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NPEAUCIIOBHE

OnunM u3 BaxKHefIIMX BONpPOCOB 3AIIHTH OKPYXAalOmeH CpeAn sBAfeTCA OX-
pana BoAHOro Gacceiima ot aarpssnenns. B yTeepxaenusix XXVI cwesgom KIICC
«OCHOBIILIX ~HANpaBIeHASAX 3KOHOMHUYeCKoro M conmanbtoro passutus CCCP ua
1981—=1985 ronsl H Ha nepuoj 40 1990 roja» mocraBieHs! 3ajlauu: «YBCJIHYHTE
MOIHOCTH CHCTeM OGOPOTHOrO M MOBTOPHOIO HCIOJIBb3OBAHHS BOJ, paspabaTHBaTbh
H BHEIpATb HA [PENPHATHAX GCCCTOUNBIC CHCTEMbBl  BOJLOHCIO/Jb3OBABHI»*.
K BaxXHBIM MepONpHATHAM MO OXPaHe MCTOYHHKOB MHUTbEBOH BOJABl OTHOCATCA A0--
OuYHCTKA NPOMBILIJCHHBIX H TOPOACKHX CTOYHBIX BOJ M AanbHefililee HX HCNOJb-
30BailHe jI1f NPOMBIIVIEHHOro BOAocHaGxkeHHus npeanpusartsfi. [TosTopHOE HCNOJD--
30BaHMWe OYHUICHHEIX CTOMHMX BOA ANA TeXHUHYECKOro BOJOCRAGKeHHS NO3BOJNHT
B psje palioHOB Hallell CTPaHH MONHOCTHIO JHKBH/HPOBATH CyuLeCTBylOmHA Aedu-
IIMT PecypcoB NpecHOR BOAHL

HauGonee onacuml AJs BOJOEMOB CTOYHEle BOJAH NpeANpUSATHE XHMHUECKOH
H HedTeXHMHYeCKOl NPOMBILIJIEHHOCTH, HeCMOTPA 1a TO, YTO 00LeM HX IO Cpab-
HegHlo ¢ o06beMOM CTOYHHIX BOJ NPeANPHSTHA NDPYrHX BHAOB IPOMBILIIEHHOCTH
HeBennK, CTOuHBle BOJLI NPeNPHATHII XHMHUCCKON H HedTeXAMHYeCKOH MPOMBILI-
JIEHHOCTH XapaKTePH3YIOTCS CAOXKHLIM H TlepeMeHHLIM COCTaBOM, BBICOKOH TOK-
CHYHOCTBIO, MPEHMYIIECTBEHHBIM COJICPXKAHHEM DaCTBODEHIbiX, a ke B3BelleHHHX,
3arpssiieHu#l, Mo3TOMYy GHOJOrHUeCKHe METO/Ibl He BcerhAa 0GeCHeuxBalOT OUHCTKY,
JIOCTATOUHYIO JIAS TIOBTOPHOIO HCIOJAb30OBAaHMST BOAHW Ha MNpejpPHATHIAX.

DH3HKO-XMMHYECKHEe HJH XHMHUeCKHE MeTO/bl OUHCTKH CTOYHHIX BOJ Hapsdy
¢ oGecredendeM HeOOGXOJHMOro KaycCTBa BOJAWl B COOTBETCTBHH ¢ Tpe6OBaHHAMH
BO/LONO/ATOTOBKH [03BOJSIOT TaKXKe H3BJCUb M3 CTOUHBIX BOj HEHHLIC NPOAYKTH
H CHHM3HThL NOTepH NPOH3BOACTBA, B mocacjnHe roAnl 3TH MeTOAH HaxXOAAT IUH-
poKoe NpHMeHelHe H s J00YHCTKH OHONOTHYeCKH OYHILEHHBIX CTOYHBEIX BOJ, NOC-
Je KOTOPO# HX YCINeLIHO MOXKHO HKCIIOJb30BaTh B TEXHOJOTHUECKHX H 3HepreTHue-
CKHX I[HKJaX.

3aMeta NpHPOJIHLIX NPECHBIX BOJ, PacXOLYeMHIX Ha TEXHOJOTHYeCKHE H 3HEp-
FeTHUYECKHe HYXK/Ibl, OUHMILEHHLIMH CTOUHLIMH BOJIAMH [O3BOJHT peliiTb npobaemy
JIMKBH/LAUHH JCcOHIHTA BOJHLIX PECYpCOB H TNPeAOTBpPaTHTb HCTOIeHHE 3amaca
npecHelx BoA. OJHMM H3 Haubojee pajHKaJdbHHIX NyTefi Heo6XO/HMOro Cokpalle-
HHA NOTpe6aedHs cBexeli BOAL ABASETCH CO3JAHHe 3aMKHYTHIX CHCTeM [IPOMBIII-
JICHHOrO BO/IOCHA0(eHHS, OCHOBAHHLIX Ha MHOTOKPAaTHOM HCNOJAb30BAHHH A/
NPOH3BOACTBEHHBIX llenefl CTOUHBIX BOJI, OYHIEHHHIX O HOPM, OTBeUaIOLIHX Tpe-
BoBalusiM K KauecTBY TexHHUYeCKOit BOjiHL. HecMoOTps mna aktyaabHocTh npoBae-
Mbl, 0 HaCTOSLLEr0 BPEeMeHH HH B OTeueCTBeHHOH, HH B 3apybexHolt aHTEpaType
He paccMOTpeHa MeTOjMKa BhIGopa cilocofa OUHMCTKH CTOUHBIX BOJ, lic JIaeTcs
o6ocioBanusl naubosee paudoHaAbHBIX TCXHOJOIHUECKHX CXeM H He pa3paboTauhl
OITHMAaJblibIC NapaMeTphl NIPOLECCOR BO/IONOATOTOBKH C HCIOJb30BaHHEM CTOU-
HHIX BOJlI B KayecTBe OCIIOBHBIX PCCYPCOB MpPOMBIULIEHHOIO BOjIOCHaGXKeHHS.

BB npepgnaraeMofi kuuMre ciefaHa NONBITKA PelIATh STH BONPOCH ka 0ase Teo-
PHH IporeccoB axcopOuHi, HOHHOrO oOMeHa, KOaryJsikH, NeHHoil cenapanuH.

ArTops EbIpaaoT Gnarojapocts I1. @, Kangsacy sa nonesnnie 3aMeyaHud,
Ce/auEble NPH peneH3HPOBAHHH KHUHIH,

* Marepnanu XXVI1 cpvesna KIICC. M, HsparenscTBO monurudeckod JH-
Tepatypul. 1981, c. 183.



FrNABA |

YCJIOBHUA MHOITOKPATHOIO UCMOJIb3OBAHUS CTOUHBIX BOA,
A8 TIPOMbBILUNEHHOI O BOJAOCHABXEHMUA

1. TPEBOBAHMA K XMMUUHECKOMY COCTABY BOAbI,
MNPAMEHAEMOM Ona TEXHONOSMUECKMX MU TENMNOOBMEHHBIX NPOLIECCOB

TpeboBanus K XHMHUCCKOMY COCTABY TEXHHUYCCKOH BOJB ompe-
AEMAIOTCS YCJIOBHAMU UCNOMB30BAlIHSI €€ B KOHKPETHBIX TEeXHOJOTH-
4eckux mnpoueccax. Haubosblllee KOMHIECTBO BOAbI PACXOAyeTcs B
Tem1000MeHHOH anmapaTtype Ha oTBeAclde M30BITOUHOrO TemJa.
Toabko Ha KoMMeHcaUMI0 NOTepb BOALI B OOOPOTHLIX  CHCTeMaX
BOJOCHAOXeHUs OTAe/bHble NPEeAIPHATHS PacXOoAylT HeCATKH U
AaxXe coTHM ThicAy KyOMYeCKHX MeTpOB BOAM B CYTKH. B ycmosusx
paboTel OGOPOTIIBIX CHCTeM MHOTOKPATHbLI Harpes BoAw fo 40—
45°C u ox/MaxaeHHe e¢ B BEHTHUNHDYEMbIX TPARUDHAX HJIH Opbi3-
ranbpbix OaccefiHax NPHBOJST K TMOTePAM IUOKCHAA YIyiepoja H
OTJIOXKeNHI0O Ha NOBePXHOCTAX TemiooOMEHHHKOB U Tpy6 kKapGonara
KaJblHs B COOTBETCTBUHU C pPeakiueit

1
Ca?* - 9HCO,~ === CaCO, - CO, -+ H,0
¥

Ilpu BBICOKOH NOCTOAAHHOR KeCTKOCTH 0OOpPOTHON BOABL, 00Y-
CIOBJIEHHON CcORepXKaHHueM Cyabdara KaJbliusd, ynap¥BaHHE BOAHL B
LUKJe MOXKeT NPUBECTH K NpeBbILIeHUIO [IPOU3BEAEHHs PacTBOPUMO-
CTH KapOouara Kajbllis (pacTBOPUMOCTb MOC/eLHero ¢ POCTOM
TEMOepaTypsl yMeHbLIdeTcs1) ¥ 06pa3oBaHMI0 NPOYHBIX KapOoHAT-
HBIX OTJIOXKEHHMH, ylaJjieHde KOTOPbIX M3 TPYO M TemiooOMeHHUKOB
YpEe3BbIYARHO 3aTPYAIUTEINbIO,

CKOpoCTh OTJIOXKEeHHsl KapOOHaTa KajbUufd H APYTHX coJeil ue
poaxuna npesumate 0,25 r/(m2.4). IlosTtOoMy OCHOBuBIM Tpe6OBa-'
HUeM K BOJe, PacXOAyCMOH HA HOANUTKY OGOPOTHHIX CUCTCM, SIBJISI-
eTcl OrpaHHYeHHe ee KapOonaTuoit u cydndaTiiof MKeCTKOCTH.
OrpannunBaercss B NOANUTHIBAIOWICH U OOOPOTHOH BOJE TaKXKe CO-
Jlep:KaHue B3BelIeHHBHIX pelllecTB. KpynHble Heopranuueckue B3Be-
¢ (MecOK) OCaMAAKwTCs B Nasyxax XOJOAHJABHUKOB, 3abuBaioT
TPYOKH KOHREHCATOPOB, OTJAraloTCs Ha OTACJBHLIX YUaCTKax TPY-
6onpoBosOB (11a moBoporax Tpy6G), a MeJKHEe UYacCTHLL B3BeCH
(HJBl, TJIHHUCTHIC YACTHIE), CAMOCTOMTENbHO He OCAaMAAWLiiecs B
TeNj000MeHHOH arilapartype, NnOHaJalOT B cOCTaB o0pasyouluxcs
oTloxeuuil Kapbonarta W cyJbdaTa KajblUg, NOBHUIAA HX Npod-
HOCTh.

CopepxaHHe pacTBOPHMHIX coJefi (IIeJOYHHIX MeTaJlJIoB, Mar-
HHA) B OOOPOTHON BOJe pacTeT [IPONOPLUOHAJNBHO KO3 dHuLHenTy
ee ynapuBanud. [Ipu s70M BO3pacTaer U KOppPO3HOHHAA AKTHBHOCTD
BOJK, NPHTEM KOPPO3Us MATCPHAJOB TEMJIOOOMEHHLIX CHCTEM B
MATKOH BOJe, cojepXKallcil pacTBOPEHHBI KUCJOPO[, CyLIecTBelHO
Bhillle, YeM B XKeCTKO# BoJe TaKOH Xe MMHepanau3anuu, 4ro cBfAsa-
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HO C MeHblleli 6y¢depHOHi eMKOCTBIO MATKHX BOA. B orcyrcTBHe HH-
rHGHTOPOB NpejesibHOe cOJepXKaHHe coJiei B 00OpPOTHOH BOJE He
peKOMenJyeTca AOMyCKaTh Bhbillle 2 Kr/M}, XOTd B OTAeJbHHIX CJIY-
yasix MHHepanusanus 06OpOTHOH BOABl Aocturaer 3 kr/m®. Hako-
Hell, AJfl NpPeIOTBpAllleHHS HHTEHCHBHOTO OGHOJIOTHUECKOro o6pa-
CTAHHA COOPYXEHHH H ainaparoB TenJoOOMeHHHX O0OOPOTHBHIX
CHCTeM BOJAOCHAOXKeHHs B OOOPOTHOH, a CJIe/0BATe/bHO U B MOA-
NUTHBaloOme!l BOJe AOJAKHO OBTh OTPAHHMYCHO COjepXaHHe OpraHH-
ueCKHX BCIIeCTB M cOefHHeHuil GHOTeHHBIX d/cMeHTOB (asora, oc-
dopa), ABJAAIOMHUXCA MUTATENbHOW Cpelo#t A/ MHKDOOPraHHU3MOB,
BHOCHMBIX B CHCTEMY CO CBeXell BOLOH.

HonyctuMag cKopocTh OHOJIOrMUeCKHX oOpacraHuii  Tems000-
MeHHbIX annaparop He AoJ/XKua npeBwiuars 0,07 r/(m%-u); pocT
TOJIIHMHBI CJIOF He f0AxkeH 6uTh Bhinle 0,05 MM B mecal. ConocraB-
Jende TpeGOBaHUH K KauecTBy OOGOPOTHO# BOABI B TCHJA000MeHUbIX
cucTeMax BojocHaOKeHus, npusesennoe B tabs. I-1, mokasbiBaer,
YTO HCCMOTPA 1ia 3HAUMTEJbHbIe PACXOKACHUS OUEHOK AONYCTHMbBIX
npejesios obiefi XKCCTKOCTH, CONECONePKAHUA, KOHLICHTPAlluu B3Be-
HIeHHBIX BellecTB, 3Tu TpeGOBalMs HUMCIOT MIOQro ofllero npH pe-
KOMeHJAIMN TAaKHX HanOoJee BAaXKHLIX MoKasaTeJeil, KAK KapOoHaT-
ilasg XKecTkocTh, Besnuuna pH, conmepxanue GHOreHHBIX 3/€MEHTOB
# 3tavenue XI1K, onpegmensomux TepMoCTaOM/IBHOCTL M UHTEH-
cusitocTh 6HooGpacTanuilt B 060POTHON cUCTeMe,

Ha ocuopanitn 3THX RaHHBIX MOMKHO ONpeAe/UTH TpeOOBaHUA K
POAC JUIH KOMIICHCAILHH 1OTCPh B OBOPOTHHIX CHCTeMax TeIIoo6-
MCHIIOrO  BOJoCHAGKeHa  (CTabuau3auuonnsi cépoc  060poOTHOH
BOM C LEJLI0 «IPOAYBKH» CHCTCMLI, KaneJbHBI YHOC BOJAH ¢ BO3-
JIYXOM Ha rpajiupusax, HCrapeHHe, MOTCPH NPH GHJIbTPOBAHHH B3Be-
cefi M 110 pasfiHulibiM NPOHU3BOJCTBEHIBIM MpHuuilam). Heobxomu-,
MOC KOJIH4eCTBO MOJLMMTHIBAIOLIEl BOAB MOMXHO ONpeAe]uTh U3 Ma-
Tepuasbiloro 6ananca 06oporHol cucteMsl [6]

Qyn+Qc6+Q¢+an.n+Qucn=Qn (1-1)

rae Qym — KOJHYeCTBO BOJHIL, YHOCHMOH B BHIe Kaneib BeTPOM Ha rpajHpHAX;
Qcs — KonuuecTso 0GOpOTHOH BOAL, cOpaceBaeMOi 1t «npoiyBkus; Qg — KO-
JAYeCTBO BOJIH, TCPAeMOA € OcaAKoM IpH (GHALTPOBAHHH;, Qpup.n — KOJHUUECTBO
NPOH3BOACTBEHHHX MOTepb BOJM; Quen — KONHYECTBO BOAH, wucnapsioweics na
rpafHpHe; Qg — KOJHYECTBO MOANHTHBAIOMES BOAH, KOMNeHCHpylomlefi Bce more-
pH 000poTHOA BOAHI B CHCTCMe,

JlonyctuMoe cojepxanHe COJieHl WM OTACABHBIX MOHOB APYTHX
BELICCTB B NMOANHTHIBAIOILEH BOJEe ONpPeAcJasCTCs yCJOBHEM COXpa-
lenus MOCTOZHCTBA COCTaBa OGOPOTHOH BOJBI, LUPKYJHpYKOIe# B
cucreme

QnCn = (Qyn + Qc6 + Qd: + an.n) Cod
Co— Co6 (Qyn + Qe + Qb + Qnp.n)
n= [0

(1-2)

Cpeirye mOTEePH BOABI OT MCHApCHU#A cocTaBagior okoso 2,5%,
OT KanesbHOro yaoca Ha rpanupuax 0,3—0,5%, sesuuuHa npoxy-
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Tabauya I-I. Tpebosanus K Krauecray eodet 8 oxaaxcOaroujed cucreme
o6oporHozo 80docHabHerUA

PexoMeHayeMbie BCJHIHHB

B CCCP
Tloxasarens Kazecrsa BHUHU asoTHadA xnopuaa | B CTPamax | y CmA
BOIATEO npoMbiti- | 1IpoMuItil- B [4, 5]
rOCCTpOH JIEHHOCTD JCHHOCTD [l' 4]
CCCP [1]) [2] 3
Temneparypa, °C 2540 28—30 | 25—30 | 25—28 —_
Xectkocth ofmasn, <7 1,6—2,5 5,56 <7 —
r-3x8/M3
JKeetkocTh  xapGonaThas, <2,5 1,5—2,5 <3 1,5—2,51 2,5-5,0
r-3KB/M3
Hlenounocts, r-3KkB/M3 3—4 2—4 24 2,5
O6mee conecopepxanue,| 1300—2000 | <1200 {800—1200| <2000 500
r/m?
OkucnsieMocTs NepMaHra- <20 <15 8—10 <20 —_
Hatuas, r Oy/M* -
XIIK, r Oy/m3 <200 —_ 70 — 75
BaBelnenusie BeILleCTBa, <50 20—30 | 10—20 | 10—20 5
r/m?
Macaa ® cMoaooGpasyio- <20 0,3 0 <20
Ii¥e BellecTsa, r/M3
[losepxunocTho-akTususie | He nopmu- 0 0 — —_
BemectBa (IIAB) pyloTes
Annount, r/m3
xaopujos (Cl) 150—300 | Ho 350 {150—300{ Mo 350 500
cyabpatos (SO.7-) 350—500 >500 |350—500| >500 200
tdocaros (B mepe- —_ >6 1,56—9 >12 —
cuete Ha PO4™)
COCAMHCHHH a30Ta (B 6 >2,4 10,12—2,4] >36 —
nepecyeTe Ha aM-
MUaK)
HOHBI TAXKEJHX Me- — —_ 0 —_ —
Ta/110B -
PacTBOpeHHBIf  KHCJODOJL — 6—8 6—8 —_
r Oo/m?
Ocrarounpii  aKTHBHHIH Oo 1,0 — o 1,0 —_ —
Xn0p, r/m3
pH 6,5—8,5 |6,5—8,5/6,5—8,5{6,5—8,5{ 6,5--8,5

BOUHOro cGpoca kodebiaerca or 6 xno 10% u B cpeaneM Moxer
oerte npuusra 8%. CyMMa Bcex OCTasbHBIX MOTePb MPUHHMAETCS
okosio 1% or o6bemMa 06OpOTHOM BOABL.

IMonbaysack npuBejesnbIM Bhillle COOTHOLUEGHHEM, MOXKHO chopMmy-
JUPOBATh TPEGOBAaHHS K KayeCcTBY INOJHUTHIBAIOUICH BOAbI 06OpOT-
HEIX cucreM (Tabu. 1-2). Pasymeercs, uro npH MCHOJb30BaHHU AJs
NOANUTKU CHCTEM CTOUHLIX BOJ BMeCTO CBexefl MpeCHofi BOABI, 3TH
BOJBI JOJIXKHB! MOJIHOCTHIO OTBCYATH TE€M Ke TPeGOBAHHAM.

[TepcBog 06OpOTHHIX CHCTEM BOJOCHAGMKEHHS Ha peXHM, He
TpeOyINUi CTaOUNIH3HPOBaHHOro c6poca OGOPOTHOR BOAHW  AJf
IPOLYBKH, NO3BOJIAET COKPATHTh 00beM BOAH JAJS NOANHTKH CH-

8



Tabauya 1-2. Tpebosanua x xawecTsy 800bt 043 nodnurku TenaoobmeHHbLX
cucrem O60OPOTHO20 B0OOCHAGHEHUA 8 XUMUECKOD NPOMBILUACHHOCTY

TpeGyeMbie BeNHIHHB! ANs
N noanuThiBalome BOAL!
INokasaTenH KagecTsa A:JHOSOOES,T- npH paGore npu paGore
co c6pocoM 6es c6poca
8% BOAL! 060pOTHOH
{c npoxys- BOAH (3aMK-
KOH) HYTBI# 1MKJN)
JKectkocTe KapOGonaTHast, r-skB/M3 2,5 2 0,9
JKecTKoCTh mOCTOSNLAS, r-3KB/M3 5 4 1,9
Obwee conecojlepxaHne, r/M3 1200 900 445
Xnopuawel (Cl-), r/m? 300 237 112
Cyabtarhl, r/m? 350—500 277—395 119—187
Cymuma ¢ocdopa u asora, r/m? 3 2,4 1,1
Basemrentble BelliecTBa, r/M3 30 23,6 11,2
OxucaseMocTs nepMaurataruas, r Og/m3 8—15 11,8—12,8 3—5,7
XTIK, r Og/m3 70 55 26
Maina H CMOJ006pa3yloiiie BeliecTsa, 0,3 0,25 0,10
r/m3

cTeM, no Kpaiineft Mepe, B TPH pa3a U COOTBCTCTBCHHO YMEHBIIHTH
ofbeM KanuTajJbHBIX 3aTPAT, 4 TaKkKe IKCMIYATAUUOHHBIE 3ATPATH
Ha somonoaroroeky. Omnako B 6eCCTOUHBIX «3aMKHYTHIX» 060pOT-
HBIX CHCTCM{X BojoclialxKeliusg K NMOLNHMTHIBalOIIeH BOXe, KaK BHA-
ito 13 tabust. 1-2, upeabasasiorcsa GoJee XectkHe TpeGOBaHHs.
3aMena NPUPOLHON BOAH JJIS HONNHTKM OGOPOTHBIX CHCTEM
CTOYHBIMH BoAaMu Tpebyer BHIOOpAa AOCTATOUHO KpyHHOro (mo
macurrabam cbpoca) HCTOUNHKA CTOYHBIX BOJA € OTHOCHUTENBHO IO-
CTOAINION XapaKTCPUCTUKOH 3arpAsuedHull. TakUMM CTOUHBIMH BOAA-
M1 SBJIAIOTCH B MEPBYIO oucpeAb OHOJOTCHUECKH OUUIIEHHblE CMeCcH
rOPOACKHX M NPOMBILIJIEHHHX CTOYHBIX BOJA. OCHOBIbie MOKa3aTesn
KaueCTBa ITUX CTOUYHHIX BOA OpHBeleHn B Tabua. 1-3. Otu jgaunnwie

TaGauya 1-3. Canurapro-xumiuyeckas XQpaKrepucTuxa Guor02utecK
ouuujennbix 20podckux crounoix 800 [7]

Crounbie BOAB
TMokasaTenr KauecTha B [Tepsomakicke
» Kuese (XapbKOBCKas
06J12CTh)
XITK, r Og/m3 35—40 35—40
O6uiee coJecojiepxkaunune, r/m3 400 —600 1300—1500
JecTkocTh 06ilast, r-sKB/M3 5—6 7,5—8,5
CojlepxanHe KaTHOHOB H aHHOHOB, /M3:
HaTpHs u Kaaua (Nat, Kt) —_ 250—280
xnopujioB (Cl—) 90—100 400—420
cynbppatoB (SO427) 120—140 220—240
¢docdaror (PO4~) 0,8 6,7—13,5
amMMMaKa H cozsel aMMOHHs (B mepecuere 0,73 2,8-—-8,8
Ha aMMHaK)




FOKAa3HBAaIOT, YTO NO TaKHM BaXXHBLIM X4paKTepHCTHKAM NOAINMTH-
Baomel BOAB, KAK KECTKOCThb, ofllee COJIECOACPIKaHHe, COAepPKa«
HHC XJIODHIOB U CYJIb(aTOB, KOHUCHTPAUMH COCAUHEHHA OHOrEHHBIX
ageMentoB u XIIK, GuoJornyecky @uulUleHHHEe TOPOACKHE BOALI HE
oTBeqaloT TpeOOBaHUAM K NOAMMTHIBAIOUIEH BOAe AJAA 3aMKHYTHIX
CHCTEM M UYXKAAIOTCA B JONOJIIHTEJBHOM o6GecconuBauud. Ha
MHOTHX NpPCANPHATHAX XHMHYeCKOH M IleTeXMMM4ECKO# NpoMbill-
JeHHOCTH B OHOJOrHYeCKH OYMIICHHIBIX CTOYHHIX BOAAX BeJHYMHA
XMK npocturaer 150—200 r Oy/M3, a cosiecogepsKaHnue nperblaer
2500 r/m3. TlosToMy uCHOJb30BAaHHE OGUOJOTHYECKH OUHILEHHBIX
NPOMBILIJIGHILIX M TOPOACKHX CTOUHBIX BOA B CHCTEMax 00OPOTHOro
BOLOCHAOXKEHUS XHMHMYeCKHX TpeANnpuatuii TtpebyeT HOUYHCTKH
KaK OT OCTaBIUMXCH OpraHHYeCKMX 3arpsas3HeHHi, Tak U OT coJeil.
Crenenb Takoil JOOYHCTKH ONpeACHASTCA HE TOJBKO MHHCpAJH3a-
guelt ¥ BesuuuHoil XITK ounilleHHBIX CTOYHBIX BOJ, HO M BEJUUYHHOHN
NPOAYBKH OGOPOTHBLIX CHCTEM, KOIICTPYKUMel TenmI0OGMeHHHKOB H
FHAPOAMHAMHYECKUM PEeXHMOM ABHXKEUHS XKUAKOCTH.

[Tpu yBesHueHHOM cTabuIM3ALHOHHOM cOpOCEe H HCNOJb30BaHUH
CMeCH CTOYHBIX M TPHPOJAHBIX BOJ B OOOPOTHBIX CHCTeMaX MOXKHO
OTPAHHYHTLCH OTHOCHTEJbHO HeCJOX10il [OOUHCTKOH CTOKOB, Ha-
npuMep ¢uabrpoBanueM. IlpH ucnosapzosanny B 000POTHBIX CHCTE-
Max COBPEMCHHBIX THIIOB HHTEHCHBHBIX TENJIOOOMEHHHKOB H Opra-
HH3ALYH 3aMKHYTHIX CHCTEM OGOPOTHOTO BOAOCHAOXKeHUA, KaK BHI-
HO u3 conocrabjenda Tta6a. 1-2 u I-3, Guosoruyecku ouulleHHHE
CTOYHBle BOABI LOJIKHL OCBOGOXKAATHCA OT OPTaHHUeCKHX BEHIECTB,
YaCTHYHO OGecCOJUBATBHCH M MOJABepratbc (oJiee WM MeHee [JIy-
OOKOMY yMAT4eHHUIO.

Opranusanis 3aMKHYTOrO LHKJA TPOMBILIIEHHOrO0 BOAOCHAOXKe-
HHA NPEANpHATHS NYyTeM BO3BpaTa OYHIIEHHBIX CTOYHHIX BOA B 00-
HIeM cJlyyae He MOIKeT OrpaHHYMBAThCA HANpaBJieHUEM 5THX CTOKOB
B obopoTHble Temioo6MenHble cucTeMul. [lorpeGHocTs B BOAE Ta-
KHUX CHCTEM BO MHOTHX OTPAC/AX NPOMBILLJIEHHOCTH MeHble 06beMa
BCeX MPOMBILIJIEHHHIX H OBITOBBHIX OHOMOIrHYECKH OHHIIEHHHX CTOY-
HBIX BOJ HpPOMBIIIJIEHHOr0 y3ja, MOSTOMY OCHOBHAdg Macca BOAK
pacxoayercsd AJNA TEXHOJOTHYeCKHX HJIM 5HepreTHYeCKHX MpOIECcCOoB,
K xauecTBy 3Tofi Bojabl TpeGOBaHHMA OOGBIYHO BHILIC, YeM K BOJe
OGOPOTHHX CHCTEM BOJOCHAOXKeHHSA, a B PAAC XUMHUECKHX, LeNJI0-
JIO3HO-0YMAJKHBIX MPOU3BOJACTB H B TEMJOIHEPreTHKe PacXoAyercs
B 3HAUUTENBHOM KOJHYeCTBe BOJa C COLepIKaHHCM coJsedl MeHee
10—15 r/M3, KecTKOCTBIO, He npeBuiamwed 0,01 r-sxs/M® u oxuc-
JSEMOCThIO 10 2 1 Oy/M3.

Haubosiee paspaboTannl u HayyHo 0GOCHOBaHH TpPeGOBaHHSA K
BOZe, MAYyNIeH NS NUTAHHA KOTJAOB. JIJif MHOTHX TEXHOJOTHYECKHX
HYXJ, OTCY1CTBYIOT TOUYHHE HayiHo 0O0CHOBaHHble TpeGOBaHHA K
Bojile. DTO 3aTPYAHAEST W PAcCMOTPeHUe TIPOLECCOB TNOATOTOBKH
CTOUHBIX BOJX AO HAapaMeTPOB, OTBeYalOIMX STHM TpeGOBaHHAM.
B ra6a. 1-4 npuBeneHsl OCHOBHBIE TPeOOBaHHA K BOJe, UAyllel Ans
NHTAHNA KOTJIOB pPAa3HHIX THUNOB, YKa3aHbl OCHOBiible [10Ka3aTesu
KayecTBa BOAH, HCHOJIb3yeMOH B LEJJIIOJN03HO-OYMAXKHO# NPOMHBILI-
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JICHHOCTH, B TIPOM3BOJCTBE XHMMHUYECKOTO BOJIOKHA2 H XHMHUeCKOH
IPOMBIIIJIEHHOCTH.

Hcnosb30BaHHe CTOYHBIX BOJ MJIS 3THX BHAOB IPOMBILIJIEHHOIO
BONOCHA0XeHHA OOYCJIOBJICHO BO3MOKHOCTBIO H  SKOHOMHUYECKOH
LeJiecooBpa3HOCTbI0 AOCTATOYHO TIYOOKOH MX IOOUHCTKH B YCJIO-
BHsX Ge30TXOMIIOr0 PeXHMa BOAONOAroTOBKH. llm oamn otmenbHO
IIPHMeHCHHBI npouecc He MOXKer oOecneuHTh HeoGXOAHUMOro 3¢-
¢derra. Tpebyemoe KauCCTBO TEXHHUYCCKOH BOALI Ha 6asze HCMOJAL30-
BaHHUS NPOMBIUJIEHHBIX H OHOJOrHYECKH OYHIIEGHHHIX CTOYHBIX BOJ
JOCTHTAeTCsl TOJILKO PalMOHAJIbUHM coueTanHeM pAga (HU3HKO-XH-
MHYECKHX IIpOLLeCCOB B eJHHOM Oe30TXOAHOM TeXHOJOrHUeCKOM
KOMTLJICKCe, KOTOPLIM SIBJIAIOTCS LeX MOOUHCTKH CMECH CTOYHBIX BOJ
H NOArOTOBKH HX HJIf BOJOCHAOMKCHHSL M CBS3aHible C 3TUM LEXOM
JIOKaJ/IbHble OYHCTHbIE YCTAHOBKH, pasMcllleHHble B Y3JIOBbIX TOUKaX
¢dopMupoBaHua HanboJjlee KOHIUEHTPUPOBAHHLIX ¥ OTHOCHTENIBHO MO-
HOKOMIIOHEHTHHX CTOKOB,

2. KJIACCUDUKALIMSA CTOYHBIX BO/J B NMPOMBILLNEHHOM
BOAOCHABXEHMA

Crounbie Bogbl Kak pecypc HPOMHIINIEHHOTO BOJAOCHAGKelHs
MOXKHO TOAPa3JAeJUTh Ha HEeCKOJIbKO TPYIN B 3aBHCHUMOCTH OT 3KO-
HOMHYHOCTH HX HCTOJIb30BaHUA JJIA BOJONOATOTOBKH.

K nepBoii rpynne cieayeT OTHeCTH CTOYHHIE BOJAH C MHHepaJH-
3auueii mo 3 kr/m3, He coJepiKallfie OpraHHYeCKHX 3arps3HeHHi
Jubo colepxaiye OpPraHHUecKHe BellleCTBa, KOTOPble MOXKHO yja-
JUTh copOuHell HAa THAPOKCHAAX aJIOMHHHA H XKeJe3a NPH OYHCTKE
BOAB! KOAryJsiHTAMH HJH cOpOHpOBaTh AKTHBHBIMH YIJIIMH, HOJIH-
MepHBIMH CMOJIaMH H JAPYrHMH MaTepHaJiaMH C Pas3BUTOH NOpH-
CTOCTBIO H NOBEPXHOCTBLIO. DTH CTOUHBIE BOJAH TOCJe OUYHCTKH OT
OpraHHYeCKHX BellleCTB MOXKHO 00ecCOJHBAaTb METOAAMH HOHHOrO
obmena.

Ko BTopofi rpynne nesecoobpa3Ho OTHECTH CTOYHBIE BOAM C MH-
Hepanuszanueli or 3 go 10—15 kr/m3, Jlns obecconmMBaHua TaKux
CTOYHEIX BOJ MPHUrOAHE MeTOAbI 3JIEKTPOJHalH3a U 06paTioro oc-
MOCa, HO TPUMCHSITh 3TH MCTOJbl MOXKHO TOJIBKO NOcJie OUHCTKH BO-
JAB OT OPraHHYeCKHX BCLICCTB, KATHOHOB XKEeCTKOCTH H KeJe3a. ITH
Mertoan obecconuBanua Boael B CCCP mnoka ellle we Halliu npH-
MeHEeHHA B YCTAHOBKAaX JAOCTAaTOYHO GoablWoii MownocTd. OaHako B
3TOi 06JIACTH AOCTHTHYTH YCNCXH, MO3BOJAKLIHE 11aJeAThCA HA CO-
3/laHHe TAKHX YCTAHOBOK B OJiHIKalilllHe HECKOJBKO JIET.

K Tperbeit rpynmne cjeiyeT OTHECTH CTOYHbIe BOABl C MHHEpa-
nu3aupeii 6osee 15 r/i, obecconnBaHHe KOTOPHIX BO3MOXKHO JIHILIb
TePMHYeCKHMH MeToiaMH. Jing 3anmuThl BHellHe#l cpeabl Takue Me-
TOAbl AeMHHePaJIM3alHU CTOYHLIX BOJA HPHXOJAHTCA HHOTAA NpHMe-
HATh, HO 3aTPaTH HA MX OCYIIECTBJEHHe AeJal0T HCHOJb30BaHHE
CTOYHBIX BOJ TpeThbefi TPyNNbl B KayecTBe pecypca BOIOCHaGKeHHs
IPOMBILIJIEHHOCTH MaJIO NMepcleKTUBHBIMH.
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Concpikanve OpPraHHUCCKMX BelllecTB B CTOYHHIX BOJaX, Kak
npaBuio, HepeJMKO. B Hanbosiee KOHIEHTPHPOBaHHHIX NPOMBILLJIEH-
HBEIX CTOKaXx OHO MOXeT Aocturath 2—3Y%, HO wallle KOHLEHTpauus
opralHyecKHX pacTBOPeHHBIX 3arps3HcHuii He mnpeBniwaer 0,2—
0,3%, a B 6uoJOTHYECKH OYHIIEHHHIX [OPOACKHX CTOYHBIX BOAAX OHA
cocraBasier Bcero 0,01—0,02%. Onuako TpeGoBanus K KaUecTBY
TEXHHYECKOA BOAK 3aCTaBJSIIOT OrpanUYUTh COJAEepIKaHUe B Heil pac-
TBOPEHHBIX OpTaHHYecKHX coegnHeluii pesuuunofi B 10—100 pas
MeHblledt, I'ly6okasi OYHCTKa BOJ OCHOBAaHA Ha KOHLUEHTPHPOBAHUH
PacTBOpEHHBIX BelleCTB M BHIJEJEHHM HX B BHIEe KOHIIEHTPAaTOB.
KoHieHTpHPOBaHHe MaJIbIX KOJIMYECTB 3arpsi3HeHHH JOCTHraercs,
npexae BCEro, MeTOJAMH SKCTPAKIMH, OTTOHKH C BOASHBIM IapoM
H COpOLHH, NPHUEM SKCTPAKLUIO H OTTOHKY HCHOJBL3YIOT JHIb AJfA
OYHCTKH KOHUEHTPHPOBAHHBIX NPOMBIIIJIEHHBIX CTOKOB, 0O0pasyio-
IIHXCA HA OTACJIbHBIX CTAAHAX IPOH3BOACTBa (IpPEeHMYILECTBEHNO B
OPraiHYCCKOM CHHTE3e), TOrAa KaK cOpOUHOHHBIe Hpouecch, obec-
NeuuBalolllie HauboJiee BBICOKOE KAYeCTBO OYHCTKH, NPHMEHSIOT
Ha 3aKJIOYHTEJNbHOH CTaJHH BOAONOATOTOBKH [Jif JOOYHCTKH GHO-.
JIOTHYECKH OYHILEHHHX cTOUHBIX BOA [10, 11] nau obuesaBoackoit
CMeCH CTOYHBIX Bof [12], u3 KOTOpHIX yacTb Haubojiee LEHHHX
NPOAYKTOB yAajleHa NPCABAaPHTENbHO HA JIOKAJbHBIX YCTAHOBKAX.

Ob6ecconuBante M yMmsirdeHHe BOJRI METONAMH HOHHOTO o6MeHa
TaKkXe N0 CYLUECTBY SIBJAAETCA OAHHM H3 BHIOB cOpOILHOHHOH Tex-
HOJIOTHH M B COOTBETCTBHH € STHM IIPH HCTOJb30BaHHH HOHOOOMeEH-
HEIX TPOIECCOB HeOOXOAHMO pellaThb 3aAady lesecoobpasHoro npH-
MEHEHHs H3BJIEYeHHBIX H3 BOJAH KOHLEHTPATOB coJiefi M OTpaboTaH-
Hbix pearenToB. CobJofenne 5Toro OGHIEro YCJOBHSA sIBJseTcS 065~
3aTeJbHHM B JIIOOOM 3aMKHYTOM LHKJE BOAOCHAGKCHHS, OCHOBAH-
HOM Ha BO3BpaTe CTOYHBIX BOA B TPOH3BOJACTBO, HE3aBHCHMO OT
TOrO, Kakue (QH3MKO-XUMHUeCKHe MJIM XHMHUECKHe MpOLEecCH HC-
[I0JIb3YIOTCS HA OTHAENbHBIX 3Tanax BOAONOATOTOBKH.

Hpxe paccMOTpeHH NEPCHNEKTHUBLI HCTOJb30BAHHA CTOUHHIX BOJX
¢ MHHepasu3auueii He Gosnee 3 kr/M® nas BojocnaGxkeHus npen-
NPUATHH, AJA KOTOPHIX 3anada Ge30TXOLHOro IIOJIyueHHS TeXHHUe-
CKOIi BOJABI HEOOXOAMMOTrO KaueCTBAa MOXeT OHITb 3KOHOMHUHO pe-
Ileia MPH HCNOJIb30BAHHH COPOLHOHHBIX mpoueccoB — copbuuu op-
rapHyecKHX 32TPSI3HEHUN H HOHOOOMeHHOro 06eccOJMBaHHU4.



TNABA I

YAANEHUE BICOKO AUCTEPCHbBIX, KONNOUAHBIX
1 MONYKONNOUOHBIX MPUMECEHA

U3 MPOMbBIWLNEHHLIX CTOYHBIX BO/J,

1. YAANEHME B3BELUEHHBIX BELLECTB
M3 NPOMBILLNEHHDBIX CTO4HBLIX BOA, OCAMLEHUEM

CToynble BOAB MHOTHX XHMHYeCKHX INPOH3BOACTB IHpeACTaBJIs-
I0T coboli rereporeHHble CHCTEMBI, B KOTOPHIX pa3Mep B3BeLICHHBIX
B BOJe YaCTHI MOXKET M3MeHATbCA B IUHPOKHX npepetax ot 10—50
1o 0,001—0,1 Mgm. B GoabliuncTBe ciaydaeB AHCTEPCHbIe CHCTeMH
CTOUHBIX BOJ SIBJIAIOTCA JHOPOGHLIMH.

O} heKTHBHOCTL YAaJeHHS B3BelIeHHBIX BellleCTB M3 CTOUHBIX
BOJ METOAOM OCaXIeHHs ONpeleNseIcs CTeleHbIo YCTOHUYHBOCTH
TAKHUX JIHCIEPCHBIX CHCTeM. ATpPeraTHBHO YCTONUHUBBIMHM SBJIAIOTCA
OOBIMHO BBLICOKOAHCHEepCHBle NPHMeCH M KOJJIOHAHBle 3arpsA3HeHHs,
KOHIICHTpallHsl KOTOPBIX B MPHPOAHBLIX M CTOUHHIX BOJAAX He NpeBbl-
maer 19%. PasMeph uacTHi B TAKHX B3BECHX lie U3MEHSIIOTCS B Te-
YeHHe NJHTEJbHOTO BpeMeHH. ArperaTHBHO YCTOHYHBBHIE B3BeCH fB-
JSIOTCS TaKXe W CelUMEHTAIHOHHO YCTOHUMBLIMH, T. €. He OCaXK-
JaloTcs B TeueHHe AJMTCIBHOIO BPeMelH, U pachnpeleleHuc HX KOH-
LEHTPAIHN TIO BLICOTE CJOA KHIKOCTH ocTaercsa OoJiee HJH MeHee
paBuoMepnbiM [1]. OueBHAHO, 4TO MaKCHMaJIbHBIH pa3Mep CCaH-
MeHTallHOHHO YCTOHUHBOH YacTHUBI OyzeT TeM MCHbLIe, yeM Bhllle
ee TJIOTHOCTb, TaK KaK Ha B3BelleHHYI0 B BOJAc YacTHIy AeficTByeT
cuia Ro, paBuas

Roy=W (or—px) & (11-1)
rpe W — o6bem YaCTHUBI;, Pr H Px — COOTBCTCTBEHHO TMJOTHOCTH TBEPAOrO Belle-
CTBa YACTHIB H KHAKOCTH (IPHPOLHOH MM CTOUHOH BOABI) TPH JNAHHOH TeMmepa-
Type, & — YCKOpeHHe ¢Bo6OIHOrO HaleHHs.

Ecnu pesysbrar geiicTBus 3TuX cusi OoJsbllle HyJfl, TO 49acTHL A
OCaxKIacTcst, H TaKas B3BCCh MABJSETCH CeJHMEHTAUHOHHO HeyCToii-
yHBoit. Hapymenue cefMMeHTalHOHHON YCTOHYHBOCTH MOXKeT OHITH
BLI3BAHO H3OTEPMHUUECKOH MCPEKPUCTaMIH3allucl, TPH  KOTOpOik
KPYIHblC UACTHUL PacTyT 3a CUCT PACTBODPEHHS MeJIKHX, B pe3yJib-
TaTe YerQ HX Macca yBeJHYHUBAETCH HACTOJBKO, YTO OHM HAYHHAOT
ocegats [2].

ﬂJIﬂ OIIHCaHHUA mpolecca ocaxIeHns B3Becel MPENSTONKENO HECKOJBKO KOJH-
YeCTBEHHBIX 3aKOHOMepHOCT€ﬁ; Hanbosee HpOCTOﬁ ABJAACTCA (bOpMlea Crokca.
Jspxymascsa B peajablof MHAKOCTH WACTHIA IUApuoOPa3HOR (POPMbl HCHHITHIBAST
CONPOTHUBJIEHHE, CH1a KOTOPOTro R paBsHa

R, = 3ndpv (I1-2)

rle \ — BA3KOCTh CPEAbl; U — CKOPOCTb ABHKCHIH HACTHILBI, KOTOpasg MOXET 6HITh
onpejeseda K3 YCJOBHSI DABEHCTBZ BEPTHKAJNBHOH pPe3yabTHPyloWlel CHIAH Ro #
CHJBl CONPOTHBJIECHHS
dz
—=—g (r— I1-3
v="1g; &0Pr—prx (I1-3)

d — nnaMeTp HacTHUH; Qr H Qx — IWIOTHOCTb COOTBETCTBEHHO BemleCTBAa AHCIEpC-
HOW (a3l H BOIHL.
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ITpumennmocTh 3TOR (GOPMYJH OIPAHHUHBASTCS PSIIOM CACLYIOLIHX YCJIOBHI:
1) cpena pomkHa TPeACTAaBATL cOOOM BH3KYI, IMIPOAHHAMHUCCKH HECKHMAe-
MYI0 XHIKOCTh; 2) uacTHOH JdcrepcHoli (a3sl JOJKHH OHTb GoJblle WacTHIL
JHCNEPCHONHOA cpelibl; 3) HACTHUH JOJKHLI OBTH WAPOOOPA3HHIMH TBEPABIMH H
rIafKUMH; 4) oCeflaiomHe YacTHUH JAOJKHE JOCTHTHYTh HOCTOSHHOM CKODOCTH
IBHXKCHHSI K MOMeHTY llayasa ocaxielus; 5) ocaKiacHue JOMKHO NPOHCXOJUTH
B Gesrpanmuunoil cpefie, T. e. B GECKOHEUHOM YNAJEHHH OT CTEHOK M JHA COCYAA;
6) Ha rpaHALe MCXKAY ABHKYWIHMHCS YacTHUAMH H cpelioff JOJXIO OTCYTCTBO-
BaTh CKOMbXKCHHe; 7) HaCTHubl XOJMKHAE JBHraThCS MELJISHHO, T. €. CKOPOCTH Te-
Pe/BHXKEHUS He NOMKHA NpeBHIUATH HEKOTOPOro HpPEAENbHOro 3Hauenus; 8) oce-
Aa0lHe YaCcTHUbBl NOJKHH OBTh IVIOTHHMH M He HMeTh Ha CBOel NOBEpPXHOCTH
MHOrOWIOHHEIX COJI6BATIHHX o6ojouek, LEcTecTBeHHO, uTO peasblibie CHCTEMbI He
OTBeHAIOT BCeM 3THM YCJIOBHAM, OJHAKO NPaKTHYECKH NepBLie IeCTh YCJAOBHA Go-
Jlee HJH Mellee 10.1110 COBIIOAAIOTCA B ICTePOreHHBIX CHCTEMaX.

IIpn ocenanuu wyacTHy HenpaBH/bLOR GOPMH MOKHO HaliTH mo dopMmye
CToKCa, HCXOJS M3 ONBITHBIX [aHHHX O CKOPOCTH OCdXK/ICHHS, SKBHBaJeHTHbIH
NHaMeTP PABHOBEJHKHX WAapooGpasHHX YacTHI, OCAXKJAIOWHXCSA ¢ TOH 3Ke CKOpo-
CThIO, YTO M peasbHBle YaCTHHH cycneH3uH. M3 ypasrerus (II-3) Bmano, uto cko-
POCTb OCAXKJEHHSI CBSI3aHA CTeHeHHOH 3aBHCHMOCTBIO ¢ pasMepoM uacThi. Ecau
NPHHATh BCE OCTANbHBIC BEJHYMHAE NMOCTOSAHHKMH, TO

=y (11-4)

rie ¢, — KOHCTAHTA.

C ysenuueHHeM pasMepa WACTHI CKOPOCIb HX OCelaHHA Pe3KO BO3PAacTaer.
Tpumenumocts GopMysnl Ctokca oOrpanHuMBaercss CHCIEMaMM C YacTHUAMH, 3K-
BHBaNEHTHHA IHaMeTp Koropux He mnpesnmaer 0,1 mu. Ilpn magenun uacruy
GOoNbLINX DPAa3MePOB 3a IIMMH BO3IHKAIOT 3aBHXDEHHS, HAPYLIAOLIHE CIOKOHHOS
COCTOSIHHE JKHIKOCTH H BHI3HBAIOLIHE TePexXOJ] JAaMHHADHOrO peXHMa B TypOy-
nerraeli. [Ipn stom d¢opmyna (II-4) nperepnesaer chelyolife H3MeHEHHS [3{:

npr d=0,125—0,6 mm v, =cd
npH d = 0,6 —2,0 MM U, = ,d*/s
npH d > 2 MM 03=¢3d1/z

Ckopocth ocaxjenns npu d>0,0 MM MOXHO TakxkKe DACCUHTHIBaTh no (op-
myne Oasceila, BBefllero nonpasky B ¢opmyay CrTokca Aaf OCAKAENHA HacTHI,
¢ Gospluofi ckopocThio [4]

3 dpxv
Re = 3ndpo (1-;-—1—6— ﬁ"—) (11-5)
B
.

rlle R.— CHla CONPOTHBJEHHS ABMKYIIEACS B DPealbHOR KHAKOCTH IApooGpas-
HOU TaCTHIBL

CKOpOCTh OCaXK[eHHS UACTHI YBeTHUHBaeTcA € pOCTOM TemnepaTyphl. [Ipak-
THUYCCKH YCTAHOBJICHO, YTO CKOPOCTb OCAXKJIEHHS B NPHPOLHHIX BOAAX MPHMEPHO
NPONOPHHONAIbHA BeAHUHHe (f,-+23)/23 ({s — TeMneparypa soani, °C) [3]. Bouw-
1oc 3HAYeHHe HMeeT MJIOTHOCTb UACTHL TBepAoft ¢aszbl. B GosblnHCTBe Ciayudes
IHcrepcuast $ha3a NPOMBIULIGHHLX CTOUHBIX BO1 NpeicTaBigeT coGoll KoMmaexe
BELleCTB PasHOTO ylenbHoro seca. B atom cayuae dopmyna Crokca nprEHMaeT
BHI

v="1gx &\~ W, 1w, (11-6)

& ( pr'Wy + "Wy )
— Px
rae P H Pr’/ — IJIOTHOCTH COCTABISIOMHX uacTHUy BemtectB; Wy u Wz — ux or-
HOCHTeNbHEEe 00beMEl.

Oco60 caeyeT PacCMOTPeTh OCaXKJICGHHe TBeP/bIX MOPHCTHIX YacTHL, HanpH-
Mep TaKHX, KaK 3epHa aKTHBHBIX yraeil. [Tpu pacuere CKODOCTH OCakK/IeHHS TaKHX
YACTHI JOJMXKHO GHTb YUTEHO, UTO MOPH HX 3aNOMNeHbl kHAKoctblo. Cmna F,
ILeficTBylOLIas Ha MOPHCTYIO YAaCTHLY, NPONHTAHHYIO XKHAKOCTHIO H HAXONALLYIOCH
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B JIHCIEDCHOHHOR cpelne, paBua [5]
F=gWy(l —p;) (or — Px) (I1-7)
rae Wy, —o6beM uacTHOH Ge3 yueTa NOP; p; — MOPHCTOCTH 3epHa,
CropocTh OCaMAEHHs PAacCUHTHIBAIOT N0 METOLY, MPENJOXEeHHOMY B paboTe
Kir], HCNONb3YsT 3aBHCHMOCTb MeK1y KpHTepHsiMu Pefinonbaca Re m Apxumena
Ar:Re = (Ar)

Kputepuit Apxumena ¢ yuetroM NOPHCTOCTH pase [T}

ds°0xg  Pr—o
Ar=— gt (1—p) (11-8)

ITo mafifieHHBIM 31a4eHHsM Ar DOPHCTHIX 4cTHU Pas3AHUHON [HCIIEPCHOCTH oOmpe-
nRensiior kputepnil Re M no cootsomenno (I1-9) paccunThiBarOT cKopocTh cBoGon-
HOTO OCa’KJEHHS] NOPHCTEIX YACTHIL Up:

Re.
v =d—s.p”: (11-9)

rie d; — 5bdeRTHBHLIA JnaMeTp HacTHUH, KOTOPHIH ompelenserca ¢ ydyeToM ¢ak-
Topa ¢opMbl @ uacTHI NO MeTOAMKe, NpHBEJeHHON B paGote [8].

Ha npakTHKe nmOYTH BCCTAA NMPHXOMHTCA HMCTh  JCJO C NOJHIHCTIePCHBIMH
B3BeCAMH, CONEPIKAL(HMH YacTHYKd pasIHuHHIX pasMepoB H ¢opMu. Torpa kap-
THIIZ CENNMEHTANHH OCHOKHAETCS TeM, YTO OcellaHHe YACTHI NPOHCXOILHT OAHO-
BPEMEHHO € DAas3JHUYHOR CKODOCTBIO M 3aBHCAMOCTb MAacChl HAKAINIHBAIOLUErocst
ocallka OT BPEMeHH OCaxjeHus HMMeeT BHI, NpUBeleHHH Ha pue, 11-1, DT1a xpHBas
ABjdeTcs BaXHelwel XapakTepHCTHKON (pPaKNHOHHOTO COCTaBa JHCMEPCcHOR (asHl.
UYeM kpyue moamuaMaeTcs KpHBas, TeM Gojee OAHOPOJHA B3BeCh.

Oguum u3 BaxHeHIHX (PaKTOpOB, onpenesiOUIHX NOTEPIO ce-
JHMeHTAIHOHHON YCTOHYHBOCTH, sIBJsieTcsl NOTepsl  arperaTHBHOR
YCTOHYHMBOCTH, MPHUBOAALLAA K OODeIHHEHHIO YaCTHI[ H KOaryJslHH
nucnepcHoft gasel. ArperatuBHas YCTOHUYMBOCTL MOXKeT ObITb cJef-
CTBHEM CYILICCTBOBAHMSA HAa MOBEPXHOCTH YAaCTHI, ABOHHOIO 3JIeKTPH-
YecKoro cJjosA. ArperaTHBHO YCTOHYMBHI YACTUILI, HA TOBEPXHOCTH
KOTOPHIX HaXOAMTCA Pa3BHTHIH THApPAaTHHHA cJofl, BO3HHKAIOMIHR
IPY HaJHYHH TOBEPXHOCTHBIX THAPOGHJIBHBIX (QYHKIHOHAJILHBIX
rpynn. Haxonen, arperatHBHas ycTOAYHBOCTb MOXET OHITh BbI3Ba-
Ha obpasoBanueM ajcopOunouiioir o6oJoukH, obJajaiollefi BBICO-
KON CTPYKTYPHOH BsiI3KOCTbIO. B pasGaBicHublX BOJAHBIX 30JIAX H
CyclneH3HAX HaHOOJbUWIMHA BKJAJ B arperaTHBHYIO YCTOHUHBOCTB CH-

CTeMbl BHOCAT CHJBI 3JEKTPUUeCKOro

] OTTaJKHBaHudA, cnocobubie obccre-
h YHTb MPAKTHUCCKH MHOJHYIO HX YCTOMH-
YHBOCTb,

Aas  napymeHus  arperaTHsHO
( YCTOHYUBOCTH M HACTYIJIEHUS KOary-
JAUHU OOBIYHO HCTOJB3YIOT CJieAylo-

I T 4] sy ¢ HlHe METOAH: KOaryJsuHI0 3JeKTpo-
Puc. II-1. Xapaxrep nawenenms J1HTaMH, TETEPOKOATryJAUMIO, B3aHM-
MaccH HaKamiusampmerocst ocaf- YR KOATyJALHIO KOJJIOHAOB, KOAry-
Ka Q or BpeMeHH ocaxjaenus T  JIALIHIO 1OJ AelicTBHeM (H3HKO-XHMH-
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yecKHX (pakTopos (TepeMelluBaHHE, HarpeBaHHe, 3aMOpaxKHBaHHE
u ap.). OcHoBHOe TpeboBanHe mpu BbIGOpe MeTOAa KOAryJdAlMH —
3TO0 OTCYTCTBHe BTOPHYIOTO 3arpsi3lieHHs BOABI KOAryJHPYIOUIHMH
no6aBkaMH. B stom oTHOWleunn HauboJiee NMPHEMJEMBIMH K pac-
NPOCTPAHEHHBIMH METOJAMH fIBJAIOTCA KOAryJasauHUs Nojp Bo3JeHcT-
BHEeM (H3HKO-XHMHUECKHX (DAKTOPOB M reTepoKOaryJsius.

BosgelicTBue (PH3HKO-XUMHYECKHX (DaKTOPOB OCHOBAHO Ha H3-
MeHeHHH 3apfAjia HJAH CBOACTB. HOBEDPXHOCTH YaCTHH, CBOHCTB cTabH-
JIH3aTOPOB CHCTEMBI JIHOO Ha BLIBOAE 3THX CTaGHJIH3aTOPOB H3 CH-
cTeMbl B pe3yJbTaTe (QU3HUECKHMX HJIH XHMHUYeCKHX BO3AcicTBuii.
Hns storo o6blYHO HCIOJNbL3YIOT OKUCJEHHE, BBeleHHe XHMHUYECKHX
BEILECTB, B3aHMOJefCTBYIOUINX C YacTHLAMH HJIH CTAaGHJIH3aTOpaMu
CHCTCMBI, pajHanHoHHYyI0 06paboTKy, BO3jieficTBHE 3JEeKTPHYCCKOro
H MAaTCHUTHOrO MoJell, aJeKTporunpaBaudcckoro yhapa [1]. Onua-
KO OCHOBHBIM MpOLLECCOM OUYHCTKH CTOUHBIX BOJ KoaryJislHej sB-
JSeTCs BBeAeHHE KOaTyJAHTOB (FeTepOKOAaTyJsAH).

2, KOATYNAHTL U IA;( ﬁPMMEHEHHE NPU OUUCTKE BOAb)
MDu3auKo-XxMMHMUECKME OCHOBbI NPOLLECCa KOArynsiLMM

B Texnuke BOAOOUHCTKH B KaueCTBe KOAryJSHTOB HauboJiee IIH-
POKO NMPHUMEHAIOT cyabdaT aMmoOMHHHSA, cylbdaT U XJOPHAH Kelesa,
aJIOMHHHEBLIe KBAacCIbl H CMeChb XJIOpHIAa M CyJbdara Kesesa.
B peaxux cayuasx HCTOJBL3YIOT COJNIH MAarHds, OHHKAa M THTaHa
19, 10].

Tuaponus conefi meramioB. B GonbHHCTBE ciyyaeB KoaryJasil-
THl NPEJCTaBJAT co00H coan crabblx OCHOBaHWHA W CHJbHBIX KHC-
sot, [lpu pacrBopeHun ux B BOAE MPOHUCXOAHT THAPOJH3 K 06pa-
3YIOTCA MaJiopacTBOPHMble OCHOBAHHS — THIPOKCHAB  AJIOMHUHHS
Hau XKese3a. IIpu 3TOM B pesyJibTaTe cMellleHHS paBHOBecHs AMC-
COHALMH B BOJe HAKAMJAUBAIOTCA HOHBl BOJAOPOAA M B PacTBope
NOABJSAETCA KHCAOTAa. PacTBOPMMOCTb THAPOKCHIAOB aNIOMHHHA H
XKejie3a ype3pbluailHo Majia. Onu BHIJEJASIOTCS M3 pacTsopa, 06pa-
3yl CHayajla KOJUIOMAHBIE YACTHIBL (pa3daBJjieHHbIE 30JH THAPOKCH-~
I0B), KOTOPble [OJ BJIHAHHEM 3JEKTPOJHTOB, PACTBOPEHHHLIX B BO-
Re, KOaryJHpylOT H BbiIafaloT BMeCTe ¢ KOJUIOMIAMH, 3aTPA3HAIO-
IMMH BOAY, B OCAJOK. IJTOT OCAN0OK CONEPKHT CBS3aHHYIO BOAY,
a TaKXe HCCKOJNbKO CJIOEB MOJeKyJs <«HecCTPpYKTypHO#» BoJHl, aj-
COPOLMOHHO CBA3aHHOW C TMOBEPXHOCTBIO OCajKa CHJIAMM Pa3JMYHOM
npounocts [11].

CxopocTs THAPOJIH3A COJefl METal/IOB NPONOPLUHOHAJbHA KOH-
IleHTPalLHH KATHOHOB MeTaJsuia. [TocKo/NbKY KOHUEUTpanus BBOLHMO-
ro B BOAY KoaryjsnTa OOHYHO HeBeJHKa, MOXKHO CUHTaTb, YTO
CKOpPOCTb THIAPOJIH3a KOaryJsfiHTa NpsAMO NPONOPLHOHA/IbNA ero
KOHIUEHTPALUMH HJH J03e, BBOAUMOH B BoAay. C noBblIEHHGM TeM-
neparypsl CKOPOCTb THAPOJIH3a BO3PACTaeT MPHMEPHO B 2 pasa Ha
kaxasie 10°C. HeoGxopuMbiM yciioBHeM Gosee MOJHOrO NpoTeKa-
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HUS TIpouecca THAPOJH3a fBJseTcs yAaldeHHe oOpasyiolnerocs
THAPOKCHAA MeTajja M3 cheppl peaKUMH HJM CBS3bIBaHHE HOHOB
H+ B nenucconuupoBaliible MoJieKyabl. BosbiieMy IHApOJH3Yy MOA-
BepXKeibl KOaryJAsHTH ¢ Mclblliefl KOHCTalTOH AMCCOIHAallhH HJH C
MeHBLIAM TNPOU3BEJEHHEM PacTBOPHMOCTH  TPYHIIOPACTBOPHMOTO
ocajka, B COOTBETCTBHH ¢ 3THM THIPOJH3 coslell TPEeXBaJEeHTHOrO
XKesle3a MPOTCKACT IOJIHee, YeM coJel anloMHHHS, H 3HaYHTEJNbHO
f0JiHee THAPOJIM3a COJeH [BYXBaJIeHTHOTO XKeJjle3a.

JInsi KOAMUeCTBEHHON XaPaKTePUCTHKH CTeNeHH mApoJu3a yno6-
HO MO0JIb30BaThcs KOHIEHTpauHeH BOAOPOAHBIX HOHOB B pacTBOpE
ung pH. MsMensas pH pacrBopa, MoXHO peryJHpoBaTh TeueHHe
npolecca B XKeJAACMOM HalpaBjicHMH H 0GecHeyHTb MOJHBIA THAPO-
JIM3 BBC/JCHHOrO B BOAY KoaryjsHra. [lis 3Toro HeoGX0AuMO CBAi-
3aThb ofpasyioltecss NpU THAPOJNH3E HOHbH BOJAOPOAA B HEAHUCCO-
LIUHPOBaHHBle MOJEKYJB, a Takke YAaJHTb OJAHH H3 HPOAYKTOB
rugposnsa u3 chepsl peakiuun. XoTsd THAPOKCHABLI aJOMHHHA H
xedesa HMEIOT Majywo pactpopumocts (0,6—1,5 wMr/a), Bce xe
5TH BeJHUMHE NpH HeGOJBIIMX 103ax KoaryasHra (1o 150 mr/x)
JOCTATOYII JJIS TOPMOMCIHS mpollecca rHaposaunsa. [Tosromy pH
cpeant urpaet GoJbLIyI0 poJb B Ipolecce KoaryiasuuH. B sToM oT-
HOLUCHHM MOJIOXKHTeNbHOe OydepHoe AeficTBHe OKasbIBaIOT pacTBO-
periible B Bofie OMKapGonaTHoie conad., B cOBOKYNMHOCTH C pacTBO-
DEHHLIM B BOJE HHMOKCHAOM Yriepoja OHH 06pa3yioT OydpepHyio
cucreMy ¢ pH, 6au3kuM K HefitpasnbHofi Touke. B Tex cayvyasx,
Koria emkoctH OydepHoii cMecH He XBaTaeT JJjsi HEHTpajH3auHH
oGpasymwoulefcs KHCAOTH], BOAY MOALLeNaYuBardT, BBOASA H3BECTh, CO-
AY H T. Il.

Tlpn ruppoanse cofell aMIOMHIHS CYWECTBEHIIBIM MOMEHTOM SBJSETCS AHME-
pH3aLHs, HOBTOpeHHe KOTODOH Hapsapy ¢ yray0jeHHeM THAPOJIH32 MNPHBOAHT K
o6pasosannio ocagka, Jumepst [(Hy0).AlOH]o*+ oGpasyioTcs M3 THAPONH3OBAH-
nex HonoB [(Hp0)5Al0]2+ [12]. Crenenpr rujaponusa cojiefi aMOMHHHA 3aBHCHT
OT HX KOUUCHTPAUMX M TCMICPATYPH cpeinl. Jlanuwle 0 BAHAHHH 3THX (hakTopon
Ha Tponecc MMAPOJH3a XJNODRAA AMOMHIHS NpHBefieHn B Taba. lI-1.

T'unpokcny amoOMHHEHS SBJAAETCS THNHUYHHIM aMGOTepHHIM COelHHenHeM, HO-
BeflelHe KOTOPOrO B DasjHYHbLIX CPefaX MOXKHO NPeJACTaBHTh YPaBHEHHAMH

B kucnol cpeme Al(OH)g - 3H+ == A3+ 3H,0 (11-10)
B menounol cpege Al(OH); - OH™ === AlO,~ 4 2H,0 (I1-11)

PacTBOPHMOCTL FUAPOKCHIOB Al B KHCIbIX cpelax OPAMO MPONOPUHOHAJBNA
Tpetbefi CTenmenH KOHIEHTPAUHH BOJOPONXHBIX HOHOB, 2 B LIEJIOYUHBIX CpeAax 06-
paTio nponopuronaasiia eit [4]. B n3037eKTpHUCCKON TouKe FHAPOKCHMA aJIOMHHH
HMeeT MHHHMAaJBHYIO pacTBopumocTs. ITo Koxstrogy aas Al(OH)s ara Touyxa Je-
XHT B mpeflenax shauennit pH 6,5—7.5 [13]. Jns ckopoCTH THAPOAH3A COJEH
AMIOMHHHS TakkKe CYIICCTLYCT HCKOTOpHIA onTuMyM snasennft pH, koropuifi And
koxuentpanuii Alo(SO4)s ot 400 no 100 mr/n KoneGaercss B Hpeicaax 4,95—
5,40, a upegenvyble 3Hauenns pH. NpH KOTOpHIX IHAPOJH3 elle MPOTEKAET, cocTas-
asior 3 4 6,8.

Coctap ocafka, o6pasyiomerocss NpH rUApoJH3e coleli TpeXpalieHTHOro Ke-
ne3a, sBasiercs pecbMa neonpedenennuM [11, 14—17]. CymecTBYeT TOYKa 3peHH,
COracHo KOTOpOfi rHApOKcHA ¢ (opmyaofi Fe(OH)s Bosmoxuo H oGpasyercd, HO
HeMeleHHas nanbHeiilIas ero KOHIeHCanHs NPUBOAMT K MPOAYKTY, cocTas KOTO-
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Tabauya 11-1. Tudpoarus xaopuda aMoMURUA

Temnepary- PasBegenue, Tupponus, Temnepary- Pa.aﬂeﬂ.eﬂm‘v Cunponns,
pa, °C n/MONTB % pa, °C /MO %
4,0 g g,% 85,5 . 1536 34,09
85,5 96 6,57 384 24,12
384 16,05 1536 47,68

poro Beipaxaercs obuwefi dopmynofi FeOn(OH)s_2n [14, 15]. dra dopmyna
B KaKOf-TO Mepe OTBEYACT COCTaBY aMOPGHOro relisi, ec/ii KPOMe XAMHYECKH Chsi-
saguplx rpynn OH— yuuTeiBaThb eme H KOOPAHHALMOHHO CBS3aHHYIO BOIY.

[Tonnawi# ruApPONAH3 cosiefl TPCXBAJNEHTHOro 3Kese3a — NpOHecC MCJJIEHHBIH, W
YCTOHUHBOE COCTOSIHHE DABHOBECHS B CHCTEMC JOCTHIAeTCA 4epes NATb-LIeCTh Me-
csieB. ATOT crynenuartkil nposece mPoOTEKACT B TPH CTAXHH

Fe3t+ 4. H,0 = [Fe(OH)j?+ 4 Ht (11-12)
Fe3+ 4 2H,0 = [Fe(OH),J+ - 2H+ (11-13)
2Fe3+ - 2H,0 = [Fe,(OH),]**+ -} 2H* (11-14)
HanGonee BepositHOR CTPyKkTYpoRt AHMepa npusHama clexyiomas [18, 19]:
OH 4+ .
(}120)4FQ\OH/F6(H20)4

TTocnenopartenbublc FHAPOJA3 H NMOJAMEpH3ANHA NPHBOAAT K BHINAJIENHIO OCAK2
rugpokcnna sxenesa (III). B Texnumke BOJONOJATOTOBKH B KauecTse KOATY/AAHTA
AaCTO HCHONL3YIOT Keie3Hui kynopoc FeS(Q,-7I1:0, ruapoans xoroporo cxema-
THYHO MOIKHO IPeACTABHTH CACAYIOUIHM ypasHEIIHEeM:

Fe?* 4 2H,0 z=== Fe(OH), 4- 2H* e (II-15)

O6pasyomuitcs ruapoxcny (I11) mox AeitcTBHeM KHCJOPOJ4, PACTROPENHOTro B BO-
ne, okucasercs B rugpokcun (II):

4Fe(OH), + O, + 2H,0 = 4Fe(OH), (11-16)

Tlockonbky pactsopumocts Fe(OH), AoBoMbHO BejiMKa, a OKHCIEHHE €ro ¢
o6pasoBanneM TpynHopacreopiaMoro Fe(Oll); npoTekaeT MelieHHO, mpHMeleHHe
KeJIe3HOro Kyrnopoca ilenecoolipasiio HDH OANOBPEMCIHOM BBCAZHHM H3BECTH WAM
aKTHBHOr0 Xn0pa, nH60 06oHX peareHTOB BMecTe, B mieqounoll cpelle, cossanae-
MOH H3BecThl0, VCKOPSIETCST HPONECC OKHCJICHiHS, U PaBHOBCCHe THADOAH3a CMelya-
ercs Bupapo. Ilpomecc OkHCnenns elle GhicTpee NpOTeKaeT NnpH AOGaBJEHHH B
BOAY XJOpa 10, NOA3uH KOAryJSIHTA HAH TOCJIC XKe/e31i0ro Kyilopoca, Ho A0 BBO-
na m3pectH. Teopernueckoe coortHowrenne Cly: FeSO,-7H,0=1:78. Cepbesubivu
HeJOCTATKaMH HCIOJNb30Baund codefi xkeheza (II) B kauccTBe KOarylqHToOB $B-
AsoTes GOJbIIoi PAcXod XJA0pa H HeOBGXOJMIMOCTbH THIATENBIOTD TEXHOJOTHYECKO-
ro KONTDOJSA, TaK KaK JlaKe He3HAUHTeNbHbE HapyilieHHs 103 pcareHTa MPHBOJAT
K HEMOJIHOMY OKHCJICHHIO 3XKese3a, a CJAeLO0BATEJAbHO K HENOJNOMY HpPOTEKaHHIO
THIPO/MHM3A M TIPOCKOKY JBYXBaJEHTHOTO 2KeJe3a B OYHIIAEMYIO BOLY.

PacrBopumocTb npoAykToB rHApoansa. IlpumeHenne koarynsiu-
TOB B BOJOOYHCTKe Tpebyer, npexje Bcero, o0CCNeYeHHA TAKHX
ycNOBUil Asis HPOTEKaHHs mpollecca, 1pH KOTOPBIX PaCTBOPHMOCTH
NPOAYKTOB THAPOJH3a Oblia 66 MUHUMAJbHOA. DTO onpenensict-
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csl, roaBHEIM 06pasoM, 3uavennem pH cuctemb. Ha Besnumny pH,
fpu KOTOPOil JOCTHraeTcsi MHHMMAJIbHAS DacTBOPHMOCTb THAPOK-
CHIa, 3aMCTHO BJIMAIeT aHHOH MCXOJHOH COJIM, ero KolleHTpanud,
BaJIeHTHOCTb M naJiMyHe KOHKYpHpYIOUHx anunonon. lssecrno, 4ro
nonbsl Al3+ u Fe®+ cnocoGubl K KOMILICKCOOOPa30BaHHIO HC TOJBKO
C HOHAMH THAPOKCHAA, HO H C JAPYFHMH alHOHAMH M HOHHM3HPOBAH-
HBIMH TPyNmaMu THAPOGHIbLHBHIX OPraHHUECKHX BellecTB: ¢ocdart-
HBIMH, CYJbaTHbIMH, KapOOKCHIbHBIMH H Ap. KonkypeHuus sTuX
aunonoB ¢ OH-rpynmaMH ©  BCPOATHOCTb <«KOODPJAHHALHOHHOTO
BHEAPEHHS» 3aBHCAT OT MX KOHLUCHTPAlUHH, BaJIeHTHOCTH W 3Haue-
aua pH cpessl. B npHCYTCTBHH KOHKYPHDYIOLIHX @HHOHOB yMeHb-
l1aeTcsl 3lauende ontuMaJjibHoro pH cpenbl, cooTBeTcTBylOICe MH-
HHMaJbHOH PacTBOPHUMOCTH 1POAYKTOB THAPOJH33, T. €. HX H30-
aJiektpuyeckoil Touke. Tak, M THAPOKCHJA aJIIOMHHHS 9Ta TOYKA
1o Koabrrody, kak 6bIO cKasauo pamnee, cocraBiser 6,5—7.5, a
no gayubim E. JI. BaGenkosa — 7,6—8,2. B npHCyTCTBHH aHHOHOB
9Ta BeqHuHHa yMmenbluaercs Ha 1—1,5, Ilna coseir FeCl; ara Be-
Januuna cocraBasier 7, aas Fey(SOs)3—6,2, nas FeSO,— 9,5, a
asi evecn Fep(SO4)3 u FeCl; — 6,5 [10].

dH3NKO-XHMHYECKHEe OCHOBHI npolecca ocaakooGpasosanns. Ta-
KUM 06pa3oM, BBeJeHHe B BOAY KOAaryJsiuTa HpPH ONpeaeJieHiibiX
YCNAOBHAX TPHBOAUT K BHIMAJCHHIO MaJOPacTBOPHMOTrO COCAHHEHHUS.
CHcTema ¢ TAaKHM OCAJKOM TepMOAHHaMHMUeCKH HepaBHOBecHa H C
GoJiblileli UM MeHblIefi CKOPOCTbIO CTPEMHTCSI K paBlOBCCHOMY CO-
CcTOAHMIO, DTOT MNpOIECC PaccMaTpHBAOT KaK  TpeXcTaiauiHbIA:
CKPHITHII NEepHOM, POCT YACTHI, TBepAOH (dasul H CTapeHHe OcafiKa.
CxpulTHil nmepHojy— 3T0 o6pa3oBanue 3apoAwiiel B MepechLleH-
HOM pacCTBOPC, Ha KOTOPHX HaKalJIMBaeTcs BHINMafalollee u3 pac-
TBOpa BellecTBO. Tak Kak B TeXHHKC BOJOOUHCTKH IpOUecC THAPO-
JH3a OOBBIHO TpoTeKaeT B pa3baBJieHHBIX pAcTBOpax, T. €. NPH He-
31AUYHTEJbHOM TIePecHIleHHH, To 3apojniuell ofpasyercs MaJio H
OHI MeMJICHHO PAcTyT A0 UacTHI Kpynuoro pasmepa. Ha npaktuke
B CTOUHBLIX BOJAaX, COACPKAalUX MHKpOreTeporemnnbie NpHMecH, 3a-
poARIIy MOTyT 0GPa3OBHIBATbCH B pe3ysbTaTe OCAXKAEHHA PaCTBO-
PEHHOro BellecTBa Ha 4YyXKepoJHHIX YaCTHIAX, MPHCYTCTBYIOLIHX B
Boje [20], Ho 1pH 3TOM BO3MOMKeH H NpPOLECC BO3UHKIOBEIHA 3a-
POABILUCH B PC3YJIbTATE CTOJKHOBEHHS HOHOB MJIM MOJIEKYJI.

B ofpasyloumuxca B pe3ysbTare Nepechilliclisa MEPBHYHHIX Yac-
THILAaX MOJIEKYJbl PacloJioxeHb 0ojiec HJAH MeHee XaoOTHUHO H,
CTPEMACh K PABHOBECHIO, T. €. MHHHMYMY INOTeHUHMANbHOA HEpTHH,
pacnoJsiaraloTcsi B BHIE . KPHCTAJJIHYCCKOR pelleTKH, [HacTymnaer
KpHCTaNnu3anuoHublii ncproi. Ilpu GosblioM mepechlleHHH CKO-
POCTb arperagHH NpeBajMpyeT HaJ CKOPOCTbIO OPHEHTalHH, B pe-
3yJbTaTC ITOrO YACTHILM HMCIOT NMOYTH BCETAa amMopdiioe CTPOCHHE.
CKOpOoCTb OpHEHTAIlMH THAPOKCHIA CHHXKAETCH ¢ YBeJHYeHHeM YHcsia
HAPOKCUNBHEIX HOHOB, CBSI32aHHHIX ¢ aToMoMm McraJaa. Iloato-
My THAPOKCHABI ABYXBAJCHTHHIX METaJJIOB NPHOGpETaOT KPHCTaJl-
JHUuecKoe CTPOeHHe, a THAPOKCHAbl TPEXBAJCHTHBIX MeTaslJOB aJio-
MHHHUs, JKeJe3a, IJIaBHHIM 00pa3oM, BHAEJAIOTCH B aMOpP(HOM BH-
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Ze. Yactuoe aMop¢pHOTO THIPOKCHAHOTO OCAafKa HMEIOT CHJAbLHO
PA3BUTYIO NOBepXHOCTH H 06Jafator 6oJibiiofl amcopOLUHMOHHON Crip-
COGHOCTHIO. g

CrapeHHe ocajka TakXe cJlaraeTcs M3 HeCKOJIBKHX NapaJjijieNib-
HO W TocJiefoBaTeJbHO HAyWuX NpoleccoB. [Iponece crapeHus 3a-
KJouaeTcss B YMEHBUIEHHH KaXyllerocs o6beMa ocallka, yayudlile-
HAM €ro CeJHMEHTALHOHHHX, PEOJIOTHYECKHX H (HILTPYIOLIHX
CBOMCTB, YXyIUICHHH COpPOLHMOHHOM M KaTaJHTHUYECKOH Cmoco6iio-
cTu u pactBopHMocTH. CrapeHme reJjieii rEIPOKCHAOB TpeXBaJieHT-
HBIX MeTaJlJIOB YCKOpseTCsS ¢ MNOBHIIcHHeM TeMnepatyprl. Ilpume-
CH, TIPHCYTCTBYIOlLlHe B pacTBOpe H 3aXBaTHIBaeMble OCafikOM, MoO-
TyT JH6O pe3KO0 3aTOPMO3HTb CTapeHHE, JHGO CYIIECTBEHHO ero
YCKOPHT.

OGpasymowniics B pesyibrate 00paboTKn BOIL KOAryJIsiHTaMH
OCalOK TpelcTaBaseT co00H XJONbs HENpaBHALHOR (QOPMH ¢ PHIX-
JI0fi CeTyaTOH CTPYKTYPOH H pa3MepaMH OT HECKOJNBKHX MHKPOMET-
POB ZI0 HCCKOJBKHMX MHJLTHMETPOB., BJaKHOCTB OCajka COCTaBJSiET
96—99,99%. O6pemuas macca 0,01—1,03 r/ecM3, a B ciyyae Hanu-
UM B CTOYHOI BOJAE 3HAYHTCJBHBIX KOJIHYECTB MHKDPOTETEpPOreiilkiX
npuMeceii yBeanunsacetrcs g0 1,05—1,2 r/em®, ITaoTHocTs ocanka p
MOXHO paccuuTath no ¢opmyie [1]

p=14C(1—1/ps) (11-17)

rie C — KOHNEHTpAaUusA TBEPAHX YaCTHI B o0CajfKe; Pr— IJOTHOCTb BellecTBa
TBepHofi QasH. .

PakTopbl, BAUSIOLIKE HA KOATYJSALHIO H FeTEPOKOATYNIAHIO KOJI-
JIOMIHBIX B MUKpOTeTeporenHbix npumeceff. Arperath, o6pasyoimie-
CA NpH THAPONH3E KOATYJAHTOB, B3aHMOLEHCTBYIOT ¢ KOJJIOHAHHMH
H TOHKOJHCNEPCHBHIMH YacTHILAMH, TIPHBOAA K HX TeTepOKOarys-
uud. Ha s¢dexTuBHOCTE npomecca reTepOKOATyJSUHH OKAa3HBAIOT
BJIHSAHHE KOJIHYECTBO H COCTaB DPACTBOPEHHHIX B BOLE TpuHMeceH,
KOHIGHTPAaIHsi KOJJIOHAHBIX H MHKPOI'ETEPOreHHEIX TNpHMecei, TeM-
nepatypa, ncpeMellHBanHte, 3JeKTPHYECKOE N0JE H T. A.

Bausinne pacTBOpeHHHX coJiel Ha NpOIECC KOATYJAIHH Olpe-
nengercst, r1aBHEIM 00pPa3oOM, aHHOHHBIM COCTaBOM Boinl, Hau-
GoJblias CKOPOCTb KOAryJsuuue NPoAyKTOB ruaponusa FeCl; u
AlCl; nabmognacrcs Npu OTHOCHTEJbHO GOMBIIHX KOHICHTPAIHAX
notiob HCO—3 u Cl~, a MakcuMaJibHas CKOPOCTb KOAryJsIHH TPO-
AykTop tuaponusa Fex(SO4); w Al (SO,); mocruraercss mpu nps-
6/u3uTENIbHO OAMHAKOBHIX KOHUcHTpanusx SO?—, HCO—; u Cl-.
HcnonbsoBanue cMeceil coleil aJIOMHHHS H JKeJje3a pacIIHpseT
30HH ONTHMAaJbHHIX KOHUeHTpauuii anuouoB. HauGosee cuAbHBHIM
KOaryJIupymoimum JcictBueM o6nafaior cyibdartsl H docdats, yse-
JuunBapollke ontHManabibie 3ouw pH. Ilpu o6paboTtke BOAH B 30-
#e pH<pH mnsosnckTpuucckoro cocrosiiusg, Koraa o6pasyolHecs
NPORYKTH THAPOJH3a HMEIOT MOJNOXHTEJbHHA 3apsifl, YCKOPEHWIO
KOaryJsildy CNOCOGCTBYeT MPHCYTCTBHe COJieH € OXHOBAJIEHTHHIMH
KaTHOHAMH H MHOTOBAJNIeHTIHIMHM aHHOHaMH, a B 3oHe pH>pH

21



H303JIEKTPHUYECKOTO COCTOSIHHSA — NPHCYTCTBHE cOJefi ¢ MHOroa-
JEeNTHEIMH KATHOHAMH H OAHOBaJeHTHHMH annonamu [10].

Oyuctka BOALI ¢ TPUMCHEHHEM THAPOJNH3YIOUHXCA KOaryJsHTOB
ABJISICTCH CJEACTBHECM HCCKOJBKHX OJHOBPEMEHHO NPOTEKalomux
npoueccoB: XeMmocopOiuH, o6pa3oBanus MaJOpaCTBOPHMBIX KOMII-
JIeKCOB, HX TIOJHMCPH3aLHH M KDHCTAJJH3alUHH, (QIOKYJNALHH,
B3auMOJeicTBHSl 006pa30BaBIIHXCS NOJHALepHHX dopMmauilil ¢ mo-
BEepPXHOCTBIO AHcrNepcHON ¢a3pl. KoMmere nponeccoB, npoTeKalo-
DIHX NPH THAPOJIH3C KOAryJfHTa, NPHBOJAHT K NOJHUMEDH3ALHH H
KDHCTaJJIH3aHH IIPOJYKTOB THAPOJH3a, 00pa30BaHHIO MaJdopac-
TBOPHMBIX KOaryJsiHTOB, KOTOphle OOBOJIAKHBAIOT YACTHIL B3BECH
H, 06beIHHAACh, O0pa3ylOT arperarsl, CHOCOOHBIC K OCaXIeHHIO.
IIpn arom Bausune pH Ha xnonbeoOpa3oBaHHe CBOJNHTCA K BJIMSA-
HUI0 KoHueHTpauuu wonos H+ u OH- na cocras u cTpykTypy npo-
LyKTOB ruppoJausa. Ilpoumece xoarynsiimnm XxapakTepH3yeTcs He
TOJIKO (PUIOKYJSIMHOHHBIM MeXalH3MOM, HO H 3JIEKTPOCTATHYCCKHMH
ABJICHHSIMH, NPHBOISAMIAMH K CHHKEHHIO 3apsila MHHePaJbHHIX 4ac-
THL, YyTO OGYCJOBJeHO BJAHSHHeM KatuoHop Al*+ u Fed+ u nx
KOMILJICKCOB.

Jas co3maHus ONTHMAJBHBIX YCJIOBHH KOAaryJNsiiHH NPH BEICO-
KHMX KOHUeNTpaLHufiXx HpHMecedl HEOOXOAHMO YBEJHUYHTH HOJIO 3a-
PALa NOJIOKHTENBHO 3aPAMCHHBIX NPOAYKTOB THAPOJH3a H TOBH-
CHTb HMX 3apsi, T. e. lesgecoofpa3Ho NpoBOAHTHL npouecc npu pH
HCCKOJILKO MeHbleM, yeM pH H3oasnerTprueckoro cocrosinusi. Cy-
IlecTBEHHOe 3llayeHHe NpH Bblope ONTHMAaJbHBIX YCJOBHI KOary-
JSLHH HMEeCT Pa3Mcp YacTHIL AHCchepcHOi (dasbl: ¢ yMeHbIIEHHCM
pasMepa uyacTHIL, YBeJHYHBAeTCs YAGJBHHIH pacxoj KOaryJsiHTa.
Kosnonanble npuMecH, cofepiKalliecs B BOZE, yAaNsiOTCs B pe-
3yabTaTe copOIHM Ha Da3BHTONH TOBEPXHOCTH O0OpPa3oBaBLIMXCH
KOMIIJIEKCOB.

yAaneHne nonyKonnouagHbix npumeceﬁ MeTohOM Koarynsaumm

HsBneyenne u3 BOABI B MpOLeCCe KOAryJsflHH PaCTBOPEHHHIX
BelllecTB OGYCJNOBJIEHO CnocoGHOCTBIO KaTHoHOB Al3+ y  Fedt
K KOMIJIeKcoOODa30BaHHIO, IPH KOTOPOM KOMILIEKcO0Gpasymouine
HOHBl KOHKYPHPYIOT ¢ rpynnamin OH— 3a KoopauHaunuouible yuacT-
KH THAPOKCHAOB H BCPOSITHOCTL KOOP/AHHALHOHHOIO BHEApENNs 3a-
BHCHT OT HX KOHIEHTpPAallid, BaJeHTHOCTH u 3tiaucHus pH cpendl.
Tak, u3BieyeHHe MNOBEPXHOCTIIO-AKTHBIHX BEIICCTB M3 PacTBOPOB
OCHOBAHO Ha PeaKUHIX KOMIJICKCOOOPa30BaHHS MEXKAY KaTHONAMH
alloMuHHR 1 Xkeqacda u anuonaMmu ITAB npu pH<<C7 [21]. Iloun-
xeHe pH cpeawnl npHBOAHT K YBEJIHUENHIO CTENCHH H3BJCYEHHS
ITAB. Ilpn wuccneposannn agcop6unn [TAB askuacynndaTtop Ha
THADOKCHAC KeJe3a Obl10 OTMCYEHO, YTO yMelbllCiHe BeJHYHHBI
pH cpenwr ¢ 7 no 4,5 cuocoberByer yBeauuenno ancopbuuun ITAB,
a B obaacty pH 7—10 creneun apcopbuuu adxuiacyabaTtop npak-
THYCCKH Iie H3MeHsieTcA. B COOTBETCTBHH € KOMILIEKCOO0Gp a3y loLiuM
MexaHu3MoM norjoumieHHs auuounbix ITAB cuuxkenne pH cucre-
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MEHl, COfepKalleil OCAAOK FHA- g, r/xr

pokcuaa, no 4,8—4,5 nosso-
Jger ynaiaste go 50—609% 320
IIAB [22, 23]. ,
Ilpu pacemorpenun Bams- 20
#ust pH na npouecc uspaeue- 2a
HHs PacTBOPEHHLIX npuMeced N
W3 BOAH INPH 06paGoTke ee 200
KoaryJssHTaMu cjlenyeT uMeThb 160
B BHAY, 4To Beanumaa pH mo-
XKeT CUMTaTbhCc NOKasaTeleM 120
ipouecca, ecin OHa AOCTHIIA o
CBOEr0 [OCTOSHHOrO 3Haye-
#usd. Tak Kak rugpoans co- 40
Jefl  TpexBaNeHTHHIX MeTal- - i
JIOB — TIpOIece A0BOJILHO MeX- 0 10 20 30 Corimd

JEeHHUBI W YCTOHYHBOE COCTO-

. Puc, 11-2. Visotrepma ancopbuun npenapa-
fAIHNE PABHOBECHS JoCTHraer- | «HoBoCTb», cOfepkawWero  anHOHHOE

€A Uepes NATb-IUECTh MECSLEB [IAB (ankuncynbpar narpus), ma rugpo-
[11], TpaKTHYECKH BCErfa KCHmAx AMOMAMHA B Koncan

CHCTEMHEI, COllep}KaHJ,Ier He- I, 2~—Ha THAPOKCHAE aNOMHHHN B DPUCYTCTBUY

200 r/mM* w 750 mr/M® Na,SOq COOTBETCTBCHHO,
paCTBOpPlele l"PlllpOKCPlﬂbl, 3—Ha TIUADOKCHEE 3eae3a B UpPYCYTCTBHH

TEPMOHAMAECKN HEPABHO- [0 X NaisOuu § mut momsapunasunta.’s -~
Becilbt.  ONHAKO TIOCKOMBKY — NasSO,

COPOUMOHHEE  MmpoueccH ¢

y4aCTHEM THAPOKCHIOB B PacCTBOPE IIPOTEKAIOT MOBOJIBHO GHI-
CTPO, copOuys Ha CBeXeoOpa30BAaHHBIX 0CANKAX OCyHICCTBASICTCS
TOUTH MFIOBEHHO, TOrfa KaK NPOLECC «CTapeHHS» 0canKa rHJpOK-
CHJIOB OYeHb 3aMelJieH. [Ton06Hke cHCTEMBI MOMKHO CUHTATH KBA3H-
PaBHOBCCHBIMH; COCTOSIINEG KBA3HPABHOBECHS B TAKUX COpOUHOHHREIX
CHCTCMaX 4aCTo ObiBACT BOCNPOH3BOAMMEIM H YacCTHUHO Ife 3aBHCHT
OT crnocofa W NOPSfKa BHECEHHS B pacTBOp copbenTa u copbara
{11, c. 52]. Hcxonsa us sroro, XOpOIIO BOCIPOH3BOJHMEE KpHBHIE,
IpHBeAeHHble Ha pHc. I1-2, MoXHO Ha3BaTb KBa3HDABHOBECHBIMHK
usorepMaMu copbunu ITAB na ocankax THAPOKCHIOB.

Bennuuna copbuun IAB suaunrtennio BO3pacTaer IpH BBeje-
HHH B CHCTEMY MHHepa/IbHBIX cONMefi H moJHakpmiaMuia. Peskoe
BO3pacTanue copOUuu HabMIOAACTCS NPy Iiepexoje pacrBopos T1AB
B MHUEeNNsPIIoe cocTonnue (C>>32 r/m?).

Henonorensnie [TAB Ttuna OKCHITHTHDOBAHHHIX aJKH/I(EHOJOB,
CIIHPTOB, KHCJIOT, He OGJajaloulde 3apsKeHHBIMH (YHKIHONANbIAL-
Mu TpyNmamH, a Takke KaTHOHHbC ITAB Tuna YeTBCPTHYIION cO-
JH JHSTHIAMHHOMETHIIONHIVIHKOJIEBOrO  3dupa aJIKHIPeHO16eH -
80JICY IbPOKHCTIOTH  (BbHIPAaBHHBATENE A) ne copbupyiorcs ocanka-
My okcurnapaTtoB MeramioB npu pH<C6. Ommako MoxHO cO31aTh
yCaoB¥ua nJs noraomenust ITAB tuna OII-10 u BHpaBHUBaTeast A
npu pH=6 nyrem «Monudukamnns NOBEPXHOCTH OCafKa THAPOK-
CHAa HOHaMH, 00/1aflAIOMHMH Pa3BUTBIMH THAPOGOOIHIMI panuKa-
JIaM¥ U CIOCOOHBIMH K aCCOLMAIMA. DT0 HIITIOCTPHPYETCS JAHIHH-
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Puc. 11-3. Usotepma aacopOuuu Ha ruJPOKCUAE aNIOMHHHA:
16-- BHID2BHHBaTeaAst A B TNPHCYTCTBHH mpsaMoro GOPAO; 2 — OIl-10 B npuCYTCTBHH DOPAMOrQ
OpRO.

Puc. 11-4. UsoTepma apcop6unn cuntasnona (I) v npenapara «Hosoctb» (2) Ha
XJONBAX FHAPOKCHAA aIOMWHHA NDH COBMECTHOM NMPHCYTCTBHH HX.

Mu puc. I[1-3 u 11-4 no axcopOuun OI1-10, BupaBuuBateas A, cui-
tanosa u npenapara «HoBocTb» Ha ocalkax THAPOKCHAA aJIOMH-
HHS M JKeJje3a B TPHCYTCTBHH aJXKHJCyabdaToB (rpemnapaTa
«HoBocTb») H KpacuTeast npsMoro 60pAo, H3 KOTOPHX BHAHO, UTO
copbuuss [TAB B nNpHCYTCTBAM ITHX BeIIeCTB COCTABJACT 300—
500 Mr. «MoxHpHUHpOBaHHe» MOBEPXHOCTH OCajiKa THAPOKCHAA
HOHAMH KpacuTeJcil KaTHOHHOTO OJIMBKOBOTO W AKTHBLOrO fDKO-
KpPacHOTO, cojAepXallHX B CBOEH CTPYKType IpyIinbl —NH,;
—NH; =N, nosmmaer cop6umo annonsoro ITAB (mpenapata
«HoBocTb») Ha 400 u 3309 cooTBeTCTBEHHO elile 10 HACTYI/ICHHA
accouuanud ITAB B pactBope.

Taxum o6pa3omM, NpHMeHeHHE KOaryJasHTOB 3¢p¢$eKTHBHO 1k
OYHCTKH CTOUHBLIX BOJ OT IOBCPXHOCTHO-aKTHBHBIX BELIECTB pas-
JHUHBIX KJacCOB B TPHCYTCTBHH KpacHTesed. YpnaJjcHHe Kpacure-
Jefi M3 CTOYIBIX BOJ METOHOM KOaryJlsllHH Takke B pAle CAyHacB
OKa3bIBacTcs HOCTaTOUHO 3¢ dexkTuBHBIM. Ha a(pdexTHBHOCTL OUHCT:
KM BJAHSIeT B 3HAUHTEJbHON Mepe arperaTHoe COCTOSHHE KpacHTelsiel
B pacrBope [24, 25]. Ynalienne KpacuTellel NpH KOAryJIsuHd Npo-
AYKTOB THAPONH3a COJiefl aJIOMHHMsi H XKeJe3a IPOHCXOIHT B pe-
3yabTaTe COPOUMH MX Ha XJONbAX THAPOKCHIOB WJIH COOCAXACHHA
CKOAryJTHpOBABIIHX B NPHCYTCTBHH COJIGH TPCXBAaJCHTHBIX Meraj-
JIOB BBICOKOJHMCIIEPCHBIX HEPACTBOPHMHIX 4YacTHYEK HJH KPYMHBHIX
accOlHHpPOBaHIEX arperatoB Kpacurened. Ilpu sTom copbar, 06-
pasylolii B npolecce KOaryJisiiuH COGCTBEHHYIO TBEPLYIO ¢dasy,
He HMeeT MpefeJa HACHIIEHHS Ha KPHBOH H30TEPMbI COPOIUHH.

[lpu po6aBsieHHH KOAaryJisiiTa B OCAaJlOK BHINAAalOT KpacCHTE/H,
OrpaHHYeHHO PacTBOPAIOILHECS B BOAE HJIH HaXOAAlLHeCHd B Helt B
BBHICOKOAHCIIEPCHOM COCTOSIHHH (HanpuMmep, AHCMEPCHBIE KPaCHTEIH,
He colepiKaliue Cyabdo- H KapGOKCHIbHBIX rpynmn), a Takke Kpa-
cHTeNH, oGpasyiollldie B BOXHBHIX PacTBOpax CoJieH accOUHMATH C
GosbinM (HaKTOPOM acCOLHAIHH (fass), 3HAUHUTENBHO BO3pacrao-
M NPH BBEJEHHH B PacTBOp 3JIEKTPOJIHTOB. Houm kpacurene,
cna6o accOLHHPYIOLIHX B BOAHHIX PacTBOpax, HalpHMep HOHBI aK-

24



a, MKMonb[r

1P 2

3 b Puc. 11-5. U3zotepMu agcopbuun
’_ Kpacurtesnefi Ha FHIPOKCHAC XKe-
Jie3a H3 BOAHHX pPacTBOPOB HNPH
25°C:
a — npsmoro KopuuHesoro KX (1),
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Puc. 11-6. isorepMn azncopOuuu Kpacurtejefi U3 BOAHLIX PaCTBOPOB Ha TMIAPOKCH-
Lax anioMuHMA W JKene3a:

@ — KuCJIOTHOTO 3eleHOro aMTpaxuHouoporo #a IFe(OH)s (I) u ma AI(OH): (2), xucaoTHOro
anoro Ha Fe(OH); (3) u na ANOIl)s (4), npamoro roayGoro #a (FeOH); (5); 6 — axruBHOTO
apxoroay6oro KX (I) m axkruBHoro spkokpacuoro 5 CX (2) na Fe(OH)s.
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Puc. I1-7. VisoTepmMu afcopOuiy KpacuTencH Ha THAPOKCHAAX 2Kene3a U aNiOMH-
WU u3 BOXHHX pacTBOopoB npm 25 °C:

a — aKTHBHOTO 30JOTHCTO Xedaroro na Fe(OH)s (/) m una AI(OH)s (2); 6 — mpamoro Gopao
Hgl(l(-‘)c]g)l-l();) (1) 5 AI(OH); (2), KuCAOTHOTO XPOMOBOrO XpacHoro Ha Fe(OH); (3) u Ba
3 .
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Tabauya 11-2, 3asucumocr. creneny u3gacdenus kpacureas 8 npucyrcreuy ITAB
or 00361 KON2YAAHTA (KOHYERTPayus Kpacureas 50 efmn®)

Creneub ussneueuns | CrencHb H3BACYUEHUS
Hoaa Koary- kpacutens, %. I1AB, %,
JIAMTA, T/M npu noGaBieHHH OpH A06GaBAEHUH
Kpacurtensb _

APY | Fe®t | A1p(SOg)s | Fea(SO4)3 | Al2(SOg)3 | Fea(SOgls

B npucyrcrauu Heuonozennozo ITAB npesoyeana, 100 2fm3

Ipamoi ’
cepuiii csetonpounnii | 250 | 100 95 90 30 19
kopuuirebifi KX 100 150 99 99 48 36
KopuuneBsrit JKX 100 | 150 86 84 — 47
roayGoii  ceerompod-| 100 | 150 96 97 49 43

HBLi
M a303e/el B 100 | 150 100 96 37 29
anpit 185 — 91 — 33 —
(uoscToBHft C 100 | 100 97 89 4] 14
Gupiososniit K 100 | 100 96 90 36 25
ocTaneT XKeJTHIR 100 100 94 46 28 50
XpH30(QeHHH 150 | 100 92 96 51 55

Hucnepcuuifi:
cunnit K 150 | 100 73 75 75 52
CHHC-3C/ICHBIA 200 | 100 91 90 51 55
Keatuilt 2K 100 — 64 - — 32
PO3OBHIH 100 | 200 90 89 45 49
KpacHHi 100 50 74 56 29 56
6Hpro30BHLi - | 150 | 150 99 95 36 25
sesenblft  poamaMHA-| 150 100 92 85 52 46

HbER
uepHhLf 100 | 100 87 72 38 42

Ky6oBbtii:

Gopao XN, 200 50 90 81 44 38
seqenbiit K] 100 150 100 98 — 50

B npucyrcreuu anuontoeo I1AB «Hosocre», 30 2/md

Ilpamoii:
cuunit KM 50 50 100 98 100 99
ApKo-roay6oh 50 100 100 94 87 100
YHCTO-TONy 6ol 100 | 100 94 97 99 100
KucaoTubi:
APKO-OPAHKEBHI 150 50 65 53 97 83
uCpuBI 100 50 54 37 37 73
YHCTO-TOJy 60t 150 | 100 78 100 98 100
JlHcnepceHsiit:
xKeatoidt 2K 50 50 100 100 100 100
3eJIEHLE 50 50 88 51 97 92
CBETVIO-KOPHUHEBHI 50 | 100 96 92 100 100
AKTHBHHI:
3ono)zucm->xemb1ﬁ 150 | 100 89 32 100 99
K
opanxcesuii 2KX 150 200 78 95 100 100
apko-kpacuei 5CX 100 50 76 100 85 ' 93
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THUBHOrO sipkO-KpacHoro 5CX, AJs KOTO-  qmkmans/r

poro fasss=1 npn Koumentpamuu 450 s |
MKMOJIb/J,  aAcopOHPYIOTCA  OCAafKOM  sppb- oU
IHAPOKCHAA.  BO3MOXIO  MocJejfoBa- J
TeJbHOE NpOTeKaHHe mpomecca mo oGo- | -

UM MeXaHH3MaM — cHayaja  CcopOuHH Ve

HOHOB, a 3aTCM COOCAXJEHHs,  ecjIH 74

dakTop accouuauun Kpacurenas sHayd- [00[fe” 1 L)
TE/BHO BO3PACTAET € yBEJHUEHHeM KOH- ), 58w

fleHTPalHH TOCJEIero.

Ha puc. 11-5—11-8 npencraBaensl  Puc, 11-8. UsoTepMu axcop6-
#30TepMBl COPOLUHH Pa3JHUYHLIX KPACHTE- UHH KHCJAOTHOrO HCPHOTO M3
Jefl u3 BOAHBIX DACTBOPOB Ha CBexe- BOAHBIX pactsopos mpy 25°C

Ha TrHAPOKCHAAX aJIOMUHUA
OCaX/CUHBIX THAPOKCHAAX aNOMHHHS B  (7) u wmenesa (2).
XKeNesa NPH KBA3HPABHOBECHH, ACMOHCT-
pHpyIOllHe pas3NHYHBEA Xapaktep yjaJe-
HHS KpacHTeJefi H3 BOIHHIX pacTBOpoB. JlucrmepCHBle KpacCHTeNH
cunuilt K, xearwifi 2K, cune-3esieHblii m npsamofl kopuudeBblit KX
KOaryJupyloT COBMECTHO ¢ THIPOKCHAAMH aJIOMMHHS H XkeJsesa.
Kpacurean, caabo accouuupyiouie B BOAHLIX pacTBopax (aKTHB-
HbI#l fipKo-xpacHBIf & CX, aKTHBHBIA SIPKO-rOJiy0O#, KHCJIOTHHIA 3e-
Jlen bl aHTPaXHHOHOBHH, KHCJAOTHHH anwiil) [26], copOupyores Ha
ocalikax THAPOKcuAoB Ges o6pa3oBanus cobcTBeHHON TBeplaoil da-
3bl. M3oTcpMBl copOuuH akTHBHOro 3onoTucTo-xKearoro KX, kue-
JIOTHOTO XPOMOBOI0 KPacHOro, KHCJIOTHOrQ UcpHoro, HpAMOro 6opao
M npaMoro roayboro uMerT crynenyaTtylo ¢opMy, o6yCaOBJAEHHYIO
acconyanHeii opraHHYeCKHX HOHOB Ha TOBEPXHOCTH pasieta ¢as
[27]. I'opu3oHTaJNBHBIE YUACTKH Ha KPHBBHIX H30TePM copOuHH, T. e.
0o0/lacTb HACHIIICHHS, YKa3HBAlOT HA TO, YTO NPH HEOOJBIIHX paB-
HOBECHBIX KOHHIEHTPAaUHAX uIeT npoumecc copOiuu HOHOB KpacuTe:
Jefl uJIh uX accouuatoB. [Ipu BHICOKMX PaBHOBECHBIX KOHIEHTpallH-
AX W30TepMbl copOuuH, npuBelenHse Ha puc. 11-5, I1-7 u II-8, ne
HMEIOT [pefesa HacCHIIeHHS, T. e. N0 Mcpe YKPYIHEHHS accolua-
TOB NPOHCXOJMHT HX COBMCCTHAs KOAryJdauUHS ¢ THAPOKCHAAMH allo-
MHHHSL H XKeJiesa.

Takum oOpasoM, Haubosee NOJNHO YHAJNSIOTCS H3 BOAB [JOXO
PacTBOPHMLIC KpacuTesdn (IalMpHMep, AHCIEPCHHE) H KPAaCHTEJH
(npenmyIlecTBCHHO JHa30-), o0pasywilue B BOZHLIX pacTBOpax
Kpynubie arperathl. Hus yaaneHHs nociefHux Leaecoobpasiio 00-
palboTKy BOJB KOAaryJfiHTAMH IPOBOJAHTL IPH OTHOCHTENHLHO BHICO-
KHX KOHIEeHTPallHAX KpacHTeJeH, T. e. mepel ADYTHMH CTaAHAMHE
OYHCTKH, Korja o0pasoBaHHe cOOCTBEHIION TBepAoi (pasnl Kpacure-
Jf TPOHCXOAHT OAHOBPEMEHHO ¢ KOaryJsanHeil THIPDOKCHAOB Me-
TaNJOB.

PesysbraTel coBMecTHOro ynascnusi kpacutejed u I[IAB w3
CTOYHLIX BOA METOJOM KOAaryJsilHH npeactaBicHbl B Taba. 11-2. Us
TabJaHuBE BHAHO, YTO NpH Ho3e xoaryasHra 100—150 r/m® (B ne-
pecueTe Ha HOH MeTaJja) CTeneHb YRAJICHHS NPAMBIX, THCIECPCHBIX
¥ KyGOBBIX KpacHTeseil, 0Gpasyloliux TBepAyw (asy B mpolecce
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Tabauya I1-3. Bausnue pH na cosmecTHyro copbyuro npamozo seaenozo KX
u cuntanosa na ocadke audporcuda gesresa

OcraTo4Hoe coaepxaude, r/m?

pH nocne ocaxk-
NeHHs -
CHHT2HO/2 XpacuTens XKeJjesa B pacTsope
2,9 75,5 7 82,8
5,3 61,2 0 Cahenpt
6,1 58,5 0 »
10,5 67,5 . b 0

KOaryJIsillHH, MOBOJBHO BblcOKag u coctaBaser 90—100%. Tlpn
3TOM cTeneHb H3BJcdeHust HemoHoreminbix ITAB coBmecTHO ¢ Kpa-
cHTenaMH, 006pasyloiuMu TBepAaylo ¢asy, cocraBasger 30—50%,
a ¢ copbupywounMucs kpacutensMu 16—40%. Aumonunie ITAB,
copOupylollHecss Ha XJONbSAX THAPOKCHAOB, TNPH HCXOJAHOM COAEp-
xanuu B pactBope 30 r/M® u nosax koaryassta 100—150 r/m®
YAANSIOTCS H3 BOAB NPAaKTHUECKH NOJMHOCTBIO. TIpH ynaJieHHH KOoMII-
Jekca HeuoHorennoe ITAB — kpacHTesb cymICCTBCHIION —sIBAsieTCs
Beauuriia pH. Cuuxenne pH ycunuBaer annoiooGMcHHBIE CBOMCT-
Ba T'M/IPOKCHJA, TeM caMbiM OOyCJIOBJHBacTcs ero Gojbmas copb-
IIHOHHAs €MKOCTb 110 OTHOWIEHHI0O K KpacHTemo. CaMH MOJEKY.JIH
nenosoreuibix ITAB B xHcO# cpelle npHOGPETalOT KATHOHHBIE
CBOHCTBa BCJeNCTBHe 00pa30BaHHf OKCOHHEBHIX COeJHHEHHH, YTO
NPenATCTBYeT COBMEeCTHO# COpOLHH NPOAYKTOB HX B3aHMOACHCTBHS
¢ KpacHTeJAMH Ha aHUOHOOOMcHHOM copbente. B pesysanrate Ha-
6aroaacrcsa 30Ha onTHMasdbibix anaucuuii pH. MakcuMasabuoe yaa-
JICHHE KpacHTesiss COBMeCTHO c¢ HeHoHoreHuwnM [TAB nab6aiomaercs
npu pH 5,3 n 6,1 (ra6a. 11-3).

Bo3moxHocTb pereHepaunm wnama KoarynsiHta
nocsie OUYMCTKM CTOYHLIX BOA

[IpuMeHeHHe KOAaryJsHTOB [O03BOJSET OUHILATBL CTOUHBIE BOJBI
OT KOJJIOHAHBIX H BBICOKOMOJIEKYJSPHBIX BpeiHLix npumecefl. On-
HAaKO NIpu 3TOM 00pa3yeTrcsi XJONhCBUAHBIA OCAAOK, KOMIIOHEHTAMH
KOTOPOro SABJAITCA NPOAYKTH THAPOJNH3a XHMHYECKHX pCATeHTOB
B COYETaHHH C 3arPsI3HSIOLIAMY NMPHMeCAMH. DTO 0CaJOK COAEpKHUT
3HAYUTENbIOE KOJHYECTBO BJATH, HAXOAAIICHCH KaK B PasiUiHBIX
CBAAI3aHHBIX (OpMax ¢ KOMIOHeHTAMH OCafKa, TaK B B CBOGOLHOM
COCTOSIHNH., 3aXOPOHEeHHe 3TOro OO0BEMUCTOro OGBOJHCIIHOTO MJa-
Ma OKasblBaeTcs Bce 00Jce CJIOXKHBIM, TaK Kak NorpebJeinne Koa-
TYJISHTOB 1Jii OYHCTKH TNMPOMDLILLIEHHBIX CTOYIIBIX BOJ GBICTPO BO3-
pacTaetT H YCJOBUsI aKKyMyJsliuy HIJaMOB NPOTHBOpeuaT Tpebo-
BaHHSIM OXpaHHl OKpyKawoulelt cpenbl. [TosToMy B TeXHOJIOrHH BOZO-
OUHCTKH Bce 0oJiee aKTyasIbHON CTaHOBHTCA 3alada pereHepanuH
H YTHJAH3alHH OCaLKa.
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HanGosiee pacnpocTpaHeHHBHIM MeTOJOM perenepaliy oOcalka
NpH HCHNONb30BAHHHM MHMHEPAJbHEIX KOAryJsHTOB fBJAETCH HX KHC-
Jotnas o6paboTka, yTo MO3BOJsIET BOCCTAHOBHTBL [0 859% xkoary-
JslHTAa W COKPaTHTbL 06beM HCXORHOrO ocaika o 15—18% [28].
Ha BomonpoBofax SlnmoHuM NPaKTHKYIOT TOBTOPHOE HCIOJBb30BaHHE
cyabdaTa aNIOMHHHSA, TOJYYEHHOrO0 H3 OCajKa OTCTOHHHKOB, IO*
ciie 06paboTKH ero cepnoii kucnorof xo pH=2 [29].

CepHOKHCAOTHYI0O 06paGoTKy IjiaMa, cOfep¥auiero THAPOKCHA
aJMIOMHHHSA, TIPeAJaraloT ¥ aMepHKaHCKHe HccacjoBaTeNH. B coor-
BCTCTBHH ¢ NaTenToM [28], HijaM CMEHIHBAIOT C CCPHOH KHCJOTO#M
B CMEcHTeNle, H3 KOTOPOI'0 CMechb HampaBJjsflOT B PeakTop, rie Bhl-
ZepxuBaloT B Teuenne 30 MHH. B peakrop p00aBJSIOT Takke 307y
AJs YAYUIMIeHHs YCJOBHE TNochaenymollero (GHuJIbTPOBaHHS 006paso-
BaBLIErocsi pacTBopa CEPHOKHCJIOrO aJjioMHHHsA. lopaspo pexe
OCaJiKH, COJAepKalllie THIPOKCHI aNIOMHHHUS, 06pabaThBAIOT COJIS-
HO# KucJoTOi. Ilpu 3TOM B 3aBHCHMOCTH OT TOrO, B KaKOM COCTOS-
HUY HaXOAHJCS THAPOKCHA B ocafke (aMOpGHOM HJIH KpPHCTAJLIH-
uecKOM), 06pas3yeTcsi COOTBETCTBEHHO XJIODH/J, aJIOMHHHS HJIH OKCH-
XJOpHA aMioMuhus. PereHcpallusi KOary/siHTa H3 0CajKa TMAPOKCH-
La aJIOMHHHSL MOXKCT OHTb OCyLleCcTBJieHa COBMECTHO CepHOit
KHCJOTOH H OTXOoAsu(MMy razamu 191, comepkalluMH CCPHHCTBIA
aHTHJpH], YTO NO3BOJISCT COKPATHTh pacxon pearento [30]. Pac-
TBOpEHHEe THAPOKCHAA ANIOMHHHS B OCAaJKe B NPHCYTCTBHH CePHOH
KHCJIOTH TpOTeKaeT B OnpejesneHHoM HHTepBate pH: or 4,6—4,2
1o 3,2—2,5. CTexuoMeTpHUECKOe KOJHUYCCTBO CePHOH KHCJOTH AJist
pactBopenns 1 kr Al,O; cocraBaser 2,88 kr. UpeamepHoe yBennue-
HHe KOJIHUeCTBa KHCJOTH NPHBOAHT JiHHIb K ee H30HTKY B pac-
tBOpe [31].

B pesyJabraTe cepHOKUCJIOTHOH 06paloTKy 1jlaMa, COAepxKalle-
ro THAPOKCHI aNIOMHHHS, 06pasyeTcsi pPacTBOpP, B KOTOPOM MPHCYT-
CTBYIOT B OCHOBHOM XOpOIIO pacTBOpHMHEE B BOAE cy/jbdaT H OKCH-
cyabbare amomuauug. [locse pacrBopenus mwnaMa ocTacTcs TBCP-
AB BTOPHUNBIA Ocafok. TBepmas (asa — 370 HepacTBOPHUMEIE B
KHCJIOTe OPTraHH4ecKHe M MHHepaJsbHbiC BEINECTBA, a TaKXe CyJb-
dat KajablHg, o0pasyolluiics NpH B3aHMOAEHACTBUH cepHOA KucIo-
TH u cojieil kKanbuus [32]. Kak npaBuso, BO BTOPHYIIOM OCajAKe CO-
JlepKallic OpraHHYecKHX BelllecTB OoJIblIE, YeM B HCXOZHOM OcajKe.

O6paGotky mJiaMa nocie 06pabOTKH- BOABl COJISIMH  JKeJe3a
TaKKe OCYLIECTBJASAIOT CEPHOM MJU COJNSAHON KHCJIOTOH, NPH H3OHIT-
Ke nporuB crexnomerpuu 30—50%. Ilpu sToM, B coorBeTcTBHU C
aBTOPCKHM cBHAeTesnbcTBOM [33], mpumeHsioT BubpoliepeMellinBa-
Hue, a H30LITOK KHCJOTH IOCJe PacTBOPeHHs HeliTpaandyior. OG-
paboTKy LlJlaMa, cORepXKallero xejue3o, OCYILECTBJAIOT B 06JacTH
pH=~3 :[33].

