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Po3rasinyTo TpaguuiiiHuii nmpouec ¢iabTpanii minzeMHuX BOA 3 MiIBMINEHHMM BMIiCTOM
cnonyk @epymy i Manrany. HaBegeHo MeTOOMKY TNpOBeleHHSI eKcliepuMeHTy. 3a
pe3yJabTaTaMu AOCTiIAKeHb J0BeJeHO, 0 32 HU3bKMX KOHUEHTpauiii OKNCHHUKIB JTOMiHYIOTh
OiosToriuHi mpouecu, a 3a BUIUX 3pOCTA€ poib XiMiyHux. Takoxk mokazaHo, 110 BUKOPHCTAHHS
SIK OKHCHHUKIB XJIOPBMICHUX CHOJIYK (SIKi TakoxkK € Ae3iHeKTaHTaMHu) NMPH3BOIUTH 10 3aMiHU
ofHOr0 mpouecy iHmuM (OiosoriyHoro XxiMiyHHM), TOai sIK y pa3i 3acTOCyBaHHSI KHCHIO
e()eKTUBHICTb 000X Mpo1eciB MOCTYNOBO 3POCTAE 3i 30LIbLIIEHHSM HHOr0 BMicTy.

KuarouoBi cioBa: Jedepusanisi, JeMaHraHailis, eoJIiTOBe 3aBAHTAKEHHSI, KHCEHb,
HATPIiIO TiMmoXJIOpPHUT.
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APPRAISAL OF THE ROLE OF BIOLOGICAL PROCESSESIN THE
TRADITIONAL METHOD OF IRON AND MANGANESE FROM WATER
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In this article the traditional filtration process of groundwater with high content of iron
and manganese compounds is studied. Scheme of laboratory unit for iron removal and
methodology of the experiment are shown. The paper presents evidence that at low
concentrations of oxidants biological processes are dominated, while at higher the role of the
chemical processes increases. Also it isindicated that the use of chlorinated compounds which
also can be disinfectants as oxidants results in the replacement of one process by another
(biological — chemical), whereas, when using oxygen, efficiency of both processes gradually
increases with its contents.

Key words: iron removal; demanganation; zeolite bed; oxygen; sodium hypaochlorite.

IMocTranoBka mpodaemu. Ha tepuropii YkpaiHM NpakTHYHO Yy BCIX pETiOHaxX 3ycTpidaroThes
MiJ3eMHi BOAM 3 TiJBUIIEHUM BMicToM crionyk ®epymy Ta Manrany. IX KOHLEHTpallisi KONHBAETHCSA B
IIMPOKOMY Jiamna3oHi 1 iHomi mocsrae 20-30 i 56 mr/ave, BimmoBiAHO. 3riAHO 3 YMHHUM B VYkpaini
JCanlliH 2.2.4-171-10 “I'irieHiyHi BUMOTH 10 BOAW MHMTHOI, MPU3HAYCHOI JJIs CIIOKUBAHHS JIFOAMHOMO”
BMICT ITOKa3HMKIB 3aji3a i Maprauiio y Boxai Bcranosiaenuit ma pisui 0,2 (1,0) i 0,05 (0,5) mr/ v,
BIMOBIHO (HOPMATHBH B JTy’KKaX MOXKYTh BCTAHOBJIFOBATHCS 32 IEBHUX YMOB).

