Pexmugukayuetll Ha3bBaeTcd AMMPY3UOHHBIN IIPOIlECC pPaspe-
ACHUsA JKUAKHUX cMeceM B3auMHO PAaCTBOPUMBIX KOMIIOHEHTOB, PA3AMYAIOIIUXCS
II0 TeMIlepaTypaM KUIIEHU, KOTOpBIfI OCYIIECTBAAIOT IIyTeM IIPOTHUBOTOYHOIO,

MHOTOKPATHOTO KOHTAKTHUPOBAHUNS HEPABHOBECHBIX HapOBOfI n }KI/IAKOP'I CbaB.

I[Tpu mpoBepeHUU MPOIECCOB OAHOKPATHOT'O HCIAPEHUs HWAM OAHOKPATHOW KOHAEHCAIluu
MIOAyYaloT nap, 6oaee 6orareii HKK, 4eM B MCXOAHOM cHCTeMe, a JKMAKOCTh, Ooaee GoraTyio BKK.
OAHAKO AOCTATOYHO BBICOKOW CTEMEeHU pPa3AeAeHUs UCXOAHOTO CHIPbS B OAHOKPATHBIX IIPOIleCCax
AOCTUYBL He YAQETCH.

[lpu ocyIecTBA€HUM MHOTOKPATHOTO M IIOCTENIEHHOTO MCIapeHMs WAM KOHAEHCAIUW MOJKeT
OBLITh OOecIleueHO MOAy4YeHHe IapOBOM HMAU KUAKOHN (a3 c AI0OOM 3apaHHOM KOHIleHTpaluel KOM-
noHeHTOB. OAHAKO BBIXOA IApOBOM MAW JKMAKOM (hasbl ¢ TaKOM KOHIIeHTpaluell OyAeT He3Hauu-
TeABHBIM IO CPAaBHEHUIO C MAacCCOM HMCXOAHOM CMecH, T.e. IpobGaeMa OyAeT pellleHa AWINb KadecT-
BEHHO. AOCTATOYHO YeTKOe pasjpeAeHHe KOMIIOHEHTOB IIPU 3TOM OOeCcIeuMBaThCS He OYAET, Tak
KaK B XOAe IIpoljecca IIOAy4aTCs 3HAUUTeAbHBIE KOAMYECTBA IIAPOBOM WMAM JKHUAKOU (a3, COCTaBBL
KOTOPBIX CYIECTBEHHO OTAWYAIOTCH OT TpeOyeMBIX.

AAST TIOAYYEHHSI MPOAYKTOB C 3aAAHHOM KOHIIEHTpAIMel KOMIIOHEHTOB U
BBICOKMMM BBIXOAAMM HCIIOAB3YIOT IIPOIECC PEKTU(MUKALNY, KOTOPHIM HINPOKO
IpuMeHdeTcsI B HedpTerazonepepaboTKe, XUMUUECKON, He(pTeXUMUUECKOU, KUC-
AODPOAHOM, IHUIIEBON U APYTUX OTPACASX IPOMBIIIAEHHOCTH.

BeTynaromiyie B KOHTAKT Napbl U JKUAKOCTH IPU peKTU(UKaIluu He Haxo-
MATCSI B PABHOBECHUHY, HO B Pe3yAbTaTe KOHTAKTa (pa3bl CTPEMSTCSI AOCTUYL €ro
WAM TIPUOAMBUTHECS K 3TOMY COCTOSTHUIO. [IpM 3TOM IPOMCXOAUWT BLIPaBHUBaHUE
TeMIlepaTyp U AaBAEHHHM B (pazax U IepepaclpepereHre KOMIIOHEHTOB MEKAY
"HuMu. KOHTAKT mapa W >XMAKOCTU, IIPU KOTOPOM CHCTeMa AOCTUTraeT COCTOSI-
HHS PaBHOBECHUs, HA3bIBAETCS UGEAAbHbIM WAU MeopemuieckuM, & YCTPOUCTBO,
obecneynBalolllee TaKOWM KOHTAKT — meopemuueckoll mapeaAkol (cMm. TA. 1).

PaccMoTpuM cymIHOCTE Iporjecca peKTHu@UKAIUM Ha MpUMepe pasAeAeHUs
ABYXKOMIIOHEHTHON CMeCH IIPU HAAWYMU TeOPETHYECKUX TapeAok (puc. [V-1).

Ha xaxpayro, Hanpumep, N-10 TAPEAKY C BBILIEAEIKAIe TapeAKUd CTeKaeT
KUAKOCTb B KOAMYECTBe (,.; IPU TeMIeparype t,,; U C HUKepaCIOAOKEeHHOMN
TapeAKM IIOAHUMAIOTCA Haphkl B KoAmdecTBe G, ; IIpu TeMmmeparype {, ;. Ilpu
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n+1

n+j1

tn—] i n—1

Puc. IV-1. CxemMa KOHTaKTHPOBaHUS
napa M JKUAKOCTH Ha TeOpeTHYeCKOM

TapeAKe 0 X X o yll—] y" X,y 1

Puc. IV-2. CxeMa n3MeHeHHUsI COCTaBa napa " >XHAKOCTH Ha T€OPETHYECKOI TapeAKe

TEOpeTUYeCKOM KOHTaKTe Ha nN-U TapeAakKe CHCTeMa AOCTHUTaeT COCTOSHUSI
paBHOBecud, Ipu 3ToM mnapbl G, M JKUAKOCTH g, OYAYyT MMeTb OAMHAKOBYIO
TeMIepaTrypy i,.

AAST OCyIIecTBAEHHS IIpollecca PeKTUPHUKAUM TeMIepaTypHBINM peXuM B
KOAOHHEe AOAKEH OBITh TaKuM, YTOOBI TeMIlepaTypa yOblBara B HapPaBAEHUU
ABIDKEHHS IIOTOKa IIapoB (BO3pacTara B HANpaBAEHUHM ABIJKEHUS IIOTOKA
KUAKOCTH), T.€.

tnfl .> tn > tn+1‘

ITpu KoHTaKTe (a3 B pe3yAbTaTe MAacCOOOMEHHBIX IIPOIeCCOB TeMIIepaTy-
pa mapoBOoM a3kl CHU3UTCH, YAaCTh I1AaPOB KOHAEHCHUPYETCS U KOHIeHTpalus
HKK B HHUX BO3pacTeT, a TeMIlepaTypa >KUAKOU (pa3bl YBEAUUUTCS, 4aCThb €€ HC-
napurca u KoHneHTpanugd HKK B Hell ymeHbIInTCA. VI3MeHeHHe cocTaBa MapoB
U >KHUAKOCTH YAOOHO TIPOCAEAWTH IO H300apHBEIM TeMIEePaTypPHBIM KPUBBIM
(puc. IV-2). Ha n-ii TeopeTHYeCKOM TapeAKe B pPe3yAbTaTe KOHTAKTa KOHIIEHT-
panua HKK B naposolt haze yBeAMYMAACh HA BEAUYUHY (¥, — V,_;), @ B KUAKOU
dase yMeHBIIINAACh HA BEAWYHUHY (X,,; — X,), TeM caMbIM KOHIleHTpanus BKK B
KUAKOCTH YBEAUYHUAACE.

IMpu pekTuduKanmum MaccooOMeH NPOTEKaeT B 000OMX HalpaBAeHUAX. Ecau
TENAOTa UCHAPEeHUsd U TEeIAOEMKOCTU PAa3AeAsdeMBbIX KOMIIOHEHTOB Pa3AMYaIOTCA
HEe3HAaUUTEABHO, TO MACChl IAPOBOr'O W KMAKOCTHOI'O IIOTOKOB IIO BBEICOTE alllla-
paTa U3MEHSIOTCSI MaAo.

OueBUAHO, IPH MHOTOKPATHOM IOBTOPEHUU TAKUX IIPOTUBOTOUYHBIX KOH-
TAaKTOB Ha BepXy anlapara MOXXHO MOAYYUTH IIapbl, OOOrallleHHBEle B AIOOOMU
CTelleHN HU3KOKUIIAIIUM KOMIOHeHTOM (y —> 1,0), @ CHu3y OoTOupaTh >KUAKOCTH
O0OOTallleHHYI0 BBICOKOKHUIAINUM KOMIOHeHTOM (x — 1,0). TTop00HOe KOHTaKTHU-
pOBaHUE OCYLIECTBASIETCS AO Te€X IOP, IIOKA IIap Ha BepXy KOAOHHEI He IIPHUOO-
petaer 3apaHHOro cocrasa no HKK y,, a >XKUAKOCTb BHU3y KOAOHHBI HE AOCTHI-
HeT COCTaBa Xy.

[Topo6HOe KOHTAKTUPOBaHUE (ha3 IO cXxeMe NIPOTUBOTOKA B IIeAOM IIO all-
mapaTy OCYIIEeCTBASIETCS B PEeKMU@UKAUUOHHbIX KOAOHHAX, 3allOAHEHHBIX pas-
AWYHBIMM KOHTAKTHBIMM YCTPOWUCTBAMM: TapeAKaMM, HACAAKaMU U T.II.
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Cxema peKTU(UKAITMOHHOW KOAOHHBI MpUBeAeHa Ha puc. IV-3.

B cpepHIOIO YacTh KOAOHHBI IIOCTYIAeT IIOAAE’Kalllee PeKTU(UKAIINU
CBHIpbE, HArperoe A0 TeMneparyphl tp. ChHIpbe MOYKET IOAABATHCS B KOAOHHY B
BUAE KMAKOCTHM, TIAPOB WMAW CMeCH MapoOB W >XUAKOCTU. [Ipm BXope CHIphS B
KOAOHHY IIPOMCXOAWUT TIPOIECC OAHOKPATHOTO MCIApeHMs, B pPe3yAbTare
KOTOPOTO 06pa3yiorcs mapbl Gy cocTaBa y, M JKHUAKOCTBb (r COCTaBa X,
HaXOAAIIUEeCsS B paBHOBECHUH.

AAst oOecrieueHUsT peKTU(PUKAIIMYU HEOOXOAMMO B BepXHeEM 4acTh KOAOHHEI
HaBCTpeuy IlapaM OPraHM30BaThb IIOTOK >XUAKOCTU ((AerMbl, OpolleHus). AAg
3TOTO Ha BepxXy KOAOHHBI Te€M WAU HHBIM CIIOCOOOM OTHUMaeTcd Tenao Qy
(Temao mapHIMaAbHOTO KOHAEHCATOpa). 3a CcYeT 3TOrO0 YacCTh IIapOB, ITOAHH-
MAaloIIUXCd C BEpXHEU TapeAKH, KOHAEHCUDPYeTCs, 00pa3yd HeOOXOAWMBINM HU-
CXOASAIITUN TTOTOK >KMAKOCTH.

B HU’KHeHN YacTH KOAOHHBI HY>KHO O0€eCIIeUMTbh BOCXOASAIIUM IIOTOK IapoB.
AASL 3TOTO B HHU3 KOAOHHBI T€M WMAW MHBIM CIIOCOOOM TIOABOAUTCS TeNAO (g
(Temao KUNSTUABHUKA). [IpU 3TOM YacTh >XKMAKOCTH, CTEKalollel ¢ HWKHeN

TapeAKH, UCIIapsaeTcCHd, 06p63yﬂ IIOTOK IIapOB.
D, Y,
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Puc. IV-3. IIpuHunuasrbHas cxemMa PeKTU(MPUKAIMOHHON KO- w, Xw
AOHHBI tW
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Puc. IV-4. Cxemsl npocTtsix (1) u croxubix (I1) KoroHH:
a — TIOAHasA; 0 — YKpeIadioliasi; , — OTTOHHas; , — C OTOOPOM AONOAHUTEABHBIX NPOAYKTOB (D,
u W,) U3 OCHOBHOM KOAOHHEL % — C OTGOPOM AOIOAHUTEABHOTO INPOAYKTa; D, m3 oTmapHOU

KOAOHHEI

ITpu TakOoM pe’kuMe caMas HU3Kas TeMIleparypa t, OyAeT B BepXy KOAOH-
HBI, @ CaMas BBICOKasd ty, — B HU3y KOAOHHHIL.

OT0OupaeMelil C BepXy KOAOHHBI NPOAYKT D, oboramennsii HKK, HasbBa-
eTcsa pekxmu@ukamom (UAU gUCMUAASIMOM), — a C HU3y KOAOHHBI W, obora-
mweHHbIM BKK, — ocmamkom (MAM HUKHUM NPOJYKIMOM).

Ta yacTh KOAOHHBI, KyAQ BBOAUTCSI CBIPbE, HA3BIBAETCS CeKyuel NUMAaHUA,
WAW 3BANOPAUUOHHBIM NPOCMPAHCMBOM, 4aCTh PEKTU(UKAIIMOHHON KOAOHHHI,
HAXOAAIAsACS BEIINIE BBOAA CBIPbA — BepxXHel, KOHUEHMPAUUOHHOU WAHU YK-
penasaoujell, a HUKe BBOAA CHIPbA — HUWXHel, OMIOHHOU WAU UCHYepNblBAlO-
weli. B o6enx JacTsX KOAOHHBI IIPOTEKaeT OAVMH U TOT JKe IPOoIlecC peKTUudu-
Kaluu.

B 3aBucuMOCTHM OT Ha3HAYeHWS KOAOHHBI MOIYT OBIThH IIOAHBIMHU, T.e.
UMeTh KOHIEHTPAIMOHHYIO UM OTIOHHYIO YaCTH, WAU HEINOAHBIMHU, WMEIOIIUMU
OAHY U3 HA3BaHHBIX dacTed (puc. IV-4). YKpenadroomasga KOAOHHA HUMeeT TOABKO
BEPXHIOIO YaCTh, U CHIPbE INIOAAETCS B HU3 KOAOHHEI (puc. IV-4, 6). OTtronHasa
KOAOHHA UMeeT TOABKO HMJKHIOIO YacTb, M CBHIPbe€ BBOAUTCS Ha BEPXHIOIO
TapeAky (puc. IV-4, B).

HenoaHble KOAOHHBI IPUMEHSAIOTCI B T€X CAYy4YasX, KOTAQ K YHUCTOTe HUK-
HEro IPOAYKTA YKPENASIOIeN KOAOHHBI UAU BEPXHErO IIPOAYKTA OTTOHHOM KO-
AOHHBI HE IIPEABSABASIOTCS BBICOKHMe TpeOoBaHUs. Harndume KOHAEHCATOpPA U KU-
IATUABHUKA B TAKUX KOAOHHAX IO3BOASIET O0ECIeYUTh HEOOXOAUMBIE JKUAKOCT-
Hble U IIapOBble Harpys3Ku.

Hapsipy ¢ IpocTEIMH KOAOHHAMU, KOTOPHIE AEASIT CMeCh Ha ABa IIPOAYKTA,
PAa3AMYAIOT TaKKe CAOKHBIE KOAOHHEBI, B KOTOPBIX YHCAO OTOHMPAeMBIX IIPO-
AYKTOB GoAblIe AByX (puc. IV-4 &, ). OTH IpPOAYKTEL MOTYT BEIBOAUTLCS M3 OC-
HOBHOU WAU U3 OTHAPHBIX KOAOHH B BHUAE AOIOAHUTEABHBIX OOKOBBIX IIOTOHOB.
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TAOADEAEUTUE AAEATN

PAEOEOEEAOETIITE ETE
MaTepuaAbHBIM OaraHC PeKTUMOUKAITMOHHON KOAOHHBI MOJKET
OBITH COCTaBAEH B MACCOBBIX WAM MOABHBIX E€AWHUIIAX, IIPUYEM COOTBETCTBYIO-
e 0aAaHCOBBIE YPaBHEHUSI UMEIOT OAUH U TOT K€ BUA. [Ipm yCTaHOBUBIIEMCS
pexxuMe paboTHl KOAOHHBEI MacChl BCeX IOTOKOB OCTAIOTCS HEM3MEeHHBIMU (pHC.

IV-5). Huxke paccMOTpeH MaTepHaAbHBIM OaraHC B MacCOBBIX €AMHUIIAX.
[TpumeM chrepyromiye 06003HAUEHUS:

F, x; e t, Qp— COOTBETCTBEHHO Macca CEHIpBS, MaccoBas KOHIEHTpa-

nusga HKK, pAoAS OTrOHaQ, TeMIlepaTypa U KOAWYECTBO TeIlAd IIPU BXOAE CHIPhI B
KOAOHHY;

G, 1 g, yrHUX, —COOTBETCTBEHHO MAacCa IAPOBOM YaCTH CHIPbS U

HeucnapuBIilencs XUAKOCTU, KoHIeHTpanusa B Hux HKK;

Puc. IV-5. CxeMa IOTOKOB peKTuduKa-
IIMOHHO¥I KOAOHHBI, HCIIOAB3yeMasi AAS
COCTaBAEHHUSI MaTePUAABHBIX M TEMAOBBIX
0anaHCOB:

I — IV — KOHTYypPBl AAS COCTAaBAEHUSA
6anaHcoB; | — 4 — ceyeHUs
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D, y, t, @Q, — COOTBETCTBEHHO MacCCa, KOHIEHTpalud, TeMIleparypa Hu
KOAWYECTBO TellAa NapOB PEKTU(MUKATA, YXOASIIIEro ¢ Bepxa KOAOHHEL;

W, x,, t,, Q) — COOTBETCTBEHHO Macca, KOHIIeHTpalus, TeMIieparypa U
KOAWYECTBO TEeIIAd, OTXOAMAIIEro ¢ HM3a KOAOHHBI OCTATKa;

gp: Xp, l, — COOTBETCTBEHHO Macca, KOHIIEHTpAalWs U TeMIiepaTypa

JKUAKOCTU (OpolieHus, (PAETrMbl), CTeKallled U3 IapIiiMarbHOTO KOHAeHcaTopa
U HaXOAMAIIENCs B paBHOBECHHU C TapaMmu D;
Gva Ynpr Inp — COOTBETCTBEHHO Macca, KOHIIEHTpAalusi U TeMIeparypa

11apOB, IIOAHUMAIOINXCSI C BEepXHEH TapeAKM KOHIIeHTPAIMOHHOM Y4acTH KOAOH-
HBEI;

g, X, ! — COOTBETCTBEHHO MacCCa, KOHIIEHTpalusd M TeMIeparypa
SKUAKOCTH, IIOCTyHarollleil B IIPOU3BOABHOe cedyeHHe [—] BepxHed uaum 3—3
HU)KHEUN 4aCTH KOAOHHBI;

G, y» T — COOTBETCTBEHHO MaccCa, KOHIEHTpAIUs U TeMIlepaTypa Napos,
IIOCTyHaroIell B MPOU3BOABHOe ceueHUe [—] BepxHel UAU 4—4 HUJKHEN 4YacTU
KOAOHHHI,

g X tl — COOTBETCTBEHHO MACCdq, KOHIEHTpanusi U TeMIlepaTypad >XHA-

KOCTH, CTeKAaIlllel C HUJKHEeN TapeAKM KOHIEHTPALUMOHHOU YaCTU KOAOHHBI;
GNO, Ynor vy — COOTBETCTBEHHO Macca, KOHIIEHTPAIMs U TeMiepaTypa

[apoB, MOAHMMAIOUIUXCS C BepXHel TapeAKM OTTOHHOM YaCTH KOAOHHEL,

gy Xy, t, — COOTBETCTBEHHO Macca, KOHIIEHTpalMus U TeMIepaTypa
SKUAKOCTH, CTeKalolllell ¢ HU)KHel TapeAKU OTTOHHOM YaCTH KOAOHHEL,

Gy, Vw. tw — COOTBETCTBEHHO Macca, KOHIJEHTpAllUs M TeMIleparypa

IIapoOB, IIOCTyIIAIOIIUX IIOA HIJKHIOIO TApPEAKY OTTOHHOM 4YaCTH KOAOHHBI U
HAXOAATIUXCA B PpAaBHOBECHU C OCTATKOM w;

@, — TeIAO, OTHHMMaeMoOe Ha BepXy KOAOHHHI (TEIAO OPOIIEHWU);

QB — TeIIAO, IIOABOAKIMOE B HM3 KOAOHHBI (TeHAO KI/IHHTI/IABHI/IKa).

MaTepuaAbHBIN 6araHC OyAET UMeTh BUA;
AAST BCeM KOAOHHBI

F=D+ W,

s HKK
Fx. = Dy, + Wx,,.

ITopcTaBUB B mocAepHee ypaBHeHUe BMecTo W BeanumHy F — D, moaydum
Fx. = Dy, + (F— D)XW.

Torpa OTHOCUTEABHBIN OTOOP peKTU(UKaTa COCTABUT

gD XX (IV.1)

Yp = Xw
COOTBEeTCTBEHHO OTHOCUTEABLHBIN OT60p OCTAaTKa COCTaBUT
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l-¢= =1-§=M. (IV.2)

Yp = Xw

W3 ypaBuenuit (IV.1) u (IV.2) caepyeT, 4TO BHeIIHHe NTOTOKU KOAOHHBI U
KOHIIEHTPAlMM B HUX KOMIIOHEHTOB — B3aMMOCBSI3aHHBIE BEAWYMHEI M He
MOI'YyT yCTaHaBAUBATHCS IIPOU3BOABHO.

[lpuBepeHHBIEe YpPaBHEHUS IIO3BOASIOT OIPEAEAUTb MAacCOBBIE  PacXo-
ABl pekTHduKara D m ocratka W Opu 33paHHBIX IIPOU3BOAUTEABHOCTH
KOAOHHEI F, cOCTaBe CBHIPbS Xp U YETKOCTU PeKTH(PUKALMNU: KOHIEHTPaUUIX Y
U Xy

ODAATATEA PAATXAE EETEE

AAS BBISIBAEHUS CBSI3W MeKAY IIOTOKaMHU B AIOOOM CeYeHUU pekK-
TU(UKAIMOHHON KOAOHHEBI (Macca, TEeIIAO M KOHIIeHTpalluU) CAeAYeT MBICA€HHO
paspes3aTb KOAOHHY B COOTBETCTBYIOIIEeM cedeHUU. OTAEAUTH OAHY 4acTh KOAOH-
HBI OT APYroW. 3aMeHUTH OTAEAEHHYIO YaCTh COOTBETCTBYIOIIMMM ITOTOKaMU
MAacCHI U TelAa U 3aTeM COCTaBUTH MaTepHaAbHBIE, @ B CAyYae HEOOXOAUMOCTH
U TEeNAOBBIe OaAaHCHI AAS pacCMaTPHUBaeMOM YaCTH KOAOHHBI. [TpoBoasd mop00-
HBIe pacueThl AAS HECKOABKUX CeUeHUN KOAOHHBI, MOJKHO MPOCAEAUTH 3a U3Me-
HeHHeM ITOTOKOB MacChl U TelAa MO BBLICOTE alllapaTa.

VpaBHeHune pabouyell AMHUHU AASI BepPXHEH 4aCTH KOAOHHBI. PaccMoTpum
YpaBHEHMSI MaTepUaAbHBIX GAAaHCOB AAS 9ACTH KOAOHHBI, HAXOASIEMCS BBIIIE
ceueHuda [—1 (cm. puc. [V-5). 3anumem MaTepuarbHBIe OAAQHCHL

oo

G=g+D nau G—g=D (IV.3)
u pada HKK

Gy = gx + Dy, (Iv.4)

W3 ypaBHeHusa (IV.3) caepyeT, 94TO IpU CTAllMOHAPHOM pe>XuMe PabOTHl KO-
AOHHBI (IIOTOKM MAacChl He U3MEHSAIOTCS) Pa3HOCTh MOTOKOB IlIapa U >KUAKOCTH B
AIOOOM CeYeHUM BepXHEU YaCTh KOAOHHBI — BEAMYMHA IIOCTOSTHHAS, pPaBHAd
Macce moTokKa pekTtudukrara D, T.e. G > g. CAepOBaTEABHO, NIPU YBEAWYEHUUN
UAU YMEeHBIIIEHUHN OAHOT'O U3 IIOTOKOB (IIapa UAU KUAKOCTH) BTOPOM IIOTOK H3-
MEHSIeTCsI COOTBETCTBEHHEIM 00Pa3oM.

YpaBraernusa (IV.3) u (IV.4) ycTaHaBAMBAIOT 3aBUCHUMOCTb MeXKAy MacCaMu M
COCTaBaMM NAapOB U JKUAKOCTH, IIPOXOAAIINX Yepe3 OAHO U TO Ke cedyeHme [—]
KOAOHHHL. M3 3THX ypaBHEHUU CAeAyeT, YTO Macca IIOTOKa Imapos (G paBHa Mac-
ce IIOTOKOB peKtudukara D u aermer g, a coorserctBeHHO Macca HKK B mna-
pax Gy paBHa macce HKK B pektudukare Dy, u daerme gx. TakuM o6pasom,
mapsl, NOAHUMAIOUIVECS C AIOOOM TapeAKU B BepXHeUW 4acCTH KOAOHHBI, MOJKHO
paccMaTpuBaTh KaK COCTOSIIHEe K3 ABYX 4YacTel: IIapOB BEPXHEIro IeAeBOIO
IIPOAYKTA (peKTU(UKaTa) U CONMYTCTBYIOIIUX IIapPOB, Macca U COCTaB KOTOPBIX
PaBHBI Macce U COCTaBy BCTpeuHOU (parermbl. CaepyeT OTMETHTB, YTO B DPsAE
CAy4aeB Macca COIIyTCTBYIOIEro IOTOKa IIapOB MOJKeT 3HAUMTEeABHO IIPEeBHIIIATh
Maccy IOTOKa peKTHU(UKara.

[Mpungas Bo BHUMaHMe ypaBHeHHe (IV.3), MoXxHO Takke ypaBHeHue (IV.4)
3aIIUCaTh B CAEAYIOIIEM BUAE:
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9 _Yp-¥ (IV.5)

g D

= X+ . V.6

y g+D g+D Yp ( )
Pa3peAmB 4MCAUTEAB M 3HAMEHATEeAb Ka*KAOTO charaeMoro ypasHeHuda (IV.0)

Ha D u o06o3HauuB ¢aermoBoe uucao udepe3 R = g/D, KoTopoe SBASIETCS
BaKHEUIIINM IIOKa3aTeAeM IMpolecca PeKTUMUKALUN, TIOAYUYUM

y=-R x4+ 0 (IV.7)

R+1 R+1

YpaBuenua (IV.6) uam (IV.7) Ha3eIBAlOTCSA ypaBHeHUeM pabouel AUHUU,
ypaBHeHUeM KOHUeHmMpauull, uAu ypaBHeHueM onepamuBHOU AuHuu. OHO ycTa-
HaABAWBAET CBSI3b ME)KAY COCTaBaMU BCTPEUHBIX IIOTOKOB Ilapa M >KHMAKOCTU B
MTPON3BOABHOM CeYeHUN KOAOHHBI U SIBASETCS OOIUM AAST AFOOOTO ceueHUs KOH-
IEeHTPAIIMOHHON YaCTH KOAOHHBI. B 4aCTHOCTU, AASL ceueHUsT Hap BepxHel N, -t
TapeAKoU ypaBHeHUe (IV.6) OypeT UMeTh BUA!

g * D
yN = D XD+ YD'
K gp+D gp+D

AAST Bcell BepxXHeM 4YaCTH KOAOHHBI BhHIIIe ceueHuss 2—2 (cM. puc. [V-5)
ypaBHeHUe pabouell AMHUU 3alIUCHIBAETCS CAEAYIOUIUM 0Opa3oM:

g D
Ym= —x, + Ypr (IV.8)
g, +D g, +D
rae vy, — CpeAHI/Iﬁ COCTAaB IIapq, IIOCTyIlaromero wW3 CeKOouu IIMTaHUuA B

KOHIIEeHTPAIJMOHHYIO YaCTh KOAOHHHEI,

_ Gryr + GN YN, _ Gryr + GN YN, (IV. 9)
Gp +Gn, Gn

m

[apsr G,, ¢ xouuenrpauuer HKK y,, mocrymnaromye B KOHIIEHTPAIMOH-
HYIO 4aCTh KOAOHHBI, 0Opa3yloTcs INPU CMelleHUU NOTOKa IapoB Gj TNOAyYeH-
Horo npu OU cobipbst, U mapoB Gy, YXOASIIUX U3 OTTOHHOW CEKIMYU KOAOHHHL.

[lpu cMenIeHWU IIOTOKOB IAapOB C PAa3AWYHON TeMIIepaTypod B CEKIMH IIUTAHWS He IIPOUC-
XOAUT IIPOCTOTO X CyMMHUPOBAHHS, OHO COIPOBOXKAAETCS HEOOABIION YaCTHYHOM KOHAEHCAIIUeH.
[NosToMy AoIyleHHe O TOM, YTO KOAMYeCTBO NapoB G,, paBHO CyMMapHBIM KOAWYECTBAM CMeIIn-

BAOIINUXCA IIOTOKOB G.u G ; HEe BIIOAHE TOYHO. OAHaKO C y4yeToM TOro, 4To B HeOOABITTNX npe-
F No
AeAaX II0 KOHIEeHTpanudaM KpHuBbIEe KOHAEHCAIIUM Ha I/I3063pHLIX KPUBEBIX " SHTAABITUAHOU AHa-

Tpamme OAM3KU K HpHMOA_I/IHeI;IHOMy OUYepTaHUIO, CTEIIEHbIO KOHAEHCAIIUU IIPU CMEIIUBAHUNU OAHO-
UMEHHBIX IIOTOKOB B CEKIHWHU INUTAHUA MOXXHO IIPAKTUYECKU HpeHere‘-Ib.

B kooppunarax x, y ypaBHeHus (IV.6) u (IV.7) npeacTaBAsitoT cOO0OM Kpu-
BYIO AWHMIO, TaK KaK B OOIIlEM CAydYae IOTOK (DAEIMEBI g AU (DPAETMOBOE UYKCAO
R MoO>KeT u3MeHATHCS IO BBICOTE BEPXHEM 4aCTU KOAOHHBI. CTelleHb U3MeHeHUs
MaccChl JKUAKOCTY M TIapOB IO BBICOTE KOAOHHBI 3aBUCUT OT TEIAOBHIX Xapak-
TEPUCTUK KOMIIOHEHTOB (CKpBITasl TeIIAOTa KOHAEHCAIMM, TENAOEMKOCTB). AAg
CHCTEM, Y KOTOPBIX TENAOBBIe KOHCTAHTBHI OAU3KM MeKAY COOOM, Macca >KHUAKO-
CTU U MapOB MO BBICOTE KOAOHHBLI HEe MEHSIETCSI UAM MEHSIeTCSI He3HaUUTEAbHO.
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Ecam IIPUHATE ITOTOK Cl)AeI'MBI II0 BBICOTE KOAOHHEI IIOCTOAHHBIM (gD =

= g = g, = const), To pabodag AMHUSA OyAeT NIPAMON C TaHTeHCOM yTAd
HaKAOHa

= const.
R+1

Ha anarpamme x —y (puc. IV-6) MOXHO BBIIBUTHL XapaKTepHble TOUKH,
yepe3 KOTOPHIe NMPOXOAUT pabouass AMHUA. [Ipu X = y, HOAYYHUM, UTO YV = Y,
T.e. pabodasg AWHUS IIPOXOAUT dYepe3 TOUKYy D, HaXOAANIYIOCS Ha AMATOHAAU
pmarpamMMmbl  x—y. [loaokeHme Toukm D 3@aBHCUT TOABKO OT COCTaBa
pekTu(dUuKaTa U He 3aBUCUT OT BEAWYMHBI NOTOKA (QaerMel. [TosTomy uepes
Touky D pabodas AMHUS NPOXOAUT HE3aBUCHUMO OT TOTO, U3MEHSeTCs UAU He
U3MEHSIeTCsl Macca IIOTOKa (PAErMEBl 10 BBICOTE KOAOHHEL.

AAs oIlpepereHUsT KOOPAWHAT BTOPOM TOYKM pabouell AWHHUM IIPUMEM, 4YTO
x = 0. Torpa y = yp/(R + 1) (Touka B, puc. IV-6). Ilorokenue Touku B
3aBUCUT He TOABKO OT COCTaBa peKTudukara y, HO U OT BEeAWYUHEH
darermoBoro uucaa R = g/D, T. e. OT MaccCel IOoTokKa aermsl g. C yBeAndeHUEM
darerMoBOoro uymMcAaa TOYKa B mepememaercd BHU3, a pabouad AVMHHA
npubAmkaeTrcs K pmaroHaan OA. B mpepene npu R — «© (uAm g — o) pabouas
AWHHUS COABETCS C AHWArOHAABIO AMArpaMMBI X—y, @ TOuKa B IlepeMecTUTCS B
Ha4aAO0 KOOPAMHAT (pe’KUM IIOAHOTO OpOolleHus). TakuM oOpa3oM, AHAroHanb
rpaduKka SIBASIETCS AUHMEMN KOHIeHTpalul Npu 0eCKOHEUYHO OOABIIIOM 3HAaYEHUU
(PAETMOBOTO YUCAA.

ChaepyeT 3aMeTUTh, YTO Kak pabouas AuHuA BD, Tak W KpuUBasg PaBHOBECHUS
da3z OEA, paloT 3aBHCHMOCTBH MeXAy copepskaHmeM HKK B >KHMAKOCTH U B
napax. OAHAKO MeJKAy O3TUMU KPHUBBIMU MMeeTCsl CYIIeCTBeHHOe pa3Anuuue.
KpuBaa paBHOBecus (pa3 CBA3BIBAeT KOHIIEHTPAIIUM PABHOBECHBIX JKUAKOU U
mapoBo¥ (pa3, IOKHMAQIONINX AAQHHYIO KOHTAKTHYIO CTYIIeHb (meopemuuecKyro
mapeaky). IlosToMy Kakpad TOUYKaE, AeKalllasd Ha KPUBOM paBHOBecud ¢as,
XapaKTepu3yeT >XUAKOCTb X, CTEKAIIyIO C AAHHOW (n-U) TapeAKd, u
paBHOBeCHBIE TIaphl ¥, HOKHAQIOIIMe Ty ’Ke TapeAKy (Touka E). Pabouas ke
AWHHUS CBSI3bIBaeT HepPaBHOBECHBIE >XUAKYIO M IapoBYIO (ha3bl M Kakpasd ee
TouKa (Hanpumep, E,) XapakTepusyeT >KUAKOCTB X,,; CTEKAIOUIyI0 Ha AAHHYIO
N-10 TApPeAKY C BHILIeAesKalllel, U Iapsl Y, IOAHUMAIOIUecs C AQHHOM TapeAKH.

Ilpm m3MeHeHMM MacChl IIOTOKAa (AErMbl (IIApOB) IIO BEICOTE KOHIIEHT-

1y oA

Puc. IV-6. PaGouasi AMHHS AASl BepxHen
4acTH KOAOHHBI Ha AuarpaMme X—Y :

1 — kpuBas paBHOBecusi as; 2 — paboyas
AVHUS




PallMOHHOU YaCTU KOAOHHEI ypaBHeHHe pabodyel AMHHU MOXXKeT OBITh IOCTpOe-
HO B KOOPAMHATAX X, ¥ C UCIIOAB30BAHUEM CBOMNCTB 3HTAABIIMWHOU AMATrpaMMBI.

VpaBHeHne paOodell AMHHU AAS HIDKHEN 4acTH KOAOHHEBI. [lepeiipeMm K
QHaAM3y pabOTHl HUJKHEU 4aCTU KOAOHHBI. AAS 3TOTO PACCMOTPUM IIOTOKH AAS
4acTU KOAOHHEI HUJKe cedueHUs 4—4 (cMm. puc. IV-5). MarepuarbHBIM OaraHC AAG
3TOM YaCTU KOAOHHBI 3aIIUIIETCS CAEAYIOIIUM 00pa3oM:

feYe)inzn%i

g=G+ W nuau g—G=W, (Iv.10)
n aag HKK

gx = Gy + Wx,, . (IV.11)

W3 pAQHHBIX YPaBHEHUM CAEAYET, YTO AAST AIOOOTO CeYeHUd B HUJKHEW 4YacTHU
KOAOHHBI MaccCa >XMAKOCTH OOABIIIe MACCHI IIapoB, T. €. g > G, U Maccel 000UX
IIOTOKOB U3MEHSIOTCS B OAHOM HAaIlpaBAEHUM, OAHOBPEMEHHO BO3pacTas WAU
yOBIBas.

Kpome Toro, macca ¢aerMBl g paBHa cyMMe Macc octaTka W u mapos G,
a macca HKK Bo (arerme paBHa macce HKK B ocratke Wx,, u B nmapax. Takum
00pas3oM, >XMAKOCTh, CTEKAIOIIYI0 C AIOOOM TapeAKM HUJKHEM 4acTU KOAOHHBHI,
MO>XHO PacCMaTpPHBATh KaK COCTOSINYIO M3 ABYX YacTel: HUJKHETO IIeA€BOTO
IIpoAyKTa (ocrtatka W) m comyTcTByrOWel (bAerMbl, Macca U COCTaB KOTOPOU
PaBHEBEL Macce U COCTaBy BCTPEYHOTO NOTOKa NapoB G.

PemnB coBmecTHO ypaBHeHus (IV.10) u (IV.11), noayuum

% _ Xy—_X;v (IV.12)
nAn
y=G;WX—W2W. (IV.13)

PazpenAmB uncAWTeAb M 3HAMEHaTeAb KaXkKAOTO caaraemoro Ha W m o6o03Ha-
yuB naposoe uyucao yepes I1 = G/W, noryuum

y=0rly Xw (IV.14)

a n

YpaBaerua (IV.13) maum (IV.14) HaswBaroTca ypaBHeHuUeM pabouell AUHUU
gas HUWKHel yacmu KOAOHHbL U YCTaHABAUBAIOT 3aBUCUMOCTb MEXXAY KOHIIEHTPA-
OUAMM BCTPEYHBIX IIOTOKOB IIapa U JKUAKOCTU B IIPOM3BOABHOM CeYeHUU HUXK-
Hel 4acTu KOAOHHBI. OHO SIBASIETCSI OOIIMM AAST ATOGOTO CEUYEeHUST OTTOHHOM Yac-
T KOAOHHBI M, B YAaCTHOCTHU, AASI CEUEeHUs] IOA HIDKHEN TapeAKOM ypaBHeHUe
(IV.13) OyaeT umeTh BUA

w Wx
yﬂ;v _ Gy, + x, Xw
Gw Gy

AAST Bcell OTTOHHOM 4YacTU KOAOHHBI HIKe cedueHuda 3—3 (cM. puc. [V-5)
ypaBHeHUe pabodel AWHUM 3alMCHIBAETCS CAEAYIONIUM 00pa3oMm:

G w
Yn, = e, - (IV.15)
N

o
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raAe X, — CpeAHI/Iﬁ COCTaB (bAel"MbI, HOCTYH&IOLHeﬁ 13 CeKIUM IIMTAHHWA B HHXK-
HIOIO 9aCTh KOAOHHBI!

x, = IeXE *+ G1%1 _ GFXF+GiX1 (IV.16)
gr+ G Im

IMoToxk >XMAKOCTH ¢, COCTaBa X, OOpasyeTrcd HNpU CMEIIEHUW >KUAKOIO
OCTaTKa, noayuaromierocs npu OU cblpbsd, U IOTOKa (DAETMBI g, CTeKalollek B

CeKI1UI0 IINUTAaHUuAg 13 KOHHeHTpaHI/IOHHOfI YaCTH KOAOHHBI.

I[Mpu cMmelleHHMKU B CEKLIUU IUTAHUSA [IOTOKOB JKUAKOCTU C PA3AMYHOM TeMIlepaTypou He
IIPOUCXOAUT IIPOCTOTO MX CYMMHPOBAHUS, OHO COIIPOBOKAAETCS HEOOABIIMM YaCTHUYHBIM HCIIape-
HHUeM. [To3TOMy AOIyIleHHe O TOM, YTO KOAWYECTBO >KUAKOCTU @, PaBHO CyMMapHBIM KOAHWYECT-
BaM CMeIIMBAIOIIUXCS MOTOKOB §p U g, He BIOAHe TOuHO. OAHAKO C y4eTOM TOTO, 4TO B HEOOAb-
IIUX IIPeAeAax II0 KOHIJeHTPaIusIM KpUBBLIE HCIApeHUs Ha M300apHBIX KPUBBIX M JIHTAABIHHHOMN
puarpaMme OAM3KH K IPSIMOAMHEMHOMY OYepPTaHHUIO, MOJKHO IPAaKTHMYECKM IIpeHeOpedb CTeleHbIO
UCIIapeHud IIpU CMENIMBAHUU OAHOMMEHHBIX IMTOTOKOB B CEKIIUU ITHUTAHWA.

B obiieM cayuae B KoopauHaTax X, y ypaBHeHus (IV.13) u (IV.14) mpeac-
TaBAseT cOOOM KPUBYIO AMHHUIO, TaK Kak Macca IIapoB G MO’KeT M3MEHSATBCSA 110
BBICOTe HMJ)XKHEHN YaCTH KOAOHHHI. EcAM Macca mapoB B HUJKHENM YaCTH KOAOHHBI
He u3MeHdgercd (II = const uam G = const), TO ypaBHeHHe pabodell AMHUU
SABASIETCS YPaBHEHUEM IIPSIMOM.

Ha amarpamme x—y pabodas AWHUS HUJKHEM 4YaCTH KOAOHHBI IIPOXOAMT
yepe3 CAepylolllyie XxapakTepHble Touku (cM. puc. IV-7). OpHa U3 3THX TOdYeK
(W) HaxopUTCS Ha AMArOHaAU (X = y = Xy), U ee IIOAOKeHUe He 3aBUCUT OT
IIOTOKAa NapoB U (aerMul. Apyras Touka (C) onpepeadeTcs npu y = 1, Toraa

Xy + 11

X =
€ 1+

IMTorokenme Touku C 3aBUCUT OT BEAMYUHBI MapoBoro umcaa I[I=G/W.
INpn yBeamuenum I1 Touka C mepeMelmaeTca BIpPaBo, a pabodad AVHHUA
NpUOAMIKAeTCA K AMaroHaau. B mpepenae, T. e. mpu Il — o« (mam G — ),
pabouasa AMHUS COAbeTcsl ¢ amaroHaablo OA. TakuMm o00pa3oM, AMaroHaAb
rpaduKa ABASIETCS AMHHUEMN KOHIIeHTpalui Ipu OeCKOHEYHO OOABIIOM 3HaueHUU
IIapOBOTO YMCAAQ.