B HexkoTOpHIX clydasx NPH KHCJIOTHOH 00paGoOTKe ILJaMOB B
CHCTeMy J00aBJISIIOT BHICOKOJHCIEPCHBIE [JIHHHCTHIE MHHEPaJb
(mucnepcHocTh 5—60 MKM), HalpEMEpP NaJILITOPCKUT, UTO NO3BOAS-
€T CHM3HThb COJiepIKaHHe OPraHHYeCKHX lpHMeceil B pacTBOpe Koa-
rynsata [33]. KpoMe KHCIOTHOro MeTOQ HCMOJBb3YIOT HHOTAA
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TaKXe WIeJOUHOH MeTOM pacTBOPEHHSI o0CajKa, COJepIKallero
rHApOKcHA anoMuuus. Tak, ajioMHiuil, comepXaiuuiics B LLIaMe
OCBeTJIHTeJIeH,, MOXKHO liepeBeCTH B aJioMuilaT, o6pabaThiBast
maam npu 60—80°C eaknm natpoM. Crementb H3BJEUEHHS a.10-
MHHHS NpH 3ToM NpHOaKaercs K 209%, a o6meMm ullaMa cokpa-
maercs na 40% [34]. SInoHCcKHe Hecsic/lOBaTeNH PEeKOMCHAYIOT 06-
pa6aTLiBaTh LJIaM, COAEPXKAaLlHil THAPOKCHJ aJ/IOMHIUS, HACBILEH-
Heivi pactBopaMd KOH uap NaOH ¢ nocnenyiomuM ynapuBaiiH-
eM OoTGOUALTPOBaHHOro pactBopa [35], 4TO elBa Ju SKOHOMHUIO,
HOCKOJMBKY CTOMMOCTDb HIesioueli JJOBOJBHO BHICOKAS.

3. dNOKYNAHTH U UX MPUMEHEHME
AN MHTEHCUDUKALMKU OCAMIEHNSR B3BECEHA

Hns nHTencHHKalHH NPOUECCOB XJONbeoGpa3oBalug M OCaX-
JleHnsi B3BEHIEHHBIX YaCTHI, B COBDEMCiIOHf TCXHOJOTHH BOAOOYH-
CTKH B KauecTBe (JIOKYJNSHTOB OOBIYHO HCIOJB3YIOT KOJJIOHALYIO
KPeMHEKHCNIOTY, a TaKxKe NPHPOJAHBIE M CHHTETHYeCKHe BLICOKOMO-
JIeKyJIsipHBIe COCAMHEHHSI ¢ MOJIEKYJNSipHO# Maccofi OT JXecsATKOB
ThICSIY A0 HECKOJBKHX MHJIJIHOHOB M JJIHHON LeNOYKH H3 IIOBTOPR-
IOLINXCA 3BeHbEB B HECATKH THICAY nanoMcTpoB. [Ipomeec duoky-
JANHH CJeAyeT paccMaTpHBaTb KaK 00pasoBaHHe XJIONLeB TIpH
B3aHMOAEHCTBHH KOMNOHEHTOB ABYX Pa3HOPOAHBIX CUCTEM: Makpo-
MOJIeKyJl pacTBOPHMBIX NIOJHMEDOB H YaCTHI, KOJJOHAIBIX P&CTBO-
POB M cycneH3ufi ¢ YeTKOH NMOBepPXHOCThIO pasjesa $as. Takum 00-
pas3oM, MpH HCNOJAb30BAHHU (JIOKYJIAHTOB IPOHCXOAHMT B3aHMOAcH-
CTBHE TepMOAHHAMHYCCKH OO6PaTHMOR  MOJEKYyJIspHO-roMOrciHo#
CHCTEMBl ¢ arperaTHBHO HeyCTOHYHBHIMH MHKPOICTCDOTEHHBIMH H
reTeporenHbIMy cHcTeMaMu [36].

PacTBopennble B BOAe (JIOKYJSHTHL MOTYT AHCCOLLHHPOBATHL Ha
HOHBI JH0O HAaxXOAHTbCS B HCHOHM3HPOBAHHOM COCTOSIHHH. B 3aBu-
CHMOCTH OT XHMHYeCKO¥ NPHPOAB MHCCOUMHUPYIOLLEeH TpyINLI pas-
JHYaKT aHHOIIHEIE X KaTHOHHBIe (MOKyJsuTH. OGLIMI0 aHHOHHBIE
rpynnsl — 310 —COOH; —SO3H; —OSO3;H; —PO(OH),; kat-
ongble: —NHg;=NH; =NOH wu np. Ilpu Hanuuuu B CTPyKTypE
KHCJOTHBIX ¥ OCHOBHBIX TIPYNn MaKpoMoJeKynaa oGaagaer amdo-
TepHBIMH CBOACTBAMH u 31laK 3apAjia MaKkpouoHa 3aBucuT ot pH
CpelH.

B BonuBIx pacrBopax BCJEACTBHE HHUCCOLHMALHH 006pasyloTcs
BLICOKOMOJICKYJIADlible HOJMBaJIelTHble MaKpPOHOHB, BOKPYr KOTO-
pPHX (BHe W BHYTPH HX) KOHLIEHTPHPYIOTCS HH3KOMOIEKY/IsIpiible
HOHBl ¢ 3apAAoM LPOTHBONOJOXKIOIO 3HAKa, o0pa3ys ob.aako, no-
J06HO CJIOK KOMIICHCHPYIOHIHX HOUOB OKOJ10 KOJJIOMAHBIX YaCTHIL.
BospacTrande cTeneHH AHCCOLHAIHMH MaKPOHOIOB OOGLIYHO NPHBOAHT
K YBEJHYGHHIO HX Da3MepoB, YTO OOYyCJOBJEHO OTTaJKWBAHUCM 3a-
psKCHHBIX 3BenbeB NMOJHMepoB. OOpasoBanHo Gosice KOMIAKTIILIX
[OJIHMEPOB CNTOCOOCTBYET CHHXKeHHe JHCCOLHALMH NpH n06aBieHHn
B DAacTBOp MAHCCOUMHDPYIOIIHX (JOKYJSAHTOB CHJABHBIX 3JEKTPOJH-
TOB. Puokyasuus o6ycJaoBicHa copOuueil ool u TOH XKe Makpo-
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MOJIEKYJIH Ha ABYX mim Gosee yactumax c¢ oOpa3oBaHWEM MCXKJY
HAMH <MOCTHKOB», UYTO H NPHBOAHT K BO3HHKHOBEHHIO B AHCIEPCHH
KPYNHBIX OBHICTPO CELHMMEHTHDYIOMHX arperatoB. B coorBercTBuH C
5THM BHauaJe IPOUCXOIMT NEPBHUYHAsi aACcOpOUHUs, KOrxa Kaxnas
MOJIEKYJIa NPHKPENJSETCS] YacThIO CEMCHTOB K OXHOH dacTHie, a
3aTeM — BTODHYHAs, NPY KOTOPOiH CBOGOJAHBIE CCTMCHTHI ajxCcopOu-
POBaHHEIX MOJIEKYJ 3aKPCIUISIOTCS Ha APYTHX uacThuax, o6beinnss
MX HOJHMEPHBIMH MOCTHKaMH. ALCOpOIHI0 MaKpPOMOJEKYJa OObiYHO
XapaKTepH3YIOT ypaBHEHHEM

]
m=Kan (I11-18)

rie 6 — gons NOBepXHOCTH (BepHee, aKTHUBHHIX LEHTPOB Ha 3TOil NOBePXHOCTH),
3aHATas ajcopOTHBOM; Kz — KoNcTaBTa alcOpOHHOHHO-ACCOPOILHONIOTo paBIoBe-
cas; C— paBHOBECHAst KOHIEHTpallMsl; vV — 4HCIO NpHHHMZIOMAX ydacTHe B aA-
COPOLUHH CerMEHTOB OJHOH MaKpOMOJCKYJIH.

dyuxuuonaibHas 3aBHcuMocTh 0(1—0) mocruraer MakcHUMyMa
npu 0=0,5. [Tpp MeHbUHX 3HaYeHHAX O CKOPOCTb (IOKYJIALHMH M
pasMep ycTOHYMBBIX XJONBCB yMenbuatorcsi. IIpu Gonpliux 3nadve-
Husx 0(0= 1) Qaokyasuust we Hacrynaer. OnHaKO KpOMe «MOCTH-
K00Opa3oBaHuss» aicopOupoBaliible MaKPOHWOHbI MOTYT YMeHbIIaTh
YCTOHYHBOCTb KOJIJIOWIHBIX PAaCTBOPOB, 4TO OOYCJOBIEHO CHHXKEHH-
eM 3apaia w moTeHnuata yactdy [37]. Jlo cux nop HescHo, KaKOW
H3 3THX MEXAHH3MOB SBJSCTCS ONpPCAENAIOMAM B TCX HAM HHBIX
KOHKpeTHhX ycaoBHsx [38]. Kak npaBmio, Haubosce 3¢pGhCKTHB-
HbH Takue QIOKYJASHTH, KaK IOJH3JMEKTPONUTE, MAaKPOHOHH KOTO-
pHIX HMEIOT 3apsid, NPOTHBONOJIONKHBIA 3apaxy YaCTHIl AHCIEPCHOH
dazm [39]. )

OoKyASIKHA MAaKCHMaJbHa NpPH OAMHAKOBOM UYHCJE 1I0KPHITHIX
M HETOKPBITHIX afcOPOHPOBAHHBIMH MOJeKyJnaMH GJOKynsHTa dac-
THIL B CHCTEME, YTO OGBSICHEHO Ha OCIOBalHK COBPEMCHHBIX npea-
CTaBJEHHIl O CTPYKTYype ancOpOIHUOHHOrO €J0S MakPOMOJIEKYJ H
NpeACTaBJeHHA 0 «MOCTHKOOGpa3oBanuu» [40, 41]. Axcop6upoBan-
HBI Ha TBCPHOH 11I0BEPXHOCTH 1llonuMep obpasyeTr BOIM3W pa3xela
a3 naoTHHIA CJOH, HENOCPEACTBCHHO NPHUMLIKAWWHA K NMOBEPXHO-
CTH, U CJIOH OOpallleHHbIX B PacTBOD XBOCTOB H IleTefb, pacnpeie-
JeHHC IJIOTHOCTH KOTOPHIX YOBIBAeT [0 3KCIOHCHIHAIBHOMY 3aKO-
ny. Ilpy KOHTaKTe YacTHIl, COZepPKawliiXx JOCTATOYHO TOJCThIe
noJiuiMepHEle 060/0YKKH ¢ HJHHHBIMH XBOCTAMH W NETJSMH, C PaB-
HEIM HM YHCJIOM CBOGOAHBIX OT MOJIEKYJ HOJHMepa YacTHI, cO34a-
I0TCSl ONTHMAJIbHBIe YCJOBHSI A/ 0oOpa3oBaHHS CBA3HM 4epe3 ajncop-
6upoBaHHOe BEICOKOMOJICKYJISIPHOE BCIeCTBO MEXAY NOBEPXHOCTBHIO
HENOKDPHITEIX M TMOKDHITHIX YACTHI, YTO K NPHBOAHT K (JIOKYJIANHM.
ITostomy sddekTHBHOCTD QIOKYJISIHK CYILECTBEHIO 3aBHCHT OT
cnocofa CcMelmUBaHHWsI pacTBopa (JIOKYJSHTA € YacTHUAMH 30Jd.
B aTOM OTHOWeHWH IeacCcO0Gpa3HO HCIOJb3OBATH METOX <«ABOHHON
Jo6aBku» [42]. Cytb McTOma CBOAWTCS K TOMY, YTO A0GaBJEeHHEM
HCXORHOro (He3zawuicnioro) 307 obbemom Wi K ompeesieHHOMY
o6bemy W, 3TOro e KOJJIOHAHOTO PAacTBOpA, 1O cojxepiKaIero aj-
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copOUpOBaHHEIA TNOJUMEp, yHaeTcs DeryJdvpoBaTh COOTHOLIECHHE
YucJa TOKPHITEIX H HENOKPBITHX YacTHl, B CHCTEME.

3aBHCHMOCTb KOHIEHTPaluu yacTul N OT KOHUEHTpPaluu II0Ju-
MepHOl HOGAaBKHW NPH PaBEHCTBE YACTHIL NOKPHITBIX M He TOKPBITHIX
TMONIUMEPOM, BO BCCX CJlydasiX TPOUCXOXWT epe3 MHIHMYM, T. €.
Bo3pacratolive f06aBKM NOJHMepa NPUBOAAT cliayaja K ¢JoKy.s-
LMK 30715, @ 3aTeM K €ro crabuiansanuu. 10 0ObACHACTCS TeM, UTO
TPH HHU3KHX KOHIEHTPAIMSIX NOJuMepa TOJIIHHA aAcopOIHOHIIOTO
CJIOSl TIOKPBITHIX YACTHIl Cllle HEZOCTAaTOYHa AJs HacTymaenus ¢uao-
KyJAlHu, TOTAa Kak 1IpW BBHICOKOH KOHIEHTPAllUH 4acTh NMOJHUMEpa
ocTaeTcsi HeaAcopOMpOBallllOf W TOKPHBaeT CBOGOAHBIE YACTHILHL,
NPUBOAA K MX cTabuausaunud DOEPeKTHBHOCTL JeHCTBUA NOJHMEpa
MaJjo 3aBHCHT OT MOJICKYJSiDHOH Macchl, NOCKOJBKY TOJIIHHA 1i0-
JHMepiloit 06OJIOUKH, T. . CpEXHUN pa3Mep NeTC/b W XBOCTOB, MpU
JlaHHO¥W BeJuyHne aAcOpOIMH, He CBS3aHa HENOCPEACTBEHHO C MO-
Jexkyasipuolt Maccoit. Musimu cnoBamu, ¢GuoKyIsUAs HACTYNAET NPH
NpubAH3UTENBHO OAHOH W TOH K€ CTelNeHW IOKPLITHA NOBEPXIIOCTH
AHcnepcHol ¢a3el mosmMcepom. Jlnis BO3UMKIOBElHS ancopOHHOH-
HBIX CBsI3efl MeXIy dYacTHIaMy 11e06X0AHMO, pa3ymeertcs, Oecrnpe-
HNATCTBEHII0¢ COAVMXKEeHHe IOKPLITHX M HENOKPHITHIX YacTHIl, KOTO-
poe MoXeT OBITb AOCTHTHYTO IipM HCUE3HOBCHHMA NOTEHIHaJbHOTO
Gapbepa MeXJIy YacTulaMu, o0yc/OBACHHOTO OTTAJKHBAHHEM ABOH-
HBIX 9JIEKTPHUECKHX CJIOeB, JiGo cMelienHeMm 3toro Oapnepa Ha
zzaccmm—me, 3aBeJ(OMO MeHblUee TONLIUHB NOJHEMEPHOH O060J0UKH

A).

Takum o6pa3oM, GIOKYNsIIHS AUCIEPCHOH CHCTEMBI NOJHMEPOM
Oyfer ONpeAeNAThCS COOTHOUIEHHEM A M pajHyca ACHCTBHSA 3JIEKT-
pHYECKHX CHJI OTTaAdkHBaHHsA. CXaTHe ABOHHOTO 3JEKTPHUECKOTO
cnosl TIPH YBeJWUYEHHWH KOHLENTPaluyu 3JeKTPOJuTa NPHUBOXUT K TO-
MYy, YTO B KaKOH-TO MOMEHT Oif pa3MeCTHTCSI BHYTPH IOJUMEPHOTO
cyos. IIpn sTOM HaxonsimHecs Ha NOBEPXHOCTH 3allHIIEHIBIX Yac-
THI TIETAH U XBOCTH NPHOGPETAIOT BO3MOXHOCTb CBSA3BIBAThHCA C HE-
TIOKPLITON TIOBEPXHOCTHIO NOCTATOUHO OJIHM3KO NMOAXOASAIIMX YacTHII,
4TO W NPUBOAHT K WX arperuposaiiio, Cief0BaTelbHO, AJda ¢Jo-
KYJSllMY TPH BBeleHHH IOJuMepa He 06A3aTENbHO TOJHOE WHC-
4Ye3HOBEHWE TMOTEHIMAJNBLHOTO Gapbepa, 06yCaOBAEHHOTO OTTaJKHBa-
HHeM JBOHHEIX CJ0€B; JOCTATOYHO JHIUb €ro CMelieHue Ha PacCTos-
HHe MeHbllle TOJLLHHBI 1I0JHMepHOH oGoNouky [43].

BosmoxHa (JIOKYJNSIHSA W NpH CHHXKEHNWW 1IOTEHIIHAJa W 3aps-
[a yacTHll, HacTynawmas B pa3baBJeHHBIX ZUCHEPCHSX NPH MaJbX
BeJIHYMHAX aJCOPOLHU MOJH3JICKTPONHUTOB C BBICOKOH IJIOTHOCTBIO
3apsxa MHKPOHOHa, T. €. KOTja TOJUIHHA aAcOPOIUOHHOTO 110JH-
MepHOTo cJIof WeBeJHNKa (nepBeie NOpHHH 100aBJeHHHX (PJIOKYJIAH-
TOB). B 9THX ycsnoBusX K mporeccy (JIOKYJASUHM MOTYT OHITh NpH-
MeHeHH OOBIUHHle NMPEACTaBJIEHHs O KHHETHKe koaryasuum [39].

H3 mnpoko HCMOJB3YeMbIX B TEXHONOLHH BOAOMOATOTOBKH (HJIOKYJSHTOB B
nepsyio oucpelb CJAEAYeT HA3BATh AKTHBHYIO KDEMIIEKHCIOTY, HMEIOWLYI0 MHOr?)
npeumymiects. Konnongnufi pactBop akTHBHOM KPEMHEKHCNOTH HCMOJB3YIOT ANS
HHTeHCHOHKALMH TIPOLECCOB OUHCTKH OKPALICHHHX H/AH MYTHBIX BOJ, a TaKke
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Tubauya 11-4. PeazenTol Oas npuzoTO8ACHUS PACTEOPOE
aKTUBHON KPeMHEKUCAOTHL RO CTaRYusx sodonodzorosku [44]

pH zons
aKTHBHOR
Pearent OcHOBHas peakuus nponecca KDeMHr ~
KHCJAO0 Il
CepHas (coasHas KMC- Hz0 7—8.5
J0Ta) Na,0¢mSi0,+xH,0 4 H,SO;, ——~
—— m[SiOy].yH,0 4 Na,SO,
Cyabtar alloMHHHS H30 8—9
. 3(Na,0+mSi0,+xH,0) 4 Al (SOy)y —>
— n[Si0,] .yH,0 +
+1ALO; ¢ (m—n)Si0,]-2H,0 4 3Na,SO,

CyabdaT aMMOHuUS 9,5—10

Hy0
Na,0.mSi0,« xH,0 + (NH,),S0, ——
——> m[Si0,]+4H,0 + 2NH,0H + NagSO,

Xnop Hs0 8—10
Na,0.mSi0,-xH,0 + Cl, —

— m[SiOy] ¢yH,0 +- NaClO - NaCl

Juokenn yraepoga He0 7—8,5
Na,0.mSi0,-xH,0 4 CO, —>

——> m[SiOg] +yH,0 + Na,CO,

BOJ, COZePHKaIHX IMYJbIHPOBAIHEE Macja u nedTenpoAyKTH. KoanoumHsle ga-

CTHLB NOJHMCPHOM KPEMILKHCAOTB HPCACTABIHIOT COUOH IJJOTHBIE $Apd, COCTOF-
wne 13 SiOp, wix pasBeTBICHHEIE UETIOUKH M KOJbLA TeTPadApOB SiOgz, COelHHEH-
Hbl€ CHJIOKCAHOBBIMH CBA3AMH =Si—0—Si=. Ha 1noBepxHOCTH uaCTHL COXpa-

HAIOTCS aTOMbl KPeMHHS, cBsisaHube ¢ rpynnamud OH. B pesysbTaTte pHccoluanys
STHX HENOJHMCPH30BAIIHBIX MOJEKYJ] KPEMIEBOH KMCJIOTH YACTHNB HPHOGPETAIoT
sapsn M BOKPYr HHX o6pasyerca AHGOYSHEIL C/I0H MOJOXKHTEIbHO 3apSMKCHHBIX
nporusononon. O6pasyoiHecss B 11pOLECCe HOJAMMCPH3AUHE 3047 KPEMHEKHCAOTHA
Pa3BeTBIACHHBIE Iejie00Pasubie CTPYKTYDH B3aHMOeHCTBYIOT C YacTHIAMH B3peceil,
yBeJaHuuBasg ux ocaxAenve, OTpHUATEJbHBIH 3apAj 30Jell KPCMHEKHCJIOTH Cflo-
cobcTByeT (DJIOKYASUHH NOJNOXKHTENBHO 3aDSKEHHBIX YacTHI BOJHBIX JAHMCIIEPCHiL.
AKTHBHle erMHCKHCJIOTY 0OBIYHO HOJIyqalOT HeﬂOCp(!IlCTBCIIHO nepen .}/ICl'lOJ'lba()-
BaHHEM, AKTHBHDPYS DAaCTBOPH KUIKOTO CTEKJA CEPHOi KHUCJHOTOH, cyabdaToM am-
MOHHSI, CYAb)ATOM ANIOMHHHA, XJ0OPOM, a Tak¥Ke JHOKCHAAMM YIVIEDOJAa H CepLI,
GukapGoHatoMm, GHcyabpaToM n KkpemHedTOpHAoM HatpHst (tabn, I11-4) [44].

Hns akTuBHpOBaHMsI OOBIUHO HCHOMB3YIOT 1,5%-HBIe (B llepe-
cuere Ba Si0O) pacTBopbl CHAMKATA HATPUS IPH CTENCHU HelTpa-
auzanuu menounoctu 80—85%. B cayyae nmpumeHeHHsI aKTHBHOTO
XJiopa CTemeHb HEHTPaJH3alUUH pPACTBOPHMOIO CTEKJA NOBHINAIOT
Zo 100% wm maxe BBOAAT HEKOTOPHIT H3O6HTOK ero. [locae cmeme-
HHSl PEareHTOB 30Jb HCKOTOPOe BPEMS <«BHI3PEBAET®, a 3aTEM €ro
pasbaBasOT BOJOH o coAepxanus SiO, menee 1%. HauGoace
NEepCNeKTUBHEIM CIIOCOOOM  NPHIOTOBJCHUSE aKTHBIOHK KPEMHCBOH
KHCJIOTH siBAseTCs 00paBoTKa KHIKOTO cTeKJda XJOpOM W cyanda-
TOM ajioMuiusa [44], o6plYHO MCMOJB3yeMBIX B IPOIECCAX OYUCTKH
BOZHL.
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Tabauya 11-5. BoicoxomorexyAsprbie GAOKYAANT

OAOKYARATM

QnoKynHpyOLiHe cBoftcTBA

ITpumenenne

Kpaxman u ¢aoKynsH-
TH Ha ero OCHOBe

HexcTpuu

«OKHC/IeHHHIT»
MaJ

Kpax-

AMUuHHpOBaHHHNA Kpax-
MaJ
Anbrusat naTpug

Kap6okcHMeTHIeMII0-
A03a
I'yapoBbie cMoinl

DLOKYNAHTHL Ha OCHO-
Be aJIOMMHATOB

Cunreruyecxue ProxyranTol

MonnaTuaenumMun

ToanokeH

HarpueBue conu moau-
8KPHJIOBO! H IOJHMETa-
KPHJOBON KHCJOT

AMHARO3HPH NONHAKPH-
JOBOA H nOJHMETaKpHJIO-
BOi KHCJOT, NOJHIAMETHII-
AMHHOSTHAAKPHAAT

PacrBopumulli  kpaxmain
paccMaTpHBaeTCA Kak He-
HOHHH# GJOKYAART

Heuonnetit  GaOKyaAHT,
6osee  aKTHBHHI, uem
Kpaxmaju

Anvonnnit noJjiuaneK-

TPOJUT — QUIOKYNAHT MR
IJIHHHCTHIX 4acTHI
KaTuoHHblft BAOKYATIHT
Tunuunsbi AHHOHHHHR
TOTHAJIEKTPOJTHT

CHJbHHA NOJHNIEKTPO-
JHT ailOHHOTO THNA
Henonnsie GaokyasauTal

B pactsope ofpa3syioTes
OTPHILATEIBHO  3apsiiKeH-
HBle KOMIJIEKCH

Han6once apdhekTHBHER
KaTHOHHHI (PJAOKYNART

HefitpanbHule MOAH3NEK-
TPOJHTH

AHHOHHHE
POMATH

NOJNSJEKT-

KatuouuHit GAOKyISHT

Hna o6paGoTKe  BoAW
B CIOA, ®PIr  (Hexer-
phn-100, [MepmyTHT-68,

Bucnpodaok-20, Buenpo-
¢Gaok-75, daok-dia 1038
u 1063), Bo @paunun
(Asum, Heorym), B Hue
nepaanfax (Paorean), B
YCCP (Paokans 202,5)
To xe

»

Ucenoassyior B Sinouns,
Auranu (Bearym), CIIA
(Kennxuu-W, Kenksonb)
Bo ®panuut u Hrannu

B CIIA (CMC—I12H)

B CCCP npuwmensior B
NHILEBOH  (POMBIULIEHHO.
cTH, mcmoab3yior 3 CHIA
(dxaryap WP, MRL =
CYIeP30JH)

PekoMenayioTest Kak no-
6aBKH npiu o6paboTKe BO-
AL Cy/bdaToM

3a pyGexoM BHIYCKAIOT
Cenapan C-120, Ceaunyp-
KA, Tafizekc-14 n xap.

B CHIA Bunyckaercs
NOJHOKC-KOATYJ/ISHT

B CCCP ppumensior »
yroJbHO# NPOMBIUIICHHO-
ctu: KoMera (resm, cozep-
Kawuii  3—35%  moJaH-
Mepa Ha OCHOBe METAaKpHe-
JIOBOH KHCJNOTBI) ¥ MCTakKC
(rpadyan nonmmepa); aa
pyGexxom: Cenunyp-A,
Aspodiox-550 u ap.

IlpumensiioT B SiMOHH®



ITpodosnenna

OROKYNAHTH

®:{oxynﬂpylomne ecsoficTea

Tpumenense

®nOKyASIHTEL HA OCHOBE
STHJIOBOIO H H30NPONHUJIO-
BOro 3(}ipoB MeTakpHJO-
sgoii Kucaotw (BA 102,
BA-212)

ConoJuMepH  MaJieHHO-
BOTO aHrlipHAa ¢ BHHHJ-
aleraToM ® APYrHMH Npo-
CTHIMH BHHHJIOBBIMH 3(H-
pamu

UeTBepTHuHBE aMMOHH-
eBHe COJH Ha OCHOBE 1O~
JUBHHHJATOAYOAA (DIOKY-
aaut BA-2)

CoJl 9eTBepTHYHHX TH-
PHAMHOBHX OCHOBAHHR ¢
HCIIONB30BAHHEM TOJIHME-
TH/BHHHJIMHPHANHA

ToanakpunaMuatue
AOKYASARTH, mouHAKPHII-
aMuJ, TeXHHYECKMH IIOJH-
akpunamua (ITAA)

TuapoausoBanuufi  no-

aunakpunamuzn (FTIAA)

KaTuonnue buaokyasy-
TH

ARvOHHHE NOJHIJIEKTpO-
JHTH -

Katuonun#t daokynsut

Karuonune ¢aoxynsn-
TH

»

B wuefirpansuofi, cnaGo-
KHC/AOR u cJaabomenoqnoi
cpefiax mnposBiaser cebsd
KaK HeHOHHH#I nonnmep

daorynsHr ¢ Gonee BH-
PamClnHLIMH  AHHOHHLIMH
csoficTBami, ueM y [TAA

Paspemeyn K npuMene-
wuio B CCCP 1as owHCT-
KH MHETHEBOH BOAH

INpumensior s CIIA
s 006e3BOXKUBAHUS
nyasn (Jlafirpon u PM/
/MA)

PaspemeH K npumeus-
umo 8 CCCP aaa ouncrt-
KH NHTBEBHX BOJ

Paspelienl X mnpuMeHe-
uuio 8 CCCP gna ouucr-
KH NMHUThEBHX BOA

B CCCP paspemsenu K
NPHMEHEHHIO AN OUHCTKH
nuthepoit  Boan; IIAK
2 Mr/n; 32 pyGekoM uCe

NIOJIE3YIOTCST  akpHJIaMHA-
Hele  GAOKYJASHTH  NOXR
Pa3/HYHLIMH  (pHpPMeH!IH
MH Ha3BaHHAMH*

Ipuvensior 8 OPT
(aunonHbIA bRoKyasHe
Ceywnyp JZ-7) w ['OP

(Crunexc ALl)

® B CUIA — aHuOHUHble H HCHOHHDIC (AOKYARHTH — Cenapad NP-10 pWg n AlT-30, Cye
nepdaok 16, 20 H 84; IMypudnok A-22 u N-17, Maraudaox 990, 985, 971 u 960; Morya CO-9833
Hfonuxsna M-245; Kekdox u Hoaudaok 4D; B AHraug ¢nokymasaHTsi L-22, L-24 ¢ KaTHOHH»
ME ¢ L-26, L-26 ¢ aHHOHMHKLIMH CBOACTBAMH,

B ra6a. II-5 npepcraBien nepeueHb JIPYTHX TNpPHMEHSEMHX B
CCCP u 3a py6exoM BEHICOKOMOJEKYJNSAPHBX (IOKYJASHTOB.
Texnonorus npuMeHennst GJAOKYJASHTOB 3aBUCHT OT MHOTHX (haK-

TOPOB H B NEPBYI0 ouepelb OT (HU3HKO-XMMHYECKHX CBOMCTB 0Gpa-
GatuiBacMoit xuxkocTd. Huxke npuBenenn HauGo.ee ymorpebasies
MBIC B TCXHOJOI'MH BOIOMOATOTOBKH A03bl (DOKyJsHTa (MOaHMaK-
DHIaMHNA) 11pH BBOAE €ro Nepei OTCTOMHMKAMH W OCBETJIHTEIAMH
8 3aBHCUMOCTH OT COJepXahHWs B3BCIIEHHHIX BEIECTB W LBETHO»
cti Bogbl [64]: :

Ho3a noamaxpua-

CoxepxaHHe Base- LlBeTHOCTD, rpag.

amuna, riud WIeHHbIX BeIIeCTB,
n/ud
0,410 501—1000 —
0,6—0,4 101500 20—60
1,0—0,6 11—100 30—100
1,5—1,0 Iio 10 50



B o6meM ciayuae HaunGojee CHAbHO (JOKyaHpylollee AeACTBHE
TIONMMEPOB NPOABJSAETCS Tpu A0GaBIeHun uX B KoawyectBe 0,1—
1% wmacce TBepaoit ¢asm, uto cocrasiser 0,1—5 r/m® [45]. Ilpm-
MeHeHue NoJHaKpHJIaMHia COBMECTHO ¢ KOAryJAsSIHTOM [/l OUHCTKH
NPOMBIIJICHHBX CTOYHHX BOJ OT PAacTBOPEHHHIX Kpacutelell 1mO3BO-
JifeT NOBHCHTh CTeNeHb YAAJCHUSA WX HaA ~43°}°), YTO BHOHO H3
IDaHHHX, NPUBEAEHHHX Ha puc. II-2 (kpmBme 3 u 4). D10 006yCiOB-
JIEHO TEM, YTO NpH aAcOopOLMH INOJHAKPHIAMHAA HA AKTHBHHX
UeHTpax ocajxa, He 3aHATHX aHuonaMu [1AB, cospatorcs mpenmno-
CRUIKH AJIsl ACCOIMAlMK ¢ aJKHABHLIMU paAWKanaMu aHuoHoB ITAB,
nockoabky B cTpykrype [TAA comepkuTCs Pa3BHTHIH ruAPOGOCHHH
paaukan. Bce 3To cnocoGCTBYeT yBeJHUeHHIO cOpOIMH Kpacuresaed
u3 pactsopa. KaThounble ¢aokyastHTsl Tunos BA-2 u BA-3 moxHo
NpUMCHATL ¥ Oe3 NOMOJHHTEJBHBIX PEareWToB, Tak Kak 3TH ¢uo-
KYJSIHTH BHI3BIBAIOT  (DJIOKYJAALAI0 OTPHLATENBHO 3aPAXKEHHHX
KOJIIOWJ0B, NPHBOJASI K 0oOpa3OBaHWIO KPYNHBIX XJONbeB (Hamp-
Mep, B BBICOKOJAHCIEDPCHBIX INIMHHCTBIX CYCMEH3HSX), a TakXe CIO-
COGCTBYIOT CHHXKEHHIO IBETHOCTH B OKDALICHHBIX TIPHPOAHBIX BO-
Jax. OnTHMasgbiibie H03b 3THX BeIIeCTB AJMS OCBET/JeHHS MYTHBIX
Boja cocraBasgoT 0,4—1% wMacce TBepaoit ¢asm map 1| Mr na 7—
10 rpaa. userHoctn. HauGosee BeposTHo, uYTO aokynupyomee
JeficrBue KaTHOHHBIX TIAB BH3BIBaeTcsl B3aUMOLeHCTBUEM IPOTUBO-
NOJIOXKHO 3apsiKEHHBIX NOJAPHBIX TPYHn YHaJjsieMbIX NpHMeced H
daokynsura. IloanBanentHocth ¢.I0KyasiHTa OO6YCJAOBJAHBACT CBA-
3bIBAHKHE B3BEHICHHBIX M KOJJOHAHBIX YacTHI B KPYIHEIE arperats
H X NocJeRyloliee ocaKIeHHe.

4, COOPYXEHUA AN OTCTAUBAHUSA U KOATYNALWUM B3BECEHA
M KONNOMA0B NPOMBILLITEHHBIX CTOYHbIX BOA

Ilna ynajeHus W3 CTOYHHIX BOJ B3BelleHHHX BEIIECTB MCTOAOM
OTCTaHBAaHHS HCIOJb3YIOT allapaTh MepHOAUYECKOr0 H HENpPEephIB-
HOro gxeiictBusd. OTCTOHHHKH NEPHOAHMYECKOFO ACHCTBHA Lenec006-
pa3usl Ipu HeOOJBLINX 06beMaX CTOUYHHIX BOJ WU IIPH HX NepHOH-
YeCcKOM INocCTyisieHHH. OObIYHO OHH NPEeACTAaBJAAIOT coO0R MeTaJiH-
YeCKHe WK Kene306eTOHHEe pe3epByapbl ¢ KOHUYCCKHM JHHUIIEM,
H3 KOTOPHIX Boja OTOWMpaeTcsi JAeKauTaluwueit uepe3 cuoH HAH clie-
nuanbHble xkeno06a. Ocaiok u3 TaKHX OTCTOMHUKOB YAaAsIOT yalle
Bcero BpyuHylo. Pa3Mepbi OTCTOHIIHKOB TiePHOAHUECKOro AeHCTBHS
ONPENeNAOTCH PACXOAOM CTOYHON BOMSI M THAPOAHHAMHYECKHMH
CBOHCTBAMH 0CaXKIAaeMOH B3BECH.

BepTtHkanbHble OTCTOMHMKHM

ITpu GosbmHx pacxogax CTOYHBIX BOJ NPHUMEHSIOT OTCTOHHUKH
HenpepuiBHOro aeicTBusg. IIpu pacxoze crounmx Box e Oosee
50000 m3/cyT ucnoab3yloT BepTHKaJbHble oTcTOofHHKEH [46]. Crou-
Hasg BOja NOABOAHTCH 1O JOTKY 8 M UeHTpaabHO# TpyGe 4 B HUXK-
HIOIO YacThb OTCTOHHHKa., BrIXoAflllas W3 LIeHTPadbHOH TPYGH BoXAa
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Puc. 11-9. BeprukaJbHEA OTCTORHHK:

1 — HacTHn; 2 -— c6OPHLIA JOTOK; 3 — KOJILIEBOR en06; 4 — pmeHTpadbHas TpyGa; 5§ — orpas
MaTeabHLI WHT; 6 — HAOBas Tpyba; 7 — Tpy6a AAsl yAadeHHs N/aBalouUX BellleCTB; 8 — MO
RalOuHB J0TOK; 9 — OTROAAMMHUA JOTOK.

HABHXKETCS CHM3Y BBepX K COOPHEIM JIOTKaM 2 MW OTBOASAILEMY JOT-
Ky 9 (puc. II-9). Bo BpeMsl ABUXKEHHS CTOYHON BOZH K3 Hee BHI-
NajaoT B3BeCH, YJEJAbHBHIH Bec KOTOPHIX OoJbllle YIEJTBHOTO Beca
Bogsl. OTCTOWHHKM DAacCYMTHBAIOT 1NO 3afalHOMy pacxony Q
H BpeMeHH OTCTauBaliug f{, KOTOPOe ONDEAEsSIOT Ha OCHOBAHHH pe-
3yJbTATOB ONBITOB 10 OTCTAWBAHHIO NAHHOH WJIH aHaJOrMYHOU
CTOYHOH XKHIKOCTH

W, =Qt (11-19)

rie W, — Heo6xoauMuit o6beM palouell YacTH OTCTOMHHKA,

Bricory paGogeit yactu orcroinuka H onpegpensiior u3 dopmy-
Jau (B M)

H=ut (11-20)

rie U-— CKOPOCTb JABHIKEHHA CTOUHOH BOAW B OTCTOMIHHKE, KOTOPYIO NPHUHMAIOT
B npeneaax 0,2—0,3 mM/c,

IThomans xusoro ceuenus F. paBHA

w
Fe=—r (11-21)
a guaMetp oTcTOHHHKA Dorc

DOTQ = Vﬂ%ﬂl’.{z- (II_22)
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rie Jn.+ — NAOMaAL KHBOTO CeuenHs MeHTPambuofi TpyOH|)

=G (11-23)

Un.rp — CKOPOCTh JBHIXEHHS CTOUHON BOAM B IeHTpanbuoli TpyOe, KOTOPYIO npH-
HHMAIOT o0byHO Menee 300 mm/c.

Omnpenenns Dorc u H, mo cnpaBounuky [47] moabupaior coor-
BETCTBYIOMIHI THNOBOH OTCTOHHHK.

FopusoHTansHble M paguansHele OTCTOHHMKM

T'opH3OHTANBHEIN OTCTOHHHK TNpeacTaBisieT co6oil NPSMOYroJb-
HHA B NJlaHe pe3epByap, COCTOSIHIi M3 HECKOJBbKHX OTHAEJICHHI
(puc. 11-10)., T'opu3OHTa/bHBlE OTCTOHHHKH NPOH3BOAHTEILHOCTDIO
Gosee 30000—50000 M3/cyr ycTanaBAHBAOT Ha CTAHUMAX fJs
YRaJeHHs u3 BOAB KOAryJIHPOBaHHOII B3BcCH M J1000H NpousBoiu-
TEJIPHOCTBIO JUJIA YHAJICHHS HeKOoaryJupoBaHHON B3BecH. BHcOTy
OTCTOHHHKa OOHYHO MPUHUMAIOT 3—5 M, a AJNWHY H WIMPHHY OTpe-
AensioT pacyetoM. OfHaKO OTHOLIGHHE NJHHH K BHCOTE OTCTOHHH-
Ka J0MXKHO ObiTh He MeHee 10. [To iHupuHe OTCTOHHHK meJHTCcs HA
HECKOJILKO KOPHAODPOB wwuPuHOit 3—6 M. TlockolbKy ocafiok He-
paBHOMepHO pacmpefensieTcs N0 AHY OTCTOHHHMKA W CKallJHBaeTcs
B NIePBOHl NOJIOBHHE, ee pasMepsl GoJlblue, 4eM BTOPOfl MOJOBHHH.
ODTo ofecleynBaeTcss YKJIOHOM AHA OTCTOMIIMKA B CTOPOHY, TPOTH-.
BOTOJIOXXHYI0 HanpaB/eHHI0 ABHXKeHHs BOAH. JJis paBHOMepHOro
pacnpencnenus ¥ or60pa BOABI HCHOJB3yIOT OGHYHO AHpYATHeE Ie-

F A= [
N S N N L
! j— X 5’_
woemio M8 0.0 0 Ggara e -
r gy
Il
. 4
____________ ’EE'NE{‘"J.I
8
a

Puc. 11-10. Cxema ropusoHTaAbHOTO OTCTONHHKA ¢ BCTPOEHHOA KaMepoil XJIOmbes
06pasoBanus;

@ — CCKUHA TOPHSOHTAJLHOIO oOTCTOANHKA; 6 — KaMepa XJA0NbeOGPA3OBANAA; [ — JAIOK; 2 ==
KOJIOBKH 1ss1 0T60pa BOZMI: 3 — BeHTHIALHOMHLle TPYGhl; 4 — NOABOA OCBETICHUOH BOAM; & we
KaMepa A5t YNpaB/elHsi 3aABHXKKAMH; 6 — OTBOJA OCaRKa; 7 — DaciDeResHTeAbHbIN N0TOKI
8 — nnipuaTele N0TKE AR cGopa H ylaJdeHus ocagka; 9 — oTBOA OCBeTAeHHOA BOAM,

a8
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Puc. 11-11. Painanbeui nepBUUHMA OTCTORAMK:
1 — unockpe6oK; 2 — MOABOAALINA TpyGonposoi; 3 — pacupefiesiHTeJbRAR YAMA; 4 — 1py6o-
OpOBOA, CHPOro 0CaAXa; 5 — XKPOCCGOPHHK; 6 — HACOCHAs CTaHIHA CHIPOTo ocanka; 7 »= OTBQe

Anuinii TpyGonpoBoa.

PeropoaKH W AHpUATHe XeaoObl, a A yMEHbUIEHHs 30HH TIOBH-«
licHHOH TypGyneHTHOCTH, OGpasylollelica 3a AupyaTod Teperopois
Koit B HauaJe OTCTOHHHKA, 3KPAHHPYIOT BHIXOHL H3 OTBEpPCTHH Tne-
peropoaxn chephuCCKHM HIH KOHHYECKHM YCIOKOHTEJIEM.

Papuanpusii orcroiinuk (puc. I1-11) npencrapaser coboi Kpyr-
Al B DlaHe pesepByap, BOja B KOTOPOM JBHXETCA painasbHO-
oT ueHTpa k nepudepud. IHy pafMaIbHOro OoTCTOMHMKA MNpHIAIOT
ykaon 0,02—0,04% k mentpy. CKOpOCTb ABHXKEHHS BOAH H3MEHs-
eTcsi OT MaKCHMAJIbHOrO 3HAYEHHs B UEHTPe OTCTOHHHWKA RO MHHH-
Maabiioro y nepudepun. PanuanbHble OTCTOMHMKM HCHOJB3YIOT B
KauecTBe NEPBHYHBIX M BTOPHUHEIX OTCTOMHHKOB, a TaKke WJI0-
yIJIOTHUTENEH.

[lnowafe paauanbHoro orcTofiHuKa Forc B ILIaHE ONpejenser-
¢ mo gopmyJe
Q
” (11-24)
rie Q — NPHTOK CTOWHHX BOX, M3[u; o — pacdeTHas Harpyska Ha 1 M2 orcroft-
XHKa B naae, M%/r; npuruMaeMas no Hopmam [47].

Fo‘ro=
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HdnaMerp orcroiinuxa (B M)
4F, 4Q
Dore = V% =V = (11-25)
[Tnomans paguadbHOro OTCTOHIINKA MOXKHO TakK¥XKe ONpeleluTh

W3 HAaHMEHBIUCH CKOPOCTH OCAaXKAEHHsl 4acTHI MeXaHHYCCKHX NpH-
Mecelt uo:

Q
Fo-;c =u—0 (11'26)
Beanuyuna uy B3auMOCBsi3aHa € 3D(HEKTUBHOCTHIO OTCTAUBAHHS BO-
ae (puc. 11-12). JlnameTp OTCTOHHHKA B 3TOM Clydae ONpepefsier-

Csl B3 COOTIOLIEHHS

4
iy
U, HakoHel, pajxualiblibic OTCTOMHHKH MOXKHO pPacCyYuTaTh MO Me-

TONY, NpenJioKeHHOMY B paGoTe [48], B COOTBETCTBHH C KOTOPHIM
paguyc otcroiiHHKa R paBeH

0,528
Roro = (280 5)" + ras (11-28)

rIe 4o — FHADABJHUECKAss KPYMHOCTb UACTHL, 3aIePKHBAEMEHIX B OTCTO{iHUKE,
MM/C} s 3 — PAfHYC LEHTPANLHOM BHUXDeBOX 30HH, B KOTOpOfi B3BeMIEHHEIE YACTH-
bl He OCAXKAAIOTCSH; fpg 3ABHCHT OT KOHCTPYKUHH BOZOPACTIPEAE/NHTENBHOTO YCT-
poiicTsa u Kosebaercs B npedenax 3—5 M.

Dype ==

(11-27)

ToHKOCNOMHBIE OTCTOMHUKHK

J1s1 2pbeKTHBHOrO BHILEJNCHHS TOHKOJHCIEDCHBIX NpHMeceil Iie-
Jeco06pa3Ho NPUMCHATH TOHKOCJOHHEIE oTcTOHHWKHM. Masas ray-
6uHa OTCTOMHUKOB ofecneunBact OCBETJACHUe BOJALI B TedeHHe 4—
10 muH, 4TO NO3BOJAET 3HAYUTEJbHO yMEHBUIHUTL uX rabapHuTel MO
cpaBHeHHI0 ¢ rab6apuTaMH OTCTOMHHKOB APYICHX THNOB H pasMe-
WaTh B 3aKPHTHIX lOMelieHUAX. OCHOBHBHIMH NpPEHMYILECTBAMH
TOHKOCJOHHbBIX OTCTONMHHKOB, NO3BOJSIOLIMMH H3TOTABJAWBaATh HX Ha
mo0oM TpeANPUATHH, ABJAIOTCA: NPOCTOTA HCIOJHEHHS, Hexedu-
IUTHOCTh MaTePHaJOB AJdsl CO3AaHUs Pa3feNHTENbHHIX MOJOK, -OT-
CYTCTBHE HEeOOXOAMMOCTH B KOMIUIEKTYIOIEM OOODYIOBAHHH.
ToukocnofiHeie orcTodliukuy B 06-

2‘ 160 1 men caydae NpeicTaBJasIOT cofoil pe-
El 601~ 3epByapu ray6unoft 0,2—0,3 M ¢ mo-
S gl JIOUHBIMH WJIH TPyOUYATHIMU BCTABKAMH
3 (DpeHamH), paCHONOXEHHBIME IIOA
8 4 yrjioM, o0ecneysBalOlIdM €CTeCTBeH-
g b [ ) I~ 1loe CMOJI3aHuC ocajka K  MIIaMo-
=0

v
<D

‘ 1 2 E} 4 cOopuuxy. TpyGuaThie OTCTOHHUKH C
Cxopocms ocamdenus Up,MM/C  MAJIbIM HAKJAOHOM TPYO HCHOJB3YIOT

npu pacx ouHo#t Boxb 100—

Puyc. 11-12. 3aBucumocts 3pdek- 180100p Cs;me CTI OK Bor a
THBNOCTH - OTeTANBARAR Of CRO. mifeyt | 1 PYTOHAKNOHHbBIE
DOCTH OCAXKICHHS, Tpy6uaThle OTCTOMHHKH C YTJIOM Ha-

0



Puc. 11-153. TOHKOC/OAHbBIK OTCTOMHHK:

1 — noaustuneHoBass Tpy6a IAA yAajseHHs OCAJKa;
2—Tpy6a JIasl BbinycKka Bosayxa; J, 7 — OTBOX
OCBET/JEHHOA BOAW M3 OCaJKOYNJAOTHHTENAS, 4-— TPY-
60onpoBoj, NOAOTPEBa, § — OTBEPCTH B MONCPEUHKIX
cGopHblx Keaobax, 6 — cBapHol JOTOK, 8 — MHOro-
cnolHas 3arpyska; 9 — xopnyc; 10— KHpUOHUHasg
KJaaKa, /! — noABoj, Bollbl B ceKUMIO; [2-— rpaBhil-
Has Kamepa XJonbeoOGpasoBanHs.

KJIOHa TPy6oK 45—60° npUMEHSIOT Ha OUHCTHHIX COOPYXKEHHAX IIPO-
H3BOJHTEJbHOCTBIO 0 170000 M3/cyT.

Uccaepopanuamu M. B. [lemypn noxka3aHo, 9TO TpaBUTAIHOH-
HOe pasfiesiciiHe TOHKOIHCICPCHBIX CYCNEH3HH TNPOHCXOZHT O6oJee
HHTCHCHBHO B TNPOCTPAHCTBe MEXAY HAKJOHEHHBIMH TOJ YIJIOM
30—40° x ropu3OHTYy 3JICMeHTaMH, YeM B 6e3rpaHHYHOM NpOCTpaH-
crBe [49]. ITockoabKy TypOyJeHTHOCTb IOBBIIAET TPAUCMNOPTHDPY-
IOLYIO0 ClIOCOGHOCTD II0TOKA, PeXHM TeueHHS B OTCTOHHHKE JLOJIXKeH
6BITh JIaMHHAPHHIM JJsi oOecreuclinsg BBICOKOro 3¢pdexra ocser-
Je s, _

CxeMa TOHKOC/OfHOro oTcTOfHHKA, paspaboTanHoro MHUHCKHM
otnesenneM CoOlO3BOZOKaHaJJNpOEKTa, TpeACTaBJeHa Ha pHC.
I1-13. Ilpu paGoTe TOHKOCJOHHHX OTCTOHMHHKOB B OCHOBHOM pabo-
uyeM PCIKHME, T. €. TIPH CKOpPOCTH IBHXKeHHs Boiast 4—7 mMm/c u Bpe-
MeHH npebhBaHHA BOJAL B MEXIMOJOUHKLIX mnpocrpaHcrBax 20—
25 muH, crabuabubifi 3¢ GhEKT OCBETJEHHS COCTABJSET B CPELHEM
93—95Y% npu comepKaHHH B3BEeCH B OTCTOeHHO# Bome oT 4 1O
12 Mr/n. D dekTHBHOE OCBET/JIEHHE KOaryJHpOBaHHOH BOAH J0CTH-
raeTcs B HaNOPHBIX [OJOYHBIX TOHKOCJOHHHX OTCTORHHKax NpH
npeGHBAaHWH B HUX BOAH g0 10 MuH.

Pacyer TOHKOCJHONMHHX OTCTOHHHKOB MOMXKET OHITh NMPOH3BELEH B COOTBETCTBUH
¢ mcrogukoli M. B. JleMypH, paspaGoTaHHolt Ha OCHOBe JIHTEPATYPHHX ZaHHHX N
pesyabraroB HecaefoBaHHE [49]. VcxoJHHIMH 3aianHHIMH BeJHUHHAMH AJ pac-
HeTa SABASIOTCH Dacxoj BOAH, HAuajabHAfs H KOHeYHAs KOHUEHTDAIMH B3BeCH, &
TakXe ee JHCIEPCHOCTb M MJOTHOCTL Jns ofecneueHHs HazeXHOCTH paGoTH R
€Ta0HJILMOCTH KayecTBa OCBETJEHHON BOAb HeOGXOAMMO MOAREDXHMBATh JaMHHApP-
Nhiff peXHM TeuCHHS M YCTOMUHBOCTb NOTOKAa B TOMKOCJHOMLOM 3jemeHTe Jlamu-
NapHOCTh MOTOKA ONHCHBAETCHA KpHTepHeM Pefinoabjca, npuueM KpHTHYecKas ero
BeJHYMHA He JO/XHA npesnimats 2800

B . 4
Reyp = 1"—";‘—& < 2800 (11-29)

rle R — rmjpaBamyecknft pagMyc sivefiku; v — KHHeMaTHUecKHft KosGdnuunerT BA3-
KOCTA BOJH; Umax = MAKCHMa/JIbHAsT CKOPOCTh MOTOKA

Reypv
Umax = "4 — (11-30)
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Tabauya I11-6. 3asucumocTd cKOPOCTU NOTOKA OT KOHYEKTPAYyUU 838eCi

OHILEeHT opo
XapakTepHCTHKA CYCNEHSHH 53[,0%” Crza,l-l/};;: varx;:;b’:ng::xa
C:1260K0OHIIEHTPHPOBAIIHEIE 50 1,5
Cpenueil KOHIEHTPaLHH 50 —500 1,7
BbicoKOft KOHILGHTDALITH 500—5000 2
Becbma BHICOKOI KoHueHTpauuu (ocai- ~-0000 2,5
KH, NY.bIIH)

Jasi onucauus yCTOHUHBOCTH NOTOKa HCIOJb3YeTCH KpuTephii @pyna

2
FrK,,:”—é“R%i > 10 (11-31)

rie g — YCKODeHHe CBOGOIHOIO majieHHS.
Us ypapHenus (II-31) ckopocTh moTOKa COCTaBHT:

Vmax=0,1VR (11-32)

CoBMecthoe pemwenne ypaBuemufi (II-30) & (I1-32) nossoareT noayunth mnpe-
JAeAbMbie 3HAueHHsT MaKCHMAajbHOM CKODOCTH NOTOKA W IHADABJIHYECKOro pajuyca
Aast ATefikd TOHKocaofHOro orcTofiHuKka

Umax < 0,412 m/c; R< 16,9 cm

TakuM 06pa3oM, H3MeHeHHe CKOPOCTH NMOTOKa RO3MOKHO JHIDb C H3MeHEeHH-
eM rUApaBJHuCcCKOro pajgnyca, 3HageHHe KOTODOTO BCerAa JOMMKHO GHTb MeHblue
KpHUTHyeckoro, B paGore [49] mpuBeneHb! 31HaueHHs MAaKCHMaJbHOR CKODOCTH MO-
TOKa, B TpeJle/1ax KOTOPOf NpDH 3a1aHHHX reOMEeTpHHeCKHX pa3Mepax suefikh oles
CTEYHBAIOTCS JIaMUNADIH PeXHM TCYCHHA W ycTofiuusocTb NoToka. CpefiHsis CKO-
POCTb TOTOKA NPHHHMAETCHA B 3aBMCHMOCTH OT KOHUEHTpamuud B3secH (Taba. II-6).

TeoMmerpuueckue pasmepn suciiki (663 yuera TOJIIHFL CHOOJI3AIOLIEIO OC4-
Ka) ONpefessioTcs No NPHHATOH MAaKCHMAaJbHOH CKOPOCTH MOTOK2 MPH 3aJ2HHOM
cootomensn B/H

BH

R=3G+H (11-33)

rae H — ray6hua motoxa; B — cozmepxakhe B OCajke UaCTHIl pacyeTHOro AHa:
merpa. O6mas Bucora avefikn Hy ¢ yyeToM TOAMIMHH CTO/ISRIOMErO OCAAKA h

COCTABHT

Hy=H-<+h (11-34)
Torna yAeabhast uarpyska na suelixy ¢ GyaeT paBHA
g = vepBH = g% BH (11-35)
a ux ofmee WHCJIO N
Q
= 11-36)
n q (

rie Q — NMPOH3BOJAMTENBHOCTb MO BOAE HJIH NMPHTOK CTOUHBIX BOA.
Jlast onpefeNedHs AJMMHBI 30HM OTCTAWBaHHS L B pacyer BBOJHMTCA He Cpel-
Hsisfl, 4 MAKCHMajipHas cKopocTb notoka, [Ip TopioBOM BNyCKe CYCICH3HH B

sqefiky
L = vmaxT (11-37)
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npH GOKOBOM BHycke

B
L= + Vmex (11-38)
rie G — yroj Hakaona KaHaia; T — IPOJOMKHTEILHOCTh OTCTAHBAHHS;
H :
T=4cwa (11-39)

& — rujpapjnyecKas KpYHIOCTh YaCTHI, KOTODYK nif JHaMeTPa wacTAL JO

120 MxM HaxoAsAT u3 ypaBHeHust CTOKCA C yueTOM IO1IPABOK HAa H3MEHEHHe IJOT-

WoCTH p’ W nucnepcHocTH d, yacTui, o6ycionieHHoro o6pazoBaHneM HMMOGHIH30-
BAHHOTO CJIOS BOAH M CTCCHEHHOCTd OCAXKACHHSA;

’

u__dl2 (0" — ox) gko 11-40

= 18 (11-40)

L — IHHAMHUECKA BASKOCTh BOJB; Ko’ — KOI(QHIHEHT CTECHEHHOCTH; Py — Ha-

yajpHag IJOTIOCTh KHAKOCTH.
TI70THOCTL YaCTHIH p’, MOIDY:KeHHOK B BOAY, oNpefeasioT mo dopmyse

3 4,3 —
p,=PT +P>:i<lg )P — &) (11-41)

foe dy— IMaMeTp Aarperara — YacTHUH C MPHCOEAHHEHHLHIM CJOEM BOAM; Pr =

MJIOTHOCTh YACTHUB; Px = IVIOTHOCTh MHAKOCTH; d — JHaMeTp 4acTHIH.
Juamerp arperaTa (8 MKM) onpefeasercss ¢ yuyeToM ABOHHOH TOJILHHL HM-

MOGHAH30BAHHOIO CJOSI BOAB, KOTOpas NpHHEMaeTcs paBroil 0,15 MEM

d, = (d+2-0,15) (11-42)
Kosd}uunenT CTeCHEHHOCTH OnpelensieTcsl H3 COOTHOIUCHHS ’
C \05
ko’=l—-2,6<—pT—-) (11-43)

rie C — KOHIEHTDAlHS B3BECH.
OGbeM Ha0Bojt gacty orcrofinnka (W,.) HaxoIAT H3 BhHIpAXKEHHs

TQC
T (11-44)

¢ == "Coc

rae (Coc — KOHIIGHTDALKS OcalKa.

[TPOAC/KHTENLHOCTS OTCTAUBAHHA HAH YIJIOTHEHHS ocajka OGHYHO TpPHHH-
MaioT HebOJbLIOH, TAK KAaK yJeJabHast Harpy3ka mo TBEePAHM MpHMeCsM HA efd-
HHIY TOBEPXHOCTH B TOHKOCJIOMHBIX OTCTOM!IIKAX BHICOKas. KoHuewTpauuio ocan-
Ka MOXHO onpeienuts no tata, II-7.

Tabauya 11-7. Konyentpayus ceexesbinasuiezo ocadxa, efa

Hpvonqueanoch YUNOTHeHHA, T

Ocanxu
6 12 24 48

HecTpyKkTypHpoBaHnHe TOHKoucmepe- | 40—60 | 60—90 | o 120 | 120—160

HHe
CTpyKTypHpOBaHHHE (THADOKCHX auio- 3—4 4—5 5—-6 [ 6-—8
MHHMS, AaKTHBHEIR HJl)




OcBeTnuTenu co B3BELUIEHHLIM clloemM ocagKa

Jas ynajeHuss CKOaryJHpOBaHHOH B3BeCH B NpakTHKe BOMIO-
OYHCTKH LIHPOKO HCIOJb3YIOT OCBETJIHTENH C LEHTpajbHHM, MOA-
JIOHHBIM HJH BBIHOCHBIM OCaJIKOYIJOTHEHHEM, IJe OCBEeTJeHHe M0+
CTHTaeTCs TPH NPOXOXKAEHHH BOAbI Yepe3 CJOH paHee BHINaBLIEro
ocanka. Ilpu 3TOM CKOpPOCTb BOJAH TAaKOBA, YTO OCANOK MNOMJAEDKHU-
BaeTcsl BO B3BEIIEIHOM COCTOSTHHH.

HeiicTBHe OCBeTJIHTEJEH OCHOBANO Ha KOHTAKTHOH KOaryJsuuy,
npoTekawilleli Ha NOBCPXHOCTH copOenta — oCajka THAPOKCHAA
Metajsa. TlpEMeHeHHe OCBETJIHTEJICH LleJecoO0pa3Ho, ecsH OcaX-
JAloLMCCs YaCTHLLl JIETKO arperupyloTcs M COAeplKaHue WX B BO-
Ie He npeBhimaer 1,5—4 r/n. OcBeTqHTENH NpPeACTaBAAOT co6O#
pesepByaphl KpPyrJjoro HjH NpsAMOYyroJibHOro ceuenus. Mx npumens-
JOT OGBLIYHO Ha CTAHLHAX NPOH3BOAUTENBHOCTHIO Godee 5000 m3/cyr.
Bopa ¢ no6aBneHHBIMH K Hefi pearchTaMu NOCTYyNaeT B OCBETJIH-
TeJb Yepe3 BO3JAYXOOTAEJHTE/b, BpeMsl NpeObIBAlIHS BOALI B KOTO-
poM nouxHO OHTb He MeHee | MuH., CxeMEl BO3AyXooTAenutenaeih
npencraByensl na puc. 11-14 [44]. HakanuuBawouwuiica BO B3Be-
IIEHHOM CJ0€ OCBETJIHTENS 0caJoK OTOHpaeTcs B OCaAKOYNJIOTHHTE«
JIH, e YIJIOTHAETCS Nepe] BHINYCKOM B BOJOCTOK.

Jag ocBerjenda # o6GecHBeUHBAaHHS MaJOMYTHHX BOJ HCHOJb-
syercss ocBersauresr BHMUWI'C ¢ aplpuaThiM OHOM ¥ TOLIOHHBIM
ocaAxoyrioTHuTeJeM. Mg cTaHUmuii yMsardcHuUs W OCBETJEHHS BO-
Aul nmpousBoiuTesbHocThio 5000 m3/cyr BOATEO paspaGorau oc-

BeT/IHTeJb AH(GDY30pHOrO THIA TaKXKe C NOLAOHHHIM OCATKOYILJIOT:
HEHHCM.

nJIOI.LlaJJ.b OCBET/IHTEA C UeHTPaJAbHBIM OCE&NKOVIIJIOTHEHHEM onpepensieTcss no
dopmyne [50]
Kq (1—K)q
60;.0 + 3,6@0 . (11.45)

rae Fpo— MIOWAAL 30HL OCBETJ/CHHS, M?; Fjorp — MJOWIAZbL 30HH OTHENEHHS
ocagka, M?; ¢ — pacueTurk pacxol, m3/u; K — xoshpnukent pacnpefenenns BOAH
MexAy 3onamu (npunuMaercs mo Cllull 11.31—74 [47]), a— kospdunnent chu-

Focn=Fs.o+ Fa,om= 3,

Puc. 1I-14. Bo3sayxooTzeH-
Tenn — ofuuuufl  (a) H ¢
9K EKTOPHBIM yerpoiicTBoM
(6):

I — nogBoa Boxbl; 2 -— ypoBeHb
BOAgbl B OCBeTaAnTeRe, 3 — IAbipua-
Tag TpyGa nJasi NoZaYH CHKaroro
BO3ayxa; 4— 3XeKtop; 5 — 1oa-
BOI, peareHTOB; § — Kopuyc BO3AY-
Xxoorjaeaurend,

44



3eHHst CKODOCTH B 30He OTHENEHHS OCajKa MO CPABHEHHIO CO CKOPOCTHI B 30HE
OCBeTJEHHs, NPHHHEMaeMui paBHuM 0,9; ©50-— CKOPOCTh BOCXOASIEro NOTOKA
BOJAL B 30He OCBEeTJ]eHHS,
Has ocBerHTeNell C NOANOHHHM OCaAKOYIVIOTHEHHeM CYMMAapHas mMJIOWAZb
onpenenserca no Gopuyne
(1—-Kg

Foca = Fy 0+ forg = Fs 0+ 3,6vors

(11-46)

eae fore — CyMMapHas IiOWIanb ceyeHHsi TPYGOnPOBOLOB A% .0T60pa ocagKa B
OC2IKOYIJIOTHHTe e, M2, ompellefisieMass IPH CKOPOCTH ABHIKEHHH BOAH B HKHX
Uors=40—60 MM/C; Uore — CKOPOCTb ABHXKEHHS BOAH B TPyGOnpoOBOAax AJlA OT-
Gopa ocasxka. ’

O6beM 30Hbl HEAKOIVIEHHA H YIWIOTHEHHH OCAJKa OMpefeseTcsl W3 BLIPAIKeHHs

(3 M%)
gM—m)ty

— (11-47)

_Ws.o =

rae M — MaxcnManbHoe cOflepiKaHHe B3BeleHHHIX BEIIECTS B NOCTVHaiieli B OC-
BeTVIHTeb BOLe, ML/, m — pacueTiioe cOLepiKaHHe B3BEIICHNHLIX BELIECTB B OCBET-
JeHHolH Boje, Mr/n (npuuumaercd 8—12 Mr/a); fy— BpeMs VIIOTHEHHA OCAjKa,
4 (npy M wmenee 400 mr/n fy=6—12 u; upn M Gonee 400 mr/a ¢y,=3—6 u);
Scp— cpenHsii KOHUEHTPAUUS B3BCIUEHHBIX BEWIECTB B OCAAKOHAKOMUTENC, MI/JL

Conep:xainie B3BelIeHHHIX BEIIECTB, NOCTYMAIOMUX B OCBET/IHTE/Ib, IPH OCBET-
JieHHH B oGeciBeyHBaHHH BOJAH KOAryJfinHell onpefeasiercst ypaBHeHHeM (B Mr/fa)

M = M, 4 KDy + 0,251+ B (I11-48)

rtne Mo —conepxaHue B3BelIEHHbX BEIIECTS B BOJe HCTOYHHKA, Mr/1; K — me-
peBonHoft KOs HUHEHT, npHHHMaeMuft paBuHuniM: 0,55 gas oyHulemHoro cyanda-
Ta amoMuHHA, 1,00 pias HeouHuieHHOro cysbndara amoMuHust W 0,8 1A XJ0pHOro
Kenesa; Dg-— nosa xoarynsura, mr/m; L] — upeTHocTs HcxomHofi BOAH, rpaa;
B — ko/HYecTBO HEPACTBOPEHHHX BElECTB, BBOJHMBIX C H3BECTBIO, MT/J;

B=Dy(1—4A)
Dy — nosza mssectn; A —conepxkanne Ca0 B TOBapHOR H3BECTH, NpPHHAMAETCH

paBieM OKoso 50%. HeoGxoauMyio nauMenbalyio rayGudy ocbeTnuTeseit ¢ noz-
JOHHHM OCAaRKOYNJIOTHEHHEM MOMHO ONpeleJHTh W3 BHIDaXKeHHS (B M)

Huin=2,56+0,5> 1,2+ 3,5 (11-49)
a C LUEHTPpaJbHEIM OCaAKOYMIOTHEHHEM
’ Hyntn = 1,9 > 0,66+ 3 (11-50)

tAe b— mHpHHA NMOJOCH 30HH OCBETAEHHS, ofciyxuBaeMofi ORZHOM pacmpenei-
TesabHON TPYGOH H.ABYMs COODHBIMM TpPyDaMH HAY ABYMSA XKeaoGaMH, MJH KOJb-
1eBbIM Xeqo6oM. MakcuMmanbHas BesHUWHAZ b M3 ycaoBHA obecnedenHst paBHOMeD-
Horo orGopa BOJAB HOJXKHA OmThb He Gojee 3—3,5 M. Daxruucckas BesJuuuHa b
YCTaHABJHBAETCS PACUYETOM 30HH OCBETJeHHS, a raylHHAa OCBEeTJATeNs onpenens-
€TCA BHICOTHOI cXeMOfi BOJOOYUCTHON CTAHIYH.

Ilpn pacyeTe mjaomaxn ocafKONpHEMHbIX OKOH B OCBETVIHTENAX C IEHTPab-
HHM OCaiKOYIVIOTHEHHeM CKOPOCTb JBHIKEHHSI BOAM C OCAjJKOM B HHX NpPHHH-
smator 10—15 mM/c, cKOpocTh ABHAKEHHS BOAM C OCZAKOM B 0CaAKOOTBOASALIMX
Tpy6ax C NOANOHHHMH OCaZKOyIMOTHHTENsIMH 40—60 Mmm/c (GO/blHe 3HAYEHHS
cxopoc)m NPHUHMAIOT AAS BOJ, COACPKAIIUX NPEHMYIIECTBEHHO MHHEpPaJbHYIO
B3BECH).

YNAOTHEHHHA O0CajO0K N3 O0CaAKOYIJIOTHHTeNs CGPAaCHBAIOT NepHOJIHIECKH
#an HenpepniBio. KosnuuecTBo BoAHW, pacxonyeMofi mpr cGpoce ocaaxa, HaXOgAT

a0 popmysne (8 %) Me—m
We6.08 = S 100 (11-51)
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Ocanok M3 0canKOYNJAOTHHTeAs YHalsioT 4epes CHCTeMY IBIpYaTHX TPYO uan
0CanKooTBOAMLIA maTPyGok. CKOPOCTH ABHIKEHHs OCajKa B OTBEPCTHAX ALIpya-
ThiX TPY6 NPHHHMAIOT He Meiiee 3 M/c, a B KOHIe NupuyaTod TPyOW He MeHee
1 wm/c. TToTepn wamopa A B pacnpefenuTe suHX ¥ COOPHHX TPyGax MM KaHanax,
a Taxe B 3aTOMJIEHHHX OTBEPCTHAX COOPHHX JOTKOB ONpeAesioT no QopMmyse

(8 %)

h=¢" (11-52)
rie B — xoapdHuHeHT cONPOTHBAEHHS; AAA DACMpefeNHTENbHON TpyGu HJIH Ka-
Rana

2,2
E=—F%+1

Ans cGopuoft TpyGul HAH KaHana, paGoTalollkX MOAHHIM CeueHHeM

3,3
b= 71w

K — otuolleHre cyMMH miouajeli ceqennfi oTBepCTHR B CTEHKaX pacrnpelelinTelbe
HOll Tpy6W WA Kauana K [JIOWAKH cedeHHS TPYOH HJH Kaualaa, NPHHHMaeTcHd
paBHuM 0,3—0,4; v — CKOpoCTh ABH)KeHHsi BOAH B Hauaje TPYOH HJH B KOROE
cGopHOli TpyGu (kanana), M/c; g — yCKopehHe CBOGOAHOTO NajeHHs.

Kameps! xnonseobpazosaHus

Hna koarynauxu c o6pasoBaHHeM KpYNHBIX, NPOYHBIX, OHICT-
pOOCEfalOIUX XJIONbes THADOKCHIOB MeTajIoB C 3aXBauCHHHIMH
HMH NpPHMECAMH HCNOJB3YIOT KaMephl XJonbeoOpa3oBalus. Kamepn
XJ0onbeoGpasoBanus llejgecoo6pasHbl B TOM cJyuae, Korja mjs mo-
CJIEAYIOLIEr0 OCBETJEHHs BOJAH NPHUMEHAIOT OTCTOHHHK. Eciu ocBer-
JieHHe BOJBl NPOBOLUTCS B OCBETJIHTEJSNX CO B3BCIICHHHIM CJIOEM
ocajka, TO KaMephl XJonmbeoOpa3oBalnus He TpeOylOTCs, TaK Kak
XJIONbsT AOCTATOYHO 5(eKTHBHO 06PA3yIOTCA BO B3BELIEHHOM CJIO€
ocajnka.,

Jans auTeHcudHKanuM nponecca xJonreo6pa3oBaHHA BOAY B Ka-
Mepax nepeMemIHBalOT, OJHAKO HHTEHCHBHOCTbL IMcPeMellHBAHHSE
JOJXKHA OLITh TAKOBa, UTOOH o6pasylollHecs XJOIbd He paspylua-
auce. Yallle Bcero NPHMEHSIOT THIAPABJIHYECKOe NepeMeEllNBaHHe R
ropasjo pexe — Mexanuueckoe. Bpems npeOulBanHs BOABI B KaMe-
pax xyonbeobpasoBanua kousebierca or 6 no 30 mun. Urobu npen-
OTBPaTHTb pa3pyllleHHe 06pa3oBaBLIHXCSI XJOMbEB [HAPOKCHIOB
METaJJIOB NPH Tepexoje CYCNeH3HH U3 KaMep XJONbeoOpasoBaHHSR
B OTCTOMHHKH, Kamephl O6bLIUHO H3rOTaBJHBAKOT NPUMBIKAIOWIUMH K
OTCTOHHHMKaM HJH BCTPOEHHHIMH B HHUX, T. € 4TOOb Kamepbl H OT-
CTOHHHKH NpeAcTaBJsan cofoil ofHo coopyxkenHe. Kamepn x.oiibe-
06pa3oBaHus pasJjHUalOTCsd CNoco60M IepcMellHBaHHA BOAH, PCHKH~
MOM (OpMHPCBaHHSA XJONbeB H CIOCOGOM coYeTaHHS € pa3JHUHbl-
MH THmaMd otTctofin¥koB. [IIpH HCHOJB30BAHHH BepTHKAJbHBHIX
OTCTONHUKOB KaMephl XJONbeoGpa30BAHHA BOJOBOPOTHOrO THI&
pasMewaloT B IeHTpanbHo#i TpyGe. B ropH3oHTaNbHLIX OTCTOHHH:
KaxX NPHMCHAIOT IeperopoAuaThie KaMepH C FOpPU3OHTAJBHEIM HIIW
BEPTHKAJIbHLIM OBHXKEHHEM TOTOKA BOJAHl, a TaKXKe BHXPEBHE Ka-
MepH cO B3BELIEHHEIM cjoem ocaaka [51].
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BopoBopoThie KaMepH XJONbeoGpa3sOBaHHS NPEeACTABJASIOT CO-
6ot HUAMHADUYECKHe WJIH XKese3oGeronlbie pesepByapH. Boma mno-
JaeTcd B BepXHIOW HacTh DesepByapa H3 CMecHTe]s Mo Tpy6o-
NPOBOAY, HMeIOIleMy Ha KOHIEe comnja (Hacagk#H) H BHIXOAHT H3
HHX cO ckopocTbio 2—3 M/c. JIBHradch BAOJBb CTEHOK KaMepH, OH&
npHobpeTaeT BpallaTelbHOe NBHIKeHHMe, uTO obecnedyuBaer paBHO-
MepHOe NCPeMellHBaHHe H CO3AaeT OJAronpuUsATHHE YCJOBHSA AJA
XJIONbeOOPa30BAHHUS.

OcHOBHHE pacyeTHHe NapaMeTpH BOZOBOPOTHHIX KaMep — O6beM, NIoafb
# niaMerp. O6beM kamepsl onpeaeaseTcs BpeMeieM npeObiBAHKHS B HeH  BOIH
(15—20 mun), a niicotra npuuuMaeTes ~ 3,5—4,5 M. Ilaowmans kameps Fyx MoX-
HO HaiiTH H3 cooTHOWEHHA (B M?)

Q.r
Fe= 5o (11-53)

rAe Qq — pacueTunfi pacxoj BoAH, M%/u; T — Bpems npeOriBanug BoAH B KaMepe
xaoubcoGpasosauust, MuH; ff — Beicota; N ~— pacueTHoe UYHCJIO OTCTOMHHKOB Ha
CTauHH.

Jnamerp xameps

D,=1,13VF (11-54)
Cexynanuf pacxon Boam Q. nocrynaomeft 8 kamepy (B M3/c)
Q
Q= W (11-55)

O6wuno BoNOBOPOTHBE KaMephl xJONbeo6pa3oBaHHs HCIOJb3Y-
10T Ha COOpyKeuHsx Mnpou3BoaxTespHocThi0 10 3000 Mm3/cyr. B co-
opyMceninx Oddibiieft nponapoaureabioctTd (zo 45000 m3/cyT) ue-
NOJL IYIOT HCPCropojuarsic KaMephl XJ01nhLeoOpas’oBaHHS C BepTH-
KauanLhofl nupryasitucis Boab, a Gonec 45000 Mm3/cyTr — ¢ ropuson-
Taannoft unpkyasuHdesi. Ileperopoguareie xaMepHl BHINOJHAIOT B BH-
Ae KeJyle300cTOHHEIX MPSAMOYroJIBHHX pe3epByapoB C NEpPeropojka-
MH i3 JicpeBa wiaM xede3oberoHa, LlMpKynsuus BogH B HHX MOMKET
OCYHICCTBJAATHCH B BEPTHKAAbHOM H TFOPH3OHTAJbHOM HalpaBJEHH-
ax, uTo ofecrneynBaeT Xopolllee NepeMeIIHBAHHE BOAH H BpeMs Npe-
Guinanis ee B kamepe no 30 muu. O6LIYHO MeperopogyaThie KaMe-
Pl X/1011bEOOPA30BAHAS HCHOJIB3YIOT COBMECTHO C TOPH3OHTaJbHbI-
MH oTcToiinnkamy, JlHo neperopomuyaTBIX KaMep HMeeT YKJIOH
0,02—0,03 ans obccrieyenHs cMblBa ocafiKa, KOTOPBI MOMET BH-
nactb upy sxcnayarauud. IIpu pacuere xamep neperopoxvaroro
THIIA ONIPCACAKIOT 06BLEM, pasMepnl B TNUIaHe, YHCJIO W IUHDPHHY KO-
PH/IOPOB, a TakxKe oGlilHe MOTCPH HAropa BOAH B KaMmepe.

O6weM kaMepn (B M3)

QT

VK = 60

Cpennioo ray6nHy XaMepH NDHHEMAIOT B NpeRenax H=2—38,5, l'l.vxomam.
KaMepH B niaue pasua (B M?

F‘ == V‘/H
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Heo6xofiuMas LIHpHHAZ KODHIOPOB b MeXAY meperopoixaMu (G M)
q
b= 3600u,H (1-56)

rle vx — CKODOCTb ABHXKCHHSI BOAB B xaMepax, uphaumaercs 0,2—0,3 m/c.

[lvpuny KOpHAOPOB OGLIUHO UDHHHMAIOT He MeHee 0,7 M, a yHCJIO HX onpe-
AeJSIOT, HCXOASt H3 YCAOBMH y006110# KOMNOOHOBKH M COXDAHEHHS PACYETHOrO 00L-
eMa xamcphi, [loTepio Hanopa h B Kamepe HAXOAAr H3 COOTHOLIEHHS

h=0,150,n (11-57)
rge n-— YHCJIO NMOBODOTOB IOTOKAa BOAH B KaMepe, KOTOpoOe Ha eIHHHIY MCHbLIC
YHcaa KOPHAODOB.

BoJsee coBeplieHHBIME 1O CPaBHENHIO C BHIIEPACCMOTPCHHBIMHU
ADJIAIOTCA BEPTHKAJbHbIE {BHXpEBble) KaMmephl XJonbeoOpasoBanus,
KOTOPHC NMOAPAa3eNA0TCs Ha KaMephl 6e3 cJIof B3BCILEHHOTo ocaj-
Ka H CO B3BelleHHbIM OCaJKOM. BuxpeBbie Kamephl XJonbcoGpa-
30BaHHSA NPEACTaBJAAIOT cO00H yCEeUCHHBIA KOHYC HJIH NHpaMHAaJb-
HLiH pe3epByap, CyXeHHasf 4acTh KOTOpOro oGpallleHa BHH3. Bux-
PEBbIC KaMephel MOTYT BEINIOJHATECH H B BHAE NpPSIMOYTOJLHOTO
(8 naHe) pesepByapa C BepTHKaJbHBIMH CTEHKAMH. YroJl HaKJOHZ
ctenok npuHumaercs 50—70°. Cropocth, ¢ KoTOpo#i BBOLHTCA 06-
paGarniBaemas Boja, 0,7—1,2 M/c, CKOPOCTh BOCXOAfILIEr0 NOTOKa
Ha BbIXOZe H3 KaMephl 4—5 mm/c, uro cnoco6erByer oGpa3oBaiiHio
BHXpell HDH ABHXKeHHM BOAH u 3(PeKTHBHOMY ee TepeMellUBaHHIO.
BpeMsa npeGblBaHRA BOAL B BHUXpeBHIX KaMepax 6—10 mun. Crko-
pocTh BOAM B OTBOAAIIMX JOTKax, Tpy6ax W ApYrux ycTpoiicTBax
He posxkua npeBumatek 0,10 m/c (a unornga u 0,05 m/c), urobb ne
paspyliaJuch XJ0Tbs THAPOKCHIOB aJIOMHHHUS I XKejesa.

Ecsm HCUO/MB3YIOTCS KaMephl CO B3BEIIEHHBIM CJ0EM OCajika,
TO BLICOT@ €ro HOJKHa OBITh He MCHee 3 M, a BpeMsa npeGbiBaHHUst
BoAH B KaMmepe He Menee 20 mun. CpelHsAs CKOPOCTb BOCXOAAINETO
[IOTOKa BOJHE B CPEJHEM CEUEHHH NPH OCBETJICHHH BOAH MaJjoOH M
cpexHeit MyTHocTH (no 250 r/M®) mnpunumaercs 1,6 mM/c, mpm
OcBeTJIeHHn BOJum Ooubiiofi MyTHOCTH (>250 r/m3) — 2,2 mwvfe.
Pacnpegesnenne BoAw 10 MJOMAAH KaMepe NPOH3BOAWTCA uepes
nepgopHpoBalHble TPYOH HJIH KaHaJn co ckopocteio 0,5—0,6 wm/c,
a OTBOA Yepe3 3aTOIJICHHBIH BojociuB npu . ckopoctu 0,05 wm/c.
BuxpeBrle KaMepsl PacCUHTHIBAIOT, HCXOJS M3 TPOH3BOLHTEJLHOCTH
TEeXHOJIOTHYECKHX COOPYXKEHHHA TNpH 3ajaHHHX BpeMeHd npelLiBa-
HHS BOJBl B KAMCpPE M CKOPOCTH OT6Opa BOXHL.

B HexkoTOpHIX cJydYasix NPH BHICOKOI TPOH3BOZWTEABHOCTH CO-
OpyXEeHHR HCMOJb3YIOT MeXaHHUYeCKHe KaMCphi XJ0TNbeoOpasoBaHus
C JIONACTHHIMH MellaJKaMH, BPallalOUIHMHCA BOKPYT I'OPH30HTAJb-
HBIX HJIH BePTHKAJbHHX OCel Npu NOMOLLH 3JexTpoasurateiedt. On-
HAKO-OHH He TOJYYHJIH LIHPOKOrO PacnpocTpaHeHH.

BogopacnpepenutensHeie ycTpoiicTBa

D dexTHBHOCTL paBOThl BOJAOOYHCTHHIX COOPYKEHHH B 3HauH-
TeJbHOH Mepe 3aBHCHT OT pacHpelelleHHS BOAH [0 NapaJJielbHO
pafoTaioUIMM COOPYXKEHHSAM HJH- N0 IJIOWafH OTHENBHBIX COOPY-
MCCHHA,
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Puc. 1I-15. Cxema paGotu ycTauoBkd tina «Crtpys»: [ — pexum paborer; /I —
pexuM TNPOMEIBKH,

7 — nacoac noaauyK BOAB: 2 — cETUAaTHA GuabTp; 3 — OTCTOHHK; 4 — 3ICKTpoMellaka: 5 —
fiecaanblfl GHALTP; 6 — PErYARPYIOIIAsh EMKOCTb BOMONPOBOAHOMN 6amHu; 7 — NPOMLIBHOR OT-
ceKk: 8 — pBOL OGe33apaXumaiollero pearcHTa; 9 — oBopymoBaHue nas o6e33apaKHBAHKA
10 — B3aCOC-K03aTODP XJAOPCOZLPIKALLETO DeareHTa; 1! — 06OpYyOBAHNE HAJA% KOATYINPOBAHHSA.
12 — Hacoc-003aTOp KoarynasHTa; 13— oltlepamHOWHAs 3aIBHXKKa; 14 — BROJA, xoarynsaiita,

ﬂJIi{ XapakTepUCTHKH CTCICHH COBepIUEHCTBa pacnpele/uTe b~

HHX HJIH COOPHHX YCTPOHCTB HCMOJb3ylOT MOKa3aTcdb paBHOMEp-
noctH [52]

Qm[n
m= -7~

11-58
max ( )
rie Qmin ¥ Qmax — COOTBETCTBEHHO MMHHMAJibHHIA H MaKCHMAaJBHE pacxojx BOAR

uepes OTBEPCTHA, PAcMONONKeHHHe B Da3jiHYHHX TOUKax YCTPOKCTBa,

IToxasatelp c60pa WIH paclpejelieHHs BOAH IO Hanopam / pa-
BeH

hmn
g = i - (11-59)

ITokaszaresu m 4 My CBA3aHW 3aBHCHMOCTBIO

Pmin . Fmmn V——

”?= Mmax  Fmax (11-60)

TAe Pmin H Pmax — KOSOQHUHEHTH DPacxofia yepes OTBEPCTHS C NaHMEHbIUUM B
HAHGOABIUAM pacxoAaMH; Foun B Fmay — NJIOMAAH STHX OTBEpCTHA.

O6wiuno B npakTuKe MOKasaTesJb DAaBHOMEPHOCTH pacipejele-
HHS BOAH MCXKAY NapasiesbHO pabGoTaloIUMH COOPYKCHUAMH NpH-
uumaetes 0,95, [loxasaTesp paBHOMEPHOCTH paclpejesieHHs BOILE
no nn{cgg]anu AJs PasIMUHEIX COOPYXEHHH NpHHHMaeTcs cleaylo-
1LLHM :

Pacnpene/uTelbHHe JpeHamHHe cucTeM ¢Habrpos  0,9—0,95
PacnipefleniTensusle CHCTeMH ocsetumrenet . . 0,75—0,85
CGOopHHe CHCTeMH OCBeTAHTedefi H  oTcrolimykos  0,6-—0,7
CHCTeMH JJIT OTBOJA OCaAKa M3 OCaKOYMJOTHH-

Teneki:
W3 ocBerHTened . . . . . o« . . . 0,7=0,8
H3 OTCTONHHKOB . . « . « « + . 0,6=0,8
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Pacnpenesenrie Bogbl no IJIOWAAM HJIM 10 CEUEHHIO COOpyXKes
HUA MOXKeT OCYWeCTBJATLCA depe3 AHPHYATYIO paclpeleSHTeJbHYIO
-CHCTeMy, Yepe3 KOHHYCCKHe H nmupamMuiajbHble ycTpoiicTBa, a c6op
BOIH — IO JIOTKaM u Kanajam [53]. OGecneyenne paBHOMEPHOCTH
pacnpefieieHua BOAH [0 IJIOLMAJH NOCTHUraeTcss JHG0 yMeHbLIIeHH-
€M CKOpPOCTH JBHXKEHHSI BOAH NpH [OJAXOAe K OTBEPCTHAM pacripe-’
JeJINTeNIbHOM CHCTEMBHI (CHCTeMHl MAaJIorO CONpOTUBJEHHS), JHE0
YBeJIHYEHHEM CONPOTHBJEHHS B OTBEPCTHAX PacNpCAeJUTeNbHON CH-
creMH (cHCTeMBl GOJIBLIOTO CONPOTHBJeHHs). DoJsee mpeanourH-
TeJbHO M0 3SKOHOMHUYCCKHM H TEXHOJIOTHYECKHM CcO0OpaxKeHHAM
ApHMeHeHHe cHcTeM GOJBLIOTO CONpOTHBJAeHHA. HJsg onpeleseHHs
TJIoMiafH OTBepCTHH B paclnpejesUTeNbHOH cHcTeMe, oOeclednBalo-
el 3aJlaHHYI0 CTENEHb PABHOMEPHOCTH M, HCHOJb3YIOT ypaBHEHHE

fors =

WV (-eh

1he fors — CyMMapHas mJOWIakb OTBEPCTHA B CTEHKAaX PaClpefeNnTensHON CHCTS-
Mmu, M% Q — pacxox Boab, M3/C; Wep — ycpeAnenHH# kodh¢unHeHT pacxoxa ue-
pe3 OTBepCTHA pacnpefeHUTENLHOR CHCTeMH, NPHHHMAaeMHi B 3aBUCHMOCTH OT OT-
HOLIeHHA AuaMerpa K TOJNIIHHe CTeHKHM TpyOw [52]; g — yckopesne cpoloanoro
ftagenus; b — conporHBiieHHe B OTBEPCTHAX PAaclpeelIHTe/bHOR CHCTeMH, oecne-
unBaillee SafaWHYI0 CTeNeHb DaBHOMEPHOCTH paclpeR€JeHHS BOAH CHCTEMOR,
™ BOJ. CT.

O6iye OCHOBHI pacueTa paclpefieJUTeJbHBIX H COOpPHBIX yCT-
DONCTB H NPHMEepH pacyeTa AHPYATHX PacApelelHTCAbHBIX CHCTEM
noapo6uo uadoxens B [52, 53].

Db heKTUBHOCTL HCTOJNb30BaHUS METOJOB KOAaryJasuHd AJs OUYH-
-CTKH NPOMBIIIJICHHHX CTOYHBIX BOJ B pa3JMUYHHX CXe€Max paccMorT-
pena B ruase IX. Caesyer OTMeTHTB, YTO BHJI COODYKEHHH H TeX-
HOJIOTHYeCKHe CXeMH CTaHUMH BOJOOYHCTKH aHAJOTHUHH BOLONPO-
BOAHEM (UJILTPOBAJILHLIM CTAHIIUAM.

B xauectBe nmpumepa paccMoTpuM paspaGorannyio HUU kom-
MYHAJIbHOTO BOJOCHAOXeHHs H OYHCTKH BOJAN AKaleMHH KOMMY-
#HaJpHOro xossiictBa (AKX) BOZOOYHCTHYI0O yCTaHOBKY THna
«Crtpysi», KOTOpas MNpefHa3HaueHa AJs PEareHTHOrO OCBETJEHHS H
-00e33apaxuBanug Boabt [51].

Bopa nonaerca na oGpa6otrky nacocom ! (puc. 1I-15). Pea-
TeHT nojaercs BO BcacCHIBAIOUIMA MJM HaNoOpHbIt naTpybOK Hacoca.
®unabTp 2 npefHasHaueH AJA 3aJepXKUBAHHs KPYNHHIX IJIaBalo-
mux npumecefi. [Tocse ¢puabTpa Boma moctynaer B KaMepy XJoMNbe-
‘00pa30BaHHsl H B TOHKOCJOHHDIi OTCTOHHUK J, B KOTOPOM NPOHC-
XOAHT OCaXKIeHHe B3BeCH M HHTEHCHBHOe OCBeTJieHHe BOAH. YHacth
ocafika cloJ3aer B KaMepy XJonbeoGpa3oBanus. OxoHuaTeJbHO
OCBeTJICHHe NPOHCXOAUT B mecuyanoM ¢uastpe 5. Ecan neobxomumo,
TO NPeAycMaTPHBAIOT XJOPHPOBaHHe HCXOIHOH H (HJILTPOBAHHOH
.BOJHL,
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FRNABA 1 )
®JIOTALMA U NEHHASA CENAPALMA
NOBEPXHOCTHO-AKTMBHbIX BELLEECTB

1. OU3UKO-XUMMUECKME OCHOBbLI JIOTALIMM AUCMEPTUPOBAHHbIX
U KONNOUAHBIX 3ATPS3HEHMA CTOYHbLIX BOA Y NEHHOTO
®OPAKLMOHUPOBAHUSA MAB

Knaccucthukaumus Metogos My3siPpLKOBONA cenapaumu

Merox ¢JaoTalMK UCMOJNB3YeTCs AJS OUHCTKH CTOYHHIX BOJ, 3a-
rPA3HEHHBIX OTXOAaMy ledTH, NPOAYKTaMH ee IepepabOTKH, KH-
paMH, MacJaMmH, CMOJIaMH, JaTeKCaMH, NPOAYKTaMH OPraHHYeCKOr®
CHNTE3a, INOBEPXHOCTHO-aKTHBHLIMH BEIECTBAMM, KPaCHTEAAME
H Jp.

®I0TaHOHHER METOX OYHCTKH obecrnedyHBaeT, NOMHMO ynxaJe-
HHS MeXaHHUYECKHX TNpHMecel, 3arpsi3HeHuii (PacTBOPEHNBIX W KOJ-
JIOMAHBIX), TakXke cuuxende snaucuuit BIIK u XIIK, yaanenue ne-
Ty4YHX KOMIIOHEHTOB PaCTBOPEHHEe B BOJAE KHCJIOPOZa Bo3dyxa. -
(GeKTHBHOCTL Npouecca (JoTanmHH KoJaeGJeTcss B AOBOJBHO LIHPO-
Kux npegenax: ot 20 go 99%. HanGosee vacto ¢J0TaLlHOHHBIA Me-
TOJX OYHCTKH NPHMeHSIOT B JOKAJbHHX COOPYXKCHHAX AJA yAaje-
HHSI OCHOBHO} Maccw 3arpsisHeHHi. DuoTanHOHHHH mpoliecc npo-
TekaeT B 4—6 pas 6uiCTpee OTCTaHBaHHA NPH OZHHAKOBOM 3¢ deK-
T€ yIaJNeHHs 3arpsA3HeHH .

H3B/ieueHHe MHUCIEPTHPOBANNLIX, KOJJJIOHAHBIX HJH pPacTBOPEH-
HHX NPHMCCCH BOJH IIPOHCXOIHT B Pe3yJbTaTe HX NPUIHNAHHA
(unu agcopOuHH) K Ny3nIpbKaMm rasa, 06pasylomUMCs B KHAKOCTH,.
HMJIH BBeJELHBIM B Hee. ArperaThl Ny3HPBKOB BO3JyXa C TpHMecs-
MH BCMJHBAOT HAa MOBEPXHOCTb, 00pasysi MeHHBHA cJaoli ¢ Oosee
BLICOKOH KOHIIEHTpanHeii YacTHLI, yeM B HCXOAHOH IKHIKOCTH.
B JsHTepaType Bce NpPOUECCH, CBI3aHHBIE C NMEPEXO/IOM BellecTB B
HeHHbI# CJOH, AOCTHraeMbiM aJcopOuHel HJIH NPHJAHNAHHEM K Iny-
3HpPbKaM Ta3a, MOJyYHJIH Ha3BaHHe ajAcOpOIHOHHOIN NY3EIPLKOBOM
cenapautd. Pasnoo6pa3ne MeTOROB My3HIPHKOBOH ceénapaunuu npH-
BOAHJIO 344aCTYIO K MyTaHHIle B TEPMHHOJOrHH, moatomy B 1967 r,
NATHI0 M3BECTHEIMH MCCJeJ0BAaTENAMH B 3Tol obsactd (Kaprepom,
I'puscoM, Jlemnuxom, Py6unom u Cc66a) mnpeajoxeHa ¢ 1eJbio
€HCTeMaTH3alHH KJAACCH(HKAIHOHHAA CcXeMa, NpelACcTaBJeHHas Ha
puc. I1I-1.

[MeitHoe ¢paKIHOHHPOBaHHE OCHOBAHO Ha CeJEKTHBHOH aacop6-
U OMHOTO WM GOJEe paCTBODEHHEIX BellleCTB Ha IOBEPXHOCTH
rasoBHX NY3HPbKOB, KOTOPHIE NMOJHHMAIOTCA BBepX depe3 pacTBOP.
O6paszoBaBmadcs nepa oforameHa aAcopOUpOBaHHBIM BellleCTBOM,
uro H obecneuHBaeT NapHHAJNBHYIO CEnapanHio KOMIOHEHTOB pac-
tBOpa. CyHIHOCTH METOJO0B MEeHHOH (JIOTABHH CBOAMTCH K YAaJEHHIO
Pa3JHUHHX BelleCTB (MakKpO- H MHKPOYACTHI, KOJJOMAHHX 4YacTHII,
HOHOB, MOJEKYJ) H3 JXHAKOCTH NpY NMOMOIIH NOBEPXHOCTHO-AaKTHB-
Heix BellecTB. Ilpu ocaputenvHoit ¢aoranuu B oGpabathiaemol
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Puc. 111-1. KnaccudpuxanuorHas cxeMa MeTONOB ancopOMHORHOR NYySHPbLKOBOR
¢cenapaiuH.

KHIAKOCTH, TNOMHMMO YJaJAEeMOro BellecTBa H TTAB, coaepxHTCA
ellle peareHT, o6pasyoLlHit 0caloK ¢ yaa/seMO# mpHMEChIO. Ancop6-
AIMOHHasg KosoHAguas (JaoTauus NpeAcTaB/IderT co6oit yRaJjenue
PACTBOPEHHOTO BelIeCTBa, NPEABapPHTE/ILHO ajcopOHPOBAHHOIO Ha
KOJJIOHAHON YaCTHIE.

[Ipu OUHCTKe CTOUHBEIX BOX MOTYT 6LITL MCNOJb30BAHEL METOAH
fieHHOro (pakIHOHMPOBaHHSA, MaKpOo- H MuKpodoTanuy,. ocafHu-
TeJpHOR (PIOTANMH, MOJEKYNSPHOH ¢noranmn B ajacopOUHOHHOH
KOJJIOHAHOH (JIOTALHH.

DUIUKO-XMMHUUECKME OCHOBbLI NEHHON HNOTaUMUM

OcHOBHYIO PoJb B npouccce (GAOTAUHK AMCTEPrAPOBAHHHIX TPU-
sMecefi HIPalOT TOBEPXHOCTHBIE  CHJIBL [2], BaH-Mep-BaalbCOBCKHE
CHJIBl MPHTAMKEHHS, SJCKTPHUECKHE CHJB, BO3HMKAIOIHE MPH Nepe-
KPHTHH JABOHHBIX 3JICKTPHUECKHX CJOEB, o6pasyomuxcsd  BOKPYT
4ACTHYKH B BOJHOM DacTBOPE, H CWJBl THAPATallHH JIOGBIX THAPO-
‘(QUJBHBIX TPYMNN Ha NOBEPXHOCTH HYaCTHUKH. JelictBuss 3THX TpeX
CHJ ONPEAeNsIOT CMAuMBaeMOCTh MJH HECMauMBAEMOCTb HACTHUB
pozoft. [IpHIKNAHHe YACTHIBI.K [a30BOMY My3BLIPbKY TeM CHJBHEE,
yeM XyXe ee CMadyHBaHHe BOAOH. Mepoii cMauHBaeMOCTH TBEPAOTrO
Teja MHAKOCTbIO SBJASETCA KpaeBoft yroJi CMavMBaHHA, H3Mepie-
MBI 06HYHO co cTOpOoHH Boxw (puc. 111-2). IlonHoe cmaunBaHue
Boxoit 6yaer npu 0=0° u NoJHOE MPHIMNAHHE K BO3AYXY (T. e. He-
cMauHBanne Bogol) TpH O=180°. OfHaKO BellecTBa, KPaeBoil yrod
CMauHBAHHS BOJOH KOTOPHIX mpeBhmajn 6w 150° (y TBepioro na-
paduHa), HEH3BECTHH; KOJHYECTBO XKe BEUIECTB, y kotopeix 8=0°
oueHb BEJHKO.
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CMauHBaCMOCTh TBCPAOH HaCTHUBl BOJAOH, KaK H3BeCTHO, OMpe-
Jeasercs crenciipio ee ruapodobuocti. Uem Gosee tHAPODHOOHO
BellecTBO, TeM MeHbiie €ro CMauWBaeMOCTb H Jyulle ¢daotupye-
MocTh. KaMenedne cMaunBaeMOCTH (DJIOTHPYCMBIX YacCTHU AOCTH-
raeTcsi afAcop6uHeil Ha UX MOBEPXHOCTH NMOBEPXHOCTHO-AKTHBHDIX BE-
{lecTB, B pe3yabTaTe KOTOPOH TOJSAPHBIE IPYNNEL [MTAB npuxpen-
AsioTes K 4acTule, a THApodobuble ulenu o6paularTcs B o0beM
pacreopa. ‘TaknM o6pa3oM, IIpH BBE/CHHH HeGOJIBIIMX KOJHYECTB
TIOBEPXHOCTHO-AKTHBHBIX BEUICCTB (IOTHPYEMOCTb  YBENHUHBACTCH
A0 TCX TOpP, MOKa HX KOHIEHTPAlHs He BH30BCT 3aMCTHOE TOHH-
JeHHEe BCJAHUNHNBL TOBEPXHOCTLOTO HATSAXEHHA BONON  CPeAb
(012), U3 KOTOPO#A NMPOHCXOAHT (IOTALUSL. Tlo BO3ACHCTBHIO Ha
npoticce daoraunn [TAB 06BMHO Pa3leAlOT Ha JBE KaTerOpHH:
KOJLJIEKTOpE H TeHooGpasoBatend. KoJUIEKTOPH, B OCHOBHOM, H3-
MEHAIOT CMauHBaeMOCTb YacTHI, a TeHoo0pasoBaTey agcopbupy-
j0TCsA, KaK NpaBHJo, Ha TpaHHle BOJAHas# cpPela —ras H crabunu-

* BHPYIOT IJIEHKY, 06Pa3yloulyloca MexAy NPHOJMKAIOUKMHACT APYT
K JApyry Iy3bippKaMH, NPENATCTBYS HMX KOANECUEeHIHH. U36riToK
neHooGpa3oBaTeds BCerja HECKOABKO MouiiKaer Oy H, cjaelona-
Te1pii0, BEPOATHOCTh aKTa NPHIHMAHHA YaCTHUB! K TY3BIPBKY [3].

[pouecc ¢aoTalMH MONKHO pPaCCMaTPHBATBL KaK TpexcTajui-
Hblii: 1) mocTeleHHOe COJMMKEHWe MHHEPaJbHOH YacTHUH C Ty-
3HIPbKOM BO3/yXa, B TO BpeMs KakK Ha 4acTHlle dopMmupyercs cMma-
yuBaONias NMJCHKA; 2) YTOHBIICIHE cMayuBapmell MAeHKH A0 TeX
nop, ToKa He GYAET MOCTHIIYTO HECTAOH.bliOe COCTOAIHE; 3) pas-
pylleHue CMauHBalomleli TJIEHKH M 06pasoBaHHe KpaeBoro yriaa,
o6eciieunBaoulCro CHAbHYIO ajre3Hio 4acTHUH Ha NOBEPXHOCTH BO3-
AYLIHOTO My3bIpbKa.

DddekT GAOTANHM BECOKOAHCMEDPCHBIX YaCTHI, PasMeph KOTO-
pEIX GJIH3KH KOJIJIOHAHBIM, B 3HAYHTEJbHO!N Mepe 3aBHCHT OT 3JEKT-
POCTATHYCCKOrO B3aHMOJEHCTBHSI JABOHHBIX 3JIEKTPHUECKHX CJIOEB
YaCTHI, H Iy3bIpbKOB. Haille BCero CHHXKEHHE JICKTPOKMHETHYECKO-
ro MOTCHIIHaJa YacTHI TMPHBOAHT K YMEHBIICHHIO 3HEPTETHUECKOro
6apnepa u yayumeruio ux guaorupyemocrn [4—6]. B pane cnyuaes
SKCIIEPHMCHTATOPE HAGJIOAAMH, YTO HAHGOMbIIAA (IOTHPYEMOCTD
COOTBETCTBYET HyJeBoMy E-NOoTeHLHasNy dacTuiibi. B nannom crydae
CKOpoCTb (DJIQTALlHH MOXKeT yBEeJHYHBATbCS M B Pe3yjbTaTe Koary-
JAIUM YacTHI, uX YKpyuucHHa. OQHAaKO H3BECTHBI NPHMEPEHI, KOTAA
He o6uapyxKHBAaeTCs 3aMETHOTrO BJIHAHHA 3apsfia 4YacTHIl Ha cTe-
newp Hx JoramionHoro uaBaevenns [7, 8, 11]. Ouesuano, ans

Aﬁ
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Puc. 111-2. Pasnuumsie cayuau cMaunBadds (T — TBepfoe teno, I' —ras; JK -
HHAKOCTb; § — Kpaesofi yrox).
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BBISICHEHHA DPOJIH 3JICKTPOCTATHYECKOrO B3aHMOJAEHCTBHS HeOOXOAH-
MO YYHTHBAThb 3JEKTPOMOBEPXHOCTHBIE CBOHCTBA HE TOJBKO YACTHIL,
HO u ra3oBuix ny3bippkoB [9]. Hccnenosanns takoro pojna nokasas
JH, YTO MAKCHMaJbliOH CTeNeHH (JOTAIIHOHIIOIO H3BJEeUYeHHs1 COOT-
BeTcTByeT o6Jacth KoHuneHurpamuii IIAB, o6ecneuuBaloumux JaHGO
IPOTHBONOJOXHEle 3aPs/bl UYacTHN H HY3HPBKOB, JuG0O HYJeBOH
3apaj OAHOro n3 HHX. ECIH ny3nipek M 4acTHIA 3apsAXKEHBl OAHO-
HMEHHO H HMGIOT [JOCTATOUHO BBLICOKH{i E-moTeHuuald, sdd¢exrTHB-
HOCTB (hJIoTallMK pe3Ko cHuxaerca [10].

CymecTBenHoe BJIHAHHE Ha 3(QQEKTHBHOCTh (JIOTANHH OKa3bIBa-
eT COOTHOLIEHHe pPa3MepoB YACTHUM U ra3oBOTO NY3HIPbKa, KOTO-
poe onpeaenseT 3PpPEeKTHBHOCTb HX CTOJKHOBEHHS H UOCJIeAyloules
ro nputsixkenns [11]. Jisa gaxaoro pasmepa Ny3slpbKa CyuUlecTBY-
eT KPHTHUYecKHi# pa3Mep yacThubl. CTOMKHOBCHHE YaCTHI MeHbLIEro
pasmepa ¢ TY3bipbKOM He TNpoHcxoxur. Hanpumep, HaHMeHbIIHi
pasMep dYacTHll rajieHUTa, KOTOPble MOrYT CONPHKOCHYTbCA C Ty-
3BIPBKOM BoO3AyXa auamerpom 1,5-10% mm, cocrasiaser 30-10° uwm.
Oucnb MeJKHEe YaCTHUIBI ABHXYTCA TOYHO IO JIHHHSAM TOKA KHAKO-
CTH, oO6TeKawolled BCIMBIBAIOMUA nyselpek. [Tosatomy crosikHoBenHe
YACTHIH C NMY3HPbKOM MOXKET NMPOH30HTH TOJBKO TOLZA, KOrja dac-
THIIa NPOXOAUT BOJH3M NY3HPbKa Ha PACCTOSHHH OJHOIO pajuyca
gacTHuw! [11]. B ob6umieMm caydac H3BJEUEHHC OYEeHb MEJAKHMX HaCTHIL
¢GoTauHeir MOXHO YJAYYLIHTb, NOBHIIAS JHCIEPCHOCTH NY3LIPHKOB
BO3JYXa.

B nepBom MNPUOJHXKEHHH CKOPOCTb (JIOTAIHH NPAMO TPONOD-
DHOHAJ/bHA YacTOTe TeHCPalMH INY3BIPBKOB H He 3aBHCHT OT HX
JHaMeTpa B LIMPOKOM HHTepBaJse Pa3MepoB uacTuu. [lpu pannoit
CKODOCTH LPOJAYBaHHsI BO3JyXa HeoO6X0AHMO HOOHBATBCA  MHUIH-
MaJLHOTO pasMepa NMy3bPbKOB, YTOOH 4YacTOTa HX TeHepamuH Onlla
MakcumaJsbHoi [12].

Tlpu nmoctatouyHo GoOJbIIMX pa3MepPax 4YacTHI, OTKJIOHSIOUIHXCst
OT peXHUMa OPOYHOBCKOrO [BHXXEHHS, CKOPOCTb (JIOTAUHM NOPSIMOC
TponopuxoHanbHa d?,, rae dp — AHaMeTp Iy3wpbKa. IIpH CyOMHK-
POHHBIX pa3Mepax HacTHIl CKOpOCTb (10TauMH 06PaTHONPONOPIIHO-
HalbHa dp¥3. Tlpu koaryasuuu TakHX YacTHI 3(Q(EKTHBHOCTb HX
(G0TAUHOHHOrO H3BJEUeHHs yBeanyuBaercsa [11].

Mu3nKo-XxMMMYECKME OCHOBbLI NMEHHOro (PPaKLUMOHUPOBAHUS

OcHoBOf neHHOro ¢pPakUMOHHPOBaHHA SBJAdeTcd  aAcopOuus
[MTAB Ha moBepXHOCTH NOANHMAIOLIErocsi ra3oBOr0 Ny3HpbKa. ITOT
npollecc aHaJOTHUYEH INpoueccy aAcopOUHH OPraHHYeCKHX BelleCcTB
Ha TBePAHWX copbenrax. Ancop6uya OpraHHYeCKHX BellleCTB HA, NO-
BEpXHOCTH pasfiena (a3 ras — XHUAKOCTL CBA32HA C H3MEHEHHEM
NOBEPXHOCTHOTO HaTAXEHHS ¢ H H3OGBITOYHOM MOBCPXHOCTHOH KOH-
HeHTpanues caeAyOUHM cooTHouIeHHeM [13]:

dG:Pidp.l (HI-!)
rie do — H3MeHEHHe NOBEPXHOCTHOrO HaTsAXemHsij I'¢ -~ M30HTOYHAA KOHIEHTpA-
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IHSl BEmECTBAa HA NOBEPXHOCTH, W, — XHMHYECKHR moteHuHan I-& cocrasaswomeR,
paBHHA RyTsina,; Ry — rasosas nocrosnsag; T, — TeMumepaTypa; G — TepMOAR-

HaMHYECKaA AKTHBHOCTD, »

ITpu Gosmpuwinx pasGaeaenusx pactsopa a.=C; (rae C;— KOH-
HEeHTPallHsl PacTBOPEHHOro BemmecrBa). C yueToM 3TOTO MOXKHO IO~
JYUHTDb BhIPaXKEHHe JAJs KO3 ullueHTa pacnpeneseHus

1 do

rie I'¢/Ci=K; — oTHONIeHHe KOHUEHTPAUKA B ABYX HCCAeRYeMHX ¢azax, KOTopoe
MOMHO PacCMaTpHBAaTh Kaxk K0adduuuest pacupenenents [1].

B ciyuae pas6aBaennbix pactBopoB do/dC; oUeHb HE3HAUHUTE b=
HO 3aBHCHT OT KOHUEHTPAUWH H N03TONYy K; AJA HaHHOH CHCTEeMH
pacTBOpHTE]SI H PacTBOPEHHOro BelIeCTBa fABJAAETCS NPAKTHUECKH
kKoucraHtofl. Ilpw jmocTaTrouno BHICOKHX pa36aBieHHAX, ¢ KOTOpH-
MH OOGLIYHO HMEIOT MNeJ0 B NPAKTHKe OUMCTKH CTOYHHX BOX, Kj
uMcer BeJHuHHy mnopsifika 1073—10-!1 M [1]. Ecam B pactBope
OJHOBPEMEHHO INPHCYTCTBYET HECKOJBKO MOBEPXHOCTHO-aKTHBHHX
pearenToB, TO OHH MOTYT OHITb OObeRHHEHH B ABe M Gojee rpynm
TakiuM o6pa3oM, 4TOOH 3HaueHHs Ko3dduuuentop K; mas kaxpof
rPYHIB JOCTATOUHO OTJAHYAJHCH OO OT APYroro.

Hcxons u3 cdopMbl KpHBOH 3aBHCHMOCTH 0—Cj, MOXHO CKa-
3aTh, YTO JyUllle BCEr0 Pa3elIOTCA BELIECTBa METOZOM BCMEHHBA-
HHs B 00/1aCTH MaJHX KOHHeHTpauuil pacreopos [1].

Hns omucanHs ajfcopOuuu Ha TpauHume pasjena ras — XKu-
KOCTb HEHOHOTeHHHX H HOHHBIX IIAB npH oYeHb HH3KHX KOHIIEHT-
pamuax (xorja MNOTEHIHAJ ABOMHOrO 3JEKTPHUYECKOTO CJIOS OUYEHb
MaJl) MOXKHO NMPHMEHHTh YpaBHeuHe JIsnrmopa [14]

1/1‘=A.,+-%- (111-3)

Koncrautel ypaBHenHst JISHTMIOpA MOXHO PaccuHTaTh MO 3HA=
YeHHSM MOBEPXHOCTHOTO HATSKEHHS

.

1 c ™
0‘0—0'=A0‘=RET,,5‘ AN{EY ") dlnC =
0

ReTa AC
=45 (1+—,;°,—) (111-4)

rae Ao, k' — KOHCTAHTH ypaBuenHs JIsHrmiopa; C — KOHUeHTpamss pacTBOpenmoro
BeljecTsa, Og— NOBePXUOCTHOE HATsAXKEHUe HA rpannne pSCTBOPHTEJlb—BOSEYXI
O — TNOBePXHOCTHOE HATAXEHHEe Ha IPaHHLE PacTBOD — BO3AYX,

DU3nUKO-XMMHUUECKHE OCHOBb! 3NEeKTPOIoTaLMUM

OunekTponuTHYecKas ¢Jaortauns (snexrpodiioTamust) sBAsercA
OJHHM H3 TNepPCHNEeKTHBHBIX HamnpaBjeHHH ¢J0TAaUHOHNHON OYHCTKH
CTOYHBIX BOJ, 4TO OGYCJIOBJIEHO BEICOKOH 3()(PEKTHBHOCTHIO H CKO-
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POCTBIO TIpollecCa TNPH MHHHMAaJbHOM pacxolle pcarentosB — coGH-
patenell uau 6es uux. [1yseippku rasa’ mpi 2Jcxtpodaoranuu o6-
pa3yloTCsa Ha OAHOM H3 3JEKTPOAOB IIpH I1pOIlYCKallHA MOCTOAHHO-
ro 3/eKTPHYECKOro TOKa dYepe3 CTOYHyIO xHiakocTb. Ilpu coxpaie-
HUH BCex TeX OOIIMX 3aKOHOMeDHOCTEH J1eHCTBUA IOBEPXHOCTHDLIX
CHJI, KOTOPBbIE PACCMOTPEHH Bhie, 2JEeKTPOPIOTaUMs HMEeT CBOH
0COGEHHOCTH, KPAaTKYIO CYTb KOTOPHIX MBI ¥ DaccMOTPHM.

B npouecce ajgerTpodioTaltHd MOryT OBITh HCIOJb30BAHH KakK
pacTBopuMbie (OOBIUHO 2KEJIC3HDIE HJIKM aJlOMHMillieBHe) TaK W He-
pacTBopuMble 3JeKTpoAb. lIpH NpHMeHeHHH PacCTBOPHMBIX 3JEKT-
pOZOB B pe3yJbTaTe aHOJHOrO DacTBOPEHUS MeTajdjda B BOLY Ie-
pcxXoasaT KaTHORBI KceJe3a HJAu aJJOMHIINA, 06pa3y101uue 3aTteM
KoaryJapymoliie CHApOKcHAB. CTecHeHiloe MEX3JeKTpolioe MNpo-
CTPAHCTBO, TAe OJHOBPeMeHHO 00pa3yloTCs XJOMbA Koary/fHTa H
Ny3bIPbKH rasa, CNOcOOGCTBYET HaASKHOMY 3aKPEIJICHHIO Ta30BHX
NYy3LIPHKOB Ha XJIOHBSIX M HX (aorauuH. Kpome toro, B crouno#t
JKHAKOCTH IPH TMPOXOXK/JEHHH €e 4Yepe3 MEX3JEKTPOA0oe MPOCTPaH-
CTBO MOCYT TPOXOAHTB: BJEKTPO/JH3, NOJAPH3auua YacTHIL, 3JeKT-
podopes, OKHCAHTCIbHO-BOCCTAIIOBHTE/bHEIE peakIHH, B3auMonch-
CTBHE NPOAYKTOB 3JCKTPOJH3a MeXIy cob6o#t H ¢ APYTHMH KOMIlo-
HEHTAMH XHAKOCTH. Bce 3To GaaronpHSTCTBYeT HHTCHCHBHOH Koa-
" TYJSIOHM 3arpA3lcCHAl, SHePTHUIOMY NPOTEKAaHHIO 1poueccos copo-
ILHH, aire3uu U, KakK cJeJCTBHe, HHTeHCH(UKaluuu npouecca ¢Jora-
LLUOHHOM OyHCTKH BoAbl [15].

