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BBenenue

[lapoBbiM WM BOJOTPEHHBIM KOTJIIOM HA3bIBAETCS YCTPOWCTBO, B KOTOPOM JUJIS
MOJydyeHUs] TMapa WM HarpeBa BOABl TOJ JaBICHHUEM BBIIIE aTMOC(EPHOTO
UCIIOJIB3YETCSl TEIJIOTA, BBIAEISAIOMIAACS TPU CTOPAaHUM OPraHUYECKOTO TOIUIMBA.
[ToBepouHbIi pacyeT MMapoBOr0 KOTJA BBIMOJHSAETCS JJIA OLICHKU ToKazaresei
SKOHOMHUYHOCTH, BBIOOpa BCIIOMOTATEILHOTO O0OPYIOBAaHMSA, TOIYUYCHHUS HCXOTHBIX
JAHHBIX JJI1 TOCIHEAYIOIMX PAaCyeTOB: adpPOJIMHAMMYECKHUX, THUIPABIMYECKHUX,
NPOYHOCTHBIX. [IpM BBINOJHEHHH MOBEPOYHOrO pacyeTa IMapoBOro KOTjia €ro
NapoNpPOU3BOAUTENBHOCTh, IMApaMETpPhl Mapa M NUTATEIbHOW BOJBI  SBISIOTCSA
3ajaHHbIMU. [l03TOMy Liedb pacdyeTa COCTOUT B ONPEACNICHUH TeMIepaTyp Ta30BOM
Cpenbl U TEIJIOBOCIPUATUIA paboyero Tesa B MOBEPXHOCTSIX HarpeBa 3aJaHHOrO KOTJa.
["a3oMa3yTHBIE BEpTUKAJIbHO-BOAOTPYOHBIE HapoBble koTibl Tuna E (/JIE) mapompo-
U3BOMUTENRHOCTRIO 4; 6,5; 10; 16 wm 25 T/4 mpemHa3HadyeHbl IS BBIPAOOTKH
HACBIILIEHHOTO UM cinaboneperperoro napa aasnenuem 1,4 Mlla. Tonmouynas kamepa
KOTJIOB pa3MelieHa cOOKYy OT KOHBEKTUBHOIO Iyyka, 0Opa30BaHHOTO BEPTUKAJIbHBIMU
TpyOaMu, pa3BaJIbLIOBAHHBIMU B BEpXHEM M HWKHeM Oapabanax. IllupuHa TOMOYHOM
KaMephbl M0 OCsiM OOKOBBIX KpPaHOB TPYO OAMHAKOBa sl BceX KOTIOB — 1790 mm,
r1yOMHa TOMOYHOM KaMepbl H3MEHSIETCS B 3aBUCMMOCTH OT HOMHHAJIbHOMN
NapoNpPOU3BOAUTENBHOCTH KOTJa. (OCHOBHBIMH COCTaBHBIMH YacTSIMU 3THUX KOTJIIOB
SBJIIOTCSI: BEPXHUM M HWKHUN OapabaHbl, KOHBEKTHBHBIM My4OK, (POHTAIBHBIMH,
OOKOBOW M 3aJHUI AKpaHbl, 00pa3ylolIue TOMOYHYIO KaMmepy. TpyObl meperopoaku u
paBoro OOKOBOTO AKpaHa, 00pa3yloIIero TakXKe MOJ U MOTOJOK TOMOYHOW KaMephl,
BBOJISITCS HETOCPEACTBEHHO B BEpXHUW M HIDKHMM Oapabanbl. KoHIpl TpyO 3amHEro
JKpaHa IPUBAPEHBI K BEPXHEMY M HIKHEMY KOJUIEKTOpaM AuamMeTrpoM 159x6 mwm.
TpyObl PpoHTATBHOTO 3KpaHa KOTJIOB MAapOMPOU3BOAUTEIBHOCTHIO 4; 6,5 u 10 T/4
NPUBAPEHBl K  KOJUIEKTOpaM  auameTpoM  159x6 MM, a Ha  KOTJiax
NapoNpPOU3BOIUTENBHOCTBIO 16 W 25 T/4 OHM pa3BajbLOBAaHbl B BEPXHEM U HUKHEM
Oapabanax. Illar Tpy® Bmons Oapabanma 90 mm., momepeunsii — 110 MM (3a

UCKIIIOUEHHUEM cpeaHero, paBHoro 120 mm). g noanep:kaHusi HEOOXOUMOIO YPOBHS



CKOPOCTEW ra30B B KOHBEKTHBHBIX MyYKax KOTJIOB MPOU3BOIUTENBHOCTHIO 4; 6,5 u 10

T/9 YCTAaHOBJICHBI ITPOAOJIBHBIC CTYIICHYATHIC IICPETOPOAKU.

B xotne JIE — 25 — 14 I'M nana obGecnedeHuss HaASKHOW HUPKYISIIIUU B
KUISITUJIBHBIX TPYOKax KOTEJIBHOTO IMy4YKa BEPXHUM W HIOKHUN OapabaHbl COCTMHECHBI
MEXy CO00# OIMyCKHBIMH TpyOamu pazMepoM @ 159x4.5, 4ucio KOTOPBIX C POCTOM
MPOU3BOJIUTEIIBHOCTH KOTJIa yBeaW4yuBarOT oT 1 no 4. Orpaxkiaaronme NOBEPXHOCTH
kotioB JIE Ha JKMAKOM W Tra3000pa3HOM TOIUIMBE BBIMOJHEHBI H3 TpyO C
otHOocuTeNbHBIM marom S/d = 1,03 + 1,08, 4To MO3BOJISACT MPUMEHATH OOJICTUEHHYIO
W30JISIIHIO.

Kotner cepum JIE uMeeT BBICOKYHO CTENEHb 3aBOJCKOM TOTOBHOCTH, YTO
nOBBIIIAET F3(P(PEKTUBHOCTh UX MOHTAXKA.

MeToauyeckue yKa3zaHUsi COCTaBJI€HblI Ha ocHOBe ‘“HopmaTuBHOro Mmeroja
TEIUIOBOTO pacuéTa KOTEIbHBIX arperatroB’’, pa3pabOTaHHOrO0 KOJUIEKTHBOM aBTOPOB

BEIYIIUX HAy4YHO — UcciaeaoBaTeabckux MHCTUTYTOB (BTU u LIKTH).

1. 3aIIaHI/Ie Ha TEIUIOBOM pacqéT, MMOPAIO0K €TO BBIIIOJIHCHHUA

[IoBepouHBII pacy€T NapoOBOTO KOTJA BBINOJHIETCA ISl CYHIECTBYIOIIEH
KOHCTPYKIIMU C LETbI0 ONpeAeICHUs oKazaTeneil e€ paboThl Mpu Mepexojie Ha APYroe
TOIUIMBO, NpPU HM3MEHEHWW HArpy3kd WIM [apaMeTpoB Mapa, a TaKXKe IocIe
IPOBEJICHHON PEKOHCTPYKIIMHU ITOBEPXHOCTEN HATPEBA.

3aJaHne Ha MMOBEPOUYHBIN paCUYET JOJLKHO COJIEPKATh CIACIYIONINE JaHHbIC:

— THII IAPOBOT0 KOTJIA;

— HOMUHAJIBHYIO MapONpOU3BOAUTEIHHOCTh U TTapaMeTphI Mapa;
— MECTOPOKICHUE U MapKy TOILINBA,;

— c1oco0 CHKUTaHusl TOTUIUBA.

B pacuéTtHO — MOSCHUTENBHYIO 3aMKMCKY AOJKHBI ObITh BKJIIOUEHBI CIICAYIOIIHE
paznensbl:

— 3a/IaHUE;
— OINKMCAHUE APOBOIr0 KOTJIA, KOMIIOHOBKY €0 MOBEPXHOCTEN C YKa3aHUEM UX CBSI3U 1O

paboueii cpene;



— TEXHHUYCCKHC XapPAKTCPUCTHUKH CXKHUIa€MOI'0 TOIIIMBA, pacqéT 00BEMOB M DHTAJIBIIUH

BO3/lyXa U MPOJYKTOB CrOPaHUS;

— TETIJIOBOM OajlaHC IMIapoBOro KoOTJia, pacqéT pacxoaa C)KUIracMoro TOILINBaA,

— TEIUIOBOM PacCYET TOIKHU U MOBEPXHOCTEN HATPEBA;

— CBOJIHYIO TaOJIUIy OCHOBHBIX PE3YJIbTATOB pacyéra.

Pacuétel cnenyeT opopMIiIsITh B TAOIMYHOM popMme .

3ajaHue Ha TOBEPOYHBIN pacuét npunaraercs B Tadnuiie 1.

JlaHHbIe 110 cocTaBy TorumBa - Tabymnel [17, T18.

Ta6nuna 1. 3aganue Ha MPOEKTUPOBAHUE

IBE JABJICHHUE TOIIJIMBO
MMOCJIEIHUE MapKa KOTJa | Ha BBIXOJE, I'as (MmecTo MasyT
005 (1)] ) 3 MIIa POKJICHNS)
00,25,50,75 E4-141TM 1,0 'V peHromckoe -
01,26,51,76 E 6,5-141TM 0,9 OpeHOyprckoe -
02,27,52,77 E 10-14TM [0,8 CTaBponoiabCKOE |-
03,28,53,78 E16-141TM 0,7 byrypycinanckoe |
04,29,54,79 E25-14TM [1,0 Boii-Boxckoe -
05,30,55,80 El16-141TM 0,9 - M40 MaJIOCEpHUCTHIN
Cenp-Monb
06,31,56,81 JIE10-14 T™M 0.8 (Kown) -
07,32,57,82 E 6,5-141'M (0,7 TazoBckoe 1 -

M100
08,33,58,83 JIE 4-14T™M 0.8 - MATIOCEPHHCTHI
09,34,59,84 E25-141TM [1,0 ByKTBIIIBLCKOE -
10,35,60,85 El16-14TM (0,7 bepes3oBckoe -
11,36,61,86 E10-14TM [0,8 CoJI€HUHCKOE -

M40
12,37,62,87 JIE 6,5-14TM 0,9 - MHOTOCEPHHCTEL
13,38,63,88 E 4-14 TM 0,8 Meccosxckoe -
14,39,64,89 E6,5-141M 1,0 TazoBckoe 2 -
15,40,65,90 E10-14TM 0,9 Komcomonbsckoe 1 |-
16,41,66,91 E16-141TM 0,8 MenBexxbe -
17,42,67,92 E25-141TM 0,7 3arnoJisipHoe -
18,43,68,93 E16-141TM 0,8 [ 'yOKHMHCKOE -

M100
19,44,69,94 JIE10-14TM (1,0 - MHOTOCCPHUCTIH
20,45,70,95 E 6,5-141TM (0,7 Ta3oBckoe 3 -
21,46,71,96 E4-14T™M 0,9 - M40 Maa0CepHUCTHIN
22.47,72,97 E25-14TM [0,8 FOouneiinoe -

M100
23,48,73,98 JIE16-14TM 1,0 - \AI0CEDHICTEL
24.49,74,99 E10-14TM 0,7 Komcomonbsckoe 2 -




2. Bp106op Temmnepatypbl YXOASIIMX ra30B U Ko duiinenTa n30bITKa BO3ayxa

TemmepaTypa yXomAlmIMX Ta30B OKa3bIBAET peIIalolee BIUSHUAE Ha
SKOHOMHYHOCTh Pa0OTHI MApPOBOTO KOTJA, TaK KaK TOTEPS TEIJIOTHI C YXOISIIUMHU
razaM SIBIISICTCS MPH HOPMAJBbHBIX YCJIOBHSIX OJKCIUTyaTallud HaWOOJBINCH Jake B
CpPaBHEHUU C CyMMOU apyrux norepb. OnHako, rIy0OKoe OXJaXJACHUE ra3oB TpeOyeT
YBEJIMYCHHS Pa3MEPOB KOHBEKTHBHBIX MOBEPXHOCTEH HArpeBa M BO MHOTHX CITydasix
NIPUBOJUT K YCUJICHUIO HU3KOTEMITEpaTypPHOU KOPPO3UH.

TemmepaTypa yXo sIIIux Ta30B 32 XBOCTOBOM MMOBEPXHOCTHIO HarpeBa

(3KOHOMaﬁ36-pOM) Dyx BLI6I/IpaeTC}I B 3aBUCHMMOCTH OT BHUJa CXKHT'aCMOI'O TOIIJIMBA I10

tabmure 1.

