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AICOPBIIMA TIOBEPXHOCTHO-AKTUBHbBIX BEIIIECTB
HA BO3AYIIHBIX ITY3bIPBKAX
U BJIMSAHUE COOTHOWEHUSA UX PASMEPOB HA IPOU3BOJUTEJIBHOCTD
MY3bIPBKOBO-IUVIEHOYHOM YKCTPAKIIUH

Ocobennocmu ny3vipbKOBO-NJIEHOUHOU IKCMPAKYUU PACCMOMPEHbL ¢ NOZUYULL OUHAMUKU U PAG-
Hosecus aocopbyuu nogepxHocmuo-akmuenvix gewjecms (IIAB) na ny3vipvrax 6030yxa ¢ pasHulMu
pazmepamu. Tlokazano, 4umo npu onpedereHHOM COOMHOUEHUY KOIUYECMEd U PA3MepO8 NY3blPbKOs,
adcopoupyrowux u nepernocsiwux IIAB u3 obvema ouuwaemoi 600vl 8 NY36IPLKOBO-NACHOYHBI IKC-
MpaKmop, npou3soOUMeIbHOCHb NPOYECCa NY3bIPbKOBO-HACHOYHOU IKCMPAKYUU MHO2OKPAMHO 603-

pacmaemn.

Knwuesnie cnosa: 600a, ouucmra, adcopoyus, ny3uipbKo80-nAeHOUHASL IKCMPAKYUSL.

Beenenue. [Ipu pemieHnr HapacTaroUIUX
npobieM ypOaHM3MPOBAaHHBIX TEPPUTOPUN H, B
TOM YHCIIE, TPOOJIEM, CBSI3aHHBIX CO BTOPHUYHBIM
3arps3HEHUEM IHUTHEBOW BOIBI B CETAX LIEHTPA-
JIU30BAHHOI'O BOJOCHAOXKEHHMs, BCE OoJbliee
3HAYECHUE TMPHOOPETAIOT 3HAHWS, MpaKTHYeCcKas
peanu3anys KOTOPBIX HAHOCUT MHHUMAaJbHBIN
yiepb okpykarotei cpee.

B pamkax 3KOJOTMYeCKOro HWMIIepaTuBa
pa3pabaThIBalOTCSl HOBBIE TEXHOJOIMU M COBEP-
HIEHCTBYIOTCS U3BECTHBIE.

OMHUM U3 DKOJOTHYHBIX CIIOCOOOB YITyd-
HIEHUS KadecTBa BOJBI Ha TepudepuH NpoTs-
JKEHHBIX BOJIOTIPOBOJIOB, @ TAKXKE MPH JTO0UHCTKE
NPOMBIIUIEHHBIX M OBITOBBIX CTOYHBIX BOJ H
MOJITOTOBKE BOJBI B JIOMOXO3SIICTBAX SIBJISIETCS
WCIIOJIb30BaHUE YCTPOWCTB, MPHHLMI ACHCTBUS
KOTOPBIX OCHOBaH Ha PeaIM3aly CONPSKEHHBIX
nporeccoB Quotanuu (My3bIPbKOBO-TUIEHOYHOM
IKCTPaKIMK) W OWONOTHMYECKOH (UIBTpPAIHH.
brodunbTp 1 My3bIPEKOBO-TNIEHOYHBIH SKCTpaK-
TOp, OOBENNHEHHBIE B SMEP/PKEHTHBIA BOJIOOYH-
CTHTENBHBIA KOMIUIEKC, 3((PEeKTHBHO OUYHMIIAIOT
BOJy 0€3 NpUMEHEHUs] PacXOAyeMbIX Marepua-
JIOB U 3THM 00€CIeYHBaIOT CYLIECTBEHHYIO 3KO-
HOMHIO MaTepHalbHBIX PECYpPCOB Ha MPOTSIKE-
HUH CBOETO KU3HEHHOTO LIUKIIA.

1. PaBHoBecHe M JMHAMHMKA aJcopOuuMn
ITAB Ha BO3ayHIHBIX Iy3bIpbKax. TepMoauHa-
Muka agcopbuuu [TAB B BOIHBIX cucTeMax pas-
paborana ['m60comM, KOTOPBI pacKpbLl B3auMo-
CBsI3b TTOBEPXHOCTHBIX M30bITKOB [TAB ¢ ux 00b-
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€MHOI KOHUEHTPALHEH U MOBEPXHOCTHBIM HATSI-
JKEHHeM pacTBopa. MOHOMOJNEKYJSpHYIO aj-
COpOILIMIO PAa3IUYHBIX ITOBEPXHOCTHO-aKTUBHBIX
BEIIECTB HAa TBEPIBIX M KUAKHX MOBEPXHOCTIX
uccnegosan Jlearmiop [1]. Ero ypaBHeHuUs u3o-
TEpM aAcopOLMU aJEKBATHO OTOOPaXKAIOT CYIII-
HOCTh M3Y4YaE€MBIX SIBJICHHUM M HIMPOKO HCIIOJIb-
3YIOTCS B TEXHOJIOTHYECKUX pacyeTax.

PaBHOBecue u kuHetHka ancopOuuu [1AB
Ha BO3JIYIIHBIX Iy3bIPbKAaX PACCMOTPEHBI HIKE C
HCIOJBb30BaHUEM IpejcTaBieHuil Jlenrmmoopa o
TOM, YTO Ha JIFOOOW TMOBEPXHOCTH HMEETCS KO-
HEYHOE KOJMYECTBO LEHTPOB (MECT), MOTEHIIH-
JIBHO JOCTYNHBIX Ui ancopOuuu. Kaxxnoe pas-
HOBECHOE COCTOSIHHME aJICOPOLIMH XapaKTeph3yeT-
Cs OTIpeIeNIEHHOM CTETeHbIO 3aMoIHeHUs acopo-
LIMOHHOW MOBEPXHOCTH MOJIEKYJIaMH aacopOTHBa.
IIpu sTOM ypaBHEHHWe, OomHChIBamoLlee aacopo-
LU0 B TUHAMUKE, SBISICTCS CIIE Ty FOIIIM:

r, =T, (K_*Oﬁ) {1 _exp [—(K 14K 1) ﬂ} 1)

rae ['; — amcopbums 1IAB Ha moBepxHOCTH TIy-
3BIPBKOB BO3/yXa, KOTOpas yCTaHABIMBAETCS KO
Bpemenu 7 = |/V (| — mnuHa BCUIbITHS Ty3BIPHKOB
BO3/IyXa B BOJIHOW cpejie, V — CKOPOCTh BCILIBI-
THUS My3BIPBKOB); [, — mpenenbHas aacopOouus
ITAB, Cy° - npenenbHasi 0o0beMHAasi KOHLIEHTpa-
uus [TAB B BogHo# cpene, C — ncxomHas KOH-
nenrpanus ITAB B BomHo# cpene, K TuK | —
KOHCTaHTBI CKOPOCTEH aJcopOIiu U JaecopOnuu
ITAB.
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VYpapuenue (1) mO3BOISET MPOAHATUIUPO-
BaTb OCOOEHHOCTH MPOLECCOB (IOTAIMOHHOTO
(TIy3BIPHKOBO-TDIEHOYHOTO) MU3BATHS TTOBEPXHOCT-
HO-aKTHBHBIX BELIECTB U3 BOJHBIX CpPEN C TIOMO-
IIBIO [IOTOKA ITy3BIPEH JUCIIEPIHPOBAHHOTO BO3-
IyXa WIN APYTOro MOIXOASIIETO Ia3a.

