOTO B Ta30X0Jbl KOTA,
wJlxc/xr (xJlx/nm).

Jns ompenerneHusl MOTEPH TEIUIOTH C YXOJSIIMMU ra3aMd HEOOXOIUMO
MPOU3BECTH BHIOOP TEMIEpaTyphl yXOAAIMX ra3oB (cM. Tabia. 4.4). Beibop
NPOU3BOAUTCS HA OCHOBE TEXHHKO-3KOHOMHYECKOTO pacyera IO YCIOBHIO
ONITUMAJEHOTO HCIIOJB30BAHHS TOIUIMBA M pacxola MeTajlla Ha XBOCTOBBIC
HOBEpPXHOCTH HarpeBa. OIHAKO BO U30SKaHUE HU3KOTEMIIEPATypHOU KOPPO-
3MH TIPH TeMIIepaTypax MeTajlla, MEHBIINX TEMIEPaTypbl TOYKH POCHL, IPHU-
XOIUTCSI BHIOMPATh MOBBILICHHBIC TEMIIEPATyphl YXOISIIMX ra30B MO CpaB-
HEHUIO ¢ SKOHOMHYECKU BBITOJHOM WM NPUHUMATH CHELUAIbHBIE MEPHI 110
3aIlUTe BO3YXONOJOTPEBATEIS.

Tabnuya 4.6
IToTepu Tensa ¢ Heg0:k0roM (Js + Jz) B ra30Ma3yTHBIX KOTJIaX
Ne CymmapHbIit Hejoxor (3 + (4, %
/1 Tomauso ITPpU Harpy3kKax KOoTJjia B MIPOLCHTax OT HOMMHAJIbHOM
D =100 70 <D <100 D<70

1 |Masyt 0,10-0,15 0,15-0,20 0,30-0,40
(0,15-0,20)" (0,20-0,25)" (0,40-0,50)"

2 |llpupomHsiii ra3 0,05-0,07 0,05-0,10 0,10-0,15

: 3HauyeHns B CKOOKaxX — JUI TOIIOK, HE 060pyI[OBaHHLIX Ta30IIOTHBIMH LEJIBbHOCBAPHBIMU
JKpaHaMH

TIpumeuanue: /Iyt KOTIOB MPOM3BOMUTENBHOCTRIO < 45 kr/c (160 T/4), BenuuuHa Cym-
MapHOTO HeloKora (s + (4 MOXeET OBITH yBenmdeHa B 1,5-2 pasa.

6. Onpenensiercst MOTepsl TEIUIOTHI OT XUMHYECKON HEMOJIHOTHI TOPEHHUS.
[otepst TerunoTsl (3 00yCIIOBIEHA CYMMapHOW TEIUIOTOM CropaHMs MpOIyK-
TOB HENOJIHOT'O TOPEHHUS, OCTAIOIUXCS B YXOASIIUX Ta3ax, %

9 = %100 ) (4.13)

P
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IToTepst TEIUIOTBI ¢ XUMUIECKUM HET0KOTOM JUISl BUICYTOJIBHBIX TOMOK C
TBEPABIM M JKUIKUM I[UIAKOYyJaJCHHEM MpuHUMaeTcst paBHOW (3 = 0. Jlma
CJIOEBBIX TOMOK C ITHEBMOMEXaHHMUYECKHMH 3a0pachlBaTeNIIMH W LEHHBIMU
pemerkamu oOpaTHoro xoxa gz < 0,1, a 1S TOMOK ¢ THEBMOMEXaHUYECKUMHU
3a0pachIBaTeNsIMA M PEIIETKON C TIOBOPOTHBIMHM KOJIOCHUKAaMH, a TaKKe IS
TOIOK C LIEMHOH pemeTkoil mpsmoro xona (s < 1,0. s KaMepHBIX TOIOK
ra3oMa3yTHBIX KOTJIOB 3HAYCHUS STHX MOTEPh NPUBEJICHBI B Ta0. 4.0.

7. OnpenensieTcsi OTEps TEINIOTHI OT HapyXHOro oxyaxaeHus. [lorepu
TEIUIOTHl OT HAPY)KHOTO OXJAXKICHUS MPU HOMUHANBHON HArpys3ke ((syom)
JUISL CTaIlIOHAPHBIX IAPOBBIX KOTJIOB NMPHUBEACHBI B Ta0II. 4.7, 1 Bogorpeii-
HBIX KOTJIOB — B TaOJI. 4.8. [Ipyu mpon3BOoANTENFHOCTH KOTIIA, IPEBIMIAIOIIEH
250 xr/c (900 1/9) mpuHUMAETCA (50 = 0,2 %0.

[Ipn Harpyskax, OTIMYAIONIMXCS OT HOMUHAJIBHOW Ooiee yeM Ha 25 %,
BEJINYMHA (5 TEpeCUUTHIBaeTCS 10 hopmynam, %o

D
q5 = q5HOM S)M ; (414)
N
B.K _ ~B.K HOM ’ 4.15
q5 q5HOM N ( )

rae D,,, — HOMHHaJbHAs Harpy3ka maporeHeparopa, /4; D — pacuetHas Ha-
rpy3ka naporeseparopa, 7/4; N,o, — HOMHHAJIbHAs MOIHOCTh BOJOTPEHHOIO
kotia, MBT; N — pacdueTHast MOITHOCTH BOAOTPEHOTO KOTIIa, MBT.
Tabruya 4.7
IMoTepu TeNI0THI OT HAPYKHOTO OXJIAKAEHUS MAPOreHePaTOpa

Homunanbhas | [Totepst TEMIOTHI oy, %0 | Homunamb- | TloTepst TEmIoTHI Q0 %0
Harpy3ka | coOCTBEeH- | maporeHepa- | Has Harpyska | coOCTBEH- | maporeHepa-
TaporeHepa- | HO mapore-| TOP C XBO- | MAPOTEHEPa- | HO mapore-| TOP C XBO-
TOpa, Kr/c HepaTop CTOBBIMU TOpa, Kr/c HepaTop CTOBBIMH
(t/9) MOBEPXHO- (1/9) TIOBEPXHO-
CTSAMH CTAMH
0,55 (2) 3,40 3,80 22,22 (80) - 0,80
1,11 (4) 3,10 2,90 27,77 (100) - 0,70
1,67 (6) 1,60 2,40 55,55 (200) - 0,60
2,22 (8) 1,20 2,00 83,33 (300) — 0,50
2,78 (10) — 1,70 100 (360) — 0,45
4,16 (15) — 1,50 125 (450) — 0,40
5,55 (20) — 1,30 150 (540) — 0,30
8,33 (30) — 1,20 175 (630) — 0,275
11,11 (40) — 1,00 200 (720) — 0,25
16,66 (60) — 0,90 250 (900) — 0,20
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Tabauya 4.8
IToTepu TenJIOTHI OT HAPYKHOI'O OXJIAKAECHHUS BOAOIPEfHOr0 KOTJ1a
(OpMEeHTHPOBOYHO)

HomunansHast Moni-

HOCTb KoTlia, MBT 1 2 3 5 |10 | 20 | 30 | 40 | 60 | 100

Toreps ™, % 50(30[20|17|15]12[10[09|07 |05

Paz0uBka morepu Temia OT Hapy>KHOTO OXJIAKAEHHS KOTJA IO OT/AENb-
HBIM r'a30X0jaM IPAaKTHYECKH He CKa3bIBAeTCs Ha pesysbTaTax pacdera. [lo-
JM 3TOHM MOTEPH, NMPHUXOISAIIMECS Ha OTAENbHbBIC Ta30XO0bI, IS YIIPOLICHUS
NPHHUMAIOTCS TIPOIIOPLIMOHATIBHBIME KOJIMYECTBY TEIUIA, OTIAaBaeMOTro rasa-
MH B COOTBETCTBYIOLIHMX ra3oxozax. [103ToMy npH onpeiesieHu KOJINYecTBa
TeIUIa, OTAaBaeMOr0 ra3aMu, IOTEPH OT HAPY)KHOTO OXJIAXKICHHUS YYUTHIBa-
10TCS BBeIeHHEeM Koa(h(ulMeHTa COXpaHeHus Teria

_ 9%

N +0s l

Tz My — KO3 PUIHEHT MOJIE3HOro AeHCTBUS KoTna (OpyTTo), %.
8. Ompenensiercs: moTeps B BUIC GU3UUCCKOM TEIUIOTHI II1akoB. [Totepst ¢

TEIJIOM IITaka (s BBOAUTCS B pacyeT Jisl BCEX TBEPABIX TOIUIMB IIPH KaMep-

HOM CKHTaHHM C JKWJIKAM LUIaKOyJaJleHHeM M ciioeBoM. [Ipu kamepHOM

CKUTAHUU C TBEPABIM I[UIAKOYNAICHHEM (g MOXET HE YYUTHIBATHCS MpPU

p=1- (4.16)

A< R
400
[Noteps Tenna onpexnemnsiercs o popmyie, %
a,(c9) A°
q6 :%100: u.lJl(Q)sﬂ , (417)
P P

riae ay,=1 — @y, — 7101 30716l B TOIUIMBE, NEPEMIENIEN B IUIAK; Ay, — JO0JSA
30JIbI TOIUTMBA B yHOCE (NIPUBOAMTCS B CIIPABOYHOH JIMTEpaType NpH yKasza-
HUM XapaKTEPUCTHK TOIMOYHBIX YCTPOMCTB); (CS):m — DHTaJBNMA IIUIAKA,

K JxK/KT.

OHTaNRNUs IUIAKa TPH TBEPIAOM IUIAKOYAATICHUU MPUHIMAETCS PaBHOM
560 xJ[x/KT, a IpH KUIKOM IIIAKOYTAICHUH OMPECIIeTCs 10 TeMIIepaType
Havaa HOPMAaJbHOTO JKUIKOTO NUTAKOYJaNeHUs t, ., YKa3pIBaeMOW B Xapak-
TEPUCTHKAX TBEPAOTO TOILTHBA. TeImI0eMKOCTh IIIaKa

Cux = 0,832 + 0,00167t,,,, kx/(krK).
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9. Onpenensercst KITJI 6pyTTo nmaporeHepaTopa WK BOAOTPEHHOTO KOTIIa
U3 ypaBHEHUsI 00paTHOTO TEMIoBOro Oananca, %
M, =100~ (0, +0; + 0 + 05 + ). (4.18)
10. OmnpenensieTcst HOJHOE KOJWYECTBO TEIlIa, MOJIE3HO UCIOIb30BAHHOE
B [IapOBOM WJIM BOJOTPENHOM KOTJIE, KBT

QK = Dne (ine - in.B)+ DH.n(iS - in,B)+ an (is - il‘l.B); (419)

QBK = GB (ir.B - ixAB) ! (420)
rae D, — pacxox BeIpaboTaHHOTO Teperperoro mapa, kr/c; D, — pacxox
BBIPA0OTaHHOTO HACHIIICHHOTO TMapa W IMapa, OTAAHHOTO MOTPEOUTENSIM TI0-

MHMO Hapomneperpesares, Kr/c; Dy, — pacxolx mpoayBo4HOH BOABI, KI/c (pH
Dy < 0,02 Dy TEII0TY HPOLYBOYHOH BOZIBI MOXKHO HE YUUTBIBATB); e, g
ig, I; — DHTABIINA IEperpeToro mapa, MUTATEIFHOW BOABI, HACHIIICHHOTO
mapa IpHu JaBJIcHUU B OapabaHe W BOJABI HA JMHUU HACHIIICHHS MIPH JaBIIe-
Huu B Oapabane, kJDx/kr; G, — pacxoa BOIBI Yepe3 BOJOTPEHHBIN KOTEN,
KI/C; Iy g, I, — DHTAJBIIUU CETEBOM BOJBI HAa BXOJIE M HAa BBIXOJIE U3 BOJOTPEii-
HOTO KOTJa, K/K/Kr. DHTANsNUK mapa U BOAbI onpeaesstorest no npuwt. -
V.

Pacxon npo1yBo4HO# BOJIBI OTIPEICISIETCS 10 PopmMyJie, Kr/c

D,, =001p,,(D,. +D,,), (4.21)

e Pyp — IPOLEHT MPOLYBKH, IPUHUMAETCA OT 2 10 5 Y.

11. OmpenenseTcs pacxo] TOIUTMBA, ITOJJABAEMOT0 B TOINKY IaporeHepa-
TOpa HITH BOIOTPEiiHOro KoTia, Kr/c (M°/c)

B Q, .
QM ’ (4.22)
+ +
100 QBABH Q(p
B — QBK
o Qun, ' (4.23)
+ +
100 QuutQy

12. TIpu cxxuraHuu TBEPJOTO TOILIMBA OIMpPENESETCS PaCUeTHBIN Pacxos
TOILTNBA C YIETOM MOTEPh TeIwIa (g, KI/C

Q4
B =B|1-—|, )
p ( 100) (4.24)

B nanbHeitmem Bo Bce (opMyIbl Uit onpenesneHus 00beMOB M KOJIH-
4ecTB TelJla MoJICTaBisieTcs BenuunHa B,. B BenmuuuHbl ylIeabHbIX 00bEMOB
ra3oB M BO3JyXa U UX DHTAJbIHUI MONpaBKa HAa MEXaHHYECKYIO HEMOJIHOTY
CTOpaHUs HE BHOCHUTCS.
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13. st mocaeayronux pac4yetoB 1o popmyne 4.16 onpexaensercs kodd-
(ULKEHT COXpaHEeHUS TeIIa .

4.2. Pacuer Temy1000MeHa B TONKE

B mHXeHepHOI IpakTHKE NMPHUMEHSAETCS METOJ pacyera TeImIooOMeHa B
TOIIKE, CO3/IaHHBII OTEUECTBEHHBIMU YUEHBIMHU, OCHOBAaHHBII HA COBMECTHOM
UCIIOJIb30BAaHUHU JUIS PAacyeTOB 3aKOHOB JIyYHCTOTO TEIUIOOOMEHa M TPHIIO-
JKEHMU TEOpUH NMOJ00US K TOMOYHBIM mporeccaMm. DyHKIMOHAIbHAs 3aBU-
CHMOCTb ONPEJEISIOINX KPUTEPUEB OT Pa3IMYHBIX (PaKTOPOB yCTaHOBJIEHA
Ha OCHOBE 3KCIIEPUMEHTAJIbHBIX JAHHBIX.

Jlnst mpoBenieHust pacyeTa TemI000MeHa B TOIIKE HEOOXOAMMO 3HATh Ieo-
METPHIECKHE XapaKTEPUCTUKN TOMOYHOH KaMepsbl. I paHuiiaMu o6beMa Tom-
KA (cM. puc. 4.1) ABIAIOTCS OCEBBIC IUIOCKOCTH AKPAHHBIX TPYO WM 0Opa-
IIEHHBIE B TOTIKY ITOBEPXHOCTH 3aLIMUTHOTO OTHEYIIOPHOTO CJIOS; B MECTaxX, HE
3aIIMIIEHHBIX YKpaHaMH, — CTEHBI TOIIOYHOH KaMephl. B BEIXOIHOM ceueHHn
TOMIOYHOW KaMephl €¢ O0BeM OrpaHWYMBACTCS IUIOCKOCTBIO, MPOXOASIICH
Yyepe3 OCH MEepPBOTrO psAAa IMpM, (ecTOHa MM KOTeNbHOro Iyuka. Eciu
IIMPMOBBIE MAKETHl BBEPXY TONKH PACIIOJIONKEHBI II0 BCEMY €€ CEYCHMIO, TO
BEepXHEH TpaHMIEH TONKHU CIYXHUT HPOXOIAIias MOJ LIUPMaMH TOPHU30H-
TaJbHAas IUIOCKOCTH (pHcC. 4.1, a), JaXke ecliu PacCTOSHUS OT CTEHKH JI0 TaKe-
Ta ¥ MEXIy Iaketamu Oouiblne 1mara mupM. HukHell rpanuneid oobema To1-
KA CIyXWT moj. [Ipy Hamuuuu XOJIOJMHOW BOPOHKH 3@ HIDKHIOIO T'PaHHILY
o0beMa TOIKH YCIOBHO NPHUHHMAETCS TOPU3OHTaJbHAs IUIOCKOCTh, OTHE-
JISTFOIIAs €€ HIDKHIOO TIOJIOBHHY.

[Iupmbl, pacronoXeHHbIe B pailoHE BBIXOAHOTO OKHA TONKH C IIarom
S1> 700 MM, pacCUMTHIBAIOTCS COBMECTHO C TOIIOYHON KaMEpOT.

[Iupmbl, pactoNoKeHHBIE y CTEHBI, IIPOTHBOIIOJIOKHOH BBIXOJHOMY OK-
HY, PaCCUHMTHIBAIOTCS COBMECTHO C TOIOYHOW KaMepoi, He3aBUCHMO OT Be-
JIMYUHBI TIONEPEYHOTO I1ara UIfupM.

i cnoeBBIX TOMOK 00BEM TOTOYHOM KaMephl OTPaHHYMBACTCS CHU3Y
TUTOMIA/IbI0 KOJIOCHUKOBOW PEIIETKH M BEPTHKAIBHOHN IJIOCKOCTBIO, MPOXO-
JAIeit yepe3 KOHIBI KOJIOCHUKOB, CKPEOKH NUTAKOCHUMATENS WIIH 3JIEMEHTHI
IIJJAKOBOT'0 MOJTIOpa.

[TonHas MOBEpXHOCTH CTEH TOIKHU F;, €3 MPM, BKIFOUCHHBIX B €€ 00b-
€M, BBIYHCIISIETCSl KaK CyMMa IuIockoctei F ., orpaHn4YuBaomumx o0beM To-
NO4HOH KaMepsl (puc. 4.1), U IBYCBETHBIX YKPAHOB, M2

Fo=> F.. (4.25)
HJ‘IOIIIaI[L CTCHBbI, 3aHsATas 3KpaHOM, Fm, Mz, OHPGILCHHGTCSI 10 paCCTOH-
HHUIO MEXAY OCSIMH KpalHHUX TpyO JaHHOTO 3KpaHa M OCBEIEHHOW JUIMHE
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SKpaHHBIX TpyO. Ilmomane MOBEpXHOCTH IIKPM, BKIIOYEHHBIX B 00BEM TOTI-
KW, ¥ JBYCBETHBIX JKPAaHOB ONpeAeIIeTCS KaK YIBOSHHOE IPOW3BEICHIHE

paccTOSIHUS MEXAY OCSIMH KpaitHHX TpyO SKpaHOB (IIMPM) Ha OCBEIICHHYIO
(axenom JunHy TpYO.

Notonguan
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Puc. 4.1. K omnpezneneHuro rpaHuIl pacueTHOTO 00beMa TOTIKA M OCHOBHBIX pacdeT-
HBIX pa3MEpOB:

a — TOIIKA C TBEP/bIM HITAKOYAAICHHEM C OJHUM PSIOM IIHPM, OCHAIICHHAS OJHUM SIPyCOM
TOPEJIOYHBIX YCTPOHCTB, PACIIOI0KEHHBIX Ha ()POHTANIBHON CTEHE; 6 — TOIKA C XKUJIKUM IITa-
KOyZJaJICHHEM C IBYMS PAJaMH IIMPM, OCHAIIEHHAS IBYMSI SIPyCaMH TOPEJIOYHBIX YCTPOHCTB,
PACIIONIOKEHHBIX Ha OOKOBBIX CTeHax; N, — BeicoTa TOMKY; N, — BBICOTA PacOIOKEHHUsI TOpe-
JIOUHBIX YCTPONCTB; Ny; — BBICOTA XOJIOAHON BOPOHKH; Ny — BBICOTA rA30BOT0 OKHA B IUIOCKO-

CTH 3aJIHETO 9KPaHa; 8, — IIyOUHA TOMKH; D, — MIMpHHa TOMOYHON Kameps! (LIHPUHA KOTIIA)
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JlygeBociprHIMAIOIIAst IIOBEPXHOCTH TOTKH, HE NMEIOIIEH MIMPM, BKITIO-
YEHHBIX B €€ AKTHBHEIHA 00BEM, ONpeesercs o GopMmye, M

H, =Y F.x, (4.26)
r/ie X — YTII0BO# KO3 PHUIHEHT SKpaHa.

0 T
! ddy=0s T
04 BeFest

08
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0.9 i 54
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i

I T s d

03
1 2 3 4 5 L] 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
6 KOPHAOPHBIH MyqoK r WAXMATHRIA MYYOK

Puc. 4.2. YrnoBsie k03 QUITHEHTHI SKPaHOB:

@ — OJTHOPSITHBIN TIaIKOTPYOHBII HACTEHHBIN 3KpaH: 1 — ¢ ydeToM u3IydeHnst 0OMypOBKH TIPH
e>1,4d; 2 — 1o e npu €=0,8d; 3 — T0 xe npu €=0,5d; 4 — 1o ke npu €=0; 5 — Ge3 yuera uzny-
yeHust 0OMypoBku ipu €>0,5d;

6 — ABYXPSUIHBIN TIaKOTPYOHBIN 3KpaH: 1 — ¢ yueToM u3nydeHus oOMypoBkH mpu e1,4d;

2 — o xe npu e=0;

6 — OZIHOPSITHBIN 9KpaH M3 TIaJKUX TPYO pasHbIX AuaMeTpoB: | — s Beero skpana; Il — ns
Tpy0 Majoro quaMerpa;

2 — Z-psiaHoro myuka; Z = 2, 3,4, 5, 6, 7 — KOIHYECTBO PAIOB B ITydKe

YT110BOH KO3(POHUIMEHT TIaJKOTPYOHBIX SKPAHOB B 3aBUCHMOCTH OT HMX
KOHCTPYKLIMHU OTpeneisieTcss mo HoMmorpammam (puc. 4.2). Jlnsg omumnoBaH-
HBIX U IIJIABHUKOBBIX 3KPAHOB, a TAKXKE JJId OKPAHOB, 3aKPBITHIX YYT'YHHBIMHU
wmTamMu, X = 1. YriioBoit ko3 PHUINEHT MI0CKOCTH, TPOXOAAIIEeH depe3 ocH
MIepBOTO psAAa TPyO KOTENBHOTO ITy4Ka ((pecToHa, mupM), pacrioioKeHHOTO B
BBIXO/IHOM OKHE TOINKH, Takke paBeH 1. IIpu pacyere mocieayrommx mo-
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BEpXHOCTEH HarpeBa CleOyeT YYUTHIBaTh, 4TO KO3()(HIMEHT caMoro Ko-
TENBHOTO IydKa ((hecToHa, IMUPM) MOXKET OBITh MEHBINE SAWHHUIBI U YacTh
NaJaloIIero U3 TOIKH TeIlla IPOXOJHUT CKBO3b ITy4OK Ha PacIoJIOKEeHHBIE 3a
HHUM IIOBEpXHOCTH HarpeBa. J{J11 y4acTKOB CTEH, HE 3aKPBITHIX dKpaHaMmH (B
TOM YHCJIE TOPEJIKH, J1a3bl, COIUIa), yriIoBoi koaddurment pasen X = 0.
[ocnenoBaTebHOCTD OINPEAEIEHHUs TeMIIEpaTypbl MPOJIYKTOB CrOpPaHUs
Ha BBIXOJIC U3 TOIKM WM BEJIMYHMH TEIUIOBOCIHPHHUMAIONIMX ITOBEPXHOCTEH
Harpesa, IIpH KOTOPBIX 00eclieunBaeTCs 3aiaHHasi TEMIIEpaTypa, ClIeayommas.
1. Tlpu moBepoYHOM pacueTe TONOYHOW KaMepbl KOTEJLHOIO arperara
IpeIBapUTEIEHO IPUHUMACTCS, a IIPH KOHCTPYKTUBHOM 3aJaeTcsl 3HAYCHHE
TEMIIepaTyphl Ta30B Ha BBIXOJE U3 TONKH (Iiepes; pecTOHOM WiH (hecTOHUpO-

BaHHOIl 4acThI0 KOHBEKTHBHOTO Haketra) 3, , °C. PexoMeHganuu mo ee BbI-

Oopy comepsxatcs B Tabm. 4.3.
2. Onpezensercst Terio, BHOCHMOE B TOIIKY BO3IyXoM, KJK/KT (kJ[k/M°)

Q, =B 1o, +(Act, +Ac, Mg ye (4.27)

'
rae BT— KOJIMYECTBO BO3AyXd, NOAAaBACMOC B TONKY M3 BO3QyXOHoAOI'peBa-

TeJsl, OTHECEHHOS K TEOPETHUCCKH HEOOXOMUMOMY JJIsl CTOPaHUs TOIUIHNBA;
Ao, Adl;; — BETHYUHBI TIPUCOCOB BO3/[yXa, COOTBETCTBEHHO, B TOIKE W IIHI-

JENpUrOTOBUTENBHON cucreMe (ompenenstorcss mo Tabmn.  1.5); 1,

IO.npc -

TEeMIIepaType 3a BO3AyXOIMojaorpeareieM (PEeKOMEHIAIMH 110 BBHIOOPY TeM-
nepaTypel cM. Tabi. 4.5) W mpHCachIBAeMOTO BO3IyXa (OMIpEAesIOTCS MO
I- 9 -Tabnume (cMm. Tabm. 1.3)).

