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PACYET TONOK JJISI CYIMJIbHBIX YCTAHOBOK
Pacuer nmapamMerpos TONOYHBIX Ta30B PA FOPEHHM NPHPOIHOro raa
VcxonHble naHHbIe

Cocmas npupodnozo 2aza [1] (Mectopoxnenne MebemmHckoe) CHEMYIOMHUH,

macc. % ([Tpunoxenne,tabin.1): )

93,5 CH.;, 4,0 CzI‘I(,; 1,0 C3Hg; 0,5 C4I‘{10; 0,5 C5H|2; 0,1 COZ; 0.4 Nz.

IHapamempeot HapyscHoz0 6030yXa

Temmneparypa
OTHoOCHUTENbHAS BAAKHOCTD @~ 70%
bapomerpudeckoe JaBIeHue P =750 mM. pT. CT.
Brazocodepaicarue Hapyschozo 6030yxa ipu t,= 20 °C; @ = 70%:
0= 0,622 PoPyac/(P-QoPyao) = 0,622-0,7-17,54 / (750-0,7-17,54) = 0,01 KI/KT,

rae P = 17,54 MM.pT.CT. 10 t, = 20°C 11 10 Taba. XXXVIII [2]

npu P = 750 MM. pT.CT.

Tennocodepcarue HapyHcHozo 6030yxa npu t, = 20 °Cu %,=0,01 xr/xr:

Jo= 1,01 to + (2493+1,97 to)x, =1,01-20+(2493+1,97-20)0,01 = 46 K JDK/KT.

Tennomeopran crocoGHOCIb CyX020 2A3000pa31020 MONNUEA:

Qb =500,3 CH,+475,22 C,Hg+463,29 C3Hgt458,48 C4H,0+453,45 CsHipt
+453 32 C,H,+465,43 CH,+101,10 CO+1203,76 Hyt153 H,S =
=500,3-93,5+475,22:4,0+463,29-1,0+458,48-0,5+453,45-0,5=46778,05+
+1900,88+463,29+229,24+226,73 = 49598 kJIx/Kr.

Q° =QF +25005(0,09n)/(12m+n)+25Wp = 49598+2500[(0,09-4)/(12-1+4)+
+(0,09-6)/(12:2+6)+(0,09-8)/(12-3+8)+(0,09-10)/(12-4+10)+(0,09- 12)/(12-5+
+12)]+25-O=49598+2500[0,36/16+O,54/30+0,72/44+0,9/58+1,08/72] =
=49817 xJhx/xr.

Teopemieckoe KOAUYECmeo GHCONIOMIO CyX020 6030yXa, HeobXeOuM020 0119

corcuzanun 1 kz npupoodnozo 2asa:

Lo = 0,02435 CO+0,348 H,+0,0614 H,S+1,39% [(m+n/4)/(12m+n)] CoHn-
-1,390,=1,39{[(1+4/4)/(12- 1+4)]93,5+[(2+6/4)/(12:2+6)]4,0+[3+8/4)/(12-3+
+3)11 ,0+[(4+10/4)/(12~4+10)]0,5+[(5+12/4)/(l2-5+12)]0,5}=1,39[(2/16)93,S+
+(3,5/30)4+(5/44)1+(6,5/58)0,5+(8/72)0,5]=17,2 Kr BO31yXa/KT ra3a.

Macca cyxo020 6030yxa, n00G8AEMO20 6 MONKY ONLA CHCUZAHUA 1 k2 npupoo-

HO20 2030 C YHEMOM U3DBIMKE 6030PXA Oy
Lyp=0tmLo=1,2:17,2=20,64 Kr Bo3yXa/Kr rasa,
rae o= 1,05~ 1,2 1pu COKATAHUH ra30B.

Macca cyxozo zaza, nonyuaemozo npu cocueanuu 1 ke HpUpOOHO20 2a3A.

Jey =14Ly=2{(0,09n)/(12m+n)] CpHy- 0,01 W=1+20,64-{ [(0,09-4)/(12-1+
+4)]93,5+[(0,09-6)/(12'2+6)]4+[(0,09-8)/(12-3+8)]1+[(0,09-10)/(12-4+10)]0,5+
+[(0,09-12)/(12:5+12)]0,5} = 19,44 xr/kr npu W,=0.

ty=20°C
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Macca 00anozo napa, noayuaemozo np
uzﬁ?tmom 6030yxa:
d’ =Z[(0,09n)/( 12m+n)] C H,+L
] 3 ) mi 1y mxo’*'OaOIW = [(0,09
w“ [(0,09'6)/(12-2+6)J4+[(0,09-8)/(12~3+8)] H-p[(() 09'10)‘})1/(12~1+4)]93,5+
+ [(0,09-12)/(12-5+12)]Q,S+20,64-0,0l , ! Za+1000,5+
B.’ll" 20000€palcaf‘lle monounbIX 20306 R
I(x =X =d" 1=2,4/19,44 = 0,12 kr/icr.
ONIUUECH80 KOMNOHEHMOB MOnOYH,
1 Kz npupoonozo zaza: o
lco, = 0,01CO,+0 0157CO+2[0
; 2*+0,0157C ,44/(12m+n)] C.H
93,5+0,04/(12-2+6)}4-+[0,04/(12-3+8)] 1 4] s
+12)]0,5 = 2,63 xr/xr;
- 180, = 0,0188 H,S = 0,0188-0 = 0;
]lNz f 0,768 L,+0,01 N;=0,768-20,64+0,01 0,4 = 15,86 xr/xr:
02 = 0,232(auy, -1)L0=O,232(1,2-1)17,2=O,8 KI/Kr ’ ’
Cpeonsn {vwzzekynﬂpna;z Macea cyxux monounsrx .ea ;
M= g /[(lc02/44)+(lsoz/64)+(lN /28)+(10,/32)] S
2 =1
C+( 15,86/28)+(0,8/32)] = 29,9 xr/xmons 2 9,4'4/[(2,63/44)4-
PEOHAR mennoemKocmp cyxux monoq' |
Hb, =
6:} CTOI'IKE: Cnomzepmnaaercz aTa Temnepary;:)?amg e
or = (Ceozleoy+ Cso,lsoy+ CalNy+ Cosl . ‘
¢ i 2102)/(1c0,+1s0,+INy+Ho,) =
(1,12 2,63+1,11~15,86+1,03-O,8)/(2,63+15,86+B,8)=21 1 12(11)(1)(:/)(1( -K
r‘;[e TEMIOEMKOCTE IPH tn= 1000°C (TTpunoxenwue, Tab i)' Ceoyp= i
CNy=1,11; Cog= 1,03 kTw/(krK). R
Cpeonasn mennoemrocmy BpUpooNo20 2a3a npu t =20°C:
C.= Ccm Yeuyt Cey He Yoougt. . Cen Hy, YorH,=2,180 §3 5+1
+1,280,0141,59-0,01 =2,13 I/ k), 040,04+
Cpeonasn MmeMRepamypa MonoUHIX 20308 Ha 6biIx0de u3
MACCONMALMH YIIIEKHCIIOTO Fa3a ¥ IAPOB BObi:

[n . ,: 3 1 1
,+ 2(?3 zic,mdmmwglg -2500 Ter X)[ 1o (Cat1,97x"Y]=(49817.0,95+
,13-20+20,64:46+0-2500-19,44-0,12)/[19,44(1,1+1,97-0. 12
rie w, = 0, Tak Kak ras He PACHBIIAIOT HY éoa,z’xyxoga H : el 103576
Temnepatypy TOIOYHEIX razon CHIKAIOT 10 t,, 000°C an ¢

: =1000°C
HAPY’KHOI'O BO3AYXa B TONKY 32 CYET nojaun
¢ LICJIBIO0 NPeNoTBpaTUTh paspy
TOTIKH. paspyiuenne ¢yreposky

Tennocooeparcarnue monounpix 2a308;

er =1 01t11+(2493+1 97t,”)x =1.0 3
: ! = 1,01-10°+ : -10° -
T ennoco Oepcane napa g Coh;'maee manofl2493 +1,97-107)0,12 = 1546 xJx/xr.
In = ret 1,97t = 2493+1,97-200 = 2887 ﬁﬂ:{'/’g 2a306 npu t;:

= 2,4 xr/kr nmpu

noayyenroix npu cocuzanuu

0,04/(12:4+10)]0,5+[0,04/(12-5+

monku 6e3 yyera

U Con
cU2arnuy 1 K2 npu[)a()ﬂoeo 2a3a ¢

=0,010,1+[0,04/(12-1-+4)]

Kosppuyuenm uzboimua 6030yxa npu pazbasneHuy MOROURLIX 24308

6030yxom 1o Temnepatypsl t;=200°C:

0=(Q L1t Coty Lo CortiFeodn-To)-{ 1-E[0,000/(12m+0)] Ctly-0,0 1 W} Coty/
ILo( Cert+%o1n=To)- { [£(0,090/(120m+10)) CnHy +0,01 W it Wgin} Lo Coti #6010~
-J,)=498 17-0,95+2,13-20)/17,2(1,1-200+0,01'2887—46)—[1-((0,09-4)/(12' 1+
+4))93,5+((0,09-6)/(12-2+6))4+((0,09-8)/(12'3+8))1+((0,09-10)/(12-4+10))0,5+
Jr((0,09'12)/(12-5+12))0,5—0,01-0]1,1-200/17,2(1,1-200~!-0,01-2887-46)-
{1((0,09-4)(12-1+4))93,5+((0,09-6)/(12:2+6))4+((0,09-8)/(12:3+8)) 1+
+((0,09-10)/(12-4+1 0))0,5+((0,09~12)/(12‘5+12))0,5+0,01-01288’7+
+0}/17,2(1,1-200+0,01-2887-46) = 13,58+0,075-1,82 = 11,84.

Konuuecmeo 6030yxa, n00asaemozo ¢ cMecumenb Ha 1 k2 npupodHozo 2a3a

ona pasbaenenus no t;=200°C: '

Lew = Lo(0ta=0t) = 17,2(11,84-1,2) = 183 xr/kr.

Konuuecmso cyxoii cmecu MonoYHbIX 28306 C 6030YX0OM HQ 1 k2 npupooHozo
2aza: 'y = UL, =19,44-183=202,5 Kr/kr.

Konuuecmeo napoe 600bt 6 cMecu MOROYHbIX 24306 ¢ 8030YX0M, ROSLYHUEHHBIX
npy cxcuzanuu 1 Kz hpupoonozo zaza:

d" = d" Loyx, = 2,4+183-0,01 = 4,23 xr/kr.
Bnazocodeporcanue cmecu monoUHuIx 2a306 ¢ 6030yX0M HA biIx00€ U3
emecumenn: ¥ = x,=d"1"=4,23/202,5=0,021 kr/xr.

Pacxoo n\pupo:)uoeo 2030 HA CYWIKY COCHOBOZ0 ONLNA 6 CYULUILKE KC:
B=L,/ 14 =1,47/202,5=0,0073 kr/c=26,1 xr/4,
roe L, = 1,47 xr/¢ ( cm. pacuer cymuunxu KC).
O6vem monouHow Kamepol:

Vmp:Q".,B/qv=49598-26,1/ 1260:10°=1 ,03 MB, I7i€ ,~IOIyCTHMOE TEMIOBOE
HarpskeHne TonouHoTo obbema; q,=1260- 10° k [x/(m ) (TTprnoxenye,
1a611.3). [IpsHEMaeM COOTHOIEHHE JTHHEI K AMaMETPY TONKK L/D=18.
Juamemp monxcu: D= (Vo 10,785:1,8)" = (1,03/0,785:1,8)"* = 0,9 m.
Hpunumaem D = 0,9 m.

Jnuna monku: L=1.809=1,62 M.
Pazmepur monku: D =900 mm; L = 1650 mm.
PacueT nMapaMeTpoB TONOYHBIX ra30B MPH ropeHdd Ma3yTa

HcxonHbie HaHHbIE
Cocmag mazyma [1] mapxu M20 (ManoceprucThI), Mace. % (TIpunoxeHue,
a6, 4): Cp = 87,2, H = 11,7; 8= 0,5; N+ O, = 0,6; A, = 0,1; W, =2,0.
Temmeparypa MasyTa , t. = 100 °C.

[lapamempui HApYHCHO20 8030yXa
Temmepatypa t, =20°C
OtHocHTENIbHAs BIAXXHOCTH 0o =70 %
BapoMmeTpHiecKoe JaBneHne P = 750 mm pr.c1.= 0,99 MIla.
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Baazocooepucarue napyscnozo 8030yxa npu t,= 20 °C; @, =70%:

%0 = 0,622 QuPyuc/ (P-9cPuw) = 0,622:0,7-17,54  (750-0.7.17 54y < .01 el
rae Py = 17,54 MM pr.cr. mip £, =20 °C 1t no Tabi. XXXVIiI 2] m ’ ’
P =750 mM pr.cT. e
Tennocodepacanue napysicnozo 6030yxa nipu t, = 20 °C X6=0,01 xr/xr:

Jo= 1,01 t, + (2493 + 1,97 to)x, =1,01-20 + (2493 +1,97-20)0,01 = 46 };,be/xr
Cocmas mazyma 6 npoyenmax om paboueii maccy: ‘

Cp=Cy(100 - W, - A,)/100 = 87,2(100 -2 - 0,1)/100 = 85,38%;

H, = H(100 - W, - Ap)/100 = 11,7(100 - 2 - 0,1)/100 = 11,45%,;

N, =N(100 - W,~ A,)/100 = 0,3(100-2-0,1)/100 = 0,29%;

Op = 04100 - W, - A,)/100 = 0,3(100 -2-0,1)/100 = 0,29%;

Sp=15100 - W,- A,)/100 = 0,5(100 -2 - 0,1)/100 = 0,49%.

Tennomeopnas cnocobrnocms mazyma:

Qi =339C, + 1030H,-108,9(0,-S,)-25W,=339-85,4 + 1030-11 45

-108,9(0,29 -0,49) - 252 = 40716 xTuc/xr.

Q’=Q, + 25(9H, + Wp) = 40176 +25(9-11,45 + 2) =43342 K}i)K/Kr.
Teopemuueckoe konusecmeo abconomuo Cyx020 6030yxa, Heodxo0dumozo Ona
cocuzanun 1 k2 masyma:

L, =0,116C,+ 0,348 H;-0,0435(0,- S;) = 0,116-85,4+0,348-1 1,45-

-0,0435(0,29-0,49) = 14 kr Bosayxa/kr MasyTa.

lpunrmaeM xoddpunuenT n3GerTka BO3yXa Oy = 2.
Macca cyxozo 6030yxa, nodasaemozo g Kamepy 20penus monxu:
Lon=0nLe=2:14 =28 xr BO3JyXa/Kr Maszyra,
Macca cyxozo zaza, nonyuaemozo npu cocuzanuu 1xz Mazyma:

U= 14 Lo-(9Hy+ Wiyt AL)/100 = 1+2:14-(9:1 1,45+2+0,1)/100 =

=27,95 Kr rasa/kr Masyra.

