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MPEANCTIOBUE

Mpowenwwe geanuar, MATe €T cO Bpemedu Buixopna paspaboranHoro BTU u LIKTU
HopMatvBHOro MEeTOpa TEMMOBOrO PACYETA KOTEMbHLIX arperarcs NOATBEpPAWIM MPaBUNbHOCTL
NPUHATBIX 1 NOMNOXEHHbIX B M0 OCHOBY NOAXOAO0B U METOAOB OpraHu3aLun TernnoBoro pacyerta KoTnos.
Mostomy npWM NOAFOTOBKE HacToAwlero HopMmartusHOro meTtofla He BO3HMKana HeobXoguMMmocTb
B NpuHUMNWansHoi nepepaborke METOAORB M CTRYKTYPb! TEMSIOBOrO pacyeta KoTna.

B 10 »e Bpems nepecmotp Hopmamenoro mMetoga 6bin HeobxoauMm ONA MPUBELEHUA €ero
B COOTBETCTBME C HOBLIMU SKCNEPUMEHTANbHLIMKW Marepranami, ANA y4era onbita OCBOEHUA U
aKCnnyatauWu rasonnoTHbX kotnoe 6nokoe 500, 800 u 1200 MBT, ocobeHHoCTEl CXUraHwa yrnen
HOBbIX MECTOPONOEHWA, COBPEMEHHOIO YPOBHA TOMOYHON TEXHUKW NbIIEYroNbHLIX KOTNOB W KOTIOB
C HOBOW TexHonoruveir cxuranwa. B Haubonelueid crenedn aTo Kacanoce pacuera Tennoobmera
B TOMOYHBIX Kamepax. Paclpwics pAuWana3oH KOHCTPYKTMBHLIX NapaMerpoE  CyLLeCTBYIOLLUX
KOTenbHbIX MNOBEPXHOCTEI HAarpesa, BHefpeHbl Hosuie Oonee rnepcnexTveHble ¥ agipexkTUBHbE UX
KOHCTPYKLMIA.

3HauuTeNnbHBIA NPOrpect AOCTUrHYT HaYYHO-MCCNENOBATENLCKUMM, HANAA0UHBIMU OpraHusaLmsMu
¥ KOTNOCTPOUTENbHLIMIA 3aBOfaMIl B YCOBEPLUEHCTEOBAHUM TeXHuUKU pacyetos, 8 obobiieHun onbira
NpOEKTUPOBaHUA W OCBOEHWA KoTnoB. Bce 39T0 cyLlecTBeHHo pacwuwpwno u  oboraruno
SKCMepUMEHTANBHYIO, pacyeTHyIO U TeopeTuyeckylo 6aay ana paapabotkv HacTosuero HopMaTuBHoro
METOAa TENNOBOro pacyera KOTIOB.

K paspaborke HopmatueHoro Meroga Tennopeoro pacuyera kotnoe Owno npueneyexo Gonewoe
yucno cneuuwanuctos AOOT BTW, ACOT HMNO UKTH, «Oupmel OPIMPAC», koTernbHbiX 3aBOA0B ©
Apyrux opradusayuit. Ot6op u Knaccubukauuwio pacyeTHbiXx U SKCNeprMeHTANbHLIX MaTeplanos AnA
aHanu3aa, o6paboTky U obobiLeHne vx, OKOHYaTeNbHbIA BLIGOP hopMyn 1 3aBUCUMOCTEI, cocTaBnexue
TEKCTa U peKoMeHfaUuili OCylLecTBNAN Konnektue cotpyarsukos AOOT BTU u AOOT HMO LUKTK:
A.A. Abpiotun, 3.C. Kapacuua, |P.A. MetpocsH|, B.H. ®omuna (AOOT BTU), A.T. Bnox, C.1N. Mouan,
B.C. Hasaperko, E.K. Yaeuanupae (AOOT HIMO LIKTW).

[lns coxpaHeHWs NpeemMCcTEeHHOCTW B HacToAwleM HopMaTuBHOM MEeTOfe NPUHATO, B OCHOBHOM,
TaKOE Xe pacnpegerneHdve Martepuana no rnmasam, Kak U B npeabigywiem uapadun 1973 r. Tonbko
paspgen «OnpepgeneHie pacuyeTHON TeMnepatypbl Metanna cTeHok Tpyb» Beuay ero Boapociueil
BAXHOCTU MepeHeceH u3 NPUNoXeHuii B ocHoaHoit Tekct (rnaea 8).

PexkomeHgauMy no MNPOeKTMPOBAHWIO TOMOYHLIX YCTPOWCTE BKAIOYEHE B QadHHbid  MeTon
B COKpawleHHoM ofbeme, Tak kak nogpobHoe KX W3NOKEeHWe WMEETCA BO BHOBbL BbINYLLEHHBLIX
«Meronuueckux yKasaHuax MO NPOEKTUPOBaHUIO TOMOYHBIX YCTPOWCTB AnNA  3HepreTUYecKux
kotnoss(HMNO LIKTWA, CM6, 1996).

B nepepaborke, AONONHEHWW UMW YTOHUHEHUW W COCTABAEHUW OTAENbHbLIX rNaB NPUHUMANK yYacTye:
rnaea 2 {B.C. BaosueHxd , .M. Auk, [ iOwwuxa, W.A. Kyssmuna (BTW);
rmaea 3 - A [1. lopBarexko, O.W. Tpakryes (BTW);
rnaesl 4, 5 - 3.C. Kapacuna,[l0.].Mapwak], A.A. A6piotun, M.H. Maiinaruk, W.W. Bonkos (BTW),
N.H. l'yces, H.I". XXmepuk, B.C. Hazaperko, C.1. Mouan (HMO LIKTW);
rnaes 6, 9 -, Al Brox, JLH.lyces, W.H.Kownonensko (HIMNO LUKTW), 3.C. Kapacuwa,
A A. AbpiotuH, 3.J1. Nyakesuu (BTU);
rmaesl 7,9 - [P.A. Tletpocst, 3.C. Kapacuwa, AA. AbpiotuH, B.H. @omuna, [C.IO0. Benod,
N.N. Oarunoea (BTW), B.C. Hasapewko, C.W. Modan, [B.K. Murafi], .l Buctpos, B.A.MacmypHosa
(HNO LKTW),




8 lNpepucnoeue

rnasa 8 - C.W. Mouah, .M. Karax (HIMO LIKTW), A.A. A6pioTuH, 3.C. KapacuHa (BTW);
npunoxenune Il - B.C. Hasapenko, H.I. Xwmepuk, IN.H. MN'yces, J1.A. Epemerko, B.®. Pomaros (H!
LIKTW), [P.ATerpocan|, B.A.MeTpos, M.H.Maiiganuk, A.A Bacwnwes (BTW), W.[. Muceitku
M.1. MapteiHbiyes (3n0);
npunoxetrue lll - C.A. Mouan,
B.H Yephsk (BTW);

Menonb3osanuch HOBHE 3KCNEPUMEHTaNbHLIE U pacueTHLIe Marepuantl NepeqUCNeHHbIX BbilLK
cneywanuctoB, a Takxke |O.B. Buxpeea, A.B. Qunarosa, A.IO. AHTOHOBaE, C.B. baceHko
[T W. Enchumosal, C.W. Cyukosa, B.H. Mmusitoi, [M.A. Mpouaiino], A.H. Edpumeriko, M.C. MpoHuti=
[O.W. Ocnonosa), | A.W. Fonuaposa] (BTW), B.H. MNyrawosa, [B.C_Y . WH. KomucapHuk:
A K. Koanosa, O.A. Tacca, H.B.Cepreesa, AH.[lynsesa, W.W. ®egoposa, T.B. Maxposoi
C.A. Maprynuca, A.@.T[onosa, B.B. Matycosa, B.W.[loxeuxoro, [fi.M.Cropoxykal, H.B. Bnaroso
[B.H_Tonosunal, C.H. 3rnura, B.W. Axroroackoro, B.P. Teperkans, A.A. Laruns, [ C.N.Waranosoi]
M.A. Wearosa (HMO LIKTW), B.H. Angpuaroea (QHWH), ©.A. Cepanra, B.B. Xonwesa (<Qupma
OPIP3ACs), E.H. NuckmenHoro (KMK), B.[1. Komsaruxa (3u0).

PepaktuposaHue kHurv Boinonyuny C.W. Movan, A.A. Ab6piotu, M. Karan, B.C. HasapeHko.

B panHom HopmaTuBHOM metofie npumeHena cucrema egvuy CU. C yyetom TOro, yro
HACTOALIEr0 BPEMEHW NPUMEHAETCH CUCTEMAa elMHUL, OCHOBaHHAA Ha KUNOMPaMm-CUNe v Kanopui
HWKe MPUBOAUTCH TabNninua COOTHOLLEHUA MEXZy OCHOBHLIMU BENMMMMHAMU B YKa3aHHLIX CUCTEM:

eauHULL.

B.H. MNyrasoe  (HMO UKTK), A.A. Abpiotw, I.C. Kapacwii=

3HayeHne e[|MHML, OCHOBAHHLIX Ha KUNorpaMM-CHIe W Kanopum,
B eanHMLax CH, KpaTHbIX B AONbHLIX OT HHX

3HaueHue B
HaumeHoBsaHne BenuyvH O6osHaueHne 3HaveHue B efuHuLax,
eguHMLax CH OCHOBaHHbIX Ha
Kunorpamm - cune un
Kanopuu

[asnetve D 1 MNa 10,2 kre/om?
Auransnua (yaensHas) Ii 1 kw/wr 0,239 kKan/kr
TennoemkocTs (ynenbHas) c 1 k/(kr-K) 0,239 kkan/(kr-°C)

1 k(e K) 0,239 kxan/(M>-°C)
Ternoeoi NoTok (KonuyecTso Q 187 0,B6 kkan/u
TEnNoTHI)
KoaththUuUeHT AUHAMUYEeCKOH u 1Mac 0,102 Kre-cexk/m®
BASKOCTH
KoaththuumeHT A 1 Be/(MK) 0,86 kxan/(m-4-°C)
TennonpoBOOHOCTH
KoathhuUMEHT TennooTAauM, o, k 1 Br/(m?K) 0,86 kkan/(m*y-°C)
TENnonepeaaYu
| €nfoBOE HANPSAKEHUE Gy 1 Brim® 0,86 kkan/(m>y)

ofbemMa TornkKu

Tennosoe HanpsxeHue G 1B/ 0,86 Kkan/(M* )
NroLann CeveHns ToMkKu




Inaga 1. O6wme nonoxerun 9

FMABA NEPBAA

OBLLUMUE NONOXEHUA

1-01. <TennoBoil pacyer KOTNOB> CONEPXUT METoaUYEcKue YKa3aHuA, CcnpapoyHEle Marepuanb,
pacyetHbie  (POPMYNbl U HOMOrpamMe), HeOOXOAUMBbIE - [N BHINOMHEHUR MOBEPONMHOrO U
KOHCTPYKTVMBHOIO (MPOEeKTHOr0) TeNsoBsIX pacyeToB KOTNOB,

1-02. B noBepoYHOM TENNOBOM pacyeTe MO MPUHATON KOHCTPYKUMW W pasMepam Kotna anm
3afjanHbIX Harpysku ¥ BUga Tonnvea onpepensioT TeMneparypel BOAbL!, Napa, Boagyxa W rasoB Ha
rpaHMuax Mexgdy ovaefbHbiMU NOBEePXHOCTAMIN Harpesa, KoadhthuLMeHT NoNesHoro AeicTeMA, pacxos,
Tornnuea, pacxoq ¥ CKOpPoOCTW Napa, BO3Ayxa U AbIMOBLIX MA30B.

MoBepoukbIl pacueT NPOM3BOAAT AJIA OLEHKW NokaaaTeneil 3KOHOMWYHOCTU W HAABNHOCTV KOTna
Npu patore Ha 3afaHHOM TONNUBE, BLIABNEHUA HEOGXOOWUMbBIX PEKOHCTPYKTUBHBIX MEPONPUATU,
sbibopa BCriomorarenbHoro oBopyAoBaHWA U NONMYYEeHWUA MCXOAHLIX MATEpUanocB [NR NpPOBENEHUs
PacyeToBs. aspoaMHAMWHECKOro, rMOpas/U4eckoro, TeMmneparypsl MeTanna u NPoYHOCTU Tpyb,
UHTEHCUBHOCTU 30510BOMO U3Hoca Tpy6, KOppoauu u Ap.

1-03. B KOHCTPYKTMBHOM TEnSIOBOM pacyeTe ONpefensioT pa3Mepbi TONKW W NOBEpXHOCTEd
Harpesa Korna, HeoOxoaumelx Ana obecneveHnn HOMUHaNbHOR (HaubonbLuei) Npou3aBoaUTENBHOCTY B
ANUTENBHOW 3KCMIyartauuy npu HOMUHANLHLIX BeNUuUWHAX NapameTpos napa v NUTATENbLHON BOmb,
MPUHATLIX NOKa3aTenaAx 3KOHOMUYHOCTU U XapakTepucTukax Tonnuvea.

PeayneraTht  KOHCTPYKTMBHOrO pacuera MCNONb3yloTcd A8  Buifopa  BCMOMOraresisHoro
060pynosaHA U OLEHKN a3POANHAMUYECKUX, TMAPABIMYECKNX, NPOYHOCTHBIX U APYTUX XapaKTepMCTUK
HaJIeKHOCTU KOTNA.

1-04. 3apaHuve ONA NOBEPOYHOro TENOBOrO pacyera KoTna AONKHO cogepxarb cregywoujue
flaHHbe:

a) uepTeXu KOTfla U CBEAEeHUA O KOHCTPYKUMM W pasmepax TONKM, MOBEepXHOCTed Harpesa u
rasoxofoB, HeobxoguMble mnA OnNpefeneHns KOHCTPYKTUBHBIX XapakTepucTUK, WUCTIoNbayeMniX 8
pacyeTe, cxembl QBUKEHURA TennoHocuTenei,

6) XxapaKTepuCTUKU TONNUBA;

B) MPOU3BOAMTENLHOCTL KOTAA, ABB/IEHEe V1 TEMNEpaTyphi NUTATErNLHOR BOAL W NepPerpeToro napa
nepem, rnasHoi NapoBoy 3aBUWKKOIA,

r) pacxop v napameTpsl BTOPUYHOIO Mapa Ha BXOME W BLIXOAE U3 NPOMEXYTOUHLIX Neperpesatenei
(npu nx HanuynK);

n) pacxof HachilLleHHoro napa (npy or6ope napa ua 6apabaxa korna);

€) BenuuuHy HenpepHBHON NPORYBKY;

*) Mecra oT6opa 1 c6poca BNpLICKOB, 6aiinacos, PeLUpKyNAUMK pabouunx Cpefl, UX KONUYecTsa;

3) ANA KOTNOB Ha TBEPAOM TONNUBE AaHHLIE Pacyera CUCTEMbI NbINENPUIOTORNEHUR: KONWMECTBO
aspocMecH, NEepBUMHOTD BO3fyXa © TONOYHLIX ra30B, OTOMpaeMbix Ha CyllKy, KONWYecTBo
NPUCOCAHHONO BO3flyXa B cUCTEME NbINeNPUroTOBNEHUR, BNaXXHOCTL U TeMMepaTypy Nbinn.

1-05. (lpu KOHCTPYKTUBHOM (NpoEKTHOM) TEniIoBOM pacyere 3afaHue [AOMKHO CcopepXaTth
CHegeHns O KOMNOHOBKE KOTNa, cUcTeMe NbenpuroTOREeHUA, TUNE TONOYHOMo YCTPOICTBA; MyHKTLI
«6= - =35 T Xe, YTO U B 330aHUM HA NOBEPOYHLIY TEMNNOBOI pacyer.

TemnepaTypy yXOOAlLVX Fa3OE W FOPAYEro BO3AyXa ykasbiBaloT B 3afjaHuu win Bwibupaiotr B
COOTEeTCTBUA € peKoMeHgauuamMu npunoxenus Il 1M KOHKpeTHbBIMW  yCroBuAMYU  obbekTa

NpoeKTUpOBaHWA.
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I'TIABA BTOPAS

TonnuBoO

2-A. Teepaoe M Xuagkoe TonMBEo
a) Tennota cropaHus

2-01. Tennota cropaHus TBEpAOro W JKUOKOFO TONAMBA NPUHUMAETCA NO  AAHHBIM
KanopUmeTpuieckux onpepeneqwin. Mcnonbsopaxue ans pacvera 3HauveHWid TennoTel cropaHus,
NOACHUTAHHBIX NO COCTaBRY TONAWBA NPU NOMOLLU SMNUPUYECKUX (hOPMYN, HE peKoMeHayeTeA,

2-02. Tennora cropaHus Bbicilasn Q: BLIYUCTIRETCA NO TENsoTe CropaHna B KanopuMeTpUYecKom

Gombe (g , UCNPaBEHHOM C YUETOM TENOTb KUCAOTOOBPA3OBAHMA NPYU CXUFAHINN HABECK TONAVEA

Q2 =05 —(BS; +aQ2), kiwkr, (2-01)
rAe - KOAhMUUMEHT, YYUTHIBAIOLMA Tennoty obpasocBanuA CEPHON KWUCNOTBI NPU  OKUCHEHUM
NPOAYKTOR cropesiuei B 6ombe cepbl S, %, or SO, go SO; u pPacTEOPEHVWN nocneaHeil

B BOfie. YMCreHHO 3TOT KoathuLMeHT paseH 94 kIlx Ha 1 % cepbi;

0 - KOAPPULUEHT, YUUTHIBAIOLLMI TennoTy obpa3oBaHus a3oTHON KUCTIOTHI, ¥ pasHblia: 0,001 pnn
TOLLMX yrreid, adTpauuros w xuakoro tornnuea u 0,0015 - ans Apyrux yrneil, cnadues u
Topcha

2-03. TennuTa cropaHvs HUSLLas Q) HAXOOWTCA BLMUTAHMEM U3 TENNOTH CrOPaHWs BhICLLe Q.

TEeMNOTH Napoobpa3oBaHvA BOAb, COAEPXAWedcH B TOnAuee W o6pasyioleiics NpW cropaHum
80fopona Tonnvea

0 =0, —2442(W +894H), wwir. (2-02)

2-04. Mpu cxUraHun B kanopumeTpuyeckoi Gombe cnaHues v Apyrux TONAWE, cofepxaLux

kapboHamhl, nocnegHre B GONbLUMHCTBE CryYaeB PasnaraloTcs MOIHOCTLIO. Moaromy Tennota

cropatun no (2-02) npu KanopUMeTpUpoBaHUM Onpegensiercs © y4erom Tennosoro achcekTa

paanoxerus kap6oHatos - [-40(CO,),eel, KOm/Kr.

6) PasnuyHble Macchk! TONNWBa U NepecyeT XxapakTepUCTUK C OAHON MacChl Ha ADYIVIo

2-05. XapakTepucTUKi TONNUBA MOryT ObiTe OTHECEHb!:

- k paboyeii Macce Tonnuea (0603HayaeMoil UHABKCOM «rs), T.e. K TOMNUBY B TOM BUfiE, B KOTOPOM
OHO NocTynaeT andA noTpebnexus (B KOTenbHYI0, Ha NLINe3aBoM U T.1.);

- K cyxoit macce (0603nauaemMoil UHAEKCOM «ds), T.€. K TonnuBy, He cogepxalliemMy Bnaru;

- K cyxoil beazonsHoii macce (06o3Hauaemoii MHOEKCOM «daf), T.e. k ycrioeHoll Macce Tonnuea sa
BLIYETOM Macchl obLued Bnaru v 3onsl.

Lina BCcex Tonnue, KpOMe CopepXalLVX 3aMETHOE KONNYECTRo kapboHaros, aa cyxylo 6e330nbHyI0
macey npurumaior (100-W-4), rae 100 - pabouan unu asanumuyeckas macca Tonnusa, %.

Ans Tonnue c conepxatuem kapboratos Gonee 2 % 3a Cyxyio 6330MbHYI0 MAcCy NPUHIUMAIOT

100-W - 4,,, -(CO,),,.

roe (CO,),s - conepxakue nuokcuaa yrmepopa kapboHaros, %;
A yonp - 30NbHOCTE 63 yuera cynbcharos, 06pasOBaBILMXCA NPU Pa3noXeHUWn KapboHaTos, u
C Monpaskoii Ha cropaxlue cepbl NUPUTHOMN, %.
Ong paGouei macchl

Ay = A - [25(52 - 55, )+0,3755¢

roe S : - coflepXaHue cepbl B NabopaTopHOil 30N B NPOLIEHTAX K Macce TONNuea;

100 - W,
e 55, (2-03)

Sgc,. - copepXaHue cynbchaTtHoll cepbl B Tonnuee, %;

S: - cofiepXaHue NUpUTHo cepbl 8 Tonnuee, % .
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Mpu  otcyTcTBUM  NabopartopHbiX  [laHHBIX  ©  COmEepXaHuu  cynbchatoB  BenWHUHY
[2,5(8: —Sgo‘)+0,3753:] NPUHUMAICT PaBHOll [ANA SCTOHCKUX W NEHWHrpagckux cnanues 2,0,
Kalpekux - 4,1

Takan ocobeHHOCTb pacuyeTa OObACHAETCA TeM, 4TO [pW FopeHud Tonnue ¢ GonbLuviM
conepxanuem kapboHatos nocneghve (B ocHosHom CaCO; MgCO; w FeCO;) pasnaraotcs Ha
okeup Metanna u CO,. Okcuab MeTannoB OCTAOTCA B 30M€ W B pesynbrare 4acTUYHOro
npucoearHEHUA OKCUAOB cephl obpasyoT cynsdarsl.