2. A3panvoHHO-MHAYLIHMPOBAHHBIN me-
penoc ITAB. IIpou3BOAUTENBHOCTH Iy3bIPHKO-
Boi (orammu ITAB 3aBuHCHT OT. CKOpPOCTH ai-
CcOpOIMH 3THX BEIIECTB HAa Ta30BBIX (BO3IYyII-
HBIX) MY3bIpbKaxX, CyMMapHOH IUIOLIaau aacopo-
IMOHHOW TIOBEPXHOCTH, CO3/JaBaeMOM BCEMU
My3bIpbKaMHU B UX IOTOKE B 00BEME BOJBI, CKO-
POCTH BCIUIBITHSA MY3BIPHKOB TIOJ JEHCTBHEM
apXUMEIOBOW CHJIBI, MHTEHCUBHOCTH THIPOIH-
HaMHWYECKHX BO3MYILICHHUH B 30HE aKKyMYJHUPO-
BaHUs (UIOTONPONYKTa M CIIOCO0a OTBEICHUS
¢oToKOHILIEHTpaTa 3a mpeaensl (iortaropa (Imy-
3BIPHKOBO-TNIEHOYHOTO dKCTakTopa). Kaxkasiit u3
NEPEYHCICHHBIX (PaKTOPOB SIBISETCS BAXKHBIM.

Ecnu moTok AucneprupoBaHHOTO BO3AyXa
COCTOUT U3 IIy3BIPHKOB NPHUMEPHO OIMHAKOBOT'O
pa3Mepa u amcopOuus (GIOTUPYEMBIX MpUMecein
BOJIBI HAa BO3AYIIHBIX MY3BIPhKaxX 3a BpeMs HX
CYILLIECTBOBAaHHS B BOJHON Cpelleé COCTaBiseT
BEMYUHY [';, TO a3palluOHHO-UHAYLHUPOBAHHBIN
nepeHoc [TAB u3 oObema Bonbl Ha €€ MOBEpX-
HOCTb OIHCHIBAETCA ypaBHEHUEM

2

RELET =N )
rae dG — snemenTapHbIil iepeHoc maccel [TAB ¢
MYy3BIPLKOBBIM MOTOKOM; / ;— ajcopouus [TAB Ha
MOBEPXHOCTH BO3AYIIHBIX ITy3BIPHKOB 32 BpeMs
UX CYyILECTBOBAHHMS B BOAHOW cpelie (ONMHUChIBaeT-
cs ypaBuenueMm (1)); W,,,, — pacxon Bo3myxa Ha
OapboTtax; I' — paguyc BO3AYLIHBIX My3BIPHKOB;
dt — sneMeHTapHOE BpEMS.

VYpasuenus (1) u (2) moka3pIBaroT, YTO Ha
Benmmunny dG/dt BnusioT koHuentpamnus ITAB
B BogHOM 00Beme (C), KOHCTaHTa aJCcOpOIMOH-

Kl
HOro paBHOBeCHS (Kpapy = E)’ pacxox BO3dyxa

Ha OapOorax (W), pa3smepsl BO3AYIIHBIX IIy-

3bIpbKOB () 1 Tpogomkuteabuocth (1/V) Bpeme-

HHU CYIIECTBOBAHUS BO3AYLIHBIX ITy3bIPBKOB B

00BbeMe BOJIBI,

[Ipn 3amaHHOM pacxojie BO3lyxa Ha Oap-
(Waos;)  BENMYMHA  NIPOM3BEJEHHMS

B ypaBHeHHH (2) pacTeT HpONOpLHO-

oorax
3 Waosg
L —

HAJILHO YMEHBIICHHUIO paguyca BO3AYIIHBIX IMY-
3BIPHKOB (n u 3TO CIOCOOCTBYET
anio dG/dt. Ho ¢ yMeHbIIEHHEM paanyca BO3-
JYIIHBIX ITy3BIPBKOB BO3PAacTaeT U IIPOJOJDKU-
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TEIBHOCTh BPEMEHU MX BCIUIBITUSL CKBO3b TOJIILY
BOIBI [2], Kak TMOKa3aHO Ha pUCyHKe 1. 3TO
o0ecrieurBaeT IOTOJHHUTENBHYIO — aICOpPOIHIO
MEJIKHMH Iy3BIPpbKAMH TE€X IOBEPXHOCTHO-
AKTUBHBIX TIPUMeECeH BOABI, Y KOTOPBIX Kod(du-
I[IAEHTEI b y3un MAaJIBL. [Toaromy
Ha dG /dT JOTOTHUTENBHO MPUPACTACT U 38 CUET
BiusiHus Qakropa (1/V), Bxoasiiero B 3kCOHEH-
[IAJIBHBIN WICH BBIPAKCHNUS, IPEACTABICHHOTO B
ypaBaeHuu (1) B purypHsIX CKOOKaX.

K pocty dG/dt npuBOauT ¥ yBeIHYCHHUE
CYMMBI KOHCTaHT CKOPOCTEH amcopOmmu u Je-
cop6umu ITAB, 1. ¢ (K T +K !), Bxomsmieii B (1)
B TIOKa3aTeNb SKCTIOHEHTEHI.

40
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JlnameTp BO3/yILIHbIX NY3bIPbKOB, MM

Pucynok 1 — BiausiHue pa3MepoB BO3IyIIHBIX

MY3bIPLKOB HA CKOPOCTH UX BCIUIBITHUA B BO/1€

Ho, npumensiss meton ¢uotanuy Ha Hpax-
THKE JUII OYMCTKH BOZIBI OT €€ IOBEPXHOCTHO-
aKTHUBHBIX TpUMeced, HeJlb3sl YNpaBJsATh Tapa-
metrpamu ('), (C5°), (K T) u (K ) 6e3 xapau-
HAJBHOTO  HApPYNIEHHS  HCXOJHOTO  HMOHHO-
COJIEBOTO cocTaBa 00pabaTHIBAEMOI BOJIBI.

KoHuenTpamnust aacopOUpyIOMMXcst MpH-
meceit (C) Takke He SBISIETCS YHPaBISIOLIAM
apamMeTpoM.

