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BIOJIOTTYHA OUUCTKA CTIYHUX BOJ HIAITPUEMCTB
XAPUYOBOI TIPOMUCJIOBOCTI
B. A. KoBanbuyk

HarionanbHuit yHiBEpCUTET BOJHOTO MOCHOJAPCTBA Ta IPUPOAOKOpUCTYBaHHs, PiBHe, YKpaiHna

XapuoBa MPOMHCIIOBICTh XapaKTEPU3YETbCSd BUKOPUCTAHHSM BEJIMKOI KUIBKOCTI BOJIM Ha
OJIMHMIIIO TMPOIYKIi, YTBOPEHHSIM BHCOKOKOHLIEHTPOBAHMUX CTiyHMX BoA. OJHaK, CTiyHI BOAU
NESKUX TIANMPUEMCTB MarOTh 3Ha4eHHs pH, M0 BHXOIATH 3a MeXi mianmazoHy 6,5-8,5, 3HauHi
KOHLEHTpALi )KUPIB 1 BUMararoTh KOperyBaHHs BMICTy O10r€HHUX €JIEMEHTIB. 3 OrJIsily Ha 37aTHICTh
710 010JIOTIYHOTO OKHCJICHHSI OpraHIYHUX 3a0pyIHEHb CTIYHHUX BOJ 1 TEXHOJIOTIYHI, EKOHOMIYHI Ta
€KOJIOT14HI IepeBaru BUPILIAIbHY POJIb y 3amo0iraHHi 3a0pyJIHEHHIO BOJONM CTIYHMMHU BOJAMHU
Xap4yoBOi MPOMHCIOBOCTI BiNIrparOTh aepoOHI Meroaw OionoriuHoi ouucTku. [HTeHCHpiKalis
010JI0T1YHOI OYMCTKHM CTIYHUX BOJ HIANPUEMCTB XapuyOBOI IPOMHUCIOBOCTI MOXE AOCATATHCS SIK
MOKpAIIEHHSIM X TIONEpPEeJHbOI MIATOTOBKM, TaK 1 LUIAXOM pPO3POOKHM HOBOrO e(eKTHBHOIO
0o0JaHaHHg Ta TEXHOJIOTH BilacHE O10JOrIYHOI OYMCTKH CTIYHHUX BOJ. BUKOHAHI JOCIIIKEHHS
MIATBEPIMIN AOUITBHICTh 3aCTOCYBAHHS JJI TOMEPEIHbOT OYMCTKH CTIYHHUX BOJ| BiJICTIHHUKIB-
¢dbnotaropis, po3podnenux B HYBI'TL, saki 3a6e3neuyroTh epexTHBHE BUAAIICHHS 3aBUCINX PEUOBUH
1 )KUPiB, 3MEHIIIEHHS KOHIICHTPAIlIi OpTaHiYHUX 3a0pyTHCHb.

Jlnst 610710T1YHOT OYKMCTKH CTIYHMX BOJ XapyoBOi MPOMHCIOBOCTI PO3po0sIeHa MPUHIIUIIOBO
HOBa CIOpYJa — aepOTEHK-BIACTIHHUK MiJBUIIEHOI ripaBiiyHOi BUCOTH (6-10 M) i3 CTPyMUHHOIO
aepariito. Bona siBisie co6010 Kpyriuii y miaHi MeTaleBUil pe3epByap, Y HEHTpPi SKOro po3MilieHa
30Ha aeparlii, BijjiyieHa Big nepudepiifHoro BTOPUHHOTO BIICTIMHUKA 32 JOIIOMOTOI0 BEPTHKAILHOT
HWTIHAPUYHOT MIEPETOPOJIKH, 10 HE JTOXOAMUTH M0 JHA. Aepallis MyJIOBOI CyMillli 3A1HCHIOEThCS
MOBEPXHEBUMH CTPYMMHHUMH aepaTopaMy, IMOXWIEHUMH mig KyToM 60° 1mo ropu3oHTy. 3a
JIOTIOMOTOI0 CTPYMHHHUX ae€paTopiB 3A1HCHIOEThCS Oe3nepepBHa IUPKY LIS MyJIOBOI CyMillli 3 HU3Y
y BEpXHIO YaCTUHY 30HM aepallii, 10, pa3oM 13 po3KpyuyBaHHSIM MYJIOBOI CyMIlIl y IJIaHI aepOTEHKa
3a paxyHOK IIBHUIKICHOTO Hamopy CTPYMUH MOXWIMX CTPYMHUHHUX aeparopiB, CTBOPIOE ii
cripaneno iOHui HU3X1THUH pyX.

AEpOTEeHK-BIJICTIMHUK TMIiJBUINEHOI TiApaBIiYHOI BUCOTH. - € 0OaraTo()yHKIIOHAJIEHOO
CIOPY 1010 /17151 610JI0T1YHOT OYUCTKH, HITpUdiKalii, JeHITpudiKaiii 1 po3AlIeHHs. MyJIOBOI CyMillli; -
TMIPAITIOE 3 MiABUIIICHUMH J103aMHU aKTUBHOTO MYy (5-7 r/L[M3) 3a paxyHOK ITiIBUIICHOI T'ipaBIidHOl
BHCOTH NMPOTOYHOI YACTUHU BTOPHHHOTO BiJICTIMHUKA; - MAa€ BUCOKY OKUCIIIOBAJIbHY MOTYXHICTb (110
6,8 kr BITKosi/(M3.100y)) 3a paxyHOK 3acTocyBaHHs eeKTHBHOI CTPyMHUHHOI aeparlii; - 3a paxyHOK

dbopmyBaHHsT aepoOHOi (y BEepxHIA 4YacTHHI) 1 aHOKCUIHOI (y HIDKHIM YacTHHI) 30H 3a0e3neuye



WATER SUPPLY AND WASTEWATER DISPOSAL

OKHCITIOBANbHY MOTYKHICTh 32 aMOHiHHMM a3otoMm 10 100 r/(M>.100y) 32 paxyHOK CHMYIbTaHHOT

HiTpudikaIii-aeHI Tpudikarii.

PucyHnok 1 — AepoTeHKH-BIICTIHHUKHY I1BUIICHOI T'1IpaBiaiuHoi BUCOTHU AlameTpoMm 14,0 m

Ha OYHCHUX CIOPYAax MaclopoOHOTro KOMOIHATY

Po3risigyBaHi aepOTEHKH BUTOTOBIISIFOTECS 13 METally B 3aBOACHKHMX yMoBax. Bonm y Burmsai
PYJIOHIB IMOCTABIISIFIOTHCS HA OUMCHI CIIOPYJU 1 MOHTYIOTbCSA Oe3MmocepeiHbO Ha MalJaHUYUKY BUIIE
piBHSA 3emuli. [HIIMM crmocoOoM BHUTOTOBJIEHHS Aa€pPOTEHKIB € X 3BapIOBaHHsS 3a JIOTIOMOTOIO
3BapIOBAIILHUX HAIIBABTOMATIB 13 METAJIEBUX IOMEPEIHBO BaJIbIIbOBAHUX JIHMCTIB. Y 3UMOBHH Yac
OXOJIOJKEHHST aepOTEHKIB, PO3MIIIICHUX Ha BIIKPUTOMY TMOBITP1, HE BiOYBA€ThCS Yepe3 BUIIIJICHHS
Teria Mpu OlOJIOTIYHIA OYMCTIII BUCOKOKOHLIEHTPOBAHMX CTIYHUX BOJ MIANPHUEMCTB XapuoBOi
POMHCIOBOCTI. TeopeTHYHMMH po3paxyHKaMH Ha OCHOBI BEJMUMHHU AMCUMAI] €Heprii, a TaKox
EKCIIEpUMEHTAIbHUM BUMIPIOBAHHSAM 32 JIONIOMOTOI0 TiAPOMETPUYHOI BEPTYIIKH BCTAHOBIJIEHA
HEMO>KJIMBICTh OCAPKEHHSI aKTHBHOTO MYJTy HA IIJIacKe JTHO aepOTeHKa-BiACTIHUKA.

AepOoTeHKH-BIJICTINHUKN PO3IJIAAYBaHOI KOHCTpyKWii Oynau 30ynoBaHi 1 TpHUBaJIMi dac
eKCILTyaTyIOTbCs Ha OYMCHUX CHOpyAax M sicokoMmOiHaTiB y M. Uepniris, bina Ilepksa, Hixus,
Hosropon-Cisepcbkuii, MakiiBka, ¢.M.T. AHTOHIBIll, HA OYHCHHUX CIIOpyAax M’ SCOIepepoOHNX
mianpueMcTB B ¢. MapxaiiBka 1 [lepesicnaBcbke KuiBebkoi o0macti, «Komoc» YepHiBerpkoi 00acTi,
«Pocana» IBano-®dpankiBcbkoi obnacti, y ¢. lllununni YepHiseupkoi o0nacti, B ¢.M.T. bpycuinis, y
c. Bemuka [lumepka KwuiBcekoi o6macti, nraxopadbpuk TOB ,,Py6i Po3 Arpikon KO JITHA” B
KuiBcekili oOmacti, nraxodadbpuku «Opine-Jlizep» y M. [JainpoazepxkuHchk, «TapacoBenbkoi
nraxodadbpuku» YepHiBernpkoi obmacti, nraxodadbpuku y c. [Ipocsne XapkiBchbkoi 00acTi.
AepoTeHKU-BIJCTIHHUKN  30yA0BaHi  TakoX Ha  o4yMcHuUX  crnopyaax  llocTkiHcbKoOro
MICBKMOJIKOMOIHATY, 30JI0TOHICBKOro MaciaopobHoro komoOiHaTy, 3AT «baxMauKOHCEPBMOJIOKO»,

3aBOJy 3 BUPOOHHUIITBA I0YHEBOTO COKY B . MamaiBii YepHiBeIbKoi 001acTi Ta ASSIKUX 1HIITUX.
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BITPOBA/I’KEHHS CUCTEMMU PO3AIJIEHHSA «<YOPHUX BO»
Y CLIbCBbKI MICHEBOCTI YKPAIHU
H. C. Peme3, A. I'. Boiiko
HarionanbHuit TexHiyHUM yHiBepcuTeT YKpainu « KuiBChKUi MOMITEXHIYHHHA

iHcTUTYT 1MeH] Iropst Cikopebkoro», Kuis, Ykpaina

Ha cporoanimHiii AeHs B YKpaiHi iCHye mpoOiiemMa MOBOKEHHS 3 TyaJeTHUMH BiAXOJamH,
OCKUJIBKM HE BCl HaceleHl IMYHKTHM MaroTh LEHTPali30BaHI CHCTEMH BOJIOBIIBEICHHS, TOMY L
po0JieMH JOBOAMTHCS PO3B’SI3yBaTH 1HAUBIAYadbHO. barato xTo Bupillye qaHy 3agady, OyIyrqn
BUTPIOHY sIMY, THO ¥ cTiHM siKoi 3rigHo 3 JIBH B.2.5-75:2013 noBunH1 0yTH rigpoi3ojibOBaHUMH. Y
LIbOMY BHUIAJKy JOBOIUTBCS YacTO KOPUCTYBAaTHCsS IMOCIyraMH aceHI3aTopiB 1 IJIATUTH IM 3a
BHBE3EHHS Ta YTUJII3AIliI0 CTOKIB, 5Kl Ha 95 % cKi1agatoThes 3 BOAM, 1110 MOTJia OyTH BUKOPUCTAHA Y
noOyTi Ha iHII MOTpedu.

Takmii crmoci®0 TMOBOMKEHHS 3 TYaJeTHHAMH BIIXOJaMH HE TUIBKA JEMOHCTPYE
HEEKOHOMIYHICTb, a 1 HepallioHaJIbHE BUKOPUCTAHHS BOJHOTO PeCypcy, AeIIUT SKOTO CIPUUHNHIOE
SIK MICLIEBI, TaK 1 7100a1bHI IpoOIeMU: IEPETBOPIOIOYM BOLy Ha JDKEPEIo 3a0py IHEHHS JOBKULIA Ta
CIPUYUHIOE TOTIPIICHHS ii SKOCTI BHACIIIOK HEIOCTATHROT OYMCTKH CTOKIB 32 PAXyHOK 3aCTapiioro
o0JTaTHaHHS Y HEKOPEKTHOTO IIOBOKECHHS 31 CTIYHUMH BOJIaMHU.

Tax, Hanpuknayg, y ceni Mana OnekcaHapiBka, 110 3HAXOAUTHCS Mopsa 3 bopucniabcbkoro
Tpacoro, sika BeJe J0 HaHOUIBIIOr0 MacaKUPChKOTO aepomnopry YKpaiHH, CTOKH 3JIMBaIOThCs 0e3
KOJTHOT OYMCTKH y BEJIMUYE3H1 BUTPIOHI IMH, 3 IKUX W€ TPOCOYEHHSI TyaJeTHUX BiIXOMIB Y JIiICOBHIA
Ap 13-3a HEJOTpUMaHHS OyIiBEJIbHUX HOPM, L0 CIIPUYMHIOE CMOpIJ Ta 3a0pyJHEHHS MiCLIEBOIO
JOBK1JLISI, 30KpeMa IPYHTOBHX BOJI, K1 € JyKeperaaMy MUTHOI BOAH.

MeTo10 po00TH € 3HIKEHHS PIBHS €KOJOT1UHOI HEOE3MEeKN y MaIUX Ta CEpeAHIX HaceleHUX
MYHKTaX 3a paxyHOK TEXHOJIOTil CTIMKOi caHiTapii, 10 BpaxoBy€ BTOPHHHE 3aCTOCYBAaHHS
010MPOIYKTIB TPaBJIEHHS JIIOJIMHU Ta palliOHaJIbHE BUKOPUCTAaHHS MPUPOJTHUX PECYPCIB.

st BupimeHHs! mpoOJieMHu TTOBO/KEHHSI 3 TyaJeTHUMH BiJXOJaMHU Yy CLIBCHKIM MICIIEBOCTI
VYkpaiHu 3aIIpOIIOHOBAHO BIPOBAKEHHS CHUCTEMH PO3JIJIEHHS «YOPHHUX BOI», IO € CKJIAJ0BOIO
CTIMKOI caHiTapii Ta BUpILly€ MUTAHHS MOBOKEHHS 3 TyaJIETHUMU BIX0JIaMH, iX OKpeMHii 301p Bix
«cipux» (moOyTOBUX) CTOKIB. BiIpaBHOIO TOYKOIO CHCTEMH PO3IIIEHHS «YOPHHUX BOI» SBISETHCS
3HayHa PI3HUILI Y KOHILIEHTPALIsIX BMICTY PEUOBHH MK TyaJIeTHUMHU Ta NOOYTOBUMH CTOKamu. 31
CBOT0 0OKY, TyaJeTHI CTOKH, SIKIIO IX 30MpaTy 3 HEBETUKUM pO30aBICHHSM, MalOTh, OKPIM BMICTY
MATOTEHIB, MOKMUBHI PEYOBUHH, Ta iX 00’€M € MaJUM MOPIBHSIHO 3 «CIPUMHU BOJAMU», SIKI MaIOTh
HEBEJIIMKAN BMICT MATOTCHIB 1 MOKMBHUX PEUYOBHH, ajie BOHU YTBOPIOIOTHCS Y BEIMKUX 00’ €Max.
Skio He 3MinTyBaTH 111 AB1 (Hpakilii, TO iX MOJaIbINE 3aCTOCYBaHHSI MOXKE OyTH €()EKTHUBHIIIINM.
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Cepen cydacHHMX METOJIB 3aCTOCYBaHHSI OIONPOJYKTIB TPAaBICHHS JIIOJACH Yy CUIBCHKIN
MICIICBOCTI BHJIUJICHO TEXHOJIOTIIO CeMapaiiiHoro TyalleTy, SKUH PpO3JIIs€ TOTOKH BiJIXOJIIB
O10MPOYKTIB TpaBICHHS JIOJWHU HAa TBepAy Ta piaky ¢pakuii (ceuy Ta dekanbHi Macu) 6e3
JoJaBaHHs BoM a00 MiHIMabHOT 1i KinbkocTi. Jami mi ¢paxuii micas oOpoOku (BiACTOIOBaHHS cedi
Ta KOMIIOCTYBaHHS (peKailo), sika opa3y BiAOYyBA€THCS 3aBASAKH KOHCTPYKLIi 00IaJHAaHHS, MOKHA
BUKOPUCTOBYBATH SIK OpraHiuHe 100puBo. TakuM YMHOM, JaHa TEXHOJIOTIS J103BOJISIE IEPETBOPUTH
BIJIXO/IM Ha PECYpPCH 1 BIPOBAKY€E 3aMKHEHUH ITUKIL.

ByB mpoBeneHuii aHaii3 3acTOCYBAaHHS TEXHOJOTII JAaHOTO 3aMKHEHOTO IIMKITY, SIKHi
MPOJEMOHCTPYBAB 3HAYHI 3MIHU BHUKOPUCTaHHSA BOAM. [lOKa3HMKOM OIIHIOBAaHHS BUKOPWCTAHHS
BOJHOTO PECYpCy CTaJM BUTPATH BOJAM, SKI HEOOXiJHI i 3MHUBY OIONPOIYKTIB TpaBJICHHS
HaceneHHs. [Ipu npomy Opayiucsi HaMHMKYl 3HAYEHHS MOKA3HMKIB OLIHIOBAHHS, IO 3HMXKYBAJO
MOXUOKY HEJOCTOBIPHOCTI. A TakoX 3a JaHUMHU JlepaBHOI CIyOM CTaTUCTHKH YKpaiHu
BpaxoByBajach KUIbKICTh CUIbCHKOI'O HaceleHHsA. Pe3yibTatu po3paxyHKIB Oyiu odopmieHi y
BUrJII Tpadiky (puc. 1), Ha sKOMy ITpUBEeHA MiHIMAJIbHA KUTBKICTh BOJIM 32 100y, sfika HEOOXiaHA
JUI 3MHMBY OI1ONIPOAYKTIB TPaBJICHHS HAceleHHS YKpaiHW 1o o6iacTsM, 0e3 BIPOBAKEHHS 1 3
BUKOPHUCTAHHSM TEXHOJIOTII CenapaIliiiHoro Tyajery, ska € CKJIaJ0Bal eKocaHiTapii.

¥ Bes BIpoBaIKeHHA eKOCAHITApPIL 3 BIpOBAIKEHHAM eKOCaHITapil
60000000

50000000

40000000

30000000
20000000
o I ‘ I I I I | I I I
o ey
& v‘i—

Burpati Boau 3a 100y, I

CLPLLLLPL L L CLPLL L L P LL LR
& &S &‘3@ & & 5.»“'0 Q§51§ & éooﬁggg& § e»dz&(;%& ' & & @c}y_és,o
&I or PSR S, W &R KR &
¥ o&& 2@“@%‘5’@ P T F TS o7]® &S SRS
N & ) > & ,-
Ny & obmacTp

Pucynok 1 — Butpatu Bonu A1 3MHUBY O10MPOTYKTIB TpaBieHHS 3a 00y Mo 00JacTsIX

Taxum YWMHOM, BHUKOPHCTAaHHA CHUCTCMU pO3lIi.]'IeHHSI «YOpHHUX BOO» CIHpHUAE BTOPHHHOMY
BUKOPUCTAHHIO ITOKMUBHUX PEUYOBUH, a BIIPOBA/[’KCHHA TEXHOJIOT1I cenapauiﬁHoro TYaJICTY, SIK BUIHO

3 rpadiky, 3MEHIIIY€ aHTPONIOI'€HHE HABAaHTA)KEHHS Ha JOBKULIA, 30KpeMa Ha BOJIHUI pecypc.
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AQUEOUS SOLUTIONS OF DISHWASHING LIQUIDS: PHYTOTESTING TOXICITY
N. Tkachuk?, L. Zelena?, O. Fedun?!, A. Kozhemiachenko?, T. Tytorchuk?!
T .H. Shevchenko National University “Chernihiv Colehium”, Chernihiv, Ukraine
2Danylo Zabolotny Institute of Microbiology and Virology, NAS of Ukraine, Kyiv, Ukraine

Today, one of the dangerous factors of environmental pollution, in particular water, is the use of
synthetic detergents, which include dishwashing detergents containing surfactants. The method of
phytotesting uses for determine the toxicity of environment and compounds. It is based on the sensitivity
of plant organisms to exogenous exposure to chemical factors. In particular, garden cress (Lepidium
sativum L..) is highly sensitive to toxicants.

The aim of this study was to investigate the toxicity of agueous solutions of dishwashing
detergents according to the phytotest using L. sativum as a test plant.

The seeds of the test plant (L. sativum) of 10 pieces were placed on a filter paper soaked in tap water
(control) or a suitable aqueous solution of dishwashing liquid (experiment). The control and experiment
were repeated three times. We studied widely used dishwashing detergents (conventionally designated by
us DWL1 and DWLZ2), which contained (according to the manufacturers): DWL1 - 5-15% anionic
surfactants, <5% nonionic surfactants, concervantes, flavors, geraniol, limonene; DWL2 - water, <5%
anionic surfactants, <5% nonionic surfactants, <5% amphoteric surfactants, NaCl, glycerin, EDTA,
fragrant, chamomile extract, dyes, does not contain phosphates, chlorine and soda. Seed germination
energy (3rd day), seed germination and biometric-morphometric parameters (length of roots and
aboveground part of seedlings) (5th day) were determined. The results were processed statistically using
Excel 2010, determining: arithmetic mean and arithmetic mean error; significance of differences on
Student’s t-test.

It was found that increasing the concentration of both DWL1 and DWL2 leads to a decrease in
germination energy and germination of cress salad seeds. At the concentration of DWL1 70% and 100%
of the seeds of the test plant did not germinate. At the concentration of DWL2 50% germination energy
and seed germination were 17% less than in the control. Significant inhibition of root length and
aboveground part under the influence of both studied liquids was noted. In particular, even the
concentration of 10% DWL1 led to a significant inhibition of seedling growth: the aboveground part did
not develop, and the length of the roots was significantly shorter (73.7 times) compared to the control.

Therefore, the investigated aqueous solutions of surfactant-containing dishwashing detergents are
toxic to L. sativum. The product, which does not contain phosphates, chlorine and soda, showed less
toxicity. The obtained results show the potential danger of getting the investigated detergents into water

bodies, represent an additional substantiation of preventive and protective engineering actions.
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METODA STEROWANIA PROCESEM BIOLOGICZNEGO OCZYSZCZANIA SCIEKOW
W ZBIORNIKU NAPOWIETRZAJACYM-WYPIERACZU
S. Gornostal

Uniwersytet Narodowy Obrony Cywilnej Ukrainy, Charkéw, Ukraina

Ukraina dgzy do stania si¢ integralng czesScig Unii Europejskiej. Wigze si¢ to Scisle z
konieczno$cig prowadzenia odpowiedniej polityki Srodowiskowej, majacej na celu ochrong
srodowiska. Pelne zycie obywateli bezposrednio zalezy od zdrowia, na ktére bezposrednio wptywa
stan srodowiska. Panstwo stara si¢ chroni¢ obywateli przed zagrozeniami dla zdrowia, zwigzanymi
ze srodowiskiem. Waznym obszarem takiej dziatalnosci jest poprawa jakosci oczyszczania Sciekow,
ktore naptywaja do oczyszczalni z obiektdw przemystowych oraz z osiedli mieszkaniowych.

Celem tej pracy naukowej jest zmniejszenie obcigzenia s$rodowiska, spowodowanego
przedostawaniem si¢ do zbiornikéw wodnych niedostatecznie oczyszczonych Sciekow. W tym celu
zaproponowano metod¢ sterowania procesem biologicznego oczyszczania $ciekow w ukladzie
«zbiornik napowietrzajacy-wypieracz — osadnik wtorny». Proponowana metoda nadaje si¢ do
zastosowania na istniejacych obiektach; podczas przebudowy 1 projektowania nowych
wypornosciowych zbiornikOw napowietrzajacych. Zaleta metody jest mozliwo$¢ szybkiego,
rozsadnego wyboru trybu technologicznego dzatania oczyszczalni biologicznych.

Po analizie uktadu ,,zbiornik napowietrzajacy-wypieracz — osadnik wtorny” stwierdzono, ze na
dziatalnos$¢ systemu mozna wptywac poprzez regulacje stosunku «$cieki — osad czynny». Umozliwia
to zapewnienie zgodnos$ci z wymogami regulacyjnymi dotyczacymi maksymalnych dopuszczalnych
stezen w oczyszczone] wodzie. Jednoczesnie $srodowisko bedzie chronione przed uderzeniem
niedostatecznie oczyszczonych lub nieoczyszczonych $ciekow.

Otrzymano rownanie regresji (1), ktore opisuje zaleznos¢ dawki wysuszonego osadu czynnego
(Vosaau) od natezenia przeptywu osadu zwrotnego (X1), podawanego do regeneratora zbiornika

napowietrzajacego, od dawki osadu podawanego do regeneracji (x2).

Vosaau = 3.61333 + 0.08833 - x, + 1.05167 - x, — 0.065 - x? —
—0.025 - x2 — 0.225 - x; * x, (1)

Rysunek 1 przedstawia numeryczne rozwigzanie rdwnania (1). Analizujac uzyskane wyniki,
widzimy, ze najwickszy wplyw na zmiang¢ stezenia osadu na wylocie z regeneratora ma stezenie

osadu wchodzacego do regeneratora.
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Rysunek 1 — Zalezno$¢ dawki wysuszonego osadu czynnego (V,sqqx) 0d natgzenia przeptywu
osadu zwrotnego (x1), podawanego do regeneratora zbiornika napowietrzajacego, od dawki osadu

podawanego do regeneracji (x2).

W celu okreslenia stezenia zanieczyszczen w wodzie uzdatnionej na wylocie z oczyszczalni
biologicznych uzyskano kolejne rownanie regresji, ktére pozwala wyznaczy¢ zalezno$¢ stezenia
zanieczyszczen w wodzie uzdatnionej od zuzycia $ciekdw 1 stg¢zenia zanieczyszczen w Sciekach
wprowadzanych do oczyszczalni. Analiza wynikow numerycznego rozwigzania zaproponowanego
rownania wykazata, ze wzrost przeptywu sciekow wprowadzanych do oczyszczalni prowadzi do
wzrostu stezenia zanieczyszczen na wylocie z oczyszczalni. Nalezy zauwazy¢, ze wzrost stezenia
zanieczyszczeh w §ciekach prowadzi do spadku ich ilo$ci na wylocie z oczyszczalni. Fakt ten mozna
wytlumaczy¢é wystarczajaca iloScig zanieczyszczen, ktore zapewniaja wzrost osadu czynnego.
Wiadomo, ze osad czynny jest konsumentem zanieczyszczen.

Zaproponowane roOwnania regresji pozwalaja na uzyskanie wartosci liczbowych parametrow
procesu. Pomagaja réwniez analizowaé przebieg oczyszczania biologicznego w réznych czesciach

systemu ,,zbiornik napowietrzajacy-wypieracz — osadnik wtorny” bez dodatkowych eksperymentow.
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PROGNOSIS MODELS OF SURFACE WATER STATUS
O. Mitryasova?, V. Pohrebennyk?, A. Nosyk!
petro Mohyla Black Sea national University, Mykolaiv, Ukraine

2L viv Polytechnic National University, Lviv, Ukraine

The problem of the state of surface waters is one of the key challenges of humanity. In
accordance with the goals of sustainable development for Ukraine, where more than 70% of all water
use falls on surface waters, the issues of assessing the state of water resources, their monitoring are
very relevant. The main global challenges in the field of water safety are a careful study of the patterns
of impact of climate change on the state of water resources, rational integrated water management
and more. Two of the 17 global sustainable development goals are directly related to the
environmental security of water resources.

The main problems regarding the rational use and protection of water resources of Ukraine are:
pollution of water bodies with harmful emissions and insufficiently treated industrial and domestic
wastewater; moral aging of fixed assets for water supply and water protection purposes, low
productivity of treatment facilities; insufficient self-healing and self-cleaning ability of aquatic
ecosystems; unbalanced management system, characterized by high volumes of water resources in
the economy and high water content of products.

The dynamics of hydrochemical parameters of river surface waters is analyzed. Based on the
analysis of extensive time monitoring data, a forecast of integrated hydrochemical parameters of Ingul
River waters (Ukraine) was made.

The aim of the work was to assess the state of the surface water by integrated hydrochemical
parameters and their regression analysis. On the basis of regression analysis, mathematical models of
oscillations of the studied integrated indicators (pH, suspended solids, dissolved oxygen, BOCs) were
created during 2008—2020.

The object of the study - integrated hydrochemical indicators of the water status of the river
Inhul at the observation point Sofiyivske Reservoir (drinking water intake of Novy Buh) during
2008—-2020.

The method of regression analysis through the software of the Windows Excel CurveExpert
environment was used to determine empirical dependencies and search for connections.

Against the background of significant over-regulation of the Ingul river basin, the periodic
nature of changes in hydrochemical parameters is shown. For example, the dynamics of pH and O2
changes (Fig. 1, 2).

Based on the obtained functions, prognosis for 2021-2030 based on average annual averages
have been developed. The main anomalous values of measurements of 2008—2020, as deviations from
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the specified function, are determined and the causes of such anomalies, which have anthropogenic
origin due to the activity of communal and agricultural sectors of the economy, are determined. The
determined sinusoidal dependences of the integrated water quality indicators allowed outlining the
average time of fluctuations in the processes of self-organization of river waters, which is about 6
years, and confirms the theory of "waves of life".
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Figure 1 — The dynamics of pH change
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Figure 2 — The dynamics of Oz change
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OCOBJIMBOCTI NEPEBIT'Y EBTPO®IKAIIMHUX MPOIIECIB
Y BOJAX PIYKH YK
L. I'. Komio6al, T. O. €annikosal, O. JI. Tepacumuyk?, B. B. JIyk’anosa®, €. C. Auniiosa®
! Nlepxapuuii ynisepcuter «KuromMupchbka nomitextika», Xuromup, Ykpainu
?HarionansHuil TpaHCOpTHEI yHiBepcuTeT, Kuis, Ykpaina

3 IncTuTyT TenekoMyHiKarliii i rmo6ansHOrO iH(GOpMAaiitHOro

npoctopy HAH Vkpainu, Kuis, Ykpaina

[IpoBeneHHST KOMIUIEKCHOI OLIHKM BOJOTIOCHOJAPCHKUX AUIAHOK (OaceilHiB  pidok),
OOIpYHTYBaHHsI JOMYCTUMOI MeEX1 aHTPONOIeHHOrO BIUIUBY Ha BOJOPECYPCHUN MOTEHLIal €
HEOOXIAHOI0 TEPeayMOBOIO 7Sl BHUPILIEHHS €KOJOro-eKOHOMIYHMX mpobnem. Piuka Vi
KopocreHchkoro paiioHy € MpUTOKOKO Piuku TeTepiB i OCHOBHUM JHKEPEIOM BOJIOTIOCTAYaHHS MICTa.
3 nOpuieraux TEepUTopid y pIUKy HAAXOAATH CTIUHI BOJAM TNPOMMCIOBUX IHIANPUEMCTB Ta
CLIIbCBKOTOCTIONIAPCHKUX YT1/1b. 3a0pyIHEHHS 11 BOJ TaKOXX BIJJOYBAETHCS BHACIIIOK 3aXapaIieHoCTi
npuOepeKHUX CMYT 3BAIMIIAMHM NOOYTOBHX Ta OyAiIBENbHHX BIAXOIB Ta HE3aJ0BUIBHOTO CTaHy
OUIBIIOCTI OUUCHUX CIIOPYIL.

Metoro pocaimxkeHHss OyJi0 BCTAaHOBJIEHHS OCOOJMBOCTEM Mepediry eBTpodikamiitHux
MpoIrieciB y BojoiMax OaceitHy piuku Yk B Mexax KopocteHchkoro paiiony ta M. Kopoctens,
BIUTMBY aHTPOTIOTEHHUX HABAaHTAKEHb HA TpoOIlecH eBTpodikallii piuyku, OOTPYHTYBaHHS 3aXO/liB
1010 BUPILICHHS BCTAHOBJIEHUX MIPOOIIEM.

B poGoti Oyno BcraHOBIEHO, IO (ITOMIIAHKTOH Yy TMOBEPXHEBUX BOJAX PIYKH YK
npeacrasieHui Bigaitamu: Cyanophyta (93,6 %), Bacillariophyta (3,4 %) Ta Chlorophyta (2,8 %)
Bojopocti Euglenophyta, Dinophyta ta Crysophyta 3ycTpiduaroThcsi y HEBEIHMKHX KiIBKOCTSIX TOMY
BUPIIIAIBHOTO 3HAYEHHS 11010 BIUIMBY Ha MOKA3HUKH, AKi XapaKTepU3ylOTh TOKCUYHICTh BOJIHOTO
cepeoBHINa, BOHU HE MaroTh. [IpOTATOM TphOX POKIB MPOCIIAKOBYBAIMCH XapaKTEePHI BiAMIHHOCTI
y IHTEHCUBHOCTI PO3MHOKEHHSI OKpeMUX (PITOIUIAHKTOHHUX (OpM, HANPUKIIAA, JUHAMIKA PO3BUTKY

OCHOBHHX BIZIUTIB BOJIOpPOCTEH y p. Yk HaBeaeHa Ha puc. 1.
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Jnist ycix BiAisliB BOAZOPOCTEW BHABICHO MEPiOAM IX IHTEHCHBHOTO PO3MHOXEHHS Ta C€30HHI
KOJIMBaHHs BMICTY OiOTeHHHUX elleMeHTIB (ocdopy Ta HITpOreHy, po3UMHEHOr0 Y BOJI KHUCHIO, iX
BIUIMB HAa PO3BUTOK OKPEMUX BB BOJOPOCTEH.

[TpoBeneHO CTAaTUCTHUHE MOJAETIOBAHHS MPOIECIB PO3BUTKY (iTOIUIaHKTOHY. [l moOynoBu
MOJIEJIE BUKOPUCTAHO JaHi, SKI XapaKTepHu3ylTh eBTPO(dHI MpolecH, Mo BiAOyBalOThCS y PIdIli.
TakumMu TOKa3HUKAMU € 3MIHM SIKICHOTO Ta KUIBKICHOTO CKJIaTy BOJOPOCTEH MPOTATOM POKY.
OTpumaHi eKcriepMMEHTaIbHI JaHl Ta BUABIIEHI iX OCOOJIMBOCTI y3arajibHEH1 y BUIVISI JTIHIHHUX Ta
HEMIHIMHUX CTAaTHCTUYHUX MaTEMaTUYHUX MOJENel mpoleciB eBTpodikaiiii. bymno BuzHaueHO
3arajibHUM BUTISA QYHKIIH, 1110 OMKMCYIOTH LI MPOLIECH; YUCENbHI 3HAUEHHS KOe(IIIEHTIB QYHKIIIT;
noOynoBaHo Tpadikd 1 BHU3HAYEHO MOXHMOKM MojenoBaHHsA. [IpoBeneHO KopersmidiHui Ta
(bakTopHMii aHaIi3 npoueciB eBTpodikamii piuku Yx. DakTopHUIA aHai3 MOJIATaB y AOCHIHKEHH]
napHoi perpecii, BUIUIEHH] (aKTOPiB BIUIMBY HAa PO3BUTOK BOJIOPOCTEH Pi3HUX BIJILIIB Ta MOOYA0BI
MHO>KMHHOT MOJIEJ, SIKa BPaXOBY€E CYKyITHU BIUIUB (haKTOPIB.

JocnigxeHo, 110 OCHOBHUMHU (paKTOpaMu BIUIUBY JUISl CUHBO-3€JIEHUX BOJIOPOCTEH € CyMicHa
nis xoHueHTpauii (ocdatie Ta Temmneparypu (R=0,86; R?=0,74), KoHIeHTpalii HIiTpUTIB Ta
temnepatypu (R=0,72; R?=0,51), konuenTpauii HiTparis Ta Temmneparypu (R=0,70; R?=0,48); ms
iaTOMOBHX BOJOPOCTEH — CyMicHA JIisi KOHLIEHTpaIii HiTpuTiB i Temneparypu (R=0,77; R?=0,59), Ta
KOHIeHTparlii ¢ocdatis 3 amiakom (R=0,77; R?=0,59); n1s 3eneHux BOAOpOCTedl — aHATOTiYHI
MOKAa3HUKH, 5K I CHHBbO3eNeHuXx Bojopocteil ((R=0,62; R?=0,39), (R=0,61; R?>=0,38), (R=0,62;
R?=0,38) BianosiaHo).

BucHoBku. JlocmipKeHHST TIOKa3aid, MO €KOJIOTIYHUHN CTaH piuku Yk € 3amoBUTbHEM. Ha
OCHOBI TIPOBEICHUX JOCIIPKEHb Ta OTPUMAHHMX IAaHUX MOYKHA 3pOOUTH BHCHOBOK PO T€, MIO
MPOTSTOM POKY BiIOYBalOTHCS 3MIHH B iIHTEHCHBHOCTI PO3MHOXKEHHS OKpPeMHX (hiTOTUTAHKTOHHHUX
¢opMm. Oco0iIMBO 3arpo3lMBUMHU Y BIJTHOLIEHHI /0 €KOJIOTIYHOI Oe3NeKku piuku YK € mepionu
MiABHUILEHOT eBTPOdiKaIlii 3a paXyHOK CHHbO-3€JICHHX, J1IaTOMOBHX Ta 3€JICHUX BOJOPOCTEH.

OTpuMaHi eKClepUMEHTaJbHI JaHl Ta BHUSABJIEHI iX OCOOJMBOCTI y3araJbHEHI Yy BUIJISAIL
JHIWHUX Ta HEMHIMHUX CTATUCTUYHUX MaTEMaTHIHUX MojIeliel mporieciB eBTpodikarrii. BuznaueHo
3aranbHUNA BUTISA QYHKIIIH, 10 OMKUCYIOTH 11i MPOIIECH; YUCENbHI 3HAYeHHS KOe(IIiEHTIB (QyHKIIIT;
moOy0BaHO rpadiku i po3paxoBaHO MOXUOKH MOJICTIOBAHHS.

3anponoHoBaHl CTaTUCTHYHI MOJIENl CJIiJ BUKOPUCTOBYBAaTH K Oa3y ISl MPOTHO3YBaHHS
nporieciB eBTpodikaiii Ta po3poOKH MPaKTUYHUX 3acO0IB IO TOKPAIIAHHIO CTaHY €KOJOTIYHOT

0O€e3IeKu BOOOUMM.
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JOCII)KEHHA EOEKTUBHOCTI MOJIUPIKOBAHUX ®OTOKATAJII3BATOPIB
JIJISI 3HE3APAKEHHSA TA PYUHYBAHHS ®APMAIEBTUYHHUX PEUOBUH
(JIIKAPCBKHUX ITPEITAPATIB) Y BOAHUX CEPEJOBUIIAX
M. Ckuoal, I. Kosanenko', B. Bopo6iiosa?, I. Tpyc?, H. Makapuenko®

lepxaBuuit BuIuMit HaBuanbHU 3aKna] « YKpaiHCHKUIA AepiKaBHUI
XIMIKO-TE€XHOJIOT1YHHM yHIBepcuTeT», JHinpo, Ykpaina
’HanionansHuil Texniunuil ynisepcuter Ykpainu "Kuischkuil momitexHiunmii

iHcTuTyT imMeHi Irops Cikopebkoro", Kuis, Ykpaina

AHaii3 pe3ynbTaTiB MapKETUHTOBHX JMOCHIKeHh CBITOBHX KOMITaHIM «» IIOAO KPHU30BUX
MIUTAHb SIKOCTI Ta O€3MEKU MUTHOI'O BOJOIIOCTAYaHHS CBIIUMTS, Iy’K€ TOCTPO Hapa3i CTOITh MUTAHHS
II0Z0 PO3POOKH 3aXO0JIiB Ta KOHTPOJIO HAJIXOMKEHHS Yy BOJHI 00’ €KTH (hapMalleBTUYHUX PEUYOBHH
(®P), mikapcpkux mpemnapariB (JIIT) ta ix 3amumkiB. B ymoax cBitoBoi mangemii Covid Tta, sk
HACJIJIOK, MiJIBUIEHOTO0 BHUKOPHUCTAHHA (hapMalleBTHYHOI MPOIYKUIi Yy JIIKapHAX Ta, OJHOYACHO
HEKOHTPOJIbOBAHOIO, 1 BKpall HAaIMIPHOTO iX CaMOCTIHHOIO CIHOXHMBAHHA HAaCEJICHHAM
CIIOCTEpIraeThCsl HaJA3BUYAWHE IMiJBUILNEHHS IX 3aJMIIKIB y CTIYHMX BOJAaX HAa MICBKHUX OYHMCHHUX
CHOpPYAAx € BOHU BAXXKO IMiJAAI0THCs 010JI0TTUHIN TEeCTPYKIIil. SIK HACTiIOK Hapa3i CrocTepiraeTbest
iX HaJMIpHA NPHUCYTHICTh 1y MUTHIN BOI, 1110 € 3arp0O30¥0 YISl 310pPOB’ S JII0/IeH OCKUIbKYU 301IbIIY€E
PE3UCTEHTHICTH 10 (hapMaleBTUYHUX PEYOBUH Ta JIIKiB (TOPMOHIB, aHTHOIOTHKIB TOIIO) Y HACETICHHS
Ta 3arajoM Hapa3l CTaHOBUTb BaXJIMBY COLIaIbHO-EKOJIOTIYHY mpoOieMy. 3a TUMH X
MapKETUHTOBUMH JIOCHIDKEHHSIMH ~ CIIOKMBaHHS  (apMalleBTUYHOI MpoAyKuii Oyne Jumrie
301IBIIYBAaTUChH B HAHOIMKU1 POKH.

Oco0JIMBY MOMYJISPHICTh Hapa3i I OYUIICHHS BOJHUX CEPeIOBHUIN (ITUTHOT Ta CTIYHUX BOJ)
€ mepenoBi okucHi mporecu (Advanced oxidation process). OmHi€ro 3 CKJIAJOBUX OCTAaHHIX €
(doToKaTaMITHYHI TPOIECH i3 BUKOPHUCTAHHAM TPATUIIMHUX (POTOKATANI3aTOPIB OKCHI THUTaHY.
[Ipore axiBusam ramxysi 1006pe BiioMi HEAOTIKA 00MeKeHO0T (PYHKIIOHATBHOCTI (POTOKATaIi3aTOPIB
Ta HEOOXITHICTH y iX MOAM(IKyBaHHI ISl MOKpalleHHs iX (OTOKATaIITUUYHOI aKTMBHOCTI Ta
oM yHKIIOHATEHOCTI. ABTOpaMH pPO3pOOJICHO HOBITHI Ta EKOJOTIYHO O€3MeuYHi Ccrocooun
MonudikyBaHHA (poToKaTamizaropa HaHoOMarepiaJoM (HaHOCPIONIOM) Mt MIABUIICHHS HOro
(hoTOKATATITUIHOT AKTUBHOCTI Ta OJTHOYACHOT aHTHOAKTEPiaIbHOT [Iii.

Metoto pobGotu Oyso AocHipKeHHS e()EeKTUBHOCTI MOAM(IKOBAaHMX HAHOMATEPiaoM
(manocpibnom) (oTokaTanizaTopiB AN MOKpAIIEHHS PyWHYBaHHS (apMalleBTHUHUX PEYOBHH Ta
JTIKapChKUX TpenapaTiB y BOJi Ta OJHOYACHOTO iX 3He3apaxkeHHs. s JocsATHEeHHS 1€l MeTu OyIio

BUPIIICHO PsAJl HACTYITHUX OCHOBHHUX 3aBJaHb:
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1. Hocnimkenns GpoTokaTanitnanoi aktuBHOCTI (PKA) MoaudikoBaHOTO OKCH] TUTAHY
NPy PYWHYBaHHI JIIKAPCHKHUX MpenapaTiB, M0 HAJIEKATh 10 MEPENIKy MPIOPUTETHUX BIIMOBITHO
HopMmatuBiB €C (quknopeHak, munpodaokcannt, pypocemis, edhypokcum).

2. JocnimkeHHss aHTHOaKTepianbHOi Aii MOIM(}IKOBAHOTO OKCHJ THUTaHy 0 Tpa
MO3UTHUBHUX Ta IPaM HETATHBHUX INTAMIB.

V3aranpHeHi manHi @KA ofep)kaHMX KOMIIO3UTIB y TOPIBHSAHHI 3 HE MOJU(IKOBAaHUM
¢dorokaTanmizaTopoM HaBeAeHO Ha puc. 1. 3arajgom Bci JTOCHiAKyBaHI MOAM(DIKOBaHI CUCTEMHU
MOKa3aJu BUCOKHH cTyniHb pyiiHyBanHs JII1 (~96-98%). [TopiBHsHHS (OTOKATATITUYHOT aKTUBHOCTI
Mou(iKOBaHUX 3pa3KiB 3 KomepuidHuM (otokaTtamizaropom (P25) cBimuuth mpo 3HAYHY iX
niepeBary ( ~ B 2 pasu). Pesynbrat pyitHyBanas @I gociimkeHo GOTOMETPUIYHUMH METOJIaMHU Ta

13 BUKOPUCTAHHAM PIIUHHOI Xpomartorpadii.
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Pucynok 1 — Cryninb pyliHyBaHHs ((pOTOKaTaniTHYHA aKTUBHICTB) JIIKAPCHKUX IpenapaTiB

3aJIeKHO BiJ] cTabisizaropa HaHOCPiOIa MPH OCAHKEHH] Ha OKCHUJI TUTAHY

Pesynbpratu gociimkeHHS aHTUMIKpOOHOI Aii MoaudikoBaHOrO Ta KOMEPIHOrO 3pa3ka
MiATBEPIXKYIOTh, BIICYTHICTh aHTUMIKPOOHOI Jii OCTaHHBOTO Ta HASBHICTH TaKoi (uepe3 24-48 rox.)
st cucteM T102/AQeras B PI3HOMY CTYIEHI JUIsS IITaMiB 3aJIe)KHO BiJl BHIY BHKOPHUCTOBAHOTO

cTabumizaropa HaHOCPIOJIA i Yac CHHTE3Y.

Tabnuys 1
Pe3yabraTn anTUMiKpoOHOT akTHBHOCTI TIO2/AJ crag
Bun Gakrepii 3ona iHrioyBaHHs (MM)
TiO2 TiO2/Ag TiO2/Ag
0e3 MoudiKyBaHHS 24 ronuHu 48 roanu
E. coli - 21+0,1 24401
B. subtilis - 39+0,1 46+0,1
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INFLUENCE OF RISK FACTOR IN CHOOSING THE BEST OPTION OF
IMPLEMENTATION OF RESOURCE-SAVING TECHNOLOGIES
I. Petrushka, K. Petrushka
Lviv Polytechnic National University, Lviv, Ukraine

Improving the efficiency of economic activity of enterprises requires increasing the potential
of their economic development. In turn, such growth should be based primarily on increasing the
innovative potential of economic entities, in particular, the potential for resource conservation based
on the introduction of resource-saving technological changes. However, various barriers stand in the
way of such implementation, among which the risk factor plays an important role.

The decision to introduce new resource-saving production technology in enterprises, as well as
the procedure for selecting the best technology from several alternatives require consideration of the
forecast values of many economic and technical-technological indicators that characterize the
conditions and results of different methods of production. These indicators can be divided into two
major groups:

1) indicators with high and moderate levels of predictability. The values of such indicators can
be predicted with a sufficiently high degree of accuracy for the entire forecast period (ie during the
useful life of the technological component of fixed assets). Such indicators include, in particular, the
specific capital intensity of products and resource consumption rates for a particular technology of its
production;

2) indicators with a low level of predictability. The value of these indicators is difficult to
predict for the entire forecast period with an acceptable level of accuracy. Such indicators include, in
particular, prices for production resources used to manufacture certain products.

Under such conditions, owners and managers of enterprises in assessing the effectiveness and
justification of the introduction of new resource-saving technologies should take into account the
factor of uncertainty (or at least partial uncertainty) values of individual indicators and parameters
affecting the overall level of investment efficiency. in projects of such implementation.

It should be noted that a sufficiently low degree of determinism is inherent in such an important
indicator, the value of which directly influences the decision to choose the best manufacturing
technology, as the rate of return on investment. In this regard, it is advisable to take in the planning
and economic calculations instead of a fixed value of the rate of return of a certain pre-set range of
its fluctuations. Then, in the case of applying the criterion of minimax of the results of management
decisions, the best option will be the technology that will satisfy the following formalized expression
of this criterion:

Wi= mini maxu (PPV(i,N) - min PPV (H))
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where: Wi - the criterion for selecting the best manufacturing technology in conditions of
uncertainty of the rate of return on investment when applying the principle of minimax; PPV (i, N) -
specific reduced costs for the manufacture of products for the i-th variant of its production technology,
provided that the value of the rate of return on investment is equal to H; min (H) - the minimum
possible value of specific reduced costs according to technology variants, provided that the value of
the rate of return is equal to N.

In this case, the specific costs are the sum of the unit cost of a unit of production for a particular
technology of its manufacture and the product of the specific capital intensity of products on the rate
of return on investment. Let us now consider the case of the availability of information about the
parameters of the probability distribution function of the expected profit for different variants of
manufacturing technology. Our proposed approach to choosing the best technology for this case
involves the implementation of the following main stages:

1) determining the mathematical expectation of profit (or net cash flow (NGF)) for each variant
of technology;

2) subtraction from the value of the mathematical expectation of profit (or NGF) for each
variant of the technology of the risk premium in absolute terms. In this case, the share of the risk
premium in the mathematical expectation of profit (NGF) is taken equal to the ratio of the actual
value of the risk indicator to its maximum possible value. In particular, if the coefficient of variation
on the average linear deviation is accepted as an indicator of investment risk in a certain variant of
technology, it should be taken into account that the maximum possible value of this coefficient under
conditions of non-negative values of expected profit (NGF) is 2;

3) the amount of profit (NGF) obtained at the previous stage for each variant of technology is
discounted at the risk-free discount rate;

4) from the result of discounting obtained at the previous stage, the value of the required amount
of investment in the relevant technology option is deducted;

5) the variant of technology for which the value obtained at the previous stage of calculations
will be the largest (provided that it is positive), is accepted as the best.

The application of the proposed approaches to the selection of the best manufacturing
technology in conditions of uncertainty and risk in the practice of enterprises will increase the
reliability and validity of the results of such a choice by establishing the optimal ratio between risk

and return on investment.
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OIIIHKA E®OEKTUBHOCTI PEATEHTIB 1151 CTABLUIIBALIIMHOI OBPOBKH BOIU
I. Tpyc!, M. F'omeas’, B. Bopo6iioal, M. Cku6a?, O. Finymko?, /I. Benaros!
'Hanionansuuit Texniunmii ynisepcurer Ykpainu « Kuischkuil monmiteXHiunuii iHCTUTYT iMeHi
Iropst Cikopcerkoro", KuiB, Ykpaina

2JIBH3 «YKpalHChKHiA epKaBHUI XiMiKO-TeXHONOTi4HMIA yHiBepcHTeT», JHinpo, Ykpaina

OcTaHHIM 4acoM B IIPOMUCIIOBHX I'yCTO3aCEIEHUX PErioHax npodyieMu 3a0py HEHHs BOJHUX
00’€KTIB Ta PI3KOro MiJIBUIIEHHS MiHepaji3alii BOAM B IOBEPXHEBUX BOJOHMAax CTalOTh BCE
rocrpime. lle BHKIMKAaHO CKHJIOM MIAXTHUX 1 MPOMHUCIOBUX CTIYHHUX BOJ, a TaKOX CTOKIB
TEIJIOCHEPTeTUYHUX MiAnpueMcTB. Ha choromni g0 HaWOUIBII BUCOKOE(HEKTUBHUX TEXHOJOTIH
OINPICHEHHS BOJAM MOXKHA BiJIHECTH OapoMeMOpaHHI NpOLECH. YCTaHOBKH 3BOPOTHBOTO OCMOCY
3a0e3MeuyoTh BHUCOKY 1 TrapaHTOBAaHO CTaOUIbHY SKICTh OYHILEHHS MPOTATOM BCHOTO 4Yacy
eKCIUTyaTalii, NpoTe TMPHU3BOJIATH OO YTBOPEHHS PO3YMHIB 3 BHCOKOIO MiHepai3ali€lo.
BukopucranHs BUCOKOMIHEpali30BaHUX BOJI MPU3BOJUTH O IHTEHCHBHOTO BIAKJIAJCHHS OCAJiB,
0COOJIMBO 3a MIABUINCHUX TEMIIEpaTyp, BHACTIZOK YOTO BIIOYBAEThCS BHUBCICHHA 3 Jady
TpyOompoBoaiB 1 oOnamHanHsi. OCHOBHOIO 3a7adyel0 Ha CBHOTOJHIIIHIA Yac € JIOCSTHEHHS
MaKCUMAaJIbHOTO 4Yacy eKcIulyaTamii MemOpaHHuUX eneMeHTiB. TepMmiH cmyxOu wmemOpan
BHU3HAUYAETHCS, TOJIOBHUM YMHOM, 110 MAJIHHIO X MPOTYKTUBHOCTI, a eKCITyaTaliiHa e()eKTUBHICTb
MeMOpaHHUX CUCTEM BOJIOMIITOTOBKH JIMITYETbCS B OCHOBHOMY, iX 3a0py/IHEHHAM. BukopucTtanus
e(peKTUBHMX CTa01I13aTOPIB HAKUTIOYTBOPEHHS JO3BOJISIE BIIMOBUTHCH BiJl IOPOTOBAPTICHUX CUCTEM
MOM’SIKIIICHHS Ta Jeaepallii BOJM, a TaKOX 3a0e3NMeYuTH TPHUBATY POOOTY TEII00OMIHHOTO
obnmamHanHsa. He3Bakaroum Ha BEMUKY KUIBKICTh JIOCHTIDKEHb, CTa0UTI3allisl TaKuX BOJ [0
OCaJIKOBIJIKJIa/IEHb € HE IOCTaTHHO BUBUEHOIO Ta CKJIAJHOIO MPOOIEMOIO.

Oninky edekTuBHOCTI 1HTIOITOPIB OCAJKOBIAKIAJACHHS 3IIHCHIOBAIM MO 3MiHI >KOPCTKOCTI
MiHepaii3oBaHoi Boau mpu 1i HarpiBaHHi g0 Temmeparypu 60 °C B mpuCYTHOCTI iHTIOITOpIB.
Crabimizaniitnuil egekr rinany ta [IAA 6e3 00poOkH y BHCOKOMiIHEpai30BaHUX BOJAX MpHU 1031
1 — 15 mr/mm® crasoBuTh 39 — 43 %. O6pobKa yIbTPa3sByKOM UM O30HYBAHHAM JAHHUX PEAreHTIB
JI03BOJISIE TABUIUTH CTAOUTI3AIlIHHUN Ta TMPOTHHAKUIHUN edekTr. MamoedeKTHBHUM BHUSBUBCS
rinaH B KoHIeHTpamisx 0,5-5,0 Mr/mme, MpOTEe TPH MiJIBHINECHHI 103U 10 5—15 MI/aM° MaB JOCHTH
BUCOKY CTaOUIbHICTh BOJY IO BiAHOIIEHHIO 10 HAaKUIOyTBOopeHHsA. CrabimizauiiiHuii edext mpu
BukopuctanHi [TAA csras 16,7 % nipu 1031 1 mr/nme ta 45,8 % pu 71031 2 mr/amS. [Tpu migBUIICHH]

3 namwmit iHTi0iTOp 3ab6e3meuyBaB 100 % craburbHICT BoAW. ['iman B

no3u ITAA po 5,0 mr/om
KOHIEHTparii 5 MT/aM° ISt BHCOKOMIHEpanti30BaHUX BOJ 3abe3mneuye cradimizamiiiHuil epexT Ha
piBHi 99,8 %, a mporuHakunHuii edexr — 99,2 %. Orxe, OTpUMaHi pe3yNbTaTH CBIiqYaTh IPO

MEPCIIEKTUBHICTh BUOPAHHUX PEAreHTIB SIK CTa011i3aTOpiB HAKUTIOY TBOPEHHSI.
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SYNERGY OF ULTRASOUND AND ADVANCED OXIDATION PROCESS “PEROXATE”
IN DECOLORIZATION OF AQUEOUS SOLUTION OF THIAZINE
DYE METHYLENE BLUE
Y. Sukhatskiy, O. Zin, Z. Znak
Lviv Polytechnic National University, Lviv, Ukraine

The complex structure of many dyes often determines their chemical resistance, as well as
resistance to physical factors. Dyes containing heteroatoms are no exception in this case. A typical
example of such dyes is the thiazine dye methylene blue (MB) with heteroatoms N, S and Cl. MB is
used in the textile industry, chemistry, biology, medicine, etc. The hydrophilicity of MB causes
intense coloration of water systems. Therefore, highly efficient and intensive decolorization of MB
agueous solutions is an urgent scientific and technical problem.

Typically, advanced oxidation processes are used to decolorize aqueous solutions of dyes.
Recently, a powerful direction in the development of advanced oxidation processes is the use of
physical factors (ultrasonic or hydrodynamic cavitation, ultraviolet or visible radiation, low or high
temperatures) to activate oxidizing agents. Periodates are such oxidizing agents that require activation
using physical factors. Periodates are oxidants of selective action with respect to chemical compounds
with carbonyl or hydroxyl groups. The main advantage of using periodates as oxidizing agents is the

generation of a number of strong oxidants — both radicals (hydroxyl *oH, iodyl 103, periodyl 10}
) and non-radical species (0zone 03, periodate ions 10, , iodate ions 105, hydrogen peroxide H,0,
, atomic oxygen O(°P), singlet oxygen *0,).

Arab researchers [Chadi, N.E., Merouani, S., Hamdaoui, O., Bouhelassa, M., Ashokkumar, M.:

H20z/periodate (10;): a novel advanced oxidation technology for the degradation of refractory
organic pollutants. Environmental Science: Water Research & Technology, 5 (6), 1113-1123, 2019]
have developed a completely new advanced oxidation process for biodegradation-resistant organic
compounds, called “Peroxate” (system H,0,/10,). Due to the approbation of this process for

decolorization of aqueous solutions of Toluidine blue dye (concentration of dye in aqueous solution

10 mg/dmd) for 1 minute at a molar ratio of H,0,:10, =10:1, pH 5.4 and a temperature of 25 ° C
achieved a degree of discoloration of 98%. The researchers pointed to a key role in the oxidative
decolorization of Toluidine blue in such reaction species *OH, 1O2 and 103.

The aim of our work was to study the oxidative decolorization of aqueous MB solution under

adiabatic conditions using a combination of ultrasound and the process “Peroxate” (US/H,0,/10y).
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The figure shows the effect of different molar ratio MB:H202:K104 on the kinetics of oxidative
decolorization of agueous MB solution (concentration 62.6 uM, equivalent to 20 mg MB/L) using
the process H202/KI104 both independently (process “Peroxate) and in combinations with ultrasonic

treatment (the so-called “Sonoperoxate” process).
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Figure 1 — The effect of the molar ratio of MB:H202:K104 on the kinetics of discoloration of an
aqueous solution of MB using the process H202/K104 alone and in combination with US
(conditions: V=1L, Co=62.6 uM, pH 7.0, initial temperature 17 °C, US power 180 W)

It was found that the intensifying effect of ultrasound on the oxidative decolorization of MB is
more pronounced at a lower molar ratio of MB:H202:KIO4. Thus, at a molar ratio of
MB:H202:K104=1:100:25, the use of the “Sonoperoxate” process made it possible to increase the
degree of discoloration of the aqueous MB solution by 18.5% (up to 74.1%) compared to the
“Peroxate” process, for which the degree of discoloration was 55.6%. At a higher molar ratio
(MB:H202:K104=1:200:50) the degree of discoloration using similar processes increased by only
4.1% (from 94.8 to 98.9%).

The synergetic coefficient of the combined process US/H202/K104 (“Sonoperoxate” process),
calculated on the basis of the values of the rate constants of the processes US/H202, H202/KIOs4,
US/KIOs4, at a molar ratio of MB:H202:K104=1:100:25 was equal to 3.25, and at a molar ratio of
MB:H202:K104=1:200:50 — 1.62.
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MPOBJIEMU ITEHTU®IKAILIL TMHAMIKU 3ABPYJIHEHb BOJHUX EKOCUCTEM
IT'EKCAMETUJIEHAIAMIHOM
I. C. €pemees?, A. O. JInuxo?, B. A. JInTBHHEHKO?
Taspiitchkuit Hationanphuii yisepeutet im. B. 1. Bepnancwkoro, Kuis, Ykpaina

?Hamionansuuii TexHiunuii yaiBepcuter Yxpainu KIII im. Irops Cikopeskoro, Kuis, Ykpaina

[TiampueMcTBa MO BUPOOHHUIITBY XIMIYHMX BOJIOKOH € CTAIMMU JDKEpeaamMu 3a0pyIHEHHS
BOJIHUX €KOCHCTEM Yy BHUIJISIJII OKPEMHX IUIAM, Y TOMY YHCIi W IJISIM TOKCHUYHHMX 3a0pyaHeHb 13
(I1T3), nanpuknaa rekcameruieHiaMiHoM. OCTaHHI XapaKTEPU3YIOThCSI TIOCUTh HU3bKUMHU PIBHSIMH,
SKI y HE3Ha4yHId Mipi BIAPI3HAIOTHCA BiA (POHOBHUX, IO YCKJIQJAHIOE MPOOJIEMY JOCIIKEHHS
muHamiku [1T3. 3agaua inentudikamii auaamiku [1T3 Mmoxe OyTu 3BeieHa 10 aHAIi3y CIIOCTEPEKEHD
i CHIBCTaBICHHIO iXHIX pE3yJbTaTiB OJWH 3 OIHUM IUIAXOM OI[IHIOBAHHS METPHUKH, TOOTO
HEHEraTHBHOI (QYHKIII], IKa XapaKTepu3ye CTyMiHb OJM3bKOCT] YHOPSAAKOBAHOI IapU TOUOK (KPUBHUX,
MMOBEPXOHb) B METPUYHOMY IPOCTOPi. SIK KpUTEpil CTYyNEHIO HEBIAMOBIAHOCTI NpH iAeHTH IKALIIT
I1T3 moxe OyTu BUKOPUCTaHA €BKJIIJOBA METPHUKA.

Jns peanuzanii miaxomy, HIO MPOIMOHYETHCSA, HEOOXITHO, y MEpHly 4Yepry, cGopMmyBaTH
MHOXHWHY €TaJIOHIB - aJIbTEPHATUBHUX MOJIENEH, KOXHA 3 Skux Mozemoe mirpamito [1T3 3a mexi
KOHKPETHOT'O PEriOHYy CTOCOBHO JIO OJIHI€T 3 MOXKIIMBUX CHUTYAIlIH, SIKi MOKYTh BHHUKHYTH y pETioH1
abo B #oro oxoymisgx. KpiM Toro, sk e€TajoH MOYKHa BUKOPHCTATH 1HGOpPMAIIIO MPO peabHUM
posmoain IIT3 Ha MmicueBOCTI Ha MeXax perioHy, OTpHUMaHy B pe3yJbTaTi OOpOOKM JaHHMX
MPEJICTABHUIILKAX BHUOIPOK B MEpioJ, IO IMepeayBaB IMOYaTKy gociipkeHb. Lls indopmarris
XapaKTEepPU3yBaTUME «IOMYCTUMHI» piBeHb. HapemTi, K eTaJoH MOXe OyTH BUKOPHCTAHHH 1
posnoain I1T3 B Oyap-skuii BiIpi30K Yacy MIiCHIs MOYATKY JOCIIKEHB, Y TOMY Yuci i po3moain [1T3
micng (paKTUYHOTO «IHIMJEHTY, SIKUIl MaB Miclie, TOOTO iHIIMJEHTY, OB’ A3aHOT0 3 Buxoja0oM 13 (B
HACJTIJIOK Hee()EKTUBHOTO OUHINEHHS CTIYHOT BOJM YU aBapiHOT CUTYaIli1) B OTOUYIOUE CePEIOBHUIIC
3 HacTynHOIO Mirpauiero I[1T3 B perioHi, 110 KOHTPOITIOETHCS.

Ycs nporenypa B IJIOMY pealti3ye€TbCsl Y TaKiil MOCIiJOBHOCTI:

- popmyeTbes MHOKMHA SM = {smk} anbTepHaTUBHUX MOJENEH, MPO SAKY BiAOMO, MIO JJIS
KO>KHOTO KOHKPETHOTO BHUIIAJKY MOYJIMBO BUOPATH ONTHMAaJIbHY MOZETH smopt € SM

- OJIHOYACHO YW TOCITIOBHO E€KCTPANOJIOITHCA (32 JAOMOMOTOK K Moxenei) maHi, M0
XapaKTepU3yIOTh CTaH 00'€KTy UM MPOLECY, KU KOHTPOJIOETHCS, Y THX Toukax 1 € [, me moxe
OyTH MOTiM (TTicNIsl 3aKiHYEHHS 1HTEpPBAy EKCTPAIoJIsllii) BU3HAYEHO (BUMIPSIHO) (aKTUYHUI CTaH
00'exTy (TIpoIIeCy); OTPUMaHI PO3ITOIUTH 3TIAKYIOTHCS 32 JIOIOMOT OO OJTHOTO i TOTO K aJITOPUTMY
3TIa)KyBaHHS M POPMYIOTHCS €TAIOHHI MHOKHUHHU

Xsmk = {Xsmki}, ke K;
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- BUKOHYETHCSI BUMIPIOBAaHHS PEaJIbHOTO CTaHy 00'eKTy (Tpoliecy) y Toukax 1 € I; oTpuManuit
PO3IOALT 3TIIAJKYETHCS 32 JJOTIOMOTOIO AJITOPUTMY, IO BUKOPUCTABCS paHilie mpu GopMyBaHHI Xsmk,
it hopMyeThbes HeUiTKa MHOXKUHA X(T) = {x(11)};

- 3a BigHOmIeHHS Ha X(r) Ta X(smk) BHUKOPHUCTOBYETHCS OIHE W T€ K BIJHOUICHHS
ynopsakyBaHHs S[x(1)], M0 BUXOIUTh 3 OAHAKOBOl1 Jyii 000X MHOXMH Tpoueaypu moOya0BU
3rapKeHUX (TUIACKUX M MPOCTOPOBUX ) KPUBUX 110 TOYCUYHUM 3HA4YCHHIM X(smki) Ta x(11);

- 32 BigHomeHHs Ha S[x(r)] y S[x(smk)] npuitmaeTbcs HeUiTKa CyKymHICTh k ymopsiakoBaHHX
map IUIaCKUX YU MPOCTOPOBUX KpPUBUX EKCTPANojbOBaHOrO (3a momomororo k mopeneit) i
(hakTUYHOTO PO3MOALIIB CTaHIB (MapaMeTpiB), 10 BHUKIMKAIOTh IHTEpEC, SKa XapaKTepU3yeTbCA
(hyHKITIEIO HATIEKHOCTI

d(k) = d[x(ri); x(smki)], k € K,
YH 3BOPOTHOIO 10 HEl BETMYUHOIO - METPUKOIO
d®= {[(n-2)] {Ix(ri) - x(smki) I’}

- BHU3HAYAETHhCS METPUKA, IO BIATOBIAA€ ONTHUMANbHIA MOJENI  SMopt, HANPHUKIATL 3a

JIOTIOMOT 00 TPOLIEAYPH
dkopt: min{d(l), vy d(k)}
- orpumana Merpuka dopt CriBBiTHOCHTBCS 3 BEpXHBOIO (MAKCHMAJIBHO HPUITYCTHMOIO)
MEXO0I0 (MIpOI0) HEBIAMOBIIHOCTI €TaIOHYy dmax, HApPUKJIIAJ 332 JOIOMOT'OI0 HEPIBHOCTI
dopt ® <Omax (1)
y BUNAJIKy HEBUKOHAHHS HEPIBHOCTI (1) BU3HAYAEThCA HAJICKHICTh OKPEMHUX €JIEMEHTIB HEUiTKOi
MHOXHUHH K /10 JIesIKOTO YIOPSAKOBAHOTO aHCAMOIIO TOUOK, IO XapaKTePH3Y€EThCS 3HAYCHHAMU
sup |x(ri) - x(smki)| < pdopt®, (2)
ne p>1 - koedimieHT, MPONOPIIHHUIA 3HAYSHHIO JOBIPYOTO IHTEPBAIY;

- moOyAyBaHHS Ha OCHOBI aHali3y pe3yJbTaTiB criBcTaBieHb (1) Ta (2) eBpUCTHKH, sKa
OJTHO3HAYHO XapaKTEePHU3Ye CTaH JIOBKILIS.

[Tinxiz, o npomnoHyeTbes, OyJio MEpeBipeHo MiA Yac OLiHIOBaHHS AuHaMiku Mirpauii 11T3
(3a0pyIHEHHS TeKCaMeTHIICHIIaMiHOM) HU3BKOTO(OJM3BKOTO JI0 AYIMYCTUMOTO PiBHS) 3a0pyIHCHHS
BOJIHOTO CEpEeJIOBUIA HAa MEXI CaHITapHO-3aXUCHOI 30HM mianpueMctBa [IAT “UepHiriBcbke
XiMBosOKHO”. OTpuMaHi pe3yibTaTH 3a0e3NMedYrif OJHO3HAYHY ineHTH(]iKaImio (axTiB mirpamii
[IT3, mo m03BOJsIE BBaXKaTH 3a3HAYCHWM BHINE METON iAeHTH(IKAIi JOCUTh YHIBEPCATHHUM
IHCTPYMEHTOM JUIsl BUSIBJICHHS TUHAMIKH OYJb-SKMX BHJIB 3a0pyJaHEHb, OJU3BKHUX 3a PIBHEM JI0

JIOITyCTUMOTO B TIPUPO/IL PIBHSL.
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3ABPYJHEHHSA BOAHUX PECYPCIB B ITPOLECI ®YHKINIOHYBAHHS
CTABKIB-HAKOIINYYBAYIB ITAXTHUX BOJ
BYI'UIBHUX HIANNPUEMCTB 3AXIJTHOT'O JOHBACY
O. Yaunbkuii, H. /I’auenko

JlepaBHa eKoJIOT1YHA aKaJeMisl MiCIsSJUIIOMHOI OCBITH Ta ynpasiiHHs, KuiB, Ykpaina

3a0pyHEHHS BOJHUX pPECYpCiB BHUCOKOMIHEpali3oBaHMMM wiaxTHuMU Bojgamu (ILIB) 3
IIJIBUIIICHUM BMICTOM MaKpPOKOMIIOHEHTIB, @ TaKOX IIAMaMH 1 JpiOHUMHU BiIXOJaMH TipCBKUX
MOPiJ] 4aCcTO YCKIAAHIOE a00 YHEMOKIIUBITIOE MOAAIbIIE BUKOPUCTAHHS MiA3eMHUX BOA. OUunIeHHS
B Bix 3aBUCIMX PEYOBHH Ha OULTBIIOCTI maxT 3axigHoro JloHOacy, 3MiMCHIOETBCS y CTaBKaX-
HakonuuyBayax (CH). OctanHi He 30BCIM €()eKTUBHO, SIKICHO Ta BUaCHO BUKOHYIOTh CBOT (DyHKIIIT,
tomy ckuj [1IB mpomoBxye HEraTMBHO BIUIMBATH HA SIKICHUM CTaH MaJIUX PiYOK.

CraBok-HaKonmu4yBady MaxTHUX BoJ B 0. TapanoBa po3ramoBanuii B 1 kKM Ha MIBACHHHMA CXiJ
Bix c. bornaniBka Ha none maxtu «J{HinmpoBcbkay (3axigamii Jlondac) (puc. 1, a). O6’eKT BBeIeHO B
ekcrutyaTaiiito 1972 poui. [Ipu 6yaisanntei CH rupio nmpupogHoro sipy 0yJsio IEpeKpuTo 1aMmO0010 3
BiJIBAJIbHUX IIAXTHHUX TMopia. B 6e3mocepenHii GOIM3bKOCTI 10 CTaBKa-HAKONMUYYyBada 3HAXOIATHCS
Caitnoropcbkuii Ta Camapchkuid Bog03a00pu. 30Ha aeparlii JHUIA Ta CXWIiB OaJIKu MpeCTaBlIeHa,

MePEeBaXKHO, JIECONOJIOHUMHU CYTIMHKAMHU i 4€pBOHO-OYPUMH TIIMHAMHU, MTOTY>KHICTIO 10 37 M.