Wz onpepenexuil Kaxoi Maccsl TONnuea (KpoMe cnakiies) CneayioT COOTHOLIEHUR!

C'+H +N" +0" + 8, +S, + A" + W} =100%;

C+H+N*+0° + 8 + 8] + A° =100%;

C*™ + H®™ + N™ + 0™ + 5 + S5 =100%.

[ins ropiouux cnamues k 3onsHoctw A" n A% cnepyer npubasute cofiepxanue Avokcwaa yrnepoga
KapBOoHATOB COOTBETCTBEHHO ((:'-‘.’31):‘”E " (CO,):”.

2-06. MNepecueT cocTasa TONNWBA, BbIXOAA JIETYYUX BELLECTB 1 BbICLLEH TENNOTH GropaHna C OAHOM
Macchl TONAWBA Ha ApYryIo MPOU3BOANTCS B cooTBETCTBUM C Tabn. 2-1.

Tabnuya 2-1
3apanHan macca Vickoman macca Tonnuea
Tonnwvea
pabouas cyxas cyxan beazonbHas
100 100
Pabouan 1 100— W 100-W - A'
C 100~ Hj; ﬂ_
yxan 100 1 100- A°
100~ - A 100 A ’
Cyxasn GeazonbHan 100 100

DNna cnaHues nepecuet coctasa (C, H, N, O, S, S.) v BicLLIEl TennoTs cropaqus ¢ paboveit
MACCH Ha Cyxylo 6e330MbHYI0 Maccy NPOU3BOAMTCA MPU NOMOLLY MHOXMTENA

100
100~ W, = A)er, —(CO,).

3neMenTHLIl COCTAB U BLICLUAR TEMnoTa cropaxus paboueil Maccs Torumea BnaxHocTeio Wy u

sonsHocTsio A] Ha maccy enaxHocTeio W, u sonbHocteio A, (npu HewsmeHHom coctase CyXoil
100-W,, — 4,
00—, - 4;

Mpy conepxanui 8 Tonnuse auokcuna yrnepona kapboratos (CO,), ., nepecuet npouasopuTes
YMHOXEHUEM Ha OTHOLLEHUe

6e330NBHON Macchl) MepecUUTHBAIOTCH YMHOXeHUeM Ha OTHOLUEeHUe

r

100~ W, — Arenz —(COs ),
100~ Wy — Aeng —(CO,).
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2-07. Huslwan Tensiota cropaHuA TOMNnNUBa rMoacYUTLHIBAETCA Mo hopMynam

O = 0; -2442(W; +894H"), wibwxr; (2-04)

Q" =Qf -220H", «Dwkr; (2-05)

O™ =0 - 220H™ | whowwr; (2-06)
100- W' -4

=0 m{t) 4 —2442W , kOwxr. (2-07)

Huawas Tennora cropaHus paboueil Macce Tonnmuea snaxHocTbio W, nepecuuTsiBaeTcs Ha
Tonnueo anaxHocTeo W, no dopmyne

100 - Wy
0 = (01 + 244207 ) g0~ 2442 i e

100 — W5
Mpw wamexeHun 30nbHOCTU paboyeil Macchl TONNUBA MPU HEUIMEHHON BNAXHOCTU Mepecyer o
npouseocauTca No chopMyne

100-W; - A4,
0% = (04 + 2402 )01 — 4

"00-W, - A

Mpu oaHOBPEMEHHOM USMEHEHUW BNIZKHOCTU U 307bHOCTY [11A MepecyeTa ucronbayercs copmyna

- A 100— WS — AL
G = (G + 20 )i — s

~ 24 42W , kOw/Kr. (2-09)

—24,42W,,, kLK. (2-10)

B) Knaccuduka mew

2-08. B coorBetcTRMM C cywecTeyiolweil knaccucdpuKkauven (TOCT 25543) uckonaemsie yrnu
MOAPasAenfloTcA Ha TPU BUAA B 3ABUCUMOCTU OT OCHOBHBIX MEeHETU4ECKUX npuaHakos (tabn. 2-2). B
KayecTee NpUsHAKOB paccMaTPMBAaIOTCHA: CPeAHWA NoKazatenb OTpaXeHWs BUTPUHUTA R,, Tennorta
cropaqus BnaxHoil 6es3onsHol Maccsl Q," U BLIXOA JIETYHUX BeLLECTB Ha cyXylo 6e33onbHyio Maccy
e,

Tabmuya 2-2
Cpepruii nokaszarens Tennota cropaqus Buixon neryuux
Bup yrns g
oTpaxeHun euTpuHuTa K, 2 MOw/kr BELLIECTB
% Ve %
Bypuiii yrone mexee 0,6 Menee 24 -
KametrHbiii yronb or 0,4 po 2,59 24 v 6onee 8 v 6onee
AHTpauuT or 2,20 u 6onee - Metee 8

B 3a8MCUMOCTW OT TeXHONOrUHECKWX CBOIMCTE 6ypuie YrnW, KaMEHHWE Yri4 W aHTPaLuTH
06beanHAIOTCA B TeXHONOMMHECKUe MapKy, rpynnsl U Noarpynns.
2-09. byptle yriv B 3aBUCUMOCTM OT BENUYUHLI MAKCUMANbHON BIarceMKocTy Ha 6es3aonsHoe

TONUBO W;;x Aenstca Ha Tpu rpynnel.. K rpynne 1B omiocarca Gypuie yrmu ¢ MakcumansHoit

B/TAroeMKOoCTLIO W,:L. pasHoii 50 % v Gonee, K rpynne 2B - yrnu ¢ MakcUMansHol BlarceMKocTuIo OT

30 po 50 %, K rpynne 36 - yrnu ¢ MakcuMmansHoil BnaroemMkocTsio Mexee 30 %.

Bypuie yrnu xapakrepusylotcs esicokum (6onee 40 %) Buixopom neTyuux BeLUEecTs Ha Cyxylo
GeazonsHylo Maccy V| HecneKiMMCA KOKCOBBIM OCTATKOM, BHICOKOI MUrPOCKONWYHOCTHIO U B
GonbluMHCTBE CNy4aeB BLICOKOW O6LEll BNAKHOCTLIO, MOHWKEHHBIM COAEPXAHUEM yrnepoga u

NoBbILLEHHBIM - Kucnopona. MNpu cyllike Ha Bo3pyxe Gypble yriv TepRioT MEXaHWYECKYIO MPOYHOCTL U
pacTpeckusaioTcs, 0613aloT NOBLILLEHHO CKNOHHOCTBIO K CaMOBO3IOPaHuIo.
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2-10. KameHHbie yrnu 1 aHTpaluThl B 3aBUCMMOCTW OT BhIXOfa JeTyuux BeLuecTs !y ronuuHi
NacTUHECKOro Cnoa JenATCA Ha TeXHoNnoruYeckue Mapky, KOTopeaie B CBOIO ovepedb Noapa3nensioTca
Ha rpynnet. Mepeyuens u obosHayeHue Mapok U rpynmn npuseneHs B Tabnuue 2-3.

Tabrmuya 2-3

Mapka Ipynna
OnunHonnamerHbii, [ =
Inunmonnamernid, [, [ -
lasosuiid, I ir, ar
[a30BbIil KUPHLIR oToLLerHbIR, KO 1MKO, 2MK0
lazoBbiil XUpHBIA, K 1K, 2K
HKuphbit, XK 1K, 2XK
Kokcosuilt xupHbil, KX -
Kokcosuil, K 1K, 2K
Kokcosuiii otoluesnsin, KO 1KO, 2KO
Kokcosulli cnabocnekaiowmiics -
HuakoMeTamopdpuaosaHHbi, KCH
Kokcosuiii cnabocnekalowwiica, KC 1KC, 2KC
OrolileHHsiit cnekaowuiica, OC 10C, 20C
Towwmia cnexalowuiica, TC -
Cnabocnekaiowmwiica, CC 1CC, 2CC, 3CC
Towwmis, T 1T,2T
AnTpauuT, A 1A, 2A, 3A

2-11. [Npu paccopTUpOBKe MO KPYNHOCTU (FPOXO4EHIAM) UCKoNaeMbie yrnu U Cliaxlibl pasaensioTes
Ha Knaccsl B cooTeercTeum ¢ TOCT 19242 (rabnuua 2-4).

Tabnuya 2-4
HaumenoBaHue Knaccos O6oanaueHue Paamep kyckoB, MM
MAUTHBIR n 100-200 (300)
KpynHuiit K 50-100
Opex (@] 25-50
Mesnkuit M 13-25
Cemeuko Cc 6-13
L6 L 0-6
Psgnosoit P 0-200 (300)

B HEKOTOpLIX CAyYasX AOMYCKaeTcA NPW MapKupoBke TOMNUBa U3MeHATb B Knaccax npepensi

kpynHoct: 100 MM Ha 80 MM, 50 MM Ha 40 MM, 25 MM Ha 20 MM, 13 MM Ha 10 Mm, 6 Mm Ha 5 (8) mm,
nubo ucnonb3osaTs CcoBMelledHbie kKnaces K, OM, MC, OMCLU, MCLL, CLL. BepxHuiA npepen
300 MM pacnpoCTPAHAETCS TONBKO Ha NPEANPUATUA C OTKPLITBIM CMOCOGOM AO6bLIMN.

2-12. Npu oboralleHun yrneit MOKpsIM U CyXuM criocobamu paanuualoT cregyloliiue NpoayKTH
oBOralleHus; MaNo30/bHBIA KOHLIBHTPaT, BLICOKO30/bHBIA MPOMMNPOAYKT, npepcTagnaiowul  coboil
CPOCTKU YA C nopopoil, HeoBoralwaemsie orcess Menkux knaccog 0-6 mMm, 0-13 mm, 0-25 MM un
winam KpynHocTbio 0-1 MM C MOBLILLIEHHONR 30/IBHOCTBIO, @ TaKke MOpoAy W XBOCTHI, yAanRemMbie B
oTBal.

2-13. lNpusefenHaR Buille KNaccWPUKaUWA He OXBaThiBaeT WUCKONaemble yrniw, MNoaBepruvecs
OKUCNEHWIO B MPUPOAHLIX YCNOBUAX B nNepuop (hOPMUPOBaHUS YroflbHbiX 3anexe. [pumepom
OKMCSIEHHBIX Yrrieil MOryT CryXuTs KameHHbie yrnu Kyaxeukoro 6acceiita nepsoit u BTOpPOi rpynnsi
OKUCIIEHHOCTH, caxucTuie (BhiseTpenHbie) Gypuie yrnu KaHcko-AumHckoro bacceiiHa W HeKoTopbie

Apyrue. % -
OKUCneHHbie YrM  XapaKTepuayloTCs [MOHWKEHHON BbiClUel TensioTol CropaHus Ha Cyxyio

6e33onbHylo  Maccy Qf" (I rpynna okucnenHocTw Ha 10%, Il rpynna-a 25 %), noBLILLEHHOM
30MLHOCTBIO W BIAXHOCTLIO, 4HACTWMHOW WM TMONHOW MoTepell crnekaemocTn. Tak, Hanmpumep,

HeoKUcnexHsle yrnu mapku [P KysHelkoro 6acceiina noazemMHolt nobuiMn UMEeoT Qf" =32,3 MD/kr



14 nasa 2. Tonnueo

w W =12%; yrulrpynns okucnensocty [APOK|  xapakrepusyloTcR  Tensiovoll  CropaHus
Qf‘" =30,8 MOw/kr u W) =15 %; yrnu Il rpynne okucnenHoctu JPOKI umetor Q:" =28,5 MIw/Kr u
W' =18 %.

r) Knaccudukaims ropda

2-14. Torumekbil chpesepHbliil Topd, NMPeAHasHAYEHHBIA ANA MBLNEBUAHONO CXKUraHuA, QoNXeH
YAOBNETBOPATL Cleaylowum Tpebosanuam (rabnuua 2-5).

Tabnuya 2-5
Hawmerosanne nokasarens Hopma
Copepxarve obweit snaru W', % , ve 6onee 52
3onbHocTe A, %, He Gonee 23
3acopeHHOCTL MOCTOPOHHUMI FORIOYUMU NPUMeCAMU 8
(kycku pasmepom He Gonee 25 Mm), %, He Gonee

Knaccudukauus X Tonnue

2-15. B cooreercteuv ¢ MOCT 10585 B KauecTBe »MEAKOrO KOTESbHOIO TOMnMBa MPUMEHRETCA
ocTaTouHbilt NpoayKT HedTenepepaboTky - masyT asyx Mapok: 40 u 100.
Mapka Tonnuea onpeaenfeTca NMpeaenbHoN BenuquHoit BRskocTy npu B0 °C , cocTaensiowei:
ons mazyta 40 - 8,0 rpagycos ycnosHoit ssakoctu (°BY);
Bns MasyTa 100 - 16,0 rpaaycos ycnosHoil sazkoctu (°BY) .
NpenensHan sonbHocTy (A“) maayTos 40 n 100 ycraHosneHa:
ANs ManosonsHuix MasyTos - 0,04 u 0,05 % cooTBeTCTBEHHO,
[ONA 30/bHBIX Ma3yToB -0,12 u 0,14 % cooTBeTCTBEHHO.
Mo CoREepXaHUIo Cepsl MasyThi PasaensioTca Ha HUsKocepHucTaie (MaccoBan nons cephl < 0,5 %),
manocepHucTsie (< 1,0 %), cepHucTsie (< 2,0 %) u BricokocepHucTyie (< 3,5 %).
B pane cnyyaes B Ka4ecTBe KOTENLHOIO TOM/MBA WCTIOfbL3yercs cbipas wiu obecconexHas u
oTbeHaueHHan HedbTb, 3TU XUQKUe TONNIMBa Pe3KO OTAUMAINTCA OT MasyToB NO COAePXKaHUIo Nerkux
thpaKLuit, B CBR3U C 4eM OHU TpebyloT crieuuansHo 06opyacBaHHOMO TONAIUBHOIO XO3AHCTEA.

2-B. NasoobpasHoe TOISIMBO

2-16. lazcobpasHoe TonnuWBO npepcTasnsaeT coboli cMechb rOPIOYUX U HEropIoYUX a3os,
COpepXallylo HEKOTOPOE KONMMUECTBO fMpWMeceil B Buae BOASHOrO Napa u N (MexaHuveckue
npumMecy).

2-17. PaanuaioT cnepylollue suabl rasoobpasHoro TONAUea: NPUPoAHbLIE rassl, NnomyTHsie rass u
NpOMBILLNeHHEE rassl (AoMeHHBIl, KOKCOBBIIA, CUHTe3-ras).

@DuavKo-XMMUYEcKue MokasaTtenu MNpupogHoro ropiodero rasa onpegensiotcs FOCT 5542,
corflacHo KOTOpPOMy TerinoTta cropawus Huswas npu 20 °C v 101,3 klMa g:onm-ua 6biTh HE MeHee
31,8 MIx/nm® (7600 kkan/m®), conepwanue ceposopopona He 6onee 0,02 rim°, MepKanTaHoBOWN cepbl -
e Gonee 0,036 rim”.

[omeHHbill ras nepep NMocTynieHduem K notpebutenio NMopBepraeTcs OXNaXAeHUIO U O4UCTKe OT
neM 8 ckpybbepax wunu pesvHTerparopax. [lorpeburenio NopaeTcs ras, HaCLILEHHLIA ol n
copepxawuii neb 8 Konudectse 0,1 - 1,0 rim® npu ckpy66epHoii ouuctke u 0,01 - 0,3 /M’ npu
O4UCTKE B Je3uHTerpatopax. B HeouulLeHHOM rase cofepXurca 7-12 rim® nuinu. [lomenHsid ras npu
BhiNnaske hepPOCUNVLUA COAEPXUT 3HauUTeNbHO 6ONbLUEE KONUYECTBO NbIW.

Kokcosbiii ras, kak npaswnio, HanpaenseTcs notpebutenio rocne o4UCTKU oT cMonbl, Gexsona,
HadpTanuHa U ammuaxa («obparHblil rass). OuyuliieHHbIl Fas COREpPKUT Cneabl CMOnLI, NMbMU U Ao 4 v’
6eHaona. BnarocopepxaHue ero cooTeBeTcTEyeT Hachiermio npu 25-35 °C. B HeouulenHoM rase
copepHuTcA no 27-32 rim® Bensona, creps cMonl, HachTanuka ¥ ammuaka.

2-18. Coctae rasocbpasHorc Tonnusa 3ajaercR B NMpouedtax no ofvemy, v BCe pac4ersl
OTHOCATCA K KyBUECKOMyY METpy CyXoro rasa npu HopMmansheix yenosusx (101,3 kMa u 0 °C).

2-19. Tennora cropaqus rasocobpasHoro ToNAea NPUHUMAETCH NO KaJOPUMETPUHECKUM AaHHbIM.
Mpy OTCYTCTBMW TaKUX [aHHbX Ternota cropadus 1 M®  rasa Npu HOPMAaNbHbIX YCAOBURX
nopc4UTHIBAETCH Mo hopMyne cMeLleHus

0! =000 H,S +QcoCO+Qu Hy + .00, o, | W, (2-11)
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rae Oys. Oco W T.A. - TennoTa cropaus Kaxaoro rasa, BXOAALEro B cocTas Tonnusa, KIk/m®

H,S, COMTA. - copepratine otpensHbiX rasos B Tonnuse 8 % no obbemy.
2-20. Tennota cropaHua OTAEnbHbLIX rasoR, BXOAALUMX B cOCTae rasoobpaaHoro Tonnuea,

npusenexa s Tabnuue 2-6.
Tabnuya 2-6
Haumerosarue | O6oska- |  inotHocts p, kr/mM® Tennora cropanus Huawas Q°
rasa ueHue
Mbi/m® KKan/m®
Meran CH, 0,717 35,88 8570
3ran CoHl 1,355 64,36 15 370
Mponax CaHg 2,009 93,18 22 260
Byran CoH o 2,697 123,156 29 415
MexTaH CsHiz 3,454 156,63 37 410
lexcan CBH“ 3,848 173,17 41 360
FenraH C;Hyg 4,474 200,55 47 900
SmuneH CoH, 1,251 59,06 14 107
Mponunex C3Hyg 1,877 86,00 20 541
Bytunen CoHa 2,503 113,51 27 111
Gewzon CeHs 3,485 140,38 33528
Asor N, 1,250
Bopopon H, 0,090 10,79 2580
Neyokucs yrnepoga CO, 1,977
Oxuce yrnepoga CcO 1,250 12,64 3020
Kucricpog - (o5 1,428 -
Ceposopopon H.S 1,536 23,37 5 580

MpumesaHue. Mpu noacuete p 1 Qi‘1 obkem KWNOMONA rasa NpuHAT pasHeiM 22,41 M (KaK ana waeansHoro
raaa). 3xaueHuA NNOTHOCTI rasoe gaxsl Npu 0 °C u 101,3 klMa.

Npy copepXanuu B Tornuee ao 3 % HenpenenbHLiX YrfesoAopoaos HEW3BECTHOro CocTaBa ux
MPUHAMAIOT COCTORALUMMM U3 STWIeHa; AR rasa KOKCOBLIX nevei Q,d HeMpeaenkHLIX Yyrnesoaopoaos
HEW3BECTHOrO COCTaBa NPUHUMaloT pasHoit 71,18 MIx/m® .

2-B. Cmecu Tonnue
2-21. Mpw ckuraHuu cMecu OByX TBEPAbIX WAW XKUAKUX TOMNWUB, 3afaHHON MacCOBLIMW AOAAMW
(g’ - nons opHoro us TONNUB), TennoTa cropasuA 1 Kr cMecu
O =(Q)'g +(Q)(1-g'). xhxxr. (2-12)
2-22. Ecnv cmeck 3ajaHa B A0NAX MO TENoBbifeneHnio Kaxgoro Tonnuea (g' - aona ogHoro ua
TONNUB), To ANR rMepexoia K MacCcoBLiM AONAM UchofbayeTcn hopMmyna
g, B qr(Q:)n
g'(Q)" +(1-g'NQ)'
2-23. MNpu cXUraHu CMecU TBepaoro WK XWAKOro Tornnuea ¢ rascobpasHbiM pacuyeT YCnoBHO
BefeTcs He Ha 1 Kr cxuraeMoil cmecu, a Ha 1 Kr TBepfioro (XUAKOro) TOMIUBA € Y4ETOM Konuuectsa

razoobpasHoro Tonnuea X, m®, npuxopslleroca Ha 1xr Teepporo (kupkoro) Tonnuea. Ycnoswuas
TennoTa cropaHua cMecu

(2-13)

O =(Q)) +x-(Q°)" . xhwr, (2-14)

rae (QF)', (Q)" - vuawas Tennora cropaHus Teeprioro (kupkoro) Tornmea, KK/, u
rasoobpasHoro Tonnmsa, kIx/m®.
Ecnu cMmecs 3ajiaHa No ACNAM TernnosbifieNleHus KaXaoro Toruuea (QonA TBepaoro wiv Xuakoro
TONNUBa 8 CyMMAapHOM TennoBbigeneHuy §' v gons rasa 1— g’ ), To konuyecTeo rasa, NpuxoaALLerocs
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Ha 1 kr Teepaoro (xuakoro) Tornusa, cocrasnaert
I-q' O
p= — M
q! Qid
2-I'. PacyeTHbie XapakTepMCTUKM TONNMBa

2-24. [Ina esibopa pacyeTHLIX XapaKTepUCTUK TOMMUBa NPOeKTHOE 3ajaHue AO/IKHO COopepXarh
cnegyoLlue ceeneHus.

