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B KHure npHBefieHbl [PUMEPH TEXHOJOIMUECKHX DPACYeTOB
OCHOBHBIX NpOIECCOB W annapatos HedTernepepabatsiBatlielt npo-
MbllIJIeHHOCTH. PaccmoTpenbl  MmaccoobmeHHble  (auddyznonHsle),
TeNIoBble H XHMHUeCKHe (peaKuHOHHbIe) NMPOHecch W IpHMeHsleMasd
B HMX annapatypa (pPeKTHOUKAaUMOHHBIE KOJOHHBI, 3KCTPAKTOPH,
aGcopGepnl M Aecop6epbl; TENA0OGMeHHble anmaparhl — KOHIEeHCa-
TOpbI-XOJIGAHAbHUKH, KUNATHAbHUKH, I1e4H, PeakTopsl H pereHepa-
Tophl). Kuura cHaGreHa [PUIOKEHHHMH, B KOTODBIX MHPHBELeHH!
Heo6XOAMMble NI PACUETOB CNPaBOYHbIE AAHHBIE.

Krura sABaserca BTODPBIM, NepepaGOTAHHBIM U AONOJIHEHHBIM
H3LaHHeM y4eGHOrO nocobyusi A5 CTYINEHTOB BY30B MO Kypcam «Xu-
MHYecKast TeXHOJOrus nepepaboTkn HedTH w rasa» u «MawHaH
¥ annaparh XMMUYECKHX NDOH3BOACTB» (NepBOoe H3jlaHHe BLINYIHEHO
B 1966 r.). Ona MoxKerT 6bITL 0Ne3HA TAaKXKe HHIKEHePHO-TeXHHUe-
CKHM paGOTHHKAM XHMHYeckoil, HedTenepepadatbiBatomeit u Hedre-
XHMHYECKOH NPOMBILIIEHHOCTH.
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Kypc «ITpouecest n annaparts HedTenepepabarbisatomei u Hedre-
XHMHYECKOH NPOMBILUIIEHHOCTHY SIBJASETCH NPOPHIUPYIOMUM B YUEOHBIX
niaHax crnenvanbHocTell «XHMHUYecKasl TEeXHOJOrUs nepepaGoTku Hed-
T U rasa», «TeXHOJOrHs OpraHUYecKOro U He()TEXHMHUECKOro CHH-
resa» W «Mawebel ¥ annaparsl HedTenepepabaTbhBAOIIHNX U HedTeXu-
MHUECKHX 3aBOJOB» He(TsiHbIX By3oB H (akynbretoB. OnHa H3 Tas-
NLIX 3aJay ITOr0 Kypca 3axJouyaeTcss B HM3YUeHMH MeTONOB pacuera
IPOUECCOB W aNNMaparoB, COCTABJSIONINX OCHOBY TPOEKTHPOBAHHS HO-
NLIX M COBEPINEHCTBOBAHHMS JNeHCTBYIOIHX TEXHOJOTHUECKHX YCTAHOBOK
I KOMILTeKcOB He(renepepabaTeiBalOHMIHX ¥ He(PTEeXHMHUUECKHX Mpel-
HPHATHH. ’

Hacrosimiasg kuHura npencrasiasier co6oil yueGHoe mocobue MO Tex-
IOJIOTHYECKOMY pacueTy OCHOBHHIX He(Te3aBOICKHX MPOIECCOB H all-
HAPATOB /5 CTYJEHTOB [HEBHOTrO, BeYepHEero H 3a0YHOTro O6ydYeHHs
yKa3aHHBIX BhIIE crmenuanbHocTell. OHA MoxeT OBITH TaxK¥XKe I0Je3Ha
HiDKeHEPHO-TeXHHUECKHM paboTHMKAM He(Te3aBOJOB H NPOEKTHHIX
nprasu3auui.

ABTOpH He CTPeMHUJINCH NaTh pacueTbl BCeX MHOTOYHCACHHBIX MpPO-
fleccOB M alnaparoB, HUCNOAb3yeMBIX B Hebrenepepaborke. [lono6ubiit
1OJXOJ HE HO3BOJAHI Obl NOCTATOUHO IIOJIHO M SICHO H3JIOXHTh HauGo-
A0C BAXKHBIE 3JIEMEHTHl PacueToB, YTO OYeHb CYILIECTBEHHO NPH OPraHi-
{IIIHH caMOCTOsITeNIbHOfT paGoThl CTYLEHTOB HAl KYPCOBBIMH M IHIl-
JTOMHBIMH TIpOeKTaMi. Bropoe uaganue JONOJHEHO pacyeTaMu KCTpaK-
1110HHOH KOJIOHHBI H peakTopa niaaTGopMHUHTra. ABTOPbI COUMH HYXKHBIM
cleaaTh 3TO B CBA3H C NOXKeJaHHSAMH uHTaTe]edl H yyeToM coGCTBeH-
noro onbita. KpoMe ykazaHHOrO [ONOJIHEHHS! HACTOsIlee H3JaHHe OT-
AHuaeTCst OT MepBOrO TeM, YTO MHOTUHe ‘pacueThl IepepaloTaHH C yue-
[OM HOBBIX TEOPETHUECKHX [ AHHBIX. YBe/qHdyeHa HPOH3BOLHTEILHOCTh
HCKOTOPHIX allapaTtos.

Kaskjpast U3 Tpex rJap KHHTH HMeeT HeBoJbllMe BBeNEHHS, B KOTO-
PLIX TIPUBOJISITCSL KPATKHe CBEJ@HHSI O CYIIHOCTH TeXHOJIOIHUYECKHX pac-
1¢TOB IPOIECCOB U allapaTos JAHHOI IPYNNBI H TeX 3aKOHOMEPHOCTSIX,
KoTOpble JexKaT B HX OCHOBe. Bo BBeleHHAX K pacueraM OTHEbHBIX
AAPaTOB JAaeTcsd NOCJAefoBaTeNbHOCTL pacdera ¢ IepevyHcIeHUueM
OCHOBHBIX MCXOIHBIX JAHHBIX U (OPMYJUPOBKOH 3ajmaud pacuera.

Bce pacuersl B KHHMIe BBLIIOJHEHB B MeXAYHADOJAHOH CHCTeMe eJiH-
nun ¢usuveckux Beanuud (CH), B coorercTBuH ¢ npoektoM 'OCTa,
nogrotosaennbiM [occrannapron CCCP (penakuus 1970 u 1972 rr.).
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Mmuorue ¢opMynbl MepecyHTAHB aBTOPAMH B HOBYIO CHCTEMY @Jii-
HHIL, NpH 3TOM CTelleHb MX TOYHOCTHM coxpaHeHa npexuefl. Hdas yno6-
CTBa YHTaTEeJEH B HEKOTODPLIX TabJHuax NpHMeHeHbl ABONHBIEC KOJOHKH,
a B HEKOTOPBIX rpaukax — IBONHBEIE MIKAJLI, OTBeYalOUIHe CTAPhiM M
HOBBIM eQMHHIAM u3Mepenns. Kak npaBuio, Bce Qusuueckue Beau-
YHHBI, B35Tble H3 CIIPABOUHHKOB B CTApPOH CHCTEME eJHHHIl, HCIOJb-
8yloTCca aBTOPAMH B HOBOH cucTeMe 6e3 0cO00H OroBOPKH O cledalHOM
nepecuere.

Pacuetnl ans onpeienenns TeMIOPU3HUECKHX M APYTHX BEJHUHH
BLINIOJTHEHBl pas3/JUYHBIMH MEeTOZAaMH, ¢ TeM YToObl BKJAIOYUTL B MOJE
3peHHsl CTYyNeHTOB OGoJbllee KOJHYECTBO CIELHAJbHON JHTEPATYyphL.
B cceukax Ha JMTEpaTYpy KpoMe HOMepa MCTOYHHKA YKAa3bIBaeTcst
cTpanuua, 4yToObl NpH NPOCAEXKHBAHHH XO0Ja pacuera CTyAeHT He 3a-
TpayuBaJ MHOTO BPEMEHH Ha NOHCK HeOOXOAMMOr0O TEOPETHUYECKOTO WU
ClpaBoOYHOro MaTepuana. IIpH 3TOM aBTOPBl COBEpPIIEHHO YBEPEHH B
TOM, 4TO [IPENONABATENH, PYKOBOASAIINE CAMOCTOATENbHOH paboToil cTy-
IeHTOB, OYAYT PEKOMEHN0BaTb HM JOINOJHUTENbHYIO, 0oJee HOBYIO
THTEPATYPY.

B c¢B43u ¢ yKasaHHLIMH [ONOJHEHHSAMH U H3MEHEHHSIMH, BHECEH-
HBIMH BO BTOpOe M3JaHHE, 3HAUUTENbHO PACIIHPHJICH CIHCOK HCIIOJb-
30BAHHON JIMUTepaTyphl, OMHAKO TpU padoTe ¢ KHUrOH OH JOJKEH Io-
CTOSIHHO yBEJHUYHUBaThesl, oforamas KaskKIbH pacueT CTYALEHTa HOBLIMK
MatepHasaMH, a 4aCTO H HOBBIMH HIESMH.

FnaBa | manucana A. A. Kysuenosem u E. H. Cymakoswim, raa-
Ba 2—C. M. KarepmanoBeiMm u A. A. KysueuosblM, raasa 3-—
E. H. CynaxossiM u A. A. Kysuenosuim.

ABTOpBEI CUMTAIOT CBOMM J0JIOM BHIPasHTb NIyGokylo Gaaropap-
HOCTL PeleH3eHTy KHHTH JoleHTY Asep6aiIKaHCKOro HHCTHTYyTa Hed-
T H xumun P. T. OMupAKaHOBY 32 lleHHble YKa3aHHsl U COBETHI, YUTeH-
Hble NIpH OKOHYATe/bHOM pPeAaKTHPOBAHHHM BTOPOrO H3JAAHHUSI NMOCOGHS.

ApTopbl 6yAyT BecbMa NpH3HATEJbHBl BCEM YHTATEJISAM 34 OT3BIBHI
W KPHTHYECKHE 3aMeUaHUsl O KHUTe,

Tnaea 1

MACCOOBMEHHDBIE
n p 0 W E C C bl

B rsaBe mpUBOAATCH TEXHOJOUHUYECKHe pacyeThl yeThipeX amnapa-
108 peKTHQHUKAUHMOHHON KOJOHHBI IJIs1 pasjie/eHHss MHOTOKOMIIOHEHT-
nofl cMecH, OTTOHHOH KOJIOHHBI A/ BbiJGJeHHS pacTBOpUTead H3
HPAKTHYECKH HeJeTYy4Yero XKHAKOro ocTaTka, (paxiuoHupylomero ab-
copGepa M KCTPAKIHOHHOH KOJOHHB JJIl H3BJEUEHHs] apOMaTHYECKHX
VIMICBOJOPOA0B. BBHAY HEZOCTAaTOUHOrO KOJHYECTBA TEODEeTHYECKHX H
'KCIICPUMEHTANBHBIX JaHHBIX 110 KHHETHKe TIPOLeccoB pasieneHHs MHO-
(OKOMIOHEHTHLIX CHCTeM MPUBEJeHHble HHXKE pacueThl MacCOOOMeHHBIX
4IM1apaToOB BEAYTCA Ha OCHOBE TepMOJHHAMHMYECKOH TeOpHM pasjerne-
Hitsl, KOTOpas HCXOAHT U3 MOHATHs HeajbHOH CTyNeHH KOHTakKTa (Teo-
peTHUECKASt TapesKa).

TepMonuHaMHUYeCKHH pacyeT mpolieccoB MaccooOMena (peKTH(HKa-
i, abcop6unn, gecopbUMH M AD.) OCHOBAH Ha NPHMeHEHHH ypaBHe-
nitil MaTepHaJBLHOIO U TEIJIOBOro 6aJjjaHCOB U PABHOBeCHS Map — XKHI-
KOCTb UJAH XHUIKOCTb — YKHIKOCTb,

Marepuanbubiil 6aaHc MOXKeT OBITL COCTABJIEH HJA BCero oGbeMa
nnpapata H AJs Jo6of ero yacTH Kak 1o ofieMy KOJHYecTBY MOTO-
OB, TaK W [0 KaxaoMy KoMroHeHTy. [losToMy uMcsio He3aBHCHMBIX

paBHEHU[l MaTepHa/bHOTO OajaHca paBHO YHCAY KOMIOHEHTOB pas-
leJIIeMOH cMecH.

TensioBoli 6ajsaHc MOKeT OLITb COCTaBJeH Kak JJad Bcero obbeMa
.nnaparta, Tak ¥ Aas J1000f ero yacTH no obileMy KOJHYEeCTBY MOTO-
0B, MO3TOMY ypaBHeHHe TelIoBoro Oasanca MOXKeT ObiTb TOJBKO
HJUHO.

Koneuno#i nenapio pacuera Jqwof6oro MacooOMeHHOro anmapara siB-
JSICTCSL ONpejiesieHHe KOJIHYECTB M COCTABOB NPOXOISILIMX uYepe3 Hero
MaTepyuaJibHBIX MOTOKOB, 3aTPAT Teld, a TakkKe OCHOBHBIX Pa3MepoB
aunapara (guaMeTpa M BBICOTH) M PasMepOB BHYTPEHHHX YCTPOHCTB
(TapesoK, KOAMauKoB U APYrUx 3JIeMeHTOB).

B KayeCcTBe OCHOBHBIX HCXOAHBIX MAaHHBIX HpOGKTHpOBHLI/IK JOJI?KEH
IMCTb: TIPOM3BOMUTEILHOCTL anapara M0 HCXOAHOMY ChIPLIO, COCTaB
cLpbsi U TpeGOBaHHS K KaueCTBY IPOJAYKTOB ero pasjenenns. [las
MIIOTHX pacueToB HeoOXOMMMO pacnojarath NaHHBIMH, XapakTepH3YIo-
UWHMH PaBHOBECHOE COCTOSIHHE CHCTEMbl, IIPH ONpPEeLeJIEeHHbIX TeMIiepa-
rypax u JaBJeHHsX.



PEKTUOUKALLMOHHAS KOJIOHHA
ANA PA3JAENEHMA MHOTOKOMNOHEHTHOH CMECH

PaccuuraTh nponanoByio KoMOHHY rasodpakuHOHHpYIOUIell ycTa-
HOBKH NpH CJACAYIOIWIHX HCXOAHBLIX JAaHHBIX: COCTAB ChIPbs (MOJ. %)
CI‘I4—0,35, CQHS-—O,?S, C3H8—‘37,51, H-C4H10“*42,69, H-C5H12—
18,72; conep:kanne n-C4Hyy B aucTHanATe DOMKHO OHITL He Oosee
1,3 mon.%, conepxanne C3Hg B octaTke — He Gosee 4 Moa.%; chipbe
nojaaercs B KOJOHHY npH TeMrepatrype 7;==353 K; npoussoguten-
HOCTL KOJIOHHB! 110 CHIpbIO Guae = 20000 xr/4; navasabnas TeMrepa-
Typa BOABI, II0/laBaeMOH B KOHAEHCATOP-XOJOAHJIbHHK KOJOHHEI,
296 K.

M3 Bcex M3BeCTHBIX MeTOJOB pacyeTa PEeKTH(HUKALHH MHOIOKOMIIO-
HEHTHBIX cMecell BEIOpaH MeTO/A «OT TapPeJKH K TapeJKe» Kak HauboJgee
TOYHBIA ¥ HaZeXHBIH, XOTA U 6oJiee TPYJLOEMKHH, eC/IH BBIUHCIEHUS Be-
AyTca Ge3d ucnosnbsosanus DBM. B pacuere menaiorcs obliensBecTHbLe
JONyUleHHs, He NPUBOASILHE K CYIIECTBEHHOMY HapYLIEHHIO TOUHOCTH.
Pacuer BezeTcst MeTONOM IOCTeneHHOro npubauxkedus [1, ¢. 305—308].

MOCNEAOBATEIbHOCTb PACHETA KOJNOHHbI

1. Ilo 3amaHHBLIM NPOU3BOINHUTENLHOCTH KOJIOHHBI U COCTABY CHIPbs
OUpeAesIoT MacCoBble H MOJbHBIE KOJUYECTBA BCEX €ro KOMIIO-
HEHTOB.

2. W3 ypaBHenufi mMarepuanbHblXx 6ajaHCOB BCero oGbeMa KOJIOH-
HBl, 34fHCAHHBIX MO OOleMy KOJHYeCTBY IOTOKOB H IO KaXAOMY
KOMIIOHEHTY, OIpene/siIOT KOJHYecTBA M COCTaBbl [AHCTHJJIATA H
OCTaTKa.

3. [lo u3BecTHLIM cOCTaBaM AUCTH/JIATA H OCTATKA U HAYaJbHOM
TeMIepaType OxJaxKaalolllefl BOABl ONpefessiioT AaB/JeHHe B KOJOHHE
H TeMIiepaTypy ee Bepxa M HH3a. Haxozar xo3QGHUHEHTH OTHOCH-
TeJbHONH JIeTYyUYeCTH.

4. Tlo 3aaaHHOMY COCTABY Cbipbfl, €ro TeMiepaType W JIaBJEHUIO
B NIUTATENbHON CeKUHH ONpeAesioT MOJbHYK A0J10 OTTOHA H COCTaBLI
KHIKOH M NMapoBoi ¢a3 chIpbsl NIPH NI0fauUe ero B KOJOHHY.

5. IlpoBoanTcsl pacyeT peXHMa IOJHOTO OPOLIEHHS, KOTOPBIM MOJ-
TBEPIKAAETCH NPABHIBHOCTb CAeNaHHBIX B II. 2 IONYUIEHHH O TOM, YTO
MeTal H 3Tan OyayT HMeTb HyJeBble KOHLEHTpPallMH B OCTaTKe, a
H-TIeHTaH — B JHCTHJIATE.

6. Onpenensilor MEHUMAJbHBlEe (pJIerMOBOe W NapoBOe YHCJIa COOT-
BETCTBEHHO /ISl YKpelasiouell 1 OTTOHHOH 4acTeldl KOJOHHBI.

7. Ilpomoaurcs pacuer 3/JAeMEHTOB DPeKTH(UKAUMH YKpenasiomied
YACTH KOJOHHLI NIPH paGoueM ¢ierMOBOM UHCJIE.

8. IlpoBoautcs pacuer 3MeMEHTOB peKTH(HKALHMH OTTOHHOH YactH
KOJIOHHBI IIpH pabouem 11apoBOM 4YHCIIE.

9. PaccuuThBAIOT NMUTATENbHYIO CEKLHIO KOJOHHB M OKOHYATEJbHO
YCTaHaBJAHBAIOT YHCJAO TEOPETHUECKHX TapeJOK B YKpEIIsAlleld H OT-
FOHHOM 4acTaX KOJIOHHBI. :
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10. Onpesensiior KOAHUECTBO XOJOMHONO OPOLIEHUS, [HOXABAEMOrO
(.0 WePX KOJIOHHBL.

11, OnipenensiioT TeNMOBYIO HArpy3Ky KHIATHJIbHHKA KOJOHHBI U KO-
(ICCTBO TIAPOBOTO OPOLIEHUS B HU3Y OTFOHHOH YacCTH.

12, Onpenensior OoCHOBHble Da3Mepbl KOJIOHHBI — JHAMeTP H BLI-

Cory,

PACYET

1. CocTaB cbipha

CpeaHss MoJieKyaspHas Macca cuipbs (u3 taba. 1.1):

Moy = X Mici = 55,018 ~ 55
1

Tabnuya 1.1
Coctas KonuvecTtso
Moute- Cocrtas ChIpbS B ChIpbe
11o- KyJstp- ChIPbA B MAacCCOBBIX
Mopa KomnoneHTHl Hag | B MOJBHBIX M.c HOJAX
WOMIO- CBIpbH Macca N0ASX ivi M.ch
NeKIoN M, c,- _oit
i i cp= v Kr/d KMOJIb/4
ZM;e;
| CH,. ....| 16 0,0035 0,0560 0,0010 20,0 1,250
P CyHg . . . .| 30 0,0073 0,2190 0,0040 80,0 2,666
3 CHy . . . ] 44 0,3751 16,5044 0,3000 6000,0 | 136,364
1 #-C4Hyp . . .| B8 0,4269 24,7602 0,4500 9000,0 | 155,172
B a-CgHyp o 4 | 72 0,1872 13,4784 0,2450 4900,0 68,056
CYMMa o 0 L e e e W] — 1,0000 | Mcp=~55 1,0000 20000,0 | 363,508

2. KonuvecTso u cOCTaR AWCTHANATA W OCTATKA

B nanesHeliiiem pas ypo6cTBa pacuer npoBoautcs Ha 100 kMmosab
cupnst. CocTaBbl BEIpaXKeHBl B MOJILHBIX MOJsiX. BBHAy Hesnaumntes-
noro JLOMycKaeMoro cogepxanus 6yrasa B aucruaasate (1,3 momb.%)
n upouana B ocratke (moj. 4%) MoxHo Ge3 samerHoro yilepGa 1Js
iounoctd pacuera npeHeGpeun comepxanmeM CHy m CyHg B ocratke
i cojepxanneM #-CsHiyp B nuctustastte. [loaaHee BO3MOXKHOCTH TAKOTO
miylieHEst 6YaeT NOATBepIKIeHa pacueToM.

[1rax, npunuMaeM, uto Xp =0, xp,=0, y;. =0 (31ecb ¥ Hanblle

Il y’ — MOJbHblE IOJH KOMIIOHEHTOB COOTBETCTBEHHO B KHIKOCTH H
napiX, HEIeKe R OoTHOCHTCS K OCTATKy, HHIeKe D — K pucTHamATYy,
mifere 1, 2, ..., 5— COOTBeTCTBEHHO K MeTaHy, ITaHY, ..., [IEHTAHY,
meke G —x cbIpbio), v . '

e o,




3anuueM ypaBHeHHsI MaTepHanbHOro GasaHca Aasl BCeH KOJOHHDL
0o ofbieMy KOJHYeCTBY MOJed IIOTOKOB H II0 KAXAOMY KOMIOHEHTY!

G=D-+R
Gey= Dyp, + R
Gey = Dy + Ry
Gej = Dypy + Rgg
Gey= Dy, + R)Cfa4
Geg= Dyps + Rxgg

IMoncrasasis B 31w YpaBHeHHsA H3BE€CTHble HAM BQJIHYHHBI H HCKJIO-

yass R u3 (2)—(6) ¢ nomourpio (1), mosyunm:
HeT. 100 - 0,0035 = Dy;, + (100 —D) -0
»7eH 100 - 0,0073 = Dy, + (100 — D) - 0
aper- 100 - 0,3751 = Dyf, -+ (100 — D) - 0,04
&7 100-0,4269 =D - 0,013 + (100 — D) xks
neit- 100 - 0,1872 =D - 0 4 (100 — D) xzs
Cymmupys (5) u (6’), nonyuaem:
61,41 =D - 0,013 4 (100 — D) (xkq + xks)
OIH4KO MO YCJOBHIO pa3fiesienus H3BECTHO, YTO
Xka + Xre + xXk5 =1
roe xks=0,04. ITosTomy
Xka + xhs=1—10,04 = 0,96

CiefloBaTebHO
61,41 =0,013D + 96 —0,96D
OTKYyZla
D=5 _ 36,6 kmons na 100 kMoD CHIPbH
0947 ’

R=100— 36,6 = 63,4 kmoab #a 100 KMOJb CHPbs
Us (2):

Y = e = 0,0096
Us (3'): o
_ Yy = i =0,0200 ﬁ

Hs (4'): )

],-)3 — 37,51 ~3%3é4 - 0,04 — 0,9560
s (5'): , ’ ‘

x;« — 42,69 ——6-';6[,16 - 0,013 = 0,6650

8

(1)
(2)

I ()

r_ 18,72 _
XRs == m———0,2950

Haunnsle o cocraBax #d KoJAWYeCTBaX OUCTHAMATA W OCTAaTKAa cCBe-

wontt otaba, 1.2
Tabauya 112
Hucruaant D OctaTtok R
KosMiodeHThl Cuipre, ’ ’
KMOJIb DxDi’ y, =x, RxRi' x,
KMOJb Di Di KMOJIb Ri
LI 0,35 0,35 0,0096 — —_
L P 0,73 0,73 0,0200 — —
[ P 37,51 35,00 0,9560 2,51 0,0400
vl o oL 42,69 0,48 0,0130 42,21 0,6650
wtdlyg o0 oL 18,72 — — 18,72 0,2950
tyMMa . . . . 100,00 36,6 0,9986~1,0 ~63,4 1,0000

ITpriMmevadune: —g—=0,366.

3. Nasneunve * B KONOHHe
H TemnepaTypbl e BepXa W HW3a

ro6u ofecneunTh A0CTaToOuHO 3DPeKTHHA Tena006MeH B KOHIEH-
(ATOPC-XOJOAHJIbHEKe, NPHHEMaeM Temnepatypy To IOHOH KOHAEHca-
i napos guctuagasta Ba 12 K Bbllle HauasnbHON TeMIepaTyphl BOAHI,
HOABACMOT B KOHIEHCATOP-XOJONUIBHUK KOJOHHEI, T. €.

Ty=296 4 12=308K

JlaBeHne mp B €MKOCTH JJIsi OPOIIEHWS KOJIOHHBI OTpejessieM Me-
(lOM TIOCTENEHHOro NPUO/INKEHHs 10 ypaBHEHHIO pPaBHOBecHs ¢as:

4
D kixhi=1
T

1pn 9TOM rnopbHpaeM T4aKOe 3HAauYeHHe NaBJEHHS, NIPH KOTOPOM KOH-
it GasoBOro paBHOBecHs k; nast temnepatyps 308 K nocne noa-
C LNIOBKH HX B 3TO ypaBHEHHe INPeBPalllaiOT ero B TOXK/IECTBO.

* B xuure BCIOAY, 32 HCKMOUEHHEM 0COGO OTOBOPEHHEIX CJyuaeB, HMeeTcs B

"Nll,ll.y aGcoqoTHOE JaBJeHue. Tar Kak JuarpaMmbl H I‘pa(l)HKI/I, C NOMOILBIO KOTOPBIX

ONPEJICASIIOTCST AABJIelHsA HACBLIUEHHBIX [apOB W KOHCTaHTL ($asoBCro paBHOBECHS,
fOHeIKAT JlaBJeHHe, BLIpaXKeHHOe B CTApHIX eIMHULAX (aT WJAM MM DT. CT.), TO B
OOLILILIX pAcUeTax moc/e HOBBIX efMHHIL OyAYyT YKa3aHE! CTaphble eJIHHHLLI B CKOG-
KiK.
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TaxuM naBaesueM Gyaer o= 1,41-10% I1a (14,4 ar). KoncranTul
¢t a30BOr0 paBHOBECHS 3[eChb M Jalblle ONPeI/sioTCs 10 HOMOrpaMme
[2, c. 159]*.

Pacuer cBezien B Tabu. 1.3.

Ta6nuya 1.3

k
i ’ ’
KoMnonenrti AUCTUANTE n,g:iﬂ;—;?{)&%: ‘H;CDT‘;:H‘{/DJQ) kixZ)i
(14.4 a7) o

CHy. o v v v o v v 11,60 0,0096 0,110
CHe » v o v v v v 2,60 0,0200 0,050
(OF) & P 0,87 0,9560 0,840
aCHpo v v v v v v o 0,28 0,0130 0,004
CyMmMa . v+« o . . -— 0,9986~ 1,0 1,004~1,0

C yueToM THAPABJHYECKHX IOTEPb B TPyOONPOBOAE OT KOJOHHBI 10
eMKOCTH OpOIUICHHsSI JaBJeHHe Ha BepXy KOJOHHB NPUHUMaeM Ha
0,02-10° T1a Goabiue naB/jeHHs sig, T. €.

=110+ 0,02 - 106 = 1,41 - 106 4 0,02 - 105== 1,43 - 10° ITa (14,6 a7)

Temnepatypy Tp Bepxa KOJOHHBI olpelelsieM MeTOAOM I[OCTEleH-
HOTO TPHOJIKEHHs 1T0 YDABHEHHIO paBHOBecHs (has:

4 ’ ’

Ypi

k,-_l

1

nyTeMm n0116opa TAKOI'0 ee 3HaueHHsd, NMPH KOTOPOM KOHCTAHTBI (1)330-"

BOTO paBHOBecHs R; Ans AaBjieHus ntp =~ 1,43-10° [la, Gyayun mon-
cTap/JeHbl B 3TO ypaBHeHHe, MpPEBPAIlalOT ero B TOXKAeCTBO. Takas
teMnepatypa pasHa Tp =314 K

Pacuer cpenen B Taba. 1.4

Tabnuya 1.4
I’

Tp=314K u 7oy P

KoMnoselnthl JHCTHAISTA PY 5D s *pi=Ypi Di

np==1,43-10" ITa (taba. 1.2) ki

(14,6 ar)

CHy ... ... ... 12,5 0,0096 0,00077
CHg . . v o v v 2,9 0,0200 0,00690
C3Hg . 1,01 0,9560 0,95500
#~-C4Hiyo . 0,34 0,0130 0,03830
CyMMa o v s o s o s — 0,9986~1,0 1,001=1,0

* Jlns YraeBOAOPOAOB C MoJaekyaspHoh Maccoit M > 100 mpu ompenesenun
KOHCTaHT (ha30BOFO PABLOBeCHS MOXKHO HCNOAL30BaThL AaHupe: Winn F. W, Petro-
leum Refiner, v. 33, Ne 6, 1954, p. 131—135; Hadden S. T, Grayson H. G,
Hydrocarbon Processing and Petroleum Refiner, v. 40, Ne 9, 1961, p. 207218,
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Vunrninas THAPABIHYECKOE CONPOTHUBJIEHHE Tapesok, NpHHUMAeM
punenne B HU3y KosaoHHbl Ha 0,04-10° Tla Goabwe naBaenus rnp, T. e.

v my4-0,04-108=1,43 - 105+ 0,04 - 10°= 1,47 - 106 Tla (15 aT)

lemicpatypy Tr HH3a KOJOHHBI OIpelessieM MeTOAOM MOCTENeH-
no 1pHOJIHKEHHS 110 ypaBHeHHIO paBHOBecHs (a3

5
‘2;4 kix;'qi =]

T¢M 110160pa TAKOrO ee 3HAUYeHHs, PH KOTOPOM KOHCTAHTH (haso-
I0 paBHOBecHst R; Aas napienns np = 1,47-10° [la (15 aT), Oyayuu

JWCTABIEHDBL B 3TO ypaBHeHHE, NPEBPalllaloT ero B TOXKACCTBO. Takas
Mucpatypa paBHa Ig == 383 K.
Pacuer csesel B Taba. 1.5.

Tabauya 1.5

k
i
Komnoients octarka upt Tp=383 K n x;?i k .
g =1,4710° INa (radn. 1.2) i*Ri
(15 ar)

......... 2,62 0,0400 1,1048
........ 1,12 0,6650 0,7448
........ 0,50 0,2950 0,1475
........ - 1,0000 0,9971=1,0

Ilpn u3BecTHBIX 115 pasHbIX YPOBHe! KOJIOHHBEI [ABJEHHUSIX H TeM-
eparTypax paccudtaeM K03 QUIHeHTh OTHOCHTENbHOH JEeTYyUeCTH KOM-
HOIMCUTOB, 3HAYEHHSI KOTOPBIX HCNOJB3YIOTCA BO BCeX RajdbHEHIIMX
paenerax.

3a 9TaJ10HHPIﬁ KOMIIOHEHT, T. €. KOMIIOHEHT C OTHOCHTeJbHOH JeTy-
"eCThlo, PaBHOM efMHHLE, NPUMeM OyTaH (4eTBepTHIl KOMIOHEHT HC-
KOJ{HOI cHCTeMBl).

Jlannenne B MATaTebHOH CEKUMH KOJOHHLI NIPHMEM DAaBHLIM Cpel-
HeNPH(METHUECKOMY MEXIY fip H fg:

nD-{—nR _
2

1,43 - 105+ 1,47 - 10°
2

ﬂifz

= 1,45 10%[1a (14,8 at)

KospduunenT OTHOCHTE/ILHON JeTyuecTH mJIsi JI060r0 KOMIIOHEHTa
nuvicaseM o gopmyJe:
ki

4

Jlns yxpensisiomef 9acTH KOJNOHHBI HAXOAHM CPefHee 3HAUCHHE KO-
“[«pHUHEHTA OTHOCHTRJLHOMH JeTyuecTH no hopmye:

0 cp == 0,5 (0;p -+ )
11



rae oip— Ko3QUIHEHT OTHOCHTENBHOH JeTyu4ecTH IaHHOTO KgMno-
Henta npu Temnepatype I'p = 314 K n gasaenun sip = 1,43-10° I1a;

oif — TO K& NPH TeMIlepaType BBOAA ChipbAl B KOJOHHY T; =353 K u |

nasaenun sy = 1,45-10° I1a.
Jus OTrOHHOH 4YacTH KOJOHHBL CpeJHee 3HaueHHe Kod(bHUHEHTa
OTHOCHTEJIbHOH JIETyYeCTH BLIYHCJAEeM N0 (hopMyne:

0 cp = 0,5 (a7 + a;z)

rie air-— K03QPHUHEHT OTHOCHTEJbHOH JeTyYecTH HTAHHOTO K%Mno-
Henta npu remneparype Tr = 383 K u mapaeiun mg = 1,47 - 10 Hau.

[TonyuenHble pacueToM 3HaueHHsi KO3(QPHUHEHTOB OTHOCHTENbHOH
JeTyueCTH [/ BCeX KOMIIOHEHTOB MCXOAHOH cHCTeMbl CBefeHbl B
ra6a. 1.6.

Tabnuya 1.6

YKpenasiomas 4actb OTroHHas vacTb
s o s & .o @ .
25 S £ ¥ E 2B ;f
Komno- B %S N » 2 s 2 3 e 8 2
HeH rbl @ 7 5 7 I & s [ &
lLd = léael oSl a%ce w % wE
f:‘—ﬁ?ﬁ s I D B ETEL S TR e
QN e o < 2 Q@ R iy g
B REFE LE R 03|08 0F| £ |oF | FE ae)
CH,. . . 14,6 20 12,50 37 28,5 16 14.2 17,1
C2H45 . 43 5,82 2,90 8,5 7,2 5,4 48 53
CiHg . . 1,75 2,37 1,01 3,0 2,7 2,62 2,32 2,3
#-C,Hyy 0,74 1,00 0,34 1,0 1,0 1,12 1,00 1,0
#u-CsHy, . 0,28 0,379 0,13 0,385 | 0,38 0,50 0,445 | 0,41

4, Donn oTroHa H COCTaBbl HAKOH W naposoil has cuipbA
NpH nojgave ero B KONOHHY

Moabplyio 1010 oTroHa e’ HCXOZHOTO chbipbs H CocTaBbl das mpu
remnepatype Ty =353 K n naBienun m; == 1,45-10° [la paccuurhi-
BaeM aHa/JMTHUYECKUM MerTonoM Tpery6osa mo (opmyJsam:

5 5 .
X”zgrn%ﬁﬂ=‘

5 5
2y =2kx, =1
1 1

nyTeM noaGopa TAKOro 3HaueHHst e/, NPH KOTOPOM YNOBJETBOPSIOTCS
3TH paBelcTBa. TakKHM 3HaueHMeM MOJbLHOH [0JM OTroHa Oyler
e’ = 0,17. PesyabTaThl pacyetoB c¢BeieHbl B Taba. 1.7,

12

Tabnuya 1.7

ks
o a5
Eanalaeng e bl Cz;:];,rba: fipH ITZ'_IC(:QSYII(, 1+e (ki — 1) s C; y,~=k xl
Cupng Te=1,45+ a 7 X e 4 i7i
¢ Mg am) = TR (B )
(ta6a. 1.6)
L 0,0035 14,6 3,3200 0,0011 0,0160
Cully L. 0,0073 4.3 1,5610 0,0047 0,0201
vty oL 0,3751 1,75 1,1275 0,3327 0,5822
nCyllyy oo 0,4269 0,74 0,9558 0,4466 0,3305
w pllyy Lo 0,1872 0,28 0,8776 0,2133 0,0597
CymMmn o, 1,0000 — - 0,9984~1 [,0085~1

6. Pacyer pexuma nonHOro opowweHus

Hasecriio, uto ogHHUM H3 npefebHBIX, TEOPETUYECKH BO3MOXKHLIX,
caylniaes paGorhl KOJOHHBI fBJISIETCS PEXKHM MOJHOTO (GeCKOHEUHO
(I0ALINOT0) OPOLIEHHS KOMOHHDI, NIPH KOTOPOM MOC/AeHAS GYAET HMETh
MINIIMAJILHOE YHCHIO TEOPETHUECKHX TapeJoK.

Kak 110Ka3bIBAIOT pacueThl, A5 pasgesqeHtss HCXOAHOH CHCTEMBI HA
HPOAY KT HDHMEPHO OHOTO M TOTO XK€ COCTaBa B YCJIOBHAX ONTHMAJb-
noro pexknma pabouero opoileHust TpeOyeTcs NPHBIH3HTENBHO BABOE
franbine TEOPCTHICCKUX TAPEJIOK, YeM I'pu MOJHOM oporuenun [1, ¢. 317].

Pacuer pexuMa NoJHOro OPOLIEHUs] COCTOMT B ONpee eHHH KOJH-
MeCTHA B COCTABOB BEPXIIEro H HHIKHEr0 NPOAYKTOB KOJIOHHE Ha OCHOBE
WAINIILIX YCAOUHIE pasjenelius,

B namem cayuac ycsoBHsi pasiesenns 3ajaHbl cofeprKaHueM
n Cyllig B siHCTHAASITE (;/;)4<0,013) H conepxkanuem C;H, B ocTarke
(Vig 7= 0,04). Uncno creneneit npoekTnposanns | pexuma nOJHOTO opo-
menns [1, ¢. 317] naxoaures no hopmyJe:

f=Z+2

¢ Z —UHCAO HYNEBBIX KOHLEHTPAUHH KOMIOHEHTOB B npoayKTax
pRALCJICHHS.

B naunom ciyvae Z = 0 (HyseBbIX KOHUEHTpPALHi He 3a1aHo), no-
oMy [ ==2. 9T0 osHauyaer, UTO A pacyera PexRHMa MOJHOTO OpO-
ML JLOJKHBL ObITh 3a8aHbl KakHe-inG0 JBe KOHUEHTpalud. Tako-
wami spasiores Yy, == 0,013 n x3, = 0,04. Cuaenosatenbno; 3agaua
HOJMIOCTLIO OTpejleieHa, W, UCMO/Ib3Ys pacueTHble COOTHOWeHHS, AaH-
e Baratyposwim {1, ¢. 319—321], MoKHO HafiTH cocTaBbl BepxHero
i IKICTO NPOAYKTOB KOJOHHBI HO BCEM KOMIIOHEHTaM HCXOMHON cH-
cleMbl. 13 mIpuBOIMMBIX HUXKe pacyeTaX KO3(OHIUMEHTB OTHOCHTeILHO
Awryveetn KomnonentoB Gepyrest npu Ty = 353 K u 7y = 1,45-106 [1a
WK cpeande aas Beedl koJoHHbL Ilo coctaBy chipusi (taba. 1.1) u
YOOBIBIM €0 pas3jge/eHds HeTPYAHO YCTAHOBHTb, YTO B JIHUCTHJISNTE
OJIONLI OCHOBHBIM 10 COZEPKaHHIO KOMIIOHeHTOM Gyaer CgHlsg.
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A=Y~ g (Wp—

Tax kak MOJAbHAS MOJMH NpONAHA B JHCTUJIATE yg3~=0,9560, o

M3 ypaBHeHHs MaTepHanbHOro OasaHca Becell KOJMOHHBI MO MNPONaHy
Oy1eM UMeTb:

D cy— xhs 0,3751 — 0,040
== S = = 0,366
Yps— %z 09560 — 0,040

R _ b__ . __ —
= i —=1 0,366 = 0,634

[

S _
=

W3 ypaBHeHUs] MaTepHa/bHOro Gasanca Bcell KOJOHHB 10 GyTaHY

4 14
G vpi—¢y

7 ’
R Ypi—Xp

HafimeM:

G ¢f) = 0,0130 — 1,5773 (0,0130 —0,4269) = 0,6658

Mo moabubiM poaam CsHg m #-C4Hyg B mHcTHANATE H ocTaTke,
¢ nomoubio ypasHeHus Pencke — Anzepsyna [l, c. 316] onpeneasem
MHHHMaJIbHOE YHCIO0 TEOPETHUECKHX TAPENOK B KOJOHHE:

’ ’
lgZERL | 09560-06658 '
N = *RaUDs ¢ T0040-0,013 =8,3 TapeJku
= 1 237 oo Tap
e, g

CocraB xzs onpemenutcs no ypasaenuo (VII-33) Bararyposa (I,
¢. 320], koropoe AJa Hallero caydas 3alHLIETCA Tax:

’ 1 c/

(0 = o) (o — o) + o (@ — ) =0
Xr3 X R4 *Rs
nian
S (075 1)+ S22 (530 — 0,379 4
0,1872 (.83 8,3
4+ =201 —2,37") =0
*Rrs )

OTKYa xR5= 0,2950.
COCTaB Xky ONPEMIENHTCH H3 TOTO IKE ypaBueHna, 3aIHCAHHOrO
no kommnoHeHtaMm CyHg, #-CyHy u #-C;Ho:

l / ’
_____ oV — .,
"R2 ( 5 )

(0¥ —ai)=0

14

JRULH

0;173 (0,379%> — 1%%) + gzzg: (5,82" —0,379%%) +
R2
0,1872 .83 983y __
+ 5.2950 (1’ — 5,82) =0

LikyMa xhe= 365107,

[loayunsiach HACTOALKO MaJjas BeJUYHHA, 4YTO (€3 BCAKOro
onepfa s TOYHOCTH PAcueTa MOXKHO IPHHATH xho==0.

CocraB Xk OLPEEJHTCS W3 TOTO XK€ yPABHEHHs, 3aIIMCAHHOTO IO
romionesraMm CHy, #-CHyy n #-C;H;, (MOxer OBITH H Apyroe coue-
ale KoMnoHeHTos, HaupuMep: CH,, CsHg u #-CH;y nim CH,, CsH,
i H-CgHyp):

4

N __
5 Oy

4
Cy
(o — )
R4

e (af —af)=0
IR

O35 ( 8.3 0,4269 8,3 8,3 0,1872 (183
0,379 —1%%) 4 2222 (20 —0,379>%) + 2222 (1
el 0,6658 0,2950

08,3) — O
oikyAa xki =~ 0,35 - 207%°, OueBHAHO MOKHO NPHHSTH, UTO Xk ==0,
lipoBepka:

5
D xki =04 0 -+ 0,040 4 0,6658 + 0,2950 = 1,001 ~ 1
1

Coaep:kaHue y7. KaXJIOro H3 KOMIOHEHTOB HCXOJAHOH CHCTeMB
N AHCTHAJMATE omnpefenseM no ypasuernuio (VII-31) Barartyposa
{1, ¢.319], Koropoe 3anuckiBaeTcsi [0 JIOGHIM TPEM KOMIOHEHTaM
NeXOJHOH CHCTEMBEL.

’

Jlas onpenesnenus y;, sanamem 370 ypasuenue nmo C,H, C,H,

n n-CyHyg:

4
c
: (07 — a7 V) + yl,; (a7 ¥ —azV)=0

r
- - €3
4N—a3N)+T

niAn

0,0073 (1——83_2 37~ 83)+ 0,3751 (:) 82——83 —8.3)+
yD2 0,9560

(2,377 —5,827) =0

orkyna yp,==0,0200. _‘ :
3nauenue yj, HalileM w“3 TOro Ke ypaBHeHmI, 3amHcaB €ro
no CIL, C3Hg u #-CyHyp:

I I
[
-)@ﬂ—%w+,SVW—w%+~—m —%ﬂ 0
!/pl Yps D4

15



Y.

nau
0,0035 /;-3,3 -8,3 0,3751 -8.3 -8,3
—(1 — 2,37 ——1(2 — 17"
ol )+ 2L (5075 — 1)
0,4269 ~8,3 —8,3
+ om0 (237 —207%) =0

oTkyaa Yy, = 0,0096.
3uayeHue Y. HalJEM M3 TOrO IKe ypaBHEHHs, 3alUcaB ero

no CH,, C;H; u #-C;H|, (nan uHOMYy ux coueTaHHo, BKJIOYAIOMEMY
H-CsH,p):

~
~
\

;/TDI_(%—N"‘G;N) y_‘/%_( - __a—N)+ % ( TV —ar¥) =0
uJH
Goooy (0,3797%" —2,377%) 4 DL (99=01_ g 379-7) 1.
+ 0,1872 (2 37783 __ 20—8,3)= 0
Yps

oTkyaa Y, =19-107".

3zeck Takxe 6e3 BCAKOrO yiiepda JJs TOYHOCTH PacyeTa MOKHO
NpUHATL Yo, == 0.

ITposepxka:

Z ¥p; == 0,0096 40,0200 + 0,9560 + 0,0130 4 0 = 0,9986 ~ 1

Hrak,

JKUBAGTCA € JOCTATOUHOH TOUHOCTBIO. CHGILOBEITQJH::HO, cOCTaBoOM

Yr,=0,9560 mMbl 3ajgannch MPaBUAbHO U BEPHO OMNPENEJHIH MUHH- )

ManpHOe YHMCJO TEOPeTHUECKHX TapeJsoK MPH pexXuMe TMOJHOTO Opouie-
HHSI KOJOHHEI.

Kak BuaHO, BBIXOJ HUCTHIAAATA ¥ OCTATKA, 4 TAKKE HX COCTABbLI
OKa3a/JMCh TOXAECTBEHHBIMH TeM (cM. Tabu. 1.2), Kotopble Goula pac-
CUMTAHDI 10 YPABHEHHAM MaTCPHAIBLHOTO BasaHca IPH HONYUIRHHH, YTO
Xpy = Xpy = Y5 =0. IIpn pekuMe NOJHOTO OPOLIEHHS NOCTENHHE TPH
KOHLGHTPaUHH OblJIM PACCUMTAHBI H TOXKE 0KA3a/HUCh NPaKTHYECKH PaB-
HbIME HyJo. Takoe coBlajeHHe He CJAY4YaliHO, a TeOPETHYECKH BIIOJME
o6ocnoBano. Jleo B TOM, 4TO €C/IH HHCJAO HYJNEBBIX KOHUEHTPAUuil 1po-

AYKTOB PAaBHO UHCJIY KOMIIOHEHTOB HCXOLHON CHCTeMB 6e3 ABYX, TO |

KOJTMYeCTBA H COCTABLI NPOAYKTOB KOJOHHBI OYAyT OLMHAKOBBI KaK NPH
paboueM, Tak 4 NPH NOJHOM opourenud [1, ¢. 386].

3amMeTHM, UTO pe3yJbTaThl pacueTa pexUMa [OJHOLO OpPOIUIeHHS
KOJIOHHBI OCTaJNCh OBl NPEKHUMH H B TOM Cjaydae, KOTJa B YCJOBHSX
pasaenenns Guiin Obl cpasy sajianbl He TOMbKO Yp, == 0,0130 1 xp, =
=={,040, Ho 1 Xy == Xpy == yrs = 0.006DbacHseTcs 370 TeM, YTO B Jaau-
HOM CJiyuae 4HCJIO CcTelleHell npoeKTHpoBaHus f=Z42=3+4+2=35
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[IpOBEpKa MO CcOocTaBaM OCTaTKa M JIUCTHLISTA BHJIED- |

(rjlec Z — 4McJI0 HYJeBBHIX IPOAYKTOBLIX KOHIEHTpauui, paBHoe 3) U
I YCAOBHUSIX paslieJeHHsI 3aXaHO HATb KOHLUEHTpaUHi (M3 HUX TpH
nenepbix). TlosToMy 3amaua oxasbiBaeTcs NOJHOCTBIO OIpelesieHHOH.
CHAKO TAKOH MOAXOM CJAelyeT CUNTaTb MeHee CTPOTHM, TaK Kak Jyd-
(e JLOKA3aThb, 4TO x;l:x§2=y55=0, yeM NpUHUMATb 3TH 3HAYEHHUSA

nlaage pacuera.

