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E®EKTUBHICTH PETEHEPALII AKTUBOBAHOT'O BYTLULJISI IIICJIS
TPUBAJIOIO BUKOPUCTAHHS Y ®LILTPAX JOOYMLIEHHS
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Hatikpawum copbenmom 01 BUNYYEHHSA NPUPOOHUX OP2AHIYHUX PEvyO8UH 3 800U €
akmueosane 8y2ilisl NepesaddicHo Me30nopucmoi cmpykmypu. Y pobomi oyineno cmpykmypHo-
aocopoyiini xapakmepucmuku mezonopucmoeo gyeinnsi KAY, KAY-T® ma BAY, sike mpusanuii
yac (binbule mMpvoX pOKIB) BGUKOPUCNOBYBANU 6 aA0COpOYitiHUX ¢hitbmpax 3 O000HUUEHHS
8000npoioHoi 6oou. Ilokazano, wo Ha NoGepxHi aKMUBOBAHO20 8Y2ilisl NPOMIKAE CNOHMAHHA
Oiopecenepayis, SUKIUKAHA YMBOPEHHAM OIoniieKu npu @QitbmpyeanHi 600U y HeCmepuibHUX
ymoeax. Pezynomamom yvoco npoyecy € 8ioHosNeHHA a0copOYiliHuUX napamempie 8y2iiia, a came:
yacmka HezauHamoi 3aeanvHoi numomoi noeepxui AB cknadae 61,1-82,9 % 6io nouamxosol
BENUYUHU, YACMKA He3aUHAMO20 3a2albH020 adcopoyilinoco 06 emy nop cmanosums 59,0-87,2 %,
Mool AK 8eNUUUHA He3aUHAMOI epeKmueHoi NOBEPXHI Cynepmikpo- ma mMe30nop Moxce 0ocseamu
69,3-98,2 %. Obpodxa 3paskie 8y2iis po3uUHOM 2i0POKCUOY HAMPIIO0 NPU3BOOUMb 00 YACMKOBO20
BUBIIbLHEHHST AO0COPOYILIHO2O 00 €My MIKPONOp, 0COOIUBO Y HUMNCHIX 34 XO000M 600U UAPAX
gyeinbHo2o 3asanmadicenns. Cnonmanna biopezenepayis akmugo8ano2o 8y2iiis npu Qinbmpyseanii
030HOBAHOI 80OONPOBIOHOI 800U NPOMIKAE OLNLUL eeKMUBHO NOPIBHAHO 3 OiopezceHepayicto npu
Qinbmpysanti He030HO8aHOI 800U 3a YMO8 0OHAK0B020 HasaHmadicewHs Ha AB 3a opeaniunow
pevosunoro. Iliosuwenns epexmusHocmi cnowmannoi 0OiopeceHepayii nicia  @inempysanHs
nonepeoHbo 030HOBAHOI 800ONPOBIOHOT 800U 0OYMOBIEHO MPAHCHOPMAYIEID MONEKY OP2AHIYHUX
peyosun y hopmy, axa 6inbur docmynua 0 YyHKYionyeanus Hamuenoi Oionnisxu.

Knwouosi cnosa: axmusosane eyeinns, Oiopecenepayis, 6000nposioHa 600d, HAMUBHA
Oionnieka, enoenmHa pecenepayis.

Beryn

BupaneHnHss nmpupogHUX OPraHIiYHUX CHOJIYK 3 BOJHUX PO3YUHIB € OJHHM 3 OCOOJHMBO
BA)XJIUBUX 3aBJIaHb Y BOJOMIATOTOBI, OCKUIBKM BOHH CIIy’KaTh IPEKYPCOPAMHU MOSBU BTOPUHHHUX
NPOAYKTIB OKUCJIEHHS JIOMIIIOK Ta YWHHUKAMHA BUHHKHEHHS TIOBTOPHOTO Oi0OJIOTIYHOTO
3a0pyaHeHHs ouunnieHoi Boau [1]. Tomy onepxaHHS BUCOKOSIKICHOI IMTHOI BOAM € aKTyaJbHOIO
npobaemMoro cydacHocTi. Ha meHTparnizoBaHUX CHOpyAax BOJOIIATOTOBKH, SIKI BUKOPHCTOBYIOTh
JIUIIIE TIPOLIECH 3HE3apayKeHHS, KOarysiii-haokysiii Ta GiibTpyBaHHs, SIKICTh OJIepKaHOi TUTHOT
BOJM HE BIJANOBIJA€ CyYyaCHMM HOPMATHBHUM BHUMOTaM. J[si po3B’s3aHHS IBOTO AKTYaJbHOTO
3aBJlaHHs JIOLJIbHO BHMKOPHCTOBYBAaTH JOOYMILEHHS BOJONPOBIIHOI BOAM Ha (QuUIBTpax 3
aktuBoBaHUM BYTriUIsM (AB) [2,3]. [Ipu moouuieHHi BOAONpOBigHOI Boau Tpeba mpuiiMaTé 10
yBaru HasBHICTh Y HIH SK 3aJIUIIKIB BUCOKOMOJICKYJIIPHUX MPHUPOJHUX OPTraHIYHUX CIOJYK, TaK 1
MPOAYKTIB OYMILIEHHS BOAM Ha LEHTPAi30BAaHUX CTAHIISAX BOXOMAroTOBKH. OnHAK YCIIiIIHE
BUKOPUCTaHHA AB y TeXHOJIOrifX BOJOMIATOTOBKM Ta BOJOOYMILEHHS OOMEKYEThCS BHCOKOKO
BapTICTIO TEPMIUHOI pereHepariii Byruisd miciis Horo BiANpaltoBaHHA y afcopOLiitHux (inpTpax.