ANA aHTpauuTa, KameHHbix W Oypeix yrmeil U cnaues - MEeCTOPOXAeHWe, MapKy v Kiacc no
pa3mepam KYCKOB,

nns otxonos oboralyeHus yrneli - mMecTopoxaeHue, Mapky oboralleHHoro yraa u cnocod
oboraleHus (cyxoe, Mokpoe),

ana toptha - criocob pobuiuu (Kyckosoil, hpesephbit);

ANA APeBecHOro TOrIWBa - pasMepbl KYCKOB,

ANA ApeBecHbiX OTXOROB - XapaKkTep Npon3BoacTea;

ANA MaayTa - MapKy W CepHUCTOCTD;

ANA MPUPOAHOrO rasa - rasonpoBoa WM paiioH nobbmu, XapakTep mecTopoXaeHua (4McTo
raaopoe, HedpTerasosoe);

ANA UCKYCCTBEHHOTO (MPOMBILLNEHHOro) razoo6pasHoro TonnMea - BUA rasa, UCXOAHOe TOM/MBO,
cnocobbl NPOWSBOACTEA Ui OHUCTKU.

Beugy Toro, Yrto copepxaHue npumeceil B rasocbpasHom TonAvee, a Takke Temneparypa u
[aBneHne Npu NOCTYNEHU K NOTPebUTeNio NOABEPKeHb 3HAUUTENbHLIM Kone6aHuAM, 3TU BESTUHUHLI
ONA KAKA0ro KOHKPETHOMO Chy4an AoMmHsl 6biTh CeLMantHo YToUHEHL

Ons oueHKu BpenHuix Buibpocos B atmocdepy NMpu cXuraHuv Teepgoro Tonnuwsa u Bblbopa
HeoOXOAUMOro rascoqUCTHOrC o6OpYncBaHUA B KAXOOM KOHKPeTHOM crydae Heobxoaumo
LONONHUTENBHO ONpeaenATs CopepXaHue B TONNUBe BpeHbIX KoMroHeHToB (xiopa, dhTopa, okeunoe
TRXENLIX METANNOB).

2-25. B rabnuuax |, Il v IV npuBenersl ycpepHeHHbIE pacyeTHbIe XapakTepucTUK OCHOBHEIX BUAOS
1 MAPOK 3HEePreTU4ecKUX ToNnNue. 31U paHHLe He MOTYT PacCMaTPUBATLCA Kak MOCTOAHHLIE U TBEPAD
yCTAHOBNEHHLIE HOPMAaTUBL. XapaKTepucTUKK TBEpAOro TONWBa OTHOCATCH, B OCHOBHOM, K PAOCBOMY
neoborallieHHOMY TOMMUBY, 3@ UCKITIOYEHNEM IPOXCHEHHbIX aHTpaluToB [oHbacca.

B 1a6n. | npuseneHs Takxe 3Hakenus W, u A° Tonnuea yxyalueHHoro kauecTsa, BOSMOXHOCTL

6onee WM MeHee LNUTENBHOIO MOCTYINEHUA KOTOPOro cnefyer yuWTbiBate MpU MpoeKTUpOBaHUU
OTAENbHLIX KOTAOB UK NPEeANPUATWRA.

B o6beM neryyux BeLLecTs, NpusegeHHsIi B Tabn. |, BkNioveHsl BogaHee Napsl, obpasyowuecs npy
paanoxeswy ruapartHolt  (kpuctannusauwonHoi) soaw. [oplouve neryuse, onpepensioume
peakuUoHHYIo cnocobHOCTL ToNNUea, HaxopaTes no dopmyne

(V' =W, 100

Sxr. (2-15)

Vi = P % (2-16)
M 100 - (A% + W)
100 W, — A"
Woo =01A4° %; Ve=pS ————
e 100 - W,

B kauecTse xapaktepucTuk 3onul B Tabn. Il npuseaens Temneparypsl nnaskocty [, ,lg,l. #

napameTpsi, onpeaensioliue CBOIICTEa PacnnaBoB 30Nbl, NOMy4YeHHbIE Ha OCHOBaHUW WUCCHenoBaHni
naboparopHoii 305kl TOMUIUB, a TaKXe TeMneparypa Hayana LWNakoBaHus:

I~ Temneparypa Hayana UCTUHHO XUAKOrO COCTORHUA, °C. VICTUHHO XUAKUM HasbiBaeTCH Takoe
COCTORHUE, MPU KOTOPOM pacnnae MoaqWMHAETCH 3aKoHy TeueHus HbloToHa; [, onpepensercr
no rpachukam 3aBUCMMOCTW BASKOCTE - TeMMepaTypa KaK TOuKa PacXOXAEHUR Kpuesbix,
NOJTy4EeHHLIX MPU HArPeBe U OXNaXAeHUN pacriasa 30/s);

Va(t.)- voachbdhuumeHT AuHamuyeckoli BA3KOCTU pacriasa fpu Temnepatype Hadana WCTUHHO
*unkoro coctosHuA, MNa-c;

- Temneparypa Hauana HOPMAaNbHOrO XWAKOro wwnakoynanewun, °C, T.e. Temnepatypa, A0
KOTOPOIA AO/KEH BbiTL HArPET LWNaK NPY BeTekaxuu W3 neTku. Mpu axavenun V(1) < 20 Nac
1. MpUHUMaeTcA paeHoit I,. [pu 3HavenuRx Valto) > 20 Nac, yto Moxer Bbith y LNAKOB
C BLICOKUM  conepXaHuem Si0;, [, NPUHUMAETCA pasHOl Temneparype, fpu KoTopoit
Valt,) <20 Nac;

[
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I alt, )~ KOBhDULMEHT AUHAMUECKOI BASKOCTU pacnnasa npu TeMneparype I, «, MNa-c;
lun- TEMNEpaTYpa Hauana wwnakosaHus, °C - MUHUMANLHaR Temnepatypa yacTuy 307bl, Npu
KOTOpOit 30f1a NpuobpertaeT BA3KONNACTUMECKWE CBOMCTBA, obycnoenusaiowme npununaiue
4acTuL, 30f1bi NPU CoyaapeHun ux ¢ Tpybamu 1 obpasosaHine BTOPUYHBIX OTNOXEHUIA,

CKNOHHOCTE K OOpasoBanWic NPOYHLIX MepBUMHBIX OTNOXEHWH onpegenseTcA NPUCYTCTEMEM B
TOMIVBE MUHEPANbHBIX KOMMOHEHTOB, CMOCOBHBIX MPW OnpeaeneHHbiX YCNOBUAX CeNeKTUBHO
BbfIENATECA Ha Tpybax ¢ obpasaosaHWeM NPOYHOrC NPUCTEHHOrO CIOA, CNOCOBCTRYIOWEro PasBUTAKR
LINaKOBaHUR,

3nemeHTHLIA COCTaB 30M6l TBEpPALIX TOMAuWB obwuHe paercr B dopme okcupos, B tabn. Il stor
cocTaB fiaH B pacuere Ha GeccynschatHylio Maccy. Takas yCcnoBHOCTb OObACHAETCA TeM, 4To GonbLuasn
4acTb CynbchaTos, copepXaluxca 8 nabopartoptoii 3one, obpaayeTcA Npu 030A€HUN HABECKW TONNWBa
BCREefCTBUE CBA3LIBAHWA NPOOAYKTOB CropaHuR cepsl ¢ okcupaamu Mmetannos. Npu cxuraHuu Tonnuea
B TOMnKax cynbcpats 0bpasyioTcA B MeHbLUEM KONVHEeCTBE.

2-26. lpu pacuete CepuiiHEIX KOTNOB XapakTepucTUKW TOMAUB U 30Mbl MOryT NPUHUMATLCH MO
tabnuuam HV. Pacuyetnl koTioB, npegHasHayeHHbX MR KOHKPETHBIX O6LEKTOB, BLIMONHRAKTCSH
€ y4ETOM 3a/IaHHbIX XapakTepucTUK Tonauea.

2-27. Npwu vcrnonb3oBaHUW TOMNNUBA, O KOTOPOM HET fAaHHbiX B Tabnuuax IV, ero pacuerHue
XapaKTepUCTUKW YCTaHaBAMBAIOTCA HA OCHOBaHWW creyuanbHbiX UcCrnenoBaHuil wWnu aHanuwaoe
npeacrasUtenbHbiX Npob, oOTo6paHHLIX MO COOTBETCTBYIOWMUM  WHCTPYKUUAM W METORUKamM
CReUVananpoBaHHbIX OpraHU3aL .

K aHanuaam nomKHL NpenabABNATLCA cnegylollue MUHUMAanbHble TpeboBaHus:

- TENNoTa CropaHuf onpefenAeTca No KanopuMeTpy;

- npepend konebaHuii TernoTs cropaHws cyxoro 6ea3sonbHore Tonnuwea Qf" unu Q,"" pasHsIxX
napTyuiA WK 3a pasnW4HOe BPpeMA He noMXHb NMpesbiwats 630-840 kw/kr;

- pacxoxfieHue TennoTel CropaHuR cyxoil 6e330MbHOI Macch, BHIMUCNEHHOR no dhopmyne
Menpeneesa

0™ =340C*™" +1030H ™" —10%0 - $)™ , wwr, (2-17)
C KanopuMeTpU4ecKUM oOnpefeneHueM He foMkdo npesbiwate 630 kx/kr ANA  Tonnuea
aonbHocThIo <25 % U 840 w[Iw/kr ona tonnuea aonsHocTbio Bonee 25 %. 3w pacxoxneHur-npu
A%<25 % moryT 6GbiTb Kak OTPUUATENsHEIMW, TaK U NonoxuTensHsiMu, a npu 4925 % peaynerars
pacyeta no opmyne Menpeneesa porwHe ObiTh Bhe, 4YeM no Kanopumerpy. B cnyuae
pacxoeHwii, NpeBLILLAIOLMX yKasaHHbIE BbllUE Mpenentl, pesysbTarthl aHaNU3oB A0MKHb ObITh
aabpakoBaHb U oTobpaHb Hoebie Npoby ANA NOBTOPHOD UCCAENOoBaHURA.

[InA CpaBHEHUR pasnuyHbiX aHanuaos (Mnu Npo6) Bce AaHHbie MO 307IbHOCTI W COAEPXAHNIO cephl

8138,,850, NepecuuTHBAOTCA Ha CyXylo Maccy, a No SMEMEHTHOMY COCTagy, TennoTe CropaHus

1 BLiXOQY JleTyyux BelllecTB - Ha cyxylo GeasonbHylo Maccy. B pesynbrate Takoro cpaBHEHUS
ONpenensioTCs pacyeTHbie XapaKTepucTUKK Tonnuea.

CopepxaHue anaru paboveit I,” npuxumaeTca B OCHOBHOM NO TOBAPHBIM UK KEPHOBLIM NpoBam

NpU yCrnoBuy, 4TO MX HAuaNbHaA BAAXHOCTb COXpaHeHa Mpu NOAroToBke MNpob U pocTaBke Mx
g nabopartopuio.

2-28. [lnA pacyera KOT/a Ha TOMNUBE, XAapakTEpPUCTUKU KOTOPOro MpuseaeHsl 8 Tabnuue |,
HO 3aflaHHble 30MLHOCTE UM BAAKHOCTE OTMWYAIOTCA OT YCPEAHEHHHX AaHHbIX, pacuyeTHhe
XapaxkTepucTVKWU TONSIMEA ONpepensaioTcs cornacHo n.n. 2-06 u 2-07 (ecnu TonNbKo 3ajaHHasn BenuuuHa

aonsHocn A% He NpesbiliaeT npefensHo BenuuuHbl A, ykasanHoii B Tabn. | ).
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FMABA TPETbA

PUINYECKUE XAPAKTEPUCTUKU PABOYUX TEN

3-01. B kauecTBe pacyeTHbX thuauyeckx napameTpos pabouunx Ten UcnosbaylTes:

- TENNoeMKocTs ¢, KIx/(m>K);

- KoahhULIMEHT KUHEMATUUECKOIA BASKOCT 'V, M lc:

- koacpchuLmeHT TennonposogHocTy A , Br/(M-K);

- KpUTepuit husuyeckux ceoiicte Pr.

3-02. lMpw ornpefeneHuy NNOTHOCTW ra308 06bEM KUNOMONRA NPUHUMAETCA pasHbM 22,41 ° kak
AnA ugeansHoro rasa npu 0 °C u abcomotHom paeneruy 101,3 kia.

3HayeHun cpefiHuX TEerJIoeMKOCTell BO3[lyXa W ra3oB, BXOAALUUX B MPOAYKTH CropaHus, npu
Temneparypax or 0 go 2300 °C npusegeHsl 8 Tabn. V.

CpenHAR TennOEMKOCTL BNAXHONO BO3fyXa (€, BHUUCIEHA NMpu BnarocopepxaHdun 101 Ha 1 Kr
CyXoro Bo3gyxa W oTHeceHa K 1 M’ cyxoro soanyxa. lpu enarocopepxaxuun d, rikr, TennoeMKocTs
BO3ayxa

Cg = Ccp +0,0016dc,, , KAN/(M*K), (3-01)
FA€ Cep G - TETUIOEBMKOCTU CYXOrO BO3AYXa U BOAAHOTO Napa; NpuHuMalotes no taén. V.

3-03. KoachcdhuuimenTs KMHEMaTUHECKOW BA3KOCTU BO3AYXA U ALIMOBLIX [a30B CPefiHero cocrasa
npu gasnexsuu 101,3 klla n temneparypax or 0 go 2200 °C npencraeneHs B Tabn. VI.
Cocras AbMOBLIX rasoB xapakTepuayertca ofbeMHbLIMU AONAMU BOASHBLIX NAPOB W YrNEeKUcnoro

rasa 1,5 U Fgo,, PABHBIMU napyuanbHeiM OABNEHUSM STUX rasos Mpu faBneHun 101,3 «lla;
CpeaHemy CocTasy rasoB COOTBETCTBYeT 7, o =0,11u Tco, =0,13.

OmknoHeHe Vv OBIMOBLIX a30B 3afaHHOrO CocTaBa OT V, CpefHero cocrasa obycrosnexo
rnagHsiM 06pasoM paanuuHbiM coflepaHuenM BoaaHbIX Napos.

Ha puc. 3.1 npusopurca mHoxutens M, = v/V,, onpepensemuit B 3aBUCUMOCTU OT 7, o U
Temneparypbl rasos. KoadhdpulueHT KuHeMaTU4eckoli BA3KOCTU AHIMOBHIX a30B 3aJjaHHoro coctasa

v=Mv,, Ml (3-02)

3-04. KoatbpuumeHTs TENSIONPOBOAHOCTY BO3AYyXa W ALIMOBLIX ra30B CpeAHero cocrasa
(hy,0=0,11 u 7o, =0,13) npu paenexun 101,3 kMa u Temnepatypax or 0 ao 2200 °C npescTagneHs
B 1abn. VI

OtioHenve KOIGHULWEHTOR TeroNpoBOAHOCTY MPOOYKTOS MONKOrO CropaHus, WUMeloLux
cocTas, OTNMYHBIA OT CpefiHero, 3asUCUT rnasHbiM O6pPas’oM OT cofepkaHwA BOARHBIX napos. Ha

puc. 3.1 npusefeH mHoxurens M, = A /A, onpenensemsiii 8 3aBUCMMOCTH OT Tio U Temneparypsi

raaos. KoshdhuumeHT TennonpoBoaHOCTU ABIMOBLIX [A30B 33aHHOMO COCTaBa
A=M,\, . Br/(mK). (3-03)

3-05. Kputepuii huauueckux CBoOIACTB
Pr=1000ve,p/A, (3-04)

TAE C, - UCTUHHARA TennoemrocTs, kIbk/(krK);
P - NNOTHOCTL, Kr/M®.

3-06. 3naueHun Kputepuna Pr ona eosfyxa v ALIMOBLIX ra3oB CPepHEro cocrasa "u,o =0,11 u
Teo, =0.13) npu gasnevun 101,23 kla u remneparypax or 0 go 2200 °C paHs B 1260, VI.

Ha puc.3.1. nokasa rpachuk aaucumoct Muoxutrens M, = Pr/Pr, or obvemuon gonu
BOAAHLIX MAPOB 7y - [nA ABIMOBLIX ra3os, COCTAB KOTOPLIX OTNUYAETCA OT cpeaHero, Kputepuih Pr

onpegenseTca no popmyne
Pr=M, Pr,. (3-05)
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3-07. KoadhchueHT KuHemaTu4ecKoi BASKOCTU ANA Napa v Boas!
v=puv, M, (3-06)

rae p - koadhdhuLmeHT puHamu-eckoin Baskocty, Ma-c. Koadhduyvents auHamuieckoil 8R3KocTM on
BOAL W BOAAHOro napa npu pasneduu ot 0,1 go 40 MlMa w remneparypax or 0 go 700 °C,
a TaKe Ha NUHUA HacoiLLLeHUA NpueeaeHsl B Tabn. VII;
L - yfienbHbiid obbem, MY/kr. MpuHuMaeTcs ro Tabnuuam TEPMOAVHAMUYECKUX CBOICTB BOAL U
BopasHoro napa (tabn, XXIHI-XXVI).
3-08. KoachcpuLivenThl TernnonpoBoaHOCTU BOALI M BORAHOrO Napa ANA sasnexwii ot 0,1 ao 40 MMa
v Temneparyp ot 0 go 700 °C, a Takke Ha NUHUWA HACHILLEHWA NpeacTasneHsy B Tabn. Viil.
3-09. 3xavenus kpurepua Pr ans sogs v sogsHoro napa anA paenexuit or 0,1 po 40 Mra u
Temneparypax ot 0 go 700 °C, a 1akxe Ha IMHUWA HACHILLEHUR NPUBEAEHH B Tabn. IX.

R S ESto ha ke s oSS S SN 3
w3t Ia.lll 111 +H T 25 s H’;‘M
%1,. 15102 >
INER AN iR = 0,
LLLLL LR T Ll m
5 11 HMI 5
1 o5
I Liirl 111
P ze 025 S sas %85
HEE T Thpo =0,02 T
T o I H + " It @
o, I T Tttt I CLC 00,80
0 200 00 &500 00 000 1200 oo &
@)
T T T EREIEeaEN
370 EesEs - E 410
-2 s
. ﬂz'#”“ P e
1,05 0,19%=2 - 7,05
hu"&?ﬁi 3:,;:;:—11::””
2. 13 = EE ==
100 1 - 11T s 1,00
11
= s
085 e == "y 0050 0,95
gs0 [ q,8¢
: . 55 i 2
[y 200 00 £00 &07 000 1200 400 L
o)
=M 1 3
7,70 " Pr —1 1,10
7,08 =" 1,05
1,00 hoo
0,95 = 0,95
-
Mp8]
0,90 uilin [ 414
0 05 67 4,75 0,z 025
a)

Puc. 3.1. lNonpaexku Ans nepecyeta h3UYECKUX XapaKTEPUCTUK [bIMOBbIX Fa3os
cpeaHero cocTasa Ha 3aganHbii. - M., ; 6 - M, ; 6 - Mp; .
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3-10. [1na kotnos, pabotaloliux C HaQOyBOM, MpU Aaeneduy, npessiwalowum 105 kila,
koathhULUEHT KUHEMATIHECKON BASKOCTU Fasos

98,1

Vp = vT, mile, (3-07)

rae p - AasneHve ObiMOBbIX rasoB B kotne, klla.

Tennoemkocts, xoacbduuueHT TennonpoeopHocTw U Kputepwin Pr ana stux we ycnoswuit
NPUHUMAIOTCA HE 3aBUCALLMMU OT AaBNEHUA B ra3oxogax Kotna.

3-11. YpensHoie obbeMul U 3HTANLNUK BOAB! U BOAAHOTO Napa aaHel 8 Tabn. XXII-XX VI

3-12. KoahhuumMeHTsl KUHEMaTUYeCKO BASKOCTM W TenNnOnpOBOAHOCTY, a TakXe BeNU4UHLI
xpurepua Pr pna rascobpazwbix Tornnue ykasaHs B 1a6n. X. OHU MOryT 6biTh WCTONL3OBAHLI LA
ornpefeneHun XxapakTepucTik Apyrux, 6nuaKux No coctasy cMecel rasos.

3-13. TennoemkocTs paboyeil Maccel TREpAOro Tonnusa

w! 100-w'
Cn =419 L4t L

100 ™ 100

TersioeMKOCTL Cyxoil Macc Tonnuea Cay , KIDK/(KrK), npuHuMaetcs no tabn. 3-1.

, kOw/(kr-K). (3-08)

Tabnuya 3-1
Tonnuso Temneparypa, °C
0 100 200 300 400
AHTpaUMT 1 TOLLWIA Yrofb 0,92 0,96 1,05 1,13 1,17
KameHHmilt yrons 0,96 1,09 1,26 1,42 -
Bypuiti yrone 1,09 1,26 1,47 — -
Cnanupl 1,05 1,13 1,30 - -
DpeaepHuiil TOPKP 1,30 1,51 1,80 - -
3-14. TennoemMxocTts MasyTa Npu TeMnepaTtype [ onpenenseTca
npu < 100 °C ¢ = 1,89+0,0053¢, kOw/(xr-K);
npu (=100-150 °C ¢, = 1,30+ 001127, xOx/(kr-K). (3-09)

3-15. TennoemkocTs rasoobpasHoro Tornnuea, oTHecewHan k 1 M° Cyxoro rasa

¢ =00ey H, +50CO + ¢y CHy + C0,CO, +...) +0000124¢,, od, .. )Bx/(M>K), (3-10)

rpe d. . - BnarocopepxaHue razoo6pasHoro Tonmea, r/m-.

