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MEXAHI3MU OE3AKTUBALII 3ABPYQHIOIOUYUX PEYHOBUH B
rNMAPOBIOTEXHONON4YHUX CUCTEMAX

lNpoaHanizoeaHo MexaHi3mu 8IOHOBIIEHHS skocmi 8o0u 8
2idpobiomexHornoaiyHUx cucmemax. s nideuuweHHsI pi6HS €Koso2iYHOI 6e3rneKku
B800HUX cucmeM PO3KpUMi MexaHi3Mu OeCcmpyKUii opaaHiYHUX PEeYOBUH,
MiHepasnbHUX 3’€0HaHb, Ga)XKux memarig, Hagmornpodykmis, padioaKmugHUX
peqyosuH y e2i0poimHux IHXeHepHUx criopydax. BcmaHosrneHi npouyecu
Oe3zakmueauii cmiyHUxX 800 xapakmepHi 05l Makpoghimie ma MIKpoopaaHi3Mie-
oecmpyKkmopis.

KnroyoBi cnoBa: rigpoiTHi cnopyaun, SKicTb BOAWN, MakpoiTh, ekonoriyHa
Besneka.

lMpoaHanu3uposaHbl MexaHu3Mbl 80300HO8MEHUSI Kavyecmea 600bl 8
2udpobuomexHoio2u4ecKux cucmemax. [ns noebileHuUs: ypo8HS 3KO102u4ecKol
b6e3onacHocmu  800HbIX CUCMEM  pacKkpbimMbl  MexaHU3Mbl — OecmpyKuyuu
op2aHU4YecKkux eewecms, MuUHeparibHbIX COeOUHeHUU, MmSsXerbiX Memaros,
Hegbmenrnpodykmos, paduoakmueHbIX eewecms 8 2UuOpPOMUMHBIX UHXEHepPHbIX
COOpYyXXeHUsIX. YcmaHoereHHble rpoueccbl 0desakmueauyuu CmMOYHbIX 800
XapakmepHbl 0119 Makpogumos U MUKpoopaaHU3Mo8-0ecmpyKmopos.

KnioueBble cnoBa: rmapodUTHbBIE COOPYXXEHMUS, KadyeCTBO BOAbI,
MakpouThl, akonormyeckas 6e30nacHoOCTb.

The mechanisms of proceeding in quality of water in the
hydrobiotechnological systems are analyzed. To increase of environmental safety
of the water systems security disclosed mechanisms of destruction of organic
substances, mineral substances, heavy metals, oil products, radionuclidess in
hydrophitic engineering building. The set processes of decontamination of
effluents are characteristic for macrophytes and microorganisms-destructions.

Key words: hydrophitic building, quality of water, macrophytes,
environmental safety.

Bctyn

[na miHiMi3auii HeraTMBHOro BNIMBY NOJSIOTAHTIB Ha rigpocdepy HeobxigHa
pO3pobKa HOBUX i YOAOCKOHANEHHS iCHYIOUYMX METOAIB OYMLLEHHS CTOKIB LUSISIXOM
3HWXKEHHSA KOHLUEHTpaLUin 3abpyaHioBayiB 4O HOpMATUBHUX NOKa3HUKIB. HanbinbLu
€(PEeKTUBHUMMN, HU3bKO3ATPATHUMM | €KOMOMYHUMK € CNOCODOU OUYULLEHHS CTIYHUX
BOA, 3acHOBaHi Ha (YHKUIOHYBaHHI Pi3HOMaHITHUX Trigpo6ioTEXHOMOrYHMX
cucTeMax, B SKMX BUKOPUCTOBYHOTLCS BiOLLEHO3WN Pi3HMX BUAIB BOOSHUX OpraHi3mis
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— BUWMX BogHUX pocnuH (BBP), 6akTepin, Bogopocten, 6eaxpebetHunx, punb [1,33;
2,13; 3,111, 4].

NMocTaHoBKa npobnemwm

B npoueci 3abpygHeHHA NOBEPXHEBMX BOA 3MIHIOETHCA X i3NKO-XiMIYHMIA
CKrnag, noripwyTbCA YMOBW iCHYBaHHS BOASHUX OpraHiamis, nopyLUyHTbCA
NPOLIECM CaMOOUMLLEHHA | 3HWKYETBCA IX CaHITapHMA CTaH, WO 3 pPeLuTor
npu3BoauTb OO Aerpajauii  BogHMX ekocucteM. BuBYeHHs  MexaHismiB
AesakTusauii 3abpyaHoBayiB B LUTYYHO CTBOpPEHUX BioueHos3ax 3 rigpobioHTamu
PISHNX TPOMIYHMX PIBHIB, OCHOBHOK naHKok skux € BBP gossonutb noninwuntu
€KOMOriYHNMN CTaH BOAHUX €KOCUCTEM, MiABUWMTM CTYMNeHb [OOOYMLLEHHS
3abpyaHeHnX BOL Ta CYTTEBO 3MEHLUUTU HAOXOMKEHHS 4O BOAOWM 3anULLIKOBUX
KOHLeHTpaUin 3abpygHiorounx pevosuH [1,34; 5,203; 6; 7,13].

