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OCOBEHHOCTHU PACYETA PEKTUDUKALIUM BO3AYXA.
3. YHET HEMAEAABHOCTU NPOLUECCOB MACCOOBMEHA

st coz0anus 6osee mouHoU MemoouKu pacuéma OeticmsumenbHoLx NPoYeccos pekmudgu -
Kayuu YycmauoBAeHbL NPUHLUHLL NO2PewHOCmell pacuémos npu GoOpMaALbHOM UCNOAb30BA -
Huu nowamus Kl mapeaxu. [lpusedérnroie npumepol 0aron 803MOHCHOCTHb KOAUYECTBEH -
HOLL OUeHKlU noepeunocmel 8 paciéme pacnpedeseHus KOMNOHEeHMOo8 No 8blCOME KOAOH -
HbL UL 8 KOHEeUHbLX pe3yromamax. [lpoanaiusuposarsl KpUmepuasLbHole 3a8UCUMOCTIU 04
onpedeseHus HucAa eOURUY NepeHoca KOMNOHEHMA. BolnoAHEeHO Uux cpasHere npu npose-
deruu pacuéma pexmupurkayu 8030YXa ¢ NOAYHEHUEM YUCIO020 A30MA U OAHbL PEKOMEH -
dayuu no npumerenuro. Ha ocHose sueeunoii modeiu Yyumérn nepekpecnHomouHslii xapax-
mep 08UINCeHUsL NOMOKOB8 KA MAPeAKe U NOKASAHO ee0 BAULHIE HA IPdheKkmusHocmsy npo-
uecca pasdenerus. [IpourrOCMpUpOBAHO BAULHIE PACHPEOeNeHUs. KOMNOHEHNOB NO Bbl-
come KoaoHHbl Ha Kl mapeaku u nHaruuue ckauka Kl npu docmuacenuu skcmpemyma
KOHYEHMpayuL.

Karouesoie crosa: Bosdyx. Pekmugurayus. KIIJ mapeaku. HYucao edunuy neperoca Kom-
noxenmos. flueeurasn modeaw. [loepeuinocmu pacuéma.

V.N. Taran

FEATURES OF AIR RECTIFICATION CALCULATION.
3. ACCOUNT OF NONIDEAL MASS-EXCHANGE PROCESS

To create a more accurate method of calculating the actual process of rectification estab-
lished causes of errors calculations for the formal use of the concept efficiency of a plate. The
above examples make it possible to quantify the errors in calculating the distribution of
components over the height of the column and in the final results. Criterial dependences for
determining the number of transfer units of the component are analyzed. Their comparison
is carried out at calculation of air rectification at pure nitrogen production. The recommen-
dations on their application are given. On a cellular model basis it is taken into account a
cross-flow nature of the flow motion on a plate and shown its impact on the efficiency of the
separation process. The effect of distribution of components throught of height of the column
on the efficiency of the plates and the presence of the jump in efficiency when the extreme
concentration are illustrated.

Keywords: Air. Reclification. Efficiency of a plate. The number of transfer units of compo-
nents. Cellular model. Errors of calculation.

OBO3HAYEHUS W — CKOPOCTb Napa, oTHecEHHas K nJjolaad 6apooTa-
JKa Ha Tapesike;

D" — kosdduument amddysun i-ro KOMIOHEHTa B M- x,, y, — KOHLEHTPALHUH i-F0 KOMIIOHEHTA B »KMIKOMH U Na-

poBo#i dase; poBoli hazax;

g — YCKOPEHHE CHUJIbl TSXKECTH (9,80665 M/Cz); pn' — K09(:b(:bI/ILLI/IeHT BSI3KOCTH T1apa;

N,, — 4ucj10 eIMHULL [TepeHoca (-T0 KOMIIOHEHTa B Napo- p', p” — MJIOTHOCTb CMECH B >KHUJIKOH W NapoBoi hazax;

BOM (paze; G — KO3(PMUUHUEHT NOBEPXHOCTHOTO HATSKEHHUS.

1. BBEAEHUE pasaesioniuM pacuér Ha aBe yactu. CHauajia pacCunThi-

BAIOTCS TIPOLLECChl PEKTU(UKALIMK B JIOTIYIIEHHU HJ€a/b-

CJ105KHOCTb MPOLECCOB TEMJIOMACCOOOMEHa Ha PeK-  HOTO OCYLIECTBJIEHHS TernjoMaccooOMeHa Ha Tapeske, a
TH(OUKAIIMOHHBIX TapeJIKaxX 3aCTaBJAsSeT MHOTHX MIPOEKTH-  3aTeM pe3yJibTaThl MEePBOro pacuéra KOpPpPeKTHPYIOT ¢
POBIUIMKOB NMpHberatb K BbIUUCAUTE/NbHBIM MpolieaypaM,  y4€TOM HeMJeaJbHOCTH yKasaHHbIX rpolieccoB. Kpure-
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pueM HeusieabHOCTH 06bIuHO catykUT KI T Tapenku.

OnBbIT BBIMOMHEHHST TOJOOHBIX PACUETOB MOKA3bIBAET,
YTO pasjiesieHHe peasbHOro Mpoliecca Ha Moc/e10BaTe b+
HOCTb WJI€aJM3UPOBAHHBIX C MOCJEAYIOLEH HX KOPPEKTH-
POBKOI MyTéM BBeJIEHHST HEKOTOPBIX MOMPABOUHBIX KOI(]-
(bMLMEHTOB YaCTO MPUBOAUT K 3HAUMTEJbHBIM MOrpell-
HOCTSIM. Tak MpOUCXONNUT, HANPUMEP, TTPH PACUETe PeKTH-
(hMKALMOHHON KOJIOHHBI C OOJIBLIUM UHCIOM TAPEesOK B
JIOTYLIEHUH OTCYTCTBHSI THIPABJINYECKOTO COMPOTHBJIE-
HUSI TIPOXOXKAEHHUIO MOTOKOB. [locsie okoHuanust pacuéra
MOTOKAM IMPHUCBAUBAIOTCSI PACUETHBIE COCTAaBbl M HOBBIE
JIaBJIeHHs], KOTOPbIe OHU J0J’KHBI UMETb U3-3a COMPOTHB-
Jienus tapeJsiok. Takum oOGpasom jocturaercsi opmasib-
HOE COOTBETCTBHE IAHHBIX PeasIbHbIM NapaMeTpaMm.