Tabnuna 1. PekoMenayeMble TeMnepaTypbl yXoAsaux ra3os, °C

TOITJIMBO Vyx

Teépnoe:

cyxoe, W"<0,7 110 + 120

BitaxkHoe, W"=1+5 120 +130

criipHOBIakHOE, W" > 5 130 +140
Masyr:

BBICOKOCEpHHCTHIHN, SP > 2,0 % 150 +160

cepaucteiid, SP =0,5+ 2,0 % 130 +140

ManocepHucToii, SP < 0,5 % 120 +130
[Ipuponnslii ra3 120 +130

s pacdera JIEHCTBUTENBHBIX O0OBEMOB NMPOJIYKTOB TOPEHUS MO MOBEPXHOCTU
HarpeBa KOTEJIBHOIO arperara MpexXae BCEro BBIOMPAOT KO3(P(UUHUEHTHl H30bITKA
BO3/[yXa Ha BBIXOJE W3 TOMKH o, M MPUCOCHI BO3AyXa B OTACIBHBIX AJIIEMEHTaX KOTJa
ao.. Koaddumment n3bbiTka Bo3myxa o, MOJDKEH OOECIEeYUTh MPAKTUYECKH TOJHOE
cropanue ToruBa. OH BHIOMpAETCS B 3aBUCMMOCTU OT TUIIA TOMOYHOTO YCTPOHCTBA U

BHUAa C)KUTa€MOI'O TOIIJIMBA I10 Ta6J'II/ILI€ 2.



Ta6nuna 2. Pacu€rubiit koaQpuiineHT n30bITKa BO3AyXa Ha BBIXOE U3 TOIKH.

Tonka TommBo Koaddurment
Tonka ¢ nHeBMaTnueckuMm | Kamennsie yrim 13+14
3a0pacbiBatenieM U 1ienHoil | Bypeie yrim 1,3+1,4
pPEeETKOM MpsSIMOTO U AHTpALUT U MIOJTyaHTPAIUT 15+15

oOpaTHOro X072

[[TaxTHas TOTKA C Topd, npeBecuna 1,4
HAKJIOHHOM PEIIETKON

Kamepnas Tonka ¢ TBEpABIM | AHTPALIUT, ITOJTyaHTPALUT,

yAQJICHUEM IIJIaKa TOIIUHN yTrOiIb 1,2 +1,25
OcranbHOe TBEPIOE 1,15+ 1,20
KamepHnas Tonka [IpupoaHsrii ras 1,05+1,1
Masyt 1,03 +1,05

B TOonky 1 ra3oxopl KOTja IIPH HAaJIWYUU B HUX OTBEPCTUHM U HEIUIOTHOCTEU W3
aTMoc(epbl MOCTYNaeT BO3/1yX, KOTOPBIM HA3bIBAIOT MPUCOCOM ac. M30BITOK BO3ayXa
o, BKJIIOYAET B ce0s Ko (HUIMEeHT N30bITKAa BO3/TyXa, II0JJaBaEMOT0 B TOPEJIKU UJTU IO

KOJIOCHUKOBYIO PEIIETKY o, . , ¥ IPUCOCHI XOJOJIHOTO BO3/lyXa U3BHE MPU pabOTEe TOMKU

rop ?
oA pasps’KCHHUEM aa., , IPOUCXOAAIINEC B OCHOBHOM B HU)KHEH 4acTH TOIIKM.
[Ipu BEIOpaHHOM o, U30BITOK BO3yXa, MOCTYIAIONINI B 30HY TOPEHUSI TOILIMBA,

ompenensercs Kak a,, =o, —ac,. B TrasomioTHeIX TONKax y KomioB cepun [JIE

aa, =0.Jlna kotnoB cepunt JIKBP o, cm. Tabn. 3. 3a cuet mpucocos, K03 OUITMEHTHI
n30bITKa BO3AyXa OT TONKH K JBIMOBOWM TpyOe MO TpakTy Bo3pacraroT. I30bITOK

BO3/IyXa 3a KaKIOH MOBEPXHOCTHIO HArpeBa IMOCJIE TOMOYHOW Kamepsl o,, MOTYYaroT

2
npuOaBIeHNEM K a, COOTBETCTBYIONIMX IIPHCOCOB BO3JyXa, T.e. o,=a, +» Aa.
1

[Tpucock! Bo3ayxa B ra30Xxoax MapoBOro KOTJIa MPUHUMAIOT 10 Tadiuiie 3.
[Tpu pacnpenenennu kKod3HPUITMEHTOB U30BITKA BO3AYyXa MO Ta30X0JaM CIEayeT
O03HAKOMHTBCSI C KOHCTPYKIIUEH IMapoBOTO KOTJIA, I KOTOPOTO TIPOBOIUTCS

ITIOBEPOYHBINA pACUET.



VY xorna DE 25 — 14 T'M kOoHBEKTHBHasi 4acCThb COCTOUT U3 JBYX TIa30XOJOB.
[lepBblii Ta30X0/1 BBIMIOJIHEH C MIAXMATHBIM PACHOJIOAKEHUEM TPYO B My4Ke, BTOPOM — C
KOpUIOpHBIM. OcCTalbHBIE KOTJBI 3TOH CEPUHM HMEIOT 110 OJHOMY Ta30Xody ¢
KOPHUJIOPHBIM PACITOJIOKEHUEM TPYO.

Tabnuna 3. PacuéTHbie MPUCOCHI XOJIOIHOTO BO3/1yXa B HEra30MJIOTHBIX TOMKAaX U B

razoxo/ax.
[ToBepxHOCTH HarpeBa O603HaYCHMS [Ipucoc
CrnoeBble TONKH
AQL, 0,1
Kamepnsbie Tonku 115 ra3za, Mas3yra,
TBEPJIOr0 TOIUIMBA IPU HAINYUHU
METAJTTHYECKON HApYKHON OOIIMBKH
AQL, 0,05
["'a30X0/1b1 KOHBEKTHUBHBIX
MMOBEPXHOCTEN
Harpena:
IMaXMaTHBIA KOTEIBHBIA ITyY0K AL, | 0,05
KOPUJIOPHBIM KOTEIBHBIN ITy4OK ACL, 0,1
BosgHOM 4yTyHHBIN SKOHOMAaM3ep AL 0,1
e}
["a30X0/b1 32 KOTEIBHBIM arperaTom
(ma xaxapie 10 m): L 0,01
6
CTaJILHBIE g 0,05
KUPIIHYHBIE °
o .
rop Or o 5 0y
—— TOIIKa - ra3oxon »| OKOHOMAu3Cp |—
AOL AQL

A0 ra3 3
Puc. 1. Pacnpenenenue koahduiimeHToB n30bITKAa BO3AyXa MO MMOBEPXHOCTSIM HarpeBa

KOTJ/Ia



3. Pacuer 00b€MOB BO3/lyXa U MPOJIYKTOB CrOPaHUs

[To obwmenpunaroii meroauke [1] oObeMbl NMPOIYKTOB CrOpaHUs M BO31yXa
BBIPAXKAIOTCA B M° IpU HopManbHbIX yenosusax (0°C u 0,1 MIla) npu cxuranuu 1 xr
TBEPJIOTO U )KUIKOTO TOIUIMB WK 1 M° Ta30BOro TOILIMBA.

Jlig TBEPAOTO M KMJKOIO TOIUIMBA Pacy€T MPOM3BOAMTCS HCXOMASl U3 COCTaBa
paboueil Macchl O ClIeAYIOUMM (hopMyiam:

TEOPETUUECKHUIN 00BEM BO3IyXa

V° =0,089(CP +0,375SP) +0,265H —0,0330° , M%/kr (3.1)

TEOPETUUECKHE 00BEMBI MPOTYKTOB CTOPAHUS

V., =0,0187(CP +0,375SP) , M3/KT (3.2)
2
V¢ =0,79-V°+0,008-N° , Mm%/kr (3.3)
V8 o =0,111H" +0,0124W” +0,0161V°, M°/KT (3.4)
Ve =V, +V° +V5,, MYKr
r = Vro, N, H,0 » (35)

[Ipu cxxuranum MPUPOJTHOTO Ta3a pacueT TEOPETUUECKUX 00BEMOB BO3IAyXa U

IMPpOAYKTOB Cropanus IIPONU3BOAUTCA Ha OCHOBAaHHUH IMPOLCHTHOT'O coCTaBa
KOMIIOHCHTOB, BXOJAIIINUX B HCI'O:

TEOPETUUECKHI 00BhEM BO3/yXa!
V° =0,0476 -[¥(M+0,25-n)-C,H, +05-(CO +H,)+15-H,S-0,],m3m*  (3.6)

TCOPCTUICCKUC 00BEMBI IMPOAYKTOB CropaHus BO3/1yXa:

Vio, =001-(Xm-C,H, +CO, +CO +H,S), m’/m’ (3.7)



V2 =0,79-V° +0,01-N,; (3.8)

V8, =001-(3.05-n-C H, +HS+H,+0124-d_ +1,61-V°) (3.9)

rae d_ , - BIarocojep:kanue ra3000pa3Horo TOIUIMBA MPU PACUETHOU TeMIiepaType
10°C

d,., =10r/m’
PacueT 06beMOB IPOAYKTOB CTOpaHUS B MOBEPXHOCTAX HArpeBa CBOJAT B TAOJHILY.

Tabmuma 4. OO0BEM MPOIYKTOB CTOPAHUS

IToBepXHOCTh HarpeBa
Benuunna u pacuetHast popmyna TONORHAL | o on HSKOHOMaM3e
Kamepa p

Koaddumment nzdpiTka Bo3ayxa 3a
MMOBEPXHOCTHIO HArpeBa

4 =0, + D AQ,
Cpennuit ko3hduireHT u30bITKa BO3ayXa
B [IOBEPXHOCTH HArpeBa o

JleficTBUTENBHBIN 00BEM BOJISIHBIX MTAPOB
Vo = V3,0 +0,016- (0, ‘1)'VO’MX43
[TomHbI 00BEM Ta30B
V. =V°+1,016- (a,, —1)-V°,MZ43

OOBeMHast 107151 TPEXaTOMHBIX Fa30B

fro, = VRo2
VF
OO6BeMHast 107151 BOJISIHBIX TTapOB
rHZO _ VHZO
\Y

T

OObeMHas 10151 TPEXaTOMHBIX Ta30B U
BOJISTHBIX TIAPOB I, =gy + 1y o

* Ilnst koo JIE — 25 tabnuna COJZIEPKUT JIBA ra30X0/a.

4. Pacdyer 5HTaJIbIMU BO3yXa U MMPOJYKTOB CrOPAHUSI.
Jlis Bcex BHUIOB TOIUIMBA JHTAJIBIUM TEOPETUUYECKHMX OOBEMOB BO3JyXa U
IPOAYKTOB cropanus, B kJ[x/M3, npu pacuetHoi Temmeparype v°C, ONpeesnsior mo

bopmynam:
10



X =V°.C_ -v (4.1)
3 =(Vo, Co, +V,, -C, + Vo -Co) -0 (4.2)
DHTaNbIUA NPOYKTOB CrOPaHUs MPU U30BITKE BO3ayXa o)l
J =3 +(a"-1)-J; (4.3)
B npuBenennnix Gopmynax : C,;Cy,:C,,:C, - TCITIOEMKOCTb COOTBETCTBEHHO

BO3yXd, TPCXATOMHBIX TIa30B, 430Ta MW BOISHBLIX IIApOB, K,}_I)K/MsK, 3HAa4YCHUA

BbIOUpatoTcs no Taba. 11 B mpunoxxenuu:

o — ko3 uIeHT U30bITKA BO3AyXa 32 MOBEPXHOCTHIO HATPEBA,

Jon — DHTABINS 30161 , KJJK/KT, 171 TBEPIOTO TOILIMBA.
— F
\Jan_ O,OlayHA Cg_]]l)

rae C,, — TermoémkocTb 30ib1, K/[x/kr K mpuBenena B Taour. I1. 1;
ayy — J10JIA 30J1bI TOIUIMBA, YHOCHMAs MPOJYKTaMU CTOPaHUS: AJISl CIOEBBIX TOIOK
IPU CKUTAHUU OYpBIX U KAMEHHBIX yrien ayy 0,2 + 0,5; antpauuros — 0,3.
OHTanbvg 30JIbl HEBEJHMKA [0 CPAaBHEHUIO C JPYTMMH COCTABIISIIONIMMHU U

YUUTBIBACTCS KOTAA HpI/IBGI[éHHaH BCJIMYMHA YHOCA 30JIbI

p

APa
1000——*=>14

PesynbpTaThl pacuéra SHTAIBINUU Ta30B MPHU JACUCTBUTEIBHBIX U30BITKAX BO3AyXa

CBOJIATCS B TAOJHILY 5.