OHTAJIBIIUN TCOPETUUCCKU HeO6XO]II/IMOFO KOJIMYECTBA BO3ayxa IpHU

|
KonuuectBo Bozgyxa B, ompezensercs 1o Gopmyie

BT = a’T - A(X'T - Aa’rm - (a0T6 _1)r ! (4.28)

T
rae o, — Ko3(GQUIUEHT U30bITKA BO3/yXa Ha BBIXO/E M3 TONKHU (IPUHUMAETCS
o 1abin. 1.4); ds — K03 duimeHT U30bITKA BO3AyXa B MeCTe 0TOOpa ra3oB
Ha PELUPKYJSIIUIO; I, — KOI(DPUIUEHT PEUUPKYISAIMA Ta30B B HHU3 TOMKH
WITK TOPENKH (IPU OTCYTCTBUH PElMPKyIIsiuu I, = 0).
3. Ormpenensercst MoNe3HOe TEIIOBBIICICHHE B TOMKe, KJ[K/Kr (KIDi/M°)
100-9,—-0q, —
Q. =Q, 138—_22%+Q¢ +Q+ 2, s s (4.29)

2l o6 — TEMJIO PENMPKYIUPYIOMIUX Ta30B, KJ[K/KT (KI[)K/MS). YyaureiBaeTcs
B Clly4ae BO3Bpara B TOIKY YaCTH I'a30B, OTOOPAHHBIX M3 I'a30X0J0B KOTJIA,
3a KOTJIOM WM U3 BEPXHEM YaCTH TOTIKH.
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4. Tlo moye3HOMY TEIUIOBBIJICIICHHUIO B TONKE IIPH N30BITKE BO3IyXa OL; U3
I- 9 -Tabmumer (cM. Tabm. 1.3) ompenmemnsiercss aguabaTmdecKas TeMIepaTypa

ropenus 3, , °C.
5. Ilo mpHHATOMY € MOCTEXYIOIIMM yTOYHEHHEM 3HAUEHHIO TeMIIepary-

PBI IPOAYKTOB CrOpaHMs Ha BBIXOJE M3 TOIKH O, mpu KoddduuueHnte us-
OBITKa BO3/yXa Ha BBIXOJIE U3 TONKH O, U3 |- 9 -Tabmwmer (cM. Tabmn. 1.3) om-
penessieTcsl PHTANbIUS MPOAYKTOB cropanus 1 kr (1 M3) TOILUIMBA Ha BBLIXOIE

u3 Tonku | .

6. OmpenensieTcs cpeaHssi CyMMapHas TeIIOEMKOCTh MPOAYKTOB Cropa-

anst 1 kr (1 M%) rormsa, kJx/(kr-K) [kx/(m% K)]
(), = Q-1 (4.30)
cp .
9, -9,

7. PaccumtbiBaeTcs mapameTp M, YUUTBHIBarOLIMI BIMSHIE HA HHTCHCHB-
HOCTb TEIUIOOOMEHA OTHOCHTEIIBHOTO YPOBHS PAacIOJIONKEHHs TOPEJIOK, CTe-
NeHH 320a/U1aCTHPOBAHHOCTH TOIIOYHBIX I'a30B M APYTUX (GaKkTOpOB

M =M, (1-04x R, , (4.31)
rae M, — ko3¢ ¢unment (3HaueHuss M, npuseneHs! B Tadm. 4.9); X, — OTHOCH-
TENbHBIH YPOBEHb PACIIOJIOKEHHS TOPETIOK B TOMKE; I, — mapaMmeTp 3adasia-
CTHPOBAHHOCTH TOTIOYHBIX T'a30B, M3,

Tabauya 4.9
3Hayenus napamerpa M,
Tun Tonku KomnoHoBka ropenox M,
C nogoBeiMu ropenkamu (X, = 0) 0,36
T'azomasyTHbIE TONKH
C HaCTEHHBIM PACIIOJIOKEHHEM TOPEIIOK 0,40
IIemeyronbHble TONKN ¢ | TaHTeHIIMATbHAS WITH BCTPEUHAS 0,46
TBEp/bIM LITAKOY/AJIe-
P v OnHodpoHTOBAs 0,42
HHEM
IIpmeyronpHBIE TOTIKH C 0,44
KUKUM LITaKOyaJie- -
HHEM

OTHOCHUTENBHBIN YPOBEHD PACIIONIOKEHHUS TOPETIOK B TOTIKE ONPEEISIETCS
KaK OTHOIIEHHE CPEIHEr0 YPOBHS PACIOJIOKEHHsS HACTEHHBIX M YIJIOBBIX
ropenok h,. k BeicoTe Tormo4yHoi kameps! h; (cM. puc. 4.1)

X, = (4.32)
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CpenHuil ypOBEHb PACIOI0KCHUS HACTCHHBIX M YTJIOBBIX TOPEIOK IPH
C)KUTaHAW OJHOTO BHJA TOIIMBA

m
> nBh,
= w
> nB
rzie M — YKCio sPycoB ropesok; N — YHCIIO TOPeJioK B spyce; B — pacxox To-
TUTMBA, [TOJABAEMOTO B TOPEIIKY sApyca, Kr/c (M°/c); h, — ypoBeHb pacronosKe-
HUS Ocell Topenok B sipyce (cM. puc. 4.1); ompenensercs Kak pacCTOSHHE OT

CepelMHbl XOJIOAHOH BOPOHKH (II0/1a TONKH) IO OCH TOPEJIOK B Apyce.
IapameTp 3a6a/IacTHPOBAHHOCTH TOMOYHBIX Ta30B, M/M°

_ Vi(L+r)
! Vol.iN2 +VF?02 '

h

T

: (4.33)

(4.34)

rae I — KO3(QGHUIHMEHT PEIUPKYIIALNY; VrH — 00BEM ra30B Ha BLIXOJE U3 TOII-
Ki Ge3 yueTa pelmpKyIAInn, MY/Kr (MY/M°); Opeaensercs Npu pacuere To-
PEHHS TOILIUBA.

8. Omnpenensercs 3 dexTHBHAS TONIIMHA U3TYYAIOIEro CIOS TOIKH, M

Vv
$s=36—",
F (4.35)

cT

rae V., Fe; — 00beM U MOBEPXHOCTh CTCH TOIKH, M3, M.
9. PaccunthiBaeTcs KO3(h(HUIMEHT MOTJIOUICHUs JIydei ra3oBoil (a3oit
(TpexaTomubiMu razamu — RO,, H,0), 1/(m-MIla)

—==-1)1-0,37 T,
10pr,s 1000

. (4.36)

rae I’]1 = I’HZO + rROZ — CyMMapHas oO0beMHas JA0JI TPEXaTOMHBIX I'a30B B IIPO-

JyKTax CropaHus; 1, — abCOJIOTHOE 3HAUEHUE TEMIIePaTyphl Ia30B HA BHIXO-
ne u3 Tonku, K; p — naBnenue B TonouHoi kamepe, Mlla.

OOBbeMHbIC 10JIM TPEXATOMHBIX Ta30B [no M Iy ONPEACISIOTCS NPH
pacuere ropenus Torusa (cM. Gopmyist 1.15 n 1.16).

JlaBrieH1e B TOIOYHOM KaMepe KOTJIOB C YPaBHOBEUIEHHON TATON NMPUHU-
maercst paBHbIM 0,1 MIa. [Ins kotoB, paboTaromux mnoj HagIyBoM, B (op-
Myity 4.36 mozcTaBisieTcst 3HaueHHe pabodyero AaBJieHHs B TOINOYHOH Kame-
pe.
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10. Ompenensercss K03(DGUITHESHT MOTIIOMCHHS JIyYeH CaKUCTBIMH Yac-
tanamu, 1/(m-Mlla)

N "
kc—i(c—j 161 05|, (4.37)

C1+al(HP 1000

rae o, — ko3dduimenT u30hITKa Bo3ayxa Ha Bbixoje u3 Tomku; CP/HP — co-
OTHOLIEHHE YIIIEpo/ia 1 BOZOPOaa B paboyell Macce TOIUIMBA.

IIpu cxxuranuu rasa

p
% - 0,122%CmHn , (4.38)

rre M 1 N — COOTBETCTBEHHO, KOJIMYECTBO aTOMOB YIJIEpOAa U BOJOPOAa B
coenunennn; C\H, — coneprkaHue OTAENBHBIX YIIEBOIOPOAOB B TOILIHBE, %0
00.

11. Ilpu cKWraHWW TBEPJOro TOIUIMBA ONPENENSIOTCS KO3()(UINEHTHI
MOTJIOIIEHHS JIy4el YaCTUIIAMU 30JIbI U YaCTHLIAMH KOKCa.

Koa¢pduuuent nornomenus aydeit yactuuamu 300b1, 1/(m-MIla)

po s 0A
31487311 '
, ( )z 1+12u,s (4.39)
TT
TJIe W,; — KOHIIEHTPAIIMS 30JIbI B IPOAYKTaX CTOPAHHUS, KI/KT.

Koadduruent A,; 111 TOMOK ¢ TBEP/BIM ILIAKOYAAJICHACM PUHUMACTCS
mo 1abut. 4.10. [Iyis TONOK C HUIKUM [UIAKOYAaJcHUEM A,; MPUHUMAETCS Ha
0,10 BbIme npuBeeHHBIX B Ta0u. 4.10.

Tabnuya 4.10

3Havenus koddpdunnenta A,; 15 TONOK ¢ TBEPAbIM NIJIAKOYIaJTeHHEM

Bun Tormsa A,
AnrpannToBblii wThI0 (ALL) 1,00
Okunbacty3ckuit yroib mpu Rgy < 15 % 1,00
KamenHbIl 1 TOIHH yTriam 0,80
Bypblii yroib, craHIpl 0,75
Topd 0,60

KoHIiieHTpalyst 30516l B IPOAYKTaX CTOPAHHS PACCUUTHIBACTCS 10 POpMY-
Jie, KI/Kr

p
B A’a,,
- 1
100G,
rae AP — 30IbHOCTh, OTHECEHHAs K pabodeil Macce TomuBa, %o, Ay, - oI
30JIbl TOILJIMBA, YHOCHMOfI rasamMu (HpI/IBO)II/ITCH B CHpaBO‘IHOﬁ JmTeparype

Ky, (4.40)
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IpU yKa3aHWU XapaKTEPUCTHK TOMOK AN COKUTAHHS TBEPAOTO TOILIUBA);
G, — Macca IpOIyKTOB CrOPaHMUs, KI/KT.
Macca npoayKToB CrOpaHus

Ap
G, =1- -~ 113064V, 4.41
- =17 100 TH300Yo (4.41)

rae o — koa(duueHT u30bITKa BO3IyXa, HAYIIETo Ha ropenue; V,'— Teope-

THYECKOE KOJIMYECTBO CYXOTO BO3AyXa, HEOOXOAWMOTrO Ul HOJHOTO Cropa-
HUS TOTUTHBA, M /KT (OTIPEIENSETCS [IPH pacueTe FOPEH s TOMIHBA).
KoaddurmenT moromeHust Tydeil 9acTUaMi KOKCa Kyoxctxoxe TIPUHAMA-
ercsi mo tabm. 4.11
Tabauya 4.11
3Hauyenus K03 uuMeHTa NOTJIOLEeHUS Jydyell YacCTHLAMHU KOKca

Bup Tommsa Kcorctxoxe, 1/(M-MIla)
Alll, Tormmii yrosib 0,25
KameHHBIN yroJib 0,20
Bypblii yroib, cnasipl, Topdh 0,10

12. IlpousBoxautcst pacuer koddduiMeHTa NOroIeHus TONOYHOH cpe-
Ibl. [IppHUMaeTCs, YTO IPH COKUTAaHWH T'a3a U Ma3yTa OCHOBHBIMH HM3JIy4aro-
IIMMH KOMIIOHEHTaMH SIBIISIOTCS Ta3000pasHble mpoaykTel cropanus (RO,
H,0) u B3BelICHHBIEC B UX MOTOKE Ca)KEBBIC YaCTHIBI, IPH COKUT'AHUH TBEPHO-
TO TOIDIMBA — Ta3000pa3Hbie MpoayKTsl cropanus (RO,, H,O) u B3BemieHHbIC
B HX IIOTOKE YaCTHIIbI 30JIbI M KOKCA.

[pu cxxMraHuM ra3a WM MasyTa KO3(QQUIMEHT MOTIOMICHHS TOIIOYHOM
Cpelbl PacCYUTBHIBACTCS C YYETOM OTHOCHTEIBHOIO 3aIlOJHEHMS TOMOYHON
KaMephbl CBETAIIMMCS IUIAMEHEM (YacTHLIAMH CaXKH), XapaKTepU3yeMbIM KO-
addunpentom M. Pacuer npoussourcs no popmye, 1/(m-Mlla)

k=K +mk, . (4.42)

[Ipn cxuranum MasyTa B ra30IUIOTHBIX KOTJIaX KO3(QQHIMEHT M paBeH
m = 0,3; ais Hera3omioTHeIX KOTJIoB M = 0,6. [Ipu coxuranuu npupoaHOro
rasa, a TaKke JpYyTHX ra3oB, kpome qomenHoro m = 0,1. /st tomeHHOrO Ta3a
m=0.
[Ipu coxuraHUM TBEPABIX TOIUIMB KOA(PQHUIMEHT MOTTONICHHUS TOTOYHOM
cpenst, 1/(m-Mlla)
K=K, Kby, + Kygebtyone - (4.43)

J1J1s1 CJI0EBBIX TOMOK MPUHUMAETCS Koecllcore = 0.
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13. Ompenensercss KPUTEPHUHA TOTJIOIATEIEHOW CIIOCOOHOCTH (KPUTEPHIA
Byrepa). Kpurepuit normomarenbHON cIOCOOHOCTH SBISIETCSI OCHOBHOU pa-
JMAIMOHHOM XapaKTepUCTUKOMN MPOLYKTOB CTOPaHUs

Bu =kps . (4.49)

14. Tlo natinenHoMy 3Ha4deHHIO BU ompenensercs >¢QexTHBHOE 3HAUE-
Hue Kputepus byrepa
14Bu® + Bu+2
1,4BU* -Bu+2
[IpubmmwkenHo >¢dekTuBHOe 3HauUeHHE Kputepus byrepa mMoxer ObITh

HaiizieHo no puc. 4.3.
L0

Bl =161In (4.45)

RN

B <161 {l,4Buz+Bu+ Jrii
=16n| E———=
- =M 4But - Bus2)

039

08

I S

0,7 . -
0 1 2 3 4 5

Puc. 4.3. DddexTuBHOE 3HAUeHNE KpuTepHsa byrepa

15. Onpenensiercsi kodpduumeHT TEIIoBOH 3(P(PEKTUBHOCTH 3KPAHOB.
Koaddunrent TemnoBoit 3pPeKTUBHOCTH SKPAHOB PABEH MPOU3BEICHUIO
yrioBoro ko3 ¢uunenra skpaHa X Ha koddduiuent {, yunTbIBalOnMi TeN-
JIOBOE CONPOTHBIICHUE 3arPsI3HEHUSI WIIN 3aKPBITHE H30JIIHeH

v =XxC. (4.46)

Ecnu cTeHBI TONKN 3aKPbITHl SKpaHaMHU C Pa3HBIMH 3HAUCHUAMH KO3 PU-
LIMEeHTa TEIUIOBOI 3(p(EeKTHBHOCTH W WM 3KpaHbl MOKPHIBAIOT YacTh IO-
BEPXHOCTH CTEH, Cpe/iHee 3HaueHHe Kod(hHUIMeHTa TeToBOi 3¢ (heKTHBHO-

CTH
DX
VE,

cT

Ve, (4.47)
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Jln1st He3KpaHNPOBAHHBIX YYACTKOB TOIIOYHBIX CTEH NMpuHUMaeTcs y = 0.
YTr0B0oit KOAPPHUIUEHT SKPaHOB X ONpeAessieTcs o puc. 4.2.
Koapdrmument {, yIuTHIBaOINA CHI)KEHHE TEIUIOBOCIIPHATHS SKpaHa
IPU €ro 3arpsi3HECHUH WJIM 3aKPBITHU €0 MOBEPXHOCTU W3OJLIIUEH, NPUHH-
Maetcst o Tabdi. 4.12.
Tabnuya 4.12
3HaveHus kod3pdunnenta §

Tun sxpana Tomnuso {=vy/X
Hacrennsie rnaakotpy6- | I'azoo6pasnoe 0,65
Hble U MEMOpaHHbIE Lielb- | Masyr 0,55
HOCBapHBIC 3KpaHbl B Ka- | All, Tomwmii yroyis, KaMEHHEIC U 0Y- 0,45
MEPHBIX TOIKaX pBle YIiM cpefHeil nuaKkyromei cro-

coOHOCTH, Ppe3epHbIil TOpDh

KameHnbie u Oypble yriu BBICOKOH 0,35-0,40

[UTAKYIOMIEH crTocOOHOCTH

CnaHupl 0,25
Hacrennsle rmankotpy6- | Bce Torumsa 0,60

HBIC U INIaBHUKOBBIC JK-
PaHbI B CJIOCBBIX TOIIKaX

OUIMITOBaHHBIE YKPAHBI, Bce Tomusa 0,20
TIOKPBIThIE OTHEYIIOPHOU

Maccoi

DKpaHbl, 3aKPHITHIE IIa- Bce Tonumnsa 0,10

MOTHBIM KUPITUYOM

J71st BBIXOTHOTO OKHA TOIKH, OTIEJISIOIIETO TOMKY OT PAcIIOI0XEHHOH 32
HHUM MTOBEPXHOCTH HArpeBa, KOAQOUIHEHT gy, OTpeesseTcs o popMyIie

CBHX = QB * (4'48)
rae { — ko puuueHT, npuHIMaeMbiii mo tabdm. 4.12 Takum xe, Kak Jyis Ha-
CTCHHBIX JKPaHOB;  — KO3(DPHUIMEHT, YIUTHIBAIOUINIA B3aUMHBIH TEII000-
MEH MEX]Ty TOITKOI M IOBEPXHOCTHIO Harpena.

[Ipu pa3MemnieHn 3a OKHOM TOIKH IUPM KO3(D(HUITUEHT B MpUHUMAETCS
paBHBIM 0,6 TIpH CKUTAHWUU TBEPIBIX TOILIHMB U 0,8 TpU CXKUTaHUH Ma3yTa U
raza. [Ipu pa3memenun 3a okHOM ¢ectoHa — § = 0,9, KOTETBPHOTO My4YKa —
B = 1,0. IIpu oTCYTCTBHH HEMOCPEICTBCHHO 32 OKHOM ITOBEPXHOCTH Harpena
CBLIX = 015

16. Jlist pacuera TemIiepaTyphl ra30B B KOHIIE TONKH (IIPH IMOBEPOYHOM
pacdere) WiIn AJis OTNpeesieHns] TOBEPXHOCTH CTEH TOMOYHOW KaMmepsl (Tpu
KOHCTPYKTHBHOM pacyeTe) UCTIOIb3YIOTCS (OPMYIIBI:
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- IpH pacueTe TeMIepaTypbl ra3oB B KOHIe Tonku, °C

9, = T, __213,

1+ MBU®*?

567-10 "y F, T} (4.49)
B, (Vc),,

e 5,67-10™ kBr/(M*K*) — kos(duumenT n3imydenns abCoMoTHO YepPHOTO
Tena.

Ecmu paccunTtanHas no ¢opmyne (4.49) BeIxomHas TemIieparypa ra3oB
OTJIMYaeTCsl OT MPHUHATOH Oosee, yeM Ha + 100 °C, cienyeT yTOYHUTH BEJH-
4unbl Bu u (VC)., 10 HalICHHOMY 3HAYEHHUIO TEMIIEPATyPhl ra30B U IOBTO-
pUTH pacyer.

- [IpH ONpe/IeIeH H IUIOMIA I TOBEPXHOCTH CTEH TOOYHOI KaMephl, M

(4.50)

' 567-10" My, BT, T}

ITocne pacyera MOBEpXHOCTEH CTCH M yTOUHCHHS Pa3MEPOB TOIKH HEOO0-
XOAUMO MPOBEPUTH COOTBETCTBUE MPHHATOTO M MOJYYEHHOTO B pPE3ylibTare
pacdera Kod(UIMEHTa TEIIoBOi 3(P(EeKTHBHOCTH; pacXOoXIeHHE HX HE
JOJDKHO MPEBBIIATE + 5 % BEJIMYUHEI .

17. Ilo paccunTaHHOMY 3HAYCHHUIO TEMIIEPATYPhI IPOAYKTOB CTOPAHHS Ha

BBIXOJIC U3 TONKU 9, mpu Kodd¢unueHTe M30bITKAa BO3IyXa Ha BBIXOJE U3

Tonku o, u3 |- 9 -Tabmumer (cMm. Tabn. 1.3) ompexnensercs pacdeTHOE 3HAYE-
HHUE SHTAIBII NPOIYKTOB cropanus 1 kr (1 M3) TOIUIMBA HA BBIXOJE U3 TOII-

ka | .
18. PaccunThIBaeTCS KONMUYECTBO TEIIA, BOCIPUHATOTO B TOMKE Ha 1 Kr
(1 M*) Torumsa, kJUK/Kr (kK/M)

Q, = (p(QT -1, ) (4.51)
4.3. PacueT KOHBEKTHBHBIX IOBEPXHOCTEH Harpesa

Pacyer KOHBEKTHUBHBIX TOBEPXHOCTEH HarpeBa 0a3upyeTcs Ha COBMECT-
HOM pEIICHUU CHCTEMBl YPaBHEHHUI TEIUIOBOrO OajlaHCca M TEIUIOOOMEHA.
YpaBHEHUs TEIUIOBOIO OajlaHCa OTPaXKAIOT PAaBEHCTBO MEXIY TEIUIOM, OT-
JIAHHBIM JBIMOBBIMH Ta3aMH M BOCHPHUHSTBHIM MapOM, BOJAOH WIIM BO3LyXOM.
YpaBHEHHUE TEIDIOOOMEHA CBS3BIBACT KOJMYECTBO IEpEeIaBacMOro TeIuia C
BEJIMYMHOMN TMOBEPXHOCTH HarpeBa. i mMOBEpXHOCTEH, y KOTOPBIX TEIIO,
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nepenaBaemMoe pabodeil cpeze, BKIOUYaeT B ce0sl TEIUIOBOCIIPHATHE OT ra3oB
U M3Iy4€HHE U3 TOMOYHOro 00beMa, MPUXOAUTCS OTIACIBHO YYUTHIBATH 00a
ClIaraeMbIX.

IToBepouHBIii pacueT KOHBEKTUBHBIX IOBEPXHOCTEH MPOU3BOIUTCS B
CIEYIOLICH MOC/IeI0BATEIbHOCTH.

1. TIpuHUMAaETCs ¢ MOCAEAYIONIUM YTOYHEHHEM TEMIIEPATypa MPOLyKTOB

CropaHMs Ha BBIXOJE U3 PaCCUUTHIBAEMON MOBEpXHOCTH 3, , 3, wm 9§, u
IpU COOTBETCTBYIOIIEM Koddduimenre n30piTka Bo3nyxa no |- 3 -rabmume
(cM. Tabm. 1.3) ompenenseTcs X SHMATbNUA.

2. Onpenemnsercss Koauyecmeo menad, OTIAHHOE NPOIYKTaMH CrOpPaHHs

paccunThIBaéMOM MOBEPXHOCTH, K/K/KT (KI[)K/M3)

Q; = (p(l -1 +Aalg,,. )— Quon - (4.52)
rae I, 1" — sHTanbnuK ra3oB, COOTBETCTBEHHO, HA BXOJIE B MOBEPXHOCTh Ha-
TpeBa W Ha BBIXOJE U3 Hee, KJDK/KT (KI[)K/M3); Aalg npe — KOJIMYECTBO TEIIa,
BHOCHMOTO TIPHCACHIBaeMBIM Bo3ayxoM, KJk/kr (kJlx/m®); Aa — mpucoc
BO3/yXa B Ia30X01; lonpc — IHTANBIINA TEOPETUYECKN HEOOXOJUMOTO KOJIHYIe-
CTBA MpHCACHIBAEMOTro BO3IyXa, KJUK/KT (KIK/M); Q,on — TEIIOBOCIIPHATHE
JIOTIOJTHUTENNEHON MTOBEPXHOCTH, BKIIFOYEHHOH MapauleibHO WM TOCIeI0Ba-
TEJIBHO IO X0y Ta30B ¢ PACCYUTHIBACMON OBEPXHOCTHIO, KJ[/KT (KI[)I</M3).

OHTaJBIUSI TEOPETHYECKH HEOOXOIMMOI0 KOJMYECTBA MPHCACHIBAEMOIO
BO3/yXa Ul BCEX Ta30X0/I0B ompenaensercs u3 |- 3 -radbmuipr (cm. Tadm. 1.3)
II0 TEMIIEpaType IPHCACIBAEMOTO BO3IyXa ty,.. [ Bo3myxomomorpesaress
lo.npc HAXOJUTCA 11O CPEHEN TeMIIepaType BO3ayXa

e = 0,5(t;n +t:n), (4.53)

t,, — TemIeparypa BO31yXa, COOTBETCTBEHHO, Ha BXOJI€ B BO3IyXO-

rae t,,, L,
MOoJAOTrpeBaTeIb U Ha BBIXOJC U3 HETO, °C.

3. Ipu osyxcmynenuamoii KOMHOHO8Ke XBOCTOBBIX ITOBEPXHOCTEH Ha-
I'peBa KOTJIa IOCJIEC pacdeTa BCEX HOBerHOCTefI HarpeBa, pacroJ0KEHHbBIX

o Xxoay ra3zoB 10 BTOpOﬁ o Xo4y BOJAbI CTYIICHU SKOHOMaﬁSCpa, HN3BECTHA

'
TOJIKO TEMIEpaTypa ra3oB Ha BXOJE B 3Ty CTyIEHb 3, ,. [loaToMy Hyx)HO

3a1aTbCs SHTAJIBIINEH BOJBI HA BBIXO/JIC U3 3KOHOMaI713€pa, KI[)K/KF

" D B
S . . b
|31<2 ~ (Ine +A|no)_ (Qn +QK +Qne +Qm‘l)’ (454)
Dax Dax
rac D - aponpounu3BOAUTEIILHOCTL KOTIIA, KF/C; D3K — pacxoq BOAbI Y€pe3
5KOHOMaii3ep, KI/C; iy, — IHTANBIHS NEPErPETOrO Mapa Mepe;l TIIaBHOM napo-

BOH 3a1BIKKOM, KIXK/KT; Aiy, — TETUIOBOCIPHATHE MapOOXJIAAUTEIS C BIPbI-
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CKOM “‘COOCTBEHHOTO” KOHJEHCAaTa WJIM TIOBEPXHOCTHOTO TPU BO3BPATE OX-
JMaKIaomeil Bogpl B dKOHOMaM3ep, KJ[K/Kr (ecnu oxiaxkmaromas Boaa U3
TIApPOOXJIAJUTEIS BBOIUTCS B TIAPOBOJISHOM TPAKT 38 SKOHOMait3epoM, To Aiy,
B opmyne (4.54) He yuuThIBaeTcs); B, — pacueTHbIif pacxos TOMIMBA, KI/c
(Ma/c); Q1 Qu Ques Qun — KoMMUecTBO Terwta, BocnpuHsToe Ha 1 kr (1 MS)
TOILUINBA, COOTBETCTBEHHO, B TOIKE, KOTEJBbHBIMU ITydKaMH U ()ECTOHAMH,
napomneperpesareneM (KpoMe paJMalndoOHHOTO), IPOMIIEpErpeBaTessiMu,
wJlx/xr (xJlx/n).