B peasibHOM mpoliecce MHOTO (PaKTOPOB (M aBJIeHHE
— OJIMH U3 HHUX) BJIMSIOT HA MHTEHCHBHOCTb Maccorepe-
Jlaul KOMIOHEHTOB, Ha XapaKTep KPUBBIX PABHOBECHS, Ha
XOZL paboueri THHUY U3-3a U3MEHEHHUH CKPBITOH TEIJIOThI
(ha3oBBIX MEPEXOAOB Map-KUAKOCTb U APYTHX MapameT-
poB. [Ipene6pexkenre UMM MPUBOJUT K HETOUHOCTH pac-
yéTa COCTABOB MPOJYKTOB U paClpesiesieHHs] KOMITOHEH-
TOB MO BBICOTE KOJIOHHBI. [IpHuém, 3TH HETOUHOCTH He
AHAJIM3UPYIOTCS U He olleHuBaloTcst. [l KoMmmeHcauuu
pacuéTHBIX MOrpelHocTell MpHOEraloT K 3aBbILICHHIO
yucsa Tapesiok WM J0MycKaloT padoTy KOJMOHHBI C OT-
KJIOHEHHEM OT HCXOHBIX TPeGOBAHUIL.

Takoil noxxon Obl1 NpHeMJeM IPH BbINOJHEHHH TaK
HA3bIBAEMBIX TEXHHUECKHUX PACUéTOB, KOTOpbIE He CTABH-
JIW 11eJIbI0 JIOCTHXKEHHE MaKCHMaJIbHBIX TeXHHKO-3KOHO-
MHUeCKUX nokasareJeil. [lorpemtocts B 10 % W Jaxe
20 % cuuTanack A0MyCTHMOH.

C npubmpxenueM ycJaoBHI paboTbl yCTPOHCTB K
Tpejie/IbHbIM 3HAUEHUSIM BBISICHHJIOCh, YTO TIpeHeGpesKe-
HHE JI0OCTATOYHO MaJbIMU 3(h(heKTaMH MOXKET MPHBOAUTD
K OOJIBILIMM TTOrPELIHOCTSIM, MPEBBILIAIOIINM yKa3aHHbIE
Bblllle. DTO CBSI3AHO CO CTpeMJieHHeM TPUOJIH3UTb pe-
aJbHBIH Mpollece K uaeanbHoMy o6patumomy. CieCTBH-
eM siBJIsieTcsl paboTa annapaTtoB ¢ MaJbIMH 3HAUEHHSIMH
JBWKYLIMX cug. Tak, B TenjooOMeHHHKe TMPH Pa3dHOCTH
Temnepatyp notokos 15 K norpemnocts B | K npusenér
K OTKJIOHEHHIO pacuéTHoli nosepxHoctd na 7 %. [lpu
pastoctu 2,5 K ToT ke | K sxBuBanenten 40 %-0ii 110-
TPELIHOCTH pPacuéra MOBEPXHOCTH anmnapara.

AnasiornuHoe HaGJO/I@ETCS MPH pacuéTax peKTH H-
KalUu Bo3ayxa. [1y1s1 moATBeprKAeHNsT YKA3aHHOTO MpOoBe-
JIEM pacuér ysJsa U3BJICUCHHUS ra3000PAa3HOro a3oTa B KO-
JIoHHe, cocrosiier u3 30-TH Haeann3upoBaHHbIX TAPEIOK
¢ KIIJI, paBubimu 1. B Takoii KosioHHe, padoratoled noju
nasaennem 0,6 MITa, npu noJe orBoja azota pasHoii 0,4
Oyaet moayyathest npomykt uncrotoit 0,000431 % O,.
CpaBHUTENIBHBIH pacuéT NMpoBeEM JIsl KOJIOHHBI TPH TOM
Ke pexkume paboThl, cocrosiieil 3 60 tapenok ¢ KIT/I
0,5. B 3T0ll KOJIOHHE (POPMAILHO UMCIO TEOPETHUECKHUX
Tapesiok Toxke pasHo 30. Bce ocranbHble akTopbl, —
COTIPOTHBJIEHHUS], TEIIONPUTOKH, PACXOJbl, npuMem
TaKUMH, 4TOObI OBLIO MOJIHOE HX COBMA/EHHE.

Pacuér ¢ yuérom KIII Tapesku NpUBOAUT K COAEP-
xanuio kuesopoaa 0,000195 % B MpoayKIMOHHOM a30-
te. Colep:KaHue KUcaopoaa cHusuioch B 2,21 pasa. s
aproHa konueHtpauuu usMenuwsaucs ¢ 0,00978 1o

0,00903 %, T.e. uamenenue coctauso Beero 1,05 pasa.

[IpuBenéHHbI NpUMep [OKa3blBaeT HECOBEpLIEH-
CTBO (popMasibHOTO HcroJib3oBanusi nouarus KII Ta-
peJsiku 6e3 yuéTa peasibHbIXx 0CO6eHHOCTEH MaccoobMeHa
Ha peKTH(HUKALHUOHHON TapesiKe.