6. MuHumasibHOE opolieHye

PekMM MHHHMAaJBLHOTO ODOMIEHHS SBJSIETCH BTOPBIM W3 Hpelesb-
HX, TEOPETHYECKHX BO3MOXKHBIX, IPH KOTODOM UYHCJIO TEOPETHUYECKHX
{ADCJIOK B KOJIOHHE PaBHO OGECKOHEYHOCTH.

Tax Xe, Kak W NpH pacuede KOJOHHbI /51 pasfeseHust GHHAPHOH
NCCH,B €JIyY4ae MHOTOKOMIIOHEHTHOH CHCTeMbl HeOOXOMMMO ONPeReNUTh
“nuMagapioe (GJerMoBoe YHCAO HJAH MHHHMAaJbHOE [1apOBOE UHCJO.

Onpenesnene MHHUMAa/AbHOrO (JErMOBOTO YHCJAA Fyun LJSI YKpen-
BHOWER YacTH KOJOHHB OyneM BeCTH IO ypaBHeHusMm AHiepsyna
[1, ¢. 378 uan 3, ¢. 76] MeTONOM NOCTENEeHHOro NPUOJAMKEHMSs, 3Has
cocTaB  HCXOZHOTrO chipbsi  (rabu. 1.1), MOJIBHYIO [0JI0 OTroHA
(ra6n. 1.7) ®w cocrasbl BEPXHEr0 H HHIKHET0 NPOAYKTOB KOJOHHbI
(ra6a. 1.2).

[To ypasuenuio Anmepsyna

> al,
2 1 __ o
T U
MCTOZOM I060pa HAXONUM mapamerp @, Gepst 3HAUEHHUS of; AJISI KOM-
HOICHTOB CHCTEMEl IIPH cpezmen remneparype B kojonke Ty ==353 K
{ra0a. 1.6) u snmavenus c; us rada. 1.1
3ajaguMcs 3HadeHneM ¢ == 1,52, jexaluM MeXOy BeJHUHHAMHU
IOCHTENbHBIX JeTydecTell o3 = 2,37 U a4 = | npomana u Gyraua,
rOTOpBIE pachpefiesieHbl MeXIy BepPXHUM H HHXKHHM TPOAYKTaMH KO-
‘Olibl, © TIPOBEEM pacUeT M0 HANHCAHHOMY BBIIIE YPaBHEHHIO.
PeaynbTate pacuera cBeleM B Taba. 1.8.

Ta6niuya 1.8
4 (Lic(

KoMuonen sl chpas ¢ o; azcy @~ !

a;—0
L I 0,0035 20 0,0700 18,48 0,0038
tlly o oo 0,0073 5,82 0,0425 4,30 0,0098
LRT] 5 PO 0,3751 2,37 0 8890 0,85 1,0420
wCillyg o o W 0,4269 1,00 0,4269 —0,52 —0,820
Gl o 0 0 0,1872 0,379 0,0710 —1,141 —0,062
CVMMA . . . 1,000 - — - 0,1736~0,17

Kak Bumgio us ra6a. 1.8, npu ¢ = 1,52 ypasHeHne AHnepsyna
¢ JIOCTATOYHOH TOYHOCTHIO YAOBJETBOPSIETCS, N03TOMY HaHAeHHLIA na-
[MIMCTD ¢ HMXKe HCIOJb3YyeM AJsl ONpeleJeHUs] /ypx.
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MunumanpHOe QuierMOBOe YHCAO [IJS YKPEMJSIOUWEH HacTH KO-
JIOHHBl pPacCcUHThIBaeM IO CJeiylolleMy ypaBHeHHI0 AHaepByna:

4 ’
r . 1_:13y1)i
MHH — @, — ¢
3
IToayuum:
’ 4 7 7
®Ypy DY po QY3 PYps
rMHH'— a4 — @ + 0y — ¢ + ay— @ + oy — @ -
0,0096 0,02 0,9560 0,013 .
—- 1’52( 20 — 1,52 + 5,82 — 1,52 + 2,37 — 1,52 + 1 — 1,52 )_ 1,7

Pacuer ruus MO 30HaM HHBapHaHTHBIX cocTasoB [, c¢. 355] maer
pe3y/abTaT, MaJo OTJIHYAIOMWKHCS OT IOJYYEHHOro, W 3[eCh He MpPHU-
BOJHTCS.

MuHuMaabHOEe MapOBOe YHUCAO Syyy AJAS OTTOHHOH YacTH KOJOHHLI
MOxeT OBITh PAaCCUMTAHO AHAJOIHYHO [0 CJeAyIOLIEMY ypPaBHEHHIO

Anjnepsyna:
: 5
v g
23‘ a—i—:a‘ == — Syun
ITonyunm:
4 7 4
R ®3%R3 G4¥pyq 4+ %54 Rs
man = o "0 s — @ s — @
2,37 0,04 1-0,6658 0,379 - 0,2950
2,37 — 1,52 + 1 — 152 + 0379 — 1,52 1,27

OTKYAQ Sy = 1,27,
Takofi e pesysbraT MOxKeT GbITh NMOJYYeH H3 ypaBHEHHS Mare-
puaabHOro 0ajaHca NUTATENbHON cexuuu Kojonun [1, ¢. 367]:

‘Q—fMHH_I'(l _e,)_ﬂ"

G G
Syun == R =
G
. 0366-174(1—0,17) — 0,634

0634 =127

Pacuer Swum MO 30HaM HHBapHaHTHBIX cocraBoB [l, ¢. 342] maer
pesysabTaT, MaJo OTJIHYAlOLIMACH OT MOJIYYEHHOro, M 3Jech He NpPUBO-
JIUTCS.

7. 3nemeHTbl peKTH(HUKALNK YKPENANAOWEH HAaCTH KONOHHbI
npu pabouem dinermosom uncne

Mcxonnble 1aHHble H NpeANOCHJKHN pacueTa. l) Pac-
YeT /eMEHTOB peKTH(MUKALHW BeleTCs aHaJHTHUeCKHM METOIOM <«OT
TapeJKH K TapeJKe» B HalpaBJeHHH CBepPXy BHH3, TaK Kax H3BeCTeH
COCTaB NapoB AHMCTHAIATA, YXOASIUUMX ¢ BepxHel Tapeiaku (raba. 1.2).
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2) Pa6ouee drermonoe 4HCAO r = 2 10 Bcefl BBICOTE YKpeIIsio-
mefl 14CTH KOJIOHHBI IPHHUMAETCsl MOCTOSTHHBIM.

3) C 1ueabd HEKOTOPOTO VIIPOIIEHHs] BBIYHCIHTENIbHEIX OHepaluid
Al OlipefesieHMd COCTABOB PaBHOBeCHHIX (Da3 MPHHHMAIOTCsA CPedHHe
11 Beell yKpeIuisiioned yacTy 3HaueHHs K03(h(hHUHEHTOB OTHOCHTE/b-
nofl setyvectu (taba. 1.6).

4) Koaonua paGoraeT ¢ NOJHBIM KOHAEHCATOPOM, T. €. COCTaB OpPO-
qiell, T0AAaBAaeMOr0 Ha BepX ee, OMHAKOB C COCTaBOM AMCTHJIATA.

H) Cocrae napoB (mo Ka>KJOMY KOMIIOHEHTY), HOKHAAIOLIUX JI00YI0
LAPCJKY, PACCYHTBIBAETCA N0 YPABHEHHIO KOHUEHTPALH:

y,=mx,_ +(1—m)yj,

Ve HWKHHR HIJIEKC 7 03HauaeT HOMeP TapedkH (BepXHfsA Tapeaka
CuraeTes nepsoit), a

r 2
m= g+ 57— 067

lovyroMy B HalleM cJyuae ypaBHeHHe KOHIEHTpaUMil NPHMeT BHI:

y,=0,67x;_, + 0,33y},

) CocraB duerMnl (110 KaxA0My KOMIOHEHTY), PABHOBECHBIH Ia-
[M, PACCUMTBIBaeTCs Mo ypasHeHuo [1, ¢. 310]:
4

r yi/ai
X; = —

i yi

.

i

| 1® 4§ — MOJIbHAS JI0JI JIAHHOTO KOMIOHEHTa B mapax, MOKHIAIONLHX
1y e, uTo U hJaerMa, Tapeaky.

7) TemnepaTypa Ha J:000H TeopeTHUeCKOH Tapeske onpemessercs
N KolictauTe (hasoBOro PaBHOBECHSI 3TaJOHHOrO KOMIIOHEHTA — HOD-
saabioro 6yrana. dra KOHCTAHTa PacCUMTBIBAETCS MO YpaBHEHHIO [,
' :”0]

4
Yy
%

k4=

3uas k4 W ONpeJeIuB CpeflHee NaBJeHHE B YKPemIsIonell yacTy

ny+mg 1434100+ 145100

Moy =2 — 5 = 1,44 10° TTa (14,7 ar)

no nomorpamme [2, ¢. 1569] naxogum temmepartypy.

ITike npuBOAMTCA MOAPOOHRBIN pacueT A/14 mepBoil W BTOpoi (cuH-

fi)l CHCPXY) TapesioK.
IfepBaa Tapeaxa. CocraB napa ¢ mepBoil Tapejkd H3BeCTeH,
IAK KaK OH OAMHAKOB C COCTABOM AHCTHJAJATA KOJOHHBI, [OITOMY I10
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ypasHenuio {1, ¢. 310] paccuntbiBaeM cocTaB pPaBHOBECHOH ¢ STHM na-
poM uierMul, crekamuell ¢ Nepeoi Tapeaky:

X!, = ybl/al .
- 7 7 7 7 -
Ip1 ¥po Yps + Ypa
(41 (223 (12 Gy
. 0,0096/28,5
0,009 + 0,0202 + 0,9560 0,0130 —_0’00091
%85 72 57 T
Vs
ym/% 0,00281
xa== = == (0,00760
¥p Ype Y3 T Ypa 0.370 ’
(25} 023 g Oy
AHaJIOTHYHO HaXOLUM:
;03540
X13== G375 = 10,9560
;00130
Xl4 == <50 =0,0351

IIpoBepka:

4
Zl] x1: =10,00091 + 0,0076 4 0,9560 4+ 0,0351 = 0,9996 ~ 1

3nech u jAanblle B 0003HAUEHHHM KOHLEHTPALMH NEePBBIH HIKHUI
HH/IEKC — HOMED TapeJsky, BTOPOii — HOMEp KOMIIOHEHTA.
Bropas tapenka. Cocras mapa co BTOPOH TapeskH pacCUHTHI-

BaeM 110 YDaBHEHHUIO KOHLEHTPALHH, 3Hast COCTAB BCTPEYHOH (aerMbi
C MepBOH TapesKH: ‘

Yy = 0,67x], 4 0,33y}, = 0,67 - 0,00091 4- 0,33 - 0,0096 = 0,0038
Y4, = 0,67 - 0,0076 + 0,33 - 0,0202 = 0,0118
Y5, ==0,67 - 0,9560 - 0,33 - 0,9560 = 0,9560

Y5, = 0,67 - 0,0351 4 0,33 - 0,0130 = 0,0277
ITposepxka:

4
> y5, == 10,0038+ 10,0118 4 0,9560 + 0,0277=0,9993 =~ 1,0
g

CocraB (ierMbl cO BTOPOHl TapeiKH HAxXOAHM [0 YPaBHEHHIO
[1, c. 310}

X2\ = 70,0038 N 0,01O igof/%?sao L 0077 = 0'822{133 = 0,000346
285 7.2 2,7 1 :
o Xy = Zaget =0,00427
xhy =P = 0,9220
xhy= SO = 0,0723
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I1poBepka:
1
M xh, = 0,000346 + 0,00427 -+ 0,9220 -+ 0,0723=0,9989 ~ 1,0
I

Konceradra (baBOBOI‘O paBHOBECHSA 3TaJOHHOIO KOMIIOHEHTa HOp-

samnnoro 6yrana (1, ¢. 310] pasna:
4 14
o Y 0,0038 0,0118 0,9560 0,0277 o
ky _}47{;_ 285 + 72 + 27 +— = 0,384
1

o uomorpamme [2, ¢. 159] Haxonum TemIepaTypy Ha BTOpOH Ta-
peake: Te == 321 K.

I3ce pacueTni Ais nepBOil W BTOPOH TapeJsoK, a TaKXkKe aHaJdoruy-
nule pacuYeThl Aas APYTHX TapesoK YKpen slolled 9acTH cBeleHbl B
vaoa. 1.9,

PPacuer 37eMeHTOB peKTHOHKAUUM B YKpeNJAOmlel 4acTd caenyer
HPCKPATHTL HA TOH ouepeHOH Tapesnke (B HalleM cayuyae — JEBATOH),
ROTOPYI0 NOKHJIAIOT paBHOBeCHble KHAKas M naposas (asb; no co-
CriBY NPAKTHYCCKH ONHHAKOBBlE ¢ PABHOBECHBIMH KHAKOH W MapoOBOH
JauaMi, HoJyYeHHBIME /ST OYepe[HOHR TapeJkd (B HauieM ciaydae —
noebMoil (eM. Ta6a. 1.10) oTroHHo#l uacTH npd pacueTe B Hell 3aeMeH-
ton pexTH(UKaLHa *,

8. GnemeHThi PeKTH(HUKAUUNA OTFOHHOM HACTH KONOHHBI
npu paGouem mapoBom 4YHCJe

llcxonuble falnble i IpeANOCHAKH pacyeTa. 1) Die-
MeIE PCKTI(GAKAIMKY pacCUYMTLIBAEM MeTONOM «OT TapesJKH K Ta-
PIEKE», Llaunllasl ¢ UMKIEeH TapejxH, ¢ NOMOWIbIO CPeJHHX AJS BceH
GEPONIION YacTH KOJIOHHBI KO3((HUUUEHTOB OTHOCHTEJNbHOH JETYYeCTH
(ran6a. 1.6).

2) Pabouyee naposoe umcao onpelesnseMm no Gopmyrae [1, ¢ 367]:

D o R
rg U= =G 90,366 + (1 — 0,17) — 0,634

§ = 5 0634 == 1,464
G
3) CocraB ¢aerMsl Mo KaxkA0My KOMIOHEHTY HaXOAHM [0 ypaBHe-
1o KOHLEHTpanui:
7 7
7 m —1
Xpp1= -7 F ——— XR

(e NHXKHME HBAEKC A O3HAYaeT HOMep TapeskM (HHXKHAS Tapesxa
¢wHTaeTes nepso#), a
, s+l 146441

m’=—— = =169

* B3 cayuae muTaHHst KOJIOHHBI KHAKAM HJH MAapOKHAKAM CHIDbEM OpH Orpefe-
Aennn HHeaa reopemuecxnx Tapesaok MOXKeT 6b1Tb HCNOJB30BaAH METOR THJ’IJ!G—-FE-
mn (em. Pefixcdhenvna B. O, Epxosa JI. H, O6opynosauue ocHoBHOro opra-
IMECKOPO CHHTE3a H CHHTCTHYecKMX Kayuykos, M.—JI., «Xumua», 1965, 624 c.).
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Bocbmast Tapenka cuusy, Tg

4
a;xgy

x§;=0,59y%; + 0,41x§‘-

0.41xf;

0,599%;

KoMnoHeHTH

ChIPbs

CyMmma

B HameMm ciayuae ypaBHeHHe KOHLEHTpallUli IPUMET BHA:

4 —_ 7 7
x;, =069y, + 0,41x%
1) Cocras paBHOBeCHBIX (uierMe NapoB MO KaXKAOMY KOMIOHEHTY
[riecunTHIBaeTCs 1o ypasHenuio [1, c¢. 310]:

’
a;x;

[ —
Yi= Diax;

I'fte { — HOMep KOMIIOHEHTA; Xj-— MOJbHAasi 10151 KOMIOHeHTa BO (Jer-
M, HOKHLAIOUIEH Ty Ke TapeJKy, 4TO W Naphl.

h) Temnepartypa Ha 11000# TeOpETHUYECKOH TapesKe OIpefesercs
1o KoHcTaHTe (a3oBOro paBHOBecHs OyTaHa, KOTOpPas PacCYHTHIBAETCA
no ypasHenuio [1, ¢. 310}

ks

. 1
Q.
Z a;x;
3Hasi ks U onpenesuB cpejiHee NaBJaeHUe B OTTOHHOH 4acTH

-+ 1,45- 108 4 1,47 . 108
gy = 2“'? — . = 1,46 - 106 [Ta (14,9 ar)

o noMorpamme [2, ¢. 159] HaxonuM TeMnepaTypy.

11uKe MpUBOLHUTCS HOAPOOHLIA pacuer JJid KHNATHJIbHHKA U NepBOil
pnpeJku (CuMTas CHM3Y), a pe3yaAbTaThl pacueTa ISt BCEX TapeJoK
nnores B taba. 1.10.

KunaTuabHHUK («HyJeBasg» oTroHHasi tapenka). Cocras octaTka
KOJOITHBL H3BECTEH, MO3TOMY PAacCUHTHIBAEM COCTAaB IIapOB, paBHOBec-
HLIX ¢ OCTATKOM, NOCTYNAIOIIHUX H3 KUIATHJIbHMKA HAa NEPBYI0 OTIOH-
Hylo Tapeaky, no ypastenuo [l, c. 310[:

3% pg 2,3-0,04
!/, = - 7 = ==
B agxpst ouxpyt Os%Rs  23:0,0441-0665 40,410,295
0,092
= 0878 — 0,1045
0.665
4 _‘_' ==
0= a8 — 07580
0,121 '
[ ’ J—
Uiy =555 = 0,1375
IIposepka: «

5

> g4, =0,1045 + 0,7580 + 0,1375 = 1,0
3

Koucranta (a3oBoro paBHOBECHst ITAJOHHOTO KOMIIOHEHTA — HOp-
mujutioro 6yrana [1, c¢. 310] pasna:

ky :

1
= < = = 1,14
Doy 0818
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Kak ykasano Beille, 1o HoMorpamme [2, ¢. 159] Haxoaum Temiepa-
TYPY B HH3y KOJOHHBH (B KUISATHJILHUKE):

TU: TR == 383 K
Ora TeMmneparypa Oblia HaifiZeHa M paubume (cM. ctp. 11 u taba. 1.5):
[Teppasi rapeanka. CocraB JerMel ¢ NepBOil TapeJkH paccuu:

TbhlBaeM ITIO ypaBHEHHIO KOHHeHTan.I/II';I, 3Haa COoCTaB InapoB M3 KHIIs1
THJAbLHHKA:

X[y = 0,59y, + 0,41x},— 0,59 - 0,1045 + 0,41 - 0,04 = 0,0782
x/,= 0,590,758 + 0,41 - 0,665 = 0,719
%!, = 0,59 - 0,1375 + 0,41 - 0,295 = 0,202

IlpoBepxka:

2 x),=0,0782 + 0,719 + 0,202 = 0,9992 ~ 1

3
CocraB nmapoB ¢ nepBofl TapeJkH:

;L 2,3 -0,0782 __ 0180
Y15= 330,078 F 10,719 T 0.41-0202 — 0,082 — 01830
, 0718
vl = gz = 07320
, 0083
Yis= g5 = 0,0845

IIposepxa:
5
2y}, =0,1830 -+ 0,7320 - 0,0845 = 0,9995 ~ 1
3

Koncranra ¢azoBoro paBHOBecusi GyTaHa

, ! R S
k=3 = Jogy = 1,02

§ a;xy;

o Homorpamme [2, ¢. 159] T, == 378 K.

Pacuer 31eMeHTOB peKTH(HKAUWH B OTFOHHOH YacTH CJenyeT mpe-
KpaTUTb Ha TOW ouepeAHOl Tapesake (B HalleM ciaydae —~ BOCbMOII), KO-
TOPYIO NOKHAAIOT paBHOBecHble XHAKas M naposasi $asel, MO COCTABY
IPaKTHUYECKH OJMHAKOBBIE C DABHOBECHLIMH XKHIAKOH W TnapoBoll da-
3aMH, [OJYUCHHBLIMH [JIs OuYepeAHOH Tapelku (B HalleM caydae-— jge-
BATOH, ¢M. TabJs. 1.9) yxpensdaiowel yacTu IpU pacyeTe B Hell 3j7eMeH-
TOB peKTHQHUKALHUH.

9. NuTatenbHas CexXUuWs HONOHHLI

CpaBHHBasi COCTaBbLl MapOBBIX H KHMIKHX MOTOKOB, MOKHIAIOU{HX
COOTBETCTBEHHO [EeBATYIO TapesKy, CUHTas C BepXa KOJOHHBI, H BOCh-
MY TapeJky, CUHTas C HH3a KOJIOHHBI, y0exaaeMcs, YTO OHH NpHOJIK-
3UTEJbHO OJUHAKOBHl M O/JH3KH K COCTABaM HapoOBOH M XKUAKOK ¢a
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copnst (ra6a. 1.7, 1.9 m 1.10). 1o o3HauaeT, 4TO 3a HHKHIOIO yKper-
HYI0 Tapesaky NoJKHa OBITb NPUHATA BOCbMAas TapeJka, cuHTas
)XY, 4 32 BEPXHIOI0 OTTOHHYIO — CellbMasl TapeJsKka, CuuTas ¢ HH3Y
sl K rakomMy e pesyabTaTy INPHBOAUT pacueT NUTATENbHOH
iHH (3llecb OH He NaeTcsl), eCJaH €ro clesaTh 110 MeTOAHKe, H3J0-
ol Baratyposwim [1, ¢. 410—413].
l'akuMm o6pa3oM, MUTaTeNbHAs CeKLHs KOJOHHB OyaeT pacnoJo-
M1t MeXKAY BOCBMOH YKpenasiioliell 1 celbMOH OTTOHHOH TapeJKaMH.
llpn pacyeTe mUTaTeNbHOH CeKIMH HeOOXOAHMO IOKa3aTb, YTO KO-
AIECTBA W COCTABLL NMPOXOASUIHX ee IOTOKOB YJOBJIETBOPSIOT OCHOB-
HIIM ypaBHEHHSM MaTepuaJpHoro 6anaHca A/ BEPXHETO H HHIKHEro
vpomliell (CeYeHH) 3TOR CEKLHH.

{ixeMa IHTaTeJbHOH CEKUMH K BCe =2,y
oo ifAUeHHSl TIAPOBBIX M KHUAKHX IIOTO- h ‘

, - npuBefensl Ha puc. 1.1 !
KomuuecTBa NOTOKOB. HMen T
criy, UTo pabouee (JIeTMOBOE YHCAO B L A e

Cpenasiomel yactn r==2, a pabouee e
(poB0e YHCJO B OTFOHHOHR YacTH § = . y’”ru—q,& n
1164, momyuum (B kuiomoasx Ha _nel i jﬁi A
Lt KMOJIb CBIPbf): KOJHYECTBO (PJerMbl, Vs yﬂ" e
roLaiollell ¢ BOCBMOH  yKpemJsiollel Yn Jvc'rwgm
PAPeJIKH *-Z'/;u'
ge=rD=236,6="732 7 T 7
KOMIIUCCTBO Tapa, MOCTYNAIOIIero u3 MH- /
IATeALION CeKIMH Ha 3Ty Tapeaxy ‘/\[_—'—\z
V= g+ D=173,2 4+ 36,6 = 109,8 L R, Zh,
KOMIUCCTBO Mapa, YXOAAIIero ¢ CeAbMON .
DTrOIION TapeJKH Pye. 1.1. Cxema nuramomeil cek-

IIHH KOJIOHHBI.

V,=sR=1,464 - 63,4 = 92,8
KOMNNMCCTBO JIerMBl, NOCTYNAIOMell U3 MUTaTeJbHOH CEKIMH Ha Celib-
My10 OTTOHHYIO Tapenky

gm=V,4+ R=92,8 + 63,4 == 156,2
[Iposepxa:
V=V,+ V.=928 4 17=109,8

gm= g+ g.=73,2 + 83 =156,2
KOJHUECTBO NMapoBOH (as3bl Chipbs
V.=¢e'G=0,17 - 100 =17
IMECTBO KUJAKOH (pasbl CHIPbS
g.=(1—¢e)YG=(1—0,17) - 100 =83

‘0ocTaBBbl MOTOKOB. 3Hasl coCTaB (JerMbl gy, CTEKAMLel ¢
Mol ykpenisiiowiedt tapesaku (taba. 1.9), cocras napa Vy, yxo-
W0 ¢ celbMOH oTronHoll Tapesaxu (ta6a. 1.10) u cocras naposoi
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daswr chipba Ve (
¢ (Taba. 1.7), mMox
CTYIAOIEro H o HO paccuuTarth COCTaB
pesxy, 1o HsaeiTEZT;TeﬂbHOH CEKIHH Ha BOChMYIO YKPenH;é)lgmvm’ oy g 88852 1
YPaBHEHHAM: Y10 Ta RS SS8ER 3 52299 '2?
coocoo < & BIRRIR 1~
vy -l = SSRII &
A mYmi = &Xe, + Dy, o o Ssdos &
Rt ro__ £ RN D — S
| Vs =Vl + Vol £ 28828 |
\i I ¢ o S S \;3 %%888
4" ocJ1 2 B35
€ OJICTAHOBKHM B HHUX 3HAUEHWI BEJHYHH, MOJYIUM 3 | & SSRART
. : e 3 2 S=G=
‘ : » TOTVIIE Tl L5 | cges3 2 Seges
o _ -~ B "
' Yy = 0,67x, + 0,33y, x| 52 88%=8 | < "
, Di gl 25| Sesss ] LB 88888
b — 7 N~ R
: Y, = 0,845y, 4 0,155y! Z Z 8 SRBIR
ct 1 [—= gl g5 sgEgs |
Pacuetn B = o — n S| 3 SSSSS
. COCTaBOB Y, , 10 3THM & 3o 8885 L i
i MOH ¢ YpaBHEHUAM 1J O NX DD B N
i Ie;lma cBefeHbl B rabu. 1.11. i KaI0T0 KOM - 2283s 8 ~F 5 =
b 3 A S I cooo o ® - — D
l tab6a. 1.11 BuiHO, 4TO cocTa ’ = - NP S3HER 3
i 060HM YypaBH Bbl napa Y4, , paccuutan ®d SSRIx 3
| yPaBHEHHSIM, OTJIHYAIOTCA H mt fivle 1t ) E SSasa S
CpeUINOCTH, MOTYT eHTaTHC €3HaYHTeJbHO H, Ge3 3aMeTHOH m0 = 28222 1 - 5
CTBa U COCTaBbl IOTOKOB ;pg)?g;aKOBHMW CaenoBarenbHO, KOJHYE | & 8§§§§ é ~
’ SAINX ’ B0 QMO e 0o —
geTBOpHWT OCHOBHBIM VPaBHEHHSIM l\ﬁTe gg;aTeJleyIO CEKIIMIO, YA0B 5% Sooss & ﬁo”_ 23228 &
o o] — —
| er%gpomm 3TOH CeKIIHH. p bHOTO GaJjlaHca sl BepX R §8§§’5 §
j op s cocTas Mapa Va (raba. 1.10), yxonsuer . . seqes 1 ¥E | cessee g
i“ YernnIs)igIKH coctaB QuerMu g (raba. 1.9), CTe?( C CeIbMOH OTI'OH <& SSen ) =
) a ? . 2SRNS g =
4 MO2KHO Le#l TapeskH, U cOCTaB KUAKOH (asbl Cb foluen ¢ BOCbMO Sooos S - Sygeg R
i paccuHTath cocTaB ¢ 1ppst ge (raba. 1.7), = g SEIIL =
CEeKLUHUHK Ha ceabM €rMbl G, rIOCTyr]aIOLIleI/I U3 NH Y LIRIT 3
VIO OTTOHHYIO Tapenx TaTeJAbHO [ 22NV 2
Y, IO ypaBHEHHAM: ) 2582 gSeos &
R OO —O o
R 8831 |
xl — 4 2 ~ e T -
gm mi Vﬂym—f‘Rx;u a 2’ l coee \g | |§§§ |
g X =gx: = 3 Qo=
m mi = g X + gcxu g | \E coo
IMocae moac | L 88388 S
TAHOBKH B HHX 3 i =] WES ARBRT S I B
nay N g S S NS .
€HUH BEJHUMH, TTOJYUYHM: R SSER% il = 533283
| 31 SSS3S Bl 8¢S SSBIK |
YA < ocooOo ~ (=%}
0= 0,599, + 0,417, i | BT | ssss8
’ g 3 ) s
== 7 H -—
i = 0,468x7, 4 0,532, RN eggg 0 L=
<t NE g8z 18 o S o
2.8
PacueTs BeJHYHH X/, MO 3THM YypaBHEHH £ SSss B At 1388 8
q < oo —
HeH%a ceefenbl B Taba. 1.12. M U1 KaXa0ro KOMIO- = g ©
aK BHIHO =& =g n
6 ano us rabi. 1.12, cocrasit x7,; aermy : . 2S8E8 & -5
060UM YpaBHEHHSM, O mi , paccuMTaHHBIe 110 I = SXSSE ® NS "o ow
, , OTJIHYAIOTCA . SaR 5= ©R R
rPeuIHoCTH, M He3HAYHTENbHO H, 6e3 ; N 88585 & . S8BT
; . , MOTYT CYHTAaTbCsl OfHHAKOBLIMH. C ; 3aMeTHOH 110 " % E SoSSS 8 =8 SowaS R
“ TBO H COCTABbl MOTOKOB, N - LLJIenoBaTeIbHO, KoaAYe “ = 8 wE sScos &
JICTBODAIOT OCHOBHE , TIPOXOSINIUX NHTATENbHYIO CEKIHIO ~ - °
HEro YPOBHs 9TOf él‘éKilaiBHgHmM MATepHANBHOTO Gajanca 11 3111111421?- 3 E, D g :a T
OynyT, HeoOXOAHMMO nomépnigﬂaigjm)’faBHeHHﬂ yIOBJIETBOPSITbCS H |§ %é cr2s g S ::;5 o
Hue % ' . = e o
K TapedKe», HMest B BHLY MpUMEUar CKHil pacueT «OT Tapesx o e S S T2t
HYst, caenaHnble K taba, 1.9 u 1.1 2 TLLOO £ 5° Lo oL E
30 191 110 (SISO &) ~ TLILOO 2
. oLV rRrR U
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10. Konuvectso xonogHoro opowenus

KonnuectBo go (B KHI0MONAX Ha 100 KMOJAb CBIpbS) XOJIOIHOT
OpOLUIeHHs, MOJaBACMOro Ha BepX KOJIOHHBI, ONpefe/sieTcss U3 ypaBHe
HHA TelmaoBoro Oananca ee ykpemsiiomleil yactu. CoracHO cxeM
(puc. 1.2), 310 ypaBHEHHe 3aNUIIETCS TAK:

VinQm + 8090 = gx9x + (D + g0) Qp

g0 = VQO — 8y — DQD
Qp =4

rne Vi, gx # D — KoaMYeCTBA [OTOKOB, H3BeCTHbIE H3 npenbAyHIHN
pacueToB; Qm, Gx, Qp, Go— SHTANbLIHH COOTBETCTBYIOUIHX MOTOKO

o (puc. 1.2), kIK/KMOJb.
(D;%;’y;;/;/\;( AMM——3- ITokasanuele Ha puc. 1.2 temne
D>/D™
\
/\ 9o, pi

OTKyZa

paTypel IOTOKOB ONpeje/eHbl B Ipe
AbIAYOINX pacuerax (ta6a. 1.9).

Hns  onpeneneHdss SHTaJbIHF
IOTOKOB DPAacCYUTaeM HX CPEJIHH

,_”£.=in10_6"1__1 90, Tp=308K MOJICKYJISIPHbIE MACChI:
:VzTQz . fhigr 5
Py 7 . T MVm = ; My, (notox V)
- ' - — 5
7he — — - —— 7 MgK = ? My, (motok g
1 4
8—;’&;——;4;-3 MDzZMiygi (motoxu D u g)

Ui T 354K x{,g,rfm/r 3nauenns y/ ,, x;, U y;, Gepem
T,=14510°"a 3 taba. 1.11. Bce HeoGxomuMbie
Puc. 1.2. Cxema ykpemamomefi wacu BPIYHC/ICHHS cBOAUM B Tadun. 1.13.|
KOJIOHHEL IMoabsysick rpadUkOM 3HTANDL-’
nuii cMecefi JIErKHX YIVIEBOAOPOLOB
IO TeMmepaTypaM, AaBJeHHAM (MJisl MapOB) H MOJEKYJISPHBIM MaccaM
notokoB [4, c¢. 10], HaXOQUM 3HTAJIBIHH IOCAEAHHX (B KKaJ/Kr) U Ie-
pecunToiBaeM HX B KJx/KMOJb.
Ionyuuwm:
Qp =542 - 43,5 =23615 xJx/kM0JDb
g, =318 -53,9=17 146 x:x/kMoJb
Q=622 - 50,1 = 31235 xJlx/kMoab
Go=213 - 43,6 = 9295 xJxk/kM0Jb
[Toncrapass sHaueHHs KOJHYECTB [0TOKOB H HX SHTA/NbOU{ B ypaBHe- |
HHe TelioBoro Gajsianca, 6yleM HMeTb:
_105,8-31235 — 73,2 17146 — 36,6 - 23615
8o = 93615 — 9205 =
== 91 kMosab Ha 100 KMOJb CBIpbs
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Tagnuya 1.13

Hotoku D u g [lorox g, [Totok Vo
KoMmioHeHnTh Mi
CHIpbS ’ ’ ’ ’ ’
Yp; M¥pi *xi Myxgy Irmi Mgy
Clly .. ... 16 0,0096 0,1535 | 0,000188 0,0030 | 0,0033 0,0529
CoHg o o v . . 30 0,0202 0,6060 | 0,00180 0,0640 } 10,0079 0,2370
TCHg . o0 | M 0,9560 | 42,0000 | 0,3700 16,280 0,5652 | 24,500
w-CiHyp . . .| B8 0,0130 0,7530 | 0,5600 32,500 0,3775 | 21,900
1-CsHy, 72 - — 0,0710 5100 | 0,0474 | 3,410
Cymma . ., . .| — [0,9986= 1|M=435 1,0029?8% MgK = |[1,0013=1 MVm a2
=53,9 = 50,1

H3BecTHO, YTO mpyu paboTe KOJOHHBI ¢ MOJHBIM KOHAEHCATOPOM-XO-
JOIUJAbHUKOM, (uerma g, (puc. 1.2), crexamoouias ¢ BepxHeH TapeJky,
CJYAKHT TOPSIUHM OpOIIEHHEM Ha BepXy KOJIOHHBI, TaK KaK TeMIleparypa
psrermpl Ty = Tp. B cayuae pabOThl KOJOHHBI ¢ NAPUHAJLHBIM KOHAEH-
caropom aerma g; obpasyercsa B mocaeiHeM. KosuuecTBO ropsiuero
OpoLIEHHs] HAa BePXy KOJIOHHBI onpeneasiercs no dopmyae [5, c. 146]:

Qp— 9
g1= 8o Q,— 4,

rie Q2 — dHTAJBINA NAPOB CO BTOPOH TapeJKH; ¢p— SHTAJAbNHA (Jer-
mol gy, ipu Ty = Tp.

Kax nokasbBaloT pacueTh, Qg Majo oT/jiHuaercs oT Qp, NO3TOMY
MOKHO TPHHSATD, uTO Q2 & Qp; Takxe, BBHIY OJIH30CTH COCTABOB JHC-
tHaasaTa ¥ aerms g; (taba. 1.9), GyaeMm cyHTaTh, YTG ¢p €CTb 2H-
rasbIEA XKHAKOro JucTHaiIsfTa npu Tp == 314 K.

Torna 0

p 9
g1= & C,— 1,

[To Tomy xe rpaduxy suranbnuil (4, c. 10] Hafinem:
qp =226 - 43,5 = 9840 x[I:x/KMOJIDb

[Tomyunm
23615 — 9295 ,
g1—912—3m—95 KMoJab Ha 100 KMOJb CHIpbS
®j1erMOBOE YHCJIO Ha BEPXY KOJOHHBI OYAET PaBHO:
9 .
=" =55 =26

CaenoBatenbHo, (bJierMOBOE YHCJIO BO3pacTaer oT 7 ==2 B HH3Y
yKpenJsiiomell yactu f0 r; == 2,6 Ha BepxXy KoJoHHBL Tak Kak uHcs0
1COPETHYECKHX TApesOK pPacCUMTBIBAJNOCH [PH MOCTOAHHOM 3HAUYEeHHH
r==2, TO OHO MOJYYHJIOCH C HEKOTOPBIM NpeBhILIeHHeM, o0ecrneyHBalo-
UM HU3BECTHBIH pe3epB pa3zequTe/lbHOR CIOCOOHOCTH KOJIOHHEL

9 3ax. 100 B 33




11. Tennosan Harpyska KWNATHILHUKA KONOHHbI
H KONHYECTBO NapoBoOro OpPOIIEHHA
B HH8Y ee OTrOHHOW 4acTH

T -

Bennosaﬂ Harpyska Qp KUISITHJAbHUKA KOJIOHHBI OlpefienisieTcs: u3
YpaBHeHHst TelsloBOro fajianca ee oTronHo# uactd. CorJjacHo cxeme
(puc. 1.3), 3T0 ypaBHeHHe 3alHLIETCA TaK:

Emlm + Qp = VnQn + RqR
Qp _ VJIQJ[ -+ RqR — 8mldm
rie gm, Va, R —— KonuuecTsa NoToKOB, H3BECTHbIE U3 MPeNBILYILHX pac-j‘

4eToB (CM. 1. 9); ¢m, Qu, ¢r— 3HTAABLIU
1 H COOTBETCTBYIOIIHUX [OTOKOB
(puc. 1.3), g dx/kMoab. y

OTKyZla

- ]
. %

% V/’y;i | 17:: = -
| g e
fF———- 6
57

T,=378K

I
ve [ 2= 147-10%1a }
yni| Te=383K

Bxki Y (R+Ve),x'

r,,=§§5/r. *a * %
P

Puc. 1.3. CxeMa OTroHHO 4aCTH KOJOHIIH,

IlpuBeneHHble Ha pHc. 1.3 TeMmepaTyphl NIOTOKOB ObIIN HAHIeHBl |

B NpejAbIAYIIHX pacuyerax (tada. 1.9).

Hns onpenenenus sHTaIbLOHH Gm, Qu U gr NOTOKOB PacCUUTLIBAEM
X CpelHKEe MOJIEKYJSPHbIE MacCChl:

M, = > Mx;, (morox g,)

m 1
5
] MV”: 2; My;, (morox V)
M= 21" M xp, (motox R) '

3uavenns x,,, yy, u x,, 6epeM u3 tada l.14.
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Tabnuya 1.14

Mook V fToTok g,, Hotox R
KKoMTOHeH Th Mt
CHIPHA 7 ’ 7 ’ ’ 7
Yui MYy *mi Mi%,; *pi | Mixp
(S % PR B () 0,0013 0,02 0,00077 0,0123 — —
cllg L 30 0,0065 0,19 0,00384 0,1152 —_ —
Gl .. L 44 0,5680 24,90 0,35140 15,4620 0,040 1,76
w CyHyp 58 0,3780 21,80 0,49600 28,7700 0,665 38,57
nw CgHyg o 72 0,0448 3,23 0,14750 10,6200 0,295 21,24
tyMMa — 10,9996 ~ 1| M, =~50.3 0,9995 ~ 1 Mg ~ 50| 1,0 MRz61,6
a m

C nomomipio rpadEka SHTAJLIHE CMECcel Jerkux yrJieBOoJLOPOLOB
|, c. 10] HaxonuM: -
Q,=618 - 50,3 =231 109 xJx/KMOJb
¢ =377 - 55 = 18632 k]Jlx/kMOMb
gr=423 - 61,6 = 26 052 KJI:K/KMOJIb
[MofcTaBasisi 3HaueHdst BeJHUMH, BXOISLIMX B ypaBHEHHE TEMJIO-
noro GaJganca, 6yLeM HMeTb: : «
Q,=92,8 - 31109+ 63,4 - 26052 — 156,2 - 18 632 =
= 1629 - 10® x[I:)x na 100 xMOJb CBHIPbA
Jlns onpeneneHns KojuyecTBa Ve 11apoBOro OpOUIEHHS, HAYLIEro
Wy KHGSTHALHHKA TOJ HHMKHIOW (TepBYK) OTFOHHYIO Tapeaky, Heob-

OJUAMO HAMHCATb ypaBHeHHE TenJoBOro OanaHca KANATHIbHHKA. 1o
WIFKO ClesaTh, MOJL3ysch cxeMoit (puc. 1.3):

R+Vaa+ Qpy=Rgr+ VeQr

QR—'q}

oTKyJLa
VR ==

e ¢y 1 Qp— 3HTAJIBIIUKE COOTBETCTBEHHO (aerMol, cTeKamollel ¢ HAX-
uefi OTIOHHOR Tapesikd B KANATHIbHHK, W 1apa, NOCTYMAaIoNero A3 KH-
WITHALHEKA Ha 3TY TapeJky.
I'eMilepaTypel 1IOTOKOB (pJIerMbl U MapoB HalieHsl paHbiie (CM.
tnOa. 1.10 u puc. 1.3).
laxonuM cpefnue MOJeKyAsipHble Macchl 3THX ABYX II0TOKOB:
5

SN My
MR"‘VR__ f ML"X'IL' ’

5
P ,
M, = 23 M,yh,
tauenus X[, u yp, 6epem u3 1abia. 1.10. Bce BbluHC/IEHHSI CBOAMM
v 1S,
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Ta6auya 1,15

TMorok (R+VR) IToroxk VR
KoMmmoHeHrTH chlpbs M;
7’ 14 7 4
14 Mixy Ypi Miypi
CHgy ... ... 44 0,0782 3,44 0,1045 4,60
u-CHyp . o v . . 58 0,7190 41,50 0,7580 43,80
#-CsHyp o 0 0 L 72 0,2020 14,50 0,1375 9,90
CyMmma . . . . .| — 09992 ~ 1 | M ~ 59, =
y R+Vp 59.4 1,0 MVR 58,3

[Moabaysce rpaduxom suTassbnui [4, c. 10}, naxogum:
g, =41 59,4 = 24327 xJIx/KMOJIb
Qr=1690 - 58,3 = 40279 x/I:xk/xM0Jb
Torpa, Mo ypaBHEHHIO, HAMCAHHOMY BHhIIIE:

Vo 1629 - 103 — 63,4 (26052 — 24327)
R™ 40279 — 24327

=95 kMosb Ha 100 KMOJIb CHIPBA

Panbiie 6bls10 HaleHO KOJHUYECTBO NAPOBOrO OPOLIEHUS HA BepXY
orronno# uvacrd Vy= 92,8 xMoab Ha 100 xMonab cuippa. Kax suso,
KOJIMYECTBO MApOB K HHU3Y OTTOHHOH YacTH BO3PaCTAeT HE3HAUHTEJLHO.
Tem He MeHee, PACCYUTHIBAS BhIILE UHC/AO TEOPETHUECKHX TapesoK B OT-
FOHHOH YacTH [PU IOCTOSHHOM INapoBOM uHucie S = 1,464, MBI noay-
4HJId ero ¢ HeOONBMIUM 3amacoM, KOTOPLIH ofecleuHBaeT HEKOTOPHIH
peseps pasjlesIUTeNbHOH CIOCOGHOCTH KOMOHHBL

12. OcHoBHble pasmepbl KONOHHGI

duaMerp KOTOHHB. BHyTpeHHHH AHaMeTP KOJOHHH OMpele-
agercd o gopmyJe:

rie Veex — HaUGOAbIIKI CEKYHIHBI 00BbeM NAPOB, NPOXONSILNX Uepes
ceueHHe KOJIOHHBI; @ — JONyCKaeMasi CKOPOCTb TapoB B IIOJHOM (CBO-
GOAHOM) CEUCHHH KOJIOHHBL

OnpenenuM Veer M3 npeiabliyliux pacyeToB H3BECTHBI KOJHYECTBA
NapoB B CJIEAYIOMHX CeYeHHSIX KOJOHHDI:
Ha Bepxy (110 BepxXHell yKpemJstolleHd Tapeskoi)

Vy= g 4+ D=95+4 36,6 =131,6 xmoabr Ha 100 kMosb CBHIPbs

IO HHXKHEH YKpelsdlomel Tapeakoi
V== 109,8 kmosb Ha 100 KMOJIb ChIpbH

R HH3Y KOJIOHHB (MO HHMKHEH OTTOHHON Tapeskoi)
Vip=95 xmMosap Ha 100 KMOJb CHIPbS
Kak BUAHO M3 3THX AAaHHBIX, HamboJee HArpy:XKeHHbHIM IO Mapaw,

SIBJIsSIETCSl BepXHee ceueHHe KonoHHBL. Halinem o6beM NapoB Ha Bepxy
KOJIOHHBI (IIOJ MepBOil Tapesakol) 1o GopmyJe:

Vo — 22,4G5T,-0,1 - 1082
GeK 3600 - 273w

3pech (g — yacoBoe KOJHYECTBO
11apoB Ha BepXy KOJIOHHBI, paBHOE:

VyGyac __ 131,6-20000
[00Mcp 10055

== 476 KMO.JIb/U

e Gage — MPOH3BOAUTEABHOCTL KO-
JOHHBl TIO CHIpbIO, Kr/u; Mcp— cpen-
19 MOJIGKYJISIpHast —Macca Chipbfl
(raba. 1.1).

Tlpu onpeneneHuH oGbeMa [1apoB
WBUIY [OBBILIEHHOrO AABJEHHA (fp==
=143 - 10° [la) Beemen KO03DQPH- pyc. 1.4. Cxema PaGOTH KoJMAUKO-
IMeHT cxuMaemocti Z. BOf TapeJKku:

Meronpl pacueTa Z HOILpOGHO n3- 1—sxungkan ¢asa; 2—noTok mapos.
J0XeHHB B autepatype [1, c. 14].

Cornacno Taba. 1.9, mapsl Ha BepXy KOJOHHBI IPakTHYECKH TOJ-
1OCTHIO COCTOSIT H3 mporana. IlosToMy Ko3((HIMEHT CKHMaeMOCTH
ANSL HEX MOMKHO HaliTH Kak /s napos uHcroro nponana. Kpurndeckas
temmepatypa npomnana Typ = 369,8 K, xpurHueckoe [aBJeHHE IpO-
nana Pip = 4,21-106 T1a, Temnepatypa mapos (taba. 1.9) Ty = 321 K.