AHani3 pocnigxeHb i nyonikauin

Po3kputTa MexaHiamy oyHKLIOHYBaHHS rigpodiTHUX YrpynoBaHb, IX poni y
BIAHOBMIEHHI SKOCTI BOAM 3YMOBWUSIO LUMPOKE BUKOPUCTaAHHA  TiAPOdITHUX
iIHXKeHepHUX cnopya Anst OYULLEHHS CTiYHuX BoA [1,32; 8;575].

B 6ioueHo3si, oe pocnuHu € eandpikatopamm, OYMLLEHHS Big 3abpyaHO4YMX
PEeYOBUMH  3AINCHIOETLCA  MakpoiTamn, BakTepianbHUMKM  yrpynoBaHHSAMU,
BOogoOpocTAMM Ta Be3xpebeTHMMKM TBapuHamu [2,53; 4; 9].

Meta po6GoTU: BU3HAYUTM MeEXaHi3MU BIOHOBMEHHA SAKOCTI BOOU Y
riapoMiTHUX IHXEeHepHMX cropyaax.

Po3B’si3aHHA NocTaBrieHOro 3aBaaHHA

AHani3 iCHylYMX OaHuX [a€e MOXIMBICTb BUOINMUTU OCHOBHI MeXaHi3mu
AesakTtueauii 3abpygHioBadiB y rigpobioTexHonoriyHnx cuctemax.  MexaHiamum
oyulleHHs Boau  BiAd  3abpygHIoBanNbHUX — PEYOBUH  nonsdrawTb  SK Y
6esnocepegHbOMYy NOrMUHaHHI BBP  GioreHHWX enemMmeHTiB Ta MiHepanbHuX
CronyK, akymynsuii iX B TKaHMHaX POCNWH i nodanbLin TpaHcdopMmadii, Tak i y
onocepegkosaHoMmy Brnmei BBP  Ha  (PyHKUiOHyBaHHA  MIKpOOpraHiamis-
OECTPYKTOpIB, ONA SKMX KOpeHeBa cucTteMa MakpoditiB € cybctpatom nns
3acefieHHs;  BUOINEHHA  POCAMHAMW  KUCHKIO  TaKOX  CrPUSIE  OKUCIIEHHIO
KceHobioTukiB [2,73; 9].

MexaHi3m sudasieHHs1 op2aHiYHUX pe4yo8UH & 2i0poghimHux crnopyodax.
Ha noBepxHi KOpPEHEBMX OpraHiB pPOCMMHM YTBOPIETbCA 6GionniBka, B SAKin
pPO3BMBAKOTLCA  Pi3HI  MIKpoOpraHiamu, a 3aBOsKM  HAOXOLKEHHS  KUCHIO
YTBOPKOKTLCSA YMCNEHHI aepobHO-aHaepoObHi 30HW. PO34YMHHI opraHivyHi pevyoBuHU
BMOAnNsTbCA B npoueci agcopbuil, nornmMHaHHS i gisnbHOCTI Mikpooprasmis [6;
7,14].

Mpyn NOPIBHAHO HU3bKMX KOHLEHTpauisx 3abpyaHioBadiB CTiYHUX BOf,
edEeKTMBHICTb BnaaneHHs 3a nokasHnkom bCKs — 85...95%, 3a nokasHmkom XCK —
Ginbw, Hixx 80%. BCKs Ha Buxoai ctaHoBuTb 10 mr/n. [Npn NOBHOMY AOTPUMAaHHI
ONTUManbHUX TEXHOMOriYHMX napameTpiB B 6Gionnato BigOyBaeTbCs MNOBHA
MiHepani3auis 6inbLwocTi opraHiyHux 3abpyaHeHs [2,85; 5,324].