butbm mepcrnekTHBHUM y 1IbOMY BIJIHOIIEHHI € BUKOpUCTaHHs OiopereHepamii AB. VYV [4]
MOKa3aHo, 110 y mpotieci OiopereHepailii AB, 3aceneHoro MikpoopraHi3aMaMHu, TOCSITA€ThCS MeBHUN
CTYMIHb 3BUIBHEHHS ME30MOPUCTOI MOBEPXHI BYTUUISL B pe3ysbTaTi O10JOTIYHOrO PO3KIAJaHHS
(GionmerpanyBaHHs) aacopOoBaHUX crHodyk. Jli3uc MiKpoOHOI Macu 1 MPOIYKYBAaHHS MPOIYKTIB
KUTTEIISUIBHOCTI MIKPOOPraHi3MiB BIUIMBalOTh Ha €(EKTUBHICTh OlopereHeparil Ta MOXKIUBICTb
necopbuii mpoaykTiB merabonismy 3 AB. CrnonrtanHa Oiopereepariis AB mpoTikae sk Ha
CHeliaJibHO MOAU(IKOBAHOMY MIKpOOpraHi3MaMM BYTULTl, Tak 1 Ha HeMoAu(]iKoBaHOMY 3
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HAaTHBHOIO O10TUTIBKOIO, 110 c(opMyBajacs y Mpoueci TpuBaaoro (iIbTpyBaHHS BOJHHX PO3YMHIB
OpraHIYHUX CITOJIYK BHACHIJIOK HECTEPWJIBHOCTI CMCTeMHU. B ymoBax aumHamigyHOTO (PUIBTpYBaHHS
BCTAHOBJIIOETHCSl PIBHOBara MK KIJIBKICTIO BHMUTHUX TIOTOKOM BOJIOPO3YMHHHUX HPOJIYKTIB
AKUTTEAIAIBHOCTI MIKPOOPraHi3MiB 1 KUIBKICTIO X, IO 3aJHUIIMIACA B MOPUCTOMY IpocTtopi AB.
Brnache us piBHOBara i BU3Ha4ae CTYIiHb MHUMOBUIBHOI cyMimieHoi Oiopereneparii AB B ymoBax
TpuBajgoi pobotru amcopomiitHux ¢iabTpiB. [IpomuBanHsa Bomoo AB 3 HaTMBHOIO OIOIUTIBKOIO Yy
OUTBII IHTEHCUBHOMY TiAPOJUHAMIYHOMY pPEXUMI J103BOJISE 30UIBIIUTH CTYIiHb BHMHBAaHHS
BOJIOPO3YMHHUX TMPOAYKTIB METaboJi3My 1 TaKuM YHHOM 30UIBIIUTH CTYHiHb pereHepartii
ME30IOPUCTOTO MPOCTOpY BYruwis mo 75 %. Skmio mporec ancopOIiitHOr0 OYMIICHHST BOAM BiJl
MPUPOJHUX OPTraHIYHUX CHOJIYK 1 BTOPHHHUX TPOIYKTIB iX OKHCJICHHS B YMOBAaxX TPHUBAJIOTO
GIbTpYBaHHS OpraHi3yBaTh 3 TEpIOJUYHUM TNPOMHUBAHHAM Boaok 1mapy AB, MoxHa
MIATPUMYBATH TIOCUTh BUCOKHUI CTYIIHb CIIOHTAHHO1 Oi0pereHeparii Byruuis [4].

[Ile oxHum cnocoOOM MiJBUIIEHHS pecypcy poboTH AB € moegHaHHA O30HYBaHHS 1
MOJAJbIIOr0 (UIBTPYBaHHS O030HOBAHOI BOJIM uepe3 ancopOuiitnuii ¢inetp [5-11]. Take
NiABUILEHHS e(eKTUBHOCTI poOoTH aacopOuiiiHOro ¢impTpa 00YMOBIEHO TpaHCHOPMALIIEO
MPUPOJHUX OPTaHIYHUX CIONYK Yy TaKi, 0 JIETTIe IMiJIaloThCsl O10JIOTIUHINA AECTPYKIliT BHACITIIOK
3MEHIIEHHS MOJEKYJSIpHOI MacH, MiABMIIEHHA CTyNeHs iX TigpoQuIbHOCTI 1, BiJIMOBIJIHO,
po3uunHOCTI [5-8]. Lle mpu3BOAUTH A0 MIACUIICHHS MIKPOOIOJIOTTYHOI AaKTHUBHOCTI Yy TOBIII
aacopOuiiHoro ¢GiabTpa i, IK HACHIJIOK, A0 3pOCTaHHS pecypcy pobotu dinstpa [11]. Hezpaxkatouu
Ha IMPOKE 3aCTOCyBaHHS NporeciB aacopOuii Ha AB 3 MeTO OuMINEeHHS TPUPOTHUX BOJ 1
JIOOYUIIIEHHS BOJOIPOBIIHOI BOJIY, MUTAHHAM OLIHKU e€(pEeKTHUBHOCTI BUKOpUcTaHH AB B ymoBax
fioro noBrorpuBagoro (GyHKI[IOHYBaHHS y Cy4acHii HAyKOBIH JiTepaTypi MPaKTUIHO HE MPUALIICHO
yBaru.

Mertoro 1iei podotu OyIio gociimpkeHHs eeKTHBHOCTI OiopereHeparlii i BU3BHAYCHHS pecypcy
pob6otu AB mnpu poouMiieHHI BOJONPOBIJHOI BOAM, LIO MPOMILIA IONEPEJHE OYMLICHHS BiJ
NPUPOJHUX  OPTraHIYHUX  CIOJNYK  3arajJbHONPUHHATHMHU  METOoAaMH  (XJIOpaMiHyBaHHS,
KOaryJlOBaHHS, B1JICTOIOBaHHS, (DUIBTPYBaHHSA, MOCTXJOPYBaHHS) Bl 3aJUIIKOBHX OpraHIYHUX
3a0py/IHEHb B YMOBAaxX TpUBAJIOro (hiIbTpyBaHHS BOJM uepe3 LIap BYriuisd. 3a Takux ymoB Ha AB
pO3BUBA€ETHCS MpUpOAHA OlomiiBKa, MO0 MICTUTh OakTepii, IpuOH, BOAOPOCTI Ta 1HIII
Mmikpoopranizmu [12]. BiomaiBku yTBOPIOIOTBECA Ha (PUIBTPYIOUOMY 3aBaHTAXKEHHI HABITh MICISA
IPOLIECIB 3HE3apa)KyBaHHs BOAM IPU HASIBHOCTI B Hill O10reHHuX enemeHTiB [13-17].