AANST HVDKHEM 9aCTH KOAOHHHBI, Tak >Ke KakK W AAS BepxHeH, Arobas Touka E',

1y ’>C oA

Puc. IV-7. PabGoyasi AUMHUS AASl HUDKHEHN
4YacTH KOAOHHBI Ha AuarpaMme X—Y :

1 — KkpuBada paBHOBecuss az; 2 —
pabouasi AMHUS

_XW+1'[
T 1+1
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AeKallass Ha KPUBOM paBHOBeCHs (pa3, CBA3BIBAET COCTABLI JKUAKOCTH X,

cTeKarollled ¢ AaHHOM (n'-#) TapeAKH, U PaBHOBECHBIX NAapoOB ¥,, MOKUAQIOIIUX
Ty >Xe TapeAKy. Paboudass >Xe AMHUS CBS3bIBAeT HEPABHOBECHBIE JKUAKYIO U
IapoBYIO (pa3bl U Ka’kpasd ee TOUYKa (Hampumep, E'; ) XapakTepusyeT >KHUAKOCTH
X1 CTEKAIOIIyI0 Ha AAHHYIO N'-I0 TapeAKy C BBIIIeAesKallel, W Iapel ¥,
IIOAHUMAIOIINECTd C AQHHOU TapeAKH.

ITpu n3MeHeHUU MacCH NapoB ((PAErMBI) IO BHICOTE HUJKHEM 4acTU KOAOH-
HBl ypaBHeHHe pabodell AMHUU MOJKHO IIOCTPOUTH B KOOPAMHATaxX X, Yy, BOC-
IIOAB30BABIINCH CBOMCTBAMU JIHTAABIIMUHOMN AMarpaMMHI.

OOuuii BUA ypaBHeHUsI paboueil AMHUM AASI BepXHell U HUKHEN dacTen
KOAOHHBI. YpaBHeHmMsa paboumx AmHUM (IV.7) u (IV.14) COOTBETCTBEHHO AAS
BepxHeM 1 HUKHeM dacTed KOAOHHBI MMeIOT pa3Hble (popMbl 3anucu. OpHAKO
WX MOJKHO IIPUBECTH K OAHOMY BHUAY, €CAU BBecTH Beanunny @ = g/G, T.e. oT-
HOIIleHHe MacC IOTOKOB (DAErMBI M IIAPOB, UAU BHYMpPEHHee (PAerMOBOE HUCAO.
Ou4eBUAHO, UTO AAS BepxXHeM 4acTu KOAOHHEI @ =<1, Tak KakG = g, a AAT HUXK-
Hell ® <1, Tak Kak G = g. Cayuatt @ = 1 cooTBeTCTByeT paboTe KOAOHHHI C
OeCKOHEUHLIMU (PAETMOBLIM U IIaPOBBLIM YHCAAMM IIPHU BBIIOAHEHUU pPaBeHCTBa
IIOTOKOB JKUAKOCTHU U IIapa AASL AIOOOTO cedueHUsT KOAOHHHI g = G.

[MTpunsas Bo BHMMaHUe BeIpaxkeHue (IV.3), ypaBHenue (IV.0) MoXHO 3amnu-
CaTb B CAEAYVIOIIEM BUAE:

g G-g
y==X+ Yo
G G
van, BBepas O, moayuum
y=@x+(1- @)y, (IV.17)

AnanoruyHo ypaBHeHue (IV.13) pabouell AMHUM HU’KHEM 4aCTU KOAOHHBI C
yueToM BeIpakeHus (IV.10) MO>XHO 3anmcaTh Tak:
g _9-G

Vet

unay, BBeps @, moayunm
y = ®x +(1- ®)x, . (IV.18)

OG603HAYMB COCTABHI IPOAYKTOBLIX IIOTOKOB 4Yepes3 X, MOXKHO 3alluCaTh:
X, = Yp AMSL BepXHEH 4aCTH KOAOHHBI U X, = X, AASI HUJKHeM; TOTAQ ypaBHeHe

pabouell AMHUM B O0ILIeM BHAe A O0€MX 4YacTed KOAOHHBI OYAEeT BEITAIAETH

TaK:
y=®x+ (1 - (I))X (IV.19)

p

AAsT KaKAOM 4YacTU KOAOHHBI BHYTPeHHee (pAerMOBoe UYHUCAO OepeTrcst C
YYEeTOM CAEAAHHOTO BBIIIE 3aMeYaHus.

ConocraBuB Mexapy cobou ypasHenus (IV.7) u (IV.17), a TakKe ypaBHEHU:
(IV.14) u (IV.18), moAyumM, 4TO AASL BEpXHEM 4acTU KOAOHHBI

R
D = =<1,
R+1

112



a AAS HU>KHEM 4aCTH KOAOHHEI

Im+1
P =
11

=1,

YpasreHue (IV.19) 103BOASIET COBEPIIEHHO OAHOTHUIIHO PEIIaTh IIEABIA DPSA
38AQ4 AN BepXHEUM U HUJKHEeM 4acTell KOAOHHHI.

PAN>AO NTNOAATA TTOTETA OEE TEC

CxeMma IIOTOKOB B NUTATEABHOM  CEKIHU  KOAOHHEI
mpepCTaBAeHa Ha puc. IV-8. B ceknuu nmuTaHusg BCTPEYAIOTCA IIOTOKU CHIPBSA
nocre mnpomecca OWM (g um Gy cocTtaBoB Xrp U Vi), (ArerMBl U3
KOHIIeHTPAIJUOHHOM 4YaCTU KOAOHHBI (g, COCTaBa X;) U IIapOB W3 OTTOHHOWU

9acTH KOAOHHEI (G cocraBa yy ). [lpu cMemreHuy IOTOKOB (AEIMBI gF U g,
IIOAYYaeTCs IIOTOK (DAeTMBI g, COCTaBa X, [cM. ypaBHeHue (IV.16)], KoTophI#
CTeKaeT B OTIOHHYIO YacTb KOAOHHEL [Ipu cMelneHWu HOTOKOB mapoB G H
Gy, oOpasyercs morok mnapos G, cocraBa Yy, [cMm. ypaBrenume (VL9)],
IIOCTYHAIOMMHE B KOHIIEHTPAIIMOHHYIO CEKIIMI0O KOAOHHHEI. Bce 3Tm moTtoku u
COCTaBBl B3aMMOCBSI3aHHI.

,A,]\EI HOPMAABHOT'O  IIPOBeApAEHUdA  IIpoliecca peKTI/Iq)I/IKaLU/II/I AONKHBI
BEITIOAHATBECA HEPABEHCTBA

X, > X, > Xp (IV.20)
n
Yng <Vm <Vr - (IV.21)

W3 maTepuaabHOro 6asraHca npoiecca OU chIpbsl CAeAyeT, d4To

Xp = (1 - e)x; +eyn

Ye=- Xp+— (Iv.22)

rae e = Gi / F — poAg OTTOHA IIpW BBOAE CHIPBSI B KOAOHHY.
YpaBHeHue (IV.22) HasbiBaeTcsi AMHHEM CBIpbd. OHO AQeT CBSI3b MEXAY

COCTaBaMU KUAKON X; W IIAPOBOM y; YacTeM CHIPHEBOIO IOTOKA IIPU BXOAE B
KOAOHHY U IIPEACTaBASET NMPAMYIO, IPOXOAAINYIO uepe3 Touku G, H, F u E (puc.

IV-9), Tanrenc yraa HakKAOHa KOTOPOU paBeH (1 - e)/ e.Touka H paeT cocTaBbl

IIapOBOTO M JKUAKOCTHOIO IIOTOKOB CBIpbA IOcAe OI. YUTOOBI yCTaHOBUTH
B3aUMOCBA3b MEXKAY IIOTOKAMU U HUX COCTaBaMU IIPU IPOXOKAEHUM 30HBI
NUTAHUS, PACCMOTPUM MaTEePUAABHBIM OanraHC AAd  BCEU BepXHEM 4acTh
KOAOHHEL (cM. puc. IV-5, komtyp II). Ilpm 5TOM COCTaBBl MapoB Yy, U

JKUAKOCTH X, OyaeM paccMarpuBaTh Kak lepeMeHHBbIe ¥ U X. Toraa
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/V\ Puc. IV-8. CxemMa MNOTOKOB B CEKIHMH

x .t IUTaHUSI KOAOHHBI IIPH MOAQYe CHIPbSI B
g,’ 1’ %1 1 MapOoKMAKOCTHOM COCTOSTHUH
2 G Vo 2
*
G
F y XF ,€, 1 F F yp
- L G y t
* Ny ‘N N,
(1] 0 o
Y9 x
3 3
> X
Puc. IV-9. AmarpamMa X—Yy 1ipu
No OIIPpEAEAEHHNH CONIPSDKEHHBIX COCTaBOB B
/v\ CEeKIUH MUTAaHUS KOAOHHBI

A

1x

*
Gy, Y + Gryr = g,x + Dy,
nAn
.
g9, X + Dy, - Gryr
Gy, Gy,
HpI/I Hen3MEeHHBIX IIOTOKAaX IIapOB MW JXHAKOCTU B CeKIUU IIUTAHUA

y =

[IOAYYUM ypaBHeHUe mpsMmoit. Ecam y = yj, ToO

" X D
v = 91 + YD
GNo + G GNO +Gg




OTO BBIpaKeHHe OIpeAeAsieT abciuccy Touku a (cMm. puc. IV-9) Ha pabo-
yel AWHUM KOHII@HTPAIIMOHHOM YaCTU KOAOHHHI.

Ecam x = x5, TO

g1XF + Dyp - Ggyr
Gy, Gy,

y=

o o

W3 obuiero matepuarbHOTO 0araHca KOAOHHBEI 1o HKK
Dy, = Fx, - Wx,,,
a 13 MaTepuarbHOTO 6anranca OU chIpbsa
GFY; = Fx - gFX;‘
Ortcropa
Dyp, = Gryr = gpxp — Wxy,.

Hcnoab3ys mocaepHee, IIOAYYUM AAS OTTOHHOM YaCTH KOAOHHBI

y=g1+gFX;—WXW-

Gn, Gn,

OTO BBIpAKEHUE OIPEAEASTET OPAMHATY TOouku b (cM. puc. IV-9) Ha pabo-
Yyell AMHUM HU>XKHEU 4aCTU KOAOHHHI.

Takum obpas3oM, ITOAOKEeHHEe MPSIMOM ab, olpepeAsiolnel CcoCTaBhl TIapoB
YN A JKUAKOCTH X;, (PUKCUPYeTCsi TOYKaMH IepecedyeHusi pabodyeil AMHUU

COOTBETCTBYIOI[EH Y4acCTH KOAOHHBI C COCTaBaMU IIAPOB Yy, U JKUAKOCTU Xp,
noaydeHHBIX IIpu OU ceipbga. TouKka c IepecedeHUs pabOuYUX AMHUN HaXOAUTCSI
Ha AWHUU CHIPHS.

[TpuBepenHoe Ha puc. V-9 mocTpoeHUe COOTBETCTBYIOIIUX AWHUNU U
TOYEK, OIIPEAEAdIONIVX COCTaBBbl IIOTOKOB B CEKIWUM NUTaHUS, OOeCIeunBaeT
CONIIpSKEHNE KOHIIEHTPAIIMOHHOM M OTTOHHOM dYacTel KOAOHHBI IIPH pacueTe
YUCAQ TEOPEeTHYeCKUX TapeAOK, HeOOXOAMMBIX AAS TIOAYYEHMUS 3aAaHHBIX
COCTaBOB IIPOAYKTOB YVp U Xy

IMpamas GHFE otBeuaeT ypaBHeHUto (IV.22) AMHHMU CBIpbS IpU AQHHOU
cTeneHU OTroHa e. [lepeceueHue AMHUM pPaBHOBeCHUS U CHIPbS B TOUuKe H AgeT
COCTaBHl y; U X, IIOAyYEHHBIE IIPU BBOAE CBIPbsi B KOAOHHY B mpomecce O
OTH COCTaBEI ONPEAEAdIOT MOAOJKEHWe NPSIMOM ab, OTBedalolllel YypaBHEHUIM
(IV.8) mu (IV.15). TlepeceueHue AWHUU CBHIPpbSI C AWAroHaAbl0 B TOukKe F
onpepeAsieT UCXOAHYIO CHEIPBEBYIO TOUKY.

KoopapuHaTel TOukM d, Haxopdlleldcd Ha pabodyell AMHUU BEPXHEU 4YacTHU
KOAOHHBI, OITPEAEASIIOT COCTaBblI IIOTOKOB (DAETMEL X; M IIaPOB V.

Touka h, HaxOAAIIASCA Ha IlepecedueHUM abCIIUCCHL X; C OpsMoM ab, ompe-
AeAsieT COCTaB 1apoB yy . [Tpu arom BeInOAHsIETCS yeaoBue (IV.21).

CocTaB >KMAKOCTH X, OIPEAEAUTCS KaK abCIycca TOUYKU €, HaXOAAMeNcs
Ha TepecevyeHny paboueirx AMHUY HUKHEW YacTh KOAOHHBI M OPAMHATHL Yy .

Takum o6pa30M, Imepexopn oOT KOHHGHTpaHHOHHOfI YaCTH KOAOHHBEI K
OTrOHHOM OCYILIeCTBASIETCS 4epe3 TOUYKY h, HAXOAMAIYIOCA HAa AMHUU ab.



ETETAEUTUATTOTEE TOTQDATER
TADTA

[TV wm

B KOAOHHe B3ajpaHHBIM COCTaB peKTU(MHKATa y, MOXeT OBITh
IIOAYYeH IIPU U3MEHEHUM IIOTOKa (PAErMBI OT HEKOTOPOM MUHUMAABHOW BeAU-
YUHBL §pin AO OECKOHEYHO OOABIION.
Kak OpIAO IIOKA3aHO paHee, MAKCUMAaABHBIM IIOTOK (PAEIMBI OTBEYaeT yC-
AOBUIO g = G (pe’XUM MOAHOTO OPOIIEHHs).
C ApPYTOH CTOPOHBI, AASL IIPOTEKAHUA IIpolecca peKTU(PUKAIUU HeOOXOAU-
MO, 4YTOOBI COCTaB NAapOB Yy, IOCTYHAIOIIUX B KOHIIEHTPAIIMOHHYIO 4YaCTb KO-
AOHHEL, YAOBAeTBOPSAA ycaoBuio (IV.21). Ilpu yMeHBIIeHUM ITOTOKa (DAETMBI pa-
Oouada amHUA DB BepxXHeU 4aCTU KOAOHHEI OYAET IepeMelaThCa BBepX, MOBOpa-

9IMBasCh BOKPYT Touku D (cM. puc. IV-9). IIpu aTOM COCTaBBI MAPOB Yy, YV 4
y; OVAyT BBIDABHUBATBHCSI M B IIpepeAe, He Hapymas ycaoBus (IV.21), cranyT
paBHBIMU V. PaGouas AMHUS 3aliMeT HpeAeAbHOe MmoAokeHue DHB,, ompepeas-

eMoe TOYKOM H (Xj, V;), HAXOAAIIENCS HA AMHUU PaBHOBeCUs. OTO IIOAOJKEHUe
paboueil AMHUM OyAET OTBeYaThb PEKUMY PAOOTHl KOAOHHBI C MHHUMAABHBIM
IIOTOKOM (DAETMEI, IIPU KOTOPOM ellle 00eCIeYnBaeTCsa IIOAyUYeHre peKTU(uKaTa
33aA@HHOTO COCTaBa yp,.

Ecau pabodast AMHUSA OKakeTCd PACIOAOKEHHOM BhINIe paboder AMHUN
DHB,, To ycaoBue (IV.21) OyaeT HapylleHO M IOAyYeHHe COCTaBa peKTudHuKaTa
¥p W3 CBHIPbsl COCTaBa X; CTAHET HEBO3MOJKHBIM.

Takum o6pa3oM, MUHUMAABHBLIA ITOTOK OPOIITEHUS ((PAETMBI) MOJKET OBITH

omnpepeAeH u3 ypaBuenus (IV.5) mpu x = x, u y = y,, T.e.

R. - (%} Yo =Xp (IV.23)
min YF —XF
C yBeAnyeHHEM IOTOKA (PAerMBI TOUuKa B paboueil AuHHU OyAeT Iepeme-
IAThCSI BHU3 U IIPU g — % 3alMeT NTOAOKeHHe AuaroHaru OA.
[MTpu Aro6om motoke (aerMbl OT (9/D)nn AO (g/D) — o KOHIIEHTpAanus X

OyAeT Ooabllle, yeM X [cM. ypaBHeHue (IV.20)] u mpomecc pektudukanum 0y-
AeT obecIledeH C 3aAaHHOM YeTKOCTHIO Y,

AAST HIDKHeM 4acTU KOAOHHBI 3aA@HHBIM COCTaB OCTaTKa Xy, MOXXeT OBITh
IIOAYYEeH IIpHU HW3MeHEeHUM IIOTOKa IIapoB, IMOAHUMAIOUINXCS M3 OTTOHHOU YacTU
KOAOHHEI, OT HEKOTOPOTO MHHHMMAaABHOTO 3HaueHus [1; A0 OeCKOHEYHO OOAB-
1IIO¥ BEAWUYMHBL.

AAS IPOTEKAHUA IIPOIlecca PeKTU(UKALUM B HIDKHEM 4acTU KOAOHHBI He-
00XOAUMO, UYTOOBI COCTaBBl JKUAKOCTHBIX IIOTOKOB YAOBAETBOPSIAU YCAOBUIO
(IV.20). CooTBeTcTBYyIOIIMe XapaKTepHble TOUKU IIPUBEAEHHI Ha puc. IV-9.

[Mpu yMeHBIIIEHNM B OTTOHHOM YaCTH KOAOHHEI IIOTOKA IIapoB pabodas AU-
"Huga WC OypeT IepeMellaThbCsl BAEBO, IIOBOPAumMBadch BOKpYyT Touku W. Ilpu
3TOM X,, — KoHneHTpanusa HKK B >XuakocTH, cTekaroiell B OTTOHHYIO CEeKIIUIO,

min

OyAeT YMEHBUIATECS U IPUOAMIKATHCSI K CBOEMY IIPEAeABHOMY 3HA4eHHIO Xj.

Macca noroka mnapos (G/W) OyAeT CTPeMUTLCS K CBOeMYy IIPeAeABHOMY
MMHUMaABHOMY 3HadeHUto (G/W).,. Ilpu sToM pabodas AMHUSA 3aliMeT CBOe
npeapeAbHOe ToroskeHme WHC|, Ipu KOTOPOM ellle BO3MOJKHO ITOAYYMTH OCTa-
TOK 3aAAHHOTO COCTaBa Xy. ECAM Macca mapoB CTaHET MeHbIle MUHUMAAbBHOH,
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TO pabouasi AWHUS IPOMAET AeBee TOUKU H U mpoliecc peKTU(UKAIUU C 3aAaH-
HOM CTeNeHBbI0 YeTKOCTU CTaHeT HeBO3MOJKeH.
TakuM 00Opa3oM, MUHUMAABHBIM IIOTOK IIApPOB OIPEAEASeTCs U3 ypaBHeHUT

(IV.12) paboueil AMHUM HW)KHENW YacTHM KOAOHHBI TIpU X, = X, = Xp H
Yng = Vm = VF
I, = (E\ =XF~Xw (IV.24)

LW} min y} - X;

Ilpu yBeamyeHMU mapoBOro IOTOKa Touka C pabouell AMHMU OyAeT mepe-
MelllaTbCsl BIIpaBo u npu (G/W) — o paboudas AMHUS HU>KHEW 4acTH KOAOHHBI
COABETCSI C AmaroHanbio OA puarpaMMel X — .

OATETATE AAEATN ETETITIU
INpu npoBepeHUU Ipollecca PeKTUPUKAIUN TPOUCXOAUT OOMeH

TENAOBOM DHeprue Me’kAy KOHTAKTHPYIOIIMMHM IIapoOBOM M JKUAKOHN (pazamu.
I[TpUXOAHBIMU CTATBIMH TEMAOBOTO OanaHCa KOAOHHBI SIBASIFOTCSI TEIIAO, BHOCH-
Moe CHIpbeM Qp U TEIAO, TOABOAVMOE B HU3 KOAOHHEI Uepe3 KUMSATUABHUK Qp.
PacXOAHBIMUM CTATBIMU SBASIETCS TEIIAO, OTBOAMMOE U3 KOAOHHBI TlapaMu pPek-
TupuKata Q, >XUAKUM OCTaTKOM (), M TEIAO, OTHHMaeMoOe IIOTOKOM XAaAa-
TreHTa Ha BepXy KOAOHHBI (Q; AAd 00pa3oBaHusa paerMul (cM. puc. IV-5).

TennoBo¥ 6araHC KOAOHHEI 6e3 ydueTa TeIAONOTePh B OKPYIKAIOUIYIO CPEAY
3aTUIIIETCS B BUAE

QF + Qp = Qp + Qy + Qg (IV.25)

OTAeAbeIe COCTABAAIOIIINE TEIIAOBOTO banraHca OIIPEAENAIOTCA BBIPAKEHU-
SAMN

Qp = F(1 - e)h,, + FeH, = Fhy;
OB = GW(HtW - htw) = quncn;

Q, = DH

tp!

Q,, = Wh

[W;
Qd = gD(HtD - htD) = quKOHA'

ITpu 3apaHHBIX CcOCTaBax M OTOOpax peKTU@UKaTa U OCTaTKa IMOTOKMU Tell-
Ara Qp u Qy ABAAIOTCA NMOCTOSAHHBIMHY, IIO3TOMY MOJKEM II€peNucaTh ypaBHEHUE
(IV.25) B caepyrOllleM BUAE:

QrF + Q — Q; = Qp, + Qy = const. (IV.26)
[Tpu Hem3MeHHBIX TeMIlepaType U COCTaBe ChIpbs (Qr = const) U3 ypas-
HeHud (IV.26) nmoayuaeMm, uto Q3 — Q4 = const. OTCIOAQ CAEAYeT, UYTO U3MeHe-

HUA BeAuunH Qp U Q; MOTYT IPOUCXOAUTH TOABKO B OOIIleM HAIpaBA€HHUU, T.e.
0o0e WAM yBEAWYMBAIOTCS MAW YMEHBINAIOTCS. [1py 3TOM WX pPas3HOCTH OCTaeTCs
BEAWYUHOM IIOCTOSIHHOM.

AnanorumuyHasi 3aBUCHMOCTD HaGAIOAaeTCH IOIPpU IIOCTOSSHHOM IIOABOAE TeIlAd
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B HU3 KOAOHHHI (Qp = const), KOTA@ U3MeHeHUs BeanunH Qp u (Q; MOIYT IIpO-
HCXOAUTH TOABKO Ha OAHY U Ty XKe BeAmunHy (Qp — (Q; = const U B OAMHAKO-
BOM HallpaBAEHUU.

W3 ypaBHeHusa (IV.20) Tak>ke CAeAyeT, UTO C IOBBIIIEHUEM TEMIIEPATypPhI
HUCXOAHOT'O CBHIPBS IIPU IIOCTOSHHOM BEAMYHWHE OTBOAQ TEIlAd HAa BePXy KOAOHHBI
(), KOAMYECTBO TelAQ, TOABOAMMOIO B HU3 KOAOHHBI (z AOAKHO Ha CTOABKO
>Ke YMEHBIIUTLCS, 1 HaOoOOPOT.

'pacudecKkyio OIjeHKYy OTMeUYeHHOMN 3aKOHOMEPHOCTU BBIIIOAHUM C HCIIOAB-
30BaHMEM JHTAABIWNHOW AuarpamMMbl. Aad 3Toro B ypaBHeHue (IV.25) moacra-
BUM BBIpaKeHUd A Qp U Qy, U OOBEAMHUM YAEHBI YPABHEHUMN, OTHOCAIIHNECS K
IIOTOKaM TelAd B BePXHEU M HUJKHEU 4acTaX KOAOHHHL [Toayumm

Qr = (DHy, + Q) + (Why, = Q)
VAT

Qr = D(HZD +%} +W(htw -Q—ijJ .

BBeapeM MOHATHS O MPUBEASHHBIX SHTAABIUSX pekTudukara H;, u ocraTka

hy,:

Hy=H, +% 2
D= tp + F (Iv 7)

n

R, = h,, - Q_Mf. (IV.28)

C Y4eTOM BBEACHHBIX 00603HaYeHUN YpaBHeHHEe TeIIAOBOI'O OanaHCca 3aIu-
oIeTCd B BHUAE

QF = DH; + Wh:\/‘

IMopctaBuB B 3TO ypaBHeHue W = F — D u Qp = Fhjy HOAy4YuM

c _D_ hp - hyy, (IV.29)
F H} - hy

%8

{—g=W_1_D_Hp-hr (IV.30)
FF o

YpaBrenus (IV.29) u (IV.30) aHaAOTUYHBL IO CTPYKType NPUBEAEHHBIM pa-
Hee ypaBHeHusM (IV.1) u (IV.2) MmaTepuarbHOTO 6araHCa.

W3 conoctaBaenus ypaBHeHuil (IV.1) u (IV.29), a Takxe ypaBHenuit (IV.2) u
(IV.30) moAayuuM caepyrolllie YPaBHEHUS MATePUAABHO-TEIIAOBOro OanaHCca KO-
AOHHBI!

.
Xp—Xw _ hp-hy

Yp-Xw  Hp-hy

D
£=—=
F

u
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1-¢=

W _yp-xp _ Hp-hg
F

Yp—Xw  Hp-hy

Ha osHTaApIMUHOM AMarpaMMe 3TH YPaBHEHUSI COOTBETCTBYIOT HIPSIMOY,
IIPOXOAAIIEN Yepe3 CAEAYIOIIUe TPU TOYKU:

P'(xy,, h;v); F(xp, hg); P(yp, H;)

Ha puc. IV-10 paHO mocTpoeHUHe yKa3aHHBIX XapaKTepHBIX TOYeK Ha 3H-
TAABIIUMHOMN AHarpaMMe.

Ilpm 3apaHHOM cocCTaBe peKTU(PHUKATAa Yy, OpPAMHATA TOYKU P 3aBUCUT OT
OTHOCHUTEABHOT'O KOAMYecTBa Temra Q,/D, OTBOAMMOTO Ha BepxXy KOAOHHEI. [Ipm;
yBeamdeHun Qu,/D Touka P mepeMelaercs BBepx (Touka P,), a Ipu yMeHblle-
HUM — BHU3 (Touka P,).

COOTBETCTBEHHO TIPU 3aA@HHOM COCTaBe OCTaTKa X, OpAMHATa TOYKU P’
3aBHCUT OT OTHOCHUTEABLHOT'O KOAWUYecTBa Temra Qp/W, IIOABOAMMOIO B HHU3 KO-
AoHHBL C yBeandeHueM Qp/W Touka P’ mepemecTtuTcs BHH3 (Touka P), a mpu
yMeHBIIeHUX — BBepX (Touka P;). Ilpu Goawbmon BeanmumHe Qp/W oppuHaTa
TOUKK P' CTAHOBUTCS OTpHUIATEABHOU (hy, < 0), TOTAa Kak OpAWHATa TOYKU P

BCeraa moaokuteabna (Hp > 0).

Touka F, ompepaeasieMasi COCTaBOM ChIPbS Xp U €rO DHTAABIIMEN hp, A€XUT
Bcerpa Ha npsmoy P'P. Ilpu m3MeHeHUU SHTaABIIUU CHIPbS TOUKa F mepemera-
€TCs II0 BEePTHUKAAN.

h,H P,
Q’U
e
*
- o
~E
=
> o5 =
2= g‘“ T
O’Q
*.::§

Puc. IV-10. IIpeacTaBA€HHE MaTepHaAbHO-TENAOBOro OaraHCa KOAOHHBI Ha JYHTAABIIMIHON AHa-
rpamMme
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W3 rpaduka, mpuBepeHHoro Ha puc. [V-10, MOJKHO cAeAaTh Te Ke BBIBOAHI,
KOTOpBle paHee OBIAM CAEAQHBI M3 aHaAW3a YpaBHEHHS TEeNAOBOro OanraHcCa Ko-
AOHHEI.

Ilpy mOCTOAHHOM IIOAOKEHUM TOUYKM F (3HaueHWe TeMIepaTyphl NOCTyIa-
IOLIIErO CBIPbS HEU3MEHHO) C yBeandeHUeM (J; NMOAIOC P IepeMecTUTCS BBEDPX, a
oAfoCc P’ — BHU3, T.e. IPU 3TOM AOAKHO YBEAWUMBATBECSI M KOAMYECTBO TEIIAQ,
IIOABOAMMOI'O B HU3 KOAOHHEI, U HAOOOPOT.

AnanoruuHas 3aBUCMMOCTDH HaOAIOAQETCS IPU IIOCTOSHHOM IIOAOJKEHUU IIO0-
Afoca P, T.e. ecan, Hanmpumep, yMmMeHbmaercs Qp (Touka F mepemecTtuTcss BHU3),
TO AOAKHO YMEHBIINTBECS TakXe U (; a 3HAUUT, TOYKa P IIepeMeCTUTCSA BHU3.

Ilpy mOCTOAHHOM IIOAOKEHHHU IIOArOoca P mepememienune Touku F, Hanpu-
Mep, BBepx (O6oAee BBICOKAas TeMIlepaTypa HCXOAHOTO CHIPBSI) IIPUBOAUT K IIe-
peMelleHNI0 BBEPX U IOAIoca P’, T.e. IpU 3TOM YMEHBIIAeTCS IIOABOA TeIlAd B
HU3 KOAOHHEI Qj.

PaccmoTpuM Tak)Ke TO, KaK IIpU [OMOIIM 3HTAABIUNMHOU AMarpaMMbl
MO>XHO ONPEAEAUTh MUHUMAABHBIE TTIOTOKM (PAETMEI M ITAPOB M COOTBETCTBEHHO
MHMHMMAaAbHOE KOAMYECTBO Tellra (Q;, OTHUMaeMoe B BepXy KOAOHHBI, M MHWHU-
MaAbHOE KOAMYECTBO TelAa Qg IIOABOAUMOE B HU3 KOAOHHHI.

I[Mpm MuUHMMaABHOM IOTOKe AerMul (g/D),,, U COOTBETCTBEHHO IIapOB
(G/ W) nin BCE JKUAKHME U TIapOBBIE NMIOTOKU B IIPEAEAaX 3BAlOpPAIlMOHHOTO IIPOCT-
paHCTBa (CeKUMU NHUTaHUS) OYAyT HaXOAUTHCS BO B3aMMHOM pPaBHOBECUH, T.e.
X = Xp = Xp U Yy, =Y, =Yr B OTOM caydae mpsivas P'FP 3aiiMeT IOAOXKe-
uue P)F'FF'P,.

IMToroxxenne KoHOABI F'FF” MO>XeT OBITH HaMAEHO MO M300apHBIM TeMIle-
pPaTypHBIM KPHUBBIM MAU B pe3yAbTaTe pacdeTa Ipoijecca OU ceipbs. OnpepeAns
IIOAOXKeHHe KOHOABI F'FF", HaxopuM IHOAIOCHL P, 1 P), oIpepeAsiiolre MUHU-
MaABHBIM TEMAOOTBOA Ha BepXy KOAOHHHBI (Q,/D).., ¥ MHUHUMAALHBIN ITOABOA
TellAa B HU3Y KOAOHHEI (Qp/W) .

B peanbHBIX yCAOBUSX PAOOTHI KOAOHHBI IIOTOKM (DAEI'MBI U IIapOB AOAK-
HBI IIPEeBBINIATH UX MHWHUMaAbHBIE 3HAUE€HUs, CAepoBaTeAbHO, (/D AOAKHO
ObITh O0AbBIIE (Qy/D)pini @ Qg/ W — Ooabiie (Qp/W),in. COOTBETCTBEHHO TOAIOC P
AOMNKEH OBITH PACIIOAOJKEH BHIIIE ITOAIOCA P, a moatoc P' — HuKe moaroca P .

V3MeHeHUEe AOAU OTTOHA € CHIPbS IIPUBOAUT K IepeMelleHUI0 TOYKH F 1o
BEPTHUKAAM, 9TO MPUBOAUT K COOTBETCTBYIOUIEMY IlepepaclpPeAeAeHUI0 ITOTOKOB
Tenrd (Qy/D)pin ¥ (Qp/W)in. Bo3pacTanue AOAU OTIOHa e IPUBOAUT K yBeAnde-
HUIO BeAWUUHE! (Qy/D),;, U YMEHBIIeHUIO BeAMUYUHE! (Qp/ W), CHIDKEeHHE AOAU
OTTOHA € IPUBOAUT K OOPATHBIM IOCAEACTBUIM.

TTNODTATEA DAAT %

INOB
AYTO

>¢
m
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m;
m\
-\
mh
>: [TV
mo
5
> =

YUTOOBI MCIIOAB30BaTh 3HTAABIIMUHYIO AMATPaMMy AAS IIOCTpOe-
HUA PabOYUX AMHUU, HEOOXOAMMO PACCMOTPETh TEIIAOBEIe OAAaHCHI AAS IIPOU3-
BOABHBIX CEUEeHHU BepXHeU U HUJKHEUN 4yacTeld KOAOHHBEL.
PaccMoTpuM TenAoBOM OaraHC AASL BepXHeM 4acTH B IPOU3BOABHOM cede-
"Hum I-I (cMm. puc. IV-5, kouTyp I):

GH; = DH, + gh, + Q,.

120



IMoacTtaBuB G = g + D, moAyuuM
(g + DH; = DH, + gh, + Q,

VAU
Q,
(g + D)H, = D(HtD + ?d) + gh,.

C yuerom (IV.27) nmoayuum
(g + D)H; = DHj, + gh, + Q,
WA
Hp - Hy
Hy - h,
ITpungas Bo BHMMaHMe ypaBHeHHe (IV.5) MaTepumarbHOTO OanraHca AAS TOU
JKe 9aCTU KOAOHHBI, ITOAYYUM

g
D

Hp-Hr _yp-y (IV.31)
Hr - hy y-Xx

g
D

Ha surasrbnmuiinol amarpaMmme ypaBHeHHe (IV.31) mpeacTaBasgeT coboil mps-
MyIO AMHHIO, IIPOXOAANIYIO dYepe3 TPU TOYKH: paHee U3BECTHBIM IIOAIOC
P(y,, H}) (cm. takxke puc. IV-10), G(y, Hy) u g(x, h) (puc. IV-11). Tourku G u
g XapaKTepU3yIOT COCTaBbl M IHTAABINM BCTPEYHBIX HEPABHOBECHBIX ITOTOKOB,
OTHOCSIINXCS K OAHOMY IIPDOHM3BOABHO BBEIOPAHHOMY IIOIIEPEYHOMY CEUYEHHUIO
KOAOHHEL. [Tonro’keHHe TOukU P Ipu 3aA@HHOM COCTaBe peKTU(UKaTa y, U BEI-
OpaHHOM KoAmYecTBe (DAETMBI B BepXy KOAOHHHI (3apaHHOM Q,/D) ocraercs
HEU3MEHHBIM AASL ATOOOTO CeueHMsI KOAOHHEI, TOTAa KaK IIOAOKeHUe Todek G u
g 3aBUCUT OT PacCMaTPUBAeMOro CeueHwUs.

hH

Hw(
Q
\v
C
h, . a
Hy T
hF
Q
)
h, T
Puc. IV-11. PaGoumne Amn-
HUM BepxXHel 4YacTu Ko-

AOHHBI Ha DJHTAABIIMIHON 0
Auarpamme
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TakuM 0o6pa3oM, Ha 3HTAABIIUNMHON AMarpaMMe Ka>KAOMY CeUeHHI0 KOAOH-
HBI MeKAYy ABYMS CMeKHBIMHU TapeAKaMH COOTBETCTBYeT CBOsI pabouas AMHUS,
IPOXO0A4IIasa 4yepes3 IIOAIOC P, a n TapeaKaM, PaclOAOKeHHBIM B KOHIIeHTpAalu-
OHHOM 4YaCTH KOAOHHBI, OYAE€T COOTBETCTBOBATH IIYYOK M3 N IPSAMEIX, IPOXO-
AAIIUX depes3 NoAtoc P. Ilpy HaAMYMM DHTAABIIMWHOM AMArpaMMBL 3TO OOCTOS-
TEABCTBO IIO3BOASIET AETKO HAWTHU COIIPSI>KeHHBIe COCTaBBHI IIOTOKOB (PAErMEBI X U
IIapoB y, OTBeYalolllle YpaBHeHUIO pabouell AMHUU. Habop Takux IIap COCTABOB
AaeT BO3MOJKHOCTb IIOCTPOUTH PabOYyI0 AWHHIO Ha AMAarpaMMme X—y C y4eTOM
U3MeHeHUd INOTOKa (DAeTrMBI IO BBICOTE KOHIJEHTPAIIMOHHON YacTU KOAOHHBI
(cm. panee).

Ilpu BEIOpAaHHOM cOCTaBe pPeKTu(UKaTa y, MOAOKEHHUe INOoAroca P 3aBucur
OoT moToKa (aerMel g/D uAW, YTO TO ’Ke caMoe, OT BEAWYHMHBLI TENAOOTBOAA B
Bepxy KoAoHHHI Q.,/D. C yBeamdeHumeM mnortoka g/D moatoc P GypeT mepeme-
uaThbCst BBepx U npu (g/D) — o yiaeT B 6€CKOHEYHOCTb, a pabouyue AMHUU
CTaHYT IaparAeAbHBIMHU BEPTUKAABHBIMU IPSIMBIMHY, T.€. X = V.

Hanboaee HHU3KOe MOAOKEHHE MOAIOCA P, COOTBETCTBYeT PeXUMY C MUHHU-
MaABHBIM (PAETMOBBEIM YMCAOM (Q,/D),n, TIPU KOTOPOM, KaK MBI YBHUAHUM AAAee,
YUCAO TeOPEeTUYEeCKUX TapeAOK B KOAOHHe OeCKOHEUYHO BEeAUKO, a Maphl, MOCTY-
Haroljde B KOHIIEHTPAIIMOHHYIO YaCTh KOAOHHEI, HAXOASATCI B PABHOBECUU C
KUAKOCTBIO, CTEKAIollel U3 KOHIIEHTPAIIMOHHON YaCTU B CEKIINIO IIUTAaHUS.

YpaBHenue (IV.31) m03BOASIET OIPEAEAUTH ITOTOK OPOIIEHUs B AIOOOM ce-
YeHUHW BepXHEW 4YacTU KOAOHHBI M TEM CaMBIM OII€HWUTH CTelNeHb W3MEeHEHUS
MacCHI IIOTOKa (PAErMBI IO BBEICOTE KOAOHHEL. OTO H3MeHEeHHe MacChl IIOTOKa
bAerMBl MOJKET OBITh YUTEHO IIPH IIOCTpOeHUU pabouell AMHUM BepxXHeW 4acTHu
KOAOHHBI Ha AuarpaMMe x—V.

AAd HIDKHEUM 4acTh KOAOHHBI MOTYT OBITH NIPOBEAEHBI QHAAOTUYHEIE IIpe-
obpasoBaHud. COCTaBUM TENAOBON OAraHC AAG YAaCTU KOAOHHBI, PACIIOAOKEH-
HOW HUJKe IIPOU3BOABHOTO cedeHUs 4—4 (cMm. puc. IV—15, xkouTyp IV):

gh, + Qy = GH; + Wh,, .

IMockoapky g = G + W, MOXeM 3aluCarThb:
Q
(G+W)h, = GH; + W(htw - WBJ

C yuetom BeIpakenud (IV.28) nmoayuum
(G + W)h, = GH, + Why,,.

[MocrepHee ypaBHEHNE IIPHUBEAEM K BUAY:

ComnocraBuB NOCAepHee ypaBHeHUe ¢ ypaBHeHueM (IV.12) maTrepuarbHOTO
0anaHCa, IIOAYUYEHHOTO AAS TOTO JKe KOHTYpPa, NPUAEM K CAeAyIOIleMy ypaBHe-
HHUIO MaTepHaAbHO-TEIIAOBOTO OaraHca:

ST w X Xw (IV.32)
W  Hrp -k y-Xx

Ha saTanenuiiHON Amarpamme (puc. IV-12) 3TO0 ypaBHeHHe HNpeACTaBAEHO
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Puc. IV-12. Paboyue AMHMY HIDKHEH 4aCTU KOAOHHBI Ha DHTAABIIMAHOM AMarpaMme

IPSIMOM, MPOXOASIelN Yepe3 TPU TOYKHU: paHee M3BECTHBIN mMOAfoC P’ (xy, hy,)
(cm. Takxke puc. IV-10), G(y, H;) u g(x, h,) (cMm. puc. IV-12).

YpaBHenue (IV.32) cBA3BIBAET COCTaBbl M OJHTAABIUU BCTPEUYHBIX IOTOKOB
(bAerMBI U IIapOB, SIBASIONIUXCS BCTPEUYHBIMM Ha OAHOM YpPOBHE; 3TO ypaBHEHUe
paboueil AMHUM HUKHEN YaCTH KOAOHHHI.

Ka>xpoMy cedeHUIO HUJKHEM 4aCTU KOAOHHBI COOTBETCTBYeT CBOS pabouas
AWHUS, TPOXOAsdIas depe3 moAatoc P'. Takum obGpas3oM, Bce paboume AWMHUU
HIDKHENW 9aCTU KOAOHHBI OOPA3yIOT IIYYOK IIPSAMBIX, IIPOXOAMAIINX UYepe3 IIOAIOC
P'. O5T0o 0OCTOATEABCTBO MO3BOASIET IMOAYYUTH Ha IHTAABIWMHOM AMarpaMme co-
BOKYITHOCTb TOYEK {X, Y}, KOODAMHATHE KOTOPLIX OTBEYAIOT YPaBHEHUIO pabo-
Jell AVHUM HIJKHEHU 4acTh KOAOHHEL. [lepeHecs 3THM TOYKM Ha AMArpaMMy X—vy,
MO>XHO IIOCTPOUTH PabouylO0 AMHUIO A CAydasl M3MeHeHHs IIOTOKOB IIapoB M
(dAerMbl IO BLICOTE HU)KHEM 4acTU KOAOHHBI (CM. Aanee).

YpaBHenue (IV.32) npuMeHUMO AAS AIOOOTO CeUueHUsT HU)KHENW 4acTU KOAOH-
HBl U AA€T BO3MOKHOCTH ITPOAHAAM3UPOBATH CTElleHb U3MEHEHUS MOTOKOB Ma-
POB U (PAETMEI IIO BLICOTE amlapara.