FAkicHuiA cknag Ta MiHepanisauis

M| 0], B3apiEiCHG. Toprtes Mpumimka; BignogigHo 80 Kknacudikauii

K;g)g::; 22914?‘11“145?2 -4‘1_?’§_258,3 lopwkosa B.A. LB no Bu3HavanbHux

\ ~ . |noKasHuMKax noainswTbcs Ha 3

449 | |XapaKTepHuX BuAK: 1) HelTpanbHi npicHi

208 7 4 |(pH - 6,5-8,5, miHepanizauis< 1 1/n); 2)

‘ COMNOHYBATI i COMOHI 3 NiABULLEHOIO

. i Jminepanisauiewo (pH - 6,5-8,8,

N |=m Mg ————="""m Ca |yingpanizauis > 1r/n); 3) kucni (pH<6,5)3
® = SO4m HCO3= Na+K*= Cl'|niguwenoto mikepaniayieto

- ® 2
~. CsiTnoropcbkui

-~

8) Ne BopoHocHui Pisesb [ mubuHa | pH [MiHepanisauia,| Boav sa
cBepano-|  ropuaoHT nigsemAnx| sinbopy riom3  [cknagom no
BUHW Bog, M| npob, m noTo4./H.4 Bnaoax

0134 . o (. b 133 Bepercbkui 33,98 46,5 84 | 254/9,0 [conoHysari
CBEPANOBUHA BITIIOTOPCHKUN QBOAO386ID| 134 Mexuripcbkuid [ 34,05 68,0 6,2 | 277183 Kueni

@B I i LI N [ ” 135 6Y“*3KCbK0‘ 41,2 8915 >814 310/5184 CUINbHO '
® W. “TepHiBcbka” @ L. “Camapcbka - coroHyBari

Pucynok 1 — [Tnan-cxema Teputopii JOCTIDKEHb (@) 3 IeTali3alliero aHaTiTHYHUX JOCIIDKEHb (0, 8)

Crix 3ayBaxutn, mo CH I1IB y 6. TapaHoBa eMHicTO 6,27 MIIH.M®, TiApOONEHNH TipHHINMA
poboTamMu maxTH «J{HIIPOBChKay, sKi MpoiacHi Ha HeBeaukux rmouHax (200-300 meTpiB Bix
3eMHOi roBepxHi). Came TipHUYi BUPOOKH CTBOPUIIM JOJATKOBI YMOBH IIPOCOYYBAHHS IAXTHUX BOJ
B CHCTEMY INTYYHHX TPILIMH Y BEpXHI YaCTHHI OCaJI0OBHX HaJAKapOOHOBHX BiIKJaniB (HaHOCIB). B

CH ckmpmaetbes maxTHa Bojaa 3 maxT: «JlHimpoBchkay, «Camapcbkay, Ta iM. CramkoBa. O0’eMu
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CKHHYTOI BOJIM 3HAYHO MEPEBUIIYIOTh HOTO €MHICTh. 3a MarepialaMyd TEXHOJOTIYHUX CITYKO MIaxT

3i CKMHYTHX MIAXTHHUX BOJ B 00’ eMi 14,6 Miua.M® y 3B's13Ky 3 HegocTaTHBot0 eMHicTio CH 6. TapaHoBa,

3 3

7,01 muH.M® maxTHOT Boau nepekauyethest B CH 6. CBi1oBOK, a 1,32 MIH.M” CKUIa€ThCs Ha peibed
B 3amtaBy p. Camapa. Tob6rto, 3 ycix ckunytux LB no craBky 0. TapanoBa moctymae 43%
3a0pyaneHoi Boau. [IpoBeaeHi HaMu TOCHTIKEHHS Ta po3paxyHku koedimienTa iHbuUIbTpamii King
(HM3XiTHUH pyX MIAXTHOI BOAM I JI€H0 CHIIM TSDKIHHS) MOKA3yIOTh, IO B 30HI acpallii BiH J0csarae
J3epkaia  MiA3eMHUX BoA 1 JopiBHIOe mnpubiausHo 0,279. ToOTo, NpakTUUYHO TpPETHHA
MIHEpaIi30BaHUX IIAXTHUX BOJ TMOBEPTAIOTHCS 10 MIiA3EMHUX BOJOHOCHHX TOPH3OHTIB.
[limcymoByOuM HaBeIEHE BUIIEC, MAEMO HACTYIIHI MOKA3HUKU PO3MOAUTY 3a0pyIHEHHX BOJ: Yy
MIPUPOJIHE CepPEeAOBHINE CKUIAAEThCs ToHaa 64 % I1IB, a y CH 3anumaerbcs Tinbku 36 %. Sk mo Ha

3 [maxTHOT BOIH, npu MiHepaiizaiii 6,8 r/am°, 3a piK

noBkiwist 3 6. Tapanosa ckugaersest 3,07 MIH.M
B HC mocrymnuiio 20876 T po34MHEHUX Y BOJII PEUOBHH (COJICH, MiHEpAIbHIX PEUYOBHH Ta 1HIIE).

Hamu npoanainizoBaHo sikicHuii Ta Kinbkicuuii ckian I1IB y CH y 6. Tapanosa (puc. 1, 6).
Bu3sHaueHo, mo aysxHicts (Na+K ™) npu Hopmi meHme 6,5 mr/am® (114 miTHOT Boan) nepesuntye I'JIK
y 320 pasis, sxopctkicts (Ca*+ Mg*) npu Hopmi He 6ibiie 10 Mr/am® (11s iTHOT BOJIH) TIEPEBHILYE
I'JIK y 36,6 pasis, xnopuau (Cl) mpu Hopmi 350 mr/am® (nomycTuMi KOHIEHTpaIiT 3a6pyTHIOIOYNX
pedosun (JIK3P) y criunux Bogax) nepesuutye I'JIK y 10 pasis. Marniit (Mg) npu sHopmi 40 Mr/am®
(JIK3P y criuaux Bomax) mepesumye I'JIK y 3,6 pasiB. Cynsdatn (SOs) mpu Hopmi 400 mr/mm®
(JIK3P y criuaux Bomax) nepesumye ['JIK y 1,1 paziB. Boga BigHOCHTBCS 10 3 Kilacy HeOE3MEKH.
Bwmict Na, Mg, xnopuais, cyibdaris 3Hauno nepesuinye I'JIK. Tomy, i Bogu HE MOXYyTb OyTH
peKoMeHA0BaHi s BogonocTadanHs i He BianoBizawots ['JIK Ta OBYB mis puborocnogapchkux
BOJIOIM, a TaK0>X BUMOTaM JI0 CTIYHUX BOJI JJISl 3POIICHHSI.

VY poboti Takox iHTeprnperoBaHo Buau mimg3eMHux Box (I1B) maBkomo CH 6. TapanoBa 3a
MOKa3HUKaMM MiHepauizauii 3a JaHMMHU 3 HarsgoBux cBepuioBuHa (133-135) Bimomyoi mepexi
«[aBnorpaaByriuisy (puc. 1, a), mo obnamHaHi Ha Oy4aKChKO-OOYXiBCHKUM, MEKHUTIPCHKUN Ta
OepekchKuil BOJJOHOCHI ropr3oHTH (puc. 1, 6). 3a kinacudikamiero ['opuikosa B.A. (puc. 1, npumimka)
I1B BigHOCSATHCS 10 COTOHYBATHX, KUCIUX Ta CHJIBHO cojioHyBaTuX. Kucnux [1B B paiioHi ByriapHUX
POJIOBHUII HE iCHYE, B ToM yac gk kucii L1IB yTBoprotoThCs B cTapux BUPOOKAxX, TOOTO MEKHUTIPCHKHIMA
BI' mpuiimae 1B, mo yTBOprOIOThCS B cTapux BUpoOKax. Y Bomax Oeperchkoro BI' maBkomo CH
MiHepai3alisi 3MiHWJIACs BiTHOCHO IOYaTKOBOi, Oumbmr HiX B 3 pasu (puc. 1, 6). Ilpu mpomy,
pO3paxoBaHoO, IO PiBEHB IMA3EMHUX BOJ MITHABCS: B HAMOIMKIOMY JI0 TTOBEpXHI Oepekchkomy BI'
Ha 4.2 M; MeXUTipcbMy - Ha 4,9 M; y Oy4akChbK0-00yXOBCHKOMY - PIBEHb IPAKTUYHO HE 3MiHUBCS.

OTtpumani pe3ysibTaTH TOCTIKEHHS HEOOX1THO BUKOPUCTOBYBATH MIPH MPHHHATTI TEXHITHUX
pileHb 100 CTBOPEHH 0ap’epiB Ha nuIAXy nponukHeHHs [1IB Ta mpornosyBansi 3a6pyanenns [1B

CKMHYTUMH BOJaMU MiAMIPUEMCTB.
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CTAJIE YIIPABJIIHHSI BOJHUMHA PECYPCAMHU Y KOHTEKCTI AITPOKCUMAIIIL
MMOJIOKEHD YI'OJIU «YKPATHA-€C»
K. Jepiii, H. JIncenko

HarmionanbHuit yHiBepcuteT «YepHiriBcbka mnositexHika», M. UepHiris, Ykpaina

VYrona Ykpaina-€C Hajana HOBI MOXJIMBOCTI 110JI0 1HCTUTYLIHHOI TpaHchopMallii OKpeMHX
chep CyCHIbHOTO JKHUTTS, Y TOMY 4HCIi ¥ chepu oxoponu noBkius. [lignucanus Yroau mokiano
Ha JIepKkaBy psAJ 3000B’s3aHb 100 APOKCUMAIli]l €BPONEHCHKUX TUPEKTUB 30KpeMa 3 BOJH, Cepell
nux: JupextuBa 2000/60/€C €pomneiicbkoro mapiamenty i Pamm «IIpo 3aTBepmkeHHS paMOK
JISUTBHOCTI CIIBTOBAapUCTBa y cdepl BoaHOoI nomituku»; Hupektusa 2007/60/€C €Bponelicbkoro
napinamenTy 1 Pagu «IIpo omiHkM 1 ynpaBimiHHS pu3nKamMu 3aToruieHHs»; HupektuBa 2008/56/€C
€Bporneiicbkoro napiaamenty 1 Panu «IIpo 3atBepkenHs paMok AisuibHocTi CrliBTOBapuCTBa B cdepi
€KOJIOT19HOT MOJITHKH, 1[0 CTOCYEThCS MOPChKOTo cepenoBuiiay; JupekruBa Pagu 98/83/€C «Ilpo
SIKICTb BOJIM, IPU3HAYCHOI JIsl CIIOKUBAHHS JTI0IMHOIO»; JupektuBa Pagu 91/676/€C «Ilpo 3axuct
BOJ BiJ 3a0pydHEHHS HITpaTaMH 13 CUIBCBKOTOCIIONAPChKUX JpKepen»; [lupexktuBa Pamm
91/271/€EC «llpo ouniieHHS MICBKUX CTIYHMX BOA». BUKOHaHHA YToau y YacTHHI CTaloro
BOJOKOPHUCTYBaHHS OPi€HTY€eThbes Ha nocsirHeHHs moctoi [{CP — Uncra Boja Ta HaJIekKHI caHITapHI
YMOBH.

Jlns BuKOHaHHS 3000B’s3aHb YTOAM Y YaCTUHI BOJHUX PECYPCIB, OYJI0 pO3POOICHO «IOPOKHIO
KapTy» 10 2024 poky KO0 nepeadayeHo psj Aii 1040 peopMH BOJIHOTO rocnoaapcTsa. Pegopmu
SKI 3amo4YaTKOBAaHO, OPIEHTYIOTHCS 30KpeMa Ha 3a0e3neueHHs HEOOXiAHOT KIJIBKOCTI BOJHUX
pecypciB JUIsl pO3BUTKY BOJHHX Ta HABKOJOBOJHUX EKOCHUCTEM; JIOCATHEHHS OE3MEYHOr0 CTaHy
BOJHUX O0’€KTIB; 3alpOBaKEHHSI IHTETPOBAHOTO YIPABIIHHSA BOJAHUMU pPECypcamMH 3 METOI0
CTaJIOTO PO3BUTKY BOJHO-PECYpPCHOTO MOTEHI[iaJly KpaiHM Ta BOJHMX €KOcHCTeM. BiamoBigHO
OCHOBHHMMH HarnpsiMKaM# peopMyBaHHs BU3HAYEHO:

e pedopmyBaHHs y chepi I1epKaBHOTO YIPABIIHHSI BOJHUMHU PeCypcaMu;
e pospobka CtpaTerii BOAHOI NOJMITUKH YKpaiHu;

e po3pobOka HamioHansHOT MOPCBKOT CTpaTerii;

e (opmyBaHHS PaBOBOi 0a3u AepKaABHOTO MOHITOPUHTY BOJI;

® po3poOKa IJIaHIB yIPaBIiHHSI PIYKOBUMHU OaceiHAMU.

[lepexis Ha HOBY CHCTEMY IHTETPOBAHOIO YMpaBIiHHS BOJHHUMHU pecypcamu 3a 0acelHOBUM
MIPUHIIMIIOM Tiependayae, 10 cTaje YIpaBIiHHSI BOJAHUMU PECYypcaMH PO3TIISIIA€THCS K AISUIbHICT
IIOJ0 YCYHEHHS HAasBHUX BOJHO-EKOJIOTIYHMX 3arpo3, CTBOPEHHA YMOB s 0Oe3neuHOoro

BOJIOKOPHUCTYBaHHS, BIATBOPEHHS Ta OXOPOHA BOJHHUX PECypciB Ta ekocucTeMm. HoBuii mMexaHi3M
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yIpaBJiHHSA BOJHUMH pECypcamH J03BOJISI€ BUKOPUCTOBYBATU KOMIUIEKCHUN MiAX1J 3T1HO 3 SIKUM
00’€THAHO BCiX KOPUCTYBayiB BOJHUX PECYPCIB BiJl MiCIs 3a00pY 10 TOUKH CKHUTY.

[Tpotsirom 2014-2019pp. Oyno nmpoBeneHo rigporpadivyHe Ta BOAOTOCHOIapChKe pailoHyBaHHS;
BH3HAYCHO MEPENiK 3a0pyAHIOIOUUX PEYOBUH JJISi BCTAHOBJICHHS XIMIYHOTO CTaHy BOJ; IMPOBEIEHO
IHCTUTYL1HHY TpaHc(hOpMalLlil0 CTPYKTYPH BOJHOTO CEKTOpy; Bu3HaueHO [lopsmok po3pobiieHHs
BOJIOTOCIIOIAPCHKUX OanaHciB; 3aTBep/pkeHO [lopsanok po3poOiieHHs MiiaHy YIpaBiHHS PIYKOBUM
0aceifHOM; CTBOPEHO €JIEKTPOHHMH BOJHMH KamacTp — reomopran «Boani pecypcu VYkpainu,
PO3pO0IIEHO METOIMKY BU3HAYCHHS BOJHMX MACHUBIB Ta 1X BITHECEHHS JI0 KJIACIB.

Ha nepion 2022-2024 pp. y cdepi cTanoro yrnpasiaiHHS BOJOKOPUCTYBAHHAM Nepea0aueHo s
3ax0/IiB sIKI BUKOHYIOTbCS y paMkax BonHoi PamkoBoi J{MpeKTHBH, 1y TOMY YMCII 3aTBEPKECHHS
[InaniB ympaBniHHS piUKOBUMH OaceliHamu Al pailioHiB piukoBux OaceiniB: [lony, [lHictpa,
Hymnato, Bicnu, [Jquinpa, IliBnennoro byry, Kpumy, Ilpua3zos’s, Ilpudopaomop’s. 3 mux OaceiiHiB
BICIM € MPUKOPJOHHUMHM, aKTyasi3ye MUTAHHS CIIBIpAlll Ta B3aEMOJII 3 JiepKaBaMH-CyCliaMH Ta
CHIJIBLHOTO YNPAaBIIiHHS [IUMHU BOJIHUMH OaceiHaMMU.

Bci paifonu piukoBux OaceiHIB OPIEHTYIOTHCS Ha €KOJOTIYHY IIUIb IOAO JTOCSTHEHHS Ta
MIATPUMKH HAJEKHOTO €KOJIOTIYHOIO CTaHy MAacCHBIB MOBEPXHEBUX Ta MiJA3€MHUX BOJ, a TaKOX
PO3BUTOK €KOJIOTTYHOTO MMOTEHIIAy IITYYHUX Ta ICTOTHO 3MIHEHUX MacHBIB TOBEPXHEBUX BOJI.

OnHUM 3 BaXJIMBHMX AaCIHEKTIB 1HTETPOBAHOIO YHPABIIHHS BOJHUMH pecypcaMu y Mexax
OaceiiHIB € CTBOpPEHHS IyOJIIYHUX KOHCYJIBTATHBHUX OpraHiB — OaceHOBUX paj. 3aBAsSKH
CTBOPEHHIO Takoi miaardopMu KOMyHiKalii BiOyBae€ThCsl CHIBIpaLs LEHTPAIbHUX Ta MICIEBHX
OpraHiB BiIaJy, Cy0’€KTiB rOCMOAPIOBAHHS, TPOMAICHKOCTI.

CrajoMy yIpaBIiHHIO BOJHUMH peCcypcaMu CHpPHUSIOTh €BPONMEWUCHKI MiAXOIU 3A1HCHEHHS
MOHITOPUHTY BOJ, SIKHH NPOBOJUTHCA Yy BIAMOBIAHOCTI 3 HAIlOHAJIBHUM 3aKOHOJAABCTBOM —
[opsiakoM 371iiCHEHHS JepKABHOTO MOHITOPHUHTY BOJI, 3TiHO 3 SIKUM BiJIOYBa€ThCS MIECTUPIYHUN
UK MOHITOPHUHTY ¥ Kiacu(ikalito CTaHy BOJM 3a I’ ATH KJacaMu €KOJIOTIYHOTO CTaHy Ta JABOMa —
XIMIYHOTO.

TakuM 4MHOM MOCTYIOBa allPOKCUMALlisl TIOJ0XKEHb YTOAM CIPUATHME CTAJIOMY YIPaBIIIHHIO

BOOAHHMMHU pECypCaMU Ta 3a0€3MEeUYEeHHIO YHCTOrO I[OBKiJ'IJ'ISI.
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WATER RESOURCES MANAGEMENT SYSTEM IN UKRAINE:
DIRECTIONS OF IMPROVEMENT IN THE FRAMEWORK OF
THE EUROPEAN UNION-UKRAINE ASSOCIATION AGREEMENT
V. Margasova, K. Hnedina

Chernihiv Polytechnic National University, Chernihiv, Ukraine

The issues of reformation of Ukrainian water resources management system and
implementation of new mechanisms of water ecological safety are the focus of attention of scientists,
managers, stakeholders etc. The strategies of improvement of water resources management system
should be formed according to the European Union-Ukraine Association Agreement. It causes the
relevance of the research of ecological commitments of Ukraine in the framework the Association
Agreement and the process of tasks performance in the sphere of water management. It is important
to identify the overdue tasks and to find the ways of their implementation. The overall progress in the
implementation of scheduled tasks in the field of "Environment and Civil Protection” for the period
from 01.11.2014 to 31.10.2024 refers to 53% [1]. The tasks, which were fully implemented in the
framework of sub-direction "Water Resources™ from 2016 to 2020 include: improvement of the
Ukrainian legislation on flood risk assessment and management; ensuring the cooperation with EU
countries on sustainable development of the maritime sector in the context of the EU Integrated
Maritime Policy (Blue Growth Strategy); ensuring the international obligations performance on
sustainable use of the Danube River; ensuring the legislative consolidation of the basin management
system of water resources; ensuring the cooperation with the EU in the field of maritime policy;
ensuring the preliminary assessment of flood risks; improvement of the legislative support for EU
requirements for the content of substances and microorganisms in drinking water and formation of
the drinking water quality monitoring system; implementation of the monitoring of river basins [1].
It is to be noted, that commitment to implement the European river basin monitoring practices is
completely performed. In particular, the methodology for determining the ecological and chemical
status of water bodies is defined and approved, the analysis of characteristics of river basin districts
is carried out and the quality monitoring program of surface and underground waters is formed and
implemented [1]. At the same time, some tasks remain unfulfilled, the deadline for their
implementation is overdue, and there is no progress in certain tasks at all. As of 2021, the draft action
plan for achieving good environmental status of marine waters has been formed, but the task of
implementing the program of measures to achieve good environmental status of marine waters has
been completed within 3 months of 2021 by 25% and there is a risk of failure to perform this task by
31.10. 2021 (Table 1).
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Table 1
The tasks of the Agreement on the sub-direction ""Water Resources"
with overdue deadline or risk of delay *
Progress for 12 | Article of
Year Tasks months of the the
certain year Agreement
2017 | Ensuring the achievement of sustainable development goals (the goal Ne 6 - ensuring 25% V.18.2.411
the availability and sustainable management of water resources and sanitation) and the
goals of integrated water resources management through cooperation in the framework
of the project "Supporting the EU Water Initiative in Eastern Europe, Caucasus and
Central Asia (EECCA)"
2017 | Ensuring the approximation of Ukrainian legislation to EU legislation on the prevention 40% V.6.363
of pollution of groundwater and surface water by nitrates from agricultural sources
2018 | Enactment of national legislation on the mechanism of agreement and coordination of 0% V.6.363,
elements of the maritime strategy with the relevant EU member countries and Appendix
determination of the authorized body (bodies) in this field XXX
2018 | Ensuring the compliance with EU requirements during urban wastewater treatment 70% V.6.363
2018 | Assessment of vulnerability of groundwater and surface water to nitrate pollution from 0% V.6.363
agricultural sources
2018 | Formation of the strategy for the protection and reproduction of the natural environment 55% V.6.363,
of the Azov and Black Seas and its coordination with EU member countries, Appendix
implementation of a baseline assessment of marine waters, determination of good XXX
environmental status and establishment of environmental objectives and indicators
(articles 5 and 8-10)
2018 | Ensuring the approximation of Ukrainian legislation to EU legislation in terms of 70% V.6.363
ecological policy concerning the environment of the Azov and Black Seas
2018 | Ensuring the reduction of groundwater and surface water pollution by nitrates from 0% V.6.363,
agricultural sources Appendix
XXX
2019 | Implementation of legislative support for the assessment of the state of water disposal 0% V.6.363,
and urban wastewater treatment Appendix
XXX
2020 | Implementation of the monitoring program for the current assessment of the state of sea 0% V.6.363,
waters Appendix
XXX
2020 | Ensuring the compliance with EU wastewater treatment requirements before discharge 0% V.6.363,
in vulnerable zones and agglomerations Appendix
XXX
2021 | Implementation of the program of measures to achieve good ecological status of sea 25%** V.6.363,
waters (**progress Appendix
for 3 months of XXX
2021)

*Source: it is formed by the authors based on data [Puls Uhody. Monitorynh realizatsii planu

zakhodiv z vykonannia Uhody. Yerointehratsiinyi portal. [Pulse of the Agreement. Monitoring the

performance of the action plan for the implementation of the Agreement. Eurointegration portal].

URL: https://pulse.kmu.gov.ua/ua/streams/environment [in Ukrainian]].

Therefore, the further actions to improve the water resources management system should be

aimed at fulfilling the above listed tasks in order to achieve the target goals and meet the

environmental obligations of Ukraine in the framework of the European Union-Ukraine Association

Agreement.
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TEXHOJIOI'Ti TA METO/AU AJISI OYUCTKHU CTIYHUX BO/1
MAIIUWHOBY JAIBHUX NIAINPUEMCTB
A. C. Bociok

HTY «XapkiBchKUl MOMITEXHIYHUH IHCTUTYT», XapKiB, YKpaiHa

Ha chorozsi, 04ncTKa CTIYHUX BOJ| € OJJHIEIO 3 TOJIOBHUX MIPOOJIEM €KOJIOTIYHOTO XapaKTepy.
binpima yacTMHa MamMHOOYIIBHUX MIJNPUEMCTB YKpaiHM CTHUKA€ThCS 3 MPOOJIEMOI0 BUOODPY
MPAaBUIBHOTO METOY OYMCTKU CTIYHHUX BOJI Ta MOXKITUBICTIO 3aCTOCYBaHHS €(DEKTUBHUX TEXHOJIOT1H,
cropy/i 1 o0iaHaHHS JJIl OYUCTKU CTOKIB Ta 00poOKH ocany.

3a0pyaHEHHS, MO0 MICTATHCS B CTIYHHUX BOJIAX, MOXYTh OyTH Kiacu(]ikoBaHI 3a PI3HUMH
O3HAaKaMHM, HAWBAaXJIMBILIMMH 3 SIKUX € 1X TOXOPKEHHS 1 ()a30BO-HCIIEPCHUI CTaH.

3a MOXOKEHHSIM 3a0pyAHEHHS MOXKHA MOJAUIMTHA Ha MiHepalbHi, OpraHiuHi, 0iojoriuHi Ta
OaxTepianbHi. Takoxk, ycl JOMIIIKK CTIYHUX BOJI, HE3AJIEKHO BiJ iX MPUPOAU, MOXKHA MOJLIIUTH Ha
YOTHPH TPYIH BiJIMOBIIHO 0 PO3MIPIB iX YaCTHHOK.

B cBoto yepry, cTiuHi BOJIM MalIMHOOY 1IBHUX MIANPHUEMCTB MOXKHA PO3AUTUTH Ha TPU OCHOBHI
KaTeropii: BUpOOHUYI CTi4HI BOAHM, SIKI YTBOPIOIOTHCS B TEXHOJOTTYHOMY IpOIIEeCi; MOOyTOBI CTiUHI
BOJM (BiJl CAaHITApPHUX BY3JI1B BUPOOHUYMX 1 HEBUPOOHUYUX MTPUMIILIEHB); IOBEPXHEB1 CTIUHI BOJIH.

Jiist Toro o6 BU3HAYUTH METO OUMCTKH CTIYHUX BOJI Ta MOJAJIBIIOI MOXKIIUBOCTI BUITYCKY X
y BOJOWMH, HEOOXITHO TTPOBOJIUTH aHAJII3 BOJH, Je Oyae MpUCYTHS iHGOpMAIlis 1010 HasIBHOCTI B
HUX IIHHAX YU TOKCUYHHUX JOMINIOK. Pi3HOMaHITHICTh CKJIaay CTIYHMX BOJ Ta HEMOXIUBICTh
BU3HAYEHHS KOXKHOI 3a0py/JHIOI0UOi PEUOBHHM DPOOUTH HEOOXiTHUM BUKOPUCTAHHS TPYNOBUX
MOKA3HHUKIB, Kl XapaKTepU3ylOTh MEBHI BIACTHBOCTI BOJAU 0Oe3 1AeHTHU(]IKAIl OKpEMUX PEYOBHH.
Hanpuknan, BH3HA4YeHHS OpPraHOJNIENTHMYHUX IIOKa3HUKIB JIO3BOJSIE YHUKHYTH KUIBKICHOTO
BU3HAYEHHs Y BOJII KOJKHOI PEYOBHHHU, IO Ma€ 3amax 4u HaJae Boji 3abapBieHHs. OHaK, y nepesnik
00OB’SI3KOBUX aHAJi3iB BKIIOYAE€THCS BU3HAYCHHS KOHIEHTpAIill CHenu(pidyHUX JOMIIIOK, SKi
HAJXOASTh y MIChKY KaHaJ13allliHy MEpexKy BiJ MIANPUEMCTB.

[TpobGnema miHiMi3allli €KOJOTIYHOTO 30MTKY B YMOBax MPOMHCIOBOTO BHPOOHHUIITBA MOXKE
BUpIIIYBATUCS B JBOX HANpsIMKax 3a paxyHOK IMiJBUILEHHS €(PEeKTHBHOCTI ICHYIOUHX METOJIB
OYMILEHHS TPOMHUCIOBUX BHKHJIIB B HABKOJHIIHE CEPEIOBHINE Ta BIPOBAKCHHS HOBHX
aNbTEPHATUBHUX €KOJIOTTYHO YUCTUX TEXHOJIOT1H.

BupoOHUYI CTiYHI BOAM MiIAAIOTHCS OYHUIICHHIO O10XIMIYHUMH, XIMIYHUMH, COPOMIHHUMU
METOJIaMH, a TaKOX METOJaMHU eJCKTPOAdiali3, 10HHOTO OOMiHy, 3BOPOTHOTO OCMOCY, SIKi €
TPYAOMICTKUMH Ta JoporuMu. OTKe, [IOUUIPHO BHUKOPHUCTOBYBATH PpO3JAUIBHI  CHCTEMH
BOJIOBIJIBE/ICHHS, TOOTO BUPOOHMYI 1 MOBEPXHEBI CTIYHI BOJIM MOBUHHI IM/I/IaBaTUCS OYUIIICHHIO HA

PI3HUX OYMCHHX CHOPYJIaX 3 PI3HOI TEXHOJOTTYHOIO JTIHIEI0 OYHCTKH.
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BUBIP PAIIIOHAJIBHOI TEXHOJIOI'TYHOI CXEMHU
BIOJIOTTYHOT'O OYMIIIEHHA CTIYHUX BOJI ITPH
PEKOHCTPYKIII MICbKUX OYUCHHUX CIIOPY ] KAHAJIT3AIIIT
C. b. IIpouenko, M. JI. Kizee, O. C. HoBunbka

HanionaneHuil yHiBEpCUTET BOJHOTO FOCIIOAAPCTBA Ta MPUPOAOKOPUCTYBaHHS, M. PiBHe, YKkpaina

OpHi€ro 3 HallBaXXIMBIIKX MPoOIeM BOJOIPOBIIHO-KaHAI3allifHOT O rOCoIapcTBa B YKpaiHi
€ HU3bKa e()eKTUBHICTh poOoTH Mickkux ouncHuX cnopya (OC) kanamizanii, mo Oynu 30ynoBaHi y
60...80-T1 poKM MMHYJIOIO CTOJITTS, aj€ MPOAOBXKYIOTh MPAIIOBATH 1 HUHI. BUIbIIICTh 13 HUX
3aBaHTa)KEH1 CbOT'OJHI JIMIIE YaCTKOBO BiJ CBO€I MPOEKTHOI MOTY>KHOCTI, a OT)KE ICHY€ 3HAUHUU
MOTEHIIIaN JJisl MOKpAaIaHHS IXHbOI POOOTH ILISXOM 3MIHM TEXHOJOTI] 010J0T1YHOTO OYHUIICHHS
CTIYHHX BOJI 32 MiHIMaJbHHUX BUIATKIB HA PEKOHCTPYKIIIFO.

Posrnsinemo, sk npukian, airoui OC ogHOro 3 o01acHUX LEHTPIB YKpaiHu, 110 OyJIu BBEIEHI
B eKCIUTyaTallito B cepeuHi 70-X poKiB MHUHYJIOTO CTOPIYYS 1 MM MPOCKTHY MPOAYKTUBHICTH 70
Tuc. M3/100y. ChOro/Hi Ha 1i CHOPYH HAAXOMUTH CYMilll FOCNOAAPCHKO-TI0O0YTOBUX, BUPOOHUUUX
Ta YaCTKOBO JOLIOBHUX 1 TAIUX CTIYHUX BOJ (i3 3araJibHOCIUIABHOT CHCTEMH KaHali3amii HeHTpaTbHOi
YaCTMHU MICTa), a TaKoX (UIBTpAT 3 MICHKOTO MOJIIOHY TBEPAUX MOOYTOBUX BIAXOMIB 1 PIAKI
BIJIXOJIM 3 BUTPIOHMX SIM Ta CENTUKIB HEKaHAIII30BaHUX paiioHiB. CepeaHbOMICAYHI J0OOBI BUTPATH
cTokiB y 2017-2019 pokax craHOBUIM B cepeanboMy — 39,2 (Bim 33,9 mo 48,9) tuc. M%/106y, a
3HAYEHHS OCHOBHUX MOKA3HMKIB 3a0pyjHeHHs (MI/AM°) JOpiBHIOBANM: 3aBUCII PEUOBUHH — 264
(221...347), BIIKs — 243 (203...344), XIIK — 463 (367...703), a3oT amoHiiinuii — 44,9 (32,8...60,4),
docdaru — 7,1 (5,7...9,3).

Cniopyiu G10JIOT1YHOTO OYHIIEHHS CTIYHMX BOJ Ha Aitounx OC Ha ChOTOJIHI MpeCTaBIeH]
YOTHPMA CEKIIIMU YOTUPUKOPHIOPHUX a€POTEHKIB-BUTICHIOBAYIB 13 3arajbHUM 00’ €MoM 46 TUC. M?,
[0 TPAIIOOTh 3 PEreHepallier0 akTHBHOTO MYJTy, TIPU IIbOMY il PereHepaTopy BiJBE/ICHI JiBa 3
YOTHPHOX KOPUIOPIB KOKHOTO aepoTeHka, To0To 50% 06’emy cniopyan. HagmuimkoBuii akTHBHHI
MyJ 3 BTOPHMHHHMX BIJICTIHHHKIB CHPSIMOBYETBCS y TIpeacpaTopH s MONEPEeaHbOI O10KOoaryJisiii
3a0py/IHEHb CTIYHUX BOJ MEpe] iX NPOSICHEHHAM y IIEPBUHHUX BiJICTIHUKAX.

Ha croromni icHyroga Ha OC TeXHOJIOTiYHA CXeMa MOpAJIBHO 3acTapiia i He BIAMOBITaE
Cy4acCHOMY PiBHIO PO3BUTKY HAYKH 1 TEXHIKH Ta HOPMATUBHUM BUMOTaM 1010 HEOOX1THOTO CTYIICHS
OYMIIEHHS CTIYHHUX BOJ BiJl CIIONYK a30Ty i ¢ocdopy. Ak Hacaigok, OC mpaiorTh HETOCTaTHHO
e(eKTHUBHO, PO 1110 CBIAYUTH EPEBUILIEHHS 3HAYEHB JIOMYCTUMOT0 BMICTY 3a0pyTHIOIOYHX PEYOBUH
B OYHMINEHUX CTIYHUX BOJAX MPAKTUYHO 32 BCIMa OCHOBHUMH NoKa3HuKamH, Kpim XITK.

Ha nymky aBTOpiB, €(peKTHBHICTH O10JIOTIYHOTO OYHWIIEHHS CTiYHMX BOJ Ha nirounx OC

MO’KHa CYTT€BO HiI[BI/IH_II/ITI/I IUIAXOM IICPEBCACHHA pO6OTI/I aepOTCHKiB Ha TEXHOJIOTIIO HiTpI/I'
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neHiTpudikarii 3a JBOCTYIIHYACTOIO CXEMOIO (IHMB. PUCYHOK), KO)KHUH CTYIHb K01 aHAJIOTIYHUN

okpemomy MoaudikoBanomy mnporiecy Jlromzaka-Errinrepa (MJIE).

HeounlieHi cTivyHi Boan

¥ 85% vy 15%
OunieHi
Mepwa Mepwa Apyra Opyra BTOPUHHI  cTiuHi BOaM
aHokcugHa -» aepobHa > aHokcugHa -» aepobHa —» gincrTiii- ——q>
30Ha 30Ha 30Ha 30Ha HUKN
L HitpatHun peunkn (60%) J L HiTpaTtHnin peunkn (40%)J
3BOPOTHUI aKTUBHUIA My HanmLIKoBMit

aKTUBHUIN Myn

Pucynok 1 - PekoMeH10BaHa TEXHOJIOTIYHA CXeMa ABOCTYIIIHYacTOro npouecy MJIE

[TopiBHsiHO 3 TpaauLiiHOO cxemoro npouecy MJIE, 3anponoHoBaHa JBOCTYIIHYACTa CXeMa
JI03BOJISIE JICTIO 3MEHIIWTH BEIMYHMHY BHYTPIINIHBOTO HITPATHOTO PEUHKIY, MiJBHIIUTA Macy
AKTHUBHOTO MYJTy B CHCTEMI Ta HOTO BiK, 3a0€3MeUNTH OUIBIIY CTaIICTh, HAIHHICTh Ta €()eKTUBHICTD
OYMILEHHS CTIYHUX BOJ.

3 MeToro MiHiMi3alliil 3aIMIIKOBOrO BMICTY a30Ty 3arajlbHOTO B OYMIIEHHX CTIYHHX BOAAX
aBTOpaMu 0yJi0 BUKOHAHO ONTUMI3alli10 pO3IMOALTY OTOKIB CTIYHUX BOJI Ta HITPATHOTO PEIIUKITY MIXK
OKpEMHUMH CTYTNEHSMHU PEKOMEHJIOBAHOI ABOCTYIIIHYACTOI cxeMu. byio 3’sicoBaHo, 1110 3a yMOB, 1110
PO3IIISIIAIOTHCS, B MEpIIMK CTYMiHb OiopeakTopa JOUIBHO MojaBaTH 85% BUTpPATH HEOUHUIIEHUX
cTiuHuX BoJ Ta 60% BHYTPIIIHBOTO HITPATHOTO PEIMKITY, @ PEIITY MOTOKIB CIPSIMOBYBATH y IPYTUI
HOTro CTYMiHb.

Jlnst oLiHKM e(heKTHBHOCTI 3aIIPOMOHOBAHOTO PIIEHHS 3ac00aMU KOMII'IOTEPHOT NMporpaMu
Hydromantis GPS-X Oyno BHKOHaHO JHHaMiuHE MOJEIIOBAHHA POOOTH aepPOTEHKIB 3a PI3HUMHU
TEXHOJIOTIYHUMHU CXeMaMH 010JOT1YHOTO OYMIIEHHS CTIYHMX BOJ TPU BUTpaTax, TeMIepaTypax i
MOKa3HUKaX SKOCTI CTOKIB 3T/IHO 3 iX (paKTUYHUMHU CepeTHbOMICIYHIUMHU 3HaUueHHsIMH 3a 2017-2019
pokn. SIK TOKa3amu pe3yibTaTH MPOBENEHUX OCITIKEHb, 3alpOIIOHOBAaHA TEXHOJIOTIYHA cXema
nBocTymiH4Yactoro mpomecy MJIE, mopiBHSHO 3 IHIIMMH cCXeMaMH, 3a0e3reuye OiLTbII BUCOKHH 1
CTamuil e(eKT OYMIIEeHHS CTIYHMX BOJ, OCOOJMBO BiA cHoiyk a3ory. [Ipu 1pboMy 3Ha4deHHs
TIOKA3HUKIB 3a0pyJHEHHS OYMIIEHHX CTiYHMX Boj (MI/AM®) 3a pe3y/bTaTaMH MOJETIOBAHHS 3a
PEKOMEHIOBaHOIO CXEMOIO CTAaHOBWJIN: 3aBUcHi pedoBuHu — 11,1 (9,9...13,6), BIIKs - 4,6 (2,8...9,2),
XIIK —-35,7(31,0...42,6), a30T amoHiiinuii — 0,48 (0,13...3,35), azot nirputauii — 0,40 (0,14...1,65),
a30T HiTpaTHHH — 5,62 (2,75...9,18), docdop docharis — 0,065 (0,023...0,19).
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PROCESSING OF INDUSTRIAL PLANT WASTE INTO
PECTIN — MAINTAINING THE ECOLOGICAL BALANCE OF THE ENVIRONMENT
I. Bejanidze?, T. Kharebaval, V. Pohrebennyk?,
N. Davitadze?, N. Didmanidze !, N. Nakashidze?
1 Batumi Shota Rustaveli State University, Georgia,
2 Lviv Polytechnic National University, Ukraine,

3 LTD Batumi Water, of chemical-bacteriological laboratory, Georgia

The inability of the population to fully sell the harvested fruits in the season, the lack of an
effective technology for their storage, as well as industrial waste that is formed during the processing
of fruits into juices and juice products, unfortunately, do not overwhelm, rot and are dumped into
water bodies and rivers, polluting them and thereby disrupting ecological balance in the area. One of
the solutions to this issue is the processing of waste into dietary fiber, in particular for pectin.

Pectin are used in food industry because of their excellent gelling, thickening, and stabilizing
properties. Pectin is a part of plant cell wall, so almost plants contain it. Raw pectin from plants does
not exert healing effects due to its chemical structure. All green land plants as well as some sea grasses
contain pectin substances which in combination with cellulose are responsible for the structural
properties of fruits and vegetables.

Pectin consists mainly of galacturonic acid and galacturonic acid methyl ester units forming
linear polysaccharide chains and is normally classified according to its degree of etherification (Fig.
1,2).

Figure 1 — Pectin chemical structure.

lon-exchange and sorption properties are generally depending on free carboxyl groups of
pectin, whereas gelling capacity are depending on etherified carboxyl groups and molecular weight.
Therefore, pectin with degree of etherification 5% exerts 10-20 times more pronounced sorption
capacity in comparison to pectin with degree of etherification 50% So, the gel-forming properties of
this sort of pectin are not considerable and it helps to make diffusion processes move faster and

accelerate ion-exchange an sorption. Dietary pectin was proved as quite effective in treatment of
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chronic poisonings with heavy metals like cobalt, lead, mercury, cadmium, and some others. Its
effects are directly depending on the degree of etherification. The lower degree of etherification the
more metal ions pectin can bind and remove from human body. One of the prominent properties of
pectin is they ability to reduce signs of intoxication of any origin. So, they are useful for patients with
acute respiratory diseases, various kinds of inflammatory processes, chronic renal failure as well as
for persons being subjected to chemo- and radiotherapy.

The research was performed on apple fruit of three varieties: "Golden","Saffron", "Kekhura"
and "Demir Alma". In the peel (albedo, flavedo), pulp and juice we defined food fiber, namely, pectin
substance content: total, soluble, protopectin, cellulose and hemicelluloses. We studied the
dependence of their content on the fruit variety, its cultivation area, storage, ripening and

maturation time. The obtained data is shown in Figures 2, 3.

1,6 - i "Golden" # "Kekhura" - u Cellulose and hemicelluloses
M "Saffron” ® "Demir Alma" Eprotqpektin
1,4 - | 1 M pectin

1,2 1 Xl |
1 - X B
) 4
IX ]
Vil ]
\ll ]
\ ]

\ Vil Vil IX X Xl Xl I 0 20 40 60

Figure 2 — Changes in pectin content during  Figure 3 — Changes in dietary fiber content
ripening — storage of fruits during ripening - storage of “Demir-Alma”

apples

It was established that pectin substances are accumulated throughout the period of ripening: the
protopectin transformation into soluble pectin, but the total pectin substance content does not change.
In terms of the pectin substance content, apple fruit range as follows: "Saffron™ — "Kekhura" — "Demir
Alma" — “Golden”. During the maturation process the insoluble protopectin content decreases, it
transfers into a soluble form and pectin quality changes. Its quantity it is decreased, since the process
of the accumulation of the sugar and other substances simultaneously continues. Apple fruit peel has
been found to be rich in pectin substance.
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BAOCKOHAJIEHHSI TEXHOJIOT'TI OUMIIEHHSA INAXTHUX BOJI HA TTIPUKJIA I
HIAXTH «ITABJIOT'PAJJCBKA» 3AXI/THOI'O JOHBACY
B. L. ToaraBeus, . B. KyaikoBa

HarmionanbHuit TexHiyHUHA yHIBepcUTET «JIHINMPOBChKa MoJiTexHiKay, JHinpo, Ykpaina

P03BUTOK Cy4yacHOrO CYCHUIbCTBA XapaKTEPU3Y€EThCS BCE OLIBII BIIYYTHUMHU HETaTUBHUMU
HACJIIKAMH aHTPOIIOT€HHOTO BIUIMBY HA HABKOJIMIIHE MPUPOIHE CEPEAOBHUIIE Ta HA CTaH BOJHHUX
00'eKTIB.

[HTeHCHMBHA ekcruTyaTallis MiHEpaJbHUX 1 CHPOBHHHHUX PECypcCiB Mpu3BeNa 0 TOro, M0 Ha
TEPUTOPIi PO3TAIIyBaHHS T1PHUYOA00YBHUX IMANMPUEMCTB 3a3HAIM ICTOTHUX 3MiH 1 TpaHCchopMalrii
MPHUPOHI TaHAmadTH, IPYHTH, TOBEPXHEB1 BOAOKWMHU, MiJ3€MHI BOJU, BHACIIIIOK YOTO HEPIJIKO B IIUX
KOMITOHCHTaX HaBKOJIUITHHOTO CEPEIOBUIIA CIIOCTEPITAIOTHCSI HE3BOPOTHI MPOIIECH.

Po3po6ka pooBHILl KOPUCHUX KOMAJIWH MOB’si3aHa 3 O€3[epepBHUM BiJKaUyBaHHSIM ILIAXTHUX
1 Kap’€pHUX BOJA 3 iX MOJAJIBIIMM CKHJIOM Yy BIACTIHHUKH, CTaBKHU-HAKONMWYyBadl, Oaiku, SpH,
MIPUPO/IHI TOHUKESHHS Ta PUJIETIIl BOAOTOKH i BojoiMu. besnocepenHiii CKul MaXTHUX 1 Kap’ epHUX
BOJ Y TPUPOJHI MOHFKEHHS Ta MOBEPXHEBI BOJOWMM 3aBJla€ 3HAYHOI IIKOIW HABKOJIHIIHBOMY
CEPEIOBHIIY, 110 CYTTEBO 3HIKYE PIBEHb HOTO €KOJIOTIYHOT O€3MEeKH.

BinHocHO BHCOKa 3a0pyIHEHICTh HIAXTHUX BOJ MOSICHIOEThCS OaratbMa mpudyuHamu. [lo-
repiie, 0araTto ImaxT MarTh HEAOCTATHI 00CITH TOPU30HTATBHUX BiIJICTIMHHKIB 1 30BCIM HE MalOTh
perymnrorounx emHocTed. ToMy mpu poOOTi TOJOBHUX BOJOBIUIMBIB B aBTOMATU30BAHOMY PEXHUMI
Hacoca JIOBOJMTHCS BiKadyBaTH BOJy, O€3MOCEPEAHbO 3 BiICTIHHUKIB, KyAH MOTPAILISE MyJbIa BiJl
OUUIIEHHS BOJO30IpHUKIB, 110 MPU3BOAUTH JI0 HAaJAMIPHOTO 3a0pyIHEHHS BOJA, SKi B HbOMY
cKkymuuiucs. B pe3ynbraTi, HACOCH BiIKaYyIOTh Y BOJOMMHU 3araiIbHOrO KOPUCTYBAaHHS Ty>Ke OpyiH1
Boau. [To-apyre, BeNHUKY KiTbKICTh MIAXTHUX OYHCHUX CIIOPY/T MOOY0BAHO 3 MOPYIIIEHHSIM OCHOBHUX
BUMOT CaHITapHHUX HOPM 1 mpaBuil. Uepes 1e BOHU HE 3a0e3MeUyI0Th HAJICKHOT SKOCTI OYHIICHHS
maxTHoi Boau. [1o-TpeTe, cTaBKM-HAKOMUYIyBayi MIAXTHUX BOJ HE 3aBKIU €()EKTUBHO OYHIIYIOThH
BOJY BijJ 3a0pyJHIOIOYMX PEUYOBHH Ta MATOTC€HHOI MIKpOQUIOpH, 1 cami MOXYTh OyTH (aKTOpOM
PU3UKY BTOPHHHOTO 3a0pyIHEHHS 1 MOMIMpPeHHs 30y JHUKIB iH(ekii. HakonnyeHHs] TOKCUKAHTIB B
JIOHHUX BIIKJIAJICHHSIX MOYKE CTAaTH MPUIHHOO BTOPUHHOT TOKCHYHOCTI BOJIU (HAAIi CTA€ MOXIJIMBA
3BOPOTHA Mirpalis BaXXKUX METaJiB 3 JOHHUX BIIKJIAJEHb Y BOAY). TOKCUKAHTH MEPEMIIIYIOThCS,
MITPYIOTh 1 HAKOTTUYYIOThCS, @, KPIM TOTO, IIEPETBOPIOIOTHCS B OLIBII CTIHKI (hOpMHU.

B yMmoBax HeIOCTAaTHOCTI MPUPOAHMX BOAHUX OO'€KTIB B TipHHUONOOYBHHX pETiOHAaX,
HACEJICHHS TIPWJIETIINX JI0 IMAXT PaiOHIB HAalJacTille BUKOPUCTOBYIOTH IIi CTABKH, SIK ISl TIOJHBY

CITbCBKOTOCTIONIAPCHKHUX YTiMb, TaK 1 B pEeKpeariiiHuX muax (BIAMOYMHKY, KyIMaHHS, PUOOJIOBII).
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Tomy 3HWKEHHs piBHS 3a0pyJHEHHS BOJM B HHUX /10 HOPMATHBHUX 3HA4YC€Hb HAaOyBae OCOOIMBOT
aKTyaJbHOCTI.

VY 3B’53Ky 3 BUIIEBUKIAICHUM MOTPeOy€e BUPIMICHHS aKTyalbHa HayKOBO-IPAKTUYHA 3a]a4a,
IO TOJISTa€ B yJIOCKOHAIEHH! TEXHOJIOT1] OYMCTKU IMIAXTHUX BOJ SK B YMOBaX OKPeMOi BYT1JIBHOI
1IaXTH, TaK 1 ByrJieqo0yBHOI rajry3i B LIJIOMY.

Jlns 3a0e3mneueHHs YMOB €KOJOTIYHOI O€3MeKM B MICHSAX CKUAY HEAOCTAaTHbO OUYHIICHHX
IIAXTHUX BOJ| y TMOBEPXHEBI BOAOHMHM 3alpONIOHOBAHO HA MPUKIAAL JI0YOTO BYIJIEA00YBHOIO
nignpueMcTBa 3axigHoro JloHb6acy BIOCKOHAIUTH TEXHOJIOTIUHY CXeMY BOJOBIIBE/ICHHS 32 PaXyHOK
BIIPOBA/IKEHHSI TOPU30HTAILHOTO B1JICTINHUKA MOJIEPHI30BAaHOI KOHCTPYKIIi Ta BCTAHOBJIEHHS Ha
3aBEPIIAILHOMY €Talll OYMIICHHS MIBHAKUX BIAKPUTHX 3€PHUCTUX (IIBTPIB 3 HU3XIIHUM PYXOM

IIOTOKY piI[I/IHI/I, cXxeMa SIKOi HaBeJieHa Ha puc. 1.
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PI/IcyHOK 1- Y nockoHaneHa OanaHcoBa cxeMa BO,Z[OBi,Z[BC)ICHHSI maxTu ((HaBHOFpa,Z[CLKa»

BCII «IllaxToynpapninas [TaBaorpajacske» (BETMYMHYE BUTPAT HABEACHO B M /106Y)

BripoBajykeHHs 3allpONOHOBAHOT TEXHOJIOTIT 3HMKYE BMICT 3aBUCIHMX PEYOBHMH Y BOJl JIO
HOPMATHUBHUX IOKA3HUKIB SKOCTI MOBEPXHEBUX BOAOMM. Lle M03BONMTH BUKOPUCTOBYBATH ii Ha
BUPOOHMYI MOTpedH Byrieqo0yBHOTO IINPUEMCTBA Ta BIACHI MOTpeOU O4YMCHUX criopyn. Kpim
TOr0, HAJJUIIOK JOOYMUIIEHOI BOJAM MOXKE CKHUIATHCS IO NPUIETJIMX IOBEPXHEBUX BOJAOWM, HE

MEPEBUIIYIOYH BIMOBITHUX HOPMATHUBIB IXHBOT SIKOCTI.
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3ACTOCYBAHHSA BEPMUKYJIITY IPU MEXAHIYHOMY 3HEBO/IHEHHI
HAUVIMIIKOBOI'O AKTUBHOI'O MYJ1Y
A. O. lleBuenko!, T. O. llleBueHKo?
ILPP S.A., T'naucek, [Monbina
2XapkiBChKuii HAIliOHANBHUI YHIBEPCHTET

MicbKkoro rocrioaapersa imeHi O. M. bekerosa, XapkiB, Ykpaina

Cupuii ocaj, HaJIMIITKOBUH aKTUBHUHM MyJ1 a00 iX CyMillli € HACKIaIHIIIMMHU 3 TOYKH 30Dy iX
ounmieHHs Ta yTtwrizanii. OCHOBHI TpyAHOIII HpH MepepoOli ocaliB BUIIE3a3HAYCHUX THIIB
OB’ s13aH1 3 BEJIMKOK KUIBKICTIO OCaly Ta BUCOKMM BMICTOM BOJIOTH. 3/1aTHICTh TOOYTOBOTO OCaIy
CTIUHUX BOJ JI0 THUTTS, OaKkTepiajibHe 3a0pyAHEHHS Ta HOro BIACTUBICTh YTPUMYBATH BOJIOTY IIiJ
9ac 3piHKEHHS TAKOXK YCKIIAIHIOIOTE 00pOOKY ocamy.

VYrumnizamisi CTIYHUX BOJ| y CLIBCBKOMY TOCHOJAPCTBI HAOHMpae MOMYJSIPHOCTI SIK JIKEPEIIO
nepepoOku Ta yTwm3amii BigxosaiB. Ocaj CTIYHUX BOJ, SIK MPABHIO, MICTUTh KOPHCHI CITOJYKH
MOTEHIIMHOT €EKOJIOTTYHOT IIHHOCTI.

3rigHo 31 3BiToM E€Bporelickkoi Komicii, omyomikoBanum y 2010 porii, 39% ocanay cTiuHUX BO/I,
BHpoOsieHOTOo B €Bporelickkomy (Cor031, mepepoOssIEThCS y CLIBChKE TOCMOAapcTBO. BapianTtu
MOBOJ/DKEHHSI BUMAraroTh JETaJbHOI XapaKTEpPUCTUKHU BIAXOJiB, OCKUIbKM 0araTo 3 HHUX MOXYTb
MICTUTH CIIOJIYKH, SIKI MOXKYTh 3aBJaTH IIKOJU €KOCHCTEMI, Takl SIK Ba)KKl MeTajH, OpraHiuHi
3a0pyaHIOBaYi TOMIO.

B nanwmii yac 3pocTaHHS I[iH Ha KOMYHaJIbHI TOCIYTH Ta PO3BUTOK TIJI00ATBHHUX 3aXOJiB 3
OXOPOHH HABKOJIMIIHHOTO CEpEAOBUIIA 3MYCATh OUYUCHI CIOPYIM LTyKaTH HalO1IbIl €eKOHOMIYHI Ta
BHCOKOABTOMATU30BaH1 TEXHOJOTIi, sIKI 3MOXYTh JOCATTH BHCOKOI €(EKTUBHOCTI MPOIECY.
3HEBOIHEHHSI 0Cay € KpUTUYHUM MPOLIECOM JJIsi KOXKHOI KOMYyHaJIbHOI OYMCHOT CIIOPY/IH, 1 11€ IyKe
JMHAMIYHUNA TpoIlec, SKWH MOKHA 3MIHIOBAaTH Ta HAIAMITOBYBATH 32 IIUPOKUAM CIIEKTPOM
TEXHOJIOTTYHUX TMapameTpiB. EKOHOMIs eKcCIUTyaTalliiHUX BUTpPAT, JOCSATHYTA 3aBASKH TEXHOJOTI]
3HEBOJHEHHS Ocajay Ta MoJepHi3alii oOnaJHaHHS, MOXe BKIIOYATH 3MEHIIEHHS 00 emy
3HEBOJHEHOTO OCaMy, a TAKOXK 3MEHIIICHHsI CTIOKUBAHHS €JIEKTPOSHEPTii, BOJAM Ta PEareHTiB, TAKNX
K (pIIOKYJISHT.

[Mopsin i3 3araJlbHONPUIHHATAMEI METOJIaMH KOHIWIIIOHYBaHHS, 3aCHOBAHWMHU Ha JI0JJaBaHHI
(IOKYJNSHTIB Ta 3HEBOJHEHHI HAa CTPIYKOBUX (QIIBTp-TIpecax, IEKAHTEPHUX IEeHTpudyrax Tta
ITHEKOBUX TMpecaX, ICHye MEXaHIYHHH MeTOJ] KOHAWIIOHYBAaHHs, M0 0a3yeThCs Ha J0JaBaHHI
MiHEpaJIbHUX KOMIIOHEHTIB Ui TOHANBIIOTO 3HEBOJHEHHS Ha KaMepHO-MeMOpaHHUX QUIBTp-
npecax. TpaauuiiHO AJi1 TaKWUX IUJIed BUKOPHCTOBYETHCSI BAIIHO y BUIJISAlI BAIHSIHOIO MOJIOKA;

OJIHAK 3 €KOHOMIYHOI TOYKH 30pYy MiCILIeBl BIIXOH, TaKi SK 30Ja, JOJOMITOBUN MU, BEPMUKYIIT,
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TaKOX MOXYTh OyTH edextuBHIMH. Ocal, 3HEBOJHEHUN Y MOETHAHHI 3 TAKUMH BiIXOJaMH, MOXE
Ha0yBaTH JOJATKOBUX MOXKIIMBOCTEH BUKOPUCTAHHS 3aJIEKHO BiJl THUITY PEarcHTYy.

Panie Mu BHBYaiIM BIUIMB JIOJIaBaHHS 30JIM Ha MapaMeTpu 3HEBOJHEHHS MiCHKOTO MYIy.
OxpiM 1i€i poOOTH, AOCHIIKYETbCS BIUIMB JOJaBaHHS IIOPOIIKY BEPMHUKYJITY Ha MOAiIOHI
napamMmeTpHu.

PoGotu mpoBoamivcs Ha Ja0OpaTOPHIM MOJENl KaMepHO-MEMOpaHHOTO (iIbTp-TIpecy 3
BEPTUKAJIBHO PO3TAIIOBAHOIO (IBTPYBAJIBHOIO KaMeporo. Jlonanu posmiapoBaHuil BEPMUKYIIT 3
TpboX pizHux Qpaxuiii: 0,1, 0,51 1 MM 3 pisaumMu gozamu 10—-80 r/:1 Ta BUBUMIIM KIHETUKY Ta CEPEIHIO
edekTuBHICTh PuIbTpallii. byio BcTaHOBIIEHO, 1110 3 30UIBIIEHHSAM JJO3M BEPMUKYJIITY TPUBAJIICTh
¢dbinpTparii 10 Ti€i XK TOBIIMHM INapy 3HEBOAHEHOTO OCAJy 3MEHIIYETHCS 3 EKCIIOHEHIIATbHOIO
3aJIeKHICTIO. Bynu mpezacraBieHi JaHi Ipo BOJOTICTh KeKy 1 OyJi0 BCTaHOBJIEHO, II0 301IbIICHHS
BITHOCHOTO BMICTYy TBEpIUX PEUYOBMH BiJOYBAETHCSA 3a PAXyHOK BBEICHHS TBEPJMX PEUYOBHH 3
BepMuKyIiToM. OHaK 301UIbIIEHHS BMICTY CyX0i pedoBHHH /10 35—40% mpu3BOAUTH 10 YTBOPEHHS
UIUIBHOTO, CYXOro Ha JIOTUK KeKy, KM MO)KHa TPaHCIIOPTYBAaTH HABajoOM 0e3 pU3MKY BiJILICHHS
BOJIU.

Jis  XapakTepUCTUKM MPAKTUYHOI TNPUAATHOCTI IIOTO pilIeHHS OyJlo po3paxoBaHO
MOXUJIMBOCTI  QIIbTparii uisi 1abopaTOpHOTO Ta pealbHOro KaMmepHOro (imbTp-tipecy (3
ypaxyBaHHSM JI0JIaTKOBUX ITUKJIIB POOOTH, 3arajbHa TPUBAJIICTh SKHUX MepeadavyacTbest Ha piBHI 20
XBUJIWH). Y MeXax JOCTiKyBaHUX (DpakIliii 1 J03yBaHb NPOAYKTUBHICTh (PiIbTpallii 3HAXOIUTHCS B
mianasoni 25-250 n/M® Ha TOAMHY, i UMM BOHA BHILA, THM JpiOHima Qpakuis i BUIA 103a
BEPMUKYIIITY.

B pesynbrari, npu 36inpmenHi qo3u Big 10 mo 20 r/m (Tobto 2 pasm) mns Qpakiii, 1o
nepeBuInyoTs 0,5 MM, CIIOCTepIraeThes 3pOCTaHHS MPOAYKTUBHOCTI MEHIE HiX y 2 pa3u. OqHak,
Kouu 7103y 3011y oTh 3 10 10 40 /11 (To6TO B 4 pasu), NpOAyKTUBHICTH (DiIbTpalii 301IbIIYEThCS
OlTpII HIX Y 4 pa3u Jutst THX caMuX (paxiiit. J{is pisHux (paxiiif onTuMansHa 103a OyJia BU3HAUYeHa
31 30UIBLIEHHSIM JI03H, 1110 HE MIPU3BOAUTH J0 MPONMOPLIHHOTO 301IbIIEHHS MPOTYKTUBHOCTI.

Jani, orpuMaHi B pe3yJibTaTi JOCTIPKCHHS, BKa3yIOTh Ha MOJKJIMBICTh BUKOPHCTAHHS
PO3IIAPOBAHOTO BEPMUKYJITY JUIsI KOHAMIIOHYBAaHHS OCaay MICBKMX OYHCHHMX CIOpPYA JUIs
3HEBOJIHEHHSI 0€3 3aCTOCYBAHHS JI0/IaTKOBUX (DIIOKYJISHTIB.

byna po3pobneHa meroanka BHOOPY ONTHUMAIbHHUX IMapaMeTpiB J03yBaHHS. Bu3HaueHo
HaIPSMKH TOJIATBIINX JOCIIKEHb MOKIUBOCTI BUKOPUCTAHHS BiJIX0/1IB BEPMHUKYJIITY 31 3MIIIIAHUM

IpaHyJIOMETPUYHUM CKJIAZIOM Ta/a0o0 1HIINX MiHEpaJIbHUX HAIIOBHIOBAYIB.
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HIJITOTOBKA MUTHOI BOJIU 3 BUKOPUCTAHHSAM MOJUPIKAILIL
OUIBTPYBAJIBHOI'O 3BABAHTAKEHHSA
C. C. Aymkin, T. O. llleBuenko
XapKiBChbKUI HAIllOHATBHUN YHIBEPCUTET

MicbKkoro Tocriogapersa imeHi O. M. bekerosa, XapkiB, Ykpaina

QinpTpyBaHHS BOJAW 4Y€pe3 MOPHUCTI CEPEOBUIIA € OCHOBHUM BHPOOHHYUM IPOLECOM, IO
3a0be3nedyye BUMOIM TPOSICHEHHS BOAU. 3aTpUMaHHS B IOPUCTOMY CEPENOBMILI CyCIEH31H
BiIOYBA€ThCSl B OCHOBHOMY B pe3yJIbTati aaresii, ToMy e(peKTUBHICTh (PIIbTpyBaHHS IpU OAHIN 1 TiH
K€ MIBUAKOCTI (iapTparii 3ajJeXuTh BIJ YChOIO KOMIUICKCY (I3MKO-XIMIYHMX YHHHHKIB, IO
BH3HAYAIOTH JOCUTH CKJIAIHUN MeXaHI3M anresii.

Haii6inpmoro nomupeHHss HaOyB MeTOJ 3MIHM (PI3MKO-XIMIYHHX BJIACTUBOCTEN MOBEPXHI
YaCTUHOK CYCIIEH31H, B pe3yJIbTaTi 40ro OCTaHHI OUIBII IHTEHCUBHO MPHIIMIAIOTH 0 MOBEPXHI 3€peH
GinpTpyIOYOro 3aBaHTaXeHHs. TexHosoris Takoi Moaudikamii IIMPOKO 3aCTOCOBYETHCS B
pEeareHTHUX CXeMax OYMIIEHHS BOJIH.

Cnoci6 wmonudikamii KBapIoBOro 3aBaHTAXEHHS (PUIBTPYIOUOTO Martepially IoJisrae B
MoaudikaIii MOJEKYISPHUX TPYIN HAa TMOBEpXHI 3epeH GuibTpy. [Ipu mpoMy 3MIHIOIOTECS (i3HKO-
XIMI4HI BJaCTUBOCTI IOBEPXHI 3€peH 3aBaHTaxeHHs. PUIbTpyrounii MaTepian nepes GpiibTpyBaHHIM
00poONSETECSA PI3HUMH pEeareHTaMu Tak, 00 Ha TOBEpPXHI HOro 3epeH yTBOpHJAcs IUTiBKa 3
pedoBHH, (i3MKO-XIMIYHI BJIACTHBOCTI SKHX 30UTblIytoTh cuiau anresii. Tak, mpu oOpoOi
KBapIIOBOTO IMICKY PO3UMHAMM KOAryJsSHTY 1 (pJIOKYJISIHTA Ha TOBEPXHI MIL[AHUX 3epeH YTBOPIOETHCS
aJIFOMOOpraHivHa MmiiiBka. HeraTuBHU 3HaK €EKTPUYHOTO 3apsiAy MOBEPXHI KBapIly 3MiHIOETHCS Ha
MMO3UTUBHUHM, XapakTEepHUH sl TiApokcuay amomiHito. [l oOcraBuHa 3HAYHO MiACHITIOE
MIPUJIMITAHHS IO 3€pPeH MICKY 3a3BHYail HETaTWBHO 3apsDKEHWX YaCTWHOK CycrieH3id. Bracmimox
301bIIEHHS KOHCTaHTH BaH-nep-Baanbca, 1o xapakrtepusye [il0 MDKMOJEKYJISIPHUX CHJI,
M ABHUIY€THCS IHTEHCUBHICTD 1 pajiyc Aii MIKMOJIEKYJIIPHOTO TSDKIHHS, @ pa30M 3 LIUM 1 KUIBKICTh
3a0py/IHEHb, Ky MOXKE 3aTpUMaTH KOKHA MIIIWHKA 1 Bce UIbTpyIOUe 3aBaHTaKeHHs. PerymoBanns
CHJI TIPUJIUMNAHHA MOXXe OyTH JOCATHYTO MOAM(IKalli€lo MOBEPXHEBHX BIACTUBOCTEH, SK 3€pEeH
(bimbTpa, TaK 1 YaCTOK CYCIEH3I1H.

MeTtotro poGoTH OyI10 MiIBUIIEHHS SKOCTI OYHIIICHHS TUTHOT BOJIM 1 MPOJTYKTHBHOCTI OUYUCHUX
CTIOPYA BOJOMIATOTOBKM IIUISIXOM PO3POOKH TEXHOJOTIYHUX KapT OYMIICHHS NUTHOI BOIH 3
BUKOPUCTaHHAM MOJM(IKOBAHOIO KBapIIOBOTO 3aBAaHTAXXEHHSA PO3UMHAMM KOAryJIsHTY CyJb(aTy
QITIOMIHIIO 1 QIIOKYJISHTIB momiakpuaminy i Magnaflok LT-25.

Moaudikariisi KBapLOBOTrO 3aBaHTXEHHSA (UIBTPYIOYOrO MarTepially HOJsrae B 30UIbIICHHI
aAre3ifHOi 34aTHOCTI: MpOLEC MPUIUIAHHSA YAaCTMHOK CyCNEH3ili 3 HEraTMBHUM 3apsaoM

BiIOyBa€eThCs HAbaraTo MIBUALIE, [0 JO3BOJIAE IHTEHCU(IKYyBaTH MPOLIECH OUUIIICHHS MIUTHOI BOIH.
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Oninka ycmmHocTi Moaudikamii GiIbTpyOUOro 3aBaHTaKEHHS MOXe OyTH BHKOHAaHa Ha
OCHOBI TIOKa3HHKAa — OpYyMOEMHICTH (PUIBTPYIOUOTO CEPEIOBUINA: YUM OUIbIE OpYIOEMHICTH
¢binpTpa, THUM Kpamie pe3yiabTarT MoaudiKyBaHHA. bpynoemHICTH (igbTpa 3aJIeKHUTH  Bif
BJIACTUBOCTEH, SIK (PLIBTPYIOYOTr0 3aBAaHTAKEHHS, TaK 1 3BaKCHUX PEUOBHH, 10 3HAXOAATHCS Y BOJI,
10 POSICHIOETHCS. ToMy y BCiX ociigax OpyaoeMHICTh MOAN(DIKOBaHUX (DIIBTPIB OIiIHIOBAIACS B
MOPIBHSAHHI 3 OPYJIOEMHICTIO B LIUX K€ YMOBax (hiJbTPiB, 3aBaHTAKEHUX THMHU XK IICKaMu, ajie 0e3
MoaudikaIii OCTAHHBOTO.

[Tpu BUKOHAHHI JOCIIIKEHh BUKOPUCTOBYBAIIUCS KOaryIsHT cyibdary amominio Al2(SO4)s,
a Takox (okynsaTH: nomiakpunamin (ITAA) i Magnaflok LT-25.

3aBaHTa)XKEHHS 3 TO3UTUBHUM 3apAI0M OTPHUMAJU METOJOM HAHECEHHS Ha MOBEPXHIO 3€pEH
nicky 10% po3uMHy KOarylIsHTy Cynb(ary alioMiHilo 3 koHuenTpamieo 50 mr/mm3. OcHoBHEM
MOKa3HUKOM, W0 XapaKTepu3ye eNeKTPUYHI BIACTUBOCTI 3aBaHTaXEHb, 30JIiB, CyClEeH3id, OyB
NPUAHIATHI ~ €NEeKTPOKIHETUYHUN  moTeHmian. BwusHaueHHs &-moTeHmiany  QUIBTPYHOYOTrO
3aBaHTAKEHHS BU3HAYaJIM METOAOM MpOTiKaHHS moTeHijiany. KoHueHTpalis KoaryJisiHTy Mmija dac
moaudikarii cranoBmina 10%, ¢uokynsarie [TAA 1 Magnaflok LT-25 — 0,5%. Yac momudikarii
MPUMHSTO Ha MiJICTaBl JOCIIIKEHb.

BuBueno 3Minu &E-noreHmiany (iabTpyrOUOro 3aBaHTaKEHHs, KOHCTaHTH Ban-nep-Baanbca i
OpYJOEMHICTh KBapIIOBOTO 3aBaHTa)KEHHS TMPH 3aCTOCYBaHHI MoAH]ikamii 3aBaHTaKEHHS
¢binpTpyBaibHUX criopyA. OTpUMaHO 3aJeKHOCTI BIUIUBY 4acy MOJUQIKaIil 3aBaHTaXEHHS Ha
KaJIaMyTHICTh 1 3a0apBIICHICTh BOJM, 11O MPOSICHIOETHCS, 1 3AIEKHICTh KaJJAMYTHOCTI MTPOSICHEHOT
BOJIM BiJl KPATHOCTI BUKOPHUCTAHHS MOIM(DIKOBAHOTO 3aBAHTAKEHHSI.

EdexTuBHICTh BHUKOPUCTaHHS MOAM(PIKOBAHOTO KBaplOBOTO 3aBaHTAXEHHsS IpPU POOOTI
CIIOPYJl BOJOMIATOTOBKM 32 TEXHOJIOTIYHUMH KapTaMH 3 MIBUAKUMHU (PiIbTPaMH 1 KOHTAKTHUMH
MIPOSICHIOBaYaMH TIOJIATA€E B HACTYITHOMY:

— I BUAKUX (QITBTPIB: BiAOYBaIOCs MiABUIICHHS MIBUAKOCTI OCAKEHHS KOAryJbOBAaHUX
nomimok Ha 35-45% Ta miaBuIeHHs mBUAKOCTI GinbTpattii Ha 25-30%;

— JUISI KOHTAKTHUX TIPOSCHIOBAYiB: BiAOyBajoCsS MiABUINEHHS IIBUIKOCTI (iIbTpali Ha
20-25% Ta 301UIBIICHHS TPUBAIOCTI QinbTponmkiry Ha 32—37%);

B 060x Bumankax Bif0yBanocs 3HWKEHHS BUTpaT peareHTiB Ha 20—30% Ta moTinmeHHs SKOCT1
¢binpTpaTy 3a 3aBHCIMMH PEYOBHHAMH Ta 3a0apBIICHICTIO.

BceranoBieno, mo wmomudikaimis KBaploBOro (UIBTPYIOUOTO 3aBaHTAXEHHS JO3BOJISE
MOJIMIIIUTH apaMeTpy poOOTH KOHTAKTHUX MPOSICHIOBAUIB 1 MBUIAKUX (QUIBTPIB, 3HU3UTU BUTPATU
pearentiB Ha 35-40%, NMOMINIIUTH SKICTh (QUIBTPATy K 3a 3aBUCIMMH PEYOBMHAMH, TakK 1 3a

3a0apBIIEHICTIO, 30UIBIINTH MBUAKICTh (DIIBTPYBAHHSA B cepelHboMy Ha 25%.
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BIOLOGICAL DENITRIFICATION, SULFATE REDUCTION
AND BUBBLE-FILM EXTRACTION OF WATER IMPURITIES
IN THE SMALL-SIZED FILTRATION AND FLOTATION DEVICE

A. S. Chernova, V. S. Gevod

Ukrainian State University of Chemical Technology

In the water of many countryside wells in Ukraine, nitrate concentrations exceed sanitary and

hygienic standards. These sources used for drinking and cooking provokes dangerous diseases. The

currently use household systems of nitrates removing out the water of problematic sources based on

physic-chemical principles. They are expensive. The prospect seems to create the required system

based on the principle of biological filtration.