2. POPMAAbHOE NCIMMOAb3OBAHUE
MOHATUG KNA

[Ipumenenue nousitust KI Tapesku 6aszupyercs Ha
MCIOJIb30BAHHH COOTHOLLEHHH:

xn:xnfl+nx[x*(y/l)_xnfl]

HJIHN

yn:ynfl+n_l/[y*(xn)_ynfl]a

rje X, M Y, — COCTaBbl >KHAKOCTH U Mapa, NOKUaIoLI1e
n-yio rapeJky; n, u 1, — KILI Tapesnku, oTHecéHHble K
JKUAKOCTH WK napy; x*(y,) v y*(x,) — paBHOBECHbIE Y,
¥ X, COCTaBbl XKUJIKOH U NapoBoil a3,

[Iyctb paBHOBecHast KpuBasi U paboyast JIMHUS S1BJIs1-
I0TCSl MPSIMBIMH JIHHUSIMU (M. puc. 1). Touka ux nepece-
ueHusi uMeeT KoopauHatel (a,b). Torna HasBaHHble KpH-
Bble MOYKHO TIPEICTABUTb YpaBHEHUAMU: y*=(x—a)m+b
v y=(x—a)n+b, rne m u n — yrioBble KOIPPUIHEHTDI
KPHUBBIX.

1 3 2
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Puc. 1. [Ipoyeccol pekmugpukayuu npu pasHolx
Kl mapeaku: | — pasnosecHas kpusas;
2 — paboyasn AuHUS; 3 — AUHUSL,
coomsemcmesyrowan KII/I menoute |

BBeném B ypaBHeHHUs HOBbIE NepeMeHHble: 2=y —b U
u=x—a. YpaBHeHHUs! KPUBbIX IPUMYT BUJL

Z¥=um; z=un. (1)

Jnst pacuérnoro uiara npu KITI=1 neobxonumo,
HauHHast OT TOUKH A, MOAHATHCS 10 pABHOBECHOH KPHBOI
(Touka B); 3atem no y=const HAalTH TOUKY MepeceyeHus
¢ paboueit munueit (Touka C). PacuéTHble maru onuuryT-
Cs1 COOTHOUIEHUSIMH:

2% =u,m; u,=z* /n=u(m/n). (2)
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Orcionia caenyer, uto x,—a=(x,—a)(m/n).

[Ipu pacuére ¢ yuérom KIII Tapesku no napy m,
rpauueckde  MOCTPOEHUS]  BEAyTCH MO TOUKaM
A-B'-C'-D'-E' v T.]1. ¢ ucriosib3oBaHueM KpuBoi 3. Kpn-
Basi 3 CTPOMTCS, HAUMHAs M3 HauaslbHOH TOuku (a,b), c
yu€TOM yrJI0BOro KoshuiuenTa k, paBHOTO

k=mn!/+n( 1 _ny)~
Opmun war ¢ n,#1 npuBenéT K
u'\=uyk/n). (3)

[Tpumem n,=0,5. Torna k=0,5(m+n). O6bHO cun-
TaioT, uto 2 mara ¢ 1,=0,5 9KBUBaJEHTHB! OJHOMY LLIATY
¢ n,=1. Ilokaxem, uto 370 He Tak. [Ipumenus nocieno-
BaTeJIbHO 2 pa3a coOoTHolleHHe (3), MOTyurM

x,—a=(x,—a)k/n).

Cpasuum (k/n)’ u (m/n). Yurém, uto m>n u npe-
craum (m/n)=1+38. Tlocse npeoGpazoBanmii NoAYUUM
(k/ny=148+0,258=(m/n)+0,258". 10 nokasniBaer,
yTo 2 1wara ¢ 1,=0,5 NpUBOAAT K 3HAUEHUSIM, PA3JIHIAIO-
wmmes Ha (x,—1)0,258°. Muaue roBops, JBe Tapesku C
1,=0,5 apchexTnBHEE OAHOMN Tapesnky ¢ 1,=1.

B cayuae, xorna m<n, nse tapesku ¢ 1n,=0,5 ycry-
ST 1o 9((eKTHBHOCTH OHOI TapesiKe ¢ 1,= 1. YryoBble
KO3(QULHEHTE! peaslbHbIX PABHOBECHOH KPUBOIT U pabo-
YMX JIMHHHA KOJIOHHBI MEHSIIOTCST J0CTATOYHO CHbHO. OT-
HOLIEHHE YTJIOBBIX KO3(D(MHUIHUEHTOB MOKET ObITh OOJblLIE
M MeHblle 1. DTo o3HAUaeT, UTO pasuesuTesbHAs CIO-
COGHOCTb TAPEJIOK C OAMHAKOBBIM 1), B PA3HBIX YACTSIX KO-
JIOHHBI HeoAnHaKoBa. Pacuér pexruduxanuu B fomyliie-
HUH MJeaJbHOCTH Tapesku (m,=1) ¢ nocseayomum ae-
JenueM ux kosnuuectsa Ha KIL 3aBenomo nmpuBOIMT K
otnOKaM MpU HAXOXKIEHUH MX UMC/A M0 CEKLUSIM U He-
TOYHOCTSIM B pacrpejiesieHMl KOMITOHEHTOB T10 TapeJiKaM
KOJIOHHBI.

3. METOAbI PACYETA 9PODEKTUBHOCTU
MACCOOBMEHA HA TAPEAKAX

Hcenenobanus npoleccoB MaccoOMeHa Ha PeKTH-
(hUKALIMOHHBIX Tape/KaxX KPHOTEHHbBIX CHCTEM TIPOBOJIAT-
cst o Kpatineit mepe 50 seT. B KauecTBe npuMepa Mo:KHO
HagBaThb padoThl [1,2]. DT uccaeNOBaHUS CJIOXKHBI H
TpynoéMKH. bBoJiblioe KoJM4ecTBO MPUHUMAEMbIX BO
BHUMaHHe (DAKTOPOB 3aTPY/IHAIOT IKCIEPUMEHTAJbHbIE
uccsen0Batusl U pa3paboTKy 0000LIAIOIIMX COOTHOLIE-
Huii. [TosTomy MHOTHE peKOMEHALMH 1 PACUETHBIE COOT-
HOLIEHHUST 3aUMCTBOBAHbl U3 HCCJIEIOBAHUI pasieseHust
HEKPUOTEHHBIX BEIIECTB, A 4YaCTO W HHBIX MPOLECCOB.
Hanpumep, pacuéTHble COOTHOLLIEHHS], pEKOMEHIyeMble B
[3], mosyueHbl npu H3ydeHUH abCOPOLHH.

