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PACYET ABCOPBELIMOHHOW YCTAHOBKU

3ajauue HA NpoeKTHPOBaHH e CrpoexruposaTs aGCOPOIHOHHYIO
YCTAHOBKY JUIA M3BIEYEHHS JIMOKCH/IA CEPbI M3 Fa30BOH cMecH BOJOH.

Hcxoannie fJaHHbie
A6copbuus H3oTepMuIecKas
Temneparypa abcopOumn t, °Co..eerininniiiinienian 30
Jlapnenue Ha Bxoje B abcopbep P, xlla............ 110
HanpaBneHHe OTOKOB. ........... o A B B NPOTHBOTOK
THITEI TAPENOK. .. ... feereries e s aa et b KONNA4YKOBasd, CHTIATAS,
MpoBaIbHAS
Iapamempot 2a30808 cMecu
WuepTHEIi ras. ........ U BO3,
WsBliexaeMblif KOMITOHEHT. ..vveeesens J—— ....uoKcHx cepsl (SO,)
Pacxom BOSAYXA Vg, M/C (HY.):cverouveererensiannnnone 1,5
Konuentpauus SO, B BO3Ayxe, MOJIBHLIE HONA
MB BXOHE Vigsssvwnssasisns pvsssvsvnnsvans sas 0,03
HA BBIXOJE Ve oroerrnrerroreneisenianons .0,0014
Hapamempu scudxocmu
Tornoturens (PACTBOPHTENB). ... vuuiirsernrensennes 9¥CTas BOAA
Konuenrpanus SO, B Bozie, MOJIBHBIE JOIH
HA BXOHE Xypseosvspamssspossns crraeanne veeeed0
HA BBIXOJIE Xyeernerarsnrnrnernenneassson 0,0005

Cxema abcopBUNOHHON YCTaHOBKU

[azoBas cMmech (pACYHOK 1), oxnaxneHHas B XonofunbHuke X1, noaaer-
cs rasoayskoi I' B HIDKHIOW YacTs abcopGepa A, riie paBHOMEPHO pacnpenes-
eTCsl 110 CEeYEHMIO KONOHHBI M MOCTYNAeT Ha KOHTAKTHBIE MEMEHTH (Hacajky,
wi Tapenky). TloroTaTens N0aeTca B BEPXHIOIO YaCTh KONOHHBI LeHTpobeK-
upiM HacocoM H1 u3 emxoct E2. B xonoHHE OCYIIECTBAACTCA NPOTHBOTOYHOE
B3auMOzeiicTBHe rasa | XuAKocTH (abcopOnua). OUnMEHHHIH ra3 BRIXOAUT K3
KONOHHHI B aTMocdepy. PacTBop (KUAKOCTS, ICITIOTHBINAA JUOKCHJL CepHI) CTe-
Kaet yepe3 ruapo3aTsop B emxocTs E1 m 3atem nocrynaer B kananusauuo. Ins
OXNMANIEHAS Ta30BOM cMecH B XonomunsHuk X1 3 emxocru E3 macocom H2
nogaerca oxnaxnaromas (o6oporsad) Bosa. I'opsyast Boja HOCHE XOJNORHILHA-
ka X1 mojaercs Ha OXJNAaXAEHHE B XONOMWILHUK X2, rie OXNaKAeHHEe BONb
OCYIHECTBISETCS apTe3HAaHCKOM BOJOM WIIH pacconoM.

TEXHOSIOTUUECKW PACYET TAPESIbYATOIO ABCOPBEPA

Cocmae ¢pa3s. lepepacyem KoHyeHmpayud
@opMyIIEI JUisi NEpepacyera KOHUEHTPAHI IPUBEIEHE! B IPHIOKEHHH A
u B nurepatype [1;2, Tabnuua 2]. Pacuer MarepuasHoro Gajsanca mpoBOAKTCA
B OTHOCHTEJLHEIX KOHIEHTpaumsx (X,Y u X,Y), HOCTpOEHHe JMHHY PaBHOBE-
CHA K paceT cpefiHeil HBUKYIeH CHIBI — B OTHOCHTENIBHBIX MOJIbHBIX KOHLEH-
TPaIMAX WIH C UCTOJB30BAHNEM NApIHANbHBIX JaBIeHu.
3
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AT — annapat TexHonornyeck#ii; A — abeopbep; X — xononunsHuk; E — emxocts; I — rasonyska; H — Hacoc;

— BEHTHUJIb 3alIOPHBIX.

3 — 3anBwikka; BP — Bentuis perynupyromuii; B3

Pucynok 1 — Cxema abcopbuyoHHOM yCTaHOBKH

Ommnocumensno monsnas konyenmpayus X, Y, kmonv/xmons:
¥, =y, /(- y,) = 0,03/(1-0,03) = 0,03 kMo SO, /Mo Boszyxa ;
Y, =y, /(- y,) = 0,0014/(1~ 0,0014) = 0,0014 xmoms SO, /KMONE BOIAYXA ;
X = x,/(1=x,) = 0,0005/(1 - 0,0005) = 0,0005 xM0OnB SO, /KMOL BOMBI.
Omnocumensro maccosas konyenmpayus X,Y,ke/kz:
Y =M 4Y,[Mp =64-0,03/29 = 0,066 kr SO, /kr Bo3nyxa ;
Ye =M Y, [My =64-0,0014/29 = 0,003 xr SO, /xr Bo3ayxa ;
X =M 41X, [M ¢ =64-0,0005/18 = 0,0018 kr SO, /xr Boss1 .
Hapyuaneroe daenenue komnonenma SO, klla:
. =Py, =110-0,03=3,3 «Ila;
Py =Py =110-0,0014=0,154 xlla.
Monenvie donu x, y:y, =0,03;y, =0,0014;x, =0,0005 (3anaHo);
Yep =0,5(y,, +y,) = 0,5(0,03+0,0014) = 0,0157 .

Jlunus pagHogecus

Ypasnenue pasnosecrozo cocmosanue, BeipaXkeHHOE Yepes OTHOCHTEIIb-

HbIe MONIbHEIE KOHUEHTpanuH [cM. 2, hopmyna (13)]:
my, X
Yy = )
1+ (1-m, )X
my, =mp,/P=4850/110=44,
rae m,, - Koncranta l'enpw; 1 Bogsoro pactsopa SO, m,, =4845kllapy t =
= 30°C [c™. 2, npunoxenne Bl; noacTasiis snauenre m x =44, TTOTY4nM:
... W, .. 3

y”‘1+(1-44)x 1-43x " @

Pasnosecran konyenmpayus SO; 6 600e, BEITeKawoIelt u3 abcopbepa npu
napunansHom jasneHuu SO, B nocrymaromeM rase p, =33klla, B MOJNbHBIX
ROTAX Xpi: X = Py, /M5y =3,3/4850 = 0,00068 ; B OTHOCHTENBHBIX KOHIEHTPALHAX:

X pe =%y [{L= %, )= 0,00068/(1 - 0,00068) = 0,00068 Kvons SO, /kMoMs BOMH;

Xpx =M X, [Mc = 64-0,00068/18 = 0,0024 kr SO, /kr Bogs.

Io ypasuenuio (2) ctpoures Ha Y-X - juarpaMme MMHUS paBHOBECHs. 3a-
IiaBasch psanoM 3HadeHui X B npenenax or 0 no X pxs PACCUUTHIBAIOT COOTBETCT-
BYIOIIHME DaBHOBECHBIE KOHNEeHTpauuu SO, B rase, Y, moms SO, /kmons nosyxa .
Hanprmep, npu X =2-10™ kmons SO, /xmons soxst

-4
Yp - 44X - 44.2.10 =0,0089 mom,soy .
1-43X 1-43.2.107% KMOJIb BO3/lyXa

Konuenrpauuu Yp u X, paccautansbie 110 ypaBHEHHMIO PaBHOBECHS,
HMEIOT CIIERYIOLIHE 3HAYCHHUS:

X10% 0 1 2 3 4 5 6 7

Y10 .0 044 089 1,34 1,79 225 2,71 3,09

5




Ilo >TUM JAHHBIM CTPOUTCS IMHUA paBHOBecHs (pucyHox 2). Kak BuaHO K3
pUCYHKa 2, IMHUIO PABHOBECHA MOXKHO CUMTATh NpAMOH. Toraa ypasHeHue paBHO-
BECHsI B OTHOCHTEIIBHO MOJBHBIX KOHIIEHTpamAX GYNET UMETh BUL: ¥, = my X , a

KOHCTaHTa (a30BOro paBHOBECHS: my, =tga =Y,/ X, =0,03/0,00068 =44,1.

0035 -
Y
0,03 +—~ : f
* !
> L
g 0,025+ 3
2 [ Y=185-107+563X
0 an
S 0,02 4 Pabouas nunus
X i
9 0015+
a -
s :
2001 y. o %X
= : P T 0x
0,005 +
[ Pasrnosecnas nunus
Y, X
I L 1 1 4 ] i} 1 [} 1 } 1 I‘ 1 1 : 1 ‘ 1. 1
T XK XPK
Yp=0 O 0,0002 .  0,0004 0,0006 0,0008

X, kMo SO,/kMonb BOAb!

Pucysok 2 — Jlwuuns paBHOBecHs 1 paGoyast muaus npu abcopbuuu SO,
BOJOH
Pe3ynpTaThl pacueTa KOHUEHTPaLKil 1 KOHCTAHTE! (Ha30BOr0 PaBHOBECHS
npuseeHs! B Tabmuue 1.

dusuxo-xumuyeckue ceolicmsa ¢has
MonpHBE MacCC Bl

Huoxcuda cepu * Ma= 64 xr/xMons
Bosoyxa Mz = 29 xr/xmonn
Boow Mc= 18 xr/xmons
Hapozazosoil cmecu:
My =M, y? +Mp(1-y%)=64-0,0157+29(1-0,0157) = 29,5 Kr/icmons.
Pacmeopa:

My =M x+Mc(1-x,)=64-0,0005+(1—0,0005)18 =18 Kr/Kmosb.

o

IINoTHOCTs NPU HOPMANLHEX YCHOBHAX
(T=273K=0°C, Py = 101,3 xITa)

Juoxcuda cepor . Poa =M 4[22,4 = 64/22,4 = 2,86 xr/w’
Bosoyxa Pop =My /22,4 =29/22,4 =129 xr/m?
Taz060ii cmecu Por =My [22,4=29,5/22,4 =132 xr/m}
Tabmuna 1 — Konnentpanus $as 1 kxoHcranTa (a30BOro paBHOBECHS
TazoBas daza Knaxas dasa Koncranta pasHoBecus
O6o3navyenue | Bennumna OGosHauenue Bemyuuna | OGosnauenve | Benmuuna
Yu 0,03 X, 0 m ., klla 4845
Ve 0,0014 X 0,0005 My, klla 44
Y, ,kmone / kmons 0,03 X, s xmons { xmons 0 myy 44,1
Y, kmonv/xmons | 0,0014 X o, kmonow [ kmons 0,0005
Y, kel xe 0,066 | X . kMOnb! KMOML | 0,00068
Y k2l ke 0,003 X xe/ 2 0,0018
P, xlla 3,3 X, k2] xe 0
P,,xlla 0,154 X pr,k2/ xe 0,0024

IInorHOCTh, NpH pabounx YCIOBHAX (t=30°C, P =110 kITa):
Hosdsa - PoPTy 129110273 .
Pr=pam3en  1013273430) " &
T'azo60ii cmecu v = Ry Pl e ST LIB2D: "y
P(273+1) 1013(273+30) :
Pc = Py, =995 Kr/M® [cm. 4, Tabmuna 5]
P, = Puyp =995 kv’
ITnorHoCTE pacTBOpa p, MIPH Manoi kounenTpammyu SO, B pactBope
(%« = 0,0005) mpuHEMaeTCs paBHOM MIOTHOCTH BOJEL
AunaMuyeckas BA3kocTh npu t=30°C
Boowi u pacmeopa p, =, = 0,8-19‘3 Ta ¢ [em. 3, Tabmana VI; cm.4, Tabnuna 8).
Huoxcuoa cepor u 4, Ia-c:
_ 273+, ) (2734 x]"’ _ 0013-107(273+396)( 273+ 30
23+t+C, k 273 273 +30+396 273
IRE pigy =0,013-107 Ila:c npu t = 30°C [em. 3, pucynox VI; cm. 4, Tabmmna 12],
Ca =396 [cMm. 4, Tabnuua 11].
Bo3sdyxa ug,Ila c:
} po,,(273+c,)(273+:)"’ _ 0,0173-107(273+124)( 273+ 30
23+1+Cy \ 273 273+30+124 273

The Hgp =0,0173-107 ITa-c npu t = 0°C [cm. 3, pucyrok V; cm. 4, Tabuust 11 u 12],
Cp =124 [cm. 4, Tabimna 11].

Boow:

Pacmeopa

A

LS &
) =0,0146-107 Tla c,

8

15
) =0,0188-107ITa-c,
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Tazosoii cmecu uy,llavc:

My Muyd MpQ-yF) 64:00157  29(1-0,0157) ;oo 146
Hy Ha Hp 14,6-10°¢  18,8-107° ’
AP = My - 29’66=l8,6'10-6 Tla'c.
1,59 -10° 1,59 10

OudPysws AHOKCHEA CEPhl BTa3se
Monvnubiti 06vem:
JAOKCHIA CEPHI: U 4, M’ /MoMb 1V, =25,6+2-83 =422 oM /Moy,
rze 25,6 u 8,3 — aromMHuble 06beMbl S ¥ O COOTBETCTBEHHO fem. 2, Tabmuna 1};
BO3MyXa: vy =29,9 cM’ /moms [cM. 2, Tabmuna 1];
pacTBOpa: ve =2-3,7+7,4=1438 e’ /Mo1b .
Koad)qbuuueum dugppysuu SO, 6 2ase npu Py =1,013-10° Man to=0°C Dy, M e

0,5 0.5
1 11
421072273 +1)"* LI 42.10—2.2731-5(_+__)
¢ ) M, My ’ 88 2B o g5 M.

Doy = =
1,013 - 105(42 2 4 29,03 )

( \/3 +ul/3)2

Koagppuyuenm dugdysuu SOZ 6 2aze ipu P=1,1-10° Tlan t = 30°C (Dy)3o M

Py (273 +1t (1,013 -10° Y[ (273 +30)]"
= =9,7:10
) D”(P)( 273 ) ( L1-10° }[ 2713

HIudpdysus nuoxcujaceps B pacTROpDE
Koagppuyuenm dugpgysuu SO; & pacmeope npu t = 20°C (Dy)ao’, M e
P 1
i a7 e

ACfuc (u‘f +u‘c/3)z 1.4,74i(e2,23 +148°
rie A =1 g1 SOy, C=4,7 s Hy0 1 (g ),p0 =1cIl=1mla-c [oM. 3, Tabmuma VI
WM prcyHOK V; cM. 4, pHCyHOK 1].