Macca odanoz0 napa, nonyuaemozo hpu corcueanuu 1 k2 mazyma ¢ uz661m-
KoM 6030yxa: :

d’=(9Hp+Wp) 100+0tmLoxo+0,01 Wytw,=(9-11 ,45+2)100+

+2-14-0,01+0,01-2+0=1,35 kr napa/kr MasyTa,
rie w=0, TaK KaK paclbUIeHHe Ma3yTa POU3BOIIT RO

Baazocodeparcarnue monounvix zazog:

o= S5 )07 g5 ~ 0,048 xr/kr.
Konuirecmeo komnonenmoe monounpix 24306, 00pasywuuxca npu cocuza-
ruu 1 k2 mazyma:

lco, = 0,0367C, = 0,0367-85,4 = 3 13 kr/kr

Iso; = 0,0208, = 0,020,49 = 0,0098 /i

Iy = 0,768t Lo + 0,0IN, =0,768-2-14 + 0,01-0,29 = 21 51 wrvicr:

10 =0,232(0m ~ DL =0232(2 - 1)14 =3 25 xryer. ’
Tennoemrocmu npodykmoe 20DeHUs opy t,,"= 1000 °C (ITpunoxenue abn.2):
Ceoz = 1,12; €502 = 0,873; Cuy = 1111, - 1,03( sz/(xr«). B0

31YXOM, a He Iapom.

Cpeonnn mennoemxocms cyxux monouHsIx 2a306.
CCT:(CC021002+C5021502+CN21N2+C02102)/(10()2+'1502+1N2+102)=
=(1,12-3,13+0,873:0,0098+1,11-21,51+1,03-3,25)/
/(3,13+0,0098+21,51+3,25)=1,1 xJ[u/(krK).

Tennoemrocmy mazyma nipu t,=100 °C:

Cy=1,65+0,0025t,= 1,65+0,0025-100 = 1,9 xJDx/(xr-K).

Temnepamypa monounsix 2a306:

tr %(Q § Mt CulittmLodo) Lo (Cort1,97%')-2500 Lo 2/ 14 (Cot1,97x") =
=(43342-0,97+1,9-100+2-14-46)/27,95(1,1+1,97-0,048)-
-2500-27,95-0,048/27,95(1,1+1,97-0,048) = 1203°C,

rae Ny — KILJ romky; ny,= 0,97.

TeMneparypy Tono9HBIX ra30B cHIkaeM o t, = 1000°C 3a cuer nogaun Ha-
PY)XHOTO BO3[yXa B TONKY, YT005! NPEAOXPAHHUTE (YTEPOBKY TOIIKM OT paspy-
IICHUS.

Tenaocodepacarue monounsix 20306:

Jor= 1,01t,+(2493+1,97 t,) x,,= 1,01: 1000+

+(2493+1,97-1000)0,048 = 1224 xJx/xr.

Tennocooepsicanue napoe godut tipu t; = 400 °C:

1n= 2493+1,97t; = 2493+1,97-400 = 3281 xx/kr.

Kosgpduyuenm usbvimea ¢030yxa npu pa3baBneHHH TONOYHEIX [a308
Bozyxom Jio t; = 400°C npu w, = 0; i;= 0:
0= [Q} N+t Cntm=(1-0,09H;-0,01 W, 0,01 A, )Cor t,)/Lo(Cor ti+xoin-Jo)-[(0,09H,+

0,01 Wi Wy (in-ig))/ Lo(Cor titxcin-Jo) =[43342:0,97+1,9-100-(1-0,09-11,45-
-0,01-2-0,01-0,1)1,1-400]/14(1,1-400+0,01-3281-46)-
-(0,09-11,45+0,01-2)3281}/14(1,1-400+0,01:3281-46) = 6,5.

Konuuecmeo 6030yxa, nodagaemozo 6 Kamepy cmetuerus Ha pasbaeneriue

monounsix 2azoe o t; =400 °C:

Les = Lo(0-0tym) = 14(6,5-2) = 63 xr Bozayxa/Kr MasyTa.

Konuuecmeo cyxoit cmecu monouHbx 2a306 u 6030yxa 6 pacueme Ha 1 kz ma-

yma:

I & =1k +Le, =27,95+63=90,95 Kr/kr MasyTa.

Koauuecmeo napoe 600vt 6 cmecu monounvix 2a306 u 030yxa Ha I ke mazy-

ma:

d" = d%Lx,=1,35+63-0,01=1,98 xr mapa/kr mazyTa.

Bnazocodepscanue cymunsHoz0 a2eHma npU 8xo0e @ CyIUUIKy:

x=x=dY 1 ! =1,98/90,95 = 0,022 xr/xr.

Pacxod masyma Ha cyutKy COCHOG020 ORUNA ¢ HAPABAHHOL CyULLIKe:
B=L/1",=5,0/90,95 = 0,055 kr/c = 196 xr/c.
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L; = 5,0 xr/c (cM. pacyer pacxona CYUIMJIEHOTO areHTa B Gy
Ke).
O6vem monounoii kamepoi:
Viep = Q 1 Blg,=40716:198/1200-10° = 6,7 m*,

TAC qy — NOIYCTHMOE TEIIOBOE HAIPSDKEHUE TOMOYHOTO 06beMa;
qv=1200-10° &I/ (v ) (ITpunoxenue, Tabm.3).

IlpunnMaeM COOTHOIIEHHE IUTHHEL K Juamerpy tonku L/D = 1,8, Torna

Viop = 0,785D°L=0.785D%1,8D = 6,7n°.

HAuamemp monxu.D = (Vrop/0,785:1,8)" = (6,7/0,785-1,8)"® = 1,68 m.

IMpunumaem AnaMeTp Tonku 1700 mm, Torza AnmEa KaMeps! Topesus GyneT
pasHa: L =1,8D=1,8:1,7 = 3m, ‘
Pasmepor monxu: Vi, = 6,7M3 s D=17m; L =3m.

PACYET CYIIHJIOK
Bapa6anuas cymniika

pabanyoi CyImI-

Hcxonaple nanynie
Hapamempuot mamepuana

Marepuan COCHOBBIH OnIMII
OKBHBalleHTHBIA JHaMeTp d,=2 Mm
INpousBoaHTENLBOCTS O BIAXKHOMY _ :
matepuany 1 kr/c . Gy=lkrkc
OTtHOCHTENBHAS BIAXKHOCTD:
HavambHAaL wo; = 50%
KOHEuHas 0o2 = 5%
Temnepatypa BraxxHoro Matepyaia 0, =20"°C.

Hapamempst cymusnozo azenma
CyLIRIIBHBIH areHT —~ TONOYUbIE Ia3bl, Pa3staBleHHBIE BO3LYXOM.
Tormutuso — MasyT M20 *)
Bxoa B cyminaky

Temmnepatypa t, =400 °C
Brnarocogepxanue X1 =0,0135 xr/xr
CM. pacyeT ropeHus MasyTa[4]
TInotHOCTH pa = 0,503 xr/m’ npun.2 [5]
Beixoa B3 cymuiku .
Temnepatypa t; =120 °C.
Ilapamempui HAPYICHO20 6030yxa
Temmnepatypa to=20°C
BraroconepxaHune X0 = 0,01 xr/xr.

- Tennoconepxanue Jo= 46 kbi/kr (cM. pacuet ropenns masyTa)

* Pacyem 20peHua Ma3yma esinonney npu x,=0,0025 k2/z [4].

Texnonozuyeckuti paciem
Tennodu3znyeckie cBoicTBAa COCHOBOIO ONHJIA
Abcomomnan enaxcnocms mamepuana: ‘
Ha BXOZIE B CYIIHIKY: ®g = 10000,/(100 - wg;) = 100-50/(100-50) =100%.
H2 BBIXOJIE U3 CYNIHNIKU: Oy = 1000g,/(100 - wgy) = 100-5/(100 — 5)=5,3%.
Cpenusst BIaKHOCTD W, op = 0,5(0a) + ©,2)=0,5(100 + 5,3)=52,6%.
Hnomnocme cocrogozo onuna npu 0, ;=52,6% u 110 Tabn.3 [5] p, = 640 Kr/v’.
Tennoemrocme onuna npy By, = 0,5(0, + 0,)=0,5(20+60)=40 °C, v, .,=52,6%,
1o Tabn.6 [4] Cy=2,75 xJ{/(krK). 8,=60°C upurmmaem o tabmn. 11 [5],
Janee npoBepsaioT B, pacyeTom.
Tennonposodnocms onuna npu o, ,=52,6% no tabi.7 [5}Ay=0,2 B/(MmK).
Hacoinnaa nnommocms onuna p=200 kr/v’® (tadi. 5 [5)).
Martepuanbneiii Gajanc
HIpouseodumensHocmb HO BLICYUIEHHOMY MAMEPUATY:
G2=G1(100-mg; )/(100-002)=1(100-50)/(100-5)=0,526 kr/c.
IIpouzeodumensrocme nO UCHAPEHHOH éRaze:
W=G-G,=1-0,526=0,474 xr/c.
IIpoussooumensnocmb no aGCoTIOMHO CYXOMY MAMEPUARY:
Gase= G1(100-00,)/100=1(100-50)/100=0,5 xr/c.
Ilocrpoenne paGoyedt JuHHN Mpowecca Cywky Ha I - X guarpamme
Tennocodeparcanue Cymunsrozo azeHMa HA 6X00€ 8 CYMWIKY NPt X © 1);
1,,=1,01¢,+(2493+1,97t,)x,=1,01-400+(2493+1,97-400)0,0135=448 x]lx/kr.
Hapamempor Hapyscnozo 6030yxa
Touxa A ma ] —x auarpamme: x3=0,01 kr/xr; t=20 °C; I;=46 xJPx/xT.
Hapamempor monounvix 2a306
Touxa K na I - x quarpamme:
X=X'=0,04 xr/kr (cM. pacuet ropenus MasyTa [4])
t=1000 °C
1;=1,01-1000+(2493+1,97-1000)0,04=1189 xJhi/kr.
Ilapamemput cyutunbnozo azenma
Bxoa B cymunaky
TouxkaB ual-x nﬁarpaMMe: x;=0,0135 xr/xr [4]; t,=400 °C; 1,=448 xJDx/xr.
Boixoa u3 cymHIKK
Touxa C va I - x quarpamme: ;=120 °C.
HocienoBaTeLHOCTL NOCTPoeHUst paboveii THHHK
cyuru Ha I - x anarpamme (puc.13, 14 [5])
[.Ha 1 - x quarpamme Haxooum mouKy A 1o x¢=0,01 xr/xr u t;=20°; moury K
1o Xy= 0,04 xr/xr 1 o t,=1000 °C; npoBomum pabouyio TMHUIO rOpeHHs Ma3y-
Ta AK.



2.Haxonum mouky B na nepeceuenny munnn AK u mupyy TeMreparyp
t,=120 °C.

Onpenensiem x,=0,014 KI/Kr ¥ CPaBHHBAEM C PACYCTHEIM 3HAUCHHEM x,. Io
pacyeram nporecca roperus Masyta X;=0,0135 kr/xr. Oum6ka npu nocrpoenmu
Touky B: (0,014-0,0135)100/0,014=3,6%, 4r0 HOMYyCTHMO, Tak Kak norpe-
HOCTh OOBIYHOTO HHXEHEPHOro pacyera ~5%.

3.OmpenenseM ty; st ToukH B. IpuHuMaeM,4To CYILUKa OITHNa POXOUT B
nepsoM neproge (Ij~l,),rorna ty;=0,=60 °C.

4.Pacxoo menna Ha A Hazpesanue mamepuana;
Qu=GrCr(02-6,)=0,526-2,75(60-20)=58 x[Tc/c.

5. YOe/szbtu Pacxod menia Ha HAzpes Mamepuana:

au=Qm/W=58/0,474=122 xJl)x/xr BNiaru.

6.Y0eavnbre nomepu menna peXOMEH/YeTC IPUHUMATS: (oy=125 -

250 xDx/Kr dcriapeHHOH Blary. TpuHIMaEM Quor=200 xJK/KT Blar.
7.BHympeHHuii mennoeoi 6anamnc cymunru:
A=4,190-(qm+quor)=4,19-20-(122+200)= -238 xJ[x/Kr Bary.

8. Koopduuambt mouku E: A=(I-1;)/(x-x;) win [=],+A(x-x,). 3anaemcs 3Ha-

yeHHeM x>Xy; x=0,05 Kr/kr u oIpeensem
© 1=448-238(0,05-0,0135)=439 kIx/xr.

9.Cmpoum mouky E 1o koopaunatam x=0,05 kr/kr u [=439 x[D/kr.

10.Crmpoum pabouyto nunato cywixcu BC : Touxa E nesxur na paboueii
JIMHUH, TIO3TOMY, COSNHHs TOUKH B 1 E 1 npojomkas nuHMIO 110 nepeceueHus
¢ nuruedt remueparyp t,=120°C, nonyuaem Touxy C - oKOHYaHHe CyIIKH.

11.ITo xoopnurataM touku C onpedensem enazocodepafcanue CYUURLHO20
AZeHMA HA 8bIX00€ U3 CYWUARU: X;=0,]1 Kr/kr,
Tennocooepicanue cyumuibHO20 a2eHMA HA 8b1X00€ U3 CYUAUIKI
17=1,01t,+(2493+1,971:)x,=1,01-120+(2493+1,97-120)0,1=394 xT/xr:
no I - x ;uarpamme [;=400 x/Dw/kr, norpemmocts (400-394)100/400=1,5%.
Tennosoii 6anauc

Pacxoj1 cymMiIsHOro arenTa Lij Ha BXOJE B CYWIMIKY paccyuTbBaeM U3 ypas-
HeHus TeIUIoBoro fananca o BAATOCONEPKAHMIO X; U TeMIepaTypam t; u t,.
Tennocodepatcaiue CyRUNLHOZ0 A2ERMA HA BLIX00E U3 CYUIUNKY TIpH ty ¥ Xy

1,7=1,01t,+(2493+1,97-1:)x,=1,01-120-:(2493+1,97. 120)0,0135=158 xJDx/kr.
Tennocooepaicanie ROOCACHIEALMOZ0 8030yXa:

np to ¥ X! Ine=Io=46 kJx/kr;

npu tp ¥ Xo: Ing=1,016,+(2493+1,97t,)x,=1,01- 120+(2493+1,97-120)0,0 1=

=148 xJ/KT.

Pacxod menna Ha ucnapenue ¢odui:

Qu=W(2493+1,97t- 4,198,)=0,474(2493+1,97-120-0,19-20)=1254 xJIxc/c.
Pacxoo menna Ha Razpesarue mamepuana: Q=58 Ixd/c.