IenenanpasneHHo Meusth dG/dt mo3Bo-
nsiroT Tosibko BenmmuuHsl (1), (W) u (r). Benmunna
() momxua OBITH Tako#, YTOOBI HOCTHIaIach
MakcuUMaJbHas cTerneHs ajacopounu [1AB my-
3BIpbKaMU BO3/1yXa 3a BPEeMsi HX BCIUIBITUS B
o0bemMe BOJBI. A YTO KacaeTcs pacxoja BO3IyXa
Ha OapOortax (W) m pa3mepoB (I) My3BIPHKOB,
KOTOpBIE O00pa3yloTcsl TMpH JUCIIEPTHPOBAHUH
BO31yXa, TO 3/€Ch TMOSBIISIOTCS OTrPaHUYCHUS,
CBSI3aHHBIE CO CIIEUU(PUKON HAKOIUICHUS U CheMa
(boTOKOHIIEHTpaTa ¢ MOBEPXHOCTH cyO(dassl. B
YaCTHOCTH, TIPU pa3Mepax BO3IYLIHBIX MY3bIpb-
KOB, COOTBETCTBYIOILIMX CKOPOCTSIM MX BCIUIBITHS
B auamnasone 25-35 cM/c (cM. pucyHok 1), mpo-
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NOPLMOHATIBHO pacxXoly Bo3lyxa Ha OapOoTax
YBEJIMYUBAECTCS HHTEHCUBHOCTb T'MJIPOAUHAMMU-
YECKMX BO3MYILICHHH IIOBEPXHOCTHOIO  CIJIOS
cyO¢aspl. JT0 AenacT HEBO3MOXHBIM HAKOILIC-
HHUE (PIIOTOKOHIIEHTpaTa Ha BOJHON MOBEPXHOCTH
OpU  MajblX KOHLEHTPAaUMsAX IOBEPXHOCTHO-
AKTUBHBIX IIPUMECel B BOAE. A €ClIM yBeJIHYHBa-
eTcs pacxo]l Bo3ayxa Ha 0apOoTax MpuU MHUKpO-
CKONMUYECKUX pa3Mepax I0Jy4aeMbIX BO3IyI-
HBIX IIy3bIPHKOB, CKOPOCTH BCIUIBITHS KOTOPBIX
cocraBistot 0,1-1 cm/c, TOo Bce a3pupyemMoe BO/I-
HO€ MPOCTPAHCTBO 3aIONHACTCA LUPKYIUPYIO-
el BOAHO-BO3AYIIHOM 3Mmyibcued. B Takoi
SMYJNbCUU (PIOTOKOHIEHTPAT KaK TaKOBOW MpHU
MasbIx KoHUeHTpanusix [IAB B Boge npakTuiecku
He oOpasyercs. Ilpum yka3aHHBIX YCIIOBHSX HE
00pa3yloT YCTOHUYMBBIX CJOEB TEHBI M TMOTOKH
BO3IYIIHBIX My3bIpbKOB ¢ paguycamu 0,1-1.0 mm,
CKOPOCTH BCIUIBITUSI KOTOPBIX BapbUPYIOT B AUa-
nazoHe 1-20 cm/c. DTu 0OCTOATENHCTBA OTPAHU-
YMBAIOT BO3MOKHOCThH MPUMEHEHUST OPIUHAPHOM
MYy3bIPbKOBON ()IIOTaLMK Ul OYUCTKH BOXBI OT
€€ MOBEpXHOCTHO-AKTHUBHBIX 3arPA3HEHHM.

3. [Iy3bIpbKOBO-TJIEHOYHASI IKCTPAKIUS
€ MCMOJIb30BAHUEM MOHO- M MOJUAMCIEPCHBIX
NOTOKOB BO3IYIIHBIX NMYy3bIpbKOB. B paborax
[3-7] ObuTO MOKa3aHO, YTO YCOBEPILCHCTBOBAH-
HBIH METOJ] ITy3bIPEKOBOW (JIOTAlIMH — MY3bIPh-
KOBO-TJICHOYHAs! JKCTPAKLUs, OCHOBaHHas Ha
WHOM CrocoOe ynajeHus (DIOTOKOHIIEHTpaTa C
MOBEPXHOCTH CcyO(]asbl, — oOecreunBaeT cylie-
CTBEHHO 0oJjiee TTyOOKYI0 OYHMCTKY BOJBI OT II0-
BEPXHOCTHO-aKTHUBHBIX NpuMeced, deMm ¢iora-
musl ¢ yjganeHueM (QIIOTOKOHIICHTpaTa B BHUJE
MIEHHOTO cJioA. B 4acTHOCTH, HpH My3bIPHKOBOI
¢notanun oOpa3oBaHHE IIE€HBI MPEKpaIIaeTcs,
korma koHneHTpanus [IAB B BomHOM 00BEME
omyckaercst 10 ypoBHs 1-2 mr/mM°. A mpu my-
3BIPbKOBO-TVICHOYHOM 3KCTPAaKLUMK KOHLEHTPa-
uuto ITAB B BoJe MOXHO MOHU3UTH U IO YPOBHS
MHUKPOTPAaMMOB ~Ha KyOW4YecKWid Jenumerp.
IIpuHiMn  feMcTBUS  IY3BIPEKOBO-IUIEHOYHOM
9KCTPAKIMK OTOOPaXXEH Ha PUCYHKE 2, TE:

@) ancopOuusi  MOBEPXHOCTHO-aKTHBHBIX
npuMeceld BOJIbl IOTOKOM ITy3bIPEKOB BO3/lyXa H
o0pa3oBaHME W3 ATHUX NPHUMECe MOHOMOJIEKY-
nspHoro ciost [TAB Ha BoTHOM OBEPXHOCTH;

b) popmuposanme 3agatkor mensr. OOpa-
3ylomyecs: noixycdepruueckre 000JI0UKU MOKPHI-
THI aJcOpOIMOHHBIMUA MoHOcTOosiMU ITAB ¢ obe-
UX CTOPOH;

¢) mporiecc BHYTPH My3bIPHKOBO-
TUIEHOYHOT'O AKCTPAKTOpa C ONTHMAJIBHBIMU pa3-
Mepamu. M3 MOTOKa BO3MYNIHBIX IMY3BIPHKOB C

© B. C.T'eBop, U. A. bopucos, A. C. YepHoBa, 2019
DOI: 10.24025/2306-4412.3.2019.178304

ITAB, amcopOUpOBaHHBIMH Ha WX TOBEPXHOCTH,
o0pasyeTcsi TIOTOK TOHKHX JKHIKOCTHBIX IUICHOK
KOHIICHTpAaTa yaaIseMbIxX 3arps3HeHnii. CTpoeHune
TUICHOK TI0OKa3aHO Ha BBIICICHHOM (pparMeHTe;

d, e) mporecchl BHYTPH IHIMHAPUICCKUX
MPOCTPAHCTB ¢ HEONTUMAIbHBIMH pa3Mepamu. B
ciydae (d) my3bIppKOBbIe cepbl pa3pylIatoTCs,
He 00pa3yst BO3IYIIHO-TUICHOYHOTO MMOTOKA KOH-
[ICHTpaTa yJaIseMbIX 3arpsA3HEHUid, a B ciydae
(e) BOZHHUKAET TPUBHAIILHOE SIBIICHHE adpoiudTa.

Pucynok 2 — UnmwocTpanusi IPUHIIANA TelCTBHS
My3bIPbKOBO-TVICHOYHOM IKCTPaKINHU

[Ipnu OCYIIECTBICHUU My3BIPEKOBO-
IUIGHOYHON 3KCTPAaKLUMK KOHLEHTPAT CGIIOTHPO-
BaHHBIX 3arpsA3HECHUH OTBOOUTCS 3a IPEIEIbl
OUMII[AEMOr'0 BOAHOI0 00beMa B BUJIE BO3/YIIHO-
IDICHOYHOTO TOTOKa 4epe3 KaHall (maTpyOokK) c
KOHMYECKHM CYKEHHEM Ha €ro BBhIXOJe M pac-
TpyOoM (3axBaThIBaIOIIEH BOPOHKOI) Y OCHOBa-
HUS (CM. PUCYHOK 2, ¢). B pactpybe my3sIpbKu
Bo3ayxa ¢ anacopoupoBanHbiME [IAB o0Opasytor
30HY KpUTHYECKOI'O Ta30HAIOJIHEHMs, Koajec-
LEHIUPYIOT ¥, CMENIasich B MPOCTPAHCTBO OTBO-
JSIILEro KaHajla, TPaHCQOPMHUPYIOTCS B MOTOK
TOHKHX >KUIKOCTHBIX IJICHOK. IleHku cogepxat
B CBOEM COCTaBE OIPEIEICHHOE KOJIMUYECTBO
ynansemblx ITAB u sBakyupyroTcsa 3a mpenesnsl
a’pupyemMoro oObeMa BOIBI Yepe3 BBIXOIHOE
OTBEPCTUE OTBOJAIIEIO KaHajla. JTa 4acTb OTBO-
JSIIIIET0 KaHalla Ha PUCYHKE 2, ¢ He MT0Ka3aHa.