TemteparypHsii koapdumuent b: b= (0,24 JJVP = 0,241/3/995 = 0,02.
Koagppuyuenm dugpgpysuu SO, 6 pacmeope iput t = 30°C (D)o’ M /e

(Dy )y = (D x Dago 1 + 5 = 20)]=1,61-10°[1 +0,02(30 — 20)}= 1,93 -107° M *Ie.
Pe3ysnbTaThl pacueTa GU3NKO-XUMHUIECKUX BENUHHH NPUBENEHBI B Tabimue 2.

2
=1,61.107° M/c,

(DX )zo" =

MamepuaneHbili 6anaHc
Pacxo0 eo3dyxa:
MOJBHBIH G, kMonb/c:G =V, [22,4= 1,5/22,4=0,067 xMons BO3AYXA/C;
MaccoBslit G, Kr/c :G=GM 5 =0,067-29 =1,94 kr Bo3myxa/c;
obbemuslit nipu t = 30°C, p=110 xITa V,, M/c:
(273 +1)P, (1 W Yut P ) _15(273+30)1013
273P 2 273-110
Konuuecmeo SO;, codeparcawyezocs 6 2a3ze Ha 6xode 6 abcopbep M, xrfc:
M1 =GY, =194-0,066 = 0,128 xr SO, /c.

V=V

8

2
=10,3.00°% X~
C

[1+0,5(0,029 +0,0014)] =1,56 M*/c.

Tabnuna 2 — Ou3NKo-XMMHYECKHE cBoHcTBa da3
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OxoHuaHue TabIuIBI 2

)

Konuuecmeo SO, 6 yxodawem uz abcopbepa 2aze M,,xr [c:
M2 =GY « =194-0,003=0,0058 xr SO, /c.
Konuuecmeo noznowennozo SO; M,xrS0,[c:
M =M1 ~M2=0,128~0,0058=0,122 xrSO,/c.
Munumanvneuii pacxo0 noznomumens:
MACCOBBIH Luin, kr H,0/c: Lumin = M/(X pe — X )= 0,122/0,0024 = 50,83 xr/c;
MONBHBIHA Ly, kvMoms HyOfe: Ly =M/ X, = 0,0019/0,00068 = 2,79 xmonB/C.
Ob6wuii pacxod noenomumens:
maccosiit L, xr H,0/c: L =M/(X« - X)=0122/0,0018 = 67,8 xr/c;
MONBHBIH L,kr H,0fc: L= Z/MHZO =67,8/18 =3,77 xmoms/c.
o6seMublil VM3 [c: ¥, =L/p, =67,8/995= 0,068 m>fc ~ 2448 v> /.
Yoenvnuiii pacxod noznomumens:
MaccoBeiit /, kr H,O/xr sosmyxa:

s L 98 soms e (Fx-x) _ (0066-0,003) ., R
G 194 xr (¥e-X.) o008 xr

MOJIBHBIH 1, xMoss H,O/KkMoins Bosniyxa : I = L/G = 3,77/0,067 = 56,3 KMOJB/xMonb.
Pesynbrarsl pacyera MatepuansHoro 6anaiica 3anectd B Tabnuny 3.
Tabnuua 3 — PesynsTarhl pacdeTa MaTepuansHoro 6ananca

Konunuectso SO,,

Pacxon Bo3gyxa
TIOCIOLUEHHOI0 BOXOMN "

Pacxon Boan!

M, xrle | M, xmom/c | G, w/c | G, kmom/c | ¥, m¥fc | G, krfe | G, mmomsle | ¥, mi/c

0,122 0,0019 1,94 0,067 1,56 67,8 3,77 0,068
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Paboyvas nunus
IIpu nocrpoenun paboveil IHHUM B OTHOCUTENBHbIX
MOJIBHEIX KOHIEHTpAUUIX paboyast JIMHKs NpsMas, IpoXo-
Jsiinas yepes T0ukd (PHUCyHoK 3):

-1 Bepx KostoHHb X, = 0; Y, = 0,0014;
HU3 KoJtoHHK X, = 0,0005; Y, = 0,03.
Ypasnenue pabovueit THHUM IPH NPOTHBOTOKE:
Y =Y, - )X, ~ X)=0,03-56,3(0,0005 - X);
Y =0,00185+56,3X.
TlocTpoenue pabodeit nuHUK Y = 0,00185+ 56,3X NOKa3aHO
Ha PUCYHKE 2.

= Yx=0,0014
L,x..—o A

v 't
Xi=0,0005 sYu=0,03

Pucynok 3 - Hanpasnenue
[IOTOKOB

Cpedusis dawxyuias cuna

JIsrxyInasi cajia npornecca abcopbuuy W3MeHAeTCs BAOML HOBEPXHOCTH
conpUKOCcHOBeHMs (a3, BEIpasuM CPeHIO ABIXKYLIYIO CHIly 4epe3 PasHOCTh

11




napuuanbHeX gasnenuit SOy B rase Apg,, Klla. Tak xak npuMeHnM 3akoH I'eH-
pH, TO YPaBHEHHE PABHOBECHS UMEET BUJ! P, = My, X.
IlBKyIas CHila IPOLecca BHH3Y KOXOHHBI Apy,, KIla:
ADpy =Py~ Ppu =33—2,42=088 xlla, rne p, =33 xlla (cM. Tabmuny 1),
P =My, = 4845-0,0005 = 2,42 xlla, e x, =0,0005 (cM. Tabnuny 1).
Jpmxymas cuia npouecca\esepxy KOJIOHHBI Apg,, , Kl1a:
AP g = P = P pe = 0154 = 0=0,154 xI1a, rzie p, = 0,154 xITa (cM. TaGmuany 1);
Ppx =M pX, =4845-0 = 0, TaK KaK Ha OPOIICHHE KOJIOHHBI TIO/IAeTCs YHCTAs BOJIA.
Cpeonsn dsuscywan cuna Ap,,, xlla:
AP gy = Bppyx o 0,880,154

Apcp= =
231 AP | 9319 288
g
APy 0,154

Cpeonss dsuoicywjas cuna AY,,, xmons SO, /kMonb Bo3ayxa ;

=0,417 kI1a.

A,
AYC - pcp - 0,417 =0,0038 KMOJ'IBSO2
P-Ap,, 110-0417
I'padmyeckoe oupenenesne Apg, M Ap,, TOKa3aHO Ha PUCYHKe 4, rne
JMHUSL PAaBHOBECHS: p, =myx=4845x, a pabovas NUHHA IS NPOTHBOTOKA:

p=p, -l(x,~x)=33~ (-g%)(o,ooos ~x), OTKyZa p =3,27+56,3x, e ! =é =563.

KMOJb BO3IyXa

3Ha4eHus Ap,, U Apy,, COBIANAIOT C AHAIHTHICCKAM PACYETOM.

P ) P

3l By l
Pabouas nunus —__

p=327+563x

“\Paenogecnas nuHus

Ap%m.pk\: pp=mpxx:4845x

B

Xy 4 Xy
x:10
Pucynox 4 — I'padudeckoe onpejenenne IBUKYIEH CUIIBI IIpoLEcca
abcopbuun SO, Bo0M BHH3Y ¥ BBEPXY KOJIOHHBI

0 1 2 3 4 5 6/7
xp;
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AN

rMMAPABIIMYECKNM PACYET TAPEJIbYATOIO ABCOPBEPA

3TOT pacyeT 3aK/IIOUAETCS B ONIPENIENIEHUH OCHOBHBIX Pa3MepPOB KOJIOHHEI
(nMameTpa W BBICOTHI), @ TAKXKe IHAPABIMYECKOrO COMPOTHBIECHUS KOJIOHHBI.
Pacuer Tapenp4yaTod KOJOHHBI MPUBOAUTCS I TPEX THUIOB Tapenok (Konamay-
KOBOM, CHTYATOM ¥ TIPOBATHLHOMR).

Huamemp KonoHHbI

Pacyer guaMeTpa KOJOHHEI C KOJNIIAYKOBEIMM, CHTYATBIMH |
NpoBajbHEIMUA  TapenkaMu TmpuseseH B Tabmune 4. IlocnenosarenbHOCTh
pacueTa qMaMeTpa KOJIOHHE! C IPOBANbHEIMHU TapenkaMu [cu. 2, ¢. 27].

OcHoeHble pa3mMepb! mapesiok

OcHOBHY e pa3MEpPH NPOBANBHOMN TApENKHU

B xosoHHaX ¢ IPOBATBHBIMH TapelKaMH C JIOCTATOYHOM IOCTOBEPHOCTHIO
MO>KHO IIPUHATEH JBHOKEHHE a3a COOTBETCTBYIOIMM MOJENH HIEANbHOIO Bbl-
TECHEHMS Y TIOJIHOE TIePEMEIIMBAHHE KUALKOCTH HA KaXIOHR CTYIEHH.

Inomnocms opowenus U, m>[ (M2 -c):
U =V, /0,785D,,,* =0,068/0,785-18% = 0,0267 m*/(m? -c).
0,067
Bennuwnna C: C = (UG”"ZBP" ]0’067 = 0’02676(0’8 : 10—3)2995 =0,208.
80x 9,81~(71,2-10'3

IlepecunTriaeM koa(hduuueHt B (paHee ObUT IPUHAT paBHEIM 8) ¢ yue-
TOM JNeHCTBUTENBHON CKOPOCTH rasa: B =38 (w/wp)2 =8(0,61/0,7) = 6,08
0,0011Bp, 0,0011-6,08-995

Cp,  0208-119

Kpumepuii @pyoa: Fr=

=269.

Boicoma cnos nenv hy, M:h, =w*|F,2gFr =0,61%/(0,2% .9,81-26,9) = 0,035 m.

Tasocodepocanue 6ap6oma’cHozo cnos &, w° s

0,21 0,21
e=1- : =1- d =0,757.
[FCO'SFrQ'Z] [0,20'526,90'2]

Bovicoma ceemnozo cnos sjcudkocmu Ha mapenke hy, M:
hy = hy,(1-£)=0,035(1-0,757) = 0,0085 MM.
OcHOBHBIE pacdeTHbIe pa3Mepsl TapeloK [oKa3aHb! Ha pucyHke 5. Pacyer
OCHOBHBIX Pa3MEPOB KOJIAYKOBOM U CUTYATOM TapesioK IpyBesieH B Tabnuue 5.
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2 2
AL Wi P 0,0218-50 0,55%992 | _
AP o =(1+—(1—+Z§)T=(l+——0—1—5———+7,76)[——-—2-——)-2405 Ia.

CymmapHoe 2udpaenu4ecKoe conpomusienue cemu ZAP Ia:
S AP = AP, o + APy + AP, o + APy, + Hpg =
=3393 4+ 5129 + 2405 + 2886 +15-998,2-9,81 = 160698 Ia.
Honnwiii nanop: H =y, AP[pg =160861/998,2-9,81=16,4 m.
BriGupaeM Hacoc 1o ¥ =9,765 107 M3 fo=35)15 M’ fu m H=164 m.
[TpuHKMaeM Hacoc JUIA BOABL KOHCOJBHEI 061ero HazHaueHus Mapku K 45/30
V=45 m*[u u H=30 m [cM. 4, TaGnuua 83].
Vemano6ouHas MOWHOCMb 31ekmpo0suzament N oy, kBt:
Nyem = BVAP[10007, =1,5-9,765 11073 .160698/1000- 0,6 = 3,93 xBr,
rae f=15; n, =06 [cM. 6, ¢. 39].
‘TlpuHUMAaeM 3NEeKTPOABATATEND IO N, =3,93 kBr THNA 4A100 82 N, =4 kBt
[cm. 4, Tabnuna 83].

Bbi6op modek KoHMposis paGomsi abcopbyuoHHOl ycmaHoeKu
Tlpu paboTe yCTaHOBKH KOHTPOIMPYIOTCS PACXOZ KUIKOCTH U rasa, Jas-
JNeH’e, TeMIepaTypa, KOHIEHTPAIMS ¥ YPOBEHb XKUAKOCTH (Tabnuna 14).
Tabnuna 14 —~ KontponupyeMslie napamMerpsl a6copOIMOHAOH YCTaHOBKH

- KoHTponupyeMeti Anniapat KoHTtponupyeMuii ]
napaMeTp napaMmeTp
Abcopbep Pacxon XonomunbHUK Pacxon
ra3oBoH cMmecH ra3oBoi cMecH
TIOTJIOTHTES BOJIBI
Temneparypa Temneparypa
ra3oBoit cMecu ra3oBO# CMECH
TOTJIOTHTENA BOZIBI
KonuenTpaums Jabnenne ra3oBoH
pacTBopa KUIKOCTH
Jasnenue Emxocts YpoBeHs HUAKOCTH
VpoBeHb XHAKOCTH J
BHHU3Y KOJIOHHBI

TexHuKO-3KOHOMUYeCcKue nokasamenu pabomsl ycmaHoeKu
Voenvnvie pacxoounl
Oxnaxatomeit BOAsL: [ = L/G = 67,8/1,94 =35 kr Boisi/kr Bo3ayxa ;
Onextposneprun: dy = N; /G =(55+37+4)/1,94 = 49,5 wJlx/xr,
rae Y N;=Np+Ny +Nyy — MOUHOCTS 3JIeKTpOBHIaTENEH:
N =55 kBt — rasoftyBKH;
Ny =37 kBT — Hacoca NOJA4H MOIOTHTENS B abcopbep;
Nz =4 xBr — Hacoca MOMAYi OXNAX/AIOLEH BOAB! B XOIOMMIBHIK X1.
38

OkoHuauue TabNHIEl 5

1 2 3
Py | 3,2
A= WJ:}#/(H}LQ} 0.0346) | e=7,7-1075 22| 2
/{ Ps 395 |~/ 00349) | =17, o3 \ Heen
A=15 [em.2, pucyHoxk 10} 3,2
Bricora Sp=S-28 =154-2:0211=1L118m | 01=77 -10“5( A _‘;92_)
CenapauioHHOrO Mpo- G 104 \TL2 A Heen
crpatctsa Heen, M E= O,IS— =0,1=——=0174 OTKyZa
(npue=0,1 P 1118 _s( 73 32
I BOJIBI/KI' BO3AyXA) A=3600EH% 4, 0% 3277710 ﬁ—z—)l,oz :
Heen = —_——— =
15=3600- 0174875 08-712%4 | &
Hoon=0134u Rt

JinuHa NyTH XHIKOCTH
Ha TapenKke I, M

Bsicota cermenta: H, =S, /0,67L, =0,211/0,67-2,34 =0,135m;
I7 =Dy ~ (n+ )H ¢ =1,4— (2 +1)0,135=0,995 u

[papiieHT ypoBHS XKUAKO-
¢ty Ha Tapenke 4k, M (npu
YMCNE TIOTOKOB N = 2).