IpuBejeHias TeMmepatypa nponasa:

Tpp== Al = 2 0,87

Typ 3608
[TpuBeneHHOe AaBJEHHUE:
n 1,43 - 10° :
——b —
Toap = P, 4,21-10° = 0,34

[To rpaduky [1, ¢. 9] naxognm: Z = 0,77. Torna
476 -22,4.321-0,1 - 108 0,77

= . ’ = 0,184 M3

Veex 3600 - 273 - 1,43 - 10° 0,184 mife
licH TAKUM JKe CHOCOGOM pacCUHTaTh oObeMbl MapoB JJIs TPeX
I X HHZKeJeXKalluX CeYeHHH KOJIOHHBL, TO OHH OKaXXyTCa MeHb-
s, ueM 0,184 m3/c. TlosToMy nnamerp KosoHHB OyleT onpese-
Licsl IO BepXHEMY cedeHmio (noj nepsodl Tapeakoil). Ilpunumas -
Ay TIPOEKTHPYEMOIl KOJIOHHBl TapeskH ¢ KPYIJBIMH KOJAMaukam
(pue. 1.4), ompesenum AOUYCTHMYIO CKOPOCTH IAPOB B IOJIHOM (cBoO-

H I o o
i HaJl-BepXHell OTTOHHON TapesaKon
V,=92,8 xmosib Ha 100 KMOJb CHIPLH

.AO/LII0M) CEeUeHHH KOMOHHBI TIO popMyJe:
u=0,305¢ V 0y (0x — 0u)

’] :
0 e ar.




rie ¢ -— MaccoBasi CKOPOCTb NapoB, Kr/(M2-4); pn M O — MJOTHOCTH
11apoB H XKUIKOCTH Ha BepXy KOJOHH (B pacueTHOM CeYeHHH), Kr/m3;
€ — KO3 QHIHEHT, 3aBHCALUA OT DPACCTOSIHHSA MeXIY TapeikaMH H

onpeneaseMbil no rpa¢uky [6, ¢. 638].
WUwmesi B BULY, YTO AUCTHJJIAT KOJOHHBI MPAKTHUECKH IOJHOCTHIO
COCTOUT M3 TpomaHa, mo Ttaba.-[7, c¢. 175] HalijeM NJIOTHOCTH ero B
HKHUAKOM H napoobGpas3HoM COCTOSIHMH NpH TeMIepa-

Type ¥ JaBJeHHH Ha BepXy KOJOHHbI:
f pp = 0,0339 r/em® = 34 kr/m*
! \
;.‘::::_Tsu 0n = 0,460 r/cyd == 460 kr/m®
. [TpunuMas paccTosiHHe MEXIY TapeJKaMH Ko-
, = JOHHB! fir = 400 mm, no rpaduxy [6, c. 638] naigem
=»2L 3HauyeHHe Koadhduuuenra ¢ = 540.
. = [ToacraBasis HalJEHHBIE BeJIHYHHL B (opMmyay,
Sl Ao moayuum:
! <X
#p——t u=0,305¢ V34 (460 — 34) = 197 - 102 gr/(M? - u)
:f'\ JIuHeliHast CKOpOCTb NApOB OmpexeaseTcst Tak:
1 oo
k3 o w _197-10%
N © =g 3e00 — 343000 — 0-161 m/e
2p—— -1 )
Y OO . Torna BHyTpenHuil 1MaMeTp KONOHHBI 6yneT pa-
i ! BEH:
= 10,184
D=V i =12

Puc. 1.5. Cxema [TpunnMaeM MONyYeHHBIH pacuetoM AHAMeTp
Aast pacuera pabo- Dp == 1200 MM. :
uen Bf’IC(;Tbe KOJIOH- Bricora xonoHHB. OCHOBBIBasiCb Ha JHTe-
o paTypHBIX JaHHBIX [E}Oc. 630—633], BriGupaem cpen-
HHH K. II. J. KOJINauKoBOH Tapenku mn = 0,5.
Brime pacuetoM 0T «Tapeikd K Tapeakes ObLIO HALEHO UYHCAO
TEOPETHUECKUX TapesoK B yKpenssiomel yactd NY = 8. CuenoBaresnn-
HO, YHCJO NPAKTHYECKHX TapeJOK B 3TOH 4aCTH Tapesok Gyner:
o
NY 8

N%::—-—'_

M —‘—6,?=16

Ilns OTTOHHOH YaCTH YHCJIO TeOPETHYECKHX TapesoK 6bLI0 Ompeje-
aeHo pasHbiM N2 =7. CnenosatenbHO, YHCJIO NPAKTHUECKUX TapesoK

B 5TOH 4aCTH KOJIOHHL! OyleT pPaBHO:
N
Bcero npakTHuecKHX TapesoX B KOJIOHHE:

N, =NY 4 No =16 - 14 =30
38

Xonofnoe (octpoe) opolleHMe HogaeTcsi Ha HepByio (BepXHIOW)
yKpenssiomyo tapenky. IlapoBoe opourenne u3 KuOSITUJABHHKA (Hcna-
pHTeJsl) KOJOHHBI IojaeTcd II0J, ee HHIKHIOI OTTOHHYIO Tapeaky. Ilo-
5TOMY HA OCHOBAHMH I[PAKTHYECKHX JAaHHEIX NMPHMEM DaccTOsIHHe Me-
XK1y BEPXHHM ITHHIIEM KOJOHHBI H €€ BepXHeH YKpeNIsiomel Tapeakoi
hp= 1,0 M (puc. 1.5), BLICOTY MUTATEJbHON CeKUHH (paccTosgHHE Me-
KAy HHXKHeH YKpelsioulefl W BepxHell OTFOHHOf TapenxaMu) kg =
== 1,2 M H paccTofAHHE MeXAYy HMKHHM JHMINEM M HIXKHEH OTIOHHOH

" rapeakoit hg = 1,5 M.

TOFﬂa paﬁoqaﬂ BbBICOTA KOJIOHHBI:
o =hpy+ (NS — V) h, + ho-+ (No— 1) b, + =
=1,04-(16—1)-0,40 - 1,2 + (14 —1)- 0,40 + 1,5 =14,9

JluaMerpsl OCHOBHBIX INTYIEPOB KOJOHHBI DPACCUHTBHIBAIOTCH IO
06buHEIM (OpMYJsiaM THADPABJAHKH C IOCJAEAYIONIHM NPHHATHEM HX CO-
I'VIaCHO CYLIECTBYIOIIHM HOPMaJsM.

Tuapasanueckuil pacyer Tapesikd 3[ech He JaeTcd BBHAY TOrO, YTO
oM moapoGHO paccMATPUBAETCs B PpsAfie JHUTEPATYPHBIX HCTOUHHKOB
I8, c. 321; 9, ¢. 223; 10, ¢. 169].

OTTOHHAl PEKTUDHUKALLMOHHARE KOJIOHHA

Paccuntath OTHADHYIO padHHATHYIO KOJIOHHY YCTAHOBKHM OUYMCTKH
Maces MapHBIMY PACTBOPHTE/SAMH IPH CJASAYIOUIHX HCXOMHBIX TaHHBIX:
HPOU3BOAHUTENLHOCTb KOJOHHBI IO CHIPbIO (CMech paduHaTa H pacTBo-
putenst) G = 50000 kr/4; comep:xaHHe DAcTBOPUTEJS B CHIpbe € ==
=2 wMmacc.%; cocras pacrBopurenst — b0 wmacc.Y denona wu
D0 macc.Y% xpesosa; maoTHOoCcTh paduuara npu Temneparype 293 K -
pasHa pggs = 880 Kr/mM3; MoseKyJsipHble Macchl — padunata My = 620,
pacrBopurenss M; == 100; nasnenne B xosoHre 7 ==101,3-103 ITa;
¢ojlepKaHue PacTBOPHUTEIS B HHMXKHeM NPOAYKTe (ocTaTke) KOJIOHHBI
xn = 0,005 macc.%; pacxon neperperoro BoasiHoro napa Z == 2 macc.%
11 ChIpbe.

3amaHnas JAJs pacuera OTIrOHHAs peKTHQUKALHOHHAA KOJIOHHA
npejlHasHaueHa s BBIAeJNEHHs DacTBOPUTeNsd H3 IPaKTHUECKH Heje-
IyUero ocTaTKa, B OCHOBHOM COCTOflIero 3 Macnaa (paguuara). B rex-
noJ0ral Hed)TH Takde KOJOHHBl HA3BIBAIOTCS OTIIAPHBIMH,

[iponecc pexru(ukaluu B KOMOHHE NPOTeKaeT B MPHCYTCTBUH Ile-
[eIpeToro BOASIHOro mapa. BBuay Toro uro mcxogHoe chIpbe (pacTBo-
pureab -+ Macio) npexcrasiaser cofol GHHAPHYIO CHCTEMY, COCTOSIIIYIO
iy JleTyYero pacTBOpHUTENsl (HH3KOKUNSIIME KOMIOHEHT) H MpaKTHue-
CIKH HEeJETYYero Macaa (BHICOKOKHMOSIHMA KOMIIOHEHT), MOXKHO CUHMTATD,
WIO 110 BCel BEICOTE KOJOHHBI MAPOBO IOTOK GYJNET COCTOSATh TOJLKO
W BAPOB PAacTBOpHTeNAs H BojsHoro napa. Ilpm pacuere KOJIOHHHI
HeOOXOMNMO ONPEeJUTh AJS BCeX ee MeXKTapesIOYHBIX OTHAeJeHHuH 3Je-

_MenThl pekTH¢UKALNE — COCTaBhl, KOJHYECTBA, TeMOepatyphl H 3H-

HWILIHE TTAPOBLIX U XKUAKUX MOTOKOB, YTOOHI YCTAaHOBHTBL, KaAKO€ YHUCJIO
THPCIIOK He0OXOAUMO IIpH 3aJaHHbIX YC/JAOBHAX pasie/ieHud, -
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Onpenenenne 371€MeHTOB PeKTHQHKALUM B OTTOHHOH KOJIOHHE IIPO-
BOJNHUM aHaJHTHUYECKUM METOA0M <«OT TapeJIKH K Tapejke» MyTeM Hc-
N0/Ib30BAHUs YpaBHEHHH MaTepHa/JbHOIO U TENAoBOro 6asaHcos, ypas-
HEHUS H30TePMBl XKHAKOH (pa3pl OGHHApPHOTO pacTBOpa W YpaBHEHH
Aoranpo — JanbTona.

MOCJEQOBATENIBHOCTD PAGYETA KOJIOHHbI

1. ITo 3anaHHBIM DPOH3BOIUTEILHOCTH, COCTABAM CHIPbSl M HUMKHErO
NPOAYKTa KOJOHHBI ONPEHeNsIIOT KOJHYECTBA AUCTHAJSATA H OCTATKA,
uMesl B BHAY, YTO JHCTHAJIAT OyAeT npeAcTaBiaATb cOOOH YHCTBIH pac-
TBOPHTEJID.

2. OnpenensioT JeMeHTE PeKTH(HKALHME BO BCeX MEKTapeaOuHBIX
OTAeJICHHAX KOJIOHHBL. PacueTel BeLyTCs AJA KajKJOTO MEXTapenod-
HOTO OTJeJEHHS 110 Caenylolmiedl cxeMme:

a) us ypaBHeHus Aporanpo-— JlanbToHa HaXOHSAT KOJHYECTBO IIa-
POB pacTBOpHTeNA, NIPeABapHTENBHO ONPele]UB HX HapluajbHOe JaB-
JIeHHe H apluuajdbHoe JaBieHHe BOASHOIO napa;

6) u3 ypasHeHHs MaTepHa/JbHOro OGanaHca ofbeMa KOJOHHBI, 3a-
KJIIOYEHHOTO MeXIy HH30M €€ M DaccMaTpHBAEMBIM MeXTapeJOYHBIM
YPOBHeM, HAXOAST KOJHUYECTBO H COCTAB (PJerMel,

B) M3 ypaBHEHHs TeIlioBOro GaJjiaHca TOTO Ke 00BbeMa KOJIOHHK
OIIpeNesloT HTANbNNIO (JEerMbl, a [0 SHTAJbNHHE — €e TeMIepaTypy;

I) onpejesieHHe 3JeMeHTOB PeKTHPHKAUMHA IpeKpallaeTca na Mex-
TapeJOYHOM OTHEJEeHHH, B KOTOPOM KOJIHUECTBO MAapoOB PaCTBOPHUTENS
oxKaxertcs Gosblie KoJuuecTBa aHcTHaiATa. IlocsenHee o3Hauaer, 410
Tapeska, KOTOPYIO NOKHI4eT 3T0 KOJHUYeCTBO N1apOB fABJSETCS Hepeasb-
HOH (JIMIHeH) B BepxHel TapenKoH KOJOHHBI NOJKHA CUHUTAThLCS IIpe-
IbLLyIas.

3. Ilo ypaBHeHnio marepuajbHOro 6ajaHca OAHOKPAaTHOrO HClape-
HHs, 3HasA COLEPXaHHe DACTBOPHTeJs B Cbipbe H (JerMe, crexaloleli
Ha BepXHIOI0 TapeJKy KOJOHHBl, HAaXOAAT MacCOBYIO JOJI0 OTroHa
CHIPbSl B NHTATENbHOH CEKLHUH (9BamoOpallHOHHOM IIPOCTPaHCTBE).

4, Us ypaBHenus TensoBoro 6asanca Bcero o0beMa KOJOHHBI ONpe-
AeJTKIOT IHTANLIOHNIO f10{aBAEMOr0 B HEe ChIPbA H MO SHTAALIHYN — €10
TEMIIepaTypy.

5. OmnpenensitoT fuamMeTp H BLICOTY KOJOHHHL Iljsi 3TOro mpensapu-
TEJBLHO 34J7al0TCsl KOHCTPYKUHEH (THIOM) TapeJkd H PacCTOSTHHEM Me-
KIY TApeaKaMH, a 3aTeM PacCUHTBIBAIOT JONYCTHMYIO CKOPOCTL NMapoB
B HanGosiee HArpyXeHHOM HUMH BepXHeM CeYeHHH KOJOHHBH. [uamerp
KOJIOHHBI, HaliJIeHHbIl 110 NMapoBOHA Harpyske, JoJxeH OLITb npoBepeH
110 KUIKOCTHOH HATPY3Ke, TaK KakK KOJIHUECTBO OCTaTKa KOJOHHBI Be-
JIHKO IO CPaBHEHHUIO ¢ KOJHYECTBOM JHCTHJIATA M BOASHOIO mapa.

PACHET

1. KonnuecTso BepXHErs ¥ HU)XXHEro npoayxrtos
KOJIOHHb!

M3 ypaBHeHHs MaTepHaJbHOro GaflaHca KOJOHHBI HAXOAHM KOJIH-
gyecTBO [} BepPXHEro NPOJYKTA, KOTOPBIH Ipe/CTaBAfeT COO0H YHCTHI
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PACTBOPUTENb, TAK KaK paHUHAT MPAKTHYECKH HEJETYU:
D S %R 0,02 — 0,00005

Up—xp ~ 1—000005 ° 50 000 = 1000 kr/u

rae ¢; = 0,02 — KOHLEHTpPAllUd pPAaCTBOPHTENS B ChIpbe B MAaCCOBBIX
nousix; xg— 0,000056 — 10 Xe B ocTatke; Yyp &~ | —TO Ke B ZUCTHI-
JIATE.

KosnuecTBO HUMKHEro NPOAYKTa KOJOHHBE (paduHara):

R =G — D=>50000 — 1000 =49 000 xr/u

2. OnpeneneHue 3NEMeHTOB peKTHHHKAUWH

[TepBoe MexTapenouHoe oTaenenne (puc. 1.6). Koan-
UeCTBO MApOB pACTBOPUTENS Vg, OTTOHSIONIMXCA H3 ()JIerMBl CTeKalo-
efl B HM3 KOJIOHHBI, HAXOAHM H3 YypaBHe-

(D+1r),45=10p,i
uust Asoranpo — lanbToHa: 11 2

Z __ pz 18 r
Ve P1oM, 6eg %]
OTKyZLa Sk LN A ) R
ZPIZMI V. 31
V=" R gL EARTE LI B
py 18 T
=1 I%L"s
e  ppp— MapuuajgbHOEe JaBJCHHe [apos S8 _'_1__%__2
0CTaTKa, COCTOSIIIET0 M3 BecbMa MaJjoro 4-1 :
KOJIMUECTBA pacTBOpUTENs (Meppbifl, HU3KO- vf‘a’ [ 9oV
KMIAMHKE KOMIOHeHT) M paduuarta (BTO- V] AU SF N L3
poil, BHICOKOKMOSIIUH KOMIIOHEHT); pz -— o<1 ”’lx’
llapyaspHOe [aBJIeHHe BOJASHOrO Mapa B Wl el
113y KOJIOHHBEL e
Pacxon BoagHOro mnapa Ha OTFOHKY it 2 Bl S
PACTBOPHUTEJA: —
|, =
7 =0,02G = 0,02 - 50 000 = 1000 xr/a \—ﬁi
SRR

Ha ocHOBe [POMBIIUJIEHHBIX JAHHBIX  pye. 1.6. Pacuerwast cxema
HpinMaeM TeMoeparypy B HHU3Y KOJOHHBI OTTOHHON KOJIOHHHI.
I'y =548 K u Haxoaum mnapluanbHoe na-
mICHHe NapoB OCTATKa B HH3Y KOJOHHBI IO YPaBHEHHIO H30TE€PMbI

IKILIKOR (pasHl: ,
Pip= P\ + Py (1 — x7)

‘e Py, Py— naBjeHnsi HACBHIIIEHHBIX 1aDOB COOTBETCTBEHHO PacTBO-
pureas u padunata npu Tr = 548 K; X} — MoJbHasi 10451 pPACTBOpH-
reds B OCTaTKe.

" Tark kak paduHaT OpaKTHYeCKH HejeTyd, To P, = 0, u c/ienosa-

“FeALIO:

—_ 4
Py =Pxp
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Uro6bl c031aTh HEKOTOPHIA 3anac pasiequTesbHOH CNOCOGHOCTH
KOJIOHHBI, NIPHMeM AaBJeHHe HAaCHIILEHHOrO Mapa pacTBOpHTE/s pas-
HBIM JABJIEHHIO HACBIIIEHHOr0 napa Haubosaee TAKeA0ro KOMOOHEeHTa ——
kpesosna. Ilo ta6auue {11, c. 121] naBneHHe HacbllleHHOTO Tapa Kpe-
sona npun 548 K cocraBaser P, =5,2-98,1 =510,1 kH/m2=
== 510,1-10% Ila.

IlepecunTaeM cocTap OCTaTKa H3 MACCOBHIX JI0JIeH B MOJBLHHE:

x5 = xRMR
R M,
rie M; = 100 — monexyasipaasi Macca pacTBopurtensi; Mg — MoJexy-
JfipHAsA Macca 0cTaTka, paBHAas
]
Mp= x I—x
R 4 R
M, M,

BBuay Toro 4rto xp — BeJAMUHHA OYeHb MaJgas, Mg ~ M, cieno-

BaTeJbLHO
XM, 0,00005 - 620

=R = — o — 0,00031

Torna
p12=P1x;=510,1 - 103.0,00031 =10,16 - 103 [1a

ITapuuansHoe naBjeHye BOASHOTO Mapa:
pr=a—pp=101,3.102—0,16 - 103= 101,14 - 103 I'la

Tloncrasup 4uUCNOBble 3HAYeHHs] B ypaBHeHHe Amoranpo — Hadab-

TOHA, NMOJYUYHM:
1000 - 0,16 - 10% - 100
101,14-10°- 18

Vie= == 8,67 kr/u

KonnuectBo gi durerMbl, cTexamoulell ¢ HHXKHeH Tapedaku (cm.
puc. 1.6), nafimeM M3 ypaBHeHHs MarepHajbHOro OajaHca 0o0beMa
KOJIOHHDI, 3aK/JIIOYCHHOIO MeXKAY €€ HH30M H IIepPBBIM MEXTapeJOUHLIM
oTAeseHHeM (HOJ IepBOH Tapeaxoi):

g="Vyp+4+ R=8,67 4 49000 ==49008,67 kr/u

CocraB x; 3T0il (perMbl OnpefesNHM H3 YpaBHEHHs Kouuempaunu

IJIST TOFO e CEYeHHs] KOJIOHHBL:
g1 X = VRyR + RxR
OTKYJa
Voyp + Rx 8,67 - 1 -+ 49 000 « 0,00005
RR R = ==0,00023
81 49008,67

3nech yr = 1, Tak KaK B JIOGOM CeUeHHH KOJIOHHBI NMapbl COCTOSIT
TOJBKO U3 PAaCTBOPHTess!, a padHHAT NPAaKTHYECKH HEJETyH.

MounbHbIl cocTaB (aerMmsl:

{= : = 1 — 0,00145

M, [ 1 00/ 1
Yo (}7_ ') Lt 520 ( 0,00093 ')

X

#

Tenmepb onpefieyquM SHTAJBINIO B TEMIEPATYpy (Jermsut.

DHTaJbINIO0 (JerMb HaliieM H3 ypaBHeHUs Temsosoro Gajanca
ofbeMa KOJOHHBI, 3aKJIOUEHHOTO MeXKAY ee HH30M U IepPBhHIM MeXTa-
peJIoUHBIM OoTHedeHHeM (cM. puc. 1.6):

8191+ Zip=ViQr+ Zizg+ Rqy

VRQR+Z(iR— io) +RqR
&1

rie Qg ~—-3HTajbliua napos pacTBoputens npu Tr = 548 K, xJIx/kr;
gr — suTanbnust ocratka npu T'r = 548 K, x/xk/xr; ir— sxTanbnas
poasHoro napa npu T'r = 548 K, xJlx/Kr; io— 3HTa/abIHA BOJSHOIO
lapa NMpH ero nojade B KOJOHHY (IPHHSTA paBHON ig).

Dutanbnuio Qr NapoB PACTBOPUTENs] OMNpelNe]HM KaK BeJHUYHHY,
CPeAHIOI0 MeXAY SHTAIbMHAMH NapoB (eHosa H KpesoJta, IOJb3YsCh
tabauuamu [11, c. 94—124]. DHTaJAbIHIO gr OCTATKA HAXOAHM NO Tal-
auuam (Tprsnoxenue 2), cunras ero 3a YHCTHIN padHHAT. DHTALIHIO
lIeperpeToro BOASHOIO napa HaxoauM no rabauuam [12] mam apyromy
HCTOUHHKY,

IToayuum:

Qr =990 xk/kr; ¢p=0628 KIIXK/Kr; iyj=ip=3030 KIlxk/K0

[Tocsae MOACTAaHOBKH B YpaBHEHHE UHCJAOBbLIX 3HAUeHUH BeAHYHH
Haigem:

OTKY 2

q =

8,67 - 950 ~+ 1000 (3030 — 3030) -+ 49 000 - 628
g = ( o ) — 628 K JIx/Kr

Beuay Mmajgoro comepmxanus Bo (JjerMe g; pacTBopuTens (x; ==
= 0,00023) MoxHO 6e3 3aMeTHOH MOTrPEIIHOCTH CUYHTATbL €€ UHCTHIM
paduHatoM. DHTanbnuu Quermsl g, = 628 kJI:K/Kr COOTBETCTBYET TEM-
ncpatypa Ty = Tpr =548 K. Takoe coBnajseHne Temueparyp oObsic-
lisleTCsl TOJbKO TeM, UTO B HU3Y KoJioHHBI U3 49008,67 xr ¢aerMsl ucna-
psierca Bcero 8,67 Kr pacTBOPHTeJIS, YTO NPAKTHYECKH He BJHSeT Ha
TeMIIEpPaTypEt MOTOKOB g U R.

Takum 06pa3oM, AJas NepPBOr0o MeXTapeJOUHOIO OTIeJeHHs OIpe-
Jle/IeHBl BCE 9JAeMeHTH PeKTHOHKAUMH H MOMKHO NePelTH KO BTOPOMY
MCIKTAPEJOYHOMY OT/JeJeHHIO.

Brtopoe MexTapesoyHOe OTAEdeHHUe {MeXRYy nepBod H
wropoli- TapenxkaMu — puc. 1.6). [laa Bcex mocaeayOIMHX OTAeJNeHHH
pacyeT NMPOBOJHM MO TOH e cXeMe, KaK H JJ1g HepBOrO MeXTapesoy-
1Or0 OTAeseHHs.

[TapunasnbHoe jaBjieHHEe NapOB PacTBODHTeJd, MOKHAAIOIIUX IMep-
nyio (HHXKHIOIO) Tapesky:

p,= Px=>510,1-10%.0,00145=0,74 - 10° Tla

rie Py ==510,1.10° Ila — naBnedne HACLILEHHOrO Mapa Kpe3oJja INpH
1eMilepatype Ha nepofl Tapesike Ty = 548 K.
[TapumanbHoe napaeHHe BOJASHOIO mapa:

Pz =m— pp=101,3 - 10— 0,74 - 103= 100,56 - 10° I1a
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KonnuecTBo nmapoBoro moToka — napoB pacTBOPHTENs, NOJHHMAIO-
IUXcsl ¢ HepBOf TapesikH, no ypaBHeHHIO Aporaapo-— JlanabToHa:
’ _ ZpipM, __1000+0,74-10%-100
Vi= p, 18 10056+ 10°-18 =411 xr/a

KosnuectBo (aermel, crekamonieil ¢co BTOPOH TapesakH Ha HepPBYIO:
go=V,+ R=41,1 4+ 49000 = 49041, kr/u
CocTaB »T0H (JerMbl B MacCOBEIX TOJSIX:
Viy, + RxR 41,1+ 1 4 49 000 - 0,00005
*o = 25 = 19041,4
rie y; ~ |, Tak Kak maphl cOCTOST IIPaKTHUYeCKH TOJbKO H3 PacTso-

puTesi.
CocraB (erMbl B MOJIBHBIX JOJSX:

= 1 — ! =0,0053

M (1 100 - )
t MT( X l) I+ %20 ( 000089 !
DHTasbnuA (IerMb:

ViQi — Z (iy — io) + Rgy __ 41.1-990 4 1000 (3030 — 3030) 4 4900-628
g - 490411 =
= 628 KJLxk/Kr

SHTANbLINE OTAEABHLIX IMOTOKOB OCTAJHCH TEMH ¥XKe, 4TO M B mep-
BOM MeXTapeJOuHOM OTAeJeHHH noromy, 410 I = Tr= 548 K.
Beuny wManoro comepxaHua BO (ierMe gp pacTBOpHIENT (Xg =
= (1,00089), MoxHO 6e3 3aMEeTHOH NOrPELIHOCTH CUHTATL €€ YHCTHM
padpunarom. Ilostomy, ee asHTanpmuu ¢e = 628 xJlxk/kr 6yner mno-
npexHeMy otBeuath Temmeparypa Is =T, = Ty =548 K. Kax Buz-
HO, H Ha BTOpPOH Tapesxe TeMiepartypa ocranace npexuei. Obwpsacue-
HUe 3TOMY ObLIO 1aHO BHILIE.

Tperbe MexXTapeaouHoe oTAeNeHHe (MEXIY BTODPOI
B TpeThel TapeaxkaMu — puc. 1.6)

P = Px;=510,1 - 10%- 0,0053 = 2,7 - 10° [1a

py=a—pp=101,3-10°—2,7 - 103= 98,6 - 10° [1a
_ ZpiMy __ 1000-27-10°- 100

— 0,00089

qo =

Vy= p, 18 986-10°-18 = 152 xr/u
g;=V, 4+ R =152 + 49 000 = 49 152 kr/u
V,y,+ Rx, __ 1521+ 49000-0,00005 A noo n
ry— Lot Rep Ho =0,00315
, 1 _ 1 _
BT )y T
_ VoQy + Z (iy — ig) + Rqp —
g3
__ 152990 + 1000 (3025 l~523030) 449 009-628 — 698 K L /kr
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[To npuuune, H3/I0KCHHOH Bbillle, TeMIepaTypa (JIerMbl gs ocraercs
HEM3MEeHHOH:

Ty=T,—=T,=T,=548 K

Uerneproe MeXTapenodyHoe OTAedeHHe (MeXay
TpeTbedl M ueTBepTOl TapenkaMu). Ha puc. 1.6 yerseprasi tapenxa me
NOKa3aHa 1O INpHYHHe, KoTopasi obbsicHserca Huxke. MMeem:

p,= P! ="510,1-103.0,0192=9,8 - 0% ITa
pz=a—pp=101.3-108—9,8 . 10°= 91,5 - 10° [1a

Zp1sM 1000 - 9,8 + 10% - 100
Vi= pl;l-zlsl = gi5.-10°. 18 — 000 kr/u
gy="V;4 R=0600 -+ 49000 = 49600 kr/u
Vs 4R, 60014 49000-0.00005
e T T 49600 =0,0122
x;_H%(i_l)_ —Tw ;_1)_0,071
My \x, 620 <0,0122
- VaQu+Z (5 — i)+ Rep
+ g
600990 + 1000 (3030 — 3030) + 4900 - 628
== 9600 =633 kJIx/kI"

BBuay He3HauuMTeJSbHOrO COREpIKaHWsl PACTBOPHTENs BO (uerme
(x4 == 0,0122), mocnenHION MO-NPeXXHEMY MOXKHO CUHTATb YHACTHIM pa-
punatom. Itoit sHTambnuM ¢4 = 633 KILK/KT COOTBETCTBYET TeMIle-
parypa T,==1550,5 K, koropasa onpenesnsiercsi no tabaune ([Ipuao-
XKeHue 2).

IlaToe MexTapesouHoe oTjpefeHHe (MeXAy deTBep-
TOH M NATOM TapeJkaMH, He IIOKa3aHHBIMH Ha puc. 1.6). JlaBieHHe
IIaCBIIEHHBIX Mapos pacteoputeyst npu T, = 550,56 K cocrasaser
P, =534,6-10% I1a. Kpome roro

P = P x;=534,6 - 103. 0,071 =238 - 103 ITa
pr=mn—pp=101,3-103—38 . 103=63,3 - 103 I]a
V,— Zp1aM, 1000 - 38. 103 . |

= Tp, 18~ 633.10°-18 = 3330 xr/4

gs=Vs+ R=23330 4 49000 = 52330 xr/u

ITpoananusupyeM nosydeHHble NaHHbIE.

Konnuectso mapos pactsoputesnss V= 3330 Kr/u 3HAYHTENbHO
[IPEBOCXOJHT €ro KOJHYeCTBO, Comepxkauleecss B cbipbe (1000 xr/u),
lloJlaBaeMoM B KOJIOHHY. DTOro OBITb He MOXKET, TaK KaK HH B KaKue
Jpyrue TOUKH KOJIOHHBEl PACTBOPHTENbL M3BHE HE MOAAETCH.

Konuuectso Quiermer gs = 52 330 xr/4, cTeKaoweli Ha UYeTBepPTYIO

. TH4PeJIKY, NMPEBOCXONUT KOAHUECTBO chipbsi G = 50000 «kr/u, nonasae-

MOI'o0 B KOJIOHHY. IDTOro Taxxe OLITL He MO2KE€T, TaK KakK Ha Bepx
KOJIOHHB HUKAaKOI'O OpOINCHHA HE IOJAaeTcs,
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[Tostomy npu svibpannom pacxode 80041020 napa, NPUHATOL TeM-
neparype HU3Q KOAOHHbL U 3Q0QHHOM COOPICAHUU PACTEOPUTEAR
8 OCTaTKe JJIS OTTOHKH PACTBOPHUTEJS HEOOXOLHMBl TPH TeoperHye:
CKHE TapeJKM.

Torma c BepxHell (TpeTbel) Tapeskd B NMUTATEIbHYIO CEKUUIO KO-
JOHHHL Gymer moctynath Vs== 600 kr/u napoB pacrBopuTtesns, a Ha
Ty TApPEeaKy H3 HHTATEJbHOH ceKluu 6yayT noctynath g4=—49 600 gr/u
(hJerMel ¢ colep:KaHueM pacTBoputens xg = 0,0122. Ilpu aToM TeM-
nepaTypa B IHTATEJbHON CEKLHMH, a CJeLOBaTeJbHO, H HA BEPXY KO-
JoHHBE Oyzer paBHa Tpr =T, = 550,50 K, xak 3ro omnpejeneHo B pac-
yeTe YEeTBEPTOrO MEXTAPesNOYHOrO OTHeJEeHHUS.

3. DlonA ©TroHa chipba
B NUTATeNbHOK CEKUHH KONOHHbLI

3Hasi cocTaBbl ChIPbSl U €I0 PaBHOBECHLIX NapoBoil W xuAKoH (a3
npu Tp=T,=550,5 K, HaxoZuM MaccoByl0 A0JIO OTroHa MO Yypas-
HeHHIO:

C] —xG

Yo~ *g
rae ¢ = 0,02 — maccoBas 104 pacTBOPHUTENS B Chipbe; Xg = X4 ==
= 0,0122 — MmaccoBasi 105 pacTBOpHTeNss B KHAKOH (a3e ChIPbS;
Yo = | — MaccoBas [oas PacTBOpUTEJs B NapoBol ¢ase coipba (071-
roHe).

[ToncraBuB YHCNOBBHlE 3HAUEHHST TTOYUHM:

002 —00122
e="T_qomz — 00079

KonnyecTBo pacTBopuTessi, OTFOHSIOIIEr0Cs OT CBHIPbS B MHTATE/b-
HOH CEKIIHH:

e —=

V.=eG=0,0079 - 50 000 = 395 kr/u

Torpa xoanuecTBO XUAKOH (asbl ChIpbsi, NOCTYNAIOUEd H3 MUTA-
Te/IbHOH CEeKIUH Ha BEPXHIOW (TPETbIO) Tapenky:

go= G — V,=50000 — 395 = 49605 kr/u

OHO mOUTH paBHO KOJHYeCcTBY GuaerMbl g4 Hesnauuteanhnas pas-
HULa MeXAy gc U g4 OOBSICHAETCS TeM, 4TO C CaMOro HauaJja pacdyera
Mbl IpeHeOperyii OuYeHb MaJbIM COAepP2KAaHHEM pacTBOPHTeNSl B
0CTaTKe. ‘ .

4, 3uTanbnua W Temnepatypa CbipbA
Ha BX0Ae B KOJNOHHY

DuTaNbIUA MOABAEMOr0 B KOJIOHHY CHIPbfl OMpeeNsieTCss U3 ypas-
HedHs TelIoBOro GaJjaHca BCeH KOJOHHBI:

Gqe + Ziy=DQp + Rax + Zip
rpe gg — HCKOMas UTajbius cupbs, KK/, Qp-— suTanbnus napa
BepXHEro INPOAYKTa KOJOHHBI — pacTBopuretss npu 7Tp=550,0 K,
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KIx/Kkr, ip— SHTAJbIHS MepPerpeToro BOASIHOrO napa npu Ip=
== 550,5 K.
BBuny oueHp Majoll pasHuLIbL MexXAy ip H iy, OyaeM cunTath
ip ~ ip. Torna
DQD + RqR . 1000« 991 + 49 000-628
96 = G = 50000

=633 IR/

[To sHTaABNNH CHIPbS ONpENeJNM ero TeMIepaTypy, CUHTas Chipbe,
BBHJY HE3HAUHTEJNLHOIO COAEpP’KaHUsi B HEM pAacTBOPHTEJS, YHCThIM
padunatom. Haligem, 4To TemnepaTypa ChHIDbA Ha BXOJE B KOJOHHY
ponxHa 6bith paBua I = Tp = 550,5 K. 310 00bsicHseTcss TeM, 4TO
B NHTATEJbHOH CEKUHH OT CBIPbSl OTTOHAETCS HE3HAUNTEJNbHAs HOJs
(e = 0,0079).

5. lnameTp KONOHHDI

Hasa pacuera AuaMeTpa KOJIOHHBI BOCHOJb3yeMcs (opMyJoi:

D, = l/ 4D+ 2)
JTu
rie Dy —BHYTpeHHH{l AMaMeTpP KOJOHHH, M; D — KONHYeCTBO Bepx-
HEro NpOAYyKTa, Kr/4; Z-— KOJHUECTBO BOASIHOTO mapa, Kr/d4; u - Jio-
HyCTUMAasl CKOPOCTb NMapoB B MOJHOM (CBOOOZHOM) CeUEeHHMH KOJOHHHI,
Kr/ (m2-u).

B cBsi3nm ¢ TeM 4TO JKMIAKOCTHAs Harpys3ka OKasblBacT OTHOCH-
TeNbHO MEHbllee BJHAHHe Ha PaboTy KOJOHHBI, YeM I[1apoBas, AOmy-
CTHMYIO CKOPOCTh Tapos onpenenum no popmysae Caynepca u Bpayna.
YcTaHaBauBaeM TapeaKH ¢ KPYIJIBIME  KojnaukaMu. Paccrosanue
MeXIy TapenkaMH fp == 400 mMM.

HafigeM 1onyCcTHMYIO CKOPOCTb HapoB:

u=0,305¢ VE;—(bm — 0q)

rie ¢ = 450 — xosd¢unuenr, onpenenseMeli no rpadury [6, c. 639];
Pn U P — IJIOTHOCTb COOTBETCTBEHHO NApOB H JKHUAKOCTH JJs pacuer-
HOTO CeUYeHUS KOJOHHBI, KI/M3,

PacueTHbiM ceueHHeM B KOJOHHe OYIET ee BepXHee CedyeHHe, Tak
KaK uepe3 Hero NPOXOAHT B eAUHWIY BpeMeHU HauGOAbIHN 06LeM
napos. TemnepaTypa B 9ToM ceuenun I'p = 550,5 K. Onpenenum npesn-
BapUTeNbHO CPEAHIOD MOJEKYJNsIPHYI0 MacCcy HapoB Ha BepXy Ko-
JIOHHBI, 3Hasi, 4TO B TeyeHHe | U yepes 3TO ceueHne npoxoaut 1000 kr
pacTBOpHTEs, conepxamero 50 macc.% denona u 50 mace.% Kpe-
soqa, u 1000 kr BogsiHOro 1napa.

IMonyunm: .
_ D+2Z 100041000
M= 555 —3D e o 500 , 500 , 1000 =30,5
Mgy T M, 18 94 ' 108 18

rie Mgy = 94 — Mostekyssipuas macca (enona; Mg = 108 — moneky-

JdgpHast Macca kKpesoJaa
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[lnotHOoCTL MapoB npu nasienuu B KodohHe m==101,3-10% I1a u
TeMnepatype Tp = 550,5 K onpenennrca no dgopmyae:

_ M-273 _ 305-973

= 0,665 kr/m3

Pn == 9247, ~ 22,4-5505

[lnotrocts paguuara npn 550,56 K paBHa px = 720 kr/m®. Toraa
u==0,305 - 450 }/0,665 (720 — 0,665) == 3000 xr/(M2 - u)

Iuamerp KoJOHHBI:

/741000 + 1000)
DB“]/ 314 5000 — 0,93 M

Bui6rpaeM B COOTBETCTBUH € CymIECTBYIOWIHUMH HOPMadsMi Dy =
==1 M=1000 mm. [IpoBepHM MOJIy4eHHBIHl AHAMETP KOJOHHBI IO
KUJIKOCTHOH Harpyske. [IpuMeM I1a Tapeakd CerMeHTHYIO CIHBHYIO
neperopoaky. OnpesnennM BeaumuMHy moanopa caumsa he, {pHc. 1.4)
Hall CIUBHOK Ieperopoakoil no ¢opmyde [5, c. 209].

g heq == 0,00284%, ( L‘; )” 3

rie k;— 6e3pasMepHBIfi KOIDPUIHEHT, YUHTHIBAIOMIUI
H3MeHeHHe CKOPOCTH H CyXeHHe MOTOKA MKHUAKOCTH B
L] pesyJbTaTe CKAaTHS €ro CTeHKaMH NpPH TNOXXoie K
i — CJAHMBHOHl Teperopojke, — onpejenasercs us puc. 79
— | —— [5, c. 210]; V —ob6bem xumkoctn, neperekamomeil c
S TapesJkH Ha Ttapeaxy, M%/4. L.p— NJMHA CAMBHOH Ie-
peropozaxu, pasnas (0,75 + 0,8) D;.
B Hawmewm cayuae:

I V—%—%%:GS,Q M3/4
BRE [Tpnmem:
& Len=0,8D,=0,8-1=0,8 m.
\ R L

Besnuuna &y = 1,17 npu ~D°i= 0,8.
B
Puc. 1.7. Cxema [Moacrasasasa uncioBHe 3HaueHHst B QOpMYJy, Hall-
AJs pacueTra pa- neM:
6ouell  BLICOTH

KOJIOHHHL b, =0,00284 . 1,17 (%&Tg)z/, =0,064 M

Bricota canBnoii neperoponku ley st KOJIOHH, NOMOGHBEIX PACCUU-
ThIBAEMOH, MOxeT Kosebathcs B mpemenax 50—75 mm. [lpumem
lcn = 75 MM.

Torna

len+ hen=75+4 64 =139 mm

BricoTy Bepxmeil KaMepsl KOJOHHBI NpUMeM DaBHOR Ap = 15 u
(puc. 1.7). Bemuunna (log + hey) Menbie hp u hyp {puc. 1.7) coor-
BeTcTBeHHO B 10,8 u 2,9 pasa, YTO JI€KHT B HONYCTHMBIX npejpesax.
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CnenosaTenbHO, OPHHAThIE AHAMETP KOJOHHBI M KOHCTPYKHHUSA CJIHB-
HOTO ycTpoficTBa Tapesku ofecrneunBaeT HOpMaJbHYI pabory ormap-
HOH KOJIOHHBHI.

6. BuicoTa KONOHHbBI

Has obecneueHdss HEKOTOPOTO 3allaca pasaefqUTeNbHON CIOCOGHO-
CTH KOJOHHE NpHHAMaeM K.I.J. Tapeaku nr == 0,4 [3, c. 630—633].
Torga 9uc/AO NPaKTHUECKHX TapesqoK B KOJOHHe OyIeT:
Ny 3
Np _——'r]'r o 6:4_ ~8
rie Ny = 3 — UHCJI0 TEOPETHYECKHX TapeJioK.
Beicora, 3ansitaa Tapeakamu (puc. 1.7):

hy=(N,—1h,=8—1):-04=2,8 M

Brlcoty hp HUXKHEH KaMepbl KOJOHHBI paccyHTaeM, NPHHSB CeMHU-
MHHOYTHBIH 3anac ocraTka (paduHaTa) H paccTosiiie 0T cBOGOIHON
HOBEPXHOCTH JKHUAKOCTH B HH3Y KOJIOHHBI [JO HH)KHEH TapesikH paBb-
ueiM 1 M [9, c. 184]:

b ReT-4 490007 -4
R

=t = 1 1 =201 M
60p,, D> + 60-720-3,14+ 12 -

Pa6ouasi BHICOTA KOJIOHHBI:
Hy=hp+ho+ hyg=1542,8+2,01=6,31 m

JdunaMeTphl IITYHEPOB KOJOHHB PACCUUTHIBAIOT O OOBIYHBIM (op-
MyJiaM CUAPaBJIUKH — cM., Hanpumep, [13].

DPAKIHOHUPYIOLLHIA ABCOPBEP

Paccuurats (pakunoHupyomuit abcopbep A H3BJACUEHUS TIpO-
nana » Oojiee TSXKENBIX YIVIEBOAOPOAOB M3 KHUIKOH W rasosoil a3
NUTaHHUs, COCTAB KOTOPHIX NpuBoAuTcs B Taba. 1.16.

Ta6nuya 1.16

CocTas ®uakol CocTas rasosoff
igxﬁg? KoMIIOHEHTH basnt lfi' daset vy
HEHTOB KMOJIb/q KMOJIb/q

1 CH,. . ... ... 34,8 322,0
2 CoHg . . v v . .. : 60,0 135,6
3 CHe . . . . . .. 1470 127.8
4 uw30~CyHyo - o o 4 . 54,0 26,6
5 #-CHip « . . . .. 116,8 47,8
6 430-CsHyy . . . . . 45,2 9,8
7 #-CsHip . o . . . . 60,4 11,2
8 CeHyy « v v o o v 63,2 2,8

CymMma .« . . .. 581,4 683.6
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dpak % ‘
HOJIH(?I‘O L;p;g?lggz}?nlgngpaécopﬁep IpeaHasHayeH 1JA BO3MOKHO Goseed
onana M3 Fas’s0oXHAKOTO ChI v

: bsl, COAEpXK ;
:}T{:;menbﬂme KOJMYeCTBa dTaHa U MeTaHa. KOHCTII;yK;HBH% %H arim:em 1
LLPIOHJII-IS(I)GUT cobont KOM6PIHI/IEOB8HHI)II'51 anrnapar, COCTOSIHE H3 a6c§ 161- '
qaxoum; H necopGunonnoil vacreit (aGcopbepa u necopGepa) no?x -4
pasaenbHOe MHTaHHWE — Fa30BOe W KHAKOoe. ['asoBoe H,HTEIHIZe -

a6¢op6epa COCTOHUT H3 Ta30BOrO ChIPbd va, noxaBaeMoro H3BHe, H 4
, 1

NPOAYKTOB OTIOHKH Zvc,'
NOCTYNAOUIHX B Hee u3 3§

. Recopbepa  (puc. 1.8). ]
§ HIKOe DNHTaHHe JAecop- §
§Q Gepa COCTOMT M3 KHIKOFO
S8 CHIDbS Elf, T0/lABAEMOTO §
§§s H3BHe, U HacHIleHHOro a6-
$ copleHTa, TOCTYNAIOLIEro

/ n3 aGcopGepa. Hacbimen-

s o HBIH a6copBenT COCTOUT H3 |

g\ Tomero abcopGeHta L,
L & I0aBaeMOro CO CTOPOHH
| § Ha Bepx abcopGepa u mo-
| F §§ TJIOIIEHHBIX HM B 3TOH
: \§§ JacTH anmapara yrJeBojo-
o In & pono X I,. Tlpomykramu
TR 7 pa3feseHHs BO (GPaKIUO- 4
L nupylouemM abcopbepe sB- 4
JSIIOTCS: YXOASNHA CBEPXY
cyxofi ras vy, BKIIOYA0- §
St tly gty mui Bech MeTaH, 10 90— §
95% stana u HeGosbmuioe J
0 KOMM4ECTBO mnponana, 1 |

VXOASIIIUA CHH3Y JKHAKHH |
0cTatok X lm -+ La, BKIIO- |
Sombmoe. Komme yaromuii abcopbeHT, He-
CTBO 3TaHa, 1o 90—959 :
e oo , o TpomaHa H GoJee TAKeEJble
IMonpoGuoe onu
cande paboTH AKIHOHHUPYIO
r
HMe(gTCH B JquTepatype [14, c. 33]. o yotiero. a0copGepa
HO_HegggggggﬁgzﬂmLEgu a6cop§ep paccmaTpuBaercss Kak aGcopOuuon-
JIOHHA. B 0CHOBY ero pacdera moso
Kelbl ypas-
nenne H rpadux Kpemcepa. Oco6 o ‘
. eHHOCTH M cXeMa pacuyera
COB aGCOPOUHN MHOFOKOMIIOH i paType |
eHTHBLIX cMecell M3J10:

] 3JI0XKEHBl B JIATEPAType |
Oﬁbllzﬂréaqecme pacueTHbIX TeMneparyp Aas abcopbuvu H Aecopbuun .
0 IPUHAMAIOT Cpe/lHeapH(MeTHUECKHE 3HAYEHHS TEMIEpaTyp |
epxa u HH3a coOTBeTcTBeHHO abcopbepa u mecopbepa. Has abcop6
Eng MHOTOKOMIIOHEHTHOH yIJIEBOJOPOJHOH CMECH 3Ta CpPeHsis p};lc
Hag Temnepatypa pasHa 303—313 K, aas zecopOuuu oHa cocTap-
JsieT BeJHUBHy nopsaka 353—393 K. o ' ” ]
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Puc. 1.8. Pacuernas cxema (bpakuHOHUPYIOUIETO
abcopbepa.