Tabnuna 5. SHTaNbIUS TPOTYKTOB CTOPAHUS

Temrmep
. 3a (1) J =3+
OBEPXHOCTH IOBEPX jo o o Y (@) 4
Harpesa HO- V
CTBIO v,
°C
oo a0
o 900
["a3zoxon 1100
o, =0, +Ad,, 200
DKoHOMam3ep 300
o, =0, +Aa, 100

11



[IockoNbKy Ha JAaHHOM JTale€ pacuera TemIlepaTypa ra3oB 3a TOH WM WHOMN
NOBEPXHOCTBIO HarpeBa €Ille HEM3BECTHA, PacyeT HHTAIbIHI ra3oB JEIaeTCsd Ha BECh
BO3MO>KHBIN 33 JAHHON MOBEPXHOCTHIO IUANAa30H TEMIIEPATYD.

[Ipy Hamuuuu y MOapoBOrO KOTJIA JABYX TIa30X0J0B pPAacy€T HHTAJIBIIHH
IIPOU3BOJUTCS IS KaXKI0TO razoxona B ornenbHocTH. Korén tuna JIE — 25 umeer nBa
razoxoja. Temreparypa 3a MOBEpXHOCThIO HarpeBa 1™ razoxoma v = 1100+500, 2"

razoxozna v = 600-+-200.

[To pe3ynbraram pacuera cTpoutcs J—v auarpamma cm. puc. 111 B mpunoxxenun.
J—v amarpaMmy cieayeT MOCTPOUTh Ha MUJUIMMETPOBOM Oymare, Tak Kak OT TOYHOCTH

IIOCTPOEHUs €€ OyAeT 3aBUCETh TOYHOCTb MOCIEAYIOIUX PACUETOB.

5. TeruioBo# 6aaHc MapoBOro KOTJIA

PacnpezleneHI/Ie TCIIIIOTHI, BHOCHMOM B KOTEI IIpu CXKUIraHnM TOILIMBA, Ha

IMOJIC3HO HCIIOJB30BAHHYIO TCIJIOTY M TCIUIOBBIC IIOTCPU HOCHUT HA3BAHHC TCIIJIOBOIO

OastaHca.

TenoBoii 6anaHc cocTaBisieTcst Ha 1Kr TBEPAOTO TOIIMBA WIIU KUIKOTO TOIUIMBA U
1 M® ra3006pasHoro TomIMBA.

VYpaBHeHue TerIoBoro 0ajaHca UMEET BUJL:

Q=Q+Q,+Q;+Q, +Q; +Q, , KJK/kr , xJK/M° (5.1)

rae Q) - pacmojaraeMas TEIJIOTa TOILIUBA,
Q, - OJIE3HO UCIIOIb3yeMasl TEIJI0Ta JIsl POU3BOACTBA BOJSHOIO Mapa;
Q, - TOTEpH TEIIOTHI C YXOASIIMMHU ra3amu;
Q; - IOTEpPH TEIJIOTHI OT XUMUYECKON HEMOJIHOTHI CTOPAHUS;

Q, - TOTepH TEIJIOTHI OT MEXAaHMYCCKOW HEMOJIHOTHI cropanus; (st TBEPIOTO
TOIJIMBA)

Q. - MOTepHU TEIJIOTHI B OKPY>KAIOIILYIO CPEAY;

Q¢ - moTepu ¢ pU3HYECKON TEIUIOTOM NIUIAKOB; (U1 TBEPOTO TOILINBA)
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Ecnmm oTHecTH Bce ciaraeMble TEIIOBOro OanaHca K pacnonaraeMoﬁ TCIIJIOTE U

BBIPA3UTh UX B MPOLEHTAaX, TO ypaBHeHHeE (5.1) npumeT BUA:

100:q1+q2+q3+q4+q5+q6’% (52)

Koadgduument mone3Horo  JeWCTBUS  KOTeJIbHOro  arperara  (OpyTToO)

OoNpCACIIACTCA U3 JaHHOI'O YPABHCHUA!

n6p=q1=1OO_(q2+q3+q4+q5+q6)’% (5.3)

Pacmomaraemas Teriora TOILUIMBA OIpCACIICTCA 110 YPABHCHHIO!

Qi = Qﬁ + Qm + QBHHI + Qrup (5'4)

I[J'ISI OOJIBLIITMHCTBA BHA0OB JOCTATOYHO CYXHUX U MAJIOCCPHUCTBIX TBépIIBIX TOILIINB

¥ Ta3000pa3HOTO TOTUIMBA Qr =Qp. JIns1 CUIIbHOBITAYKHBIX TBEPABIX TOILUIMB U Ma3yTa

YUUTBIBAaETCS (PU3MUYECKaAsl TEIIOTa TOIUIMBA Q. .

Q. =¢,, -y, , KJDK/KT (5.5)

TJie ¢ - TEIUIOEMKOCTh Ma3yTa;
t - Temmeparypa Ma3yTa, 00b4HO oHa cocTtaisieT 90--140°C. 3aBUCHT OT CEpHUCTOCTH

MasyTa, 4eM OO0JIbIIIe CEPHUCTOCTH ,T€M BBIIIE t .

¢, =1,74+0,0025t_, KJIx/krK (5.6)

B ciywae mpenBapuTenbHOTO TMOAOTPEBa AYTHEBOTO BO3ayXa B Kamopudepax

TCIIJIOTY TaKOI'o rnmoaorpeBa Q BKIIIOYAIOT B pacriojiara€Myro TCIIOTY TOILJIMBA.

BHII

Quu =B (7, —13,) (5.7)
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B=— (5.8)

rae G — KOJIMYECTBO ICHCTBUTEIIBHO BBOJUMOTO BO3TyXa, KI/T;

G, — KOIMYECTBO TEOPETHUECKH HEOOXOTUMOTO BO3TyXa, KI/T;

i°,i% - SHTAJBIINUA TEOPETUIECKOTO 00BEMA TOPSUETO M XOJIOJTHOTO BO3AyXA.

[Tpu KcroaB30BaHMM JJIS paCIblia Ma3yTa MapoMEXaHUYECKHX (POPCYHOK B TOTIKY
KOTJIa BMECTE C Pa30rpeThiM TOIUIMBOM TocTymaeT map. OH BHOCHUT JTOTOJHUTEILHYIO

TEIIoTy Q-

Q. =G (i, —2510) (5.9)

rae G — pacxox mapa Ha 1 Kr TOTUIMBa, KI/KT;
Iy — SHTAIBIHS TyThEBOTO Tapa;
2510 — BenmuMHA pacyETHOW SHTAJIBIUU BOJISHOTO TMapa, cOpachlBAEMOro C
IPOJIYKTaMU CropaHus B atMocepy.
[Ipn mapoBoM pacnbuIMBaHUM MaszyTa pacxoj mapa coctasisier G = 0,3+0,35
KI/KT.
[Ipu cioeBoM COKMTaHWM aHTpanWTa W mojade mapa moxa pemérky G = 0,2+0,4

KI/KT.

[ToTepst TEMIOTHI ¢ YXOISIIUMU Ta3aMU OTpeesercs no Gpopmyne:

Jyx—(xyx~J‘;
4, = , -(100-q,),% (510)
Q
rae Jy - OHTaIbNHS yXOMIMX Ta30B mpu o, © v, KIDK/KEr, KDK/M,

OTNpeeNsieTcs Mo J—v JuarpaMme;

o, - KO3 UIMEHT H30bITKA BO3IyXa 32 DKOHOMAN3EPOM, Je -

SHTANBINS BO3yXa MIPHU TeMIeparype B kotenbHou t,=30°C,
onpenensiercs mo  dopmyne(4.1).
Tenmmoémkocth Bo3ayxa npu t;=30°C coctaBisier Cyx = 1,29

[Torepst TEmIOTHI OT XMMHYECKOM HEMOJIHOTHI CrOpAaHUs (¢, 3aBUCUT OT poJa

TOIINIMBA MW THIIA TOIIOYHOI'O YCTpOfICTBa. OnBITHI IIoKa3zaJii, 4TO0 IIPpH CXKUI'aHHUH

TBEPJIOTO TOILJIUBA B CJIO€ (,JICKHUT 00bIYHO B Tipeenax oT 0,5 1030%, a npu c:xuranuu
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B KaMepHbIX Tomnkax — oT 0,5 1o 1,5%. [Ipu cxxuranum ma3yra U NpUpOJHOro rasza (z =
0,5%.

BenuuuHa moTeph TEIUIOTHI OT MEXaHHUYECKOM HEMOJIHOTHI CrOpaHusl TOILIMBA (|,
YUUTBIBACTCSI TOJBKO JJIA TBEPAOrO TOILIMBA. [l CJIOEBBIX TOMOK (], MOJXET
coctaBiATh OT 1+2 10 18%, s kamepHBIX TOonok oT 1 10 5% [4, Tadm. 3-14].

[Totepsi TEIJIOTHI OT HAPYKHOTO OXJIAXKICHHUS (. JUIA CTAllMOHAPHBIX ITAPOBBIX
KOTJIOB IMPUHUMACTCS TI0 IaHHBIM puc.2. Pacnipenernenre g, 1o OTACIBHBIM dJIEMEHTaM

KOTCJIBHOTO arperara, IM[IpOMU3BOAUTCA IPOIOPHUOHAIBHO KOJIHWYCCTBY TCILIOTHI,
OTAaBaACMOMY IIPOAYKTaAMHU CTOpaHHA B COOTBCTCTBYIOIICM 3JICMCHTC M YUYHUTHIBACTCA

BBeJICHHEM KOY(PDUITMEHTa COXPAaHEHUS TEIJIOTHI ¢ !

gy, %
[
32
25N
24
20 =\
46 2
12 ™S
08 =
04 S~
SRR TR 30 700 300 500 700 7/

/
~%

/|

et

1 — kKOTEN ¢ XBOCTOBBIMU TOBEPXHOCTSIMU HarpeBa (BOJASHBIM 3KOHOMAa3epoM Win

BO3/IyXOHarpeBaTeseM);
2 — KOTEN 6e3 XBOCTOBBIX TTOBEPXHOCTEH Harpena.
Puc 2. [Totepu TenaoTsl OT HAPYKHOT'O OXJIaXKJACHUS KOTJIa B 3aBUCUMOCTH OT

IMapoIIpoOu3BOAUTCIBHOCTH KOTJIA.

(5.11)
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[ToTepu TemaoThl ¢ PU3NUECKOM TEMIOTON IIAKOB (g onpeaesnsercs mo [2, ctp 53];

[lonHOE KOJMYECTBO IIOJIC3HO HCHOHBByeMOﬁ TCIIJIOTHI Ql AJis1 IIPOMU3BOACTBA

BOJISTHOTO TIapa OMpenessieTcs mo GopMye :
Q, :D.[(. i)+ g0l —IH.B)} i fl/a (5.12)

rae D - maponpou3BOAUTEIBHOCTh arperara, Kr/d;

I", I' — 2HTaJIBIMA, COOTBETCTBEHHO HACHIIICHHOTO I1apa, KOTJIOBOW BOJBI,
kJIK/KT, IpUHUMaeTCs pH JaBjieHun B koiie [ Tabmuma I16];
Ins — DHTAJBIMS IMHUTATEIBHON BOJBI, KJXK/KI, MPUHUMACTCS B COOTBETCTBHH C
dbopmyoii:
il‘[.B = Cy’ tl‘[.B

I Cy — TEIIIOEMKOCTh MUTATEIBHON BO/IBI, MPUHUMAIOT paBHOU 4,19 kJIX/KT;

t,s — TEMIepaTypa NUTaTeIbHOW BOJIbI, IPUHUMAIOT paBHOU 104 °C.
I1 - mpoLeHT HENMPEPBIBHOM NPOYBKH, IPUHUMAETCS paBHBIM 3%.