MeToanka eKClIepUMEHTY

Y naHiii poGoTi 00'eKTOM JAOCHIIKEHHS OyJi0 aKTUBHE BYTULIA, AK€ TPHUBAIUNA Yac
3HAXOJIMJIOCS B €KCIUTyaTallil 3 JIOOYHUIICHHS JTHIMTPOBCHKOI BOJOMPOBIAHOI BoAH. Sk (uIbTpyroue
3aBaHTaXeHHs Oys10 BUKOpUcTaHO akThBHE BYTiLII Mapok KAY, KAY-T® i BAY. Byrimis mapku
KAY —1e kicroukoBe akTHBHE BYTU/LIA, Byriuis Mapku KAY-T® — kicToukoBe akTHBHE BYTULIA,
uMIipersoBade ¢ocharom TUTaHy, Byruuiss Mapku BAY — Oepe3oBe akTHBHE BYTULIA. 3TiIHO 3
naHuMHu  (DipM-BUPOOHHKIB BCI 3pa3Kd BYTUUIA MAlOTh TEPEBAXHO ME30MOPUCTY CTPYKTYPY.
[IpuaaTHICTh aKTMBOBAHOTO BYTLLIA JIJIS MOAQIBIIOT POOOTH y aAcOpOIiiHUX (IIbTpax 3a3BUYAM
XapaKTepU3yITh 3a MOKAa3HUKOM HomgHoro uwucia [18]. 3amuimkoBa piBHOBaKHA KOHIIEHTPALliS
roxgHoro po3unHy mae 0yt ~ 0,02 H. BBaxkaeThcs, 110 3a Takoi PIBHOBAKHOI KOHIICHTpAIIIl WO/
COpOY€TBHCSI MOHOILIAPOBO (TAaKUM YMHOM, KOHTPOJIFOETHCS JIMILE 3arajbHa MUTOMA HOBEPXHS Ssar ).
VY naniii poOOTI BHXiJHE Ta BIAIpallbOBaHE AKTUBHE BYTL/UIS XapaKTEPU3YyBaJW 3a MOKa3HUKAMH
fioro nmopuctoi crpykrypu. [lopsia 13 BU3HAuUCHHAM S;,r MU BBaXAIH 3a AOLLUIbHE OLIHUTU Seg. —
e(DeKTUBHY TTOBEPXHIO CYIEPMIKPO- Ta ME30I0p, MapaMeTpu aJacoOpOIIMHOTO TPOCTOPY SKUX
CHIBPO3MIpHI 3 BEJIMYMHAMH MOJIEKYJ] MPHUPOJHUX OPTraHIuHUX PEUOBUH, V, — 3araibHUil
azicopOriitauii 06’eM mmop ta Vy; — 06’em mikpornop AB.

[TapameTpu MopuUCTOI CTPYKTYpPH aKTHBHOTO BYTLUIA BU3HAYAIM 3a 130TepMaMu aJicopOIrii-
necopOuii azory mpu 77 K, Bumipsaumu Ha Quantachrome Autosorb Automated Gas Sorption
System (Quantachrome Corporation). [3orepmu Oy BHKOpPHCTaHI Ui PO3PaxyHKY BEIMYUH
3arajgbHOi S;or. 1 €PEKTUBHOI Seg. MII0IN NOBepXHI AB, muTomoro ancop6uiiHoro 06’ emy mnop V.
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Bei  ekcriepuMeHTH TPOBEJCHO Yy TPHUKpaTHIM moBTOproBaHOCTI. CTpPYKTYypHO-COpOMiiiHi
XapaKTEPUCTUKU BUXITHOTO BYTJUIA HaBeICHO y TaOauIl 1.

Tabmuus 1. CTpykTypHO-COpOITiiiHI XapaKTEPUCTUKU BYTLILIA, sike OyJI0 3aBaHTAXEHO Y
aicopOLiiHy KOJIOHY

Mapka ByTiuis Saar, M>/T Sed. M>/T V., eM/T
KAY ux 1065 630 0,39
KAV-TOD . 1050 590 0,39
BAY ux. 900 400 0,34

YcraHOBKa A7 TPOBEICHHS €KCIEPUMEHTY CKJIaJanacs 3 KOJOHH, 3aBaHTaKEHOI aKTHBHUM
BYTUIIM BiJNIOBITHOI MapKH; BUCOTA miapy copOeHTty ckianana 100 cMm, mBUAKICTH (iIbTPYBaHHS
BOM — 4-5 M°/M’roz. 3aBaHTaKeHHs (PiIBTPa MEPIOJNIHO IIPOMUBAIIN 3BOPOTHHM IIOTOKOM BOH.
Jns GinbTpyBaHHS BHKOPHUCTOBYBAIM BOJONPOBIIHY BOJY, yCEpPEIHEHI XapaKTEPUCTHKH SKOi
MPOTSITOM Yacy eKCIEPUMEHTY MPEJCTaBICH] y TaOIuIl 2.

Ta6muist 2. XapakTepuCTUKH SKOCT1 BOAONpoBiaHOT Boau potsarom 2008-2012 pp.

HailiMmenyBaHHS MOKa3HUKA KonnBaHHS BeIUYUHM TOKA3HUKA

MyTHICTb (32 Ka0IiHOM), MT/IM’ 0,04-0,49
KosibopoBicTh, rpajn 3-20
pH 6,5-7,6
[lepmaHraHaTHa OKMCHIOBAHICTb, MrO/nm’ 3,0-5,0

A30T aMOHIMHUH, Mr/m° 0,12-0,82

A3OT HITpaTHUH, Mr/z[M3 0,55-2,10
TBepicTs, MT-eKB/1IM° 3,3-6,2
3a1i30 (3araibHe), Mr/IM> 0,05-0,3
3aranbpHuii opraniunuii Byraems (30B), mrC/um’ 6,4-8,0
Xiopodopm, Mr/am’ 0,020-0,028
TpUXJIOPETHICH, MI/IM 0,013-0,024

[linBumieHHst CTymeHs pereHepaiii Ipud HENOBHOMY BIJIHOBJIEHHI BiactuBocTedl AB
OlopereHepalli€o MOKHa JOCSTTH HUIIXOM IPOMUBAHHS BYTULIS PO3YMHHUKAMH HEOpraHigyHoi abo
opraniyHoi npupoau [4].Ane TpamiseTbes Tak, 0 IPU Mailke TOBHOMY BiIHOBJIEHHI MOBEPXHI 1
aacopOuiiiHoro o0’emy nop AB micns cioHTaHHOI GlopereHepanii J0JaTKOBE IPOMUBAHHS BYTULISA
PI3HUMM PO3YMHHUKAMHU MPU3BOJUTH /10 HETaTUBHOIO €(EeKTy BHACTIIOK MOPYLICHHS CTPYKTYpHU
yTBopeHoi OiorutiBku. Cama OiomiiBka abo 1HOKYJIbOBaHI MIKpOOpraHi3MM Ha moBepxHi AB
3aiiMaroTh He Oinpmre 0,5 M*/T i TaKUM YMHOM HE BILUIMBAIOTH HA OLIIHKY BEIMYMHU S¢p B MEXax
MOXUOKU €KCIIEPUMEHTY.