VY pasi HemocTaTHRO TIMOOKOTO OYMINEHHS BOaM Bix crmomyk Pepymy i Maprany BoHa €
HEKOH/IMITIMHOIO Uil CIIOKUBAHHS JIIOJMHOIO, ajpke crnonykun @DepyMy MOTipHIyIOTH OPraHOJENTHYHI
MOKa3HUKH, BUKIMKAIOYH OypyBaTe 3a0apBIeHHS BOIH, HEIPUEMHUM METAIIYHUIN NMPUCMAK Ta TPHU3BOANTH
JI0 3apOCTaHHsI BOJOIIPOBIMHUX Mepex 1 Bomo3adipHoi apmarypu. 3rimHo i3 KepiBaunreom BO3 TpuBane
BUKOPUCTAHHSI BOJIM 3 TTiIBUIIIEHUM BMicTOM MapraHy Cripusie yTBOPSHHIO YOPHHUX BiKIaeHb y TpyOax [1].
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AHami3 ocTraHHix aocaipxkeHb i myOJikamiii. Bigomi umcieHHi MeTOmM OYHINEHHS BOAW (SK
XiMiuHi, Tak 1 Oiomoriuni) Big cmomyk Pepymy Ta MaHrany, siKi pO3PI3HSIOTBCS 3a CTYIICHEM
TEXHOJIOTIYHOI HAMIHHOCTI, eKOHOMIYHOCTI, TIPOCTOTH eKcIuTyaTarii Tomo [2—6]. 3a3Buyaii TEXHOIOTis
3HE3ANI3HEHHS 1 JeMaHTaHalil mnependadae oKuCIeHHS crnonyk Pepymy Ta MaHrany 3 MOJAJIBIIAM
BIJUIUICHHSIM YTBOPEHOTrO ocaay Ha (uibTpax. SIk OKMCHHKH MO)KHa BHKOPHUCTOBYBATH KHCEHb, O30H,
XJIOPBMICHI Ta IHINI CIIOJIYKH, a JJIsf 3aBaHTa)KEHHS (UIBTPIB — KBapIOBUH IICOK, ICOMTIT, Ki3eJbIyp,
MmaprasieBi pyau tomio [7, 8]. Xo4a Taky TEXHOJOTIIO IIUPOKO 3aCTOCOBYIOTH y MPAKTHUII BOJOIIIr0-
TOBKH, TIPOIIECH, IO BiOYBarOThCS Mija yac BuirydeHHs1 Pepymy Ta MaHraHy, 3aIHIIal0ThCS HEJOCTATHBO
BHUBUYCHUMH.

ExcriepiMeHTanbHi JaHi, oTpuMaHi HaMu padiiie [9], po3UIMpPIOOTh YSBICHHS MPO BHUINEBKA3aHi
MPOIIECH 1 JAIOTh 3MOTY 3aIIPONIOHYBATH TIIIOTE3Y PO BXKJIMBY POJIb Y HUX Mikpooprani3mis. [Tormubiene
BHUBYCHHS POJi (pi3UKO-XIMIYHUX 1 OIOJNIOTIYHHX TPOIECiB, MO BigOYyBalOThcs B Mapi (iIbTpyBaIbHOTO
3aBaHTaXKCHHsI ITiJ] Yac 3HE3aJIi3HCHHS Ta JEMaHTaHallii BOJH, 3aJIMIIAETHCS AKTyaJbHHUM IMHUTAHHSIM 1
CHOTOJTHI.

Meta po6otu. MeToro po6otu 0yiio BU3HAYEHHS pOJIi MIKpOOPTaHi3MiB y mporecax 3He3alli3HeHHS
1 AemMaHraHarlii ma3eMHoi Boau. JoCiKeHHs IPOBOIMIM IIIIXOM (GUIBTPYBAHHS Yepe3 map 3ePHUCTOrO
3aBaHTaXeHHs (MIPUPOTHHMN IEOIT — KIIHOMTHJIONIT) 3 MOMEPEIHbOI0 0OpPOOKOK BOIM OKUCHHUKAMH —
KucHeM y Takux no3ax: 0,2; 0,5; 1; 1,5; 2; 3; 4; 5; 6 mr/am° Ta HaTpiro rimoxiopuroM y nozax: 0,2; 0,5; 1;
15, 2; 3; 4, 5; 6, 8 10 MF/)Z[Ms. Kpim Toro, posib MiKpOOpraHi3miB JOCIIPKYBaJid 3ICTaBICHHIM 3MIiHU
epexruBHOCTI BHpaneHHs @epymy Ta Manrany micis NpoMHBaHHS (QUIBTpa BOJOK 3 HATPIlO
TiMOXJIOPUTOM 1 6€3 HBOTO.