Ilo HaiineHHOMN BeNMYHHE i,,, W3 TAOMUI BoAbI U mapa (cM. mpui. V) mpu
paboyeM jJaBiIeHHU ONpeNesieTcsl TeMIIEpaTypa BOAbI Ha BBIXOJE U3 9KOHO-

mamsepat,,,.

TemnepaTypa razos Ha BXOA€ BO BTOPYIO II0 X0y BO3[yXa CTYIIEHb BO3-
JyXOIIOJOrpeBaTelisl M3BECTHA U3 PacyeTa NpeAblAyLIeld IIOBEPXHOCTH. DTa
CTYIICHb PACCUUTBHIBACTCA IO 3HAYCHUIO TEMIICPATYpPbhl TrOpsAsvYCro BO3ayXa,

HpUHATOMY B pacyere Tonku (t,, =t ).

[TepBast cTyneHs S5KOHOMal3epa pacCUUTHIBAETCS 110 M3BECTHOI U3 pacue-
Ta MpeAbIayIIei 0 XOAy ra30B [IOBEPXHOCTH HarpeBa TeMIlepaType ra3oB 1
3aJaHHOU TeMIlepaType BOIBI HA BXOJE B CTYIICHb (TEMIIEpaType HMHUTAaTelb-
HOM BOJIBI).

B xonme nanpHeiilnero pacdera IOCIEIOBATEIbHBIMU PHOIMKESHHIMH
OTIPENSISIFOTCS TEMIIEPaTyphbl Ta30B M BOABI Ha BBIXOJE U3 PacCUUTHIBAEMOI
CTyNeHU dKOHOMaii3epa; B o0leM ciiydae HaiJieHHas: TeMIepaTypa BOAbI Ha
BBIXOJIC M3 MEPBOIl CTYIIEHH MOXET HE COBMAJaTh ¢ PACCYMTAHHOH TeMIiepa-
TYpOii BOJIbI Ha BXOJIE BO BTOPYIO CTYIICHb.

Pacuer nepBoii o X0y Bo3ayxa CTYIEHH BO3/LyXOIMOAOTpeBaTessl BeAeT-
Csl TI0 U3BECTHOM M3 pacyueTa MpebIAYyIeH MOBEPXHOCTH TeMIIEpaType ra3oB
U 3aJ]JaHHOW TeMIeparype Bo3/yXa Ha BXOJE B BO3Iyxomojorperareib. [1o-
CJIE/IOBATENILHBIMU NPUOIMKEHUSIMU B XOJIE MOCIEAYIOIINX PACcUYETOB OIpe-
JISISIFOTCS] TEMIIEPaTyphl YXOASIINX I'a30B U FOPsiYero Bo3ayxa Ha BBIXOJE U3
PacCCYUTHIBAEMOM CTYIICHH.

B ocraneHOM pacueT ABYXCTYIEHYATBIX XBOCTOBBIX IOBEPXHOCTEH Ha-
rpeBa NPOU3BOAUTCS AHAIIOTHYHO PACYeTy OJTHOCTYNEHYATHIX MOBEPXHOCTEH
Harpesa.

Ecnu nomyueHHas temriepaTypa yXo/SIIMX Ia30B OTIMYAETCS OT NPHHS-
Toi He Oosiee, ueM Ha £ 10 °C, HO r00as M3 HEBA30K MEKIY MPOMEKYTOU-
HBIMH 3Ha4E€HUSIMU TeMIIepaTyp BOJbI U Bo3ayxa npesbimaer £ 10 °C, HeoO-
XOAMMO TOBTOPHUTH PacueT dKOHOMai3epa W Bosayxomnoporpesareis. Ilpu
9TOM B OTJIMYME OT HPEIBIAYIIEro pacuera, BTOpbIe CTYNEHH dKOHOMaiizepa
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U BO3yXOIIOAOTPEBATENs PACCUNTHIBAIOTCS MO TEMIIEpaTypaM BOABI M BO3-
JyXa Ha BXOJIE, KOTOPbIE IPUHUMAIOTCS PABHBIMH TEMIIEPATypaM Ha BBIXOZE
U3 MIEPBBIX CTYNEHEH, ONPeAeIeHHBIM P NIEPBOM MPUOIMKEHHUH.

[Ipy OTKJIOHEHNH MOIYYCHHOW B Pe3yJIbTaTe pacueTa TeMIepaTyphbl yXo-
JUIIUX Ta30B OT NpuHATOW Oonbmie, yem Ha + 10 °C, ciexyer MOBTOPUTH
pacuer Bcero komia. PekoMeHayeTcs: TemnepaTypy HoAorpeBa Bo3ayxa Ipu-
HUMAaTh OJIM3KOH 3HAYEHHIO, KOTOPOE HONYYHIOCH OBl IIPH IIEPBOM NPHUOIH-
JKCHUH, €CJIM K TeMIlepaType BO3/lyXa Ha BBIXOJE U3 MEPBOW CTYIEHHU BO3Y-
XOIojorpesareis NpruOaBUTh pacyeTHBIM Iepernay TeMIepaTyp BO3AyXa BO
BTOPOH CTyIIEHHU.

4. Tlpu omHOCTYIIEHYATOH KOMITOHOBKE XBOCTOBBIX ITOBEPXHOCTEH Ha-
TpeBa 9HMAIbNUs HATPEBAEMOTO TEINIOHOCHUTEINS Ha BBIXOJE U3 MTOBEPXHOCTH
HarpeBa (TIpH ABYXCTYIEHYATOH KOMIIOHOBKE — SHTAJIBIIMM BOABI U BO3IyXa
Ha BXOJIE BO BTOPYIO CTYIIEHb, a TAKXKE HA BBHIXOJIC U3 NEPBOH CTYIIEHH) MO-
KeT OBITh ONpe/iesieHa U3 ypaBHEHHs TEIUIOBOTO OaaHca:

- JUIsl KOHBEKTHMBHOI'O MapoIleperpeBarelsi M dKOHOMai3epa, He MOJy-
YIOIIEro U3JTy4YeHHE U3 TOIKU

D" .
Qs Z—(' —i ) (4.55)
B
p
rae Qs — Temio, BOCHPHHATOE HarpeBaeMoil cpemoii, kI/kr (k/m°);
D — pacxon mapa (Bojbl) uepe3 MOBEPXHOCTh, Kr/c; i, I' — sHTanbIMu mapa
(BOJIBI) Ha BBIXOJIC U3 TIOBEPXHOCTH HATPEeBa U Ha BXOJE B Hee, KJK/KT;

- 1711 BO3yXOIIoIorpeBaresisi 0e3 IpOMEXyTOUHBIX 0TOOPOB M TTO/IBOIOB

BO3JlyXa
Ao,

Q= [BL 2 By B j(lé'.m ) (4.56)

rae B, Pouw Puss — OTHONIEHMS KOIMUYECTBA BO31yXa, OJABAEMOTO B TONKY

U3 Bo3ayxomojorpesareins (cM. popmyiy 4.28), peUpKyIHPYIOMETo B BO3-
JyXorojiorpeBarese ¥ u30bITOYHOro (OTaBaeMoro Ha “CTOpoHY”) K Teope-

0.8 ? I
HEOOXOIMMOTO ISl TOPEHUS TOIDIMBA, TIPH TEMIIepaTypax Ha BXOJIE B BO3AY-
XOIOJIOTPEBATEINb M BBIXOJEC U3 HEro, KJK/Kr (KI[)K/MS); Ad,; — IpUCOC BO3-
JlyXa B BO3AYXOIOAOTPEBATEb, MPHHAMACMEIA PAaBHBIM IEPETEYKE C BO3-
JYIIHOW cTOPOHHI (cM. Tabdi. 1.5).

DOHTaJBIUKM BO3[yXa, TEOPETUUECKH HEOOXOANMOro ISl TOPEHUSI TOTUIH-
Ba, IPU TeMIepaTypax Ha BXOJe B BO3/YyXOIMOJOrPEeBaTeNIb U HA BBIXOJE M3
Hero onpeaessiroTes mo |- 3 -rabnure (cm. tadm. 1.3).

THYCCKU HeO6XOI[I/IMOMy; | — OHTAJIBIIUM BO3JYyXa, TCOPCTUYCCKHU

0.811
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- TIpU pacyeTe KOTEIbHBIX IyYKOB (B TOM YHCIe ()ECTOHOB) C IIOCTOSTHHON
TEeMIepaTypoil BHYTPEHHEH Cpexbl ypaBHEHHE TEIUIOBOCIPHATHSA oOorpe-
BaeMO¥l Cpebl He COCTaBIISETCS

5. Tlo momy4eHHBIM 3HAYEHHSM DHTAIBIIMK HarpeBaeMoil cpelbl Ha TOM
WJIM MHOM KOHIIE TIOBEPXHOCTH HarpeBa ONPENCIISIOTCS memnepamypul Ten-
JIOHOCHTEJISL.

Temneparypa Bo3yxa Ha BBIXOJE U3 BO3AYXOIIOJIOIPEBATEIIS IPH OJJHO-
CTYIEHYaTO KOMIIOHOBKE, a TaKKe TeMIlepaTrypa BO3IyXa Ha BXOZE BO BTO-
PYIO CTYNEHb WM Ha BBIXOJE M3 INEPBOM CTYNEHH NPH JIBYXCTYNEHYATOW
KOMITOHOBKE orpeserstores o |- 3 -radmurme (cm. Tadm. 1.3).

Temneparypa BoJbl Ha BEIXOJE M3 BOJISHOIO SKOHOMai3epa HpH OJHO-
CTYIEHYaTOl KOMIIOHOBKE, a TaK)Xe TeMIepaTypa BOAbI Ha BXOJIE BO BTOPYIO
CTYIEHb WJIN Ha BBIXOJIE M3 MEPBOW CTYNEHHU MPU JIBYXCTYNEHYATOH KOMIIO-
HOBKE OTPENeIIFOTCS 10 TabiunaM Bojbl U mapa (cM. npui. V).

[pu pacuere maporneperpeBaress 10 U3BECTHBIM IapaMeTpaM HachILICH-
HOTO apa Ha BXOJI¢ B IIOBEPXHOCTb HarpeBa U IIEPErpeToro napa Ha BEIXOJE
U3 Hee U3 Tabmuil Boabl U mapa (cM. cootBercTBeHHO Tpwi. |l u npun. V)
OTIPEeNeISIFOTCS YHTANBIUK Napa. [10 M3BeCTHBIM 3HAYCHUSM DHTAIBIHNN Hapa
PaCCUHUTHIBACTCS KOJIMYECTBO TEILIOTHI, BOCIIPUHATOE ApOM B Maporeperpe-
Batene Qg (cM. popmyiry 4.55). 3aTem, Bocmonap30BaBIINCE hopMymoi (4.52),
MOYKHO ONPEJNENTUTh YHTAIIBIIHIO MPOJTYKTOB CrOPaHMs Ha BBIXOJIE U3 Maporie-

perpesatens | . Ilo u3BecTHOMY 3HAYEHHUIO PHTANbBNUM U3 |- 3 -Tabnuibl
IpH COOTBETCTBYIOIIEM KoOd(QduIHeHTe H30BITKA BO3JyXa ONPEACNIACTCS

TeMIepaTypa Ia30B Ha BBIXOJE U3 Iaponeperpearens 9,, .

6. OmpenensieTrcs cpednuti memnepamypHulii Hanop B TIOBEPXHOCTH Ha-
rpeBa. TemneparypHbIi Harop Ui NPOTUBOTOYHOH M TNPSIMOTOYHOM CXeM
JBIDKEHUS TEIUIOHOCUTEIS, a TaKXKe MPH ITOCTOSTHHOM TeMIepaType OJHOH U3
cpen onpeaersieTcs Kak cpeaHenorapudMudeckas pasHocTh Temmeparyp, K

At = Aty — At
Aty
In—2
At

M
rne Aty — pa3HOCTh TeMIeparyp Cpel Ha TOM KOHIIE TOBEPXHOCTH Harpesa,
rae ona 6oxbire, K; At,, — pasHOCTs TeMIiepatyp cpell Ha APYyroM KOHIIE 1MO-
BepxHocTH, K
s mpssmotouHoi cxeMbl Atg 1 Aty Oyner onpenensiTbes Kak
Aty =9, At, =9"-t"

Jst npoTHBOTOYHOI cXxeMbl — At, = 9'—t", At, = 9"t

(4.57)
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B ciyqae, ecnu otHomenue Atg/Aty, < 1,7, TemmepaTypHbIi Hallop MOKHO
C JOCTaTOYHON TOYHOCTHIO OMPEHENATh KaK CpeaHeapr(MeTHUecKyro pas-
HOCTb Temneparyp, K

At + At
At:%:\‘}—t, (4.58)
rae 3,1 cpeanue Temmeparypsl 00eux cpen.
n ’ z!{ 1"
t t .
— — oz X
= g
:npnﬂ""' N ,trht
Lzema I A L’.r emM 1[ ?i;{gf
ey Tp=t"t :rz'-a’ 2"
NEHARAR NI aiy. ’
A =\ SIS 5 Js AL
o = NN 4
BSI
Al NAVA! e VA s p
|| y’,‘ \ l 0:/ 3 I/ /' 4/ /“?“‘ d /)\
Lss | / / W . >
. VNN |y 74,5 AW 0, NS
S NN VI X XA 1 P
AN N /77 A A 13 A
L INONAA AL L AT L7 (3 e
RH AN /29 O4D P
.h\ / / // 7 Jv‘ = g
LN V//// 1/ 98Pl AT 105 ]
|| ! N AA LA LA - =
T A A —— 0
[ AT T T | LT ]
: | \ o e s P=0,1
’ N 5 =z

uqyz 09+ 496 488 14 62 Gy G 48 10 12 % 16 18 20 242 2%
Puc. 4.4. TlonpaBounblit K03)OUIMEHT \y IS ONPECTICHUS TEMIIEPATYPHOTO
Haropa IpH MOoCIeA0BaTeNbHO-CMEIAHHOM TOKE

s cxeM, OTJIMYHBIX OT YHCTOTO NPOTHBOTOKA M MPSMOTOKA, TEMIIepa-

TYPHBIH HAIOp ONpenessiioT 1o Gopmyie, K
At=wyAt, (4.59)

rae Aty — TemmepaTypHBIH Hamop JUls cilydas IpoTHBOTOKa, K; v — xoa¢-
(uIEeHT mepecdera OT MPOTHBOTOYHOI CXeMBI K Ooiee CIOXKHOM, ompere-
JISIeMBIM, B 3aBHCHMOCTH OT CXEMBI TOKa, 0 HOMOrpammam (cM. puc. 4.4—
—4.6).

Ecmu Bemonnserca ycnosue Aty > 0,92At,,; (Aty,, — TeMneparypHbIi
Harop JuIs Ciry4ast IpsIMOTOKA), TO TEMITEpaTYpHBIN HAIOP IS JIF000H CII0XK-
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HOW CXEMBI BKJIIOYCHHS MOXKET OBITh HMPUOIIKEHHO OIEHEH IO 3aBHCHMO-
cth, K

At + At
At:y' (4.60)
Ju al ﬂ’ P’” zi”
] t" ¢! "
\ /
U e |0 /1A
A P °€" 2’ u’
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Puc. 4.5. IlonpaBounsIi KO3)OUIUESHT W VIS OTIPEIeIeHHs TEMIICPaTypHOTO
Haropa MpHy MapauielbHO-CMEIIaHHOM TOKe:

1 — 06a X0/1a MHOTOXO/I0BOH CPE/IbI MPSIMOTOYHBIE; 2 — TPH XOJja MHOTOXO/I0BOH CPEJIbI:
JIBa TIPAMO- U OIUH HpOTHBOTO‘-IHI:Iﬁ; 3- JBa Xxoaa MHOTOXOHOBOﬁ Cpenbl: OINH IMIPOTUBO-
U OIUH HpﬂMOTO‘-IHI:Iﬁ — WK UL CXEM C JIIOOBIM YETHBIM KOJIUYECTBOM XOOOB IIPU paBHOM

KOJIMYECTBE NPSIMOTOYHBIX M IPOTHBOTOYHBIX; 4 — TPU X0/la MHOTOXOOBOM CPEIbl: B

IIPOTHBO- U OJHMH IPSIMOTOYHBEIN; 5 — 062 X072 MHOTOXOZOBO! Cpe/ibl IPOTHBOTOYHEIE
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Puc. 4.6. TlonpaBouHbIi KOIGOUIMEHT Y 1151 ONpeeNCHHs TeMIIEPaTypHOTO
Haropa Ipy MEPEKPECTHOM TOKE:
1 — onHOKpATHBII; 2 — ABYKPATHBIN; 3 — TPEXKPATHBIH; 4 - 4eTHIPEXKPATHBIN

HpI/I YHrCJI€ XO0J0B, MPEBbIMIAOIIEM 4, NEPEKPECTHO-TOYHBIC IMOBEPXHO-
CTH HarpeBa MOI'yT paCCMAaTPUBATHCA KaK IPOTHUBO- WU NPSIMOTOYHBIC.
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7. Onpenensercsi pacuemuas memnepamypa TOTOKA IPOLYKTOB Cropa-
HHS B NOBEPXHOCTH HarpeBa. PacueTHas TemIeparypa MOTOKa ra3oB paBHa
CyMMe cpefHell TeMIepaTyphsl 000orpeBaeMoi cpelbl U TeMIIepaTypHOTo Ha-
nopa, °C

d=t+At. (4.61)

[pu oxmaxaeHHHU ra3oB B Ipeeax MOBEPXHOCTH HArpeBa He 0ojee ueM
Ha 300 °C pacdeTHyl0 TeMmIeparypy IOTOKa C IOCTaTOYHOW TOYHOCTHIO
MOXKHO OIIPEACNIATH KaK MOIyCyMMY TeMIIepaTyp ra3oB Ha BXOJC B IOBEPX-

HOCTb HarpeBa 3 u Ha BbIXoze U3 Hee 9 , °C

2

Tabnuya 4.13
du3nyecKHe XapaKTEPUCTHKH BO3IyXa H JLIMOBBIX Ia30oB

Boznyx JIpIMOBBIE Ta3bl CPEIHET0 COCTaBa

v-10° [ A-10° Pr v-10° [ - 10° Pr

t,°C m/c B1/(M-K) — m/c B1/(M-K) —
0 13,6 2,42 0,70 11,9 2,27 0,74
100 23,5 3,18 0,69 20,8 3,12 0,70
200 35,3 3,89 0,69 31,6 4,00 0,67
300 48,9 4,47 0,69 43,9 4,82 0,65
400 63,8 5,03 0,70 57,8 5,68 0,64
500 73,2 5,60 0,70 73,0 6,54 0,62
600 98,0 6,14 0,71 89,4 7,40 0,61
700 116,0 6,65 0,71 107,0 8,25 0,60
800 136,0 7,12 0,72 126,0 9,13 0,59
900 157,0 7,59 0,72 146,0 9,99 0,58
1000 179,0 8,03 0,72 167,0 10,87 0,58
1100 202,0 8,44 0,72 188,0 11,72 0,57
1200 226,0 8,85 0,73 2110 12,53 0,56
1300 247,0 9,24 0,73 234,0 13,46 0,55
1400 277,0 9,63 0,73 258,0 14,38 0,54
1500 300,0 10,00 0,73 282,0 15,31 0,53
1600 331,0 10,36 0,74 307,0 16,24 0,52
1700 355,0 10,72 0,74 333,0 17,28 0,51
1800 390,0 11,08 0,74 361,0 18,10 0,50
1900 415,0 11,43 0,74 389,0 18,91 0,49
2000 445,0 11,83 0,74 419,0 19,84 0,49
2100 478,0 12,06 0,75 450,0 20,65 0,48
2200 511,0 12,41 0,75 482,0 21,58 0,47
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3Hasi pacueTHYIO TeMIIepaTypy MOTOKa Tra3oB, U3 Tabi. 4.13 ompenemsior
(dusnueckue XapakTepUCTHKH MPOAYKTOB CrOPaHHs CPEJHEro CcocTaBa
( M0 = 011lmu M'ro, = 013): xodpPUIMEHT KUHEMATUIECKOW BI3KOCTH

vy, M?/c; K03 (BHIMEHT TerIonpOBOIHOCTH A%, B1/(m-K); xputepuit [Ipan-
arist Pre .

Ecnu cocTaB ra3oB OTJIMYACTCS OT CPEAHET0, TO IS ONpeaeacHus ux Gu-
3MYECKUX XaPaKTEPUCTHUK BBOASATCS MOMPABOYHBIE MHOXHUTEIH, COOTBETCT-
BeHHO, M,, M;, Mp,,koTOpBIC OonpenemsroTes mo puc. 4.7.

Pypn=028
" E———— 20
o1
1,00 o1
405
0,95 002
a 200 404 504 a00 1900 v,
a)
M r r'i'llzﬂ =r0;25 77 —
105 ] = 021379
L= —— il /357
a,13
o a1 a,09,
T —) /4
e e — 907 s
P — iy
090 - q,03.
aq 200 40 £00 &ag 1000 1200 400 16800
Temnepamypo. ea3o8 v,°C
0)
Mpr -
L05 e
500
=1
0,95 F_...E"""
@.9170 008 a1 a1 0z 0,25 Ty
Dbsemuas donn Bodaupix nopol § easax
6)

Puc. 4.7. [lonpasku uis1 iepecyera GU3HUECKUX XapaKTEPUCTHK JBIMOBBIX Ta30B
CpeIHero cocTaBa Ha 3alaHHbli: a — M,; 6 — My; 6 — Mp,
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Takum o6pazomM, K0dPPUIHEHT KHHEMATHUECKON BI3KOCTH, KO3PPUIIH-
€HT TEeIUIONPOBOJHOCTH W Kputepuil [IpaHaTisi ABIMOBBIX ra30B 33JaHHOTO
COCTaBa, COOTBETCTBEHHO

v=Mv°, M, (4.63)
A =M,1°, Br/(mK), (4.64)
Pr=M,, Pr’. (4.65)

8. Ompenensietcss pacuemnas ckopocms Cpenbl. PacdeTHas CKOpOCTh
IBIMOBBIX Ta30B HAXOIUTCS 1O opMmyIte, M/c
BV (9+273
w = BV/"(9+273) , (4.66)
f273
rae B, — pacuernslit pacxo TomuBa, Kr/c (m%/c); V" — 00bem rasos Ha 1 kr
(1 m®) TormmBa (ompenensercs 1Mo cpeHeMy H3GHITKY BO3LyXa B IOBEPXHO-
CTH TIPH HOPMAJBHBIX YCIOBUSX), ME/KT (M3/M3); f — mwIomanp )XUBOroO ceue-
HHSL JUTS IPOXOJIA CPEIbI, M.
PacueTHast CKOPOCTH BO3/lyXa B BO3yXOIMOIOIPEeBATEIE, M/C
_ BBV (t+273)
’ f273

rae VOH — KOJIMYCCTBO BO3yXad, TCOPCTUICCKU HCO6XOI[I/IMOFO AJIA CropaHus

: (4.67)

HCIOJB3yEMOr0 TOIUIMBA MPH HOPMAaIbHBIX YCIOBUSAX, M*/kr (M3/M3);
Ben — cpeaHuit M30BITOK BO3/yXa MO BO3ILYLIHOW CTOPOHE B BO3yXOIOIOTpPE-
Batele; t — cpenHsis Temieparypa Bonyxa, °C.

st Bo3ayxomnoaorpeBareneil 6e3 mpoMeKyTOUHBIX 0TOOPOB U TMOBOIOB
BO3/yXa [, paCCYUTHIBACTCS 110 POpMYyJIIe

rA
By =B, + Z“" + B+ Bros - (4.68)

O0603HaueHUS BETHYUH |3T » Bouw> Pusss A0y M. hopmyy 4.56.

PacueTHas CKOpOCTh BOJSIHOTO T1apa U BOJIbI, M/C
W= Dv
P

rae D — pacxoxa mapa (BoJibl), KT/C; U — CpeIHUHN YACIbHBIM 00beM mapa Uiu

BOJIBI (ompenensiercs 1o tabnunaM BoAs! U napa (cMm. npui. |ll-npun. V) npu
PACUETHBIX MapaMeTpax HArPEBAEMOIl CPe/IbI), M /KT.

[Tnomans >XxMBOTO CeYeHHUs I MPOXOJa ra3oB MW BO3JIyXa B ra3oxojax,

3aII0JHEHHBIX ITONEPEYHO M KOCO OOTEKaeMBIMH INIaJIKUMH U peOpUCTBIMU

TpyOamu, pacCUMTHIBAETCS MO CEYEHHIO, MPOXOJIAIIEMY Yepe3 OCH Iornepey-

, (4.69)
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HOTO psifa TpyO, PABHOMY Pa3HOCTH MEX.y IOJHOH IUIOIIAABIO0 IONEPEYHOrO
CeYeHMs ra30XxoJa B CBETYy M YacThIO ATOW IUIOMIAJM, 3aHATOW TpybamMu u
pebpamu. B yka3saHHOM ce4eHHMH IUIOIAab I IPOXOJa Ta30B HAaMMEHbILAs
M0 CPaBHEHHIO C JIIOOBIM JPYrMM NapajuleNIbHBIM CeueHHeM. B nraxmaTHbIX
My4Kax TpyO MEHBIINM MOXKET OKa3aThCsl AUarOHalIbHOE CEUCHUE.