Reduction of ions NO; to gaseous nitrogen by
heterotrophic denitrifying bacteria and reduction of sulfate
ions to HS™ and H, S by sulfate-reducing bacteria followed by
oxidation of H,S to elemental sulfur by sulfuric bacteria have
has realized by the method of displacement (piston)
biofiltration in a small-sized (home used) biofilter. This device
was assembled from two pieces of PVC pipes with an inner
diameter of 100 mm, a height of 1500 mm, a blanked bottom,
and a hydraulic jJumper with an outlet valve disposed at the
height of 50 mm from the blanked bottom On the upper part
of each of the pipes forming a U-shaped construction
additional compartments with a height of 150 mm were made
for extra filling with water of each elbow.This allowed the
installation of the bubble-films extractor into the output bend
of the biofilter, and to study in more detail the dynamics of the
denitrification process in the water filling the entering part of

the device. To carry out biofiltration were used the HDPE

The photo of the device

filter media with biofilms of denitrifying, sulfate-reducing, and sulfur bacteria. Clarification of

biologically denitrified water (removal of planktonic particles of biofouling and a finely dispersed

phase of insoluble calcium carbonate and heavy metal sulfides that appear in the filtrate because of

biological denitrification and sulfate reduction) was carried out by of bubble-film extractor installed

at the outlet of the biofilter. The bubble-films extractor used in this study was of the following

parameters. The capturing funnel and evacuating channel in it were of dimensions: diameter and

height of funnel — 60 x 60 mm, Inner diameter, and height of evacuation channel — 18 x 180 mm. The
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distance of the air disperser (air stone) apart the base of the capturing funnel was equal to 60 mm. Air
discharge — 1 dm®min. The radius of generated air bubbles by air stone — 0.2-1.5 mm. In such a way,
water treatment was done conjugate method of displacement (piston) biofiltration and bubble-film
extraction. The photo of the combined device is shown above.

Five liters of water contaminated with nitrates and ethanol as a source for bacterial nutrition
were fed into the device daily, and an equal quantity of denitrified water was received simultaneously.

Found, depending on the state of the biofilter load, denitrification and sulfate reduction manifest
themselves differently in various sections of the filtration path. If a fresh biofilter load is working or
that after operating for a long time but thoroughly washed with a fast flow of water before the further
operation, then the reduction of nitrates to gaseous nitrogen happens the same way along the entire
length of the biofilter. In these cases, denitrification runs according to the concept of a first-order
reaction, the rate constant of which at 25 ° C is 0.56 day™. If the biofilter is operated a long time with
a regular (every day) supply of nitrate-containing water with the necessary addition of ethanol into
its inlet bend and an equivalent amount of denitrified water is simultaneously received at the biofilter
outlet, the situation changes. The denitrification zone, within which the main quantities of nitrates
convert into nitrogen, shifts to the upper part of the biofilter inlet bend. There, the rate constant of
water denitrification increases to 1.8 - 2.3 day?.  Behind the zone of active denitrification appears
a zone of sulfate reduction. Sulfate-reducing bacteria convert sulfate ions into hydrosulfides. While
the hydrolysis of hydrosulfides produces hydrogen sulfide. The process is the more intense, the higher
amount of ethanol in the denitrified water that was not consumed by denitrifying bacteria.

Following the sulfate reduction zone, a zone appearing in the biofilter outlet bend where sulfur
bacteria work. These bacteria oxidize hydrogen sulfide dissolved in water to elemental sulfur. The
chain of biochemical reactions leading to the appearance of elemental sulfur requires dissolved
oxygen in the water. The maximum activity sulfur bacteria exhibit in the upper part of the biofilter
outlet bend. In there the biofilter loading is in contact with water, which absorbs oxygen from the
atmospheric air through the open upper end of the biofilter outlet bend. The process is accelerated by
bubbling air through the atomizing device of the bubble-film extractor when this device operates in
the biofilter outlet elbow. The operation of the bubble-film extractor ensures the restoration of the
equilibrium oxygen concentration and the removal from the filtrate of calcium carbonate sols, heavy
metal sulfides, polyvalent metal oxides, colloidal sulfur, and planktonic fragments of biofouling.
Removal of the listed substances occurs with the participation of biological surfactants. These
substances are metabolic products of bacteria functioning in the biofilter. Biological surfactants
initiate the adsorption of zol particles on the surface of air bubbles and thus enable bubble-film

extraction of sols without the use of synthetic collectors of dispersed phase particles.
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JKUBYUYICTh MIKPO®JIOPHU BOJ PIYKHU TYHAU
MOITPH JIEBICTb HA HEI i CE30HHICTh
H. b. Tipon-BopobiioBa, A. I'. lannasu, B. C. Maanii
Hynaiicbkuii incTuTyT HarionansHoro yHiBepcutery «Onecbka MOpChbKa akajeMis», YKpaina,

Opnecbka obnacts (Al HY «OMAY), m. [3main

Hayxosusmu Il HY «OMA» Oyno oTpuMaHo 2 NaTEeHTH Ha CHOCI0 3HE3apaKeHHS i OUMILICHHS
6anacTHOI BOAM M YCTAaHOBKY JUISl HOTO 31IHCHEHHS. 3 ypaXyBaHHAM 0(OPMIICHOTO, HUMH 3p00JICHO
aKLIEHT Ha CTIMKICTh KUBYYOCTI OKPEMHUX >KMBHX OpPIaHi3MiB Yy BoJiI pubepexxHux 30H OaechKkoro
periony. 3ab6ip Boau (BoaHmi kaHai p. lynaii, M. [3main, Onecbka o0macTh, YKpaiHa) 3/11HCHIOBAIN
9-ro cepnus 2021 poxy (09:14 panky). Y 1el ke JAeHb BUKOHYBalIM 00€33apa’KyBaHHS BOJU
030HYBaHHSM (Ha TPOTA31 MBroguHu). Jlam po3IuBISLITUCH PYXOMICTh MPUCYTHBOI MiKpodIopu B
BOJi (HAHOCSYM HA MpeJMETHE CKIO 0araTopa3oBO O30HOBY BOAY — KpammmHamu: 1 cM®) — mpu
MaKCUMaJbHIA KpaTHOCTI 30uIbmieHHa OKyysapy — 1600x. Mikpockon Oiosoriunmii XS-4120
Micromed GinokynsipHuii. PyxomicTs BizyamnizyBanacs Ha npyry 100y. 20-ro ceprus 2021 poky (11-
Ta paHKy) — 10 030HOBaHOI Boau BHecyiu mpudan3Ho 400-500 r xuBoi pyxomoi OGiomacu: 3a0ip
OGlomacu 3[IIMCHIOBAJIN y «TiH ke TUIonMHD» (BoaHMM KaHan p. JyHaii, M. [3main, Oxecbka 001acTs,
VYkpaina). PyxomicTs y «01u3bK0-BOJII» KUBO1 OiomMacH, sIKy 310paiu, Bi3yasizyBajacs JTOCTaTHHO
no6pe (cuiapHO). [Ipu Tii ke MaKCUMaJIbHIM KpaTHOCTI 301IbIIeHHS OKYJsIpy — 1600X. PyxomicTs y
3i0paHiii >kuBii OioMaci ayxe H00pe mpocTexyBanacs (pi3HOMaHITHI kuBi BKItoueHHs, Rotifera,
Amoeba ii iH.): Be y IepiIii KparmHi «0Iu3pKo-Bo . [1icis mpoBeaeHHs Bizyaiti3allii pyXoMocCTi
y xuBiif Giomaci, Bce cKymueHHS i 6yJI0 BHECEHO 10 6aKy i3 030HOBaHOW Bojmoi0 (40 cmd), y
BIJIMOBITHOMY KalpOHOBOMY MaTepiali (MIIIKy), adu Hajajai BaKKi 4YacTKH OloMacH He 3a0uBaiu
GiIbTpH ¥ 1HII BY3JIOBI €JIEMEHTH JI€BOTO EKCIIEPHUMEHTAJIBHOTO YCTaTKyBaHHS. ToOTo Oyio
PO3MOYaTO MPOLEC INTYYHOTO 3pOollyBaHHS (010JOTIYHOTO) KUBUX OPraHi3MiB Yy BChOMY 00’ €Mi
o30HOBaHOi Bojau. Hanami, yepes Tpu no6u (23 cepmusa 2021 p.) BizyamizyBajocsi JOCTaTHE
3a0py/HEHHS BOJM («IIO3€JEHIHHA»), 3 XapaKTepHUM HENpPUEMHHUX 3amaxoM. ToMmy, BCs JKuBa
6iomaca y KalmpoHOBOMY MilIKy Oyia BuiyueHa 3 6aky. [Ipubnuzno o 12:37 (23. 08. 2021 p.) Oyno
pO3MOoYaTo MpoIlec 3He3apakyBaHHS i OUYHINEHHS BOJM (3 HAKOMMMYCHOI0 MACOI0 JKUBHX ICTOT) — 3a
HaJIaroJ[PKEHOI0 CXEMOIO JIIEBOTO €KCIIEPUMEHTAIBLHOTO ycTaTKkyBaHHsa Ha 6a3i JII HY «OMAy, ne
BUKJIFOUAIOYM KOAHY 3 ICHYI0UMX cTajaii. [licist npoBeieHHs UX MpoLeciB, 6araTopa3oBo HAHOCHIIN
Ha TIpEJIMETHE CKIIO BXKe «00poOJieHy» BOAY, «BHUCIKAIOUM» HEOOXIJHY aJliKBOTY BOJAU 3 PI3HHX
«ruOuH» BCi€l MicTKOCTI 0aKky. PyxomicTh He BisyamizyBanacs. Y sKOAHIN Kparuii.

BucHOBOK €nuHuUii: TOMITHA Bizyaizalist pyxomoi Mikpodiopu monpu il ofHI€T 31 CTamii
Ipoliecy 3He3apaKeHHs/OUUIIEeHHS BOJ piuky /lyHaill, BpaXOBYIOUHM CE30HHICTb.
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OIJIBUIIEHHA EHEPTOE®EKTUBHOCTI TA HAJIMHOCTI CUCTEM
TEIIVIOITIOCTAYAHHSA HIJIAXOM BUKOPUCTAHHSA HOBITHIX METO/11B
BOAOIIATIOTOBKH
J. Poroxun', M. Kapmiok?, B. Birkoscbkuiil, I1. Tnamasain?, K. T'a6a?

IKTI «Kuromuprennokomyneneproy, XKuromup, Ykpaina

?KuiBchKnii HALliOHATBLHUI yHiBepCUTET Oy IiBHULITBA Ta apXiTekTypH, Kuis, Ykpaina

VY Tapugax Ha MOCIYyrd CHUCTEM TEIUIONOCTAYaHHS BAXKJIMBY POJIb BiAirpae HaAidHICTH Ta
e(eKTUBHICTh CHUCTEMH MIATOTOBKM BOAM. B nilicHuil yac y cucTeMax TElIonoCTauyaHHs MICT
VYkpaiHu Maifke BCIOAM BUKOPUCTOBYIOTHCA TPAAMLINHI METOIM MiJrOTOBKM BOAM — TEpMIYHA
Jieaepallis K 3aXUCT BiJl KOPO3ii Ta HOM’ SIKIIIEHHS BOJY JUIS 3MEHIICHHSI HAKUTIOYTBOPEHHS. AJle Ha
CHOTOJHIIIHIM JIeHp BOHM HE BIAINOBIAIOTH BHMOTaM 3 €HEProe(eKTUBHOCTI Ta HaIIHHOCTI
excruryaranii. KpiM BUCOKOT BapTOCTI X MPOLIECIB AJIs X peanizalii HeoOX1JHUM YhCIeHHUM 100pe
HiATOTOBJIEHUH Ta TUCLMITIIHOBAaHUM NIEPCOHAN, 3a0€31eUUTH HasIBHICTb KOO ChOT'0JIHI HE IPOCTO.
UYepes 11i IPUUMHH MTOCUIIIOETHCS 1HTEPEC 10 HOBITHIX OUIBII HAAIMHUX, €PEKTUBHUX Ta JCIIEBUX
3ac00iB MiATOTOBKU BOJM JUIS CUCTEM TEIUIONOCTayaHHs. Taki METOH €, ajie BOHM BKpail MOBUIBHO
BITPOBA/KYIOTHCS Ha TETUIONOCTAYAI0YHX MIAIPUEMCTBAX. [I[pHUnH IbOMY JEKiTbKa, ajie TOJIOBHUMH
MO’KHA BBa)KaTH BIZICYTHICTh HOPMAaTHUBHHMX JIOKYMEHTIB Ha BUKOPHCTAHHS LIMX METOIB Ta cialOka
iH(opMOBaHICTh TIPO AOCBiA iX BUKOpUcTaHHSA. OJHUM 3 MPOBITHUX MMiAMPUEMCTB Y BUKOPHUCTAHHI
HOBITHIX METO/IB BOJOIIArOTOBKU JUI CHCTEM TEIJIONOCTAaYaHHS € KOMYHAJbHE MiANPHEMCTBO
«KUTOMHPTETIIOKOMYHEHEPTOY.

Ha noyaTky 1BOXTHUCSAYHUX POKIB Ha MiJMPUEMCTBI CIIOCTEPIrauCh BEIUKI TOHATHOPMATUBHI
BTpaTH BOJIM, YaCTi pEMOHTH TPyO Ta MPOMHUBAHHS KOTJIIB BiJ BIAKIaICHB, Yepe3 110 OyII0 IPUIHHATO
pilIeHHs PO3pOOUTH ITPOrpamMy MoJIepHi3allii cucTeMu BoAomiAroroBky. Ha nmoyatky 11iei po6otu 6yB
MpoBeJIeHUH aHami3 iH(opMarlii MoJ0 HOBUX METOIIB IiJTOTOBKA BOJU Ta PE3yJbTATIB IX
BNpoBa/KeHHsI. Ha OCHOB1 pe3yibTaTiB IbOTO aHAJI3y Ta aHaII3y TEOPETUYHUX MOCTYJIATIB MO0
nepediry (i3uko-xiMiYHUX TIPOIECIB KOPO3ii Ta HAKWUIIOYTBOPEHHS B €JIEMEHTaX CHCTEM OYyJIo
BUOpAHO pPAJ METOJIB MOJepHi3alii a0 PEeKOHCTPYKIII CUCTEM MiATOTOBKH BOAM JJISi KOXKHOI
KOTEJIbHI 3 ypaxyBaHHSM iX ocoOnuBocTeid. Peanizaris po3po0ieHoi mporpaMu Oyia po3mnoyara y
2008 pomi 1 HpOTArOM BCIX POKIB 10 JMAIMCHOTO Yacy BOHA HEBIMHHO BIIPOBAKYyBajlach 3
MOTIPaBKaMH, 1110 BUHUKAJIN NP PO3IIIAl Pe3yIbTaTiB MOCTIHHOTO MOHITOPUHTY, B TOMY YMCHI MO
IIBUAKOCTI KOpO3ii Ta 00’eMy BigkiIaaeHb. lIporpama e mpoAOBXKY€E MiSTH, aje BKE HOCATHYTI
BaroMmi pe3ysbTaTH Bij i1 BOPOBAKCHHS: MMTOMA BUTpaTa BOJIY Ha ITiHKUBIICHHS CHUCTEMH BIajia y
10 pasiB, mTUTOMI BUTpPATH COJIi HA TIOM SIKIIEHHS BOJW TakoXX Bnaysu B 10 pa3iB, MUTOMI BUTpaTH

€JIEKTPOEHeprii Ha TpaHCHMOPTYBaHHS BOJM B TEIUIOBiM Mepexi 3MeHIMIuCh Ha 20% 3a paxyHOK
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3MEHIICHHS T1IPaBIIiYHOTO OIOpPY CHUCTEM, MUTOMI BUTPATH Ta3y B JDKEpENax TEIUIOTH (KOTEIbHSX )
3au3mIKCh Ha 4%. llIBuakicTs kopo3ii Oyno 3umwkeHo 3 0,7-0,8 mm/pik 1o 0,01-0,02 mm/pik, ToOTO
KOpO3is MPaKTUYHO BiACYTHS. OCHOBHI TEXHIKO-€KOHOMIYHI MOKa3HUKU poOoTH koreneHb KII

«Kutomupremnokomynenepro» y 2018-2019 pp. naBeneno y tTabnui 1.

Tabnuys 1
TexHiko-ekoHOMiuHI MokazHUKH podoTH KoTedeHb KII « KutomupreniokoMmyHeHepro»
Ne | Anpeca korenbHi | O6’emu | Bupobaeno KK Bapricte | [lutoma | Iluroma
CUCTEMHM, | TEILIOBOL pobotu TEIUIOBOI | BUTpara | BUTpara
M3 eHeprii, KOTEJIbHI eHeprii, BOAM, | EIEKTPO-
['kan (6pyTT0),% | rpu./T'kan | M*T'kan | eweprii,
kB1/['kan
1. | KorenbHs 3 547,172 19188,77 93,775 903,129 | 0,2136 35,24
HaTpI-
KaTIOHYBaHHSAM 1
XIMIYHOIO
neaepariiero PK-1
2. | Korenbus 3 224,472 13340,44 95,451 887,223 | 0,1348 29,9
KOMILJIEKCHOIO
00po0KOI0 BOAH
(ximiuHa
neaepartis
+KOMIUIEKCOHATHA
00pobka) PK-9
3. | Korenbns 3 106,533 ST71,47 86,249 981,942 | 0,1059 29,13
HaTpiii-
KaTiOHYBaHHIM
np. Kapernuii, 9

By110 po3po6iieHo 1 BIpoBaIKEHO Psil TEXHIYHKMX 3ac00IB: TaTYUKK KOPO3ii, ycranoBka Redox-
¢inpTpanii Ta iHII. Y CHIBIPYXKHOCTI 3 HAYKOBISIMU 3 KHIBCHKOTO HaIliOHAJIBHOTO YHIBEPCHUTETY
OyAiBHMIITBA Ta apXiTeKTypu OyB OTPUMaHHH P IIKaBUX TEOPETHYHHUX CIIOCTEPEKEHb, HA OCHOBI
SKHX BHOCATHCS NEPLIOYEProBi 3MIHM B peajizaiiio mporpaMmu. Tak, BIOCKOHaI€HAa KOHCTPYKIIis
[IJJAMOBJIOBJIIOBAYiB 3~ MarHiTHUMHM  BCTaBKaMM,  po3poOlieHa  HOBa  KOHCTPYKIis
HU3BKOTEMIIEPATypHOIO BAaKyyMHOI'O Jeaeparopa, aBTOMAaTH30BaHO JO3yBaHHS pEareHTiB IUis
Monudikamii Bogu. BexyTbes TOChiKeHHS B HANPSMKY IMOIIYKY OUTBIN JIETIEBUX pEareHTIB Uis
MonepePKeHHs KOpo3ii Ta HAKUIIOYTBOPEHHSI Ha OCHOBI IOBEPXHEBO-aKTUBHUX PEUOBHH, 5IK1 Oy Iy Th
BIAMOBIZATH 4 CTyINEeHI0 Oe3MeKH 3 BIUIMBY Ha HABKOJIHMILIHE CEPEJOBHUIIIE.

Kpim npoBakeHHs CyTO TEXHIYHHUX 3ac00iB MOJIEpHi3allii OTpUMaHUH JOCB1 3MyCHUB 3MIHUTH
CTPYKTYPY CIIy>KOH MiAroToBkH Boau. OOCIIyrOBYIOUYHI IIEpCOHANI BUBEJICHUH 31 IITATy KOTENEHb 1
BKJIFOYEHUHN y IITAT MATOTOBKUA BOJAM, IO JO3BOJISAE TOKPAIMIUTH TEXHOJIOTIYHY AUCIUIUIIHY 1
MiJBUIIATHA HOTO KBaTi(iKallilo 3a paXyHOK MOCTIHHO 10401 CHCTEMU HaBYaHb.

ToOT0, BIpOBaKCHHSI HOBITHIX METO/IIB MIATOTOBJICHHS BOAM B CHCTEMaX TEIUIONOCTaYaHHS

Jla€ 3HAYHUN €KOHOMIUHUH e()eKT 1 miIBUIIy€E HAAIiHICTh BCi€l CUCTEMHU.
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CKJUIAJl HAJIMITAHb HA MEMBPAHAX BIOJIOI'TYHUX PEAKTOPIB
A. M. Xpucrenko, B. O. IOpuenko, O. I'. MeabHikoBa, O. B. CMmupHoB
XapKiBCbKUI HAIllOHATBHUHN YHIBEpPCUTET OYIIBHUIITBA Ta apXITEKTYpH, M. XapKiB, YKpaiHa,

HayxkoBo-Bupo6uuua ¢ipma «Exonomnimep», M. Xapkis, Ykpaina

MeMmOpannuii 6ionoriuamii peaktop (MBP) moemnye Oionoriuny oOpoOKYy CTIYHHX BOJ
aKTUBHMM MYJOM 3 MEXaHI4HO MeMOpaHHOW  ¢inbTpamiero. MeMOpaHHMI  MOIYJb
BUKOPUCTOBYETBCSA JUIS TOAUTY MYyJOBOI CyMimii 1 sBIsS€ COOOI ambTEpHATHUBY ILIMPOKO
3aCTOCOBAaHOMY METOAY OCQ/DKEHHS aKTUBHOTO MyJy Yy BTOPHHHHX BIJICTIHHMKAx, MI0
BUKOPHCTOBYETHCS B TPAIUIIIHHUX CUCTEMaX O10JIOTTYHOTO OYHUITICHHS B aepoTeHKaX. KoMOiHyBaHHS
MeMOpaHHUX TEXHOJIOT1H B OJHIH crIOpyAi 3 610J0T1YHUM OYHUIIEHHSM J03BOJISE ICTOTHO MiBUIIUTH
KOHIICHTPALII0 aKTUBHOTO MYJy B CIOPYAi, 3MIiHUTH KIHETHKY 1 IHII MOKa3HUKH O10XiMIYHUX
MPOIIECiB, MOIMOUTH BUAICHHS OioreHHUX enemMeHTiB. Ha choronnimHiii qeas MBP 3anpoBamkeni
B Ou1bI Hixk 200 KpaiHax 1 mopivHO iX KUIBKICTh 3011blIyeThes aechk Ha 1 000, 3 Hux 40% B CLIA.

OpHi€ro 3 HaWaKTyalbHIIIUX NPOOJIeM ChOTOJCHHS € mpobiieMa 3a0pyAHEHHS PIYKOBHUX Ta
MOPCBKUX E€KOCHUCTEM MIKPOIUIACTHKOM. TepMiH MIKpOIJIACTUK OyB 3alpOBaHKCHUH B OCTaHHE
JEeCATUPIUYS JJIS1 XapaKTEPUCTHKU HEBEJIWKHUX IIMATOUYKIB TUIACTHKY, 3HAWJCHUX B OKEaHi, 1[0 Mae
po3Mipu Bix 1 HM 10 5 MM. MIKpOIJIaCTHK - 11€ HE OCOONMBHUIN BUJ TUIACTHKY. /[0 HUX HajexaTh:
MOJTICTHIICH, TTOJMPOIIJCH, TMOMIBIHUIXJIOPUA Ta iH. PO3pi3HAIOTH TEpBUHHE - 3a0pyJaHEHHS
rpaHyJaMHu, HOPOLIKOM, IO JI0Jat0Th PH BUPOOHUIITBI KOCMETHKH, 3aCO01B riri€HH, aBBTOMOOITBHIX
IIMH Ta iH., 1 BTOpUHHE — 3a0pyIHEHHS IJIACTMACOBHMHU BHPOOAMHM, IO PO3MAJUCS HA MaJIeHBbKI
mmMaTtodku. [ImacTuk po3kiafaeTbcs NOBUIBHO, 1€ MIJBMILYE BIPOTIAHICTh MOTPAIUISIHHS 1
HaKOIMMYCHHS MIKPOIJIACTUKY B TUIaX 1 TKaHWHAX Oarathox opradi3MiB. [IoBHHMH LUK pPyxy
MIKPOIUIACTUKY B HAaBKOJIUIIIHBOMY CEpPEI0BHILI HEIOCTaTHHO BUBUECHUI.

l'onoBHOIO eKCIUTyaTaIlifHO MEPemKoA0 MpH 3acTocyBaHHi MBP € mBuake 3MeHIIEHHS
MOTOKY NPOHUKHEHHS CTIYHHUX BOJ dYepe3 MeMOpaHy BHACHiJIOK ii 3a0pyaHeHHs ((hopMyBaHHS
KEKOBOTO IIapy Ha MOBEpxHI MemOpaHu). BigzHaueHo, 110 opraHiyHi i HEOpraHi4HI PEYOBHHH,
BUSIBJICHI B HEOUUIIICHUX CTIYHUX BOJIAX, 1 MIKPOOHI MPOYKTH € CKIIAJOBUMHU HAIMIIAHb HA TIOBEPXHI
MeMOpaH. PiBeHb HanmmanHs Kopentoe 3 KoHueHTpamismu Ca, Mg i Na, npuuomy Mg, 3HIKYE
CXMJIBHICTh 10 OOpocTaHHS. 3HaHHS MPHUPOAM 1 MOXOPKEHHS 3a0pyHIOIOYMX PEYOBHH B IHapi
HaJIUTIaHb MOXE JIOTTOMOTTH PO3POOITi CTpaTeTii yIpaBIiHHs MiHIMI3aIli€r0 3a0pyTHEHHS MEMOpaH.

Mertoro poboTu Oyi10 BCTaHOBJICHHSI HAKOIIMYCHHS B HaJTUMaHHs Ha MemOpanax MBP karionis
JTy’KHO3EMEJIbHUX €JIEMEHTIB Ta 1HIIUX 3a0pyTHEHb CTIYHUX BO/I.

OO0'exT AOCTIKEHHST CTIYHI BOJM, aKTUBHUWM MYJ 1 HaiMmaHHsS Ha MemOpanax B MBP, mo

BUKOPUCTOBYETHCA UIA OUYHUIINCHHA IIPOMHUCIIOBUX CTIYHHUX BoJ. Metoau ,Z[OCJ'IiI[)KeHB —
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TiIpOXIMIYHUI aHai3 BOJHUX CEPEeNOBHIN (BH3HAUCHHS KOHIICHTpAIlii KaJbI[ifo, MarHiro) 3a
METOJMKaMH, PEKOMEHJJOBAaHUMH HOPMATUBHUMHU JJOKYMEHTaMH Y KpaiHU, aHai3 CKJIaly aKTUBHOT'O
MyJly Ta HAJIUIAaHb METOAOM ONTHYHOI eMICIHOI CEKTPOMETPIi 3 IHIYKTUBHO 3B’ 513aHOIO IIa3MOIO0
(JACTY ENISO 11885:2019 ) na ICII-OEC cniexktpometpi Analytikjena PlasmaQuant PQ 9000 Elite,
BU3HAUEHHS KOHLIEHTpAalli MIKpOIJIaCTHKAa 3a METOAMKOI0, IO PEKOMEHJI0BaHa HayKOBOIO
JITEPATypOIo.

PesynbraTn BusHaueHHs Bmicty Ca ta Mg B Boanux cepenouiiax MBP, aktuBHomy myii Ta

HaJIMTMIAaHHI HA MeMOpaHax npescTaBieHi B Tad. 1, 2.

Tabnuys 1
Kounuenrpanisa Ca ta Mg y Boanux cepegopumax MBP
Jocnipkenuit cyoerpar Konuenrpartis CnisigHomenns Ca:Mg
Ca Mg (Mr-exB/mm°)
CriyHa BO#a 6,49/129,8 0,71/8,52 91:1
[TepmiaT 5,56/111,2 2,24/26,9 2,5:1
B uncenbHuxy Mr-eKB/IMS, B 3HAMEHHUKY mr/am®
Tabnuys 2
Konunenrpaniss Ca ta Mg TBepaux cepenopumax VIGP
Jocmipkennit Konnenrpauis CnisigHomenns Ca:Mg
cyoctpar Ca Mg (Mr-aKB/KT)
AXKTHBHHH My 4750/95000 917/11000 52:1
Hanunanss 10500/210000 758/9100 13,8:1

B YUCCIIbHUKY MT-€KB/ KT, B BHAMCHHUKY MI/KT

SIK BUJTHO, B aKTUBHOMY MYJIi TOPiBHSHO 3 00pO0JIFOBAHOIO CTIYHOIO BO/IO0 MarHiii HOPiBHIHO
3 KaJIbI[IEM KOHIICHTPYEThCA. B mepmiati TakoxkK CIOCTepiraeTbcs HAKONMMUEHHsI MarHiro. OCHOBHUM
JDKEpEJIOM MarHilo B repmiaTi Moxe OyTH BIJIyTOBYBaHHSI LIbOTO €JIEMEHTY 3 HaJUNaHb. SIK BUAHO 3
JTaHuX Tab0J.2, B HAJUNAHHI MMOPIBHSAHO 3 aKTHUBHUM MYJIOM KOHIICHTpAIlisl KaJbIiF0 30UTbITYEThCS
MPAKTUYHO BJBIYi, a KOHIIEHTPAIliSl MarHito — JIeMI0 3MEHITYeThCsl. CIiBBIIHOIICHHSI €KBIBAJICHTIB
[IUX €JIEMEHTIB CBITYUTH MPO BUIYTOBYBaHHS MarHilo 3 HAJINMIAHb.

BisyanpHi AOCHIKEHHS HaluNaHb BUSBWIM B HUX BEJIHMKY KUIBKICTb MaKpOIUIACTUKY
(9acTHHOK po3MipoM > SMM): 29 1/kr (cyXoi Baru Hanumadhb). CriemiaabHi JOCTiHKCHHS BUSBUIN B
HAJIMMIAHHSX YaCTUHKU MIKpoIIacTuky (po3mipom <5mm): 4,33 r/kr, abo 1940 mr/kr. B nepmiarti
MIKpOIUIACTUK HE BHSBICHO, IO CBIAYUTH MPO BHCOKY €(EKTUBHICTH MeMOpaH B 3axXHCTI
MPUPOJHOTO BOJHOTO CEPEIOBHINA BiJl 3a0pYJHEHHS MIKPOIUIACTHKOM — OJHI€T 3 HalrocTpimmx

MI00ATBPHUX €KOJIOTTYHHUX TPOOJIEM CYy4acHOCTI.
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XIMIYHUH CKJIAJ CTIYHUX BOJI BIIBAJTY ®OC®OTIICY Y 30HI BILIUBY
JII PO3JALIBCBHKE I'XIT ”CIPKA” TA BAPIAHTHU 3MEHIIEHHSA IXHHOI'O
HETATHUBHOT O BILIMBY HA BOJIU TPAHCKOPJIOHHOI PTUKHA JTHICTEP

B. JIsikis', B. Ilorpedennuk?, M. Kopanabuyk®, P. KpaiikiscbKkmii?
! JIbBiBChKMIt HaNiOHANBHUI yHIBepcuTeT iMeHi IBana ®panka, JIbBiB, Ykpaina

2 HanionaneHuii yriBepcuter ”JIbBiBchka ITomitexnika”, JIbBiB, Ykpaina

3T30B ”Iucturyt "TIPXIMIIPOM”, JIbBiB, Ykpaina

Exosnoriuny cutyauito B 30H1 BiuBy /11 Pozninseske I'XIT ”Cipka” ta HoBopo3aiiabchKkoro
3aBOJIy CKJIQIHMX MiHEpabHUX 0OpuB y M. HoBuii Po3in 3ymMoBiieHo crieninivHIM NeperuieTeHIM
KOMIUIEKCOM TPHPOJHUX, 1HKEHEPHUX, COLIaNIbHO-€KOHOMIYHMX YMHHHKIB. Ilicins nmpunuHeHHs
BUIOOYTKY CIpKM, 3a YMOB BIJCYTHOCTI CHPOBHMHH, 3HAa4HOI EHEPro3aTpaTHOCTI Ta
HEKOHKYPEHTHOCIIPOMOXKHOCTI y 1995 poui mpunuHuUB poOOTY 3aBOJ CKIATHUX MIHEpATbHUX
n00pWB, BHACIIIOK MJISUTBHOCTI SIKOTO TOOIYHO YTBOPIOBAJIMCH 3HAYHI 00’€MH  crenugiaHuX
IIPOMHCIIOBHX BiJIX0/11B — (h0c(OTIICIB Ta KUCIUX BOJ: MPOAYKTIB XIMIYHOT peakiiii MiXk aaTUTOBUM
KOHIIEHTPATOM Ta CipYaHOIO KUCJIOTOK0. 3 JIBa ACCATKH POKIB HAKOMUYEHO 4,5 MITH TOH (hocdorimncy
Ta KHMCJIl MiHEpaJli30BaHi BOJIM, HAKOIIMYEHI Y BIICTIHHUKY, 00’ €M SIKHX [TOCTIMHO 3pOCTa€ 3a paxyHOK
HaJIXO/DKEHHS 1H(1IBTpaTIB 3 03epa.

Curyarlisi yCKJIaJHIOETBCS TUM, 1110, Yepe3 HeAo(piHaHCYyBaHHS MPUPOTIOOXOPOHHUX 3aXOIiB,
BIIXO/M XIMIYHOTO BHPOOHMIITBA NepeOyBalOTh IMiJ NPSMHM BIUIMBOM aTMOC(epHHMX oOmasiB.
QinpTPyIOYNCH KPi3hb TOBILY (OC(OTINCY Ta CTIKAIOUU CXHJIAMH, BiI0yBa€THCSI aKTUBHE POZUYUHEHHS
TiJa BiJBay Ta epo3is ioro cxuiiB. HoBoyTBopeHHil iHQ1IBTPAT CTIKAE y CHEIIAIbHO 3alIPOEKTOBaH1
OybepHi BOIONMH, OIHIEIO 3 AKHX € IIEHTPaJbHUI BIACTIHHUK, KU 3a KHCI0K0 peakiiiero (pH 2-3)
oTpumMaio Ha3By Kucie.

[Mpunuuenas BUKOpHCTaHHS BOJ LleHTpanbHOrO BIACTIHHUKA SK OOOPOTHHUX BOJ 3aBOJY
CKJIaJIHUX MIHEpaJIbHUX BOJI Ta MOCTIHHE aKyMYJIIOBaHHS 1HQ1IbTPATy 3yMOBHIIO HU3KY €KOJIOTTYHHUX
npobieM. 30Kkpema HacliKoM mepernoBHeHHS o3epa lLlentpanbHe-Kucne € moBepxHEBHil CTik
3a0pyIHEHUX BOJ Y PYCIO TPAHCKOPIOHHOI piuku J[HiCTep, sKka 3HaXOIUTHCS Ha BiAcTaHi 1 KM BiX
TEXHIYHOT BOJOHMH.

3a XIMIYHMM CKJIaJioM, cTaHoM Ha juneHb 2021 p. ne € cynedarno-docdarni-marpieBo-
MarHi€BO-KaJIbli€Bl 13 MIIBUIIEHUM BMICTOM (TOpy, i3 BMICTOM Yy MI/AM® TakuX KOMITOHEHTIB:
HCOs - 48,8; Ca®* — 100,2; Mg?* —200,1; CI'—99,1; SO+* —1063,1; Na* — 165,0; K* — 41,0; NOs"
—7,7; NO2 —0,052; P20s—721,4; PO4s> —482,6; NHs" — 1,8; F — 0,60; minepamizamis — 2931,6. Sk
BUJIHO 3 MIPUBEACHUX JIaHUX TaKl BOAM € MOTY>KHUM JKEPENIOM 3a0pyIHEHHS TPAHCKOPIOHHOI PIUKH

JlHicTep, Mpo 110 CBiAYaATh Pe3ysbTaTH XIMIYHOTIO aHali3y 3 PyAHUYHOIO KaHaly, 10 TyJIu Blajae
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(y mr/am®): HCOs™ — 144,0; Ca?* — 454,9; Mg?" — 54,7; CI"—99,9; SO4% —1371,3; Na" — 162,0; K*
—17,0; NO3 - 5,9; NO2 - 0,044; P20s — 6,2; POs* — 9,2; NH4* — 2,2; F — 0,46; minepaizanis —
2327,2.

[TpoBeneH1 TOCIiKEHHS JAIOTh MMiICTaBU CTBEPKYBATH, 110 BiiBall Gocdorincy € mreperom
(hopMyBaHHS KUCIIUX 1HYUIBTPATIB, K1, CTIKaIOUU B LIEHTPAJIbHUHN BIICTIHHUK, CYTTEBO MOTIPIIYIOTH
SIKICTb BOAM Y HbOMY. Boi € BUCOMiHEpaIi30BaHUMH, 3 TT1IBUIIIEHUM BMICTOM CyJib(dariB, pochariB
Ta ¢propy. [HinpTpaLis armochepHux onaiiB 3 BiiBady (Gocdorincy y ApeHa)kHy TpaHIIeIo Ta 03epo
LentpanbHe, a 3BIATH y PYIHHUYHUI KaHal Ta TPAaHCKOPAOHHY piuky /JlHicTep € Haa3BUUYaitHO
TOCTPOIO €KOJIOTi4HOoI0 npobiemoro. 1106 MiHIMI3yBaTH HEraTUBHUN BIUIMB JUIsl JOBKLJUIA BiJBaly
docdorincy — HEOOXiIHO B HAWKOPOTIIMK TEPMiH peai3yBaTH TaKi BapiaHTH 3MCHIICHHS
HETraTUBHOI'O BILUIUBY:

— rigpoizonsmis BiaBany (ocdorincy Bil atMOchEepHHX OMaiB 3a JITOMOMOTOI MICIICBUX
[JIMHUCTUX I'PYHTIB Ta TEOCUHTETUYHUX MaTepiajliB;

— BIAIITYBaHHS (QUIBTPYBAIBHOI 1aMOU 3 KapOOHATHUX MaTepiaiiB (CKEIbHUX PATHHUHCHKHUX
Ta MEJICHUX CIPKOBMICHUX BaNHSKIB), sika O clyryBaja 3amoODKHHMM 3aXOJIOM JUIsl HMOTPAIUISIHHS
KHCJIMX BOJI 3 IIEHTPAJIBHOTO BIJCTINHUKA y pyIHUYHUH KaHa Ta p. Juicrep. KapOonatuuii ckian
BIIXO/IB, SIKI MOKHA BHUKOPUCTATU JJIA BIAINTYBaHHS (UITPYBAJIBHOI JaMOH, XapaKTEpHU3y€EThCS
3MAaTHICTIO JI0 HEWTpami3amii KHCIUX BOJl, BHCOKOK) BOJOTIPOHHUKHEHICTIO — JUIS BiJICUIIKH
JIPCHYBAJIBHUX IIIapiB Ta BMICTOM CIpKH, SIKHA OOYMOBIIOE 3B'S3yBaHHS BaXXKMX METAIIB B
Hepo34MHHI crionykH. I1is yac B3aeMo/1ii kKapOOHATIB 13 KUCIUMHU 1H(IIBTpaTaMH TEOPETUYHO MOXKHA
nepea0aYnTy MPOTIKAHHS TAKUX peaKIliii:

H2S04 + CaCOs3 = CaSO4+ CO2 + H20
Ha2SiFes + CaCOs = CaF2 + SiF4 + H20
SiF4 + 2H20 =4 HF + SiO2
2HF + CaCOs = CaF2 + CO2+ H20
H3PO4 + CaCO3 = Ca3(PO4)2 + 3CO2 + 3H20.

[TponykTu peakiiii — pocdaTu KaibIlito Ta GTOPUT KabIlito ((IFOOPUT) MaJIO PO3YMHHI B BOJI,
1o o0yMOBIIIOE OYMIIEHHS BOAM Bix ¢ropy 1 dochopy. Kpim Toro, mpoayKkTu peaxiii 3B's3y10Th
BOJIY, SIKa BXOJJUTh B KpHCTaiuHy peiTky onany (SiO2*10H20), rincy (CaSO4*2H20), nudocdaty
kanbifiio (Ca2P207*5H20). CtBOpeHHs rigpaTiB OOYMOBIIIOE 3MEHIIEHHS BOJIOTOCTI CyMilli
(dhocdorincy 3 xBoctamu (uroTarrii B MOPiBHAHHI 3 TOYaTKOBOIO.

[IporioHOBaHI HaMU BapiaHTH JO3BOJIATH YCYHYTH TMOCTiHiHE JKepesno 3a0pyIHEHHS Ta

B1JIHOBUTH MOPYLIEHY TOCHOJAPCHKOIO JISJIBHICTIO €KOJIOTIYHY PIBHOBArY.
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PO BIIVIUB I' JIPABJIITYHUX XAPAKTEPUCTHUK
BOJOIPOBIJJTHOI MEPEXI HA SIKICTh BOJJO3ABE3IIEUEHHSI
O.T. JoOpoBoanchbka, €. P. Byka

3anopi3bKuii HAIlIOHAIBHUH YHIBEPCUTET, M. 3aMOpiAoKs, YKpaiHa

CyuacHuid CTaH BOJONPOBIIHO-KAHAII3AIIHHAX TOCHOMAPCTB OUIBIIOCTI MICT YKpaiHu
XapakTepusyeTbes aedinuTom (HiHAHCOBUX pecypciB, HEOOXITHUX MAJISl HAJEKHOI eKCITyaralii Ta
00CIIyrOBYBaHHS CUCTEM BOJONOCTauYaHHs Ta BOJOBIIBEACHHS, HE3aJOBUTbHUM TEXHIYHUM CTaHOM
cropyl. BpaxoByrouum 3HOLIEHICTH OCHOBHOTO (OHAY KOMYHAJIBHUX HIANPUEMCTB, CTaH
BOJIOTIPOBITHUX MEpeK NOoTpedye iX peKOHCTpyKiii. BuUIbIIiCTh KOMyHalbHHUX MIiANPUEMCTB B
VYkpaiHi MaioTh OOMEXKEHHS B KOILITAaX, HEOOXIAHMX A iX MOHOBIEHHA. Kputepisimu sKocTi
(GYHKIIOHYBaHHS BOJOIPOBIIHUX MEPEXK € TOTPHUMAHHS HACTYIHHX YMOB: HaIlip B KO)KHOMY BY3JIi
MMOBUHEH OYTH HE MEHILIE MIHIMAJIBHOT'O Ta HE O1JIbIIIE MAKCUMAJILHOTO ITPUITY CTUMOTO 3HaYEHHS, SIK1
ckinanaroth 10 M 1 45 M BIANOBITHO, a HAMIp y By3Jax HE MOBHMHEH mnepeBuiryBaTu 45-50% Bix
MaKCHUMAaJIbHO MPHUITYCTUMOTO 3HaueHHs. [y OyJIiBHUIITBAa BOJOIPOBIAHUX MEpex B YKpaiHi, Ha
BiIMiHY BiJl iHIIKX KpaiH CBITY, HailuacTile 3aCTOCOBYBAIMCH CTaIeBi Ta YaByHHI TpyOH. CTaH Takux
MepeK XapakTepusyeThes 1-2 aBapisiMu Ha 1 kM TpyOu, a OUIBILIICTD aBapii TPAILIAIOTHCS IEPEBAXKHO
Ha TpyOax aiameTpom MeHule 200 MM Ta cTajieBUX TpyOax 6e3 MOKPUTTSL, 1110 TPUBOJUTH, 10 3HAYHUX
BTpaT BoaM. HalOiap1 BaroMMMu 3MIHHUMH YWHHHKAMH, SIKi CJTIiJI BpaXOBYBaTH MPU PO3IIMPEHHI
ICHYIOUMX MEpEX, € MPOIMYCKHA 3aTHICTh JUISHOK Ta YXHJI MICLIEBOCTI, IIPH YMOBI, 1110 IO PO3IIISLY
NpUAMAIOTBCSL  pi3HI  BapiaHTH  pO3TallyBaHHsS OO0 €KTiB  BOJOCHMOXKUBaHHA.  [ipaBiivHi
XapaKTePUCTUKU MEpPEXki 3MIHIOIOTHCS MiJl BIUIMBOM CTPYKTYPHO-TEXHOJIOTIYHUX (DaKTOpiB: Omip
CTAJICBUX Ta YaBYHHHX JIJISHOK MeEpexXi 30UIbIIyEThCS B MPOIECi eKCIUTyaTarlii, o 3MEHIIye
MIPOIYCKHY 3/1aTHICTh TPyOONIPOBO/IB.

AHami3 SKOCTI BOM03a0C3MEYCHHS CIIOKHUBAUiB OyJi0 TMPOBEIEHO 3a pe3yibTaTaMu
JOCTIP)KEHHSI YTBOPEHHsI 30H HEJOCTAaTHHOTO HAIMOpy MPU 3MIHU T1APABIIYHUX XapaKTEPUCTHUK
JIJISTHOK BOJIOMPOBIAHOT Mepexi. [[ns mocsrHeHHs mocTaBlIeHOi OyjM BHKOHAHI HACTYITHI 3a/1adi:
BUOpaHi 00’€KTH JOCHIPKEHHS — CXEMH BOJONPOBIIHUX MEPEX, IO BIANOBIIAIOTE OKPEMUM
KHUTIOBUM pailoHaM M. 3amopixoks 3 pi3HUMH CTPYKTypaMu Ta chOpMOBaHI BUXiJHI JaHi: Mepexa
A1 39 xoHTYypiB, 18 By31iB. 26 AuIgHOK; Mepexa A2 3 10 koHTypiB, 19 By3:1iB. 28 IiISIHOK Ta Mepeka
A3 3 16 xontypiB, 28 By3miB Ta 43 AUISHOK; BHUKOHAHI TiIpaBIidHI PO3PAXyHKH MEPEK 3
ypaxyBaHHSIM 3MiHH TNPOIYCKHOI 3/JaTHOCTI TUISHOK B Mexkax Bix 5 mo 15%, mpoanamizoBaHi ix
pe3yJIbTaTh Ta BU3HAYCHI 30HU 3 HEIOCTATHIM HAIlOpOM, 3MiHH B 3araJIbHOMY BOJIOp0300pi B MEpexi,

NedIIUT SKOCTI BOJOMOCTAaYaHHS.
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B Tabnumi npuBeneHi pe3yabTaTh TOCITKEHHS] yTBOPEHHS 30H 3 HEJIOCTATHIM HAIlOPOM, 3MiH

B 00’€Mi 3arajJlbHOro BOJOPO300pY, AediIuTy SKOCTI BOJONMOCTAYaHHS TPH 3MiHI MPOITYCKHOT
3IaTHOCTI IUISHOK.

Tabnuysa 1

Iloxka3nuku po6OTH BOAONPOBIIHOI MepexKi

[1no1ma 30H 3 HEAOCTATHIM HAMIOPOM IPU 3MiHI MPOIYCKHOI 3JaTHOCTI AUITHOK Mepexi, %o

Al A2 A3

0% 5% 10% | 15% | 0% 5% 10% | 15% 0% 5% 10% 15%

- 53 123 136 - 75 157 191 - - - -

3MiHa 3araJpHOTO BOJOPO360pY B Mepexi, M>/1106

96470 | 91646 | 88571 | 83812 | 46582 | 44582 | 42768 | 40470 | 138648 | 130781 | 127296 | 120456

3poctanHs AediluTy IKOCTI BOJONOCTAYaHHS M3/ 106

- | 5388 | 8276 [18365| - | 2602 | 3997 | 8870 | - | 7745 | 11897 | 26401

Mexi 30H 3 HEJIOCTaTHIM HalmopoM  BCTaHOBJIEHI [0 pO3TAllyBaHHIO BY3/IB B SIKHUX

BUKOHY€E€TbCA YMOBA:

H <H

6l H

e Hg,-— 3HAYCHHS BUIBHOTO HAMOPY B 1-My BY3IIi, M;

HH— 3HA4YCHHA HCO6X1,Z[HOI‘O Haropy, M.

SkicTh BOIOMOCTAYaHHS JOCTIIKEHA 13 BUKOPUCTAHHSAM (YHKIIT 30UTKY 3a He3abe3neueHHs

CIIOKUBAYiB:
K
Cp = qu At
1

ne (, — KimpKicTh Boam, J1/C, 0 HE OIEP)KAB CIIOKMUBAY 3a IPUNHATHI IPOMIXKOK Yacy, BU3HAYECHO 5K

PI3HULIIO BUTpPAT IPU HOPMAJHLHOMY Ta 3MIHEHOMY BOJOCIIOKHMBaHHI y By3JaX, 110 3HAXOJATHCS B
30H1 HEJIOCTAaTHBOT'O HATIOPY;

Atk — TPUBATICTh 3HWKEHHSI HAMOpy BoIH y K -ro criokuBaua, 30 1i0.

[Ipu 3MeHIIeHHI MPOIYCKHOi 3JaTHOCTI MIISHOK IUIOHIAa 30H 3 HEJAOCTaTHIM Haropom
30umbmyeThes Bin 0,5% 10 60% Bix 3araabHO1 TUIOII, IO OOCITYTOBYETBCS MEPEKEI0, BOJIOPO30ip B
Mepexi 3HWKYETbCS B Mexkax 5,5-19%, npu 1poMy aedinuT SKOCTI BOJOMOCTAYaHHS BiJMOBITHO
301TBIIY€ThCS. 3a3HaueH] 3MiHU CITiJ] BpaXOBYBAaTH IPH PO3TAIYBaHHI BY3JIiB KOHTPOIIO THUCKY. Lle
BHKJTIOYAE 3HAYHI MIEPEBUINCHHS TUCKIB Y MEpEXi, 30IBIIICHHS BUTPAT €JICKTPOCHEPT1i, BAHUKHECHHSI

aBapiiiHUX CUTYyalllil Ta 3MEHIIIyEe 00’€M BUTOKIB.
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MATEMATHUYHA MOJIEJIb KIHEMATUYHOI CTPYKTYPH
ITIOTOKY B TPYBOITPOBOJAX
M. M. Xnanyk, O. B. besycsk, JI. P. Boak

HarionanbHuit yHiBEpCUTET BOJHOTO MOCHOJAPCTBA Ta IPUPOJIOKOPUCTYBaHHS, M. PiBHe

PesynbpTatom mpuBeneHUX B pOOOTI TEOPETUYHHUX TOCHIHPKEHb € OTPUMAaHHS MAaTeMaTUYHHUX
MojienieH, sIKi Ha BIAMiHY BiJ ICHYIOYHX, BIJIOBIIal0Th TPAHMYHUM YMOBaM W BHU3HAYAIOTh BILIUB
OCHOBHMX Jif0uMX (DaKTOpiB Ha TIAPOAWHAMIUHI TapaMeTpu, SKi PO3KPUBAIOTH CTPYKTYpPY
TypOYJIGHTHOTO TIOTOKY B TPYOOIIPOBOIAX.

[lepenbavaeTscs, MO NP 3HAYHUX TPATIEHTAX IMIBUAKOCTI MK CYMDKHHUMH KPYTJIO
HWTIHAPUYHUMY TTOBEPXHIMH MOTOKY KOXKHA YAaCTOYKa PiIMHU MpUKiMae HaBKOJIO MUTTEBOT OCI, sIKa
MIPOXOAUTH Yepe3 LEeHTp ii Baru, o0EpTOBHIl pyX 3 HEBHOIO KyTOBOIO MBHAKiCTIO. CyKyHHICTH
YaCTOYOK PIAMHM, 5K 00EPTAIOTHCS HABKOJIO CIUIBHOI OCl, yTBOPIOIOTH OKPEMHUI BUXPOBUU IIHYP.
Bics #ioro mae 3aMkHYTY GOpMY y BUTJISAII KUTBIIS 3 paJilyCoM r, a O19HI TOBEPXHI YaCTOUOK PiIUHU

CTBOPIOIOTh BHUXpPOBY TpyOKy 3 pamiycoM r. BiH po3millyerbcss MDK CYMDKHUMH KPYTJO

8

HWIIHAPUYHAMU TIOBEPXHSAMHU B IUIOIIMHI JKMBOTO Tepepidy moToky. IlocrymanpHa MIBUAKICTBH

MepeMIIIeHHs] BUXPOBOI JIiHIT B HANPSIMKY TPyOONPOBOAY U, BU3HAYAETHCA IIFOYMM MOTEHIIIAJIOM
HIBUAKOCTI, a KyTOBa MIBUAKICTH OOEpTaHHS MOro 4YacTOK @&, BHU3HAYAETHCSA JMIIOYMM Ha HeEi

rpagieHTOM MBUAKOCTI. DOpMY OKpPEMOTo BUXPOBOTO IIHYPY MOKa3aHo Ha pucyHKY 1. CyKymHiCcTh
OKPEMHX BUXPOBHX ITHYPIB )KHBOTO TIEPepi3y NOTOKY BU3HAYAIOTH HOTO TYPOYJIEHTHY CTPYKTYPY.
TZ Ilonepeunuii nepepis

Ory 34!y | u; —  Yyacmoyku piouHu
(6uxpo6o2o wHypa)

Buxpoea ninis

Pucynok 1 — Cxema BUXpOBOTO HIHypa B TPYOOIIPOBOIi

[[IBuAKICTh TOYKH 3 KOOPAMHATAMH ), z BIAHOCHO BHUXPOBOI JiHII paglycoM r BHU3HAYHUTHCS

MaT€MaTU4YHOIO MOJCILIIO
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U, =uy +(zo,, —yw, )- (1)

OTpumaHO pIBHSAHHS PO3MOAUTY HIBUAKOCTI MOCTYNAIBbHOI'O PyXy BUXPOBHX JIiHIH (pHC. 2)
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Pucynok 2 — IIpodini mBUAKOCTI MOCTYNAIILHOTO PyXy BUXPOBUX JiHIH 3a opMyIioro aBTopa (2)
JUtst TpyOompoBoty miamerpoM 10 cMm: O — MOJI0KEHHS BUXPOBOI JIiHi1, sIKa TIEPEMIIy€ThCS 3

CepEeIHBOIO MBUAKICTIO

Brepiie otpuMaHo 3aieXHICTh pajiilyca BUXpOBOI TpYOKH Bij pajiyca BUXpPOBOI JiHiT
05
' r

i) X

Briepiie Bu3HaueHa KyToBa MIBUAKICTh YaCTOYOK PiTMHN HABKOJIO BUXPOBOI JiHI1 3 pajiiycoM r

L o Lldu_1 [on k(rg—r)™* (5)
o2dr 2\ 2z ro"

BpaxoByroun HasBHICTb B TpyOONpPOBO/I TPAHUYHOTO APy, NPUHHATO ABOIIAPOBY MOJIENb

PYyXy BOJH B TpyOOnpoBo1 — TypOyJIEHTHE SIAPO 1 TpaHUYHMIN LIap.

OTxe, Ha OCHOBI BUKOHAHUX TEOPETHYHMX JOCIIPKEHb BHSBIEHO 1 IPUUHATO HOBY
JIBOLIIAPOBY MOJIEIIb, SIKA BKJIIOYa€e TypOyJE€HTHE SApO 3 CTENEHEBHM PO3MOAUIOM IMOCTYNaIbHOT
IIBUJIKOCTI BUXPOBHX JIiHIM Ta rpaHUYHUMN 1Iap 3 JIHIKHUM PO3MOAITIOM IIBUIKOCTEH y HAapSIMKY
oci Ox.

OTpumaHi MaTeMaTH4HI MOJENi, SKi Ha BIAMIHY BiJ ICHYIOYHMX, BIAMOBIIAIOTH TPAHUYHUM
yMOBaM il BHM3HAYalOTh BIUIMB OCHOBHHUX Ji0uuX (DaKTOPIB Ha TIAPOJMHAMIYHI MapaMeTpH, sKi
PO3KpHBAIOTh HA HOBOMY PiBHI CTPYKTYpY TypOYJEHTHOTO MOTOKY B TpyOONpOBOJaX i MaroTh

HAYKOBUH Ta BUPOOHWYHIA iHTEpEC.
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A NEW SOLUTION TO THE PROBLEM OF PRE-TREATMENT
OF INDUSTRIAL WASTEWATER
L. Sabliy, V. Zhukova
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Ukraine

Recently, in Ukraine there are more problems in the biological treatment of municipal
wastewater. This is due to the inflow of untreated or insufficiently treated wastewater from industrial
enterprises, in particular, the food industry: dairies, meat processing plants, oil mills, fish processing
plants, confectioneries, etc. With the increase in food production, water consumption increased
significantly, the concentrations of organic matter (according to BOD and COD), biogenic
compounds (nitrogen and phosphorus) in industrial wastewater increased. This greatly affected the
aerobic biological treatment of wastewater in aeration municipal wastewater treatment plants.
Namely, it led to the overload of activated sludge due to these contaminants, caused its bulking,
worsened the separation from the treated water in the secondary settling tanks, increased the flow of
air for aeration. As a result, it reduced the efficiency of biological wastewater treatment and led to an
increase in energy costs.

This paper proposes and investigates the technology of preliminary wastewater treatment,
which is formed in the process of oil refining at oil plants, in order to reduce the impact of industrial
wastewater, so-called soapstock, on biological wastewater treatment in aeration tanks of the city
treatment plant.

Wastewater generated during the production of vegetable oil contains various pollutants that
enter it during the processing of soapstock: fats and fatty acids and their salts (aqueous soap
solutions), glycerin, phosphoglycerides, neutral fat, phosphatides, proteins, carbohydrates, dyes
(carotene, carotenoids, chlorophyll, etc.), unsaponifiable and waxy substances, salts - sodium sulfate
and chloride, mechanical impurities, etc. Soapstocks are an opaque viscous liquid, brown in color and
with a specific odor. The results of soapstock analysis showed a low pH value —1,9-2,1, temperature
—46-53°C, a significant content of pollutants in industrial wastewater: suspended solids — 6200-6400
mg/dm?; organic substances by COD — 38000-42000 mg/dm?, oils and fats — 1200-4640 mg/dm?,
phenol — 71,5-124,6 mg/dm?3, phosphate — 54,4-60,2 mg/dm?3, surfactants — 6,5-16,5 mg/dm?.

The ratio of BODs and COD is on average 0.2. This indicates the need for the destruction of
organic matter to convert them into biodegradable compounds. Therefore, the use of their preliminary
physicochemical treatment is proposed: alkalization, chemical precipitation, coagulation, flotation,
chemical oxidation, adsorption, filtration.

In a phase-dispersed state, such wastewater is a stable emulsion with water. The presence in

wastewater of phospholipids, which are emulsion stabilizers, leads to complications of phase
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separation. Wastewater also contains suspended solids, colloidal substances and various organic and
inorganic solutes. Soapstock contained in wastewater have a high stabilizing and absorption capacity,
due to which they absorb a significant part of impurities: phosphatides, proteins, mucus, dyes and
others. Wastewater color varies from chestnut brown to brown. Dyes can be divided into three groups:
substances that are in the fat cells and turn into oil unchanged; substances that change composition
and color during oil production; substances that are formed during oil production when heated.

The aim of the work is to study the processes of treatment of industrial wastewater and to
propose an effective technology for their local treatment to regulatory requirements for the discharge
of treated wastewater into the city's sewerage system. To achieve these goals, a study using the actual
production of soapstock from vegetable oil was conduct.

At each stage of the process, water samples were taken at the outlet, in which the indicators
were determined: pH, suspended solids and COD. The analysis results on the processing of soapstock
in some physical and chemical processes of the technology showed the highest values of the reduction
effect COD - 80% with an initial COD of 40g / L, the concentration of suspended solids - 70-75%
with an initial 6300 mg / L in the process of coagulation using Alz (SO4) 3 and flotation.

High effects were also observed for COD - 88-90% and suspended solids - 90% at the stage of
soapstock adsorption. The use of other treatment processes according to the investigated
technological scheme made it possible to reduce the COD by 30% during aeration, by 60% during
the chemical precipitation of CaCOs and flotation, by 70% during oxidation with hydrogen peroxide,
by 65-68% during filtration on quartz filters.

Experimental studies have determined rational parameters for processing soapstock in the
production of vegetable oils: efficiency at different stages of processing, duration of aeration, dose of
reagents, duration of flotation and oxidation, filtration rate, height of filtering load, amount of formed
flotation sludge and sediment.

A local treatment technology is proposed. The technology includes the following processes:
wastewater averaging, reagent treatment of CaCOs with flotation using aeration through porous
materials, reagent treatment with coagulant Al2(SO4)3 with flotation, similarly, chemical oxidation
with hydrogen peroxide H202, two-stage filtration on two-stage filtration on absorption filters.

After all stages of sequential physical and chemical treatment according to the proposed
technology, the obtained treatment water is characterized by pollution indicators that do not exceed
the permissible values for discharging to city treatment facilities with aeration tanks.

Therefore, the introduction of the proposed new pre-treatment technology of soapstock vegetable
oil plants will allow to effectively treat such wastewater from suspended solids, fats, surfactants,
organic substances by COD and get pre-treated wastewater with pollutants that will not interfere with

the operation of aeration tanks of the city treatment plant.
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3ABPYJIHEHHS MIJ3EMHUX BO/JI YKPATHU TA PO3B’SI3AHHS LIIET MTPOBJIEMU
B. B. Apxunosa

VYkpaiHCbKMI Aep)KaBHUHM XIMIKO-TEXHOJIOTIYHUN YHIBepcHUTeT, M. J{Hinpo, Ykpaina

KinpkicTh mpicCHMX BOJ Ha Hallill IUIaHETI HE TaK BXK€ M 3HauHa: Xo4a 1 CKJIaJae BOHA
91 MITH. KMS, y TIOPIBHSHHI 3 3araJIbHOIO KUTBKICTIO BoAM Ha 3emuti 11ie e 2,5 %.

Ha nmomro migzeMuux Boa mpuxoauthes Omm3bko 1 % (14 mun M3), ajte OupIna IX 4yacTHHA
Maibke HeloCsDKHA /ISl KopucTyBaHHA. [IprudoMy mpicHi mig3eMHi BOJH € IHHUM PECypCOM MUTHOI
BOJIM, @ TAKOK JPKEPESIOM JIEIKUX I[IHHUX KOMIIOHEHTIB JJI1 IPOMUCIIOBOCTI (COJIOH] IM1/13€MH1 BOJH)
Ta Teria (TepMajbHi BOIH).

B Vkpaini 3HauHa KilbKicThb BOAM 3a0MpacThes 3 TiaseMHUX pkepen — 1178 mmn. M3 (3
nosepxuesux 7457 M. M°). 3 HEX Hai6iNbIIA KiTbKiCTh 3a0upaeThes y JIbBiBebKiit 06macTi (84,6%,
149 man. M%), a Haitmenmma — y XepcoHchkiii (3,4 %; 59 mun. M°) (puc. 1), i e cHiBBigHONIEHHS Maiike

HE 3MIHIOEThCS 3 pOKaMHu (puc.2).
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Pucynok 1 — KinbkicTs Boay, 1110 3a0upaeThes B YKpaiHi

3 Hi,Z[?»eMHI/IX Ta IOBEPXHCBUX KCPCII

BeneHnHss HApOJHOTO rOCIOAAPCTBA BIUIMBAE HE TITBKA Ha KUIBKICTH MIT3EMHUX BO, aye i

3HAYHOIO MipOI0 —Ha SIKICTb.

59



WATER SUPPLY AND WASTEWATER DISPOSAL

Cepen mxepern 3a0pyHEHHS MiJ3eMHUX BOJ MOXKHA BUAUTUTH HACTYITHI:
- TIOITYK Ta PO3BIJKA MiI3EMHUX KOPUCHHUX KOIAJIUH;

- OyIIBHUIITBO BO/I03a01pHUX CHOPY/I;

- 3a0pyHEHHS 3 TIOBEPXHEBUX BOJI, SIKI MPOCOYYIOTHCS BIIIHO;

- 100OpuUBa, 110 3MUBAIOTHCS 3 CUIBCHKOTOCTIOIAPCHKHX TOJIB;

- OyHKepH 3 TOKCHYHUMH B1IXOJaMHU.

87,24 86,37
12,7713,63

87,18 kz,sz 13,0 6,94
13,26

86,74

m 2010 m 2014 m 2015
m 2016 = 2017

Pucynok 2 — CriBBiIHOIIEHHS BOJM, 1110 3a0UpaeThcs B YKpaiHi

3 IOBCPXHCBUX Ta HiII3€MHI/IX JDKEPECII

Tak, HaBKOJIMIITHE CePeJIOBHIIE OTPUMANIO B YKpaiHi 952 MitH M>/pik CTi4HMX BOJ MiANPHUEMCTB
(6impry wacTuHy skux ckianu JlHimpomeTpoBchka obnacTh— 24 miampuemctsa; Jlonenpka - 19;
JIpBiBChKa - 7, XapkiBcbka - 7, Jlyrancbka— 6).

st Toro, mo0 3HU3UTH 3a0pyHEHHS IMA3€MHUX BOJ, SK 1 HABKOJHWIITHHOTO CEPEIOBHINA B
L1JIOMY, HEOOX1JTHO:

- IePIOIUYHO TIPOBOJIUTH EKOJIOTIYHUN MOHITOPHUHT;

- IPUTPUMYBATHCS €KOJIOTIYHIX HOPM TIPU BEJICHHI HAPOIHOTO TOCIIOAAPCTBA;

- 34CTOCOBYBATH 0€3BI1X0/IHI Ta MAJIOBIAXOAHI TEXHOJOTII.
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WATER SUPPLY AND WASTEWATER DISPOSAL

METO/I OIIIHKU MMOTEHIIMHOI'O PU3UKY JJ5 310POB’SI HACEJIEHHS ITPU
PEKPEAIIIHTHOMY BOJOKOPUCTYBAHHI
0. B. Pu6anosal, B. JI. [Torpedennux?, O. A. IIpockypnin®,
K. B. Beaokonn’, I'. B. Kopookosa®
'Hanionansnuii yriBepcuteT muBiapHOrO 3aXMcTy YKpainu, Xapkis, Ykpaina
?HanionanbHuii yHiBepcuTeT «JIpBiBChKa MoMiTeXHikay, JIbBiB, YKpaiHa
3Ykpainchkuil HayKOBO-I0CiAHHUI iHCTUTYT €KONOriYHUX 1pobieM, Xapkis, Ykpaina
43anopisbkuii HAiOHATBHKI yHIBEpCUTET, 3anopixoks, Ykpaina

°Jlyranchkuii HalioHa bHUI arpapuuii yHiBepcutet, CTapoOinbehbk, Ykpaina

[Ipobnema 3a0pyaHEHHS MOBEPXHEBHX BOJA € AyXE aKTyalbHOIO B YCIX KpaiHax CBITY.
BuxopucTtanHs HeIKICHUX BOJHUX 00’ €KTiB JUIsl KYTIaHHS PU3BOIUTH 10 BAHUKHEHHS 1HPEKIIHHUX
3aXBOPIOBaHb y BIANOYMBAIOYMX.

VY OulbLIOCTI KpaiH CBITY BBaXKA€ThCs, L0 PU3MK JUISL 3I0pOB’S HACEJEHHsS € TOJIOBHUM
MMOKa3HUKOM HeOe3neKku. [cHyroul MeTo/1n OLIHKY PU3UKY JJIs 370POB'sl HACETIEHHSI B 3aJI€KHOCTI Bij
SIKOCTI TIOBEPXHEBHMX BOJ| HE BPAaXOBYIOTh OaKTEpIOJOTIYHMX IMOKA3HHUKIB, IO € HEIOJIKOM JUIs
3araJlkHOTO BUCHOBKY TIIpO piBeHb HeOEe3NeKu peKpeamiifHoro BOJOKOPUCTYBaHHA. Mertoau
BU3HAYECHHs HEOE3MEeKH pPEKpealiifHoro BOJOKOPUCTYBAHHS BUMAraloTh YJAOCKOHAJEHHS, L0 €
aKTyaJbHUM 3aBJIaHHSIM, OCOOJMBO y Takiil CKJIAIHIN emieMioNoriyHii cuTyaii, fika cKianach y
OaraTboXx KpaiHax.

MeTto10 pod0oTH € pO3p0OKa HOBOTO METOAY OLIHIOBAHHSI MOTEHIITHOTO pU3UKY JUISl 310pOB s
HaCeJICHHS MIPH peKpealiiitHoMy BOJIOKOPUCTYBaHHI.

Jnist JocsITHEHHSI TOCTABICHOT METH BUPIIIIEHO HACTYITHI 3aBIaHHS:

— pO3pOOUTH HOBUH METOJ OIIHKH TMOTCHLIHHOTO PH3HUKY JUIS 3I0pOB’S HACENEHHS INpHU
peKpeariitHoMy BOJIOKOPUCTYBaHHI;

— OOTpYHTYBAaTH BUKOPUCTAHHS OLIHKM MOTEHLIHHOTO PU3MKY JUIS 3/I0pOB’S HACENEHHS JUIs
€KOJIOTIYHOTO HOPMYBAHHSI CKHJIaHHS 3a0pyJIHIOIOYMX PEYOBHMH IO BOAHOTO 00’€KTY 31 CTIYHUMH
BOJIaMU;

— OLIHUTU TOTEHIIMHUM pHU3UK 71 3J0pOB’S  HAcCeJIeHHs NpHU  peKpealiiHoOMYy
BOJIOKOPHCTYBaHHI MiCBKUX TUIDKIB M. XapkiB (Ykpaina).

[IponioHyeMO HOBMI METOJA OLIHKHM MOTEHIIIHOr0 pU3UKYy JUIsL 3/I0pOB’sSl HACEJEeHHS NpHU
peKpearitHoMy BOJJOKOPUCTYBaHHI, SKUI MMO€JHY€ BU3HAYCHHS MOTEHIIHHOTO PU3UKY 32 XIMIYHUMHU
pEUYOBHHAMHU 1 32 OAKTEPIOIOTIYHUMHU MOKa3HUKAMHU.

Jis po3paxyHKy HOTEHLIMHOTO PHU3MKY JUIsl 3[0pPOB’S HACEJIEHHS MPUUMAIOThCS TUIBKH

MOKa3HUKH SKICHOT'O CTaHy IMOBEPXHEBUX BOJ 3 MEPEBUIICHHAM HOPMAaTHUBIB, 00 B [bOMY BUIAJIKY
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ICHYy€ UMOBIPHICTB 301IBIIICHHS 3aXBOPIOBAHOCTI HACETICHHS.

Mognemni po0OiT-perpecii 4acTo BUKOPUCTOBYIOTh JUIS BU3HAYECHHS 3QJICKHOCTI «J103a-e(heKT» 3
METOIO OLIHKKA HMOBIPHOCTI HEraTUBHUX HAcHiAKiB. [IponmoHyeMoO OIiHIOBATH MOTEHLIWHUN PU3UK
s 3n0poB’s HaceneHHs (Risk) 3a BuU3HaueHHSAM npoOiTy A TIAPOXIMIYHMX MOKAa3HHKIB 3a

tdhopmyoro (1), 3a 6aKTepioNOTIYHUMU MTOKa3HUKaMU 3a (opMyioro (2):
Prob=-2+332x1g(] ") (L)

me 1" — kpaTHicTh TepeBMINEHHS CAHITAPHO-TIri€HIYHMX HOPMATHBIB TiAPOXiMiUHMMU

MOKa3HUKAMU SKOCTI IMOBCPXHCBUX BO/I, 663p03MipHa BCJINYHHA.
b
Prob=-3+2,32x1g(] ") @)

ne I° — KpaTHICTh TEpEBMINEHHS CAHITAPHO-TIri€HiYHMX HOPMATHBIB OAKTEPioIOriYHUMH
MOKa3HUKAMHM SIKOCTI TIOBEPXHEBHUX BOJ, 0€3p0O3MipHa BEIIHMYNHA.

[ToTeHUIWHUN PU3MK A 370pOB'S HAacENEHHS IMpPH KOMIUIEKCHOMY BIUIMBI 3a0pyJHEHHS
HABKOJIMIIHBOTO CEPEIOBHIIA OLIHIOETHCA 3a MPABHIIOM MHOKEHHSI HMOBIPHOCTEH, /1€ SIK MHOYKHHUK
BHUCTYTAIOTh HE BETMYMHU PU3HKY AJIs 3A0POB's, 2 3HAYCHHS, K1 XapaKTepU3yITh HMOBIPHICTH HOTO

BIJICYTHOCTI:

Risk =1-(L- Risk,)x - Risk, )~ Risk.) 3)

ne Risk — moTeHtiituii pu3uK KOMIUIEKCHOTO BILTUBY 3a0pyAHIOIOUNX pedoBHH, Riski,..., Riskn
— TOTEHUIWHUN pPHU3UK BIUIMBY KOXXHOI OKpeMoOi 3a0pyAHIOYOi PEUYOBHMHU; N — KUIBKICTb
3a0pyAHIOIOUNX PEUOBUH

Po3pobneHo HOBy kiacu(ikaiito piBHIB HeOe3MeKH BOJHUX 00’ €KTIB 32 3HAYCHHSMHU PU3UKY
JUTSL 3JTOPOB’S1 HACEJICHHSI.

Po3paxyHOK MOTEHUIHHOTO PpU3MKY JUIS 3[0pPOB’S HACEJNEHHS TMpH peKpealiiiHomMy
BUKOPHCTaHHI 6 TUBDKIB MicTa XapkiB (YKpaiHa) 1mokas3aB, 110 0aKTepioioridyHe 3a0py/THCHHS Ma€
HWMOBIPHICTh Jy’K€ BEJIMKOTO BIUIMBY Ha 3/I0pOB'sl HaceaeHHs (5 kiac HeOe3nekn). /[ mopiBHSAHHS
METOJIIB OLIHKM PHU3UKY [UIsI 3[0pOB’Sl HACEJIEHHS MpU peKpeariiHoMy BOJOKOPHCTYBaHHI
po3paxoBano iHaekc HeOesneku (HI) 3a XiMiYHUMEU MOKa3HUKAMU SKICHOTO CTaHy BOJIHUX 00’ €KTIB
MicTa XapKiB, SKi BAKOPHCTOBYIOTHCS JUIsl peKpeartii.