TenioeMKOCTU HeropIoHUX COCTaB/IAIOLLMX TOMNWBa NpuBeaeHs B Tabn. V, ropioyux - B Tabn. X .

3-16. CpepHAR  TENNOEMKOCTL 3016 TBEPABIX TOMIMB Cap KOW/(krK), or Opoit, °C, pawa B
Tabn. 3.2

Tabnuya 3-2

1,°C Cuh 1,°C L t.°C Can

100 0,808 BOO 0,959 1500 1,172

200 0,846 900 0,971 1600 1,172

300 0,879 1000 0,984 1700 1,214

400 0,800 1100 0,996 1800 1,214
500 0,917 1200 1,005 1900 1,256

600 0,934 1300 1,047 2000 1,256

700 0,946 1400 1,130

Mpumeuarine. 3HaYEHUA Cyp NPU BHICOKUX TEMNEPATYPAX AaHbl C YMETOM TENNOTH! Nepexofa W3 TRepHoro B
wuakoe cocToaHue; npu f> 1600 °C oH onpeaeneHsl NPUENMKEHHO, SKCTPaNoNAUMER OrbLITHBIX HAHHBIX
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3-17. Quavveckue CBOIACTBA MasyTos npweefiedsl B8 Tabn. 3.3. 3asMcUMOCTL KoaULMEHTOB
BA3IKOCTW Ma2yTORB OT TeMneparypbl Nokaaada Ha puc, 3.2,

Tabnuya 3-3
Muanyeckue cBoiicTea Mapsa: Masya
40 100
BrakocTb npu 80 °C, “BY <8 <16
MrnerHocTs npu 20 °C, kr/im® <1000 <980
Temneparypa scrbllUKK 8 OTKpLITom Turne, °C =90 >110
Temneparypa 3acToiBaHuA obbiuHoro masyra, °C 10 25
Temneparypa 3acTeiBanusa sbicokonapachuHucToro masyra, “C 25 42
KoadpdhuuuenT TennonpoeogsocTy maayTos mapok 40 u 100 _
t,°C A, Br/(mK) t°C 2., Br/(mK)
40 0,140 90 0,127
50 0,138 100 0,125
60 0,135 110 0,122
70 0,133 120 0,119
80 0,130 130 0,117
d L X % -¥ I
i =
L 1 =t
1
M 1004 MIT
A3 O " 4200,
N Y e
~
N5 @1z /a0
L 1 L i
TN IS b i B
JO 40 50 60 A 80 90 W0 M0 120 130 14l

Puc. 3.2, 3asucumocTs KoaghhrLIMEHTOB BR3KOCTU MaayToB OT TeMnepaTypbl
@5 u ©12 - masyTel chnotekwue; 40, 100, 200 - TonoyHble MaayTs; MIT - Tonnuso
AnA mapTeHoBckux neveit; HC - crabunuauposanian HedTe.
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FMABA YETBEPTAA

OBbEMbI ¥ BHTANLIMUUA BO3AYXA U NPOAYKTOB CrOPAHMUA

4-A. PacueT o6 8MOB W 3HTaNbLNUA

4-01. O6reMi M SHTANBNUW BO3AYXa U NPOAYKTOR CropaHuA paccuYUTHIBAIOTCA Ha 1 Kr Teepgoro u
XupKoro wm Ha 1 M® cyxoro rasoobpasHoro TonnUea Npit HOPMasnkHbIX YCNOBUAX (0°C n 101,83 klMa)
Ha YTO yKa3biBaeT BepXHUll UHOEKC «H» B 0BOIHAYSHUAX BENTUHUH obbemon. MNpu pasoMKHYTOIA cxeme
NbUTENPUroTOBNEHUR pacyeTsl BedyTCA Ha 1 KI NoACYLUeHHOro Tonnuea.

Bce chopMynbl faHbl NPUMEHUTENBHO K Criy4alo OTCYTCTBUA XUMUHECKOA HENMONHOTHI CropaHuR
ToruBa ¢, HO € pocratoyHoli ANA pacyetoB TOMHOCTBIO MOMYT UCMONb30BATECA U MpU
HeaHayUTensHO XUMWYECKOl HEenonHoTe rOpeHUR, COOTBETCTEYIOWENR yKalaHHeiM B rnaee 5
3HaYEHURM.

Moveps Tenna OT MEXaHWHECKO HEenonHOTHI CropaHUA ¢, Y4WTbIBAeTCH BBEZIeHUEeM pacHeTHoro

pacxofa Tonamsea

o _pl0-a B
TV L

rae B - nonHuii pacxog Tornnusea Ha koten, Kric.

CocTae TEEpAOro U »aAOKOro TOMNME B cpopMynax EBeipaxeH B NpoueHTax no macce, 2
rasoobpasHoro - no obsemy.

Mpit BBIMUCAEHAN SHTANLNUA rA308 OLIMGKA OT PasHULE obfbemMoR MOneii peanbHoro U WaeanbHoro
ra3oe He BHOCUTCH, TAK KaK TENIOEMKOCTU fA30B OTHECEHH K ToMy e obbemMy Mons (n. 3-02).

4-02. O6bemMsl U MACCy BO3AYXa W NPOAKTOB CrOpaHUA MpU CKUraHUWU TBepAbiX U XUAKUX Tonnus
B aTMOCChepHOM BO3flyXe OMPEeaensioT Nno NPUBEAEHHLIM Hibike dopmynam.

TeopeTuyecKoe KOMUYECTBO CyXOro BO3Ayxa, HeobGXOAMMOro ANA MONHOTo CropaHus Tonnmea

(koachdhuumeHT nabuiTka Boanyxa a=1)

Vo' =0,0889(C" +0,375S;,‘,) +0,265H" —0,03330", »° Ixr; (4-02)
Ly =0115C" +03755;,,) +0,342H" —-004310", «xr/kr. (4-03)
Teopetwieckue (MuHUMasnbHbie) OBbEMbl MPOAYKTOR Cropaxius, Mofly4eHHbIe nNpu  NOSHOM

cropaHuil TONMUBa C TEopeTUHEecKU HeobXoAMMBIM KONWYEeCTBOM BO3ayXa (e=1):
asora

NI‘
Ve, =079%, —, M /Kr;
on, =0, Vs +O’8I00' M [kr; (4-04)
TPEXATOMHBIX ra3oB
. C' "'0:3755:+u .
RO, = 1,866 100 , MK, (4-05)

BOARHLIX NAPOB
Viwo =011 LH" +00124W +00161V, vhcr. (4-06)

My HAW4AW NAPOBOTO AyTbA WU NAPOBOFO PACTILINUBAHIAR Ma3yTa C PacxofoM napa Gy, , Krikr,

genuaue V', Aobaensetc senuditHa 1,24G .

Mpu u3bbiTke Bo3ayxa o> pacyeT BEAETCA Mo CNEAYIOLLIUM chopmynam:
obbem BOfAHBLIX NAPOR

Vio = Vono +00161(a—DVg' . v fr; (4-07)
obbem AbIMOELX rasor
V' =Veo, +Von, +Wio +(@ =DV, M/, (4-08)
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o6beMHBIE A0NUN TPEXATOMHbIX rasos

RO,
A = ; 4‘09
Ro, = Ty (4-09)
v
H0
h = (4-10)
H0 Vrv
KOHUEHTpaLWA 3076l B NPOAYKTaX cropaHus
A'a,
= , Krlkr, 4-11
fie dy, - BONA 30f1kl TONNBa, YHOCUMOI rasamu; onpegensetca no Tabn. XVIil, XIX, XXI;
MACCA NPOAYKTOR CropaHua
AI
G, =1- 100 +1,306a Vy', xrixr. (4-12)
Mpy HanNU4YUU NAPOBOTO AYTLR UNK NAPOBOro PACNBUTMBAHUR MA3YTa K BENVYUHE G, pobaensietcs

pacxog napa Gg.
OcobexHocTu pacHeTa Npu CKUraHuA CRaHuUes ykasadsl B n, 4-11.
4-03. O6uembl 1 Maccy BO3flyxa W NPOAYKTOB Cropalua NPU Cxurakum 1 M° cyxoro rasoofipasHoro
TOT/ABA B aTMOCChepHOM BO3fyXe OrpeaensioT No criefyoLuM hopmynam:
TeopeTU4eCKOEe KONMUW4ECTBO Boagyxa
n
vy = 0,0476[0,5(‘0 +0,5H, +1,5H,8 + Z(m 5
afiece W fanee nNpu cogepxaHuu B Toruimee o 3 % HenpepesibHbiX YrNeBoAOpOos HEU3IBECTHOro
socTaea ux npuHuMaloT coctosiumu ua CoH
TeopeTudyeckuii obbem asora

JC,,,H,, —02] M e, (4-13)

Vo, =0,795 +001-N, , mY m?; (4-14)
o6beM TPEXaTOMHbIX rasos
Vao, =001(CO, +CO+H,S+Y mC,H,), v, (a-15)
reopeTudeckuil obbemM BOAAHBIX NAPOR

Voo =00 1(st +H,+ Y ngH,, +0]1 24drlﬂ,] +00161F), Mm%, (4-16)

rpe d, ., - Bnarocogiepxahie raacobpasHoro Tornmea, oTHeceHHoe k 1M° cyxoro rasa, riv°,
O6rembl u obsemHsie 40N rasoes Npu a>1 paccuuteiBaloTes Mo (4-07)-(4-10).
MneTHOCTL CyXOro rasa npu HOPMASBHBIX YCTOBUAX
? = 0019600, +1,52H,S +125N, +1430, +125C0+008%9H, +X(OS6m+HOMSHGH], ki @-17)
Macca ObiMOBBIX rasoB
d; m
G, =pf,+ 1000~ 1,306a V', rin. (4-18)

4-04. O6rem BopsHbiX napos (4-06), (4-07), (4-16) u maccy abimoesix rasos (4-12), (4-18) npu
BrarccofiepXaHui Bo3fyxa d, otnuMaiowieMcs ot 10 r/kr, Cieayer uaMeHUTs Ha BENUHUHY

AVgh0 =00016V5'(d—10) , mkr (M), (4-19a)
AViio =00016(cc—DF3(d—~10), m¥r (M), (4-196)
AG, =0,0013a ¥ (d—10), wr/kr (kr/im®). (4-20)

4-05. OcobeHHocTu pacyera oGbemoB Npyt PeLuPKYISLIAA Fa30B B KOT/IE yKasaHs! 8 M. 4-10.
4-06. DHTanLNUs ALIMOBLIX ra3os Ha 1 kr unn Ha 1 m® Tonnuea

I=1, +(o—1),,, «xkr (KIx/md). (4-21)
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SHransnus rasos nNpu Koadpdurvente uabbitka Bospyxa a=1 u temneparype 8, °C
Iy = Vo, (€8)co, + Vo, (68)y, + Vo o(c8)y0, kEbWKr (KK, (4-22)
OHTanLnUR TeopeTUdeckn HeobXoauMOro Konu4ecTea Boagyxa npu Temneparype 9, °C
Iy, =V5'(e9),, wOx/kr (k). (4-23

TeopeTuseckue obbemb cyxoro soaayxa Vo' nrasos Voo Vo', ,V;mo BLIMUCNAIOTER NO N. 4-02
ans teepaoro (kuaxoro) u n. 4-03 - ans rasoco6pasHoro TON/Mea.
Suransnum 1 M BnaxHoro soagyxa (c9), . yrnexucnoro rasa (€8)¢o, - asora (c8),, u sopsHbIX

napos (¢8),,, onpeaensiorcs no Tabn. XIV.
4-07. K sHTansnuu asMOBbIX rasoe gobasnaercs sHTanbsng sonk

Al‘
Iip = (€8) 10 100 % KK, (4-24)

roe (¢9)., - sHTanenus 1 Kr sonel, Kw/Kr; onpegenserca no tabn. XIV.

Mpy HANUMUU BCTPOBHHBIX 30NOYNOBUTENER cnenyeT YYUTHBaTth YMEHbLLUEHUE COAepXaHuA 30Mbl B
[bIMOBbIX rasax iR PacnonoXxeHHbIX 32 30MN0YyNOBUTENEM NoBepXHocTel Harpeea.

4-08. [inn TOrNUB, XapaKTEpPUCTUKW KOTOpbIX npueeneHbl B Tabn. |-V, obbembl W 3HTANLIAW
BOGAYXa U AbIMOBbLIX ra3os (6e3 yyera sHTANLNWK 30/bl) NPU =1 U BNarocofepXaHuu sosayxa 10 r/kr
npepctaenexs B Tabn. X, X, XV u XW.

4-09. PacueT 06beMOB U SHTa/IbNUIT peKoMeHAYeTCA BECTU cornacHo Tabn. 4-1 u 4-2.

Tabnuya 4-1
O6beme! raaoe, o6beMHbie ONKN TPEXATOMHBIX 2308, KOHL@HTPaLWA 30nbl
BenwuuHa Paamep- V=, Vnﬂn, =, WV L
o':H?o =,; A=
Maaoxopk
CpegHee 3HaueHwe koapduuueHTa o
B razoxofe
3
Vi = Voo +00161(c K e F
{ H H N‘3 fKr
Vf ZV;QP +VD"N, +VH20+(G—1)I’; (Msfl\la)
Vro, _
%;\ = V“
Mo -
ho = Tpn
fi = Mo, T Tho -
By, = A'a,, KI/KF
100G,

MNMpu cocrasnenun /-9 - tabnuusl AnA kaxgoro o onpepensiotcs sHavenus [ 8 obnacm,

nepexpbiBaloLLel oXunaeMblil nUanasoH Temneparyp B rasoxogne, U Al - npupalieHe sHTaNbMA [y
3afjaHHoro UHTEpRANa TeMMNeparyp.
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Tabnuya 4-2
Auranenua npogyxroe cropamus ( I-9 - rabnuua )
8 for fow yn = (€8)antiy, IAD;) I=1I, +(a ~Dly, ¥,
kw/r (kow/a®)
°C KEDR/r KEDx/nr KA/Kr oy Gl
(kDK/m’) (kDx/n) I ar] e [ . T ] A1

4-10. Peuvpkynauua rasoB B pacyerax o6beMOB U aHTaNLNUil NPOAYKTOB CropaHwus yYUTLIBAeTCR
Ha BCEX YYaCTKax TPaKTa OT MecTa BBOfia PeLUpKYTUPYIOLLMX FrasoB B KOTen Ao MecTa ux otbopa.
KosddpuLiueHT peumpKynauun
H
Vpl-l
H L]

r.orh

r= (4-25)

rme V. Vs - O6beMbI rasos, OTOMpaeMbiX Ha PEUMPKY/IALIWIO, U B CEYeHWA rasoXofa 3a MecToM
otbopa, MY/Kr (M/m°).
O6veM rasoB B NPOMEXYTO4HOIA TOYKE TpakTa OT MecTa Bo3Bpara fio MecTta otbopa

Vi =V +1V s Mkr (M), (4-26)

e V" - obbem rasos B paHHoM ceveHuu TpaxTa 6e3 yuera peuuprynaum, m¥kr (v im’).
Macca NpOoRyKTOR CTropaHus NpU CHUraHum 1 Kr TRepaoro (XuaKoro) Tonnusa

G ., =(1- A" 1100)(1+r) +1,306(ct + g7V, Kr/kr. (4-27a)
To xe npu cxuranuu 1 m° rasa
Gf-m = (p:m +d, 4, 11000)(1 +7) +1,306(ct + sV o Kri® | (4-276)

€ Oty - KOahDUUMEHT NabbiTKa Boaflyxa B MecTe oTGopa rasoB Ha pPeLUupKyNALWIO.
OHTansnus raaoB B MECTe BO3BpaTa peLUpKY/IMPYIOLLUX ra3oB nocrne cMeLLeHun

‘rr [Tl Ir + r‘rr.ow + KHIKF (WMS) (4-28a)
Temneparypa rasoB nocrne cMeLleHUR

8y =B o (4-286)
Ve

rae ( V€), m, - cyMmapHan TennoemkocTs NpopykTos cropaHus 1 kr (1 M%) Tonnuea nocne cmeleHun
(V) oy = (V) + r(VC), g WPK/K-K) [kDK/(M*K)]. (4-29)
B ¢popmynax (4-28) u (4-29)
I. (Vc), - 3HTansnis U cyMMapHan TENnoeMKocTh rasos nepes cMeteHuem;
I os. (V). o - TO %€ ANA rasoB 3a Mectom otbopa.
Ha nocrnefylowmx ydactkax Tpakta fgo mecra orfopa Temneparypa rascB BbMUCHSETCH
C MCTIONb30BaHUeM CyMMapHolt TersioemkocTy, onpepensemoii no (4-29), roge (Vo) u (Ve)os

NPKHAMAIOTCH NO TeMrepaType B pacCyUTLIBAEMOM Ce4eHUN raaoxoga,
Mpu oTbope rasoce W3 HIKHEN H4acTU TOMKW ANA CYLUKU TOM/IUEa U BO3BpaTe ux B Hee obbemMbl U

aHIaNLNUKM paccuUTHBAIOTCS 6e3 yueTa peuupryauuu.
4-11. MNpu cxuraHum cnaxies obbemMbl N Macca NPOAYKTOR CrOpaHuR BHMUCIIRIOTCS C NONpasKamu

Ha pasnoxeHwe KapbosaroE.B Tabn.| npusegeHbl 30MbHOCTL cnaMuee Ha pabouyio maccy A'w
rvokeua yriepopa kapborator (CO, ), -

INpw cropaHun cnaHUes KapboHaThl HacTUYHO UNW NONHOCTLIO pasnaralTca U BeIENNIOT AUOKCKE
yrnepopa. Maccopan [ona BbigenuBlIerocs OMOKCUAa yriepopa, Haswieaeman kosddhuumweHTom
pasnoxenvia kapboHaros K, paBHa npu cnoesom cxuradun 0,7; npu kameprom - 1,0,
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CopiepxaHue 3011kl B TOMNUBE C YYETOM HEPA3NOXUBLLUXCH KapboHaToB NPUBNWKEHHO pasHo
8 ruiac 14K — ! -
As = A +(1-8)(CO,), . %. (4-30)

ObbemM yrmexkucnoro rasa npu HOpMansHsIX YCIOBUAX

0,509(C0, ).«

Vro, ves = Veo, + 100 , MfKr . (4-31)
O6bem rasos
0,509(C0,). _«
| 2B L W MPIKr (4-32)
r.xpl r lm " -
Macca raaoe
Ares
G, =1—-——+1306aV,’, krixr. 4-33
r. Kpb IOU K ( ]
O6beMHbIe OONU TPeXaToMHbLIX rasos
RO; 456 , Vo
rﬂog-mﬁ = pH . rﬂao-"Pﬁ = =
. Hpt r. kpb

4-12. Mpy CRUraHUM CMECU TOrIUE obbemMbl U SHTANBNWA NPOAYKTOR CropaHus pexoMeHayeTcs
paccuuThIBaTL ANA KAXOro Torfiiea oTAenbHo, Ha 1 Kr TEeDAOro WM XuaKoro Tonsiusa u Ha 1 m°
CyXOro rasa.

Mo NoMy4eHHBIM AN KaXOoro Tonnwea aHa4eHuam obbemos Boaayxa V' v NpoaykTos cropaHus
Veo, Vi o".N, , V;.H,o onpeaensioTcA obbemb BO3AyXa U NPOJYKTOR CropaHiA CMeCc:

a) Ans cMecH ABYX OfHOPOOHbIX TONNUB (TBEpAbIX, XUOKUX WK rasoobpasHeix) - No ¢opmyne
CcMeLueHun

Ve =gy +(1-g Xva)", M (winmd), (4-34)
rAe g'-maccopan (06beMHan-A1s raaoo6pasHbiX TONME) AOMNS NEPBOro TONNUBA B CMeCH, KI7KT (M*/M°).
AnanoruiHo onpegensioten Vo V', Voo cmecu;

6) ANR CMECU TBEPAOro WM XWIKOro TOMUBa ¢ rasoobpaaHsiM

Vo =(Vg) +x(Vy')", Mk, (4-35)

rpe x - KonwdectBo rasoofpasWoro TonsmBa Ha 1 kr Teepporo (xuakoro) Tonnuea, M.
CooTeeTcTBEHHO AaUTLHEHLAA pacieT BegeTcn Ha 1 kr Teepgoro (xuakoro) Tonnuea.
3HTANLNUA NPORYKTOB CropaHua CMEeCcHU TONMUE BLIMUCIAETCA MO cheayiolmumM dopmynam:
a) ans cMecu ABYX OAHOPOAHLIX TOM/IUE

Ipo, = [E'U"#o, ) +(1-g")¥o,)" €8) o, + KBAT (<rme’); (4-36)
6) AnR CMEecY TEEPHOro UK XUOKOro Tonnuea ¢ rascobpasHeim
Lg, = [(Vn"o, )+ x(Vob, )"](09)00,  KIKKT (4-37)

O6bemMHan JoNA TPEXaTOMHbLIX FrA3oB NPOAYKTOB CrOPaHisa CMecU TONNWe:
a) s cMecH ABYX OAHOPOAHBIX TONNUB

) (-2 )R,

4-38
RO, P:" ( )
aHanoryyHo ONpefenseTcs Ny o i
6)ans cMecu TBepaoro Wik XUAKoro Tonnuea ¢ rasoobpasHbiM
(Veo,)' +x(Vro, )"
rﬂog = 2 VH : * (4-39]

r

W COOTBETCTBEHHO OMNpefensercs rH,O '
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Macca NpoayKToB CropaHua CMeck TOMNWE HaXoAUTCA No hopMyram:
a) AnA cMecy ABYX OQHOPOAHLIX TOMUE

G, =8'G'+ (l o g’)G" . wr/kr (kr/m® ); (4-40)
6) ANA CMECU TBEPAOIo WA XWIKOTO TOMNUBA C Fa3006pasHbiM
ch =G'+XG", KI/Kr . (4,41)

Ecnu cmeck TonNUBa 3afjaHa He B MAcCOBLIX UNU O6beMHbIX AOMAX, a B AONAX TENoBLAeneHus
K&XAOro Tornuea g' u (1 - q'), COOTBETCTBYIOLLUE MACCOBLIE UNU 06bEeMHBIE JONK UX ONPefenfIoTCH
no (2-13) u (2-15).