B nacrosiieit pabote 6yjiemM onupaTbest Ha TPH COOT-
HOLIEHHs, MPUBEEHHbIE B H3BECTHBIX Tpyaax [4-7]. lau-
Hbl€ COOTHOLIEHHS MPEJICTABJEHbI B BUIE KPUTEpUAJb-
HbIX YpaBHEHHH W UMEIOT cXoiHylo ¢opmy. MHTeHcHB-
HOCTb Maccoo6MeHa B BHJle UMCIa eIMHULL TepeHoca Mac-

Cbl BblpakeHa B BHAe (YHKUMH OT KpuTepuen Pefi-
Hosbabea, [munra, BeGepa v HeKOTOPBIX IOMOJHUTEb-
HBIX BEJIMUMH.

Macconepesiaua Ha TapesiKe OCYLIECTBJISIETCS MEXK-
Jly MapoBoH 1 xKuAKOH hazamu. OnpeaessioliiMu (hakTo-
paMu HHTEHCHBHOCTH MacCcOOOMeHa SIBJISIIOTCS MPOLECCh
B MOTPAHHUHBIX CJI0SIX KOHTAKTUPYlolMX (a3. OnHako B
cucreme Ny-Ar-O, 1uddysroHHOe CONPOTHBIEHHE 2KIJL-
Ko# pasbl B 10...15 pa3 HIKe aHATOTHUHOTO MOKa3aTe/Ist
napoBoi (asbl [7,8], 1 oblilee CONpOTHBIEHHE MACCO06-
MeHa MexXay hasaMHu MPaKTHIECKH MOJHOCTBIO Orpese-
JisleTcst CONMPOTHBJIEHHEM NapoBoH (askl. B nambHeiiem
MaccooOMeH B 2KHAKOH (hase HAMU He yUUThIBAJICS.

YpaBHeHusi (4) u (5), npeasiokeHHble B paboTax [4]
v 7] 115 uncaa eIMHuLL lepeHoca i-ro KOMIOHEHTa B Ta-
poBoit thase N,;, UMEIOT OAMHAKOBYIO (hOPMY U BbIPaKeHbl
B Buae (yHkuuu oT unces Pefinonbaca u Ulmuara. B
ypaBHEHHUsT BBEJEHbl CTATHUECKHUI YPOBEHb KUAKOCTH /1,
Ha Tapeske W akrop crabuiuzauund nenbl .. [lpu
BHEILIHEH HAECHTHYHOCTH YPaBHEHHH B HMX MHOTO MPHH-
LUMHAABHBIX OTJIMUK. OCHOBHBIM OTJIHUHEM YpaBHEHHH
SIBJISIeTCS] BLIGOP OINpeeIsliolero JIMHeHHOro pasmepa,
BXOJISILLIETO B KPUTEpHaJbHble KOMIJIEKCHl. B ypaBHenun
(4) TakuM pasmMepoM SIBJSIETCSl KaNUJUISIpHAsT MOCTOSTH-
Has y, UCMOJIb3yeMast B TEOPUH KUIIEeHUs. YpaBHeHHe (D)
6a3upyeTcst Ha OTPHIBHOM HaMeTpe My3bIpst d,, BbILyBa-
€MOr0o MapoBbIM MOTOKOM B OTBEPCTHH TapeJIKH JIHAMET-
pom d,. I1pu pacuére uncna PefiHosibica B EpBOM COOT-
HOLIEHHH MCIOJIB3YeTCs] CKOPOCTb Mapa, OTHeCEHHast K
noaay 6ap6otaxka. Bo BTopom — mipu pacuére cko-
POCTH YUHTBIBAETCS! 10151 TIPOXOJIHOTO CEUEeHHs], 3aHsITast
JKUIKOH hasolt menHoro cjios. Pasnuuatores Takke cro-
coObl BbIUMC/IEHHUST H BBOJIA B ypaBHeHHs (hakTopa crabu-
susauuu nenbl @ . McnonbaoBannble HaMu ypaBHeHHUsT B
pa3BEPHYTOM BHJE MPUBEJEHbI HIKE.

Pekomenjiyemoe B [ 7] ypaBHEHHE UMEET BUJL:

0,5

N,= 0,58Re,*Sc,.” ., (1+2,4940,), (4)
x
rie Re,= wx';’) — uucsio PeliHosbaca; = ,L”
glp'=p")
— KanuJJisipHasi MoCTOsIHHAs, SC,=—— — YHCJI0
D, p"
mumra.

YpaBHeHHe U3 [4] npeacTaBum Kak

h 0,5
N,= 0,88Re,*Sc,,” d“"' (1+D, ), (5)

”

wd ,p

4od,
g(p'=p")

rae Re,= — unegio PeftHonpaca; d,=3
— OTPbIBHOH AHAMETP My3bIpPs.

H.A. Anekcarndpos npoBén oOLIMPHbIE UCC/IENOBA-
HHUsT MacCoOOMeHa Ha TapeJsiKax Pa3Horo THIA B MPOLeccax
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abcopbunn W pexktudukauuu [5,6]. KMm npennoxkeHo
He-CKOJIbKO BUJIOB pacu€THbIX cooTHoweHuil. Hamu npu-
MEHSIIOCh COOTHOILIeHHe (6), KoTopoe 00pa3oBaHO UHC-
Jamu Peitnosnbaca u Hlmuara anst naposoit ¢assl U umc-
Jom BebGepa:

N ,=25Re,” We 'S¢, (6)

wh, . o
Lhap uucao Peitnonbaca; We = ——;
gp'h

er

rne Re,=

"

— uncsio Bebepa.

