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HNEPCHEKTHBHU MIKPOBIOJIOTTYHOI'O CITIOCOBY OYUIIEHHS CTIYHHAX BOJ
BIJI BIOPE3SUCTEHTHOI ®PAPMAINEBTUYHOI ITPOAY KIIIIT

Beryn

Ha mizxcraBi 3MiCTOBHOTO aOCTparyBaHHS Ta y3a-
TaJIbHEHHS, BUKOHAHOTO y TIOMEPeaHIX Mparsix, 00-
IPYHTOBaHO €JHICTh Ta B3a€MO3AICKHICTH (hapma-
[IEBTUYHOI Ta EKOJIOTIYHOI OE3NMeKH y CYCIIIbCTBI
BHACJIIIOK 3HAYHOTO HECIIPHUSITIUBOTO BIUIUBY (ap-
MalleBTHYHUX BinxojiB (DB) Ha exoyoriuny cucre-
My «ToanHa — (apManeBTidHa npoaykiis (PIT) —
HaBKOJIMILIHE CepeloBHIIE». PO3yMiHHS HEraTHBHO-
ro BiuBy @B Ha MOBKIJUIA BHACTIIOK HEIUBII30-
BaHOT aHTPONOTeHHOI MisSNIBHOCTI y cdepi MmoBo-
JokeHHs 3 @B, sk npuunHa podiieMu, Gpopmye He-
00XI/IHICTh PO3POOJICHHS IHHOBAIIHUX METO0JI0-
TYHUX 1HCTPYMEHTIB MiJBHUIICHHS €KOJIOTIYHOT 0e3-
NeKu mix 4ac BUpoOHMITBA Ta 3actocyBaHHA ODII.
AKTyalnbHUM NHUTAaHHSIM Ha CHOTOIHI 3aJIMILIAETHCS
TEXHOT€HHE HaBaHTAXKEHHs Ha BOAHI 00’ €KTH 3 OOKY
MIPOMHCIIOBOCTI Ta KOMYHaJIbHUX MiAPHEMCTB.

3a manumu IOHECKO 80 % ycix 3axBoproBaHb
OB’ si3aHe 3 AKICTIO MUTHOI Boau. OcobmuBoi yBaru
BUKJIMKA€E 3a0pynHeHHA BoAHUX 00’ exTiB DI, BusB-
JICHHS X MPHCYTHOCTI, CKJIaay, po3mojiry, Oioze-
rpajganii, cmoco0iB MOHITOPHUHTY, MHONEPEIKEHHS
3a0pyJHEHHS Ta BUIAJICHHS 3aJIMIIKIB PI3HOMAHIT-
HUX Jikapcbkux 3aco0iB (JI3). [dani Giope3nucTeHTHI
CTIOJIYKH MOKHA BiJTHECTH JI0 TPYIH KCEHOOIOTHKIB.
Bonu Baxko migmaroTecs Oi0JOTIYHIN AeCTPYKITii Ta
HAKOMUYYIOThCS Y HABKOJIMITHHOMY CEPEJIOBHIIII.

HaBith He3HayHi iX KOHIIEHTpaWii y BOMII
(10°-10° r/n) HeraTMBHO BIUIMBAIOTH HA BOJIHY
¢opy Ta dayHy, a TAKOXK Ha 310pOB’S JIFOAWHU i
4ac BOJOKOPHUCTYBaHHS.

AHaJi3 ocTaHHIX J0CTiTzKeHb i myOikamii

AHaJti3 oCTaHHIX MyOJiKaliid y HaAyKOBIH JliTepa-
Typi, 8 TAKOXK JOCIHIiPKEHHS MPAKTUYHOI AISUTBHOCTI
HAJar0Th yCi MiJCTaBH CTBEPKYBaTH, IO y KOH-
TeKCTI 3a0e3nedeHHs (papMareBTHIHOI Ta eKOJIOTid-
HOi Oe3mekn 0coOJIHMBO aKTyalbHHM 3aBIaHHSM Ha
CHOTOHI € IMUTAHHS OE3MEKU CUCTEMHU <JTIOJWHA —
OIl — nHaBkomumiHE cepenoBuiie». ChOTOAHI YHC-
nenHi gocmipkends [1-16] moBoasTs ykpaii Hera-
TUBHMI BIUIMB Ha BOJHI 00 €KTH HE3HAYHOI Kijb-
KkocTti JI3, 1110 HaaAXoAATh 10 HHUX 31 CTIYHMMH BOJa-
MHU. BCTaHOBIIEHO TIpymu mpenapatiB, 1o ciado
PO3YMHSIOTBCS Y BOJII: MPOTU3aMabHIi, 3HEO0IIOr0Y1
3aco0u, aHTHOIOTHKH, TOPMOHH, IIIKH, IO 3HIKY-
IOTh BMICT XoJiecTepuHy. BoHUM crmabo mifmaroTbes
OlogecTpyKIii 1, MPOXOASYHN Yepe3 OYUCHI CHOPYAH
0e3 3MiH, MOTPAIISIOTh y TPUPOIHI BOJIH.

B anrekax i JgikapHIX IIMPOKO MPAKTUKYIOTH Oa-
raTopa3oBe PO3BEACHHS 1 CKUJAHHS B MIChKY KaHa-
J3aIii0 HESKICHUX 1H eKIiHuX (opM mpernapartis
2-ro i 3-ro kiaciB HeOe3neku. A X po3KiagaHHs Ha
OUYMCHHX CHOPYJaX CTAaHOBUTH O1H3bK0 68 %.