Auanna pabotsl $paKIHOHHPYIOLIErO abcop6epa NMOKA3LIBAET, UTO
npH 3HAUMTeJBHOM KOJHUECTBE HecopGupyeMblX KOMIIOHEHTOB H OT-
HOCHTEJIbHO BHICOKO HX TeMIepaType MOMeT CYIIECTBEHHO yXyl-
muTbest pabora abcopGepa. Ilpu cauiukoM xe HM3KO#l TeMIneparype
HachlmieHHOro abcopOeHTa MPHXOANTCH IOABOANTD GoJiblliee KOJHYe-
CTBO Teluia B HH3 Aecopbepa, uTO IPUBOAUT K YBEJHYEHHIO SKCIIyd-
TALMOHHBIX PacXofos. Jas TOr0 4TOGH YMEHBIIHTH BINSHHE BLICOKOH
TeMuepaTyphl MPOAYKTOB AecopOuuu Ha Iporecc abcopbuny, B Kaue-
CTBE pACUeTHOH TeMIepaTyphl abcopOuuy HPHHAMAIOT TEMIEpaTypy
nusa aGcopbepa.

TexHOJOTHUECKHM pacueToM anfapara [LOJzKHBL ObITh ONpesiesienbl:
KOJHUECTBA H COCTABb BEPXHEr0 H HHMKHEro NPOJYKTOB, KOJHHYECTBO
tomero abcopGeHTa, TeMmiepaTypbl Bepxa H HH3d necopbepa, Temio
KHMSTHAbHEKA, TOUKH 0T6Opa COpOeHTa JUisi MPOMENKYTOUHOro OXJIAK-
JeHHSI ero, OCHOBHEBie pasMepbi (AHaMeTp H BeicoTa) abcopbepa U
pecopGepa, a TaKkiKe TMAPABJHYECKOE CONPOTHB/ICHHE TapeJloK.

NOCAEAOBATENLHOCTL PACHETA
®PAKLUUOHWPYIOULEr0 ABCOPSEPA

1. Ha ocHoBaHMM NPAaKTHYECKHX IAHHBIX MPHHHMAIOT JlaBJeHHE
B annapate; Ko>QQHUHEHT H3BJeUeHHst Npolana, coflepKaHHe 3TaHa
B HUKHEM NPOAyKTe (OCTAaTKe); UHCJO TEOPETHUECKUX tapesok B a6-
copGepe u jecopfepe; TeMnepaTypy HU3a a6copbepa u CPEefHION TeM-
nepatypy B AecopOepe. ’

2. ‘OnpenessiioT KOJIMueCTBAa MNponana W STaHd B octatke. Cyml-
HOCTb ITOFO pacueTa CBOAHTCS K MOATBEPKAECHHIO PAHES MPUHATOH
BeJHUMHBl KO3 QHIMeHTa H3BJIEUeHHs Npouana, HoITOMy BBIYHCJIEHHS

BeAyTCs METONOM MOCTENeHHOro NPHOIUKEeHHS.
3. CocTaB/siioT MaTepHajbHble OajsaHChl aGcopOuUuoOHHOH H Je-

COPOIHOHHO uacTefl KOJOHHDI 110 KakKJI0My KOMIIOHEHTY ¥ IIOTOKY.
4. OnpepeasioT KOJHYECTBO TOMLIErO (cBexero) abcopbenra, IO-

jaBaeMoro Ha sepx abcopOepa.
5. Ha ocHOBe MOJYYeHHLIX BBIE JAHHBIX M 3aJaHHOrO COCTaba

HTAHAA PACCYMTHIBAIOT KOHUEHTPAUHMH KOMIIOHEHTOB B NOTOKAX npo-
nykTos abcopGepa ® Aecopbepa H HX MOJCKYJUIPULIC maccol. CocraB
1OTOKA, CTeKaiollero ¢ Hhza jecopGepa, OmpeaeseTcss ¢ YueToM Ko-

andecTBa Tolero aécopOeHTa.
6. OmpenensifoT TeMiepaTypbl Bepxa K HH3a ngecopbepa: nepByio —

Mo ypaBHEHHIO H30TepPMBl maposoil (asel, BTOPYIO — IO ypaBHEHHUIO -

H30TepMbl JKHIKOA (Pasbl, COCTABEI KOTOPBIX PACCUHTAHDI BHIILE. [Ipo-
pepsieTcs paiee BbiOpaHHas CpeAHss TeMnepatypa 5TOj YacTH ammna-
parta. Ilpu GOMbIIOM PaCXOKIEHHH pacueT Heo6X0AUMO IOBTOPUTD,
32/1aBIIACh HOBBLIM 3HAUEHHEM CPe[Hell TeMIepaTyphl necopbepa.

7. CocTabasiioT Tenjosoil GanaHc abcopbepa M ONpenessIoT KOJH-
yecTBO Telja, KOTopoe HeoOXOAMMO OTHATb OT ab6copOenTta myreM €ro
'IPOMEKYTOUHOI'O OXJaxK/CHHS. Ilna 3TOr0 MNpeiBapHTENbHO PacCii-
rpiBaeTCs KOAHUECTBO Tellld, BhILEJAIOLEerocs fpH abcopOuu,
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8. CoctaBasiior Temnosoll Ganance Aecoplepa M ONpeNeSIOT KOJN-
UECTBO Teraa, KOTOpOoe HeOOXOAMMO IIOABECTH B HH3 necopbepa ¢
IeJIbI0 OTTOHKH a0copOUPOBAHHBIX JIETKHX YIJIeBOLOPOJOB.

9. Onpenensior uneno npakTaueckux TapesoK B abcopbepe H je-
copbepe.

10. Onpenesnsioress Touku orsona abcopGeHTa 1o BEICOTe abcop-
6epa IJIsT MPOMEXKYTOYHOrO OXJAKACHHS ero. Pacger BeJeTcss MeTo-
AOM IIOCTENEHHOTO NPHOIHKEHHs,

1. Onpenensiior guamerpsi abcopbepa u jecopbepa. [IpenBapu-
TEJIbHO PacCYUTBIBAIOT MAaCCOBYIO CKOPOCTh MapOB B HauGoiee Harpy-
KEHHOM HMH ceucHUM abcoplepa (IOX ero HUKHeH Tapenkon). Omnpe-
ACIAIOT namerp necopbepa. [Ipensaputenbho HaxomsT Macchl rasza |
B BEDXHEM M HHXKHEM CEYeHHsX Aecoplepa M BeIyT pacuer mo Han6o- 4§
€€ HATPYXKEHHOMY M3 HHX (Yallle HHXKHeMY). Bce BHIUHCJeHUs ne- 4
JAloTCA TaK 2Ke, KaK M IPH ONPeleNeHHH AMAMeTpa abcopbepa.

12. Onpenensiior paGouyio (monesuyio) BrbicoTy annapara. :

13. Tlposoxsit ruapaBauueckuit pacuer TapesioK, NPUHATHIX IJjs
abcopbepa u nmecopbepa. 1

PAGYET

1. MipunAToie Ana. pacueta ucxoguee AaHHbIO
(ysnosus paspeneuns)

Ha ocnoBanuu npomsimmennoi NPpaKTHKY NPHHHAMaeM CJelyIomue
UCXOIHLIC NaHHbIe: JaBjieHWe B amnnapate s == 1,37.106 [la (3nech n
AaJec B pacuere NaBileHHe BCIOAY aGCOMOTHOR); KOIDDULHEHT H3BTe-
denus TponaHa upu abcopbumu gz = 0,905; KoaHuecTBO 5Tana s
HKHAKOCTH (OCTaTKe), YXORSIeH ¢ HH3a Aecopbepa, He Gosee 3 Mos. Y,
OT KOJIMYEeCTBa NPONAHA B 3TOH XKe MHAKOCTH, UHCJIO TEOPETHUECKHX
Tapejok B abcopbepe N, = 10, B necopbepe Ny = 10; TeMIepatypa
nu3a aGeopbepa 316 K; cpepuss Temmepartypa B jecopGepe 366 K;
KJI0Y€BbIMH KOMIIOHGHTAMH IPHHATH A5 abcopbunu — nponay, A
IecopOLHH — 3TaH.

B pacuere npuuarte cimenpyomme o06oznauenus: lj; — konmuecTBO
AAHHOIO yrieBoaopona ({-— HOMED KOMIIOHEHTa B Ta6.. 1.16) B xuz-
KOM NHTAHWUHM annapara, KMOJb/4; Up— TO Ke B T'a30BOM IIHTaHHH,
KMOJIb/u; A; — bakTop abcopbuun nammoro yraesonopona; S; — dak- 4
TOp 1eCOPOLHK JAHHOTO YIVIEBOJLOPO/A; @i — KOG (HIHEHT H3BJeye- §
HHSL JaHHOTO YIVIEBOAOpOAA NPH abcopO6ruu; ®; — TO XKe NpH mecops- |
UHH; Z; — oOWHE KO3 DHIHEHT W3BIeYeHHs AaHHOTO YIVIEBOAOPO/A, §
paBHBIH OTHOWIEHHIO €ro KOJMYeCTBA B KHIKOCTH, YXOAAWMHA C HHU3A |
JeCOpOLMOHHO YacTH, K CYMMapHOMY €ro KOJIHYECTBY B KHIKOH W 1
napoBoil ¢asax NMTAHUs anuapata; k; — KOHCTAHTA ¢asosoro pasHo-
BECHS JIaHHOTO Yr/IeBOAOPOAA NPH TeMIiepaType W A4BJCHHH B HH3Y 3
abcopGepa; k; — KOHCTaHTa ¢asonoro paBHOBecHs maHHOro yIJIeBO- |
A0pojla mNpu CpeiHed TeMmepaTtype B necopbepe; ly,; — KOJHYECTBO .
AQHHOTO yIVIEBOLOPO/AR, YXOAALIErO ¢ MKHIKOCTBbIO ¢ HH3a necopbepa,
KMOJIb/Y, ]
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9. KonnyecTna nponaHa u 3TaHa B OCTATKE.
KoathhuuueHT HSBNEUCHHA,
dhaxTopsl abcopGuun u pecopuun
Konuuectso nponasa lys (B KMOJIb/4), YXOIALIEero ¢ HU3a Aecop-
Gepa, HafiAeM 1O QopMmyJie:
Ims == Z3(lg3 + vp3)

rie Zs— oBuMil KO3(hMUIMEHT H3BJIEYeHHs NPONaHa (TPeTbero KOM-
[IOHEHTa) M3 KHIAKOTO U ra3oBOro NHTaHHS annapaTa. —
Besuuuny o6iero xKodp@uuuenTa H3BJIeUCHHs MpolaHa omnp

asiem 1o opmyde [4, c. 172]: .
| —
Z3=03 105 0

k3
rae @z= 0,905 (mpuHSATO BHIIE); &= ?2—.

3pech ¥ HEXKe KOHCTaHTH (pa30BOro paBHOBecHsi k OnpenessioTcst
o HomorpaMmume [2, c. 159]:

k;=2,3 (upu 366 K u 1,37 - 10° I1a)

ky=75,15 (npu 366 K u 1,37 - 106 I1a)
23
Torza 1 — 0,446

Z3 - 0,905 mm= 0,842

Tloncrasus B GopMyay 3HAUEHHS BEJHUMH, MOJYUIHM:
Iy == 0,842 (146 + 127,8) = 231 KMOub/U

" TlpucytcTBHe STaHa B OCTaTKe HeiKeJaTeJbHO, NO3TOMY AOMyCTH-
MOe ero KOJHYeCTBO [ne HAXOAUM H3 YCJAOBHS:
lmo==0,031,,3
HJTH
Lo ==10,03 - 231 =6,93 xMouab/U -

Brile, NIpH NPHHATHIX YCJAOBHSX abcopbuuu u AecopOunn (TéeMnHea-1
paTypa, NaBJeHHe, YHCJIO TEOPETHYECKHX Tapelsok), Obia BEI pa;m
’
pesanunHa @3 = 0,905; HeoOXOAMMO MNOATBEPAHTH PacyeToOM, YTO

0.
ReJNUYHHA BeIOpaHa NPaBHJbLH
Kosdhdunuent u3sieueHnst mponana npu abcopOUuu @3 ONpeae/ nM

myae [15, ¢. 30]: ,
no popmyae [ (=) b

@5 (U — lm3) — V13

3=

1 u JLecopOumu,
rae ¢; — Ko9(p(HUKEHT U3BJCUEHHS TIpoNaHa Npu I ’p I,
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Mpensaputensto HaineM HeKOTOPHIE BEJHUMIDI.

a. Ilpn npuuaToM 3uaveHdn ko3ddHLUEHTA H3BICUEHHS NPONaHa §
npu abcopbuun @3 = 0,905 U YHCre TeOpeTHUECKHX Tapenox B abcop6- §
UHOHHOR uacTH No = 10, no auarpamme Kpemcepa [13, c. 165] naiigem

dbaxTop abcopbuun nponana: As = |,

By . E
6. 13 cooTHomeHus A,= A, ﬁnameM ¢axrop abcopbuun srana 4

(ke =3 n k3 = 1,02 npu 316 K n 1,37.10¢ [a):
o Ay=110—0,34

B. ITo nnarpamme Kpemcepa npu Ny == 10 u Ay = 0,34 onpenennm
KO3 (HLUHEHT U3BJICUEHHS STala NPH aGCOpPOLHN: ¢ = 0,34,

r. PaccunTtaeM ko3(QullMeHT H3Bieuenus 5TaHa npu Jgecopbuun
- 1o ¢popmyae [14, c. 39]:

o= lmo o Gavr 60 —6,98+034-1856 __ ) o0
Ity + @2 (052 — Lo) 60 - 0,34 (135,6 — 6,93) ©

a. ITo nuarpamme Kpemcepa onpenenum ¢akrop aecopbuun srauna
S npu Ny = 10 n ¢5==10,961. TToayuum S,=1,2.

e. Onpenesnm daxTop mecopbuun npomana S; U3 COOTHOLEHHS:

4

B, 1223

S;=3S
Y 5,15

= 0,536

x. Ilpu S3=0,536 u Ny == 10, naiizem no auarpamme Kpemcepa:
@4 =0,536.

HOJJ,CT&BHB YHCJIOBbIE 3HAYEHHS BEJHUHH, OJYUYHM:

. l7(1—0536) —231
P = 0,53 (127,8— 231) — 1278 — 0»896

Hafinennas Benwunua ¢3 = 0,896 He3sHAYMTeNBbHO OTJHYAETCS -OT
NPHHATOH paHee (PacXoXIEHHe COCTABJAET NPHMEepPHO 1%).

IIposepum Beanuunbl Zs, I U [y MO bopMysaM, NMpUBEIEHHLIM
B nauaje pacuera, NmoacraBuB ¢z = 0,896, u cpaBnuM nosyueHHble
YX 3HaUYEHHs C BBIYHCJEHHBIMH paHee. Mmeem:

1—0446

Hajineunas B Hauage pacuera BeJuunHa Z3 = 0,842 oranuaercs

or 0,834 npumepno na 19%.
JaJjee

Im3=10,834 (147 4 127,8) = 229,2 kmo.1b/u

Pacxoxnenve ¢ HafiieHHOfi pakee BeJHYMHON Ims = 231 KMoab/u

cocrasasieT MeHee 19.
Kpome Toro, nosayuaercs:

Ime = 0,03 - 229,2 = 6,88 kMoJIb/y
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Pacxox/IeHue ¢ BBIYUHCACHHBIM paHee 3HAUGHHEM COCTaBJsSeT Me-
nee 19%. .

BBHy HE3HAUYHTEJHHOrO PACKOMJIEHHS MeXIy paHee HPHHATOR
BeJanunHol @3 == 0,905 u mosyuennofi pacuerom g3 == 0,896, a TaKKe
y/10BJICTBOPHTEJbHOTO COBIAJEHHA COOTBETCTBYIOIIUX 3HAUeHHH Z,
lns ¥ Ly MOBTOPHOrO pacuera He JefaeM. B cayuae GOJBILIOTO pac-
XOXK/IEHHS MeXKAy NpPHHATOH M PACCUNTAHHON BeJHUHHAMHA (3 HeoOXo-
AMMO BeCb pacuer IOBTOPHTb, BHIOpAB Apyroe 3HaueHHe Q3.

B nasbHeifilleM pacyerTe npuHHMaeM ¢z = 0,905 ¥ COOTBETCTBYIO-
[iHe STOMY 3HAUYEHHIO BCe APYrHe BEJHUHHBI

Ilnsi onpelesienus COCTABOB W KOJWYECTB MOTOKOB amnapara e
06X0MUMO 3HaTb KO3(P(UIHeHTH H3BJedeHHsa (¢; NpH abcopOuuu H @)
npH fecopOuMH) KaXKuoro yrieBoaopoja.

daktophl abcopfunu AJsi BCeX YIJIEBOAODONOB NHTAHHS (KpoMme
IponaHa ¥ 9TaHa) PacCUHTHIBAEM IO COOTHOIIEHHIO:

E R
AiZAS—é: HJIH Air——-AQ"k_:‘

rie i — HOMep KOMIIOHEHTA.
®akTopbl JeCOPOLUH ONpPENeJHM 0 COOTHOILIEHHIO!

% ki
S":S‘%E uu Si=32—k—;-

Pesyabrathl pacuetoB A; m §; mas Bcex YIrJEBOAOPONOB CBOIHM
B Taba. 1.17.

Tabnuya 1.17

A6copbuusa npu T,=316 K
i n=1,37-106 [Ta

JecopGina MpH Tﬂ=366 K
u m==1,37-106 [1a

Komnonenthl

7

k; Ay 9; 4 Sy 9;
oo 1320 | 00775 | 00775 | 1680 | 8900 | 1.000
EHQGI R 300 | 03400 | 0.3400 515 | 1200 | 0961
CHe . oL To2 | 10000 | 09050 | 230 | 0536 | 0536
us0-C.Hys o oo 050 | 20400 | 1,0000 140 | 0325 | 0.325
H-CqHiy o v i 037 | 27600 | 1.0000 095 | 0220 | 0220
u30-CsHyp .+« . . . 0,16 6,4000 | 1,0000 0.50 0.116 | 0,116
n-Cstlip v o v o o ol 04 | 7.2900 | 10000 042 | 0098 | 0098
CoHlia oo i i 0,05 | 200200 | 1,0000 022 | 0051 | 0051

Kos¢duuueHTs H3BAEUeHHs AJs BCEX OCTaJbHBIX yI‘JIeBOlIOpOILOI?
nuTaHuA, KpOMe NpoNaHa W 3TaHd, HaXoAMM Io auarpamme Kpemcepa:
npu aGcopbunn — 0 H3BeCTHBIM 3HauennsaM A; u Ny=10, a npu
necopOLHH — 10 H3BECTHBIM 3HAYEHHAM Sin Ny =10.

PesysabtaThl onmpejeneHull ¢, M @; AJsi BCeX YIVIeBOLOPOAOB IH-

TaHHs Takxe nomenienn B tada. 1.17.
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3. Marepnanbunin Ganawc abcopbunn n pecopbuun

Konuuectso rasa, mocrymamomee mnox mmkiiowo Tapeaky a6cop-

0epa, CKIAABIBACTCH M3 KOJWYECTB yIJIEBONOPOAHOTO Tras3a NHTaHHS

aiiapara u yriesoJ0poJ0B, OTOTHAHHEIX B JecopGepe:

Upt == Up; + Uy

A€ Up; — CyMMAapHOE KOJNHYECTBO YIVIEBOAOPOAA, MOCTYNAIOMEro MOJ

HHZKHIOIO Tapesaky aGcopbepa B rasosoli dase, KMOJIb/4.

Kosanuectso necop6uposanubix YILJI€BOJOPONOB, ONpefesisieM 10

BeIpaxkenuio [14, ¢. 37]:

—— Ve

Vo =19,

rae [c; — KOJMIMYeCTBO KaKIOro yrJiesojopona B KuAKoH ¢ase, mocry-
namwiei B gecop6ep, KMOJIb/d. .

[To dopmyae [15, ¢. 30]:

Ly + @05
[y =—""7L

I — (Pi(P;

Heo6xonnMble BeqHYHHB 15 NOACTAHOBKH B 3T
MellleHb! B Taba. 1.16 u 1.17.

Kosauwectso  nmorsoniensbix abcopGentom

KMOJIb/U), MOKHAAIOMUX abcopbep B KUAKON da
ClefyIOUeMy BBHIPAXKEHHIO!

y dopuyay mo-

yr/1eBofoponos (B
3¢, ONpejeNsieTca 1Mo
Loy = vy

Konmnuectso xaxgoro yraesomopoma (B KMOJIb/4) B CyXOM rase,
noxunamomeM aGCOPOUHOHHYIO YacTb aNmapaTa, HAXOAHM MO ¢dop-
My.Je:

U1 == Up; ~— Uiy

Konmnecrso yruesonoponos (8 xmous/u), mokunaiomux
B KHIKOH ¢ase, [,; onpenensem nmo ¢opmyre [14, c. 38],
KaJ(0r0 U3 HHX BeJHYHHE [, u ]

Loy = Loy (1))

PesynbraThl BEIUHC/IEHHI 1O ONpeneseHuio MaTepHabHBIX Gadan-
coB abcopOuuu U KecopGuUHH cBeleHbl B Taba. 1.18.

necop6bep
3Haa Ans

4. KonwyectBo Towero abcopGenra

Haunbie mo cyMMapHOMY KOJIHUeCTBY rasa, NOCTYNAIOEero B a6-

copGep, H TNOMVIOUIEHHBIX YI/IeBONOPOAOB (Tabul. 1.18) nossoasior
onpelenTh KOJIHYECTBO Tolero aGcopbenTa.

Konnueerso Tomero (cBekero) aGcop6enta, momaBaeMoro s ab-
copGep, ONpelessieTCs] ¢ YYeTOM [MOTJIOLICHHBIX YTJIE€BOAOPOJAOB U3

CJIeNYIOLIET0 BHIpaXKeHus [14, c. 32]:
Ly E Ipi

A= ——2==
’ kszvbi
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Tabnuya 1.18
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rre L, — KosmuecTBo Tomero aBcopbenTra, KMoJb/d; Elb,—cyMMap
HOE KOJHYECTBO [OIVIOUEHHBIX Yr/IEBONOPOROB B KHAKOH (hase,

KMOJIb/u; vai—cymmapﬂoe KOJIMYEeCTBO rasa, HOCTyNaloilero B ab-
copbep, KMOJIb/U.
Torna

L= Ayley 20— Iy =1-1,02 - 1276,42 — 692,5 = 609 KM0JIb/d

5. CocTasbl W MONeKyAApHLIe Macchi NOTOKOB
tpakunounpyiowero abcopbepa

MoubHBIE €OCTaB KaXkAOTO H3 IOTOKOB (bpakUHOHHPYIOIIEro a6-
copGepa ompejessieM jefeHHEM YacOBOrO KOJHYECTBA KHAOMOJIEH Hak-
HOTO YIJIeBOAODOAA Ha CYMMapHOe 4YacoBOe KOJHYECTBO KHJIOMOJCH
BCex yraeBONOpOAOB B 3ToM notoke. Ilpu arom cocras x7,; onpege-

JAETCS KAK OTHOWEHHE [m; K (lmi+ L,). PesyabraTel BhuHCaeHHS
COCTaBa IIOTOKOB CBefleHbl B Ta6a. 1.19.

Cpennsia mosiekyJsipHast Macca JI0GOr0 I'a3oBOTo MOTOKA paccun-
ThIBaeTCA N0 (opmye:

My=21y§Mi

rlie Y, — MoJIbHAs [0Js {-TO KOMIIOHEHTA B COOTBETCTBYIOIEM ra3so-
BOM IIOTOKe (M3 TabJa. 1.19).

Hanpumep, cpeinsin MOJdeKy.nsipHas Macca ra3oo6pasHOro ChpLS
abcopOLHOHHON YacTH paBHa:

My=0,304-16 40,224 - 30 4 0,314 - 44 40,0513 - 58 4 0,0734 - 58 +
~+0,0134 - 72 40,0149 - 72 -+ 0,0050 - 86 = 35,1

Cpennsist MoJeky/IsipHas Macca JI0GOTO KHAKOTO MOTOKA paccyn- 4
TEIBaeTCs 1o dopMmyse:

n
M, = g xXiM;

rle X;— MOJIbHAsS JOJsS i-T0 KOMIIOHEHTA B IKHAKOM HOTOKe (us
taba. 1.19).

Taxk, cpeansisi MOneKyasipHas Macca MOIOLIEHHBIX YIIEBOLOPOL0B
paBsHa:

M, =0,0433 - 16 40,1409 - 44 }+ 0,524-44 -+ 0,0944-58 -+ 0,1347-58 4~
+0,0245 - 72 -+ 0,0288 - 72 4- 0,0094 - 86 = 45,97
Brluncaennsle CpeAHHEe MOJEKYJsSPHbIe MAacChi IIOTOKOB CBEXEHB

B Taba. 1.20.
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Tabnuya 1.19
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Ta6nuya 120

Horox 06031;1{?:1;?? ll:lgrroxos My nan M,
Cripo#i ras (rasomasf ¢asa ChHpba) . . Zv,«,— 30,60
I'azoBoe crpbe aGCOPBLHOHHON YaCTH 2 Vpp = 2 v +- 2 Vg 35,1
Cyxoffiraz. . . . ...+ Z vi; 22,31
Townit abcopBEHT « « v v v ¢« o 4 . L, 120,00
IToraomeHnse YrJAeBOLOPOAL . o . . 2 Ipi (HPZISHS’?FO)
Hacbluienasii a6copGeHT, NOKHIAI0- '
A a6cOpOUHOHHYIO YacTh . . . Zlbi + L, 82,1
JKugkocTh Ha Bepxy Aecoplepa. . . E lei 49,59
JlecopGHPOBAHHEIT T3 . . . . . .. Do 40,34
OcTaTok mocJae JIeCOPOUMH . . . . . Z Iy = E lej — 2 Veg 58,10
JKujgkocrb, noxHujamomas Aecopbep Z Imi+ La 88,14

6. TemnepaTypHbii pexxcum necopGepa

Temneparypy Bepxa JgecopGepa paccuHThbiBaeM [PH HOMOIIH Ypas-
HEeHHs H30TepMBbI [1apOoBOH (ha3bl, IOKHAAIOUIEH BEPXHIOI0 1ecopOIHOH-
HYIO TapeJKky: A

7
Yei
il
i

3uauenus y,, cM. B Tab.a. 1.19.

Pacuer 1o 3ToMy ypaBHEHHMIO BEJIETCA METOJOM MOCTENEHHOTO MpH-
6anKeHusl. 3amaeMcsl 3Ha4eHHeM TeMmnepaTypbl Bepxa jgecopbepa u

ISt KaXKJIOro KOMIIOHEHTa Ia30BOTO NOTOKA, NMOKUAAIOMIEIO BEPXHIOW gd
tapeaky necopGepa, onmpeseaseM no rpaduky [2, c. 159] KoHCTaHTH §

Ta6nuya 1.21

’ 14
KOMIIOHEHTH Yei kg upu 7,=323 K, x',=_é./ii_

(rada. 1.19) n=1,%37-108 ITa ¢t k;

CHy, . ... .. .. 0,1090 13,800 0,0079

CHg . . ... ... 0,2540 3.300 g 0.0ggg

CyHg . . v . v v o 0,4630 1,200 0,3870

uso-C,Hyy . . o . . 0,0659 0.572 0,1150

wCHie . o . .. - 10,0769 - 0,430 0,1830

) HSO'C5H12 ..... 0.0122 0,190 0.0641
H-CsHy, . .« . .. - 0,0130 0,169 0,07800

CeHyy . v o v v 0,0060 0,066 0,09250
CymMMma . . .« + « 1,0000 — 1,0044 ~ |

dasosoro paBHOBecHS] k; PesyabraTsl pacuera INpPEACTABIEHB B
ta6u. 1.21. Mcxomas temnepartypa T'e = 323 K.

TemmepaTypa HH3a [1ecOPOUMOHHON 4ACTH PACCUMTHIBAETCHA METO-
[OM TOCTeINeHHOro NpUG/HMKeHHs NMPH NOMOIIH ypPaBHEHHs H30TepMbl
KUAKOH asbl, MOKHAAONIel HH3 Aecopbepa:

N k=1

mi i

3nayedus: x/,, cM. B Tada. 1.19

MeTofiKa ONpefe/eHHs TeMleparyphl Hu3a necopbepa moxobHa
MeTOIMKE ONMpeJlesieHus TeMIepaTyphi Bepxa Aecoplepa. B peaynsb-
TaTe pacuera, KOTOPbA 31eCb He NMPUBOAHUTCS, MOTYHHM T,, = 400 K.

Cpenusis TeMnepatypa B gecopbepe:

TetTm _ 3234400 _ 461 5
2 2

Pacxoxienue ¢ NPHHATHM B YCIOBASX pas3jefeHHs 3HaUCHHEM
cpexHell TeMmIepaTyphl B Recop6uuonnoii uactu 366 K cocrasiser
npumepHo 5%.

7. Tennosoii 6ananc abcopbepa

Tensopoit 6asanc aGcopbepa COCTABJSETCs C LeJbio ONpeAeTeHUs
KOJHUeCTBA Temaa Qo, KOTOPOE HANO OTHATH OT UMPKYAUPYIOIEro a6-

copbenta aafl NOANEPKAHAS TEMNCPATyph! Sk
uusa abcopbepa, NpUHATON paHee PaBHOM 9505

316 K. -

L ¥
Ypasuenue Temiosoro 0anaHca abcopbepa | &0, §303
pMeeT CAeAYIOIHHA BUL:

Q, + @+, =Q, +Q, + 0+

rie Q — KOJHYECTBO TeN/1a COOTBETCTBYIOLIETrO N
notoka, KBT. HuXHHA HHIEKC COOTBETCTBYET — p 7 AN
HAHMeHOBAHHMIO NOTOKA Ha cxeMe (puc. 1.9) u g | W"\\Ug
s TaGn. 1.23.

BeJqHuHHBI, BXOASIHE B 3TO yPaBHEHHE, !
npusegenbl B Ta6a. 1.23. JHTaJBIHHK [IOTOKOB b DY N

onpefencusl no rpaduxy [4]. l””
AGcop6iiksi KOMIIOHEHTOB M3 rasoBOro Io- 7 2

TOKa CONpPOBOMKIAETCA BbiieJeHHeM Temna Qa,
KOJIHYECTBEHHO PABHOTO TeIJIOTe PACTBOPEHHS
KOMIOHEHTOB B abcopbente. B Texmogoruue-
CKHX pacuerax, ecaH HeT Gojiee TOUHBIX JaH-
HBIX, TEIIOTAa PACTBOPEHUA YIJIEBOLOPOJOB
MPHHUMAETCS PABHOH MX TeIIOTe KOHJeHCa-
nun. Herpynno nokasars, 4To Temio a6copl-
une Qa HecKoJbKO GoJibllie TOTO Temjia, KOTO-

L[I} Qﬁg
Y Zb g, q;-i,m

Puc. 1.9. Cxema ana pac-
yeTa TeNmJA0OBOro OaJaHca

aGcopBuuonHol qyacTu
¢dpakuuonMpyomero  ag-
copbepa.

poe Hajgo oTBecTH M3 abcopGepa ISl MOACPKAHUA B HEM KesaTe/b-

Ho# TeMIlepaTypHl.

ITosbaysch rpaduroM [16, c. 67}, ompejensieM Temiory KOHAeH-
CauMH OTHEJbHBbIX YIVIEBOLOPOAOB, BXOISIIHX B COCTaB TIa30BOrO
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NOTOKa TpH NaBaeHud gt = 1,37 - 105 [Ta u CBOAMM 5TH BEJHYHHBH B
raba. 1.22.

Tabnuga 122

KoMnoneHThl R i S: IS E, € .
ol 0% 8 J ) Q Z
Q [) Q ] x = 2 &)
Temyqora KOHIEHCALHH,
1191 59 419 | 362 295 244 257 232 | 232 | 204
Tabnuya 1,23
O6osnaueHue Koanue- | Mousexy- | Konnue- | Temnepa- | durasms- Ofg:g: K%J;gge»
OTOKOB CTBO, AsipHAf CTBO, TYDpa, nusd, | temquosoro | remaa,
(puc. 1.9) KMOJb /4 Macca Kr/4 K kD% /Kr 10TOKA kBT
ITpuxon
vai e e 683,60 30,60 20920 303 503 Q.. 2 950
(upuasto) i ‘
Zvci .oeo.e o 592,77 40,34 | 23912 323 548 Q, 3650
Ly oo ... .| 6090 | 12000 | 73080 | 303 315 | @, | 6410
(upunsiTo) a
CyMma . . . .| 188537 — 117912 - — — 13010
Pacxon
Ly o v 0 o o 609.0 120,00 73080 316 348 Qi 7065
a
Doy ... .| 58392 | 2231 | 13000 | 303 470 Q,, 1 700
Sy oo . .| 69250 45,97 | 31835 316 227 le 2025
Bcero . — — — - 10790
ITo pasnocTn
C OPUXOAOM — — - — - Qo 2220
Cymma . . . .| 188542 — 117915 — - — 13010.

Cpenusas MoJbHasi TeIIOTa KOHAeHCAUHMH ONpelelsieTcss 110
npaBHy AJAHTHBHOCTH. 3Hasi MOJbHblE AOJAH Xy YTVIEBOLOPOMOB
(ta6a. 1.19), nepemenmux B PacTBOP, H HX TEIVIOTH KOHJICHCALMH r;
(traGa. 1.22), HafifeM cpefHIO0 MOJBLHYIO TEIVIOTY KOHJEHCAUWH [0

topmyae:
g == 2 rMxy, =
1
=419.16-0,0443 +- 362-30-0,1409 + 295.44.0,524 4 244.58.0,0944 4
—1—257 +58:0,1347 4- 232.72-0,0245 - 232-72.0,0288-1-204 - 86 0,0094 =
== 13032 x[K/KMOJb

62

KosnuuectBo Temua, suhifedsiomerocs npu aGeopbuuu:

Q,=r/ 21, =13032.692,5=09-10° k[:k/1 = 2500 kBT

Kak BupgHO H3 Tabu. 1.23, KosHuecTBO TelJa, KOTOpoe HAJIO OT-
BecTH OT abcopbeHTa:

Qo=13010— 10790 = 2220 kBt

DTO KOJMYECTBO TemJa, Kak ObIJIO CKAa3aHO Bblllle, HECKOJbKO HHKE
tensa abcopOuum.

8. Tennosoit 6ananc pecopbepa

Koanuectso temna Qg KOTOpoe MonaeTcs B HU3 jaecopbepa njs
orroga 0T a6copOeHTa JErKUX YIJEBOJOPOJOB, MOIVIOIEHHBIX HM B
aGcopbepe (rmaBHBIM 0GpasoM MeTaHa H 3Ta-

Ha), ONpEeNeNsieTcsl W3 YpaBHEHMsl TeNJOBOTO s
Gananca necopbepa. ¢
B Hamem chayuae ypaBHeHHe 3anMileTcs

TakK: l Zla,qm
Qlc + QLa '+' Q,u - ch + le —-l— Q;‘a I~ T T Ld; Qﬂﬁ

r
Q3227

rie Q — KOJHYECTBO TelJa COOTBETCTBYIOUIETO
noroxka, KBr. Huxunlt uanexc cooTBETCTBYET
0603HaueHHI0 NOTOKA Ha cxeMe (puc. 1.10) u
B Taba. 1.24, ' | 4y
BenuuuHb, BXOAfIIYe B 3TO YpaBHEHHe,
npusefedsl B Taba. 1.24.
W3 raba. 1.24 cnenyert:

2'1/”;4%0 La’: 4%0

Q. = 20 308 — 4160 — 7065 = 9083 KBr Pae. 1.10. Cxema aia
o pacueta TenJgoBOro ga-
JaHca JecopbuuOHHO

yacTH (PakuMOHHPYIOLIE~

Temo Q= 9083 kBt BHOCHTCS B Aecop- ro a6copbepa,

Gep napamu, COCTOSIILMMH IJIaBHBIM OOpa3soM
U3 nponaHa u 6ytaHa. DTU Napbl BHAEJAOTCS
U3 HHXKHEro INpOAyKTa Jecopbepa, NpH ero HacTHYHOM HCNapeHHu
(T, = 400 K) B KHNATHJIbHHKE.

[lpuMeM, uTO cpemHss TelJIOTAa HcCNapeHdd npomaHa u OyTaHa
r==276 gIx/kr (ra6n. 1.22), v mafiieMm KOJHYeCTBO IAPOB:

V, = Qu . 90833600 _ )840 kr/u
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Tabnuya 1,24

QOGosuayenue Kosuue- Mousery- | Koauue Temne- | dHTAL- OS::ﬁ? K(gﬁge‘
nOTOKOB CTBO, Jaapraa CTBO, patypa, nus, TEMJ0BOr0 Temaa
(puc. 1.10) KMOJIb/q macca Krfu K R K/KT HOTOKA KBt
Ilpuxon
Dl ... .| 12686 49,59 62910 | 316 238 Q, 4160
Lo oo ... .| 6090 | 12000 | 73080 | 316 | 348 | @, | 7065
ITo pasmoctn :
¢ pacxoioMm - — - —_ —_ Qx 9083
Cymma . . . .| 18776 — 135 990 — —_ — 20 308
Pacxon
Movee «oo .| 59277) 4034 | 23912 323 | 548 Q, 3640
[
Dlmi v o . .| 67583 581 39000 | 400 485 Q, 5 260
m
La v v oo . .| 6090 120,00 73 080 400 565 Q; 11408
a
Cyuma . . . .| 18776 — 135 992 — —_ — 20 308

9. Yncno npakTuyeckux Tapesok
tpaxuuonnpywowero aGcopbepa

Uncso npakTHYeCKHX Tapesaok B abcopOIMOHHON YacTH ompene-
Jasietess 1o ¢gopmyae:
Na
MNa

N =

rae N, — UMCIO TeOpeTHYeCKHX TapeJsioK; fa — K. . 1. NPaKTHYeCKOH
rapenku abcopbepa.

[Tpumem pns aGcoplepa KOHTAKTHbie TapeJKH KJIAalaHHOO THIA
[17, c. 41}

K. n. 1. takoii Tapesaku na = 0,5 [3, ¢. 630—633] u

Yncao NpaKTHYCCKHUX TAPEJOK B ,U.eCOp6HI/IOHHOﬁ 4YacTH onpenessaeM
13 BbLipaxXXeHud:
N
ND — b
. Nz

rae Ny —dHCIO TeopeTHueCKHX Tapesiok B JAecopbepe; fg — K. I. J.
TapeJKH.

Hecopbep oTHOCHTEeNbHO 6OJiee Harpy:KeH IO XKHAKOCTH, 4eM ab-
copGep. 3nece Oosee ycroifiumBo OyayT paboraTb Tapejakd H3 S-06-
pasubix s1emeHToB [18, ¢. 100], KoTophle Mbl B OyAeM YCTaHABJIUBATH.

[Tomo6GHEIli BapHaHT, KOTAa B OZHOM M TOM XKe anmapare NpuMe-
PSIOT TApeNKH PasjHuHbLIX KOHCTPYKUHH, OOBACHSETCS CTpeMJeHHeM
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uHTeHCHQUUHPOBAaTh PabOTY TapesNoK BO BCeX CeYeHHSIX KOJOHHBL [Tpu-
HHMaeM K.IL f. Tapesok jecopbepa ng = 0,5 [3, c. 630—633]. Torna

Ny =5 =20

10. Onpefnenenne Toyek oTBoga abcopGenrta
ANR APOMENYTOUHOrO OXNAMACHUA ero

Ua6uiTouHoe Temsio Q,, BbiesasieMoe B Ipollecce abcopbuuu, pac-
XoayeTcsi Ha HarpeB aGcopOeHTa M PACTBOPEHHBIX B HEM YIVIEBOAOPO-
noB. Ecam amo Temno He OynerT OTBOAMTHCH, TO TeMOepaTtypa B HHU3Y
abcopbepa Ty okaxercs Bbille npuusatolh T, =316 K. Ee moxHO
OIpene/uTh U3 yPaBHEHHs TelIoBoro 6anamca:

Q= (L, + 2l M, (7F_— 93i)

rie M,— cpennssi MoJeKyJAsipHasi Macca HacblileHHoro aGcopOenra,
noxupaouero abcopbunonnyio vacts (us tabu. 1.20); ¢¥ — surtanb-
K

MMt HacbllleHHoro aGcopGenTa npu uckoMmol Temnepatype Ty, kIIXK/Kr;
g%, — To xe mpHu Temnepartype Iy = 316 K.
Torna

W e K QO — ]
KOO T P

[To rpaduky [4, c. 10] nafimem: Ty = 348 K.

Tenao Q, OTBOAUTCH 3a CYeT HPOMEKYTOYHOIO OXJaK/eHHHd ab-
copbeHTa.

AG6copGeHT HeOGXOAMMO BBLIBOAHTL C TOH OYepeNHOl i-H, cunTast
CBEpXy, TapesKH, Ha KOTOpo#l ero reMneparypa T; CTaHeT paBHOH MJM
HECKOJBKO GOJbileldl [PUHSTOH paHee MakKCHMaJbHOH TeMIIepaTyphl
abcopbunn T, = 316 K. OxsaxpaeHHbll o1 Temmepatypnl I; 10 ero
HauaabHOi TemmepaTypel Ty = 303 K aGcopbenr Bosspailaercs Ha
(i +1)-10 Tapejky H HanpapJjseTcsl Ha NOBTOPHOE OXJaXKIeHHe MNpH
HOBOM NpeJe/bHOM TOBBILEHHH TeMnepaTyphl a6copbenta. QueBuano,
HocaefHell CTYMeHbI0 OXJaXKAEHHs [JOJKHA CUMTATLCS Ta, NOCHE KO-
TOpoi abGCcopOeHT, CTeKalomled ¢ HUXKHEeH, B HalleM Cjydae — JBajaua-
Tol, Tapesakn aGcopbepa Gyzer uMeTb TeMnepartypy T, == 316 K.

OcyulecTBisieMoe TakHM 00pasoM cTyleHYaToe OXJaxkaeHue al-
copGeHTa IM03BOJsIeT NOAAEPKUBATL MO BhicOTe afcopbepa CPeAHION
TeMnepaTtypy, OJNH3KyI0 K cpeaHeli TemmepaType a0copOuuH, PaBHOM

at 7,

2

Pemenne mnocTaBaeHHON 3ajaud BO3MOXKHO B TOM cCJaydae, ecJsH
H3BeCTHA 3aKOHOMEDPHOCTh H3MeHEeHMsl TeMIiepaTypbi N0 BbLicoTe ab-
copbepa. OnHaKO Takash 3aKOHOMEPHOCThL He YCTaHOBJEHA H3-3a OT-
CYTCTBHSl HaJeXKHBIX JaHHBIX, MO3BOJSIOIAX ONpPENeJHTL CTeleHb H3-
BJCUEHHS] OTAEJbHBIX KOMIIOHEHTOB Ta30oBOH CMeCH Ha KaKAOH KOH-
takTHOH crynenn abcop6epa. IlosToMy cudTaem, 4uTO NpH Hepexojle

2220 - 3600
—+ 692,5) - 82,1

= 368 xJlx/Kkr

3 3ak. 100 - €5

e oy




rasa OT TapeJKH K Tapejike CHH3Yy BBePX KOJHUYECTBO €ro yMeHb-
IIaeTcs Ha OJHY U Ty ¥Ke BeJHUHMHY, XapakTepuayeMyio Koz pHuuHeH-
TOM COKpallleHHs KOJHYeCTBa FAa30BOr0 MOTOKA.

W3 mpakTuku H3BeCTHO, YTO TeMIepaTypa rasa no BLICOTe aGcop-
Gepa u3MeHsieTCsl He3HauHTeabHO. [l0STOMY mnpuMeM TeMmepaTypy
rasa B abcopGepe noctosiHHof u pasHon 303 K.

[Ipuctynas k pacueTy mpoMeXyTOYHOro oxjaxieHns abcopbeHTa,
HYXXHO 3HATh:

1) Ko3ppuumEenT coKpalllenus KOJHYECTBA rasa no BbICOTe abCcop-
Oepa npu mepexoJe OT TapeJKH K TapeJke,

2) uucao mogeli abcopGenta, crekatomero ¢ i-i Ha (i 1)-1o
Tapesky;

3) cpelHIO MOJEKYJAspHylo Maccy aGcopGenta Ha J000# i-il Ta-
peJKe; :

4) temnepatypy Ha Ja10605 i-fi Tapeke.

Huxe mocnenoBaTeNpHO paccMaTpHBAeTcss OnpefieieHHe 3THX Be-
JIMUHH.

a. Kosddunuent coxpalleHusi KoJuyecTBa Tasa IO BLICOTe a6-
cop6epa.

[Tpeanonarasi, u4To KO3DOHUHEHT COKpalleHHs] KOJHYECTBA rasa
NpH fepexofie OT TapeNKH K Tapelke OCTAeTCs TMOCTOSHHBLIM, MO (op-
myse [5, ¢. 239] nafinem:

(Z o >1/Ng 7
va YRS

201 I/Ng
rie ( ) =T, — KO3 PUUHEHT COKPALIEHHS KOJHYECTBA raso-
27
BOTO NOTOKA NpPH NePexojle OT TAPeJKH K TapeJske; v;, 0U;., — KOJH-
yecTBa rasa, mpomenuiero (i-- 1)-10 Tapesky M NOCTYNHBIIErO MOX
[-10 Tape/JKy COOTBETCTBEHHO.
[Tonyunm

D a0
[/Na 2

583,92
rc=<2’“ ) =(———) = 0,962

Do, 1276,42

(4uCyIOBBIe 3HAYEHHUS BeNHUUH cM. Taba. 1.18).
6. KonnuecTBo Hacobiumjaemoro a6cop6eHTa, CTEKAIOWEr0 ¢ i-i H

(i+1)-10 Tapenky, paccuMTHIBAE€TCH, COMMACHO MaTepHAJbHOMY Ga
JlaHcy, N0 BbIpakKeHHIO:

L= Lo+ (v;p1—vy)

rie l; — KOJIHYECTBO JKHMAKOCTH, CTEKalluell ¢ i-fi u mocTynaiomei Haf
(i 4+ 1)-10 Tapeaxy, KMOJb/u.

B ra6n. 1.25 npuBenen pacuer KonMyecTBa HKHAKOCTH, CTEKAIOMIEH T

¢ tapesok abcopbepa. Hanpumep, KonnuecTBO >KHAKOCTH, CTeKaiomell
C NepBOM cBepxy Tapesaku abcopbepa, paBHO:

Ly =L, + (v;—v;) =609 + (606,98 — 583,92) = 632,06 KMO.Ib/U
66

Tabauya 1.25

v
Fonepe Ui+x=p—l Vi1 0y | =Llat (044000
1 583,92 23,06 632,06
2 606,98 47,03 656,03
3 630.95 71,95 680,95
4 655,87 97,85 706,85
5 681,77 124,78 733,78
6 708,70 162,77 761,77
7 736,69 181,87 790,87
8 765,79 212,11 821,11
9 796,03 243,55 852,55
10 827,47 276,23 885,23
11 860,15 310,20 919,20
12 894,12 345,51 954,51
13 929,43 382,22 991,22
14 966,14 420,41 1029,41
15 1004,33 460,08 1069,08
16 1044,00 501.31 1110,31
17 1085,23 544,17 1153,17
18 1128,09 589,83 1198,83
19 1173,75 636,18 1245,28
£ 1220.1 692,50 1301,50

. U3MeneHne cpefnell MOJEKyJspHO#l MacCH Hachllaemoro ab-
cop6enTta 1o spicoTe aBCOPOLAOHHON YACTH.