CKOPOCThL 1POLECCOB, NPOTEKAMMHUX TNPH  3JCKTPOY.IOTAL’H,
onpeneyaseTca Oﬁlll}IM 3HayYeHHueM nNoTeHlunaJa na I'DaHHuOe hiC-
TaJl1 — PacTBOP, cOCTAaBOM PACTBOPA H YCJAOBHAMYU AUGDDY3IHUH KOM-
IIOHEHTOB HJH TNPOJAYKTOB pearuuu B pacrtBope. Ilepcnoc aiekTpu-
4eCTBA B OCHOBHOM OCYHIECTBJSIOT KaTHOHHBL H aiiMONBl HEOpPraHnye-
CKHX JIHCCOHHHDOBAHHHIX COCAHIEHHH, a KOJJOHJAHHE H B3BeCIIeH--
HbI€ YacTHIH MEPEHOCAT HE3HAYUTEJBHYI YacTh 3JeKTpHUECTBA,
410 00bAcHACTCS HX MaJoil NOABHXHOCTBIO.

ITpu npuMcuenuu HEpPaCTBOPHMBIX 3J€KTPOJLOB OCHOBIVIO DOJIb
B 1@polecce 3aeKTPOQIOTALHONHON OYHCTKH HTpamT 3JeKTpodho-
peTHUYCCKHE ABJCIHSA, Pa3psAj 3apsixeHHBIX YaCTHI HA 3JIEKTPOMaX,
o6pa3oBanie B pacrBopc BelecTB, pa3pylIaloiiUX  cOJIbBATHHE
CJIOH Ha moBepxuocTu 4Yacrtuly [15].

SnekTpodIOTAUNONIHOE H3BJSYCHHe HYaCTHIL TNIPH TPHMCHCHHY
HEpPaCTBOPHMHEIX 3JEKTDPO,10B HaHOOJee BCPOATHO INIPOTCKAaET TIO
JBYXCTaAHAHOMY MeXanu3My: Ha MNepBoit CTaju#  GJIOTHPYeMHE
YaCTHHH OCa)XKI2I0TCHd Ha I[IOBEPXHOCTH Ta30BHIX NY3BIPBKOB. JTO
IPHUBOJHT B AajbHelieM K 00pa3oBanHi0 H3 HHX CTaOHJIbHBIX MHK-
pony3npekoe pasmepom 3—10 MEM ¢ 060NOYKOR w3 yJAa/lseMHX
KOJIOMAHHX wacTHu. Ha BTOpPO# cTazuu TakHe MHKPONY3bIPBKH —
KOJIJIEKTOPHE — PJIOTHPYIOTCS OoJiee KPYNHBIMH Ta30BBIMH 1Y3HpPb-
Kamu. OcaXXZeHHI0 YacTHI Ha INy3HPBKAaX -MOXeET cnocob6CTBOBATh
9JIeKTPODOPETHYECKHA MepeHoc YacTHL, B TPHANEKTPOLHYIO 30HY,
HX gerHppaTauus B6JaM3M MOBePXHOCTH 3JEKTPOAOB M 3bdekThBHOE
B3aUMOJEHCTBHE ¢ MYy3HPbKAMH, 3apOKAaIOWHMHCA Ha 3JEKTPoJax
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B TOT MOMEHT, KOTJa Ny3HIPbKH ellie HeCyT AOBOJNbHO OOJbLIION 32«
AR, *

P Bri6op marepuana ajeKTpoja obycloBied arperaTuBiHoll ycToli-
YHBOCTBIO YaCTHL 3arps3ucHuil. Tak, IPH HEBHICOKOM CONEPXKaHHH
KOJVIONANON (askl ¥ HH3KOH arperaTHBHO yCTOHYHMBOCTH YacTHIL
penecoobpasHo NPHMCHATb HEPACTBOPHMEE 3JeKTPoAH. [IpH BH-
COKOYCTOHUHBHIX 3arpsi3HeHHsX, TPeOGYIOIIHX JJd yHAaJeHHd 3Ha-
YHTEJbHHX M03 - KOarysasHTa, Jydlle HCNOJb30BaTb pPacTBOpPHMble
9JeKTPOJH.

2. ONPEAENEHME TEXHOJOMUUECKMUX MAPAMETPOB hJIOTALMM
N NEHHOrO @wPAKUMOHMPOBAHUA 3AIPA3HEHUA CTOYHBIX BOA

Crounble BOAH, MoABepraeMbie (JIOTAINMOHHON OYHCTKE, B 60Jb-
IHIICTBe cJy4aeB MPEeACTAaBJAIOT coboif BeCbMa CJOWKHBE CHCTEMHL
[TosToMy pacuerT ONTHMAJ/IBHBIX TEXHOJOTHYECKHX NapaMmeTPOB all-
PHODHO TIpOBECTH 3aTpPyZHHTeNbHO. ONTHUMANbHBIN  TeXHOJOTHUE-
CKHE DCXHM yallle BCEro YCTAHABJHBAIOT HQ ONLITHEIM aiHBIM.
Huis cveiienns BOAbI H BO3JyXa HCMOJB3YIOT PasjHuYHble METOMH,
B COOTBETCTBHH € KOTOPHIMH CMOCOOBI (PJIOTAllHOHHOH OUYNCTKH BO-
JH MOXHO KJacCHOHIHPOBATHL CJEAyIOUIHM obpasoM: 1) daorauus
C BbIJIle/IeHHEM BO3/lyXa H3 pacTBopa (BaKyyMHHIC, 3pJHMTHBIC H
HallopHBIC YCTAHOBKH); 2) GJ0Tauus ¢ MEeXaHHYCCKHM JHClieprH-
poBanxHeMm BoO3AyXa (MMmesiepHbie, Oe3HanopHule H IeBMaTHue-
CKHe YCTaHOBKH); 3) ¢JioTanus ¢ moxaueil BO3AyXa uepe3 IOpH-
CTEIe MaTepuash (3MeKTpodJoTauusi, GHOJNOTHYECKAA M XUMHYS-
cKasi (aoTanus).

EcTeCTBCHHO, YTO JJIs KaXkKAOro Cnoco6a OYMCTKH NOJKHH GHITh
CBOH ONTHMaJjbikle TEXHOJOTHYecKHe napamerpul. OAHAKO HCKOTO-
pbic o0mue TPeOOBaHHA MOTYT OLITh paccMOTpennl AAA BCeX CJIy-
yaeB. Ipexne Bcero, 370 OTHOCUTCS K PACXOAY BO3AyXa. YeJbHbLH
pPacXoX BO3AyXa CHHXKaercsl ¢ BO3pacTaliHeM KOHIEHTPalHH Hepac-
TBOPHUMHX npumecefi (puc. III-3),
NpHYeM CYUIECTBYIOT OIITHMAaJbHbIC 40
HHXKHUH H BEPXHHH npelgesbt pac-
X0Ja Bo3ayxa [15].

OnTHManbHBIA  yAeNbHLIE pac- .
XOJl BO3AyXa B HECKOJbKO pas jipe-
BbIlIA€T TO KOJHHECTBO BO31YXa,
KOTOPOe HeoOGX0MuMO MJIg co3Aaniia ’00 } - "5 .
YCJIOBHH  BCHJIBIBAHHS ~ arperaron  po....-. xonuenmpauus mbeplod
NY3BIPBKOB € TBEPABIMH YaCTHILAMII pazst, r/n
(1—1,6 a/kr). Opmrako GoJabiuoi
u30bITOK BO3AYXa MOXET MPHBECTH  Puc. I1I-3. 3aBHCHMOCTH YIeTbHOrG
K TOMYy, YTO Ny3BIDbKH OYAyT H3- PACX0ia BO3LYXAa H HATPYSRH N0
KaILTHBATHCA IIOA CJOEM BbiAcjen- CYXOMY BEIUECTBY OT KOHIEHTpAllHH
HOTO iUj1aMa, H TOJIllHHAa BepXHEro ToePAOR pani: ’

' I — yaeauHmit pacxoa Boszayxa Ha 1 KIP

11 1a MOBO-BO3JIYUIHOTO CJI04, yBeJu- H3BJICKACMBIX sarpssHeHufl, 2 — MakKcu-

YHBASCh, MOXET NOCTHUb OOJMACTH My memcersy npd hoed w0 10 Y%

N

oy
o
|
Y
[

pacxod
l
Hazpyska,krf(m?-4)

1
Bo3dyxa, nfkr

N
S
I

Yoenvtb

o
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10 THApaBJHYECKHX BO3MYyIIeHHHA, cO31a-
§ BaeMO/i BOYCKHEIMH YCTPOACTBaMH.
g 08 310 yxyaurtaer addekr (aoTaunu, no-
3g CKOJIbKY NY3HIPbKH H YaCTHIBI BUIIO-
£ 806~ caTea ¢ ocBeraeHHolt Bomof. Iloaro-
ES My BBICOTA CJOf HAKalJIHBaEMOI'o
3 04 ul1aMa He ACJKHA mpesBHwaTth 0,5 M
E H OTPaHHUMBAETCS HArpyaka Io cyxo-

0'20 2' 4', é 3 My BemecTsy Ha 1 m? OBEPXHOCTH
Mpodomwumensrocms ynaom~ BORHOTO 3epKajia (hJIOTAaLHOHKON Ka-

HeMus wAaama, 4 Mepr. BaAaBaemoe COOTHOIIeHHEe ME-

KAY THMH 1BYMs BeJHUHHAMH Olpe-

Puc. I11-4, Tpabux ynaotHends jcasieTCsi TPEOyCMBLIM KAYeCTBOM OYi-
ﬁgggaumﬂﬂﬂx mAaMos BO BPE-  aemoft KHAKOCTH. ['paduk 3aBHCH-

’ MOCTH MaKCHMaJbHO AOIYCTHMOH Ha-

TPY3KH 110 CYXOMY BeLUCCTBY NpPH I.1y-
G6uHe paGouefi KaMepnl fp=1 M npuBcicH #a puc. II1-3. C yseau-
geHHeM paboueii rAyGHHH NpPAMO NpPONOPIHOHAMbIO BO3PAacTaloT
MAaKCHMAJbHO AONYCTHMble HArPy3KH.

BpeMs ¢aorauud yCTAaHaBJAHBAOT OGBIYHO NO ONLITHEIM  JaH-
oM, V3 skcrnepHMeHTaNbHBIX pe3y/bTaTOB H3BECTHO, YTO HPH
daoTaunH CTOUHHIX BOA, coiepxkamux okoso | xr/m® Baseced, npo-
NOJKHTEABHOCTL (JIOTAUHH COCTaBAsET iie MeHee 45 MHH, pH coO-
JePXaHAH B3BEUIEHHBIX BelllecTB 4—7 Kr/M3 — He Menee 30 MHR
H [P KOHIEHTpauuu B3Becu 3 Kr/mM® — ne Mmenee 20 mur [3].
OGoGuiensoro Buaa 3aBHCHMOCThL CTENEHH VIJIOTHEHHS Lljgama OfT
NPOJOKUTENLHOCTH PabOTH (PNOTALHOHHON YCTAHOBKH INPH (hJo-
TallHH MeJKHMH TY3HPbKaMH BO31yXa pa3/HUHbIX CTOYHHIX BOJ
npefcraBiaeHa Ha puc. II1-4. dto no3soauao BeBecTH GOPMYJIBL, 1O
KOTOpEIM onpefenasieTcs ofbeM ljaMa, HAKONHBLIETOCH K JIOGOMY
MOMEHTY OT Liauajia paboTHl YCTaHOBKH. 3a eIHHHHY o6beMa fusa-
Ma B JanHOM cjyuae OpPHHAT Oo6BEM K TOMYy MOMEHTY, KOTZa BCe
Ny3HPbKH BO3AyXa TORHSJIHCh B TNCHHBIM cJofi  (AAA TPOTOYIIHIX
YCTaHOBOK 3T0 BpeM# cocraBader ~ 30 muiu). O6bem uinama, Ha-
KonuBlIerocs npu pa6ore yCTaHOBKH B TeueHue 4 4, paBeH

By §9CQcp utw
Wo,5-+= 35000 (100 = XKoo 0,454 0,20, ¥

Bo,5 (100 — HKegp) — By+0,81 (100 — XK, 5)

(111-5)

me 0,4B; (100 — Xo,5) (111-8)
npu pagore ycranoBku GoJiee 4 4
B 63CQepu (1,84 0,44,)
W58 = 3000 (1000 — Ky, 7 (111-7) -
1,88, 5 (100 — X
0,5 ( c6p) (a11-8)

i = 2B, (100 — JKo,) — 0,4B5,5 (100 — Keep)

rie C — pacyeTHas KOHIEHTPAlKs B3BeUIEHHMIX BeIMECTs, Mr/a; I — addeKr u3-
BJredeHHs B3BElIEHHLIX BEILIECTB, HOJH efHHHWUH; Qcp.q — CPefHH gacOBOH pacxol

58



CTOgHEX Boh, M3/q; JKj 5~ BI2XHOCTb HIIaMa HOCJE MNMOJYYacOBOrG HAKONJIEeHAS
B 3aBHCHMOCTH OT paC‘-ICTHOﬁ KOHLLEHTpa].lPIH B3BELIeHHLIX BCUICCTB:

C,rn. . . 0,5 1,0 2,0 3,0 4,0 50 6,0 7,0 8,0
XKos %b. . 98,5 98,25 97,75 97,25 96,76 96,0 96,0 95,5 95,0
By, s, Bi — k03 GHItHenTH yBeaudeHns 06beMa WaaMa 3a c4eT COAEpIKAMero B HeM
BO3/yXa MocJe NOJYyYacoBOro HakomAeHHS [15] W K pacueTHOMY MOMEHTY (npH fyu=
=3 y B;=1,25%, npi {m>3 u B;=12%); Kcop ~— BRAXKHOCTb iIAAMA IIOC]E

HAKOIIeHHS B TEYEHHC [m BPEMEHH; Y — OOBEMHAs Macca CyXOro BellleCTBa uula-
Ma, T/Mm3,

MuHuMaabHAas BJIAXKHOCTE WaaMa HKnin=949% npuHHMaercs,
HCXOJA H3 YCJOBHH BO3MOXKHOCTH €ro AaJbiteliliefi THAPaBJIHYeCKOH
TPaHCIIOPTHPOBKH.

Onpenenende TEXHOJOTHYECKHX MNapaMeTpPOB UpPH  HAIOpPHOM
‘bnoramnn. Ilpu ocymecrsicHHH Hanopuo# daoranuu, Haubonee
HIIPOKO NPHMEHsCMON B MpaKTHKE BOZOOUHCTKH, BO3AYX MOJ AaB-
JeiieM BBOJHTCA B o6lllee KOJHUYECTBO NMOCTynalomlefl CTOYHOH BO-
ALl WM B YacTh noroka. I1pu 3ToM BoZa OOLIMIIO HACLIUIACTCS BO3-
ayxom Ha 50%, HO ecaH HCMOJL3YCTCHA ellle M MeXallMueckoe me-
peMellHBaHHe, TO CTCIICHb IlAachilliciiig yBenlHuyHBaercs jgo 90%.
Ilpu cnuxenun AaBJCHHA BO3AYX OCBOOOXKAeTcs M3 pacTBOpa B
BitJle NOTOKAa MaJieHbKHX MYy3HPbKOB, PasMeph KOTOPHIX COCTaB/fA-
ot ot 30 mo 120 mxM. Ha sgp¢exTHBHOCTE nNpomecca Hamnophoi
$JoTanty BAHAIT JaBJeHHE, KOS(QOHUHEHT peUHpPKY/IAIHH, KOH-
HEHTPalluA TBEPALIX B3Beceil H NPOJOJKHTENBHOCTL NpebGuBaHusd
BOALI BO (poTanHOHHON KaMmepe. JlaBneHHe H KoaddHmuent pe-
LHPKYJISUHH SBJAIOTCA B3aHMO3aBHCHMLIMH BeJHUHHAMH H H3Me-
HAIOTCS NPSIMO NPOMOPIHOHAJBHO KOHIEHTPAUWH TBEPAHX B3Becei.
OTH napaMmerph, BJHsoOUUIe Ha 3(GCKTHBHOCTL HamOpHOH (o~
TallHH, CBsA3aHBl CIAYIOMHUM cOOTHOmeHHeM [16]:

A 1,38 (P— 1) Ry

rie A/S — oTHOmleHHe BO3AyX/TBephble B3anccH, [la/(kr/v?); S, — nacHmenue
Bo3ayxoM, M3/M3, Ry — cxkatbifi 06beM, M*; P - acosmoTiioe fasnenne, Ila; Q —
MOTOK BU/IM, M%; Sc— COIEpXAaHUEe TBEPALX B3BeceH B CTOYHON BOme, Kr/md.

Kax mnokazaHo B pasgene | 3Toit raasbl, Ha 3()QpEKTHBHOCTD
dioTauEH CYWECTBEHHOC BJHAHHE OKa3HBAlOT pa3Mep Ta3oBHIX
Ny3hiPbKOB H YacTOTa HX reiepauud. Yem wmetbiiec pasMep ny3bIpb-
Ka, ToM Gosiblie 3ddeKTHBIIOCTb yAaacHus npuMecell 13 BoAnl. MH-
HYMaJbliLlc pa3Mcepbl Hy3LipbKa NpH (WIOTAIHH C BLIACJNEHUEM BO3-
AyXa H3 PacTBOPa H YCIOBHH HAYajbHOH HACHIEHHOCTH DacTBOpa
BO3YXOM MOXHO ONpPeJeNHTb H3 ypaBHeHHsA [15]

20, %

Ruin="p 7 (111-10)

£he Gp.x — NOBEPXHOCTHOE HATAXEHHe HA rpaHHlle pasiesa XHIKOCTb —ras; P—
Py — nepcnad naBieHHR.

Jlis 06pa3oBaHHs MEIKHX NY3BPbKOB, KaK BHAHO H3 YPaBHEHHS
(111-10), HYXHO CO37aTh YCJOBHA JAJI MAaKCHMaJbHOIO CHHKCHHS
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NOBePXHOCTHOTO HaTSXKEHHA M YBEJHYEHHS nepenaja AaBjeHHf.
JKCnepHMEHTANIbHO ONpeNeJeHHOe KOJMYEecTBO BO3AyXa HpH ¢so-
TallMH C BHAEJNEHHeM BO3AyXa cocraBjaser ob6wiuHo 1—59% o6bema
BoAn. Ko/auuecTBo Bo3JAyXa NpH HamOpHOH (JIOTALHH MOXKHO ompe-
JeJHTb U3 COOTHOmEeHHs [15)]

9= (P—1) by — (Pbp—by) € 'T' (111-11)

rie br— KOHUEHTpAUHS BO3AYXa, COOTBETCTBYIOWIAS TNOJHOMY HACLIUEHHIO PR
DaHHOf TeMNepaType H aTMoc(epHOM [AaBJCHHH, MI/J; b, — PACTBOPHMOCTb a30Ta
B BOjIe NIPH IAHHOH TeMmepaType W aTMOC(HEPHOM AaBJIEHHH, Mr/d; fr — KOHCTaH-
T4 CKOPOCTH DACTBOPCHHS I'asa B BOJAe, MHH; { — TeMneparypa;

k,:km,bT’;’— (111-12)

k20=0,35 [15].

OiipeliesienMe TeXHOJOTHUECKHX napaMerpos npu Qaorauuu ¢
nojaueii BO3AyXa uepe3 NoOpMcTble Marepuaast. [Ipn duoranuun c
nojayet BO3/lyXa uepe€3 HOpHCTHIe MaTcpHaJsibl OIpEAEJCHHE pa3Mme-
pPOB INy3bIpbKa C YY€TOM BCeX OCOGEHHOCTell mpollecca HX OTpHIBa
OT IeprhMeTpa OTBEDPCTHA 3aTPYAHHTENBHO, O}.’LlIaKO TpH HCKOTOPHIX
JOIMYLIEHHAX MOXKHO HCNOJAb30BaTh (PoOpMyJy AJa OTBepcTHH ¢ pa-
auycom menee 0,2 cm [15]

DB=6%/”0TBO}>K (I11-18)

rie Dy — pagnyc mysuipbKa, cM; fors — PaJIAYC OTBEPCTUA, CM.

Ilpu orBepcTHH AHaMeTpoM MeHee 3 MM MaKCHMAJbHBIA PacXoR
Bo3Ayxa (Qmax, CM3/MHII), PH KOTOPOM NY3HIPbKH, BHIXOASUIHE H3
OTBepCTHS, He GYIAyT cAHBAaTbCs, ONPCAEJSCTCS U3 COOTHOLICHHSA

Qmax = 1047218 (111-14)

Ilpu srom u3beiTounoe AaBieHue AP ¥ MHHHMaJbHas BeJHYHHA
AHamMeTpa OTBEPCTHA dorp, Yepe3 KOTOPOe MOXKET INMpPOXOJHTb BO3-
AYX IOPH TAaKOM JAaBJEHHUH, CBA3aHbl MeXAy coboit dpopmynaod Jlam-
Jaca .

2
dors = —3 7 (I11-15)

Ounpenenenne TEXHOJOTHUECKUX TApPaMeTPOB NpPH MeHHOM (pak~
uaoHuposanud. Ilpu ¢moranuu KoJNJIOHAHBIX H PACTBOPEHHHIX IpH-
Mecell OAHHM H3 GCHOBHBIX MOKa3areJef TEXHOJOTHYECKOro Inpo-
necca HeHHOTO (PaKUHOHHPOBAHHA fABJAETCA CTeleHb H3BJCUCHHS

BEILECTBA
CO - COCT

L= === 100 (111-16)

rie Co— HCXOAHAf KOHUEHTPAIlHS H3BNeKaeMoro semlectBa; Cocr — €r0 OCTATO%e
Hasl KOHLUCHTPAUUSI B pacTBOpe.
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CTeneHp H3BJEUEHHS BeILeCTBa, KaK Gbiio mokasaHo B [17],
CBf3aHa CO CKOPOCTBIO NMOJAYH BO3AyXa U H Ko3(h(HUUHEHTOM ycTof-
YUBOCTH IIEHHI (y COOTHOLIEHHEM:

kyvoy

L=l—__—ay—+-k1—va—; (I111-17}

rie ki — KOHCTaHTa; Cy-— OTHOWleHHe 00heMa NeHH qepes onpeje/eHHOe BpeNsg
K HepBOHAYabHOMY o0beMy INeHH.

B XUAKOCTAX ¢ HU3KHM 3HaueHHEM Oy BHICOKAad CTENeHb H3BJe=
YeHHs HE€ JOCTHraercd, YTO OOYCJOBJEHO 3HAUHMTEJBHBIM YHOCOM
pacTBOpa B IEHHBIH NPOAYKT NpH GOJBLUINX CKOPOCTAX [OJAaYd BO3-
Ayxa.

BaXHHM TeXHOJIOTHUECKUM I1apaMeTPOM NeHHOro (GppaKuHOHHDO-
BaHUA siBJasieTcs K03hdHUHEHT pacnpeleneHHs H3BJICKAEMOI'O Be=
LIeCTBA MeKAy (JIOTOKOHIAeHCaTOM (MHUAKOCTBIO, 06pa30oBaBLICHCS:
IpH paspylleHWH IeHH) M pacTBOpPOM, uau Koadduiuuernt obora-
LIEHUS |g:

Cn
o (111-18)-

rpe Cn—KOHU,EHTan,HH H3BJIEKa¢MOro BewjecTsa RO (t)JIOTOKOHAeHCZTE.

Crenenp u3MeHEHHs ofbeMa pacTBopa B npouecce (PpakUHOHH-
poBanus R, TakXKe BaykHa AJia OUEHKH 3> GdeKTHBHOCTH mpolecca,
TaK KaK MHHUMaJbHHI 06beM (JIOTOKOHAEHCATA — BaXKHOE YCJO-
BHe 5P (HEKTHBHOCTH INIPOIECCa OYHCTKH

Ro=Va/Vocr (I11-19}-
roe Vy — o6bem ¢uioTokonaencata; Vocr = OCTAaTOYHHA oOBeM pacTsopa,

KauecTBeHHass 3aBHCHMOCTb MeXKJY OCHOBHBIMH IapaMeTpPaMH,
XapaKTEePU3YIOWHME TIPOLECC MEeHHOTO (paKUHOHHPOBAHHS, OMUCHL-
Baercsl ypaBHeHHeM [18]

Co—Cocr = A QHy™Y) Cy? (111-20)-

rie A, @, b— KOHCTaHTH, XapaKTepH3yiOLIHE npOLecc NMEHHOro (bPAKIHOHHPOBA-
HHA DasJHYHHX BeIlecTB; Q — pacxopx Bo3AyXa; Hw — pacxox CTOUHOA BOJHL

Kax BHAHO M3 3TOTO ypaBHEHHS, CTENEHb U3BJEUEHHS BEILECTBA
NpsAMO IIPONOPLMOHAJbHA €r0 HAYaJbHOH KOHLEHTPAUMH B CTeme-
HM b W pacxoqy BO3AyXa Ha eQHHHULY oGpaGarbiBaemoii Boan Q
B creneHy a. OfHaKo yBeNHYeHHe HHTEHCHBHOCTH Gap6oTaxka BO3-
AyXa IIPUBOJMT K BO3PACTAaHHI CTemeHu H3BJeuenus [TAB saunm
B onpefejeHnblx npefenax. Hanpumep, npu GapBGoraxe Bo3ayxa
uepe3 MOPHCTHE MJIACTHHBI HHXKIICE KPHUTHUCCKOE 3HAUEHHE CKOpO-
CTH NPOAYBAHHA BO3JyXa 4epe3 XKHAKOCTb OTBEYaeT TPcOOBAHHUIO
PaBeHCTBA AAaBJEHHA Tra3a THAPOCTATHYECKOMY CONPOTHBJIEHHIO-
cronba 6ap6oTupyemoro pactBopa. [Ipu MenblieM namope rasa
Ny3HIPbKH He 00pasyloTcs M IleHa, eCTeCTBEHHO, He ofpasyercs.
Bepxuuit fipeses MHTEHCHBHOCTH IOAaYM BO3AyXa uepes NOPHCTHIE
IJIACTUHBl OOYCJIOBJIEH TeM, YTO IIPH BBICOKOH KOHLEHTPAIMH IIy-
3BLIDBKOB B KHAKOCTH 6om>1uoe KOJIHYECTBO HX KoOajecuHpyer, 06-
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a3yd KpPyNHBle IIOJOCTH, 3alOJIHeHHBle BO3JyXOM, KOTOPHIE Ha»
CTONBKO OBICTPO BCIJIBIBAIOT, YTO PpaspyllaloT 06pasoBaBllylocs
neny. [Ipu cropocTH Xe nojJadu BO3AYXa, JeXaUled MEXKAY ITHMH
JBYMSl NPENeJaMH, CTelleHb H3BJICUEHHS BELIECTB PaCTeT C YBeJsH-
YeHHeM WHTEHCHBHOCTH NOAaym Bo3ayxa [19].

3. TEXHONOTMYECKME CXEMbl M1 OBOPYAOBAHUE ANA ®ONOTALUUU
# NEHHOW CEMAPALIMA 3ATPA3HEHUA CTOUYHLIX BOA

TexHonor1ueckme cxemobi U o6opyaosaHue
Ana HanopHo# dnotaumu

B oteuecTBeHHONl M 3apyGexkHol npakThke [20]  daoramuio
NpUMEeNsIOT OObIYIIO AJsi OYHCTKHM CTOYHBIX BOA C LEJbI0 YTHIH3A-
LUK LeHHBX HPOAYKTOB, IIPH NOATOTOBKC BOJAbI ANS GHONOrHYECKOH
OYHUCTKH, Pas3/AC/CIUH HJOBHIX cMecefl aspOTEHKOB, YNJOTHEHHH H3-
GHTOUHLIX HJOB M OCAJAKOB CTOYHBIX BOK, HOOUHCTKE OGHOXHMHUYCCKH
OUHILEHHBIX CTOYHHX BOA. HamGonee addexTHBHas ouucTka CTOY-
HHX BOJ MOCTHTaeTcss [PH HCIOJb30OBAllHH HAnOpHOH (JOTaLHH,
nexnofl cenapauuu u saektpodioranun. [as ynyumenus spdexra
OUUCTKH BOABW HapAAy ¢ ¢JoTanHeldl NPHMEHAIOT KOAryJaAlHIO NpPH-
Meceit H HocAelylollee OTAeNeiiHe XJIOMbEB KOAryJiiHTa B npolecce
<pJIoTalHH.

Ha npaxTuke Halujig npHMcHeHHe ABe CXeMBl HallopHO# ¢JoTa-
uun: npamaa (puc. III-5) u ¢ peuupkynsuHed, KOrga BO3LAYXOM
HaCHIILAKT YacTh yxke ouuiennol Boab (30—50%), cmcinBaemoi
3aTeM ¢ BOJOH, ilocTynawilel Ha O4uCTKY. [lcpBag u3 3THX cXeMm
JaeT BO3MOXHOCTb PacTBOPSTH B BOJE [AOCTATOYHOE KOJHYECTBO
BO3JyXa Npu HauMeHbllem naBienHu (200—250 kIla) u ma 20—
30% cokpatute 00bem (oTaTOpa, OAHAKO OHA MEHee INPHTOAHA
Ias ¢JoTaluM XJONBEB B Npouecce 06paloTKH BOABL KOAryJasiiTOM,
TaK Kak [IpM NlepeKauKe BOABI HACOCOM XJIONb# THAPOKCHAOB alio-
MHHHA M JKeJesa paspymialorcs, Yro nNPHBOJAHT K obulieMy yXyAule-
HHI0 3 PexTa OUHCTKH.

B cxeme ¢ penupKyJslHeil KOaryJasHT MOXHO 3apaHee BBecTH
B OuHHlaeMyl0 BOAYy, KOTOpywo mepcxn dJoTamueit BHIAEPKUBAIOT
Hieo6X0AHMOE BPCMA B Kamepe XxJoirbeoGpasoBauus. [1pu sToil cxe-
Me yJayyllaloTCH YCAOBHs paGoTH Hacoca, OJHAKO YBeJHUHBaercs
©06beM ¢aoraropa. [aBienyue HACHIIEHHS B CXCMe C PCLUDPKYAAILH-
it npynamaror 300—400 kIla.

Ha puc. 111-6 nokasanbl pasnHyHble BAaPHAHTH M0Ja4# BOAH BO
(JIOTAlMOHHYI0 KaMepy: ¢ peIHpKyJsLHeH, ¢ uacTHYHO! Noxaved
BOJbl HACOCOM H C HCIOJb30OBAHHEM B KauecTBe palfouell JKUAKOCTH
JII060H OTHOCUTENbHO YUCTOH BOMABI, HMelOUlelCA Ha OYHCTHHIX CO-
opyxenuax. O6beM palouell XKHIKOCTH AOJXKeH OBTbL Gonee 1 M3
Ha 1 M® ouHIIacMOro croka, a KOJHYECTBO €e OIPEAENsIoT, HCX0Ad
H3 YCJOBHA JOCTHXEHHs HCOGXOAMMOro yJAeJbHOro pacxoja BO3-
Ayxa.

B kauectee mpumepa Ha puc. III-7 nokasana cxeMa OYHCTKH CTOYHBIX BOJX
BHCKOSHOrO IIDOH3BOACTBA METONOM HamopHoit duroTaums, KHcinle, meAOouHHe B
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Puc. 111-5. TIpamas cxema HanopHo# ¢uioTanun:

1 — noason soaw; I/ — orBoj BCnABIBMX 3arpashenuf; /1! — nopson BosAyxa; ]V — oTBom
BoAbl; ! — Gydephbifi pesepByap; 2 — 3XKeKTOp; 3 — HalODHHA Gak; 4 — daoTanuoHnas kae
Mepa; § — Hacoc; 6 — ckpelkoBoe ycrpoitcTBO Jo c6opa NeHH,

08-054
Bo3dyx 12
q .
45
4 5

Bosdyx

5

"l S Gwl 1
i}

Puc. II11-6. CxeMH nofayH BOAW HacocaM# NpH HamopHoRt duoTauun:

@ — ¢ penHpKyJasinuefi; 6 — ¢ wacTHyHoM mojadelt BOAB HacocoM; 8 — ¢ paGoded XKHIKOCTLIG
px— pabouasi KHOKOCTB); [ — npueMHoe OTAeneHHe; 2 — dA0TamHOHHOe OTJAeseHHE;, 3 -

BcacblBalOLIHE TpyGonposoj; 4 — Hacoc; § — HalopHEIA GakK,

Puc. 11]-7. Cxema OYHCTKH CTOYHHIX BOZ BHCKO3HOTO [POH3BOACTBA:

I — puckosHuil noTok; I/ — wmeaouuolt norok; /// — KHCaABIE NMOTOK; I — YCpeAHHTENb BHCKO3+
HOTO noToka; 2 — GyQepHniA pesepeyap KHCACrO nortoka; 3 — pemertkKa; 4 — [1ecKoJoBKa; 5 —~
KaMepa DeakKIUH; ¢ — CMeCHTeJb; 7 — BO3AYXOBOJ; 8 — HACOCHO-KOMIIpeccopHasi CTaHRHHA; 9 -=

BpYRbl; J0 — nnoBble bJowankH; 11 — QAOTAuHOHHLIE OTCTOAHHKH; [2 — HefiTpalu3aTOpH}.
13 =» maaMooTBaA.



BHCKO3HHE CTOYHHIE BOJH HaNpaBJAfIOT uepe3 peuleTKkH J, NECKOJOBKH 4 B KaMe-
Py peakuus 5, B XoTOpo#i npu H3GHTKe cepHOM Kucaotw (Goaee 400 Mr/n) mpoe
HCXOAMT pereHepauus pucKosnl. Jlas obecneyeHHs STOro npouecca BHCKO3HHE
CTOYHHE BOAW NOAAIT B yCpeAHHTEAb I, 8 HEOOXOZHMLIY 3amac KOHIEHTPHPOBaH~
HBEIX KMCABIX BOj XpaHAT B 6y(epHoM pesepByape 2. Jns yAaneHus coneil IHHKS
K CTOUHHIM BOXaM B cMeCHTesne 6 A00aBAsioT H3BecTKoBoe Mojaoko xo pH 9—10,
OpH KoTopoM HaHGoJice NMOJHO NPOTeKaeT pcakuus oOpasoBadHs FHAPOKCHAA IHH-
Ka. Jlanee cToyHHe BOJAH 3a0HDAIOTCH LEHTPOGEIKHEIMH HACOCAMH, HA BCaCHBAIOe
muX TPyOONpoBOAAX KOTOPHX Da3MElUEHH NaTPy6Ku AAs nopaunm soinyxa. Croye
HHE BOXHW C BO31YXOM, PacTBOPHBLIMMCH npH Aasnendn 250 xIla, nopawrcs BO
droTauloHHNe OTCTORHHKH /I, B KOTOpBIX UDH ATMOC(HEPHOM NaBJeHHU BOSLYX
BHCASleTCA B BHIe NMY3HPBKOB, YBJACKAIOUMX B3BellleHHbie BellecTBa, B TOM YHCHAE
H THApPOKCHL uMHxa. [IpH nepHOAMYCCROM HOBLIIMEHHH YPOBHS BOAbl B OTCTOHHHKE
BCHLIBUIME C [eHOi B3BelllellHble BelecTsa cOpacbiBalOTCA B OTBOASMIIHE JIOTKH,
3 oTcTONHUKOB OCBeTACHIYIO CTOUHYIO BOAY HANpaBAsIOT na AanbHelwyio obpa-
Gorky IIpH Tako#l cxeMme addhekT ouucTKH OT B3Becefi cocraBiaser 97%, OT ruf-
POKCH]A LHHKA 4 JAPYTHX KOJIOHIHbIX 3arpsasueHnit 90%. [Ipu aTom crenenh
06e3BOXKHBAHHA ocanka goctHraer 93%, 4to ABAfeTCs BaXKHeflHM HpeuMyecTs
.BOM (roTaunorHoro mertona [21].

Texnosoruueckass cxeMa OYHCTKH CTOUHHIX BOJ, COJepxKaluX
COGMHEHHS TPEXBAaJEHTHOTO XPOMa, ¢ DPUMEHEHHEM Hamopioi
¢norauuy npeacrasiaeda Ha puc. 111-8. Crounbie Boanl npejgBapH-
TeJbHO 06palaThBAalOT M3BECTKOBEIM Mosokom no pH 10—11 pas
BLIJeJIeHHA THAPOKCHAA XPOMa M KOAaryJslMH B3BCLICHHHX 3arpds-
HEHHIl, a 3aTeM HaCHIAIOT BO3AyXoM Tnoj jaBienuem no 300 klla
H 1ojarT Bo (JOTAaTOpP, rIe NY3BIPbKU BBHLEJSIONIErocs H3 CTOY-
HbIX BOJ BO3AYyXa NEPEHOCAT YACTHULl 3arpsA3HeHHil B NeHHbIH caofi.
Sddexr OYHCTKH CTOUHHIX BOJ OT COJIeff XpoMa M B3BeLICHHHIX Be-
mects cocraBaser 92—94Y, [22].

Ha GonblumHCTBe YCTaHOBOK A/ HATNOPHOHK (JOTAIHK BO3AYX
NOAAIOT B LCHTPOGEKHBI HAacoc Yepes 3xKekKTop. [lONOJMHUTENbHOE
a43pHpPOBaHHe BOABI MOXKHO OCYIUIECTBJIATH B HANMOPHHX pesepBya-
pax. B 3aBHCHMOCTH OT CBO#CTB OYHIaeMOH BOAK HAaCOCOM CO3[a-
10T U36bBITOYHOe naBieHdHe or 150 jo 400 xIla. Jas HacwHinenus
BOAH BO3AYXOM B pe€3epByapax HMeIOTCH cheuvaloHble YCTpoficT-
Ba: MeperopofiKH, IOJKH, HACaAKH, BpaulaloWHCC] DUCKH H T. IL

Puc, 11I-8 TexHonorHYeCKas CXeMa OYHCTKH XPOMCOLepXKam#X CTOYHHIX BOJ:

{ — pewerka, 2 — noasoAAIHA KaHak, J— ycpeRHHTesab; 4, 9 — HacOCH; § — nepeAuBHAA TPY
Ba; 6 — eMKOCTb; 7 — 6ak ¢ H3BECTKOBhIM MOJIOKOM, 8 — kamcpa peaxkuus, J0 — dnorarop;
11 — GyRKep aasl mJiama; I2 — OTBOA OYHILeHHBIX CTOUHLIX BOJA; /3 — OTBOA mI1aMa.
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.
PH30HTaJbHOH) (JIOTALHOHHON KaMEepH:

Puc. I11-9. CxeMa npsMOYyroJabHo# (ro- AL )v
—

a_
Y T

I — cMech ucxoiHOH BOALI ¢ Bo3ayxom; [[ — CIOCPIM AN ) o0e \
ocsetdenHad Bopa; [[l — neHa; [ — npueM- p— pvwoni R — NN
Hast Kamepa; 2-— OTCToilHas Kamepa; J — Ka- H 2 3
Mepa neHbl; 4 - pacnpejlesiHTeJdbHas nepgo- It— —— — X
pupoBaHHas Tpyfa; 5 — cTpyeracamias nepe- —}-) ?—-— —5 —_—— 7—‘?{:,\
ropojika; 6 — oTBojkas mnepdopBpoBaHHan y. |
TpyGa, 7 — KoumeftepHoe ycTPOHKCTEO. C g b/—hl, ‘»‘m

OGbem HaloOpHOTO pesepByapa pPacCUHTHBAOT Ha Npe6GbBaHHC B
HEM BOJAHBI 10 5 MHH.

OcHOBHBIM aNlnapaToM CXeMBl HaNopio#t (JoTauuy sBAgCTCA
¢daoTamionHaa KaMvepa. B kaMepax BBIZENAOTCA KOMIJICKCH yac-
THUA 4+ 1y3blpeK. B NpOMHILJIeHHOCTH HCHOJB3YIOTCA B OCHOBHOM
NpAMOYTOJbHBIE WM UHAMHADHYeCKHe (JIOTALHOHILE KaMephl.
Cxema mpaMOyroasHOH KaMephl npenactaBiena Ha puc. 111-9. lu-
POKOe npuMectienue B NPOMBIULIEHHOCTH HaULIu (JOTaLHOHUBlE yC-
TalOBKH LHJIHHAPHYecKOoro tuma «Aspodaotop» [15] u ap.

3H3‘JCHI/IH OCHOBHDbIX TCXHOJOrHUYCCKHX napamerposn HpH Halop-
HOM (yroTallHH 3aBHCAT OT KAaUeCcTBa OYHLIAeMOH BOABL H HAXOMAT-
cs NPHOAU3HTENBHO B CJAEAYWOUIHX fpejenaX: AABJICHME B HaNop-
HOM pe3epByape 0,17—0,39 MIlIa; Bpems npe6biBanus BOIBI B HAa-
NOpHOM pescpByape 4 muH, BO ¢dJorauuonuoii xkamepe 10—20 muir;
KO/IHYeCTBO MNMOACACHIBAEMOr0 3XKeKTopoM Bo3Ayxa 1,5—59% odbeMa
ounlwaeMoi BoaH. [opusoHTaNbHBlE GIOTALHOHHBIE KaMepH MoO-
TyT ObiTh AnuHOH oT 2—3 no 30—35 M u wupuHoH no 6 M. Tuno-
Bble UH/IHHAPHYECKHE (IOTAUHOHHBIE KaMepH NpOH3BOLHTEJb-
HocTbio 600 M%/4 umeror agnaMerp 12 M u Bhicoty 3,5 M.

TexHonornueckue cxemot U obopynosanue
ANS NEeHHOTo PAKLMOHUPOBAHUS PACTBOPEHHBIX MpUMeces

ITpr  nemnoM (paKUHOHHPOBAHHH DACTBODCHHHX IPHMeceil
OYeHb YaCTO HCNOJL3YIOT AHCMEPTHPOBaHHe BO3JAyXa Yepe3 MOpH-
CTHIC MaTepHaJbl WJIM ADPYrHE CrenualbHble JHCIEPTHPYIOLIHE
YCTPOHCTBA, YTO HMMeeT ONpeleJeHHbie NPeHMYyMlecTBa Nepel Ha-
NOpHO# (hIoTauyeid: MeHbIIHe 3aTPAaTH SHEPTHH, OTCYTCTBHE CJOXK-
HbIX MexaHusMmoB. OgHako ajisi oGecrieyeHHA BLICOKOH CTEMeHH H3-
BJACUEHHA 3arpA3HAOWUX NPUMeceli BAaXKHO NPH TAKOM MeTone cCe-
NapauuH OGECIEUHTb NONyuEHHe IY3piPLKOB MEJKHX pPa3MepoB.
Hasi aTOfl Uesu HCNOMB3YIOT PasaHuHBEIE YCTPOMCTBA: nepdopupo-
Banuble TPyOHl, OHJIBTPOCHMIE IJIACTHHBI M APYrHE [PHCHOCO6.IE-
HUS.

Tak Kak npu GAOTALUK C HCHOMB3OBAHHEM IOPHCTHIX MaTepua-
JIOB BO3MOXHO 3apacTaHHe H 3a6lBaHiC IOP, IEPCHEKTHBHO HC-
M0/1b30BAHHE TAKHX KOHCTPYKUHI AQHCICPraTOPOB, KOTOPHE A3IOT
BO3MOXHOCTb peryJHpOBaTh CTelleHb AHCNCPCHOCTH I01aBAEMOTO
BO3NyXa W OWALLATH AMCIEPrHPYIOUlee YCTPOHCTBO OT 3aCOPEHHSI.
B srOoM oTHOWeHHH npexcTaBisieT HHTEpeC LHCTIEPTHPYIOUIEE yCT-
poiicTBo, 3anarenroBarHoe B CCCP (puc. I1I-10) u = cocrosiuee
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= L5 Ry
j CHOT 4 C050yx Puc. [i1-10. Tpusug-
it w2 kaamexmeza

THa1bHasg cXeMa OAHO-
TO 3BYHZ MPOMBINLICH-
Horo o6pasua peryan-
PyeMoro gucneprupyio-
urero ycrpoiicTaa,

H3 CHCTEMBI BO3AyXOMOABOAAILHX TPYGOK 6 ¢ JABYyMsl pacnpejienn-
TeIbHBIMH MydTamu 4 u AHCHeprupyloiiero npucnocobaenus. Oxo
COCTOHT H3 METaJVIMYCCKOrO CTePKHHA 5 KpecToo6pasnoro ceuenud,
OKanYiBalOIIErocss HaKOHEYHUKOM 3 ¢ pesb6oii. Ha crepxkenn ua-
HY3biBacTcs HeobxoZuMoe uucao xoden ! us IVIOTHOTO  BOitJIOKa.
Buyrpennss unosepxnocts xouen ACJIUTCA KPecToO6pasHBIM CrepiK-
HEM 112 MCTLIPC NOJOCTH HJH CEeKUHH, B KOTOpLIE 4epe3 pacapepesiH-
TEJbHbIC MY(TBI KOHTYPa narHeraeTcs Bo3ayx. laitkoit, wasopaun-
BAIOWIENiCA HA' Pe3b6OBHE HAKOHEYHHKH CTEPXKHSA, NPOUIBOAAT CIKa-
THE KOJIel Yepe3 YNJOTHHTCAbHHI y3en 2. Iloctynarownsi B muc-
HEPraTop BO3NYX PaBHOMEPHO pacHpexensercs Mo YeThIpeM BHYT-
PEUHHM CeKLNAM, H3 KOTOPbIX B BHAEC MeNbYAfiiHX Ny3LIPBKOB BHI-
XOAHT B OKPy2Kalolllec NPOCTPAHCTRO.

Has perynupoBanus crenemn AHCMEPCHOCTH  BO3AyXa Mnpeny-
CMOTDCHBI ROTIONIHHTEJbIIbIE OPHCTHE KOMbUA M HX CXKATHE CTAXK-
HLIMH rajfikamu. Hnrepsan perymuposanns NPAaKTHYECKH He Orpa-
HHYeH. MHTencHBHOR M addexTuBHOE PCTY/NHpOBanMe AOCTHraeTcs
NpH Aasiaewun 10—30 xIla [23]. Ipumenenne TAKOT0 JIHCMEepru-
pywuiero ycrpoiicTBa 0KasaJoch 3O@CKTHBIEIM npH OYHCTKe npo-
MBIHUACHIBIX CTOUHBIX BOJ, 3arps3HENHLIX NMOBEPXHOCTHO-AKTHBHEI-
MH BEIMECTBAMH M KPaCHTCJSIMH. TeXHOJOTHUCCKIe CXCMBl OUHCTKH
CTOUHHX BOM OT 5THX BeIECTB OKA3HIBAIOTCS Gojlee 3¢ dexTHBHbMH
NPpH coveTauuu ¢uaoTanuonnon 06paboTKH BOAH ¢ Koary.1auuet n
apcopbumesi. Ha puc. II1.1] NPHBENEHA TCXHOJOTHYECKAs CXxeMa
OUWIICTKHM CTOYHBIX BOA, comepxauiux cmech, ITAB CYMMapHOH KOH-
uentpaunn 1o 200—250 mr/a, a rtakxke B3BINCHHbIE, KOJIOHAIILIE
pHMecH u HeCOJbLIOC KOJIHUYECTBO Kpacuresneil. CTOYHHE BogM
DPEANPHATHS 1MOCTYNAKT NpPeABAPUTENBHO B yepeaunrtean I, yro
NIO3BONSICT HOAABATL HA OYHCTHHE COOPYXKeHHsl BOAY OMNpefiejeH-
HOrO, NGO MEeIJIEHHO H3MEHSIOLICroCs COCTaBA. U3 ycpemnureas 1
HacocoM 2 CTounas BOAA HOAACTCH BO daoratop 3. Tlena u3 ¢uo-
TaTOpa OTBOAHTCS B NCHOracHTeNb 4, CHAGKEHHbIH nolorpeBaTesaem
4JIs1 YCKOPEHHA paspyiuenus memsl, Ilocse cennapauuu I[TAB yu ya-
CTH KpacuTesedf u ¢Jorauuu B3Beceli cTouHag BOJa IIoCTyiiaer
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B peakTop 5, B KOTOpHIi NMOJAeTcs PacTBOp KOAryJaAHTA H HSBECT-
KOBOe MOJoKO. Ha o6pa3oBaBIIMXCS XJOMbSX THADOKCHAA aJIOMH-
HuA COpOHPYIOTC KpacHTesNH, OCTaBlIMecs B BOAS IIOC/E neHHoH
cenapanuu. [s OTAENEHHs XJONBEB THIPOKCHAA CTOUHYIO BOLY H3
peaktopa 5 HampaBJIdwT B BePTHKAJbHEIA OTCTOHHHK, a 3aTeM Ha
IBYXC.I0fiHbIe YTOJAbHO-KBAapUEBbe (HIBTPEL 7 u 8. KauecrBo oun-
LCHHOH BOAB NO3BOJIAET €€ MOBTOPUO HCHOJIB30BATh HA NPEANPHA-
THH A4 P2 TEXHOJOTHUECKHX ONepaluii mocje O30HHPOBAHHA HA
ycranoske [0. .Boja, ucnosb3oBamHas A5 TMPOMBIBOK dhunbTpa,
cnmBaercs B OTCTONHMK 6. [ICHOKOHJEHCAT M3 TeHoracuress 4 rno-
crynaer B peakTop [/2, B KOTOPbli MPH NepeMellMBamill MOAANT
yepea f03aTOp CyCNeHsHio IJHHH. B~ peakTope NeHOKOIZEHCAT
fiepeMciiuBaeTCA C IJHHON B TedeHwe 10 MHH, 3aTeM. CyCIeH3udA
flocTyliaeT’ B OTCTONHHK 1], Tie BOZa OTAeNseTCA OT [JIMHBH H BO3-
BpallaeTcs B YCPEAHUTE/b IPA3HBIX CTOYHBIX BOA. Taunauuifl mwaaM
U3 OTCTONHMKA O6e3BOXKHBaeTcs Ha BakyyMouabrpe 9. Hcnosanso-
BAHHYIO TJTHHY MOXHO YTHJH3HPOBATb B IPOM3BOACTBE CTPOHTEJD-
.#oro kupnuda. Eciu B cTOUHOMA BOZE COREPKATCA NPEHMYIICCTBEH-
Ho anuonuble [1AB, To ansi 0G6e3BpexMBaHHs (JOTOKOHIEHCATA
BMECTO TIJIMHBI LeJEecoo0pasiio HCNOJAb30BATh 307y W/ IIJaK KO-
TeNbHBIX, . :

[Mpu OYHCTKE CTOYHHIX BOA IO TAaKOH CXeMe OCTaTOYHAfd KOH-
uentpanus I1AB cocraBaser 0,5—1,0 r/m3; cremenp ofecuBeunBa-
HHSl BOIBI IocJe NeHHOH cenapaluHn M 00paboTKH Koary/JasHTOM
(60—65 r/m?) nocruraer 60—90% (MHTEHCHBHOCTb OKPACKH IO
nopory pasGapnenns chuxasack go 1:10—1:15 nporus 1: 100).
[Tocae o3zonmpoBauus Ao3oi 0,6 r/m® crounast BoJa NOJHOCTBIO
o6ecuseunBaercd. XIIK crouyHoii Boasl mocjie NEHHOH cenapalny
1 OCBEeTJeHHsi KoaryJsHToM cHuxaerca B 3—6-pa3, BIIK —B 4—
9 pas, a nocne osonupoBanus XITK Bogwt mpubamxkacrtcs x XITK
JAHCTHJLTHPOBAHHOH BOZAHL.

-~/ una
N

7 0vuwennas
: Bada

-

i

Jsen

Puf. Hnr-11. Texaongraqecxaﬂ cXeMa OuHC1KH cTouHmx Box oT ITAB H kpacure-
Aci MeTOZOM neHHofl cemapauul U KOAaryJsLHH.
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TexHonoruueckne cxembi U 06opyposanme
ANS 3neKTpocgnoTauun

TexHuKO-5KOHOMHYECKOe CPaBHEHHe 3JeKTPOQJIOTaUHH H Ha-
MOpHOK (JIOTALHH C NMPHCAAKOH KOAary.siHTOB B CTOYHY!O BOLy MO-
Ka3blBaeT, YTO NPH MPOH3BOIUTEIbHOCTH (PIOTAUHOHHBIX yCTAHOBOK
10 20 M3/4 cTOMMOCTH OYHCTKH O6OHMH METOJAAaMH MPHMEPHO OfH-
naxoBa. OfHaKko, HaunHaa ¢ npouspoauteabuocT 30 mM*/u, npeumy-
IecTBa MOAyYacT nanophas (J0Talus, TaK Kak 3JMeKTpod.oTalua
Tpebyer B 4 pasa GoJbiue 3aTpaT 3Heprun (-~ 0,4 kpr-u/M®) [24].

IMpu snextpod.roTauuy NOCTYNAKUIYI0 Ha OYHCTKY BOZAY, COAep-
XKalllyl0 B3BelICHHble YaCTHIH, BBOAAT B OTHOCHTEJIbHO MEJKHH pe-
3epByap M 3allOJHSIOT ero HanoJoBHuy. Ha amne pesepeyapa Ha-
XOMHTCA OTBOASUIMIA KaHaJ [Js BOAW, NOJOXKHMTEJbHHI H OTpHIA-
TEJBHBIA 3JEeKTPOJbl U KOBLIOBH#l CKPEOOK JUIs yiaJicHUS TBCPAHIX
B3BECeH C NOBEPXHOCTH pe3epByapa. THUHHYHAA CXeMa TaKoi OYH-
cTku npuBesera Ha puc. 111-12, ITo cxeme 111-12,a Boma moctymna-
T B HHXKHIOK YacTb (JIOTAUHOHHOH KaMepH, TIPOXOAHT MeXAy
3JCKTPOAAMH U OTBOAMTCS U3 cepeaunibl kaMephl. B cxeme 11T 12,6
HCOYHIIEHNas JKHAKOCTL ABHIKETCA CBepXy BHH3 HaBCTpeYy BCIJbI-
BalOWHM [IY3LIPbKaM ra3a, OTBOJHTCS BOJA M3 HHUXKHEH 4acTH Ka-
mepni. Uepes 9JeKTpO/ni IPONYCKAeTCH MOCTOSHHBII TOK {IH3KOrO
Hanpsixkeuns., B pe3vibraTe 3JeKTPOsH3a BOAH 006pasyroTcs Ma-
JIeHbKIC OAHOPOJAHBIE My3blpbKH Ma3a (BOZOPOJA M KHCJIOPOA), KO-
TOPHI¢ NOAHHMAIOTCH BBEPX, 3aXBaTbiBasl B3BCIIGHHLIe YACTHUMH, H
o6pasylor B3Bellennblii cJ10f Mo Bcefl maowmanu pesepsyapa [lpo-
JOJKITEAbHOCTL TIPeGHBAHUA BOAB B 3JeKTpodJoTarope, mnJoT-
HOCTb TOKAa ¥ KOJIHYEeCTBO B3BEUIEHHBIX BelIeCTB SBJSIOTCA B3aHMO-
cBsi3anHbiMy BeauunHaMmu. OULITHEIM NOyTeM NOKa3aHO, 4YTO NpH
pastiocTy moTeHuuasoB ~ 10 B, naornoctu toka 100 A/mZ u npo-
IOJIKNTEABHOCTH (urotaunn 20 MUH MOXKHO OYMINATL CTOYHYIO BO-
Iy C HCXOZHOMN KOHNEHTPAUMeH B3pemieNnbX BemecTs A0 10000 Mr/a.
ITpu Gonee BLICOKHX KOHLEHTPAIlifiX B3BENICHHBIX BEILCCTB NPOAOI-
XKHTCJIBHOCTH 06pabOTKM BOAB 10.Kila 6biTh yBesuuena [16].

Fny6una pescpByapa mas anexTpod.10oTauuu o6bIYHO COCTABJA-
er 1 M, HOCKOJIbKY Ipu GOJbLIHX TYOGHHAX CKOPOCTH BCILIBIBAHHS
yMcublIaeTcs, AJHHA pe3epByapa yBeJHYMBAETCH NPONOPLHOHANb-
HO YBEJHYEHHIO BLICOTHl, KOTOPYIO JAOJKHBI NPONTH YACTHILHL.

Ilpu nombGope Martepuasa [Js H3roTOBJEHHS 3/1€KTPOJAOB He-
00XOHMO YUYMTHIBATH THI M KOJHYECTBO PAaCTBOPEUHHIX TBCPABIX
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Puc. 111-13. TopusoHTaAbELY snexTpodI0TaTOp:

1 — BrycKHas kaMepa; 2— DellleTKa-YCTOKOHTENDb; 3 - 3JeKTpoiHas cHCTeMa; 4 — CKpebxH;
5 — perynsTop OTBOAA WIJama; 6 — PeTyJAsTOp YPOBH:A Ha BhycKe BOAbL; 7 — maaMmonpHem-
HHK, 8 — OTBOJ oCajKa.

Bapecefi. CTeneHp H3HOUIEHHOCTH ¥ COOTBETCTBEHHO YacTOTa 3aMe-
Hbl 3JEKTPOAOB 3aBHCAT OT KOHUENTPAUMH AHHOHOB B BOAE, OCO-~
Genno xJopuaos M cyabdatoB. Hanbonee yacTo npu KOHUEHTpALH-
ax B3Beceii Menee 100 Mr/a ucnodb3yioT 2JeKTPOAH U3 HepkKaBelo-
Hieft ¢TaJgH, HO A 6oJiec BHICOKHX KOHIEHTPAlUMH HEOOGXOAHMBI
GoJice IipouHble W AOPOrHe MaTtepHaJb. ITOBepXHOCTb 3/MEKTPOOB
OMHILAIOT, BPEMsi OT BPCMEHu H3MeHsis HaNpabsjeHHe Toka. Ecau
MaTepuas 3JeKTPOAOB HE MO3BOJAET H3MEHHTb HX MOJAPHOCTH, TO
HPHXOAUTCA A0 HAYaJa OYHCTKH AOOABJATL B BOLY KOHAHLHOHHPY-
wulift pearedt (cony, msBecTb, docdar HaTPHs M AP.) AJA NPEAy-
PCXKICHUS OTJIOXEHHS Kap6OHATOB HA 3JeKTpojax |16].

PaspaGoTannl KOHCTPYKIHHW, B KOTOPHIX OYHCTKY 3JIEKTPOJOB
MOXKIO OCYLIECTBJAATL MEXaHHYeCKHMM, IHEBMO-THADABJIHUYECKUM HJIH
IPO3HOHHBIM MCTOAAMH, DIeKTPOdIOTAIHOHHbIE YCTAHOBKH 00/b-
10fl HPOI3BOUITCIBHOCTI OOBIUHO AENAa0T AByXKaMmepubiMu. Byx-
KaMcpHas YC1aHOBK4 TOPH30HTAaJbHOTO THMA, IpUBeJAeHHAdA Ha
puc. 11I-13, coctont u3 31eKTPOAHOro OTAENEHHS W OTCTOHHOH 4a-
cty. Tlepen 3/eKTpoAHOf CHCTEMO!l BOJA TONAZAeT B YCIIOKOHTEb,
3aTeM, lIpOXOJAA MEXK3JeKTPOJHOe IIPOCTPAHCTBO, HAchillactcA Iy-
3bipbKaMH rasa. BemabiBaiiMe yacTHL IPOMCXOAHT B OTCTOHHON ua-
¢TH, WJ1aM crpeGaeTcs ckpeGkaMu B lamooTBOAsmMi Jotok. Oca-
JOK, BBIMABIIMA Ha AHO, yAaNdeTCd uepe3 yCTPOHCTBO B JOHHOM ya-
CTH.

CxeMa ONHTHO-MDOMHIUIIEHHOfi YCTaHOBKH AJf YJZa/JeHHs colefi uHHKa Ha
CTOYHHIX BOZ NPOH3BOICTBA BHCKO3bl METOAOM 3JeKTpo(JOTAalMH NpHBEjeHa la
puc. 11I-14 [25]. B aanHOM cayuae coueTaHHe 3/JcKTPOGWIOTAaUHH € pearcHTHHIM
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Puc. 11{-14. Cxema onHTHO-GPOMKIINEHHON YCTAHOBKH AJs SMEKTPO(JIOTANMOHHOMA
OYHCTKH CTOYHBIX BOJX:

I —sgan pas1 NPUrOTOBJNEHHS] H3BECTKOBOFO MOJNOKa; 2 — J03aTOD H3BECTKOBOTO MOJOKa; 3 —
meulaIka; 4 — pesepBYap KHCJBIX CTGKOB; § — pesepByap WesOTIHO-BHCKOSHBIX CTOKOB; 6 —
cMecHTesb; 7 — 3AeKTPodaIoTagHOHIBIA annapar, 8 — XONOAMNBHHK AJNA OXJAAKAEHHS SJEKT-
pOAHTa; 9 -— €MKOCTb C SJEKTPOaHTOM; /0 — AeKauTatop; I/ — BakyyMHbit duAbTP; 12 — ep-
LWOBHIA ¢cMeCHTeNb; /3 — R03aTOp KMCHOTH, /4 — pesepByap OWHMINEHHLIX CTOKOB,

METO10M [03BO/AET CYLIECTBEHHO HHTEHCH(GHIHPOBATb MPOLECC OYHCTKH CTOYHBIX
BOJ OT THAPOKCHAA UWHKA H ADYMHX B3BelleHHHX YacTHH. DaeKTpodWIoTamHOHNHIf
anmapar COCTOHT M3 Tpex KaMep: Kameph npeABapHTENbHOro OTCTAHBAHHA JJIA
yaanenus rpyGOLHCNEePCHAX NpHMeCeli, KaMephl HHTEHCHBHON (MIOTAHK H KaMephl
ZoouwdcTkd. Ha pHe kamep (uoTamum H JOOYHCTKH YCTAiOBJEHH 3JeKTDOJHTHUE-
CKHe a3partopnl. Kamamft u3 HHX npencTasiaser co00fi FOpH3OHTAMBIEN! NaKer,
COCTORIIHA K3 JBYX 3.JIeKTPOIOB, pa3sileenHolX HOHHTOROA McMGPaHOi, H cema-
paTopa, mo KOTOPOMY MpPOTEKAaeT 9NeKTPOJHT (pacTBOP COLbl HJAH eJKOro HaT-
pa). Bepxuuli — pabouufi 97ekTpox (KaTOA) ipeACTaBAseT coBOfl CTajbHYio CeT-
Ky. Ilpumeteie 3aeKTpOdAOTAUHH 0Ka3a10Ch 3PPERTHBULIM NPH OUHCThE CTOY-
HHX BOA KOMeBeHHOr0 3aBOJA OT XpOMa, a TaKiKe CTOYHRIX BOX TEKCTHABHBLIX H
MHIEBHIX TPeINPHUATHE,

Pacuet obopygnosaHus

PacemoTpiM HeckonbKo NPHMEpOB pacueTa PasiHUHHX THOOB (WIOTAHOHHMX
ycranoBok. s ouHcTKH wedTecolepkanHX CTOYHBIX RO NPHMEHSIOT YCTaNOBKH
#HanopHoit GaoTanuu u3 c6opHOro xejezoberoHa, paspaboTaHHbie CO3BOAOKAHA -
npoesroM [26]. Uncao ¢daoraTopoB A BCeX THMOPa3MepoB  KaMmep — yeThipe.
dnoTaTophl NPEACTABAAIOT €OGO OTCTOAMHKH PANMANBHOrO THIA C BCTPOEHHOX
Kpyraolt ¢gaoTanuoHHON Kamepoi, 060PynOBaHHON BpawlaioUIHMHCS BoAopacnpeie-
JqUTeNeM H MexanH3MoM crpebaHus menbl. [1pn pacdere (JIOTATOPOB c/AeAYyeT OpH-
HUMaTbh BHICOTY (JIOTAUHOHHON waMepu Hy=1,5 M. JunaMerp ¢aorauHoMHo# Ka-
MepH HaxoaAT no Qopmyse (B M)

Dy =0,6 ) Qup/v (111-21)
rie Qg — PacXol CTOYHBIX BOA, MOCTYNAIOI(HX Ha OJKH (Jaoratop, M%u; v —
CKOPOCTh BOCXOASLEro NOTOKa BOAB, paBhas 6 mMlc,

Bpems npeOsiBaHns o daoTalmHoHHOR KaMepe 4—% mun. OOuee BpeMs npe-
6biBaHHsA BO (0TAaUHOHHON KaMepe H oTcrofinofi 3oHe 20 MuH. Bucora orcrofinof
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3oHs Ho=1,5 M; Bucora d¢uoratopa Hp=3 M; auamerp ¢d.oraropa Dy npuHH-
MapT no dopmyne

Dy = ]/4Q¢t°/ﬂH°60

rae !, — BpeMs npebwBaHHA B OTCTO#HON 30He, paBHoe 14—16 Min.

Dodderr 3azepxanna pasemeHHux BeulectB 30—50% (cooTBercTBeHHO NDH
daoTauKn Ges koaryIsmMH M ¢ Koaryasuueit). BuaaxuHocTh cBemeBsinasurero
ocanka 95% npu o6bemuol Macce 1,05 T/M3,

KoauuectBo BHOABLIETO OCAAKA MO CYXOMY BeleCTBY ONPEACAAOT no ¢op--

Mysne (B T/eyT) QC—Cy
108 ! .

rie Q — pacxol CTOYHHIX BOJ, MOCTYHAaWIINX Ha ouuctky, md/cyt; C u C; — Ha-
YaJbHOe M KOMEYHOe COj/leDiKaHHe B3BEIEHHWX BELIeCTB B CTOuHOH BOge, r/MS.

Conepxanue HehTH B ocaike coctaBafeT 20% no macce; KoanuecTBo HedTe-
copepxaileit nend Wn HaxXoZAT mo dopMyse (B M3/u)

b QEd—4)
= 0,95 (100 — 90) - 104

rie A u A, — HaualbHOE M KOHEuHOe COACPaHHEe HePTeNPOAYKTOB B CTOUHOH BO-
ne, mr/a; 0,95 —o6beMHas Macca HepTecoepxkaileh NeHH, T/M3; 90 — o6BOA-
HeHHOCTb HedTecomepxauieii meHml, ¢

CorosKkaHaampoeKTOM paspaGoTAHH THNOBHE NPOEKTH (JAOTATOPOB  nPOHU3-
BoauTeabHOCTRI0 300, 600 H 900 M3/a us cGopuoro xenesoberona (taba III-1).

DnoTaTOPH-OTCTOAHHKY MAPEJCTABIAIOT COGOR pajHaNbUbie AanmaparH  co
BCTPOeNHO/l MOABeCHOA ()JA0TALHOHHON KaMepoli M KOMOHIIMPOBANHWIM MeXaHH3-
MOM AJsl pacmpeieneHHs CTOYHOH KHAKOCTH, crpefanps meHnl u cGopa ocanka,
ITpu pacuere ¢0TaTOPOB-OTCTORHHUKOB caic,[yeT APHHHMATh BHICOTY (hIOTALHON-
uoﬁ( KaM)epbl H=1,5 m. [luamerp daoraunonsot kamepn Dy HaxoiaT no ¢GopMmy-
ae (B M

(111-22)

Woe = (111-23).

(111-24)

Dy, = V1Qg/mvg (111-28)

rie Qg — pacxoj CTOYHBIX BOA, MOCTYMAIOMIHX HAa OAMH  (PAOTATOD-OTCTONHUK,
M?/4; vy — CKOPOCTH IBIDKEHHSt BOAB BO (JIOTALMOHHON KaMepe, pastas 108 M/u

[TpoxomkKTenbHOCT npeCbIBAHUS BO I_(})nmannoaﬂoﬂ kamepe 57 mvun Bh-
coty (aoraropa-oTcToiHHKa npuHAMAT Hy=3 M. Jluamerp ¢aotatopa-orcToli-
nHuka Dy naxoadar mo dopmyne (B M)

4Q .
o, + Dk

rie U, — CKOpOCTb ABHXKEMHS BOJAH B OTCTOMHOt 3ome, paBBas 4,7 M/

Dy = (111-26)

Tabauya 111-1, Ocnogrble napamerpot aoTaropos

PacyeTHBIf pacxon Ha OAMH daoTarop, M4
HanmeHoBanue
300 600 900
Homep TtHmosoro npoekrta 902-2-290 | 902-2-291 | 102-2-219
Pasvepnl ¢aoTaunonHofl KaMepsl, M:
anametp D 4,5 6 7,5
Buicota H, 1,5 1,56 1,5
PasMepnr ¢aoratopa, m:
aHaMetp Dg 9 12 15
BHcOTa H g 3 3 3
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Tabauya 111-2. OcHosnoie napamerpol GAOTATOPOB-OTCTOUHUKOE
(tunosod npoexr T-2316)

PacyeTHbIft _Paamepul ¢uaoranuonsoi kxamepsi, M OGwye pasmepnt paoTaTopd, M
pacxox Ha
©onuy $roTa-
TOp-0TCTOM- auamerp Dk phicota Hg Auametp Dq; BLICOT2 Hep
HuK, Mm%y
150 3 1,5 6 3
300 4,5 1,5 9 . 3
600 6 1,5 12 3
900 7,5 1,5 15 3

QO6uiee ppeMn upebuiBAHMA Bo GaoTatope-oTcTOiHMKe 20 MHH, Dddekr 3a-
IePXKaHHH B3BeUICHHEIX BelecTs 73—86% (cooTeercTseHHO npH ¢ioTauuu Ges
Koaryasuun u ¢ koaryasiire), OcTasbHble napaMeTpbl ONPejedsioT nO aHAJOTHH
¢ mapameTpamu 10TaTODOB.

Co103BONOKAHANAPOEKTOM paspaboTaH THAOBON TEeXHHUYECKMA MNPOCKT (JOTa-
TOPOB-OTCTORHUKOB M3 COOPHO-MOHOJITHOrO XeJqcsoleroHa (taba. II1-2),

[Tpr umneasepHoil (GAOTaNMH CTOYHHX BOJ OKPYXKHYIO CKOPOCTb HUMMOEJIEPa
npunnMaiT 10—I15 Mfc. OCHOBHEIMHM pacCueTHHMH 3aeMenTamy  ¢uoTanuoHHOHR
YCTAHOBKH MIBJAAOTCA KO3(OHUMEHT a’pauny @, MPOAOAKHUTENBHOCTh NPeGHBaHUH
BoAbl B ammapaTe I u anamerp umnenncpa d (d caejyer upHHMMAaTh He GoJee
0.6 m)., Bemtunna T, MHN, 3aBHCHT OT CBOACTB CTOYHOM BOAB M (UIOTHpYeMHX
apuMecdil M B KO3KAOM KOHKDPeTHOM cjydae ofpejesieTcs sKciiepHMcHTadabio. [1py
OPHEHTHPOBOUHBIX pacueTax ee MOXHO npuHEMaTh pasuoil 15—20 mun. Kosdou-
HHeHT a’paulu @ JLis TYpOHHOK ynomsHyToro Tima pasei 0,35.

KaMepa ¢J0TauHOHHON MAaIIMHH — KBaJlpaTHas co cTopoHo# b=6d m, ILro-
magn, Kxamepo fx (B M?)

fx = b® = 364* (111-27)
Pa6ouuft o6bvem onuoro annapata W (B M%)
W = hf, = 36hd? (111-28)

rie h — BLHICOTA BOA0-BO3jylHO#H cMecu (pabouast BRICOTA) B KaMmepe, M; ompede-
asercs no cdopmynae

h = vwHc/Ya x (111-29)

He — cratuyeckuii nanop, M; Ya.x — 06BCMuAX Maccta aspHPOBAHHOR CTOYHOM BO-
asl (BO;0-Bo3yiioi cmech), T/M3; Y. — obbeMuas Macca CTOYHON BOAH, T/M3,

Pa6ouyio BrICOTYy Kamepn A npunuMaior He Gosee 3 M, Vax=0,67ym (ym —
o6bemMHas Macca CTOUHOH XHAKOCTH, T/M3). ’

CratHueckiii nanop Hc (B M)
. 22
2

Ho—=t¢ (111-30)

rjle 4 — OKPyXHas CKOpPOCTb, M/C; & — ko3 dHudeHT Hanopa, npHHHMaeMblf AAR
¢daoraunounsix mawns 0,2—0,3.
Uncao o6opoTor HMIteasncpa 72 B | MHR:

n = 60u/nd (111-31)

Heo6xoanmoe uucl10 MalIMH m Ha YCTAHOBKE 3aBHUCHT OT pacxofa CTOYHHX
BOZ Qu, M’/4, H NPHHATON npoloadkuTeabioct# (aotauuu T, MuH

QuT

m="56W (1 —a) (111-32)
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MomHocTb 3MekTpoaBHraTeAs uMnedaepa N (5 kBT)

N = ga xVa,xHc/1021 (111-33)
A€ (a,x — PACXOA adpUpyeMoil CTOYHOH BOJAH Ha OAHY Mawmuny, Ja/C:
Qs
9% = "3 60 (1 =a) (I11-34)

1 — KIIJ, pasuwii 0,2—0,3.

Ilpu pacuete 3nckTpodaoTaTopa ompezeasioT obuui ofbem W ycTaHOBKY,
00beMLl 3MeKTPORHO#N kKaMepsl W, H oTcToiiHoii wacth W M Apyrue HeoGXOZMMBIE
KOHCTPYKTHBHbIE M 3/eKTpudeckne napamerpsl [15]

W=VW,+W, (111-35)

O06beM 27€KTPOAHOH KaMepwl ONpelensicTCst HeOGXOAHMON MOLIHOCTBIO 3JEKT-
pOlHlOﬁ cuctembl. Ynesno naacTud n JJIEKTPOJIOB, pa3MeliaeMbix B YC” aHOBKe IUH-
punoit B (puc. I1I-13), npuustofi mo taba. III-3, onpeienseTcsi U3 COOTHOUIEHHS

14
n—= B+ (111-36)
P+
rae d’—3a30p MeX[1Yy KpaliHNMH NJAaCTAUHAMH M CTEHKAMH KaMephl, DaBHbl
100 mMM; ¢ — 3a30p Mex/Iy mIaCTHHaMH, paBHbtii 15—20 MM; p— TonliHHA maa-
cTiH 6—10 MM.
Heo6xoaumas naomajs naacTHH paBHA

f_______nil (111-37)

rie S — aKkTHBHAA HOBCPXHOCTh 3JEKTPOIOB, M2,

YQu
S = i (I11-38)
rie ¥ — yneabHOe KOJNHYCCTBO 3IexTpHuecTBa, A-u/M?; Qg — pacueTnbiii pacxol
CTOYHBIX BOXA, M3/4; i — IIOTHOCTh TOKa Ha dJeKkTpojax, A/mM2; ¥ u i onpeneasiior
u3 skcnepuMeHTa. JINHMHY AAACTHH ONPCICAAIOT U3 COOTHOWIEHHA (B M)

z=% (111-39)

rle b — BHICOTA HAACTHH, KOTOPYIO OOBIYHO TPHHHMAIOT PABHOH BHICOTE OCBETJEH-
Hoi xuakoctH (hy=1—15 ™). Ianna siaekTpopuol kamepw L, paBHa

Ly=1-42d (111-40)

Toraa W, HaX0a8T M3 COOTHOIUEHHS:
W, = BH,L, (1T1-41)
Hy=hy+ hy, 4 hg (I11-42)

rge hj— BhiCOTa OCBeTJeHHOro caosi 1—1.5 M; h, — 3amuTtHui caoit 0,3—0,5 m;

Ta6auya 111-3. Bo.Gop wupunet paroTokamep

IpuHa, MM
TIpousBoAN1eb-
HOCTb OAHOH ceK-

IHE, M3y «<cKpe6ka CeKUUH
<90 1976 2000
90—120 2475 2500
120—180 2975 3000
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hs —csioit unama 0,4—0,5 M. O6bem orcroitnof wacth W, pasen
Wy =Q,T (111-43)

rae T—HpO;lOJI}KHTe.'leOCTb OCBETACHHS, onpeeasACMas IKCAEPUMENnTa b0 H pas-
nasi o6uiyno 0,3—0,75 1.

I'Ipu HCNOJIb30BAHHH PACTBOPHMHX 3JIEKTPOLOB HAXOAAT KOJMYCCTBO MCTAJANA
m, nepexoisiero B 1 M® pactsopa (B r/M®) M cPoK Cay®OWH 3JeKTpPOIHOR CH-
cremul T (B cyT)

m=kAY (111-44)
rae k;— Koad@uIHEHT BHXOAA [0 TOKY, NPHHAMAaeMh# 3KCHEPUMEHTAJLHO W paB-

sibifi ~0,5—0,95; A — anekTpoxumuueckuil sksusancut, rf(A.u); aaa Felt A=
=1,042, ana Fe3+ A=0,605, naa A+ A=0,336;

M- 100
Te= m (111-45)
rie M —macca Meranna sIeKTPOLOB, PACTBODSIOLLMXCA HPH SJEKTPOJH3E, KI;
M= vhyfon (111-46)

rle y — 0GbeMHAs Macca MeTanna, Kr/m®; k, — Ko3h@uilMeHT HCMONB30BAHHS Ma-
TepHala 3JaeKTPojoB, paBHuiH 0,8—0,9.

FTNABA IV
TEOPETUYECKUE OCHOBbLI AACOPBLIMOHHOM OYUCTKHA
CTO4YHBIX BOA

1. BbIBOP ALCOPBEEHTOB LJid OUMUCTKH
OT PACTBOPEHHbIX OPTAHUYECKMX BELLECTB

HaunGoabiiee pacnpocTpaHeHHe B KauecTBe aAcOpOEHTOB AJd
H3BJICYCHHA OPraHHYSCKHX BCUIECTB U3 BOJHBIX PacTBOPOB NOJYYH-
JIH YriepoAHble MaTepHAaJlbl, ITOCKOJbKY 3Heprusi BaH-Acp-BaaJibco-
BOr0 B3aUMOAEHCTBHUA MOJIEKY.J OpraiHyeCKHX BCIUECTB C aTOMaMH
yriepona, o6pa3yiolluMH TNOBEPXHOCTb YTJCPOAHBIX TeJ, HAMHOrO
60.bllle 3HEPrHM B3aHMOJEHCTBHA 3THX aTOMOB C MOJEKYJIaMH
BOJbL, ) ‘

AJNJATHBHOCTL 3HEPrHMH AHCNEPCHONHOTO B3aUMOACHCTBHA Op-
raHHYeCKHX BelleCTB ¢ YIVIEPOAHBIMY COPOEHTAMH JacT BO3MOX-
HOCTb B pAAe CJAYYaeB MPEABAPUTENBHO BHIYUCAATH a/COpOLHOHHEE
paBHOBeCHS OpraHHYecKuX BellecTB.

IlpeacraBisieT uHTepPec oOleHKa BKJaja NOBECPXHOCTHLIX OKCHIOB
yraepoAnblx axcopOeHTOB B OOLLYIO BCJAHUMHY 3HEPTHH aAcopOIlHH,
T. e, BbIfiBJIClIHe POJIM XHMHUYECKOH NPHPOJAB MOBEPXHOCTH B MOJC-
KyJasapuofi afcopOUHH OPraHHYeCKMX BellleCTB 113 BOAHBIX PacTBO-
pos. IIpu uccrenoBanmu amcopGUUM HA YIJEPOIHLIX aacopGeHTax
H NpR NPAKTHYECKOM HCIOJb30BAaHHH aACOPOLHH OPraHHYecKHX Be-
LlecTB U3 BOAHLIX PAaCTBOPOB HC MeHbllle¢ 3HaueHHe MMeeT OlleHKa
K ydeT NOPHUCTON CTPYKTYPHl YIJCPOLHEIX aacopOelToB.

Bausinde npHpoOAbLl MOBEPXHOCTH M MOPHCTOCTH YrJAePOAHBIX aj-
copOeHTOB Ha MOJEKYAAPHYIO afAcopOmUI0 OpPraHHuecKHX BelleCTB
#3 BOAHMIX pacTBopoB. PacnpocTpanenHnoifl npHMecbl0 aKTHBHBIX
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yrielt ssasercs kuciopoa. Ero comepxanue Konebnercsi OT
2 10 25% (B OKMCJeHHBIX aKTHBHBIX yraax). Ilo Kpafine#t mepe
25% Bcero KHCJ0PO1a, COJLCPIKALIErocsi B AKTHBHBIX OKHCJICHHBIX
yIrasax, BXOAMT B COCTaB NOBEPXHOCTHBIX OKCHAOB, 06.;1a1210LHX
CBOfiCTBAMH OGBEMHBIX COSAMHEHHH ¢ COOTBETCTBYOUIMMH (YyHK-
LHOHAALHBIMH TPYTNaMH.

Bo.jlee pacnpocTpaHeHH H H3yY€HB KHCIOTHBIE KHC/IODOACOAEP+
XKalllHe TIOBEpPXHOCTHHe rpynnsl. HccienoBanue agcopOuuu Qero-
Ja, aHWIWHA H A-HUTPOAHMJUHA I1a 06pasilax aleTHIEHOBOH CaXH
u akrtusHoro yris KAJL ¢ pasiHuHBIM COJepXKaHHeM INOBePXHOCT-
HBIX (DYHKUHOHAJBHBIX TPYNN I0Ka3ajo, 4TO NOBEPXHOCTHBIE KHC
JIOpojcofepKailie TPYNMB yI/fl M CaXW CYLIECTBEHHO He ydact
BYIOT BO B3aWMOJEHCTBMH MOJEKYJ apOMaTHYCCKHX NMPOU3BOLHBIX C
NOBEPXHOCTBIO YIVICPOZHBIX afCOPOEHTOB [1]. Ananoruunbie pe-
3y.bTaTH TMosayyeRn M. M. HOy6unnueim v E. L 3apepunofi [2],
KOTOpLI€ 0Ka3aJH, UTO KHCJIOTHBIE OKCHIbI Ha NOBEPXHOCTII AKTHB-
HOFO YI/ISi He OKA3LIBAIOT BJIMSIHHSI Ha (PH3MUECKYio a1copOuuio
HenoJSpHLEIX OpraliHueckiX BellecTs u3 maposoii dassl. Creuwudu-
yeckoe B3aMMOJefCTBHe INOBEPXHOCTH YrJs ¢ OpPraHHYeCKMMH Be-
LWecTsaMu Haba0fatoch TOJABKO B ITIPHCYTCTBHH KapOOHHJBHBIX
TPynn Ha TOBEPXHOCTH YISt ¥ NPH BO3HHKHOBEHMH JOHODHO-2K-
IenTOpHLIX KOMIMJIekcoB [3].

Bece ajcopfeHTH mo XapakTepy [MOPUCTOCTH TNOAPa3leleHbi
A. B. Kucejesnim Ha uerhipe Tuna [4]: HenopHCTHE, OZHOPOLHO-
KPYNHONOPUCTbIE, OXHOPONHO-MEJIKONOPHCTEIE H HECOXHOPOAHO-TIO-
pHcThie. TONBKO HeNopUCTHeE H OJHOPOLHO-KPYNHONOPHCTHE ancop-
6eHTH MOryT OHITb AOCTAaTOYHO MOJIHO OXapaKTEePH3OBaHHl yJelb--
Gl 11I0BEPXHOCTLIO H TOJBKO I/ HHX MOTYT OHTh BhIUMCJeHH ab-
CO.TIOTHBIC H30TepMBl aACOPOLHH, Tle BeJHYMHa afcOpOilMH OTHece-
Ha K elMHMIe NOBEePXHOCTH (HanpuMep, BblpaXkeHa B MMOJb/M?).

Hawnbonee cucremarudeckoe HCCleloBaHHe 3ABHCHMOCTH Xapakg-
Tepa afcopOuMH OT pa3MepoB Top ancopOeHTa  BHINOJHEHO
M. M. IyGuuunnM H ero corpyinukamu. Ha ocHoBanuu 3THX pa-
Gor BCe MOPHI YIJAEpOAHbIX aacop6elTOB MOXKHO PasfelinTh HA TPH
rpyfne no BedHudHe ux 3G GekTHBHOrO paauyca (3ddexTHBHHIA
panmyc paBeH YABOEHHOMY OTHOLIEHMIO TJIOILAAH HOPMAaJbHOrO ce-
UCHHA TOpHl K ee IlcpUMeTpy). Makponopsl B COOTBETCTBHH C 3TOH
Kaaccnpukaunelt  uMcloT 3¢ (eKTHBHHH paluyc, NPeBLIMIAOLHKH
100,0 um. TMopu, nmewounte s3dbgextTuBubie paguycn or 100,0 no
15—16 nm, sBasoics nepexoiubiMu. [lopu ¢ addekTusHBIM pa-
anycoM Mcuee 1,5 uM npeicrtaBasiior co60f MHKpONOpL, B K al-
copbenTtaM, IS KOTOPbIX XapaKTCpHa MHKPONOPHUCTOCTb, TPHMeHe-
HUe TNOHATHA YAEJbHON TOBEDXHOCTH yXXe HeobOCHOBaHO. B palib-
HelilIecM, OAHAKO, NMPHILIOCL Oojee AeTaJbHO PaccMOTpeTh CBOHCT-
Ba CTPYKTYp azncopOeHTOB, 3(GEKTHBHHIH paAHyC TNOp KOTOPHIX
meHee 1,6 HM. Ile-Byp ¢ coasropamm [5] BHAenuau us oGinero
KOJIHUeCTBa TOp ¢ paauycom MmeHee 1,5—1,6 M rpynny cyGmuk-
ponop pazuycom =<0,7 HM. B mJjockocTu cedeHHs Takux Top Mo-
JKeT pa3MeCTHTbcs He Gojee ABYX MOJieKyJ (MMelOTCs B BHLY Mo-
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JCKYJAH a30Ta HJH aproHa — BEHIECTB, OOHIUHO WCTIOAB3YEMBIX AJS
H3MepCHHA aAcOpPOUMOHHBIX XapakrepHcTHk). Crioco6 3amnodpelus
TAKHX NOp afcopb6aToM NOYTH He HCCAeAOBaH, ¥ K 3THM INopaM
npeicTaBienus o6 ancopOupylouleii NOBEPXHOCTH  HeIPHMEHHMO.
He-Byp u Bau-pep-Ilnacc [6] cuuraior, uTo AAs TOp, HMEMIHX
s¢pdexTuBubil paauyc Gosee 0,7 HM, npuMeHeHHE TIOHATHS YAeJb-
HOH NOBEPXHOCTH CTONb e OGOCHOBAHO, Kak M AJs Oojee Kpyn-
HbIX. B nogb3y takoro npeacraienus rosopst u pacyere O. Kag-
Jena [7], koTopulii I1amies, Y4TO XapaKTepPHUCTHYECKAs SHEPrus aj-
cop6uin NPAaKTHYECKH Lie 3aBUCHT OT paluyca IOp B TOM Caydae,
ecay r2=20,7 um u pesko Bospacraer B obaactu r<<0,5—0,7 HM.

uB CBAA3H C 3THM BO3HHKaeT HeoGXOAHMOCTb BBeleHus clle OX-
HOM IIPOMEXKYTOYHOH KJaccHDHKAIMOHHON rpyMnel, BRJAYawIed
aJIcOPGCHTEL ¢ MOpaMH, Paanyc KOTOPHX Menee 1,5 uM, Ho Gosbiie
0,5—0,7 uM. DTu nopsl NMOJyuMiM Ha3BaHue cynepMmukpornop. Cy-
NepPMHKPONOPHl MPEACTABAAIOT cOOOH NepeXoaHyo 006JacTh NOpH-
CTOCTH, Ha [POTHAKCHHH KOTOPOH xapakTeplhie YepThl MHKPOTOP
BEIPOXK1AIOTCA, a CBOHCTBa Me3ornop npogsisiorca. O6was yaenab-
1as TIOBCPXHOCTb MAaKpolop He npeBniaer [2—4] 10% m?%kr, a
yAeJablas NOBEPXHOCTL NEePexXOAHEIX mop ¢ r=1,5 HM He TpeBHIIa-
et 400-10% M2/kr.

Tlpu cpaBHeHWM 3KCIIEDUMEHTAJNbHBIX BEJHYHH MaKCHMaJbHOH
aAcopOUHKM MHOTMX BellecTB M3 napoB H 0COGEHHO M3 PacTBOPOB C
MaKCHMAaJIbHLIMH BeJIMUHHAMH aJCOpPOLHH, BLIYHCJIEHHLIMH  JJIS
3THX 3HAUYEHHUI YHAEeJNbHOH TOBEPXHOCTH MO abCOJIOTHBLIM H30Tep-
MaM, BHHO, 4To 6oJblllas 4acTh aAcOPOUPOBAHHOIO BellecTBa NpH-
XOLMUTCH OORIYHO HA Ty AOJIO T1Op, XOTOpble HMEIOT Pajuyc
<<1,5 um. Onunago, paccMaTpuBasi aZcopOUKI0 OpPraHKYeCKHX cO-
cAMHeHUuMN, ciaeliyeT HMeTb B BHIY, 4YTO INIOPHl ¢ PajHycOM MeHee
0,5 uM npaktuuecku HemocTynHu. ChenoBaTenbho, B 06JacT Nop
¢ papuycom Goasee 0,5 uM u Mence 1,5—1,6 um M ocyuiecTBisieTcs
B OCHOBHOM KaK ajacopbuus napoB, Tak u (eilie B Gosblueit Mepe)
ajicopbLHs U3 pacTBOPOB.

ITp# 1ncrnosb3oBaHHKW TOPHCTHIX aACOpOEHTOB AJ1s1 amcopbiHu
DPACTBOPCHHBIX OpPTaHHYECKHX BellleCTB POJib OTACABIBLIX NapaMeT-
POB TNOPHCTON CTPYKTYPHI MOXKeT He COOTBETCTBOBATH DOJMM 3ITHX
napaMeTpoB Npu axcopOuHy Mapos.

ITopHcTylo cTpyKTYpY ancopOelToB, NpuUMeHsieMbIX 1Js axcop6-
I[MH ¥3 PacTBOPOB, neaecoobpasio XxapaKTepH3OBaTh M0 BeTHYHHAM
npenebiofl aAcopOiH pPacTBOPEHHHIX BewecTB. [l xapakTepH-
CTHKH YAeAbIIOH IIOBEPXHOCTH HENOPHCTHIX aincopOeHToB WJH Tpe-
JeJIbHO-afcopOHOHHOrO 00beMa TOPHCTHIX aJcOpOeHTOB HCOGXO-
JHMO OmnpelJcJHTh TpeAeibHO  alACOpPpOGHPOBaHHOE  KOJHYeCTBO
BCIIECTBA (oo, KOTOPOE COOTBETCTBYET OTHOCHTEJbLHO# PaBUOBeCHOR
KoHuenTpauuy C/Cs=1 (C — paBHoBecHass KouueHtpauusg; Cs -
pacTBopuMocTb). OnHUM H3 METOAOB BHIYHCIEHHS (o fABJAETCHA
rpadudeckuil, no3BOJSAIOMNI OLEHHTh BEeJIHUHHY 0. METOA OcHO-

BaH Ha HCNOJb30BAHHH ypaBHEHHH TCOPHM 0GBEMHOrO 3allOJHEHUs
MHKpOTIOP.
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Tcopua aacop6udy B Mukponopax Onia passura M. M. [y-
6unnneM, JI. B. Panywkesnuem, B. 1. Bepuurom, B. B. Cepnun-
ckuM, B. A. AcraxoBuiM u Ap. [8]. B ocHOBY Teopuu noJIOXKeHO
npeicTaBjeHue O TeMNEPATYPHOA HHBAPHAHTHOCTH XapakTepHCTH-
YeckOro ypaBHEHHs a/lcOpOuMH, BHPaXKaloOUICro pacnpeicieHune
CTelcHH 3amodHeHHst o6beMa aJcop6uUHONHOro MPOCTPANCTBA MHK-
ponop no aubdepenuiaabioli MoJsgpHoll paboTe aacopOuuH. IJTO
YpaBHCHHE HMeeT ClefyWHuii BHA:

6.=exp[—(—%—)nl (Iv-1)

roe A — yMeHbllleHHe cBOGOJHOM 3HeprHH;
A=RTIn L,f-

E — napaMetp QVUKUHH pacnpejelenns — XapakTepHCTHUECKAd smepruas aicopl-
uud; O — cremeNb 3amoOHEHHS afcoDPOUHOHHON (hasbl, paBHAsA G/Ao; N —— LeJI0e
YuCao, NMpenMylueCTBeHHO 1, 2, 3; p — PaBHOBECHOe [aBJeHHe; Ps — AaBjieHHe HA-
CHUEHHOro Napa; a — yJeabHas azcopOuus,

He3aBucHMO OT 3HA9eHHA £ XapaKTEePHCTHYECKHE KPHBBIe HMe-
10T 1Be OOl He TOUKH:

npu 0 =1 a=a, u npu0=0,368 E=A

XapakTepucTHYecKyl0 3Hepruio E jierko HafTH U3 yIJOBOTO KO-
3¢ dliLHeHTa ypaBHeHUs

A\n .
lga=Iga, —0,434 (_E_) (1v-2)

Beauunust E y n ABAAI0TCS napaMeTpamu pacnpelenenus Beii-
6yJ1a, CBA3AHHBIMH MexXay co0OH; HX BeJHYHHbL OIpCAeNSIOTCH
RnOTCpEH HEKOTOPOro uuciaa crercHed cBOOOAL MOJIEKYJION NPy ce
aacopbuum Ha NOBepXHOCTH TBepjoro Tenaa. Ilpm ancopOunn na
HCTOPHCTHIX copOeHTax TepseTcsi OJHa MNOCTynaTe/bHas CTCHeHb
¢BOGOAM, uTO CcOOTBeTCTBYeT B ypaBheHHH (IV-1) MuHHMaJbHOMY
snavenuo E=9,65 kx/Moar u n=1. B MukponopucTeix aucop-
O¢ntax afcopOuua CONPOBOXKAAETCA INOTCPeH ABYX [OCTynareb-
HBIX CTCHEHEH cBOBOAM, uro npuBoAnT K £=20,2 kJlx/Monb u n==
=2, Ha yaptpamugponopucTeix aacopbentax, sdderTuBublili pua-
MeTp nop Kotopeix 1—1,5 M, T. e. 114 amcopOeCHTOB, XapaKTepl-
3yIOllHXCA OTHOLICHHEM AuaMeTpa flop K BaH-Aep-BaajbCOBCKOMY
AvaMeTpy aacopOupyeMbIX MoJseKyJd, OauskuMm emuuuie (1,0—1,2),
afncopOuusi MOJCKYJH TIPUBOAMT K TOTEPE BeeX TPeX MOCTYHNATENdb-
1BIX cTenencH ¢BOGOABI — K COXpaleHHI0 JHIIL CBOGOAE Bpaula-
TeJbHOrO M KOJebaTeabHOrO ABMKeHHsl MoJdekyna. Torpa E=
=26,8 xJx/Moip u n=3.

[locTosneTsBo npenenbHO-aAcOPOIMHOHNLIX 06BeMOB npH ancop6-
UuM Iapop OPraHitucCKHx BemlecTs [9], a TaKXKe TOMOJOTHUCCKHX
psifoB cnuptoB  kKHcAOT [10] nocayxuao obocHoBailieM IJ5 TOTO
wToOBl CYMTATh NpeAesbHO-aCcOPOUUOHHEIH O06BEM  OCHOBHOH Xa-
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pPaKTepHCTHKOH NOPHCTOCTH agcopbentoB. IlpH aicopbunH u3
pacTBopos ypaBHenuc JlyOuHHHA — PajgylikeBHuYa MOXKeT OHITh
HCTIOJb30BAHO KaK B BHUAE

22 Ceo \2
lga=lga‘°—2,303—R—Er (lg _CS_) (1V-2a)

TaK H B BHIE

2 2
2,303ReT (lg £s_) (1V-26)

lg av* = lg Va - E2 Cc

rie a — yneibhas ancopOuus npH Temlieparype T u xonuedatpauuy C (B
Moab/Kr); Cg — KOMIleHTPalHsl HACHIUEHHOTO pacTBOp3, Mosb/M3; V* — monsipHbIR
o6beM ajpcopfaTa, M3/MOb; V. — npesebHo-a1copOuHOHEb 00beM, m3/kr; E —
XapaKkTepHCTHUECKAs! SHEPTHSA; R — yHHBepCanblias rasoBas moCTOAHHAA,

Ha puc. IV-1 B kKoopaunarax ypasHeHHs Hy6unnna — Panyw-
KCBHYA TpHBeJeHb H30TCPMbI aAcOpOUHUH n-XJ0OPANHINHA, Geusona,
nuTpoGensona, n-xjaopdenosa u xJaopopopmMa M3 BOAHBIX DacTBO-
pos nHa yriae KA [11]. .

3navcHus npeAcibHO-afcopbunonnoro obveMa (aV*)w 11
BCEeX MCPeUliCICHHBIX Bbille BELleCTB NPAaKTHYCCKH COBNAAlOT. 06-
HIMM CBONMCTBOM 3THX BCHIECTB SIBJSCTCA TO, YTO MEXAY HX MOJeE-
Ky/J1aMu B ancopOHPOBAHIIOM COCTOSTHHH JHGO OTCYTCTBYET B3aHMO-
AciicTBHe, J160 OHO MaJo M3MeilfeTcs ¢ 3anojnenneM ancopOiu-
oHHOro o6beMa. OTCyTCTBHe B3auMOAEACTBHS MeX1y ancopbupo-
BAHHBIMH MOJEKYJaMH fBJSETCA OJHHM H3 OCHOBHBIX YCHOBHH
NPUMEHHMOCTH TeOPHH OOBCMHOTO 3aNOJHEHHs nop AJs ciaydas ai-
copbunn napoB. OGIuM CBOHCTBOM PAacCMOTPEHHBIX BEIIECTB sB-
JseTest ux caJabasi paCTBOPHMOCTL B BOje, YTO yKasplBaeT Ha OT-
HOCHTCILHO cjaboe B3auMoZeficTBHe HX MOJCKYJl € MOJeKV.1aMu
BOALI KaK B PacTBOPe, TaK W B a1AcOpOupoBanHoM cocTostudu. Ecan
B Koopaunarax ypaBHenus (IV-2) npeactaButbh H30TepMH ancopb-
UM psiia CNMPTOB M3 BOAHBIX pacTBopos (puc. 1V-2), To oxaxer-

2 4 (gl
04 T 1 02 4 f(wcsllwf
0,648 !
0,8 ie
FANY
1.2 -
16 F. 3 \.
16 AN
2,0 — 2 ’
igaV" Lgav® -

Puc. 1V-1. U3otepmbl aacopOunu n-XNOpaHuIiHa (1), Gensona (2), nurpobenso-
aa (3), n-xnopbenona (4), xnopodopMa (5) na yrae KAl H3 BOAHHX pacTBo-
pOB B KOOpAMHATaX ypaBHEHH: Hyoununa — Paxymikesuqa.

Puc. IV-2. UsotepMu ancopBUHu TPOTHJIOBOTO (1), GytusnoBoro (2) H rexcuio-
Boro (3) cmuptoB Ha yrae KAl B KOOpLMHATaX ypaBHEHHH N y6ununa — Pagym-
XeBHUA,
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CdA, 9TO 3SKCHNEepUMeEHTaJlb- sl 4 5§ 8 10 12 14 (lyCS/C)Z
HbI€ TaHHBie XOpolluo YKJa- 0,4% . 1 I T T I | | 1
ABIBAIOTCA HA TIpSAMEBIE, OT- "

0,64
CeKamue OIMH ¥ TOT XKe \,
OTPE30K, HO 3TOT OTPe3oK 7,2\

CYLIECTBEHHO MEHbILE, ueM 16l ~
NpH aacop6UuH H3 BOAHHIX e,

PacTBOPOB  NPOH3BOAMHX 20}~ \.\2
Gensona. CBasnL MeXIy MO- lgw,J 3

JIieKyJlaMH CHHPTA H BOJAH

He paspylliaeTcs NOL BAUA-  p o 1y o WsotepMu  amcop6uun  n-HUTpo-
HHEM CHJ  ajCOPOMHMH, M ,yyinyg (1) u ratnoHOB aHuaHHa (2) wa
NpH NpeeIbHOM 3anojHe- yrne KAJ B xoopaunatax ypasHenus Jly6u-
HUH aACOPOUIOHHOIO TNpO- Huxa — Pagymkenuya,

CTpPaHCTBA aAcopOUHOHHAS

}aza COCTOMT M3 MOJIEKYJl COHPTAa, CBA3AHHBIX ¢ MOJEKYJaMu BO-
Abt. B ancop6uuonHoM npocTpaHCTBE NpH 1pefesbloM 3aroJHeHdH
OCTAeTCA HEKOTOPOE KOJHUYCCTBO BOJAH B CJyyae Bal-Aep-Baa.lnCOB-
CKOil aficOp6UUH.OPraHHYEeCKHX HOHOB, a TAKXKC MOJCKYJ, 06jaia-
IOIHX GOJBIUAMH JHNOJNLHEIMH MOMEHTAMH BCJAeNCTBHE HX 3JIEKT-
POCTATHYECKOTO H JMIOJb — JHIOJBIOINO OTTANKHBAHHA.

Ha puc. 1V-3 npusencust nsorepmer agcopbunu n-uurpoanu.au-
Ha (AHNOABHLI MOMeHT kotoporo 6,17 D) u xaTHOHOB auiLinua.
Bennunna oTpesxa, OTceKaeMoOro OT OCH OPAHHAT, OKA3LIBAETCH Ha-
MHOro Menbllle Ig al’™, HajinenHoro no afcopbunu Geusoaa.

Taknm o6pasom, Hcriob3oBane ypasrenus (I1V-2) aas oueH-
KH TIpclesibHO-a1COpOLIHOHHOTO 06beMa ajACcOpPGCHTOB IO AAHHBIM
ancopOUUH H3 PACTBOPOB BO3MOXKHO JIHIbL B TeX CAydYasy, KOTAAa
SHCPTHs B3aUMO[EiiCTBHSI MOJIGKYJl DAaCTBOPEIHOIO  BCIIECTBA C
pacTBopiiTe/sieM MeHbIlle, 4eM 3HEPTHA B3aHMOACHCTBHS MCXKIY MO-
JICKYAaMIl aAcopOupOBAHIONO BellcCTBA M aTOMaMu ajicop6enTa,
a PasHOCTb 3HEPTHii ancopOllum O6OMX KOMIOHEHTOB pacTBOpa
(PacTBOpeHHOTO BelllecTBAa M BOABI) 3HAYHTENbHA.

3Has mnpelenbHO-anCcOPOHPOBAlIHOE KOJHYECTBO BCHIECTBA Ao,
MOXKHO pAacCYUTaTh YAeJbHYIO NOBEPXHOCTb HENMOPHUCTHIX ancopOeH-
TOB S H IIpefebHO-a1COpOUHOHHHI 06beM NIOPHCTHIX ancopbel ToOB

S=a,0; Vg =a,V*

T1e ® — NIOWAAL MPOSKUHH MOJEKYn (DACCUHTHBAETCA N0 BAH-Jep-BaadbCOBLIM
pas3MepaM aTtoMOB MOJeKYJIn).

Jis BHIReNeHds M3 TpeiesbHO-afCcopBLHONHOrO 06beMa aKTHB-
HOTO yrJjis 06beMa fop, 3anojHseMblX 06'beMHO, U OUCHKH BeaHYH-
Hbl TIOBEPXNOCTH MEPEXOLHLIX TIOP PalMOHAJBHO NPHUB/eUh f-MeTOL
Ze-Bypa [12], nonyuuBuiuit mmnpoxoe pacnpocTpaneHue TIpH Xapak-
TePHCTHKE NOPHCTOCTH MO afcopBUuU NapoB.

Ilpn uccaeaoBanuu ancopOUMH 11a YraepoOXHBIX ancopbenrax
B KauecTBe CTAaHLAPTHOrO aacopOeHTa BHIGHPAIOT HEIOPHCTYIO Ca-
®y. M3oTcpMl aacop6LU#u CTAHAAPTHOTO apcopbara Ha o6oux ap-
copbenTax BHIPAXAIOT B BUAE 3aBHCHMOCTH o6beMa ancop6upoBai-
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HOro BemecTBa aV* oT pPaBHOBECHOTO OTHOCHTENBHOTO JaBJeHHS.
Ilpu stoM nJOTHOCTL aACOPOMPOBAHHOrO BeIeCTBA TNPHPABHHUBAIOT
NJOTHOCTH €ro B XKHAKOM COCTOSHHM INpH TOH Xe TeMmepartype
(xak 3TO BnepBHe OuLIO AonyilleHo emte [Tonsitu).

Tak kak NOBePXHOCTb HENOPHCTOrO CTaHAapTHOro ajcopGbenTa
U3BeCTHA, MO BeJHUHNIAM aJACOpOHPOBAHHOrO 006beMa BellccTBa
MOXHN PacCUNTaTh CPEJHIOI CTATUCTHYECKYIO TOJIIHHY aZcopOuH-
OHHOrO cJj10st ! um mpeacTaBuTb ¢ kak ¢yHruuio C/Cs. B {-verome
LONycKaeTcsl, YTO Ha aincopOcHTe € HEH3BeCTHOM YAEJbHOH Io-
BEPXHOCTbIO OJMHAKOBOH XHMHYECKOH NPHPOAH €O CTAHAAPTHLIM
06pasiuoM cpefHfis CTATHCTHYECKAf TOJUIHHA  aACcOpOBIHOHHOTO
caost npu paBubelx C/Cs Takas ke, Kak M Ha ajacopbelnrte ¢ H3BecT-
HOH NOBEPXHOCTBIO. DTO YCAOBHE CIPABENJNUBO NPU NMPHUOAUIHTENb-
HOM DaBeHCTBE 3IHEPIrCTHYECKHX XapaKTCPHCTHK ajcopbenrtos. s
BCCX TaKHX aAcOpOCHTOB AOJIXKHA CYLIECTBOBAaTbh ejMiias KpPHBas

~[&]

Onpenenus 1js ancop6eHTa ¢ HeH3BECTHOH NOBEPXHOCTBIO BeJH-
unny aV* upu paszanunbix C/Cs H OTHICKAB 10 KPpHBOH ¢=[{C/Cs)
COOTBETCTBYIOLLNE UM 3HAYeHHS [, NPEACTABJAIOT JKCIePHMeHTaJb-
HBle NaHHHC B BHAe Tpaduka aV*=q ({).

Ecau nopucthlii ancopBeHT HAPSLy ¢ KPYNHBIMH IOpaMu HMe-
€T MHKPONODH, TO 3anoJHeHHe Takux nop ¢ poctom C/Cs pacrer
ObiCTpee, YeM Ha HCMNOPHCTHIX MJIH LIMPOKOMOPHCTHX alcopbenTax.
B stom cayyae obuinii 06beM aincopOHPOBAHHOrO BewlecTBa Vi
MOXeT OLITH NPEACTABJCH B BUAe CYMMH 00BeMOB BelleCTBA, al-
copOupoBaHHOro B MHKponopax V; Ha nosepxHocTi OoJjee IupoO-
Kix nop Vs ,

Va=V, 4+ V,=V,-L St (1V-3)

Jlast onpesesienus NOBePXHOCTH W NMOPHCTOCTH aACOPGEHTOB NMpH
HCIOJIB30BAHUM aACOPOHHH H3 PACTBOPOB HEOOXOAHUMO BHITIONHHTD
HeCKOJIbKO Baxkuedmux TtpeGosanuit [13, 14]. AncopGupyemoe se-
LecTBO AOJXKHO 00/1a1aTh BbICOKOH H36MpaTenbHOCTLIO afcopOuUHH,
obecneyuBaoled OAHOKOMNOHEHTHOCTh aACOPOUHOHHOrO €J0S NpPH
HaCHmenun ajacopbenta. [lpexxne Bcero, naouwanbp NOBEPXHOCTH
HCNOPHCTOTO aACOPOEHTA, NPHXOAAAACA HA OJAHY MOJEKyJdy af-
copbuposanHoro BeuwiectBa npu C/Cs= 1, ponxHa ObiTb paBHA
BaH-JAcP-BaaJibCOBOA NJIOHIaAu NPOEKIHH aJcopOHPOBaHHOH MoJe-
KyJbl Ha IUIOCKOCTb I'PaHHUBL pasgena ¢das amcopbent — Bopa. Ta-
KYIO [uiomians IPOEKIUH MOJ€EKYJibl paccuuTuiBaOT AJ5 naubogee
BepOATHOH OpHeHTAUlK ee Ha TPAHHIC pasfena yriepofHas Io-
BepXHOCTb — BOJa, OTBevamlel MaKcHMaJbHON  UHTEHCHBHOCTH
JAHUCIEePCHOHHOrO B3aHMOLEHCTBHA € aTOMaMu TMOBEPXHOCTH H CO-
XpaHeHHIO cyulecTByomux H-cBsizelt MexAy OyHKUHOHAIBHEIMH 1no-
J'IﬂprlMH rpynnamMy OpraHH4eCKHX MOJIEKYJd H MOJIEKY.T BOIK.

Mpn onpeaenenun obmero apcop6HHONHOrO 0GbeMa MOPHCTHX
afcopOeHTOB A0JKeH OHTb H3BeCTeH MOJAPHLIA 06beM afcop6u-
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Puc. IV-4. UsotepMa aicopOuHH 7-XN0PAHHJIMHA HA ANECTHIACHOBOH Ccaxe.

Puc. IV-5. t-kpHBas n-Xaofainavda Ha aleTHIEHOBOH Caxe.

pYeMOTO BEILECTBA, T. €. HEOOXOAHMO 3HATh IJIOTHOCTH 3TOrO Be-
ILecTBAa B JKUAKOM COCTOSIHUM (HANpuUMep, IPHW TeMIepaType NJaas-
JEHUA) .

B uauGo.jbluell Mepe BceM NCpeyHCJIEHHbBIM TpeGOBaHHAM OTBe-
yaeT aJcopOuusa n-x.J10paHuA¥HA U3 BOJAHBIX pacTBopoB [15].

Ha puc. 1V-4 npuBenesa usorepMa aicopbuuy n-XJ10paHUIHHA
Ha aneruJeHoBoi caxe. [Ipemeasnoe koavuecTBo aacopOupoBau-
HOro n-xnopanuiuHa cocraBaser 0,43 moaw/kr. Ilocrpoennas mno
9THM JaHHBIM {-KpHBag npedcrablena Ha puc. IV-5 [16]

{ a-10°v+
="——S“_"‘

rie @ — BeaMYHHA YReaAbNoil aacopbunH, Moab/kr; V* — o6beM MOJA KH/IKOro
n-xjopannianHa, pasubii 0,109-10~% m3/Moap; S — yzelbHas NOBePXHOCThb, paBHas
130-103 m2/kr. ’

t-KpuBass u3o6paxaeT CPEJHIOW CTATHCTHUCCKYIO  «TOJILHHY»
aacopOIHOHIIOrO 108 KaK OYHKUKIO OTHOCHTEJNbHON KOHIEHTpaluHHK
pasioBecuoro pacrtBopa C/Cs. M3 pucyHka BHAHO, 4TO NpH OpH-
6anxennu C/Cs k 1 crarucruueckas «TOJLHHA» alcopOUHOUHOTO
caos ¢ crpeMurca x Beauuune 0,37 nM. «Tommuuas 0,37 uMm coor-
BETCTBYET TOJILIHHe GEH30JBHOTO KO.1blla, OPHEHTHPOBAHHOTO CBoeft
NJOCKOCTbIO NapaJJeibiio MIOCKOCTH pasfena ¢pa3, Takas «roauiu-
Ha» ajgcopOnuoHHOM (a3nl MOATBEPKAAEeT MOHOMOJEKYNAPHOCTD
ciiosi aAcopOGUPOBAHHBIX MOJEKYJ /-XJOPAHWJHHA H YKa3HBaeT Ha
1O, uTo mpH C/Cs=1 3TH MOJeKyAb MOMHOCTBIO BHLITECHAIOT C IO-
BEPXHOCTH CaxXH MOJeKyasl Boaw. Ilpu aToM coxpadsercs nau6o-
Jlec sHepreTHUeCKH BLIFOJHAs OPHENTAaUus MOJEKYJH, NPH KOTOpO#
HHTCHCHBHOCTb AHCMEPCHOHHOTO B3aHMOAEHCTBHS apOMaTHYECKOTO
flpa ¢ MOBEPXHOCTHLIMH aTOMaMil yriepojaa HauboJbiiad, a crHo-
cobHas K obpasoBauuio H-cessu NHo-rpynma mMoxeT OTKJOHATbCA
OT MOBEPXHOCTH B CTOPOHY MO/EKYJ BOJABI, BXOJSAIIHX B CTPYKTYPY
xuakocth. JeiicrBurensuo, npu C/Cs= 1 oTnolenue

S-1018 130- 103, 108
aN  ~ 0,43:6,022:10% = 0,503 w2

9TO TMPAKTHYECKM COBMAafaer ¢ MNJIOIAJABI0 MPOCKUHH MOJEKYJIH
n-XJ0paHHJMHA, OPHEHTHPOBAHHON HA MOBEPXHOCTH pasfena ¢as
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.
04 o | Puc. 1V-6. 3asncumocts agcop6upoeannoro o6beMa
o | n-xaopamuasma aV* OT CTATWCTHUCCKOH TOMUANH £
02~ ,.—‘/ ‘ npu a,1copOUHH n-XJ0PAHHIKHA H3 BOAHOTO PacTBO-
..,0 ! pauayrae KAJL
e [ J

|
r 10z G3 teM

onucaunbim Builie o6pasom (—0,49 um?). Ha puc. IV-6 npusenena
3aBHCUMOCTb ajAcopOHpoBaHHoro o6beMa n-xJopaHuauna aV* or
CTATHCTHUCCKOR TOJMIIUHBI NpK a4COPOIHH n-XJ10paHHJIHHA U3 BOj-
HOTO pacTBopa Ha 0oOpasue obessosenHoro akrusuoro yras KAJIL

Hs puc. IV-6 BuAHO, uTO OTPE30K Ha OCH OPAMHAT, KOTOPBIH
AoJXen GHITh YHCJAEHHO paBeH 00beMy MHKDPOLOp, cOXKpaliaeTcs KO
HeOO/IbIIOH BEJAWYHHB M COCTaBjsieT JKIIb YacTb NPeNeabHO-ak-
copOuHoHHOro ob6bemMa MOp, a NOBEPXHOCTh lepeXOAHBIX mOp, HaH-
JeHias Kak TaHreHC yrJa HakJaoHa npsaMoi aV*—[(f) npm aa-
copburu W3 pacTBOPOB, OKAa3bIBaeTCs 31a4YHTENbHO OoJblie, ueMm
npu ajcopbumy mapos [17, 18]. Dtn pacxoxkienus B BeJIHUHHAX,
Hafifenusle {-MeToaOM Mo afacopOuuKu pacTBOPEHHBIX BELIECTB M aA-
copbumn 1apos, 06YyCJOBJEHE, NO-BHAHMOMY, Pa3sHbLIMH crHocofaMii
3anoJneHud nop ajcopbexra. .

Ilpn aacopbuuu napos, 1. e. npu aacopbuud M3 OLHOKOMIIO-
HEHTHOMN CHCTeMbl BECh 00bEM MHKPOIOp 3aHAT OPraHHUCCKHMH MO-
Jaekynamn. Ilpu agcop6unu ke H3 BOAHHX pacTBOPOB, T. €. H3
ABYXKOMIOHEHTHON CHCTCMBI, 3HEpPrHs aAcOpO6IHOHIOTO B3aHMO
ACHICTBHA MOJEKY:s OPTaHHYECKOTO BeLieCTBa C YrJepoAnbIMH aTo-
MaMH aKTHBHOIO YIJs 3HAYUTENbHO lIPEBHIIIAET 3HEPTHI0 B3aUMO-
IeACTBHSA 3THX aTOMOB C MOJIEKYyJaMH BOALI.