Buxisiax ocHOBHOTO MaTepiairy

O0’€KTOM JOCIIDKEHHS € OYMINEHHS CTIYHAX
Box y cepi obiry OII. BimmopimHo mpeameTom
JOCHIPKEHHS — CIIOCOOM OYMINEHHS CTIYHUX BOJI
Bix OiopesuctenTHoi PII.

Ha mizxcraBi BukoHaHoro y mnpaiii [1] npuauHHO-
HACJIIIKOBOTO aHaJi3y MiITBEP/HKCHO aKTyalbHICTh
Ta HAraJbHICTh BUPIMICHHS MpOOIEeMH HETaTHBHOTO

Bosk O. O., boituenko C. B., lIlamancekuii C. 171., Boituenko M. C., 'magumesa B. O., 2018



88

HaykoemHi TexHonorii Ne 1(37), 2018

BILUTMBY Ha BOHI 00’ekTH JI3, M0 HAAXOMSITH B HUX
31 CTIYHUMH BOJAMH.

Sk 6aunmo 3 puc. 1 [1], Ha KOXKHIiM TaHIIl KUTTE-
Boro nukiy @I HagxoauTs 10 cTigHUX BOA. AHAI3
nitepatypHux pkepen [17-20] nossomsie chopmy-
JIFOBATHU BHUCHOBOK TIPO T€, IO Y CKJIAJI CTIYHUX BOJ
BHUABIISIIOTH TPYNH OIOPE3UCTEHTHUX IIperapaTiB y
MIKPOKUTBKOCTSIX, IO CJa00 PO3YUHSIOTHCS Y BOII
(kcenoOiotukm). lle mporu3ananbHi, 3HEOOTIOOUI
3aco0H, aHTHOI0THKH, HAPKOTHYHI 3aCO0H, TOPMOHH,
JKH, MO 3HIKYIOTh BMICT XosnectepuHy Tormo. Lli
pedoBHHH cabo miagaroThes OioAecTpyKii i, mpo-
XOZSIYM Yepe3 OuMCHI copyau 0e3 3MiH, MOoTparis-
I0Th Y IPUPOHI Boau. HaBiTh y HEBENMKUX KiJTBKO-
CTSX YMHATH 3HAYHWI HETATUBHHUHA BIUIMB HA BOJHI
00’ €KTH.

VY OGararpox kpainax cBity JI3 Oynu BusBIEHI B
CTIYHUX BOJAaX, IO HAIXOIATh Ha MICBKI OYHCHI
ciopyau [1-25]. V mporieci o4YMIEHHS CTIYHUX BOJ
JI3 BupanstoTecs Hee(heKTUBHO W MPH HAAXOKESHHI
B TMPHUPOIHI BOJHI J/Kepena MOXYTh HETATHBHO
BILIMBATH HA CTaH XKUBUX OPTraHi3MiB.

Awmani3 mitepaTypHux kepen [4-25 ] mokasye,
IO CKJIaJ CTIYHHUX BOJ HAJATO CKJIAJIHHWN Ta BHU3HA-
YUTH AKICHUH Ta KUIbKICHUH CKJIaU PEUYOBUH JIyKE

Ba)kKo. BinmoBigHO, 3aBJaHHS OYMCTUTH TaKi CTIYHI
BOJAU JocuTh ckiagHe. CydacHi crmocoOu OYMIIEeHHS
IMUTHOI BOJU BIiIPI3HSAIOTHCS PI3HOMAHITHICTIO, BIT
Maike OEe3KOITOBHUX 0 BHCOKOTEXHOJOTIYHHX 1
noporux. Lle B ocHOBHOMY MexaHiuHi, XimiuHi, ¢i-
3WKO-XiMiuHI Ta Oiomoriuni crmocobu (puc. 1) [12,
29-31]. MocsrHeHHs JIFOACTBA y il cdepi T0CHTh
BHYEPITHO OIMcaHi y mpamsx [29-31].

Cyu4acHi CBITOBI JTOCIIPKEHHS B PYTiid MOJOBUHI
XX CT. IOKa3aJli MOXJIMBICTH 1 JOIUIBHICTD 3aCTO-
CyBaHHS 0lOXIMIYHMX METOMIB IS OUYHIICHHS (ap-
MaleBTHYHUX CTOKiB (Tabm. 1, puc. 2). Edexrus-
HICTh 010XiIMIYHOIO OYMIICHHS Ha CAMUX CyYacCHHX
ycTaHOBKax cTtaHoBUTH 90 % 3a opraHigHUMH peyo-
BuHamu Ta Jimiie 2040 % — 3a HeopraHiyHUMH.
He MoOxyTh OyTH OYMIIEHWMH BOIH, IO MICTATh
moHan 1000 mr/m denomnis, 300-500 mr/a crupris,
25 wmr/n HadrompomykTiB. Sk Oaummo 3 Tabm. 1,
OlooriyHEe OYMINEHHSI XapaKTepU3yeTbcs HaANBH-
muM cryrneneM BupaneHs (10 99 %). CtBopeHHs
e(heKTUBHUX amapariB 1 cHopyx 3 O10J0TidHOTO
OYMILICHHS, IO MPAIOIOTh B TAKUX YMOBax — Iep-
CTIEKTHBHUI HampsiM y TEXHOJIOTi] OYWINEHHS CTiy-
HUX BOJ Y BChOMY CBiTi. OTHUMH 3 TaKUX CIOPY €
MeMOpanHi 6iopeaktopu (MBP) [33].