Homepu menna: Quor=Wq07=0,474-200=95 xJlx/c, npraamasn
Gnor=200 xJx/xr Brary,

Pacxo0 cymunsrozo azenma:

Li=(Qu Qu Quor[([11-T12)-0,08(lp-Lno) [=(1254+58+95)/[(448-158)-

-0,08(148--6)]=4,99 kr/c.  Tlpumamaem L ;=5 kr/c.
Konuuecmeo napozazoeoii cmecu, uIx00AHLEH U3 CYLIUNKU:

cyxux ra3os: L,=L;+(0,05-0,15)L;=5+0,08-5=5,4 kr/c.

napos pombl: dy=L,x,;+(0,05-0,15)Lxo+W=>5-0,0135+0,08-5,0-0,01+

+0,474=0,545 xr/c.

Ly>L #3-3a MOACOCOB BO3IyXa, COCTABNAIONMX 5—15% OT pacxona Cymuiib-
Horo arera L.
Brazocodepacanue napozasneoii cmecu HA 6b1X00€ U3 CYUUNKU:

X2=d, /1;==0,545/5,4=0,1 xr/xr. Ilo I - x nuarpamme x,=0,1 xr/xr;

12:400 K,H}K/KI', tM2=57° C.

T'udpoounamuueckuti pacuem

Junamerp cymanen
Boibupaem onmumanvroiil yzon Hakona CYLIHITBHOTO Hapabana:
B = -3°; 3agaemMcst yacTOTOH BpalleHUs 6apa63Ha n=4 006./MHH.
Boioupaem onmumansiiyio Maccogyio cKopocmb cynmm,ﬂoro arexTa npu
B =-3°, 1,=400°C u o puc. 15 [5]: (pw)=2,1 Kr/(M*c).
Juamemp cyuunsiozo 6apabane:D=[L,/0,785(pw)]>*=[5/0,785-2,11%°=1,7 m.
Hpunumaem no kamanozy [6] wnu no tabi. 9 [5] 6moxaitmmi nuamerp D=1,6
M; L=8 M.

Janna cymnasHoro 6apabana
Heilicmeumensnasa maccoean cxopocmb

{(pew)=L,/0,785D’=5/0,785-1,6"=2,5 wr/(M*-c).
Hapamemp I1: TT=[(t-30)/(t;- t2+10)]05—[(120 30)/(400-120+10))%°=0,56.
Mapavemp M: M=3600 G,/[II (pw)D’t, %)=
=3600-0,5/[0,56-2,5-1,6%-400"**]=1800/(0,56-2,5-2,56-12,76)=39,4.

Koauuuenm 3anonnenun cymunsrozo 6apabana: y(no puc.16 [4]):

y=25%.
Hapamemp K"K <[00/(0a(0a  -022))]**=[5,3/(100(100-5,3))]°**=0,078.
3Hayenws BCEX BEIMHUMH, BXOAALMX B popmyny (4) [S],onpenensem mo
1261.13 [5]: A%=3,13; d,%75=2"%=1 44; (pw)™1*6=2,5" l3‘6—1 14;
=25 39~3,5 D! npu p= -3° D= ,05; sms"‘—sm( 3)b'~0,52;
(n’-/l800)a~(42/1800)“=0,62 Tipu P= -3°.
Hnuna cymunvrozo 6apabana:
1.03%= [’VIAO 34d 0, 526(ptw)° l36] “360\110 39 034 2! smel(nZ/ISOO) 1
1.09=(39,4.3,13-1,44-1,14)/(1360-3,5.0,078-1,05:0,52-0,62)=
=(39,4-5,14)/125,69=1,61; 1=3,4 m.



Pacuernas mmmma cymmisHoro GapaGana Mensime crannaprHoi L=8 M,
nostomy npunHuMaeM ,=90°C u pacuer nostopsem.
apamemp IT: TI=[(t-30)/(t1-t2+10)]**=[(90-30)/(400-90+10)]=0 433.
Hapavemp M: M=3600 G,/[I1 (pw)Dt, %)= -
' =3600-0,5/(0,433-2,5-1,6"-400%*=1800/35 36=50,9.
Anuiia cyuiunsrozo bapatana:
: L= ALH .5 o) 1367/ 13 60y KO3 D* i B 21 800)]

’

Lo'f‘9:(50,9.3,13-1,44~1,14)/(1360-3,5-0,078-1,05-0,52-0,62):2,08; L=6,6 m.
Boroupaem napamempyt cmanoapmmnoit bapabannoi cymunry o Tabn, 9 [5]:

BHI1,6-8HY-01  D=1,6 m; L=8 m; n=0,072 ¢"' mpw 1,=90°C.
Ymounnem mennosoii 6ananc v guametp Gapabana.
Tennocoodepacanue cymunovnozo azenma Ha BBIXO/IC U3 CYLIMIIKH TIPH th U X
112=1,01t,+(2493+1,97t;)x,= 1,01 -90+(2493+1,97-90)0,0135=127 kJDx/xr.
Tennocoodepycanue nodcacsieaermozo 8030yxa 1IpH ty U X
Lip=1,01t+(2493+1,97t;)x6=1,01-90+(2493-+1 ,97-90)0,01=118 xIx/xr.
Pacxo0 menna na ucnapenue enazu: Qi=W(2493+1,97t,-4,196,)=
=0,474(2493+1,97-90-4,19-20)=1226 xJbx/c.
Pacxoo cywunvrozo azenma: Li=(QutQu+ Quoe)/[(1y 1=112)-0,08(Y15-1) =
=(1226+58+95)/[(448-127)-0,08(1 18-46)1=4,37 xr/c.
Konuuecmeo napozaszosoii cmecu na soixode uz CyumunKu:
cyxux rasos: Ly=L,+0,08L,=1,08L,=1,08-4,37=4,72 kr/c.
napoB BoAe!: d;=L;x;,+0,08L x5+ W=
=4,37-0,0135+0,08-4,37-0,01+0,474=0,536 xr/c.
Baazocooepsicarnue napozazosoii cmecu na evixode u3 CYMUnRU;
, xp=d; /1.,=0,536/4,72=0,114 xr/xr.
Huamemp cymnnsnozo 6apebana:
D=[L1/0,785(pw)]**=[4,37/0,785.2,5]%°=1,5 u1.
Taxnm obpasom, nuametp 6apabana D=1,6 m BBIOPaH NPaBHJIBHO.

TexHuKO-akonomuqeczcue noxasamenuy CYULUAKU
TexHoaoru4yeckune noxazarenu PaGoTHI CymuIKn
Ipouszeodumensvruocms: Gr=1 kr/c=3600 kr/u.
Yoenvnan npoussooumenvrocms no ucnapenno enaze (Hanpasxcenue no
snaze): A=W/ =0,474/16=0,0296 xr/(v’<)=107 xcr/(’ ),
re V¢=0,785D°L=0,785-1,6%8=16 v’
Yoenvnuotii o6vemnotii pacxoo CYUWUNbHO20 azerma:
L=Vi/Ve=10,07/16=0,63 n*/(n’-c)= 2270 MY/ ),
rne Vo=Li(1+x1)/pe=5(1+0,0135)/0,503=10,07 r'/c.
IHepreTHYECKHe NoKa3aTe N paboTeI cyinmaku
Tennosoi KIIT npoyecca cymuru: v 1=Qu/Qo6=1254/1407=0,89,

rae Qu=QutQumtQuor=1254+58+95=1407 xx/c.
Tepmuneckuit KILT cymunxu: 1,=(1,-1,)/1,=(448-394)/448=0,12.
Koagpuyuenm mennosozo nanpancenun: B=(t,-t,)/t;=(400-90)/400=0,775.
Yoenonuvui pacxoo masyma na 1 kz ucnapensnodt enazu:
da=B/W= 0,055/0,474=0,12 xr/xr.
Yoensnuotit pacxod mazyma na 1 ke evicymennozo onuia:
dg=B/G;=0,055/0,526=0,1 xr/xr.
Yoenvnvuii pacxod menna na 1 k2 ucnapennoii enazu:
do=Qus/W=1407/0,474=2968 wJIxc/x.
Yoenvuutii pacxoo snexmposnepzuu na 1 kz ucnapennoii enazu:
dv=EZNYW=(2,2+1,140,55+1,1+10+75+0,55+16,4)/0,474=225,5 xJx/kr,
rae Ni=2,2 xBr - nenrounsiit tpancroprep; Ny=1,1 xBT - BUHTOBOI TpaHcmop-
Tep; N3=0,55 kBT - mmro3oBsi nozarop; Ng=1,1 kBT - Hacoc r1o1aun MasyTa B
tonky; Ns=10 kBT - BeHTHIILTOp NOJauH Bo3myxa Ha ropenue; Ng=75 kBt —
BeHTWIISTOP-AbIMOcoc; N7=0,55 xBT - mmo3oBelif 3atrop; Ng=16,4 kBt — npu-
Boj1 OapabaHa CyIHIKH.
Cyumnka KHOsimero cJjios
Hexonurie nangeie

Ilapamempot mamepuana

Martepuar OIHJI COCHOBEIH

Pasmeps! yacTuIy 2,1x2,2x2.3 mm

ITpoH3BORKTENBHOCTE 11O

BIIAXCHOMY MaTepHary G=0,14 xr/c
OrHocuTensHas BIaXXHOCTh

HayanbHast ®o1=40%

KOHeUHas ©9=5%

KpHTHYECKas 0=20%.

Hapamemput napyycnozo 6030yxa

Temmnepatypa =20 °C
Bnaroconepxanue x0=0,01 Kr/kr (cM. pacdeT ropesus rasa)
Tennoconepxanne To=46 x/Ix/xr.

ITapamempur cymiunbnozo azesma
CyWHITBHEIH areHT - TONOYHBIE I'a3bl, pa3GaBieHHble BO3AYXOM 10 t).
Tonnueso - NPHPOIHBIHA Ta3.
Bxon B cymniaKy

Temmneparypa =200 °C

Biarocopepxanue %=0,021 xr/kr (cM. pacyeT roperus rasa)

IMnornocts pu=0,714 xr/m’® (Ipwo. 2 [3])
Buixox u3 cymnicH

Temnepatypa t;=100 °C.



Texnonozuveckuii pacuem
Xapam‘epncrmca HacTHI COCHOBOIO ONHMJIA
Obvem wacmuysr: V. =8bl=2,1-2,2-2 3(10°)*=1,06.10%.
Hoeepxnocmb yacmuybi:
F.=2(8b+81+b1)=2(2,1-2,3+2,1:2,2+2,2-2,3)10°=2,9.10"° p>,
Daxmop dopmur: D=4,836V., *'/F =[4,836-(1,06-10%)°7)/2,9.10°=0,83,
IKGUBANCHMHbIE OUAMEMD YACMUYDL:
d.=(6Vy/m)*7=[(6:1,06-10%/3,14]°%=2 67.10" .
Abcomomnasn enarcuocme onwna: ’
Ha BXOJ€ B CYMIHIKY: {4, =1000,/(100- ©01)=100-40/(100-40)=66,7%;
Ha BBIXOZIE 13 CYMIMIKU: 0g=1000p2/(100- m92)=100-5/(100-5)=5,3%:
CpelHee 3HAUCHUE W, p=0,5(wq1+0,,)=0,5(66,7+5 ,3)=36%.

Marepuausnbiii 6asanc
TIpoussooumensnocms no evicywiusaemomy onuny:

G,=G1(100- 0)01)/(1OO-m02)=O,14(10(J;40_l/(100—5)=0,088 Kr/c.
Konuuecmeo ucnapaemoii 60061: W= G1-G,=0,14-0,088=0,052 xr/c.
Konuyecmgo abeontomuo cyxozo onuna:

G,=G1(100-09;)/100=0,14(100-40)/100=0,084 kr/c.

Hocrpoenue paGoyeii tinnn npomecea cymxy na
I-x quarpamme (puc.13,14 [5])
Hapamempot napyscnoz0 603dyxa
Touka A na I - x guarpamme: ;=20 °C; x=0,01 Kr/kr; 10=46 xJ{x/kr.
Hapamempsr monoynsix 2a306
Touka K Ha I - x anarpamme:
X=X'=0,12 Kr/kr (cM. pacueT ropenus npupoaHoro rasa), t,,=1000 °C.
Hapamempeot cymunsrozo azenma
Bxop B cymmaxy
Touxa B Ha I - x quarpamme:
x=x"=0,021 kr/kr (cM. pacuet ropexns NpHpoJHoOro rasa), t,=200 °C.
Brixog u3 cymmiku
Touxa C na l - X nuarpamme: t,=100 °C,
Tennocodeparcanue cywunviozo azenma npu t; u x;:
I= I,=1,01t1+(2493+1,97t1)x|=1,01~200+(2493+1,97-200)0,021=263 K D/xr,
Cmpoum na I - x duazpamme:
TouKy A 1o X¢=0,01 Kr/kr u t;=20 °C.
rouky K 10 xy=0,12 kr/kr u t,.=1000 °C.
[Tposomim mmmkio AK - nponece ropenus HPUPOIHOTO raza,

Mo nepeceyennro aununii AK u Temmepatyps t,=200 °C Haxomum toyky B
onpegensieM X;=0,02 kr/kr.

Jloryckas, u1o B NCEBIOOKIKENHOM CI0E M3 MaTepHana HCTIApAETCs TONLKO
TIOBEPXHOCTHA BJara upH f,; (1,=1;) ¥ npuHEMAs MOKENb NONTHOTO TepeMely-
Banns Mareprana B KC, MOXHO CHHTaTh TEMIEPATyPy BBICYINIEHHOTO OIMIA
Or=ty;. Haxooum t,,;=50°C s Touxu B, otkyna t,,=6,=50°C..

Pacxo0 meniia na nazpes onuna: QM;GZCM(GTG1)20,088-2,73(50-20):-
=72 x[lx/c, rne C=2,73 xJx/(xr-K) npu 0y p=36% u no Tabmn.6 [5).
Yoenvuurit pacxod menna na nazpes onuna:

quw=Qw/W=7,2/0,052=138 x)[x/kr Brary.
Yoenvnvie nomepu menna npunumaem: qup=125 xJIx/xr.
Buympennuii mennoeoii 6ananc cymunru:

A=4,1901-(quqrory=4,19-20-(138+125)=-179 x/kr.
Koopounamsr mouxu E. 3anaemcs x=0,05 xr/kr, oIpezenseM
[=1+A(x-%,)7263-179(0,05-0,021 =258 xJhx/xr.
Cmpoum mouxy E 110 x=0,05 xr/xr u I=258 xJic/xr. '
Ilposooum pabouyro nunuio cymxu BC yepes ToukH B u E no nepeceuenns ¢
auHHeR TeMiepatypsl ;=100 °C.
Haxodum x;, I, nnst rouxcu C: x,=0,056 xr/kr; 1,=254 kJw/kr; t,»=50 °C.
TennoBoii 6ananc

Tennocodepycanue cymunsnozo azenma npu ty u x;:

Li2=1,01t,+(2493+1,97t)x,=1,01-100+(2493+1,97-100)0,021=157 & J[x/xr.
Tennocoodepcanue nodcacsieaemozo ¢03oyxa:

npu to 1 Xo: Lo=Ig=46 xJx/xr; .