OOrpyHTOBaHO BHUKOPUCTAHHS OLIHKM MOTEHLIMHOTO PU3MKY AJIS 3/10pOB’S HAcCENeHHS IS
€KOJIOTIYHOTO HOPMYBAHHSI CKHJIaHHS 3a0pyJHIOIOYMX PEYOBHMH O BOAHOTO O0’€KTY 31 CTIYHUMHU
BOJIaMHU.

3acTocyBaHHS 3allpPOIIOHOBAHOTO METOJAY OIIHKK MOTEHIIMHOTO PHU3UKY [UIsl 300pOB'S
HaceJIeHHs TIPH peKpealiiHOMy BOJOKOPHCTYBaHHI JacTh 3MOTY MPUHHATH HEOOXI1THI HAYKOBO
OOIpyHTOBaHI YNPABIIHCHKI PIlIEHHS MIOAO MEPUIOYEPrOBOCTI BIPOBAHKEHHS BOJIOOXOPOHHHUX
3aX0[iB, IO € BAXJIWBAM TUTAaHHIM 3a0e3MeUeHHs KOM(OPTHUX YMOB BIAMOYHHKY 1

SKUTTEISUIBHOCTI JIFOJIEM.
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MOKJIMBOCTI 3bIVIBIIEHHA PECYPCIB HIZIBEMHUX BOJ Y TPIHNIMHYBATHUX
BIJIKJIAJAX KPUCTAJIIYHUX MOPIJ YKPAIHCHKOT' O IIIUTA
JI. 1. Ilerpenko

IactutyT reonoriunnx Hayk HAH Ykpainu, Kuis, Ykpaina

[ToTtpeba y mpumaTHiId NHUTHIA BOJI 3 KOXXHMM POKOM CTa€ BCE OUIBII HarajabHOW. Y
MaiiOyTHBROMY IIs1 HEOOX1AHICTB 3pOCTE I11e OLIBbINE — K Y 3B’SI3KY 13 PO3BUTKOM BHPOOHUIITBA, TaK 1
31 3MiHAMU KiIiMaTy B OiK 3MEHIICHHS BOJHOCTI ITOBEPXHEBUX 1 MIA3eMHHX BOJ. ['ocmomapchka
JISTBHICTh 0araTbOX TOKOJIHB JIHOJEH HAKOMMYMJIA JIOCBIJ, 3a SKHUM IPOJOBOJBYE 1 IHTHE
3a0e3neyeHHs MOBUHHO MATH JeKiJbKa JyKepell ocTayaHHs, HaBiTh TOJ1, KOJIM 1 OJIHE 3 HUX JOBTUN
yac 3a710BoJIbHsIE OTpeOy. [IprBoAOM 11l IILOTO € KUTTEBHUI AOCBIJ OO0 PATOBOIO 3MEHILICHHS
MO>KJIUBOCTEM a00 MOBHOI BTPaTH €IMHOTO JpKepena 3a0e3lneyeHHs yepe3 HEeCIPUAITINBI IPUPOIHI
sBUIIa a00 TeXHOTEeHHI KaracTpodu. B YkpaiHi € yumano Takux HACEJIICHMX ITyHKTIB, J¢ BHUIIE
3rajlaHe MpaBUJIO JEKUIBKOX JDKEpeld IOoCTadaHHS He BUTpUMYeTbca. ChOroJHI OCHOBHHUMU
JOKEpeJlaMi TUTHOI BOAM 1 BOJAW JUIsl TEXHIYHHMX MOTPEO € Mia3eMHI BOAM OCAJOBHUX BIIKIAIIB,
MOBEPXHEBI BOJIM 3 PIYOK Ta BOJOCXOBUII. [3-3a 3pocTaHHs 3a0pyIHEHHS OCTaHHIX Ta y KOHTEKCTI
3MiH KJIIMAaTy y CTOPOHY TJIOOQJIBHOTO MOTEIIiHHS 1 Y 3B’SI3KYy 3 IIUM 3MEHIIICHHS BOJIHOCTI PIYOK
MMUTaHHS TOMIYKY JOJATKOBUX JKEpEes IMUTHOT BOJIX — MiI3EMHHUX BOJI TPIIIMHYBATUX KPUCTATIYHUX
BIIKJIA/IB — € BKpai cBoedacHUM. [Ipo 11e Haroyomnyerbes 1 B MOpIvYHUKY [lepskaBHOTO HAyKOBO-
BUPOOHMYOrO MignpueMcTBa «JlepkaBHuil iHpopMmaiiiHuil reosoriunuiit pona Ykpainn» 3a 2019
pik: «[IpakTHuHe 3HAYEHHS /IS BUPIMICHHS MHTAHb T'OCIOJAPCHKO MUTHOTO BOAOIOCTAYaHHS HA
TENepilHii Yac 1 y NepCcrleKTUBl MatOTh TPIIIUHHI BOJU KPUCTATIYHUX HOPIA, ... ».

TakuM yumHOM, HacTajga HEOOXIIHICTh MEperjsay ICHYIOUMX MiJIXO[1B, METO/IB OLIHKH Ta
BUKOPHUCTAaHHS BOAHUX pecypciB. [1i13eMH1 BoAM TPILIIMHYBATOT 30HU KPUCTATIIYHUX MTOPI] Mai>ke Ha
Bciit Teputopii YII] BUKOPUCTOBYIOTH ISl BOJOTIOCTAYAHHS IIE 3 CEPEAMHH MHHYJIOTO CTOJITTS,
HE3Ba)Kal0UH Ha T€, 110 OKPEM1 KOMITIEKCH TTOP1JT HE XapaKTePU3YIOTHCS BUCOKOIO BOJI030araueHiCTIO
(B.M. lllecronanos, B.I. JIsanpko Ta ixmi). OrisiioBuil aHalli3 Cy4yacHOTO CTaHy, YMOB IIOTIOBHEHHS
Ta BIJHOBJIEHHS IOBEPXHEBUX pECYpCiB (30KpeMa CiiJi 3BEpHYTH yBary Ha IEpecHXaHHs Ta
3aperyJIbOBAHICTh pycel NPIOHUX PIYOK), 1X 3B'A3KY 3 MIJ3EMHUMH BOJAMHU OCAJOBHX BIJIKJIAJIB
pa3oM 13 CKIJIQIHICTIO T1IPOTEOJIOTIYHUX YMOB Yy MacHBaxX TPINIMHYBATUX TOPIJl CBIAYUTH TMPO
HEJIOCTAaTHIO BHUBYEHICTh BOJOHOCHHUX KOMIUICKCIB KPHUCTATIYHUX TOPIA MPH PO3BIIAII POTOBHII

MiI36MHUX BOJI, @ TAKOX IPH OIlIHII 1X €KCIUTyaTalliiHUX 3amaciB 1 B pe3yJibTaTi — HU3bKUH PIBEHBb
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BUKOPHUCTAHHS PECYpCIB MIA3EMHUX BOJ ISl MUTHOTO BOJOMNOCTAa4aHHSA B pailoHax 3 pO3BUTKOM
KpUCTAJIIYHUX MOPIJI.

VY pamkax HaykoBo-mociigHoi pobotu y 2016-2020 pp. «HoBi miaxoaum a0 po3B’s3aHHS
po0JIeM HELEHTPaJi30BaHOTO BOJOMNOCTAYaHHS 3a PAaxXyHOK MIA3€MHUX BOJ, NPUYPOUYEHHUX IO
KpUCTAJIIYHUX NOP1A (Ha npukiaai JKamkiBCbKOro po1oBuila MiI3eMHUX BOJ Y KpaiHcbkoro Ll{ura)»
B InctutyTi reonoriuaux Hayk HAH Vkpainu BuB4ainch Ha MOJENIl MOXIJIMBOCTI 30UIbIICHHS
MIPOJYKTUBHOCTI BOJ103a00PY 32 paxyHOK MiI3EMHHUX BOJI, IPUYPOUEHUX 0 KPUCTATIYHUX MOPIJT Y
KOHTEKCTI IITY4YHHUX 3MiH Tigporenoriunux napametpis (JI.I. Ilerpenko Ta iHmi). ¥ 3raganiit po6ori
OyJ0 CTBOpPEHO Treo(uUIbTpAlliiiHy MOJENb JOCHIKYBAaHOIO paloHy, Ha SKId PO3IJISHYTO
IHAUBIAYaIbHI MAXOAU 30UIbIIEHHS TPOAYKTUBHOCTI B0O/103a00py Yy TPIILIMHYBAaTUX KPUCTAIIYHUX
nopojax (3 BpaxyBaHHSM pe3yJbTaTiB reoi3MYHUX JOCIIIKEHB) Ta 3alpPOIOHOBAHO HACTYIIHI
MO>KJIMBI BapiaHTU: 1) 301UIbIIEHHS IPOAYKTUBHOCTI BOZ03a00py 3@ paXyHOK IITYYHOT'O 301JIbIICHHS
TPIILIMHYBATOCTI; 2) 30LIbIIEHHS MPOIYKTUBHOCTI BOA03a00py 3a PaxXyHOK LITYYHOTO 30LIbIICHHS
MIEPETOKY dYepe3 po3AUIbHUN Mmap; 3) 30UIbIIEHHS MPOJYKTUBHOCTI BOJ03a00pYy 3a pPaxyHOK
CcTBOpeHHs rpedii. OTpumaHi pe3yJbTaTh CBIIYaTh, IO IITy4YHE 30UIBIIEHHS TPIIIMHYBATOCTI 3a
paxyHOK 3/1iiCHEHHsSI BUOYXOBUX POOIT MOX€E ICTOTHO MO3HAYUTUCH HA 30UIbIIEHH] TPOYKTUBHOCTI
BOsI03a00py. Bapro 3a3HauMTH, 10 HOBHM3HA Yy JAaHOMY KOHTEKCTI HE CTOCYETHCS IITYYHOTO
MIOTIOBHEHHS 3allaciB IMiJI3eMHUX BOJI SIK CAMOT0 10 c00i, a TIIbKM Y 3aCTOCYBaHHI HOTO B YMOBax
YKpaiHCBhKOTO IIUTA.

JlocmiKeHHsl Y JaHOMY KOHTEKCTI MPOJIOBKYIOTHCS y paMKax MPOTrpaMHO LITbOBOT TEMATHKH
HAH VYkpainn «AHami3 TiIporeosoriYHuX yMOB B0J103a00piB HEHTPAILHOI Ta MiBJICHHOI YaCTHHU
VYkpaiHCBKOTO IIHMTa 3 METOK HITYYHOTO TOMOBHEHHS 3amaciB Mmig3eMHUX Boa». OdikyBaHi
pe3ysbTaTi BKIIOYATUMYTh B ceOe: THIi3aliro BOA03a00piB 3a ymMoBaMHU (POpPMYBaHHS BOJHUX
pecypciB, BUSBIICHHS IPyI BOJI03a00piB 3 PI3HUMHU MOKIUBOCTSMH IITYYHOTO TIOTIOBHEHHS 3aIaciB
MiA3€MHHUX BOJI — Y B OCAJIOBUX BiJIKJIa/1aX, UM Y BiKJIa1aX 30HU BUBITPIOBAHHS, UM 3aBJISKH 3B'S3KY

3 piuKaMu, Y4 32 YMOB CTBOPEHHS BOIOCXOBHIL.
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KATIOHHU KPOXMAJIb SIK ®JIOKYJISTHT JI151 JIJ151 OYMIIEHHSI CTIYHUX BO/I
O.T. byaimescobka, I. B. FOpunens, /I. B. Cacun

Hanionansnuit yHiBepcutereT «JIbBIBChbKa MOMITEXHIKa», M. JIbBIB, YKpaiHa

OuuieHHs CTIYHUX BOJ XapyoBOi IPOMHUCIIOBOCTI 1 MIJIPUEMCTB 3 IEPEpOOICHHS
CUIbCBKOTOCIIOAAPCHKOI MPOJYKIII € Ba)KIMBOK EKOJIOTIYHOI0 Ipobiemoro. Ha nanuit yac sk
(GIIOKYJISHTH IIUPOKO BHKOPHCTOBYIOTH CHUHTETHYHI AaHIOHAKTUBHI MOJIMEpH, TaKi, AK MOXIiJIHI
TiIPOTI30BAHOTO TMOJIIAKPHIIAMiLy, KOMOJIMEpH aKpuiIaMily i akpHJIOBOi KUCIOTH Ta iHmi. OmHak
CUHTETUYHI NOJIMEpHI1 (QUIOKYJISIHTH, 30KpeMa, KaTIOHHI HE SBIAIOTbCS O107erpanadesbHUMU.
Bigomo Takox, 110 MOHOMEDP aKpWJIaMiJ Ma€ HEMPOTOKCHUYHI 1 KaHIIEpOreHHI BIacTUBOCTI. OTXKe,
BUKOPUCTAHHS TAKUX CUHTETUYHUX KaTIOHHUX MOJIENIEKTPOIITIB y MPOLEC OUUIIEHHS TUTHOI BOAU
€ CyYMHIBHMM Ta HE JCHeBHUM. TOMy oOJepKaHHS 1 BHKOPHCTAaHHS €KOJOTIYHO Oe3meyHux
(bIOKYJISIHTIB Ha OCHOBI MPUPOJHUX O10TMOJIMEpIB, sIKI € OloAerpagadeIbHUMH 1 HETOKCUYHUMHU
3aJIMIIAETHCS NEPCIEKTUBHUM 1 aKTyaJlbHUM IMUTAHHSM.

MeToro poOOTH € CUHTE3 KaTIOHHOT'O KPOXMAJTIO Yepe3 B3aEMO/I1I0 aMiHy04oro peareHrty (AP)
2-T1APOKCHU-3-XJIOPOTPOMIITPUETUIAMOHIN XJIOPUAY 3 KYKYPYI3STHHM KpOXMajieMm, IOCIiIKEHHS
HOTO CTPYKTYPH Ta IOCIIKEHHSI MPOIIECY OCAHKCHHS KOMIIOHEHTIB CHPOBATKH TICIsl BUPOOHUIITBA
KHCJIOMOJIOYHOT'O CHPY JI€10 O/IeP’KaHOI0 KaTIOHHOTO KPOXMAIIIO SIK (DIIOKYJISHTA.

KatioHHmit KpoxMajb 3 aMOHIMHMMH TPyTaMu OJIepXKyBaiH B3aeMojieto AP 3 kpoxmaiiem y

npucytHocti NaOH «HamiBcyXum» METOZ0M 32 HACTYITHUMH OCHOBHUMH PEAKIIISIMU:

{:EHS C?H5
N .-
ClCHz—{?H_CHz_T_CzHG Cl 4+ MaOH —= |CH. GH-GH?-—nlj-—c:,Hs Cl + NaCl
OH CaHg \\O CoHs
CaHs CoHs
| + - NaOH |+ _
N |
0 CoHs OH CoHs

Ymeopenns kamionno2o kpoxmainio uepes 83aemo0ito 2-2i0poKcu-3-X10ponponiimpuemuiamoHii

xnopudy y npucymuocmi NaOH 3 kyxypyoszanum xpoxmanem

JlocnimkeHo 3aleXHICTh CTYMeHs 3aMilieHHs rigporeny rpyn OH y maHkax Kpoxmaio Ha
aMOHIHI (pparMeHTH BiJ| CIIIBBiTHOIIECHHS PEarcHTIB.

CTyKTypy KaTiOHHOTO KPOXMajio MiaATBep/uKyBai [Y CIIEKTPOCKOII€0, BMICT HITPOTEHY
Bu3Hauanu meroaoM K’emppans. CTymiHb 3aMIlIEHHS aTOMIB TIAPOT€HY Yy JaHI KpPOXMAaJko
(parMeHTaMu 3 aMOHIMHOIO TPYIOI0 BU3HAYAIH 32 BMICTOM HITPOTEHY.

OpeprxkaHuil KaTIOHHHUIA KpOXMalb 13 cTyrneHeM 3amimeHHs 0,21 gocmimpkeHo sk QIIOKYISHT Y
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MpoIIeci OCBITJICHHSI CHPOBATKH TICIS OJIEPyKaHHS KUCIOMOJIOYHOTO cHpy Ha (ipMmi «l anmndamHay.
JlocmiKeHHsT  OCBITJICHHS TPOBOJIWIN  TYPOIAUMETPHYHMM METOJOM 3  BHUKOPHUCTAHHSIM
ciTnooromerpa UNICO 1201.

[Toka3aHo, MmO MIBHIKICTH OCBITJIEHHS 3aJ€XUTh BiJ KOHLEHTpauii ¢uokymsara i pH
cupoBaTku. Ocajy, SKUH yTBOPIOBABCS IMiJ JI€I0 KaTIOHHOTO KPOXMalilo (GOpMYIOTh TakKi CKIJIaJOB1
CHUPOBATKM SK TPOTEIHH, B OCHOBHOMY, O-JaKTOTJIOOYJiH, [-ITakTOrjaoOyiiH, CHPOBATKOBHUMA
abOyMiH Ta opraHiuyHi kuciotu. HaiiOinbla mBHUIKICTH OCBITJIIEHHS crocTepiranach y nepui 10
XBWIMH mpu pH MeHmoMy, HiK 130€JeKTpHYHI TOYKH MpoTeiHiB cupoBatku - pH 3.8. Ilicnsa
JI0JIJaBaHHSl KaTIOHHOTO KPOXMAaJII0 y CHUPOBATKY BIJOYBa€ThCsl €JIEKTPOCTATUYHA 1 JIUCIEpCiiiHa
B3a€EMO/IisI MAKPOKAaTiIOHIB ()JIOKYJISIHTA 3 MPOTETHAMH 1 KHCJIOTaMU CHPOBATKH, B PE3yJIbTAaTi YOO
YTBOPIOIOTbCS HEPO3UMHHI KOMIUIEKCH Ta HEPO3YMHHI COMI 3 KHUCIOTaMHU CHUPOBATKH, IX IIBHUJKA
HYKJICAI[isl Ta HACTYITHA [IBH/IKa BTOPUHHA arperaiis, yTBOPEHHS 0Caay Ta OCBITJICHHS CEPEOBHUIIIA.

Typ6inuMerpuuHi 1ociiKeHHs GiIoKysaii npu pH Bule 130€l1eKTpUYHUX TOYOK HPOTETHIB
CHpOBATKH, a came 1ipu pH 7,4 cBigumiy, 10 OCBITIEHHS CUPOBATKU He BiOyBaeThes. [losicHuTy 1e
MO’KHA TUM, 10 IPOTETHU CUPOBATKH Ipu pH 7.4 nmepeBa)kHO 3HAXOIATHCS y BUIJIAII MAKPOAHIOHIB,
SKi eNEeKTPOCTAaTUYHO MHTTEBO B3aEMOJIIOTH 3 MakpokarioHamu (rokynsHTa. [Ipu 1pomy
YTBOPIOIOTHCS CTIMKI MIKMOJIEKYJIIPHI MOJIMEPHI KOMIUIEKCH, [0 MUTTEBO 30UIbLIYE MYTHICTb Y
CHUPOBATIIi 1 OCBITJICHHS HE CTIOCTEPITAETHCSI.

BcraHoBieHO, 10 ICHYIOTh ONTHMAaJIbHI 3HAUYEHHS KOHLEHTpauid (UIOKYyJIsSHTa, HpU SKUX
IIBUJIKICTh OCBITJICHHSI CUPOBATKM MakcuMalibHa. HallOibIny MBUAKICTh OCBITIEHHS CIIOCTEpIirain
npu KoHIeHTpamisx ¢uokynsata 43,7 - 58,0 mr/n. ILle MokHa TOSCHUTH 3MiHOKO KOH(OpMarii
MaKpOMOJIEKYJl, a caMe, iX «pO3TrOPTaHHSAM» TPH TaKWX KOHIEHTPAIisSX Ta MOCHICHHSIM
MDKMOJIEKYJISIDHOI  B3a€MOAIl 3 MaKpOMOJIEKyJaMH NPOTEiHIB Ta KHCIOTaMH CHpPOBATKH Ta
YTBOPEHHSM HEPO3UMHHUX KOMIUIEKCIB MPOTEiH - (PIOKYISHT Ta HEPOZUMHHUX COJIEH 3 KUCIOTaMU
cupoBatku. [Ipm OiNBIIMX KOHIEHTpAIisX (IOKyIsIHTa HOro eJIeKTpOoCcTaTHYHA 1 JUcIlepciiiHa
B3a€EMO/IiSl 3 MAKPOMOJIEKYJIAMH MPOTETHY € MEHIIIO0 YHACIIIOK MIITBHINIOT KOHpOpMAaIIii.

VY nopanbmmx poOOTax IMOKa3aHO, [0 CHUHTE30BAaHMM KaTIOHHUH KpoxMmaib 3a0e3mneuye
nporecu  GIOKYJISALii Yy  pPO3YMHAX — IOJIETHJIEHIJIKONIB  PI3HOT  MOJIEKYJIIpPHOI  MacH,
JIKITIoNieTUIIeHCY b (aTiB, 30KpeMa, JOACHMITPHOKCHETHIICHCYIb(aTy HaTpito (JlaypeTcynbdary)
Ta PO3YMHIB JACSKUX O1IKIB.

OpepxaHi  pe3yibTaTH J03BOJIAIOTH  PO3MIAJATH KAaTIOHHMH KpOXMallb, OJepXKaHUN
3alpONOHOBAHUM METOJIOM SIK TIEPCIEKTUBHUHN OloferpanadbenbHuid, HeTOKCUYHUHA (IIOKYJISHT ISt
OCa/DKEHHS PEYOBHH CHPOBATKH TICJISA BUPOOHUITBA KHCIOMOJOYOTO CHPY 3 TOJAIBIIAM
BUKOPUCTAHHAM OCaly, a TaKOX sIK (UIOKYJISHT AJIsl OUMILEHHS CTIYHUX BOJ SIK Yy BUPOOHHITBaX

Xap4yoBOi MPOMHUCIOBOCTI, TaK 1 U1 OYUIICHHS MOOYTOBUX CTIYHHUX BOJI.
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PO3BUTOK IHCTPYMEHTIB YIIPABJIIHHSA
BUKOPUCTAHHSAM BOJHUX PECYPCIB
B. Buroscbka, C. Ctenenko, A. [Ipucryna

HarionanbHuit yHiBepcuteT «YepHiriBcbka mnositexHika», M. UepHiris, Ykpaina

[lepcrieKTHBY €KOHOMIYHOTO 3pOCTaHHS HAlllOHAJIbHOI €KOHOMIKH BU3HAYAIOTHCS TEMIIaMH il
MoOJiepHi3alii Ta iHHOBaTu3alii. BiTuM3HAHA mpaKkTUKa peanizalii BKa3aHUX IPOLECIB
CYIIPOBOJIKYETHCS HU3KOIO ITPOOIIEM, Cepe SIKUX MEPIIOYEProOBOro BUPILICHHS BUMAralOTh MUTAHHS
parioHaizauii BUKOPUCTaHHS BOJHUX PECYPCIB 3a/J1s 3a0€31€UEHHS YMOB 1X €KOHOMIi, 3HUKEHHSI
piBHS 3a0pyAHEHHS, TOTPUMaHHS MPUHIIMITIB €KOJIOTTYHOI O€3IMeKH Ta eKOHOMIYHOI €(DeKTUBHOCTI.
Takox, BOIOKOPUCTYBaHHs B YKpaiHi XapaKTepU3y€eThCsl 3pOCTAaHHIM aHTPOIIOT€HHOI'O THCKY, L0
3BYXKY€E 3[aTHICTh BOJHHX PECYpPCIB JJO CAMOBIITBOPEHHSA. 3alpOBA/PKEHHS Y BITYM3HSIHY MPAKTUKY
€KOJIOTOOPIEHTOBAHUX IMIAXOMIB JI0 BUKOPHCTAHHS TAaKUX PECypCiB, IO pPEaN3yIOThCA uepe3
3ampoOBaKEHHS BOJIOOXOPOHHHX MPOEKTIB, 1HIIIIO€ HEOOX1AHICTh HAPOIICHHS BUTPAT Ha CTBOPECHHS
CHCTEM KOHTPOJII0O Ta palliOHAJBbHOIO BHUKOPUCTAHHS BOJHMX O00’€KTIB. 3a BKa3aHMX YMOB,
BKJIMBOTO 3HAYCHHSI HA0yBae po3po0Ka Ta peai3allis 1i€BO1 Iep>KaBHOI cTpaTerii BUKOPUCTAHHS Ta
3aXUCTY BOJAHHMX PECYPCIB.

Jlana ctpareris Ma€ mpeACTaBIsATH OO0 OOIPYHTYBaHHS CyKYITHOCTI 3aXO/iB, CIIPSIMOBAaHHUX Ha
paiioHanbHe Ta e(EeKTUBHE BUKOPHUCTAHHS BOJIHHUX PECYpCIB KpaiHH, HEHTpasi3allilo HEeraTUBHUX
HACII/IKIB iX 3a0pyJHEHHS, 3HW)KEHHS aHTPOIOTCHHOTO HABAaHTAXXCHHS, peali3allil0 eKOHOMIYHOTO
MOTEHITIATY TAKUX PECYPCIB, HAPOIIECHHS JOXO/IIB OFO/IKETY 32 PaXyHOK 301UIBIICHHSI OOCSITIB TUIATEXKIB
3a BOJIOKOPUCTYBaHHS. MacmTaOHICTh 3aBIaHb €KOHOMIYHO €(EKTHBHOTO Ta €KOJOTIYHO
30aJ1aHCOBAHOTO KOPUCTYBAaHHS BOJHUMU PECYpCaMy BUMarae po3poOKH MeXaHi3MiB iX BIATBOPEHHS
[UIIXOM OOIPYHTYBaHHS ONTHMAJIbHUX CIIEHApiiB BOJOKOPUCTYBAaHHS K OOOB’S3KOBOI YMOBHU
PO3BHUTKY HaIliOHATBHOT EKOHOMIKH Ha MPHHIMIAX CTAJIOTO PO3BUTKY. BaXKIMBUM IHCTPYMEHTOM iX
PO3poOKM BU3HAHO (HhOpMyBaHHsS €(PEKTHBHOI CHCTEMH MOHITOPHHIY CTaHy BHUKOPHCTaHHSI BOJHHMX
pecypciB, ska O J103BOJIMIIA TEHEPYBATH MAacHB JOCTOBIpHOI iH(opMarltii moa0 (akTopis, ski Horo
BU3HA4a0Th (pHc.1). MOHITOPHHT BOAHUX PECYpCiB Mepeidavyae BUMIPIOBaHHS CYKYITHOCTI TIOKa3HHUKIB,
IO XapakTepu3ytoTh (iznuHy, (iHAHCOBY, COIiaNbHY, AeMorpadiyHy KOMIIOHEHTY BHUKOPHCTAHHS
BOJIHUX 00’€KTiB. Takuii MOHITOPUHI MPONOHYETHCS 3/1IMCHIOBATH 13 BUKOPHCTAHHSAM MO>KIJIMBOCTEH
HENpOTeXHOJOTiH, (GaKTOPHOTO aHali3y Ta MOJIEIIOBAHHS, BUMIPIOBaHHS YacOBUX PsJIiB Ta MOJeENei
0araToKpuTepiaIbHOI ONTUMI3ALIil.

BaxxnmBoro mepeBaroro MOHITOPHHTY CTaHY BHKOPHCTaHHS BOIHHUX PECYPCIB € MOXKIUBICTB
OTPUMAaHHS JeTalbHOI 1H(OpMaIlii mpo BOIHI 00’€KTH, a TAaKOXX KOHTPOJIb 3MiH Ta BIIXHJICHb

BIJICTE)KYBaHUX IMpOLECiB y peanbHOMY 4Yaci. lle mae 3Mory He Tinbku (GOpMyBaTH HEOOXITHY
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iHpopmamiiiHy 0a3y mI00 OCOONMBOCTEH BOJOKOPUCTYBAaHHS, a H y KOpPOTKI TepMmiHH i

JOIIOBHIOBATHU Ta OHOBJIIOBATH.

|

( BusHaueHHs CTEHKX0epiB CHCTEMH MOHITOPHHTY
OyHKIiOHANBHA CKITaZ0Ba CTaHy BUKOPHCTaHHsI BOIHHUX PECYPCIB

A 4

30ip, cucTemaru3aniis Ta aHaJiTHIHA 00poOKa
iHpOpMaiHHUX JAHUX MIOAO CTaHY BUKOPUCTAHHS
BOJHHUX PECypcCiB

\ 4

TexHoJIOriYHA CKIIaJg0Ba

OdopmiteHHS OTPUMAaHHS Pe3yJIbTaTiB TEXHOJIOTIYHOT
KOMIIOHCHTH MOHITOPHHTY BOJHHX PECYpCiBTa
BepHUQiKaIlist OTpPUMaHUX JaHUX

A\ 4

Bepudoikauiiina ckinagoBa

Hapmanns iHopmarii crekxonaepam st po3poOKn
Peanizaniiina cknagosa R ~ CYKYNHOCTI yNPaBIiHCHKHX PIllIeHb 010
HiIBUIIEHHS €()eKTUBHOCTI BUKOPUCTAHHS BOJHUX
pecypciB Ha MPUHITUTIAX CKOHOMIYHOI paIliOHAIEHOCTI
Ta eKOJIOTIYHOI Oe3neku

MoHiTOpHHT BUKOPUCTAHHS BOIHUX PECYPCiB KpaiHu (TepHTOpiii)

|

\

Pucynoxk 1 - Teopetnuna Mozienb (GOpMyBaHHSI CHCTEMH MOHITOPUHTY BOJHHMX PECYpPCiB

Horcepeno: aemopcwvka po3pobka

[IpoBeneHHST MOHITOPUHTY BHKOPHCTaHHS BOJIHHUX pECypCiB CTBOpIOE  iH(popMarliiiae
MIAIPYHTS 7151 BUPIILIEHHS! HU3KH MTUTaHb!

- 30ip iH(opmaIrii 11o10 CTaHy BOJHUX PECypCiB KpaiHU Ta OKPEMUX TEPUTOPIH;

- cucTeMaTH3allisg Ta aHai3 310paHoro iHGpopMaliifHOro MacuBy;

- imeHTUdiKaIisl KOHCTPYKTUBHHX Ta JECTPYKTUBHUX TEHJEHII BOJOKOPHCTYBAaHHS,
3’sicyBaHHS (aKTOPIB, IO iX 3yMOBJIIOIOTH;

- TIPOTHO3YBaHHs HACIIJIKIB BUSBJICHOT MPAKTUKU BUKOPHCTAHHS BOAHUX PECYPCIB;

- po3poOka Ta OOIpYHTYyBaHHS YIPAaBIIHCHKUX PIIIEHh MO0 3a0€3MEUYCHHS YyMOB

parioHasizanii BUKOPUCTaHHS BOJHUX PECYPCIB.
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"BIOGOAL" - WASTEWATER TREATMENT INNOVATIVE TECHNOLOGY FOR
“ZERO ENERGY” BUILDINGS
O. Hrytsyna, A. Shymans’kyy, Y. Dzhuha, S. Stankevych, I. Kitovs'kyy, D. Sidlets'kyy
National University of Water and Environmental Engineering, Rivne, Ukraine

The problem of quality wastewater disposal is typical for 40% of Ukrainian households
according to a study by the Swiss-Ukrainian DESPRO project. Local wastewater treatment plants are
a solution to this problem because they treat water of small quantity and are located near consumers.

An innovative wastewater treatment technology "BioGoal™" for "Zero Energy" buildings has
5 stages: | - mechanical treatment, 11 - biological wastewater treatment, 111 - wastewater disinfection,

IV - wastewater energy utilization, V - solar panel.

' microorganisms are
. immobilization on the

Figure 1 — Wastewater treatment technology "BioGoal" for "Zero Energy" buildings.

Wastewater pollution is separated into solid and liquid components at the first stage by a
microfilter during mechanical treatment. The solid component is dehydrated and utilized. The process
of biological nitrification-denitrification, oxidation of organic matter happens in the second stage with
a drum biofilter. Wastewater disinfection and partial regeneration of the microfilter screen is carried
out with the help of an ultraviolet lamp. The wastewater energy for the user's needs utilize by the heat
exchanger "water-water" of the heat pump system. Independent electrical work of the plant can
provide solar panels over the wastewater treatment plant.

The technology is being tested in the laboratory with the next production trials in the fall. The
design efficiency of wastewater treatment will be more than 95% in terms of BODs, ammonia
nitrogen, nitrate nitrogen and nitrite. The volume of energy will be obtaining from 1 cubic meter of

wastewater 2-3 kKW.
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CUCTEMA IHTEJIEKTYAJIbHOI'O ONIPAIIIOBAHHS IH®OPMAIIII IIIOJIO
BOJIOOUHUIIIEHHSI I3 BPAXYBAHHSAM JIi HABBUYAMHNUX CUTYAIIN 1
MIHIMI3AIII TEXHOTEHHOT'O HABAHTAXKEHHS HA JIOBKLJLJISA
H. 3aeus?!, B. IllTena?

'Hanionansnuii ynisepcuter 6iopecypeis i npupogokopuctyBanHs Ykpainu, Kuis, Ykpaina

’Tlomicchkuii nepkaBHuil yHiBepcuTeT, Ilinchk, Pecriy6nika Binopycs

OcTaHHIM 4acoM BeJIMKa yBara MpHuIUIIETHCS PO3pOOLl CUCTEM AUCTAHLIHHOTO MOHITOPUHTY
Ta MIPOTHO3YBaHHS 3a0pyTHEHB IS 3aXUCTY JOBKIJUIS Ta MPUPOAHUX pecypciB. [IpoTe MismbHICTH 3
MOHITOPHUHTY 1 IPOTHO3YBaHHS €HEPTreTUUHUX, €KOJOTIYHUX Ta PECYPCHUX IMapaMeTpiB MOTEHIIITHO
HeOe3MneyHnX 00'€KTIB Ta MPOTIKAHHSAM TEXHOJIOTIYHUX MPOIECIB HA HUX B PEKUMI pPEaJIbHOTO Yacy
He BHMKOHYyBajiach. Llg 3ajmaua gocuTh CKiIagHa Ta OaraToIulaHOBa, NpPU LbOMY HEOOXITHO
BUKOPUCTOBYBATH Pi3HI MeToau i1 3acoOu. Taka cuTyaliss MpU3BOJAUTH 0 HEBUKOHAHHS BHMOT
HOPMAaTUBHUX JOKYMEHTIB IIOJ0 €KOJIOITYHOI Oe3NeKH Ha PI3HUX PIBHIX: BiJ PEriOHajIbHOrO A0
JIepKABHOTO.

Meta gociigxeHb — OOTPYHTYBAHHS CXEMM IHTEJEKTYalbHOI CUCTEMU NPUHHATTS PillIeHb
040 €(heKTUBHOCTI BOJOOUHUIIICHHS! Ha OCHOBI OIPALIOBAHHS TEXHIKO-€KOHOMIUHOI iH(popMaii i3
BUKOPHUCTAHHSM 1H(QOPMAaIIIHO-YTIPaBISIFIOYMX TEXHOJIOTIH.

CTBOpEHHS SKICHUX CHCTEM OYMILEHHS CTIYHUX BOJ, KaHa/II3yBaHHS Ta JOOUYMUIIEHHS MUTHOT
BOJIM MOJXKJIMBO JIMIIIE TPH peajizamii psay eramiB 3 KOMOIHYBaHHSM pi3HUX METOJIIB BUJAJCHHS
3a0py/IHIOBAaYiB — HEMOIJIMBO CTBOPHUTHU IIPOMHUCIIOBY CHCTEMY BOJOOYHUIIICHHS TIJIBKH 32 KaTaJIOTOM
obnmagHanHsa. OCKUTbKH HE OyBa€e JBOX OJTHAKOBHX 00'€KTIB — KOKEH Ma€ CBOIO CIENU(DIKy: SKICTh
BX1/IHOT BOJM; MMapaMeTpH TEXHOJOTIYHUX MPOLECIB, sIKI BAKOPUCTOBYIOTh BOJY; JUKepela TeMIoBO1
e”eprii 1 Ta. [Ipy npoMy mig 4ac MPOEKTYBAHHS HE BPAaXOBYETHCS MOXIIMBICTH Jii HaJA3BUUAHHHUX
CUTyaIliii TEXHOTEHHOTO Ta MPHUPOJHOTO IMOXOJKEHHS, X04a i €(EeKTUBHOTO 1 PalliOHAJIHLHOTO
MIPUPOJIOKOPUCTYBAHHS 1€ HEOOX1THO

Jlns BupilleHHS Takoi 3ajadl JOIUIBHO BUKOPUCTATH IHTENEKTyallbHI CHUCTEMH Ta 3acolu
MOJICJIIOBAHHSA, IO JI03BOJIUTh MOKPAIUTH CIIOCTEPEKYBAHICTh (IIPOrHO30BaHICTh) HAa OCHOBI
HEeNpsSMUX TOKa3HUKIB Ta mapameTpiB. OOIpyHTyBaHHS (YHKI[IOHAIBHUX 3a/1a4 KOMILJIEKCY
TEXHIYHUX 3ac00iB BUMIpPIOBAJIBHHA Ta CTa0LIi3alii yMOB JOBKIJLUIS BUKOHYEThCs Ha ocHOBI JICTY
ISO 10012:2005 «Bumorm mo mpolieciB BUMIPIOBaHHS Ta BHUMIPIOBAJILHOTO OO THAHHS.
BinnoBiHO, Ha peaqbHUX KOMYHAJIbHO-IIPOMHCIOBUX 00’€KTaX, Ha MPUKIIAIl KaHATy «OYMUIICHHS
CTIYHHUX BOJ», IPOIIOHY€ETHCS HACTYIIHA CXeMa CTBOPEHH 1H(POpMaLifHO-(yHKIIIOHATIEHIUX MOIeIeH

JUTSL IOJIabInuX gociimkens (Puc. 1).
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Ormc IpodIeMH AKICHOTO OYHIeHHS
320pyIHEHNX CTIYHIIX BOJ
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[HTerpoBaHe cepeloBHIIe IPHIHATTA PilleHs MO0 eHeproedeKTNBHOCTI BOJOOYIIIECHHS Ha
0CHOBI €(eKTIBHOTO ONPAIIOBAHHA TeXHIKO-eKOHOMITHOI iHbopMmarii

Pucynok 1 — CTpyKTypa CUCTEMH 1HTEJIEKTYyaJIbHOTO ONPallOBaHHS

iH(MOopMAIIii 010 BOJOOYHIIICHHS

BinmroBxyrounck BiJi MOXJIHMBOCTI HAaOMM3UTHCH J0 PEXKHUMY pEaJbHOrO 4acy mpu 300pi
eKoJioro-pecypcHoi iHdopmalii Ha KOHKpPETHOMY OO0 €KTi, TPOIMOHYETHCS IHTETpOBaHA CXeMa
YIOPaBIiHHS €KOJOr0-PeCypCHOI0 0e3MeKO0 3a KaHaJIOM «BOJOKOPUCTYBAHHSA» HA PETiOHAIBHOMY
PiBHI 110 J]a€ 3MOTY BUPIIIyBaTH HACTYIHI MPUKIIAAHI 3a/aui:

- (opMyBaHHS €KOJOTO-PECYPCHOI CTpaTerii PO3BUTKY PETiOHY 13 HAOIMKEHHSM OTNEPAaTHBHOCTI
peaxiii Ha Ha/I3BUYAliHI CUTYallii 10 PeXKUMY peaibHOro Yacy;

- TMPOTHO3YBAHHS MOTEHIIMHUX HEOe3MeK MO0 HEeTaTUBHOI [ii aHTPONMOTeHHHUX (akTopiB i3
MIPEBEHTUBHOIO MPOTUIEI0 HABBUYAMHUX CUTYAIiH;

- HayKOBO-TE€XHOJOTIYHE MiATpUMaHHS (QYHKIIOHYBaHHS OYHCHUX CIOpPYJ KOMYHaJbHO-
MIPOMHUCIIOBHX 00’ €KTIB 13 BIPOBAKEHHSIM €KOJIOTIYHO OE3MEYHIX TEXHOJIOT1iA;

- 00€EKTHO-OpIEHTOBAHE BIPOBAKEHHS CyYaCHUX TEXHOJOTIYHUX PIIICHb;

- iHTeHcU(IKallisl HAyKO-MPAaKTUYHUX JOCHI[HKEHb MLUIAXOM KooIepamii peansbHOro CeKTopa
E€KOHOMIKM Ta HAyKOBHUX YCTaHOB 13 IHTErpaliiiHOI0 (PyHKIi€EI0 pErioHaJIbHOTO HAyKOBO-

MPAKTUYHOTO LEHTPY YNPABIIiHHS €KOJIOTO-PECYPCHOIO e()EeKTUBHICTIO 00’ €KTIB BOJIOKOPHCTYBAHHS.
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IMPOBJIEMHU OYNHIEHHSA CTIYHUX BO/I BI/I BIOTEHHUX CIIOJYK
HITPOTEHY I ®OC®OPY TA IX BUPIIIEHHS
JI. Cabaiit
HarmionanbHuit TexHiuyHUiA yHiBepcuTeT YKpainu « KuiBChbKUil MOMITEXHIYHUHA IHCTUTYT

imeHi Iropsa Cikopcekoro», M. Kuis, Ykpaina

OpHi€r0 3 HANroOMOBHIMIMX MPOOJIEM ChOTOJICHHS B YKpaiHi B rajty3i OYUILEHHs CTIYHUX BOJ €
3acTapijal TexHOJOrii Ol0JOriYHOTO OYMINEHHS, $SKi BHUKOPHUCTOBYIOTHCS B MiCTax 1 cemnax.
[limBumennii BMICT y CTIYHUX BOJaX OIOTE€HHMX PEYOBHH (CHOJYK HIiTporeHy 1 Qocdopy) He
JI03BOJISIE OTPUMATH HEOOXIAHY SKICTh OUMIICHHS BOJMU 1 MPU3BOJIUTH JI0 3POCTaHHS 3a0pyaHEHHS
MPUPOJHUX BOJOMM, iX eBTpoiKallii, MOTipIIeHHs] KUICHEBUX YMOB, BTOPUHHOIO 3a0pyIHEHHS BOAU
Ta iH.

Metoto po6otu Oyio 3ampomoOHyBAaTH TEXHOJOTII OYHWIIEHHS CTIYHMX BOJ BijJ] CIIOJYK
HiTporeny i pocdopy, mocmiauTH iX ePEeKTUBHICTh Ta BU3HAYUTH PAIIOHAJIbHI TapaMeTpu poOOTH 3
MiHIMaJIbBHUM BUKOPHCTAaHHIM MaTeplallbHUX 1 EHEPreTUYHUX PECYPCIB.

JlocmikeHHsT BUKOHYBaJlM B paMKax peamizamii iHBecTHIiiiHOTO TpoekTy «llokpameHns
exosioriuHoi cutyauii y Illanbkomy HalloHaJbHOMY MapKy MUISXOM KaHalI3yBaHHS HACEIEHUX
MMyHKTIB HaBKOJIO 03epa CBITA3b» CYMICHO 3 MPOEKTHOIO opraHizariero Exorexcepsic.

OcoOnuBictio Hanpkoro mpupoaHoro mapky € noxaja 30 o3ep, po3TalIOBaHUX y MEKUPIUYi
[pur’sti 1 3axigHoro byry mo6mu3y c.m.t. Hlanpk. [Tapk rpannuuts 3 [Tonsmiero 1 binopyccio. byio
PO3TIISIHYTO CHUCTEMH BOJOBIZBEIEHHS TPhOX HaceleHHX MyHKTiB: c.M.T. Illampk, c. CBiTs3b, C.
[Iynbmo, 3 canaropisiMu 1 0a3aMu BIJIOYMHKY, JJISl SIKHX XapaKTepHa CE30HHA HEPIBHOMIPHICTH
BOJIOBiIBeIeHHSI. J{7151 00’ €KTIB XapaKkTepHa HEAOCTATHSI MPOAYKTUBHICTh ICHYIOUHX OYHCHUX CIIOPY/T
(mampuknan, mis c.M.T. [Hamex 400 M3/I{o6y, a motpioro 1000 M3/n06y), CTapi TEXHOJOTIl
(mampuknag, 3 ycraHoBkamu KV, sKi mMoraHo mpaiioloTh), BiJCYTHICTh HAJIE)KHOTO BHIAICHHS
O10r€HHUX PEYOBHMH, HE BPAXOBYETHCSI CE30HHICTh POOOTH 00’€KTIB BIANOYMHKY, IO YCKIJIQTHIOE
poboTy criopy1 610JI0TIYHOTO OUHUIIeHHS, Ta iH. Hanmpuknan, mis c.m.T. 1lanbk BUTpaTa CTIYHUX BOJT
B CE30H OCiHb-BeCHa cTaHOBHTH 300 M%/1006y, a BiiTky - 1100 M%/1106y. 3a 3a6pyAHEHHAMM 1i CTiUHi
BOJIM XapaKTePU3yIOThCS TAKUMH TTOKa3HUKAMH: 3aBUCIT pedoBrHM — 10 250 mr/am (mpu TJC - 17
mr/am), XCK — 10 400 mr/mm® (mpu TJC - 80 mr/am®), BCKrosn — 10 340 mr/am® (mpu TJC - 15
MF/I[MS), a30T 3arajgpHuil — 10 110 Mr/nve, a3oT amoHiiHMI — 10 40 Mr/om® (mpu T'IC - 40 MF/I[MS),
docdaru 17 mr/am® (mpu TAC - 2,5 mr/amd).

Ce30oHHICTh poOOTH 00’ €KTIB 3MYIITy€ BUKOPUCTOBYBATH TEXHOJIOTIi 010JIOT1YHOTO OYHIICHHS
y AB1 JiHIi, OHA 3 HUX OYMIIYE CTIYHI BOAM HACEJICHOTO MYHKTY, a JIpyra MpaIoe Ha 00’ €KTH 13

CC30HHUM BOI[OBiI[BCI[eHHHM. Yy HepiOI[I/I‘IHI/IX YMOBax CKJIAAHO BHUKOPUCTOBYBATH TEXHOJIOTIIO
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O10JIOTIYHOTO OYHMIICHHS CTIYHUX BOJ[ 3 aKTHBHHM MYJIOM, 3 HITPUQIKYIOUYUM MYJIOM (IOBOJI
TpUBaja rmepepsa B poOOTI aepOTEHKIB, aJanTarlisi akTHBHOT'O MYJTy, HAPOIIyBaHHS HOro GiomacH i
T.1H.).

JUis OYMIEHHS CTiYHUX BOJ OO0 ’€KTIB CE30HHOI POOOTH 3ampONOHOBAHO BUKOPUCTAHHS
TEXHOJIOr] Ol0JIOTTYHOTO OYMIIEHHS 3 IMMOOUII30BaHMMM MIKpOOpTaHI3MaMH Ha CIELiajJbHUX
HOCISIX, Kl y BUIUIAAI OJOYHHUX MOAYJIB MOXYTh OyTH BCTaHOBJICHI B pe3epByapax CIOPYIH
010JI0T1YHOTO OYHUIICHHS. BUKOPUCTaHHS B IKOCTI HOCI{B KAIPOHOBHX BOJIOKOH JTO3BOJISIE OJIEP:KATH
mtonry mosepxHi 10 5000 M% Ha 1 M° Ta JOCATTH BUCOKHMX KOHILIEHTpaliii 6iomacu B criopyi — 10 40
r/mm° B aHaepoOHMX yMoBax i 0 20 r/1M° — B aepOOHUX i AHOKCHIHHX.

JlocniakeHHs: MPOBOJWIN Y IBOX HANpPSIMKax: BU3HAUCHHS €(DEeKTUBHOCTI OUMILEHHS CTIYHUX
BOJA BiJ OIOr€HHMX CIIOJYK; BIJIHOBJIEHHS pOOOTHM 1MMOOLUTI30BaHMX MIKPOOPraHi3MiB, sKi
30epiraauch TPUBAIHN Yac y BUCYIIEHOMY CTaHI Ha MOBEPXHi BOJIOKOH. CTyIiHb OYHIIEHHS CTIYHUX
BOJI 32 KOHIIGHTPAIIi€I0 aMOHIHHOTO a30Ty pocsrana 0,9 mr/ame, Hitpuris — 0,15 Mr/nm®, HiTpaTis —
21 mr/mms, docdariB — 2,5 Mr/ame. TpuBamicTh BiTHOBJIEHHS POOOTH IMMOO1TI30BaHUX HA HOCISAX
MIKpOOpraHi3miB cTaHOBMIA — 110 8 6.

Ha miacraBi npoBenenux nocmimkens ais cMmT Llanpk, cin ["aiBka, canatopito «JlicoBa micHs 1
30HU B1ANOYMHKY «['psna» Oyso 3alipONOHOBAHO TEXHOJIOTIKO Ta OYMCHI CIIOPYAH, pO3paxoBaHi Ha
po6oTy y JBOX pexnmMax: 1 — ociHb-BecHa, MpoayKTHBHICTh 300 M>/106y, ouncHi criopyau 1 uepru
(PEKOHCTPYKIIiA CTapuxX OYHCHHMX cropya c.M.T. llamnpk): crnopyau MeXaHIYHOTO OYMIIEHHS;
OiokoarynsaTop-guoTatop  (3aMicTh MEPBUHHOTO  BiJICTIHHUKA); aHOKCHIHUK  OiopeakTop
(meniTpudikaTop) 3 iMMOOLTI30BaHUMH MIKpOOpTraHi3MaMu; aepoOHMit OiopeakTop (HiTpudikaTop) 3
IMMOO1JTI30BaHUMHU  MIKPOOpPraHi3MaMM; BTOPHUHHI BIJCTIHHUKHU; MIHOMOMICTUPONbHI (QIIBTPH;
010CTaBKM; CHIOPYAM I 3HE3aPAKEHHS OYHUINCHOI CTIYHOI BOJIM; 2 — JIiTO, NpoayKTuBHICTH 1400
M3/106y, ouncHi cropynu 1 uepru (300 M3/106y) i apyroi (1100 M3/106y): copyau mMexaHiuHOrO
OUMILEHHS; TEpPBUHHI  BIJACTIMHWKM; aHOKCHOHHMHA  OiopeakTop 3  iMMOOITI30BaHUMHU
MIKpOOpraHi3MamMy; aepoOHUN OlopeakTop 3 IMMOOUTI30BaHMMH MIKpPOOpraHi3MaMu; BTOpPUHHI
BiJICTIHHHMKH; TOOYUIIIEHHS 1 3HE3apa)KeHHS Ha CIIOpyJaX pa3oM i3 CTIYHUMH BOJIAMH, SIKi TPOUIIUIH
OUUIIECHHS Ha cropyaax 1 yepru. OuuieHi cTiuyHi BOJU BIIBOASATHCS B 03epo [Imotuyue 1 gami — B
o3epo Kpumne.

Otxe, po3po0JICHO 1 TOCHTIPKEHO TEXHOJOTIl OYWIIeHHsT CTIYHUX Boja 00’ekTiB Illambkoro
HAI[IOHAJILHOTO TMAapKy 13 CE30HHOI0 HEPIBHOMIPHICTIO BOJOBIIBECHHS, B OCHOBY SKHX MOKJIAJEHO
BUKOPUCTaHHA IMMOO1TI30BaHUX MIKpPOOPraHi3MiB B aHaepOOHUX, aHOKCUIHUX 1 aepOOHHX yMOBAaX.
BripoBapxeHHS TEXHOIIOT1H T03BOIUTH €(heKTUBHO BHIAIATH 31 CTIYHUX BOJI O10T€HHI CIIOTYKH a30Ty

1 ocdhopy 1 MONIMIIUTHA €KOJIOTIUYHY CUTYAI0 TPUPOTHOTO MAPKY.
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CYYACHI TEHJIEHIII B OYMIIIEHHI BOJIA TP BUPOBHUIITBI HATIOIB
L. 5. Tlowanceka, FO. S. Xaioummn

HanionansHuit yHiBepcuteT «JIpBiBChbKa nosiTexHikay, M.JIbBiB, YkpaiHa

[TinroToBka 1 00poOKa BOAM Yy BUPOOHUIITBI HAIOIB € BaXJIMBOIO SIK y TIT€HIYHOMY, TaK 1
OpPraHOJICITHYHOMY 3HAYE€HH1, OCKUIBKH € BOXKJIMBOIO ISl JOPMYBAaHHS MPABHIIBHOTO (O4iKyBaHOTO)
CMaKy TOTOBOTO MPOAYKTY. TE€XHOJIOTris OYHMILEHHS 3aBXKIH 3aJeKUTh BiJl OCOOIMBOCTEH CKIIAdy
BOJIM, JOCTYITHOI JUIi KOHKPETHOTO MiANPHUEMCTBA, Ta BUMOT BUPOOHUITBA Hanoro. KoxxeH Hamii
(HampukJaa, ra3oBaHl Haroi, MiHepajgbHa BOjAa, (PPYKTOBI COKH, O€3aJIKOrojbHI Hamoi, MUBO Ta
ropijika, JJKMH TOINO) MOTpeOye 1HAMBIAYyaTbHOI OYMCTKH Boau. Hampukiman, 6arato BUpOOHHUKIB
0€3aJIKOr0JIbHUX HAroiB HaBOAATH JAy)Ke TOYHI cnenudikaii ckiaxy BOAM, 10 BUKOPUCTOBYETHCS
Ui 3a0€3MeYeHHs] BIATBOPEHHS MPAaBHIBHOIO CMaKy CBOIX HAmoiB, IHKOJM TaKi BUMOTH, HaBiTb,
3a3HaYal0ThCs B MAaTEHTaX. TakUM YMHOM, 1€ 1 BUCYBA€ 3HA4HI BUMOTH J0 HEOOX1JIHOI TEXHOJIOT1]
OYUILEHHS BOJHU.

MeTtoau 1€l OYMCTKU 3arajbHOBIIOMI, @ TOMY BUPOOHUKM KOHIIEHTPYIOTh BJIACHE yBary Ha
TOMY SIKHU METOJI/METOIH 1 00JIaIHaHHSA SKUX QipM Kpale 3acTOCOByBaTH. be3 Halle:KHOTO TIPOIIECy
¢binbpTpanii HebaxxaHl MiHepaiau Ta 0akTepili MOXKYTh 3MIHUTH CMaK Ta BUIJISA] HAIOl0, a TOMY 4epe3
crieniagbHi a7copOyr0di MaTepialiv BUAAISIOTh HeOakaHi peYOBHUHH, TaKi K BaXKKI METaJIM, MHUIII SIK,
3ai30, MapraHellb, a TaKOX CIpKOBOJEHb 3 BOAM. KpiM 1bOro, JOCUTH MOIIUPEHOIO €
ynpTpadiabTpanis Ha MemOpanax 3 po3Mmipom mnop 0,02 MxM, npH skiit 6akrepii i, HaBiTh, BipycH
YaCTKOBO BHJAIISIOTHCS. TakuM YHMHOM, Il TEXHOJIOTiS OYMIICHHS BOJIU JJIsl HAIOIB CTBOPIOE
e(heKTUBHUN MOYaTKOBHI Oap’ep. YIbTpadiIbTpallis TaKOX € 11e€aJTbHOI0 MOTEePEIHROI0 00POOKOI0
JUIs TTOJIAJIBLIOTO 3BOPOTHOTIO OCMOCY (YCTaHOBKH 3BOPOTHOI'O OCMOCY JOCUTh €KOHOMIYHO BHI1/IHI
i3 KKJ mo 95%), mo0 3MeHIIUTH moTeHHian 3a0pyIHEHHS, BHUKIMKAHUH OpTraHIYHUMHU
BiJIKJIa/ICHHSIMU.

Jns nesindexuii Boau, mo Oyae BHUKOPUCTaHa B TNPUTOTYyBaHHI HamoiB, HaiyacTilie
3aCTOCOBYIOTh JIOKCHA XJopy. OJHaK BHKOPHCTAaHHS [JEII0 JOPOXYOro O30HYBaHHA 4HU
onpoMiHeHHS YD Moxe OyTH 10CUTh €(PEeKTUBHUM, HAIIPUKJIa]l, KOJIX MOBA HJie PO MPOJIOHTyBaHHS
BJIACTUBOCTEH OYMIICHOT MWUTHOI BOJXW, IOKM BOHA HE pO3JHMBAETHCS MO IUISAIIKAX 1 HE
3aKyTOPIOETHCA.

CyuacHuil pyHOK HacH4YeHH OOJaJHAHHSM JJIs BOJOOYMIIEHHS HIMELBKOI0, KUTalChKOTO,
KaHaJCbKOTo Ta iH. BUpoOHMUUTB. Jlo mpukiaay, Ha mianpueMcTBax «Coca-Colay BUKOPHCTOBYIOThH
obmanHanHs kaHackKkoi pipmu SUEZ 3 cuctemoro Hanodinepanii BEV. 3aznaueni cuctemun SUEZ
BUKOPUCTOBYIOTh I'€0/IaHl PO3TAILyBaHHS JDKEPEN BOAONOCTaYaHHS 3 METOK BpaxXyBaHHS CKIIALY

BOJIM, 1110 HiJIAra€ BOAOOUYMIIIEHHIO.
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Ha 3aBomax «Carlsberg Group» BHKOPHUCTOBYIOThCS BOJIOOYMCHI CHOPYAM HIMEUbKoi (ipmu
«EnviroChemie» 3 aHaepoOHUM 010-peaKTOPOM BEPTHKAIBLHOTO KOHAMIIIOHYBaHHS Ty ASBX.
[Ilomo TeXHONOTIYHMX 1HHOBAIIIH, TO MMBOBapHa ycTaHoBKa B JlaHii, a, BmacHe, 3aBog y ®pexepicii
noOy/TOBaHWH HAa HOBOMY MIJIXOAl /0 OYMILEHHS Ta YTHIIi3alii TEXHOJOTIYHOI BOAM, 1€, Cepen
1HIIIOT0, BUKOPUCTOBY€ETE YIbTPadioaeTOBE BUIIPOMIHIOBAHHS JIJIsl 3HUIIEHHA OakTepiid. OqHOYacHO
610ra3 BUPOOJIAETHCS K 3aJMILIKOBUM MPOAYKT, SIKMM MOKHAa BUKOPUCTOBYBATH JUIsl BUPOOHULITBA
eHeprii.

HatomicTh, 3HaHMii BHPOOHUK HIOTIAaHACHKOTO Bicki Glen Moray BHUKOpUCTOBYE (inbTpH
komnanii Fileder, mo mnepenbauyaroTe pi3Hi Buau (UIBTPYBaHHS, a Ha 3aKIIOYHIM cTamii —
3aCTOCYBaHHS yIbTpadiabTpalrii.

OpnHak, Ha KaJlb, BAPOOHMKH HAIOIB HE 3aBXKIU CXUIISIOTHCS JI0 BUOOPY SIKICHOTO 00J1aIHAHHS.
[Ipuuns icHye 6araTo, mpoTe IX MOXKHA 3BECTH JI0 JBOX OCHOBHHX, @ CaMe €KOHOMIYHUX (BapTiCTh
oOJaziHaHHS Ta Horo KBajiikoBaHe 00CIyroBYBaHHS) 1 10BOJII IIMPOKI MEK1 BUMOT JI0 SIKOCT1 BOJIU
3T1JIHO JIFOYMX CTaHJAPTIB.

Ckaximo, 3amateHroBanuMu nociimkenHsmu (US  Patent Application 20190127239),
MOKa3aHo, IO XapaKTePHCTUKU KaBiTallil MOPOKYIOTh 3MIHHM IIBUAKOCTI, TUCKY, TEMIEpaTypH,
XIMIYHOTO CKJaay Ta (I3WYHMX BJIACTUBOCTEH piauHU. XapaKTEpUCTUKH KaBiTalll TaKOX
3amo0irarTh OCIJTAHHIO 3a0pyHIOBAYiB Ha TOBEPXHI (PUIBTPYIOUOTO MOIYIS Ta HOr0 BUAAICHHIO,
3MEHIIYIOTh HaBaHTAXEHHS Ha (QUIBTPYIOUYl €JIEeMEHTH Ta 30UIBIIYyIOTH TEPMIH CITY)KOH
GUIBTPYIOYOT0 MOJYJS, TAKUM YHMHOM, 3HMXKYIOTHCSI €KOHOMIYHI BHJATKH Ha OOCIyTOBYBaHHS
oOaHaHHs 1715 3a0€3MeYeHHs IKICHOTO BOIOOYHIIICHHSI.

3rigHo ct.1 3akony Ykpainu «IIpo OCHOBHI MPHUHIMIKM Ta BUMOTH /10 O€3MEYHOCTI Ta SIKOCTI
Xap4yoOBUX MPOIYKTIB» Xap4yOBUH MPOAYKT BBAXKAETHCS HENMPUIATHUM JO CIIOKMBAHHS JIHOAMHOIO,
SKIIO BiH, cepe] 1HIIOTro, HE BiAMOBiAa€ 00OB’SI3KOBUM MiHIMAaIbHUM crernudikamism skocTi. 1o
CyTi, OCHOBHUMH CTaHJapTaMH OO0 SIKOCTI BOJH, SKMMU KEPYIOTHCS MPU BHPOOHUIITBI HATIOIB €
JACTY  7525:2014 «Bonma mnwurHa. Bumorm Ta MeTOOM KOHTPOJIOBAHHS  SIKOCTD»  Ta
JNCTY T'OCT 27384:2005 «Boma. HopmMm moxuOKkM BHMIPIOBaHb IIOKa3HUKIB CKJIaqy 1
BractuBoctei». Ilpobrema skocTi Ta O€3MEYHOCTI XapyoBHUX MPOJYKTIB, 30KpeMa BOJHU, €
0e3mepeuHo OHIE0 13 HANTONOBHIMIMX JUISl CIIOKMBAYiB, @ TOMY caMe SKICTb CUPOBHHHU (hopMye
SKICTh KIHIIEBOTO TIPOYKTY.

S0 po3risaTH 3HaYeHHs BOJIOOYMIIEHHS NPU BUPOOHUITBI HAMOiB (SIK 0€3aJIKOroJIbHUX,
TaK 1 aJKOTOJIEBMICHHMX), TO SKICHI XapaKTEepUCTHKH BOJH (OPMYIOTH CMAaKOBI BJIACTUBOCTI
KIHIICBOTO MPOIYKTY, TOOTO HOTO SAKICTh, a, OTXKE, MOMYJISAPHICTh Cepell CIIOXKUBAYIB, MOXIIUBICTh

MIBUJIKOI peai3alii 1 OTpuMaHHsI BUPOOHHKOM OUYIKYBaHUX MPUOYTKIB.

75



WATER SUPPLY AND WASTEWATER DISPOSAL

PURIFICATION OF DRINKING WATER FROM Cu (11) AND Cr (111) IONS
BY MODIFIED ZEOLITE
V. Sabadash, J. Gumnitsky
Lviv Polytechnic National University, Lviv, Ukraine

Heavy metals are dangerous pollutants due to their toxicity even at low concentrations and
inability to biodegradftion. Rising levels of heavy metals in natural bodies of water pose a serious
threat to all living organisms, including humans. The most common methods available to reduce the
concentration of heavy metals are chemical precipitation, ion exchange, adsorption and reverse
osmosis. Given the peculiarities of the crystal structure, natural zeolites are able to absorb only metal
cations, and chemical modification of the inner surface of the natural sorbent expands the range of
sorption capacity of zeolites relative to anions and nonpolar organic compounds. The process of
modification of zeolites consists in the reaction of ion exchange of the cation exchanger surface by
exchange cations on the inner surface of the zeolite, for example aliphatic Quaternary amines, acid
activation of a natural sorbent, and the like. Previous studies have shown that from a two-component
system containing both copper and chromium ions, only copper, which is much less toxic than
chromium cations, can be removed. In Ukraine, the MPC for copper according to the general sanitary
limit of harmfulness is 1.0 mg / g, for trivalent chromium 0.5 mg / g, for hexavalent chromium 0.1
mg / g. The aim of this work was to create an effective sorbent for the extraction of heavy metal ions
and to study the process of simultaneous adsorption of copper and chromium cations on the surface
and in the volume of the modified zeolite under static conditions. Modification of natural clinoptilolite
was carried out by the method of acid activation, which consists in treating the samples with solutions
of sulphuric, hydrochloric, phosphoric and acetic acids for a certain period of time under heating and
stirring. This method of influencing natural mineral sorbents actually accelerates the processes that
take place in natural conditions under the influence of air, water containing carbon dioxide, pressure
for a long time (the process of chemical weathering in the zone of hypergenesis). The experimental
material of homogeneous fractional composition was obtained by sieving natural clinoptilolite
through sieves with a cell size of 2-3 mm. For acid modification of the sorbent, a solution of
phosphoric acid (20%) in a volume ratio of 1: 2 (solid phase: solution) was added, mixed thoroughly,
and the resulting suspension was maintained under normal conditions for 24 hours. For alkaline
modification of the sorbent, sodium hydroxide solution (20%) was added in a volume ratio of 1: 2
(solid phase: solution), mixed thoroughly, and the resulting suspension was maintained under normal
conditions for 24 hours. Washed with distilled water in a volume ratio of 1:10 (suspension: distillate).
After settling, the precipitate formed was collected and dried at 105 ° C. To study the change in the

chemical composition of zeolite after adsorption of heavy metals from the liquid phase, we used
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natural zeolite - clinoptilolite of Sokyrnytsia deposit and modified with 20% solutions of H3PO4 and
NaOH. The model solution contained mass amounts of copper and chromium ions in a ratio of 1: 1.
The concentration of each ion in the test solutions was 0.01, 0.2, 0.4, 0.6 and 1 g / dm?>. A portion of
zeolite was added to the contents of each sample, mixed, and sealed. The adsorption process was
carried out for 48 h in a thermostat at a temperature of 20+0.5°C. After completion of the process,
the solution was filtered and the zeolite was dried to constant weight. The amount of absorbed ions
of copper and chromium was determined by photometric method. We studied the adsorption of a
mixture of copper and chromium ions on a modified sorbent. The following types of sorbents used:
sodium hydroxide-modified clinoptilolite and phosphate-modified clinoptilolite.
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Figure 1 — Isotherm of compatible adsorption Figure 2 — Isotherm of compatible
of Cr (I1l) on modified sorbents: x - zeolite adsorption of Cu (I1) on modified sorbents: x
modified HsPO4; ¢ - zeolite modified with - zeolite modified HsPOs; ¢ - zeolite
NaOH modified with NaOH

The adsorption of copper ions on alkali-modified zeolite was more intense compared to the
sorbent modified with phosphate acid.

The adsorption of chromium ions is intense on the surface of the sorbent modified with
phosphate acid. Comparison of the sorption isotherms presented in Figures 1 and 2 with the previous
data indicates an increase in the sorption capacity of the modified zeolite almost twice compared to
the natural sorbent.

The reason for this is the formation of wider pores as a result of the dissolution of the zeolite
rock. This trend is confirmed by many researchers working in the field of modification of sorbents
with mineral acids. The formation of a large number of meso- and macropores that allow the
absorption of large molecules is indicated. Based on the analysis of experimental studies, the
effectiveness of the use of clinoptilolite, modified by acid activation, as a sorbent of Cu (II) and Cr

(1) ions from wastewater was confirmed.
77



WATER SUPPLY AND WASTEWATER DISPOSAL

HLJISAXW EKOHOMII BOJU Y ) KUTJOBUX BYJIMHKAX
B. IIporyabuuii, 1. I'payoB

Opnecpka fepkaBHa akazeMis OyNIBHUITBA Ta apXiTekTypu, Oneca, YkpaiHa

HaiiGinp1n mommpeni cnocodu eKoHOMiT BOIH:

1. O6aik Boau. [Ipu npoMy 007K OBMHEH OyTH MOKBAPTHPHHUMA, OCKIIBKH CaMe€ B IIbOMY
BUMNAJKYy IOYMHAIOTH IPALIOBATH ICUXOJIOTIYHI YMHHMKH. SIKIIO K Takoro oOJIIKy HeMae, TO
BOJIOCTIOKHMBAHHS pi3Ko 3pocTae. He naroTh noTpiOHMIA e(eKT JTIYMIbHIKA BOAM TUIBKH Ha BBOJAX Y
OyIMHKH.

B Opeci, miciast MacoBOro BCTaHOBJICHHS KBApTUPHUX JITYMIIBHUKIB BOJIHU, 110Ja4a BOJIU B MICTO
3a 10 pokiB 3meHmmnacs Ha 35-45%.

2. HinBumenHst Tapugis Ha Boay. e HaliiMeHI oMy sipHAa, ajie ayKe Ji€Ba Mipa, CyIs9u 3
N0CBily €BpOINENChKUX KpaiH.

3. 3HMKeHHs1 HAMOPiB B Mepexi. Y 0araTonoBepxoBUX OyIHMHKAaX 1€ 0COOJHUBO BaXKIIUBO.
Tak, B ecATUNIOBEPXOBOMY OyIMHKY PI3HHULS THUCKIB y BEPXHIX 1 HUXKHIX IOBEpXaxX CTAHOBUTH 35-
40m. Buxiz 31 cTaHOBHIIA — BCTAHOBJICHHS IOBEPXOBHX PEryisATOpiB Hanopy. IloTpiGHe npu npomy
nesike 30UIBIIEHHS BapTOCTI KOMIIEHCYEThCSI MOMITHUM 3HI)KEHHSM BOJOCIOXXHMBaHHS. Tak,
3HIKEHHS Hanopy Ha 10 M 3a0e3nedye ekoHoMito Bou Ha 5-8%.

[TopiBHSIHO HOBHM, aje JOCUTh €(PEKTUBHHUM CIIOCOOOM €KOHOMIi BOJM € TOBTOpHE ii
BUKOPUCTAHHA B KUTJIOBUX OyauHkax. CrpaBa B TOMY, 10 3HaYHA YaCTHHA BOJIOCIIOKMBAHHS — 11€
3muBHI 6a4ku (10 40% 3aranbHOi BUTpATH), JUTS IKUX HE MOTPiOHA JOpora muTHA BoAa. TyT MOXYTh
OyTH BUKOpPHCTaHI, TaK 3BaHI, «Cip1» CTOKU — II€ HE AyXe 3a0py/IHeHa Boja MICIs YMUBaJIbHUKIB,
Ty1rniB (BaHH).

Cxema KOMyHIKaIlii mpu 060poTHOMY BOJIOIIOCTAYaHH1 pUBeieHa Ha puc. . [Ipu 3BopoTHOMY

BOJIONIOCTaYaHHI 3HAI00IATHCS JOJATKOBI Mepexi (ITyHKTUD Ha puc. 1):

J BO1

|
1
B1 :/4_

Pucynokl — Cxema Mepex B KBapTHpi P 0OOPOTHOMY
BOJIONIOCTAYaHH1
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1. 301p «cipux» CTOKIB Bi ymMUBanbHUKIB 1 BaHH (KO1).

2. Ilogava ouurmieHoi Boau B 3MuBHI 6auku (BO1).

KpiMm TOro, motpibHo nmomatkoBe oONIaJHaHHA — YyCTaHOBKa O4YMIIEHHS cTiuHuX Boj KO1
(puc.2). Croxu 3 cucremu KOl noTpeOyioTh OYMINEHHS BiJ] BEJIMKOI CycleH3ii, Bomoccs i
CUHTETUYHUX MOBEpXHEBO-aKTUBHUX peuoBUH (CIIAP), ockiibku BOHU MOXKYTh 3a0MBaTH OTBOPU
MaJIoro jaiameTpy B 3MuBHUX Oaukax, a CITAP — maBaTu BigkiajeHHS Ha MOBEpPXHI YHITa3iB a0o B

TpyO6ax. Boxy B cuctemi BO1 notpiOHO moctiitHO ab0 nepiouyHO 3He3apaKyBaTu.

Hacoc 2

PucyHnoxk 2 — TexHonOTi4Ha CXeMa YCTaHOBKH OYHIIICHHS
obopotHoi Bomu: 1 — cituactuii GpinbTp (yIaoBiIrOBadi
BoJIoccA), 2, 4 — OaKM-HAKOMMYyBadi CTIYHOT 1 OUUIIICHOT
B0/, 3 — copOuiitauii pinbTp, ado ynpTpadinbTpamiiHuit
MOJ1yJlb, 5 — OJIOK 3HE3apaKEeHHS.

[Ipairoe ycraHoBKa B Takui croci0: criyHa Boja i3 cucremMu KO, mpoHmoBmy ciT4acTHid
¢inpTp (ynoBmoBaui Bosioccs) 1, HagxoauTh B Oak-HaKONMYyBau CTIYHOI BOAM 2, MOTIM
nepeKkavyeThes B copouinuuii pinmpTp 3, a 3BiATH — B OaK-HAKOMMYYBa4 OYUIIICHOT BOAH 4.