[Inenkn pasgeneHsl Mexay coOOH BO3-
JYITHBIMH TIPOCTPAHCTBAMH (IIPOCIONKaMH), KaK
MOKa3aHO Ha BBIJICNICHHOM (parMeHTe pUCYH-
Ka 2, ¢. JlaBnenue Bo3myxa B BO3IYIIHBIX IPO-
CJIOMKax 4yTb OonblIe aTMOCHEPHOro U yMEHb-
[aeTcs B HaINpaBlI€HHWH OT OCHOBAHHS OTBOIA-
LIEro KaHajia K €ro BbIXOJY.
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O0beM BO3AYLIHBIX MPOCIOEK 3aBUCUT OT
pa3MepoB GIIOTHPYIOIMNX My3BIPHKOB U OT BEIIH-
guabl ancopouun [TAB (I'.) Ha X TTOBEpXHOCTH
K MOMEHTY BXOXJeHHs B pacTpy0. CBs3b xkecT-
Kasg, TaK Kak KaxJas IUIEHKa KOHIIEHTpaTa 3a-
TPSI3HEHUH M KaxJIas BO3AYLIHAs MPOCIOHKA
MOSIBIIAIOTCA B OTBOJSALIEM KaHAlIe B pe3yJbTaTe
BBICBOOOKICHUSI  OMPENENIEHHOTO  KOJIMYECTBa
ITAB u onpeneneHHOro o0beMa BO3IyXa M3 CO-
OTBETCTBYIOIIETO KOJMYECTBA CKOAIECIIHPOBAB-
IIMX BO3AYIIHBIX Iy3bIpbKOB. IlockonbKy Bce
My3BIPHKH AWCIIEPTHPYEMOTO BO3[yXa COOHMpa-
I0TCS pacTpyOOM W TIOMAJal0T B OTBOMISAIINI Ka-
HaJl My3bIPbKOBO-TUIEHOYHOI'O 3KCTPaKTopa, TO
BO3IYLIHO-TJIEHOYHBIH TOTOK  IepeMeIaeTcs
TaM CO CKOPOCTBIO

V= VVBOB,[[/S' 3)

3nech: V — NMHeHHAs CKOPOCTh MEpeMeIIeHHs
JKUJIKOCTHBIX IUICHOK O OTBOMSIIEMY KaHaly,
S — IoIaAb MONEPEYHOI0 CEYCHUST OTBOASIIETO
KaHaJa.

B coorBerctBuu ¢ (3) Ha a’panMoOHHO-
uHayuupoBaHHbIM notok IIAB pacxon nuchep-
TUPYEMOT0 BO3JyXa JOJDKEH BIMATH MPSIMO MPO-
MOPIHMOHATBHO, a Paguyc (IOTHPYIOIIHX BO3-
OYUIHBIX MY3BIPBKOB — OOpaTHO MPOMOPLHO-
HaJIBHO.

Hcxons u3 5TOro, MOXKHO OBLIO OXKHAATH,
YTO YBEIMYCHUE Pacxoja Bo3ayxa Ha OapOoTax
Y yYMEHBIIEHHE Pa3MEPOB BO3AYLIHBIX ITy3bIPb-
KOB OyayT oOecrieurBaTh MOBBIIEHHE HPOHU3BO-
JUTEIBHOCTH MY3BIPHKOBO-TICHOYHOW SKCTpPaK-
. Ho ¢ yMeHbIIeHHeM JuamMeTpa BO3AYIIHBIX
MYy3bIPBKOB JI0 Pa3sMEpPOB MEHEEe MHJUIUMETpa
CKOPOCTbh MX KOAJIECHCHIMN JIaXKe MPH KpUTHYEC-
KOM Ta30HAIOHEHUH KapJIMHAJIbHO YMEHbIIAeT-
cs1. B pesynbraTe my3bIppKOBas Macca 3aloHsAeT
BCE NPOCTPAHCTBO OTBOMSAIIECIO KaHaja W JIBU-
JKETCsl TI0 HeMY ¢ OOJIBIIIMM KOJIMYECTBOM 3aXBa-
YeHHOH BOAbl. CXeMaTH4eCKu 3TOT IPOLECC OTO-
OpaxkeH Ha pucyHke 2, e. CHIKEHHE pacxoja
BO3IlyXa Ha 0apOOTaXK MPH €ro JUCTICPTUPOBAHIU
B IY3BIPbKH C JUAMETPOM CYOMHIITTIMETPOBBIX
pasMepoB He yNy4IlaeT CUTyaluH.

Ho kapTiHa CcyIlecTBEeHHO MEHSETCsI, KOraa
My3BIPHKOBBIA TIOTOK, BXOIAIINI B pacTpy0 OT-
BOJISIIIETO KaHalla, OKA3bIBAETCSl COCTOSIIUM (I10
o0beMy mogaBaeMoro Bosayxa) Ha 60-80 % wu3
MYy3BIPHKOB ¢ AuameTpoM 2-4 MM u Ha 20-40 % —
13 MY3bIPHKOB C IUAMETPOM CYIIECTBEHHO MEHEe
1mm. Ilpu 3tom B 30He pacTpyda oOpasyercs
ra30’HJIKOCTHAs CMECh, B KOTOPOH MPOCTPaHCT-
BO MEX]ly KPYITHBIMH Iy3bIpbKaMu (MX JHAMETD
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— 2-4 MM) 3amoNHSIETCS MEJKUMH ITy3BbIpbKaMu
(oOpa3zyeTcs Ta30’)KUIKOCTHAS CHCTEMa BIIOYKCH-
HOTO THIIA, KaK CXEMaTUYHO MOKa3aHO Ha PHCYH-
ke 3, d). B Takoii cucreme pakTopom, mpensTcT-
BYIOIIMM KOQJICCIICHIUH ITy3bIPHKOB, SBIISIETCS
ANEKTPOCTATHYECKOE OTTAJKHBAHHE JIBOMHBIX
ANIEKTPUYECKUX CJIOEB U 3JIEKTPOOCMOTHYECKOE
pacKIMHHUBAIOLIEE AaBJICHUE.