(34854 t2 M Xp! .

[12=1,016,%(2493+1,97t,)x0=1,0-100+(2493+1,97-100)0,01=128 & [lic/kT.
Pacxod menna na ucnapenue 600si:
Qu=W(2493+1,97t,-4,196,)=0,052(2493+1,97-100 - 4,19-20)=136 xJIx/c.
Pacxoo menna na nazpes mamepuana: Q,=7,2 xIx/c.
Homepu menna: Q=W =0,052-125=6,5 xJx/c. »
Pacxod cyuunvnozo azenma: Li=(Qu+Q,+Quer)/[(1, 1-112)-0,05(In2-1no) =
=(136+7,2+6,5)/[(263-157)-0,05(128-46)]=1,47 xr/c.
Baazocooepicanue cywunvnozo azenma na svixooe uz cymwmaxu:
X=X+ W/L=0,021+0,052/1,47=0,056 wr/xr.
Tennocodepaicanue cymunviozo azenma npu t, u x,:
1=1,01t,+(2493+1,97t,)x,=1,01-100+(2493+1,97-100)0,056=252 kJbK/xr.
T'udpodunamuueckuii pacuem
Cpednue 3nauenus napamempos:

tep=0,5(t;+2)=0,5(200+-100)=150°C;

Xep=0,5(x+x%2)=0,5(0,02140,056)=0,0385 xr/kr;

Peep=0,5(P1+p12)=0,5(0,712+0,887)=0,8 kr/n;

My ep=0,5 (ot +2)=0,5(25,92+21,26)-10%=23.6-10°® [a-c:

s



4 ¢p=0,5(Wa1+142)=0,5(66,7+5,3)=36 %;
Pucp=570 KI/M’ TIPH ©,6,=36 % (110 Tab1.3 [5]);
Co=2,73 xJDK/(KkrK) 110 ©0465=36 % 11 8,,=40 °C (110 Ta61.6 (5D
05=0,5(8,+0,)=0,5(20+60)=40°C;
2=0,035 B1/(M'K) 110 0,5=36 %, 11pu t;,=150 °C (1o Tabn.7 [S)).
Obvemubiii pacxod cywunsnozo azenma npu ty u x,;
Va=Li(1+x,)/pa=1,47(1-+0,056)/0,887=1,75 n'/c,
rae pp=0,887 mpu ,=100°C 1 %,=0,056 xr/xr (no Tpun.2 [3)).
ObvemnuLil pacxod cywunsnozo azenma npu t, u x;:
Vu=L(1+x)/py=1,47(1+0,021)/0,714=2.1 m’/c.
Kpumepuii Apxumeda npu t5,=150°C, Waep=36%:
Ar=d;’D1 o /1 5=2,67-(10)-0,8-570-9,81/(23,6-1 0%)’=152876=1,53-10".

Kpumepuii Re,,,, coomeemcmeyiowuii ycnosusm navana nceedooscuscenusn:

Re,=Ar®/[(150(1-g0)/eq’y+(1,75Ar/e,)**]=
=1,53-10°-0,832/[(150(1-0,4)/ 0.4%)+((1,75-1,53-10%)/0,43)°%]=30,6
Kpumuuecrkan ckopocms navana ncesdooxcusicerun: "
Wig=Re i op/dspr 5=30,6-23,6-10°/2,67-107-0,8=0,34 m/c.
Ilpedensho donycmumasn ckopocms cyruunsrozo azenma ¢ nceeooodcusicen-
HoM cnoe npu &1 0nA dyiy paccIuTHIBACTCS TIO BopMymaM (6) — (12):
Ao =(duin) PepPu op &/ 1p=1,34>(107).0,8-570.9,81/(23,6-10°=19325
11p#t dpyin=0,5d,=0,5-2,67-10°=1,34-10" m.
05 Winm:q)o’sp! cpA-rmin /[dminpt Cp(l 8+O,6 I(Armin)oes)]:
=0,83"723,6-101,93-10%/[1,34-10°-0,8(18+0,61(1,93-10%%%]=3,95 /e
IIpedenvuoe uucno ncegdooscurncersun: ’ .
Knp=W'ou/ Wi=3,95/0,34=11,6. lpunumaem K,=3, T.x. Kip<20.
Huamerp eymunxn KC
Hcxoansie JaHHbIe '
Hapamempsi cocHogozo onuna
Bxoa B cymuaxy

ABconoTHAS BIAXHOCT 04=66,7%
OKBHMBAJICHTHEIH uaMeTp d,=2,67 mm
IInoTHOCTS UPH g Pmi=707 kr/M’ (Tabir.3 [5])
Pakrop dopmb! ®=0,83.

Breixoa u3 cymasKu
A6comoTHan BIaXHOCTh ©5=5,3%

[1n0THOCTE NPH M,
Hapamemput cyumunsrnozo azenma
Bxoa B cymnaky

Pacxon " L=1,47 ke
Temnepatypa =200 °C

Pm=482 kr/v’ (Tabit.3 [5]).

Bnaroconepxanue x,=0,021 xr/xr

Tennocouepxanue 1,=263 xJDx/xr

[notHoCTH  pu=0,712 xr/v’ (Tpun.2 [3])

JliHaMuyeckas BI3KOCTh 1y =25,92- 107 TTa-c (Tpun.3 [3]).
Brixoa u3 cymmiaKkH

Temniepatypa t,=100 °C
Bnarocogepsxanue x5=0,056 xr/xr
Temmocomepxanue 1,=252 xJ{x/xr

IInorgOCTH pe=0,887 /s’ (Tprn.2 [3])

Junamuueckas BI3KOCTh Hy=21,26 10 Ia-c ((Tpun.3(3)).
Pabouas ckopocne ncegdooscuscerun: w=K,w=3-0,34=1,02 m/c.
Hpunumaem w=1,0 m/c 110 OIBITHRIM JAHHDBIM [5].

O6bemubiii pacxod cymunpHozo azenma 1py X, =0,0385 kr/kr, t,=150 °C:
Veer=Li(1 %)/ peop=1,47(1+0,0385)/0,8=1,9 m'/c.
Huamemp cymunxu: D=(V, cp/(),785w)0’5=(1,9/0,785-1)0‘5=1,56 M.
Ipunumaem D=1,6 M (1o Tabm.12 [5]).
Ceuenue zazopacnpedenumenbHoi peluemku:Sp=0',785D2=0,785- 1,62'—‘2,0 M2
BoicoTa NCeBA0OKHKEHHOTO CII05
Cropocms gumanun wacmuy onura o gopmyne (10) [S]:
War=0, 14[pu/((0,02+€/8)piep)]*=0,14[570/((0,02+0,9/2,1)0,8)1%°=5,58 w/c,
roe 8=2,1 mM; €=0,9 10 npAMOYTONbHEIX YaCTHL.
Kpumepuii Hyccensma paccautsisaercs o popmynam (13) - (15);.
1pH (o)™ Wo3TI0 Ppopmyre (15):
| Nu=1,6-10°(W/Wan) " *(@oa/000r) " (Re) "=
=1,6-10"(1/5,58) 1°(5,3/20)*°223%°=1,6-10"13,180,166-170,1 7=0,6.
Kpumepuit Re,, pacCyuTaHuBIH 110 CKOPOCTH B KaHANaxX w=w/e=1/04=2.5 m/c:
Rey= WydsPiep! biep=2,5-2,67-107:0,8/23,6-10°=223.
ObvemHuLil KO3 huyuenm mennoomoauu:
0, =6NUA o 1-€0)/d;2=6-0,6-0,035(1-0,4)/(2,67-10)=10605 Br/(m’K).
Cpednns pasnocme memnepamyp:
Atey=[(11-6)~(t2-02))/[In(t;-81)/(t2-02)1=[(200-20)-(100-50)}/
[In(200-20)/(100-50)}=101,5 K.
Ob6vem paboueil 30Hbl CYULUNKY:
Vo= (QutQu) oAty =(136+7,2)10%/10605-101,5=0,133 ™.
Boicoma ncegdooxcudiceHHo20 c10A: '
H,=V,/0,785D%=0,133/0,785-1,6"=0,066 M.
Ipunavaem koHCTPYKTHBHO Hy w300 MM, TaK KaK 0,;=66,7%.
Bribupaem GecnpoBaibHYyIO KOMIAUKOBYIO PEIIETKY, B KOTOPOH CYIIMIbHBIN]
areHT momaercs B cioif B BHAE CTpyil rasa mom yrnom or 0 ao 60° «
rnosepxHoCTH petteTky. Joms xuBoro ceyenus petuerku ¢p=0,15 - 0,17.



Hpogepum, 6y}1yT JI¥ BEIHOCHTBCS U3 CYIIIMIIKH HAUMEHBIIHE YacTHIs! OMya
dpin=0,5d,=0,5-2,67=1,34 MMm.
i AP i, IPH (2, Qo2, Pr2s Me2):
K”Xfﬁiﬁ’i’{éﬂf&m gppag(;a.)2=8 34:107)°482:9,81-0,887/(21,26:10°°)=22327.
Ckopocmb eumanus 1acTI] OIAJIA 110 Q)opMynaM (8)—( 1(()))5:
W"Bm=cpo’S}hZAr'min/[dminpt?.(18+0761(Ar,min) ’ )];:5
=0,83%°21,26:105-22327/[1,34:10°-0,887(18+0,61(22327)"%)]=3,33 m/c.
PaBo4as ckopocTh NCEBROOKINKeHUI W=1 M/C MeHBIIe W'y, =3,33 M/c
(W<W"3yrr), IOITOMY HaMMeHBIIHE YACTHUBI dpin BEIHOCHTBCS U3 CEIlapatHoOHHO-
o NPOCTPaHCTBA CYIIMIKY He OYXyT. 5
TIpyHUMaeM IHTHHAPHYECKHE CYIMIBHEIN anmapart.
Buvicoma cenapayuonuozo npocmpavcmea: H.=6H,=60,3=1,8 m.
Buicoma cymunonoii kamepor: H=2H, +H=2-0,3+1,8=2,4 M.
Tuaparangeckoe conporumeunﬁe cyuvmn(l)c;oi("(;u e
3HOCb NCEEO0OHCUINICERHO20 CIIOA Npu paboueil cK = .
HUPOJH;[(I8Re+0,36Re2)/Ar]°’2‘=[(18-91+0,36-(9122)/1,53-105]0'“=0,L§8
p4 Re=wd3p,q,/p.mp=1-2,67-10’3~O,8/23,6-10' =91 u Ar=1,53-10".
Tuopasnuueckoe conpomusienue nCeg000NCUNCEHHOZO CIOR:
AP, =py(1-€)gH=570(1-0,48)9,81-0,3=872 I:Ia.
Tudpasnuueckoe conpomuenenue za3opacnpe¢)ejzu:nenbuou pewemxu:
APp=O,5§(w/(p)2p,cp=0,5 -1,75(1/0,15)*-0,8=31 Ila,
rae £=1,75; ¢=0,15 pns Konnaqoxoaoﬁ peme;;ci;mpomume"ue —
UMMIBHO OGNYCHIUMOE 2UOPAGINYECK J
}(‘Z;’:)mifAPmsz(sy-so)/[(KwZ-1)'(1-_ao)]=872-32(0,48-0,4)/[(32-1)(1-0,4)]=131 Ila
pu K,=3; €,=0,4. Pacuer noxazan, 4ro AP,<(APy)in, MO3TOMY TPUHHMAEM
¢=0,07 u cuosa onpenemsem AP, AP,=0,5-1,75(1/0,07)"-0,8=143 ITa.
Tudpasnuueckoe conponueierue CywmunKu:
AP =AP+AP,=872+143=1015 ITa.
Butbupaem cywunxy KC-1,6-2 o Tann.lz [5] D1600 mm;,
Hn.=300 mm, AP=10151Ta, S;=2m", Hc=1,8m, H=2,4m.

Texnurxo-3KOHOMUYECKUE NOKA3AmeENU CYWUNIKY

TexHoJIOrHIeCKHE oKa3aTean paGoThl CY MK
HpouszeodumensHocmo: Gy=0,14 xr/c=500 Kr/u. )
Yoenvnan npoussooumensnocns no ucnaipermou (mazgz (HanpspkeHue o
Bare): =W/5,=0,052/2=0,026 xr/(M"c)=94 kr/(M"-u).
Yoenvuboiii 00beMHbLE PACXOO CYULHIBHO20 A2EHMA: _

V=V 1/8,=2,1/2=1,05 M*/(M*-c)=3780 m*/(m’x).
OHepreTHYyecKHe NOKA3ATENN PAGOTH CYIMITKH

Tennosoii KITT npoyecca cymxu:  1,=Q,/Q,¢=136/149,7=0,9,

Ry:C Q05=QU+QM+QM=136+7,2+6,5=149,7 x/hx/c.
Tepmuueckuit KITT cywunxu: M2=~(L-I)/1,=(263-252)/263=0,042.
Kosgppuuyuenm mennogozo Hanpaycenun: Be=(ti-12)/t=(200-100)/200=0,5.
Yoensnutii pacxoo npupoonozo zaza na I xz ucnapennodi enazu:
dp=B/W=7,25-107/0,052=0,14 xr/xr.
Yoenvuuri pacxoo npupoonozo zasa na 1 k2 evicymennozo onunas
de=B/G,=7,25-10""/0,088=0,08 Kr/xr-
Yoensnotii pacxod menna na 1 xz ucnapennou ¢nazu:
do=Qo/W=149,7/0,052=2879 xr/xr.
Yoenvnouii pacxoo dNekmpoInepeuu Ha 1 kz ucnapennoii enazu:
dN=ZNi/W=2,2+0,2+2,O+17+0,2+1,1=22,7 kJIx/xr,
rie Ni1=2,2 kBt - nenrounsi TpaHcnoprep; N,=0,2 kBT - unnoz0sbiii no3arop;
N3=2 xBr - BEHTHJLITOP NMOAaYH BO3AyXxa Ha ropenue; N,=17 kBT - BEHTHJISITOP-
apiMococ; Ns=0,2 kBT ~ m11030BBIT 3arBop; Ng=1,1 kBT ~ BuHTOBOI TpaHcIop-
Tep.
INxeBMaTHYeckas TpyOa-cywnika
Hexonusie nanusie '
Llapamempor mamepuana

Marepuan COCHOBEIH OIHI

OKBUBaNeHTHEI IHaMeTp d,=2,67 MM
MpoussonurensaOCTS MO
BIXHOMY OIHITY G=0,15 xr/c
OTHOcHTelIBHAS BIAXKHOCTE
HayabHas ®g;=40%
KOHeuHas ©2=15%
KpUTHYECKas 0p=20%
Havansnras remneparypa onusia 8,=20°C.
Ilapamempet napyaenozo 6030yxa
Temrnepatypa t9=20°C
Brnaroconepxanue Xo=0,01 xr/kr (cm. pacuer ropenmus
Masyra)
Temmoconepxanue Iy=46 xx/xr.