CriocoOH O4MIIIEHHS CTIYHUX BOJI

Y y

MexaHniuHi ®Diznuni
onpi6Henns,

po3IiIeHHs, BunapoByBaHH#,

JIUCTHIISILLS, BHUMOPOXKYBaHH,
YCEpEeIHEHHS, Mar”iTHa

BHJTyYEHHH, 1 eeKTpOMarHiTHa
YJIOBJIIOBaHHS, o6p061<a,
BiZICTOIOBAHHS, KapiTaiis

dinpTparis

Y
di3uko-mexaHiuHi

®droTartist, 3BOPOTHIH 0cMOC,
yIbTpadiabTpaLis, e1eKTPoocMoC

4 y

XimiyHi Biosoriuni
O30HyBaHHS,
OxucHeHHS,
. L. XJIOpYBaHH,
HelTpaizaiis, .
. OMPOMiHEHHH,
BiJIHOBIIEHHS .
HArpiBaHHs,
Gionoriuna
00poOKka

Y

Di3uKo-xiMiuH1

Koarymnsmist, guiokynsitisi, copOiis,
eKCTpaKIis, IOHHUK OOMiH

KommiekcHe ounIeHHs

Puc. 1. Tpaaumiiina knacudikaitist crioco6is ounteHsst ctigaux Box [29,30]
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CriuHa Bosa

OuHuILCHHS BiJl CyCIICHJOBAaHUX
i eMyJIbrOBaHUX JIOMIIIOK
[

OunIIeHHs Bil PO3YMHHUX JOMIIIOK

Meroau O4uIEHHS Bij
rpyOOIUCTIEPHUX JJOMIIIOK

Meroau O4uIIEHHS Bi
JPiOHOAMCIIEPHUX AOMIIIOK

Metoau OuHIIEHHS
BiJl MiHEpaTBHUX
JIOMIIIIOK

4{ BincroroBaHHsS ‘ 4{

MeTou OYHIIEHHS
BiJl OPraHiYHKUX JTOMIIIIOK

MeToau OYHUIIEHHS

‘ Juctunsis

IpouimKyBaHHs 4{

i GinpTparis

Koarymsist
«‘ lonHuit oOMin
Onokynsuis ‘ e
yn 3BOpOTHIN
0CMOC

—{ EnexTpokoarymsuis

droramis

«‘ Enexrpopianis

4{ Enexrpoduoranis ‘

BumopoxxyBaHHs

OcBiTIIEHHA B 4<

Kasirtanis

%ﬂ PeareuTHi ‘

3BAKCHOMY Oca}Ii

Mertoau yCyHEHHS

1 3HUIIEHHS
HEPO3YMHEHHX

1 pO3UMHEHHX JOMIIIOK

HenTpobixue
GbinpTpyBaHHS
Ta BiJCTOIOBaHHS

MeMOpaHHi TeXHOJOTIT

\ BiJ rasiBs
PerenepaTtusHi i
P JecTpykTuBHIi Tpoysars
{ Excrpakuis ‘ <‘ bioximiuHi ‘ HarpiBanus
KTUiKaIisa
exTHpixan OKUCHEHHSI
Ancopbuis [MTapodasue
OKHCHEHHS
3BOpoTHUIt
yibTpadinpTpais —
Panianiiine
OKHCHEHHS
Enextpo-
. ximMiuHe
OKHCHEHHS

Puc. 2. YaockonaeHa kinacudikalliss METOIIB OUUIIIEHHS CTIYHUX BOJ

— YcyHeHHs

3akauyBaHHS
B CBEP/UIOBUHH

3axopoHEeHHS

3akadqyBaHHs
1 TIMOUHHA MOpIB

Tepmiune
3HHIIEHHS
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Tabnuys 1
IMopiBHsIJIbHA XapaKTEePUCTHKA OUMIIIEHHS CTIYHUX BOJ pizHuMH MeToaamu [17—33]
Cryminas BupaneHHs (%) 006’eM OTpUMaHOTO
Merton - - - o s
3BaxeHi Bionoriune crioxuBaHHA mymy (% 06’emy
OUHLICHHS . Bakrepii :
TBEpAl pEUOBHHU kucHio (BCK) CTIYHHUX BOJ)
[TepBuHHE OYHTIICHHS
Bincriit 40-95 30-35 40-75 0,1-0,5
XimiuHe ocigaHHs 75-95 60-80 80-90 0,5-1,0
SHMBAKHA O:HIlie- 35-80 2565 40-75 0,025-0,05
HHX CTIYHHX BOJI
Bropunne ouniieHHs
KpanexHa 20-80 60-90 70-85 0,1-05
dimpTparis
Opodnemss 70-97 70-96 95-99 1,0-2,0
AKTHBHUM 1JI0M

IcTopuyHMII €KCKypC yV PO3BHTOK MEMOpaHHHX
TEXHOJIOT1M OYHIIEHHS CTIYHMX BOJ CBIIYUTH, IO
MEMOpaHU 3HAWIUIM CBOE MiCIIe IIE¢ HAa IOYaTKy
1990-x poxkiB. Tpanutitino MemMOpaHu 1T OYHIIICH-
Hs CTIYHHX BOJ| 3aCTOCOBYIOThCSI:

— y MeMOpaHHHX OiopeakTopax (SBJISIFOTH CO-
0or0 amapatd mig TUCKOM abo 3ariaubieHi MeM-
OpaHHI MOIYM T BaKyyMOM) IS BiIIiICHHS
OYHIIICHOT BOAM BiJ] aKTUBHOTO MYJIY 1 JIOOYHUIIICHHS
OUYMILIEHOT BOAM BiJ] 3BaKEHUX YaCTHHOK,;

— TiJ Yac TMOBTOPHOTO BUKOPUCTaHHS Ta 000-
POTHOT'O BOIOIOCTAYAHHS AJIs BUIAICHHS 3BasKEHUX
PEUOBHH 1 3HIDKEHHS 3arajJbHOTO COJIEBMICTY B
010JIOTIYHO OYHIICHIH BO/II).