B kauecTBe ornpejessitolero JUHEHHOr0 pa3mMepa B
ypaBHeHUH (6) MpUHAT ypoBeHb A, crojba CBETJOH
2KHMJKOCTH Ha TapeJike. KaK U B IPEAbIAYHIUX COOTHOLIE -
HUsIX, B ypaBHeHUe (6) BxomuT uucao muara B crene-
uu —0,5. [Tokasaresib cTenenu npu uyncie PeitHosbaca
paBen —0,28 nporuB —0,2 B ypaBHeHusx (4) u (5).
Mo2KkHO Tak»Ke OTMETHTb, UTO B 3HaMeHaTeJsb uucsa Be-
6epa BXOAUT h.’, UTO BMeCTe ¢ MoKasaresjeM CTerneHH
uncaa Bebepa —0,25 npUBOAMT K 3aBUCHMOCTH YHC/IA
eJIMHUIL TepeHoca oT A,,"°, Kak u B ypaBHeHUsX (4) u (D).
Takum oGpasoM, cX0xKuil XapakTep 3aBHUCUMOCTel MOJ-
TBEPXKIAET MPUMEHUMOCTb PACCMAaTPHBAEMbIX COOTHO-
weHuit (4)-(6).

Jlokanbhbiit KI1/I maccoo6mena onpenesnsiics no co-
OTHOLLEHHUIO:

£, =1 —exp(—N,). (7)

Xapakrep €ro HW3MeHeHHsi, COTJIACHO YpaBHEHHSIM
(4)-(6), nnmoctpupyeT puc. 2. 3HaueHHust g, HalIeHbl B
npotiecce pacuéra peKTH(HUKALMK BO3yXa C MOJyYeHHEM
razoo6pasHoro azota rnoj aasnenuvem 0,6 MIla. Conep-
JKaHue KHCJI0posia B UKol dase uamensiocs ot 32 %
Ha HuKHei Tapesike 10 1-107 % ua Bepxueit. Coneprxa-
HHe aproHa MeHsoch ot 1,3 % 1o 0,01 %, nocruras B
makcumyme 1,5 %.
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Puc. 2. CpagHenus 3navenutl aokarvrolx KI1/{
no azomy, KUCAOPOOY U APCOHY, PACCUUMAHHbLY
¢ yuémom coomrouenuti: [ — (4); 2 — (5); 3 —(6);
4,5 — 8 coomsemcmsuu c (4) u (5) 6es yuéma
Gakmopa cmabuausayuu; eepxrue AUHUL — KUCAOPOO,
HUJICHUEe — QA30M U APEOH

[1pu ykazanubix ycioBusix Jokaabhble KIT/ no azo-
Ty ¥ aproHy npaxrudecku cosnazator. Jlokanbubiit KITT
o kucaopoay Gosbiie Ha 2.3 %. O6paiiaer Ha ce6s
BHUMaHue pocT KIT/I no Bcem KOMMOHEHTaM, paccuuTaH-
HbIM 110 MeToauKaM [4] u [7] Ha Tapesikax HHXKHEH YyacTH
KOJIOHHBI, B TO BpeMsl KaK MeTO/IMKa [6] He moiTBepKIaeT
TaKylo TeHJeHLMIO. BhIMoiHEHHbIN aHa/IU3 MoKasas, 4To
poct KII/L no meronvikam [4] u [7] oGyciioB/ieH aeHcTBU-
eM hakTopa crabunnsauuu nenbl @, Makcumym 3Have-
HHUI €, HAOJIOAAETCSA Ha TapeJiKax, Ie CojlepKaHue apro-
Ha yBesnunBaercs. LLITpux-nyHKTUPHBIMH U yHKTHPHBI-
MH JIHHUSIMH MOKa3aHbl 3HaYeHHus1 g, 6e3 yuéra pakropa
crabunnsauuu neusl O, [1pu stom cootHowenus (4) u
(5) natoT 10CTaTOUHO OGJIM3KHME PE3YJBTATHI.

B nurepatype cnabo mnpejicTaBjeHbl 3KCIEpPUMEH-
TaJibHble JaHHble 0 3HaueHusx JoKaabHbix KI1/. B pa6o-
Te [8] npuBeaeHsl rpaduKY €, KHCJIOPOJA B TPOHHOI cMe-
CH a30T-aproH-KUCJIOPOJL B 3aBUCHMOCTH OT KOHIIEHTpa-
MK azoTa B cMecH. Jlisi KOHLEHTpaluil, HMEILIHXCs B
KOJIOHHE H3BJIeUeHHsI a30Ta, €, MeHs1eTcst oT 82 110 74 %.
Hatn rpaduky mokasbIBaloT, 4To HauJyulliee mproJHxKe -
Hue obecreunBaloT 3apucumoct (4). [To num g, Menser-
cst o1 78 110 62 % B COMoOCTaBMMBIX Mpeesax KOHIEH-
TpaLuH.

4. PE3YABTATbI PACYETOB PEKTUOUKALMA
C YHETOM HEMAEAABHOCTU MACCOOBMEHA

Pazpaborannas panee nporpamMma pacuéra uanJeue-
HUs1 a30Ta U3 Bo3yxa [9] Oblia MoJABeprHyTa COBEpILEH-
CTBOBAHMIO B JIBYX HarpasJeHusx. Bo-nepsbix, Obl1 BBe-
JEH MOJIyJ1b pacuéra JIoKaJbHOH 3PPEKTUBHOCTH Macco-
oOMeHa B TapoBoil (a3e Ha OCHOBAHWM COOTHOLIEHHH
(4)-(6) 11 onpesiesieHUs YHCIA €MHULL TEpeHOca TPeMs
mMeTofiaMH. Bo-BTophbIX, Ast yuéta nepekpécTHOro Toka
JKUIKOCTH M Tapa Ha TapeJikax MCMoJib30BaHa siueevyHasi
(cexllMOHHAs1) Mojiesib B3auMojeicTBusA noTokoB [10].
Kpowme Toro, 6bl1 jopaboTan oOIMHA pacu€THBIH anro-
pUTM, TaK KaK HCMOJb30BaHHE JOKAJbHOH 3(h(eKTHB-
HOCTH MaccooOMeHa no napy TpeGyeT BbINOJHEHHS pac-
4yéTOB CHU3Y BBepX. B mpeabytylnx pabotax pacuérbl
MPOBOJMJINCL CBEPXY BHM3, UTO MpPHU M,=1 ajqroputMu-
yecku GoJsiee ynoOHO, TaK KaK Harpap/jeHHe pacuéra He
BJIMSIET HA PE3YJIbTaT.