Na)

Pucynok 3 — ®@ororpa¢guu MOHOIUCTIEPCHBIX
MOTOKOB BO3IYIIHBIX My3BIPLKOB (8, b, C)

U WLTIOCTpanusi pparMeHTa MoJTUAMCIIEPCHOTO
noToka (d), 06pa3yiouero BJIOKeHHYI0 CTPYKTYPY
B 3aXBaThIBaOLIeli BOPOHKE MYy3bIPHKOBO-
IJIEHOYHOI'0 IKCTPAKTOPA

JIBOMHBIE 3JEKTPUYECKUE CIIOU BCErna Cy-
LIECTBYIOT Ha JIFOOBIX MEX(a3HBIX MOBEPXHOCTSIX.
B my3bIppKkoBOM CTONIOE, OrpaHUYCHHOM CTEHKa-
MU I1y3BIPbKOBO-TUIEHOYHOTO IKCTPAKTOpPa, 3apsi-
Ibl TIPOTHBOIOJIOXKHBIX 3HAKOB CKOHLEHTPHPO-
BaHBl Ha MY3bIPHKOBBIX 000JOYKAaX U B BOJHBIX
MPOCTPAaHCTBaX (MEHHCKaX), TNPWIETAIOMNX K
HUM. [Ipy yTOHBIIEHMHM MEHHUCKOB JBOMHBIC
ANIEKTPUYECKHUE CIIOU NEPEKPHIBAIOT JIPYT JIPYyTa,
U MEXJy My3bIpbKaMH BO3HHKACET 3JICKTPOCTATHU-
YEeCKOE OTTAJKUBAHUE, KOTOPOE MPEMSATCTBYET X
koanecueHuu. [Ipu aTom mpoucxoaut nepepac-
npeesiecHne UOHOB U DIIEKTPUYECKUX MOTEHIIHA-
JIOB BHYTPU MEHHUCKOB. YBEJIMYCHHE KOHLEHTPA-
LUK MOHOB B MEHHCKaX NpPU NEPEKPHITHH JBOM-
HBIX JJIEKTPHUUYECKHX CJIOEB CO3/AAeT JIOKaIbHOE
OCMOTHYECKOE JIaBJICHHE, U BOJA YCTPEMIISETCS
BHYTPb MEHHCKOB, IPOTHUBOJEIHCTBYSI UX YTOHbB-
menuto. Takum 00pa3oM, K COOCTBEHHO KyIO-
HOBCKMM CHJIaM OTTQJIKMBaHUs J100aBisieTcst
OCMOTHYECKAsi KOMIIOHEHTa PaCKJIMHHBAIOLIETO
JaBJICHHSL.

Teopust 31€KTPOCTaTUYECKOTO OTTAJIKHBA-
HUSl JBOMHBIX 3JEKTPHUUECKHX CIIOEB pa3palora-
Ha B cepenuHe mnpouuioro Beka b. B. Jlepsaru-
ueiM, JI. JI. Jlanmay, E. @epeem (E. Verwey),
Ix. Oepoekom (D. Overbeek). ABropamu moka-
3aHO, YTO NPH B3aMMOJEHCTBHHM IUTOCKOIapa-
JIENLHBIX OOBEKTOB C HU3KUMH 3HAYCHUSMHU HUX
MMOBEPXHOCTHBIX TIOTEHIHMAJIOB ((,) BEIWYHHA
KYJIOHOBCKOW COCTABIISIIOIICH PACKIMHUBAIOILETO
JaBJICHHS OTIPEEIIETCS 110 YPAaBHEHHIO

I1, ~ (42% €° ¢, nJKT) exp(-zh), (4)
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rJie Z — 3apsij] IPOTUBOUOHOB, € — 3apsi/l AIIEKTPO-
Ha, KT — sHeprus TEIUIOBOTO JBM)XCHHS HOHOB,
& — Tmapamerp, XapaKTepU3YIOIIUH TOJNIIHHY
HOHHOI atMocdepsl 6 = 1/a, h — BenuuuHa 3a30-
pa MEXIy IUIOCKOCTSMH JIOKAJHM3aluu IMOBEpX-
HOCTHBIX 3apsJioB, N, — KOHICHTPAIIUSl UOHOB B
3a3ope.

CornacHo (4) pacKJIMHHBAIOIIEE JaBICHUEC
I, mpy yka3aHHBIX YCIOBHSX SIBISIETCS MPOIOP-
MUOHATLHBIM KBaJ(PaTy MOBEPXHOCTHOTO MMOTCH-
uuana ().

Jns CUIBbHO 3apsDKEHHBIX TOBEPXHOCTEH,
KOT/Ia TIOBEPXHOCTHBIN mMoTeHIMan @,>4KT/ze,
BEJIMYMHA  DIICKTPOCTATHICCKOH KOMIIOHEHTHI
PaCKIMHUBAIONIETO JaBICHUS HE 3aBUCHT OT (O, U
HAXOJUTCS U3 CIEIYIONIETO BHIPAKEHHS:

IT. = 64n, kTexp(-xh). 5)

[Ipu Oonee cTporom moaxole K aHANIU3Y
CHJI 3JICKTPOCTATUYECKOTO OTTAIKHBAHUS MEXKIY
I[BOI\/'IHI)IMI/I QJICKTPUYCCKUMU CIIOSAMU B KHUIKOCT-
Hol TuieHke no teopuu AJIDPO momydaercs cie-
IyIolIas 3aBUCUMOCTb!

[T, = 2n, kTch(0,5zeph/KT)-2nkT.  (6)

IlepBoe cmaraemoe B (6) oToOpaxkaeT oc-
MOTHYECKOE JIaBJICHUE BHYTPU COOCTBEHHO 30HBI
CIIMNAHMS IIy3BIPHKOB, @ BTOPOE — YUHUTHIBAET
OCMOTHYECKOE JaBJIECHHE B OKPY)KAIOIIEM MEHHC-
ke. Ha npakTuke pasznenpHOe oOIpeneneHne 3TUX
JIByX KOMIIOHEHT HEBO3MOKHO.

Crieruduyeckuii xapaktep B3auMOJIEHCT-
BUS ITy3BIPHKOB NPOSIBIISIETCS. U NIPH U3MEHEHUH
pH. B 3aBucumoctu ot pH MeHsercs creneHb
WMOHM3AlIMM MHOTHX BEIIECTB, ABISIOUINXCS SH-
JIOTCHHBIMU TIOBEPXHOCTHO-aKTHBHBIMHU 3arps3-
HEHUSIMH BOJBL. B pesynbraTte MEHSIOTCS pac-
KJIMHMBAIOIINE J1aBICHUSL.

Ho 0co0GeHHOCTBIO KOJIJIEKTUBHOTO TOBE-
JEHUSI KPYITHBIX U MEJIKUX MYy3BIPHKOB BO31yXa
B 30HE WX KOAJECIEHIIMH BHYTPHU IMY3bIPHKOBO-
TUIEHOYHOTO 3KCTPaKTopa SBISETCA TO, YTO
KPYIIHBIE IIy3bIPbKH, JIONASICh, CTHMYJHPYIOT
IpoLEeCcC Pa3pyIIEHUs] MEJIKUX MYy3BIPHKOB. DTO
MPOUCXOUT TIOTOMY, YTO Pa3pylIeHHE My3bIph-
KOB BO3/1yXa Ha MOBEPXHOCTH BOJBI COMPOBOXK-
JaeTcss MOUIHBIMH  THIPOJAHMHAMUYECKHUMH H
a’pOMHAMHUYECKUMHU BO3MylleHusMu. Ha pu-
cyHkax 4, a u 4, 6 moKazaHbl COOBITHUS, COTPO-
BOXK/IAIOIINE TMPEKPAIICHNEe KU3HU BO3IYIIHBIX
My3bIPBKOB C pagnycaMH MNPUMEPHO 5 MM H
0,5 MM, KOrZla OHHM JIOMAIOTCS HA BOJHOW TO-
BepxHoctu [9, 10].
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Teopernueckue ucclIeIOBaHUsS 3TUX Qe-
HOMEHOB BBINOJIHEHBI B padoTax [11-14]. Ycra-
HOBJICHO, 4YTO ECTECTBEHHOE pa3pyllICHUE IIy-
3BIPHKOB BO3JlyXa MpPU WX IMEPEXO0Je U3 BOJIHOU
CpeZlbl B OKpY’Karoliee BO3AYIIHOE MPOCTPAHCTBO
COIIPOBOX/IAETCS TCHEPUPOBAHHEM KAIMILISAP-
HBIX BOJH, U TNPH 3TOM HCUC3AIOUIUI ITy3BIPEK
MOPOXKIACT  OBICTPO  TPaHCHOPMUPYIOIIUHCS
JKHUJIKOCTHBI KOHYC, KaK 3TO OTOOpa)XXCHO Ha
(hotorpadusx pucyHka 4.