[To Mepe nmBuxkenus aGcopbeura B HH3 aGcopGepa MPOMCXOMMT
HACHIIIEHHE ero MONIOLAeMbBIMH JeTKHMH YIJI€BOAOPOAAMH H YMEHb-
LIeHHe CPedHell MOJIeKyJsPHOH Macchl BCell CHCTeMBl. 3Hasf KoJuue-
CTBO MOIVIOLIEHHLIX YIVIEBOAOPOAOB H cuutas (A/is yOPOUIeHHA pac-
yeToB), UTO HX CPelHss MoJeKyaspHas Macca no Beicote aGcopGepa
M3MEHsIeTCsl He3HAuuTeJbHO, MOMKHO BBIYHCJAHTL MO MpaBuay aadHTHB-
HOCTH CPEHIOI0 MOJIEKYJISIPHYIO Maccy HacbluleHHOro aGcopOeHTta Ha
KaxA00 H3 BCeX ABAAIATH TapesoK [0 BhipPaKeHHIO:

M[i= Maxg + Mn. Y(l —Xé)

rme M, — cpeansiai MoJeKyJspHas Macca HacbllleHHOro a6copGeHTa
Ha i-i Tapeaxe; M, — cpeJHsis MOJeKy/aspHas macca Touiero abcop-
Genta; My y— CpelHsIsi MOJeKYJspHAs Macca MOIVIOUEHHbIX YIJeBo-
nopogos (u3 Tabu. 1.20); xi — MoabHas /ISt TOLLEro abcopbeHTa
L, B nacoiuenHoM (lp; + La), cTekaloiuem ¢ i-ii Tape/ki.

Hanpuvep, cpeansisi MOJeKyJsApHas Macca HachllueHHoro aGcop-
Gen1a, CTEKAloOllero ¢ NepBoil cBepxy Tapesku abcopOepa, pasHa:

My — 120-6-‘%3a + 45,97 Eﬁt%gﬁﬂ= 117,08
To e — cO BTOPO! TapeJKH:
My, = 120 E,%% 145,97 @é’%&@? —114,6
3 ) " 67
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AnanoruuHo paccuMTaHBl CpeHHE MOJEKYJsApHbIC MacChl HACHI-
meHHoro abcopOeHTa Ha BCeX IOC/AEAYIOIIHX Tapedkax aGcopGepa.
Pesyabrathl pacuera mpejcraBieHH rpaduueckn (kpuBas [ Ha
puc. 1.11).

r. Temnepatypa Ha Tapeakax abGcopGepa.

Ha ocuoBe npennosioeHusi, 4To H3MeHeHHe TeMIlePaTyphl MO BhI-
core abcoplepa NPONOPLHOHANLHC COKpPAIEHHIO Ta3oBOTO0 MOTOKa
NpH nepexofe OT TapelkH K Tapeike, HJs OIpele/deHHs TeMIepa-
Typsl aGcopOenta Ha JM060H {-i Tapejke HCIONb3yeM COOTHOLIEHHE

5o {5, ¢. 239}
1

LafTV 0 10 w0 90 80w =T _ Xo=v,
?—_'2 \ I,=T, 2Xv,—2Xv,
% . .
:"25 \\ OTKyZa
o
|- s v, —0
5 C TL'=TK—'(TK_~TH)A£—1—+L
;_‘g AVAY D~ v,
R \
I 17 LAY rae T;— nckoMas TeMmmepatypa Ha
5 ‘ -4 Ttapenke abcopbepa, K; Tp—
j_;z \[ TeMIiiepatypa abcopbeHTa Ha BXO-
o e N Sy ne B abcopbep, K; Ty — remnepa-
5 AN ANY Typa abcopbeHTa HaA BHIXOLE H3
-4 \C N abcopbepa NpH OTCYTCTBHH IpPOMe-
su - g s WAy HKYTOUHOrO oxgaxKiaenus, K.
,25;--1 S 340 i %,5 323 ;L, Taxum obpasom
——;Lb 15 323 333 T, =348 —
1276,42 — v,
Pue. 1.11. Tpadpur ans onpejesnenus —-(348—"303)—’_0‘L‘=
MeCT [POMEXYTOUHBIX OXJaXAeHUH 1276,42 — 583,92
abcopGerira =348 — 0,065 (1276,42 — v, )

Hanpumep, TeMmepaTypa KMAKOCTH, IOCTYNAIOLIEH Ha TepPBYIO Ta-
peJky: o
T,=348 — 0,065 (1276,42 — 583,92) = 303 K

TemnepaTypa XKHAKOCTH Ha NepBOH TapeJke:
T, =348 — 0,065 (1276,42 — 606,98) = 304,5 K

AuaJIorHuHO pacCYHTAHLI TeMNepaTypbl Ha BTOPOH U MOCAENYIOLIHX
Tapeskax abcopbepa W pe3ysabTaThl pacueTa NPEACTABJIEHB KPHBOH 2
Ha puc. 1.11. Kak BuaHo, Ha BOCbMOH Tapejke TeMIepaTypa Hachl-
wennoro abcopbenta Ts = 316,8 K.

Ecnu aGcopGeHT BLIBECTH IIPH ITOH TeMIlepaType H OXJAaAUTh 10
remnepatypsl  T5==303K, TO KOJHYECTBO Temja, CHHMAaeMOro MpH
TOM B TIPOMEXYTOUHOM XOJIOJMJIbHHKE, MOXKHO ONpelejUTb 110 CJe-
Ly0IleMy YpaBHEHHIO TeljioBoro 6ajaHca:

Q= LM (93i6.s — T3%)
68

rae Qp — KOMMUECTBO TemJa, CHHMaeMOro NpH MepBOM MPOMEXYyTou-
HoM oxaaxieHun aGeopGenra, K x/4; [g— KOJHUECTBO HACBHIEHHOrO
abcopGenTa, BHIBOAMMOrO € BOCbMOR Tapenkn (raba. 1.25), xmouab/u;
Mg — cpennsii MOJIeKyJsipHas Macca Hachaemoro aGcopGeHTa Ha
BOCbMOH Tapeske (1o kpusoil I, puc. 1.11).

TToyunwm:

Q= 821,11 - 101 (340 — 296) == 3,64 - 10% kIx/u = 101G kBt

B pesyabraTte oxJaaxjaeHus abcopbeHTa TeMmnepartypa B HH3Y al-
copbepa nouusurest o1 Ty = 348 K no Tx.
OnpenennM 3HTanbnuio abcopbeHTa NPH HOBOH KOHEUHOH TeMIie-
parype Tx MO ypaBHEHHIO:
Qo — Q1 T 8- 106 — 3,64 10°

o= gu D= 996
Uy = oo + (Lat D 1p) My (609 + 602,5) - 82,1

== 337 gIx/Kr

ITo rpadury [4, c. 10] natinem: Ti==335 K. Jra reMmmeparypa
npepeiiaer pacuetHyio T = 316 K. Heo6xoaumo B KakoH-TO TOUKe
CHOBa OXJaguTh abcopGent. [sas 3Toro paccurraeM TeMIepaTyphi
abcopGenTa Ha NeBATOH — ABajuaTol Tapenkax npu Tx MO ypas-
HEHHIO!

, ! va—uiﬂ . ]276,42—vi+1 _
Ti= TK—(TK—Tﬂ)m—335—(335—303)m—‘

= 335 — 0,0665 (1276,42 — v,)

Hanpumep, HOBasi TeMrnepaTypa XH/KOCTH Ha [I€CATOH Tapeske:
Ty, = 335 — 0,0665 (1276,42 — 860,15) == 307,3 K

ABaJOrHUHO paccuvTaHBl TeMIepaTypbl Ha BCeX NOCAENYIOUHNX Ta-
penkax aGcopbepa M pesysbTaThl pacueTa NPeACTABJEHb B BHIE KPH-
poii 3 Ha puc. 1.11.

BriBesiem aGcopGeHT HA BTOpPOe NPOMekKyTouHoe OXJa)KleHHe ¢ ye-
THIpHafuaTol Tapeaku npu temneparype Ty = 317 K u oxsnanum er
no temnepatypn T'1s=303 K. :

Torna

Quy =L, My, (35, — ;) = 1029,41 - 89,5 (314 — 285) =

= 2,67 - 108 g Ixx/u=741 kBT
v g o Q= Q= Qi 80100 —364:10°— 267 10°
e = T (La+ D) 1) My (609 + 692,5) - 82,4

K
ITo rpaduky [4, c. 10] Tx=317 K.
HoBble TeMneparyphl Ha UsITHAaALATON — ABaALaTON Tapeskax pac-
CYHTHIBAIOTCA [0 YPaBHEHHIO!
.
20, = vy,

Ty==Ti— (T — TH)Z“U—-—US
b i

1276,42 — v.
=317 — (317 — 303) 15— omrgs = 317 — 0,0515 (1276,42 — 1)

1004,33

== 300,7 g J1/kr
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Pesyabrarel pacuera TeMmmepaTyp 0O 3TOMY YDaBHEHHIO Ha MAT-
HaanaTtofl — aBajgnatoil Tapeakax abcopbepa MNpeACTaBieHbl B BHIE
KpuBoi 4 Ha puc. 1.11.

IMonyyennas temnepartypa Huza abcopbepa Ma/so OTJHYaeTCa OT
panee npuHaTofl T, == 316 K. CrenoBaresnbHo, B HallleM cjydae ABYX-
CTylleHUaTOe oOXJaxJAeHHe abcopbGeHTa [03BOJsET MONAEPKUBATL B
Hu3y abcopOepa Ha3HAueHHYI0 B HauaJe pacuera TeMIepatypy.

Onpefenednsi TenjooOMeHHOH IOBEPXHOCTH MPOMEXKYTOUHBIX XO-
JONUILHUKOB 3/eCb He MpHBOAHTCA. B kadectse TemmooBGMeHHON no-
. BEPXHOCTH B COOTBETCTBYIOUIHX Me:KTapesNOUYHbIX OTHeJeHUsiX abcop-
Gepa c/IgAyeT NMPHMeHHTb TPyOuaTble NPOBAJbHBIE TAPEJKH, KOTOpbLIe

OZHOBpeMeHHO OYAyT HIpaTh poJb N006aBOYHBIX aGCOPOILMOHHBIX Ta-

peJsioK.

11. Nnametpbi abcoplepa u pecoplepa

HanGonee narpyxkeno no rasy ceueHne abGcopbepa non ero HHK-
Heil tapesnxofl. [lnamerp abcopGepa (B M) B 3TOM CEUEHHH:

4(;

D= 1/ “a

Ty
rae Ga—-—KOJIWIECTBO rasa, npoxolmluee qepes paccanbIBaeMoe ce-
qeHHe, KI‘/‘I; Us — MaccoBasa CKOpOCTb ra3oBs B CeUyeHHUH a6cop6epa noa

HHXHeH Tapenxofl, kr/(m2-u).
Benuuuna G, onpesensieTcsi BHIpaXeHHEM:

G, = X vy My = 1276,42 - 35,1 =44 802 kr/u

npu stom My — cpeansis MmosekyJsipHas Macca rasa (Tabma. 1.20).

[TponyckHasi cnoco6HOCTb KAamaHHBIX Tapenox #Ha 12—509% soime
HOPONYCKHOH CNOCOBHOCTH TapesoK ¢ KpYrabMH KosnnaukaMi. [Ipumem
yBeJMUYeHHe MPONYCKHOH CIIOCOGHOCTH KJalaHHbIX Tapesok M0 OTHO-
IMeHHIo K KonnaukoBbiM pasHbiM 20%. Torpa ckopocTb rasos no ypas-
nennio Caynepca u BpayHa onpenenunrcs ypaBHeHHEM:

u, = 1,20 - 0,305¢ Vpr (05— or)

The ¢-— NOCTOSIHHAS, 3aBHCSIIASA OT PACCTOSHUSI MeXAY TapeJKaMi, —
onpexneasiercss no rpacduxy [6, ¢. 639] Kak 115 KOJAMAuKOBBIX Tapesok

Taénuya 1.26

Paccrosinue Mexny

TapesKaMH. MM ITocToswuas ¢

450 600
500 670
550 720
600 760
650 800
700 830

70

uan no taba. 1.26; pp 1 P, — COOTBETCTBEHHO TJOTHOCTH T'A30B U KHUJ-
KocTd B pabounx ycaoBusx Husza abcopbepa (m= 1,37-16% Ila,
Ty ==317 K), xr/M3,
[norHOCTL rasa:
Mn-273 _ 351-1,37-108.273

= = = 19,1 kr/m?
22,47, 22,4317 -0,1 - 10° o1 xr/

r

rae ng = 0,110 [Ta — HOpMasbHOE JaBJeHHE.
[InoTHOCT XKHUAKOCTH (HAcCBlIeHHOrO abcopOeHTa) HAaXOOUM 110
dopmyne Kpara:
oss __ 1,03My 1,03 - 82,1

P88 = J290F M, 4429 F 821 0,670

roe M;— MoJekynspHas Macca HachllleHHoro a6GcopbeHTta, CTeKaio-
mero ¢ aBaauartof tapenku (rabu. 1.20).
B nepecuere Ha teMmnepartypy Tk == 317 K:
Py = 649,4 Kr/m3

Tlpuusas paccrosHue MexAy Tapeikamu A, = 500 MM, no ta6u. 1.26
onpenensieM Ko3(pbhHLHeHT ¢ = 670.
Torna

i, = 1,20 - 0,305 - 670 /19,1 (649,4 — 19,1) = 27000 Kr/(M2 - 4)

4 - 44 802
D, —1/5‘1‘4—27—00—0 =152 m

Coranaciio HopmanbHoMmy psiny nHamerpos no I'OCT 9617—61 npu-
uuMaeM guametp abcopbepa Dy = 1,6 m.

Hnamerp mecopbepa, Kak u abcopCepa, onpefensiercs no Hau6o-
Jee Harpyx.cHHOMY rasamu ceuenuio. KosnuuecTBa ra2a B BepxHeM H
HHMXKHEM CeycHUH JecopOepa COOTBETCTBEHHO PaBHbL:

GE = X veM, = 592,77 - 40,34 = 23 912 kr/u
G =V, == 118000 xr/u

Taxkum 06p830M, AAaMeTp paccuuTbhiBaeM O HHXKHEMY CCYEHHIO

necopbepa:
D, = l/ 4V
Ty

rfe Uy — MAaccoBasi CKOPOCTb ra3oB B CeYeHHH MO HHXKHeH Tapeskolh
apecopbepa, xr/(m2-u4).

[Tponyckuasi cnoco6HOCTL BLIOPAHHBIX HaMH Tapesaox Ha S-06-
pasHbIX 3JEMEHTOB paBHA MPONYCKHON CNOCOOHOCTH TapeJoK C KPyr-
JLIMH KoanaukaMmu. [1o3ToMy CKoOpocTb Ta3oB OfpelesHM 10 ypaBHe-
uuio Caynepca u Bpayna, sanmucaHHOMY Tak:

un = 0:3050 ‘/pl‘ (pH( - pl)

rile pr U Pz — COOTBETCTBEHHO [UIOTHOCTbL rasa W JKMAKOCTH B paGouux
ycaoBUsix Hu3a jgecopbepa (m = 1,37-10° Ila, T,, = 400 K), xr/m®
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Mo comepxkanumio mnporiasa u Gyraua B ocraTke Jecopbepa
(Ta6a. 1.18) HecKOJbKO YNPOIIEHHO ONpefessieM CPEAHIO MOJeKy-
JAPHYIO MacCy HX CMecH, IofaBaeMol B Hu3 fecopbepa:

236,0 241,2
» Mr=m‘44+m-58=51,3
* Torxaa
_ Mm-273 _ 51,3-1,37.100.273
Or = 90 AT, — 92,4-400-0,1 - 10°

= 21,8 xr/wd |

|
ITo ¢opmyne Kpsra HaxofiuM NIJOTHOCTh KHAKOCTH, MOKUiAlOWel

N Jdecop6ep:
J 1 ss L,03M, _ 1,03.-8814
T %%”4@N+M¢“W%w+sm4~ﬂﬁ%
EQ,} rae M, — moseryasipHas Macca XHAKOCTH, NOKHRalo-
= me#t necopbep (u3 rtaba. 1.20).
= 5 B nepecuere Ha Temnepatypy I'm ==400 K nmot-
ol HOCTb P == 579 xr/m3,
- [Tpunae paccrosiune Mexay Tapenakamd Hhy =
N & = 600 MM no rtaba. 1.26, onpenenseM Ko3(QPHIHEHT
=t & ¢=760. Torna
EEES | 1, =0,305 - 760 /21,8 (579 — 21,8) = 25 800 xr/(m? - u)
Fordd & /A 0I8000
Tff:—* D=V srsem =243 v
Z_,::Qk Cornacio HOpMaJbHOMY pﬂm; IuaMeTpoB 110
- rOCT 9617—61, npunnmmMaeM Juamerp Jecopbepa
A f‘ DI[ = 2,6 M.
1 \th
L/ { \a 12. Bbicota annapara

Puc. 1.12. Cxema [Tosesnas Beicota anmapara (puc. 1.12):
JJiA pacdeTa pa-

60yell  BBEICOTH Hy=h+ hy+hs+ hy+ hs

ﬁ‘;i‘;““;’g’ffgg; rae h; — BBICOTA HAN BepxHell abCOPOUMOHHON Tapes-

pa. Koll, M; hy— BLICOTA, 3aHsATas Tapeixamu abcopbe-

pa, M; Hh3— paccTOsHHe MeXJy HHXKHed Tapeskoil

aGcopbepa u Bepxueft Tapenkoil necopbepa, M; /iy — BbiCOTa, 3aHs-

Tas TapedkaMn jecopGepa, M; As-— BblCOTA HHMMKHEH YacTH Jecop-
Gepa, M.

Bricoty Haja BepxHell aGCOpOLHOHHON TapejKOH ¢ yueTOM pacro-

JI0XKeHHs OTGOMHOrO0 YCTPORCTBa NpHMeM B TPH pasa Oogblied pac-

CTOSIHHS MEXIAY TapejakaMu B abcopOepe:
h=3h,=3-0,b=1,bm
BricoTa, 3ausitasi a6COpOUMOHHLIMU TapeJKaMH: |
S =Nl —1)h=(20—1)-05=95m |-
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[lpumem paccTosiHHE MeKIy HHXKHell aGcOpGUUOHHON U BepXHefl
IecopOUHOHHON TapejKaMu paBHbiM H3 = 2 M.
Bricora, 3ansitas necopOUMOHHBIME TapeaKaMu:

ha= (N, —1)h,=(20—1)-0,05=9,5 m -~

[Tpumem BBICOTY HHXKHell yacTH gecopGepa hs == 3,1 m.
Torna
Hi=154+95+2+4+954+31=256m

13. nemeHTbl KOHCTPYKTHBHOrO ocdopmMAeHHA
KNanaHHOH Tapenxu
W ee TUWPaBNHYLCKOe CONPOTHBIEHHE

HdnaMeTp KOHTaKTHOH KjanaHHoil Tapejakd Ha 30 MM MeHblle BHYT-
penHero nuamerpa abGcopbepa. Tapenka pacnosaraercs Ha ONOPHOM
kosblle. Knanannele smeMenTh pa3MellleHbl [0 BepIIMHAM pPaBHOCTO-
POHHEro TpeyroJbHHKA, OJIHO H3 OCHOBAHHI KOTOPOrO 06si3aTesbHO Ia-
paJiesbHO JIUHHMH CJIHBA U NpHeMa XHAKOCTH (puc. 1.13).

1
J
]

R8O
. X
Srava e
700
%
—7200 ————=

Puc. 1.14. Cxema kJanaHgoro sJe-
MEHTa TapeJikH:
11— gnanad; 2—ckoGa-orpaHuydTels,

Puc. 1.13. Cxema kJanaHuofi TapeJki.

[Tpunumaem mar s1eMeHTOB B ofHOM pany 100 MM, Mexny psnamun
87 mm. Hduuna auHuy cauBa o6buno coctasgaser (0,7 +-0,9)D,. B Ha-
mweM cayuae auamerp abcopbepa Dy = 1600 mm. Ilpumem mauny au-
uuu cauBa Lp = 0,76D, = 0,75 1600 == 1200 mMm.

Ha takofi Tapeske MOXHO pa3MecTUTb 144 xJIamaHHBIX 3JeMeHTA.
Cxema KJanaHHOTO 3JeMeHTa ¢ YKasaHHEM Da3MepOB IpHBeleHa Ha
puc. 1.14. Bricora cansuoii neperopoaku henx (puc. 1.13), BhinoaHse-
MOH B BHJe BEPTHKaJLHOH IJIACTHHB, COCTaB/AsieT oT 25 g0 50 wmwm
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[3, c. 3921. [Ipumem Aoy = 37 mm. Tmapasanueckoe CONPOTHBJIEHHe
KJIanaHHou TapenakH [20, c¢. 114]:

AP = AP + AP; + AP,

rae AP.-—nepenas QaBieHUst HA CyXOll Tapesxe, [1a; AP;— nepenan
AaBJIeHHs], HEOOXOAUMBIH /ISl NPEOOIEHHSI CHJT MTOBEPXHOCTHOTO HaTs-
XKeHHsn XKujakocty, Ila; AP — nepenap laBJeHUs, HeOOXOAUMBIH st
pEOL0/ICHHsA COMPOTHBJIHHS cTOI6a KHUAKOCTH Ha TapeJke, [la.

a. llepenan nassenus Ha cyxoil TapeJke:

2
AP, = 2o,

3nech £— KOG PHLUHEHT MecTHOrO CONDOTHUBJIEHHS, ONIpepesieMbli
OMBITHLIM IIyTEM H B CDeIHEM I KJ4NaHHBIX Tapesok PaBHBIA
2,5—3,5 (mpumem E = 3,0); Or — IUIOTHOCTb rasa B PabOYHX YCIOBHSAX
Hu3a abcopbepa, Kr/mM3; w, — ckopocTh rasa B OTBEPCTHSAX MON KJana-
HaMH, M/c: :
— VceK
@o==TFoN,
rae Veex — CeKYHAHBIH 06beM rasoB 1oj HHKHel Tapenkoi abcopbepa
m3/c; fo— ceuenme ogHoro OTBEPCTHS MOA KaamaHoM, Mm% N, — uncio
OTBEPCTHH (K/1aNaHOB) Ha TapeJske, paBHoe 144.
HNmeem:

22,4vy,Tmg  22,4-1276,42+317-0,1 - 108

Vccx =

36002732 3600.973. 137 10f — 0,658 M¥c
nd2  3,14-0,0352
fo= = y = 0,000962 m2

Bennunna d, = 0,035 M -— 1HaMeTp OTBePCTHS 104 = KJaNaHOM
(puc. 1.14).

Torna

0888
@o == Go00962- 724 — 70 Mfe
IlnoTtHocTs rasa p, = 19,1 xr/m3.

HOJ.I(ZTaBJISIH HaflleHHbie BEJIMUHHBI B OPMYJNy Mepenafa naBieHHs
Ha CyXOH Tapeske, MOJAYYHM:
4,752
APC=3,O——2—' 19,1 =646 I1a

6. [lepenan naBnenus, HeO6XOMUMBIH 115 ONpEeNeNCHHS CHJI II0BepX-
HOCTHOTO HAaTSXKeHHUs XKHAKOCTH:

40 : . :
APU = N o I
rae o = 0,015 H/M — noBepxHOCTHOE HaTAKEHHe IKHIKOCTH [21, c. 44];
dy — 3KBUBAJEHTHHI} (THADABAHYECKHIl) AuaMeTpP [ieJH NOA Kaa-
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nasom, M. Jast kjaanmaHHbX Tapesok d, = 2a =0,012u (puc. 1.14),
¢JenopaTeqabHO

4.0015
APO:__E:()—I—Q_ =5 [la

B. [lepenan nmaBieHHs, HeoGXOMUMBIN JJ1s1 [IPEOACJIeHHs CONpOTHB-
NeHHs cToa6a KMAKOCTH Ha TapesKe, Onpejenserca IO aMnupHYe-

CKOMY YpAaBHEHHIO: J—
APy —9,8lkhe, + 287 K (—LQD—)

3necs K — ko3 ®UNMEHT, PaBHbIA 1isl KAANaHHBIX TAPEJIOK 0,;15;
Q — uacoBoil 00BeM JKHLKOCTH, CTEKalollen ¢ HIKHEH (aBanuarof)

tapeakn abcopbepa:

IpMs _ 13018821 _ e 5 oy
Q= ox 0494 164, /

rie lyo = 1301,5 KMOJb/4 — KOJIHUECTBO HacCblILIeHHOr 0 a6c0p6enTa‘1‘z, 1no-
KHIAK0Mero ABaALaTyio Tapesaky a6copGepa (raba. 1.25); Msx=81’20_—-
MOJIeKyJsipHAasi Macca  HACHIEHHOTO a6copGenra  (ralu. . )6
s = 649,4 Kr/M3 — IIIOTHOCTb HACHIUIEHHOTO a6copbenra (cM. cTp. 6

u 7).

TToaTomy . s
164,
AP, = 9,81 -0,5-0,037+281/0,5(T2—) = 591T1a
Torna

AP =646 -+ 5 + 591 = 1242]1a

PaccMOTPHM yC/IOBHE OTKPLITHS KnaraHa Ha OpOlaeMou KHJ-
KocTbio Tapenke. OH OTKPOETCS MPH CKOPOCTH Tasa (8 Mm/c), onpene-

nsiemoi no dopmyae [20, c. 114]:
,_VQg(GK—Gm)
@wo= for

rre Gyx— Macca CTaJbHOrO Kjanana, Kr; Gy — Macca unnnunpgzg-
CKOr0 CTONGHKA KHAKOCTH HAL KIAlaHOM, K f—HJIOILIla[L/b ;(naEHOT:
Ha KOTOpYIO AeficTBYeT NaBJeHne rasa, M% Qr== 19,1 kr/m®—
HOCTb rasa B pafounx yCJOBHSX HH34 abcopbepa.

Macca cranpHoro kaanasa (cM. puc. 1.14) noncuuTsIBaeTCs MO

opMyJie:
popmy ad?
Gxﬂ'T(Sch

rie dix = 0,065 M — qHaMeTp KJjanana; 6 == 0,001 m — ToNmMHUHA K7a-
nana; per = 7800 Kkr/mM®— NIOTHOCTbL CTaJNLHOrO Matepuana KJjanaHda.
k)

Torna
G, = 21005 0,001 - 7800 = 0,026 kr
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Maccy naannapuucckoro cToa6nka KHAKOCTH HAA KAANAHOM MOMXK-
HO NoAcuuTaTh 1o (hopmyJe:

:rcd‘?(
G"K = 1 (hcn + Ah) O

rae Aeq — 37 MM — BLICOTA CJMBHOM NEpPeropoixu (puc. 1.13); Ah—

BLICOTA NOANOpA MKHAKOCTH HAaj CJAMBHOH [EPErOPONKOH, M; pm—

649,4 kr/M® — NJIOTHOCTbL HACHIILEHHOIO abcopGenra.
Bricoty noanopa XHIKOCTH Haj CAMBHON NEePEropoiKoil onpese-
JauM no dopmyae [22, ¢. 34):

Ah = ]V (.67‘7@)2

rae ¢ — KOJNNYeCTBO KHUAKOCTH, NPHXOISIIEECs Ha €IHMHHUY JJIMHLI
cniuBa B 1 u

1545
ITosTomy
8/ 77187 \2
A — ]/(W) — 0,076 u
u
G, = 21005 (4 037 1 0,076) - 649,4 — 0,244 xr

4

Ilas ynpolleHus npunuMaeM, 4To cepuueckasi MOBEPXHOCTb KJa-
naxHa (puc. 1.14), Ha KOTOpYIO NeficTByeT naBiieHHe rasa, paBHa ILIO-
Iann xkpyra, nuamerpom 0,045 M, mostomy

= 3,14.40,045 —0,00159 w2

Torna

) 4/ O8I (000 028)
@Wo ‘_1/ 0,00159. 19,1 — 13,2 M/e

Takyio CKOPOCTb OJIMKeH HMeTb MOTOK rasa B OTBEPCTHH TIOH KJa-
IaHOM, YTOOE! NOAHATL KAanaH W UHJIHHAPHYECKHH CTOAGHK KHUIKOCTH
Han HuM. [locse mogHsTHS KnanaHa B OTBEPCTHH NOX HEM YCTaHOBHTCS
CKOPOCTb rasa w, = 4,75 m/c.

- 14. Tuppasnuveckoe CONpOTHBNEHHE TapesKu
H3 S-o6pasHbIX 3nemeHTOB

OHPEILGJIHM FHApaBJIHYeCcKoe COIIPOTHUBJIEHHE BerHefl Tapeaxu pne-

;{opéepa. Kouerpykuus ee coorsercrsyer nopmanu BHHNHHedremamma
939—61.

YpaBHeHne isi Onpeiesienns CHIPABIHYCCKONO COIIPOTHUBJEHHUS Ta-
pesku u3 S-00pasHBIX 3/1€MEHTOB HMeeT BH. [23, c. 38]:

AP= AP+ AP, + AP,

rne AP.— nepenan naBienus Ha cyxoii Tapeske, [la: APs;— nepenan
AaBaeHnsl, HeOOXOAUMbIH AIsl NPEOAONEHHS CHA [OBEPXHOCTHOIO HATS-
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xenusa H cun tpenus, [1a; APy — nmepenan nasienusi, HeoGXOAUMBIN

- AJs OpeooJiCHUs COIIPOTHBJEHHA crosfa KHAKOCTH BBHICOTOM, paBHOH

ray6uHe NOrpyXeHusi npopesell S-o6pasHbIX 3JeMEHTOB B KHIKOCTS,
ITa. .
a. [lepenan gaBjeHHs Ha CyXOfl TapeJke:
2

Wo
APC=E—291‘

rie &— ko3¢ QHUNEHT CONPOTHBJIEHHS CYXOH TapeakH (/18 Tapesok
13 S-o6pasHbix dymeMeHToB § = 20); Wo — CKOPOCTb T'a3a B narpy6xax,
M/c; pr— IJIOTHOCTb ra3a IOJ BepxHel Tapexoli s pabounx YC/IOBHAX
(= 1,37-10% I1a, T = 331 K —npuusira), kr/m

CkopocTb rasa (B M/c):

_. Ucek

@Wo =",

Te Ucex — CEKYHIHBIA O6beM rasa B CeUeHHMH MOJ BepxHeH aecopOum-

ouHo#l tapeakoit, m%/c; fo — mIomanb 445 Npoxoja rasop (}KI/IB2oe ce-

yenue Tapesiku); no Hopmanu HI39—61 sriGupaem fo == 0,585 m2.
KonuuecTBo rasa B CeYeHHH MOX BepXHEH TapesKoi NpuMeM pab-

HLIM ceKyHAHOMYy o0GbeMy rasa Haj BepXHeH Tapeskofi. 3nas KOJaHYe-

CTBO KHJIOMOJIEH rasa, NOKHMJAIOMEro BEPXHIOIO Tapeaky (3 Tabi. l.lij

D vg; = 592,77 KMOJIb/4), W  TeMNepaTypy NOA BepXHell Tapeskol
= 331 K, nHafimem:

22,4 Y veiTmy  22,4-592,77-331-0.1+ 108

= == = 0,318 m¥%c
Uces = ~3600.278m 3600273+ 1,37+ 10° 0 /
Torza 0,318
W, = O,T85- = 0,544 M/C

[MnoTHoCT, rasa noa BepxHell Tapesakofi npu M, = 40,34
(ta6a. 1.20) nafineMm no opmyse:

Mm.273  40,34- 1,37 108273
Or = "904Tm, ~  22,4-3310,1.10°

== 2] kr/m3

[Tocse MOACTAaHOBKH YHCJOBBIX 3HAUEHUH BEJHUYHH NOJYyUHM:

AP, = 20 0'5342 .21 =61 Ila

6. [lepenan nmabJjeHHusi, HeoOXOAUMBIA IJs1 NpeojloJIeH!st CA MO
BepXHOCTHOIO HaTsiXKeHHs, HaXOLUM [0 SMIHPHUECKOH dopmyJe:
- 2,451,2 o . 24, Q12 = a
AP = 1,l1w2%[2=1,110,544%* . 21 9,75 I1

B. [lepenan nas/ieHns, HeoOXOAHMEIA AJA NPeO/OJEHUSl CONPOTHB-
JIeHHs ¢To/10a XKHAKOCTH:

APy = (h + Ah) pxg
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rne h—ray6uHa mOrpyxenus mnpopeaelt S-06pasubix aneMenTon B8
KHIKOCTb, M (npuMeM h = 0,027 m); Ah — BricoTa noanopa KuAKOCTH
Hax CJUBHON neperopoakoit (puc. 1.15), M; o — MJIOTHOCTb KHUIKOCTH
B paGoyHx yCJOBHSIX Ha BepxHei
rapesxe gecopbepa (T, = 323 K),
Kr/m3.

M) ompefeasieTcss 1m0 (opmyde:
g
— q _\?
Ah = ‘/( 6400)
31ech ¢ -— KOJIMYECTBO KHLKO-

CTH, TMPHUXOAslleecs Ha eJXHHHLY
Aaunbl causa B 1 4, Mm%/ (M-u):

g = 2 leiMy
oxLlp

rue Zlci——xonuqecmo KHAKOCTH,
MOCTYMallieli Ha BEPXHIOW Tapes-
Ky npecopbepa (u3 rtaba. 1.18),

600 —

S ) _ 1 KMOJb/4; M, — MOJeKysnsipHasi mac-
] , ca 3ToM Kuakoctu (u3 rtada. 1.20
M, = 49,59); O — IJIOTHOCTD

Puc. 1.1I5. Cxema rtapeaku n3 S-06- KHAKOCTH B pabouHX yCJIOBHSX
PASHBIX SJEMEHTOB. Ha BepxHel Tapeake, Kr/m3; Lp—
1,93 M —nimna cauBHOB nepero-

POAKHM st Tapesku AHamerpoM 2,6 m no nopmaau H939—61.
KpaCr);fiocmeanyfo IJIOTHOCTb KHAKOCTH OmpenenseM no ¢opmyJe

— — — =4
288 4499 + M, 44,20 + 4959 0,545

B nepecuere Ha Ttemmepatypy T=2323 K u B kr/M® noayumm:
0y = 513 xkr/md, '
[TosTomy

o288 . LO3M, 1,03 - 49,59

_ 1268,6.4959 5
= T 13.193 =64 M3/(M - u)

Ah_—-‘V’(E—%)Q = 0,047 u N

AP, = (0,027 4- 0,047) - 513 - 9,81 =372 [la
ComportuB/eHne TapeJkH:
AP =61+ 9,75 + 372 ~ 443 Ila

Pacuer nuameTpos mTynepoB dpakudonupyiomero aGcopGepa me-
JaeTcst no OGbIYHBIM (POPMyJaM THAPABIHKH H 31€Ch He NPHBOLHTCA.

IKCTPAKLLUOHHAR KOJIOHHA
PaccunTaTh SKCTpaKIHOHHYIO KOMOHHY JJisl Pas3feeHus CMecH apo-

MaTHUYeCKOTO yrieBoa0poa 0-KCHI0aa H nNapagHHOBOrO yrJaeBoaopoaa
H-OKTaH4, HCHOMb3Ysi B KauyeCTBe PAaCTBOPHTENs AUMETHJCYJIb(OKCHL,
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Bricota nomnopa KuakocTu (B .

(IMCO), rpu cAeIyOWUX HCXOAHBIX NAHHBIX: TNPOHU3BOAUTENHHOCTD
KOJIOHHBI 110 chipbio G = 25 000 xr/u; kpuBas pasuoBecusi (puc. 1.16)
[24]; cocTaB chipbs — O-Kcmitona Ux = 30 00beMH.% M H-OKTaHa
Vo =70 006beMH.%; comep:KaHHe O-KCHJOJa B paduHate Uxr =
=5 o6beMH.%  OTHOCHTeJbHAS MJOTHOCTb O-KCHJIOIa piys = 0,8668

a u-oxtama p3%=0,6849; remneparypa npouecca I =313 K.
DKCTpaKIHOHHAA KOJOHHA NPeIHa3HaueHa sl IKCTPaKLHH apoMa-
THYECKHX YTJIEBOJOPOJOB M3 CMeCH ¢ HeapOMaTHUECKHMHU YIJIEBOLOPO-

naMH, BXOJASIIUMHA B COCTaB KaraJiu3aToB pH- W R
dopmunra. Y >
v
Yriesonoponnoe nutane G B SKCTPAKTOP ®
mocTyliaer. B HHXKHIOIO 4acTb, a pPacTBOPH- s m
TeJb S rnogaeTcss B BEPXHIOIO 49acCThb anmnapara Ug Th— 41
o~ Keunan ‘ T ]
100 06%emH. % . Sy —

[¢d np—-p—-n
JAVAN e
WAVAV
AVAVA S
YAVAVAVA \/\/\/\/\/<XA Ty
100060em & 80 60 40 20 M0odsemn% , £
H=0KmaH. AMCO -2 3
Puc. 1.16. JlpmarpamMMa paBHOBecCHSI CHCTEMBI Puc. 1.17. Pacuetnan

IAMeTHIACYAbHOKCHI — O0-KCHJON — H-OKTaH cXeMa SKCTPaKUHOHHOH
npu T =313 K. : KOJIOHHBI.

(puc. 1.17). ITpoaykTaMu KOJOHHbI SIBJSIOTCA yXoasulas CBepXy padu-
natHasi ¢asa R u yxomsumias cHu3y sKcTpakTHas ¢dasa E. Ha cxeme
SKCTPAKIHOHHO! KOJOHHBEI PAAOM C MAacCOBBIM KOJHYECTBOM KaXA0ro
OTOKA YKa3aHO Takke ero oGbeMHoe KoauuecTso V.

Ilns co3MaHMs LOMOJHUTETbHON JBUKYIEeH CUJIBl SKCTPAKUHH B KO-
JIOHHE TOJJePIKUBAIOT ONpeIe/eHHbIl TeMuepaTypHBIH rpagHeHT (25,
c. 230]. TosToMy Ha Bepxy KOJIOHHBEI TeMmepatypa Is Bbllle TeMIepa-
typnl Ty B nu3y annapara. Jlapjende B KOJIOHHEe MPAKTHYECKH He OKa-
3bIBaeT BJHSHHS Ha NpoUeECC.

JIns 3KCTPaKUMOHHON KOJOHHBI JOJIKHbI OBbITb H3BECTHBI YCJIOBHA .
PaBHOBECHSI CHUCTEMbl PACTBOPHTEJ]b — aPOMATHUECKHH YTJIeBOAOPOA —
HeapOMAaTHYeCKUll YrIeBOJOPOL.

[Tpu manuoil TeMmepaType, OTBeYaloOllel yCIOBHAM DaBHOBECHS CH-
CTeMbl, IPOTHBOTOYHAS KCTPAKIIUA OJHHM DACTBODHTE]EM XapakTepH-
ayertcs caenywomuMu napamerpamu [25, ¢ 112]:

a) YHCJIOM TEOPETHHeCKHX CTylleHell KOHTaKTa;

6) OTHOCHTE/bHBIM PacXOLOM PACTBOPUTEN;
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B) cocraBoM ¢as padunata R u skctpaxta E.

OTU nepeMeHHBble HeJb3 BHIOUPATH MPOH3BOJNBHO H3-3a CYLIECTBO-
BAHHUS MeXIy HHMH oIlpefeseHHON 3aBHCHMOCTH. MOXHO BHGPATH J110-
6ble ABa M3 NapaMeTpOB, TOTAA IBa APYTHX GyNyT ONMpeje/eHbl pacue-
toM. HacTo B KauyecTBe He3aBHCHMBIX I[ePeMEHHBIX Ha3HAYaIoTCH
cocrasbl (a3 R n E. Yucno cryneHnell KouTakTa, HeoOX0gUMOe AJS TIO-
JAY4eHUs 3aJAHHOrO coCTaBa 3THX (a3, W COOTBETCTBYIOWHUE pacxon
pacTBOpHTENS ONPEIeJIOTCS NOCTPOEHHEM HJH PAaCyETOM.

Hans onpeaejnenns uMcaa CTyleHell KOHTAKTa IMOCTPOEHHEM [0 M3-
BECTHBIM MerofgaM [26] MOMHMO KPHBBIX PaBHOBECHS LOJXKHLI OBIThb
3afaHbl MUHHM conpsxeHust (Hoanl). Ecan no ycioBusM pasHOoBecus
CHCTEM pPAaCTBOPUTENb-— apOMaTHYECKHH YIrIeBOAOPOL — HeapoMaTHue-
CKUH yraeBoopon B auTeparype {24, 27—33] umewTca B HacrosLiee
BpeMs OOIUHDHBIE CBEIEHUs, TO AJs JHRHH CONpsXKEHHA OHH BEChMa
orpanuuenn! {27, 31, 34]. Pacuer uucjia cTyneseli KOHTaKTa B 3KCTpak-
HMOHHBIX KOJIOHHAX MeTOAaMM NOCTPOEHHS] BbI3bIBAET B 3TOH CBS3H
ONpeAe/jelHyl0 TPYLHOCTL M TNO3TOMY YacTO €ro OCYIECTBJAAIOT [0
SMIOAPHUECKHM popMyaam {25].

[Tpy HanHuuM ZOCTATOUHBIX CBeJeHHH O (Ha30BbIX PABHOBECHSIX CH-
CTeM JKHJIKOCTh — KHUAKOCTb yAOOHO pacueT MaTepHaabHOro Gajanca
3KCTPAaKUHOHHOH KOJIOHHB NPOH3BOJAHTH IPH MOMOIIM THATPAMM pab-
HOBECHsl, @ YHCJIO CTYNeHell SKCTPAKIHA ONPENe/ATh, M0Jb3YsICh 3MITH-
puueckolt popmyaoit Aabmepca [25].

NOCAEAOBATENLHOCTD PACYETA SKCTPAKUMOHHOH KONOHHLI

1. Tlo 3apaHHBIM IPOH3BOAHTEABHOCTH H COCTABAM CHIPbA W padu--

HatHolt (asnl Ha TPeyroJbHOH IHarpaMMe ONpPenensilioT KOJHYeCTBO
PacTBOpUTENS, SKCTPAKTHOrO U padUHATHOrO PACTBOPOB, MUHHUMAaJAbHOE
coleprKaHHe 3KCTPArupyeMoro BellleCTBa B IKCTPAKTE.

2. CocraBag10T MaTepHasbHBLIH (afaHc SKCTPAKLUHOHHOH KOJOHHHI,
IpH 5TOM YUYHTHIBAIOT TPAaJUEHT TeMllepaTyphl B annapare. [IposepsiioT
NpaBUJIBHOCTb COCTABJEHHSl MaTepHaNbHOTO O6ajaHca KOJOHHBI CO-
NOCTABJIEHNEM KOJHUeCTB 3KCTPArupyeMoro BelllecTBAa B HCXOMLHOM
pacTBOpe M B PacTBOPAX, NOKUAAIOWIMX annapat. PacueTom noateepx-
JlaloT MHUHMMAJbHOE cOoZeprKaHHe 3KCTPparHpyeMoro BellleCTBA B 39KC-
TpakTe.

3. Cocrapsisior Tem1oBo# 6asnaHc KOMOHHBL [lpu sTom, ecau B pac-
YeTe NPHUHEMAIOT TeMIepaTypy Bepxa KONOHHBI PaBHOH TeMIepaType,
OpH KOTOPO# 3afaHbl YCJAOBHSI PARHOBECHS CHCTEMBl, TO W3 TEIIOBOTO
OanaHca ompelefsilOT TeMIepaTypy noxadd celpbs B annapar. Ecam
B pacuere NMPHHHUMAIOT TeMIepaTyDy HH34 KOJOHHB paBHOH TeMIlepa-
Type PaBHOBECHSI CHCTEMBbI, TO H3 TeNJ0BOro 6asaHca ONpeaeasioT TeM-
HepaTypy DOZAYH PACTBOPUTE/I B KOJOHHY.

4. Onpenessior YHCAO TEOPETHYUECKHX TAPesNoK B KOJOHHE.

5. OnpeneasloT YHC/JI0O NPAKTHUECKHX Tapesok B KoJoHHe. [Ipensa-
PHUTENbHO 3a0a10TCS THIIOM TapeJioK W BeJHUYHHOH HX K. 1L J.

6. Onpeaenstor fuaMeTp KoJIOHHBL. s 3TOr0 mpeaBapHTeNbHO 3a-
1aI0TCsl YMCJIOBBIM 3HaUeHHEM JHaMeTpa U NHOATBEPKIAIT ero pacue-
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TOM PACCTOAHUA MeXAy TapeikaMu. IIpy npaBunbHo MOf0GpaHHOM
AMaMeTpe KOJOHHBI pacueTHOe PacCTOsHHMe MeXAY TapenkaMH JOJKHO
HAaXOIHTbCA B PEKOMEHAYyeMBIX Ipefenax. Pacuer BexyT o Tapeike,
Ha KOTODOH Pa3HOCTb IJIOTHOCTEH BCTPEYHBIX NOTOKOB MHHHMAJbHA.
Ilpu 5TOM CKOpOCTb MOTOKA B IepeHBHOM natpyOke (ycTpoiictse) Ta-
pesKyd CPaBHHBAETCS C MPENENbHBIM AONYCTHMBIM ee YACIOBLIM 3Haye-
HHeM, paccuuthiBaeMbim 1o gopmymae Crokca.

7. OnpenensiioT BHICOTY KOJOHHBL

8. PaccunThBAIOT AHAMETPHl LITYHEPOB, a 3aTeM IIPHHUMAIOT HX MO
CYUIECTBYIOIMM HOPMaJAM.

PACYET

1. Matepuanbhbii 6anaHc KONOHHBI

Martepraabhblii 6anaHC SKCTPAKLUHH PACCYHTHLIBAETCS MMPH IOMOLIHU
NOCTpOeHHil Ha amarpamme papHosecus (cm. puc. 1.18). Va rtouru S
NpPOBEfeM KacaTeJbHYIO JWHUIO K KPUBOH PABHOBECHS B TOUKE Q. Tou-
kKa Ey mnepeceueHdst KacaTe/bHOH JHHMH CO CTOPOHOH TPEYrolbHOH
nMarpaMMbl  PaBHOBeCHS oOIpelelseT MaKCHMa/lbHOe COAepKaHue

o-Keunon  10006zemH. %
K

&

r

100063emn.%

20 /
10006zemi.% 80 60 40 20 s
H-0xkmaH ) AMCO

Puc. 1.18. Cxema k pacueTy MarepuaJibhoro 6anaHca
9KCTPaKUHMH.