Benenctsue atoro npu 06beMHOM 3anoJiHEHHH MHUKpONOp af-
CcOpOupOBaHHbiE MOJIEKYJH BOJbl OKa3bIBAIOTCA B IEHTPaJbHOR da-
CTH NPOCTPAHCTBA MOPH, TOrAa KakK MOJEKYJibl OpraHMIecKoro Beme-
CTBA YJepKHBAWTCA Yy nepudepuu BOIKW3H YINIEPOAHBIX ATOMOB.
IIpy 3TOM BO3MOXKHH ABe CHTyaILHH:

1) B6/M3M NOBEPXHOCTH YIJEPOAHHIX aTOMOB paclosaralorcs
TOJBKO MOJIEKYJIBl OPTaHHYECKHX BellleCTB (eclu SHEpPTHA HX ai-
copOuuy HAMHOTO Bbillle SHEPTHH aACOPGUHKK BOAH);

2) B6aH3H TOBePXHOCTH YIVIEPOAHBLIX ATOMOB pPacHoJAaraercs
Hapsily ¢ MOJICKYJAaMH OPTaHHYECKHX BelUECTB 1 HEKOTOpoe KO.1H-
4eCTBO MOJIEKY.I BOAB (HanpHMep, npu agcopOuuu ajHdaTHUecKHX
CMHPTOB, KaTHOHOB OPTaHHYECKHX BELLeCTB, OpPraHHYeCKHX Be-
1[eCTB, 06J1a12101LKX OOJBIIUM JHNONBLHEIM MOMEHTOM).

Ilpn ABYXKOMNOHEHTHOM 3aNOJNEHHH MHKPOMOP  KOJHYECTBO
aAcopOUpPOBaHIlOro OPraHMYECKOIr0 KOMIIOHEHTa B TaKHX MNOpax
NpONOPIHOHAIBHO MEPHUMETPY cedCHHsl NOPBI, KaK W NPH NOBEpxX-
HOCTHOM 3aMOJHEHHH HEPCXOAHHBIX HOP. B cOOTBeTCTBHH C 3THM II0-
BEPXHOCTb IIOPHCTOro ajcopOeHTa, HalfeHHass Mo TAHCEHCY Yria
HakjoHa mpsiMoi aV*—f(f) npeacraBasier co6ofi CyMMy yAIbHBIX
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MOBCPXHOCTEH MEPEXOAHBIX NMOP H TeX MHKpPOMOp, KOTOphie Npu ai-
cop6lKN 13 PaCTBOPOB 3ANOJIHATCS ABYXKOMIOHCHTHO. DTy CyM-
MapHYIO NOBepXHocTh MBI oGo3HauaeM uepe3 Ss. ToabkOo HauGo-
Jec Y3KHe Mopul npu ajicopOUME 1u3 PacTBOPOB OKasbiBalOTCA 3a-
NOJHEHHHIME OGBEMHO OZHUM KOMIIOHEHTOM — BELIECTBOM C HaH-
Goabllefi sHeprueit agcopOuii H MOTOMY TOJBKO 06beM 3TOfi Ha-
CTH MHKpONOp oOnpejesieTcs OTPe3KOM, OTCCKaeMBIM  NpsiMoi
Va(f) na ock Va DTy uacTb obbeMa MHKPOMNOD, OAHOKOMIIOHCHTHO
3anoJnennyio, o6o3nauuM Vox. Kak mokaswiBaeT OMHT, B IIPOMBiL-
JeHHbiXx aKTHBHBIX YIraaX Vor<Vyu (Vus — 06bemM MHKpPORNOp).

MeronoM ancop6itiy h-XJopanuJiHa M3 BOJHBIX PacTBOpOB MH
onpeae/inay Beauuuuy Va 1 Sz Gouablloro umucaa pasaHunblX ak-
tTuBHBIX yriefi [19]. B Ta6a. IV-1 npuBeleHbl 3HaUeHHS 3THX Be-
JUYHH JJs AKTHBHBIX AHTPALLMTOB PAa3HOH CTeNncHH aKTHBAIHH
(obrapa), paccuutaHHBle H3 H30TEPM AJACOPOUHH N-XJIOPAHHIHHA H
}-KpHBOH n-xJOpaHWJUHHA Ha aleTHJEHOBOM aKTHBHOM YrJepoje
(caxke). B Tabauile npHBefeHbl TaKXe Npele]bHO-aJCOPONHOHHHE
0o6beMBl, 06'beMbl MHKPONOpP M NOBEPXHOCTH TMepexoiHbIX Mop, pac-
CUHTAHHBlE -MeTOJOM no axcopbuuu napop Oensona. CpaBHenHe
JaHHBIX, NMOJY4YeHHbIX OOOMMH MeTogaMH, MOKa3HBaeT, 4YT0 OGbeM
ONHOKOMIOHEHTHO 3AaMOJHEHHBIX MHKPONOP aKTHBHEIX aHTPaLUTOB
C ONTHMAaJbHEIM 06rapoM npu akTuBauuu 57—609% npu axcopOuuH
n-XJA0PAaHHIHHA U3 BOAHBIX PACTBOPOB COCTaBjser Jullp 36—42%
Bcero o6beMa MHKPOMOpP 3THX aAcopGeHTOB. <

Takum o6pa3oM, NOPHCTOCTb YriepOAHBIX aIcOpGeHTOB, MNpH-
MeHsIeMBIX JJif aJcopOIHM H3 BOJAHBIX pacTBOPOB, MBI PeKOMEHAY-
eM XapaxkTepH30BaTb 1O 21COPOUHM n-XJOPAHUJNHA, BLIGpAHHOTO
B KaueCTBe CTaHAApPTHOI'O BCLLECTBA, NOCKOJBKY €ro MOJEKYJH
6J1M3KH No pa3MepaM K MOJCKyJaM U3BJEKaeMHX ' yIJeM OpTaHH-
uyeckux BelliecTB. IIpuBaeucHue K pacueram f-merona ae-Bypa mo-
3BOJIsleT OnpededuTb OGBEM MOp, 3aNOJHAEMHIX OZHOKOMIOHEHTHO
Vox B CyMMapHyl0 HOBEPXHOCTb NEPEXOAHBIX MOP Spep H  UACTH
MHKPONOp, 3aN0JHSeMBIX ABYXKOMnoHeHTHO Sg. B moab3y Beicka-
3aHHBIX COOGpaXKeHHH o XapakTepe 3anoJHEHHs MHKPONOp ABYX-
KOMITOHEHTHHIMH CMECAMH Nnpu 60JblIOM pasJHUlH 3HEepPrudn af-

Tabauya 1V-1. Cpasrenue napamerros nopucrot cTpyKTYypol,
HAUJCHAOIX N0 a0CcOPCUUL N-XAOPAHUAURA U3 BOOHLIX PUCTBOPO8
u napoe bexzora

Homep 06- Axcop6uns n-XnaopaHHAHHA Ancop6uns napos GeHsona
pasna ak-
THBHOTO aH- v, Vo, S<-108, V,, Vi, S___.108,
'rpal.;rg[(;soro M3a/Kl‘ M??/lf(r 5'2/1(1- M37Kl‘ Mgﬂr r;a?/xr
1 0,131 0,02 200 0,093 0,065 40
2 0,145 0,03 300 0,176 0,130 80
3 0,210 0,07 400 0,278 0,170 50
4 0,213 0,09 500 0,28 | 0,232 53
5 0,250 0,09 470 0,305 0,240 80
6 0,228 0,025 720 0,272 0,215 45
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Tabauya 1V-2. Cpasnenue eesudun npedenvnoll ydessnoft adcopbyuu,
paccaurannbty no ypasnenuam JIswemopd am u JyGununa — Padywkesuya Qe

AncopGent Ancop6ar @y MOJB/KT Qo) MONIB/KT
KA -uoaumit 06es30-| HutpoGenson 3,85 3,85
JIEHHH Yroab n-Hutpoanuny 2,94 2,88
n-X10paHuIuH 3,45 3,46
AkrTupublt aHTpAaUTO-
BHIft Yroab
n-XOpaHHJIHR 1,36 1,33
2 » 1,43 1,41
3 > 1,66 1,74
4 » 1,82 1,82
5 » 1,95 1,93
6 » 2,0 1,95
7 > 2,22 2,29
8 » 2,4 . 2,3
9 > 2,50 2,46

cop6Uunn KOMMNOHEHTOB (npu ajcopbiyuu OPraHHYeCKUX MOJCKYJN K3
BOJHBIX PAacTBOPOB) CBHAETELCTBYET TO OBGCTOSTENBCTBO, UTO Npe-
ZeJbHOe KOJAHYECTBO alcopbupOBAaHIOrO BeuecTBa, HaHAeHHOE IO
ypaBuenyuio M. M. Jy6unnua u JI. B. PagyumkeBuua g, npakrude-
CKH COBNAaJaeT ¢ BCJHYHHOI MOHOMOJIEKYJSIpHON TpejesbHoOl aji-
cop6uiu am, onpepeasieMoii mo ypaBHenuto JIsurmiopa (IV-4) kak
KOTAHTEHC YIiia HakKJOHA npsmoil B koopaunarax C/a—C

C 1 1

=Kk ta ¢ (1Ved)
‘rie C ¥ a — paBHOBeCHAsi KOHUEHTPALUHA K yAeAbHAA axcopbums; K — xoucranra
aACOPGUHOHHOrO PABHOBECHT.

B ta6n. 1V-2 comocraBienbl BeJHYHHB NpejeabHONl aAcopObuuu
n-XJ0paHUWIHHA Om U Qo 1@ AKTHBHHIX aHTPaLUTAX Pasiof CTENeHH
akTHBauMu. M3 TaGaunbl BHAHO, YTO 3HAUCHHUS Om U O NPAaKTHUe-
cki coBnagator. CJaexoBaTc/bHO, 006€¢ BeJUUMHBL MOryTt ObTh HC-
MOJIb30BAHBl KaK 118 OUEHKHU YAeJbHOH TNOBEPXHOCTH alcopbenToB,
TaK W [AJ4 onpejeselids npelesnpHO-ajcOpOIHOHHOrO o6beMma.

CoBlajieyie BETHUHH Om.H (e, 10-BHANMOMY, OOYCJOBJEHO
OUeHL MaJblM 06beMOM OJIHOKOMNOHEHTHO 3aMOJHEeHHBIX 10p npH
aacop6unu u3 BOAHBIX pacTBOPOB (Vox<& Vua) Ha uCCHeR0BaHHBIX
YIVISX,

2. BSMSAHME PACTBOPUMOCTU OPTAHMYECKMX BELLIECTB
HA UX AJCOPBLUMIO 13 BOAHBIX PACTBOPORB

Flpu azcopbuuu MOJeKyJd OpPraHHUYECKHX BELleCTB H3 BOAHHIX
pacTBOPOB Ha Tpauuie pasfeta ¢das TBepaOe TeJO — XHIKOCThb
VAEpKHUBAIOTCS MOJCKY/Ibl 060MX KOMNOHeHTOB pacrBopa. Ilpu sTom
nepexoz MOJEKYJ pacTBOpeHHOro BelllecTBa u3 ob6beMa pacrBopa
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Ha MOBEPXHOCTb ajACOPGEHTA OlPCAeNSeTCs PA3HOCTbIO IHEPTH
B3aUMOJENCTBHS MOJEKyJs DPACTBOPCHHOTO BCILCCTBA ¢ aacopOen-
TOM u MOJeKkyJamu pacrBopureas. [lostromy sneprus ancopOuuu
#3 BOANBIX PacTBOPOB BCeria McHbille 3HEPruu aicopOluu NHapoB.

Tax, yMenbilcliHe 3HeprHH ajacopbuuu OGensona ua yrie KAIL-
MOIHBIN H3 BOAIBIX PAaCTBOPOB 1O CPABHCIIHIO C™3HeprHcii amcopb-
unu napa Gewsoaa cocraBiser 9,65 kIk/monp [20]. Oueprus
B3aUMOACHCTBNS MOJIEKYJ PacTBOPCILIOTO BCLIECTBA ¢ MOJEKYJ1aMu
BOAbl B 3HAUKTEJbHOH CTCIIEHH ONpeaessieTcss CTPYKTYpPO#l caMoi
JKHAKON BOABI M TEMH H3MEHEHHSMH ee CTPYKTYDPHI, KOTOPbIC BO3HH-
KalOT IpH PacTBOPeHHH B BOje OpraHHuecKux BeulecTB. CBs3b Mo-
JleKy.1 PacTBOPCHHOrO BelieCTBa € pPACTBOPUTEJEM INpexjae BCero
IIPOSIBJISIETCS] B BEJHUMIC PACTBOPHMOCTH.

BansiHie MHHepaJbHbIX colefl W TeMmepaTypsl Ha PacTBOPHU-
MOCTb OPraHHYeCKHX BelleCTB B BOJAEe H Ha uX ajcopbuuio. Bean-
YMHa pacTBOPHMOCTH ONpejefseT KOHEUHBIH HTOT B3aHMOREHCTBHS
MOJIeKy/1 BemiecTBa ¢ Bojoli. Uem OGoabile 3TO B3auMoJelcTBHe,
Tem 60.blile PACTBOPHMOCTH M, COOTBETCTBEHHO, TEM MeHblIeHd Be-
JHYHNLE ancopOnuy MOXKHO OXKHAAaTb. B TOo XKe Bpems B paborax,
HOCBAILCHHBIX BJAHSHHUIO PacCTBOPHMOCTH Ha aAcopdLuI0, OOGLIYHO
paccMaTpHBAlOTCH pe3yJabTaThl COBMECTHOIO BJHSANHS 11ECKOJbKHX
daxkTopoB (yBejHUCHHE pAasMEpPOB MOJEKYJB B TOMOJOrHYECKOM
psilly ¥ u3MeHeHHe PaCTBOPHMOCTH HJH BBEICHHE Pa3/HUHBLIX (YHK-
UHOHAJIbHEIX TPYNM ¢ pa3Holl alncopbupyeMocTbid H  H3MeHeHnMe
pacTBopuMocTH). IIpH BhIsICHEHHH KOJHYeCTBEHHOIO BJHSHHS COG-
CTBEHHO PaCTBOPHMOCTH Ha aAcopbuHI0 HeoO6XOAMMO MNpPOCJeAHTH
BjMsIHHE H3MeHEeHHs pacTBOPHMOCTH OZHOTO H TOMO Xe BeL(eCTBa
Ha BeJHUYHHY ero aacopOuiu. :

HsBecTHO, YTO pPacTBOPHMOCTH MHOIMX OpPraHMUYeCKHX BelLecTB
W3MeHsleTcsl B NPHCYTCTBHM MHHepasibHBIX coJjell, a Takxe H NpH
H3MeHEeHHH TeMIrepaTyphl pacTBopa. ¥YBeauuexHe ancopbuuu eHo-
Ja u 6eH30HHON KHCJAOTHI HA aKTHBHOM YIJe B NMPUCYTCTBHH codeli
onucano I1. T1. KaszakeBuuem u H. A. Uswmaiinosuwm '[21], KoTopbIe
cBfizaan 3ToT 3¢ ¢deKT ¢ noBHlleHNeM HCTHHHOH KOHIEHTpaluH pac-
TBOpA, BLI3BAHHOI'O0 YyMeHbUIEHHeM pacTBopsollero obbema BOH,
obycioBsennoro ruaparanueii coneii. Mu 6ulau paccypTansl unc-
Ja TrugpaTanHu cojicH Ha OCHOBAHHMH aAcOpOUMOHHBIX H3MepeHHI.

a,Mons | ne
g4 L A
s p
A .'A 1 3

1 ] 1 11 | | ] 1 ] |
0 20 30 Cmone/M3 0 002 004 006 008 ClCs

Puc. TV-7. Usorepmbl aacopbuuy denona Ha 06e330/JeHHOM yrie KAJI H3 BOI-
#eIx pactsopos (1), 2M NaCl {2), 1M KC! (3), 0,5M CaCl; (4).
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a, Mok /Kr Oxnaxo npu Gosee peTaibHOM paccMoT-
3 oo o7 PEHHH 3TO fIBJEHHC OKa3bIBAETCs 3HAYH-
P TE€JBHO CJ0XKHee.

A Hamy nceiegoBanus mokasaaum, uro
¥4 @:ZD.- i He Bcerja alcopbuus opraHHyeckHX Be-
i | ILECTB B NPUCYTCTBHHK coJieli Bo3pacraer.
=

i Ona BospacTaer Aas TaKuX BeLICCTB, KAK

! t ¢penoa (puc. IV-7) u anmaun, pacrso-
f - PUMOCTBb KOTOPHIX, KaK Obli10 MoKa3aHo,
A e — 1 B NpuCYTCTBHH coJeit mnagaer. B ToM
0 02 Lmm/M cnyyae, koraa B NPHCYTCTBHM COJH Pac-
Puc. IV-8. Hso‘repuu an- TBOPHMOCTb BEILECTBA He H3MEHACTCH
COPOUHH  0-aMHHOGEH30fiHOR  HJiy NOYTH He H3MEHfAeTCs, He H3MeHseT-
KHCIOTH HA O00e3s0NEHHOM  cg y pesnuiwa agcop6buun. Ha  puc.
yrte KAl w3 BogmBIX pac- IV-8 npise; 6
TBOpoB (1), 1M KNO; ), p Be,lef’ibl H30TepMBl  ajcopOnun
IM CaCly, (3), IM NaCi 0-avnHOGeHN30OHHOH KHCJIOTH Ha yrie
(4), 0,5M MgSO; (5). KA. U3 puc. IV-8 Buano, uro Bce u3o-
TepPMbl aJCOPOUHH, TNOJYUEHHLIE B NPH-
CYTCTBHH Pa3JHYHLIX MHHEPAJIbHHIX COJ€H, CIUBAOTCSA B 0AHY. Pac-
CUHTaHHHe 4iCJa THAPATALHH TeX XKe COJefl OKa3BIBAIOTCH PaBHH-
My Hymo. Otclofa caeAyeT, uTo YKpelsicHHe HJH  paspyLIeHHE
CTPYKTYphl BOAH CaMo N0 cebe-ewie He onpenensier 3¢ (PEKTUBHOCTH
azcop6unn. Heob6xomumo Npu 3TOM YuuTHIBATBL, Npexie BCEro,
OCOGEHHOCTH CTPYKTYPhI MOJeKyJ ajcop6arta, onpedeisioulHe ero
noBefleHHe B pacTBope. B MoJsekynax 0-aMHHOGeH30HHON KHCIOTHE
CyLUECTBYIOT BHYTPHMOJIEKyJsipHble BOAOPONHHE CBsish. Ilostomy
H3MEHEHUA B CTPYKType BOALI, BbLI3BaHHLIE BBEAEHUEM MHHepaJlb-'
HbIX CcOJIefl, OYEHb MaJIO BJHSAIOT Ha PAaCTBOPUMOCTb KHCJIOTHI, a CJe-
AoBaTeNbHO, H Ha axcop6unio. Eme Gosee itecoBMecTHMElE pesynb-
TaTkl C THAPATALHOHHOA TeOpPHeH NeACTBHS CHJbHBIX 3J€KTPOJIHTOB
Ha afcopOIHKIO OPraHHYeCKHX BElleCTB u3 BOAHBIX PACTBOPOB MOJY-
YeHbl MPH M3YUCHHH BJAHsAHMA CyibdaTa MarHHs HA aacopOuuio
0-OKCHOEH30/1HOA KHCJAOTH u3 pacTBOpoB (puc. 1V-9). B stom cay-
yae Haba0n2eTcs yMeHblilenHe ancopbuun. Yucna ruiparauun uMe-
0T OTpHIATEJbHble 3HAUEHHsA. YMeHbLIeHHe aJCOPOLUHH BLI3BAHO
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Pyc. 1V-9. HzorepMpl azcopOuMH 0-OKCHGEH3OMHON KHCJAOTH Ha 00€330JcHHOM
yrze KA m3 sonunx pactsopos (I), 1M KNO; (2), 1M KCl (3), 1 M NaCl
(4), 0,5 M MgSO, (5).
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yBeHYeHHEM DaCTBOPHMOCTH 0-0KCcH6eH30/HON KHCJIOTH B NPHCYT-
CTBHH coOJsieil, KOTOPOe MOXKHO OOBSICIHTL POCTOM oblueii moaspuo-
CTH pacTBOpa NpH BBeJeHHH couteil. [Ipu sTOM OCaabJAOTCA BHYT-
PHMOJCKYASIPHBIC BOJODOAIble CBA3H H YCHIMBAIOTCS BOZOPOMHDBIE
CBfi3H MOJEKYJ PacTBOPEHHOro BelleCTBA K PaCTBOPHTEJS.

Ha puc. IV-7 u IV-9 nokaszaHsl H30TEpMbl agcopbuuy (erodaa
M 0-OKCHGEH30fHOH KHCJAOTH B (YHKIMM OT OTHOCHTE/BHOH PaBHO-
Becnoit xounenrpanun (C/Cs), H3 KOTOPHIX BHIIIO, YTO nocie y4e-
Ta pacTBOPIIMOCTH aacOpPGaTOB H30TEPMHI ajgcopbuuy KaxXxAoro an
cop6aTa M3 BOIHLIX H BONHO-COJIEBHIX PACTBOPOB CHJBHO c6auxKa-
1OTCA WJIN AAaXe CAHBAIOTCA B OLHY.

PaccMOTpUM BJHSIHHC H3MeHeHHs PacTBOPHMOCTH OT TeMMepa-
Typsl Ha ancop6uuio. ITockoabky afcopOIus — 3K30TepMHUUCCKHA
npoliecc, MOBHIUIEHHe TEMNePaTypel JAOJMKHO BLISHBATH YyMEHbINE-
nue agcopbmun. D10 neficTBHTEAbHO Beeria HabJiofaercs npu an-
cop6uun rasos m napos. [Ipn axcopfuuu H3 pacTBopoB, OAHAKO,
He MeHbIIYIO pOJib WIPAET ¥ TO, KaK TCMIcpatypa BJHseT Ha pac-
TBOPUMOCTb BelllecTBa. Eciau pacTBOPUMOCTD agcop6THBa C MOBLI-
LieHHeM TEeMMepaTypH YBCJAHUMBAETCH, aAcopOuus A0JKHa yMelb-
watbest. Ilpy 11ageHHd pacTBOPHMOCTH € HarpeBaHuem pacTtsopa
azcop6uus Gymer yBeluuuBaTbed. Hasoxenne 3THX ABYX daxkro-
pOB (3K30TEPMUYHOCTH Mporecca aiACopOIHH K H3MEHeHHs XHMHYe-
CKOTO roTeHmuala pacTBopa C W3MeileHHeM PacTBOPHUMOCTH H30u-
paTCJLHO aACOPOHPYIOULErocs KOMIOHEHTa) ONpefessier CyMmap-
noe BJMsiHHe TeMIepaTyphl Ha paBHOBecHe NpH aAcOpOuuM u3 pac-
TBOPOB.

PacrBopuMocTs GOJIBIIMHCTBA MOJIEKYJSIPHO PacTBOPEHHBIX Op-
raHHUeCKUX BelleCTB C POCTOM TeMmepaTypbl yBesquuuBaercs, mno-
CKObKY TOBLIIEHHE TeMMepaTyph  CcrnocoGCTBYeT pas3pylleHHIO
cTPYyKTYpHe Boabl. Tolbko Aas HeGOJBLIOTO 4YMCA2  MOJCKYASPHO
PacTBOPEHHLIX BELIECTB B ONpele/IEHHOM HHTEPBaje TeMnepaTyp
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Puc. 1V-10. U30TepMet  aacopOuuu n-MHTPOAHHJHHA HA AUeTHJIEHOBOM TexHHYe-
ckoM yraepogze upa 5°C (1), 25°C (2) u 42°C (3).
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Puc. 1V-11. YzotepMn aicopOuMu f-XJ0paniianHa (¢) u n-untpoannausa (6)
H3 MX SKBHMOJEKY/ASPHOM CMecH Ha alleTWeHOBOM TeXHHUECKOM YIiepoie TpH
5°C (1), 25°C (2), 42°C (3).

paCTBOPUMOCTb YMEHbIIAETCH. YMeHblUeH{e pacTBOPHMOCTH C TeM-
nepatypoii XapakTepHO s anudaTHueckux COMPTOB. JDbdekT
BJHSHHSA PACTBOPHMOCTH MPOABJsieTcs GoJiee CHJBHO, HEM SK30Tep-
MHUHOCTH Npollecca aicopbmuu. Ha puc. 1V-10 npusejensl u3orep-
MB afZcop6lmy A-HUTpOAHKAMHA. V3 PHCYHKOB BHAHO, YTO H30TEp-
Mbl afcopOlliy n-HUTPOAHHJHMHA, H3MepeHHbic TIpA BCEX TeMmnepa-
Typax, B Kooparnarax a—C/Cs cuBaIOTCA B OAHY.

[Ipu ancopOumk K3 CMECH BElIECTB MONPABKA Ha HM3MEHelHe
pAaCTBODHMOCTH NPHBOAUT TaKXKe K COBMEILEHHIO NAaPUHATBHHIX H30-
tepm aacopbuun. Ha puc. 1V-11 npubeaenn: u3orepmbl aacopGuuu
n-XJ0pAaHHJAMHA M N-HHTPOAHWJIHHA H3 HX SKBHMOJEKYJAPHOH cme-
CH B BOJe HAa AIETHICHOBOM TeXHHYECKOM YI/epOde TpH PaA3UBX
TemnepaTypax. Vs PHCYHKa BHAHO, YTO MOBHIUEHHE TEMNEPaTypH
3aMETHO CKa3MiBaeTCs Ha afcopOuuu Gojce CHIBHO aACOPGHPYIO-
erocs KOMNOHEHTa (7-HHTPOQHHJINHA) H B MeHblleli Mepe nHa ai-
copbuun ciabee ancopOuPYIOIIErocs KOVMOHEHTa (n-x;10panuIH-
na). B koopauHatax a—C/Cs u30TepMbl afcopOIUK N-HHTPOAHH-
JIMHA W €ro KBHMOJSPHOM CMECH C A-XJOPaHWJMHOM, H3MEpeHHBbIe
NpH PasHBIX TeMOepaTypax, CJAWBAIOTCA B OAHY.

Takum 06pa3om, 3ddeKT H3MeHeHHs afcopOUnH BCASACTBHE H3-
MeHeHHs PacTBOPHMOCTH BCIIECTBA SABJSCTCS AOMUHHPYIOLIMM 1O
cpaBHEHHIO ¢ 3¢ (eKTOM, 06yCI0BIEHHBIM IK30TEPMHUECKHM XapaK-
TEepoM aAcopOuuy.
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3. BAMAHUE MOHUIALIMU N ACCOLIMALIMM MOJIEKYN B PACTBOPE
HA nX AACOPBLIMIO

Muorune opraguueckue BelllecTBa, COAepKalliiecs B CTOYHBIX BO-
Jax, SIBJSIOTCA CJ1aGbIMM 3JEKTPOJHTAMH M B BOAHBIX pacTBOpax
yacTuuHo Houusupylorcs. K Hum ortHocsitca ¢eHoaw, apoMatuye-
CKHe n anudaTHyeckie KapOOHOBBble KHCJAOTHL, apOMaTHUYECKHE H
anndartiHyecKie aMHHBI U MHOTHe TeTepOUHKIHYCCKIE COeAMHEHHS.
PacTBOpHMOCTh HOHM3MPOBAHHBIX MOJIEKYJ 3HAYHTENLHO Bbillle, YeM
Henonu3uposanHux., Ha puc. IV-12 npeacraBiaesn u30TepMH af-
cOpOLUNE HOHOB NPOHU3BOAHBIX 6eH30.a u3 BOAHBIX PaCTBOPOB HA
o6essosennHoM aktHBHOM yriae KA [22]. Hdas cpaBHeuus na 3ToM
Xe pHUCyliKe IUTPUXOBOH JHHHeldl TOKAasaHwl H30TEPMHL ajcopOuuK
COOTBETCTBYIOIHX HEHOHH3HPOBAHHHIX MoJekyna. M3 pucynka Bug-
HO, YTO BO BCEX CJayuYasX afAcopbIUsi OPTaHWYECKHX HOHOB pacTeT
C yBCJHYEHMeM KOHICHTpPAUHIl pacTBopa MceAJeHHee, ueM aiacopl-
LU HEHOHH3HPOBAHHLIX MOJEKYys TOro ke BemlectBa, Oprauiye-
CKHe apoMaTHYeCKHe HOHBI aJCOPOHPYIOTCH AKTHBHBIM YyrIJeM [ie-
3aBICHMO OT 3HaKa uX 3apsia. B ociioBe HX aACOPOIHM JEKHT
AVMCIICPCHOHIIOE B3aWMOJCHCTBHe C aToMaMu MOBEPXHOCTH alcop-
6enra.

HactHunas UoHH3AanMA caalbIX 9JeKTPOJUTOB B pacTBOpax
NPUBOAKT B oOllleM cayuyae K IOSIBJIEHHIO B pacTBOPe cMecu HOHH-
3UPOBAHHBIX H HEHOHH3NPOBAItHBIX MOJIEKYJ, MPHYEM BCJeACTBHE
Gosiee caaboit THAPATalUH HOJKHBI aACcOpGHPOBATLCH NMPEHMYILeCT-
BenHo nocaennte. Takum o6pa3oM, B pacTBOpax c.abbiXx 3JEKTPO-
JIMTOB (pakTHYeCKH CYILECTBYeT KaK OBl CMeCh ABYX aiacop6aToB ¢
pasiioii pactBOpuMOCTBIO. ByayT Jin aacop6upoBaThCsl HOHHL B MpH-
CYTCTBHH HEHOHU3HPOBAHHHX MOJCKYJ] (T. e. GYAYT Ji axcopGupo-
BaThCcsd 00a KOMIIOHEHTA «CMECH») — 3aBHCHT OT 3HEPTHH aacop6-

a,MonbfKr

g ) C,Mons /M3

Puc. I!I/-Ig. MaoTepmut ancopfuun #a yrae KAIL katuonos (I—3, 8, 9) u aumo-
Hos (4, 5, 6/, 7, 8, 9’) npoussoansx Geusona:

1 — anunyua; 2 — n-xaopaBuauHa; 3 — n-HUTPOAHWANHa; 4 — QeHona; § — n-BuTpodeHoMNa;
6 — n-oxCHOEH3OMHON KHCAOTR); 7 — 0-0KCHBeH30MHON KHCJIOTH; 8 — n-aMuHOOGCH30iIHOA KHCJIO0~
TH; 9 — 0-aMHHOGEH30MHON KHCAOTM (WTPHXOBble ANUHH H30TEPMBl aACOPOUHH HEeHOHHIHPO-
BaHHHX MOJCKY1).
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UM HEHOHH3HPOBAHHBIX MOJIEKYJ H OPraHHYeCKHX HOHOB H OT HX
OTHOCHTEJbHOro colepxkanug B pacrsope [23].

OrnocHrensHOEC  coxeplKaHWe HEHOHH3HPOBAHHHIX MOJEKYJa B
pactBope ompepneasiercs KoHcTaHtofi uponusanMum (K. u Ku®) #u
3KCrepHMeHTallbHO HafijeHHbIM 3HauenneM pH pacrBopa. asa Be-
IlCCTB KUCJOTHOTO XapakTepa KOHUEHTPALMIO HCHOHH3HPOBAHHBIX
MoJjieKya Cy. n PacCUUTHIBAIOT o dopMyane [24, 25]

1
Chu=—"" Ku_a (1V-5)

1+ a9
Jl-/'lﬂ BELLeCTB OCHOBHOIO xapaKTepa

1
Cﬂ.n = Knb [H"‘)] ([V-G)
T4+ — o=

[Mpaktuyecku ansa onpefeieuss Cy u  ynOGHO 10JB30BATHCSH
KDHBBIMH HOHH3AUUH CAa0biX 9JeKTPOJHTOB. AncopOlus BELIECTB
-KHCJIOTHOTO Xapakrtcpa pacrteT ¢ NoHHXKenwem pH, ajacopbumust op-
raimMyeckux cjgabblx OcHOBaHMii ¢ yMmeHbuleHuem pH nagaer [26].
Mpu uzobpaxennn B KoopaumHatax a— Cpu.y Bce H30TePMH  ai-
COpOIHH KaXXAOro BellleCcTBa YKJaABBAIOTCA Ha ORAHY H30TCPMY,
T. e. B ClyYae ajAcopOuuy apoMartHYeCKHX CJAaGHX 3JeKTPOJIiTOB
HOHB B NPHCYTCTBHH HEHOHHM3HDOBAHHBIX MOJEKyJ He agcopOupy-
10TCs. DTO NO3BOJSIET ONpelesfiTh KOHCTAHTY HOHH3aUHH CJaalbbix
apomMaTHYeCKnX 3JIeKTPOJHTOB aJAcOPOLHMOHHBIM  MeToxoM  [27].
CoBMecTHast afcopOIHd HEHONH3HPOBAIIHEIX MOJEKYJ ¥  HOHOB
BO3MOXHA TOJBKO B CJydde COH3MEPHMOCTH BeJIYHH afcopOium
HOHM3HPOBAINLIX H HCHOHU3UPOBAHHBIX MOJIEKY.TI.

Ban-nep-saanbcoBckas  ajcopOuusi apoMaTHUCCKHX  HOHOB C
KOHJEHCHPOBAaHHbIMY aPOMAaTHYECKHMH siApaMu (HamnpHMep, cylb-
(GOKHCIOT HadTaJuHA K €ro NPOH3BOAHBIX) 3HAUNHTEJABHO BLIlIe,
YeM HMOHOB NPOM3BOAHBIX OeH30/1a, 4TO OGYCJOBJEHO YBEAHUeHHEM
HHTEHCHBHOCTH  JMCHEDCHONHOTO B3aUMOAEHCTBHA  YIJIepPOHOTO
cKeJeTa ¢ NOBepPXHOCTHIO yriasd. IIpy 3HaYeHHAX KOHCTAHT HOHHM3A-
uuy nopsinka 10~!'—10-3, xapakrepubix A3 cyabdokrucgaor nadra-
JIHHA ¥ ero NPOH3BOAHBIX B BOAHBIX PacTBOPaxX, npakTHueckny 95—
99% Bcero pacTBOPEHHOTrO BELIECTBA HAXOAMTCS B HOHH3IPOBAHIOM
cocroaniu. B atom ciydae BO3MOXKHA cOBMecTHas ajcopbuHs Mo-
J€KYJl U HOHOB. ‘

OnnospeMenniass aacopOuusi HEHOHH3UDOBAHHBIX MOJEKYJA H
HOHOB BO3MOXHAZ TaKXe 1t npu ajcopbunm aniidariyeckux KHc-
Jgor. [lpuunnoit B sToM caydae siBjisieTcss Cuibnas —MOJAPU3alus
CBSI3W B HOHOTeHHBIX (YHKIIMOHAJbHBIX TPYNMAax Aaxe NpH NOAaB-
Jetip HouMsaumu. luapartanus TakuX BbICOKOINOISAPHBIX MOJIEKYJT
BLI3bIBA€T YMEHbIICHHE aaCopOuuH HEHOHH3HPOBAHHBIX MOJCKVA H
OHa CTAHOBUTCA COU3MEpPHMOiH c aiacopbuuelt mouos [28, 29]. Ipm
HOIH3ALHH BelIeCTB, MOJEKYJEl KOTODHIX COAEPXKAT HECKO.IBKO
GyuKIHOHAIbHBIX TPYNH, 06PA3yIOTCA HOHBI ONHOTO 3HAKA (HOHH-
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3auMa OKCHOEH3OMHBIX KHCAOT) WM HPOTHBONOJOXKHEIX  3HAKOB
(nonmsanus aMHHOGEH3OMHBIX M aMMHOCYJAbdokmcaoT). B mepBom
clyyae KOHLEHTPAlUMs HEHOHH3HDOBAHHLIX MOJEKYJ B pacreope
OnpenedsieTcst TOJMbKO HanGOMblieli KOHCTAHTOH HMOHHU3ALMH.

Konuenrpauuio nauMenee HOHU3HPOBAHIBIX MOJEKYJ DPH HC-
cJleJOCBaHHMH aAcopOUuH apoOMaTHYECKHX COeJHHeHHH, 06pa3yiolux
B pe3yJbTaTe HOHHM3AIMH CMeChb MOHWOB MPOTHBONOJOXKHBIX 3HAKOB,
CPaBHHUTCJABHO NPOCTO MOXKHO onpeieauTs npu pH, oTBeyawouem
H303;ICKTPHYeCKOil Touke coedmueniiss. Ilpuy Takom 3sHauenHn pH
ColcpXKaHUe HEHOHH3HPOBAHHEIX MOJEKYJ] MaKCHMaJbHO H, CJIelO-
BATCIbHO, MAKCHMaJbHA BEJHYHHa ajcopbnnu [26].

Cpean GoJsblioro pasHoo6pasus pPACTBOPEHHBIX OPraHHYECKHX
BCLIECTB, 3aTrPSISHSIIONIMX TPOMBILULICHIIBle CTOYHBle BOJABI Pa3iuy-
HBIX XHMHUYECKHX INPOHM3BOACTB, ocob0e MeCTO NPHHALJIEKHT [io-
BepxHocTHo-akTuBHEIM BeumectBam (ITAB), tak kak ux crmeuudu-
YeCKHe KOJJIOHIII0-XHMUYeCKHe CBOfCTBa OOYCJIOBJAHBAIOT HHOE MO
CPaBHEHHIO C APYTUMH DACTBOPEHHBIMH BEICCTBAMH MOBEJCHHUE Ha
rpanulie pasiena (as.

[IpunuunuaibHOll OCOGEHHOCTBIO cucTeM, coiepxauux [IAB,
ABASETCS UX cnocobHoCTh K 06paTHMbiM NepexollaM B BOJAHBLIX pac-
TBOpPaxX M3 MOJEKYJSPHO-AHCIIEPCHOTO COCTOSIHUS B MHILEJISPHOE,
063 c/0BAeHHass AM(UIbHOCTbIO MoJekysa uiau uonoB ITAB. Tlpo-
ecehl aACopOUMM W3 MHUIENASPHBIX PACTBOPOB CYLIECTBEHNO OTJIH-
YalTCA OT aACOPOUHK M3 MOJeKYyJAPHO-AUCHEPCHBIX PAacTBOPOB.
OcHoBHble 3aKOHOMCPHOCTH aACOPOUHK H3 MHLENIAPHBIX PacTBO-
pOB xapakTepHbl lie TOJbKO Aaf ITAB, Ho u ans Apyrux Kojsioua-
HBIX 3JEKTPO.ITOB, a TaKxe AJMA 00Da3YIOUUX- CIOXKHBIE accouHa-
TH HE3/NEKTPOJHTOB.

BsaumogeficTBue azncopOUpOBAIHBIX MOJICKYJl Ha I[OBEPXHOCTH
pasicna ¢as, OPUBOAAMEe K HX aCCOUHALUH, — ABJEHHE LIHPOKO
pacnpoctpanenHoe. Accounauus noHoB uam Monekyn IIAB B npn-
CYTCTBHH BOJBI HMEET CylllecTBcHHple 0COGEHHOCTH N0 CpaBHEHHIO
¢ actonmMauueii razos M napos. Acconmamua ITAB oGycaoBrieHa
yBeJlyeHHeM XHMHYeCKOro NOTeHLHaAa, BHIPAXKAIOMEr0 TeH/eH-
LW BLIXOAAa KOMIIOHEHTa M3 BOJAHOrO OKDYXKeHHS B KHIKYIO
«ncernodasy». CrpemieHHe K YMeHbIUCHMIO CBOOOJHOH 3HEPrHH
NPUBOAMT K OMpefieleliHOd OPHEHTALNM ACCOUUHPOBAHHLIX MoJe-
KyJZ, yMeHpllamomefi pasHocTb HOJSPHOCTEH, B pe3yabTate Yero
accolMaT NOKPHIT OOOMOYKOH M3 THADOPHILHEIX IPyNNn M HMeeT
onpeJc/eHHb KOHe4HBblt (akTop accouuainud. 10 OAHA U3 CY-
mecTBeHHBIX ocoGenHocrefi accoumaunu ITAB. Bropas 3akmwoua-
eTcs B TOM, YTO aCCOUMANMs HACTylaer NPH oNpeleseHHOH KDPUTH-
YeCKOH KOHLEHTPALMH PacTBOpa. DTH OCOGEHHOCTH NMO3BOJAWT M0-
CTPOUTHL CASAYIOUIYIO MOMAE]bL CTPOEHHs aacopObuuontoro caos [TAB
C YYCTOM acCCOLHaUHH.

Ancop6uyionHbIit C/I0f MOXHO PacCMaTPHBAaTb KakK OCOGH ABY-
MEepHHI pacTBOP, KOTOPOMY MPHUCYILM OCHOBHHIE CBOHCTBa 06BbeM-
Horo pactsopa. Accoumaunds Mosekya [IAB B aacop6unonnom
CJI0¢ HACTylaeT NpH ONpPeAC]EHHON KDHTHUECKON KOHLUCHTpauHH B
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a, MKons M2 sTom asyMepHom pactsope. Ho mo-

30 CTHEeHHUSI 3TOH KOHUEHTpalUK B3a-

) pvofciicTBie MoJekya ITAB B an-
2z " cop6uHOHHOM CJI0€  OIpelessicTCs
20 JMillb BaH-AEP-BAaJbLCOBCKUM MpH-
' taxenHeM. Ilpu Hacrynaenun KpH-
L3t THYCCKOH KOHUCHTpauHu JAByMep-
ol 1oji accounauuu AOKHB 06paso-
Nr-chl BHIBATBCS ~ aCCOLMATH  KOHEUHOM
05 | dopMbi (M0 aHaNOTHH € OOBCMHBIM

s l!l/fKﬂq | 1 { 1| PpacTBOpoM), OKpyXenHblc 0060.10Y-
0 02 04 06 08 10C mons/wd KOH M3 THAPOPHIbHEIX rpynn. Be-
posTHasi opMa TA4aKHX accouma-

Puc. 1V-13. Vsotepma aacopbunn  gop — qij10cKasg po3eTka. Slapo Ta-

TeTpafellHICcy bPOHATa HATPHA H3 - g i
BOJHOTC  pacTBopa Ha 2lleTHjaeno- KOH PO3CTKH COCTOHUT H3 YC.JI€BOAO

BOM TexWHueckoM yriiepoie nps POAHBX pajukanoB. Ilpu mnacryn-
298 K. JeHHM acConpHauud B KawucCTBe OT-

JAeJIbHBIX KHIIeTHYeCKHX eAHHHIL Ha
NOBePXHOCTH pasfena a3 OJMKiBl paccMaTpuBaTbes cHOpPMHPO-
BaHHHe ABYMCPHbic acCONMMATHl. BHYTPM TaKHX aCCOUHATOB MoJie-
Kyab TTAB HCHBITHIBAIOT B3aHMHOe NPHUTAXKEHHE, HO MeXAy acco-
HHaTaMH BO3HHMKAeT OTTAJKHBaliue,

KanopuMeTpHUUeCKHe H3MEpeHHUs 3SHTAJbIHH, a COOTBETCTBEHHO
W 3HTpONHU aAcopGuuu, B 06/1aCTH MOHOMOJIEKYJAAPHOro 3anoJHe-
HUs aAcopGUHOHHOTO ¢JOs MOKa3asu, 4TO IIPH CTeMeHAX 3aro.iHe-
Hus aacopbuuonuoro ciaos (6)=0,6 Habaonaercs pe3Koe yMeHb-
IEHNe DHTAJbIHH, 4 COOTBETCTBEHHO, W IHTpONHMU ajgcopbuuu, oby-
CJIOBJiEHHOE yMeHblUIeHHeM HOABHXKHOCTH aAcopOHPOBAHHBIX MoJe-
KyJ BCJAeACTBHE uX accoumanun [30].

IIpu HcesenoBannu aacopOlUun HEHOHOTeHHbIX U aHHOHibiX [TAB
M3 BOAHBIX PAcTBOPOB B 06JacTH KOHLUCHTpauu#, NPEeBLILIAIOIIAX
KPHUTHYECKYI0 KOHIEHTPaUHMIO Mllenn006pa3oBatus (KKM,y),
YCTaHOBJIEHO, YTO MOCJe 3aBepluelitis (OPMHPOBAHHS MJIOTHOVIAKO-
BalHHOr0 MOHOCJOSl HOHOB MJau MoJeKysa ITAB, opueHTHpOBaHHBIX
JJIMHHOM OCbI0 NapaJfiefbHo [OBEPXHOCTH ajicopbeunta, Habsaopa-
eTcs Aanbheiiiee yBejauuenue apcopbuuu (puc. 1V-13). Ilpuunto#t
TAKOro BO3pacTaHus aACopOuHM MoxKeT OblTh acconUauus yr.eso-
AOpOAHEIX Heneit Monekyn TTAB, mpucyrcTByomux B aacopOunuoH-
HOM cJloe, CONMMKEUHBIX KM YIAKOBAHHBIX C TOM e IJIOTHOCTBIO,
YTO U MOJIEKYJH B 0OBEMHON MulleJie.

CnpaBeflIHBOCTb TAKHX MOJEJbHBLIX NPCACTABJIEHUH O HaJ iryMH
TPEXMEPHBIX aCCOLHMATOB Ha NOBEPXHOCTH pasfe’ta ¢as nokasaHa
TakxXe INpu HccAcAOBaHMH ajgcopOuumu anuonnsix IIAB (mozeuna-
cynbdara ¥ okTameuuacylbdara Na) u3 BOAHLIX PACTBOPOB Ha yr-
JEPOAHHX COPOEHTaX HYyTeM CONOCTABJEHHS 3KCIePUMEeHTAJbHHX H
pacueTHHX aaHHHX [31].

OcHoBHble NpeicTaB/leHHss 06 ancopbIMM u3  MHLEAIAPHBIX
PacTBOPOB AOIKHH ObITh npuCyuid aacopbuuu He Toabko IIAB,
HO M APYTHX MHIENI000Pa3syoliiX 3JeKTPOJHTOB H HE3JNeKTpPOJH-
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TOB, HAMpHMep BOAOPACTBOPHMBIX KpacHTesed. IlapasielbHeie HC-
ClelOBAHHSA ACCOUMANUH K afcOPOUHM K3 BOAHBIX PAacTBOPOB Ha
AlCTUIEHOBOM TEXHHUCCKOM Yraiepoje psfa Aa30KpacuTesneit NMoKa-
3a]M, YTO De3KOe BO3PACTaHHe CTeNeHH accOLMAlliH KpacureJedt
Opy DABIOBECHBIX KOHIUEHTpauuax, paBHBIX Cass  (KPHTHYECKOH
KOHLICHTPAIMY ACCOLMAUKH) COOTBETCTBYET DE3KOMY YBEJHYEHHIO
aacop6uun [32].

‘4. PACYET U3OTEPMbl AACOPELIMM MOJEKYJIIPHO-PACTBOPEHHbBIX
OPFAHMYECKMUX BELLECTB HA AKTUBHbLIX YIJAX
BE3 DKCMEPMMEHTANBHBIX USMEPEHMA

OaHa H3 OCHOBHBIX 3aj1au NpH OHpeJe/eHHH TEeXHOJOIHYECKOro
pexuMa aacopOLHOHHO! YCTAHOBKH — 3TO pacCyeT YCJOBHH af-
COPOILHOHIIONO PABHOBECHS, T. C. PACUCT M30TEPMbl azcopbuuu. 3a-
BHCHMOCTb KOJIHUeCTBa aAcOpOUPOBAHIOrO BEHICCTBA OT PaBIOBEC-
HOI KOHUCHTPAUHH B pacTBOpe HeOOXOAMMO 3HATb IPH pacuere
KHHETHKH M AMHAMHKKA afcopOuuy, a Takxke IPU PacucTe yHeTbHO-
Fo pacxoda ajcopbeuta iipu J060M crnocofe TEXHOJOTHYECKOTO
oopmiicius aacopOionHoro nporecca.

bosbiioil HHTepec PeACTaBASET pacyeT H30TePMbl aacopOuuu
6e3 IKCIHCPpUMEHTAJbHBIX H3Mepenud. B OCHOBY Takoro pacuera
NOJOKEHB! CJAEAYIOUIHE TMPEACTABACHHSA, BbITEKAlIlHe HI PacCMOT-
PEHHOro Bhlllle MaTcpHaJaa:

aicopOuus OpPraHHYecKHX BellecTB (HE3JEeKTPOJAHTOB U ClabHX
3JCKTPOJIMTOB) Ha YIJACPOANBIX agcopbeHTax, sBJfomasca (Qusu-
YCCKHM HEJI0KAJH30BAHHBIM NPOUECCOM, OOGYCJOBJ€HA NUCICPCHOH-
HbIM B3aHMOJACHCTBHEM MOJEKYJ OpraiHyecKuX BEMIeCTB ¢ YTJe-
POAHbLIMH aTOMAMH MOBCPXHOCTH, X MO3TOMY I[OBEpXHOCTHBIE OKCH-
bl He BJHSIOT Ha afcopOuMOHHOEe PaBHOBECHe M U36HPATeNbHOCTb
apcopouun;

obwuit 00beM BceX aacopOHPOBAHHBIX KOMIIOHEHTOB pacTBOpa
ABJISETCS BEJMYMHOHR IIOCTOSIHHON, He 3aBUCAMIEH OT CTPYKTYDH
MOJIEKyJI, COOTHOIUeHHs KOHLUEHTpauuil u ux opHeHraluu. Moussp-
Hble 006BEeMbl aAcOPOHPOBAHHLIX BeuwlecTB NPHOGJIH3UTENbHO PAaBHHL
MOIIpHBIM O0OBEMaM XKUAKocTell (C y4eTOM TOrO, UTO PaiUyChHl MAaK-
CHMaJlbHOro cOJUKENHS NMPAKTHYeCKH TaKHe, KaK B XKUIKOI dase);

PaBHOBCCHOK KOHUECHTPalKK B 06beMHOM pacTBOpe, PABHOM pac-
TBOPHMOCTH, COOTBCTCTBYET npeAcspHOe 3HaueHHe Ko3pduuucira
AKTHBHOCTH B YPaBHEHHM MNapuuajbHOH H30TePMBI aACOPOIHH,
BelMYHHA KOTODOrO INPONOPHUOHAJBHA IIPOM3BEAECHHI0 KOHCTAHTH
ancopOIHOIIIOT0 PABHOBECHSI HA PACTBOPHUMOCTD; ’

IPH aACOpOLMH M3 BORHOTO DPACTBOPA CHJBHOMOJSPHBIX MOJe-
Kysn (c GOJbliHM IHIONBHHIM MOMEHTOM) B afcOpOUHOHHON daze
NPOABISCTCH AHIIONb — AHNOJBHOC OTTAJKHBaHHE BCJAEACTBHE HA-
BsI3aHHOW moJieM anacopGeHTa 04HOOGPa3HOil OpHeHTAluu AHNOJel
Ha rpanulle pasjgena (as, 4ro NPUBOAUT K YMEHBIUEHHIO NPEAE.Ib-
HOH_IJIOTHOCTH BellecTBa, B agcopbuuonuoil dase.

OcranoBuvest moApoGliee Ha NPHBEACHHBIX MOJOKEHHSX.
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ANQMTHBHOCTh BENHYMH CTAHAAPTHOTO yMeHblEHHS CBOGOAHOH
aHepruu afcop6uuu. as KoaHuecTBEHHOH TepMOAUNAMHUYECKOH Xa-
PAKTeDUCTHKH aAcopOHPYeMOCTH [IPHMEHSIOT BEJUYMHY CTaHAapT-
HOTO yMeHblUeHHs CBOGOAHOHR aHepruM apcopbumm —AF°. Tlo-
CKOJIbKY AUCHEPCHOHHBlE CHAB, 00yc/aoBAMBaIOWHe (GH3HYECKYIO
ancopbuuio, agaurusnel, A. B. Kucenes u corpyZnuxu cseJu pac-
YyeT yMeHbLIEHHS CBOGOAHOH 3HeprHd aAcOpOUHM MO/eKyJd K BH-
YHCJIEHHI0 HIKDEMEHTOB CTAHZAPTHOTO YMcHbIICHMS  cBoGOAHOR
DHCPrUK aAcopOuMH, OGYCJIOBAEHHBIX OTJEJAbHBIMH CTPYKTYPHBIMH
aJeMeHTaMu MoJeKyJa agcopbara [33].

IIpu usyueuun apacopOLliM 113 pacTBOPOB TaKXKe MOXKHO OHLIO
OXUAATL aJJUTHBHOCTH SHepPriil ajJcopOUHH, TAK KakK 3JHeprus
cosbBaTaluy (ruApaTtanuu) afIHTHBHO CKJajbiBaeTcst H3 SHepruit
COJIbBATAIMH OTAEAbHBIX 3, ICMEHTORB CTPYKTYPHL MOJIEKYJIHL.

ANOHTHBHOCTL H3MeHelld XHMUYECKHX TNOTeHUHAJOB MNpU ai-
copbulin H3 pactsBopa Oblila TEOPETHUECKH NPOAHAJH3HPOBAaHA B
pa6ore Ocbuuka u Bakcmymngckoro [34]. Paccmarpusas usmene-
HMe XMMH4YeCKOro IOTeHIMasa B pe3yJabrarte ajacopOuud MHOro-
ATOMHBEIX MO/IEKYJ K3 PacTBOP&, OHM NPHHAJM B KauecTBe HCXOQHOH
No3uluM, 4Yro obiiee uU3MeHeHHe Au’ mpeiacraBjisfeT coGofl cymmy
HHKDEMEHTOB, XaPaKTepH3YIOMIUX H3MeHEeHHe XHMHUYECKOTo MoTeH-
Lzana B pe3yabTaTe ancopOUHu OTAEJNLHBIX 3JEMEHTOB CTPYKTYpPH
Movsickya TakuX, Kak rpynnsl —CHz; u =CH,;, cocrasasiiouue yr-
JIePOAHbIE CKeJeT OPraHMYeCKHX MOJeKyd, Wi (QYHKIHOHAJbHbLIE
rpynnet COOH, NO; u T. n. Tak, npu ancopbunu u3 pacTsopa npo-
IHOHOBOR KHCJAOTH

AulcHycH,c00H == AU'cH, + ApdcH, -+ AulcooH + Aplx

rde Ap’x — BelHunHa aAcopOuHOHHOrQ CPOACTBA, CBA3aHHAA CO CTpOeHHeM af-
COopOupOBAHHOR MOJIEKYJIHL

TeopeTHyeckoe BbIYHC/IEHHEe YMeHbIIEHHsT CBOOOAHOH 3HepruH
npu aAcopOUMK M3 PACTBOPOB A0 CHX NODP NpaKTHYECKH HEBO3MOXK-
HO, ocoGenHo AJs cayvyas ancopOLUM BeuiecTB, pPACTBOPCHHBIX
B soze. IlosroMy npu ancop6iuy pacTBOPEHHBIX BEUIECTB TEPMO-
AMHAMKUECKHe BesJMYMHBI, XapaKTepHU3ywline aacopOLHOHHOE paB-
HOBecHe, ONPefessiOT 3KCMCPHMEHTAJAbHO. DKCIEPUMEHTANbHOE OM-
peneneHHe pequuyMHBl —AF° omucaHo Hamu noapo6Ho B [35, 36].

Takum o6pasoM, MOCKOAbKY ¢Hu3HyecKass afcopOuusi OpraHuye-
CKHX HE3JIEKTPOJUTOB U CAA0BIX 3JAeKTPOJHTOB Ha YriIepORHBIX Ma-
TepHa/ax OCYIleCTBJASETCS, B OCHOBHOM, B pe3yJbTaTe JUCHEPCH-
OHHOI'O B3aHMOJeHCTBHS, BeJHUHHA CTAHAAPTHOIO YMEHBLIEHHS CBO-
OonHo#t 3Hepruu ancopbUMM XOPOIIO ANMPOKCHMHPYeTCH CYyMMOM
HHKPEMEHTOB, OOYC/OBJIEHHbIX BKJAaJOM OTAENbILIX CTPYKTYPHEIX
3JCMEHTOB K (YHKUHOHAJIbHLIX TpPymm B 370 B3aHMojeficteie. Ha
OCHOBe H3YyYeHHs aAcopOuild anudaTHYeCKMX COHPTOB U KHUCJIOT
[28], anudarnueckux amunoB [37], xaopmnpousBoiHbix [38], a
TaKXe MOHO- M Napa-AM3aMEUIeHHBIX NPOU3BOAHBIX Gewsona [39—
41} u nupasonona [42] uaMu BHYMC/IEHBH MHKPEMEHTH CTaHLAPT-
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Tabauya 1V-3. Huxpementot crandapTnozo ymerowenus c80600n0d anzpauu
adcopbuyuu u3 800ublX pacteopos (adcopbent — axtusuoul yzore KAD)

CTPYKTYPHBIY 3.1eMeHT 8(—AF°), CTPYKTYPHLI1 3aeMenT B(—AF°),
nan gyuxiuonaasuas kx/Moan HaH QYHKIMORAJbHAS kI MOND
Fpyina rpynna
B aandartHuecKHx COeaH- —NH; 1,05
HCHHSAX —COOH 1,63
——CHZ—-; —-—CHs 2,3 -—NOZ* 2,6
—QH 1,47—1,89 | —Ci 1,38
—NH, 13,4 —S0sH - 1,09
—COOH 1,89 —CHs 0,48
B sapomarnueckux coeau- CH; (sropoe xonasllo 2,18
HEHNAX HagTa nna)
—CgHs 21,2
—OH 0,04—0,08

* 3navepde uHkpeMeHnTa 8(—AF°) NO,-rpynnbl MOKET NPEBLICKTL YKa3aHHoe npud oGpaso-
Ba®NN 2K1HBHBIX KOMILICKCOB C HOBEPXHOCTHLIMH KaPOOHWALHBIMM IPYHNNaMU.

HOrO YyMeHblleHHs cBoGoAHO# 3HeprHH axcopbuum  [8(—AF°)],
NPUXOAAILYeECS Ha OTHAENbHbe CTPYKTYpHble COCTABJAOLINE MOJe-
Kyas! [43]. Benpyuuubl ux npuseaend B Taba. 1V-3.

Takum 06pa3oM, cTaHAADPTHOE MOJBHOC yMeHbilleHHe CBOGOAHOM
SHEPTHH azcopbumnu BemectBa (—AF°) MoxeT OHTHL MPeACTABJICHO
B BHJE CYMMBl HHKDEMEHTOB

—AFo = 8 (—AFY)

T. €. BeJHMYHHA CTAHIAPTHOTO YyMeHbUIEHHS CBOGOZHON 3HEprHH
ajfcopburu oTpaxaeT BJIHAHHE XHMI[UECKOTO CTPOEHHS MOJEKYJb
Ha 3HEPrU aaCopOUMOHHOTO B3aUMOJCHCTBUA H, CJ1eJ0BATCJLHO,
Ha KOHCTAHTY aAcOpPOLHOHHOTO B3aHMOICACTBHUA.

ITapuuanpuass KOHCTaHTa afACOPGUMOHHOTO PABHOBECHS NPH afi-
CopOuMH U3 BOAHBIX PACTBOPOB HA HMOPHCTHIX YriAePOAHBIX cOpOeH-
TaX. [lapumanbuylo KoHcraHty azxcopOunonnoro pasuosecus K
MOXHO NPeACTaBUTb ClAeAyIOMHUM ypasHeHueMm [44]:

K —ll‘f . a;- 103
Py T (Va— a4V F iV *1,0)C

(IV-7)

TAe yi W X; — MOJADHBIE JNOJH DAcTBODEHHOrO BellecTBa B aacopOuuoHHON dase
W DaBHOBECHOM pACTBOpE; a,— yIeIbHAsA alIcopOilHsi pPAaCTBOPEHHOTO BElIECTBA;
V. — npenenbro-aicopbuHOHHHA 00beM nop azcopbenta; Vi* — MOJADHH 06D~
eM; f;— napunanbHeii K03QQHUHEHT AKTHBHOCTH KOMIOHEHTA; V*1;20'Cﬂzo=103.

D10 — ypasHenHe HapuHagbHOH H30TepMbI aACOPGIMH, NOCKOJIb-
Ky OHO CBA3HIBAET DPABHOBECHble BeJIHYMHH AACOPOUHH  JAHIOTO
KOMIIOHEHTa C ero paBHOBeCHOI KoHUeHTpauuell. Heo6xoanvbe
AJst PacyeToB BeJqHYHHDI MOJAPHBIX 06BHEMOB KOMIOHEHTGB PacTBO-
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pa moryt OLITh BBEIUMCJEHB U3 HX NJOTHOCTH B XUAKOM COCTOSIHHH

M,
Vi' = "Fi—

rie d, — NMJIOTHOCTh XHIKOFQ KOMNOHeHTa, M; — ero MoJIeKyJaspHasg macca.

OTH XKe BEJIHYHHB MOXHO HalTH KaK NPOU3BEleHHe BaH-aep-
BAaJbCOBCKOH INJONIAJH TPOEKUUH aAcopOHPOBAHHOH MOJAEKYJH Ha
BaH-/eP-BaajJbCOBCKUA pa3Mep ec, HOPMAJbHLIA K IJIOTHOCTH INpPO-
exuuy (£), T. e. Ha Tak Ha3bIBAEMYIO TOJMLIHHY MOJeKyanl [45].

B ypaBHeHHe NapuHajbHOR H30TCPMH aacopbuund yAoGHO BBe-
CTH BEJNYHHY OTHOCHTEJBbHOTO 3aloJileHHs o6beMa amcopOuHoHHON
¢asnl opranHyeckuM KoMmitoHentoM 0. ITockoiabky @=al,r*/V,,
ypaBuenue (1V-7) MoxHo 3anucarb B cjaelyiOUleM BHAE:

6.108

Vi*—Vy,0°
p—0f TP My.»
[1—o ("7 )|vee

Ki=

fi (1V-8)

[Tpu BHUHCNEHIIH KOHCTAHTH aACOPOUNHOHHOrO PaBHOBECHS B Ka-
YyecTBe CTAHJApTHOro BbIOPAHO COCTOSiHME OEeCKOHEUHOro pas6aB-
JieHust B pacTBOpe B aAacopbunodHoit ¢ase, Korha sanoJHeliHe aj-
COpPOUHOHHON (ha3bi CTPEMHTCS K HYJIO,

[lockoapky koadduuuent akrusHoctu [, B ypasuenuu (IV-8)
CTAaHOBHTCSL PABHBIM eNMHlile JJA CTAaHZAPTHOTLO COCTOSIHSA, T. €.
npu OeCKOHEYHO MaJjiof BeJsuuuse 0, N/ HAXOXKIEHHA YHCJIOBOIO
3HAYEHHST KONCTAlTH aACOPOUHOHHOrO paBHOBECHS 3JKCHepliMeli-
TaJdbHble JAalHble, H300paxenHsle B Koopaunartax 1g[y./x.—f(8)],
AOJKHBI ObITh 3KCTPANOJUPOBaHBl N0 3Hauenns 0=0 [44]. Ha
puc. 1V-14 nokasano rpaduyeckoe BbIUHCJAEHHe JorapudMa napiu-
a/bHOM KOHCTaHTH aAcOPGUHOHHOrO paBHOBecHs XJopodopma, de-
1g y/x HOJA, aHWIHHA, N-XJAOPAHHAMHA,
HuTpoGensona, n-uuTpodeHosa H
n-iITpoauuJanHa H3 BOAHBIX pac-
tBopoB Ha yrie KAl [no ypas-
nenuam (IV-7) u (IV-8)]. Us
puc. 1V-14 Buauno, yto B 1nogas-
JsiolleM  50,IblIIHECTBe CJAYUYaEeB
CyulecTByeT JiHHeHHAst 3aBHCH-
MocTb Mexay 1g(y./x) u 0, uto
ob.eryaer 3KCTPANoOALKIO 3HA-

.l ST H
0’5 0'5 0'7 2] YeHHU A e a0 e=0 B 3TOM METO-

Je WCMOJb3YIOTCS TOJBKO oOlipe-

30 ! I
7ot 02 GI 0

Puc. IV-14. Tpaduucckoe BHUYHC/EHH2
MapuuvanbHoi KOMCTanThl amxcopSuuoH-
HOro paBHOBecHs Xiopodopma (I), de-
Hona (2), awmauna (8), n-xaopanuiu-
ua (4), n-uurpodieHona (5), untpobieu-
so0aa (6) H n-HuTpOauuauHa (7) ua ax-
tueitoM yrre KA u Gensona (8) wa
AUCTHICHOBOM TeXUHYECKOM  YI/lepole
(caxe).
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Koadduuuenr akrtusnocrn. Ipepeapnoe 3nauenme kosbdunn-
eHTa aKTHBHOCTH. M3 ypaBuenns (IV-7) MmoxHo 3amucats

leh = lgKy—lgot

[Ipu uccnepoBanun amcopbuuu u3 pacTBOpOB ycJOBHMEeM CTaHAapT-
HOTO COCTOSIHHSl ABJIAETCA OTCYTCTBHE B3aHMOACHACTBHA MexAy MO-
JICKY/IdMH DaCTBOPEHHOrO BEWIeCTBA, a TAaKXKe C MOJEKY/JaMM BOJH,
KOTOPO€ HapyWHJO GLl ee CTPYKTYPY. DTOMy CTanAapTHOMY COCTOS-
HHUIO COOTBETCTBYeT GeCKOHeuHoe pa3baBiieHHe OpraHHYECKOr0 KOM-
TMOHEHTA BOJOH B PABHOBECHOM PacTBOpE M aACOpPOLHOHHOMN dasze.
PaccMoTpum npenenbHoe 3uaueHue Ko hHIHeHTa aKTHBHOCTH
npn 6=1. IlonctaBus 6=1 B ypaBHeHue (IV-8), nonyuum:
fupex = KCV*y,0+10-3 (1v-9)
riae C—paauonecnaﬂ KOHLICHTpAUHA, COOTRETCTBYIOLLAS IVIOTHOMY 3anoJHeHHo
aacopCunontolf dasm, 1. e 6=1, i
Haun6osbiueMy 3anonnennio aacopbuHOnHOH dasu cooTBETCTBY-
€T paBHOBECHAs KOHUEHTPALHsA, PaBHAsl KOHUEHTPALMHM HACHIIIEH-
Horo pacreopa [45] Cs
fnpeA=KCsV’H’O'IO" npH 0 =] (IV-10)

[Tockonbky Bug dyHkuuu Igf or 8 B ofmem clayyae Bbipaxaercs
KPHBOH, KOTOpasi MOHOTOHHO W3MeHsieTCs OT 1g f=0 (npu 8=0) no
1g fapex (mpu 6=1), K18 NPHOIMIKEHHOTO BHITHCICHHS lgf npu mio-
60oM © MOXHO HCIOJB30BATH IIHPOKO pacmpocTpaHeHnHbd B XHMH-
YECKOfl TeXHOJNOTHH NpHeM «pabouedt Junuu». 1 5TOro Ha opaH-
Hate npu 8=1 oTkAagbiBaOT BenMuMHY Igf o—; M COeQMHAIOT aTy
TOUKYy C HauanoM KoopauHatr. Torga npubimxkeHnHoe 3HauyeHue lgf
npH 11060M 3HAaUeHHH 0 MOXKHO HAlTH U3 COOTHOLICHUS

lgfo=0 lgfré;eJlx (Iv-11)

Ha puc. IV-15 nokasano usmenenue lgfi or 8 Ans denona, pac-
CUMTAllHOe M3 IKCIEpPHMEHTaNbHHX AaHHBIX. IIITpHxaMu nokasaua
«pabouas JUHHS» H3MeHEHHS Igfi-ngo or 0, nposemennas ot

lgfi=0 (npr 8=0) po 3uauenus lg f;=1,938, paccunraunoro mo

g f;

20 . g

16k - 2

1,21 : -
1 -

06— . >

) e
o l | L1 - ! | L.
0 0z 0% 06 08 8 0 02 04 06 08 8

Puc. 1V-15. 3apucumocts g | or 0 ANS ¢eHona, ancopGHpPOBAREOre Ka  yrae
KAl (amuns paccumrana no PacTBOPHMOCTH).

Puc. 1V-16. 3asucumocts Ig fs oT O mus momexya 4HRJIHHA, AACOPGRPOBANHHEX HA
yrae KAQl (nuuns paccanrana mo PacTBOPHMOCTH),
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g, PacTBOPHUMOCTH. Itu BCJIHUHHE
npuGAMU3NTENBHO COBMAjaloT. AHa-
12 Joruunasi KapThHa uabaojaercs n

7 Adas anusauHa (pHe. 1V-16). Ha puc.
- 1V-17 nokasano uaMeHchue Igf; or 0
A HHTpOOeH30J1a  (AMHOJbHHIH MO-
MenT paBeH 3,96 D). Hlrpuxosan
npsmas roJaydeHa AJs 3HaueHHi [,
| L | paccuuTanibix no pacrsopumocts. Ha

7 02 04 &5 08 @ puc. IV-17 BuaHo, UTO 10 OTHOCH-
TeJbHOrO 3anognedus 6~05 3tH
Puc. IV-17. 3asucumocts lg fo  TPAMbie ne comajaior. Emle Gonee
oT 6 ans Moaekyn HhTpoOeuso- CHJbLIOE JHIMONb — JUIOJNbHOE OTTall~
na, agcopbuposanioro Ha yriae  gKypaHde HAOJ0fgacTcs B caydae al-
&ﬁgﬂgm;g"x‘;g’;opﬁ’;’ggu)f’ac' copBUHH n-HUTPOAHHAMHA (JAHIOJAb-
P HLI MoMenT paBen 6,17 D).
Ilpeaenbioe 3uauciine xo3dhPunu-
€HTa aKTHBHOCTH, TaK¥WM OO0pa3oM, MOXKIO PacCYHTHLBATbL 1O KOil-
CTaHTe afACOpPGIMOHHOTO PABHOBECHS M DACTBOPHMOCTH B TeX CJy-
yasX, Koraa AUMOJNb — JHIIOJbHOE OTTAJKUBaHKE MONEKyJ B aacopl-
UMOHHOU (ase OTCYTCTBYeT MM HE3HAUHTEJNbHO (HpU MaJbIX AH-
MOJMBHBIX MOMEITAX MOJEKYJ).

BhiuucieHHe W30TepM afcopOuup OpPraHuyYeckMXx BeEUIECTB - M3
BOAHBIX PAacTBOPOB Yr/iepoiHuiM¥M aacopOeHramu. UYrolbl BbIYHC-
AuTb M30TEpMY anacopOiuu, HeOGXOAUMO A5 pAa3HBIX 3HayeHuyl 3a-
noJHenus agcopbuuonHoro obvema 0(0=aV.*/V,) paccuutath Be-
JUUHHLI PABHOBCCHOH KOHIEHTpAUMHM Y YIAeAbHOM acopbuuu. 3na-
yeHHs] paBHOBECHHIX KouleHTpauuii (C, MMOJb/J) BBIYUCJASIOT KO

dopmyae .

0.6 » Ve

9-10-3
Ci= Vt.—'V*HZO 3 fl
[1 - e( v )] Vitki

rae O —cTemenr 3anonHenlis ajacopOHHOHHOro o6bema, 3agaBaemas Hamu (0,1;
0,2; 03 v 1. 1.); Vi* B Vu,0* — MOnapHEe 06bembl H3BIEKAEMOro OpraHHYECKOro

BELieCTBa W BOAKI.

(1V-12)

Ecnn msBecTHa cTpyktypHas ¢dopMysa H3BJIEKACMOIo U3 BOJbL Be-
EeCTBa, TO CYMMHpOBandeM HHKpeMeHTOoB (—AF°) nJs cocraBHBbIX
yacTe#f ¥ CTPYKTYPhl HaXOAAT BeNuUMHYy —AF°, a 3aTeM BHUHCIAIOT
KOHCTaHTy afCOPOLHOHHOIO PaBHOBeCHS 110 popmyie

| —AFo
e K=39301RT

YaeabHyio aacop6uHIO pacCUMTHBAIOT 110 hopmyne (B MMOJb/T)
V
a=0a, =8 4 (1V-13)

[Tockonbky npefenbHEH KO3(hGHIHEHT aKTHBHOCTH ONpeje/sers
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Tacauya 1V-4. 3nawenus KOHYeHTpayul HACHLUEHRbLLX
pacteopos, das koropbix fi=1, npu paanex
anayeguax —AF°

Cs npu 25°C {pac-
—AF°, wllx/monn K npu 25°C CYMTaHHOe), MOJb/M3
16,75 872 63,5
21 4800 11,5
23 11200 4,95
25,1 25700 2,16

¢ cooTHouweHHeM fpen=KCsV*1y0+1073, nas pasmbix 3HayeHui

KOHCTAHT ajicopOuMOHHOro paBHOBecHs K MOXHO paccyuraTbh Te
KOHLeHTpAN UK, OpY KOTOPHIX NpelebHbifl Ko3hduuueHT aKTHBHO-
cti paBer l. Paccuuraniibie KOHUEHTPAUHH, COOTBETCTBYIOUIHE KO-
sbduuueHTaM aKTHBHOCTH f;=1 npu pasHuXx 3HaueHHsx —AF°,
npHuBefieHsl B Taba. IV-4.

Pacuer H30TepM afcopOIHH TOARKO NO KOHCTaHTe afcopObIfoH-
Horo paBiioBecHss K BO3MOXEH A/ TeX BCILECTB, ¥ KOTOPBIX €O-
OTHOILEHUS MEXJY KOHCTAHTaMu aJACOPOUHMOHHOTO DaBHOBeCHS H
BeJIYHHAMH pacTBOpHUMOCTy OJHM3KM K yKasauueiM B Taba. IV-4.
B xauectBe npnvepa B taba. 1V-5 npusBesen pacuer m3oTepMul an-
copOuMu cTUposa na aktusHom yrie ¢ Va=0,2 cM®/r, npousBeneH-
HBIHi TOJABKO 110 KONCTaHTe aACcOpOLHOHHOTO 'paBlOBRECHs CTHPOJA
(13500) mpu 25°C. Konuentpamus HAaCHILIENHOTO pacTBOpa CTHPO-
aa, paBHas 2,98 mmosb/n npu 25°C, 6/1HM3Ka K PACCUHTAHHON KOH-
mentpaiuy (4,1 MMoJb/n), obecrncunBalolieil 3iadeHde NpefedbHO-
ro Koad¢pHuHCHTa aKTHBHOCTH, pPaBiloe CAHHHIE

108 108
Cs pace. mpu 1=1 = KV*i0 = 13500-0,018 — 1 MMOTe/A

VYaeabnyw ancopbuuio (a, MMOJb/T) paCCUMTHBANM H3 COOTHOLUIE-
nus (IV-13).

Tabauya 1V-5. Pacuer usorepmur adcopbyuu cTupora
us 800HbIX PACTBOPOS HA AKTUBHOM Y2Ae

]
. _ye Cispac %pacy a Zowen  Ppacs,
6 1—8 Vri— V0 “°m()}1\;;11%)' "&é;f/',:g ) MoTb) KE asoxcn
Ve %
0,05 0,052 0,0335 0,087 0,08 +8,75
0,1 0,108 0,0695 0,174 0,17 42,36
0,2 0,238 0,153 0,348 0,35 —0,6
0,4 0,597 0,384 0,696 0,7 —0,6
0,6 1,2 0,774 1,044 1,05 —0,6
0,7 17 11 1)22 1,2 +1,66
0.8 2,46 1,50 1,39 14 o
7
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- PaBHOBeCHYIO KOHIEHTDPAIHIO
15 C (p Moap/M®) pgns 3ajaHHOR

10 BeJHUHHBl BHIUHCJASAH 0O dop-
0ot | | | | 0| wmyne (IV-12) npu fi=1, 1. €.
0 02 0% 06 08 10 1Z 1% -10-3
- Ce= Vi® —V*n,0\]
3 =0\ —p=——/| Vi*K
2r l ( Vi ) o
’m L9 OTK/IOHCHHE  PACCUHTAHIIBIX
He

‘} b M 2 W 4% 3Hauenuit ajAcopGUMH  CTHpOJa
2 5 ° OT 3IKCHEPUMEHTAJbHBIX HAaXo-
¥, , , | | 8| murca B npepenax 1—2%. Pe-
0 & 16 24 37 40 4§ &6  3yJbTaThl PacyeToB H30TEPM ai-
4 copO6IHM CTHPOJA, aHUANHA, (e-
z_ HOJIa ¥ N-HATpOodeHONa IpHBe-
p meusl Ha puc. IV-18. Orkaone-

| L 1 1t 1 rE| Hug pacCUYMTAHHBIX BEJHYHH all-
0 & 16 24 32 40 CGmom/M' copBLUHM OT IKCilepHMEHTaJbHO

Puc. 1V-18. PaccunTalHHBE H30TEPMBI
aacop6unn ctHpona (a), awnauna (6),
¢enoaa (8) H n-HuTpodeHona (2) Ha
yrae KAJL

H3MEPEHHHIX He NPeBBIUAIT 2—
5%. B kauecTBe mpuMepa IpH-
BOJMM XOJ pacyeTa H30TepM aj-
copbuuy n-uuTpodeHoNa M3 BOA-
Horo pactBopa Ha yrae KAJIL

(trabn. IV-6).

AunanornuyHeie pacyeTnl MOryT OHIThb NPOBeAEHH M AJsl NMOBepX-
IOCTHO-aKTHBHHIX BELIECTB B 00/aCTH PAaBHOBECHHIX KOHIeHTPAaluH,
He-MPeBHINAIIAX NEPBYI0 KPHTHUECKYID KOHIEHTPALHIO MHILEJJIO-
o6pa3oBanus. Ilpu 31OM KOI(Q(HUHEHT AKTHBHOCTH YUYHTHIBaeT He
TONABKO NPHUTAXKEHHE aACOPOHPOBAHHBIX MOJIEKYJ MexXAy cobo#, HO
H B3auMoJeiicTBHe 06pa3yiolluXca ABYMepHLIX acconHatop [47—
52]. B atom cayuae B dopmyarn (IV-7), (IV-8) u (IV-10) smecto
BeJNHYHHL pacTBOpuUMOcTH Cs NMOACTABJASAIOT KPHTHUYECKYIO KOHIEHT-
panH© MHIean006pa3soBaHus.

Tabauya IV-6. Pacuer usorepmor adcopbyun n-Hutpoderora us e091020
pacrsopa Ha yese KAl (Va=0,28 cad/e) no rxourranTe adcopGyuontozo
pasHosgecus u pacreopumocTu®

]
Chacu pacy a Agja
o o) 1| | Sl | | e
i

0,1 0,109 1,58 0,033 0,27 0,27 0
0,2 0,24 2,51 0,115 0,54 0,54 0
Q,3 0,398 3,98 0,31 0,81 0,8 +1,25
0,4 0,597 6,31 0,73 1,09 1,05 +3,8
Q,5 0,85 10 1,65 1,36 1,35 40,7
0,6 1,185 15,9 3,66 1,63 1, 41,88
0,7 1,645 . 25,2 8,05 1,9 — —_

* $=95°C; K=50000; V*=0,103-10~% m3/Moan; Cg=109,5 MOub/M% @G, =0,28/0,103=

=2,72 MOAb/ Kr; Ig fOm] =1,993.
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5. PACYET MAPUMAJIBHBIX M3OTEPM ALCOPBELIMM KOMIMOHEHTOB
BUMHAPHbBIX CMECEX MOJIEKYNAPHO-PACTBOPEHHbLIX OPTAHHUYECKUX
BELLECTB

OcHoBHOIT 3amadefi Teopun aacopbUnH H3 cMecell ABJAETCH BHI-
upcJeHne ancopOLUMOHHBIX DAaBHOBECHH KOMIIOHCHTOB CMeCH MO JaH-
NbIM acopOUHH HHIHBHAYaJblbIX BelllecTB 0e3 BBLINOJHEHHA Clie-
UHaJbHLIX, YacTO oYeHb CJOXKHBIX 3KcmepuMeHToB. IlpexpcraBaser
untepec pabora Panke u Ilpaycuurna [5], B xoropoit paccMoTpen
METOJ, BBHIYHCJIEHHS H30TEPM MHOTOKOMIOHEHTHOH aAcopOUHu IO
JaHHBIM HHAWBHAYaJdbHON azcopbuuy u3 pas3baBjleHHBIX BORHBIX
pacTBopoB. B Hell HCNOJb30BaHO TIOHATHE O ABYMCPHOM MOBepPXHO-
CTHOM JaBJIEHHH KAaK PasHOCTH MCKAY IIOBEDXHOCTHBIM HaTAXe-
IMeM TOBEPXHOCTH Dasjelia YHCThIi PacTBOPHTeNb — TBepHLOe TeJO
H TIOBEPXHOCTHBIM HaTsKeHHeM pacTBOP — TBEpLOe TeJo NpH ToH
Xe TEMIEPATyPe: = Ouucr. p-ress——Op-p—rs. Teno. Pajgke u Ilpayc-
HHATIL CYHTAIOT, 4TO JJIsi MACAJIbHOTO MOBEPXHOCTHOIO PacTBOpPa aK-
THBHOCTb MPH MOCTOAHHOH TeMmepaType M NOBEPXHOCTHOM jaBJie-
HHUH 7T TIPONIOPILHOHAJbHE MOJISIPHOH 0JIe 2.

AT, m, 2) = 2if%0 (T, x1)
rie f,%® — aKTHBHOCTb B HHAHBHIYaJbHOM PacTBOPe IpH TeX Xe T M X, 9TO M
B CMecCH. B

HOBerHOCTHOQ JAaBJICHHE U OHH BbLIYHCJAJH IO YDABHEHHIO

Co
T m .0 0
n(C0) = anc S o o(g:o) 4G (T = const) (IV-14)

rae ni™¢ — BeanyuHa H3GbITOuHON T'MOGCOBCKON apcopOuuu MpH HeKOTOpofl pas-
HoBecHOiT KoHuenTpauuu C,% Sa,c — MOBCPXHOCTb agcopGeHTa.

B ocHOBe npensOXeHHHIX HMH pacueTOB JieXaT JiBa COOTHoule-
HuS 171 uleanbuslX ¢aas. IlepBoe coorHollenne cBA3BIBAaeT MOJAP-
HYI0 1o0J10 B aacopOuuoHHOH (ase z, ¢ cymMmapHo# ajacop6uueit
JABYX KOMIIOHEHTOB 71y™ U HHJIUBHAyaJbHOH ajcopOiuuelt nrmo

1 z
e =2 n.,f"o (T, = = const) (IV-15)
{

Bropoe coorHoulenHe pjs HaeasbHOro pa3baBienHoro pacTBopa
CBAI3BIBAE€T MOJIAPHYIO AOJII0 DACTBOPEHHOIO BEIIECTBA B pacrBope
X; H MOJIAPHYIO ROJIIO B aacopGIHOHHON (ase z;

Crxy =Ci% () 2; (T = const) (IV-16)
Panxe u npaYCHHTH C IeJIpI0 MPOBePKH TCOPHH IKCNCPHUMEHTAJIbHO

H3MEepHJIH aucopéumo IBYX IBYXKOMIOHEHTHBIX CHCTEM: alleTOH —

IIPOUHOHUTPHI M A-KPE30J — n-XJOP(PeHOJ H3 pa36aBJEHHLIX BOJ-
IILIX PACTBOPOB.

Hns nepsolt cucremMbl (cja6o ancop6HPYIOIIHXCA BEIIECTB) OHH
HOJyuu/g XOpOlllee COBMAJCHHE ¢ SKCNEPUMCHTOM, a AJis BTOPOil
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CHCTEMBl OTKJIOHEHHe TEOPHH OT 3KCMepHMeHTa xoctHraso 25%.
WupuBunyanbible H30TEPMBl aicOpOUHMH KOMIOHEHTOB  OMHCHBA-
adch Paake u IlpaycHuTieM npu noMollld SMNUPHYECKHX Mapamer-
POB, NpHYEM, €CJIH JJIA NepBOH CHCTeMB OHH BBOJWJIH TPH IMIHDH-
YeCKMX NapaMeTpa, TO JJisi ONHCAHHA HMHAHMBHAYaJbHHX H30TepM
n-kpesosa ¥ n-xaop¢deHosa uM NMPHILIOCH NpPHBJIeYb NATb IMIHPH-
YeCKHX NapaMeTpoB.

T. M. JleBueHKO NpoBepHJIa NMPHMEHHMOCTb MeTOAHKH Palike H
Ilpaycuurua ajs pacueTa aJAcopGUHOHHBIX PAaBHOBECHiH cMmeceH HHT-
po6eH30a — n-HUTpodeHos, ¢eHosa — aHuiauH, (eHoa — HUTPODe-
HOJ TI0O HHAHBHAyaJbHBIM H30TepMaM azacop6buuu. IlonyueHnbre
9KCMEpHMEHTANbHbIe AaHHbBlE He MNOATBEpAHJH OCHOBHBIX COOTHO-
wennit Pagke u Ilpaycuurua. Kpome Toro, 3TH HCCJIeI0BaTeNH
CaMH YKAa3HBalOT, YTO METOJ HENMpHUIOACH AJA pacdera aiacopbuuu
p[13 MHOTOKOMIIOHEHTHBEIX PAacTBOPOB MpH OG0JBIIHX KOHUEHTPalHaX

53].

IlpepnaraeMulli HaMy MeTOZL BBIUHMCJEGHHSI DapUHalbHBIX H30-
TepM aAcopOIHHM OCHOBAH HA CJeAVIOUHX JAOMYLIeHHSX, HOATBEpXK-
IEHHBIX SKCMepPHMeHTaJbHO:

koadduunent uzbupareavHoctn A[A= (as/ai)/(Coo/Cot)] ompe-
JleisieTcs OTHOIUIEHHEeM KOHCTAHT aAcOpOUHOHHOTO PaBHOBECHS KOM-
TIOHEHTOB;

K09 buuMeHT n3bupaTelabHoCTH A NMOCTOSHEH B IIHPOKOM HHTEp-
BaJIC 341I0JIHeHHS aAcOPOIHOHHON (a3bl.

Bropoe monymenne no3BoJsieT chesaTh BHBOJ O TOM, 49TO OT-
HOCHTEJIbHAs CTerneHb 3arnoJHeHHd aAcopOGUHOHHOM (ashl KaXKabiM
KOMIIOHEHTOM OAMHAKOBa, T. €.

Qa Qg

0 =—1——0, =
1 alao * azm

Jns pacuera mapuumanpHBIX H30TepM aXcopOUHH HEeOGXORHMMBL Cie-
JAYIOiNe HCXOAHBIE NAHHEIC:

Va — BesqHuYHHa npefesbHO-aAcopOuuoHHOTO o6beMa axcopleH-
Ta, M3/Kr;

KOHCTaHTHl afcopGuuonnoro paBHoBecHss K u K, (xoropble Ha-
XOAAT JHOO0 MO HHAMBHAyaJbHHM H30TCPMaM ancopbuuu, Ju60
PACCUMTBIBAIOT 10 WHKPEMENTAM BeJHUHH CTAHA4PTHOTO yMeHbme-
HHS CBOGORHOMN 3Hepruu amcopbuuu) K= Z0AF;

MoJsisipHble 06beMbl KoMoHeHToB V*1, V¥3 u V¥u,0;

COOTHOIIGHHE KOHUEHTPAUHH KOMIOHEHTOB B HCXOAHOM DAacCTBO-
pe no a}ICO[)éH,PII/I Coz/CO[.

[Ipociennm 3a mnociefoBaTENbHOCTbIO BHYUMCAeHHs. [1o oTHoure-
HHIO KOHCTAaHT aACOPOUHOHHOTO paBHOBECHS HHIAHBHAYAJbHEIX Be-
Hlecills Ky/K, ounenuBaeM BeqHuHHYy Ko3(uunenta u36upaTes]bHO-
CTH

_1+B(K’ -1> (IV-17)

rfe B — KoHcTaHTa, paeHas 0,15 [35].
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[MoacunteiBaeM NpeaesbHO-afCOPGHPOBAHHBIE KOJHYECTBA KOM-
noHeHToB 1 u 2 no ypapHeHHAM
Ca

aM,, = Aa™, Cor (1V-18a)

Va

OMy =————F———
AR 'cf:' A

(1V-186)

3anaBasich 3HaYeHHAMH 0, NOACUHTHIBAeM BeJHYHHBI YAeJbHOH aj-
copOUuH KaXJIOr0 KOMIIOHEHTa N0 yPaBHelHAM a;=0a"iw H Qg=
=0a%™y0 M 3HAYCHHS PABHOBECHBIX KOHIEHTPaIMH HEHOHH3HPOBAaH-
HEIX MOJIEKYJI N0 ypaBHEHHAM

0 1032,
Clﬂll = V’o . V.H o . VgK: fi' (IV' 193)
[1—o(P772))]
2
0 109%™,
Com = Vo Vo Vik (1V-196)
[l-e( Vy* 2 )]

rge © —creneHb 3anONHeHHA aiCODPOUHOHHOH (ashl KaxIAHM KOMIOOHEHTOM.

Jlist KaXJ0ro COOTHOIUEHHST KOMINOHEHTOB B MCXOJZHOM PacTBope
oo azpcopbuuy Beauuuubl 10%0% ./ Va K u 10%aMee/V,Ky aBIAIOT-
cs nocrosHnbIMH., OcraHOBHMCA Ha BBIYHMCAEHHH KO3 PuIHEeHTOB
aKTHBHOCTH KOMMNONEHTOB [’ u3 cMecH.

Kak 6blio nokasano B paszese 4 3Toii IvaBbl, KO3(hdulHeHT
aKTHBHOCTH B ancopO6uHOHHON (a3e NPH ancopbUuU HIAHBHAYyaJb-
HBIX BCIICCTB [ MOXHO OLEHHTb N0 KOHCTAHTC aACOpPOUHOHHONO paB-
HOBecHss M pacTBopuMocTH. Eciau mpu aacop6Uuu HHAHBHAYaJIbHO-
ro BemecTBa Ko03(dOHIHEHT AaKTHBHOCTH OUpPELE/IdEeT B3aHMOIelCT-
BHE MOJICKYJ aJacopOHpPOBaHHOTQ BellecTBa MeXAy coboil u ¢ MoJe-
KyJaMd BOJABl, TO NPH afcopOuUHH OGHMHApHOH cMeCH OpraHHYeCKHX
BelleCTB U3 BOJHBEIX PACTBOPOB KPOMe MCPEUHCACHHBIX BHIOB B3dH-
MOJeficTBHSl BO3HHKaeT ellle B3aHMOAEHCTBHE MEXIY MOJIEKYJaMH
o6oux kommnoueHTtoB. IIpH oxnoTunHoM B3auMoOJeficTBHH ancop6H-
poBalibiX MOJIEKYJad Pa3sHOCTh MCXKAY K03 (uIHeHTaMH aKTHBHOCTH
AJIa MHAMBHAYaANblibIX PAacTBOPOB K cMecH OyAeT ofpele/asaTbes
JHIp PAa3HOCTBIO HITEHCHBIIOCTEH B3aMMOAEHCTBHA MOJIEKYJ pas-

a,Mons [KIr

Puc. IV-19. PaccauTannble H30TepMul aacop6-
UHH anunuHa (I) H n-EMTpoauuauna (2) npu
HX COBMECTHON ajcopluHH H3 BOJHHX pac-
TBOPOD TNPH COOTHOWEHMH  KOHIEHTPAUHH
KOMNIOHEHTOB B DacTBOpe a0 axcopbuum 1:1
(Ha paccuHTaHHble KDHBLIE HaleceHH 3KCoe-
pHMeHTaJIbHHE TOUKH),

0 1 2 3 Crmom[m3



Puc. IV-20. Paccuuranuuie uso-

a, Mons/Kr TepMH aAcopbuuu  deHona (/)
10 , / u n-gutpodenosia (2) mpu ux
.- {COBMeCTHOl afacopluuK 43 BOI-

05— ...ﬁ’/ ) ° ° HBIX pacTBOPOB (COOTHOILEHHE
S KOHUEHTpaHff KOMIOHEHTOB B

1 | ] ] ! ! L pacTeope A0 aacopbuuu 4:1; Ha

J 05 K0 15 20 25 C,monsfn3 paccuuTaHHble KDHBHIE HaHeCeHHl
9KCHEPHMCHTA/IbHBIE TOYKH).

HbIX coptoB. [Ipn pacuere mapuma;biblx H30TCPM aACOPOLHH KOM-
NOHenTOB cMecH Ge3 GOJbLIOH MOrpPCLINOCTH MOMKHO 3aMEHHTDH KO-
3 GHUACHT AKTHBHOCTH [’ 3HAYeHHeM ero [, PACCUHTAHHBIM  JJIst
HHAWBHAYaJbHBIX H30TEPM ancopbuuu. B taba. IV-7—IV-10 B ka-
deCTBe NMPHMEPOB MpHBeJeHH pacyeTHl NapUHANbHBIX H30TEPM aj-
COPOUHH KOMIOHEHTOB CMeCeil aHWIHHA H A-HATPOAHHIIHMHA pH
COOTHOLUEHHAX KOHIEHTPAIlMAi KOMIIOHEHTOB B pAacTBOpax A0 af-
cop6uuH, paBubix 1:1 (puc. IV-19); denoaa u n-HMTpOodeHoNa
IPH COOTHOLIENHMSAX KOHUEHTPAUHi KOMIOHEHTOB B DacTBOpax Jo
afcopOuuy, paBubx 4:1 (puc. IV-20).

YcnoBus, npu KOTOPHIX NOAaBAfETCH apcop6uus OXHOro 3 KoM=
noHeHToB cmecH. Ilpu ancopbunu GuHapHOH cMmecH OpTaHHYeCKHX
BELIECTB BO3MOXKHMA TaKas PasHOCTb BeJHYHH CTaHAAPTHOTO yMeHb-
LIeHHs: cBOGOAHOH 3nepruu agcopOuuu (MIH Takoe OTHOILIEHHe KOH-
CTaHT aACOPOUHOHHOTO DABHOBECHs), NPH KOTopOil NPaKTHUECKH
NOMHOCTBIO TMOAABAAETCH AACOPOUASA OLHOTO KOMIOHEHTa APYTHM.

IMpumem anst pacueTos, uTo mogaBieHHIO agcopbUuH OLHOTO M3
KOMIOHENTOB ~ COOTBETCTBYeT COLEPKAHHE ero B aACOPOLHOHHON
tbase, pasHoe l/o oT comepskauus BTOpOro KOMIOHEHTa, T. e.
a;=(1/a)as. Torna pasHocTs —AF° ABYX KOMIMOHEHTOB, COOTBeT-
CTBYIOIYI0 NONABJIEHHIO afCOPOUHH MeHee aacOpGHpYyOLIErocs
KOMIIOHEHTa, MOXHO NOACYHTATH 10 YPaBHEHHIO

Qy/ay [
Cog/Coy 0.85 Coa/Cot — 0,85

(—AF0) — (—AF,% = RT In — 0,15 = RT In ——O—,-l‘r—: (1V-20)

B ra6a. IV-11 npusenenn suauenus (—AF°%)—(—AF%), coor-
BETCTBYLIHE NOJABJEHUI0 aAcOPOUHH KOMNOHEHTa 1, paccunTaHHble
AJls Da3HBIX COOTHOWICHHA KOMNOHEHTOB B PAcTBOPE MO afcOpOLHH
H a=ay/a;=10. TIpu COOTHOIIEHHH KOMIIOHEHTOB B pacrBope 7m0
ajpcop6und, pasHoM 1, ata pasHocts pasma 10,2 kIx/Moan. Hamu
PacCUHTaHBl NapuHa/JbHHE H30TEDMH  aACOPOUMH KOMIOHEHTOB,
pasHoctb 3HaueHui (—AF°®) KOTODHIX MPHGJIM3UTENBHO PaBHa yKa-
3aHHOMY Bbille 3HauenHio 12,6 kIx/monp (pue. I1V-21) [54].
AZxcop6uus TepBoro KOMIOHEHTa NPH 3TOM  GJIH3KA HYJII0.
Pacuert, npoBefeHHEe NPy Pa3sHBIX 3HAYCHHAX KoadhdhuuHEeHTa aK
THBHOCTH (IpH f=1 y 3HaYEHHAX, COOTBETCTBYIOWHX PaCTBOPHMO-
cre 10 u 100 MMosb/) nOKa3HIBAlOT, 4TO H3MEHeHHe pPacTBOPHMO-
CTH NepBOro KOMIOHEHTa He3HAYHTENbHO CKa3hBaeTcs Ha 3pdexTe

104



Tabauya IV-7. Pacaer napyuarsroll usorepsst adcopbyliu GHUALRG U3 €20 cKecu
C N-HUTPOGHUAUHOM NnpPU COOTHOWEHUU KomnoHenros 1: I*

no (IV-19), a a) = 08,0

“ Mon(b/\;i“ ¥ lpacqugnlb/xre 1), ‘:aloe.'r,r(lfﬁ(’r
0,05 1,24 0,018 0,0398 -
0,1 1,53 0,046 0,0777 —_
0,15 1,89 0,09 0,116 —
0,2 2,33 0,156 0,155 0,15
0,25 2,89 0,256 0,194 0,2
0,3 3,57 0,4 0,233 0,23
0.4 5,45 0,92 0,311 0,32
0,5 8,35 2,02 0,388 0,4
0,6 12,7 4,26 0,466 —_
0,7 19,5 9,35 0,544 —
* o BenvMuMHaM XOHCTaHT aACOPOUHOHHOTO paBHsOBeCHﬂ U PpacTBOPHMOCTH;

0,98-10000 0278

Vﬂ=0,28-10—s M¥Kr; 4400 =0.777 MOJIB/KT, const =

Tabauya 1V-8. Pacuer napyuaivhod u30Tepmbl N-HUTPOQHUAUNG U3 20 CMECH
C QHUAUHOM NPU COOTHOWleHUuL KomnoHenros I :I1*

6 f G rn:%n(l}/\r:’lg)’ “gpacqm(;’:'/; P u‘tx)zl?/'ll(’r
0,05 1,275 0,00445 0,0895 0,1
0,1 1,62 0,0117 0,179 0,2
0,15 2,06 0,0236 0,269 0,25
0,20 2,63 0,0419 0,358 0,35
0,25 3,35 0.,0705 0,0448 0,456
0,30 4,27 0,118 0,538 0,53
0,40 6,92 0,272 0,715 0,72
0,50 11,2 0,625 0,895 0,93
0,60 18,2 1,4 1,075 1,07
0,70 29,6 3,14 1,25

* [lo seJHYMHam KOHCTAHT aACODGLIHOHHOTO PpaBHOBECHS H PACTBOPHMOCTH, @

1,79-103
=1,79 MOJL/KT, const,= m=0,067.

nw-

Tabauya 1V-9. Pacuer napyuaarbroild usorepuvt adcopbyuu genora us ezo cmecu
€ n-HUTPOGEHOAOM NnpPL COOTHONIEHUU KOMNOKHEHTOB 4 1*

C 1V-19),
6 ' ) wibise: wlis
0,1 1,56 0,218 0,189 0,17
0,2 2,44 0,753 0,38 0,35
0,3 3,8 1,945 - 0,56 0,52
0,4 5,95 4,58 0,75 .
0,5 9,25 10,1 0,94 —
* [lo BeAHuHHAM XOHCTaHT AACOPOGIHOHHOrO paBHOBeCHA u PacTBODHMOCTR; V ™

1,89.108
=0,28. 10— m¥xr; @ =189 MOJAL/KT, constl——m— =1,285.
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a, MoAb/ KK

Puc. VI-21. PaccunTagHbie NapUHaJbHHE
U30TepMbl aACOpOLHH KOMIOHEHTOB CMCCH
¢  pa3’HOCTBIO 3HAYeHRR (—AF%) =
=126 «klx/Mons (I) m —AF%=
=252 kJx/Mons (2) pns pasHLIX BejH-
yun pacrsopumoctd (Cs):

1’ — n3zotepMa apcopOiHH  KoMuoHeHTa 1 npH
PACTBOPHMOCTH, COOTBETCTBYIOMER xoxddunuenty

aKTHBHOCTY, pPaBHOMY eluHHLE; [” — TO ke, NPH
Cg=10 uMons/r; 1" —T0 me, Cg=1000 MMoAL/r.

4 £ s /m3

Tabauya IV-10. Pacuer napyuasscrod usorepmor adcopbyu n-HuTpogenosa
u3s ezo cmecu ¢ (PeroAOM npu COOTHOWEHUL KOMNOHERTA 4:1*

] ! Cs, MOab/M? @ypacyr MOTB/KT Gy sxcn MOTB/KD
0,1 1,58 0,01 0,108 0,1

0,2 2,561 0,044 0,22 0,2

0,3 3,98 0,122 0,33 0,37

0,4 6,31 0,587 0,43 0,42

0,5 10 0,645 0,54 0,55

0,6 15,9 1,415 0,65 —

* Tlo BeauuMHaM KOHCTaHT

1,085.108
w=],085 MoJb/KI; consty= 0—:;25—;600—0=0,0775.

aJCOPOIUOHHOIO pPaBHOBeCHA M DACTBOPHMOCTH; Qga00=

Tabauya IV-11. 3a8UCUBOCTY PASROCTU BeAuUR CTAHOOPTHOZO YMEHDWEHIA
80600100 anepeuu adcopbyuu, onpedessoujed nodasaenue adcopbyuu merece
adcopbupyowezoca xounonenta (—AF°) — (—AF°;) (0T cooTHouenus
Komnonentos 8 pacraope do adcopbyuu Cox/Cor npu axjai=10

Cas/Car

1g(KJKy)

*f(—AF°)—(—AF° =95 °C,
2)—( xllx‘(}] npH $m25

MOJAb

- .
QDD =

ORWND=000

2,82

2,515
2,106
1,785
1,441
1,217
1,042
0,426

[
N)O’O’OOON)#.Q

P T Y-
ot

rofasjeHHsa ero aacop6buuu. IIpu QuIbTPOBAHMH pacTBOpa, COgep-
®auero GHHApHYIO CMeCb TAaKHX KOMMNOHeHTOB (as/ai==10), depes
HEMOJBHXHBIA CJI0H aKTHBHOTO VYIJsi MOXHO NOCTHYb pa3iesieHus -
komnonentos (npu L3>Lo). Ancop6uus nepBoro KOMIOHEHTa IOJ-
HOCTBIO NOAABJAETCS.
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a,Kr Og fkr a,rOpfm?
40 o-1 a4 s 160+ -
oba-2 -5 120 o
|29 X6 o mpaoa—0T] o 4%
20
" ~ ! 0 i : ! !
| ! 11 }
0 20 40 60 a,rOx/1% 0 20 40 CpllPkr Ogfi?

Puc, 1V-22. VlzoTepma ancopOuyu OPraHMYeCKHX BEIIECTB U3 GHOJOTHYECKH OYH-
leyHbX cTOUHBIX B0 (mo XIIK) HA aKTHBHbIX YIIAX PA3HLIX MAPOK:

1 —0Y; 2—CKT; 3~ AT-5; 4— akTushmit auTpauut, V,=0,2:10- mYyr, §-— akTHBHBH no~
JYaHTPAUUT; 6 ~—— aKTHBHHI aHTpamuT, V,=0,27-10-3 m¥r.

6. METO[ «YCJIOBHOIO KOMITOHEHTA» A7 PACUYETA U3OTEPMbI
CYMMAPHOH AZICOPELIMU MHOTOKOMIMOHEHTHOM CMECU

Ha npaktuke oueHbr 4acto NpPHXOANTCA CTa/JKHUBATBCS C npo-
6.IcMOlt aJcop OHHOHION OYHCTKH CTOYHBIX BOJ, colepXkailux cMe-
CH OpPraiiiyeCKHX BeWIECTB, TOYHBI{ COCTAB KOTOPHIX HEH3BECTCH.
B sToM cilyuae BCIO CymMMy DAacTBOpeHHBIX OpPraiiM4eCKHX BEleCTB
MOXXKHO CYATATh ONHUM <YCJIOBHEIM KOMIOHCHTOMY», KOHIEHTPALUIO
KOTOPOro palHoila/ibli0 XapaKTepH30BATh OOILHM  [OKA3aTeJseM.
Takum o6luM mNoKasaTelem siBJseTCs XHUMUYeCcKOe notpebienue
kucaopona (XITK), paccMorpenHoe namy B raase l.

Axtyanbnoit npob/eMoii sBJsSeTCS ancopOUHOHHAA JHOOYHCTKA
GHOJIOTHYECKH OYHLICHHMX TFOPOACKHX CTOYHBIX BOA. TOUHO Huel-
THOHUHPOBATh NHAXOAAILHECT B HUX OPraHHYeCKHe BELIECTBA 3a-
IPY/UMMTeNbiO 1 ne BCerna BosMoxio. Ilostomy npumsaTo xapak-
TEpH3OBATbL HX KOHUEHTpauuio seiuynxofi XITK. Hsorepma cywm-
Mapro#l afcopOUHH CMeCH OPraHH4YecKHX BelecTs, cofiepKaulgxcs
B GHOJOrMYeCKH OWYHLICHHBIX MPOMBINIEHHBIX CTOUNHX BOXAX Ha
dKTHBHLIX yIAX pA3lblX MapOK NpHBeAeHa Ha puc. 1V-22 [55, 56].

His KOIMUCCTBEHHO! XapaKTepPHCTHKH agcopOUuy u B 3TOM
Cilyuae UeNecoo6pa3HO HCNOJIb30BATH KOHCTAHTH aACOPBLUOHHOTO
paBHoBecus. Pacuer npoBogutca B epmumuax XITK (rO; a 1 M3
afcopbuHonHoro oGbeMa). AHaJIOrHUHO O[IHCaHHOMY, MOJKHO 3aIlH-
catp ypasHense (IV-7) B Bune

Yy )
K=22p_ 4 1V-21
X3 / C(Va—a,Vp** + AASF ( )
FAe a; — KOJHYeCTBO afcopGMPOBAHHOrO BeileCTBa B MKF Ha 1 Kr; C — paBHosec-
Hasfl KOHUEHTPANHA B MKr/M3; Va — npencabno-axcopGunonnil obbeM,  M3/Kr;

Vo** — 06bem 1 MEr afcopOHPOLAHHOro BewsecTBa, MY; Vi** — 06beM | Mxr Bo-
ABI, M3,

OTo BLIpaXKeHHe MOXKHO YIPOCTHTE, NOCKOJIBKY aoV**, u a,V**,
NPHOIHU3HTCIBHO PaBHbI

Ya

Qs

A

K="~f= (Iv-22)
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Ecnu uncauTeNp H 3HaMeHaTeap BHpaxenus (IV-22) yMHOXUTD HA
KoaHuHeHT Nepecdera Mr BeuecTBa Ha emunuus XIIK (g), 10
3Ha4eHHe KOHCTAHTH aAcopGIHOHHOIO pPaBHOBeCHS He H3MEHHTCH.

3To ypaBHeHHe MOXIO MPEACTaBHTb AJs HayaJbHOIO yvacTka
(f~1) B cnenywomeM BuIE:

a= er
rjge kr-— Koucranra I'edpu;
KV
br = 108‘ (IvV-23)

Ilns onpenesieHHsi CTeneHH 3arloJHEHHS ajacopOuuOHHOH dasbl
HeoGXOAMMO OLEHHUThL 3HaUeHHe MPEACJbHOro 3arnoJHeHus ee. Pac-
CUMTaHHAs MNpefesbHAast YAeJbHas aicopOlus cocTaBjser AJs H30-
TepMbl, npupeAeHHOl Ha puc. I1V-22, 244.10% xrO/m® wa 1 M3 an-
cop6uHOHHOrO 06beMa [56].

Pacuer KoHCTaHTH aACOPGIHOHHOIO DABHOBECHA CYMMBI opra-
HHYECKHX BelllecTB OHOJIOTHYECKH OYHIIEHHBIX CTOYHBIX BOJ MOKa-
3an B Taba. 1V-12,

Conocrabsienne 1g K opranuuyeckux BeIIeCTB H3BECTHOTO CTpoOe-
uus ¢ lg K «yc/lIoOBHOrO KOMIMOHEHTa», ABJAOIIerocs cyMMol opra-
HHYECKHX BeIECTB, COAEpKalluXcsi B GHONOTHYECKH OYHILEHHBIX
CTOUYMHIX BOJAAX, AAeT MpeicTaBJeHHe O BO3MOXKHOM B3aHMHOM
BARSHHH BellecTB NPH HX azxcop6uud. [lis npakTHUECKHX LeJel
Takoe COMOCTABJeHHEe OUeHb BaXHO, TAK KAdK TMO3BOJSAET ONpeiac-
JATh, CTOYHEE BOAHM KaKHX NMPOU3BOACTB MOTYT IMPOXOAHTH aacopO-
IIHOHHYI0 OYMCTKY COBMeCTHO ¢ OHOJIOTHYeCKH OYHILEHHBIMH CTOY-
HeIMH BoaaMH. OleHKa n36HpaTeNbHOCTH aacopbuuu U B 3TOM CJy-
dae MoXer GHITh AaHa Ha ocHoBanuu ypaBuenus (IV-17), ¢ tem
JIMIIB PAa3JJHuYUCM, YTO KOHUEHTPALHH KOMIIOHEHTOB B PacTBOPe MO
azcop6uuyn ROJXKHBEL GBITh Bhipaxenbl B eaunnnax XI1K.

Metox «yc/OBHOrO KOMIOHEHTa» MOXKHO NPUMEHATb HE TOJBKO
JJI XapaKTePHCTHKHM aAcOPOLHOHHBIX MapaMeTpoB NpPH JTOOUYHCTKE
GHOJIOTHYECKH OYHIIEHHBIX CTOYHHIX BOJ, HO M TIPH OCYIIECTBJIEHHH

Tabauya IV-12. Pacwer xoncrantot adcopbuyuonnozo pasnosecus
npu adcopbyuy opeanuteckux sewecre®

a N
Cp /8 (xr ?{2/,‘3) L. .“_o";% 1g -4 6= _% g K
T .
10 3,5 1340 3,128 0,05 3,18
20 7 1340 3,128 0,11
30 9,5 1215 3,085 0,15
40 12,0 1155 3,062 0,189
S0 14,5 1115 3,048 0,22

® BHONOTHUECKH OYHIMeHuas BoAa HedTeXHMHYECKOTO NPOU3BOACTBA B TI. TOMBLATTH (V.
aKTHBHOTO monyaurpanuta «~0,26-10—3 m%/xr).
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afcop6UHOHHO# OYHCTKH KaK CaMOCTOATEJNBHOTO MeTOJa OYHCTKH
0611e3aBOICKHX CTOYHBIX BOJ psiAa XHMHUYECKHX MPOH3BOACTB CO
CJOXHBIM MHOTFOKOMIIOHEHTHRIM COCTAaBOM OpraHHYeCKHX 3arpssHe-
uuit [67]. Tlpu pacuere MHl cUHTaeM LeJ1eCOOOpasHBIM BHIPAXKAaTh
JI03y aKTHBHOrO YIVIsi Ha OYHCTKY TaKHX BOL He B Kr/M® CTOUHOH
Boaul, a B Kr/kr XIIK. Takas ¢opMa BHIpaXkeHHs pacXoja aKTHB-
HOrO yrJsf, Mo HalleMy MHEeHHIO, KoJIHUecTBeHHO 6oJiee OOBEKTHBHO
XapakrepH3yeT npollece, TaK Kak KOHIEHTpallus OopraHu¥ecKHX Be-
LIeCTB B CTOUHBLIX BOJAX JAHHOrO MPOH3BOACTBA MOXKET H3MEHATHCS
B HEeCKOJIbKO pa3. Takum o6pa3oM, MeTOA <«YCJOBHOTO KOMIOHEH-
Ta» HAaXOAHT B HACTOAIIlEE BPeMs caMoe IIUPOKOe NpHMEHEHHe MPH
H3Y4YeHHH ancopOIHOHHBIX NPOIECCOB.

7. METOA NPUBSIMEHHON OLIEHKM PABHOBECHOIO PACXOZLA
ALCOPBEHTOB

PaccmoTpenras B pasfene 4 9TOR ryiaBn MeTOAHMKZ [acuera H3OTepMbl aj-
COpGUMHE MOJIEKYJISIPHO PACTBOPEHHHX BEIIECTB MO3BOJNAET NPHGIHMKEHHO OUEHHTh
paBHOBeCHbIH pacxojl aacopGeHTa NpH Das3HHIX Cnoco6ax OCYLLeCTBAEHHA ajacopl-
LHOHHOrQ npouecca — NPy NpUMeHEeHHH aAcopOepOB ¢ HENOABMKHBIM CJAOEM af-
copbenTa HAM CO B3BEIUCHHBIM CJOeM ailcopOeHTa,

AncopGuua B HemoxBMIKHOM cioe aiacopGeura. Ilpn ¢bunbTpoBaruH pacTsopa
gepe3 JOCTaTOUYHO AJHHHBIE CJ0A ajcopbetita Cosbllasg 4acTh €ro HachiaeTcs
H3BJIeKaeMbIM KOMIIOHEHTOM NOYTH 0 PABHOBECHS ¢ KOHUEHTpaLMeld ero Ha BXoic
B cjoit, Eciy oTHoweHHe aaMHBL «paloTaloigero» caos K oOulefi ero AjHHe B KO-
Jgoune Medee 0,1, To ¢ morpemwHocTbio MeHee 5% MOXKHO CUMTaTh, YTO BeCh af-
copBeHT B KOJIOHHE B MOMEHT IIPOCKOKZ ODraHHYeCKOTO BelfecTBa B (HJIbTPAT
{1. e. npd Cpp) HAXOAHTCA B PABHOBECHH C DAcCTBOPOM, IIGCTYLAWILHM B C.0f
yris.

Takum ofpa3oM, Ao3y ancopbeHta m, HEOOXOAHMYIO 1S uU3BJeueHUs oOpra-
HHUECKOr0 Bell{ecTBA, MOXKHO paccyliTaTh nO QopMyne (B Kr/M3)

m =M (1V-24)

np
TIe Qmp— YJeabHas eMKOCTb aicopbeHTa A0 HPOCKOKA, MOJBb/KF, MOXeT OHTb
HafiieHa H3 H30TePMH aACOPOIMH RPH PABHOBECHON KOHUEHTPAIHH, PABHOH HC-
X0 1HOH.

Jas pacuyera amp HeoOXOJAHMEI CJAeAYIOINHE BeJHYHHB: KOHCTaHT2 alacopOuH-
oHHoro pasHosecusi K, pacTBopuMocTb Cs, MHANHMOJMADHBEIE oObeM V* u mpe-
JNeNIbHO-a/1cOPOUHOHHBI 06beM aKTHBHOro yras V.

PaccMOTpHM METOAMKY pacueTa DaBHOBECHOINO pacXofa aKTHBHOrO yrias Ha
TipuMepe paboThl JOKaJAbHOH YCTAaHOBKM C IVIOTHBIM cJloeM ajcopleHra aasd H3-
BJleueHHs Gen3oiiHofl KHCJIOTH, ABJASIOUIEACS OCHOBHBIM 3arpsi3HSAOLIMM KOMIIOHEH=-
TOM CTOYHBHIX BOj, 0o0pasywmHXCA B IPOHU3BOJACTBE RePOKCHAa Oensowna |58].
Konuenrpauua GeH30fHOH KHCJIOTH B cTOKe cocrasaser 10,65 mosap/M3, KoHueHT-
panua  CONYTCTBYIOLUIHX  TpHMccelt (cynsdouoaa) HaCTOJbKO HCBEJIHKA
(0,0345 mMonb/M3), uTO HPH TEXHOJNOTMYECKAX DPacueTaX HX MOXKHO HE YUHTHIBATh.
3HadeHHe KOHCTAHTH aAcoOpOUMOHHOTO PaBHOBECHsi BHIYMCISEM MO yPaBHEHHIO

K = e~ 2 8(—AF0) (1V-25)
TTo nannpM 1261, IV-3 paccunrhisaem peidunny —AF°

—AF9 = & (—AF0) CgHy + 6 (—AF?) COOH = 21,2 4 1,63 = 22,83 kLa/m01b

otkyza K=100000.