Pucynok 4 — Co0bITHSI, CONPOBOKIAIOLIHE
npeKpanleHne ;KU3HH MY3bIPbKOB BO3/1yXa
¢ paaMycamMu 0KoJ10 5 MM 1 0,5 MM
MpPHU UX pa3pbiBe HA MOBePXHOCTH BOABI [9, 10]

Ilpu onpenencHHBIX pa3Mepax JIOMAko-
IIMXCSI My3bIPEKOB C BEPIIMHBI KOHYCa B OKPY-
JKarolee TMPOCTPAHCTBO BBUICTAIOT OJIHA MM
HECKOJIBKO MHUKPOCKOTTMYECKUX Kareidb BOJIBI,
KOTOPBIC B 3aBHCUMOCTH OT CBOHMX Pa3MEpOB U
HAYalbHOW CKOPOCTH JIMOO BO3BpAlAIOTCS Ha-
3a1, b0 00pasyroT a’po30ib B Bo3ayxe. Pac-
YeTHBIC MPOPUITU U3MEHEHHUS (POPMBI BO3TYIITHO-
ro My3bIpbKa, MPEKPAIAIOIIEro CBOE CYIIECTBO-
BaHUC Ha MOBEPXHOCTU BOALI, IMOKAa3aHbI Ha pU-
cyHke 5, a, a Ha pucynke 5, b mokasaHa B3anumo-
CBSI3b MEXKIY PaaUyCaMH BBIOPACHIBAEMBIX MHK-
poKameiab W pa3MepaMu pa3pylIAoNIUXCs My-
3BIPHKOB.
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Pucynox 5 — IIpoduan ¢popmsl BO3TyIIHOTO
My3bIPS, KOTOPBIH NepecTaeT CylecTBOBATh

HA NMOBEPXHOCTH BOABI (@), U B3aMMOCBA3b MEKIY

paguycaMy BbIOpachbIBaeMbIX Kanelb

U pa3MepaMH pa3pyniaommxcs
BO3IYUIHBIX MY3bIPHKOB ()
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Kamunnsprsle BOJHBI, KOTOpBIE T'CHEPH-
PYIOTCS TIpU pa3pyIIEHUH KPYIHBIX MY3bIPEKOB B
BEpPXHEH YacTH 30HBI KPUTHYECKOTO Ta30HAIOJI-
HEHUsS B pacTpyOe OTBOSIIEro KaHaia, rmepenua-
10T MMITYyJIbCBl CHJIBI MEJIKHUM ITy3BIPbKaM BIIO-
JKEHHOW CTPYKTYPHI U TEM CaMbIM MHULHHAPYIOT
HX KOAJIECIICHITHIO C BEICBOOOKICHHEM afCcopOu-
poBaHHBIX [IAB B Ty 4acTh OTBOISIIETO KaHAIa,
rae GopMupyeTcss BO3AYLIHO-IUIEHOYHBIH MOTOK
¢oTOKOHLIEHTpATA.

YpaBHEeHHE, OIMCHIBAIOINIEE adPANUOHHO-
MHOyLHpoBaHHBIM N0TOK ITAB, KOTOpBIA TpaHC-
dopMmupyeTcs B BO3IYLIHO-IUICHOYHBIH TOTOK
(IIOTOKOHLIEHTPATA, B 3TOM CJIy4ae UMEeT BUJ:

dG—F —C 3W;
E— e C°°K_‘L+C Bo3z *
S KT
{1 —exp [—(K T+K 1) L]}l;a +
A
( ) @

+ {1 —exp [—(K T+K l)é]}%

TA€ 7y U T — PaJNyChl BO3IYIIHBIX ITy3BIPHKOB
KPYITHOH U MENKOW (pakiyif, COOTBETCTBEHHO;
Vi — cKkopocTh BCIUIBITHA Iy3BIPBKOB KpPYITHOMN
dpakimu; (1 —a) u (@) - g0ms  My3bIPHKOB
KPYITHON W MENKOW (pakiuii B UX MOTOKE, a OC-
TaJbHBIE CUMBOJBI UMEIOT Te K€ 00O03HAYCHHS,
4YTO U B ypaBHeHUH (1).

B ypaBHenuu (7) CKOpPOCTH BCIUTBITHS
MEJIKUX MYy3BIPHKOB HE (QUIYPHPYET, TIOCKOIBKY
MEJKUE MY3bIPhKH B TIOJIHIUCIEPCHOM TOTOKE
MPHOOPETAIOT TPHUMEPHO TaKyl € CKOPOCTh
nepeMeleHnst K 3epkaity cyodasbl, 4TO H CKO-
POCThH BCIUIBITHSI KPYMHBIX My3bIpbKOB. [ToaTomy
(7) MOXHO TIpeICTaBHUTh TaK:

dG Cc
E:Foo Kl 3Wiosy *
sgrTe

(8)
* ({1 —exp [—(K T+K ) é]} 5+ )

A eciny Ha Iy3bIpbKax BO3[yXa aacopOu-
pytotcs [IAB ¢ BeicokuMu K03 GUIMEHTaMU HX
muddysun B Boge, To (8) cBOIUTCA K ClEyIO-
IeMy YpaBHEHHIO:

© B. C.T'eBop, U. A. bopucos, A. C. UepHoBa, 2019
DOI: 10.24025/2306-4412.3.2019.178304

3/2019
dG—F c 3w (1—a+a)_
dt @ ooK_‘L_I_C BO3A n &) -

S KT
= Ch 1z L @) =
_KpaBH 3VVBOSA ( m + rZ) N
_ 1-a a
=K ¢ (S2+5), ©)
3Waosgh
roe K, = —4—,
1 KpaBH

VYpaeuenue (9) nmokassiBaeT, Kak MEHACTCS
JOCTaBKa IIOBEPXHOCTHO-aKTHBHBIX IpuMeceil
BOJBI B pacTpy0 OTBOISIIEro KaHaja My3bIPbKO-
BO-TUIGHOYHOTO 3KCTPAKTOpa B 3aBUCHMOCTH OT
KOJIMYECTBA M Pa3sMEPOB KPYNHBIX U MEJIKHX
Iy3bIPEKOB BO3yXa B UX (UIOTHPYIOIIEM IIOTOKE.
B uacTtHOCTH, ecnu A0nA BO3OyXa B KPYHHBIX H
MEJIKHX MY3bIPhKaX COCTABISIET COOTBETCTBEHHO
70 % u 30 % ot ero o0Iiero pacxojaa, a paguycel
KPYITHBIX M MEJIKUX ITy3BIPHKOB COOTHOCSTCS KaK
10:1, To MO CpaBHEHUIO CO CIIy4aeM, KOrJa BECh
BO3/yX pacXoAyeTcs Ha CO3JaHHe TOJBKO KPYII-
HBIX ITy3bIPHKOB, Moiy4aeM yBenuuenue dG/dt
B 3,7 pa3a. JT0 NOKa3bIBAECT pacyeT

B2 2)= 224 2)- 2 1o

I ) ™ 1 ™

rne (1—a)=0,7 - mons aUCHEPTHPYEMOrO
BO3/1yXa B KPYIHBIX Iy3bIppKax; a = 0.3 — pond
JCTIEPTUPYEMOTO BO3/yXa B MEITKUX
kax; 11/r; = 10/1 — oOTHOWIEHWe paauyca
KPYIHBIX ITy3BIPBKOB K PpaJUyCy MEIKHX IIy-
3BIPHKOB.