Buknan ocHoBHOro Martepiany i odropopenns pesyabstatiB. OO0’ €KTOM eKCIiepuMEHTIB Oyia Bojia
3 10401 cBepTOBMHU. [I0Ka3HUKM SKOCTI BOJM HaBeaeHO B Taoi. 1.

Tabauys 1
XapakTepucTuka sikocTi Boau

Iloxa3uuk 3HaveHHs Iloxa3uuk 3HaveHHs
3amax, 6anu BifC. IuHK, M/ <0,005
3a0apBIeHICTh, TPaIyCH BIJIC. Awmiak, mr/ov° 0,21
KanmamyTHiCTB, mr/oe 1,7 Munr’ sik, mr/am® <0,02
Bonneswuii mokasHuk, oa. pH 7,3 Moni6aen, Mr/am® <0,002
3aii30 3aranbHe, MI/aM: 6,4 Hitpaty, mr/oS 9,7
3araibpHa )KOPCTKICTB, MMOJB/ M 7,3 Hitputn, mr/av° 0,018
3arajbHa JIY)KHICTB, MMOIB/ M 55 CauHelp, Mr/am° <0,01
Maprasens, mr/ o 0,32 g;ﬁiﬁgzg?:;i M/ 2,6
Mizb, mr/om° <0,02 Cenen, mr/mm° <0,0005
Cynbdaty, mr/am° 133 Bepuii, mr/oe <0,0001
Xyopuau, mr/oe 23 CTpoHIIii, mr/ o 1,4

JocmimpkyBanu nporiec aedepusaiii Ha jJabOpaTOpHIiN ycTaHOBIN, sKa CKJIajganach 3 aeparopa,
3aKpHUTOI KOHTAKTHOI EMHOCTI 1 Oe3HamipHOro QiTbTPY 3 1IE0TITOBUM 3aBaHTaxeHHsM [9]. ¥V aepaTopi Bozia
HacH4yBajach KMCHEM, a MOTIM HaJXOJWJIa B 3aKpUTY KOHTaKTHY €eMHICTh. OOpo0OJieHa Boaa HaJAXO/IMIIa B
OesHamipuuii GuIbTp, A€ B Iapi GUIBTPYBAIbHOIO 3aBAHTAXKECHHS BiIOYBaIUCh KaTaliTUYHE OKMCHEHHS
crionyk ®epymy ta Manrany, i 3aTpUMaHHs YTBOPEHUX TifipokcuaiB hepymy i maprany(lV) okcumy.

Y Xomi MOCHIIDKEHHS BHMIPIOBAJIUCS CEpPElHI 3HAUCHHS ITOKa3HUKIB. KOHIIGHTpAIlil KHCHIO,
KOHIIeHTpallis 3arasibHoro depymy i Manrany Ha BXOJli B YCTaHOBKY 1 Ha BHXO/Ii 3 Hel.

Jnist mepeBipKH poiti MiKpOOPraHi3MiB y Tiporiecax 3HE3aTi3HEHHs 1 JieMaHTaHallii 0yJio mpoBeIeHO
Cepit0 MOCTIIKEHb, SIKI MICTHJIU KiJlbKa (UIBTPOLMKIIIB 3 BUKOPUCTAHHIM KHCHIO SIK OKMCHUKa. B omHii
cepil eKCIIepUMEHTIB MPOMHBAIN (PIIbTPYBAIbHUN MaTepiall OYHINEHOI BOJOI0, B iHIIOMY — BOJOIO 3
XJIOPBMICHUMH peareHTaMu (HaTpito rinoxsiopurom). OmepkaHi pe3ysibTaTi HaBeJACHO Ha puc. 1, 2.
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Puc. 2. 3aneaxcuicmo konyenmpayii ionie Maneany 6io uacy

3a eKkCHepUMEHTAILHUMH JaHUMH Oylo TOOYJOBaHO 3alieKHOCTI, IO UTIOCTPYIOTH 3MiHY
edexruBHOCTI BHpaneHHs ioHiB depymy Ta Manrany y pa3i mpomMHBaHHS (iIbTpa BOAOK 3 HATPIlO
rinoxJaopuToM i 6e3 Hporo (puc. 3, 4).