MexaHi3m euldaneHHs1 MiHepasnlbHUX pPe4YoeuH 6 e2idpoghimHux
cnopydax. BBP € ogHUMM 3 HanegeKTMBHILINX CMOXNBAYIB MiHEpParnbHUX CMONYK,
30KkpemMa pi3HuMx ¢opm asoTty i ocdopy. CTyniHb OYULLEHHA CTiYHMX BOA Bifd
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crnonyk asoTy cTaHoBuUTb 96...99%, a CTyniHb ouuweHHa Big docdarTis
niasuwyeTbcss (y MOPIBHAHHI 3i CTIYHMMM BoAdamu, $Ki He MPOWLNKN  Kpi3b
rigpodiTHY cuctemy) Ha 10...15% [6; 10,670].

MexaHi3amu eudaneHHs1 pi3HuUx ¢opm a3omy. Y OGionnato asoT
BKIMOYAETLCA B BIOTUYHMI KpYyroobGir B cuctemi "noBiTpsA-BOA4a-pPOCHMHU-TPYHT".
A30T 4acTKOBO BMAANHAETbCA i3 CNOPyAW LWSAXOM MOMfIMHAHHA  BOOHUMU
pocnnHamMn, 9K HeobXigHUM Ans Hux GioreHHWn enemeHT. BignoBiAHO OCHOBHI
npouecn, NoB'dA3aHi 3 BuMAaneHHsM CMONyK as3oTy, BiabyBawTbCA B peaynbTari

MiHepanisauil  a30TOBMICHUX  OpraHidyHMUX  CMOSiyK  HITPUIKytoUMMmU [
AEHITpUMIKyrouUnMm MikpoopraHiamamu [1,33; 2,87; 4].
Cy6eTpar HaBKOJSO KOpEHeBULL POCHUH XapakTepusyeTbca

MIKPO30OHarnbHICTIO — aepobHi 30HM nepemexarTbCca 3 MikpoaepobHumun, abo
aHaepoBHUMMU, AKi PaAKTUYHO He PO3’eAHaHI, O B CBOK Yepry CTBOPHE YMOBU A5
OAHOYaCHOro NPOTiKaHHS NpoLeciB HiITpudikauii Ta geHiTpudikauii [3,97; 5,173].

MexaHi3mu eudaneHHs1 pisHUx ¢popm ¢hocghopy. BuoaneHHs cocdopy
30INCHIOETLCS B pe3ynbTaTi ChinbHMX 6ionoriyHuX i di3nko-XiMiYHUX NpoLECIB.
docdop NOrnNMHaETbLCH | TPaHCHOPMYETLCH POCNMHAMK, a MNOTIM YaCTKOBO 3a
paxyHOK BWAaNeHHs1 pOCrWH BMBOAUTBLCA 3 cucTeMu Bionnato. Takmm wWwnsaxom
BMOANSETbCA He3HayHa 4YacTuHa pocdopy, a iHWwa 4YacTMHa HaKoMUYyeTbCs B
I'PYHTI, NpuyoMy npouec Mae obopoTHMM xapakTep. 3 4YacoMm BiabyBaeTbCsA
aecopbuis gocdopy [2,98; 4].

Ana 6ionnato BepTukanebHoro Tuny 22,8% docdopy BuaanseTbca 3a
paxyHok ¢inbTpadii, 50...65% 3a paxyHok aacopbuii, ocagpkeHHa Ta acuminauii
MiKpoopraHiamamu, i Tinekun 1...3% 3a paxyHOK NOrfnHaHHA pocnuHamu [3,17; 9],

MakcumarnbHa €EMHICTb nornvHaHHa dooccopy B Bionnato 3a3Buyanm He
nepesuLye 1 r/m? [2;101].

MexaHi3m eudarneHHs1 eaXXKux memariie y 2iopoghimHux cnopydax. [Ans
BBP Takox xapakTepHa BMCOKa 34aTHICTb BUfy4aTu i3 BOOW Ta akyMmynoBaTu B
cBoin Giomaci Baxki metann (BM) [2,101; 4,8, 10,698; 11,227]. MNMornuHaHHa BM
YKOPIHEHUMW pPOCAMHAMKM 3anexuTb Big iX BMICTY Yy [OOHHMX Bigknagax, a
30cepeKeHnX y TOBLLUI BOAM — Big KOHUeHTpauil y Bagi [5,326; 6; 7,14].

Y uinomy akymynsauis BM Bu3HayaeTbca He nuLle 1X KOHUEHTpaLielo y BoAi
Ta AOHHMX Bigknagax, a i JOCTYNHICTIO AN POCVH, WO 3aneXnTb NepeBaxHo Big
BenMuMHM pH cepenosuLla, KNCHEBOIO pexumy, MiHepanisaudii Bogu, xapakrtepy
crnonyk metanis [2,109; 11,142].