PesyabraTal pacueTa usoTepMul afcopbuuu Gensofimoft XKucAOTH Ha yrie KATL
apmeejentl B tabn. IV-13. Jlna pacdera HcmoapsoBamwl ypasmeHua (IV-17) u
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Tabauya 1V-13. Pacuer* usorepmot alBcopbyuu GeH30inoll KucAOToL Ha yere
KAJR npa 25 °C

3} ;]
0 Ve —¥*y0 f Ve ~Ven0 uo.nc;.'/us uonat:/xr
e R
0,1 0,109 , 1,475 0,161 0,014 0,26
0,2 0,24 2,18 0,523 0,046 0,52
0,3 0,401 3,23 |. 1,295 0,113 0,79
0,4 0,603 4,78 2,882 0,253 1,05
0,5 0,729 7,05 5,988 0,527 1,32
0,6 1,21 10,45 12,64 1,11 1,58
0,7 1,7 15,45 26,26 2,31 1,85
0,8 2,44 22,8 55,63 4,895 2,11
0,89 3,608 33,2 119,78 10,54 2,36
0,9 3,7 33,8 125,06 11,00 2,38

. Va=0,3-10-‘ m¥kr, V*=0,1135-10—* w3/mMoab, CS =27,8 Moab/m®, K=100 000, o=
=340 Kr/m%

(IV-18). Us sroft Tabanus BHAHO, 4TO pasHOBecHON Kouueutpanuu 10,65 Mosbn/M?
(paBHOK HCXOJHOK KOHIEHTDAUHH OcH30HHOR KHCJIOTH B CTOYHOH Boje) COOTBeT-
CTByeT yAeabHas aAcopOUBSA anp=2,4 Moub/kr. [IDH KOHUEHTpAanHHU NPOCKOKA, paB-
Ho 0,1 moab/M® paBuoOBecHasi 4032 YIJs M COCTABHT
10,65 — 0,1
m= *—2—,—4—' =4,4 Kl‘/Ma
PaBHOBecHasi 032 SIBJIAETCS MHHHManbHOA X030H ajcopbeHTa,

Uro6ul obnerunTh mo/jo0Hble pacucTbl, T. €. YTOOH B KaXXIOM KOHKDETHOM
cnyuae He Hajo0 OBLIO PAcCYHTHIBATD H30TEPMHl aACODOIHH, MBI PacCUHTANH HX
IJs OPraiHuyecKHX BeIIeCTB € DA3HHIMH 3HAYCHHSIMH CTAHIAPTHOTO YMEHbUIEHUS
cBoGoauoi SHepruu ancopbuuH —AF> (16,8; 18,85, 21 u 25,2 x/Ixk/Moab), ¢ pas-
auunoil pactsopumocteio (0T 10 1o 1000 mMonb/m®) H npejenbHO-afCOPOLHOHHEIM
o6beMoM axcopbenra or 0,15 zo 0,5:10—% M¥/kr pas  Bemects ¢ V*=0,09-
-10% m?®/monb. Jlanee npH MCNONb3OBAHHH MaTPHUBL NMOJHOrO (AKTOPHOTO 3KCle-
puMenta 2¢ noayuyunu oGOGIeHHOe ypaBHeHHe IJS J03bl AKTHBHOrO Yris ¢ H3-
BECTHEIM 3HaueHHeM NpejedbHO-ancopOuHoHore obbeMa V. Aas H3BJAEueHHS Op-
FaHHYECKHX BeIleCTS, OTIHYAIOMMKUXCSH KOHCTAHTOH ajicopOuuoHHOro pasHoBecHs K,
pacTBOpUMOCTBIO Cs M HCXOIHOM KOHueHTpauueid Cucx [59

C 50178 e 0877
m=0,47y ~K0, 18y 0,591 (1v-26)

vy — dakTop, yuuTHBaOWHA 00beM MMoaa azcopbara, y=V*/0,09.

Ilonb3ysch npuBeleHHOH# (OPMYNOH, MOMXKHO NPOCJAEJHThL BJHSIHHE KaXKJOro
¢aktopa. Tak, pacueTl noKasand, 410 yBeauueHne -—AF° or 14,65 g0
27,2 xJIx/Moab BbI3bIBAET yMeHbIUCHHE 1036l yras B 2 pasa (npy Cs=10 Moab/u*
H Cucx=1 MONb/M?), a NoBHILEHHE DACTBOPHMOCTH BemectBa B 100 pas (or 10
o 1000 monb/M?) npu Cucx=1 Moab/M?® u —AF°=23 gJIX/M01b UPHBOAMT K ee
yBenuuenHio B 2 pasa, [lonyueHHAasd 3aBHCUMOCTH MOXeT GHITb HCHOJb30BaHA IS
ODHEHTHDOBOYHBIX pacyeToB HeOOXOXMMO 03B aJCOPGEHTa B cjydyde ILIOTHOTO
HENOBUKHOIO CJOS.

Ancop6uns Bo B3BeleHHOM cloe aacopGenta. B anmapatax co B3BemleHHBIM
cnoeM ajcopOeHTa RpH pacuHpeHdd caos (h/he) =2 w (h/d) <8 (rae h — BHCO-
Ta B3BEIUEHHOTO CJIOA YA, g -— BEICOTA HCHOJABHKHOIO CJ0s yras; hffio — pac-
niMpeHHe cnOs; d -~ IHAMeTp annapaTd) HPOHCXOJHT NOJHOe mepeMellHBaHde ya-
cru yraa [60, 61]. B sToM ciyuae gaHHbe O CTATHYECKOH eMKOCTH YT/l TOXe
MOryT ObITb HCROJR3OBAHBL LA pacueTa HeoGXOIMMOfi paBHOBecno#t z03b. Ho
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TOrZa BMECTO BeJHUYHH YAedbHOR ajAcopllUHH @, COOTBETCTBYIOIIHX PABHOBECHOR
MCXOIHOR KOHIEHTpAUHH, NMOACTABJIAEM YASJIbHYI0 afcopfuuio (@gp), COOTBETCT-
BYIOlLYI0 KOHIGHTPAUKH NMPOCKoKa Chnp.

B xauecTBe mpHMepa pacCMOTDHM pacyeT PaBHOBECHOro pacxofa (CTaTHge-
CKOH @eMKOCTH) AJfl aKTHBHBLIX Yrjeil — aKkTHBHBIX aHTPAaLHUTOB-—C pasHOM BesH-
4HHOA TpelenbHO-aACOPOUHOHHOro o6beMa TpH XOOYHCTKE GHOMOIMYECKM OUMIILEeH-
HbIX CTOYHBIX BOA H CPaBHIM PACCHHUTAHHBIC BCAHYMHHL CTATHUYECKOH eMKOCTH C Be-
JIHUHAMM EMHAMHYECKO#l eMKOCTH.

CraTnucckasi eMKOCTb aKTHBHOFO yras npu 3navennn XIIK 10—12 rO,/m®
J1sl paBHOBCCHOro pactBopa coctasasmior 18—20 rO./m® na 1 M3 aacopGuuonno-
ro oGnema (a’). YacapHyio aacopOLUHIO @ MOXKHO pPacCUMTATh M3 BhIPaXKCHUA
{B rOy/m® Ha 1 kr axcopGenra)

a=aV,

B Ta6n. IV-12 npusenenut pesyabTaThl aicopOUHMOHHOM AOOYMCTKH BO B3Be-
UIeHHOM CJI0€ aKTHBHOTO yriisi GHOJNOrHYECKH OHHIMEHHBIX CTOYHBIX BOJ XHMIUCCKO-
ro komGnHarta, OfHOro M3 HedTeXHMHYECKHX 34BOJOB M TOPOACKHMX CTOUHBIX BOX
r. Kuesa [56]. V3 Tabunnb BuAHO, 4TO AHRAMHUECKAass €MKOCTh aACOPGEHTOB,
TNPHMEHSeMBIX BO B3BelCHHOM CJloe, TPaKTHYeCKM COBTajgaer CO CTaTHYECKO#H
€MKOCTbIO IIpH KOHIEHTPANMH NMPOCKOKA. TaknM o6pasoM, Ge3 MOCTAHOBKM SKCMe-
pHMEHTa MOXKHO DacCUHTaThb YAeJbHHIA pacxox ancopOeHTa m jas KOOYHCTKH
G1ONOryuecKy OYHIIEHHBIX CTOUHBIX BOX B ANMapaTe CO B3BEUICHHHIM CJIOEM TepHo-
AHIECKOr0 HJIH HeTpePHBHOrO XeficTBHA (B Kr/M®)

Cucx —Ci
me= "°+Va£- (IV-27)

HPEIUIO)KEHHblﬁ METOJ OIpeXeNIeHHs YyAeJbHOrO pacxoja aKTHBHBIX ymeﬂ MOXeT
ObiTh HCIIOJB30BAH NPOEKTHBIMH Opraim3auuaMy 1NpH pacyeTe anmnapaTypwr aad

JOOYHCTKH OHOJOrHUeCKH OYHIMIEHHHIX CTOYNIBIX BOJ BO B3BEIUIEHHOM CJ0Oe ajxcop-
OeHTa,

Tabauya IV-14. Juuamuueckas U CTATUMECKAS EMKOCTU QKTUBHbIX QHTPANUTOS

npu usbTpOsaHUL BUOAOSUHECKU OYUUEHHBLX CTOXHLIX 800 wepe3 B38eulentold
caoti adcopbenra

Juuamuue-
Yaeauani cKasi eM- CraTHuecKas
pacxon V,-108, Chex 108, C..-103, KOCTb KO eMKOC‘;b'.
i)gn;;g:;; /K Kr Og/M3 Kr Oa/M3 Kr;pgc,?:;(z.a Kr Olz/::r Ha
Ka, J/KP 1 kr
Xumrxombunar
66,6 0,22 74 11,2—12 4,15 4,0
58,3 0,22 66 11,6—12 3,15 4,0
116,7 0,22 48 12,2 4,18 4,0
80,7 0,22 58 9,6 3,9 4,0
104,0 0,3 72 12,0 6,0 5,4
77 0,2 58 11,2 3,62 3,6
Hegrexumuneckuil 3agod
71 073 I 100 10,0 5,40 5,4
66 I 0,3 100 8,0 6,06 5.4
Cranyus 6uosozuyeckoit owuctryu 20podckux crounsix 8od 2. Kuesa
200 | 0,22 ' 30 | 10 I 4,0 I 4,0
* fIpn C, =C

P np
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rNABA V
KUHETUKA U AMHAMMKA AACOPBLUU
OPFAHMYECKMX BELLEECTB M3 BOAHbLIX PACTBOPOB

1. CTAAMN MACCOIMEPEHOCA 1 KMHETMKA ALCOPBLIMHA
PACTBOPEHHbIX BELLECTB

Macconepenoc npu aacopOuuy He3aBHCHMO OT YCJIOBHH KOHTaK-
Ta aAcopGeHTa ¢ aacOopOUDPYIOIIUMCSH BEIECTBOM COCTOUT M3 CJEAY-
IOILKUX CTaAui: BHELIHero INepeHoca MOJeKyJ cOopOHpyeMoro Belle-
CTBa H3 NOTOKA K NOBEPXHOCTH HacTHUH (MaccoOTAaya), BHYTPeH-
He#t Auddy3un MoJeKyJ BellleCTBa OT NOBEPXHOCTH B IMyOb 3epHa
10 MOpaM Pa3JHYHOrO ceYeHHs (MaccONMpoOBOAHOCTb) M CTaluu yc-
TAHOBJICHHS aJCOpOIHOHHOrO paBHOBecHs. PaBHoBecue npu ancopb-
UMH yCTaHaBJMBaeTcss NpakTHyecKu MruoBeHHo [1]. Ilostomy o6-
Ilas CKOPOCTh MacconepeHoca Npu aAcopOUHM 3aBHCHT OT CKOpO-
cTefl BHELIHEro W BHYTPEHHEro NePeHOCOB Macch H ONpejelseTcH
(numuTHpyeTCcAa) HauboJee MelJeHHOH W3 3THX craiui. Jlna tex-
HOJIOTHMYECKHX PaCyeTOB BaXKHO YCTAaHOBHUTH JIUMHTHDYIOIIYIO cTa-
JHUI0 ¥ OLEHHTHL ee KOJHYECTBEHHO.

TlepeHoc Macchl BelllecTBa BO3HHMKAaeT MeXAy obJacTsaMu ¢ pas-
HEMy XHMHYECKHMy TOTeHUHANaMHi, B H30TepMHYECKHX YCIOBUAX
Pa3HOCTL XMMHUYECKUX IIOTEHHHAJIOB SBJSETCS OAHO3HAYHOH (YHK-
UMeH Pa3HOCTH KOHUEHTPauui.

PaccmorpuM OCHOBHBle 3aKOHOMEPHOCTH CTaAHH MacCOIepeHO-
ca mpu aAcopOlUuy pPacTBOPEHNUHX BELICCTB Ha AaKTHBHBIX YIJAX
(MaccomepeHOC B CHCTEME KHMAKOCTh — TBEPJAOE TEJNO).

Buemuenuddysuonnnii maccomepeHo¢. MaccooTnaua npu ag-
copbuuu 43 PacTBOPOB €CTb INpOlecc MNepeHoca BelieCcTBAa B Ha-
NpaBJieHUd NOBEPXHOCTH 4YaCTHLH, CBA3aHHHA ¢ HepaBHOMep-
HOCTBIO pacnpefie/ieHusi KOHUEHTPAUUH BellleCTBA B CJOe XKMIKOCTH,
npujerapiieM K TOBEPXHOCTH TBepJoro Teaa. MexaHH3M BHellHe-
ro TepeHoca Macchl BellleCTBa CBAI3aH ¢ MOJIEKYJSPHBIM M KOHBEK-
THBHHM nepeHocoM [2—5]. Mepa OTHOWIEHMst MaccH BellCCTBa,
nepemMemiaeMofi MOJEKYJSAPHHIM H KOHBEKTHBHBIM MeXaHH3MaMH,
Xapakrepusyercst KpHTepHem [lekie

uL
Pe= 15’" (V-1)

Iie 4o — XapaKTepHas CKOPOCTb NMoTOKA; L — xapakTepHHA pasMep cucTeMH (Ha-
npuMep, npd ofrekamnn cdepuieckoro rTena — ero auaMerp); Du— KoadbduuHedr

MonekyagpHoft gHMYy3HH.
Kpurepuit Tlpanaras npeacraBnsieT co60fi OTHOWUIEHHe KpHTe-
pus Ilekne K Kpurephnio PefiHonbaca:

Pe ul qul v
Pr=—pe = Du/ = = (V-2)

rie v — KuHeMaTHyecKas BA3KOCTb XKHAKOCTH,

Kpurepuft TlpanaTnas He 3aBHCHT OT CKOPOCTH TeuYeHHsT H Xa-
PaKTepHHX pa3MepoM CHCTEMBl M ONpEeNeNnseTcs KOHCTAHTaMH, Xa-
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PaKTepH3YIOIMu TONbKO (H3MuecKHe cBoficTBa cpean (v, Du).
3Havenus .kpurepues IlpannaTna gns razos ¥ XKHIKOCTeH pasnuu-
Hel. s rasos yHC/0Bble 3HaueHus KoahduuueHATOB AMDDY3HH K
BSI3KOCTH OJHOro Nopsifka, moatoMy Pr= 1. as xunkocte#t (Du=
~10~% cm?/c, v~ 10-2 cM?/c) uucno Ilpanaras Pr= 103, Cnenosa-
TeJbHO, AaXe NPH BeCbMa MaJIBX CKOPOCTAX NMOTOKA KOHBEKTHBHBIA
TNCpeHOC BellleCTBa B XHMAKOCTH npeobiajaeT Haj NePeHOCOM MO-
JeKyasapHoH mnuddysued.

B ToHKOM cJi0e y NMOBEpXHOCTH TBepAOro Tesna mnpeHebGperath
MoJieKyJasipHo#i Auddysuer nenbss. IlosTtomy, cOrmacHo Kiaaccude-
CKMM TpeAcTaBjieHusM (cM., Hampumep, [2]), NMOTOK XXHAKOCTH,
CONMpHKacallIuica ¢ TBePJOH NMOBEPXHOCTbIO, COCTOMT M3 JABYX Hac-
Teil: OCHOBHOH Macchl NOTOKa € NMOCTOSHHOM KOHIeEHTpalued BJa-
JH OT NMOBEPXHOCTH, Tle MOJEKYJAsSPHHIM NEePEHOCOM MOXKHO INpeHe-
Opeub B CpaBHEHHM ¢ KOHBEKTHBHHM, H TOHKOro AHdpdysuonHoro
NOTPaHHYHOrO CJIOH, B KOTOPOM CYLIeCTByeT TpajHeHT KOHIEHTpa-
U¥H ¥ MHTEHCHBHOCTb MOJIEKYJSPHOTO NepeHOCa CPaBHMUMA C HH-
TEHCHBHOCTbIO KOHBEKTHBHOro, C TOYHOCTBIO MO NOCTOSHHOTO KO-
sdpduuMenTa TONMUMHY AH(PPY3HOHHOTO NOrpaHHUIHOrO CJIOS MOXK-
HO OLEHHMTDb 10 CIeAyIoUEeMy cooTHowenuio [6]:

PN
AT VYPryRe

Tommuuna Auddy3noHHOrO MOTPaHHYHOIrO CJAOSl pa3/jHvuHa B pas-
JUYHHIX yYacTKax IOBEPXHOCTH, OHA 3aBHCHUT OT IPHPOAHI BELIECT-
Ba, T. €. KaXXJOMYy BellleCTBY OTBeuaeT CBOH NOrpaHuyHbll auddy-
3HOHHBI# cJI0#.

OTHouwleHWe TOJILMH THAPOAMHAMMYECKOTO M AH(DODY3HOHHOTO
NOTpaHuYHbIX cjaoeB paBHo Pr-—!/8 [2]. CnegmosaTe.bno, /ns Ka-
NCJABHBIX XKHUAKOCTeH Andby3HOHHbI NOTPaHUUYHBIA CJI0H MOJHOCTHIO
JIOKaJIU3YeTCsT BHYTPH T'HADOJAMHAMHYECKOr0 MOrPpaHUYHOTO CJOS —
06s1acTH, Tae CKOPOCTb KHAKOCTH H3MeHSeTCs OT HyJNeBOTo 3Haue-
I IO CKOPOCTH BHellHero nmortoka. Tommuua Auddy3noHHOTO /105
Majla B CPaBHEHHH C pasMepaMH 3epHa M BO3pacTaeT BJOJb MO-
BEDXHOCTH OT HYJIeBOTO 3HaueHHs B TOYKe HaberaHus NO 3aKOHY
KBafpaTHYHOH napabonsl.

Teuenne y Tes Heo6TekaeMOi (OPMBI NIPOMCXOIHMT C OTPHIBOM
norpanuynoro cJjosi. OueHka MaccooTnauux B 30He NOCHAE TOYKH
OTPbiBa NMPOM3BOANWTCH NO COOTHOLIEHHsM Aast IHG(DY3HOHHOro Imo-
TOKa npu TypOy/ieHTHOM oOTeKaHHH mosepxHocTH. Ha mepoxosaThx
NOBEPXHOCTAX JIOKanbHasg TYpOYJau3alluss CHCTEMB! NPHBOAUT K YBe-
JuyeHuo obuiero AHGGY3MOHHOTO NMOTOKAa Ha TaKyl0 NOBEPXHOCTH.,

YuuThIBasi CJOXKHOCTb CTPYKTYPH NOTOKa BGJaM3M Ten 1eobTe-
KaeMo# (opMmul, BHemHeAX((HY3HOHHHA MacCONMepCHOC COPOUHOH-
HHIX M[POIECCOB OOBIYHO PACCYHMTHIBAIOT IO YNPOIEHHLIM YPaBHEHH-
M MacCOOTAAQYH, B OCHOBY KOTOPHIX MOJIOXKEHAa KOHUEMUHUSA ABH-
XKyllell Cuibl mpomecca.

[pubanxkennoe ypaBHeHWe BHEIUHEAH(DQY3UOHHOR KHHETHKH
agcopbuuu JOJNKHO OTpaXaTh TOT (haKT, YTO KOJHYECTBO BellecT-
8—1402 ) 113
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Ba, INOIJIOIIeHHOEe 3€pHOM B E€IAMHHIY BpeMeHH, pacCYHTaHHOE ‘Ha
€ANHANY obbeMa 3¢pH4, PaBHO KOJIMUECTBY BellecTBa, INOABOIAHNMO-
ro 3a eJHHHULY BDEMEHH K NOBEPXIIOCTH 3epHa, T. €.

da
= Sofa (C — Cn) (V-9)

rie da/dt — ckopocTs afcopbuud, T. e. U3MeHeHHe Yucna MoJelt afxcopBHpoBaHHO-
rO KOJHUCCTBA BeEIeCTBa B eAMHMUEe 0o6beMa 3epHa 3a eanudny Bpemedd; Cp-—
KOHUEHTPALUHS BeIeCTBA Ha NMOBEPXHOCTH Ipanyasl; S; — yAeabHas [NOBEPXHOCTb
3epeH aKTHBHOrO yriaf; fu — K03 (QHUHEHT MAacCOOTAayH, PACCUHTAHHBIA Ha €iH-
HHILY TOBEpPXHOCTH TPaHYJHL.

YpasHenne (V-4) 3ajmaeT NOTOK BelecTBa, NEepPeHOCHMOro H3
OIHOH asw B APYrylo, KaK BeJMUYHHY, NPONOPILIHOHANBHYIO MepBOH
CTeNleHy PasHOCTH KOHIEHTpallMil B MOTOKE Ha MOBEPXHOCTH 3epHa.
TloaTOMy 1/1% KOHKPETHHIX pPacCueToB HeOOXOAMMBI METORB! Ompele-
JIeHHsi KOHLEHTPallMd Ha I[IOBEPXHOCTH pasjesa rpaHyJga — pac-
TBOp. B Hacrosinmee BpeMs cuMTaercs AOKasaHHHM [7], uTo Aad
pa3bapiieHHBIX PacTBOPOB INOBCPXHOCTHAs KOHIEHTpalMs cpA3aHa
¢ KOHIeHTpauHWel B TBcpAo# ¢ase vpaBHeHMEeM H30TepMH ajcop6-
unn C=og(a). llpu atom yuurbiBaercsi, uTo GoOjblias CKOPOCTb Ne-
peHOoca NOIVIOUEHHBIX YAaCTHI NPHBOAMT TPAKTHUECKH K MOCTOSH-
HOZl KOHIEeHTpPalluu B 3cpHe. Torna ypaBHeuMe BHellHeAuddy3uoH-
HOfi KHHETHKH aJcOpOUHM MOXKHO 3anucaTh B cJeAyHOUICM Npub.in-
JKEeHHOM BHJe:

da
— =BIC—o (@) (V-5)

rae P — xoadduiinenT BHEMIHeH MAacCOOTIAYY, UMCIOMHA pasMepHOCTh, 06paTHy:o
BpeMeHH; XapaKTCpH3YeT CKOPOCTb NOrJIOMIeHHN epmiiHucH oOnema aacopGeHTa H
CBf3aH C BeJAHYHHOR [in 32BHCUMOCTBIO

B = BuSo

VpaBuenue (V-5) npuMeHsJIoCh IJsi ucChAefoBallusi BHeIHeAnDDY-
3UOHION KHHETHKHM COPOLHOHHBIX mpoueccoB B psaiac pabor (ua-
npumep, B [1, 2, 7—11]).

[Ipu-azcopbuuu u3 pacTBOPOB TOUHOCTb M NPOCTOTa H3MepcuUil
BeNHYMHBL afcop6iimy Kak (QYHKIHY BPEMEHHM JOCTHUracTcs NP YC-
JIOBMH TlepeMeHHOH KOHLEUTPAIMK PACTBOPEIHOIO BEllecTBa B JKHI-
KOCTH Ha rpaHHue pasjcia pacTBOp — aJACOPOCHT B cjayuae NOCTO-
SIHIIOrO M OrpaHHuYeHHOro oObeMa CHCTEMEl (ammapaThi ¢ mepeme-
LIABaHKEM).

IIpn paccMOTpEHHMH cHcTeMBl YPABHEHHH BHEWHeINPbY3HONHOMN
KHHETHKH aJcopbuuu M3 orpanudeHHoro o6beMa HCXOAAT U3 TOrO,
4To 3epHO O6GJajJaeT OrpaHMYEHHOH €MKOCTBIO, a CKOPOCThL BHVT-
pPeHHEro rnepeHoca MNOrJOILAeMBIX MOJEKYJs ajgcopbaTa HACTOILKO
BeJlMKa, YTO KOHUEHTPAIMA HX NPaKTHYECKH TOCTOSIHHA 110 BCeMy
sepuy. IloaToMy ckopocth ancopbuun Oa/0f NponopUHOHANAbLIIA
Pa3sHOCTH MeXKJAYy KOHIEHTpanHueil pacTBOpa B OTPAHHUYCHHOM 00Be-
Me C*(f) u xouueHTpauueil ¢(a), HaXOAAWEHCS B PaBHOBCCHH C
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NOCTUTHYTOH BeJIMYMHOH azcopOuuu

0
=B O —2 @] (V-6)

Tak xakK mpollecc INOIJIONIEHHS NPOTEKAeT B 3aMKHYTOH CHCTeMe
(M3 NOCTOSIHHOrO M oOrpaitM4eHHOro o6beMa), ypaBHEHHe MaTepH-
anbHOro fOasaHca mMeeT BHI

C* () =Cy—

4] (V-7)

rae Cy,— HauajbHas KOHIEHTpauMs ajxcopbara B obbeMe amnapara; Vp— o0b-
eM pacTtBopa; V; — o6beM 3epeH ajfcoplenTa.

PaccMoTpuM pacueTHOe COOTHOLIeHHMe BHewHeXHPHY3HOHHOM
KHHCTHKM MNpPH H30TecpMe agcopluum M3 pacTBOpoB. Torza 3aBucu-
MocTh MexAy BejauunHamy Cp ¥ a MOXHO NpuG/IMXKeHHO 3a4aTh B
BHIE

C=0@ =77 (v-8)

KV, K (v* - viy,0)
rie A= IO?’;K : B= T05F 2 ; [—cpexanee 3uauenve KospduuueHTa ax-

THBHOCTH B pacCMaTpPHBaeMOM HHTEPBaJE KOHUEHTpaiHil.

Peutenne ypasuenuit  (V-6)—(V-8) npu navanbHoM ycJoOBHH
a(0) =0naer BO3MOXKHOCTb PACCUNTATL M3MEHeIlMe KOJHYEeCTBA aj-
copOHpPOBAHIIOrO BCUlCCTBA BO BpPeMelln:

(BC,,+—“,’2—A+1)V,, i

2Vs AL v=a
( +V A+1)—V—_AHBC}.+%—A+1—V’—_A]_
Ba— (BCu+ > A+1)+V-TA][BCH+VV—;A+1+VIK]

T= A—

—(BC,,-I——:,/—:-A-}-l)a-l—ACH

v, ¥
—-—Vp— In . AC (V-9)
rige
v, v, 2
T—B, A=t—> cHAB_(Bc,,+7—A+1) (V-10)
P P

[Toctpons ¢ nomomsio ypasuenus (V-9) 3asucumocts a(T),
JICTKO TMOJYYUTh 3aBUCHMOCTb OTHOCHTEJNBHON BeJHYHHBl ancopb-
uuu y=afa, or Ge3pa3MepHOro BpeMeHH I, NMOKAa3HBAWILIVIO CTe-
HeHb HCIOJIb30BANNA eMKOCTH ajcopbenta k MoMeHTy T.

B cayyae aunefinoft uzoTepmul afcopbiun a==kr C uMeeMm cie-
AYIOIYI0 3aBHCHMOCTb [JISi PacueTa OTHOCHTENbHOH BeJMYMHH aj-
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copbuun
V; 1
Y(T)=1—exp[-—-(—yp—+‘;;l:‘)7'] (V-11)

IOas pacuera BesauuuH a(f) u y(f) HEOGXOAHMBI UHC/eHHBIE 3Ha-
Yenus Ko3dduuueHToB Maccoorzauu B. B pabore [12] noayueno
KpHTepHaJNbHOe ypaBHEHHe, cBs3pBalollee AnMGy3HOHHBIE KpHTe-
puu Hyccenvra Nu u Ilpanaras Pr ¢ ruppoanHaMuycckKuM Kpure-
puem Pd*/vi

4\ 0,208
Nu = 0,504 (T) Pro,888 (V-12)

tie Nu=pPud/Dy; Pr=v/Dw; y=N[pVp; d — sppexTUBHEIA ANAMETP YACTHH 2K-
THBHOI'O yIVIft, ¥ — JIOKaJbHAA CKOPOCTb PACCEsHHS SHEepraH, pacxonayeMofl ma me-
peMelmnBanne XKHRKOCTH; N — moje3sHas MOUIMOCTb, 3aTpauyHBaeMas MeLIaJKoR
fIPH NepeMEINHBAHMM XHUAKOCTH ofGbeMa Vp; p — IJIOTHOCTb JKHAKOCTH.

M3 ypaBuenus (V-12) nmpu usBecTHblx Beauuunax d, v, Dy, Vp,
¢, N MoxHO paccuuraTh KoadduuueHThl Maccoornaud f. Kosbou-
UHeHT MOJIeKyAsApHOH AM(Qy3uu pacTBOPEHHOTO BelleCTBa B BOjAe
MOXXHO Ha#TH [0 NMOJY3MIHPHYECKOH 3aBUCHMOCTH Yuake — Yanra
[13]. Bennunna So onmpepensieTcs no MeToAuKe, onucanHoi B [14].
Cootnomrenne (V-12) MOXHO uCnOJb30BaTh IJisi pacyeTa Ko3b-
$HINeHTOB MaccooTJayu NPy aacopOuUMM CMeCH IBYX BCILIECTB M3
pasbaBieHHHX PacTBOPOB. TeopeTHUYCCKas MOZAENb BicinHeAHDPY-
BHOHHOH KHMHETHKH aJCcOpOLUuH cMecH ABYX OpPraHHUYECKHX BeleCTB
#3 BOAHLIX pPacTBOpOB paccMoTpena B [15].

Kpome Toro, ¢ momompio cooTHowenus (V-12) u neGoaburoro
YHCJa 3IKCNEPHMEHTAJbHbIX JNAaHHHX MOXHO pacCYHTaTb KOIbPH-
LHeHT MaCCOoOTAau4u MNPH aAcOpPOIMH OpPraHUYeCKHUX BEUIECTB H3
OUOJIOrHYECKH OYMINEHHBIX CTOYHHX BOA, T. €. ANfA CJayuas, npej-
CTaBJAIOMIET0 OCOOBI HHTepec NPH OYMCTKE CTOUHHX BOX C LEJBIO
HX TOBTOPHOrO HCNOJIb30BaHus. CorjacHo AAHHBIM, NPHBEIEHHLIM
B Mouorpaduu [16], npnm GHoxMMHMYcCKOM paspyllleHHH pasauy-
HBIX KJIaCCOB BeIleCTB 00pa3yloTCs YacTO OAHMHAKOBHIE IIPOMEXY-
TOUHBIE NIPOAYKTH, B Pe3yJbTaTe Yero GHOJOTHUECKAs OUYHCTKA CIIO-
co6CTBYeT cBOeO6Pa3lioMy BLIpaBHUBAHMIO KaYeCTBEHHOrO cOCTaBa
CTOKa. B TakoM ciyyac MoXHo OXHAAThb, 4TO NpoOuUECcC aAcOpGLUH
PaCTBOPeHHHX BeHIeCTB M3 GHOJIOIHYECKH OYHMILEHHBIX CTOKOB 6y-
AeT NPOTeKaTb NPHUMEPHO TaK Ke, KAK ¥ NPH NOIJIOUIeHNH HHIH-
BHJyaJsbHHX BewecTs. EcTecTBenHo, 4TO BenHuMHa KO3(duuuenta
Auddy3un PacCTBOPEHHBIX BeEILUECTB B OHOJIOTHYCCKHM  OUMUICHHON
CTOYHO! BOJe MNPEACTABNAET cOOOH HEKOTOPYI 3(heKTHBHYIO Be-
JUYHHY JJIsi CMeCH BelIeCTB HEeM3BCCTHOIO, HO NPaKTHUECKH NOCTO-
SIHHOTO COCTaBa, MO3TOMY €e HeNoCPeACTBEHHOE BHIUHMCACHHE He
NpencTaBAseTCs BO3MOXKHBIM. MeroAuKa onpefenenus Dy anas ta-
Koro cay4as paspaGorana B [17]. Onpeneaus [18] na ocnHosauuu
OJHOro H3MepeHHs: BHEWHeAU(DHY3HOHHOA KUHETHKH aacopOuun
(MpE OCTaTOYHO HM3KMX YHCJIaX OGODOTOB MEIIANKH) 3HAYEHHE
fn pr COPOUHH OPTaHHYECKHX BEUIECTB H3 GHOJOTHYECKH OUMIICH-
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HbIX CTOYHHIX BOJ, MOXXHO HaHTu 3Hadenwe Dy Mo COOTHOUIECHMIO,
BhITCKaloweMy u3 (V-12) .

3
Dy= LS (V-13)
0,504( v,, ) V0,558

Ilpu usBectHom Dy MOXHO paccunTaTh KO3I(QdUUHEHT MacCCOOTAA-
4H IIPH Pa3JIMUHbIX 3HAYEHUAX 1.

BayTpupuddysroHHblil MacconepeHoc. [lpun pocTraTousHo BHiCO-
Koit TypOysau3anmu pacTBOpPa CKOPOCTb INOJABOJA pPaCTBOPEHHOrO
BelllecTBa K BHEIIHEH NMOBEPXHOCTH 3epHa alcopbeHTa NMpPeBOCXOAMT
CKOpOCTb ero lepeHoca BHYTPH TIpaHyJbl, CJeIOBaTe]bHO, BHYTpH-
Anbdy3uoHHH MaccolepeHoc 6yaeT ompelensiTb 06LLYI0 CKOPOCTb
mpollecca yXe Ha HauaJlbHOM ero rarne.

JocTuxeHnne ajncopOUMOHHOTO paBHOBECHMs NpH BHYTPHAMO Y-
3HOHHOM MeXaHH3Me MacCOllepeHOCa 3aBHCHT OT BeJHYMHHL 3HeprHu
B3aMMOMEHCTBUS CHCTeMbl alcop6aT — aicopOeHT W psna Apyrux
(}aKTopoB: pa3MepoOB rpaHyJn aJcopOeHTa, CTPYKTYpHl 3cpHa (mo-
PHCTOCTH, FeOMETPHH TIOp, COOTHOLUEHHS MeXAy pa3MepaMu MoJe-
KyJ BelllecTBa M pajJuycaMd TNOp), KOHIEHTPAUHOHHLIX YCJOBHH
NpoOBeJIeHUs Ipollecca.

IIpu wm3yueHuu BHYTPHANG(DY3HOHHOTO mpomecca HeOGXOAHMO
YYUTHIBaTb 0cOOEHHOCTH NODUCTOH CTPYKTYPH copGeHTOB. B Heko-
Topeix aktuBHbIX yraax (KA, AT-3, CKT) nopsl ¢ pasinuHoit
suepruedl afcopbuun o6pa3yoT B rpany/ic YrJs CIVIOMIHBE CTPYK-
Typbi, NpHUYeM IOPH KaXZAOTro BHAA BHIXOAAT Ha NOBEPXHOCTH 3ep-
Ha. [lna yrae# ¢ Tako#l cTPyKTypO# pa3sBHTH NpeAcTaBJeliHs O Na-
pallielbHOM MaccollepeHoce ajJcopOHpOBaHHEIX M HealAcopGHpOBaH-
HHIX MoOJiexys BHYTpu rpamynn [19, 20]. Jas pacuera BHYTpH-
AubOY3HOHHON KHHETHKHM aJcopOUHH B TakKUX copOeHTaX MOXKeT
6HTb HCNOJb30BAHA MOAEHb OAHOPOAHOrO aJcopOeHTa, YUHMTHIBA-
iolllag MacconepeHoc BO BHYTPHINOPOBOH KHUIAKOCTH, 3aNojHsOmel
TPaHCNOPTHHE KaHasbl (Makpo- H Me30MOpH) M B aAcOpOUHOHHOM
npocTpaHcTBe yras (B MuKponopax). Xopollee coOrsacoBaHue
SKCNePUMEHTANbHbIX KMHETHYECKHX KDHBBIX ¢ NaHHHIMH PacyeTOB
{10 TaKOH MO/ CBHIAETENbCTBYeT O KOPPEKTHOCTH €€ NMpPUMEHEHHs
K H3YUCHMIO KHHETHKM aJCOpOUMH pacTBOPEHHHX BelleCTB HA aK-
THBHHIX yrasx [19, 21—24].

CywecTtByloT apyrde aicopOeHTH  (LEOJUTH, HOHOOOMeHHBIE
CMOJH), B KOTOPHX MMKDONOPHCTHEe 06pPa3oBaHMfl JIOKaJHM30BaHHI,
KaK HanmpuMep KpHCTajaJjbl LEONHTa B (OPMOBaHHOH rpanyme. 3a-
30pbl MeXJy KpHUCTanaMu o0pa3yioT BTOPHYHYIO NOPHCTYIO CTPYK-
Typy, KOTOpas fIBJIS€TCs CUCTEMOH TPAHCHOPTHHX mop [25—27].
YpaBHeHus MaKpOKHHETHKH afcOpOUMHM OTAeNbHHX BEIeCTB M HX
cMeceil B TaKHX OMIOPHCTHIX aficopOeHTax NMpeisoXeHH B paboTax
[25, 28]. Bulro yureno, uTo M30TCPMH aAcopOliM Ha BHeIIHeH mO-
BEPXHOCTH KPHCTAJJIMKOB M HA MOBEPXHOCTH KPYMHHX IOpP OMHCH-
BAalOTCA Pa3NMYHBIMK ypaBHeHHAMH, Ilna pacueToB BHyTpHAUDDY-
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3HOHHOM KHHETHKH aAcopbuuMy Ha TakuX ajgcop6eHTax HeOOXOLHUMO
3HATDb HE TOJbKO BeJHUHILI U HOPMEBI TPaHYJbl, HO H JIHHCHIEE pa3-
MepH OTHeJbHBIX MHUKPOMODPHCTHIX OOpasomaumit. CJOXHOCTb IpH-
MeHeHUs1 Mojesu OMIOpHCTOrO ajcopbeHTa mNpH  HCCIAENOBaHHM
BHYTPpHIN(DGDY3HOHHOA KHUHETHKH aJcopbuyuM  pacCTBOPEHMHX Be-
IIeCTB HAa AKTHBHHIX YIVIAX CBA3aHa C TeM, YTO B YIJAX TPYAHO
BBIJIGJIUTh JIOKA/JH30BaHHBIE YUYAaCTKH ¢ MHUKPONMOPHCTOH CTPYKTypOH
H OUEHHTb X JiHllefHHHA pasmep.

Ha ocuoBe Mofenn OAHOpOAHOro ajacopbeHTa MOKasaHo, 4TO
npyu afcopOuyy OpTaHHYECKHX BellleCTB M3 BOAHBIX PacTBOPOB BHYT-
pHUAU(PGY3HOHHBIA MacCONepeHOC ONpelenseTcss B OCHOBHOM MHT-
pauuelt agcop6uposanubix mosekya [19, 20, 29, 30]. Toraa nJjoT-
HOCTb M HY3HOHHOTO [OTOKA BelIeCTBA BHYTPH I'PaHyJbl Jq, cO-
rnacHo 3akKoHy Puxa, MoxeT ObiTh 3aJlaHa CAefYIOINM o0pazoM:

Jo=—D,grada (V-14)
rae D, — rospdunuent xaddysnn agcopGHPOBaHHHX MOJAEKY..

Ilpn paHHBIX NpeaNOJIOXKEeHHMAX CcHCTeMa AU depeHuHanbHbIX
ypaBHeHu# BAyTpHUAHGGDY3IHOHHOR KHHCTHKHM aAcopOUUH oprauuue-
CKHX BeLIeCTB M3 BOMIIBIX PACTBOPOB Ha aKTHBHEIX YIWIfX B Cayuae
copblMy M3 NOCTOSHHOFO M OrpaHHYeHHoro ob6beMa uMeeT IR
rpanyqanl aicopOeHTa ¢ SKBHBAJEHTHBIM panuycom chepsl R cie-
AYIOWUA BUA:

da
a—t=Da(

a(r, 0)=0
Sa da

Vo Da5;

0%a
or?

=

rd

R dt

T Tor
da ‘ '
ar =0

2 aa)

=0

dc

*

C* (0) =Cy,

C*=9¢()

(V-15)

rfe Sa — BHelHss MOBEPXHOCTb TACTHI ascopbenta; C*=q@(a) — ypanneHue u30-
TepMHl afcopOuHH.

Ananutnyeckoe pewensc ypaBHcHuM (V-15) BO3MOXHO TOJIBKO
B cayyae JuHCiinbix M30Tepm aacopOuup C*= (1/kr)a. Has stux
YCJIOBHY ypaBHCHIHE TEOPCTHYECKOH KPHBOH KHHETHKHM ancopObuuu
uMeer Bug [31]

2 - ¢ Sn®
Y@ =1——73~ o (V-16)
=Yg ry
rae
Vakr D,t

C=Tp'. T=p

Sn — KOPHM YPaBHeHHs
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[TpubauxeHHOe YpaBHEHHe [JI pacieTa KMHCTHYECKHX KDPHBHIX,
Koraa crafucii, JHUMUTHPYIOLLEH INpouecc, sBJIfeTCA BHYTPeHHHH
MacconepeHoc, s cJdydas JHHCHUOH H30TepMbl aAcopOUHM IIPH
t<<0,1 umeer Bug [31, 32]

ve=( +“::‘) (-5 [ OFe T Vo) —

— Age™® (1 4-erf A, V?)]} (V-17)

rie A, u A,—KopHH ypasrenus x%-- 3{x —3({=0; A,—OTpuuaTeNLHLl KOpeHb;

erf§ = 1/257 5 ¢-?* dz—uuTerpan BepoATHOCTH [33].

0

Ha puc. V-1 nausl rpaduxu 3aBHCHMOCTH OTHOCHTEJBLHOH BeJH-
yunb ajacopbuum y OT O6e3pa3MepHOTO BpPCMCHH T INpH JHHEHANOH
usorepme ajacopbuuu [31]. 3anaBasicy Beanuunamu Vs, Vp, &, R,
D, n3 puc. V-1 Jgerxko onpenesauTs rpaduyecku HCKOMOe BpeMs
KOHTagTa ajncopbelTa ¢ OUMILACMON XKHAKOCTBIO NPu COPOIHH M3
orpaHnyciiHoro o6beMa (ammapaThl ¢ NepeMelllHBaHUeM) M 3ajaH-
HOH CcTenely UCMoJb30Balilst cOpOUHOHHON eMKOCTH .

3azaua HaxoxAeHHs KMHETHUECKOH KPHBOH B cjyyac HeJHHeH-
HHIX M30TE€pPM aJAcOpOIMM CBSI3aHZ C YHCJAEHHBIMYM MeTONAaMu pellle-
Husi u TpebGyer mpumenenuns DBM (cMm., nanpumep [30, 34]).

ITpakTuycckuii HHTepeC NPeACTaBIAECT BOSMOXKHOCTD BHIIUCIEHHS
BennuuHbl D, na ocroBe JaHHBIX O (DPU3HKO-XMMHUYECKOM CTPOCHHH
afcopbara ¥ KOHUEHTPAUNOHHBIX YCJOBHAX NPOBeleHHs Mpolecca.
OcoGenHocTn BHYTPHAH(P(Y3HOHNOI KHHETHKM aAcopOuuu OpraHu-
YCCKMX BCIICCTB M3 BOAHBIX PAacTBOPOB AKTHBHHMH YIJSMH H Me-
TOZ pacuera BequduHbl Dg mo u3secr-3»
HoMy D, cTaHZapTHOrO  BelllecTBa ,
paccmMoTpeHn B paborax [19, 21— °
24].

IMpu ancopbuuu u3 pacTBOPOB al-
copOuvollHOe TNPOCTPAHCTBO  BCEriaa
3al0JHEHO KOHJIEHCHPOBaHHOM (a30f,
COCTaB KOTOPO¥ OTAMYaercs OT COC-
TaBa PaBHOBECHOTO PacTBOpa B COOT-
BETCTBHM C KOHCTAHTOH pPaBHOBCCHSA
usbupatenbnoft aacopObumu. [lnoT-
HOCTb KOlJeHCHpoOBaiuol dasbl 6au3-
Ka K IJIOTHOCTH XKHUAKOCTH, TO3TOMY '
audohysus ancop6upoBaHHHIX Moae- 005 t
Kya npu aACOPOUMH  §3 pacTBOPOB Puc, V-1. BespasMepHHE KpH-
6nu3ka K AHQPY3HH KOMIOHEHTA B e’ gyyrpuinddysHorHoll K-
KHUAKOCTH, npuieM TaKas aHaJOTUH, wuetHkn azcopbuun npH Aumed-
BHAMMO, CYIHECTBYET IIPM BceX COOT- HOM u30TepMe M DA3JMUYHEIX 3HA-
HOLIEHNSAX KOJNHYECTB afAcopOupOBap- A7 &

1--0,015; 2—0,2; 305 4¢—10;
HOrO BelleCTBA. 5— 2’,8?55 ? 5,0. !




BenenctBre IBYXKOMTIOHEHTHOrO ~ COCTaBa aJcopOHpOBaHHOTO
pacTeBopa 2JeMeHTapHBLIE aKT MUIDalHu ancopéupOBauHOH MOJIEKY-
JAbl MOXHO paccMaTpPHBaThb Kak AByxcraiuiiHuii mpouecc. Ilepsoit
cTajaueil fBJsieTcss 0Gpa3cBaHWe BAaKaHCHH B aJCOpOLHOHHOM IpoO-
CTPAHCTBC N0 COCEACTBY € aAcopOHpPOBAHHOK MoJekynoid. Bropas
CTajus — nepeMelleriie B 3Ty BAKAHCHIO OPraHMYECKOH MOJEKYJIH,
KOTOpasg HaxOAMTCH B NOJe AeHCTBHS aAcOopOUMOHHBIX cua. Mur-
pauus aAcopOHPOBaHHBIX MOJEKYJ IOJXKHA 3aBHCECTh OT BEPOSTHO-
CTH MCIIOJIb30BAHHS BaKAHCHH, BO3HHKAWOIINX B pe3ydabrate JyK-
Tyanyuii MJIOTHCCTH YNaKOBKM alAcopOHpOBaHHBIX MoJekyJ. [lepBas
CTajlusa XapaKrepusyercs cBOGONHOH 3HeprHeii akTHBamHu o0paso-
BaHMA BaKaHCHH B aAcOpOUMOHHOM mnpocTpaHcTBe AF°,, BTOpas ——
cBOOOAHON SHepTHedl aKTHBaUMK Nepexoia aacopOupoBaiiloi MoJe-
KyJbl B aKTHBHpoBanfoc cocrosinme AF°. DPdekTHBHBIE KO3 H-
uueHT aupdysuy aacopOHpOBaHHHX MOJEKYJ INpPONOPUHOHAJEH

AFy® 4 AFy® )

TaRg (V-18)

Dy~ b2Tgexp ( —

rfie b — cpenHee pacCTOSIHMe MEXAY IONOMKEHHAMH UEHTPA aACOPOHPOBaHHON MO-
NeKyabl ZO H TOCJAe COBEPLIEHHS 3JEMCHTaPHOro akTa Murpanuu; Ry — yRusep-
canbHasi rasoBas mocTosinHas; T, — abcomoTHas TeMmepaTtypa [29].

KoadduuuenT nponopuyuoHanbHOCTH B cooTHowennu (V-18) om-
penenseTcs CTPOEHHEM CHCTeMBl nop ancopbenrta. MoxXno npelmno-
JIOXWTDb, YTO B NpOIlECCe 2JEMEeHTapHOro akTa MHTpalHH ajacopbu-
POBaHHOH MOJeKyJBl 00pa3oBaH¥e BAaKAaHCHM NPOHUCXOANT BCJAEACT-
BHe CMEIeHNs TOJbKO OAHOM MOJeKyJs pacTeopurens. HMs atoro
NpediiONOKEHUS CJelyeT, 4To CBOOOLHAS IHEPTrUsi aKTHBauuu 00-
pa3oBaHuA BakaHcHH AF°, W pacCTosHHME MeXAY [OJOXKEHUSIMHU
HeHTpa alncopOupoBaniiOf MOJEKYJbl 10 U NOCJHe COBepuUICcius 3Je-
MEHTAPHOTO aKTa MHUrpauuy JAOJXKiB OBITb OLHHAKOBLIMH ‘NPH
Iuddy3nn opranvuecKHx BellleCTB Da3JHYHOTO CTPOEHHS, M H3Me-
HeHHe BeJHYMHH D, AOMXKHO OBHITh CBA3aHO ¢ pAa3JHYHHIM 3HadYe-
uneM AF°,.

Ha ocHOBanuu KOJHYECTBEHHOTO HMCCJeJOBAHUS I[pouecca ak-
THBAaLUMH aJcopOHPOBAHHON MOJIEKYJAH NOka3aHo [21], uro 3Haye-
HHe AF°p, J0JIKHO ObITH TeM OoJbile, YeM CHJIAbHEe B3aHUMOJeHCTBHE
ajgcopGeHT — ancop0arT, W YMeHbILAThCcs ¢ YBeJHYEHUEM pacTBOPH-
MOCTH OpraHuyeckoro coeiuHeHusa. Auanus panubix [35, 36] mo-
Ka3bBaeT, UTO HEpPreTHUECKHe XAPaKTePHUCTMKu ajcopbuup opra-
HHUYECKMX COeJAMHEHHMH Ha YIJEePOAHBIX ajAcopOeHTax H3MeHSTCH
NponopIHONANBHO MOJeKyasipiuoil pedpakunn agcopbaTa, a 3HTpPO-
nus ajacopbuuu caabo 3aBHCHT OT CTPYKTYphl OpTaHMYeCKOro Be-
mwecrsa. [TosToMy M3MeneHHe 3HTPONMH NMpH Tepexojne ancopbupo-
BAHHOH OpraifHyeCKOl MOJeKyJH B AaKTHBHPOBAIIHOE COCTOSIHME
MOXHO NPHHATb NOCTOSHHBIM B ciaydae Aucddy3uu psila BelIecTs,
a HM3MeHeHHe JHTaJbINHM IPU nepexolde aAcopOHPOBAHHOH MOJEKY-
JB B aKTHBHDOBalHoOe cocTostHHe AH°y mponopuuoHajdbHBIM MoJie-
Kynspuofi pedpaxkuuu [R] u Jorapudmy pacTBOPHMOCTH OpraHu-
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ueckoro coeaunenus 1g Cs
AHR = ky + kg [R]1— ks 1g Cs (V-19)
rne ko, kp, ks — NOCTOsAHHAE BeJHYHUH,
Ha 6ase H3J/0XeHHBIX NpelCTaBJEHHH MOJYYEHO COOTHOLIEHHe,
CBf3bIBalollee BeJUYUHM Dy pasAHYNBIX OPraHHYECKHX BellecTB ¢

HX (H3MKO-XHMHYECKHMH XapaKTePHCTHKaMu (MOJeKyJspHO#t ped-
paKuueii H pacTBOpHMOCTbIO) [21]:

Cs 0,* + ep
D, kg (IR} = [Rlex) — ks 1g Cser - —3 =6

Ig Dger = - 2,3R;Tq +1g (g%ep__eo) (V-20)
er

rae 0o*=a,*/a» — paBHOBECHAA CTeleHb 3aNOJHEHHS afAcOPGIHOHHOro MpOCTpaH-
CTBa, COOTEETCTBYIOULAsl KOHUEHTPALUHH BellleCTBA B pacTBOPe B MOMEHT Hauazna
onnita; B,=a,/a. — CTenedb 3an0HeHHA aACOPOLUHOHHOrO MPOCTPAHCTBA, COOTBET-
CTBYIOIAH DABHOBECHOJ KOHIEHTPAUHH BEWIECTBAa B pacTBope; Oo=ao/@e — cTe-
NeHb HACHIUIEHMH afcopGeHTa K MOMCHTY HAauala ombita; @o* — BeJuYHHA aacop6-
IUMH, cooTBeTcTBYlomas {=0; @, COOTBETCTBYET AOCTHXKEHHIO PABHOBECHR; Qoo —=
BeNHYHHA TpeAeAbHONA amxCOpOLHH; HHAEKC «cT» B ypasuemHn (V-20) ortHOCHTCSH
K BeleCTBY, NPOE3BOJNLHO BHGDAHHOMY CTAHIAPTHHM.

Benuunns D, MOXHO TakKe pPacCUHTATh CONOCTABJICHHEM 3KCIe-
PHMeHTaNbHON KHHETHYECKOH KPHBOH C TeOpEeTHHECKH paccYuTaH-
HOW, sBJsOUIelcs pelleHHeM HCXOJAHOH cucCTeMBl YypaBHEHHM
(V-15). Jauuble Takoro comoCTaBMeHHs, NPOBEIEHHOIrO HaMH, CBH-
JeTe/IbCTBYIOT 0 TOM, uro D*, B mnpenenax OJHOTO KHHETHYECKOTO
ONBbITA YIOBJETBOPUTENBLHO ONHCHLIBAETCA MOMAEJBI0O C NOCTOAHHOR
BeanuuHoii D, [ypaBHeHHs (V-15)] BIJOTH 10 OTHOCHTEJBLHO BHI-
COKO¥ cTeneHH NpHOJIHXKeHHs K paBHOBecHio. M3MmepeHue KHHETHKH
ajcop6UHH OJHOTO H TOTO 3Xe BelllecTBAa Ha JAaHHOM axcopbeHTe
NPH Pa3NHYHBIX HAYaJIbHBIX H KOHEYHHIX COCTOSIHHUSIX CHCTEMBI, NO-
Kasano, 4To BeaHuHHa D*; HeCKOJALKO H3MeHSieTCsi OT OmbTa K
ONBITY.

PaccmoTpuM MeTOAM pacuera BHYTPHAHGPGPY3HOHHON KHHETHKH
afcop6LUuy OPraHHYeCKHX 3arpa3HeHHM H3 OHOJOTHYECKH OWYHIIEH-
HBIX CTo4HBIX BOA. [lo HamuM ouenkam, Besu4MHa 3 QPEKTHBHOTO
YMeHblIeHHsT gH¢depeHIHaNbHOH MOJBHOH CBOGOJHON SHEPTHH aj-
copOuHn OpraHHYeCKHX 3arpasHeHuil u3 psga OGLITOBBIX H NMPOMBILI-
JIeHHBIX CTOYHBIX BOJ PaBHa 16,0 x[x/Moan. Has BeulecTB, KOTO-
pble afcopOupyIOTCS AKTHUBHBIM yraeM ¢ OJH3KHMH K 3TOR BeJH-
YHHe 3HayeHHAMH —AF°, nokasaHo, yTO BHYTpHAHD(DY3HOHHASA KH-
HeTUKa alcopOLUHH B OCHOBHOM ONpelessieTcss MUTpanuell aacopou-
pOBaHHLIX MOJIEKYJ B MHKpornopax akTtusHoro yras [19]. Ilpm
5TOM BHYTPHAHO(Y3HOHHYI KHHETHKY aJCOPOLHH TaKOR CJOXKHOH
CMeCH MOXKHO pacCuMThiBaThb no Mogeau (V-15) nas rtakoro pac-
TBOpenHoro BemecrBa, XIIK koroporo paBuo XITK cmecu opraum-
YeCKHX 3arpsisHenuil. Beanumna koadduuuerta D. B 3TOM cayuae
uMeeT nopsmok 10-8 cm?/c [37].
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Meroap! pa3rpauHyeHus JUMHTHPYIO~
wux craauit, s o6ocHOBalHA TEXHO-
JIOTHUECKOTO pexXunMa paboThi amcopOuu-
OHHHIX YCTAHOBOK C I[iCpeMellHBaHHEM
Tpebyercs, npekKAe BCCTO,. YCTAHOBHTH
Hanboslee MCAJNEHHYIO CTaJHI0 Maccome-
peiioca, KOHTPOJAHPYIOLLYI0 OOIyI0 CKO-
pocTs aacopbuuoHsoro npouccca. Cy-

10

0 0.25 U,SLO t" LICCTBYET HECKOJbLKO METOAOB Ompejele-
: HUs JUMUTHDYIOIIEH cTalHuu.

Puc. V-2, Tpapuk samucH- OcCHOBIIBIM NPH3HAKOM TOTO, YTO MpPO-~

mocrn T (1): llecC OMpenensieTcss BHEIIHHM INepeHo-

I BmewnenndPyswoumaz o6~ coM BeUIECTBA, SBJAAETCS 32BUCHMOCTh
CKOpOCTH aicopOUKMK OT rUApoInHaMUuge-
ckoro pexxuMa. [Ipu 3Tom nocisie mpekpa-

LIeHHS Npolecca Ha HEKOTOpoe BpeMsi H BO30OHOBJIEHHS KOHTaKTa

JKHIKOCTH C aficop6elnTOM B NpPEKHEM PeXHMe ero KHHeTHKa Xapak-

TePH3YeTCs TEMH 2Ke NapaMeTpaMu, 4To U 6e3 mpexpalleHHs Tpo-

necca [38—40]. KoadduunedT MaccooTnaun NpakTHYECKH lie 3a-

BHCHT OT CTeNEeHH HachlllleHHs aacopbenrta. Takof MeTom pasrpanu-

YEHHA JIMMHUTHPYIOIUHX CTaAMH JNOBOJBHO TPYAOEMOK, NOCKOJBLKY

TpeGyeT onpelefendss KHHETHYECKHX KPUBHIX NPH pasjIHUHBIX THA-

poAHHAMHYECKHX yCJIOBHAX H CONOCTABJEHHA CKOPOCTeH mpephiBalo-

LIErOCsl M HeNpepHBHOTO MpPOLECCoB,

PasrpaHuueHus JMMHTHDYIOIUHX CcTaaufl Ha oCHOBe KpHTepHs
Buo [1, 38, 41, 42] unn xpurepus H [43] umeoT xauecTBenublil
XapakTep, NOCKOJbKY YTBCPXKAEHHE O TOM, KAKOil NepeHoc omnpe-
HeJisieT Tnpollecc, BHIHOCHTCS HaZ OCHOBAHHH NPEAEbHO GOJbUIHX
HJIH TIpefiesIbHO MaJbiX 3HAUCHHIH 3THX KPUTEpHEB.

McTonuka BbIIBJGHHs 06JaCTH BHEIUIHEr0 MacconepeHoca oOC-
HOBaHa Ha CONOCTaBJIEHHH SKCIEDHMEHTaJbHOH KUHETHUCCKOH KDH-
BOA C TEOpPeTHYeCKH PacCYHTaHHON [HAanpHMep, 1O ypPaBHEHHIO
(V-9)] npu onMHAKOBHIX 3HAYEHHSX OTIOCHTEJNbLHOH BEJHYHHBI af-
copbunn y [18]. I'paduk 3aBucumoctu GesmepHoro spemenu T or
Bpemeny npouecca ! Bo BHellleAuddysHoHHOH o6aacTu A0JIKEH
YK/IaBIBaThCAl Ha NMPAMYIO, NPOXOAAINYIO YePe3 HavaJo KOODAHIAT.
Orkanounenuc snauenufi T'(f) or npsamoii (puc. V-2) ykaswiBaeT Ha
BBIXOJ Impolecca u3 o6JaCTH BHELIHErO Macconcepenoca Be/leAcTBue
npubJnKeHusi ero K paBHOBecHoMmy. Hpyrumu cioBamu, npu QHK-
CHPOBAHHOH THAPOAMHAMHYECKOH OOGCTaHOBKE C POCTOM BpeMeHH
yBeauyHBaeTcss BHYTPHAHGDGY3HOuOe coupoTHBaeiHe. [lockoJbKy
B HEKOTOPOM BPEMEHHOM HHTEPBasle BCJHYHHA P IIOCTOSIHHA, IJ4
Hero xapakTepeH BHewHeauddysionnwiit Macconepenoc. Ilpu gne-
CTAaTOYHO HU3KOH TypOyJ/H3alMM CHCTEMH B annaparte ¢ nepeMellH-
BaHHEM NPSAMOJIMICHHAs 3aBHCHUMOCThL HaGJI0OfacTess BMJAOTH [0
GOJIbIIOH CTENeHH NPHONHMKEHHs K paBHOBECHIO. DTo IO3BOJSET
yTBepXKIaTh, UTO NMPu AAHHOM THADOAHHAMHYECKOM peXHMe Npo-
Iecca HaxXOJHTCS BO BHelIHeAH®D(Py3HOHHON o6JacTH.
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2. METO{b! PACUYETA COPBLIMOHHBLIX AMMAPATOB — CMECUTEJIER

[Ipu npoBcrennn afncopOIHOHHOH OYHCTKH CTOYHBLIX BOJ, aKTHB-
HbIMH YIVISIMH MOXKHO HCNOJIb30BAaTh PA/I BApHAHTOB alnapaTypHOro
odopMJeHus mpoiecca. Bei6op BapHaHTa onpelesiseTcs OUTHMaJb-
HbIMH YCJOBHAMH NpHMelleHH ajcop6GenTa W 3aBUCHT OT MeToja
ero pereHepauud, Tpe6yeMoil NMPOH3BOAMTE/JIbIIOCTH YCTAHOBKH, Ha-
JIMYHS B3BCHLICHIIBIX BEllleCTB B OYHIACMOH BOAE H T. M.

Hanbuefimaa wunteHcuduralus afacopOUUOHHOH  TEeXHOJOTHH
cBf3aHa ¢ MCIOJIb30BaHHEM BbICOKOMHCIICPCHBIX AKTHBHBIX YIVIeH.
Peienine Bonpocos pereHepaunHyd TaKHX ajCOPOeHTOB INpHBENO K
3aMETHOMY paclIHPeHHI0 HCNOJb30BaHHA MOPOUIKOOOpa3HbIX aKTHB-
HHIX YIJieHl B TEXHOJOTHYECKUX CXeMaX OYHCTKH CTOYHBIX BoJ. IDTO
o6bsAclifcTes PSAOM NpPeHMYIecTB NblJIeBHAHBIX YrJedl nepex rpa-
HYJHPOBAaHHBIMH: GoJiee HHU3KOH CTOHMOCTBIO NBIJICBHIAHBIX copOeH-
TOB, BHICOKOH CKOPOCTBIO NOIJIOLIeHHs, YA0O6CTBOM THAPABJIHUYCCKOR
TPAHCIOPTHPOBKH BOJHOI CyCNEH3HH HBIJIEBUIHOIO AKTUBHOrO yIVf
no tpybonpoBofiaM. B paspabaThiBaeMBIX TCXIIOJOTHUECKHX CXeMaX,
Kax NpaBHJo, afcopOuuoiiHble NPOLCCCH OCYLIECTBAAIOTCA B OJH-
HOUHOM peaKTOope WJM Kackaje annapaToB HeNPepLIBHOro AeHcTBUSA
¢ nepemcuuuBanueM. [IpHMeHeHHe MHOrOCTYINEeHYaTBIX ancopGIHOH-
HBIX YCTANOBOK HENpephIBHOTO AeHCTBUS INO3BOJAET CYLICCTBEHHO
CHU3UTb HeoOXOAHUMBI{I pacxof ancopGeHTa, NOCKOMBKY 6oJjee NoJ-
HO HCIIOJIb3YCTCA alcopOLUHOHHAA eMKOCTh NOIVIOTHTEeNS.

[lo xapakTepy IHBHXKcHHS afcop6enTa H OYHIAEGMOH JKHAKOCTH
pasJHYaT MHOTOCTYNEeHuaThle YCTAHOBKH C NepeKpecTHbIM H INIPO-
THBOTOYHHIM [epeMellleHHeM B3auMoAeHcTByIOWHX ¢da3. MaxkcH-
MaJbHOE HCIoJb30oBaHue aJcopOLHOHHON eMKOCTH NOrJIOTHTENS MO-
}KeT ObITh- JOCTHIHYTO TOJBKO B MHOTOCTYINEHYAaThIX NPOTHBOTOYHBIX
ycraHoBxax [16, 44].-

[Ipu nporuBoTOUHOM ABHXKEHHH KHIKOCTH M ajcopbeHTa cBe-
KU aKTHBHBIH yroJsib [OJAKOT B alNapaT NepPBOil CTyleld, B KO-
TODHA MNOCTyNaer OYHILleHHash Ha NPeABAYIHX CTyNeHSX cTouHad
Boja (puc. V-3). OTpaGoTaHHBIA Ha NEPBOA CTYHeHH aAcopGeHT
OTHAeNACTCH OT XKHJAKOCTH M II0JaeTcs Ha BTOPYIO CTyleHb KacKala
annaparoB, TIje otpabaThiBaeTcsi Ao 6oJee BHICOKOH cTenenn. 3a-
TeM YroJb CclIOBa OTUENSETCHA OT MKUAKOCTH H HANPaBJseTCH Ha
ClleyIOULyI0 CTYIeHb, U TaK N0 allapaTa n, CTOAINEro NepBHM IO
X0Jly IBMKCHHSI XKHAKOCTH, B KOTODHIH IIOCTyNaeT Boja C HayaJb-
HBIM COJCpXAaHHEeM OPTraHHYCCKHX 3arpsAsHeHHM# Cy ©  pacxoAoM
xuxofi ¢asnl Q. Taxum o6pasoM MOXKHO NOBBICHTH CTeneHb OT-
paboTKH BHIBOAHMOrO H3 CHCTEMbl Ha PereHepaiuio aacopbeHTa H
CHHU3UTL ero yJAeJbHHIH pPacxo/.

J71 TeXHOJNIOrMYeCcKHX pacueToB HeOGXOAUMBl NaHiibie 0 Tpebye-
Mofi nmose aacopbeHTa ¢ npu 3aJaHHOH CTeNEHHU OYKMCTKH CTOUHOH
BOJILL OT OPraliHYecKHUX BelleCTB (T. €. [JIs CHHKCHHSA KONICHTpa-
oy 3arpAsnsoiux Bemiects oT Cy 1o C; Ha BHXOZe M3 Xackajla
annapaTtoB) H PasJIMYHOM YHCJe cTyneHeii ouucTkH. Pacnosaras
TAaKMMH CBEJEHHSIMH, MOXHO pelllaTb BONPOCH BHIGOPA ONTHMAJb-
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‘A«mudmui HOrO 4YMcAa CTyneHed
| yeonp annapaTtos MNpu Hemnpe-

fwues. DHIBHOH 1DOTHBOTOUHOR
J‘Q’—' OYMCTKE CTOYHBIX BOJ.

Haa
6, ibooa Ipu pa3paboTke

] |3yzaﬂb wa TeXHOJIOTHUECKHUX CXeM C
L |peeeHepauul | NpUMEHEHHeM TaKHX yC-

e Cmyrens X cmynens |1 Cﬂzygf.ffib___j _ TaHOBOK 1He06X0HMO
! yYHTBIBAaTH, uTO (B OT-

Puc. V-3. CTynieHuaTo-NIPOTHBOTOYHAS CXeMa o4d-  JIHyHe OT NepHOIHUYeCKO-
CTKH CTOYHHX BOJA TMOPOIIKOOGDASHHM AKTHBHBIM o mpolecca) IBIKeHHE

4 Tyl 57

yriem:
1, 3, 5 — annapatel ¢ nepeMewusaHHeM; 2, 4, 6 — oT- HaCTHI( aﬂ,copﬁeHTa n
CTOMHHKH. BpeMs uX HpeObiBaHHsA

B peaKkTope HOCHT cJay-
ualiHpifi XapaKrep., PaccMOTpHM BEPOSITHOCTHBIC X2PaKTEPHCTHKH
BpeMeHH Npe6GbIBaHHsT HacTHIL B DeaKTope C NepCMelldBalideM.

[lpu pocraTouHo HHTEHCHBHOM I€peMElIMBAaHHH  CYCNCH3HH
yCcTOHYHBLIH TypOYJAEHTHBIH peXuM ABHMKEHHA MO0TOKa YCTaHABJIH-
BaeTcs NPAaKTHYEeCKH BO BceM oGbeMme peaktopa. Hsmectno, 4TO npn
TYpOyJ/IeHTHOM [BHXKCHHH XKHIKOCTH 3JIEMeHTapHBE MacChl XKHIKO-
CTH XAOTHUECKH MepeMelnarTcs B oObeMe peaxTopa BCJELCTBHE
HEeMpepbIBIIOro BO3HHKHOBEHHA GecrnopsfoulibiXx NYJbCcallHd CKOPO-
CTH, HMEIOLIHX pa3jHuHble aMIAHTYAbl. JIBHKeHHe OTAEABHOrO 3Je-
MeHTa of6bema (4acTHILI TBepioli (pa3bl) HOCHT CJOXKHBHI Xapak-
tep. JI106oit aseMeHT 06beMa 32 CPABHHUTENBIO KOPOTKHH MPOMEXy-
TOK BPEMEHH MOXKeT OKa3aThCsl B JI06oH Touke peakropa. B pe-
aKTopax ¢ HJeaJbHHIM MepeMelIHBAaHHEM BHOBb BBC/JEHHBIE YacCTH-
bl MTHOBEHHO M P2BHOMEPHO paclnpejelsioTcs no BceMy o6beMy
annaparta [45]. JIl06as u3 Haxo#fLIMXCA B peakrope TBCPABIX
YACTHL ¢ PaBHOH BEPOATHOCTLIO MOMKeT oOxa3daThcf B JI06oil TOuke
CHCTEeMBbI, T. €. YaCTHIIa B pacCMaTpPHBaeMblii MOMEHT BpeMeHH MO-
KeT HOKMHYTb PeakTOp, NpHUeM 3TO OTHOCHTCH H K 4acTHLAM, KO-
TOpHIE TOJIbKO YTO 6Bl BBeAeHB B annapat. [Ipu stoM cyutecTsy-
IOT 9acTHIb, KOTOPHIE HAXOAATCH B alNapate oYeHb NPOLOIKHTE/b-
HOe BpeMma. CJieioBaTesbHO, BPeMsl NPeObIBAHHA HacTHLH B peak-
Tope GydeT caydaiiHOH BeJHUYHHOH, KOTOpas MOXKeT NPHHHMATb JIO-
6Ble NoJOXKHTENbHEIE 3HAYEHHS.

Ilpn pacuere peakTOPOB HeNpepHIBHOrO JefiCTBHA Ba’XKHOH Xa-
PaKTEeDPHCTHKOH sABJsieTCS pacnpejlesieHHe YacTHIL O BPEMEHH npe-
6biBanns B annaparte. Kak nokasano B [45], ana peaxtopa unte-
aJbHOro CMeNIeHH TNJOTHOCTh pPacrnpeliefleHHsi BeposiTHOCTell cJy-
qai{HOlt BeJHYUHBI { UMeeT BHJ,

1
OO =-g" (v-21)

rie Og— cpennee 3naveHHe (MaTeMaTHYeCKoe OXHAAHHE) BpeMeHH NpeCHBaHAN
¥acTHll, NPeACTaBAsIonlee cO60f OTHOWIeHHe o6beMa anmapata V K pacxopy mHA-
Kol dasn Q.
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[Ipy HCHoONB30OBaHHH CTYNEHYATO-NIPOTHBOTOYHON CXEMHB OYHCT-
KH CTOYHBIX BOJ NOPOLIKOOOpazHHIM AKTHBHBIM yrJeM, Korjia Bpe-
Ms npeGHBaHUS YacTHI[ CyclieH3HH B OTCTOHHHKe HaMHoro 6oJblune
BpeMeHH WX mnpeOblBaHHA B aACOPOIHOHHOM aNnnaparte ¢ nepeme-
LigBaHUEM, MOXKHO TNPHOJIHXKEHHO CYHTaTh, 4YTO COOTHOIIGHHE
(V-21) cnpaseanuBo JJis annapaTta KaxKIoH CTyTNEHH.

B monorpaduu [45] nokasaHo, 4To AJs pacyeTa HenpepHBHOro
peakTopa HCMOCTATOYHO HCIOJIB30BATh TOJNBKO OJHY BeJHUHHY
cpeziero BpeMeHH npebuiBaHHA On ¥ HEJb3f HCHOPHPOBATHL CYyLIECT-
BOBaHNE NJOTHOCTH paclpeliesieHHs] BCJIHYHHB [, NOCKOJLKY HEmoJa-
Has orpaboTKa YacTHI, CBA3aHHAf C HeJOCTATOUHBLIM HX BDEMEHeM
npeGLIBaHHsL B pCaKTOpPC, He KOMIEHCHpPYETCSl  AOMOJHHTEJbHbIM
HOIJIOLGHHeM PACTBOPEHHBIX BelllecTB YaCTHLAMH, HaXOAALIHMHCS
B anmnapate GoJee MJNUTEJbHOE BpPeMs. DTO BHI3BAaHO PasjHyHeM
CKOpOCTEH NOIJOlIeHHA B HayaJje H KOHIe Npollecca.

Ilpu mocTpoennn TeopeTHUeCKOH Mojesnu HeNpephiBHOH axcop6-
IUH B MHOTOCTYNEHYAaThX NPOTHBOTOYHHIX aAcOPOIHOHHBIX yCTa-
HOBKaX HEOOXOAHMO YUHTHIBATH OCHOBHBIC 3aKOHOMEDHOCTH KHHe-
THKH aJCOpOUHM pAacTBOPeHHBIX Beulects [46]. B anmaparax —
CMecUTeNsIX BLICOKAf CTeneHb NepeMellNBaHUA aicopbeHTa H OYH-~
laeMoll BOAbI ofecreyuBaeT OHICTDBLIH NOJABOJL PAacTBOPeHHLIX Be-
L1eCTB K [IOBEPXHOCTH 3€peH, MO3TOMY KHHETHKa aJcopPOIHH B HHX
B GOJBIIHHCTBE CAydaes JUMHTHPYeTCH BHYTDHAH(GY3HOHHBIM NpO-
ueccom. BaytpnnuddysnoHHylo KHHETHKY aZcopOLMH OpraHHYecKHX
BellleCTB H3 BOLHBIX D2CTBOPOB ONpPeNessieT B OCHOBHOM AHbPy3us
agcopOGHPOBaHHBIX MoJieKyJ. PaccMoTpum ypaBHeHHS, MOJeJHp yio-
IHe npolecc aicopOuuy B TPEXCTyNeHYaTol NPOTHBOTOYHOH cxeMe
€ yueToM BpeMeHH NpeGbIBAaHHA YacCTHI, B PeaKTopax, NpHYeM Nep-
BbiM 6YJeM CYHTATb PEaKTOp, CTOALIUI N0 HAlNpaBJEHHIO MepeMerle-
HHA axncopOenta. TOrZa mpm YCJOBHH IOCTOSIHCTBA KOHUENTPAamuiy
NOrJIoIaeMblX BEIIECTB Ha KaXKIoH CTyNeHw (IMHAMHYECKoe paB-
l0BeCHe) [JA KaXKAOH CTyNeHH CHpaBelJIMBH CJAeIyIOIlHe ypaBHe-
HHUSA: :

Oay” 0%a, 2 Oa
o =D ( o+ 77)
T
ay (r, 0) =0, r'—%’T‘ =0 (V-22)
r=0
8 |,_p =€) a=Ff(0)
_aa__=D aa, i aa,
ol, ot r or
3 R oo
a0 =a"="71s 5 r’Sax (r.t) @y (4,) dhydr [ (V-23)
0 0
209
Yor. =0 A r-R=f(C’)’ a=f(C)
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2a, 2 éa
T =Da( G+ )
3 R
a0 =0 = [t {0300, 19 @, 1) dyar (V-24)
0 0
nZal o, 6| =fey, a=f©
or |0~ " Pl=r o

rae a.(r, {) — KOHHEHTPAIHH BCUICCTB B 3¢pHE B ajcOPGUPOBAHHOM COCTOSTHHTM;
D, — xo3ppuuHenT AHGDY3HH ajfCOPGHPOBAHHEIX MOJEKYJT; a—f(C)—ypaBHeHHe
H30TePMH ajcopOulH; R — SKBHBaJGHTHHIE paauyc 3epua copbenta; a@,*-— cpen-
Hff TO BpeMCHH H TO oGbeMy IDaHYJAH BeJHYHHA aJCOPOLHH Ha i-f CTYIeHH;
Ci — XOHUEeHTPAUHs BELIeCTB Ha CTYMNEHH [ B DAcTBOPe, KOTOPAs AOCTHTAETCS B
peakTope npH AHHAMHYccKOM paBHoBecHH; ®;(f,) — IVIOTHOCTH pacnpefe/CHAS
CJy4aiiHoi BeNHYliHbl {, HA CTYHNEHH i.

Hauanbnee yesaosus a;(r,0) B ypaBueuusix (V-22)—(V-24)
oto6paxamT TOT (akT, YTO B CMecHTeJb 11a CTYNeHH [ NOoCTylaer
afgcopbent npu £;=0, yKe HacHILeHHHH A0 BeJHUHHHI a*;;. 3Ha-
YeHHe a*;—; BBIYHCJAKT B COOTBETCTBHU C BpeMeHeM MpeGhiBaius
agcopbenTta na crynciu i—1. IlockosbKy nepes BXOAOM B CMGCH-
TeJb CTYNEHH { AaKTHUBHHIH yrosb AOCTAaTOYHO JOJr0 HAaXOAHTCS B
OTCTOHIIMKe, KOHIUEHTpalus afcopOupOBaHHOro BelllecTBa BO BceM
o6beMe rpaHyJH yCIeBacT B 3HAYHTEJIbHOH Mepe BhIpaBHATHCH. DTO
NO3BOJISIET CYHTATh BEJHYHHY a*;—; cpelHcH no oOBeMy rpaHyJIbl
BeJHYHHOH anacopbuun Ha cryneHu i—1.

KoHueHTpanuu BellecTs Ha BeeX CTyneHHX C. cBasaubl ¢ €OOT-
BETCTBYIOUIMMH BeJHUUYHHAMH ajfcopOuHK ypaBHCHHAMH 6aJjailica
Macchl, KOTOpble A1 TPeXCTYNeH4aToH CXeMLl MOXKHO 3alucaTh
B BHIE

‘ R
Cy—Cy = %%’5— f 1, (r) dr
0
3 R
G—C=Fi | P Em O —m O (V-25)
0
3 R
CH-C,,=—3- TS 2 [ag (r) — ag ()] dr
0

rie g — pacxol TBepZoii ¢ase; Cy — BXOXHAS KOHpeHTpalus.

YpaBuenns (V-21)—(V-25) u sBagoTcs TeopeTHYECKOH MoO-
JeJIbI0 TPEXCTYNEeHYaTOH NPOTHBOTOUHON aAcopOUHOHHOH YCTaHOB-
KH HenpepblBHOro JefCTBHS, YUYHTHIBAIOIEHl BpCMsA  MpeObiBaHHsA
gacTHI B peakTope. Mcmosb3ys amasurthucckoe pelleliHe ypaBHe-
it (V-21)—(V-24), coorHouennsi (V-25) MOXKHO CBecTH K CHCTe-
Me HeJuHefiHHX ajreGpaHdyecKuX ypaBHeHHH OTHOCHTEJbHO HEH3-
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Ta6auya V-1. Ilapamerper nenpepbienoli npoTusorounod adcopbyuu npu
DA3AUYHOM HUCAE CTYneHed O4UCTKU U PA3HOM 3HAYEHUU Bpemert npedbvl8anus
wactuy 8 annapare*

KoHuenTpauua BelleCTB Ha [po-
Yneno cry- Cpenxee Bpems Yieasuuiit pac- MEKYTOUHLIX cTyneHax, r Oy/m?
an npe6riBavns X041 aacopGesi-
nene m ¢ Ta g, Kr/M? Ca Cs
2 600 3,798 32,753 -
2 1200 2,969 33,147 —
2 1800 2,619 33,403 —
2 o0 1,654 34,853 —
3 600 2,278 25,633 42,073
<3 1200 1,824 26,144 42,607
3 1800 1,634 26,476 42,940
3 o 1,113 28,369 44,138

* Cu=T4T1 Ofw?, Cy=15 r Ouu®, R=10~* u.

BeCTHOro pacxofia ajacopGeHTa W KOHUEHTpamuili BellleCTB Ha BCex
CTYNICHAX OUHCTKM 32 HCKJIOUEHHEM NepBOH.

B xauectBe npumepa pacCMOTpeH pacyeT NPOTHBOTOUHO-CTYIEH-
4aToH cXeMbl afcopGIIMOHHON JOOYMCTKH GUOJOrHYeCKH OYHILCHHBIX
CTOYHKIX BOJ INPOU3BOACTBA Cy/b(aTHOll UeioN03b. B onbiTax
TPUMCHSAJIN TNOPOIIKOOOGPa3Hblil AKTHBHBEIH YroJb, NOJyYeHUbIH u3
6yporo yris akTuBalueil BoAsHuM mapom npu 800 °C. Koadduuu-
enT D, onpenensid CONOCTAB/CHHEM TEOPETHUCCKHX H 3KCIEpPHMEeH-
TaJbHbIX KHHETHUECKHX KPHBHIX; Dg=0,39-10~12 m2/c. Hanusle pac-
YeTOB J03bl aficOpGeHTa H KOHLCHTPALMH BeLIeCTB HA MPOMEKyTod-
Hblf{ CTyNeHSAX NPH Pa3/HYHBIX 3HAYEHHAX NpeACTaBJeHH B Tab.
V-1

B [47] npuBeneH amaju3 NPOTHBOTOUHOH afcQp6UMH B ciydae
HeJMHEHHbIX H30TepM (BLINYKJBIX M BOTHYTHIX) NPH  pasJHyHOM
quc/e CTYneHed OYHCTKH M JIOCTaTOYHO OGOJIBIIOH TPONOJKHTENb-
HOCTH NpeOblBaHHf YacTHL ajacopb6enta B annapate (6,—>o0) Ha
npuMepe ajfcopOUHH OPraHHYECKHX BELIECTB M3 OHOJOTHYECKU OYH-
IEHHBIX CTOYHBIX BOJ XHMHKO-METaJJ1yPrHYecKoro NpPefNpHATHS H
3aBOJla OPraHUYeCKOTO CHHTe3a AaKTHBHHIMH YIJIAMH Da3JiHyHblX
MapoK. AHaJIu3 NOJyYeHHbIX B 3TOi pa6oTe Pe3y/bTAaTOB NO3BOJAET
chenath psj OOLIMX BLIBOAOB, KOTOPLIE CJEAYeT VYMTHBATh NPH
NPOEKTHPOBAHHH MHOTOCTYNEHYAThiX aAcOPOIHOHHLIX YCTaHOBOK.

HauGosee mesnecoo6pasHo npuMeHeHHE NPOTHBOTOYHHIX CXEM
IpH HeoOXOAHMOCTH OYHCTKH BOJABI 10 HH3KHX OCTAaTOYHBIX KOH-
UeHTPAUMA 3arPASHAIOIINX BellecTB, MNOCKOJABKY HCIOJb30Ballne
MHOTOCEKIHOHHBIX annapaToB NO3BOJISET CHU3UThL TPebyeMmylo fo-
3y agcop6GeHTa B 5—7 pas no cpaBHEHHIO C A030H AJsi ONHOCEKIH-
OHHBIX annapatoB. Ecau gonmycrumas ocTaTouHas KOHIEHTpalHs
3arpAsHAIONINX BelleCTB OTHOCHTEJBHO BBICOKA, TO CHHXKEHHe IO03hi
AKTHBHOTO YIVIi B MHOrOCTYIeHYaThlX YCTAaHOBKaxX MO CPaBHEHHIO C

127



J030i1, HeoOXOAMMOH AN OYHCTKH BOJABI B ONMHOYHOM ammapare, He
CTOJIb BEJHKO.

IIpu BBHINYKJBIX H30TCPMax aAcopOUHH HeT HeOOXOAHMOCTH B
GoJILIIOM 4YHcJie CTyleHel aJcopOLUMOHHBIX alllapaToB HE3aBHCHMO
OT ray6uubl OYHCTKH CTOUHOH BoAnl. Kax npasuso, B AaHHOM cay-
Yyae MOXKHO OTpaHHUYUThCA ABYMs CTyneHAMH ouucTKH. [Ipu Bormy-
THIX H30TepMaX ajfcopOUHH OPraHHYeCKHX 3arpsA3HeHHHd aKTHBHBIMH
YrASIMH NPUMeHeHHe MHOTUOCTYIeHHATHX YCTAHOBOK ocobeHHO 3¢-
¢ekTuBHO. [laxe B caydae ciaGo BOrHYTHIX H30TepM ancopOUHH
seo6xofuMan Jo3a AKTHBHOTO yIJsi NPH MaJoOM 4YHc/Ae cTyneHeHd
OyHCTKH OKa3blBaeTCs HAaMHOTO BGIIIE, YeM B cJyyae JHHeHHON u3o0-
TepMH agcopbuun. C pocToM yucaa CTyNeHeH BeJHYHHBI yASABHOro
pacxolla aKTHBHOI'O YIAsfl Ha OYHCTKY CTOYHBIX BOJA OT OpraHHuye-
CKHX BelIecTB CONHKAIOTCA HE3aBHCHMO OT (GOPMBI H30TEpMBI ajf-
copbnuu.

[lpuy OAHHAKOBHIX KOHEUYHBIX KOHIEHTPAlUfAX BelleCTBa B OYH-
flleHHOH BoJe (Ha NocieAgHell cTyneHH alAcopOUMH) HeOGXOAUMBIE
J03bl aKTHBHOTO YrJsi OKAa3blBAlOTCH NPAKTHYECKH ONHHAKOBHIMHE
HeCMOTDSL Ha TO, 4TO aACOPOLHOHHAsE €MKOCTb YIif NPH BBICOKHX
KOHIIEHTpalHsix BelllecTBa (B HEOYHINEHHOH BOJE) MOXKeT OTJH-
4aTbCAd B HECKOJILKO Pas.

3. AMHAMUKA COPBUUMK B NNOTHOM CHOE U PACYET
AOLCOPBLIMOHHBIX dUNLTPOB

OnHEMH H3 NEPBHIX aACOPOUUOHHLIX aNnapaToB, OCBOEHHHIX B
- TIPOMBIJIEHHBIX YCJIOBHAX, ObAH afcopOepsl ¢ HeNoJBHXKHbIM IJIOT-
1bIM csoeM. [lpoctora YCTPOACTBA M Ha[EXHOCTb paborhl obycJo-
BHJIH LIMPOKOE HCNOJB30BaHHE aNNaparoB 3TOro THNA H B HACTOR-
llee BpeMs, HECMOTPA Ha paAx HeAocTaTKoB. [IpuHuUHN pelficTBUA
afcop6epoB ¢ HEMOABHXKHLIM CJ0€M 3aKJi0uaeTcss B NPONYCKaHUU
JKHUIKOCTH, colepiKalleli opraHHYeckoe 3arpsisHeHue, uUepe3 Heno-
JBUXHBIA [JIOTHBIH 3ePHUCTBIA cJ0#i, KOTOpHIH ajxcopbupyer pac-
TBODEHHbIe BellleCcTBa, HepeHOCHMBble noTokoM. CyIIecTBYIOT TaKkKe
annapaTtsl HenpepbiBHOTO HeHcTBHS ¢ ABHXKYUIHMCS NJIOTHBIM CJIO-
eM. B BepxHIOIO uYacTh HMX HeNpephIBIIO TOJAaeTcss aAcopOeHT, Ko-
TOPHIK JBHXETCsl CBePXy BHHM3 OOBIYHO 6e3 HapylleHHs KOHTAaKTa
MeX/y HaCTHLAMH, a CHU3Y IOJaeTcs pPacTBOp C onpeieseHHOH Ha-
YaJbHOH KOHUeHTpallHeit pactBopa. B 3ajmauy pacdera Takux anma-
pPaToOB BXOIHUT olpejeJieHHe BpeMeHu paboThl amnaparta IO NOsBJe-
HUs NPOCKOKOBOH KOHUeHTPauuu (B anmapatax MepHOAMUYECKOrO
JleficTBHs1), CTeNleHH HCNONb30BaHHS afcopbeHTa, pa3MepoB anrnapa-
Ta U T. A .

®poxranbHas o6paborka miaorHoro cios ancopberra. OObuie-
NPHHATOA MOJenbl0 JHHAMHUKH azfcopbuuy B HENOABHNKHOM CJO€
fBJseTcsl Molenb (poHTasbHOR oTpaboTKH cios ajcopbeHta [2,
41, 48, 49]. OcraHOoBUMCSI Ha NPHHOUIHAJIBHHIX NOJOMKEHHAX 3TOH
Moniend. PaccMoTpuM cJayuaii, Korja KOHLUEHTpauus agcopbata B
cJioe o Hayaja npoluecca paBHa HyJI0, 2 Ha BXOZe KOJIOHKH MNOA-
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JepXKUBACTCS] HOCTOsIHH2A ¢
KOHLcHiTpanus pactsopa. [lpu &,
IPOXOXKIEeHHH «J1060BOrO»
Cc10 B HadaJbHBI TNepHon
BPEMEHH KOHIEHTpauHs Be- 4 ‘
llecTBa B IOTOKC PE3KO Ma- Gy, A V. W N N
AaeT u3-3a mnorsomenus ero | ] [ L | A
rpaHuyHeIM (J06OBBIM)  cJO- :

eM agcopbeHtra., BceaemcrBue Puc. V-4, dopvupoBanHe CTauHOHapHOTO
HEMpPCPLIBHOTO NOBOJA Bellle-  $pouTa aacopOukH.

CTBa C NOTOKOM KOHLEHTpa-

uusa aacopOHPOBAaHHOrO BelllecTBa B JIOOOBOM CJIO€ JOCTHUTaeT pPaB-
HOBECHO!l BEJHUHHB! U JaJslee He MU3MEHSIETCS Ha NPOTAXKEHHH BCEro
npouecca. ITocne HacwileHna Jn060Boro cijosi agcopOuusa BeillecTBa
U3 MOTOKa B HeM IpekpalliaeTcd, u JIOTOK NPOXOAMT 3TOT yYacTOK
6e3 H3MCHEHHA KouicHTpauun., Bpemsa paGoThl cjiosi o HAcHILENHS
JOGOBOro ydacTKa NpHUHATO HAa3biBaTb NepHoAOM (OPMHPOBaHHS
¢ponta apcopbuuH. Ilo oxonuaHuu nepuona dopmuposanus ¢Gpou-
Ta cOpPOIMH HauuHaeTcd BTOPOH MepHoM, IJs KOTOPOIo XapakTcpHa
HeusMeHilas ¢opMma BuixofHoH KpuBoH. KoHueHTpauHoHHBIH (PpOHT
nepeMelllaeTCs ¢ NOCTOSHHON CKOPOCTbIO BAOJH €JI0s, UTO yKasniBa-
eT Ha CTalMoHapHuIii pexHm npouecca (puc. V-4). Ilpu atom cy-
uiecTByer o6sacTb, Ha3blBaemasi PaGoTAaMILUM CJI0eM HJIH 30HOH
MaccoliepeJayd, B KOTOPOIl KOHUEHTpPalHd najaeT OT HayajblioH
NpaKTHYeCKH A0 HyJeBo#d. Hanuuue 3TOil 30HBI CBUAETENBCTBYET O
CONPOTHBJICHHH Macconepefade; lipHueM, ueM 060Jbllie CONPOTIHBJe-
HHe, TeM GoJablle JJIHHA 30HBL.

B ToT MOMeHT, KOrja rpaHHua 3oHbl Maccollepelaid AOCTHraer
BbIXOZA U3 CJ0S M HOSABJAACTCS HPOCKOK pPACTBOPEIIHOTO BelLecTBa
B ¢uabtpaT, Bech cjoff alcopbeHTa COCTOHT H3 ydyacTKa Hachl-
LIeHHOTo A0 DaBHOBECHS, H 30HBI MaccoricpefauH. BpeMs paborwl
afcopOIHOHHOR KOJOHHBl 1O IIPOCKOKa aAcopOHpyeMoro BellieCTBa
B ¢HUAbTPAT HA3LIBAIOT BpeMeHeM 3alUUTHOro ACHCTBHS CJIOSl.

CraudoHapHOCTb mpoliecca afcopOUMH MOXKHO CUHTATh 3Kcle-
pPHMEHTaJLHO JOKA3aHHOH, ecjH B mpeiejaX TOYHOCTH ONBLITOB CO-
6J0aI0TCA JBa YCJOBMA: DaBeHCTBO OTHOCHUTEJbHBIX KOHLEHTpa-
Uui agcopbara B NOABHKHOH H afgcopOUHONHBIX (pa3aX CHCTEMBI H
PaBeHCTBO CKOPOCTeH JBHXeHUS KOHUEHTDAUHOHHBIX TOUYeK copo6-
LHOHHOH BOJIHHL, i

ConocraBJjieHHe JIHHBI 30HBI hopMHpOBaHua ¢dpouta L* ¢ amu-
Ho#t 30HBI Macconepenaun L, mpu amcopOuHu pacTBOPEHHBIX Be-
1IECTB NOKAa3a/0, YTO COOTHOIIEHHE 3THX IJAHH 3aBHCHT OT (OPMBI
H30TepMHl ajcopOuMH. s HeCHIbHO BEINYKJBIX H30TEPM IJHHA
30HH (QopMupoBaHHs1 GpOHTa B aBa H Oosee pa3 GoJblie ANHHH
30HB MacconepefauH. J1s BecbMa BHINYKJBIX H30T€PM COOTHOIIe-
HHeM h*[Lo 6/11M3K0 K eIHHHIe H faxe MeHbIle ee [50].

3aBHCHMOCTb BpEMEHH 3allHTHOro AeHCTBHA cJoSl fnp OT €ro
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IIUHBL onHchiBaeTcs ypasHenunem Ulunopa [51]
fop = kL — 1, (V-26)

rie k— x03hppUIHEHT 3aUHTHOTO MEHCTBHS cl10fl; fop — NOTEPs BPeMEHH 3allHT-
Horo gciictBus; L — JauHa caof. ’

Beauunna kL npencrasaser coGofi BpeMs 3aliuTHoro nelicTsus
¢0s nNpu 6CCKOHeuyHO OGOJBIIOH CKOPOCTH aAcopObilMH U Npenc/]bHO
BHINYK/OK H30TepMe. B aTom ciyuae MOMeHT NpPOCKoKa HacTynaer
NpH NpaKTHUECKH MOJIOM HaCBIleHHH CJOs, ¥ BeJHuuna k£ MOXeT
ObITb pacCYnMTaHa MO COOTHOUIGHHIO

ag + C
——H;C'H—H' (V-27)

rie a,— yAenbHas aacopOuHs, pPaBHOBecHas ¢ KoHueHTpauweir pactsopa Cy M
OTHeceHHad K efHHHue oGbeMa cnos; HalifeHa mo H3oTepMe afcopbuuu a=f(C);

U -—CDEIHAH CKOPOCTb NMOTOKA, PACCYHTAHHASA Ha IIOJHOE CeyeHHe KOJIOHHBI ¢ aji-
copGeHTOM.

k=

[Ipu 6GeckoHeuHo 6GoJablofi CKOPOCTH aAcopOLHM H NPCAENbHO
BBINYKJOH H30TCpMe 3aBHCUMOCTb fnp OT L Jo0JKHa BBIPAXKaTbhCH
npsavoi snuuuefl, npoxoxsaweil yepes Hauano KoopuuuHat (puc. V-5).
OnHako Ha npakTHKe 3TOT cayyali He peasnusyercs; W BCeria cy-
IeCTBYCT pacnpejes]eHHe KOHUCHTPAalHW Mo MiHHe ciaod  (cMm.
puc. V-4). CnelnoBaTesNbHO, eMKOCTb aficopbenTa B npcmenax 30HbBX
macconepefaun HCIOJb30BaHa He NoJHOcTblo. JleficTBHTelbHOE
BpeMsl 3allUHTHOro JCHCTBHs cjios OymeT MeHblIe, 4yeM OXHIAeMOe
B Cayuae OecKoHeuHo 6Goabiuofl ckopoctu azcopbuuu. [loteps spe-
MeHH 3alIUTHOTO AeHCTBHA fo cBSi3aHa ¢ AJMHOH HEHCNOJAb30BaHHO-
ro cnos k (cM. puc. V-4) crepyioiell 3aBUCUHMOCTBIO!

ty = kh

ITpr u3yueHnu MoseKyJsipHOR H HOHOOOGMEHHOH amcop6uuM pac-
TBOPCHHHIX BelECTB [10Ka3aHO, YTO BhIBOJbI, NOJyYeHHble HAa OCHO-
Be MoAend (POHTAJbHOH OTPAGOTKH c¢JIOst NPH aACcOpPOUHH Tasor
H 0apoB, COpaBelJIUBHl ¥ NpH COPOLHH PAaCTBOPEHHBIX BelIeCTB.
Creayer OTMeTHTb, 4TO NPH afAcopOuHM Fa30B M NapoB KO3(PdHIH-

EHT 3alllUTHOTO JAeHCTBHA CJos OOBIYHG

t ONpeACHAAIOT MO NPHOIHKEHHOMY COOT-
- HOUIEHHIO
) Qu
k= vCy
7 NOCKOJAbKY B 3TOM C/lyuae OTHOLIEHHE
/1104 i au/Cy umecer nopamoxk 102—10% [Has
S 7 ! cnabo agcopOUPYIOLUXCS pPACTBOPEHHBIX
v > BCHIECTB 3TO OTHOILICHHE MOXKCT ObITh He-

G6oabuium (@s/Ca~5—10), u pacuern

11c06X0AUMO NMPOBOAHTL NO TOYHOH hop-
Puc. V-5. 3aBHCHMOCTb myte (V-27)
BpeMeHll 3aiuTioro aef- :
CTBHS C/OS OT ero JLIHHH PaccMoTpUM  ¢noco6bl  BHIYHCJAEHUSE
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JauHB paGoratomero cnos Lo u AAMHBL HE-  gp,
Hcmoab3oBanHoro cioa k. [lpu npoBegenun 100
9KCTIePUMeNTAdbHBIX H3Mepenult B auunamu- 0%
Ke ancopOuuy HaMHOTO NpOWE HaXOLHUThb
H3MCHelile KOHLUEHTPALXU BO BPEMEHH TpH
(DUKCHPOBAHHOM BBICOTE CJ0A (BLIXOIHYIO
KPUBYIO), ueM pacnpeleselfe, KOHUEHTPA- 0,50
IlHY 10 BLICOTE CJ0S1 B AANHBII MOMEHT
BpeMenH. Beauunaw Lo u 1 MoryT GHITBH
onpegescHsl ¢ MOMOIIBIO BHIXOAHOH KPUBOK

10 COOTHOIIEHUAM

0,05
(V-28) 0 t

Lh=ly—=t—g%=%h

Puc, V-6. K onpene-
h=Lop (V-29) NeHHIO (HAKTOPA CHM-
) METPHUHOCTH -BbIXOAHOM

— \ BJIE 7 i o
tae {n— BpeMA TOSIBJCHHS 3a CJOEM INPOCKOKOBOM KpHBOIL.

KouueHTpauuu, pasHoit 0,05Ck; fp — NPOAOIKHTEIb-
HOCTH ONBITA A0 MOSBJIECHUS 34 CJI0EM KOHUEHTPALMH
0,95Cy; @ — QakTOop CHMMETPHUHOCTH BHIXOZHOH KpuBolt [48, 52], ompexensercs
rpadHUecKH, KaK OTHOLIeHHe miomwaicit (puc. V-6) i

¢ =3S4/(S4+ Sp)

®opmyna H. A. IllunoBa oTpazkaeT BAHSHHE CTaTHYECKOro &
1 KUHEeTHyecKoro fp GaxkTopos Ha AHHAMHKY IOTJIOLIEHHS CJOEM.
[Ipn peiienuy psfa TEXHONOrHMYECKHX 3amad HeOGXOIHMMO 3HATh
CTeneHb OTPpaboTKH aJcOpOLHOHHON eMKOCTH B JaHHOM CedYeHHH
CJIOA B 3ajanlibii MOMEHT BPCMeHH, pacilipejeicHHe KOHUEHTPAaLHUH
BelllecTBa B NOABHXKHOK drase mo BeIcOTE Cnosd, H T. 4. DTH Xapak-
TEPUCTHKH MOTYT OBITh IOJY4eHBl Ha OCHOBE TEOPETHUECKOH Moje-
JH HEPaBHOBECHOH AMHAMUKHM aAcopOLHH, MNO3BOJIAIIEH BHABUTDH
BJHAHME KHHETHKH ajacopbuuu Ha paboTy aizcopOUHMOHNOH KO-
JIOHHHIL.

Pacyer puHaMHKu aacopOGuMM pACTBOPEHHBIX BellleCTB B HeENO-
IBHKHOM NJOTHOM CJ0oe AKTHBHOrO yras. TeopeTuyeckas MOAesb
HEPaBHOBECHONH [HHAMUKH aAcopObuvd B HENOABHXHOM IJOTHOM
CJIoe BKJIOYaEeT YPaBHeHWs OajaHca Macchl, KUHETHKH aAcopOuuw,
“430TepMBl aACOPOLHH M COOTBETCTBYIOUIME KpaeBble YCJOBHUA.

YpaBHeHHe GajlaHca Macchl 3amHCBHIBaeTCA B BHAE

da ac ac
o Tegr v =0 (V-30)

tae a(x, t) — yZeabHas agcopOuMs, oTHeCeHHAs K equHHIE ofbeMa cyiosd (¢ ywe-
TOM HaCHINNOH naoTHOCTH); C(x, {) — KOHUCNTPAUHs BelleCTBa B KHIAKOCTH; ! —
BpeMsl; X -— PaccTOSHHe OT BXOZa B CJOH jJO YpOBHA 3aMepa; €&: — NOPO3NOCTH
cJos, T. €. OTHOIUeHHe 0GbeMa MYCTOT MeXAY 3ePHAMH CJosi K 00beMy caof.

B ypaBuenuy Gamanca Maccel (V-30) - He yuTeH npoaOsbHHE
flepeHOC BelllecTBa B CJ10e 3epeH aacopbeHTa, OOGYCJIOBJACHHBIE MO-
JneKysspHO#t Auddysuell BellecTBa B pPacTBOpe, a TakXe (PayKTya-
UUAMH CKOPOCTH ABHUXEHHS MNOTOKA, BHI3BAHHBIMU HEAOCTATOYHO
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yIOpsSIAOYeHHON YIAaKOBKOH 3epeH B cioe. ITOT (akTop Hrpaer
3aMeTHYIO POJb B Ciaydae INOIVIOIEHHS NApoB M3 NOTOKa rasa-Ho-
CHTeJs] HemoABHXHBIM ciaoeM copGenta. IIpu duabTpPOBAHMH XKe
KUAKOCTeR posb NPOAOJNLHOTO NEepcHOCa B JHNAMHKe ancopOuub
He CylecTBeHHA, NO3TOMY ypaBHeuue Ganamnca Maccel AJfl aacop6-
UHH BEleCTBA M3 PACTBOPOB 3HAYHTEJNBHO YIpOINaeTCH.

IIpn6auKeHHOE ypaBHeHHE KMHETHKHM ajcopOLHH, KOHTpOJHpYe-
MOA BHemHeAN(DHY3HOHHBIM MaccomepeHOCOM, MOXHO 3anucaTh B
BHJIE

[7)
S =HIC—9@) (V-31)

rae B8 — koadduurent suelKero MaccooGMeHa, PACCUNTHIBACTCS HA eHHHULY 00b-
eMa cios,

Ecnu guHamuka apcop6umu KOHTPONHMpyeTcss BHYTpHANHGDGY3H-
OHHLIM MAaCCONEPEHOCOM, TO IPHMEHSIOT NPHOIHKEeHHOE ypase-
HHe, mpeAsioxennoe [oKaydhoMm, B KOTOpOM ABHXKYHIAasi CHJIA MpPO-
mecca 3alHMCHIBACTCS Yepe3 Pa3HOCTh KOHLEHTpamufi B agcopGupo-
BaHHOM COCTOSIHUH

=R O—d (v-32)

rae [f, — KHHeTHYeCKHH Ko3(h(dULHEHT BHYTPEHHEro Mmacconepenoca.
.

Cnepyer OTMETHTD, UTO KOG @UUHEHT BE€,, BXOASIUIMNI B ypasHe-
HHe (V-32), npaKTHuYeCKM He 3aBHCHT OT KOHUEHTPAUHMOHHBIX (ak-
TOpoB. B To ke BpeMms ucnonbsoBanue ypasueuust (V-31) maa Ko-
JHYECTBEHHOrO ONMCAHHA BHYTpUAM(DDY3HOHHOA KHHeTHKH amzcopl-
LHH cBSI3aHO ¢ HEOGXOAMMOCTBIO yyeTa 3aBHCHMOCTH KO3(bduuucn
Ta € OT 3aMOJHEHHSA, YTO CYUIECTBEHHO OCJOXKHAET TeOpEeTHUeCKyio
CTOpONY HcCAeq0BaHHUS.

Hcxonnble ypaBHeHMst TakXKe BKJIOYAIOT YPABHEHHE H30TepMBb
ancopbury C=g(a) [a=f(C)] m KpaeBHe ycnoBHS, HMCIOLLIle
CHACAVIOUIME (HU3HUECKUA CMBICA: B HaYaJbHBEA MOMEHT KOJIOHHA
cBoGoiHa OT BellecTBa

a@x 0)=C(x 0 =0 (V-33)
4 BXonHast KOHUEHTPAaluu NNoCcTosIHHA
C{O,0)=Cqy (V-34)

PaccMoTpuM pacueTHBle COOTHOLICHHS NPH JHHEHHOH H3OTepMe
ancopOunu

1
a=f(C) =k, C=9@=—pa
Ilpn BHemneguddysuoHHOR [uUHAMHKE aficopGUUH  pelleHHe

yYpaBHeHnit (V-30), (V-31), (V-33) r (V-34) umeer OTHOCHTEJNBHO
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byuknun C(x, ) crepyomui s

it
F4

C (4, ) = Coe~t {e-fuo CVED + 5 X L@V e ™ dz} (V-35)
0

xpe & eux
The Xy =— t = Ty t— i Iy (8)—wmoguduuuponannas dyukmus Becce-

a5 TepBoro mopsaka [33].

Pemrenue B Buge (V-35) noayueno s paGore [53].

PacueTnoe cooTiolleHde A5 BHYTPUAHGDGDY3MOHHOK AHHAMHKH
apcopbuuy B cayyae JHHEHHON M30TEPMBI HMeeT Takke BHE (V-35)
C YYCTOM 3aMeHH X) W f; BeJHUUHAMH X W [g MO dopMyaam

e, xkr g%
L A

OTMeruM, uto Kpusble lllymana (cM., manpumep, mMonorpaduio
[43]), xoroppie saBasloTca rpadHKaMHM  peuleHHs ypaBHeHuf
(V-30)—(V-34), B uocieayiomem Gvliy aJs 3nadeHud x,=0-+3
yTouHeHH B [54] mpu pacueTe Tenaoo6MeHa B HENMOABUIKIIOM CJIOE,
KOTODPHIfl ONHCHIBAETCS AaHAJOTHYNBIMY ypaBHeHHSIMH. B moHorpa-
¢un [54] npuBedeHH YAOOHBIE AJSt pacueTOB rpadukH, KOTOpHe B
napaMeTpax AMIAaMHKH afcopOLUH B MJOTHOM ClNOe MpeaCTaBJelb
Ha puc. V-7. I'paduku ua 3TOM pHC. MO3BOJAIOT B CAydyae H3OTCP-
MBI copOuuH, OJHM3KOH K NPAMOJHHEHHOH, HAaHTH BLIXOAHYIO KpPH-
BYI0O W pacnpclesieHHe KOHLEHTPaIHu aacopOUpOBAHHOrO BCLIECT-
Ba BAOJb CJIOf, HCOOXOAMMOe [IJisl ONpEAesCHUS CTENeHH HCHOMb-
30BaHHsl COpOEHTAa B AUHAMHYECKHUX YCJIOBUAX NPH HM3BECTHHIX Ma-
paMeTpax Inpouecca Kak NPH BHEIUHEe-, TaK U NPU BHYTpuAHPDY-
3HOHHBIX MeXaHH3Max MaccoobMena,

[Tpu nuneitHOk n3oTepMe ancopbUHM HET CTAUUONIAPHOTO GpoIr-
Ta a/copOmHOHHON BoJHB. PPOHT pacuIHpsicTcs NPONOPLHOHAJBIO

¥t BeacACTBHG KOHEUNOTO 3HAUEHHs KHHETHUECKOro KO3(dHIMeHTa.
B cayuae BHIyKJIOH H30TepMH afcopbuuu B CTALMOHAPHOM pe-
XKHMe MOTyT GBITb HCIIOJNB30BaHH CJEAYIONIHe cOOTHOMWeunds [7, 55,
56]:

eux ay v 1 Cy
=5+ vc—,,{x—ﬁ—g[T In (F-—1)+
+ In —%ﬂ— — 1]} — BHewHeAu(dy3HOHHEIE peXUM (Vv-36)
Sllx aH vCH ] Cll
==+, {x— Bua [7“1 (_c"“)+

+ In (1 — CL) + 1]} — BHYTPHANG(Y SHOHHHA peKuM (V-37)
H

rae p=Cy/Cy,s; Co,5 — COAePKaNHe BelleCTEA B NMOTOKE, paBHOBECHOE € KOJIMYeCT-
BOM a3CcOpGMPOBAHHOIO BelIcCTBA, PABHLIM NDJOBHHe MAKCHMANbHO ancopbupye-
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MOro; KpoMe TOTO, BeJMUHHE @y H [ MOXHO BHYHCJHTh Ha OCHOBAHUWH NpeACTaB-
JieHHU#l, H3/N0XKEHHNX B npeAbIAylLed raase

KV ,04C,
N K (V* —Vy,0)
W= TR —Vao ' P=T 1ep G
I+ —

Has pacuetoB mo coornourenusm (V-35)—(V-37) neoGxomumer
9HCJIeHHBle 3HadeHus KO3(hOdHUHENTOB MAacCOOTAAdM (€ U BHYTpEH-
Hero macconepenoca B€. B yCJOBHSIX AUHAMHUKH afcopOmHu B MNJOT-
HOM caoe, B paGorte [57] mosnyuenbl KpHTepHaNbHEIE YpaBHEIHS
IJis pacueTa BeJUUUHBL (€

Nu = 4,102Re%,74.P0,38 (0,2 < Re < 1,0) (V-38)
Nu = 4,12]Re%%%8.P10,338 (1 0 L Re < 4,0) (V-39)
peds vd v
i N“":_DT" Re=—v—, =Dy

Tam xe mokasaHno, uro BHellHeAH(PPy3uOHHHIH MaccoobMen xa-
pakrepen AJs 3Hauenuii Re<C1,0. [ns 3toit craguu nabawogaercs
CylllecTBEHHAst 3aBHCHMOCTb KO3 (duiIMeHTa MaccooTAaun PBé or
cpenHefi CKOPOCTH MOTOKA U, PACCYHTANHON Ha MOJIOE CeYeHHe KO-
JOHHB. OTMeTHM, 4YTO NpPH MOIJIOLIEHHH pPACTBOPEHHBIX BeIIECTB
o6J7acTh BHELIHEro NepPeHoCa Macchl CMeIeHa B CTOPOHY GoJiee
HU3KHX unces PefiHonpAca no cpaBHeHuio ¢ umcaamu Pefigospaca
npu agcopbumu rasos u napos. [IpuunHa 3TOro, Mo-sHAMMOMY, 3a-
KJOYaeTcsl B DPAasJMYMM COOTHOINEHHH TOMHUH AHPPYy3HOHHOrO H
THAPOAMHAMHYECKOTO NOTPAHHUIBIX CJIOEB IPH OGTEKAaHHM TeJ ra-
3aMH H KalleJIbHBIMH XHIKOCTAMH [2].

IIpn Re>4 ennunna Nu ocraeTcsi NPakTHUYECKH NOCTOSHHOI,
YTO YKa3BIBACT Ha BHYTPEINIOI0 MaCCONPOBOJHOCTH KaK OMpesesst-
IOy CTagHio npoumecca. PasrpanuyuB TakuM 06pa3oM  cTagHR
MacconepeHoca, MOXKHO BHIOpaTh pacueTHyio dopmyay (V-36) uiam
(V-37). Ilpn Re>4 B pacuerax mo cootHowenuwo (V-37) Heo6xo0-
AuNMO onepupoBaTh kKoddpduunentom P€.. B [58] nokasamo, uro
BeJanuuHy P&, MOXKHO NPHOJHKEHHO OLUEHHTb 1O COOTHOIICHHIO

£C,
pe, = ’B_aHlL

3nauenus f% B 9TOM caydae HeQGXOAWMO BHUHCJATH H3 YCJIO-
BHS

Nu-Pr-0,%% = 8

Bennuuny €. MOMHO TakXKe HafiTH MO M3BCCTHOMY 3HAYECHHIO KO-
spduunenta audodysun aacopGupoBansbix Mosekyn D, [59]:

156D
ﬁgo = R? *

Ha puc. V-8 npeacraBiennl BHXOZHHE KpHBHe ajcopGunm
n-autpoanusuna yriaeM KAJl u3 BoAHEIX pacTBOPOB NPH PA3NHUYHBIX
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T/ . Puc. V-8 Buxomuble KpHBHE XMHAMHKM
10 aACcopOUHH N-HUTPOAHHJIMHA H3 BOAHLIX
pacteopoB (Cy=1,4 moan/M3) aast mior-
nora caos yras KAJL npu pasmuuibix cxo-
POCTH IOTOKA ¥ U BHCOTE CJI0A X:

1—v=3,242 My, x=0,07 M; 2-—0v=132 Mm/u,
x=0,22 M; 3— v=19,44 m/y, x=0,16 M; 4—v=
=30 Mfu, x=0,16 M; 5— v=36 Mmfy, x=0,16 M
[Toukamu oGosHayeHBl SKCNepUMEHTAJbHLle jpaH-
HbIE; CIJIOWHbIE JIHMHHKH — BBIXOAHBIE KDHUBHIE,
paccuutaunsie no dopmyae (V-37); WTPHXOBLIE —~

g 3,37 6,66 10 t,4 no ypasnennto {V-36)].

95

CKOpOCTAX (UIBTPOBAHMS KHAKOCTH 4Yepe3 HENOABHXKNBIA CJIOfL.
Kak BuiHO H3 CONOCTaBJEHHSI TEOPETHUECKH PACCYHTANHEIX H IKC-
llePUMEHTAJbHBIX BHIXOAHBIX KpPHBHEIX, cooTHoiienus (V-36) u
{V-37) xopomio ONMMCHIBAIOT AWHAMUKY aACOPGUHM B NJOTHOM CJOE
1IpH COOTBETCTBEHHO MaJblX M GOAbMINX 3HadeHHsax v. Ecaum mpo-
11ecC NMPOTCKaeT B cMemlanHO-ANGdy3noiHol 06aacTH, TO YacTh BH-
XOJHOH KpUBOH (NMpu MaJbIX CTelleHsIX HacHIlleHHs ajcopGeHTa)
onuckiBaercss ypaBHeHHem (V-36) — mTpuxoBast kpuBasi, a IpH
‘00JbIION CTeNeHW HachlleHust — ypaBHeHnueM (V-37) — cuomnas
JHHHSA.

HAunamuka agcopbuum Opu BHYTPHAUGDY3HOHHOM MeXaHH3ME
MaccomepeHoca CyNIECTBEHHO 3aBHCHT OT Pa3MepoB 3epeH. B mux-
T€, COCTOSIllleli U3 3epeH Pa3JHYHLIX PasMepoB, B (PHKCHPOBAHHBIA
MOMEHT BpEMEHH IpoLecc MOTJoumeHHs OyAeT HAXOAHThCS HA pas-
npx crapuax. Ilostomy cyMMmapiias BeIXOAHAs KpuBas GyieT KO-
JIMYECTBEHHO OTJIHYATHCSA OT BHIXOIHBIX KPHBLIX AJS1 MOHOJNCIEpC-
ubix ¢pakuui. [JunaMuka agcopOuuu B 3TOM clydae GyAeT 3aBH-
CeThb OT KOJMYecTBa 3epeH Kaxno# dpakuuun. MeTtoauka pacueta
JHUHAMHKH afcopOlUyuy H3 PacTBOPOB HENOABHKHEIM cJOeM IOJH-
JHCIepcHOM IHXTH paccMorpeda B [60].