Pacxon TorunBa, mogaBaeMoro B TOIKY, ONpeAesercs no Gopmyse:

Ql 3
B=—=100 K / M /
BGOOQE : I|6p S © (513)

PacueTHprit pacxon TOIJIMBa OMpPEACIIICTCA C YUCTOM IMOTCPH TCIIJIOTHI OT

MEXaHNYECKOM HEIIOJIHOTHI CropaHus, ajis TBépI[OFO TOIIJINBA.

BP =B-(1-10(')—‘5) (5.14)
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6. Pacuer TeniooOMeHa B TOIIKE

Tonka mapoBOro KOTJa CIIY>KUT JUIsl CKUTAHUS TOIUIMBA U IIOJYYEHHs IIPOTYKTOB
CropaHusi ¢ BBICOKOW TemmepaTypoi. [lepeHoc TerioTsl B TOMKe OT (pakena ropsiiero
TOIUIMBA W BBICOKOTEMIIEPATYPHBIX IMPOAYKTOB CTOpPaHUs K DKPAaHHBIM ITOBEPXHOCTAM
HarpeBa OCYILECTBISETCS, B OCHOBHOM, M3ilydeHueM. Ilostomy, pacuer TemiooOMeHa B
TOTKE MPOBOJUTCS C YCIOBHEM MPEOOJaJaroIero BIUSHUSA B CJIOXHOM TEIIOOOMEeHe
paaNalMOHHON COCTABJISAIOLICH.

[lenpro pacuera SBISIETCS OINPENECICHUE TEMIIEPAaTypbl NPOIYKTOB CrOPAaHMS HaA

BBIXOJ/IC M3 TOMKH v, YJACIbHOW Harpy3kd Ha €IUHUIly o0bema Tonku (,. [lomydeHHbBIC

IIpHU paCyYCTC 3HAUCHUA JOJIKHBI HAXOAUTHCA B IIPCACIIaX, PCKOMCHIAYCMbIX [1]

Tabnuna 6(a). KOHCTpYKTUBHBIE XapaKTEPUCTUKH TOTIKH

HanmenoBanu | O0o3Ha | Pazmep JE4 | IE65 | IE10 | JE 16 | JIE 25
€ BEJIMYUHBI | YECHUE bl

JlyueBocnpuH. - )

TIOBEPXHOCTh . M 2181 | 2793 | 38,96 | 48,13 | 60,46

Harpesa

[TonHas ,

TIOBEPXHOCTb F, M 23,80 | 29,97 | 41,47 | 51,84 | 64,22

CTEH TOIKH

O06BeM y ;

TOTIOYHOI t M 8,01 11,20 | 17,17 22,6 29,0

KaMephbl

Huametp Tpyo d MM 51 51 51 51 51

ar Tpy0 S MM 55 55 55 55 55

B JaHHOM pa3JICJIC Jar0TCsA IMOKAa3aHuA 110 XOA4Y BBINTOJIHCHUA pacycTa.

OTHollIeHHEe TUIOUIAJM CTEH, 3aHATOW Jy4EeBOCHPHUHHUMAIOLIEH MOBEPXHOCThIO F K

TTOJTHOM Iiomanu CTCH FCT HAa3bIBACTCA CTCIICHBIO DKPAHUPOBAHUSA TOIIKU:

X = (6.1)

X = (6.2)
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rae R - IIOBEPXHOCTH 3€pKajia FOPEHMs, M2,

[Ipu pacuerax wu3AydeHUs B TOMKAX PA3IUYAOT IUTaMsi, OOpa3yromieecs NpH
CKHWTaHUU Tas3a, MasyTa W TBEpJOro ToruuBa. [lpwmHHMMaercs, 4To B TUIAaMEHU ra3a u
Ma3zyTa OCHOBHBIMHU H3JTyYalONUMUA KOMIIOHEHTaAMH SIBIISIFOTCS TpexaToMHbIe Ta3el CO; u
H,O u B3BemICHHBIC B HUX METbUANIINE CAXKUCTHIC YACTUIIBI; B TUTAMEHH TBEPBIX TOTLINB
— TpexaToMHbie ra3sl CO;

u H,O, gacTuIpl 3016l B KOKCa.
[Tpu coxuraHUM Ta30BOTO U JKUIKOTO TOILTMBA KOA(PHUIIMEHT TETJIOBOTO U3ITyUCHUS

(axena onpenensiercs o popmyIie:

éq) :m“ics‘i'(l_m)'ér (63)

rae &,, & - KO3(D@UIMEHTHl TEIUIOBOIO M3JyYEHHUs CBeETsIIeWcs dYacTh (akena u
HecBeTsmmxcs ra3oB. Koaddumnuent ¢, naxoaurcs nmo Homorpamme 11 3,
Koaddumuent &, onpenensercs takxke no Homorpamme I1 3 npu

k,S=k-0,1-S (6.4)
S — s dexTrBHAT BETMUMHA W3ITYYAIOIIETO CIIOS.

k=k, -r.+k, , I/Mm MIla (6.5)

rae k, - xkoadduimeHT ociabieHust Jydyed CaKUCThIMM YacTUILIAMH, OOpa3yloIIUXCs B

anpe daxena:
. c’
k,=03-(2-a,) (1,6-10° v, _0’5)'F , 1/m MIla (6.6)
rune C’, H® - cogepkaHue yriepoga M BOAOpoJa B pa60qeﬁ Macce TOIUIMBa, IIpHU
C)KMI'aHUH IIPHUPOJTHOIO Tras3a.
CP

~012- 30 ¢ H
HP 0’ Zn Cm n (6'7)

[Ipyn cxkuranuu TBEPJAOTO TOIIMBA KOAY(DPUIIMEHT OCIAONCHHS JIy4el TOMOYHOU
cpenoit k ompenensercs kodpduumreHToM ociabiieHus Jydeid TpeXaTOMHBIMH Ta3aMu

(k. -r,), 3010BbIMH YacTUIIaMK (K - ) M TOPSTYMMHU KOKCOBBIMH YacTuiiamu (K ).
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K=k, -1, +K, 1, +K, 2,2, (6.8)

rae k - onpenensieTcs o pucyHky 11.9 nmpunoxenus;

u_- CM. Tab. 4;

k - ko3¢ duuueHT ocinadiaeHus Jydeil KOkcoBbIMU yacTuiiamu pased 10 I/m Mlla;

z, - Ko3(uuMEeHT, 3aBUCAIIMN OT BHJA TOIUIMBA, Ul HU3KOPEAKIIMOHHBIX TOILJIUB
(A, ITA, T) z, =1, 11 BICOKOPEAKIIMOHHBIX: KAMEHHBIX, OypbIX yriei z, =0,5;

z, - xko3h(dUIMEHT, 3aBUCALIUMN OT crocol0a CKUTaHWUsS TOIUIMBA, MPU KaMEPHOM
z, =01, ipu cioeBom z, =0,3.

[Tapamerp M, yuyuTHIBaIOIIMNA XapaKTep PpACIpPENETICHHUs TEMIepaTypbl IO BBICOTE

TOIKH MPU COKUTAHUM Ta3a U Ma3yTa OIpeesaeTcs no popmyre:

M=0,54-0,2-X_ (6.9)

IIpH C’)KUI'aHUKW TBEPAOI'O TOILJIMBA:

M=0,59-0,5-X_ (6.10)

rae X, - OTHOCUTEIIBHOE MECTOMOJIOKEHUE MAKCUMYMa TEMIIEPATYPHI IJIAMEHHU.

JIns KaMepHBIX TONOK U BEPXHEM OTBOJIE Ta30B:

X, =t (6.11)

rae h - BBICOTA pacIlOiIOKEHUs OCH TOPEJIKH, CM. YEPTEXK, M;
H. - paccTosiHME OT 10J1a TOIKH 10 CEPEAUHBI BBIXOIHOTO OKHA, M.
[Ipu ropusonTamsHOM pa3zBuTHH (akena, (mas kotiaoB cepuu JAE) X, =049 mns
kotioB cepun JIE 25-14 T'M ; X, =0,265 - 111 OCTIBHBIX KOTJIOB.

3nauenue napamerpa M B popmynax 6.8 u 6.9 He 710KHO OBITH BbILIE 0,5.
[Tonyuennas no pucyHky I1.4 neiicTBuTenbHas TemiiepaTypa ra3oB Ha BBIXOJE W3
TOIIKH v, , CDABHUBACTCS C paHEE MPUHATON TEMIIEPATyPOH.
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Ecinn mx 3nauenust oriamyarorcs MeHee dyeM Ha 50°C, TO yTouHeHus pacdeTra He
TpeOyeTcs, B MPOTUBHOM Cllydyae MpOM3BOAMUTCA THepepacueT. [lomydeHHas Temmneparypa
Ha BBIXOJIE M3 TONKM OyAeT YMCIEHHO paBHA TeMIlepaType Tra3oB Ha BXOJE B
razoxo/.Ilopsaok pacuera TONKHU NpUBEIEH B Ta0I.6.

Tabmuia 6. Pacyer TerutooOMeHa B TOIKE

0603
PaccunteiBacmas Pasmep ®opmyna u
Haye Pacuer
BEJIMYMHA HOCTh 000CHOBaHME
HHE
1 2 3 4 5
Koaddurment
n30bITKa BO3/IyXa B o, - [ Tabn.2]
TOIKE
Tennota, BHOCUMas Q. KIL;K o V°-C -t
JyTHEBBIM BO3yXOM M
[lIone3n
OJIC3HOC kJIx (Qp - (100-q,)/
TETJIOBBIICIICHNUE B Q: 3
M /100) +Q,
TOIIKE
OHTAJILITNS ' KI[;K 1 -Q.
M
Teopetnueckas 5 oC ITo J-v
TeMIepaTypa ropeHusI s Jauarpamme, 1o J_
JIyueBocnpuHuMaroIa
Y P t F, M2 Ta61. 6 (a)
s IOBEPXHOCTh
ITonHas MOBEPXHOCTH
p Fer e Ta6m. 6 (a)
CTEH TOIKH
O06beM TONKH V, M Tab. 6 (a)
CreneHb
X - ®-na 6.1 numm 6.2
DKPAHUPOBAHUS TOIKH
OddexTuBHas v
TOJIIIIMHA S M 3,6 = s
H3JIyYaroIEero CJos .
Temneparypa Ha .
patyp v °C 900+1100
BBIXOJI€ U3 TOIIKHU
Cymmapnas
morjoInareIbHasd r -P-S,
P -S -MII "
CIIOCOOHOCTH 3-X " M a rae P=0,1MI1a
ATOMHBIX T'a30B
Koadpdumuent 1
oclabeHus Jiyden 3-X K. M- MTIla [puc.I1.2]
ATOMHBIX Ta30B
Cua 1oroneHus 1
IIOTOKA K,S | Mm-MIla k, -(Pn 'S)
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PaccuutrsiBacmas
BEJINUMHA

0003
Hayue
HUE

Pazmep
HOCTb

®opmyna u
000CHOBAaHUE

Pacuer

1

4

Koadourment
TEIUIOBOTO U3TYUCHHUS
HECBETSIINXCS Ta30B

M- MlIla

[puc.I1.3]

Koaddurment
ocnabieHus JTyden
CaKUCTHIMU
JaCTHIIAMH

m-MTIla

®d-n1a 6.6

Koaddunment
TEIUIOBOTO M3TYICHHS

®-1161 6.4,6.5
[puc.I1.3]

Koaddumment
YCpEIHEHMUSI

[Ta6m.I1.2]

Koaddumment
TETJIOBOTO M3TyUCHUS
(haxena mpu CHKUTAaHUHU
Ma3yTa M rasa

S

d-mma 6.3

Koaddumment
TEIUIOBOTO U3TYUCHHS
(dhaxena nmpu CHKUTAaHUU
TBEPAOI0 TOILJIMBA

S

®-na 6.8, puc. 11.3

Y ci10BHBIN
KodhpurmeHT
3arpsA3HEHUs
Jy4€BOCHPUHUMAOILIECH
MMOBEPXHOCTH

[Ta6n.H.3]

OTHOCHUTENBHEIN IIar
TpyO HACTEHHOTO
DKpaHa

TaOmnuma 6a

YrioBou
K02 bULMEHT dKpaHa

1-02-(3/-1)

Koaddumment
TETIJIOBOU

a3 GeKTHBHOCTH
HKPaHOB

X

TennoBeIgeICHAE B
TOonke Ha 1 M.
OTrpaXKJaroLIen
TTOBEPXHOCTHU

B, Q.
F

CT

[Tapamerp

®opmyna 6.9 wunm
6.10

Temnepatypa ra3oB Ha
BBIXOJIE U3 TOIIKU

°C

[puc.I1.4]
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0603
PaccuurtsiBacmas Hate Pazmep dopmyna u Pacuer
BEITUYMHA e | HOCTD 000CHOBaHUE
1 2 3 4 9)
OHTaIbIUS Ta30B HA I kJ K Mo J—v uarpamye
BBIXOJIC M3 TOIKU ! M
Kosppunuent
COXIglﬁ)IeHI/I}I TEIUIOTBI v ®-na 5.11
KonnuecTBo TemIoTHlI, 9 kDK (p-(Q B J..)
BOCIIPUHSITOE B TOIIKE ! M o
CpenHee TemioBoe
HaNpsHKEHNE kBT B,-Q,
JIY4EBOCIIPUHUMAIOIIIE T 9 M’ F,
MMOBEPXHOCTHU Harpena
TerutoHanpsxeHne kBT B, -Q)
TONOYHOT0 00bEMa 9y N V.