BBP B 6ionnato MawTb 34aTHICTb MOMfMHaHHSA, TpaHcdopmadii Ta
HakonnyeHHs BM Takux, gk Al, Fe, Ba, Cd, Co, Cr, Cu, Mn, Pb, V, Zn 1a iH. Yum
Ginbwe Biomaca pocnvHU, TUM Kpalle pesynbTaT oumeHHs [11,158].

Mpn NpoTikaHHI CTIYHMX BOA Yepes LWapu 3aBaHTaxeHHs Gionnato, 6arato
ioHiB BM (Hg, Cd, Cu, As) QuikcyloTbCSl Ha Lapi 3aBaHTaXEHHS; Npu LbOMY
BioOyBaeTbCsA psAn CKNagHMX npoueciB  agcopOuii, KOMMMNEKCOTBOPEHHS,
OCaPKeHHs Ta iHWKUX BUAiIB (PidnKo-XimiyHOro snnuey [2,104]

Y npouecax BuganeHHa ioHiB BM i3 CTiYHMX BOL TaKOX BanuBy pPOJib
BigirpaoTb MikpoopraHiamu. MexaHism BuBegeHHA Makponitamu BM i3 BogHMX
€KOCUCTEM pi3HOMaHITHUK [5,24; 9].
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[MoenuHaHHA. Y npoueci pocTy MikpoopraHiamis geski BM  vacto
MOrMMHAaTLCA HUMWN, | BepyTb y4acTb Y Pi3HUX KNITUHHUX Npouecax.

KomrnnekcoymeopeHHsi | xeramoymeopeHHsi. barato MikpoopraHiamis
BUAOINAOTL nonicaxapuan, rrokonpoTteign, ninononicaxapyan Ta iHWi Cnonyku,
WO MICTATb (PEHONbHI, MAPOKCUMbHI Ta akTUBHI YHKUIOHANbHI rpynn, 4Ki
BiZlirpaloTb BaXKmMBY POJib MPU KOMMMEKCO- Ta XenaToyTBOPEHHI 3 ioHamu BM.

OcaldxeHHsi. [lpun aHaepobHux ymoBax cynbdaTpeaykywodi 6HakTepii
Bi4HOBMIOWOTbL cynbdat-ioHn Ao H,S, a ocTaHHin ocigae y Burnagi HEPO34YMHHUX
cynbdigis.

lepemeopeHHsi 8 MeHW mokcu4yHi ¢popmu. barato ioHiB BM BonogitoTb
30aTHICTIO 3MIHIOBATW BarneHTHICTb i NpU BMAMBI MIKPOOPraHiamiB BOHU MOXYTb
nepexoauTn B MeHL TOKCWUYHI cnonyku. Hanpuknag, nig BnnvBom GakTepi poay
Pseudomonas Cr (VI) BigHOoBNtoeTLCA 00 MeHLWw TokcuyvHoro Cr (111).

Al0copbuissi MikpoopeaHiamamu. MiKpoopraHiamn, Maruu BesivuKy nUToMy
noBepxHio, Oobpe agcopbytoTe ioHn BM, TOoMy OinblwicTb BoAopocTEN i
MiKpOOpraHiamiB € xopoLwunmMmn agcopbeHTamu.

MexaHi3m eudaneHHs1 Hagpmonpodykmie y 2idpoghimHux cnopydax. 3a
HaaBHOCTI BBP iHTeHcuBHiWe BiABYBaeTbCA OYULLEHHS BOAW Bi4 HadTOBUX
3abpygHeHb [6]. MakponiTi, NOrnMuHaKyn 3 BOAU PO3YMHEHI OpraHiyHi pevyoBUHM,
CTUMYNIOOTh CBi PO3BUTOK, 30inbLWyOTh 30HY KOHTaKTy MiX
HaTOOKUCHIOBANbHUMKN BakTepiaMn | HaTO | TakuM YMHOM MPUCKOPHOKOTb
npouec il gerpagadii [2,89; 7,15].

Libomy Takox cnpuse 36inbLUeHHS MOBEPXHi KOHTaKTy MK enipiTHuMmn
HaPTOOKUCHIOBaANbHUMKN BakTepiaMn | HadPTOK 3aBAAKM PSCHUM OBPOCTaHHAM
BOOAHMX pocnuH [8,578]. T[lpuCyTHICTb MOBITPSAHO-BOASAHOI Ta 3aHYpPeHOoI
POCSIMHHOCTI 3MEHLUYE Yac OYMLLIEHHSA CTOKIB Bi4 HadTonpoaykrie y 2,5-5,0 pasis,
npy UbOMY edeKT ouYUuleHHs Yy OGionoriYyHMX CcTaBKkax 3a LWiNbHOCTI nocagku
ouepeTy 3BMyaiiHoro 800-900 pocrnuH Ha 1 M? carae 99...100%.