JUis nocimiJUKeHHsT 3MIHU CTPYKTYPHO-aJcOpOLIHUX XapakTepucTuk AB Ta MoxnmuBocTein
CIIOHTAHHOI Ta E€JIOEHTHOI pereHepariii copOeHTy 3 KOJOHM Oyiu BiAiOpaHi 3pa3sku BYTULIS, K1
BUCYIIyBal¥ JIO0 TOCTiiiHOI Macu mpu +105°C. VYV 3amexkHOCTI Bifit METH EKCIIEPHUMEHTY
BUKOPUCTOBYBAJIM HEOOPOOJIEHI 3pa3ku ByTiuii abo MPOMHBAIHU iX MUCTUIHOBAHOIO BOJOKO Ta
PO3UMHOM T1APOKCUAY HATPir0. 3 KOKHOI KOJIOHU 3pa3ku Oyio BiniOpaHo Ha BUCOTI 1 cM (Bepx) Ta
100 c™ (HU3).

Pe3yabTaTn T2 iX 00roBOpeHHs
JlaHi moao0 CHOHTaHHOI OiopereHepallii akKTHBHOTO BYTLUIS 3 HAaTHBHOIO O10ILIIBKOIO, sKa
chopMyBaacs y mporieci TpUBaIoro GiabTpyBaHHS BOIOMPOBIIHOI BOJAM, HABEACHO Y TAOIUIII 3.
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Tabmuns 3. 3MiHa CTPYKTYPHO-aICOPOIIIHIX XapaKTepucTUK AB BHACIITOK CIOHTaHHOL
Oioperenepartii AB

Mapxka ByTiuis Suar. Seo. V,
gaﬂ?e P0oPY M/T %.Bm . M/T %.Bm . eM’/r % B
BHXI1THOI BHXI1JTHO1 BHXI1JIHOTO

KAY Bepx 651 61,1 535 84,9 0,23 59,0
KAY Hus 825 77,5 605 96,0 0,34 87,2
KAY-TO Bepx 680 64,8 409 69,3 0,25 64,1
KAY-T® Hus 870 82,9 574 97,3 0,33 84,6
BAY Bepx 559 62,1 338 84,5 0,22 64,7
BAY Hus 703 78,1 393 98,2 0,27 79,4

3 Ta01.3 BUIHO, 10 TEPIOUYHE MPOMUBAHHS BOJOIO IIapy aKTUBOBAHOT'O BYTU/UISA Y KOJIOHI
MPU3BOJUTH 10 MIATPUMAHHS BHUCOKOIO CTYINEHs CIOHTaHHOI pereHepauii AB. IIpuuomy diTko
MPOCITI/DKYETHCS 3AJIEeKHICTh CTYIEHsI pereHepartii BiJi BUCOTH IIapy BYTULISA Y KOJIOHI: Y BEPXHIX
mapax ycixX JOCHI/DKYBaHMX BYTUIb BEJIMYMHU BIJHOBIICHHS XapaKTEPUCTHK, IO OIHUCYIOThH
CIOHTaHHY pereHepallilo, MEHII, HDK Taki caMmi BEJIMYMHM A HIKHIX IIapiB. PakTHUHO 1€
MIITBEP/KY€E BIUIMB 4acy KOHTAkTy AB 3 po3umHOM, 10 (GiIbTPY€EThCS, Ha 3MiHY CTPYKTYpPHO-
aacopOUiIfHUX XapakTepucTuk copOenty. Ilpu ¢inbTpyBaHHI BOJOMPOBIAHOI BOAM Kpi3b IIap
BYTUIL 4ac KOHTAKTy PO3YMHY 3 COpOEHTOM ckianaB 7-10 XB, IO BBaXKAE€ThCSA JAOCTATHIM IS
MPOTIKaHHS 010JIOTTYHHMX MPOIIeCiB Ha MoBepxHi yactouok AB. Ille ogHi€ero 3 mpuynH, 110 BUKIUKAE
BIZIMIHHICTh pereHepariii BEpXHbOIO i HWKHBOTO HIAPIB BYTUIBHOI KOJOHH, €, MOXJHBO, €(peKT
XpoMaTorpadivHOro po3MOIICHHS CyMIllll OPTaHIYHUX PEYOBHH IO BUCOTI KOJOHH. Y BEpPXHIX
nrapax ajcopOeHTa copOyIThCS PEUYOBHHH 3 OUTBII BUCOKUM 3HAYCHHSIM 3MIHHM BEJIMYMHU BUTHHOI
eneprii agcopbuii (-AG ). Ile, sk mokasano y [19], IPHU3BOANTH 1O 3HMKEHHS e(eKTHBHOCTI
6i0ecTPyKIIil a7COPOOBAHNX PEUOBHH TIOPIBHSHO 31 CIIONYKAMH 3 MEHIIOH0 3MiHOM0 (-AG ,°).

3a JaHMX YMOB TIIPOBEJCHHSA E€KCIEPUMEHTY HalKpalle BIJHOBIIOETbCA IOBEPXHs
CYHEpMIKpO- Ta Me30MOp, L0 BUAHO 3 HaBeAEGHUX Yy Tabn.3 naHuX: S.p BEPXHBOrO MIAPY
Bukopuctanux AB 3ButbHseTbCs Ha 69,3-84,9 %, Tomi AK BITHOBJICHHS Ili€i BEITWYUHU JJIS
HIDKHBOTO Mmapy paocsirae 96,0-98,2 %. Lleit ¢akt 1me pa3 MiATBEpIKYE, WO Uil BUIYYCHHS
IIPUPOJHUX OpPraHIYHUX PEYOBHMH HaMKpallle 3aCTOCOBYBAaTH ME30IIOPUCTE AKTUBHE BYT1JLIA.