14
0-KCHJI0NA B SKCTpakTe, pasnoe or1pe3ky OLy uin vxe = 92,5 06%b-
eMH.%. JanbHeHIIUM pacueToM 3Ty BEJIMYHMHY HAAO0 NOLTBEPIHUTD.
Ha cropone OK TpeyroibHOi AHarpaMMbl OTMeTHM TOYKYy (G, KOOp-

ILMHATa KOTOPOH cOOTBeTcTBYyeT oTpe3Ky OG W paBHa COZEpIKaHHIO
0-kcHI10/a B chipbe Ux = 30 06beMH.%. Toukn G u S coepxnHnM JH-

uueit GS. Ha cropone OK TpeyroibHOM AHarpaMMEl OTMETHM TOuKy P,

KOOPJIHHATA KOTOPOH cooTBeTcTBYeT 0Tpe3ky OP u paBHa COXeprKaHHIO
o-kcuiona B paduHaTe Uxg =5 06beMH.%. Toukn P m Q coenuHum

aunuedl PQ u noayunm 1ouxy nepecedenus M anunit GS u PQ.
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OTtHomense BeauuuH oTpe3koB OM u MS onpepensier o6beMHYIO
KPATHOCTb [10J{a4H PACTBOPUTEJA K HCXOAHOMY CHIPbIO:

D

O == —=== 1,41
MS

Koaunuectso pacrsoputens (B m%/4) paccuuTbiBaercs no gopmyae:

S,=al,

rie Vi — KOJTHYECTBO ChIDbS, M3/u.
KosnuectBo chipbsa (B M3/4) pasuo:
G
Ve=—
€ pe
TAe pc— MJOTHOCTL CHIpbsi NPH TeMhepaType [OJayH ero B anmapat
T =313 K, gr/m®.
Inotaoctb coipbs npu Temneparype T = 313 K naifizem tak:

Pc == Px¥x —+ 00¥

rne px H Po— IIOTHOCTH O-KCHJIOJA M H-OKTaHa INpH TeMiepaType
=313 K, kr/m% vy H U,— COlepiKaHWe O-KCHJOJAa U H-OKTaHA
B cbipbe, 0OBEMH. JOJIH.
OnyctuB NOAPOGHOCTH BLIYHC/ICHHSI BEJHUHH Ox H Po, HMEEM:

p. = 866,8 - 0,3 4 684,9 - 0,7 =739 «kr/m3

Torna 95000
_ 0 — 3
V.= a9 33,8 m3fu

S,=1,41- 33,8 =47,65 m3/u

OTHoluerre Beaununy orpeskor PM u MQ omnpenensieT oTHOUIeHHe
KOJH4eCTB KoHeuHblX ¢a3. OHO parHO:

p="2M 930
MQ
Koannuectso ¢asnl sxcTpakta (B M3/4) paccuuteiBaercs mo ¢Gop-
MyJe:
E, =P
v ﬁ__{_l

rae F, — cyMmapHas 3arpyska Cbipbsi 4 PaCTBODHTE/IS B KOJIOHHY, M*/u.
BenuuuHa 3arpy3ky KOJOHHBI PaBHA:

Fo=V.+ S,=33,8 + 47,656 = 81,45 mM3/u

[Tpu u3BeCTHO! BeJHMUHHEe 3aTrPY3KH 3KCTPAKTOPA, KOJHUECTBO (a3pl
sKReTpaKTa OyaeT paBHO:

2,32. 81,45
E,= 2,32 + |
Kosinuectso (asp paduHata (B M3/4) HalljeM KaK PasHOCTb MeX1y

KOJMYECTBOM S34TPY3KH afnapata ¥ KOJNHUeCcTBOM (asbl 3KCTpaKTa:
R,= F,— E,=281,45 — 56,95 = 24,5 Mm%y

==56,95 M3/y
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- Has pacuera xoauuects pactoputens S, paduHATHOrO pacTBOPA
R u skcrpakTHOro pactBopa E (B Kr/u) HeoOXOAMMO 3HaTh MJIGTHOCTH
3THX IIOTOKOB [IPH COOTBETCTBYIOLLEH TeMmeparType.

Temnepatypy nopaud chipbst B aNllapat HPHHFAJIH PaBHOI TeMliepa-
type nponecca I = 313 K. Ina moanep:kaHusi TeMIepaTypHOro rpa-
IWEHTa B KOJIOHHE W CO3LAHHUS JONOJHHTEJbHOR ABHMKYIEH CHJbI 3KC-
TpaKLUy NIPUMeM TEMIIEDATYPY HA BePXY KOJIOHHH paBHOk Ty = 318 K,
a TeMIepaTypy B HH3Y KOJNIOHHB — paBHO# Ty == T = 313 K.

KonnuecrBo pacrsopurens (B Kr/d), ec/ii AONYCTHTb, 4TO €ro MJIOT-
HOCTb HE€ 3aBHCHT OT TeMHOepaTypsl M paBHa pg= 11014 kr/m® [35,
c. 319], onpenensieTca Tax:

S = 8,05 =147,65 - 1101,4 = 52500 xr/u
KosnuecTBo paduuaTHOro pacTsopa (B Kr/u) BhIUHCAsieTcs 1m0 ¢op-
MyJe:
R _ Rva

r1e px-— OJOTHOCTL pacdunaTHoro pacreopa npu I = 318 K, kr/wmd,
[TnoTHOCTL paduHaTHOrO pacTBOpa NPH YKa3aHHON TeMIepaType
paBHa:
pR == PxUkRr + poUoR

rl€ Pk U Po — MJIOTHOCTbL O-KCHJIONIA H #-OKTaHa npu Ty = 318 K, kr/m?%;
Uxr M Uop— COJEPIAHHE O-KCUJIO0JI& H H-OKTaHa B paduHATHOM pac-
TBOpe, 00beMH. L0J4.

CocraB padHHATHOTO W 3KCTPAKTHOIO pacTBOpPOB AaH B Tabua. 1.27.

Tabnuya 1,27

Cocras pacTBopoB
¢asa paduHara ¢dasa skcTpaxkra
KoMmmoneHTn (trouka P Ha (Touka Q Ha
puc. 1.18) puc. 1:18)
00. 0.1 06. noJn
o-Kenaoan . . . . . . 0,05 0,1550 .
A-Okran . . . . . . 0,95 00114
JIMCO . 7. . . .. — 0,8336
Cymma . . . . . .. 1,00 .1,0000

[oncrasasas uucaoBble 3HAYeHHs BeJHYMH B GOpPMyJay Aa8 Qg,
HalgeM:
o, = 863,5 - 0,05 4 680,4 - 0,95 =690 kr/m3
Torpa xoanyectBo padHHATHOIO pacTBOpa: ,
R=24,5.690= 16920 kr/u
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KoJinyecTso IKCTPAKTHOI'O pacTBOpa HafljleM H3 MaTepHaJibHOro / R

Gananca anmaparta (cm. taba. 1.28):
E = 77500 — 16920 = 60580 xr/u
Tabauya 1.28

IToctymaer Koamiectso BoiBoAuTCSH Koamsecrso
B 3KCTPAKTOpP H3 3KCTpaKTOpa
(em. puc. 1.17) M3/u Krfu (cM. pue. 1.17) M3/u Kr/4
Hcxonumit paCTBOp ) Pajunataniit
Gg..... . 33,80 25000 pactBop R . . 24,5 16 920
Pacteopnrens 'S 47,65 52500 | DxcTpaxTabLi
Cymma . ....| 8145 | 77500 | Pacteop £ . .| 5695 | 60580
Cymma . . . . . 81,45 77 500

[TpoBepuM npaBHJABLHOCTL MaTepHAJNbLHOro Gasanca 110 O-KCHJOJY.
Iaa 3T0ro HeoGXOMHMO pacCYHTaTh B MAaCCOBBIX AO0JAX COCTaB HCXOM-
HOTO CBipb$l, YKCTPAKTHOrO M padUHATHOTO PACTBOPOB 1O (opmyse:

T
Por7i

X = U; T
Pao77n

rie v; — comep:KaHHe KOMIOHEHTA B MOTOKe, O0OBEMH. JOJIH; or, —
OTHOCHTe/IbHAS MJOTHOCTb KOMIIOHEHTOB NOTOKa NpH Temmeparype T

(cm. TaGa. 1.29); pL, — oTHOCHTENbHAs IJIOTHOCTb NMOTOKA MPH TeM-

nepartype 7.
OrtHocHTeNbHAS VIOTHOCTb P&, TMOTOKOB fRaHa B Taba. 1.29. Pacuer

cocTaBa TIOTOKOB B MAacCOBHIX A0J4sX chenal B Tabua. 1.30.
Ta6auya 1.29

OrtnocutedsHas
Horoxu (cm. prc. 1.17) Tﬁg:gﬁ:j;};{pa MJOTHOCTb NMOTOKA
Pa770
HcxofHBIH pacTBOP . « « « » 313 . 0,739
PapunaTubiét pacTBOp . . . . 318 @ 0,690 - ¢
dkerpakTHEIL pacTBOp . . . . 313 . S 1,063 o 7

KonnuecTBO 0-KCHJIO/1a B HCXOLHOM pacTBOpe:
Gy = x,G=0,352 . 25 000 == 8790 kr/u

KomnuecTBo 0-KcH/0Ja B padHHATHOM pacTBope:
Ry == x, R ==0,0626 - 16 920 == 1060 kr/u

KOJII/ILIQCTBO 0-KCHJI0J1a B 9KCTPAKTHOM paCTBope:
E, = x,E = 0,1266 - 60 580 = 7680 kr/u
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Tabauya 1.30

Coaepxanue
Coepanue OTHOCHTeJlb;i‘aH KOMIIOHEHTOB
) KOMIOHEHTOB MJIOTHOCTD P, o,
Horoxu v, OBDBeMH. 2771 o, 2T
i fipy teMmoepartype i i T ’
HONH NOTOKa Por7n
Mace. RoJau

Hcexonnmil pacTsop: :/?f e v JVQ%

H-OKTaH . . . . . . 0,7 {77 0,6849 0648
O-KCHJIOJ .+ . . . . 0,3 0!&; 0,8668’4 0,352 /yzg
CymMmMa . + v v o o 1,0 - 1.000
PagunaTHulil pacTBOp: v :,agg ‘
H-OKTaH . » + + v . . 0079 o,6804 + 5 09374 6746
O-KCHAOA .+ « + « . e 005 .o 0 8635’ "9“7& 0,0626 & 0 %«,,
CyMMa . « v v oiun . 1,00 - 1,0000 0/{9"“
DKCTpAKTHBI pacTBOP:
H-OKTaH . . . . . . 0,0114 9¢/ 0,6849 ’“9@’ 0,0073 ¢ /
O-KCHJIOA .+ + . . . 0,1550 4, 784 0.8668 540 0,1266 9 £/‘7
JIMCO . . . ... 08336/ g 1,1014 oo 0,8661
Cymma . . « . . . .. 1,0000 — 1,0000

KosnnuecTBo 0-KCHII0MA, NOKHAAIOLIETO KOJOHHY:
R+ E,= 1060 4 7680 = 8740 xr/u

Pacxoxnenye MexX1y BeMUHHAMH KOJHUYECTB O-KCHJOJA HA BHIXOAE
U3 annapaTa ¥ Ha BXOJe B anlnapar cocrasjser npuMepo 0,6%.

Otnocurenbnoe colepxkaHue 0-kCWJoJa B 3KcTpakTe (0e3 yuyera
paCTBopmem) :

, 0,1550
”KE_T 100 = —————— . 100 = 93,1 oGbeMu. %

0.1550 + 0,0114
rle Uxg H Uop— CONEPIKAHHE O-KCHJI0Ja M H-OKTaHa B IKCTPAKTHOM
pacTBOpe cooTBeTcTBeHHO (cM. tabu. 1.27), o6beMH. A0JH.
Pacxoxaenne MexIy 3HAUEHHUSIMH BEJIHUHH Uxg M Uxg COCTaBJSET
0,65% u ykasblBaeT Ha JOCTaTOYHO BLICOKYIO TOYHOCTb pacyeTa Mare-
pHaJbHOro GasnaHca 3KCTpaKlMH.

2. Tennosok GanaHc KOJNOHHBLI

B namem cayuae TemsioBoil 6anaHc 3KCTpaKTOpa COCTaBAsieTCH AN
OnpeJesIeHUs] TeMIIepaTyphbl, IIPH KOTOPOH cJaedyeT MOAABaTh B aniapar
pacTBOpHTENb, YTOOB TOAAEPXKHBATh TEMIEPaTypy Ha BepXy ero

= 318 K.

CocraBsenne tennoporo GasnaHca siBJAsieTcsl MPOCTOH 3ajgauell u no-
9TOMY pacueT 3lech He NPUBOAMM. Temmepatypa, npu KOTOpO# pacrso-
pUTesab llOCTyNaeT B amnnapar, paBHa 319 K,
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3. Yncno TEOpETHYBCKHX W NPAKTHYECKHX Tapenox
B KOJDHHE

Uucao TeopeTHYECKHX TapeJoOK NPH NPOTHBOTOYHOH SKCTPAKIUH
ONHUM PACTBOPHTENEM MOXKHO paccuutaTh nmo ¢opmynae Anbpepca [25,
c. 122]:

. e—1
¢= Bn"H'—jl

rjae ¢ — He3KCTparupoBaHHAsl AOJIA O-KCHJI0MA; € — KO3(DGHUUMEHT 3KC-
TPAKUHHU; 71— YUCJIO0 TeOPETHYECKHX TapeJoK B amnapare.

HeskcrparupoBaHuas f0Jisl 0-KCHJIO0Ja paBHA OTHOIIEHHIO ero KOJIH-
yecTBa B (pase paduHaTa K KOJHUECTBY B CbIPLE:

_ ogR,  005-245
o= V. —o30.3ms — 01207

Koadduument skcTpaxuun e, o6bweMbl (a3 sxcrpaxkra E, u padu-
HaTa R, CBfsaHbl CJeNyIOUMM CooTHolleHueM [25, c¢. 91]:
Ey
Ry

B KOTOPOM K — K03(pGdHUIMeHT pacnpejiesleHus 0-KCHUI0Ja, BblpaxKeHHbIH
B HalleM cayuae B 00beMHBIX eIHHHHIAX.

Besnuuna koad¢uuueHTa pacrpejeseHus SKCTParupyeMoro KoMIo-
HeHTa MexAy (azaMu 3KCTpakTa M paduHarta onpefesNseTcs KCIepu-
MeHTaabHO. B Hawewm cayuae & = 0,47 [24). Torzna

5695
e=0,47 545 —1?09

E=—K

[ToncTaBuB YMCAOBbIe 3HAYEHHs BeqHYMH B (Qopmyay Asbiepca,

MOJYYHM:
1,09 -1

oTKyaa n == 54.

M3 Bcex BHU/OB KOJOHHBEIX almapaToB HanGoJiee IepCleKTHBHLIMH
NS MHOTOTOHHAXKHOH DKCTPAKIHH SBJSIOTCS SKCTPAKLHOHHBIE KOJIOH-
Hbl ¢ cuTYaTLIMH (nepdopuposaHubiMU) Tapesnkamu [36]. K.m. m. cur-
YaTbiX TAPEJOK B IKCTPAKLYOHHBIX KOJOHHAX KosebJjeTcsi B Npejesax
or 0,2 no 0,45 [26, c. 260]. Tlpumem k. n. x. Tapesnxru nr = 0,3. Torna
YHCJI0 NPaKTHYECKHX TapesoK B KOJOHHE:

4. lnameTp KONOHHbLI

Ouamerp 3KCTPaKUUOHHOH KONOHHBI M DacCcTOAHHE MeXLy ee Ta-
peJKaMH B3auMOCBA3aWbl. Paccroanue (B M) MeXAy CHTYaTHIMA Ta-
penkaMu OpDH CTPYHHOM pexuMe HX pabOThl PEKOMEHAYeTCs NpPUHH-
MaTh paBHEIM [36]:
) hy=h¢+ 0,2
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SWCC

rae fic — BHICOTA CJIOS1 HCTIEPTHPYEMOH KUIKOCTH, CKOILIAIOLLEC Ha
TapeJske, M.

HuameTp KOJOHHBL HYXHO Imono0paTb Tak, 4TOGB paccTOsHHe
MEXIY TapejJKaMH HaxoAujoch B npeneaax 0,25—0,6 m.

Tak xak B annapart nocTynaeT pacTBOPUTe/s OOJblIe, UeM CHIPhA,
TO JUCHEPTUPOBAHHON (a3ol sABJAgeTCA THXKesaas, a CIJIOMHOW — Jjier-
Kasi (cblpbe).

IKCTPAKTOP PaCCUMTHIBAETCA MO Tapes-
Ke, Ha KOTOPOH pPAa3HOCTb IIOTHOCTEH MH-
HuManbHa [36]. B HameM cnywuae MuHH-
MaJbHasi pasHOCTb MJAOTHOCTed Oyaer Ha
HUXKHelt Tapeake. OHa paBHa:

Ap = pp — 0. = 1063 — 739 = 324 «r/m?

Ilpu 3ToM mjaOTHOCTL (ha3ml IKCTPAKTA B
HH3Y KOJOHHBI (cM. Taba. 1.28):

60580

Or ——m= 1063 Kl"/M3

Bricota cnost AHCmeprHpyeMol XKHIKO-
CTH, CKoOmJasiioulefcsi Ha Tapeake (cM.
puc. 1.19):

he=Ahy + Ahy -+ Ay

roe Al —BbICOTA CJI0S1 THCNEPrHpyeMoili
¢baspl, HeoOxomuMas [Js NPeO]OJeHHs CO-
IIPOTHBJIEHHTI MOTOKY AHCIEPrHPOBAHHOM

 a3pl B OTBEPCTHAX NepPOPUPOBAHHON Ta-

penx#, M; Ah,— Beicota caosi mucrepru- Puc. [.19. Cxema k pacuety
pyeMoil (aspl, HeOOXOAHMAS AAs Cozfanus PACCTOMINA NMEWAY Tapet:
CKODOCTH CIIOWHOH (pashl B MNEPENHBHOM  ;_ cieiruiopaunan  cpena:
natpybke TtapeskH, M; Ah; — BbicoTa CJ0si 2—cniowHas cpeaa.
nucnepruapyemofl ¢aswl, Heobxomumas AJst
NIPeOJ0JIeHHs] COPOTHB/CHHH NIPH NPOTEKAHHH CIOMHON (a3bl B MeX-
TAPEJOUHOM OTHEJIEHHH, M.

Bennunna Ahy paccunteiBaeTcs no dopmyae [26, c. 341]:

On (i —11)2)02%

Ahl = 3
Ap 27¢,

rie Pg— MJIOTHOCTb HMCNEPTrUPOBAHHON (pa3bl, paBHAA IJs HHXKHeR Ta-
pENKH TIOTHOCTH Or KCTPAKTHOTO pacTBoOpa, Kr/m3,

T Mo AAs OTBEPCTHS
K nJaomans HoﬂepeqHOI‘O CeyeHNsa KOJIOHHBI

Wo — CKOPOCTh JAHCIEePrHPOBaHHOl (ha3bl B OTBEPCTHUSIX TAPEJKH, M/C;
g — YCKOpeHHe CHJIbl THXKeCTH, M/c% co =~ 0,7 — ko3 duunesT cyxe-
HUA.
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Curuateie Tapenku (puc. 1.20), mpumeHsieMble B 3KCTPAKUHOHHBIX
KOJIOHHAX, MaJ0 OT/JIHYaloOTCs OT CHTUAaTBIX TapeJsoK, NPHMeHsSeMBIX
B peKTH(HKALHOHHBIX KOJOHHAX. lHaMeTp OTBepCTHH y CHTYATBIX Ta-

. peaqok moxker ObiTh B mpenenax 0,003—
0,008 M.

TPEYTOJALHON CeTKe cyMMapHas UX A0S
10 OTHOHMEHWID KO BCel Imjollajud Ta-
peJKH paccuuTbiBaeTcss no ¢popmyJe:

£, = 0,9065 (%1)2

raie do— IHAMETP OTBEepCTHH, M; fo—
mar OTBEPCTHH, M.
UnesoBble 3HAYEHUS] BEJAHYHHBI  [n
(8 % xo Bcell moIaAK TapeJiku) B 3a-
BHCHUMOCTH OT JUaMeTpa OTBEPCTHH H HX
Puc. 1.20. Cxema curuatoii ta- 10ara gawer B ta6r. 1.31
penxy (B maaue): Honw fp naowmwany oreepeTuil Tapes-
S~ nMepdopHpoBaHHas nromats; KM HafieM M3 Ttaba. 1.31, npuuas npua-
S,—Henepdopuposannias  mjomamib; o
Sy—nnomans cewenns mepeaumssoro METD OTBEDCTHH do = 0,005 M H mar Mme-
naTpyeKa: XKLy HUMH ¢, = 0,015 m. Ona 6yner pas-
Ha 10,1%.
[TpumeM nuamerp koJOHHE Dy == 1,2 M. Toraa nsomanb nomepeu-
HOTO CEUYEeHHs KOJOHHBI COCTaBHT:

Fe=Si+ 8+ S=—"r=""=1,13 w

[nowanu S, S; u S3 cM. na puc. 1.20.
Tabnuya 131 ’

Hons fn nJolanu OTBepcTUll B % KO Bcell maomanu Ttapedku
Ilar to MewILy npH quaMeTrpe do orBepcTHil B M
OTBEPCTHAMH, M
0,003 0,004 0,005 0,006 0,007 0,008

0,007 16,8 29,6

0,008 12,7 22,6 35,4

0,009 10,1 17.9 28,0

0,010 8,2 14,5 22,6 32,8

0,011 6,7 12,0 18,7 26,9 36,7

0,012 5,7 10.1 15,7 22,6 30,8

0,013 48 8,6 13,4 19,3 26,3 343

0,014 42 7.4 11,6 16,8 22,6 29,6

0,015 3.6 6.5 10;1 14,5 19,7 25,7

BennunHa OTHOILIEHHS J0IIaAl OTBEPCTHA K MNJollaxu iIoleped-
HOI'O Ce€YeHHd KOJIOHHBI IIpH 3TOM paBHA:
nd>  3,14.0,005

o . -6 : »
¢_4FK"— 4.1,13 =174 10
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[Ipn pacnonokeHHH OTBEPCTHIl 110 -

CymMapHas Iuiomanb OTBepCThil Ha Tapeke:
Fo=foFx=0,101-1,13=0,114 M®

KosnuecTBO 0TBEpCTHH Ha Tapelike:

oo AFo _ _4-0114 _ gaqqg
°7 md?  314.0005°

CKOpOCTb AMCTEepPrHpoBaHHOl (asel B OTBEPCTHAX TapesKH paccCuH-
TeIBaeTCA No hopmyJe:

Fy
Wo = s,

rlie Wz — GUKTUBHASI CKOPOCTDL JHCHEPTHUPOBAaHHON (askl B MoJHOM Ce-

YeHHH KOJOHHBI, M/C.
Besnnunna GUKTHBHOM CKOPOCTH paBHa:

By _ 5695 __
o 2= FmoF, = B600. 103 — 0014 M/

Toraa
_0,014-1,13

N wo——'—m“— =0,139 M/C
CKOpOCTb KULKOCTH B OTBEPCTHAIX TAPEJOK B INPOMBILICHHEIX JKC-
TPAKUHOHHBIX KOJIOHHAX COCTaBJIfAeT 0,1—0,3 m/c [37, c. 362].
[Moncrasus B Gopmyay Ads ARy uncjOBble 3HAYeHHs BeJHYHH, IO-
JYUHM: [ ‘ﬁf"e Foo
.1079). 2
1063 (1 —17.4-107%).0,139 —0,0066 M

> I

Ahi =5 2.9.81.0.7%
; s
Bennunua Ahy paccuntbidercs no ¢popmyJe [36]:
2
wnpc
Ao =t1gg0

rie ex— KO3(O(HIHEHT THAPABJIHYECKOTO CONMPOTHBJEHHS [€PEJIHUBHOIO
narpy6ka TapejKH, PaBHbIA ,1’5—4’5; Wy — CKOPOCTb CIIOUIHON BRI
B repeJuBHOM HaTpyOke, M/C; pc— IIJIOTHOCTb CIJIOLIHOH daspl 101
HUMKHell TapeaKkoll SKCTpakTopa, NpHHAMaeMas paBHOHW MJIOTHOCTH
CLIpbsi, Kr/M®.

CKOpOCTb CIJIOWIHOA (askl B MepesnBHOM narpyoke:

w Ve
n 36003,
npu sToM Ss — NUIOWalb MONEPEYHOTO CeueHHs MePEeNHBHOro mna-
tpy6ka, M2
" "Benuuuna S paBHa:
83 = f\'lTFK

rie fgr— MO OJOLIALH MepPeJMBHOrO narpybka OT mjiowaiyd mome-
PEUHOro CeYeHHUs KOJIOHHBL,
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Jlnsi npOMBIINEHHBIX IKCTPAKIIOHHBIX KOJIOHN BEJHUHHA fur HAXO-
autes B npepeaax 0,013—0,036 {26, c. 343]. Tlpumem fur = 0,03. Toraa
MJIOINA/b IONEPEUHOro CedueHHs NepeIHBHOrO natpybka GymeT paBHa:

S3=008:1,13=0,0839 w* 4}/

"
o)

. v
BuyTpenuuii 1uaMerp nepeauBHOro narpyo6ka:

dy=1,128 /Sy = 1,128 /0,0339 = 0,207 w () ¢/~

Hapy:xublli aunamMeTp nepeqHBHOro naTpyGKa MpH TOJLIHHE ero
cTeHKH Oc¢r = 0,006 M cocraBur Benunuuny dy = 0,219 m. Takoro gua-
Merpa dy TPYObl BHIIYCKAIOTCS NPOMbILIIEHHOCTBIO.

[ogcraBus B Gopmyay Aast Wy UKCJIOBbie 3HAYCHHS BEJNHUYMH, Hal-
AeM:

33.8

= 5500.0,0330 — 0278 m/c

Wy
OKCTPaKIMOHHASE KOJOHHA 6yneT paGoTaTh HeydOBJETBOPHTENbHO,
€CJIM 3HAUUTeIbHOE KOJIHYECTBO JHUCIeprHPOBAHHLIX Kanedab GyAyT yHO-
CHTbCS Yepe3 MepeNUBHON naTpybok co cmiomHoé daszoi. [Tostomy
CKOPOCTb Wy CIVIOIWIHON ()asbl B NepPeJUBHOM NAaTpyOKe HOJXKHA OLITh
MeHbllle CKOPOCTH ocaxkieHusa kaneab ¢ guamerpom 0,001—0,002 m
[36]. s HaxoXNeHHs MNPeNebHOr0 JONYCTHMOrO 3HAYEHHS CKOPOCTH
Wn. n CIVIOIIHOH (hasbi B nepeJHBHOM narpybKe BocnoJb3yemcs (op-
myno# Crokca [37, ¢. 375]:
g Ap d?

P2 = g

rae g = 127-10° m/u? — yckopenue cBoGoAHOrO nanenus; d — AHaMeTp
Kanejab, M; e — AHHaMHYecKas BASKOCTb CIJIOWIHOA ¢asbl, Kr/{M-u).

HuHaMu4yecKylo BS3KOCTb CHJIOWHON (asbl (chipbsi) MpH TeMlle-
patype Ty = 313 K onpenenum no gpopmyae [8, c. 58]:

lgw, = x;lgp, + x lgu,

II€ X, M Xg— MOJbHDBIE NOJH H-OKTAHA H O-KCHJIOJIa B ChIpbe COOT-
BETCTBEHHO; lio, Pk — JHHAMHUECKHe BA3KOCTH OKTaHA M 0-KCHJIOJA NPH
313 K coorBercTBeHHO, 1/ {cM-c) [7, cTp. 225 u 323].

3Has MaccoBble JOJH H-OKTaHA U O-KCHJ0Ja B chipbe (Taba. 1.30),
HafjleM HX MOJIbHbBIE J(OJH:

. oe8le
Xo == ——‘“‘—“—M 0352 — 0,63
114 106
, 0362106 '
*x = 5548 REED == 0,37
114 106

{losyunm:
lg pe==10,37 1g 0,00625 + 0,63 1g 0,00425 = —2,31 = 3,69

HJH

e ==0,0049 r/(cMm - ¢) == 1,76 kr/(M - u)
90

Torga, NpHUHSB AHAMETP CaMbIX MEJKHX Kafnejb pPaBHBIM d=
= 0,001 M ¥ NOACTABUB YHCJOBble 3HAUEHHs BEJHYUH B popmynay and
Wy, gz, HafgeM IMpefefbHOe GHCIOBOE 3HaueHHe CKOPOCTH CIJIOLUIHOW
(basn B NepeqUBHOM naTpyOke:

127 - 108 - 324+ 0,0012 7 ‘
— — =0,37 um/c
Wy, 2 87176 1300 wm/u==10,37 m/

VHOC IHCHEPrHPOBAHHLIX Kale/lb IPOUCXOANTb He OyleT, TaK Kak
Wy << Wy, x. B cayyae MONydYeHHA Wg > Wy, g CJIENyeT yBeJAHUMTb Aua-
MeTp KOJIOHHBI H IIOIlepeyHOe CeueHHe MepesuBHOro natpy6Ka.

[ToxcraBus B popMyay Aaa Ay uHCAOBbIE 3HAUEHHA BEJIHYHMH, NPEL-
BaPUTEbHO [P 3TOM NPHHAB KOIPPHIHUEHT en = 4.5, MoJy4HM:

02782739
Ah2=4,5m—0,04 M
Beqwuuna Ak, paccuuThiBaercss no gopmyae [26, c. 341]
2 2
. WeP, 0,014%.739 . o i
Takum o6pasom ' *E
h. = 0,0066 -+ 0,04 4+ 0,000034 = 0,046634 ™ T
[pumeM BHICOTY CJIOA AHCOEPTrHPYEMON XKHI- ]
Koctd he = 0,2 M. -~
PaccrosiHue MeXay TapeJkaMH LOJXKHO ObITb Paol B2
paBHoO: St o e S I
h,=02+02=04 ™ S
Venosue 0,25 << hy << 0,6 BHINOJHSETCS H TMO-
tomy auamerp KojaoHHH Dyx= 1,2 ™M BBOpaH ]
npaBHJIbLHO.
5. BbicOTA KONOHHLI * i
PaGouas Beicota annapata (puc. 1.21): k 'Zf oy

szHp.K+HT+h’4+ 0,5
Puc. 1.21. Cxema pas

rae Hy— paSouas Bbicota amnapara, M; Hp x— paciera paGouelt sb-
BbICOTA pa3ﬂ.eJII/ITeJIbHOI'/’1 KaMmepbl, M; HT-—BbI- COTHl 3KCTPAKIIMOHH Off
coTa, 3aHfiTasd TapelkaMH, M; As— BbICOTA CJIH- KOJIOHHBI,
Ba paduHaTa HaJ BepXHeH TapeJKou, M.

BricoTy pasmenuTesbHON KaMephl NMpuMeM B 5 pas GoJsblied pac-
CTOAHUA MEXKAY TapesKaMu B anmapare: /

Hy =5h=5-04=2w 73 foi
Bricora, 3aHsiTas TapejKaMmu: |
Hy=(Ny— D) hy= (18— 1) - 0,4=6,8 m ™
BricoTy cauBa paduHaTa Hal BepXHed TapeJKOd NpHMeM paBHOH
hy=2h,=2" 0,4:=0,§7 M

youl #
¢ ) Iro 2 91




YN
Hy—2+68+408405=101 u
BricoTa c1os Ts3Keq0lt KULKOCTH B pasnenuTeNbHON KaMepe:

hy=05H, ,,=05-2=1 u
BricoTa cinBa padunata pasna:
hy=H, +H, +h=24+684+08=9,6 M
BricoTa cos cnstomnoit ¢hasbl B KOJOHHE:
hy=h3—h =96 —1=8,6 M

IluamMeTphl IITYyIEPOB KOJOHHBI PACCUMTHIBAIOTCS MO OGBITHBIM top-
Myjaam THAPABIMKH — CcM. Hanpumep, [39, crp. 97—98] —u npuuu-
MaIOTCA B COOTBETCTBHH C ACHCTBYIOLIMMH HOPMaJIsAMH,

Torna

Tnaga 2
T E 0 n 0 B bl E
n P 0 W E C G bl

B nacrosimiefl rnase NPUBOASITCA TEXHOJNOTHUECKHEe PACUeThl TemJo-
06MeHHBIX annapaToB H TpyOUaTBIX HaTpeBaTeNbHBIX Meuell, MIHPOKO
IpUMeHsieMBIX B COBDEMEeHHBIX Ipolleccax HedrenepepabarthiBaloiei
IPOMBIUIJIEHHOCTH.

Nas tennoobMeHHB X annmapaToB Haubojgee pacnpocTpa-
HEHHBIMH SIBJISIIOTCSI TOBEPXHOCTHBIE aNNapaTsl peKynepaTHBHOTO THIA,
B KOTOPHIX TeIIONepefavta OT IOpsSuero TEMJOHOCUTeNs K XOJOLHOMY
yepe3 PasfesIomyio HX CTeHKY MPOHCXOIUT HeNpephiBHO. _

Oco6eHHOCTH TENMJMOBOTO pacueTa TelJooOMeHHOTQ amlnapata onpe-
IeJSIIOTCSl er0 Ha3HAaYeHHeM M KOHCTpPYKUHel.

B 3amauy TemsoBoro pacuera Ji060ro TenyooOGMeHHOro amnnapara
BXOIHUT ONpejieNieHHe BEJHUYHHBI NOBEPXHOCTH TensaooOMeHa NyTeM Cco-
BMECTHOT'O DelIeHHsl ypaBHEHHS TENJIOBOro HajfaHca W Telvionepena.

B 3aBHCHMOCTH OT TEXHOJIOTHYECKOT0 Ha3HAYEHHS TelN006MeHHHKa
HCXOMHblE JIAHHBIE /IS €ro pacdyera JOJKHBE ObITb Pas3JHUyHBIMA.

[Ipu pacuere TemTOOGMEHHHKA OCHOBHBIMH HCXOJHBIMH JIaHHBIMH
JNOJKHB OBITh KOJHYECTBA M HayaJbHble TeMIepaTyphl moTokoB. Ilpu
pacuere XOJOAMJILHHKA (KOHIEHCATOPAa-XOJOLUIBLHUAKA) MOJMKHB GHITh
3a/(aHBl KOJIMUECTBO, 2 TaKKe HavaJbHasi 1 KOHeYHas TeMIeparypa ro-
psivero oxynaxmgaeMoro npoaykra. Ilpu pacuere noporpeBatens (ucma-
puTesast, KHMATHJIBHUKA) IOJIKHBI OLITH 32laHBl KOJHUECTBO, 8 TAKKe
HauaJjbHAasi H KOHEUHasl TeMMepaTypbl HarpeBaeMoro npoaykra. Kpowme
MepeynCIeHHBIX HCXOMHBIX JAHHLIX BO BCEX TPeX c/yuasXx HeoGXOomuMo
3HATb HEKOTOphle (pH3MUeCKHEe CBOUCTBA TEIJIOHOCHUTeJel, rJIaBHLIM 06-
pPa30M HX MJOTHOCTH M BSI3KOCTH.

Crenyer mmerb B BHIY, KakoHl pacueT TelnJOOOMEHHOTo amnnapara
TTPOBOJIUTCS — NPOEKTHBI MM noBepouHblil. Ilpu npoextHoM pacuete
Hapsily C TETJIOBLIM BeleTCd W KOHCTPYKTHBHBIH paciuer, COCTOSIHIMH B
olpe/esieHMH OCHOBHBIX Pa3MepOB annapaTta ¥ KOMIOHOBKH ero aJe-
MeHTOB (HanmpHMep, ONpefeseHHH KonudecTBa Tpy6 u crnocoba ux pas-
MelleH s, AMaMeTpa TenJooOMeHHUKa # T. 11.).

[ToBepouHBIH TENJIOBOH pacudeT MPOBONMUTCH B TOM CJydae, KOrja
HMeeTCsl TOTOBBEIA (CTaHLapTHBIN) TeNJ00OMeHHHK U TpebyeTca onpese-
JUTb, CKOJbKO TAKHX allapatoB HeoOXOAHUMO YCTaHOBHTb, UTOGH MO-
BEPXHOCTb HMX TellJJooOMeHa COOTBETCTBOBAJA IMOJYYEHHOH B pe3y.ib-
TaTe pacyera. ,

ITpy npoeKTHPOBAHHH TEXHOJOTHUECKHX YCTaHOBOK AJS Hedrenepe-
pabaTbiBAIOLIMX 3aBOJAOB 4Yalle BCErO NPHXOIUTCS [enaTh MOBEPOUHbBIE
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TEJIOBLIE pacueThl CTAHAADTHBEIX TenJoOOMeHHbIX annapatos. Ilose-
POUYHOMY TEIJIOBOMY - pacyeTy TelJIOOOMEHHOTO annapara [oJXKeH
Ope/lIeCTBOBATL €r0 BHIOOP HAa OCHOBe psjfia TeXHOJOTHYECKHX H TeXx-
HUKO-3KOHOMHAUeCKHX cooOpaKeHHi, KOTOpble Hu3Jaralorcs B Kypcax
TEXHOJIOTHH He(TH W rasza U NpOLeECCOB U annapartos Hedrelepepala-
THIBAIOLIEH TPOMBIILIEHHOCTH.

3ajayeli TeXHOJOTHUECKOrOo pacyerta J0GOH HarpeBaTeJbHON HJH
peakLHOHHO-HAarpeBaTeapbHOl TPpyO6uaToll meyn sABJAsSeTCA ONpele-
JIeHHe ee II0BEPXHOCTH HArpeBa, Pa3MepoB KaMep pajiHallikl H KOHBeK-
IIHH, [10Tepb HaNopa B 3MeeBHKe M OCHOBHBIX DPa3MepoB JLIMOBOH
TpyOGhl.

Tlpexkje yeM NOPHUCTYNHTb K TEXHOJOTHUECKOMY pacuety, Heodxo-
HuMO BbIOpaTth THO Teyd. Beibop THma neun, a Takike OOJbIIHHCTBA
nokasaresefl pexuMa paboTbl B 3HAUUTEIbHOH Mepe ONpeeJAI0TCH ee
KOHKPETHBbIM Ha3Ha4yeHHeM.

HMexonupiMu JHaHHBIMH [JISI pacyeTa HarpesaTenbHON TpyOuaToh
neyd ABJSIOTCS CAEAYIOUIHe: NPOU3BOAUTENbHOCTh MO Chipblo; (PpakLiu-
OHHBI cocTaB (pasroHKa) ChIpbSt W €ro IJIOTHOCTb; HauajbHas U KO-
HeuyHas TeMIepaTyphl CHIPbS; JaBJelHe B KOHUE 3MeeBHKa [IeUH; XxapakK-
TepucTHKa TorinBa. Ecau B neuu po/KeH ObiTh yCTAHOBJIEH naponepe-
rpesaTesb, TO 3aJal0TCs KOJHYECTBOM BOASIHOLO Mapa, MOMIeKAalnM
meperpeBy, ero HauaJbHBIMH NapaMeTpaMu (JAaBJeHHe, CTeNeHb BJAK-
HOCTH) W KOHeUHOH TeMIlepaTypoil narpena.

B npollecce TeXHOJOIHUECKOrO pacueTa neuyu cjaelyeT 0OpaTHTb OCO-
6oe BHHMaHnHe Ha BBIGOP (NMPUHATHE) HEKOTOPLIX BENHUUH, KOTOphIe
B 3HAUHTEILHOH CTENeHH BJAUSIOT HAa BeCb PexUM paloThl Nedu U ee
paamepbl. K TakuM BeJquyuHAM OTHOCATCHA: KO3 @uineHT H36bITKA BO3-
JyXa, TeMNepatypa OTXOAAMMUX AbIMOBLIX ['430B, IOTEPH Tenjaa B OKpy-
KAOIWYIO cpefy KNaAKoH M MeulblMK JBOHHHKAMH, JOMycKaeMas Teil-
JOHANpPSIKEHHOCTb DATHAHTHLIX TPyO W TeMNepaTypa ABIMOBEIX [a30B
B KOHILe TONKH (BbIGOp ABYX NOCAeLHHX OKa3aTeseH, CBA3AHHBIX APYT
C APYroM, [L0/iKeH GbiTb MOATBEPIKIEH PACUETOM), CKOPOCTb CHIPbsSi Ha
BXOjle B 3MCEeBHK Ieud, CHCTeMa 3KPaHUPOBAHHA TONKH (THII 3KPAHOB),
KOMIIOHOBKA KONBEKIIMOHHOH MOBEPXHOCTH H HEKOTOpble ApyTHe.

HaubBosee oTBeTCTBEeHHOR U TPYNOEMKO[l 4aCTblO TEXHOJOTHUECKOro
pacuera [eun sBJAsieTCA ONpele/eHHe BEIWYMHbl MPAMOR OTHauH
(nyuucToro rtennoo6MeHa B TONKe), KOTOpPOe B MpPHUHIHIE OCYILECTB-
JasieTcsl MEeTOLOM I0CTENeHHOro NPuOIUKeHHsI: HCXOAS H3 KOHKPETHOro
TEXHOJOMHYECKOT0 HA3HAUeHHsl Neud, BLIOHPAIOT TElJOHANPAKEHHOCTh
pajMaHTHLIX TPY6 W TeMmriepaTypy ABIMOBBIX ra30B B KOHIle TONKH (Ha
nepesaje), a 3aTeM DAcUeTOM YCTAHABAMBAIOT HX B3aHMHOe COOTBET-
crue. Ecan pacuer noxasblBaeT, 4yTo BbiOpaHnas TeMIepaTtypa [asoB
Ha fepeBaJje He COOTBETCTBYET NDHHATOH TeNJIOHANPSKEHHOCTH paiu-
aHTHBIX TPy, TO pacyeT HOBTOPAIOT, 3alABUINCH APYFHM 3HAUYeHHEM
s10fi TemnepaTypsl. B pesyapraTe pacuera npsiMoii OTAAYH HaXo-
AT KOJHYecTBO TerJa, BOCIPHHEMAeMOI0 pagHauTHLIME Tpy6amHu, no-
BEPXHOCTL HArpeBa PaJHaHTHBIX TPYO, UX TEIJIOHATPSIXKEHHOCTh U TeM-
mepaTypy AbIMOBBIX Fa30B B KOHLe TOIKH HJIH Ha BXOAE B KaMepy Kou-
BEKLHH,
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Pacuer npsmoii ornaud B cayvyae TPyGuaThIX Nededl ¢ 4HMcTO (a-
KeIbHLIM CXHTaHMEM TOIVIMBA Belercsl Mo Merony BesiokoHs, mop-
po6HO paccmoTpeHHOMY B Jautepartype [5, 40, 41].

IIpu npoexTHpoBaHMH TPYGUATEIX TeYell ¢ MaHENblibIMH TOpPeaKaMH
pacuer npsiMOA OTHAayu CJAEQyeT BeCTH [0 METOAY, NPelJIOKeH-
Homy BHHMHedremamem u n0cTaTOYHO NOAPOGHO H3JAO0KEHHOMY B
Jautepatype [42].

Baxnbim stamom pacueTa TpyGuaToil NeuH siBAsIeTCA THAPaBJAHYe-
CKHI pacueT ee 3MeeBHKa, B Pe3yJbTaTe KOTOPOTO ONpPeJessdeTcs 1aB-
JieHHe B Havajle 3MeeBHKa. Ecan B Tpy6ax neud NPOUCXOAMT YacCTHU-
HOe HWJIM MOJHOE HCIapeHHe CHIPbsl, TO TOTEPI0 HANOpa B 3MeeBHMKe
onpeneasior no Merony bBakaauosa [5], npeanonaratomemy psin jgomy-
wenuft. [Ipu sTOM pacuer Beaercs MeTOAOM IIOCTENEHHOrO NPUOBJIH-
JKEHust,

TENJIOOBMEHHbIA ANNAPAT TWUNA “TPYBA B TPYBE‘

Paccuntate Heo6X0AUMYIO TOBEPXHOCTh TENAOOOMeHAa W YHCJO0 Tell-
JIOOOMEHHEIX annapaToB THHA «Tpy6a B TpyGe» mjst Harpesanus HedTu
LHCTHJJISITOM JAHM3€/JbHOTO TONJIMBA NPH CJAEAYIONIMX HCXOAHBIX JaH-
HBIX:

a) JUCTHAMAT AH3€JbHOI0 TOIMIMBA: KOJHYecTBO G, = 16000 xr/u;
OTHOCHTEJbHAs MJIOTHOCTb p§?§=0,835; KUHeMaTHyeckas BSA3ZKOCTb —
npu 293 K voe3 = 1,05-107% m%/c, npu 323 K vigs = 1-10% m%c; ua-
yagbHas TeMnepatypa T1= 538K

6) HedTb: KOMUdecTBO Go = 80000 Kr/u; OTHOCHTE/NBLHAS IJOTHOCTD
373 = 0,860; KHHeMaTHuyecKass BA3KOCTh — OpH 293 K vy =
= 2.10"% M%/c, npn 323 K vags = 1,7-107° m2/c; Hauaapuas Temnepa-
typa Th= 393 K.

Paccmorperh nBa BapuaHTa pacuera: l) HapykHas H BHYTPEHHSS
TPYObl IJankHe; 2) HapyKHas MOBEPXHOCTb BHYTpPEeHHell TPYOLl oped-
peHHasi.

OCHOBHLIMH 3JleMEHTAMH annapata B COOTBETCTBHH ¢ HOPMaJsMH
BHHMHWHedremaina H382-—56 apaserca cexnus nyuxa, noxasaruas ia
puc. 2.1 (cm. Huxke). OauH H3 TeNNOHOCHTE €l ABHIKETCS 1O BHYTPEH-
HUM TpyOaMm, jesas B HUX [Ba xona. Jpyro#l TemaoHoCHTe b JNBHKETCS
B MEXKTPYOHOM IPOCTPAHCTBE KOJLIEBOTO CeUeHHs, [eJasi B HeM TOKe
ABa X014.

Y3 KOHCTPYKTHBHOH CXeMBI CeKUHH Ha pHc. 2.1 BHAHO, YTO B TeIIO-
o6MeHHHKe OCYILLECTBASETCA NMOJHBIA MPOTUBOTOK. Ternsoo6MeHHbBe ai-
nmapaTthl JaHHOrO TUNAa MOTYT WMeTb OAHY, ABe HJd TpH ceklud. Ceknun
BKJIOUAIOTCS TN0C/IeI0BaTENbLHO. T '

NOCNENOBATEJ/IbHOCTb PAGYETA TE/JIOOBMEHHHUKA

1. BoibupaioT KOHeuHYIO TeMilepaTypy OXHOIM0 H3 MOTOKOB TEIJIO-
obmeHuBarolux cpea. OHa foMKHA OLITh NPUHATA Takol, uToObl 06ec-
11eYHTb J0OCTATOYHO BBHICOKHI CPelHHH TeMIepaTyPHBI HAMOP B TeIJio-
oOMeHHHKe,
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9. U3 ypasuenus Tenoporo 6ananca TenNo06MeHHNKA ONPENessioT
SHTaJBIMIO TOrO MOTOKA, KOHeYHas TeMnepaTypa KOTOPOro HeH3BeCT-
ua. Tlo SHTaAbNHKM HAXOAAT KOHEUHYIO TeMIeparypy 3TOro noToka.
PaccuuTLIBAIOT TEMJIOBYIO HArPY3KY TerJo00MeHHHKa.

3. PaccuMTbIBAIOT CPENHMH TeMIepaTypHblil Hamop B Temna000MeH-
guke. ONpeleAioT NOBEPXHOCTh TENIOOGMEHHHKA MO MpPEABAPUTEILHO
BHI6OpaHHOMY KO3(GdHIMEHTY Tensonepeatu.

4. Tlo mopmanu BHHIMHedremama H382—56 [43, c. 215] anda
pacuera NPHHHMAIOT OJHH U3 TemI006MeHHHKOB THNa «Tpyba B
TpyOe». .