[TotimM Boza B Mipy HEOOXiHOCTI nepekauyeTbes B cuctemy BO1, 110 kuBUTH 3MUBHI 0auky.
[lepiognyHo cucreMa ounineHHs 1 Mepexa BO1 3He3apaxyroThcs. Y cTaHOBKAa aBTOMAaTHU30BaHa, 110
JI03BOJISIE 11 MpairoBaTu 6€3 MOoCTIHHOro 00CIyTOBYIOUOrO IEPCOHAIY.

JU1s1 OLIHKH TEXHIKO-€KOHOMIYHO JTOLIJIBHOCTI MPOEKTY OyB BUKOHAHUHN PO3pPaxyHOK A 4-X
CeKL1iHOro 9-Tu nmoBepxoBoro OynuHKY 3 144 kBapTupamu B M. HOpHOMOPCHKY, KM MOKa3aB, 1110
IiaTa MEUIKaHIB 3a BoAy 3MeHInyeThest Ha 30-40%, a TepMiH OKYIHOCTI HE MEPEeBHUIIYE 2 POKIB.
Exonomiuna edekTUBHICTH cucTeMu Oyjne B MalOyTHbOMY 3pOCTaTH, yepe3 MOCTiiiHe 3pOCTaHHs
Tapu(iB Ha BOAY.

Takum YrHOM, OOOpPOTHE BOJOMOCTAYaHHS >KUTIOBUX OYyJMHKIB E€KOHOMIYHO JOIIJIBHE.
BripoBaykeHHsT 000pOTHOrO BOAONOCTaYaHHS JAa€ 1 1HII MO3UTUBHI PE3yibTaTH: 3 TOYKU 30py
€KOJIOTi1 — CKOPOUy€eThCs 3a0ip BOJM 3 JKEpesa 1 3MEHIIY€EThCSI CKUIAaHHS CTIYHUX BOJ y BOJOWMU;
3HIKYETHCS BApPTICTh BOJI03a0IPHUX, OUUCHUX CIIOPYJI 1 CUCTEM T0/1aul 1 pO3MOALTY BOJH, & TAKOX

iX ekcruryaTarlii, SMEHIIIY€ThCS HABAHTAKCHHS Ha KaHATI3alliifHI Ta BOJOTPOBIIHI MEPEKI.
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YABYHHI TPYBH BUIIT Y BE3TPAHIIEMHOMY BYJIIBHUIITBI
BOJIOITPOBITHUX TA KAHAJIIBAIIHHUX MEPEX
O. CupoBarcbkuii, B. Copokina, O. IcakieBa, O. IN'aligyuok

XapKiBChKUH HalllOHAJIBHUN YHIBEpCUTET Oy IIBHUIITBA Ta apXiTEKTYpH, XapKiB, YKpaiHa

He 3Bakaroum Ha Te, 10 BITYM3HSIHUA PUHOK BCE O1NIbIIIE 3alIOBHIOIOTH TPYOH 3 MOJIMEPHUX
MaTepianiB, YaByHHI TpyOM 3alMIIaIOTbCs BeNbMHU 3aTpeOyBaHUMH. YaByHHI TpyOHM HOBOIO
TIOKOJiHHS BUTOTOBJIEHI 3 BUCOKOMIIIHOTO 4aByHY 3 KyascTuM rpaditom (BUILT) (puc.1). Ix Bucoki
MEXaHIYHI BJIACTUBOCTI OJIM3BKI J0O CTajl, ajie JEeHieBIIe, 1 MEPEeBHUINYIOTh iX 3a JOBTOBIYHICTIO
(tepmin cayx6u 80-100 pokiB). Tpyom 3 BUILI' BUKOPUCTOBYIOTH SIK TiJi THUCKOM, TaK 1 y
6e3HanipHux Tpyoonposogax. YaBynsi TpyOu BUILI mMaroTh BUCOKY MIIHICTh, BUCOKY KOPO3iiHY
CTiIHKiCcTh. B TO¥ ke uac ui TpyOu miacTuyHi, CTiiKi 10 yAapHUX HaBaHTaXeHb. MIIHICTIO HA THUCK 1
BuriH TpyOu BUILI nepeBuuytoTh craneBi, He KaXy4yd BXKe PO MOJIIMEpPHI TpyOH, ToMy TpyOu 3
BUYIII" mo>xHa mpoKiIaiaTy i aBTOTpacaMi, B CEHCMO30HaX, B OOJOTHCTHX, TOPUCTUX Ta THIIUX
HecTabinpHux rpynrax. Tpy6u BUILI criiiki 10 mepenajis TemmepaTyp Ta BOJOIOCTI. X MoxkHa
MPOKJIaJaTH MPH BCIX KJIIMAaTUYHUX yMOBaxX. YaByHHI TpyOu eKoJoriyHO Oe3IeyHi, He BUIUIAIOTH
UIKIJUIMBUX peuei, MOIIKO/KEeHI TPyOu MOBHICTIO yTHII3YIOThbCA. YaByHH1 TpyOU MOKEKECTIHKI 1
MpU TMOXEX1 HE BUAUISIOTH TOKCHYHHMX peuoBUH. Lli TpyOu OesmrymHi B ekcIutyaTallii, ToMy iX

BUKOPHUCTOBYIOTh MPH MPOKJIA/ALI YBOAIB Ta BUIYCKIB MPH OYIIBHUITBI By3bKOCIEIiaTi30BaHUX

00’€KTiB, Cy4aCHUX MHMTJIOBHUX KOMIUIEKCIB, 30BHIIIHIX Mepex. [nmuOuna mpoknaganHs TpyO 3

BULIT" 8 - 10 m.

YwUtbHIOIOUe KUlbye UEMEeHMHO-NIWaHe noxpummsi

mpy6a 3 BYIIT" YuUHKo8e nokpumms.  JlAKoee nokpummsi

Pucynok 1 — Yapynni tpyou BUILIT
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Jns 6e3rpanmeitHol mpoknaaku 4aByHHUX TpyO BUIIIDT pexoMeHIyeThCsS 3aCTOCOBYBATH
METOJ] TOpU30HTAIbHO-HampaBiaeHoro Oypinus (I'HB).

Buxopuctanns Tpy6 BULLI npwu wmiif TexHonorii Moxe O0yTu 3acTocOBaHe SIK AJis OyIiBHUIITBA
HOBHX TaK 1 JUId 3aMiHM B)Ke€ icHyrouux TpyOorpoBoniB. [Ipoknanka tpy6 BULLI meromom I'HB
BUKOHYETHCS IBOMA CIIOCO0aMU:

- TIOCJIIIOBHOTO HAPOIIyBaHHSA CEKI[id TpyOompoBoAy (SKIIO CTUCII YMOBHU OYJIiBEJIBHOTO
MalJaHuuKY);
- IIOBHOI NOTIEPETHBOI 300PKH CeKLil TPyOOmIpoBOaYy 32 BCi€0 JOBKHHOIO.

Hnst mpoxnaakyu BUKOPUCTOBYIOTH TpyOou BUIIID 3 Hu3bKOmMpodimpHUMH pO3TpyOamu abo
0e3po3TpyOHi Ha daHIX. Li TpyOu moBrUHHI 3a0€3MeuyBaTH MaJli 3yCHIUIS TIPOTATYBAHHS, a TAKOX
3aBJSKM CIIELIaTbHUM 3aMKOBUM 3’€JHAHHSM IIOBUHHI TapaHTyBaTH HEpPO3’€MHICTh CTHUKIB
TPyOOIPOBOTY.

JominpHO 3acTOocOByBaTH TpyOM 3apyOiKHOTO BHUPOOHHUIITBA, 1€ BUKOPHUCTOBYETHCS
crieniagbHUN MeTo 1 (iKcarlii, SKUi 103BOJIsI€ 3a0€3MeUYNTH HEPO3’ EMHICTh CTUKIB i1 €10 OCHOBOTO
HaBaHTAXXyBaHHS IPU MPOTATyBaHHI KaHuyKa TpyOu. OJUH 3 PEKOMEHIOBaHUX THIIIB 3‘€HAHb IS
texuonorii 'Hb — e PJ- 3‘ennanns st tpy6 aiamerpom Big 80 1o 500 mm. 3‘ennanns PJ 3abe3neuye
HEpO3’€MHICTh TPyO MpH MPOKIAAUI IX B CKIAJHOMY peibedi, B MAaropucTiii MiCLIEBOCTI, Hpu
yAapHUX HABaHTAXEHHSIX Ta y BEPTUKAIbHOMY MONOXKeHHI. TpyOu po3rpyOHi mif 3’e€qHaHHSIM PJ
KOMIUIEKTYIOThCSl  YIIUIbHIOBAIbHUMH TYMOBHMH KIJIBISIMH Ta CTolopaMu. PekoMeHgoBaHa
JIOBXXMHA KaHUYKY, SIKa IPOTATY€ETHCS 32 OAUH Npoxi He Oibie 300 MOroHHUX METpiB.

3‘ennanns PJS - ne ctukoBe po3TpyOHO-3aMKOBE i1 YITUIBHIOBAIbHI KUTBIS TUITY «tytony» Ta
CTONOpaMH, SIKI (IKCYIOThCS MeETalleBOI0 cMYXkow. lle 3°€qHaHHS BUKOPUCTOBYIOTH IpHU
ylamTyBaHHI TpyOompoBojiB Benukux miamerpiB Bim 600 mo 1000 mm. [lpu 3‘egnanni PJS
3a0e3neuyeThes KUTbLIEBUIM 3aMOK 32 BCIEIO TIOBEPXHEIO PO3TPYOy.

3riqHo MikHapomHoro crtaHmapty ISO 2531 Tta B 3anmeXHOCTI BiJ 30BHINIHIX YMOB
ekcrutyaTaiiii, Tpybompooau 3 BUIIIT MOXyTh BHKOPHUCTOBYBAaTHCh 3 3aXHCHHUM 30BHINIHIM
MOKPUTTAM 3 METajJeBOro IMHKY, MOJiypeTaHy, MOJIMEPHOI CTPIUYKH, OITYMHUM MOKPHUTTAM,
€TMOKCUIHOIO CMOJIO0. 30BHIIITHE MTOKPUTTS PO3MOBCIOIKY€ETHCS Ha (PaCOHHI YaCTHUHU, a HA MPH KiHI
TpyO TMOBMHHI OyTH TOKPHUTI EMOKCHUAHUMH Marepiajamu. BHyTpilIHE TOKPUTTS BHUKOHYIOTH
LIEMEHTHO-TIIIaHUM, TOJlypeTaHOBUM, eMaiaboBaHUM. CydyacHi TpyOM 3 BHUCOKOMIIIHOTO YaBYHY
BUYIIT BiamoBimaroTh cydyacHUM BUMoOTraM. He 3Bakarouu Ha JIeKiJIbKa BHUCOKY IIiHY 1 Bary, BOHH
BJIAJIO JIOMIOBHIOIOTH TPYOU 3 MOJIIMEPHUX MaTepialliB B TEXHOJIOTIT Oe3TpaHIIeHHOro Oy 1iBHUIITBA, a
B JICSKMX BUMAJKaxX € Oe3aJbTepHATHBHUM pIlICHHSIM OyMiBHUIITBA MEpPEX BOJOIOCTAYaHHS Ta

BOJIOBIBEICHHS.

81



WATER SUPPLY AND WASTEWATER DISPOSAL

TECHNOLOGIES OF SEWAGE DISPOSAL OF THE DAIRY INDUSTRY
S. Y. Isniuk, L. O. Mitiuk
National Technical University of Ukraine, Igor Sikorsky Kyiv Polytechnic Institute, Kyiv, Ukraine

Dairy industry is one of the leading branches of agro-industrial complex of Ukraine. During the
industrial processing of milk into dairy products, butter, cheese and casein we get by-products:
skimmed milk, scolotin and whey. The main problems of this industry include the following criteria:
low level of technological equipment of milk plants, outdated equipment, undeveloped market
infrastructure, low level of supply of raw materials and capacity, low quality of the final products of
the dairy industry, high level of competition from powerful enterprises equipped with modern
equipment and technologies that produce dairy products under the known trademarks.

At the enterprises of the dairy industry, two types of industrial wastewater are formed: polluted
and conventionally clean. Contaminated wastewater is formed by washing process pipelines,
automobile tanks, floors, panels of industrial premises. Conventionally clean water of the dairy plant
— when cooling milk and equipment as a result of operation of cooling and pasteurization plants, as
well as ammonia and air compressors. Water of this category is recommended after the appropriate
treatment to be sent to the reversible or repeated water supply systems of the enterprise.

Enterprises of the dairy industry, namely milk plants, use clean water, which in the process of
its use for technological needs is contaminated with various impurities, most of which are organic
impurities.

Production wastewater is formed mainly in the process of washing containers, equipment and
during cleaning of industrial premises. Wastewater is also contaminated by milk losses and dairy
products, production waste, reagents and impurities washed off the surface of the equipment.

Wastewater of dairy industry enterprises — highly concentrated drains on the content of organic
compounds and unstable composition. The wastewater of the dairy industry is divided into two types:

- low-concentrated solutions — the remnants of milk and its processing products, chemical
means for washing premises, technological equipment and containers;

- highly concentrated drains — waste from the production of various varieties of cheeses, dairy
products and milk sugar.

Highly concentrated drains saturate the waste environment with organic compounds, fats and
proteins. Therefore, wastewater treatment from this kind of contamination is a mandatory stage in the
preparation of runoff before discharging into the reservoir or into the city sewage system for further
cleaning and discharge.

Today, many methods of utilization of whey are developed: heat treatment, separation, canning,

biological and membrane processing methods, etc. But the most common are methods of biological
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treatment, which is explained not only by the peculiarities of the composition of wastewater, but also
by the economic expediency of the use of biotechnology. Due to the high operating costs and the
problem of waste disposal generated during the purification process, physico-chemical methods are
used limited.

The method of biological purification is based on the ability of different groups of
microorganisms to destroy soluble substances contained in wastewater in the process of their vital
activity. Structures of biological purification are aerotanks, biofilters and methanthenes.

As a method of preliminary treatment of wastewater, the dairy plant uses physicochemical
methods, namely: reagent flotation, electrocoagulation-flotation, as possible to effectively remove
from the water thin-dispersed hanging substances, emulsified fats, colloidal particles, with the
assistance of synthetic surfactants present in the water. The disadvantage of these methods is the
formation of a large number of sediments that have light-oxidizing organics with metal compounds
(coagulant), which must then be neutralized and disposed of.

One of the biggest problems in the treatment of wastewater milk plant is the presence of fats.
They have a negative impact on the sewage system, depositing on the walls of pipelines and
collectors, thereby reducing their capacity. Also, their presence leads to a violation of the process of
biological purification.

When using the flotation method, 90% removal of fat particles from wastewater can be
achieved. And when cleaning wastewater by electrocoagulation, the degree of wastewater treatment
from freezing substances is 96-98%, and from organic substances by CSC — 80-86%.

Thus, the method of electrocoagulation-flotation is the most efficient and cost-effective method
of disposal (treatment) of wastewater of the dairy industry. The prospect of using this method of
technology is undoubted, since the technology of preliminary wastewater treatment allows you to
effectively clean wastewater from fats, frozen and colloidal particles, to perform destruction of high
molecular weight organic substances to simpler substances. It also provides wastewater treatment to

the standards of discharge to the city drainage system.
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PETI'YJIIOBAHHA JOHIOBOI'O CTOKY HA MICBKHUX TEPUTOPIAX I3
3ACTOCYBAHHSIM IHOLIbTPAIIIMHUX BACENHIB
O. A. Tkauyk, . B. SIpyra

HarionanbHuit yHiBEpCUTET BOJHOTO MOCHOJAPCTBA Ta MPUPOLOKOPUCTYBaHHs, PiBHe, YKpaiHa

B ocranHi aAecATWIITTS NOYACTIIAAM BUMAAKUA MIATOIUICHHS Ta 3aTOIJICHHS MICBKHUX
TEPUTOPii, a TaKOXX 3a0pyAHEHHS NMOBEPXHEBUMH CTOKAaMH TEPUTOPiH Ta BOJHUX 00’ekTiB. Tomy
pETYIIOBaHHS JOMIOBUX CTOKIB Ha TEPUTOPIl OyAb-SIKOTO HACEJICHOrO IyHKTY CTa€ BCE OLIBII
aKTyaJlbHUM. BpaxoByloun 1HTEHCUBHY 3a0yJ0BY MICBKUX TEpUTOpIHA, 3HOIIEHICTh Ta
HEJIOCKOHAIICTh CUCTEM ITOBEPXHEBOTO BOAOBIABEACHHS, OUIBIIICTD 3 AKX B YKPATHCHKUX MICTax —
3arajibHOCIUIaBHI, HAHOIbII JOLUUIBHUM METOJIOM PETYJIIOBAaHHS MOBEPXHEBOI'O CTOKY € TUMYacoBa
3aTpUMKa JIOIIOBUX BOJ y MICIAX iX BUMAAiHHS 1HQUIbTpaliifHUMU OaceiHaMH 3 TOCTYNOBHM
B1JIBEJICHHSIM LIMX BOJ Y€pe3 1ICHYI0Ul KOJIEKTOPU MajuX JllaMeTpiB a00 BUKOPUCTAaHHS 3aTpUMaHUX
BOJI JUISI TOCTIOAAPCHKUX ITUIEH.

Takuii MeToJ peryiroBaHHS IMOBEPXHEBOIO CTOKY HE TUIBKM 3amolirae MiATOIUICHHIO Ta
3aTOIJICHHIO MICHKUX TEPHUTOPIH y MOHMKEHUX AUISHKAX IXHIX TEPUTOPIM, 3MEHIIYIOYM MiKOBI
HAaBaHTa)XEHHsSI Ha BOJOBIABIAHI KOJEKTOpH, aje i 3abe3meudye 3aTpuMaHHS 3a0pyAHEHb IpU
(biTbTpyBaHHI JOMIOBUX BOJI Ye€pe3 BEPXHI POCIMHHI mapH iHLIbTpamiitHux OaceliHi. Lle y cBoro
4yepry 3HA4HO 3MEHIINy€ 3a0pyJTHEHHS SK MICBKUX TEPUTOPiM, Tak 1 BOAHUX OO €KTIB, y SKi
MOCTYTAIOTh 111 BOAM.

[adinpTpaniitnmii  G6aceitn  (puc. 1) mnpencraBisie co0O0 TiA3eMHUN pe3epByap i3
BOJIOHETIDOHUKHUMH CTiHKaMH, 3alIOBHCHUI MOPUCTHM 3aBaHTAKEHHSIM IS aKyMYJIFOBaHHS BOJIH.
VY BepxHili YacTHHI OaceiiHy 3HAXOIUTHCS TPYHTOBHH Iap 13 POCIMHHUM TOKPHUTTIM, SKHHA
3a0e3nedye IOMEpPEeNHE OYMIIEHHS TOBEPXHEBOI'O CTOKY. 3aBIJKH caMOpereHepaTMBHUM
BJIACTUBOCTSIM, IIPU BiAMOBIIHOMY MiA0O0p1 BHJIIB POCIHH, TaKe MOKPUTTS 3/1aTHE BiTHOBIIOBATH CBOT
BOJIOTIOTJIMHAJIbHI BJIACTUBOCTI Y MDKJIOIIOBUH mepios. Y HMXHIM yacTHHI OaceiHy BIIAlITOBYIOTh
JPEeHaXHY CUCTEMY JUIsl 300Dy 1 BiABEJICHHS 3aTpUMaHO1 BoIU. BoHa MOXe MOCTYNaTu y KOJIEKTOpU
ICHYI0YOi CUCTEMH BOJIOBIJIBEACHHS, Y KOJIOJIA31 /Uil pO300pY Ha rocroJapchKi il abo y IpeHaxkHi
TpaHIIei Ipyu HU3bKUX PIBHIX IPYHTOBUX BOJI.

[HdinbTpaniiini 6aceiiHM MOXYThb MpAIIOBaTH SK y 3aTOILNIEHOMY, TaK 1 HE3aTOIICHOMY
pexumax. IlpoBeaeni MOCHiKeHHS IMOKa3alu, L0 3aTOIJICHHS MOBEPXHI OaceilHiB 3 THUIOBUM
POCITUHHUM IAPOM MOYHNHAETHCS TIPU IHTEHCUBHOCTI JIOMIOBOTO CTOKY MOHAT 9 MM/XB, 110 MA€ MicCIIe
MpHU TPUBAIUX CHUJIBHHUX JOMIAX Ta TPH BEIMKHX IUIOMAX BOJ0300py mepen iHQimpTparitHuMu
OaceitHaMu. Y 3aTOTNICHOMY PEXXHMI ITPOCTIP HAJl POCITMHHUM MTOKPUTTSIM CTA€ TOAATKOBOIO EMKICTIO

IJIL TAMYAaCOBOTI'O aKyMYJIFOBAHHS BOOH.
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a) 0)

Pucynok 1 — Cxema (@) Ta pociiiHHE TIOKpUTTS (6) iHPUIBTpaIliiiHOrO OaceiHy

1 — BOJOHENPOHUKHI CTIHKH; 2 — APEHaX; 3 — aKyMYJIIOIOUWH 11ap 3aBaHTaKCHHS,

4 — Hecyuuil map; 5 — mimaxuii map; 6 — reoTeKCTUb; 7 — IPYHTOBO-POCIMHHUI 1Iap.

KinbkicTh Ta po3mipu iHUIBTpaiiHUX OacelHIB 3a1eKaTh BiJ 00’€MIB JOMIOBUX BOJI, IO
MiJUISITal0Th 3aTPUMAHHIO, YMOB ()OPMYBaHHS CTOKY Ha TEPHUTOPIsX 3a0yJOBH 3 MEBHUM THUIIOM
MOKPUTTIB, MOPUCTICTIO aKyMYJIOBAJbHUX IIApiB 3aBAHTAXKECHHS, a TaKOXX BEJIMYUH JAPCHAKHHUX
BUTpAT BOJM, SIKI TIOB’5I3aHi 13 BOJONMOTIMHAIBHUMH BIACTUBOCTSMHU HMOKPHUTTIB 1H(UIBTpaLIHHIX
OaceifHiB Ta TEXHIYHMMH TlapaMeTpaMH IXHIX JApEHaXHWX cucteM. [lpu MiAKIIOYeHHI
1HITBTpaliiHUX OacelHIB 10 KOJEKTOPIB JOIIOBOTO BOJOBIABEICHHS BAKJIMBE 3HAYEHHS MAIOTh
ITIMOMHY 1X 3aKJIalaHHs, iK1 0OMEXYIOTh BUCOTH aKyMYyJIIOBJIbHUX IIapiB OaceiHiB.

[Toka3HUKM TIOTTIMHAHHSA BOJXM TOKPUTTAMHU (POCIMHHUMH IIapaMu) 1HQUIbTpaIiitHux
OaceifHiB 3MIHIOETBCA y TPOIEC] EKCIUTyartailii, mo O0OyMOBJIEHO KOJbMATAIIEI0 BEPXHIX IIapiB
3a0py/IHEHHIMH IOBEPXHEBOI0 cTOKY. OJIHAK, 3aBISIKU IPUPOJHUM IPOLIECaM POCIINH BiIOYBa€ThCS
pereHepartis uX MapiB 3 BITHOBICHHAM IXHiX BOJOMOTIMHANBHUX 1 QIIBTPYBAIBLHUX BIACTUBOCTEH.
JlociKeHHIMU POOOTH MTOKPHUTTIB 3 THTIOBUM POCIMHHHM IIAPOM Ha TPOITYCK 3a0pyAHEHOTO CTOKY
ITiJT 9ac JIONIB TPUBAIICTIO 25-40 XB BCTAHOBJICHO, IO iXHI KOe(ilI€eHTH (PiIbTpallii 3MEHIIIYIOThHCS
y 1,5-3 pasu, ane yepes 6-7 116 MixKIOIIOBOTO MEPI0AY BIIOYBAETHCS MPAKTUYHO IMOBHE BITHOBJICHHS
ix ¢iIbTpalifHOl Ta BOJAONOTIMHAIBHOL 31aTHOCTI.

ExcniepuMeHTanbHO BCTAHOBJIEHO, 11O 332 OCHOBHUMH IOKa3HUKaMHU 3a0pyJIHEHHs (3aBHUCII
peuoBunH, Hadrompoayktu, BCKs) BinOyBaeThcss OYHMIEHHS MOBEPXHEBOTO CTOKY Yepe3 IapH
3aBaHTaXeHHs 1H(UIBTpaliifHOTO OaceliHy, a OCHOBHE 3a0pyIHEHHS 3aTPUMYETHCS y BEPXHbOMY
mrapi. 3a KuIbKicTio 3aBucnux pedoBuH, bCK, okucHioBaHicTio, pH Ta pO3YMHEHUM KHCHEM SIKICTh
JIOLIOBOTO CTOKY IpH (DiIbTpyBaHHI BOJ Yepe3 POCIMHHI IIapu 3MEHIIYETHCS 10 HOPMATUBHUX
BenmunH. OHAK, XiMiuHe 3a0pyAHEHHS OIIOBOIO CTOKY (XIMIYHMMHU JOOPHBAaMH, IIPOMHUCIOBUMHU

BHKHJIAMH TOIIIO) MOTPEOYE J0JATKOBOT'O OUMIIICHHS, 5K 1 B TPAIUIIIHHUX METOIaX BOJAOBIIBEICHHS.
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DETERMINATION OF HEAVY METAL CONCENTRATIONS
IN SEWAGE SLUDGE-SEAWEED COMPOST
G. Dedel, C. Dedel, O.H. Dede?, H. Ozer?

Sakarya University, Sakarya, Turkey
2Sakarya University of Applied Sciences, Sakarya, Turkey

Seaweeds have been used for many years to increase plant growth. However, many studies
restrict their use for agricultural purposes due to the high heavy metal concentrations contained in
these biomasses. For this reason, it is recommended that pure seaweed be composted with other
organic wastes and the resulting product should be used to increase agricultural yield.

In this study, it was aimed to compost the municipal sewage sludge with certain amounts of
seaweed and heavy metal concentrations (Cd, Cr, Cu, Ni, Pb, Zn) were determined in the compost
samples prepared. As the total volume of the test samples is 2 L, the main component of the sewage
sludge is added 10%, 20%, 30%, 40% and 50% seaweed (v/v) as the seaweed fertilizer provider and
the microbial in the compost decomposition.

The experiments were performed with 3 replications. According to the results, it was
determined that the heavy metal concentrations in the final product were below the limit values in the
related regulations and it was concluded that the final product would provide plant growth and yield
increase. However, in order to avoid heavy metal problem, it will be more suitable to use compost
prepared by adding seaweed for example, as an ornamental plant growing medium or fertilizer

provider. All results of the analysis are presented in the following tables and figures.

Table 1
Chemical and physico-chemical properties of sewage sludge and seaweed used in the experiments
Parameters Sewage sludge Seaweed

Dry matter (%) 20 14,41

pH 7.9 6,5
Electrical conductivity (uS/cm) 1861 2431
Organic matter (%) 47 34

Kjeldahl nitrogen (%) 3.56 1,64
Phosphorus (%) 2,09 0,18
Potassium (%) 0,06 6,8

Cd (mg kg) 0,49 0,95

Cr (mg kg 145 216

Cu (mg kgt) 82 127

Ni (mg kg?) 32 87

Pb (mg kg?) 16 67

Zn (mg kg?) 439 694

86



WATER SUPPLY AND WASTEWATER DISPOSAL

Table 2
Maximum heavy metal contents to be allowed in stabilized sewage sludge
Heavy metal levels in Maximum heavy metal
Parameters the swage sludge used in contents to be allowed in
(mg kg™) the study stabilized sewage sludge that US EPA
9Kg can be used in soil Part 503
Annex I-B
Zn 439 2500 2800
Cu 82 1000 1500
Cr 145 1000 -
Pb 16 750 300
Ni 32 300 420
Cd 0,49 10 39

+ + + + +
[90% Sewage Sludge ] §80% Sewage Sludge] 0% Sewage Sludge | 160% Sewage Sludge] §50% Sewage Sludgd]

Ss1 s2 S3 sS4 S5

Figure 1 — Sewage sludge + seaweed combinations in laboratory studies

#12.02.2021 = 25.02.2021 812022021 m 25.02.2021 =7
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Figure 2 — CO, amounts measured in  Figure 3 — O, amounts measured in Figure 4 — Heavy metal
reactors reactors concentrations of the samples
Table 3
Concentrations of heavy metals (Cd, Cr, Cu, Ni, Pb, Zn) detected in the samples (mg kg-1)
Parameter Sl S2 S3 S4 S5
Cd (mg kg?) 0,52 0,60 0,56 0,86 0,66

Cr (mg kg™ 146,70 | 142,40 | 14550 | 206,90 | 175,40
Cu (mg kg?) 84,78 82,14 | 8443 | 117,60 | 96,22
Ni (mg kg™ 34,38 3786 | 40,73 56,69 51,91
Pb (mg kg 17,64 17,90 19,37 2585 | 39,98
Zn(mgkg?) | 449,10 | 448,70 | 458,40 | 678,30 | 558,80
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TEXHOJIOI'TA IOBTOPHOI'O 3ACTOCYBAHHSA BOAU Y ’KUTJIOBUX BYJIMHKAX
O. CupoBarcbkuii, A. TiTtos, O. I'aliny4yok, C. Beprunopox

XapKiBCbKUI HAIllOHANBHUHN YHIBEpPCUTET OYyJIBHHUIITBA Ta apXITEKTYpH, XapKiB, YKpaiHa

Croroani B Ykpaifi moctae mpoodsiema 3a00py BOIH 3 TOBEPXHEBHX JIKEPEIT JIJIs1 TOCTIOAPCHKO-
MUTHOT'O BoJomnocTayanHs. [1oB’s13aHe 1€ 3 HeHalIe)KHUM, a 1HO/11 I'pyOUM MOPYIIEHHSAM HOPM LI00
BUKOPUCTaHHS BOJHHUX PECYPCIB SIK Ha MIANPUEMCTBAX (IESKI MiIPUEMCTBA CKHJIAI0Th HEIOCTATHBO
oumIneHi abo 30BCIM HEOUMINEHI CTIYHI BOAM y BOAONMHM), TaK i HMpUBaTHOMY cekTopi. Tomy
OUTHIIICTh TIOBEPXHEBHX BOJ YKpaiHI BBaXKAIOTHCSA JOCTAaTHHO 3a0pyJHEHMMH 1 COOIBApTICTH
OUMILEHHS Takoi BOJW JO MUTHOI AKOCTI KOXKHOTO POKY CYTT€BO 3pocTae. st Toro mob KoxeH
MEIIKaHelb OKPEeMO MiTr O1bIll 1OaWIMBIIIE BUKOPUCTOBYBATH BOY, B Cy4YacHi JIiTepaTypi olucaHa
3HAa4YHA KUTBKICTh BapiaHTIB 3HWKEHHS BUTPAT TOCIIONAPCHKO-TIMTHOT BOIH.

Ha namy aymKy, OJHI€IO 3 TMEPCINEKTHBHUX 17€H paIllOHAIBHOTO BUKOPUCTaHHS BOJU B
KUTIOBUX OyMHKAaX — € IOBTOPHE BUKOPHCTAHHS YMOBHO YMCTUX CTIYHUX BOJI MIiCIs TX OUMIICHHS.
JlitepatypHuil aHasi3 3aKOpAOHHUX JKEpel I0Ka3as, 10 CbOT0/1H1 MOOYTOBI CTIYHI BOJU NOIUISIOTH
Ha JiBi rpynu: «4opHi Boam» («black water») — me cTiyHi BOAM B SIKMX MICTSATHCS IMEPEBAXKHO
OprasiuHi 3a0py/JHEHHS 1 BOHM HE MOXYTb OyTHM BUKOPUCTaHHI IOBTOPHO Ta «cCipi Boau» («grey
water» abo yMOBHO YHCTi BOAM) — II€ CTIYHI BOJH, K1 BIIBOJSATHCS BiJl MPaIbHUX MAIMH, PAKOBUH
y BaHHI{ KIMHATI, TyIIy, BAaHH Ta MMOCYJIOMUWHHUX MAIlIMH 1 MOKYTh MICTUTH MUJIO, MUFOY1 PEYOBUHHU
Ta HEBEJIMKY KIJIBKICTh Olompernaparis.

Hocmimxenns Water Resources Research Center moka3zanu, 1o Ha «cipy BOIy» MPHIIAJa€e 10
65% crioxxuBaHHS BCi€i BOoaW B Oy IMHKY.

TexHo0risi HOBTOPHOI'O BUKOPUCTAHHS «CipOT BOANY MOJIATAE B HACTYITHOMY: CTIYHA BOJIA, sIKa
BIJIBOJIUTHCS BiJl CaHITApHUX MpUIIaliB (Y TOMY YHCIIi BiJ IPAJIbHUX Ta MOCYIOMHUMHUX MAIIHH, OKPIM
yHiTazy), 30upaeTbcsi B pe3epByap. PesepByap po3paxoByeTbcs Ha 24-TOAWHHE 30MpaHHS BOIH.
[Ticas mporo criyHa BOJAM MOTpAIUis€ Ha JIOKaJIbHI OYMCHI cniopyau. B sikocTi o4ncHHMX cropyn
BUKOPHCTOBYIOTH BIJICTIHHHKN a00 GiabTpu rpy0oi ouncTku. OTprMaHy OYMINEHY BOJY HACOCAMH
noJIatoTh a6o Ge3nocepeIHbO B 3MUBHI Oauku yHiTa31iB, a00 B pe3epByap 1 MOTIM BUKOPHCTOBYIOTh
JUISL TIOJIMBY 3€JIEHUX HACaJ[KEHb.

TakuM YHHOM, TOBTOPHE BHKOPHCTAHHS «Cipoi BOIM» B JKUTIOBUX OyIWHKaX JOCTaTHBO
CYTTEBO 3MEHUINThH 3arajbHe BOJOCIOKHMBAHHS, IO OUIBII MO3UTHBHO BIJIMHE HAa HABKOJIMIIHE

CCPCAOBUIIIC i AO3BOJIUTH 3MCHIIIWUTU BUTPATH HA CIJIATY KOMYHAJIbHUX TTOCIYT.
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BADANIA CHARAKTERYSTYKI SRODOWISKOWYCH SUBSTANCJI GASNICZYCH I
ANTYPYRENOW JAKO WAZNY ELEMENT ZARZADZANIA JAKOSCIA WODY
W. W. Strzelec, V. O. Gruzdova, W. M. Loboychenko
Narodowy Uniwersytet Obrony Cywilnej Ukrainy, Charkéw, Ukraina

Zapewnienie ludnosci ekologicznie bezpiecznych warunkdéw zycia i zachowanie §rodowiska
naturalnego to strategiczne kwestie kazdego nowoczesnego panstwa, w tym Ukrainy. Poszukiwanie
1 wdrazanie dziatanh majacych na celu ograniczenie negatywnego wplywu zanieczyszczenia
srodowiska jest jednym z obszarow polityki panstwa naszego kraju.

Uwalnianie znaczacych chemikaliow do §rodowiska jest spowodowane przemystowa, rolniczg
dziatalnoscig cztowieka, wplywem sektora mieszkaniowego i1 ustlug komunalnych. Negatywny
wplyw maja réwniez sytuacje awaryjne, takie jak pozary. Negatywny wplyw na Srodowisko
wywiera zaroOwno bezposrednie oddzialywanie ognia, jak i przedostawanie si¢ do biosfery
produktow spalania i sSrodkow gasniczych. Dotyczy to zwigzkow takich jak piana gasnicza, proszki
gasnicze 1 tym podobne. W zwiazku z tym lista obcych sktadnikow dostajacych si¢ do srodowiska
zwigksza si¢ podczas gaszenia pozarow, a zanieczyszczenie srodowiska, zwtaszcza wody 1 gleby,
wzrasta.

Waznym czynnikiem zmniejszajagcym zanieczyszczenie wody jest zapobieganie ich wnikaniu.
Zawierajg one niebezpieczne substancje. Rozwazajac pozary, stosowanie srodkéw zmniejszajacych
palnos¢ jest czynnikiem, ktory zmniejsza mozliwo$¢ ich wystapienia, a w konsekwencji uwolnienia
dodatkowych zanieczyszczen do zbiornikdow wodnych. Mianowicie, tlumienie spalania
przedmiotdw specjalng powtoka zmniejsza ilo$¢ zanieczyszczen, ktore moga dosta¢ si¢ do
zbiornikow wodnych podczas pozaru. W rezultacie Swiadome stosowanie gasnic i uniepalniaczy,
uwzgledniajace ich zrozumienie ich natury i zachowania w ptomieniach, jest waznym elementem
zarzadzania jako$cig poszczegolnych zbiornikdw wodnych i srodowiska jako catosci. Celem pracy
jest zbadanie ekologicznych wtasciwosci uniepalniaczy 1 sSrodkéw gasniczych (pianek do gaszenia)
jako czynnikow wptywajacych na stan wod powierzchniowych i gruntowych. Srodki zmniejszajace
palnos¢ obejmuja tylko srodki impregnujace, ale nie powloki ognioodporne — lakiery, farby, glinki,
kompozycje peczniejace. Srodki zmniejszajace palno$é sa rowniez stosowane do obrobki drewna
jako materiatu budowlanego. Srodki zmniejszajace palno$é w niektérych przypadkach pehnig
rowniez funkcje $rodkoéw antyseptycznych. Srodki gasnicze, jakimi sa piany, znajdujg szerokie
zastosowanie w gaszeniach réznego rodzaju zwiazkow organicznych (olej, drewno itp.). Srodki
zmniejszajace palno$¢ hamuja spalanie lub ttumig ten proces poprzez chemiczne, fizyczne dzialanie
w fazie gazowej 1 skondensowanej. Tradycyjne $rodki zmniejszajace palnos¢, takie jak zwigzki
halogenoorganiczne, zwigzki fosforoorganiczne lub dodatki zawierajace metale cigzkie majg szereg
negatywnych wilasciwosci: temperatura deformacji po podgrzaniu itp. Za bardziej przyjazne dla
srodowiska $rodki zmniejszajagce palno$¢ mozna uzna¢ nanokompozyty polimerowe na bazie

nanorurek weglowych, niskotopliwe organiczne formacje koksu i $rodki zmniejszajace palnosé
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oparte na naturalnych surowcach. Podobne podejscie stosuje si¢ w badaniach pian do gaszenia
pozardw: grozniejsze sa Srodki spieniajace zawierajace fluorki, grozniejsze za$ piany na bazie
naturalnej, niekorzystny wptyw na organizmy zywe i ekosystemy naturalne, cho¢ wymagaja one
dalszych badan. W przypadku ro$linno$ci pozytywnym czynnikiem jest obecno$¢ w glebach
zwigzkow zawierajacych fosfor i amon, ktore sg czeécig Srodkéw zmniejszajacych palnosc.
Jednoczesnie zwraca si¢ uwage, ze nawet «przyjazne dla srodowiska» uniepalniacze majg
negatywny wplyw na srodowisko ze wzgledu na dzialanie ich produktow rozpadu, co wymusza
bardziej uwazne dobieranie samych uniepalniaczy.

W artykule zaproponowano badanie wtasciwosci ekologicznych srodkow zmniejszajacych
palno$¢ i1 pianek do gaszenia pozaréw za pomocag metod zintegrowanych: zastosowanie badan
eksperymentalnych (analiza chromatograficzna, konduktometryczna, spektrometria masowa itp.)
zachowania ich poszczeg6lnych sktadnikoéw w wodzie organy z udziatem podejs$¢ obliczeniowych
(metody statystyczne, metody QSAR itp.). Naszym zdaniem takie podejécie pozwoli na swiadomy
ekologicznie wybér uniepalniaczy lub $rodkoéw gasniczych, co jest waznym eclementem
gospodarowania zasobami wodnymi i elementem poprawy bezpieczenstwa ekologicznego terenu.

Srodki gasnicze, w szczegdlnosci piany gasnicze, mozna réwniez uzna¢ za mieszaning
chemikaliéw, ktore moga mie¢ negatywny wptyw na $rodowisko i1 ludzi. Tak wigc organiczny
sktadnik $rodkéw spieniajacych czgsto sklada si¢ z tancuchow weglowodorowych C4-C14, w
srodkach spieniajacych zawierajacych fluor atomy wodoru sg catkowicie lub czeSciowo zastapione
atomami fluoru. Te zwigzki wegglowodorowe moga réwniez zawiera¢ siarke, azot, tlen. Moga to by¢
estry, betainy, amidy, alkohole wielowodorotlenowe i tym podobne. Nalezy zauwazy¢, ze srodki
spieniajagce moga réwniez zawiera¢ sktadniki nieorganiczne, w szczegolnos$ci sole rdznych metali.
Zwiazki te, uwalniane do srodowiska, jak rowniez produkty ich rozktadu lub przemian termicznych
W procesie gaszenia pozaroOw, wywieraja negatywny wplyw na organizmy zywe 1 sktadniki biosfery.
Najbardziej zbadano dzialanie PFOA 1 PFOS, a ten ostatni jest klasyfikowany jako trwale
zanieczyszczenia organiczne, ktorych nalezy unika¢ podczas stosowania. Dziatanie innych zwigzkow
wymaga starannych krétko- 1 dlugoterminowych badan. Biorac pod uwage, ze liczba tych substancji
moze wahac¢ si¢ od 200 do 400 z ré6znych zrodet, oczywiste jest, ze nalezy je zbadac jak najszybcie;.
Komplikacja jest to, ze producenci srodkéw zmniejszajacych palno$¢ i pianek przeciwpozarowych
czesto podaja jedynie nazwe handlowa produktu lub uogolniong list¢ zawartych w nim zwigzkow
chemicznych, a same metody badan nie sg jednolite we wszystkich krajach.

W pracy zaproponowano badanie witasciwosci ekologicznych s$rodkéw zmniejszajacych
palnos$¢ 1 pianek do gaszenia pozaréw za pomocag podejs¢ zintegrowanych: wykorzystanie badan
eksperymentalnych (chromatograficznych, konduktometrycznych, analizy spektrometrii masowej
itp.) zachowania ich poszczegélnych sktadnikow w zbiornikach wodnych przy uzyciu podejs¢
obliczeniowych ( metody statystyczne, metody QSAR itp.). Naszym zdaniem takie podejscie pozwoli
na $wiadomy ekologicznie wybor uniepalniaczy lub srodkéw gasniczych, co jest waznym elementem

gospodarowania zasobami wodnymi i elementem poprawy bezpieczenstwa ekologicznego terenu.
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IHHOBAIIIMHA TEXHOJIOI'IA SIK 3ACIB YIIPABJIIHHS
PU3UKAMMU Y BOAOITOCTAYAHHI
I'. I. bapanoga, T. B. MarasoBana, T. B. Ctpikanenko, T. 0. Huxnuk
HTTY «KuiBcbkuii nomitexHiunuii inctutyT iM. I. Cikopebkoro», Kuis, Ykpaina

Yepkacbkuil IHCTUTYT MokexHoi Oe3neku iMeHi ['epoiB HoprnoOuns HYL3Y, Uepkacu, Ykpaina

[Tepenik 3ax0/iB, COPSIMOBAHUX HA MOKPAIIEHHS SIKOCTI BOJH, SIKY MU CIIOXKHBAEMO K UTHY,
00MeXeHO, HafuaCTiIIe, MPOMO3UITIIMHU 30UTBIIEHHS KITbKOCTI KOHTPOJIHOBAHUX TTOKA3HUKIB SKOCTI
Takoi Boju abo Oap'epiB (TEXHOJIOT1H, peareHTIiB) Ha MIJISAXY BOJM 13 JKEpesia 0 CIIOKUBava, 3a 1uX
YMOB JIOCHUTBH YacTO ITHOPYIOTHCS €KOJIOT1YHI PU3UKH 1HHOBAIlIH, IMOTEHIIIHHO HETaTHUBHUI BILUIMB
«HOBHX» METO/1iB UM 3ac001B 00pOOIICHHS BOIM Ha BUPILICHHS 33a]1a4 €Hepro30epeXeHHs Ta eKOHOMIT
BOJIM, Ha TEXHIYHHMNA CTaH oOJajHaHHS, OE3MEeUHICTh WOTo eKCIUTyaTallii, Ha 30epeKeHHs 37J0POB's
010TH TOWIO. AKTyalbHICTh 3a/ad YIpPaBIIHHA PU3MKAMHM TPU BUKOPUCTAHHI 1HHOBAIIMHMX
TEXHOJIOT1M 00yMOBJIEHA 1 THM, IO KUIBKICTh HAJ3BUYAHHUX CHUTYyallli TEXHOTEHHOTO XapaKTepy
OUTpII HIXK y 3 pa3u HEepeBUIyE YHUCIO HAA3BHUYAHHHUX CHUTyalidl HPUPOIAHOTO, COLIAJIBHOIO 1
BOEHHOTO XapakTepy. Tomy po3B's3aHHs 3aBJaHb IiABUIICHHS PIBHSA XIMIYHOI/MIKpOOioJIOTiuHOT Ta
€KOJIOTT4HOI 0€3MeYHOCTI PeareHTiB, 1110 IX BUKOPUCTOBYIOTH i1 00pOOIeHHS BOJH, sIKa HEOOX1/1HA
JUist 3a0e3meueHHs] HOPMaJIbHO1 )KUTTEAISUIBHOCTI JIFOJIUHH, € IEPIIOYEPTOBUM.

Metoro poboTH OyB aHANITHUYHWUK OIIISAA JpKepen iHdopmalii Ta pe3yJbTaTiB BIACHUX
JOCITIJIKEeHB JIJ1s1 OOrpyHTYBaHHS po00UOi T1I10TE3H 111010 MOKIMBOCTI BUKOPUCTAHHS I'yaHITUHOBUX
noJiiMepiB (30kpemMa — MoJlireKcaMeTwieHryaninuay rigpoxiopuny /[II'MI-rx/) sk edexkTuBHOTO
3aco0y ynpaBJiHHS pU3MKAMH Y BOJOIIOCTauYaHH1 Ta BUKOPUCTAHHI BOJIU Y HAPOJAHOMY T'OCIIOJapCTBI.

PesynbTatu mpoBeaeHOi poOOTH MOATAIOTh Y HACTYITHOMY:

(1) IIpoBeneHo MapKeTUHTOBUI aHali3 BUpoOHHUITBA 1 BUKOpHcTaHH: [II'MI'-rx (monimMepHuit
MOXIAHUN TyaHIAWHY), SKAH CBIUUTH PO 3aIliKaBICHICTh HUM Yy O0aratbox KpaiHax CBITY.
Pe3ynpTaTamMu HayKOBHX JIOCIHIKEHb OOTPYHTOBAaHO BUKOPUCTaHHS peareHTtiB Ha ocHoBl [II'MI y
XapyoBii MPOMHUCIOBOCTI, MeauinHi, kocMmeronorii (Kananma, 2011), y XimiuHi#i, OyaiBeabHINA Ta
MEANYHIN rany3sx, Juist Bojgo3a0e3nedyeHHs IPOMHUCIOBUX MiANPHEMCTB 1 HaceneHHs (YkpaiHa, 1998;
Pocis, 2012), mns nesindekiii i gexoHTaMmiHamii 00’€KTIB BETEPUHAPHO-CAHITAPHOTO HATJISITY,
BOrHMII 1H(DEKIIH OakTepianbHOi, TPUOKOBOI Ta BIpyCHOI eTiojorii, /g HpodiIakTH4YHOT abo
BUMYIIEHOT Je3iH(eKIlii mamprueMcTB arponepepoOKH, TBAPUHHUIIBKUX (epM, NTAITHHUKIB TOIIO
(Vkpaina, 2021).

(2) 3 1998 p. B YkpaiHi po3po0IieHO Ta BUITYCKAETLCS peareHT “AKBaTOH” (Iif04a pe4OBHHA -
I[II'MI'-rX 3 HHU3BKMM BMICTOM 3aJIMIIKOBUX MOHOMEpIB), IO MPOWIIOB CaHITAPHO-TITi€HIYHY i

TOKCHUKOJIOT1YHY €KCIIepPTHU3y Ta MPHU3HAYEHUH, 30KpeMa, JUIsi BAKOPUCTAHHS B MEIUIIMHI, Xap4OBii
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MTPOMHUCIIOBOCTI, TEXHOJIOTISAX OOpOOJICHHS BOIM Ta BOJOOYHCHOTO OOJaJHAHHS, s Oe3IeYHOro
BOJIOCTIO’KMBAHHS B E€KCTPEMAJbHUX CHUTYaIlisX, I OOpoOJeHHsS OcajliB, IO YTBOPIOIOTHCS B
Mpolecax OYMUCTKH MPHUPOIHUX 1 CTIYHHUX BOJ TOIIO (HAyKOBI JOCIHIIKEHHs, BUKOHAHI 3a yd4acTi
aBTOpiB 1i€i pobotH, y 1997-2020pp). Pearent, mo € kaTiOHHUM (QIOKYJISTHTOM, Ma€ BUPAXKEHI
ne31H(]iKyroul BJIACTUBOCTI (IIMPOKUN CHEKTp OakTepULUIHOI, BipymuUAHOI 1 (QYHTIIUIAHOI
AKTHBHOCTi) 1 BHpa)X€Hy aHTUMYTAareHHy /10 BITHOCHO I1HAYKTOpIB MyTareHe3y, MPUCYTHIX Y
MIPUPOIHUX 1 CTIYHUX BOJIAX, €KOJIOTIYHO Oe3MeuHuit 1 MaTOTOKCUYHUN Ui TeTUIOKPOBHUX (4 Kitac
0e3meKy npy MOTPAIUIIHHI Ha TIOBEPXHIO TiMIa 1 3 Kiac Oe3MeKH MpU MOTPAIUITHHI BCepeAnHY (3T1THO
I'OCT 12.1.007)). IlepeBaramu Bukopuctanus III'MI'-rx mist oOpoOjeHHs BOAM 1 caHiTi3amii
MOBEPXOHb HA XapuOBUX MIAMPUEMCTBAX € TAKOXK BIIICYTHICTh KOPO31MHOT aKTUBHOCTI y peareHTy,
TOOTO MiHIMIi3allisl MOIIKOIKEHHS 00JIalHaHHS Ta 0OPOOIIOBAHUX TMOBEPXOHB

(3) Sk cBiguaTh pe3yNbTaTH MPOBEICHUX HAMHU JOCHIDKEHb Ha  MiJIPHEMCTBAX
BojomiAroToBKkM YkKpainu Ta PecnyOmikum ['ana (3aximna Adpuka) BUKOPUCTaHHS pearceHTy
“AkBaTOoH” HE MOTpeOye CYTTEBOI MOJIEpHI3aIii ICHYIOUOTO O0JIaHAHHA — TEXHOJIOTIYHA CXema
BOJIOMIITOTOBKM Ma€ JI0JJaTKOBO BKJIFOYATH JIMILE 2 HACOCH-03aTOpU Ta 2 €MKOCTI (EMHICTIO 710
1 M%) nans mpuroTyBaHHS Ta HoAadi POGOYMX PO3YMHIB peareHTy. IIpum IBOMY [OCATAaIOThCA
TIJIBUIICHHS SIKOCTI OYHMIICHOI BOJIW 4Yepe3 CYTTEBE 3MEHIICHHS BMICTY Y BOJI HHU3KH BaXKKUX
MeTaJliB, CKOPOUCHHs Y 2-4 pa3u BUKOPUCTAHHS TPATUIIIHHNAX ATFOMIHIMBMICHUX KOATyJISTHTIB TOIIO

(4) Maxkpomonekynsapaa mpuponga III'MI-rx Ta HasgBHICT, y WOro CKIaai IO3UTHBHO
3apsDKEHUX OlOLUAHUX TyaHITUHOBUX TPyl OOYMOBIIOIOThH 3/IaTHICTH IMOJIIMEPY YTBOPIOBATH Ha
MeTaJIeBUX MOBEPXHAX MIIHI OlONMIHI IJTIBKH, SIKI HE BUAAISIOTHCS IMOTOKOM BOJIM 1 3aXHIIAIOThH
TTOBEPXHIO METalTy BiJl 610K0p03ii Ta 61000pocTanHs. Y TBepai Boji, a Takox nipu pH<7 [IT'MI-rx
MOXe OyTH 1HTI0ITOPOM E€IEKTPOXIMIUYHOT KOpO3ii cTaji. 3aMiHa y TEXHOJIOT1] MiITOTOBJICHHS BOIH
peareHTiB-OKMCHIOBAaUiB Ha 3HE3apakylOUMid peareHT KOMIUIEKCHOT HeokucoBaibHol aii (III'MI -
I'X) CTIPHUSIE OYHIICHHIO CTapUX TPYOONPOBO/IIB Bl HAKOTMYEHb KOMIIOHEHTIB 0i011€eHO3Y 00pOCTaHHS
Ta coJjeil 3aiiza.

(5) PesynpTatil OCTaHHIX HAIIUX JOCIIIKEHBb CBiYaTh MPO 37aTHICTh PEareHTIB Ha OCHOBI
[MI'MTI'-TX 3MeHIIyBaTH TiApOAMHAMIYHUHN OIip TEPTS Y MEPEkKaxX BOJAOMOCTAUYAHHS, TOKEKOTACIHHS
TOII[O, 1[0 CTBOPIOE YMOBH JIJIsl 3MEHIIIEHHSI eHEPTOBUTPAT Ta €KOHOMIii BOJH TOIIIO.

TakuM 4MHOM, Ha OCHOBI Pe3yJIbTaTIB €KCIIEPUMEHTAIbHUX JOCIIKEHb, BUKOHAHUX Y PI3HUX
yCTaHOBAaX Ta IMAMPUEMCTBAX HAIIOi KpaiHi 1 32 KOPJAOHOM, MOKa3aHO €(PEeKTUBHICTh, HAMIHHICTD 1
MEPCIEKTUBHICTh IHHOBAIIITHOT TEXHOJIOT1i 00pOOICHHS BOJM 3 BAKOPUCTAHHSIM PEareHTy Ha OCHOBI
[I'MTI'-TX, a TaK0K MOKJIMBICTH HOTO 3aCTOCYBaHHS K €(DEKTHBHOTO 3ac00y YIPaBIIHHS PU3UKAMH

y BOJIONIOCTAa4aHHI Ta BAKOPUCTaHHI BOAM Y HAPOIHOMY T'OCIIOIapCTBI.
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OYULIEHHSA BOIU JIA ITIPUTOTYBAHHSA HEKTAPY YV 3AKJIAJTAX
I'POMAJICBKOI'O I CAHATOPHO-KYPOPTHOI'O XAPYUYBAHHS
T. B. Ctpikanenko, 1. B. CaBuubka

Opnecpkuii HallIOHATTBHUIM TEXHOJIOTIYHUH yHiBepcuTeT, M. Ozneca, YkpaiHa

Bupo6GHHM1LITBO HAMOIB HAa COKOBI1M OCHOBI Y 3aKJ1a/1aX I'POMAJICHKOI'0 XapuyBaHHs BIJPI3HAETHCS
HEOOXI1THICTIO BUTOTOBJICHHSI BUCOKOSIKICHOTO Ta O€3MEYHOro MPOAYKTY 3 OOMEKEHHM CTPOKOM
30epiraHHs MpU MAaKCUMaJIbHOMY 30€peXKeHHI KOPUCHUX PEUYOBHH CHUPOBHHH. [Ipw BUpPOOHMIITBI
HEKTapiB BaXIIUBY POJb JUIA SKOCTI TOTOBOTO MPOJIYKTY Ma€ BOJA 1 criocodu ii MiArOTOBKH, ajpKe
BOHA CKJIagae OIu3bpKo 75 % TPOAYKTY 1 BIUIMBAE HA OPTraHOJICIITHYHI/CMAaKOBi, (DI3UKO-XIMIYHI Ta
MIKpOOIOJIOTiUHI MOKAa3HUKU HMOro fAKocTi. Mepexa cheuialbHUX CaHATOpiiB, BAXKIUBUM
JTIKYBaJIbHUM 3aC000M y SIKUX € caMe€ COKOBa Ji€Ta (IIOJEHHE CHOKUBAHHA JHIIEe 4-X COKIB Ta
BEJIMKOI KIJTBKOCTI CTOJIOBOI MIHEpaJIbHOI BOAM MPOTATOM | THXKHS), TMOIIMPIOETHCS Yy CBITI
(ITopryranis, Icnanig, Typeuuuna). Mera poGoTH — ampoOailisi BUKOPUCTAHHS 1HHOBALIHOI'O
METOZy OOpOOJICHHS BOJAW Yy 3aKJaJaX IPOMAJICBKOTO i CaHATOPHO-KYPOPTHOTO XapuyBaHHS ISt
BUT'OTOBJIEHHSI alBOBOI'O HEKTapy, 110 MOKE JJO3BOJIMTHU B1IMOBY B1Jl TEIUIOBOi OOpOOKH KIHIIEBOTO
MPOAYKTY. ApKe mpoOieMa 3HEUIKOKEHHS MIKpOOPraHi3MiB, IO BHUKIMKAIOTh HIBHIKY IMOPYY
MPOAYKIIT Ta 1H(EKI1IHI 3aXBOPIOBAaHHS Yy JIIOJIEH, 3aJIMIIA€THCS aKTyaJIbHOIO.

[TopiBHSUIBHI AOCHIPKEHHS BIUIMBY 3HE3apa)KylOUMX BOJAY PEareHTIB — XJIOpY Ta peareHTy
«AkBatoH-10» (miroua pedoBuHa — III'MI-rx; pami - peareHT) - Ha (i3UKO-XiMiyHI Ta
MiKp0O10JI0T14HI MOKA3HUKHU SKOCTI 3pa3KiB HEKTapy 3 ailBU 3aCBIUYMUIIN HACTyMHE (KOHTPOJIb — BOJIA
3 CHCTEMH LEHTpai30BaHOIO THMTHOTO BOJONOCTAa4aHHsS MicTa). He BHUSABIEHO CYTTEBHX
BIIMIHHOCTEH BMICTYy CYXHX PEYOBHH 1 TUTPOBAHOI KHCIOTHOCTI B YCiX JOCITI/DKEHHX 3pa3zKax
npoaykry. ITokasHuku emiemMiuHOi O€3MeYHOCTI MPOAYKILi, BUTOTOBJIEHOI 3 BHUKOPUCTaHHAM
J0JJATKOBO 3HE3apa’keHOi BOJM, BIANOBIAAIM BHUMOTraM 0 HEKTapiB, TOAl K y KoHTpomi 3UM

nepesumtyBano 400 KYO/cm®

. Haiibinpury OlosioriyHy akTHBHICTh BHSBHB HEKTap 3 aiBH,
MPUTOTOBAHUMA 3 BUKOPHUCTAHHSAM BOJH, 00poOsieHOi peareHToM, - 203 y. o. (mpu 96 y. 0. y
KOHTPOJIBHHX 3pa3kax i 79.9 y. o. mpu BUKOPHUCTaHHI BOJIH, JIOAATKOBO 3HE3apaKeHOi XJ10poM). Bmict
BiTaMiHy C y HEKTapax, BUTOTOBJIEHHX 3 BUKOPUCTAHHSM JOCIII)KyBaHUX BOJI, TAKOXK MaB CYTTEBI
BIIMIHHOCTI 1 CcTaHOBUB, BiamoBigHo, 3.2384 wmr/100 r Hekrapy, 2.464 wmr/100r i
1.5048 mr/100 r mpoaykTy.

BucnHoBok. [IpoBenieHi 1oCimiIKEHHS CBiT4aTh PO MEePCIEKTHBHICTh IHHOBAIIHOT TEXHOJIOT11
00poONeHHS BOAM Ui OJIEp>KaHHS aWBOBOIO HEKTapy Oe3 3acToCcyBaHHsS TEIUIOBOI 0OpOOKH
KIHLIEBOT0 poXyKTy. HacTynmHuMu eTanamMu poOOTH IIaHYIOThCS TOCTIIKEHHS BIUIUBY PEareHTy Ha
MOKA3HUKH SKOCT1 HEKTapiB 3 1HIIUX TUIOAIB 1 pO3po0OKa anropuTMy BIPOBAIKEHHS Ii€1 TEXHOOT1]
JUISL 3aKJ1aJ11B TPOMAJICBKOTO 1 CAHATOPHO KyPOPTHOIO JIIKyBaHHS.
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BUKOPUCTAHHA CYBCTPATY HA OCHOBI OCAIB CTIYHUX BOJ AJIsA
MMPOBEJEHHSA BIOJIOTTYHOI PEKYJIbTUBAIII — IJISAX 10 3ABE3IEYEHHSA
CTAJIOI'O PO3BUTKY
O. M. lIkBipko, I. C. Tumuyk, M. C. ManboBaumuii, Y. 3. Ctopomyk

Hanionaneuuit yniBepcuteT «JIbBiBChbKa nonitexHika», JIbBiB, Ykpaina

3a ocTaHHI ACCSATUIITTS MUTAHHS €KOJIOTTYHOIO CTaHy JOBKLLIS, MOCTIHHOTO TEXHOI'€HHOT'O
BIUIMBY Ta IMOCHJICHHS BUMOT 100 OXOPOHHU HABKOJHUILIHBOTO CEPEOBUIIIA CTAIOTh aKTYaJIbHUMH Y
BCIX cdepax EKOHOMIKH. 3HAYHOI MIpPOIO 1€ THUTAHHS CTOCYETHCS MPOOJIEMHU HAKOIIMYCHHS
OpPraHiYHMUX BIIXOAIB (BIOXOAM BUAOOYTKY Byrimis, ocaau criyHux Boj (OCB), opraniunuit
KOMITOHEHT TBEPJIUX MOOYTOBUX BIJXOJIB, BIIXOJMU BiJ BUPOOHHITBA Oiorasy (BiAmpamboBaHa
6iomaca) TOII0) Ta MPOrHO3yBaHHS iX BIJIMBY Ha HAaBKOJIUIIHE CEPEIOBUILE.

[IpobGnema HaKOMMYEHHS OPraHIYHUX BIAXOIB, a CaM€ 0CaJliB CTIYHUX BOJI — 1€ MPOIIECH, K1
CIPUYMHAIOTh BUALJICHHS NapHUKOBHUX Ta3iB, 3a0pyAHEHHS IPYHTIB Ta MiA3€MHHUX BOJ| BaKKUMHU
MeTaJlaMH Ta IHIMUMH HeOe3MeYHUMH PEYOBHHAME, BAHUKHEHHS MTOKEXK. TOMY Ba)KJIIMBUM aCIIEKTOM
y cepi 30epexKeHHs Ta BITHOBJICHHS CTaHy HaBKOJIMIIHBOT'O CEPEI0BUILA € MOXJIUBICTh HOBTOPHOT'O
BUKOPHUCTAHHS OCa/iB CTIYHUX BOJ.

[lepcnekTUBHMM B I1IbOMY HANpsIMKYy MOXXE CTaTH MOXJIUBICTh IX BHMKOPHUCTaHHS SIK
KOMITOHEHTY CyOCTpaTy Uisi MPOBEACHHS O10JIOTIYHOI PEKYyJIbTHUBAIlli TEXHOTEHHO IMOPYIICHUX
3eMenb (Kap €piB, CMITTE3BAIMIL TOILO).

Hapasi npo6iiema HaKOMWYEHHST OCaJiB CTIYHUX BOJ| € aKTYaJbHOIO ISl KOXKHOTO BEIUKOTO
HaceJIeHOTo MyHKTY YKpaiHu, 30kpema i asis micta JIbBoBa.

Merto10 po0oTH € BU3HaUEHHS BIUIMBY CyOCTpaTy Ha OCHOBI OCaJlIB CTIYHUX BOJ Ha PO3BUTOK
JOCITIJKYBAaHUX POCIIMH STYMEHIO 3BUYAfHOTO Ta pairpacy.

Jnst mpoBeieHHs 1ociiay Oys10 BAKOPUCTAHO JIBa BUJIU CyOCTpary:

e Yy IEpIIOMY BUKOPHCTOBYBAJIM TEMHO-CIPUI OMIA30JICHUH TPYHT, CBIXKI OCa/IA CTIYHUX BOJI Ta
1eonit y criBBigHomeHHi (%): 50:40:10;

® y JI[pyroMy — TEMHO-CipU¥ OMiA30JIEHUI TPYHT, CBIXKI OCaJl CTIYHMX BOJ Ta TIAYKOHIT y
criBBigHOMmEHHI (%): 50:40:10, sixi TOPIBHIOBAIKCS 13 KOHTPOJIBHUM 3Pa3KkoM (IPYHTOM).

B emuocti 06’emom 500 mu1 Ha cTBOpeHuU# cyOcTpar BucaKyBaau 1o 10 HACIHUH SYMEHIO
3BUYAHOTO (CXO0XICTh 95-97%) Ta mo 30 HacinuH pairpacy (cxoxicts 90-93%). Jlns 3abe3nedeHHs
JOCTOBIPHOCTI TaHUX, TOCIIAM MPOBOJMIN B TPHOXKPATHIHM MOBTOPHOCTI.

[To 3aBepILIeHHIO TOCIIKEHb OyJI0 BUMIPSHO BUCOTY Ha3€MHOI YaCTUHH POCIIMH Ta JOBXKUHY

KopeHiB (puc. 1, 2).
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40
21,97 21,75
30 am 16,39 amme.
20 _
u [
0 -
CepenHs BUcOTa cTeben, CepenHs 10BXKHHA
c™M KOPEHIB, CM
® Kontpons ®lleonmit ™ I[maykoHIT

Pucynoxk 1 - 3mina BucoTu cTebia Ta JOBKUHHU KOPEHIB SUYMEHIO

3BHYAIHOTO 3aJIE)KHO BiJI BUAY CyOCTpary

Ha puc. 1 BugHO, 110 cepeHii MOKa3HUK Ha3eMHOI YaCTHHU SIMMEHIO 3BUYaHOTO Y CyOCTpaTi
3 BMICTOM II€OJIITY Ta y CyOCTpaTi 3 BMICTOM IJIAyKOHITY € MEHIINUM BiJi KOHTPOJIBHOIO 3pa3Ka Ha
17,3 Ta 13,2% BianoBigHo. Illo cTOCY€ThCS MOBXKWHU KOPEHIB, TO TYT CIIOCTEPIralOThCS OLIBII
nomiTHi 3MiHU. Tak, y 3pa3ky 3 LIE0JIITOM CepeHiil MOKa3HUK JAOBXKUHU € MEeHIIUM Ha 25,3% Bin
KOHTPOJILHOTO 3pa3Ka, a y CyOCTpaTi 3 IIayKOHITOM el MOKa3HUK NPAKTUIHO HE BiPi3HIAETHCS BiJl

KOHTPOJIBHOTO 1 € MEHIIUM Juie Ha 1%.

23.45 22,41 “on 20,72 22,04

PP
19,62

0 | T
Cepenns Bucota credern, cM  CepeqHs JOBXKHUHA KOPEHIB,
cM

B Konrpons M Ileomit ™I maykoHit

PucyHnok 2 - 3mMiHa BHCOTH cTe0J1a Ta JIOBKHHHA KOPSHIB paliTpacy 3aJIe)KHO BiJl BUIY cyOcTpary

3 puc. 2 MOXHa MOOAYUTH, IO CEPEAHS BUCOTa CTeOeN pairpacy y cyOcTpaTi 3 BMICTOM
TJIAYKOHITY € OUIBIIOKO BiJl KOHTPOJILHOTO 3pa3ka Ha 3,2%. Y cyOcTparti 3 IIe0IiTOM CepeiHs BUCOTa
cTebern € MEHIIOK0 BiJl KOHTPOJIBHOTO 3pa3ka Ha 4,4%.

CepenHsi TOBXXKHHA KOPEHIB paiirpacy, sik BUJHO 3 PUCYHKa, Y CyOCTpaTax 3 MPUPOTHUMH
copbeHtamu € Outbmor Ha 5,6% (3 BMicToM wneomity) Ta 12,3% (3 BMICTOM TIJIayKOHITY) BiJ
KOHTPOJILHOTO 3pa3Ka.

Omxe, 3a pe3yJdbTaTaMH TMPOBEACHUX JOCTIDKEHbh MOXXHA 3pOOWTH BUCHOBOK, IO
BUKOPHUCTAaHHSI CyOCTpaTy Ha OCHOBI OCafiB CTIYHHX BOJ] Ma€ MO3UTHUBHUI e(eKT Ha PO3BUTOK

POCIHH 1 MOXe OyTH BUKOPUCTAHUH [T TPOBEACHHS 010JIOTIYHOT peKyJIbTHBAIII].
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BIOKOHBECEP I AHAEPOBHE BI1O®IJIBTPYBAHHS
B. JI. IToasixkoB

InctutyT rinpomexaniku HAH VYkpainu, Kuis, Ykpaina

VYenimHo 06pobasTH CTIYHI BOAM 3 BUCOKMM BMICTOM OPraHIYHUX CIIOJIYK BJIA€THCS 3aBISKU
[IOETAlITHOMY 3aCTOCYBAaHHIO OIOJIOTIYHMX MeETOAIB ouuiieHHsA. [Ipu 1poMy nocTynoBe 3Ha4He
3HMKEHHS KOHLIEHTpAILil PO3UMHEHOI OpraHiku 3a0e3MeuyeThcsi B OUMCHHMX CIOpYJaxX CKJIaTHOI
KOHCTPYKIIii. SICKpaBMM IPHK/IAI0M IOJIGHUX CKIIAHUX CIIOpyH € GiokoHseep. Moro opurinansua
KOHCTPYKIIiS 1 aaNTOBaHa 0 HbOI'O TEXHOJIOrIS OYyJIM 3alporoHOBaHI 1 MOTIM BUKOPHUCTOBYBAJINCH
Ha npaktuii npod. I.I.I'Bo3asikoM. KoHCTpyKTHBHO G10KOHBEEpPHA CIIOPY 1A CKIAJAETHCS 3 KIIIBKOX
MIOCTII0BHO 3’ €THAaHUX poOounx Kamep (cekuiit). JdisiabHa 6io1oriuHa asza TyT popMyeThes 1 MILTHO
3aKpITUTIOETHCS Ha TBEpAii ¢asi, sika yTBOpeHa 13 6araTboX CHHTETUYHHUX NMPOQiIbOBAaHUX BOJIOKOH
(Bi#t). Ilpu npoMy iX BesMKa ryCTHHA JJa€ IPABO PO3TIISAATH CEKIIIIO 3 BISIMU SIK IOPUCTE CEPEIOBUIIIE,
a TEXHOJIOTTYHHMH TPOIEC OTOTOXKHIOBATH 3 Ol0diabTpyBaHHsIM. DakTHUYHO pobOoTa OiOKOHBEEpa
MOJISITa€ B MOCTYIIOBOMY BUIAJICHHI OPTaHIYHOTO 3a0pyAHEHHs CHOYaTKy B aHaepoOHUX, a MOTIM 1
aepoOHMX yMOBax. B mepmmx cekmisx MaloTh MICHE CHPUSTIMBI ISl PO3BUTKY aHAepOOHHX
MIKpOOPIaHi3MiB YMOBH, 3aBJISIKH SIKUM BIA€TbCS 3HIMATH IIKOB1 HaBAHTAXXCHHS HA BCIO CIIOPYAY
MIPU CYTTEBIA €KOHOMIT eHeprii 1 BuIieHHI 0iorady. TMM caMHM CTBOPIOIOTHCS MEPEAYMOBH IS
YCHIITHOT poOOTH HACTYITHUX aepOOHMX CEKIIii.

HapniifiHo KOHTpoJOBaTH POOOTY OKpEeMHX CEKIild 1 B IIoMy OlOKOHBEEpa 1 TUM CaMHUM
JIOMaraTtucs BiJ HbOTO MaKCHMaJIbHOI BiJiayi MpH HasIBHOMY MaJloMy JOCBiJi HOTo eKcIuTyaTarfii i
PI3HOMAaHITTI TEXHOJIOTTYHUX YMOB MOKJIMBO TUIHKH 3aJTy4at0ud METOIM HOTO PO3paxyHKY Ha OCHOBI
aJIeKBaTHUX MaTeMaTUYHUX Mojened O0io¢inbTpyBaHHsA. Takuii MeTon po3poOseHHi aBTOPOM
CTOCOBHO JI0 aepOOHMX YMOB B 3€pHHCTOMY Ilapi Ha OCHOBI JIBOPIBHEBOI CTaI[iOHApPHOI MOAEi
(6oxkm OiommiBKM 1 00’eMy Imapy 3aBaHTaXeHHs). [IpH 1bOMY aKypaTHO BpPaxOBYBAJIHCh
JIMITYBaHHS 1 1HTIOyBaHHS IMIBHUIKOCTI Olojerpajnaiiii OpraHigHOro cyOCTpaTy BHACHIJIOK HOTO
MaJIOTO BMICTY, NMPUHIIAIIOBI BiIMIHHOCTI B PO3MOiii OiomMacu B miapi (GUIbTPYrOYOro mMaTepiaiy.
OnHak, U1 po3paxyHKiB 0i0(ibTpyBaHHS B MeXaX aepoOHHMX CEKIil, a TOJIOBHE KOHILIEHTpAIll
cyOcTpary Ha BUXO/I 13 CIIOpyAr HEOOX1THO MOMIEPETHRO 3a/1aBATUCS HOT0 KOHIICHTPAITIEI0 HAa BXO/II
B eIy aepOOHY CEKIIit0. 3HANUTH 11 peaabHO TUTLKH TEOPETUYHUM IUISIXOM, BAKOHABIITH aHAJIOT14HI
PO3paxyHKH Ul ONEepeaHIX aHaepoOHUX cekIii. Po3paxoByBaTu aHaepoOHUI po3Kiag pO3YMHEHOT
opraniku Habarato Bakye, HDX aepoOHoro. TuM He MeHIl, BiMOBIIHUI METOA B JaHUW Yac B¥KE
icHye 1 anpoOoBaHMIi HA TECTOBUX MPHUKIIAIAX.