MemMOpaHHI TEXHOJIOTii MOXYTh 3aCTOCOBYBAaTH-
csl caMOCTiHHO abo B KOMOiHamii 3 TpaguIiiHHUMU
TEXHOJIOT1SIMH.

Bubip mporiecy 3acHOBaHUII Ha BUBYEHHI CKIIaay
CTIYHUX BOJ 1 BUMOT 1O OYHUIIICHOI BOJH Ta MPOIYK-
TUBHOCTI CHCTEMHM, & TaKOX Ha EKCIUTya-TalliifHhuX
BUMOTax 1 crnenupiyHux moTpedax KOMXKHOTO
00’€eKxTa.

[NopiBHsHHS TapameTpiB poOOTH MEMOpPaHHOTO
OiopeakTopa 31 3BUYaWHMM OIlOJIOTIYHUM OYMIIICH-
HSM TIpencTaBieHo B Tadi. 2, 3, 4 [33]. Sk BuaHO 3
OUX Tabnumb, MeMOpaHH 3a0e3MedyloTh pPiBEHBb
SIKOCTI OYMIIEHOI BOJH, IO HEPEBHUIIYE SAKICTh, IO
OTPUMYEThCS TPAJMIIHHIUMU TPOLIECAMH.

Tabauys 2

ITopiBHSJIbHA XapaKTepUCTHKA MapaMeTpiB po6oTH MeMOpaHHOr0 OiopeakTopa
3i 3BMYAHHUM 0i0oJIOTiYHUM OYMIEHHSAM [33]

[Mapametp ounmieHoi BOIH, MT/IT MembOpanHuit 6iopeakTop TpanumifiHa TEXHOJOTISA
BIIKs <04 10-30
3BaKeHI PEUOBHHH <04 10-30
MyTHICTh <0,1 10-20
NHs-N <0,5 <5
3arayipHUMA a30T <5 <10
SaransHuit hochop <0,2 <1

Tabauysa 3
IopiBHAHHSA TPaAULiliHOT TEXHOJIOTII OYHIICHHA CTIYHUX BOJ
i HOBiTHBOI TexHou0rii Microza-MBP
TexHOJIOTis OYHUIIIEHHS CTOKIB Tpanunitina Microza MEP
EBomomis XIX cT. — chopMyBanach Kinems XX-ro cT. —
PO3BHBAETHCS
KonunuectBo cTynenei Benuxke Hesenuxke
g Tabaputu Benuki HesnauHi
E OO6CIIyroBYBaHHSA TpynomicTke ABTOMaTH30BaHE
‘& | Crynins BIIK <15 mr-O/n <3 mr-O/n
E | ouMmeHHS 3BaKEHI pEUOBUHH <15 mr/n- HE BUSBIISIOTHCS
BOAU MYTHICTh <3 wmr/n
[Mpubnu3uo ogunakosi. Ane Microza MBP nemeBiiae: edext
Burpatu MaciuTaba BUpOOHHITBA Ta yAOCKOHAJICHHS
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Tabnuys 4
IMopiBHsJILHA XapaKTEPUCTUKA TEXHOJIOTIH BOJOOYHIIEHHS 151 Pi3HUX JKepes Boau [33]
OcHOBHI PexomennoBana AnbpTepHaTHBHA
Jxepeno Boau .
XapaKTEPUCTUKH TpaauiiiHa o0pooKka MeMOpaHHa 00poOKka
3BakeH] PEUOBHHH OcsitmroBay + mimanui . . .
o\ MikpodinsTparis
>100wmr /1 (3epHUCTHI) GITBTP
. 3BakeHi pedoBuHA 50— OcBiTiroBay + milaHui
Piuxa . . . .
100 mr/n ¢biTBTp MikpoddinpTpartis
3BakeH] PEUOBHHHA . abo ynbpTpadizbTparis
BararomapoBuii (iabT
<50 mr/n p ineTp

Xopctka Boza + 3aranb-
HUH OpraHiqHuil Byrielpb

[HTeHCHBHA KoAryIIALs +
MOM'SIKILICHHS BaITHOM + OCBi-
TIIOBAY + mimaHuid GiIsTp

[HTeHCHBHA KOATYJISAIIIS +

(UPW)