Wyen = 3y /l”b(hnep + hc )J

Re, = Wycndapx [y

Cpennsis mMpKHa noToKa b, M: b=Sp /Iy =1,118/0,995=112m

DKBHBAIEHTHBIA TUaMeTp NOTOKA BCTICHEHHOMH XUOKOCTH djy,M

o Dby _ 4112022
BT, (22023 =063 u

_ 4112:002

dy = =0363
2= 12+2-0,12) "

VenoBHAs CKOPOCTb NIEHEI HA TAPENIKE Wy, , M/C

3.0,068

= = M,
yen = 3 1120,07+0,04) 0528,

Re = 0,828-0,63-995/0,8-107> =
= 648790

3.0,068
Wy = : =1071M
yer = 2112(0,045+0,04) A

Re, =1,071-0,363-995/0,8-107> =
= 483536

KoadduuuenTt conpoTHBnenus & :

&= 3405(}),: )0‘67 (Re ) M8 =
hﬁ X

0,67 .
=3 105(m) 648790718 = 0,247

Re, 483536
rae a = 25000 npu cpenxeM

0,075 nepeMeWBaHUH
2 2
- 2 024 0995Y 08282} 0o —o0s] 09951072 _
Ak §(IT/d3)(wyc,,/2g) Ah=0, T T Mh=00 T 0,0083 M

epenuBHOE
YCTPOHCTBO
BericoTa )UAKOCTH B 11e-
PeIIMBHOM YCTPOHCTBE
Hppp M-

Hnep =H,; +hnep —-Hg,
U3 ypaBHEHHUS paBHOBE-
cust vaxoaum H oy, M
(cM. pucyHOK 5):
_ Apy + Apnep

8Px

+ (hy + Ah)
(AP, oM. Tabmuy 1)

cB

CKOpPOCTb KHAKOCTH IOX Heperopoakoii npu Iy = 0,03 M wy,,, M/c:
Wnep =V /(1) L )=0,068/(2-0,03-2,34)=0,48 wm/c
ToTepn napnexns npy NPOTEKAHWH KHAKOCTH ITOX neperopoaKoH
ApnepsT1a: Bppgp = 0,58, Py Whep =0,5:3,25 995(0,48)? =3731a,

raes, =3,25
11022+373 6693+373
H= 0,076+0,018)= = 22277 2 1 (0,048+0,0084) =
%7 981.995 +{pmt 0 @ 981.995 +{048 0084
=0245 M =063 M

Pacuer Ap, npuseneH B rabmaue 6

H ypep =04 +0,07-0,245 = 0,225 M

Hyep = 0,3+0,045-0,163 =0,182m
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T
E.
Iudpasnuyeckoe conpomueneHue abcopbepa
Pacuer runpaBnMIecKoro COMpOTHRIEH e OJHON Tapelku (KONmnaykoBoH,
CHTYaTOH M NPOBAJIbHOH), a TAKKE pacyeT obIero conpoTusiieHus abeopbepa
TIpHBeieHsl B Tabnuue 6.
Tabnuna 6 — I'upaBnuyeckoe CONpoTUBIEHHe OfHOM Tapenky abcopbepa
I'uppaBnuyeckoe Tun rapenku
> o CONpOTUBJICHHE Konnaukopas | Curyaras | [Iposansuas
axoonrmy [ Bp, =0,5Epyw?
DaxTrYEcKas CKOPOCTH rasa wy, M/c iwy = w/F,
% CKOpPOCTE B NIPOPE3X CxopocTh B OTBEPCTHSX TAPEIKH:
= OTBErRA; Wp = "07 =11 wic| w, =°’6y =3,05 Mlc
2] Wh = 1,0 =1 1,5 Mmlc 0,0928 0,2
= 0="/0,087
&% Cyxoit Tapenxu 4p,
5 5 Kosddunuert comporusnenus &
38 §=45 I §=18 | £=15
= T'uppapmuyeckoe conpoTusiienue Ap,, Ila
m o
% g Mp=05-45-119115% = | Ap,=05181191%= | Ap,=05-15-11930F =
19 =35441la =1296 Ila =83 Ila
moA 3
siey _4-712-10 w
% = =
o g E O6ycnoneHHoE o 4045
\)(é'rlm' IRONA Tk g & yCHHaMH =63 Tla &p :4.71'2.10—7 = 4 =4.71’2.10‘7 ~
SLOONIHNC gty o nl Ly s ¥ & 00047 o 0,012
N RGN IRV MOBEPXHOCTHOTO - hnpop _ _ _
8 };m. oy = = ly === = =71,2 Ta =23,71a
T bRy, g B HaTKERUA Ap ﬂb +h,,po;)
e £k 4o i dy=dy=0004m d,=2b=2-0006=0012 m
28’1:1 \(N-',!u 1 E E 8Pg = As =t =0,045m
e ( E 2(0,03+0,09)
!
l \R‘\ : | g
= ’9' | © z Fazoxunkoctioro | Apy, =9,81:995-0,076= | Ap, =9,81-995-0,048= | Ap, =9,81.995.0,0085=
;R §5=00 g 8 cnost (neHe) 4p, | = 7418 Ta =4685 Ia =83 Tl
<_tt_>‘ 52}4 Ap, = gpyhy
ECY‘ l,l_] Onwoit TapeNKy Apr App =354146,3+7418 = | Apr=1296+71,2+4685= APT =8,3+23,7+83=
§ bod bpr=A8pc+dp +48p, | =1102,2 TTa =669,3 ITa =115Tla
I
% > Tposepka npunaToro Hy =04mm npuust Hy =03mM npunst Hy =0,3MM npuust
B PRECTORMINMEIILY 1,81102, _ 1,8669, 1,8:115 -
e of = g & R S hstoos | 03> ber99s= | 03> 151 005
= g ~ T g Hp 21847 (7R =0,203m =0,123m =0,02m
LK. T \"({ |
i = — < < XKunkoctH Ha Tapen- = 2-3451=
e e EE T P 4py =1102,2-3431 Apy = 669,3-129,6= gy w1158, 3=
\ N ke Ap
R N gn < * el =539,7 Tla =106,7 Ma
Rl R 0 - Bp, = dp, - Ap, s =165,
- | \ g al
o e - Bbicoma abcopGepa
¢ 2\1 i IR oy 2 Pacuers! xoadpunpenTa Maccomepenaum, YUCHA AUHMI IEPEHOCa, KO-
(i N AN #ﬁ ' apunuenta MepdpH, yucina JeHCTBATENBHEIX TaPENOK ¥ BRICOTHI abcopbepa
N ] =H Rl A npusenens! B tabnuue 7. I'padudeckoe onpeneneHne Yucia NefCTBUTENEHEIX
ﬁz’—m l . . TapenoK I10Ka3aHo Ha PUCYHKe 6.
< e 19
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a — KONNa4yKosas Tapenka; 6 — cuTyaras Tapenka; B — poBanbHas Tapeka.
Pucynok 6 — I'paduueckoe onpeneneHne 91cia NeiCTBUTEIBHBIX Tapenok
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CpaeHeHue U 8bI60p mapenbyamozo abcopbepa

CpaBHeHue JaHHBIX pacyeTa TapensyaToro abcopbepa ¢ pasMUHBIMK THIAMK

TapeNoK npuBesieHo B Tabnuue 8.

Ta6muua 8 — CpasHenue abcopbepoB ¢ pasNUYHBIMY THIAMH TaPeJIOK

Tapamerp Tun Tapenku

Konmnauxopas Curyaras IMposanbnas
Jnamerp D, M 1,4 1,4 1,8
Beicora Hg, M 7 6,5 10
Ckopocts rasa w, M/c 1,0 1,02 0,61
K Mepdpu 0,56 0,54 0,36
['upaBuyecKoe CONPOTHBIEHUE
Beex Tapenok aGeopbepa Ap, I1a 9920 6693 2415
Macca Bcex Tapenok, Kr 1260 1230 3108
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Pucynox 7 -- Bsicora cuTyaroi
TapeasyaTon KOJIOHHbI

CpaBHemxe 9TUX [HJaHHBIX H HX
aHanM3 I0Ka3blBalOT, YTO MPHUMCHECHHE
CUTYATBIX TapesioK I03BOJIIET COKPATUTh

J D BBICOTY KOJIOHHBI W JHEpreTH4ECKHe

3aTpaThl Ha IPEONOJEHHE Ia30BBIM
IIOTOKOM  CONpoTHBIeHus abGcopbepa.
OKOHYATENILHOE PellIeHHE O MPHUMEHEHHH
TOr0 KNM HMHOTO TUIA TapelKH MOXEeT
JaTh JIMIUG TIOJHBIA  CPAaBHHMTE/BHEIH
TEXHUKO-IKOHOMMYECKUH  pacuer ¢
Y4ETOM HPOCTOTH U3TOTOBIEHHS,
pacxofia MeTajUla B APYyrHX MaTepHalos,
CTOMMOCTH, y00cTBa B 3KCIUIyaTauuu M
T.1. CpaBHHATENbHBIE XapaKTEPUCTHKH
a6copOUMOHHBIX annaparToB NPUBEJCHS! B
mutepatype [cm. 1, . 584; cMm. 5, ¢. 203].

TMpuHnMaeM K YCTaHOBKE KOJNOHHY
C CHTYATHIMM Tapenkamu. Beicota Ko-
NIOHHEBI OKa3aHa Ha pucynke 7.
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PACHYET 1 BblBOP BCMOMOIATEfIbHOO OBOPYOBAHUA
TennoobmeHHbIe annapameobl
XoJsiouibHIK ra3oBoii cmecu X1
Hcxoonvie dannsre
PaccunTaTh KOXyXOTpyOUaTsiil TemooOMEeHHUK ISl OXIXKASHUs! B MEX-
Tpy6HOM NIPOCTPAHCTBE ra30BOH CMECH (nMOKCH Cephl — BO3AYX).
Hapmempu 2a30601 cmecu

Hpomsonmensnocrb Vots M (HY v vvrenrnrnreeencnnaeeseennnne 5400
Temneparypa, °C:
157100) 1 0 1 PP, T eereeens 480
BEIXOT Ligssunsons sussmnsnsepsyonsos ceeees TR G 3505 F5ER & 30
Konuentpaums SO; B BO3XYXE Y502, MONIBHBIE nonn ............... 0,03
Tapnenve P, kITa.....ovvviiinecinninnininennnnn, reereaen e 105

Hapamempu: oxnaicoarougeil 6008
Boza nonaeTca B TpyOHOE IIPOCTPAHCTBO

Temneparypa, °C
BXOIE D e v vvvovosnnaosnnssansssssens ihesaaisens sessssransonsossnuresssras 18
BBIXOI bggce v vvevvnreennenmsensacsssesnmensnnsnseierassiassesasonnssnsesseins 40

TTpumeM urzekc "1" U1 rops4ero TenyoHoOCHTeNA (razoBast cMecCh), HH-
neKc "2" — Ang XONoZHOTO TennoHocHTens (Bona).
[IpuMeM [Uis pacueTa BEPTHKANBHBIA KOXYXOTPYOUaTbii XONOAMILHUK.
Hanpasnesune ABWXEHUS TEIIOHOCUTENEH — IPOTHBOTOK.
CocTaBiseM CXeMbi: HalpaBJieHKe NIOTOKOB, NPOLUecca Tellonepeidin i
M3MEHeHUS TEMNEPATYpHI O WHe TpYOs! (pucynku 8 — 10).
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Pucynok 8 —~ Hanparnenne  Pucynox 9 —t = f(1)

Pucynok 10 — Cxema
NOTOKOB Terionepesadn

TeMreparypHas cXeMa TeIioo6MeHa npu ngomnoroxe {cM. pucyHoK 9):
0

40 18
=440K At =12K

_ Mg-Ar,  440-12

" e/, ) A

Cpeonss memnepamypa 600ut ty, °C: t, = (40 +18)/2 =29 °C.

Cpeduss pasnocms memnepamyp  te, K: At

-.118,8 K.

- A

()]

Cpeouss memnepamypa 2a3060u cmecu ty, °C:t, =t, +02, =29+118,8 =1478 °C.

Tennodpusuueckue ceolicTBarasoBol cMecH
(muoxcuR cepsl + BO3ayX)

3anuueM 3HaYeHHs QH3NKO-XUMUYECKHX CBONUCTB MU OTHENILHBIX KOM-
[IOHEHTOB ra30Boi cMecH B Tabnuiy 9.

Tabnuua 9 — DU3UKO-XMHIECKUX CBOMCTBA rasa

M 3
= -.-..i.. - (8] 3
Komnonent | M, kr/xmons | 7 = 224° G0, K==t H10°,
xr/m® How/ (ke - ) Cy Ma-c
Aoxein 64 2,86 0,503 125 0132
cepbl
Boaayx 29 1,29 0,721 1,40 0,019

IlpuMevanus:

1. M, - monsuas Macca rasa [cM. 4, Tabmuna 11]; o, - IIOTHOCTB rasa MPH HOPMAIBHBIX
yenosusix; Cp,# Cy - yRenbHas TEmNoeMKOCTh ra3a IPH NOCTOAHHOM JABIEHUM M IIPH 10CTO-
auioM obbeme, cootsercTBenno; K=C, / Cy - mokasarens apuabaThl; 4, - IMHAMKYECKAst

BA3KOCTH ra3a npu paGoumx ycnosusx (t = 147,8 °C, p = 105 «IJa ) [em. 3, pucyrokVI; cM. 4,
pucyHok 2].
2. 3navenus K uCy [cm. 3, Tabmuua V]

Monvnas macca cmecu M, k2/kMone:

M\ =Mgp, yso, +Myll-ysp, )= 64-0,03+29(1-0,03)= 30,05 kr/xmons.
TTnomuocme cmMecu npu HOPMANLHYIX YCROBUSX py;, KT/ (H.Y.):
Po1 = Pso, Vs, + (1= so, )= 2:86-0,03+1,29(1-0,03) = 1337 /> (11.y.).
ITnomnocme cmecu npu pabouux yenosusx (ty = 147,8 °C, Py = 105 «Ila)

= pm 0 1,337-273-105 s 3
Py i’ py = / 34n)By " (273+147,8)101,3 = % KM
Hunamuneckuii kosgguyuenm 6a3K0cmu cmecu npu pabouux Yenoeusx

. M 1-
(t) = 147,8 °C, P, = 105 1) 1, Ta-c: ML = 252750, Noyso, Ma
M Hso; Hp

’

3005 _ 003-64  (1-0,03)29
Hy 0,13.2-10‘3 0,019-107

MaccoBrlif cocTas ra3oBoi cMecy npuseseH B Tabnuue 10.
Tabnuua 10 — Maccosstit cocras cMecu (SO, + Bo3zyx)

orkyna gy =0,02:107 Tla-c.