MexaHi3m eudasieHHs1 padioakmueHux pe4yoeuH Yy eidpoghimHux
crnopyOdax. EkcnepumeHTanbHi OOCRIMKEHHS 3 HaKOMU4YEeHHA CTPoHUito BBP i
NNAaHKTOHHUMK  BOLOPOCTSAMM  MoKasanu, LWo BOLOPOCTI aKyMymTb i30TON
wBuawe i B Oinbwin kKinbkocTi, HiXX BBP. BcrtaHoBneHo, wo BBP 3paTHi
aKymyroBaTu pagioHyknian Taki, sk uesin-137, ctpoHuin-90, kobanbT-60, a Takox
34aTHi BUOanATM BiAHOCHO BENUWKI KOHUEHTpauil ypaHy, pagito Ta Topito [2,107].

Ona  makpoiTiB  (psickM)  KoediLieHT HakonuyeHHa npotdarom 3 Aib
eKkcrnosuuii craHoBuB 2457...3967 3a KOHUeHTpauii cTpoHuilo 107...107%° K.
3HayeHHs koedilieHTy MamXe He 3anexarb Big KOHUEeHTpaUil i30Tony B pOo34nHi Ta
POTOCMHTETUYHOI aKTUBHOCTI psAcku. Lle gae 3amory npunyctuTu, WO akyMynsuis
MIKPOKIfIbKOCTEN CTPOHLi0 BOASHUMW pPOCAMHaAMM BiabyBaeTbCA B OCHOBHOMY
3rigHo i3 3akoHamu copbuii [10,699].

B xogi aHanisy OCHOBHMX npoueciB OeCTPYKLUil 3abpygHIOUYNX pevyOBUH B
rigpoiTHUX cuctemax Hamu BuAineHi | y3ararbHEHi OCHOBHI MeXxaHi3Mmu
Ae3akTuBauii  xapakTepHi Ansi MakpoduiTiB Ta MikpoopraHiaMiB-4eCTPYKTOpIB
(tabn. 1).
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Tabnuuys 1
LLinsaxu BigHOBNEHHA AKOCTI BOAM B rigpobioTexHonoriuHnx cucremax

. [Mpouecu aesakTusBauii
3abpyagHioBavi . . .
Makponitn MiKpOOpraHiaMun-4ecTpyKkTopu
OpraHiyHi Ancopbuis
peyoBUHMU MornuHaHHSA
MiHepanbHi
€4O0BMHN HiTpudikauis : L
- 'p .p ® . H . MiHepanisauis
Pi3Hi gpopmu azomy HeHriTpudpikauis
MornuHaHHsA OcamKenHs
Pi3Hi popmu TpaHcdhopmMyBaHHS 'D'. ,
, Acuminauis
¢ocpopy Apncopbuis
Akymynsuis MornvHaHHA
MornnHaHHsA Apcopbuiqa
BM TpaHcopmauia OcapxeHHsa
HakonunyeHHs [MepeTBOPEHHA B MEHLL
KomMnnekcoyTBOpeHHsI TOKCUYHI hopmu
HadTonpoayktn PyinHyBaHHA HecTpykKuis
. . es3akTuBauiq
PapioakTusHi A U'
Akymynauisa -
pPEeYoBUNHN .
Copbuis
BucHoBKkuM
lMpoaHanizoBaHo MexaHi3mMu BiHOBIEHHSA AKOCTI BOOM B

rinpobioTexHonoriyHnx cmuctemax. PO3KpUTU MexaHiaMu LeCTpyKUil opraHiyHmMx
peyoBUH, MiHepasribHUX pevyoBuH, BM, HadhTONpOoayKTIB, padioakTUBHUX PEYOBUH Y
rigpodiTHUX iHXeHepHUX cnopygax. BcTaHoBneHo, wo Ans Makpoditis B
rigpohiTHUX  cnopygax HanxapakTepHiwuMuM npouecamu  AesakTusauii €.
aKkymynsuisi, NOrnNuHaHHs, TpaHcdopmMalid, a 4ns MiKpoopraHiaMiB-4eCcTpyKTopiB —
agcopbuisi, ocagKeHHs1 Ta NOrfANHaHHS.
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