Cxoxa 3aJeXKHICTh CIIOCTEPIraeTbes ISl BEIWYMH 3arajibHOl MUTOMOI TOBEPXHi, TUIBKU
CTYIIHb BIJHOBJICHHS LINX 3HAYEHb MEHILIUH MOPIBHAHO 3 Scp. 1 KONMBAEThCSA B Mexax 61,1-64,8 %
ta 77,5-82,9 % nns BepXHbOTO 1 HMXKHBOTO IIapiB BYTiuifd BiamoBigHo. Ilig yac croHTaHHOI
O1operenepanii AB 3aranpHuii aacopOLIHHUI 00’ €M TaK0XK 3BUIBHAETBHCS TIPIIE, HIK Scq. (Ta01.3).
OueBUHO 1€ OB’ A3aHO 3 HEOOOPOTHHUM 3aMIOBHEHHSAM Mikpornop AB BuXiIHUMU 3a0pyJHIOIOUUMU
JOMIIIKAMHM BOAM Ta NPOAYKTaMH MeTabo1i3My MIKpPOOpraHi3MiB BHACIIIOK TOrO, L0 €HEpris
azcopO1Iii y MIKpOIOpax € 3Ha4HO BUIIOKO, HIK Y CYTIEPMIKPO- Ta ME30IOpaXx.

Pesynpratn mpomuBaHHs 3pa3kiB AB, sxi Oynu BuOpaHi 3 BEPXHBOTO Ta HIKHBOTO IIApiB
aacopOLiHOT KOJNOHHM Miclsi TpUBajIoro (inbTpyBaHHS BOAOIMPOBINIHOI BOIHU, IHUCTUIHOBAHOIO
BOJIOIO Ta PO3YMHOM T'1IPOKCHULY HATpPiIO MPEICTaBIeH] B TAOMULSX 4-5.

3 1abn.4-5 BUIHO, MPOMUBAHHS 3Pa3KiB BYTULISA BOJOIO Ta PO3YMHOM TiJPOKCHIY HATPIIO Y
CTaTUYHHUX yMOBaxX JOAATKOBO IO TPOMHBAaHHS WOTO B yMOBaX JAWHAMIYHOTO (iNBTPYBaHHS Yy
06araTboX BUMAJKax MPU3BOAUTH 0 HeOAKaHMX pe3yJbTaTiB 1, SK HACIIJOK, 10 3MEHIIEHHS
BEIIMYMH Ssor, Sep. Ta V. Lle MOkHA, 04eBHIHO, MOSICHUTH HOPYLIEHHSIM JUHAMIYHOI PIBHOBAard y
CHCTE€MI aKTMBOBAHE BYI'UUIA — BOJHUN DPO3YMH IPH 3aCTOCYBAaHHI JOJATKOBOTO MPOMHBAHHS
BOJIOIO. Y pe3ysbTaTi IUX OIEpaliil 4acTUHA MPOIYKTIB 1ecOopOIIii 3HOBY COpOY€EThCS BYTIILISIM JI0
TUX Tip, MOKK He OyJie JOCATHYTO HOBOI JUHAMIYHOi piBHOBaru. HeratuBHuil edexkr npomuBaHHs
AB pO3UMHOM TiIPOKCHAY HATPilO € OCOOIMBO MOMITHUM JJIsi BEPXHIX HIAPIB JOCHIHKYBAHOTO
BYT1JLIA.
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Tabnurs 4. 3MiHa CTPYKTYPHO-3ICOPOIIHIX XapakTepucTUk AB miciis mpoMuBaHHs

MHUCTHILOBAHOIO BOJIOIO

Mapxka ByTiuis Suar. Seo. V,
gaf;?e 0Py M/T %.Bm . M/T %.Bm . eM’/r % B
BHXI1THOI BHXI1JTHO1 BHXI1JIHOTO

KAY Bepx 422 39,6 375 59,5 0,16 41,0
KAY Hus 765 71,8 532 84,4 0,25 64,1
KAY-TO Bepx 690 65,7 363 61,5 0,26 66,7
KAY-T® Hus 851 81,0 525 89,0 0,31 79,5
BAY Bepx 550 61,1 279 69,7 0,21 61,8
BAY Hus 724 80,4 330 82,5 0,26 76,5

Tabmurs 5. 3MiHa CTPYKTYpPHO-aICOPOIIHIX XapakTepucTuk AB miciis mpoMuBaHHs

PO3YMHOM T1IPOKCHIY HATPIIO

Mapka ByTimist Suar. Seq. V.
zgal\;[;(;ue PAooPy M*/T %.Bm . M/T %.Bm . eM’/r % BiA
BHX1JTHO1 BUX1JTHO1 BHXI1HOTO

KAY Bepx 205 19,2 377 59,8 0,07 18,0
KAY Hus 874 82,1 594 94,3 0,34 87,2
KAY-T® Bepx 421 40,1 250 424 0,16 41,0
KAY-TO uu3 913 86,9 540 91,5 0,35 89,7
BAY Bepx 265 29,4 127 31,7 0,10 29.4
BAY nus 732 81,3 395 98,7 0,27 79,4

[TopiBasiHHS poboTu ¢inbTpiB 3 AB mpu ¢iabTpyBaHHI HEO30HOBAHOI Ta 030HOBAHOI
BOJIOTIPOBITHOT BOJIM MPOBEICHO 32 YMOB OJHAKOBOTO HABAHTA)XCHHS HAa aKTHBOBAaHE BYTULIA 3a
OpPraHi4HOI pPe4oBHHOI. O30HYBaHHS BOJAU MPOBOAMIM J103aMH O30HY, ski ckiaganu 0,7-1,0
mrOs/mr 30B. O0poOka BOaM 030HOM 3a TaKMX yMOB TPU3BOJAWTH TUTBKK /0 TpaHchopmariii
MOJIEKYJI OpPraHIYHUX PEYOBHH, SIKi 3HAXOAATHCS y JaHOMY PO3UHHI, aje He BHKIIUKAE KiIbKICHOTO
3MEHIICHHSI BEJIMYMHU 3arajbHOTO OpraHiuHOro ByTjemto. Y Tabmumi 6 HaBeIeHO [aHi, 10
XapaKTepU3yIOTh 3MIiHU TIapaMeTpiB BEPXHBOTO MIapy akTHBOBaHOro Byrimwisi KAY, kpi3p ske
(GiTBTpYBa M 030HOBAaHY BOJONPOBIIHY BOIY, B PE3yJbTaTi CIIOHTAHHOI pereHeparii Ta oOpoOKu
3pa3kiB AB BOI0I0 1 pO3YMHOM TiIPOKCHUIY HATPIIO. AHAJIOTIYHI MMapaMeTpH I HUKHIX IIapiB
BYTLUISL HE PO3TIIAJANIN, OCKUIBKH BOHH MTPAKTUYHO HE BiPi3HUIUCH BiJl TOKa3HUKIB BUXITHUX AB.