AmHani3 naHux Ha puc. 3, 4 NOBHICTIO MIATBEPKYE HABEIACHY BHIIE TIOTE3y MPO 3HAYHY POJb
MIKpOOpTraHi3MiB B IpoIlecax 3He3ai3HEHHS 1 JeMaHraHailii Boau. Tak, epeKTHBHICTD 1 JeMaHraHanii, i
3HE3ANI3HEHHS 3pocTalia B MepuiomMy QuUIbTPONUKI 10 MAaKCUMyMY, SIKUi ais crioinyk depymy craHOBUB
npuoau3Ho 8 rox, st Manrany — 18.

VY KiHI[I KOXXHOrO (UIBTPOIMKIY Ha KpHBUX e()EKTHBHOCTI BHIaleHHs ioHiB Pepymy (puc. 3)
criocTepiranocsi 3HWKEHHsS €QEeKTHBHOCTI OYHIICHHS, SKE€ 3yMOBICHO HACHYEHHSIM (iLIbTPYBaILHOTO
3aBaHTaXKCHHs 1 sKe, BJAacHE, 1 € NPUYMHOK HEOOXIAHOCTI WOro MepioJWYHOro IPOMHBAHHS. AJie
epeKTUBHICTh 3HE3aNi3HEHHS Iicsl MPOMUBAHHS (UIBTpa 3ajexalia BiJ HasiBHOCTI a00 BiJCYTHOCTI B
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MPOMHBHIN BOJII Je31H(IKYIOUOro peareHTy. Y NpUCYTHOCTI Je3iH(EeKTaHTy (OpMH KPHUBHX Y KOXKHOMY
¢uTbTpOIMKI OylM aHAJIOTIYHUMH, a caMme. CHovaTKy e(eKTHBHICTh Oyna ay:Ke HU3bKOI, a IOTIiM
nporaroM 8 roauH 30uUTkIIyBanacs. Y pasi BIICYTHOCTI Je3iHQEKTaHTy B MPOMHUBHIN BOII eeKTUBHICTH
MPOIIECY MICIIs MPOMHUBAHHS OyJia HU3bKOIO 1 BIIHOBIIIOBAJIACS ITOBHICTIO BXKE IPOTATOM IMEPIINX YOTHPHOX

TOJIMH.

EdexrrnnicTs, ¥
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Puc. 3. 3anexcuicmo epexmusnocmi uoanenns cnonyk @epymy 6io uacy
3a pi3HUX YMO8 NPOMUBANHS QLIbMPYBATLHOZ0 Mamepiany.
1 — be3 suxopucmanus HAMpIlO 2INOXAOPUMY; 2 — 3 GUKOPUCIIAHHAM HAMPIIO 2iNOXI0PUMY;
I, 11, 1, 1V = ginempoyurnu
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Puc. 4. 3anexcuicmo epexmusrnocmi suoanenns cnonyk Maneawny 6io uacy
3a pi3HUX YMO8 NPOMUBANHS QLIbMPYE8ATbHOZ0 Mamepiany.
1 — be3 suxopucmanns HAMpIlO 2INOXAOPUMY; 2 — 3 GUKOPUCIIAHHAM HAMPIIO 2iNOXI0PUMY;
I, 1L, 1, 1V = ginempoyurnu