OnHOBPEMEHHO OTMETHM, UTO OOLIMH MOJAXOML K pac-
uéTy y3/1a U3BJIeUeHHs a30Ta OCTAJICS MPEKHUM, T.€. /s
obecrieueHust TIOJHOH BHYTPEHHEH COTJIaCOBAHHOCTH
paccMaTpHBaJIMCh BCe anmnaparhl yaJa: KOHIeHCaTop-HC-
napuTesb, NepeoxaauTelib 1 KoJoHHa. PacuéTHble cooT-
HOILIEHHSI BCeX anrnapaToB 00pa3oBbIBa/ld 0OlIyl0 pac-
UETHYIO CUCTEMY W TPUBEIEHHbBIE HUXKE Pe3yJIbTaThl OT-
HOCATCS UMEHHO K Y3JIy M3BJIEUEHHSI a30Ta, a He K OT-
JIe/IbHO B3SITOH KOJIOHHE.

[IpumeHeHre pacuéTHbIX cooTHOLIEHHUH (4)-(6) Tpe-
6yeT 3HaHUs1 TerIopuaniecKux cBoHCTB cmecH Ny-Ar-0O,
1 eé& KoMrnoHeHTOB. HacTb CBOHCTB omnpejesiach 110
opmy.siam, npuBeAEHHBIM B padoTe [7], naBaeHnst — Mo
COTIPOTHBJIEHUIO TapeJIOK MPOXOMy Mapa, TeMrepaTypbl
— 110 TOYHBIM annpoKcHMalusM (Ha3oBbIX PABHOBECHI
paccMaTpUBAEMOH CMECH, MJOTHOCTH M SHTAJILITUH — 110
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ypaBHeHHu1o coctosiius [9]. CraTHueCcKui ypoBeHb »KHJI-
KOCTH Ha TapeJsiKe W CKOPOCTb Mapa PacCUUTHIBANHUCH C
YUETOM H3MEHEHHS PACXOJIOB Mapa M 2KHIKOCTH MO BbICO-
Te KoJOHHBL. Pacuéty noanexkaso u mapocoaepaHue
CJ1051 2KHAKOCTH Ha Tapesike. [eomeTpuueckue pasmepel,
HeoOX0MMble /11 BBIUMCJIEHHH, COOTBETCTBYIOT Tapeli-
KaM Bo3ayxopasaeauntensHolt yeranosku K-0,5.

[uipoarHamMnueckas KapTHHA B3aUMOJIEHCTBHS rapa
W XKHIKOCTH Oblj1a PACCMOTPEHA B paMKax sueeuHoll Mo-
Jean. $lueeunast Moaesib Mpeanosaraet pasaeseHde Ta-
peJsiki Ha S pacuéTHBIX fiueeK Mo MoTOKy XHaKocTH. Pac-
XOJL KMJIKOCTH Uepe3 Kaxiylo sueiiKy Ol iHaKOB U paBeH
pacxo/ly »KHAKOCTH uepe3 Tapesiky. KMexous 13 BblumMcIn-
TEJILHOr0 yH06CTBA, YMCJIEHHO PACXOJl MPHHSAT PABHBIM
pacxony Ha ciuBe. OO6LMI pacxoj apa pasjeaét paBHoO-
MepHO MexKJTy BeceMH siuefikamu 1 pasen V/S.

V,ys

e — —

V/S,y,  V/S,y,

L, x, 1 L,le—!—\ L, x,

V/S, Yo

V/S» Yo
Puc. 3. Cxema 83aumodeticmsus nomoKos napa
U AHCUOKOCU 8 COOMBEMCMBUL € A4ECUHOL MOOCALIO

V/S, y,

Yucso ceKUmy siueevyHoil MOJACJN MOXKHO BbIUHC/IUTD
coraiacHo [6] kak

S5=0,5Pe,+1,

rie Pe,.=w,L,/D, — uncio Ilexne; w, — CKOPOCTb
JKUIKOCTH Ha Tapesike; L, — JJIMHA MyTH »KUAKOCTH; D,
— K03(ULUEHT BUXPEBOH AMhy3UH MOTOKA HKUAKOCTH.

Jns Bbluncaenuit Kosdduuuenta D, npeanoxeHn
PSIL SMITUPUUECKUX 3aBHCHMOCTell [4,6], KoTopble yuH-
TBIBAIOT Takue (DAKTOPBI, KAK CKOPOCTb GapOoTaxka na-
pa, Harpy3Ka 110 JKHAKOCTH, BBICOTA CJUBHON TT€PEropos-
KU 1 1p. B paccmatpuBaeMoM npumepe yMc/0 CeKUHH
[IPUHSATO PaBHbIM 4.

Jlnst snemeHTapHON slUEHKM MOXKHO 3amucaTh ypas-
HEHHsI T10 KayKJI0My KOMIOHEHTY B BUJIE!

ys.[:yoA['ngi[y*(xs,;)_l/o,[]; (8)
xS—l,isz,i_V(yS,i_yO,i)/[“S‘ 9)

YpaBHeHUs1 (8) CJIeIylOT W3 TMOHATHSA JIOKAJIbHOTO
KIT (¢ yuéToM TOro, 4TO KOHIIEHTPALMH MOTOKOB, YKa-
3aHHble B (hopMmyJsie, B Mpelesax fueiKd MOCTOSHHBI).
YpaBHeHue (9) nojyueHo W3 MaTepuajbHOro OasaHca
sueiikd. [IpumeHnsisi nocaenoBatesbHo ypaBHeHust (8) u
(9) k Aueiikam o1 S 10 1, onpenesisieM cocTaBbl MOTOKOB.
CMellleHHEeM JIOKA/bHBIX MApoBbIX TMOTOKOB T0OJy4aeM
COCTOSIHHE Ys.