Tabnuus 6. 3MiHa CTPYKTYpPHO-aACOPOIIMHUX XapakTepucTuk AB micist QinmbTpyBanHs

030HOBAaHOI BOIH

Crnioci6 06poOku Saar. Seo. Va

3paska M°/T % Bin M°/T % Bix eM’/T % Big
BUXIIHOT BUXITHOT BUXIJHOTO

RAY-O, 954 89.6 622 98,7 0.35 89,7

GiopercHeparrist

KAY-0O, 0bpobra 867 81,4 525 83,3 0,32 82,0

H,O

KAY-0, 06pobxa

NaOL 930 87,3 627 99,5 0,34 87,2
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3 T1abn.6 BUAHO, IO CIOHTaHHA OiopereHepailisi 3a YMOB (UIBTPyBaHHS O30HOBAHOI
BOJIOTIPOBITHOT BOJM Yepe3 BYTUUIA Maike TIOBHICTIO BIHOBJIIOE CTPYKTYPHO-aJICcOpOIiiiHi
xapaktepuctukn AB. Ha BigmiHy Bin 3HaueHb mpupojaHoi OiopereHepamii micis (iabTpyBaHHS
He030HOBaHO1 Boau (Ta01.3) y BepxHboMmy mapi AB 3anumaiorses BUTbHUME 89,6 % S.ar, 98,7%
Sep. Ta 89,7 % V,. lle 00yMOBICHO PO3INIAHYTUMM BUILE YMHHUKAMU, SKI 3yMOBIIOIOTH OLIbII
edexTuBHe ¢yHKIIOHYBaHHS AB mnpu ¢iabTpyBaHHI 030HOBAHHUX PO3YMHIB, IO B KIHIIEBOMY
pe3yJIbTaTi JO3BOJISE 3HAYHO MOIOBXKUTH TPUBAIICTh POOOTH acopOLifHOrO (LIBTpA.

O6po0Oka 3pa3kiB BYyTULIS JTUCTUILOBAHOK BOJIOIO MPU3BOAUTH JO HE3HAYHOTO TOTIPIICHHS
XapaKTepUCTUK BYTULISA, 110 BUKIMKAHO, OYEBHMJHO, MOPYIICHHSM BCTAHOBJIEHOI PIBHOBAarM MiX
noBepxHero AB Ta yTBopeHoro Ha Hiil OiomutiBkoro (Tabs.5). HaBnaku, mpoMuBaHHS 3pa3KiB BYT1UIs
PO3YMHOM T1IPOKCHIY HATPit0 MPAKTUYHO HE BIUIMBAE HA BEIUYUHHU Sior, Sep. Ta V,, sKi Oylo
JIOCSITHYTO TIPW CIOHTaHHIN OlopereHeparii. Lle cBiguuTh mpo Te, MO0 y MPOIECi CIIOHTAaHHOT
6ioperenepanii AB micnsg (iabTpyBaHHS 030HOBAHOI BOAM YTBOPIOIOTHCSA MPOAYKTH MeTaboIi3My,
K1 T1pIIe PO3UUHSAIOTHCS Y JIYKHOMY CEpeOBHUILI, HIXK Y BoAl. KpiM TOoro, BIAKpUTHUM 3aJIMIIAE€THCS
NUTAHHSA 100 BHUBUIBHEHHSA O00’€My MIKpPOIIOp MpH Mepebiry CIOHTAHHOI Ta EJIF0EHTHOI
pereHepariii npu QiIbTPyBaHHI 030HOBAHOI 1 HEO30HOBAHOI BOJIH.

ToMy mpencrtaBisie iHTEpeC PO3TIISIHYTH MOXKIUBICTH 3BUIBHEHHS aJICOPOIiitHOrO 00’eMy
Mikporop Vi BUKOPHUCTaHUX COpPOEHTIB MICIs TPUBAIOTO (UIBTPYyBaHHS BOJOMPOBIIHOI BOJM.
AmKe, KOHTPOJIIOIOYM SKICTb BOJAM Ta CTYMiHb BIANpPALIOBaHHA aKTUBOBAHOIO BYTUUIA Y
TEXHOJIOTIYHUX CXeMaxX OYMILIEHHs BOJH, HA IEH MOKa3HUK 3BEPTAIOTh Majo yBaru. Toi SK BiIoMO
[4], w0 y Bumaaky OiopereHepartlii ByTriuis MICIs MPOMyCKaHHS y AMHAMIYHUX YMOBax PO3UYMHIB
MIOBEPXHEBO-aKTUBHUX PEYOBHH MIKPOIIOPUCTHNA MPOCTIp COPOCHTY MPAKTHYHO HE BUBIIBHIETHCS
py 0OpOOII KOJHHUM 13 3aCTOCOBAHHMX peareHTIB (BOJA, PO3UMHHU T1IPOKCUIY HATPilO, CipyaHOi Ta
COJISTHOI KHCIIOT, €TaHoJ, XJI0podopM Tomio). OueBUAHO, TYT BEJIHMKY POJIb BiIIrpaloTh crenudivHi
CHJIH, SIK1 JIIFOTh Y BY3bKHX MIKpOIIOpax.

VY naniit po0OoTi crocTepirany 3BUIBHEHHS Vi Y PI3HIM Mipi Juig BCiX BiliOpaHHX 3pa3KiB
Byriw. [lokazano, 10 mUTOMUNA 00’ €M MIKPOIIOp HaMKpaIie 3ay4aeTbes 0 MPOIECy CIOHTAHHOT
6iopereHepanii npu (iIBTPYBaHHI O30HOBAHOI BOJOMPOBIAHOI BOAM Kpi3b LIap AaKTUBOBAHOTO
Byriuis KAY. Benuunna muTtomMoro 00’eMy MIKpPONOP HEBIAMPAIbOBAHOTO BYTULIS CKJIajae
0,12 cM’/r, Tomi sk Vi BepxHBbOro mapy AB B pe3ybTaTi MHMOBINBHOI pereHeparii CTAHOBUTH
0,10 cv’/r (ue Ginbmre 83 % Bix mouaTkoBOro 3HadeHHs). O6pPOOKa 3paska JUCTHIHOBAHOK BOJOIO
HE NPU3BOAMTH JI0 TOMITHHMX 3MiH 3HaueHHS V. BHacnigok npomuBaHHS 3pa3zka AB pozunHom
TLIPOKCUIY HATPIO BEJIMYUHA Vi JENIO MiABUIIYEThCS 1 cTaHOBUTH 0,11 oM°/T (maibxe 92 % Bin
[OYaTKOBOT'O 3HAYCHHS).