[Tnomans *KUBOro cedeHus JJIsl MPOXOJa Ta30B U BO3/yXa IPH IMONepey-
HOM OOTEeKaHUH TIaJKOTPYOHBIX M1 MEMOpPAHHBIX ITyYKOB TPYO, M

f=ab-zld, (4.70)

rae a, b — pasmepsl ra3oxozia B pacueTHOM CEYCHHH, M (B SKPAaHHPOBAHHOM
rasoxoze @ U b mpuHMUMaroTcst Mo ocsAM TpyO IKPaHOB); Z; — YHUCIO TPYO B

psny; d — HapykHBIH quameTp TpyO, M; | — aiuHa TpyO, M (IpU M30THYTHIX
Tpy6ax | BeIUMCIsIETCS KaK MPOCKIHs TpyO Ha MOMEpeYHOe CeYeHHe ra30Xxo-
Ja).

[Tnomianp »KHUBOrO ce4eHHs JJIsl IPOXO/ia ra3oB M BO3yXa IpH HoIeped-

HOM OOTEKaHUH MYyYKOB TPYO C MONepevHbIMH pedpamu, M?

1 h,d

f=|1-—|1+2-22 2 | (ap, (4.71)

c, S
rae o; = Si/d — oTHOcuTenwbHBIA HomepeuHelil mar TpyO; h,s — BBICOTA
pedpa, M; S, — CpelHss ToNMIIHA pebpa, M; Sy — mar pedep, M; d — guameTp
Hecylei TpyOsl, M; S; — IONEePEYHBI war Tpyo, M.

Oy

J1s 1maxmaTHbIX IIy4KOB IIPU

>1,7 makcuMaibHas CKOPOCTb ra-
c,-1
2
30B HIMEET MECTO B JMATOHAILHOM CEYECHHHU, M

f=2f 027t @.72)
G, —

' 2 . .
rae 02:\,(61/2) +G§ — OTHOCWUTEJIbHBIH JMaroHANbHBIA Iar Tpyo;

0, = S,/d — OTHOCHTENBHBIA HPOAOJIBHBI LIAar TPYO; S; — MPONOIBHBIH Iar
Tpy6, M; f — ceuenme ydacTka Ta3oxona, M’, ompeiensemMoe 1o (opmyre
(4.70) nmm (4.71).
[IpoxomHOe ceueHHe MPH MPOIOTLHOM OMBIBAHUH W JIBUKEHUH TEIJIOHO-
CHTeIs BHYTPH TPY6 Ompeessiercs o hopmyie, M
2
fog (4.73)
4
rIe Z — YUCIO MapaiiebHO BKIKOYEHHBIX TPYO; Oy, — BHYTPEHHUI TUaMeTp
TpyO, M.
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[IpoxoxHoe ceyeHne NpH NPOJOITEHOM OMBIBAHUY M IBH)KECHUH TEIJIOHO-
CHTeITs MEX/Ty TPyOaMH OIpeensieTcst o GpopMyire, M2

dZ
f =ab_z“T, (4.74)

i€ Z — 9ucIo TpyO B ITydKe.

[pu pasnmuuusx B 3HAUYCHUAX CeUCHHi Ha Bxome f u Ha Beixome f u3
. 2

MOBEPXHOCTH HArpeBa CpeHee 3HaUECHHE MOKHO HAlTH 110 opmyrie, M

2f f

f +f

9. Omnpenensiercst koappuyuenm menioomoauu KoHeekyuel OT IBIMO-
BBIX I'a30B CTEHKaM MMOBEPXHOCTEN HArpeBa.

KoahuuueHT TemmooTaaun KOHBEKIHMEH TPH HONEPEUHOM OMblEAHUU

KOPUOOPHBIX TIAAKOTPYOHBIX ITyYKOB M LIMPM, OTHECEHHBIH K MOJHOW Ha-
. 2
pyxHOI moBepxHOCTH TpYyO, BT/(M”-K)

A wd )
0,33
a, =0,2C,C, —| — Pro=s, (4.76)
di v
rae Cs — monpaBka Ha T€OMETPUYECKYIO KOMIIOHOBKY Iyuka; C; — momnpaBka
Ha YKCJIO PSIOB TPYO 0 X0y ra3oB.
ITonpaeka Cs onpenesnsercs B 3aBUCUMOCTH OT OTHOCHTEIBHBIX IIArOB

Tpy0 (61, G2)

f (4.75)

-2

3
C, = 1+(2ol—3)( —%j . @.77)

Ipu 6,> 2, a Takxke npu 61 < 1,5 Cs=1;

Ipu 6, <2 u 61> 3 B hopmyne (4.77) npruHAMAETCS 3HAYCHHUE G = 3.

[NompaBka C; onpezensieTrcst B 3aBUCUMOCTH OT CPEIHETO YMCIia PSJIOB B
OT/ICNIbHBIX MTAKETaX PAacCUUTHIBAEMOrO ITyYKa (Zp):

npu 2, < 10, Cz=0,91+0,0125( z, - 2);

npu Z, > 10, C,=1.

Koapunuent TermooTnaun KOHBEKIMEH NPH HONEPEUHOM OMbIBAHUU
waxmamuuix THAAKOTPYOHBIX ITyYKOB, OTHECEHHBIH K TIOJHOW HAapy>KHOU
noBepxHOCTH TPy6, Br/(M*-K)

Afwd)™®
a, =0,36C,C, E( r J Pro®, (4.78)
\%
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Koadpunuenr Cs onpesensercs B 3aBUCUMOCTH OT OTHOCUTENBHOTO I10-

NEepEeYHOro 1ara 6; ¥ 3Ha4CHUs @ = (Gl —1)/(62 —1)

[pu 0,1 < ¢ < 1,7 u Bcex o3 Cs=0,95¢"%;

mpu 1,7<¢<4,5u0,<3 Cs=0,77¢">;

mpu 1,7 <9 <4,51u0,>3 Cs=0,95¢"".
[Tompagka Ha uncio psgoB TpyO Mo Xoxy ra3oB Cz:

npu 2,<10m 6, <3,0 C, = 3,1222‘05 -25;
npu 2,<10m ;> 3,0 C, = 4,022‘02 -32;
npu Z; > 10 C,=1.

Koaddunuent Temnoornaun KOHBEKUMEH npu npooonbHOM 0OmeKaHuu
TOBEPXHOCTH 0IHO(A3HBIM TypOYIeHTHBIM MToTOKOM, B/(M?-K)

A (wd 04
a, =0,023— =2 Pr“C.C.C,, (4.79)
K d v Tt~k

3
rae d, — SKBUBAICHTHBIN quametp, M; Cy — MompaBka, 3aBHCAIIAs OT TEMIIe-
partypsl motoka u ctenk; C| — momnpaBka Ha OTHOCUTEJIBHYIO JUTHHY.

[Tpu TeyeHun B Kpyrioi TpyOe ee SKBUBAICHTHBIN AUAMETpP paBeH BHYT-
perHemy. IIpu TedeHnu B TpyOe HEKPYIJIOrO CEYCHHUs, B KOJIBIIEBOM KaHaJe U
IpU MPOAOJIBHOM OMBIBAHUM ITyYKa SKBHBAJCHTHBIA JHAaMETp MOJCYHTHIBA-
ercs o hopmyre, M

_Af
2 U !
rye f — miomma e KIBOro cedenus kanana, M2, U — OMbIBAEMBIiA HNEPUMETP, M.

[ompaBka C; [uisi JHIMOBBIX Ta30B M BO3/yXa BBOJMTCS TOJIBKO NPH HX

HarpeBaHUu

d (4.80)

Co=|—| . (4.81)

rae T — Temmepatypa ra3oB (Bo3ayxa), K; T, — remmeparypa crenku, K.

[pu oxnaxkaeHHH ra3oB (BO3IyXa), a TakkKe Ui Mapa U BOABI BO BCEX
ciydasx npuaumaercs C =1.

Junst TpyOYaThIX M IUIACTMHYATHIX BO3YXOIOJOIpeBaTelieil TeMIieparypa
CTEHKH NPHUHUMAETCS PABHOW CpelHel MeXay TeMIepaTypaMu BO3ayXa H
ra3os.

ITompaeka C; BBOZUTCS B Ciiydae MPsIMOTO BXoJa B TpyOy Oe3 3akpyrie-
aus npu 3Havenmn I/d < 50 (tme | — mmuea TpyOBI) M OmnpemenseTCs
o puc. 4.8.
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INonpaeka Cy BBOAUTCS TOJBKO IPH TEYECHHUH B KOJBLEBBIX KaHAJIAX C OJI-
HOCTOPOHHHM 00OTPEeBOM (BHYTPEHHEH WM Hapy>KHOH moBepxHOCTH). [Ipn
nBycTtopoHHeM oborpese Cy = 1.

Puc. 4.8. K onpexnenenuo mo-
IpaBK1 Ha OTHOCUTEJIbHYIO
JUTHHY TPYOBI

Z0

;j

18

18

17

e o
| et

76

L5

1%

o
A

N |
T \\;’\ -
E 2y

g 17 o 3 40 50 B0

10. IIpu pacuere (ecTOHa, KOHBEKTUBHOTO KOTEIBHOTO ITydYKa, Mapore-
perpeBatesi, BOJSHOTO 9KOHOMaii3epa, BTOPOi (10 X0y BO3IyXa) CTYNeHU
JIBYXCTYIEHYATOrO BO3/1yXOIOJOIPEBATENs ONPEACISIETCSl CmeneHb YepHo-
mbl 24308020 NOMOKA

a=1l-e™ P, (4.82)
rae K,ps — cymMmapHas onTHYecKasi TOJIIMHA NPOAYKTOB CropaHus; K. — Ko-
a¢¢unmeHT  ocmabieHums ~— Jyded  ra3oBod  (azoif  TPOIYKTOB
cropanus, 1/(m-Mlla); p — maBnenue B razoxome, MIla; S — addexTuBHAsS
TOJIINHA H3JTYYarOLIEro CIIOs, M.

g xotinoB Ge3 HajgayBa u ¢ HagayBoM P < 0,105 Mlla npunnmaercs
p=0,1 MIla.

D¢ddexTuBHAS TONIIMHA H3TYYAIOIIETO CIIOS, OTPAHHYEHHOIO CO BCEX
CTOPOH ra30BOro 00beMa, Ha Orpa)KIarol[ie TTOBEPXHOCTH AJIsI TIaKOTPYO-
HBIX IIy4KOB, M

\ 4
$=36—=09d| —o,0, -1}, (4.83)
F.. T
rae V — o0beMm HM3JIy4arolero cjos, M3; F, — mmomans OrpaKJarIIux I10-
BEPXHOCTEH, M2; d — HapyXHBIH JHaAMETp TPYO MOBEPXHOCTH HArPEBa, M.
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Koadpumuent nornomenns yderd ra3oBol (Ha3ol MPOIYKTOB CrOpaHUs
(RO,, H,0), 1/(m-MIla)

7,8+16r, T
k. =k°r =| ——-1{1-037—r,, (4.84)
410pr.s 1000
rne T, — alOcomroTHas pacyeTHas TeMIeparypa MOTOKa MPOIYKTOB

cropanms, K; ocransHeie 0003Ha4eHUS CM. hopmyity (4.36).

11. TIpu pacuere pecToHA, KOHBEKTHBHOTO KOTEIHHOTO ITydKa, Mapore-
perpesares, BOASHOIO 3KOHOMaii3epa, BTOpOH (110 XOIy BO3IyXa) CTYIICHU
JBYXCTYIECHYATOrO BO3AYXOIOJOTPEBaTENsl ONpPEACIIeTCS memnepamypa
3aepsazHenHol cmenku mpyo, K

T, =t+At, +273, (4.85)

I[J'I?[ q)eCTOHOB, PACIIOJIOKCHHBIX Ha BBIXOAC U3 I'OPU3OHTAJIBHOI'O I'a30-

xoxa, At, = 50 °C. Jlng onHOCTyneHYaThIX SKOHOMai3epoB pu 3 >400°C u
BTOPBIX CTyHEHEN JBYXCTYIEHUAThIX 3KOHOMAi3epoB, KOTEIbHBIX IMYy4YKOB
KOTJIOB MaJiok MOMIIHOCTU IIpU CXUTaHUU TBEPABIX U KUIAKHUX TOIUIMB

At, = 60 °C. JIas 0MHOCTYNEHYATHIX dKOHOMai3epoB mpu 3 <400°C u mep-
BBIX CTYNEHEH JByXCTYNEHUYATHIX SKOHOMAIl3epoB MpH CXKUTAaHUU TBEPJBIX U
KHAKHAX TomiuB At, = 25 °C.

IIpu cxxuranuu raza anas Bcex nosepxHocrent At, =25 °C.

JJ1s BTOPBIX TI0 BO3IYXY CTYICHEH BO3IyXOIOJOTpEBaTeNeii TeMmepary-
pa CTEHKH MIPUHUMAETCS paBHOU MOJTYCyMMeE TeMIepaTyp ra30B U BO3IyXa.

12. TIpu pacuere pecToHA, KOHBEKTHBHOTO KOTEIHHOTO ITydKa, Mapore-
perpeBarels, BOJSTHOTO 3KOHOMal3epa, BTopoi (110 XOIy BO3IyXa) CTYICHU
JIBYXCTYNIEHYAaTOrO BO3JyXONOAOTPEBaTessl ONpenessieTcs Kodgguyuenm
Men100moauy usnyueHuem.

2
J1J1s1 3aIbIJIGHHOTO MIOTOKA C Y4eTOM U3JlydeHus 30ibl, B1/(M”-K)
4

s
T

a, =567-10" 3, +laTr3 /- (4.86)

2 A

Tl‘

[pu cxuranmy rasa u Masyra, Br/(m>-K)
3,6

o, =567-10° a32+1 aTi—~ o/ (4.87)
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rae 5,67-10° — xoodduument u3TydeHHs aGCONIOTHO YEPHOTO Tela,
Br/(M*K"); @, — cTereHb 4epHOTHI 3arpA3HEHHBIX CTEHOK Jy4eBOCIPHHH-
MAIOIKX MTOBEPXHOCTEH; I MOBEPXHOCTEH HarpeBa KOTJIoB &, = 0,8.

13. Onpenensiercs cyMMapHbIi KOI(QQUIUEHT TEIIOOTAAYM OT MPOAYK-
TOB CTOPAHUS CTEHKaM TpyO MOBEPXHOCTH HArpPeBa, BT/(M2~K)

o, =&a, +a,), (4.88)
rae & — K03 (HUIMEHT UCTIONB30BaHMS IOBEPXHOCTH HArPEBa, YIUTHIBAIOIIIHIHA
YMEHBIICHNE TEIUIOBOCTIPHATHS ITIOBEPXHOCTH HArpeBa BCIEACTBHE HEPAB-
HOMEPHOTO OMBIBAHUS €€ MPOMYKTaMH CTOPAaHUs, YaCTHYHOTO IPOTEKaHMS
MPOIYKTOB CTOPAHUSI MUMO HeE M 00pa3oBaHMUs 3aCTONHBIX 30H.

Jns momepeyHo OMBIBaEMbIX MYYKOB TpyO mpuHHMaercs & = 1, mus
CJIOYKHO OMbIBaeMbIX IyukoB — & = 0,95.

14. Tlpu pacuete maporeperpeBaTeis U BO3LyXOIOJ0IpeBaTeNsl Onpese-
JsieTcst KOG GHULIUEHT TEeIJIO0TAA4YN OT CTEHKH HarpeBaeMOMY TEIUIOHOCHUTE-
a0 op. KoadduumeHt temnooTnaun o, onpeaenseTcs B 3aBUCHMOCTH OT Xa-
paKTepa OMBIBAaHHS TEIUIOHOCHTEIEM MOBEPXHOCTH HAarpeBa M KOMIIOHOBKH
TpyOHOTO ITy4uka 110 Ppopmynam (4.76), (4.78) umu (4.79).

15. Ompenensercss KOX(PPUIUEHT TEIUIONepeIadl B TIOBEPXHOCTH Harpe-
Ba. B KOHBEKTHBHBIX INIaIKOTPYOHBIX IMydKax M ()eCTOHAX, HE MOJIYJaIOIINX
IpsIMOE M3ITydYCHHE W3 TONKH, KO3(PHUIMECHT TEIUIONEPEaad ONpeaeseTcs
o dopmyire, Br/(m*K)

K=_Y%
1+%
Qs

(4.89)

rae Y — KodpduueHT TeroBoi 3 GEeKTUBHOCTH.

Koaddunuent teroBor 3¢GHEKTUBHOCTH ¥ Ui BCEX KOHBEKTHBHBIX
I8 JKOTPYOHBIX U OpeOpPEHHBIX TOBEPXHOCTEI HAarpeBa NpH CXKMIAHUK Ma3y-
Ta ¢ MaJILIMH U30BITKaMU Bo3ayxa o, < 1,03 npuHumaercs mo tadu. 4.14.

Tabruya 4.14
3nauyeHust KO3 GUUMEHTA Y IPU CCKUTAHUM Ma3yTa

HanmeHOBaHHE TOBEPXHOCTH HarpeBa \
IleperpeBareny, KOTENbHBIE ITyYKH, PECTOHBI, IEPEXOTHBIE 30HBI — 0,65
BCE C KOPUJIOPHBIM PACIIONIOKEHUEM TPYO M IIMPMOKOHBEKTHBHBIC
MTOBEPXHOCTH

[TeperpeBarenu, KOTEIbHBIE MYYKH, PECTOHBI, HEPEXOTHBIC 30HBI — 0,60
BCE C [IAXMATHBIM PACIOJI0KCHHEM TPYO
DKOHOMaM3epbl 1 ra30BOIHBIC [TO0TPEBATENN — TOPSYME U XOJIOA- 0,65

HBbIE CTYIICHH
To xe npu Temmepatype Boasl Ha Bxone 100 °C u Hmke 0,45-0,50
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IIpu pabote koTHOB C 0, > 1,03 3HAYEHUS ¥ UII BCEX MOBEPXHOCTEN Ha-
rpeBa cHmxaroT Ha 0,05.

IIpn cxuranum rasza JUid BCEX KOHBEKTHBHBIX INIAJAKOTPYOHBIX U OpeO-
PCSHHBIX TIOBEPXHOCTEW HarpeBa 3Ha4eHHsI KO PHUIUEHTa TeMI0BOH 3P dex-
TUBHOCTH  TIPUHUMAIOTCS 110 Tabm. 4.15.

Tabnuya 4.15
3HavyeHus K03 PUIHEHTA \y NPH CKUTAHUH Fa30BOro TOILIMBA

HanmeHoBaHHe TOBEPXHOCTH HarpeBa i
IleperpeBaren, KOTeNbHBIE ITyYKH, ()ECTOHEI, TIEPEXOTHBIC 30HEI, 0,80
ropsiYre CTYNICHN SKOHOMal3epoB
DKOHOMal3ephl — XOJIOIHbIEe CTYIIEHH U OHOCTYIIEHYAThIe, Fa30BO- 0,85
JUTHBIE TTOJJOTPEeBATENN
ITupMOKOHBEKTUBHBIE TOBEPXHOCTH 0,75

Jns rmaakoTpyOHBIX 3KOHOMal3epOB M MCHAPUTEIbHBIX ITOBEPXHOCTEH
TEIJIOBBIM COINPOTUBIICHHEM CO CTOPOHBI HAarpeBaeMOro TEMJIOHOCHTENS
npeHeOperaroT, U KO3 GUIMEHT TeIIonepeaayH onpeaesieTcs no Gopmyie,
Br/(M*-K)

k=wya,. (4.90)

16. ITo ypaBHEHHIO TEINIOOOMEHA PACCUHMTHIBACTCS BEJIMYHMHA TEIIOBOC-
TPUATHS TOBEPXHOCTH HArpeBa, oTHeceHHOro K 1 kr (1 M°) Torumsa, kI[/Kr
(/)

kFAt
Q=

107, (4.91)

p
rne F — pacueTHas MOBEPXHOCTH Harpesa, M B, — pacuerHblii pacxox Tom-
nuBa, kr/c (M%/c).

PacueTHblii pacxos TOIIMBA NIPU CKUTAHUU raza U Ma3yTa ONpeAesaeTCs
no ¢opmyne (4.22) uiau (4.23), a IpU CKUTaHUU TBEPJOrO TOIUIMBA — IO
dbopmyre (4.24).

B rmagkoTpyOHBIX KOHBEKTHBHBIX ITydKaX pacdeTHas HOBEPXHOCTH IPH-
HUMAaeTCs] paBHOM MOJHOW MOBEPXHOCTH TPYO ¢ ra3oBoil cTopoHsl. [loBepx-
HOCTh HarpeBa peKyNnepaTHBHOI'O BO3AyXoIojorpesarens (Tpyouaroro, mia-
CTHHYATOT0) ¥ BO3JyXOBO3IYIIHOI'O TEINIOOOMEHHUKA HaXOJHUTCS KakK Cpei-
HIsI 110 Ta30BOM M BO3AYIIHOM CTOpPOHAM.

Ecnu nonmy4yeHHOe U3 ypaBHEHHS TEIJIOOOMEHA 3HAYCHUE TETUIOBOCIIPHSI-
Tist Q; OTIIMYAETCS OT OMPEIEICHHOTO M0 ypaBHeHUI0 Oananca Qg He Ooutee,
yeM Ha 2 %, pacueT MOBEPXHOCTH HE yTouHseTcs. [Ipu GomnbineM pacxoxie-
Hun Q, 1 Qg MPUHUMAIOT HOBOE 3HAYCHHE KOHCUHOW TEMIEpaTyphl M MOBTO-
PSIIOT pacyer.
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Ecnn npu nepBom npubirxeHnd BeanunHa Q. okasanack 6onbuie Qs TO
3Ha4YeHNE KOHEYHOU TEMIEpaTypsl Al BTOPOTO MPHONMKEHNS IPUHUMAETCS
TaKUM, 9YTOOBI pa3HHUIA MEXIy TEMIIEpaTypaMH ABIMOBBIX Ta30B HA BXOJE U
Ha BbIX0/ie Obl1a OOJIbILE, YeM MPH TIEPBOM MPUOIKEHUH, 1 HA000POT.

Ecnu nnst BToporo npuOimkeHust BHIOMpaeTcsl 3HAYCHUE TEMIIEPaTyphl
ra3oB, OTJIMYAIOLIEECs] OT NMPHUHATOTO MPH MEpPBOM NpUOIMKEHNH He Oolee,
yeMm Ha 50 °C, xoadduuueHT Termionepenayn MOXKHO HE NEPECUUTHIBATS.
Crenyer mepecyutaTh TOJBKO TEMIIEpATypHBIH HANoOp W 3aHOBO PEIINThH
ypaBHEHHS TEIUIOBOTO OajlaHca U TeIiooOMeHa.

Ecmm mocne Broporo mpubOmmkeHus pacxoxaenune Q, m Qg okaxercs
OosipIle yKa3aHHOTO TpEeia, NCKOMYIO TEMIEpaTypy HaXOAAT JMHEHHOH
MHTEPIOJIALUEH.

Ecnu HalineHHOE MHTEPIOAIMEH 3HaUCHUE TEeMIICpaTyphl ra30B OTIHYa-
eTcsl OT TOTO, 0 KOTOPOMY OTIpeAersiicss Ko3((GUINEeHT TeIIonepeiadn, He
6onee, uem Ha 50 °C, To IS 3aBepIICHHs pacueTa HEOOXOAUMO IO ITOU
TeMIlepaType YTOUHHUThH TOJIBKO TEIUIOBOCIIPUSATHE M UCKOMYIO TEMIIEPaTypy
TEIJIOBOCHPUHUMAIONIEH cpelbl U3 ypaBHeHHs Oananca. [Ipu Gonbliem pac-
X0XKJICHUH HEOOXOANMO II0 TOi TeMIlepaTrype MOBTOPUTh BECh pacyer.

17. U3 ypaBHenusi Oananca (4.52) ompenensiercsi pacyeTHasi SHTANIbIIHS
NPOJYKTOB CrOpaHus Ha BbIxoze U3 noepxHoctu |” u mo I- 3 -rabauue on-

penensiercsl pac4eTHOE 3HaUSHHE TeMIIEPaTyphl IPOIYKTOB CTOPaHUs 3 .

Ecnu temneparypa yxonsuux ra3oB (1oJydeHHast U pacyeTe Iociea-
HEen TOBEPXHOCTU HArpe€Ba 1o Xoay JAbIMOBBIX ra3013) OTJINYACTCA OT NPUHA-
TOW B Hauajie pacyera He Oosee, ueM Ha £10 °C, a Temmeparypa rops4ero
BO3ayXa He Oonee, ueM Ha £40 °C, TO pacyeT TEII000MeHa MOXKHO CUUTATh
3aKOHYCHHBIM U HAH/IEHHBIE TEMIIEPATYPhl OKOHYATEIbHBIMHU.

C y4eToM HaliJJCHHOTO 3HAYCHHUS TEMIIEPATYPbhI YXOIAIINX [a30B YTOUHS-
eTCsl OTePs TeIUIOTHI ¢ yXosmMu razamu, KI1J] koTina u pacxo/| TOIUIHBA.
Io mosyyeHHOU TeMIIepaType ropsiuero BO3[AyXa M TeMIeparype ra3oB Ha
BBIXOJIC U3 TOIMKH YTOYHSETCS TEIUIOBOCIIPUSATHE MOBEPXHOCTEH TOMKH, OT-
HeceHHoe K | kr (1 M3) TOIUIMBA.

OrpeiensieTcs HeBsI3Ka TeIuoBoro 6ananca kotia, KILK/KT (kIIK/m)

AQ=Qn, +Q +Quu—(Q +Q+Qu +Q, + Qe —1%—0) (4.92)

T7e KOJMYECTBO TeIuia, BocrpuHaToe Ha 1 kT (1 M3) torunBa: Q, — B TOIIKE;
Qu Quer Qo — KOTEIBHBIMY IMydyKaMu H (ECTOHAMH, TTapOIIEperpeBaTesieM u
3KOHOMaIT3epOM; Q5 — H3GBITOUHBIM BO3LYXOM, KIk/Kr (kJIK/M1).