18 MOm-cMm

KCHHSIM

. [HTeHCHBHA KOATyIIALIS + MiKkpoGhiIbTpais
. 3Ba)KeH1 peYOBUHH . " N
O3epo abo BesUKHiA OCBITIIIOBaY + MiIAaHUH
> 100 mMr/ n .
CTaBOK ¢buteTp
3Ba)keH1 peYOBUHH Koarymsuist + ocBiTiroBay + MikpodinbTparis
50-100 mr/n 3epHUCTHUH QLIBTP abo ynbTpadinbrpanis
3BaXkeH1 peYOBUHH Koarymsuis + 3epHUCTHiA
< 50 mr/n bimpTp
3aiizo + Marsii Greensand Filter MikpodigpTpartist
. . MikpodinpTpamis + HaHO-
KopcTtkicts OuIbTp + NOM'AKILIEHHS pod bTpats
GdimpTparis
3BaXXeHi peYOBUHH
CaepasioBUHA > 10 mr/n o -
- 3epaucTuii GiIbTp . . .
3BaXXeH1 peYOBUHH MikpodinbTparis
5-10 mr/n a0o0 ynpTpadimpTparis
3BakeHI PEUOBHHH IoagiitHUI KapTPiHKHAR
<5 wmr/n GbimpTp
3BakKCHI PCUOBHHU OcBiTroBay + 3epHUCTHI
> 100 mr/n GbuIbTp + 3HECONICHHS
Mopchka OKeaHchKa 3BakeH1 peuoBHHU 50— OcBiTiioBay + 3epHUCTHIA Mikpodinbrparis + 380por-
BOXA 100 Mr/ 71 GbinbTp + 3HECOJICHHS HUHM OCMOC
3BaKeHI PEUOBHHH JBomaposuii GineTp
<50 mr/n + 3HECOJICHHS
VYnerpauncra Boga Bumoru — omip OiTkTp 31 3MIMTAHUM 3aBaHTa- Lo
EnexrponeioHizanis

CriyHi Boau

VYci xapakTepucTUKu
CTIYHUX BOJ

IToBHa GionOriuHa OYKUCTKA 3
AKTUBHUM MyJ'IOM

MembOpanHuii GiopeakTop

JloouutieHHst

VYci xapakTepucTUKU

Koarynsmis + 3epHucTuit
¢buteTp

Mikpodinbrpartis
abo ynbTpadinbrparis

CydacHy HaJilHICTh 1 JTOBrOBIYHICTH MeMOpaH
JOBOIUTH TOH (hakT, mo Ha movatky 90-X pokiB
MUHYJIOTO CTOJNITTS TapaHTOBaHWUIM TEpPMiH eKc-
ryaranii MemMOpaH CTaHOBMB He Oulblie TpPHOX
POKiB. A cyyacHi BUPOOHUKM HaJalOTh SIK MiHIMyM
5-piuHy rapaHTiro, a Jiesiki HaBiTh 8—10 pokiB.

OnHa 3 TONOBHMX XapaKTEePHCTUK MeMOpaHHOI
TEXHOJIOTiT — 3JaTHICTh MeMOpaH BHIAJSATH IMAaTO-
TeHHI MIKpOOpraHizMu, 3a0e3levyrud OJIHOYACHO
ne3uHEKIIio CTIYHUX BOJ. Tak, HapUKJIaI, SKIIO B
1 T TBepaoro modyToBoro cMitTs Mictuthes Bix 0,1
no 1 mupn Mikpoopranizmis, To B @B — 200-300

mapa. [Ipu npoMy cepen HUX € OUTBIN MATOTEHHI Ta
criiiki Buau iHdekuiit [33].

CrBopena aBropoM [33] Tabmurist MOXe CayryBa-
TH KEPiBHULTBOM AJIs1 BUOOPY MEMOpaHHOTO MpoLie-
Cy 3 pi3HOIO MeTorO (Taldur. 3).

3a0e3neueHHsT BUCOKOS(pEKTUBHIMU MeMOpaHa-
MU CTaOlJIbHO BHUCOKOI SIKOCTI Ma€ BHpIIIajbHE 3Ha-
YeHHS JUI1 €(EeKTUBHOCTI TEXHOJOTiH MeMOpaHHOI
¢inprparii [12, 27-37]. Ha ceoromui 8 MBP, mpus-
HAYEHUX IS BOJOOYHCHUX CHOPYH, BUKOPHUCTOBY-
FOTBCS JIBAa OCHOBHI THITH MOJYJIiB — Ha 0a3i moio-
BOJIOKOHHHX Ta INIOCKUX MEMOpaH.

Bosk O. O., boituenko C. B., lIlamancekuii C. 171., Boituenko M. C., 'magumesa B. O., 2018
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Sk xoMOiHOBaHAa TEXHOJIOTISA MEMOpaHHUH Oio-
peakTop MOEAHYE TMpouecd MikpodiapTpanii Ta
ynbTpadineTparnii, a Takox mporec aepodHoro Oio-
JIOTIYHOrO OYHMINEHHs cTiuaux Box (puc. 3) [12, 27—
37]. MemOpanu B MBP BUKOPUCTOBYIOTBCS HE ISt
BUJAJICHHSI BUXIAHUX 3a0pyaHEHb, a JJis 3aTpUMaH-
Hs OioMacH, 10 YTBOPIOETHCS B OiopeakTopi (aepo-
TEHKH). BukopucTanHs Mikpo- abo ymbTpadiabTpa-

MIHHIX MeMOpaH Ha cTajii 010J0TIYHOTO OYHIIECHHS
B CKJIaZi MeMOpaHHHX 0iOpeakTOpiB BHUKIIOYAE BU-
HECEHHSI MIiKpPOOPTaHi3MiB 3 CHCTEMH, CTBOPIOIOUH
YMOBH IJIs1 06araTopa3oBOro 30iILIICHHS KOHIICHT-
parii akTUBHOI 0iOMacH, aBTOCEJICKINi Ta ajanTarii
MikpoopraHizmiB. Lle mo3Bomnsie BiIMOBHTHCS Bix
CTYIIEHIB BiJICTOIOBaHHA Ta (DITBTPYBaHHS B iCHYIO-
9UX cXeMax 00pOOKH CTIYHMX BOJI.