4-b. KoadpchmumenT n2bbiTka BO3gyxa ¥ NPpUCOCkl B KOTNe

4-13. KoschpuLieHT UabbiTka Bo3ayxa B ToNKe, COOTBETCTBYIOLLWI COCTaBY ra3os B KOHLE TOMKW,
NPUHUMAETCA B 3aBUCHMOCTY OT TUNA TOMNOYHOro YCTPOCTEA U POAa CXUraemoro TOnuea rno SaHHBIM
rabn. XVII-XXI,

KoachchuuueHTsl n3bbitka Bo3fyxa o 3afiaHbl, UCXOAR U3 BE/MYMH MOTEpPbk OT MEXaHWYECKOro
Hepoxora, npueeseHHsIx B tabn. XVIII-XXI.

MMpn cxuraduw nNeM B CMecKH € ra3oMm Wiu masytom KoshdulueHT usbbitka Bosayxa
NpUHUMAaETCH, KaK [\NA TBEpAOro Tonnuea.

414, Benuuuna koappuumenta u3abbiTka BO3LyXa B CEYEHWW ras3oBOro TpPakTa KoTna
¢ ypasHoBelUeHHoii TRroiA onpepenserca cyMmMmupoBaHueM KosdpcuumeHTa ualuitka Boaayxa B Tonke
C NPUCOCAaMM B ra30Xoax, PacrnonoXeHHbIX MeXay TONKON U paccMaTpUBaeMEIM cedeHUeM.

Lna KoTnos, pabotalolimMx nob HapayeoM, KoadguLneHT nabbiTka Boaayxa Ha y4acTKe Tpakta oT
TOMKK A0 BO3DyXonoforpesaTens NPUHUMAETCH NOCTOAHHBIM.

PacuyeTHble BENUHWHLI MPUCOCOB B TOMKE W rasoxofax Kotia, a8 TOM 4Yucrie npucockl Bosfyxa
E ra3oByl0 CTOPOHY BO3[lyXONONOrpeBaTenfl, paBHHE MepeTeyke W3 BO3AYILHOW CTOPOHB, NpU
HOMUHAanNLHOR Harpyake NpuHUMaTes no Tabnuue XVILL

PacdeTHan BenyuiiHa nNpucoca Bo3ayxa B raaoXofax Kotna npu NoHKeHHo Harpyake

05
Aoy =Aa (D, /D).
MNpwcoc BO3ayxa B TONKY Npw NOHWHEHHON HarpyaKke
Aa‘r o= AG"I'(DH / D)' (4-426)
rae D, , D - 3Ha4eHUR HOMUHANBHOU U NOHWKEHHOIN Harpy3oK;
Act, Aoty - NPUCOCH NPU HOMUHANBHOU Harpy3ke,
4-15. Konudectso eo3flyxa, noflasaemoe B TOMKY U3 BO3AyXoroforpesBatens, OTHECEHHOE K
TeOpeTUYeckin HeobXxoaUMoMY [ANA CropaHus Tornsuea
By =a, —Aa, -Aa,, —(rxm—l)r, , (4-43)
rae Al - NPUCOC B CUCTEME NBINENPUIOTOBNEHWA C YYETOM BOIMOXHBIX HapylueHUWld nnoTHOCTH
BO BpemA sSKcnnyatauuy, onpepensetcs no Tabnuue XVIL Tpucoc B pa3aomkHymbiX
NbUTECUCTEMAX HE YYNTLIBAETCH,
Olers = KOatbdhuLneHT nabbiTka poaayxa B mecte otbopa raaos Ha peuupKyALUWIo;
1, - koadhbuLMeHT peLUpKyNALWA FA308 B HU3 TONKIA WA ropenku.
4-16. 3HaueHnn KoadhduureHTa uabbiTka BO3AYXa B TONKE (L, NpUBeaeHHbie B Tabnuuax XVII - XXI,
NPUHWMAIOTCA MPY NPOU3IBOAUTENBHOCTU KOTAA:
100-70 % - npw cXUraHui Teepgoro Tonnuea,
100-50 % - npu CxuUradun masyra 1 raaa.
Mpw pabote KoT1a Ha TBepAOM TONNAEE U NpousBoguTeNbHoCTW oT 70 go 50 %

(4-42a)

Qo =0y +(0,? -D/ D") : (4-44a)
[Npwu pabore KoTMa Ha rase U MasyTe W NpouseoguTensHocTy ot 50 o 30 %
o, =a, +0505-D/D,). (4-446)

B 71ex TonoyHeX YCTPOWCTBax, rAe pacxofi OCHOBHOMD KONMWYECTBa BO3fyXa onpegensercs
HE TONBKO FOPEHUWeM, HO W TpaHcnopToM TonnMea (HampuMep, B LIAXTHO-MENbHAYHBIX,
HUIKOTEMMEPATYPHLIX, BUXPeBLIX W T..), U30LITOK BO3Ayxa B TOMKE T1pW  MOHWKEHHOI
NPOM3BOAUTENBHOCTY crieflyeT Buibupars ¢ y4eTom TpaHcnopTa. [pn pacTonke KOTIOB Ha Ma3yTe WK

rase cneayet NPUHUMAaTH o, NoBbilueHHbIM (ao 3,0).
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ITABA MNATARA

TENNOBOW BAINAHC KOTNA

5-01. CocraeneHue Tennopeoro 6anaHca KOT/la 3aKMio4aeTcA B yCTaHORMAEHWA paBeHCTBa Mexay
NOCTYNUBLLUM B KOTEN KONMW4ECTBOM Tenna, HassiBaembiM pacrionaraemeim Terinom O, u cymmow
nonesHo ucronsaosaxHoro tenna (; u tennoebix noteps (O, Oa, Qo Os u Qs . Ha ocHosanmu
tennoeoro 6ananca spducnsioTes KN u Heobxoaumblii pacxop Tornnuea.

Tennosoii 6anaHc COCTaBNAETCA NPUMEHWTENBHO K YCTAHOBWBLUEMYCR TENNOBOMY COCTORHMK
kotna Ha 1 kr Teepporo (xupkoro) unu 1 m® rascobpaaHoro Tonnuea npu 0 °C u 101,3 klla.

Obwee ypasHeHue Tennoeoro 6anakca umeet BUg

O+ 0y ¥06 =Q +Q, +Q; +Q, + Q5 + Q. WBNKr (KK/M®). (5-01)

5-02. Pacnonaraemoe Tenno 1 kr Teepporo (kugkoro) wnu 1 m® rasoobpasHoro Tonnuea
onpefenAeTcH COOTRETCTEEHHO No chopmyiam:

Q, =0 +iy, +(1-K)Qe + KKK, (5-02a)
Q, =0 +i,, IR, (5026}

roe O, Q,"-uual.uan Tennora cropanus pabodeid macch Teepaoro (MuaKoro) U cyxoii Macchl
ras3oobpasHoro Tonnue, KI/Kr u kx/mM>.

Pacuer (), koTnos, Temnepatypa YXOASLLUMUX ras’oB KOTOPIX HUWKE TeMnepatyps TOUKW pOCHI,
cnepyeT BecTU no ewiclueii Tensiote cropakua ) ANA y4eTa YACTUMHONO UCTIONB3OBAHUS TeNAoTH
napoobpasosanns BOgAHBIX NapoB. C yyeTom Toro, YTo Npu rnybokoM oXnaXaeHu yxXoasuwux rasos
anusHUe UCNonbayemoil oMU TersoTs napoobpasosaHis Ha senuuuHy O, OTHOCUTESNIBHO HEBENUKO, U
8 stom cnyyae (J, MOXHO paccuuTsiBaTh NO Hualwell Tennote cropamus, a B (5-02) esectu
AonanHuTensHoe cnaraemoe

AQuoun = AGuonaT . KOWKF (kDr/M®),

rae AG g, - MAcCa KOHAEHCUPYIOLLIMXCR BOARHBIX NAPOB, KI/KF UNW Krim® ;
r - Tennota napoobpasosaHua Npu Temneparype rasos, KIkr.
5-03. DusuMecKoe Ternno Tonnuea

L = Coplen o )IDKKE (KIDK/M?), (5-03)

roe ¢y, - TENNOEMKOCTL pabodyero Tornuea; onpegensercs no n.n. 3-13 - 3-15;

I, - Temnepatypa pabodero vonnuea, °C. YuuThiBasTCR B Tex cnyyanx, Korga — TOMAUEo
npefBapuUTentHO NOAOTPETO NOCTOPOHHUM WCTOYHUKOM Tenna (napoBoil Noforpes masyTa,
NapoBble CYLLMNKW U T.M.), a TaKxe NpU CylUKe No PasoMKHyTOMy uMkny. B nocnemmem
cnyyae TemnepaTypy W BNaxHoOCTk TONAWBA chegyeT NpuHUMaTe No COCTORHWIO nepen
TONKOIA,

Mpw oTcyTCTBUM MOCTOpOHHEro Noforpesa ch3MEcKoe Terno MOXET YYUTHIBATLCHA TOMLKO NS

Bypuix yrneii u Topdpa. MNpu aTtom TemMneparypa Tonnuea npuHimaetcs 20 °C,

Mpu 3aMKHYTOl CXeMe NuINENPUroToRNEHUN TErJ10 Nodorpesa U NoACcyLUKK TONNWEa B MeSTbHUYHO
cucreme B banaHce He y4THIBAEeTCA.

B Tex cnyyanx, KOrga B KOTeN NopaercA cMepallieecs Tonnueo (YTo fomkHo GuiTh crieyuansHo
OrOBOPEHO B 3afaHuu), U3 BeNYUHb pacronaraemoro Teflfla BLUUTAETCH Ter1o, 3aTpasusaemMoe Ha
pasmopaxiBaHue

AQ 335{W’ we mo-w,'] KK/ (5-04)
=y = e 113 Kr,
™m 1 t ]00 - mﬂ

me W’l" - 6esonackHas (CBR3aHHaRn) BIAXXHOCTb, COOTEETCTBYIOLLAA PaBHOBECHOR BRAXHOCTY YITIA
npu 20 °C v 100 %-HOM HachiLLEHAW.



'naea 5. Tennogol 6anaHc kotna 29

[ns kameHHsIX YTreil U aHTpauumTa W,ﬁ =4.5 - 6 %; Ans Oypuix yrneii ¢ NPUBEAEHHON RNAKHOCTBIO
10-16 % W,° =19-24 %; pns bypuix yrneit ¢ 6onblueit NPUBEAEHHOM BNAXHOCTBIO Wt" =28-30 %.
5-04. Teruio, aaTpayeHHOe Ha paanoXeHue KapboHATOB NPU CXUIAHUKA ChaHLies

Qps = A0K(CO,), 5, KONKr . (5-05)

KoacpchuLineHT paanoxesus kKapboHaros K npuHiimaeTcr non. 4.11.
5-05. MNoveps Tenna ¢ yxoAsLMMI ra3amii ONPENENAETCA KaKk PasHOCTb SHTAMLIWA MPoayKTOB
cropaHua Ha Beixofe U3 nocneaHeil NoBePXHOCTU Harpesa U XoNoaHOro Boaayxa

100 - [I‘"‘ =@y =B goe B’ -](loomq.;)

rae Iy, - IHTaNLNUA YXORALUX ra308 Npu U3bLITKE BO3AYXA (i, U TemnepaType Sy, kKIDK/Kr (kh/m®);
1, , , - 3HTANBNURA TEOPETHECKU HEOHXOAUMOrO KOIUMECTBA BO3fYXa Ha BXOAE B BO3AYLLMLI TPaKT

(nepen kanopudbepom, sentunatopom u T.n), kKOx/kr (kx/m°). Temneparypa xonogHoro
rRO3AYXa NpUHWMaeTCcR paeHoil 30 °C, ecnu He 3anaHa Opyran BenuduHa;

['- oTHOweHe KoNMwuyecTea BO3AYXa HAa BXoA€ B BO3AYLUHHIA TPaKT K TEOpeTUYecKu
Heobxopumomy. lNpu peuupkynsuun ropsuyero Bosayxa (B ToM 4YuCNe U Npu  cxeme C
M36LITOYHLIM BO3YXOM) AONA peLUpKY/IMPYIOLLEro BO3ayxa He BK/ioYaeTcs B [3';

In_np,_. - SHTALNUA BO3AYXa, NPUCACHBAEMOND B rasoxoasl Kotna, KIDK/Kr (KIn/m>);

{4 - NOTEPA OT MEXaHUYECKOI! HeMnoNHOTH CropaHus, %; Haxoaures no n. 5-08.

Mpy cylike TonusivBa B PasOMKHYTOI cucTeme reUlenpuroTtoaneHus otbupaembiMu M3 TpakTa

rasamu B KonuuecTse I/, M/kr, noTeps Tenna ¢, onpeaenseTcs Ha 1 Kr NOACYLIEHHOro ToNMBa

. %, (5-06)

2 =

e 0~ BB 1900
4= Qp
VH

o AOSA ra3os, or&mpaewx Ha CYLUKY Tornuea,

rH
r.orh

V"6~ OObem raaos 3a Mectom otbopa, MY/kr;

r

I ;6 - sHTANBNUA rasos B MecTe orbopa, KIK/kr;

Oy - pacnonaraemoe Tensio Ha 1 Kr NOACYLUEHHOro ToNnuea, KIN/Kr.
5-06.0pu ycraHoeke BcTpoeHHoro 3aonoynoswrens B (5-06) pobasnserca noveps Tenna,

Bbi3BaHHaA yAANeHUWeM 30Nk NpU Temnepatype 9y,

A _
Al =n,a, ﬁ[(ﬁq)m “(09,,),,.]. KIK/Kr, (5-08)

v %, (5-07)

roe r=

roe Ty, - KNJ sonoynosurens.
5-07. lNoteps Tenna or XUMUYECKOW HenanHoTel cropaHus obycroeneHa cymmapHoli TenfoToit
CropaHusA MPoayKToB HernoNHoro ropeHUs, OCTAIoWUXCA B YXOOALLUX rasax

q, = &ll}(}. %.
ot

Mpu cxuraHuy TBEpALIX TOMVIUB B KAMEPHBLIX TOMKaxX ¢s NpuHumaercs no taén. XVl - XIX, npu
CHUraHUA KUaKUX U rasoobpasHbix Tonnue - no 1abn. XX, npu OxuraHum TeepabiX TONNMUB B CrioesbiX
Tonkax - no tabn. XXI.

5-08. lNovepn Tensia oT MEXaHW4ECKOI HEMOMHOTH CropaHuA ¢, ONpeaenAeTCH HefJOXKOorom Tonnuea
8 Linakax, nposane U yHoce (Npu 4acTu4HOM BO3BpaTe NOCNEAHEro B TOMNKy yuYUTHIBAETCH TOMNLKO yHoC,
4€ yNOBNEHHEIA YCTPOWNCTBaMY N5 BO3BpaTa).
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BenuuuHa g4 paccuurbieaetcs no dopmyne

(A Ly +a, L )32,7-10° 4
*® 100 T 100~ 1"
@ 100 P r . %, (5-09)

94:Qp Qp

TAE Qyuenp + Gy = BONM 30STH TONIWBA B LUNAKE, NpoBane u yHoce, %;
I nenp o« Ty - copepxarivie ropiouux B wnaxe, nposane u yHoce, %.

B 1abn XVl u XIX paHel 3aHaueHus ¢, ANA KaMEpHEX TOMNOK C TBEPANM U XWAKUM
winakoypaneHuem, B 1a6n. XXI Gaun W Gap, U CyMMApHHE 3HaueHUn gy gna cnoesbix Torok. Mpu
3HAYUTENBHOM OTKAOHEHWW 30NBHOCTU OT yKasaHHoil B Tabn. XX| npu CxuraHu B cnoesbix TOMKax,
a TaKxKe NPy HagemHbiX AaHHBIX 0 3HaveHusx a u I g, BeuucnseTcs no copmyne (5-09).

Mpw crmraHuu NBUM 8 CMECK C rasoM Wik MasyToM NOTEPS Tersia OT MeXaHUJYeCKoro HedoXora
NPUHUMAETCR: NPU CKUraHWA HUSKOPEAKUMOHHBIX yrnelt w fone masyta (rasa) no venny metee
0,5 - no TeepaoMy Tonnuey ¢ koschduumenTom 1,2, a npu gone 0,5 - 1,0 - no Teeppomy TOrUBY; Npw
CHUIaHWW BLICOKOPEAKUMOHHBIX yrTieil aHaueHue ¢, NPUHWMAETCS YCpeHEeHHBIM No Tenny: npu gosne
masyTa (rasa) paeHoit HyO - o TBepAOMY Tonnuey U No MasyTy (raay) npu gone ux pasHoii 1.

5-09. MNovepn Tenna or HapyXHOro OXaXgeHun §s A8 CTALUOHAPHLIX KOTNOB NPUHUMAETCH No

3 -0, ¥R (1. puc. 5.1. lpu npouseoauTeNbLHO-
33 =g, % ctu kotna (kopnyca) > 250 kric
ap (900 7/4) npuHUMaeTcs gs=0,2 %.
3 \ Mpu Harpyakax, oruuaio-
": = LWMXCH OT HOMUHANBHOW Gonee
Iy e, yeM Ha 25%, BenuMUHA (s

10 —
o5 D, xele nepecyuTLiBaeTCA No hopmyne

|

0o & I ; 4 .

0 5 10 15 20 35 S50 75 100 125 150 175 200 225 250 q,=q,w3, %. (5-10)
Puc. 5.1. Norepu Tenna ot HapyHoro oxnaxaeHus. Moteps Tenna or HapyXHoro

1 - KoTenbHuIH arperar (¢ XeocTOBbIMU NOBEPXHOCTAMN); oxnax
EHUR CcucTemsl nbnenpu-
3 ). aneHn BENUKA: OM
2 - cobereenHo koten (6e3 xsocToRbiX NoRBPXHOCTER) reTORMNBH he i & 5

3HAUMTENBHOW MEPE KOMMEHCUPYETCA Ternmnom, BuaenfiowMcs npu paborte MenbHWL, U NosTomy He
Y4UTHIBAGTCH,

Pasbueka notepu Tenna ot HapyXHoro oXNaXxAeHUs KOTNA Mo OTAESLHLIM FA30X0AaM MPaKTU4EecKu
HE CKasbLiBaeTCR Ha pesynsvartax pacdera. [lonu sToil notepu, NpUXOOALUWECH Ha oTAenbHbie
rasoxofnl, ANA ynpolleHus NPUHUAMAIOTCA MPONOPLUOHANBHBIMUA KONMWMYMECTBY Ternna, oOTAaBaemoro
rasamu B cooTBeTCTRYIOWMUX rasoxopax. Mostomy npu onpepgeneHw konwyecTsa Tenna, OTAAHHORO
rasami, NOTepU OT HapyXHOro OXNAKAEHUR YYUTLIBAIOTCA BEefeHueM KosdULUeHTa coxpaHeHus
Tenna

il oL (5-11)

N +9s

5-10. MNoTeps C TeNNOM WNEKa §s ., EBOQUTCH B Pacyer ANA BCeX TBepabiX TOMUE NPU KamepHOMm
CHUraHUM C KUOKUM  LNakoypaneHuem U cnoesom. [Ipu KaMepHOM CXUraHui ¢ TBepasim

L]
LWNAKOYAANEHUEM (g, MOXKET He yuUThiBaTheR npu A" < % ’
lMovepn Tenna onpeaenseTch no chopmyne
Oswn a,.(c9),, A
Town = 100=—""——"—, %, (5-12)
"o, %

rhe Q=10 ; Ay, - Haxoputea no Tabn. XV, XIX u XXI.
(€8)s, - sHTansnua wnaxa, k[x/kr; onpegensercs no taén. XIV.
Temnepartypa 3onbl (Linaxa) NpUHUMAETCS paBHOI: NpW TBepAoM wnaxoyaanedus - 600 °C, npu
AKUAKOM  LUNAKOY[AANIeHUM - TEMMepaType Hauyana HOPMANbHOMO JKALKOrO LunakoyganeHus [, ..

(rabn. Il), Npu OTCYTCTBAW HAHHLIX - TEMNEPaTYpe AUAKOMNABKOTO COCTORHUA 30/ [c, YBENUHEHHO
Ha 100 °C.
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Mpu cnoesom cxwravum cnawues 8 (5-12) emecto A" nopcrasnserca  Bhipaxenue
A" +03(CO,), s, %. Conepxarue amokcuaa kapboHatos npueeaeHo 8 Tabn. | (eropoe craraemoe

arpacge A'). MNpu KaMepHOM CXUraHUW cnaHLieB nompaska Ha cogepXaHue AuoKCUga Kap6omaros
B eenuunHy A’ He BEOOUTCA.