Ilpn pacueTe AMHAMUKH aACOPOUMH OPTraHHYECKHX BEIIECTB H3
OHOJIOTHYCCKH OYUUIEHHBIX CTOYHBIX BOJ BCI0 CYMMY OPraHM4ecKHX
3arpsi3HeHUil MOXKHO B INICPBOM MNPHO/IMKEHMH PACCMATPHBATBL Kak
HHANBUAYaNbHOE ajicopOHpyioleecs Bemectso [37].

HauGonee mepcrekTHBHBIM IIpHMCHEHHEM TNpouecca agcopOuuH
B HENOJABHMXKHOM CJIO€ SIBJISIeTCH MCIOJb30BaHue KacKaja IocJjejo-
BaTEJNbHO BK/IIOUCHHBIX KOJOIH, IOCKOJBKY NPH TAKOM TCXHOJOTH-
YCCKOM peXHMe MOXHO AOOUTBCS HauboJblluell CTEMEeHH HCMNOJB30-
BaHHS €MKOCTH copGeHTa B KOJOHIIC, BEIBOAHMON Ha pereHepanuio.
JnnaMuka afcopOluu B KacKaic KOJOHH ¢ HEMOABHXKHBIM CJI0EM
MOJAENUPYETCs] HCXOAHHIMU ypaBHeHHaMy (V-30)—(V-32), oanako
HayajpHble YCJAOBHS 3aJayl B ITOM cCJayuyae AOJKHBL H3MEHATHCS
OT UHKAA K UHKAY. MeToauka pacueTa JHHAMHUKH aficop6uuu B
KacKaje KOJIOHH C IVIOTHBIM cJloeM paccMmoTpena B [61].

Ancopuus B naoTHoM ABHXKYuwieMca caoe. B annapate ¢ miot-
HBIM - ABHXKYIIHMCS C/I0eM TpaHyJMPOBaHHBIA axcopbeHT nepemenia-
€TCsl CO CKOPOCTBIO W HABCTPeYy TMOTOKY MKHAKOCTH, HMCIOEMY
ckopocTs v. OCHOBE _pacyeTa TaKOTO aNnapaTta IpeAJoMeHH
O. M. Tonecom [62]. B cnyuae BHOYKJBIX H30TEPM aACOPGLHH CKO-
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pocTb MepeMelleHHs GpOHTA afACOPOUHMH BHOJIb CJIOS, T. €. BelHUYH-
Ha, obpaTHasa KO3 (PUUMEHTY 3alUTIOro ACHCTBHA, AJS amnnapaTton
¢ ILIOTHBIM ABUXKYLIMMCS CJAOEM PacCUHTBLIBARTCS MO COOTHOLUEGHHKY

v4w w
U= CH —w=Uo—' CH
Lot 4o
Tae
v
U0= Qay i
14 C.

U3 paunbix pabotsl O. M. Togeca caeayer, uTo AJsl NOBBILIEHHUs
creneHd OTPabOTKH IIHXTHL B ajcopbepe ¢ ABUXKYIIHMCHA CIOCM ie-
00X0AUMO MOIAEPXKHUBATh CKOPOCTb €T0 INepeMelleHHss B HeCKOJIbKO
pas Gonbiuyio, yeM ckopoctb Uy M NPHMEHATh AJHHHBIE PeaKTOpLI.
Mogenp mponecca copbuuy B NJOTIOM ABHXKYIIEMCH cJ0€ NPH He-
JIUHeHHBIX H30TepMax mpensoxena B [63].

4, JMHAMUKA ALCOPBUMM PACTBOPEHHbBIX BELUECTB
B AMMAPATAX C MNCEBOOOMMMIKEHHBIM CNOEM COPBEHTA

TceBnOOKMKEHHBIN CJ0H TepHOAMYECKOro mnelcTBHs. AnHaau3
3aKOHOMeEpHOCTefl AUHAMHUKM aAcOpPOLUM pPacTBOpPEHHBIX BelleCTB B
annapaTax C ICEeBAOOXKHKEHHHM CJOeM NepHogHueckoro RefcTBUS
npoeelden B [64, 65] Ha ocHOBE IKCMEPHMEHTAJBHOTO U3YUeHHS
mpollecca MOINVIOIIEHHs] BelleCTB aKTHBHHIMH yriasamu. B [65] or-
HOWleNHe AJUHB ci1of Lp K guaMmerpy annapara D B3ATO mpumep-
HC TAKHM, Kakoe JIPIHHATO B NPOMBIIIJIEHHBIX YCI0BUAX,

Oco6enHocTn afcopOuUMH PacTBOPCHHLIX BeINECTB B amnapaTax
TepUOLHYECKOTO AEHCTBHS ¢ IICEBAOOXKMKEHHBIM CJOCM CBA3AHBI C
COOTHOLIEHHEM BpPEeMeHH NOJHOTO NHepeMeilMBaHHA YaCTHI H Bpe:
MEHH HachlllleHust afcopO6eHTa Npu pas3HYHBIX CTENCHAX PacIHiH-
penus ciosa. Ha puc. V-9 npencrasniensl 3aBUCHMOCTH BPeMeHH 3a-
LIUTHOTO HEHCTBHUS CNOA fnp OT €r0 AJHUHH L, mpu ancopbuuu 7-HH-
TPOAHHWJINHA ¥3 BOJHBIX pacTBOpoB yraem KAJL. VI3 pucyHKka BHAHO,
4TO XapakTep 3THX 3aBHMcHMocTefi pasnuyHbil. [Ipu oTHOcHTeJNBHO
HHU3KHUX CKOPOCTSIX IOTOKA&, KOTAA CTEleHb DAaCIUUpPCHHUS cJos Haxq-
nHTCs B npegesaax ot 1,25 mo 1,9, smonne uetko naGaofaercs mo-
Tepsi BpeMeHH 3alUTHOTO AeficTBusi caos (puc. V-9,a). Ilpn cko~
pPOCTAX MNOTOKa, ObecneyHBalOUUX pacliupeHHe cJjosi Gojee [BY-
KPaTHOr'0, BpeMs 3allUTHOrO AeHCTBUA NCEBAOOXKHKEHHOrO CJOS
NepUOJNTECKOro NEHCTBUA, HAYUHAS ¢ HEKOTOPO# AMHUUBI ¢JIOfA, H3-
MeHusieTcsl MpsIMO NPONOPIKOIAIbHO ANHHE caos (pHc. V-9,6), npu-
YeM IIOTePS BPeMeHH 3allUTHOTO AEHCTBHSI TMPAKIHYCCKH paBHA
HYJIIO.

Takas 0co0eHHOCTb PAGOTH MCEBIO0KHIKEHHOTO CJOf NPH Ma-
JHX CTeNMeHsAX ero PaculUPeHHs cBsA3aHa ¢ TeM, YTO NP OTHOCH-
TEIbHO HHU3KHX CKOPOCTSIX NMOTOKa HacHlleHHe ajacopbenta ocy-

137



1.5
3 -
/ 10
4
0,51

04 Lgm 002 04 0'%’ 0,8 1,0 1,21LgH

Puc. V-9. 3aBucumocTs BpeMEHH 3amUTHOro AeHCTBHA NCEBAOOKHIKEHHOrO CJOSA

11ePHOAMYECKOTr0 AefiCTBHS OT €ro AJHHH ANA aAcOpOuHH n-HATPOAHHJIHHA H3 BOA-

HHX pactBopoB yriem KAJl npn pasiMyHOM OTHOCHTENLHOM DACIIMPEHHH CJIOS
L-
olL:

1—1,25; 2—1,35; 3—1,50; 4 —1,75; 5§ —2,0; 6§ —2,5; 7 — 3,0.

wecTBJAgeTcs GBHICTpee, uYeM HACTYNAET NOJHOE NepeMelniHBanHe Ya-
Ty, Pe3yabTaToM 3TOrO M ABJSIETCS HEKOTOPOE CXOACTBO C YCJO-
BUSMH aICOPOIUM M3 NOTOKa MJIOTHBIM cJloeM rpaHys a/jcoplenra,
<J1eJ0BaTe/IbHO, ¥ TOTepsi BPeMeHH 3allHTHOrO JAeHCTBUA  cJ04l.
C poCcTOM CKOPOCTH NMOTOKA HHTEHNCHBHOCTb lIepPeMelIUBaHHS YaCTHIL
B cJOe BO3pacraeT, a BpeMs, neo6XopHMOe AN HX IOJHOTO nepe-
MCIUHBaHHUS, cokpamaercs. [IpH aToM Besnunna = 0. :

[Mpu usyyenum AuHAMUKM aJcOpOUMH B TaKHX aillnaparax, Koraa
OXHKAIOUWHUM areHTOM CJyXKHJa 1apo-rasoBas cMech, YCTAHOBJENO
[66], uto BpeMs 3auUITHOrO AEHCTBUA NCEBAOOXKHKEHHOrO C.105
fIepHOIHYeCKOro IefiCTBIA NpPakTHYCCKH paBHo uymio. Koabdpuui-
€HT nepeMclUHBAaHHA YACTHI, B NCCBAOOMHIKEHHOM cJ0€, CO3/laBae-
MOM Ta30BbIM NOTOKOM, CHJbIIO OTJIHYACTCA OT COOTBETCTBYIOLIETO
ko3t duuHeHTa B CHCTeMe XKMAKOCTh — TBepaoe reiao [41]. Xopo-
lilee nepeMeildBaHHe TBepAoll a3kl B 3TOM cayuae NPUBOAHT K
‘TOMY, UTO YaCTHIH HAXOAATCHA NPUMEPHO OJIIHAKOBOE BPeMs B JIO-
oM yyacTke peakTtopa. Ecsin cTaiueft, oupenesswollelf mnpoliecc,
SIBJSIETCS BIICIIHHUI 1ICPEHOC Macchl, TO MaccooOMeH B Takoil CH-
cTeMe 3akanyuBaercd Ha HeGoJbilofl BHICOTE (npUMEpHO 5—
10 puamerpoB 3epua) OT rasopachnpefenuTeNpHoil peiueTkd. Ilpu
ajacop6UHy ra30B H NapoB XapakTCPHBEl PE3KHH 3KCIOHCHEHAMbHBIL
nipoduab pacnpeleieHUs] KOIUCUTpalHid BelIeCTBa MO BLICOTE CJA0S
¥ IOCTOSTHCTBO BeJIMUHHBI afcop6Uuu Bo BceX Touykax cnos. Cuaen-
CTBHEM 3TOrO H SIBJAIOTCA NpeHeGpexKnMo Majas noteps BPeMeHH
3alIUTHOrO AeHCTBHA c/10d M JHHEHlIAs 3aBHCHMOCTb BEJIMUHHB fnp
ot Ly B cucteme rasz — tBepaoe TeJo.

CyliecTBYIOT pa3iuyHble TeOPETHYECKHe MOJE/H THAPOAUHAMHUKH
4 Maccoof6MeHa B amnaparax NEepHOAHYRCKOTO JEHACTBHA C MCEBAO-
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OKMIKeHHBIM CJIOeM, JeTaNbHBA 0630p KOTOPHIX NMpHBEACH B MOHO-
rpaduax [67, 68]. B mmxencpublx pacuerax Hallna NMpakTHAECKOE
MpHMeHeHHe MOJACJb, NpelJoxennas B paboTax [69, 70], paspaGo-
TaHHaf B NMPEANOJIOXKEHHH, YTO CIOA TBEpABIX HaCTHI HACAJTbHO Me-
peMeiliaH, a NOTOK [ABMKETCSl B PeXHMe HACA/NbHOTO BHITECHEHHA.
TIpu BHIXOXUBLIX KOHIEHTPAUUSX, PABHOBECHBIX C BEJMYHHOH al-
cop6LUH B CJOe, aHAJH3 MPOLecca MOXKIO BeCTH Ha OCHOBE ypaB-
HenHs MaTepHaJbHOTO GajaHCa, 3aMHCAHHOTO A/ CJOS JTHHBI Ly

L o Ca— @] (V-40)

The v - JuHelHA7 CKOPOCTL NMOTOKA; Cy-— BXOAHAS KOHUEHTpauds pacTsopa.

TIpu usotepMe ajcop6uuy, sanucantoil B Buie
AC
a@=TIEC.

u HauajpHoM ycaoBHu a(0)=0 pemenne ypaBuenus (V-40) samm-
chiBaeTcsl CJACAYIOUIHM 0Gpa3oM:
a 1 In (l L) v (1 4 BCy)

—_— =—g— -41
ag  BCy ay BL g0y (V-41)

rae az=a(Cxz).

Ha puc. V-10 conocraB/ieHB BHXOAHBIE KPHBHE NMpH agcopbuun
A-HHTPOAHHJIHHA M3 BOAHbIX pacTopoB yrieM KAJL B mceBROOXH-
JKEHHOM CJIo€ TePHOAHYECKOTO AEHCTBHS C TEOPeTHYECKH pacCud-

afay a/a,

Puc. V-10. 32aBucnMOCTH OTHOCHTEJLHON BeJHYHHH afCopOIHMH OT BpeMeHH Npw
PA3JMUHOM OTHOCHTEJNBHOM DPACIIMPEHUH NCEBAOOMKUIKCHHOrD CJIOf TNepPHOAHIECKO-
ro meficredas Ly/L:

71— 1,25, 2~ 1,35, 3—1,5; 4—1,75; 5—2,0; 6 —2,5; 7—3,0 [TOUKH — IKCIEPHMEHTANLRLIC-
AaHHBIEe NIpd aAcOPOLHM N-HUTPOAHMIHHA W3 BOJAHLIX PacTBOPOB Ha yrme KA, cruomHue AR-
HUH — KpUBble, pacCU¥TaHHHC 0O COOTHOLIenuio (V-41)].

Puc. V-11. 3aBHCHMOCTD OTHOCHTEbMOH BCJAHUBHH axCOPOUMH A-HHTPOAHHJIMHAE
HemOIBHKHBIM H TCEeBAOOXKMNKEHHbM ciaaeM yraa KAl (L./L=3,0; v=45 wm/fu):

] —L,=066 m; 2— L;=132 m; 3, 4 — 3KCHepNMCHTANLHElE AaHHbBE 1717 HCNOABUMKHOTO CAON;
8, 6 — 3KCnepHMeHTAJbHBE RaHHBe ANA NCeBROONKMMKEHHOTO CAOH,
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.)LMCUMW" 101 TanHBIMy no ypasnenuwo (V-41). Yaosiersopu-
’ TCJIBbHOC cOrJgacoBalHe 3TUX KPHBBIX MNOJYYE€HO
NpH pacliupeHUsx ciaos Gosee ABYXKPaTHOTO,
cJIe10BaTeAblio, 3TO0 COOTHOUICHHE MOXKHO IIpH-
MeHATh 45 pacueTa nponecca IpH OTHOCHTEJb-
HO BBICOKHX CKOPOCTAX ABHUXKeHUdA BocXopsdalle-
'O HOTOKa. paCXO}K}leHI/IC paC'lCTHbIX H ZKCOepu-

Jj-! MelTa/bHBIX KPHBBIX IIPH HH3KHX CTeNeHsIX pac-
j UIMPENHs ¢J0s CBA3AHO C OTKJIOHEHHUEM PeasbHO-
oY ro mpouecca OT PeHMa ©1eadbHOr0 CMEIIEHHSs:.

ComocTaB,IelHe BLIXOANBIX KPUBLIX IS IICHO-
JBUXHOTO M TICEBROOMKUKEIHOTO CJ/I0eB MpPH OJH-
m H2KOBOM 3epHeHHH copOeHTa M paBHBIX Maccax
3arpyEeHHOT0 B KOJOHKY YIJf, CKOPOCTAX IO-
| pacnbopCs  roxa w wawanbRBX KOHIIEHTPAlMAX BemecTBa,
' nposeAcunoe na puc. V-11 1nokaseBaer, uTO
Puc. V-12. K pac- BpeMsa paGoTh HENOABHXKHOTO €JIOS O NPOCKOKa
4eTy MHOTOCTYNEH-  ancopGHpyeMOro BellecTBa B (HABTpAT Bceria
atoro  a1cop0epa  go;pnre yem BpeMst paGOTH NCEBIOOMKHIKEHHOTO
HempepHBnoro AcH- ’ : -
CTBHR ¢ pcesmo- CJIOA MEPHOAHYUCCKOro JAEUCTBHUI.
OXHKEHHBIM C10EM. Azcop6uus B anmnapatax HenpepblBHOro pefi-
CTBMA C TCEBROOXKHMKEHHbIM caoeM. OTauuu-
TeqbHOH OCOGEHHOCTBIO ammapata AJsl HempepuiBHOH afcop6uun B
TICEBAOOKHIKEHIOM CJ0€ 10 CPaBHEHHIO C amnapaToM nepuojHye-
CKoro fAcficTBHs fBAsSETCs GoJsbilas NPOM3BOAMTEALIIOCTL. Kak mo-
Kasalno B MoHorpaduu [41], mo BbICOTE MNCEBIOOKHMKEHHOrO CJ0f
HeNpepsBHOTO HAEHCTBUA NpPU NMOCTOSIHHOA CKOPOCTH IOJBOAA Belle-
CTBa YCTaHaBJHBAETCA ONpefeseHIbli cTallMOHaPHBIA NPOdHIbL KO-
{leHTpalluli, HecMOTPS Ha HEPABHOMEPHOCThL OTPAGOTKH YACTHIl B
TaKoM cJoe. B annapaTtax HenpepHBHOrO AeHCTBHA MaccooOMeH 3a-
KaHyMBaeTcs HA ONIpelesIeHHOfl BHICOTe OT BXoAa B ajacopbep. He-
©o06X0ANMO OTMETHTb, YTO 1IpH AaACOPOLHMH pPacCTBOPEHHHIX BeIIECTB
IJMUHA yyacTKa MaccooGMeHa GoJibllle, YeM NpPH afAcopOuHH rasoB
¥ napoB. 9To 00bsicHAETCA TeM, YTO KO3PPHUMeHT MaccooOMeHa B
cHCcTeMe XHAKOCTb — TBepHoe Tes0 IO KpaliHelt Mepe Ha mMOpsijioK
MeHblle COOTBETCTBYWOIlero Kodb@HIHEHTa B cHCTeMe ras — TBep-
noe tes0o. OgHako W B cilyuae afcop6uuy W3 pacTBOPOB BHIlIE He-
KOTOpOro yuacTka cJOs B NOTOKE YCTaHaBJHBAeTCS IOCTOSHHAS
KOHIEHTpAIUs BellecTBa, PABHOBECHAs CO CPeJHEH CTeneHbIo OTpa-
Oorku aacopbenta. B TakoM ciayyae pacdeT mpollecca aicopOUHH B
anmapare HeNPEepLHIBHOTO NEHCTBUA MOXHO NpoBOAuTH [41], c-
1oJib3ysl ypaBHEHHE MaTepHaJbHOTO GanaHca

ua =v[Cx — ¢ (d) (V-42)
rle ¥ B U-— CKODOCTH NOJA4H COOTBeTCTBEHHO TBepaol# B Xuakoll das.

[Tpu6nmxenubili pacuer MHOTOCEKIIHOHHOTO ammapara Hempe-
PLIBHOTO AeHCTBHA C NCEBIOONKHKEHHBIM CJI0EM MOXKHO BBINOJHSTH
N0 ypaBHeHUAM MaTcpuaienoro GanaHca, monyuyeHHeM B [71].
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IMycts B Tako# amcopbep, cofepKamuil m cTyneHe#, cBepXy moaa-
eTCsl €O CKOPOCTBIO ¢ uMCTHH copOeHT, a CHH3Y CO CKOPOCTBIO U
pactBop ¢ koulentpauneii Cy. Torma BreIXOAHAA KOHUEHTPaLiis
cTyleHn j GyaeT BXOoAHOH Aast cTyneHu j—I1, a copGenr, nocrynato-
twull co erynenu j nya crymnedb j+ 1, 6yaeT HaXoauTbcA B paBlioBe-
CHH C COCTaBOM XHjKo# (asu cTymenu j (puc. V-12). Cucrema 6a-
JIZHCOBHIX ypaBHEHH# B 3TOM cjayyae HMeeT BHJ

L FC) =€l =Cpa+Cp=0 (=12,00sm)  (V-43)

®opmyan (V-43) npu 3azaHHHX H30TepMe aacopOuyH U CKOPO-
CTH TOoJAayy pacTBopa MO3BOASIOT ONpPEAEeNHTh CKOPOCTh MNOJLAYH
afcopbenta (cjemoBaTenbHO, M pacxox ajacopbenta) npuH OAMHA-

KOBOM 3HAYeHHW BHIXOAHOH KOHIEHTDALMH, HO IIPH Pa3jHYHOM UHC-
Jlie cTynenes.

TNABA VI

AMMAPATYPHOE OM®OPMIIEHUE AACOPBLIMOHHON OYMCTKU
CTOYHbIX BOA

ITpu nposeneHun ancop6UHMOHHON OYMCTKH CTOYHEIX BOJ AKTHUB-
HBIMH YIJISIMH BHGOp BapHaHTa OIpeHE/sieTCs ONTHMAaJbHBIMH YC-
JIOBHSIMM TIpHMeHeHHsi afcopGeHTa W 3aBHCHT OT MeTofa €ro pe-
reHepanuy, Tpe6yeMoll IPOH3BOAHTENBHOCTH YCTAHOBKH, NMOTEPhb aK-
TUBHOT'O YrJsf B LHKJAe ancopluus — pereHepallusi, AHCNEPCHOCTH
TBepAoN (a3, Ha/jHMuMs B3BEUIEHHBX BelIECTB B  OYHIIAEMO#H
CTOYHOH BOJE M T. 4. DKOHOMHYHOCTb KOHCTPYKUMH 3aBHCHT OT
3HeprosaTpar, pacxoza aKTHBHOTO YIJsl H ero H3Hoca B amnnapa-
Te, o6beMa BCIOMOraTesbuoro o60PyLOBaHMA, CAOXKBOCTH H TpY-
J0eMKOCTH 00ciyKUBaHHSA,

B aroit rsiaBe paccMOTpPeHBl KOHCTPYKUWH aJAcOPOLHOHHBIX afl-
flapaToB, INOJYYHBINHe IUHPOKOe pPAacCHpOCTpPAHEHHE B OTEyecTBEH-
HOMl u 3apy0GexXHOf NpaKTHKe IPH H3BJEUEHHH OPraHHYECKHX 3a-
TPS3HEHHH aKTHBHHIMHM VIVISIMH, a TaKXe HOBBIE OpHIHHAJbHbBIE
paspaboTku ajxcop6epoB, BLINOAHEHHHE B INOCAeJHHe TOALl Y Hac B
CTpaHe ,u 3a pybexkoM. 3 pasnHyHbIX KOHCTPYKTHBHBIX pellleHHH
COPOLHOHHEIX YCTAHOBOK, HCMOABb3yeMbIX B  INIPOMEBIINIEHHOCTH,
MOXKHO BBHIIEJHTb TPH THNA MaccooGMennbX annapaTton, NPHHIMUIH-
aJbHO Pa3JHNYaAIOIIHeCs MO YCAOBUSIM KOHTAaKTa ajfcopGeHTa H OUH-
1aeMoH KHMAKOCTH: ¢ IIJIOTHHIM CJ0€M, ICEeBJOOXMKEHHHIM C/0eM
M TPHHYANTENbHEIM NepeMelinBaHueM (MeXaHAUeCKHM HJAH IHEB-
MariiueckuM). Jlpyrue THNB aacopGLHOHHHX aNNapaToB MO yCJO-
BHSIM MacCOOOMeHa MeXJy JKHAKOCTbIO U afcOpPOEeHTOM MOXKHO pac-
cMaTpuBaTh B OOJBIIMHCTBe CAyyaeB Kak MOAH(PHUKAIHH YKAa3aH-
HeX TpexX. OcHOBHIBasich Ha Tako# KJaccHpuKauuu aacop6epos,

‘OCTAHOBHMCS Ha IpHeMax anmapaTypHoro odopMJieHHs ajacopOuH-
OHHBIX NPOIECCOB OYHCTKH CTOYHHX BOJA.
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1, AJCOPBLIMOHHBIE AMMAPATH! C IOTHBIM CNOEM AKTMBHOTG YIS

Annapatsl ¢ HemoOABMXKHBIM Cloem apcopbenra. TlpunHuun nedi-
CTBHA TAKMX alllapaToB 3aKJalouacTcsi B (GHUIBTPOBAIIHM XKHIKOCTR
yepe3 HeMoABHMKHLIA CJA0OH ajpcopbeHTa Mo NPOCKOKA B (UABTPAT
H3B/eKaeMDLIX BEIIECTB B KOJHYECTBE, NpeBBIINAIONIeM 3aJlaHHBIA 110
TEXHOJOTYYCCKUM YCJAOBHAM Ipenes, HanpuMmcp A0 TOsBJeHus B
buIBTPaTE KOHLEHTPALHH BellleCTBa, MPEeBLIIIAONIEH ero npeieapHo-
nonycrumylo kounentpanuwo (ITAK) B Bomoeme, nuGo monycTHMBIR
YpOBEHb COACPIKahHsi OPraHMUECKMX BellleCTB B TeXHHMYECKOH BoJe
B CJydae BO3BPaTa OUMIIEHHBIX CTOKOB Ha mpexnpHsTHe. OHH BHI-
HOJIHAIOTCS 3aKPbITHIMH (HATIOPHRIMHE) B BHAE CTAJbHBIX LUHAHHAPH-
yecknx xodoud (puc. VI-1), paccumranubix Ha paboTy 1104 AaB-
JEHHEM, HJIH OTKPHITHIMH (0e3HaNOpHHIMH) B BHIe pe3epByapos
NpPSAMOYTOJBHOTO HAM Kpyraoro ceuenuss (puc. VI-2). Kaxaeit az-
copbep obopynyeTcsi HeoOXOIMMBIM YHCJIOM 3aIBHXKCK H BCHTH/ER
Aas ynpasaelinss pa6oToir anmapara, ot60opa npo6 BOXBI ¥ BhiIly-
CKa BO3[yxa HJH rasoB, NoNajalolux B agcoplep BMecTe ¢ OYH-
1aeMO# BOJOH.

OcHoBHasi KOHTPOJBHO-H3MepHUTe/bHAsi anmapatypa ajncopOblH-
OHHBIX KOJIOHH BKJIOYaeT pacXofOoMep MAJs 3aMepa MTIHOBCHHOH
NPOU3BOAMTCABHOCTH afcopbepa W CYMMUPYIOIUHA CYEeTUYMK, MOKa-
3biBalOWKA 00llee KOJAHYECTBO OUMILEHHOH BOxb. Hanopude aa-

Puc, VI-1, CxeMa BEPTHKAJBHOrO HANODHOTO ancop6epa:

! — KOpINyC, 2 — HENOABUKHbLIH C/0H aKTUBHOIO yris, 3 — OTGOMHUK, 4 — TpyGONpOBOA nojauw
ouHllaeMoft cTOuHON BOAB, 5§ — TpyGka Aas ¢6poca BO3AyXa, 6 — JIOK, 7 — TPyOONpOBOK, FHR-~
POBRITPY3KH aKTHBHOIO yras, &8 — TpyGonpoBoll OTBOAA OYHIEHHOH BOAb; 9 — TpyGOIPOBOK
nofayH Bapuixnsowel Boan, 10 — pacnpenenuTeabHas cHcTeMa TPYS.
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copGeprl RONOJHHTENbHO 06OpYARY-
¥0T MauOMEeTPaMH, PErHCTPUPYIOLLH-
MH JaBJeHHe IO H TocJe anmapa-
Ta. B xauecTBe MaTepuana Kopiy-
COB HaANOPHBIX aJACOPOUHOHHBIX KO-
JIOHH GonbIUell 4acTblo IPHMEHSIOT
YIJIEPOJHCTYIO CTa/Ib, 3aIMHILEHAYIO
OT KOPPO3HH TyYMMHDVIOWIUM COC-
TaBOM, IICAUMEPHEIMH IIJeHKaMH,
NepXJOPBHHHAOBLIM  JAaKOM HJIH
oKpacko#i. Ecau ycaosus pereme-
PallMH aKTHBHOTO yris TpeGyioT
HATPeBAHHsl JO TeMIepaTryphl, NpH
KOTOPOH 3TH MOKPHITHS HEYCTOHYH-
Bbl, NIPUMEHSIOT MJSI KOPAYCOB aj-
COp6EepoB  HepKaBeIOIHE  CTaJH.
“Cnenyer 3aMeTHTD, UTO yryepomHc-
Tasg CTaJb KOPPONHDPYeT IHPH KOH-
TaKT€ C AaKTHBHBIM VI/eM JAake B
HEarpecCHBHBIX PAcTBOpAX, TakK KaK
8€pHa YT/l CO CTaJjblo 06pasyloT
JIOKalbHble TalbBaHHYECKHE Iaphl.

Hanpasnenue npuxenus wxmn-

Puc. VI-2, Cxema
JKenesobeTonnoro aacopbepa:

Gesnanopxoro

1 — Ropny&; 2 — aKTHBHBIE  Yrojnh; 3 -
XKeNo6 anA c6opa oudmeHHOH Bopul, 4 —
LpeHaXcHas cHCTeMa; & — nopjpepKuBalo-
e rpasHiHble CJOH; 6 — TPyBonpopoan
TIOBEPXHOCTHOR UPOMLIBKH CJOs apcop-
GeHTa; 7 —- TPYGONPOBOM MOZAYN OUHLLAE-
MO CTOYHOH BOJbI; 8 — TPYGONPOBOL OT<
BOJA OwMNIEHHON BOABI; 9 — TPyGonposoa
fofaun p3pblxJsouel BoAhl.

KOCTH B a,3c0p06epax ¢ HEMOABHIKHHIM CJIOEM MOMKET ObITH KaK cBep-

Xy BHHS, TakK n CHH3y BBepX. [Ipu ¢uasTpoBauuu

BOABI CBCpPXY

BHH3 BEPXHHH CJOH aKTHBHOTO Yr.s Hapsay ¢ NOIJIOWEHHeM pac-
TBOPEHHBIX OPraHAYECKHX 3arpA3HeHHi 3ajep>XKUBAeT BHICOKOLMC-
IIepciribie B3BECH, €CaH npenBapme.ano OHH He 6bIJIPI YAaJcHbl HU3

croynoil Boasl. HakomsmeHue o

calka B cJoe 3arpy3Ku dBJjaseTCA
Kpafme HeXXenaTe dbHBIM SIBJICIIMEM, TaK Kak

BCJCACTBHE 3TOTO

yMenbaercs cBobonibfi 06bem MeXK3epHOBOro NpPOCTPAHCTBA CJOS
YU u yBeNUIHBAETCsl THADPAB/JIHYECKOE CONPOTHBJCHHE 3arpyskKu.

B psane cayuaes
AUT HACTOABKO OBICTPO, YTO anco
OCTaHABJAMBATb Ha NMPOMAIBK

[1, 2] pocr mnorepu mamopa B croe IPOUCXO-
POIMOHHYIO KOJIOHHY TIPHXOAUTCSA
Y SHAYUTENbHO paHblle, YEM HACTymaeT

TIPOCKOK a[COPOGHPYEMOr0 BellleCTBA B ¢uavrpar. ITostomy B ap-

copéuﬂoanmx annaparax, npeaHasNnayeHHRIX

Aasi  pUABTPOBAHUS

BOABL CBEPXY BHUS, TMPEAYCMATPHBAIOT BO3MOXKHOCTH TMOKAYH BONHI

Al TOBEPXHOCTHOH NPOMBIBKH

NPOMBIBKH C

B KOHEUIIOM HUTOTe NPHUBOAUT K COK
¢lost aacopGenta 1o npockorka, H
LMOHHOA OUHCTKOM B anmaparax c

o apcopbenta (cM. pue. VI-2),
T. €. IJs OTMBIBKM BEPXHHX CJIOCB 3arpysKu, Ifie
OCHOBHad MaccCa B3BEilieHHBIX BeliiecTs. B
€M OuHUIAeMOH XHAKOCTH CHH3Y BBEpX I
OTMBIBKY -BCEro HCMOJBHMKHOTO CJIOS B CIyYae ero
TOHKOZHCIIePCHO| B3BeCbl0, CylCCTBEHHBIM

HaKaTJIHBaeTCH
ajicopbepax ¢ JABHKCHH-
DHXOLHTCS TNPOU3BOIUTE
KOJIbMaTalunu
HEJIOCTATKOM Takoi

7109 ajficopOeHTa ABASTCS HapylleHHe YHOpSROYEHHOTO
pasMellleins paboTalomero u OTPaGOTAHHOTO YY3CTKOB cir

051, 4TO

palieHHI0 NAHTEABHOCTH PaboTH
anbosiee HajleXHO mepen agcop6-
IeNOABHAKHBIM CcJA0eM aKTHBHOI'O
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yras yAadsTb B3BELICHHBle BeHlecTBa, HaXOAsIIHecs B CTOYHOH BO-
fe, Ha (QUAbTPAX, 3aTrPyXKeNHBIX NeCKOM, ApoGjeHHM aHTpaLUTOM
HJIM KepaM3HTOM. )

Ycinemnas pabora anmapara ¢ HCNOABHXHBLIM CJIOEM aKTHBHO-
rO VIVl BO MHOIOM 3aBHCHT OT PAaBHOMEDHOCTH pacnpefeieHus H
cGopa ouMIUEHNIOR BOAKW IO maomanu ajcopbepa. ITa 3ajaya BO3-
Jaraetcs Ha paclpcllenuTesblble (IpeHaxnble) cucTeMel. B mpo-
cTedilieM caydyae paclpefefuTebHOe VYCTPOHCTBO MPCACTaBJsieT
coGoit pemerky, 3arpyxesilylo cjgoeM WeOHA MJIH IpaBus, HPENsT-
CTBYIOIIHM NpOBaTy 3epedl aKTHBHOTO VrJis dYepe3 OTBepCTHS pe-
meTKH. MaJioe conpoTHB/eHHe TakoH# paclipeleTHTe1bHOH CHCTEMB,
onlako, nc ofecrncuMBaeT PaBHOMCPHOCTH paclipefesneHHs BOAL MO
CeUCHMIO anllapara, 4To OCOGEHHo OLLYTHMO lipn 6ojblIMX pasMe-
pax ancopOepa. I[loaTomy pekoMeHAyeTcsl NMPUMEHSITH paclpeclenu-
TeJbHBle cHcTeMbl Godabiioro conporienuda. Ha pue. VI-2 noxka-
3ala cXeMa TAaKOR paclpeleUTeNbHOA CUCTEMB H3 CTAJbHHX TPY6
c OTBepCTHSIMM (NpH HAJAMUMM NMOAACPKHBAIOIKX TPABHHHBIX CJIO-
es). Ilogo6unic pacupelesuTcibible CUCTEMB OJHHAKOBO YCHCIIHO
IKCONYATHPYIOTCS B anmapaTrax ¢ HHXKHefl U BepXHeH mopavedl ouH-
maemolf crouno#t moabl. Jlpenaxknnle cHCTeMB 6e3 NOJAAepXKIUBaIo-
IHX CJ0OEB B BHJE IENEBHX KOJANAYKOB uaHu TPy6 ¢ ¢pesepoBaHHbI-
Mu weasMu pasmepom 0,2—0,5 mm (puc. VI-1) momyckaercs mpu-
MCHSITh JHMIIB NPH NoJaye CTOYHOH BOAH B anmapaT CBepXy BHU3
BO u3bexaHue 3acOpeHMd Ilesel BBHICOKOAMCIEPCHBHIMH B3BECAMH.

B mpoMmBILJIEHHBIX YCTAHOBKAX AJS H3BJEUYEHHs OpPTralliecKHX
3arpsisHeHd#l U3 BoABl OOBIUHO NPHUMEHSIOT BepTHKa/bHbe ajcopbe-
pBI, H3TOTOBAsSIeMble IO MHAVBHIYAJAbHBIM NPOEKTaM H/HW BHIIIycKac-
muie cepuiino [3]. HMicnonb3oBaTh B YCTAaHOBKAX AJisl OUMCTKM BOALE
TOPU30HTAJbHbIE HJM KOJAbLeBHE AaAcopbeprl, INpHMeHsieMbe I.15
ajgcopbuun rasos u napoe [4, 5], Kak npasuao, Helemecoo6pasHo,
TaK Kak nmpu afcopbuuu u3 pacTBopoB Heo6XxojauMa 3HauHTeabHAR
BHICOTA CJIOS aKTHBHOFO YIVIA.

Kax 6m10 noxasaHo B riase V, B MOMEHT NPOCKOKA pacTBOPEH-
HOro BeulecTBa B (GHJILTPAT YacThb CJOS AKTUBHOIO yrias (ma yda-
CTKe 30HBI MaccooGMeHa) He MOXeT OHTb HachllleHa 10 PaBHOBECHS
C KOHLEHTpalMel 3arpssHeHHH B BOJe, NOCTyNalollcl Ha OYHCTKY.
JJis DoBHIIIEHHS CTeNeHH HMCMOJb30BaHus alcopOeHTa B GOJBUIMH-
CTBe cAayyaes BKIOYaroT 2—4 anmnapara INOCACAOBATENBHO TaKMM
o6pas3oM, yToGH IOCNe NMPOCKOKa 3arpsidHeHuss B ¢GHaIbTpaT 3a To-
caeqdel KONOHHOH 6JioKa JHIbL TepPBasi MO ABHIKCHHIO BOJBL KO-
JIOHHA4, B KOTOPOH Bech afcOpGEHT NPAaKTHUECKH HACBlleH A0 paB-
HOBeCHS, OTKJI0Yajach HA pereHepalHio.

O HOBPEMEHHO NEpeKAouUeHHeM 3aJBHXCK HA OOBSI3BIBAIOIHX
Tpy6onpoBojax K IMociefHe# KOJOHHe 670Ka NOAKJIOUAIOT KOJOHHY
C paHee oTperellepHPOBaHHBIM AKTHBHHIM yraeM. Takum olpasoM,
YCTAHOBKH, CocTosilive W3 6JI0Ka HECKOJNBKHX ancopOmHOHHBIX KO-
JIOHH NCPHOAMYECKOTO nAefcTBHS,, paboTalOT MO NPOTOUHO-UHKJIHYE-
CKofi cxeme, ofecneyuBaioliefl HENPEPHIBHOCTE IpOLECCA OYHCTKY
CTOYHOH BOJHL.
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Puc. VI-3. Cxema apcopOuHoHHOTO annapaTa GHpMBl «DHBHPOTEKS:

1, 8 — sanopHble KJaanaubl; 2, 9 — naTpyOKH NOJaud OUHILACMOA CTOUHOM BOALl, 3 — marTpy-
GOK AJg BBOJa CBeXero H OTpereHepdpOBaHHOro aKTHBHOro yras, 4, 7 — COOTBETCTBCHHO
HUXKHA® H BepXHAst CHCTEMBLl OTBOAa OYHINEHHON BOabl, § — cOOPHUK OYHULEHHON BOABI, 6 —
Keno6a Aas cOopa ounuieHRON Boan; /0~ cHcTeMa TPY6 MM OTBOAa oTpaboTaHHOrO ajcop-
Genta, [l — KOMJNeKTOp OTBOAa OTpalOTAHHOrO aKTHBHOIO Yyrist; 12 — xopmnyc, 13 — aKTHBHbIA
yroab, 14 — nepdopuponattas IJHTa

CnenyeT OTMeTHTb, YTO peajusalis NoZoGHOH TEXHOJOTHYECKOR
cxeMbl afCcopOIHOHHON OYHCTKH CTOKOB TpebyeT MOBOJIBHO CJOXKHOH
cucreMbl 00Bsi3kM ajicopbepoB, OGOJBIIOTO YHCJIA JAOPOTOCTOSsIIIEH
3aII0PHO-PEry/IHPOBOUHO#l annmaparypsl. PaspaGoTka aMepHKaHCKOR
¢bupME «DHBHPOTEK» [6] MO3BONSET 10 HEKOTOPOf CTeneHH YMpo-
CTHTb CHCTEMY VIpaBJieHHs INOCNeLOBATeNbHO DPaboOTalOUIMMH KO-
JOHHAMH IIPH ONpeleJeHHOX MOoIepHHU3auHu ancopOIHOHHOFO al-
napara. Ilpennoxennas GpUpMofi «DHBHPOTEK» KOJAOHHA MMeET 0CO-
6YI0 cuCcTeMy BBOJA W BHIBOJA BOAH (pHc. VI-3), obecneunsamouym
NpH COoeJHHEHHM ABYX TAaKHX KOJIOHH B GIUHYIO CHCTEMY BO3MOXK-
HOCTb TNpoBeleHHsi o0paboTKH CTOKOB B TOCHENOBaTENbHO-pCBEp-
CHBIOM peXHMe.

Annapar umeeT UMAMHAPHYECKHE Kophyc 12, sarpyKeHHH# cJo-
€M TpaHyJHpoBaHNOro akTHBHOro yrasi I3. AncopOeHT 3achlmaercs
Ha nepdopupoBaHnylo NJAUTY [4, Yepe3 KOTOPYIO KHAKOCTh NPOXO-
OUT paBHOMEPHBIM IIOTOKOM BBepX, a NpOBaJ 3€pPeH aKTHBHOTO yrI-
JIst IpelOTBpAlllaeTCcsl BCTABJCHHEIMH B €€ OTBEPCTHS HacaAKaMH.
Jns nonaun ouyximaeMoil BOAH B ammapat cay:Kar aBa natpy6ka 2
1 9, o6opyRoBaHHHe 3anopHbIMu Kiaanaunamu I u 8. Bo Bpems pa-
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Puc. VI-4. CxeMa NOAKMOYEHAA aacop6epoB GHPMB «DHBHPOTEK>: ,

1 — tpyGonpoBoi nofadll CTOYHLIX BOR; 2 — 3amOpHBIC KJaanaubl; 3, § — aiAcopOUHOHHBIC an-
napartbl; 4 — natpy6KH OTBO;la OYHILCHHOH BOAL; 5 — natTpPyOKH noxavd CTOYHOR BoAm B an-
naparhl,

GOTH KOJIOHHH NaTpyGKHU OTKPBIBAIOTCS TONEPEMEHNO H COOTBETCT-
BeHHO H3MEHseTCH TOUKA BBOAAa KUAKOCTH B Kosouiy. Uepes mat-
py6oK 3 B annapat mocTynaer CBeXHH H pereHepHPOBAHHHI aKTUB-
HBIH YyTrOolb, a OTPAOGOTAHHHI YroJb BHIIPYXKACTCA Uepe3 CHCTCMY
TpyG 10. CucTteMbl OTBOJAA OUMIICIHIION BOABI, PACIOJIOXKEHHble Ha
c/ioeM yTiif, pa3MelICHE B ABYX ypoBHAX 4 u 7. B KOHCTpYKTHBHOM
OTHOLIEHUH OIlM MACHTHYHBL M COCTOAIT M3 XKcadob6oB 6 U cOopii-
Ka 9, CMOHTHpOBaHHOro lla GOKOBOH crTenke Kopnyca. Ouuilesnas
BOoZa BHIXOAMT W3 anmnapara JAm60 Yepe3s BHIXOAHOH nNATPyGoOK 7
BeDXHefl JApCHAXHO# cuCTeMBl, Aubo uyepes naTpyGork 4 uuxHeil
OTBOJLOH CUCTEMBEL.

Ha puc. VI-4 nokasana cxema paGoTH AByx MOC/eA0BaTeNbHO
«CoeauieHHHX xoaouH. CTounas Boja mnomaercs no Tpybomposony I
H TIOCTYIAaeT B TY MJAH MHYIO KOJONIY B 3aBHCHMOCTH OT I0JOXKe-
HHA KJanaHOB. Bepxuue BrixoxHble MAaTPYOKH 4 COCHAHHEHBI C BXOJ-
HbEIMu natpybkamu 5, Ha puc. VI-4,a npusesiena cxema coenmue-
HHf, KOrja CTOYHAs BoJa Illofaercs cHavana B afcopbep 3, a 3a-
TeM B ajpcopbep 6. OGpaTHOe ABMIKEHHe IOTOKA- OUMILAEMOH KHI-
KOCTH NOKa3aHo Ha puc. VI-4,6.

[TpocToTa m HajdeXHOCTb PaGOTH anACOPOLMONHHIX amnapaToB
€ HeNMOJABMKHEIM cJIOeM O00YCJIOBHJH HX IHPOKOe NPHMEHelIHe B TeX-
HOJMOTHH OYHCTKH CcTOYHRX BoA. B CCCP oum, xax npaBuso, npu-
MEHSIIOTCSI Ha YCTAHOBKAaX MaJIo MOLIHOCTH JAJS JIOKAJNbHOI OUHCT-
KH CTOKOB € TOCAeAyIOmed YTHAH3aHHEH H3BJECKAEMbIX M3 BOXL
LCHHBIX. TPOAYKTOB [7—9]. 3a pyGexoM (NpeHMMYILECTBEHHO, B
- CIA) anmaparThl ¢ HeNMOABHUKHMM CJ0eM aKTHBHOTO YIVISI HCIIOMb-
3yIOTCH Ha YCTaHOBKAx OGOJBLION NPOW3BOAHTENBHOCTH IJS OYHCT-
KH OOLIC3aBOACKHX NPOMBIIIJIEHHEIX CTOYHBIX BOJ, a TaKXe AJS HO-
OUYHCTKH GHOJIOTHUCCKH OYHUIEHHHX CTOKOB.

OKCryaTalMsi OUHCTHBEIX COOPYIKEHHH, 060pYAOBaHHEIX afcop-
GepaMu C HENOABHKHBIM CJIOEM 3arpyskH, BEISIBHAA DA CYUIECT-
BEHHBIX TPOGJeM: TPYIHOCTb TPAHCHOPTHPOBKH aKTHBHOTO YIS
N0 OTAeNbHBIM TEXHOJOIMYECKHM CTaAHAM, o6pa3oBanue BO3AYIL-
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HBEIX NMYCTOT B ¢JOe H B CHJIy 3TOro Hapyulcnue paloTel anmnapara,
OYpHHI POCT GUONJEHKH lia JIOBEPXHOCTH 3€PeH YIJf W Pa3BHTHE
B CJ0e [CXKeNaTeIblibiX aHa3pOOHBIX IIPOLCCCOB NPH  HOOYHCTKE
6u0/10THUCCKH ouHIlenHbiX cToudblx BoA [10]. K Tomy xe, B mpo-
MBIIHJICHHBIX YC/JOBUSX Hepegko OKa3biBaeTCsd HeOOXOIMMBIM HC-
no.JbzoBaniie GaTapell U3 Tpex H 50.bILUErO YHCaa I10CJAEL0BATENBHC
BKJIOUCHHBIX KOJIOHH C aKTHBHHIM VIJEM, BHICOTA KOTOPHX [OCTH-
raer 21,0 m [10, 11]. HemocraTkom ancopOUHoOHHBIX alNapaToB C
HETOABHIKHEIM CJIOSM SBJSICTCH Takke HeoOXOOMMOCTb OAHOBpE-
MEHHOH Neperpy3kH 00JblIoil MAcChl aKTUBHOrO YIJas, 3HAYHTEJb-
Hasg YaCThb KOTOPOTO MeHee HAchIllella OPraHMYeCKHMH BellecTBaMH
110 CpaBHEHWI0 ¢ ajAcopbelToM, HAXOXAIMMCSA B IIePBOM IO XOAY
JBHXKEHHS OUHIIAeMOH CTOYHOH XHAKOCTH aicOpOLHOHHOM anra-
pate. ITosTOMy npuMensaTs ancopOLOlHLIE YCTAHOBKH, COCTOSALLIE
H3 psAfa HOCJIef0BATEJIBHO PabOTAOIIUX KOJOHH C HCIOABHKIBLIM
cJ0eM, OKAa3BIBAeTCsl IKOHOMHYECKH Lejecoobpa3Ho JHIIb NpW
BO3MOXKHOCTH pereHepauuy OTpaGoTaHHOr0 aKTHBHOTO YIJf Helo-
cpencTBeHHO B ajacopbcpe (Hampumep, OTIONKOH  MOTJIOLIEHHOTO
BElEeCTBA € BOXSHBIM [1apOM WJAM 3KCTpPakliMedl pacTBOpHTeNEM),
TaK KaK B 3TOM CJyuae COKPAILAIOTCH NOTEPH aKTHBHOTO YIS NpPH
Cro BHIFPY3Ke, TPAaHCIOPTHPOBKE Ha percHepanuio 11 obpaTHoit 3a-
rpy3ke B ajacopbep.

Annmaparsl ¢ gBHXyWIUMCS cjioem aiacopOedra. CylecTBeHHC
YMeHBIIHTL 00beM TpeOyeMOro KOJaMUecTBa aKTHBHOTO YIS IO3BO-
ASIOT aNmapaTe HENPEPHIBHOro AEHCTBHS ¢ IVIOTHBIM ABHIKYIIHMCS
cioem ajacopbenra. [lpunuun nefcTBUS anmapaToB 3TOro THIA
3aK/I04aeTC B TOM, YTO OuHllaeMas XKHAKOCTb JBHXKETCS CHHU3Y
BBepX, a ILIOTHBIH CJa0H ajfcopbeHTa mepeMmeliaercss HaBCcTpeuy eH
CO CKOPOCTHI0, OOECHCYMBAIOLICH HEH3MEHHOE 1[I0 BHICOTE KOJOH-
HEl pacnpefleneHne ajcopbupoBanHoro seiecrsa. Ilpu sToM xonmu-
YeCTBO NOCTYMAIOMIEro B aNlapaT CBEXKero W OTpereHepHpPOBaHHOrO:
AKTHBHOIO yIasg AOJAXHO ObITh cOajaHCHPOBAHO C MaccO® OTBOAH-
MOro Ha perepepaluio ajacopOeHTa.

AnnmapaThel ¢ IJIOTHBIM ABMXKYIUHUMCS CJI0€M [0 NPHHLHKIY Mepe-
MeIlleHHsI aKTHBHOIO YTVl B KOJOHHE MOXHO MOApAasNesuTh HA JBe
rpynnel. K nepBo#t rpynne oTHocsTca afcop6ep, B KOTOPHX YroJb
HepeMclacTCad HaBCTpeuy IOTOKY OYMILAEMOM CTOYHO# BOAB MOA
JileficTBHEM cHJIBbl TsiKecTH. Ko BTOpoifi rpylne oTHocsITCS ammaparsl,
B KOTOpLIX INepeMellieHne c0s alcopOeHTa ofecleunBaeTca pas-
JHYHBIMY MeXaHHYeCKHMH ycTpoicTBaMH. B ammapatax, oTHOCSs-
muxcs K o6eum rpynnam, mogaya cBexero W BHIPY3Ka oTpaboTaH-
Horo ajcopfeHTa MOMXKeT OCYLIeCTBJASTBCA HENPEPHBHO HJM TEPHO-
AWYecKH OTHeAblIBIMH NopuuaMu. ClenyeT OTMeTHTh, YTO B TeXHO-
JOTHH OYMCTKH BOABl M CTOUHBIX Boj OOHIYHO TPHUMEHSIOT annapa-
Tbl, B KOTOPHIX COPOCHT JBHXKeTCH NOA HAEHCTBHEM CILIL TSHXKECTH.
KoHCTpyKllsg 0ZHOro W3 ammapaTtos 3TOTo THMa, paloTaiouiero B
IPOTHBOTOYHOM PeXKHMe C [lepHOANYeCKOl Nofaue#t agcopbenTa, mnpu-
BedcHa la pic. VI-5. Aicopbep paspaGoran u 3amaTentoBaH ¢iip-
moli «AMepuxsH [Toram sux Kamuksa Kopnopefiuns [12] mgas mpo-
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Puc. VI-5. Cxena agpcopbepa ¢ Puc. VI-6. Cxema apcopbepa ¢

ABUXKYINEMCS CJ0eM ajcopOenTa ABHXKYIHHMCA ~ cj10eM  (QUPMY
¢upvut «Auvepuksn Tlotan sHI «AMepukoy Craujgapr O#fn Hu-
Komnxan Kopnopeidinm». Kopuopefiliny.

‘11ecCOB OUMCTKYM Pas3HooGpasHblXx XKHAKMX M raszocobpasubix cpel
‘pasanunbiMy aicop6eHTaMH, B TOM yHcje aKTHBHBIMH YTJISIMH.

Annapar npencrasasier cofoit KOJOHHY I, 3amoJlleHHYIO LeJH-
KOM TUIOTHLIM cJi0eM ajacop0eiiTa, ¢ BepxXxHeH M HHXHEH KOHYCHHI-
MM UacTSMH, CHAGXKeHHBIMH paclpefe/NHTeJbHbBIMH pelleTKaMu 2
g 9. Oummaemas XHAKOCTB @OCTyllaeT B ajacoplep cuusy yepes
BXOAHOH maTpy6oK J H, MPOiAS Yepe3 CJOH aKTHBHOTO YIJH, BHIXO-
JUT cBepxy 1o TpyGonpoBoxy I10. Ceexkuit afcop6GeHT NOCTYTaeT B
anjiapar cBepxy uepes BXOJHO# maTpyGok 8, a orpaboTannas 4actb
aKTHBIIOTO YT/ OTBOAMTCH Ha pereHepauuio no matpy6ry 3. Bxon-
Hble N BLIXOAHBIC TATPYOKY HJS NMOTOKA JKHAKOCTH H ajxcopbenta
.cHabxKeilpl COOTBETCTBEHHO peryJMpyIOIIUMM KJjaauawamu 6, 11, 7
u 4. 115 BBIBOZA YaCTH CJIOS aKTHBHOTO YIVIS, HACBHILEHHO! azcop-
HUpPyeMbiM BEIIECTBOM, 3aKPHIBAIOTCA BXOAHOH 6 M Buxomuo# [/
KJAanaHsl, mpephiBasi ABHXKeHHe ob6pabaTeiBaeMOro IOTOKa, U OT-
kpuBaercs kaanan 4. OanoBpeMCHHO OTKpbLIBaeTCs Kaamaw 7, de-
pes KOTOpHIi B almapar Ii0CTyilaeT CBCXHH aicopOeHT. Peryuan-
PY$l HACTOTY H NPOXOJIKHTEABHOCTh NEPEKJIOUEHHS KJAATaHOB, MOX-
HO ynpaBJiaTh IporeccoM, AoGuUBasch Tpe6yeMoii IO TeXHOJAOTHYE-
CKHM YCJIOBHAIM CTeIeHY OYHCTKH CTOYHBHIX BO.

Jpyras koHCcTpyKuus ajacopbepa ¢ ABMKYIIHMCS CJOEM, 3ama-
-renrosannas ¢upmoit «Amepursn Cranzapr O#a Huropnopeiinin»
[13], nokasana ma puc. VI-6. Ocobennocts aTOro aiiapaTta 3a-
XJI0UaeTcs B TOM, YTO jApeHazKioe YCTPOHCTBO AJs cOopa H OTBOZA
OUHIIEHHOM BOALI J HAXOAMTCH HE B BCPXHEN UacTH KOJOIIHH, a B
gc cpeayeil yacTH, pas/cass ciaofl ajcopbeHTa ifa IBe 30HBI: HMXK-
HIOI0 1 BePXHIOW. AKTHBHBII yroJdb, HaxXoasuiuiics B Bepxueldl 3o0Hc,
JaBHT Ha lHHXKeJexalllie CIOH ajncopOeHTa, HPENSATCTBYS HX ICeB-
pooxnxkelno. [To3ToMy CKOpOCTP BOCXOJSIIETO NOTOKA XHAKOCTH
MOKET HAMHOTO NPEeBHIUATH CKOPOCTb CTECHEHHOTO OCAMXKJCHHS HC-
nonb3yeMHIX B annapaTe rpaHysl akTHBHOro yras. AxcopGep paGo-
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TaeT B IPOTHBOTOYHOM pexkuMe. OuMillaeMas cTouHas BoZa NOCTY-
NaeT B HHMKHIOI YaCTh KOJOHHH MO Tpy6oupoBoay 2, a BHIBOAMUTCA
CBepxy uepes ApeHayKHoe yCcTPOHCTBO /. AKTHBHBHIN Yroab {CBeXHil
M pereHepHpOBAHHBINA) MOCTYIIAaeT Ycpe3 OTKPHITYIO BePXHIOK YacTh
anmapara, a oTpaGOTAHHEE aACOPOEHT OTBOAHICA 4Yepe3 INHTA-
TeNlb 3 B HUKHell 4aCTd KOJOHHHL

B orauuue OoT amnapaTtoB PacCMOTPEHHBIX KOHCTPYKIUHH, B KO-
TOPHIX CKOPOCTh fBHXKEHHs BOCXOASINEro NOTOKA KHJAKOCTH MOXKET
BapblPOBATLCA B HIHPOKHX IpeflesiaX, AJS OYHCTKH CTOUHBIX BOX
fIPUMCHSAIOT B ajacopbepn ¢ OrpaHMYEHHOH CKOPOCTBIO NOTOKA, KO-
TOpas 10AXHa OBTb MeHbIIEe CKOPOCTH CTECHEHHOTO OCaXKIAeHMS
yacTull, copbenta. B Takux anllapaTax HCIONB3YIOT aKTHBHBIE YIJH
C OTHOCHTeNBbHO KPYIHBIMH 3€pHaMH (2—5 MM), HOCKOJBKY HC-
mosip3oBane ajcopbenta 6oJjiee MeJKOrO 3epHEHHS] NPUBOMUT K
COOTBETCTBYIOUIEMY CHHIKENHIO NPOH3BOAMTEIHHOCTH alllapara.

ITpuMep KOHCTPYKTHMBHOTo pelleHHsi ajcopbepa [l14] ¢ nBuxKy-
UIMMCSl CJI0O€M aKTHBHOT'O YIJs, ONYCKAIOUIMMCSl HABCTPeuy MOTOKY
2KUIKOCTH TOJI ZeHCTBHEM CHJBI THMKCCTH, NPHBedeH Ha puc. VI.7.
I'panyssl cBexero azpcopbeliTa BBOAATCS B LMJIHMIAPHYECKHE KOp-
nyc annapara I uepes 3arpysounoe ycTpofictBo 2. Cuofi ancop6eH-
Ta OnycKaeTcsi NOA JeHCTBHeM cOOCTBEHHOTO Beca TpaHyJ, alcop-
Oupys M3 BOCXOJAUIEro MaBCTPedy MOTOKA MKHIKOCTH PaCTBOPEH-
Hoe BeulecTBo. B nuxne#t yactm kopnyca I mmeceTcs nepgopupo-
BaHHBIH LHANKAP 3, OTBEPCTHSL KOTOPOTO JA0CTATOUHO MAaJHl, YTOGHL

. T

\ 2 a4l
3
-
3
p——

Puc. VI-7. Cxema ajcoplepa ¢ ABHXKYIIHMCA CloeM (GHDPMbI «Tops Ka6ycuxn
Kaicsa».
Puc. VI-8. CxeMa JIBHXCJHS HacTHI aKTHBHONO YTAAl B anmapate ¢ ABHXKYIIHMCS
CJ/I0EM,
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Yyepes HUX 3ePHa ajacopfeHTa He mpoxoiunau. Omyckawliuecs BHH3
YACTHIH afcopGeHTa 1uacLllaloTCH OpraHHYeCKMMH BELIECTBAMH H,
npoiifis BUYTPH UHJWHApA, NONMaJalOT Ha INHeK 4, a 3aTeM 0O JH-
guu § BHBOAATcA w3 aunapara. Ouuimaemas XUAKOCTb BBOIHTCS
B KOJIONHYy TO JHHMH 6, MPOXOAMT Yepe3d Iilek 4, BHHT KOTOPOTO
neppopHpOBaH, U BXOJHT B MPOMEXYTOK MeXAay nepdopupoBaH-
HBIM HUAHHAPOM 3 u KoprycoMm I, OTKYAa MHAKOCTL MOCTynaer dYe-
pe3 orBepcTHS 7 BHYTPb LUMJHHADA 3 W Jallee IABHIKETCH BBepX Ha-
BCTpeuy rpanynaMm ancopbenra. OumnineHinass Bojxa OTBOAMTCA H3
BepXHell yaCTH KOJIOHHHI 4epes3 MITYIep.

Caenyer OTMeTHTb, 4To paboTocioco0HOCTH ammapara ¢ ABH-
KYIWHMCS TAOTHHM CJOeM B 3HAUMTENBbHOH Mepe 3aBHCHT OT 3¢-
(dexTHBHOCTH PabOTHI Pa3rpy30YHOr0 YCTPOMHCTBA, BHBOASILIETO OT-
paGoTanueit agcopbent u3 annapata. ITOoCKONBKY CTPYKTypa ciost
3CPHHUCTOro ‘MaTepliaga IpeTepreBaeT 3HAUHTeJbHOE H3MEHEHHEe
NPH TPaBUTALHOHHOM IepEMelleHHH YIS B 30HY BHITPY3KH, BBI-
rpyska orpaboTaHiioro aacopfeHTa H3 OXIOH TOYKH MAOMYCTHMZ
JUIIp B annapaTaX OTHOCHTEJBHO He(O0JBIIOro NHAMETpA.

Ha puc. VI-8 nokaszana cxema JABUXKeHHMS 4YACTHIL aKTHBHOTO
yras (d=2,0 MM) B Mozesu UMAMHApuHYecKoro anmapara |15]. Tlo
OTKJOHEHHIO TPAeKTOPMH JBHXKEHHsl 4aCTHI OT BEPTHKaJH amlnapar
YCJIOBHO MOXKHO paslesuTb Ha ABe 30HH — A; u hy. B nuxuei so-
He /i; 4acTHLH IBHXYTCH C HEOAMHAKOBBLIMM CKOPOCTSMH; 3/1€Ch Ha-
GnopaeTcs ¥ Hauboslee BHICOKAs TOPO3HOCTh CAOS. DTO 06CTOSTEIND-
CTBO cJeflyeT YUMTHIBATb NpPH ONpeJNeneHHH paboueill ANHHBI 30HER
Maccoo6Mena B IOO0OHEIX allmapaTax.

B xauecTBe pa3rpy30YHHIX YCTpO#icTB AJA BHBOma oTpaboTaH-
HOTO aKTHBHOTO YIJIS M3 annapaTa kpome IMHekoB (cM. puc. VI-7)
IPHMEHSIOT . ILTI030Bhle: 1 NPOGKOBEHIe NHUTATENH, WHOGEPHEIE 3aTBO-
pPH U JABYXKJaNaHHhe OOBEMHHIe A03aTOPHI (pnc VI-9). Ipu ux
HCIIO/Ib30BAHAM aJCOp6ep BHINOJNHSIOT B BHAE HHJIHHAPA ¢ KOHYC-
HEIM JHHMIIEM, YroJ HakJOHa obpasylomell kotoporo ofecneYnBaer
‘cBo6oHOE CTOJ3aHWe YINf B 30HY BBRITPY3KH, a paclpelesuTeib-
HOe YCTPOHCTBO 1J51 MoJayu OYHLIAeMOR ZKHMJIKOCTH Pa3MellaioT Ha

Puc, VI-9. KoHCTpYKUHH. pa3rpys3ouHbiX YCTpoHcTB Ass BuBojaa oTpaboTaHHOro
aKTHBHOrO yris H3 amnmapara:

@ — NpoGKOoBLHIf NHUTaTeNb; 6 -— WINOSOBHIA NHTATENb; 6 — WIHOGepHEIN 3aTBOp; &-— KAanaHWuB
o6 beMHbLIR 108aTOD.
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Puc. VI-10. CxeMa ajcopbepa, paboTaloiiero Ha CTAaHUHH OYHCTKH CTOUHBIX BOX
B okpyre Opanx (CHIA);

1 — npoGooTGOPHHK; 2 -— KOJJIEKTOD OUHILEeHHO# BoAM; 3 — 6Gallmac 4 — TpyGoNpOBOA, OTBOAA
aacopGenTta, 5§ — OyHKep ¢ aKTHBHBIM YIJieM; 6 — TPYGONpPOBOA Out IleHHOR BOALI, 7 — ajacop-
Gep, 8 — TpyGONPOBOL 1O4AYH CTOMHOA BOABI, 9 — ApeHaxublit TPyGonposoj,.

YpPOBHe COeJUHEHUS KOHYCROrO JAHHINA ¢ HHIHHJIPHUECKOH HacTblO
KOJIOHHBL.

IlpuMep BoImosHenus noxobuoro ancop6epa, paGoTarwllero Ha
CTaHLMM OUMCTKH CTOUHBIX BoJ B okpyre Opamx (CIHA), nokasau
#Ha puc. VI-10. AnajorMyHOil KOHCTPYKIHH anmapaThl, HO C BHICO-
TO# HUMHHADHUCCKOH dYacTH 3,66 M, paBoTalOT Ha OUYHCTHOM CTaH-
uuy ray6oKod AOOUHCTKE GHOJIOTHYECKH OUYMIIEHHBIX CTOYHBIX BOJ
r. IOxunoe Taxo (CULIA). Axcopbep paGoract mo NPHHOKIOY HPO-
THBOTOKA: OYMILlaeMasi BOJAa HOJAeTCH B HUIXKHIOW UacTh KOJIOHHH,
NPOXOIHUT Uepe3 CJoil aacopOeHTa CHH3Y BBePX M BLIBOLUTCS Uepes
ApeHaykHOe YCTPOHCTBO B BepXHefi yacTu annapara, a yroib ne-
pemelnaercsi B OGpaTHOM HalpaBJeHHH. JIHHUA THADABIHUECKOTO
Hanopa B KOJIOHHE JICXKHT MeXIy BepXoM ajcopbepa H 3arpysou-
HBIM GyHKepOM, YTO NO3BOJISET NOJaBaTh CBeXHUI aKTUBHBIA YTroJb
B annapat, He NPeKpamlas npomnecca OUNCTKH BoAbl. OnuOBpeMellHO
C 3arpyskofi akTHBHOTO yriif (HeNPepbiBHOH MM NEepHOIUYECKOH)
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OTBOAHTCS * OoTpaGoTaHHHIR
agcop6eut. Ilpn nepuodu-
yeCKOM BHIBOZE oTpalboTa-
HOro aKTHBHOIO yrJjs 06bly-
HO BHITPYJKAlOT He O0o.¢e
5—109% cro o6uiero KOJH-
yecTBa B annapare (B OA-
HOM TakoMm anacopbepe Ha-
xoxutes 76,4 M® rpauyJu-
pPOBAHHOTO aKTHBHOILO YT/
¢ uacTHUaMH  pa3sMepoMm
2,5X0,6 mMmMm).

HJist BHITPY3Ku Yrisf u3
KPYIHOTro NpOMBILIJIEHHOTO
Puc, VI-11. Cxema c6opuoro pasrpysoymoro arlldpaTa HEDPEAKO NpHMe-
YCTDOHCTBA aKTHBHOTO yIVIf. HAI0T cGopHHIE pa3rpysou-

uble ycrpofictea. Ha puc.
VI-11 noxasaHo YCTPOHCTBO, COCTOsIlee H3 CHCTEMBI HAKJOHHbIX
Tpy6 I, coeAUHEHHHX C KOHLEHTPHYECKHMH cOGOPHBIMH TpyGamu 2,
YCTaHOBJIEHHBIMY B KOJJIEKTOpe 3. DTH cOOpHBIC yCTpOHCTBA HMCIOT
OTHOCHTEJNBHO HeGOJIbIIHe BHICOTY H METaJJIOeMKOCTb, OAHAKO Aa-
e NIpH ovYeHb MaJiOM YIJie HakJoHa o6pasylolleii KoHyca K BepTH-
KaJH B KOHTAaKTHOM o0beMe BO3HHKAET 3HAUMTENbHAs HeDaBHOMep-
HOCTBb pacinpefiesleHHs CKOPOCTeH B MNOTOKe 3€PHHCTOrO Marepuada
[15]. CooxHBIM $BJASleTCS W METOA pacueTa uucjaa cGOpHBIX TPY6
JAJs BhiBoZa copOeHTa u3 anmapara, YHcJa cTyneHei cGopa u pas-
MEpOB 3JIEMEHTOB KOJIJIEKTOPA.

Bosiee nazexHbIM B paboTe fABJAETCS Pasrpy3oyHoe yCTPOHCTBO
[16], o6pasoBanHOe ABYMs HENOABHXHBHIMH 2, 4 U OJAHON NOABHK-
Hofi 3 Tapenkamu anmapata 9 (puc. VI-12). Kaxpas u3 Tapesox
BHIIOJIHEHA B BHIE PellleTOK C BBAJBbLOBAHHBIMU OTPe3KaMHu TPyl 6.
ITpunuun geficTBHSL TAKOro YCTPOHCTBA 3aKJIOYaeTCs B 3aTOJHEHHE
ancopGentoMm uactu Tpy6 6
NOJBHXKHON Tapejku 8 ue-
pe3 coBuajalwmue  oTBep-
CTHA HENOABHXKHON Tapei-
KH 2 ¥ OJHOBPEMEHHOM
OTNOPOXKHEHHN  OCTaJbHBEIX
TPy6 TOABHIKHON TapejKm
3 uepe3 coBnajgawiuye OT-
BepCTHA HHUIKHEH HENOoABH-
»kHOH Tapeakn 4. Iloapmx-
Hag Ttapeaka 3 NpH IOMoO-
Y THAPAaBAMYECKOrO TpPH-
Boja I coBepliaet ° BO3-
BPaTHO - TMOCTYNaTedbHOE
IBYIKCHHE, NO3TOMY PCIKHM

Puc. VI-12, Cxema nomsmxHoro pasrpysouso ~PAOOTHL 1matpyGKoB TOCTO-
TO yCTpoHCIBAa aKTHBHOTO yrisl. AHHO H3MEHseTCA IIPpH mne-
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pemelleHnn Tapenku 3. DTHM JOCTH-
raercs HempepHBHHIH BHBOZ OTpabo-
TaHHoOro ajcopObenta.

B uekoropeix ammaparax [17, 48]
C TIPOTHBOTOYHBLIM JBHJKEHUEM B3aH-
MojelicTeyomux $as coueraloT NJOT-
HEBII CJIOH ¢ NICEBJOOMKIKEHHBIM (PHC.
VI-13), uTo mocTHraeTcss COOTBETCTBY-
WIMUM n1og60poM COOTHOIUCHHS gHa-
MeTPOB BepxHell M HHXHeh HacTu al-
copGepa. B Takux anmaparaX oueHb
IPOCTO OPraHU30BaTh yHaJjciiHe oTpa-
60TaHHOTO AKTHBHOTO yris (Hanpu-
Mep, NPy noMowH SpAHdTa), UTO
0GYCJIOBIUBACTCS BBICOKOH MOABUNK-
HOCTBLIO YACTHL, HaxoIAMHUXcA BO
B3BeLISHIIOM COCTOAHHH.

Jlpyrum BecbMa BaXKHBLIM 3JE€MEH-
TOM amnnapara ¢ ABHKYIIMMCH cJ0eM
ABJSETCA yCTPOHCTBO JJs 3arpy3KH
anacop6eura. B aacopbepax, uCNOJb-
3yeMBbIX M5 OYHCTKH CTOYHBIX BOJ,
KOHCTD) KI[¥si 3arpy304HOr0 YCTpOHCT-

Puc. VI-18. Cxema amcopOus-
O JHOTO armapaTa [ MJAGTHLIM
ABHXKYLIHMCS H nceBAOOKA-
KOHHLIM LJ0eM aKTHBHOTO YI.af*
! — UHJAHHADHYECKAs 9acTh Kopilyca

annapata ¢ IUIOTHLIM CJOCM ancope-
GeHTa; 2 — KOoHHUeCKas 4acTbhb KopHuy-

C nceBAOONKHKeHHBIM

an Ta
Ba JOJKia OGCCEUHBATh e TOMBKO  caoem  sacopGesta; § — BOBAYXOMPO-
- Bof; 4 — spaudT; 5 - natpyGox Io-
MOJlauy 3aaliHOrO MO TeXHOJOTHYe- 5O 4—oapmudms &= ferpyook fok

CKHM YCJAOBISIM KOJHY€CTBA aACOpP-  oreoAa ouHIeHHON BOAH.

6enTa, HO H OCYHIECTBAATh COOTBETCT-

BYIOILYIO NOAFOTOBKY aKTHBHOTO YIJs X paGoTe B annapare. HeoG-
XOIMMOCTb B NPeABapPHTE/IbHON NOArOTOBKe afcopOeHTa 06yc.oBJe-
Ha TeM, 4TO 3eplia CyXoro akTHBHOIO yIJIA NOJ BO3JCHCTBHEM BO3-
AyXa, 3aKJIO4eHHOro B Iopax, BCIJHBBAIOT Ha I1I0BEPXHOCTH BOABI
TIpY KOHTAKTE ¢ OUHLIAeMOll XKHAKOCTBIO, HApylliasi TeM CaMbiM Tex-
HOJIOTHUECKHIl TIpouecc a 1copOLHH.

B mpocTtefiiteM ciayuae ancopOeHT 3aMauyHBAIOT B TeudeHHe He-
CKOJIBKHX 4acCOB B CCTeCTBEHHBIX YCJOBMAX, a 3aTeM THApO3JseBa-
TopoM & momAaOT B NMPHeMHBIA GyHKep I, pasMellleHHHH B BepxHef
yacTH annapara 4 ¢ IBHXKYUIUMCS 3ePHHCTHM cJoeM (puc. VI-14).
Hosarop [I9] paccuuranm Ha TpHCM CTPOrO ONpPCACAEHHOro OGbe-
Ma aacopbeHTa, M3GHITOK KOTOPOrO uUepe3 NepejuBHYI0 Tpyly 2
Bo3BpawaeTcsi B eMkocTh 7. Ilpu 3ToM aKkTuBHHIL yronib B OyHKe-
pe TOKPEHIT MHHUMAJbHBIM CJOeM BO/bl, NPeJOTBPALIAIOUIUM KOH-
TaKT 3aMOYEHHOro COpOeHTa ¢ BO3AYyXOM H OGJEryarmoiiHM BBIXOZ
yras B afcopbep. CucreMa BHIPY3knu aacopGeHTa u3 GyHKepa B
anmnapar nosBoJisieT NOAJNEPIKHBATL CTPOro 3aJAHHHI YpPoBeHb ax-
THBHOro yris B ajacopGepe. C 3Tofl menbio HA BHIYCKHOH TpyGe 3
YCTAHOBJIEH NepPeMellalomuics N0 BePTHKAMU TeJeCKONHYecKHH ma-
Tpy60K 5, cHaOxeHHHI (ukcupyowuM Mexanusmom 6 [lpu dux-
CHPOBalIHONH YCTaHOBKE TeJeCKONHYCCKOro natpybKa cJoH aKTHBHO-
ro yrjs, HaxoAAIICTOCA B annapare, NepeKpLIBaeT BHX0M afcopleH-
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Ta u3 nmarpy6ka Ao Tex IOP, moKa yacTe oTpaboTaHHOLO yrias He
6yzer oTBe/eHa U3 HUXKHelH YacTu agcopbepa.

Jias uHTeHCHbHKALAY TPOHEcca 3aMadHBaHUA AKTHBHOIO Yrisd
Ha psje AEHCTBYIOIIHX YCTaHOBOK AaACOPOLHOHHOM OYHCTKH CTOY-
HBX BoA B CUIA ropsiuuii akTHBUBIA Yrosib, BHIDPYKEHHBIH U3 Ie-
deil pereHepanui, nopator B Boay (puc. VI-19), rme mnpoucxoaur
OJHOBPEMEHHO ero OXJaxKJAcHHe u NOATOTOBKa K pabore B aicopGe-
pe. B artoM cayuae, OJHAaKO, BO3MOXKHO IIOBBLIIIEHHOE pa3pyuleHHe
rpadysn afgcopbeHTa B pe3yJabTaTe 3HAUMTEJBbHBIX TeMIepaTypPHLIX
HanpsKciHii, N03TOMY Ha NPaKTHKe HEPELKO HCINOJb3YIOT 06paboT-
Ky agTuBHOTO yras napoM. Ha puc. VI-16 nokasaso sarpysounoe
yerpoiictBo [20], B KOTOPOM /it YCKOPEHHS NOATOTOBKH ajcopGeH-
Ta nox Oyurepom I pasMenieH koJuiektop 2 ¢ marpy6ramu 3 A
NoABOJA napa u oTBoZa KoHzxeHcara. Ilocse moAroToBku azncop6el-
Ta JKUAKOCTH OTHEJSIOT OT afcopleHTa uepe3 CeTKH 4 B BHNYCKHOM
yactu 5 OyHKepa uepe3 kKoJuickTop 2. CGopHoe ycTpoiicTBo 6 st
0TBOZa OYHLIENTION BOJB! BHINOJHEHO B BUIE KOJbLA C mepdopHpo-
BAHHOH 110BEPXHOCTBIO, 3AINHIIEHHON CceTKO#l 7, He NpoTmyckawiued
3¢PHAa AKTHBHOrO YIJs. BHYTpPH KOJIBIIEBOrO KOJJICKTODA YCTAHOB-
Jen OapGoTep AJs NepHOAHUECKOW Noxauu BO3Lyxa (BOABI) H OUYH-
CTKHM TaKuM 06pa3oM Nep(opHpPOBaHHON TOBEPXHOCTH OT B3BellUeH-
HBIX BelleCTB HJM MeJAKHX 3epeH yras. Ilo takomy Ke mpHHIINY
BHIIOJIHEHO ApCHAXHOC yCcTpoitetBo (puc. VI-17), KoTopbimM oGopy-
JOBaHEI NPOMLIILJeHIibie aJcOPOUHONHItEIE annapaThl ¢ JABHKYIIHMCSHE
CJ10eM Ha CTaHLHH OYHCTKH cTOUHHEIX BOA I. IOxHoe Taxo u B oxpy-
re Opanx (CHIA).

Puc. VI-14. CxeMa 3arpy3ouHoro ycTpoficTR2 JAAA TNORauM aacopbenTa B afi-
napar.

Puc. VI-15. Cxema ycTpOACTBa AAA OX/AAXKAEHHS PEreHePHPOBAHHOTO AKTHBHOIG
YIas:

! — npuemuplit Gynkep pereHcpHpoBaHMHMoro Yyrias; 2 — TPyGOMpOBOA MOAAUH OXJaXAaiolleid
BOABL, 3 — MYJALMONIPOBOK OXJaXKAEHHOIO yris; 4 — TpyGonpoBop c6poca u3bbiTKa OXJamAaIo~
el BOABI; 5 — CAHBHOA TPyGOMpOBOJA; 6 — ApeHaxHas ceTka; 7 — TPyGonposos nopagH ro-
pAYCro aKTHBHOTO YIJS M3 liedell pereHepalus.
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Puc. VI-17. Cxema JpeHa)Xuoro ycr-
poiictBa AsA c60pa H OTBOAZ OYHILEH-
HOU BOZIHI:

I — aarpysounnii GyHKEpP aKTHMBHOTO YIJfl;
2 — 3aBHKKA C 3JCKTPOIPHBOAOM, 3 — TPY-
60NPOBOA, OTBOJAA OYHUICHHOK BOALI, 4~ Ape-
Ha)Hafl ceTKa, § — Kopmyc ajcopGepa; 6 —
CJAOH aKTHBHOrO yris B adinapare; 7 — ycr-
%oﬁc-rso AJs yRaJleHHsi BO3jAyXa H3 ajcop-
epa,

Puc. VJ-16. Cxema 3arpy3o4HOro ycTpofictea ancopOeHTa.

IMousiTHO, YTO HOPMAaJbHAS 3KCIJYyaTauUs annapara ¢ IJIOTHBIM
cyoeM (HEeNOABHMXKHBIM I1.1¢ ABHKYLIMMCS) BO3MOJKHA TOJIBLKO TpPH
YCJOBHE NpaBUJBHOIO lloAGOpa HacocHOro obopyloBanus, obecre-
YHBAIOUIETO JABHXKEHHE XXHAKOCTH ¢ 3alaHHOH CKOPOCTBIO ucpes
CJOH 3epHHCTOH 3arpys3KH, 4TO CBSI3aHO ¢ ONpeJeJeHHeM THAPaB-
JIMUECKOTO CONPOTHUBJEHHS IJIOTHOFO CJOA aKTHBHOrO YIrJs TpH
JIBUKEHHH 4Yepe3 Hero XHAKOCTH.

Pacaer runpaBiM4eCcKOTO CONMPOTHBJCHHMS MJOTHOrO CNOS  AKTUBHOIO  Yijtsl.
IIpeanoxeHo Go.blioe KOJAHYECTBO pPacueTHHIX 3aBHCHMOCTeH AJAs onpeneieHHs
THAPABJAHYCCKOTO CONPOTHRACHHSA HCNOABHIKHOTO CHOS 3CPIHCTOrO Marepuasa opu
APOXOKICHHH uepe3 Hero NMoToKa KHIKOCTH HAX rasa [21—24]. Do obycaosieHo
OTCVTCTBHEM TOUHOTO pELIeHHS 3a]auu ABHIKCHHUS KHIKOCTH (rasa) B 3CpPHHCTOM
cJioe, a MOJYYECHHBle 3aBHCHMOCTH, CBASHIBAIOHIMe NapaMeTphl HENOABMIKUION HIMX-
Thl M €€ FHJPaBJilUeCKOE CONPOTABJEHHE, NPCACTABASIOT COO0f pe3y/bTaThl 3KC-
IePUMCHTAAbHEX HCCIEA0OBaHHH, oGpaGoraHHble ¢ HCNOJBb30BAHMEM METOLOB TEO-
puy noaodus .

C ¢eHOMEHONIOTHYECKOR TOUKM 3PeHHs TEeYenHe >XMIAKOCTH Yyepe3 HemOoIBHXK-
BB ca0f agcopGeHTa MpercTaBaAseT CO6OI CMeNIAHIYO 3ajauy THAPOAUHAMEKH:
HOTOK, 3aNnoJHAOIHE cBOOOAHNOe NPOCTPANCTBO MeXAY uacTHuamu cxosi, o6Tekaer
3epHa M ABHIKCTCA BHYTDH KallajJoB HenpaBHaAbOR (OPMBI M nepeMEHIOro mnone-
peuroro ceuenust OJHAKO NPH OUEHKe NepPenajoB AABJEHHAS B 3CPHHCTOM CJOS
APHHUMAIOT B COOTBETCTBHHM C BEHIOpaHIION MOJENbIO B KadyecTBe Onpeacasiollero
pasMepa auGo puaMeTp 3epHa 3arpyskd d, JHGO SKBHBAJEHTHH AHAMETP MOPO-
BOro kaeazna d,. ITo3ToMy B mHKelepHOH NDAKTHKe AJAS ONPejeNeHHs THAPAaBJH-
4eCKOro CONPOTHBJAEHHS MJOTHOrO C/NOS MCRO/b3YIOT yPaBHEeHus THNa

A
L — a0t Be2 (VI-1)

155



HIU
Ap vip  a
L =g &l (VI-2)

rae Ap — nepenax xaBAeHHs B 3epuucrtom caoe AauHoft Ly A-u B — HekotopHe
KO (HHIHEHTH MNPONOPHHOHANBHOCTH; ¥ — CPeAHSA CKOPOCTb MOTOKA, pacCyHTaH-
Hasi Ha [OJHOE CeueH#ue C/of; W — KO3 (HUHEHT AHHAMHYECKON BA3KOCTH KHIKO~
CTH; P — MAOTIIOCTh KHUAKOCTH; € — MOPO3HOCTL CJIOR; g — YCKOPeHHe CBOGOAINOrO
najeHusi; a-— IOBEPXHOCTb 3¢PeH B elMHHUE 06beMa CJl0A; [ — K03dHIUUCHT
TpeHHS.
OzHo u3 nanbosiee H3BECTHHX ypaBHeHuil nepsoro THna npeicTasasieT coGof

o6o6iwennylo 3asHcuMocts C, dprana [25]

Ap (1—¢€)2 uv 1—e pv?

7 =150 —3 gt L —— (VI-3)

JIOCTOMHCTBOM 3TOr0 COOTHOINEHHS SBJAAETCH TO, YTO AJAA PaciueToB j0CTa-
TOUHB MHHHMAaJbHBIE CBEACHHS O (PU3HUCCKHX NAapamerpax 3epHHCTOro caosd: d
e. [1opo3HoCTh CIOST & BHPAXKaeT J0M0 CBOGOMHOTO NMPOCTPANCTBA MeXAY 4acTH-
HAaMH B elnHHle 00beMa, 3aHATOrO ca0eM aixcOPOCHTa, B ee HCTPYAHO HafTH, uves
TabaHuHbie 3HAYCHHST HACBIMHOM MAaccH Py H KaXyIefcAd MAOTHOCTH Py aKTHBHOTO
yras

=1—pu/px (VI-4y

HsBecTEbie 3aTpyAHEeHHs BHI3LIBAET ONpele/eHHe JHAMeTPa 3epHa CJIOA, MO-
CKOJIbKY YaCTHIBl NPOMBILIJIEHHEIX AKTHBHbIX yrael (JApoOlcHbIX WIH TpanyaHpo-
BaHHHIX) HMEOT GODMy, oTaHyawmywcs oT chepaveckoit, K tomy xe azcopbent,
3arpyKaeMbifi B annapaTel ¢ OJAOTHLIM CJAOEM, KakK Opamiiao, npeacrasaseT cobofi
CMeChb YaCTHL CAMOro pasiHuHoro pasmepa. ITo 2Tol npauHHe onpeaensioliuf aua-
MeTp 3epHa 3arpysk¥ 4 HaXOZAT 11a OCHOBE YCJOBHON 3aMeHBl peaslbHOH cMecsH
3epHACTOr0 MarepHasna WIAPOKOro ¢paxnmHOHHOIO COCTaBa CHCTeMO# yacTHi npa-
BUJIBHOH (POPMBI OJIHIIAKOBOrO pasmepa, UCHOAB3YH AJS ITOro 3laueHust xospgu-
nHedTa GopMer vactHu @ H cpeiHero NHAMETpa dc MOMMIVCAEPCHON COBOKYTHOCTH

d = Od, (VI-5)

Cpearnfi nHamerp d., Kax Obl10 nokasasHo B [26], caeayeT paccundThiBaTh I1a
OCHOBaHHH CHTOBOTO aHaau3a no dopMmyie

d=1/2%:—

rae Ai— MaccoBas n0/s B CMecH yacT#i pasMmepa d;; d; — OHaMeTp 3epeH, ofm-
perensieMbll AR uyacTHI, y3KOH (pakimMH KaK cCpelHeapHpMeTHUeCKAas BeNHUHHA
MeKAy DHAMETPOM OTBEPCTHl CHTa, ucpe3 KOTOpOe 3epHA. ZAHHOTO pasMepa npo-
X0xAT di, H A¥MAMETPOM OTBePCTHA cHTa d,, Ha KOTOPOM 3TH 3epHa 3aJlepKuBa-
I0TCH;

di+d,

4 =215

Kosgpduument ¢GopMbl yacTdy akTHBHbIX yriefi @, npefcrasasiomuii coboit
OTHOILIEHHE 1IOBEPXHOCTH HIApa, AHAMETDP KOTOPOTrO paBeH JHaMeTDPy AAHIOro 3ep-
Ha (o CHTOBOMY aHaJu3y), K BHelllHeH MOBEPXHOCTH 3TOTO 3epHA, ABASETCH 3KC-
TIePHMEHTANBHO OnpejessieMoil BeiHunnoii. B rabn, VI-1 npubeens 3naueHHs O
I8 psfa NPOMBILIEHHBIX aKTHBHHIX yriefl, KOTOPble MOJMYyuHsaH HauboJbliee pac-
NPOCTpPaHEHHe B TEXHOJOTHH aJCOPOUMOHHOH OYMCTKH BOAbl H NPOMBIIIIEHHBEIX
CTOYHBIX BOJ.

Pacuer nepenafa naB/AeHHS B NJIOTHOM CJoe mo cootHowenuno (VI-2) nosso-
JAseT NOAYYHTh JYyULlyl) CXOZHMOCTb Pe3y/abTaToB pacdeTa ¢ NAHHBIMH 3KCHepH-
MeHTa/IbHEIX H3MEDeHHH IMAPaBAHYeCKOro COnpoTHBIeHHH caos [26], wem no ypan-
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Tabauya VI-1. Pususeckue xapaxrepucTuxu HenoOBUMHOE20 CAOS
RPOMOIULACHHBIX AKTUBHOIX Yeael

R | e &g
s H - MeTp, MM 8 )
86 | 9 |——=|%E | =
Mapka yras dopMma yacTHI Eg ""E S g‘nm L1 8
ge g | g | 88 |Eaa| 3
53 * | E | 25 | 38%| &
523| £§ 7 28 | »8%] B
KAJI-womupit  (momo-| Henpasuasnas (0,75 [0,801(0,670|0,240( 8979 | 0,35
LHCIEpCHHE Cnof) 1,5 10,880(1,320(0,539| 4545 | 0,38
2,5 0,8521{2,130(0,987| 2817 | 0,41
4.0 0,789(3,156|1,524| 1901 | 0,42
BAY (MoHOZHCDEDC » 2,5 |0,793]1,983|0,648| 3623 | 0,37
HBLT cs108)
KAO-nomuuiit  (moJau- » 2,81 [0,832]2,3380,208]| 8650 | 0,3I
JVCNEePCHEL CJI0H)
AT-3 Uuaunapuyec- | 2,020(0,770(1,556(0,788] 3111 | 0,38
Kas
AT-5 1,23 10,789(0,97 10,4771 4714 | 0,36

nenuo (VI-3). Oxnaxo npH onpemenenus Ap no ypasuesnw (VI-2) rpeymoores
IOTMOJHHTeAbHEE CBeJeHHS] O lIGBEPXHOCTH €IMHHUH o0beMa CJos 4, a TakKe O
KO>bhGHIHEHTe TUAPABJIHYECKOr0 COTPOTHBMAEHHUS [;, KOTOPHI MOXKeT GHTb Haiiiew
no gopmyae [21]
8K
fs= Re, + Ka (VI-6)

rie K — xoncranra Kosenun — Kapmasa, npHHAMaeMass JJd CJAOA H3 YacTHI{ pe-
ryaspHofi HecdepHueckol GopMH (rpaHynHponatksie yrad ATl-3 w AT-5) paBuo#t
4,8 u nna yactHu xpobnenbix axTHBHHX yraehr (KAJ, BAY) pasuoir 5; Ku—
HHepUHOHHAs cocraBJasmowas, pasuas 0,75 u 0,585 coorsercTBenuo AaA CJAOH aj-
cop6eHTa M3 yacTHy HenmpaBH/IbHOA (OPMH M B BHIe Ipanyn; Re,=uv,dsp/|h — 3K-
BHBaZeHTHBIH KPHTEPHH PeliHOAbACA, OTPaAXKAOUIME DEXKHM TeuelHS MKHIKOCTH,
d» — 9KBHBAJMEHTHHIl AHaMeTP MOPOBOT0 Kawuala; U; — CPelHsst CKOPOCTh NOTOKa
B MeIK3eplIOBOM NDOCTPAHCTBE CJAOS, ONpeiensieMast u3 3aBHCHMOCTH U;=10/¢

JaHnele 0 QHU3UYECKHX XaPAKTEPHCTHKAX HEMOABHIKHOIO CJIOS PHAa HPOMBILU-
JEHHbIX AKTHBHHIX yrJe#t, npusexenduie B tabn, VI-1, nossoasiior ¢ yIoBJAeTBO-
PHTeNBHONR TOYHOCTBIO DACCYHTHIBATL THAPABAHUECKOE CONPOTHBJEHHE HEMmOIBHK-
HOrO cA0s ApH aAcopOIHOHHOA OYHCTKe CTOYHBIX BOJ, NMPEIBAapHTENbHO OCBOGOIK-
JEeHHBIX OT B3BEIIeNHbLIX BewecTs. [IpexBapHTenbHOe ynaneHHe B3BeCH M3 OuH-
HlaeMOH BOJAH, KaK YKA3biBaloCh paHee, SIBJAETCS HENpPEMeHHBIM YC/IOBHeM HOp-
Ma/bHOH 3KCONYATallHH amnapaTosB C HEMOABHIKHLIM CJ0OEM YIS,

JBuxkyumitcs caoif azcopbenTta, oCyuleCTBASEMbll 6e3 CYLIECTBCHHOro Hapy-
IeHHA KOHTAKTa MeX1y 3epHamMu (B OTHOLICHMY KOHMUEHTDAUWH uaCTHI, & cile-
JOBaTenbHO, ¥ Xapakrepa INBHIKEGHHS MKHIKOCTH B MeX3eDHOBOM MNDPOCTPAHCTRE),.
ABJAAETCA anajoroM HenoABHXKHoro chos, IToaToMy rujpaeanueckoe COMPOTHBIAE-
HHe B ABHIXKYUIEMCS CJOe MOAYMHSETCS TEM JKeé 3AKOHOMEePHOCTHIM, YTO M B CTa-
ironaprom. OJHAKO MOABHIKHOCTH TBEPAOH a3l OO6YC/OBJHBAET HECKOAbKO MO-
BHILIEHHYIO TIOPO3HOCTb ABHMKYINEroCs CJ0S MO CPaBHEHHIO € JLoJdell CBOGOLHOrO:
0o0beMa B HENOABHXKHOM CJOC, H B CHJY 3TOTO MEHbLIYK BEIHUMHY rHjpaBjanye-
CKOTO CONPOTHBJCHHA NPH NPOYHX paBHHX ycaoBusX. JIAsd pacuera nepenags
A2BJEHHS B JBHXKYHIEMCS CJOe MOXHO MOJL30BaThcst ypaBHeHueM (VI-3), yuHTH-
Bafd, YTO NOPO3HOCTh & ABHXKYWerocss ca1os Ha 10—20% Bbime, yeM HenoABHIK-
HoOro.
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2. AMMNAPATbl C MCEBAOOMMKEHHBIM CIIOEM AKTMBHOIO Yrisd

Jas azcopGUUMOHHOIO YAaJieHHs PAaCTBOPEHHBIX OpraHHYeCKHX
BArpsA3HCHUI M3 BOJAB! Ha OYMCTHLIX CTAHNHUAX OOJbLUION HPOM3BOAM-
TEJbHOCTH Y HAC B CTPaHE H 3a py6Ge:KOM HCHOJb3YIOTCH alfapaTsl
¢ 1ICeBAOOKHKENIBIM CJIOeM akKTHBHOro yrasd. Mx npumenenne Ha
KPYHUHBIX YCTAHOBKAaX JECTPYKTHBIOH OUHCTKH TPOMBILIJEIHEIX
CTOYHHIX BOJ, a B TOCJAeIHMHEe TOIL AJA TI1y6OKOH J0OYHCTKH OHO-
JIOTHYECKH OUHIUEHHBIX CTOKOB OOYCJIOBJEHO pPALOM  LOCTOMHCTB,
TIPUCYILMX METOAY ICEeBLOOKWKEHHSA. DBHeADEHHIO anmapartoB C
NCEBAOOKMKEHHEIM CJI0EM B TEXHOJOTHIO OYHCTKM CTOYHBIX BOJ
CII0CO6CTBOBAJIH CJCAYIOHIHE NOCTOHHCTBA:

BO3MOXKHOCTh HCNOJIb30BaHUA 3epeH aJcopOEHTa OTHOCHTEJNbHO
Manaplx pasmepos (0,20—1,0 MM), T. e. UaCTHL AKTHBHBIX Yyrue
€ pa3sBUTOH BHelllHEH NMOBEPXHOCTHIO;

HeGOoJbIlloe THAPaBIHUCCKOE CONPOTHBJIEHHE CJIOM;

BHICOKAas MNOABHIKHOCTL YacCTHI B [CEBIOOKHKEHHOM cCJO€, TOo-
3BoJistoias 6e3 oCOGHIX 3aTPYJHEHHH BeCTH HeNPepHIBHEIN Nponecc
ancopbuuy;

BO3MOKHOCThL CO3[aH¥A annaparos GOJbUIOH NPOU3BOAUTENBLHO-
CTH, CDABHHTEJbHO NDPOCTHIX B KOHCTPYKTI/IBHOM OTHOIUEHHH M Ha-
JeXHBIX B SKCIUIyaTamHu. -

ITepBrie aacop6uUHOHHBIE annapaTh ¢ MCEBAOOKHUIKEHHBIM CJI0eM
aKTHBHOrO yras GLIIM OCBOEHH Yy HAac B CTpaHe B HauwaJse 60-x ro-
JOB Ha CTAHIIHH OYHMCTKH NpoMBIUIAeHIHX crounblXx Bog Uloctkuu-
CKOTO 3aBOJla XHMPEaKTHBOB IPOU3BOAHTENbHOCTBIO 2000 m3/cyr.
Ajcop6ep mpeacTaBafeT co6oii KoJOHHY AuamerpoMm 2,0 M u BBICO-
Tod 4,0 M, HCCKOJBKO pacIIHpeHHYI0 B BepxHe#l wactu (puc. VI-8).
AKTHBHBI} yroab ¢ pa3mepom sepen 0,2—3,0 MM B cyxoM BHIE H3
G6ynkepa I no3upyeTcs IUJIO30BEIM nHTaTeseM 2 B CMeCHTedb 3,
B KOTOpPLIA Mojaetcd u OYMUlaeMas CTOYHAs BOja L/ 3aMayuBalus
# NOATOTOBKH yIif K paGoTe B ammapare. CMecHTeap S8, paccuu-
TauHpldl 1a 10-MunyTHoe npe6uiBaHHe B HEM KHAKOCTH, 060pyLOBaH
ABYXJIONACTHOH MELIAJKOHA HJs TO-
MOT€HH3allld YTOJdbHOf CycneH3uu
H YCKODeHHs INpouecca 3aMauuBa-
uua aacopbenta. M3 cmecHrens
CTOYHAfg BOJA C aKTHBHEIM YIiaeM
1HacocoM 4 TNORACTCH B HUKHIOW
KONYCHYIO 4acTb ajcopbepa o
Iocje OUYHCTKH UYepe3  KOJblEeBOil
Kesno6 6 B BepxHeldl YaCTH KOJIOH-
HBl OTBOJMTCA u3 annapata. Brico-
Ta TICCBLOOXKHKEHHOTO CJIOS B af-
copbepe moanep:KUBAETCHA TOCTOSH-
HOH, 4TO NOCTHIAeTCH OTBOAOM OT-

Puc. VI-18. Cxema OLHOCEKUHOHHO- PabOTAHHOTO AKTHBHOTO YIMA -te-

ro ancopbepa ¢ ncesaoommkernny ~PE3 TEPEIHBHYIO Tpy6y 7. Otpabo-
c¢lioeM aKTHBHOTO YriIdl. TaHHbIY a,ZLCOp6eHT coéupaeTca B
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yreynJoTHHTeNe 8, OTKY- 4 WA % ¥ K
La OH Tmocje 00e3BOKHBaA- - = - = -
HHS HA JIEHTOUHOM BaKyyM- : l ‘
(GUABTPE NANpaBJAETCS HA ! z |
perenepanHio. , L i
IlpumepHo 1o Takomy Ko KK o o K
JKe npHuuuny padoTaroTt 115K ta [y
azcopbuionnbie annapars e 6 Y
Ha CTalll{ AECTPYKTUBHOM — X

OYHCTKH CTOUHBIX BOZ Py-
6eXKaHCKOTO xHMKOMOHiia-

T4 IPOH3BOAITEJILHOCTLIO N
10000 »m®/cyT, ocBOeHHbIE B | ir_j "
cepenune 60-x rogos. Oco- - =
6eHHOCTE  amnmapaTta 3a- : g

KIIO4aeTCA B TOM, HTO €ro Puc. VI-19. CxeMH CEKUHOHMDOBAHHA anmna-
paGouasi yacth BBINOJHEHA PATOB C NCEBIOOMKIMKEHHEM CJ0EM a1copbeH-
B BHIE NHpamMHuIBl C BO3pa- Tta (A — azgcoplent; JK — KHAKOCTD):
CTalIUM CHH3Y BBCPX a — 1oCJAeA0BaTeILHOE CCKILMONNPOBanne; 6 4 g —
napaJjaesbHoe CeKLUIIOHHPOBaHHe; & — ICPCKpecTHOE
ceueHleM, yCTaHOBﬂe”HOﬁ ABHMKEHHE B3auMoAciicTBYIOMNX (as; 6 — CTymeHuas
BHYTDH 0aka KBalpaTHOTO Ik npomisoto wuakol y macpiof dass [= cex:
ceuenuns, BLINOJIHAIOIETO 3 — nepeToynble yctpoiicTsa.
POJIb YrACyIIoTHHTeNS [27], :

IlepBhle OCcBoeHHBIE B MPOMEIUJIEHHOCTH amnapaTthl ¢ ICeBJO-
OXKMXKEHHBIM CJIOEM aKTHBHOTO YIJisi OBLJIM, €CTECTBEHHO, HAJeKH OT
COBEpUIEHCTBa M HMeJM psj CYIICCTBEHHBIX HeZocraTKoB. Ilpex-
Jle BCero, OTCYTCTBOBAJ NPOTHBOTOK B3auMoxeiicTBylowux ¢as, mo-
3TOMY HC NOJIIOCTHIO HCIOJB30BANaCh aACOPOUHOHIIAS CMKOCTh akK-
THBHOTO YTIJisi, BHIBOZHMOro M3 anmnapara Ha perexepanmo. Hupxy-
Jannst TBepaoi (ass BO BceM oObeMe anmnapara IPHUBOAHJA, C OX-
HOH CTOPOHBI, K CHHXEHHMIO ABHXKYLIEHd CHJBI Ipomecca, a ¢ Xpy-
TOHl — K HepaBHOMEDHOCTH BpeMeHH Npe6hBaHuA uacTHil ajacopGen-
Ta ¥ OTCI0La K PAasJIHYHOH CTeleHM OTPabOTKU AaKTHBHOTO YrJd.
Jlias yCcTpaHeHHs: OTMCUEHHBIX HCHOCTATKOB, CBOMCTBECHHBIX B HaH-
6oJblucHi CTemeHH O/IHOKAMEDHHIM annapartaM, NpuGeramoT K cek-
LIIOHIIPOBAIIHIO NCEBIOOXKHKEHNIOTO CJI0s, NPeCJellyd NPy 3TOM IBe
OCHOBHBI® LeJIH: MPHOAH3NTL XapaKTep NPOTEKAHH Ipomecca K yc-
JIOBUSIM HAE€AJBHOTO BLITECHENHS OUHUlaeMOH XHIKOCTH H alcop-
GCcHTa M YCTPaHHTh HEPABHOMEPHOCTH BpeMcHM NpeGLIBaHMA dYac-
Tl B cioe. IIpuHnnnuanbible CXeMBl CCKUHOHHPOBaNHSA alNapaTos:
C TICEBJOOXKHIKEHHBIM CJI0eM, 06pa30oBaHHBIM Napo- HJIu rasoobpas-
IBIM OXHIKAIOIHUM areutoMm, npusefennt B [28]. Ha puc. VI-1%
TOKa3aHBl HEKOTOPHE BapHaHTH CEKIMOHHPOBAaHHA ancopbepoB.

Ha puc. VI-20 npuBeacna KOHCTPYKUHA anmapara ¢ mnapaJ-
JIEIBHO CEKIMOHUPOBAHHHIM MCEBIOOKHMKEHHBIM cJoeM. Ancopbep
BHINIOJIHCH KOJIBIEBHIM B IJaHe; BHyTpH KOpIlyca 7 HeNpEpHIBHO:
llepeMCILalOTCsl BePTHKAJbHBlE INEPErOPOAKM I3, BBIHYyXKIAlOLHe
3EPHHCTHIE MaTepuas JABHraThCA C 338JAaHHOH CKOPOCTBIO OT 30HH
3arpysku CBexero afcopbGeHTa B alnapaTt AO MecTa €ro BHTIPY3-
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Puc. VI-20 Cxema annapaTa C napaajenbiHo CEKIHOHHDOBAHHHIM NCEBANOKHIKEH-
HLIM CJI0EM

1 — HeK AJs NOAAUH cBeXero agcopGelra; 2 — BOPOHKa 3arpy3ouHoro ycrpoficTa; 3 — Bep-
THKAJbHbIC Meperopofiki, ¢ — peuieTka; § — TPYGONpoBOJK, HOAAYH CTOUHOH BOABI, § — OTBOA
‘OUHIKEHHOA BOABI, 7 — KOJLLEBOH KOPMyC; § — TArH; 9 ~ WHeK AJsA BLIBORA OTpaBOTaHHOrO
ancopGeHTa,

Puc. VI-21. CxeMa agcopGepa, CeKBHOHHPOBAHHOTO MNPOBAJIEHHIMH TapeliKaMH:

d — gopnye, 2— MpoBaJbHbi¢ TapCAKl; &-— MHAHHAD C OKHaMH, 4-— TPYGONpOBOR MORAYH
BOAL IJf 3aMauyWBavus agcoplenTta, 5 — comaa, 6 — 3arpysoudas BODOHKa; 7 — LIIIO30BOR
UHUTATeAb, 8 — GYHKED C aKTHBHBIM YrjeM, 9 — BO3ZYXOOTAeHTedb, [0 — BO3NYyXONMpoBOR, II —
KOJbLEBON Keno6 AJsA c6opa OuxuleHHOM BOAM, [2-— 3KkpaH, /3 — OkHa, [4-—s5pandT; 15—
aonjepxKuBaollHe rpasufiibie cnou, I6 — TpYGH pacCnpefesHTeJbHOR CcHCTEMDI; [7 — KOJJIEK-
TOp MOAAUH CTOMHOf BOAM B amcoplep.

®KH. 3azaBasick CKOPOCTHIO IepeMelleHHs BePTHKAJbHHIX Teperopo-
0K, MOXKHO BaphbHPOBaTh BpeMs NpeCHBAHHA YaCTHL, AKTHBHOIO
yras B annapare. PakrtopoM, yXyAmamomuM 3¢9 ¢deKTHBHOCTL pabo-
TH 3TOr0 apcopbepa, sIBIsIETCs pPa3JjWuHasi CTENeHb H3BJCYEHMUS
OpraHUYeCKHX 3arpsi3HEHUH B PA3IHMUHBIX TOYKAX IO [JHHEe anmna-
paTta, D10 OGDBACHAETCS TEM, YTO B 30HE 3ATPY3KH CBCXKHH aKTHUB-
HHIH YyroJb ajAcopOupyer 3arps3HeHHs NDAKTHUCCKH IOJHOCTHIO,
OAHAKO MO Mepe HacHIleHHs CHOCOGHOCTh aacopOeHTa H3BJEKaTh
pacTBOPeHHbIE BellleCTBa NARAeT H COOTBETCTBEHHO CHHUXKaeTCs CTe-
NeHb OUHCTKH CTOYHOH BOJHI.

IMosTroMy B GOJBUIMHCTBE KOHCTPYKHHHl ancOPOLHOHHBIX anna-
PATOB C MCeBAOOXKHKEHHHIM cJoeM, paboTalomuX Ha TPOMBILILJIEH-
HBIX YCTAaHOBKAaX OYHCTKH CTOKOB, 3aJI0JKCH IPHHIHI OCJAeZOoBa-
TEJbLHOTO CEeKLHOHHPOBAHHA ¢ NMPOTHBOTOUHBIM IBHIKCHHUEM MKHMJKOM
H TBepAoH ¢a3. YcTpoficTBO OZHOrO H3 ammapaToB, B KOTOPOM Hc-
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MOJNb30BaH 3TOT NPHHIMN, nokasaHo ua puc. VI-21. Ancop6ep
npeacrasisier co6oil KOJOHHY, pasfeNieHHYI0 M0 BHICOTe HA Cek-
UAH TPOBaJbHBIMU NepdopHpPOBaHHHIMH Tapenkamu 2. OunmiaeMas
CTOYHAS BOJA NIONAETCA B HHUIXKHIOIO 4YacTh annapara no tpyGdaTofl
cucreMe I6 GOJIbIIOTO CONMPOTHBJEHHS, YJOMEHHOH B CJoe rpa-
BHA 15, a ouMlleHHas BOJa OTBOAMTCA Yepe3 KOJblUEBOe ApeHax-
Hoe ycTpoiicTBo I1 B BepxHe#l 4acTu a,gcopﬁepa. AxTHBHLI yroab
B CYXOM BHJe HENPEePHIBHO A03HPYETCHA C MOMOINBIO UIJAI030BOrO MH-
TaTedAss 7 B 3arPy30YHYIO BOPOHKY 6, I'’le MPOHCXOAUT 3aMauHBaHHE
azcopbenTa u MOAroToBKa ero K pabore B annaparte. A BHICPY3KHK
orpaboranHoro aicopOeHTa W3 annapara cayXur 3pJudr 14, HUX-
HHH KOHeL[ KOTOpPOIo YCTaHOBJIeH BOJIM3H I'PaBUAHBIX MOAJAEpKHBA-
romux ciaoes. [leppopHpoBaHHbie TapeJKy B annapaTte BHIOJHAIOT
JBe (QYHKIUHM: CAyXaT [/ PaBHOMEDHOTLO paclpefcleHHs XUIKO-
CcTH IO ceYCHHIO aficopOepa u oGecledynBaIOT NepeTOK MaTepHasa
M3 BbIIIEPACNOJOXKEHHOH CeKIHH Ha HHIKeJekKallylo.

B 3aBucuMmoctu or AuaMerpa OTBepCTuil do W J0JH XKHUBOrO ce-
9eHHs ¢ [POBaJbHA® TapejKa MOXKEeT YACTHYHO HJU TOJHOCTHLIO
OpeAOTBpallaTh UHPKYJIAUHIO TBepAok ¢asu B obbeMe amnmapara.
B nepsom cayuac (npu Goubwmiux do M @) Tapeika BLINOJHAET
poJib TOPMO3AILEr0 YCTPOHCTBA, JIHIIb A0 HEKOTOPOl cTelleHH oOc-
Jabasoulero nNpoioJabHoe IepeMCIINBaHHe aAcop6eHTa B COCeIHHX
cekuusax. [IpoBanbHble peileTKy BTOPOro THNA PACCYHTHIBAIOT lHa
onpefeerittblil, 3aJaHHBIA O TeXHOJOrHYe-

CKHM YCJOBHSM, pacxod ajcopbeHTa, ABH- 4’
¥Kyllerocs B anmaparte NPOTHBOTOKOM OYH- e
L[aeMOH KHJKOCTH, He JAONYCKAlOT TNpPAMO- <—,,
TOYHOTO TlepeMeElleHUs XKHIAKOH WM TBepao#

$a3 1 no3soARIOT 1O06UThCS GoJiee BBHICOKOI 4
spdexTuBHOCTH paboTH Maccoo6MeHHOro
annaparta. CJjeayer, 0JHaKO, OTMCTHTb, 4TO 7
ycrofiuuBas pabora ancopbepa, o6opyno-
BaHHOTO TAKOTO THIa NpPOBAJbIILIMU TapeJ-

wy

1l||
|
i
o

KaMmH, COXpaHsieTCd B OYeHb Y3KOM HHTCp- -

BaJle H3MeHeHUs PACXOJ0B TBEPJOH U XKUI- 3

Kofi $as, a Maseiflllee OTK/IOHeHHe TaPEJKH U

OT TOPH30HTAJbLHOrO TOJOXKEHHUS NpH ee g ) 1 La

MOHTaxe NPHBOAHUT K IUPKYJIAUKU TBEPAOH
¢a3b MexAYy CCKIHSAMY. "=
[ToBHICHTE najgexHOCTh agcopbumonno- I~J 2
TO annapata u B TO Ke BpeMs HCROJDL30-
BaTb TapeJKH ¢ GOJBIUHMH pa3MepaMH OT-
BCPCTHH MO3BOJSAIOT  NyJIbCALHOHHBIE KO-
Jouns ¢ nacaakoii KPMM3 (puc. VI-22),

Puc, VI-22, Cxema myab-
CalMOHHON KOJIOHHH C HA-
caakoit KPUM3:

1 — nomaya BO3ayXa; 2-— 3p-
JAudT, 3 — BHIBOA ajpcopOeHTa,

0co0eHHOCTbI0 paboThl KOTOPHIX SBJISETCA
uepe/i0BaHHE NEPHOJOB HOAAYH BOCXOSAILE-
ro NOTOKA XHAKOCTH U TPaHCIOPTUPOBKH
aacop6enra. Bo BpeMs nojauu ouumaeMoi
XKHAKOCTH B KOJOHHY CKOPOCTH ee JBHIKe-

11—1402

4, 10 —oTBoR M NoAavYa MHA-
KOCTH, 5 — noZaua ajacopGeH-
Ta, 6 — 30Ha pasgeNieHHs, 7 —
nogava Nyabcamuu; & — KOp-
nyc, 9 — uyabcallHOHHAas Ka-
Mepa, Il — cHCTeMa TpaHc-
HOpTHOR mMyJNbCANHH,
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Puc VI-23 KoHCTPYKUHH NEPETOTHHIX YCTPOACTB:

a — caMoperyaupyeMmoie, [ — NOCTOSHHOIO cedeHHdA, 2, 3 — MepeMEeHHOro CceqeHus 4—¢c ame
CKOBbIM 3aTBOPOM, 0 — MPHHYRHTENLHO pCryaupyembie, / — co IIJIO30BbHIM 3aTBODOM, 2w=g
30JIOTHHKOBLIM 3aTBOPOM 3 — co wHeKaMu 4 — 3¥KeKIHOHHOe

Puc. VI-24 Cxema ancopbepa ¢ caMOperyNupyeMbiMH NEPEeTOYHEIMHE YCTPOUCTBAMH:

I — Kopnyc, 2— sarpysouHoe ycTpoHcTBo 8§ — GecmpOBasiblble TapeJKH, 4 — BepTHKaNbHHE
NeperopoiKH, & — CAMBHEIE OTCCKH, 6 — TpyGONpOBOA mOAauu ouHlllaeMOlfl KHAKOCTH, 7 —
NpHBOAMOM MeXaHW3M, & — TpYOH pacmpele/IMTENBHOH cuCTeMBl, 9 — NOAJEPXHBAOLiHe rpas
BufiHble caoM, 10 — FUIpPO3/IeBaTop AN BLIBOJa OTPaGOTaBHOro ancopGeHTa.

HHS B OTBepCTHSIX TapesOK GoJibllic CKOPCCTH OCaXKAeHHsA NHcrepc-
HOil (a3bl, MOITOMYy YacTHUH ajicopleHTa He MOryT NPOHHKHYTb
BHH3 H 3a/lcpXKHUBAlOTCA B Npejc/ax CeKIMH N0 TexX Mop, Moka He
HACTYNHT mepuoj Tpaiicnopra aacopbenra. Ilia nepepaum aacop-
GenTa ¢ TapeJKn Ha TapesJKy BO3AYX u3 IYJbCalHOHHOH KaMepht
GLICTpPO BHITYCKAIOT 4Yepe3 yMnpasiseMplii KJanail, XHAKOCTb TNPH
9TOM B KOJIOHHC ONYCKAeTcs u aicopbeHT BMecTe C Heil neperckaet
Yepe3 OTBEDCTHsI B Tapeske BHH3. M3MeHsig 4acTOTy TpaucnopTupy-
IOIIYX HMOYJbCOB M HX aMILIHTYAY, MOXHO YIpaBJASTb BpeMeHeM
npe6biBanus ancopGenta u ero morokom [28].