Hapamemput cymunsrozo azenma

Cymunshoiit azenm - 310 TonouHbIe ra3bl, pazbaBieHHBIe BOIAYXOM.
Tonnugo - mazyr M20.*

Bxon B cymmiky

Temreparypa t;=400°C
Bitaroconepixauue x=0,0135 xr/kr [4]
[TroTHoOCTD

Pu=0,503 xr/nm’ (IMpun.2 [3])

* Pacuem zopenun Masyma gvnonnen npu x,=0,0025 xe/wz [4].



Bbixon n3 cyuiuikd
Temnepatypa t,=100°C.
TexHonozuxeckuti pacyem
ABcoliomnas 6na3cHOCMb MAMepLanq:
Ha BXOJIE B CYUIMIKY: 051=1000;/(100-0¢;)=100-40/(100-40)=66,7%;
Ha BBIXOJIE M3 CYIDMIKH: My=100@02/(100-w47)=100-15/(100-15) =17,7%,
CPEmHSA 0y ¢p=0,5(0a1+®42)=0,5(66,7+17,7) = 42,2%.
Tennoguzuneckue ceolicmea COCHO6020 OnUNA:
Pep=90 Kr/M’ TIpH Waep= 42,2% (1o Tabn.3 [S]);
Cy=2,65 xIx/(xrK) IpH 04¢y=42,2% 11 110 0,=0,5(0,+0,)=
=0,5(20+60)=40 °C (no 1ab1. 6 [5]);
=200 Kr/M’ Ipu ®, ;= 42,2% 1 110 Tab11.5 [5].
MarepuanbHbiii 6anauc
Ipou3eodumensrocmy no 6bICYUIERHOMY ONUNLY:
~(E:_(T,(lOO-mm)/(l00-cuoz)=0,lf_3(190-40)/(100~15)=0,106 Kr/c.
Koauuecmeo ucnapennoit 6odor: W=G,-G,=0,15-0,106=0,044 xr/c.
Koauuecmeso abconiomuo cyxozo onuna:
G,=G1(100-00,)/100=0,15(100-40)/100=0,09 krc.
Konuuecmeo 600vt 60 6nadcHoM oOnune:
W,=Gwmp,/100=0,15-40/100=0,06 r/c.
Konuuecmeo 600ut 6 gvicyrientom onune:
W,=G,002/100=0,106-15/100=0,016 xrYc.
ITposepka 6ananca no eode: W =W-+W,; 0,06=0,044+0,016 r/c.
Tlocrpoenne pabouei MTMHEN Npouecca CYWIKM Ha
I-x mlarpamme(puc.IB,M [5])
Hapamempor Hapy»cnozo 6030yxa
Touka A nHa I - X AuarpamMme:
xp=0,01 xr/xr (cM. pacyeT roperus Ma3yra),
15=46 xJIx/xr,
t,=20 °C.
Hapamempsl MonouRbIX 20306
Touxka K Ha [ - X auarpamme: X,~x'=0,04 kr/xr; t,=1208°C;
1= 1,01-1000+(2493+1,97-1000)0,04=1189 x/x.
Ilapamempel cymtibHO20 azenma
Bxoj B CymHAKY
Touka B Ha | - X uarpamme:
x=x"=0,0135 xr/kr [4],
t,=400°C,
;=448 xhr/kr (cM. pacyet Gagabanuoit cymuakm).

———

Beixon u3 cymmnnkn
Touxa Cral-x [rarpammMe: t;=100 °C.

Iocnedosamensnocmy nocmpoenus paboueii nunun npouecca Cymku
Ha | - x nmarpamme (puc.13,14 [5]): crpoum ToukM A, K u B u onpegensiem
TEMHEPATYpY MaTepuasIa Ha BEIXOJE H3 CYINHIKH, TIPH YCITOBHY, YTO U3 OIIHIiA
UCTIAPACTCS  TONBKO MOBEPXHOCTHAS Bara mpd tyy (I;=I,), Torza 0,=t,,=59°C
Anst To4KH B (oM. pumep pacdeta 6apabanmoit CYHIUNIKH),

Pacxod menna na nazpes onuna:
Qu=G2Co(62-8,)=0,106-2,65(59-20)=11 xJhx/c.
Yoenvnutii pacxoo menna na nazpes onuna:
4=Qu/W=11/0,044=250 x/Tc/xr Brary.
Yoenouvie nomepu menna npunumaem nor=200 xJDx/xr.
Buympernnuii mennosoii 6ananc cyuwunku:
A=4,1901~(qu-Quor)=4, 1 9-20-(250+200)=-366 kJDr/kr.
Koopournamor mouxu E. 3anaemcs x=0,05 xr/xr,
Torna I=I,+A(x-x,)=448-366(0,05-0,0135)=435 k Ix/xr.
Cmpoum mouky E 1o xoopmusaaram x=0,05 kr/kr u'] =435 K JDx/xr,
Cmpoum pabouyro nunwio cywxu EE, coenuuss To4ky B ¢ Toukoit E u
IPONOIDKAs JIMHHIO 110 iepeceyens ¢ =100 °C, noxy4yaem Touky C.
Onpedennem koopounamei mouxu C:
%2=0,12 xr/xr; 1,=400 xx/xr; t,,=57 °C.
Tennosoii 6ananc
Tennocodepatcanue cymunsvrozo azenma npuxyut:
112=1,016,+(2493+1,97t,)x,=1,01- 100+(2493+1,97-100)0,0135=137 k[Di/xr.
Tennocooepacarue nodcacvieaerozo 6030yxa npu ty u xp: 1,0=17=46 kHr/kr.
Tennocodepsrcanue nodcacvieaemozo 8030yxa npu t, u xy:
L12=1,01+(2493+1,97t,)x=1,01-100+(2493+1,97-1 00)0,01=128 xx/xr.
Pacxod menna na ucnapenue anazu: -
Qu=W(2493+1,971,-4,198,)=0,044(2493+1,97 -100-4,19-20)=114,7 xJIx/c.
Pacxo0 menna na nazpesanue mamepuana: Q=11 xDx/c.
ITomepu menaa: Quy=W(u,=0,044-200=9 kJTn/xr.
Pacxoo  cywmunsnozo  azenma: L,=(QU+QM+QM)/[(L1—112)-0,05(In2—1n0)]=
=(114,7+11+9)/(448-137)-0,05(128-6)=0,44 xr/c.
Konuuecmeo napozazveoii CMECH, BLIX00AWel U3 CYUIUNKY;
L»=1,05L,=1,05-0,44=0,46 xr/c.
Baazocodepscanue cymunsrozo azenma na svixooe uz cyumunKu:
X=X +W/L=0,0135+0,044/0,44=0,114 xr/xr.

ITo I - x nquarpamme x,=0,12 kr/xr; 1,=400 kJx/Kr.

Tennocodeparcanue cywunsrozo azenma na vixode uz CymuiKu:
1:=1,01t,4(2493+1,97t)x,=1,01-100+(2493+1,97- 100)0,114=407 xDx/xr.
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" Jasiee pacyeT NPOU3BOAMM IIPH CPE/IHUX 3HAYCHUSX
Tudpoduramuieckuu pacuem . Veer=Lep(1HXep)/ P p=0,45(1+0,064)/0,682=0,7 w'/c.
Kpumepuii Apxumeoa: :

Ar=(d,)* Dy cpPue &/ be g =(2,67-107)*-0,682-601-9,81/(26,82:10°)’=106400.
Kpumepuii Peiinonsoca ona yciosuii 6umaHua:

Vcxonasle JaHHbIE
Haparmempst COCHO8020 ORUNQ
Bxoa B cymuniary

ABcomoTHas BIIAKHOCT 0y =66,7 % Rey=Ar/(18+0,61 Ar’5)=106400/[18+0,61(106400)}=490,
OKBHBATCHTHBI MAMETD d,~2,67-10 y Cxopocmb eumanus apoobpasHoil HacmuybL:
TLI0THOCTS 1IPH @y Pui=707 xr/it” (163 [5]) (WareDuay=R Eau P o/ dopr =490-26,82-10°2,67-10°-0,682=7,2 mlc.
Pairop hopME! ©=0,83. CKopocmb 6UManus Peanbroil 4aACHUKbl ONUNA: ’

Buxog H3 CYLIHIKH . Wosr=(Worr) map®0’5=7,2-0,832=6,6 wille.
AGCOMIOTH BIEKTOCTE wyg=17,7 Yo 3 f dakmuneckas cKOpOCMY CYILUTbHOZO0 G2CHMA 6 CYIUIIKE:
[110THOCTH IIPH Qg pu=515 Kr/m” (1abn.3 [5)). Wo=KWae=1,6-6,6=10,56 m/c.

Hapamempor cyumunsrozo azeHma L ' Muamernp mpybs -cymwmpu o

Bxoa B cymmnicy 4 D=(V, /0,785W)"*=(0,7/0,785-10,56)0,5=0,29 .
PHCXE, : L‘: o ki Hpunumaem mpyby J325x12 MM o 1a61.8 [7], D=300 mMm.
TeMnepaTyp 2 tl—jOO ¢ Jeticmeumensnan cKopocmob CyutiibH020 zeHma:
Brarocoxnepxanue x,=0,0135 xr/kr W=V 0 185D%=0.7/0 785-0.3%9 9 w/c
TermocofepKanue ;=448 K,?dexr3 Ve mm“a pr,ﬁbl:cymﬂ’n K“ ’ '
Lnoraocth pylhalls Kr/? (Hpan.2 [3]) . Cropocmb 08UNCEHUSA HACHIUY MANIEPLANA: Wy = Wi=Wy=9,9-6,6=3,3 M/c.
AeraaMureckas BI3KOCTD Ha=33,15-10" Iavc (Tpwn.3 [3]). Konuenmpayus mamepuana (Onuna) 6 CyutuibHOM azeHme:

Bt s ISR Y=(Gr+G)wi/[(L+La)( 1w =
Pacxon L=t e =(0,15+0,106)-9,9/[(0,44+0,46)(1+0,064)3,3]=0,7 kr/kr _
Iennepanypa 00 ' Kputnepuii R 10 Wy: Reng=Wedspiep/ i =9,9-2,67-107-0,682/26,82:10°=672.
B‘naro_conepxcaHHe 20,104 Kl"/’KI‘ B 3aBHCHMOCTH OT 3HAYCHMH Re gy KpETepHii Nu onpefensioT no Gopmynam
Tennocoaepxanue 1,=407 x Ix/Kr (17) ~ (20)
gﬂmﬂoﬁcxaﬂ BTG Cﬂ; | ﬁaig’é;?lg.rg“ga(??gﬁfq[;][)3]) Ix’pumepui; Hyccenvma: Nu=0,62(Reger)"’=0,62:672"°=16.

MHAMH : 2=20,5- ¢ . : g )
Cpednue 3HAYEHUA NAPANEMPOE O CYUUAKU: Q Giipswnnll i spanm ARG

. = NUA Y P o/ 2py=6-16-0,0425-0,7-0,682/(2,67-107)-601=455 Br/(m* K).
te=0,5(t1+2)=0,5(400+100)=250 S; [ Cpednsn ppaxno:'mb memnepamyp: Atey=[(11-61)-(t2-02))/In[(t1-61)/(t2-02)]=
%ep=0,5(x1+32)=0,5(0,0135+0,114)=0,064 krfxery Y ~{(400-20)-(100-59)}/In[(400-20)-(100-59)}=153 K.

ol cp=0,5(pt1+p12)=0,5(0,503+0,861)=0,682 Kr/m’; Obven mpyBoi-cymunkus
iR cp:0>5(liu+LLIZ):O’5(33=1 5+20,5)- 10‘5:26,82- 10°¢ ITa-c; V=(QutQu)/ Atepor=(114,7+11)- 10%/153-455=1,8 .
@0 =0,5(00a1 +0:2)=0,5(66,7+17,7)=42,2 %; Tinuna sonet cymru: L=V J0,785D=1,8/0,785:0,3%=25,5 m.
P p=601 KI/M" TIPH @3y =42,2 % (10 126113 [5]); Jlnuny mpyGoi om Mecma 6600a CyWLWILHO20 azeHma 00 Mecma 66004
A p=0,0425 Br/(M-K) mpu t;=250 °C (nio tabu.7 [5])- GAANCHO20 ORUAA TIPHHAMAEM 1,=2 M.
Anamerp TpyObI-CyUIHAKH Jlnuna yuacmra paszona: 1,=0,5w;0=0,5-9,9-0,3=1,5 .
O6vemHuLil paCX00 CYUILIbHOZ0 azeHma: Obwan onuna mpyboi-cywnunkus, 1=l H;=25,5+2+1,5=29 m.
Ha Bxoxe B cynnaky npu =400 °C 1 x,=0,0135 xr/kr: ['uapaBIHYecKoe CONPOTHBICHHE TPYGbI-CYUMIKH
Vu=Li(1+x,)/pa=0,44(1+0,0135)/0,503=0,89 . [omepu daenerus npu O§UNCERULU HUCHIO20 CYUIUTLHOZ0 AZEHMA HE MPERIE
{2 BBLIXOZE U3 CYIIKK mpy t=100°C n x,=0,114 xr/xr:

U MecntHoie conpomus.rzeuuﬂ:
Vi=La( 14+%:)/ po=0,46(1+0,114)/0,861=0,6 m’/c.
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AP, = 0,5W 2Py ep 1HANDH+IE,0)=0,5-9,9%.0,682(1+0,095-29/0,3+2,39)=420 TTa,

rxe A, — K0a(pMHIUEHT CONPOTHRICHNMS TPEHUA.
Ipu Rey;<2300 pasen A=64/Re,,,~64/672=0,095;
uph Re,,>2300 A, npuHumMaror o puc.1-5[2].

Mectasie conpoTHBIEH S TPyObI-CYIMIKY NpUHEMaeM 110 Tabu.12,14[7] i B

COOTBETCTBHH CO CXEMOH:

BXOA B TPYOY, &m=1 lmr.

otsox o=90°, £,=0,39 lmm.

BBIXOA M3 TPYOHI, Epy=1 - 1mT. '
2 e = EpxtEortEanx=1+0,39+1=2,39.