5-11. MNoveps Tenna Ha oxnaxgeHwe He BKMIYEHHLIX B LUPKYNSLUWOHHYIO CXeMY KoTna naHeneli u
Hanok Tonku NpyU oTCYTCTEMK CneuuansHbiX ykasasuii onpegenseTca no dopmyne

QB-“.I‘F
o = 100, %
QB Qp
win NpubnikeHHo
120H,,, . {
Qoisi E———— . %, 5-13)
° O,

rae Ho, - nydesocnpuHuMaiolas noeepxHocTs 6anok W naHeneit, M°. [ina nadeneil npuHumaeTcs
B pacuer 6okoBan nopepxHocTb, obpalieHHan B TONkKy;,

Q, - nonHoe KOMUHECTRO Tera, NonesHo Ucnonk3osaHHoe B Kotrie, KBT; HaxoauTcs na n. 5-13.

5-12. CymmapHan noTeps Tensia B Korne

Zq= q‘."+QI +q4 +gs+‘?5nxn +q8um' % . (5‘14)
KoadbdhuuuenT nonesHoro pelicteus Korna (6pytro)
N, =100-2 g, %. (5-15)

5-13. lNonHoe KONWYECTED Tenna, None3Ho UCNonNb3osaHHOE B KOTe
Qu = (Dna - Dnﬁu )( ine - in.a ] + Doﬁa ( !-rra = ‘.o!s )"' ZDmp( fn.a - I'Bﬂp )+ Dh_n( i:_ in.n )+

+ D82 =i )+ 2 Do (it =it )+ LD it = 20, )+ Qe s + O 1B, (5-16)

TPeTWl YneH hopMyNbl YYUTHLIBAETCA TOMbKO NPU BNPLICKE B NEPBUYHLIA TPAKT <CTOPOHHeil» BOAbI
C SHTANBNUCH [y, OTNUNHOM OT Iy ;

D, - konusecTso esipaboTamHoro neperperoro napa, Kr/c;
D, - pacxop nuTatensHoii Bopbl, Kr/c, noaasaeMoil B KOTEN MUMO pereHepaTuEHBIX Noforpesaresiei
C SHTANLNUEIA fegs ;
Ine - SHTANBINWUA NEperperToro napa, KIx/Kr, onpepensercs No AABNEHWO U Temneparype nepen
rNaBHON NapoEoiA 3a0BWXKOIA,

Iy - SHTANBMUA NUTATENBHON BOak, KDI/KM, onpenenserca no AasseHno U TeMNepaType Ha Bxoge
B NEPBYIO NOBEPXHOCTL KOTNA;

D, - konuyecTeo HacuiLiEHHOrO napa, Kr/c, ¢ SHTanbnued i, orfaHHoro 4o neperpesarvens;
onpeaenneTcA no pasneHuo 8 6apabane Kotna;

D, - pacxop Bofb Ha Npoayeky Kotna, kr/c (AR NPAMOTOMHBIX CENnapaTopHLIX KOTMIOB - NPogyBKa
cenaparopa), ¢ sHTanknuei KUnALLeid Bogel i, , NpU aaenexuu B 6apabave (cenapatope). Mpu
BESIMMUHE NPOAYBKM MeHbLUE 2 % Tenso NPOAYBOYHON BONLI MOXET HE YYUTLIBATLCR;

D, - pacxoasi napa Ha BXOAE B NPOMEXYTO4HBIE NEPErpesaTent, Kr/c, C HauanbHoii i, W KOHe4HOI

I, SHTanbnuedn;

Dm".';-pacxonu ENPLICKOB B TMpOMIEperpesateny, BIUIIONAR BMpLICKU nUTaTtensHoil Bogk, ©

SHTANLNUEN igny ;

Qyrs - TENNO BOOBI, NOgOrPeBaEMoit B KOT/IE U OTAABAEMOIl «Ha CTOPOHY», KBT;
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Q.55 - TENNO U3BHTOMHOrO (OTAABAEMOTO «Ha CTOPOHY») BO3AyXa
QM = Bus&(ro,mﬁ - t';un)Bp . kBT, (5-17)

Mpu cxeme ¢ BOIBPATOM OXNAXAEHHOTO W3BHITOMHOro BO3fyxa 8 BO3ayXONomorpeBartent
I;,, saMeHfeTcA SHTanbnueldl  BO3fyxa Ha  BBXOAE U3  OXAKAALUEro
rennoobmenruxa Jp o

I}, -svTanbnua  TeopeTudecku  HeobXOOMMOro  KONWuecTBa  Boamyxa Ha  BXofe
B Boaflyxonoporpesatens (koten), kw/kr (k[bx/m’); onpepenserca no n. 4-09;
[uss -~ OTHOLLIEHWE KONUUECTBA UIBHITOUHOrO (OTIABAEMOTO <Ha CTOPOHY=) BO3AYXa K TEOpeTHYEeCKY

HeobxoaouMoMy.
B cnyyae ortbopa rasoe Ha peuvpkynsuuwio (U3 yxopAlwuX rasoB 3a CeyeHUeM, MO KOTOPOMY

ofipenenseTca g,) Ternno, Bo3BpallieHHoe B KOTeN PeUUpKYIUPYIOLLUMI rasamis
Qpp =11, . KOk (KK , (5-18)

roe r - BONA peunpKynupyloLLux ragos, otbupaemeix nocne nocnegHen NosepxHoOCTH Harpeea KoTna;

1, - 3HTANLNUA YXOAALLMX rasoe 3a MecToM oTbopa, KIDK/KT (KIK/M?).
5-14. Pacxop Tonnuea, nofasaemoro B TONKy

B=0m -
IOD ¥ Qlkll + Q@

, Krlc (M°fc). (5-19)

Tenno, sHeceHHoe B TOMKY BO3[lyXoM, NMPU ero nofiorpeBe BHe KOTna - napoM ua oTbopos,
oTpa6GoTaHHbiM TENNOM U T.1.

Qopn = (B —Bros o — L oxa)» WK (KT, (5-20)
Tenno, BHeceHHoe B TOMKY NapoebiM AyThem («chopcyHouHbIM» Napom),
Q¢ = G@("q; —2400) , xkOx/xr, (5-21)

rne (g, iy - PACXOA ¥ SHTANBNUA Napa Ha AYThE UNKU PacnbiMBaHue Tonnuea, Krfkr u KI/Kr.
Mpy ycTaHoBKe BHICOKOHANOPHLIX BEHTUIATOPOB C NepenajoM MOMHOMO AaBneHus B TpaxTe

AH.>10kMNa crepyeT yuiTbiBars Tenno, BHOCUMOE BO3OyXOM, MOAOrPeTHM B BeHTWIATOpe.
BenuuuHa nogorpesa NpUHUMAaeTcA YucieHHo paBHoil nepenany AfT, , BuipaxeHHoMy B Kla

1’1, =AH,, °C,

rae lys v Il - TeMnepaTypsl BO3AyXa 10 BEHTUNATOPA U 38 HUM.

MNPy CxXUranuu cMecy ONHOPOAHKIX TONNUB UX CyMMapHBI pacxop HaxopuTtcs no copmyne (5-19).
Pacxop KkaXQoro TonUea onpegenfeTch Us CYMMapHOro pacxofia NPONOPLOHANBHO ero MacCoBol
wnu Tennosoll gone (n.n. 2-21 u 2-22). MNMpu cxuraHuu cmecu Teepporo xuakoro) u rasoobpasHoro
tonnue no cphopmyne (5-19) onpepensercA pacxop Teepporo (xupkoro) Tonrmea. Pacxop
rasoobpasworo Tonnuea B.,, = By-x (n. 2-23).

Pacxon tonnuea u Krfl kotna npu pacyete wa pabovee TOnNNMMBO B cnyyae ero MOACYLLKU
YXOAALLUMU rasamu No PA3OMKHYTOMY LUKy

100 - (W)’

B= B'—-—-—-loo_ Wi Kr/c (5-22)
B'Q;

W% =Wor % (5-23)
BQp

rae ofo3HAueHUWA CO LUTPUXOM OTHOCATCH K MofcyluexHomy, a 6es wimpuxa - K pabovemy (ceipomy)
Tonnuey. MNpu onpepeneHun 1), B BENUUMHY s YCNIOBHO BBOUTCA NOTEPA C YHOCOM NbiM u3
NBUIEYNOBUTENA, KOTOPaA HAXOBUTCA W3 pacyeTa CUCTEMB! NBNeNPUroTOBNEeHUA.
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5-15. [inn onpegenerus ofbemMoB NPoayKTOB CropaHus U BO3AyXa, a TaKxe Tenna, oTAaHHoro
rasami B NoBepxXHOCTAX HarpeBa, BBOAUTCA pacueTHbili pPacXop TONNUBa, BLMUCIAEMBIA C yYeTOM

MEXaHUHEeCKOU HEeNOMHOTH CropaHua
B =B[ —q—"). Kric . 5.24
P 100 =28

B panbHeiitieM Bo Bee chopmyne ANA onpefeneHus o6beMOB U KONUYECTB Tenna NOACTABNASTCS
BenuuuHa B, B BenuuuHb ypenbHeiX o6bemoB rasos u BO3fyxa W WX sHTanbnuil nonpaeka Ha
MeXaHU4eCKYI0 HeNONHOTY CropaHiA He BHOCUTCH.

5-16. PacueT cucTeMmbl NbiNenpuUroTORNMeHWS, ropenok W Tonnusonofayu BefleTCA Mo nonHomMy

pacxofly Tonnusa B, a TAru U AyTeA - no pacueTHomy B,..
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IMABA LLECTAS

PACHET TENNOOBMEHA B TOMNKE

6-A. l'eomeTpUYeCKMe XapaKTepMuCTHUKN TONKK

6-01. Mpu pacueTe Tennoobmewa B TonouHoll Kamepe ee obwem ¥, Mm°, onpepensercs B
COOTBeTCTBMM CO cXemamu puc. 6.1. Npanuuamu obbema ABNAIOTCA OCeBble NNOCKOCTU 3KpaHHbIX Tpyb
Ui obpatllieHHe B TONKY NOBEPXHOCTU 3alUUTHOTO OTHEYNMOPHOrO CAIOR; B MecTax, He SalljullieHHBbIX
3KpaHamy, - CTeHb TOMOYHOW Kameph. B BuxogHOM ceveHun Kamephl ee ofbem orpaHuuUBaeTCH
NNOCKOCTLIO, NMPOXoAALlell yepe3 ocu nepeoro pAfa LUMpM, cdpecToHa unKu KotensHoro nyuka. Ecnu
LUMPMOBIE NAKETH BBEPXY TOMKW PacronoxeHbl No BCeMy ee ceyeHuio, TO BepxHeil rpaHieil Tonku
CMYXUT NMPOXOAALLAN NOA LUMPMAaMU ropuaoHTanbHas nnockocts (puc. 6.1 a, 6, 9), paxe ecnu
PacCTOSHUA OT CTEHKM OO0 nakeTa v Mexay nakeramu Gonblue wara wupM. HwkHed rpanuliei obbema
TONKW cny»mT nog. Mpu HanUuuu xonogHol BOPOHKW 3a HUMHIOK rpaHULy ofbema TONKW yCnoBHO
NPYHUMAETCA TOPU3OHTANBHAR MNNIOCKOCTb, OTAENAIOLIAA 86 HINKHIOI NONOBIHY.

LWupsme,  pacnonoxeHHble B
paiioHe BbIXOOHOIO OKHa TOMKW C
warom §2700 MM, paccuUuTHIBaIOTCA
COBMECTHO C TONOYHON KaMmepoil,

LLinpmt, PacnonoXeHHoe Yy
CTeHb!, NPOTUBONONOXHOIA BLIXOAHOMY
OKHY, PacCcyuTHBalOTCA COBMECTHO C
TONOYHOA Kamepoii, HesaBucumo ot
BenuyHB NofMepeyHoro Liara LUMpM.

na cnoeebix TomoK obkem
TONOMHOW Kamepsl OrpaHwWJMBaeTCA
CHU3Y rmiowagbild  KONOCHWKOBOIA

peLueTKu " BEPTUKANBLHON
NNOCKOCTLIO, nNpoxoffwell uepes
KOHLbt KONOCHUKOB, ckpebku

LUNaKoCHUMATENA  WNKW  SNeMeHTH
wnakoeoro nognopa (puc. 6.1¢). ina
CnoesbiX TONOK c LienHbiMA
MeXaHUHecKUMI  pelleTKamu U3
ofbema,  OrpaHUHeHHOTrO  CHU3Y
NNOCKOCTBLIO KONOCHUKOBOTO MNONOTHA,
ucknioyaeTcA obbem cnof Tonnuea u
LWnaka, CpefiHAA TONLUUHA KOTOPOro
NPUHUMAETCA PaBHON: ANA KaMeHHbIX
yrneii 150-200 mm, ans Gypeix yrneii -
300 MM, AnA OpeeecHoil wens -
500 MM, AnA Kyckosoro Topda-B
33aBUCUMOCTU ©OT nonoxeHus Ganku,
orpasuyuBalollelf BXon Tonnuea Ha
KonocHUKoBoe nonotHo. B tonkax c
MeXaHuJecKium sabpactiBaTenem
TONWMHA CNOA TONAUBA Mana W npu
onpefeneHus obvema Tonku He
yuutbiBaeTcA. [lNA TONOK CUCTEMb
LWepluHesa B aKTuBHLIA o6LeM TONKM

Puc. 6.1. K onpefieneHuio rpaniL, pacyetHoro obbema BKilovaeTcs  ofbeM  LLUNAKOBOV

BOPOHKW,
TONKK NpW Luare Luvpm §;<700 MMm. 6-02. MonHan NOBepXHOCT

Tonku F, M°, 6e3 Wupm, BKAIOYEHHBX B 6e ofbem, BHYUCNAETCA Kak cyMma nnockocTeit Fr, M°,
orpaxuuusaloLux obkem TonouHol kamepkt (puc. 6.1), U ABYCBEeTHBIX 3KpaHoB

F,=%F,, W (6-01)
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Mnowank cremb, 3axaTans akpaHom, F,,, M%, onpegenseTcs no PaCCTORHUIO MENY OCANI KPalHUX
Tpy6 MaHHOTO SKpaHa U OCBELUEHHOR ANUHE SKPaHHBIX Tpy6. lNoBepxHOCTE ABYCBETHBIX 3KPaHOB
HaxoAuTCsA Kak yAiBoeHHoe npousBefieHe PacCTORHUA MEXY OCAMU KpaliHux Tpy6 Ha oCBeLLeHHyIo

AnuHy Tpys.
Mpu exnioveHuy B TONOUHIIA OBbEM LUIMPM NOBEPXHOCTL CTEH TONKY onpegnenseTcA no dopmyne
For = Boouts t Fogu Ly B B W (6-02)

rhe Foces - NOBEPXHOCTL CTeH cBOBOAHOrO OBbeMa TONKY, M°;
F .. - NOBEPXHOCTD LMPM, M%; CNpefienseTcs TaK e, KaK Anf ABYCBETHLIX 3KpaHoB;
Fn v - NOBEPXHOCTE CTEH, NPUNETrAIOLLNX K LLMPMaM, M2.
Mpu BbyuCHeHUM BenuuMHE Fr, e YCNOBHAR pa3penuTentHas NOBEPXHOCTL MeXay CBOBOaHbLIM
oOBLEMOM TONKWU U LLUPMAaMU He YHUTLIBAETCH.
Bxopaume B (6-02) koadhduumenTs Z,, u Z,, yHUTHIBAIOT HEPABHOMEPHOCTE OCBeLLEHHOCTY LUMPM
U NpUIeraloLLuX aKpaHos

Qy Gap
= Z = ¥
Z, s’ ® = (6-03)
rae Gy = Gy +(pmﬁl.u(t ‘-‘ﬂum)ﬂc“; App = Gy, +(pquﬂ.np(l _aum)ag.g. (6-04)

3RECE D oy, np * YINIOBOM KOIDDUUMEHT OBMYHEHHOCTH ANA NPUNEraiollero K WWPMamM SKpaHa;

P cap i - YroBOW KoahULMEHT OBNYyYEHHOCTU ANA LWUPM;

Uess | Oy - NOFNOWATENBHAR COcobHOCTL (CTeneHb uepHoTw) ceobopHOro u MeXLUMPMOBOTo
o6LEMOE TOMNKM.
Yrnosoit koadpduumeHT obnyyeHHo-

cTu P o no paccyuTbiBaeTcH no

bopmyne

_ (i)’ o -
(puﬁ.m = S; = "'Sl " ( a)

rie rnybuxa wupms [ w war
NPUHUMAIOTCA Nno puc. 6.2,
Yrnosol kosdhcpuumeHt obnyuentHo-

€M (..  ONpPEmenfercs  ua

3aBUCMMOCTU
Pess.w = - P ot np - (6-056)
Benumuunb e u (o

paccuuTbBalotcA no  (7-65)  npu
3HaueHusiX addhekTUBHON  TONLUMHL
cnoA gnA  ceoBogHoro S M
MeXLUMPMOBOro  §,,, ODbLEeMOB TOMKW,
onpegensembix ro (6-08a) u (6-086).

Ecnu no (6-03) nonyuero Z>1, To 8 pacuer npuHuMaeTcs Z=1.

Tly4esocnpuHMMaIOLLan NOBEPXHOCTL TOMKY, HE WMeloLlell LUMPM, BKMIOUeHHbIX B e aKTUBHLI
abxem

Puc. 6.2. K pacueTy TONOYHON Kameps! € LUUpMaMK,

H,=Y F.x, W (6-06a)

roe Y - yrnoeoit koa(pcuumeHT skpaHa, onpepensieMulit no n. 6-08. [lna yyacTKOB CTeH, He 3aKPLIThIX

axpasamu (B Tom yucne ropenku, naasi, conna), yrnosoli koachdpuupenT x = 0.
Ecnu 8 obbem TONKU BKNIOHAIOTCA LLMPMBI, TO chopmyrna (6-06a) umeer sug

H, = Fop o 4 Frn ¥ Z,, + Py (X7, . (6-066)
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6-03. SchbeKTuBHAA TONLUHA U3NYYAIOLETo CNCA TONKU

V'I
A 3,6*'}';-:* . M, (6-07)

rpe V, u F., - o6bem it NOBEPXHOCTb CTeH Tonku, M°, M.
Mpu BKkMOYeHUA B ofbem TOMKM LMPM  BXOAALWIEA B opmMyny (6-07) penuuuma F
paccuuTniBaetcs no (6-02), a obbem Tono4HON Kamepsl TPUHUMAETCA PaBHLIM
V!': Vl:lﬁ+ Vtm.ll Msl

re Veg ¥ Vi - cBOBORHSIN 1 MEXLUMPMOBbI 06bemb! TONOHHON Kamephl, Mo
SchchekTUBHAA TONLLMHA NBNYHAIOLLErD CNOR ANA cB06OAHOro U MexiLUpMoBoro ofbemMor ToNKU:

Vess
S = 3,ﬁm. M; (6-08a)
1.8
Sypuu = T 1 1 M, (6-086)
y

roe BwicoTa WwupMs A npuHuMaeTes no puc. 6.2.

6-04. BuicoTa TonouHoit kameps F;, M, onpeaenseTca Kak paccTofHue OT cepeauHbl XONOAHOM
BOPOHKU (nopa Tonku) Ao cepeauHbl BbIXOQHOTO OKHA TONOMHOW Kamepb! WX OO LWUPM C lliarom
$,<700 MM B Cnyuae 3anofiHeHus UMK BepxHeii HacT TONKu 6onee yem Ha 50 % (puc. 6.3).

il &
& v “Z/
o % L W
i+ LTIC
Eui
%; n=3 q—a' HH
- -dP—

Puc. 6.3. K onpepeneHuto OTHOCUTENbHOMO YPOBHS ropenok.