KoMIoHesT % 06. Kr % Mac. Macconas gons, y
SO, 3 3- 2,86=28,58 6,4 0,064
Bo3myx 97 97- 1,29 =125,13 93,6 0,936
Hroro 100 133,71 100 1,0

Yoenvnan mennoemxocmo C, 015 cmecu 2a308 no npasuny adoumueHocmu,
KkIloic/ (ke K): Cy =0,064-0,503-10% +0,936-0,721-10* =707 Ie/(kr-K).
Tennonpogodnocns Ons cmecu 2a3os A, Bm/(m- K):
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Ay = BCy py =1,288-707-0,02-107 = 0,0266 Br/(m-K),
rae B =0,250K -5)=0,25(9-1,39-5)=1,88; snecn K =0,064-1,25 +0,936-1,4 =1,39.
Yoenvnan mennoemrocms cmecu 2asos C), Joic/(kz- K):
Cy = ¥50,Cs0, + (1= V50, )C = 0,064-677 +(1-0,064)1017 = 995 Iinc/{r - K)
rae Cso, =677uCp =1017 Ji/(xr-K) nprt =147.8 °C [om. 3, Tabmema XXVII; oM.
4, tabmna 15].
Tennodusuvueckue croficTBa BoAB npu t,=29°C:

IhnorrocTH 0y =99 xr/u’
TernnoeMxocTh C, = 4190 Jix/(xr - K)
TermonpoBoaHOCTD Ay = 0,616 Br/(m-K)

JlunamAveckas BA3KOCTD Uy =0,825-10 ITa ¢
Bce KOHCTaHTHI 41y, 4,, p; B C; B3ATE 13 [cM. 3, Tabmuna XXXIX].
Tennosan nazpysxa Q, Bm: Q=G,C,(t,, -1}
0 =V51001C1 (1, — 11 ) = [5400-1,337-995(480 - 30)}/ 3600 = 897963 Br.
Pacxo0 6006t Gy, ke/c: Gy = QCyta, ~1s, ) =897963/4180(40 ~18) = 9,765 krc.
Opuenmuposounas nosepxnocms mennoobmena F,, M
Fop = QfK ppAt,,, =897963/70-1188 =108 M2,
raeK,, - OpUeHTHPOBOUHEIA koodduuuent Tennonepenaun. Ilpunumaercs pas-
HbIM KO3(QQHUIMEHTY TEIUI00TAYHM 1O ra3y (K,p =a;). TIpu nonepeqrom o6re-
KaHHA BO3NYXOM My4Ka TPYG TennooGMeHHMKa, pacONOKEHHBIX B LIAXMATHOM

TOpA/Ke, &) PEKOMEHAYETCs NPUHMMATB B Ipenenax ot 70 no 180 Br/(M* K)
[cm. 3, TaGnuna 4. 7, c.171].

B coorsercreuu ¢ TOCT 15120 — 79 «XononunsHHKK KoXKyXoTpyGH4a-
Thie» BBIOMPAETCA CTAHAAPTHBIA XONOMMIBHAK. BeibupaeM koxyxoTpyGuaTslil
XO/OJMNBHAK BEPTHKANBHbIA C TMH30BEIM KoMmmencaropoM no I'OCT 15118 —

79 u TOCT 15120 ~ 79 [cm. 5, Tabnuua 3 npunoxenus; cM. 6, Tabnuua 2. 3]
BrinynceiBaeM TEXHIYECKYIO XapaKTePHCTHKY:

HIOBEPXHOCTB TEMO06MeHa F, M. ... ..covviiniiiiineineannnnn, 121

O6IIEE YHCHO TPYO 1y HIT. ce.vernernivnseennnneerenseerneeesssnennnns 384

OHAMETD TPYO, MM ..oovviiiiiiinriieiiiniiinceeeieevineean e 925x2
BHYTPEHHHHR AHAMETP KOKYXA D, MM.ovvvirinininier i, 800
YHCIIO XOHAOB Z, IT......... s emcm v s e S DS EEESE Y R S AR 6
ANAHA TPYOBL H,y Mocuviiieiiiiiiniiniiiiciicn e e eeee e 4
TUIOLIa/b CEYEHMs TIOTOKA B BEIPE3e NEPEroPOKH Sy, M.......0,07
TIOIANE CeYeHHs OIHOro X0aa no Tpy6am S, M, 0,022
HHCNIO EPErOPOROK B MEXTPYOHOM NPOCTPaHCTBE M, MIT. .. ........ 4

PaccuuThIBaEM NMOBEPXHOCTH TEMNOOOMEHA.
Kospduunmenrt Tennoornaum nnarazoBoif cmecu
Obvemuorii pacxod 2asoeoil cmecu npu pabowux ycnosusx Vi, w'le:
v, = Vo(ty +273)Py _ 5400(147,8 +273)101,3
273pP 3600-273-105

=223 M’c |
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Ckopocmb cmecu 8 MeacmpybHoM npocmpancmee wy, mic
wy = VilSump= 2,23/0,07 =319 m/c,

Kpumepuii Peiinonvoca ons 2a3oeoti cmecu Re;:

_mdipy _31,9:0025-09
H 0,02-107

rfie d) =d, TPUHUMAETCH PABHBIM HapyXHOMY AMaMeTpy TpY6s! d, = 0,025 m.

Kpumepuii Hyccenbma ons cmecu paccuutsisaercs no [3, dopmyna (4.32)]:

Nuy =0,3565, Re(™ =0,356-0,6-35889%¢ =116,
r1e &, - K03 GUuuenT, NPpUHAMAETCs £, =0,6 [cM.3, ¢.157].
Kosgpduyuernm mennoomoauu ons 2asoeoti cmecua,, Bm/(m*- K):

ay = Nuy 4y /dy =116-0,0266/0,025 =123 Brf{u? -K)
KoaddbuuueHT TennooTRaYM ANA BOJBI
Cropocnte 600bi 6 mpy6HOM npocmparcmee wy, m/c:

wy =G,/ pySq, =9,765/994,7-0,022 = 0,446 Mm/c.

Kpumepuii Peiinonvoca Re;:
wydapy _ 0,446-0,021-994,7
Re, = = .
H2 0,825-10

Kpumepuii [Ipandmas Pry: Pry = u,C, /A, =0,825-107°4180/0,616 = 5,6.
Kpumepuii Hyccenbma npH pasBUTOM TYpOYNEHTHOM TEYEHHH B NPAMBIX TPY-
6ax npu Re; > 10000: Nu, =0,023Red® Prd* (Pry/ Pr,, ).

W3secTHo, YTO IIs XUAKOCTH NpH Harpesanuw (Pr/ Pr., )>1, Ha atom oc-
HOBAHMH TIPU NPOEKTHPOBAHUH TEMI00OMEHHHKOB B pacyeTe Ko3hdHuHeHTOB
TEIUIOOTAA4H ANS HArPEBAIOLMXCS HUAKOCTEH MOKHO [TPHHUMATE
(Pry/ Pre2)%% =1, nonyckas HeGONbBILYIO NOIPEMHOCTh B CTOPOHY YMEHBIIEHHs

K03} hULMEHTa TEIIOOTAAYH, T.€. B CTOPOHY 3anaca. [ToatoMy xpumepuii Hyc-
cenbma:

Re 1

= 35889,

=11293>10000.

Nuy =0,023Re)® Pri* =0,023.11293%85,6%4 = g0,
Kosppuyuenm mennoomoauu ons 600ut a; Bri/(m® -K):

@y = NuyA, [dy =80-0,616/0,021 = 2347 BT/(M2 -K).

TlprMeM TeNnoByiO IIPOBOAUMOCTD 3arpsA3HEHHUH CTEHKM CO CTOPOHBI ra-
30Boii cMecH 1, = 2800 Br/(M* K) [cM. 3, Tabmuua XXXI; em. 4, Tabnuua 39].

IMpunumaem:
-1=2800 Br/(M* K) [cMm. 3, Tabmuma XXXI; cM. 4, Tabnuna 39] - teruiosyio
[IPOBOAUMOCTS 3arpsA3HEHNi CTEHKH CO CTOPOHEI rasa;
-1, = 2400 BT/(MZ' K) [em. 3, Tabnuna XXXI; cM. 4, tabnauua 39] - Tennoyio
NPOBOANMOCTD 3arps3HeHM#t CTEHKH CO CTOPOHLI BOZIBI CPEQHErO KayecTna;
“her = 17,5 Br/(m K) [em. 3, Tabnnma XXVII cM. 4, Tabnuna 17] — TennoByro
NPOBOAUMOCTD HEpXaBelolieH cTau.

Obwee mepmuyeckoe conpomueneHue R, ,(M’ ~K)/BT:
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1 8, 1 1 0002 1 (w2
R == e = () M- K
" Aem T2 2800 17,5 2400 e Br-

Koagppuyuenm mennonepedauu K, Bm/(m* K):
=106 Bt

|

| k=7 11 T 11 2

| Ll R, = +=——+0,00089 (oK
|

(

o ap 123 2347

‘ Pacuemnas nogepxnocmo menioobmena

j F, =0/ KAty =897963/106-118,8 = 71,3m" .

- Kaxk cnegyer u3 cranmapra [cM. 5, Tabnuua 3 npunoxeHus], us peibpan-

HOTO pfiJia MOAXONHMT XONOAMIBLHAK C TyGaMu AnmuHON 2,0 M M HOMHMHANBLHOU
rioeepxHocThio F = 90 M”.

TIpu TOM 3ariac IOBEPXHOCTH paBeH: (F - F, J00/F, =(90-71,3)100/71,3 =26,2%.

[TpuHEMaeM K YCTaHOBKE KOXYXOTpyGuaThlit xonomunsHuk (X) BepTu-
xanpHeii (B) ¢ munsossiM komnercaropoM (K) tuna XKB co crenyromei# xa-
PaKTePUCTHKOI: OBEPXHOCTH Temnoobmena 90 m’; nuametp xopiyca 800 Mu;

nuametp Tpy6 25x2 MM; mmuHa Tpy6 2 M; uncno Tpy6 385; 4HCIO CerMeHTHBIX
TIeperopofok 4; 4UCIO XONOB 6.

FmppaBik4YecKOoEe CONPOTHBIEHME XONOANNbHUKA X1

(Tpy6GHOE MPOCTPAHCTBO)
JlanHble ANa pacyera:

! CKOpOCTH BOMbI B TPYGax w, , M/C: wy, =w, =0,446 M/c ; JHCIIO XOJOB z=6;
‘ BhicoTa TpY0 H =2mM; BHyTpeHHHH nuametp TpyOsI dp =0,021m;
IJIOTHOCTE BOABI prp = 0y =994,7 kr/M3; pacxol BOABI Gy = G, =9,765 kric;
kpuTepuit PeiiHonbaca Re;, =Re=11293; 5KBUBAIEHTHBIA 1HaMeTp
d, =dy =0,021 M.
Koagpgpuyuenm mpenus A onpenensiem no Re=11293 u no d, /P=21/0,2=105
no [cm. 4, pucyHok 5]: 4 =0,0396.
JTuamemp wntyyepa 6 pacnpedenumensro kamepe dq, , =0,15u [cm. 4, Tabnuua 74].
Cropocmo 6 wmyyepax wo, , M/c:

Wepm = Grp | Prp 0,785d 2, =9,765/0,785-994,7-0,15% = 0,56 wle.
Tudpaenuueckoe cCONPOMUEneHUe XoN0OUNbHUKA NPYU APOXONCOEHUY 800b1 NO

HZ w2 2 W2
mpybam APy, Ta: APy x) = ‘&“—3%+[2,5(z~1)+22]w2;2 +3 TP-IZHP?. -
B

. . 2
| =O,03962 6-0,446°994,7
| 0,021-2
‘ F'mapaBiuuecKOe CONPOTHBIAEHNE Xononunpuuka Xl

(MexTpy6GHOE NPOCTPAHCTRO)
Jlanuble 1 pacuera:

TeMnepaTypa cMecH: ka Bxoae — 480°C; na Beixone — 30°C;
obuiee uucno Tpy6 n: n =384 wr.;

YUCJIO NEPETOPOJIOK B Me)l(pr6HOM TNIPOCTPAHCTBE M. M= 4 5
28

+[2,5(6-1)+2-6

0,446%994,7 3-0,56°
| : 33958 PAT_ci30 T

IUTOTHOCTD Ta30BOM CMECH Py, KIM® © Py = Py = 0,9 xrim>;
kputepuit PeiiHomprca Reyy, = Re; =35889;
o6 beMHELH PAcXoJ| ra30Boi cMec Vg, M/c: Vo =15 m’fc (m.Y.).
Yucno padoe mpy6, OMb16aeMbiX 2a30601] CMECDIO 6 MEDICMPYGHOM NpOCMpan-
cmeex: x=(n/3)* =(384/3)>° =113.
Ob6vemubiii pacxod 2a30601 cmecu npu pabouux ycnosuax Vs, mc:
V, =V, (273+1)R, J273P,

Bxo/1 cMecu: t = 480°C; P = 105 Ila:(,),, = 1,5(—22%%0—313912 =399 M’/c;
Berxon cMeck: t=30°C; P = 110 klTa:(7; ), = 1,527%%3%‘02‘9— =153 Mc.

CKOpoCTH HBIKEHHA TEIIOHOCHTENCH B IITyUepax IO BO3MOXHOCTH
JOJIKHBI COBIIAATh ¢ pacuerHo# paboyeil CKOPOCTBIO B anrapate, HO HE J0JDK-
Ho mpesbimate 25 M/c [cM. 6, TaGmuua 7}. TlosToMy NpHUHMMAaEM CKOPOCTh B
WTYUEPAX Wiy =25 M/C.

Jluamemp wimyyepog 8 KodkCyxe dyxp M
BXOR CMeCH: dyrp = (V1) /(0,785w))°-5 = (3,99/(0,785-25))° =0,45 u,
TIPHHUMAEM d,rp,, = 0,45 M; TOTZA JeHCTBATENBHAR CKOPOCTh CMECH
Wy = 3,99/(0,785-0,45)* =25 m/c;
BBIXOJi CMECH: IPUHUMAEM dyprp , = 0,45 M TOTAA ACHCTBUTE biaA CKOPOCTH
cMecH: wy = 1,53/(0,785-0,45)* =9,6 m/c.