Iomepu na mpenue npu dsuwxiceruu mamepuana (onuna):

AP, =0,5A, Y (VD)w.p, =0,5:0,02:0,7(29/0,3)9,9%-0,682=42 I1a,

rae Ay — Ko3huueHT tpenns; A,=~0,01 — 0,03,

Homepu dagnenus Ha nNo0OepPHCARUE ONURE 60 636CUICIIHOM COCHIOAHUU:

APror=1py o2 Y=29-0,682-9,8-0,7=136 ITa.
Homepu dasnenun na paszon onuna 00 ckopocmu deudiceHua w,=3,3m/c:
APpe=0, Scﬁmewrzp, =0,5-1,50,7-9,9%.0,682=35 I1a,

i€ &pps — KOIPOUIMEHT CONPOTHBIIEHHS Pa3roHa Marepnana Epe=1 — 2;

TpUHAMAaEM &pay = 1,5. :

Obuqee zudpasuneckee CORpomMuUGner e Mpyobl-CyunKu:

AP=APAAR, +AP o, AP =420+42+136+35=633 Tla.
Texnuxo-sKoHoMuYeckue hokazamenu CyuuiKy
TexnoaornuecKne noxazarean paboTnl Cy MIKH

Hpousgodumenvuocms: Gy=0,15 xr/c=540 xr/a.

Yoensnan npoussooumensrocms no ucnapennoii é1aze (HANPsHKEHUE MO

siare): A=W/V_ =0,044/1,8=0,024 Kr/(M3-c)=86,4 Kr/(Ml-q).

Yoenonuiit 06veMHLLE PACX00 CYyMIUNbHO20 azZeRMa:
L=V1/V=0,89/1,8=0,49 M’/(M’-c)=1780 v*/(’ ).
JHepreTHuecKue NoKazaTean paGoTbl CyMHAKA

Tennoeoii KITIJ npoyecca cymru: 11=Q/Qos= 114 7/134,7=0,85,

roe Que=114,7+11+9=134,7 xIx/c.

Tepmuueckudi KITA cywunicu: 1,=(11-1,)/1,=(448-407)/448=0,091.

Yoenvnotit pacxod masyma na 1 kz ucnapennoii enazu:

d,=B/W=0,0046/0,044=0,1 xr/kr.

Yoenvruiit pacxod masyma na 1 Kz gvicymennozo onuna:

. d¢=B/G,=0,0046/0,106=0,043 xr/xr.

Yoenonuiii pacxod menna na I kz ucnapennoii enazu:

dq=0,/W=134,7/0,044=3061 xJDx/Kr.

Yoenvnoui pacxo0 snekmposnepzuu na 1 kz ucnapennoii enazu:

dy=ENy/W=(2,2+0,55+1,1+2,8+22+5,5+0,1)/0,044=780 xJIx/xr,
win 0,22 (KBru)/xr, rue Ny=2,2 kBT - nerrounsiit tpancnoprep; N,=0,55 kBT -
1030861 fo3atop; N3=1,1 kBT - BuHTOBO Tpancnoprep; Ny=2,8 kBT - Hacoc
nogayy MasyTa B Torky; Ns=22 kBT - BeHTUAATOP IOXaYH BO3JlyXa Ha ropeHue;
NG-S 5 kBT - BenTHISTOP-ABIMOCOC; N7=0,1 KBT - 11mo30BHI# 3aTBOp.
AspodoHTaHHAS CYLIMIKA

Texnono2uyeckuti pacvem
Hcxonurle nanusle 1 pacyera a3pohOHTAHHON CYIMUAKY NPUHATE TAKUMU
XK€, KaK B pacdeTe CyIINIKA KC, IO3TOMY pacyeT MaTe€pHaNBHOTO U TEIUIOBOTO
6anancos, noctpoerye pabodelt THHWH npollecca CylKy Ha | - X aAuarpamme —
cM. B pacyete cyrumnxu KC.

TI'udpodunamuueckuii pacuem
VcxonHsie faHHBIe LIS paciera aspoOHTAHHOM CYIMIIKY IPUBEICHE] B IHA~
ponuHaMuyeckoM pacdere cynmnxu KC.
Huamerp aspodoHraHHOH CYHIHIKH
Konyenmpayun 61a»3cno20 onuna é aspocmecu:
Y=G,/L(1+x,)=0,14/1,47(1+0,01)=0,094 xr/xr.
Konyenmpayus svlcyuiennozo onuna 6 aspocmecu:
Y=G,/Ly(1+x,)=0,088/1,47(1-+0,056)=0,057 xr/kr.
Jlonryctmasn xoxuesTpaipst Y 10 0,1 xr/kr.
O6vemuuLii pacxod napozasoeoil cmecy Ha BHIXOAE U3 CYIIMAIKH:
Vo=Li(1+x5)/pa=1,47(1+0,056)/0,887=1,75 m’/c.
Kpumepuii Ar IpK HauaTBHOR BI2KHOCTH MaTepHarna (o ¥ napaveTpax cy-
IIHJIBHOT'O areHTa Ha onne B cymwn(y (ti, X 1 T.4.):
Ar=d,’ pupui/in’=2,67(10)%0,712-707-9,81/(25,92:10%)=1,4-10°,
Cropocniu 8UmManusa 4acmu onuna:

(Wam')ax LlnAfl/[dspn(l 8+0 61 A-rlo S)]
=0,83%%25,92:10%1,4-10°/[2,67-10°:0,712(18+0,61(1,4:10°)*)]=7,05 m/c.
Ckopocmb 2a3a 6 zopnoeune Wi=1,5(War) =1,5-7,05=10,6 M/c.

JMuamemp zopnosunve: d=(Vy/0, 785w,l)0 °=(2,1/0,785-10 6)° 5=0,5 M. Jlnamerp

TOpJIOBHHEBI PUHHAMAETCA paBHEIM 500 MM.

Jluamemp wiupoxoi acmu piomKu:
D=(V/0,785w,5)™*=(1,75/0,785:2,115)"°=1,03 M,

TJIE Wia-CKOPOCTh IIAPOTa30B0¥ CMECH B ITMPOKOH YacTH PIOMKH, M/C; TIPHHAMA-

etca pauoit Wp=(0,2-0,5)Wyr=0,3:7,05=2,115 m/c.. JIuaMeTp IIMPOKOH YacT

piomkH puHEMaetcs pasHsiM 1000 Mm. CxopocTs Wiy loibkHa OBITE paBHa HITK

MeHbIIE CKOPOCTH BUTAHHA BBICYIICHHOTO OMMNA (W) sux. OTIpesiesisem

CKOpOCTh (Wsur) BBIX-

Kpumepuii Ar; npy KOHEYHOH BIRDKHOCTY MATepHaia 0y M NapaMeTpax rnapo-

. Ta30BOM CMECH Ha BBIXOAE U3 CYLIMIKH (ta, Xz, P, Ho):
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Ar=d;’popuag/ie’=2,67°(107)°0,887-482:9,81/(21,26- 10°%)=176624
Cxopocme eumanun vacmuy onuna s LAUPOKOIT wacmu plomru: ‘
g (War) =0 oAty [dopo(18+0,61 Ar,") =
=0,83721,26-10™176624/[2,67-107-0,887(18+0,61(176624)"°)]=5,26 wm/c.
Cropocmy napozasosodi cmecu Wy=2,115 M/c npuHATa IPABHIBLHO, TakK Kak
"Vr2<(wsm") BLIX* ,
Beicoma konyca: H=2(D-d)=2(1- 0,5)=1 m. '
Yeon packpvimua konyca: tg(0/2)=0,5(D-d)/H,=0,5(1-0,5
» ) K Vs s /1: . =14°
g ot ) (1-0,5)/1=0,25. a/2=14°,
Tpunnmaem H,=1 =28°
! ;:( e ;18{.\;' M, 1ipH 06=28" (YroJt pacKphITHS KOHYCa H3MEHSETCS B mpejte-
Obvem yceuennozo KoHyca:
o VS rH (D d*+Dd)/12=[3,14-1(1%+0,52+1-0,5)}/12=0,46 .
Obuwguii 06vem aspodonmannoii cyuwiku pu A=140 KI‘/(M3“I):
Veyu=W/A=0,052-3600/140=134 »°,
rae W-konudecTso nenapsieMoi Bogsr; W=0,052 xr/c
Konuuecmeo xonycos (promMoK), IOCIIE[0BATENBHO ;
. te , loc YCTaHOBIIEHHEIX B a3 -
TAHHOM CYIHIKe: =V y,/V,=1,34/0,46=2 91. Ilpurnmaem n=3 mr. o
Ob6wasn svicoma cywunku (cM.puc. 12[5]):
H=(2d)2+nH,+0,5(D+d)4+2d=4-0,5+3- 1+2(1+0,5)+2-0,5=9 m.
I'vapasiayeckoe conpoTuBiieHne a3podoRTAHHOI CYIUHIKH
TI'uopasnuyeckoe conpomusnenue 00Hozo konyca: .
AP=0,062p,(D/d)**(tg(a/2))* ¥ (D/d-1)=
=0,062v570(}1/0,5)2’54(tg14)0’18(1/0,5-1) =35,34:22%0,249°"%.1=160 ITa
e Py=570 Kr/M™ TIPH @,6,=36% (110 Tab11.3 [4]), 0=28°. : ’
T'udpasnuueckoe conpomusnenue cywiunku: AP =nAP=3-160=480 ITa
Hpunumaem aspoPoHManiyio cyuwunxy, CoCTOSIIYIO U3 Tpex KOHyCOB.
(promox): D=1,0M; d=0,5v; He=1,0nM; H=9M; AP.~4380 ITa.
TQXHUKO-3KOHOMU‘{€CKL[€ hoxaszamenu CyuuiKy
TexHIKO-3KOHOMHIECKHE TI0Ka3aTey a3poQOHTAHHOM CYIIMIKY Takue XKe

Kak u y cymmnnka KC, Tak kak oguHaKkoBEIe HCXOOHBIE JaHuble. OTIHIUe TONb-
KO ITO [TOKa3aTelaM:

Hanpﬂwc€uue- CYWUNKY O ucnapaemoii 6naze upuesto 140 xr/(m’-v);
yoenbusiit 00veMibLid pacxoo cyuiunbrozo azenma: ,
V=V Veu=2,1/1,34=1,6 M*/(M*-c)=5760 m*/(v’4).

PACYET KAJTOPUPEPHOM YCTAHOBKH
P " Ilaposbie kanopudeps
anopu@epvl TPHMEHSIOTCS NS HArPeBAaHUS BO3[
. yxa. Kanopudeps
ObiBaloT MapoBLIC, BONIHBIE M SneKTpuyeckue [7]. B cymmmbmmx ycn?mixix
HCNIOMB3YIOT IMAPOBBIC KaJopuephl 1is HarpeBamus Bosayxa mo 150°C
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HACHIIIEHHBIM BOISHBIM MapoM ¢ Aasnennem no 0,6 MIla. B HacTostee Bpems
§3 CyWECTBYIOMmEH CepHH MapoBEIX Kaloph(epoB BHITYCKaiOTCH TOMBKO
cranpHEle MiacTHRYaThie kanopmbepst tima KBC-IT u KBB-II Ne 6-12
'OCT 7201-80 (puc.1,2). Texmudyeckue XapakTepPUCTHKU M rabapurHble
pasMepsl  kanopudepoB TNpHBEACHB B t1abn.l. IloBepxHOCTL HarpeBa
xanopudepa COCTOUT U3 CTaNbHBIX TPYS, OpeOpeHHEIX CHApYXY KPYTIBIMH HITH
MpSIMOYTOIBHBIMH IalGaMy.
Venoeusie 0603nauenus Kanopugepos :

Ileppas 6yksa K - xanmopudep; Bropas Gyxpa — Matepuan Tpybox (B —
crans, Cy — GUMETANI: CTanh ¥ AMOMHMHHHA); TPETHI Gyksa — Mogens: M —
manas (ase Tpy6ku), C — cpemsist (Tpu Tpy6Ka), b — bonpuias (ueTHIpe TPYOKH);
yucio — HoMep Kanopugepa; Gyksa I1 - nocne 4ucia — napoBkie.

_ Tabiuua |
TexnuvecKne XapakTepHCTHKN Kanopudepos

T FKAZJI, ITnomane x?n;:)zro cevenys, ——
RSP M 10 BO3IYXY mo napy | dy L H B
~ KBC6-II 11,4 0,139 578 |
KBC7 11 14,6 0,172 | 703 _|
KBC9-1II 19,6 0,238 953
KBC10 11 25,1 0,303 1203 .
KBCl11 -TI1 72 0,867 0,00232 | 50 | 1703 | 912 | 180
KBC12 --11 108 1,3 - 0,00347 | 50 | 1703 | 1412 | 180
KBE6 - I1 15,1 0,139 321 578
KBB7 -I1 18,8 0,172 703
KBB8 ~TI1 224 0,205 0,00154 828 575 220
KBB9 —I1 26,0 0,238 953
KBC10-1I 333 0,303 1203
KBB11 =11 85,6 0,867 70,0031 | 50 | 1703 | 1075 | 220
KBC12 ~I1 143,5 1,3 0,0046 | 70 | 1703 | 1575 | 220
Obosnauenun. Fian — noeepxuocms Hazpesa 00HOZ0 kanopupepa; dy, — Ouamemp
| nampybxa nodawu napa v omeoda xondencama; L — onuna; H ~ epicoma, B — wiupuna.

IIpumep ycnogrnozo 06o3rauenus

Kanopupep KBC8~ 11, rne K — xanopudep, B — Tpy6ku u3 cramy, C —
cpeatHsst Mozenb (TpU TPyOKH [0 X0y BO3/LyXa), 8 — HOMep Kanopudepa (NeB),
IT - napoBoit.

HNoaxmouenne kagopndepos .

[Io HanpaBleHHIO JBWKCHHS BO3NYyXa KxasopuQepsl yCTAHABIUBAXOTCS
nocneoparencHo  (Gomee  Tpex  Kalopu(epoB  YCTaHABIMBATE - HE
pPEKOMEH/TYeTCs) B 3aBHCHMOCTH OT NPOXOIHOIO CEHCHHs xanopudepa f, or
JOMYCTHMOM MacCcOBOH CKOPOCTH BO3yXa WPy H  OT TpefyeMoi HOBEPXHOCTH
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KAJIOPUGEPHAS YCTAHOBKA
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B3, KDHdeHCam

Puc.2:

KO — KOHAEHCATOOTBOIYHMK ; B — BeHTHIIb 3aNOpHBIH ; BP ~ BEHTHIIb

perynHpYIOLIHH

reruioobMena F. ITap B rpynny xanoputhepos HOIBOJHTCS CBEPXY, & KOHAEHCAT
OTBOAHUTCH CHM3Y. IIpUHIMOHANBHYIO CXEMY IPUCOSNUHEHHA TPYOONpoBOIoOB K
kanopudepam cM, Ha puc.2.
Pacuer naposoro xajiopugepa
Pacxo0 menna e kanopughepe, kBm:Q, =L (J; — Jo) + Qnor = 1,05 L (I, — Ip),
rae L-xomyguecTBO HarpesaemMoro Bo3myxa, kr/c; Jy, Jo — Temnocopepixanue
BO3IyXa Ha BXOje ¥ BhIxone u3 Kanopudepa, k/D/kr; Quor = (0,03 - 0,05) Qy
[I0TEPH TeIlla NPUHUMAIOTCS B Npefenax 3-5% ot nonesnoro Q,, kBT,
Pacxod zperowsezo napa, ke/c: D = Qp/(J - 1eonn)s
rae Jiww — TeIUlocofepikaHue Mapa W KOHJeHcara, onpeaemxamme TIIpH
JaBneHud napa P u no tabn.LVII [2].
Cpeonaa paznocms memnepamyp, K:
Atgy= ((T - to) = (T = t;)YIn((T = t)(T - t1)) ,

rae T - Temueparypa napa, C; tp t; - TeMIepaTypa Bo3fyxa Ha BXOME H BEIXOMlE
3 xanopucepa, °C
Maccosyro cxkopocmb 6030yxa wp, TIpH IPOSKTHPOBAHHU Kanopmbepoa no-
9KOHOMHYECKHM COO0paXKeHHIM NPUHUMAIOT B Npejenax 7 - 12 kr/(v?-c).
IInomnocme 6030yxa p, ONpenensOT 110 cpenHel TeMrepaType t,=0,5(t; + ty),
1O BIarOCOAEPIKAHUIO Xy = X K 1o npui.2 [3].