AHaepoOHMI PO3KiIa] OPraHIYHUX PEUYOBHH MOXKE PO3TIISAATHCS SK TBOXCTaAINHUN TIpoliec.

Ha nmepmriéi  cramii BHAacHiAOK IKUTTEMISIIBHOCTI  KHCIOTOMPOAYKYIOUHMX  MIKPOOpPraHi3MiB
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YTBOPIOIOTHCS JICTIOUI KUCIIOTH 1 ByTyiekucinid ra3. Ha npyriii ctazii Bka3aHi KHCIOTH TeTiep 3aBIsSKA
METaHOIPOIYKYIOUUM MIKPOOPTaHi3MaM TpaHC(POPMYIOTHCS B METaH 1 TaKOXK y BYTJICKHUCIIHM Ta3.
BinnmoBigHa mMatemMaTuyHa MOJENb, K 1 A7 aepoOHOro 0100KHCIEHHS, BKIIOYAE B3a€MOIIOB’ s3aHi
BHYTpilHIO (OioruTiBKa y (opMi HMITIHAPUYHOTO Iapy) i 30BHILIHIO (00’ eM cekuii) 3agaui. basose
PiBHSAHHS OalaHCy PO3YMHEHOI OpraHiku B CepefuHl OI1OIUTIBKHM CyMICHO ONHCY€ (TIOBEPXHEBY 1
MOJICKYJISIpHY) TU(dy3it0 cyOCTpaTy 1 KHCIIOT, SKi BHAUISIOTHCSA MPU HOro Aerpajaliii, a TakoX iX
CTMOKMBAHHS BIANOBIIHUMH IpylaMu MikpoopraHizmis. [Ipu po3B’s3Ky nepiuoi 3agadi npuitManocs,
10 BUXiJHA KOHLIEHTPAIlisl BEJIMKA, IO BiJNOBIJA€ CTIYHUM BOJaM, 1 TOMY (aKTHYHO HE JIIMITYy€
MIEPBUHHMM po3KiIaa cyocTpary. OHaK, B TOAAIBIIOMY PO3KIa] MPOMDKHUX MPOTYKTIB BKE CYyTTEBO
00MEeXyeThCs Uepe3 iX HemocTaTHI BMicT. OTpUMaHO HAOIMKEHH PO3B’SI30K BHYTPIIIHBOT 3a1a4i,
HOro CIiBCTaBJICHO 3 YACTUHHUM TOYHUM 1 CIMPAIOYHCh HA HhOI'O BUBEJICHO BUPA3 /TS y3aralbHEHUX
¢byskmii yramizanii 006ox cyOctpati. Lli GyHKIIT 3aCTOCOBYIOTBCS B PIBHSHHIX KOHBEKTHBHOTO
MIEPEHOCY BKa3aHUX CyOCTpaTiB B Mexax OfHiei cekuii (Iudy3iiHUNA MeXaHI3M rpae ApyropsaHy
ponb). Ha BXoxi B pemnpe3cHTATHBHY CEKII0 MPUUMAOTHCS KOHKPETHI 3HAYCHHS KOHIICHTpAITiif
BUXI1JIHOTO 1 HOBOYTBOpeHOTo cyOcTpaTiB. HacnpaB/i Taki 3HaueHHs a0o BigoMi 3a3aajeriap (nepiia
CekIrisi), abo po3paxoBYIOThCsS (HACTYIHI CEKIlii) sIK BiJNOBi{HA KOHICHTpAIliss HAa BUXOMAI 3
nonepeaHboi.  OckulbkM BMICT Olomacu crabuibHUN (ii MPHUPICT BPIBHOBAXKYETHCS BTPATOIO
BHACIIIJIOK BIApWUBY, NWXaHHS, BHWIAaHHS), TO JUIA BU3HAYCHHS HEBIOMOI (DYHKIII-pO3MOaLTY
TOBITUHU O10TUTIBKY JI0 BKA3aHOTO PIBHSAHHS MPUETHYETHCS OaTaHCOBE PIBHSAHHSA JIs O10MacH.
[Topanpmmii aHami3 IPOCTOPOBUX 3MiH 000X KOHILIEHTpALiil B HApsSMKY pyXy 3a0pyaHeHOi
BOJIM BHMKOHYBABCS CTOCOBHO PI3HMX MOJIMBHX CHUTYallill y BiJHOIIEHHI HaCHYEHHS 0ioMacoro
opoBoro npoctopy. [lepira cutyarrist CKJ1aqaeThCs 3aBASKH 3HAYHIN KIJTBKOCTI PO3YMHEHOT OpraHiK1
3 XapakTepHUMU I HEel TPaHWYHUMHU KOHIIGHTpaIli€ro OiomMacHu 1 TOBIIMHOIO OioruiiBku. Jlpyra
CHUTYyallisl Ma€ Miclie IPY MEHIIIH KUTBKOCTI TOYaTKOBOTO 3a0pyqHEHHs. TakuM 4nHOM 01511 BXOAY B
CEKIIII0 YTBOPIOETHCS 30HA TPAHUIHOTO HACHUYEHHS, a JIaJli 3a TeUi€r0 30Ha YACTKOBOTO HACHYCHHSI.
TyT HOBOIUTHCS MTONATKOBO BH3HAYATH TMOJIOKEHHS TPAaHUIIl MK BKa3aHUMH 30HaMH. Sk
BUKJTFOUCHHS KOHIIEHTpaIlisl OiloMacH B yCii ceKIlii Moxke OyTH MEHIIIe Hixk rpaHu4Ha. [lepepaxoBaHi
CHUTYyallli OKPeMO aHaJli3yBaJIUCh aHAJITHYHUMU MeTojaMu. BUBeIeHI TaKUM YHHOM PO3PaxyHKOBI
3aJIeKHOCTI 1 PIBHAHHA Y CYKYIHOCTI YTBOPIOIOTH PO3PaXyHKOBHH METOJ|, SKHH pazoMm 3
BUIIE3raIaHUM METOJIOM PO3PAXyHKY aepoOHOro O010(QUIbTPYBaHHS A€ MOXJIMBICTH MOCIITOBHO
MMPOTHO3YBATH PO3IOALT KOHIIEHTpAIiii 000X CyOCTpaTiB y KOXKHIN CEKIIii, a 3penITor 1 Ha BUXO/I 3

O10KOHBEEPHOI CIIOPYIH.
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MNPOBJEMA OYUCTKHU BOJIA Y MICTI KUIB TA ATJIOMEPAIIII
B. P. I'nymyxk, JI. O. MiTiok
HanionanbHuit TeXHIYHUM yHIBEpCUTET YKpaiHU

«KuiBcbkuii moniTexHiyHU 1HCTUTYT iMeHi Iropst CikopchbKoro»

[IpoyKTUBHICT, € BHpIMIAJILHUM (PAKTOPOM Yy BHOOpI MpaBUIBLHOI KaHATI3aIIHHOI
cucteMu. BupimenHs mnpobGieM 31 CTIYHMMH BOJAMH Ta 3JIMBOBUMH BOJaMH — II€
TpaHchOpMaIiiHUN aKT, TOKIMKAHUN MOKPAITATH YMOBH KUTTS JIIOJIEH Ta CIIPUATH CTIHKOCTI
MicT. B KOHTEKCTI HAKOMTUYEHOT CTAJIOCTI, MPO30POCTi, OXOPOHU HABKOJIMIITHHOTO CEPEAOBUIIA
Ta BIJMOBITHUX MTPaBWJI KaHATI3alliiHI Ta BOJIOBIIBITHI MEPEXi CIIiJT pO3IJISIIATH SIK HEB1JI  €MHY
YaCTHHY TOBHOTO IIUKITY BOJM.

ChorosHi IEHTpaTi30BaHa KaHAJI3aIlisl BIACYTHS y OLIBIIOCTI HACEIECHUX ITyHKTIB
KuiBunau. BurpiGHi ssMu CTOIMYHUX 0araTornoBEPXiBOK BXKE CTAIA CEPHO3HOIO €KOJOTTIYHOIO
3arpo3010 s 10BKiULIL. YacTo opraHizariii, ki iX 0OCIyroBYIOTh, 3JIMBAIOTh CTIYHI BOJIU Y
MPWIETIl HAcaJKeHHs Ta IOJis, MOPYUIYIOYM €KOJOTrIYHE 3aKOHOJABCTBO YKpaiHU Ta
CTBOPIOIOUM 3HA4yHI PU3MKHU U1 3J0POB’S Ta JKUTTA Joned. | Bce 1ie Ha JOJATOK [0
HEBIJIBOJIHUX TEPUTOPill TNPUBATHOTO CEKTOpY, J€ BHUMOTM MO0 oOpraHizamii Ta
00CITyroByBaHHSI BUTPIOHHUX SIM CUCTEMATUYHO ITHOPYIOTHCS Yepe3 BIJICYTHICTh repMeTH3allii.
VY HaceneHMX MyHKTaX CTOJMYHOI arjioMeparli BXX€ BIAUYBA€ThCS 3HAYHUM AePIIUT SKICHOT
MATHOI BOJM BHACTIZOK MacoBOTO Oy/IBHUIITBA Ta, BIAMOBIIHO, 30UIbIIEHHS HaCEJICHHS.
MicueBi Boj103a00pHu OuIbllIe HE MOXKYTh 3a0€3MEUUTH peayibHI OOCATH CIOKMBAHHS BOJU
MICTaMU-CYITyTHUKaMH Ta TpUJIETIMMU HOBOOynoBamu. bopTHuipka cranuis aepaiii [TAT
"AK KwuiBBogokaHan" — €IMH1 OYHUCHI CIIOpYAM CTiYHUX BoJX M. KueBa Ta mpuiernux Micrt i
cemumn KuiBcbkoi o6macti (Bumropon, Ipmine, Bummuese, boptaudi, 'migun, Illacnuge,
Yabanu, Komrobunceke, [lyxiBka, HoBocinku, CodiiBecbka Ta IletponasniBchka bopiiariBka,
I'atue). Ha cTanmii mpoxoasTh OYUCTKY BC1 HOOYTOBI CTIYHI BOAM, a TAKOK CTOKU MMPOMHUCIOBHUX
MIAOpUeMCTB. bopTHUIPKA CTaHIlS aepalli — CKIaJHUA KOMIUIEKC 1H)XKEHEPHHX CIOpY/,
oOnaHaHHS Ta KOMYHIKAIi#, MPU3HAYCHHUH 17151 TOBHOT 0610JI0T1YHOT OYMCTKH CTIYHUX BOJI.

Ha BCA BukopHuCTOBY€ KJIacCH4YHY CXEMY OUYMIIEHHS CTIYHHUX BOJ, fiKa Iepeadavae
MeXaHIuYHy (MEXaHIYHI PEIIITKH, MiCKOYJOBIIOBaUl, NMEPBUHHI BIJCTIHHUKK) Ta O10JOTIYHY
OYHCTKY (A€pPOTEHKH Ta BTOPHHHI BIACTIHHUKH). L[ TEXHOOTII BUKOPUCTOBYETHCS Ha BCIX
yCTaHOBKaX O4yuCHUX cropyA. CTiuyHl BOAM Ha MOYATKy HAAXOIATh y NMPUNMaIbHUN KaHaj
rpabenbHOTO BiJICIKY HACOCHOT CTAHIII1, 1ajll Ha PelIiTKy, Ika MICTUTh MeXaHi4Hi Trpadii. bpyn
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1 CMITTSI, SIKE BIIOBIIOETHCS HA PEIIITKAX, 30UPAETHCS TPAHCIIOPTEPOM Y CICHiaIbHUN OyHKEp
it 30epiranas. CTidHI BOAM MEPEKAYYIOThCS J0 TpalImiB BiJACIKIB AJis rpaderb, a TMOTIM JI0
mickoysoBiroBadiB. [ IounHar0uM 3 PemIiTok, CTIYHI BOAM MEPEMIIIYIOThCS Yepe3 yCi CIOopyaH
M1 JI€F0 CHIN TSHKIHHSL.

OuncTKa CTIYHUX BOJ BUKOHYETHCS Y HACTYIHIN TOCIA0BHOCTI:

e Ha pemiTkax BenuKorabapuTHE Ta IUIABAIOYE CMITTSI BUJAISETHCS;

® Y MICKOJIOBKax BUIAISIOTHCS BaXKKI MiHEpaJIbHI 3a0pyHEHHS (TOJJOBHUM YUHOM —
IICKY);

e ['pyGo-micriepcHi MiHepallbHi 3aBUCIi PEYOBHUHH, HEPO3IUMHEHI OPTaHiYHI JOMIIIKH,
TUTaBAI0Yil PEYOBUHH, KUPH 3aTPUMYIOTHCS Y TIEPBUHHUX BiJICTIHHHUKAX;

e  OCBITJICHA BOJa, 5IKA MICTUTb JIPiIOHO-IICIIEPCHY CYCIIEH3110, PO3UUHHY Ta KOJIOiJHY
OpraHiky, OCTYIIA€ JI0 aPOTEHKIB, JI€ MPOXOIUTH 010I0T1YHE OKUCIICHHS OPTaHIYHUX PEYOBUH
AKTUBHUM MYJIOM IIPH IHTEHCUBHOMY HAaCHUYCHHI P1IMHU MTOBITPSIM;

e MyJOBa CyMIII ICIAS AEPOTEHKIB HAJAXOJWTh HAa BTOPUHHI BIACTIHHUKH, [i€
MPOXOJUTh MEXaHIYHE BIJICTOIOBAHHS AKTUBHOTO MYJy, SKHA MYyJOCOocaMH Oe3lepepBHO
BUJASIETECSA 3 BIACTIMHMKIB, a MOTIM HACOCaMH, IIO PO3TAlIOBAaHI Y HACOCHUX CTaHIIISAX
ACPOTEHKIB, TOBEPTAETHCS 3HOBY JI0 a€POTEHKIB;

e  0I0JIOTIYHO-OYHMINIEHA BOJAA 3 BTOPMHHUX BiJICTINHUKIB HAJXOIUTH JO BIABIAHOTO
KaHaly, a 3 HbOr0 — JI0 MariCTpalbHOTO KaHAIy.

['onoBHoOtO mpobnemoro BCA € Te, 10 cxeMa O4YHMCTKH CTOKIB, 110 BUKOPUCTOBYETHCS,
Oyna po3pobneHa Ta 3ampoekroBaHa mie y 50-60-x 20 cToOmiTTS, 1 3HAYHOIO MIipoOI0 HE
oHoBIItOBajacs. Takok BiOyIHCS pi3Ki 3MIHU B AKICHOMY CKJIaJIi CTIYHHUX BOJI, IO HAIXOIATh
Ha OYMCTKY Ta, BIAMOBITHO, B AKOCTI OCaay, SIKHH YTBOPIOETHCS B Mpoleci ouuctku. Hopmu
OYMCTKH 1 TpoekTHa opranizanis BCA 60-X pokiB, He OyJIM po3paxoBaHi HA OYMCTKY CTIYHUX
BOJ 3a OKpeMHUMH cronaykamu. Cropyam O10J0TiYHOT OYHMCTKHM OyJiM pO3paxoBaHI Ha
JOCSTHEHHS JIMIIIE TPhOX MTOKAa3HUKIB B OUHIICHIH BOI1l. Ha ChOroIHi K AKICTh OUMINEHUX CTOKIB

KOHTPOJIFOETHCA 3a 16-Ma TTOKa3HUKaMH.
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HIJIAXU YTUJIIBAILIL OCAIB CTIYHUX BO/
Y. 3. Cropomyk, M. C. MansoBanuii, B. M. Kyk, I. C. Tumuyk, O. M. llIkBipKo

HanionansHuit yHiBepcuteT «JIbBiBChbKa NoJiTeXHiKa», JIbBIB, YKpaiHa

Ocap criynux Box (OCB) - e HeOaXkaH1 3aJIMIIKOBI TBEPJI BIAXOIM, Kl YTBOPIOIOTHCS MPHU
OUMIIICHHI CTIYHUX BOJ Ta HAKOMHUYYIOTHCS HA MYJIOBUX MaiJJaHYMKaX, HETaTUBHO BIUIMBAIOYU HA
HaBKOJIMIIIHE CEPEIOBUILE T )KUTTS JIIOCH.

[TepepoOka Ta yrumizaitis OCB 3 MeTor0 HeTonyIeHHS X HETaTUBHOTO BIUIMBY Ha JOBKIJUIS €
OJIHIEI0 3 BAXJIMBHUX eKooriyHUX mpoosiem. [lokpamenns B chepi ynpasiinast OCB € ocHOBHOIO
METOIO I PO3pOOKH IHTETPOBAHOI CTpaTerii, sika BUPINIyBaTUME HE TUIBKH MPUPOJTOOXOPOHHI
3aBJlaHHs, aJle 1 eKOHOMIYHI 3a paXyHOK OTPUMaHHs BTOPUHHUX CUPOBHUHHUX PECYPCIB.

OcHoBHEMHE criocobamu yTumizanii OCB € 3axopoHEeHHs, CalfoBaHHs, ra3udikaris, mipois,
aepoOHe Ta aHaepoOHE MepeTPaBICHHS, a TAKOK HOTO BUKOPHCTOBYIOTH ISl PEKYJIbTHBALIT 3aKPUTHX
3BAJIMIIL TA JUIsI BAPOOHUIITBA Oy MiBEILHUX MaTepiaiB.

CrantoBaHHS - 11€ €K30TepPMiUHE OKUCICHHS TBEPAMX BiIXO/IB, IPU IKOMY BUALISAETHCS TEILIO,
aumoBi rasu, Ttaki sk NOx, CO2, CO, H20 i SOz, netroui peuoBuHU Ta 30ia. OCHOBHA MeTa -
3MEHIIUTH 00CST BIAXOiB. 30J1a € IIHHUM TPOIYKTOM JUIsl BUPOOHHIITBA Oy MiBEIHPHUX MaTEpIaliB.
[Ipore meroxn crnamioBaHHS Ma€ psJl HEJOJIKIB: CHATIOBATH CaMOCTIMHO MOXHa OcCajid, B SKHX
CIIBBIJIHOIIIEHHS BOJIOTH Ta OPraHIYHOI PeYOBHHM HE mepeBuurye 3,5 - 4 1o 1, B iHIIKMX BUMaAKax
HeoOXiHa JOAAaTKOBA BUTpaTa najausa; Kpim Toro, OCB MOXyTh MICTUTH COJI BaXXKHX MeTaiB. [1in
Yac CHAJIOBAHHS BOHM MOTPAIUISIOTH Y MPOAYKTH 3TOPSHHSA i, Y pa3i BiACYTHOCTI OYMIICHHS
BI/IX1JTHUX Ta31B, BUKUJAIOTHCA Y aTMOCheEDY.

lasudikamis - 1e TEPMOXIMIYHHUK TIpolec, IO BKIOYAE CYIIKY, IMPONi3, OKHUCICHHS,
BITHOBJICHHA TPU BHCOKill TemmepaTrypi Ta TIEpPEeTBOPEHHS MaKpPOMOJIEKYJISIPHOI OpraHiyHOi
peuoBnan B OCB 1o cunTe3 rasy. B mopiBHsHHI 31 cnamtoBanHaM rasudikamis OCB mae psa
repeBar: BUCOKa e(peKTHUBHICTh BUKOPUCTAHHS €HEprii, HU3bKUH piBeHb BUKU/IB IIKIIJIUBUX Ta3iB,
takux sk SO2 Ta NO, ctabinizaliis BaXKKUX METaJiB y 30711 Ta HU3bKE BIIIyTOBYBaHHS.

[Tiponiz OCB — 1me tepmiune neperBopeHHs (350-900 °C) opraHiuHUX pEYOBHUH, IO
3MIACHIOETBCS 3a BIJICYTHOCTI KHCHIO 1 BHPOOJIsi€ TOprOYMi ra3, OioonwBH, Ta OioByrium. Y
TOPIBHSHHI 31 CHIAJTFOBAHHSM, TIPOJIi3 MPOBOAUTHCS MPU OLIBIT HU3bKIHM Temmnepatypi 1 6inbie 80 %
BOKKHX METAJIB PO3MOAULIIOTECS B O10BYyrium. ToMy HH3bKHH BMICT BaXXKKHX METAlIB Y
HipONITUYHOMY Ta3i 3MeHIIye oOpoOKy, MOB'S3aHy 3 BaXKUMU MeETaJlaMH, SIKOI HEOOXiTHO
JOTPUMYBATHUCS JJIS1 CTAHAAPTY TPH BUKHJIAX Ta3y.

3 inmoro 6oky, xiMiuaui ckinaa OCB Bi3Ha4Ya€ThCSI BUCOKMM BMICTOM OPTaHIYHUX PEYOBHH

(mopsaaky 70% Bix Macu CyXoi peUOBHHHM OCajay), 3HAUHUMH KOHIIEHTPALIIMU MOKUBHUX MaKpo- 1
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MiKpoeJIeMeHTIB (30kpema, azoty — 0,8—6,0%; dochop — 0,6—1,2%; xaniit — 0,1-0,6%), mo nae
MIJICTaBH PO3IIISIATU el MaTepial K CKIAJHUK OpraHO-MIHEpAJIbHUX AOOPHUB Pi3HOTO CKIAAy Ta
MIPU3HAYCHHS.

VY kpaiHax €BpONEHChHKOro COI03y 3HAUHYy INepeBary HaJalTh aepoOHOMY Ta aHAEpOOHOMY
neperBoperHio OCB. Jloseneno, 1o mij yac aepoOHoro neperBopeHHs: B OCB y Benukiii KUIbKOCTI
YTBOPIOIOTHCS T'yMIHOBI KHCJIOTH, @ HiJf 4ac aHaepoOHOr0 — OCHOBHHUMH KOMIIOHEHTaMH OCa[liB
CTIYHUX BOJI € OUIKM Ta apOMaTH4HI aMiHOKUCIIOTH, IO CBITYUTH PO MOKJIMBICTh BUKOPUCTAHHS
OCB sik oprano-MiHepaJIbHUX TOOPUB y CIITLCBKOMY TOCIOIAPCTBI.

AepoOHe TpaBiieHHS (KOMIIOCTYBaHHS ) XapaKTePU3Y€ThCS MIKpPOO10JI0TTYHOIO aKTUBHICTIO, SIKa
BiJI0YBA€THCS 3aBIASIKA aKTHBHOCTI MIKpOOPTaHi3MiB Pi3HUX TPyI: OaKTEpiil, aAKTHHOMIIIETIB, TpHUOIB,
JPpLXKIKIB Ta iH. MiKpoOHa akTUBHICTh BaXJuBa /i eheKTuBHOro ynpasiiHHs npouecom. [Ipornec
KOMIIOCTYBaHHSI, IIiJl 4ac SKOTO BiAOyBaeThCs pO3KIAJaHHS Ta cTaliii3allisi OpraHiuyHUX PEUOBHH,
MOXHA PO3IUTUTH Ha ACKIIbKa a3: Me30p1IbHy, TepMOQIIbHY, 3aTyXaHHS Ta JO3PIBaHHS.

Me3odinpHa (aza xapakTepU3yEThCS aKTHUBHICTIO Ta 3pOCTAaHHAM ME30(DUIBHUX OPraHi3MiB,
SKl TPU3BOJATH 10 LIBUJAKOIO 3POCTaHHS Temieparypu. TepmModisbHI yMOBH 3a0e3leuyroTh
MO>KJIMBICTh TOBHOI Tiri€Hi3amii KOMIIOCTY NUISXOM 3HHUIICHHS S€Ib TEIbMIHTIB Ta MaTOT€HHHUX
oprasi3mis, npucyTHix y OCB.

Jocuth Ai€BOIO € TEXHOJOTIS aHaepOOHOTro MEPEeTBOPEHHS Ocaay CTiuHUX Bol. OpHak, Ha
BiJIMiHY BiJl a¢pOOHOT0 KOMITOCTYBaHHS, MPOIIEC PO3KIIaly OPTaHIYHOI PEYOBHHHU MIKPOOPTaHI3MH
BiI0yBaeTbcs 0€3 JOCTYMy KHCHIO i3 OTPUMaHHSIM KIHIIEBOIO MPOAYKTY — Oilorazy. AHaepoOHe
TPaBJICHHS 3aBEPIUIYETHCS MICIS YOTUPHOX MOCIIJOBHUX (ha3: TiApoi3, allua0reHes3, aleToreHes 1a
METaHOTEHE3.

biora3z (meTaH) - razonojaioHe OionanmBo, sike MictuTh 50 -70 % CH4, 30 % - 45 % CO21i
HEBEJIMKY KUTBKICTh CIPKOBOIHIO, BOJIU Ta a30TY, 110 pOOUTH HOT0 MPUAATHUM JUIsi BUKOPUCTAHHS B
SKOCTI JKepela eHeprii /Ui ABUTYHIB 3TOPSHHS, TypOiH a00 KOTIIB SIK CAMOCTIHHO, TaK 1 3MilIaHUX
3 IHIIMMH BHJIAMU TaiuBa. Y TMPOCTOMY 3acCTOCYyBaHHI 0iora3 Mo)ke >KMBUTH Ta3oBl IuMTH. Lg
TEXHOJIOTiSl BBAXKAETHCS OJIHIEID 3 HaWe(PEKTUBHIMIMX CIIOCOOIB 3HE3apakeHHS Ta MepepoOKH
OpTraHiuYHUX BIAXOJIIB PI3HOTO MOXOKCHHS.

B VYkpaiHi 3 KOXKHIM pOKOM 3pOCTa€ HAKOMMUYEHHS 0Cay CTIYHUX BOJ Ha MYJIOBUX KapTax. Lle
BUMarae po3IIUpeHHs Iiou] Uil ix 30epiraHHs. BUKOpHCTaHHSA OcajiB CTIYHHUX BOJ| BBa)KA€THCS
BUTIIHUM HE TUIBKH 3 €KOJIOT1YHOI TOYKU 30py, ajie il 3 eKOHOMIYHOi, aJe JAOBEIEHO, 10 0CaJl
CTIYHHUX BOJ € I[IHHUM MaTepiaJbHUM Ta EHEPreTUYHUM PECYPCOM, SIKU MOXHA BUKOPHCTOBYBATH

K BTOPUHHY CUPOBUHY.
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CYUYACHUM CTAH PIYKH TUCA TA OCOBJIMBOCTI PYCJIOBOI'O POIIECY
JI. A. lllunkapyk, JI. P. Boak, B. B. Beuep

HarionanbHuil yHiBEpCUTET BOJHOTO FOCHOJAPCTBA Ta MPUPOJLOKOPUCTYBaHH:, M. PiBHe, Ykpaina

VY mnpaktuii TiIpOTEXHIYHOTO OyIIBHMIITBA, B TOMY 4YHCII PIYKOBIM T1IPOTEXHill, KpiM
TIAPOTEXHIYHUX CIIOPY/] Ha piduKaxX MOOY0BaHO 1 €KCILTYyaTYIOTh 0araTo iHIIMX 1HKEHEPHUX CITOPY/T
1 KOMyHIKalliii 3 BIIHOCHO HEBEJIMKUMU IIJIJAHOBUMH Ta BUCOTHUMH PO3MipaMH, sIKi B Till 4M 1HIIIH
Mipi BIUTMBAIOTh Ha XiJ1 pyciioBoro mporecy. Croau ciij BiAHECTH TaKi CIIOPYAU: MOCTOBI IEpeXoau
yepe3 BOJOTOKH, PEryJisliiHI CHOPYIH, PIYKOBI BOJI03a00pH, BOJOBUIIYCKHM KOMYHQJIBHOTO Ta
MIPOMHUCIIOBOTO TIPU3HAYEHHS, IEPEXOIN Yepe3 PIUKHU ra3o- Ta HAaQTOMPOBOAIB, Oeperopi Ta 3ariaBHi
OTIOpH JIIHI{ eNleKTponepeiay, a TAaKoXK Kap’ €pHi po3poOKH rpaBifHO-TaCYHUX 1 IPaBIHO-TIIAHUX
BIJIKJIAJIiB B pycllax i Ha 3arjiaBax pidoK TOILIO.

Po6otu, sKi BHUKOHYIOTHP 3 METOIO pPEryJIIOBaHHS pycel pIYoK NOTPIOHO OOOB’SI3KOBO
PO3IIISLIATH CYMICHO 3 pOOOTOI0 BHIE3a3HAUYEHUX TIPOTEXHIYHUX CHOPYJ, OOYOBAHUX Ha HHUX,
BPaxoBYIOUHM iX BIUIUB HA T'IPABIIYHUN PEXKHUM PIUOK.

CrieriaslicTd  KOHCTaTylOTh, IO PYCIOBHH MpPOIEC MOPYIIYyEThCS Ticis OyIiBHUIITBA
TIIPOTEXHIYHUX 1 1HKEHEPHUX CHOPYJI, IPUUOMY 1€ MOPYLICHHS MOXKE€ OXOMHUTU 3HAYHY IUISHKY
pIYKH TIO JIOBXKHHI (TOOTO BiIOYBaIOTHCS, TaK 3BaHi, 3arajibHi aedopmairii). KpiM mporo Moxiausi i
JIOKaJbHI MOPYLIEHHS PYCIOBOIO IMpOLECY Ha AUITHKAX pPO3TalllyBaHHS CIHOPYH, SIKIIO OCTAaHHI
CHJIBHO CTHUCKYIOTh IMOTIK 200 OOMEXYIOTh PO3BUTOK PIYKOBMX 3BUBUH, a00 He 3a0e3nedyroTh
0e3BiprBHE OOTIKaHHS MMOTOKOM €JIeMEeHTIB cropyd. Tomy mpoOieMa MporHo3yBaHHS PYCIOBOTO
MpoIiecy Ha pivuKax 3 MOPYIICHUM (HE MPUPOIHUM) BOJHHUM DPEKHMOM 3aJUIIAETHCS HA CHOTOIHI
HallakTyaJbHIIIOKO 1 HE JOCTAaTHRO BUBYEHOIO B TEOPIi PyCIOBUX MPOLECIB.

Sk mokasye 0cBiJl poOOTH BUILE3a3HAYCHHUX CIIOPY/I, 3 OJHOr0 OOKY BOHM MOXKYTb 3a3HaBaTH
3HaYHMUX Jedopmaiiil 1 pyiiHyBaHb B MiclAX (CTBOpax) iX pO3TallyBaHHS IiJ] Yac MPOXOJKECHHS
MaBO/IKiB 200 MOBEHEH, 3 IHILIOr0 — caMi CIIOPYAN MOXKYTh COPUYUHATH AepopMaliii pycia Ta 6eperis
Ha CYCI/IHIX JUISHKAX PiYKH, pO3TAIIOBAHUX BHUIIE a00 HMXKYE 3a TeUi€r0 a00 HABIPOTH IIi€T CIOpYar
Ha MPOTUWIIEKHOMY Oepesi piuKku.

Ha ocHoBi rizpomopdonoriunoro MoHiTopunry p. Tuca B 3akapnarchekiii o0iacti, YkpaiHa,
MpoaHaIi30BaHO PoOOTY MOCTOBUX IepexoAiB Ha AulgHIi ¢. KoponeBo — cmt Bumok. JociigkeHo
BIUIUB MOCTOBHUX IIepexojiB Ha pycloBUi mnpouec. BcraHoBieHo mnpuuuHM (HOpPMYBaHHS
aKyMyJATUBHUX (OPM 1 PO3BUTKY PYCIOBUX JAeopmaliil B 30HI BIUIMBY MOCTIB. 3alpOIIOHOBAHO
3aX0JM IIOJI0 TIOJIMIICHHS POOOTH MOCTOBUX IIEPEXOJIB BHACTIIOK BJIAMNITYBAHHS HOBHX a00

MOJIEpHi3allii ICHYIOUHX PEeTYISAIIHHAX CIOpY 017151 MOCTIB.
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Ha gocnimkyBaniit ginsHii p. Tuca pyciio 3BUBHACTE, CHIILHO PO3Tay’KEHE, 3a3HA€ 3HAYHHUX
nedopmartiii i yac MpoXoKeHHs NMaBOAKIB. Piuka siBisie coboro O6e3nepepBHE YepryBaHHS IJIECIB
1 mepekaTiB. Y pycili piukd HOCTIHHO 3yCTpiualoThCsl OCEpeiKH, OCTpOBH, OokoBUKHM. Ha HUX 1 Ha
3aIIaBax CIOCTEPIraEMo CKyMUeHHs MacHBIB POCIMHHOCTI (JiepeBa, YarapHuKy, BUCOKA TpaBa), sKi
CYTTE€BO BIUIMBAIOTh HA MPOIYCKHY CIIPOMOKHICTh PIUKH 1 B LIJIOMY Ha PyCJIOBUH MpOIIEC.

Hamui nocmikeHHs: J03BOIMIM 3pOOUTH y3araJlbHEHHsI PO OCOOJIMBOCTI PYCIIOBOTO MIPOLIECY
Ha JOCIIKYBaHIN TUISHIN pIYKU:

- TO-TIepIle, MiJ Yac MPOXO/KEHHS IaBOJKA MOTIK PYXA€ThCS MO TMOBEPXHIX 3alliaB Mixk
MacCHBaMH POCIMHHOCTI Ta iHIIUMH NEPEIIKOaMH, KOHIICHTPYIOUH BUTPATY BOJH Y BY3bKHUX,
00OMEXEHHX POCIMHHICTIO, BOJOIPOIYCKHUX KOPHUIIOpaX, 1 aTakye OAWH 13 OeperiB Imif
nesikuM KytoM (Big 30° go 90°), yTBOprOIOYM HaBallbHI Teii,

- TO-ZApyre, 3aBASKH TONEPEYHOMY IIOXWIy IOBEPXOHb 3aIUIaB B HANpsAMKy A0 pycia
HIBUAKOCTI TOTOKY i1 Yac MPOXOKEHHS MaBOJIKa MOXKYTh J0ocsratu 5...6 m/c;

- TO-TPETE, BHACIIJIOK IEPIIOYEProBOr0 BUMHUBY IPYHTY Oiasi Oepera (3a MpUYMHU HaBayia
MOTOKY Ha Oeper) MOXKyTh YTBOPIOBATUCS (POpMYyBaHHS 3 JTOHHUX HAHOCIB Y BHUIJISJI MacM,
K1 CIIPUAIOTH OJANIBIIIOMY PO3BUTKY 3HAYHHX JehopMariii.

J11 3aXUCTy MOCTIB 1 OTOPOJIKYBAJIBHUX JaM0 Ha JOCHIKYBaHIM JUIsiHII p. Tuca HeoOX1aHO:

- BUJAJUTH HAHOCHI BIAKJIAJCHHS 3 pyclia PiYKd TMEpea MOCTOM, SIKi IMOKPHUTI, MEPEBaXKHO,
POCIIMHHICTIO;

- PO3YUCTHUTH MiJMOCTOBE PYyCIO BiJl HAHOCIB 1 POCIMHHOCTI B THX OTBOpax, 1€ BiaOyiocs
HAKOIIMYEHHS HAHOCIB 1 HAa HUX c(hopMyBaslaCh POCIHHHICTB;

- mepeadavyuTH IIIAHOBY PEKOHCTPYKIIIIO OTOPOKYBaIBLHUX JaM0 Ha JUISTHKAX 0e3mocepeHbo
O1J11 MOCTIB 3 MOCTYIIOBOIO 3MIHOIO TJIAHOBOTO PO3TAITYBaHHS IIUX AUISHOK JaMOU 3 METOIO
HaJaHHSA iM (QYHKLIH MOCTOBHX PEryJSALIHHUX CTpyMEHEHaNnpsMHHX JamO; 000B’SI3KOBO
nepe0aunuTH PeryJIIsIliiHI 3aX0MH 1 CIIOPYAM HAa BCIX MOCTOBHX MEPEX0JaX, SKIIO BOHHU
nonepeaHbo OyJIu BIACYTHI;

- 3IIHCHIOBATM MOJEpPHI3allil0 OropoKyBaJbHUX JaMO0, pO3TAIIOBAHUX BHILE MOCTOBHX
nepexodiB: 3abe3neynTu HaliiHe YKpPIMIEHHS iX pyCIOBHX YKOCIB 1 MiJOLIBH HUISIXOM
OyIIBHUIITBA TIONIEPEUHUX CIIOPY — HAIliB3arar,

- 3BECTU POCIUHHICTH (KyIIl Ta JepeBa) Ha aKyMyJISTHUBHUX (opMax, Ha SIKHX yTBOPHJIACh
POCIIMHHICTh, 1 THM CaMHM TIOJIETIIUTH ©KCIUTyaTalliiiHi yMOBH IS MOCTIB 1

OTOPOIKYBATBHUX J1aMO0.
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ADVANTAGES OF MECHANICAL WASTEWATER
TREATMENT WITH M-COMBI INSTALLATION
E. V. Bilobrova, L. O. Mitiuk

National Technical University of Ukraine, Igor Sikorsky Kyiv Polytechnic Institute

Wastewater pollution is one of the current problems in Ukraine today. Because of the constant
emissions and non-compliance with industrial water treatment requirements, the Dnieper River has
been polluted severely, which could lead to drought. As of July 7, 2021, 161 pollutants were detected
in the surface waters of the Dnieper River basin, in particular, the herbicide atrazine, cadmium metals,
and nickel. This threatens the health of the population of Ukraine and can cause an ecological
catastrophe.

As aresult of increasing urbanization, industrial development, and utilities, the amount of urban
wastewater in need of treatment is constantly increasing.

It is clear that this problem requires an urgent solution.

For this purpose, it is necessary to develop measures that can improve the condition of urban
waters, which will be economically beneficial for the country.

The main actions should include the upgrade of technological processes to reduce the emissions
of pollutants and increase the efficiency of wastewater treatment through the development of new
and the improvement of existing water treatment technologies.

As known, there are 5 main stages of wastewater treatment: mechanical treatment,
physicochemical treatment, biological treatment, disinfection, and sludge dewatering.

We will investigate in more detail the mechanical wastewater treatment, which is a preparatory
stage, but one of the most important. Why? Because during this stage up to 70% of the contamination
is removed from the wastewaters: large contaminants, sand, grease.

Today, there are many types of water treatment equipment, but among them, the combined
installation of mechanical wastewater treatment M-Combi will be considered more.

This device can be used in the production of small and medium capacities.

One of the advantages of the equipment is its compact size, which allows replacing the outdated
equipment even when there is a lack of space, and the building of new facilities will reduce the cost
of construction.

This device contains a fine cleaning grid, aerated sand trap, grease trap, installation of washing,
and compaction of waste and sand, which allows you to perform all stages of pre-cleaning.

The advantages of this equipment include the following:

« The system of washing waste and sand prevents the rot and the spread of odors.
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« The M-COMBI mechanical cleaning system can be made both in the standard version, and in
special e.g., with the protection against low temperatures or with a bypass line with a manual lattice),
and also in the special sizes.

 Long operating time of the equipment. In the manufacture of this module the high-quality
materials are applied, such as AISI 304, 316, 321 depending on the customer requirements. Special
methods of processing these metals are also used, which increases the corrosion resistance.

« When using this equipment, you can reduce the cost of service personnel. The M-Combi is
highly automated. The control system enables the complex to work both in manual and automatic
modes. The control system provides the ability to operate the complex in both manual and automatic
modes.

It is easy to adjust the parameters and modes of operation of the equipment. Installation requires
minimal operator attention. If necessary, the control system can be equipped with remote access

modules.
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Picture 1 — Combined Mechanical Treatment Module M — Comby
Therefore, the situation of pollution of water bodies in Ukraine can be improved today. The

main factors contributing to this are the improvement of current legislation and the use of quality and

efficient cleaning equipment.
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AHAEPOBHE 36PO/I’KYBAHHS OCAIB IIOBYTOBUX CTIYHUX BO/J 3
HAVIMITKOBOIO KOHIHEHTPALIE€IO IOHIB BA’KKUX METAJIIB
A. B. lllunkapuyk, H. b. I'onyo, M. B. Koznosens, O. A. Ko3ioBeub
HarionanbHuit TeXHIYHUH yHIBEpCUTET YKpaiHu

"KuiBchkuit mositexHiyHui iHCTUTYT iMeH1 [ropst Cikopcbkoro"

3 30% xaHami3alifHUX OYUCHUX CHOPYJ YKpaiHHU, TEXHOJOTI SIKUX BKJIIOYAIOTh aHAepOOHY
cTabini3aliio ocaay B METaHTEHKaX, MPalo0Th TibKH AB1 (y Kuesi Ta Xapkosi). Taka TexHoJOr1sA
00pobku ocaxiB ctiunux Boj (CB) BBaxanmacsi MasioeeKTHUBHOIO 4Yepe3: HU3bKHH BUXiJ Oiorasy,
TpUBAJIMNA TepMiH OpOMIHHSA, E€KOHOMIYHO HEBHUIIpaBJaHl EKCIUTyaTalliiiHi 3aTpaTu Ha poOOTy
METAHTCHKIB, OJICp)KaHHS OpTaHIYHMX JOOpPMB HM3BKOi sKocTi. HasBHICTH TepuTOpii s
CKJIayBaHHS OCaJiB MpU KaHami3aliiiHux ouncHux crnopyaax (KOC) no3Bosnsiia 1eCATUIITTAMU He

OpHak, yJZOCKOHAJCHHS EKOJOTIYHOTO 3aKOHOJABCTBA, IOCWJICEHHS BHUMOT IO TIEPepOOKH
BIJIXOJIIB Ta 30LIBIICHHS OOCATIB yTBOpeHUX ocaniB CB cnpusioTh pO3BUTKY Ta JOCIIIKEHHEIO
€KOJIOTIYHO TOJICPAHTHUX TEXHOJIOTiH (aHaepoOHa cTaliii3allis), 10 € aKTyaJbHUM 3aBJIaHHIM Ha
CBOTOJIHI, OCKIUIBKM TaKa TEXHOJIOTiS JO3BOJII€ HE TUIBKHM OTPUMYBAaTH EKOJOTIYHO Oe3ledHe
opraHiyHe A00pHUBO, a 1 ra3omoAi0He MaaTuBO y BUTIISAII Olorasy.

HassricTh Baxkux Metanis (iorn Cu?*, Cr¥* ta Zn?*) y no6yroux CB nos’s13aHa 3 BHyTPillTHIM
MOKPUTTSIM TpyO Ta 3amipHOi apMaTypu BHACTIOK KOHTAaKTy 3 HHMMH BOJIONPOBITHOI BOAU. 3
BOJIONPOBIiHOIO BOA0I0 B CB B HE3HAUHMX KOHIIEHTPAIiAX MOXKYTh Hagxoauty ionu Fe*, Al Tomro.
Takosx ioHM Baxkux MeTaiiB (BM) MoXyTh MOTpanmuTH 10 CTOKIB 3 MEIUYHUX 3aKJIaJ1B, XIMUUCTOK,
aBTOMalicTepeHb, MOBEPXHEBUX CTIYHUX BOJ 3 aBTOTPAHCIOPTHUX MaricTpaieil abo tepuTopiit
BUPOOHMYMX MIANPUEMCTB TOLIO. IOHM Ba)XXKMX MeTalliB COpOYIOTHCS Ha aKTUBHOMY Myl (IIpu
BUKOPUCTAaHHI aepoOHO1 TexHojorii ounmeHHs CB), BHAcHiZOK 4YOro 10HM BaXXKHX METAaJiB
MEePEXO/IATh y 0CaJl Ha CTa/ll BTOPUHHOTO B1JICTOIOBAHHS.

[Iponiec anaepoOHOI cTabimi3zarii ocanie CB HacTymHMIT: ocaj MoMaeThCs B METAaHTEHKH, JI€
BiIOyBa€eThCs 4-X CcTajliifHE aHaepoOHEe PO3KIIaJaHHs OpraHidYHUX croyyk 3 BuauUIeHHs M CHa ta CO2.
3a yMOBHU MPOBEACHHS Ipolecy npu temmnepatypi 53 °C He TUIbKU MiJBHUILY€ETHCS BUXiJ Olorasy ta
MIBUJIKICTE TIPOBEACHHS TMIpoIecy, a i 3a0e3lneuyeThCcs IOBHE 3HE3apaKyBaHHS OCaIiB 1
JIETeIIbMIHTH3AIlIsT OCadiB, IO JO3BOJSE 3aCTOCYBAHHS MEPEOPOHKEHOTO OcCady SK OpraHIYHOTO
noOpuBa.

Metow podoTn Oyii0 JOCHI/DKEHHS BIUIMBY BaXKKMX METalliB Ha MpoIec aHaepoOHOIro
30pOIKyBaHHS Ta TPOIIEC YAOCKOHAICHHS aHaepoOHOI cTabumizamii ocamy.

3aBAaHHA Ui JOCSITHEHHS METH OyJiM HACTYITHI:
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- TOCTIIUTH BIUIMB 10HIB BaXkux MmetaniB (Depym, Kympym, Xpowm, Llunk) Ha aHaepoOHMI
nporiec 30poHKyBaHHS;

- IHTepHpeTalis pe3yabTaTiB Ha MOXKIIMBICTh yIOCKOHANIEHHS! aHaepoOHOT cTadimi3alii ocary.

Jlocmix mpoBOAMIIM 32 BUKOPUCTAHHS Pi3HUX Jllalla30HIB KOHIEHTpaLii coNieil BUILIEBKAa3aHUX
Ba)XKMX METaliB y aHaepoOHuX MetanTeHKax (V=1 qM®) 3 rasronsaepaMu MOKpPOTO THITY I 360Dy
yTBOpeHOro 6iorasy, remnepaTtypHauii pexxum 37 °C, cyxa opraniuna peuoBuru (COP) y MmeTaHTeHKY
8%, mepiox 30popxyBanHs 13-22 1i06.

AHaepoOHe 30pOoIKYyBaHHS OCaJiB CTIYHHUX BOJ, IO MICTSITh 10HI BaXXKHX METaliB,
00MEXY€ETHCSI BHCOKOIO KOHIICHTPALII€I0 TOTIOTAHTIB, 1[0 IPU3BOAMTSH JI0 3arudesi MiKpoopraHizmiB
— YYacCHHUKIB IpoIecy 30pOJKyBaHHS, a TaKOXX KIIBKICTIO HEOOXiJHOi OpraHiuyHOi 4acTWHH, SKa
3abe3mnevyye BUCOKUN BUXij 0lora3y mpu 30po/KyBaHHI CHPOBUHH, IO POOUTH MPOLIEC CTAOUIBHIM
Ta eKOHOMiuHO mouiispHuM. Tak, nomasanus 10 mr/am® Zn?* Ipu aHaepoOHOMY 30pOKyBaHHI THOIO
BPX (nepion 36pomxyBanHs 13 1i0) 3HMKYe Buxig Oiorazy Ha 8%, a npu 3011bIIEHH] KOHIIGHTpALlii
Zn?* 1o 50 mr/am® Buxin 6iorasy nagae Ha 12 % MOpiBHAHO 3 KOHTPOJILHUM 3pa3KoM (6e3 Jo1aBaHHs
ionis BM). Bukopucranns ocanis CB, mo MicTaTh i0HM Baxkux MeTani (Taki sk Fe®', Cr¥*, Cu?),
y SIKOCTI CHPOBUHH JIJIs1 30pOKYBaHHSI € TIEPEBaroro JJis aHaepoOHO1 cTabimizallii ocaiiB, OCKUILKH
Taka CUPOBMHA MOKpaIllye BUX1Jl 6i0ra3y HOpiBHSIHO 3 CUPOBHHOIO Oe3 JoMimok. Tak, Hamu Oyio
BCTAHOBJICHO, IO MPU aHAaepoOHOMY 36poKyBaHHi rHOI0 BPX mpu kornentpanii Fe* 80 mr/am®
BUX1J 6iora3y Bummii Ha 19% nopiBHSHO 3 KOHTpoJieM (6e3 nonaBaHHs 10HiB BM), npu koH1ieHTpaii
Cu?* 80 mr/mm° BuXif Oiorasy Bumuii Ha 31% (20 mi6 30poKyBaHHs), a 3a JoaaBanHs 50 MT/AM Cr¥*
—Ha 36% (16 116 30poKyBaHHS).

[Tpu BHCOKiil KOHIIEHTpAIli] 10HIB BaXKKHX METaJiB y epeOpoKkeHii dpakuii 3acTocyBaHH ii
K 100prBa MOXe OyTH HEMOXKJIMBUM, TOMY BapTO PO3IJISHYTH BapiaHT 3MILIyBaHHS TaKOTo 100prBa
3 mepeOpoKeHoro ¢pakitieto 6iorazoBux yctaHoBok (BI'Y) (puc. 1, a), sIK1o Taki HasiBHI MOOIH3Y,
abo MOXIMBICTH Ko(epMeHTallii ocagy 3 BHCOKMM BMicToM BM 3 kocyOcTpaTtamu y SIKOCTI

po3Benenns (puc.l. 0).

Temto Ha oMATEHHA

Ocangz

2 METAHTEHKY
Bioras Ha
CIIATFOBAHHA '--.5 Eltextpoenepria Ha TemTo Ha OTIATEHHA
/ notpedn KOC MeETaHTEHKY
vimimemiopawa | AHaspoOHa Bioras Ha /
crabimizaniz JlirecTar Ha TiHiRO Kocybetpar ] CTIATIOBaHHA \ EfexTpoeHeprii Ha
[~ BupobHMuTEA T06pHE Hobpuea Ocaxs AmnaepobHa noTpebn KOC
JoBedeHl /iTEHEOBaTR crabinisamiaz _
10 TY e JHobpuea 118
Jobpuea 3 BI'Y Ha ’ “"-5 BHECEHHA HA
PO3BEICHHA CT yriaz
a 0

Pucynok 1 — BapianTtu BukopuctanHs nepedpopkeHoi ¢gpaxiii ocaais CB sk opraniuHux 100puB
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BIIVIMB IIUPUHU ITPOMIKKY TA BOAHUX PO3YHUHIB METAYIIOHY
I JUTAJAHY HA TIIPABJIITYHHA OMIP HWJITHIPUYHOT'O POTOPA
I. 1O. llonaaiok, B. I. Opea, b. C. Hinumun

Hamionansuuit yHiBepcuTeT «JIpBIBChKA MOTITEXHIKAY

[NaponuHaMi4YHO aKTHBHI JOJATKH BHUKOPHUCTOBYIOTH Ui IIJABUIICHHS €(EKTHUBHOCTI
poboTH TiApaBIIYHUX CcUCTeM. MIillenOTBipHI TOBEepXHEBO-akTuBHI peuoBunu (MIIAP) B
OJTHOPITHUX PO3UMHAX MAIOTh 3BOPOTHY MEXaHIYHY JIECTPYKIiIO, IO € OCOOIMBO BaXKIIUBUM IS
3amMkHeHux cucteM. [Ipote, nuranus BriuBy MIIAP Ha TypOyJeHTHY CTPYKTypy MOTOKIB I
JajeKe Bij IIJIKOBUTOTO BUPIIIICHHS.

PosrasHyTo BmiiuB BoaHuX po3unHiB MIIAP Ha rigpaBmiuHuil omip poTopa JiaMeTpoMm
73,5 MM Ta BUCOTOIO 153 MM, SIKMH peryiroBajH MEpeMilIeHHSAM cTtaropa aiamMmerpoM 142 mw.
[Ippy 1npomMy MK HHUMHM YTBOPIOBaBCA 3aMKHEHUN KUIbLIeBUH KOH(DY30pHO-A1(y30pHUI
MIPOMIXKOK.

HocnimpxyBanu BoaHI po3unHHu Takux MIIAP, sk MeTaynoH MacoBUMH KOHIIEHTPALISIMH
C=0,3% Ta 0,5 % Ta auranan Ditalan OTS-45 3 C=1% T1a 8§ %. Y po3unHu MeTaymnoHy,
3QJIEKHO BiJg Macw po3uuHy, monaBamm 7 % NaCl mis 3arymenns ta 0,2 % NaHCOs mns
crabimi3zarnii; Te x, nuranany — 3 % ta 0,2 % BiAMOBiTHO.

Jns po3unHIB MeTaymoHy Ta JHTanaHy Koe]illieHT TepTs Ha IMOBEpPXHI poTopa
3MEHIIYEThCS MpHU 301IbIIEHH] KpUTepito PeifHonbaca Ta 301IbIIY€THCS IPU 3MEHIIEHHI ITUPUHU
npoMikKy. [ hikcoBaHuX 3HaueHb KpuTepito PeitHonbaca koediieHT TepTs 301TbIIY€ThCS IPU
3MEHUIEHHI IIUPUHU MPOMIKKY.

[TinTBEepKEHO 3alieKHICTh KoedimieHTa TepTs Bij Kputepito PeiHombaca mpu pizHUX
3HAUEHHAX IIUPUHU MPOMDKKY MiX POTOPOM 1 CTaTOpPOM Ta KOHIIEHTpaliil BOJHUX PO3UYHHIB
METayIoHYy Ta AUTAJaHy MOPIBHAHO 3 OLIBIIMM J1iaMETPOM POTOpa.

Jns  nociipkeHUX KOHIIEHTpaliil MeTaymnmoHy MOAyJdb 3HAauy€HHsS BIAHOCHOI 3MIHH
koedilieHTa TepPTA Ha MoBepxHi poTopa DR 3pocTaroTh 10 3HaYEHH BiHOCHOI ITUPHHH MPOMIKKY
OpH eKCHECHTPUYHOMY Ta KOHIICHTPUYHOMY pO3TallyBaHHI poropa Ta crartopa be/bx =0,7. 3
noaanbiuIuM 3MeHieHHsIM be/bx 11 C = 0,3 % croctepiraerbest 30ibmenHss DR 10 be/bx = 0,03,
st C = 0,5 % — 3menmenns DR 3 minimymom tipu be/bx = 0,4, a masi 30iabIIeHHS.

s gocniikeHnX KOHIEHTpaliil po3urHy AuTanany 3HauyeHHs DR 3pocTaioTh 10 3HaYeHb

be/bx = 0,7, yTBOprotoun makcumym, aaii 10 be/bx = 0,03 cmagaroTh.
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WATER SUPPLY AND SEWERAGE SYSTEM OF BUILDINGS OF THE LATE 19TH
AND EARLY 20TH CENTURIES IN LVIV
O. Pekarchuk?, B. M. Cinar?
Lviv Polytechnic National University, Department of Architectural Design, Lviv, Ukraine
2 Mimar Sinan University, Department of Architectural History, Istanbul, Turkey

The buildings of the central part of Lviv have great historical, cultural and artistic value. These
are ensembles formed over the centuries that contain national architectural masterpieces. A significant
part of the accommodation of the central districts of the city are houses built in the late 19 th and early
20 th centuries. An analysis of archival drawings and field surveys of buildings of this period was
conducted. As a result, engineering and constructional features and problems of historic buildings
were identified. They affect not only the comfort of living, but also in general the possibility of
preservation and further utilization of houses in the late 19th and early 20th centuries in Lviv.

In Lviv, beginning in 1892, it was necessary to arrange toilets on each floor of apartment
buildings. They were usually located at the end of the gallery from the back of the house. The
minimum size of the toilet was 0.8x1.2 m. In the historic apartment buildings of Lviv, three types of
planning decisions of apartments without bathrooms were often used: apartments with a kitchen
adjacent to the main entrance, and in some places to the hall; with a kitchen located deep in the
apartment with access to the rough stairs, gallery or courtyard; apartments with two kitchens (this
type of planning is most common in the organization of the apartment, which occupied an entire floor
of an apartment building).

Of the early 20th century, with the development of the construction industry, new materials
were used, the constructive structure and engineering networks were improved. The bathrooms began
to be designed in the apartments, which affected the increase in the range of premises and,
accordingly, the change in the architectural and planning structure of the apartments and the house.
In apartments with a high level of comfort, which were located in the main part of the house,
sometimes arranged several bathrooms and toilets. The apartments with an average level of comfort
had only a bathroom or toilet. As a result of the analysis of archival drawings of apartment houses of
the early 20th century there were four main types of planning solutions for apartments with
bathrooms: apartments, sanitary-kitchen unit which located at the main entrance to the apartment; the
sanitary-kitchen block located in the depth of the apartment, when the kitchen is adjacent to the rough
stairs; the bathroom and kitchen separated into different areas of the apartment, in which case the
toilet could adjacent to the kitchen, and the bathroom near the bedrooms; apartments with two
kitchens and several bathrooms. Of the early 20th century began to renovate houses built of the late

19th and arranged toilets in the apartments.
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In Soviet times (1939 — 1991) there were significant transformations of the architectural and
planning structure of the apartment buildings of the late 19th and early 20th centuries. The number
of apartments in the house grew. Communal apartments were organized. This affected the existing
water supply and sewerage systems of these buildings.

Modern transformations of the planning structure of the apartment are aimed at increasing the
level of living comfort of residents. As a result of reconstructions kitchens-dining rooms, toilets,
bathrooms, the combined bathrooms are arranged. These works are often carried out chaotically.

Water supply of cold water to buildings is carried out by the introduction of water supply @ 25
mm from the city water supply @ 100-200 mm. Cold water supply systems comprise of steel black
and galvanized water pipes @ 15-20mm and plastic pipes @15-20mm. The field inspection revealed
the shortcomings of the highway, risers and hoses to the plumbing fixtures, which caused a partial
leak with soaking of the walls and ceiling of the sanitary facilities. Depreciation of the water supply
systems of the inspected houses was up to 60%.

Preparation of hot water for buildings is carried out by high-speed gas water heaters, electric
boilers (in the bathrooms), gas boilers located in the kitchens of apartments, as well as there is a
central hot water supply. The hot water supply systems are laid openly or hidden in the walls of
kitchens and bathrooms, rarely made of galvanized and black steel pipes @15mm and mainly made
of plastic pipes @15-20mm. Detected steel pipes made of black pipes with threaded connections were
covered with a layer of medium corrosion, which partially leaked. Depreciation of the water supply
systems is up to 45%.

Drainage of domestic sewage from sanitary appliances of buildings is carried out by a gravity
system of the household sewerage in a yard network with the subsequent discharge of sewage in the
street collector in the size of 400x700 (760) mm. The household sewerage systems of buildings were
made of cast iron sewer pipes @ 50 - 100 mm (in Soviet times) and plastic pipes @ 50 - 100 mm.
Sewerage systems: outlets are hidden in the basement floor structure and connected in the well and
wellless; risers open or hidden in the toothing of the walls (kitchen, bathroom) or with the help of
plasterboard structures; eyeliners for plumbing fixtures are open above the floor or hidden in the wall
structure. The exhaust part of sewer risers is deduced on an attic and partially above a roof.
Depreciation of the sewer systems is up to 60%.

Yard sewer systems with sewerage and rainwater wells were inspected. It was seen that
depressurization of pipes, their uneven subsidence and leakage of sewage into the basement soil and
its waterlogging and loss of soil initial load-bearing capacity led to subsidence of the foundations of
load-bearing walls of buildings of the late 19th and early 20th centuries and the formation cracks in

the walls. Depreciation of the systems is up to 65%.
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APPLICATION OF MODERN METHODS OF NITRIDENITRIFICATION AT URBAN
WASTEWATER TREATMENT PLANTS
I. Popadiuk, I. Matlai, B. Pitsyshyn
Lviv Polytechnic National University, Lviv, Ukraine

A large amount of wastewater treatment plants in Ukraine face unsatisfactory operation of
biological wastewater treatment facilities. The main measure to improve the quality of treatment at
treatment plants is to transfer them to the technology of nitrogen and phosphorus removal. In recent
years, new technological schemes for biological treatment of urban wastewater have been developed.
The cost and efficiency of this work largely depend on how correctly the technological calculations
of new technologies will be carried out. At the same time, the standards of the degree of purification
of both Ukraine and the European Union must be taken into account.

Today in Ukraine there are no certified developments of equipment and devices to ensure the
operation of treatment facilities using the technology of nitridenitrification of deep purification of
wastewater from nitrogen and phosphorus compounds.

Unsatisfactory operation of treatment plants in Kolomyia, lvano-Frankivsk region led to the
search for a solution to this problem.

The municipal wastewaters of Kolomyia are classified as low-concentrated in terms of the
degree of pollution by BOD2o (twenty-day BOD) and suspended solids. A significant imbalance in
the ratio of the organic component of pollution and the concentration of nitrogen compounds, and
significant fluctuations in the concentration of pollutants during the day negatively affect the living
conditions of activated sludge of aeration tanks and its sedimentation properties.

Analysis of existing technological schemes of nitridenitrification, as well as domestic
experience in this area and regulatory recommendations showed that for the conditions of wastewater
treatment plants in Kolomyia, the most appropriate is the introduction of a modified Ludczak-Ettinger
process. This process involves the alternation of anoxide and aerobic zones and the use in aeration
zones of a combination of suspended and immobilized on inert media cultures of microorganisms.
The combination of suspended and immobilized on biocarriers microbial cenoses is necessary for the
maintenance in active tanks of active biomaterial taking into account features of character of pollution
of entrance wastewaters.

For this purpose, the project proposes the re-equipment of single-corridor aeration tanks located
in two blocks of tanks into bioreactors of nitridenitrifiers by creating zones with different oxygen

conditions in their volume.
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BILJIUB BO/I03ABOPY I3 BOAOCXOBUIIl HA HABKOJINIIIHE CEPEJOBUIIE
0. A. Pabenko, B. C. Tumomyk, O. O. I'aany, O. O. Kiroxa

HarionanbHuil yHiBEpCUTET BOJHOTO FOCHOJAPCTBA Ta IPUPOJAOKOPUCTYBaHH, M. PiBHe, Ykpaina

OCHOBHHM J[KEPEIOM ITPOMHUCIIOBOT0, KOMYHAIBHO- TOOYTOBOTO Ta CUTBCHKOTOCITOIAPCHKOTO
BOJIONIOCTaYaHHs YKpaiHu € piuykoBI BojgocxoBumia. LI BogocxoBHIla MarOTh KOMILJIEKCHE
MIPU3HAYCHHS 1 BUKOPUCTOBYIOTHCS B TAKUX LILIAX:

- peryJIroBaHHS MOBEPXHEBOTO CTOKY 3 HOTO MEePEPO3MOAIIOM Y Yac;

- 0opoTh0a 3 MOBEHSAMH Ta MMaBOJIKAMHU;

- KOMYHaJlbHE, IPOMHUCIIOBE Ta CLILCHKOTOCIIOapChKe BOJOIIOCTaUYaHHS;

- 3pOILEHHS 3aCyIIIUBUX 3eMEIb;

- BUPOOHHUITBO €JIEKTPUYHOI EHEprii;

- peryJoBaHHS HEPIBHOMIPHOCTI €JIEKTPOCIIOKHUBAHHS Ta YACTOTH 1 MMOTY>KHOCTI €HEPTOCUCTEMU;
- BOJHMI TPAHCIIOPT;

- pubHE rocrnoaapcTBo;

- pekpearliiiHe BAKOPUCTAHHS, BOAHO- CIOPTUBHUN TYPHU3M TOLIO.

3aBIsSKH HASBHOCTI BOJOCXOBHII 3a0€3MEYYy€ThCS BOJOIMOCTAYaHHS TakKux MicT, K Kuis,
KaniB, Yepkacu, Kpemenuyk, CsitioBojacwk, [luinpo, 3amopixoks, JIeBiB, BiHHuMI® Ta iHII.
BaxxnuBum mxepenom 3abe3nedeHHs MoOyTOBUX 1 BUPOOHUUYNX MOTpeOd HaceleHHS YKpaiHu y BOJI
€ piuka J[Hinpo, Bog03adip 3 sIK01 cTaHOBUTH O01M3bK0 60% BiJl 3aralbHOTO B KpaiHi.

Jns mepekugaHHS BOJM Ha BENWKI BiAJalli BUKOPHUCTOBYIOTh Taki KaHamu: KaXOBCHKHii
(Butpata B ronoBi) (Qro=365 M%/c), IiBHiuno-Kpumcrkuit (Qro=300 M%/c, poboTa mpusynuHeHa),
Huinpo — JTou6ac (Qro=120 M%/c), duinpo — Iurynens (Qro=45 M3/c), Cisepcbkuii Jlonens — JJonbac
(Qroa=24 M3/C) Ta inmi.

OCHOBHI €KOJIOTiYHI MpOOJIEeMHU MpPHU BUKOPHCTAaHHI BOJ103a00py, MOB’s3aHi i3 CTBOPEHHSAM
BOJIOCXOBHIII;

- pOo3MHBH OeperiB BOJOCXOBHIIL;

- 3aXUCT MIUJIIKOBOJHHX JUISHOK 1 HACENIEHUX MTyHKTIB BiJ] 3aTOIJICHHS;
- «UBITIHHA» BOIHU;

- -3apOCTaHHS BOJIOCXOBHIIl BOJHOI POCIUHHICTIO.

[TuTaHHIO 3aXMCTYy MUIKOBOJHUX TUISHOK, MOHMKEHb MICIIEBOCTI Ta HACEJICHHX MYHKTIB BiJ
3aTOIUICHHS BOJIOIO MPHU CTBOPEHHI BOJOCXOBUII MPHIIISETHCS Ay’KEe Beluka ypara. lle muranHs
BUPIIIYETHCS 3a JOMOMOTOI0 3axMcHUX aaM0. [lim 3axucrom Takumx nam0 3HAXOIAThCS MicTa
[TepescnaB-XmenbHunpkuii, Hikomons, Kam’suka-JlHinpoBchka Ta iH. LlikaBo 3a3HaumMTH, 10

JIOB’KHMHA 3aXMCHUX JaM0 Ha JHIMPOBCHKUX BOAOCXOBUIAX cTaHOBUTH 300,6 kM. CTiK BOAU TaKUX
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pidok, sik Ipminab, TpyOix, Tsacmun, basaBiyk, pyciio sKux BiAropopkeHe qaM0amMu Bil BOIOCXOBHIII,
JIOBOJIUTHCS TOBHICTIO N€peKavyBaTh y BOAOCXOBHILE. /11 IbOro Ha THIIPOBCHKUX BOJOCXOBHILAX
BJIAIITOBaHO 28 HACOCHHUX 1 3 KOMIPECOPHI CTaHII].

[Iponec «BITIHHS» BOAW y BOJOCXOBHUIIAX 3aJEKUTh BiJ Oaratbox (hakTopiB — MoMagaHHs
HEOYHIIEHNX CKUIHHUX BOJ MMPOMHCIOBHX, KOMYHAJIBHUX 1 CITBCHKOTOCHOMAPCHKUX ITiAMPHEMCTB,
HaKOIMMYCHHS y BOJAOCXOBHUIIAX XIMIYHUX PEUOBHH (CIOIYK a30Ty 1 hochopy), BMICT PO3UHHEHOTO
KHUCHIO y BOJll, 3MEHIIIEHHS BOJHOCTI PiKH, HAMpsAM il BITpY TOLIO. Y HaOUIbLIIN Mipi «IBITIHHSDY
BOAM criocTepiraeThcs Ha Kpemenuaynpkomy i Kam’THChKOMY BOJIOCXOBHINAX, @ B HAMMEHIIIH — Ha
KuiBcbkomy. Ll mpoGiema € HaA3BUYalHO BaXKJIMBOIO, 3aJIEKHUTh BiJl OararbOX YHHHMKIB, a
BUpIIIEHHS i1 TOTpeOye KOMIUIEKCHOTO MiIX0Ty.

IcroTHe mMOWIMpPEHHS BOJHOI POCIMHHOCTI 3YMOBJIEHO 3HAYHMM IMOJIMIIIEHHSAM YMOB iX
KUTTETISUTBHOCTI, TOOTO 3MEHIIIEHHSM MIBUAKOCTI TE€Uil y BOJOCXOBHINAX Ta aKYMYJISIIIEI0 TBEPIUX
PELITOK OPraHiYHOI0 1 HEOPTraHIYHOTrO MOXO/PKEeHH. [Ipu IboMy OKpeMi BUU POCIHH MOXKYTh POCTH
HaBiTh Npu rrOuHax 10 2.0 — 2.3 m.

[Turanns 3axucty O6eperiB BOAOCXOBHIL BiJl PO3MHUBIB, CIIPUYMHEHUX JI1€I0 BITPOBUX XBUJIb, €
HQ/I3BUYAHO BaXJIMBHMM, a/DKE IIOPOKY IUIONIA BTPAYCHHMX 3€Melb BiJ il WX XBHJIb Ha
JTHITTPOBCHKUX BOJOCXOBUINAX JAOXOAUTH A0 25 ra. JloBkWHA KpiryieHHs OeperiB BOJOCXOBHII Ta
BEPXOBOT'0 YKOCY 3eMIISIHUX Tpe0erb 1 JaM0 Ha JHIMPOBCHKUX IiIPOBY3Jax CTaHOBUTH 810 kM, ipoTte
nporiec nedopmariii i po3MUBIB OeperiB MPOTOBKYETHCS.

Jljis onITUMAaNIbHOTO MPOEKTYBAHHS O€pPEero3axucHUX CIOpy1 HEOOXiTHO MaTH HAA1MHI METOIH
BU3HAYEHHS MapaMeTPiB BITPOBUX XBUJIb, IO YTBOPIOIOTHCS Y BOJOCXOBUIIAX. BUKoprucTOBYBaHi Ha
MPAaKTHUI[l METOAM Bi3yallbHUX JIOCIIDKEHb LIMX MapaMeTpiB JaloTh AesKy moxuOky. Ha xadenpi
TipOEHEPTeTHKH, TETJIOCHEPTeTUKH Ta TiapaBnivaux MamuH HYBI'TI nakonnueHo neBHHIA T0CBiA
BukopuctanHa pgaruukis tunmy WEGA WELL 72 ta 4500s-350 xPa nans BumiproBaHHs
XapaKTepUCTHK XBHJILOBHX IPOIECiB y BepxHiil Bopoiimi nicTpoBerkoi 'TAEC. TpuBanwmii nepion
eKCIUTyaTallli TaKiuX JaTYMKIB IMOKa3aB iX HAIIHHY poOoTy.

BucHOBKU.

1. HasiBHiCTB pIYKOBHX TiApOBY3IIiB 3a0e3neuye 3a0ip BOAM 3 BOJOCXOBHIL IS TOTPEO Pi3HUX
rairy3ei rocroJapcTBa JepKaBH.

2. B mporieci ekcrutyaTariii pi9KOBHX TiIPOBY3IIiB 3 3a00pOM BOAHM 13 BOJIOCXOBHII] HEOOX1THO
BPAXOBYBaTH BEJIUKUI KOMIUIEKC €KOJOIIYHUX MHpoOjeM, IMOB’A3aHUX 3 BUKOPUCTAHHAM IMX
BOJIOCXOBHIL.

3.1lpu BHW3HAuYeHHI TapaMmeTpiB BITPOBUX XBHJIb Yy BOJOCXOBHIIAX  HEOOXiTHO

BHKOPHUCTOBYBATH Cy4YacHI METOJIM BUMIPIOBAHHS IMApaMETPIB TAKMX XBUJIb.
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SPATIAL ANALYSIS OF RADIONUCLIDE DISTRIBUTION IN THE BOTTOM
SEDIMENTS OF THE TISZA RIVER
0. Symkanich?!, N. Svatiuk?, V. Maslyuk?, O. Glukh?
tUzhhorod National University, Uzhhorod, Ukraine
2Institute of Electron Physics of the National Academy of Sciences of Ukraine, Uzhhorod, Ukraine

email: oleg.glukh@uzhnu.edu.ua

Investigation of radionuclide content and modeling of their spatial distribution in rivers bottom
sediments makes it possible to assess the nature of migration and the probability of getting, at the
stages of collection and treatment, of radioactive isotopes into drinking water. It is known that the
Tisza is one of the important rivers of Central Europe and the largest left tributary of the Danube;
therefore, its ecological status affects the surface waters of large surrounding areas in several EU
countries. The Transcarpathian region is the only one in Ukraine where its administrative borders
coincide with the Tisza river basin's boundaries. All rivers in Transcarpathia flow directly into the
Tisza, or its tributaries, and none flows into the rivers of another basin.

Radioecological monitoring was performed on natural GAN, particularly 23U and 232Th series,
as well as “°K and man-made *’Cs by low-background gamma spectrometry. It should be noted that
the GAN of natural and artificial origin contained in the soils and bottom sediments of mountain
rivers can serve as "labels" for both geochemical indicators of the region and the intensity of
urbanization processes. Average results of determining the specific activity of gamma-active nuclides
in the Tisza river's bottom sediments were shown.