B psile KOHCTPYKUH{l MIIOrOCEKIHOHNBIX aNnapaToB C MNCCBIO-
OXHXKEHHHIM CJIOEM ¥ HENPEpHIBHOH Mojadedl OYHLIAEMON XKHUAKOCTH
NpUMeHsAI0T GecnpoBaibHble TapeJKkH, 0GOpYyAOBaHHbIE CIEIHaJIb-
HBIMH NEpeTOYHHIMH YCTpOfACTBaMH, TO3BOJAIOIUAMH MepefaBaTh
3epPHHUCTHIN MaTepuaJ U3 30HBI HU3KOrO JaBJIeHHS B 30HY BBICOKOrO
JdaBienus. PaspaGotano O6onblioe 9YHCIO Pa3JIMYHLIX THIIOB Iepe-
Tounblx ycrpoficts [29, 30], koTopble nmo NpHHUMIY AeHCTBHA yC-
JIOBHO MOXKHO PasIeJHTb Ha caMoperyjadpyeMmble ¥ NPHHYAHTENBHO
peryaupyemble (puc. VI-23). Camoperyaupyembie nepeTouHble yCT-
policTBa B annaparax IJsf CHCTEM XHIKOCTb — TBepJoe TesJo pabo-
TalOT HEYCTOHYHBO BCJIEACTBHe MaJOH PasHOCTH IJIOTHOCTEH TBep-
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AbIX YacTHN M XHAKOCTH. KX ymaercsa Hcnoswn3oBarh JHIIL B amn-
flaparax ¢ nyJscHpyiolesl nogaveif KHAKOCTH.

Ha puc. VI-24 usobpaxen ancopbep ¢ caMoperyJHpyeMBIMH
niepeTOYHBIMY ycTpoiicTBaMu [31], B KOTOpoM poaw nysabcaTopa
BLINOJIHSIET NOABHIKHOE AlHILE KONOHHHB, COBeplualiouiee BO3BpAaTHO-
HOCTynaTe/JibHbie TepeMeleHHs. B MOMEHT, Korga [IOCTHraercs
MaKCHMaJbHasg CKODOCTh MNOTOKa, CJIOH ajJcopGeHTa Ha TapeJkax
IEPEeXOJST BO B3BelleHHOEe COCTOSHHE, BBICOTA CJIOS YBeJUUHBAETCH,
a ero noposHocTb yMeHbinaerca. IIpu aToM uacth ajacopGenra
nepejuBaeTcs depe3 NeperopoikH 4 B CAHBHble OTCEKH O, H TAKHM
006pasoM NPOUCXOIUT ABHIKEHHe aJAcOpOeHTa OT BepXHell TapetkH
A0 HHXHell, OTKyZa OH monajaeT B rujpoajeBatop 10 U BHIBOAHMTCSA
Ha pereHepaluio. BuicoTa cjosi afcopbeHTa Ha Tapesikax peryJupy-
eTcs neperopoikaMu 4, Jna Toro, uTo6H XHAKOCTHL He NOAHHMA-
Jlach TNO CJHMBHHIM OTCEKaM J, B TeX MeCTax CeKIHOHHpYIOIHX Ta-
pesiok ¥, Hax KOTOPBIMH OHH PACIIOJIOKEHBI, [eaeTcd MEHbIIe OT-
BepCTHil.

Bricokoii HafeXKHOCTbIO OTJIHYAIOTCH YCTPOHCTBAa 3XKEKTOPHOTO
THNA ¢ NPHUHYIUTENbHHIM PETyJHpPOBAaHHEM pacXofa TBepnoiH ¢a-
3bl. OHH He UMeIOT JBHXYIIUXCH yacTeil, NPOCTLl B YNpaBJeHHH H
MO 3TUM NPUYHHAM HIIHPOKO NMPUMEHSIOTCS B MIIOTOCEKIHOHHBIX all-
naparax Npy HelpepbIBHON NoJade OYHIIAEMON XKHIAKOCTH.

B ofmewm ciayuae npou3BOAMTENBHOCTh 3XKEKTOPHOTO YCTpOfCT-
Ba 10 TBepHO# ¢ase 3aBUCHT OT €ro KOHCTPYKTHBHHIX Da3MepoOB,
pacxona axckTHpyouleli (paboueit) MKUAKOCTH, THAPOJHHAMHUYECKO-
TO pexuMma B alnapare, NJOTHOCTH u pa3mepa 4acCTHI TBepao# ¢da-
3bl, ()H3MYECKUX CBOHCTB (IJIOTHOCTH M BA3KOCTH) XuaxkocTH. Me-
ClleloBaHAS paGoOTHl NEPEeTOYHOro yCTpoHCTBa, npoBeneHHbe B [32]
AJIE CHCTEMbl AKTHBHbBI{ YroJib — BOAA, TO3BOJUIH HAHTH 3MIHpPH-
JeCKOe BhIpaxeHHe, NO3BOJsAIONEe PACCIHTHIBATD IMKEKTOPHHIE YCT-
poficTBa

Ky = 1,064K.9:4- K052, K,-1,29%

IpH ycaoBUH
Ky=4; Kp=1,25+1,75; Ky=5+24

rie Ko=g:/qx — KO3hOHUMEHT 33KeKuHK, NpeACTABATIOMHEA CcoB0f  OTHOMECHHE
pacxoja 3epHACTOro MaTepHana uyepes MEPCTQUHYIO TPYSY ¢r K PacXoAy 3:KeK-
THPYIOIIER JKHAKOCTH ¢w; Kp=Ln/L — OTHOCHTE/BHOE pacIIHpeHHe TCEBHOOXKH-
XeHyoro caosi; Lﬂ'_‘BbICOTa NCeBA00KHKEHHOr0 ¢J04, OﬁpaBOBaHHOI‘O H3 HCIIO-
ABUXHOrO BHCOTOR L; Ke=dun/de; Ku=lu/dn; Ky=he/dy — xoucrantu reomerpu-
9eCKOro NOAOGus; dn U de — COOTBETCTBEHHO JHAMETP NepeTO4HOi TPYOH U comaa;
In — pnuHa neperounoR TPy6Hl; hc — BHICOTa YCTAaHOBKH comnja HaJ yCTheM mepe-
TOuHOH TPYGHL

Cnenyer, ofHAaKO, OTMeTHTb, 4TO He3aBHCHMO OT THIA nepe-
TOYHOr0 YCTPOACTBA, YHC/A STHX YCTPOACTB M pACHOJOXKEHHS B
MHOTOCTYNEHYATOM aJCOPOUHOHHOM aNTapaTe ¢ NCeBAOOKUKEHIIBIM
CJIOEM, OHH JIMIIb YaCTHYHO NO3BOJIAIOT YCTPAHUTH HepaBHOMep-
HOCTb CTefleHH OTPAGOTKH aKTHBHOTO YIJis, BHIIPYXaeMOrO H3 ai-
napaTta Ha pereHepauuio. 3T0 BHI3BAHO HHTEHCHBHHEIM TepeMelifBa-
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HHEM TBepAol (pasbl B INCEBIOOKHIKEHHOM CJIOe H HeBO3MOKHOCTHIO
yTNpaBJeHHA NepeMelluBaHlieM dYacTHU ajAcopbeHTa B  Hpejenax
CeKLlud anmaparta. B pe3ylbTaTe 3TOro HEKOTOphle YacTHIB! H3 MOP-
1HY, BBCJAECHHON B IICEeBAOOXHKEHHBIH CJIOf, HAXOAATCA B CJIoe Ma-
Jioe BPcMA J0 TNonajanus B [ePeTOYHOe YCTPOHCTBO, TOTAa Kak
Apyrue 3aAepKHNBalOTC Ha BpeM#, 3HAYHTe bHO NPEBHIILAIOIEE He-
o6xofnMoe AJsA HaCHIeHHs HX afacopbupyeMBIMH BelllecTBaMH. -
(dekTHBHOCTL paGoTh! annapara, OGOPyNOBAHHOIG MNEpPeTOUHBIMH
yCTPOHCTBAMH, CHHXKaeTca B emle GoJibllell CTeneHd IPH HCIOJb-
30BAHMH AKTUBHHIX YTJelt IIHPOKOro (PpaKUHOHHOTO cOCTaBa, Io-
CKOJIBKY Cemapauusi 4acTHI[ Mo pasMepaM B cJOe CYIIeCTBeHHO 3a-
TPYJAHAET HX HePETOK MO CeKUHSM.

HepocraTkd, npucylliie MHOTOCEKLHOHHBIM amnmapaTaM ¢ Tpo-
BaJbHHMH TapeJKaMH, a TaKXe ¢ HEPeTOYHBIMH YCTPOHCTBaMH,
0o6ycJ0BHJIN TIOHUCK OoJiee palHOHAJBHOH KOHCTPYKIHH aicopbepa.
B nocneaune roawm paspaGoraibi aacopOHyoHHBle aNNapaTH  Cco
CMeHHOIHKJIHYECKHM IlepeMellleineM ajicopbeHTa, B KOTOpPHIX coye-
TAIOTCA JOCTOMHCTBA IMCEBAOOKHMKCHIIONO ¢JIOS C NPOTUBOTOYHLIM
JABHKEHHEM B3auMOJeHCTBYIOmHX (a3 B NOCJIeA0BATEIBHO CEKIHO-
HUpoBalHOfi KomoHHe. Ha pue. VI-25 nokasana cxema Takoro ag-
copbepa [33, 34]. Annapar npeacraBiasger coGoit ko.ouHy I, co-
CTOAIIYIO U3 OTHENbHBIX ceKudil ¢ ynopamu 2. KoJsoHna cHaGxcha
FOPH30HTANbHHIMY OecnpoBalbHEIMH nepdopHPOBAHHBIMH Tape/xa-
MH 3, KaXZIas H3 KOTOPBIX MOXKeT NOBOPAUIIBATLCH BOKPYT TOpH-
30HTaJbHOll ocu 4, Mpoxojsuleil dyepes cepeanny noakd. [Toeopo-
Thl OCYIIeCTBJSIOTCS NPH TNOMOULH PHIYAroB ¢ NpOTHBOBecaMu 7
aBTOMaTHYeCKHM NpHBOJAOM. Jljd mojaum 3epHHCTOrOo MaTepHana B
annapar cBepXy d BHIBOAa MaTepHaJa M3 Hero NpeiyCMOTPeHbl MH-
tatesd. OyHilaeMas XHAKOCTb BBOJUTCA CHH3y dYepe3 paclipefelu-
TCJABHHHA cJiofl 6, COCTOAIIMI H3 HEHOABMKHON HHePTHON HacCaiKH.
IIpoxoas uepes cioit 3epHHCTOrO MaTepHuasia Ha NOJKAX, XKHIKOCTb
TICCBA0OXKHKAaeT afCcOPOCHT U KOUTaKTHpyeT ¢ HuM. OTBOJ ouHuleH-
HOfl XHMAKOCTH OCYIleCTBJAseTcH depe3 cGOPHHI JOTOK B paciuu-
PEHHOH! 49acTH KOJOHHHI.

B sTom anmapare akTHBHBIE yrosb mnpeGeiBaeT B npeienax Of-
HOM CeKUMH CTPOro 3aJaHHOe BPeMs, HeOGXOAWMOe IJs e€ro Hachkl-
IIeHNUs,, a 3aTeM NIPH NOBOPOTe TapEJKH Hepe/aeTcsi Ha HUXKeJexa-
LlyI0 CeKIlHI0, rie KOHTaKTHpyer c OoJiee 3arpsi3iieHHOM CTOYHOM
BOJAOH u TakHM o6pasom poHachuiaercd. [lTocaemoBatesbuo mepe-
XOd8 ¢ IOJKH Ha TOJKY, aAcOpOeHT HachlllaeTca Bce B Ooablieil
CTENCHU H YAaJseTcA H3 aliaparta INOJHOCTbIO OTPabOTAHHBIM.
L{uKT 9acTHYHON CMeHHl Cro HaYdHAaeTcs YAAJCHHEM 3epeH :c caMmoil
HHXHe# NOJMKH NyTEM MOBOPOTa ee ¢ MOCJCAYIOHNIHM BO3BpalleHHeM
B HCXO/IHOc TODHM30HTaJbHOc ToJoxkeHHe., KuHemaTHucckH cBasan-
HHl ¢ 1IHXHell NOJIKOH TOBOPOTHBIN NepdOpUPOBAHHBIA IHHTOK 5
NDH HAKJOHE NOJKH OTKPHBAeT KaHaJ BHIXOJAa M NIOMOraeTr Hanpa-
BHUTb 3CPHHCTHIl MaTepuasa U3 anmapara. 3aTcM NOBOPOTOM BTOPOMH
NOJIKH (CYHTasi CHH3Y) afAcopOeHT nepelaercss Ha HHKHIOK TOJIKY.
Ananoruysble onepanuud NPOU3BOAAT IOCJIEA0BATEJBHO CO BCEMH
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Puc. VI-25, Cxema ancopOGuUuOHHOTO annapaTra ¢ INOBOPOTHHIMH TapelKaMH.

Puc VI-26 Cxema ajcopOLLHOHHOTO anpaparta ¢ HOABHKHBIMH CeKUHOHHDYIOLLH-
MH Tapejakamnu-

1 — HenmOZBHXKHDLIE MepHOPHPOBAHHbIE TApeNKH, 2 — OKHA, 3 — MOJBHXHLie nepdopupoBaHHHE
nJacTHHE, 4 -— GYHKep € aKTHBHBIM YracMm, 5 — OTBOY OuMliedHol Bojhl, 6 — THra, 7 — npm-
BOA, 8 — 3paudT, 9 — KOJJIEKTOp MOAAYH CTOYHOH BOAbLI

rapeagaMu. [locie ONMoOpOXKHeHHs BepXHeH TapesjKH Ha Hee NHTa-
TeJieM TOLAeTCS CBEXKHH AKTHBHBIl yroJib, H 3aTeM BeCh LHKJ IO-
BTODSETCH.

VcaoBueM, OrpaHHYHBAIOIUUM NPHMEHEHHe aNnapaTos ¢ IIOBO-
POTHHIMY TapeJKaMy Ha KPYNHBIX CTAHIHAX ajcopOIHOHHOR ouH-
CTKH CTOYIIBIX BOJ, SBJASCTCA OTHOCHTEJNHHO HeGOJBIION AHaMeTp
KOJIOHHH 3T0 BHI2Bali0 KOHCTPYKTHBHBIMHM OCJIOXKHEHHSMH, BO3HH-
KaIOILMMH 0OpPY NPOEKTHPOBAHHHU CHCTEMH! NpHBOIA AJMS MNMOBOPOTA
TapeJIKH, a TAKXe HapyWCHHCM rydipoiutaMH4YeCKOro pexuma B
NCeBAOOXKHKEHHBX CJAOAX NPH Nepefade ajacopGeHTa IO CeKUNIM
KOJIOHHB!, MOCKOJbKY IpH TNOBOPOTe TapesJKH INOTOK XKHAKOCTH
yCTpeMJIAieTc B NMPOCBeT MeXAy KOJIOHHO u Tapeskoii 6e3 pas-
HOMCPHOro pacrhpejesneHys [0 ceyeHuro aacopbepa.

OcoGenHocTb annapata G6oJblIof mnpousBoauTeJbHOCTH [35],
cxeMa KOTOporo npuBelieHa Ha pHuc. VI-26, sakiiouaerca B TOM,
uTo nepdopupoBaHHble Tapekd I, pasmensionine KOpNyc amnapara
Ha PAJ KOHTAKTHHIX 30H, HMEIOT OKHa 2, NOJ KOTOpPHIMH pPacCHoJio-
¥eHH NOABHKHble NephOpUpPOBaHHbBIE JIACTHHL J, cBA3AHHBIe TAra-
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MH 6 c npuBoAaMH 7 BO3BPATHO-MOCTyNA-
" rempHOro snBmxenus. B stoM agcopbepe
nepefaua akTHBHOTO YIVIS ¢ TapeJKu Ha
TapeJKy IPOHUCXOAMT 4Yepe3 OKHa 2; ahs
3TOr0 NPH NOMOIIM TPHBOAA 7 M TArH 6
IlepCMellaloT TOPH3OHTAMbHbBIE HepdopHpo-
Bankble 3JCMEHTH, OTKpLIBasi TAKHM 0o6pa-
30M OKHa B CeKIHOHHpYylollel TapeJke. [To-
cle 3aBepIleHHs Tepeladn copbenta C
BepXHedl CEeKIHH Ha HHKHIOI OKHA BEpXHei

Eoda

AxmuBrerd

S
S CEeKUHOHHMDYIOIUEH  TapelJKH 3aKpHIBAIOT,
BO3Bpalllas neppopHpPOBanHLe IJNACTHHH B
Puc, VI-27. Cxema ouct-  1CXQAHOC TIOJOXKEHHE.
PYKIHA  pacnpeienuTens- Ecrectenno, ad¢exTuBHoCcT T060T0
Horo ycrpofictea ¢upmmt  a/icopOuMoiHoro amnmnapata 3aBHCHT  OT
«Bepraepkcdepanns. HaZle?KHOCTH # paboTOCnOCOGHOCTH OTAEb:

HHX Cro y3/I0B H YCTPOHCTB, NO3TOMY HHIKe
DCTAHOBUMCS HA KOHCTPYKTHBHBIX peilleliusX BaKHefIHX 3JeMeH-
TOB MHOTOCEKI[MOHHHIX AMNapaToB C NCEBIO0XKHXKEHHBIM C0EM.

PacnpefeantenbHoe YCTPOHCTBO JJig MOJAUYM OHHINAEMON XKuJ-
KocTu B annapar. B mpocreifiiem cayuae 3Ty posb MOXKeT BLINOJ-
HATL KOHHYecKoe AHHILIe aiacopbepa ¢ yraoM npu Bepiuxie ot 30
oo 90° (cm. puc. VI-18). Onsa Gosee paBHOMepPHOrO pacunpejeliends
NOTOKA MO CEUEHHIO ANMapaTa YCTAllaBIMBAIOT B MeCTe IPHMBIKA-
HHUS KOHHYECKOro AHHWINA K IHJHHAPHUECKOMY Kopmycy mepdopupo-
BaHHYI0 pellleTKy, Ha KOTOPYI0 VKJA3ABBAIOT MNOAAEPKUBAIOIIHE
caou mebHd WIH TpaBHs ¢ TeM, uToObl NPefOTBPATHThL NMPOBAJHBA-
HHE 3ePHHUCTOTO MATepHaJa B KOHHUECKYIO YACTb NpPH NpeKpalleHHH
NoJAyd OYHUIAEMOl XuAKOcTH [36]. YcoBepiieHCTBOBAIIHAS KOHCT-
PyKUHs pacupeleJIHTeNLHOrO yCTpoHcTBa, MpeAJoXceHHOrO (GuHpMOi
«Bepreepkchepbann» [37], nokasaHa ua puc. VI-27. OcoGennocrs
9TOro yCTPOMCTBa 3aKJI0YaeTcs B TOM, 4TO B KOHHUYCCKOM AHHuIlle 2
anfapara pa3MellleH JONOJHHTENLHO paCIpeleJUTCAbHHIA Konyc 3
CO MHOXeCTBOM OTBepCTHil, yepe3 KOTOPHe B ammapar ! noCrymnaer
ouxillaeMas cTouHas Boja, OrpaboranHbll aJcopGeHT yJaansieTcs
U3 anmapata Npu OTKPHITHH AOHHOTO KJamana 4 4Yepe3 KoJbLEBOi
3a30p MeX1y KOHHYECKUM JHHILEeM H pacnpelefHTEJNbHbIM KOHY-
.coM. TakuM o6pasom pewmaercss npob.jeMa pacnpeleseHHS XUAKO-
.CTH ¥ OTBOJA ajfcop6eHTa Ha pereHepanHio.

Hnsi yMenblileHUg CTPOUTENbHOH BBHICOTHI annapara BMeCTO KO-
HYCHOro [MHHIA NPHMEHAIOT TpybuaTble paciipelelHTeNIbHbIC CH-
¢cTeMn G0JIbLIOTO CONPOTHBJEHNS, pa3MelllaeMble B TPABHHHBIX UJH
I(eOeHOYHBIX MOANepXHBalOMWuX caosix (cM. puc. VI-21). Huamerp
oTBepcThit B TPy6ax o6GbiuHO MpelycMaTpuBaloT He MeHee 10 MM,
4TOOBI HCKJIOYHTb 3acopeHHe TNepdopanun rpyGoaucnepCHEIMH
B3BecsMH, NOCTYNAIOIIMMH B annapaT ¢ oudlliaevMoll CTOYHOH BOXOH.
Pacnonaraior oTBepctHs mo ofe CTOPOHB TPpyOW B I1IaXMaTHOM
nopsijKe, HaNpaBJsfs HX BHH3 1of yriom 45° K ocu TpyGei. Pac-
CTOSIHHEe MeXJy OCAMY OTBepCTHil MPHHHMAIOT C TaKHM pacueToM,
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4To6bl O6llasi NJOLIAAp OTBepCTHi He mpesnmana 0,3% paboueht
nJomianu ajgcopbepa.

VerpoiicTBo AJsi OTBOJA OYHIIEHHOW BOALI M3 amnapara BEINOJ-
HsloT B BHAe cBopHoro mepudepuitHoro xenoba (cM. pHc. VIi-18)
WIM KOJbLEBOro mepdopHpoBaHHOTo ApeHaxa (cM. puc. VI-21).
CrennasbHHX Mep AJs 3alHThl COOPHBIX YCTPOHCTB OT NMOMaAaHHA
B HHUX MeJKHX YacTHl aKTHBHOTO yrjsi, Kak NpaBuio, He Mpenay-
CMAaTPHBAIOT, MOCKOJBKY B3BCIIEHHble BELIeCTBA YJaJasioT U3 CTOY-
HON BOJH Ha OUHCTHBIX YCTAaliOBKax nocjie aAcopOUHOHHBIX amma-
PaTOB C MCEBLOOXKUIKEITHHIM CJOEM.

PacnpeneautenbHble Tapedku. B azcopGepax, HCHOJIb3YeMBIX
7% OYHCTKH CTOKOB, NMpOBa/bHblC MM OecmpoBanbHBlE pacnpeje-
JMTEJbliBle TApeJKH OOHYIIO BEIMOJAHAIOT MJOCKHMH ¢ KpyrJoft
nepdopaurei, 4T0 OGYCJIOBJIEHO NPOCTOTOH H3TOTOBJEHHS, MOHTA-
Ka u o6cayxuBaHusa. [Ipy NpoeKTHpOBaHUH IMPOBAJBHBIX CEKUHO-
HHPYIOIHUX TapeNoK J0IO XKIBOTO CeueHHs ¢ pCLICTKH NPHHAMAIOT
B mpefenax 15—30% npu anamerpe d, orsepctus 10—20 mm.
OnbiT 3kcniayarauud aacopbepos, 060pyIOBaHHBIX TAKHMH Tapes-
KaMH, N0Ka3aJ HX BHICOKYIO HaleXHOCTb NPH JI060# KONLCHTpallHH
B3BeIICHHBIX BellecTs B Boje [36].

Heo6xonuMo UMeTb B BHAY, ONHAKO, YTO NPOBaJbHBIE TapesKH
He o6ecnmeynBaioT (QUKCHPOBAHHOIO MPOTUBOAABJEHHS ICEBIOOXKH-
JKeHHOro cjof ¥ (DaKTHYECKH BHIMOJHAIOT pOJib He CeKIHOHHUDYIO-
Llero pacnpefeaHTeJbHOrO yCTpOHCTBA, a TOPMO3SLICIO — OrPaHH-
YHBAIONIEr0 A0 HEKOTOPO# CTemeHH WHPKYJASIHIO TBepAaod ¢assl mo
BceMy amnapaty. [To3ToMy B GOJbUIHHCTBe aACOPOLUHMOHHHIX amma-
PaTOB C NCEBAOOKHMKEHHBIM CJIOeM MpelycMaTpUBaloT GecmpoBalb-
HEIE CEeKILMOHUPpYIOIHe Tapedkd. IIpH HX NpoeKTHPOBAHHH BO3HHKAET
Heo6XOMMMOCTh B ONpeleNeHHH TaKHX KOHCTDPYKTUBIKIX Tmapa-
MeTpOB, KaK JHaMeTp OTBepCTHs do M /1015 MUBOTO CEUCHHS Taped-
ki ¢. Hannuue B ounuiaeMoii crounofl Bofie rpyObX B3secell, a Tak-
’Ke ONmacHOCTb obpacTaHus OTBepCTHH peuleTOK TPeGylOT MaKCH-
MaJbHO BO3MOXKHOrO yBEJHUEHHs AMaMeTpa OTBepPCTHH, 4TO orpa-
HHYKMBAETCH YCJIOBHAMHE, IIPH KOTOPHIX obecneunBaercs OecnpoBasib-
HOCTb paclpeleNUTeJbHOTO yCTPOiCcTBa, Kak MpH paboTe annapara,
TaK ¥ ero OCTaHOBKAaX.

MagcuManbHbIfi AuaMeTp OTBEpCTHH d,, obecneuusarmolmuit Gec-
IpPOBAJbHOCTh paclpelesHTeibHO! TapeskH NPH [PeKpalleHHH Mo-
AAuy OXKHUXKAIOWEro areHTa B anlapaT, MOXKHO ONpelenuTh IO IM-
nupuyeckod 3apucuMoctu [38]

do = 0,75 - 2,95d
rie d — 5KBHBaJIEHTHHI auaMerp 4acTHIX aKTHBHOro y['Jlﬂ.

3HaunTeNbHO GOJbIliHe 3HA4YeHHH do MOTYT OBITH MPHMATHL MpPH
IIPOEKTHPOBAHHY GecnpoBajbHOH pellleTKH B cJaydae JBHKeHHS
XKHUJAKOCTH ¢ ONpeleNieHHOA CKOPOCTbIO Yepe3 OTBEPCTHs pacipefe-
JHTeNIbHO! peunleTKH, T. €. mpu pabore ammapata. TeopeTH4ecKH
CKOpOCTb HCTEYCHHS XHAKOCTH M3 OTBepcTHA, NpelOoTBpamanias
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Puc, VI-28. KoHcTpyRUuSA [ABOfiHOK 6eCnpPOBaNbHON TapesKH:
1 — npoBanbHasg pacnpefeyHTeNbHAR DelieTKa; 2 — pDpoBajbHasl SanmHpajolllasg PellleTka.

Puc, VI-29. Pa3bupKa OTBepCTH pacnpelesHTE/bHLIX pelleToK:
@ — KOPHAODPHOe DacnojioXeKHe OTBepcTHA; 6 — IaxMaTHOe pPacloJoXeHHe OTBepCTHA.

JBHXEHHe MaTepuasna B oOpaTHOM HaNpaBJIeHHUH, JOMKHA OHTH He
MeHee CKOpPOCTH BHTaHus (yHoca) oamHouHoft yactunu. Onpako
Ha TIpaKTHKe BCJeICTBHE HePABHOMEpPHOCTH paclpelesieHHs MNOTO-
Ka B anmaparte (ayKTyauuu HaBJeHHS M NOyJbCAallMH yacTull B
ICEeBJOOKHKEHHOM CJjoe NMpH pacueTe GeClpoBaJbHHX TApeJOK pe-
KOMeHayeTcsi NPHHHMATh CKOPOCTb NMOTOKA B OTBEPCTHAX B 7—
10 pa3 BHIIe CKOPOCTH BUTAHHS 3epHHCTOrO Marepuana [29, 39].
KpoMe oauHapHBIX pacnpelesHTeSbHRIX DPEILIETOK B amhnaparax
C NMCEBIOOXKHMKEHHBIM cj0eM IpPHMeNlsOT [BOfHHe GecmpoBalbiHhle
Tapenakil (puc. VI-28), B KOTODBIX HHXKHSAS peLIETKA BHINOJHAET
pOJIb «3aNMPAIOIIEro» yCTPOMCTBA, MPENATCTBYIOLIErO MPOBAJy Ma-
TepHaja MpH BHe3alHOH OCTAHOBKe aNNapaTta U mpeKpallleHHH MOo-
Aauy oydumaeMoil xugakocTd. OTBepcTHs B HHKHell pelietrke pac-
N0J0XKeHB! B TOM 2Ke NMOPAAKE, YTO M B BepXHelf, HO CMelICHH Ha
mojiara. 3Hast YroJ eCTeCTBEHHOrO OTKOCa 3epPHHCTOrO MarepHa-
Ja @, MOXHO ONpellelUTh DACETOSHHE MeXAY pacnpeaeaHTeabHOMH
H 3amupanomed pemerkamMu [29]
L= S —(do+dy’)
P 2tga
rae do u d’q — IMaMeTPH OTBePCTHA pacnpefienuTeAbHOf M Sanupaolielt peie-
TOK; S — IIar MeXAy oTBepCTHAMH.

HutepecHo oTMeTHTb, uTo axcopbGepHl, nmpefHA3HAYEHHblE MJIS

.QUHCTKH CTOYHHIX BOJA M OOODYNOBaHHEIE TapejKaMH TaKOTO THIA,
.Obin mpepyioxkennl ¢upMolt «Kypura Yorep» n 3amareHTOBaHH B

SInonuu, CIUA u OPT [40] Toabko B 1974—1977 rr., B TO BpeMs
f;g]s OTEUeCTBEHHON JIHTepaType oHu Ghliu oNHcaHbl yxe B 1967 r.

IIpn KOHCTPYHPOBaHHH pacHpefeNUTeNbHBIX PEUIETOK HCTOMAb3Y-
10T KOpHIOpDHOE W INaXMAaTHOe pACHOJOXEHHe OTBepCcTHH (pHC.
VI-2S?_). Hucno orsepctufi N, B pemierke obmielt nuomagsio Fp ¢
LOJieH XKUBOTO CEYEHHA ¢ H KHAMETPOM OTBepCTus do MOKHO pac-
cuatath no dopmysae

No=—"3a
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B ta6n. VI-2 mpuBeneHb COOTHOINEHHS, KOTOpPhle MOTyT OKa-
3aTbCA MOJIE3HHIMH TIpH pa30HBKe OTBePCTHH pacnpeleJHTeJbHHX
Tapenok ¢ Kpyriofi nepdopanue.

YerpoiicTBo s BbiBOJZ OTPAGOTAHHOTO aKTWBHOrO yras. B
Gop THIa YCTPOHCTBA AJs BHBOAA OTpaGOTAaHHOTO AKTHBHOIO YIJs
U3 anmapaTa 3aBHCHT OT TeXHOJOTHYECKOH cXeMbl yCTaHOBKH (CBsi-
31 MeXAy afcopbepoM u cOOpyMKeHHeM AJS pereHepaudH aicopOeH-
Ta) H BBICOTH, Ha KOTOPYIO IPHXOAHTCH NOJABaTh aACOPOEHT, Ha-
npapisieMul Ha perenepauuio. [Ipu BBIrpy3ke akTHBHOTO yIais MOA
JeficTBHEM THAPOCTATHUECKOTO HAMOPA JKUJAKOCTH B HIKHEH 4acTH
annapara MOryT OBITh HCNOJb30BaHbl LUIHEKOBHE, LIJTIO30Bble HJH
NPOGKOBLIe THTATENH, WHOepHble 3aTBOPH H ABYXKjianaHuee o6b-
eMHuble Jo3aTopsl (cM. puc. VI-9), mepeTounsle TpyOu (cM. pHC.
VI-18) uam cneuuaisHble ycrpoiictBa (cm. puc. VI-27). Hepocra-
TOK BHFPY3KkH aacopOeHTa 13 HHXKHeH TOUKH 3aK/Io4aercs B TOM,
uTO B JafbpleliilleM YroJib Heo6X0AMMO MOAABATh HAa HEKOTOPYIO BHI-
COTYy B 3arpy3ouHsiii OyHKep yCTaHOBKH pereHepaildd, HCIONBIYS
AJS 3TOTO CJOXHOe M JOPOrocrosiiee MoibeMHoe 060pydOBaHHE.
[IpumeHeHHe THAPOTPAHCIOPTa AJNS MNepeMelleHUs AKTHBHOTO yr-
JF HeXeNaTeJbHO, NOCKOJBKY NMpPH JBHMKEHHH YrOJbHOR MYJBNH HO
TpyGonpoBoJaM IPOHCXOAMT CHJIbHOe H3MeNlbuyeHHe 3epeH ajcop-
6enra.

YMeHbIIUTb NOTEPH YIJIsi OT UCTHPAHHSA U B TO Xe BpeMs MOA-
HATh afAcopOeHT W3 HUMKHEH TOUKH aNnapara Ha 3HAYHTEJLHYIO BH-
coty mo3BoasioT 3paHdTH (cM. puc. VI-21). Onu npocTHl B KOHCT-
PYKTHBHOM OTHOLIEHHH, HafeXHbl B paboTe H AT BO3MOXHOCTDb
BHITPYKATh M3 aNNapaTa YroJbHYIO Mysabny c¢ oriollcHaeM T : K=
=]1:2—1:3, 4To NpHBOZHT K CHHIKEHHIO HATPY3KH Ha BaKyyM-

Tabauya VI-2. Coornowenus Oas pasbusxu orsepcrud
8 pacnpedeautenvroil Tapeaxe

CuMMETpHUHOE DpAcHoo-
[pogonsHLIf war INonepeunufl mar JKeHHe OTBEepCTHI

Kopudopnas pas6buexa

Si=% ) S._:M SI=SI=S
S,P s 519 S— 0,894,

Ve

Llaxmarnan pasbuska

s, o 2:63d0Y 120 = % 5, o 0820

' Ve Votgd Ve
0,95d,
S. = ——‘T

NMpumeuatdne, 1. Tlpy S;=S; B clysae mWaxXMaTHOro PACNONIOXKEHHs OTBEPCTHH pacyer
IMara aHaJIOTH9eH pacyeTy NPH KODHAOpHOM pacnojoxenxm (dbopmyna ans S). 2. Ilpr pac-

}e're Si1{S;) ANA KOPHAOPDHOTO DPACMONOXKEHHSA OTBeDPCTHR HeOGXOAMMO 3aJaThCa BeJdHYRHONA
1(S2).
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} GuaIbTpH Ans o6e3BoXuBauusg yIVs nepej mo-

Jdadefi B meub pereHepanud. IlocrouuctBo 3p-

JudTa 3aKJaOvaeTCd TaKXKe B TOM, 4TO C ero

II0MOLIBI0 MOXKHO B UIMPOKOM HHTepBaJe H3-

—— LICHATh KOJHUECTBO BLITPYyZXKaeMoOro H3 aunna-

parta agTdBHoro yrias. lak, spamdr ¢ BOJO-

noabeMHofi Tpybo#t auamerpom 40 MM, Hc-

! 10JIb3yeMBl{i B TIPOMLILIJIEHHOM alllapaTe Ha

YCTaHOBKe JJIfi HOOYHCTKH CTOUHKX Boj Ilep-

BOMA#CKOTrO NpOMYy3Jia, N03BOJAeT BapbHpO-

BaThb KOJHYECTBO BHITpykKaeMoro ajcopbenta

Puc. VI-30. Ckema sa- B uHrepBajc 50—1200 Kr/u npu usMeHeHHH

rPySOdHOTO YCTPOHCT3a pPAcXOfa [OjaBaeMoro Bo3gyxa oT 3 ao 20
PH MOKPOM JI08HPOBA-  \;3/y [36],

HHH aKTHBHOrO yras 3arpysouble ycrpoficTsa AJS 1MOAAYU CBe-

JKEro akrTupHoro yras. MssectrHo, uTO akTHB-

HHH yrojb, MONABIIHA B BOJY, COAEPKHT 3HAUHTe]bHOE KOJIHYEeCT-

BO BO3/yXa, 3aKJI0UeHHOTO B nopax ajacopbenra. Hepeako 3to sip-

JsieTcsl MPUYHHOM BCIJIBIBAHHS 3epeH aKTHBHOIO yIJIsl H yHOCa af-

copbeHTa u3 annaparta. [To 3TOil npHuHile HapsAy c NoAayel 3ajaH-

HOTO IO TeXHOJOTHYeCKUM YCJIOBHSAM KOJHuccTBa amcopleHTa B an-

napar 3arpysoyHble yCTPOHCTBA BBITIOJIHAIOT (YHKUHH TNOATOTOBKH

aKTHBHOro yriis K pabore B Bomuoil cpene. [Ipu aToM 3amauuBaHuc

H NOAroToBKa ancopbeHTa K pabore MOXET NMPOBOJAHTHLCS BHE HJM

BHYTPY 3arpy3ouyHoro ycrpokcrsa. B mepBOM caydae aKTHBHHI

yroJib IpeiBapHTENbHO BLIAEPAKHUBAIOT B BOJE B TeUeHHe HeCKOJbKHX

yacos, a 3aTeM HampaBJSIOT B anmnapar (MOKpHH crnocob Ao3Hpo-

Banus). B gpyrom ciayyae amcopOeHT NMOAAIOT B 3arpy3odHoe yCT-

poficTBo anmnapaTa 0e3 MpelBAapPUTENbHOA MOATOTOBKM (CyXoff MeTox

JO3UPOBAHHS).

OnHa u3s PasHOBHIHOCTEH KOHCTPYKUMH 3arpy3ouyHoro ycTpoii-
CTBa IDU MOKPOM criocobe TO3MPOBAaHHA ONHCaHA HAMH paHee (CM.
puc. VI-14). pyroit Bapuanr ycrpoiictBa [41] nokasam na puc.
VI-30. IIpHHuMn ero HefiCTBHA OCHOBAH HA CAaMOpEryJHPOBaHUH KO-
JHYECTBa NOaBaeMoro MarepuaJta. [as atoro B pacmidpeHHo#t ua-
cTH 1 anmaparta pasMelleHa BepTHKaJibHasi Neperopoika 2, BBINO.I-
HeHHAss B BuJe OTKPBHITOTO ¢ 00eMX CTOPOH LMJHHIPA, & 3arpys3ou-
Hble TaTPyOKu 3 yCTaHOBJeHb B NPOCTPAHCTBe MeXAY Neperopof-
Koii u Koprnycom annapara. Ilpm paGoTe annapata B 30He MexX1y
11eperopoJkofi U Kopuycom copOeHT He INceBHOOXHKaeTcs, o6pas\ s
IJIOTHHE CJIOf, KOTOPHIA NepeKphiBaer 3arpysounble marpyOku. [To
Mepe BRHITPY3KH H3 azcopGepa oTpabGOTaHHOIO aKTHBHOTO YIVIA CHH-
JKaeTCs YpoBeHb [ICEBJO0XKHKEHHOIQ CJOS, H 3epHHUCTHIH Marepua.l
MO JdefCTBHeM CHJIBI TSXKeCTH ONYCKaeTCs B aniapar, ocBoGoxkaas
3arpysoudnle naTpy6ku. B 3TOT neprox NpOHUCXORUT AOTPY3Ka HY K-
HOTO KOJHYeCTBA aJcopleHTa IoKa BHOBb He o6pa3yeTcss MIOTHHI
cJIof, 3aNHpAIONIHI 3arPy30UHble NATPYOKH.

Ilpu cyxoM 103upOBaHMH aKTHBHOTO YIS XOPOUIO 3apeKOMeHIO-
Bano cebsi [36] 3arpysouHoe ycTpoicTBO, H306paKeHiOe HA PHC.
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VI-21. Ceexuit ancop6eHT NOZAETCH B CYXOM COCTOSTHHH B BOPOH-
Ky 6, rfle BCTynaeT B KOHTAakT ¢ XKHAKocteio. IIpu paGote nepe-
McIIHBaKllero ycTpolicTBa B BHAE JABYX TAHrCHIHAJBHO YCTAHOB-
JIEHHBEIX COMeJ 5 MpPOHCXOAMT HOACOC BHYTPh IMJIMHApDA 3 IIJaBalo-
IIKX CBEPXy 3epen ajgcopOeHTa, a uepe3 OKHa J3 — dacTHll yrig,
OCeBLIMX Ha OTPaHMUMTeNBHYIO ceTKY /2. Ta uacTh 3epeH TBepHOro
MaTepHana, KOTOpas Ipolljla udepes IHJHMHAP, HO OKasajach ellle
He TIOArOTOBJIeNHOR K paboTe B aNfapaTe M BCIIHJA, 3aJepPXKH-
BaeTcsl TIOJ OrpauMuHTeNbHON ceTKoil. IloBTopho sTa uacte ajcop-
6enta momajaeT B [HJMHAD 4Yepe3 okHa I3 — Huxe cetkd I2. .

B rnaBe V Omim HU3JI0XKCUHB NPUHIUIB DacyeTa arliapaTtoB C
[ICeBIOOKMKEIIHBIM CJIOEM, KOTOPHE IMO3BOJISIOT ONpENeNUTh He-
0GXOAHMEIT pacXoj aKTHBHOrO yris, obecrieyuBarouiuii TpebyeMylo
IO TEXHOJOPHYECKUM VYCJOBHSIM CTeNeHb YJAaJeHHS OPTaHMYEeCKHX
sarpsisHeHnii. Bmecte ¢ TeM, pas yenellHoft paGoTtel ajzcopGepa
HeoOX0AHMO CO3JaTh COOTBETCTBYIOLUIHE YCJOBHS, NPH KOTOPHX 00-
pasyeTcs TCEBAOOKWKEHHBIA ¢JIONH ¢ 3aJaHHBIMM IlapaMeTpaMH.
IToaTomMy ruppoIHHAMHKY CJ0S1 H METOJ pacuyeTa OCHOBHHIX €r0 Xa-
PaKTePUCTHK CHefyeT PacCMOTPETb HEeCKOJLKO mnojpobHee.

I'napopHHaMHKa NCEBAOOKHMKEHHOTO CJOSl H PacyeT OCHOBHBIX
ero xapakrtepucruk. [ToTok XKnAKOCTH, NPOXOAS OTHENbHEIMH CTPYH-
MH 1O KaHajJaM MeXAy TBEepALIMH YacTHIAMH, o6pasyioOllAMH He-
MOABMKHHIA CJIOH, OKa3HBaeT OUHAMMNUECKOe BO3AEHCTBUE Ha 3epHa
TBEpJAOro Martepuana. BesnyMHa 3TOrc THAPOAMHAMHYECKOTO BOS3-
JeHCcTBUS pacTeT ¢ YBeJIMYEHHEM CKOPOCTH JABMMKEHHS MKHIKOCTH
NpH ee Mofaye CHU3Y BBEpX uepe3 CJOH 3epHHCTOR 3arpyskH
BIIOTh AC TOTO MOMCHTA, KOTZa CHJB THADOXMHAMHUYECKOTO HaB-
JIEHHSl BOCXOASLIETO MOTOKA CTAaHYT DaBHH BeCy MOIPYXKEHHOTO B
KHUAKOCTb cJiod 3arpysk. IIpm TakoM THAPOAHHAMHYECKOM pAaBHO-
BeCHU TBepAble YACTHIBI IT0JIyYalOT BO3MOXKHOCTb B3aNMHOIO MYJIb-
CalMOHHOTO TepeMelleHHsl, HHTEHCHBHOCTh KOTOPOTO 3aBHCHT OT
CKOPOCTH ABHXKEHHsl XHUAKOCTH, C yBeNIUYEHHEM CKOPOCTH BOCXO-
IALIEro MOTOKA CJIOH TepAeT cBoe IIePBOHAUYaNbHOE YCTOHNYHBOE
NoJIO}KeHNe M HAUNHAeT paclIHpATLCH, NepeXo/sa BO B3BELIEHHOE CO-
crosiEue. Pacmmpenue ciosi 3arpy3kH CONpPOBOXKAAETCH YMeHbIIe-
HHeM KOHNEeHTpauuH TBepAof (assl B enunune ob6beMa cjaosi, ofHa-
Ko Mepenaj AaBJEHHUS B Cilydyae MCEBJAOOMKHMIKEHHS MEJNKO3epHHCTO-
Fo MaTepHaJia B HHJIHHAPHYECKHX anlapaTax OCTAETCs] NOCTOSHHHIM
ZO TeX IOp, MoKa CHJIbl TMAPOAMHAMHYECKOTO [aBJEHHUS HE CTaHYT
GoJbile Beca €AMHMYHON TBepAON uacTunbl. anbHefimiee yBenH-
YeHHE CKOPOCTH XHAKOCTH MPHBOAUT K YHOCY TBEPABIX YACTHIL H3
CJI0f, 4TO HexeJaTesbHO AJA aJACOPOIMOHHBIX amnapaToB ¢ MCeB-
JOOXKHUKEHHBIM CJIOeM.

Tunuynble aUarpaMMH  NCeBAOOKHMKEHHS MOHOKHUCHEDPCHOTO
CJIosl B ammapaTte ¢ MOCTOSIHHBIM MO BHICOTE IONEPEYHBIM CEYEHHEM
npuBefieHsl Ha puc. VI-31, Ha XKOTOpOM yHesbHHIA NMepenap Aasie-
HAS B CJIO€ H H3MEHEHHE er0 OTHOCHTENLHOTO pAacIIHpEHHs IMpef-
CTaBJICHH B 3aBHCHMOCTH OT CPefHell CKOPOCTH NOTOKa U, PacCyH-
T2HHOH Ha MOJIHOEe CeyeHHe annaparta. Bocxonsmas BerBb AB
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Puc. VI-31, dunarpamMa ncesio-
Y OXKHICHHOTO CJI08 yacTul, ax-
TUBHOrO YPJAS Y3KOro (pakuu-
OHHOTO COCTABA:

1 — 33BHCHMOCTb H3MEGHEHHS [epenas
2 Aa B4BJacHiid B ¢JI0e OT CKOPOCTH NO-
TOKa JXKUAKOCTH Ap=f(v); 2 — 3apu-
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CHMOCTb OTHOCHTEJILHOTO DacClIKpeHHs
— CJIOS OT CKOPOCTH NOTOKa XKHAKOCTH
] L /L=f(v); HC — HenmoABHMXHBIA cI0H;
! I1C — NCeBAOOKHKEHHBIR caofl; [ —
381 e THCTEpesHC.
it I L L | Ml
) 2 4 6 8 v-1073mfe

rpagyKa MCEeBAOOKHKEHHs OTpa)KaeT MOCTENEHHHIA POCT Mepenaja
JaBJIeHHSl B HEMOABMIKHOM CJIO€ NMPH YBEJHUCHHH CKODOCTH ABHXKe-
HMSA noToKa wWHAKoeTH. Habuiogaemas Ha rpaduke IpsMONpONop-
OHOHAJbHAs 3aBUCHMOCTh MeXIy IMoTeped Hamopa M CKOPOCTBLIO
MOTOKA CBHAETENLCTBYEF O JAMUHADHOM peXHME (GWIbTDOBAHHS
JKHAKOCTH uyepe3 CJIOH, YTO XapaKTepPHO MJISi TCEBJAOOXKHKeHUs
MeJIKO3ePHHCTOT0 MaTepHaja, OOBIYHO HCHOJAB3YEeMOI'C B TEXHOJO-
T'HH OYMCTKH CTOYHBIX BOJ.

Ilepexos HeMOABHAKHOTO €JIOS B MCEBAOOKHNKeHHOe COCTOSIHHE
B pealibHBIX VCJOBHfiX CBA3aH C HEOOXOAMMOCTBIO 3aTpaThl AOTOJ-
HUTEJNbHOA 3Hepruu Ha MpeojoJIeHHe CHJI WHEPUMH YacTHI H cuel-
JeHHs MeXAy HHMH. BeanuMHy STHX JONOJHHTEJNbHHX 3aTpaT
3HEPrUM OTpaXKaeT NHK AaBjeHUs An B Touke C, cooTBeTcTBYyiOIueH
Hayany NCEeBROOKUKeHHS. CKOpPOCTh MOTOKA ¥ B 3TOH TOuYKe om-
peflesiieT HHKHHE TIpefesa CYUECTBOBAHMA  ICEBHOOXKHIKEHHOrO
CJIOSl ¥ HOCHT HasBaHMe IepBOH KpPUTHuYeCKOH CKOPOCTH., Ilpu yme-
JHYEHHH CKOPOCTH JKHMIKOCTH CBEpX 3HAUEHHS Uy HAUHMHAET IOCTe-
IIEHHO PACTH BBICOTA ICEBJOOKHKEHHOIO CJIOA, KORIEHTPaUusA TBep-
JHX YaCTHL, Ha eAHHUNY o6beMa CJOs YMeHbIIAeTCH, M YaCTHUH
npuobperaoT Bce 0ONBIIYIO MOABHKHOCTD.

B To xe BpeMsi BO BCceM HHTePBaJie CYLLeCTBOBAHHS IICEBJOOKH-
JKeHHOTO ¢siost (T. e. I0 VHOCA TBEpABIX YaCTHL) cobjiofaercd Io-
CTOSIHCTBO Iepenaja namJeHus Ap. Eciu ckopocTs 1moToKa MeiJieH-
HO YMeHbIIATh (HHXXE BEJHUMHH Ux), TO OGPa3ylolHiACS NMpH 3TOM
HEMOZBHXKHBIA CJlofi MONyYaeTcs MeHee IVIOTHBIM, [OPO3HOCTH €r0
OyAeT COOTBETCTBEHHO BHIIIE, a Tepenaj AaBJCHHS — MCHbLIE, ueM
JI0 mepexoja cJosl B ICeBLOOKHKeHHOe coctosinne (kpuBas DC na
puc. VI-31). BtuM u obGbsacusercs XapaKTepHBIH THCTEpe3HC Ha
JdarpaMMax [CEBJOOXKHKEHUS, NPHUEM BeJMuHIIa 3TOTO THUCTepe-
3UCa 3aBUCHT OT IepBOHAYAJBLHON MJOTHOCTH YHNAKOBKH HENOABMXK-
HOTQ CJOS.

Ilpy npoOeKTHpOBAHHM INPOMEIIJIEHHBIX aJACOPOIHOHHBIX afina-
paToB Ajs Bel6opa TpeOyeMOro HacoCHOro oOOpyAOBaHHS HeoOb-
XONHUMO 3HaTh Nepenaj JaBJcHUS B TICEBILOOXKHKEHHOM CJOe, CKO-
POCTL ABHIKEHHSI OUHiaeMoli *KHIKOCTH INDH 3afaHHOH NMOPO3HOCTH
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(ICEB/IOOKIIKEHHOT'O CJIOSi MJM BEJHYHHE €ro OTHOCHMTEIBHOro pac-
DIHPEHHS.

Ina pacuera nepenajia NAaB/JCHHS B NICEBJOOXKHMEHHOM C/Og HENOPHCTHX Ha-
CTHL, B3BelIEHHHX BOCXONSILHM NOTOKOM XKHAKOCTH HJAH rasa B anmapare no-
CTOSIHHOTO MOMEPEYHOro CedeHus, MONb3YIOTCH YypaBHEHHEM [21, 22]

Ap=g(pa—p)(1—e)L (VI-7)

rae Ap — nepenaj AaBieHAS B KHOsIeM cjoe, 00pasoBaHioM H3 HENOABHXKHOrO
8HCOTOMl L; & — MOpPO3HOCTL HEMOABHIKHOIO CJIOA; Pn H P — IJIOTHOCTb COOTBETCT-
BeHHO TBepAWX YACTHL H CPEIH; g — ycKopeune CBOGOIHOTO MajeHAs.

Sta pacyeTHas (OpMyJa BLIpaxaeT OCHOBHOE YCJIOBHE MEDPEXOAA HOMOABHAK-
HOro ¢JI0% B MCEBA0OKUIKEHHOe COCTOSHHE, T. €. PABEHCTBO rpajueHTa cOMpOTHB-
JIEHHST B €10¢ HACHIIHO/ MacCH TMOCTeXHEro ¢ yueToM 3aKoHa ApxuMena.

;i mOpUCTBIX Tel, K KOTODHM OTHOCATCS aKTHBHHE YIVIA, DasfAHYAIOT KaxXy-
mylocs Px M HCTHHHYIO Py miloTHOCTH. MICTHHHAA MAOTHOCTL Pu YI/IEPOAHBIX Ma-
TEpHANOB NMpeACTaRaseT co60i OTHOWIEHHe MacCH MaTepHana K ero o6beMy, HCK- -
Jioyas o6hem nop. Kaxyuiasicss WIOTHOCTb Py AKTUBHHX yIvieH ecTb OTHOMIEHHS
MaccH ofpasiia K ero ofbeMy, Bkamiouas mnope. Ofepupys 3THMH (H3HIECKHMH
XaPaKTeDHCTUKAMH MOPHCTHIX YIVIEPOANLIX MaTePHA/OB, BhPASHM CHIY, XEACTBYO-
QIyi0 WA MOPHCTYIO YaCTHIy B JKHIKOCTH, C YYeToM 3akona ApXuMend npu ycJao-
BHHM 3aMOJMHEHHS NOP 3epHA KHAKOCThIO [42]:

F=g({Va—Vz) (Pu—0) (V1-8)

e V; — o6bem 3epua coplenra Gea yduera nop; VI— o6bem nop amcopGenra.
Ypasuenue (VI-8) MoxHo npeoGpasoBath, yuHTHBas, uyTo VI =V.P

F=gVs(1—P)(py—0p)

rae P=1-—py/px — NOpHCTOCTL 3epHa afcopleHrTa,

Torxa i ONpeJeneHus nepenaga J4B.IeHHA B TCEBJOOKHMKEHHOM C/iOe MOo-
PHMCTHIX yacTHL noaydaem [42]

Ap=ga—0) (I —P)(I —2)L (V1-9)

Jipyro#i BaxkHO THADOAMIAMHMYECKOH XapaKrepHCTHKOR NCEBAOOKHKEHHOTO
<niosi, urpaioulefi GoJbUIYI0 POJb B HHXEHEDHBIX pacyeTax H HCCAENOBAHESAX, HB-
JIACTCS CKOPOCTh HAya/ia MCeBLOOXKUMKeHNs 3epDHHCTOro MaTepHaia vx. B psale pa-
60T nmpH PEMEHHH 5TOH 3ajJayM aBTOPAMH NpeAsaranoch MPHHHMATH 33 OCHOBMOM
pacueTdHbil mapaMeTp HCEBJOOKHIKEHHOro cJ0OS THAPaBAHJecKYI0O KPYMHOCTb ya-
CTHIL (T. €. CKOpOCTb CBOOOJHOrO OCaxKACHHA 4HAaCTHI B HCMOABHIKHOA cpexe).
EcTecTBeHHO, CKODOCTh OCAXAEHHS TNO3BOJIAET YYHTHBATL (H3HYECKHE CBOACTBA
Aol W TBepAOH (a3, BKJAOYAf MOPHCTOCTb YACTHI B WX GOpMY, OAHAKO AAA
fICAYYeHHsT JOCTATOYHO HAJEKHbLIX PC3yJbTAaTOB THAPABAHYECKYIO KPYMHOCTt 3ep-
HHCTOIO MaTepHana cjaefyeT ONMpelelHTh AAS KaXKAOr0 KOHKPETHOro Ciay4yaH. DTo
YC/I0OBHE Pe3KO CHHUMXKAeT LEHHOCTh HOYYEHHHX DacHeTHHIX YPaBueHHHA U sBasgercd
NPaKTUYeCKA HENpPHEMJIEMBIM JI7i5i NPOCKTHPOBIINKOB a1COPOLHOHHON anmapaTypsi.
Tlostomy Gonee uenccooGpasiibiM CJeiyeT NPH3HATL NOAXOA, NPOAEMOHCTPHPO-
BaHHkill NPH HCCAEJOBAHMH THADOJAMHAMHMKH MICeBAOOKHKEHHOIO CAOS B MOHOrpa-
¢un M. 3. Asposa u O. M, Togeca [2]1]. B sroit paGote HCcroab30Baio ypaBHe-
site (VI1-3) s mepenaja AasjieHHsi B 1eNOJABHXKHOM CJI0Oe 3epHHCTOrO MaTepHana
H TIOJY4eHO COOTHOIICAHE

Ap
I =f®=gla—p(1—8)=

l—e v fl—e po
=150———“5,,—-d—2+1,75—£T—."T (VI-10)
ITyrem psla MaTeMaTH4yeCKMX npeoGpasoBaunit ypasueaume (VI-10) npuso-
JUTCA K Ge3pasMepHOMY BiAY

l—e 1
Ar= 150 —5— Rex + 1,75 -5~ Rey? (VI-11)
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VuurteiBasg uT0 Rew= Uxdp/i, HETPYAHO paccunTaTh CKOPOCThH Hayaja MCeBAO-
OXUXeHns, noicTasuB B ypasHehde (VI-11) snauenns kpuTepus Apxumeda. [as
KHMALLEr0 CJ0si NOPHCTLIX HACTHI, B3BEIEHILiX NOTOKOM KHAKOCTH, KPHUTEpHil Ar
CJeYeT BHIUHCAATh, KaK GHUIO NMOKasaHo B [42], no ¢opmyne

gd® pu—p
= e —
Ar e P (1—-P)

Hpﬂ YBEJAUYEHNIH CKODPOCTH BOCXO/ALIIEIO TOTOKA 3KHIKOCTH, HpEBbILLlE‘xiOLLLeM
KPUTHUYECKYIO CKOPOCTb MCEBJOOMHIKEHHA Ux, CJIOA HAYUHAST PACHIAPATHCA M ero
MOPO3HOCTh &5 BO3PACTAET MO CPABHEHHMIO ¢ NepBonauaabofi € BMecre ¢ usMme-
HeHHeM MOpPO3HOCTH E&n fceBJ00XHIKEHHOr0o €105 YBCJAHYXMBAETCA U €ro BBHICOTS
Lo. B pacuerax azcop6UMOMMBIX anNapaToB OCONLIH UHTCPEC MPEACTaBIAET DBhi-
uAc/enHe TpeGycMOl CKOPOCTH HOTOKA U MPH 3a14HHO# Beqnudhe Ly HAR 8p HIH

eulende O6paruols sajaun — onpefenende Lg M &y UpU 33J3HHOM 3HAYSHHH O.

acHIMPeHHe MCEBAOOXKHKEHHOrO cliofl PACCMOTPEHO B psjlie TEOPETHYECKHX H IKC-
NEePHMEHTANLIRI X HCCJ‘IE}IOBaHI/lI‘:I, I03TOMY B JHTCHATYPEC UMeeTed  AOCTETOYHO
GoNbIIOe KOJMHYECTBO 3aBHCHMOCTeli no pacluHpenxio TBepAOf 3epHHCTOl 3arpysku
B BOCXOAMAILIEM NOTOKe Fasa Him XujgkocTa [21, 22, 29].

TTopo3noCTe KuNAWErd cios aacopbenTa B 3aBUCHMOCTH OT CKOPOCTH BOCXD-
ASLIET0 NOTOKA XKHJIKOCTH C YAOBJETBODHTEJNBHOH 145 MPAKTHKH TOUHOCTHIO MOXK-
HO PACCYHTATH N0 YPaBHEHHIO

18Re + 0,36Re? 0,21
£y = (__R_i_ﬁﬁl_{_) (VI-12)

Crenyer OTMeTHTH, uTo ypasHehuwe (VI-12) nojayyeno a/s ciAydyas OKPYyIJIbIY
yacTHL, KOrJa NOPO3HOCTh HEMOoABUXKHOIO ciof e=0,4 [21]. Peansutle sepHa ax-
THBHHX yIVeHl B GOJbIIMHCTBE CAYYacB OTJIHUIBL OT CYCPHYIILIX, & MOPO3HOCTh He-
MOABHIKHOIO CJOS, COCTOSUIEr0 M3 YacTHI HeNPaBHAbHON (GOpPMH, MOXeET OTIH-
qatecad oT 0,4. [JosTOMy B pacCueTax B KayecTBe OMNpEAENfiOIICTO pa3Mepa cucTe-
Mbl (PHHUMAIOT AHaMeTp Ceph, uMeouleH Ty XKe NOBEPXHOCTH, YTO H YACTHIHE
ancopbeHTa.

3, AMMAPATYPA ANS AACOPEUMOHHOM OUMCTKM CTOYHLIX BOA
NMOPOLUKOOBPA3HLIMU AKTUBHBIMU YITIAMAU

IlpaMeHeHHe TOPOMKOOGPA3HEIX AKTHBHHIX YIVIEH IAsI H3BJe-
YEHHS PACTBOPEHHHIX OPraHHYECKHX 3arpsA3HEHHH K3 CTOYHHX BOM
JO HeJaBHero BPeMeHH OO OTrpaHHMYEHHBIM, MOCKOJBKY OTCYTCT-
BOBaJla 3KOHOMHYECKH BBHIFOJHAs TEXHOJIOTHA pereHepalHH TOHKO-
jucnepcHoro aacopbenta. C pelieHHeM 3TOfi TeXHHYecKOH 3ajauu
B HayaJe 70-x roloB HAMCTHJIOCL 3aMeTHOE pacuHiMpeHHe HCIONb30-
BaHUSi NOPOIIKOOGPA3HHIX AKTHBHHX yrjei Ha NPOMBIILIJIEHHBIX
YCTAHOBKAX OYHCTKH CTOYHBIX BOA. JTO OGBACHAETCH DPSAOM Ipe-
HMYIIECTB NOPOIIKOOGPa3HEIX yriel nepef rpaHyJIupOBAHHEIMHM aj-
copGeHTamy, B 4aCTHOCTH, 6oJiee HH3KOH CTOHMOCTHIO MOPOLIKOCO-
Pa3HHX aKTHBHHIX yrJeil, coctaBiswoiueit ot !/s xo /3 croumocth
rpaHy/JMPOBaHHHX, a TakKe GoJee OHICTPOH CKOPOCTRIO norJouie-
HHSI PaCTBOPEHHBIX BeLIeCTB, UTO OGYCNOBJEHO COKDamleHHeM NyTH
BHyTpeHHell AubGYy3HH OpPraHHYeCKHX MOJIEKYA H  YBeJHYEHHCM
BHeIllHeHl MOBCPXHOCTH ajcopbenTa; cieiyer OTMETHTh M yA06CTBO
THAPABJHYECKOH TPalCIOPTHPOBKH BOXHOH CYCHEH3HH INOPOLIKOOO-
pasHHX yrjell B cHCTeMaX OYHCTKM CTOYHBIX BOJ.

B TexHONOTMYeCKHX cXeMaX aJACOpPOLUOHHON OUYMCTKM CTOYHHIX
BOX MEJIKO3ePDHHCTHIMH AKTHBHBHIMM YrASAMH s HHTeHCHDUKaUUH
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Puc. VI-32. Cxemu anmapartoB, 06opynoBaHHHX gomactHol (a), TypGunHoft (6)

¥ nponejaepnoil (6) MewankaMu:
1 — gopnyc annaparta; 2 — Baq; & ~— Meilaika; 4 — oTpaxaTeNbHble NeperopoiKH.

npollecca TOTJIOUIEHHS OPTaHAYECKUX 3arPA3HEHHA NPUMEHSIOT Me-
XaHH4IecKoe, THAPABJIKYCCKOE MJIHM IieBMaTHUECKOe NepeMellnBanie
agcopbenta ¢ KMAKOCThIO. Paspa6oTano GObllioe YHCIO PEarToO-
POB ¢ MeXaHMYecKHM NepememnBanneM. BriGop peakropa omnpeze-
JseTcsi HeoBXOAMMBIM OGBEMOM amnmnapara, peoJorMiecKHMH CBOM-
CTBaMH TcpeMellnBaeMoll cpefibl ¥ 3((eKTHBHOCTBIO HCIOJb30Ba-
HHsS TO'C WJIM MHOrO THMA MepeMelldBaioulero  ycTpoicraa.
Afcop6unonHas OYMCTKA CTOYNHX BOA aKTHBHBIMU YIVIAMH IPOH3-
BOAATCS TIPH OTIHOCHTENbIO HEBHICOKHX KOHIEHTpalusX TBEpAOH
aswl, 1103TOMY, KaK MOKa3bIBA€T MPAKTHKA, 1eJeco06pasHo B STHX
yCJOBHAX NMPUMeEleHHe JONACTHHX, TYPOHHHBIX MY NPONEJJepIbX
memaJjox (puc. VI-32). HaunGosee npoCTsl B KOHCTPYKTHBHOM OT-
HOINCHHK JIONACTHBIE MEIUAJKH, npelcTaBisioule coboit yeTpoiicTBa
¥3 ABYX mau GOJBIIEro uMcJa JionacTed MPsIMOYTOJILHOTO CEUEHHS,
3aKpeIUVIeHHHX Ha BePTHKAJbHOM WM HakJoHHOM Baay. Taxkne
MelllaJIKH BHI3HIBAIOT [PEHMYIIECTBEHHO KPYroBoe BpaillaTesbHOe
JIBUIKEHHEe JKHAKOCTH B anmapaTe M CO3JAlOT HE3HAUMTeNbHHH oce-
BCfi TIOTOK, KOTOPHIH HeOOXOAHM JJISI MMORMAEP:KAHUA YACTHIL aAcop-
GenTa Bo B3BellcHHOM cocTosiHHH. Ilo oroff mpuuMHE Ha CTeHKax
annaparta, B KOTOPOM IPOM3BOAMTCS INePeMellHBaHHE JIONACTHOH
MelIaJIKOH, YCTAHABJMBAIOT OTpa)kaTeJbHbe MEPEropoiKH  (pHc.
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VI-32,a). ¥YBenuueHHe OCEBOI'G [OTOKa JOCTHTaeTCA TaKkKe INpu
yCcTaloBKe JonacTell MemaJku HakJouHo mox yriom 30—45° k ocu
BaJa.

ITpn npoexTupoBaHuu annapartoB, 06OPYAOBAHHBIX JIONACTHRIMH
MeIa/KaMHi, NPHHHMAIOT CJaeylollde CCOTHOLICHHA MEXAY OTAENb-
HHMH KOHCTPYKTHBHBIMK 3JIEMGHTAMH: AMaMETP JoNacTelt MellajKi
dw= (0,3—0,8)D; wupuna jgonacty Mewanku b= (0,05—0,4)dy;
BEICOTAa YPOBHA KHIKOCcTH B cocyie = (0,8—1,3) D; paccrosnue
MeXIy JHOM anmaparta u KpaeMm Jounactu fy= (0,2—0,4) dw.

Typfunuble MellIaJKH NIPCACTABAAIOT cO00H OJAMH HJM ABa JHCKA
C VKpenJeHHBIMH Ha HHX IJIOCKHMH, HAKJIOHHEIMH HJH KPHUBOJH-
HeHuplMp JonatkaMy (puc..VI-32,6). Ouu O6HBalOT OTKPHThE H
3aKpHITHE (MMeIOlHe JIOMAcTHOE KOJECO ¢ KaHajgamu). TypOuu-
HElE MCIUAJIKH MO CYUeCTBY $IBJISAIOTCH YCOBEPLIEHCTBOBAHHOH KOH-
CTPYKIHEH JIOMACTHLIX MelIaJOK H B aunapaTte OHH CO3TAIOT Paju-
aNbHble MTOTOKHM C TAHTEHIHANBHHIM (KDYFOBBIM) HABHIKEHHEM IKHA-
KOCTH n aacopGenTta. g yMeHblIEHHS KPYTOBOI'O ABHIKCIIHA KUJX-
KOCTH M TIOBHIUIEHHS TYPOYJIEHTHOCTH CHCTEMHl Ha CTEHKAaX KOpNyca
anmnapaTa PEeKOMEHAYETCA YCTaHABJIHBATh OTpPa’KaTe/JbHHE Iepero-
pozxH. O6GHIYHO AOCTATOYHO YeTBIpEX CHMMETPHYHO PACIONOMKEHHLIX
MeperopoJok, OJHAKO B KPYNHBIX annapaTax HX YHCJIO MOXKeET 10-
CTHTaTh IU1eCTH — BocbMH. OnTHMasNbHas WIMPHHA NEPErOPOAKH Y
cocrapaser ot 0,08 no 0,1 guamerpa peaxkropa, MHHHMAaJbHas BH-
COTa MeperopojkH AOJKHA PABHATHCS JBYM JAHaMeTpaM MeEWaJKH,
HO Kak NpaBUJIO NPHHHMAeTCHd paBHO! BHICOTE XKHAKOCTH B amnmapa-
Te. Eciiu nmeperopoixu yCTaHOBJEHH Ha HEKOTOPOM PAacCTOSHHH OT
CTEHOK anmapara, TO LIHPHHA INIePETOPOJOK JOJIKHA COCTaBJATH
0,08 D mpu paccTOSHUM MEXKAY CTEHKON H INEPEeropoJKoi, paBHOM
0,2 mupHHBE NIeperoponKH.

HOnsa annapaTtos ¢ TYpOMHHBIME MeIIaJKaMH COOTHOIIEHHS MeX-
Ay OTAENbHBIMH KOHCTPYKTHBHHIMM 3JIEMCHTAMH INMPUHHUMAIOT B HH-
tepBane: dy=(0,15—0,6)D; b=(0,1—0,2)dw; H=(0,8—1,5)D;
hyu= (0,3—0,8) du.

Ilponennepuble MellaJdKu CO34aI0T HauGOJbllee OCEBOE ABUMKE-
HHE XUJIKOCTH B alnapaTe, NOCKOJBKY JOMACTH 3TUX MeINaJoK BHI-
IoJIHEHHE Hanoxo6He KopabeslbHOro BHHTA (MOCTENEHHO H3MEHAIO-
IIHMcH 110 AJuHE JonacTu HakJoHoM OT 0 y ocu go 90° Ha xoHue).
Yucso sonacreit npomnessiepHON MelWaJKu COCTABJSET ABE HJH TPH.
Mewanxy 3Toro THMa HapSLy ¢ o6pa30BaHHEM pPaAHANBHO-CKCH-
aJIbHbIX TOTOKOB COOGHJ,a}OT KHAKCCTH B anmnapare BpallaTeJbHOE
JIBHXKEHHE, B Pe3yJbTaTe KOTOPOrO B LEHTPE CO3/laeTCH 30HA MOHH-
JKeHHOTQ JaBJieHHsi. DTOo TPWBOIUT K INOSABJEHHIO B [EHTPAJbIOH
YacTH anmnapaTta BOPCIKH, IMyGHHA KOTOPOH 3aBHCHT OT 4YacTOTH
BpallleHUss MewaJkd. YUto6nl yMeHBIIHTL BpAUIEHHC (KHAKOCTH B
annaparax, o60pPyAOBaHHLIX MpPONENJEPHEIMH MeEIlajiKaMH, Takxe
PEKOMEHAyeTcs YCTaHaBJHBATb OTPaXKaTeNbHble NEeperopoiku (pHc.
VI-32,8). B HeKkOTOpHIX CHAy4asix [Jsi CO3Jalidsl HHTEHCHBHBIX OK-
cHaJbnblX (OCEBBIX NOTOKOB, CMOCOGCTBYIOUIMX CYCIEHAHPOBAHHIO
TBEPAbIX 4YaCTHI) NPOHEJJIEPHYIO MeINaJIKy NoMelmlanT B AHbOy-
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3op. Memaaxa n ARGPY30p B 3TOM clyyae pabOTAlOT KaK OCEBOit
nacoc. IlpomessiepHbie Mewanku SABJAAIOTCS Haubosiee OLICTPOXOA-
HBIMH, TIO9TOMY MX HE CJeAyeT NMPUMEHATH NPH KOHLEHTPauHuu TBeD-
moit ¢asw Goree 10% u pasmepe uacTtun cBhime 0,25 mm. as
NPOMNENJEPHBX MeIHaJOK IIPHHAMAIOT CJAEAYIOUlHe COOTHOIUIEHHS OC-
HOBHHIX Pa3MepoB: auamerp Memajku dw= (0,2—0,5) D; mar BuH-
ta S=(1,0—3,0) D; paccrosiiie MCIIaJKu OT AHA cocyla HAy=
= (0,5—1,0) dx, BBHCOTa ypoBuS XKHAKOCTH B cocyde H=(0,8—
1,2) D. .

Bece ammapatel ¢ MeXaHMYeCKHMH NepeMelNUBaOUMHM yCTDOIi-
ctBaMu usroroBasiior cordaciuo I'OCT 20680—75. eficTByomum
CTAHZAPTOM MpelyCMaTPHBAETCH H3rOTOBJEHHe BEPTHKAJIbHHIX LH-
JUHPHUECKHX CTAJIbHBIX anmapaToB 0e3 MOKPHITHH, ¢ MOJHMEDHH-
MH U JPYTHMH nOKpuITHAMHU c6bemoM oT 0,01 mo 100 m3. Marepuaxn
KOpmyca annapara 4 caMoro IepeMeunBalollero ycrpoficTBa Heob-
XOAMMO BHIGHPATL € YYeTOM KOPPO3HOHHHBIX CBOHCTB OYHMIIa€MBIX
cToKoB. [Ipy MCNONB30BaHHM ANNapaToB ¢ MEXaHHYECKHM NepeMe-
LIMBAHMEM [JIf JOOYHCTKM GHOJOTHUECKU OUHILEHHBIX CTOYHHIX BOJ
peakTop m Memlanka Moryt Obith H3roToBjeHH u3 Crd. TOCTom
NpeflyCMOTPEHO BHIIIOJIHCHHME AaNNapaToB ¢ 3JJIHNTHYECKHM, KOHH-
YeCKMM M IJIOCKHM JuuueM. Ilocnegnne HauGosee TPOCTH B H3+
TOTOBJICHMH M JelleBH, MO3TOMY MOIyT OBITH PEKOMeHJOBAHH JJIf
HCNIONBL30BAHUSA B TEXHOJOTHYECKHX CcXcMax ajcopbHUOHHOH OYu-
CTKH CTOUHbIX BOA. Cnelyet OTMETHTBb, YTO HA KPYNHHX aAcopOLu-
OHHBIX YCTAHOBKAaX HEOOXOAMMEHIi 0ObeM amnapaTta, KOTOPHIH BHI-
6upaloT, ucxoAs u3 TpebyeMoro BpeMeHM NpeOLIBAHUA B HEM OYH-
HIAaeMOlt KUAKOCTH, MOMKET HAMHOIQ MPEeBHIIATH OGBEM CTAJbHBIX
annaparoB, BHIMYCKAeMBIX MPOMHIIJIEHHOCTbIO (1. e. 100 Mm?3).
B Takux ciyvyasx annapaTt BHIOOJHSIOT B BUAE 2KeJle306eTOHHOTO
pesepByapa TpebyeMoro o6beMa, pasjgesNeHHOro TeperopoaxaMu
Ha oTZeabHble cexkuuu no 100 m3 xaxkpas, o60pyIoOBaHHBIE MeInali-
KaMu, Ju00 B OJHOM pe3epByape YCTaHABJHBAIOT HECKOJBKO Me-
IaJioK. '

Ilpomeccsl apcopbuum B ammapatrax ¢ mNepeMelHBaHMEM, Kak
NpaBuJio, NMPOBOAAT TPH CKOPOCTSAX BpALIEHUs] MellasiKH, obecre-
YHBAIOUINX TOJIHOE CYCTIeHIHPOBaHHe YaCTHI, TBepAOH (a3Hl, IO-
CKOJIBKY TIDH 3TOM BCs MOBEPXHOCTh 3€peH ajcoplenta YyuaCTBYeT
B MaccooOMeHe. BsaBelinBaHHe 3epeH TBEpPAOrO MaTepuasa, HaXo-
JALIMXCS Ha Alle annapara, POUCXOAUT 1101 AefcTBHEM NMOABEMHON
CHJIBI, OOYCJIOBJIEHHOH DPa3HOCTBIO CKOPOCTeHl OGTeKAHHS YacTHIHI
Ha HHXKHeH W BepXHell ee rpausax. Ilocsie oTpbiBa OT Alia YacTHIH
YBJIEKAIOTCS TOTOKAMH KHAKOCTH M HAXOAATcs B o6beMe ammapara
BO B3BEIUEHHOM COCTOSIITMH. BajKHBIM yCJOBHEM HOPMAaJbHO# pa-
6OTHl annapaTtoB HelPepHIBHOTO AEHCTBHS C MepeMellHBaHHEM SB-
JisieTcs paBHOMEDHOC pachpefesIeHHe YacTHIL TBEPHOI Pa3bl B KU -
KOCTH, TaK KaK TOJIbKO B 3TOM cJyuae 3epHa ajcopGeHTa npebui-
BAlOT B allMapaTe 3aJalioe NC TEeXHOJIOTMYECKHM YCJIOBUAM BpEMs.
B pesyaprate 06pabOTKM MIIOTOUHCJEHHBIX 3KCHEPHMEHTAJBHBIX
AAHHBIX YCTAHOBJIEHO, YTO CYIIECTBYeT ONTHMaJibHAas 4acTOTa Bpa-
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IeHHA MeIIaNKH Mo, IPH KOTOPO# OCEBasl COCTABJAIOILIAS CKOPOCTH

NOTOKAa KHAKCCTH CTAHOBHTCA PaBHON WM HECKOJIbKO BoJiblie CKO-

POCTH OCaXACHHS YaCTHIL H pachnpejeicHHe TBepPHAHX YAaCTHI[ B

o0beMe annapaTa okasbiBaeTcsi HauGosee paBHoMepHHM [43]. Ee
MOMKHO OHPEefeNUTh H3 KPHUTEPHANbHOH 32BHCHMOCTH
2 d \%5 1 D \*

Reo= % —oar ()" (2 (VI-13)

rre Ar —xkputepufi ApxuMena, KOTODHfI nnsl wacTdy apcopbeura, o6aajpaouux
BHyTpeuHeii moprcrocThio [42], cacayeTr paccuuTbizaTh no ¢Gopmy.e

d pu—0p
=g —g——— (1 —P
Ar=g Ve p (1 )
d — cpeanunil nUaMeTp 4HACTHL;, V — KHHEMaTHYeCKas RA3KOCTb KUAKOCTH; P —
WUCTHHHaAA MJIOTHOCTH ancopdema; p — NJOTHOCTL XHUAKOCTH; P—llOpHCTOCTb ax-
copGeHTa.

3HnaueHue NMOCTOAHHBIX BEJHUHH €) H £, 3aBHCSUIHX OT THMA Me-
WANKH, NPHBELEHBl HIKE:

D/d- 1 k
Typ6unnasg sakpuiTas 1,5—4,0 4,7 1,0
Ilponenneppas . . . 1,6—5,0 6,6 1,0
Jonactuas . . . . 1,33—1,6 14,8 0,0

IMpumenenne ypaBHenns (VI-13) orpanmycHo  yCJOBHAMMU:
Reo=5-10>—1,3-10°;, Ar=24.10*—4,1-10';  d/dy=2,33-10~¢—
1,2.10-2.

ITpnu Bpawenuu Nonacreil Mellanku B ofbeMe KUAKOCTH 3aTpa-
4yHBaeTCs ONpefeJeHHAas SHEPIHs, KoTopasi pacXOojyeTcs Ha IIpeo-
JOJIeHHe TPeHHSA CIJOWHOK (a3E 0 CTEeHKH annapara B MellaJskH,
a Takxe Ha oOpa3oBaHMe U CpuIB BHUXpeft. B cBA3nm co cloxHOIl
CTPYKTYPO#l IIOTOKOB B almaparax ¢ MeHlajnkamu Tnpoilecc nepeme-
UIHBAHHS MCCAENYIOT Ha MOJCJAX, a pe3yJbTaThl lCCAefoBaMHi
06001Ha0T B BHAE SMIUPHUYECKHX YPaBHEHHH ¢ HCIOJL3OBaHHEM
KpuTepuep nojaobusa. Ilockonbky momocrs N, 3aTpaunBaemasi Ha
nepeMmellnBanne, 3aBHCHT OT PEKHMa TEUeHMS JKHAKOCTM B anna-
parte, KOHCTPYKHMH MeEINaJKH, H BHYTPEHHEro ycTpoficTBa amnmapa-
Ta, 0600lIeHHOE YPaBHEHHEe THIPOJMHAMHKM AN INPOLECCOB Iepe-
MEUIHBAHNS B 4lunapaTtaX ¢ CIPaxKaTeNbHBIMH leperopofkamy 3a-
NUCHBAIOT B Bufe [43—46]

Euy = f (Rey; Ty; Ty...) (VI-14)
rie Buy=N/n*d®p — kpurepuit ditnepa; Rew=nd?up/pn — KpuTepnit PefliHosbjca;
Ty, T2..— CHMmJEKCh TeOMeTPHYCCKOrO MOAOOHS; dy — AHAMeTp MEWIaJKH, n —

YHCHO 060p0TOB MeIuaJKH; O H W\ — COOTBETCTBEHIO IJIOTHOCTb ¥ BA3KOCTH mepe-
MellHBaeMol XHAKOCTH.
Hansi reoMeTpruecku nofoGibix annapartoB 3aBucuMocts (VI-14)
ynpouaercs
Euy = CRely, (VI-15)
HcnonnsoBanue 9TOro ypaBHEHHs AAs pacueta MOIHOCTH N,
notpebaseMofi MelllankoH, ocJOXKHAeTca TeM, uTo Kosbdunnents C
H { ABJAIOTCA TNOCTOSIHHBIMH BEJIMYMHAMH TOJBLKO B o6JacTu TypGy-
JEHTHOTO PeXHMa JBHIKeHus XHAKocTu B annapare. IlosToMy na
NPaKTHKe NpPENNOYHTAIOT I0JB30BATHCA 3aBHCHMOCTAMH Ely=
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=f(Rex), INpencTaBNeHHBIMH B BHAE
rpadukoB. Ha puc. VI-33 npusegen
rpaguk 3aBucumoctd Euw ot Rey mas
TpeX THMOB  MellaJioK (Jomacriol,
TYpOMHHOR M TpONEJJIEPHOR) B am-
napare, o00pyJOBaHHOM OTpajKaTesb-
HBIMH TNeperopoixamH. Jna mpyrux
THIIOB TEePEeMelIMBAIOMHKHX YCTPOHCTB
H KOHCTDYKIMH aNapaToB aHAaJOrHy-
Hble TpaduKy NPHBEAEHH B CHENHaJb-
HO# snuTepatype [45—47].
Aj1cOopOGUHOHHBIE YCTAHOBKH C THA-
PaBAMYECKUM HepeMellHBaHHEM IIO-
pOIIKOOOPA3HOTO AKTHBHOrO, YIVIs H
CTOYHOH BOAHl YaIle BCErO BHIIOJHS-
I0T B BHJE€ BePTHKAJbHOTPYOUYaTHX
afcopOepOB WK NPSIMOTOYHEIX CHCTEM
C TOPH30HTANbLHHIM TPAHCHNOPTOM OYH-
maemMoit Bomer M yrias. Cxeva Bepru-
KaJbpHOTPY6yaTOR aacopOIHOHHON Yc-
TAHOBKH IMOKa3aHa mna puc. VI.34,
Ceexuil apcopGeHT uepes mosatop I
HENPEPLIBHO MOCTyNaeT B THAPC3IeBa-

TOP 2, HCIOJIb3YIOIHH B KadecTBe paboudeil KUAKOCTH ouM

10?
701_
lput
z”i 3
&;’c 10°+ 2
7
V7 I N N T |
00 ' w2 w10t 10 0°
niip
RE,F u

Puc. VI-33. 3aBucumocts Eu,

OT Ren:

I — annapar ¢ JomacTHoft memankofi
M YETHPLMSA OTPAXKaTEAbHbIMH nepe-
Toponxamu (d,/D,=0,66; b/D,=0,1);
2 — annapar ¢ apouestepuoli mewasn-
KOR u ueThIpbMs oOrpaxaTenpubIME
Neperoponxamu (4,/D,=0,33; qm=4l');
3 — apmapar ¢ OTKpPBTOI TYPOHUHOH
i MEWAJIKOH W YeTHPbMA OTDaxaTeb-
HbMU  neperoponkamu  (d,/D,=0,33;

b/D,=0,2).

IaeMyI0

CTOUHYIO BOAY, KOTOpas nojaercs nacocom 3. Ilpouece norsomenus
OPraHH4YECKHX 3arPASHEHHH M3 CTOKA NMPOHCXOAHT NMPU COBMECTHOM
ABHKCHHM MKHUIKOCTH K ajcopbeuTa no Tpy6onpoBogy 4, npejacras-
AgoUeMy co0oll pSA MOCHEZOBATENbHO COeAHHEHHEIX BepTHKAJb-
HbIX TPYG. CKOpOCTh JBUIKEHHMS YTOJBHOH B3BecH B BePTHKAJbHO-
Tpy6uYaTOM ajcopGepe AOMKHA NPCBHILATE CKOPOCTEL oOcaRAeHHS
HauGonec KPYINbIX JaCTHI, COPOENTA A/ MX NMEPEMEllenus BO BIBe-
- LI€HHOM COCTOSTHHH M MPENOTBPALIECHHS 3aKYNOPKH UMM HHKHHUX KO-

Axmubrpid 4
£

A—

L

Quuwennas
foda

Puc. VI-34. Cxema BepTuKanpHOTPYGUATOH YCTaHOBKH.
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Jien. Ilporaxennocts TpyGonpoBofa 4 NPUHMMAIKT ¢ YYE€TOM KHHe-
THKH [OIJIOUIEHHS OPTaHHYeCKHMX 3aTrps3HEHHH W CKOPOCTH JABHKe-
HHS 'MADOCMECH, JOCTaTOYHOH AJsA obGecneyenus 3a4aHHOTO BpeMe-
HH KOHTAKTa € OYHMIIAEeMOH KHIAKOCTHIO.

ITpu rugporpancnopTe afcopGenTta NepeMellHBaHHe IHCIEPCHOH
u croouinoi a3 obecneunBaercs TYPOYJCHTHHIMH IyJNbCallHAMH
noroka. s UHTeHCHHKauuu npolecca NCPeMeMIMBAaHHA B YCKO-
PEHHS TOIJIOINEeHHs PACTBOPEIIHBIX BElleCTB aKTHBHBIME YIJIAMH He-
peako B TPyGOMPOBOAAX YCTAHAB/JWBAIOT ClIEIIHAJNLHBIE BCTaBKH
UM ycrpoficTBa 5, BHI3HBAIOILME ACHOJNUTENbHOE Pa3BHTHe TYp-
OyJIEHTHOCTH B NOTOKe IPH H3MEHEeHHH CKOPOCTH JKHAKOCTH MO Be-
JUYHHE Y HalpaBJaeHuio. VX BHIIONHAIT B BHAE KOHYCOB, PELIETOK,
YyepeMyOUIHXCs BepTHKAJBHBIX NCPETOPOJOK Pas/inyHOH KOR(DHIY-
panun, BHHTOOGpAa3HO 3aKpyuyeHHHX 3jeMenToB [44]. Crounas Bo-
Ja, npollefliasg OYHCTKY, IOABEPraeTcs YacTUYHOMY OCBETJICHHIO
OT YroablioHl B3BeCH B OTCTOMIHKAX WJH OTKPHTEIX MHOTOSIPYCHBIX
ruapoiiikioxax 6. OrpaGoTanHblil yroJdb, 3ajepXKanHblif B OTCTOH-
HHKaX, [0 NyJbINONPOBOAY 7 iampaBisieTcss Ha pereHepanHio. OKOH-
UaTe]bHOe OCBOOOKIAEHHe OUYHIIEHHOH BCABL OT YTOJIbHOH MBI
TIPOH3BOJMTCH HA CKOPHIX IPyGO3epHHUCTHIX PUIBTpax 8.

IIprMcieHde aJcOPOLHOHHBIX YCTAHOBOK C TOPHU30HTAJNBHBIM
TpalCNoOpTOM OYHIUIa€MOH BOAB H YA Uelecoo6pasHo IIpH AO-
©OUYHCTKe OHOJIOTHUECKM OUMILEHHBIX CTOYHKEIX BOA AN HX [OBTOP-
HOTO HCIOJIb30BAHHS B 3aMKHYTHIX CHCTeMax OGOPOTHOTO BOJO-
CHAGXKeHUsI, KOTJa TJaoliagka GUHOJOIHYECKHMX OUYMCTHHEIX COOpYXKe-
HUI W TepPHTOPHS mnpeAnpuaTusa, norpebiasiomero o60pOTHYIO BO-
Iy, HAXOAATCA Ha 3HAuUTeNbHOM yaasenud. Ilpu 2ToM cocTas,
B3aUMHOE pACHOJOXKeHHe H YBS3Ka OYHCTHBIX COOpPY:IKeHHH, BXO-
JASIMIEX B TEXHOJIOTHUECKYIO CXEMY YCTAHOBKH, OCTAIOTCA HEH3MeEH-
HBIMH (cM. puc. VI-34).

OpiiuM M3 OCHOBHHIX apaMeTpPOB aJcopOLUHOHHON YCTAHOBKH TO-
PH30NTAJNIBHOTO THAPOTPAHCIOPTHPOBAHUSA SIBASETCS CKOPOCTH ABH-
JKeHHs1 NoToKa ruapccmccu. FlMxHU{ ee mpenes orpaHuyeH MHHH-
MaJIbHOH KPHUTHUECKOH CKOPOCTbIO [HAPOTPAHCIOPTHPOBANNA Uy,
IpH KOTOpCH He o6Gpa3yercd CJOsl TBeDABIX YACTHIL, CKONB3AUIHX MO
IHy TPYOH B HalDaBJCHHM ABMXKeHHs moroka [48). Pacuer vk Mo-
Ket GbITh NpOH3BeleH no hopMmyne

v=3.25 ) P gp o (VI-16)

tie Drp— Anamerp TPyGONPOROAA; 0 — OGBeMHAsi KOHUGHTpauus TBepAol ¢asw;
Y*=3,p,/100 —— napamerp, 3aBHCHIMHA ©T (PAKUUOHHOrO COCTaBa MaTepHata;
pi — MPOLEHTHOC COAepIKAHAC OTAeqbHOH (pakuHu TBEDAOro Marepuana B CMecH
noandpaknHoitiloro cocrasa [49]; seIHunHA W, NPHHUMAETCS B 3aBHCHMOCIH OT
pasMepa TPaHCIOPTHPYEMhiX YacTui TBEPAOH ¢asu:

dpakuus, MM . . 0,06—0,1 0,1-0,26 0,25--0,5 0,5--1,0
<. . . 0,02 0,20 0,40 0,80

1 .

Crneayer OTMETHTBb, YTC HA NPAaKTHKE CKOPOCTh THIPOTPAICHOp-
THPOBAHHS NPHHUMAIOT 3HAYHTEJNBHO GOJblle Vx. DTO CBSI3AHO C
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AacUMMeTPHCt B pacnpefelleHHH OCPEeJHEHHLIX CKOpPoOCTell, KOHIeHT-
paluuu u KPynHOCTH TBepAoit da3b no ceuenuio Tpy6onporona [48].
MagkcnManbHasg CKOPOCTh IIOTOKA CMelleHa B BEPXHIOW 4acThb ce-
ueHHUA TPYOONPOBOAA, B TO BPEMS KaK KOHIEHTpalU WA TBepnol ¢dasu
B 3Tol obsacTn HauMenbllad. [Tpu 3ToM ueM uHKe CKOPOCTH THAPO-
TpaHcnopTupoBaliuA, TeM CoJablie KOHLEHTpauHd TBepLOH Hasu y
AHa TPpy6onpoBojga. Taxum o0pa3soM, 0pPH OTHOCHTEJBHO MAJBIX
CKOPOCTAX MOTOKA YaCThb CTOUHOM KHIKOCTH, COAepIKaluell opramu-
gecKHe 3arps3HeHHA, MOXKET NPOHOCHTbCA no Tpybe He BCTylass BO
B3aHMOACIICTBHE ¢ axKTHBHHIM yrieM, Iljis tipefoTBpallleHHs: 3TOrO
HEXeJaTeNbiloro SBJICHHA VBCIMUMBAIOT CKOPOCTh B3BECEHECYULEro
notoka aubo no AJuile TPYGONPOBOAA YCTAHABJIHBAIOT BCTaBKH,
CIOCOGCTBYIOUIHE BhIPABHHBAHHIO KONNEHTPALUH YACTHIL TBCPAOLO
MaTepHaja W T[OBHIUEHHIO CTeneHH TypOyJM3alWH  CHCTEMK
nono6HO TOMY, KaK 3TO AeJaeTCsi B BepTHKaJAbHOTPYGUATHIX yCTa-
HOBKaXx.

B azcopOunoHHBEIX amnaparax € NMHEBMATHUYGCKHM NepeMEUIHBa-
HHEM BBIHYXKIEHHOE ABHMKEHNC KHIKOCTH M MOpUIKooGpasnoro ak-
THBHOIO YrJisi BBLI3BIBAETCH MOJBOAOM 3HEPTHH C MOTOKOM BO3/yXa,
BBOJMMBIM B anmnapaT uepe3 pacnpeleidrelibHOE YCTPOHCTBO. Du-
3MYECKOl HPHUYHHON 0OMeHa 3Heprueil MexAy Ny3bIDbKAMH BO3AyXa
# KHIKOCTbIO SIBJIAICTCA BA3KOC TPEHUE MOBEPXHOCTH KOHTAKTa ra-
30B0# u kuikoit ¢as. [lyseippku BO3AyXa, MOAaBaeMoro uepes
pacipeAciIuTeIbHOe YCTPOHCTBO, BCHJIBIBAIOT BMECTE C YBJEKAEMO#
HMH XHIKOCTBIO, 00pa3ys BOCXOASAIIMA ra3o-KMUAKOCTHBHIA (aked,
HasbiBaeMblit aapoM crpyu. Ilo mepe moabeMa 3ra cTpys pacuwups-
€TCs BCJEACTBHMe HHXKEKTHPOBAHMSA JKHAKOCTH, a TaKXe B pe3yJib-
TaTe yBesJMueHHs oObeMa nyssipedl mpm ux BenawiBanunu [50], on-
HAKO YToJ paciliipeHHs CTPYH HEBEJHK H cOcTaBJseT okojo 10—12°
[51]. IlosToMy HENOCPEACTBEHHOE KOHTAKTHPOBAHHE BO3AYXa H
KUAKOCTH I[IPOUCXOAHMT B OTHOCHTEJNBHO Madbix oGgacTsax obbeMma
annapara [51]. [To-BuaumMoMy, 3TO SIBJISETCA OCHOBIOI MPHYHIOI
TOro, YTO licpeMellHBaHHe Tra30M CYHTAeTCd MaJOMHTEHCHBHBIM
nponeccoM, TpebylomHuM GoJbIIero pacXofa SHEpPTHH, YeM NPH Me-
XaHHUYeCKOM nepemeilnBanuu [43].

B XuMHYeCcKoil NpPOMBILIVICHHOCTH NHEBMAaTHYECKOe IepeMew -
BaHHe CXKATHIM BO3AYXOM DCKOMCHJAYeTCA B TeX cJyyasx, Korjaa ie-
peMcuiHBaeMasl KHIKOCTb OTJHuaercss OOJBIION XMMHUECKOH ak-
THBHOCTBIO M OBICTPO DaspyulaeT MeXaHHUeCKHe MewaJjxu. B rtex-
HOJIOTHH AaNCOPOIHOHHONK OYHCTKH CTOYHLIX BOJ [HEBMaTHYecKoe
nepeMelinBaHyue IMHPOKO HCNOJIB3YeTcs NPM NMPOBELCHMH TAK Ha3H-
BaeMoii 6H0ancOpOUHMOHHON OYHCTKM CTOKOB. CyLOCTH 3TOrO0 Me-
TOJA 3aKJIOYaeTCsi B TOM, YTO MOPOWKOOOPA3HbLIH aKTHBHBLII yroJib
BBOJAT B a3POTEHK, IJie NPOHCXOLUT COBMelleHHe GHOXHMHYECKOro
OKHCJIeHHsI ¢ ajcopbuuell opramHuecKHX 3arpsi3HCHHUE M3 BOJAHL
Ilpu sToM npuMeHeHHe BO3AyXa (uJM KHMCIOpOAAa) B KauecTBe me-
peMelluBaloiero areHTa OG6YCJIOBJEHO, npexkje Bcero, HeOOXOXH-

MOCTBIO OfecneueHus HOPMAJIbHBIX YCJIOBHﬁ KH3HEAEeATEJbHOCTH
MHKDOOPTraHM3MOB.
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He ocranasauBasice Ha TIpolleccaX, NpoTeKawoIHx npu OHoan-
COpOIHOHHON OYHCTKE CTOUHBIX BOJ, 3aMETHM, 4TO [Jif STHX ueseR
HCNOJIB3YIOT CTaHAADPTHLHIE COOPYXKEHHA OHOJIOrHUeCKOH OUHCTKE
CTOKOB — a3POTEeHKH, pacueT, MPOeKTHPOBaHHe H JKCIIyaTanus Ko-
TOpPHX MOCTaTOYHO NMOAPOGHO M3JIOKeHH B JHTepaType [50—54].

XapakTepHO# OCOGEHHOCTbIO aJCOPOMHMOHHHIX annapaTtos AJd
OUMCTKH CTOYHBIX BOZ MOPOWKOOGPASHHM aKTHBHLIM yrjeM (He3a-
BHCHMO OT THNA NepEeMCIIMBAIOIIEro yCTPOHCTBA) fABJIAETCH HHTEH-
CHBHOE NepeMelldBalpde ABYX B3auMoJeHCTBylomux ¢as O6es pas-
JlefleHus XUAKOCTH H aicopbedTa B camoM annapare. OTaenenue
ounlIciHHOR BoAB OT OTpaboOTaHHOro AaKTHEHOTrO YIJIA NMPOU3BOAHMTCH
Ha OTAeJBHEIX ClellHaJbHO NPCAHA3HAYEHHBLIX COOpYXKeHHSX, BXO-
AAUMX B COCTaB aACODPGIIHOHHOW YCTAaHOBKH, YTO NO3BOJSIET M3Me-
HAITH XapakKTep J[BHUKEHHMA XKHAKOCTH M alcopbeHTa B npejenax
[IPHHATON TEXHOJOTHUECKOH CXeMBbl yCTAHOBKH.

Texuosoryueckne cxembl afAcOPOUHOHHLIX YCTAHOBOK C MCNOJb-
30BaHMeM NOPUIKOOOPa3sHHLIX AaKTHBHMWX yrie#. B sasucuMocTa OT
COCTaBa M B3aUMHOI YBA3KH COODYXKEHHH, BXOAAUIMX B TeXHOJIOTH-
YecKyio cXemy aacopOLHOHHOH YCTAHOBKH AOOYHCTKH CTOYHHIX BOA,
HanpasJieHHe ABHKEHHs copOeHTa M OuMIAaeMOH XHAKOCTH MOXeT
OhITh NPAMOTOUHBIM, MPOTHBOTOYHLIM HJH NEPEKPECTHHIM.

IIpuMep TeXHOJOTMYECKOH CXeMbl ¢ NPSAMOTOYHHIM HABHIKEHHEM
B3auMoeficTeyominx $as npubeden na puc. VI-34. dta cxema npo-
cra, He Tpebyer OoJBIIHX KanUTaJdbHbIX 3aTpaT Ha CTPOHTEJBCTBO,
OZiHAKO ee¢ HEeZOCTAaTOK — BHICOKHH pacxox ancopbeHTa, KOTOpHH B
5TOM CJjyuae fABJAseTca (YHKUHEH OCTATOUlON DPAaBHOBECHOH KOH-
UeHTPAalMH OpraHMuYecKUX 3arpsa3HeHdl Ha BHIXOJe H3 anuapara.
Takum oOpa3oM, B mnpamMorouHo#l cXeme ajgcopOuuoHHas crocob-

T

Boda
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g Rl Nyl
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A

Puc, VI-35. TexHonOTHYeCcKAas cXeMa aAacopOHHOHHOA YCTAHOBKH RpH NepeKpect-
HOM JBHJXEHMM AKTHRHOTO YN H OUHINAeMOB XHAKOCTH:

] — agtusumf yroaw; I/ — nyawna aktwaHoro yras; [/l — orpaGoTaunnift aKTHBRLIY yroJs Wa
percHepanuio; /V — croynas Boma; V — ouulllcHHas Boja; [ — annapartel ¢ Mellajukoft; 2-—
OTKPBIThle THAPOUMKJIOHLI, 3 — 3arpy3ouHuift GyHKep; 4 — CMecHTesb; § — DacXoiHas eMKOCTh]
6 — Hacoc-R03aToP.
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Puc. VI-36. CTynenyaTo-npoTHBOTOYHAS CXeMa OYHCTKH CTOUHHIX BOJ MHODOLIKO-

o0pa3uLIM AKTHBHBIM yIjieM:

I — crounas sopa; /] — oTpaGoTaunbi aKTHBHBI yroas B nedn pereHepauuu; I/l — ouniges-
Haa Bopa; [V — agTuBHhifl yroab; |/ — agcopGUUOHHBIE annapar ¢ nepeMellHBauHeM; 2 — pac-
npegeAHTeNbHAN Yawa; 3 — OTCTOHHHK; 4 — HACOC-n03aTOp; & — AoSHpYyloulee ycrpolicTBO ak-
THBHOrO YIJf; 6 — YIJIEYIJIOTHHTEAb; 7 — CKOPBA huabTp.

HOCTb 4KTHBHOTO YIJii HCUOJAB3YeTCS JMIOb YAaCTHYHO, NIPHYEM NpoO-
LEHT ee MCNOAb30BAHUA TeM HIXKe, ueM HHMXKe JONYCTHMAf OCTATOY-
HAg KOMIEHTpAlHUs 3arps3HCHUS B BOAE.

Bonee skoHoMuuHON B OTHOLIEHHH HeOOXOAMMOro KOJIHYECTBA
agcopGenta AJs OYMCTKH CTOuHOH BOAM JO TpebyeMoli mo TexHO-
JIOTHYECKHM YCJOBHSM CTENeHH H3BJEUYEHHS OpPraHMUeCKUX 3arpsia-
HEHUi sIBJSIETCA CXeMa ¢ TIepeKPeCTHHIM JABHKeHHeM ajcopbenTa
1 ounmaemoii xuakocty (puc. VI-35). B Tak!X TEXHOMOrHYECKHX
CXeMax BojJa NOCJeAOBaTeNbHO NPOXOJHT Yepe3 KacKaj annapaToB C
nepeMeliuBaRHeM, a COPOEHT (B OAMHAKOBLIX WJM PAa3JHUYHBIX KO-
JIHYeCTBAX) HEMPEpHIBHO Ao3upyercst B KaXawk u3 azcopbepos.
IIpu sTOoM Ha Kaxno# CTYHeHH OYMCTKH ajcapbeHT oTpabaThiBaerT-
¢l B pasjuuHoil creneHd (B COOTBETCTBHH C OCTaTOYHON KOHIIGHT-
pauueli sarpsisHeHus Ha BBHIXOAE M3 aNmnapaTa) d nocje OTAeseHHs
OT BOABl B OTCTORHHMKAX (THAPOLHMKJOHAX WJIH CCYCTHTENAX) Ha-
npasJjserca Ha peredepaumio, EcTecTenHo, yro HauGonee mnoJHo
ancopOUHOHHAS eMKOCTb AKTHBHOIO Yrifi HCHOJb3YeTCs B Pe3yJib-
TAaTe KOHTAKTa ero ¢ OYMIAaeMOfi JKHAKOCThIO B IEPBOM 110 XOLY ABH-
XeHMs CTOYHOH BOJALL amnmapaTe H B HaHWMeHblIeH cTelmeHH oTpa-
6oraH BLIBOAMMALIA Ha pereHepaluio yroib Iocje NocaefHe#l cry-
HeHd PEAaKTOPOB, OCTATOUHAA KOHLCHTpAIHA 3arpA3HeHHs B KOTO-
po#t mocruraer ITJK (npeienbHo AonycTHMO# KOHLEHTpaummH).

IIpaxTHueckyu NOJHOCTBIO afCOPGIHOHHYIO €MKOCTh MHOPOMIKOOG-
pasHOro aKTHBHOI'O Yrif yA4eTCH MCNOJb30BaTh B TEXHOJOTHYECKHX
cXeMax CTYNeHYaTO-IPOTHBOTOYNONH OYHMCTKH CTOYNHIX Box (pHC.
VI-36). AkTuBHHIi yroJp nosaTopom 5 mopaercs B annapat I no-
crefnest (3-f) CTyNeHH OUHCTKH CTOUHHIX BOA. 1yla XKe nocrynaer
CTOYHAs BoJa 3 OTCTOHHHKOB 3 BTOPOR cTynenn ouucriku. CBexHil
afcopGedT B peakrope / BCTynaeT B KOHTAKT C BOJON, npolueAlied
ye yacTHUHYIO aJCOPOUHOHHYIO QUMCTKY Ha NePBOH M BTOpOil cTy-
NeHsX, W JI0OYHINaeT BOAY A0 3ajaHHoro kauecrsa. M3 amnapara /
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AKTHBHBII yroJb U OYHLICHHAA BOAA NOCTYMalOT B OTCTOMHIHKH 3
nocsesHedl Tperbeil CTYNEHH OYHCTKH, A€ NPOHCXOZHT UYacTHUHOE
ocBerJcHHE BOXB OT yraa. OOGBIUHO OTCTOMHHK MJIM THADOUMKJIOHLI
paccuurbiBaior Ha 90—95%-HyI0 cTeneHb 3ajepKaHUA B HHX AKTHB-
Horo yras. OKoHYaTeNbHOE OTAEJECHHE BBIHOCHMOH M3 OTCTOHIIHKOB
YrOJIbHOH HBIJIM OT OUHUILCHHON BOLB HPOHCXORHT Ha (PuUAbLTPAX,
Ona sroro Mcmoab3yloT ckopble GUILTPHL C KPYIHO3EPHHCTOH 3a-
rPY3KOil, naTpoulble, JUCTOBLIE U ADYrHe THMLI (GHABTPOB.

AKTHBHEIH yroJib U3 OTCTOMHHKOB 3 TPEThell CTYICHH B BHAE
KOHLIEHTPHPOBAHHON MyJbNnbl HOJAeTcA B peaxtopsl I BTOPOH cTy-
neuy, rae copbenr orpabaruiBaerca no 6oJiee BLICOKOFO YPOBHS B
COOTBETCTBHH C KOHIEHTpalueil 3arps3HeHHii B CTOYHOH BOJe, BHI-
xopamefi u3 annaparta I. Orpenenne oTpaboTaHHOro Ha BTOPOHU
CTYIEHH OYHMCTKM YIVI OT BOABI TNPOU3BOJHTCA B OTCTOHHHKax 3,
OTKYyZa OCBeTJieHHAf BOJa NOCTYNaeT B peakrtopel I, a 3ajaepxaH-
HBI yroJbp 10 NyJbIONPOBOLY NOLAETCH B anmaparthl NEpBOR CTY-
nieHd ouucTkH., Taxkum oOpasoM, ouHlllaeMasl cTOYHAS BOAA HOCJe-
IOBATEJNBHO NPOXOAUT TPH CTYMEHH OUHCTKH, a afAcopOeHT ABHIKETCH
B o0paTHOM HanpaBJeHHH, LOCTUrasi NpPH BLIBOJE €U0 Ha pereHepa-
LUHI0 BBICOKOH CTeneHH OTPabOTKH, PaBHOBECHOW ¢ KOHILEHTpallued
3arpsisHeHHH Ha NCPBOH CTYIICHH OYHCTKH CTOYHBLIX BOL.

Ilpn ucnosb30BaHHM CTYNMEHYATO-NMPOTHBOTOUHON TeXHOJOIHYe-
CKOHM CXGMH OYHCTKH CTOKOB HOCTHTaeTC 3HAUUTEJNbHAd 3KOHOMHSR
AKTHBHOTO YrJA MO CPaBHEHHIO ¢ OAHOCTyMNeHUaTo cXxeMo#, OJLHa-
KO KamHTallbHble M 3KCIAyaTAallHOHHLIE 3aTPaThl BO3pacTalOT MpoO-
MOPUHOHAJNBLHO 4YHCJIYy CTyneHeli OuvcTKH. TeM He MeHee, pacueTH
NOKa3blBaIoT, YTO B OOJILIIMHCTBE CJAyYd€B B SKOHOMHUECKOM OTHO-
HICHUM TNPELNOUYTHTE/bHEEe CTYNEHUYATO-NPOTHBOTOUHbEIE CXEMH, MO-
CKOJIbKY 3aTpaThl Ha pCreHepal{io H BOCNOJIHEHHE NOTEPb AaKTHB-
HOTO yIVIS OKa3blBalOT AOMUHHPYIOlllee BJHSHHE NMPH TEXHHKO-9KO-
HOMHYECKOM CPAaBHEHHH BADHAHTOB TEXHOJIOTHUECKHMX CXeM OUHCTKR
CTOUHBIX BOM.

FTNABA VI
METOAb! PETEHEPALIMUA AQCOPBEHTOB MOCJHE OYMUCTKHU
CTOUYHbLIX BOA OT OPFAHUYECKUX BELLIECTB

1. KNTACCUDUKALUA METOAOB PETEHEPALIMM AKTMBHBIX YTNEA

Ancop6uMOHHBIE METOABL OUMUCTKH HIPOMBIIIJIGHHBIX CTOUHBIX BOXR
MOTYT OLITL IKOHOMHYCCKHM HeJecOOOpasHBIMH JIHIUb NPH YCJIOBHH
MHOTOKPATHOrO HCNOJbL30BaHHs azcopbentoB. Ilostomy neobxonu-
MBIM 3JIGMCHTOM JIOOOH TeXHOJOrH4ecKo# cXeMH ajcopOUHOHHOM
OUMCTKH CTOYHBIX BOJ ABJIAETCS perenepanus aacopbeHTa nocjie Ha-
CBHIIIICHHS Gro BelleCTBaMMH, U3BJeUeHHbIMH H3 CTOUHHIX BOZ.

Bce wmertoaw pereHepaunu aacopb6eHTOB MOXKHO TNOLPa3jiesUTb
Ha nBe Goapimuue rpynnel. K mepBoft rpynne OTHOCATCA METONH,
N03BONAIOUIME BHAEJHTE M3 OTPaboOTaHHBIX aAcOPOEHTOB  HOTJIO-
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[ieHHple BellleCTBA B BHAE NPOAYKTOB, NPEACTABAAIOMIMX TeXHHYe-
CKyI0 LeHioctb. B 3TOM ciaydae BOCCTAHOB/JIEHHE AKTHBHOCTH al-
copOeHTa coueTaeTcs ¢ yMeHbUIeHHeM NOTEpL HEHHOTO CHIpbf H
APOAYKTOB MPOM3BOACTBA NU6O ¢ MOJyYeHHEM BTOPHUHOH TOBapPHOH
APOAYKIHH, CTOUMOCTb KOTOpoit B GoJblllell uin Meubuleld Mepe OKy-
faeT 3aTpaThl Ha OUMCTKY CTOUHRIX BOI.

Ko sropoit rpymne OTHOCATCA METOAB Deresepautu aicopOeH-
TOB, OCHOBaHHble Ha BO3MOXHO NOJJHOH AecTPyKUMH ajicopOHpOBaH-
HHIX COeJHHEHHH M OKHCNAEHHH KX N0 KOHEUHHIX IpoayKToB — COg,
H;0, No u 1. a. IlpumeHenye 3THX METOLOB ONpPaBLAHHO BO BCEX
CJyvyasx, KOrja M3 MHOTOKOMIOHEHTHHIX CTOUNBIX Boh (0GBIYHO M3
cMeécu CTOYHBIX BOJ MHOTHMX TIPOM3BOACTB) HJH M3 CTOUNBIX BOA,
NOJABEPriIUXCH NpeABapHTENBIOH GHOJOrHYECKod OUYHCTKe, BHIAEJE-
HHe [OrJIOWEHHEIX BCIIECTB He MPHBORUT K MOJYUEHHIO TOBApHOM
OPOAYKUHH, a pasicleltie CJOXKHLIX CMeceli ABJIACTCH TEeXHHYCCKH
TPYANO OCYIMECTBHMHIM H 3KOHOMHUYECKH Helesacco00pa3HbIM.

MEl HayHeM pacCMOTPEHHE TEXHOJOLHH Percuepaiuy aacopbeH-
TOB C METOLOB, OTHCCCHHBIX K nepBoit rpynne. Bee onn MoryT ObITh
o0benHaenbl B rPYNNy PEKYNepaTHBHLIX METOAOB PEereHepanud aj-
copGenToB. CyHIecTBYIOT TPH OCHOBHBIX cnocoba pexylepaTHBHOH
perenepanvu ancopOeHTOB — fcpeBOd aacOopBHPOBAHHBIX COCIHHE-
HHH B MOHH3NPOBAIIOE COCTOAHHE, B KOTODOM MOJIEKYJH OpPraHu-
YeCKHX BEILUCCTB M3 BOANBIX PACTBOPOB aACOPOHPYIOTCS OUEHbL cJia-
60, oTronka agcopOHPOBAHHBIX MOJCKYJ C BOASIHBIM NapoOM HJH HC-
NapeHHe MX B IIOTOK HHEPTHOrO rasa-TCIUIOHOCHTENS M IKCTPaKNHA
ancopOHpPOBAHHLIX BEULCCTB OpratHYeCKHMH PAaCTBOPUTENISAMH C MO-
CJACAYIOIMM YAaJeHHEM 3THX PACTBODHTeJCH u3 aacop6eHTa ONHUM
H3 [1€PEYHCJIeHHBIX BHIIE [IPHEMOB.

2. PEKYMEPATUBHBLIE METOAbI PETEHEPALIMU ALCOPEEHTOB

JlecopOuus opraHHueCKHUX BELECTB METOLOM MX MOHMU3aluH. MH
y¥e yKasbiBaJlH paHee, YTO HOHH3aNHA MOJIEKYJ B BOAHOM PAaCTBO-
pe NPHBOAUT K PE3KOMY YCHJEHHIO MX TFHADATAUMH B pe3yabTaTe
opHeHTalluy AMnoJell BOAB BOKPyr opraHHueckoro Houa, Ilosrtomy
CTaHAAPTHOE yMeHbIUeHHe MOJbHOH CBOOOAHOM 3HEPrHH ancopObuHu
HOHM3UPOBAHHBIX MOJIEKYJ M3 BOJHOrO pacTBOpa MeHbllle, 4eM CTaH-
AapTHoe yMeHbhleHHe MOJIbHOK cBOOOZHOH 3Hepruil aacopbiuHd He-
HOHH3HDOBAHHBIX MOJIEKYJl TOTO Ke BellleCTBa Ha pPa3HOCTb cTali-
JapTHEIX BEJNHUHMH MOJIbHOA cBOGOAHON 3Hepruu rHpaTald¥ HOHOB
H HeHOHH3MPOBAHHLIX MOJIEKYJ

("‘AFoa(H.H)) - (—AF"(,)) = AF"r(l-l.n) - AF"r(n)
ITockonbKy KOHCTaHTa aAcOpPGLHOHHOTO paBHOBecHA H (—AF°)
CBfA3aHb SKCMNOHEHUHANBHON 3aBHCHMOCTHIO
_ AR
= .
K=e¢ ®
Jaxe OTHOCHTeNIbHO HeGOJbINOe yMeHblleHHe AF® npuBOAMT K
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CYILIECTBEHHOMY NAJEHHIO KOHCTAHTH aAcOpOHHOHHOrO paBHOBECHSR
H K AecopOuuu u3GHITKa BellleCcTBa.