[IpunsB 3HaYeHHE MaccOBO# CKOPOCTH BO3NyXa M 3HAsA MIOTHOCTb BO3AYXa,
ONpefieNIsiOT CKOPOCTH JBHXKEHWs BO3AyXa W B Kajopudepe. Pacmpenenenue
NOTOKOR B Kanopudepe noKa3aHo Ha pHC.3.

Pacnpedenenue nomoxoe
DJ,T

L,J 0sto - Hap
B 03ayX L,J 1 :t]

l——-» Konpnencar

D7iKOHﬂ
Puc.3

Koagppuyuenm mennonepedauu, Bt/ (MK): K=1,162(2+7 w).
Hlosepxnocms nazpesa xaaopughepa ONPERENsIOT U3 OCHOBHOIO YPaBHEHHS
remonepenadn: F = QJ/K Atg,.

Ilo Ta6n. 1 BeiGupatoT Kanopudep No pacueTHOH NOBEPXHOCTH F

Obwee yucno xanopuepos: N=F/Fq,

rae Fya; TOBEPXHOCTH Harpesa O{HOIo Kanopmbepa e

Yucno napaniensuo ekauaemoix kanopugepos: n = L/f (wpy),

rae f - Tnoans XKUBOTO CeUEHMS IO BO3AYXY, M

Yucio nociiedosamensHo sK0MAeMulx Kanropugepog: m = N/n.



Hanee y’rO“IHﬂIOT CKOpOCTB BO3AyXa B Kanopudepe 110 ypaBHEHHIO pacxofia |
BHOBS paccuntriBaoT K 1 F. Ilpn pacxoxaenuu Menee 5% MOBTOPHBIE pacyeThl
HE BBIITOJHAOTC.

TI'udpasnuueckoe conpomuwzeuue KanopughepHoil yCHanosKi 0GUICEH IO
so30yxa: APy,,=0,23m (wp[) g,
THC g - YOKOPEHHe CWIb TSkKecTH; g = 9,81 M/c?.

IIpumep pacdyera mapoBoro Kajaopudepa

Hcexonuble naHygbuie
Hapamempet go30yxa

Pacxo/{ Bo3IyXxa L=11,2 xr/c
Temirepatypa Ha BXOze to= 20 °c
Temreparypa Ha BbIXOJE t,=80°C
Baaroconepxaune X=Xy = 0,01 kr/kr.
Hapamempyl zperoniezo hapa
HaBneHue P=0,4 MIla
Temneparypa T=142,9 °C (ra6n. LVII [2))
Temnocoznepkanue napa J =2744 xIx/xr (tabn. LVII [2])
Temnocoepanue KOHAEHcaTa ixorn = 601 xJDx/xr (rabn. LVII [2)).

Cpednas pasnocms memMnepamyp 5
CpenHIOIO Pa3HOCTh TeMNEPETYP Ay, ONPENENIEM 1O CpeaHeapHMeTHIECKOMY
3aKOHY, TAK KaK OTHOMWEHHUE (Atye/Atyin) <2 (puc.4).
Cpednas pasnocms memnepanyp
=)
A

t T=142.9 °C

A= T-tg = 142,9 - 20 = 122,9K
Aty = T-t; = 142,9- 80 = 62,9 K
At Moin = 122,9/62.9 = 1,95
Atmax Atmm L\tcp = 0a5 (Atmax i Atmin) =

J =0,5(122,9 +62,9) = 92,9 K.

t=80°C

to=20"°C >/
Puc.4
[IpuuuMaeM MaccoBYIO CKOPOCTE Bosnyxa wpy= 9 kr/(m*c).
ITnotHOCTH Bo3myXa py= 1,05 k1 i TIPH tepp = 0,5 (to +1,)=0,5 (20 + 80) =
=50 °C, npu xo= 0,01xr/kr (o TTpui.2 [3]).
Tennocoodeparcaniie 8030yXa Ha 6x00¢ ¢ Kanopughep npu tou Xo .
Jo=1,01te+ (2493+1,97t5) X0 = 1,01-20+ (2493 +1,97-20) 0,01=45,4 xx/xr.
Tenitocodepacanue 6030yXa Ha 6bIX00¢ U3 KANOPUQepa IpU t) 1 X,

T, = 1,01t -+(2493+1,97t)x; = 1,01-80 + (2493 + 1,97-80) 0,01 = 1073 xJIxc/xr.

Tennosas nazpy3xa kaaopugepa: '
Qx=1,05L (J;-Jo) = 1,05:11,2 (1073 — 45,4) = 728 KBr.

Pacxo0 eperowiezo napa: D = Q/ (J-ixons) = 728/ (2744-601) = 0,34 xr/c.
Cropocmb 6030yxa ¢ Kanopugepe: MaccoBas CKOPOCTE BO3AYXa Wp, = 9,
otkyma w = 9/p, = 9/1,05 = 8,57 m/c.
Kosppuyuenm mennonepedauu:
K=1,162 (2 +7 w*)= 1,162 (2 + 7-8,57"%) = 26 Br/(M*K).
Hosepxnocmy nazpega xanopugepa:
F = Qu/KAtcp=728-10*26-92,9 = 301,4 M°.
IprauMaeM kanoprudep 1o tabir. 1 tama KBC12-IT Fp =108 Mm% f=13 M 2
Obwee uucno kanopugepos: N =F/F,,=301,4/108 = 2,79
Yucno napannensno skniouaemsix Kanopugdepos no 6030yxy:
n=L/f (wp) = 11,2/1,3:9 = 0,95.
IlpuHuMaeM K yCTaHOBKE OJIUH NapallIeNbHO BKIIOYAEMBIH KanopHdep.
DaKMUNECKAR MACCOBAA CKOPOCHb 6030yXa:
(wpy) =L/An=11,2/1,31 = 8,62 m/c.
Yucno nocnedosamensno grmovaemuix kanopugepos:
=N/n=2,79/1=2,79. Ilpuaumaem m = 3.

Ymounennwviii pacuem
ObwvemHobtii pacxood o3dyxa:
V=L (1 +x0) /p=11,2 (1 +0,01)/1, 05— 10,77 m'/c
(Dakmuuecmm ckopocms 6030yxa B kanopudepe KBCI12-I1 u3 ypasuenus
pacxopa: =fw, orkyma w=V/f=10,77/1,3 = 8,29 m/c.
Koaq’)([)uuueum mennonepedauu:
K=1,162 (2 +7w")=1,162 (2 + 7-8,29%%) = zs 7 Br/(m"K).
Hogepxnocmy Hazpesa kanopugepa:
F = Q/KAt,= 728:10°/25,7:92,9 = 304,9 M°.
Pacxoxnenue B pacuere moBepxHOCTed MeHee 5%, HOITOMY NOBTOpHLIE
pacyets! Oostee He BeinonHseM: (304,9 - 301,4) 100/304,9 = 1,15%. .
Boisoo. TlpuamMaeM X YCTaHOBKE TPH ITOCIENOBATENLHO BKIIOYAEMBIX
KaJ'OpHCbepa tuma  KBC12-TI, mosepxHocTs HarpeBa OIHOTO KaJlopHpepa
Fran= 108 M°, 061ias noBepxHocTh F = 3-108 = 324 m?.,
T'udopasnuueckoe conpomuwlenue Kaaopueproii ycmaHosKku OGUIICEHUIO
6030yxa: AP, = 0,23m (wpy) g = 0,23-3-8,62"79,81 = 264 ITa.

Pacyer u BrIfOp KOHAEHCATOOTBOAYHKOB
Tennoo6mennsle anmaparthl (KOHHEHCATODBI, IIOAOrPEBATENH, KAIOPHGEDED),
oborpeBaeMple HACHILEHHBIM  BONSHBIM [apoM, JOMKHEI  CHabXKaThes
KOHOEHCAMOOmMEOOUUKAMI, KOTOPhiE HEeNpephiBHO OTBOMAT KOHIAEHCAT M
pefOTBPallaloT NPOCKOK Iapa B IMHMIO OTBOAA KOHJEHCATa, 4TO CO3JdeT

YCIIOBHs AJI1 3KOHOMHOTO PAacXOAOBaHWA NOPOroro Iapa. Cxema YCTAHOBKH

KOH/IEHCATOOTBOAYHKA — CM. PHC.2.



KoHIeHCaTOOTBOAYHK YCTAHABAMBAIOT HHXKE MECT4 OTBOJA KOHJIEHCATa W3
TelI006MeHENKa He MeHee yeM Ha 0,5 M ¥ cHabGKal0T 0OBOHON AMHMEN A/
Toro, uToBhI TEMnooOMeHHHK Mor pabotars OecnepeboiHO TpH peMoHTe
(oTKmoueHnH) KOHAeHcaTooTBOAYMKA. KOHIEHCATOOTBOJUMK HUMEeT KIanaH
(roTnaBoK), KOTOpHIH  NpomyckaeT KOHAEHCAT M 3aMdpaeT Tap B
TernoobMeHEMKe. TeXHUYEeCKHe XapaKTepHCTHKH KOHEHCATOOTBOJUHKOB
npuseens! B Tabn.2,3. ‘

Pacyer KOHOEHCATOOTBOLYMKA COCTOHT B ONPENCIEHHHM JMaMmerpa
ycnosHoro mnpoxoma dy IO MaKCHMAaTBHOMY K03 GHUKMEHTY IPOIYCKHOM
cnocobroctu Ky (Tabm. 4)

Tabsmua 2

T pou3BOAMTENbLHOCTH KOBIEHCATOOTBOAMHKOB «CHmiLIeKcy, Kr/c

[ MakcumansRBIH nepenaj aasienus, AP, MIla !
B Tun Bl M0 03 0.6 0.9 3
T an 25 0,55 .| 032 0,19 01|
; 3 32 1,17 0,76 0,46 025 |
T 50 189 | 169 L4 | 015 |

Tabnuua 3

[lpon3BOAHTEILHOCTH H Pa3Mephl KOHIEHCATOOTBOXIHKA
Tuna 45KY 46p., kr/c

. Homep KOHIEHCATOOTBOAIHKA T
TexHuueCcKkne XapaKTepUCTHKH 00 0 1 2 3 2 ‘
JImameTp YCIOBHOIO Ipoxosa, dy, MM 15 20 25 30 40 50 |
Pacxon napa up# P = 1,0 MITa, kr/c 022 | 0,44 | 083 | 125 | 1,94 | 2,78 !

IlpaMeTp KIanana, MM 3 4 5 6 8 10

TaGnuna 4
JuameTp Y¢JI0BHOTO npoxona (dy) KOHAEHCATOOTBOAMHKA

[ dy, MM 20 25 32 40 50 | 80 |
Kq, Kr/c 0,28 0,44 0,69 1,11 1,75 | 291 |

Koahpuyuenm nponycknod cnocobnocmu: X, =0,16 D/AP®,
riie D — pacxoll napa, Kr/c; AP — nepenaj JaBieHus MeXIY HaBleHUEM Mapa 1
JlaB/eHHeM B JIHHHH OTBOAA KOHAEHCATa.

Mpumep. Tlonobpars Kouaencarootsomuuk « Kamopudepy KBCI2-IL
Pacxon mapa D = 0,34 xr/c. Jlapnenne rperouero napa P = 0,4 MITa. lasnenue
B IMHEK OTBOMA KoHIeHcara Pyyy, = 0,1 MITa.

Koappuyuenm nponyckrot cnocobrocmu:
Ka= 0,16 DIAP* = 0,16 0,34/ (0,4 - 0,1) **=0,099.
[1pu 3nauennn koodormuenta K, = 0,099 1 o tabn.4 npunmmaeM AMamMeTp
yeoBHoro npoxona dy = 20 mM, 3atem no Ta6i1.3 BEIOHPAcM KOHACHCATOOTBO/-
gpk trma 45946p. Ne0, dy =20 mm, D = 0,44 xr/c, quameTp Kilanana 4 MM.

PACYET ITIOXOI'PEBATEJISI MA3YTA

MasyT nepen nopaueit B dpopcysxy mogorpesatror go 100 — 110 °C ¢ uensio
YMEHBIUEHHA ~ BA3KOCTH. Jma  1ojiorpeBa  MCHONB3YIOT — 3MEEBHKOBBIE
TETOOOMEHHUKH, COCTOSIUME U3 TAPOBLIX 3MEEBHKOB, [TOMEIUEHHBIX B Hak c
MazyToM (prc 5). OTH TemnooOMEeHHMKH HPOCTO YCTPOEHEI, IMOBEPXHOCTE
Ten1ooOMEHa [OCTYHA [UIs OCMOTpa W peMonTa. HemocraTox - Huskas
CKOPOCTB IBHXKEHHSI MazyTa B Oake, B pe3ynsTaTe Yero TEIUIOOTHAYA CHAPYIKH
3MEEBUKOB  IIPOMCXOAUT ITyTeM CBOOOJHONH KOHBEKLIMH C . HEBBICOKUM
K03(QQUUHEHTOM TeIUIOOTHZAYM . [IpoeKkTHBI pacyer 3MEeBHKOBOIO
NoAOrpeBartes BKAIOYAeT OIPefesieHHe NOBEPXHOCTH TemioobMeHa |
KOHCTPYKTHBHBIX pa3sMepOB.