7. Pacuet TeniaooOMeHa B ra3oxoac 1rmapoBoro KoTia.
HGJ'IBIO pacucTa ABJICTCA OIIPCACIICHUC TCMIICPATYPLI IIPOJYKTOB CropaHUs U; Ha

BBIXOAC H3 TIa30xolJa W KOJIHYCCTBO TCIIOTBI, BOCIIPHHATOC IIOBCPXHOCTBIO HArpcBa
ra3oxonaa.

U3 cripaBO4HOI TUTEpaTyphl [4,5] M ¢ UepTeka MApOBOro KOTJIA B TaOIUILy 7 3aHOCATCS

KOHCTPYKTHUBHBIC OCHOBHBIC XdPAKTCPUCTUKHU I'a30X04a.

Tabnuua 7. KoHCTpYyKTUBHbBIE XapaKTEPUCTUKH Ia30X0/1a

HaumenoBanue 0603 Pa3mep JE JE JE AE - 25
BEJIMUHHBI HaAC 1 HoeTn JIE 4 6,5 10 16 I, I,
Hue
Pacnonoxenne [MTax | Kopu
py6 KOPHJIOPHOE " op.
Hosepxwocts H w? | 4851|6804 1170 1560 | 16,36 | 1960
Harpesa 9
Hunametp 1py0 d muM | 51 | 51 | 51 | 51 | 51 | 51
Pacuernbie maru
TpYyO:
IIOTIEPEYHBII S MM 110 110 110 110 220 110
MPOI0JIBHBIN S, MM 100 100 100 100 95 95
Yucno tpyo,
nepeceKaeMbIX Z; - 7 7 8 8 5 8
IIOTOKOM T'a30B
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Yucno psanoB Tpyo 19 27 40 >10 | 10 55
10 XOJ1y T'a30B

Kupoe ceuenue F. M2 |0,338]0,348 | 0,41 | 0,713 | 1,245 | 0,851
JUI IpoXoJa ra3oB

DddexTrBHAS
TOJ_H-HI/IHa S M [1,87 . Sl + SZ _4,1jd
H3JIyYaloIIero d

CJ10s

Ecnu koHBEKTHMBHAsI MOBEPXHOCTh KOTJIa COCTOUT M3 JIBYX ra30X0JOB, TO CHayasa
BBITIOJTHSIETCS pacyueT MepBOro ra3oxoja, 3aTeM 1Mo aHAJIOTUU — BTOPOTO ra30Xxo/a.

[Ipu pacuere KOHBEKTUBHON MOBEPXHOCTH KOTJIA MPEIBAPUTEIHHO IPUHUMAIOT JIBa
3HAUYCHUS TEMIIepaTypbl Ha BBIXOJE M3 rasoxoja. Hampumep: mng Kotia ¢ OJHUM
ra3oxoJoM MOXxHO NpHHATE v, =500 °C u v,=300 °C. Ilpu pacuere ABYX Tra30Xo0JOB
NpUHUMAaeM JUIs repBoro razoxoaa v, =700 °C u v,=400 °C, a s Broporo - v, =400 °C u
v,=200 °C TIlo ABYM TpHUHATHIM TEMIIEpaTypaM TIPOBOIST MapaUICIbHO PACUCTHI.
[Topsimok mpoBeIeHNS pacueTOB MPUBEICH B TAOIHIIE 8.

[Tocne nmpoBeaeHNUsT pacyETOB JICUCTBUTEIBHYIO TEMIIEPATYPY MPOJYKTOB CTOPAHUS
3a Ta30X0JI0M ONPEACNSIOT TpadUyecKUM IIyTeM II0 BEIWYHMHAM TETUIOBOCHIPUSTHS,
pacCYMTaHHBIX TI0 YpaBHEHUSAM TeruioBoro Oamanca Q ¢ u Teronepenaun Q ; Mpu IBYX

paHee NPUHSTHIX TEMIIEPATypax v, U v,. [IOpAAOK OmMpeneneH sl KCKOMOTO 3HAUYCHHS v

MoKasaH Ha puc.3.

Jnsg monydeHus AEWCTBUTEIIBHOM TEMIIEPATYpPbl T'a30B HA BBIXOJE M3 Ira3oxoja
npsmbie Q ¢ 1 Q ; MOTYT OBITH MPOJICHBI B JIFOOOM HAIPaBICHUU O TIEPECCUCHUS.
[TonmydeHHOE NEUCTBUTENBHOE 3HAYEHHUE TEMIIEPATypPhl MPOAYKTOB CIOPAHUS HA BBIXOJE
U3 ra3oxoja OyJIeT SIBISATHCS TEMIIEpaTypol Ha BXOJI€ B CICAYIONIYIO MOBEPXHOCTh

HarpeBa (BO BTOPOM ra30Xxojl, €CJIi OH €CTh MJIM B SKOHOMaM3ep).
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Puc .3. Onpenenenue nelCTBUTEILHON TEMIIEPATYPhI HA BBIXOJIE U3 ra30X0/1a.

Tabnura 8.Pacuer TeruiooOMeHa B ra3oXxojIe.

00603
PaccuutsiBacmas Pazmep dopmyna u
Haue Pacuer
BEJIMYMHA HOCTb 000CHOBaHUE
HUE
1 2 3 4 5
Temneparypa razos . 0c U3 pacyeTa TOIKU
Ha BXOJIe K v =v,
DHTAIBIINI y K JIK J—v auarpamma (1o
M rpaduKy ra30x0/1a)
Temnepatypa ra3os
Ha BBIXOJ€E U3 v °C IIPUHUMAETCS
razoxoja
DHTAIBIINS . K JIK
J 3 J—v auarpamma
M
OHTanenus A, =Ao0, -V, -c, -T,,
K/LK
[Iprcoca Bo3yXxa A, 213 Aa -puc.l; ¢, =129;
M
T, =30°C
Koaddurment
COXpaHEHMs @ ®-ma 5.11
TETLJIOTHI
TennmoBocnpusitue
ra3oxoja 1o k)oK D
asoxona Q | & p-( =T +a3,)
YpaBHEHUIO M
TEIJI0BOro OanaHca
Cpennsis . oc (L +v)
TEeMIIEpaTypa ra3oB * 2
Cpennsist CKOpOCTh B,-V,-(273 +v,) |
rasoB B ra30Xxoje i F.213
We |V ’
V:-1a61.4; nns
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00603

PaccuntsiBacMmas Pazmep ®opmyna u
BEITUYMHA Hate | oeTs 000CHOBaHHUE Pacuer
HUE
1 2 3 4 5
ra3oxoja
Fr— Tabn.7
Koaddumment
TEIJIO0TIaun [ puc.IL.5 (1,2 4.) unu
KOHBEKIIHEH " Bt I1.6 (1,24.)], B
¢ MK 3aBHCHUMOCTH OT
PacIoJIOKEHHS TPYO
B Ta30X0/Ie.
[IpousBenenue r.-P-S,
rae P=0,1Mia;
P,-S | m-MIla S-t1abi.7;
r,-Tabmn.4; nus
ra3oxojia
Koaddumment 1
ocnabnenus nyueit | k. | m-MIla [prc.I1.2]
3-X aTOMHBIX T'a30B
Onrtuueckas 1
TOJIILIHA kK,S | m-MIla k. -P,-S
Koaddumument 1
TEILIOBOTO & | m-Mlla [puc.I1.3]
W3ITY9ICHUS
Temmneparypa TeMmIieparypa
o0orpeBaemMon t o HACBIILIEHUS [IPU
cpebl t c JaBIcHUU B OGapabaHe
kotJa (Tabnuia I16)
Temneparypa
HaPYKHOU t i t +at
HOBEPRHOCTH ? = At - [Tabn.I1.5]
3arpsi3HEHHOU
CTEHKHU
Koaddumment
Bt
TEMIOOTAAYN o, — [puc.I1.7]
U3ITyYCHUEM
Koaddurment
TCILIOBOH ) - [Ta6J'I.H.4]
a3 peKTHBHOCTH
KOTEJHLHOTO TyYKa
Kosdounuent K ]23T (o, +a1,)
Tenjonepeaayn M~ -K

25




0603
PaccuntsiBacMmas Pazmep ®opmyna u
Haue Pacuer
BEITUYMHA HOCTh 000CHOBaHHUE
HUE
1 2 3 4 9)
TemmeparypHbIii v -V
HAIIo 0 —
P At C 23.1g (1)" t.)
(v -t,)
TermmoBocnpusitue KI[;K | Koat-H
ra3zoxoja 1o 0, 1\}41 10°.B_ ‘B,
ABHEHUIO Kk JlK
P I'ne H (tabmn. 7)
TeIIonepeayn KT

8. TeruioBo# pacuer sKOHOMaM3epa

HpI/I IMOBCPOYHOM PACUCTC YYT'YHHOI'O BOIASHOI'O BKOHOMaﬁSGPa TCMIICPATypa ra3oB
Ha BXOJC V IIPHHUMACTCS U3 TCIIJIOBOT'O paCcdCTa ra3oxoaa , TCMIicparypa ra3oB Ha BbIXO/IC

V, ObLIIa IPEBAPUTENLHO IPHUHATA U3 TaOL.1, v =V .

[{enmpro pacuera sABIAETCS ONPEACIIEHUE MMOBEPXHOCTH HAarpeBa 3KoHoMaizepa H .
DKOHOMaii3ep KOMIIOHYETCS U3 OTJAEIbHBIX PEOPUCTHIX YYTYHHBIX TPYO IJIUHON 2 MeTpa,
C NOBEPXHOCTHIO HArpeBa C ra3oBOM CTOPOHHEI f , = 2,95 M? U KMBBIM CEUECHHMEM IS

npoxoza razos f=0,12 m2.

[IpoxomHOE ceveHue JIsi Ta30BOTO TIOTOKA MOKHO OTIPENCTUTh 10 (hopMmyIie:

Fox =n - f, M? (8.1)
rae N — guciao Tpyo B psaay sxoHomaizepa. Jus JAE 4 — n = 2; ana IAE 6,5 — n = 3;
st JE 10 —n=5; g IE 16 —n=7; nna IE 25 —n=09.

[Topsinok pacyeTa 3KOHOMai3epa MpUBeEH B Tabuie 9.

s xotioB DE 16-14 '™ u DE 25-14 I'M jymHa pebpucthix TpyO paBHa 3 M. f = 0,184
m?; f,=4,49 M2
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Ta6nuna 9. PacyeT sxoHOMai3epa.