6-05. Cpeanuii ypoBeHb pacnofoXeHUA HacTeHHbIX W YTNOBBIX rOPesioK B Tofkax C BepxHUM
OTBOAOM rasoB NPW COBMECTHOM CXUraHUW pasHOpOAHLIX TONNWB, korga B Kaokawid APYC ROAaTCA
paaHkie Buap Tonauea

inBQi' h,

h = m
Z nBQ/

r

¢ M (6-09)

rae 1 - YUCno APYCOB MOPEerokK;
N - Yicno ropenok B Apyce;
Bu Q,’ - pacxofl ¥ TennoTa CropaHuA Tonnuea, nofaeaemoro B ropenky fpyca,
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h, - ypoBeHs pacnonoxeHus oceil ropenok B fpyce (puc. 6.3); onpeslenfeTca KaKk paccTosiHue or

cepefuHb XONoAHOI BopoHKu (noaa TorKK) Ao oty ropesiok B spyce.
Mpu cXuraswmu ofHOro BUOA TONNUBA CPpefHWiA YpOBeHb PACTONOKEHUS HACTEHHBIX W YrioBbIX

ropenok
i nBh,

inB

OTHoCUTeNbHBIN YPOBEHb PAcrioNOXeHIA ropesiok B TONKe XapakTepuayeTCA BenuynHON

h . M. (6-10)

r

X, 2t (6-11)

[lns TOMOK € NOAOBLIM PACMONOXEHWEM FOpenoK U CNOEBbIX TONOK NpUHUMaeTca x,=0.
6-06. Yrnosoli kosthcpuLUeHT rnagKoTpyGHbIX 2KPaHOB onpefenfeTci B 3aBUCUMOCTUA OT WX
KOHCTRYKLUU:
ONHOPAOHBIN HACTEHHBIA SKpaH -HoMorpamMMa 1a, Kkpueble 1-4;
3KpaH gBycTopoHHero obnyyeHuA -Homorpamma 1a, kpuean 5,
ABYXPROHBIA HACTEHHBIA SKPaH -Homorpamma 16;
IKPaH U3 Yepepylowuxca Tpy6 paaHbix QuamMeTpoB:
BeCb 3KpaH X -HoMmorpamma 18, rpacpuk |
TPy manoro auamMeTpa Xy -Homorpamma 18, rpacux Il
Jly4eBocnpuHUMAIOLLIAA NOBePXHOCTL BCero aKpaHa U3 Tpyb pasHuiX UaMeTpoB onpefleniercs Kak
F., x, a nyyeBocnpuHuMaloLLan NoBepxHocTsL Tpy6 Manoro auamerpa kak F, x,.
AnA oluMnoBaHHbIX W MNABHUKOBbLIX 3KPaHOB, a Takke [ANA SKPaHOB, 3aKPLITHIX HYTYHHEHMW
nautamu, x=1.
Yrnosoit kosdhhulMeHT NNOCKOCTY, NPOXOAALLEH Yepe3 OCU NepBoro paaa TPYS KOTENbLHOro Nyyka
(ghecToHa, LUKMPM), PacroNoKeHHOro B BLIXOAHOM OKHE TONKWU, paseH 1.
lMNpu pacyere nocneywLUUX MOBepPXHOCTEW HarpeBa cnepyeT Y4YUTHBATh, 4YTO YrnOBOW
KoahhMUMEHT camoro KotensHoro nyuxa (chectoHa, LLMPM) MOXET GhiTe MeHblUe epuHULb! (Tabn. 7-1
m 7-2) n yacTb nagalllero U3 TOnkKu Tenna npoxoguT CKBO3b NyYOK Ha PACNONOKEeHHbe 33 HUM
NOBEPXHOCTU Harpeea,

6-6. PagnaunoHHbie CBOWMCTEA NPOAYKTOB CropaHus
6-07. OcHoBHOW pagUauUoHHOR XapaKTePUCTUKON NPOBYKTOB CropaHUA CNYXUT KpUTEpUit

nernouatensHoi cnocobHocTu (kpurepuii Byrepa)
Bu = kps, (6-12)

rne K - kosdhdbuumeHT nornowyeHuA TonouHol cpeakl, 1/(m-MlMa), paccuuTbisaeTca no TeMneparype u
cocTasy ra3oB Ha BbiXoge W3 Tonku. [pU ero onpegeneHuM yYWTHIBAETCHA WanyueHue
TpexaromHbix rasoB (RO, H,0) u BapelleHHLIX B UX NOTOKE YacTuL CaXW, neTydei 3onsi u
KOKCa;

P - faBnexue B TonoyHoit kamepe, MlMa;
& - achdheKkTUBHAA TOMLUHA U3NY4YaIOLLEero CNOR, M.
6-08. KoathchuLmeHT nornolueHus nyyeii rasosoii dhasoii npoayxkToB cropanun (RO, H;0)

78 +16r, .
k =k°r, = [-—~—""i- 1] (1-037-10°7")r, . 1/mMra) (6-13)
J10prs
Re I, = g, + Ty,0 - CYMMapHan obreMHan NONA TPexaToMHLIX rasos B npofykTax cropavus (rm. 4);
T" - Temneparypa ra3os Ha Bbixofie U3 Tonku, K.

0
Benuwuuna k. onpegensercs no Homorpamme 2.
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6-09. KoadhhuumeHT NornoLueHns nyyveil Yactuamu caxi
12 (¢ 04
= o (F] (1,6-10" T;"—O,S). 1Am-MMa), (6-14)
T
rae o, - koadthuLueHT uabbiTka BOamyxa Ha BhIXOe U3 TONKK;
C"/H " - cootHoleHne yrnepoga w Boslopona B pabodeil Macce Tonnuea.
INpu cxuraHum rasa

c

Cl
Vi UJEZ‘{:‘CLH.: : (6-15)

rge 1 W M - KonuyecTea aToMoB yrnepoga v Bogopoaa B COequHeHUN.
6~10. KosthhulMeHT NornoLieHa nyveil Hacruuami 3onk
o 10°4,, K,
antan T 2
3 (T) 1+12u,,s

. 1/(m-MMa), (6-18)

rfe jl,, - KOHUEHTpaLUUA 30Nkl B NPOAyKTax cropaHus; onpegensercs no copmyne (4-11).
Koadhcbuyuent A, LnA Tonok © TBepabiM LnaKkoyaaneHuem npuHumaeTca no tabn. 6-1.

Tabnuya 6-1
Bupn Tonnuea -
ALL 1,00
KameHHiA' 1 Towmit yrnum 0,80
Bypuiir yrons 0.75
Cnanel 0,75
Toph 0,60

' [inn akubactyackoro yrng npu Reo < 15% A.,=1,0

[na Tonok € XuOKuM Linakoynaneduem A,, npuHumaetcs HWa 0,10 Boille NpUBenEHHBIX
B Tabn. 6-1.
6-11. KoacbthuljueHT NOTNOLLEHUR Ny4eil YacTULAMU KOKCA Kyuyolliox: MPUHUMAETCA Nno Tabn. 6-2.

Tabnuya 6-2
Bup Tonnuea KoconcHonc
i 1/(m-MMa)
ALL, Towmis yronb 0,25
KamenHeiid yronk 0,20
Bypuiit yrone, cnadew, Topdy 0.10

6-12, [pw pacuere Kputepus BU npuHumaeTcs, YTO NPU CXUraHUM MasyTa U rasa OCHOBHBIMU
U3NYNAIOLLMMI  KOMMOHeHTaMU ABNAIOTCA rascobpasHble npogykT cropanua (RO, H,0) w
g3BelliedHbie B WX NOTOKE CaXeBbie HaCTULb, NPU CXUraHWW TBepporo Tonnuea - rasoobpasHeie
npopykTs cropatius (RO, H;0) v B3BeLueHHbie B X NOTOKE YACTWULb! 3071kl U KOKCA.

Mpy cxuraHu Masyta unu rasa KoaPUUMeHT NOrNOLEeHUR TONOYHON Cpeabl PACCYUTLIBABTCH C
y4ETOM OTHOCUTENLHOTO 3anofHeHUA TONOYHON Kamepbl CBETRLYMMCA nnamexem (HYactuuamu caxw),
xapaxkTepuayembim koachpulueHToM 11, PacuyeTt npoBoiuTes no chopmyne

k =k, +mk_, 1/(mMMa). (6-17)

(Mpu cxurasum MasyTa B rasonnoTHeix kotnax m=0,3, Ana Hera3onnoTHeIX KoTnos m=0,6,

Mpw cxurasun npupopgHoro rasa m=0,1. Brnpefib, A0 yTOUHEHUA, 3TO Xe 3HaueHe NPUHUMAETCA U

ANA APYrUX ra3os, KpoMe AOMeHHOro, ANA Kotoporo m=>0.
Mpu CxuraHm TBepabix TONNKE KoaMULMEHT NOTNOLLEHUA TONOUHOR cpens

k=k 4Kk, P+ KeoxcFuoe . 1/(MMMa). (6-18)

[1ns cnoesbix TONOK NPUHUMAETCA Kyoxchixoxe =0-
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6-13. MNMpu cxuraHum cmecu Tonnue kputepuin Bu onpepensetcs no cpeaHemy koadichuumenTy
nornoLeHus K, paccuuTLIBaeMOMY C yYeTOM TErNsIOBOH A0MU KaKAOoro U3 TONNUB.
KoadhdbuumeHT nornowjeHus nyueld rasoBoll ¢pas3oil NpoOyKTOB CropaHif paccyuTbiBAeTCA Mo

O6bEMHBIM BONAM Tpo U 7y o, ONPEAENAeMBIM ANA CMeCk TonAUs no n. 4-12.

CpegHuit schdpeKTuBHBIA kKosdbdbUyMeHT nornolleHus ONA CMecu TonAue paccyuThiBaeTCs no
dopmynanm (6-19) - (6-22):

— MPY COBMECTHOM CXUraHWi rasos (MazyTos)

k=k +mp_ k. g;. VmMna), (6-19)
=1

rne k., - k03hhuliueHT nornouterun nyvelt yacTuuamu caxu, 1/(m-‘MMa); paccuutsisaercs ans
Kaxpaoro rasa (maayta) no (6-14).

Mpu cwxuraHun npupogHoro (KOKCOBOro) rasa B CMeCW C AOMEHHBIM ra3oM  BenuyMHa
KoadhchuLMeHTa M1 YMeHbLUARTCA NPOoNopUUOHAnbHO Tennosoil gone AOMEHHOro rasa g, or m=0,1
npu g, r =0 po Mm=0 npu g, =1,

— MNPV COBMECTHOM CXUraHuu mMasyTa v rasa

k=k, +mk, g, +k.(1-4,)], viwwa) (6-20)
rae ko u W ke - Ko3chhMUMEHTH NornoLeHus nyyeit yactuuamu caxu, 1/(m:-MMa); paccuutsiBalotes no

(6-14) cooTBeTCTBEHHO ANA MA3yTa U rasa,
voahhULIMEHT 771 NPY COBMECTHOM CXXWraHuW mMasyTa U rasa onpegenseTca no copmyne

m=m.q, +m(1-q,).
rae M, Wi, - BHAYSHUR /1 ANA MasyTa u rasa;

/., - MONA Ma3yTa B CyMMapHOM TennosblaeneHuu;
— NPU COBMECTHOM CXUraHui TBepaoro Tonnuea U Masyra

k =k, + mk_q, +(a'¢:m}.1.,,,I + K, e M xoxe Xl - q“). 1/(m-MNa); (6-21)
— NPY COBMECTHOM CXWraHuu TBEepAoro TONNUea u rasa
k=k +mk.g, + (ka.np'm + kmcpm](l - q,). 1/(m-MMa), (6-22a)

r0e gr - AONA rasa B CyMMapHOM TENNOBLIBENEHU;
— NPU COBMECTHOM CXUraHUW TBEpOro TONNUBa, MasyTa u rasa

k=k + (I —q, = q,)(kmpm + KoM oe ) + m(kmq" +k,.q, ) 1/(m-MMa). (6-226)

6-B. PacueTr cymmapHoro tennoobmena B Tonke

6-14, MeTopuKa pacuyera cymmapHoro TennoobmeHa B Tonke BaavpyeTcs Ha NpUIoXeHUH Teopun
nopobus K TonouyHoMy npoueccy. OCHOBHBIMU napameTpamu, onpegensiouumy GespasmepHyio
TemnepaTypy ra3oB Ha Bbixofie 3 Tonku O , ABnAloTCA KpuTepuii pagualuoHHoro TennoobmeHa

Bonsymana (Bo) u xputepuit nornowarensHoil cnocobHoctu Byrepa (Bu). Bug dyHKuuoHanbHOi
2aBUCHMOCTI, CBA3LIBAIOLLMA Mexay cofoi aTM napameTpbl, YCTEHOBNEH Ha OCHOBAHMM OMbiTHBIX
[aHHbix No TennoobmeHy B TOMKax KOTIOB.

YyeT BNUAHWA Ha TennoobmeH HEWIOTEPMUYHOCTW TemnepaTtypHoro nons Tonku U adupekra
paccesHUs uanyyerus obecneyuBacTca WcnonbsoeaHuem aheKTUBHOrO 3naqeHun kputepua BU
onpepensemoro no n. 6-17.

6~15. beapaamepHas Temnepartypa ra3os Ha BbIXOle U3 TOMNOYHO Kameps!

9” - _?;_" = BOD‘G
T T, MBU**+Bo"’
rpe T,- anuabatudeckan TemnepaTtypa ropeHus Tonnvea, K;

M - napametp, yunTHIBAIOLLWIA BIUAHUE HA UHTEHCUBHOCTL TennoobMeHa OTHOCUTENBLHOTO YPOBHA
pacnonoXeHus ropenock, creneHu 3abannacTVpoOBaHHOCTU TOMOYHBLIX rasos W Apyrux
haKTopos.

@opmyna (6-23) cnpaeeanuea B obnactu anavenuin 0 <0,8.

(6-23)
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6-16. Kputepuii Bo paccuuteisaerea no chopmyne

@B, (Ve)
0=——, (6-24)
OoWepferla
rae B, - pacvetHbilt pacxop Tonnuea, Kr/c (m%/c); onpepensetca no (5-24);
F, - noBepXHOCTL CTEH TONKU, M; oripepenseTcs no n. 6-02;
(V) - CPE@HAR  CyMMapHaa TennoemMKocTb MPOAYKTOB cCropaHua 1 Kr (1 M%) ronnuea
B UHTEpBane TeMneparyp (7; - T,"), kI/(kr-K) [kbx/(M*K)); onpepenseres no n.6-19;
Vep - CpEAHee 3HaueHue koahduumnenTa Tensiosoil athheKTUBHOCTU IKPAHOB; onpefenseTch
non. 6-22;
¢ - KoadhuuUeHT coxpaHeHus Tenna; onpegenseTcs no (5-11);
O = 5.67-10""" kB1/(M ‘K*) - koachchuLveHT UanyyeHus abComoTHo yepHoro Tena.
6-17. 3chchekTvBHOE 3HavyeHue Kputepus byrepa BU onpepenserca no chopmyne

= 14Bu’+Bu +2
Bu=16 ln[l,dlBuz— Bu + 2) : (6-25)
Mo cdopmyne (6-25) nocTpoeHa HoMorpamma 3.
6-18. [1ns KaMepHbiX Tornok napameTp M paccuuTsiBaeTcA No qopmyne
M =M, (1-04x, )ifr, . (6-262)
ANA cnoeswix Tonok (x, = 0)
M =M (1+p)fr . (6-266)

rae p = R/ F_, - coorHoweHve mexay nosepxHoctsio R sepkana ropeHus (crios) U noBepxHOCTbIO
creH Tonku F_,.
M, - koadbduuvenT, npuHUMaeTCs:
AnA nbmeyronhﬂhlx TOMNOK C TBEPANM LnaxKoynaneHuwem:
NPY TaHreHLWanbHOM I BCTPEHHOM pacnonoxesun ropenok M, = 0,46;

NpuY ofHOGPOHTOBOM pacnonoXeHun ropenok M,=0,42,
AN NbNeyronbHbIX TONOK € MWAKUM LWNakoypaneHuem M,=044;
LNA CNoeBbiX TONoK M, =0,46;
DA rasomMa3syTHBIX TONOK Npu HACTEHHOM PacnofoXeHit ropenock M, =0,40;

ANA ra3oMasayTHbIX TONOK NP NOAOBOM pacnionoxexun ropenok (x,=0) M, = 0,36.
[OnA Tonok, oBopyaoBaHHBIX NOBOPOTHBIMU ropenkamu, Koadppuuvent M,
COOTBETCTBEHHO YBE/IMYUBAETCA Win ymenblliaeTcs Ha 0,01 Ha kaxase 10° yrna nosopora

ropenok BHW3 UNK BEEPX.
Mpu cxurasuu TBepooOro TOMUIMBA COBMECTHO C MA3yTOM WM rasomM KoadmuuueHT

M, npunumaetca no ero aHaveHWo ANA TBePAOro TONNKEA.

Mpu cxuraHuu cmecw nNPUPOOHOTO, KOKCOBOIO W OOMEHHOrO Tra308 o
KOMBWHUPOBaHHbIX MHOTOTONNUBHBIX NPAMOTOMHO-BUXPEBLIX ropenkax Kosdhduument M,
3aBUCUT OT TENNOBOW [OMU AOMEHHOTO rasa B CMECU (-, yMEeHBLLAACH C ee yBenu4yeHuem,

Mpu cTyneHyaToM CHUraHu Tonuea' yYUTHIBAETCA 3aBUCUMOCTE TeMMepaTyphl rasos
Ha BhIXOfe W3 TOMNKKU OT AONW TPeTUMHOIo BO3AYXa Ly,

M = M, (1-04x, )(1- kg, Jfr, . (6-26¢)
roe Kk = 0,45 - NPy ABYXCTYNeHYaToM CXUraHum rasa u Masyra,
x =0,60-npu TpexcTyneHYaToM CHWIaHUW yrofbHoli NbAW U BEOAE
AONONHUTENLHOTC TOM/IMBA BO3MYXOM,;
K =0,20-npu TpexcrynmeHYaToM OCXWraHud yroNbHOW nbinu o BBOgE
AONONHUTENEHOMO TONNVBA Fra3amMit PeLMPKYNALUY;
7, - napameTp 3abannacTupoBaHHOCTU TONOYHBLIX rA30B

L Pexomerpauun QA cnyYan cTyNeHyaroro cXuWradiA Teepaoro TolnMea OCHOBaHZ Ha OrpaHudeHHoM
KONU4eCTBe ONbiTHLIX JaHHbIX.
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| (1+r)
T, s et
’ Vcr.'N, + VH“O,
rpe 7 - KoadhchUueHT pedupKynauuK, onpefenseTca no (4-25);
V" - obwem rasos Ha Buixoge ua Tonku 6e3 yueta peuupkynauuu, M/ (M3me).

Haubonee cuneHoe BNuaHVe napameTp 7, okassisaeT Ha TenncobMeH B TONKax ¢ rasoBoii CylKoit

TONNWea, a TaKxe Npu BBOAE B TONOYHYI0 Kamepy PeuupKyNUpYIoLUX rasos, oToSpaHHLIX U3 30Hb
XBOCTOBbIX NOBEPXHOCTEW Harpesa.
6-19. Cpennnan cymmapHas TennoeMKocTs npoaykTos cropanus 1 kr (1 m°) Tonnuea
Q — Iu
(Vo) =5 g KKK K) (KD K)],
a T

rae 1! - awtanbnus npopykToe cropakus 1kr (1Mm°) Tonnuea npu Temneparype 9! , uabsirke

M (6-27)

BO3AYXa Ha Buixoge U3 Tonku o, u obveme V', . paccuutanHom no (4-26).

6-20. Apuabatuveckas Temneparypa ropeduA S, °C, onpepenseTcA no  nonesHoMmy

TennoBbiaeneluio B tonke (, npu usbuimke Boaayxa .
(NonesHoe TennoBbigeneHe B ToNke

100-¢q, —q, —
0,.=0, lg(;—:‘ % +0, +0, + 27l o6 KOWKEKOKMD),  (6-28)
4

rpe O, - pacnonaraemoe Tenno tonnusa, KIKKr (KIDx/M°); BeMUcHseTCA no . 5-02;
3, (s, 6 - NOTEPU TENNA OT XUMUYECKOW U MexaHWHeCKoi HenoNHOTH CropaHuA TONNUea, C Tennom
Lwinaka v oxnaxpaiowei Boakl, %;
Qs - Tenno, sHocUMOe B TONKy NapoBmM ayTeem, KILK/Kr; onpepensercs no (5-21);
Q, - Tenno, BHOCUMOe B TONKy Boanyxom, KILK/Kr (kIhx/m?)

0, =PIy, +(Aa, + Acy, )y oo KINKE (KOKAMD), (6-29)
agecb [ HaxonwtcA no chopmyne (4-43), BenuuUHL NpUCOCOB B TonKe Ad, u
B NeNenpuroToBUTensHoil cucteme Ad,, onpegensiorcs no n. 4-14 w rabnuuye XVl
3SHransnuu TeopeTutecku HeobxoanMMoro KonuyecrTsa sosayxa I, npu Temneparype 3a

soapyxonogorpesareneM W npucacoisaemoro Boafyxa Jon.. ANA TUNOBLIX TONNMB
npuHUMaloTcA no Tabn, XV u XVI.

er,_m - Tenno peuupKynupyolumx rasoe, Kwkr (kx/m®). YuutseaeTcR B criyuae Boaspara
B TONKY 4YacTy rasos, OT(ﬁpﬂ'lHHx 13 rasoxonoB Kotna, 3a KoTrnoMm uwnu ua EEPXHen Yacm

Tonku (n. 4-10).
Ecru peLvMpKynupyioLse rass BEOAATCA Nepes BLIXCOHLIM CeueHUeM TOMKW, TO MPW TEnnoBom
pacyete TOMOYHOM KaMephi OHW HE YYUTHLIBAIOTCA, @ TeMrneparypa rasoB Ha BXOfie B NOCNEAYIOLLYI0

noBepxHOCTL Haroesa 9, ., onpepensercs no (4-28).
6-21. Konuyectsu renna, socnpuHaToro B tonke Ha 1xr (1 m°) Tonnuea

0, = o(Q, —17). Kwkr (i), (6-30)

6-22. KoachchuumeHT tennoeoil 3HHEKTUBHOCTW 3IKPaHOB paBeH NPOU3BEEHWIO YTNOBOro
koadhcbuumeHTa sKpaHa X Ha KoadhchuuuweHT £, yUMTHIBAIOLIVA TennoBoe CoNpoTUBEHWe 3arpAsHeHVs
WK 3aKpeTUE U3oNALUe

Y =xG. (6-31)
Ecnu cTeHbl TONKW 3aKpbThl SKpaHamu C pasHLiMW 3HaveHUWAMU KosddbuLWeHTa TennoBoit
acheKTUBHOCTY  \y WU 3KPaHe MOKPLIBAIOT “acTe MOBEPXHOCTW CTeH, cpepHee 3HayeHwe
xoaghhrumeHTa TeroBoil adbdekTUBHOCTU
2y E,

Yo = = (6-32)

cT
Jins HeaKpaHWPOBaHHLIX YHACTKOB TONOYHLIX CTEH NpuHUMaeTes y/ = 0,
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YrnoBoit koaghvumMeHT aKkpaHoB X onpegenserca no n. 6-06.