B dopMyny moacTaBisiOT 3HAYEHUS, ONPEICICHHBIC M3 YpaBHEHHH 0a-
naHca. BennunHa HeBA3KM He JoJbkHA npeBblath 0,5 % ot Q,,.
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Ecnn temmeparypbl yXOASIIMX I'a30B U (MJIM) BO3IyXa OTIMYAIOTCS OT
NPUHATHIX B Hadane pacdyera Oomnee, geM Ha =10 °C u £40 °C cooTBeTCTBEH-
HO, TO pac4eT HeoOXOIUMO MOBTOPUTH. [IJIs 3TOr0 HOBBIE 3HAYCHHS TEMIIe-
paryp yXOoIsIIUX ra30B U rops4yero Bo3ayXa IPUPaBHUBAIOT K HAWICHHBIM U3
MEpBOTo pacueTa WM OJM3KUM K HUM. Eciii pacxokaeHue 3HaYCHUH TemIie-
patypsl YXOISIIMX Ta30B, MPUHSATHIX IPH IIEPBOM U BTOPOM NPHOIIKEHUSX,
NPUBOAMT K HM3MEHEHHIO pacueTHOro pacxoja TOIUIMBA HeE Ooliee, 4eM
Ha 2 %, koauIMeHTH Teronepeaayd MOBEPXHOCTEH NPU BTOPOM IPH-
OMDKEHUM MOXKHO HE NEPECUHUTHIBATh. Y TOUHSIOTCS TOJIBKO TEMIEpaTyphl,
TeMIepaTypHbIe HAIIOPBI H TEIIOBOCIIPUATHSL.

Bonpocs! 1i1s1 camonpoBepku

1. Kakxosa mocnenoBatenpHOCTh onpenencans KIIJ OpyTTo KoTenbHOTO
arperara?

2. Ha yeM OCHOBBIBaETCsI METOJ pacueTa TeIIo00MeHa B TOMKe?

3. B xakom cityyae MOXKHO CUHTATh 3aBEPIICHHBIM pacyeT TeII000MEHA
B TOIIKE IIPHU MMOBEPOYHOM TEIJIOBOM pacueTe KoTia?

4, Ha uyeM oCHOBBIBAaeTCsl TEIJIOBOU pacdyeT KOHBCKTHUBHBIX ITOBEPXHO-
cTeil Harpesa?

5. Kakum o0Opa3zom ompenensercss CpelHHI TeMIepaTypHBI Hamop B
TIOBEPXHOCTH Harpena?

6. B kxakom cirydae TEIUIOBOW pacyeT KOTJIA MOXHO CUHTATH 3aBEpIICH-
HbIM?
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I'nasa 5. PACYET PACCEMBAHUA BPEJHBIX TIPUMECEHN 1
BBIBOP BBICOTHI IBIMOBOM TPYBBI

Pacyer paccenBaHus BpeIOHBIX HpuUMeceld B aTMocdepe MPOU3BOAUTCS
MPY HEOMATONPHUATHBIX METCOPOJIOTHICCKUX YCIOBUAX, a MMCHHO TP OMac-
HOU ckopoctH Betpa. [loJ omacHO# CKOPOCTBIO BETpa MOHUMAKOT CKOPOCTD,
MPU KOTOPOU KOHIICHTPAIMsI BPEIHBIX MPUMECEH Ha YPOBHE OOMTAHUS YeI0-
BEKa JIOCTUTaeT MAKCHUMAJIbHBIX 3HAUCHHI.

B coBpeMeHHBIX TPOU3BOJICTBCHHBIX U OTOMUTEIHLHBIX KOTEIBHBIX JBIMO-
Basi TpyOa CIYXKUT HE JJIsL CO3[AHUS TATH, a JJIsl OTBO/IA TIPOYKTOB CrOpaHUs
Ha OIpPEJCICHHYIO BBICOTY, NPH KOTOPOW OOECHEeYMBAETCS pPaCCEUBAHHUE
BPEIHBIX BEIICCTB JI0 TOMYCTHUMBIX CAHUTAPHBIMH HOPMaMH KOHIICHTPAIHIA B
30He HaxoxaeHus poaei (ITJIK).

C uenbio onpeeieHns MUHIUMAIIBHOM BBICOTHI IBIMOBOM TPYOBI Hpe/iBa-
PHUTEIBHO OMPEIENIAIOTCA BBHIOPOCHI BPEAHBIX KOMIIOHEHTOB C YXOMISIIUMH
ra3am.

OnpepensieTcsi BRIOPOC TBEPIBIX YacTHI (JISTYUEH 307161 U HECTOPEBIIIETO
TOILIHBA), I/C

M. =0018 a_ A" +q, 2 f1-n,) (5.1)
T o *32,68 v '
rae B — pacxox Tomnusa, r/c; AP — 30IbHOCTB TOIUIMBA Ha pabouyo Mac-

cy, %; Q4 — MOTEPH TEIUTOTHI U3-32 MEXaHUIECKOHW HETIOIHOTHI CTOPAHHS TOTI-
muBa, %; QP — HU3IIas TemIoTa cropaHus TommmBa, MJK/KT; &y, — 20N 30-

JIbl, YHOCMMOM Ta3aMM U3 KOTJIA; M,y — CTENEHb YIAaBIUBAHUSA 3016l B 30J10-
yJIOBUTEJIE.
CrerneHp yJ1aBiIMBaHHS 30J1bI B 30JI0YJIOBHTENIE ONpeAessercs 1o Gopmy-
1e
C,-C

n3y =% ’ (52)

BX
rne Cu 1 Cyy — KOHIEHTPANHS 30161 HA BXOJIE U BBIXOJIC 30JI0YJIOBHUTEIIS.
Omnpenensiercst BHIOPOC OKCHAOB cephl (TI0 CEPHUCTOMY aHTHAPHILY), T/C

! " Cc nO
Mo, ZO:OZBSp(l_nsoz)‘él_nsoz ) 1_n502n_ ' (5.3)

rac SP— COACPIKaHUEC CEPbl B TOIIUBE, %; nSOZ — J0JIs1 OKCHUJOB CEphbI, CBA-

3bIBACMBIX JICTY4€H 30JI0H B KOTIIE; Mg, — AOJS OKCUIOB CEPbI, yiaBInBac-

MBbIX B MOKPBIX 30JI0YJIOBUTECIIAX (3aBI/ICI/IT OT pacxoJa u 06III€ﬁ HICJIOYHOCTH
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OpOLIAIOLIEH BOJIbI, @ TAK)KE OT PUBEACHHOH CEPHUCTOCTH TOILINBA); Mgy, —

JOJ OKCHIOB CEpHl, yIaBIMBAEMBIX B YCTAHOBKAX CEPOOUYHCTKH JBIMOBBIX
ra3oB; N, N, — AIUTETHHOCTH PAOOTHI YCTAHOBKH CEPOOYMCTKU M KOTJIA COOT-
BETCTBEHHO, 4/TOI.

Omnpenensiercst BHIOpoC OKCHIOB a30Ta. [IpuBeneHHas Hibke Gopmyrna amst
pacuera BHIOPOCOB OKCHJIOB a30Ta 3MIIMPHYECKas U IpHUemiieMa Ui Mapo-
BBIX KOTJIOB MapONPOU3BOAUTENHHOCTEIO Oosiee 30 T/4 M BOJOTPEHHBIX KOT-
JIOB TEIUIOBOH PON3BOIUTENBLHOCTHIO Ooee 35 MBT.

CymmapHOe KoIM4ecTBO OKCH/IO0B a30ta M, , BBIOpachIBacMbIX B aTMO-

cdepy ¢ IBIMOBEIMY Ta3aMH IPU CKUT'AHHU TBEPIOTO, )KUAKOTO MIH Ia3000-
Pa3HOTO TOIUTMBA, BEIYUCIIIIOT IO (OpMYIIe, I/C

n
Myo, = 107 KB( - ]%_40J[31(1_ glr)ﬁzﬁsgz 1-n, n_M , (5.4)
K

rae B — pacxon TomuBa, r/c; K — k03¢ duuneHT, XxapakTepu3yIomuii BHIX0OT
OKCHUJIOB a30Ta B 3aBUCHMOCTH OT HOMHHAJILHON 1 (DaKTHYECKO TPOU3BOAH-
TENBHOCTU KOTJA, KI/T y.T.; B — KOO((PHUIUCHT, YIUTHIBAIOIINI BIMSHUE HA
BBIXOJl OKCH/Ia a30Ta KadecTBa cxxuraemMoro torwmsa (comepxanue N'); B, —
K03 PHUINECHT, YIUTHIBAIOIINA KOHCTPYKIHIO TOPENOK; B3 — KO3 HUIHEHT,
YUYUTHIBAIOIINI BUJI IUIAKOYAAICHHUS; €1 — KOIDPUIMCHT, XapaKTePH3yOIHUH
3 (eKTUBHOCTh BO3IEHCTBUS PELUPKYIUPYIOIHX ra30B Ha cHkeHne NOy B
3aBHCUMOCTH OT YCIIOBHH IMOJa4YM HX B TOIKY; € — KOI(Q(UIMCHT, XapaKTe-
PH3YIOIINIA CHIDKEHHE BEIOPOCOB OKCHJIOB a30Ta IPH MOJa4Ye YaCTH BO3IyXa
MOMHMO OCHOBHBIX I'OPEJIOK (IIPH JIBYXCTYIIEHYATOM CXKHMI'aHUH); I — CTEIICHb
PELUPKYJISIIIMU JBIMOBBIX Ta30B; 1,; — J0JISl OKCHJIOB a30Ta, yJIaBIMBAaEMbIX B
A30TOOYUCTHOM YCTaHOBKE; Ny, Ni — JUIUTEIBHOCTh pabOThl a30TOOUYHUCTHOM
YCTaHOBKH U KOTJIA, 4/TOJ.

C yueroMm TpaHC(pOpMAIMM MOHOOKCHJA a30Ta B JHUOKCHJ B arMmocdep-
HoM Bozayxe nosisi NO, u NO B mpuszemHOM cjioe aTMOC(hepbl COCTABISCT,
r/c

Mo, =08Mq_, (5.5)
Myo = (1_0:8)'\/' NO, bo 013M o, » (5.6)
NO,

TAC Hyo s Mo, — Mosekyispaeie Maccsl NO u NO,.

ITpu HAIMYUK B JBIMOBBIX Ta3aX TUOKCUAA CEPBI M TMOKCHAA a30Ta HE0O-
XOJIMMO VYUTHIBATh WX COBMECTHOE BO3jcicTBHE Ha atMocdepy. B stom
ClIydae KOJMYECTBO BPEIHBIX TPUMeECEH omnpenenseTcs mo ¢popmyiie, I/c
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M =My, +588Mp, - (5.7)
BericoTa 15IMOBO# TPYOBI ONIPEENseTCs U3 BBIPAKEHUS, M
AMFm N

3 ) 5.8
HAK —c, |V, AT 8
rae A — ko3 (UINEHT, YYUTHIBAIONIMH YCIOBUSI pacCeMBaHUs (IPUHUMAETCS
B 3aBHCHUMOCTHU OT KIMMaTHYECKUX yCIOBHU paifoHa pasmerueHus TOC nnn
koresibHOM oT 120 mo 240); M — cymMMapHOe KOJMYECTBO BPEIHBIX MpUMe-
cei, r/c; F — xoaddurrenT, yunTeiBaromuii ckopocTb oceqanust (s ra3o-
obpasubix mpumeceit F = 1, anst meumm F = 2); m — Ge3pasmepHblii k03dhu-
IIUEHT, YUYUTBIBAIOIIMI YCIOBHUS BBIXOJIa JABIMOBBIX I'a30B U3 YCThs TPYOBI; Cy
— (hoHOBasI KOHIIGHTPALHS BPSIHBIX IIpuMeceii B atmochepe, Mr/m>; N — wrc-
JI0 JBIMOBBIX TPYO OJMHAKOBOH BBICOTHI; AT — pasHOCTh MEXAy TeMIepary-
PO IBIMOBBIX Ta30B Ha BBIXOJIE U3 TPYOBI M CpeHEN TeMIIepaTypoil BO3Iy-
xa, K; Vy, — 00beMHBI pacxos ABIMOBBIX ra30B4Yepes3 TpyOy NMpH TemIepary-
pe X B BEIXOIHOM CEUCHHH, M/C.

Juametp ycThs TpyOHI, M

Y

D, = o 5.9
o= (5.9)

re Wp — CKOpPOCTb ra30B B YCThe, M/C (IpUHUMAaETCs OT 15 mo 45 M/c B 3aBu-
CHUMOCTH OT BBICOTHI TPYOBI).

Ecmu B IBIMOBBIX Ta3aX IMEIOTCS BEMIECTBA, OTIIHYAOIIUECS 3HAYCHUSIMUA
[IAK, BeICOTY TpyOBI MPUHUMAIOT IO HAHOOJBIIEMY 3HAUCHUIO, OTpeIesie-
MOMY H3 COOTHOIIEHUS (5.8).

Hawmryumiee paccenBanue BpemHBIX BEIIECTB B aTMOc(epe JTOCTUTASTCS
TIPY OTBOJIE BCEX IBIMOBHIX ra30B KoTenbHOH min TOC depe3 oaHy Tpyoy.

KoHcTpyKuusi IbIMOBOH TPYOBI 3aBUCHT OT BBICOTBI, arPECCUBHOCTH [IbI-
MOBBIX I'a30B, MOIIHOCTH MCTOYHHKA BHIOPOCA JIBIMOBBIX I'a30B, CBOMCTB 30-
JIBI ¥ crioco0a 30J10yJIaBINBAHMSI.

[Ipu crabGoarpeccHBHBIX M HEArPECCUBHBIX JIHIMOBBIX T'a3aX HMPHUMEHSIOT-
Csl ILIMOBBIE TPYOBI ¢ KOHHYECKHM Ta300TBOJASALIMM CTBOJIOM U C BEHTHIIH-
pPYEMBIM BO3AYIIHBIM 3a30pOM WJIM 0e3 Hero. [Ipu CXKMIaHWM CEPHUCTBIX
Ma3yTOB WJIHM YIJIeH, 0Opa3yIoIiX arpecCHBHBIE JIBIMOBBIE T'a3bl, LEIEC000-
pa3Ha yCTaHOBKa OOCITY>KHBaeMBIX BIMOBBIX TPYO BBICOTOM Ooiee 240 M ¢
ra300TBO/SIIIMM CTBOJIOM IIOCTOSIHHOTO CEYEHHs W3 CTaJd WM KHCJIOTO-
yIopHOTO MaTepuana. TpyObl ¢ IPOTHBOIABICHHEM B 3a30pe PEKOMEHTyeTCs
COOpyXaTh BbICOTON 240 M 1 HIXKeE.
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OcHoBHOEe TpeOoBaHME, MPEIBABIIEMOE K ABIMOBBIM TpyOam, — 3TO HX
BBICOKasl HaJe)KHOCTh. B TedeHme Bcero cpoka skcruryararun (30 — 50 met)
TpyOa nomwkHa obecniednBaTh padoty TOC mium KoTenbHOU 0€3 MpOBEACHUS
PEMOHTOB.

BOHPOCBI IJISE CaAaMOIIPOBEPKHU

1. Yto moHMMaeTCs MO/ OTIACHON CKOPOCThIO BeTpa?

2. Yro sBiseTCS KPpUTEPHEM BBIOOpA BBICOTHI ABIMOBOI TPYOBI?

3. KakoB anroputm omnpeneneHNs] MUHAMAIbHON BBICOTHI JBIMOBOH TPY-
O51?

4. Kakwue TpeOGoBaHUS MPEIBABISIOTCS K JHIMOBBIM TpyOaM?
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I'nasa 6. BBIBOP U PACUHET CXEMbI BOAOIIOATOTOBKH

6.1. BpiOop u pacueT cxeMbl BOAOIOATOTOBKH

1. 3amaercst (pacCUMTHIBAETCS) MPOU3BOIUTEIHHOCTh KOoTenmbHOU D, 1/4,
MIPY M3BECTHBIX IapaMeTpax mapa.

2. KonnuecTBo KOHAEHCATa, BO3BPALIAEMOTO C MPOU3BOJICTBA, OMPEeis-
eTcs 3aJlaHieM, KOHJEHCAT UMEET, HallPUMeEp, CIEAYIOIINE XapaKTePUCTUKH:

— CyX0i1 ocTaToK Sy = 10 Mr/kT;

— menouHocTh I, = 0,1 Mr-3KkB/KT;

— kecTKOCTE o60mmast XK, = 0.

3. Ucxonnas BoJa, BO3MEIIAIONIAS TOTEPH KOHIEHCATa, IIOCTYIAaeT U3 HC-
TOYHHKA (COTIIACHO 33a[JaHHI0) B KOJWYECTBE, BOCHOIHSIIONEM TIOTEPH BOJBI
CETH ¥ KOTEIIFHOU C XapaKTePUCTHKAMH COTJIACHO 3aIaHUIO:

— CyXoi 0CTaTOK S;;, MI/KT;

— 00mas kecTKoCTh JK,,;, MI-DKB/KT;

— HekapOoHaTHas MOCTOSHHAS XKy, MT-9KB/KT.

[I{enovHOCT, NPUHUMAIOT SKBUBAJICHTHOW KapOOHATHOW IKECTKOCTH,
MTI-3KB/KT, T.€.

IJ—IMB = )Kma_ >I<HK' (61)

4. XapaKTepUCTUKHU MUTATEIBHON BOJIBI, SIBISIONIEICS CMEChI0 KOHICHCA-
Ta ¥ I00aBKU UCXOIHOM BOJIBI (B TOM Cliy4yae, KOTAa JOKOTIOBas XUMUYECKast
OYHCTKA OTCYTCTBYET):

— CyXO#l 0CTaTOK, MI/KT

Srm = SKOHB + SI/IB (I - B)v (62)
— 00111ast 5KeCTKOCTh, MI-3KB/KI
)K'm; = >KK0HB + }sz(l - B)a (63)
— [IEJI0YHOCTh, MI'-3KB/KI'
H‘[HB = ]-]-IKOHB + H—[ua(l - [3) (64)

rae f — Bo3BpaT KOHJEHCATa OT MOTPEOUTEIIsL.

B ToMm ciydae, koryna IpuMeHSETCs TOKOTIOBasl XUMHUYECKasi OYUCTKA, B
YaCTHOCTH ABYXCTYNEHYATOE HATPUI-KaTHOHUPOBAHUE, U3MEHSAETCS TOJIBKO
JKECTKOCTh, MI-3KB/KT

Ky = Ky B + 0,02 (1- B). (6.5)

5. KagecTBo KOTIIOBOH BOJBI (IIPH IBYXCTYNEHYATOM HCIAPEHUH — IIPO-
JyBOYHOM) pacCUMTHIBAIOT B 3aBUCHMOCTH OT TPeOOBaHWH, yKa3aHHBIX B
Tabn. 6.1, IpUHUMas TpPEABAPUTEIHHO OIPEACICHHYIO CHCTEMY CeTaparuu
napa B OapabaHe KOTa.

Hnst kornoB tuna JE u KE nmpuMmeHstoT cenapalioHHbIE yCTPOMCTBA MO
NEpBOMY HJIM BTOpOMY THIy (cM. Tabi.6.1).
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Tabauya 6.1
PacyerHbie HOpMBI KayecTBa KOTJIOBOH (IIPOAYBOYHOI1) BOABI IPH
JTOKOTJIOBOIi 00padoTKe BOIBI

[Ipu 1OKOTIOBOM BOAONOATOTOBKE
BepTukansHo-BOAOTPYOHbIE Cyxoii ocTaTok AOGCONIOTHAS IETOYHOCTD
KOTJIBI Sup, MI/KT 111, Mr-sKB/KT
C OapabGaHHBIM cenapupyro-
UM YCTPOICTBOM 3000 —
C BHyTpubapabaHHBIM LU~ He menee 1 Mr-skB/kr Max-
KJIOHOM 4000 CHMaJIbHOE 3HAUCHHE
C ABYXCTYIEHYATBIM HCHIape- He menee 1 Mr-skB/kr Max-
HUEM 6000 CUMaJIbHOE 3HaYCHHE
C IByXCTyIEHUaThIM HCTIape-
HHEM Y BEIHOCHBIMH ITHKJIO-
HaMH 10000 To xe

W3 paHHBIX ompenensieM pasMep MPOAYBKH KOTJIOB, KOTOPBIN JOMKEH
O51Th He Oonee 10 % o01met maponpoN3BOIUTEIHHOCTH;

S
p=g——100%<10%. (6.6)

np 1B

Eciu p > 10 %, To HeoOXoaMMO MPUHATH O0Jiee COBEPILICHHOE cenapalu-
OHHOE YCTpPOICTBO, MPU KOTOPOM JOMYCTHMMOE 3HAa4EHUE CYyXOro OCTaTka
NPOJYBOYHOI BOJBI MMeET Ooublyto BenuunHy. [lonaydeHHbIH pasmep mpo-
JYBKH SIBIISIETCSI CYMMapHBIM: HETIpepbIBHAs NMpoayBKa — He Oonee 3% u oc-
TalbHOE — mepuoandeckas. Eciu paccunTaHHas NpOJyBKa MMEET BEIUYUHY
MeHee 2%, UCIONIb3YeTCs TOIBKO IepHOINUecKast IPOIyBKa.

CoryacHo mpaBwiiam ['ocroprexHan3opa, Aist KOTIOB IPOU3BOJUTEIILHO-
ctpio Oonee 0,7 T/4, a TakKe MMEIOIIUX SKPaHHBIE MTOBEPXHOCTH Harpena,
00s13aTeIbHO PUMEHEHHE JIOKOTIOBOW XMMHUYECKOI 0OpaOOTKH HMCXOHOM
Bozbl. C 3TOH 1EeIbI0 MCHOJB3YIOT B OCHOBHOM METO]I KATHOHHOTO OOMEHa.
[pu ero npuMeHeHH HEOOX0AMMO COOIIOCTH ClieTyIoLIne TPEOOBaHUS:

— ofecnedeHue pazMepa MpoAYyBKH U3 KOTIOB He OGonee 10% ot mapo-
HpOI/I3BOI[I/ITeJ'H)HOCTI/I;

— OTHOCHUTENbHAs MIEIOYHOCTh KOTI0BOM Bombl I, He MomKHA OBITH
6oitee yem 20 %;

— coJiepKaHKe YIJIEKUCIIOTH B rtape — He Oosee 20 MKI/KT.

Hawubonee pacrnpocTpaHeHHBIM METOAOM YMSITUEHHS! BOJBI JJISI KOTEIb-
HBIX C KOTJIaMU MaJIOd MOLIHOCTH SIBJISIETCSl HATPUH-KaTHOHUPOBAaHHUE, KOTO-
poe CHIKaeT OOLIYIO )KECTKOCTh MUTATEIHLHOM BOIBI.



115

OnpenenviB BEITMYUHY OOIIEH >KECTKOCTH THTATEIHHONW BOABI JJIS KOH-
KpeTHOTO McTOUHUKA JK'\;, HEOOXOIMMO CPaBHUTH €€ C AOMyCKaeMol, KOTO-

past mi1s Hamrero ciydast coctasiseT JKJo' = 0,02Mr-3KB/KT.

VcenoBueM 0053aTENBHOrO0 HCIOJIL30BAHUS JABYXCTYIICHYATOT'O HanHfI-
KaTUOHUPOBAHUS ABJIACTCS BBIIIOJHCHNC HCPABCHCTBA

K =K, (6.7)
OtHOocuTeIbHAs MICJI0OYHOCTD KOTJIOBOM BOJIbI, %
40111,,100
H‘[ok = I‘I'on = Hé—l/m ! (68)

X
rae U, — oTHOcUTeNnpHAs IIETOYHOCTh XMMHUUYECKHA OUYHUIIECHHON BOIBI, %;
Sy — CyXOi OCTaTOK XMMHUYECCKH OYMIICHHON BOJBI, MI/KT, HECKOJBKO 0O0JIb-
LI, YeM CYXOH OCTaTOK UCXOIHOM BOJBI
Sy = (1,05 +1,1) S,c. (6.9)

Tax ke, Kak OTHOCHUTEINIbHAs, a0COIOTHAS MIEIIOYHOCTh XUMHUYECKH OYH-
meHHoi Boapl 1], Mr-sKB/KT, OCTaeTCs HEM3MEHHOW W paBHA IIEIOYHOCTH
ncxonHoi Boapl, T.€. I, = III,,.

CogepxaHue yriaeKUCIOThl B Tape OMpenessioT B 3aBUCUMOCTU OT Iile-
JIOYHOCTH UCXOTHON BOJIBI, MKI/KT':

CO, =221, (1 -p) -1,7. (6.10)

[TonyueHHble 3HaUeHUs1 OTHOCUTENbHOU 1enoyHocTH L, 1 conepkanus
CO; cpaBHHMBAIOT C HOPMATHBHBIMHU 3HAUYECHUSMH, yKa3aHHBIMU BbIlie. Eciu
OHM TIPEBBIMAIOT OTH 3HAYEHHWS, TO TMPH KCIONB30BAHUH HATPHIA-
KaTHOHUPOBAHUS CHIDKCHHE IEIIOYHOCTH JOCTHUTAIOT JOIONHHUTEIBHON 00-
pabOTKOH XMMHUYECKOH OYMINCHHON BOJIBI, HAIPUMEP, HUTPATAMH HATPHS.
[oBrIIeHHOE COAEpIKaHUE YIIEKUCIOTH B IMape MOXKET OBITh CHIDKEHO TPH
TEPMUYECKOH Jiea’paliyl MUTaTEeIbHON BOJBI, COBMEIIEHHOH ¢ 6apOoTa}eM.
Hcnonp3oBaHue NBYXCTYNEHYATOTO HATPHI-KATHOHUPOBAHUS HEOOXOIUMO
MPaKTHYECKH BO BCEX MPOU3BOJICTBEHHO-OTOMUTEIBHBIX KOTEIBHBIX, TaK KaK
BO3BpAT KOHJCHCATA 3 B HUX BCEr/ia MEHBIIE 1.