IpunumaeM TpyGs1 Ais H3rOTOBNEHAS narpy6KoB: BXOJ M BHIXOX CMECH

rasop — @476x13 [cm.4, TaGmuna 84].

T'udpasnuueckoe conpomuenerue XONOOUNbHUKA TIPY IPOXOXKICHUHN Ta30BOH
CMECH 1o MexcmpybHomy npocmpaucmey(APm ) 0 Hal

2
_ 3x(m+l)_ p]wl2 +15m plwl2 +3P1me.m _

(APqu )Xl - Re?’z 2 2 2

2 y . 2 i .952
_3113(4+1) 09-319° | 15:4:09-3L97  3:0,9:25 13149 11,
35889°7 2 2 2

XosonnabHuK Boabl X2
B KauecTse NpUMepa NIPHBEJIeH YIPOIICHHBIH pacyeT TennooOMeHHHKA B
IBYX BapHaHTaX:
® XNIaJ0areHT — apre3suaHckas Boja,
® XJIaJl0areHT — paccoil.

Hcexodnote Oannbie
PaccunTaTh KOKYXOTpyGUaThit TeI00OMEHHHUK TS OXNaX/EHUsA BOMDI,
Harperoit B xononunbHuKe X1.
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XAQAOQGrent

P
(poccoa)

Pucynok 11 — Hanpasnenue

Ilapamempst 2opauezo mennonocumensn (Boabl)

o2 Te0 40) (SRR T ¥ LSO 9,765
Temneparypa, °C:
123140)1 & A T SN 40
113 85'¢0)) & AR U 18

Hapamempie xnadoazenma
(apTe3nanckas BOAQ)

Temmeparypa, °C:
BXOTIL. S s wioins swnmssipsns £ sms vibs i siis s40v's enjpssren sawiaiien siowis sares ow's vo<ioivey 7
BBIXOZE §  2iceevensenressssonsnunnennenncssonsssnessenesnssesnsssenonessnsnesnns 22
Ilapamempui xnadoazenma

(paccon)
Paccon — 2,9 %-Hb1H pacTBOP XJOPUCTOro HATPUSA
Temneparypa, °C:

53 3 b€ T 20
P e me u i e. [opsuyio BoAy HanpasiseM B TpyOHOE IPOCTPAHCTBO, X/a-

noareHT — B Mexrpy6uoe (pucynok 11). Ha pucynke 12 nokasana cxema usme-
HEHWs TEMIIEPATYphbl BAOJIb JUTHHEI TPY6 XONOMHIBHUKA, Ha pUCyHKe 13 — cxema
temnonepenayy. [(Ba BapHaHTa YNPOMIEHHOro pacyera XONOAWIbHHKA NpHBe-

neHsl B Tabmuue 11. Hgoaepxa MPUHATOTO 3HAYeHUs KO3GPUUMEHTa Tenormne-

penaun (K =200 Br/(M" K)) npusoaurcs B MeToauKe [CM. 3, npumep 4.1].
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Okonyanue Tabnuusr 11
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Cpenusist TeMneparypa
xnapoarenta th,” C

th =0,5(22+7)=14,5°C

ty =0,5(0+20)=10°C

Cpenuss pasHOCTb
Temneparyp Atg,,K:

= Atﬁ "Atu .
W)
A’M
npu (Atg/00,)<2
At,, =0,5(At, +At,)

ot,, =0,5(18+11)=14,5 K
npu (At; /A, )=18/11<2

At,, =0,5(20+18)=19 K
nip (8t5/A1,)=20/18<2

Cpennsis TeMOeparypa
Bomet 1}, “C: 8] =15 + A1,

£ =14,5+14,5=29°C

£ =10+19=29°C

Tennosas Harpyska c yue-
TOM noTeph 5% OT pacxona
TEnRoTH! Q, Br:

Q=105 G{C; (t{n - 'ik)

0 =1,05-9,765-4180(40 — 18) = 942889 Br,
rae ¢, = 4180 Jiw/(xr - K)
npy t} =29°C [cm..3, Tabnuma XXXIX]

InoTHocTh
py ki

Py =998,5 ki’

npu th =145°C
{cm. 3, Tabmuma IV]

Py =1020 ki’
npy a = 2,9 % mac.
{em. 3, Tabimua L]

NOTOKOB Telvionepeaul
Ta6muua 11 — PacueT xonoaunbpuka X2
PaccumThIBacMas BEJIMYHHA Xnanoarent
ApTesnaHcKas Bofa Paccon
1 2 3

40°C BOJIa 18°C 40°C BONA 18°C

>

TemnepaTypHas cxema
Ter1000MeHa pH

22°C apre3uanc 2
TIPOTHBOTOKE P xan  7°C

20°C paccon 0°C

BOOA

Pacxon xnanoarexra:
G'Z = Q/CZ(tlZK -"Zn)

G4 =942889/4190(22-7)=
=15 «xr/c,rne
¢, = 4190 Ju/(xr-K)
npr th =14,5°C [em. 3,
tabmua XXXIX]

G = 942889/4006(20-0) =
=118 kric,rne
¢, = 4006 Jox/(xr - K)
npu p; =1020 wwm? [om.
3, TaGnnua LII)

O6GBeMHBIH pacxon
XNAROareHTa:

vy, Mle:Vy =Gy/py

v, =15/998,5=0,015 m’/c

¥, =11,8/1020=0,016 m’/c

PacyeTHas n0BEpXHOCTH
F, m%:F, =QfKat,
npu K =200 B1'/(Mz -K)

[cm.3, Tabnuna 4.8]

F, =942889/200-14,5 =325 m?

F, =942889/200-19 = 248 m*

ITorepxHOCTH
terootmena o FOCT
15120-79

F = 393 m?; @20x2Mmm;

D = 1000 mm; L = 6000 Mm;

2= 6; Sy = 0,034 0%
Surp = 0,096 M*;
M =8550 kr

F =269 M*; 920x2mM;
D = 1000 mm;

L = 4000 mwm;
2=4; S =0,051 M*;
Surp = 0,101 M%;

M = 7040 xr

€3

3anac nMoBEPXHOCTH:

;=18 K t,=11K| t=20K =18 K
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L (F_FP)OO/FF

(393 -325)100/325=21%

(269 - 248)100/248 =8,5%
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FunpasnuMYecKkoe CONPOTHUBIECHUE XO0NOoauNbHUKA X2
(Tpy6HOE MPOCTPaHCTBO)
JlauHple Ui pacyeTa:
- pacxol BOABL Gi = 9,765 xr/c;
- CKOPOCTE BOIBI B TPY0ax, w;, Mfc: wy = G{/pSy, =9,765/995-0,034 = 0,29 M/c,
THe py =995 kr/m> nputy =29°C;Sy, = 0,034 m? (cM. Tabmuy 11);
- DKBMBAJICHTHBIN AHAMETD d, =0,016M;
- BRICOTa TPYOB H=6M;

- YHUCJIO XOI0B z = 6;
wdp _0,29-0,016-995 _

- KpuTepuil PeifHonblca Re = — = ~=————"= = 5644,
Koagpuyuenm mpenus A HaxomuM o Re= 56-10%, d,/8=16/0,2 =80 umo [cm. 4,
pucyHok 5] 4 =0,0444 .

JlnaMerp ITYLEpa B PACIPENENUTENLHON KAMEPE dryys M1 dppyy = 0,15M
[cm. 4, Tabnuna 74].
Cropocmb 800bl 8 WMYYEPAX Wiy 1, %:

G 9,765
Wipuw = : . 7 =0, %
£0,785dy,,,  0,785:995-0,15
Tudpasuyeckoe conpomusnenue Xon00uIbHUKAa IPK NPOXOKIEHHM BOLBI 11O

: _ Hz wip wipr | WPy
pybam (APTP )“,Ha. (APTP)xz -1—B-;~—li—l+[2,5(z -~1)+ 22]_12_1_+3_3_2m___ =

= 0,0444 ——- 6‘0’292 L
0,016 2 )

Emxocmu, mpy6onpoeodbi U 2a30x00bl

6-6 0,29%.995 0,562 -995

+[2,5(6-1)+2- 3 =2886 Ila.

PacueT u BBIGOp eMKOCTel MpuBeneHs! B Tabnuue 12.

PacueT ¥ BHIGOP AMaMeTpoB TPYOOIPOBONOB M ra30XOJOB NPHUBEACHB! B
tabnuue 13. Jlmamerpbl Tpy® ¥ ra3oXof0B PacCYMTHIBAIOTCS IO YPaBHEHMIO
paexoia: ¥ =0,785d*w. ‘

[Ipu pacyere XONOMMNBLHUKOB JUISl XKHJKOH CPEebl IMaMeTphbl Tpy6 npu-
HMMAIOTCA 110 TIPACOEAHHUTEIBHBIM HaAMETPaM mTyuepos [cM. 4, Tabnuua 74],
a 3aTeM M3 YPaBHEHHMs PacXona yTOYHAETCS ACHCTBUTENBHAA CKOPOCTH KHMKO-
cti. CTaHAPTHEIE IMAMETPH! TPY6 NPHHAMAIOTCS IO CIPABOYHHMKY [cm. 4, Tab-
nuus 84 - 86].

' Typ6ozasodyeka

[a30B45 CMECh, BBIXOIAIIAs U3 TEXHOIOIMYECKOro annapara, npeasapy-
TeNBHO OXJIaXAaeTcs B xonoaunsHuke X1 u nopaercs B abcopGep Typboraso-
JIYBKOH.

Typ6orasoayBka BeiGupaercs no o6seMHOH NMPOU3BOANTENLHOCTH H MO
¥30HITOUHOMY JaBJIEHUIO, HEOOXOMMMOMY JUIS NPEOJOJIEHHS THAPABINYECKOro
CONpOTHBIEHHS ceTH (APy,).
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Tabauna 12 — Pacuer n Be100op eMKocTe#

Emxocts o F'OCT 9931 — 79 v
Ha3snauenue i [om. 4, Tabmuupr 79 - 81]
PacueTHpli 06BEM EMKOCTH =
E€MKOCTH HomMunanbubiii Dg, L wmu
o0BpeM, M MM H, MM
G, 67,66-300 3
EMKOCTB e = =055 M
pactsopa E1 08p,  08-995 = A IR0
TIpH 7 =5 MHH
EMKOCTb Gyt 67,66-300 3
Vy = =22 = 055
NOTJIOTUTENSA 080, 0,8-995 25 2400 5780
(omsr) E2 npy 7 =5 MuH
EmkocTs Gz 9,765-600 3
N V== =73 M
oxaxXIAoIe 080, 0,8-1000 8 1800 3480
sonst E3 npu 7 =10 muH

Pacyer riApaBIHYECKOro CONPOTHB/ICHMS ra30xo10B
T'az0x00 om mexnonozuuecxozo annapama AT 00 xonoounsnuxa X1

O6BeMHEIH pacxof; cMecH TpH Vi-4z0, M/c (tabnuma 13)....eieninie 3,49
JlaBnenue Ha BxoAe B XOnomubHAK X1, xITa . ...oooviiiiiniiien 105
JIHHAMUIECKAs BA3KOCTD g0, Tla-c [CM. 4, PHCYHOK 2]............ 35 10

IThomHocmb 2a30801 cMecu npu paboyux ycrosusx p,, xr/m>
_ 273P _ 1,337-273:105

Pi= PO TP, (273+480)101,3

Jluamemp 2azoxooa: d = 0,45 M; IEACTBUTENBHAA CKOPOCTE CMECH: wy = 25 mfc

(cm. Tabnuny 13).

Kpumepuii Peiironsdca Re: Re = wydp, [, =2-0,45-0,5/35.107 =160714.

Koagppurjuenm mpenus A TpH Re=16-10° u  dy/P=450/0,2=2250 w0 [cMm. 4,

pucynok 5} 4 =0,0165.

Jlnuna mpy6er: L=10 M (MPUHAMAETCH).

Kosgppuyuenm mecmmoix conpomuenenuii nomoxy [6, rabmaust 12 - 14, pucyHxu 3-6]:

=05 xr/M3 .

BXOJt B XOJIOAMIBHUK € =1 1 wT.

BBIXOJ] U3 arliapara Epx =1 1 11T,

3aABYDKKa NPH d = 0,45 M £, =015 1
TE=215

Tudpasnuueckoe conpomuenenue 2a30xo0a 1pu ¢ = 480 s

2 2
AL WPy 0,0165-10 25°-0,5
APygy =| — E = +215 | ———=|=393Ila.
. 480 (d+ 5)( 2 } ( 0,45 I 2 ) a
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Tlo TOCT 301 —
44
[4, Tabmuua 86]
@159x4,5
@219x9
@325x12
@476x13
@476x13

MM

=0,55 m/c
25 Mm/c

1,0 m/c;
0,45 m;

0,2 M; TOTHA

(0,068/0,785 - 2)%5 = 0,208 m

0,785-0,157
TlpuarMaeM d

9,765-107 _
=1,53/0,785-0,452 =9,6 mlc

0,3 m; TOrma wy =0,96 mlc

PacueTHsli

. =015 m [4, Tabmana 74]

dm‘p.m =045 M [4, Tabnuma 85];
2
MTp. 10

JTuameTp TpyOONpOBO/IA WIH Ta30X0/a,

3,99/0,785- 0,452

4
0,785d*

[MpunuMaeM w, = 2,0 m/c;

Tlpuzumaem d

TipunuMaeM wy
2=V, /0,785 wy)®® =(0,068/0,785-1) =0,294 m

wy =0,068/0,785-0,22 =2,16 Mc.

Wn =
(7 /0785w, )0
Wy
v,10,785d

TpusnmaeMm d

TIpusnmaem d

IpuanmMaem d

d
Yn

CxopocTs,
w, M/c
0,5...2,0
0,5...2,5

..1,0
15...25
15...25

0,5.