[Tpu 3apaHHOM COCTaBe OCTATKa Xy, ITOAOJKEeHUe MOAloca P’ 3aBUCHUT OT OT-
HOCUTEeABHOU Macchl mapoB G/W uAmM, 4TO TO JKe camoe, OT BeAWYUHBl Qgz/W.
C yBeAMYeHHEM IIOTOKa IIapoB IOAIOC P’ OGyAeT IepeMelaTbCsi BHU3 U IIPU
(Qe/W) — oo yiipeT B 6€CKOHEYHOCTb. B 3TOM cAydae paboure AMHUU OOpPa3yioT
CHCTEMY BepTUKAABHBIX IAapPaAAeAbHBIX NpsAMEBIX. Haunboaee BBEICOKOe IOAOKe-
HHUe ImoAtoca P, cOOTBeTCTByeT peXXHMYy C MHHHUMAABHBIM IIOTOKOM IIapOB
(Qg/ W), iny KOTA@ YUCAO TAPEAOK B KOAOHHE OECKOHEYHO BEAWKO, a Taphl, TTOA-
HUMAIOITUECS M3 HUKHEN YaCTU KOAOHHBI, HAXOASATCS B PaBHOBECHUUM C KHUAKOC-
TBIO, CTEKAOIel B HUKHIOK YaCTh KOAOHHHI.

123



W3 aHann3a 0000IIeHHOMN 3allCU YpaBHEHUM paboumx AUHUN C
YUETOM TEeNAOBEIX MOTOKOB [cM. ypaBHeHus (IV.31) u (IV.32)] BmITeKaeT, 4TO
BCAEACTBHE BO3MOJKHOT'O M3MEHEHUS JHTAABIIUN BCTPEYHBIX ITOTOKOB IApOB U
(AerMBl 3aBUCHMOCTb MeXAY COCTaBaMHM 3THX IIOTOKOB (ypaBHeHHe pabouel
AWHNU) MOXKET OBITh HeAWHeMHOM. ITOCKOABKY TaHTeHC yraa HakKAOHa paboueit
AVHUU paBeH:
R

AASI KOHIIEHTPAITMOHHOM YacTU KOAOHHEI D = = 1;
+

. m+1
AAST OTTOHHOM YacTU KOAOHHBI O = o

TO IIpW HW3MEHEeHHW MIOTOKOB II0 BEICOTe ammapara @ OyaeT BeAWUYMHOHN Ilepe-
MEeHHOY, 3aBUCAIIeN OT XapakTepa 3TOTO U3MeHeHUH.

CrenleHb H3MeHEHHMsS MAcChl IIOTOKOB, a TaKKe XapaKTep W3MeHeHUs
(yMeHBIIIeHE UAM YBeAWYEHHe [0 BBICOT€ KOAOHHBI B COOTBETCTBYIOIIEM Ha-
IIPABA€HUM) 3aBUCAT OT OTHOIIEHUSA NMOTOKOB g U (G, UX COCTABOB M 3HTAABIINM,
OIlpeAeAsieMBIX BEeAMUYMHAMM TEeIIAOEMKOCTeM M CKPBITBIMM TeIIAOTaMHU MCIape-
HUS (KOHAEHCAIMM) KOMIIOHEHTOB, YU4aCTBYIOIIHUX B IIpoliecce.

B peKTu(UKaIUOHHON KOAOHHE OCYIIEeCTBASETCSI KOHTAaKTHPOBAaHMHE IIapOB
U JKUAKOCTH. B pe3yabTaTe TaKOro KOHTAaKTa B IIPOU3BOABHOM CEeYeHUU KOAOH-
HBI IIapbhl OXAAQKAQIOTCSA M YaCTUYHO KOHAEHCUPYIOTCS, @ BBIAEASIONIeecd IIpU
5TOM TENAO 3aTPAYMBAETCSA HA HarpeB U YaCTUYHOE MCIIapeHUEe JKUAKOCTH.

OueBHAHO, UYTO Macca JKHAKOCTH, IOCTYIAIOIel Ha AAHHYIO TapeAKy U
yXOASAIIEN C 3TOM >Ke TapeAKHd, He U3MEHSeTCs, eCAU B pe3yAbTaTe IIPOUCIIEA-
1Iero KOHTaKTa NapoB M JKHUAKOCTH Macca CKOHAEHCHPOBAHHBIX IIapOB OYAET
paBHa Macce HCIApPUBIIENCS >XUAKOCTH. EcAM B pe3yabTaTe TAKOrO KOHTAK-
Ta Macca CKOHAEHCHPOBABIIMXCSA IIapOB OyAeT OOABIIe MacChl MCIapUBIIEN-
Cc JKUAKOCTH, TO Macca CTeKawllel C AGHHOU TapeAKH (hAerMbl OypAeT OOAb-
IIe MacChl (DAerMBbl, IIOCTYIHBIIENM Ha AQHHYIO TapeAKy. B aTom caydae mo-
TOK (prerMBl OyAeT YBEeAMUMBATHECS IO HAIlpaBA€HMIO CHU3Y BBepxX. COOTBeTCT-
BEHHO OyAeT H3MEHSThCA M IIOTOK IIapOB B KOHIIEHTPAIIMOHHOM 4YaCTH KO-
AOHHBHI.

B pesyabTaTe 3THX mIpoIneccoB paboudasd AMHHSG KOHIIEHTPAIMOHHOM YacTU
KOAOHHBI IIpUOOpeTaeT COOTBETCTBYIOIIYIO KPUBU3HY (puc. [V-13).

Kak BupHO u3 puc. IV-13, pad KpuBom I, COOTBETCTBYIOIIEM HAapacTaHUIO
IIOTOKa (PAETMBI (IIapOB) CHU3Y BBEPX, MMeeM MAKCHUMAABHYIO ABUJKYIILYIO CHUAY
IpoIlecca, TOTA@ KaK A KPUBOM 3, OTBeuarolllel CAydYal0 BO3pacTaHUS IIOTOKa
bAeTMEI (IapOB) CBEPXY BHU3, UMeeM MUHUMAABLHYIO ABIDKYIIYIO CHAY IIPOIlecca.
B sToM cMmeIcAe hbopMa pabouel AMHUU | 9BASIETCS NIPEAIOYTUTEABHOMN.

AAS HIDKHeM (OTTOHHOM) Y4acTU KOAOHHBI ypaBHeHme (IV.32) paboueln Am-
HUUY, 3allMCAaHHOE C Y4eTOM IIOTOKOB MACCHl M TellAd, OIpejpeAseT KOHQUrypa-
nuoo pabodeil AMHUM Ha AuarpaMMme x—y (cM. puc. IV-13). Kak u B BepxHel uac-
TH KOAOHHEI, COOTHOIIIeHNe IIOTOKOB IIapoOB, CKOHAEHCHUPOBAHHBIX B Pe3yAbTaTe
KOHTAaKTHUPOBAHUSA C (pAerMOM, M UCIApPUBLIENCS IPU 3TOM (PAETMBI OIIpeAeAsieT
CcTelleHb KPUBU3HEL U ee 3HaK. ECAM Macca MOTOKa MapoB (KpuBas 4) Bo3pacTa-
€T CHHM3y BBepX, TO paboyas AWHUA OOpallleHa BBIIYKAOCTBIO BBepx. Ecam ke
Macca apoB YBEAUUMBAETCS CBEPXy BHHM3 (KpuBad 6), To pabouas AMHUA OOpa-
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Puc. IV-13. VI3aMeHeHne KOHdUrypamum pa-
0oyell AMHMM Ha Auarpamme X&y mpu mepe-
MEHHOM IOTOKe (haerms! (mapoB) mo BbICOTE
KOAOHHBI:

IToTok (haermMbl B KOHIEHTPAIIMOHHOM 4ac-
TH: | — yBeAMUYUBaeTCsa CHU3Y BBepx; 2 —
IIOCTOSIHEH; 3 — yMeHBIIaeTCs CHU3Y BBEpPX;
IIOTOK IIapOB B OTTOHHOM 4YacTH; 4 — yBeAU-
4YMBAETCSI CHU3Y BBEpPX; 5 — IOCTOSIHEH; 6 —
YMeHBIIaeTCsl CHU3Y BBEpPX; 7 — KpHUBas paB-
HOBecud a3

IIleHa BBITYKAOCTBIO K ocH abcuucc. C TOUKM 3peHUS BEAWYHWHBI ABVJKYILEN CH-
ABL IIPOIleCCa 3TOT BAPUAHT SABASIETCS OOAee OAATrONPUSTHBIM.

Takum obpasoM, Ipu peKTUDUKANUM OMHAPHBIX CMecell B CAydae YBEeAU-
YeHUS IMOTOKOB (PAETrMBI U IIAPOB K IIPOAYKTOBBIM KOHIIAM KOAOHHBI YAQeTCd
pearn30BaTh OOABIIVIO ABIDKYIIYIO CHAY IIpPOIlecca Maccollepepadd II0 CpaBHe-
HUIO CO CAy4aeM IIOCTOSSHHOTO IOTOKa (DAErMEI (IIapoB).

[MTpu paboTe pearbHONM PEKTUMUKAIIMOHHON KOAOHHBI BO3MOJKHBI Pa3AWY-
HBble COUETAHUsI PACCMOTPEHHBIX BHIIIE CAydYaeB U3MeHEeHUs KPUBU3HBEL paboumx
AMHUM B 00eHX 4acTIX KOAOHHHI.

OHTaABIIUMHBIE AMArpaMMBl IIO3BOALIOT IIPOM3BOAUTH BCe He-
00XOAUMEBIE pacyeThl PeKTU(UKAIIMKU OMHAPHBIX CHUCTEM, OAHAKO AAS OIpeAe-
AEHUSA NOAOKEHUS KOHOA HA JHTAABIIMWHOM AuarpamMMe TpeOyeTcs IIPUBAEKATh
rpacuky U300apHBIX TeMIIePATypPHBIX KPUBBIX. OTO CYIIeCTBEHHO YCAOJKHSET
rpacdruueckyre MOCTPOEHMS C UCIOAB30BAHUEM 3HTAABIUMHBIX AUArpaMM.

l3MeHeHUe NOTOKOB IO BBICOTE KOAOHHBEI MOJKHO BBIIBUTH, KaK 3TO OBIAO
IIOKa3aHO paHee, C UCIOAB30BaHUeM ypaBHeHul (IV.31) u (IV.32) pabouux Au-
HuM. OAHAKO AT 3TOTO HEOOXOAMMO 3HATh paclIpeAeAeHUe TeMIepaTyp IO BEI-
COTe ammnapara, 4YTO 3a4acTylo TpeOyeT AOCTATOYHO T'POMO3AKUX PACYeTOB.

B cayuae U3MeHSIONINXCS IIOTOKOB (pAErMBl U IIapOB IIOCTPOeHMe Pabodux
AWHUM Ha AMarpamMMe Xx—y AAd 0o0emX dYacTeld KOAOHHBI AOCTATOUYHO IIPOCTO
OCYIIeCTBASETCS IIPU IIOMOIY 3HTAABIIUNWHON AuarpaMMel. CXeMa TaKOro IOCT-
poeHus nNpuBeAeHa Ha puc. 1V-14,

B cooTBeTcTBUU C OOIIMM CBOMCTBOM DHTAABIUWHOW AMarpaMMBI BCe pa-
Ooume AMHUM SBASIOTCA Ha HeEU IPAMBIMH, KOTOPBIE AAS KOHIIEHTPAILMOHHOU

5

YacTH KOAOHHEI IIPOXOAMAT udepes IoAtoc P(y,, Hj), a AT HUKHEH 4acTU KO-

AOHHBI — uepe3 moaoc P'(x,,, h,). Touku mepecedeHUs] ITUX HPSMBIX C KPHU-
BBIMU JHTAABIIUU JKUAKOM M NMApOBOM (pa3 OIpPEeAEAdIOT COOTBETCTBYIOIINE KOH-
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Puc. IV-14. IToctpoeHne paboyux AMHHH IIPUA IMOMOIIM SHTAABIIUIHON AWarpaMMbl:
a — DHTAABIIUMHAS AMarpaMMa; 6 — AuarpaMma X —Y

neaTpanuu HKK B >KUAKOCTH X U Ilape y, IpHHapAeXXaljue pabouell AWHUM B
KOOpAMHATaX X, V.

Hanecsa nonaoskeHme moatocoB P u P’ Ha SHTAABIUUHYIO AMarpaMMy, IIpOBO-
AWM W3 3TUX IIOAIOCOB psip Ayuett P — [—1'' P — 2-2'... u P' — 6'—6, P —
7' — 7,... Ha sHTaAnbnuiiHOW AmMarpaMme abcrmcchl Touek 1, 2, 3,..., 10 xapakTe-
PHU3YIOT COCTaBHI ITapoB y, Touku ', 2', 3',..., 10’ — >KUAKOCTH X AAS IIOTOKOB
IIapoB U (DAETMEI, IBASIOINIUXCSI BCTPEUYHBIMU Ha OAHOM YPOBHE, T.e. COIPSIKEeH-
HBIMU TOYKaMU pabouel AMHMU B KOOPAWHATAX X, V.

Ilepenecs ToOuKu C KOOpAMHATaMu (X,, ¥,), (X,, ¥,) U T.A. Ha AHMarpaMmy
X—y, IIOAyYUM TOYKH [, 2 U T.A., 4Yepe3 KOTOpPBble MOJKHO IIPOBECTU IIAABHYIO
pabouyr0 AWHUIO KOHIIEHTPAUMOHHOM YacTH KOAOHHEL. UMCAO TOYEK MOJKET
OBITH B34TO AOCTQTOYHO OOABIINM, YTOOBI IIOAYYUTH IINAGBHYIO KPHUBYIO pabouel
AWHUM.

Pabouast AvHUS HUJKHEW 4aCTHU KOAOHHBI CTPOUTCSI @HAAOTMUHBIM 00pasom,
C WCIOAB30BaHUEM IIOAIOca P'. B 3TOM cAydae IoAydaeM COIpPSKEHHBIE Iaphbl
KOHIIeHTpauuu (Xs Vo), (X7, ¥y) ¥ T.A., SBASIONIHMeCS TOUYKAMU pabouyell AMHUMN
HIDKHEM 4acTH KOAOHHBI. B pe3yabTaTe moAydaeM COBOKYIHOCTH TOUeK 6, 7 U
T.A., COEAVHUB KOTOpBIE IIAA@BHOM KPHBOM, IIOAYYMM KPHUBYIO pabodyell AWHUMA
AASI HIDKHEN 94aCTU KOAOHHBI.

IMocTpouB yKazaHHBIM CIIOCOOOM paboume AMHUM AAI ODEHX 4YacTel KO-
AOHHBI IIPU M3MEHSIONIUXCS ITOTOKaX (PAErMBI U IIapOB, MOXKHO Telleph OIIpeAe-
AUTBb MACChl 3TUX IOTOKOB AAS AIOOOTO CeueHHS KOAOHHBI, B35IB COOTBETCTBY-
IolllMie KOHIEHTPaUM C KPUBBIX PabOUYMX AMHUMN U HUCIOAB30BaB COOTBETCTBY-
[OIIe BBIPaKeHUS:

ypaBHeHue (IV.5)

Yp—Y.
y-x

g
D
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ypaBHeHue (IV.12)

G _x-Xy
W y-Xx
MHAeKCH HOMEPOB TapeAOK Yy 0O003HAYeHUM NMOTOKOB 3AeCh ONYyIIEHBI, TaK
KaK OHHM OTHOCATCS K IIPOU3BOABHOMY CEUEHHUIO.

Ilpu pacyeTax peKTU(PUKANUOHHBEIX KOAOHH OOBIYHO OIPEAEASIOT IIOTOKU
AAS YeTHIpEX CEeUEHUM KOAOHHBI

BepX U HU3 CEeKLIVU NMUTAHUA — IOTOKU G, = GNO + G u gy, GNO, a Tak-
Xxe g, = g, + gr (cM. puc. IV-8);

BepX KOAOHHBI TOA TapliMaAbHBIM KOHAEHCATOPOM MAM IOA BepxXHeU Ta-
PEAKOM KOHIIEHTPAIMOHHOW YacCTU KOAOHHBI IIPU APYTHX CIIOCOOAX CO3AaHUSA
OpOIIIEeHUS;

HU3 KOAOHHEI IIOA HUJKHEU TapeAKOW OTTOHHOMW YacTH.

B cnenuanbHBIX CAydYasixX (HaAMuMe LIMPKYASIIMOHHOTO OPOIIEHUS, BBIBOA,
OOKOBBIX ITIOTOHOB U AP.) HEOOXOAUMO TaK’)Ke OMPEAEAUTh MOTOKU B COOTBETCT-
BYIOIINX AOIIOAHUTEABHBIX CEUEHHUSIX.

TIPAAAEATEA xENEA OATPAOEXANEEOD OADAETE
ADAOExANEET TAOTATIT TA AEAADAT TA X-Y
OAHOM M3 OCHOBHBIX IleAeM pacueTa PeKTUPUKAITMOHHOU KO-
AOHHBI SIBASIETCS OIIPEAEAeHMEe UYMCAA TapeAOK, HEeOOXOAUMEBIX AAS Pa3pereHUsd
AAHHOM CMeCcH Ha peKTU(UKAT COCTaBa y, U OCTATOK COCTaBa Xy, IPU HPUHI-
TBIX BEAWYWHAX (PAETMOBOTO M MAPOBOTO YMCEA W W3BECTHOW KPUBOM paBHOBE-
cuga das.
PaccmoTpuMm rpaduueckoe oIpeApeAeHUe UYHNCAAd TeOPEeTUYEeCKUX TapeAoK
AT BepXHeM 4aCcTU KOAOHHHBL. I1ycTh TpeOyeTcsl MOAYYUTH PeKTHU(UKAT COCTaBa
yp. Pabouas AuHusA BepxHel yacTu KOAOHHBI BD (puc. IV-15) mpoxoauT uepes
TOUKy D C KOOpAWHATAMHU X = y = Y,
INaper pekTuukara cocraBa y, MNOAYYEHBI IOCAe MPOXOKAEHHUSI uepes

1y

Puc. IV-15. T'padunyeckoe ompeprereHUe YKC-
Ad TEOpPeTHYECKUX TapeAOK AAS BepXHeil
YacTH KOAOHHBI Ha AuarpamMme X—y
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[apLIUaAbHbIA KOHAGHCATOD NOTOKA HAapoB Gy , YXOAAIMX C BEPXHeH TapeAKd
KOAOHHBI ¥ UMEIOILIUX COCTaB y, (CM. Takxke puc. IV-5). B mapruarbHOM KOH-

AE€HCaATope, KOTOprfI IIPUHUMAETCA 3KBHUBAAEHTHBIM OAHOMU TeOpeTH‘IeCKOﬁ Ta-
peake, dYacCTb ITUX IIapOB KOHAEHCUPYeTCd U o6pa3yeT IIOTOK q)Ael"MBI

9p = Gn,.1 COCTaBa x5,. CocTaB paerMbl X, OyAeT HAXOAUTBCS B PABHOBECUU C

IapaMy peKTHu(UKaTa COCTaBa y, U MOXKeT OBITh OIIpeAeAeH IIPU IlepecedyeHUuu
OPAMHATHL V, C KPUBOU paBHOBecHs (Touka [). OueBHMAHO, UTO abciucca TOYKU

1 paBHa x},. [TOTOK >KUAKOCTH COCTaBa X; MOCTYIaeT HAa BEPXHIOID TapeAK
D D D

(ee HOMep N,) KOAOHHBI, @ HaBCTpPe4y 3TOMY IIOTOKY JKHMAKOCTHU C BEpXHEU Ta-

PeAKH MOAHMMAeTCsl MOTOK mapoB Gy cocTaBa yy . OTH BCTPeYHbIE IIOTOKH

OTBeYaroT YPaBHEHUIO paboYedl AWHHUM, U [IOITOMY COCTaB IapoB Yy, MOJKET
OBITH HAVIAGH IPU IepecedyeHuu abCIUCChl X, C paboueil AWHUWEH B TOYKe 2,
OpAMHATA KOTOPOU ¥ OGyAeT paBHa Yy, .

C BepxHell TapeAKU CTEKAeT IMOTOK (PAETMBI COCTaBa Xy , KOTOPBLIM IOAY-

YeH IIpu B3aMMOAENCTBUM JKUAKOCTH COCTaBa X;, cTeKarouen m3 IIapIXUAABHOTO
KOHAEHCATOpQ4, W IIOTOKA IIapOB COCTaBa YNK—l' IIOAHMMAIOIIIErocd C HHXKeAe-
>Ka1ue151 TapeAKHU. CocraBsl XNK n YNK IIOTOKOB, IMOKHWAAQIONIIMX BEPXHIOIO Ta-

PeAKYy KOAOHHBI, HAXOASTCS B PAaBHOBECHH U Ha AMarpaMMe X—Y, OTBedYaroT TOdU-
Ke 3, abcrucca KOTOPOH U AQeT 3HaYeHUe Xy .

Mesxay Tapeakamu N, B N,—1 JKHAKOCTB cOCTaBa X, BCTpedaercs C Ia-
paMu cocraBa Yy, _;; 9TH COCTaBbl OYAYT OTHOCHUTBCS K PabOued AMHHM, OPAHU-
HaTa TOYKU 4 KOTOPOU paBHA Yy ;-

[TpopoasKass aHAAOTUYHBIE PACCYKAEHUS, IOAYYHUM COCTAaBBHI I1apOB, IOAHU-
MAIOIIUXCA C AIOOOM TapeAKM KOAOHHBl, M COOTBETCTBYIOIIWE UM COCTaBHI
(pAerMbl, KOTOPEIE OIPEAEAdIOTCS MPU MOCTPOEHUM CTYIeHYaTOM AOMAaHOU AU-
HUM MeXXAYy KpHUBOM paBHOBecud a3 u paboueil amHuen D—[—2—3—,.., —7-8.
ITocTpoeHue 3aBepIaeTcsi, KOTAQ COCTaB >KMAKOCTH X;, CTeKalolllel C HUKHEU
TapEeAKM KOHI[€HTPAIIMOHHOM YacTH KOAOHHBI, M COCTaB IIapoOB V, IOCTyIIaio-
IIUX W3 CEeKUMU NUTaHus, OyAyT OoTBedaTh TpeOyeMbIM 3HaueHUsIM. CoOCTaBHI
3TUX IIOTOKOB, SBASIIOIIMXCS BCTPEUHBIMU Ha OAHOM YPOBHE, OIIPEAEASTIOTCS
ypaBHeHUeM pabodel AMHUU (Touka §).

O4eBUAHO, UYTO YMCAO CTYIIEHEN Me>KAY PaBHOBECHOM U pabOYMMU AMHUSMU
U AQeT YUCAO TEOPETUUYECKUX TapPeAOK, HEOOXOAUMBIX AAS M3MEHEHWS COCTaBa
mapa oT ¥y, Ha BXOA€ B BEPXHIOIO YaCThb KOAOHHEI AO Yy, COCTaBa peKTHUUKaTa.
B AaHHOM IIprMepe YUCAO TEeOpPeTUYEeCKUX TapPEeAOK PABHO 4.

3aMeTHUM, 4TO B AQHHOM IIpUMepe CTylleHb U3MeHeHMsI KOHIleHTpanuu D —
1—2 cBg3aHa ¢ HaAMYMEM NAPUUAALHOTO KOHGEeHCamopd, HTPUHSATOTO 3a OAHY
TEOPETUYECKYIO TapeAKy. B caydae Apyrux cmocoboB OTBOAA TENAa B BepXy KO-
AOHHHI (CM. AaAee) 3Ta CTYIIeHb OTBeYaeT BEPXHEW TapeAKe KOAOHHHI.

IMpu rpaduueckOM IIOCTPOEHUU UYHUCAA TEOPETHUUECKUX TapeAOK MOIKeT
0Ka3aThbCsl, YTO IIPU NIPUHATOM (PAErMOBOM UUCAE IIOAYYEHHOE YHCAO TeOpeTH-
YeCKUX TapeAOK B HMHTepBare H3MeHeHHs KOHIeHTpalud mapa OT Yy, AO Vp
OKa’keTCsl He IIeABIM, T.e. IIPU IIeAOM 4YHCAe TapeAOK COCTaB Y, (MAM y,) OyaeT
IIOAYYEeH AMOO € U30BITKOM, AUOO C HEAOCTATKOM. UTOOBI NOAYYUTH ILleAOe YHC-
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AO TeOpeTHYeCKUX TapeAOK MOJKHO OBIAO OBl HECKOABKO U3MEHHUTh IIOTOK
OpOIIIeHHUs], OAHAKO 3Ta IIpoIlepAypa CBsI3aHA C METOAOM IIOCAEAOBATEABHBIX
NIPUOAVKEHUY, U €0 NMPAKTUYEeCKU He NOAB3YIOTCI. OOBIYHO HWAM IIPUHUMAIOT
OAm>Kaiiliee OOABIIIEe IIeAOe YHMCAO TEOPEeTHUEeCKUX TapeAoK, obecrieuuBas He-
KOTOPBIM 3alac KadeCcTBa MOAYYaeMOro PeKTHU(DUKATAa, UAU IIPOU3BOAAT AMHEU-
HYIO MHTEPIOAIIIUIO AOAM TEOPEeTHYEeCKOM TapeAKU IIPOIOPIMOHAABHO U3MeHe-
HHUIO COCTAQBOB IIapOB UAU JKUAKOCTH Ha 3TOM y4acTKe KOAOHHEL. B 3TOM caydae
YUCAO TEOPETUUECKUX TapeAOK OyAeT APOOHBIM.

W3 npoBepeHHOTO rpaduyecKoro IMOCTPOEHU YHWCAA TeOPeTHYeCKUX Tape-
AOK BUAHO, UTO OHO 3aBUCHUT OT IOAOKeHUS pabodyel AWHUM, T.e. OT BEAMYUHBI
darermoBoro uncra R = g/D. Ipu yBeamdueHUM (PAETMOBOTO UYHCAA pabodasi AH-
HUS IPUOAMIKAETCS K AMaroHaAUd AMarpaMMbl X—y, IIOBOPAuYUBasiCh BOKPYT TOUYKH
D. 3To NpUBOAUT K YMEHBIIEHUIO YMCAA TeOPeTUYeCKUX TapeAoK. [Ipu yMeHb-
LIeHUU (PAETMOBOTO YHCAA pabouast AMHUS IPUOAMIKAETCSI K KPUBOW PAaBHOBECUS
da3, a He0OOXOAMMOE YMCAO TaPEAOK YBEAMUYUBAETCH.

MUHUMAABHOMY YUCAY TEOPETHYECKUX TAPEAOK B BEPXHEM YaCcTH KOAOHHBI
OTBeYaeT CAyd4all pabOThl KOAOHHBI C OECKOHEUYHO OOABIINM (PAETMOBBIM YHUC-
AoM R = g/D — o (uam @ = 1). Ilpu aToM pabodas AMHUSI COABETCS C AHMAro-
Haablo OA. AOMaHYIO AUHUIO, ONPEAEATIONIYIO YHNCAO TEOPETUYECKUX TapeAoK, B
3TOM CAydYae CTPOST MeXXKAy KPUBOM paBHOBecus (a3 um amaroHarbio OA aAua-
rpaMMBl X—.

ITpu yMeHbIIEHNN (DAETMOBOTO YKUCAQ YUCAO TEOPETUUYECKUX TAPEAOK OyAeT
YBEAUUUBATLCSI U CTAHET PABHBIM OECKOHEUYHO OOABIIONM BEAWYMHE IIPU MUHU-
MaAbHOM (paermoBoM unucae R = (g/D) .

[MTocTpoeHue yucAa TapeAOK B KOHIEHTPAIJMOHHOMN YaCTU KOAOHHBI MOJKHO
BeCTH TaK)Xe HauMHasg OT COCTaBa MapoB Y, NOCTYHAIOUINX K3 3BAllOPAIlMOHHO-
ro IPOCTPAHCTBA B BEPXHIOIO YaCTh KOAOHHEI. B 3TOM cAydYae IOCTpOeHHe 3a-
KaH4YMBaeTCcd B TouKe D, OTBedarollel 3aAaHHOMY COCTaBY PeKTU(UKATA Vp.

Yucao TeopeTudeCcKUX TapeAOK B OTTOHHOM YaCTU KOAOHHBI OIIPEAEASETCS
C TIOMOIILI0 @HAAOTUYHEBIX ITocTpoeHud (puc. IV-16). Pabouas aunus WC ompe-
AEAseTCs TIOAOJKeHHeM TOUKU W, uMelollell KOOPAMHATEL X = YV = Xy, U BeAu-
YUHOM mapoBoro uucaa [1 = G/W.

IMpu nmopBoAe Temmaa B KoandecTBe Qg B HM3 KOAOHHBI 00OpasyeTcsd BOCXO-
AAIIVNM MOTOK IIapoB (), COCTaBa Yy, KOTOPHIA OyAEeT HaXOAUTHCS B PABHOBECUU

1y C A
o o

Mo
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Puc. IV-16. I'papuyeckoe ompepereHue 4uc- y=x,
Ad TEOPEeTHYECKUX TapeAOK AAS HIJKHER Ix

YaCcTH KOAOHHBI Ha AMarpamMme X—Yy 0 XX, X, Xy X
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C JKUAKUM OCTaTKOM COCTaBa Xy. [103TOMYy yKa3aHHBIE COCTaBHl OYAYT OIIpeAe-
ASITBCSI KOOPAMHATAMU TOUKM [, HaXOAMAIIEeHcs Ha KpUBOM paBHOBecus da3. Op-

AVMHATa TOYKU | OIpeAeAsieT COCTaB MapoB V.

TTop HUKHEM TapeAKOH Mapbl COCTaBa Y, BCTPEUAIOTCS C IIOTOKOM JKHA-
KOCTH ¢, COCTaBa X,, CAEAOBATEABHO, 3TH COCTABHl OIIPEAEATIOTCS YPaBHEHUEM
pabouel AMHHU, abclucca TOUKM 2 KOTOPOM AaeT cocTaB (bAerMBl X,. [laphl
cocTaBa y, U (hAaerMa COCTaBa X, IOKMAAIOT HUJKHIOIO TAPEAKY KOAOHHBI M IIO-
3TOMY HAXOAATCS B paBHOBecuH. CoOCTaB IIapOB y, OIPEAEASIeTCS OPAMHATOU
TOYKM 3 Ha KPUBOU paBHOBecus as.

CocCTaBHl JKUAKOCTU X, , CTEKAlolllel C BhIIIeAesKallled TapeAKd, U BCTped-
HBIX IIapOB Y, OTBeuYaloT YpaBHEHUIO pabouel AMHUM, abcljucca TOYKU 4 KOTO-
POM AQeT COCTaB X, .

[TpOAOAKMB @aHAAOTUYHBIE ITOCTPOEHMS, MTOAYYUM CTyIEeHYaTyI0 AMHUI0 W—
1—2—,...,— 7—8, pacnorOXeHHYIO MeKAy KPHUBOM paBHOBecud ¢a3 U pabouelt
AnHHer. KooppuHATE TOUKM 8 Ha pabouell AMHUU OIPEAEAdIOT COCTABHI IIapOB
YN, TMOAHUMAIOLIMXCS C BEPXHEH TapeAKU OTTOHHOM YaCTH KOAOHHEBI, U JKUA-

KOCTH X, CTeKalollle¥ M3 3BalOpPallMOHHOTO IIPOCTPAHCTBA B HIKHIOIO YacCTh
KOAOHHHI.

YUncAO NOCTPOEHHBIX CTylleHeN MeXXAy pabouell M PaBHOBECHOW AWHUSIMU
COOTBETCTBYET UUCAY TEOPETHUYECKHUX TapeAOK, HEeOOXOAMMBIX AASI U3MEHEHUS
KOHIIeHTPAIluU KUAKOCTH OT X;,, — COCTaBa OCTaTKa AO X,, — COCTaBa >XHAKOC-
TH, IIOCTyHAaroIllell Ha BEPXHIOI TAapEeAKy HWJKHEU 4aCTU KOAOHHBL. B AaHHOM
IIpuMepe YUCAO TeOPEeTUUYECKUX TapeAOK PaBHO 4.

OTMeTHM, 4TO CTyIleHb U3MeHeHUs KOoHIeHTpanun W—]—2 coOTBeTCTBYyeT
IIOABOAY TellAd K JKUAKOCTH, CTeKalollel ¢ HIJKHeN TapeAKM KOAOHHEI, T.e. OT-
HOCHUTCSA K CHeIUaAbHOMY YCTPOMCTBY, CAY’KAIIeMy AAG 3TOM I[eAM — Kuns-
MUAbHUKY.

Kak u B BepxHeM 4aCTU KOAOHHBI, YHCAO TEOPETHYECKUX TapeAOK B OT-
TOHHOM YacTU MOJKET OBITh KaK IeABIM, TaK U APOOHBIM.

[TpoBepeHHOE TOCTPOEHNE YHCAA TEOPETHUYEeCKUX TapeAOK IIOKa3HBIBaerT,
YTO BTOT NapaMeTp 3aBHUCHUT OT MapoBoro uucha I1 = G/W B HHKHEW 4YacTu
KOAOHHEI, T.e. OT IIOAOJKeHUd pabodell AMHUM. [Ipy yBeAWYeHHWM IIapOBOTO 4YHC-
Aa pabouasg AMHHA IepeMelllaeTcd OAMXKe K AMArOHaAM AMArpaMMBl X—Y, IIOBO-
pauMBasCh BOKPYT ToUuKU W. B 3TOM cAydae YMCAO TapeAOK yMeHbIIaeTcs. Mu-
HUMaABHOE UHMCAO TeOPeTUYeCKUX TapeAOK B HIJKHENM YacTU KOAOHHEI OYAeT
noayuero npu I = G/W — o uau @ = 1, Korpa pabodasi AMHUS COABETCS C
AuaroHanbio. [TocTpoeHUe umcAa TAPEAOK AAG DTOTO CAyYas BBIIOAHSIOT MEXKAY
PaBHOBECHOM KPUBOM M AMAroHAABIO B HHTepBaAe H3MeHEeHMs KOHIIeHTpaluu
(PAETMEI OT Xy, AO X,

Ilpu yMeHBIIEHUM ITAPOBOTO YHUCAA pabovyas AWMHUA IPUOAMIKAETCI K KpU-
BOI paBHOBecHs (ha3, @ HEOOXOAMMOE UYMCAO TeOpeTHYeCKUX TapeAOK YBEeAWdH-
BaeTcsd, AOCTUTasg OeCKOHEUHO OOABIION BEAWUYMHBI IPU MHUHHUMAaABHOM IIapOBOM
yucae [T = (G/W)in-

I'pachrueckoe MOCTPOEHHE UYUCAA TEOPETHUYECKUX TApPEeAOK MOJKHO BBINIOA-
HATh Tak>Xe HauuHasg OT TOYKH, COOTBETCTBYIOLIEM COCTaBaM >KHAKOCTH X, U
apos yy, . [Ipy 9TOM mOCTpOEHHe CTYNEeHYaTON AMHUH 3aKOHYUTCS B Touke W,

COOTBETCTBYIOH.I@IZ COCTAaBYy KUAKOT'O OCTATKA Xy.
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Puc. IV-17. TpaduyecKkoe omnmpepereHNe YHCAA TeOPETUYECKHX TapeAOK AASl IOAHOM KOAOHHBI Ha
AuarpamMme X—y

B pesyapTaTe NpOBeAEHHBIX I'Pa(pUUeCcKUX IMOCTPOEHUU BUAHO, YTO IIO BHI-
COTe KOAOHHBI KOHIIeHTPAaIlUM MapoB M >KUAKOCTH M3MEHSIOTCSI HepPaBHOMEPHO,
4TO ompepeAsdeTcss (opMoM KPUBOM paBHOBecHus pa3 M PacIioAOKeHueM pabo-
YUX AUHUMN.

Brimmre OBIAM pacCMOTPEHBI IrpadUuecKre IOCTPOEHUS YUCAA TeOpeThdYec-
KHX TapeAOK AAS BepXHeUN U HUJ)KHeN 4YacTell KOAOHHBI B OTAEABHOCTH, YTO CO-
OTBETCTBYET PACUETy HEIIOAHBIX KOAOHH. B NOAHOM KOAOHHE, KaK OBIAO IIOKa-
3aHO paHee (cM. puc. IV-9), cocTtaBbl IOTOKOB 00eMX CEKIUM B3aUMHO COIIPS-
raroTCsA NPU NPOXOKACHUM 4Yepe3 3BAllOPAllMOHHOE IIPOCTPAHCTBO, YTO Xapak-
TepU3yeTCcs COOTBETCTBYIONIUMHU IpadUUeCKUMU OCTPOEHUSIMHU, ONPEAEATIOIN-
MU COCTABBI IIAPOB Yy, Yy, YU KUAKOCTH X, Xp.

[Tpumep IOCTPOEHUS YHUCAA TeOPETUYEeCKUX TAPEAOK AAS ITOAHON KOAOHHEI
pU AOAE OTTOHA CBIPhA e IpuBeAeH Ha puc. [V-17.

CocTaBBl NapoOB U JKUAKOCTH B 3BAOPALIMOHHOM IIPOCTPAHCTBE OIIpPeAe-
AdIOT MEeCTO BBOAA CHIPbA 3aAQHHOTO COCTaBa X B KOAOHHY K, CAeAOBa-
TEeABHO, pacIllpepereHre TapeAOK MesKAYy OTTOHHOM U KOHIJEHTPAalMOHHOM!
JacTaMU KOAOHHEL (N, u N,). B npuBeaperHoM Ha puc. IV-17 npumepe N, = 3 u
N, = 2.
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TIDAAAEATEA xENEA OATDAOEXANEEO OADAETE

Yucao TapeArOK B KOAOHHE MOYKHO OIPEAEAUTh Takyke TaK Ha-
3bIBAEMBIM METOAOM "OT TapeAKM K TapeAKe', KOTOPBIM 3aKAI04aeTcs B COBMe-
CTHOM HCIOAB30OBAHUM YPABHEHUM PABHOBECHSA, MATEPUAABHOTO M TEIIAOBOTO
0anaHCOB TTOCAEAOBATEABHO AAS BCEX TapPEAOK KOAOHHHI.

ITockoABKY cocTaB peKTU(UKATA ¥, 3aAdH, pacyeT KOHIEHTPAIMOHHOU dYa-
CTH KOAOHHBI YAOOHO BECTH CBepXy BHHU3 (cM. puc. IV-5).

W3 MaTepuarbHOTO M TEIAOBOTO OAaAaHCOB KOAOHHEBI OIIPEAEASIOT OTOOp
pekTuduKaTta D 110 3apA@aHHOMY COCTaBY IIPOAYKTOB y, U Xy, @ TakK’Ke KOAUUYECT-
BO Temaa (J;, OTHHMAeMOTO B IapIMaAbHOM KOHAEHCATOpe, M MacCy IIOTOKa
AerMbl g, CTeKalolllel M3 MaphyasbHOTO KOHAEHCATOpa Ha BEePXHIOIO KOHIIEeH-
TPALUMOHHYIO TapeAKy. CocTaB IIOTOKA (DAEIMBI g, OIPEAEASIOT II0 ypaBHEHUIO
paBHOBecud (das:

YD

XH=—2D
P a (e - 1y,

KosdhpunueHT OTHOCUTEABHOU AETYUECTU O ONPEAEeAseTca NpU [, — TeM-
repaType Hadara KOHAEHCAIIMU IIapOB PeKTHU(HUKATa, KOTopas IpHU ¥, OAM3KOM
K epWHUIle, IPDUMEPHO paBHA [, — TeMmIieparype KuneHus unucroro HKK.

ITo ypaBHeHu:o paGoueidl AMHUH OIPEAEASIeTCSt COCTaB IapoB Yy , IHOCTY-

MaloNINX C BepXHEeN TapeAKW B MapIUaAbHBIM KOHAEHCATOP:

9gp/D XB"' YD )
(gp/D)+1 (gp /D) +1

Yng =

[To m306apHBIM TeMIePaTypHBIM KPUBBIM AAS HAaWAEHHOIO COCTaBa IIapOB
Yn, HaXOAUM HX TeMIEPaTypy, IO KOTOPOH YTOYHsIEeM KOI(h(PHUIMEHT OTHOCH-

TeABHOU AeTydeCTHu o. 3aTeM 10 YPAaBHEHUIO PABHOBECHA BBIYHUCAIEM COCTAB
KHUAKOCTHU XNK, paBHOBeCHOfI C 3TUMU IIapaMU:

Y Ng

a—(a-1yn,

Yng =
Aaree MO ypaBHEHHWIO paboyeil AMHUU BBIYUCASIEM COCTAB TAPOB Yy, i
IIOAHMMAIOIINXCS C HIDKEeAesKallled TapeAKu:

gp/D Xo + Yp
(gp/D)+1 " (g, /D)+1'

YNg-1=

a II0 YPaBHEHUIO M30TEePMEl IapOBOM (ha3bl ONpeAeAsieM TeMIIepaTypy 3THUX IIa-
pOB.
PaHee OBIAO NIPUHATO, YTO AAS IIOTOKA (DAEIMBI, CTEKAIOIero C BepxXHeHU

TapeAkH, gy = Jp. ITockoABKY TeMIlepaTypbl Hajp U IIOA BepXHEHM TapeAaKou
Pa3AnYaoTCsd, 3TO IMPUBOAUT K M3MEHEHMWIO JSHTAABOUN IOTOKOB. [TOTOK daer-
MBI gy, MOJKHO ONIPEAeAWTH U3 YPaBHEHUs TEIAOBOro GaraHCa AASL KOHTYpa
TIOA BepxXHeM TapeAKOM KOHIIeHTPaIllMOHHOM YacTU KOAOHHBI:
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B sTom YpaBHEHUU BCe BEAWYUNHBI, KpoMe gNK' u3BecTHBl. COOTBETCTBEHHO
HOBOMY 3HAQUEHHNIO MACCHI (bAel"MBI orpeapensdeM HOBBIM COCTaB IIapoOB YNK—l nu

HUX TeMIIepaTypy. OTO YTOUHEHHOE 3HAaueHUe TeMIlepaTypbl CPAaBHUBAETCA C pa-
Hee HAUAEHHBIM, a B CAydYae UX CYILIECTBEHHOTO PACXO’KACHUS BHOBB IIPOU3BO-
AUTCS Ilepecyer.