Based on the data of the specific activity of GAN in the bottom sediments of the Tisza river, a
map of the distribution of the total specific activity of natural GAN (excluding *°K) and a map of the
distribution of the ratio £ 2%2Th / X 28U were constructed using the computer program "ArcGIS
10.4.1".

The otained results testify to the peculiarities of distribution, migration, and accumulation of
gamma-active nuclides in the Tisza river's bottom sediments. Mapping makes it possible to establish
areas of accumulation of gamma-active nuclides in the Tisza river and areas with the lowest content
of these ingredients, allowing forecasting the future state of the studied areas and is an essential aspect
of environmental safety. It was found that for the Tisza river, the zones of accumulation of gamma-
active nuclides are most pronounced in areas of change in the morphology of the river, especially
clearly observed in the mountainous part of the river, which should be taken into account when
studying this river. There is reason to believe that the same patterns apply to other mountain ranges

in Europe.
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JOCIIJIKEHHSA MITPAIIIL 3ABPY/IHIOIOUYNX PEYOBHH I3 INIACTUKOBOI TAPH
Y BOJY B IPOIECI ii 3BEPITAHHSI
O. KoBasienko, B. Ckpunuudenko, T. I'purop’esa

Opechka HalioHATbHA aKaIeMis Xap4oBHX TexXHOIOTi, Oxeca, YkpaiHa

@dacoBaHa B IUIACTUKOBY Tapy MUTHA BOJIA € aIbTEPHATHUBOIO BOJOMPOBIAHIM BOA1 17151 3HAYHOT
KUIBKOCTI HaceJeHHs IulaHeTH. Ta Hakaib, pa3oM i3 3pOCTaHHSAM IOMMUTY HA TaKy MPOIYKIIIO Bce
ORI aKTYaJbHOIO CTA€ MpodiieMa 3a0pyJHEHHS TIIACTUKOM HABKOJHMIIHBOTO CepeioBUINa. Takox
HE MEHII aKTyaJbHUM € IMUTAaHHS MOTIPIIEHHS IKOCTI XapyOBHUX MPOAYKTIB 1 BOAU, 10 (hacyroThes 1
30epiraloTbCsi B IUIACTUKOBIM Tapi. Hebesmeky s 370poB’S JIIOACH CTAaHOBIATH YaCTUHKH
MIKPOILIACTUKY, @ TaKOX TOKCHYHI JOMIIIKHM, 10 AU(YHIYIOTH 13 Marepialdy IUIACTHKY B pilKe
CEpeIOBUIIE B TIPOIIEC] HOTro 30epiraHHs.

BimoMo, mo Ha IHTEHCHBHICTH Mirpallii JOMIMIOK 13 TIJIACTUKOBOI Tapy y BOJY MOXKYTh
BIUTUBAaTH 4yuMaio (akrtopiB. Ile 1 XiMiyHMN CKiIaa Marepiaay Tapu, 30KpeMa BMICT JOMIIIOK,
BUKOPUCTAHUX B SIKOCTI KaTali3aTopiB 1 cTabiIi3yrounx 100aBok. Lle 1 TeXHOIOTrUHI PeXUMH JTUTTS
npedopM Ta BUAYyBaHHS IUISLIOK, 1 TOBIIMHA CTIHOK IUISIIOK, 1 yMOBH 30€piraHHs TOTOBOI MPOAYKIIi
TOIIO.

B Vkpaini mocTiiiHo 3pocTae BUpOOHUIITBO (hacOBaHMX MUTHUX 1 MiHEpaJdbHUX BoA. ['0TOBa
MPOYKIIIS peaizy€eThCsl Yepe3 TOPTriBelIbHI MEpeXi 1 HeBENIMKI 3aKJIaau TOPTiBii. Ajie HEe BCl BOHH
3a0e3neuyoTh JOTPUMaHHSI YMOB 30epiranHs acoBaHOi BOJM, PEriaMEHTOBAHUX HOPMAaTHUBHUMHU
JOKYMEHTaMH.

Metoro nocnigkeHHs Oylio BU3HA4YeHHs BIUIMBY YMOB 30epiranHs QacoBaHoi BOJIM Ha
Mirpartito 3a0pyIHIOYHX PEYOBHH 13 TUTACTHKOBOI TapH Y BOJY B MpoIieci ii 30epiranns. B po0oTi,
110 IPE3EHTYETHCS, 00 €KTOM JIOCHTIKEHHs OyJia MiHepajibHa MPUPOIHA HEra30BaHa CTOJIOBA BOAA,
dacosana B IIET(®D)-Tapy 06’emom 1,5 mm?. 3arampna minepanmizaris Boqu He mepesuiryBana 1,0
r/nv®. 3rigHo pexkoMeHmamili BUPOOHMKA, TaKy MiHepadbHY BOZy MOKHA BKMBATH IIOJEHHO i
BUKOPHCTOBYBATH JIJIsl MPUTOTYBAHHS 1K1, IK 3BUYaliHy MUTHY BOJY.

B excniepumenTi 3paszku (pacoBaHoi BoJM 30epiraiu BIPOAOBXK TPbOX MICAIIB 3 MOMEHTY iX
BUTOTOBJICHHS IIPU PI3HUX YMOBAaX B HABKOJHUIIIHROMY CEPEIOBHILI. 30KpeMa, MepIiia mapTist 3pas3KiB
BOJM 3HAXOJwiacs B TpHUMIIICH]I jabopaTopli Ha MIABIKOHHI 1 TOCTIMHO ITi/i/IaBajiacs BIUIUBY
COHSYHHMX MpoMeHiB. J[pyra mapTist 3pa3KiB Bou 30epirajgacs B OXOJIOHKYEMIH KaMepl MoOyTOBOTO
xonoauibHEKA. TeMrepaTtypa B kaMmepi miaTpumyBanacs Ha piBHiI +4...+6 °C. Tpets napris 3pa3kiB
Boau 30epiramacs B madi i3 CBITIOHEIPOHMKHUMH CTiHKaMH. B mpuMimeni saboparopii
TEeMITepaTypa MOBITPs BIPOJAOBK TPHOX MiCSIiB 3MiHIOBayacs Big 15 mo 20 °C.

[omicss 3 KO>KHOT MapTii BiAOMpaNIH TUISIIIKH 3 BOJOO JUISl JOCIPKEHHS OPTaHOJIeNTUYHUX,
115



WATER SUPPLY AND WASTEWATER DISPOSAL

(hI3UKO-XIMIYHHX 1 CaHITAPHO-TOKCHKOJIOTIYHUX IMOKA3HUKIB 11 sIKOCTi. 30KpeMa, y 3pa3kax BOJIHU
BHU3HAuaJM 3amax, 3a0apBJiIeHICTb, CMaK 1 IprUcMak. Takok BU3HAYaIM BOAHEBHUH MOKAa3HUK, OKHCHO-
BiTHOBIIIOBAJIbHUN TOTEHINIaNl, CyXUW 3alMIIOK, ENEeKTPONPOBIAHICTh, 3arajbHy MiHepaii3alliio,
3arajibHy >KOPCTKICTh Ta JYXHICTh BOJM, IEpMaHTraHaTHYy OKHCHIOBaHICTh. llle BHU3Hauaiu BMicT
KaJIBI[II0, MarHito, 3ajii3a 3arajJbHOro, aIFOMIHII0, XPOMY 3arajJbHOTO, MOJIIOIEHY, Mijl, MapraHIlio
3arajibHOTO, IIMHKY, aMOHII0, HITPAaTiB, HITPUTIB, Cyib(hariB, XJIOpHIiB, omaipocdaTiB, KpeMHitO 1
¢dropumiB. [yis BUKOHAHHS JOCTIIKEHHS 3aCTOCOBYBAJIM CydacHe OOJIaJHaHHS 1 CTaHJapTHI
METOIHKH.

AHasi3 OTpUMAaHHUX PE3yJbTaTIB JTOCHIIKEHHS JI03BOJIMB BCTAHOBUTH 3aKOHOMIPHOCTI 3MIHU
skocTi ¢acoanoi B IIET(®)-tapy mpupoaHoi MiHEpaidbHOI Hera3oBaHoi cToyioBOi Boau. Illomo
3amaxy BOJH, TO MOTIPIIEHHs HOTo He BUSBIECHO B JKOJAHOMY 13 3pa3kiB Boxu. He cyTTeBo, ane Bce x
MOTipIIMBCS MOKAa3HUK 3a0apBICHOCTI BOJH, siKa 30epiraiacs B INTACTUKOBHX IUIALIKAX 1 3HAXOIUIHUCS
IiJT BILIMBOM COHSYHUX MPOMEHiB. JIJisi X ke 3pa3kiB BoaW 3aiKCOBaHE HE3HAYHE ITiIBUIICHHS
3HAYEHHS BOJIHEBOT'O IMOKA3HUKA.

V Bcix 3pa3kax (hacoBaHOI BOJIM BIPOJOBK TPHOX MICHIIIB 30epiraHHs MpH 3a3HAYECHUX YMOBaxX
CTHIOCTEpIrajgocs MiJBUINEHHS BMICTY KaJblil0, MarHitoo, cyiabdariB, xJopuaiB, nomidocdaTiB i
HITPOTEHBMICHHUX CTHIOJYK. Pa30oM 3 TUM c1ij] 3a3HAYUTH, 110 11 3MIHH HE MPU3BENH 10 TICPECBUIIICHHS
nomyctumoi KoHmeHTtparnii mirpamii (JAKM) momimok. BceraHoBineHo, 10 OUTBII iHTEHCUBHOIO €
Mirpartist JOMIIIIOK BIPOJOBXK MEPIINUX ABOX MicsiiB 30epiranns Boau y [IET(®D) - Tapi. [Ipuckoproe
npouecu audy3ii AOMIMIOK i3 MIACTUKOBOI IUIAIIKA y BOAY MOCTIMHHIA BIUIMB Ha HEl COHSYHHUX
MIPOMEHIB.

Brnponosx Tphox MicsIiB 30epiraHHs (acoBaHOi BOAM 3a 3a3HAYEHHUX YMOB B1a0yBajocs
3MEHIIIEHHS BMICTY y BCIX 3pa3kax BOAM 3aii3a 3arajbHOro Ta maprasifo. [l{omo iHmux meraris,
30KpeMa Mijii 1 HUHKY, To iX mirpauis 3 IIET(®)-tapu y Bony He3HauHa. [HIIIOO € cuTyalis 3 TaKUMU
JoMilIaMu, SK amioMiHii, momiomeH i xpom. B mpomeci 30epiranns Bogu B IIET(®)-tapi ix
KOHIIEHTpAIIisl TOCTIHHO 3pocTaja i BKe uepe3 TpU Micslll B OKpEMHUX 3pa3kax BOJIU HaOIM3MiIacs 110
3HadeHp JJKM.

Bukonane mocmiJkeHHsl MOKasajo, mo sKicTh (acoanoi B [IET(®P) — tapy miHepaibHOL
MIPUPOJIHOT HEra30BaHOi CTOJIOBOI BOJIM BIPOJOBXK TPHOX MICSIIB 30epiraHHs 3a pi3HUX YMOB B
HaBKOJIMIITHBOMY CEPEIOBHINI 3a3HA€ 3MiH. 3a OJHMMH TMOKa3HUKAMH SKOCTI BOAM Il 3MIHM HE
CYTT€BI, 32 IHIIMMH — BITYYTHI 1 MOXYTh 3a MEBHUX YMOB HETaTMBHO BIUIMHYTH Ha 3JI0pOB’S
cnoxuBaya. Pa3oM 3 THM CliJ 3ayBaXXHTH, IO JOCTIKEHHA OyJI0 BHUKOHAHO JUIS OJHOTO BUAY
MPOAYKIIi 1 3MIMCHIOBANIOCS TPOTATOM TPhOX MicsmiB. [IpakTHYHUMI 1HTEpeC NpenCTaBIAIOTH
JOCITIJDKEHHS 3MIHM SIKOCTI BOJM B TUIACTUKOBIH Tapl BIIPOJIOBXK OUIBII TPUBAJIOTO TEPMIHY

30epiranHs 1 Ans 1HIKUX BUAIB ¢acoBaHuX BoA. Ha 11e i cripsiMOBaHi MoAasbIili HaIIl TOCiIKESHHS.
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BUKOPUCTAHHS XJIOPO®IJICUHTE3YIOUUX MIKPOBOJIOPOCTEM JJIs1
OYUIIEHHA CTIYHUX BO/J]
B. B. [Isiuok, C. L. I'yraunu

HamnionansHuit yHiBepcuteT «JIpBiBChbKa mosiTexHikay, M. JIbBiB, Ykpaina

3riHO KOHIEMIil CTaloro PO3BHTKY 3aBAaHHSIM Cy4YacHOTO CYCIIUIbCTBA € palliOHaJIbHE
BUKOPUCTAHHS NMPHUPOJHUX PECYPCIB 13 MiHIMAJIbHUM €KOJIOTIYHMM HAaBAHTa)KEHHSIM Ta MOOYyJ0Ba
parioHalbHO1, €KOJIOT1YHO CTIHKOT Ta €KOHOMIYHO OOTpYHTOBAHOI coliaiabHOI cucTtemMu. Haibinpim
MPAKTUYHY 3HAYUMICTH JUIsl TOCSATHEHHS MOCTABJICHOTO 3aBIaHHSA € METOIU yTHIIi3allli BiIXOIB,
3aly4eHHsS BiJHOBIIOBAJIBHUX PECYpPCIB Ta <«3€JCHOI» eHepreTuku. ToMmy OcCOOJMBOi yBaru
3aCIyroBYIOTh came 010JI0T14HI METOIM 3HEIIKOIKEHHs 3a0pyAHEHb 17151 TOCATHEHHIO JaHO1 METH.

Bionoriyne ouMiieHHs JO3BOJsIE 3a0pyAHIOIOUI PEYOBMHU TPaHC(HOPMYBATH B HELIKiJJINBI
MPOIYKTH KUTTENIAIBLHOCTI MIKPOOPIaHi3MiB Ta B Oiomacy.

Ha choromuimHiii 1eHs 0COOIMBOI yBaru 3aciayroByoTh MikpoBogopocTi poay Chlorella, sxi e
e(eKTUBHUMHU TEPETBOPIOBAYaMHU COHSIUHOI eHeprii 3 Jo0pe opraHi3oBaHi CTajil aKyMyJIOBaHHS
CO2 B xoMIIIeKCH O10MOJIEKYJ (BYTI€BOAIB, OUIKIB, JIMIAIB. ..), SKi B HOJAJBIIY] IEPETBOPIOIOTHCS B
iHm  uikoBi npoxayktu. IlepeBaroro MikpoBomopoctern kynetypu Chlorella vulgaris e ix
MPUCTOCOBAHICTh JI0 3MiH HABKOJIMIIIHBOTO CEPEIOBHIIIA, & CaMe JI0 KOPOTKOYACHHUX BIUTMBIB KpalHiX
3HaueHb pH cepenoBuIa, 10 Pi3KUX 3MiH KOHIIEHTpaLii 3a0pyAHIOBaYiB Ta KOJUBAHb TEMIIEPATypH.
[Mopsia 3 BUCOKOIO MpOoAyKTUBHICTIO, MikpoBogopocti Chlorella vulgaris matots 1m0 0co0aMBOCTB,
sIKa JI03BOJISIE 3aCTOCOBYBATH 1X B 010TEXHOJIOTIYHUX MPOIIEcaxX B SKOCTI cyOcTpary.

3 TOYKHM 30py aCHEKTy 3aCTOCYBaHHS MIKPOBOJOPOCTEH, SIK 010JIOTIYHOTO METOY OYMIIECHHS
CTIYHUX BOJ — € HAWOULIBII €PEKTUBHUMHU Ta €KOHOMIYHO JOUiabHUMH. [IpoBeneHi po3paxyHKH
MOKa3yloTh, 110 OYMIIEHHS CTIYHMX BOJ 32 y4yacTi MIKpOBOAOPOCTEW, B CTO pa3iB JELIEBIIE B
MOPIBHSAHHS 3 (Di3UKO-XIMIYHUMH METOAAMU OYHILIEHHS, a CTYMiHb OYHINEHHS € HaWBHIIOKO.
MikpoBOIOPOCTI 3/1aTHI HE JIMIIE JI0 3aCBOEHHS OPraHIYHUX PEYOBHH Ta 610r€HHUX €JIEMEHTIB, BOHU
TaKOX BHUIUIAIOTH KHCEHb, 30aradyrouydl HHM BOJHE CEpeNlOBHINE, IO iHTeHCH(]iKye mpolecH
OKHCHEHHS ITUM CaMHMM CIIpHUsi€ OYMIIEHHIO CTIYHUX BOJ BiJl PI3HOMAHITHUX 3a0py/IHEHb B TOMY
YHCII 1 HEOPTAHIYHOTO MOXOKESHHSI.

B pesynbTaTi mpoBeeHNX HaMH JOCTIIKEHb I0BEACHO 3/1aTHICTh MIKPOBOAOPOCTEHN KYJIbTYPHU
Chlorella vulgaris 1o mecTpykiiii aHTpOIIOreHHUX 3a0pyIHEHB, 38 OJHOYACHOI MPUCYTHOCTI aHIOHIB

HSO3, NO3. H,PO,, HS ~ Ta HOp™mauti3aiii JIy’>KHO-KHJIOTHOTO 0ajlaHCy CTIYHHX BOJaXx.
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PO3POBJIEHHSA CUCTEM 3HEKUCHEHHS BOIU 1JISAI PECYPCOE®EKTUBHOI'O
MNPOMHUCJIOBOI'O BOAOKOPUCTYBAHHSA
T. O. laéaiiit, M. JI. Tomens’, B. 1. lorpe6ennux?, O. 1. Ianenxo?’, ¥O. B. Hocauona®
'Hanionansruii Texuiunuii ynisepcurer Ykpainu « Kuischkuil momiTeXHiunuii iHCTUTYT iMeHi
Irops Cikopcebkoroy», Kuis, Ykpaina

?HanionanbHuii yHiBepcuTeT «JIpBiBChKa MoMiTeXHikay, JIbBiB, YKpaiHa

VY 3aMKHYTHUX HUPKYJSIMIHHAX CHUCTEMax OXOJIO/DKCHHS, A€ SK OXOJIOJKYBaJbHHW areHT
BUKOPUCTOBYIOTh BOAY, 3aBXKIM € HEOOXIJHICTh MIATPUMYBATH MEBHUN BOJHO-XIMIYHHHA PEXKHUM.
OOGyMOBJICHO 1I€ THM, IIIO arapaty 1 TPyOOIPOBOIM 32 HEHAIEIKHOI SKOCTI OXOJIOHKYBAJIBHOI BOIH
11AI0THCS PI3HOT'O POy BIUIMBAM, 30KpeMa: KOpo3ii MeTasly, yTBOPEHHIO HAKUITHUX BIKJIQJCHb HA
MOBEPXHIX HarpiBaHHsA, 010JIOTIYHOMY OOpPOCTaHHIO, 3aNIJIAMJICHHIO OKCHIAMU 3aj1i3a 1 3aBUCIUMH
peuoBuHaMu. [IpuunHOI0, 1110 BUKIIMKAE KOPO3il0 METally, € HasIBHICTh y BOJII PO3YMHEHOTO KUCHIO,
BUIBHOI BYTJICKMCIIOTH, XJIOPH/IIB, HITPATIB Ta CyIb(}aTIB.

Huni Bce 611b1101 MOMYJISIPHOCTI HA BUPOOHUIITBAX HAOyBae crocid 3MEHIIEHHs KOPO31iHO1
arpeCUBHOCTI BOJU JUISl 3aMKHYTHUX BOJOLUPKYJSLINHUX CUCTEM IONEPEIHIM 3HEKHCHEHHSM 13
3aCTOCYBaHHAM DPEIOKCHUTIB — 10HOOOMIHHMX CMOJ, MOIU(IKOBaHUX BiHOBHMKaMU. OcoOIMBO
BOXJIMBUM € 3HEKHCHEHHS CHEPTeTHYHOI BOJIM, SIKy BUKOPHUCTOBYIOTH JIJII BUPOOHMIITBA Mapy Ta
BOJIU, 110 MOAA€ThcA B Teruiomepexi. EQekTUBHICT BUKOPUCTAHHS TAKOTO METOMIY 3aJeKHUTh, B
nepury 4epry, Big popmu i Tury Moan(ikoBaHOTO PEIOKCUTY Ta CKJIAIy BUXIAHOT BOJH.

Cynbdit HaTpitO TOCUTH YacTO BUKOPHUCTOBYIOTH JJIsl 3HEKHUCHEHHS Boqu. [lepeBaroro nmaHoro
BITHOBHUKA € HOTr0o JIOCTYIHICTh, HM3bKA I[iIHA Ta TOKCHYHICTh. Hemollkom Horo € te, mio npu
3B’sI3yBaHHI KHUCHIO YTBOPIOIOTHCSA Cyib(aTH. Meradicynb(diT HATpit0 € JEHIeBUM 1 JOCTYIHHM
peareHToM y MOpiBHsHHI 3 cynbditom HaTpito. ToMy OyJi0 BUKOHAHO CEpil0 JOCIiIB 3 BU3HAYCHHS
copOriitHOT eMHOCTI aHioHITY AB-17-8 1o cynbgir-aHioHax mpu copOIIii i3 po3unHIB MeTa0ICyIbpITy
Hatpiro. Pe3ynbraTu copOii cynbdirT-aHioHiB Ha aHioHiTi AB-17-8 moka3ano Ha puc. 1.

Sk BUIHO 3 PHUCYHKIB la, /Uis aHIOHITY B JaHOMY BHIMAJKy XapaKTepHa HaJeKBiBaJeHTHA
copOuist cynb¢hiT-aHiOHIB He3aJIexHO BiJ (opmu aHioHITy. [Ipn mpomy copOiiiifHa eMHICTB 3pocTae
MIPH ITABUIICHH] KOHIICHTpaIlii MeTabicynbgity Hatpito 3 2 10 10 %. 3a HallHMKYOT KOHIICHTpAIIi1
MeTabicynbdiTy Hatpito (2 %) eMHicTh aHioHITY carae 3500-3600 mr-exs-am~. Taky eMHicTb imie
MOXHa TIOSICHUTH HaJCKBIBAJICHTHOI copOmiero aHioHiB [SOsNa]™. ITlpore npum miaBuIIeHH]
KOHIeHTpaIlii MeTabicynbdiTy Hatpito 10 5 % Ta 10 % oOMiHHA eMHICTh aHiOHITY csarae 4000 mr-
ekB 1M (5 % poszunn) Ta 5800 i 6700 Mr-exs 1M~ (10 % po3unH) 3 GiNBIINM 3HAYEHHAM OOMiHHOI
€MHOCTI JJIs1 aHIOHITY B OCHOBHIiH (popMi.

Taky BUCOKY €MHICTB aHIOHITY 10 cylb(diTax nmpocto copOirieto aniona [SOsNa]™ mosicHUTH HE

MOkHa. O4eBHUJIHO, 110 B KOHLIEHTPOBAHUX PO3YMHAX I[UIKOM MOXKJIMBA COpOLis 1 aHIOHIB THUILY
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[NaS205 ]. Oco6mmBoO i3 OcTaHHIX MPO6 pereHepariitHoro po3UMHY, KOHIGHTPALliS SKUX ONH3bKa
10 %, a pH cranoButs 4,70—4,80. 3BMuaiiHo NeBHA YacTUHA CYJIb(IT-aHIOHIB MOXKE 30MpaTHCh 1 B
ropax aHioHITy 0e3 I0HOOOMIHHMX TporieciB. [y BU3HaUEHHS I[LOTO BILTUBY aHIOHITH Iicis copOii
MIPOMHUBAIIN TUCTUIIHOBAHOIO BOJIOIO.

2400  [SO2]. 2400 7 150,21,
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Pucynoxk 1 — 3anexHicTs KoHUEHTpalii cynbitiB (1; 2; 3) Big MpOmyLIeHOTro 00’ €My pO3UHHY

MeTabicyabdiTy HaTpiro KoHieHTpariet, %: 2 (1); 5 (2); 10 (3), uepe3 anionit AB-17-8 B CI™-
dopmi (a) Ta ocHOBHI# hopmi (6) (Vi=20 cm®) (ITOJIE€1=3515 mr-exs-am>; [I0J1€2=4167 mr-
exB 1M >; TIOJ]€3=5870 Mr-exs- 1M ™)

KonuenTpauis cynbQiTiB y IpOMUBHUX BojAax OyJjia TUM BHUILIOIO, YUM BHILOKO BOHA Oyia y
pereHepaniitnux pozunHax. Ckopilie 3a Bce, I0HM BAMHBAJIUCh PAa30M 13 pereHepaliiHuM pPO3YHMHOM,
I110 3HAXO/MBCS y MOpax.

PeanbHy eMHICTh COPOEHTY BH3HAUYAJIM 3a 3MIHOIO KOHIEHTpaIlii CyIb(iTiB y po3unHax, 10
npoiinmy uepes ioHiT. ToMy, B IiIOMy, IIe He BHKIIOYAe MOXKIHBICTE copOuii arioniTie [NaS20s ]
IIPU BUKOPHCTaHHI MeTa0icyab(iTy HaTpito. /11 OliHIOBaHHS peabHOI BiJHOBIIOBAJILHOT 3aTHOCTI

(B3) amiomiTy pi3Hi #oro mpobu, o6’emom 20 cm®

, 3aJMBaJM PO3YMHOM Hoay (ikcoBaHOT
KOHIIeHTpalii. Po3unH nepeminryBaiu BIPOAOBXK 24-X TOJIMH, a TOTIM TUTPYBaJIM HAJJTUIIKOM HOJTY.
B ta6s. 1 momaHo pe3ynbTaT TATPYBAHHS Ta PO3PAXyHKIB.
Tabnuys 1
3anexnicts B3 anionity AB-17-8 Bix iioro ¢gopmu npu moandikysBanni

MeTadicyIb(iTOM HATPiIO, BU3SHAYEHOT0 iHOIOMETPUYHO

Konnentpartis BiHOBMIOBANIBHA 3aTHICTH MO0 12, MI-€KB M ™
MeTalicyIbdiTy dopma anioHiTy AB-17-8
HaTpiro, % Cl” OH"
2 3274 3524
5 3898 3918
10 4902 4920

B ycix Bumaakax BiJ3HaY€HO BHUCOKI 3HAYCHHS BiJHOBIIOBAILHOT 31aTHOCTI MOAU(DIKOBAHUX
aHIOHITIB, K1 OJIM3BKI 10 OTPUMAHUX 3HAYEHb MOBHOT OOMIHHOI €EMHOCTI TIO CyJIb(iT-aHIOHAX.

OTtxe, copOuiliHa €MHICTb HE 3aJEXKHUTh BiJ (OPMHU AHIOHITY, a BHU3HAYAETHCA BUXIJHOIO
KOHIGHTpaLi€l0 MeTabicynpdiry Harpiro. MomoMeTpudHO OLiHEHO BiZHOBIIOBANbHY 3IATHICTH

anioHiTy AB-17-8 B 3anexxHocTi Bif ioro ¢popmu npu MoaudikyBaHHi MeTadicynb(iToM HATPIIO.
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COMPARISON OF PENETRATION OF DIFFERENT KINDS OF POLLUTANTS IN
VERTICAL SOIL PROFILE
O. V. Liuta, J. M. Gumnitsky
Lviv Polytechnic National University, Lviv, Ukraine

Every year a very large number of different pollutants are released into the environment.
Pollutants that become airborne are dispersed over large areas by the wind, settle out, or fall into soils
and waterways during precipitation. Pollutants that enter the reservoir are mixed with the water flow
and distributed over large areas. At the same time, pollutants that enter the soil through various
pathways can penetrate and spread through the vertical soil profile. The rate of dispersion can be
influenced both by the properties of the substance itself and by the properties of the soil environment.

One of the most important properties that determines and regulates the process of penetration
of all substances along the vertical profile of the soil is the adsorption capacity of the soil. This
property of soil influences the processes of soil formation and establishment of soil fertility, as well
as the retention of nutrients and pollutants in the arable soil layer.

The aim of this work was to investigate the influence of soil adsorption properties on the
penetration rate of different substances through the vertical soil profile.

Substances that frequently enter the soil and lead to its pollution as well as to the pollution of
aquifers, namely heavy metals and nitrates, were selected for the study.

To investigate the processes of heavy metal penetration into the soil environment, we conducted
experimental studies on the accumulation and migration in the vertical soil profile of copper ions, the
most common soil contaminant. Since the highest penetration rate of contaminants is found in sandy
soils, a soil of this type was chosen for the study, which provides the conditions for vertical
penetration of copper ions.

In the course of the experimental studies, it was found that copper ions penetrate deep into the
soil quite rapidly. At the same time, copper has the ability to be adsorbed by the soil-adsorbing
complex and retained in the soil pores. Moreover, the adsorption capacity of soil increases with
increasing concentration of copper ions in the solution.

Thus, it was found that the effect of the adsorption capacity of the medium is greater in the
range of higher concentrations of copper ions and decreases with decreasing concentration of the
substance in the solution.

A major problem, on the other hand, is the widespread use of nitrogen fertilizers and the
detection of nitrates in aquifers. It has been studied that the nitrate ion is not adsorbed by the soil
adsorption complex and readily enters the soil, especially due to convective diffusion during

precipitation.
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MOHITOPUHI TEXHOJIOI'T OYUIIEHHA CTIYHUX BOJI NIJINPUEMCTB
XAPYOBOI MPOMHUCJIOBOCTI Y CHIBBITHOIIEHHI IO EKOJIOTTYHUX TA
EKOHOMIYHUX YMOB YKPAIHMN.

M. L. I'aspumko, O. P. [lonosuy, H. FO. Bpouceska, 5S1. M. 3axapko

Hanionaneuuil yniBepcuteT «JIbBiBChbKa noniTexHika», JIbBiB, Ykpaina

B 3aranpHOMY 00CSI31 IPOMUCIIOBOT MIPOAYKITiT YKpaiHU Xap4yoBa nepepoOHa iHAyCTpis 3aliMae
noHag 20 BigcoTkiB. Jlo HEl BXOASTH M ACHA, MOJIOYHA, pHOHA, a TaKOX XapuoCMaKoBa
MIPOMHUCIIOBICTb, 110 00’ €IHY€E TPYMy CHEI[iaTi30BaHUX MMiraTy3ei 3 BUPOOHUIITBA MPOAOBOJILYUX
TOBapiB TEPEBAXXHO 13 CHPOBUHU POCIUHHOTO TMOXO/DKEHHA (IyKpPOBa, OJIMHO-)KUPOBA,
xJ1i0omneKapcbka, BHHOPOOHA, CIIUPTOBA, JIIKEPO-TOpidaHa, MABO O€3aJIKOroJbHA, KOHIUTEPChKA,
MakKapoHHa, IIJIOJI00OBOYEBA, JAPDKPKOBA, KpOXMaje MATOKOBA, TIOTIOHOBA Ta JACSKI 1HII
BHPOOHUIITBA).

Po3BUTOK MiAIPUEMCTB Xap4yoBOi MPOMUCIOBOCTI Ta TEXHOJIOTiH, SKi 3aCTOCOBYIOTh Ha iX
BUPOOHUIITBAX, OOYMOBIIOIOTh T€, LIO0 Tady3b € OJHICI0 3 HANOUIBIIMX CIOKHUBAa4yiB BOJH, Ta
BOJAHOYAC OJHIEI 3 HAWOIIBIIMX 3a0pyaHIOBadiB BoAHMX 00'ektiB. Tak, Hampukiaa, Ha
MIJIPUEMCTBAX M’SICHOT, MOJIOUHOI, I[yKPOBOI raixy3ei IpOMHUCIOBOCTI, @ TAKOX IPU BUPOOHULITBI
MMBa Ta aJKOTOJIbHUX HAMoOiB AJIi OTPUMAaHHSA TOTOBOI MPOIYKIII BUTpPAua€eThCcsl B KilbKa pasiB

OinbIIe BOJU, Hi>K 00po0IsieTbest cupoBuHU (puc. ).

B [

[T1onoBoOBOUEBE BUPOOHUIITBO
B M'siconepepobHe BUPOOHHUIITBO

B Monoy4Ha ramy3b

B BupoOHHIITBO aJIKOTOJIO

v B BupoOHHUITBO O€3aIKOTOJIEHUAX HAITOTB
BupoOHHUITBO IyKpy
[TuBoBapiHHs

Pucynoxk 1 — HaiiGi1b111i crio’kMBayi BOJHUX PECYPCIB y XapuoBiil MPOMHUCIOBOCTI

Haiibinpime cnoXuBaHHS BOJHUX PECYPCIB Y XapyoBiii NMPOMHCIOBOCTI CIIOCTEPIra€Thbesl B
M’SICHIM, MOJIOYHIH, IYKpOBIM MPOMHCIIOBOCTSAX , a TaKOX IIiJi Yac BHUPOOHMIITBA IMHBA Ta

aJIKOTOJILHUX HAIIOIB.
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XapakTepHOI OCOOJUBICTIO OUIBIIOCTI MIAMPUEMCTB € HECTaOIIBHUI CKIIaJ CTIYHUX BOJX 1
3HAYHE KOJMBAaHHS KIJBKOCTI 3a0pyJHIOIOYMX pEYOBUH (HAcammepena, OpraHIdYHUX, M0
XapaKTepU3yIOThCS BUCOKUMH 1HTerpoBaHMMHU TokazHukamu 3a0pyaHeHHs — XCK i1 BCK ta
3aBUCIIUX PEYOBHH) MPOTITOM JTOOH.

AHaii3 yiTepaTypHUX JaHUX 1 BJIACHI JOCHI/DKEHHS MNOKa3ajiu, IO PI3HOMAHITHUN CKIaJ
BHUCOKOKOHIIGHTPOBAHUX CTIYHMX BOJ MIANPUEMCTB XapuyoBOI MPOMHUCIOBOCTI OOyMOBIIOE
HEOOXIAHICTh 3aCTOCYBaHHS PI3HUX TEXHOJOTIYHMX CXEM OYMINEHHS, SIKI BKIIOYAIOTh MEXaHIuHi,
¢bi3uKo-xiMivHI, XiMi4HI 1 Oi0I0T19HI MeTOAU. AJie TpaJUILIiiHI METOIU HE 3a0€3MeUyI0Th JOCTATHIN
piBEHb OUYHIICHHS, II[0 BUMArae BIPOBA/DKEHHS HOBHX BUCOKOCS(DEKTHBHUX TEXHOJIOT1H.

Takox aHasli3 Cyd4aCHHUX METOJIIB OYHUIICHHS CTIYHHUX BOJ, NPUMHATHUX JUIsi BUPOOHUIITB
Xap4oBOi MPOMUCIIOBOCTI, I0OKa3aB, 1110 Y CBITOBIM MpPaKTHILl 3aCTOCOBYIOTh KOMOIHOBaHI METO/H,
3aCHOBaHI Ha IHHOBAI[IHHUX TEXHOJOTIAX Ta MaTepianax. Jlo Takux BiTHOCSITBHCS METOIH, SIKi
3aCHOBaH1 Ha MPUPOJHUX Ipoliecax, HaIpUKIIaJ, noegHaHHs npoueciB xiMmivHux AOPs (Advanced
Oxidation Processes) i1 ¢otoximiuaux (photoFenton system) 3 Oiomoriunumu. I[lpu 1mpomy
BiI0YBa€TbCS NECTPYKIiSA 3a0pyAHIOIOYMX PEUOBUH, IO BAXKKO PO3KIANAIOTHCA, 3 MOCTIAOBHUM
OKUCHEHHSIM B 010XiMiuHUX cUcTeMax. EQekT 3HMKEeHHs BMICTY 3a0pyaHior0unx pedoBuH 3a BCK,
XCK 1 amoHiitHUM a30TOM focsrae 99%, cTymiHb 3He3apakeHHS BOJM BiJIITOBIIa€ HOPMATHBAM ISl
CKHJIy B BOIHHUI 00’ €KT.

AHaJi3 BITYM3HSHOI Ta CBITOBOI HAYKOBO-TEXHIYHOT JIITEPATYPH 1 TOCBIJI BIACHUX JOCIIKEHb
y chepi ouMIleHHs CTIYHUX BOJI MMOKa3aB, [0 HEMAE €IMHOTO YHIBEPCAIBLHOTO CIOCO0Y OYHINEHHS
CKJIQJIHO-KOMIIOHEHTHUX ~CTIYHMX BOJ[, [0 YTBOPIOKOTHCS Ha TMIANMPUEMCTBAX XapdOBOI
MMPOMUCIIOBOCTI. AJle 3a OCTaHHI POKH y CBITI po3po0ieHo Oarato HOBUX, IHHOBAIIHUX
BUCOKOC(DEKTUBHUX METOJIIB 0OpOOJICHHS CKIAAHUX CTIYHUX BoA. LI MeTomu i po3poOiseHi Ha iX
MiJICTaBi, TEXHOJOTIi TO3BOJIATh OYMCTUTH Ta 3HE3apPa3UTH CTIYHI BOJU IO SKOCTI, IO BiJMOBiAa€E
HOpMaTHBaM CKHJAHHS B NOBEPXHEBI BOAHI 00’€kTH. [IpakTHUHO BCi METOIM 1 TEXHOJOTIi, 10
3aCTOCOBYIOTh, BUMAratoTh MIEBHUX JOCUTH BEIMKUX MaTepiajbHUX 1 (DIHAHCOBUX BUTpAT.

Ha crorosni, y chopMoBanux B YKpaiHi €EKOHOMIYHUX YMOBaX, Iy’Ke CKIIAJHO 3aCTOCOBYBaTH
BapTICHI TEXHOJIOTII, TOMY JJisi OOpaHHS HaMKpaIIMX JOCTYIHUX METOJIB OUMIICHHS CTIYHUX BOJ
Xap4oBOi MPOMHCIIOBOCTI, MH BHKOPHCTOBYBAJIM HACTYIHI KpHUTEpii: MakCUMalibHa €(EKTHUBHICTH
croco0y OYMINEHHS B yMOBaxX CHenudiKd BUPOOHUIITBA, HAMIWHICTh POOOTH JIOKAIBHUX OYHCHUX
CIIOpYZl y pa3i 3alMoOBUX CKHIIB, OE3MEYHICTh TEXHOJOTiI BIJIHOCHO 00’€KTIB HAaBKOJIMIIHBOTO
MIPUPOJHOTO CEPEOBUIIA, KOMIIAKTHICTh OYMCHUX CIOPYH, €KOHOMIsl peCypcCiB Ta €Heprii, pa3oMm 3

MiHIMQJIbHUM YTBOPEHHSM B1IXOIB.
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INEPCHEKTHUBU OUUINEHHS ®IJIBTPATIB AEPOBHO-PEAI'EHTHUM
ClIOCOBOM HA NPUKJIAAI JbBIBIIUHA
P. M. I'peuanuk’, M. C. MaasoBannii’, B. M. )Kyk?,
I. C. Tumuyk?, H. IO. Bponcbka?, B. B. 3aBoiiko?
! Nenaprament exomnorii Ta npupoanux pecypeis JJOJIA

?HanionanbHuii yHiBepcuTeT «JIpBiBChKa MoMiTeXHikay, JIbBiB, YKpaiHa

Cranom Ha 2021 pik cutyaris 31 30MpaHHAM, IEPEepOOKOI0 Ta YTHIIIAIIEIO BIIXOAIB B LIJIOMY,
30kpeMa TBepaux noOyroux BimxomiB (TIIB), 3amumaerscs B YKpaiHi MpoOJEMHOIO Ta TaKoOR, IO
notpedye TepminoBoro Bupimenss. Y 2019 pori B Ykpaini Oyno yrBopeHo 441,5 MitH. T BiIX0/IiB, 10 Ha
20,2% Ounbiie nopiBaAHO 3 2018 p., mpu oMy 98,7% (435,6 MIIH. T) CKIIANH BiIXO/H, 10 YTBOPUIIUCH
YHACIZOK €KOHOMIYHOI AisuTbHOCTI, y T.4. 390,6 MiH. T (88,5% Bix 3araibHOI KUIBKOCTI) — Y JTOOYBHIM
[IPOMUCIIOBOCTI Ta MPH pO3pOOJIeHHI Kap’epiB, a Takox 1,3% (5,9 MiH. T) — y AoMOrocnoaapcTaax.

3aranpHa kinbkicTe TIIB, ski Oymm 3i0pani B Ykpaini B 2019 p., cTaHoBWia 3riiHO 3
odiniifHIMH TaHUMHU 52,9 MIH.M® 260 Gum3bko 10,4 MITH. T., IO BiamoBimae MMUTOMOMY YTBOPEHHIO
TIIB 140 kr/(monxpik). [Ipu npomy B YKpaiHi 3alMIIA€ThCS XapaKTEPHOIO IyXKe Maja 4YacTKa
nepepo6ienns Ta yruizanii TTIB: y 2019 p. Ha mosirosax i 3sanuinax 6ymno 3axopoHeHo 49,7 MiH.M°
a60 9,8 muH. T TIIB, 1m0 cTanoBUTHL 61M3BKO 94,2% Bif KinbKkocTi 3i106panux TIIB.

3a odiuiiiHoO cTaTucTHKO0 cTaHoM Ha 2020 p. B Ykpaini HamiuyBajocs 6073 mosiroHis ta
3panuin TIIB, 3 skuX mepeBaHTaXeHUMHU Oyiu 258 of., a TaKUMH, 110 HE BiJNOBIIAIOTH HOPMaM
oesrnexu — 905 ox. Y misomy Ha TepuTopii YKpainu rioria momiroHis 1 3Banuim TTIB ctanosmta 8838
ra, 3 HUX IUIOIIA TOJIITOHIB Ta 3BaJIHII, SKi HE BiNOBIIal0Th HOpMaM Oe3rneku — Maiixke 1,7 Tuc.ra.

OnuuM 3 HaifHEOE3NMEYHIIMX HACIIIKIB BiJ HCHOpMATHUBHOTO 3axopoHeHHs TIIB mis moBkiss
€ 3a0pyJHEHHs TPYHTIB, a TaKOXX MOBEPXHEBUX 1 MA3EMHUX BOJ (inbTpariiiHumu ctokamu (abo
¢biapTpaTamn).

Haiibinbmii 06’emu  ¢inbrpatiB (mopsiaky 100 tuc. M3 1 Oinmbiie) 3i0paHi B CTaBKax-
HaKoONMM4yBayaxX Ha HalOUIbIIMX B YKpaiHi MOJroHax, 30kpeMa, Ha KuiBcbkoMy mosironi NeS ta Ha
JIsBiBchbkOoMy moutironi TTIB B ¢. B. I'pu6oBuui JIbBiBCbKOi 001.

Ha mepeBaxniii Oinpimocti moiiroHiB Ta 3Banmun] TIIB B Vkpaini cucreMu OYHIICHHS
¢binbpTpaTiB BIACYTHI, Ha 6araTboX TaKMX 00 €KTaX HEMae HaBITh CUCTEM TiJIpoi3oiisilii Ta 300py
¢biapTpaty, 10 poOUTH NMpolIeMy 300py Ta OUUIIEHHS (PUIBTPATIB OCOOIMBO aKTYaIbHOIO.

Mertoro gocmiJkeHb OyJ0 pO3pOOMTH TEXHOJIOTIT MONEpPEeIHbOrO OUHIIEHHS (UIbTPATiB
nomironiB Ta 3Banmuny TIIB, 1o 103BONMWTH HAMpaBiIATH TOMEPEIHBO OYHIINCHI (PUIBTpaTH Ha
JIOOYMIIEHHS Ha KOMYHaJIbH1 KaHaJi3alliiiH1 OYHCHI CTIOpYIH.

B pe3ynbrarti po6oTH 0yIio npoBeaeHo 1abopaTopHi TOCTIKEHHS 3 BU3HAYCHHS ONTUMAJIbHUX
YMOB peaitizallii etamniB aepoOHOro 010XiMIYHOTO OYHILIEHHS Ta peareHTHOT'0 OUHUILEHHS; PO3POOIJIEHO

TEXHOJIOT1I0 TTOTIEPETHHOTO OuHIeHHs PinbTpatiB nojironiB TIIB 1 cMmiTTe3BaMII.
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TREATMENT OF SOLID WASTE LANDFILL LEACHATES
L. Chelyadyn?, D. Krikal, V. Ribun?, I. Trasiuk®
Ivano-Frankivsk National Technical University of Oil and Gas, Ivano-Frankivsk, Ukraine
2Chemical-analytical laboratory of the PJSC Ukrnafta, Kyiv, Ukraine
SLviv Polytechnic National University, Lviv, Ukraine

Leachates of solid waste landfills contain harmful components, so they significantly cause soil
and groundwater pollution around such landfills. Therefore, the purification of such leachates is very
important for the environment and human health.

Purification of leachates is quite a difficult task because they contain many different impurities,
which are dissolved in water. Each of the components requires specific extraction methods. However,
the choice of purification method depends on both their composition and the requirements the
requirements for treated water.

Reverse osmosis technology has become the most widely used for cleaning leachates from solid
waste landfills collected by drainage systems. The technology allows to achieve a high degree of
purification and the purified filtrate can be discharged into surface water, but the technology requires
significant investment. Leachates purification by electroplasma treatment is a promising technology,
however due to technological difficulties, it has not been widely used in industry. Thermal treatment
(evaporation and drying) of the leachates involves the evaporation of large amounts of water, which
requires significant energy costs, and also partially causes air pollution. Sorbtion purification
technologies of leachates from heavy metals using natural adsorbents are also known. A significant
disadvantage of the anaerobic process of purification of leachates is the dependence on temperature
and pH. The Institute of Colloid Chemistry and Water Chemistry has developed a way of landfill
leachates purification by membrane method through galvanocoagulation combining with catalytic
oxidation, which reduces the chemical oxygen consumption (COC) of the leachates by 81%.
However, it is almost impossible to apply the method in Ukraine because of high cost of filters and
different composition of leachates.

Table 1 shows the leachates characteristics of the solid waste landfill, which is located in the
Kalush district, and the limit regulatory (LR) indicators of wastewater quality in Ukraine for

discharging them into water resources.
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Table 1
Indicators of landfill filtrates and limit requirements (LR)
Quality indicator- mg/dm? Leachate LR
Smell, points 3 2-3
Clearness, cm 5 10-20
pH 6,7 6,5-9
BOC, mgO2/dm? 2179,0 325
Chlorides 3855,5 350
Iron (total) 96,8 2,5
Petroleum products 10,3 10
Suspended particles 450.0 380
COC, mgO2/dm?® 6824 810

As can be seen from table 1, almost all indicators of the leachate, except for odor and clearness
exceed the limit values. Exceedances of chemical oxygen consumption (COC) of leachate points to
a high content of metals and organic compounds in the leachate.

The aim of the work is to clean the leachate of solid waste landfills by the method of physical
electrochemical-sorption technology. The laboratory installation consists of a tank for a leachate, the
electric device, the rectifier, a thin-layer settler, the filter and the collector of the cleared water. The
electrical device has a cylindrical structure containing two electrodes - iron in the center and the other
is the inner cylindrical surface of its housing. During the dissolution of the iron anode, iron
hydroxides, which have adsorption activity against colloidal and suspended particles are formed.

At the final stage, the wastewater was treated by filtration through loading into two parallel
filters, which are fraction of natural zeolite clinoptilolite and commercial sorbent "Skavpol”. The

results are given in the table 2.

Table 2
The results of the leachate purification by electrochemical technology
Before treatment Parameters of treatment After treatmrnt Purification
Suspended | COC;q, Voltage in the | Outlay, Suspended coc degree
particles, | mgO2/dm® | electrical dmd/h particles, .y dzmg a, %
mg/dm?® device, V mg/dm?® 902
450 6824 10 5 2925 | 4435,6 35%

The purification efficiency can be increased by introducing two- or three-stage purification of
the leachate.

Conclusions. Studies have shown that the treatment of landfill leachate in cylindrical electrical
devices increases the purification degree by 35%, and the usage of physical electrochemical-sorption
technology can reduce pollution in the landfill leachate and its impact on water pollution increasing

environmental safety in the region.
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BILJIUB CTOKIB ABTOJAOPIT" HA TIOBEPXHEBI I TPYHTOBI BOJU B 30HAX
BILIUBY JIAJBHOCTI HIAMMPUEMCTB I'NNPHAYO10BYBHOI IPOMHMCJIOBOCTI
0. Koganos!, B. ITorpedennux?, O. Kopanona'

! Hanionanbuii Texniynuii ynisepcuter Ykpainu "KuiBchkuii MoMiTeXHIYHUI iHCTUTYT iMeHi
Irops Cikopcebkoro", M. KuiB, Ykpaina;

2 HanionaneHuii yHiBepcutet "JIpBiBchKa moniTexHika", M. JIbBiB, Ykpaina

[Tin uac ekcrulyaTauii aBTOMOOUIBHOTO TPAHCIOPTY YTBOPIOETHCS BEJIMKA KUIBKICTh
HIKiTTUBUX PEUOBHH, K1 3ryOHO JIIOTh HA POCTMHHUN 1 TBAPUHHUI CBIT, Ha 3710pOB’ s JIFOJUHH TOILIO.
OpHak, OKpIM KOMITIOHEHTIB BIANpallbOBaHUX 1 KAPTEPHUX Ia3iB JBUTYHIB BHYTPIIIHbOIO 3TOPSHHS,
BUITAPOBYBaHb NMAJIMBHO-MACTHJIPHUX MaTepialiB, MUAJIOBOTO 3a0pyJHEHHS NMPU 3HOCI IIHUH 1/abo
JOPOXKHBOTO TOKPUTTS, HOTPAIUIIHHA HAa(TONPOAYKTIB Yy JOBKUUIA JOCUTh BEJIMKY IIKOAY
HaBKOJIMIIHBOMY CEPEIOBHUIILY 1, 30KpeMa, TIOBEPXHEBUM 1 IPYHTOBHM BOJAM 3aB/IalOTh TOBEPXHEBI
CTOKM 3 aBTOJIOpIT, fIKI YTBOPIOIOTHbCS 4Yepe3 BUMAJAHHS aTMOC(epHUX OmajaiB 1 3MUBaHHS
3a0py/IHIOBAYIB 3 I0POKHBOTO MOJIOTHA.

He 3Baxkaroun Ha Te, 1110 B KpaiHi ICHYIOTb KOPCTKI PEIrJIaMEHTOBaHI MpaBHUja 3 MPOEKTYBAHHSI
ABTOMOOUTBPHHUX JIOPIr 1 OOMEKEHHs OOCSTIB OPOXKHIX CTOKIB IUISXOM OPraHi30BaHOTO BiJIBEICHHS
CTIYHMX BOJI U€pe3 CreliajibHI CHOPYAU — JTOUIONpUiiMayi, po3TallioBaHi B3J0BXK OOPIIOPHOTO KaMEHIo,
Ha Cy4aCHUX MPHUAOPOKHIX TEPUTOPISAX CIIOCTEPITAETHCS 3HAYHUN €KOJIOTTYHUHN TUCK 3 OOKY IIIKIITTHBHX
JOMIIIOK cTiyHUX BoA. [IpoOmema crokoBHX 3a0pyIHEHb 3HAYHO 3arOCTPIOETHCSI B 30HAX BIUIUBY
BUPOOHUYOT JIISUITBHOCTI TiIIPHEMCTB TiPHUYOI00YBHOT IPOMECIIOBOCTI Yepe3 0COOIMBOCTI XiIMIYHOTO
cKiafy 1 (p13UKO-XIMIYHMX BIACTUBOCTEH CTOKIB 3 MOBEPXHI aBTOJIOPIT HA TAKUX TEPUTOPISIX.

Exonoriyanii TUCK Ha MOBEPXHEBI 1 MiA3EMHI BOAM, IPYHTH TOIIO 3 OOKY CTOKIB 3 TIOBEPXHIi
aBTOJIOPIT BiAOYBAETHCS BiJ] MOYATKy Oy IBHUIITBA 1 TPUBATUME YTIPOJIOBXK YChOTO TEPMiHY €KCILTyaTarlii
JOpOTH. 3MHUBaHHS aTMOC(EPHUX OMaJliB (CTOKIB) 3 aBTOMOOLTBHOI JOPOTH MPU3BOWTE JIO 3HAYHOTO
HAKOMUYEHHsI IIKI/UTMBUX PEYOBHH Ha MPHUIOPOKHIX TEPUTOPIAX, HAAXOPKEHHS X 0e3 MmonepeIHboro
OYHIIICHHS JI0 BOJIOWM 1 TiI3eMHHUX BOJ. He MEeHII BaXKTMBUMI YUHHUKAMH, sIKi TAKOX BIUTMBAIOTHh HA
CTYIiHb 3a0pyJHEHHsS TOBEPXHEBOIO CTOKY € OJaroycTpid MPHIOPOKHBOI TEPUTOPIi, SKICTh
JIOPOKHBOTO TOKPHUTTS, IHTEHCHBHICTh PYXy aBTOTPAHCIIOPTHUX 3aCO01B, HASIBHICTD 1 MIUIBHICTh PYXY
nimoxoiB. CyTTeBO Ha XiMIYHUIA CKIIa] 1 (Hi3UKO-XIMIYHI XapaKTEPUCTHKH CTOKIB 3 TIOBEPXHI aBTOJIOPIT
BILUTBAE TTOpPa POKY, @ caMe 3aCTOCYBAHHS MPOTHOXKEIEIHUX 3ac00IB Y3UMKY Ta X HEKOHTPOJIbOBaHE
MOTPATUISIHHS y TIOBEPXHEBI 1 IPYHTOBI BOJIU 3 OMaJaM{ HaBECHI.

OTxe, MeTOI0 POOOTH € KiIbKICHA Ta SIKICHA OIIHKA CKJIaay 1 00CATIB MIKIIMBUX JOMIIIOK Y
CTOKax 3 aBTOJOPOXKHIX MHUIAXIB Yy 30HAX BIUIMBY BHPOOHHYOI iSUTBHOCTI TipHUYOJ00YBHHX
HIANPUEMCTB, BCTAHOBJICHHS €KOJIOTIYHOIO PHU3MKY BIJ iX TOTPAlUISHHA Yy KOMIIOHEHTH
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HABKOJIMIIHBOTO CEPEOBHIIIA.

BimomMo, 1m0 HaiOUIBITy €KOJIOTIYHY HeOe3MeKy B CKIall CTIYHHX (CTOKOBHUX) BOJ HECYTh
Ha(TOMPOAYKTH, 10 CKJIATYy SKHX Halle)KaThb apOMaTHYHI 1 MOJiapOMaTHU4HI BYTJIEBO/HI, KETOHH,
QJIBJICT1/IH, a TAKOXK APIOHOANCIIEPCHI 3BaYKEH1 YACTUHKH Pi13HOT OyT0BH 1 IPUPOIH, CIIOTYKH BAXKKHX
MeTaniB Tomo. OTXe, OJHMM 3 TOJIOBHMX 3aBJaHb MIABUIICHHS PIBHA EKOJOTIYHOI Oe3MeKu
MPUJICTIIUX J0 aBTOJOPIT TEPUTOPIH, y TOMY YHCIII TTOBEPXHEBHX 1 MIJI3EMHHUX BOJ, € 3a0€3NeUCHHS
300py 1 BiIBEICHHS CTOKOBHX BOJI 3 MOBEPXHI aBTOMOOUIBHUX IIISAXIB 1 MOAANBIIE X OYUIIICHHS BiJl
IIKIJJTHBUX JOMIIIOK.

[TunoyTBOpeHHsI € OJHI€0 3 TOJOBHUX MpoOieM eKCIUTyaTalli BaHTaXHOI TEXHIKU
ripHn4o100yBHUX TianpueMcTB. Pesynpratu mocmimkeHas B. I'. Hamupaiika ta K. B. JlockeBa
MIOKa3yI0Th, 110 Maca MUY, SIKUA BUHOCUTHCS 3 IMOBEPXHI aBTOJOPOIU BIITKY HPH TPAHCIIOPTYBaHHI
Cyxoi TipHHYOi MOPOAM MOXKE CATaTH IO JEKUIBKOX JECATKIB TOHH HAa MICSIb, IO JOBOJII CHIBHO
YCKJIQJHIOE JIOPOXKHIO CUTYallit0, 0COOIMBO B TeMHHM miepioa. OTxke, po3poOka METOMIB 1 CIIOCO0IB
MOJIABIITHHS TUJIOYTBOPEHHS € HAaJ[3BUUAIHO aKTyaJIbHUM 3aBAaHHM 1 TOTpeOye AOCIIIKEHb, 30KpeMa,
B 00J1aCT1 BIUTMBY [TOBEPXHEBO-aKTUBHUX PEYOBUH HA MIHIMI3aIlI0 TAKUX BUKH/IIB.

Ha o0csiru munoyTBOpEeHHS Ha aBTOLUIAXAaX 3HAYHOIO MIpPOI0 BIUIMBAIOTH (HI3MKO-XIMIYHI
BJIACTUBOCTI TIPCbKOI MOPOJH, (PI3MKO-MEXaHIUHI MOKAa3HUKU JOPOKHBOTO IOJIOTHA, TUI 1 Maca
ABTOTPAHCTIOPTHOTO 3ac00y, WOTO TEXHIYHWU CTaH, MBHJAKICTH PyXy, METEOPOJIOTIYHI ¥ TOTro/IHi
YMOBH 1 HaBITh JOPOKHA CUTYyallis. J{J1s TOCSITHEHHSI METH MUJIONOIABISTHHS y 0araTbox MomnepeaHix
JOCTIPKEHHSAX 3aCTOCOBYBAIMCH TakKi METOAM 1 pEareHTd, SK 3BOJIOKEHHs, 00poOka
JirHocyns(hoHaTaMu 1 Bigxomamu HadTOM00YBHOT MpoMHCIOBOCTI. Ha chbOTOAHI BITUM3HSIHUMH 1
3apyOlKHUMHU YYEHUMH PO3POOIISIIOTHCS HOBI CTIHKI MperapaTH, siki, o-TepIie, € HeJIETKUMHU, a, 10-
Jpyre, HagaloTh 3MOTY JIOCSATTH MIIIHOTO W TPHUBAJIOrO 3B’SI3yBaHHS MUJIOBUX YacTOK. TakKolo
MIOBEPXHEBO-aKTUBHOIO peuoBHHOK € mpenapar "Jlekcon" ("Jlekcon-5"), a TakoX KOMIUIEKC
HEIOHOTEHHHX TOBEPXHEBO-AKTHUBHUX PEUYOBHMH, 3alpPOIIOHOBAHMHA aBTOPCHKHUM KOJIEKTHBOM.
PearenTu € TirpoCKONMUYHUMH 1 JIETKO 3B’A3YIOTh NMUJIOBI YAaCTKU y MilHI KoMIiekcu. [lpu npomy
PI13KO 3MEHIITY€ThCS MTUJIOYTBOPEHHS, BUKH/IU T1PCHKO1 MOPOJIH MiJl Yac PyXy caMOCKHIy abo 1HIIIOTo
BaHTa)XHOTO aBTOMOOLIS.

TakuMm YuHOM, y poOOTI BCTAHOBIIEHO TNMPIOPUTETHI TOKCHKAHTH 3JMBOBUX BOJ (CTOKIB) 3
JIOPOKHBOTO TIOJIOTHA; JIOCIIDKEHO 3aJeXKHICTh iX CKIaxy 1 (i3MKO-XIMIYHUX BJIIACTHBOCTEH BiJ
po3TanryBaHHS 1 0COOJMBOCTEH BIUIUBY BHUPOOHWUYOI IiSTIBHOCTI IMANPUEMCTB TIpHHYOA00YBHOT
MIPOMHCIIOBOCTI, 3alpOIIOHOBAHO METOJOJIOTII0 OIIIHKH EKOJOT1YHOTO0 THUCKY 3 OOKY OCHOBHHX
€KOTOKMCKAHTIB CTIYHUX (CTOKOBHUX) BOJ aBTOJIOPIT 32 Pi3HUX Iip POKY, METEOPOJIOTIYHIX YMOB, a

TaKOX 332 HassBHOCTI 1 BIZICYTHOCTI iX OYHIIICHHSI.
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WATER PURIFICATION, SEWAGE TREATMENT
AND TREATMENT, SLUDGE PROCESSING
A. V. Davydova, L. O. Mitiuk
National Technical University of Ukraine

«lgor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine

As a result of the activity of industrial enterprises of various industries, large volumes of
untreated effluents are discharged into the soil or reservoirs. This has a negative impact on the
condition of water bodies, many of which are sources of drinking water for residents of cities and
towns.

If you do not carry out high-quality wastewater treatment of industrial enterprises, the polluted
environment leads to a number of problems:

Sewage from dairy or meat processing plants contains organic contaminants, helminth eggs and
pathogenic microflora. Upon contact with drinking water, organic matter of animal origin can cause
outbreaks of infectious diseases in humans.

Untreated wastewater from industrial enterprises affects the color, odor and taste of water,
disrupts the acid-base balance of the environment. Petroleum products, vegetable and animal fats
when entering rivers and lakes form a film on the surfaces of reservoirs, which prevents the
enrichment of water with oxygen. All this degrades the quality of water and makes it unfit for drinking
and domestic use.

Together with untreated wastewater from industrial enterprises of the textile, chemical or
metalworking industries, toxic substances harmful to the health of fish, animals and humans enter the
reservoirs.

Contaminated wastewater from industrial enterprises significantly reduces drinking water
volumes. Fish is raised in such an environment, crops are watered with contaminated water, and
animals are watered. All of these are foods that negatively affect human health.

The solution to the problem is wastewater treatment of industrial enterprisesPurification of
water from unwanted impurities is very important and in general to monitor water quality is extremely
necessary nowadays. Unfortunately, water used in everyday life, regardless of its source, in most
cases does not meet sanitary standards and requires prior purification.

As for domestic water purification, there are several methods that are working, namely:

- boiling is the simplest (Boiling kills viruses and bacteria, evaporates chlorine and other low-
temperature gaseous substances. But this increases the concentration of salts, which are deposited in

the form of scale and then enter the human body. Tap water is usually subjected to chlorination , and
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when it is boiled, organic chlorine is formed, which can provoke the development of cancer.
Therefore, it is not the most effective method);

- settling (During settling, volatile compounds evaporate from the vessel, and mechanical
particles and salts settle to the bottom. At the same time, the method does not allow to remove
pathogens.);

- water purification with the use of filters.

Industrial wastewater treatment is a key component of every enterprise that cares about
environmental safety and production efficiency. Properly organized water purification is the key to
environmental use and allows re-use in technological processes, reducing the consumption of clean
water.

Since clean water is a very valuable resource, it is much more rational for any enterprise to
reuse purified water.

Depending on the composition of the effluent, physico-chemical, mechanical or biological
treatment methods are used, which not only allow the reuse of water, but also to obtain valuable
substances or energy sources from the effluent (heat, electricity, biogas).

Mechanical treatment methods are used to treat wastewater from solid and oily contaminants.
Physico-mechanical methods of wastewater and water treatment are based on flotation, membrane
treatment methods, azotropic distillation.

After mechanical, chemical and physico-chemical methods of treatment in wastewater can be
a variety of viruses and bacteria.

Therefore, in order to prevent the disease, wastewater is subject to biological treatment before
reuse for domestic use.

Depending on the microorganisms involved in the destruction of organic matter, there are
aerobic (oxidative) and anaerobic (regenerative) biological wastewater treatment. After wastewater
treatment, organic sludge is formed, which after the stabilization process can be used as fertilizer.

However, the use of wastewater is possible only after passing through the quality criteria set by
DSTU 2730: 2015 "Environmental protection. Quality of natural water for irrigation. Agronomic
criteria . With regard to the use of sewage sludge, must meet the requirements of DSTU 7369: 2013
and have a positive conclusion of the state sanitary-epidemiological examination.

Sewage sludge, which has passed the necessary technological stages of treatment, can be used

as an alternative fuel in accordance with the Law of Ukraine "On Alternative Energy Sources".
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REMOVAL OF IBUPROFEN FROM AQUEOUS SOLUTIONS USING B-
CYCLODEXTRIN MODIFIED ZEOLITE
M. Bialoszewska, L. Bandura, Sz. Malinowski, W. Franus
Department of Geotechnical Engineering, Lublin University of Technology, Lublin, Poland
m.bialoszewska@pollub.pl

Currently, pharmaceuticals are used on a large scale. They are only partially metabolized by
human and animal organisms. The remaining part is excreted from the body and then goes to the
wastewater. Conventional wastewater treatment plants cannot completely remove biologically active
compounds. As a consequence, pharmaceuticals go to the water systems, where they are constantly
present at low concentrations of ng/L to pg/L. Thus, effective and economic methods for capturing
pharmaceuticals from water and wastewater are intensively sought. Among several methods
recommended for pharmaceuticals removal, adsorption techniques are highly suitable because of its
low cost and simplicity.

The aim of this study is to investigate the removal of ibuprofen from aqueous solution using
zeolite from fly ash of Na-X type modified with $-cyclodextrin. The zeolite Na-X was obtained on a
prototype installation for obtaining zeolites from fly ash. Then, it was subjected to surface
modification using B-cyclodextrin according to the procedure described by Mallard et al. [1].
Obtained material NaX-CD was characterized with the use of X-ray diffraction (XRD), Fourier
transform infrared spectroscopy (FT-IR), scanning electron microscopy (SEM), and nitrogen
adsorption/desorption isotherm. The influence of adsorbent dose, contact time, and initial
concentration on the efficiency of ibuprofen adsorption process was studied. The highest adsorption
capacity (32.8 mg/g) was obtained for adsorbent dose 0.5 g/L which is twice as high as sorption
capacity of activated carbon from pinewood reported by Nourmoradi et al. [2]. Ibuprofen adsorption
kinetics on NaX-CD followed the pseudo-second order model. The maximum adsorbent saturation
was reached after 15 minutes. The adsorption process of ibuprofen follows the Langmuir isotherm
model (R? = 0.985), which indicates monolayer adsorption with the formation of host-guest inclusion
complexes with B-cyclodextrin cups. The studies have shown that the modified zeolite material NaX-
CD can be used as an efficient adsorbent for ibuprofen removal.
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REVIEW OF COMMONLY USED SORPTION MATERIALS FOR THE RECOVERY OF
METAL IONS CONTAINED IN WASTWATER
D. Bozejewicz
Faculty of Chemical Technology and Engineering, UTP University of Science and Technology,
Bydgoszcz, Poland, Daria.Bozejewicz@utp.edu.pl

The metals contained in surface and groundwater come mainly from industrial wastewater.
Nowadays, various techniques and processes are used to treat polluted water to remove contaminants
from it, including metal ions. Processes such as extraction, ion exchange, precipitation, and sorption
are commonly used, which unfortunately do not completely remove the metal ions contained in
industrial wastewater. Therefore, in recent years there has been an interest in searching for effective
compounds enabling high recovery of metal ions from aqueous solutions.

Among the methods mentioned the sorption is one of the most popular and effective methods
of wastewater treatment. It is a simple, efficient, and economical method. The popularity of this
method is due to the availability of various sorption materials, from synthetic to natural. The main
advantage of using the separation properties of various sorption materials is the decrease of amounts
of metal ions, including heavy metal ions in the natural environment.

This paper presents commonly used sorbents for the recovery of metal ions from aqueous
solutions. Among others, the sorption properties of various adsorbents and the influence of
environmental factors on sorption are discussed. Moreover, Kinetic analyzes that allow estimating the

sorption rate depending on its mechanism were presented.
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HYDRODYNAMIKA PRZEPLYWU DWUFAZOWEGO GAZ-CIECZ
K. Czernek, P. Okon
Politechnika Opolska, Wydziat Mechaniczny,

Katedra Inzynierii Procesowej i Srodowiska, Opole, Polska

Przeptywy dwufazowe gaz-ciecz sa wykorzystywane w wielu gateziach przemystu m.in.
w metalurgii, petrochemii czy energetyce. Ze wzgledu na szerokie wykorzystanie mieszanin
dwufazowych w aparatach i urzadzeniach, bardzo istotne jest poznanie hydrodynamiki przeptywu
takich uktadoéw. Najwazniejszymi parametrami okreslajacymi przeplyw dwufazowy s3: opory
przeptywu, udzial obj¢tosciowy jednej z faz oraz struktury przeptywajacej mieszaniny.

W pracy dokonano oceny mozliwos$ci wykorzystania uktadu optoelektronicznego do pomiaru
wielko$ci opisujacych hydrodynamike filmu cieczy przy dwufazowym przeplywie cieczy bardzo
lepkiej 1 gazu. Podano metodyke prowadzenia pomiarow oraz ich wyniki. Identyfikacje parametrow
przeptywu pierscieniowego prowadzono przy zmiennej lepkosci oleju oraz w szerokim zakresie
zmian warto$ci predkosci pozornych obu faz. Pozwalato to na identyfikacje warunkow przeptywu w
zakresie zroznicowanego charakteru przeptywu fazy gazowej, przy laminarnym przeplywie
warstewkowym cieczy.

Wyznaczenie strat ci$nienia jest bardzo wazne podczas projektowania aparatury przemystowe;j
jak i podczas eksploatacji urzadzen, jednak ze wzgledu na ztozony charakter przeptywu doktadne
opisanie ich jest bardzo trudne. Z tego wzgledu wielu autoréw prowadzi badania dotyczace okreslenia
oporéw przeplywu mieszanin dwufazowych, jak réwniez przedstawia modele matematyczne
umozliwiajgce wyznaczenie warto$ci strat ci$nienia podczas przeptywu.

Okreslenie oporow przeptywu jest zawilym zagadnieniem dlatego w literaturze wystgpuja
modele opisujace straty ci$nienia oparte na modelu homogenicznym, gdzie mieszanina traktowana
jest jako ptyn jednofazowy o zastepczych parametrach fizykochemicznych. Druga grupe stanowia
metody oparte na modelu rozdzielonym gdzie opory przeptywu mieszaniny wyznaczane sg poprzez
obliczenie oporéw tarcia jednej z faz. Najbardziej znang metoda opierajacg si¢ na modelu
rozdzielonym jest metoda Lockharta—Martinnelliego, gdzie opor przeptywu mieszaniny dwufazowe;j
wyznaczany jest za pomocg straty ci$nienia poszczegélnej fazy, ktora przeptywa samodzielnie
pelnym przekrojem kanatu przy wykorzystaniu mnoznika ¢?. W pierwotnej wersji metody
Lockharta—Martinnelliego mnoznik ¢ jest wyznaczany przy wykorzystaniu interpretacji graficznej,
jednak na przestrzeni lat zostato przedstawionych wiele modeli opierajacych si¢ na tej metodzie
uwzgledniajace poprawki proponowane przez autorow. W literaturze tematycznej przedmiotu mozna

odnalez¢ szereg metod zaproponowanych przez réznych badaczy, ktére powstaty na podstawie
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dokonanych badan i ktore sg shluszne w zakresie, w ktorym te badania przeprowadzono.
Zroéznicowanie tych metod uniemozliwia ich bezposrednie porownanie i weryfikacj¢ stosowalnosci.

Wykorzystano wilasny zbior danych doswiadczalnych, ktére umozliwily porownanie 1 oceng
stosowalno$ci metod wyznaczania opordw przeplywu mieszaniny proponowanych przez
poszczegolnych autorow. Analiza literaturowa pozwolila na wyodrgbnienie 6 metod obliczania strat
cisnienia podczas przeplywu mieszaniny dwufazowej, m.in. Kima 1 Mudawary, Chisholma,
Kaminaga, Mishima i Hibiki, Lee i Lee oraz Sun i Mishima. Cz¢$¢ z nich opiera si¢ na
matematycznym modelu zaproponowanym przez Lockharta—Martinnelliego, a inne stanowig grupg
modeli zaproponowanych przez badaczy w oparciu o wyniki badan wiasnych. Doktadnosé
poszczegodlnych metod oraz ich przydatnos$¢ podczas wyznaczania oporéw przeptywu charakteryzuja
wartosci statystyczne obejmujace wyznaczenie $redniej wartosci btgdu wzglednego dRg oraz jego
sredniej warto$ci bezwzgledne;j | ORg | .

W pracy dokonano oceny wplywu wybranych parametréw na ksztattowanie si¢ wynikow
obliczen (rozktadu punktow) w uktadzie (APa/AL)obl - (AP/AL)zm. Zauwazono, ze metoda Kima i
Mudawary charakteryzuje si¢ najwigksza doktadnoscig. Obliczenia strat ci$nienia przy przeptywie
dwufazowym gaz-ciecz, wykonane z wykorzystaniem tej metody pokazuja, ze ponad 60% punktéw
miesci si¢ w przedziale +30% btedu bezwzglednego. Metoda ta odznacza si¢ wysoka doktadno$cig z
uwagi na uwzglednienie w modelu matematycznym ja opisujacym, wtasciwosci fizykochemicznych
przeptywajacej mieszaniny, jak i charakteru przeptywu poszczegdlnych faz.