9,765-107;

0,068 M3/c
(273 + )Py
273P
273:110

0,068 m>/c
{cm. pacger abeopbepa)

0
(273+30)1013 _ o

9,765/1000
1000 kr/m’ mpu ¢=18°C
273105
30°C, p=110kITa

VX

VX
(273 + 480)101,3 _ 399

480°C, P =105 kIla

L5
t

O6beMRsli pacxon, 7, Ml
P2
t
)ux
(Ve )au =15

V,=G;/p2

Ta6auua 13 — PacueT [uaMeTpoB TpyGONPOBOIOB H ra30Xxol0B
HaumMeHnoBasHe
Tlopaua
oxnaxaarome
BOJHI B
xonoxunbHEK X1
¥ Harpetoil BOAE!
B
XOTOTUNBHUK X2
Tlonaua
TIOTTIOTHTENS
(BOmEI) H2
OpOMeHHe
abcopbepa A
OTBOX pacTeopa
B emrocTs El
ITonaya razoBo#
cMecH B
XONoIMIBHUK X1
ITonaua ra3osoh
CMECH B
abcopbep A

ol
S

T'a30x00 om xonodunvruxa X1 0o abcopbepa
[lapaMeTpb razoBO# cMmecH (nput=30°CuP=110«lla)
O6BeMHBIH pacxor cMecH Ipa Vi (M. Tabnuuy 13)....... 7 iamis s o o 1,53
JlunaMugeckas BS3KOCTh .39, Ia-c [cM. 4, prcyHOK 2]iiiiiinns 18,5 10°

[Iromuocmy 2a30601 cMecu NpU pabouux yCRO8UAX Py, xr/m? :

~ 273P  1,337-273-110

Pi=30 = POL 93 )Ry (273 +30)1013

Jluamemp zazoxo0a: d =0,45 u; ICHCTBUTENBHAT CKOPOCTE CMECH: Wy, =9,6 m/c
(cM. Tabnuiy 13).

=1,308 Kl‘/M3 .

wadp;  9,6-0,45-1,308
u 185-107

Koaghpuyuenm mpenus A TIPUHAMAEM IO CTIPABOYHKKY [cM. 4, PHCYROK 5] 1pu

Re=3,05-10° U dy/e=450/0,2=2250:4 = 0,0185.

Jlnuna mpy6or: L=5 m (IPUHAMAETCS).

Koshpuyuenm mecmubix conpomuenenuti ROMoxy [cMm. 6, Tabmunpt 12 - 14,
pucynxu 3 — 6]: :

=305436.

Kpumepuii Peiinonsoca Re: Re =

BXx0f B abcopbep £, =1l

BBIXOJI M3 anmnapara £ =1 11T

samsrkka npu d = 0,45 m[em. 5, 1.10, ¢.16] &, =015 1 .
TE=215

Tudpaenuueckoe Conpomusnenue 2a3oxo0a fpu ¢ = 30°C:

2 2
@ . .
AP, = 1+~—H‘+ 2 5) Pt 1+0’0185 S+2,1‘5 28 s 1,308 =202 Tla.
30 d 2 0,45 2

£l

V36biTouHOE JABICHME, KOTOpOe HODKHA 0BecmednTb Tra3’olyBKa MNJis
IIPEOJIONEH s CONPOTUBNEHIA: XONOMUIBHUKE APy, , aGcopbepa AP,, [cM. Tab-
nuny 7] u Tpy6onposonos AP, Ila:

AP = AP480" + APy + AP30° +AP,, = 393+13119 + 202 + 6693 = 20407 Ila .

IpusedenHoe 2udpagnuieckoe Conpomusnenue P, Ha:
(273+1) Py _ 20407273+ 30)101,3
273 P 273:110
BbiGop rasony sk u. ITo o6bemMHOl MIPOU3BOIUTENBHOCTA Vies0=
=1,53m’/cuno P,,=20858 Ila BeibupaeM typ6orazomysky TI-170-1,1 [em.
4, taGuumy 63]: ¥ =286 M*fc , AP=28000 Ila, n=49,3 ¢™'.
VemanosouHas MOWHOCMb d1eKMPOOGUAMENA.:
N, = VAP /10007 = 1,1 -1,53.20858/1000- 0,8 = 43,9 kBT
Bri6upaem sneKtpoasurates Tuna AO2-82-2, N =55 xBr [cm.4, Tabnuna 63].

= 20858 ITa

AP,, = AP
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Hacocsi
Hacoc nogaun norjioTurens B aGecopoep
NapamMeTps NOrJAOTHTE IS (Bo & B

TeMreparypa £, ®Cu.veeeerenvrennnnnsrneeneniennaes P —— 30
TINOTHOCTE P, KI/M> oevererrrveraesnsannmmess s i B B e o Ao 995
O6peMHas IPOU3BOJMTENBHOCTE ¥y, NETC, sare wmmenesecinih 44 §3 588 s 0,068
JluBamMuyeckas BA3KOCTD K., 11a-c [em. 4, Tabnuua 8]............ 0,8 107

H36wmounoe dasnenue 6 abcopbepe  Poon Ha:
APy, = P~ B=110000-1013000 =8700Tla.

[luamemp mpy6onpoeoda Ha THHIA BCACHIBAHIL 1 HATHETAHAA OJIMHAKOB U pa-

BeH d =0,2 M; AelCTBUTENIbHAs CKOPOCTE BOJBI Wy = 2,16 M/c(cM. Tabmuiry 13).
Kpumepuii Peiinonsdca Re:Re = wadp/p= 2,16-0,2-995/0,8-10 = 537300

Kosgpduyuenm mpenus A TIPHHAMACM 1O [cm. 4, prcyHOK 5] ipr Re = 54-10° 1

d e =200/0,2=1000: A=0,0198.

JInuna mpy6el IPUBAMAETCS O KOHCTPYKTHBHBIM coobpakenam: L=20 M.
Teomempuueckas geicoma nodvema: H =15 u NPUHAMACTCA.

Kosgpdhuyuenm mecmubix CONpomuanenuti NOMOoKy 800wt [cMm. 4, Tabmnuue 29

Bx0J1 B TPYOY € OCTpEIMH KpOMKaMK £y =05 1 wr.

BBIXOJ, M3 TPYOB! Egpx =1 1 wr.

BeHTUNb HOpMATBHEIH st d = 0,2 M Eg =41 3 .

orBoas! oA yrioM 90°. Kosdduumentst g = AB=1:0,09=0,09 1 wrT.
A=1;B=0,09

. Y& =05+1+4,7-3+0,09=1569.
T'udpasnuyeckoe conpomuenenue mpy6onposoda  p, Tla:

2
AP=(1+%+Z§)3%£+Hpg+APdM =

= (1+(0,0198-20/0.2)+ 15,69/2,162995/2)+15-995-9,81+ 8700 = 198450 Tla
Tlonusiit Hanop: H =AP[pg = 198450/995-9,81=20,3 M.
Brifop Hacoca IIPOBOAUTCS 1O Vy =2448 M3 /q u H=19,4 m.
TpunivaeM KOHCONBHBIH HAcOC ofmero HasHauenys it Boapl Mapku K 290/30,
V =290 M3/q, H=30 M, n=2416 ¢t [cwm. 4, tabnuua 83].
Y cranoBouHas MOITHOCTD 3NEKTPONBUTATENA Ny ,KBT:

o = BV x AP - 1,5-0,068-198450 =337 xBr.
10007, 1000-0,6

3nech ko puupent 3anaca f=1,5; KITJ nentpobesxsoro nacoca 7, =0,6
[om. 6, c. 39].
[MprHEMaeM dNEKTPOABUTATEND IO yCTaHOBOYHOM MOLIHOCTH Ny =323 kBT
au 4A 200 M4 Ny, =37 «Br[4, TaGmuua 83].

T

36

PXI

Oxonpuanye Tabnuup! 4

2
=
= Q s, )
E o ] Sl ©° Sle 4 o
: 2 g “uf‘g? = ol & ) S
= T L S = . " i
598 =18 x8 Palh. X R E 13 &
A =S 88T, 5 x5 < alT] | e
B | S |8 ¥\ & N{T m oo la Sl S - o
EEBc T N e o & 2le S & i i~
= & Q b S g Qe mla e "
5. & 2 9] = A = = & 00
B IS ol I} N g S 315“,"; » 22 & o Q ©,
g o e T =y l'go s & Xa)
g o S NG st 5 |9 &
m N & 1= %uc I pa = =
| A = e P ii W
A oo 2 [
<5 > i § Qg 2
= g -
pry -
ol
m.“ § = |8 ©
s 8 Q &lal =&
2. .2 T S dENKE:
v ; b ] ]
= ~3 2 N o B F| x|
IS S v TIE| = 8
= A - A
l l ? k A 4 n Giad Tl 4
| Q ] o wy 0 |« 2o
;I':"\-/.-run X s S 4 IS
~ 28 .« < g5l Q)
w S ¥ 5 1 B NG
m = a g w6 b
L8 2 N = e i
3 S o % i
S E S - f als ?
- = 7 on B 3
M gl
1
" I < [ &
S g 3 &= 2
x —_— g} s
~ O:: §. é) n =
R ] ([t b it
R IR TS 4] .| | =
(=] Vo) <t = o (=)) ¥ s :(1 < P
AN R T Lo B = I = - <
S O S I L Q@ n in .},m "3 1 z
g 9 = oo A s =
— ke ot i o . L g o
o T8 ™ T o g Q RS
E o T L~ L 8 v
3 TSEH Ao W, !
¥ 8 ¢ o 2o = I
N i} 2
E O~ & Q
2N &
,
- = S A X ol
W o 35| _ Q A @
2 g & 8 8 & P 2 g
8.6 = Q & o @8 i E 8
fZe B &' S & 3 9
S0 2 gl X o g E |8
sga H H> o s 38 o e 0 o
RET S Bgldz o E o 8 =2
R aN| X 8 X e E 2 g 2
% % = | O ¥ P K & g2
XEZ % Enlg o= £ 3 g
g§ER. & g 1 Q)QE'é B o g % B
S‘E‘ g E‘Q_EO 6 = ﬁ;:
Qasg <= opolmf R EE =
fB: a 53“8 ® O ¢ = a8
< - = ] " Qv k= =g
¥NE 8 Eol8%5 y X &= o g
Ez“ ) Hge g x g 2 i =
B&’E E’EQQ.V > S Q ﬁ
Q, é SE-& o = Q i & Q
S £ Ex R8s g g 1%
b 5 g Rg8i £ i =
o o=A=a 8
2 & S S el
s s A e oM © 4
T Em oo [ e} ’J

~
N



0,15
CymmapHoe 2udpagnudeckoe CONPOMUBIeHue cemu > AP, Ma:
STAP = AP o + APy + AP0 + APy, + Hpg =
- =3393+ 5129 + 2405 + 2886 +15:998,2-9,81 = 160698 Ila.
Honnwiii nanop: H =y AP[pg =160861/998,2-9.81=16,4 M.
Bri6upaem Hacoc 110 ¥ =9,765-107 ’ fc=3515 W /au H=164 m.

2 2
AP, = (1 +7’:£+Z§] w‘;p =(1 +9£2—1§~—5-9+7,76)(935—2393] = 24057Ta.

IpuHEMaeM HAcOC /IS BOJBI KOHCOMBHBIH 00IIEro Ha3sHAYEHHs MAapKH K 45/30

V=45 mJu u H=30 u [cM. 4, TaGmuuia 83].
VemanogouHas MOWHOCHb 31eKmpo0suzamenst N oy, kBr:

N,yon = BVAP/10007, =1,5-9,765 107 -160698/1000-0,6 = 3,93 xBr,
e f=15; n, =06 [cM. 6, c. 39].

‘TIpuHMMAaeM 3NEKTPOBUTaTeNs 10 Ny, =3,93 kBr THIIA 4A 100 S2 Ny, =4 xBr

[cm. 4, Tabauna 83].

Bbi6op moyek KoHmpons pabomsi a6cop6yuoHHOU ycmaHoeKu
Tlpu paGoTe yCTAHOBKH KOHTPOJIHUPYIOTCS PACXO/ KUAKOCTH H rasa, 1as-

NleHHe, TeMIIEPATypa, KOHIIEHTPALHS H YPOBEHb XUAKOCTH (Tabmuia 14).
Ta6nuua 14 — KonTponupyemsie niapamMeTpsi ab6copO1IOHHOM YCTaHOBKH

Annapar KontponupyemsIi Amnapear KoutponupyeMbii
TIapaMerp rapaMeTp
Abcopbep Pacxon XonomunpHuK Pacxon
ra3oBoi cMecH ra3oBOM CMECH
TIOFNIOTHTENA BOIBI
Temneparypa Temnepatypa
ra3oBoi cMeCH ra3oBOH CMECH
HOTJIOTHTENA BOJBI
KonuenTpauus JlaBnenue ra3oBoH
pacTBopa KHAKOCTH
Jasnenue EmxocTsb Y poBeHb XKHAKOCTH
YpoBenb MMAKOCTH
BHH3Y KOJOHHbI

TexHUKO-3KOHOMUYecKue rokazamesnu paboms! ycmaHoeKu

Voenouwvie pacxoodu
Oxnaxnaroweit Bogpt: [ = L[G = 67,8/1,94 =35 xr Boxwi/kr Bo3ayxa ;
Onextposueprunt: dy = Y N, [G = (55+37+4)/1,94 = 49,5 wllx/xr,
rue z N; =Np + Ny + Ny, — MOIHOCT 9NEeKTPONBHIraTENEH:
N =55 xBr — ra3onysky;
Ny =37 kBt — HAcOCa NOJa4u [OTIOTHTENS B abcopbep;
Ny, =4 xBr — HAcOCa NOJAuM OXJIXKAAIOMEH BO/b B XONOANIBHHUK X1.
38
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O¢ppexmusnocme pabomu abecopbepa
Crenenb uzsnedenns SO, u3 Bo3ayxa: ¢ = l—f—.—)-,-"— 220008 0,955.
Yu 0,066
Koaddunuent uzsnevenus SO, U3 BO3myxa: ¢ = L B L L
Yn"'YpK 0:066"'0
Xe~Xy _0,0018-0
Xpe~Xu 0,0024-0

Dddexrusrocts no rasy (KIT Mepdpu) anst cutuaToif Tapenku: Ey =0,54.

=0,955.

Koaddunuent saceinrenns Boasl SOy y =

0,75.

PACYET HACAIOYHOIO ABCOPBEPA

3 apmaHue. PaccuuraTh HacafouHbIi aGcopOep i H3BNEUYEHUS IAPOB AleTo-
HA U3 IaporasoBoi cMecH.