KoadbthuupenT £, yuuTuiBalolWuii CHUXeHWe TEeNNOBOCNPUATAA SKpaHa Npu ero sarpAaHeHun uny
3aKpPLTUAKM €70 NoBepXHOCTU uaonAuMel, NpuHuMaeTca no Tabn. 6-3.

Tabnuya 6-3
Tun a .
KpaHa Tonnueo = =
HacTerHbie rnagkotpybHuie u MmembpaHHble | FlasoobpasHoe 0,65
UenbHOCBapHbIe SKpaHb! B KAMEepHBIX Maayt 0,55
Tonkax
Mbink TBEPALIX TONAKE: 0,45

AHTPauUMTOBLINA WTLIG, ToLLM yronb

kamerHbie'! u Gypule yrnu cpepnweil 0,45

Wwinakyoujeit cnocobroctu (Hanpumep,

KyaHelkuid MCLLI)

KameHHbie ¥ Gypbie Yriil BLICOKOA, 0,35 - 0,407

6epeaoBCKWil KaHcko- LunakyloLLei

cnoco6HocTi (Hanpumep, HazapoBCKUi

AYUHCKOro MecTopoXaeHus)

¢peaepHbii Topep 0,45

cnaMus! 0,25
HacreHHubie rnagkoTpybHuie U NnaexHukoeke | Bee Tonnuea 0,60
3KpaHH B CIOEBLIX TonKax
OLmnoBaHHbIe 3KpaHH., nokpsTwe | Bce Tonnuea 0,20
OrHeynopHo# Maccoi
OKpakbl, 3aKpbiThie LuaMoTHBIM Kupnuwom | Bee Tonnuea 0,10

' MpU cxXUraHu 3KUBACTYICKOFO YIMA € ToHKUM paamonom (Rge < 15 %) 8 kotnax ¢ g 2 3 MB1/m® (= 0,40.
? MeHsiuee aHaveHue - AN GepeacBckoro yrns.

MpueepeHHsie B Tabn. 6-3 aHa4eHuUA £ Npu CHMraHuy NeKU TeepabIX TOMMUB OTHOCATCA K TOMOYHLIM

xamepam, obopynoBaHHbLIM 3acpheKTuBHO paboTaloluMiu CPeACcTBaMY OYMCTKI SKPaHOB.
[Ans olwmnNoBaHHbX SKPaHOB, MNOKPLTHIX OrHEYNOpHOW Maccoil, B TolMKax C XUOKUM
uLnaKoypaneHueM BesiviuMHa { paccyuThiBaeTcA B 3aBUCMMOCTU OT TeMnepaTtypst NnasneHus LWinaka

lun °C
£=0,53-02510"1,,. (6-33)

MNpu OTCYTCTBMM OaHHbiX O TeMNepaType rUlaBneHns Lnaka ee aHayveHwe NpuHumaetca wa 50 °C
HUXe TeMMNepaTypbl MUAKONTABKOro COCTOAHUA 30Nk [c.

[1ns rnanKkoTpy6HbLIX ABYCBETHLIX SKPAHOB 1 LWKMPM (KpOME LUMPM TuNa «lieks), pacnonoXeHHsX B
obbeme ToOMKW, NPU CXUraHuA TBepabiXx TOMSAMB Benwuuda { ymedbluaeTcA Ha 0,1, a ans
LieNbHOCBaPHBIX 9KPaAHOB 1 LLUMPM Ha 0,05 No CpaBHeHUIO C ee 3HaYeHUeM 1A HAaCTEHHLIX 3KPaHoB.

Mpu nonepementoid pabore KoTna Ha pasHbiX TOMUNMBAX WM NPU CHUraHWA CMecH Tonnume
KoachthuLMeHT NPUHMMAETCA MO TOMMBY, BhidbiBaloLemy 6onsluee aarpAsHeHue.

[N BLIXOOHOMO OKHA TOMKWM, OTAENAWEero TOMKY OT pacnofiokeHHOW 3a HUM NOBEPXHOCTU
Harpesa, KoahuUMEHT Ly, ONpeaenseTca no copmMyne

-t (6-34)

rae £ - koachduumeHT; npuHuMaeTca no Tabn. 6-3 TakuMm Xe, KaK A1 HaCTeHHbIX SKPaHOB;

P - koachchuumenT, yuMTHBaOWMA BaauMHBIA TennoobmeH Mexay TOMKOA U MOBEPXHOCTLIO
Harpesa. [lpu pasamewjeHuy 3a OKHOM TONKW WMPM KoschchuumeHT [ NpuHUMaeTcs
paBHbiM 0,6 Npu CxXuraHu Teepabix Tonsue M 08 npu cxuravum masyta u raza. lNpu
pasmelLeHun 3a okHom checTona - 3=0,9, korensHoro nyuka - [3=1,0.

IMpu oTcyTCTBUM HENOCPEACTBEHHO 3a OKHOM NOBEPXHOCTU HarpeBa G, =0,5 .
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6-23. [Ina pacdeta TeMmnepartypbl rasoB B KOHUE TOMKWM WAWM [UIA OonpefeneHus nnowagu
MOBEPXHOCTW CTEH TONOYHON Kamepbl UCNonb3yloTcs hopMYy bl
- NpuW pac4eTe TEMNepaTypbl rasoB B KOHUE TOMNKW

T
S:: 567 laﬂ 7 F Ta 06 —273. OC; ‘5'35)
1+M BT | = sl el 2
¢B,(Ve),,

- Npy onpenenesud NnoLuaamn NoBePXHOCTA CTEH TOMOYHOM Kamepbl

2
1 (T,
o ] }F[T ')
T 567-10" My B T

6-24. Pacnpegenexue TennoBOCNPUATUA NO BLICOTE TONOYHOWU KaMephl ONPEensieTcn «MO30HHBIM>
UKW «30HasbHBIM:' pacyeToM Tonku. B cnyuasx, Korpa Takoil pacuyeT He Npou3BOUTCH, yaenbHoe
TENNOBOCTIPUATUE OTAENBHON 30HBI MOXHO OLEHUTL M0 CnefyloLieiil 3aBUCUMOCTH

B, O,y
G=Ye F o

aWep

OpuweHTUpoBoYHBIE 3HavyeHWUA KoachchuuveHTa pacnpefeneHus TEnnoBOCMPUATUA MO BeicoTe
TOMKU Y, OMPEQESAIOTCA B 3aBUCMOCTU OT OTHOCUTENbHOM Bbicotsl /1 /H, 3oHb! No Tabn. 8-3 wwm 8-4.
Pa3bpoc AaHHbIX, MCNoNb3oBaKHbIX AnA (hopMupoBaHus aTMX Tabnuy, coctTasnasn fo + 20%.

Cymma  TennoBOCNPUATU  OTAENbHBIX 30H TOMKW  pOMKHA COBNajarb € BefMHUHOM

TENNOBOCTIPUATUA ToNouHoI Kamepsl (0, No chopmysie (6-30).

(6-36)

, KBUM. (6-37)

" Orcbinka & MO3OHHOMY PacuyeTy NpeacTraBnAeT BO3MOXHOCTE WUCTIONB3OBAHWA TalKe 3IoHANLHOTD pacuera,
4To B fiancHelluem He oroBapueaeTCA.
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MABA CE[1IbMA#

PACYET KOHBEKTUBHbIX U LUWPMOBBIX NOBEPXHOCTEW
HAIPEBA

7-A. OCHOBHbIE YPaBHEHMA

PacyeT KOHBEKTUBHEIX U LLIMPMOBbLIX NoBepXHoCTeld Harpesa basupyeTcA Ha COBMECTHOM pelleHn
CUCTEMbI ypaBHEHUIA TernnoBoro Ganakca u ypasHeHun Tennoobmena.

7-01. Ypasnerue TernnoobmeHa

kHAt
0="7
P
rpe Q - Tenno, BOCTIPUHATOS NOBEPXHOCTLIO KoHBeKuuel U MeXTpyOHbIM uanyyeHneM, OTHeCeHHoe
Kk 1 kr (1 M%) Tonnusa, kI/kr (KIxm®);
k - KoaththuUMeHT Tennonepeaayn, OTHeCEHHbI K PACYETHOI NOBEPXHOCTU Harpesa, Br/(v*-K);
A7 - TeMneparypHbii Hanop, K;
B, - pacueTHsiii pacxop Ton/mea, Kr/c (M fc);
H - pac4eTHas NOBEPXHOCTL HAarpesa, M-.

[nf LWMPMOBLIX NOBEPXHOCTEN, BK/IIOYaA NAABHUKOBLIE U MeMGpaKtbie, pacyeTHas NoBepXHOCTb
NPUHUMAETCA paBHOI YABOEHHOW MAOWAAN NPOACLHOND OCEBOro CEYEHUA LUMPME, orpaHuHeHHOM
HapyXHBEMU 06paayIoLIUMK KpaiAHUX TRY6 Wik nnasHUKOB. [UNA LIMPM, BLINOMHEHHBIX U3 rNagkux Tpyd,
NOBEPXHOCTL YMHOXAETCA Ha YrnoBOA KoabhULUeHT, onpeaenseMbliii B 3aBUCUMOCTM OT Op MO
KpuBoI1 5 HoMorpaMmbi 1a, ununpu 1,0< 02 <1,6 no hopmyne x = 1-0,45(az—1).

|LiupmoBsie MOBEPXHOCTU OT/IM4AIOTCA OT KOPWAOPHBLIX MyYKOB BeN4UHON MoNepeyHoro o, u
NPOAOSNBHOTO O OTHOCUTENbHBLIX LuaroB: NpM oy 23 U 0<1,5 panA rnagkoTpybHbIX LLMPM 1
npu ;23 u 0z < 2,0 ANA MembGpaHHbIXx NOBEPXHOCTL HarpeBa PacCHUTLIBAETCA Kak LUMpMoBas.

B rragkotpybHbix KOHBEKTUBHBIX MyYKax pacyerHas MoBEepXHOCTb NPUHUMAETCS PABHOM NOSHOM
MoBEpPXHOCTU TPY © HapyxHoii (ra3oBoil) CTOPOHLI.

PacueTHan MOBEPXHOCTb KOWBEKTMBHBIX My4KOB: MemOpaHHbIX, W3 nnaBHUKoBLIX Tpy6, Tpyb
¢ nonepeuHsiMu pebpamu, MemMbpaHHO-NeNeCTKOBLX U NeMNecTKoBLIX - NPUHUMAETCH PaBHOW NoNHOM
noBepxHocTU opebpetHbiX TPYE C HapyXHOI CTOPOHLI. [OBEpPXHOCTL OpebpeHHsix TPYS CKNnaasiBaeTcs
ua nosepxHocTy pebep (NpocTaBok, NenecTkos) u MexpebepHbix yuacTkos Tpy6 (puc. 7.1).

PacueTtHan NoBepXHOCTL HAarpeBa LUMPMOKOHBEKTUBHBIX NyukoB (puc. 7.2) cknagsiBaeTcA wua
NOBEPXHOCTW LUMPMOBLIX 3/IEMEHTOB, OfpefienAemMoi KaKk /IR LWUPM, 1 NOBEPXHOCTU KOHBEKTUBHLIX
SNEeMeHToB, onpenensieMoit No NonHolt MoBepXHOCTU 3MEeeBUKOB.

MNoBepxHOETL Harpesa pekynepaTuBHoro Bosayxonopcrpesarens (rpy6uaroro, nnactuwyaroro) u
BO3/1yXOBO3AYLLHOro TennoobMeHHUKa HAXORUTCA KaK CPeAHAA NO rasosoi U BO3AYLUHON CTOpPoHaM.

MoBepxHOCTL HAarpeBa pereHeparMBHOro Bo3fyXoNoforpeBavesiA ONpeaesfeTcs Kak nonHan
[BYCTOPOHHAA NOBEPXHOCTL IMCTOB, OMbIBAEMbIX ra3amMu U BO3AYXOM.

7-02. B ypaBHeHuw Tennosoro banaHca KOMWHECTBO Tenna, oTAaWHoe ALIMOBLIMK rasamu,
NPUPABHUBAETCA KONUYECTBY Tenna, BoCnpuHAToMy oborpesaemoit Cpenoi.

Tenno, oTAaHHOE rasamu paccyMUTLIBaEMOIA NoBEePXHOCTH

Q="' = 1" + Acly o) = Cpon « KK/ (KEKIM), (7-02)

rae (¢ - KoachthuLMeHT CoXxpaHeHun Tensa, ofnpepenaeTca no (5-11);
I'. I" - sHransnum rasoB Ha BXOAE B NOBEPXHOCTL HarpeBa u Beixoae ua Hee, KIK/Kr (kDow/mr®);

Aad, npe - KOMMMECTEO Tenna, BHOCMMOTO NpuUcacsiBaeMbiM Boaayxom, KE/kr (kIbx/m® );

Ao - npucoc Boagyxa B rasoxon. B pereHeparusHoM Boafyxonoporpesarene MpUcoc
pacnpenenfieTcs NopoBHY MeXy XOfIOAHOM 1 ropAdeil YacTAMI;

- SHTANLUA TEOpeTUMECKH HeobXxoouMoro KOMWYECTBa MpuCackiBaeMOro BoO3pyxa,
k[wkr (kx/m®). OnpepensieTca AnA BCEX rasoxofoB Mo Temnepatype fpucachiBaemMoro

BoaflyXa [rpe.

107, kwr (kxim®), (7-01)

| (S
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[na Bozayxonoforpesarens Io_mc BLYUCNAETCA NO CpepHei Temneparype Boaayxa
Line = 05(tL, +12).
MNpu pacyere pereHepaTuBHOro BO3AYXONOAOrpeBaTens Mo 4YacTAM Iu_m AN NepeBo

CTyneHu oNpenenseTca No TeMrneparype XonofiHoro Boaflyxa, ANA BTopoii - Mo TemMneparype
ropAYero,

QOjon - TENNOBOCTPUATME  fONCNHUTENbHO  noBepxHocTd,  KIX/Kr (kK/M®),  BrIIOEHHoI
napannensHo UNK NoCNENoBATENLHO NO XOAY MA308 C PACCHUTHBAEMON NOBEPXHOCTBIO.

2

D |
/2”/)’/"/’?’/’2’.’.
d "YU 4 B ¢
c L
g
{an
{ d ]
X X —
{ R v —
-l \w : ’.—--_
b ||| s bps |\_s sp¢ | | B0

8 A

Puc. 7.1. K onpeaeneHitio reoMeTpU4ecKmX XapaKTepucTuk opebperHsix Nyukos Tpy6.
2 - memBpanHan NOBBPXHOCTL; 6 - MOBBPXHOCTL C NONepeyHbIMUA pebpamMu; ¢ - NeNeCTKOBas MNOBePXHOCTD,
I - NNaBHWKOBAA MOBEPXHOCTE; 4 - MembpaHHo-neNecTKoBaA NOBEPXHOCTE.

7-03. Tenno, BocnpuHsaToe cborpesaemoit cpenoit:
- ANRA NaKeTa LWUPMOBOTO 1 KOHBEKTUBHOIO Neperpesatesis, Nony4yaoLlero uanyyeHue us Tonku

Do
Q :B_(" —i") = Qp, WIbK/Ar (kDM); (7-03)
3]
-[NR NakeTa KOHBEKTMBHOrO neperpeBarens, SKoHOMalsepa U NepexofHoN 30Hbl MPAMOTOYHOIO
KOTNa, He NMoNy4aloLero U3ny4eHue ua TonKuy

Q= g—(f" —i"), D/ (kK/m®), (7-04)
p

roe D - pacxoa napa (BoAK!) Hepea NoBepxXHOCTL, Kr/c;
i §* - sHTansnuu napa (Boas) Ha BeIXOMe U3 NoBEepPXHOCTU Harpesa u Bxoge B Hee, KIW/Kr.
Mepenag aHTaNLNUA Napa B Naponeperpesarene cneayet NPUHUMATE C Y4ETOM TErUIoBOCTpUATUA
napooxnaaurens (rn. 9).
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MNpwu pacuete KOTeNbHLIX MYYKOB C MOCTOAHMHOI TeMNeparypoil BHyTPeHHell cpeabl ypaBHeHue
TennoeocnpuUATUA oborpeBaeMoil cpenk He COCTaBNAETCA;
- AN\ Bo3pyxonoporpesarens 6ea NpomexyToHHbIx 0T60pos ¥ NOABOKOE Boaayxa

A
Q= (Bf. + 3'" +Bou + BM)(Iéfm = 5..,). KIbK/r (KDDKAS ), (7-05)

raeP;,Bo,Puss - OTHOWeHMA  KonuyecTBa  Boagyxa,  nogasaeMoro B TonKy M3
BOapyxonogorpesarens, peuupKYNUpyloUero B  BO3AyXOnoporpesarefie  u
136LITOMHOTO (OTAABAEMOTO Ha «CTOPOHY>) K TEOPeTUMECKIA HEeOBXOZUMOMY;

I&fm - SHTANLMUNM BO3AYXA, TeopeTuyecku HeoOXoAuMOro ANA ropeHus Tornwea, npu
Temneparypax Ha BXOfe B BOSAYXONOOOrPEBaTENb U BLIXOLE U3 Hero,
KE/Kr (KE/M);

A, - NpUcoc Boanyxa B BO3AYXONOAOIPeBarTeNs, NPUHUMAaEeMbIA PaBHBIM nepeTeyke
€ BO3AYLUHOI CTOPOHbI.

MNpu ot6ope unu nogsone Bo3fyXa MeXAy CTYNEeHAMU KKAAR CTYNeHb PACCHUTLIBAETCH NO CBOeMY
pacxofy Boaflyxa.

Ecnu 4yepea Bo3pyxonoporpesarent NPOXOAMT HacT Bo3fyxa (Hanuuue wywta), B (7-05)
nopcrasnsercs aHaveHue (3! 3a BbMeTom nonuM Boafyxa, waywiero Ha WywT. [pM WyHTUpoBaHMUu

BO3[yXONOAOrPEBaTENA NO BO3AYXY WK rasy Benuuuba npucoca ACL,, COXPaHRETCA HenaMeHHOMN.
7-04. Tenno, nonyyeHHoe wanyyeHueM W3 TONKM NOBEPXHOCTBIO Harpesa, nNpuMbiKawouiel

K BLIXOQHOMY OKMY TOMKK
qn.sFm Z Xp (l = a)
0, = -
P

rhe g, - TENnoBas Harpy3ka NoBepxHOCTH B paiioHe BLIXOQHOrO OKHAa TOMKMY, kBr/Mm%; onpepensetcs
NO30HHLIM pacyeToM, a Npu ero o'rzg'rcmu - no (6-37),
F,,,. - nNowans BeIXOAHOro okHa TONKK, M*;
@ - cTefNeHb YepHOTH obbema LWupM; onpefensercs no n. 7-35. Ynew (1-a) esogurcsa Tonbko
ANA WnpM;
pr - CyMMa YrnoBsiX KosththuumeHToB B NOBEPXHOCTH, onpeaensaeTca no tabnuuam 7-1 u 7-2.

Tenno, nofyyeHHoe wuafydyeHueM U3 Torku NoBEpPXHOCTAMM Harpesa, pacnonoXeHHLIMW 3a
LUMPMOiA, NpUMbIKaIOLLIEIA K BBIXOAHOMY OKHY ToMNKu

‘?n.af;u:[] _pr(l_a)] 3
Q= = + KEDKACE (KEDRAMY). (7-07)
p

7-05. Ecnu paccyuthiBaeMan MOBEPXHOCTh OMBIBAETCA
4 HenosHLIM KONUYeCTBOM NPOAYKTOB cropalua (napannensHoe
BK/IIOYEHNE HECKO/IbKUX 3/1EMEHTOB, ra3ceoe perynupoBaHue
neperpeea, ofxoAHble rasoxofbl NMPU OTCYTCTBMM MFIOTHBIX

wubepos u T.n.), ypasHenue (7-02) sameHseTcs crienyioLmm

O=0(I'-I"+ Aa!o‘,w}g—Q Y
KIDK/Kr (kOx/m®), (7-08)

roe g - MaccoBas  Oons  rasoB, MPOXOAAWMX  Yepea
paccuy1TbiBaeMyio NOBEPXHOCTE Harpesa.

lMpw napannefibHOM BKNIOYEHUW HECKOSBKUX 3eMEHTOB
UWNM  OTKPBITEIX O6xopHeIX 6opoBax g onpegensiercA no
YCNOBMIO  paBeHCTBa  COMNPOTUBNEHUH  NapannefibHbiX
rasoxofos.

Mpu oBoWHelx (MNOTHBIX) 3aKPLTLIX  OTKIIIOHAIOLMUX
Puc. 7.2. LLinpmokorBekTuaHan  Wubepax B obxogmbix 6opoBax g npuHumaerca pasHoit 0,95 ,
MOBEPXHOCTb. 1 - KOHBEKTUBHBI npu ofuHapkex - 0,9 .
aneMeHT; 2 - LWUPMOBLIH SnemMenT. Mpu ofveguHerun NOTOKOB ABIMOBLIX MA30B JHTANLNUA
CMecH ONpPenenaeTca Mo ypaBHeHUIo CMELLIEHUA

I.,=1(1-g)+1,g, xbxir (kDxmo). (7-09)

"
O.802?

. KK (KOKM® ), (7-06)