e MoXHA TOSCHUTH TITPKA 3HAYHOIO POJUII0 MIKPOOPraHi3MiB y Mporeci 3He3ami3HEeHHS.
VY nepmomy GiabTpoIMKIIl BiZOyBaIOCs MOCTYIOBE HAPOIIYBaHHS KUTBKOCTI MIKpOOPTaHi3MiB 1 B Mipy iX
HAKONMWYeHHS eeKTUBHICTh 3He3ali3HeHHs 3pocTana. OOpobOka Ne3iHEeKTaHTOM il Yac MPOMHBAHHS
(GIIBTPYBAILHOTO MaTepiany MPU3BOAWIA [0 3ardOeiai MIKpOOPraHi3MiB 1, OTKE, B HACTYIIHOMY
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GITBTPOIMKI X HApOIIYBaHHS MOBHHHO OYJIO MOBTOPIOBAaTHCS (Yepe3 IO Ha Mo4Yatky e(eKTHBHICTh
OYHMIIEHHs Oyina HHU3bKOI). Y pa3i mpomuBaHHA Oe3 [e3iH()EKTAHTY YHCENbHICTh OakTepid y mapi
GiTBTPYBATBHOTO 3aBaHTAXKEHHS 3MEHITyBasacs (MeBHa iX KUTbKICTh BHHOCHJIACS 3 IPOMHBHOIO BOJIOI0),
ajyie 3HayHa KUIBbKICTh 3anmumanacs y QuibTpyBajdbHOMYy miapi. ToMy eeKTHBHICTh 3HE3aNi3HEHHS Ha
MOYaTKy PYToro i HaCTYMHUX (PUIBTPOLUUKIIB MPAKTUYHO HE 3HIKYBaacs.

I1le 6inbII MOKA30BOKO € POJIb MIKPOOPTaHi3MIB IiJ] Yac jJeMaHraHaiii Boau (puc. 4). Skmo B pasi
3aCTOCYBaHHS MPOMHBHOI BOJAM 3 Je3iHPEKTaHTOM (aKTUYHO MOBTOPIOBAIACS KapTHHA TMEPIIOro
(GUIBTPOLIMKITY, TO TiJ Yac MPOMHBAHHS O€3 pearcHTy B KOKHOMY (UIBTPOIMKIIL CIOCTEpiraaocs
MOCTyNoBe 30UTbIICHHST e(EeKTUBHOCTI JeMaHraHalii. BpaxoByrouw, MO HATpilo TilOXJIOPUT €
HEJIOCTATHBO CHJIBHOIO PEYOBHHOIO JIJIsl BIUIMBY Ha KATAITUYHY aKTHBHICTh MaHTaHy OKCHJIIB, TAKHI HOTO
3HAYHHUH BIUIUB TOSCHIOETHCS NIe31H(IKYBaIbHOIO €0,

TobOTo, B pasi, koau (QUIBTPYBadbHE 3aBaHTAKCHHS IPOMHMBAIN BOJOI 0e3 ne3iH(eKTaHTy,
BiI0YBaJOCh IOCTYIIOBE HapOIyBaHHS OiomMacu OakTepili, 3JaTHUX OKHUCHIOBATH CIIOJNyKHM MaHraHy.
Y npucyTHOCTI Je3iH(pEKTaHTY HAKOMHWYCHHsS OioMacu HE BiJOYBAa€ThCS, IO MPHU3BOAUTH JO HU3BKOL
e)eKTUBHOCTI IPOIIECY JIeMaHTaHallii 3arajioM.

[lix 4ac ekcriepuMeHTiB Oylo TakoX 3adiKCOBAHO 3MEHIICHHS KOHIICHTpalil cynb(aT-ioHIB Ta
aMoHif0. OCKiTbKM cynb(aT-ioOHH 3a3BUYall HE 3aTPUMYIOThCS B (QUIBTpYBaJbHMY 3aBaHTaKEHHI, iX
3MEHILICHHS MOKHA MOSICHUTH HASIBHICTIO y BOJII CYNb(daT-penyKyounx OakTepii.