Opnako mipu mneperoce [IAB u3 oO0bema
BOJBl Ha €€ MOBEpXHOCTh KoHLeHTpauus [TAB
(C) B BomHOM 00BEME yMEHBILACTCS, H ypaBHE-
HHe OajlaHca UMEET BUJ

dG

& ac’
rae V — o0beM BOABI, MOJBEPraeMbIid (IIOTAIIH-
OHHOI1 00paboTKe.

O6wenunuB ypaBHenus (9) u (11) u cBens
B OTUX YpPaBHEHHSX TIOCTOSHHBIC BEIWYHHBI B
0000IIEHHYI0 KOHCTaHTY CKOpPOCTH IIpoliecca
My3bIPbKOBO-TNICHOYHOM IKCTpakunu, Ky =

vdc (11)

3‘123%51 JUIA caydast MaJIbIX KOHueHTpauHﬁ TIAB
B OYMIIAEMOH BOJIE, TOJIYYUM
[aC_j L3 g
Go C 0 KP r \ ,
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rae

3W -

Too W, _ ¢
K, r

U, B utore:

C ol Ko
C, v

A ob0wenunuB ypaBuenus (9) u (11) ¢ yuetom
(10) v BBIMOSHSSL TE K€ YCIOBUS U TPOIEIYPHI,
KaK OTMEUYEHO BBIIIE, TTOTYYUM

c K*Kt

e (-50)
rae K* — monpaBo4HbIH KO3((UIIMEHT, KOTOPBIH
YUUTHIBACT BKJIAJ MEJKUX My3bIPHKOB B IMpOIlec-
Ce My3BbIPHKOBO-TUIEHOYHOM SKCTPAKILIUH.

VYpasaenne (14) packpeiBaeT JAMHAMUKY
My3BIPHKOBO-TNIEHOUHONW 3KcTpakiuu [IAB u3
3aJJaHHOTO 00BbeMa BOJBI, KOTJa HCIOJIb3YyeTCs
MOTOK MY3bIPHKOB BO3/IyXa C CYIIECTBEHHO pas-
JTUYAIOIUMUCS pa3MEpPaMH.

Ha pucynke 6 mpejcraBieHbl pe3yibTaThl
pacdeToB s¢heKTUBHOCTH ITy3BIPHKOBO-
TUICHOYHOM JKCTPaKIWH, OTOOpakalolue JIHHA-
MuKky ynaneHusi [IAB w3 BomompoBOAHOM BOIBI
MOTOKOM KPYIHBIX My3sIphKOB (I = 2*10° M)
U TOTOKOM, COCTOSAIINM W3 CMECH KPYITHBIX
¥ MEJIKHX Ty3bIpbKOB (1= 2*10° M, 1, = 2*¥10% M
B COOTHOIICHUH 7:3).

(13)

(14)

1,2
1
0,8

0,6

C/C,

0,4

0,2

0 0,5 1 1,5 2 2,5 3

MpoaCAXKUTENBLHOCTD NPOLLECCa, OTH € MHULLbI

Pucynok 6 — OTHoLIEeHHE TEKYUIUX KOHIIEHTPALHUii
(C) paoTupyeMbIX MOBEPXHOCTHO-AaKTHBHBIX
npumMeceii BOAbI K HX HAYaJbHBIM 3HaYeHusM (Cp)
B 32BHCHMOCTH OT BpeMEHH NPOTEeKAHUSA
(yroTanIMOHHOTIO Npouecca NPH UCIOIb30BAHUH
KPYNHBIX My3bIPHKOB BO ()JIOTALIMOHHOM IOTOKE
(- - - -) ¥ cMecH KPYNHBIX MY3bIPHKOB ¢ METKHMU
My3bIPbKAMH (-------- ) B cooTHOLIeHHH 7:3 mpH
OJMHAKOBBIX Pacxoiax Bo31yXa Ha 6apOoTak

BeiBoabl. Ily3pIippKOBO-TIIIEHOYHAST JKC-
TpaKUHMs KaK YCOBEPIIEHCTBOBaHHBIN BUA OapOo-
TaXKHOM (IIOTALIMK TIO3BOJISIET CHU3UTh KOHLIEHT-
palyio TOBEPXHOCTHO-aKTUBHBIX IpUMeEcCEH B
BOJIE /0 YPOBHA JECSATHIX JOJIEH MUJUIUTpaMma
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Ha JuTp. Mcmonb30BaHME MOJUAMCIEPCHOTO
[IOTOKA BO3AYIIHBIX ITy3BIPHKOB NPHU ITY3BIPHKO-
BO-IUICHOYHOM 3KCTPAaKLUU CYLIECTBEHHO YCKO-
psIeT TpOoIeCC OYUCTKH BOABI, KOTAA IO KPyTI-
HBIX M MEJIKHX ITy3bIpPKOB BO31yXa AOCTHUTaeT
OINPEAEICHHOTO COOTHOUIEHHS B MX CMEIIAHHOM
noroke. Hamnyummii cirydail — Koraa Imy3bIpbKU
BO3AyXa pa3HbIX pa3MepoB 0OPa3yrOT BCTPOCH-
HYIO CTPYKTYPY BHYTpPH COOMpAIOIIeH BOPOHKH
OTBOJAILErO0 KaHaJIa IIy3bIPbKOBO-ILIEHOYHOI'O
3KCTpakTopa. Bo BCTPOECHHOH CTPYKType Kamuj-
JSIPHBIE  BOJIHBI, COIPOBOKIAIOIIHE  pa3pbIB
KpYIHBIX ITy3bIPEKOB B BEPXHEH 4acTH KpUTHYEC-
KOW 30HBI Ta30HAIOJNHEHUS BHYTPU BOPOHKHU
3KCTPAKTOpa IMY3bIPHKOBBIX IIEHOK, IEPENAIOT
CBOU HMIIYJIBCBI CHJIBI ITy3BIPBKAM MAaJIOro pas-
Mepa. DOTH HMITYJIbCHl TPEOJOIEBAIOT AJIEKTPO-
CTaTUYECKOE OTTAJIKWBAaHNE B TPaHWYHBIX MEHHC-
KaX KOHTAaKTHPYIOIIUX My3BIPHKOB M TEM CAMBIM
WHULUUPYIOT HUX CIUSHHE C BBICBOOOXKICHHEM
OONBIIEr0 KOJNUYECTBA aJCOPOMPOBAHHBIX IIO-
BEPXHOCTHO-aKTUBHBIX BEIECTB B Ty 4acTh OT-
BOJAIIETO KaHaJla B IIy3bIPbKOBO-TUIEHOYHOM
3KCTPAKTOPE, TJE€ MOSBIAETCS IOTOK IIOCKUX
KHUIKAX IUIGHOK (DJIOTalMOHHOIO KOHLIEHTpATa.
Kak cneacTtBre, NpPOMCXOOUT CYIIECTBEHHOE
YBEIHUYEHNE CKOPOCTH OYHCTKH BOABI OT €€ Io-
BEPXHOCTHO-aKTUBHBIX 3aIPsI3HEHUN.
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pPISSN 2306-4412 / elSSN 2306-4455 BicHuk YepkacbKkoro gepxaBHOro TeXHONOri4YHOro yHiBepcurteTy