IIpoexTHBI pacyer
Tennosas nazpysxa: Q = Be(ty - t),
rae B - npousBoauTenbHOCTS MO MasyTy, KI/c; ¢ - yAeNbHas TEMI0eMKOCTh Ma-
ayra, Jw/(xrK); (em flpam 1[31); 14, t; - TeMIIepaTypa Ma3yTd HavyanbHas U KO-
neusas, °C. .
Pacxoo zperouezo napa: D = Q/r,
Tie r - TeNnoTa KoHAeH canuy napa, kIw/xr; (em. Taba.LVI11 [2]).
CpedHAn deudCyHian Cuna RpoUecca mennoobmena:
A tcp = (Atmax = Atmin)/ ]n(Atmax/ Atmin),

IH€ Atmax ¥ Aty — 66BLIAS # MEHBITAS PASHOCTH TEMIEPATYP MEXKY TTapOM H
Ma3yTOM Ha KOHLEX TerIo0OMEHHUKA.
Kosgppuyuenm mennonepedaun: K= 1/(1/0; + Y8/A + Y5 + 1/oy),
rae 8 u A - TONIUMHA M TEIUIONPOBOXHOCTE CTEHKH TPYObl 3MEEBHKE, M M
B1/(M’K) cootBercTBeBHO; o ¥ 0 - KOIQQHUWEHTHl TEILIOOTAAUM
KOHAGHCHPYIOLIErocs [1apa i MasyTa, BT/(M2 ‘K); 31, =1, + ryp - TEpMHYECKOE
COIPOTHBIIEHHE 3arPA3HEHHH CO CTOPOHBI Mapa ¥ MasyTa, (M” “K)/BT (cm. Tabi.
XXX1[2].
Kospuruenm mennoomoaun TPy KOHAEHCALMHM BOJIAHOIO Mapa BHYTPH
ameesuKa: a; = 1,85 AZALYd0,
rae At = tgy - tq - PAa3HOCTh TEMIEpATyp KOHAEHCAUMM [apa W CTEHKH;
npubuMaerea At = (1 - 3)K; A - xosddumment, oObenuHsIOWKMA PU3HKO-
XHMHYECKHe KOHCTaHTHI BOXBI M Mapa. 3HAYeHWsT B 3aBHCHMOCTH OT
TeMieparypbl KOHIEHCALMH rapa mpuseiens! Ha puc.4.8[2]; d - BHyTpeHHUH
IvameTp TpyOsl, M; L-ainHa 1py6sL.

Ipu KoHneHcaMy lapa B 3MEESBHKAX ANVHA 3MESBHKA He JODKHA OBITh OUeHb
GonmplOM, TaKk Kak B HIDKHEH YacTH J[UTMHHBIX  3MEEBMKOB CKAMIHMBAcTCHA
KOHJIEHCAT, 4TO YXyJLIaeT TEIUIOOTAAYY; KPOME TOr0, YMEHLIIAETCs JaBleHie
fapa, 4TO NPHBOIUT K CHWKEHUIO Alg, - HONE3HON pasHOCTH Temuepatyp. [lo
NPaKTHYIECKUM JAHHBIM, [UTS HAPOBBIX 3MEEBUKOB HAYasbHAs CKOPOCTh [apa B
3MeeBHKe He jlomkHa npessiats 30 M/c. [penensaoe Hanbosbiee OTHOIEHHE

(o5
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3MEEBMKOBBIM TEIUIOOBMEHHHWK

Puc. 5:
1 — GaK ¢ MasyTOM; 2 — IAPOBOH 3MEEBHK; 3 - CTOMKA U1 KPEIUIEHUS 3MEEBIKA

-

ap>

[UIHHBL 3MeeBiKa K auaMerpy Tpy6s! (L/d)pa B 3aBUCHMOCTH OT AABIEHUS apa
P, IpH Atg, = 30 - 40 K npuBeneno B Tabn 5.

Tabnura 5
Suavenns (L/d)n.x "
P, Mla | 0,49 0,29 0,15 0,78
U (Ud)max | 275 225 175 125

Ilpu Apyrux 3Ha4eHASX Aty A7 IAPOBEIX 3MEEBHKOB 3HATCHUS L/d crenyer
YMHOXAaTb Ha KO3 UIUeHT (G/Atcpo‘5 ;
Kpumepuii Ipaczogpa: Gr = gd’p’BAt/ T
rH€e P - MIOTHOCTE MasyTa, Kr/M® (cM. flpun. 1 [3]); P - MMHAMHYECKas BA3KOCTH
masyra, ITa-c (em. pu. 1 [3]);

PAt = (pu-pa)/pa.
THE Pu1;Pr2 - IWTOTHOCTD Ma3yTa MPW TEMIEPATypax 4 1 to.
Kpumepuii Hpanomnn: Pr= pc/A,
e A - ko3¢ duImenT TennonpoBoHocTH MasyTa, Br/(MK). 3nadennus y, ¢, A, p
ONPENEITIOT NIPH tepy = Loy = Aty 1 10 Thpan. 1 [3].
Koahpuyuenm mennoomoauu npu ecmecmserHoti KOHGEKUUM CHAPYIICU
mpyb 3meeeuKa:

npu 10°<Gr-Pr<10® - Nu = 0,5(Gr-Pr)*?

npu GrPr>10° - Nu = 0.15(Gr-Pr)*>.
Tpebyeman nosepxrnocms mennoobmena: F = Q/KAt .

KoHeTpyKTHBHBIH PACYET 3MEEBUKOBBIX TeNIOOOMEHHIKOB BIIOYAET
onpenenenue obuiel LIMHbl TpYOHI L, 4icna BUTKOB 1, BEICOTHI 3MEEBHKA H,
YHCNa NapaIebHEIX CeKIHit Z i IHaMETPa KOpIlyca TeII00OMEHHIKA.
O6uwian onuna smeesua: L = F/(ndyy),
rae dg, - cpeiHuit TuaMeTp TpyOHl, U3 KOTOPOH HABHBACTCS 3MEEBUK, M;
dep = (dy + d,)0,5 A
JInuna 00Ho20 6UMKQ 3Mee8UKA KAK BUHTOBOH AuHKM: | = (71:D|2 + 1A%,
roe D, - anamerp satka 3Meesuka; Dy = (0,5 - 1,2) M; h - war (paccrostne
MESKTY OCSMM COCEHHX BHTKOB), M; h = (1,5 - 2,0)d,, rae dy - HapyXXHBIH
IuamerTp TpyOsL.
Yucno napannenvoix cekyuit: 7= L/ oy .
Qucao sumkog smeeguxa: n= L/l .
O6was evicoma: H=nh.
Buympennuii Quamemp Kopnyca mennooGmenHuKa, B KOTOPBIA NIOrPyxKaeTcs
ameepuk: D=D; + (3 +4)d,. :

Tpumep pacdera 3MeeBHKOBOIO TeNJI006MeHHNKa
Ucxomnsie nanHee

Hapamempor masyma
Mazyt Mapky M 60
[Tpou3BoAUTENHHOCTE B =100 xx/4



TemiepaTtypa - .
BavyajibHas t; =20 0C
KOHeYHas t, =100" C.

Pacyer TernooOMeHHAKa

IMpunumaem menuyio Tpy6y & 38 x 2,5 mm.
Tennosan nazpysxa: Q = Be(ty - t;) = 100/3600-1900(100 - 20) = 4222 Br,
¢ = 1900 [/ (xkr-K) (mo Tpui. 1 [7]) mo te, = (t; + )0,5 = (20+100)0,5 = 60 k(e
Pacxeo zperoutezo napa: D = Q/r = 4243/2208-10° = 191107 xr/c.
[IpuHuMaeM TEMIIEPATypPy TPEIOLIEro Iapa te, Ha 1520 °C Bbime TeMIepary-
PBI Ma3YTa by e = t + (15 - 20) = 100 +20 = 120 °C.

IMo ta6x. LV11 [5] np# te, = 1200 °C onpenensiem P, = 0,2 MTla — aGcontor-
HOe JaBiesye mapa u r = 2208:10° Ihic/xr.
Koshunuenm menoomoaiu Rpu KOHOEHCARUU NAPA BIYIMPH IMECEUKA.

= 1,85A2ALYd % = 1,85:7,9%1.6,47-0,033 " = 2330 Br/ (v’ 'K),

rie 3uayesne kosdduiaenTa A HaxonuM 1o prc. 4.8 [2] npu tg, = 120 C;
(A = 7,9); npurmmaem At = 1 K; L orpegernsem n3 cooTHONIEH s (L/d)mex 110
1a611.5 mpu Pa = 0,2 MITa; (L/dg)max = 193 otxyaa L = 193-0,033 = 6,4 M.
Cpedusna pasnocis memnepamyp (puc.6):

Atey = (Atmax = Atryia)/ IN(Aliyay = Atgyin) = (100 - 20)/In(100/20) = 50 K.
Cpednan memnepamypa Masyma: tep = tey - At = 120 - 50 =70 °C.
TeroQu3ndeckre KOHCTAHTEL MasyTa IIPH ey, = 70° C u o ftpun. 1 [3]:

p = 967xkr/M’; = 0,13 Br/(vK); w=6,6-107 Tarc; ¢ = 2050 /Hw/(xrK).
Kpumepuii Ipaczoa: Gr = (gd,’p A/’ = 9,8:0,033796270,02/6,6™10°° =
=1,5-10% e BAt = (pago - Proo)/Pioo = (981,5 - 962)/962 = 0,02.
Kpumepuit IIpanoman: Pr = pc/h = 6,6 10°-2,05-10/0,13 = 104.
GrPr=1,5-10%104 = 1,5610’, N
4T Mebie 107, HOITOMY ONpejenseM o, o ypaBHerHio Nu; = 0,5(GrPr)>?.
' Cpeduas pasnocme memnepamyp

t=1f(1)
t
A 1 =120°C
Atmyin Atpae = 120 =20 =100 K
f Atyia =120 -1 00 =20 K
A ,=100°C
t, =20°C
»
Puc.6

Koappunuenm mennoomoayuu npu C6OTOOHOI KOHBEKYUU MA3YMA CHAPYICU
25 77,023
mpy6 3meegurazNu, = 0,5(GrPr)™ = 0,5(1,56:10""* =31,4.

ap

Orxyza Nu, = apdy/A; ap = Nu A/ d, = 31,4-0,13/0,033 = 124 Bt/ (M"K).
Cymma mepmudeckux COnpOruneHuti CmenKy U 3a2paAsHenul:

Yr=08MAtr,+rp= 2,5-107/384 + 1/5800 + 1/2900 = 0,52-10° (M*K)/Br,
rae r, = 1/5800 (M*K)/BT ; 1y = 1/2900 (M>K)/Bt (ro Taén. XXX1 [2]).
Koapdpuuuenm mennonepedauu:

K=1/(1/oy + Yr+ Vay) = 1/(1/2330 + 0,52:107 + 1/124) = 111 Br/(M*K).
Hosepxnocme mennoobmena: F = Q/KAtc, = 4222/111-50 = 0,76 M
06wan dnuna smeegura: 1 =F/(ndg) = 0,76/3,14-0,0355 = 6,82 ™,
rie dgp = (38 +33)107:0,5 = 0,0355 . .

Yucno napaineastoix cexyuti: 2 = Lilg = 6,82/6,4 = 1,07.

[puHuMaeM z = 1.

A uamem;z) eumia 3meesura D) =350 MM HaxopuM no tabn. 6 mpuF =
=0,76 M".

Jnuna 001020 gumia 3MeeBUKa: | = (nD,2 + hz) =(3,14-0,3 5%+ 0,076%) =
= 0,39 M ipu h = 2d,, = 2-0,038 = 0,076 m.

Jucno sumxkos smeeeuxa: n = L/1=6,82/0,39 = 17,5; npunumaem n = 18.
Oowasn esicoma: H=hn=0,076-18 = 1,4 m. :

Huamemp Gara: D =Dy + 4d, = 0,350 +4-0,038 = 0,5 m.

Tabnnua 6
Jduamverp Tpyb H BHTKA 3MeeBHKaA
[ToBepxHOCTH Iuamerp, MM
Temnoobmena, F, py6 BHTKA 3MeeBHKa, Dy
1 038x2,5 350 !
2 ?38x2,5 500 i;
3 038x2,5 600 |
5 238x2,5 750 :
7 @57x2,5 850
10 | 052x2,5 1000

Ipunumaem 3meesuKosslii n0002pesamens Co CIENyIOIMUMH XapaKTePHCTH-
kamu: F = 0,76 V2, @ 38 x 2,5 MM;
L=7m;z=1;n=18;D; =350 mm; D =500 mm; h =76 mm.
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NPHUJTOXEHWSA
Tabnuua 1
CocTaB ¥ TeILIOTAa CroPanMst CyXuX NPHPOAHLIX ra30B
!I—‘ Cocras, Macc. % [ Q4
‘ Kenue 3
\l Mearapony CHy CHg | C3Hg | CsHyo Culy | COy N, kJlx/M
| Enmanckoe
(Caparosckast s .
i ofnacTh) 93,2 0,7 0,6 0,6 0,5 44 | 35100
KypmoMosckoe :
(Capatosckast f )
0GIACTD) 92 | 08 1,0 | 6.0 | 34300
Byrypycaagckoe 71,8 44 1,7 0,8 0,6 02 | 13,5 34120
Cragponons ‘ |
Kanxazckui:
10XKHOE 1one 60,0 1,6 | 22170
CEBEPHOE MOJIE 97,7 0,7 | 40,0 | 35100
1le6emuckoe 93,5 4,0 1,0 0,5 0,5 0,1 0,4 38200
MeNUTOnoNLCKOE 97.9 0,1 0,2 1,8 35100
Taznu e
(Y3bekucTan) 94,9 3,0 0.9 0,6 4,5 0,1 | 0,5 | 34850 |

ap:;

Tabnuna 2

YHCJ'IbHaﬂ TCIVIOCMKOCTD Fasza npyu AaBjieHRU 760 MM. PT. CT.
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JlonycTHMbIe TENA0BbIE HAN

Tabnuna 3

psisKeHHs TONOYHOTO o0neMa ToNnoK

Byl TOMHBA }
I"eHepaTOpHBIA a3

[

q 107, x/ (v
840 - 1050

-1{)

[Ipupoguei ras

|

1260 - 8400

840 - 1260

840 - 1050

| KamMeHHBIH yronb

1050 - 1260

; .
| Onuyiky, Iriena, meiyxa, Jy3ra u Ap

630 - 840

.

ﬂ
|
.

|

Ta65mua 4

CocTaB ¥ TEIIOTBOPHAs CNIOCOOHOCTL Ma3yTa

DneMeHTapHbii cocrau Mmace. %

—

. Bug ‘
‘ TOTLINBA \ H, Sy NAO, | Ay
TM%yT Mano- \ | |
H:
| CGP;{Z‘;JH 87,2 11,7 0,5 0,6 0,}) 2 0 4;(9)188 \
| ’ 5 0,9 0,2
§74 | 112 |05 , , |
: %gg ‘ 87,6 l 10,7 0,7 1,0 0,2 #3,_0 39020 |
T\msyr cep- | | ' ‘
' : z
| Hmﬁig e |25 | o7 o1 |10 |
11,6 2,9 0,5 0,2 2,0 |
| ’ ’ 3 130 |
LoM40 ] 1,4 |32 0,4 03 130 |

ap>
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