BJIOK BIOJIOTTYHOT'O OUMIIIEHHA

Puc. 3. Y3aranpHeHa TeXHOJIOTIYHA cXeMa MeMOPaHHOTO OYHIICHHS BOJIM:
1 — pemriTku; 2 — MiCKOBJIOBIIIOBaY; 3 — aCpPOTCHK;
4 — 610k MeMOpaHHOT (iNbTpallil; 5 — €eMKICTh OUHINECHOT BOIH

BucHoBku

TakuM YHMHOM, BUKOPHCTOBYIOYH KOMILUIEKC TEO-
PETUYHUX METO/IB HAYKOBOTO IMi3HAHHS — CHUCTEM-
HUU aHaJi3, y3arajlbHEHHs, Kiacuikarllisi Ta aHaJlo-
Tisl, IEPCIEKTHBH BUKOPUCTAHHS MiKpOOiOIOTI9HOTO
OUMIIICHHS CTIYHMX BOJ Bij Oiope3ucteHTHOi DII
MOJISITAIOTh Y TAKOMY:

1. Cepen Oe3niui iCHYIOUMX MEXaHIYHHX, XiMid-
HUX, (Pi3uKO-XIMIYHHX 1 OI0JOTIYHUX CIOCO0IB Gio-
JIOT1YHE OYMIIEHHS XapaKTepU3YEThCS HAUBHUIUM
cTyrneHeM BunaneHss (10 99 %).

2. Bpaxoyroun ckmagHicTh Oiomectpykmii DII,
0iocopOI1iitHO-MeMOpPaHHI METOAM HAJIAIOTh MOYKIIH-
BICTh €()EeKTUBHOTO BHUKOPHCTaHHS CY4acHHX OioTex-
HOJIOT1 B 00JIacTi OYHMILEHHS CTIYHUX BOJ 1 riInOO-
KOT0 BHJAJICHHS OIOpE3MCTEHTHUX KCEHOOIOTHKIB
AQHTPOTIOTEHHOT'0 XapakTepy il Yac BUPOOHHWIITBA
ta Bukopuctanus @I1 31 ckinagy cTidHUX BOJI.

3. OckibKM TOpH MeMOpaH MalTh MEHIIHUH
pO3Mip aHDK PO3MIp KIITHH MiKpOOPTraHi3MiB, y
MEP Bii0yBaeThCsl 4UaCTKOBE 3HE3apayKyBaHHS BOJIH.
EdexTuBnicTs BunaneHHs Oakrepiii Ta BipyciB cra-
HOBHUTH 99 %.

4. 3acrocyBanas MbBP nos3Bomsie orpumaru sK-
1CTh OYHMIIEHOI BOAH, 110 Biamosigac BuMmoram CaH-
[TiH. YHacnimok Toro, mo po3mip mop yiabTpa- Ta
MiKkpo(hinbTpaliiHX MeMOpaH y KibKa pa3iB MeH-
LIMH BiJ po3Mipy KIIITHH OakTepiil Ta iHIIMX OpraHi-
3MiB aKTHMBHOTO MYIy, BUKJIIOYEHO BUHECCHHS MYy
3 mpodinbTpOBaHOIO BOIO0. Lle € Baromoro ekcruty-
aTalliifHOI BIIMIHHICTIO BiJl BTOPUHHOT'O BIJICTOO-
BaHHS, JIe BUHECEHHS MYIy 3 NPOQIIbTPOBAHOIO BO-
JIOF0 € TOJIOBHOIO TPOOJIEMOFO EKCILTyaTaIlii.

5. 3acrocyBanHs MBP B TeXHOIOTIYHHX cXeMax
BOJIOMIATOTOBKM  JI03BOJIUTH iCTOTHO CKOpPOTUTH

KITBKICTh peareHTiB 4yepe3 BUAAIEHHS 3a0pyAHEHb
Ha MeMOpaHaxX, BIIMOBHUTHCS BiJ BHKOPHUCTaHHS
eTany TJUOOKOrO OYUIICHHS JJIsi BHUIAJICHHS Oio-
PE3UCTEHTHUX  KCEHOOIOTHKIB  aHTPOIOTEHHOTO
xapakTep.

BinMoBa Bix rpaBiTalliifHOrO OCaKEHHS J03BO-
Jsie 30UTBIIMTH KUTBKICTh Myiy. Y TpaguliiiHOMy
AEPOTeHKY KIUIBKICTh MYJy CTaHOBUTH 3 T/1, a B
MBP — 8-30 r/n. Lle mae 3Mory AocArTH 3HAYHOI
OKHCHIOBAJIBHOT 3JIaTHOCTI, 110 3a0e3Meuye O4MIIy-
BaTH OLTBII KOHIIEHTPOBAHI CTiYHI BOAW. A BHCOKa
OKHMCHIOBAIIbHA 3JIaTHICTh 3a0e3reuyye 3MEHINUTH
TEepMiH 30epiraHHs BOJIU Yy CHOPYMIi, 110, y CBOIO
4yepry, J03BOJISE 3MECHIIUTH 3arajibHy ILUIOILY CIIO-
pymu (y 2—4 pasu TOPIBHAHO 3 CHCTEMOIO «aepo-
TEHK—BTOPUHHHI BiJICTIHHHKY.