30BCiM iHIIA KapTHHA CIOCTEPIraeThes micis (GiTbTpyBaHHS HEO30HOBAHOI BOIM Kpi3b HIap
Byriuit KAY. ¥V pe3ynbrari CHOHTaHHOI OiopereHepaliii MiKpOmOpHUCTHIA TPOCTIP BEPXHBOTO APy
AKTHBOBAHOTO BYTLLIS IPAKTHYHO HE 3BLUIBHAETBCSA 1 ckiamae mumre 0,02 cM’/r (e Beboro 17 % Bix
BUX1HOT BesmunHu). OOpoOKa 3pa3KiB IUCTUILOBAHOK BOIOI a00 PO3YMHOM T1IPOKCHUY HATPIIO
B3arajii MpU3BOJIUTH A0 3MEHILICHHS BEJIMYMHU Vi Y BIIHOLICHHI 10 MUMOBLIBHOI Oiopereneparii,
10 BUKIMKA€E IPAKTUYHO IIOBHE BHMKJIIOUEHHs MiKponopucroro mnpocropy AB 3 mponecy
6io¢inpTpyBanHsa. OUeBUAHO, 11€ TAKOX OB’ SI3aHO 3 MOPYIIEHHS AMHAMIYHOT PIBHOBAru y cUCTeMi
’TIOBEpXHS BYTULIS — HaTHBHA OIOIUIiBKA’  BHACTIIOK J0JaTKOBOI 00poOku AB HeopraHiyHHUM
PO3UYMHHHUKOM.

3aragbHOIO 3AJICKHICTIO TTPU MPOTIKAHHI CIIOHTAHHOT OlopereHeparlii Ha aKTHBHUX BYTULIAX
KAY, KAY-T® ta BAY € Te, 1110 MIKpOIOPUCTUI IPOCTIp X COPOCHTIB Kpallle BUBLIBHAETHCS Y
HIDKHBOMY IIIapl 3aBaHTaXXeHHs Mpu o0podii AB po34rmHOM TipoKcuAy Hatpiro. MOXIHBO, 1€
CBIAYUTH PO HAKOIMHMYEHHS y MIKPOIIOPUCTOMY IMPOCTOPI PEYOBHH, SKi Kpalle pPO3UMHSIOTHCS Y
Jayrax 1 3a XIMIYHOIO MPHUPOAOI0 CXO0X1 Ha TMPUPOAHI OpraHiyHi CIOIYKH abo MPOIYKTH iX
JIECTPYKIIi.

BpaxoBytoun Bce ckazaHe BHWINE, CJiJl 3ayBa)XUTH, IO y JOMOBHEHHS 10 CIOHTAHHOL
6iopereHepailii akTUBOBAHOT'O BYT'ULIS, BUKJIMKAHOI MPOLIECOM JKUTTEIISUIBHOCTI MIKPOOPTaHi3MiB
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010IUTIBKH, Ta MEPIOAUIHOTO IPOMHUBAHHS IIAPY COPOCHTY 3BOPOTHUM MOTOKOM BOJIH € JOIIIBHOIO
00pobka AB po3unHOM JIyTy JUIsl BUBUTEHEHHS 1X TOPUCTOTO MPOCTOPY.

BucHoBKH

Buacniok TpuBanoro (iabTpyBaHHS BOJOINPOBITHOI BOIM Kpi3b KOJOHY 3 aKTHBOBAHUM
BYTUUIAM Ha TIOBEPXHI OCTAaHHBOT'O YTBOPIOETHCS HATHBHA OIOIUTIBKA, sIKA € OJHUM 3 TOJOBHHX
YHHHUKIB MPOTIKaHHS croHTaHHOI pereHepauii AB. Iloka3aHo, 10 3a JaHUX YMOB IPOBEICHHS
JIOCJTIJDKEHb HaWKpaIlle BITHOBIIOETHCS TIOBEPXHS CYNEPMIKPO- Ta ME30TIOP JJIS BCiX BUKOPUCTAHUX
AB, THM caMUM MiATBEPKYIOYH, 10 JJIs BIIYYSHHS MPUPOJHUX OPTaHIYHUX PEUOBHH HailKpaiie
3aCTOCOBYBATH ME30MOPUCTE aKTUBHE BYT1LIS.

Pesynbratn mpoBeneHHs pereHepauii AB 3amexaTh BiJ XIMIYHOT NPUPOIU MPOAYKTIB
MeTaboI13My MIKpOOPraHi3MiB, 1110 B CBOIO YEPTy BU3HAYAETHCS CKJIAJOM OpraHIYHUX PEUOBUH, SIK1
MOJIAIOTHCSI HA aKTUBOBAHE BYT1UISA Pa30M 3 BOJI0I0. Benuky poiib npu 11bOMY BiJIirpa€e po3uMHHICTh
MeTa0OoJITIB Y HEOPraHIUHUX Ta OPraHIYHUX PO3UMHHUKAX.

Ha nomatok 1m0 crnoHTaHHOI OlopereHepaiiii akTMBOBAHOTO BYTULIS Ta MEPIOJUYHOTO
MMPOMHUBAHHS IIapy COPOEHTY 3BOPOTHHMM IIOTOKOM BOJM JOLLUIBHO MPOBOIUTH 00poOKy AB
PO3YMHOM JIyTY JIJIsl BUBUIBHEHHSI MiIKPOIIOPUCTOTO MIPOCTOPY.