Hcxonnbie xaunbIe
AOCOPOITH . 5 s s vwsn s.sws swis rows Ko wa s Ko TosEise osH Ses59 H30TepMUYECKast
TemrepaTypa a6COPOLIAM £, %C ..uuvuerirriniireierieeaeeiierneane e ernieanns 35
asnenre Ha BXOJE B a6COPOEP P, XIIa....ccuvvveerieiinininiainaninannns 120
HampaBieHNe TOTOKOB. ... vvvniniiiiineniiiiirinenenineneaeiinennns TIPOTHBOTOK
B ACATIA . s s s s imis s 555 198w Wase o 500 perynspHas, kepamMHIecKas

xonbla Pamura nuamerpom 100 mm
Iapamempesr napozasoeoii cmecu

205053 o117 2 T PP BO3AYX

VI3BIIEKAEMBIM KOMITOHEHT .« . eueururarnenraenaeenannnnne aneroH (CH3;COCH;)
Pacxofi BO3IYXa Vg, M3/ (. ¥.)uuvveeeeeieeeiainivineeneeeeee e e 5000
Konuentpanns aneroHa Ha Bxone B abcopbep y,, Moibhbie gon ..........0,1
(05 V21 (1:03 323 (53 (5 11 TS S 95

Hapamempui sicudxocmu

TTorIOTUTENH (PACTBOPHTENB).eessvrterserenninererasnrnerneranes YyKcTas BoJa
Konnenrpaliiug auerosa B BOAE Ha BXOAE x,, % 06......oooviniiiiiiinnnnns 0

OTHolLueHe TIOTOKOB XXHAKOCTH K ra3y L/G, kMomn BOABI/KMONb BOXIyXa ....5

TEXHONOMMYECKNA PACYET
Cocmaa ¢has. lNepepacyem KoHUYeHmMpayui

Pacuer MEE’ECBH&UILHOI‘O 6ananca NPOBOAUTCA B OTHOCHTENBHBIX KOHUECH-
Tpauusx ( X,Y u X,Y ), pacueT cpejineil NBHOKYINEH CHIIBI M IIOCTPOEHHE IMHHU
PaBHOBECHS — B OTHOCUTENIBHBIX MOJIbHBIX KOHUEHTPAUAX NI ¢ KCTI0/IB30BA-
HHEM NIapUHATBHEIX fAaBieruit [cM. 1; cM. 2, Tabmuuy 2 1 npuioxerue Al
Monwvusie donu x,y: x, =0;

v, =0,1 3a5aH0;
Ve =, (1= €)=0,(1-0,95)=0,005;
Yep =05(y,, +y,)=0,5(0,1+0,005)=0,0525.
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OmHOCUMENbHO MONLHAS KOHYEHMPAYUA!
Y, =y,/(-y,)=01/(1~01)= 0,1 kmons anerona/xmons Bo3nyxa
Y, =0,005/(1-0,005)= 0,005 xkvoms/xmons .
OmHocumenvHo Macco8as KOHYeHmpayus.:
Yu=M,Y, /Mg =58-0,/29 =022 xraneTona/xr Bo3ayxa;
= 58-0,005/29 = 0,01 kr/xr,
TA€ M4 =M 4ypmona =58 xr/xvons [eM. 3, Tabmana XLIV; oM. 4, Tabnuna 11];
M g =29 xr/xmons [cM. 4, TaGnuna 11].
IapyuansHoe daenenue p4,xlla: p,, = Py, =120-0,10 =12 kIla;
e = Py, =120-0,005=0,6 xITa.
Koneunas xonyenmpayus ayemona @ 800e X, xMons/xvons. OTHOWEHHE [10TO-
KOB XHIKOCTH K ra3y L/G =5 xmoib BOLBI/KMONb BO3lyXa T10 3aIaHHIO:
LG =(Yn _Yx)/(Xx "Xu): 5,
otkyna X, =(¥,-,)/5=(0,11-0,005)/5=0,021 xmons anerona/xMons BosbI;
% = X, /(L + X, )= 0,021/(1+0,021) = 0,021;
Xo=MyX,[Mc =58-0,021/18=0,0677 xr auerona/xr BOmI.
Cmenenb usenevenusn ayemona ¢, %:
£ =100, - Y, )/ Y, =100(0,11-0,005)/0,11=95,45 %.

Koncmanma ¢haszoeozo pasHoeecus. JIuHUst pagHOB8eCcUs

JUist naeansHBIX PacTBOPOB Npy abcopOumy 11apa U3 rasa paBHOBECHBIH
cocras a3 onpejieNseTcs no 3akony Payns: p, =P ,x . 3nech P, =m,, [cM. 2,
dopmyiy (14)].

JlaBneHue HaCBIEHHOTO N1apa aleToHa IpH ¢ = 350C Py, xIla:
P4 =350-0,133=46,6 xIla [cM. 3, pucynok XXIII; cm. 4, pucyHoxk 10].
Koncmanma ¢azosozo pagrosecus: m px =P 4 =466 xIla; B MOJIBHBIX [IONX:

My =M py /P = 46,6/120 = 0,388.
JTunus paerosecus Ha Y-X-guarpaMMe CTPOUTCS 10 YPABHEHUIO PABHOBECHS
(1) B oTHOCHTENBHBIX EOMHUIAX !
v X 038X _ 0388X
PoteX-my) 1+X(-0388) 1+0612X
PasnoBecHas KOHUEHTPALMA alEeTOHa B BOJE, BeITeKaromel u3 abcopbe-

pa, Py KOHLEHTPAUKH alieTOHAa B IIOCTYIIAIOIIEM I'a3e
Y, =0,11 xMo/b aueToHa/KMOJb BO3IYXa, X ., KMOJb ANETOHA/KMONB BOJIMI :

0,388X
Yy e
1+0,612X
B MOJIBHBIX IONAX: X pe = Py [11 s ~12/46 6=0,257,
“B OTHOCHTENBHO-MACCOBLIX KOHIEHTPAMAX:
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» OTKyna X p, =0,343 kvons aeToHa/KMONb BOMbI;

DXL

X pe =M 4X o [M =58-0,343/18 = 1,1 xr auetona/kr Bosist.
3anasasce psiiom 3xavenuit X B npepenax or 0 10 X ., PACCUHTEIBAIOT CO-
OTBETCTBYIOIINE PABHOBECHbIC KOHLEHTPAIMH alleTOHa B ase [0 YPABHEHHMIO (1)
Y,,, KMOJIb AI€TOHA/KMOIb BO3AYXA .
Hanpumep, npa X =0,1 xMons/kxmons
_0388X  0,388.01
P 140,612 1+0,612-0,]
Konuenrpauun Y, u X, pacCYATaHHEIE 110 ypaBHEHMIO (1), UMEIOT Cieyionye

=0,0366 KMOJb/KMOIE .

3HAYCHUA:
) CTTTR 0 005 010 015 020 025 030 035 040
Y, 108, 0 19 365 53 69 84 98 112 125

ITo 5THM JaHHBIM CTPOMTCS JIMHMS paBHOBecus (pucyHok 14). Kax sunno
U3 PHCYHKA, JINHHMIO PaBHOBECHS MOXHO CYMTATh IPAMON IO KOHLIEHTpaUun
alleToHa B BoAe X =0,045 kMoib/KkMONb, TIPH X > 0,045 kMonb/kmons - KPHBOM JIK-
HHEH.

Koncranta a3oBoro paBHOBECHs m,,, BEIpOXKEHHAs B OTHOCHTCILHBIX
MONBHEIX KOHUGHTPALHSX, PaBHA myy =Y, [ X, =0,008/0,021= 0,381, eCnu NUHUA
PaBHOBECHS NIpSMast JIMHUS, _

PesynpraThl pacueTa KOHIEHTPAUM M KOHCTAHTH (a30BOrO PaBHOBECHS
npuBejeHbl B Tabmuue 15.

Tabmuna 15 — Konuenrpanus a3 ¥ KOHCTaHTa paBHOBECHS

l"azoBas ¢aza XKunkocrHas daza KoHcranTa paBHoBecus
ObosHauenue Bennuuna O6o3HaueHue Be.r;y;qn- O6o3HayeHue BCJ::!H-
Yu 01 Xy 0 m py klla 46,6
Vi 0,005 X 0,021 myy,klla 0,388
Yy, kmoab / katonb 0,11 X pic» KMOAB | KMONL 0,257 _ ;:: /=XK 0,381
Yy, kmons | imons 0,005 X, kMone [ kmonn 0
YPH , KMONL/KMOB 0,008 X, kMOnb | kMOMD 0,021
Y puy el k2 0,22 X pic,kmona/ xmons | 0,343
Y, k2l Kz 0,01 ;\_’px,xe/xz 1,1
P, xlla 12 X, k2l ke 0
| P ,xlla 0,6 Xk, kel ke 0,0677
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S
o 18 ©
X &
§ 18 4 § Y =5X +0,005
5 14 % Pabouas
[~4
% 12 5 Pasnosgecnan 3 AuHUR
8 404 NUHUS 2
8 [
¢ 8 (X Pasnogecnan
© ©
2 61 g AUHUA
$ 4 :
Y o DO0RK b 0,388 X
[=) 2] P~ = >
! HHRRE 2 P "Trogux
> 0 ' ' ' N . e
6 01 02 03 04 05 0,05 0,1 015

A m— X KMOfb aleTOHa/KMONb BoAb!

a ' 6
a — paBHOBECHA] JTMHHA B YMEHbIIEHHOM MaciuTabe; 6 — paBHOBECHAs IUHUS B
yBeJIN4eHHOM Maciutate.

Pucynox 14 — JIuxus paBHoBecus ¥ pabodas nTuHMSA IpU abcopbuyn
aueToHa BOAOH

®usuko-xumMuveckue caolicmea ¢has
MoneHBE MAaCCH

Ayemona M 4 =58 xr/xmomns
Bozoyxa Mg =29 xr/xMons
Boow M =18 xr/xMons
Iapozazogoti cmecu: My =M,y +Mpll-y7 )=

=58.0,0525 + 29(1~ 0,0525) = 30,5 xr/kMob.
IInotrHoOCTS OIPH HOpPpMAaNlbHBIX YCHNOBHAX
(To = 273K = 0°C, Py = 101,3 kI1a):

Iapoe ayemona Pos =M ,[22,8 =58 [22,4 = 2,59 kr/m’

Bosoyxa Pop =My [22,4=29 /22,4 =129 xr/um’

Ilapozasosoti cmecu Por =M, [22,4=30,5 /22,4 =1,362 xr/m’

[MnotrHoCcTh NpU paboUyuX ycoBMAX (t=35C, P =120 «lla)

Boodvi [cm.4, Tabnuua 5] Pc = Puyp =993,5 xr/m’

Pacmeopa Py = Puo =993,5 xr/um’®

Bosoyxa g = Laably__ 129120973 o s
P,@73+1) 1013(273+35)

Tapoeazoeoti cmecu P opfds  AA62-120-273 =1,43 wr/m’

" PR@73+1)  101,3(273+35)
AnunaMuyeckas BA3KkocTb npu t=35C
Boszoyxa p,, Tla-c:
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~ /10”(273+C,,)(273+t)"’ _0,017:10° (273 +124)( 273 +35
273+1+C, \ 273 273+35+124 273

e o, =0,017-107 Ila-c npu t= 0°C [cm. 3, pucynok V; em. 4, Tabmums 11 u 12].

LS
) =19.10"[Ia-c,

B

Iapos ayemona 1, =7,78-107° TTa-c [cm. 3, pucynok V; cm. 4, tabnuna 24).
Boowl u pacmeopa ., = iy = He = 0,72+107ITa-c [cm. 3, Tabnuua VI; em. 4, Tabnmia 8).
Hapozazosoi cmecu uy,Ila-c:

My Muy% L M- yi) _ 58-0,0525 4 29(1-0,0525 )

— 2 = 1,86 -10°
Hy K4 HB 7,78 -10 19 -10
My My 305 15 4.00-¢ TTac.

T1.86.10° 1,8610°
Juddysus mapoB aieToHa B BO3AYXe
MonbHbrit 06vem:

TIapOB aLeTOHa: vy, M /Monk |

v,=3-148+6-3,7+1-12=78,6 cM* /moms,

rae 14,8; 3,7 n 12 — atomurie o6semul C, H u O coorsercrBenHo [cM. 2, Tabnuia 1];

BO3MYXa: v, =29,9 cM’/monx [eM. 2, Tabmuua 1];
pactBopa (BOXEL): v, =2-3,7+7,4 =148 cm’ /moms.

Koagpuyuenm oughgysuu napoe ayemona e 6o3dyxe npu Py = 1,013.10°Mau
ty=0°C Dy , Mc:

0,5
4,2.1072(273 +r)‘-5(1{—1—+ ) 421072 .2731»5(1_4,.1_
4 -

1 0.5
oA )

2l = BBy T 10 e -
PP + o} 1,013 -105 (18,62 + 29,9V f
Kosgppuyuenm ouggysuu napos ayemona 6 o30yxe npu P = 120 kIlau t == 35°C
(Dy)ss°, Me:

1,5 5 1.5 2
Py (273 +1t ~¢f 1,013 -10° (273 +35) ~s Mc
D o = Dop| ==|| = 17,79 10 =7,88-107% M /¥
( Y)JS OY( P )[ 273 ) [ ],2']05 ][ 273

IOuddbysus amerona B pacTBOpe
Kosgppuyuenm dugpdysuu ayemona 6 6ode nipn t =20°C (Dy)yo’, M/c:
w1 1
107° M—A+M—¢ ) 1076 5L8+%
ac i P +olPF 1,25-4,740(18,6" + 14,81 f
rae A = 1,25 ana anerona, C = 4,7 st Bomel H () 50 =1cl =1mIla-c [cm. 3,
tabnuna VI win pucyHok V; oM. 5, pucynok 1].
Temneparypustit Koadduuuent b: b = (0,247, )/3pe =0,21/3/593,5 = 0,02.
Kosghpuyuenm ouppysuu ayemona e pacmeope npu t = 35°C (D, )s5°, m*/c:
(Dx)yso = (Dx)ggo 1+t ~20)]=0,77 107 [t + 0,02(35 - 20))=1-10~° me.
PesynsTaThl pacyera (PU3MKO-XMMHYECKHX CBOHCTB (a3 3aHocsATCS B Tab-
numy 16.