L1i 6akrepii, Ha HalTly TYMKY, MOXKYTh CIpUSTH OKUCHEHH!O i0HIB @epymy(II1) mopsin 3 po3unHEeHHM
KHCHEM. 3HMKCHHS BMICTYy aMOHIl0, kUi € jpkepenoM HiTporeHy, Takok TOJATKOBO CBIIYHMTH IIPO
KUTTENISUTBHICTD OaKTEPil.

Panime BBa)kanu, 1m0 HU3bKa ePEKTHBHICTh 3HE3aTI3HEHHS Ha MOYaTKy (QinbTpormkiy (2-12 ron)
3YMOBJICHA BIJICYTHICTIO Ha TIOBEPXHI 3epeH (PUIbTPYBAJIBHOIO MaTepiany 0COOIMBOI KaTaIITUYHOI TUTIBKH,
YTBOPEHOIO TifpokcuaaMu (epymy, ska IHTEHCH(IKYyE MPOIIECH OKHUCHEHHS 1 BHJAJCHHS 3 BOJIM 1OHIB
depymy mig wac ¢inbrpyBanus [7]. Ilin uyac nHakonmueHHs cnonyk @Depymy B (inbTpyBanibHOMY
3aBaHTa)KCHHI 1X KaTaJliTHYHA aKTHBHICTh 30LIBIIYETHCS, IO 1 TIPU3BOJAMTD J0 IiJABHUINECHHS ¢()EeKTHBHOCTI
BCHOT0 ITPOIIECY 3HE3aJTi3HECHHS.

BoaHodac oTprMaHi HaMHM €KCIIEPUMEHTAJIbHI JaHi, 30KpeMa JaHi 100 3HMKCHHS KOHIICHTpAIIii
Cynb(aT-10HIB, JAIOTh 3MOT'y 1HAKIIE MOSICHUTH Il mporiecu. Hu3bka eeKTUBHICTh OUHMIICHHS “4HCTOr0”
(GIIBTPYBAILHOTO 3aBaHTAKCHHS IIOB si3aHA HE TUIBKKM 3 IOCTYIIOBHM HAKOIMWYCHHSM TiIPOKCHIIIB
depyMmy, alie i 3 4acoM, HEOOXITHUM ISl YTBOPEHHS JJOCTATHBOI KUTLKOCT1 KOJIOHIM MIKpOOPraHi3MiB, sKi
BiJIIrpatoTh 3HAYHY POJIb y 3HE3aTI3HEHHS BOJIH.

HoBectn abo crnpocTyBaTH TIiNOTE3y MPO POJIb MIKPOOPTaHi3MiB y MPOIEC BUIAICHHS CIONYK
depyMmy 3 BOAM MOXHA, 3’ ICOBYIOUH 3MiHY 3arajibHOro MikpooHoro uucia (3MY) y mpoMuBHii BOAi i/
Yyac npoMuBaHHA QinbTpa. TOMy Ha HACTYITHOMY €Tami eKCIIEpHMEHTIB BH3HAYaIHd caMe IIed MOKa3HUK.
BinnoBiaHi pe3y/IbTaTH aHaMI3IB 100 HOro 3MIHM HaBeJeHO B Ta0I. 2.

Tabauys 2

3mina Betnunau 3MY y npoMuBHil Boi i 4Yac NpOMUBAHHA
(dinbTpa 3anexnHo Bix TpuBanocTi GiNbTPOHUKITY

®inbTponMKIH, 3arasibHe MiKpOOHE YHCIIO,
TOII. KYOlem®
12 300
24 2000
48 4500
60 4300

Sk BUIIHO 3 HABEACHUX JAaHUX, 3arajbHe MIKpOOHE YHCIIO 3pOCTAJIO 31 30LIbIIEHHAM (iIIbTPOLUKITY,
a oYMHAI4Y 3 QUIBTPOLMKITY TPUBAIICTIO 48 rof i Oiyiblie — cTadini3yBanock. SIKIIO MOPIBHATH 11l JaHi 3
JMaHUMH, HaBEICHUMH Ha pHUC. 3, TO MPHOIM3HO TaKUil caMuii Yac BIAMOBIAA€ MEPEXOay OO CTaOLILHO
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e()eKTUBHOTO MPOLIECY OYMINECHHS BOAM Bix crionyk @epymy. Lle minTBepmKye, 10 Ipy BUAAJICHHI 3 BOIU
crionnyk @epymy 3a X BHCOKHX KOHIIEHTpAIlill 3HAYHY POJIb BiJIrpatoTh CaMe MiKpOOPTaHi3MH.