0603
PaccunteiBacmas Pa3zmep dopmyiia u
Haue Pacuer
BeJIMYMHA HOCTh 000CHOBaHHUE
HUE
1 2 3 4 5
Temmeparypa ra3oB Ha oC W3 pacuera razoxoja
1Y) . "
BXOZE ? v, =V,
OHTaIBIN 7 kJx
) o J—v guarpamMma
Temmneparypa razoB Ha v, oC Tabn.1,v) =v,,
BBIXOJIC
OHTaNIbIINS 7 kJIK
s v J—v auarpamma
Koadpunuent
Deprr ® ®-na 5.11
COXpPAHEHUS TEIIIOTHI
e PN P
JUIHOTO > W +AG-VO-C.-t)
ASKOHOMaii3epa o
KonnuectBo
MUATATEILHOU BOJIbI D KT MaponpOU3BOIUTEIb
TPOXOISIIEH Yepes ’ q -HOCTb KOTJIa
SKOHOMaM3ep
Temneparypa
ITUTATSIILHON BOJIBI Ha t, °C 104
BXOJI€ B OKOHOMAaM3ep
Temmneparypa vy 3600-Q, -B,
MMUTATEIbHOM BOJbI Ha ¢ oC > ¢-D,
BBIXOZIC ’ B,— ¢-na 5.13;
c=4,19 KJIx/xr - °C
PaszHocTh TeMmepaTyp - °C t, -t
Cpenmsist Temneparypa | oC (v, +v,)
ra3oB * 2
Cpennsist CKOpOCTh B,-V, (v, +273)
razoB F_-273
M
Woep " F.x — d-na 8.1
V; — 1a0m. 4( nus
HKOHOMali3epa)
TemmeparypHbIii . oC (v, +v,) t, +t
Harop ) 2 2
Koadpdunuent Br
Gpun K, | & [pic.I1.8]
TeIuIonepeaaun M- -K
Pacuetnas 10°-Q, B
H M2 —F
IIOBEPXHOCTH Harpena N K, -at
Yucno tpy6 B psiay n IIT. N3 §-me1 8.1
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0603
PaccuuteiBacmas Pasmep ®opmyna u
Haue Pacuyer
BEJTMYMHA HOCTb 000CHOBaHUE
HUE
1 2 3 4 5
Hucmo H
TOPU30HTATBHBIX m IIT. - ]Z
psaOB ?
9. OnpeneneHne HEBA3KHU TEIIOBOro OanaHca KOTia
Hessi3ka TemioBoro 6anaHnca KoTia:
AQ:Qg .n6p_(Qn+Qr +Q3) (9.1)

rae Q, — Tabmauna 6;
Qr — TemoBocIpHATHE Ta30X0a IpH Vg; ( st JIE-25 nee Bemmuunb! Qr )
Q, — Tabmuma 9.

OTHOcHTEeNnbHAs HEBSA3KA:

16Q/ = % :100% < 5% (9.2)

p

HeBblnonHenue ycinoBus TpeOyeT rnepecyeTa TemIoBOro dajianca KoTa.
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10.OxoHuaTeabHbIC JAaHHBIC ITIOBEPOYHOI'O pacucTa IapoBOro KOTjia pCKOMCHAYCTCA

cBecty B Tabmmy 10.

Tab6muma 10. JlaHHBIE TEIITIOBOTO pacyeTa MAPOBOTO KOTIA . .vvvveenrennne... , TOILTABO -
.............................. , Q° =....MJlx/xr(m®), pacxon B, =.....Kr/C.
cpena, IToBepxHOCTH Harpena
MOBEPX- B TOTIKA ra30XxoJ| SKOHOMaM3ep
eJIMYMHA
HOCTh
Harpesa BXOJI | BBIXOJT | BXOJ | BBIXOJ | BXOJ | BBIXOJ
Pabouas t
cpena(Bon | Temneparypat, °C koTioBo | 104
a) 1 BOJBI
[Iponyxtel | Temneparypa v,
CrOpaHus °C
OHTaIbNus J,
kJx
M3
TemnoBocmpusitue
noBepxHocTH Q,
kJx
M3
CKOpOoCTb ra3oB -
Koaddumment
Terutonepeaaun K, i
Br
vt K
[ToBepx- [ToBepxHOCTH
HOCTb Harpesa F, M ] ]
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[Ipunoxenus

Ta6muma I1 1. CpenHue TEIUIOEMKOCTH BO3AyXa, T'a30B, BOJSHBIX MAapOB U 30JIHI,

kJ /v K.

9 | Cu | Cpo | Cnp | Cuo | C 9 | Cu | Cpo | Cny | Cuo | C

a1 2 a1

100 1 1,32 | 1,70 | 1,30 | 1,49 | 0,81 | 1300 | 1,47 | 2,28 | 1,43 | 1,80 | 1,04

300 11,34 11,86 131|154 088 1500 1,49 233|144 185 | 1,16

500 | 137198 133|159 0,92 |1/00| 150 237|146 |19 | 1,21

700 [ 140|208 |135|164 |09 |1900| 1,52 |241 147|194 1,23

900 | 1,43 | 2,17 1,38 | 1,69 | 097 2100 | 1,54 | 2,44 | 1,48 | 1,98 | 1,26

1100 | 146 | 2,23 | 141 | 1,74 | 1,0 | 2300 | 1,55 | 2,46 | 1,50 | 2,02 -

Pucynok I1.1 J-V auarpamma.

kJx kJDx
% ‘]r’ ( )
KT M3
40000
a!
30000
20000 a"
10000 +
?
| | | | .
I | | I '0
500 1000 1500 2000 2, C

v



Tabmuma I1 2. Jlons TonmoyHoro o6bema, 3amoHEHHAS CBETSAIUMCS (PaKeIoMm.

Cxuraemoe TOIIMBO Koadduruent
CaeTsmumiics Ta30BbIN (haken 0,1
Ma3syTHoe miams 0,55

Tabnuua I1 3. Koadgdunment 3arps3HeHus Ty4eBOCIPUHUMAIOIINX TOBEPXHOCTEN

Harpesa.
Tonnuso
Bun nydeBocripuHUMAarOLIEn - . Tepnoe
MTOBEPXHOCTH PHUPOAHBIN Masyt TOILIMBO,
ras CKUTaeMOe
B CJIO€
['mankoTpyOHBIE MJIABHUKOBBIE SKPAHbI 0,65 0,55 0.6

Tab6nuna I1 4. Koadgdunment tennoBoit 3¢ HexTuBHOCTH.

TornuBo
[ToBepxHOCTH HarpeBa [TpupoaHbIii Teepaoe
Masyt
ras TOILIMBO
KotenbHbie mydkn 0,85 0,65 0,65
Tabnuua I1 5. TTonpaBka 175t onpeaeneHus: TeMIeparypahl.
Bug cxxuraemoro toruinBa At

[Ipu coxUraHuu TBEPJOTO TOIUIMBA JIJIS IaXMAaTHBIX U 60°C
KOPUJIOPHBIX MTyYKOB TPyO, MazyTa.
[Tpu coxuranuu rasa. 25°C
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Puc I19. K OITPEJIEJIEHUIO KOD®DOUITUEHTA OCJIABJIEHUS JIVUEM
30JIOBBIMU HACTULTAMMN.

1 — npu CKUTaHUU TBUIM B IIUKJIOHHBIX TOTKAX;
2 - IpU CO)KUTAHUU YTJIeH, pa3MOJIOTHIX B IIAPOBBIX OapaOaHHBIX MEJIbHUIIAX;
3 - IpU C)KUTAHUU YTIIEH, pa3MOJIOTHIX B CPETHEXOTOBBIX

Y MOJIOTKOBBIX MEJIBHUIIAX U MEJIbHUIIAX-BEHTUIISATOPAX;
4 - IpU CKUTAHUU APOOJICHKH B IUKIIOHHBIX TOTIKAX M TOTUIMBA

B CJIOEBBIX TOIKAaX;

5 - ipu cxxuranuu Topda B KaMEpHBIX TOTIKAX.

Tabmuma. I16. TepmomnHaMuUYecKHE CBOWCTBA BOJBI W BOASHOTO IMapa B COCTOSHUU
HACBIIECHUS (apT'YMEHT — JIaBJICHUE) -

p. Gup t, *°C o, s\/xr o', e LACR 2 bl N, wIw ) xr o Wl xr “,:;(’"..K’ Iﬂl;("'l"ﬂ
0,010 6,982 0,0010001 120,208 29,33 2513,8 2484.5 0, 1060 8,9766
0,016 13,034 0, 0010006 87,982 54,71 2525,0 2470,3 0, 1956 8,8278
0,020 17,511 0,0010012 67,006 73,45 2533,2 2459.8 0, 2606 8,7236
0,025 21,094 0,0010020 54,256 83,44 2539,7 24513 0,3119 8,6431
0,030 24,0938 0,0010027 45,668 101,00 2545,2 24442 0,3543 8,5776
0,035 26,692 0, 0010033 39,480 111,84 2549,9 2438, 1 0,3907 8,5224
0,040 3 0, 0010040 34,803 121,41 2554, | 2432,7 0,4224 8,4747
0,045 31,034 0,0010046 31,142 129,98 2557 .8 2427,.8 0,4507 8,4327
0,050 32,90 0,0010062 28,196 137,77 2561 ,2 2423 4 0,4762 8,3952
0,055 34,60 0,0010058 25,772 144 91 2564.2 2419.3 0,49956 8,3613
0,060 36,18 0,0010064 23,742 151,50 2567,1 2415,6 0,5209 8,3305
0,065 37.656 0,0010069 22,017 167,64 25697 2412,1 0,5401 8,3022
0,070 39,02 0,0010074 20,532 163,38 2572,2 2408 .8 0,5591 8,2760
0,075 40,32 0,0010079 19,241 168,77 2574,5 2406,7 0,5763 8,2517
0,080 41,53 0,0010084 18,106 173,87 2576,7 2402.8 0,5926 8,2289
0,085 42,69 0,0010089 17,102 178,69 2578,8 2400,1 0,6079 8,2076
0,080 43,79 0,0010094 16,206 183,28 2580,.8 2397.,5 0,6224 8,1875
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oo | orosene | Aowmmie | aeoaamie | oo | enaeeR) | sasod-K)
0,0010008 | 15,402 187,66 2582,6 2394,9 0,6361 8,1685
0,0010102 | 14,676 191,84 2584,4 2392,6 0,6493 8,1505
0,0010111 | 13,418 199,68 9587 ,8 2388, 1 0,6738 8,1171
0,0010119 | 12,364 206,94 2590,9 2384,0 0,6963 8,0867
0,0010126 | 11,467 213,70 2503,7 2380,0 0,7172 8, 0588
0,0010133 | 10,696 220,03 2506,4 2376,4 0,7367 8,0330
0,0010140 | 10,025 225,98 2598,9 2372,9 0,7549 8,0088
0,0010147 9,4348 231,60 2601,3 2369,7 0,7721 7,9865
0,0010154 8,0128 236,93 2603,5 2366,6 0,7883 7,9655
0,0010160 8,4470 242 00 2605,7 2363,7 0,8036 7,9456
0,0010166 8,0288 246,83 2607,7 2360,9 0,8182 7,9269
0,0010172 7.6515 251,46 2609,6 2358, 1 0,8321 7,9092
0,0010178 7,3091 255,89 2611,5 2355,6 0,8454 7,8923
0,0010183 6,9967 260, 14 2613,2 2353, 1 0,8581 7,8762
0,0010189 6,7110 264,24 2614,9 2350,7 0,8703 7,
0,0010194 6,4483 268, 18 2616,6 2348,4 0,8820 7,8462
0,0010199 6, 2060 271,99 2618, 1 2346, 1 0,8932 7,8321
0,0010204 5,9819 275,68 2619,7 2344,0 0,9041 7,8186
0,0010209 5,7739 279,24 2621, 1 2341,9 9,9146 7,8057
0,0010214 5,5804 282,70 2622,6 2339,9 0,9248 7,7932
0,0010219 5,3998 286,05 2624,0 2337,9 0,9346 7,7811
0,0010223 5,2308 289,31 2625,3 2336,0 0,9441 7,7695
0,0010232 4,9238 295,55 2627,8 2332,2 0,9623 7,7474
0,0010241 4,6518 301,48 2630,3 2328, 8 0,9795 7,7266
0,0010249 4,4092 307,12 2632,5 2325,4 0,9958 7,7070
0,0010257 4,1915 312,50 2634,7 2322,2 1,0113 7,6886
0,0010265 3,9949 317,65 2636, 8 2319,2 1,0261 7,6711
0,0010272 3,8165 322,60 2638, 8 2316,2 1,0403 7,6544
0,0010280 3,6537 327,36 2640,7 2313,3 1,0539 7,6386
0,0010287 3,5047 331, 2642,5 2310,5 1,0669 7,6234
0,0010294 3,3678 335,35 2644,3 2308,9 1,0794 7,6090
0,0010301 3,2415 340,57 2646,0 2305, 4 1,0912 7,5951
0,0010317 2,9648 350,61 2650,0 2299, 4 1,1194 7,5627
0,0010333 2,7329 359,93 2653,6 2293,7 1,1454 7,5332
0,0010347 2,5357 368,62 2657,0 2288,4 1,1696 7,5061
0,0010361 2,3658 376,77 2660,2 2283,4 1,1921 7,4811
0,0010375 2,2179 384,45 2663,2 2278,8 1,2132 7,4577
0,0010387 2,0879 391,72 2666,0 2974,3 1,2330 7,4360
0,0010400 1,9728 398,63 2668, 6 2270,0 1,2518 7,4155
0,0010412 1,8701 405,21 2%71,1 2965,9 1,2696 7,3963
0,0010423 1,7779 411,49 2673,5 2262,0 1,2865 7,3781
0,0010434 1,6046 417,51 2675,7 2258, 2 1.3027 7,3608
0,0010455 1,5501 428,84 2680,0 2251,2 1,3330 7,3288
0,0010476 1,4289 439,36 2683,8 22444 1,3609 7,299
0,0010495 1,3258 449,19 2687 ,4 2238,2 1,3868 7,2728
0,0010513 1,2370 458,42 2690,8 2232,4 1,4109 7,2480
0,0010530 1,1597 467,13 2693,9 2226,8 1,4336 7,2248
0,0010547 1,0017 475,38 2696,8 2221,4 1.4550 7,2032
0,0010563 1,0315 483,22 2699,5 2216,3 1,4752 7,1829
0,0010579 0,97775 490,70 2702, 1 2211, 4 1.4944 7,1638
0,0010594 0,92051 497,85 2704,6 2206,8 1,5197 7,1458
0,0010608 0,88592 504,7 2706,9 2202,2 1,5301 7,1286
0,0010623 0,84636 511,3 2709,2 2197,9 1.5468 7,1123
0,0010636 0,81027 517,6 2711,3 2193,7 15628 7,0067
0, 0010650 0,77724 523,7 2713,3 2189,6 1.5781 7,0819