Pesysibrathl pacuéra KoJIOHHbI M3BJEUEHHsl a3oTa

noj naBienneM 0,6 MIla npuBeseHbl Ha PUCYHKAX 4 U .
PacuéTbl nposezenbl M0 TPEM PaCCMOTPEHHBIM METOMH-
Kam [4,5,7], npuuém B meronukax [4] u [D] npumeHéH
(hakTop cTaGUIM3ALMHU TIEHBl, KOTOPBIH 3aMETHO YBEJH-
unBaet KI1/I npouecca pektuduxauun. Yuceao tapenok
npuHATO paBHbIM 40.
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Puc. 4. Pacnpedenenue kucaiopoda no mapeaxam
KOAOHHOBL C UX OMCHEMOM CHUSY KOLOHHbL:
1, 2,3 — pacuém no ypasuernusan (4), (5) u (6),
COOMBEMCMBEHHO; BEPXHUE MUHUU — COOEPHCAHUE
Kucaopoda 8 acudKkol gpase, HUINCHUEe — 8 nape

ConepaHne KUCJIOPOAA, KaK HauMeHee JIeTydero
KOMITOHEHTA CMECH, MOHOTOHHO YMEHBIIAETCS K BEPXY KO-
JonHbl. Haumenbliee conepxkanue kueaopona 4,2-107 %
noJydaercst pu pacuére no mMetoauke [4]. Hanbosbliee
— 1,510 % noJstyueno no metoauke [5], T.e. pacxoxk-
JieHus okasbiBatoTes GoJiee ueM B 3 pasa. Takoii pazépoc
KOHLICHTPALUI KHUCJA0pPOAA COXpaHAeTCs MOYTH MO BCeH
BBICOTE KOJIOHHBI.

[To KoHeUHOMY pe3yJibTaTy MeTOAMKA [ 7] MPUBOAUT K
npomeskyTouHoMy 3Hauenro — 9,5-107 %. Omnako ero
HeJIb3s1 pacrpoCTpaHsaTh Ha BClo KoJoHHY. [IpumepHo N0
25-0i1 TapesKd MeTOAMKA [D] MpelcKa3biBaeT Jydllyko
pasaeuTebHYI0 COCOOHOCTb, YeM MeToMKa [7], a 3a-
TeM XapaKTepUCTHKK MeHsoTes. B npuHumne, Takoit pe-
3yJILTAT OXKHUJIAEM U3 PACCMOTPEHUS IpaduKa JOKaNbHbIX
KI1[, rae yuér pakropa crabunusauuu nenbl O, 3Haun-
TeJIbHO MeHsIeT X0/l KpHBbIX. HeoOxo1mo 06paTiTh BHHU-
MaHue, uTo BejnuuHa @, CHJIBHO 3aBHCHT OT COCTaBa
CMECH, COJIepXKaHHEe KOTOPOH MOXKET ObITh OIMpeieseHo
TOJIBKO MOCJIE BBIMOJHEHUS BCEro pacuéra peKTH(HKa-
uuu. [TosTomMy OTHOLIEHHE pasfe/UTesbHBIX CMOCOOHO-
cTell TapeJioK MOxKeT ObITh NPEJICKa3aHO KaueCTBEHHO, a
KOJIMUECTBEHHbBIA pe3yJ/ibTaT MoJjlydaeTcsi Mocje 3aBep-
ILIEHHUS IOCTATOUHO TPOMO3JIKHX BbIYUCJIECHUH.

Ha puc. 5 npencraBieHO M3MeHeHHe COflepKAHUS
aproHa no ceyeHusim KoJioHHbl. OGpaiiaer Ha ceOs BHHU-
MaHHe HaJHuue MakCuMyMa B palioHe D-oii Tapesku. ITo
SIBJICHHE ObLJIO OMHMCAHO B NPEAbIAYLIeH Halled cratbe
[11]. TIpnuém, BCce METOAUKM MOKA3aJM HE TOJbKO HaJH-
uhe MaKCHMyMa, HO JIaJid TIPAKTHIECKH OJIMHAKOBOE 3Ha-
ueHHe KOHLEHTpAlMK aproHa. B uesom BiusiHue pacuér-
HbIX METOJIMK aHAJIOMMUHO OMUCAHHOMY BBILLIE.

BbinoJiHeHHbIe paCU&Thl TTO3BOJISIOT ONMPENETUTh 00-
uwmit KITJ rapesiok 1, no komnonentam. M3 puc. 6 BuaHo,
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YTO H3MEHEHHSI 1), UMEIOT TOT 2K€ XapaKTep, UTO U JIOKa/Ib-
noro KITJI. Ho camu snaudenuss o6uiero KIIJ 3ametHo
Boile. Ecsn MakcumalsibHoe 3Hadenue JjiokaabHoro KITJT
78 %, 1o 06wt KT B Mmakcumyme npesbiaer 100 %
(no meromuke [7]). Ectb 1 HeGombliMe pacxoxaeHus. Ec-
Ji 1o Metojiuke [6] sokanbhblil KITIL umeet makcumalsib-
HOe 3HayeHHe Ha HWKHeH Tapeske, To M oOwui KITI
MakcuMaJieH MMeHHO B 3ToM Mecte. Tak mnposiBisercs
B3aUMoJieHicTBHE BceX (haKTOPOB, YUTEHHBIX B pacuéTax.

150..190 %. B nocaenyiomem pacuéte snauenuss KITJT
6bIcTpo cTabumuanpytoTest. Oco6eHHO YETKO MPOSIBASET-
cst cTabUIM3aLust MPH pacuéTe Mo COOTHOLIEHUsIM (6).
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O6uwit KITJ1 tapenku o Ar, %

Homep Tapesku

Puc. 5. Pacnpedenerue apeona no mapeikam KOAOHHbL
(obosnauenus ykazaroL 8 noonucu K puc. 4)
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Puc. 6. Hamenernue obweeo Kl mapeaxu
no Kucaopody: 1, 2, 3 — pacuémeol no ypasHeHusIm
(4), (5) u (6), coomsemcmserHo

Ykazanuble 3nauenust obuiero KIT/ Tapesok xopo-
1110 KOppeJHpPYIoTCs ¢ 0600LIEHHIMH, PUBEIEHHBIMH B
MoHorpaduu [8]. B Hell ykaszaHo, uTo st HeGOJbIINX
npombliienHblx KosoHH KITI tapesku kosebiercst B
npenenax 0,9...1,2. Heckosnbko MeHbllle OH OKa3blBaeTcs
JUIsT KOJIOHH OOJIBILIMX YCTAHOBOK C pereHepaTopamu.
[Tocnentee o6bsicHsIeTCs Mysibcallielt MOTOKA MocJe pe-
reHepaToOPOB.