. Hanomnum, uro ancop6uuonsoe paBHOBecHe HpH ajAcopOIHH
MOJIEKY/1 H HX MOHOB M3 BOZHOro pactsopa (T. e. NIpH CTeNeHH HO-
Hu3annu ¢<l) MOXKHO paccMaTpuBaTh Kak aAcopOuuIO cMecH JBYX
BellleCTB ¢ HHAHBHAYAJBILIMH KOHCTAHTAMH ajAcOpPOUHMOHHOrO paB-
HoBecust Ky y W Ky (MHIEKC H.H OTIOCHTCS K HEMOHH3HDOBAHHLIM
MOJIEKY/1aM, HHAGKC «H» — K HOHAM TOro e BeulectBa). Jlpumem
BO BHHMAaHHE, YTO CyMMa 0GbeMOB BCeX aJcopOHPOBAHHBIX KOMIO-
HEHTOB pacTBOpa, BKJIOYAsg H BOAY, paBHa 06beMy ancopOuHOHHO-
ro npocrpancrsa mop ajcopGeHra. Toraa AJis KOHCTaHTH HM30Tep+
Mbl u3bupatesabHoil ancopbuun Kset=Kyu/Ku » MOXKHO 3amucarhb

@V 'y (CaV*u CH,OV'HZO F+CuuV*un) fa
(@V*s + an,oV*n,0 -+ WV uu) CaV*n
AV un (CaV 7+ CH,OV‘H,O + CunV*um fun Ky
@Y *s 4,0V 0t %aV kW) CuuVuw Kam
Ie Qa, Quu— YACHbHAS aACODPOUHS HOHM3IWPOBAHHHIX H HEHOHH3HPOBAHHHIX MO~
JeKyJsl pactBopenHoro BetrecTBa; Cy, Cu gy — PABHOBECHHE KOHHEGHTPAUHR HOHH3H-
POBRHHLIX U HEHOHH3MPOBAHHHX MOJMCKYN BCwmecTsa B pactBope; Viu*, Viu*—

MoOnspHEE OGbeMbl HONM3HPOBAHHBIX W HEMOHH3HDOBAHHHIX MOJEKYR ajacopOupo-
BaHHOrO BeILCCTBA; V*Hzo—monapnmﬁ 00beM BO.HL; CHzo——paBnoaecma MO~

JIANbHAS KOKIEHTpanHs Boaw B pacrsope; fu, fuu — KO3OdHUHEHTH aKTHBHOCTE
HOHH3UDOBAINLIX H HEHOHU3MDPOBAHHBIX MOJICKYIL.

ITpousBenss HEOOXORMMBIE COKDAUlEHHS M YuTs, YTO OTHOIUEHHE
fulfs. x MO U3MeHSETCA C POCTOM KOHIEHTPAIMH, HECMOTPS Ha TO,
970 fu ¥ fu.u 3aBHCHT oT C BecbMa CHJIBHO, MOXKHO TPHBEJACHHOE
BHIIE BHIpAMKEHHME IIPEeJCTaBUTH B BHAE HIPOCTOr0 COOTHOMICHHS

A _ K . Cu ‘fn.n_ Ky . Cu
Gy  Kuxw Cun fa = Kuu Cuam

(VII-1)

[Mockonrky ornomenue CofCy n=a/(l—a) (rae ¢ — crTeneHp HOHH-
sauud MoJekyn), BuipaxcHue (VII-1) MoxHO 3anucatb Kak
G Ky o
ayy  Kpy 1—a

(VII-2)

ITpn a=0,999 ornomenue af (1—a) =~ 1000.

Torga auw/@u. n=1000 (Ku/Ku. u), T. €. IPH STHX YCJIOBHAX cO31a-
10T HauboJsice BHIIOAHHIE YCJIOBHA AJs NEpeBoja Bcero aiacopGH-
DPOBaAHHOTO BGLIECTBA B HOHH3UPOBAHHYIO dopmy.

PaccMorpuM, nackogabko sddexTHBeH METOA PETeHEepalHH ak-
THBHOTO Yriis HOHH3amue# afpcopOHpOBAHHOrO BeujecTea M jgecopl-
umuei ero H3GHITKAa HA NPHMepe JAecopOUMH U3 yras CaJHUUJIOBOH
KHCJIOTH PACTBOPOM LIEJOUH.

CraujapTHoe yMeHbLICHWE MOJBHON CBOGOAHOR 3HePruu ax-
cop6UuK M3 BOAIOrO pPacTBOpa HEMOHH3HPOBAHHHIX MOJIEKYJ caJjd-
uuaoBo# (0-oKCHOEH30MHOH) KHCJAOTH HAa AKTHBHOM Yyrije paBHO:
25 kJx/MOJb, CTAHZAPTHOE YMEHbIIEHHE MOJIbHOHN CBOGOAHON 3Hep-
ruku ee nonos 18,1 kIx/Moab., Halizennoe w3 3TMX HAHHBIX OTHO-
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Tabauya VII-1. Pasgnosecrbie KoAuuecTsa Oecopbuposantoll caiuyunrosodt
KUcA0Tol npu peeedepayuu aKTuUBHOSO ye/m GOdelM pacrsopom tqe/to'm

a, nupu C =C ay npu C = C, i %
C. mmons/x n MMOJIb/ T B MMOJTB /T w
} MMOADL/J %
4 2,8 0,15 2,65 94,5
8 3,1 0,25 2,85 92,0
12 3,4 0,30 3,10 91,2
16 3,5 0,3 3,15 90,0
§

wenue K,/K,., pasuo 0,0617. Cremopatensho, npu pH, oBecneun-
BpaolieM ¢ caJuuuaoBoii kuchaote 0,999, orHolleHHE ayfdun Ha
aKTHBHOM yrJe JOJIXKHO GHITh paBHo 61,7 : 1, T. e. aump oxouso 1,6%
BCero ajcop0HpPOBAHHOIO BeleCTBA HaXOLUTCH NPH 3THX YCJOBHAX
B HEeHOHHM3HpOBaHHOH (opMe. [TosToOMy BesNHUHHY YACAbHOR azcop6-
LM HOHOB CaJMUMJATA AJS 3a[JaHHOH KOUNEHTPAIHH CaJMIHAaTa
B INEJOYHOM PacTBOPe MOKHO 6e3 3aMeTHON NOTPELIHOCTH PacCyH-
TaTh M3 HHAMBHAYAJNLHON HM30TEPMbl ajcOopOUHM HOHOB caJHIHIa-
Ta. B pesyabraTe wenounoff sKcTpakuuu aiacopOupoBaHHOH canu-
UHAOBOH KHCJIOTH B PAacTBOp HepedjieT KOJHUeCTBO aAcOpOHPOBaH-
HOro BEWeCTBA, PABHOE Pa3HOCTH BENMHUYHH duy NPH Cau=C ¥ au
apu Cu=C, rze C—cyvMMapHas aHaJUTHYECKAss KOHIEHTpPaLUA
CaJHLKJI0BOH KHMCJIOTH B pactBope. Kak Buguo u3 taba. VII-1, ara
pasHOCTh NOCTATOYHO BEJHKA, YTOOH IUIENOYHAS IKCTPAKUMA casH-
UMI0BOI KUCIOTH obecneunsa mo kpaiineft mepe 90%-nylo pereHe-
paunio agcopOeHTa.

B aunaMuyecKux YCJIOBHAX nPH (PHABTPOBAHMH pacTBopa Ie-
JIOUH yepe3 CJ0H AKTHBHOrO yrisl rily6HHa 3KCTPAKIHH [PH coxpa-
HEHNH NOCTOSHHOrO COOTHOIIEHHH Qy/Guu BO3PACTET, HO KOHIEHT-
pauus cajuuujara B LIEJOYH, pasyMmeeTcs, OyAeT INOHHXKATbcs B
COOTBETCTBHH C YMCHBIIEHHEM OCTABIICrOCS KOJHYECTBa CaAJHILH-
JlaTa B afcopOHpOBANHOM COCTOSHHH.

Ontumanbnoe snaueaue pH pacTBopa k KoHLY AecopOuuu opra-
HHMYECKHX KHCJOT M (GEHOJIOB IIEJOUBIO HE JOMKHO ObITh HHXKE Be-
Jgnudnsel pH=pK.+3. Dtum npesoTepallaercs IHAPOJH3 aHMOHOB
-cAaboii KHCJIOTHL M 06pasoBaHHe HCHOHH3HPOBAHHBIX MOJIEKY..
Ipu pecopbuuu opranHYecKHX OCHOBAHHH pacTBOpPaMH KHCJAOT
-onTEManbube yciaosus (a=0,999) cosnawores npu pH=pK,—3.

PaBHoBecHe HMOHH3AUMH B PaCTBOpE YCTaHaBJIHBAGTCH MTHOBEH-
HO, OJHAKO NpOLECC ACCOPOUHH HONH3HPOBAHHBIX MOJIEKYJ Tpebyer
3HQYHTEILHOTO BpEeMeHH, 0COGEHHO INIPH 3KCTPAKIMH BellecTBa H3
KPYNHLIX rpanyJ MHKDOMOPHCTHX aKTHBHLIX yrJed. CkOpoCcTb Mpo-
gecca onpejesaserca cKopocTsMM AHG@y3HH rHAPOKCHIbHBIX HOHOB
B aJCOPOIMOHIIO-AKTHBHLIE NOPH yras u Anddysuxn o6pasopaBILHX-
cfl OPraHMYeCcKHX HONOB M3 MOP K BHEIIHEH [OBCPXHOCTH 3€pHa.
‘C/lel0OBATEJIBHO, CKOPOCTh 3KCTPAKIUMHM KOHTPOJHPYETCA MPEHMY-
AIECTBEHHO BHYTPHAHGDdY3HOHHEIM MacconepeHocom [1].
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IToBblmieHHe TeMmepaTyphl pacTBOpPA NPH DKCTPAKIHH YCKOPSET
necopOuMI0 KaK BCJAeACTBHE YBGJHUeHUS Koapdpuuuenta nuddysnn
opranuyecKux MOJICKYJ, TaK H, B OCHOBHOM, BCJIEACTBUE IOHMIKEHHS
BA3KOCTH pacTBopa. Ilo 3To#f XKe npHUHHE nocje APONHTKH aAcop-
6enta pacTBOpoM peareHra 06osce s¢pdeKTHBHO OTMHIBATH AecopOu-
poBaHiioe BellecTBO BoOzoi (npd pH, oTBeuamomeM IpHBEIeHHEIM
BHIIE YCJIOBHAM), TaK KaK BA3KOCTb BOAK MeHbIIE BA3KOCTH KOH-

HCHTPHPOBAHHBIX PACTBOPOB PEareHTOB.

Pereﬂepaunﬂ AKTHBIOrO yIJig pacTBOpaMH LUCJAOUYH I0C/JEe aj-
COpﬁl.lI/II/I H3 NPOMBIIIJIEHHBIX CTOYHBIX BOJ q)eHOJIOB, Kpe30Ji0B B
HX TIPOUSBOAHBIX HCIIOJL3YETCA B XHUMHUYCCKOH ITPOMBIIIJICHHOCTR
kak B CCCP, tak u 3a pyGexom [2—8]. B CCCP srtor meTon npu-
MeHgscA  add JIGCOpﬁI.LHH B3 aKTHBHOIO YTad Tpuxnop(peﬂona, HHAT-
poderona u guuurpodenona [2, 7, 8]. 3a pySexmoM Merox Haies
[IDUMEHenune, Npexae BCEro, IIJIH.ILQCOPGIIPIPI Kpe30J0B U3 aKTHBHO-
ro yrJjd Iocjie OUHCTKHM CTOUYHBIX BOJA COOTBETCTBYIOLIMX IIPOH3-
BozcTs [9]

PaccMOTPHM HECKONBKO ROAPOGHee TCXHOJOTHIO PereHspaudd IJIOTHOrO C/Os
rPaHyJAYPOBAHHOrO 2KTHBHOTO YIVIA METO,10M MOH#3ALIHH aiACOPOHPOBAHNHBIX VOAe-
Kys1 Ha MpHMepax pereHepaiH# aacopGUHONHBLIX HIBTPOB MOCJAe HACHILEHHA Yr-
JST TPUXAOPMEHOAOM M NOCTE CUHCTKII CTOYHHIX BO.{ OT ZMHATPOX.op6enzona [8].

CTaHOBKa [/ OYHCTKH CTOUHHIX BOX OT 2,4.5-TpHxsopdeHona COCTOHT H3
JABYX CTaJdbHBIX KCJOHH BLICOTOH 8,4 M, paforatinx mnoouepeano. CHADYXKH KO-
JIOHHBI TEIJION30/IHPOBAHbI; BHYTPH OHH (yTCPOBaHBH YCTOMUMBHIMH K IIENOYH B
pa36aBjieHHON cepiofl KHCJOTe IMUTKaMH HA ap3dMHUTOBON 3aMa3ke B xaxaoit
KOJIOlIHe HAXOAMTCs cnot akTuBroro yras KAJl-HofiHbili BHICOTOR OKONMO 5 M,
3axaThl CBepXy M ClM3Y JepeBAHNBIMH PCLIETKAMH M ADEHHPYIOIHMH CAOAMY
xokca, TIpn ouncTKe cTouHas BOAA, NOAKMCAeHHad xo pH= 3, nonaercs B Kosou-
Hy CllH3y W OTBOJHTCS ceepxy. llocne npockoka B dunbTpar 80 Mr/n Tpuxnopdeno-
Jia Moj1ayy CTOYHOM BOAH NMEPCKJIIOYAIOT HA BTODYIO KOJNOHHY M OTKJUOYAIOT OTpa-
OOTaBIIYIO KO.IOUILYy HA Percliepaiiio.

[Tepen pereHepauueli 3 afcOPOGUHOHHOA KOMOHHH OTKAYHBAIOT BCIO KHA-
KOCTb. 3aTeM d9epes KOJOHHY DeUHDKYJIHPYIOT HArpeToit B TCIIOOOMeHHHKe RO
80—90°C 4—6%-Huii pactBop NaOH. Peunpkyaduuio menouHoro pactsopa de-
pe3 axkTHBHLIN Yrojb X TelJOOOMEINHK MPOJAOJIXKAWT MO TeX MOp, NMOKA KOHLeHT-
pauMsi TpPHXmOpheHoAsATa He HOCTHTHeT ~ 30 xr/M3. 3areM pacTBOp NMepeKawHBa-
0T B CGODHHK, OTKYAA €r0 HanpaBifi0OT B NPOM3BOACTSO AAS YTAJIM3ALHH, 2 aK-
THBHbIA YroJib OTMBLIBAIOT OT TPHX/NOPGEHOJAATA ABYMS NOPUUSIMA HArpeToil ac
80—90 °C Boawt. IlepByiO NODUHMIO DELHPKYJUPYIOT Hepe3 KOJOHHY M TCRJA0OHMCH-
HHK JO KOHUENTPauuH TPHXJOpbeHoanTa ~ 10 r/a, nocne uero ee sMecTe ¢ OCHOB-
HBIM IIeJOYHHM DACTBOPOM TPUXJIOPGDEHONsTA YTHAH3UPYIOT. BTOpylo nopiio
NPOMBIBHOR BOJIH NOCJHE HACHINEHHS TPHXAOP(MEHOJSTOM nNPHMEHSIOT B HOBOM
IHKJe JJis OPUTOTOBJEHHS PAcTBOPA LIEJOYH,

OTMHTYIO KONOHHY OCBOGOXKIAIOT OT MKHAKOCTH, 3anoiHAIT 5%-HBIM pac-
TBODOM CepHON KHCJAOTBH, KOTOPHIH DEUPKYJIHPYIOT uepe3 Yrojb B TCUCHHE 4aca
ans Toro, 4To6bl B KHCJOH cpefie TPHXMODGEHONAT, OCTABIUMACA B NOPax 3epes
ajfcopbeHTa H B MEX3ePHOBEIX NYCTOTax CJOA, Nepelles B HEHOHH3UPOBAHHOE cn-
CTOfIHHe H B BHJe TPHXJNOD(QeHOAa BHOBb aACOPGHPOBAACH aKTHBHBIM yrieM. Des.
3Tofi OMepalMH TPHXJAOPPEHONAT MOM2 2T B CTOUHYIO BOAY B CISAYIOLIEM IHKJE
OYHCTKH H yxvAmaer obuiHit 3¢ deKT OYHCTKH CTOYHHX BOJ.

3a pabouyi0 yacTe HCPBOrG HHMKAA CBCXHI aKTHBHLIA yroab KAJI-uoant %,
3arpyXeHHbl#i B KOJNOHHY, morjoman okono 190 kr rpuxsopdenoaa. Ongunako npd-
HATHIA peXHM DereHepallHH Yris NO3BOJAA H3BJEKATh U3 OTpaloTaBuleli KOMOHHSE
e 175 kr rpuxnopdenonsa. DTO KOJHYSCTBO M fABJASETCS MUOTOUHMKIOBOR pa-
Gouelt eMKOCTBIO alCOPOLMOHHONR KOJOHHBI, TaK KaK B KaXAGM NoclelylolleM UHK-
Jie M3 CTOYHHX BOJ MOTJIOI(AETCH TOABKO TAKO€ KOMHYECTBO DACTBOPEHHOr0 Bellle~
CTB3, KAKOE B NDEIRIAVIIEM LHKJIe yNaeTcs M3 yras HecopOlpoBaTh,
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B xaxIy0 KOJOHHY YCTAHOBKH GbiIo 3arpyeHo oKkono 740 xr aKTHBHOTO
yras KAL-uogunifi. CnelloBaTeNIbHO, MHOTOLKKI0BA% eMKOCTb aKTHBROIQ yras CO-
craBasaa 23,6% (macc.) uam 91,5 Kr rpuxaopdenona Ha 1 M® yras KA

Bocnonb3oBaBikch 3THMHM AaHHBIMH, Oll@HM DALUHOHANBHOCTH NPHHATOrO HA
NpeANpPHATIIH peXKMMa PereHepaiui afCcOPOUHOHHHIX KONOHH ycTaHOBKH, [las ocy-
MCCTRACHISE POHPKYAAUMH PAcTBOpa I[HeNodd Yeped afCOPOLUHONHYIO KOJOHNY H
Tennoo6MeHHHK OGmHi OGheM DacTBopa HOJXKeH OblTh He MeHbllle CyMMH 06D
eMOB CBOGOJIHONG TMPOCTPAHCTBA B KOAOHUC, 3arDYIKCHHOM ancopOCHTOM, TEMMoo6
MEBHHKA 1 CBSI3LIBAIOIIHX HX KOMMYHHKAIHH,

OGbeM cBOGOANOrO NMPOCTPANCTBA KOJOHHH COCTOHT H3 o0BeMa Mex3epHo-
BbiX MYCTOT CJ10si aKTHBHOTO YrJsi M JIPeHHDYIONIMX CJIOeB KOKCa, a TaKXe W3 ny-
CTOrO NPOCTPAHCTBA 10X HHXKHefi (On0pHOH) M Hajy BepxHell (samupaionied caok)
pemteTkamMu. O6beM MEX3epPHOBHIX NYCTOT Vp B CJlOE 4acTHN mapooGpasHod H
HenpaBU.bHON (DOPM, HE3ABHCHMO OT pasMepa 4acTHll, cOCTapiseT npubIusHTEIb-
no 0.4 o6reMma caos

Vo= (Ha_y + 2 HK) Se-0,4 = 6+0,385-0,4==0,924 u?

rie Hay — BHCOTa caos yras; ZHg— cyMMa BBHICOT BEDXHErO W IHXKIEro JpeHu-
DYIOLINX CNOeB KOKca; S — NMaowaAb cedeHus cJos aacopbenta, pasHasi BHYTpeH-
Hefl MJAOLLAAN CEUeHHsT KOMOUUELL

O61beM cBOGOAHOrO NPOCTPAHCTBA KOJNOHHBI NMOJ, CJOeM H Haj ClOeM 3arpysKku

Vcs pasen .
Vou = ( H,,,—H.,,—EHK)S., = (8,4— 6)-0,385 = 0,924 u*

rie Han — BHCOTa aAcOPOUHMOHHOR KOJOHHH,
Takium o6pasom, jisi 3anoJiHEeHAS KOJNOHHH HeOGXOJAMM oGheM pacTsopa uie-
NOUY (MAK NMOPHHM NPOMBIBHOH BOAH)

0,924 v34 0,924 M= 1,85~ 1,9 »®

W3 pacnpeicaenns TpHXJOP(EHO.R MEXKAY pereH:pailHONIbIM HIENOYHBIM DPACTBO-
poM W NpOMLIBHOR BOJOHl BHIHO, YTO B pacrsog nepexogur 759% or ofwero Ko-
JHYEeCTBA JecopOHpoBaHHOro npoxykTa Hau 175:0,75=131,2 kr. (Cozepxanuem
TpHXJOD(eHnosa BO BTOPON NOPUMH NPOMHBHOH BOJAH, OYeHb He3HAUHTENLHHIM I
CDaBHEHHIO C COJiepXXaHHeM B IePBOX INPOMHIBHOM BOJe, MOXKHO B INpHOJMKeH-
HLIX pacyeTax npeHebpeyn.)

Tak Kak KOHHEHTpaiHs TPHXJOppeHoaaTa B OTPabOTaHNOM pacTBOpe MIe.1O-
4yn Ouaa paBaa 30 kr/M3, oTciona cliefyeT, 4TO HAa MPOMHWIIIEHHOR YCTAaHOBKe pe-
nUpKyaHpoBan ofveM menouyn 131,2/30=4,4 M® uan B 2,3 pasa Gosble neitctTeu-
TeNbHO HeOOXOAMMOro. JTOT H3GHITOUHHA O6BEeM pacTBOpa 3aNOJHSM KOMMYHH-
KalH{ B TenJIoOGMeHHUK YCTaHOBKH. .

O6uee KonuuectBo NaOH, satpauliBaeMoe Ha mnpuroTosnenHe 49%-noro pe-
reHepauuoiiioro pacrsopa, cocrasasio 40 kr-4,4=176 xr, Torna kak ang mpe-
BpamenHss 190 Kr TpHxJOphEHONA, COLEPIKAETOCsH B AKTHBHOM yrie CTeXHOMET-
puyecky Heobxoammoe kKoanpuectBo NaOH pasHo Bcero 38,7 ~40 xr. Creaosa-
TeNbHO, PACXOJ IIeNoYd B NPOMBILLTEHHOH YCTaHOBKe cocrasiasn 440% oT cre-
%%/Mﬂpnqecmro H HepalKoHalbHBle 3aTPATH [HADOKCHIA 1UATPHA  JOCTHrasA

0.

TIpn panuonanphoii KOHCTPYKUAH aicopOLHOHHON YCTaHOBKH, Kak BUJAHO U3
TpHBeJleHHBIX AAHHHIX, ¢eloBano OH NPexkIe BCero cBECTH K MHHHMyMY cBOGoA-
Hptil ofbeM aj1COPGUHONHON KOJOHIB HAJ CJAOEM H NOJ CJIOeM 3arpy3ku (B npo-
MBILIIICHHON KOJOMHe 3TOT 0GbeM cocTaBiafeT 50¥ Bcero cBoGogHoro o6nema).
Taxk, npn pasMelueHHH OMOPHLIX PelleTOK Ha paccTosHiM 0,5 M, OT KPHIIIKK K AHA
ancopOIHOHHON KOJOHHH ee BHICOTa MOria OHTb yMeHbliena na 1,4 m. B pesynn-
TaTe H36HITOMLHI CROGONHBHI OGBeM KOJNOHHLL coKpaTuiacs 6 or 0,924 M® 1o
0,4 M% a ofmpuit 06beM pacTBOPA, 3aKIIOYEHHOTO B KOJIOHHE, COCTABHA GH TOABKO:
~ 1,3 M3 IIpH oGbeMe TennooOMeHHAKa 209% OT oGbema HArpeBaeMOi XMUIKOCTH
KONHYeCTBO DeHPKYJHPYEMOro pacTBOpa, HAXOAALIETOCH BHE KOJOHHH, GHIO Ohr
pasio 0,26 M® man ¢ yueToM o0beMa KOMMYHHKAUHA YCTAHOBKM ~ 0,4 M3
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Taxum 06pasoM, pauwoHanbrEA paGounii 66beM pereHepauHOHHOr0 pacTBOP3
zosxed GbTb 1,3 M3-1-0,4 M3=1,7 M3, TIpH 2TOM DACXOL IIENOUH COKPATHJICH Ol
1o 68 xr NaOH, 1. e. cousuinca 6u or 440% CTeXIOMeTPHUECKOTO KOJMHYECIBA 10
170%, yTo BnOMHE IOCTATOYHO A8 NMPAKTHUCCKA MOJHOTO NOAABJAELNS THADPOIN3a
HOHOB TpHXsopdeHonsita, (PacueTHelit u3bbitok NaOH, Heo6xonuMbifi zns 3ToM
fleqH, COCTABISIET BCerO OKONO 7 Kr.)

PanuonanbHo CMOHTHPOBAHHAS W SKCINIyaTHpyeMas yCT4HOBKA NMO3BOJHIa GH
COKPATUTb pacxol menoud Ha 108 xr-3a uuka uax Ha 619 ¥ nNOBLICHTH KOHUEHT-
panuio TpuxnopdeHoasiTa B YTHAH3HpyeMOM pacrtBope nao 94,3 xr/M® uar Gonee,
yeM B 3 pasa CooTBeTCTBeHHO BO3pocna Obl 40 30 Kr/M® ¥ KOHUEHTPAUMS TpH-
xyopdeHonsiTa B nepBoil MOPUUH NPOMEIBHON BOJH.

PaccMmoTpenHbli MpUMep NOKA3bIBaeT, YTO pacueT ONTHMAaJhHO-
T'0 pexuMa peresHepalnnd aKTHBHOTO yrJif II03BOJIAET n3bexartp 3Ha-
4YHUTEeJbHOrO HEONpaBAAHHOTO pacxola pearceHToB H BbIﬁpaTb HaHu-
Goslee panuMoHAJbHOE COOTHOWIEHHE obmero o6beMa KOJOHHH H
obbeMa cyog axncopbeHTa, o0bEMOB TeiJI0OGMEHHHMKA, €MKOCTEH H
APYrux auilapaTtos H KOMMyHPIKaLLPIﬁ, BXOAAWMUX B KOMIUJIGKT an-
CcOpOIHOHHON YCTAHOBKH.

INonHora aecopbumu cabbix 3JEKTPOJNHTOB PaCTBOPAMH IIeJIO-
qH (HJIPI KHCJOTH B CJlydae HaCHIHICHHA VIJd OPraHHYCCKHMH OC-
HOBAaHUSIMH) B GOJBLIOA Mepe 3aBHCHT OT BPEMEHH KOHTAKTA pere-
HepalHOHHOrO PAacTBOPa C AKTHUBHHIM yrieM. Dta 0cobeHHOCTh jJe-
COpOUHOHHOII perenepanud OTpajkeHa, HanpuMep, B martente [4],
B KOTODPOM YKAa3aHO, YTO aKTHBHBIA yroJsb BbLIAEPHHBAIOT C PacTBO-
pom pearenta (NaOH mau HCl) B Teuenne 6—24 u, mepememn-
Basl yroJib ¢ PacTBOPOM CXKATHIM BO3ZYXOM Kaxiabie 30 MHH B Te-
YeHHE HECKOJIbKHX CEKYHJI. B cOOTBETCTBHHM € 3THM ITATEHTOM npo-
Hece OCyIIeCTBJSIIOT B [IBE CTYNEHH M IIPU 3aTpaTe pacTBopa OKOJIO
10% ot o6beMa OUHIIEHHOH BOAB! JOCTHUIAIOT CTENEHH PereHepamuu
yras 97—98% npu norepfax yrisg oT dcrHpauHa mcHee 1%.

Perenepauusi axcop06eHTOB 2KCTPpaKuueil opraHHueCKMMH PacTBO-
puteasiMu., IlpvvencHHe OpranMyeCKHX pacTBOpHTCJEN [AJS SKCT-
paknuu aacopbUpOBAHHEIX BELIECTB NO3BOJNACT HOGHTbCA BLHICOKOM
CTEMeHY pereHepaunuH aacopOelToB — aKTHBHBIX yrae#i H Maxkpono-
PHCTHIX MOMHMEpHHX CMOJA (no/jHcopGOB); OZHAKO, CTOMMOCTb Ta-
KO perenepaly OTHOCHMTEC/JbHO BLICOKA, MOCKOJIBKY IHOCJE 3KCTPAaK-
uHE HeoOXOZUMO 3aTPaTHTh TemJo (a 4acTo W map) AJas yAajleHds
OpraHM4ecKOro pacTBOpHTENs H3 3epeH ajcopbenta nocnae 3asep-
1lIeHHs 3KCTPakKiUHH, a TakK¥e KOMIIEHCHPOBATb HNOTEPH pPaCTBOPH-
TeJas B IHKJAE, BeJHUHHA KOTOPLIX HE MOXKET ObITh CBENEHA K HYJHI0.
Bce atn 3aTpaTtsl AOJKHB KOMIIEHCHPOBATbCA CTOUMOCTBHIO pPCKY-
NepHPOBAHHBIX MIPOAYKTOB, UYTO H ONpenensieT uenecooépasﬂocw:
OpHMEHEHHs] 3KCTPAKIMOHHON pereHepalHH azcopGeHTOB B KaXA0M
KOHKpeTHOM CJiyuae OUHMCTKH MNPOMBIIJEHHBX CTOYHBIX BOA XHMHU-
YeCKHUX HJH xHMuxo-d)apmaueBTuqecxnx NpOU3BOACTE.

Oxkerpakuus aacopOHPOBAHULIX BEIECTB 3aBHCHT HE TOJLKO OT
pacTBOPHMOCTH H3BJECKAEMOIo BellecTBA B OPraHU4YCCKOM pacrTeo-
puTese — skCTpareHTe. ANCopOeHT mnocje OYHMCTKH CTOYHBIX BOX
BJIa)KIIbIﬁ, W, clejoBaTeJibHO, YCJAOBHA KOHTAKTAa BOABI H opralii-
YecKol XKHIKOCTH B IOopax ajcopbenta HrpaloT NPH 3KCTPAaKIUHOH-
HOW percHepanuu ajpcopGeHTOB BeCbMa CYIECTBEHHYIO POJE.
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Ilponvknosenne sxcTparenta B CHCTeMy NOp 3epHa aiacopGen-
Ta 3aBHCHT Takxke OT KPUBH3HB MEHHCKAa XKHAKOCTH. B MOpax H B
MeXK3epHOBHIX NycTOoTax cjosd afmcopbenta. CiegoBaTesnbHO, Opra-
UHYeCKME PACTBOPHTENb MOJKEH AOCTATOYHO XOPOLIO CMAYHBATH
MOBePXHOCTb BJIAXKHOIO aKTHBHOro yrast (usau monucop6a) u 06-
JajfaTh K TOMY 2Ke HH3KOH BSI3KOCTBIO.

IToMuMo coGeTBEHHO SKCTPAKUMM, PABHOBECHE KOTOPOM Onpefe-
JisleTCsl PA3HOCTBIO BEAHYMH YMeHbIUIEHHS MOJBHOM cBOGOAHOA 3uep-
THH aAcopOUHH H COJIbBATAllHH H3BJEKaeMBX MOJICKYJ BHOGDPaHHLIM
pacTBOpHTe/IeM, HPH H3BJICUeHWH aJcopOGHPOBAHINHX BellecTB MO-
JKeT CHITpaTh BaXKHYI0 POJb U BHITEeCHEHHe ancopOHPOBAHHEIX MO-
JeKyJ H3BJeKaeMOro IpoAyKTa MOJEKYynamH pacTBOPUTENH, T. €.
pasnocte (AF%;— AF°;), rie uaneke ’'n” — OTHOCUTCS K H3BJe-
KaeMOMY TPOAYKTY, a Huiekc "'p” — x pacrBopurenio. Uem menbuie
T4 pas3HOCTb, TCM MeHblle pe3yAbTHUpyOmas BeauuuHa (—AF°)
H, CJ1e0BAaTe/IbHO, TeM Melibllle KOHCTAHTA PABHOBECHS MpH ancopb-
UMM ¥3 gaHunoro pacrsopurtens. Kak ¥ B cayuae gecopbumu we-
JIOYbIO, OTHOIUEHWE KOHCTAHT DaBHOBECHA NpH ancop6Iuy H3 BOA-
HBIX PacTBOPOB H W3 PaCTBOPOB B 3KCTPareHTe OonpepenseT mnepe-
Xo# u36GHITKA BellecTBa H3 aJACOPOMPOBAHHOTO COCTOSIHHS B
9KCTpareHr.

BaXHEIMH TeXHOJIOTHYeCKHMH XapakTEepHCTHKAMH SKCTPareHTa
ABNAIOTCA TeMIlepatypa KHNeHHSA, TensjoTa HcnapeHus, o6pa3oBa-
He a3eOTPOMIIHIX cMecelt ¢ BOJOH, a Takke TeMIepatypa BCIBILUKK
ero napoB, OT KOTOPOH 3aBHCHUT IIOKAPOOMACHOCTb ycTanoBKH. Hus-
Kasi TeMllepaTypa KHIEeHHd ¥ He(oJblIag TeIIOTa HCHAPEHUR

Tabauya VII-2, Temneparypo: Kunexus opeanuseckux pacreopuresed
U Uux Q3eoTponHuLX cmecell ¢ 8000, TEeMRepATYpsbl BCRLLUKL UX naApos
& pacTeopuMOCTs IKCTPu2enTo8 8 sode

TeMmaoepatypa Kume-
Hus, °C T PacTtBOpi-
eMIIepaTy- | yocTe B BOfe,
Pacreopurean D-’:! aBC::‘ﬂgé"- npu 20;C,
pac;;,a;,? " | ascotpona pos. Ke/u
Metunossft cnupT 64,7 — 0 o
Srtunossift cnupT 78,3 —_ 12 o
H306yTHA0BBA CIHPT 108,0 89,9 422 95,0
Hzoamunosuft cnupr 137,8 96,0 -1-40 26,0
AnetoH 56,5 — —20 oo
MeTHAH306YTHAKETOR 115,9 87,9 —10 -
Huxnopatan 83,5 72,0 +12 8,7
Xnopodopm 61,7 56,1 He Bocnna- 8,0
MerseTcs
HeTHpPeXXNOPHCTHI yriIepon 76,8 — To xe 0,8
TpuxnopsTuen 87,1 73,6 » 1,0
Junsonponunosui spup 68,4 61,4 — —
W3o6yTrHnauerar 118,0 87,5 +14 6
Usoamunauerat 142,0 94,5 +25 2,0
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Tabauya VII-3. IIpedenst g3pbiaaemocTi CMecu BAPOS ¢ 8030YxOM
U Temneparypel COMOBOCNAQMEHEHUS NAPOE OP2AHUMECKUX pacTsopuresei

IIpcaensi B3PhHIBAEMOCTH Coacpxanie
% (06.) rimd 0apos B Ha- | Teypepary-
PacTBopTeb > Bﬁgi%i‘i"ﬁﬂu P anoHatng,
HU3MmAR | BRlcIHR [ HESWHA | BCinn 2=Ioo ‘:d"’[; wapos, °C
% (06.)
Juxnoparan 6,2 | 15,9 |256 680 - 413
Auerton 2,0 | 13,0 | 48,5 315 23,7 ~500
#-ByTunoBBIf cnupT 3,7 | 10,2 |114 314 0,6 366
Mertunosbiil cnupt 5,56 | 37 73,4 | 493 12,5 475
STWIOBHHA CHUPT 3,3 | 19 67 364 5,9 404

YMeHbLIAIOT 3aTPATHl TEMJA HA OTTOHKY PACTBOPUTENS H3 IKCTpaK-
Ta MOc/Ie pereHepalyd H H3 [OP OTPCreHEePHPOBAHHOTO ajcop-
Genra.

HecMoTpss Ha npuBesneHHBIe BHIIIE OrpaHHYeHHSl, IKCTPaAKIHOH-
HEIH MeTOj pereHepauuud aicopOenToB moJyuaer B MOCHEJHHE OB
3aMeTHOe pacfmpocTpaHeHHe 3a py6exoM W 3ampoeKTHPOBaH  IJIA
pereHeparnuH akTHBHOTO YIas Ha psie YCTAHOBOK JJS OUHUCTKH
€TOYHHIX BOJ B XHMuUUeCKOH M nHepTeXMMHUYECKOH HMPOMBIIIJIEHHOCTH.
B kauecTtBe pacTBOpHTesiell B 3TUX MNpPOEKTax NPeIyCMOTPEHO HC-
NI0JIb30BaHHE AaleTOHa, xnopocbopma H HEKOTOPHX APYTrUX pacrso-
puTeneit ¢ HU3KOH TeMmepaTypoH KMIeHHs.

B rtaba. VII-2 NPUBENEHbl TEMNEPATYPHl KHIICHUS p;ma oprauH-
YecKWX PacTBOPHTesell U HX a3e0TPONHBIX cMecell ¢ BOAOH, TemIe-
paTypsl BCHLIILIKA IapoB H pacTBOPUMOCTH B Boxe. B rta6a. VII-3
ApelcTaBAeHH TNpeJelitl B3pHIBAEMOCTH B3PHIBOOTACHBIX cMecel
NapoB pacTBOpHTeJefi ¢ BO3AYXOM H TeMIepaTyphl caMOBOCIJaMe-
HeHus [TapOB PAacTBOpHTeJeil.

Tex10/I0TH SKCTPAKUHOHHONW pereHepamHH AaKTHBHOTO YIVIS
BKJIIOYAeT CNeAYIOLIHe OfepaHyuH:

1) ocBobGoxjaenue ancopOuHOHHOK KOMOHHB OT OCTaTKa CTOY-
HOH BOJiHI;

2) peuupKyJasfiHa HECKOJAbKHX NOPLUH OpPraHHYecKOro pacTBo-
puTens uepes KoJOHHY ¢ ancopBelToM B TeueHHe BpeMelH, [LOCTa-
TOYHOTE /151 MPAKTHUCCKOTO YCTAHOBJIEHHS JHHAMHYECKOIO pPaBHO-
Becusd. [lpu 3TOM kaxjas TOpUUA pacTBOpPUTE/]s MOCJTe peuupky-
JISIMA B 3aMKHYTOM KOHTYPE, HCKJAIOUAIOUIEM NOTEPH OT HCIIAPeHHS
B atMocdepy, cobupaeTcss B OTAS/JbHOM NPHEMHHKE, YTO MO3BOJIsSAeT
HaAMpaBJATh Ha OTrOHKY PAacCTBOPHTeNd TOJbKO HauboJee KOHIIEHT-
PHPOBalIHHE [0 H3BJEKaeMOMYy APOAYKTY PacTBOPH, a OCTaJbHbHE
HCIIOJIb30BATh B HOBOM LHKJe TOBTOPHO. (B KauecTBe BO3MOIKHOTO
BapHaHTAa BMECTO PEUHPKYJAUUH PpacTBOpUTEN JOMYyCTHMO IpH-
MeHATb (QUABTPOBaHHE ero depe3 aacopBeHT ¢ Manof CKOPOCTHIO;
O[lHAKO, NMPH 3TOM KOHHEHTpAUMs NPOAYKTa B 3KCTpaKTe Melble
M COOTBETCTBEIHO PACXOJ 3KCTPareHTa GoJblie);
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3) 0cBOGOXIEHHe KOJNOHHHI TOCJTE OKOHUAHHS JKCTPAKIHH OT
HKUAKOCTH, KOTOPYI INPHCOEAHHAIOT K HOCJegHel HOPUHH 3KCT-
paKTa;

4) oTroHka napoM pacTBOPHTEJ, 3aK/JIOUYEHHOr0 B MOpax 3e-
peH ajcopGeHTa, ¥ KOHJeHcauus NMapoe B TemaooOMeHnHuke. Kor-
JeHCcaT OPTaHHYECKOI'O PACTBOPHTeNs (B cayuae NpUMeHeHHS €260
PacTBOPHMEIX B BOJe JXHAKOCTel, HanpuMep, xJopodopma) oraens-
IOT OT BOJHOIO CJ0S H NPHCOENHHAIOT K TOCJejHell NMOPHHH 3IKCT-
paxTa. BoaHEIA CJIOH, ABASIOMIUIACS HACHIUIEHHHIM BOAHBIM PacTBO-
pOM 3KCTparenta, HaNpaBJAIOT Ha BaKYyMHYIO OTTOHKY PaCTBOPH-
Tesid, a KyGOBHH OcTaTOK (BOLY) NPHCOEJHHSIOT K CTOYHOM BOJE,
nocrynawilefl Ha aacopOUUOHHYIO OUHCTKY.

B ANOHCKMX H aMEeDHKAHCKHX MATEHTax Npepjaraercs IJas pe-
reHepaudi aKTHBHOTO YIVI NPUMEHATb B KauecTBe 3KCTPAareHTOB
CNUPTH!, KeTOUbl, 3UpPH, anndaTudecKkue U apoMaTHUECKHE YTIJeBO-
Joponsl H japyrue pacrsoputens [10, 11]. -

JAa OuhCTKH CTOYHBIX BOX INIPOW3BOICTBA TPHHUTPOTOJYyONA B
CIIA pexomenayercss amcopOunsi pPacTBOPEHHBIX OpPraHHYeCKHX Be-
fecTs OUTYMHHO3HBIMH AaKTUBHLIMH YIJISAMH HJIH MaKpomopucToH
noauMepHon cmosoii XAJl-2 ¢ pereHepauueii 3THX aacopOEHTOB
TemsisiM Tostyosiom [12, 13].

B CCCP paspaboraHa TEXHOJIOTHSl pereHepauyyl aKTHBHHIX yr-
Jicil mocsie OUHCTKH CTOYHBIX BOA OT AUXJOpOyTagHeHa H JPYTHX
XJIOPHPON3BOAHBIX  HelpeAeNbHbIX YIJeBOAOPOJOB 3KCTpakxiucit
9TUX COeJUHEHHH aueToHOM. B psaxe caydacs 3ameueno, 4To cMme-
LIaHHbIe pacTBOpuTesH Gosiee 3¢ PeKTHBHH IPH 3KCTPAKIHOHHOH
pereHepanyu afcopOeHTOB, UCM WHIMBHAyaJbHBE xuaxoctH. Tak,
AN pereHepanHd AKTHBHOTO YIS, HACHIIEHHOPO AHHOHHBIMH IIO-
BEPXHOCTHO-2aKTHBHEIMH BellleCTBAMH, Hanbosaee 3bdeKTHBHA BOLHO—
MeTaHOJbHAS cMech; AN pereHepaluH Yrisl, HachIIIEHHOr0 HHTPO-
aHunuioM, 3poekTHBHON OKazanach a3eOTPONMHAS CMeCh H-NPONHU-
JIOBOTO cnupTa u BoAsl [14]. B amoHcKOM NaTeHTe AJs pereHepauu
aKTHBHOTO YISl HOCJE OYMCTKH CTOUHBIX BOJ NMPOH3BOACTBA XJOPO-
MPEeHOBOr0 KaydykKa INpeasokeHO NPUMEHATb cMeChb MeTaHOJA HIIH
auetoHa ¢ 6eH30JI0M, UHKJIOTEKCAHOM WM Auxjaopatanom [15].

Huorna B Takol cMellaHHHH 3KcTpareHT BBOAAT ueboJblIOe
KOJTHIEeCTBO AHTHOKCHAANTOB, YTO 0COOEHHO BaXKHO NpPH JecopOuHH
apoMaTuyecKHX aMHHOB W AMHHOMEHOJOB, Jerko OCMOJSIONHXCA B
NPUCYTCTBAM AaKTHBHOrO yrais. Tak, B SIOHCKOM naTenTe [16]
FIpelyCMOTPEHO BBeJleHHE B 3KCTPAreHT Ans necopbuun (enonos u3
aKTHBHOIO YT TAKHX 4HTHOKCHIAHTOB KaK THAPOXHHOH, 2,6-1H-
Tper-6ytun-3-metuidenona, N,N’-zu-grop-6ytundesHon HAM TpH-
¢dennndochar B Koauuectsax okoio 1 mrfn. B matenTe yTBep:K-
JaeTcsd, UYTO B Pe3yAbTaTe 3TOTO CTeNeHb PErcHepPALHH YIasd, HACH-
ienHoro geHoaamu, gocruraet 90—95%.

[lpu perenepanun yrncH, HACHILEHHHX OPraHHuecKUMH caabH-
MU 3JIeKTPONUTAMH (KHCNOTaMH, (peHOJAMH W HX IIPOH3BOAHBIMH),
ocoOcHro a¢ekTHBHO NpHUMeHelde WIeJouedl B OpraHHYecKHx pac-
TBOPUTENSAX MM B BOAIO-OPraHWYecKHX cMecaX. IIpm 3KCTpakuuH
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OpPralHYecKHX OCHOBAHHMHA NPHUMeHEHHE KHCJIOT B  OPTaHHYECKOM
pacrsopurese Takxke 6oaee 3dPexTHBHO, UCM TPHUMEHCHHE HX BOJ~+
IiX PacTBOPOB. DTO HCNOJNb3OBANO B NATEHTE WU3BECTHOH# ¢paH-
uysckoit upmb «Jlerpemon» [17]. Ilpomecc pereHepanuu axkTHB-
HOrQ yrJisg B COOTBETCTBUM C STHMH NATEHTAMH COCTOMUT H3 NATH HO-
CJIENOBATC/ABHBIX ONEpalHi: IepBollavasnbHON 06pAGOTKH yrias B
teuenue uaca 1—29%-HOH CONAHON KHCJAOTON AJA BHLIMBIBAHHS He-
OPraHHuYecKHX 3arpsisHeHuil u3 cjog agcopbenra (0,5—1 o6bem
1%-noit HCl Ha oAuMH 06BEM aKTHBHOIO YIJIsl); HarpeBaHHus YIVist
nmapom g0 100—110°C u sxCTpakuuu 3arpsi3HEHHH W3 yrasg Opu
arofl temneparype B TeuenHe uaca 10%-nmM pactsopom NaOH
(1,25 oGbema pacTBopa uienodyd Ha 1 o6weM yras); MeANeHHOro
GbHILTPOBAHHA CBEPXy BHH3 uepes cJjoll yras cMecH BOABI H H30-
nponujiosoro cnupta (1:1), narperoft go 80°C (sra cragnusd AanT-
cd 3—4 u ¥ Ha BCloO onepauui 3atpauusaior He Gogee 0,5 o6bema
CHHPTO-BOAHOH cMecH Ha | oGbem yras); OTTOHKH M3 ropsuero ax-
THBHOIO YIVI M3ONPONHJI0BOrO CNHPTA BOASHEIM mapoMm npu 120—
140°C (orronka jaJurcs oxoso 1 4 mpu yAeJbHOM pacxole Napa
0,75—1,0 xr/l xr yraa); NOAKHCIEHHS OTPEreHepYPOBAHHOTO Yr.s
1% -HBIM pacTBOPOM COJISIHOH KHCJIOTHI

W3 cnupTo-BOAHBIX 2KCTPAKTOB CIHPT OTTOHSIOT, a KyOOBHIH ocC-
TATOK M IHEJOYHOH 3KCTPAKT, €CAH OHHU He COJepKaT LEeHHHX Be-
mectB, uarpeBaior go 500°C. Tlpu sToM opraHuuecKHe BellecTBa
noABepraiTces Nupoaxsy. Teep/ibie HacTHUB KOKca OCaXXAAlOTCs, a
rasel CXKHIAIOTC B cheduanbioil Tonke. [lorepu akrtuBHOro yrus
OYeHb HEBCJMKH (NPHMEDHO B 4 pasa MeHblue, 4eM NPH TEpMHUCC-
Kofi perenepaunu). Kanurasnbuble 3aTpathl, 10 LaHHBIM (HPMH,
MeHbllle, YeM NpPY TepMHUeCKOH pereHepamuy yrist B 2 pasa, a aKc-
IVIyaTalMOHHEE 3aTpaThl yMenbuiamorca nourd na 30%, ocobenio
[Py percHepauvu yrisg HENOCPeACTBEHIIO B aAcopOnHOHHOH anma-
patype.

OTroHka aacopGHPOBAHHBIX BEUIECTB W3 AKTHBHOrO yriis BOZSA-
Hpim RapoM, OTtronka aacop6upoBaHHBIX BELUIECTB H3  AKTHBHOTO
YIJis ¢ BOASIHEIM NMApoOM NpHMEHSIETCS NPH OTHOCHTEJbIO HEBBICOKOR
(menee 200°C) TeMmmepaType KuUNEHHs aacopOHPOBAHHBIX COeAHHE-
HHA H uX YCTOHYMBOCTH K PAa3/JOKEHHI0 H OKHCACHHIO TIPH 3TOH
TeMmepaType B IPUCYTCTBHM aKTHBLOro yras # mapa. Oua ocoben-
HO 3KOHOMHUHA INIPU OTTOHKE BCIIECTB MaJjo PacTBOPAMHX B BOJAE
H 00pasyiouIux NMpH 3TOM a3e0TPONHO-KANAMIYIO CMCCh C BBICOKHM
cOACpXKallHeM OPTaHMYeCKOro KOMITOHeHTa, TaK KaK 3TH YCJIOBHSA
o6JieryaoT pasfenende OPTraHHYECKOTO NPOAYKTa H BOAHOR (assl
KOHJeHcaTa U yMeUbIIaloT 3aTpaTh Telsa Ha nporece.

JanHbie O COCTAaBC a3eOTPOMiIBIX cMeceill, 00pa3yOMHUXCA NpHU
OTroHKe ajcopOHpPOBAHHHIX BeLIeCTB € BOISIHBIM NapoM NPHBeacHb
B Ta6a. VII-4, Kak BuaHo u3 Tabanubl, HauboJjiee BHITOJIHO HCIIOIb-
30BaThb a3e€0TPONHYIO OTTOHKY INIPH AecopOUMH H3 aKTHBHOTO YrIJs
YIJeBOAOPOIOB H XJOPNPOH3BOAHLIX, TAK KaK NPH 3TOM COUETAIOT-
cs Takue BaykHble TOKazartenn 3¢GQeKTHBHOCTH, KaK HH3Kad pac-
TBOPHMOCTb OPraHHYECKOTO NPOAYKTA B BOJE, BHICOKOE COJNEPKAHUE
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Tabruya VII-4. Cocras aseorponubix cmeced napos opeaHu4eckux 8eujecTs
u 800bl, UX TEMROPATYPOl KUNCHUA U PACTBOPUMOCTbL 8 800¢ 4UCTLIX NPOOYKTOB

Temnepatypa Ku-
nenns, °C ;?ﬁ?&ﬁ:c’?oe- f’acmopu-
Bemec‘rso ro KoMnoiieH- MOCTb B BO-
queToro Ta B mapax, ae, Kr/m?
pemecTea | 23€0TPOnA
¥Yraesoopoau
IHK/IOreKCaH 80,7 68,95 91,0 H.D,.
Genson 80,1 69,25 91,2 1,9-2,0
TOAYOA 110,6 84,1 80,4 0,5—0,6
Xnopnpoussoanbie
AUXJIODMETal 39,8 38,1 98,5 22,0
xnopodopm 61,7 56,1 97,5 8,2
4eTHIPeXXJIOPHCTHIN yIiaepoR 76,6 66,0 95,9 0,8
1,2-nuxnopatan 83,5 72,0 91,6 9,0
TPHXJIO0DITHJICH 87,1 73,6 94,6 1,0
1,2-guxi0pnponan 96,4 78,0 88,0 2,8
X.J10pGen3on 131,7 90,2 71,6 1,8
HurponponssoaHHe
HATPOMeTaH 101,2 83,6 76,4 10,0
HHTPOGeH3ON 210,8 98,6 14,2 2,04
CnipThl .
neHTayo-1 137,8 99,95 46,0 22,1
2-Mmerna-GyTason-3 132,1 95,2 50,4 26,2
rekcanon-1 157,0 97,8 25,0 6,0
LUHKJIOFEKCaHON 161,0 97.8 20,0 36,0
TenTaHoO 175,8 98,7 17,0 1,75

OpranH4ecKOro KOMIIOHEHTa B a3e0TPONHOA CMECH MAapoB M 3HAYH-
TeJbHOE CHMKEHHC TeMIepaTypbl KulleHusi a3e0TpPoma 1o cpabiie-
HUIO C TeMAEPaTypOH KHUMEHHUS UUCTOTO OPrallH4eCcKOr0 IPOAYKTa.

[IponvuaeMocTb ra3oB B TOHKHe NOPHl afcOPGEHTOB pacTeT ¢
yBesiHueHueM JAaBJjeHus. [103TOMy OTTrOHKa aAcOpOGHPOBAHHEIX Be-
UICCTB M3 aKTHBHOIO yIVIA BOASHBIM NapOM NPOBOAMTCA TON He-
GosbnM u36uTOuHBIM AaBnenveM 0,3—0,6 MIla. Boasuwoit map
pacxoayeTcs HE TOJBKO HAa OTTOHKY aAcopGHpOBAHIOrO BeuecTBa,
HO W lla Harpes ajcop0eHTa 10 TeMNEpPaTyphl KHIICHHS A3€0TPOIN-
noit cmecu. Ilosromy o6mmuit pacxon mapa moApasiessaloT No Has-
HAUCHHIO HA TPEIONMH Nap W Ha JHHAMHUECKUH map.

Ancopbunoniiast ycTanoBka, B KOTOPOil pereHepamysi akTHBHOTO
YT NpelycMOTpeHa BOASAIBIM MapoM, COCTOUT M3 ABYX KOJOHH,
paboTamKUX MOOYEPefHO, HJIH TPEX KOJIOHH, KOTOPble CBA3aHBI
KOMMYHHKAUUAMHA TaK, 4To J00ble 1Be H3 HHX MOTYT QUILTPOBATBH
CTOYHYIO BOJAY MOCNAEAOBATENBIO M KaXKAad KOJMOHIIA MOMKET OTcoe-
JAUSATBCA LSl pereHepauuy aacopbenta. Bee ancopbuuounbie ko-
JIOUHBL CHAPYXKH TENJOH30JHPOBAIIHL,

Perenepanus HaunHaeTcs ¢ BO3MOXKHO NOJIHOTO YAAJEHHS OCTATKA
BO/Ibl U3 aJCOPOUHONHON KOJOMIEL. 3aTeM B KOJIOHHY OGHIUHO cBep-
Xy BHH3 MOZRAIOT CyXO¥ BOASHOH 1lap, HMeIOIMHA TCMIepaTypy, He-
CKOJIbKO NPEeBBLIIAIONIYI0 TEMIEPaTypy KHIeHHA OTTOHSeMOro mpo-
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aykta (unm ero aseorpona). Ilo Tex mop, moKa yrodb B KOJOHHE
He narpeercss A0 100°C, koHJeHCHPYIOIIYIOCA BJAry H3 KOJOHHH
YAQJSIOT U3 HHXXHEH (NMOAPCIICTOYHOH) WacTH KOJIOHHHW Uepes cries
uHaJbHEIH narpy6ok B muume. Ha sTom stame peremepamum ngs
HarpeBa YrJIsl HCHOJIb3YeTCsl TelJIO KOHAEHCAIHH BOASIHONO mapa.
Hast narpesa yra or 100°C o TeMmepaTypbl OTTOHKM aAcOpGH-
POBANHOrO BeIECTBA HCMONb3YIOT TOMbKO Pas3HOCTh TeMIepaTyp
rpcioulero napa u aacop6enra. flcio, 9To ¢ yBenmuenHeM TemImepa-
TYPbl IPEIOMIEr0 apa CHHIKAETCS ero pPacxoj

(t — %) (qu,061,0 + mycy)

= T A T e a0
gu,0h (s — 1) (goc -+ myzy)
N Cn (tnl‘(— tKn) = + & (V11-3)

rie fx— TeMnepaTypa KHDeHHs BOAMW NPH AaBieHWH, CymecTByomeM B agcopb-
UHOWHOR KONOHHe; {o— TeMmepaTypa yris A0 Hauaia HArpesa; gu,0 -— KOMAHYECT

BO BO/IM, OCTaBlueecss B NOPax 3epeH axcoplenita nocie yAateHAs XKHAKOCTH H3
aACOPOUNOHNION KOJNOHHH; ¢n —eKONWYECTBO Napa, 06pasoBaBileecs H3 BOAM B 110-
Pax 3epeH AecopOeHTa; Cn,0, Cn— TEMIOEMKOCTH BOAMI H BOASNOFO Tapa NpH

JA2BJNeHUH B KOJOHMe; Iy — TeMIlepaTypa rpeiolilero napa; A — TendoTa HCnapenus
BoaMl, My W Cy — COOTBETCTBCHNO Macca aKTHBHOro yrinfl B KOJOHHE H TerioeM-
KOCTb aKTHUBHOTO yris cy=1,173 xllx/(kr-K); Q«— pacxox rpeiomero napa ua
KOMIIEHCAUMIO TemJIonoTeph Yeped CTeHKM aAcOpPOLHOHHON KONOHHH; Q) COCTaB;If-
eT okosno 10% o6mero pacxoaa rpewollero napa.

Pacxoa aunamuueckoro mapa 3aBHCHT OT TEMIEPATYPhl KHIle-
HHUS Y TENJIOTH NCNAPEHHS OTTOHAEMOrOo U3 YIrig ajxcopGupoBaHIIOTO
semecTBa. [ HM3KOKHMSIUX BEIECTB PAacXOd AHMiIlaMHUYECKOTO
napa cocrasiaser 2,5—3,0 kr Ha 1 Kr OTOTHAHHOrO NPOAYKTa; AJISR
OTTOHKH BBICOKOKHIISIIHX BELIECTB pPacXoX AHHAMHYECKOro mnapa
MOJKeT AOCTHraTh 15—25 Kr Ha | KT npoaykTa. YaeasHH# pacxox
napa Ha OTFOHKY 1 Kr opranu4eckoro BelIeCTBa NpH pereHepauluH

Tabauya VII-5. Pacxod dunamuueckozo napa ne oT20nKy I K2 Opaauuueckozo
npodyxkra us axrusnozo yzas KA-uodneid

Temnepatypa, °C "Pacxogn na-
pa Ha OTTOH=
Bemecrso Xy 1 Kr Be-
| CTBa M.
KHneHus napa ”’&erm'axf
Xnopodopm 61,7 105—110 3—10
Aseorpon (97,5% CHCls) 56,1 105—110 3—5
Benson ) - 80,1 105—110 5—10
Aseotpon (91,2% CgHs) 69,2 105—110 3—5
TpuxnopaTHieH 87,1 105—110 5—10
XnopGenson 131,7 110—135 10
Aszeorpon (75% CgHsCl) 90,2 110—135 5—10
HuTtpobeHson 210,8 180—210 | 40—50
Ascotpon (14,2% CeHsNOy) 98,6 120—150 40—50
®eHon 181,8 130—180 2030
Aseorpon (90,8% CgHs;OH) 99,6 120—150 20
TpuxnopdeHon 244,5 240—250 40—50
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ANCOPOUUOHHON KOJIOHHBI, 3arpyKeHHod akTuBHbiM yraem KA~
HOAHBIN, npuBenen B Tabn. VII-5.

Boaanofi nap Ang OTTOHKH aACOPOUPOBAHHBIX BEIlECTB MOMKET
OHTb 3aMeHeH HATPCTHIM Bbillle TEMNCPATYPHl HX KHMOEHUS HIICPT-
HHM Ta3oM (a30TOM, AHOKCHIOM YIJepoxa), a B CAydyae OTTOHKH
BellecTB, He 00Pa3yIollnX B3PHIBUATHIX CMeceH, H HArpeThiM BO3AY--
xoM [3, 20]. Dta 3amena uesnecooGpasna npexmae BCEro AJs OTIOH-
KH BCIIeCTB, 00nafaiomux BBICOKOH PacTBOPHMOCTbIO B BOge (ia-
npuMep, IPH OTTOHKE H3 YIS YKCYCHOM KHCJOTH).

JuHaMuyecKMit ras, HachileHHBIA napamn gecopOUPOBaHHOTO
OPOAYKTA, NOABEPraloT IYyOOKOMY OXJaXKAEHHIO U BBIAEJASIOT CKOH-
JeHcupoBasilinecs NpolyxThl. [lepex c6pocom B aTvochepy oxnax-
JeNnnblii ra3 NPONyCKAIOT uepe3 KOMOHHY ¢ aacopGeHTOM [t OYH-
CTKH OT OCTATOYHBIX OpraHHYecKHX HPOLYKTOB.

Haun6osnee aewespi#i cnoco0 NOJAydeHHs CMeCH HHEPTHBIX I'a3oB
(asora W aHOKcHaa Yraepoja) 3aKJiouaeTcss B CXKUraiid NPHPOA-
HOro rasza 6e3 u30bITKa BO3ayXa (C NOCNEIYIOMIHM OTACJNEHHEM
BJIaTH B BH/Je KOHJEHCAaTa B TeX HEMHOTUX C/ayuasiX, KOTAa 3TO He-
06XOmMHUMO).

Eciu TemmepaTypa KOHIEHCANHH OPraHHYECKHX NPOLYKTOB BHI-
e TeMHepartyphl KOHAEHCAHWH NapoB BOAH, TO KOIAEHCATOp MNpo-
JAYKTOB NOMEIIAIOT B CXeMe IepBBIM, a KOHAEHCATOp BJAard — BTO-
peiM. B Tex cayuasx, Korma TeMmepaTypa KOHJeHCAUHH IIapoB
OPraHHYeCcKOro MpPOAYKTa CyumecTBeHHO HHxke 100°C, cnepsBa KOH-
JIEHCUPYIOT H3 a3a-HOCHTeJs BJiary, a BO BTOPOM KOHJIEHCaTope
BBIAENSIOT OpPraHuveckuifi KOMIOHEHT cMecH. [Tocse BhIZeJIeHHS H3
rasa-HOCHTEJSl [eJIeBOro NMPOAYKTa Fa3 uenecooGpa3Ho peuHpKyJaH-
poBaTh, CMeLIWBas €ro ¢ MPOAYKTAMH TOPEHHSl TONJIHBA AJS CHA-
JKeHUS TeMIlepaTyphl Ta30B nepex mogadeil ux B aAcOPOUHOHHYIO
KOJIOHHY 0 ONTHMAaJIbHO# BeNHUHHBHI.

Perenepanuss akTHBHOPO yIJsl OTTOHKON aacopGHpPOBaHHBIX Be-
IECTB ¢ BOASHBIM NapoM TOCJE OYHCTKH CTOYHBEIX BOA OT XJOpOP-
raHMueckux MNPOAYKTOB, HHTpOGel30/a, apoMaTHUeCKHX YIJEBOLO-
POJOB Halllla NpUMEHEeHHe Ha pAle aacOpOUHOHHBIX YCTAHOBOK B
CCCP u 3a py6Gexom [3, 8, 11, 19, 21 u ap.].

3. LECTPYKTUBHAS PEFEHEPAUUA AKTUBHLIX YIJIER
NMOCNE OYMCTKU CTOYHLIX BOA

BricokoreMnepaTypHasg TepMHuecKasi pereHepaluusi aKTHBHOTO
yrag. [Ipaxktnuecku Bce afacopOupOBaHHBIE BelllecTBa passaralor-
¢ npu uarpeBaunu o 700—1000°C. B 3aBucuMOCTH OT cOCTaBa
aTMocdepb, B KOTOPOH OCYIICCTBJAAIOT NPOKAJHBaHHE HACBILICHIO-
TO OpraHuvecKMMH 3aTPSA3HEHHSIMH AKTHUBLOTO YIJAA, NPOHUCXOAHT
06pa30BaHHe HU3KOKMISIIUX OPTallH4ecKHX COCAMHEHHIl HJAH Koied-
HBIX TPOAYKTOB OKHCJIEHHS — AUOKCHAA YIJIepOAa, BOISHOrO mapa,
azorTa 4 T. IL

OxucaureneM ra3oo6pa3HEIX NPOAYKTOB Pas3soOkKeHHs CJAOKHBIX
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MOJIeKy/1 aACOPOHPOBAHHBIX COeNHIIeHHH MOmeT OLITh KHCJIOPOX
(mpu cozepxaHHH ero B rase-sHocatese Menee 5%) JuGO BOAAHON
nap, KOTOPHIA OKHCJsAET GOJBIIAHCTBO OPraHHUECKHX BELIeCTB NPH
Temrnepatype Beiie 600—800 °C.

Temneparypa, npu KoTopolt nayuHaeTcsl pacmaj aacopOHpOBaH-
‘HBIX BELIeCTB, 3aBHCHUT OT WX CTpoenus. Tak, ans Tepmuueckoir pe-
‘TEeHepAalHH AKTHBHOrO yIJfl Nocje afcopOIHOiHOA OYMCTKH GLITO-
BHIX CTOYHHIX BOJA HOCTATOYHO HarpeTh ajncopbedr ao 400—450°C
[22]. MHorosizepHble apOMaTHUeCKHe COENHHEHHS NpH IPOKATHBA-
Hud 10 700—800 °C 06pasyior Hapsaay ¢ rasoo6pasHbivy NpOLyKTa-
MH TOHKYIO YIJ€POAHYIO NJeHKY. Ilpu perenepamun akTHBHOTO yr-
Js1 B NPUCYTCTBHM BOASHOrO Iapa 3Ta IJIEHKA OKHCJsIETCS IO pe-
akuun C+2H,0—CO,+2H,;, ocBoGokaast MNOBEPXHOCTb  TOP
ancopbenTa. Bosee jgerasnbHoe Hcc/legoBanue MPOIECCOB, MPOHCXO-
OALGHX TIPH BbICOKOTEMIIEDATYPHOH pereHepalHd aKTHBHOI'O YT,
MOKa3ajo, 4To aacopOHpOBAaHHBIE COEJHHEHHS MOKHO NOApasfie-
JIMTb Ha TPH rpynnsl. K nepBOi Tpylnne OTHOCATCH BellecTBa C [IH3-
KO TeMmepaTypo#i KumeHHs. IIpH TepMHuecKoil pereHepanuy yrias
OHH HcnapsoTcs U3 MOp 3epeH ajcopbeHTa y:ke B HauaslbHOK cra-
AHU HarpeBa oObIUHO BMecCTe ¢ BOJOM, ocTaBllefics B MOpax OTpa-
GOTallHOTO AKTHBHOTO YIMIA IIOCJC OT[E/elIHs ero OT OCHOBHOH Mac-
Chl XHAKOCTH. MoJsekynnl BellecTs, OOBeAMHENHBIX BO BTOPYIO
rpynny, OTHOCHTENbHO JErKo pasjnarawpTcsa. K TpeTbelt rpynne ot-
HeceHH MHOTOAZepPHBIE apoMaTHyeCKMe coelVHEHHA (HampuMep,
HadTON), JUMUUH W JAPYTHE BBHICOKOMOJICKYNSAPHBIE NPHUPOJHLIE H
cHHTeTHYCCKHe NMpoaykThl. IIpn HarpeBauun a0 800°C 3TH BemrecTt-
Ba HAPALY ¢ rasoo0pa3HBIMH NPOAYKTaMiu oOpasyioT B Iopax yras
3HAYHTENbHBN yriepoaucTeifi octaTok [23]. Kuueruka pereHepa-
LIHH YIJi, HACHINEHHOro BeiecTBaMu [ rpynmul, onpenessercs Ku-
HeTHKON accop6uun. CKOpOCTh pereHepaliid yIvIs, HAaCHIEHHOTO
emecTBamu 1 u III rpynn, ompesenseTcss KHHETHKOH XHMHUECKHX
peaxuuil pacnaja ancop6upOBAHIBIX BellleCTB.

Kunernka Hew3oTePMHYCCKOH JecopOuuH OpraHMyecKHX Be-
IIECTB NPH perenepaunu aKTHBHOrO YIS NpoKaduBanueMm Oblia
HCcJef0OBaHa Ha HpuMepax Aecopbuuu 6eHsona u ¢heHoNa U3 aKTHB-
HLIX yrJIell ¢ passiHuHOH NMOpHCTOH cTpPYKTypoil [24] ¢ pacmpenene-
HHEM NOp YIIS IO pasMepaM.

Heo6x01uM0 o6paTuTh BHHMaHHE HA TO, YTO IPH TEPMHUECKOH
pereiiepaliid akTHBIOTO YTJs B NPHCYTCTBHH BOASIHOTO Mapa HJH
NPHMECH KHCJIOpOAa OJHOBPEMEHHO € NeCTPYKTHBHBLIM OKHCJIEHHEM
agcop6UpoBaHHBIX BeINecTBE W NPOAYKTOB KX pacnajga OKHCAfeTes
TaKxXe CaM akTHBHHI yroJb. [Torepu aKTHBHOIO yrist OT OKHCJIEHHS
HIH OT Tak Ha3eiBaeMoro ofrapa pacTyT NpH YBEJHYEHHUW JJIH-
TEJIBHOCTH TIPORECCa H MOBHIIEHHH TeMIepaTyphl NpPOKaJHBaHHA
agcopbeHTa u B GOJNBLIMHCTBE MPOMBEIIEHHHX YCTAHOBOK COCTaB-
asgor ot 5—6 xo 10—15% 3a omepamuio. HecMoTpa Ha OTHOCH-
TeJabHO GoJbline NMOTepn aacopGeHTa U 3aTpaThl TOMAMBA (OOLIYHO
NPHAPOJHOTO Ta3a, PeXe JKUAKOrO TONJHBA) METOX TepMUUeCKQH
BLICOKOTEMIEPATYPHOH pereHepauuu aKTHBHOrO YyIJfl HOJYYHJ HaH-
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G6onpwee pacnpoctpadenne kax B CCCP, Tak u ocobeHno 3a pyGe-
JKOM BCJIECTBHe CBOefl yHHMBepcaabHocTH [3, 22, 24—30, 31—33].

OTHOCHTEIbHO PelKO B MPOMBILLIEHHBIX YCTAHOBKAX JJs Tep-
MHYeCKOH pereHepandH AKTHBHOrO YIJIfl NMPHMEHSAIOT YHCTHII nepe-
rpethiii A0 600—800°C Boasnol map [25]. O6GHUNO Ke HCHOAB3Y-
0T B KauecTBe TEIJIOHOCHTENS PeaKuHOHHYIO cMechb NMPOAYKTOB ro-
peuna rasoobpas3Horo HAM KapOIOpMPOBAIHOrO KUIKOTO TONJMBA
C BOASAHBIM MapoM, cojep:Kamyio nap B KoiHuecrse 45—609%. Pac-
XO4 TAaKOH CMEeCH Olipejensercsi, Ipexkjie BCEro, ee TeIIocodepXKa-
HHEM H TMOTOMY 3HAUWTEJIbHO NPEeBbIIIAET KOJHUECTBO Napa, pac-
XOLyeMOoro CoGCTBEHHO Ha OKHCJeHHe aAcOpOHPOBAHHBIX NPOAYK-
TOB. BesenctBue 3TOro MPOAYKTH AECTPYKUAH W OKHCJACHHS Aecop-
0MpOBAHHEIX COEJHHCHHHA B OTXOASIIUX ra3ax YCTaHOBOK HACTOJBKO
pa36aBieHBl ABIMOBHIMM TI'a3aMH W HenpopearnpoBABLIHM MapoM,
UTO OHM HETOpPIOUH, HECMOTPS Ha TO, YTO coJepxKaT CPeAau MPOAYyK-
toB peakuuu CO u H,. Ilostomy oTxonasmue rasel H3 peremepa-
IHOHHBIX YCTAHOBOK He MOTYT HCIOJb30BaTbCSl B KadeCTBe BTOPHU-
HOTO TONJIMBA B KOTJaX-yTHAu3aTopax. TeM He MeHee, HenocpenacT-
BEIIHBI BHIGOPOC IBIMOBBIX TFa30B B aTMocdhepy HeAONyCTHM H3-3a
ONIACHOCTH 3arpsi3HeHufl oxpyxKawinell atMocpeph. B 3apybexnnix
yYCTAHOBKAaX, KakK NPaBHNO, OTPAHHUHBAIOTCA paccedBaHueM OTXO-
JSIHX Ta30B Npu Homomn BHcokux Tpy6. B CCCP Takue rass u3
meuefl TepMHUECKOH pereHepauHM axKTHBHOTO Yras pasbapasiorcd
Bo3ayxoM H mpd 300°C poxuraioTcs Hajm KaTanu3aTopoMm (AHOKCH-
aoM mapranua u 1p.) [3]. .

ITpu pereHepauud aKTHBHOIO YIJIA, HACHLIIIEHHOTO XJOPOPraHH-
YeCKHMHU BHLICOKOKUMAUIUMH CO€JUHICHUSIMH, Cy.IIb(‘bOKI/ICJIOTaMPI .t
OpraHAyecKUMHU CyabpuiaMu B OTXOAAIIMX rasax YCTAaHOBOK CO-
nepKAaTes COOTBETCTBEHHO XJOPHCTHIH BOAOPOM HJIH AHOKCHA Cephl.
Kucaple KOMIOOHEHTH W3 OTXOASIIIHX Ta30B OTMBIBAIOT Miepef BbI-
6pocoM B armocdepy B CcKpy6bepax, opollaeMhHX PasGaBIeHHBIM
M3BECTKOBBIM MOJIOKOM HJH Pa36aBNeHHBIMH PACTBOPAMH IEJNOYH
anbo ammuaka. B mocaennem ciydae BO3MOXKNIO HaNpaB/eHHE OT-
paboTaHHHX pacTBOPOB CKPy66epoB Ha OHOJNOTHUECKHE OUHCTHHIE
COOpPYKeHH4.

OcyImecTBJsIOT BEICOKOTEMIIEDATYPHYIO perenepaunio aKTHBHBIX
yraefi B MIAXTHHX OJIIOKAMEPIKIX WM MHOTOIOAOBEIX  Ieyax B
NJIOTHOM, ABHXKyuleMmcs (ocepaiomieM) MAX Kumsuem ciaoe [33—
35], a raxke Bo Bpamarwoluxcs meuax [26, 32]. Hautennhocts pe-
reHepaiyiy rpanyJHpPOBAHHBIX AKTHBHBIX yrjeill cocraBaseT ot 15—
20 Mun po 1 u.

ITopoukoo6pasubie aKTHBHLIE YTJIH PEreHEPUPYIOT B yCTAHOBKAX
c THEBMOTPAHCHOPTHPOBAHHEM TFa30BOH CYCHEH3MH yriisd uYepes
Tpy6uatHii uau BAXpeBOH peakrop npu 800—1000°C B Teuenne
3—5 ¢, nu60 B YCTAaHOBKAX C KHNAIIHAM CJIOCM HHEPTHOrO 3epPHHU-
CTOr0 MaTepuaja (HampuMmep, KBApUEBOro NeckKa), NpiueM YroJb-
HYIO0 CYCNeH3HIO BBOASIT B HHXKHIOI uacTb cnoa (puc. VII-1). B ye-
TAHOBKaX O06OWX THNOB OTPereHEPHPOBAHHBIH YTOJAb BLIAEJASIOT B
UHKJIOHAX WM MOKpPHIX cKpy66epax [33, 36].
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[Torepy mopowKOOGPAa3HBIX aKTHBHBIX
yrjefi upu TepMHYECKOW pereHepaluH Ha
ycranoBkax CIIA cocrasasior  17—209%.
B onmirebix yeaosuax kak B CIA, tak u B
CCCP ux ynaaoch cunsuth g0 15%.

IMeup pas pereHepanuu 3epeH yriag B
KHUIsUleM cjoe npejpcrasiseT coboit nH-
JHHAPHYECKYI0 MIaXTy  BHICOTOH OKOJIO
2 M, OTHZedeHHYI0O OT TONKH JKapomnpou-
HOi peleTKOH, B OTBCPCTHA  KOTOPOH
BCTaBJicHbl KOHHYecKAC ¢ypmbl. )Kuoe ce-
UCHHE Fa30PaclupezenuTeIbiiol pelleTKH ¢
dypyvamu — okoso 2%. B Tonke pasmellle-
, Ha TOPeJKa [Jif CKAIaHus IPUPOIHOrO ra-
» 3a npu u3bbiTKe Kucaopoaa He Goaee 0,3%.
B TyHHenb TropeJKH TWOXBOMHTCH Hap, 3a
Pyc. VII-1. Tles 1ng pe-  cyer KOTOPOro TeMNepaTypa PeaKUHOHHON
P, yrua B KHIA- cMecH NPONYKTOB TOPeHHA CHHXKAaeTcd 10
I — repuonaps; 2 —caobon- (00—750°C. B waxty meun cBepXy IiHe-
Hoe TpOCTpAaHCTBO, 3 —HH- KOM IIENPEPBIBHO MOMAETCH OTPabOTaHIIBIA
JKeKTHposaHHe BOAbI, 4 — OT-
¥oaslye rassi c perencpupo- YI'OJb C BJAXKHOCTBIO 1ic foJiee 25% (Bbl-
et Ao caon "oaben  TDYXKEHHBIH 43 aJCOPGUHOHHON KOJIONHLI
'f,';‘;’,'gt;l;ﬂ"o,'f,"'yrfﬂ_,?2“:;‘; yrodip OTAENAETCA OT H30HITKa BOAH Ha
rencpauuio, 7, 9 —iopava JIEHTOUHOM BaKyyM-(QHJIbTPEe HAH BUOGPOCH-
OO raoes * moanbea Te). Ilonanas B Maccy packasncHHOTO KHNs-
11 — tonxa. mlero cJod, yroJb NPakTHYecKd MTHOBEHHO

BBHICylINBaeTcsl W Harpenaercst JAo obmieit
TeMIepaTypul cnosl. M3OBITOK /105 4Yepe3 CHEeUHAJbHBIA NepenuB
nonazaer B TpyOy, II0 KOTOpOH yaansieTcs M3 IUAXTH B TCII1006-
MEHHHUK, a 3aTeM B OyHKep-IDHEMHHK OTPEreHCPHpPOBAIIHOFO af-
copbenta. Perenepaunsa yras s kunsimiem caoe mnpu 700—750°C
npojosxaercs okojo 20 MHH. B COOTBETCTBHH € 3THM 3arpysky
OTpaGOTaHHOIO H BBIIPY3KY OTpereHepHPOBAHHOIO AKTHBHOTO YIS
BEIYT C TAKOH HHTEHCHBHOCTbIO, UTOOGH cpeJHee BpeMs TNpebhiBa-
HHs yacthi ancopbenra B cjoe 6uiio He meHee 20—30 mum, Io-
TePH aKTHBHOIrO YIVIS OT HCTHPAHHA ¥ obrapa cocrasisior 5—10%
(mas yras KAJL— 10—15%).

Tasel, yxoasmHe Y3 KaMepbhl DereHepaliiH, CHJIbHO 3albiJEHEl
H NOTOMY NPOXOAAT uepe3 UHKJOH, IOC/e STOr0  3XEKTHPYITCS
BO31yXOM, HarpethiM Jo 300—320°C, B tpy6GuaTeiif peakTop, 3a-
rPYXKeHHBI KaTaNH34aTOPOM OKHCJIeNHs (rpanyJHpOBaHHBIM  HJIH
KYCKOBHIM MpHPOJHHIM THposiosuTom). Ecan B rasax mocie kara-
JH3aTOPa COAEpXKATCH KHCJOTIIbIE OKCHAB WJH XJOPHCTHH BOJO-
pojJ, TO HX OTMHIBAIOT B CKpyGGepe c/oaGBIM HM3BECTKOBLIM MOJIO-
KoM, lleaccoo6pa3Ho BBOAHTD aMMHAK HENOCPEACTBENIIO B Ia30BLI
MOTOK TIOC/Ie peaKTopa C KaTaJNH3aTopoM.

B HexoTOpHIX NPOMBILIJICHHBIX YCTAHOBKAX TOpAuHe ALIMOBHIE
rassl MocJe IIMKJIOHA HANpaBJsAIUCh B TEMIOOOMEHHHK KOT/JAOB-YTH-
JH3aTOPOB, HO ONBIT 3KCHJAYATAINMH TAKHX YCTAHOBOK ITOKasaJj, 4YTo
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TPYOKH TemJoOGMeHHHKOB YacTo 3aGHBAIOTCH YrOMbHOH NBLIBIO B
TeX CJAy9YadX, KOrja H3-3a OCTAHOBKH KaMepH DereHepanud Temie-
paTtypa TemnnooOMeHHEIX NMOBepxXHocTefl majzaer uuxe 100°C.

Jns cosmaMust ONTHMAaJbHOTO DPEXHMA ICEBIOOXHKEHHS CKO-
pocTh NMaporasoBOf CMecH, pacCuMTaHHas Ha BCE CEYeHHe “IaXThi
KaMepHl pereHepanud, fomxua coctasaats 0,4—0,5 m/c, npu co-
Jepxalluy B WHXTe 3eper yrag 0,25—1,0 Mmm He meHee 60—700.
Ilnsi  ¢pakuuu akTuBHOrO yras auameTpom 1,5—4 mm (ilanpumep,
ana yras KAJ-uofseifl) CKOpOCTs NMaporasoBoro NOTOKa MOBHIINA-
ot 10 1—1,5 m/c. [IpoH3BOAHTENBHOCTD ONHCAHHON YCTalOBKH 3—
5 T aKTHBHOro yras B CyTKH Ha 1 M? miomajau rasopacrnpejenu-
TEJIbHOH JOHHOH pelieTKH KaMephl pPereHepamnmu.

B CLIA pnsa pereHepauun IPaHyJHPOBAHHOrO aKTHBHOTO YIVIS
HauGoJibliiee pacnpoCTpaHeHe NOMYYHIa MHOTOIIOAOBAS 1I€Ub C rpe6-
KaMH, HacaXXeHHHIMH Ha TMOJHIH BaJl, OXJaXXKZaeMHH H3HYTPH BO3-
AyXOM, KOTODbifi HarHeTacTCs CneuHaJbHBEIM BEHTHAATOPOM (pHC.
VII-2). VYcranoBka p§Jsi pereHepallHH TIPaHYJUPOBAHHOTO YIVIS
(puc. VII-3) cocTOMT H3 cJeNyIONIHX OCHOBHHX Y3JI0B: YZAaJeHHs
aKTHBIIOTO YISl B BHUAE KOHUEHTPHPOBAHHON BOJAHOM nyJbnbl U3
ancopOUMOHHBIX KOJOHH I mpu NOMOIIH THApO3JeBaTopa 2, OTAe-
JIeHHs1 YIJs OT U3ObITKAa BOAM B GYHKepe 3 C APEHHPYIOIUUMH yCT-
poiicTBaMH B KOHHYECKOH YacTH, NOJAYH BJIAXKHOTO YIJSA NPH I10-
MOHIH IIHEKa 4 B BEDPXHIOI0 YaCTb LIAXTHOH MHOrONOZOBOH NeYH 3.
Yroab, nepememniaembii rpe6kaMu CBepXy BHH3 HABCTpPeuy JNBIMO-
BBIM TrasaM, NOCTeNeHHO Harperaerca A0 820—930°C. ITpu srom
necop6HpOBaHHbEIE BEIUIECTBA H NPOAYKTLI MX PasJioKeHliss NocTe-
NeHHO OKHc/AI0TCA. JBIMOBEE rashl U3 NEUH OTBOIASATCS dYepes MHK-

Puc. VII-2, MeoronoznoBas neub Ajasl PereHepaldy IPaHYJHPOBAHHOTO aKTHBHOrO
yrias (I—5 — noauns ¢ rpebfkamu),

Puc. VII-3. Cxema YCTaHOBKH RXAA perexiepalli¥ rpanyHPOBAHHOTO YA,
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JoH (Ha cXeme He II0Ka3aH), a OTPEreHEPHPOBAHHHIA yroJb BHILPY-
MaeTcs B NPHEMHHK 6 ¢ BOJOH AN OXJNaXieHHs H BO3BpalliaeTcd
B ajCOPGIHOHHYIO CHCTEMY THIPO3JICBATOPOM 7.

O6uwee Bpemsi npeGLIBaHHS aKTHBHOTO YIS B MHOrOIOXOBOM
neud — 30 MHH M3 KOTOPHIX BBICYIUMBaHHE YIJIS 3aHHMAeT OKOJO
15 MHM, NHpONH3 M [AecOpOUMS OPraHHYECKHX 3arPSI3HEHHH OKOJIO
5 MHH H 0KOJO 10 MHH — OKHCJIEHHE TBEDJIOTO OpPraHHYECKOrQ OC-
TaTKa B NOpax Yris H ero akTHBauHs. CpejiHsAS NPOH3BOAHTEJb-
HOCTb MHOrONOAOBOH NeuH cocTaB/aseT 196 Kr rpaHyJHpOBaHHOrO
akTHBHOro yria Ha 1 m? ceuenns B cytkH. Pacxoxz napa cocras-
AseT 1 T Ha TOHHY OTPEreHepPHPOBAHHOIO CYXOrO aKTHBHOIO yIJl.
[loTepn axTHBHOIO yIJIg NpPH pereHepanuu B 3THX Meyax COCTaB-
asiot ot 7 go 10%.

CpaBHeHHe CTOMMOCTe#l TEPMHYECKON pereHepaudH TrpaHyJHpoO-
BaHHOrO H HOPOMIKOO6Pa3HBIX AKTHBHBIX yrJel MO JaHHBIM 9KC-
nayvatanui ycranoBok B CIIA moxasniBaeT, YTO 9TH BEJHUHHH HO-
BoJIbii0 6/u3kH. Okoso 30% Bcex sarpaT cOCTABJSIOT 3KCIyaTa-
IIHOHHBIE, & OCTaJbHOE — aMMOPTH3aUMOHHHE pPAaCXOAH, KOTOphHIE,
NO-BHAHMOMY, AOBOJBHO 3HAUHTEJbHH, YTo OGYCJOBJeHO abGpasuB-
HLIM JeHCTBHeM TPaHCIOPTHPYEMOro no TpyGaM yris.

HuskoremnepatypHas TepMMuecKas pereHepauusi aKTHBHOIO yr-
Jf. [lonu:KeHHe TemmepaTypsl AECTPYKTHBHOI'O OKHCJIEHHS aAcop-
OupOBaHHBLIX BeWeCTB O NpejesoB, MO3BOJSIOUIMX pPEereHepHPOBaTh
aKTHBHHI} yroab B TOH Xe anmapaType, rie OCYLIECTBJSETCS NpO-
1ecc agcopOuuu pacTBOPEHHEIX BEILECTB, NPEACTaBJSeT AT TEeXHO-
JIOTHH aACODPOLMOHHON OUYHCTKH 3HAUYHTE/JbLHBIH HHTEpec, TaK Kak
NDH 5TOM YMEHbINAIOTCS 3aTPaTHl TeNJia Ha NPOIECC H OTKPLIBacT-
Cs BO3MOXKHOCTb COKPaHIeHHS TOTeDb aKTHBHOTO YFJs OT HCTHpa-
HUus IPH BLIIPy3Ke H TPaHCHODPTHPOBAHHH €ro B NEUH JJIS perede-
pauHH H B GYIKCPH JJIl OTperelicpHpoOBaHHOro afcopbeHTa.

OmHHM H3 METOHOB NOHHMKEHHS TeMIepaTypH HeCTPYKTHBHOM
pereHepalnHH aKTHBHOTO YIJIs SBJSETCS OCaXKAEHHe B MOpax 3epeH
ajcop6eHTa KaTalH3aTOPOB JAECTPYKTHBHOI'O OKHCJICHHSL OpraHH-
YCCKHX BEIecTB, 06/1aJalolHX JOCTATOYHO LIHPOKHM CNEKTPOM aeli-
CTBUS H YCTOFUUMBHX K BOJASHOMY Napy H K OTPAaBJEHHIO CEPHUCTHI-
MH COeRXHHEHHSMHU H XJIOPHCTHIM BOAOPOAOM. B KauecTBe TakKHX Ka-
TaJM3aTOPOB MOTYT OHITh HCIIOJL30BAHBI BHICOKOLHCIEPCIIEIE MeTaJl-
Jibl, Hanpumep nasaazuii [37], uaH OKCHABI HEKOTODPHIX MCTaJJIOB
1IcpeMeniol BaJEHTHOCTH — NHOKCHJ, MapraHua, OKCHX MCAH H Ap.,
J160 CMECH 3THX OKCHIOB.

Haun6onee sp¢pexTuBHEEe KOMOHHAUHH OKCWAOB NJA TepMHYeC-
KOl pereHepauHH aKTHBHOrO yIJif 3alllHDIEHH aBTOPCKHMH CBHIe-
teabcTBaMH CCCP u nateHTamH. ColepKaHne OKCHAOB B aKTHBHOM
yrJe OYCHb HEBEJHKO H OObIUHO He mpepbinaer 5% B mepecuete Ha
meTas1, Perenepauus akTHBHOTQ YIVist € BHECEHHHIMHM J0GaBKaMH
xaTaJausaTopoB nporekaer npu 220—300°C B aTrmocdepe, comep-
xaume#t okoao 5% kucaopona. Ilpr 6OibleM COmEPIKaHHH KHCJIO-
pOZa B peaKLHOHHON rasoBoi cMecH (OGHIUHO B NPOAYKTAX TOpeHHS
APHPOJAHOTO Ta3a HJIH XHAKOrO TOMJIHBA) NMPOLECC OKHCJCHHSA al-
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cop6HPOBAHILIX BellleCTB NMPOTEKaeT HACTOJIbKO HHTEHCHBHO, UTO 32
CueT TelJla PeakLHH BO3IHKAIOT MECTHhle Neperpesnl C€J0st ajucop-
GeHTa, MPUBOASLLNE K BCIBILIKE aKTHBHOTO YIJi.

Perenepanusi akTHBHOTO YIJisl B KMNSUIEM CJOE€ MOXKET NpPOHU3BO-
AMTbCS H ODH HECKOJbKO 60JbllieM cojepiKallMd KHCJAOpOJLa B rase-
TeNJOHOCHTeNe, TAK KaK B TAKOM CJjOe cO37aloTcsl nauboliee BHIIOI-
nue ycJoBisi Tem100TBOAa. CaM npouecc perenepamyd NpogoJxKa-
ercd 30—60 mun. OpHako HH3Kas TeMnepatypa TeNJOHOCHTEJS
NPUBOAUT K 3UAYHTEJBHDLIM 3aTpaTaM BpPCMEHH Ha BbICYyLIHBaHHE
yras nocsie c6poca XKHAKOCTH H3 aAcopOmHONHON KOJOHHBHL

B kunsalieMm cJoe 3HAYUTEJNBHO YCKOPSETCS M CYIIKa YIJs, Tak
KakK B pe3yJbTaTe NepeMellHBaHHS 3epeH BO BCell Macce CJ0s NOI-
HZepIKUBAeTCsl IOCTOSIHHASL TeMIepaTypa, YTO IIO3BOJSIeT IICIOJIb30-
BaThb ra3-TEIJIOHOCHTEJb Ha CTaJHH CYHIKH yIJIsi ¢ Gojiee BLHICOKOH
TeMnepaTypofl, YeM Ha CTagHH OKHCJEHHS aJAcopOHDOBAlINBIX Be-
I1eCTB.

Perenepanusi akTHBHBIX YIJefl, B IIOPax KOTOPHIX OCAYKIAEH AH-
OKCHJ, Mapranua, HcciefoBaHa N0BOJbHO Heranabho [38]. Ha yrue
C 3THM KaTaJH3aTOpOM B uuTepBaje TeMmnepatyp 250—300°C no.-
HOCTBIO OKHCJIAIOTCS KpPacCHTE/IH, MOBEPXHOCTHO-AKTHUBIiLIE Belliect-
Ba, KaK HOHOrellHble, TaK W HEWOHOIEHHble, TYMYCOBHE BCIIECTBA,
a Takxe OpraHuveckue coeluneHHs, aicopbupoBannbie u3 GHONO-
THYeCKH OYHINEHHBIX CTOYNBIX BOJ. [IomBITKM pereiiepupoBaTh B
3THX YCJOBHSX yrodb nocje aiacopbuuu AuxjaopbyragueHa W psia
JIPYIHX XJOPHNPOH3BOAHBIX YAOBJCTBOPHTEJBIOrO pe3yjnLTaTa He
faJ.

TexHosOrHsa HaleceHHs OKCHAOB MeTaJJIOB HA AKTHBHBIH YroJb
JLOBOJILHO NPOCTA. Yrosib NPONMHTHBAIOT PAcTBOPOM COJIH MeTaJna,
a 3aTeM pacTBOPOM OCaAuTeNs — OOLIYNO BOANBIM PaCTBOPOM aM-
MHaKa HJIH KapOoHaTa aMMoHHA. Jlasee yroJp BHICYIIHBAIOT U Ha-
rpeBaioT B Toxke Bosayxa o 200—250°C no pasaoxenus kapOoHa-
Ta aMMOLuUs H YEaJeHHsl amMuaka. Ilpu 3TOM ocaxjaeiHkie B nopax
TUAPOKCHAB YAaCTHYHO MJH NOJHOCTBIO [ECHIAPAaTHPYIOTCST H 3a-
KpenJIgIoTesl Ha TMoBepLHOCTH mop yras. Ilocsie oxjaxpernus yrojb
OTMBIBAIOT BOJOM OT PacTBOPUMEIX cojefl (cyapdarta WM XAOpHAA
aMMOIHg) H 3arpyKaioT B aJcOPOLHOHHYI0 KoJouHY. [loTepu ak-
TUBHOTO YTV NPH HU3KOTEMIIEPaTypliofl KaTaaHTHYeCKOl perexepa-
uuH B cpelHeM cocraBasior 1,6—2%. Crnenosatennlio, yrojb Mo-
KeT ORlTb HCNOJb30BaH H0—65 LHKJIOB U B TCUCHHE BCErQ 3TOrO
IIepHofa CoXpaHseT BHeCEHHBIH B IOPbI KaTalu3aTop.

Hapsigy ¢ kaTanuTuyecko#l perenepanued akTHBHOIO yrJs B ra-
30BOH aTMocdepe, T. e. NocJCe BBICYHIHBAHHS, 32 Py6eXoM, 0cOGeH-
o B fnouuu u CUIA, B nocnexnnue rolsl mojgydaeT Bce GoJblee
pacnpocTpaHeHHe OKHCJEHHe aJcopOupOBAaHUBIX COeNHHEHHH Hemo-
CPEACTBEHHO B BOJHOH NyJblle yris. DTOT NMpouecc, Tak HashiBae-
Moe BJlaXKHOe OKHcJenue [33] ocymecTBaf0T 10 HaBJeHHEM, [O-
CTATOUHHM [JIs1 TOro, 4ToOn HeO6XOAMMas TeMmmepaTypa npomecca
Oblna gocrurnyTa 6e3 HenapeHHsl BoAB. OKHCIEHHE OCYUIECTBJSIET-
¢Sl PacTBOPEHHBIM KHCJIOPOAOM, PacTBOPHMOCTb KOTOPOrO NpH 5—

203



15 MIla cooTBeTcTBEHNO BO3pacTaeT NO CPABHEHHIO C PAcCTBOPH-
MOCTbIO MIpH aTMOchepHOM JaBjeHuu B 50—150 pas.

B nartcnre dupMu «Acaxu» [39] mpemnoxen croco6 perexepa-
LHH aKTHBHOTO YIJisl IOCJe OYHCTKH CTOUNIBIX BOXA, OCHOBaHHHIH Ha
KONTaKTe BOAHOH CYCIIEHSHH YTJI1 € MOJIEKYJSPHEIM KHCJOPOJIOM,
BO31yXOM (WJIH APYTHMH KHCJIOPOACOAEPXKALIMMHU Ta3aMH) NPH BHl-
cokom JaBaenun M TeMueparype 200—300°C. B Boze pacTBopsioT
cyandar meau (0,1—I10 r/n) au6o cMech cynnpara MeaH H CyJib-
¢arta ammorus. MoHH MeaH SIBASIOTCA KaTaJH3aTOPOM OKHCJEHHS.
B nartenTe yka3zaHo, UTO CYCNEH3HIO aKTHBHOTO YIJIsi C COAEpXKaHH-
eM TBep/iolt ¢asnl oT 5 go 30% (Macc.) B MPHCYTCTBHH cosieft MCaH
OKHCAAI0T BO3ayxoMm npu 150—300°C u masnenuw 1,5—15 MIla
(BeposITHO, B ICHCTBHTEJBHOCTH NDH AaBiaenuu okoJo 10 MIla) B
Tevenne 15—120 mun npm pH<C5. DddexTuBHocTs perenepanuu
NOPOIIKOOGPa3HOro aKTHBHOTO yrisf cocTaBiser 98—99Y%. Iorepn
yraa 3a omnepauuio — meHee 19,

Ananoruunniit mpouecc Ge3 KaTaJH3aTOpa Takkeé 3amaTeHTOBaH
¢upmoit «Acaxus. PereHepanHio akTHBHOTO yIVIS MO 3TOMY maTell-
Ty OCYIUICCTBASIOT B cHedHaJbHOM peakrope mpH  100—300°C
(npennourHrensHo -npu pasjennn 0,5—6 MIla). Ilpouecc mautcs
go 120 muH. Yross OTAEJNAIOT NOCJe pereHepaydH OT BOZH NpH
100—300°C, T. e. npu Temneparype ocHoBHOT0 mpouecca. [Ipu stom
ciiocobe perelepauld NoTepH aKTHBHOI'O YIJisi MPaKTHUECKH OTCYT-
cTBYIOT, 3¢ (ekTHBHOCTL pereHepaunu He Huxe 98%, a skcnayara-
IIHOHHBIE PACXOALI HAMHOrO HHUXXKE, 9eM npu oOHYHOH TepMmuUeckol
perencpauuu [40].

Meroanl perenepallHH aKTHBHOIO VIVl B BHAe BOXHOH cycneu-
3UM NPH NOBHIUIEHIOM [aBJeHHH 3acC/yXKHBAIOT BHUMAHHSA W IJd
yCa0BUH paboTel OTCUECTBEHIIBIX aACOPOLHOHHEIX YCTAHOBOK H, Be-
posTiio, B 6anxkaiiliee BpeMs 3aHMYT CBOe MECTO B CHCTEME MeTO-
HOB pereliepauiH aKTHBHHX YIJcfl nmoc/ie OYHCTKH KaK NPOMHILL-
JIEHHEIX, TaK H OBITOBHIX CTOYHHIX BOJ.

W3 ppyrux MeTonos, HMeomux GoJiee OorpaHHYEHHEIE MEPCIEKTH-
BBl . MPUMEHEHHS, MOXKaJyH, 3aCAyKHBAOT YIOMHHAHHS Harpes yr-
a5t SJeKTPHUeCKHM TOKOM [41, 42] u sjeKTpoxumuueckas pereue-
pauus yrja nyTeM Karojguoél o6pa6oTku B 1—2-MoJsspHOM pacTBO-
pe xsopuzia Hatpus [43]. :

rNABA Vil
KOPPEKTUPOBAHUE MUHEPAJIbLHOIO COCTABA BOJ
NOHOOBMEHHbLIMU CMOJTAMU

1. MIOHOOBMEHHBIE MATEPHUATIBI M MX XAPAKTEPMCTUKA

HOast ymsrueHAs W 0G€CCOJHBAHHA BOJH NPHMEHSAIOT IOYTH HC-
KJNIOYHTEJIbHO CHHTETHYECKHe MaTepHaJbl, MOJyuaeMEe NOJHMEpH-
samuel HIM MONHKOHAEHCAIHE! HH3KOMOJEKYJIAPHBIX OpraHHYeCKHX
seuecTB. [Toce monyyeHHss MOJNHMEPHOrO CETUATOrO Kapkaca B NO-
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JiuMep BBOAAT (GYHKUHOHAJbHEE HOHOTEHHLIE TPYNNH, MPUIAIONIHE
MaTepHaJy HOHOOOMeHHble CBOHCTBA., B 3aBHCHMOCTH OT KOHCTAalTH
HOHH3ALHH 3THX (YHKUHOHAJBHHIX IPYNN HOHOOOMEHHEIE MaTepHa-
JIBl MOTYT ObITb CHJbHEIMH, CDEIHHMH MJIH C1a0HMH 3JEKTPOJIHTA-
MH. B TexHOJOrMHM BOJONOATOTOBKH NPEHMYHIECTBEHHO NPUMEHAIOT
B KauecTBe KaTHOHOOOMEHHHKOB CHJIbHOKHCJOTHHE CMOJH, COAep-
XKaude cyabQorpynnn, H CJ200KHCAOTHHE CMOJIH, COAEpKallHe
KapOOKCHNbHHE TPynnb. B KauecTBe aHMOHOOOGMEHHHKOB HaHGOML-
filee pacrpocTpalenue NOJYYHIH CHJIbHOOCHOBHBIE CMOJIEI, COLEp-
}Kalllue YeTBEPTHUHble aMMONIHEBHI€ OCHOBAHHS HJH TPETHYHHE
aMHHOTPYINE], H CNa600CHOBHBHIE CMOJIHI, (hYHKLHOUAJbHBIMH TpyIl-
flaMH KOTODHIX SIBJSIOTCSI NMepBHYHbLIE H BTOPHYHBIE aMHHOTPYNMHI.

H36BITOK KHCJOTH B PacTBOPe MHOJMIXKEH CMeIaTh paBHOBECHE
HOLH3ALHH KaTHONOOOMEeHHBIX cMOJ. KOHCTaHTH HOUH3AUHUH CYJib-
¢orpynn cHJIbHO KHCJOTHHIX KaTHOHHTOB, OJHAKO, HaCTOJbKO BeJH-
ki (pK.=0,3—1,0), uto maxe npu pH 0,3—1,0 okoso 50% Bcex
cyJbdorpynn HOHH3HPOBaHH, a npu pH=pK. +2 (1. e. pH=2,3—
3,0) uonmsmpoBano Gosee 99% Bcex cyabgorpynn. CiaenoBaresb-
HO B o6nactH pHZ>=2 nonooGMeHHas eMKOCTb CHJIbHOKHCAOTHHX
KaTHOIIUTOB NPaKTHUECKH He 3aBHCHT oT pH.

Bennunanm pKa HoHOreHHBIX GYHKUHOUAJBHEIX TPYIN CHJIbHOOC-
HOBIIbIX aHHOHHTOB (PKa TPeTHUHBIX aMHHOrPYNN H YeTBepTHUHHIX
aMMOIHeBBIX OCHOBaHHMN) Haxondrcs B npegenax 9,8—10,6. Taxkum
oGpasom, npu pH 9,8—10,6 okono 50% aTux rpynn HOHH3HPOBUHO,
a npy pH=pK, —2 (pH 7,8—8,5) nonmsuporano mo 99% ¢yHuk-
LIHOHAJBHIEIX IPYNN H N03TOMY BO Beeh obaactH pH <8 uonoobmen-
Has eMKOCTb CHJIbHOOCHOBHHIX aHHOHHTOB B OH-dopme ocraercs
mourHn nmocrosuHof [1, 2].

KoHCTaHTH HONH3auHH KapOOKCHIBHBIX IPYNN cJA2GOKHUCIOTHOTO
xatuonnTa KbB-4 Haxomarca B npexenax 10—4*—10-%, Caenosareab-
so npu pH 4—6 auiIb NOJIOBHHA (YHKUHOHAJBHHX TPYIN CMOJbI
HOHH3HPOBaHa, a MPaKTHYECKH NOJHasx O6MeIrHas eMKOCTb KaTHOHH-
Ta MOXeT OHITb HCHOJDb30BaHa JHWb Npu pH>7. CaaGokuCa0THEE
JKe CMOJBI OTJIHUAIOTCH BHICOKOH H36HPATEJbHOCTHIO INOTJIONIEHHS
MIIOrO3apsAAHBEIX KAaTHOHOB H HCIOJb3YIOTCS NMPEHMYILECTBEHHO AJISt
yMArYeHus BOAH, T. €. XA o6MmeHa uoHOB Nat na kartuoum Ca?+
u Mg?,

[Tonnas o6menHas eMKOCTb CJ1aGOOCHOBHEIX aHHOHHUTOB ONpene-
JIeTCsl HOHH3alHell NePBHUHBIX M BTOPHUHHIX amuHorpymn (pKa=
~5—6) u mocruraerca quup npu pH Bozm <<3. Iostomy ycano-
B8HA pabotkt OH-¢uisTpoB, 3arpyxkeHHNX cAab00CHOBHBIMH CMOJIa-
MH B 6oJbiuofi cTemenu 3aBHCAT OT ray6unm H-kaTHOHUpOBaHHA
BoAH. ITo sToft xe mpuunHe cN2aGOOCHOBHHE CMOJIH He MOMVIOIIAKT
anuoHoB oyeHb cnabuix kueaoT HSiO3— m HCO5~, a Takke Gosee
YCTORYHBH K «OTpaBleHHIO» (HeoOpaTHMOM cOpOGLHH) OpraHHYECKH-
MM BellleCTBaMH.

OCHOBHOE [JOCTOMHCTBO CHJIbHOKHCJOTHHIX H CH/JIbHOOCHOBHEIX
#IOHOOOMEHHBIX CMOJ—IOCTOAHCTBO HX OOMEHHOA €MKOCTH B HIHpO-
KOM HHTepBase pH — ABiAeTCA NPHYHHOA M HX CYLIECTBEHHOIO He-
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JOCTaTKa: AJf CMEUICHHS HOHOOOMEHHOrO pAaBHOBECHS B CTODOHY
noraomenuss uonoB Ht xatuonuramu uaum OH— annonutamu 1eob-
XOAHUM OYeHb GOJbINOH H3OHITOK 3THX HOHOB B pacTBOpe. Iloatomy
peresepanus CHILHOKHCJIOTHRIX H CHJIbHOOCHOBHBLIX HOHHTOB TpeOy-
eT ropaszo 6oJbllero pacxoja peareHTOB, YeM pereHepanus cja6o-
KHCJIOTHHIX H c1a600CHOBHEIX HOHOOGMEHHBIX CMOJIL.

Tak, nna pereHepamuu c1aGOOCHOBHEIX aHHOHHTOB rpynnnel AH
pacxoj HIEJOYH NPEBHIIIAET CTEXHOMETPHYECKH HEOOXOLUMBIH BCCTC
B 1,5 pasa, torza Xak A/ pereHepaumHH CHJBHOOCIOBHOTO aHHOIIH-
ta AB-17 3TOoT pacxox mo kpafiHeit Mepe B 3 pasa 6oJblic CTeXHO-
MeTpHYeckoro. COOTBETCTBEHHO H DAaCXOX BOABI Ha OTMBIBKY H30OHIT-
Ka HOHOB MOCJe peleHepalHH caabooCHoBHEIX ¢moJ nouTH B 10 paz
MeHblle, YeM HA OTMHIBKY OTpDEreHePHpOBAHHBIX CHJIBHOOCHOBHDIX
CMO.IL. ,

Jlas ocymecTBJeHHs HOHOOGMEHHOrO Mpopecca BOAONOATOTOB-
KH, NMO3BOJISIOLIErO TOJHOCTBIO YTHIH3HPOBATh OTpalboOTaHike pere-
HepaHOHHEIE PacTBOPHI, C1a6OOCHOBHEIE aHHOHUTHEI YAOOUK H TeM,
YTO MOTYT PereHepHpOBaThbCs TAKHMH CJNaOGBIMH OCHOBaHHSIMH, KaK
BOIHBIE pPacTBOPH aMMMaKa, 4TO MO3BOJAET COJIH aMMOHHS, cOJep-
JKalliHecs B HCOOJb30BaIlHEIX [Js pereHepaiMH aHHOHHTOB DPacTBO-
pax npHMeHATb B KauecTBe a30THHX yAo6penHit. CH/IbHOOCHOB-
HBle H NPOMEXYTOUHBIE CMOJEI PacTBOPAMH aMMHaKa He pereHepH-
pyloTcd, TakK Kax HeoOGXOAHMHIA H36biTok HOHoB OH~ moxeT GbiTh
CO31aH TOJBKO B PACTBOPaX CHJIBHHX Llejoyefi,

BHICOKOMOJIEKYIApHAT OCHOBA HOHOOGMEHHBIX CMOJI, TAaK HaspBaecMas <«Mar-
PHIIa HOHWTA®, MOMET CYIUECTBEHHO PassHyaThCHd He TOJBKO [0 XWMHYECKOH, HO
M 1O (pU3MUECKON CTPYKTYDEe B 3aBHCHMOCTH OT MeToja cHiTe3a. Tpexmepias io-
JHMEpH3aUHUs HJH NOJHKOHIEHCAUMST NMPHBOLHT K MOJNYYEHHIO HENOPHCTHX CMOL.
B rakue cmoant uwoHs AHGOOYHIHPYIOT UL 10 CHCTeMC MOJEKYJASIPHBIX NpoMe-
JKYTKOB MCXKAY CBSI3ANULIMH B OOBEMHYIO CeTKY LeNeO6GPasHBIMH OCTATKAMH MO~
HOMepoB, o6pasoBasiuux poauMmep. HounTs, 3 TpexMepnoM MOAHMepe KOTOPLIX
(G yYHKIHORAIbHbIE HOHOTEHHBIE I'PYNNL pasMelleHs! HEPABHOMCDHO, MOJYYHIM Ha-
3BaHUe «relieBhIX». [eeBHMH YUaCTKAMU CMOJBI [IPM 3TOM Ha3wiBalOT 00Jacth
c Haubosblueli XOHUeHTPauweHl HOHW3HPOBAHHBIX (YHKUHOHAJNbHHX rpymm. Muk-
POYyYacTKM K€ CMOJIbI, NPaKTHYeCKH /JHIICH!ILe UOHOOOMEHHBIX TIPYNM, HA3KWBAIOT
MeXreJIeBLIMH. . ;

HouuTh ¢ OTHOCHTE/NbHO DPAaBHOMEPHRIM paclipejlesieHHeM TeJeBbiX H MeKre-
JeBbix o6JacTeit B o6beMe CMOJH NOJNY4YHNIM HA3BAHHe H3OMOPHUCTHIX, XOTH cje-
A1yeT TNONYEPKIYTb, YTO COOCTBEHHO IOP CBEPXMOJIEKYASPHBIX PasMepoB OHH He
COLepKaT TaK Je, KaK H obnyHble resaesnle cMoJbl. PaccrosiHne mexay Oausxafi-
IIMMH MeJKreJleBbIMH YYaCTKaMH B TAKHX I10JAMMep1X npubau3uTe bHO B JBA pask
TpeBbIUIAeT PACCTOSIHHE MeXNY OaMKafilUIMMA Te/leBBIMH yuacTKaMH,

CyuiecTBeHHEIM TPEHMYIIECTBOM H30MOPHCTHIX HONMTOB [epej reeBLIMH SiB-
JASETCA UX 3HAYHTENbHAN YCTOHYMBOCTH K OTPABJICHHIO OPraHMYeCKUMH BelleCTBa-
MH, T. €. K HEO6PaTHMOMY 3KpalHPOBAHIIIO HCHOTEHHBIX (PYHKLUMOHANbHBIX TPYHI
MOJeKYNaMH ajacOPGHPOBAHNEIX OPraHWYeCKHX CcOEJHHeHUHl, MPHBOASALEMY K mo-
CTENEHHOMY YMeHBUIEHHIO HOHOOGMEHHOH CnocoO6moCTH CMOJ

VionooGMeHHEIE CMOJIBI, TIONYYEHHEe NONHMEpH3aliHedl B cpelc HHEPTHOrO pac-
TBOpUTEJS, HanpHMep OeH3uha, B CTJHUMe OT reneBblX M H3ONOPHCTHIX HOHHTOB
cozepxar mope, ShdexTHBHBIA panHyc KOTOPHIX HAXOZHTCA B INpelenax 8—
20000 nM, T. e. BO MHOr0 pas NpEBBILIAET MOJeKyJspHLle pasMepnl, Takue Mmare-
PHAMNK TOJMYUHJH HA3BAHHE MAKPOMODHCTHIX HOHHTOB., Kawaln MakpoOmop OXBAaThi-
BAIOT GeCNOPSAOYHO YIAKOBauHLE YYACTKH reJ/ieBOi CTPYKTYpH. DTO npHAaeT MakK-
PONMOPHCTHIM HOHHTAaM MOBHINECHHYIO MEXAHHYECKYIO, OCMOTHUECKYIO, a B palle cays
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9aeB H XHVHYECKYI0 YCTOHYHBOCTH W ABAAETCH NPHUHHON GHICTPOH KHHETHKH 06-
$1€Ha HOHOB.

K wemoctaTKaM MaKpOMOPHCTLIX HOHMHTOB CJelyeT OTHECTH HX HEBBICOKYIO

HOHOOOMENHYIO €MKOCTh B pacueTe Ha €AHHHLY 05beMa CMOJH TO CPaBHEHHIO C
Gosiee MIOTHHIMH reJIeBHIMH CMOJIAMA.,

B ta6n. VIII-1 npHBeneHH CBOACTBa CHJLHOKHCJIOTHHX H CJla-
GOKHCJIOTIIHIX KaTHOHHTOB, NOJYYHBIIHX HaHGOJbLICE PacmpoCTpa-
HeHHe Ha HOHOOOMEHHEIX YCTaHOBKAX BOJOMNOJATOTOBHTE/BHHIX LEXOB
npomuiieHdux npeinpuaruft 8 CCCP. Anajornunnie KanHbie o
CBOHCTBax aHHONHTOB MpUBeAeHH B Taba. VIII-2.

Crnenyer oco60 OCTAHOBHTbCS Ha XHUMHYECKOH CTOMKOCTH HaH-
Goslee pacnpocTpaHeHHEIX HOHOOGMEHHEIX CMOJ, TaK KaK OMa B 3Ha-
YUTeJIbHOH CTeNeHH OIpejesseT BOSMOXKHOCTb HCIOJIb30BAHHUS KOH-
LUeNTPHPOBAHHLIX PACTBOPOB PEAreHTOB NpU PereHepand#d HOHHTOB
H 9KOIIOMHYECKH leneco00pa3Holl yTHAU3aUuH OTpaboTalnbX pere-
#iepalHoIIbIX PaCTBOPOB.

CHIBHOKHCJ/IOTHEIN CYJb(GOCTHPOJIbHHN KaTHOHMT KY-2 o6aana-
€T JIOBOJILHO BBHICOKOH YCTOHUMBOCTbIO KaK IO OTHOMIEHHIO K KHCJO-
TaM H mejoyaM, TaK H IO OTHOWEHHIO K OKHCJAHTensiM. Tak, nmocae
o6pa6otku cmonn KY-2 51 pactBopom NaOH u H,SO, 1 H pac-
tBopoM HNO; u 10%-ubiM mepokcHmoM Bogopoza o6MeHHas em-
KOCTb KaTHOHHTa cHuXKaeTcd me Gosee, yem nHa 1—39%,. Jdaxe noc-
Jle MHOrOoKpaTHO# 00paboTki kartHonuTa KY-2 4—5 H pacTBOpoMm
HNO; emKOcTb ero npakTHUeCKH OCTaeTcs HEH3MeHHOH. JIHIIb Ha-
rpeBanne kKaTHonuta B 40%-roft HNO; npuBOIHT K paspyuieHHio
cMmogipt. B otcytcTBHe Xe oxkucauTenell kaTHoHHT KY-2 B Boge
MOXHO HarpeBaTh A0 KHnehus, TepMHYecKui THADPOJIH3 KaTHOHHTA
c orwemnsienuem HySO, HacTynaer nmpu Temmepatype, NMpeBHIIAw-
weit 150°C.

CrnaboxucaoTunfi kKap6okcuabHu KaTHOHHT KB-4 TakXke MoxeT
OLITb OTHeCeH K XHMHMYECKH- H TCPMHUECKH YCTOHYHBHBIM HOHOOG-
MeminiM - cmodaM. Kunsuenue katHoHuta KbB-4 B 5 H pacTBope
HySO, npHBOAHT K H3MeHeHHI0 ero oOMeHHOA eMKOCTH He Gonee,
yem Ha 3%. B menoun katHoHHT KB-4 HECKOJBKO MeEHEe YCTOH-
YuB, HO W NpU KungueHuu B 5 H pacrBope NaOH o6mennas em-
KOCTb CMOJIBI MaJdeT BCCIO Ha 10°};.

[IpumenseMble B TexilMKe BOZONOATOTOBKH aHHOHHTH AB-17,
AH-22 y AH-31 o6naparoT xumuYeckoff M TepMuueckoR ycTofui-
BOCTbIO, 0cO0eHHO B coJeBofi ¢popMme. Tak, cymuTh annoHuT AB-17
B OH- ¢opme nmpu Temnepatype Gosee 60°C, Hesnb3st, B COMEBOIT
xe ¢opme cmosa BelAepkuBaer cymky npk 100—110°C. Caenyer
3aMeTHTb, UTO MOBHILIEHHE COAEPHaHH] B CMOJIe CIIHBAIOIIETO aren-
Ta — NUBHHHJIOEH30J1a — NIPHBOAHT K YBEJHUEHHIO XHMHYECKOH
CTOAKOCTH 2HHOHHTA, HO JEJ