TakuMm oOpasoM, HOIEePEeMEHHO MCIOAb3YySl YpaBHEHUS PAaBHOBECHsS, MarTe-
PHAABHOI'O U TEIIAOBOTO OAAaHCOB, T.e. ABUTasCh OT TapeAKU K TapeAke, OIlpe-
AeAsieM COCTaBBl IIOTOKOB IIO BBICOTE KOAOHHBI. OueBUAHO, TaKue BBIUMCAEHUS
HeOOXOAUMO ITPOU3BOAUTH AO TeX IOP, OKA He OyAET AOCTUTHYT COCTAB IIapOB
Y DOCTYHIAIOIINX HAa HUJKHIOIO TAPEAKY KOHIIEHTPAIIMOHHOM YAaCTH KOAOHHEL.

Ecau IpUHATE AOTYIIEHUE O MOCTOSHCTBE IOTOKA (PAErMEI IO BEICOTE all-
napara, TO OTHapaeT HeOOXOAMMOCTBH UCIIOAB30BaTh ypPaBHEHHE TEIAOBOro Oa-
AQHCA.

B psiae caydaeB MOKeT TaKKe OBITb MPUHATO AOIyIeHWe O IIOCTOSTHCTBE
KO3(pduneHTa OTHOCUTEABHON AETY4eCTU B IIPepAeAax KaKAOM YacTH KOAOHHEI
U ero paBeHCTBe CBOEMY CpepAHeMY 3HaueHUIO [ypaBHeHue (II.27)].

ITyreM aHAAOTHMYHBIX PACUYETOB MOJKHO OIIPEAEAUTH YMCAO TEOPETUYECKUX
TapEeAOK B HIJKHEU YaCTU KOAOHHBI. PaccMOTpuMM pacyeT, HauMHad C BEpPXHeEN
TapeAKH OTTOHHOU 4YaCTU KOAOHHEI (CM. puc. IV-5).

[MTocae BBIIOAHEHUSI pacueTa BepXHeM 4aCTH KOAOHHBI M3BECTHBI Macca g,
U COCTaB X; (PAETMBI, CTeKalolllel ¢ HU)KHeM TapeAKHd KOHIIEHTPAIlMOHHON 4YacTHh
KOAOHHBIL. KpoMe TOro, U3BeCTHBI Macca >XMAKOMN YacCTH ChHIPbsl §r U €e COCTaB

X;. Ha OCHOBaHWM 3TUX AQHHBIX II0 YPABHEHUIO MaTepPHUAAbLHOTO OaraHca ompe-
Aensiercst Macca napoB Gy, HOAHUMAIOIIUXCSE C BePXHeH TapeAKHd OTIOHHOMN
YaCTU KOAOHHEI U COCTaB JKUAKOCTH X, IOCTyIalollel Ha 3Ty JKe TapeAKy:

Gy, =0, +gr-W;

_9iX + JFXF )
g1+ 9rF

X

Pacrmonarast oTHMU AQHHBIMM, MOJXHO BBIYUCAWTBH COCTaB IApOB Yy =~ IIO
YPaBHEHUIO pabouyell AMHUU HUKHEW YaCTH KOAOHHBL
_ G, /W1

Xw
Yo Gy, /W

Gy, /W

m

ITo n300apHBEIM TeMIepaTypPHBIM KPUBBEIM OIIPEAEAdeM TeMIeparypy 3THUX
napoB. [lpy HalAeHHOU TeMIlepaType BBIUHACASIEM KO3I(M@PUIUEHT OTHOCUTEAb-
HOM AeTy4eCTH, a 3aTeM II0 YpPaBHEHMIO paBHOBecHs (ha3 — COCTAB JKUAKOCTH,
CTeKalolllel C BepXHel TapeAKH OTTOHHOM YaCTU KOAOHHBI

YNy

Xy =—72°2—.
Mo - (a-Dyy,

o

3aTeM 1o YPAaBHEHUIO pa6oqe151 AVMHHUHW OIIpeAeAseM COCTAaB IIapOB, ITOAHU-
MAOIMUXCA C HH)KeAe)KaHleI\/'I TAPEeAKU:
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Gn, /W +1
Gn, /W

Xw

X -—
Mo Gy, /W

YNg-1=

I[TpoBoaAs pacueThl MOCAEAOBATEABHO OT TapeAKM K TapeAKe, OIpeAeAseM
COCTaBbl MApPOB U >KMAKOCTU Ha Ka)XKAOM TapeAKe OTTOHHOM YacTh KOAOHHBI.
OTH pacyeThl IPOBOAAT A0 TeX IIOP, IOKAa COCTAaB JKUAKOCTH B HU3y KOAOHHEI
He AOCTUTHET 3aAaHHOT'O COCTaBa OCTaTKa Xy.

[Tpu Goaee TOUHBIX pacyeTax, YUMTHIBAIOUINX U3MeHeHNe MacChl (DAETMBI U
IIapoB IO BEICOTE OTTOHHOU YaCTUM KOAOHHBI, HEOOXOAUMO MCIIOAB30BaTh ypaB-
HeHHe TEeIIAOBOTO DaraHCa AASL BCEeM OTTOHHOM YacCTH KOAOHHBI, PACIIOAOKEHHOU
HUJKE PACUeTHOTO CEeYeHUs. DTO AAE€T BO3MO’KHOCTH OOAee TOUYHO OIPEAEAUTH
Maccy apoB B AQHHOM CedeHUM. Tak, AAd CeYeHMA IOA BepXHeU OTTOHHOU Ta-
PEeAKOM ypaBHeHMe TelIAOBOTO GaraHca UMeeT BUA

GNO—I _ htNo - hw
w HtN0 hy

-1~ NG

/13 5TOro ypaBHeHUsI ONIPEAEASIOT BEAMMUHY IIOTOKA 1apoB Gy ;, a 3areMm
0 ypaBHEHMIO paboueil AUHUU — GOAee TOYHO COCTaB IApOB Yy _;, & MO H30-

OapHBLIM TeMIlepaTypHBIM KPHUBBIM — TeMIlepaTypy 3THUX IIapoB. Bce ykasaH-
Hble BEAUWYUHBI OIIPEAEASIOTCS IIOCA€ COOTBETCTBYIOIIMX MHOTOKPATHEHIX Ilepe-
CUETOB.

ADAOEANETA TIDAAAEATEA xENEA
OATPAOEXANEEO OADAETE
TA YTOAEUTEETTE AEAADAT TA

YUucAO TeOpeTUYeCKUX TaPEAOK B PEeKTUPUKAIMOHHOU KOAOHHE
MOJKET OBITH OIIPEAEACHO rpaddUUeCcKU IIPU IIOMOIIU SHTAABIIUNHOU AMArpaMMHIL.
Ilpy 3TOM Yy4YMTEIBAIOTCA TEIIAOBBIE CBOMCTBA YYaCTBYIOIIUX B PeKTU(PUKALIUN
KOMIIOHEHTOB U, CA€AOBATEABHO, U3MeHeHUs Macc (PAerMBl U IIapoB IIO BBICOTE
PeKTU(UKAIMOHHON KOAOHHHI.

[TockoABKY IIpM pacueTe IO JHTAABIIMUHON AMAarpaMMe HAAO 3HATh IIO-
AOKEHUE COOTBETCTBYIOIIUX KOHOA, ONPEAEASIOIINX PAaBHOBECHBIE KOHIIEHT-
panum (AerMBl M NAPOB, TO AAT (DPUKCAUM WX IIOAOKEHUS HCIOAB3YIOT COB-
MEeCTHO SHTAaABIIMWHYIO AMarpaMMy U u300apHble TeMIlepaTypHble KpUBBIE (pUC.
IV-18).

Hcxops m3 BEIOPAHHOTO peXXMMa Hpollecca peKTUMUKALWK, HAHOCUM Ha
SHTAABIIUMHYIO AuarpaMmy InoAtockl P u P'. TlocTpoeHue yucAa TeOpeTHYEeCKUX
TAPEAOK B KOHIEHTPAIJMOHHOMN YAaCTH KOAOHHBI IIPOBEAEM HAuMHASA C TOYKU P.

AbGcnucca y;, onpepenseT MOAOKeHWe TOYKU | Ha JHTAABIUMHOWU AMArpaM-

Me (OTBeYAeT YHTAABIUU 1ApOB pekTuduKata H, ) n TOYKM 2 Ha KPUBOU KOH-
AeHcaumM (ompepeAsieT TeMIlepaTypy NapoB peKTudUKaTa tp). KoHIeHTpanus
SKUAKOCTH X, CTeKAIlel U3 MapIiiuarbHOTO KOHAEHCATOPA U HAXOAMIIENUCs B
PaBHOBECHUU C NapaMy PeKTU(UKATAE, OIPEAECAUTCS aOCIMCCOM TOYKU 3, HAXO-

AAIIENCS Ha NIepeCedeHUr OPAUHATEL {;, C KPUBOU HUcnapeHusa. AuHuUsa 2—3 OTBe-
4JaeT KOHOAE IIpU TeMueparype f, Touke 3 Ha JSHTAABIIMWHOU AMArpaMMe COOT-
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Puc. IV-18. I'papmyeckoe ompepsereHHEe YHCAA TEOPETUYECKHUX TAPEAOK IO HHTAABIIMAHOW AHa-
rpamMmme

BeTCTBYeT TOUKa 4, onpepeAsdtomias KOHOAY [—4. CoepAUHUB TOUYKY 4 C IIOAIOCOM
P, moayunM pabodyiO AMHHIO, ONPEAEASIONIYIO COCTaBBl IIOTOKOB Iapa U JKUA-
KOCTHM Hap BEPXHEUW TapeAKOMU.

INepeceuenue paboueii AuHUM P—4 ¢ KPUBOM SHTAABIINMM MapoB B TOUKe 5
ONIPEAEASIET COCTaB TapPOB yy,, MOAHUMAIOIIUXCS C BEPXHEM TapeAKU KOHIIeHT-

PAlMOHHOMU 4YaCTH KOAOHHBI. TOuUKe 5 Ha KPUBOU KOHAEHCAIIMU COOTBETCTBYET
TOYKa 6, OpAUHATA KOTOPOU OIpPeAeAdeT TEMIIEPATypy 3TUX IIapoB. KoHoapa 6—7
AAeT TOUKy 7, abcrmcca KOTOPOU OIIPEAEAdeT COCTaB JKUAKOCTH, CTEKAIOLIeH C
BepxHel TapeAakd. COCTaB 3TOM JKUAKOCTH, II€PEHECEHHBIM Ha JHTAABIIUUHYIO
AUarpaMMy B TOYKY 8, AdeT IIOAOKeHHe KOHOABI 5—8 m pabouyro AuHHUIO P—6.
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IMTepeceuenue aTol pabouei AMHUM B TOYKe 9 C KPUBOM JHTAALOUMN ITAapOB OII-
PeAeAsieT COCTaB MapoB yy _; [OA BEPXHEH TapeAKOH.

[TpOAOASKUB COOTBETCTBYIOIIHE ITOCTPOEHUS, IOAYINM HaKOHEeIl COCTaB Ia-
POB ¥,,, MOCTYIAIONINX Ha HUJKHIOIO TapeAKy KOHIIEeHTPAIIMOHHOM YacTH KOAOH-
HBI (abcimcca Touku [3), U COCTaB JKUAKOCTH X;, CTeKalolllel B CEKIWUIO MUTa-
HUS KOAOHHHI (aOciucca TouKu [2). UucAOo KOHOA, ITIOAYYEHHBIX IIPHU TaKoOM IIO-
CTPOEHUH, U OIPeAEAsieT UNCAO TEOPeTUUYEeCKHUX TapeAOK; B AQHHOM CAydae OHO
paBHO 3. KoHOAA 2—3 (MAM [—4) OoTBeuyaeT UAEAABHOMY KOHTAKTy, oOecleunBae-
MOMYy pabOTOM MapIHarbHOTO KOHAEHCATOPA.

OnpepeneHre 4YUCAa TEOPETHYECKUX TAapeAOK B HIJKHEM dYacTW KOAOHHBI
MOJKHO HauaTh ¢ TOUYKH P'. AGcumcca 3TOM TOUYKU AdeT TOUKYy I’ Ha AWHUU SH-
TAaABIIUN JKUAKOCTH M TOUKY 2', COOTBETCTBYIOIIYIO TeMIlepaType OCTaTKa, OT-
OupaeMoro u3 HM3a KOAOHHHI.

[TpoBeast koHOAY 2'— 3', MOAYyYMM TOUKYy 3’ Ha KPUBOM KOHAEHCAIIWU, KOTO-
pasi olpepeAsieT TOAOKeHUe KOHOABI 1'— 4’ Ha SHTaABIIUMHOM Auarpamme. AO-
cuucca Touku 3’ (uAM 4') ompepeAsieT COCTaB IapoB Yy, HMOKHAQIOIIUX KHUIIS-
TUABHUK W HAXOASIINXCS B PABHOBECHUHM C OCTATKOM COCTaBa Xy.

[TpoBeas depes TOuKy 4' u moatoc P’ pabouyio AMHHIO, IOAYYUM TOUKY ' Ie-
peceuenus: pabovyeil AMHUM C KPUBOM SHTAABIIMU XKUAKOCTU. AGcrucca Touku 5’
OIpepeAsieT COCTaB >XMAKOCTHU X;, CTeKalolllel ¢ HIKHeM TapeAKd OTTOHHOU
YacTU KOAOHHBL. Ha KpUBOM KOHAEHCAUMU AAST aOCITUCCHL X; IIOAYYUM TOUKY 6
OpAMHATa KOTOPOM OTpeAeAsieT TTOAOKEeHWe KOHOABI 6'— 7 Ha M300apHBIX TeM-
IIepaTypHBIX KPUBBEIX. AGCHONCCA TOYKK 7, HAXOASIIENCS Ha KPUBOUW KOHAEHCA-
MU, A@eT COCTaB MapOB yy, YXOAAIINX C HI>KHEM TapeAKd OTTOHHOM 4YacTH KO-
AOHHBI. AGCHHICCA TOUKM 7 OIIpepeAseT TOUKy 8 Ha SHTAABIMWHON Auarpamme,
KOoTopas oTBeuaeT KoHope 5’ — §'. TlpoBeass paGouyio amamio P'— 8" po mepece-
YEeHUsI C KPUBOM DHTAABIINM JKUAKOU (pa3bl, TOAYYUM TOUKy 9', abcrucca KOTO-
pOM AQeT COCTaB JKUAKOCTHU X,, CTEKAoIlel CO BTOPOM, CUMTAsA CHU3Y, TAPEAKU
OTTOHHOY YaCTU KOAOHHHI.

[Topo6HOE MOCTpOEeHME NMPOAOAJKAETCS A0 TeX IIOp, IIoKa He OYAEeT AOCTHUT-

HYT TpeOyeMBIll COCTaB JKUAKOCTHU X, M COCTaB Iapa yy Haj BepXHeW Tapea-

KOM HIKHEU 4acTh KOAOHHBL. B AGHHOM mpmMepe 3TO TOYKUW COOTBETCTBEHHO
9 ué.

YHCAO TOCTPOEHHEBIX KOHOA OIPEAeAdeT YUCAO TEeOPeTUYeCKHX TapeAOK B
HIDKHEHN Y9aCTM KOAOHHBI (B A@HHOM cAydae oHO paBHO 2). Konopa 2'—3' (uam
I'—4') xapakTepu3syeT paboTy KUIATUABHUKA.

W3 npuBepeHHOTO rpapuuecKoro NOCTPOEHUS YUCAA TAPEAOK [0 3HTAABIINNI-
HOM AMarpaMMe CAeApyeT, YTO IIpH IlepeMellleHUH BBepX Ioatoca P (Qu/D yBeau-
yuBaeTcs, (PAETMOBOE UYUCAO R TakyKe YBEAWYMBAETCS) UUCAO TEOPETHYECKUX Ta-
PEAOK B KOHIIEHTPAIIMOHHON YaCTU KOAOHHBI yMeHbIIaeTcs. [Ipu nepeMellleHUNU
noAroca P BHM3 HeOOXOAMMOE YHMCAO TAPEAOK YBEAWUYUBAETCH.

ITepememienre noatoca P BHU3 CBUAETEABCTBYET 00 YBEAMUEHHH KOAWYIECTBA
Tenrna Qp/W, IOABOAMMOTO B KUIIATUABHUK, @ CA€AOBATEALHO, U IIOTOKA IapoOB.
OTO NPUBOAWUT K YMEHBIIEHHWIO UMCAA TEOPETHYECKUX TapeAoK. [lepeMelieHue
noAtoca P’ BBepX CBS3aHO C YMeHBIIEHHeM KOAMYEeCTBa IIOABOAUMOTO B KHIIG-
TUABHUK TelAd W YMEeHBIIeHHeM IIOTOKa IapoB opolneHus. [Ipu 3TOM dYHUCAO
TEOpPEeTUYECKUX TAPEAOK B HUJKHEM 4aCTU KOAOHHBI YBEAUYMBAETCH.



ATAEEOExANEA TAOTAU PACxAOA xECEA
OATDPAOEXANEEO OADAETE

B cayuae, KoTA@ AOHIYIEHUS O IOCTOSHCTBE (DAETMOBOTO UYHCAQ
U OTHOCUTEABHOU AETY4eCTH KOMIIOHEHTOB AOCTATOYHO OIIPABAAHEI, pPacdeTh
MOT'YT OBITH IIPOBEAEHEBI C IIOMOIIBIO QHAAUTHUYECKHUX METOAOB, IIO3BOASIOIIMX
IIOAYYUTH KOHEUHBIY PEe3yAbTAT C AIOOOU 3aAaHHOM CTelleHBbIO TOUHOCTH.

AHaAUTHYECKHUE METOABI MOTYT OBITH IPUMEHEHBl M IIPU M3MeHEeHUU (Aer-
MOBOTO YHMCAA M OTHOCUTEABHON AETYyYeCTH KOMIIOHEHTOB IO BBEICOTE KOAOHHHI.
OpHAKO B 3TOM CAy4Yae KOAOHHY CAeAyeT pa30UTh Ha OTAEAbHBIE Y4YacTKY, B
IpeAeAax KakKAOTO M3 KOTOPHIX MOJKET OBITh IPHHSTO AONYIIeHKEe O IIOCTOSH-
CTBE YKa3aHHBIX BEAWYHH.

IIpu 6ecCKOHeYHOM (pA€rMOBOM M IIapOBOM 4YHCAAX pabouue AUHUM 006eux
YacTel KOAOHHBI CAMBAIOTCSI C AMAarOHAABIO AMarpaMMbI X—y. B aToM cayuae, Kak
CAeAYeT M3 ypaBHeHMsI pabodyeld AMHUM, COCTABHI IIOTOKOB IIaPOB U JKHUAKOCTH,
SIBASIIOIIECS] BCTPEYHBIMI Ha OAHOM YPOBHE, OYAYT PaBHEI AAS AIOOOTO CeueHMs
KOAOHHEL!

Xp1 = Vi (IV.33)

a YMCAO TapeAOK OyAeT MUHUMAABHBIM U PaBHBIM N ;.

Takoi pe>xuM pabOTHl KOAOHHBI MOJKHO ITPEACTaBUTH ABOSIKO!

1) koroHHaA paboTaeT ¢ oTOopoM pekTudukara D, octatka W u ¢ mopaueit
ceippd F = D + W npu norokax aerMel g U nmapos G, cTpeMdamuxcd K Oec-
KOHEUHOCTHU (peXUM OeCKOHEeYHOU (PAeIrMbl);

2) KoAOHHa paboTtaeT 6e3 orbopa nmpopykroB: D = 0, W =0u F = D +
+ W = 0, HO Cc 3apaHHBIMU IIOABOAOM TellAd (J; B KUIATUABHUKE M C OTBOAOM
Tenra (J; B KOHAEHCATOpPe, T.e. B 9TOM CAy4Yae BCTpPeYHble IIOTOKU Ilapa U JKUA-
KOCTU PaBHBI M OIPEAEASIIOTCS TETAOIOABOAOM B KHUIISITUABHUK (PEKUM C NOA-
HbIM BO3BPAMOM (PAerMbl, UAWl PEKUM NOAHOTO OpOUlEHUS).

B nmepBoM cAydae KOAOHHA AOAKHA UMeTh OECKOHEUHO OOABIIOe IIolleped-
HOe cedeHUe, BO BTOPOM IIOIIepevYHOe CceueHUe almnapaTra OIpeAeAsieTcsl MOTOKa-
MU 1apoB U (aerMbl. C TOUKU 3peHUsT ONPEeAEAeHUs YHCAA TeOpeTHUYeCKUX Ta-
penrok N, oba cAydas paBHOIEHHHI.

PaccMoTpyM mM3MeHeHHWe COCTAaBOB IIOTOKOB Tlapa M JKUAKOCTH TIO TapeA-
KaM KOAOHHBI, paboTaiollell B pekuMe C OeCKOHEUHBIM (PAETMOBBIM YHUCAOM
(puc. IV-19).

[Tap cocTaBa yi,, YXOASIIUM U3 KUISTUABHHKE, HAXOAUTCS B PABHOBECUU C
KUAKMM OCTAaTKOM COCTaBa Xy, T.e. OHHM CBSI3aHBI MeKAy COOOM ypaBHEHHEM
paBHOBeCHSI:

Yw =W
l-yw 1-xy

AAs AIOOBIX ABYX CMeXXHBIX TapeAOK CIpaBepAMBO ypaBHeHue (IV.33), u
TIO3TOMY MOJKHO 3aTlHCATh BHIPa’kKeHUe

Yn - _Fnet g *n (IV.34)

I-y, 1-Xp40 1-x,

Ilpu pacuere KoHUeHTpauui ypaBHeHHe (IV.34) oOecrneunBaeT Ilepexop OT
n-u K (n + 1)-11 Tapeake.
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6 Puc. IV-19. Cxema pa0o-

a Thl KOAOHHBI C O0€CKo-
HEYHBIM (rermoBbIM
D, };) D=0 (mapoBsiM) uncAOM:
a — pexuM GecKoHed-
Qd—>oo /7N Qd HOU (paermMe; 6 — pe-
—> ——> — —> JKMM IIOAHOTO BO3Bpara
* 4 x¥=y A N tbrermer
XD ) + Nmm D™ ’p ) * min
g— o0 n+j g n+j
*Xn+1*//yn +Xn+1*//yﬂ
x, 1"V X, 1Y
" Aoy " bnog
Y ) Y
b F=0 !
—> . — .
: A ; b
. A + b,
G- —la
b2 412
¥ Y Puc. IV-20. IIpeoGpa3so-
7 A {1 A7 BaHHe CHCTeMBbI KOODAH-
X * X * HaT X—Yy AAd pacyera
— 1_ k /YW L L LY w YUCAQ ~ TEOPEeTHYECKHX
Q— x|/ = OB T — TapeAOK mpu paGouyeM
B > > > " '| > ¢rermoBoM  (maposom)
NS _/ qucAe:
a — MM KOHIIEHTpAaI[U-
OHHOM 4YacTH; 6 — AAS
W, xy W=20 OTTOHHOH YacTu
a " 0
V1 4 c
1 o= 1 o4
y o y
Vi u
Y 1
y |1 -
1
| Y
0 4
O
0 X, x1 x, l/ A~ Xir x 1
e
<!

Ecam n paBaTh mOCAEAOBaATEABHBIE IeAble 3HaueHnsa OT 0 (KUMSTUABHUK) AO
. TO IOAYYUM yYpaBHEHUE



X X
n+l =(X,"+1 w

1_Xn+1 1_XW

, (IV.35)

KOTOPOE II0O3BOASIET OIIPEACAUTH COCTAaB JKUAKOCTU X,,;, CTeKawllen c (n +
+ 1)-11 TapeAKH, UAU COOTBETCTBEHHO COCTAaB Iapa y, AAS BCell KOAOHHEI, HC-

KAIOYasl IaplIUaAbHBIM KOHAeHcaTop, n = N, ¥ ypaBHeHue (IV.35) 3anuuiercsa
B BUAE

Vb _ o Nmin+! _Xw (IV.36)
1-yp 1-xy

OTO BHIpa’KeHMe W3BEeCTHO B AWTepaType Kak ypaBHeHume @Dencke. I3
ypaBHeHUs (IV.36) MOXHO MOAYYUTEH BRIpa’KeHUEe AN pacueTa N.:

Ig yp 1-xw

N.. —_ =¥ Xw _q (IV.37)

min lg o

EauHula, BeluuTaeMasi B IpaBol yacTu ypaBHeHus (IV.37), oTBedaeT paboTe
KUISATUABHUKA.

INMpu HaAWYUM HapIMaABHOTO KOHAeHcaTopa B ypaBHeHum (IV.35) ana Bcent
KOAOHHEL n = N, + 1. OpHAKO 3TOT CAydYall pearusdyeTcs TOABKO IIpu Oec-
KOHEYHOM TIOTOKe (PAETMBI M IIOTOMY IIPEACTaBASIET AWIIEL TEOPETUYEeCKUM WH-
Tepec.

[NpakTuuecku pe>XuM pabOThl KOAOHHBEI C IIOAHBIM BO3BPaTOM (AETMBI
HUCIOAB3YeTCSl IPU BEIBOAE KOAOHHBI Ha peXXUM, a TaKKe B IIpoIlecce 3KCIIAya-
TallUM YCTAHOBKM (M30e’KaHWe OCTaHOBA KOAOHHBI IIPU HeNOAaAKax B paboTe
APYTHX KOAOHH).

YpaBHeHue DeHCKe MMO3BOASET OPEAEAUTb N .\ MAM KOHIIEHTPAIMIO OAHO-
ro U3 IPOAYKTOB IIPU 3aAaHHBIX N, M COCTaBe APYTOro IIPOAYKTa, He Ipube-
rasg K rpaguyecKuM IIOCTPOeHHUsM, a ypaBHeHue (IV.35) paeT mpeacTaBaeHuE O
pacnpeaperernn HKK mo BeIcOTe amnmapara.

IIpn paGounx (AerMOBOM M NapoOBOM YHMCAAX pacueT 4MCAA TeopeTuyec-
KUX TapeAOK MOJKHO CBECTH K CAydYal0 pabOTBl KOAOHHBI C OeCKOHEUHBIM
(bAETMOBEIM (IIAPOBEIM) UKCAOM, €CAHM IIPOAEAATh AOIIOAHUTEABHBIE IIPeoOpaso-
BaHUA YpaBHEHUM paBHOBeCHd U pabouell AMHUHY, a TaKKe AUarpaMMBI X—Y (pHC.
IV-20).

B cootBercTBuU Cc ypaBHeHHeM (IV.19) ypaBHeHHe pabodyell AMHUU 3alluIleM
B BUAE

Yo = PXppq + (1 — D)x,,. (IV.38)

BrimoAHMM AMHeMHOe npe06pa30BaHHe KOOpAUHAT IIyTeM 3daMeHbl CTAapPbIX
KOOPAUWHAT X, Yy HOBBIMU X, Y B COOTBETCTBUU C YPaBHEHUsSIMU

X XX .y _ Y Vi
!
X —Xp Yu =Y

TAe X, Vi X;p Yy — KOODPAMHATHI TOYeK IlepecedeHNs KPUBOM paBHOBeCUS W pa-
0Oouell AMHUM AASL 4aCTU KOAOHHEI (cM. puc. [V-20).

AAS KOHIIEHTPAIIMOHHOM YaCTHU KOAOHHBI X, V;, X;; Yy — HOAOKUTEABHBIE
YHMCAQ, IIPU 3TOM X;; U y; OOABIIE eAWHUIBI. AAS OTTOHHOM 4YaCTU KOAOHHEI X; M

139



y; — OTpHUIlaTeAbHBIE YHCAQ, @ X; U ; — IIOAOKUTEAbHBIE YMCAQ, MEHBIINE eAU-
Hunsl. [Ipeobpa3oBaHue KOOPAVMHAT 3KBUBAAEHTHO IIepeHOCYy Hauana KOOPAMHAT
u3 Touku 0 B Touky I. OueBupHO, uTOo 0 < X, YV =< 1.
KoopauHaTel TOUeK mepecedeHUs] paBHOBeCHOU U paboueut auvHuu [ u 11
OIIPEAEASAIOTCS IIPA COBMECTHOM PeIlleHUU YPaBHEHUI:
paBHOBECUS
ox

y =

(@-1x+1
U pabouel AMHUU
y=®x + (1 — D)x,.
[TpupaBHSB AeBBIe UM IpaBble YacTW OOOMX YpaBHEHUHU, MOCAe Ipeobpaso-
BaHUU MTOAYUYUM CAEAYIOIlee KBaAPATHOE YpaBHEHUE!
(0 — 1)0x*+ [® —a + (o — 1)1 — D)x,]x + (1 — P)x, = 0,

penieHre KOTOPOTrO MMeeT BUA

AP a1 D)x,] | [Pk o= (1= D, - o - (1 - DYOx,

X = +
L Ao — )D 2o - D

OpAuHATH y; 4 y; ¥ Todek [ u Il MoAyYuM, IOACTaBUB X; U X; B YpaBHeHHe
paBHOBeCUs UAM pabouyert AMHUN.

IMpu ® < 1 u x, = y, IOAy4aeM DeIllleHHe AAS KOHIIEHTPAIIMOHHOM YacTh
KOAOHHBL, @ ipy @ > 1 m x, = X3, — AAS OTTOHHOM 4acTu. M3 puc. 1V-20 Bua-
HO, 4TO BHyTpeHHee (DAEIrMOBOE YUCAO

D=1V
X —Xp

1

IIOACTaBUB KOTOpoe B ypaBHeHUe (IV.38), moryuum
Xos1 = Y, (IvV.39)

Beipaxenue (IV.39) anaroruuno (IV.33), noryueHHOMY paHee AAd OeCKOHeU-
HOoTO (bAaermoBoro umcra (@ = 1), HO B KoopamHaTax X, Y.
YpaBHeHMEe PAaBHOBECHS B HOBBIX KOOPAWHATAX OYAET UMEeThb BUA

Y, X

n_ g Xn (IV.40)
1-Y, 1- X,
rAe a” - IpuBeAEHHAA OTHOCUTEABHAA AETYYeCTh, orrpeapeadeMast II0
YPAaBHEHUIO

ot = 1+ (o - Dxpp .

1+ (o - x;

BeanunHa DpUBEAECHHOM OTHOCUTEABHOU AETYYECTH 3aKAIOYEHA B IIPEAEABL
a>a <1,

[ToBTOPUB paccy>XAeHUs, aHAAOTHUHbIE IPUBEACHHBEIM IIPU BBIBOAE YpaBHe-
Husg OeHcKe AAT KOHIEHTPAIIMOHHOM M OTTOHHOM YacTel KOAOHHBEI C MCIIOABL-
30BaHueM ypaBHeHun (IV.39) u (IV.40), moryuyuM ypaBHEHHS A pacyeTa YUCAA
TEOPETUUYECKUX TapeAOK KOAOHHHI IIpU pabodeM (PAEIrMOBOM (ITaPOBOM) YHCAE:
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AASI KOHIT@HTPAIIMOHHOM YacTH

g Yo 1Y
N o=—=Y Yn__y, (IV.41)
lgay

AAST OTTOHHOM YacTH

g X 1= Xuw
N =1 =Xa Xw _q (IV.42)

o *
lgag,

W3 mpaBBIX 4YacTel ypaBHEHUM BBIUYTEHO IO EAWHWUIIE, YTOOBI y4eCTb 3(-
heKT paspeAeHUs B IIapliMarbHOM KOHAEHCATOpe U KUISTUABHUKe. OOlee uuc-
AO TapeAOK B KOAOHHE PaBHO

N =N, + N,.

INlepexopss K MCXOAHBIM KOOPAMHATAM X, y, 3anuileM ypaBHeHus (IV.41) u
(IV.42) B Bupe

1gYD—YI Yir—Ym
N, = Yu—Yp Ym —YiI _q
1+ (o - Dxpp

1+ (o, - x;

Xy, —X7 X7—X
1g Xm = X1 Xn = Xw
= Fu~Xm Xw - X5 _4

1+ (o, - )xpp

1+ (0, =1)x;

KoaddunueHTEl OTHOCUTEABHON AETYYECTH A KOHIIEHTPAIlMOHHON o, U
OTTOHHOU 0O, 9aCTell KOAOHHBEI B OOIeM CAyd4ae He PABHBEI U AOAJKHBI OIIpeAe-
ASITBCSI AAS KQ’KAOM 4aCTU KOAOHHBI B OTAEABHOCTH.

HOCKOA]:KY B Ha4dAe pacdueTa KOHIeHTpanusda y, U X, He M3BEeCTHBI, TO UX
IIPUHUMAIOT PABHBIMU KOHIEHTPAIWAM COOTBETCTBYIOIINUX IIOTOKOB, IIOAyYe€H-

#* *
HeM n1pu OU ceIpbd, T.€. y, =y A X, = X,.

Anst 6eCKOHEYHOTO BHYTpeHHero aermoBoro uynchaa (O = 1) moaydueHHBIE
YPaBHEHUS IIPUBOAATCS K ypaBHeHU0 DeHCcKe.

TIDAAAEA TEA I

710
(VADTATAT) <ENEA

B pekTu(UKaAlMOHHOU KOAOHHE 3aAQHHBIE COCTABBI pPeKTU(dU-
KaTa yp U OCTaTKa Xy, MOIYT OBITh IIOAYYeHBl NIPH PAa3AMYHBEIX (PAETrMOBBIX
(mapoBBIX) YMCAAX U COOTBETCTBYIOIIUX UUCAAX TEOPETUUYECKUX TapeAoK.
Panee 6BIAO0 OTMEUYEHO, UTO TIPU OECKOHEUHOM (PAETMOBOM (IIapOBOM) YHUC-
A€ B KOAOHHE OyAET MHHUMAABHOE YHUCAO TapeAok N .
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N Puc. IV-21. 3aBUCHUMOCTh YHCAA TEOpPETUYEC-
8 KHX TapeAOK B KOAOHHE OT (DAErMOBOIO YHCAQ
1 yD= const Puc. IV-22. I'pauyeckoe ompepereHHe OITH-
_ MaABHOTO (PAErMOBOTrO 4YNCAQ, COOTBETCTBYIO-
z X~ const 1[ero MUHNMAaAbHOMY 00'beMy KOAOHHBI
N(R+1)
N,
N,
Nmin A
R—
N(R+1)
min
0 Rmin RZ RI R Rom' R

INMpu ymeHBIIEHNN (DAETMOBOTO (IIaPOBOT0) YMCAA YMCAO TAPEAOK B KOAOH-
He yBeanuuBaercd. [Ipy MUHMMarbHOM (DAETMOBOM 4YUCAe R ;. (IIapOBOM YHCAe
I1,,,) 9HCAO TapeAoK, 00eCcHeYnBaIOIINX 3aAaHHOE Pa3pAeAeHHe UCXOAHOM CMecH,
BO3pacTaeT A0 OECKOHEUHO OOABIIOTO.

OO6miuii BHA 3aBUCUMOCTH YHCAA TEOPETUYEeCKUX TapeAOK OT (PAErMOBOTO
YmnCAa TIpuBeAeH Ha puc. IV-21. TlpousBoabHas Touka (Hampumep, ! uAm 2) Ha
TAKOM TrpaduKe OTBeYaeT OIIPEAEACHHBIM UYUCAAM TEOPETHYECKUX TapeAOK H
darermoBoMy unucAy. ITop0OHBIN rpadUK MOXXeT OBITH IOCTPOEH C HCIOAB30OBa-
HUEeM AIOOOrO M3 PACCMOTPEHHBIX BBIIIE CIIOCOOOB OIIPEASAEHHUS YUCAA Teope-
TUYEeCKUX TapeAOK B KOAOHHE.

TakuM 00pa3oM, KOAMYECTBO OPOIIEHUS M HeOOXOAUMOE YHCAO TapeAokK, a
CAeAOBATEABHO, U BBICOTA KOAOHHEI B OIIPEAEAEHHEBIX IIPeAeAdX SIBASIOTCS B3au-
MOCBS3aHHBIMU BEeAWYMHAMH, IIPU 3TOM YETKOCTh Pa3peAeHHus OyAEeT OCTaBaThbCSA
OAHOM U TOU Ke.

B sTOM CBA3M NpU pacueTe PeKTU(MUKAIIMOHHON KOAOHHEBI CTPEMATCS BBI-
OpaThb ONTHMMaAbHOe (PAeTMOBOe UMCAO R .., KOTOpoe obecliedynBarO OBl 3aAaH-
Hble IIOKa3aTeAu IIpollecca IPM MUHHUMAABHBIX 3KCIAYAaTallMOHHBIX M Kalu-
TaABHBIX 3aTpaTax.

ITockoABKY Macca ITapoB IIPOIIOPIIMOHAABHA BeAnunHe R + 1, To BeAnmdmHa
R + 1 mpomopimoHaAbHA MAOIIAAM IONEPEYHOr0 CeYeHUs KOAOHHBI, a IIPOU3-
BeAeHHUE YHMCAA TeopeTuYeCKuX TapeAoK N Ha R + 1 mponopIHOHAABHO OOBEMY
KOAOHHHL. Ecam nmocTtpouTh 3aBUCUMOCTb BeandnH N(R + 1) oT R, TO noAyunuTca
KpHBas C MUHMMYMOM B TOUKe A, KOTOPBIN U ONpeAeAsieT BeAWYHUHY ONTHMAaAb-
Horo (paermoBoro umcaa R, (puc. IV-22), cOOTBETCTBYIOIIEr0 MUHUMAaABHOMY
00BbEMY KOAOHHEI.

Or1leHKa BEAWYMHBI ONTUMAABHOTO (PAEIMOBOTO YKUCAA IIO PA3AMYHBIM KPU-
TEepUSM IIOKA3bIBaeT, YTO B OOABIINHCTBE NPAKTUYECKUX CAYYaeB ONTHMaAbHOE
(pAerMOBOe YUCAO PAaBHO

R,. = (1,2+1,35)R
B Ka’>KAOM OTAEABHOM CAY‘Iae BBI60p OIITUMAABHOTO Cl)AeI‘MOBOl"O qUucCAa

MOYKeT OBIThb CAEAdH TaKXXe C y4eTOM CIIelIMaABbHBIX Tpe6OBaHI/Iﬁ, IIpEeABbABAsSIC-
MBIX K IIpoIeccy peKTI/I(bI/IKaLII/II/I 1 K allllapaTrtype AAsl ee OCYIeCTBACHUS.

onT MHH*
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YOOAEOEATTNOU OADAEEE

PaccmoTpeHHBIE METOABL PAcyeTOB IO3BOASIIOT OIPEAEAUTH
YHCAO TEOPETUUECKUX TapPeAOK, obeclieyuBaroljee AOCTHU)KEHHE COCTOSHUSI PaB-
HOBECHSI MeXXAY IMOKHAQIOUIMMU AQHHYIO TAPEAKY IMOTOKaMU Ilapa U JKHUAKOCTH
(cm. puc. 1-13).

Ha peanbHON TapeaKe TaKoe COCTOSHHEe MOJKeT He AOCTUTAThCS, MTO3TOMY
U3MeHeHUe KOHIIeHTPAIlMNW IIOTOKOB B IIPeAeAdX AAGHHOM KOHTAKTHOU CTyIEeHH
OOBIYHO MEHBIIIe, UeM Ha TEOPEeTUUYECKOU TapeAkKe.

PaccmoTpuM mM3MeHeHHe KOHIIEHTPAIlMM IMOTOKOB IIaPOB U JKUAKOCTH AASL
TEOPEeTUYECKOU M PEearbHOU TapeAOK Ha pAuarpamme x—y (puc. IV-23).

ITycTh Ha n-10 TapeAKy MOAHUMAIOTCS IIapel COCTaBa y,_; ¢ (n—1)-i Tapea-
Ki, a ¢ (n + 1)-M TapeAKHM CTeKaeT JKUAKOCTb COCTaBa X,,; (puc. IV-23, a). I'lpu
MIPUHATOM (PAETMOBOM UUCAE, OIPEAEATIONIeM IIOAOKeHWe paboueit AuHuu DB
(puc. IV-23, 6), cocTtaB napoB, HOAHUMAIOIIUXCS C N-M TapeAKd, U COCTaB JKUA-
KOCTH, CTeKalolllel C 3TOM TapeAKH, OYAYT OIpeAeAsiThbCcsS opAuHaTol Touku C,
€CAU TapeAka TeopeTnueckas. COCTaB yXOAAIINUX C N-M TEOPETUYECKON TapeAKH

apoB OYyAeT y, ¥ W3MeHeHMe KOHIIEHTPAIUN Ha ABYX CMEXKHBIX TapeAKaX CO-

CTaBUT y, — V,_,. Ha peaAbHO! TapeAKe Mapbl, MOAHHUMAIOIIUECS C N-U Tapea-
KU, OOBIYHO He AOCTUIAIOT COCTOSIHUSI PaBHOBECUS U UMelOT Ooaee HU3KYIO
KOHIIeHTpAIUIO y, (OppAuHaTa TouKd E). B caydyae peanbHOU TapeAku (hakTH4Yec-
KOe U3MeHeHUe KOHIIEHTpalUi I1apoB COCTaBHUT V, — V,_i.

OTHouleHue PaKTUUECKOTO M3MeHeHUsl KOHIeHTpalui IapoBOro IIOTOKa K
TEOPETUUYECKOMY, OIIPEAEAsIeMOMY COCTOSTHHEM PaBHOBECHS Ha TapeAKe, Ha3bl-
BaeTcs 3(pheKMuBHOCMbIO MAPEAKU NO NapaM:

7
1y 4
% =)
a " Yy ¢
Y,
Xl+lf X’: /E
e n+1
¢n+1 Y,A ,
>y A o
P{n_l B/
AN
1
0 X, X, X, x=y, X

Puc. IV-23. I3aMeHeHHe KOHIEHTPaUui XUAKOCTA U IIapOB Ha TEOPEeTHYEeCKOW U pPearbHONM Tapea-
Kax:
a — cxeMa IIOTOKOB; 6 — AmarpaMma X—Yy
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EG _Yn~Yn

YZ_YH—I

O0 3d(PeKTUBHOCTU TAPEAKH MOJKHO TaKKe CYAUThb IO CTeleHU HU3MeHe-
HUS KOHIIEHTPAIIUU KUAKOCTU Ha PEAAbHOU TapeAKe II0 CPaBHEHUIO C TeOpeTU-
gyeckoid. CocTaB >XMAKOCTH, YXOAAILIEU C N-U TeOPETHYEeCKOU TapeAKH MapoB,

6yaeTr x, (abcumcca Touku C) ¥ M3MEHEHHe KOHIIEHTPAI[UM Ha ABYX CMEXKHBIX

TapeAKaxX COCTaBUT X,.,; — X,. B CAyYae pearbHOH TapeAKM CTeKarolllas C n-u
TapeAKH JKUAKOCTb He AOCTUTHET COCTOSSHHS PAaBHOBECHUS U OyAeT UMeTb Ooaee
BBICOKYIO KOHIIEHTpanuIo x, (abcoucca touku K). Ha peanbHOU Tapeake (pakTu-
JeCcKoe M3MeHEeHMe KOHIIEHTPAIlMU JKUAKOCTH XapaKTEPU3YeTCS MEHBIIEU BeAU-
YMHOM, PABHOU X, ,; — X,

OrHomreHre (PAaKTUYECKOTO M3MEHEHUS KOHIEHTPAIluWd >KUAKOCTH K HMe-
IOLleMy MECTO Ha TeOPETHUYEeCKOM TapeAKe Ha3bIBaeTCsa 3(@eKmuBHOCMBbIO Ma-
peAKu Nno XKugKkocmu:

3HaueHUs1 3(PpPEeKTUBHOCTU MO HapaM E; U >XUAKOCTH E; OIIpeAeArsioTcs
CXeMOMN ABWKEHMSI U CTPYKTypOM IIOTOKOB Ha TapeAKe W MOTIYT OBITH Kak
MeHbIlle, TaK U OOABIIIe eANHUIIHL.