l'oj0BHMM y3araJbHEHHMM BHCHOBKOM IMi€T TIpalli
€ Te, 110 JI03BOJISIE CTBEPKYBATH, 1[0 MEPCIIEKTHBH
MiKpOOi0JIOTIYHOTO CITOCOOY OUMIIEHHS CTIYHHX BOJT
Bij OiopesuctentHoi ®DII € gocTaTHHO OMTHMICTHY-
HUMH Ta OOTpyHTOBaHMMHM. [[Jisi OUMIIIEHHS BOJ BiJl
TAKOTO0 THITy KCEOOIOTHKIB OiNbLIOl MepCreKTHBH
MarlTh KOMILUIEKCHI CIIOCOOM — IMOEIHAHHS MIiKpO-
010JIOTIYHOTO Ta MEMOPAHHOTO CIOCO0iB (MeMOpaH-
Hi 6iopekTopH).
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Bosk O. O., Boiiuenko C. B., Illamauncekuii C. 1., Boiiuenxo M. C., [nagumesa B. O.
NEPCHEKTHBU MIKPOBIOJIOTTYHOI'O CIOCOBY OYUHIEHHS CTIYHUX BO/, BIJ
BIOPE3UCTEHTHOI ®APMAIIEBTUYHOI TPOAYKIIII

Y cmammi susnaueno memy, npeomem, 06’ ’ekm, Hanpam ma 3a80aAHHA OOCAIOHCEHHSA NPULHUH Ma Gakmopis, wo ¢o-
PMYIOMb CMAH eKo102i4Hol be3nexu nio yac eupooruymea ma uxkopucmanns PI1.

Po3zyminns necamusnoco enaugy @B na 006KINIA 6HACTIOOK HEYUBINI308AHOI AHMPONO2eHHOI OisnbHoCcmi Y cepi
nosoocerns 3 OB ax npuuuna npobremu gopmye HeobXioHicmsb po3pobaenHs IHHOBAYIIHUX MeMOO0I02IYHUX IHCMPY-
MeHmig nioguuents eKonociynoi besnexu nio yac eupodbnuymea ma 3acmocysanns @II. 3a oanumu FOHECKO 80 %
YCIX 3axX80pr08anb NO8 ’A3ane 3 AKicmio numuoi oou. Ocobausoi ysasu eukiuxae 3aopyonenus 8600Hux 06 ’cxkmis @I,
BUSAIBNIEHHA iX npucymHocmi, ckiady, po3nodiny, biodezpadayii, cnocobie MOHIMOPUHEY, NONEPEOAHCEHHS 3A0PYOHEHHS
ma UdaIenHs 3aIUWKI@ PIZHOMAHIMHUX TiKapcokux 3acobie (J13). [ani 6iope3ucmenmui cnoiyku ModicHa gionecmu 00
epynu kcenobiomuxis. Bonu eéascko niodaiomucs 6ionociuniii decmpykyii ma HAKONU4YIomvCs y HABKOIUUHbOMY cepe-
dosuwyi. Cyuacui cnocobu ouuuents numHoi 600U GIOPI3HAIOMbC PIZHOMAHIMHICIIO, 8i0 Matiice HE3KOUMOBHUX 00
8UCOKOMeXHONI02IUHUX [ 0opozux. Lle 6 ocHoO8HOMY Mexaniyni, Ximiuni, ¢hizuxo-ximiuni ma 6ionoeciuni cnocobu. CyuacHui
€8imosi 00cioxiceHHs 8 Opyeiti nonoguri XX cmonimms noKasaiu MOXCIUBICIb | OOYIIbHICMb 3ACTNOCYB8AHHA OIOXIMIU-
HUX Memooie 05l ouUuueHHs papmayesmuynux cmokie. Egexmugnicmos 6i0XiMIUHO20 OYUUIEHHSA HA CAMUX CYHYACHUX
yemanoskax cmanogums 90 % 3a opeaniunumu pevosunamu ma auue 20-40 % — 3a neopeaniunumu. bionoeiune ouu-
WeHHA XapaKmepuzyemu s Hauguwum cmynenem euoanernts (00 99 %). Cmeopenns egpekmugnux anapamis i cnopyo 3
0I0102T4HO20 OUUWEHHSA, WO NPAYIOIMb 8 MAKUX YMOBAX — NEPCHEeKMUBHUL HANPSAM Y MeXHOL02ii OUUeHHs CMIYHUX
600 y 6cbomy cgimi. OOHuMuU 3 makux cnopyo € memobpanui oiopeakmopu (MBP)

.KnrouoBi cnoBa: exonoriyHa 6e3neka, hapMaueBTMYHa NpoayKuis, dapmMaueBTUYHI BiOX0OOW, XUTTEBUNA LMK, KCe-
HOBIOTWKK, CTiYHi BoAW, GionoriyHe ounweHHsa, MembpaHHi 6iopeakTopu.

Vovk O. O., Boichenko S. V., Shamansky S. Ya., Boichenko M. S., Gladisheva V. O.
PROSPECTS OF THE MICROBIOLOGICAL METHOD OF WASTEWATER TREATMENT
FROM BIOREASURABLE PHARMACEUTICAL PRODUCTS.

The article defines the purpose, object, subject, direction and tasks of environmental safety studying and the causes
and factors that define it during pharmaceutical products (PP) production and use.