[Ipu mpoTikaHHI CHOHTAaHHOI OlopereHepalii aKTUBOBAHOI'O BYTULIA Micas (LIbTPYyBaHHS
030HOBAHOI1 BOJOMNPOBITHOI BOJM MaiKe MOBHICTIO BiJHOBIIOIOTHCS CTPYKTYpPHO-aJICOPOIIiiiHI
xapakTepucTuku AB Ha BiAMiHY BiJ TPOITyCKaHHS HEO30HOBAaHOI BOAW. E(QEKTHBHICTH IHOTO
IPOILECY JOCATAETHCS y pe3ynbTari TpaHchopmallii OpraHiYHUX PEYOBHH BOJAOIMPOBITHOI BOIH Y
Outem GiogoctynHy (opMy, 1m0 mojerirye (yHKIIOHyBaHHs OlorutiBku. Llel mpwifoM m03BoJIsie
3HAYHO MOJIOBKUTH TPUBATICTh POOOTH aicOpOIiitHOTO PiabTpa.

YO®PEKTUBHOCTDb PETEHEPAIIU AKTUBUPOBAHHOI'O YIJISI TIOCJIE
JJINUTEJBHOI'O NCHOJIBb30BAHUS B ®NJIBTPAX IO TJOOYUCTKE
BOJIOITPOBO/IHOM BOJIbI

JI.LA. CaBunHa
WNHuctutyT KOutonaHOM XxuMuu 1 xumuu Boasl uM. A.B. Jlymanckoro HAH Ykpaunsl, r.Kues
e-mail: savchyna.l@gmail.com

Jna uzeneuenus NpUpOOHBIX OP2AHUYECKUX Geujecms U3 800bl HAUTYHUUUM COPOEHMOM
A6/15emcsi aKMUBUPOBAHHDBIIL Y20llb NPEeUMYUeCMBEeHHO Me30nopucmoti cmpykmypuol. B pabome
OYeHeHbl CMPYKMYPHO-a0copOyuoHusle xapakmepucmuku mezonopucmolx yeneu KAY, KAY-T® u
bAY, komopwvie 6 meuenue OnumenvHo20 6pemeHu (bonee mpex Jiem) UCNONBL30BANUCL 8
aocopOYUOHHBIX PurLMpax no dooyUcmKe 8000NPOBOOHONU 800bl. Ilokazano, umo Ha nogepxHocmu
aKmMueUpOBAHHO20 Vel  NpoUcXooum CHOHMAHHAs — OuopezceHepayus, KOMOpAas  6bl36aHd
obpazosanuem OuonneHKku npu QuUILMPOBAHUU 800bl 8 HECMEPUIbHLIX YC08UiX. B pezynvmame
9MO20 npoyecca B0CCMAHABIUBAIOMCS AO0COPOYUOHHbIe napamempul Yyenel, d UMEHHO. 005
He3auamoil oowell yoenvbHotl nogepxnocmu AY cocmasnsiem 61,1-82,9 % om nauanvhoil eenuyuns,
007181 He3aHAMOo20 00ue2o aocopbyuonnoco odbwvema nop — 59,0-87,2 %, moeoa kax eenuduHa
He3aHAMOoUl 3P HeKmueHol NOBEPXHOCHU CYNEPMUKDO- U Me30nop Modicem docmuzamsb 69,3-98,2%.
Obpabomra o0b6pasyos yeneii pacmeopom 2UOPOKCUOd HaAmpusi NpugooOUm K 4acmudHOM)
0C80002ICOeHUI0 A0COPOYUOHHO20 00beMa MUKPONOP, OCODEHHO 6 HUICHUX NO X0OY 800bl CIOSX
yeonvHotl 3aepy3xku. CnowmanHas Ouopecenepayusi akmusuUpo8aHHO20 Vel npu Guibmposanuu
030HUPOBAHHOI  80OONPOBOOHOU 800l Npomexkaem 0Oojee 3PHexmusHo no CPasHeHuro ¢
buopezenepayuell npu GuIbMpPOBAHUU HEO30HUPOBAHHOU B00bL 8 YCIOBUAX OOUHAKOBOU HACPY3KU
Ha AY no opeanuyeckomy sewecmsy. Iloswviuenue s3¢ghpexmusnocmu cnonmanno buopezenepayuu
nocie uiIbMpoBarus NPeoBaApUMENbHO O30HUPOBAHHOU B000ONPOBOOHOU B00bI  00YCI0BIEHO
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mpaHcopmayuett MONeKyl OpeaHudecKux eewjecme 6 ¢opmy, xKomopas 6onee 0oCmynHa OJisl
DYHKYUOHUPOBAHUSL HAMUBHOU OUONTEHKU.

Knrouesvle cnosa: axkmusuposanmuwviii  yeoinb, OuopeceHepayus, B6000NPOBOOHAs 6004,
HamueHasi OUONIEHKA, INIOEHMHASL Pe2eHePayus.

EFFICIENCY OF ACTIVATED CARBON REGENERATION AFTER THE LONG-TERM
EXPLOITATION IN FILTERS FOR TAP WATER POST-TREATMENT

L. Savchyna
Institute of Colloid Chemistry and Water Chemistry (National Academy of Sciences of Ukraine),
Kyiv, Ukraine
e-mail: savchyna.l@gmail.com

Predominately mesoporous structured activated carbon is the best sorbent for the natural
organic matter extraction from water. Mesoporous activated carbons KAU, KAU-TF and BAU
were used in the adsorption filters for tap water post-treatment for a long time (more than three
years). Structural-adsorptive characteristics of these carbons were estimated in the paper. The
spontaneous bioregeneration takes place on the activated carbon surface. It is caused by the biofilm
formation during water filtration in non-sterile conditions. As a result of this process active carbon
adsorption parameters are restored, namely the part of the AC unoccupied total specific surface
area is 61,1-82,9 % of the initial value, the part of the unoccupied total adsorption pore volume is
59,0-87,2 %, whereas the value of unoccupied effective supermicro- and mesopores surface can be
up to 69,3-98,2%. Active carbon samples treatment with sodium hydroxide leads to a partial
release of the micropores adsorption volume especially in the lower carbon bed layers by water
passing. Spontaneous activated carbon bioregeneration under filtration of ozonated tap water runs
more efficiently than bioregeneration after a non-ozonated water filtration under the same organic
matter load on the AC. Efficiency improving of spontaneous bioregeneration after a pre-ozonated
tap water filtration is caused by the transformation of organic substances molecules into a form
that is more accessible to the functioning of native biofilm.

Keywords: active carbon, bioregeneration, tap water, native biofilm, eluent regeneration.
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