YacTo arg ITepexopa OT YMCAA TEOPEeTHYeCKUX TapeAoK N, K YHCAY peanb-
HBIX TapeAoK N, IOAB3YIOTCA TakK HasbiBaeMbIM KIIA TapeAku 1), KOTOPBIN
BCeraa MeHbllle epAUHUIIBL. [103TOMy pearbHOE YHCAO TapeAOK B PeKTU(MHUKAIIU-
OHHOM KOAOHHe OyAeT OOAbIlle HAaMAEHHOTI'O YMCAA TEOPETHYeCKUX TapeAOoK:

N

N, =—21,
A

A pacuera BeanuuHbl Eg, E;, v, B AUTepaType UMEIOTCS SMINpPHUYeCKUe
3aBUCUMOCTH.

AAsd obecrieueHUsT HOPMAALHOM pPabOTHI PEeRKTUDUKAIIMOHHOMU
KOAOHHEI HEOOXOAUMO Ha BEpXYy ee OTBOAUTH OIpPepeAeHHOe KOAMYECTBO TellAd
AAST KOHAEHCAIIMM YaCTU MapoB M 0O0pa30BaHMs MOTOKa (PAETMBI (OPOIIEHUs).

B IpOMBIMIAEHHOM NPAKTUKE IHOAYYUAM PACOPOCTPaHEHWEe TPU OCHOBHBIX
criocoba OTBOAA TEIAd: MOBEPXHOCTHHIM ITapIIMAAbBHBIM KOHAEHCATOP, XOAOAHOE
HCcIapsloleecs opollleHre U MUPKYASIIMOHHOE HeHcIlapsiollleecs OpolleHHUe.

CxeMBI YKa3aHHBIX CIIOCOOOB CO3AAHMS OPOIIEHUs AQHBI Ha puc. 1V-24.

ITapuuaAbHBINT KOHAeHcaTop. AAHHBINM CIOCOO OTBOAA Temaa (CM. PHC.
IV-24, a) 3akAiodaeTcsi B TOM, UTO IMaphl GNK, yXOpdllle C BepXHeU TapeAKHu

KOHIT€HTPAIIMOHHOMN YacTU KOAOHHBI, IIOCTYHAIOT B IapIMaAbHBIM KOHAEHCATOP,
TA€ YaCTUYHO KOHAeHCUPYIOTCA. OOpa30BaBIINICA IIPU 3TOM IIOTOK (DAETMEL (p,
BO3BpAlIllAeTCA CaMOTEKOM Ha BEPXHIOIO TAPEAKY KOAOHH B Ka4eCTBE OPOIIEHU,
a mapsl pekTudukara D OTBOAATCA U3 KOHAeHcaropa. [Ipu TakoM cmocobe 00-
pa3oBaHUA OPOIIEHUs MPUHUMAIOT, YTO Iapkl peKTudukara D u NOTOK (DAETMBI
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Puc. IV-24. CxeMbl OCHOBHBIX CIIOCO0OB CO3AaHMSI OPOLIEHUSI B KOAOHHE:
a — mapIUaAbHBIM KOHAEHCATOP; 6 — XOAOAHOE HCIAapSIOleecs: OpOIIeHUe; , — HUPKYASIIMOHHOe
HeHcHapsiolieecs opoiienue: I, II — KOHTYPEL AASL COCTaBACHUSI GaraHCOB

Jp CTEKAOUINHM M3 IaplIUarbHOIO KOHAEHCATOPAa, HAaXOAITCSI B PaBHOBECHH, T.€.
napIiMarbHBIM KOHAEGHCATOP 3KBHUBAAEHTEH OAHOM TEOPETHYEeCKOU TapeAkKe.

AN HaXOXXKAEHMS KOAMYecTBa Telaa (;, OTBOAUMOIO B IapIlMaAbHOM KOH-
A€HCATope, COCTaBUM TEIIAOBOM OaraHC AAY BepXa KOAOHHHBI (KOHTYD I):

(gD + D)HtNK = gDhtD + DHtD + Qd'
OTKyAQ
Qu = GolHyy, = hy) + D(H,, ~ H,) (IV.43)

IlepBoe charaemoe B ypaBHeHuu (IV.43) onpepensieT KOAUYECTBO TENAQ, KO-
TOPOE BHIAEASIETCS IPU OXAAKAEHUM M KOHAEHCAIIMY HapoB B KOAWYECTBE, PaB-
HOM Macce oOpa3oBaBuIelcad (PAETMEI g, BTOPOE CAAraeMoe COOTBETCTBYET KO-
AWYECTBY TeIAd, KOTOpOe HEOOXOAMMO AAST OXAQKAECHUS IapOB PEeKTU(UKATA OT
TeMIEePAaTypEl Iy A0 fp.

ITocKOABKY (y HE3HAYUTEABHO OTAMYAETCS OT I (OAHA TeOpeTHYecKas Ta-

peAKka), BTOPBIM caaraeMbIM B ypaBHeHuUm (IV.43) MoXHO npeHeOpeub. Toraa
KOAWYECTBO TEIIAG, OTBOAMMOE B NAPIVAABHOM KOHAEHCATOPE, ONPEAEAUTCS U3
NIPUOAMIKEHHOTO YPaBHEHUS

Q, =~ gD(HtNK - htD). (IV.44)

[Tpu HeOOABIIOM Pa3sAMYMU B TeMIlepaTypax ty ¥ lp PA3HOCTb SHTAABIUY,

crosiiasg B ypaBHeHuu (IV.44) B cKoOKax, MPUOAMKEHHO paBHA CKPBITOM TeIAO-
Te KOHACHCAMH (o, 1OTAQ BEANUMHY (; MOJKHO OIIPEAEAUTH II0 YPABHEHUIO

Od = quKOHA'

[MaprarbHBEIN KOHAEHCATOP AASI OTBOAA TelAd Ha BepXy PeKTU(UKAIMOH-
HBIX KOAOHH OOBIYHO MCIIOAB3YIOT NPU HEOOABIION WX TPOU3BOAUTEABLHOCTH,
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HAAWYUM IIApPOB C HeOOABIIHM KOPPOANDPYIOIINUM AeNCTBUEM U IIpu CPaBHUTEADb-

HO HEBBICOKHUX TeMIlepaTypadaX BepXa KOAOHHHEIL.

Taxoe orpaHuueHUe OOYCAOBAEHO TPYAHOCTSIMU pa3MellleHHUs TeIAOOOMEeHHOTro amIapara
OOABIION ITIOBEPXHOCTH Ha BepXy KOAOHHEIL. [IpuMeHeHUe IapIMaAbHOTO KOHAEHCATOpa IPU pekK-
TH(UKAUY KOPPO3UOHHOI'O CHIPES, @ TakK’kKe IIPU IOBBIIIEHHOM TeMIlepaType Bepxa KOAOHHEI,
KOTA@ BO3MOJKHO MHTEHCHUBHOE OTAOJKEHUe HAKUIM Ha IOBEPXHOCTH KOHAEHCATOpa, HeleAecoo0-
Pa3HO Hu3-3a HeOOXOAMMOCTH YAaCTOTO PEMOHTA KOHAEHCATOPa M YUCTKHM TPyO oT Hakumu. Ocyule-
CTBA€HUE 3TUX paboT Ha OOABIION BHICOTE TAaK)Ke 3aTPyAHEHO.

Xo0A0AHOe ucnapsoleecs opolleHue. OTOT CIOCO0 OTBOAA TeIlAd IIOAY-
4yuA HamOOABIlee PACIPOCTPaHeHUWe Ha HedTe- U raszonepepadaThIBAIONIUX 3a-
BOAQAX. Cxema BapuaHTa C OTBOAOM TeIllAd B BepXy KOAOHHBI AdHa Ha pPHUC.
IV-24, 6.

[ToTok mapoB C BepXHeM TapeAKUd KOHIIEeHTPAIIMOHHOW YaCTHU KOAOHHHEI B
KoaumuecTBe D + g, HanpaBAsieTCs B KOHAEHCATOP, TAe B OTAWYHE OT IapliHaAb-
HOM KOHAEHCAIIUU IOAHOCTBIO KOHAEHCUPYETCSI M OXAAKAAeTCS A0 TeMIlepaTy-
pHI f,. OOpa3oBaBUIasAca XOAOAHASA JKUAKOCTb AEAUTCS Ha IIOTOK peKTudukara D
U IOTOK XOAOAHOTO (MAKM OCTPOTO) OpPOILIEHUs g,, BO3BpAlllaeMOro Ha BEPXHIOIO
TapeAKy KOAOHHEI. OTa XOAOAHAs JKHUAKOCTb, COCTaB KOTOPOM paBeH COCTaBY
pekTudUKaTa X, = yp, KOHTAKTHUPYeT C llapaMu GNK_l, HOCTYyIAaIOIIUMU C HU-
JKeAeKallle TapeAKd. B pesyabTaTe 3TOro KOHTAKTa Iaphl OXA&XKAQIOTCSI OT
TEeMIePaTypE! iy _; AO TeMIepaTypsl fy ={, ¥, YaCTUYHO KOHAEHCHUDPYCH, 00-

pasyioT IOTOK IOPS4ero OPOLIeHUsi gy , KOAUYECTBO KOTOPOTO M ONIPEAEAsieT
mporecc pekTUu@UKAnuu. XOAOAHOEe OpOIIeHue g,, IOCTYIHUBIIEee B KOAOHHY,
ITOAHOCTBIO MCTIAPSIETCS M BMECTe C IlapaMu peKTU(HUKaTa MOCTyIaeT B KOHAEH-
carop, rae OTBOAMTCS Tennro Q, . Takum 00pasoM, XOAOAHOE HCHApSIOIleecst
OpollleHNe ¢, HEIPepBIBHO IUPKYAUPYET MEXXAY BepxXHeM TapeAKOW M KOHAEH-
CaTOpPOM, SIBASISICH TIEPEHOCUYMKOM TeIIAQ.

W3MeHsas1 Maccy XOAOAHOTO OPOIIEHHS g, W €ero TeMIeparypy f,, MOXXHO
BO3AEMCTBOBATH HA KOAMYECTBO OTBOAMMOIO B KOHAEHCATope Temra Q, U TeM

CaMBIM Ha IIOTOK TOPsiYero OPOLIEHUs gy, .
YTOGE! paccYUTaTh KOAUYECTBO Temra (), , COCTAaBMM ypaBHEHHE TENAOBO-
ro GanaHCa AASL IIOTOKOB IIAPOB M KUAKOCTH, OXBATHIBAEMBIX KOHTYpPOM I

(gNK + D)HINKA = Dhtx + gNKhtNK + de'
OTKyAQ
Q, - gNK(H[NK_l - htNK_l) " D(HtNK_l - h,x). (IV.45)

[MTpubaBuB U BHIYTA B IIpaBOM 4YacTu ypaBHeHus (IV.45) BblpakeHue DHtNK'

TIOAYYUM

Q, = gNK(HtNK_1 - htNK) + D(HtNK_1 - HtNK) + D(HtNK - htx),
OTKyAR
Q, =Q,+ D(HtNK - htx).
Takum 06pa3oM, TeIAO, OTHUMAeMOe B KOHAEHCATOPE B CAydae XOAOAHOTO
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UCIIapSIOIIETOCST OPOIIIeHUs, CAATaeTCs M3 TelAq, 3aTpaynBaeMoro Ha oOpa3oBa-
HHe IIOTOKa (PAerMBI g, ¥ PaBHOTO TeIAy IapIuaAbHOTO KOHAeHcaTopa Qg M
TellAa KOHAEHCALUM U OXA&KAEHUsI 11apOB peKTHU(UKaTa OT TeMIeparypsl ty

AO L.
AAS oTIpepeneHUs MAacChl XOAOAHOTIO OPOIIEHMS ¢, PACCMOTPHUM TENAOBOM
0anaHC AAS IIOTOKOB, OXBAThIBAEMBIX KOHTypoMm II:

(gNK + D)HtNK_1 + gxhtx = g’NKhNK + (D + gx)H[NK
A
gX(HtNK - htx) - gNK(HtNK_l - hNK) + D(HtNK_l - Hy | (IV.46)

INpaBag yacTs ypaBHeHud (IV.46) COOTBETCTByeT TelAy IaplMaAbHOIO KOH-
AeHcaTopa Q@ T.e.

gx(HtNK - htx) = gx(HzD - htx) = Qd'
OTKyAa MacCCa XOAOAHOT'O HMCIIapAOIIEerocsa OopolieHud

Qq
g, - ‘ (IV.47)
Hy, - hy

W3 ypaBHeHus (IV.48) caepyeT, YTO Macca XOAOAHOIO MCHApSAIOIIErocs
opollleHus g, OyAeT TeM MeHbllle, 9eM HUJKe eTO TeMIepaTypa .

ComnocTaBuB MeXAy coboi ypaBHeHuUs (1V.44) u (IV.47), noayuum:
gp _ Hip ~hey

Ix HtNK _h[D

B uncauTeAe caeBa CTOWUT IIOTOK Tropsgder (PAerMBl g, CTeKarollel u3 Iap-
IIMAABHOTO KOHAEHCATOPA, KOTOPHBIM IIO0 CPaBHEHUIO C g, OyAeT TeM OOABIIeE,
yeM HUJKe TeMIlepaTypa XOAOAHOI'O OpolleHUs f, IO CpPaBHEHUIO C TeMIlepaTy-
pOU Bepxa KOAOHHHI {j. [Ipu mopade XOAOAHOTO OpOLIEHUS C TeMIepaTrypowu i,
paBHOU TeMIlepaType BepXa KOAOHHHI !, 00a MOTOKAa OPOIIeHUs NPaKTU4YeCKH

PaBHBI.

OTBOA TellAa NIPU IIOMOINU XOAOAHOTO MCIAPSIONIErocsi OPOIIEHUs! II03BOASIET pa3MeljaTh
KOHAEHCATOP — XOAOAMABHHK Ha AIOOOM YAOOHOM AAS OKCIIAyaTalliy BEICOTe KOAOHHHL [Ipm sToM
pasMepsl ¥ KOHCTPYKIMSI KOHAHCATOpa He MMEIOT OIrpaHWYeHUH, Aerde OCYIIEeCTBASIOTCS erO0 MOH-
TaXX ¥ PEMOHT.

OAHAKO B OTAMYHE OT IapIMaAbHOTO KOHAEHCATOPa AASL SKCIIAyaTalluM TaKOW CXeMBI OTBOAA
Tenna TpebyeTcs yCTaHOBKA HACOCOB M 3aTPAuyMBaeTCs AOIOAHUTEABHO SHEPIHS AAS IOAQYU OPO-
IIIEHUs] Ha BEPX KOAOHHHIL.

Kpome Toro, TpebyeTcs Ha OAHY TEOPETHYECKYIO TapeAKy OOAbllle (IapIHaAbHBIA KOHAEHCa-
TOP 3KBUBAAEHTEH OAHOU TEOPEeTUYEeCKOU TapeAke).

LupkyAsiuuoHHoe (Hemcmnapsioiieecs) opolleHne. B IpeABIAyIIeM CAydae
OTBOA, TeIIAd OCYILIECTBASIACS 3@ CUET UCIApeHUs U MOCAEAYIOlled KOHAEeHCAIUuU
BCEro IOTOKa XOAOAHOTO OpolIleHHs. KpoMme TOro, B KOHAEHCATOP IIOCTYIIaAM
TaK>ke Iaphl pPeKTU(UKATa, YTO YBEAWMUMBAAO II0 CPABHEHUIO C IMapIlHaAbHBIM
KOHAEHCATOPOM KOAMYECTBO TeIlAd, OTBOAMMOIO B KOHAEHCATOpe.

B HedrenepepaboTke MIMPOKOe pacIpoCTPaHeHUe MOAYUYHUA CIIOCOO OTBOAA
TenAda IpU MOMOIIU IMPKYAIIIMOHHOIO HeHCIIap4grolllerocs opolleHud (puc. IV-
24, ,).

B cAydyae IMPKYASIIIMOHHOTO HEMCIAPSIONIEerocss OPOIIEHUS YacTb (PAETMEI
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g, C BepXHeM TapeAKU HAIPaBASETCS B XOAOAMABHUK, TA€ OXAQKAAETCS U IPHU
TeMIlepaType t, BO3BpAalllaeTCs Ha BEPXHIOIO TAPeAKy. 3AeCh XOAOAHas (Aerma
KOHTaKTUpyer ¢ napamu Gy _;, HOCTYyHNAIOWIUMU C HIDKEAeXKAIeH TapeAKH [IpU
Temneparype ty . B pesyapraTe KOHTakTa mapoB C XOAOAHOM (PAerMoOil Hapsl
OXAQKAQIOTCSL A0 TeMIIepaTypel ty =1t, U YaCTUYHO KOHACHCHUPYIOTCS, 00pasyst
HOTOK (DAEIMBI gy , HEOOXOAUMBIM AASL OCYILECTBAEHHUS IPOLiecca PeKTU(hUKa-
nuu. C BepxHeM TapeAKUd YXOAAT Iaphl peKThdukata D mpu TeMmneparype .
MHorpa AAsL Aydlllero KOHTAKTa IIApOB C IUPKYAUDYIOIIeH (pAerMOM g, MCIIOAb-
3yIOT He OAHY, & ABe HMAUM TPU TapeAKH.

CocraB IMPKYASIIIMOHHOIO ODPOIIEHUs] TAKOM JKe, KaK U (PAerMbl gy , U B

CAy4Yae MAEAABHOTO KOHTAaKTa 3TU IOTOKM HAXOASATCS B PABHOBECHHN C IlapaMu
peKkTuuKara.

Ha BepxHell TapeaKe IHPKYASIIMOHHOE OPOIIEHWEe HarpeBaeTcsl 3a CueT
TelAd KOHAEHCAIMM IIapoB OT TEeMIepPaTyphl !, AO TeMIepaTyphl I, U 3aTeM,
OXAAXKAASICh B XOAOAMABHUKE, OTAQET 3TO JK€ KOAMYECTBO TEIIAA.

YTOOEl OIPEAEAUTH KOAWYECTBO IIUPKYASIIMOHHOTO OPOIIEHUS, COCTaBUM
ypaBHEHMEe TEeIAOBOTO 0araHCa AAST TOTOKOB, OXBATHEIBAEMBIX KOHTYPOM [

(gNK + D)HtNK_1 + gu[htH = gNKh[D + gnhtp + DHtD

A
gu(htD - htu) - gNK(H%1 - htD) + D(erl - HtD). (IV.48)

B mpaBoit yactu ypaBHeHus (IV.48) mmeem Temnro (Q,; OTHHMaeMoe IIpU
MIapIVarbHOM KOHAEHCAIUM, KOTOPOe B AGHHOM CAyY9ae OTBOAWTCS B XOAOAMABL-
HUKEe IUPKYASIIUOHHLIM OPOIIEHUEM.

Takum ob6pazoM

gu(htD - hzu) = Q,

Gu=—a (IV.49)

W3 ypaBHeHuq (IV.49)) BUAHO, 9YTO Macca MUPKYASIIUOHHOTIO HeUCIapgIolle-
rocsi OpOLICHHs TeM MeHbIIe, YeM HMJKe ero TeMIlepaTypa i
W3 ypaBrenuii (IV.47) u (IV.49) noayuuM chrepyrolllee COOTHOIIEHUE:

HOCKOABKY HtD > h TO IIPW OAMHAKOBBIX TeMIIepaTypaX XOAOAHOTO HC-

tp'
MAPSAIOMIEroCss U LUUPKYAAIIMOHHOIO HEMCIAPSIOerocss opomenuu t, = f, mo-
AydaeM, 4TO g, > ¢,. C yBeAmdeHHEM TeMIIePaTypPHI [, AOAS CKPBITOM TEIAOTHI
KOHAEHCAIIUM CHUJKAETCS, M Pasaduue MacC g, W g, yMeHblnaercs. Ilpum &, >
Macca LUUPKYAAIIMOHHOIO OPOLICHMS ¢, MOJXKeT OKAa3aThCs MEHBIIe, Y4eM Macca

XOAOAHOT'O HCIIAPSIOMIErocsa OpOIIeHUsI (.
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LII/IpKyAﬂLII/IOHHOG HeHcCIlapsmolgeecs OpollleHMre 4dallle BCero InpuMeHsieTCd IIpu HepepaﬁoTKe
aArpeCcCuBHOTI'O CHIPBSA, 0COOeHHO B IIPUCYTCTBUN BOASIHOT'O Ilapa, TaK KaK B 3THUX YCAOBUsIX Haubo-
Aee UHTEHCUBHOM KOPPO3UHU IMOABEPIralOTCA KOHAEHCATOPHL U B MeHBIIIe! CTeNeHU XOAOAUABHUKU.

BBIOOp TOrO MAM MHOTO cIlocob6a OTBOAA TellAd B BepXy KOAOHHEI OIIpeAe-
AsdeTcsd OCOOEHHOCTSIMM 3KCIIAyaTalliuM, CBOMCTBAMU IepepabaTBIBAeMOTO CHIPBSI
U 3KOHOMUYECKHMH COOOPakKeHUSAMU.

Ilo amanrorum MOryT OBITH IIPOAHAAM3UPOBAHBI U APYIHME CXEMBI OTBOAA
TellAa, BCTpedalollirecs: Ha IIPaKTUKe: MapliaArbHas KOHAEHCAIUS C IIepPeoXAak-
AeHueM (bAerMbl, OTOOP BTOPOTO IIOTOKA AWCTHUAAGTA U3 KOHTypa LUPKYASIIN-
OHHOT'O OPOIIEHUS U Ap.

AAS IPOBeAeHUs Ipoljecca PeKTu(UKAIUU HeOOXOAMMO B HU3
KOAOHHBI TTOABECTU TeNAO. [Ipy 3TOM 4YacCTh JKUAKOCTH, CTEKAIOllel C HUKHEU
TapEeAKH OTTOHHOM YaCTU KOAOHHBI, HCIHApseTcs, o0pa3ys HeOOXOAUMBIU AAG
mmpoliecca peKTU(UKAIIUM BCTPEUHBIN MOTOK HapoB. [10ABOA TemAa MOXKeT OBITh
OCYIIECTBAE€H PA3AMYHBIMU CIIOCOOAMM.
Ha ycTaHOBKax rasopaspeAeHHUs AT IMOABOAA TellAd IPUMEHSIOT 3MeeBUKU
UAM IIYYKU TPyO, BMOHTUPOBAHHEIE HEIIOCPEACTBEHHO B KOPIYC KOAOHHEI (pHC.
IV-25, a). Tlpu TakoM cmocobe IOABOAA Tellra (paerMa g, MMerOIIad TeMIlepa-
Typy £, CTeKaeT C HU)KHEeM TapeAK:d B HHU3 KOAOHHBI, TA€ €l COOOIIaeTCs TeIAO
yepe3 IIOBEPXHOCTh, Pa3MellleHHYIO II0) YPOBHEM JKUAKOCTH. [TopBepAeHHOe Tell-
AO HcHapsieT YacThb 3TOM JKUAKOCTH, oOpasys NOTOK napoB Gy, WMeIONIUX TeM-
neparypy ty, ¥ HarpeBaeT OCTATOK OT TeMIepaTypHl f, A0 ty. Ilapel G Haxo-
AATCS B PABHOBECHU C YXOAAIIUM M3 KOAOHHEI ocTaTKoM W, m moatomMy pabora
KHUIIATUABHUKA 5KBUBAACHTHA OAHOW TEOPETUUYECKOU TapeAKe. 3MEeeBUKH U ITyd-
Ku TpyO ILlenecOOOpa3sHO IPUMEHATH AWUIIL NPU CPABHUTEABHO HEOOABIIOWU IIO-
BEPXHOCTH TellA0OOMeHa U IpU IlepepaboTKe YHCTBIX U HEKOPPO3UMOHHBIX

cpea.

Puc. IV-25. CxeMbl OCHOBHBIX CITOCOOOB IMMOABOAA TeIAd B HU3 KOAOHHBI:
a — 3MeeBUK TEIAOOOMEHHBIX TPyO; 6 — IOAOrPeBaTeAb C IIapOBBIM IIPOCTPAHCTBOM; , — ropsdas

cTpyst
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[ToaToMy B IPOMBIINIAEHHOCTH HauboAee YacTO PeaAUu3yIOTCSd CIIOCOOBI
IIOABOAQ TEIAQ B CAEAYIOIIUX allllapaTax: IOAOTpeBaTeAe C IAPOBBIM IIPOCTPAH-
CTBOM (IIapIIVaABHBINM MCIAPUTEAB); TeIIAOOOMEHHOM amnmnapaTre 0Oe3 IIapoOBOTO
IIPOCTPAHCTBA € IocaepyromuM O HarpeToro moToKa B HU3y KOAOHHHL (Tak
Ha3bIlBaeMas ropsdast CTpys).

CxeMBI 000UX CIIOCOOOB TIOABOAA TelAa B HU3 KOAOHHBI HPUBEAEHBI Ha
puc. IV-25, 6, B.

Ans cooOlleHUsT HeOOXOAUMMOIO KOAWYECTBA TellAd HCIIOAB3YIOTCS CIIeIlH-
anbHBIE BRIHOCHBIE alllapaThl: MOAOTPEBaTEAV C IIapPOBBIM IIPOCTPAHCTBOM (pH-
OomiAepEHl), TpyO4YaThle TENAOOOMEHHUKHY, TPyOUYaThHe IIeYd U AD.

IToporpeBaTeAb C IapoBBIM MPOCTPAaHCTBOM. CxeMa 3TOro cIlocoba IOoA-
BOAA TellAa AaHa Ha puc. IV-25, 6. B aToM caydae g, — >XMAKOCTB, IIOKHAQIO-
11asl KOAOHHY (CTeKarolllasg C HUJKHeM TapeAKH), IIOCTYIaeT B IIOAOTPEBATEAb C
NIapOBBIM NIPOCTPAHCTBOM, TA€ ee TeMIlepaTypa YBEAHMYMBAETCS OT f; AO TeMIIe-
paTypel KUIIeHUsI ocTaTka ty,. O6pas3oBaBmmecs napbl Gy, TOCTYyHAaOT U3 Mapo-
BOTO IIPOCTPAHCTBA KHUIISTUABHUKA B KOAOHHY, 00pa3ys BOCXOASAIIUM IMOTOK ITa-
poB. INapsr Gy, HAXOAATCS B PABHOBECHUHU C YXOASIINM M3 KHUISTUABHUKA OCTaT-
koM W. Takum o0Opa3soM, IOAOIpeBaTeAb C IAapOBBIM IIPOCTPAHCTBOM 3KBUBA-
AEHTEeH OAHOM TeOpeTUYeCKOU TapeAke.

Ans oIIpepeAeHUsT KOAMYeCTBa NOABOAMMOrO TellAa (J; HEOOXOAMMO pac-
CMOTPEeTh TEIIAOBOM 0AraHC AN HUJKHEM 4acTU KOAOHHBIL
(Gw + W)h,, + Qy = Gy, H,, +Wh,,

nam
Qy = Gy(H,, - h

Takum oOpasoM, cooOllaeMoe B IIOAOTPEeBATeAe TEeIAO PAacXOAyeTcs Ha
oOpa3oBaHue IIOTOKa MapoB Gy, U HarpeB HUX U KyOOBOIO OCTaTkKa OT
TeMIIePaTypul {;' AO ty.

[Tpu HeOOABLION PA3HOCTU TeMIepaTyp HU3a KOAOHHBI f; M OCTaTKa ly
BTOPBIM caaraeMbIM B ypaBHeHuu (IV.50) mo>xHO npeHeOpeub. Toraa KOAMYECTBO
TENAd, NMOABEAECHHOI'O B KHUIATUABHUK, OIPEAEAUTCS M3 CAEAYIOLIETO IPUOAM-
KEeHHOTI'O YPaBHEHUS!

Qy = Gy(H,, - h,). (IV.51)

)+ w(n,, - h,). (IV.50)

ty

IToCKOABKY {;, HE3HAUYUTEABHO OTAMYAeTCA OT [, (0OpHA TeopeTUuecKas
TapeAKa), Pa3HOCTb JHTAABIMNY, cTodlas B ypaBHeHum (IV.51) B cKobOKax,
NPUOAMIKEHHO paBHA CKPBLITOM TEeIIAOTe MCHAPeHUS q,., U BeAWduHy (Qp MO>KHO
OIPEAEAUTH 110 YPAaBHEHUIO

OB = Guncn'

Topsiuast cTpysa. IDTOT criocob MoABOAa TemAa (puc. IV-25, B) mpumMmeHseTcs
B TeX CAydYagx, KOIAQ HarpeB OCTaTKa OOBIYHBIMU TEIIAOHOCHUTEAIMH (BOASHOU
map U Ap.) He NIPEACTaBASIETCSI BO3MOJXKHBIM HMAU IIeAeCOOOpPas3HBIM. AAd CO0O-
meHus TenAa Qp DUPKYAUPYIOIIEMY IIOTOKY JKUAKOCTU g, CAY’KUT TEIIAOOOMEeH-
HBIM alnapaT TOM MAU WHOW KOHCTPYKLIUM (TpyOuaTas Iedb, TPyOUaTHIM TeIAOo-
OOMEeHHUK M T.II.).

Tenno B HU3 KOAOHHBI IIOABOAUTCS IPU IOMOIIM IUPKYAMPYIOUIEH ropd-
4ell CTPyH, HarpeToll A0 OIIpeA€AeHHOMN TeMIlepaTyphl. [IpyM 3TOM dYacTh JKUA-
KOCTHU @, U3 HM3a KOAOHHBI IIpM TeMIleparype fy, IIPOKAYMBAETCs Yepe3 TEeIAO-
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OOMEeHHBIM anIapar, IAe ee TeMIlepaTypa yBEeAMYMBAEeTCST OT fy, AO [, 3@ CYeT
nopBopa TemAaa Qp. Ilpu 3TOM TeMIepaType JKHUAKOCTH BO3BpAIAeTCs U3
TENAOOOMEHHHUKA II0A HIDKHIOIO TapeAKy KOAOHHBI, Ipe IpoucxopuT ee OU u
CMeIlleHre C ITIOTOKOM CTEKAIIel C HUKHEN TapeAKH KHUAKOCTH, YTO HeO0XO-
AUMO AAd OOpas3oBaHUA IIOTOKa napoB Gy,. 3 HU3a KOAOHHBEI 4aCTb IOTOKA
JKUAKOCTH BBIBOAWTCS B KadecTBe ocTaTka W, a ocTaabHas 4acTh ¢, BO3Bpa-
1jaeTcs B NMoAOrpeBaTeAb. [1oa HIDKHIOIO TapeAKy mnocTtymaeT map G, o6paszo-
BABLIMKCSA IIPA CMEIIeHUH MCIaPUBIIENCs YacTH g, U napoB Gy.

B aTOM CcAy4ae TenmAOBOU OanaHC AAS HUDKHEM 4aCTU KOAOHHBI OyAET MMETh
BUA,

Qp + (G, + W)h
OTKyAQ

Qs = Go(H,, - b, )+ W(h,, - h,)

to by

oy = GoH,, + Why,,

Pacuet npouecca OU npu BBOAe IIUPKYAUPYIOIIEro IOTOKa ropsiueil cTpyu
g, TPOMU3BOAWUTCA IIPA TeMmueparype [, W AABACHMM T, B HIWKHEHM 4YacTH
KOAOHHHI.

ITockOABKY t; = ty, = t;, TO

Qp = GO(Hto - htlf) ~ GoQen-

CoOTBeTCTBEHHO
QB = gu(htu - htW )v
OTKyAQ

__ Qs

Iy by

ly — iy
rAe N, — OHTAAbNUS NAPOXKUAKOCTHOIO IIOTOKA IIOCAe TEeIIAOOOMEHHOTO
ammapara.

[lpy HOBBLILIEHMH TeMIepPaTyphl IUPKYAUPYIOIeH ropsdeil cTpyud i, ee
Macca yMeHbBIIIaeTcsl.

BJINAHUE TEMIEPATYPBI BBOIUMOTIO CbIPbi
HA PABOTY PEKTUO®HNKAITMOHHOHN KOJIOHHBbI

HopManbHast paboTa peKTU(MUKAIMOHHON KOAOHHBI C IIOAyYe-
HUeM peKTHU(HUKaTa M OCTaTKa 3aAaHHBIX COCTABOB MOJKeT OBITH oOecliedeHa
IIPU Pa3AUYHBIX COCTOSHUSX CBHIPbs, II0AABAEMOTO B KOAOHHY. CHIpbe MOJXKET
OBITH ITOAQHO KaK B COCTOSSHMU IIOAOTPETOM A0 TeMIIepaTyphl KUIIEHUS KUAKOC-
TBIO, TaK W TEperpeTbIMU IapaMHu. TelAOBOe COCTOSIHHWE CHIPbSI CYIIECTBEHHO
BAMSIET HA IOTOKU IIapOB U JKUAKOCTH B CEKIIUM NUTAHUS KOAOHHBI M Ha pabo-
Ty KOAOHHBI B IeAroM (cM. puc. IV-8), oBycroBauBaeT HeOOXOAUMOCTH CheMa
OIIpeAeA€HHOTO KOAWYEeCTBA Tellaa B KOHAeHcaTope (Q; U (MAM) IIOABOAA TellAd B
KUISTUABHUKE Q.
Ha puc. IV-26 paHBI cCXeMBl IOTOKOB IIapOB M (DAETMBI B CEKIIUM MUTAHUSA
KOAOHHBI AAS ABYX KpaWHHMX CAydYaeB IIOAQYU CHIPBS: B JKMAKOM M IIaPOBOM
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9%, 1 X, = 1
20y | 2 2y Sewt | 2
G=G
N, “'m
—)E XF —T XVDZ ym P',XF f‘ j GN’ ,
2 R R N S 91 1 13
9, X,
N, N,

Puc. IV-26. CxeMa IOTOKOBE B CeKLMHM MHUTAaHUS KOAOHHBI NpPH IOAAYe ChIphsi B JKUAKOM (1) m
apoBoOM (-) COCTOSTHMSIX

COCTOSHMAIX; @HAAOTUUHYIO CXeMY AAS MapOKUAKOCTHOTO IIMTAHWG CM. Ha PUC.
IV-8.

Ilpu mopaue B KOAOHHY JKUAKOCTH, HEAOTPETOU AO TeMIIepaTyphbl Hadard
Kunenus (puc. IV-26, a), Becb HOTOK ChHIpbA (gr = F) CMelIUBaeTCs B CEKIUMN
IIATAHUS C IIOTOKOM (DAETMEI (,;, CTEKAIIllel C BepXHel TapeAKU KOHIleHTpalju-
OHHOM 4YacTU KOAOHHEL. Ha BepxHel TapeAke OTTOHHOM YaCTHU KOAOHHEI ChIpbe-
BOU IIOTOK AOAKEH HarpeBaThCs A0 OOAee BEICOKOM TeMIlepaTyphl 3@ CYeT KOH-
A€HCAIIUM 4acTHU IIapoB, IOCTYHNAIOIMIUX Ha 3Ty TapeAKy. IIpm 3TOM Bech IOTOK
IIapoB, MOKHUAAIOIIVM BEPXHIOID TAPEAKY OTTOHHOWM YaCTU KOAOHHBI, IIOCTYIIa-
€T B KOHIIEHTPAIlMOHHYIO YaCTb KOAOHHBI B HEU3MEHHOM COCTOSSHUHU, T.e.
C"N0 = Gm u YNO =VYm:

Ecam cpIpbe moCTyIlaeT B KOAOHHY IIPM TeMIlepaType Hadana KHUIIEHUd, T.e.
TOABKO B JXUAKOU (pase (e = 0), To, KaKk U B IPEABIAYIIEM CAydae, BecCh
IIapoOBOM TOTOK W3 OTTOHHOM 4YacTH KOAOHHBI OyAeT IIOCTyIaTb B
KOHIIeHTPAIIMOHHYIO YaCTh KOAOHHBI B HeHM3MeHHOM cocTossHUM. OpAHaKo
BCAEACTBUe OOAee BBICOKOM TeMIlepaTyphl HarpeBa CHIPhsS CTelleHb KOHAEHCAIINU
IIapoB Ha BepXHelN TapeAKe OTTOHHOM 4aCTU KOAOHHEI OyAeT MeHbIIIe.

Ilpm BBOAE B KOAOHHY CHIPBS B IAPO’KUAKOCTHOM COCTOSIHUH, T.e. IPU
ponre orroHa 0 < e < 1, B CeKIIUM OUTAHUS KOAOHHBI IIPOUCXOAUT CMeIleHue
IapOBBIX U J>XUAKOCTHBIX IIOTOKOB CBIpbSd KaK W3 OTTOHHOW, TakK U U3
KOHIIEHTPAIlUOHHOM dYacTell KOAOHHHI (cM. puc. I[V-8). TIlostomy 1ipm
NIPOXOKACHUU CEeKIUM IIMTAHUS KOAOHHBI IIPDOMCXOAUT HU3MEHEeHHe COCTAaBOB
KaK JKUAKOCTH X;, CTeKarolllel C HIKHeM TapeAKd KOHIeHTPAIWMOHHOM YacTH
KOAOHHBI, TaK U IIapOB Yy , IOAHMMAIOLIMXCS C BEPXHEH TapeAK:d OTTOHHOMN

9acTd KOAOHHEBL B oOlieM caydae X; = X, U Yy, # V-

Ecam TemmepaTypa CBHIPBS, IIOCTyHAloOIlero B KOAOHHY, OyAeT paBHaA
TeMIlepaType ero IIOAHOTO OAHOKPATHOT'O MCIapeHHs, TO BCe ChIpbe OyAeT
BBOAUTBECSI B KOAOHHY B BUA€ HACHIIeHHBIX IapoB IIpu e = 1 u G = F. B
3TOM CAy4Yae B OTTFOHHYIO 4YaCThb KOAOHHBI IIOCTyIlaeT (AerMa TOABKO U3
KOHIIEeHTPAIJMOHHOMN YaCTH KOAOHHEI M MO3TOMY ¢, = (¢, U X; = X, a IIOTOK
napoB G, CcOCTaBa y, ABAIETCS pe3yAbTaTOM cMellleHUs (puc. IV-26, 0).
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[Tpu HarpeBe CBHIPbs BHINIE TeMIlepaTyphbl IIOAHOTO OAHOKPATHOTO HCIape-
HUs IIPOU3OMAET NeperpeB NapoB. Kak U B NPeABIAYIIEM CAydae, IIOTOKU OYAYT
XapaKTepu30BaThCs CXeMOU, IPUBEAeHHON Ha puc. IV-26, 6. Otanume OyAeT co-
CTOATH B TOM, YTO TEIIAO IIeperpeBa NapoB AOAKHO OBITH CHSATO B BepXHeEM dYac-
TU KOAOHHBI IIDU UX KOHTAKTUPOBAHUU C OOAEe XOAOAHOU (DAETMOM, CTEKaro-
ey II0 TapeAKaM KOHIIeHTPAIIMOHHOM 4acTu KOAOHHEL. OueBHAHO, YTOOBI He
AONIYCTUTh YpPEe3MEpPHOIO IIOBBIIIEHUS TeMIepaTyphl (AErMBI, CTeKalolel C
HIJKHEW TapeAKHU KOHIIEHTPAIIMOHHOM YaCTH KOAOHHBI, HEOOXOAUMO YBEAUYHUTH
Maccy 3TOU (PAerMBl AU IOHU3UTH TeMIepaTypy (PAeTrMBI B BBIIIEAEKAIIUX Ce-
YEeHUSIX KOHIIEHTPAIIMOHHOW 4aCTU KOAOHHHI.

PaccmoTpenHBIe OCOOEHHOCTH PAOOTBI KOAOHHBI IIPU PA3AWYHBEIX TeMIIe-
paTypax BBOAMMOTO CHIPBSI CyI]eCTBEHHO BAMSIOT Ha pa3Mephbl CaMOM KOAOHHHI,
KOHAEHCATOpa M KUIATHUABHUKAE, & TaK)Ke Ha PAacXOp U IlapaMeTphl TEIAOHOCH-
TeAs U XAQpAreHTa (TeMIepaTypy U AaBaeHue). [TosToMy AAT KaKAOTO CAydas
AOAJKHBI OBITH BEIOPAHBI ONITMMAaAbHBEIE YCAOBUS.

M3 MaTepHarbHOTO U TEIIAOBOTO OAAQHCOB KOAOHHBI UM€EEM

- hp - hy,
g=2_Xe~Xw _ F_—W =const<l.
F  yp-Xw H}-hjy
Ortcropa

« Qy .
hF<HD=htD+;’

_ * o Qd OB
hp=¢H, +(1-¢)h,, =eH, +(1-¢)h,, +£F—(1—5)W.