6. Pacuer u mog6op GmIbTpOB.

OpHEHTUPOBOYHO MPOU3BOJUTENILHOCTh XUMUYECKOH BOJIOTIOJTOTOBKH C
YHETOM NPOJIYBKH U COOCTBEHHBIX HYXKI KOTEIBHOM, M4

Diox = 1,2Gy0s, (6.11)
rae Gyo, — KOJMYECTBO XMMOYHMIIEHHON BOJBI, BO3MEIIAIOIICH MOTEPH KOH-
JieHcara, T/4.

B kauyecTBe KaTHOHHTA B (QIIIBTPAX UCIOIB3YIOT CYJIb(POYTOJIb C 0OMEH-
HOHM crniocoOHocThI0 E = 300 r-sks/kr. Pexomenmyercst BHIONpaTh QHUIBTPHI
UCXOJS U3 CIAEAYIOLIUX YCIOBUH:
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— qucio (GuIbTPOB MEpBOH cTymeHM N; He Oojee YeThIpeX, MPU 3TOM
OIIMH U3 HUX — PE3epBHBIH, T.e. (N1 + 1) < 4;

—9ucio GUIBTPOB BTOPOU CTYNEHH, 1y = 1-2 mT.;

— YHCJIO pereHeparuii Kaxaoro GuiabTpa He TOJDKHO OBITh Oonee Tpex B
CYTKH, T.€. OTHOTO Pa3a B CMEHY.

CkopocTh GunbpTpanuu B GUIBTPax MepBOH CTYNEHU MPUHUMAIOT B Ipe-
nenax Wy, = 10-25 m/4, a B puibTpax BTOPOH CTYNEHH OHA MOXET OBITh
NpUHATa paBHOW win MeHee 40 m/4.

B cmpaBouHO#l nuTepaType NpPHBENECHBI XapaKTEPUCTHKH CTaHIapTHBIX
HATPHUII-KaTHOHOBEIX (PMIBTPOB IEPBOM M BTOPOH CTyNeHH. BriOmparoT THIl
¢buibTpa MEpBON CTYIICHH W COOTBETCTBEHHO €ro auameTp Oy, a 3ateM —
BTOPOH; Aajee pacCUNTHIBAIOT KOJTUIECTBO (PUIBTPOB MIEPBOH CTYNCHH, IIT.

D
n=—>=—, (6.12)
Wﬂon fd)l
rae fy — cedenne GpuipTpa, M2,

f,, =0,785d (6.13)

BH !
Ecmu ny < 3, To maHHBIN TAN QUIBTPa YIOBIETBOPSIECT TPEOYEMBIM YCIIO-
BusIM. COOTBETCTBEHHO JJIA BTOpOI>'I CTYIICHU HanPIﬁ-KaTPIOHPIpOBaHPIfI

n, = ﬁ ' for = 0,785d7, (6.14)
gon © $2
Ecnn nuamerps! GuitbTpoB paBHBL, TO Ty = fy .
IMocne mpoxoxaeHuss yepe3 (QMIBTPHI MMEPBOH CTYIEHH BOJA CHIDKACT
CBOIO TIEpPBOHAYANBHYIO kecTKOCTh 10 0,2—0,1 mr-3ks/kr. OOmiee KoImdecT-
BO COJIEH )KECTKOCTH, T-3KB/CYT, MOIJIONIaeMOe B PIIbTPaxX MEPBOi CTYIICHH,

NPY KOHEYHOM KecTKoCcTH 0,2 MI-3KB/KI' COCTABJISIET

Al = ()Kma* Onz)Dsou - 24. (615)
OGbeM cyIbOyIIIs B KaKIOM QHIBTPE, M°
2
Vv =—“‘1‘*H H, (6.16)

rne H — BbICOTa 3arpy3Ku pUIBTPA, M.
Yuco pereHepanuii HATPUH-KaTHOHUTHBIX (PHIBTPOB MEPBOW CTYIICHU B
CYTKH, per/cyT

A
R =—2, 6.17
- 617
a Kax10ro GUIbTpa MEepPBOil CTYNEHH, per/cyT
R,
Rp=—": (6.18)

n
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MesxpereHepallmoOHHBIN IEPUOA, U
24
Tl = R_ - Tper ' (619)
Pl
TZI€ Tper — BPEMS OJHOH peTeHepaLH, Y.

JKecTkoCTh BOIBI, TOCTyMAOMmIeH Ha (IIBTPH BTOPOH CTYIEHH, ObLIa
npuHATa paBHOH 0,2 MI-3KB/KT, a ee coJep)KaHHe Ha BbIXOJe M3 (QHIbTpa —
HYJIIO, CJIEJIOBAaTENIbHO, KOJIMYECTBO COJICH MKECTKOCTH, IOIJIOIIaeMoe B
($uIbTpe BTOPOI CTYNEHH, T-3KB/CYT

AZ = Oxzﬂsou 241 (620)
— YHCIIO pereHepanuii GUIbTPOB BTOPO# CTYIICHH B CYTKH, PEr/CyT
A .
R, =—"; 6.21
y= (6.21)
— Ha oMH QUIBTP, per/cyT
R
Ry =—% (6.22)
n2
— MEXpereHepallMOHHbIN Nepuo padoTel GuibTpa, u
24
T, =R e (6.23)
2

T.e. pereHepauusi GUIbTPa BTOPOIl CTYNEHM IOJKHA HPOU3ZBOIUTHCS IIPH-
MepHO onuH pa3 B Ty/24 mHeid.
7.0npeneneHue pacxoia coiu, HEOOXOIUMOTO ULl pETCHEPALIHH.
Pacxop conmu Ha 0JJHY pereHepanuio, Kr/per
6 2V
1000
rie a — yOeNmbHBIH pacxop conw, npuHuMaercs 200-235 1/r-35kB 0OMEHHOM
CIIOCOOHOCTH KaTHOHHTA.
O6beM 26%-HOT0 pacTBOpa CONM HA OJHY PETCHEPAIHIO, M
_ 100G,
¢ 1000pP '
rjie p — IIOTHOCTH pacTBopa comi mpu t = 20°C; p = 1,2 t/m%; P — conepxa-
HUE COJIH B pacTBope, %o (26%).
Pacxox TeXHUUECKOH COM B CYTKH, KI/CYT

(6.24)

(6.25)

chT = Gc (RI + RZ) (626)
Pacxon conmu Ha pereHepanuio GUILTPOB B MECSII, T/MEC
30G
= — (6.27)

e 1000
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PesepByap MOKPOI0 XpaHCHHS COJIM HAXOIAT U3 pacdeTa MECSIHOTO pac-
xona ¢ 3anacoM B 50 %, cormacuo CHull, M

Vpc3 = 1'SGmcc " (628)
3

YcTaHaBIMBAIOT JKeJIe300€TOHHBIM pe3epByap BMECTUMOCTBIO V., M,
pasmepamu axbxc, M. BMECTHMOCTh MEpHHKA PACTBOPA COIH, M°, IPHHHMA-
I0T 10 PacxXoiy COJIM Ha pereHepanuro GuibTpoB ¢ 3armacom 30%, T.e.

Vyer=1,3"Ve. (6.29)

BricoTy MepHMKa >KeJaTeNIbHO BBINOIHATH OJUHAKOBOW C BBICOTOH pe-
3epByapa XpaHEHHs COJH, T.C. B JaHHOM CiIydae PaBHOH ¢, M, a AWAMETp
MEpHHKa, M

V

d, = | (6.30)
0,785¢

6.2. Ilpumep pacuera cucreMbl BOJONOATOTOBKY MPHU MCII0JIb30BAHUM BO-
JAOTNIPOBOIHOM BO/IbI

Bopa momaercs B KOTENBHYIO W3 BOJIOIIPOBO/A.
O6mras sxxecTkocTh 2K, =8,37 Mr-sKB/11.
HekapOonaTtHas xecTtkocTh XK =2,48 Mr-3KB/I1.
Cyxo0if 0CTaTOK UCXOIHOM BOMBI S,;;=875,5 MI/m.
[Iemo9HOCTS paBHA KECTKOCTH UCXOTHOU BOJIBL.

IIpenBaputensHo  BbIOMpaeTcs CcXeMa OJHOCTYNEHYATOTO  HATPHIA-
katuorupoBanust L, = XK, = 5,89 Mr-sxs/n
KapGonaTtHas ’ecTKOCTh
>I<0:)I<K+)I<HKI
>I<K=)I<O_>KHKI
XK,.=8,37 — 2,48 = 5,89 Mr-sks/m.
OO011ast KECTKOCTh MUTATEILHOM BOIBI
>Krm = (1 - B)>Ko+ >KK0H;[B3
K..=(1-0,63)837+0,05-0,63 = 3,128 Mr-sxs/i.
[llea09HOCTh IUTATENBHOM BOIBI
leu;:(l - B)H‘[XBO + BH—[KOH;U
s = 0,5-0,7 mr- 3xB/11, W= Kiony = 0,05 Mr-sxs/n
1,=(1 - 0,63)0,5 + 0,63:0,05 = 0,2165 mr-sKks/11.
Pasmep nmpoyBKH KOTJIOB
0,2165

D, = ——>_100% = 0,727%,
30-0,2165
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rae I, = 30 Mr-3KB/J1 — MIEIOYHOCTH KOTJIOBOM BO/IBI.
[lleno9HOCTH KOTIOBOM BOJIBI

100+ p,,
IJ‘IKB = H‘[m; p—’

I, = 0,2165M = 30,00 Mr-sks/i.
0,727

BennunHa 0OTHOCUTEIBHON MIETOYHOCTH

ur,, = %100% ,

Jion
KB

rae S;"— NOIyCTHMOE COJECOIep)KaHHe KOTJIOBOH BOABIL, MI/I (10 HOpMaM
Ka4yecTBa KOTIOBOM Bogsl S = 5000 mr/m).

~40-30,00
" 5000
Cxema Bomonoaroroeku P <10 %, (P = 0,73 %),
Mo < 40 %, (W, = 24,0 %) ognoctyneHuatoe Na—kaTHOHHpOBaHUE,
Cco, <10%, (CC02 = 4,477 %).

OOmee KOIMYECTBO YCTAaHABIMBAacMBIX (uibTpoB 1-0H  CTymeHH,
N; — 2 . KonndaecTBo pe3epBHBIX PHIBTPOB, Npe; — 1 MIT.

100% = 24% .

KomuecTBo BOmBI, mMoaBepraeMoe XUMBOJIOOUHCTKE, Gy, = 0,5 1/4. Ilimo-
maab Guiabtpaiuu GUILTPoB 1-0ii cTyneHn
G 0,5
=0 = == = 0,05 m%,
Wpn, 5.2

Huametp ¢mnbTpa 1-0i cTyneHn

d, = |4 = (4005 455y,
I s

Bribupaem cranmaptaerii quamerp 700 mm. Mapka ¢umstpa ©Ulla 1-
0,7-0,6-Na, padouee maBnenue cocraBisieT 0,6 MIla, Temneparypa — 40 °C,
BMECTUMOCTh Kopmyca 1,1 M, MIPOU3BOAUTENBHOCTE 10 M/, ¢$unpTpyromas
Harpyska: Beicota he, = 2 m, o0bem 0,77 m®, BbicoTa ¢dunpTpa 3000 MM, TOII-
[IAHA CTEHKH 8 MM, M3rOTOBUTEIb — BUMCKMI KOTEIbLHBIA 3aBOI.

®daxTHyecKas CKOpocTh GuibTpanuu. IlepecunThiBaeM 1Mo CTaHAAPTHOMY
IUaMeTpy

1

ﬁ =0,7 , orciona F; = 0,38 M.
T
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GXB” 05 =0,66 mM/u.

' Fn 038-2
BeicoTa ciiost kKatroruTa B QribTpax 1-i crymenn: h,, =2,0 m.
Yucno perenepanuii Kaxnoro GpuiabTpa 1-i cTyneHu B CyTKH
R L
pL
h,FnE,
rne E, — eMkocTh norsoenus, 1 KB/M> (ED—280 r'k/M).

[Ipu npuHSATONH MPOM3BOIUTENLHOCTH CHCTEMBI XUMBOJOOYHCTKH Dy =
3
=0,72 Mm°/ua

_ 144,63
" 2,0-038-2-280
MesxpereHepalioHHBI nepro] padoThl GHILTPOB 1 cTyneHn

~ 0,68 per/cyT.

=2 =2 i5-338
Ry 0,68
Pacxon coneit Ha oiHy perenepauuio GuIbTpoB 1 cTyneHn
E,Fh.,a
= "To00

rae a. = 200 kr/(r-5KB) — yJIeIbHBIN PAcX0/] HOBapEHHOMH COJIN Ha pereHepaluio
~280-0,38-2,0-200

o 1000
CyTOYHBIH pacxoi coli Ha QPIIBTPHI | CTyreHn

100G, ,R;;n . . .
o = 1N 100-42,56-0,68-2 _ 26,46 kr/cyT.
' 96,5 96,5

Pacxon conmu Ha perenepanio (GHIbTpoB | cTyneHn B MecsI]

30G .
o = T = 30-26,46 _ 0,794 t/mec.
1000 1000

Tak kak G, <30 T/Mec, TO YCTaHABIMBACTCS COJICPACTBOPUTE]Th.

= 42,56 kr/per.

Pacuer conepactBopuTers.
O0beM commm Ha | pereHepanmro:

_100G,;  100-26,46

¢ 1000pP 1000-1,2-26

Beicora 3arpy3ku conu h.=0,5 m. Ilnomane conepacTBOpUTENs MPUHU-
MaeTcst

=01,
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C=V—C=%=O,2M2.
h, 05

HuameTtp conepacTBOpUTENS

g, = [He 2 402 g5,
T T

®unetp conepacrBopureis C-1,0-1,0; muamerp — 1020mm.

BeImuceiBacM XapaKTEepUCTHKY:

ITnomane dunstpoBanus - 0,8 MZ, BMECTUMOCTD - 1 M3, m3rorosureas — Ca-
PAaTOBCKUI1 3aBOJ] PHEPTETUIECKOTO MAIIMHOCTPOCHHSI.

6.3. [IpuMmep pacuyera cucTeMbl BOJOMOATOTOBKHU MPH HCIOJIb30Ba-
HMU PeYHOH BOJABI

HanexxHocTh paboThl MOBEPXHOCTE HarpeBa KOTENBHBIX arperatoB
CHCTEM TEIUIOCHAOKECHUS 3aBUCHUT OT KayecTBa MUTATEIBHOM U TOMUTOYHON
Bobl. [lokazaTensiMu KauecTBa BOJBI SABJISIOTCS: IMPO3PAaYHOCTh, CyXOi OocTa-
TOK, ECTKOCTb, LICIOYHOCTh, cofepKanie arpeccuBHbIX ra3oB (O, u COy).
Hawnbosiee BayKHBIM MOKa3aTesieM KaueCTBa BOBI SIBJISETCS €€ HKECTKOCTb.

CTyneHT mpu BBIOOpE CXeMBI BOJOIIOATOTOBKH HCXOANT M3 Ka4ecTBa HC-
XOJHOHM BOZBI PEKH HIIH BOJOXPAHIIIHIINA, PACTIONOKCHHBIX B paifoHe pa3Me-
mieHus KotenbHo# ([5, mpmt. 8, c. 201-205]), u pexomenganuii [5, §1.14, c.
59-60; §1.13, c. 57, cxema 4].

Br16op cxembl 00paOOTKH BOIBI IS KOTIIOB OIIPEIeIIIeTCs CIeIyOMUMU
YCIIOBHSMU:

1. KauecTBO MCXOAHON BOJIBI

So=110 mr/m; 1I1,=0,7 (mr-3kB)/m; K,=1,2 (mr-3xs)/mNa‘’=1,2 mr/m.

2. O0wmwmit ko3 dpuureHT Bo3BpaTa KOHIeH caTa:

K
+Q, + —0 405
_ QOB QI'B QTCXH 100 QCJ’( (6_31)

Quare

rae Q. — TEIIOBas HArpy3Ka Ha OTOIUICHHE W BeHTWIAHI0, MBT; Q,, — Temn-
JoBasi Harpy3ka Ha ropsdee BojocHaOxkeHune, MBT; Q.. — Temuosas Ha-
rpy3Ka Ha TeXHHUYecKHe Hyxk1bl, MBT; Q. — TemmoBas Harpyska Ha coOCT-
BEHHBIE HYXbl, MBT; Ky = 40 % — BO3BpaT TEXHOJIOTMYECKOTO KOH/AEHCA-
Ta.

PaccuuthiBatoTCS TpU MoOKa3aTensl BOJHO-XMMUYECKOTO DPEXHMa: IMpo-
JyBKa, COJEpPXAHUE YTIIEKUCIOTHl B Mape M OTHOCHUTENBHAS ILEIOYHOCTh
KOTJIOBOM BOZbI. Pacuersl nenaroTcst ¢ LEenblo ONpENeInuTh, MOKHO JIU IIPU-

K
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MCHHUTH CaMYIO 3KOJIOTHYCCKHU YUCTYH0 XUMHUYECKYIKO BOAOIIOATOTOBKY — Na—
KaTUOHHUPOBAaHHUE.

12,7238 + 5,8656 + 0,9871% +0,5-1,6883

K= =0,86998.
22,7917

3. JJomycTumast BEJIMYMHA CyXOTO OCTaTKa KOTJIOBOM BOIBI S, ([5], Ta0MI.
3-4), $,;=2500 mr/m.

JpyruMu KpuTepHUsiMU BEIOOpa CXEMBI BOAOMOATOTOBKHU IS MAPOBBIX
KOTJIOB SIBJISTEOTCS:

1. [IponyBka KoTJIa.

Benuuuna npoayBKu AJisl TEIIOTeHEpaTopoB ¢ AaBieHueM < 1,4 MIla ne
nopkHa ObITh Oomee 10%

Swll-K)+SK
S, — Sl K)+S.K
e Syop — COJNiecoepikaHne XUMUIeCKH 00padOTaHHOM BOABI, MI/M (TIPUHU-
MaeTcsi paBHBIM S, — CyXOMY OCTaTKy MCXOJQHOH Boiwl, Mr/i); K — oOmias
JIOJI BO3Bpara KOHZEHcaTta; S, — cojlecojiepkaHne o0paTHOTro KOHAeHcara,
Mr/a (S=5 Mr/n); Sy, — coneconepkanue KOTIOBOM BOMIbI, MI/J (IPUHAMACT-
cst paBabiM 1500-3000 mr/);

Ecnu npu pacuere okasbiBaeTcs, YTO BEJIMUMHA POAYBKH MeHee 2%, TO
JUISL TANTbHEHIINX pacueToB MPUHUMAIOT p=2%.

_ 110(1—0,86998)+5-0,86998 _ 7516910 —0.7517%.
2500 -110(1-0,86998)+5- 0,86998

[puanmaem npoayeky p = 2 %.

2. OTHOCHUTEIbHAS METOYHOCTh 00padOTaHHOM BOJEI.

Ilo mpaBunam ['ocroprexHaja3opa Npu HATWYUU KJIEMAHBIX COEIWHEHUU
OTHOCHTEJIbHAS IIENTOYHOCTh HE JOJDKHA MpeBOcXoAnTh 20%, mpu HaTUdnuU
BaJIbIIOBOYHBIX coeauneHuit — 50%, a mpu CBapHBIX COCTUHECHUAX HE HOPMH-
pyetcsi.

IIpu Na—xaTHOHUPOBAHMHM OTHOCHUTENBHAS IEIOYHOCTh KOTIOBOM BOJbI
paBHAa OTHOCHTEIEHOW MIEIOYHOCTH IMUTATEIBHON BOABI M ONpEAessIieTCs 10
¢dopmyne, %

p= (6.32)

XOB

w 40II[_ -100
s, = Lus— : (6.33)

B
rae 40 — skeuBaieHT NaOH; 111, — o0mas menoYHOCTh MUTATEITLHON BOJEI,
MT-3KB/JT;

LHHB:H‘[XOB.(I - K)+I—HK'K1 (634)
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rae Il,,,— oOmras meroYHOCTh XUMUYECKH OYHMINEHHOW BOBI (TIpU HATPUK-
KaTHOHHUPOBAHWN paBHA IIEJIOYHOCTH HCXOHOHN BOmbl), Mr-3kB/i (L, =

= 0,7 wr-sks/m); I, — oOmas IeI0YHOCTh, KOHACHCATa, MI-3KB/I
(I, = 0,05 mMr-3kB/m); S;; — CyXO¥ OCTATOK MUTATECILHOW BOJIBI, MT/J;
Sua = Sxoa(l_ K)+SKK 1 (635)

S,, =110(1-0,86998)+5-0,86998 = 18,6521 mr/x;
111,,=0,7-(1 — 0,86998) + 0,05-0,86998 = 0,1345 Mr-3kB/1;

e, = 40-0,1345-100 _ 28,8439 %.
18,6521

Tak kax II} > 20 %, TO peKOMEHAyeTCs MPOBOAUTH HUTPATHPOBAHHE,

OTH
T.e. BBeneHue B Boay coir NaNOj;, koTopast GIIOKHpYeT MEKKPUCTATUTUTHYIO
KOPPO3HIO.

3. CoxeprkaHue yTIEKUCIOTHI B ITape.

ConeprkaHue YIIEKHUCIOTHI B TIape JAOIYCKAeTCs MPH LEHTPAIEHOM I10-
Tpebnenun napa 10 100 Mr/kr, a mpu pa3BeTBICHHO ceTH MOTpeOuTeNeit
napa — He Bbiie 20 MI/KT.

[Tpu pa3BeTBiICHHBIX ceTsix Aomyckaercs He 6onee 20 mr/a CO, B nape. B
nutarenbHol Boge CO, He AOMYCTHM, YTO JOCTUraeTCsi 00pabOTaHHOMN BOJIBI
B neadparope. OfHaKo B KOTEN MOCTynaroT coiy, Hanpumep coaa Na,COs,
KOTOpasi TIpH HarpeBaHMH pasznaraercsi ¢ BwiaeneHueM CO,. TouHo Tarke
pasmnaraercs 6ukapoorHaTHbI noH HCO . KoHneHTparus paBHa, MI/KT

CO,=22-1,(1 - K)(0,4 + o), (6.36)
rae 22 — SKBHUBAJICHT YIIICKUCIIOTHI, ¢ — aouis pasnoxkenus Na,COsz; B kotiie
(3aBucHT OT naBieHus); npu gasneHnn 1,4 MIla mons cocrasmser 0,7.
CO,=22-0,1345(1 — 0,86998)(0,4 + 0,7) = 0,4232 mr/xkr.

Jns KoTnoB ¢ mpeoOnasaHieM OTONMTENbHOM Harpys3kH, T.e. OOibLIOi
JIoJIeit BO3BpalaeMoro KOHJeHcaTa, HanboJiee 4acTo MOAX0ANT cxema oOpa-
GOTKH BOJIBI IO METO/IY HATpHUi-KaTHOHUpoBaHus [5, § 1.5.1, c. 22—26]. Eciu
BBIYMCIISIEMbIE BbIIIE MOKA3aTelIM YAOBIETBOPSIOT TpeOoBaHusM, TO Na—
KaTHOHUPOBAHHUE CIIElyeT NPUHATH B KauecTBe pabovero mpoiecca XMMuue-
CKOM 06pa®oTku BoAbI. /[y MapoBBIX KOTIOB TpebyeTcs IiryboKoe yMmsarde-
HHE BOJBI 10 ocTtaTouHou xecTtkoctu 0,01-0,03 Mr-sks/i, 4TO JOCTHUrAETCS
NPHU JBYXCTYNEHYATOM HATPUI-KATHOHUPOBAHHUH.

Bribupaem cnioco6 ymsrdenus Boas!l Na-karnonupoBanus. s momyde-
HUS TITyOOKO yMSTYEHHON BOABI JUIsl MUTaHUS TTAPOBBIX KOTIOB IIPUMEHSETCS
nByxctynenyatoe Na-kaTmoHHpOBaHHE.

Pacuem Na-kxamuonumnoix ¢punompos.

IIpou3BOAUTENBHOCTH BOIOIIOATOTOBKH, M/a (1/9)
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p
D =|D+D— |1-K)-11n, .
o ( 100j( ) (6.37)

rae D — maponpou3ouTenbHOCTh KOTIA, T/4; N — KOJIMYECTBO KOTJIOB B KO-
TENBHOI; P — MpoyBKa KoTia, %; K — o0mias noi1s BO3BpaIiaeMoro KOHJIeH-
cara; 1,1 — koadduieHT 3anaca.

D, = [10 +10 %](1— 0,86998)-11-4 = 58353 m*/u (1/1).

Cxopocme  ghunomposaniis 8 3a8UCUMOCHIU O HCECIKOCIU
Pexomentyemble 3HaUCHHSI CKOPOCTH (PHIIBTPOBaHUS AJIsl IEPBOM CTyIIe-
HU yKa3aHBI B Ta0I. 6.2.

Tabauya 6.2
PexomeHryeMbie 3HaU€HUS CKOPOCTH (QHIIBTPOBAHUSA IS TIEPBOU CTYIICHH
JKecTKoCTh BOJIBI, MT-3KB/II Ckopoctb ¢punsrpoBanus W, m/a
5 25
5-10 15
10-15 10

Jnist BTOpOii cTyneHn peKOMEeHyeTcsi CKOpoCTh (QUIBTPOBAHMS HE Oolee
W =40 m/u.

B ycTaHOBKE NPUHMMAOTCSI B NEPBOW CTYNEHH ABa PabOYMX M OJIUH
pe3epBHBIN (GUILTP, BO BTOPOM CTYNEHH — OAWH pabOYMii U OJMH pe3epB-
HBIN.