BucHoBku. VY 11iii poOOTiI BUBYEHO BIUIMB KUCHIO Ha IepeOir mporeciB GuibTpallii mia3eMHUX BOA 31
3HaYHUM BMicTOM crnionyk ®epymy Tta MaHrany i BCTaHOBJIGHO, IIO MOPSA 3 XIMIYHUMH MpPOIECaMH
3HAYHY POJb BIAIrparoTh O10JIOTIYHI.

[TokazaHo, 110 y pa3i HU3BKMX KOHIIEHTpAIii OKUCHHUKIB JOMIHYIOTh OI0JIOTIYHI IPOIECH, a 3a
BUIIUX — 3POCTAa€ pOJib XiMiuHUX. [IpHuOMy, BHKOPUCTAHHS SIK OKHCHHUKIB XJIOPBMICHHUX CHONYK (sKi
TaKOX € Je3iH()eKTaHTaM1) MPU3BOAUTH [0 3aMiHM OJHOTO Mpolecy iHIUM (0i0J0riYHOro — XiMIYHIM),
TOJ SIK MiJ] Yac 3aCTOCYBaHHS KHUCHIO e()EKTHBHICTH 000X MPOIIECIB MOCTYIOBO 3pOCTAE 31 30UIbIICHHIM
Horo BMicTy.

[TokazaHo, 1110 MPOMUBaHHS (LITPYBAJILHOTO 3aBAaHTAKCHHS BOAOK 3 HATPIIO TIMOXJIOPHUTOM
MPHU3BOAUTE JIO 3amo0iraHHs PO3BHTKY MIKpPOOPraHi3MiB, 110, CBOEIO YEPror, HEraTHBHO BIUIMBAE Ha
BujaneHHs cnonyk @epymy ta Manrany B mepin rofuHU (QUIBTPOIMKITY; MPOMHUBAHHS BOIOK 0e3
Ne3iH(PEKTaHTy TaK HEraTUBHO HE BILIUBAE.

ExcrieppuMeHTaJIbHO BH3HAYEHO, IO OCKUIBKM Yac, HEOOXIAHMH JUIsi HApOIIlyBaHHS OioMacu
OakTepiil (3AaTHUX BUIAISATH i0HM MaHrany), TOBIIME HIXK (UTBTPOIMKI, 3aCTOCYBAHHS JJIsl TPOMHBAHHS
BOJIY 3 JIe3iH(EKTAaHTOM HE JIa€ 3MOT'H 3MIMCHUTH IOCTATHHO TJTIMOOKE OUYMILICHHS Bijl CIIOJyK MaHraHy.

VYci HaBeneni Bule (HakTu CBigUaTh MPO 3HAYHY PO MIKPOOPTaHI3MIB y MpoIiecax 3He3alli3HeHHS
1, 0COOJIMBO, IeMaHTaHallil mix 4ac QUIbTpyBaHHs BOAU Yepe3 3ePHUCTE 3aBaHTAKCHHS.

Bripoosx (dinbTporukiry 3adikcoBaHO 3HMKEHHS KOHIIEHTpallil cynb(ar-ioHiB, 110 BKa3ye Ha
MOKJIMBY y4acTh CYJIb(aT-peayKytounx OakTepiid y mpoieci 3He3aai3HeHHS BOM. 3 IPAKTUYHOTO OISy
OTpUMaHi pe3ybTaTH MOKa3ajH, 0 KHCEHb € e) eKTHBHUM OKHCHUKOM Juisi crionyk @epymy ta MaHnrany,
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