Kpowme Toro,

hgp = Qa=Cp _ const. (IV.52)
F

[Tpu mM3MeHEHWMW TeMIepaTyphbl BBOAUMOTO CHIPBSI OYAET M3MEHSITHCS €ro
SHTAABINUA hp, 9TO NOTPeOyeT COOTBETCTBYIONIETO M3MEeHEeHUA BeAUdnH Qy; u Qp.
Kak caepyeT m3 IIpUBEAEHHBIX BBIPA’KEHUM, C IOBBIIIEHHEM TeMIlepaTyphl
CeIpbs (hy yBEAMUYUBAETCSI) KOAUUECTBO OTOUPAeMOro B KOHAeHcaTope TemAa Qg
AOAJKHO TaKyKe YBeAWYMBaThbCsa. [Ipu 3TOM BO3pacTaeT IIOTOK (DAETMBI B
KOHIIeHTPAIITUOHHOM YacTH KOAOHHBI, @ KOAWYECTBO IOABOAMMOIO B KUISATUAB-
HUKe TenAa Qg yMeHBIIaeTCsd B COOTBeTCTBUU C ypaBHeHueM (IV.52). OpnHako
BeAmdunHa (J; He MOJKeT OBITh MeHBIIe KOAWYECTBA TEIIAd, COOTBETCTBYIOIIErO
MMHHUMAABHOMY IIaPOBOMY YHMCAY COTAACHO ypaBHeHHIO (IV.24).

AHaAAOTHYHO TIpU Iopaue OOAee XOAOAHOIO CHIpbsI BeanuunHa Q; OyAeT
YMEHBIIAThCS, IPUBOASA K YMEHBIIIEHHUIO IIOTOKAa (PAeTMbl B KOHIIEHTPAIJMOHHOMN
4acTH KOAOHHBEL OAHAKO 3TOT IIOTOK He MOJKeT OBITh MeHBbIIle, UYeM OIIpeApeAse-
MbIN 110 ypaBHeHUIO (IV.23). COOTBETCTBEHHO TENAONOABOA (Vp B KUIIATHABHUKE
AOAJKEH BO3PaCTH.

TakuM o06pa3oM, C yBeAWYeHHEM TeMIIepaTyphl BBOAVMMOTO B KOAOHHY
CBIpbSI Macca OpOlIeHUsS B KOHIIEHTPAIIMOHHOW YacTH KOAOHHBI TakKyke

YBEAUUUBAETCS.
[TosTOMy HamMeHBLIINM IIOTOK OPOIIeHUS OyAeT IIPU IUTAaHUU KOAOHHBI
JKUAKOCTBIO, HEAOTPETON A0 Hadara KUIEHUS, @ HauOOABIIIUM — IIPU ITUTAaHUU

KOAOHHEBI TIeperpeThbiM MapoM.
153



[Mpu yBeAmYeHUM AOAU OTTOHA (TeMIIepaTyphl) CHIPbS yBEAWYMBAETCI 00-
UM PACXOA TellAd, OCOOEHHO Ha HArpeB U HCIApeHUE CBHIPbS, XOTS U yMeHb-
1IaeTCSI KOAMYECTBO TEIIAQ, IOABOAMMOTO B KUMISATUABHUKE.

OOBIYHO IpU BEIOOPE AOAU OTTOHA CHIPBS NPUHUMAIOT PEXUM, KOTOPBIU C
y4eTOM KaK pabOoThl caMOM KOAOHHBI, TAK U APYIUX (DAKTOPOB, SIBASETCS B He-
KOTOPOM CMBICAE€ OIITUMAABHBIM.

Tak, HampuMmep, IOCKOABKY TeMIlepaTypa CHIpbsl MeHbIlle TeMIepaTyp:l
HHU3a KOAOHHBI, TO AAS €rO HarpeBa B IIEAOM DSAE€ CAYYaeB MOJKHO HCIIOAB30-
BaTh MeHee BBICOKOTEMIIEPATYPHEIM, a CA€AOBATEABHO, U OOAee AEIIeBBIU Tell-
AOHOCHUTEAB. B caydae >)Ke MCIIOAB30BAaHUS OAWHAKOBOTO TENAOHOCUTEAS, HAIPU-
Mep B TpyO4aToM IIedu, AAS IIepepadd OAHOIO M TOTrO K€ KOAWYEeCTBa TeIlAd ChI-
PBIO U OCTaTKy HarpeB CHIPbS MOXKeT IIOTpebOoBaTh MeHbIlel ITOBEePXHOCTH Tell-
AOOOMeHa BCAEACTBHUe OOABIIEN Pa3HOCTU TeMIlepaTyp.

Heo6x0pMMO yYUTEIBATH TaK’Ke BO3MOJKHOCTL pereHepalluy 4acTU TelAd
OTXOAAIIUX C YCTAHOBKU IIOTOKOB, YTO MOXKeT OOYCAOBUTH IIeAeCOOO0pPa3HOCTh
paboTHl PeKTU(PUKATMOHHOU KOAOHHEI Ipu e > 0.

Ha Takux ycTaHOBKaX, KaK KaTaAUTHYeCKUN KPEKMHT U 3aMeAAeHHOe KOK-
COBaHUe, Maphl U3 peakTopa B IIeperpeToM COCTOSHUU IIOAQIOT HEIOCPeACTBEH-
HO B PEeKTHU(PUKAIIUOHHYIO KOAOHHY.

Takum oOpa3oMm, AAS BLIOOpPA ONTHUMAALHOTO pe’kuMa PeKTUPUKAITMOHHOM
KOAOHHHI TpeOyeTcsa BCECTOPOHHUM aHAAWU3, YUUTHIBAIOIIUM pAp (paKToOpoB: pac-
XOA TeIlAd U XOAOAQ, HaAW4YMe COOTBETCTBYIOIIUX TENAOHOCHUTEAEM U XAaAareH-
TOB, TpebyeMble IIOBEPXHOCTH KUIMSTHUABHUKA, HArpeBaTeAsl ChIPbsl M KOHAEHCa-
TOpa, Pa3Mepbl KOAOHHEL U AD.

BJIUAHUE JABJIEHUS
HA ITPOILECC PEKTN®UKAIINN

BriGop pAaBAeHHMSA B PeKTU(MUKAUOHHON KOAOHHE OOYCAOBAEH

TAQBHBIM 00pa3oM HEOOXOAWMEBIM TeMIIePaTyPHBIM PEKMMOM: AABAEHHE B KO-
AOHHE IIOBHIIIAETCS MO0 CPAaBHEHUIO C aTMOC(EePHBIM, KOTAQ HEOOXOAMMO ITOBHI-
CUTb TEMIIEPATYPY B KOAOHHE, MAU NTOHW>KAeTCs IIyTeM CO3AAHUS BaKyyMa, KOr-
Ad TeMIlepaTypa B KOAOHHE AOAJKHA OBITh CHU KEHaA.

Heo0xoAMMOCTE MOBBIIIEHUS TeMIIepaTyphl, @ CA€AOBATEABHO, U AABAEHUSI
B PEKTU(UKAIMOHHBEIX KOAOHHAX BO3HUKAET IPU Pa3AEAeHUN KOMIIOHEHTOB C
HU3KUMM TeMIIepaTypaMyu KUIIeHUs, HAalIpUMep, TP PeKTU(MUKAINN TaKUX HU3-
KOMOAEKYASIDHBIX YTAE€BOAOPOAOB, KaK IIpoIlaH, OyTaH, u300yTaH, MeHTaH U Ap.

[TyTem nmopbopa COOTBETCTBYIOIIEIO AABA€HUS B PEKTHU(PUKAIMOHHON KO-
AOHHe 00ecCIeurBalOT TaKOU TeMIIepaTypHBIM PeXUM, IPU KOTOPOM AASl KOH-
A€HCallM MapoB PeKTU(UKATa B KaueCTBE OXAAKAAQIOIINX areHTOB MOJKHO WC-
IIOAB30BaTh AEIIeBBIE M AeTKO AOCTYITHBIE XAQAQT€HTHI — BOAY U aTMOC(EepPHBIN
BO3AYX. Tak, Hampumep, IIpU TOAYYEeHMH B KadecTBe peKTH(HMKaTa IIpolaHa
npu paboTe KOAOHHBI II0A aTMOC(EPHBIM AABAEHUEM TeMIlepaTypa BepxXa KO-
AOHHEI OypeT paBHa —42 °C, Torpa Kak IIpU NOBBIINIEHUUN AaBAeHH A0 1,9 MIla
OHa Bo3pacTeT A0 + 55 °C, UTO IO3BOAUT MCHOAB30BATh B KOHAEHCATOPE BOAY.

YBeAaudeHMe TeMIepaTyphl BepXa KOAOHHBI IIPU COOTBETCTBYIOIIEM IIOBBI-
IIIeHNU B Hel AABAEHUS MPUBOAWUT K YMEHBIIEHMIO TOBEPXHOCTH KOHAEHCATOpa
BCAEACTBYE POCTa CpeAHEN PasHOCTH TEMIIEPaTyp MEKAY KOHAEHCHUPYIOITUMUCS
mapaMu PeKTU(PUKATa U OXAAKAQIOIINM areHTOM.
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BMecTe ¢ TeM Ipu NOBHIIIEHUU AABAEHUS B KOAOHHE YBEAMUYUBAETCS U TeM-
IepaTypa OCTaTKa, OTOMPAeMOro M3 HU3a KOAOHHBI. OTO IIPUBOAUT K yBeAWde-
HUIO MOBEPXHOCTH KUIISATHUABHUKA BCAEACTBHE YMeHBIIEHUd CpepHeN Pa3HOCTU
TEMIIEPATYP MeKAYy TEIAOHOCUTEAEM U HWJKHUM IIPOAYKTOM KOAOHHBI HMAU K
HeOOXOAUMOCTU NPUMEHEHUA OOAee BBICOKOTEMIIEPATYPHOrO U OOAee AOPOTOTO
TEIIAOHOCUTEAS.

Kpome Toro, paBAeHUe B PeKTU(MUKAIIMOHHON KOAOHHE MOJKeT OBITh 00ycC-
AOBAEHO TaKKe pPAabOTOM APYTHUX AaIllapaTOB TeXHOAOTHUYECKON YCTAHOBKH, a
TaK>Xe COIPOTUBAEHHEM alllapaTOB M KOMMYHMKAIIWM, PACIOAOKEHHBIX IIOCAE
PEeKTU(PUKAIIMOHHON KOAOHHHI.

ITonuxeHue A@BA€HUA B PEKTU(MUKAIMOHHOU KOAOHHE IIyTeM CO3AAHUS Ba-
KyyMa MO3BOAseT CHU3UTh TeMIIepaTypy B KOAOHHe, YTO OBIBAeT HEOOXOAVUMO
IIPU pa3peAeHuU KOMIIOHEHTOB, OOAAAQIOIINX BBEICOKMMM TeMIlepaTypaMu KHIle-
HUS UAU TEPMUUYECKOU HeCTaOMABHOCTBIO. Tak, HanpuMep, OAAropapss CO3AAHUIO
BaKyyMa MOKHO IIpu TeMieparypax MeHee 400 °C ocyllecTBUTh PEKTUMUKAIUIO
MaCASHBEIX AMCTHUAASATOB, TEMIEPATyphl KUIEHUS KOTOPBIX IIPU aTMOC(EepHOM
paBaeHum MoryT npessinaTth 500 °C, obecneunBas BepeHUe Iporecca 0e3 3aMeT-
HOTO pa3AoykeHUd. B caydyae pekTu@UKAIUU C BOAIHBIM IIapoM IIpHMeHeHUe Ba-
KyyMa IIO3BOASIET CYIIeCTBEHHO COKPATUTh PACXOA BOASHOIO Iapa.

Kak OBIAO OTMeueHO paHee, AABA€HHe CHUCTeMBI BAMSET TaKKe Ha Koaddu-
IIVEeHTHl OTHOCUTEABHOM A€Ty4eCTH KOMIIOHEHTOB CMeCHU. AAd OOABIIMHCTBA
cMecel 3Ta XapaKTepUCTHKa C IIOHWJKEHWEM AABAeHUd yBeamumBaeTcsa. OpHAKO,
B HEKOTOPBIX CAyYasaAX MO’KeT HAaOAIOAATBCS M OOpaTHasg 3aBUCUMOCTh. YBeAWUUe-
Hue Ko3d(uIiimeHTa OTHOCUTEABHOM AeTy4eCTH OAQrONpUSATHO CKa3bIBaeTcs Ha
npoljecce peKTHU(UKAIIUY, MO3BOAAS CHU3UTH KOAWUYECTBO OpPOIIEHUS, yMeHb-
IINTh YUCAO TAaPEAOK B KOAOHHE HUAM IIOBBICUTH YETKOCThH PA3AEeAeHUS KOMIIO-
HEHTOB.

HamnbOonee 3HAQUUTEABHO YXYALIAIOTCS YCAOBHSA PEeKTHU(PUKALUM B OOAACTH
BBICOKUX AABACHUU, OAM3KUX K KPUTHYECKOMY. B 3TOM cAydae KpuBasg paBHOBe-
cus (pa3 CTAHOBUTCS IIOAOTOM, TaK KaK BeAMYUHA KO3(P(PUIEeHTa OTHOCUTEAb-
HOM AeTy4eCTH NPUOAMIKAeTCS K eAeHUlle.

AaBAeHUE B PeKTU(PUKAIIUOHHOMN KOAOHHE BAUSET TaK’kKe Ha ee IIPOU3BOAU-
TeABHOCTh. C yBeAWYeHHEM AQBACHUS YAEABHAsd MPOU3BOAUTEABHOCTH KOAOHHEI
pacteT. OAHAKO NPU 3TOM HeOOXOAWMA OOABIIAs TOAIIMHA CTEHKH KOPIIyca
KOAOHHEI, KDOM€ TOTr'O, YBEAMYMBAIOTCS 3aTPaThbl HA II€PEKadKy CHIPbs, OpOollIe-
HUS U AD.

W3 BBIIIEN3A0KEHHOTO CAeAyeT, YTO BeAWYMHA AABA€HUS B peKTHudUKAIU-
OHHOU KOAOHHE CYIIIeCTBEHHO BAUSET Ha PsIA ITOKa3aTeAreld ee pabOTEl, IPUBOAL
K VAYUYIIEHHWIO OAHUX U YXYALIEHUIO APYyTUX. [ToaToMy mpu BBIOOpe AABAEHUS B
KOAOHHE B Ka’KAOM KOHKPETHOM CAy4ae HeOOXOAMMO IIPOBOAUTH BCECTOPOHHUU
aHanu3. IIpu 3TOM OCHOBHBIM KPUTEPHEM, KaK IIPABUAO, SBAGETCA OOecClleueHue
OAAQTOIPUATHOIO Pe’KUMa.

PACYET TEMIIEPATYP B PA3/IMYHBIX CEYEHUAX
KOJIOHHbBI

B cayuae pexkTuduKanmu OUMHAPHBIX CMecel, BKAIOUas paboTy

KOAOHHEI C BBOAOM BOASHOTO IIapa, AAS pacueTa TeMIepaTyp MOTYT OBIThb
WCIIOAB30BaHBI M300apHEBIE TeMIlepaTypHble KpPUBHIE.

OpHAKO caepyeT UMeTh B BHAY, YTO AABAGHUS B PA3AMYHBIX CEUYEHHSIX
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KOAOHH, PaboTaroniux IMop aTMOC(EPHBEIM U OOAee HU3KUM AABAEHUEM, MOTYT
CYILIECTBEHHO PAa3AWYATBhCS, YTO CBA3aHO C THUAPABAMYECKHM COIPOTHUBAEHHEM
KOHTAKTHBIX YCTPOUCTB Ap, .. Tak, AaBreHME B CeKIUM muTaHus (puc. [V-27)
OyaeT

’
T,o= T, + ApK.y,
a B HU3Y KOAOHHBI
! "
J-cn = JTB + Ap}(.y + ApK.y = J1:13 + ApKAy'

TA€ T, — A3BAEHHE B BEPXy KOAOHHBL Ap, ¥ Ap; ~— CONpOTHBAEHHE COOT-

BETCTBEHHO KOHTAKTHBIX YCTpOfICTB KOHHeHTpaHHOHHOﬁ M OTTOHHOM dYacTeln
KOAOHHHBI.

HpI/I OOABIIIOM COIIPOTUBACHHNU KOHTAKTHBIX YCTpOﬁCTB BeAWYMHA (3Haqe-
HUE) AABA€HUS T, U T, MOTYT OBITb OOABIIIE AABACHHUSA 7T, B HECKOABKO pa3. ITO
OOCTOATEABCTBO HEOOXOAUMO YYUTHIBATH IIPU pacyeTe TeMIepaTryp B COOTBETCT-
BYIOHIINUX YaCTAX KOAOHHBI, IIOCKOABKY IIOBEBIIIEHNE AABACHUSI IIDUBOAUT K POCTY
TeMIleparyp.

OOEBIYHO B IIEPBYIO OYePEAb OIPEAEATIOT TeMIlepaTyphl Bepxa KOAOHHEI i,
HM3a KOAOHHHI {, U BBOAA CHIPbS B KOAOHHY t.

Puc. IV-27. Cxema K pacuyeTy TeMIepa-
TYyp ¥ AQBA€HHII B OCHOBHBIX CEUYEHUSIX

de KOAOHHBI
Ttys tB
T~ D
|
{ NK Puc. IV-28. CxemMa HMJ)KHEH 4YacCTH KO-
f AOHHBI IIPM MOAA@Yye ChIPbSI B BHAE Iepe-
{ f TrpeThIX NapoB
: f »
b, r
g.,t,.
E t F B | 7[1'1 G ’ tm e l
! N, g,t
o | o L
' A L |
; f , P" tF > tH.K _)
1
ﬂ-H’ tH *
Qy
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TeMnepaTypy Bepxa KOAOHHBI f, OIIPEAEASTIOT METOAOM IIOCAE€AOBATEALHEBIX
OpUOAMIKEHUHM IO ypaBHEHUWIO M30TePMBl ITapOBOM (ha3bl, CUMTAsl, YTO TMaphl
peKTu(UKATa B BePXy KOAOHHBI HAaXOAATCS MIPU TeMIlepaType Hayara KOHAEHCA-
U U AABAEHUS U,

O Vi =1
Ki,B

'
i=1
B KOTOPOM KOHCTAHTHI paBHOBecHsl K;, TNPH AABA€HUU T, OIPEAEASTIOTCS
npubAMXeHHO K, = P(t,)/m,.

TemnepaTypy HM3a KOAOHHBI f, PACCUMTHIBAIOT II0 YPaBHEHHIO W30TEPMEI
SKUAKOM (ha3bl, CUMTast, 9TO MPOAYKT HaXOAUTCS IIPU TeMIlepaType KUIIEHUS IIOA
AaBAEHUEM T,

E KinXiw =1, (IV.53)

=1

rAe KOHCTAHTHl paBHOBecus K;, IPU AAGBAEHHH T, OLPEAEASIOT IPUOAMKEHHO
K,., = Pft)/n, W3 ypaBHeHus (IV.53) TemmnepaTypy HH3a KOAOHHHI [,
ONIPEAEASTIIOT METOAOM IIOCAEAOBATEABHBIX TPUOAVIKEHU.

[Tpu 3aA@HHOM AOAE OTTOHA CHIPBSA e’ ero TeMIIepaTypy tr OIMPEAEASIOT IO
ypaBHeHuto (II.7) mam (II1.9), @ B cAydae CAOXKHEIX CMeCed — IO YpPaBHEHUIO
(II1.15) mam (1I1.18) B 3aBucmMOCTH OT BeAwuMHHI e'. KOHCTaHTHI paBHOBECUS
PacCUUTHIBAIOT IIPU AQBAEHUH T,.

AHAAOTUYHO MOIYT OBITH PACCUUTAHBl TEMIEPATYPhl U B APYTUX CEYeHUSIX
KOAOHHHI.

I[lpm paboTe KOAOHHBEI C BBOAOM BOAJHOTO Iapa TeMIepaTypel B
COOTBETCTBYIOIIUX CEUYEHMAX KOAOHHBI PACCYUTHIBAIOT IIPU NapPIUAABHOM
AABAEHUU YTAEBOAOPOAOB.

OcoOBI CcAyYall IIpeACTaBAgeT NMUTaHNe KOAOHHEBI IleperpeThIMU IlapaMy,
TeMIlepaTypa {r KOTOPBIX BHIIIIE TeMIepaTypbl Hadara WX KOHAeHcauuu i,
(puc. IV-28).

INapel, mocTynaromye Ha PeKTU(MUKANUIO, AOAKHEBEI OBITH B HACHIIIEHHOM
coctogHuU. Tenno meperpeBa napoB (), CHUMAIOT IIyTEM IIUPKYASAIIUU >KHUAKOIO
IIOTOKA (,;, KOTOPHI B TEIAOOOMEHHHKE OTAJET IIOAYYEHHOe OT IapOB TEeIAO
COOTBETCTBYIOIIEMY TEXHOAOTMYEeCKOMY IIOTOKy. [Ipu 3TOM IPHUHMMAIOT, 4TO
napel G, TOCTylalollde Ha PeKTU(PUKAIUIO, U OTXOAANINM KyOOBBIM OCTATOK
W HaxopdTCd B paBHOBecHH, T.e. [, = ly = [;.

YpaBHeHUE TENAOBOTO OaraHca AAS HUJKHEM 4acTW KOAOHHBI 3alMIIETCS B
CAEAYIOIIIEM BUAE:

(F+g, -W)H, +Wh, +Q,=g/h, +FH,

ty

1% 9N %)
Q, = F(H, - H,)-g,(H,, -h,)+W(H, -n,)
Ecau npusars, uto g, = W, TO
Q, ~F(H, - H, ) (IV.54)

B ypaBuenum (IV.54) pa3HOCTH 3HTAABIINN COOTBETCTBYET YBEAWYEHUIO
SHTAABIIMU IIaPOB CHIPBS IIPU UX IIeperpese.
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W3 TenroBoro 6araHca TeIAOOOMEHHUKA IIOAYYNM MaACCy ODUPKYAUDPYIOIIEero
IIOTOKA

-
In=ph
tw ~ ty
Takum o6pas3oM, B 3TOM CAydYae TeMIepaTyphl B HIDKHEH 9acTU KOAOHHEI
OIIPEAEASIIOTCS MAacCOM g, U TeMIepaTypoi ¢, IUPKYAHUPYIOIIETro IMOTOKA XOAOA-
HOM (pAETMHEI.

OCOBEHHOCTH PABOTbI
PEKTHOUKAITMOHHOUN KOJIOHHbI
C BBO/IOM BOJAHOTO ITAPA

BBOA BOASHOTO ITapa B PEKTU(OUKAINOHHYIO KOAOHHY OOYCAOB-
A€H JKeAQHWEeM CHU3UTBH TeMIIEPATypPy IIPOIeccd, C TeM 4TOOBl M30e’KaTk Pa3Ao-
KeHUs He(PTEeIPOAYKTa (IeperoHKa Ma3yTa, TI’KEABIX He(@TAHBIX OCTATKOB M
T.11.). TeMInepaTypa KUIeHHUs >KUAKOCTH MOJKeT OBITh CHU’KeHa TaKyKe IIOHMKe-
HHEeM AaBA€HUS B alllapaTe IIyTeM CO3AAHUA BakKyyMa. B HedTenepepaboTke 4a-
CTO IIPUMEHSIOT 00a 3THX cnoco0a MOHMXEHUsI TeMIlepaTyphl KUIIeHUsI CMeCH.

Bo MHOTHX cAy4YasxX BOAGHOM Iap BBOAAT IIOA HIJKHIOIO TapPEAKY OTTOHHOM
4aCTU PEKTU(MUKAIMOHHON KOAOHHEI, YTOOBI UCIAPUTH YaCTh >KUAKOCTH B HHU3Y
KOAOHHEI, 00Pa30BaTh BOCXOAAIINU IIOTOK IAapOB U OOECHeYuTh HNPOLEeCC PeK-
TUPUKAIIUN B HIJKHEM 4acTU KOAOHHBI. OCOOEHHO 3TO IPaKTUKyeTCs B TeX
CAydYasgX, KOTAQ IIOABECTU TENIAO B HM3 KOAOHHBI 4Yepe3 KUIATUABHUK He IIPeA-
CTaBASIETCS BO3MOJKHBIM HMAU KOTAQ He TpeOyeTCs BBICOKOM YeTKOCTH pa3jene-
HHS ¥ BBOA BOASHOIO IIapa IIO3BOASET OOAee IPOCTO O(OPMHUTH IIPOIeCC PeK-
TU(UKAUHN.

HpI/I BBICOKOM TeMIilepaType HN3a KOAOHHBI IIOABOA TeIlAd 4Yepe3 KUIIITUABHUK B IIEAOM pPsipe
CAy4YaeB Tpe6yeT IIpUMEeHeHUs CIIeUAABHBIX BBICOKOTEMIIEPATYPHBIX TeHAOHOCI/ITeAefI, HCIIOAB30BaA-
HHe KOTOPBIX AA YCTAHOBOK OOABITION eAHHH‘-IHOIZ MOITHOCTH 3a4YaCTyIO He IIPEACTABASIETCSI BO3-
MO}KHBI_I[DO/I,.A‘BOA TeIlAd C IIOMOLIBIO KUIISITUABHUKA B PSIAE€ CAYyYAeB MCKAIOYAETCsI, TaK KAaK IIPU BBICO-

KoM TeMIeparype B HU3Y KOAOHHBI MOJXXeT HpOHSOﬁTH TepMUu4YeCKoe pa3AOXeHHe IIPOAYKTA: Ma-
3yTa, T'YAPOHQ, BBICOKOKUIIAINNUX AUCTUAASITOB U T.II.

Ilpm BBOAEe B HM3 KOAOHHBI BOASHOTO Ilapa HapliMarbHOE AGBAEHUE IIapoB
YTA€BOAOPOAOB CHHMJKAETCS, YTO CIIOCOOCTBYeT UCIAPEHUIO KUAKOCTU (ee KHUIle-
HUIO) Ipu OOAee HU3KOU TeMIeparype. Temao, HeOOXOAUMOE AAS HUCIAPEHUSA
SKUAKOCTU, OTHUMAETCSI OT CaMOM JKHMAKOCTH, BCAEACTBHE Uero ee TeMIlepaTypa
MIOHM>KAETCs.

BopsHOM map BMecTe C IIapaMU UCIApPUBIINXCS YTAEBOAOPOAOB Ha TapeAKe,
PAaCIOAOKEHHOU BHIIIE, BCTyIlaeT B MAaCCOOOMEH C JKUAKOCTBIO. B cooTBeTcTBUM
C 3aKOHOM AAABTOHA Macca IapoB YTAEBOAOPOAOB, IIOAYYAEMBIX IIPU BBOAE BO-
ASJHOTO IIapa, onpepeasdercsd ypasHeHueM (I1.32):

G = pMgZ
1§‘n—P

ITockoABKY BeAnumHA P 3aBUCHUT OT COCTaBa KMAKOCTH U ee TeMIIePaTypHl,
TO IIPU MOCTOSHHOM PACXOAe BOASHOTO Iapa Z Macca IepelleAlllnX B IIapoo0-
pa3Hoe COCTOSIHUE YTAeBOAOPOAOB OYAET TeM OOABIIe, 4eM OOABIIE COAEPIKUTCS
HKK B >XMAKOCTH U 4eM BHIIIIE ee TeMIepaTypa.
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PaccMoTpuM 6oAee TOAPOOHO pPabOTy OTTOHHOM YacTH peKTudUKalu-
OHHOM KOAOHHBI, paboTarolel Oe3 KUISTUABHUKA U C BBOAOM BOASHOTO IIa-
pa.

B >KHMAKOCTH, CTEKAIOIIel C TapeAKM Ha TapeAKy B OTTOHHOU 4acTU KOAOH-
HBI, IIDU BBOAE BOAfAHOro mnapa KoHIeHTpanuda HKK yOwblBaeT B HampaBAeHUU
CBepxXy BHHU3. B 3TOM >Ke HalpaBAeHUU YyOBIBAeT AaBAeHMe U TeMIlepaTypa
BCAEACTBUE MCIApeHMs YaCTU )KUAKOCTH Ha Ka’kKAOM TapeAke. [ToaToMy B COOT-
BeTCTBUHU C BHIIIENIPUBEACHHBIM YPaBHEHHEM IIPU MIOCTOSHHBIX PACXOAE BOASHO-
ro 1apa Z u BHEIIHEM AABA€HUM 7T KOAMYECTBO YTAE€BOAOPOAHBIX IIapOB, IIOAHU-
MAIOIIUXCSA C COOTBETCTBYIOIEN TapeAKd, OyAeT YMEHBIIATHCS IO HAIIPABACHUIO

CBEpPXy BHHU3.

CAepOBATEABHO, AT HUJKHEW 4aCTH KOAOHHBI, paboTarolei 0e3 KUISTUABHUKA U C BBOAOM
BOASIHOTO IIapa, XapaKTePHBIM SIBASIETCSI YMeHbllIeHHe MacChl IIapoB OT TapeAKU K TapeAKe B Ha-
NIPaBACHUU CBepPXy BHU3, YTO IPUBOAUT K CHIJKEHHUIO 3@deKTa peKTU(MHUKAIUN B HUKHEM dYacTu
KOAOHHEL. BcaeacTBrue 3TOro 3p@eKTHBHO PabOTAIOT TOABKO BePXHHE TAapPEAKH OTTOHHOW 4YacTH
KOAOHHBI U A@)Ke 3HAUUTEAbHOE yBeAWdeHHe UHCAA TapeAOK He II03BOASIeT CYIIeCTBEHHO CHU3UTH
copepxanue HKK B ocraTke. BO3MOXHOCTB ke IIOBBIIIEHUS YETKOCTU PeKTU(MUKALUU B HUKHEU
YaCTH KOAOHHEI AMMHUTHPYETCS PACXOAOM BOASHOIO Iapa. deM OoAbIle BBOAWUTCS BOASHOTO IIapa
AAsT 0Opa3oBaHUs IIOTOKA YTAEBOAODPOAHBIX IIApOB, TeM A0 O0Aee HU3KOW TeMIlepaTyphl OXAa’KAAeT-
Cs1 OCTAQTOK U, COOTBETCTBEHHO, BO3PACTAET PACcX0p BOAAHOTO mapa. [1oaToMy pacxoa BOASHOIO Ia-
pa OBICTPO AOCTHUTAET CBOETO ONTHMAABHOTO 3HAUEHUS.

INpakTuKOM paboOTH YCTAHOBOK Ha HedTelepepabaTEIBAIOIINX 3aBOAAX YC-
TAHOBAEHO, YTO AOASI IIapOB, OOPA30BAHHEIX IIPU IIOMOINW BOASHOIO Ilapa, He
AOAKHA MPEeBHIMIaTh 25— 35 % Macchl ocTaTKa.

OTMedeHHas BhIllle OCOOEHHOCTb U3MeHEeHUsI MacChl IIapoB IIO BBICOTE OT-
TOHHOM 4YaCTU KOAOHHBI, paboTarolledl C BBOAOM BOASHOTO Iapa, NPUBOAUT K
TOMY, 4TO paboudasd AMHHS Ha AuarpaMMme x—y oOpaljeHa CBOeN BBIITYKAOCTBIO K
AMHHWU PaBHOBECHUS, YTO, KaK M3BECTHO, IPUBOAUT K CHIDKEHHUIO CPEAHEU ABU-
JXKyIIeN CHUABI IIponecca MaccooOMeHa. [TosTomy npu paboTe KOAOHHEI C BBO-
AOM BOASIHOTO I1apa AAS IIOAYUYEeHUsI OAHOTO U TOTO JKe COCTaBa OCTaTka Tpely-
eTcs OOABIlIlee YHCAO TApeAOK, YeM B CAydae PabOTBEl KOAOHHBI C KUIATUABHU-
KoM. OTTOHHYIO 4aCTb KOAOHHEI, pabOTAIoIIyI0 C BBOAOM BOAJHOTO Ilapa 0Oe3
KHUIISTUABHUKE, PACCUUTHIBAIOT CAeAyIOIIMM obpaszoM (puc. [V-29). Brauanre B
COOTBETCTBUHU C YKA3aHHOM BHILIIE PEKOMEHAALIMEN

Gn,

=0,25+0,35

38AQIOTCST KOAMYECTBOM 11apoB Gy , NMOAHMMAIOUIMXCS C BEPXHEHW TapeAKu B
9BAMOPALMOHHYIO YacTh KOAOHHEL [locae BbIGOpa BeAmduHbl Gy =~ ONPEAEAUTCS

4 Macca IOTOKa (MAerMel ¢,, (4 ¢,), HOCTyHmawllel Ha BEPXHIOK TapeAKy
OTTOHHOM YaCTU KOAOHHEI, IIOCKOABKY

In=0 +gr =W+ Gy,

Ilpu orpanmyenuu Maccel mapoB Gy B CAydae pabOTEL C BBOAOM BOAS-

HOro Iapa OrpaHMYMBaeTCs U Macca MAETMBL g, = g, + 5, XOTSI COCTaBASIIOIIUE
IIOTOKY §; U r MOTYT U3MEHSITHCSI B HEKOTOPBIX IIPEAEAaxX.

YpaBHeHUE MaTepUAABHOTO OaraHCa HUDKHEM YacTh KOAOHHBI Aa1 HKK
UMeeT BUA,;

.
Wxy + Gy Vv, =91 X1 +9pXp =0 Xy
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AN Puc. IV-29. Cxema HM)XHEH 4YaCTH KOAOHHBI, paboTaro-

f 1 1eil ¢ BBOAOM BOASIHOTO Iapa
9,1 G,”.’}L\
EL VIGH | 746, .1,
5 "o’ e
9 ||

gI' ’ tl'\

| ‘L - — ]

1
| Z+G,

ol 4t

=

B aToMm YPaBHEHUU BCE€ BEANMYUNHBI M3BECTHBI, KpoMe YNO n x,. Beanunnont
X; MOJXHO 3aAAQTBhCsl, IIPUHSB €€ 3Ha4deHrue HEeCKOABKO OOABIIIE X;_- TToche-

AVIOIIAM PAcdeTOM KOHIIEHTPAMOHHOU 4YaCTH KOAOHHBI BEeAWYMHA X, YTO4Y-
HSIeTCS.

3aTeM CAepyeT 3aAaThCS pacxXxOAOM BOASHOro mnapa. [IpuHdaTasg BeAanduHa
pacxopa BOASHOIO Napa MOJKET OBITh YTOYHEHa IIPU pacueTe YMCAd TapeAOK B
OTTOHHOM YaCTH KOAOHHEIL.

TemnnaoBo¥ GaraHC HMJKHEM YaCTH KOAOHHBI, pabOoTarolleidl ¢ BBOAOM BOAS-
HOTO TIapa, 3alMChIBAETCS CAEAYIOUIUM 00pa3oM:
thtF + g, ht1 + ZHtZ = GNoHtN + ZHtN + Whtw

o o
W3 aTOro ypaBHeHHsS HEOOXOAUMO OIPEAEAUTH JHTAABIIUIO OCTATKAa htw, a

3aTeM U ero TeMIeparypy t, . AAS paccMaTpUBaeMOTO CAydYas XapaKTepHO, UTO

TeMIlepaTypa ocTaTKa 1, OyAeT HUJKe TeMIepaTypbl t, JKUAKOCTH, IIOCTY-
maromiel Ha BEPXHIOIO TapeAKy OTTOHHOM YacTU KOAOHHEI, TaK KaK TeIlAo, He-
06X0AUMOe AAST 0Opa30BaHMS MOTOKA IIApOB, OTHUMAETCsI OT CaMOTO OCTaTKa
IIpY ero UCIapeHun:

h h -G H ZlH -H
h _gF tF+g1 G} No YN0+ ( tz lNO)
tW_

w

IToCKOABKY B KOAOHHY OOBIYHO IOAAETCS NeperpeThid BOAAHOM Iap, TO
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thtF +0 ht1 - GNOHtN + ZCZ<tZ - tNo)

o]

tw w

Pacxop, BopsgHOroO nmapa oOBIYHO HEBEAMK U cocTaBadeT 1,5—3 % macchl uc-
XOAHOTO CBHIpbd. [T0O3TOMYy BHOCHMOE BOASHBIM IIaPOM TEIAO TaK’Xe MaAO U 3a-
METHOUM pOAU B 0Opa30BaHUU IOTOKA HAPOB B HUJKHEU YaCTHM KOAOHHBI He Wr-
paet. I'To 5Tol Xe NpUYMHE HaYaAbHAsA TeMIepaTypa BOASHOTO Iapa, MOCTYIalo-
1ero B HMWXXHIOIO YaCTh KOAOHHBI, Ha TENAOBOM OanaHCe CKAa3bIBAETCS MaAaAo,
IIpUYEM OHA MOJXKET OBITh KaK BHINIe, TaK U HHUJ)KE TeMIEepaTypbl IOAYyYaeMOI'o
ocratka. OAHAKO BaXHO, YTOOBI BOASHOU IAap OBIA II€PEerpeTeIM HWAU CyXHUM Ha-
CBHIIEHHELIM, TaK KaK BCAEACTBUE 3HAUYUTEABHOU TEIAOTHI HCIApPEeHUs BAAru Ha-
AMYMe paKe HeOOABIIOTO e€e KOAMYECTBA NPUBEAET K CHUABHOMY OXAKAEHUIO

OCTaTKa ¥ yMEHBIIEeHUIO Maccel 1apoB Gy . Temieparypsl tp, f U ty, OIpepe-

ASIOTCSI U3AOJKEHHBIMM METOAAMU C YUeTOM IapIMAaAbHOIO AABAEHUS YTAEBOAO-
POAOB.

[Tpu ManoM pacxope BOASHOIO IIapa Macca YTA€BOAOPOAHBIX IIapoB OyAeT
Mana, pabodas AUHUA OyAeT KPyToH, a He0oOXOAUMOe YHCAO TeOpeTHUYeCKHUX Ta-
PEAOK 3HAYUTEABLHO Bo3pacTeT. C yBeAMYEHWEeM PacXOAd BOASHOIO Iapa YHUCAO
TAaPEAOK YMEHBIIINUTCS, OAHAKO BCAEACTBHE yBEAWYEHHsI OOIero oobeMa IapoB
BO3pacCTeT AMaMeTp KOAOHHEIL. KpOMe TOTO, YBEAWYUTCsI IIOBEPXHOCTHL KOHAEH-
caTtopa M pacxop XAapareHTa.

PaccmoTpuM ocobeHHOCTU PabOThl BepxXHeM 4YacTU KOAOHHEI IIPU BBOAE
BOASHOTO mapa. BopsHONM map B KOHIIEHTPAUIMOHHOW YacTU KOAOHHBI CHUJKAeT
mapuuarbHOe AGBAEHUE YTAEBOAOPOAOB. [ToaTomy mpu o6IeM A@BA€HHUU B KO-
AOHHE 7T TEMIIEpPaTypa CHUCTEeMBl CHU’KAeTCsl [0 CPaBHEHWIO C KOAOHHOM, pabo-
Tarouen 6e3 BOAIHOIO Iapa.

EcAr B OTTOHHOM 4YaCTH KOAOHHBI IIapIVAaAbHOE AABACHUE YIAEBOAOPOAOB
3HAUUTEABHO M3MeHSeTCd II0 BLICOTe, TO B KOHIIEHTPAI[MOHHOM 4YaCTW 3TO M3-
MeHeHUNe CPaBHUTEABHO HEBEAUKO, TaK KaK OOBIYHO Macca (PAeTrMBI, a CAepOBa-
TEeABbHO, W IIapPOB IIO BBICOTE KOHHeHTpaHHOHHOﬁ YaCTH KOAOHHBI MEHAEeTCA Ma-
Ao. Bece pacyersr TeMmepaTyp M 9MCAa TapeAOK IIPU MapIUarbHOM A@BAEHUH YT-
AE€BOAOPOAOB BBITIOAHAIOTCSI TAK JKe, KaK B OTCYTCTBHUE BOASIHOT'O IIdpa.

BeaeHue mpoijecca ¢ BOASHBIM IIapOM YBEAUUMBAET OOIUM 06beM IIapoB U
NIPUBOAUT K HEOOXOAUMOCTH UMETh KOAOHHY OOABIIIETO AHMaMeTpa.

PaccmoTpeHHEIe BEIIIE OCOOEHHOCTH pPabOThI KOAOHHBI C BBOAOM BOASHO-
ro Iapa OCTAIOTCS CIIPABEAAMBBLIMU, €CAM BMECTO BOASHOTO Ilapa HCIIOAB30BaThb
ra3, KOTOPBIM IIPU YCAOBUSAX BEAEHUS IIPOIleCCa He COAEPIKUTCA B XKUAKOM (ha-
3e, HallpuMep a30T, ABYOKUCL YyTAEPOAQ, METaH U AD.

PEKTU®UKAIIUI MHOTOKOMIIOHEHTHBIX CMECEI

Ilpm pa3pereHun OWMHApPHOM CMeCHM ITIyTeM pPeKTU(UKAIUHA
OOBIYHO AOCTQTOYHO OAHOMW NIPOCTOM KOAOHHBI, YTOOBI IIOAYYUTBH 3aAaHHBIE CO-
CTaBbl PEKTU(PUKATA U OCTATKA. AUIIL B CHEIUAABHBIX CAydYasdX ([IOAYYEHHE Y-
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CTBIX BeIeCTB M Ap.) IPUXOAUTCS IPUMEHITh OOAee CAOKHBIe BapMaHTHI KO-
AOHH.

INpu paspereHHMH MHOTOKOMIIOHEHTHOM CMeCH IIPUXOAUTCS BHIAEAATH He-
CKOABKO II€AeBBIX IIPOAYKTOB ((Dpakmuii), K COCTaBy KOTOPHBIX IIPEABIBASIIOTCS
OIlpepAeAeHHBIe TPeOOBaHUA. OTO OOYCAOBAUBAET HEOOXOAUMOCTH IIPUMEHEHUSA
HECKOABKUX HPOCTHIX KOAOHH, COEAMHEHHBIX ONpPEeAeAeHHBIM 00pa3oM, UYTO U
OIpeAeAsieT ITOCAeAOBATEABHOCTb BBIAEAEHUS KOMIIOHEHTOB HAU COOTBETCTBYIO-
mux (ppaknui u3 cMecu. [ToCKOABKY KaXkpast IPOCTas KOAOHHA AEAUT CMeCh Ha
ABa TIPOAYKTQ, TO AAd Pa3peAeHHd CMeCH, COCTO4dIlel W3 N KOMIIOHEHTOB
(dbpaknuit), He0OXOAMMO UMeTb n— 1 NPOCTBIX KOAOHH. C yBeAMYEHHEM 4YMCAQ
KOMIIOHEHTOB CHCTEMBI BO3MOJKHOE UYHCAO BAapUAHTOB B3aWMHOI'O COEAVHEHUSA

IIPOCTHIX KOAOHH OBICTPO BO3pacTaer.