Namenenusi obutero KIIIL Tapesku no aprouy (cm.
pHuc. 7) OTIMYAIOTCST OT €ro 3aBUCHUMOCTH /7151 KHC/IOPOAA.
3HaueHus 1, B LEJOM MEHSIIOTCS MaJlo 32 UCK/IOUEHHEM
y3KOil 00J1aCTH, TJe KOHLEHTPALMsl aproHa Ha TapeJske
JIOCTUTaeT MakCuMyMa.

[Ipu npub/nzKeHUH CHU3Y K TOUYKE MaKCHMaJslbHOTO
cosieprkanust aprona KITJI ymenbluaetces, a 3aTeMm ckau-
KOOOpa3HO  yBeJMUMBAeTCs,  JOCTHras  3HaueHWH

o = \ \ \
S = i, 80
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2 0.1 N ‘\\ Homep Tapesiku
§ \‘\ " Puc. 7. Hamernenue obujeco KII/I mapeaku no apeony:
s \\ \\ 1, 2 — pacuémor no ypasrernuan (4) u (6),
& N COOMBEMCMBEHHO
&)

0,01 1] 5. 3AKAIOYEHVE

0 10 20 30 40

Hcnonb3oBanue co3naHHbIX Mofiesiel aHau3a U pac-
uéTa MpOLECCOB PEKTU(PUKALMK € YUETOM HX Heujeallb-
HOCTH M03BOJIHJIO CPOPMYJIHPOBATH CEIYIOLINE BBIBOJIbI:

1. Pacuér pexrucukaluu B AOMyLIEHUH HA€AIBHOC-
TH Tapesku (n,=1) ¢ nocnenyouum yuérom eé KI1/I 3a-
BEJIOMO TMPHUBOJIUT K MOTPELIHOCTAM B KOJHUECTBE Tape-
JIOK M0 CEKLUSAM W HETOYHOCTSIM B pacrpeneseHld KoM-
MOHEHTOB MO TapeJsjkKaMm KOJIOHHbl. B 3aBHCHMOCTH OT
B3aMMHOTO TOJIO?KEHHSI PABHOBECHON KPUBOH M pabouei
JIMHUU OTKJIOHEHHS1 MOTYT ObITh KaK B CTOPOHY yBeJiHue-
HHUS, TAK U YMEHbIIEHUS YHCJIA TAPEJIOK.

2. Ananuz Tpéx MeToaMK pacuéra maccoOMeHa Ha
TapeJsikax MokasaJ, 4To OHH HMEIOT CXOXKYI0 CTPYKTypy H
MPUBOAT K 1M0A06HBIM 3aBUcHMOCTsIM. JIokanbhble KIT/T
Maccornepeaaun Mo WHAMBHIyaJbHbIM KOMIIOHEHTAM CHC-
TeMbl N,-Ar-O, Masio pasandaioTcst Mexay co6oi, HO Cy-
11IIeCTBEHHO 3aBUCAT OT cocTaBa cMecH. MameneHus Be-
Jqunnbl JokasbHbiXx KITIL Mo BbicoTe KOJIOHHBI H3BJIEUe-
nus asora gocturaior 20..25 % (OTHOCHTENbHBIX), YTO
CKa3bIBaeTCsl Ha pacy€THOM pacrpesie/leHHH KOMITOHEeH-
TOB I10 KOJIOHHE.

3. Crporu#i noaxoa K yuéTy npH pacuére peKTH(HKa-
LMK peaJlbHOCTH I1POLLECCOB Ha TapeJsike TpeOyeT npume-
HEeHHS1 MOJeJeH MPOCTPAHCTBEHHOTO TEUEHHS TMOTOKOB
napa M KUAKoCTH. C BbIUMCJUTENbHOH TOUKM 3pEHHS
yrio6Ha sueeuyHasi MojeJsb, T03BOJISIIONIAsT YUUTHIBATh
NPSIMOTOK WJIM MPOTHUBOTOK KHUJKOCTH Ha COCEIHHX Ta-
peJsikax, rnepemellMBaHle Mapa WM €ro OTCYTCTBHE B
MeXXTapesbuaToM MPOCTPAHCTBE, MepeMelIiBaHNue KU1
KOCTH TIpH €€ TeUeHHH 110 TapeJsike. YKazaHHble paKkTopbl
3aMETHO BJHAIOT Ha 3(P(EKTUBHOCTb Pa3ne/UTENbLHOTO
npotecca B KosonHe. Orinune obuiero KITIL ot jokalb-
ubx KITJ coctassier 25...35 % (OTHOCHTE/ILHDIX).

4. KT Tapeiku o HHAMBHIYaJ bHBIM KOMITOHEHTAM
M, 3aBUCHT He TOJBKO OT CBOHCTB CMECH U THAPOIUHAMH-
UecKHX MapaMeTpoB, HO U OT XapaKTepa H3MEHEHHs KOH-
LIEHTpALIMKH KOMIIOHEHTA 110 BLICOTE KOJIOHHBI. [1pu Hasm-
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YUK MaKCUMyMa KOHIEHTpallud KOMITOHEHTa KpuBasi Nyi
MOXKET NpeTepreBarb pa3pblB. Tako# X0 3aBUCUMOCTH
M, HaOJsofanca npu pacuérax /s aprola, coaepKaHue
KOTOPOTO JIOCTUTAJI0 MAKCUMyMa B palioHe D-0H TapesKH.
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