V. S. Gevod, I. A. Borisov, A. S. Chernova

ADSORPTION OF SURFACE-ACTIVE SUBSTANCES ON AIR BUBBLES
AND THE INFLUENCE OF THEIR SIZES RELATIONSHIP
ON THE PERFORMANCE OF BUBBLE-FILM EXTRACTION

Bubble-film extraction as an improved form of bubbling flotation allows to reduce the concentration
of surface-active impurities in water to the level of tenths of a milligram per liter. The use of a polydisperse
stream of air bubbles during bubble-film extraction significantly accelerates the process of water purifica-
tion, when the proportion of large and small air bubbles reaches a certain ratio in their mixed stream. The
best case is when air bubbles of different sizes form an integrated structure inside the collecting funnel of
the discharge channel of the bubble-film extractor. In the built-in structure, capillary waves accompanying
the rupture of large bubbles in the upper part of the critical gas-filling zone inside the funnel of the bubble
film extractor transmit their pulses to small-sized bubbles. These pulses overcome the electrostatic repul-
sion in the boundary menisci of the contacting bubbles and thereby initiate their fusion with the release of
more adsorbed surface-active substances into that part of the discharge channel in the bubble-film extrac-
tor where a stream of flat liquid films of flotation concentrate appears. As a result, a significant increase in
the rate of water purification from its surface-active pollution occurs. The features of bubble-film extrac-
tion (enhanced bubble flotation) for water purification are considered from the standpoint of the equili-
brium and dynamics of adsorption of surface-active admixtures of water (surfactants) on air bubbles with
various sizes. It is shown, that within a certain ratio of dimensions and quantity of air bubbles in their
stream transferring surfactants from the water bulk into the bubble-film extractor, the productivity of bub-
ble-film extraction process increases many times. The reason consists in the collective fusion of big and
small air bubbles in their embedded structure inside of the bubble-films extractor under the action of capil-
lary waves appearing at the bursting of large bubbles.

Keywords: water, purification, adsorption, bubble-film extraction.

B. C.T'eBog, I. O. Bopucos, A. C. YepHoBa

AJACOPBLIA MOBEPXHEBO-AKTUBHUX PEHOBUH
HA NOBITPAHI BYJIbBAIIKHA I BIVIUB CIHIBBIAHOIEHHS IX PO3MIPIB
HA NPOAYKTUBHICTbD BYJBBAIHIKOBO-IIVIIBKOBOI EKCTPAKIIII

bioginemp i Oyivbauik080-nuigKosuli ekcmpaxmop, 00’€OHaHi 8 eMepONCeHMHUN B0000YUCHULL
KOMNJEKC, eghekmugno ouuyaroms 600y 6e3 3aCmocy8anHs 6apmicHUX mamepianie, sabe3neyylouu cymme-
8y eKOHOMIIO MAmMepianbHUX pecypcié npomsieom 6020 dcummegozo yukiy. Ocobaugocmi ompumanus
0y1b0aUWK080T NAIBKU 071 OYUEHHSL 600U PO32TAOAIOMbCAL Y CIMAMMI 3 MOYKU 30pY PiBHOGA2U Ma OUHAMI-
KU a0copOyii nosepxHeso-akmusHux 0OMIUOK 600U HA OYIbOAUWIKAX NOGIMPsL PI3HO20 po3mipy. OmpumarHsi
0Y1b0aUK060T NIIBKU AK 80OCKOHANEHOT hopmu bapbomadicHoi promayii dae 3m02y 3HU3UMU KOHYeHmpa-
Yit0 N0BEePXHEBO-AKMUBHUX OOMIULOK Y 8001 00 pisHA Oecamux Me Ha aimp. Bukopucmanmns nonioucnepcro-
20 HOMOKY NOGIMPANUX OYIbOAUIOK NI 4aC GUIYYEHHsl NIGKU 3HAYHO NPUCKOPIOE NPOYec OYUlLeHHsl 600U,
KO YACMKA 8eAUKUX T Manux 0y160auioK nosimps 00CsA2ae Ne6HO20 CIBBIOHOWEHHSL 8 IX 3MIUAHOMY NO-
moyi. Haiikpawuii eunaoox, xoau 6y1ebauiku pisHO20 po3MIpy YMEopiooms IHmMeSposany CmpyKmypy
6cepeOuri 30upanbHOi OPOHKU KAHATLY 3MUBY NIIBKU SUMANCKU. Y 80Y008aHill CMPYKMYPI KAninsApHi Xeuii,
WO CYNPOoBOONCYIOMb PO3PUS BENUKUX OYIbOAUIOK Y GEPXHIT YACMUHI KPUMUYHOI 30HU HANOGHEHHS 2A30M
6CEPEOUHT BOPOHKU BUMSNCKU NAIBKU, Nepeoaiomsb C80I IMnyabcu OyIbbaukam MaieHbkux posmipie. Lli
iMnyIbCU 00NAIOMb eNeKMPOCMAmudne GIOUMOBXYEAHHS 8 MEJNCOBUX MEHICKAX KOHMAKMYuux 0yivoa-
WOK [ MUM camum iHiyioroms ix 3aumms 3 UOLIeHHAM Oiibue a0COPOOBAHUX NOBEPXHEBO-AKINUBHUX Peyo-
BUH Y MY YACMUHY KAHATLY PO3PA0Y 8 NAIBKOGIl eumsaicyi, 0e 3 A819€mbcsl NOMIK NIOCKUX PIOKUX NAIBOK
@dromayitinoco Konyenmpamy. Bruacniook yvoco 8i0b6yeacmuvca 3HauHe 30i1bUeHHA WEUOKOCMI OUULYEHHS
600U 8I0 i nosepxnego-axmueHo2o 3abpyouenns. [loxazano, wo 6 nesHoMmy ChigeiOHOWEHHI PO3MIDIE 1
KiIbKOCmi NOGIMpsAHUX 6Y1b0aUWOK Yy NOMOYI, o NEPEeHOCUNb NOBEPXHEB0-AKMUGHT PeYOBUHU 3 MACU 800U
8 6Y1b0aWKO8Y NAIBKOBY GUMANCKY, NPOOYKIMUBHICb NPoYecy SUNYYeHHs Ni6KU 30inbuyemoca 8 6azamo
pasis. [lpuuuna nonseac 8 KOIEKMUBHOMY 3POWEHHT GeIUKUX | Manux OY1bOAUOK nosimps y ix 60y008aHill
CcmpyKmypi 8cepeouni 6yIbOaAuKOBUX NIIBOK GUMANCKU NIO OI€I0 KANLIAPHUX X8ULb, WO SUHUKAIOMb NPU
JIONAHHI BeUKUX OYTbOAULOK.

Kniouosi cnosa: 600a, ouunens, aocopoyis, 6y160aumKo80-niieko8a eKCmpaxyis.
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