43



’ "
p, Gap t, °C o', Mojxr o't myjxr | K’ xOx/kr | R?Y, sIOxfkr | r, ®IK/KT Kl f(eeeK) | xIaf(areKy
2,4 126,09 0,0010663 | 0,74684 599,6 9715,3 2185,7 1,5929 7,0676
2,5 127,43 0,0010675 | 0,7188l 535,4 2717,2 2181,8 1,6072 7,0540
2,6 128,73 0,0010688 | ©0,69288 540,9 9719,0 9178, 1 1,6209 7,0409
2,7 129,98 0,0010700 | 0,66878 546,2 2720,7 2174,5 1,6342 7,0282
2,8 131,20 0,0010712 | 0,64636 551,4 2722,3 2170,9 1,6471 7,0161
2,9 132,39 0,0010724 | 0,62544 556,5 2723,9 2167,4 1,659 7,0044
3,0 133,54 0,0010735 | 0,60586 561,4 2795,5 2164, 1 1,6717 6,9930
3,1 134,66 0,0010746 | 0,58750 566,2 2797,0 2160,8 1,6834 6,9820
3,2 135,76 0,0010757 | 0,57027 570,9 2798,4 2167,5 1,6948 6,9714
3,3 136,82 0,0010768 | 0,55402 575.5 2729,8 9154,3 1,7059 6,9611
3,4 137,86 0,0010779 | 0,53871 579,9 2731,2 2151,3 1,7168 6,9511
3,5 138,88 0,0010789 | 0,52425 584,3 2732,5 2148,2 1,7273 6,9414
3,6 139,87 0,0010799 | 0,51056 588,5 2733,8 2145,3 1,7376 6,9320
3,7 140,84 0,0010809 | 0,49758 592,7 2735,0 2142,3 /| 11,7476 6,9228
3,8 141,79 0,0010819 | 0,48527 596,8 2736,2 2139,4 1,7575 6,9138
3,9 142,72 0,0010829 | 0,47357 600,8 2737,4 2136,6 1,7670 6,9051
4,0 143,62 0,0010839 | 0,46242 604,7 2738,5 2133,8 1,7764 6,8966
4,1 144,52 0,0010848 | 0,4518] 608,5 2739,7 9131,2 1,7856 6,8883
4,2 145,39 0,0010858 | 0,44168 612,3 2740,7 2128,4 1,7946 6,8802
4,3 146,25 0,0010867 | 0,43201 616,0 2741,8 2125,8 1,8034 6,8723
4,4 147,09 0,0010876 | 0,42276 619,6 2742,8 2123,2 1,8120 6,8645
4,5 147,92 0,0010885 | 0,41392 623,2 2743,8 2120,6 1,8204 6,8570
4,6 148,73 0,0010894 | 0,40544 626,7 2744,8 2118,1 1,8287 6,8496
4,7 149,53 0,0010903 | 0,39731 630,1 2745,8 2115,7 1,8368 6,8424
4,8 150,31 0,0010911 | 0,38950 633,5 9746,7 2113,2 1,8448 6,8352
4,9 151,09 0,0010920 | 0,38202 636,8 2747,6 2110,8 1,8527 6,8283
5,0 151,85 0,0010928 | 0.37481 640, 1 2748,5 2108,4 1,8604 6,8215
5,2 153,33 0,0010945 | 0.36120 646,5. 2750,2 2103,7 1,8754 6,8083
5,4 154.77 0,0010961 0, 34857 652.8 2751,9 2099, 1 1,8899 6,7955
5,5 155,47 0,0010969 | 0.34259 655,8 2752,7 2096,9 1,8970 6,7893
5,6 156,16 0,0010977 | 0,33681 658,8 2753,4 2094,6 1,9040 6,7832
5,8 157,52 0,0010993 | 0,32583 664,7 2755,0 2090, 3 1,9176 6,7713
6,0 158,84 0,0011009 | 0.31556 670,4 2756, 4 2086,0 1,9308 6,7598
6,2 160,12 0,0011024 | 0,30593 676,0 2757,8 2081,8 1,9437 6,7487
6,4 161,38 0,0011039 | 0.29689 681,5 2759,2 2077,7 1,9562 6,7379
6,5 161,99 0,0011046 | 0,29257 684,92 2759,9 2075,7 1,9623 6,7326
6,6 162,60 0,0011053 | 0,28837 686,8 2760,5 2073,7 1,9684 6,7274
6,8 163,79 0,0011068 | 0,28033 692,0 2761,7 2069,7 1,9803 6,7173
7,0 164,96 0,0011082 | 0,27274 697,1 2762,9 2065,8 1,9918 6,7074
7.2 166,10 0,0011096 | 0,26556 702,0 2764, 1 2062, 1 2,0031 6,6978
7.4 167,21 0,0011110 0,25875 706,9 2765,2 2058,3 2,0141 6,6884
7.5 167,76 0,0011117 0,25548 709,3 2765,8 2056,5 2,0195 6,6838
7,6 168,30 0,0011123 | 0,25228 711,7 2766,3 2054,6 2,0249 6,6793
7,8 169,37 0,0011137 | 0,24614 716.4 2767 ,4 2051,0 2,0354 6,6704
8,0 170,42 0,0011150 | 0,24030 720,9 2768,4 2047,5 2,0457 6,6618
8,2 171,44 0,0011163 | 0,23472 725,4 2769,3 2043,9 2,0558 6,6532
8,4 172,45 0,0011176 | 0,22941 729,8 2770,3 2040,5 2,0657 6,6450
8,6 172,95 0,0011182 | 0,22685 732,0 2770,8 2038,8 2,0705 6,6409
8,6 173,44 0,0011188 | 0,22434 734,2 2771,2 2037,0 2,0753 6,6369
8,8 174,40 0,0011201 0,21948 738.4 2772,1 2033,7 2,0848 6,6289
9,0 175,36 0,0011213 | 0,21484 742,6 2773,0 2030,4 2,0941 6,6212
9,2 176,297 | 0,0011226 | 0,21038 746,8 2773,8 2027,0 92,1033 6,6136
9,4 177,21 0,0011238 | 0,20612 750,8 2774,7 2023,9 2,1122 6,6062
9,6 178,12 | 0,0011250 | 0,20202 754,8 2775,5 2020,7 2,1210 6,5989
9,8 173,01 0,0011262 | 0,19809 758.7 2776,2 2017,5 92,1297 6,5917
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p. Sap t,°C v, wi/xr v'f, NYKT Yok fer | ORTY, KIAW R £, Wl |k ldlk';('ﬂ‘-lt) m,,,'",;,..x,
10,0 179,88 | 0,0011274 | 0,19430 762,6 2777,0 2014,4 2,1382 6,5847
10,5 182,01 0,0011303 | 0,18546 772,0 2778,7 2006,7 2,1588 6,5677
11,0 184,06 0,001133! 0,17739 781,1 2780, 4 19993 2,1786 6,5513
11,5 186,04 0,0011359 0,17000 789.9 2782,0 1992,1 2,1976 65,5359
12,0 187,96 0,0011386 0,16320 798,4 2783,4 1985,0 2,2160 6,5210
12,5 189,81 0,0011412 | 0,15693 806,7 2784,8 1978,1 2,2338 6,5066
13,0 191,60 0,0011438 0,15112 814,7 2786,0 1471,3 2,2509 6,4927
13,6 193,35 0,0011464 0,14574 822,5 2787,3 1964,8 2,2675 6,4794
14,0 195,04 0,0011489 0,14072 830, ! 2788,4 1858,3 2,2836 6, 4665
14,5 196,68 | 0,0011514 | ©,13603 8375 2789, 4 1951,9 2.2992 6, 4539
15,0 198,28 | 0,0011538 | 0,13165 844,7 2790,4 1045,7 2,314 6,4418
15,5 199,84 0,0011562 0,12754 851,7 2791,3 1939,6 2,3292 6,4300
16,0 201,37 0,0011586 0,12368 858,6 2792,2 1633,6 2,3436 6,4187
16,5 202, 0,0011610 | 0,12004 865,3 2793,0 1927,7 2, 3576 6,4075
17,0 204,30 | 0,0011633 | 0,1166! 871,8 2793,8 1922,0 2.3712 6, 3967
17,5 205,72 | 0,0011656 | 0,11338 878,3 2794,5 1916,2 2,3846 6, 3862
18,0 207,10 0,0011678 0,1103! 884,6 2795,1 1910,5 2,3976 6,3759
18,5 208,46 0,0011700 0,10740 890,7 2795,8 1905, 1 2,4103 6,3659
19,0 209,79 0,0011722 0, 10454 856,8 2796,4 1899,6 2,4227 6,3561
19,5 211,09 0,0011744 0,10202 902,7 2796,9 1894,2 2,4349 6,366
20,0 212,37 | 0,0011766 | 0,09953 408, 6 27974 1888, 8 2,4468 6,3373
20,5 213,62 0,0011787 0,09715 914,3 2797,9 1883,6 2,4585 6,3281
21,0 214,85 0,0011808 0,094 919,9 2798,3 1878,4 2,4699 6,3192
21,5 216,05 0,001 1830 0,00271 925,65 2798,7 1873,2 2,4812 6,3104
22,0 217,24 0,0011850 s 930,9 2799, 1 1868,2 2,4922 6,3018
22,5 218,40 0,0011871 0,08866 936,3 2799,5 1863,2 2,5030 6,2934
23,0 219,54 0,0011891 0,08676 941,6 2799 8 1858, 2 2,5136 6, 2851
23,5 220,67 0,0011912 0, 08494 946.,8 2800, 1 1853,3 2,5240 6,2771
24,0 22],78 0,0011932 0,08319 951,9 28w 4 1848,5 2,5343 6,2691
24,5 222,86 0,0011952 0,0815! 957,0 2800,6 1843,6 2,5444 6,2613
25,0 223,94 0,C011972 0,07990 962,0 2800,8 1838,8 2,55643 6,2536
25,5 224,99 0,0011991 0,07834 966,9 2801,0 1834,1 2,5640 6,2460
26,0 226,03 0,0012011 0,07685 971,7 2801,2 1829,5 2,5736 6,2386
26,5 227,06 0,0012030 0,07541 976,5 2801 ,4 1824,9 2,5831 6,2313
27,0 228,06 0, 0012050 0,07402 981,2 2801,5 1820,3 2,5924 6,224)
27,5 229,06 0,0012069 0,07268 985,9 2801 ,6 1815,7 2,6016 6,2170
28,0 230,04 0,0012088 0,07138 990,5 2801,7 1811,2 2,6106 6,2101
28,5 231,01 0,0012107 0,07013 9395,0 2801,8 1806,8 2,6195 6,2032
29,0 231,56 0,0012126 0, 06892 999,5 2801,8 1802, 3 2,6283 6,1964
29,5 232,91 0,0012145 0,06775 1004,0 2801,9 1797,9 2,6370 6,1898
30,0 233,84 0,0012163 0,06662 1008, 4 2801,9 1793,56 2,6455 6,1832
31 235,66 0,0012200 0,06446 1017,0 2801,9 1784,9 2,6623 6,1703
32 237,44 0,0012237 0,06243 1025,5 2801,8 1776,3 2,6786 6,1577
33 239,18 0,0012273 0,06052 1033,7 2801,7 1768,0 2,6946 6, 1454
34 240,88 0,0012310 0,05872 1041,8 2801,5 1789,7 2,7101 6,1336
35 242,54 0,0012345 0,05702 1049,8 2801,3 1751,5 2,7263 6,1218
36 244,16 0,001238] 0,05540 1057,6 2801,0 1743 ,4 2,7402 6,1103
37 245,75 0,0012416 0,05388 1065,3 2800,7 1735 4 2,7548 6,0992
38 247,31 0,0012451 0,05243 1072,8 2800,3 1727,5 2,7690 6,0883
39 48,84 0,0012486 0,05105 1080,2 2799,9 1719,7 2,7830 6,0775
40 250,33 0,0012521 0,04974 1087,5 2799,4 1711,9 2,7967 6,0670
41 251,80 0,0012355 0,04849 1094,6 2798,9 1704,3 2,8101 6, 0566
42 253,24 0,0012589 0,04729 1101,7 2798,4 1696,7 2,8233 6,0465
43 254,66 0,0012623 | 0,04615 1108,6 2797,8 1689,2 2,8362 6,0366
“ .06 0,0012657 0,04 1115,5 2797,2 1681,7 2,8489 6, 0268
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Tabmura I17.