5. Onpenensiior (pusuuecKue IapaMerpsl TensoHocHTenei: ko3hpu-
[IHeHT TelIONPOBOHOCTH, TEMIOEMKOCTb, IIOTHOCTb, KHHEMATHYECKYIO
BSI3KOCTb TEIJIOHOCHTeJeH MpH HX CPeIHHX TeMmIlepaTypax B TemI000-
MeHHHUKE. :

6. OnpeensioT K03pGHUIHMeHT TeMIO0TAauH CO CTOPOHLI TeIJIOHOCH-
TeJist, TPOXOALLETO N0 BHYTPEHHUM TpYyGaM rensoo6Mennnka. [Ipensa-
PHTEJLHO PACCUMTHIBAIOT CKOPOCTh STOTO TEIVIOHOCHTENA H BEJHUMHY
kputepusi Pefinonbaca (mOC/Ie1HIO0 HeoOXOAUMO OTpEeIeNuTh TaKXKe
AJIsl IIpeiBapHTe]bHOr0 BbiGOpa pacueTHOH GHOPMYJIHI, 1O KOTOPOH Ha-
XOIHTCS KO(Q@UIMENT TEIJIOOTHauH). 3aTeM HaXOUsAT KO3 UIHEHT
TEIIOOTAAYH CO CTOPOHBI TEMJIOHOCHTEJS, NPOXOASAULEro B MeXTpyO-
HOM NPOCTPAHCTBE KOJIbLEBOTO CEUEHHS.

7. Omnpefeasior Ko3QGHLHEHT Tensionepenain B Ternio06MeHHOM
arimapate JJIsi CIelyIOIHX YeTbipeX CJIyuacs:

a) NmpH OTCYTCTBHH OpeOpeHHs H HMCTbIX NOBEPXHOCTAX BHYTPEHHHX
TpY6;

6) npu OTCYTCTBHH OpeGpeHHs H 3arps3HEHHBIX IIOBEPXHOCTSIX BHYT-
peHHHX TPYO;

B) mnpH opeGpEeHHH HApYKHOH NOBEPXHOCTH BHYTPEHHHX Tpyo H
OTCYTCTBHH 3arps3HeHHH;

) npu opeGpeHHH HAPYKHOI MOBEPXHOCTH BHYTPEHHHX Tpy6 H
HAJTHUMK 3arPA3HeHUH.

KosdhduumueHTsl Tensonepeiaun s cayuaes a) ¥ B) B mocaelnywo-
(X pacyeTax He HCHOJAb3YIOTCH. Mx ompenensioT TOJNbKO JUIS TOro,
yT0o6Bl yTeM CpaBHeHHs MOXHO GbLIO MOKAa3aTh BJMAHHE 3arpsi3HeHHH
Ha BeJUUMHY Ko3(uIleHTa Telionepenassu B anmapare.

8. OnpezeasioT MOBEPXHOCTD Tensoo6MeHa W HeOoOXOAHMOe HHCJIO
NpUHATHIX AJs pacyera (cM. M. 4) TennooOMeHHBIX annaparos.

PACYET

1. Boifop KoHE4HOW TemnepaTyphl

Ha ocHoBaHWH NPAKTHUECKHX JAHHBIX NIPUMEM KOHEUHyIO TeMrnepd-
Typy AHCTH/LAATA [H3EJbHOTO TOILIMBA Tl = 433 K. Bo Bcex mocie-
AYIOIUX pacyerax, 3a HCK/IIOYEHHEM CIELHHAILHO OrOBOPEHHLIX cay-
yaes, B OGO3HAUCHWAX BEJIHUMH HHKHHA HMHIEKC «1» oTHOCHTCH K
ropsiueMy TeIIOHOCUTENIO (AHCTUAAAT AM3CALHOTO TOMJINBA), & HHX-
HUB HHLEKC «2» — K XOJIOJHOMY TCIJIOHOCHTENIO (uedrn). ‘
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2, TemnepaTtypa HetiTH Ha BbIXOJe H3 Te
W ero TennoBas HArpyska . nnooGmenHKa

3amHuuieM ypaBHeHHE Tel
] JOBOro OaJjadca a
en nmnapara B CJenyio-
Gl (q)K, —_ }K// = G )K” — )K/
T qT! L z qu qT2)

Tle g, ¢ — 3HTaJb
70 9 NS JIACTHJLIATA JW3€JbHOTO TONJHBA IPH Ha-
. Y2 o
yanbrol (T7) u xomeuno#t (T7) rtemmeparypax, KILxk/kr; ¢, g% —
T 97
2

sHTa/IbIUs HedTH npu HauaapHOH (T3) m Komeunoft (%) Temmeparty-
([))ag); gﬂ}K/Kl‘, N -— KO3(QQHUHEHT HCNONB30BAHHS Temad, paBHBIH
,93—0,97 (na nannrOro pacdera mpuHATO sHauexue 0,95)

II 1 A i
3 3TOro VpaBHeHHH CIIpEII,B.,IH SHTAaJbIIHIO QT HE[pIH n 3areMm

ee KoHeyHyio TeMmnepatypy T3.

,HJIH AdJIbHEAIIHX PacyeTOB HEO6XO,D;I/IMO OTHOCHTEJIbHBIE TIJ0OT-

. HOCTH TeNJIOHOCHTEJEeH T 293 2
epecuuTarh ¢ 02 Ha pxe [44, c. 34]. Torna

noay4uM (BBIYHCJACHHS onyileHb): p28—0,839— naa nuctuiasTa

AU3€/BHOrO TOIJHNBA; Pae== 0,863 — nas HedTw.

DHTAJBINKE TENJOHOCHTEJ npen Huie -
€H OIpedeJyeHH no Tab
): JIULL (CM. le/l

c]’TK1 == s == 618 kJlx/Kr
q?l == @, = 342 K]JIx/kr

q;‘g = o, = 244 &JIx/kr

[TogcraBiasa Hafizens :
€HHbIE BEJHYHMHBI B ypaBHeHHE T -
JIaHCa, MOJYYHM: P enioBore Ga

16 000 (618—342) - 0,95 = 80 000 (q;*‘; — 244)

OTRY A ¢ = 297 kJIX/kr. D70}
) r, JLx/ TOH SHTAJBIMH COOTBETCTBYeT TeMIepa-
rypa T7 =414 K. . |
I'ensoBas Harpyska TemJooGMeHHWKA paBHA:

Q, = G, (q;‘; —_ q’;,;) = 16 000 (618—342) =
’f ==4,42 . 108 gJk/u == 1226,7 KBrT

3. Cpennnit TemnepatypHuii Hanop

(1|‘)e1umu reMueparypublii Hanop ATcp B TenI00GMeHHHKe OIlpes
aessiem no  gopmyne I'pacroga, umes B BuZy, 410 B ammapare

A4 Jux. 100
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OCYINECTBJACTCH NPOTUBOTOK TeIJIOHOCHTENIER IO cXeMe:

JnCTHAAAT AH36JLHOTO

TONJUBA
538 K ‘ > 433 K
414 K <—8T 393 ¢
ATmaKc =124 K ATMHH =40 K
 ATyage = AT yyn — 124 — 40
M= e Mume g2 X
8 AT £0

4. Buibop TensnooGmennuka

Has toro urobw 1m0 MefCTBYIOIUM HOPMAJfM BHIGPATL ONHH U3
TeNJIOOOMEHHBEIX annapartos THOa «TpyGa B TpyGe», c/ledyeT OpHEHTH-
POBOUHO OIpefeJNTL HeoOXOAUMYIO [TOBEPXHOCTh TEIIO00MeHa.

TIpnMeM Ha OCHOBAHWH MPAaKTHYECKHX HAHHBIX KO3 QHIMEHT Ten-
Jonepenauy B Tem1ooOMenunke B = 290 Br/(m2-K). Torna npennona-
raeMasi IOBEPXHOCTb TenaooOMeHa onpefenuTcs 1o popmydae:

P Q@ 12267108
= kAT | 290.74

[To nopmann BHHWHWHedremama H382—56 [43, c. 215] uiGupaem
Tem1000MeHHHK «Tpyba B TpyGe» TTP7-2 ¢ noBepxHOCTBIO Tenno00-
MeHa 110 HapyKHOMY /lHaMeTpy BHyTpeHHel Tpy6u (6es peGep) 30 M2

=57 m?

Puc. 2.1. Cxema TenJooGMeHHMKA.

Uro6ul o6ecneuuTh IpeABapHUTENbHO HAaHNEHHYIO NOBEPXHOCTb Tell-

Jaoo6Mena 57 M?, OueBHIHO, CJeNyeT YCTAaHOBHTb JIBa TAKHX amnapara.

Texunueckass xapakrtepucTHka TemyooOMeHHHka TTP7-2: nuamerp
BHYTpeHHUX TPyO 48 X 4 MM; nuaMeTp HapyxHBIX Tpy6 89 X 5 mM; 10-
myckaeMagd MakCHMaJsbHasi TeMilepaTypa B TpyOHOM nNpoCTpaHCcTBe —
He Gosee 723 K; B MexTpyGHOM HpOCTpaHCTBe — He OGosee 473 K.

YuuTtbiBas nonyckaeMple TeMIlepaTyphi MOTOKOB, HANPABUM 110 BHYT-
peHHuM TpyGaM MUCTHJJIST AM3eJbHOTO TOIJINBA, a MO MeXTpyOHOMY
NPOCTPAHCTBY — HE(Th.

CxeMa Ttensioo0MeHHoro amnapara (oAHOH CeKIHH) MoKasana Ha
puc. 2.1, .
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5. dusnveckue napamerphl TennoHocHTenei
Npu WX CHEAHMX Temneparypax

Hucrurrar duseavrozo ronausa. Cpennss teMuepatypa:
T1+T{ 538433

Tcp. 1= 2 = 2 =486 K
Koapduunent renmonposoanoctu [13]:
hep. 1 = 2036 (1,0 — 0,00047T . ) =
]
_ %183345 (1 —0,00047 - 486) = 0,123 BT/(M - K)

Tenmoemkocts {13]:

1
Cep.1== Ve (0,762 +- 0,0034T,,. ) =

V(ﬁé’“ (0,762 4 0,0034 - 486) = 2,64 kx/(xr - K)

OrHOCHTe/IbHAS TIJIOTHOCTh:
plep 1 == 29— g (Tcp‘ , — 293) = 0,835 -— 0,000725 (486 —293) == 0,696

277 7

Kunemaruueckast Bsi3koctb 1no gopmyJae ['pocca [13]:
g2 —nlg =52

rae n-—— xospduunenT.

B namem caydae:

V== Va3 = 1,05 - 107 Mc; vy=wy=1-10"% m%c
T,=293 K; T,=2323 K

Pewus (GopMysy OTHOCHTEJNBHO # NPH H3BECTHBIX V| H vy, HOJY-

unM

vy 1,05-107¢
lg— lg ———p
n= ve . L0 0,08
_1 T, — 273 _‘1 323 —273 7
8T, =973 €993 — 973

Torma kuHeMartuueckas BSI3KOCTh JMAJs AUCTHANSATA [IH3€JLHOIO
ronnuBa npu 486 K onpegesutcs u3 ypaBHEHHA:

1,05-1076 Tep 1 =273 486 — 273
o = 005 lg —p— = 0,05 g Sy —gry = 0,0513
OTKY Aa
Vep.1== Vg = 0,92 - 107 m2/c

Hegre. Cpenusisi TeMmepatypa:
To+TY 3934 414
2 2
4 ’ v 99

=403,5 K

Tcp. 2 ==



PacueTni (QU3HUECKHX mapaMeTpoB CHAEJAHB MO NPHBEIEHHHIM
BHllEe  dopMmyJsaM:  KOSD(QHIHEHT  TEMJIONPOBONHOCTH Ay, o ==
=0,125 B1/(M - K); TemioeMKOCThb C, o== 2,282 k[:k/(xr - K); orHo-

T
CUTEJIBHAS TJIOTHOCTL © ¢P- 2 =0,784.

KunHemaTHueckas BsI3KOCTh onpenesieHa aHaJOru4HO npe,U.bI,U,y-
mreMy pacuery: .
Vep. 27 Vips = 1,43 <107 MQ/C

6. KoachdmumenTtol TENNOOTRAUY

a. KosdduumeHT Tenao0TAaYd o; OT [QHCTHJIATA JAU3EJBLHOrO
TOMJHBA K BHYTPeHHell MOBEPXHOCTH MAJOH TPYGHL
CKopocTh MOTOKA AH3eJIbHOr0 TOIIHBA (B M/c):

W, = Gy
S -

3600pcp' 1f1

31ech  Pep.; = 593 kr/M>-—MJIOTHOCTL MUCTH/NATA JH3EJbHOTO
tronausa npu T, ;=486 K; [ — n/omans 0onepeyHoro ceueHus
Bcex TPyG B OZHOM XOHy ammapara:

ndg
fi=—3> N, =0,785 - 0,04 - 7=0,0088 m?

rie d,==0,04 M—BHYTPEHHHH AHAMETD BHyTpeHHel TPyOb; N;=7—
ypc/10 TPy6 B ORHOM xoay [43, c. 215].

Torpa
1,610

W1 = 35507 696 00088 — 0/ 0 M/C

Kpurepuii Pefinoannaca:
wids __ 073.004
Vep.1  092.107°

Recp_ | = = 31700

CJaenoBaTes bHO, PEXHM JBHXeHHs TypOyJ/eHTHHIH, IO3TOMY Be-
auunny o, [B Br/(M? - K)] paccunteizaem no ¢opmyse [45, c. 89

Acp. 1 (Prep. s )0'25
. . 0,8 0,43 | 2
a; = 0,021 ds Recpl Prcp-l ( Pre.1

Kpurepuit I1panarasa:
Vep. 1€cp. 1Pep. 1 0,92 107%.264.10%. 696

Aot 0,123 =137

prcp.l=

[TpenBapuTeNbHBIH PacyeT NMOKA3bIBAeT, YTO OTHOIIEHHE
Prep. s 0,25
( Pry. 1 ) ~ 1
Torpa

o, =0,021 %22 31 70005 . 13,799 =791 Br/(w* - K)

100

g S

6. Kosbduureut temnoornaun o, OT IIAAKOH HapyKHOH MOBEPX-
HOCTH MaJsoft TpyOHl K HedTH.
Hedrs nBHKeTCs B MeXTpYyGHOM NIpOCTPAaHCTBe KOJBLLEBOrO ceye-
g)I/IH, njomanb B (M?) KOTOPOro mJIsi OJHOTO XOAa MOACYMTHLIBAGTCS MO
opMy.Je:

_ fo=0,785 N, (Di — d3)
rne Dy = 0,079 M — BHyTpeHHMH gHAMETD HAPYKHOH TpyGbl; dy =

= 0,048 M — HapyXHBI{l THAMETP BHyTpPeHHeH TPYOLI.
Torna

fo=10,785 - 7 (0,079?—0,048% =
= 0,022 m?
CropocTsb mOTOKa HedTH:

_ Gy . 80 000 -
~ 3600p,, of,  3600-781.0,022

== 1,29 m/c

Wa

DKBHUBAJEHTHBIH RHAMETD KOJblle-
BOI'O CeYeHHd:

d,= D;—d;=0,079—0,048 =0,031 m
Kpurepuit Pefinosbaca:
w,ds  1,29.0,031

Recp. o= = =
2 e 1,43.1078

Puc. 2.2. Honepeunntf paspes Tpy6
TENM0OGMEeHHHKA.

==28000
PexnM  aBHkKeHUa TypOyJEHTHBIH, [OITOMY  BEJHUYHHY o
[B Br/(m?- K)] onpenensem no dopmyse [45, c. 89]:

Aep. o P__“rc -
. Hep2 ooos Do b2
(12-—0,021 da Recp.QPrCD- 2( Pl‘w.z )

Kpurepuii Ilpanaras:

V. o 1,43.1075%.2,282 . 103. 784
Prcp, = cp. 2%¢ep. 2pcp. 2 — — 20,5

Acp. 2 0,125
TlpuHuMast 1O W3JI0XKEHHHM BHIllE CO006pajKeHUSIM 3HAYeHUe
prcp_l>0,‘25
Pry,. o
0,125

a; = 0,021 0031 28 0007% . 20,59 = 1104 BT/(M2 - K)

COMHOKHUTE/IA ( =~ |, Hafigem:

B. Kosppuuuear Tenno00TAaud ay OT OPeGPEHHOR HAPY:KHOH mO-
pepxHocTn MaJiofl Tpydul K HedrtH (puc. 2.2).
Pacuer a3 [B Br/(M? - K)| Bentem mo gopmyae [5, c. 554]:

a§=a2(l «}——MT_(S)
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rie h—Boicota peGpa, M; P — xapaxkTepHCTHKa 3G(QeKTHBHOCTH Nps-
MBIX NPOAOJAbHBIX pebep; 6 — TonmuHa pebpa, M; S—war pebep 1o
OKPYKHOCTH TPYOHI, M.
Jlas npunaTbix ope6pennbix Tpy6 £ = 0,013 M n § = 0,001 m.
3uauenne B oupeneasieTcs U3 BLIPAKEHUA:
th (mh)

B_

mh

3necs th(mh) — runep6osnyecKuii TaHTeHC TPOU3BeACHHs nh,
onpeneaseMblii no tabauue [45, ¢. 380]; BesmuuHa m paccuMTHBACTCH

no gopmyde:
. 20,
m= 1/ 8o

B KOTOPOil Ap-— KO3(Q(HLHEHT TeNIONPOBOAHOCTH MaTepuana pebep,
paBHblil B namewm caydae 46,5 Br/(m-K).
Haxonum 3Hauenine B:

</ Da, ]/ 271104 )
th(‘/mp h> m(» ooT-ies 0018
[3: R —— = 0,348
20, 1/ 2.1104 o oa
s b 0,001 - 465
p

Bo MHOrHMX cayuyasx 3naueHs B MoxHO Gpath H3 Tabauu {46,
c. b64].
[lar pe6ep MO OKPYKHOCTH TPYOH ONpeNeNHM 10 QopMyJe:

re # = 20 — YHCA0 NPSIMBIX NPOJO/bHEIX pebep. Toraa

3,14.0,048
S= —56—‘ == 0,0075 M

KoadduuuenT Tena00TAauH:

’ 2.0,013.0,348 — 0,001 5
ah= 1104(1 4+ S )=2265 Br/(m2 - K)

Kak BuaHO, K03(h(HUUMEHT TEIIOOTAAuH OT OpeOpeHHOll MOBEPXHO-
CTH K Heru Gosee ueM B 2 pasa Bulle KO3Q(HUIHEHTa TEMI00TAAYH OT

FJIa/ KON MOBEPXHOCTH K He(TH.
22
.
Xo6aep [46, c. 565] cuuraer, 4TO ecau & >> 5, TO npuUMeHeHHE
2

peGpHCTOil MOBEPXHOCTH LesecooOpasHo. B nameMm cayuae

2h, 2.46,5

o = Todom — 4> 8
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7. Koahthuunent Tennonepegauu

a. Ilpu orcyTcTBrH Ope6peHHs ¥ YHCTHIX NOBEPXHOCTAX TPYG:

_ 1 _ 1
ST = R 4 000 = 446 Br/(w* - K)
e "o 791 T 465 TTI04

6. Ilpu otcyrcTBME opebpeHuss W 3arpsisieHHBIX ITOBEPXHOCTSIX
TpyO:
1
k=
___|_6_1 S
k Ay Ay
. Cornacuo JUTEPATYPHBIM JXaHHBIM [D, c. 558], npuHuMaeM Temnosoe
CONPOTHBJIEHHE 3aTPASHEHHH €O CTOPOHHE JHCTHAJATA JIHU3EILHOrO
TOIJIMBA
6
ﬁ=0,00061 (Mm% - K)/Bt
CO CTODOHHI He(pTH
0,

Torga

R =— ‘ — 958 Br/(v? - K)

16 -+ 0.00061 - 0,00104

B. Ilpu opeGpenun Hapy:KHOH NOBEPXHOCTH BHYTPeHHell TPy6bl H
OTCYTCTBHH 3aUpS3HEHHS.

Kos@pduuuenr temonepenaun, oTHeCeHHBbIH K TJIAfKOH MOBEPXHO-
CTH, onpeleauM no gopmyae [45, ¢. 196]:

kl = I
_1_ + _62 + ,_17 . i
@ Ay ay Fy
B NPUHATOM JISi pacuera TemJoOOMeHHHKEe NOBEPXHOCTh TemI006-
MeHna (0 HapyXKHOMY JHaMeTpy BHYyTpeHHell TpyOnl, Ge3 pebep)
Fy = 30 m?, a kosdduuuent opebpenus (npu 20 pebpax) ¢ = 4,3 [43,
c. 215], noaTomMy BesiuMHA PeOPHUCTOH NMOBEPXHOCTH:

F2=(pF1=4,3'30=129 M?'

Torpa

1
k= 1 0,004 I 5 = 688 Br/(M%:K)

751 T 155 + 5265 To9

6881(a1< BHIHO, B NaHHOM cayuyae Kod(PQHUHeHT Temaonepenadsd B

766 — 194 pasa Bblile, ueM NPH HeopeGpeHHOl MOBEPXHOCTH.

r. [1pu opeGpenHy HApyKHOM NOBEPXHOCTH BHyTPeHHeli TpyGul U Ha-
JIKUUY 3arpsi3HeHUH, OPUHEMAas Te Ke, 4TO H B M. «B», 3HAUEHHS TeIJI0-
BLIX CONPOTHBJEHHH, NOJYYUM:

. 1 1
I = — =323 Br/(M2 . K)
l 6[ 62 I
o + = + = W -+ 0,00061 4 0,00104
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8. NMosepxHocTb Tennoobmena

B COOTBETCTBHH C 3ajJaHHeM, PaccuHTaeM [OBEPXHOCTb TenaI000-
MeHa JUIst IBYX Caydaes.
a. IIpu orcyrcrBuM opeOpeHHs] H Sarps3HeHHbLIX [0BEPXHOCTAX:

. 3
1226,7:10° _ o o

’ Q.
F 268 .74

T bl

Heo6xonnMoe UHC/IO0 CABOEHHBIX CeKIUil (TeNI006MEeHHHKOB):

_ 5
=30

Ju3ensHoe 77
/m/mué’q
p

=22

C sanacom npuHuMaeM Z’ =3
6. Ilpn opeOpenun TPyO H 3aIpsiBHEHHBIX
[IOEEPXHOCTAX!

. 103
Pl Q126710 g0
k{AT, 32374

Heo6xoauMoe 4UCaA0 CABOSHHBIX CEKLUHIH:

z;=§3§)—=1,7

C 3amacoMm mnpuHmpMmaeM 2i=2.
Heuuss ceknui TeImI00G- W3 pacuera cieayer, 4To norpebuas ycaos-
MEHHHKOB. Has (rnaakas) TOBEPXHOCTb TeNJooOMeHa
npu opebpennn s 1,27 pasa meubuie, 4eM npy
raankux Tpybax. Dddekt opedpenns HAPYKHON NOBEPXHOCTH BHYTpPEH-
Heft TpYObI Gbin Obl 3HAUMTENLHO GOJILIUMM, €CIH 661 B MeXTpPyOHOM

npocTpancTse npoxoaun GoJee BA3KHI NPOAYKT.

CaBoeHHBIE CEKIIMH BKJIOUAOTCA B CXeMY YCTaHOBKH [10CJeA0Ba-
Te/bHO, MPHYEM TEINJIOHOCHTENH IBHXKYTCS NPOTHBOTOKOM (pHC. 2.3).

Puc. 2.3. Cxema coend-

X0J10AUNbHUK BO3[YLIHOr0 OXNAXKAEHHA

PaccuuTaTh TOPH3OHTAJbHBI XOJONAUALHHK /5 OXJaXAEHHs Kepo-
CHHOBOTO AHUCTHJIATA BO3AYXOM MpPH CJeNYIOWHAX HCXOAHBIX J&HHBIX!
KOJMHYeCTBO oxJampaemoro kepocuHa Gy = 35000 xr/u; OTHOCHTE/b-
Has nA0THOCTL Kepocuua pgds == 0,800; mauajpHasg TeMmeparypa kepo-

cuia Tj =377 K; xoneunas Ttemmeparypa kepocuna T{=315 K;

HauadbHas TeMiepaTypa Bosayxa (cyxoro) T2=299K; koneunas
7 : =
teMmnepatypa Bosgyxa Iz =333 K. ) .
Tlpu pacuere paccMOTPeTb annapaTt € IVIajKoi # opeGpeHHOH Ha-
PY?KHOH 110BePXHOCTHIO.
B HebTenepepabarbiBaloneii MPOMBILJIEHHOCTH Bce GoJiblree pac-

npocTpaneHyue noJaydaror BO3AYIIHbIE XOJOAUJAbHHKH H KOHACHCATOPRI-

XOJOAUJAbHUKH PA3JHUYHBIX TeXHOJOTHUECKUX I[IOTOKOB. i

[IpuMeHeHHe annapaToB BO3AYIIHOIO OXJaMEHHs AaeT DAL IKC-
1yaTallMOHHbIX [PEHMYILECTB; U3 KOTODPHIX IJIaBHEHIIHMH SBJIAIOTCS:
SKOHOMHSl OXJAaxKAalomel BOJAbl ¥ yMeHblUEHHe KOJIHYECTBA CTOYHBIX
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BOJ; SHAYHTEJbHOE COKpallleHHe 3aTpaT TPyXa Ha YHCTKY amnmapara
BBUAY OTCYTCTBUS HAKHOH W OTJOMKEHHs COJIeHl; yMeHblIeHHe PacXo/ioB,
CBA3AHHBIX C OpraHusauHeld 0GOPOTHOTO BOAOCHAGXKEHHS TEeXHOJOrH-
YeCKHX YCTaHOBOK.

Tpy6xu B annapartax BO3LYLIHOTO OXJAKACHHUS NPUMEHSIOTCS C Ha-
PY:KHBIM CIHpAJbHBIM OpeOpeHHeM, B pe3yJabTaTe UYero CyllecTBeHHO
yaydiiaercs Tensollepenaua. Murtencupurauus Temsnoo6MeHa ¢ Imo-
MOIIbIO OpeGpeHus: OBEPXHOCTH TPYO MOXKeT GBITh JOCTHTHYTA TOJLKO
IPH YCJIOBHH XODPOLIEro MOABOJLA Telljia OT CTeHOK TpyO K pefpam, uto
oGecrieyHBaeTCs U3TOTOBJEHHEM PeGPHCTBIX TPY6G M3 MaTepHaJOB ¢ Bbi-
COKHM KO3()(PHIHEHTOM TEIIONPOBOIHOCTH HJH M3TOTOBJEHHEM PebpH-
CTHIX TpyO M3 6MMeTtasJa, IpuYeM MaTepuas pebep MOIKeH 00JaxaTh
GonpmuM KO3()(PHUHEHTOM TeNJONPOBOAHOCTH, YeM MaTepHana TPyGLl.

Huzke npuBONHTCS NPOEKTHBIH pacyeT BO3AYIIHOIO XOJOAH/ILHHKA
rOpHU30HTAJBHOIO THIIA.

NOCRENOBATE/NIbHOGTb PAGYETA XO0N0AHAbHUKA

1. OnpenensioT TEMIOBYIO HATPY3KY XOJOAMJAbHHKA, T.e. KOJHYe-
CTBO TelJa, OTHEMAaeMOro OT KepOCHHA B XOJIONHJbHEHKE 3a | u.

2. M3 ypaBHenns Ten/oBoro GajsaHca anmapara ONpefessioT KOJH-
YeCTBO XOJIOAHOTO TelJIOHOCHTENs1 — BO3AyXa (B Kr/u), a saTeM pac-
CUHTHIBAIOT CeKYHAHBLIH OO'LeMHBIA pacXol BO3AyXa NMPH e€ro HauaJbHOH
TeMIepaType u NOAGUPAIOT THN BEHTHJSTOPA.

3. Beibuparor tun Tpy6 AJs anmapara.

4. OnpegensioT K03(Q(QUUHEHT TENMIOOTLAYH €O CTOPOHBI TOPAYECTO
TEIJIOHOCHTENs!, Npoxoadaniero mo tpy6am, llpexBapuTensno Haxomar
(husnyecKHe MapaMeTphl ropsuero TENJIOHOCHTENs H BBIGHPAIOT JIHHel-
HYI0 CKODOCTL JBMIKEHHsl er0 B TpyOax myuka, npH KoTopoh obecreun-
BaeTcsd YCTOHUMBHIA TypOYJEHTHBIH TTOTOK.

5. OnpenensiloT Ko3(pPUUUEHT TelIOOTIAYM CO CTOPOHb BO3AYyXa
B cayuyae npuMeHeHHs raaakux T1py6. IlpeasapuresnbHo npuHHMalOT
paamepbl ()POHTAJBHOrO K [OTOKY BO3JyXa CeuycHHs anmapara, T.e.
LJMHY TpyObl, wiar TpyO 1o WHPHHE MydyKa H KOJHYECTBO TPYO B OLHOM
ropusonTanbHoM pany. XeaatenabHo, yToObl ceueHHe amnnapata, QpoH-
TaJbHOe K MOTOKY BO3AYXa, OLLIO KBaJAPaTHBIM UJH GJH3KHM K KBaf-
paTy, TaK Kak Tipd TOM JOCTHTaeTcss HaHOOJee paBHOMepPHOE OXJazK-
neHue Tpyo.

6. OnpenensioT KO3(QQUIHEHT TemsioNneperadyl AJA XOJOAHJAbLHUKA
¢ IJaJKMMH TPYOaMH, y4HTbIBAas TeIVIOBble CONPOTHBJIEHHS BHYTpPEH-
HEro u HApPYKHOTO CJI0eB 3arPsi3HEHHH.

7. OnpenensiloT cpefHHH TeMIepaTypPHbIH HaNnop B XOJOAMJbHHKE.

8. OnpenensioT NpuBeAcHHBIH KO3(PPHUMEHT TEIJIOOTAAYH CO CTO-
pOHLI BO3/AyXa B C/IyuYae HUCIOMb30BaHHs OpebpeHHbIX TPpy6. 10T K03d-
(UIHEHT YUYHTHIBAET BJWSHHC KOHBEKTHBHOTO TEIJIOOGMEHA MeXKay
0peGpeHHON MOBEPXHOCTBIO U IOTOKOM BO3[yXa H Tenjoo6Mena TeILIo-
IIPOBONHOCTHIO Yepes MeTasi pebep Ha TelI0OTAAYy NyvyKa opebGpeH-
neix Tpy6 x Bosayxy. [lostomy mpenBapuTenbHO HAXOASAT KOG PHUUHEHT
TeIJI00TAaYd KOHBEKIHEell IIPH IoNepeuyHoM 00TeKaHHH BO3JYXOM Myuka
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ope6pennbIXx TpyO, a Takxe KO3hHIHEHTH, yUATbIBAOIHE SQHEKTHB-
HOCTb Mepejaud Temia TellIONPOBOLHOCTLIO Yepe3 pebpa.

9. Onpenensiior Ko3GhUIMEHT Tenonepenauu s XOJOAH/IbHHKA
¢ opeOpeHHBLIMH TPyGaMH, YUMTHIBAsi TENJIOBbIE COMPOTHBJICHHS BHYT-
peHHEro M HapyXKHOro ciaoes 3sarpssuenus. [Ipu 3ToM HeoOXoxMMO
WMeTb B BHAY, UTO KO3()QUIUHEHT Teliomepefayn depe3 pPeOpuCTyio
CTEHKY HMeeT Pas/HyHble UHCJIOBLIE 3HAUEHHs B 3aBHCHMOCTH OT TOrO,
0 KAKOH MOBEPXHOCTH BeleTcsl pacueT — IMafkoil uiu peGpuctoit [45,
¢. 196].

Tak kak Bbime (cM. 1. 6) KoapduuHeHT Temaonepenadn B Xo0Jio-
JHJbHUKE DACCUMTHIBAJICS HA CIMHHIY TIJIaKOH TOBEPXHOCTH TPYOHI,
T0 K03(b(HUIHEHT TelJonepefayH B XOJONNIbHIKE C OPEeOPEHHBIMH TPY-
GaMu HeOGXOMMMO PACCUHTHIBATL TAaKXKe Ha eIMHHUIY TJIAJKOH [OBEpX-
HOCTH TPYOBI, YTOGH! YUeCTh BJIUSHHE OpeGpeHust rIafKoH MOBEpPXHOCTH
na 3¢ GheKTHBHOCTL TellJonepeladn.

10. PaccunTHBAIOT MOBEPXHOCTh TeIlIOOGMeHa XOJOMMJIbHUKA ¢
opeGpennbiMu TpyGaMu ¥ KosmmuecTBO TPYG. IIpoBOjHTCS KOMIIOHOBKA
[OBEPXHOCTH TEMnOOGMeHa, T.e. ONMpElesseTcs 4HCIO TPYG B OJHOM
FOPHU30HTANLHOM PSIAY MyduKa, 4ucao TPyG B OXHOM XOXY, UHC/IO XOJOB,
KOTOpOe JieJaeT rOPSuMii TelJIOHOCHUTEJb B ONHOM TOPH3OHTA/LHOM
pagy (uau myuxke TpyG), H, HAKOHEL, YHCJIO FOPH3OHTANBHBIX PSNOB
B NyuKe. BbiuepuMBalOT KOHCTPYKTHBHYIO CXeMy TPYOHOro myuka M
ONpeae AaioT ero TOMIHHY (BBICOTY).

11. Onpenensilor aspoAMHAMUYECKOE CONPOTHBJICHHE H MOILIHOCTDH
5J€KTPOJBUraTe/]sl K BEHTHIATOPY.

PACUET
1. Tennosaa Harpyska XonopgunbHHKa

TeHJIOByIO HaI‘pySKy OHpeLLeJIﬂeM 1o (bOpMy.IIeZ
=G (5 — %
Q] 1 (qTI qu)

rme Q; — KOJHUECTBO Telja, OTHAMAEMOro OT KePOCHHA B XOJNONHJIb-
uuke, k[K/9; ¢y, G — SHTANBNUA KEPOCHHA COOTBETCTBEHHO Mpit
1 1

temnepatype I71=2377 K u T7=2315 K, onpenensiemas no gopmyie
Kpsra nau no ra6aunue (cM. [lpunoxenve 2).
Huxe Bemerca pacuet 1o dpopmyie:

g =_1_ (0,762T 4- 0,0017T> — 334,253)
Vol

rne T — cootserctylomas (71 u T7) TeMmepartypa KepocHHa; p3s —
OTHOCHTE/IbHAS MJAOTHOCTL KepocuHa npu 288 K, KoTOpas paccyuthl-
BaeTcs mo ¢dopmyJae [44, c. 34].
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Haxomum:
- ‘1 . .

qT; =y, = Vosr (0,762 - 377 + 0,0017 - 3772—334,253) =

=216 xJIx/kr
K K 1

G = Qg5 == 1/—0__‘8‘6?(0’762 315+ 0,0017 - 3152—334,253) =

= 82,5 xJIx/kr
Q,==35000(216—82,5) = 4,67 - 10° xTx/u = 1300 xBr
2. Maccosblit v ofbemubiit pacxogsl Bosgyxa

V3 ypaBHeHHs TeIIOBOro faJjaHca XOJO0LHJIBHHKA

G, (q}’fi — q?{) = G, (e Ty — ¢ T}

HaljeM:
G, (q’;, — qr,,)
G, = ! - Qi
2 Tl 7 77
pia —€ply e, Ty —epTy

rie G, — KOJHUYECTBO BO3AyXa, KI/4; Cj, Cp— CPELHHE TEMI0EMKOCTH
(IPY NOCTOHHOM JABJEHUH) BO3JAYXa COOTBETCTBEHHO IIPH €ro KO-

HEUHOH M HauyaJbHOH TeMIeparypax, OompefeaseMble IO T
[47, c. 547], x/Ix/(xr - K). p abuune 2.1

Tabauya 2.1
I K [ Cpr A v-106,

KE/M & JTx/(xrs K) Br/(u-K) m2fe Pr
273 1,2930 1,005 0,0243 13,30

v il 3 OY

293 1,2045 1,005 0,0257 15,11 O;%g
313 1,1267 1,009 0,0271 16,97 0,711
333 1,0595 1,009 0,0285 18,90 0:709
353 0,9998 1,009 0,0299 20,94 0,708
373 0,9458 1,013 0,0314 23,06 0,704
HwMeemMm:

. 467108
02 = 5057333 — 005 399 — 186 000 xr/u

Haiigem niorHocTh BO3yxa NPHM ero HauagpHOM TeMneparype

T5=299 K u GapoMeTpuueckoM [aBJIEHHH, DaBHOM
1’y=101 308 Tla, u3 ypasuenus: d HoPHATRHOMY

Y 1,293 . 273
= — — 3
r; 509 [,18 kr/m

Ps

IAC po — IVIOTHOCTL BO3AyXa IIpu HOpMaJIbHbIX YCAOBUAX, KI‘/MS.
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CekyHAHBIH pacueTHBHIN PACXOL BO3AyXa:

G, 136000 3
Vo= 35000, = oo0- 1,18 — o2 M/e

ITpu BLIGOpe BeHTHASITODA HEOOXOAHMMO HMETb B BHAY, UTO OH JIOJ-
KeH He TOJIbKO 06ecneudTh rojauy HeoOXOAUMOro KOJUYeCTBa BO3/lyXa
npu KojeGaHHH €ro TeMiepaTyphbl, HO M NPEONOJeTb THAPaBANIECKOe
CONpOTHBJEHHE Nyuka TPyO, T.e. c031aTb HEOOXOMAMMbIA HANOp NpH
KosieGaHun HaTPy3KH 110 BO3LYXY.

JIlasi npoeKTHpyeMOro amnnapata BbiOHDaeM OCEeBOH BEHTHJATOD
- IJATH YK-2M, ¢ peryanpyeMbiM yrJiOM YCTaHOBKH Jjonacreii [48, c. 76,
taba. 11].

B 3aBucEMOCTH OT yrja HaKJ/JOHA JoNacTeli BEHTUAATOPA €ro a3po-
JUHaMHuUYecKas XapaKTepUCTHKA H3MeHsieTcss B Ipejesax: NPOH3BOMH-
TeNbHOCTb 1O BO3AYXy 65-103—290-10% m3/u uau 18—80 m3/c; momHbi
Hanop 42—403 Ila; norpebaaeMas MOUIHOCTD 3,9—53 kBrT.

3. Xapaxrepnctuka Tpyb

‘a. OpeGpennas Tpy6a (puc. 2.4,a).
Hans XonoguibHHKa BeiOMpaeM opeOpeHHBEe OHMeTaslIHUECKHE TPY-
6bl, OTeuecTBeHHasi NPOMbINIVIEHHOCTb BhIIYCKaeT opeOpeHHble TPyObl

a

006  &=1f

dz728
dy—49

1R
)
k)

ds~28

Puc. 2.4. OpeGpennas (a) u raagkas (6) TpyOni

A—anwoMmunuii; b— GpoHsa.

JI15 BO3AYINHBIX XOJOAUNbHHKOB AauHoi 4 u 8 M. [asg nanbpHefiuero
pacuera npunuMaeM L =4 M. Marepuan BHyTpeHHe#d TpPYyObl — Ja-
tyHp JIO-70-1. Matepuan opeGpenus — amoMunuesbiii cnjas ALIM.
KosnuecTBo chupajbHbIX BHUTKOB (pebep), nmpuxondmuxca Ha 1 M
TpyGhl, X = 286. Koadduiuent opebpenns ¢ = 9.

6. Fnankas tpyba (puc. 2.4,6).

Il;ns cpaBHCHHS NPUHUMAETCS TOT JKe MaTepual, 4To u y opeGpeH-
HOI TpyOLL.
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4. Koadhduuvent Tennooraaun co cTopoHbl KepocHHa

Kosduuunenr rennoorraun co cTtopoHb KepocHHa o Oyner uMerhb
OJIHO H TO XK€ 3HaueHHe KaK B ciaydae IVIafKoll HAPYKHOH MOBePXHOCTH
TPyOhl, Tak U B clyuae opeGpeHHol.

Onpenennm ¢usnyeckHe napameTpel KepocuHa IIPH €ro cpejHen
reMIepaType B XOJOAHAbBHHKE:

; T{+T{ 3774315

Tep 1 =—F—= 3 == 346 K
KosdopuuyedT tengonpoBogHocTH:
0,1346
A'cp. 1 == "o (1 — 0’00047T0p I) =
P28

__ 0,1346
~ 0,804

(1 —0,00047 - 346) = 0,14 Bt/(m - K)
TenaoeMKoCTh:

Cep. 1 = (0,762 — 0,00347,, |) =

y Dasg

1
(0,762 — 0,00034 - 346) = 2,18 k Jix/(xr - K)

~ V0,804

OTHOCHTEILHAL TJAOTHOCTD:

T
0,5t = 0y — 0 (Tep — 293) = 0,8 — 0,000765 (346 — 293) = 0,760
rle o — CpelHsis TeMnepatypHas nompaska Ha 1K, onpenensemas mo
tabuuue [44, c. 34].

Kunemaruueckyio BaskocTs kepocuna npu Tep ; = 346 K npuMeM
110 PAKTHYECKHM BAHHBIM: vep, | = 0,9-10-% m2/c.

10T mapameTp Moxer GHITb PAaCCUHTAH, €CJH H3BECTHBHl 3HAUCHHS
Vi U Vg OpPU KakuX-au060 ABYX TeMmepatypax. JJs 3TOro MOXHO Boc-
110/1b30BAThCA, HanpuMep, usBecTnoll dopmysoit [pocca [13, c. 61].

Onpenenum Teneph MHHAMAJBHYIO JHHEHHYIO CKOPOCTb JBHIKEHHS
Kepocuna B TpyGax XOJOAHJIBHHKA, TPH KOTOPOH 0fecneuuBaeTcs
YCTOHUUBBIA TYPOY/JIEHTHBIH NMOTOK, T.€. NP KOTOPOH Reyu = 10*

Re = 10 — Lumd1
Vep. 1
OTKyZAa
10%vep. 4 10*.0,9. 107

Wypy = d, = 0,021 ==0,43 M/C

OGbuHO NpH pacuere TENIOO6MEHHHKOB CKOPOCTb KHAKOCTH BHYTDH
1py6 npuruMaetcs ot 0,5 no 2,5 m/c. [Lasi 1pOEKTHPYEMOro XOJ0MH/Ib-
HiKka BHIGHpaeM CKOPOCTb KepocHHA @ == 1,5 M/c > Wyus Torna

1,50 - 0,21
Re L= T 5
@1 = 75109 35000
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MMpu Re = 10* nas onpemenenns xoshdHUUeHTa TENJIOOTZAUN CO
CTOPOHBI KepoCHHa Bocloab3yeMces gopmydoi [49, ¢. 186]:

Prep. 1 \0:25
a, = 0,021 C‘" Re%s prw( P ‘) g

ep. 17 Tepo 1\ Pryy,

rae Prep 1 — xpuTepuil HpaHILTJIH npu temneparype Tep.1 = 346 K;
Pry. 1 — gpurepuit [Ipauarias npu teMmunepatype CTeHKH TPyOH CO CTO-
poHnsl KepocuHa Ty, y; & — NOOPaBOYHBIE KOI(M(QUUHEHT, YUATLIBAIOIIHHA
OTHOIIleHUe NJUHB TpyOnt L K ee nuamerpy [49, c. 186], B Hamewm ciy-
yae paBHBI efHHHILE.

Haiinem xpurepusi Ilpangtas npu temneparype Tep.1 = 346 K:
Vep- 1895 1Pep. 1 0,9-107%.2,18 - 760 - 3600
prcp. 1= Aep. 1 = 05 =10,73

[TpenBaputesnbHo npuHEEMaeM (c NoCHeAyIOLel NPOBEPKOH) TeMie-
paTtypy cTeHKn TpyGbl €O cTOpPOHL KepocHHa Ty | = 344 K. Haxonum
TakXKe, KaK TO CIeaHo Bhime, PH3NYeCKHe IapaMeTpbl KePOCHHA TPH
9TOH TeMIepatype: Cpw. 1= 2,14 kAx/(kr-K); ve 1 =0,96-10-% m2/c;
pw.1 = 0,760; Ap. 1 =0,50 xJIxk/(M-u-K) = 0,14 Br/(M-K).

Torna kputepuit [Ipanntas npu T 1 = 344 K
0,96+2,14.760- 3600
prw. 1= 106 . 0,5 = 1 1,24’

U k03hHLHEHT TemN00TAa4k CO CTOPOHLI KEePOCHHA:

0,14 10,73 \0.23
o = 0,021 - 35 000% - 1073043(“24) . 1 = 1676 Br/(m2 - K)

5. KoabuuveHt Tennootnauu ¢, co ¢TOPOHbI BO3AYyXa
B cliyyae npumeHeHua riaguux Tpy6

B nensx npasuabHoro BeiGopa pacueTHoll GopMyJan AJd g, cae-
JIyeT onpee/uTh 3HaueHHe KpHTepHs Re 1/ Bo3nyxa IpH HONEePeuHOM
o6TeKaHKH UM LAXMATHOTO MyYKa Tpy® XOJOLUJILHHKA.

[lpumem, yto QpoHTaJLHOE K IIOTOKY BO3JlyXxa CeueHHe ammnapara
6yner L X B==4 X4 m? (puc. 2.5) ¢ maroM Tpy0 1O WHPHHE NyuKa
S; = 0,052 m. Ular tpy6 no rayOuse nyuka S, HafigeM cJIeAyIOUIHM

o6pasoM:
sg_]/ § o ( ) ]/52—(%2—) — 45 Mu

OnpenenuM uueao n Tpy6 B ONHOM FODH3OHTAJBHOM PSALY NMydYKa
(puc. 2.5) u3 popmyast:

B=(n—1)S,+d;

IMoayuum:

B Il&JIbHGﬁHIGM YTOUHHM 3TO YHCJAO pacyeToOM OTACJbHBIX ceknui

- nyuxa. [TpumeM uneso pagos Tpy0 [0 BepTHKAJMN OJHOH CEKUHH fp=="0.

110

B~ d3 4 — 0,028 N

OnpenennM miomanb €Katoro (HauMeHbIIEro) cedeHds B MyYKe
Tpy6, Yepe3 KOTOPOe NPOXOAHUT BO3AYX:

Fo=L(B— ndy)=4(4—76 - 0,028) =7,5 >

CKOPOCTb BO3AYUIHOro INoTOKa B C2KaTOM CeUeHHH:

Va4
wO—Tc——ﬁ—-8,5 M/C

rie Vy-— neficTBUTEJbHBI CEKYHAHBI pacxon Bo3nyxa (Gepercs us
MacnoOPTHEIX JIaHHBIX Ha BEHTHJIATOP),
MS/C. . A 15,7:52

e
Cpenusas teMmnepatrypa BO3myxa: b

€5

To+ Ty 299+ 333
2 2

Tep.o= =316 K

[To ta6a. 2.1 HaxomuM HHTEPNONA-
Hell KUHeMATHYeCKYI0 BI3KOCThL BO3IY-
Xa TPH ero cpeiaHeii TeMmepaTtype: v =
= 17,26 - 10-Sm?/c.

Tenepb onpegenuM BeJHYHHY KpHTe-
pua PeliHosbaca:

Puc. 2.5. Cxema pasmemenns
Re — wods _ 85-0,028 _ ;340 TPY6 B BOSAYIIHOM XOJOHJb-

. 17,26- 1076 HHKe,

KosdhdunuenT TennooTnaun g ONpefeJHM H3 ypaBHeHHs [49,
¢. 191], cnpasennuporo npu Re = 2-102 = 0,2- 108:

Nu = 0,37¢,,Re®6
[Tonyumnm:
4y = 0,37 eaTRe” —0,37 00052783 - 1-13800% = 105 Br/(m? - K)
rne €ar = | — nonpaBoyHbIl KO3 (HUHEHT, YUHTHIBAIOINUA Yroa ara-
ki, npuHuMaerca no tabauue [49, c. 190]; A=0,0273 Br/(m - K) — ko-
9(pPULHEHT TEIJIONPOBOLHOCTH BO3AYyXa [IPH €ro CpelHell TeMNepartype;
Tep 2 =316 K (taba. 2.1).