Understanding different negative impacts of PP on the environment, resulted from non-civilized anthropogenic
activities in the field of PP handling, leads to necessity of innovative methodological tools development, which help to
increase environmental safety during PP production and use. According to UNESCO, 80% of all diseases is related to
drinking water quality. Particular attention is necessary to be paid to the water bodies, polluted with PP. It is necessary
to identify their presence in the water, their composition, distribution, biodegradation, monitoring methods, ways of
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removal their residues. These bioresistant compounds can be classified as xenobiotics. They are hardly biodegradable
and accumulate in the environment. Modern methods to purify drinking water are very different. Their prices can vary
from very cheap to very expensive. The methods are mainly mechanical, chemical, physical, chemical and biological. In
the second half of the XX century studies shown the feasibility and applicability of biochemical methods for purification
of pharmaceutical effluents. Effectiveness of biochemical purification, while applying the most modern facilities, is 90%
by organic matter and only 20-40% by inorganic. Biological purification is characterized by the highest effectiveness
(up to 99%). One of the most promising branch of sewage treatment technology around the world is biological
treatment. It is very important task to create more effective biological treatment facilities and apparatus, which can
operate in different conditions. One of the facilities for biological treatment is membrane bioreactor (MBR).

Keywords: ecological safety; pharmaceutical products; pharmaceutical effluents; life cycle; xenobiotics; wastewater;
biological treatment; membrane bioreactor.

Bosk O. O., boiiuenko C. B., lllamanckuii C. U., boiiuenko M. C., I'naabimena B. O.
HNEPCIIEKTUBbI MI/IUKPOBI/IOJIOFI/I‘IECKOFQ CIIOCOBA OUUCTKH CTOYHBIX BOJ OT
BUOPE3UCTEHTHOU ®PAPMALHEBTUYECKOU ITPOAYKINN

B cmamve onpedenenvl yenu, npeomem, 00veKm, HanpasieHue U 3a0a4u UCCIe008aHUsL NPUYUH U akmopos, gop-
MUPYIOWUX COCMOSIHUE IKOI0UYECKOU OE30NACHOCMU NPU NPOU3600CMEE U UCHOLb30BAHUU (PAPMAYEGMUUECKUX Npe-
napamos (OI1).

Honumanue necamusnozo enusinua @II na oxkpyscaiowyio cpedy, Kax pe3yibmam HeYyusunu3o8aHHOU aHmMpono-
2ennoll dessmeavHocmu 6 cghepe obpawenus ¢ @I, hopmupyem neobxooumocms paspabomu UHHOBAYUOHHBIX MEMO-
007102UHeCKUX UHCIMPYMEHMO8 NOBbIULEHUS IKOIOSUYECKOU bezonachocmu npu npouzsoocmee u npumenenuu PI1. Ilo
dannvim FOHECKO 80% scex 3aboneéanuil c8s13aHo ¢ Kauecmeom numvegoil 600bl. Oco6020 6HUMAHUS 3ACTYHCUBAET
3azpsizHenue 60OHbIX 00vexmos @11, gvisenenue ux npuUCymcemeust, cocmasd, pacnpeoeienus,, buooezpaoayui, cnoco-
606 Monumopunea, npedynpesicoenue OaNbHeUue20 3a2PA3HEeHUs. U GO3MONCHOCHU YOANEHUsT OCHAMKO8 PA3NUYHBIX
nexkapcmeennvlx cpedcms (JIC). Vrazanuvie buopesucmenmuvie COeOUHEHUsE MOJICHO OMHECMU K 2PYANE KCeHoOuomu-
x06. OHu mpyoHo noodoaromcs OuoI02u4eckoll 0eCmpyKyuu 1 HAKanausaomes 6 okpycaioueli cpede. Cospemennule
CROCOOBI OUUCKU NUMbEBOL 00bl OMAULAIOMCSL PAZHOOOPAZUEM, OM NOYMU OECNIAMHBIX 00 BbICOKOMEXHOLOZUYHBIX
u 0opo2ux. Dmo 8 0OCHOBHOM MeXAHUYecKue, XumMuyeckue, (uzuko-xumuyeckue u ouono2uueckue cnocobwvl. Cospemen-
Hble MUPOBbLe UCCLeA08aHUsL 60 6MOPOLL honosuHe XX 8eKa NOKA3AIU 603MONICHOCHTb U YeAecO0OPA3HOCTb NPUMEHEHUS]
OUOXUMUYECKUX MemOO08 05l OHUCMKU DAPMAYEeSMULEeCKUX CMOK08. DPGekmusnocms OUOXUMUYECKOU OYUCTKU HA
Haubonee cospemennvlx ycmanogkax cocmasisiem 90% no opeanuyeckum 6ewecmeam u moabKo 20-40% no
Heop2anuiecKum.

bBuonoeuueckas ouucmra xapaxmepuszyemcsi 8vlcokou dgpexmuernocmoio (00 99%). Cozoanue s¢pghexmusnbix
annapamos u coopyACceHuti OUOL02ULECKOl OYUCKU, PADOMAIOWUX 6 PA3IUYHBIX YCI0BUSIX — NEPCHEKMUBHOe Hanpas-
JleHue 8 pa3gumuu MEexXHON02ULl OYUCMKU CIOYHBIX 800 80 6cem Mupe. OOHUMU U3 MAKUX COOPYICEHUT AGNAIOMCI MeM-
opanuvie buopeaxmopvt (MBP).

KnioueBble cnoBa: akonorudeckass 6esonacHoCTb; hapmaleBTMYeckas NpoayKuus; apMaueBTUYECKNE OTXOAb;
XKN3HEHHBIN LMKIT; KCEHOOMOTUKM; CTOYHbIE BOAbI; Buonormyeckas ouncTka; MemopaHHble B1uopeakTopsbl.
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