Inowaows ceuenus, ouamemp u mun urempa
Pacuer myomanu cedeHust 0JHOTO (MIIBTPa MPOM3BOIAT UIS NEPBOH M
BTOpOH CTYIEHeH 1o Gopmyie, Ve

f, =—2% 6.38
Na nw ( )

rJie 8 — YUCIo pabounX (GUILTPOB JUIS KOKIOH CTYIEHH.
VYcnoBHbIM quamerp uibTpa, M

d, = A (6.39)
T

Io pacuetHOMy auameTpy dy ¢ y4eTOM HPOU3BOAUTEIBHOCTH (QUIIBTPA
BBIOMPAIOT 1O pacueTHoMy kartaiory [17, ¢.360, Ta6n.12.14] noaxonsumii
¢unbTp (cM. TabmI. 6.3).

[IpoBepsroT ckOpoCTh (GUIBTPALMH, KOTOpas JOJDKHA OBITH HE MEHee pe-
KOMEH/IOBaHHOM, M/4

W =D, /nf . (6.40)
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Tabauya 6.3
(I)I/IJIBprl Na—KaTl/IOHl/lTHble napan.ﬂenbﬂo—mqﬂue nepsoﬁ CTyIlel-[l/l
d,, MM 700 1000 1500
f, M° 0,38 0,76 1,72

Ynobuo mis obenx CTymeHeW (UIBTPOBAHHS HCHOIB30BATH (IIIBTPHI
OJIHOM KOHCTPYKIIMH.
[epBas crynens:

fo, = 58353 _ 01167 m*
2.25

o = [T s
T

- 2888 52 w
2.0,1167
Bropas crynens:
N = 58358 _ 0,1459 m*
1.40
d, = | 201959 g 491
y
b
' B8 400 w
1.0,1459
VY nansemMoe KOJIMUECTBO COJIeH JKECTKOCTH B CYTKH, I-OKB/CYTKH
A=24XKD,,,, (6.41)

rae XK, — ’KeCTKOCTb UCXOIHOM BOIBL, r-9KB/M° (MT-5KB/1).

JUis  BTOpPOH CTYNEHH JKECTKOCTh IIOCTYMAIOMIeH BOJBI PUHATH
0,1 Mr-3KB/1.

IlepBas crynenn: A=24-1,2-58353=168,0566 r-sxs/cyTku.

Bropas crynens: A=24-01-58353=14,0047 r-skB/CyTKH.

Pabouasi oOMeHHasi cOCOOHOCTHL KATHMOHHUTA oOmpejessiercs mo
YPaBHEHHUIO, r-okB/m°

E, =oBE, -059,K,, (6.42)

rae o — kodhdunueHT 3¢pQPEKTUBHOCTH pereHepalud B 3aBUCUMOCTH OT
YAETBLHOTO pacxoja Colil J., T/T-KB, Ha pereHepanuio; B - kodddumnment,
VUHTHIBAIONIHNIT CHIDKEHHE 0OMEeHHOM criocobroctr o Ca®* n Mg”™ 3a cuer
YacTHYHOTrO 3axBaTa katHoHoB Na'; E, — momHas o6MeHHas CHOCOGHOCTD
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KAaTHOHHTA, T-3KB/M°, (Wi CynabGoyris MoxKHO mpuHST 500-550);
U, — YACNBHBIA PacxoX BOABI HA OTMBIBKY KATHOHHTA , M/M° (s oGerx
crymeneit pubTpoBaHus g, = 5 M/M°), K, — 06ImAas KECTKOCTb HCXOTHOI
BOJIBI, MT-3KB/JT; 23 — DKBHBAJIEHT HATPHsI, MI/MI-9KB.

[epBas crynens:

KonmuecTBo coiM Ha pereHepanuio 3aBHCUT OT OOILIEH KECTKOCTH HC-
XOIHOMU BOABI (CM. Tabm. 6.4).

Tabnuya 6.4
3aBHCHMMOCTH KOJIMYECTBA COJIM HA PereHepaluio oT odimei ;KecTKOCTH
HMCXOJHOM BOJbI

XKectrocts K, r-3KB/M°. KonmiecTBo coimu g, MI/MI-9KB
5 100
7 100+120
10 120+150
15 170+250
20 275+300

3aBucUMOCTh KO3(D(DUIMEHTA 0. OT KOJIMYECTBA COJIM HA PEreHEepAaIUIo J1a-
€TCs TAOJIMYHOM 3aBUCUMOCTBIO (CM. TaOI. 6.5).

Tabauya 6.5
3aBucuMocTh K03 (PpULHMEHTA ¢ OT KOJINYEeCTBA COJIM HA pereHepanuio
Jc, MI/MI-9KB 100 150 200 250 300
o 0,62 0,74 0,81 0,86 0,90

3aBucumMocTh K03 duimeHTa B 0T HIKe ONpPeIeICHHOTO TapaMeTpa MpH-
BOAUTCS B Ta0II. 6.6.

Tabauya 6.6
3aBucumocts ko3pPunuenta f or napamerpa C/K,
CIK, 0,01 0,05 01 05 1,0 5,0 10,0
B 0,93 0,88 0,83 0,7 0,65 0,54 0,5

DKBUBAJIEHTHAs KOHLIEHTpalus HoHoB Na* B MCXO/IHOM BOJIE, MI-DKB/I
Cp. =Na*/23, (6.43)
rac Na+ — COACPIKAaHUEC KaTUOHOB HATPpHs B I/ICXO)IHOﬁ BOJC, MF/J'I;
E, =0,62-0,8881-530~05-5-1,2 = 288,8297 r-oke/m’.

Bropas crynens:
Jns BTOpo# cTyneHy NpuHAThL 6e3 pacuera £,=280 r-9KB/M°.



127

Jli1st BTOpO# CTYIIEHHU pacXo]] COM Ha pereHepanuto g. =300 Mr/mMr-aKs.
Uwmcno pererepanuii Kaxxaoro QuiIbTpa B CYTKH, 1/cyTKH
A

R, =——~
®" fh E.n

c1—p

rae f — cedenne punbTpa, M, Wy — BBICOTA CIIOSI KATHOHHUTA B ¢unpTpe, M
(s punbTpOB mepBoii crymenu hy, = 2-2,5 M, 1ist Bropoit — he, = 1,5 m); N —
YHUCIIO PA0OYHX (PHIBTPOB JUTS KAXKI0H CTYICHH.

(6.44)

Ilepsas crynens: R, = 038 2128’20552297 2 =0,3329 1/cyrku.
Bropas ctynens: Ry, = % =0,0877 1/cyTkmn.

Pacxon 100% mnoBapeHHOH COMM Ha OJHY pereHepanuio B CyTKH (Ui Ka-
KO CTYIICHH), KT

E, fh
= e (6.45)
1000
ITepBas crynens: G, = 288,8297-0,38-2,3-100 25,2437 xr.
1000
Bropas crynens: G, = 280-0,38-1,5-100 _ 47,88 xr.
1000

Cyrounslii pacxon TexHnueckor (93%) comm B CyTKM Ha pereHepanmuio
(UIBTPOB (paccYUTHIBACTCS IS KXKIOH CTYIEHH), KI/CYTKH

100G, R
110 LU (6.46)
. 93
HepBa;[ CTYIIEHB: chﬂ = 100- 25’24?9); 0’3329 2 = 18,0723 KF/CyTKI/I.
BT()pa;[ CTYIIEHB! ch_rz = 100- 47’8230’0877 1 = 4,5151 KF/CyTKI/I.
MexpereHepalMOHHbIH TTeprHo paboThl GUIBTPOB, U
24
T= o = T (6.47)
[

IIpu 3arpyske ¢uibTpoB cynbgoyriemM Bpems Ui NEpBOH CTyNeHH —
2 4aca, JuIsl BTOpoi crynenn — 2,5-3,5 gaca. Ecim Bpemst 7 okaxeTcst MeHee
6 4acoB, TO CJIEAYET CMEHHUTH (PMIIBTP Ha OMKANIIUK OOJIBIINH.

24 _ 2=170,0937 u.

IlepBag crynenn: T =
PRz ety 0,3329
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A
0,0877

Ilo pesynbratam pacueta [17, ctp. 360, Tabm. 12.14] BeiOupaem GUIBTP

©®UIlal-0,7-0,6-Na. TexHuueckass xapakTepucTHKa (UIbTpa TIpHBEICHA B
Tabu. 6.7.

Bropas crynens: T = —3=270,6602 4.

Tabauya 6.7
Texnunueckas xapakrepucruka ¢puabrpa ®HIlal-0,7-0,6-Na

Taenenne, MIIa (xrc/cM?):

- pabouee 0,6(6)

- IpOOHOE THAPABIHYECKOES 0,9(9)
Temnepatypa, °C 40
BMeCTHMOCTB KOPITYca, M- 1,1
TIpOH3BOAUTENEHOCT, M /4 10
dunpTpyromias 3arpyska:

- BBICOTA, M 2,0

- 00BeM, M° 0,77
Macca, T:

- cyb(OyIIIs TPy HAckIMHOM Macce y = 0,65-0,70 /M 0,5-0,54

- katronnta KY-2 npu maceimmoi macce y= 0,71 /M 0,55
BHYTpeHHHI [raMeTp KopIyca, MM: 700
BeicoTa GuiabTpa, MM: 3320
TosyHa CTCHKH, MM: 8
VCIIOBHBIN HAMETpP apMaTyphbl, MM:

- TS TOJIBOJIA KCXO/IHOM M OTMBIBOYHOMN BO/IbI 40

- JUI OTBOJa 00pabOTaHHOM BOJBL; 40

- JUIS TIO/IBOJIa PETeHEPAIMOHHOTO PacTBOPa; 25

- JUIS TIOIBOJIa M OTBOJIA B3PBIXJILIONICH BOJIBI; 40

- JUT OTBOJIA PEreHEPAIIOHHOTO PacTBOPA,

OTMBIBOYHOIT BOJIBI 1 MEPBOTO (DHIIBTPATA; 40

- JUTSl THAPOBBITPY3KH (PUIIBTPYIOIIETO MaTepuaa; 25

Macca KOHCTpYKIHH QUIBTPA, T: 0,62

Usrorosureins: CapaTOBCKUIA 3aBOJT SHEPIeTHYSCKOTO MAIMHOCTPOCHHSI.

Buibop u pacuem oeaspamopa. Pacxoo napa na deaspamop.

Hawnbonee yHuBepcanbHBIM CIOCOOOM yIaJeHUsS PaCTBOPCHHBIX Ta30B M3
MHUTATEIbHON BOJBI MAPOBBIX KOTIIOB SIBISICTCS TEPMHUUECKas Jeadparus Ipu
npakTHdecku armocdeprom nasnenuu (p = 0,12 MIla, t = 104 °C [5, § 1.12.,
crp. 53-54]) .

Jerazaiyst BOJbI SIBJISIETCS MOCIIEAHUM ITAIOM JIOKOTJIOBOW TOATOTOBKH
BoAbl. B muratenbHON Bome He momyckaercs coaepkanne CO,, a comepixa-
Hue O He A0KHO ObITh Bhine 0,03 Mr/i.
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JleaspaTop moaoupaeTcs Mo pacxoy MATaTeIbHO#M Boabl. KommuecTBo
BOJIBI JUISI HUTAHUS KOTJA, T/9

p
D=D+D—n_+D__, 6.48
b ( 100) T TIOJIIT ( )

rae Dyoy — pacxon moanuTOYHOM BOJBI, T/4; p — NPOAYBKA, %; Ny — YUCIO
TeIuIoreHepaTopoB; D — maponpon3BoUTEILHOCTD KOTIIA, T/4.

D, = (10 +10 %) -4+43,9482 = 44,7482 1/4.

Pacxox mapa D, nuis HarpeBa BoJIbI B ieadpaTtope, T/4

h —h,
D =D, 4—2+D

BBIIT ! (649)

h;— SHTAJBIMA HACBIIICHHOW BOAHI mipu p = 0,12 MIla, k/[x/kr (h;1 = 437

KJIK/KT); hA — BHTAJBIHA cyxoro mapa mpu p = 0,12 MIla, xJ[x/kr ( h::

= 2683 xJIx/kr); N, — SHTAIBNNA CMECH XMMOYHINEHHOH BOJBI M 0OPaTHOTO
xoHnencaTa, KJ/Kr (Ng,= 334 x/IK/KT); Dy — IIOTEPSI Tapa ¢ BEIIApOM, T/4.
[oteps mapa ¢ Bermapom Dy, , T/4
Do = D, X (6.50)
1000
rae X — BenM4MHA BhINApa HA TOHHY J€a’pUPyeMOi BOJbI (IPU OTCYTCTBHU
oxuaguTens Bbimapa X=10 Kr/T BOIBI).

D,.= 44,7482£ =0,4475 1/u.
1000
D, = 44,7482M +0,4475=2,4996 T/u.
2683437

Bri6op measparopa MPOU3BOMTCS TI0 PACXOY MUTATEIBHON BOJIBI.
Bribupaem geaspatop mapku JA-50:

PaGouee nasnenne 0,12 MITa (1,2 krc/cm?);
Temmeparypa neaspupoBanHoi Bojsl 104 °C;
Cpennsist TemMIiepatypa nojorpesa Bojsl B ieasparope 1040 °C;
Pa3mepsb! KOJIOHKH, MM:
JMaMeTp U TOJIMHA CTeHKH Kopiryca 530%*6;
BbIcoTa 2195;
Macca 474 kr;
IIpo6uoe runpapnuueckoe aasinenue 0,3 (3,0) MIla (KFC/CMZ);
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JlomyckaemMoe  TIOBBIIIICHWE JaBIEeHWUS MNpu  paboTe  3alUTHOTO
yerpoiictsa 0,17 MITa (1,7 kre/em?);

[ose3Hast BMECTHMOCTb aKKyMyJIATOPHOTO baka 15 m°;

JluaMeTp U TOJNIIMHA CTCHKU aKKyMYJIATOPHOro Oaka 2016x8 mwm;
[ToBepxHOCTH OXJIaAUTENs BBINIApa 2 M

MsrotoBurens: [10 «KpacHblif KOTENBIIUK.

BOHpOC])I AJIsE CaMOIIPOBEPKU

1. KaxoBa MakcHMabHasI BEIUIHHA IPOTYBKH KOTIOB?

2. Kakoif MmeTox yMsArdeHus: BOJbI HANOOJIEE YaCTO MPUMEHSAETCS B KO-
TENBHBIX C KOTIAMH MaJIOW MOIITHOCTH?

3. VYkaxure ycioBHe 00S3aTENBHOTO HCIIOIb30BaHMS ABYXCTYIEHUYA-
TOTO HATPUH-KaTHOHUPOBAHMUSL.

4. VYkaxuTe peKOMeHAyeMble CKopocTH ¢uiubTpoBanus aius  Na-
KaTHOHUTHBIX (DUIIBTPOB MEPBON M BTOPO CTYIEHH.

5. OT yero 3aBUCHUT KOJHYECTBO COJIM, MOJABAEMOE Ha PEreHepaIuio
Na-KaTHOHUTHBIX (PUIBTPOB?
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3ATAHUE HA KYPCOBOM IMTPOEKT
Bapuant 1

[IpOM3BECTH pacyeT TeIIOBOi CXeMbI OTOMHTENbHOM KoTenpHOi I” KaTe-
TOPHUU C BOJOTPEHHBIMH KOTJaMH, pabOTAIOIIMMHM Ha 3aKpBITYIO CHCTEMY
TeryiocHa0xeHus. KoTenpHas npeqHasHaueHa isl TEIUIOCHA0KEHHs KUIIBIX
¥ OOIIECTBEHHBIX 3aHUH HAa HYXAbl OTOIUICHHS, BCHTHIALHUU M TOPSIEro
BosocHaOkeHms. KoTenpHas pacronoxkena B T. (ropof, cMm. Tadi. 3) u pado-
TaeT Ha (TOIUIMBO, cM. Tabin. 3). Pacduer mpou3BOmUTCS I TPEX PEKUMOB:
MaKCHMaJIbHO-3UMHET0, HanboJee X0JIOJHOTO Mecsla U JeTHero. s rops-
4Yero BOJOCHAOKEHHS MPUHATA IapajuiebHas CXeMa MPUCOEANHEHUS MECT-
HBIX TeHﬂOO6MeHHHKOB. ]Ieaapaum[ XUMHWYCCKU OqueHHOﬁ BOJbI MPONU3BO-
qutces B peaspatope npu aasiaeruu 0,12 MIla. TemnoBsle cetu paboTaroT 1o
TemrneparypHomy rpaduky (t;, °C, npsmoii oronuTensHOM Boabl / tp, °C, 00-
PaTHOM OTOMUTENBHOM BOABI, CM. TabI. 3).

[TpousBecTn BBIOOP KOJIMUECTBA M TUIIOB BOJAOTPEHHBIX KOTJIOB, YCTAaHOB-
JICHHBIX B KOTEJIbHOM.

[IpounsBecTr MOBEPOYHBIN TEMIOBON PacyeT OJHOTO M3 KOTIOB, YCTaHOB-
JICHHBIX B KOTEJIBHOMH, IPH CXKUTaHNH (TOIUIMBO, CM. Ta0I. 3).

Hcxonuble naHHbIE AT pacdera 3aHoCsTCs B TaoI. 1

Tabauya 1
Hcxoanble 1aHHbIE 1715 pacyeTa

3HaueHUE BEITMYMHBI ITPU XapaKTEPHBIX
peKUMaxX pabOTHl KOTEIBHOM
Maxkcumans- | Haubonee
O003Ha- | HO-3UMHHIT | XOJIOJHOTO JletHuii
HaumenoBanune YeHUe (m.3) Mecsna (H.X) (;etH.)
1 2 3 4 5
MakcuManbHBIE Pacxoibl
TemoTe, MBT: cM. Tabm. 3 | cm.Tabn. 3 | cm. Tadm 3
- Ha HY)XXIbl OTOIUICHUS Q,
- Ha HYXXIIbl BEHTUJIS-
1 Q.
- Ha HY>XJ1bI TOPAYETo
BOJIOCHA0)KEHHS Q.
TemnepaTypa Bo3ayxa ton cM.Tabm. 3 | cm.Tabm 3 | cm. tabm. 3
BHyTpH nomeniennst, °C
PacuetHas Temneparypa trom cM. Tabm. 3 | cM.Tabn. 3 | cm. Tabm. 3
.
ropstueil BOJIbI TI0CIIE MECT-
HBIX TeMmI1000MeHHNKoB, °C
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1 2 3
Pacxon XUMOUYHIIIEHHOM ! cM. Tabi. 3
BOJIBI (TIPUHSATH C TOCTIE- X.0.B
JOYIOIIMM YTOYHEHHEM), T/4

4 5
cM. Tabim. 3 | cm. tabim. 3

I'padmueckas gacTb:
1" et — TermoBas cxemMa KOTENbHOI;
2" TUCT — IPOJIOIBHBIH pa3pes KOTIIa.

Bapuanr 2

[IpOM3BECTH pacyeT TEMIOBOH CXEMbl MPOM3BOICTBEHHOM KOTETbHOH I
KaTeropuy, paboTaroliell Ha 3aKpHITYI0 CHCTEMY TerslocHaOkeHus. Korenb-
Has IpeJHa3HaYeHa JJIsl CHAOXKEHUS TapoM TEXHOJOTHYECKUX MOTpeduTenen
¢ HEOOJBIINM PACcXOOM TOpSIYCH BOABI HA HYKIBI OTOIUICHHUS, BEHTUJISIIIAN
U TOPSTYETO BOAOCHAOKeHNUs. TeruioBsIe ceT paboTaloT IO TEMIIEPaTypHOMY
rpaduxy (t;, °C, nmpsaMoii oTonuTeapHOI BoIs! / 1, °C, 00paTHOI OTONMHUTEH-
HOW BOJBI, CM. Ta0I. 4).

KotenpHast pacmonokeHa B T. (Tropof, cM. Tadi. 4) u pabotaeT Ha (TOTLTH-
BO, CM. Ta0I1. 4).

[TpousBecTn BBHIOOP KOJNMYECTBA M THIIOB MApOBBIX KOTJIOB, YCTaHOBJICH-
HBIX B KOTEJIbHOM.

IIpousBecTH NOBEPOUHBIN TEIUIOBOM pacueT OAHOIO U3 KOTJIOB, YCTaHOB-
JIEHHBIX B KOTEILHOU, IPU CYKUTAaHUU (TOTUIUBO, CM. TabII. 4).

HcxonHble JaHHBIE AT pacueTa 3aHOCATCS B Ta0I. 2

Tabauya 2
Hcxonnble naHHbIE 1JIS1 pacyeTa
3HavYeHNe BEININHBI IPH XapaKTEPHBIX
peKUMaX padOTHI
Makcumains- | Haubonee
O003Ha- | HO-3UMHMI | XOJOZHOTO JletHui
HaunmeHnoBaHue YeHue (M.3) Mmecsina (H.X) | (J1eTH.)
1 2 3 4 5
Pacxox TemnoTeI Ha HYXIBI Qo cM. Ta0bi. 4 | cMm. Tabnm. 4 |cM. Tabm. 4
OTOTUICHHUS M BEHTUIIALIUH,
MBt
Pacxon TemnoTs Ha ropsiaee Qs cM. Ta0b. 4 | cm. Tabn. 4 |cM. Tabm. 4
BOJI0CHaOXeHHe, MBT
Bo3Bpat koHJeHCaTa TEXHO- B cM. Tabn. 4 | cm. Tabn. 4 |cm. Tabn. 4
JIOTMYECKUMHU MOTPEeOUTENs-
mH, %
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1 2 3 4 5
TapameTpbl Tapa Ha TEXHOJIO-
THYECKHE HYXIBI: cM. Tabm. 4 | M. Tabum. 4 CM.
- nasjenue, MIla P’ Taou. 4
- Temneparypa, °C t',
- pacxon, T/4 D'

ITapameTpsl penylupoBaHHO-
IO Tapa Ha TEXHOJIOTHYECKHE cm. Tabm. 4 | cm. Tabm. 4 |cm. Tabu.
HYXKJIBL:
- naBnenue, MIIa P
- Temnieparypa, °C "
- pacxoj, T/4 D'

Temmneparypa nuTaTenbHOM tus cM. Tabn. 4 | cm. Tabm. 4 |cM. Tab.
ozl °C

TemmnepaTypa KOHAEHCATA, te cM. Tabn. 4 | cm. Tabm. 4 |cM. Tad.
BO3BPAIL[AEMOTr0 MOTPeOUTe-
aamu, °C

Temmeparypa ceipoit ten cM. Tabn. 4 | cm. Tabm. 4 |cM. Tadu.
Bogsl, °C

Temmneparypa XUMHYIECKU t' cM. Tabm. 4 | cm. Tabn. 4 |cM. Tabm.
OYMUIICHHOM BOJBI IIEpEN OX-
JIIUTENIEM JI€a9PUPOBAHHON
ozl °C

I'padnueckast qacTb:
1" et — TemoBast cxema KOTeNbHOIA;
2" ucT — MPOJOIBHBIIA pa3pe3 KOTia.
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Tabauya 3

Hcxoanble JaHHBIE 1JI51 BBINOJHEHHS KYPCOBOTO MPOEKTa
(BapuanT 3agaHus Nel)

TlapaMeTpbl IpU XapaKTEPHBIX PEKUMaX pabOThI KOTEIb-
No | Hacenennsiit HOM (M.3 / H.X / IETH.)
n/m MyHKT Q,, MBT Q,, MBT Q.5 MBT Gy .o, T/T
1 |ApxaHrenbck 44,0 75 15/15/12 12/12/4,5
2 |bapnayn 220,0 38,0 75/75/60 60/60/22,5
3 |Benropox 9,0 1,5 3/3/2,4 2,5/2,5/0,9
4 |BpsHck 395,0 70 135/135/108 | 110/110/41
5 |BnaguBoCTOK 9,5 1,5 3,5/3,5/25 | 2,6/2,6/1,0
6 |BnagukaBkas 110,0 19,0 40/40/30 30/30/11,5
7 |Bnagumup 18,0 3,2 6,2/6,2/5,0 5/5/2
8 |Bosrorpan 66,0 11,5 22,5/22,5/18 18/18/7
9 |BopoHex 14,5 2,0 5/5/4 4/4/1,5
10 |ExarepuHOypr 111,0 18,5 37/37/28 28/28/11
11 |UpkyTck 22,0 4,0 7,5/75/6,0 | 6,5/65/2,5
12 |Kazanb 215,0 40,0 72/72/55 58/58/20
13 |KpacHonap 8,5 1,8 2,7/2,7/2,0 | 2,2/2,2/1,0
14 |KpacHosipck 400,0 65,0 130/130/105 | 105/105/40
15 |Kypck 18,5 3,0 6,0/6,0/45 | 4,8/4,8/1,7
16 |JIunenx 65,0 12,0 23/23/19 19/19/8
17 |Mocksa 14,0 2,7 4,6/4,6/3,8 | 3,9/3,9/1,3
18 |H. Hosroposx 45,0 8,0 13/13/10 10/10/4
19 |Hosocubupck 109,0 21,0 35/35/26 29/29/12
20 |Omck 10,0 1,3 3,213,224 | 2,4/2,4/0,9
21 |Open 218,0 37,0 77177163 61/61/21
22 |TTenza 8,7 1,7 3,1/3,1/2,2 | 2,3/2,3/0,8
23 |lepmb 65,5 11,0 22/22/18,5 19/19/7,5
24 |TIckoB 21,5 3,8 8/8/6,5 6/6/2,3
25 |Pocros-Ha-Jlony 112,0 18,0 36/36/27 26/26/10,5
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IIpooondicenue maoa. 3

[TapameTpsl npy XapaKTepHBIX PEKUMaxX pabOTHI KOTEINb-

Ne HOU (M.3 / H.X / IeTH.)
n/n TommBo t,,, °C t® o t,/ty, °C
1 | opun Il Ne 1 18,0 57 150/70
2 | mpuall. Ne2 18,5 58 150/70
3 | mpunll. Ne3 19,0 59 150/70
4 | mpunll. Ne4 19,5 60 150/70
5 npui |. Ne 1 20,0 55 150/70
6 npui | Ne 2 18,0 56 150/70
7 mpui . Ne 3 18,5 57 150/70
8 npui |. Ne 4 19,0 58 150/70
9 npui |. Ne 5 19,5 59 150/70
10| mpunl.Ne 6 20,0 60 150/70
11| mpunl. Ne7 18,0 55 150/70
12| mpual. Ne8 18,5 56 150/70
13| mpual.Ne9 19,0 57 150/70
14 | npunl. Ne 10 19,5 58 150/70
15| mpunl. Nell 20,0 59 150/70
16 | mpunll. Ne 1 18,0 60 150/70
17 | opunll. Ne2 18,5 55 150/70
18 | mpumll. Ne3 19,0 56 150/70
19| mpunll. Ne 4 19,5 57 150/70
20| mpunl. Nel 20,0 58 150/70
21| mpunl. Ne2 18,0 59 150/70
22 | mpunl.Ne3 18,5 60 150/70
23| mpunl.Ne4 19,0 55 150/70
24| mpunl.Ne$5 19,5 56 150/70
25| npunl. Ne 6 20,0 57 150/70
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Tabauya 4

Hcxoanble JaHHbIE AJI5 BHINOJHEHUA KYPCOBOI'0 IIPOEKTA

(BapuaHT 3a1aHus Ne2)

IMTapamMeTpbl IPU XapaKTEPHBIX PEKUMaX pabOThl KOTEIBHOI
(M.3/ H.X/ IeTH.)