6. Koathpuuvent Tennonepepauu zna nyuka rnapkux Tpyé

Has 6uMerannnyeckux TpyO (JaTyHb-— aNOMHHHI) MU 3arpsisHeH-
Hoil IOBEPXHOCTH TemjooOMena (BHYTPeHHeH M HapyKHOH) 3TOT K03h-
(11uenT onpenenasiercsa no Gopmyie:

b=
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)
rae (T) — TENJIOBOE COMPOTUBIEHIE BHYTPEHHErO CJIOS 3aTPA3HEHUs]
3.B
[npuHMMaeM nJs NpsMOroHHOTO Kepocuma paBumM 0,00035 (m2-K)/BT

]
(cm. Ilpuaoxenue 5)];&—6—) =—%’£1J%2- =0,000022 (m? - K)/Br — ren.io-

A
BOE COMpOTHBJEHHe JatyHHOH creHku TpyOwm mpu 6==0,002 M u

A=91,9 Br/( - K); (%) =215 —0,000073 (- K)/Br — remosoe

COIIPOTHBJ/ICHHE aJIOMHHHEBOro cjos TPyon npu 8 =0,0015 M u A=
8
=205 Br/(m - K); (7) ~— TenJ0BOe CONPOTHBJIEHHE HAPYXKHOTO CJI0A
3.1

sarpAsHeHHd — BeiGupaeM B upefedaax 0,00017 —0,00086 [50], maa
ILanpHe#Inero pacuerTa sTa BeJqHURHa IpuasaTa pasioi 0,00060 (m2.K)/Br.
[TopcraBup st sHaueHHs B GOPMYJy MOJYyUMM:

b= : — =90 Br/(u?-K)
575+ 0,00035 4 0,000022 + 0,000073 -+ 0,00060 + ~o=

7. Cpenuuit TemnepaTypHolil Hanop

ITpu MHOroXomoOBOM IOTOKE TENJOHOCHTeNs B TPYGHOM MPOCTPaH-’
CTBe XOJIONHJABHUKA (B HameM cjydae— KePOCHH) H OQHOXOJOBOM HO-
TOKe TeIJIOHOCHTE/I B MeXTPYOHOM NPOCTPAHCTBe (B HallleM CJyyae —
BO3AYX) CPelHHH TeMIlepaTyPHBII HANOD ONpejenseTcs MO MeTony De-
JOKOHS [5, c. 561]:

ATcp — _Tmage =~ Tyun
2,3 1g Tmake

Tymun

3nech AT cp— cpennuit TeMmepatypHbiil Hanop, K; Tyake, Tyum — CO-
OTBeTCTBeHHO OOMblIas W MeHbLIas PasHOCTbL TeMIepaTyp, onpejeJsie-
Mad 1o dopMmysnam:
Tyae =0+ 0,5 AT
Ty =0 — 0,5 AT

rie 0-—pasHocTh cpegHeapupMETHUECKHX TeMIepaTyp IOpsYerc H.

XOJIOJHOTO TEHJIOHOCPITeJIeﬁ
6 T+ 17 B Ty + Ty
=g P

a AT — xapakTepucTuueckas pPasHOCTb TeMIepaTyp.
Paccuntaem AT no dopmy.e:

AT =V (AT, +F AT,)? — 4P AT, AT,

rae AT, = T{— T{ —nepenan temueparyp B ropsueM notoke; AT,=
==T% — T4 — mepenan TteMmepatyp B XOJOIHOM TIOTOKe; P -— HHJeKC
nporuBoTouHocTH, B Hawem cayuae P=0,98][5, c. 562].
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Hmeem
AT, =877 — 315 =62K
AT, =333 — 299 = 34K
T=V(62 +342—4.0,98.62 34 =30,9K
/g _ . 0 — 377q2L315 _ 299—;333 — 30K

Tyaxe == 30 + 0,5 - 30,9 = 45,5K
Tyn = 30 — 0,5 - 30,9 = 14,5K

45,5 — 14,5
Meo= 9231g 255
% 145

=27,3K

[TpoBepuM TeMmepaTypy CTEHKH TPYOHI.
Temneparypy creHku Tpy6bl cO CTOPOHBI KepocHHa HaiizeM mo ¢dop-
My.Jie:

r & ATep 90.27,3 _. -
w.1=Tep.1 = —5— =73 — —z—=T1,5K
Hafinennas temnepatrypa 6su3ka K paHee npuHATOH Ty 1 =71 K.

8. Koadihuiuent TennooTpauy o,
- NpH nonepevHom 06TeKaHHy BO3AYXOM s
nyuxa opefpeHunix Tpy6 :

Ilpu cnupasnbHOM opeGpeHuu TpyO, pacnoJOKeHHBIX B WAXMaTHOM
nopsiike, N5 OonNpefeseHus kospduinenta renoornaun [8 B/ (m2. K)]
BOCHOJIb3yeMcs gopmyaoi [b1]:

’

0,68
Z o = 0,3642 (——-"ff) Pr®a; "8, %d} "

rie A = 0,0273 B1/(mM-K) — xosdduiineHT TensonpoBoAHOCTH BO3MYXA

npu ero cpeiHell tTemnepartype (tabs. 2.1); ps — IVIOTHOCTb BO3AYXa

np Tep. 2, KI/M% @, — CKOPOCTb BO3LYUIHONO MOTOKA B cKaTtoM (y3-

KOM) ceueHHH OZHOTo psifa Tpy6 opeGpeHHOro mydka, M/c; u-— AHHA-

Muyeckast BS3KOCTb BOsayxa mpu Tgp e, Ila-c; Pr=0,71 —kpure-

puit Ipaunarag npu Tep. o; &p — cpeansas Tommuna pebpa, M.
Besnuuny w, onpefenaum no dopmy.ae [52]:

Wo =W o
R
dy dy Sp

'e @y -— CKOPOCTb Haberawouiero BO3AVIIHOTO MOTOKA IPH BXOAE B
TpyOHbIl Ny4YOK, T. € B cBOOOAHOM CEYEHHM INepe], CeKIHAMH
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ope6pennbix Tpy6; 6 = Su/d; (Sp— nonepeunsli war ope6peHHbIX TPYO,
npuHATHIA patee paBHbiM 0,052 M)
__ 0052
079,028
hp = 0,0105 M — BrICOTa pebpa; Sp = 0,0035 m — mar pebep.
Cxopoctb HaGeraiouiero BO3AyIUIHOr0 NOTOKA:
o Vo Vn
Un=TB = Fes

= 1,86

rie Vy— 1efCTBUTENbHBIH CEKYH/HBIH pPacXol BO3MYXa, m/c, Fes="
= L X B=4X4=16 M?>— ¢poHTanbHoe K MNOTOKYy BO31yXa ceue-
HHe anmapara.

Taxnm o6pasoMm

64
Wy =g = 4 M/c
Cpennsisi ToluHa pebpa:
81 -+ 8y
dp=—"5—

rie 8, = 0,0006 M — ToauuHa peGpa B ero sepuane; 8 = 0,0011 M —
ToquHa pe6pa B ero OCHOBAHHH.
Hmeem:
0,0006 + 0,0011
6p = 20O — 0,00085 .
CKOpOCTb BO3LYLIHOTO NOTOKA B CXKATOM CeUeHHH:
r_ 4-1,86 _
W= | 00008 00105 0,028 — 10,6 m/c
’ 0,028 0,028 10,0025

JlnHaMuueckast BE3KOCTb BO3AYXa IPH Tep. ot
w=vp, = 17,26 - 107 . 1,1166 = 19,26 - 107° Ila - ¢

(dnciieHHble 3HAUEHHS V H Pp B3ATH U3 taba. 2.1).
[MogcraBus B POpMYJy 3HAUEHHS BCeX BEJHUYHH, TOJYUHM:

) 0,68 B
© g =0,364 - 0,0273 (%%6—1?_%) .0,71% . 0,0287%7
% 0,00085"" - 0,049™'° = 95 Br/(m? - K)
KoshpuuuenT TEII00TAAYH Ok CHIBHO 3aBHCHT OT AHaMeTpa Tpy-

65l ds, HECKOJIBKO MeHbIIE OT TOJNMMHBI pebpa §p M IOYTH He 3aBHCHT
or guametpa pebpa ds.

9, fMpusenennbld Ko3thUUHEHT TENNOOTAAYH O,
CO CTOpOHH! BO3AYXA B Clyyae myuka opeGpeHHbIX Tpy6

[Tpusesentblii Ko3GQUUHEHT TENIOOTAAUN Qnp YIHTHIBACT KOHBEK-
THBHHI TEIIOOOMEH - MeXay opeGpeHHOH NOBEPXHOCTHIO M IOTOKOM
BO3/1yXa W Iepejavy Terja TelJONPOBOAHOCTRIO Uepes MeTasll pebep.

114

Ero seanmunny HeoGXOAHMO 3HATb, 4TOGH OTMpefeauTh Koddumuent
TenJonepenauy k.

B suTepaType OTCYTCTBYIOT HAJleXKHBIe 1aHHble, 103BOMAIOUINE MNON-
CUNTATb op JUIsl ciydasi peGpHCTOl CIHpaabuOl nosepxuocTd. Bauny

MaJioro ara ChIupaju onpe- A
JejsieM TNpUBeNeHHBIA KO3(- N 7 — '\_I C ; =
¢unuenT TennooOTAAYH N0 49 SN YSE
dopmyae [63, c. 137] nast quc- 44 = ¢\\J ]E
KOBBIX (KpyrJablx) pebep: 27 ' EE=
i Qpp = 46 SR H
Fy = | ok | R =42
— I _p ES - ] - ¢ 07‘5_ . NG
|1+ 7tz Fhver =
rae Fp—rmosepxnocts peGep, ., E SSeLSSAEE
npuxogsmascss na | m pau- 49 WL 20
HbI TPYObI, M2/M; Fy— nonuas 4,2 %0
Hapyx)Hasi NOBEpXHOCTE 1 M,y ; 150
opeGpenHoii  TpyObl,  M2/M; g 7 2 J

E — rosppuuuenr spdekTUB-
HocTH pebpa, YYHTHIBAIOIHUH S (d,-d)
MIOHHIKEHHEe eTO TeMIepaTyphl ‘ LCAC

Mo Mepe ylajeHus oOT OcHO- Puc. 2.6. I'padux s ompefesaenns Koaddu-
BaHHs, — HAXOAUM MO pHC. 2.6 uauenra E

[53, c. 52]; e — xoapPunMeHT, 12 T
VUHTHIBAIOMAN TpanenneBu- : %'éﬁﬂ’g S
Hylo ¢GopMy ceueHus peG- ,Vg_j: 14 t;l:}
pa, — HaxoguM 1o puc. 2.7 AT '
[53,c. 52]; p = 0,85 —akenme-  J47 v
PHMEHTAaAbHO HaleHHHIH KO- Va
shpunuenT,  YUYHTHBAOMUI
HepaBHOMEPHOCTL TeMIo0TAA- T
UM [0 [OBepXHOCTH peb- Lo'a

6 .
pai  Bo=(g),  =0,00060
9 /3 m 25 dxp.
m? - K/Bt — tennoBoe comnpo- 7 NAp(0+3;)
THBJCHHE ~SarPASHEHHS HA- o o7 poawwe o
o A ] HK JJIs OnpeneJieHus Kos n-
PYKHOI TNOBEPXHOCTH TPYyOH, HenTa 3. b

npuHuMaeMoe (I cpaBHe-
) paBHBIM TENJIOBOMY CONPOTHMBJEHHIO HapYKHOrO 3arpsA3HeHHs
1I0BEPXHOCTH TWIaAKuX TpyO (cM. Bhliie),

Haxonum noBepxHocTh pebep, npuxoagmyiocs na 1 M AJIHHE TPYGHI
(cM. puc. 2.4):

N
A
%
A SIS
o
[
I

a5 — d;
Fy=nx (2 ”4—4'3‘“‘“ d45cp)

e x = 286 — uuca0 cnupagbHBIX BHTKOB pebep, NMPHUXOASUIHXCS HA
| M anunb Tpy6u. UMeem:

- 0,049% — 0,0282

Fp=3,14 - 286 (2 200 =002 | 6049, 0,00085) = 0,761 MM
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OnpenensieM Hapy:KHYIO OBEPXHOCTb YYaCTKOB IMIafKo# TpyGH Me-
XKy pedpamu, NpUXOAsiUlyioca Ha | M AJaHHBI TPY6bL: .

Fap=rndy (1 — x,) = 3,14 - 0,028 (1 — 286 - 0,0011) = 0,06 M2/u

rae O — mnpuHa peGep y OCHOBaHHUs (cM. puc. 2.4).
ITonnas nHapyXHasf TnoBepXHOCTb | M opeGpeHHOR TPyGnl 6ymer
papHa;
Fo=F, + F,, =0,761 + 0,06 = 0,821 m?/m

[IpenBapuTespHO BBIYHC/HSIEM COOTHOUIEHHS, HeOOXOLHMble A4
nonL3oBanus puc. 2.6 n 2.7:

d, 49 1/ & 1/ 06 -
d, =5y = 1,75 Hu 32—— 'T’“l'—— 0,738
Uro6e yuecTb HapyKHOe 3arpsasHenue TpyO, HEOGXOAHMO BBIYHC-
JIATh MOAKOPeHHBIe BLIPAXKEHHS apryMeHTOB rpaduuecKHX 3aBHCHMO-

credl (cM. puc. 2.6 u 2.7) u nozeauts ux Ha BeauuuHy (14 Bspo).
IMonyunm:

ok
‘/ Aa (81 =+ 8,) (1 + Bsrpak) (dy —d3)=

. 950,85
- ]/ 9072 (90006 T 0,0011) (I -+ 0,000%6 - 0,85 - 95) (0»049 —0,028) =0,3

3npech Je=201,2 Br/(m-K) — k030 QHIHEHT TennonpoBOAHOCTH
aJIOMHHHEBOro pebpa Tpy6bl. .
Tak xak dy— ds = 2k, 10

gy —
2hy 1/Aa © o) 1 F g — 078

Torpa mo puc. 2.6 E = 0,96, no puc. 2.7 &5 = 1,02.
OnpenensieM IpHBeIeHHBH KO3 (ULHEHT TENI00TAAYH:

. 0,761 0,85+ 95 B ‘
np == [l + 8 (0,96 1,02— 1)] 000060 0,85 95 — /0 BT/(M*- K)

10. KoadipnuueHT Tennonepenaun
Ans nyuka opebpeHHbix Tpy6

Benem pacuer Ha emummuy riajkoH moBepXHocTH TpyGH o dop-
myae [45, c. 196]:

| ! |

G 5 3 8 8 Fer |

L a (2L L F) e
rae Fer— IOBepXHOCTb TIvIafKoH TPyGbl (0O HapyKHOMY nnamepr),k

npuxojsuiasca Ha 1 M ee AJUHEI
Fer,=mndy - 1=23,14.0,028 - 1 = 0,088 m%m

Bce ocTanbHble BeqHUMHB B 0Go3HaueHHs — npexuue. [Tonyunm:
I

ko ==~ 0,088 1
———— 4 0,00035 + 0,00022 -+ 0,000075 -+ 0,00060 - 0801 T

1676
=330 Br/(m*- K)

CnepoBaTeabdo, MPH NPOYHX PABHBIX YCJIOBHAX opebpeHHe TIafKoH
1I0BEPXHOCTH TPYGH CO CTOPOHBEI BO3JAYyXa NMPHBOLHT K 3HAUHTENbHOMY

330
yBeJHUEHHI0 Ko3(h(HUUEHTa Telaonepenayn (B 50 = 3,7 pa3a).

11. MosepxHocTbh TennoobmeHa XOAORUNLHKKA
U KomnoHoBKa TPyl B Hem

Haxog¥M MoBepXHOCTb TelJoOOMEHa XOJOAMJbHHKA ¢ OpebpeH-
HBIMH TPyGaMH, OTHECEHHYIO K IVIaJKHUM Tpy6aM, Tak Kak 3HaueHHe ko
A5 3THX Tpy6 Tak:kKe PacCUHMTHIBANIOChL HA €IMHHIY IVIaAKOH MOBepX-
HOCTH TPYOHL.

Qy _ 13-108 9
F=ir, = 30.273 — 145
KomuuectBo Tpyo0:
F 145
N*Tl" 0,352 412

re Fy=3,14.0,028-4 = 0,352 M? — noBepXHOCTh TeNJIooOMeHa OLHOH
TpyOLL.

Ecau 6bl HapyxHas MOBepXHOCTb TPyG He Oblia opebpeHa, TO Mo-
BEPXHOCTb Telioo6MeHa anmapara

Qi 13-108

—_ __ 2
P R ATe, | 90-273 529 M

F

T, e, 6pla OBl GoJbllie B
Fr _ 529
F = a5 — &7 pasa
OnpegenuM 4ucyao 1y Tpy6 A4 OLHOIO X0Ad KePOCHHA NPH NPHHSA-
TOA paHee CKOPOCTH JBHIKEHHSt KepocuHa @ = 1,5 m/c:

PO 1Y S 35 000 - 4
' 3600p,, tdiw 3600760 3,140,217+ 1,5

= 2b Tpyb

Jlna yaoGerBa MOHTaXKHBIX paGoT OyyokK TPyO pacmpemesdM Ha
Il CeKIMH, B KaxJA0# cekuun pasmectuM no 141 tpybe. Cxema kom-
HONOBKM TIyuka ONHOH CeKUMM amnapara mokasaHa Ha pHc. 2.8,a.

M3 2710l cxeMBbl BHAHO, YTO OXJaXKJaeMblll NPOAYKT — KEPOCHH I10-
CNel0BaTeAbHO AesaeT 6 XOMOB B CEKIMH, NMPHYEM B KaXJOM H3 HHUX
1HKETCA OJHOBpEeMEHHO No 24 u 23 Tpy6aM.
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Takas cxema ternoobmena HasbiBaeTcsl cMelIaHHO-TIEDEKPECTHBIM
tTokoM. Munerc nporusorounocTH ags Hee P == 1. Brie npu pacuere
6bto npuHsito P == 0,98. 310 He BHOCHT CKOJbKO-HUOYIb 3aMETHOI
HOTPEUIHOCTH B onpejenenyie BeauuHubl AT cp.

d
Ly=~1200
- 17 T 7 ;
I 9
RRAN4ARAN 4 /4 o~
M ) (Tv” M Ll '"\
TV h
nA(ARRARA y A
'
s 1 L/
/
7
J
1s
S
3
]
Q
A
i
Ty
L=400

Puc. 2.8. Cxema JBHXKeHHS XeDOCHHA B TPYGHOM
nyuke (@) ¥ KOMIOHOBKA TPYOHHIX OyukoB (6).

Kak BHIHO H3 CXeMBl PACHONOKEHUS TPYG B CeKUHAX, OOLlee YHCNO
Tpy0 B XOJIOLHJAbHUKE cOcTaBisieT Ny = 423.

12. AapopguHamuyecKoe CONMpOTUBREHHE Ny4Ka Tpyo

Aspoaunamuueckoe conpoTHBJeHMe mnyuka Tpy6 (B [la) ompepge-
aseM no dopmyJe [52, c. 93]

O o Sp -0,72
AP = 9,7 — (wi)’ 1y (___) Re—0.2t
g ds

rae ps = 1,18 xr/M® — nIoTHOCTL BO3JyXa NPH €ro HauadbLHOH TeMile-
parype; w,= 10,6 M/c — ckopocTb Bo3ayXa B cxkatoMm (y3KoMm) ceue-
HuH Oope6GpeHHOro TpyOHOro Nyuka; Ay = 6 — UUCJ0 I'OPH3OHTAJIBLHLIX
psimoB Tpy6 B nmyuke (10 BepTHKasiu); ds == 0,028 M — napyxuniii qua-
Merp TpyOw (cM. puc. 2.4).

Kpurepuit Pefinonbaca, oTHeceHHblll K nuamerpy tpyb ds:

Re=— widy 10,60,028

Vep.s | 17,96-10°% 16800
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Toxcrasasis yKasaHHbe BeJHUHHB B (DOPMYJy, MONYUHM:

an LI s (00035
AP = 9,7 g5 - 10,62 - 6( o5

-0,72
) . 168007 = 334 ITa

Bui6paunsiii Beiute Bentuistop AWM YK-2M paspuBaer mamop
10 403 Tla, mosTOMy OH ¢ H3BECTHBIM 3aAaCOM IO NPOHU3BOAHTEALHOCTH
il Hanopy obecnedut paGoTy XOJNOLHABHHKA.

13. MowHocTh 3NEKTPOABUTATENA K BEHTURATORY

Pacxon a/MekTposHepruu /s BeHTHaATOpa (B KBT) ompemenuM mo
(popmyne:

N, = 0,00081 V= T?P
rae 1 = 0,62 — k. 1. 1. BeHTHAATOpPa (mpHHHMaeTcs). Mmeem:
32334
Ng = 0,00981 m = 17,5 KBT

IMpn nop6ope 3JAeKTPOABHIATEIS PACUETHYI0 MOLIHOCTL CJEAyeT
ysenuunTh Ha 10% maa obecneuenns nycka jasuratens. [lostomy nei-
CTBHTE/JbHAs MOIIHOCTL JBHIATEJS:

N, = LIN,= 1,1 - 17,5 =20 xBr

Cornacuo [48, c. 67, ta6a. 11], ycraHOBOYHAA MOLIHOCTb 3JEKTPO-
asuratens cocrasasier 53 xkBr. Kosdduuuent ucnonb3oBanis yCcTaHo-
BOUHOH MOLIHOCTH

— Noon__ 20
= N "'""53 -~ 0737

yer

Kak mpasuio, ¢ == 0,3 < 0,5.

KOXXYXOTPYBUYATHIH KOHIAEHCATOP-XO0N0AUNbHUK

PaccunraTs KOXKYXOTpyGuaThli KOHAEHCATOD-XOJOAHJIbHUK yCTa-
HOBKH KaTaJIHTHYECKOTO KPEKHUHTa NPH CAEAYIONHX HCXOAHBIX AaHHBIX:
Iy KOHAEHCATOP-XOJNOAUILHHK Y3 PeKTHPHKANHOHHOH KOJOHHLI MOCTY-
naer maporasoBasi cMecb B Kojauuectse 79740 kr/u, B TOM uHCIe
cyxoro rasa 8440 kr/u, Gyran-GyruiaeHoeoit dpaxnum 12300 kr/u, ne-
GyTanusupoBaHHOro GensuHa 56000 kr/4, soganoro mapa 3000 xr/u;

OTHOCHTE/IbHAS MJOTHOCTb Ae0yTaHH3HpOBaHHOTO Gensuna p; = 0,745;

nauambHast TeMllepaTypa oxaaxniaiomei sogbl T2 =298 K; npasnenue
na Bepxy pekTuduralHoHHON KonoHHB 157-10% [1a (1,6 art).

CocraB yIJIeBOAOPOAHOH YACTH ra3oB ¥ NapoB, [OCTYyNAIOWUX B all-
napar, npusoautcs B taba. 2.2, kpusass MTK nebyrannsuposannoro
nelsuEa uaobpaxeHa Ha puc. 2.9.

Oco6ennocTr paboThl  KOHIEHCATOPOB-XOJOLUABHUKOB H  06Iue
NPUHLIATE MX TeXHOJAOTHUECKOrO pacuera HOCTATOUHO NOAPOGHO u3Jj0-
Kensl B autepatype [5, ¢. 563—5b66]. Huxe npuBOLUTCSA [10BEpOUHBIH
hiCYeT CTAHAAPTHOTO KOXKYXOTPYGuaTOro KOHAEHCATOPa-XOI0ANIbLIHKA
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YCTAHOBKHM KaTaJHTHYECKOrO Kpekunra. B stom anmapate npowuc-
XOMHT HeNOJHas KOHJeHCAl[Hs TNPOAYKTOB [apOorasoBOro MNOTOKA, KO-
TOPBI 3aTeM B rasocernapaTope pasjiessieTcsl Ha JKUPHBIH ras, Hecra-
OnJbHEA OeH3MH u Boay. JKHDHBIN ras comepuT HeGOJbLIOE KOJH-
4eCTBO BOASHOTO MNapa H 3HAYUTEJbHOE KOJHYECTBO OGeH3MHOBBIX
Gbpakuuil, HecTaOHALHBIN GeH3UH COMCPIKHT 3aMETHOE KOJNHUECTBO pac-
TBOPEHHLIX T'a30B C BLICOKOH JeTyuecTblo. FIMEeHHO Mno3TOMY KHPHBIN
raz u HectabuibHBIE GeH3WH HANPAaBJAIOTCH Ha rasodpakuHOHHpYIO-
IIyI0 YCTAaHOBKY, Ha KOTOpPOH MNOJyualoT cTabuibHLIE GeH3HH, GyTaH-
OyTHJIEHOBYIO M INPOHAH-IPONUJIEHOBYIO (pakuuu u cyxofi ras. I[lox-
po6Ho 06 3TOM cKasaHo B juTepatype [54, ¢. 216—219].

MOCNEAGBATENBHOCTL PACYETA KOHJOEHCATOPA-X0/0AHIbHUKA

1. Ompegensior TemIepaTypy NaporasoBoro [OTOKa HA BXOJE B

KOHJEHCATOP-XO0JM0uJIbHHK. OHa [0/KHA PaBHATLCS TeMIlepaType Ha
BepPXy KOJOHHBE, H3 KOTOPOH 3TOT NOTOK IIOCTYIaeT B KOHJIEHCATOP-
XOJOOUNBHHK. YTJEBOAOPOAHAA YACTb MOTOKA MPEJCTABJSET HAaChi-
LIeHHble Maphl, TO3TOMY HX TeMMepaTypy HYXKHO ONpELessiTh N0 ypae-
HEHWIO HM30TePMBI MapoBOH (a3bl METOAOM IOCTENeHHOro NpubIHXKe-
Hud. Tak kak neOyTaHM3UPOBAHHBIH OCH3HH SIBJAETCSI CPABHUTEIBLHO
IIHPOKOH ¢pakuuell, To A OOMbIIEH TOYHOCTH pacuera pazGuBaeM
ero Ha YeTblpe y3KHX (paKLUUH, KaXKAYI0 U3 KOTOPLIX NPHUHUMAaEM 3a
YCJOBHBLIH KOMIOHEHT C TeMIlepaTypOl KHIIeHHS, PaBHOH cpeaHell TeM-
nepatype kKuneHust otoil yaxoi ¢paxuuu no MTK Gensuna. C apyrofi
CTOPOHH, B LJAX HEKOTOPOro YNPOUIeHHs pacueTa 3TaH H ItHIeH
06beAMHAIOTCS B ONHY JITAH-3TUIEHOBYIO (PPaKUHIO, JETYUECTb KOTO-
poit 6yaeT onpenensThcd KakK AJs 3TaHa; IPONAaH H IPONHIeH OYyRyT
CYHTATbCA OJHOH NPONAH-TPONKIEHOBOH (PpaKuued, ¢ JeTyyecTblo,
onpejeaseMoil no mnponany; O6yTaHb K OYTHJICHB CUHTAIOTCST OJHOM
OyTaH-6yTUJeHOBOH (pakuued, C JeTY4YeCTblo, ONpeaeaseMof mo
6yTaHy.

2. OnpenensiioT TeMIepaTypy B KOHIlE NepBOH 30HEI KOHIEHCATOPA-
XoJoquJAbHUKA. B 2TOH 30He NPOMCXONMT uUACTHUHAsE KOHAEHCAIUA
YIJIeBOAOPOJHOH HaCTH HApoB, a BOJSIHLIE IApBl JOCTHIAI0T TeMIepa-
TYphl HacBHlleHHsd. PacueT TeMHIepaTypsl B KOHIlEe MEepBOH 30HMHl Be-
JIeTCA N0 CAelyIOoIlell CXeMe: a) 3a/aioTcAd HeCKOJbKHMH 3HAUYCHUSIMH
5TOH TeMIepaTyphl U HNPH KaxK/JOM H3 HHX HAXOMST NONI0 HECKOHEeH-
CHPOBABUIUXCS YIVIEBOMOPOAHLIX NapoB no Mertony TperyGosa, a 3a-
TEeM CTPOSAT KPHBYIO «IOJSI NapoB — TeMmiepaTtypas; 06) mo 3Tol Kpn-
BOfl OPH HECKOJBKHX TeMIepaTypax ONpeldessioT [JOJH MapoB, pac-
CUHTBIBAIOT COOTBETCTBYIOLIHE HM MNapUHalbHble JAaBJEHUS] BOJASHOIC
rnapa ¥ CTPOST KPHBYIO <«IapliHajbHOe [aBJeHHe BONSHOrO Mapa —
TeMIeparypa»; B) TIpH TeX Ke TeMuepartypax (HaH Jo6biXx APYTHX
B TOM e HWHTEPBajle) HAXOAST JaBJeHHe HACBIIEHHOr0 BOISHOIO
napa B YHCTOM BHJe W Ha rpaduxe (M. «6») CTPOAT KPUBYIO «jaaBJe-
HHe HAacCBHIIIEHHOTO BOASIHOTO Iapa— TeMIepaTypas; TI) KOOpIHHA-
TAMH TOUKH IepecedyeHns JBYX MOCAeIHUX KPHBLIX OYJyT TeMnepaTypa
B KOHIle TIepBOH 30HBI M COOTBETCTBYICIIEE eif Naphuajbloe AaB/eHHe
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11ACHIIIIEHHOTO, BOJASIHOIO Tapa; ) mo KPuBoH (0. «a») HAXOAAT JOJI0
11aPOB, COOTBETCTBYIOLLYIO TeMIepaType B KOHIE NepBOH 30HHL

3. Bo BrTOpoO#i 30HE KOHIlEHCATOPa-XOJOLWJbHHAKA GYIET MPOHUCXO-
JUTL COBMECTHAsl KOHJeHCALUsl yIVIEBOJLOPOAHBIX W BOAAHBIX HapoB.
TemnepaTypa B KOHIle BTOPOH 30HBI, a 3HAUUT M HA BBIXOJ(€ M3 KOH-
JICHCATOpA-X0J0AUNbHHKA, OyJeT 3aBHUCeTb OT HavaJbHON TeMIepa-
1ypHEl OXJa)KAaoulell BOABI: YeM HHXKe NOCTeNHsis, TeM HHXKe TeMile-
paTypa Ha BBIXOZe M3 annapara M BHIIE CTeNeHb KOHAeHCALMH Napos.
()HaKO NOJHON KOHIEHCALUH IIapOB He NpPOH30HAeT M, KaK CKa3aHO
HLIILEe, KOHAEHCATOP-XOMOAMALHUK OyJAeT NOKHAaTh MNOTOK, Haxoas-
muiics B MapoOXHAKOM COCTOSIHHM. TeMmepatypa B KOHIle BTOpOH
JOHBL WM, YTO BCe PaBHO, HAa BLEIXOJE M3 amnapaTta AOJXKHa HasHa-
qateess Ha 10—15 K Bbllle HauanabHON TeMIepaTyphl OXJaxkKAalomiel
nojasl. [Ipu 2Tofl TeMIlepaType pacCYHTHIBAIOT, MO0 MeTORy Tpery6osa,
joo napos (a cjAenoBaTeNbHO, W NOJIO KOHJAEHCATa) HA BLIXOAE ma-
POXKUAKOTO NOTOKa H3 KOHJIEHCATOPa-XOJOLMJBLHHKA H KOJHYeCTBa
KIKAOTO KOMIIOHEHTa B Mapax H KoHAeHcarte. OnpenensiloT Takxe KO-
AHYECTBO CKOHAEHCHPOBABILErOCsl BOJSHOTO Mapa.

4. Ha ocnoBe pe3yJbTaTOB NPeIbIAVIINX PacyeTOB PACCUHTHIBAIOT
TCMJIOBble Harpy3ku o0eHMX 30H KOHAEHCaTOpa-XOJOAHMbHHKA.

5. OnpenensiloT pacxoj OXJaxKAaiollefl BOLBI U ee TeMIepaTypy B
KOHILle TIEPBOH 30HH alllapara.

6. Br6uparot THI KOXKYyXOTpy6uaToro KOHAeHCATOPAa-XOMOANIbHUKA
110 CYUIECTBYIOIUM HOpManaM. ljad 3TOTO HA OCHOBAHHM TNPAaKTHUe-
¢KHUX JAHHLIX BLIOUpaioT KO3 (HLIHEHT Telsonepenadu B NPOEKTHpYe-
NMOM anmnapaTte, a TakXke DacCUHTLIBAIOT CPeJHUI TeMmepaTypHBIN Ha-
0P B HeM. 3aTeM OIpefesioT IpelNojJaraeMylo NOBepXHOCTh TemJo-
nfiMmena, a no Hell BHIOHpAIOT NOAXOASAIIH{ CcTaHAapTHBIA amnmnapar.
Cieayer yuecTb HPH 3TOM, YTOGBl CKOPOCTb BOJBI, TNPOXOASIEH MO
(py6kaM, He Onlia HHM3KOH, TaK KaK KOS(QQHUIHEHT TeNJIOOTAAYH OT
¢TCHOK TPY6 X Bome HHXKe, ueM KO3(h(QHLHEHT TeNTOOTAAYH CO CTOPOHB
KOHIEHCHPYIOINUXCH NapoB, H, cJAeoBaTeslbHO, UM OydeT onpefe-
ASITBCSI 3HaUeHHe Kod(h(UIMeHTa TelJioNepenavyH B almapare.

7. OnpeneisioT CpefHHe TeMOepaTypHble Hamopsi B 00eHX 30HaX
KOHJeHCaTOpa-X0J0AHJIbHEKE,

8. Onpenpensior ko3bGHIHEHTH TemJaonepenaun AAd O0OeHX 30H
nu6paHHoro B I. 6 cTaRAApPTHOIO annapara.

9. OnpenensoT NOBePXHOCTH TelVIOOOMeHa KaXA0#. 30HH anma-
pira, oOU[yI0 MOBEPXHOCTb TenyiooOMeHa M HeoOXopWMoe YHCJAO anna-
[1TOB paHee BHIOPAHHOH KOHCTPYKUHH.

PAGYET

1. Temneparypa cmMecH yrnesojopOAHLIX W BOAAHLIX NapoB
Ha BXOJE B KOHIEGHCATOP-XONOAHAbHHK

3agauya CBOIHTCS K ONpEAE/IEHHIO TeMIepaTypbl Ha Bepxy KOJIOH-
(14, H3 KOTOPOM yIVIeBOJOPOAHBle maphl (raba. 2.2) B CMecu ¢ BO-
WNIBIM  [1aPOM  MOCTYNAIOT B KOHJAEHCATOP-XOJOAHJBHHUK. C  1eabto
NCKOTOPOTrO  YIPOLEHHMA pacyera JaBjieHHe B annapare cuHTaeM
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Tabnuya 2,2

Komnonen-
Tl . . .| Ho |CH4 [CoH4[CyHg|Catig|CaHgl wuso- | #-CtHg| uso- [n-CeHyo} Aebyrann-{ Cymma
-C4Hg -C4Hjg 3UPOBAH-
HbIH OeH3UH
Koauue-
cTBO, Krfa [100| 1560 | 620 | 1190 | 3170 | 1800 5400 6900 56 000 76 740

HOCTOSIHHBIM H paBHBIM =157 - 10% [1a (1,6 at). s Bcex nocsieaylo-
IHi¥X pacueToB npnﬂnmaem 4TO YIJEBOJOPOAHAS 4aCTh NAPOTa20BOfi
‘ CMecH, MNocTynawliell B KOHIEHCATOP-

TK | XOJIOAMJBHAK, COCTOHT H3 CJedylOuluX
460 50k KOMIIOHEHTOB:  BOAOpPOAa, MeTaHa,
R 7 B STAH-3THJIEHOBOH (pakiuy, HponaH-
/1 nponuJeHoBol GpaknuM, 6yraH-6yTH-
420 T )zl nenoBofl (Gpakuun W UeTHpex Y3KUX
e e v A dpaxuuii neGyTaHu3upoBaHHOro Oen-
380+ /‘, i 3WHAa, C COJepPKaHHeM KaxkAOH H3 HHX

3237Kf At i B Gensune no 25 macc. %.
340t 326K I ? : a. CpenHiolo TeMmepaTypy KHIle-

f i T HUs y3Kof ¢paxkuuyu OeH3HHa Haxo-
M2 el i 0

3po W1 nuM kak teMmnepatypy ee 50%-ro or-

0 20 4 60 &e%  ropa (smikunanust) no MTK. B namem
Puc. 2.9. Tpaduk pasromkn geby- Cjaydae 1no puc. 2.9 OyreM HMeTb:
Tagusupopanuoro Gensuna no MTK. Tcp,, = 326 K, Tcp_2:353 K, Tcp_3=
== 391 K, Tcp.4 =450 K.
6. Cpe/lHIOI MOJIEKYJSIPHYIO MacCy Kax[oH Y3koi (pakiuH omnpe-
JesseM no ¢gopmyJe BouHosa:

M =52,63 —0,246T, ; + 0,0017%,. ;

CpenHsia MOJIEKYJsipHasi Macca NepBoii GenswHOBOH y3KOH ¢pax-
IIMH:
M, = 52,63 — 0,246 - 326 + 0,001 - 3262 =179

Ananormuno nogyunM: Mg ==90, Ms;== 109, M, = 145.
HaxozuM cpeRHIO0 MOJEKYJApHYIo Maccy OeHsuHa:

1

rle C;— MaccoBble NOMH Y3KAX (pakinuil — KOMIOHEHTOB B OeH3HHE
(¢1 == ¢ == €3 = ¢4 = 0,25). HMmeem:

1
T 025 095 0% 02
79 7790 V109 4B

Mg = 104
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p. [To mMaccoBrIM KoJsnuecTBaM (Tabj. 2.2) H MOJIEKYJSIPHBIM Mac:
¢AM yIJIeBOJLOPOJOB ONpPENeTNM MOJEKYJsipDHbIE MacChl yrIeBOAOPO.-
nplx Qpaxnmpii mo popmy.e:

M, = myA+my+ ... +mp

my iy iy,

My +Mz+ +Mn
e my, Ma, ..., My — MaccoBble KOJHUYECTBA YIJIEBOLOPOJOB, BXOJf-
nuix B Aanmyio Qpakumio; My, My, ..., M, — MOJeryasipHuble MaccHl

YTUX YIJIEBOAOPOMOB. DTaH-3THIeHOBas (PpaKius ZCy):

_ 620 + 1190
Me, = 551190 29.4

BEEED)

Mponas-nponunenosas ¢pakuus (2 Cs):

3170 -+ 1800
Me,= =576~ 1800 = 42,6

T T4

ByraH-6yTuiaeHoBas Gpaxiuys (X Cy)

5400 4+ 6900
/\/Icf——----——5400 M_G_QOQ_ =>57,1
56 58

r. MoabHBIfI COCTaB MaporasoBoil CMeCH, MOCTynalolledl B KOHIEH-
¢aTOP-XONOAW/IBHHK, paccudTan Ha OCHOBE JAHHLIX, [OJYYEHHBIX
suime (taba. 2.3).

Ta6nuya 2.3
MaccoBoe | Macconas MoubHas
I qe- q
lkgll\fnerg? Kommonenm M Kg?;{o{e Aoad M(;l.:élg, o n
eHTOB Kl‘/‘l’ ¢ KMOJb /4 ¢y
l Hy o v o v v v e e 2 100 | 00013 50 0,0455
2 CHy . . . ... .. 16 1 560 0,0205 97,56 0,0887
3 M C; (sran) . . . . .| 294 | 1810 | 00235 61,6 | 0,0561
4 M Cy (nponan) . . . .| 426 4970 | 0,0661 116,7 | 0,1062
5 2 C, (6yran) . . . . . 57,1 12 300 0,161 2154 0,1960
6 Tlepsas yskaa Qppaxuun
OeH3UHA . . . . . . 79 14 000 0,183 177,2 0,1612
7 Bropas y3xas {pax-
nust OeHsuHa . . 90 14000 0,183 155.,6 0,1416
8 Tpetpsl yzxasn cppaxtmﬂ
GensuHa . . . .| 109 14 000 0,183 128,4 0,1168
9 Yerpepras yskas q)pax- )
uMs Gemsupa . . . .| 146 14000 0,183 96,6 0,0879
CymMMa . . « . v . o . - 76740 | 1005~1| 10990 1,0
Bogsimo¥t nmap . . . . . 18 3000 —_— 166,7 —_
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A. Temmepatypy Ti mapoB Ha BXoJe B KOHIEHCATOP-XOJOAH/IbHHK

onpegensieM MeTOAOM IOCTENeHHOTO MPHOMUMKCHHA 10 YPaBHEHHIO |

H3oTepMbl naposoi ¢daswr [1, c. 113]:
9 (},
VN
d R
1
3nech ¢} — MOJbHBle AOJH KOMIOHEHTOB B cMecH (raba. 2.3);
k; — KOHCTAaHTH (a30BOr0 PaBHOBeCHA KOMIIOHEHTOB MPH [aBJICHHH
4
n= 157.103 ITa (1,6 ar) u temnepatype I1, onpexensembie mo Qop-
MyJe:
S
4 a2
B KOTOPO#H P;— [NaBJleHHs HACHIIIEHHBIX MapOB KOMIIOHEHTOB NPH TeM-
nepatype I1; N — ko3QdHIMEnT, YUHTHBAIOMNY BJHAHHE BOAANOTO
mapa Ha COCTOsIHHe cucTeMbl [1, c. 112):

Nt L1 =

L l-—‘—yé——n——pz

rie py==myz— NaplyuaipHOe JaB/JeHHe BONSHOTO mapa B CMECH.

C yraeBOJZOPOAHBIMH MAapaMH; Yz-— MOJbHAs AOJs BOASHLIX MapoB
B HX CMeCH C YIVIEBOJODOJHLIMH mapaMH, pPaBHas
r__Z
Ve=77%1
B mocienmen  Qopmyse Z'— KOJIHMYECTBO  BOJAAHOTO  mapa
(tabi. 2.3), KMOAb/u; L’ — KOAHUECTBO MOJeH yrJIeBOJOPOLHOM CMecH,
nocTynaiomell B KOHLEHCATOP-XOJMOMHALEHK (Tabu. 2.3), KMOJb/U.
Haiigem Beauundy N fjasa Hamero cayuvas:
1 1
N= ]_y2= - 667 = [,152
166,7 + 1099

[Tpumem T{=2393K u no nuarpamme Koxkca [55, c. 45; 56] nafinem
JaBJeHHS HACBLINIEHHBIX NaPOB BCeX KOMIOHeHTOB (Taba. 2.3), Kpome
BogOposia. PasjenuB jaB/eHHe Napa Kaxk[0TO M3 HHX Ha m, HajilleM
KOHCTaHThl (Da30BOTO PaBHOBECHS KOMIIOHEGHTOB: Ry == 246, k; = 82,
k4 == 35, k5 = 14,7, ks = 4,32, k7 = 1,64, kg = 0,67, kg == 0,102 ,U,JIH
BOLOPOJA KOHCTaHTY (a3oBOro paBHOBECHSI HAXOAHM 110 HOMOrpaMmme
[57]; ky==350. TloxcraBus B ypaBHEHHEe H30TePMBl NMapoBOH (asbl
BCE H3BECTHBHIEC BeJIMYHHE, MOJYYHM:

9 7

Y C; 00455 |, 0,0887 0,0561 0,1062 0,1960
Lki_ 350 + 246 + 82 + 35 + 14,7 +

1

0,1612 0,1416 0,1168 0,0879
+ 4,32 + 1,64 + 0,67 + 0,102 = LI177

[TonyuenHasi cyMMa HECKOJbKO GoJibllie BeJHUYHHB N, ompejeseH-

HOll BBILlE, OJHAKO PACXOXKIEHHe COCTas/sgerT npumepno 2,2%, fo-
TOMY [epecueTa He JAeqaeM.
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Crnenosatensno, TeMnepatypa 71 =393 K.

Boxsinoi nap Obl1 6Bl B HacBUIIEHHOM COCTOSIHHH, €CJaH GH ero
napuuasbHoe naBlieHHe pz npu T1=393 K Gbu10 paBHO NaBJeHHIO
HachlleHHBIX 11apoB BoAbl Pz npu To#l xe teMneparype. [To raéaunam
HacHIIeHHOTo BoAsiHOro napa [49, c. 589 wunm Ilpunoxenue 4] Haxo-
nuM, uto npu 393 K Pz = 200-10% [Ta (2,03 at). [Mapunansuoe nas-
JleHde BOJASHOTO Napa B CMECH C YIVIEBOJOPOAHBLIMH apaMy APH BXOIE
B KOH/JIEHCATOP PaBHO:

py— myy— 157 - 10 — 1667

CaenoBatenbo, pz & Pz, T. e. BOAAHOA map, NOCTYHAIOMWIMH B
KOH/IEHCATOP-XOJNOANJABHUK BMeCTe € YIVIEBOLOPOAHLIMH Napamu, Ha-
XOIHTCS B [I€PErpeTOM COCTOSAHUH.

2. Temneparypa B KoHue nepsod S0HbI
KOHJI@HCATOPA-X0N0AHIbHHKA

B nepBoii 30He anmapara MOPOHCXOAMT YacCTHUHAf KOHJEHCALWS
YIEBOLOPOAHBIX MAPOB B NPUCYTCTBHUU TEPErPETOro BOASHOrO Tapa,
KOTOPBLIl B KOHIEe 30HBI IEPEXONUT B HACHUIEHHOE COCTOsIHHE. ITO
03HAvaeT, YTO NpH TeMmnepatrype | napuuajbHOe NaBJEHHE Pz, BOIS-
1lOro mapa CTaHeT PaBHEIM JaBJEHHIO HACHIIIEHHOT0 BOASIHOTO Hapa
Pz mpu ol ke TeMneparype. OueBmuano, uro I’} OymeT HMXKe TOi
TeMIlepaTyphl, NPH KOTOPOH pgzy == Pz = 157.103 [la (1,6 ar), Tak
KaK YIJeBOMXOPOLHBIE Maphl B NePBOH 30He MOJHOCTHIO HE KOHJEH-
cupytorcsi. Ilpennosnoxus, omsako, uto pz = Pz = 157-10% Tla, no

TabJauIaM HacbIeHHOrO BOJSHOTO ltapa HaxoAuM, UTO TEMIeparypa,

COOTBETCTBYIOIasi 3TOMY JaBaeHuio nmapos, ~ 386 K. CuenoBaresb-
1o, Ty aonxHuo ObiTh HHXe 386 K.

Ta6auya 2.4
T, =373K T1=353 K T{=333K
Howmepa Komno-
Kommo- HEeHThI PP p, . (n—B - P, —6 P
HEHTOB pi-107°, hy—=—=™ | Pi-1077, k,=—L | Pi-1077, o=t
ITa 1 Ma L Ta R 1
I H, — 400 415 430
2 CH, | 368 234 33,9 216 30,7 195
% MC, | 1t 70 9 57.4 7.14 455
4 3G | 416 26,6 319 20.4 2.13 13,6
5 Pagen 1,67 10,6 1,12 7.1 071 4555
6 OB * | 0392 2,48 0,228 144 | 0182 0,84
7 1B, 0,161 1,03 0,09 057 | 0045 0288
8 1B, 0,057 0363 | 003 0,188 | 0,013 0,083
9 JitH 0,0085 0,054 | 0,0036 0,023 | 0,0014 0.0087

* Cokpamennoe ofosnauenne xaXaoM 3 deThlpex y3kux dpakyuit Ae6yTaHH3upPOBAHHOTO
OcH3gua.
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