Ha puc. IV-30 npuBepeHBI CXeMBbl BADUAHTOB COEAUMHEHUSI IIPOCTBIX KOAOHH: IIOCAEAOBATEAb-
HBIM 110 IIOTOKAM PeKTU(UKATOB, IOCAEAOBATEABHEBIN IO IIOTOKAM OCTAaTKOB, IIOCAEAOBATEABHO-TIA-
PaMeABHBIM U C PEeIUPKyAdIldel IOTOKOB IIPU Pa3sjpeAeHUM MHOIOKOMIIOHEHTHOM cMecH Ha He-
CKOABKO IPOAYKTOB ((Ppaxijuii).

ITocrepoBaTeABHOE COEAMHEHHE KOAOHH MOJKET OCYLIeCTBASITHCA KaK IO IOTOKaM OCTaTKOB,
KOTA@ OCTAaTOK AQHHOM KOAOHHBI IIOCTyIIaeT Ha PEeKTHU(UKAIIUIO B CAEAYIOUIyIO, @ OCTaTOK B BUAE
TOTOBOTO IIPOAYKTa IIOAYYalOT TOABKO B IIOCA€AHeHM KOAOHHe (puc. IV-30, @), Tak um IO IIOTOKaM
PEeKTU(UKATOB, KOTAQ PEeKTU(MUKAT AQHHOM KOAOHHBEI HAIIPABASIETCS B CAEAYIOIIYIO, a B KaueCTBe
TOTOBOTO IPOAYKTa BLIBOAUTCS PEKTH(UKAT TOABKO U3 IOCAeAHEeM KOAOHHHI (puc. IV-30, 6).

ITocarepoBaTeABHO-TIAPAaAAEABHOE COEAMHEeHHe KOAOHH (cM. puc. IV-30, ,) cocTouT B TOM, UTO
KOAOHHBI COEAMHEHEI TOCAEAOBATEABHO: OAHA YaCTh II0 IIOTOKAM PeKTHU(UKATOB, Apyras — IO IO-
TOKaM OCTATKOB.

C penupKyAsIiMel OAHOTO WA HECKOABKUX IIPOAYKTOB IIDU pPa3A€A€HHH MHOTOKOMIIOHEHT-
HOU cMecH IpuMeHSIoT (cM. puc. IV-30, ,, %), ecAn penupKyAupyeMble IOTOKU He SIBASIIOTCSI TOBap-
HBIMHM IIPDOAYKTaMU AAS AQHHOM TEXHOAOTMYECKOM CXEMEL

KoMOuHUPYS IpHUBEACHHBIE BEIIIE BAPUAHTHI COEAMHEHUS IIPOCTHIX KOAOHH, M3MEHSS IIOCAe-
AOBAaTEABHOCTH BBIAGACHUSI TeX MAM HHBIX KOMIIOHEHTOB, a TakK’Ke HMX OTOOp B BHAe peKTHU(HUKAaTa
UAU B BUAE OCTAQTKa, MOJKHO IIOAYYaTh PA3AUYHBIE CXEMBI AAT PeKTU(MUKAIUU MHOTOKOMIIOHEHT-
HOH! CMecCH.

Tak (cMm. puc. IV-30), HanpuMmep, Mepexop OT ITOCAEAOBATEABHOIO IIO IIOTOKaM peKTudUKa-
TOB K IIOCAEAOBATEABHO-TIAPAAAEABHOMY COEAUMHEHUIO IPOCTHIX KOAOHH IIO3BOASIET IIOAYUYUTHL B BU-
Ae pekTudmKaTa Kak HepBbM (KoroHHA II), Tak u Tpetuil (KonroHHa III) KommoHeHTHI. [locAaepoBa-
TeAbHOE JKe COepAUHeHHe KOAOHH II0 IIOTOKaM OCTAaTKOB IIO3BOASIET BBIAGAWTH TPH KOMIIOHEHTa B
BUAE PeKTU(DUKATOB. DTO UMeeT Ba’KHOe IIpaKTHUYeCKOoe 3HaueHUe, KOTAA K IIOAyYaeMBIM IPOAYK-
TaM IPEeABSIBASIIOTCS CIelIUaAbHBIe TPeOOBaHUs, HAIIpUMeED, 10 MeXaHUYeCKUM IIPUMECSIM U Ap.

BrIOOp KOHKDPETHOIrO BapUaHTa COEAMHEHUS KOAOHH OOYCAOBAMBAETCS KaK TEXHOAOTUYECKH-
MU TpeOOBaHUAMU K IlepepabaTbiBaeMbIM IPOAYKTaM, TakK M HKOHOMUYECKUMHU ITOKa3aTeAsIMH, OII-
PEACASIIOIUME 3aTPaThl Ha PEeKTU(UKALHIO.

Ecan cMech paspeAdioT Ha MeHbIIee YHCAO IIPOAYKTOB, YeM COAEP’KHUTCS KOMIIOHEHTOB B
cMecH (HEKOTOPBhIe KOMIIOHEHTHI MOIYT OBITh BLIAGAEHBI B BUAE (DPaKIUM), TO YUCAO KOAOHH OYAET
MeHBIIle, YeM B CAy4Yae BEIAGACHUS Ka’KAOTO KOMIIOHEHTa B OTAEABHOCTH. OTO XapaKTePHO AAS yC-
TaHOBOK ABT, BTOPHMYHOM IeperoHKH OEH3MHOB, PEeKTU(MUKAIUU IPOAYKTOB KATAAUTHUUYECKOIO
KpPEeKHUHTa U AD., TA€ IIeAeBBIMU SIBASIIOTCS (DPaKIUY, KUMAIINe B CPAaBHUTEABHO IIMPOKOM MHTEpBa-
A€ TeMIepaTyp.

Ha medTenepepadaTHEIBAIOIINX 3aBOAAX HAIIAUW IIPUMEHEHUE CAOXKHBIE KO-
AOHHBI, TIPEACTaBASIONINEe COOOM CHCTEMY IIPOCTHIX KOAOHH, COEAVMHEHHEBIX B
oAuH arperat (puc. IV-31).

Takas croXKHasd KOAOHHA OTBeYaeT CXeMe IIOCAEAOBATEABHOTO COeAMHEHUT
MMPOCTBHIX KOAOHH IO IMOTOKaM peKTUudukatoB (cMm. puc. IV-30, 6). Ona mnpea-
CTaBAgeT COOOM KOAOHHY I, Ha KOTOPOM KakK OBl YCTAHOBAEHEI KOHIIEHTPAIJUOH-
HBIe YaCTU KOAOHH [ u III. TakuM 00pa3oM, IIOAYYMAACh OAHA OCHOBHAsi KOAOH-
HQ, BKAIOYAIOIas KOHIIEHTPAIIMOHHBIE YaCTU BCeX TPeX KOAOHH U OTIOHHYIO
4acTh KOAOHHEI I. OTTOHHEBIE YacTU KOAOHH II u IIl BLIIOAHEHBI B BUAE OTAEADL-
HBIX alllapaToOB, Ha3bIBaeMBIX OMNAPHLIMU KOAOHHAMU VAW CMPUNNUHT-CEKYUs-
mu. OTnapHbBle KOAOHHBI CBI3aHBI C OCHOBHOM KOAOHHOM IIOTOKaMM >KUAKOCTH
U mapa.

Takas crOKHasg KOAOHHA TpeOyeT MEHBIIe MecCTa AASI CBOEU YCTAaHOBKU M
HY>KAQeTCsI TOABKO B OAHOM Hacoce AAS ITopaum opolieHus. OAHAKO IIpU TaKoM
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Puc. IV-30. CxemMbl OCHOBHBIX CIIO-
CO00OB COEAUMHEHMS IIPOCTBIX KOAOHH
npu  peKTuHuKapuu MHOTOKOMIIO-
HEHTHOI cMecHu:

a — TIOCAeAOBaTeAbHOE II0 IIOTOKaM
ocraTka; 6 — IIOCA€AOBaTEeAbHOE TII0
MOTOKaM peKTudukara; , — IOCAe-
AOBaTeAbLHO-IIapaAAeAbHoOe; ,, — C pe-
IUKAOM OCTaTKa; % — C PEeIUKAOM
pektudukara; I—III — ycAOBHBIE HO-
Mepa KOAOHH

Puc. IV-31. CxeMa CAOKHO¥M KOAOHHBI
AASl peKTH(UKaALUM YeThIPEXKOMIIO-
HEHTHON CMecH:

I—III — KOHTYDEI, BEIACASIOLINE YaCTHU
CAOKHOM KOAOHHBI, aHaAOTHUYHBIE (IIO
HOMepaM) KOAOHHAaM, IPUBEAEHHBIM
Ha puc. IV-31, 6
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KOHCTPYKIIUM YBEAMYUBAETCS BBICOTA KOAOHHBI U OOCAY>KUBAIOIIUX ee MeTaAAO-
KOHCTPYKIIUM. KpoMe TOro, ImOTOKH BCEX CEKIIUM KOAOHHBI JKEeCTKO B3aUMO-
CBSI3aHBl, YTO OCAOJKHSIET 4eTKOe paspeAreHHe NpoAykToB W, m W, m opHO-
BpeMeHHOe o0ecIledeHne X KadeCTBa.

B Takom CAOKHOM KOAOHHE IIPOLIECC IIPOTEKAeT CAECAYIOIIUM OO0pa3oM.
®aerma, o6pa3zoBaHHAasa IIPHU KOHAEHCAIMY TAapOB Ha BepXy KOAOHHEI, IIOCAEAO-
BAaTeABHO IlepeTeKaeT C TapeAKd Ha TapeAKy B KOHTYpe, COOTBETCTBYIOIEM
KOHIIEHTPAIIUOHHOM YacTU KOAOHHHI [II. AOCTUTHYB HUJXKHEM TapeAKd 3TOM
KOAOHHEBI, (bAerMa AEAUTCs Ha ABa HoToKa. OAMH IIOTOK §p; OTBOAUTCSH B
OTIIAPHYIO CEKOUIO KOAOHHEI III, rae moaydaeTcst NpoAyKT W, BTopoi moTOK
(AerMBL g, INepeTeKaeT Ha BEPXHIOI TAPEAKY KOAOHHBL [I, SABASIACH Opolle-
HIEeM AAS 3TOM KOAOHHHEIL.

[Mapel Gy, ©3 OTTOHHOM CEeKIWU KOAOHHHEI [I] BO3BPAIAIOTCS IIOA HIDKHIOIO
TaPeAKYy KOHIIEHTPAIJMOHHOM YacTU 3TOM KOAOHHBEI. AHAAOTMYHO IIPOTEKAeT
IIpoIecC U B APYIMX KOAOHHAaxX Il u I.

[Tpu oTBOAE BCETO TENAA TOABKO Ha BEPXY CAOKHOM KOAOHHEI IIOTOK OPO-
LIEHUS AOAKEH OBITh AOCTATOYHBIM, UTOOBI O0ECIeYUuTh HeoOXopuMoe (paermo-
BO€ YUCAO BO BCEX HMKEPACIIOAOKEHHBIX CEeKIIMAX KOAOHHBI. OAHAKO BCAEACT-
BHe OoTOOpa OOKOBBHIX IIOTOHOB B CAOKHOM KOAOHHE MaccCa IIapOB YBEAWUYHBAET-
Csl CBepXy BHH3, a MacCa OpOIIeHWs — CHHU3Yy BBepX. TakuM oOpa3oM, Hau-
OoAabIlIee (PAETMOBOE YMCAO B CAOKHON PeKTUMUKAIMOHHON KOAOHHE COOTBET-
cTByeT BepxHel cekumu (Il KOAOHHA), U B HANpPaBAEHUM CBEpXy BHU3 OHO
YMEHBIIIAETCS, YTO YXYALIAeT NPOLEeCC PeKTUPUKALUHN.

Ans obecrieueHNs: 60Aee PAaBHOMEPHOIO pPacClpeAeAeHMsl TOTOKOB I1apoB U
(AerMBl IO BBICOTE CAOKHOU KOAOHHBI, PA3rPY3KU BHIIIEAEKAIINUX CEUEHUU U
pereHepaluy TelAa CbeM YaCTH TellAd C IeAbI0 0O0pa3oBaHUS AOIOAHUTEABHOTO
IIOTOKA (PAErMBl IIPOU3BOAAT NPOMEXYMOUHBIM UUDKYASUUOHHBIM OpDOUlEHUEM B
OAHOM-ABYX CeYeHMSIX Ha BepXy COOTBETCTBYIOIIMX IIPOCTHEIX KOAOHH (pHC.

IV-32). TloTok TPOMERYyTOUHOTO IUPKyAsiiuoHHoro opornenus (TILO) g, mpu
TeMIeparype f, =~ MPOKAYMBAECTCS Yepe3 pPereHepaTHBHBINH TENAOOOMEHHUK, TAe

OTAQET KOAMYECTBO TelAd Qp o, Hampumep HedTH, U Opu OGOAee HU3KOU TeM-
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neparype t, , HOCTyIAeT Ha BEPXHIOIO TAPEAKY KOHIIEHTPAIMOHHON YacTh COOT-

BeTCTBYIOIIeN IIPOCTOM KOAOHHEI. [lopHUMaromuecs CHU3Yy Iapbl KOHTAKTUPYIOT
c Oonee XOAOAHOU ITUPKYAMpPYIOUIEM (AerMOM M YacTUYHO KOHAEHCUPYIOTCH,
00pa3ysi AOIIOAHUTEABHBIM ITOTOK (DAETMBI, KOTOPHIN IPUCOEAMHSIETCS K ITOTOKY
dAerMEl g,; ¥ CO3AA€T IOTOK OPOILIEHHUS (.

Maccy I'NLIO paccumuTEIBAIOT 110 ypaBHeHHIO (IV.49). OOBIYHO AA OpraHuU3a-
nuu I[1LHO ucnoabsyiorcs 2—4 TapeAKku.

KaXAyIO CEKIIMIO CAOKHOM KOAOHHBI PACCUUTHIBAIOT KAK COOTBETCTBYIO-
LIyIO YaCTh IIPOCTOM KOAOHHEI, MMesd B BHAY, UYTO Haphl peKTHU(UKATa CeKInH,
PaCIIOAOKEHHON HUJKe, IOCTYIIAIOT Ha PEKTU(MUKAIINIO B CEKIUIO, PACIIOAOKEH-
HYIO BHIIIE.

[TprMeHeHMEe CAOKHBIX KOAOHH OIIPABAA@HO B OCHOBHOM B TeX CAyYasXx,
Korpa TpeOyeTcs OTHOCUTEABHO HEBBICOKAas YeTKOCThb Pa3AeAeHUs, HaIpuMep,
IIPU BBIAEAEHUM IIMPOKUX II0 TeMIlepaTypaM KHUIIeHMs (ppaKIui.

OCOBEHHOCTU PACYETA PEKTU®UKAININN
MHOTI'OKOMIIOHEHTHbBIX CMECEU

CxeMa TIOTOKOB B IPOCTOM KOAOHHE, PAa3AEASIoNer MHOTO-
KOMIIOHEHTHYIO CMeCh, NPUHIUIINAABHO He OTAWYAETCS OT IIOTOKOB B KOAOHHE
AAS paspenreHusa OmHapHoU cMmecu (puc. IV-5). OpHako B OTAMYME OT OMHAPHOU
CUCTeMbl B MHOTOKOMIIOHEHTHOM CMECU COAEPIKUTCS KOMIIOHEHT, MMeIoIIui ca-
MyIO HU3KYIO TeMIIepaTypy KHUIIeHHs (CaMylO0 BBICOKYIO OTHOCHUTEABHYIO AeTy-
yecThb), T.e. HKK, KOMIOHeHT ¢ HauOOABIIeN TeMIepaTypoN KUIleHusd (Hau-
MeHbIIIeNl OTHOCUTEABHON AeTyuecThio), T.e. BKK, a Tak’)ke KOMIIOHEHTHI, KOTO-
pBle IO TeMIepaTypaM KHIIEeHUS (OTHOCUTEABHBIM AETY4YEeCTSIM) PaCIOAArarOTCs
Mesxpay HKK u BKK. OTO BHOCHUT LEeABIN psA OCOOEHHOCTEM B pacdeT W MOBe-
AeHNe KOMIIOHEHTOB IPU PEeKTU(PUKAIIUU.

INpu pekTUd@UKALNM MHOTOKOMIIOHEHTHOM CMeCH MaTepUAAbHBIM U TEIAO-
BOU OanaHCHI AAT KOAOHHBI B IIEAOM MOJKHO COCTaBUTH TakKUM >XKe 00pasoM,
KaK ¥ IpU peKTU(HUKAnum OMHAPHONW CMeCH; TO JKe CaMOe OTHOCHUTCS M K Ma-
TepruaAbHOMY 0aAaHCY AAS AIOOOTO i-TO KOMIIOHEHTa MHOTOKOMIIOHEHTHOM CMe-
CH UAM AAS CYMMBI HECKOABKUX KOMIIOHEHTOB.

MaTtepuarbHEIM OanaHC O KOAOHHE B IIEAOM AAS AIOOOTO KOMIIOHEHTa
UAU AT CYMMBI HECKOABKMX KOMIIOHEHTOB 3allMCBIBAETCS CAEAYIOIMIMM oOpa-
30M:

O~
Ko
n
I
N\
Ko
=

g=D_XirTXiw _i5 i3 (IV.55)
F K Kk ’
Yi,D_Xi,W Eyi,D_EXIW
i=1 i=1
n
Svio-3
Yip= D), XiF
logoW _Yep~Xir G £ (IV.56)
F k k ’
Yip~Xiw EYID_EXLW
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Ilpu sTom

EYI',D = EXI‘,W = EXI‘,F =1 (IV.57)

V3 nmpuBepeHHBIX YPaBHEHUU CAEAyeT, YTO IPU 3aAAHHOM COCTABE HMCXOA-
HOU CMECH X, KOHIIEHTPAI[UA AKOOOrO KOMIIOHEHTa B IMPOAYKTOBBIX ITOTOKAX

Yip A X;;, HE MOTYT Ha3HA4YaThCs IPOM3BOABHO, & AOAJKHEI B IIEPBYIO OYEPEeAb
obecreurBaTh COOTBETCTBYIOUINM OTHOCHUTEABHBINM OTOOP peKTHu(dUKaTa (OCTaT-
Ka), OAMHAKOBLIM II0 BCEM KOMIIOHEHTaM CMeCU WAM II0 CyMMe HEeCKOABKHX
KOMITOHEHTOB.

ITo anmaroruu ¢ pekTuduKamuelr OMHAPHBIX CMeced MOJKHO 3alicaTh CAe-
AyIOIllee ypaBHEHME MaTepUaAbHO-TEIAOBOTO 0anaHCa, CIIPABEAAMBOE AAST ATOOO-
ro KOMIIOHEHTa CMeCH:

g=D_Xir~Xiw _ hp-hw (IV.58)
F Yip —Xiw Hp - hy
nu
ip~X; H},-h
1-g=W_Yip"%ir _Hp=lp (IV.59)

ChaepyeT oOpaTUTh BHUMAaHWE Ha TO OOCTOSTEABCTBO, YTO OTHOIIEHUS 3H-
TaABIIMM He 3aBUCAT OT HOMepa KOMIIOHEHTA I, TOTAA KaK OTHOIIEHUS KOHIIEHT-
PaIuil BEIDOAHSIOTCS AAS AFOOOTO KOMIIOHEHTa — I A@HHOU CMeCH.

MarepranbHBIM OaraHC AAST AFOOOTO KOMIIOHEHTA B IPOU3BOABHOM CEYEHUU
I—] KOHIleHTPAITMOHHOMU YaCTU KOAOHHHI (cM. puc. IV-5, KoHTyp I), onpepeasdro-
UM ypaBHeHHe pabouel AMHUM, 3alHCBIBAETCS CAEAYIOIIUM 0Opa3oM:

g _Yip~ Vi (IV.60)
Dy - x
UAM Yepes paerMoBoe uncao R = g/D

R JiD.

=X+ .
y R+1 ' R+l

YpaBHEeHMe TEeIIAOBOrO 0araHCa AASA TOTO Ke KOHTypa I 3aluIIeTCa B BUAE
Hp-H
g_2p-H (IV.61)
D H-h

O06BepnauB ypaBHeHud (IV.60) u (IV.61), noayuynM ypaBHeHHe MaTepUaAbHO-
TENAOBOTO OanraHca A KOHTypa I

Vi =X

B Arobom ceueHuu 4—4 OTTOHHOM YaCTH KOAOHHBI(CM. puc. IV-5, KOHTyp
1V) maTepuaAbHBINM GaraHC AAS TPOU3BOABHOTO I-TO KOMIIOHEHTa, OIIPEAEASIO-
MY ypaBHeHNe paOouel AMHNY, 3aIUIIETCS TaK:

W _v-x% (IvV.62)
G

Xp —Xiw
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WA C UCIIOAB3OBAHMWEM IIAPOBOT'O YHMCAA

Oty _Xiw

Yi - I i I

YPaBHeHI/Ie TEeOAOBOTO OanaHCca AN TOTO JKe KOHTypa 1V 3anunieTrcs B BUAE
W__H-h (IV.63)
G  h-hjy

W3 ypaBrenuti (IV.62) u (IV.63) MoxHO 3anucarbk 00ObepAMHEHHOE ypaBHEHUE
MaTepPUaABHO-TEIIAOBOTO OaraHCa:

CoOTBETCTBEHHO, BBeAsl BHyTpeHHee paermoBoe uncro @ = g/G, MokeM
o aHaaroruu ¢ ypasHeHueM (IV.19) zanmmcare 00OOIIEeHHOEe ypaBHeHHe pabouel
AMHUUM AL 00enX dacTel PeKTU(DUKAITMOHHOMN KOAOHHHI:

y, =Px; + (1 - '(I))Xivp.

YpaBHeHUe paBHOBECHUs 3allUIleM B BUAE

. Vi
v = K x;7 X =-L
K;
A
& X _ Yi/ai )

Yi=—i X;

2%%; Y, / %

J ]

3anucaHHas CHUCTeMa YpaBHEHMN MaTePUAABHOTO, TEMAOBOTO OanaHCOB U
PaBHOBECHUSI ITO3BOASIET BBIIOAHUTH pacueT BCEX MapaMeTpOB PeKTHU(UKAIUMI
IpY Pa3jpeAeHUYW MHOTOKOMIIOHEHTHOM CMeCH: COCTAaBOB IIPOAYKTOB, (DAErMO-
BBIX YMCEA, YMCEeA TeOPEeTHUEeCKUX TapeAOK, pacIpeAeAeHUM KOHIeHTpalud u
TeMIlepaTyp IO TapeAkaM KOAOHHBI M Ap. OAHAKO BCAEACTBHE HEOOXOAUMOCTHU
BBIIIOAHEHUS OOABIIOTO O0O0beMa BBIUMCAEHMH, UX BBICOKON TOYHOCTH U IIeAOTO
psiA@ OCOOEHHOCTeNl MHOTOKOMIIOHEHTHOM PeKTU(UKAIUM, CYLIEeCTBEHHO OTAM-
YaroIX ee OT PeKTHU(UKAIUM ABYXKOMIIOHEHTHBIX CMecel, B OOIIeM CAy4ae
3aAava penraeTcs AWIIb HUTEPAIMOHHBIMH METOAAMM C HCIOAB30BAaHHUEM 3JAEK-
TPOHHBIX BBIYUCAUTEABHBIX MAIIWH.

OTHU OCHOBHBIE OTAMYUTEABHBIE OCOOEHHOCTU COCTOSIT B CAEAYIOIIEM:

1. 3apaHee HeAb3sl 3@AaTh COCTABBl IIPOAYKTOB KOAOHHEI, KOTOpBIE OBl
YAOBAETBOPSIAU BCEM IIPUBEAEHHBIM yPaBHEHUSIM. DTO CBS3aHO C TeM, UTO ypaB-
HEeHUd MaTepUaAbHO-TEIIAOBOTO OanaHca KOAOHHBEL (IV.55)—(IV.59) AOAKHEBI
YAOBAETBOPSATECS TaK)Ke W IPU YCAOBUM IIOAYYEHHS COOTBETCTBYIOIINX ITPOAYK-
TOBBIX KOHIIEHTPAIUN y,, U X, IPHU pacuere WX 10 YpaBHEHUSM pabouen Au-
HUU U paBHOBecusa. OAHAKO 3TH pacueTHble KOHIIeHTpAlMY, Kak IIPaBUAO, He
OyAYyT paBHBI 3aAAHHBIM, XOTS IIOCA€AHWE U BBEIOMPAAMCH C y4eTOM ypaBHEHUM
(IV.55) — (IV.59). TloaTOMy 3aAaTh MOXKHO TOABKO ABe M3 HHX, HaIpuMep KOH-
IEeHTPaIUI0 KaKoro-An00 KOMIIOHEHTa AW CYMMY KOHII@HTPAIlU¥ KOMIIOHEHTOB
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B PeKTU(MUKATE U B OCTATKe, & Ha APyIHe KOHIIEHTPAIIUA TOABKO HAAOXKUTL OT-
paHWYeHUs TUIIA OOABIIlE MAM MeHBIlle. PacueTHBIN COCTaB IPOAYKTOB OYAET OIl-
PEAENSITBCI METOAOM IIOCAEAOBATEABHBIX NPUOAVIKEHUM (UTepalui) 10 ypaBHe-
HUSM MaTEePUAABHOTO, TEIAOBOIO OAAQHCOB U PABHOBECHS.

2. B KOAOHHE HET HU OAHOTO CEUE€HUs, B KOTOPOM COCTaBBEI IIOTOKOB (DAer-
MBI ¥ NIaPOB COBIAAAAU OBI ITIOAHOCTBIO C COCTaBaMU JKUAKOCTH gr U IapoB Gy,
IIOAYYEHHBIMU IIPU OAHOKPATHOM MCIIapeHUM CHIpbd. [lo3TOMy cocTaBhl (haer-
MBI X; , ¥ NIapOB ¥; ;,, MOKHO TOYHO YCTaHOBUTH, AWIIL BEIIIOAHUB PAacdeT COOT-
BETCTBYIOIIMX 4YaCTell KOAOHHBI K OIIPEAGAMB COCTaBBL: 1) dAerMel X,
CTeKarollel ¢ NepBOM TapeAKU KOHIIEHTPAIMOHHOW YaCTU KOAOHHEI, U 2) IIapoB

Yin, HOAHMMAIOIIMXCS M3 OTTOHHOM CEKIMHM KOAOHHEL IIpu TOUYHOM pacuere
9TO, B CBOIO OYepeAb, 3acTaBAdeT IpuberaTb K MeETOAY IIOCAEAOBATEABHBIX
npubAMKeHHUH. VIHOTAQ AeraeTcs AOTYIIeHHUe, 4TO Xp = X;, = X, U Y. =
= Vin, = VYim OAHAKO IIPH ITOM BO3HHMKAIOT ONPEACACHHbIE OTPAHUYECHHUS,

CBsi3aHHBIE C PACHETHBIMU COCTaBaAMU IIOAYYd€MBIX IIPOAYKTOB YV, p U X,y .

3. ITockoabky B cMecu HapsAy ¢ HKK u BKK HaxopATcs IpOMesKyTOUHBIE
IO TeMIlepaTypaM KUIIeHUS KOMIIOHEHTEl, M3MeHeHHe WX KOHIIeHTpaIluMi II0
BBICOTE alllapaTa MOJKET HUMEeThb CHelU(MUYECKYI0 OCOOEHHOCTb: B KAaKOM-TO
NIPOME’KYTOYHOM CEYEHHH COOTBETCTBYIOIIEM 4aCTH KOAOHHBI OHM MOTIYT IIPO-
XOAUTH 4epe3 MakcuMyM (MUHUMYM). MakcumansHOe copepkanue HKK n BKK,
KakK U B OMHapHOM peKTUUKaUM, O0ypeT NpuxopuThes aad HKK Ha pektudu-

N

D
\ Cpeonuii
SN

no aemy4ecmu
Komnonenm
N\ HKK

TN
L X
INEAY

\<BKK
Puc. IV-33. I'padpuyeckoe pacrnpepereHNe KOH-
IleHTpanuii KOMIIOHEHTOB IO BBHICOTE KOAOHHBI

3 ’ / }
Cpeonuii
2’ no aemyuecmu
Komnonenm
I / IIpU pa3spereHun TpeXKOMHOHeHTHOﬂ cMmecu:

0 1x 1, 2,.,5,1,2,..., 5 — HOMEpa TaperoK
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kaT, a aad BKK — Ha ocrtaTok. IlpuMep Takoro pacnpepereHHsT KOMIIOHEHTOB
AaH Ha puc. [V-33 AAsT TPeXKOMIIOHEHTHOM CMeCH.

Kak BupnO, KoHneHTpanusa HKK yBeAmuymBaeTcd CHH3y BBepX, B TOM JKe
HalpaBAe€HUM yMeHblIaeTcqd KoHIeHTpanusa BKK. KoHieHTpanuga >xe cpejpHero
IO AeTyYeCTH KOMIIOHEHTa Ha TapeAke 4’ OTTOHHOM YaCTH M Ha TapeAKke 2 KOH-
IIeHTPaIJMOHHOM YacTH KOAOHHEI IIPOXOAWUT uepe3 MakcuMmyM. [Ipu 3ToM KOH-
IIeHTpalus CpeAHero 110 AeTydeCTH KOMIIOHEHTa IIPAKTUYeCKH He M3MEeHUAACh B
pepeAax BCel KOHIEHTPAITMOHHOUW 4acTH KOAOHHBI U Aa’Ke HEeCKOABKO CHU3U-
AaCh B peKTHU(@UKATE 110 CPaBHEHUIO C ero CoAepsKaHWmeM Ha IIePBOM TapeAke
KOHIIEHTPAIIMOHHOW YaCTH KOAOHHEL.

OTO OOCTOATEABCTBO TpeOyeT TIIATEABHOU (DOPMYAUPOBKU OrpPaHUYEHUN
Ha COCTaBBbl IPOAYKTOB KOAOHHBI W KOHTPOASI HUX BBIIIOAHEHUS B IIpoljecce
pacueTa, TaK KaK B IIPOTUBHOM CAy4Yae MOJKHO IMOAYYUTH IIPOAYKT XYAIIETo II0
IIPUMECHBIM KOMIIOHEHTaM KaueCTBa IIPU OOABIIEM YHCAE TapeAOK B KOAOHHE.

BMmecTe ¢ TeM 3TO >Ke MO3BOASIET OIPEAEAUTH TO CeueHWe KOAOHHEI, B KO-
TOPOM KOHIIEHTpAallugd AQHHOTO KOMIIOHEHTa OyAeT MaKCHUMAaAbHOU, U obecIie-
YUTH B 9TOM CE€UYEHUU BBIBOA IIPOAYKTA B BHAE AOIOAHUTEABLHOTO OOKOBOTO IIO-
TOKa CAOXKHOU KOAOHHEL.

W3 13A0KeHHOTO BBITEKaeT, UYTO TOUHBIM pacueT pPeKTU(UKAIUU MHOTO-
KOMIIOHEHTHOU cMecUu TpeOyeT OOABIIOrO OOBbeMa BBIUMCAEHUHY, B IIPUHIUIE
SIBASIETCSI MTEPAIVOHHBEIM U AASI CBOETO BBITIOAHEHUSI TpeOyeT NPUMEHEHUs dAEeK-
TPOHHBIX BBIYUCAUTEABHBIX MAITVH.

[MToasToMy B HacToslllee BpeMs IPUMEHSIOTCS TaK’Ke pasAudYHble NIPHOAU-
>KeHHble MEeTOABl pacyeTa, B KOTOPBLIX MCIOAB3YIOTCSI HEKOTOPhIE AOIYIEHUs
(mocTOAHCTBO (PAETMOBOTIO UYMCAQ, NOCTOSHCTBO OTHOCHUTEABHOM AE€Ty4eCcTH IIO
BBICOTE pacCMaTpHUBaeMOM YacTU KOAOHHEI, SMIHPUUYECKHEe 3aBUCHUMOCTHU MEKAY
(AETMOBBIM YMCAOM U YHMCAOM TEOPETUUYECKUX TAapPEeAOK U AP.).

PACYET PEKMMA IIOJIHOTO OPOIIIEHUA
TP PEKTUDOUKAIINN
MHOTOKOMIIOHEHTHbBIX CMECE

PaccmoTpuM pekTuduKaiiio MHOTOKOMIIOHEHTHOU CMeCHU (pHuc.
IV-22) B cayuae pabOTBEl KOAOHHBI IIPU IIOAHOM BO3BpaTe (paerMbl (R — ). B
9TOM CAy4Yae YHCAO TapeAOK B KOAOHHe OyAeT MUHUMAABHBIM (N . ).
OO003HAUYMM UHUCAO CTyNeHeU U3MeHeHUSA KOHIIEHTPAlUM, BKAKOUAsd KUIATUABHUK
uepe3 S ;.

Sn = Npoo t1.

min min
[TpumeM, 9TO KOI(PDUIMEHT OTHOCUTEABHOU AETYYECTH O, ; AAT AOOOU
IIapbl KOMIIOHEHTOB i M j OCTaeTCsl MOCTOSIHHBEIM IIO0 BEICOTE PaCCUHUTHIBAEMOU
Y4acTU KOAOHHEI.
CoraacHO YypaBHEHUIO PaBHOBECUSI AAS AIOOOM n-M  TapeAKd MOKeM
3aInCcaTh BHIPAsKEHUS:

yi'n=K. X. " y].'n=K. X.

,n“ti,n jnjnt

PazpearB A€Byl0 M IIPABYIO YAaCTU MEPBOTO yPAaBHEHUs COOTBETCTBEHHO Ha
AEByIO ¥ IIPABYIO 4YaCTH BTOPOTO YpaBHEHUS M IIPUHSAB BO BHHUMAaHHE, 4YTO

o, =K,,/K

jn!

IIOAYYUM
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T (IV.64)
X.

W3 ypaBHeHUa pabodell AMHUU UMeeM
Xine1 = Yin B Xjn1=Yjn (IvV.69)

IlopcTaBuB 3HaYeHUs] KOHUEHTpALU y,, H Yy,, U3 ypaBHeHus (IV.65) B
ypaBHeHUe (IV.64), TOAyYMM COOTHOIIIEHUE

Tt g, Xin, (IV.66)

YpaBHenue (IV.66) cpaBepAUBO AAS AIOOOM Tapbl KOMIIOHEHTOB MHOTO-
KOMIIOHEHTHOM CMeCH U TIO3BOASIET OINPEAEAUTb WX KOHIIEHTPAIUHW Ha AT0O0M
(n + 1)-1 Tapeake KOAOHHBI, €CAW M3BECTHBHI KOHI[EHTPAIIMU KOMIIOHEHTOB Ha
HIUDKeAeKallel n-U TapeAke, UAU HaOOOPOT.

Ecam BapbupoBaTh HOMeP TapeAKd OoT n = 0 (KUOSATUABHUK) AO I, IPUCBa-
UBas N IleAble YUCAQ, TO U3 ypaBHeHUs (IV.66) moryumum

ar X0 (IV.67)

C nomompio ypaBHeHHus (IV.07) MOXHO paccuuTaTh KOHIIEHTpallUM BCeX
KOMIIOHEHTOB Ha AIOOOM TapeAKe KOAOHHEI MeXAY ABYMS IIPOU3BOABHBEIMU
ceueHusMu ¢ Homepamu 0 u n.

C y4JeToM pa3AEAUTEABHOTO AEMCTBUS KUMSATHUABHUKA AAS BCEM KOAOHHEI
(n=Ny,+1 X, =y,p ¥ X;,=Y,pi X0=X,w U X;,=2X,,) ypaBHerue (IV.67)
3aIIUIIETCSI B BUAE

Yio Nyt Xiw

X
0'l',j R . (IV68)
Yip X;w X;w

PemuB ypaBHeHUe (IV.68) OTHOCHUTEABHO UYHUCAE TEOPETUUECKHUX KOHTAKT-
HBIX CTyI€HeM, IIOAYYUM

Yip Xjw lgw—i
Spin =Ny #1=—222 2 %7 (IV.69)
190‘1‘,]' lgai']-

lg

Xiw  Xw

ecTb KO3 (UITUEHT pacIpeAeAeHUs (-0 KOMIIOHEHTa MEeXAY PeKTU(MUKATOM U
OCTaTKOM.
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MO>KHO TIPEeACTaBUTL, UYTO B pPasAeAsieMOM MHOTOKOMIIOHEHTHOM cMecHu
uMeeTcd j-I KOMIIOHEHT, AAS KOTOPOTO KO3((PUIIMEHT pachpepereHus ;=1
OTO MOXXeT OBITh (PAKTHUECKUM KOMIIOHEHT, KOTOPBIM INPUCYTCTBYET B CMECH,
UAU TUIOTETUYECKUU KOMIIOHEHT, KOTOPBIM MOXXHO OTOXAECTBUTH C HEKOTO-
pol TeMmeparypoHn [,, TaK KaK KO3((MUIUEHT OTHOCUTEABHOM AETYYECTH SIB-
AgeTcsa (PyHKOUeM TeMmieparypbl. KOMIIOHEHTEI, TeMIepaTypbl KUIIEHUS KOTO-
pBIX IIPU AABA€HUU B CHCTEMe, PAaBHOM T, MeHbIlle TeMIepaTyphl f,, OYAyT
NIPEeUMYIIeCTBEHHO IIePeXOAUTh B PeKTHU(UKAT, a KOMIIOHEHTHl C TeMIlepa-
TypaMH KUIIEHUs BHIIIe [, OyAyT B OCHOBHOM OTOHMPATBLCS B OCTATKe.

Temneparypa t, oIpepeAseT TPAHUILY ACAGHUS CMECH MeXAY pekTudu-
KaTOM M OCTAaTKOM U HA3BIBAeTCI memnepamypoll IrpaHuubl geAeHus CMecu.
KoMIloHeHT, HaxXxOAAIWMCS Ha JTOM TIpaHuIle, OyAeT XapaKTepu30oBaThCs
TeMIIepaTypoMr KUIeHUs f{, IPU AABAEHUU T U OyAEeT UMeTh OAMHAKOBBIE KOH-
IeHTpaluu B peKTu@uKaTe U OCTaTKe.

OO003HaYMB IO OTHOWIEHUIO K 3TOMY KOMIIOHEHTY KO3(P(UIIMEeHT OTHOCH-

TEeABHOHM AeTydeCTH [-TO KOMIIOHeHTa 4Yepe3 «,,, MO’KeM 3alicaTh ypaBHeHHe
(IV.69) B BUAE

LU (IV.70)

min
Iga it

ITpn paBAeHMM CHCTEMBI T K TeMmIeparype f(, KO3(Q(MUIMEHT OTHOCHU-
TEABHOM  AETy4eCTH O, OIPEAEAdIOT, HalpuMep, IO  COOTHOLIEHUIO

a,; =B (, )/n A 110 ypasHeHuro (I1.29).

YpaBuenue (IV.70) cmpaBepAnBO AASL AFOOOTO KOMIIOHeHTa cMecu. Ecam
33paTh KO3(P(PUIVEHT pacIpepAereHUs], HanpuMep, k-TO KOMIIOHEHTa, TO ypas-
HeHue (IV.70) MO>XXHO 3amucaTh Tak

lgy; - lgy

7

1gotl.’t lgock’t
OTKYyAQ

lgai't

W, =L S (IV.71)

YTOOBI OIIPEAEAUTh COCTaBhl PeKTH(UKATa M OCTaTKa, HeOOXOAUMO 3HATh
TeEMIIEPATYPy IPAHUIILI AeA€HUS CMeCH ¢, .

AN HaXOKAEHUS TeMIlepaTyphl {, 3alullleM COCTaBbl IIPOAYKTOBBHIX IIOTO-
KOB AASL [-TO KOMIIOHEHTa, BOCIIOAB30BABIINCH YpaBHEHHEM MaTepHaAbHOTO Oa-
aaHca (IV. 55), B KOTOpOoe BBeAeH KOI(P(PUIIUEHT paclpepereHUss KOMIIOHEHTa

P = Xi,D/Xi,W' Toayumm

X, = i . (IV.72)
' 1+e<1pl- - 1)
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X,y =t T, (IV.73)
' 1+s(1pi —1) v

Hcnoabp30BaB  yCAOBHA Exi p=1 m EXI.W =1 MOXXeM 3aIuCcaThb
[i [

CAeAylolle YPaBHEHHUS:

XV g, :
21”(%_1) 1; (IV.74)

—Xi'F =1. .
21”(% _1) 1 (IV.75)

Ecau BBecTM ypaBHEeHHE TeMIIEPATypPHOUW 3aBUCUMOCTH O, HANpUMep,

ypaBHeHue (I1.29), 3anucanHOe € UCIOAB30BAHHEM TeMIIepaTypHl {, B BUAE

oL [ L , -1, T+—=t , K
Igor, ==t {730-1151gm+ 273+t | (IV.76)
T 273+t l 1791gn J

To u3 ypaBHeHus (IV. 74) nan (IV. 75) MOXKHO HAWTHU TeMHepaTypy f{, MeETOAOM
IIOCAEAOBATEABHBIX TPUOAMIKEHUN.

C 3TOU LeABIO 3aAAIOTCS BEAWYMHOM f,, @ 3aTeM PACCUUTHIBAIOT KOd(hdu-
IMEeHTHl OTHOCHUTEABHON AeTy4eCTH A BCeX KOMIIOHEHTOB CMeCU II0 ypaBHe-
"uto (IV.76). [Tocae aTOTO OMpeAeAsiioT KO3(PUITUEHTHl pacIpeAeAeHUsT KOMIIO-
HeHTOB I10 ypaBHeHUio (IV.71) npu 3apaHHOM Ko3(uIiieHTe pacupeprereHusa k-
ro KOMIIOHEHTA 1 ,. 3aTeM PACCUUTHIBAIOT COCTABEI IIPOAYKTOB IO YPABHEHUSM
(IV.72) m (IV.73) m mpoBepsgroT BBEIIOAHeHUe ypaBHeHuq (IV.74) mam (IV.75). B
CAydYae BBIIIOAHEHUS 3TUX YCAOBUM TeMIleparypa f{, C 3aAQHHOM CTENEeHBIO TOY-
HOCTHU OIlpejAeAreHa IIPaBHUABHO, a IIOAYYEHHBIEe COCTaBBI IIPOAYKTOB KOAOHHBI
COOTBETCTBYIOT 3aA@HHOMY Pa3AE€A€HHI0. B IPOTHBHOM CAydae 3aAal0TCSI HOBBIM
3HaYeHUEM TeMIIepaTyphl {, U pacdyeT MOBTOPSAIOT B M3AOKEHHOM BEINIE IIOCAe-
AOBATEABHOCTH.