CocraB cyxoro rasa o oosemy, %
MecTopoxaeHne CHa | CoHs | CaHs C4OH1 C52H1 co, | N, H,S KI%(I/M
VYpenroiickoe | 925 | 2.0 | 066 | 0.5 | 0.15 | 0.33 | 3.7 - 33500
MenBexbe 859 | 47 | 31 16 | 1.0 | 048 | 3.2 - 37600
3anoJisipHOE 98.4 | 0.07 | 0.01 - 0.01 | 0.2 1.3 - 32950
Tazosckoe 1 986 | 0.1 | 003 | 0.02 | 001 | 02 | 1.0 - 33200
TazoBckoe 2 931 | 21 | 028 | 0.06 | 0.11 | 04 | 3.2 - 35710
TazoBckoe 3 875 | 6.7 21 | 059 | 0.11 | 0.6 2.4 - 35700
['yOoxuHCKOE 984 | 0.13 | 0.01 {0.005| 0.01 | 0.15 | 1.3 - 33000
KomeovomLeoe | 975 | 012 | 001 | - |o001| 04 | 25 | - |32570
KOMEOMOILCKO® | 945 | 24 | 05 | 0.4 | 01 | 02 | 16 | - 33530
FO6uneitHoe 98.4 | 0.07 | 0.01 - - 04 | 11 - 32900
Meccosixckoe | 974 | 0.1 | 0.03 | 0.01 | 0.01 | 0.6 1.6 - 32700
Conennnckoe | 958 | 29 | 0.07 | 0.02 | 0.15 | 04 | 05 - | 34250
bepézoBckoe 958 | 12 | 03 | 0.1 | 006 | 05 | 3.0 - 132860
Bykrtbutbckoe | 818 | 88 | 28 | 094 | 03 | 03 | 5.1 - 36550
Boii-Boxckoe | 84.4 | 5.2 1.3 [ 043 | 015 | 0.18 | 8.2 - 33160
Cemp-loxe | g5 | 53 | 10 | 03 | 005|005 | 105 | - |32700
(Kowmn)

byrypycmanckoe | 81.7 | 5.0 | 2.0 1.2 | 06 | 04 | 85 | 0.6 | 34175
Craspononbckoe | 98.7 | 0.3 | 0.12 | 0.06 | 0.06 | 0.1 | 0.7 - | 33400
OpenOyprckoe | 92.7 | 22 | 08 | 022 | 015 | 0.2 | 1.1 | 2.6 | 34120
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TCOpeTI/I‘ICCKI/IC CCBIJIKH.

TomimBOM Ha3bIBAIOT BCIICCTBO, BBIACILAIOMICC IIPHU OIIPCACICHHBIX YCIOBHUAX
00JIBIIIOE KOJUYECTBO TEIIOBOM OHCPIUH.

Tormmuso

ropro4dce PACHICTIIAIOIICCCS

N

OpPTraHUYCCKOC HCOPraHN4ICCKOC

OO\

IIPpUPOJHOC HCKYCCTBCHHOC

HCKOIIaeMoOe / \

KOMIIO3MIITUMOHHOC CHHTCTHYCCKOC

1o cocTtaBy opraHn4yeckoe TOILUTMBO ACIIUTCA Ha TBEPAOE, KUAKOE, ra3000pa3HOE.
CocTaB OpraHM4ecKoro TOIUIMBA JIEJTUTCS Ha TOPIOYYIO U HETOPIOUYIO YaCTH.
J{71s1 TBEpIOTO M KUJKOTO TOILIUBA TOPIOUMMH SIBJIIIOTCS 5 AJIEMEHTOB:

C,H S O,N
A4

Oajutact

Heroprouas gacte cocrout u3 BiaaxkHoctd W u MuHepanbHOM yacth M, xoTopas
MIPU CKUTAHUU JIAET 3001y A.

CocTaB TBEpAOTO M KHIKOTO TOILJIMBAa OOBIYHO BBIpaXaroT B % 0 Macce.

CP+ HP+ SP+ O + NP + WP + AP = 100%

["a3000pa3HOE TOIUIMBO MO COCTABY AJIEMEHTAPHOMY MOKHO 3aIliCaTh:

CO,+H,+0, +xC yH , + H,S + CO + N, = 100%

Jliist oOecrieueHus MOJTHOTO CKUTAHMSI TOTUIMBA B TOMTOYHOM 00BEME, B HETO BBOJIST
BO3TyXa 0OJIbIIIE, YeM TPEOYeTCs M0 XUMHUYECKUM PEaKITHSIM.
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JIOTIOTHUTENBHOE KOJUYECTBO BO3AYyXa OLIEHUBAIOT KOI(PPUIMEHTOM H30BITKA BO3IyXa
oy

\Y
o=—
VO

rae V - n1elicTBUTEIbHBIN 00beM BO3TyXa

Vo — TeopeTrueckuii 00beM BO3ayXa

JHTanbnusa (raza) — 3TO BEJIMYMHA YHUCJIECHHO paBHAs KOJIWUYECTBY TEIUIOTHI,
KOTOPOE MOABEIEHO K ra3y B npoiecce ero Harpesanus ot 0°C 10 3a1aHHOM TeMIepaTyphl
MIPU TTOCTOSIHHOM JIaBJICHUHU.

JHTANBNNSA NPOAYKTOB CTOPAHUA — 3TO KOJIUYECTBO TEILIOTHI, KOTOPOE COJEpKaT
MPOAYKTHI CTOPAHUS MPU CKUTAHUU €AUHUIBI 00bEMa WM MacChl TOIUIMBA W 3aJlaHHOMU
TeMIiepaType.

3H€pF€TI/ILI€CKPIﬁ MMOTCHIO A TOIINIMBA XAPAKTCPUIYCTCA TaKMMHU BCIIMYMHAMM KaK:
HHU3IIasA TCIIOTA CropaHus U BbICHIAA TCIINIOTAa CTOPpaHUA.

Konu4ecTBO TEMIOTHI, KOTOPOE MOXET BBIACIUTHCA IIPU IOJIHOM CrOpaHWH lKr
TBEPIOTO HWIM JKHAKOTO, WM IM® ra3000pasHOr0 TOILIMBA, IIPU YCJIOBUH, YTO
oOpa3zyromuecs B NPOAYKTaX CrOpaHHs BOJSHBIE Mapbl KOHAECHCUPYIOTCS, HA3bIBAETCS
BbICILIEH TEIJIOTOM CrOPAHMS TOIIMBA.

Ecnu mpu cropanmm ToIUIMBa BOJASHBIE NAphl HE KOHIAEHCHUPYIOTCS, TO TEILIOTa
CrOpaHusi €IMHULBI Macchl WIH O0bEMa TOIUIMBA YMEHBIIAETCS HA BEIUYHHY TEIIOTHI
KOHJICHCALIMY BOJSIHBIX MApoB Qo3 PasHOCTh Q) —Q, . =Q;- HOCHT Ha3BaHHE HM3LIEH

TEIJIOTHI CrOPpaHus TOIINBA.

[ToTepst TEMIOTHI (2 — ¢ YXOIAIIUMHU Ta3aMH — 3aBUCUT OT TEMIIEPATYPhl YXOISIIIHAX
razoB, npu cHwkeHnn 9 Ha 15°C Qp ymenpumiaercs Ha 1%; O2 — yMEHbBIIACTCS

NPONOPIMOHAIBHO YMEHBIICHHIO KOd(QQHUIMEHTAa U30BITKA BO3AyXa o ; T.6 C
yMEHBIIEHHEM KOO()(UIIMEHTOB U30BITKA BO3AyXa B TONKE o M o, YMEHBIIACTCA (2;

ATOTO MOXHO JOCTHYBH MYTEM COBEPIICHCTBOBAHMSI MPOIIECCOB TOPCHUS M JIMKBHIAIIACH
MIPUCOCOB T10 Ta30BO3AYIITHOMY TPAKTY.

g3 — TOTEPS OT XMMHUYECKOW HETIOJHOTHI CTOPaHUs 3aBUCUT OT POJia TOTUINBA W THTIA
TOIMOYHOI'0 YCTPOMCTBA.

[TpuyrHaAMU TIOSIBJICHUST XUMHUYECKOTO HEJ0KOTAa MOTYT OBITh: HEJOCTATOK BO3/IyXa,
HU3Kas TeMIlepaTypa B TOMIOYHOM OOBEME KOTJa, OCOOCHHO B 30HE JOTOPAHMS TOILIUBA,
IJI0X0€ cMeceo0pa3oBaHre, 0COOEHHO B HAYAJIbHBIX CTAUSX TOPSHUS TOILIMBA.

JIist cHUKEeHUS (3, YAY4IIAlOT YCIOBUS TEPEMEIINBAHUS Ta30B, MPUMEHSSI OCTPOE
NyTh¢ W TIOBBIMIAIOT TEMIEPATypy B 30HE TOPEHHs MyTEM IMOJOTPEBa, BBOJAMMOIO B
TOTIOYHBIN 00BEM BO3/yXa, BEIMYUHA (3 JUIsSI CIIOEBBIX TOMOK Konebnercs ot 0,5 10 30 %,
JUIs KAMEPHBIX TOMOK Mpu cxuranuu yrig ot 0,5 o 1,5 %.

[Tpu coxuranuu Maszyta u rasza s = 0,5 %.
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(4 — IOTEPSA OT MEXAHUUYECKOW HEMOJIHOTHI CTOPAHUs TOILUIMBA, YYUTHIBAETCS TOJIBKO
JUIs TBEPJOTO TOIUIMBA, T.K CKJIAABIBAETCA M3 TOTEPU C MpOBAJaMH TOIUIMBA 4Yepes
OTBEPCTHS B KOJIOCHHUKOBOMW pEIIETKE, C MOTEPSMU B IIJIAKE M C MOTEPSIMU YHOCA YACTHII
TOILJIMBA T10 Ta30BO3YIITHOMY TPAKTy U3 30HbI TOPEHUS TOIUIMBA. JIJIsI CIIOEBBIX TOMOK (4
MOKET COCTaBJATh OT 1 10 18 %, nia kamepHbIX TOMokK oT 1 105 %.

(s — MoTepsi TeIJIOTHI OT HAPYKHOTO OXJIAXACHHUS, OHA HA0II01aeTCsl T.K
TeMIepaTypa Hapy>KHOM MOBEPXHOCTH KOTJIa BCET/Ia BBIIIE TEMIIEPATypPhl OKPYKaroLIeh
Cpebl.

Js — moTeps ¢ (UINYECKOM TEMIOTON IIIaKOB, OOpa3yloTCs U3-3a Pa3HUIIbI
TEeMIEpPaTy-phl IIJIaKa, YIadsieMOro U3 KOTJia U TEMIEPATypPhl OKPYKAIOIIEH CPEIbI.
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