Doy =

(Dy )0 = =0,77-107° M'lc,
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MamepuansHbiii 6anaxc
i IpunumaeM, 9To ra30Bas CMeCh, IOCTYNAKOIAs Ha YCTaHOBKY, Nepel 11o-
‘ i)\@ nayeit B aGCOPOLMOHHYIO KONOHHY OXJIaX/1aeTcs B XONOAWIbHAKe 10 t = 35°C.
Pacxo0 6030yxa, nocmynarougezo 8 KONOHHY:
| o6beMHBIi npu pabounx yenosuax t = 35°C, P = 120 «Ila V,, M’/c:

(273 +1)Py 5000273 +35)101,3 3
O Bl S LS 525) = M/
b+ ) 3600 57170 L+ 0,0525)=1392 74

L.;XN G,Yk

VYpasuenne pabouei TMHUA IPH IPOTHBOTOKE:

i |
MOJBHEI G Jc:G =V, /22,4 = 5000/3600 22,4 = 0,062 ot (fokE, 3]
| kMol G =V, /22,4 = +4=0,062 xmons Bo3AYXA/C} Y =0,11-5(0,021~ X)

I
|
|
il MacCOBEIi G, kr/c:G =GM p =0,062-29 =1,798 xr sosnyxa/ec. Y =5 +0,005
i

; . Konuuecmso ayemona, noznowennozo 6000ti:
MaccoBoe M, kr anerona/c: M =G(¥ — ¥ )=1,798(0,22 - 0,01) = 0,3782 kr/c;

IMoctpoenue pabouel THHUHK Y =5X + 0,005
NOKa3aHO Ha pUCYHKe 14,

‘v MOJIbHOE M, xmons anerora/c: M = M[M 4 =0,378/58=6,51-107 xmom/c.

\ - Pacxo0 600w Ha abcopbyuio: é

H MaccoBbI# L, xrsomsi/c: L = M/ X « =0,378/0,0677 = 5,583 kr/c; LXe  GYn
\'

|

i MONBHBIH L, ivomms Bogsi/c: L = LM, =5,583/18 = 0,31 kmons/c; Pucysox 16 - Harpasnenne
, 06BeMHBIH V., M*fc: ¥, =T/p,. =5,583/993,5=0,00562 m*/c~20,2 m*/u. 3 TIOTOKOB

un wild pac bl
Munumanensi pacxod 600 Cpedusis deuxyusas cuna

u

‘l } MACCOBBIH Lmin, KT BOMBI/C: I in = M/X p =0,378/1,1= 0,344 xr/c; PacueT npoBOAMTCS B OTHOCHTENIBHEIX MONBHBIX KOHUEHTPAIUAX.

U MOJBHBIH Ly , KMOMB BOREL/C : Liyin = Lmin /M =0,344/18=0,019 kuons/c. Konyenmpayus ayemona 6 6030yxe, pagnosecHas ¢ yxodsujeti 60001,
| Yoenvuuiit pacxoo eodu: . Y > KMOJIb aLIETOHA/KMOMb BO3/IYXa |

MACCOBBIH /, KT BOJBI/KT BO3yXa : I= Z/—é =5,583/1,798 = 3,1 kr/xr; 0,388X, 0,388-0,021
MOJIbHBIH /, KMOIB BOIBI/KMOIB BO3MYXa : [ = L/G = 0,31/0,062 = 5 kmMonb/xMon, Pl 0,612.X, 1 0,612-0,021

TO COOTBETCTBYET 33/1aHUIO. Hsudicywas cuna npoyecca 6Hu3y KOAoHHbl AYy, KMoIb/kMons :

= 0,008 KMOIB/KMOIB.

Cmenens Hacvlyenus 8006l AYemoHOM @
0 = (X = Xu )T pic - Xu)=(0,0677-0)/(1,1 - 0) = 0,062.
PesynsTaThl pacyera MaTepraibHoro 6ananca saHects B Tabiuny 17.

Tabnuua 17 — Peaynerars! pacueTa MaTepuaibHoOro 6ananca

AYgy =Y, —=Yp, =0,11-0,008=0,102 KMOJIB/ KMOJIb .
Konyenmpayus ayemona é 6030yxe, pagHO6eCHaA C exodauyeti 60001,

Y., KMOJIL aLETOHA/KMOJITh BO3IYXA ©

pK>

Y, =0,TaK Kak KOJIOHHA OPOIIAETCs 4rcToM Bogo#t X, =0.

Jleudicywasn cuna npoyecca 66epxy KONOHHbL AYgy KMOIb/KMOI :
AYpyy =Y, = pr =0,005-0= 0,005 kMonb/xmob .
I'padmyeckyie ONpe/ieIeHNs 3HaYeHNH AY,, U AY,,, COBHAJAIOT C aHAIH-
THYECKHM pacueToM (CM. DHCYHOK 14) 1 paBHbI AY,, =0,102 u
AYg = 0,005 KMONB/KMOTb. ’

M Pacxon Bosmyxa Pacxon Boast
HOTJIOLIEHHOr0 BOZOMH " A BOX

M, krfc | M, xmom/c | G, xr/c | G, xvonsle | v, mPfc | I, kr/c | L, kmoms/c Ve, mlc

0,378 6,51 -10° 1,798 0,062 1,392 | 5,583 0,31 5,62 -107

|
|
)
|
\
|
|
] KonuuecTso anerona,
|
|
|
|

' Pabovas nuHus Cpednsan dsuoicywjasn cuna AY,,, KMOIb aneToHa/KMONb BO3JTyXa :
‘ EC/y MCTIONB3YIOTCS OTHOCHTENBHBIE MONBHbIE KOHUEHTPALMH, TO Pabo- My Ay _ 01020005 _ o
| Yast MHMS IpsMast, IPOXOJSILAs Yepe3 TOYKH (PUCyHOK 15): Moy == N""" Toi02) 322 xmone/kmoms.
i Bepx konouus X, = 0; Y, = 0,005 ln(—};”j) ln(m]
|

(il Hu3 konouust X,=0,021; Y, =0,11



MMOPABIIMYECKAM PACYET
Cropocmb 2a3a. [juamemp KOSIOHHEI
TpuHuMaeM B KayecTBe HacalkH Kepamuueckue konbna Pammura pasme-
pom 100x100x10 MM (nacanka perynsapras) [cM. 3, Tabmuna XVII wia eM. npu-
noxenue EJ. ,
XapakTepHCTHKA HACAAKH

Y AeNBHAS OBEPXHOCTE a, M2/M> ..eviiieeiieiiice et 60
CBOBOIHBIN 06BEM Vg, MM’ oeiiiiniiiiiiiiiiiii e 0,72
OKBUBANEHTHBIM JHAMETP G, M tviiuirieniiniieeniniineiiieieniiiiiomiiiie, 0,048
MACCA 1 M, KTvvnerereeneeereinsenineneesesenes 5 A0S R B RS S e Al 670

IIpedensnan cxopocms 2a3a 6 pescume uneepcuu gas [cM. 2, ypasaenue (27)]

Wones MfC:
3 0,16 -L- 0,25 0,125
P A =Aﬁ1,7s[=] [p_] ,
8Vepx \ Mo G Px

THE fy,0— BA3KOCTH BOAB! IIPH 20°C;
A ~ xoahduLEenT MIst HACA/KU U3 KOJIEL ¥ CHpanel; A =0,022.

_1\0,16 0,25 0,125
2 3 h 3
w2,,160-1,43 (0,72.10 5,583 1,43
1gZ =g — e - =0,022-1,75| =—=| |-2=| =-1,0021
¥ 9,81.0,72 -993,5( 1.1072 ) [1.798) (993,5)

oTKyna Z =0,09951; 1g0,02239w2,, =1gZ; 0,02239w2,, =0,09951; w,,, = 2,108 m/c.
Pabouas ckopocmyv 2a3a 6 konoxHe Wy, = (0,75...0,9)w,,,,, :
=0,84-2,108=1,77 m/c.
Huamemp xononner D, M: ¥, =0,785D%w,,
otkyna D =(¥,/0,785w)%° = (1,392/0,785-1,77)*° =1,05m.
BribupaeM cranaapTHBIA quaMerp oGeyaiiki KONOHHBLD,,, =1000Mm [cM. 2, ¢.19].

wp =084w,,,

[Meticmeumensras ckopocmb 2a3a 8 KOAOHew, Mfc:
w=V,/0,785D2, =1,392/0,785-1,0* =1,77 mfc.
Inomrocme opowenust kononnst U , >/ (M2 -c):
L 5,583

U= 5= 5=716:1073 MXZ' )
px0,785D%  9935.0,785.12 . M e

Onmumanshan nromHocms opowieus Uy, >/ (Mz -c):

Upm = 5 = 60-0,033-10% =1,98-10° 13/ -c),
TR q,— 9dEKTHBHAS NMHEHHAS IIOTHOCTS OPOMICHHS; g,y =0,022-107 m?/c
U1 Bcex Hacaxok [cM. 1, c. 367].
Ornomenue U/U ,,, =7,16-107 /1,98-107% =3,61, uT0 GONBINE EMUHHMIIB], TOITOMY
KOI()pHUMEHT CMAUMBAEMOCTH HACAIIKH ¥ PaBeH eIMHHIE.
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B 51 B 0 1. [IpuHrMaeM CTaHAAPTHYIO KOJIOHHY HHaMETPOM D, =1000 MM ; CKO-

pOCTB r'a3a B KOJIOHHE w=1,77 M/c, koG HUIUEHT CMaYUBAEMOCTH w =1, Hacas-

ka perynspHas, konpua Pammra 100x100x10 MM, a=60 m2/M>, ¥V, =0,72 M*/u’.
Bwicoma abcopbepa

PabGodyas BricOTa HAaCaJgKH
Buvicoma nacadxu onpefensercs U3 ypaBHeHud Macconepenadu H, m:

H = M{aSKyyAY,, , e $=0,785D2,.
Panee GBUTH Hali€HB! BEJIMUHMHBL:
M =651-10"> xmons anerona/c; AY,, =3,22-1072 xmoums aneToHa/XMOMIb BO3IYX4 ;
w =1; HACAJKa KepaMudeckye Konblia Pamura (perynapras): a=60 m2/m’,
v, =072 W /m®, p, =670 xt/m>, dy =0,048 M, D=1,0 M, w=177 m/c.

Koadbdunuent MmaccooTnauu BrasoBsoif pase
Kpumepuii Petinonvdca 0na 2azosoti paser Rey :

Re, =wdypy [(Veny)=1,77-0,048-1,43/(0,72-16,4-10*)=10165,
rae py =143 xr/M’; gy =16,4-1078 (cMm. Tabmany 16);
Nluppysuonnoiii kpumepuii lpandmas Ons 2a3060% ghazwt Pry
Pry = sty /(py Dy )=16,4-10/(,43.7,88-10 ) =147,
rae Dy =7,88-107% m2/c (cM. Tabmumry 16).
Lugpysuonnwiii xpumepuii Hyccenoma ona 2a3060ii pazer Nuy :
Nuy =cRe} (Pr} )0'33 ;
Jlnst perynspHBIX HacaoK IpH Rey =1000...10000 ¥ I/d, =2...16
c=01670/d, )™ ; m=0,74;
Nu, = 0,167/ dy Y Rel™ (r; J;
Nity =0,167(100-107 /48107 > 10165074 (1,47)° =124,
Koagpgpuyuenm maccoomoayu 6 2azo60i gaze Py, ufc:
B, = NuyD, [d, =124-7,88-10° /4,8.107 =2,04-107 w/c.
Tepepacuer B, : B; = By py =2,04-107 -1,43=2917-107 xr sosnyxa/(m* -c);
By = Py /My =2,917-10" /20 =1.10" xnons poanyxa/{u’ -c).
KosdpdmuueHnt MaccooTanadu B XHUAKOH pase
Tpugedennan monuguna cmexarowjeti NIEHKU HCUOKOCU Sy, M:

- , ) 0,33
bnp =[#§/(p§g)})’ =[(0,72-10" )2/(993,5 -9,81)] =4,16-107 u,

rhe g =0,72-107 Ma-c; Py =993,5 kr/nm’ (cM. TaGmmiry 2).
Moouguyuposannuiii kpumeputi Re,, JUIs CTEKAIOUIEH IO HACA/IKe IUIEHKM XKUJI-
KOCTH: Re, = 4Upy (astx)=4-7,16-107 -993,5/60-0,72-1073 = 659,
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JTugpgpysuonrviii kpumepuii Ipanomns. ons scudkoi ghassl Pr,:

Pr, = u, [(p,D,)=0,72-107 /(993,5-1-10‘9)= 725.

Jugpdysuonnviii kpumepuii Hyccenoma 6 scudkoi ¢ase Nu), (cM. 2, hopmyna 38):

Ny =0,0021Re2" (Pr;)o’s =0,0021-659%75725%5 =7,35,
Kosgppuyuenm maccoomoauu 6 acudxoi pase Py, mfc:
By = NuyDy[8,, =7,351:107[4,16-10° =1,77-10* wc.
Tlepepacuer f, : f = fxpy =L77-10% -993,5=17,58:107 1/’ -c)
By = By My =17,58:107 /18=9,77-10" svoms/(u -c).

Koaghpuyuenm macconepedayu, OTHECEHHBIH K KOHICHTPALWH rasa,

1 1 0,381
Ky, KMONBb Bo:myxa/(Mz -C): —Kl*=-ﬁ—+—'2‘l£=-w—_z+w=lo39, OTKyHa
Y Y X 3

Ky =9,62:107* xvoms/{u? -c).
M 6,51-107 _
aSKywAY,, 60-0,785-1*.9,62-107" +1-0,0322

Bvicoma nacaoxu H, m: H =

TlpurumaeM H =45 m.
Buicoma nacadounoti kononner H,, M (prucyHox 16):
4,5

H,=H+h+h +[?1-—1—5-1]hp+2h(,,, =4,5+0,6+1,-5+[——— 1]0,4+2~0,25=7,5 M,

2,25
the h =06 m; hy =15 M; h, =04 m; hy, =025 M; THCIO CEKIMH — 2,
'udpaenuyeckoe conpomuesneHue abcopbepa

Kosgpgpuyuenm conpomugnenus A npu Rey =10165 s PEryNapHO# Hacanxu:

4=921/Re%™ =9,21/10165%7 =0,289.
Tudpaenuueckoe conpomuenenue cyxoi Hacaoku Ap.,, Ila:

2 2
Apcyx=[—-——-——0’5w l"_] ={____—(°’5'°'289'4’5) —~1’77) 1,43=117 Ila.

dy \Ve) " 0,048 0,72
LXn Tudpasnuueckoe conpomuenenue opowaemo
nl Hacaoxku Ap,,, Ma:
RN = St Apap = P10 =117-10"1%0716 = 833 Ma.
ﬁ[ Pesynprarhsl pacdera HacaJ0IHOro a6c9p6epa st
’l M3BJICUECHHUA AICTOHA M3 BO3ZYXa BOXOM: D =1000 MM
B npw w=1,77 wjc; U=0,00716 w3/ -c);

G,Yu

= B H =45 m; Ap,, =832 Ila; qmcno abeopbepos — 1;
" BBICOTA KOJOHHK H, =7,5M.
L, Xk

PucyHox 16 — BricoTa HACaROIHOTO
abcopbepa
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4,46 M

By =0,001 mmm/(m2 'c); By =0,00977 lczvxonb/(m2 -c);
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