Ne | Hacemenmsiit | p' | t',, D', P, |t D', B,
e Y A R T/ MIla| °C T/ %
1 |Pasanb 1,4 |225| 1,0/1,0/0,85 | 0,6 | 170 13/13/9 60
2 |CaHkr- 3,9 [440(13,5/13,5/10,5| 0,6 190 | 157,5/157,5/ | 61
[etepOypr /105
3 |Tomck 1,4 |225| 2,0/2,0/1,5 0,6 188 21/21/14 62
4 |Tyna 3,9 |440| 6,0/6,0/4,5 0,6 175 74/74/50 63
5 |Xabaposck 3,9 |440| 2,0/2,0/1,5 0,6 | 185 20/20/15 | 64
6 |YemsaOuHCK 1,4 |250| 9,0/9,0/7,0 0,6 | 180 | 105/105/70 | 65
7 |SIpocnasib 1,4 (225| 3,0/3,0/2,5 06 | 172 30/30/20 | 60
8 |ApxaHrenbck 3,9 [440| 8,5/8,5/7,0 0,6 | 177 | 102/102/65 | 61
9 |Bapuayn 1,4 |225| 4,5/45/3,5 0,6 181 53/53/35 62
10 |Bearopox 3,9 |440|14,0/14,0/11,0| 0,6 176 | 155/155/102 | 63
11 |BpsirCK 14 |225| 1,1/1,1/0,9 0,6 183 | 13,5/13,5/9 | 64
12 |Bnagusocrox | 3,9 |440| 8,0/8,0/6,0 0,6 | 187 94/94/63 | 65
13 |BrnagukaBskas 14 |(225| 2,1/2,1/1,6 0,6 | 173 22/22/15 60
14 |Bnagumup 1,4 |250| 8,7/8,7/6,8 0,6 | 182 | 103/103/68 | 61
15 |Boarorpan 1,4 |225| 2,8/2,8/2,2 0,6 | 178 33/33/22 | 62
16 |Boponex 3,9 [440| 6,3/6,3/5,0 0,6 184 73/73/49 63
17 |Exarepunbypr | 1,4 [225| 4,0/4,0/3,2 0,6 171 52/52/33 64
18 [Upkyrck 3,9 [440| 9,3/9,3/7,5 0,6 | 189 | 100/100/65 | 65
19 |Kazausp 3,9 (440 1,8/1,8/1,3 0,6 179 | 21,5/21,5/14 | 60
20 |[KpacuHonap 14 |225| 1,3/1,3/1,0 0,6 175 14/14/9,5 | 61
21 |KpacHospck 3,9 [440| 5,8/5,8/4,4 0,6 | 178 | 72,5/72,5/48 | 62
22 |Kypck 1,4 |225| 3,5/3,5/2,6 0,6 | 186 34/34/23 | 63
23 |Tuneux 1,4 |225| 5,0/5,0/4,0 0,6 | 176 | 52,5/52,5/34 | 64
24 |Mocksa 3,9 [440| 9,5/9,5/7,5 0,6 190 | 106/106/72 | 65
25 |H. Hosropon 3,9 (440 8,1/8,1/6,3 0,6 174 95/95/65 60
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Ipooonsicenue mabn. 4

TlapameTpbl IpH XapaKTEPHBIX PEKUMAX PabOThI KOTEIb-
HOH (M.3 / H.X / JIeTH.)

Ne Qo.sr QF.B! tn.sv tKY tc.Bv t'xo 5 tl / tZ!

n/n Torutuso MBT MBT oc | °c °oC oC °oC
1 mpui | Ne 1 1,25 | 0,3/0,3/0,25 | 104 | 85 |[5/5/15| 20 |150/70
2 mpui |. Ne 2 14,0 | 3,75/3,75/3,0 | 145 | 84 |5/5/15| 20 |150/70
3 mpui |. Ne 3 1,9 0,5/0,5/0,4 | 104 | 83 |5/5/15| 20 |150/70
4 mpuin |. Ne 4 6,5 1,8/1,8/1,4 | 145 | 82 |5/5/15| 20 |[150/70
5 mpui |. Ne 5 1,8 |0,55/0,55/0,45| 145 | 81 |5/5/15| 20 |150/70
6 npui |. Ne 6 9,5 2,5/25/2,0 | 104 | 80 |5/5/15] 20 |150/70
7 mpui | Ne 7 2,5 1,0/1,0/06 | 104 | 79 |5/5/15| 20 |150/70
8 npui |. Ne 8 9,0 | 2,8/28/22 | 145 | 78 |5/5/15| 20 |150/70

9 mpun |. Ne 9 45 | 12/12/10 | 104 | 77 |5/5/15| 20 [150/70
10| mpunl.Ne10 | 145 | 4,0/40/3,3 | 145 | 76 |5/5/15| 20 |150/70
11| mpunl. Nell 1,2 |0,28/0,28/0,2 | 104 | 75 |5/5/15| 20 |150/70
12| opunll. Ne 1 85 | 2,3/23/1,8 | 145 | 74 |5/5/15| 20 |150/70
13| opua Il Ne 2 1,8 |0,45/0,45/0,35| 104 | 73 |5/5/15| 20 |150/70
14| mpunll. Ne 3 9,7 | 2,3/23/1,7 | 104 | 72 |5/5/15| 20 |150/70
15| npunll. Ne 4 3,0 | 0,8/0,8/0,65 | 104 | 70 |5/5/15| 20 [150/70
16| mnpunl. Ne6 6,7 | 1,7/1,7/1,35 | 145 | 85 |5/5/15| 20 |150/70
17| mpuml. Ne7 4,8 |1,25/1,25/1,0 | 104 | 84 |5/5/15| 20 [150/70
18| mpunl. Ne8 10,0 | 3,0/3,0/2,3 | 145 | 83 |5/5/15| 20 |150/70
19| mpunl. Ne9 20 | 04/0,4/0,3 | 145 | 82 |5/5/15] 20 |150/70
20| mpunl. Ne 10 1,1 |0,25/0,25/0,21| 104 | 81 |5/5/15| 20 |150/70
21| mpunl. Nell 7,0 [1,75/1,75/1,3 | 145 | 80 [5/5/15| 20 |150/70
22| mpunll. Ne 1 2,2 | 0,7/0,7/055 | 104 | 79 |5/5/15| 20 |150/70
23| mpunll.Ne2 | 4,65 |1,15/1,15/0,8 | 104 | 78 |5/5/15| 20 |150/70
24| mpunll. Ne3 9,2 | 2,4/24/16 | 145 | 77 |5/5/15| 20 |150/70
25| mpunll. Ne 4 80 | 25/25/21 | 145 | 76 [5/5/15] 20 |150/70
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Ipunoorcenue 11
PacyerHble XapaKTePUCTHKH KUJIKHX TOILIHB

Ne | Mapka Knace Paboyast Macca ToIumiBa, cocta, % Husmas
II/11 | TOILIUBA WP | AP S plgp C p H? N? op TCIIOTA
! PLe Cropanusi,
MJIx/KT
1 HU3KOCEPHU- 0,15/0,03| 0,39 [87,33[11,90| 0,20" | 41,68

CTBIN
Masyr  |manocepuuctsii |0,20{0,03| 0,85 |86,58|12,04 0,30* 40,53
3 |40 1 100 |cepHHCTBII 0,49/0,05| 1,80 |85,71|11,45] 0,50 39,57
4 BIcoKocepHr- |1,00[0,06] 2,55 [85,04]10,64| 0,71° | 39,06
CTBIN
* Jl1st pacueToB PHHUMATh KAK KHCJIOPOL

N

Ipunoorcenue I
YaeabHbIe 00beMbI H YHTAJIBITHH CYX0r0 HACHIIIEHHOT0 Mapa " BOIbI HA
JIMHUM HACBIIEHUS

VY nenbHas
Tewmmne- TeIoTa
JlaBneHue | patypa YaenpHbld 00beM | Y ienpHast SHTANBINS |HCTIAPEHUS
p, Mlla t, °C v, Mk | o, MO/kr |1, klw/xr i, xIk/xr| 1, kJI/Kr
0,10 99,61 ]0,0010431| 1,6940 417,44 26749 2257,5

0,15 111,35 [0,0010527| 1,1594 467,08 2693,1 2226,0
0,20 120,21 |0,0010605| 0,88574 504,7 2706,2 2201,6
0,25 127,41 |0,0010672| 0,71870 535,4 2716,5 2181,2
0,30 133,53 [0,0010732| 0,60579 561,5 27249 2163,4
0,35 138,86 |0,0010786| 0,52420 584,3 2732,0 2147,7
0,40 143,61 [0,0010836| 0,46239 604,7 2738,1 2133,3
0,45 147,91 ]0,0010882| 0,41390 623,2 27434 2120,2
0,50 151,84 [0,0010926| 0,37480 640,2 2748,1 2107,9
0,60 158,83 [0,0011006| 0,31558 670,5 2756,1 2085,6
0,70 164,95 [0,0011080| 0,27276 697,1 2762,7 2065,6
0,80 170,41 ]0,0011148| 0,24003 721,0 2768,3 2047,3
0,90 175,36 |0,0011212| 0,21487 742,7 2773,0 2030,3
1,00 179,89 [0,0011272| 0,19435 762,7 2777,1 2014,4
1,10 184,07 |0,0011330| 0,17744 781,2 2780,7 1999,5
1,20 187,96 |0,0011385| 0,16325 798,5 27838 1985,3
1,30 191,61 [0,0011438| 0,15117 814,8 2786,5 1971,7
1,40 195,05 [0,0011489| 0,14077 830,1 2788,9 1958,8
1,50 198,30 |0,0011539| 0,13170 844,7 2791,0 1946,3
1,60 201,38 |0,0011587| 0,12373 858,6 2792,9 1934,3
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Oxonuanue npun. 111

VY nensHas

Temme- TEIoTa
JaBnenue | parypa YnensHbIH 00beM | YV ienbHast SHTAIBINS |HCHapeHHs
p, MIla t, °C o', Mkr | o, Mkr |1, klw/xr i, kJx/xr| 1, kJ/Kr

1,70 204,31 |0,0011634| 0,11667 871,9 27945 19226

1,80 207,12 ]0,0011679| 0,11036 884,6 2796,0 19114

1,90 209,81 ]0,0011724| 0,10470 896,8 27973 1900,4

2,00 212,38 |0,0011768| 0,09958 908,6 27984 1889,8

2,10 214,87 |0,0011810| 0,09493 920,0 2799,4 1879,4

2,20 217,26 |0,0011852| 0,09070 931,0 2800,2 1869,2

2,30 219,56 |0,0011894| 0,08681 941,6 2800,9 1859,3

2,40 221,80 [0,0011934| 0,08324 952,0 2801,5 1849,6

2,50 223,96 [0,0011974| 0,07995 962,0 2802,0 1840,1

2,60 226,05 [0,0012014| 0,07690 971,7 2802,5 1830,7

2,70 228,09 [0,0012053| 0,07407 981,2 2802,8 18215

2,80 230,06 |0,0012091| 0,07143 990,5 2803,0 1812,5

2,90 231,99 [0,0012129| 0,06897 999,5 2803,2 1803,6

3,00 233,86 [0,0012167| 0,06666 | 10084 2803,3 17949

3,10 235,68 [0,0012204| 0,06450 | 1017,0 2803,3 1786,3

3,20 237,46 |0,0012241| 0,06247 | 10255 2803,2 17778

3,30 239,20 |0,0012278| 0,06056 | 1033,7 2803,1 1769,4

3,40 240,90 [0,0012314| 0,05876 | 10418 2803,0 1761,1

3,50 242,56 |0,0012350| 0,05706 | 10498 2802,7 1753,0

3,60 244,19 |0,0012385| 0,05545 | 1057,6 2802,5 17449

3,70 245,78 10,0012421| 0,05392 | 1065,2 2802,1 1736,9

3,80 247,33 |0,0012456| 0,05247 | 1072,8 2801,8 1729,0

3,90 248,86 |0,0012491| 0,05109 | 1080,2 28014 17212

4,00 250,36 |0,0012526| 0,04978 | 10874 2800,9 17135

Ipunoocenue IV
YaeabHbie 00LeMbI M JHTAJLITHN BOJbI

t,°C v, M/KT | i, KIDK/KT | v, MOk | i, KJDK/kr | v, Mk | i, kJIx/xr
p =0,1 MIla p=0,2 MIla p =04 MIla

0 0,0010002 0,0 0,0010001 0,2 0,0010000 04

10 0,0010003 42,1 0,0010003 42,2 0,0010002 42,4

20 0,0010018 84,0 0,0010018 84,1 0,0010017 84,3

30 0,0010044| 1258 |0,0010043| 1259 |0,0010042| 126,1

40 0,0010078| 167,6 |0,0010078| 167,7 |0,0010077| 167,9

50 0,0010121| 2094 |0,0010121| 2095 |0,0010120| 209,7

60 0,0010171] 251,2 |0,0010170| 251,3 ]0,0010169| 2515
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IIpooonocenue npun. IV

t, °C v, MYk | i, KIDK/KT | v, MO/KT | i, KJIDK/KT | v, M/ I i, KI[K/kr
p=0,1 MIla p=0,2 MIla p=0,4 MIla
70 0,0010227 293,1 0,0010227 293,2 0,0010226 293,3
80 0,0010290 335,0 0,0010290 335,1 0,0010289 335,2
90 0,0010359| 377,0 |0,0010359| 377,1 |0,0010358| 377,2
100 — — 0,0010434| 419,2 |0,0010433| 419,3
110 - - 0,0010516 461,4 0,0010514 461,6
120 - - 0,0010603 503,8 0,0010602 503,9
130 - - - - 0,0010696 546,5
140 — — — — 0,0010797 | 589,2
p = 0,6 MIla p =0,8 MIla p=1,0 MIla
0 0,0009999 0,6 0,0009998 0,8 0,0009997 1,0
10 0,0010001 42,6 0,0010000 42,8 0,0009999 43,0
20 0,0010016 84,5 0,0010015 84,7 0,0010014 84,9
30 0,0010041| 126,3 |0,0010041| 126,5 |0,0010040| 126,7
40 0,0010076| 168,1 |0,0010075| 168,2 |0,0010074| 1684
50 0,0010119| 209,8 |0,0010118| 210,0 |0,0010117| 210,2
60 0,0010169| 251,6 |0,0010168| 251,8 |0,0010167| 252,0
70 0,0010225| 2935 |0,0010224| 293,6 |0,0010223| 293,8
80 0,0010288| 3354 |0,0010287| 3355 |0,0010286| 335,7
90 0,0010357| 377,4 |0,0010356| 377,5 |0,0010355| 377,7
100 0,0010432| 4195 |0,0010431| 419,6 |0,0010430| 419,8
110 0,0010513| 461,7 |0,0010512| 461,8 |0,0010511| 462,0
120 0,0010601| 504,1 |0,0010600| 504,2 |0,0010599| 504,3
130 0,0010695 546,6 0,0010694 546,7 0,0010693 546,9
140 0,0010796 589,4 0,0010795 589,5 0,0010794 589,6
150 0,0010904| 632,3 |0,0010903| 6325 |[0,0010902| 632,6
160 — — 0,0011019| 675,7 |0,0011017| 6758
170 - - 0,0011143 719,2 0,0011141 719,3
p=15MIla p =2,0MIla p=4,0 MIla
0 0,0009994 15 0,0009992 2,0 0,0009982 4,0
10 0,0009996 43,5 0,0009994 44,0 0,0009984 45,9
20 0,0010012 85,3 0,0010009 85,8 0,0010000 87,7
30 0,0010037 127,1 0,0010035 127,6 0,0010026 129,4
40 0,0010072 168,9 0,0010070 169,3 0,0010061 171,1
50 0,0010115 210,6 0,0010113 211,0 0,0010104 212,8
60 0,0010164| 2524 |0,0010162| 252,8 |0,0010153| 2545
70 0,0010221| 2942 |0,0010219| 294,6 |0,0010209| 296,3
80 0,0010284 336,1 0,0010281 336,5 0,0010272 338,1
90 0,0010352 378,1 0,0010350 378,5 0,0010340 380,0
100 0,0010427 420,1 0,0010425 420,5 0,0010415 422,0
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Oxonuanue npun. 1V

t, °C v, MY/KT | i, KJIDK/KT | v, Mk | i, KJIDK/KT | v, M/ I i, KI[K/kr
p=1,5 MIla p =2,0MIla p=4,0 MIla
110 0,0010509 462,4 0,0010506 462,7 0,0010495 464,2
120 0,0010596 504,7 0,0010593 505,1 0,0010582 506,5
130 0,0010690| 547,2 |0,0010687| 547,6 |0,0010675| 5489
140 0,0010790| 589,9 |0,0010787| 590,3 |0,0010775| 591,6
150 0,0010898| 632,9 |0,0010895| 633,2 |0,0010881| 6344
160 0,0011013 676,1 0,0011010 676,4 0,0010996 677,6
170 0,0011137 719,6 0,0011133 719,9 0,0011118 721,0
180 0,0011270| 763,4 |0,0011265| 763,7 |0,0011249| 7647
190 0,0011412| 807,7 |0,0011408| 807,9 |0,0011389| 808,8
200 — — 0,0011561| 852,6 |0,0011540| 8534
210 — — 0,0011726| 897,8 |0,0011704| 898,5
220 - - — — 0,0011881 944,1
230 — — — — 0,0012073| 990,4
240 — — — — 0,0012284| 1037,6
250 — — — — 0,0012517| 1085,7
Ipunoocenue V
YienbHbIe 00HE€MbI M YHTAJBIIHH MEPErpeToro napa
t,°C v, M/KT | i, KJDK/KT | v, Mk | i, KJDK/KT | v, Mk | i, KIDK/kr
p=0,1 MIla p=0,2 MIla p =04 MIla
100 1,696 2675,8 - - — —
110 1,745 2696,3 - - - -
120 1,793 2716,6 — - - -
130 1,841 2736,7 0,9104 2727,3 — —
140 1,889 2756,7 0,9353 2748,3 — —
150 1,937 2776,6 0,9599 2769,1 0,4709 2752,8
160 1,984 2796,4 0,9843 2789,7 0,4839 2775,2
170 2,031 2816,2 1,0085 2810,1 0,4968 2797,1
180 2,079 2836,0 1,0326 2830,4 0,5094 2818,6
190 2,126 2855,7 1,0566 2850,6 0,5219 2839,9
200 2,172 2875,5 1,0805 2870,8 0,5343 2861,0
210 2,219 2895,2 1,1043 2890,9 0,5467 2881,9
220 2,266 2915,0 1,1281 2911,0 0,5589 2902,7
230 2,313 2934,8 1,1517 29311 0,5710 2923,4
240 2,360 29547 1,1753 2951,2 0,5831 29440
250 2,406 29745 1,1989 29713 0,5952 2964,6
260 2,453 2994 4 1,2224 29914 0,6072 2985,1
270 2,499 3014,4 1,2459 3011,5 0,6192 3005,6
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Ipooonxcenue npun. V

t, °C v, MYk | i, KIDK/KT | v, MO/KT | i, KJIDK/KT | v, M/ I i, KI[x/Kkr
p=0,1 MIla p=0,2 MIla p=0,4 MIla
280 2,546 3034,4 1,2694 3031,7 0,6311 3026,1
290 2,592 3054,4 1,2928 3051,9 0,6430 3046,6
300 2,639 3074,5 1,3162 3072,1 0,6549 3067,1
310 2,685 3094,7 1,3396 3092,4 0,6667 3087,6
320 2,732 3114,9 1,3630 3112,7 0,6786 3108,2
330 2,778 3135,1 1,3863 3133,0 0,6904 3128,8
340 2,825 31555 1,4097 31534 0,7022 3149,4
350 2,871 3175,8 1,4330 3173,9 0,7139 3170,0
360 2,917 3196,2 1,4563 3194,4 0,7257 3190,7
370 2,964 3216,7 1,4795 3215,0 0,7375 3211,4
380 3,010 3237,3 1,5028 3235,6 0,7492 3232,2
390 3,056 3257,9 1,5261 3256,3 0,7609 3253,0
400 3,103 32785 1,5493 3277,0 0,7726 3273,9
410 3,149 3299,3 1,5726 3297,8 0,7843 3294,8
420 3,195 3320,1 1,5958 3318,6 0,7960 3315,7
430 3,242 3340,9 1,6190 3339,5 0,8077 3336,8
440 3,288 3361,8 1,6423 3360,5 0,8194 3357,8
450 3,334 3382,8 1,6655 3381,5 0,8311 3379,0

p=0,6 MIla p=0,8 MIla p=1,0 MIla
160 0,3167 2759,0 - — - _

170 0,3258 2783,0

180 0,3347 2806,0 0,2472 27924 0,1944 27774

190 0,3435 2828,6 0,2541 2816,5 0,2003 2803,5

200 0,3521 2850,7 0,2609 2839,8 0,2060 2828,3

210 0,3606 2872,5 0,2675 2862,6 0,2115 2852,2

220 0,3690 2894,0 0,2740 2885,0 0,2170 2875,6

230 0,3774 29154 0,2805 2907,1 0,2223 2898,4

240 0,3857 2936,6 0,2869 2928,9 0,2276 2921,0

250 0,3939 2957,7 0,2932 2950,5 0,2327 29432

260 0,4021 2978,6 0,2995 2972,0 0,2379 2965,2

270 0,4102 2999,6 0,3057 29934 0,2430 2987,0

280 0,4183 3020,4 0,3119 3014,6 0,2480 3008,7

290 0,4264 3041,3 0,3180 3035,8 0,2530 3030,3

300 0,4344 3062,1 0,3242 3056,9 0,2580 3051,7

310 0,4424 3082,9 0,3302 3078,0 0,2629 3073,1

320 0,4504 3103,7 0,3363 3099,1 0,2678 3094,4

330 0,4584 3124,5 0,3424 3120,1 0,2727 3115,7

340 0,4663 3145,3 0,3484 31411 0,2776 3136,9

350 0,4743 3166,1 0,3544 3162,2 0,2825 3158,2
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Oxonuanue npun. V

t, °C v, MYk | i, KIDK/KT | v, MO/KT | i, KJIDK/KT | v, M/ I i, KI[K/kr
p = 0,6 MIla p=0,8 MIla p=1,0 MIla

360 0,4822 3187,0 0,3604 3183,2 0,2873 3179,4

370 0,4901 3207,8 0,3664 3204,2 0,2922 3200,6

380 0,4980 3228,8 0,3724 32253 0,2970 32219

390 0,5059 3249,7 0,3783 3246,4 0,3018 32431

400 0,5137 3270,7 0,3843 3267,6 0,3066 3264,4

410 0,5216 3291,8 0,3902 3288,7 0,3114 3285,7

420 0,5294 3312,8 0,3961 3309,9 0,3162 3307,0

430 0,5373 3334,0 0,4021 3331,2 0,3209 3328,4

440 0,5451 3355,1 0,4080 3352,5 0,3257 3349,8

450 0,5530 3376,4 0,4139 33738 0,3304 3371,2

p=1,5MIla p =2,0MIla p=4,0 MIla
200 0,1324 | 2796,0 - — — .

210 0,1366 28239

220 0,1406 2850,2 0,1022 28217 - -

230 0,1445 2875,5 0,1054 2850,2 - -

240 0,1483 2900,0 0,1085 2877,2 - -

250 0,1520 2924,0 0,1115 2903,2

260 0,1556 29475 0,1144 2928,5 0,05178 2837,2

270 0,1592 2970,6 0,1172 29531 0,05369 2871,2

280 0,1628 29934 0,1200 2977,2 0,05549 2902,9

290 0,1662 3015,9 0,1228 3000,9 0,05721 2932,9

300 0,1697 3038,3 0,1255 3024,3 0,05887 2961,7

310 0,1731 3060,4 0,1282 3047,3 0,06047 2989,4

320 0,1765 3082,5 0,1308 3070,2 0,06202 3016,3

330 0,1799 31044 0,1334 3092,8 0,06354 3042,5

340 0,1832 3126,3 0,1360 3115,3 0,06502 3068,1

350 0,1866 3148,0 0,1386 3137,6 0,06647 3093,3

360 0,1899 3169,8 0,1412 3159,9 0,06790 3118,1

370 0,1932 31914 0,1437 3182,1 0,06931 3142,5

380 0,1965 32131 0,1462 3204,2 0,07070 3166,7

390 0,1998 3234,7 0,1487 3226,2 0,07207 3190,6

400 0,2030 3256,4 0,1512 3248,2 0,07343 3214,4

410 0,2063 3278,0 0,1537 3270,2 0,07478 3237,9

420 0,2095 3299,6 0,1562 3292,2 0,07611 3261,4

430 0,2127 3321,3 0,1586 3314,1 0,07743 3284,7

440 0,2160 3343,0 0,1611 3336,1 0,07874 3307,9

450 0,2192 3364,7 0,1635 3358,1 0,08004 3331,0
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