B pesyanTare pacyera OIPeAEASIOTCST TIOAHBIE COCTaBBI PeKTH(HKATA (X, )

U OCTaTKa (X;, ) Ipu paboTe KOAOHHHI B PeKUMe IIOAHOTO OPOIICHUS.
Ecaum B cMecu OyayT IPHCYTCTBOBATH KOMIIOHEHTHI C BBICOKOM OTHOCHU-
TEABHOM AeTy4ecThlo (Q;, = ®), To X;,, =0 u B cocraBe peKTH(dUKaTa II0-

SBATCA YA€HBI BUAQ X, =X, g/ E.

Ecam Xe B cmecu GYAYT ManaoAeTydre KOMIIOHEHTBI m, AAd KOTOPBIX

a,, =0, T0 X, ~0 1 B OCTaTKe IMOABATCSA KOHIEHTPALMN BHUAA

_ Xm,F
Xm,W -

1—5‘

HpI/I pacdeTax B KadeCTB€ HAYAABHBIX YCAOBPIIZ MOTy OBITh 3aAAdHBI AIO-
Onle ABe KOHIEHTPpAalluu KOMIIOHEHTOB B IIPOAYKTOBBIX IIOTOKAX WAU OAHA
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KOHIIEHTpAIlUsl B IIPOAYKTOBOM IIOTOKe U BeAwuMHa S, (BCero ImiecTb
BapUaHTOB).

KoOMIIOHEHTEI, KOHIEHTPAIUM KOTOPBIX 3aAaHBI B MPOAYKTOBBIX ITOTOKaX
U KOTOPHIE OIIPEAEASTIOT PEe3yABTAThl PA3AEAeHHs CMeCH, HAa3BIBAIOTCS KAloue-
BbIMU.

[Tpu Aro6oM cmocobe 3apaHUS MCXOAHBIX IapaMeTpPOB IIPOIlecca pacyer
BEAYT METOAOM IIOCAEAOBATEABHBIX IPUOAMIKEHUM C MCIIOAB30BaHUEM IIPUBEACH-
HBIX YpaBHEHHUY, IPU 3TOM AOOUBAIOTCS BHIIOAHeHUd ypaBHeHuqa (IV.74) uam
(IV.75).

MMPUBJIMKEHHbBIN METO/I PACYETA PEKTUD®UKAINN
MHOTOKOMIIOHEHTHbBIX CMECEH IIPU PABOYEM
®JErMOBOM YUCJIE

B ocHOBe MHOrMX NIPUOAMIKEHHBIX METOAOB pacueTa peKTudu-
Kallud MHOTOKOMIIOHEHTHBIX CMeCel AeXUT YTBepP>KAeHHe O TOM, 4YTO H3MeHe-
HHe YMCAQ TAPEAOK U COOTBETCTBEHHO (PAETMOBOTO YMCAQ IPAKTUUYECKU He CKa-
3BIBAETCS Ha COCTAaBaX NPOAYKTOB KOAOHHBEL. JTO IIOAOKEHHE II03BOAsSET HC-
IIOAB30BaTh COCTABHI MPOAYKTOB KOAOHHBI, HAUAEHHEIE NIPU OECKOHEUYHOM (AEr-
MOBOM UYHCAE AAS OIPEAEAEHUSA APYTUX IIapaMeTpOB Ipolecca peKTUPUKALUU:
YUCAQ TapeAOK, (PAeTMOBOTO YMCAA U AP.
IMpu cperaHHBIX AONYILIEHUSX MUHUMaAbHOe (AerMoBoe UYHUCAO R .
MOJKHO OIIPEAEAUTH 110 CAEAYIOUIUM YPaBHEHUSAM AHAEDPBYAQ:

Ew=1_q; (IV.77)

™ a; -0

Eaixi,D —R__+1, (IV.78)
a; -0

i

A€ g— OTHOIIIeHHe KOAMYEeCTBAa TellAd, KOTOPOe HY)XKHO COOOIIUTH CHIPBIO AAT
IlepeBOAA €ro B ITapoobpa3Hoe COCTOSTHUE, K TeIAOTe HcHapeHus; 0 — KopeHb
ypaBHeHus (IV.77).

EcAu cpipbe MOAQIOT B IMApOXMAKOCTHOM COCTOSHUWM, T.e. IIPU HEKOTOpPOU
pore orroHa O=se=s1, To gq=1-e u 1-q=e. [lpu BBOAe CHIPbI B BUAE
KHUIAIeN >XUAKOCTU ¢ =1, a Ipu OWUTAaHUNM KOAOHHBI HACHIIIEHHBIM IIapoM
q = 0. Ansa meperperoro mapa q <0, AAI HEAOTPETOM AO KUIIEHUS KUAKOCTU
q>1.

B ypaBrenuax (IV.77) u (IV.78) xoadduiimeHTs OTHOCUTEABHON AeTy4ecTU
KOMIIOHEHTOB OIIPEAEAdIOT IIPU TeMIlepaType BBOAA CHIPbS B KOAOHHY [g.
KopHu 0 HaxopATCa MeKAY ABYMS CMEKHBIMU KO3((uiieHTaMUu OTHOCHUTEAb-
HOM AeTy4ecCTH, T. e. o, >0, > a,,,.

B o0OmieM BHUAE 3@aBUCHMOCTB MEXXAY YUCAOM TEOPETUYECKUX TapeAoK S,
BKAIOUAsS KUNSATUABHUK U TapIUaAbHBIM KOHAEHCATOP, M (PAErMOBBIM YHUCAOM R
MOJKeT OBITh IIpeACTaBA€HAa KPUBOM, IPUBEAeHHOM Ha puc. IV-21.

AN onpepereHMs KOOPAMHAT TOYEeK 3TOM KPUBOM NPU PeKTU(UKAIINU
MHOTOKOMIIOHEHTHEIX CMecCeld MOJXKHO HCIIOAB30BaTh ypaBHeHUe, 00oObIaroliee
OOABIIION (PAaKTUUECKUM MaTepHuaA:
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vVoi- 1+ 54,4X M) IV.79
eXp(11+117,2x JX ( )

TAE

YZS_Smin. XZR_Rmin

S+1 R+1

IIpeperamu nnepeMeHHEBIX X U Y IBAGIOTCSI HOAb U €AUHUIIA.

I'paduk 3aBUCHMOCTH, COOTBETCTBYIOIel ypaBHeHUIo (IV.79), npuBepeH Ha
puc. 1V-34.

YpaBuenue (IV.79) MokeT OBITH HCIIOAB30BAaHO AAS OMNPEAEAEHUST OIITH-
MaABHOTO (PAETMOBOTO YHCAA M COOTBETCTBYIOIIErO eMy OITHMAaAbHOIO YKCAQ
TeopeTHUeCcKUux TapeAroK. Ecam, HanmpuMep, B KadeCTBe KPUTEPHUS ONTHUMaAb-

HOCTU HUCIIOAB30BaTh BbIpakeHue N (R + 1), NIPOIIOPIIMOHAABHOE O00BEMY KOAOH-

HBI, UAU (N + 1)(R + 1), IIPOMOPIIMOHAABHOE CyMMe KAallUTAaAbHBIX M 3JKCIIAyaTa-
IIUOHHBIX 3aTpaT, TO Ha 0a3e ypaBHeHusa (IV.79) MO>XHO MOAYYHUTH, UYTO
Xowr =020 m Y, =041, OTciopa HOAYUHM CAEAVIOLINE BBIP@KEHUS AAT

pacueTa OIITHUMAABHBEIX BEAWYNH (I)Ael"MOBOI‘O YHCAd WM YHUCAAQA TeOopeTHuYeCKUX
TapeAOK:

R, =135R_ +0,35

OnT

n
0
Y
a 1,0
Y= S~ Swmin 0,9
S +1
Lo 0.8
0,9
0,7
0,8 ’
] ~—
0,6 E— X
0,7 0 0,01 0,02 0,03 0,04 0,05
0,6 \\
0,5 AN
0,4 \ +54,4 X — Puc. IV-34. Tpaguk 3aBu-
‘\ Y=1—¢eX 143 . X—1 CUMOCTH '-ll/ICAa(pTeOpeTI/I-
0,3 N 11+117,2X yx 4eCKMX TapeAoK OT chAer-
N MOBOIO YHCAA IO ypaBHe-
0.2 Huio (IV. 79):
4 a — OCHOBHOW rIpaduk;
N 6 — AeBas 4YaCTb OCHOB-
0,1 R—R... HOTO rpaduKa B KPYyIHOM
= min maciirabe, obecliedynBaio-
0 R+1 mast 6oAee TOUHBIE pacue-
01 0,2 0,3 04 0,5 0,6 0,7 0,8 0,9 1,0 THI
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N, =170N,, +0,70 .

AAsT OIIpepeneHHsT MeCTa BBOAQ IHMTAHWSL B KOAOHHY  HCIOAB3YETCS
NIPUOAUMIKEHHOE COOTHOIIEHHUE!

NK - NK ~ Nmin. K _ Nmin. K , (IVSO)
N, N - Ny Nmin.o 1_]\Tmin.K

rae N,, N, — UYHCAO TeOpPeTHYECKHX TapeAOK COOTBETCTBEHHO B
KOHIIEHTPAIJMUOHHON M OTTOHHOM 4YacTIX KOAOHHEBL, N_. ., N_. =~ — TO Xe, AT

pexxumMa R — o,
YTOOBI OINpeAeAuTh BeAMuuHbl N . u N

min. K min.o'

HUCIOAB3YIOT YpaBHEHUSI
(IV.67) u (IV.68) B mpeAerax M3MeHEHMsI KOHIIEHTPALUH OT (X, ) AO (X;r) A
OTTOHHOM YaCTU KOAOHHEI M OT (X: F) AO (¥;p) AAST KOHIIEHTPAIMOHHOM YacCTH, a

TakXe OT (X;, ) AO (¥;p) AAT BCeMl KOAOHHEL.

OOBIYHO AAT BBOAQ CBIPBSI IIPEAYCMATPUBAIOT A0 5 TOUEK BOAM3M CEUYEHMUH,
omnpepeaseMoro ypaBHeHueM (IV.80).

AHAJUTUYECKUIA PACYET YUCJIA TAPEJIOK
B KOJIOHHE IIPU PEKTU®OUKAIIUN
MHOTOKOMITOHEHTHOM CMECHU

[Tpu ponylleHMH O ITOCTOSSHCTBE OTHOCHUTEABHBIX AETydecTel
(bAETrMOBBIX UYHUCEA IIO BBICOTE COOTBETCTBYIOUIEM YAaCTU KOAOHHBI MOJKHO AAS
pacueTa peKTU(UKAIUU MHOTOKOMIIOHEHTHONW CMeCU IIOAYYUTH YpaBHEHUs, aHa-
AOTHYHBIE YPaBHEHUAM AAST OMHAPHBIX CMecel, BOCIIOAB30BaBIIUCH IIPeoOpaso-
BaHMSAMU HCXOAHBIX YpaBHEHMN paOodyell AMHWU W PABHOBECHS, BBEACHHBIMU
AHAEPBYAOM.
3anuireM ypaBHeHUe pabouyell AMHMU AAS AIOOOrO KOMIIOHEHTa CMecH (B
AAABHEHINEM C IIeABbIO YIIPOIIeHUs 3allUCH ypPaBHEHUM HMHAEKC HoMepa KOMIIO-
HeHTa OyA€eT OIyILIeH) B CeueHUM MeXKAY Nn-U u (n+ 1)-1 Tapeakamu:

y. =®x,,, + (1 - (D)Xp .

YMHOKHM A€BYIO M IIPABYIO YaCTHU YpaBHEHUs pabouell AMHUU Ha oc/ (oc - 6)

(rhe 6 — T1OKa HEM3BECTHBIM ITapaMeTp, IMOAAEXKAIIUN OIPEeAeAeHUIo) U
mpocyMMUpyeM obe 4acTH ypaBHEHWUS 10 BCEM KOMITOHEHTAaM:

E“YH q)E n+1+1 cb)Ea_e . (IV.81)

BreiGepem mapameTp 6 TakuM 00Opa3oM, UYTOOBI IIOCAEAHee CcAaraemMoe
00paTUAOCH B EAVHUILY, T. €.

E&=; . (IV.82)
a-0 1-®

YpaBuenue (IV. 82) OyAeT MMeThb CAEAYIOMIVM BUA AAS COOTBETCTBYIOIIUX
YacTel KOAOHHLL:
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AT KOHIT€HTPAIlMOHHOU
E“Y_D=R+1; (IV.83)
a-0
AAST OTTOHHOM
E“X_W =TI (IV.84)
a-0
C yuetoMm ypaBHeHud (IV.82) ypaBHeHue (IV.81) npuMeT Bup

ann _(I,E n+l +1 (IV.895)

Ilepeneca epuHUIly B A€ByIO 4YacTb ypaBHeHusa (IV.81) m mnpunAB BO
BHUMAaHUe, YTO E y, =1, noayuum

E Oyn _(DE n+1 _ (IV.86)

INapamerp 0 ompepeasierca u3 ypaBHeHuu (IV.82) mau (IV.83) u (IV.84) ana
COOTBETCTBYIOIIEN YaCTU KOAOHHEL KaXxpoe U3 3TUX YPaBHEHUM UMEET CTOABKO
KOpHeN 0, CKOABKO KOMIIOHEHTOB B pa3peAsdeMoM cMecu. AAd AIOOBIX ABYX KOp-
Hen 0, nanpumep 6, u 60;, ypasHeHue (IV.86) MOXKHO 3amucaTb CAEAYIOLIIUM 00-
pasom:

(I)E o1 _g y—“,

o -6; l a-6;

q)E n+1 YH
a-0;
PaSAe]\I/IM IIpaBble U AeBble YaCTU IMMPUBEACHHBLIX y’paBHeHI/Iﬁ OAHY HA ApPY-
Iyio

OX it
Ea_ng. 9 Ea 91.

(IV.87)

L

(IV.88)

O Xni j Yn
a-0;

YUTOOBI MCKAIOUMTE CyMMEI, CTOAIMEe B NpPaBoOM 4YacTu ypaBHeHHuq (IV.88),
BBIIIOAHUM COOTBETCTBYIOIIHME IPeOOpPa30BaHUs YPAaBHEHUSA PABHOBECHUS:

__ox,
Ecxxn

YMHOXUM 00e YacTu YPaBHEHN:A PAaBHOBeCHUsI HaA 1/(0( - 6) 1 IMpou3BeAeM

CyMMUPOBAHUE 110 BCe€éM KOMIIOHEHTAaM CMeCH.

ay"e ——1 Eax EO‘X_ (IV.89)

176



BrelpakeHue Eocxn BBEIHECEHO 3a 3HAK OOIIed CyMMBI, TaK KaK OHO He
3@BUCUT OT MHAEKCA CYMMHPOBAHUS (HOMepa KOMIIOHEHTA).
Anst AByx KopHeit 6, n 6, u3 ypaBuenus (IV.89) moxxeMm 3anucarhb

Yn X,
a-0; =6i Ea_ei

(IV.90)
YH e] (XXH
a-6; 2 a-0;
W3 ypasrenut (IV.88) u (IV.90) noayunM cooTHOIIEeHUE
E OX it Xp
a-0; _6; Ea—ﬁi _ (Iv.91)

0. D¢
)

a—e]

ITo Bupay ypaBHenme (IV.91) anmarormuno ypaBHeHuto (IV.66), zanucanHoMy
AT pabOTBI KOAOHHBI ITpu R-—> o, B To BpeMa Kak ypaBHeHue (IV.91) cmopa-
BEAAMBO AAsE pabodero (AerMOBOTO YHMCAQ, T.e. R <. OrHomenue KopHe# 6,/0;

COOTBETCTBYET IPUBEACHHOW OTHOCUTEABLHOU AETyYeCTH o;; KOMIIOHEHTOB [ H j.
AAS YIIPOIIEHMS 3allUCU MOCAEAVIOIINX YPaBHEHUM BBeAeM (PYHKIHIO

E(X 6) = E aa_X@

OyHKIUA E(X 6) SIBASIETCSI aHAAOTOM KOHIIEHTpAallM¥, HO He CcaMou

KOHIleHTparuen.
Torpa ypaBHenue (IV.91) 3anuiiierca B BUae

E(Xm], Gl-) 0, E(XH. 61-)

0.
E(XH+L Gj) J E(XH' 6]»)
AaBaﬂ n neAble 3HAQUYeHUdA OT 0 AO Il'l, IIOAYUYUM YpPpAaBHEHHE CBSI3U MEXAY

UYHUCAOM TEeOPpEeTUYECKHUX TaPeAOK M COCTaBaMU B ABYX IIPOM3BOABHBIX CEYEHHAX
KOAOHHBI:

o) _tg) %0 %)
E(xnv ej) L‘%—J E(XOV ej)
OTCIOAa OIIpeAeAdeTCsI YUCAO TeOpeTHHYeCKUX TapeAOK NI MeXAYy ABYMsI

IIPOU3BOALHBIMU CEUEHUSIMU KOAOHHBI (AAS KOHIIEHTPAIMOHHOM U OTTOHHOMU
YacTed B OTAGABHOCTH, TaK KaK KOPHU 0 M KOHIIEHTPAIIUU Pa3AUUHbI)

E(Xn’ ei) E(XO, ej)
oo 0) o )

ei
lg—
0;

lg

n=
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EcAm B KauecTBe OAHOTO M3 CeYeHUU, HApuUMep, C HOMEPOM HOABb, BHI-
OpaTth ceueHMe IMIPOAYKTOBOI'O IIOTOKA, TO C y4eToM ypaBHeHuUs (IV.82) moaryuum

E(X 61-)

n,

lg——
E(Xn, e])

lg e—l
6;

C y4eTOM AEHCTBHUSI KUISTUABHUKA (MAM IIapLHarbHOIO KOHAEHCATOpa)
YHUCAO TEOPETUYECKUX TapeAOK B COOTBETCTBYIOIIEH YacTH KOAOHHEL n = N +
+ 1 ompeaeAuTCs M3 YpaBHEHUS

lgE(x’,ﬁi>

Nt=— 1 (IV.92)

raAe X' — KOHIIeHTpalus JKUAKOCTHU, CTEKAIIer C HUJKHEW TapeAKW BepxHen
YacTU KOAOHHBEI (X' =X,) AAd KOHIIEHTPAUIMOHHOMW YaCTU KOAOHHBI, WAU
KOHIIeHTpallusg JKUAKOCTH, IIOCTyIlalolllell Ha BEPXHIOIO TapeAKy HIDKHeNW 4YacTu
KOAOHHEI (X' = X, ) AAS OTTOHHOM 4acCTU KOAOHHBL

YpaBHenue (IV.92) mokeT OBITh UCIIOAB30BAHO AASI pacyeTa YncAa TapeAokK
B KOHIeHTpanuoHHOUW N = N, m orroHHou N = N  4YacTaxX KOAOHHHL. [lpu
3TOM AAS  KOHIIEHTPAITMOHHOM YacTU MOJKHO HOPUOAMKEHHO MOPUHSITH
X'=X, =X;, @ AAS OTTOHHOW 4YaCTH X =X,=~Xp, YTOUHSS HX IOCAEAYIOIIUM
pacueToM.

B ypaBuenuu (IV.92) BAugHmMe cocTaBa peKTH(UKaTa HAM OCTaTKa IIPOSB-
AdeTcsd depe3 IIOCPEACTBO KOPHEU B COOTBETCTBUU C ypaBHeHuamu (IV.82)—
(IV.84).

[Tpu DpPaKTHUYECKOM MCIOAL30BAHUM IIPUBEAEHHBIX YpPaBHEHUN IIOAHEIE
COCTaBBI peKTHU(HUKATa U OCTaTKa OOBIYHO BHAUYaAe OIPEAEASIOT TeM HAU HWHBIM
NpUOAWKEHHBIM MeTOAOM, HaIpuMep, Ipu R — », yrouyHAs UX 3aTeM B
mpolecce pacyeTra. [Ipu TpPOBEpPOYHBIX pacueTax, KOTAa IIOAHBIE COCTaBBI
pekTHU(duKaTa U OCTaTKa M3BECTHHI, ONPeAeAdioT N mAM R M IpoBep4drOoT UX Ha
COOTBETCTBHE (DAKTUIECKUM AQHHBIM.

OCOBEHHOCTHU PACYETA CJIOKHOI KOJIOHHBI
AJII PEKTUOUKANAN
MHOTOKOMIIOHEHTHOHN CMECH

PacueT croKHOM peKTU(PUKAIIMOHHON KOAOHHBI, pa3jpeAsiolien
MHOTOKOMIIOHEHTHYIO CMeCh, TpeOyeT CIIeIIMaAbHOTO ITOAXOAA IIPU COCTaBACHUM
MaTepUarbHBIX 0OanaHCOB M OIPEAEAEHHN COCTaBOB IIOTOKOB  OTAEABHBIX
IIPOCTHEIX KOAOHH, TaK KaK BCe MOTOKHU JKeCTKO B3aMMOCBSI3aHEL.
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ChrokHas KOAOHHA, IIpeAcTaBAeHHass Ha puc. IV-31, coctout u3 Tpex
IIPOCTBIX KOAOHH U COOTBETCTBYET HX IIOCAEAOBATEABHOMY COEAVMHEHHIO IIO
cxeMe, MokKa3aHHOM Ha puc. IV-30, 6. OTa cAoXHasg KOAOHHA IpepHazHaueHa
M Pa3peAeHUd Ha 4YeThIpe IIPOAYKTAa YeTBIPEXKOMIIOHEHTHOM CMeCH, B
KOTOpOU IepBBeIM KOoMHOHeHT cooTBeTcTByeT HKK, a werBepTrill — BKK.

[Naps!l pekTudurara D, mepBoil KOAOHHBI COAep’KaT KOMIIOHeHTH 1—3 u
npuMech BKK. OcTtaTok nepBoll KonoHHE W, B ocHoBHOM cocTouT u3 BKK u
COAEP’KUT HEKOTOpOe KOAMYECTBO KOMIIOHEHTOB 1—3 B KauecTBe Ilpumecu. B
NPUOAMIKEHHBIX pacyeTaX Oe3 OOABIION IIOTPENIHOCTH [PUHUMAIOT, YTO
IIPUMECHBIM KOMIIOHEHTOM B OCTAQTKe SBASETCS KOMIIOHEHT 3, a COAep’KaHWeM
KOMIIOHEHTOB | 1 2 mpeHeOperaror.

B kononHy II 13 KOAOHHEI | mOCTynaroT mapel peKtudurara D,, cocTos-
mue U3 KoMnoHeHToB 1—3 ¢ mpuMecbto BKK. Kpome Toro, B koaoHHy II
IIOCTYIIAIOT TaK)Xe IIapbl OPOILIEHWs g, COCTOSIIME M3 KOMIIOHEHTOB 1—3 cC
npuMecelo BKK, a Takxke mnapel G; K3 CTPUINHUHT-CEKIUWU, COCTOSIINE U3
KOMIIOHEHTOB | —2 ¢ IpUMeCchbl0O KOMIIOHEHTAa 3, KOTOPBIM B OCHOBHOM YXOAWT
¢ ocratkoM W, KOAOHHEI II.

B pesyabrare mpomecca peKTUPUKALUM B KOAOHHe I IOAYyYarOTCA Iapbl
pektudukara D, cocTosiiye B OCHOBHOM M3 KOMIIOHEHTOB 1 M 2 C IIpUMeCHIO
KoMIOHeHTa 3. XOTsa B peKTudukare D, MOKeT COAEpP’KaTbCsd U KOMIIOHEHT 4,
€r0 KOHIIEHTpanus OOBIYHO MaAd M €10 MOJKHO IpeHeOpeub. OcraTok W, KO-
AOHHEI [ B OCHOBHOM COCTOWT M3 KOMIIOHEHTa 3 C IPUMEChI0 KOMIIOHEHTa 4,
IIOCTYIIUBIIErO B KOAOHHY II BMecTe ¢ pekTudukarom D,;, a TakKKe KOMIIOHEH-
ToB 1 U 2, U3 KOTOPBEIX B OCHOBHOM IIPUCYTCTBYeT KOMIIOHEHT 2, UMeIoIuN
OoAee BBICOKYIO TeMIIepaTypy KHUIIeHHs, 4yeM KOMIOHeHT 1. [ToaToMy BO MHOIMX
CAy4YasX IIpM pacueTe KOAOHHHI [I copep)KaHuMeM KoMIIOHeHTa 1 B ocratke W
IIpeHeOperaror.

W3 Bepxa KOAOHHEI [I] orOuparT pekTudukrar Dy, COCTOAMIHNNA B OCHOB-
HOM M3 KOMIIOHEHTa | ¢ IpuMeChIO KOMIIOHEHTAa 2, B OcTaToKk W, KOTOpPHI B
OCHOBHOM COCTOUT M3 KOMIIOHEHTAa 2 C IPUMeChIo KOMIIOHEHTOB 1 1 3.

PaccMoTpuM ypaBHeHHSI MaTepPHUAAbHBIX OAAAHCOB AAS CAOKHOM KOAOHHEL

MaTepuarbHEIN 0araHC AAS BCeM KOAOHHBI IO KOMIIOHEHTY 1:

F, X/ = Dmywm + M/IHXLWHI . (IV.93)

B ypaBrenun (IV.93) HeT motokoB W, um W), Tak Kak HOPUHATO, UTO
KOMIIOHEHT 1 B HUX OTCYTCTBYeT.
MaTepuaAbHBIM O0aAaHC KOAOHHBI IO KOMMOOHeHTaM 1 u 2:

+ W, x (IV.94)

2wy

F (%0, + %o, ) = D4 Wan(1- %500, )
B ypaBHeHuu (IV.94) HeT notoka W, , Tak Kak OBIAO IPUHATO, YTO KOMIIO-
HeHTHl | ¥ 2 B HEM OTCYTCTBYIOT.
MaTepuaAbHBIM 0aAraHC BCEM KOAOHHBI IO KOMOOHeHTaM 1, 2 u 3:

3
F EX =Dy + Wy + Wn(l_X

L + W, X3w,

4 Wi )
i=1

Kpowme Toro, o0miuii MaTepuaAbHbIM OaAaHC KOAOHHBI MMEET BUA
Fp =Dy + Wy + Wy + W,

179



HpI/I 3dAAHHBIX Ka4YeCTBaX IIOAYyYdeMbIX M3 CAOSKHOM KOAOHHBEI IIPOAYKTOB

KOHIIEHTpAanuu ylvDIH' X X n X3,W1 MU3BECTHHBI, KpOMe TO-

XLWIU' X3-WIH’ 2wt AW
ro, U3BEeCTEeH IIOTOK CBIpbA F; W KOHIEHTpauu B HEM BCeX KOMIIOHEHTOB.
TakuM o6pa3oM, MMeeM CHCTEMY 4YeThkIpeX YpaBHEHUU C 4eThIpbMS HeU3BeCT-
HBIMU (moToku Dy, Wy, W, u W), KoTopble U ONIPEAEASTIOTCA.

Paccmorpum Temepb KOAOHHY I. BBIXOA peKTH(UKATa 3TOU KOAOHHBL D
ONIPEAEAUTCS U3 BEIPAKEHUS

D =F -W, =Dy + Wy +W,
CoctaB pekTtudukKarta D; MOKHO HAWUTH CAepyIOIIMM obpas3oM. B pekrTu-

dukare D, macca BKK (KkoMIoHeHT 4) AOAKHA OBITH TaKOM, KaKasg AOIyCTHMMAa B

ocratke W,, T.e. Wyx OTcropa KOHIIEHTpAIWsl KOMIIOHeHTa 4 B Iapax

4wy *

pektudukara D, 6ypeT paBHa W;x / D,, a KOHIleHTpalugd KOMIOHEHTOB 1—

4wy
3 cocTaBUT

\ WirX 4w,
YDI = 2 yi,DI = 1 - D—H
i= I

[Taphl, TOKHUAQIOIIVE KOAOHHY I, COCTOST M3 IIapOB PeKTU(HUKATa U COIPO-
BOJKAQIOIIUX WX IIApOB OPOIIEHUSA gy, T.e.

G, =D, +g,

Fir
YUTOOBI OINpPEAEAUTH CYMMAapHYIO KOHIIEHTPAIIUI0 KOMIIOHEHTOB 1—3 BO

daerme, IpuMeM, UYTO COpep’KaHue KOMIIOHeHTa 4 B IIOTOKe mapoB G HUU-
TOJKHO Mano. Toraa HOAyYMM KOHIIEHTPAIIUIO KOMIIOHEHTa 4 B JKHMAKOCTH

gy =W, + G}, a chepOBaTEABHO, U B OPOILIEHUU ¢,

W, x W, x
I 4,Wir _ 1 4,Wir

Xy ) ,
Wy + Gy i

TakuM o6pa3oM, KOHIEHTpalusl X, KOMIOHeHTOB 1—3 Bo dnrermMe gy,
OyA€eT paBHa

VVHXAL,WH _1 I/VHXAL,WH

xy=1-
Wy + Gy 9u
KonnenTparnus y, Tex )Xe KOMIOHEHTOB B moToke G. =D, +g, ompe-

AEAUTCs U3 YPAaBHEHUST

(
DI

Wi x ) ( Wi x )

4Wyr 4w

L- gyt
Dy Wy +Gjy

Dy +gy
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1 W11X4,WU(9U +G + WU) 1 WUX4,WH (1 ﬂ\
Y L = )
(DI +911>(WH +G}1> Dy + gy )7}

AMST olIpepeneHUs KOHIIEHTPAIUM y, U X, HEOOXOAWMO IIPEABAPUTEABHO

BHIOpAaTE HOTOKH g, U G . IlocaeayromuyM pacueToM WX MOJKHO CKOPPEKTH-

POBAaTk.

Yucao TapeArOK B KOAOHHE | BEIOMpPAETCS C TAKUM pacdeToM, 4TOOBI obec-
[IeYuTh IIOAyUYeHMHe IIapOB COCTaBa ¥,. AHAAOTUYHO OIIPEAEASIOTCS COCTaBBI
TIOTOKOB AASI KOAOHH I u I1I.

ChaepyeT OTMETUTH OAHY B&KHYIO OCOOEHHOCTBH PalOTHI CAOKHOM KOAOH-
HBIL. ECAM TPOCAEAUTH, KaK U3MEHSIOTCSI IIPU MepeXoAe OT IMEePBOU MPOCTOM KO-
AOHHBI K CAEAYIOIIUM IOTOKM PeKTHU(PUKATa W OPOILIeHUd, TO MOXKXHO OOHapy-
KUTh, YTO B KQXKAOU MOCAEAYIOIIeN KOAOHHe (cM. puc. IV-31, xoronnsr [, II, III)
IIOTOK peKTu(UKaTa yObIBAeT, TOTAA KaK IIOTOK OPOIIeHUs B TOM >XKe HalpaB-
A€HUM, Ha0OOPOT, BO3pacTaer.

YBeAuueHre MOTOKa (PAerMbl OT KOAOHHBI | K KoaoHHe III oOBsACHAETCS
TeM, YTO KOAOHHBI, PACIOAOKEHHBIE BBHIIIE, AOAKHBI UMETh TaKoe KOAUYECTBO
darerMbl, KOTOpoe OBIAO OBl AOCTATOUYHO HE TOABKO AASI AAHHOU KOAOHHBI, HO U
AASL KOAOHH, PACIIOAOKEHHBIX HU>Xe. Takoe B3aUMHO IIPOTUBOIIOAOKHOE H3Me-
HeHUe KOAMYeCTBa pPeKTU(UKaTa U OPOIIEeHUSI B CAOKHOM KOAOHHE OOYCAOBAU-
BaeT pe3Koe HU3MeHeHHe (DAerMOBOTO YHCAQ, KOTOPOe MOJKeT YMEHBIIAThCS B
HEeCKOABKO pa3 IIpU IIepeXxOAe OT BHIIIEePACIOAOKEHHONW IIPOCTOM KOAOHHBI K
HU>KEePaCIIOAOKEHHBIM.

3HAQUUTEABHO YMEHBIIAeTCs TaK)XXKe CyMMapHasd KOHIEHTpanus HU3KOKUIIA-
IIMX KOMIIOHEHTOB B Iapax, NOCTYHAIOIIUX B BHIIIEPACIOAOKEHHBIE KOAOHHHI,
YTO OOYCAOBAMBAETCS TEM, UTO 3TH IIaphbl B 3HAUUTEABHON CBOEM YacCTH COCTOSAT U3
IIapoB OpOIIleHNs, B KOTOPLIX copepkanne HKK oTHocuTeabHO HeBeAnKo. Bmec-
Te C TeM 3TO CYIeCTBEeHHO oOAerdaeT pabOTy OTHApPHBIX CEKIIMM, 4YTO OCOOeH-
HO Ba)XHO B CAyuae, korpa otnapuBanue HKK mpousBopuTcsa 6e3 MOABOAQ Tell-
AQ, @ TOABKO 3a CUeT MOAQYU B OTIIapHBIE CEKIIUU BOASHOTrO mapa. Hu3Kas KOoH-
nenTpanua HKK B mapax, mocTymamlmmux Ha PeKTU(PUKAIMWIO AQHHOU CEKIHNN
CAO>KHOM KOAOHHEBI, OCAOKHSIET pPabOTy KOHIIEHTPAIIMOHHBEIX YacTell KOAOHHHI,
OAHAKO 3TO OOCTOSITEABCTBO KOMIIEHCHUPYETCS BBICOKUM (PAETMOBBIM UKCAOM.

AAST pacueTa IIPOCTBIX KOAOHH, BXOASAIIUX B COCTaB CAOKHOM KOAOHHBEI,
Tak>Xe MOTryT OBITh UCIOAB30BAHBI METOABI pacyeTa, W3AOKEHHBIe paHee, C
IIPUBACYEHUEM VIIPOUIAIOIINX AONYIIEHUMN, YIOMSHYTHIX B AQHHOM Dpasjpeae.
Ilpm 3TOM HAAO HMeETh B BHUAY Ty OCOOEHHOCTB, YTO IHUTAHHEM BBIIIEPACIO-
AOKEHHBIX KOAOHH (II m IIl ) cAy’KaT Ilapel, IIOCTyIIAIOIINE K3 HUKEePACIIOAO-
KeHHBIX KOAOHH (I m II) 1 U3 CTPUNIUHT-CEKIIUNM AQHHOM KOAOHHEI (CM. PHC.
IV-31 u IV-32). B obuieM caydae pacyeT BBEIIOAHSeTCS Ha OBM ¢ mpuBaeueHUEM
UTEPAIMOHHBIX METOAOB.

OCOBEHHOCTHU PABOTBI CJIOKHOI KOJIOHHbI
C IIPOMEKYTOYHBIM OPOIIEHUEM

Kak OBIAO TIOKA3aHO BEINIE, CAOKHAS KOAOHHAQ, IIPEACTABASIIO-
masgs cCoOOOM CUCTEMY IIOCAEAOBATEABHO COEAMHEHHBIX IIPOCTBIX KOAOHH, Xapak-
TEepU3yeTCsI TOU OCOOEHHOCTBIO, YTO AAS KAa)KAOU IIPOCTOU KOAOHHBI B HAlPaB-
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AEHUM ABWJKEHMS [IapOB IIOTOK peKTHu(HUKaTa yMeHbIIaeTcsd, a NOTOK (AErMBI
yBeAanmuuBaeTcs. [1o 3TOM Npu4MHe MOCAeAHME IO XOAY IIapOB IPOCTHIE KOAOH-
HBI PaboTarOT ¢ OOABIIMME (PAETMOBHIMU 4ucAaMu g/ D, a mepBble, HAOOOPOT, C
MAaABIMUA.

YTOOB!I YMEHBIINUTEL PA3HUILY BO (PAETMOBBIX YMCAAX KOAOHH, PACIOAOJKEH-
HBIX KakK BBIIlle, TAaK U HUJKe, a TaK’Ke pereHepupoBaTh YacThb TEIIAQ, B IIPOMBI-
IINEHHOCTU IIOAYYHAA PACIpPOCTPaHEeHHe cxeMa PabOTBEl CAOKHOU KOAOHHBI C
NPOMEXYMOUHBIM UUPKYyAAUUuOHHbIM opoulerueM (I[TLIO). Takas cxeMa opraHu3sa-
UM IPOME’KYTOYHOTO IIMPKYASMOHHOTO OPOIIEHUS Ha BepXy KOAOHHEI I paHa
Ha puc. IV-32.

I[TopoOHas cxema pabOTBEl KOAOHHEI IIO3BOASET:

1) yBeAMuUMTH pereHepanuio TeIAd (B NPOMEXYTOYHOM CEYEeHUM, IAe

OCYIIEeCTBASIETCA INUPKYMINHMOHHOE OpollleHne, TeMIlepaTypada IIOTOKa tLll BEIIIIE

TeMIepaTypbl BepXa KOAOHHEI, XOTS KOAMYECTBO TeIIAQ, KOTOpPOe MOJKHO
pereHepupoBaTh B 3TOM CeUYeHUH, MeHbIlle, YeM B BEpPXHEM CeYeHUMH);

2) YMEHBUINTb KOAMYECTBO IIapOB, IIOAHMMAIOIIUXCS B PACIOAOKEHHYIO
BBIIIe IIPOCTYIO KOAOHHY, U, CA€AOBATEABHO, YMEHBIIUTEL ee AuaMeTp;

3) YMEeHBIIUTH TENIAOBYIO HAarpy3Ky KOHAEHCATOPa — XOAOAUABHHKA B BEPXY
KOAOHHBEI BCAEACTBHE COKpAllleHHs KOAWYEeCTBA OpOLIEHUs B 3TOM YacCTH
KOAOHHBHI.

OpHAKO IpU IPOMEXYTOUHOM HUPKYASAIIMOHHOM OPOIIEHUM HIPOSIBASIOTCS
ABa OTPHUIIaTEABHBIX MOMEHTA!

1) ymensbIIaeTcsa (DAETMOBOE YHUCAO B BBIINIEPACIIOAOKEHHOM KOAOHHE (CM.
puc. IV-31, xkoaronHa III), 4TO AOAKHO OBITH CKOMIIEHCHPOBAHO HEKOTOPBIM
YBEeAUUYeHHEeM UMCAA TapeAOK B KOAOHHE;

2) yeeamumBaerca KoHneHrtpanusa HKK B mapax G, HDOCTyIalOIIWX B
KOAOHHY [II, a cAepOBaTeABHO, U B JKUAKOCTH (,,, IepeTeKalolllel B OTIapHYIO
CeKIIVI0 KOAOHHEH! [Il, YTO OCAOKHSIET paboTy 3TOM CEeKIUMU.

KoAnyecTBO IPOMEKYTOUYHOTO HUPKYASIIITMOHHOTO OPOIIEHUsI MOJKeT HU3Me-
HATBCS B CPABHUTEABHO IINPOKUX IIPepAeraX. B COOTBETCTBUM C 3TUM U3MeHSeT-
csl U Macca (paerMel g;;, IepeTeKawllell B KadeCTBe OPOIIeHUsI B KOAOHHY II u3
KOAOHHHI [II. Macca 3Tont haermMbel OyAeT MakcuMaAabHOU npu orcyrcrBum [11O.
C yBeanmueHHEM KOAMYECTBA IUPKYAINUOHHOIO OPOLIeHHS Macca (QAErMBl g,
yMeHblaeTcss. O4eBHAHO, MaKCHUMaAbHBIY 0OTBOA Temaa [ILIO cooTBeTcTByeT
TaKOMYy pe>kuMy pabOTEl, KOTA@ Macca aermel g, = 0, T.e. KOraa Bce TeIAO,
HeOoOXOAUMOe AN 00Pa30BaHUS OPOIIEHUS KOAOHHHI [I, OTBOAUTCS C IIOMOIIBIO
IMLO. B aToM cAydae U3 KOAOHHBI /I IIOCTyHarOT Iapel, Macca KOTOPHIX paBHA
Macce peKTu(uKara 3TOM KOAOHHBI Oe3 COMPOBOXKAAIOIIUX ITapPOB OPOIIEHUS.

Takum obpaszom, IO BEIIOAHSAET POABL HMAPIUAABHOTO KOHAEHCATOPA, YyC-

TAHOBAEHHOT'O B IIPOMEXYTOYHOM CeYeHUU KOAOHHEI.

KoanuecTBo Temnaa, orBopuMoe IO B COOTBETCTBYIOIIEM CeUYeHUU KOAOHHBI, OOOCHOBBIBA-
eTCsl PacyeToM AAS Ka*KAOTO KOHKPETHOTO CAydas. [Top0OHOe IUPKYASIIMOHHOE OpOIIeHHe MOJKeT
OBITH OCYIIIECTBAEHO B COOTBETCTBYIOLIEM CEUEHHHM BEPXHEM YaCTU IIPOCTOM KOAOHHBI. OAHAKO CAe-
AyeT YYUTEIBATh, YTO, YeM HHJKe PACIIOAOKeHa AaHHas IIPOCTas KOAOHHA, TeM MeHblle (AaerMoBoe
YUCAO M MEHBIIIe PeCypCHI TelAa, KOTOPOe MOJXKeT OBITh PereHepupoOBaHO C IIOMOIIBIO ITPOMEIKY-
TOYHOTO IIUPKYASIIIMOHHOTO OPOIIEHUS.

Takum o6Gpa3oM, 4eM HUKe PacIOAO’KeHa IIpOocTasi KOAOHHA, TeM MeHblle 3(ddeKT oT opra-
Huzanuu [11O, XoTd ¢ TOYKM 3peHHs TeMIIepaTyphl IIOTOKA, TENAO KOTOPOTO WCIIOAB3yeTCs, NPU-
meHenue [11]O B HM)KHUX KOAOHHAX SIBASIETCSI OoAee IeAecOOOpasHbIM.

O PeKTUBHOCTE OPraHU3aIUy IPOME’KYTOYHOIO ITUPKYASIIUOHHOTO OpOIIEHUsI 3aBUCUT
Tak)Ke OT COOTHOIIEHMS MeXXAY BBEIXOAAMH peKTH(HUKAaTa M OCTaTKa PacCHOAOKEHHON BHIIIe

KOAOHHBI, @ TakKXe OT OTHOCHTEABHOW Macchl mapoB Gp; /Wy, KOTOpEle NOAHMMAIOTCS U3
OTTOHHOM YaCTH KOAOHHBI, PACIIOAOKEHHOM BHIIIe ceueHUs], rae opranusyercs I1LIO.
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