Otrzymane wyniki badan postuzyly rowniez do opracowania klasyfikacji wystgpujacych form
przeptywu oraz zalezno$ci korelacyjnych charakteryzujacych dynamike pierScieniowego
dwufazowego przepltywu gazu i cieczy bardzo lepkiej, w tym lokalnej grubosci filmu oraz natury jego
zafalowania. Stwierdzono, ze forma filmu cieczy w przeptywie dwufazowym powietrze-olej moze
by¢ bardzo zréznicowana. Wielko$¢ i charakter powstajacych fal o r6znej amplitudzie i czestotliwosci
uzalezniona jest gltéwnie od strumienia i1 lepkosci cieczy, ale tez od predkosci fazy gazowe;.
Stwierdzono wyrazny wplyw lepkos$ci na lokalng i §rednig grubo$¢ warstewki cieczy.

Zastosowana metodyka pomiaru i identyfikacji parametréw filmu cieczy w przeptywie
dwufazowym gaz-ciecz lepka moze by¢ z powodzeniem wykorzystana takze do oceny powierzchni
miedzyfazowej, co ma istotne znaczenie dla realizacji wielu operacji jednostkowych zwigzanych z

wykorzystaniem rurowych aparatoéw warstewkowych w procesach wymiany ciepta lub masy.
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MODEL OF THE C&RT TREE FOR THE ASSESSMENT OF THE TECHNICAL
VARIANT OF THE WATER DISTRIBUTION SYSTEM
J. Dawidowicz?!, 1. Bartkowska?, J. Kazimierowicz?,
A. Czapczuk?, M. Walery*
!Bialystok University of Technology, Bialystok, Poland, j.dawidowicz@pb.edu.pl
2F.B.I. Tasbud, Warsaw, Poland, andrzej.czapczuk@fbitasbud.pl

Introduction

Computer simulation programs have been widely used for many years in modeling water
distribution systems. Currently, efforts are being made to create computer programs that will be
characterized by creative work. They will assist the designer in making decisions regarding technical
solutions. One of the tools that allows you to introduce an element of artificial intelligence into
computational programs are C&RT classification and regression tree models.

Preparation of a training dataset for induction of a C&RT tree

The use of the C&RT tree model requires the preparation of a set of training examples. Using
information about 8 water supply systems, hydraulic calculations of distribution systems were carried
out for correct conditions and various technical solutions. Part of the hydraulic calculations were
intentionally performed for incorrect water distribution systems, so that the C&RT tree generating
system would have a representation of the above conditions in the training set.

The training examples refer to individual nodes of water distribution systems and are
characterized by the following input variables to the C&RT model:

e X1 — pressure head at the water supply node,

x2 — length of the shortest distance in a network from the supply node to a selected water
distribution system node,

e x3—difference of land levels between the supply node and a selected node,

e x4 — largest difference in land levels along the shortest distance between the supply node and a
selected node,

e x5 —sum of pressure losses along the shortest distance between the supply node and a selected
water distribution system node,

e Xs — highest pressure head along the shortest distance between the supply node and a selected
water distribution system node,

e X7 —weighted average of absolute roughness k of pipelines along the route between the supply
node and a selected system node,

e Xs— pressure head at a selected system node.
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All training examples containing the values of the above-mentioned input variables are
described with a label informing about its belonging to a specific class, which is the output variable
of the model. Five classes were defined to describe technical problems in the water distribution
system and one related to the correct system layout. Therefore, the C&RT tree should lead to the
selection of the appropriate class based on the input variables describing the water distribution system.
The classes characterizing the technical condition of the water distribution system are defined as
follows:

e pressure head at a given water distribution node above the maximum value resulted from too high
a pressure head at the water supply node (label PHA — Pressure Head Above),

e pressure head at a given node below the required value resulted from too low a pressure head
water at the supply node (label PHB - Pressure Head Below),

e recommended pipe diameter correction in order to reduce pressure losses between the water
supply node and a given water distribution system node (label RDC - Recommended Diameter
Correction),

e recommended installation of a network pumping station in a given node and separation behind
a given node of a separated pressure zone (label NPS — Network Pumping Station),

e recommended installation of a pressure reducer at a given node and separation after a given node
of a separated pressure zone (label PRD — Pressure Reducer),

e proper pressure head and hydraulic grade line between the water supply node and a selected water
distribution system node (label PHGL — Proper Hydraulic Grade Line).

The creation of a set of training examples required the development of a numerical procedure
that allowed to automatically calculate the values of the input variables of the training examples of
the C&RT model describing the technical variant of the water distribution system based on the results
of hydraulic calculations. A set of 8,427 teaching examples was obtained representing all the classes
described above.

Generating a C&RT tree

On the basis of the prepared set of teaching examples, the C&RT tree was induced using the
Statistica program. The obtained C&RT tree consists of logical conditions (decision rules) allowing
to classify the technical solution of the water distribution system into one of the defined classes. The
obtained C&RT tree allows to evaluate the technical variant of the water distribution system at the
design stage. C&R tree decision rules can be used in expert systems that work with traditional

hydraulic calculation programs for water networks.
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THE POSSIBILITY USE OF STATIC MAGNETIC FIELD FOR ANAEROBIC
DIGESTION OF MUNICIPAL SEWAGE SLUDGE
M. Debowski, M. Zielinski
University of Warmia and Mazury in Olsztyn, Olsztyn, Poland

marcin.debowski@uwm.edu.pl

Introduction

The operation of sewage treatment plants directly necessitates optimal sludge management. The
municipal sewage sludge (MSS) generated during wastewater treatment must be converted, then
properly neutralized and/or managed. Although MSS management techniques and methods are
clearly being continuously explored, a universal, economically-viable technology for its effective
neutralization has yet to be developed. With increasing MSS quantities and their quality rarely
meeting environmental requirements, this ongoing problem is becoming increasingly difficult to
solve. The dynamically growing number of new wastewater treatment plants has a direct impact on
the increasing amount of sewage sludge, while stringent standards related to sludge management
make it necessary to use complex technologies to limit their impact on the environment.

Anaerobic stabilization through anaerobic digestion (AD) is one technologically-sound and
environmentally-friendly method of processing MSS. Well-implemented AD can reduce
susceptibility to putrification, improve sanitary conditions, reduce MSS volume, and produce high
yields of CHa-rich biogas. These results are often further bolstered through MSS pretreatment and
shredding, i.e., processes that disrupt the sludge’s structure by separating flocs, destroying microbial
cells, releasing organic substances and extracellular polymers into the dilute phase, etc. As such, there
is a legitimate need to seek alternative, prospective, and competitive methods for neutralizing MSS.
Few reports can only be found on the use of the static magnetic field (SMF) to improve the anaerobic
digestion of MSS.

The aim of the study was to determine the effect of a low range SMF on the course and
efficiency of anaerobic digestion (AD) of MSS, as well as on the qualitative composition and yields
of the resultant biogas.

Methodology

Experiments were carried out in anaerobic reactors with an active volume of 4.0 dm?® and
operating in the complete mixing mode ensured by four-plate vertical stirrers rotating at 45 RPM.
The initial concentration of anaerobic sludge was approximately 4.0 gTS/dm?® (2.69 kgVS/dm?). AD
was conducted at 35 °C at the chamber loading level of 2.0 kgVS/dm3-d, with an HRT of 20 days.
Anaerobic reactors were equipped with a circulating pump, which ensures more intense mixing and

fed the AS/MSS mixture into the area exposed to SMF. Depending on the desirable SMF exposure
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time, the pump’s performance ranged from 8.0 to 48.0 dm®h. In all variants, concurrent tests were
performed for a control rector with similar hydraulic (pumping efficiency) conditions but no magnetic
fluid actuators (MFAS). It was found that the operation regime of the circulating pump had no effect
on the process or the products of AD.

Results and conclusions

The experiment examined the effect of 17.6 mT SMF on MSS anaerobic stabilization efficiency
during AD. It was found that SMF had a significant impact on CH4 production efficiency, as well as
on neMSS and VS, and the structure of the anaerobic bacteria consortium. However, the use of SMF
did not affect cumulative biogas production.

The highest methane production 431 + 22 dm3cra/kgVS) and the highest methane content in
the biogas (66.1% = 1.9%) was found in the variant with an SMF exposure time of 144 min/day. The
highest values were also found in this variant with regard to neMSS 73.8% + 2.3% and VS 36.9% +
1.6%. The proportion of Archaea (ARC915) in the anaerobic microbial communities rose to 29% =+
13%.

Extended AS retention times in the SMF area significantly decreased CHa yields, nFMSS and
nVS, and methanogenic bacteria population. The lowest process performance was noted for SMF
exposure time of 432 min/day. This variant produced only 54.8% =+ 1.9% CHa in the biogas, due to a
significant reduction in Archaea (ARC915) and Methanosaeta (MX825) biomass in the anaerobic
microbial communities—to 20% + 11% and 6% + 2%, respectively, i.e., to the lowest levels produced
throughout the experiment.

The experiment showed a strong correlation between the SMF exposure time and most of the
AD performance indicators.

137



WATER SUPPLY AND WASTEWATER DISPOSAL

UJECIE WODY PRZEMYSLOWEJ Z WYROBISK LIKWIDOWANEJ KOPALNI RUD
CYNKU I OLOWIU
K. d’Obyrn, E. Szalinska
AGH Akademia Gorniczo — Hutnicza im. St. Staszica w Krakowie,
Wydzial Geologii, Geofizyki i Ochrony Srodowiska, Polska, dobyrn@agh.edu.pl

Wraz z likwidacja kopalni rud cynku i otowiu ,,Olkusz-Pomorzany” na skutek wyczerpania
ztoza przewidywana jest likwidacja istniejacych uktadéw odwadniania kopalni, przy jednoczesnym
zabezpieczeniu dostawy wody do istniejacych zaktadow przerobki rud cynku i1 otlowiu. W zwigzku z
tym niezbgdne jest wykonanie ujecia wody, ktorego lokalizacja w stosunku do istniejace
infrastruktury uktadu dostawy wody do huty i1 zaktadu przerébki mechanicznej ZGH ,,Bolestaw” S.A.
oraz wydajno$¢ zapewnia utrzymanie ciggtosci proceséOw produkcyjnych.

W trakcie eksploatacji ztoza rud cynku i otowiu konieczne byto odwadnianie wyrobisk z
powodu doptywu wody w iloéci okoto 200 m3/min. Wody z odwadniania kopalni byly zrzucane do
dwoch rzek, a cze$é wod w iloéci okoto 20 m®/min byta wykorzystywana w procesach wzbogacana
rudy i w hucie cynku i otowiu. Po zaprzestaniu odwadniania i wylaczeniu pompowni nastgpi zalanie
wyrobisk 1 gorotworu oraz systematyczne wypetnianie leja depresji. Tempo odbudowy zwierciadta
wod podziemnych uzaleznione jest przede wszystkim od zasilania z opadéw atmosferycznych. Huta
oraz zaktad flotacji przerabiajacy stare haldy na rude begda funkcjonowaly jeszcze co najmniej
kilkanascie lat. Zaopatrzenie w wod¢ ma im zapewni¢ budowa trzech studni do zalanych wyrobisk
kopalni. Wydajno$¢ nowego ujecia okreslono na maksimum 60 m®/min, ale zapotrzebowanie na wode
bedzie zdecydowanie mniejsze z uwagi na zamykanie obiegdbw wody w zakladach i1 zmiany
technologiczne. Po zalaniu wyrobisk kopalni spodziewane jest pogorszenie jakosci wod
podziemnych z uwagi na rozpuszczanie produktéw utleniania siarczkoéw metali w ztozu (Acid Mine
Drenage) ale nie stanowi to przeszkody w wykorzystaniu tych woéd do celow przemystowych.
Wykorzystanie wod z zalewanych wyrobisk kopalni przyczyni si¢ rowniez do poprawy jakosci wod

podziemnych.
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RADON W WODACH PITNYCH
A. Dothanczuk-Srédka, D. Janecki
Uniwersytet Opolski, Instytut Inzynierii Srodowiska i Biotechnologii,

Opole, Polska, agna@uni.opole.pl

W przyrodzie najczesciej spotykanym izotopem radonu jest radon-222. Jego krotkozyciowe
produkty rozpadu odpowiadajg za niemal potowe dawki promieniowania jonizujgcego otrzymywang
przez mieszkancoéw Polski od zrodet naturalnych.

W 2019 r. w Polsce narazenie od zrddel naturalnych stanowito 63,5% catkowitej dawki
skutecznej i wyniosto ok. 2,45 mSv/rok, przy czym statystyczny mieszkaniec Polski otrzymat dawke
od radonu i produktéw jego rozpadu wynoszaca ok. 1,20 mSv/rok (Raport PAA, 2020).

Rn-222 jest bezbarwnym i bezwonnym gazem szlachetnym wystepujacym naturalnie
W przyrodzie jako produkt rozpadu dlugozyciowego Ra-226. Charakteryzuje si¢ okresem
potowicznego rozpadu ok. 3,8 dnia. W wyniku kolejnych rozpadéw z atomu Rn-222 powstaja
nastepujace radionuklidy: Po-218 (T12=3,11 min), Pb-214 (T12=26,9 min), Bi-214 (T12=19,9 min),
Po-214 (T12=1,64 10* s). Radon nie wplywa bezposrednio na nasz organizm. Natomiast
krétkozyciowe pochodne rozpadu radonu 13czg si¢ z aerozolami w powietrzu i podczas oddychania
dostaja si¢ do uktadu oddechowego gdzie mogg sta¢ si¢ przyczyng zmian nowotworowych (Denton
et. al, 2013).

Radon w powietrzu atmosferycznym pochodzi glownie ze skorupy ziemskiej. Jako gaz
szlachetny tatwo migruje, np. przez $rodowisko gleby, dostajac sie do atmosfery. Srednie stezenie
radonu w przyziemnej warstwie powietrza na terenie Polski zalezy od warunkow atmosferycznych
i pory roku i waha sie od 5 do 20 Bqm™® (Podstawczynska, 2010). Znajdujacy sie w powietrzu
glebowym podtoza budynku Rn-222 przenika do wnetrza budynku wzglednie szybko, w zaleznosci
od konstrukcji budynku i moze osiggna¢ wysokie aktywnosci > 100 Bqm™. Radon dostaje sie wraz
z powietrzem zasysanym z gruntu przez szczeliny w fundamentach, mury budynku, studzienki
kanalizacyjne, nieszczelnosci wokot rur kanalizacyjnych, z materiatow budowlanych itd.

Z uwagi, ze Rn-222 stosunkowo tatwo przenika do powietrza przy powierzchni gruntu to
szacowanie zagrozenia radonowego zwigzanego z tym zjawiskiem jest istotnym sktadnikiem oceny
bezpieczenstwa srodowiska cztowieka.

Radon obecny jest we wszystkich zbiornikach wodnych. Wody glebinowe zawierajg go
znacznie wigcej niz wody powierzchniowe.

Woda przeznaczona do spozycia przez ludzi powinna spetnia¢ okreslone standardy jakosciowe,

m.in. w zakresie zawartos$ci substancji promieniotworczych, okreslone zaréwno przez wytyczne
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Swiatowej Organizacji Zdrowia (WHO) (WHO, 2017) jak i Dyrektywy Unii Europejskiej (Council
Directive 2013/51/EURATOM, 2013).

W pazdzierniku 2013 roku, Komisja Europejska uchwalita Dyrektywe 2013/51/Euratom
okreslajaca wymogi dotyczace ochrony zdrowia Iudnosci w odniesieniu do substancji
promieniotworczych wystepujacych w wodzie przeznaczonej do spozycia przez ludzi, w ktorej
okreslono, tzw. warto$ci parametryczne dla stezen aktywnosci radonu i trytu na poziomie 10Bgdm.
Zgodnie z zaleceniami tej dyrektywy, dawka orientacyjna spowodowana obecnoscia radionuklidow
w wodach przeznaczonych do spozycia przez ludzi nie powinna przekracza¢ wartosci 0,1 mSv
W ciggu roku.

Obliczona $rednia roczna dawka efektywna spowodowana obecnoscig radionuklidow Rn-222,
Ra-226, K-40 w wodach spozywanych z badanego obszaru wojewddztwa opolskiego jest niewielka
I wynosi ~10 uSv. Natomiast dawki wynikajace z narazenia na wdychanie radonu wydostajacego si¢
z wody w pomieszczeniach sg o jeden rzad wielko$ci wyzsze od tych wynikajacych ze spozycia wody.
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MIESZANIE NIEUSTALONE UKEADOW DWUFAZOWYCH GAZ-CIECZ
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W obecnych czasach zagadnienia ochrony §rodowiska stajg si¢ coraz istotniejsze. Polityka Unii
Europejskiej i w tym polskiego rzadu zaklad odejscie od wytwarzania energii elektrycznej z wegla i
wigkszym skoncentrowaniu si¢ na odnawialnych zrédlach energii oraz technologiach nisko lub zero
emisyjnych. Rowniez rozwqj technologii sprzyja zminimalizowaniu odpadoéw oraz stosowaniu
obiegow zamknigtych.

Przetwarzanie i unieszkodliwianie ciektych produktow przeprowadzane jest min. poprzez ich
natlenianie lub napowietrzanie. Proces przeprowadza si¢ zazwyczaj w duzych zbiornikach
zaopatrzonych w specjalne uklady dysz napowietrzajagcych zamontowanych na dnie lub aeratoréw
znajdujacych sie przy powierzchni swobodnej cieczy [1]. Napowietrzanie prowadzi¢ mozna rowniez
w mniejszych zbiornikach zaopatrzonych w obracajace si¢ mieszadta i barbotery znajdujace si¢
ponizej mieszadta (mieszanie gaz-ciecz). W tym przypadku celem mieszadla jest wytworzenie
odpowiedniej wielkosci pecherza gazu (im mniejsza $rednica pecherza gazowego tym wigksza
powierzchnia wymiany masy). Mieszanie zwykle prowadzone jest w mieszalnikach zaopatrzonych
w pojedyncze mieszadto oraz przegrody. Wybdr odpowiedniego mieszadta jest szczegdlnie istotne
poniewaz moze ograniczy¢ tworzenie si¢ kawern za topatkami mieszadta [2] co powoduje
zmniejszenie ilosci rozpraszanej energii i tym samym ograniczenie wymiany masy. Z tego wzgledu
preferowane sg mieszadta z topatkami wklgstymi np. CD-6, BT-6 lub Scaba 6SRGT.

W celu zwigkszania efektywno$ci wymiany masy stosuje si¢ rOwniez mieszanie nieustalone.
Polega ono na stosowanie zmiennej w czasie czgstosci obrotow mieszadta. Taki typ mieszania sprzyja
zwigkszeniu stopnia zatrzymania gazu i tym samym wymiany masy [3-5].

Przeprowadzone badania mieszania nieustalonego miaty na cel okreslenie wplywu ksztattu
topatki na mieszanie nieustalone uktadow gaz-ciecz.

Badania przeprowadzono w mieszalniku bez przegrod o $rednicy D=0.29m i wysokosci stupa
cieczy H=D. Mieszalnik zaopatrzono w mieszadlo z wklgstymi lopatkami CD-6, BT-6, Scaba
6SRGT. Srednica mieszadta wynosita d=0.1m a jego zawieszenie wynosito h=d. Do mieszalnika
wypetionego woda destylowang doprowadzano powietrze poprzez zamontowany na dnie
dyspergator. Srednica dyspergatora wynosita d¢=0.085m. Badania przeprowadzono w zakresie
mieszania burzliwego dla wydatku gazu Qa wynoszacego od 0.5m?/h do 2.5 m%/h.
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Rysunek 1 — Zalezno$¢ objetosciowego wspdtczynnika wnikania masy kia
od jednostkowej mocy mieszania Pg/V

Na rysunku 1 przedstawiono przyktadowe wyniki zaleznosci objetosciowego wspotczynnika
wnikania masy od jednostkowej mocy mieszania. Przeprowadzona analiza wykazala, ze dla
mieszadla SCABA 6SRGT uzyskuje si¢ najwicksze wartosci kLa w porownaniu do mieszadet BT-6
oraz CD-6. Badania wykazaty, Ze dla mieszania nieustalonego otrzymuje si¢ wyzsze wartosci kra w
poréwnaniu do mieszania ustalonego przy wartoéciach mocy jednostkowej ponizej 700W/m?. Przy
wyzszych warto$ciach mocy jednostkowe] wyzsze warto$ci kia otrzymuje si¢ dla mieszania
ustalonego. Wykazano rowniez, ze wptyw czestotliwosci (dla £<0.23; 0.92> Hz) oscylacji jest
niewielki.
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ZBIOR OTWOROW SUFOZYJNYCH POWSTAJACYCH PO AWARII WODOCIAGU
JAKO STRUKTURA O CECHACH FRAKTALNYCH
M. Iwanek
Lublin University of Technology, Lublin, Poland, m.iwanek@pollub.pl

Po awarii podziemnego wodociggu polegajacej na wystgpieniu nieszczelnosci woda czesto
wyplywa na powierzchnig¢ terenu wyplukujac grunt w réznych miejscach, tworzac tzw. otwory sufozyjne.
Jest to zjawisko niebezpieczne zwlaszcza na terenach zurbanizowanych, gdzie stanowi zagrozenie dla
bezpieczenstwa ludzi, zwlaszcza uzytkownikow drog, jak 1 stabilnosci obiektow infrastruktury.
Dodatkowym zagrozeniem jest fakt, ze nickontrolowane wyptywy wody z przewodéw wodociggowych,
nalezace do gltéwnych przyczyn sufozji w miastach, wystepuja we wszystkich sieciach wodociggowych
na $wiecie 1 s3 trudne do przewidzenia.

Zbidr zbudowany z otwordw sufozyjnych tworzy pewng figure geometryczng, ktorg trudno jest
opisa¢ wykorzystujac klasyczne pojgcia geometrii euklidesowej, co jest charakterystyczne dla wigkszosci
struktur wystepujacych w naturze. Celem niniejszego artykulu byla analiza budowy 1 cech zbioru
otworow sufozyjnych powstajacych po awarii podziemnego wodociggu, w aspekcie geometrii fraktalnej.

Do prawidlowej oceny fraktalnego charakteru zbioru otwordéw sufozyjnych konieczne byto:

1. przeanalizowanie literatury pod katem rodzajow 1 wlasciwosci fraktali,

2. przeprowadzenie badan eksperymentalnych polegajacych na fizycznej symulacji awarii wodociagu
w warunkach laboratoryjnych w skali 1:10 oraz w warunkach terenowych (rzeczywistych) w skali 1:1
— tworzenie zbioréw otwordw sufozyjnych,

3. sprawdzenie, czy zbiory otworéw sufozyjnych powstate podczas badan eksperymentalnych posiadaja
wilasciwosci charakterystyczne dla fraktali.

Przeprowadzenie analizy procesu powstawania zbioru otwordw syfozyjnych, okreslenie
znaczenia losowego rozktadu punktéw odpowiadajacych otworom oraz sprawdzenie, czy zbidér mozna
uzna¢ za samopodobny, doprowadzity do wniosku, ze struktura geometryczna utworzona przez zbior
otwordéw sufozyjnych powstatych po fizycznej symulacji awarii wodociagu spetnia warunki stawiane
fraktalom. Przede wszystkim cechuje si¢ charakterystycznym dla fraktali samopodobienstwem. Poza
tym ma nietrywialng strukturg, powstaje w oparciu o rekursywng procedure budowy, nie daje si¢
opisa¢ za pomoca pojec klasycznej geometrii oraz wymaga wykorzystania zalezno$ci rekurencyjnych
w opisie analitycznym. Poniewaz dobudowywanie kolejnych elementéw zbioru ma charakter losowy,
proces konstrukcji nie jest prowadzony nieskonczenie dtugo, a samopodobienstwo jest przyblizone,

mozna uznaé, ze analizowana struktura ma cechy fraktali probabilistycznych.
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METHODS FOR REMOVING ARSENIC AND MERCURY FROM WASTEWATER -
ADVANTAGES AND LIMITATIONS
M. A. Kaczorowska

Faculty of Chemical Technology and Engineering, UTP University
of Science and Technology, Bydgoszcz, Poland, Malgorzata.Kaczorowska@utp.edu.pl

Arsenic and mercury are heavy metals considered to be one of the most dangerous
environmental pollutants. The chemical compounds of arsenic and mercury present in water, soil, air
or the biosphere may also adversely affect human health because they are toxic and carcinogenic.
They are usually non-biodegradable, which means, that if they are introduced into the environment
they may pose a threat for a long time. Moreover, they can relatively easily migrate from one segment
of the environment to another, e.g. due to their good solubility in water, they can be absorbed by
plants (transfer from the aquatic environment/soli to the biosphere).

The main source of heavy metals in the environment is industry (e.g. related to the extraction
and processing of crude oil and copper ores, agriculture, chemical industry), the development of
which is closely related to the generation of significant amounts of waste and wastewater. Proper
waste management and treatment of industrial wastewater play a key role in reducing environmental
emissions of heavy metals, including arsenic and mercury. Currently, various methods are used to
remove toxic metal ions from wastewater. The most frequently used methods are based on the
application of processes: physicochemical (e.g. membrane processes, chemical precipitation, ion
exchange, adsorption), electrochemical (e.g. electrocoagulation, electroflotation) and advanced
oxidation (e.g. photocatalysis). Biological methods (e.g. based on the utilization of microalgae,
bacteria, fungi), which are usually less expensive and more environmentally friendly, are also
increasingly used.

In this article the currently used methods of removing arsenic and mercury ions from
wastewater, as well as their advantages and disadvantages (e.g. processes efficiency, their impact on
the environment, and costs associated with their implementation) are discussed. Particular attention

was given to biological processes that are alternatives to conventional methods.
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STRATY SPOLECZNE POWODZIOWE JAKO ELEMENT
WYZNACZANIA RYZYKA POWODZI
A. Kalfas-Fima, J. Krolikowska
Politechnika Krakowska, Wydziat Inzynierii Srodowiska i Energetyki
agnieszka.kalfas-fima@pk.edu.pl, jadwiga.krolikowska@wis.pk.edu.pl

Skutki zmian klimatycznych dla naszej planety to nie odlegla przysztos¢, to terazniejszoSé.
Przez ostatnie kilkadziesiat lat klimat zmienia si¢ tak szybko jak nigdy w historii planety. Tempo
stezenia dwutlenku wegla w atmosferze jest bezprecedensowe w historii. Od poczatku epoki
przemystowej jego ilo§¢ w atmosferze z niecate 0,03% wzrosto do 0,04% i ros$nie coraz szybcie;.
Nienaturalnie wzrasta ilos§¢ gazow cieplarnianych, a rownoczes$nie kazdego roku znika z planet las
wielko$ci $redniego europejskiego panstwa, zatruwane sg oceany czyli niszczony jest naturalny
planetarny mechanizm pochtaniajacy COz2, regulujacy jego poziom.

Najbardziej oczywistym efektem sg rekordowe temperatury. Im wyzsze temperatura powietrza
tym wyzsza temperatura wody, silniejsze huragany, wigksze parowanie z oceanéw, a tym samym
wigcej wody w atmosferze, co oznacza gwaltowne opady, opady powodziowe, burze, sztormy,
osuni¢cia wzgorz.

Obecnie zapoczatkowane  przez ludzi procesy zmiany klimatu moga drastycznie
zapoczatkowa¢ zmiane klimatu catej planety. Juz teraz pogarszajg one jakos$¢ zycia mieszkancow
regionOw, przynosza straty gospodarce 1 tworza bariery dla dalszego rozwoju spoteczno-
gospodarczego. Zmiany klimatyczne stanowig coraz wigksze zagrozenie dla ekosystemow, a
ekstremalne warunki pogodowe stanowig zagrozenie dla naszego bezpieczenstwa i zycia. Cztowiek
jest ich przyczyna i cztowiek powinien to naprawic.

Niewatpliwie ws$rod klesk, jakie wystapily w Polsce na przelomie XX 1 XXI w.,
wymienia si¢ powodzie z lat 1997 i 2010 r niosgce ze sobg ogromne zniszczenia. Kulminacja fali
wezbraniowej na Wisle w 2010 r. byta najwigksza od 160 lat, czyli od daty rozpoczecia pomiarow.
Podczas powodzi w 2010 r. trzeba bylo ewakuowac 30 tys. os6b. Pod woda znalazto si¢ ponad 550

tys. ha uzytkow, a straty oszacowano na prawie 12 mld ztotych.

\'

Fot. 1. — Debica zalana wodami Wistoki — 2010 rok. Fot. Arch. Wody Polskie
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Jak czytamy w raporcie Europejskiej Agencji Srodowiska, do 2050 roku szkody materialne i
zwigzane z tym koszty na naszym kontynencie moga si¢ zwigkszy¢ az 5-krotnie. Od 1980 roku
odnotowano 3,5 tysigca powodzi, z czego w samym 2010 roku byto ich 321 w 27 europejskich
krajach.

Nalezy tu podkresli¢, ze Polska w zakresie opadow generujacych powodz bedzie o ok. 1-25%
bardziej narazona w stosunku do XX w. W ostatnich latach gwattowne burze niosgce nawalne opady
deszczu (ponad 30-100 mm wody na metr kwadratowy) nierzadko wystepujg dwa, trzy razy w

miesigcu.

Fot. 2. — Witowice Dolne, droga krajowa 75 Nowy Sacz - Krakow
(Fot. Marek Podmokty) (08.2021)

Fot. 4 — Zalane drogi w Nowym Saczu/Matopolska 112 (Matopolska 112/FB) (07.2021)

21 czerwca 2020 ze wzgledu na burze strazacy interweniowali w catym kraju 1192 razy; bez
pradu pozostawato 6159 odbiorcow - poinformowat wiceszef Rzagdowego Centrum Bezpieczenstwa

Grzegorz Swiszcz.
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Fot. 5 — Lapanow pod woda / P

3

a : i e

Fot. 6 — Powddz w Elblagu — wrzesien 2017, galeria zdje¢:
https://info.elblag.pl/galeria,5510,1,80,Powodz-w-Elblagu.html, fot. Ryszard Biel

Spektrum oddziatywania powodzi jest bardzo szerokie. Szkody powodziowe odnoszg si¢ do
oddziatywania powodzi na:

e ludzi, ich zdrowie i mienie,

infrastrukture komunalng (systemy zaopatrzenia w wode, usuwania
sciekow, systemy komunikacyjne, systemy energetycznego itp.),
e dziedzictwo kulturowe,
e systemy ekologiczne,
e produkcje przemystowa,
e konkurencyjnos¢ dotknietych powodzia podmiotow gospodarczych.
W zaleznosci od sposobu uwzgledniania szkody te dzielg si¢ na:
e materialne — wyrazane w jednostkach monetarnych,
e niematerialne — wyrazane w jednostkach naturalnych, np. liczba ofiar
$miertelnych lub liczba m? ekosystemu podtopionego $cickami
Wielko$¢ szkod powodziowych spowodowanych powodzig zalezy od wrazliwosci dotknigtych
nig systemow. W artykule szczegdtowej charakterystyce poddane zostana, jak juz podano na wstepie,

trzy rodzaje systemow: spoteczne, ekonomiczne i ekologiczne.

147



WATER SUPPLY AND WASTEWATER DISPOSAL

INFLUENCE OF THE LOW-TEMPERATURE PRETREATMENT ON THE EFFICIENCY
OF DAIRY WASTEWATER SLUDGE DIGESTION
J. Kazimierowicz, I. Bartkowska, M. Walery, J. Dawidowicz
Bialystok University of Technology, Bialystok, Poland, j.kazimierowicz@pb.edu.pl

Introduction

A technologically viable and environment-friendly technology recommended for dairy sewage
sludge treatment has been offered by methane fermentation (MF). Its proper course leads to
suppressed susceptibility to rotting, partial hygienization, reduced volume of the sludge, and also to
high-methane biogas recovery. These effects can be intensified by sludge pre-conditioning and
disintegration. Disintegration methods for sewage sludge pre-treatment before MF represent
dynamically developing technologies. They result in the damage of the sludge’s structure, including
flock fragmentation, microbial cell damage, and release of organic matter and extracellular polymers
to the dissolved phase. Various studies have reported on the use of different disintegration methods,
including: high-pressure methods; mechanical methods; ultrasound energy; microwaves; biological
methods; chemical methods, like alkalization, acidification, ozonation, and oxidation technique; as
well as thermal methods, like heat treatment and freezing—defrosting. The combined disintegration
methods, called the hybrid approach, are employed as well.

Scarce information has been devoted in the worldwide literature to the feasibility of the low-
temperature conditioning of excess dairy sewage sludge (DSS) using solidified carbon dioxide (LTC-
SCDO). Considering DSS characteristics and structure as well as available literature data, the use of
the LTC-SCDO technology can offer both a technologically and energetically viable alternative to
other methods. Given the above, this study aimed to determine the effect of the low-temperature
conditioning of dairy sewage sludge (DSS) using solidified carbon dioxide (SCDO) on the
effectiveness of its methane fermentation (MF).

Methodology

The research works were carried out in six variants differing in the SCDO/DSS ratio: variant
1—control, variant 2—0.1, variant 3—0.2, variant 4—0.3, variant 5—0.4, and variant 6—0.5.
Experiments were performed in a laboratory scale in batch-fed reactors with a total volume of 500
cm?®, equipped with magnetic stirrers and a temperature controlling and stabilizing system. The
reactors were fed with a single dose of 200 cm?® of DSS with a temperature of 20°C, and then with a
respective amount of pelleted SCDO (with pellet diameter of 3.0 = 1.0 mm). The mixture was stirred
in the reactors at 50 rpm for 20 min. Afterward the samples were left for complete SCDO sublimation.
When they had reached a temperature of 20°C, they were subjected to MF. The MF analyses were

carried out in WTW respirometers (Wissenschaftlich-Technische Werkstitten, Weilheim in
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Oberbayern, Deutschland) with 500 cm? volume, connected with a system recording changes in the
partial pressure caused by biogas production. The volume of entered inoculum was 200 cm? and then
assumed amounts of substrate were added. The initial OLR was 5.0 g o.d.m.-dm™3. Respirometers
were placed in a temperature-controlled cabinet with hysteresis +0.5°C. Measurements were
conducted at 42°C. Pressure of the produced biogas was recorded every 24 h. Methane fermentation
was conducted until the difference between the three consecutive daily measurements of the partial
pressure was not greater than 1.0%.

Results and conclusionsThe present study demonstrated a proportional increase in COD
concentration in the supernatant along with an increasing SCDO dose at the SCDO/DSS volumetric
ratios between 0.1 and 0.3. Increasing SCDO dose above 0.3 had no significant effect on a COD
concentration increase in the dissolved phase. The highest COD values, fitting in a narrow range from
490.6 + 12.9 to 510.5 = 28.5 mg-dm >, were determined at SCDO/DSS ranging from 0.3 to 0.5. The
LTC-SCDO caused the N-NHs* concentration to increase from 1552 + 10.2 to 185.9 + 11.1
mg-dm > and the P-PO4>~ concentration to increase from 198.5 +23.1 to 300.6 + 35.9 mg-dm > in the
dissolved phase.

The highest unitary amount of biogas, reaching 630.2 £+ 45.5 cm®-g o.d.m.”!, was produced in
the variant with SCDO/DSS ratio of 0.3. Methane content of the produced biogas was at 68.7 £ 1.5%.
Increasing SCDO dose had no significant effect on changes in biogas and methane production. The
efficiency of biogas production from unconditioned DSS was lower by 43.0 &+ 3.2%. A very strong
positive correlation was observed between COD, N-NHi*, and P-PO.*" concentrations in the
dissolved phase and the amount of biogas produced at SCDO/DSS ranging from 0 to 0.3. The higher
SCDO doses tested had no significant effect on the final technological effects of the conditioning
process in terms of both concentrations of the monitored indicators in the dissolved phase and biogas
production.

The implemented optimization procedures proved that the biogas and methane production
efficiency can be estimated based on COD and N-NH4* concentrations in the dissolved phase and
SCDO/DSS volumetric ratio.

The energetic analysis demonstrated that the LTC-SCDO is an energetically viable technology.
The highest efficiency of net energy production reached 32.3 = 1.5 Wh/dm®pss. The amount of energy
produced using the above technology was over 13% higher than in the variant with unconditioned
DSS.
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ANALIZA RYZYKA KUMULACJI METALI CIEZKICH W GLEBIE Z OSADOW
SCIEKOWYCH Z WYBRANYCH OCZYSZCZALNI SCIEKOW
R. Kowalik?!, J. Gawdzik 2
politechnika Swictokrzyska, Kielce, Polska, rkowalik@tu.kielce.pl
?Politechnika Swictokrzyska, Kielce, Polska

Streszczenie: Osady Sciekowe z oczyszczalni §ciekow majg istotne wlasciwosci glebotworcze
1 nawozowe. Nie zawsze jednak moga by¢ one wykorzystywane do tego celu. Jedng z gtéwnych
przyczyn dla ktorych nie mozna wykorzysta¢ osadow na cele przyrodnicze, jest zawarto$¢ w nich
metali ciezkich. Analizie zostaly poddane osady pochodzace z trzech roznych oczyszczalni §ciekéw
znajdujacych si¢ na terenie wojewodztwa Swietokrzyskiego. Badania specjacji metali ciezkich w
osadach przeprowadzono metodg ekstrakcji sekwencyjnej BCR. Obliczono wskaznik geoakumulacji
(Igeo), wskaznik potencjalnego ryzyka ekologicznego (PERI), kod oceny ryzyka (RAC). Nastgpnie
wartosci wskaznikow pordwnano z mobilnoscig metali cigzkich, ktora stanowita najwigksze ryzyko
skazenia gleby. Wykazano, ze wysoki poziom wskaznikow potencjalnego zagrozenia i
geoakumulacji nie musi dyskwalifikowaé zastosowania osadow $ciekowych, pod warunkiem, ze

metale cigzkie wystepuja we frakcjach stabilnych.
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OCENA WIELKOSCI STRAT WODY W RZECZYWISTEJ SIECI WODOCIAGOWEJ
D. Kowalski, B. Kowalska, P. Suchorab
Politechnika Lubelska, Wydziat Inzynierii Srodowiska, Katedra Zaopatrzenia w Wode i Usuwania

Sciekéw, Lublin, Polska, d,kowalski@pollub.pl

Racjonalne gospodarowanie zasobami wodnymi, w tym przede wszystkim wodg przeznaczong
do spozycia, stanowi kluczowy element zarzadzania systemami wodociggowymi. Wzrastajacy wraz
z postepujacymi zmianami klimatycznymi stres wodny powoduje konieczno$¢ ograniczania strat
wody w tych systemach. Istnieje szereg metod ograniczania tych strat, jednak zawsze poczatkiem
dziatan jest ocena ich wielkos$ci. Prawidtowe okreslenie strat wody nie jest jednak zadaniem tatwym.
Najczgsciej porownywana jest w tym celu ilos¢ wody sprzedanej w stosunku do wttoczonej do catej
sieci lub danej strefy. W praktyce funkcjonowania przedsi¢biorstw wodociagowych wykorzystywane
sa w tym celu roznego typu metody wskaznikowe, w tym metoda Lamberta, zalecana przez
International Water Association. Doktadnos$¢ oceny jest jednak uzalezniona od istniejgcego w danym
systemie wodociggowym monitoringu. Wazna jest tutaj zarowno liczba urzadzen pomiarowych, jak
rowniez czestotliwo$¢ 1 jednoczesno$¢ ich odczytywania. Odczyty wodomierzy realizowane z
czestotliwosci raz na kilka miesiecy, w dodatku z przesunigciem czasowym w poszczegdlnych
rejonach miast, nie pozwalaja na wykorzystanie uzyskiwanych danych do biezacego zarzadzania
praca sieci wodociagowych. Do osiagnigcia tego celu konieczne jest wykorzystanie odpowiedniej
infrastruktury oraz wdrozenie niezbednych procedur. Celem artykutu jest prezentacja tego typu
dziatan, wdrozonych w rzeczywistym przedsiebiorstwie wodociggowym.

Prezentowany w artykule system monitoringu strat wody wdrozono w 30-tysigcznym miescie
potozonym w rejonie gorzystym. Przewody sieci dystrybucyjnej maja dtugos¢ ok. 260 km (bez
przytaczy) i wykonane sa z réoznych materiatow. OK. 33% stanowia przewody zeliwne, o czasie
eksploatacji ponad 40 lat. Ze wzgledu na znaczne réznice wysokosciowe poszczegdlnych rejondow
miasta, przekraczajace 150 m, sie¢ wodociggowa podzielono na 24 strefy ci$nienia. Zainstalowano 7
zbiornikow sieciowych oraz 15 pompowni strefowych. Pomimo wdrozonego podziatu na strefy, w
niektorych miejscach sieci wysokos¢ ci$nienia przekracza 120 mH20. Wysokie ci$nienie panujace w
sieci, wiek i stan techniczny przewodow powoduja, ze straty wody w sieci przekraczajg 35%.

Wdrozony w miescie system monitoringu obejmuje aktualnie zdalny, stacjonarny odczyt
wodomierzy oraz 54 przeptywomierze sieciowe. Odczyty wodomierzy realizowane sg raz na dobe, z
mozliwoscig zwickszenia tej czgstotliwosci do 5 minut. Zainstalowane przeptywomierze
odczytywane sg z czestotliwoscig co 3 sekundy. Wszystkie zebrane dane trafiaja za pomoca systemu

SCADA do bazy danych typu GIS. Dzigki odpowiedniej identyfikacji wszystkich urzadzen
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pomiarowych oraz ich przypisaniu do konkretnych lokalizacji mozliwe stato si¢ wdrozenie systemu
bilansowania wody wttoczonej do sieci 1 pobranej przez odbiorcow.

Bilansowanie, latwe w przypadku stref typu DMA (District Meter Area) okazato si¢ znacznie
bardziej ztozone dla stref o charakterze tranzytowym. W analizowanym systemie wodociggowym
wykorzystano do tego celu nastgpujace wzory:

dla stref typu DMA QL= Qin— Q1 — Qwm 1)

dla stref tranzytowych QL= QN — Q1 — QTrAN-QwM 2

gdzie: Q.- objetos¢ wody traconej, Qin — objetos¢ wody wtltoczonej, Qr —objetos¢ wody
zuzywanej na cele technologiczne, Qwm — objetos¢ wody zarejestrowana przez wodomierze
odbiorcow, QTran - objetos¢ wody przesytanej do innych stref.

Powstale narzedzie moze dokonywac oceny wielkos$ci strat wody z czgstotliwoscia zalezng od
czestotliwosci odezytu wodomierzy. Na rysunku 1 przedstawiono wykres ilosci wody ttoczonej do

sieci oraz oszacowanej ilosci wody traconej, dla kazdego dnia 2020 roku.
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Rysunek 1 — Wykres ilo$¢ wody wttoczonej i traconej w catym

systemie wodociggowym, w 2020 r.

Wykorzystanie opisanego powyzej narzedzia pozwolito na identyfikacje strat wody
w poszczegOlnych strefach. Na rysunku 2 przedstawiono wykres strat wody dla stref
o najwigkszych udziatach w stratach catego systemu. Strefa Centrum, obejmujaca ok. 19% dhugosci
przewodow odpowiada za 70 — 80% catosci strat w systemie. Strefa Lesznianka, obejmujaca ok. 9%

wszystkich przewodéw odpowiada za 10-22% strat.
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Rysunek 2 — Wykres dobowych strat wody w dwoch strefach o najwigkszych
udziatach strat catego systemu w 2020 r. Dolna linia (czerwona) straty wody
w strefie, linia gérna (niebieska) udziat wody traconej w strefie w stosunku

do strat wody w calym systemie

Wdrozone w analizowanym systemie wodociggowym narzedzie umozliwito dokonywanie
oceny strat wody w calym systemie, jak rowniez w jego poszczegdlnych strefach. Osiggnieto
niedostepny wczesniej prog dobowych szacunkéw wielkoscei strat, przez co udato si¢ powigza¢ ich
wielko§¢ z warunkami meteorologicznymi (temperaturg otoczenia). Dokonano rankingu
funkcjonujacych stref wodociggowych pod wzgledem ich wptywu na wielko$¢ strat w analizowanym
systemie. Pozwolilo to na okreslenie priorytetéw w usuwaniu awarii wodociggowych oraz kolejnosci
planowych remontéw. Zwigkszenie czgstotliwosci odczytow do poziomu raz na 5-10 minut umozliwi
generowanie przez system informatyczny alarméw, w sytuacjach, kiedy wielkos¢ strat wody w dane;j
strefie przekroczy zalozony prog bezpieczenstwa. Wymaga to jednak przeprowadzenia prac
analitycznych, na bazie ktorych prog ten zostanie oszacowany. Dodatkowym problemem do
rozwigzania jest czas pracy baterii zainstalowanych w wodomierzach — im czgsciej realizowane s3

odczyty tym czas ten jest krotszy.
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THE ANALYSIS OF THE SEPARATION PROCESS FOR
THE WATER-CRUDE OIL SYSTEM
A. Krupinska, M. Ochowiak, M. Markowska, S. Wlodarczak, M. Matuszak
Instytut Technologii i Inzynierii Chemicznej, Politechnika Poznanska, Poznan, Polska

andzelika.krupinska@put.poznan.pl

Substancje ropopochodne to zwiazki organiczne, ktoére pochodza z obszaru wykorzystania
1 przerobu ropy naftowej. Naleza do nich paliwa, rozpuszczalniki, zywice, wazeliny, parafiny, czy
tez mieszaniny naftenowych weglowodorow aromatycznych. Zanieczyszczenia substancjami
ropopochodnymi uwazane sg za jedno z najpowazniejszych zrodet zagrozen Srodowiskowych [1]. Z
uwagi na wilasciwosci tych zwiazkéw (lipofilowos¢, staba rozpuszczalno§¢ w wodzie, brak
polarnosci) wykazuja one zdolno$¢ do tworzenia cienkiego filmu na powierzchni zbiornikow
wodnych. Sag substancjami silnie toksycznymi i1 kancerogennymi, a ich predyspozycja do tatwego
transportu do $rodowiska skutkuje posrednim i bezposrednim zagrozeniem dla zdrowia i zycia
czlowieka [2]. Zagadnienia zwigzane z oczyszczaniem wod opadowych, w ktorych roéwniez zwigzki
te mozna znalez¢, sa problemem niezwykle trudnym i wcigz aktualnym.

Jedng z metod mechanicznego oczyszczania wod opadowych jest separacja w aparatach
zwanych osadnikami. Pod wzgledem konstrukcyjnym wyrdzni¢ mozna odstojniki poziome, pionowe,
odsrodkowe, kontaktowe z zawieszonym osadem, typu Dorra, czy wykorzystujace ruch wirowy. W
niniejszej pracy analizowano proces separacji uktadu woda-substancje ropopochodne prowadzonego

z wykorzystaniem osadnika wirowego z przegroda wzdhuzng (rys. 1).
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Rysunek 1 — Testowana konstrukcja.

Badania rozpoczynano od napelniania aparatu wodg 1 zmierzenia poziomu wody
w separatorze w danych warunkach przeplywowych. Nastepnie doprowadzano frakcje olejowa

(stezenie 4250mg/l; doktadnos¢ +5%). Woda i lekka ciecz byty mieszane i kierowane do separatora.
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Pobieranie probek rozpoczynano po okresie rozruchu, rownowaznym z czterokrotng wymiang
objetosci wody w separatorze. W celu okreslenia stezenia pozostatosci cieczy lekkiej w wodzie
wykonano analiz¢ wody w strumieniu wylotowym. Probki §ciekow pobierano za pomoca
umieszczonego za przewodem odptywowym naczynia zbierajacego. Badaniom poddano olej
napedowy (ON) o gestosci p, = 820 kg/m? i lepkosci u, = 4,9-107 Pa-s, olej hydrauliczny HV 46 (p,
= 870 kg/m®, u, = 117,9-10° Pa-s) oraz olej przektadniowy SAE 30 CAT TDTO (p, = 910 kg/m?,
, =301,1-10° Pa-s).

Analiza wykazala, ze lepko$¢ fazy olejowej wpltywa na sprawnos¢ separacji. Wraz ze wzrostem
lepkosci fazy rozproszonej rosnie stopien separacji faz ciektych. Na rysunku 2 przedstawiono

zalezno$¢ uzyskanej sprawnosci w funkcji obciazenia hydraulicznego.
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Rysunek 2 — Zaleznos¢ sprawnosci od obcigzenia hydraulicznego - testowane 3 substancje.

Przebieg procesu separacji oleju przektadniowego SEA 3 CAT TDTO o najwyzszej

z badanych olejow lepkosci, skutkuje uzyskaniem najwyzszych wéroéd badanych sprawnosci separacji

1 charakteryzowat si¢ najwigksza stabilnoscia.
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INVESTIGATION OF THE TOXIC EFFECT OF WATER TREATMENT SLUDGE ON
SEWAGE SLUDGE METHANE FERMENTATION PROCESS
M. Kryléw, J. Gorka, M. Cimochowicz-Rybicka
Cracow University of Technology, Poland Faculty of Environmental and Power Engineering,
Department of Environmental Technologies

Water treatment processes produce sludge and liquid waste, with an organic-mineral
composition .According to the Regulation of the Minister of the Environment of 29 December 2014
[Journal of Laws 2014, item 1923], sludge generated in water treatment processes is classified as
waste from the treatment of drinking water and water for industrial purposes (19 09). The amount,
physic-chemical and biological composition of sludge depends on the type of water abstracted
(groundwater, surface water, infiltration), the amount and level of contamination of the raw water,
the degree of removal of contaminants from it and the type and dose of chemicals used. The dispersed
colloidal compounds present in the raw water during water treatment are agglomerated with
coagulants, which form the largest part of the sludge. In the coagulation process usually aluminium
salts (Al2(SOa4)3-18H20) and iron salts (e.g. FeCls-6H20, FeClz, FeSOs4 7H20) are used.. Water
treatment sludge consists of various microorganisms, organic and inorganic matter, suspended solids,
coagulants and various chemical components. A change in the level of water contamination generates
changes in the dosage of chemicals, the amount of contaminants removed and the frequency of rinsing
the filter beds. It is estimated that the amount of sludge generated is between 2 and 5% of the volume
of water treated.
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Figure 1 — Results of two measurement series of the methanogenic activity
of the toxic effect of aluminium on methane fermentation.
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Figure 2 — Results of two measurement series of the methanogenic activity
of the toxic effect of iron methane fermentation.

As a result of an experimental study carried out as part of a research project, the mixing and co-
fermentation of water treatment sludge in the sewage sludge treatment process showed a positive
effect on biogas production. At a share of water treatment sludge of up to 30% with respect to the
organic dry matter content of the sludge, an increase in biogas production and methanogenic activity
was observed (biogas production value 0,21-0,51 m®kg™oss us depending on the season). However,
when this dose was exceeded, the efficiency of the process decreased. Therefore, the aim of this study
was to identify and check the toxic effect of heavy metals contained in water treatment sludge on the
anaerobic sludge stabilisation process. However, when this dose was exceeded, the efficiency of the
process decreased. The aim of this study was to identify and test the toxic effects of heavy metals
contained in water treatment sludge on the anaerobic sludge stabilisation process.

Based on the results of the water treatment sludge composition study, the metals that may cause
a decrease in the efficiency of the anaerobic process were determined. The results indicate that only
aluminium (25-35% dry weight content in water treatment sludge) and iron (10-15% dry weight
content in water treatment sludge), whose presence is due to the coagulant used during water
clarification, can have an inhibitory effect on the fermentation process. Tests for the toxic effects of
aluminium and iron on anaerobic stabilisation were determined by measuring methanogenic activity.
Three doses of aluminium (500 mgAl-dm™, 1000 mgAl-dm™, 1500 mgAl-dm) and a control sample
(0 mg mgAl-dm™) were selected for the test. Based on the toxicity tests performed, the toxic
properties of aluminium sulphate ions on the methane fermentation process were noted. Figure 1
shows the results of the measurement of methanogenic activity at different aluminium doses. At an
aluminium dose of 500 mgAl-dm™3, a 25% decrease in process efficiency was observed. On the other
hand, three iron doses (100 mgFe-dm™, 250 mgFe-dm, 500 mgFe-dm™) and a control sample (O
mgFe-dm™) were selected for the study of the toxic effects of iron. The results are shown in Figure
2. As can be seen, there was no effect of iron ions on the methane fermentation process.

This work is one of the parts of the research project POIR.04.01.02-00-0032/17 Innovative
technologies for waste recovery and processing and revitalisation of contaminated sites in the
municipal circular economy system. Project co-financed by the European Union from the Regional
Development Fund under the Intelligent Development programme. The project is implemented under
the competition held by the National Centre for Research and Development: Sub-measure 4.1.2

Regional scientific and research agencies.
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CO-DIGESTION OF SEWAGE SLUDGE WITH CAVITATED
CELLULOSE WASTE IN ABATCH SYSTEM
M. Lebiocka
Lublin University of Technology, Faculty of Environmental Engineering, Lublin. Poland,
m.lebiocka@wis.pol.lublin.pl

Sustainable economy and its continuous development require increasingly rational and
effective management of the available natural resources. The dynamic development of industry and
economy contributed to the increased demand for all kinds of energy. Currently, about 80% of the
global energy demand is covered by fossil fuels, which are dominated by crude oil, natural gas and
hard coal. However, the resources of these materials are non-renewable and limited, whereas their
exploitation increasingly aggravates environmental degradation. The biofuels obtained from plant
biomass have a very high potential for ensuring energy security of the countries that do not have
significant resources of fossil fuels. The increasing amounts of sewage sludge generated in
wastewater treatment plants oblige them to be properly managed. One of the methods of neutralizing
sewage sludge can be methane fermentation. Currently, research is being conducted to improve the
effectiveness of this process. One of these solutions may be co-fermentation, i.e. the introduction of
at least one additional substrate.

This study examined the effectiveness of mesophilic co-digestion of sewage sludge and
cavitated cellulose waste. The experiments were performed in batch-mode to evaluate both the biogas
potential and the biogas production rate. Three runs were carried out, one of them concerned the
anaerobic digestion of sewage sludge (as control), whereas the others referred to the co-digestion of
sewage sludge with addition of cavitated cellulose waste at doses of 10 and 20%. The runs were
conducted under mesophilic conditions (temperature 37+1°C) and lasted for 21 days. The
effectiveness of the process was assessed on the basis of the volatile solids removal, biogas potential
and the rate of biogas production. The physiochemical composition of reactor feed and digestate were
characterized. In the case of biogas production rate, the highest value was recorded in the control run
(0.175 Ndm3dm=3d1), a slightly lower value (0.172 Ndm3dm3d™) was observed in the case of using
a 10% dose of cavitated cellulose waste, and the lowest (0.155 Ndm3dm=3d1) for a 20% dose of co-

substrate. The use of cavitated cellulose waste may be an alternative to their management.
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MODELING THE TRANSPORT AND BIODEGRADATION OF POLLUTANTS IN
STORMWATER, COMBINED AND SANITARY NETWORK
G. Lagéd?!, B. Szelag?, J. Drewnowski®, D. Majerek*
! Lublin University of Technology, Faculty of Environmental Engineering
2 Kielce University of Technology, Faculty of Environmental, Geomatic and Energy Engineering
3 Gdansk University of Technology, Faculty of Civil and Environmental Engineering

4 Lublin University of Technology, Faculty of Fundamentals of Technology

The on-going urbanization, involving increased share of impervious areas in urban catchments,
as well as climate change affecting the amount of stormwater lead to negative changes in the
stormwater system operation. The above-mentioned factors also affect the operation of stormwater
overflow and usually contribute to the deterioration of water quality in receivers. The described
phenomena result from the increased volume of the runoff in a short period of time and the amount
of pollutants leached from the atmospheric air and flushing from the catchment surface as well as
leaching of sediments deposits in channels. The above-mentioned factors also contribute to higher
frequency of stormwater floodings in urban catchments, range of flooding, and the depth of the
overflowing water. These phenomena hinder the correct operation of the urban infrastructure (road,
sanitary, telecommunications), and thus contribute to economic losses as well as deteriorated life
standards of urban residents. In order to reduce their magnitude as well as mitigate the impact of
climate change and excessive land imperviousness, the unfavorable phenomena can be predicted and
counteracted by preparing the plans of sustainable green infrastructure development, in addition to
appropriately selected and located retention tanks. While conducting such works, it is useful to
employ computer models predicting the amount of stormwater discharged from particular
catchments, enabling to analyze the run-off volume, stormwater volume in pipes, manhole filling
degree, share of overfilled manholes, stormwater flooding volume per land area, etc. Another step
carried out as part of modeling stormwater and combined sewer networks includes analyses of
transport, transformation and biodegradation of pollutants which occur in pipes, retention tanks as
well as small retention and green infrastructure objects. Literature review and authors’ own studies
indicate that stormwater, as well as combined sewer and sanitary networks — in technological and
process terms — can be considered both as devices for collection and transport of stormwater, as well
as biological reactors with prevailing aerobic processes, in addition to simultaneous constant inflow,
accumulation, and periodical leaching of biomass. Therefore, it is possible to connect the rate of
transformation and pollutant biodegradation processes in stormwater with network parameters as well
as the amount and initial pollution degree of flowing wastewater. As a result, it is possible to

determine the dynamics of change in load and form of pollutants discharged through the stormwater
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overflows or flowing into a stormwater/municipal wastewater treatment plants. Computer modeling
of the afore-mentioned phenomena fits well within the frame of creating integrated water, stormwater
and wastewater management systems in urban areas. In such an approach, water intakes, the area in
which stormwater and sanitary water accumulate, stormwater network, stormwater/municipal
wastewater treatment plant and the receiver should be approached in a systematic way, creating
interconnected elements. Creation of integrated systems: stormwater network-treatment plant or
stormwater network-treatment plant-receiving body, is important both from the viewpoint of
designing highly efficient treatment plants as well as maintaining receivers. The data on changes in
pollutant concentrations during the flow of wastewater through the network, obtained via computer
simulations, enable to determine their composition at the treatment plant inlet more accurately, which
is especially important in the case of biological removal of biogenic substances. Simulations also
enable to analyze the quality indices of treated wastewater in terms of their impact on the receiver, as
well as similar analyses conducted in relation to discharges from stormwater network or stormwater

overflows of a combined sewer system.
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USE OF SEWAGE SLUDGE ASH IN PRODUCTION OF ECO-EFFICIENT
CONSTRUCTION MATERIALS
G. Lagod?, Z. Suchorab!, M. K. Widomski?, L. Guz!, M. Pavlikova?!, Z. Pavlik?
! Lublin University of Technology, Faculty of Environmental Engineering
2 Czech Technical University in Prague, Faculty of Civil Engineering

Sewage sludge is produced in great quantities in municipal wastewater treatment plants all over
the world. As a result of a rapid industrialization and urbanization, which characterize developing
countries, there has been a substantial increase in sewage sludge production. Sewage sludge has to be
appropriately processed, since it often threatens the natural environment. The regulations issued by
the European Union limited the sewage sludge deposition in landfills and its application in
agriculture. At present, landfilling constitutes the most common sewage sludge disposal method; in
some countries it is also released into the ocean. In addition, it is used in agriculture for soil
management and as organic fertilizer. In that case, it has to be borne in mind that sewage sludge
contains pollutants and unstable pathogens which may be potentially hazardous for environment and
human health. Hence, it has to be considered that landfilling of sewage sludge may no longer be
carried out and other methods of its disposal have to be found. As a result, it may be possible to
recover valuable raw materials from potentially harmful materials. Appropriate processing might
enable their application in construction industry, as well as heat and energy recovery. The literature
describes the practical applications of sewage sludge in the production of various types of building
materials — such as light expanded aggregates and lightweight aggregate-concrete made of them.
Another possibility is the use of ashes from sewage sludge incineration in the production of
environmentally efficient building materials. Incineration of sewage sludge is one of the commonly
used methods of managing sewage sludge from large wastewater treatment plants, which are not
suitable for use in agriculture or reclamation of degraded areas due to, for example, an increased
content of heavy metals. On the one hand, thermal management of sludge allows obtaining heat
energy, and on the other hand, it can reduce the energy consumption for the production of pozzolanic
materials by using a by-product of the thermal management process, i.e. the resulting ash. Appropriate
technical procedures enable the use of potentially hazardous waste materials from the incineration of
sewage sludge, which are considered to be burdened with a high environmental risk, for the
production of cement mixtures and to reduce the environmental burden by avoiding the storage of
waste, i.e. resulting ash. Other environmental aspects related to the preparation of standard cement
mixtures are also important, including the emission of greenhouse gases — mainly carbon dioxide.
The CO2 emission result from two aspects of cement production. The first includes the chemical

reaction which is involved in the production of clinker, i.e. the main component of cement, since
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limestone is decomposed through the addition of heat. Recent estimations indicate that about 5% of
total anthropogenic CO:2 emissions, excluding land-use change, result from these “process”
emissions. Combustion of fossil fuels used for heating raw clinker ingredients up to melting
temperature constitutes the second source of emissions. Thus, total emissions from the cement
industry approximate 8% of global CO2 emissions. Various types of mineral admixtures were tested
as prospective Portland cement substitutes, as a result of high carbon footprint of cement production.
These include by-products of iron, silicon and ferrosilicon alloys production as well as waste products
from coal combustion in thermal power stations, in addition to afore-mentioned ash from sewage
sludge combustion. Thus, the appropriate application of the principles of the circular economy allows
solving many problems related to the negative impact of waste generated in plants of various branches
of the economy, including water and watewater management. To conclude, it can be stated that the
use of properly transformed waste (sewage sludge) enables reducing energy consumption and
decreasing the greenhouse gas emissions during the production of cement mixtures. From this point
of view, the developed cement mixtures and the mortars and concretes prepared from them can be
treated as "green building materials", also referred to in the literature as eco-efficient construction

materials.
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AUTOMATIC RECOGNITION OF ACTIVATED SLUDGE ORGANISMS USING
COMPUTER VISION
D. Majerek?, M. Dudzinski', M. Dudzinski!, G. Lagéd?
! Lublin University of Technology, Faculty of Fundamentals of Technology,
Department of Applied Mathematics
2 Lublin University of Technology, Faculty of Environmental Engineering,

Department of Water Supply and Wastewater Disposal

Computer vision has recently become an increasingly used tool for object detection and
localization in many scientific fields. Due to the development of artificial intelligence and machine
learning, the computer vision technology is constantly improving and achieving better and better
results, often capable of even surpassing human abilities. One of the many applications in artificial
intelligence is an automatic image analysis, which is currently a strongly developed branch of
information technology that has a number of applications. One of the possible fields of application
for automatic image analysis is the recognition and classification of objects observed using
microscopic techniques. Such objects can be activated sludge organisms, mainly protozoa, metazoa
as well as bacteria. The rapid analysis of microscopic slices carried out in this way can provide the
information used in bioindication analyses of the work of bioreactors with active sludge, biofilm or
hybrid systems. The aforementioned bioindication analyses can be used in the routine control of the
stability of the purification processes carried out, the evaluation of the quality of the treated
wastewater, and in the detection of early symptoms of treating process failure. Such analyses can also
be used to assess the level and scope of the impact of treated wastewater discharge on the receiving
waters. However, the algorithms used need adequate knowledge to correctly recognize everything
that is visible in the image. This work presents the use of automated image analysis in assessing the
properties of a selected morphological groups and species of activated sludge protozoan. The material
used for the study was collected from the municipal wastewater treatment plant Hajdéw in Lublin.
This plant is the systems of mechanical-biological treatment devices treating municipal wastewater
from Lublin and the neighboring towns. The activated sludge samples were collected in the plant
bioreactor of five-stage Bardenpho technology. The samples for the study was collected twice a
month from May 2019 to January 2020, between 12 p.m. and 3 p.m. Sampling was always performed
in the same way. The samples of activated sludge were used for preparing the specimens observed
under an Olympus CX scientific biological microscope, applying transmitted light and bright field,
coupled with a system for numerical images acquisition. In the process of preparing the material for
training the artificial neural network, the marking of images in accordance with the format acceptable

by the said network was performed. The study material contained a total of 990 images with the
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resolution reduced from the original size to 416x416. Finally, the research set was divided into
teaching, testing and validation sets in the proportions of 70%, 10%, 20%. For the detection of
organisms in microscopic image, YOLOvV4 convolutional neural network was used. The YOLO (You
Only Look Once) network was presented in June 2015 by four researchers: Joseph Redmon, Santosh
Divvala, Ross Girshick and Ali Farhadi [1]. This detector belongs to a family of single-stage object
detection and localization models. The implemented network for object detection and localization
contained 161 layers and was executed in 6000 iterations. Several metrics were used to evaluate the
model fit. Intersection over Union is the most widely known and commonly used metric in this type
of task. For the detection of the arcella vulgaris species, loU was 0.85 and for vorticella species it
was 0.65. Both of these results were calculated on the test sample, which indicates a very good level
of accuracy and correct localization of the objects.

J. Redmon, S. Divvala, R. Girshick, A. Farhadi, You Only Look Once: Unified, Real-Time
Object Detection, University of Washington, Allen Institute for Al, Facebook Al Research, 2016.
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KONCEPCJA MODERNIZACJI I ROZBUDOWY REAKTOROW BIOLOGICZNYCH NA
OCZYSZCZALNI SCIEKOW DLA GRODZISKA MAZOWIECKIEGO
M. Manski !, D. Duda-Nowicka?, K. Umiejewska?
17aktad Wodociagow i Kanalizacji w Grodzisku Mazowieckim, 2Zaktad Zaopatrzenia w Wode
i Odprowadzania Sciekow, Wydziat Instalacji Budowlanych, Hydrotechniki i Inzynierii

Srodowiska, Politechnika Warszawska, katarzyna.umiejewska@pw.edu.pl

Celem oczyszczania S$ciekow jest ochrona $rodowiska przyrodniczego przed
zanieczyszczeniami powstajagcymi  w  wyniku ludzkiego metabolizmu oraz gospodarczej
1 przemyslowej dzialalnosci. W $ciekach bytowych oraz przemystowych znajduje si¢ wiele
sktadnikéw, wsrod ktorych mozna wyrozni¢: zwigzki organiczne, biogenne, mineralne,
mikroorganizmy patogenne, pasozyty i substancje toksyczne. Oczyszczanie $ciekOw jest konieczne
ze wzgledu na ochrone wod oraz potrzebg wlaczenia zwigzkdéw biogennych, przede wszystkich azotu,
do naturalnego obiegu pierwiastkow w przyrodzie.

W Polsce w zakresie oczyszczania $ciekow obowigzuja wymagania okres$lone
w europejskiej dyrektywie 91/271/EWG z dnia 21 maja 1991 roku. Polska przystepujac
do Unii Europejskiej zobowigzata si¢ do wypelnienia tych wymogoéow zgodnie z okreslonymi
W negocjacjach i zapisanymi w Traktacie Akcesyjnym terminami i okresami przejsciowymi. Aby
zidentyfikowa¢ faktyczne potrzeby w zakresie uporzadkowania gospodarki $ciekowej oraz
uszeregowac ich realizacje w taki sposob, by wywigzac si¢ ze zobowigzan traktatowych, stworzono
Krajowy Program Oczyszczania Sciekow Komunalnych (KPOSK), przyjety przez Rade Ministrow
w dniu 16 grudnia 2003 r. KPOSK stanowi wykaz aglomeracji, ktore musza zosta¢ wyposazone w
systemy kanalizacji zbiorczej i oczyszczalnie §ciekow w terminach okreslonych w programie.

Zgodnie z aktualizacja KPOSK z 2017r. oczyszczalnia $ciekow w Grodzisku Mazowieckim
zostalta zaklasyfikowana do priorytetu P3. Oznacza to, ze aglomeracja Grodzisk Mazowiecki przez
realizacje¢ planowanych dziatan inwestycyjnych do dnia 31 grudnia 2021 r., spelni warunki
dyrektywy 91/271/EWG dotyczace jakosci 1 wydajnosci oczyszczalnia.

Oczyszczalnia $ciekow przed modernizacja zostata zaprojektowana, wybudowana i przekazana
do eksploatacji przy zatozeniu nastepujacej ilosci i jakosci $ciekow:

— Przeplyw $redni dobowy : 10 500 m®/d

— Przeptyw maksymalny godzinowy : 840 m/h
Jakos$¢ $ciekow surowych

e  Stezenia zanieczyszczen (P = 85%):
- BZTs : 840 mg O2/dm?

- ChzZT : 1 840 mg O2/dm?
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— Zawiesina ogodlna : 870 mg/dm?

—  Azot ogolny : 107 mg N/dm?3

—  Fosfor ogolny : 10,8 mg P/dm?3
e tadunki zanieczyszczen (P = 85%):

- BZTs : 8 820 kg O2/d

- ChzT : 19 320 kg O2/d

— Zawiesina ogodlna 19135 kg/d

— Azot ogolny :1123,5 kg N/d

— Fosfor ogdlny :123,5 kg P/d

Z uwagi na zwickszone obcigzenie hydrauliczne oczyszczalni a co za tym idzie wzrost tadunku
zanieczyszczen w $ciekach surowych zdecydowano si¢ na modernizacje istniejacego reaktora
biologicznego 1 budowe drugiego ciggu przyjmujac nastepujace dane do projektowania:

Zatozenia do projektu modernizacji i rozbudowy:

— Przeptyw $redni dobowy : 21000 m*/d
— Przeptyw maksymalny godzinowy : 1700 m?/h
Jako$¢ sciekow surowych

e Stezenia zanieczyszczeh (P = 85%):

- BZTs : 544 mg Oz/dm®
- ChzZT : 919 mg Oz/dm?®
— Zawiesina og6lna : 519 mg/dm?

—  Azot ogolny : 96 mg N/dm?3
—  Fosfor ogdlny : 16 mg P/dm?®
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SEPARATION OF LIGHT SOLID PARTICLES IN WATER
IN MODIFIED VORTEX SETTLING TANKS WITH A BAFFLE
M. Matuszak, M. Markowska, A. Krupinska, M. Ochowiak, S. Wlodarczak, M. Hyrycz
Instytut Technologii i Inzynierii Chemicznej, Politechnika Poznanska, Poznan, Polska

magdalena.matuszak@put.poznan.pl; marek.ochowiak@put.poznan.pl

Ciagly i dynamiczny rozwdj cywilizacyjny, jak rowniez zmiany klimatyczne przyczyniaja si¢
do wystepowania deficytu zasobow wodnych na catym swiecie. W zwiagzku z powyzszym, obserwuje
si¢ rosnace zainteresowanie zagadnieniem dotyczacym wstgpnego oczyszczania wod. W procesach
tych wykorzystywane sg najczesciej standardowe techniki zageszczania zawiesin oraz separacji
substancji oleistych (np. cedzenie, sedymentacje czy filtracj¢) [1,2]. Obecnie wiele rozwigzan
skupionych jest na doskonaleniu dostepnych juz urzadzen nazywanych osadnikami,
wykorzystywanych w procesach oczyszczania. Do jednych z nich zalicza si¢ osadniki wirowe
wykorzystywane do wylapywania rozmaitych zanieczyszczen statych (frakcja lekka i1 cigzka),
osadow oraz zawiesin. Osadniki wirowe cechuje wysoka skuteczno$¢ oczyszczania, stosunkowo
mata powierzchnia zabudowy w planie, sposobnos¢ umieszczenia wlotu do osadnika pod dowolnie
dobranym katem oraz tatwa eksploatacja. Praca osadnikow wirowych bazuje na wykorzystaniu
zjawiska ruchu wirowego, umozliwiajacego wydtuzenie drogi przeptywu oraz czasu trwania procesu
sedymentacji [1,3]. Ponadto, zastosowanie ruchu wirowego prowadzi do zwigkszenia efektywnosci
separacji stalych zanieczyszczen [2,3].

Celem pracy jest podjecie proby zwiekszenia sprawnosci oczyszczania wody, poprzez poddanie

standardowego osadnika wirowego modyfikacji konstrukcji polegajacej na wyposazaniu go w

przegrode wzdtuzng.
Tabela 1
Parametry geometryczne badanych osadnikow wirowych.

Osadnik hy[m] hy,[Mm] hy[m] hy,[Mm]  hy[m] I, [m]
ZMP-011 0,4 0,2 0,4 0,4 0,3 0
ZMP-012 0,4 0,2 0,4 0,4 0,36 0

ZMP-4 0,4 0,2 0,4 0,4 0,3 0,055

ZMP-5 0,4 0,2 0,4 0,4 0,36 0,055

Analizg separacji czastek statych lekkich przeprowadzono dla dwoch konstrukeji typu ZMP-0
(przegroda umiejscowiona w osi aparatu) i dwoch ZMP (przegroda zostata przesuni¢ta w kierunku
wylotu z osadnika), ktorych wymiary zestawiono w tabeli 1. Analiza miata na celu wykazanie

zalezno$ci pomiedzy zmiang stopnia separacji w odniesieniu do zmiany wysoko$ci potozenia
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przegrody od dna osadnika oraz utozenia wzgledem osi zbiornika osadnika. Na rysunku 1 pokazano
stopien separacji czastek statych lekkich o $redniej $rednicy 550 um w wodzie dla badanych

konstrukcji osadnikow wirowych.

§§§§¢
T_ - ]

s IIIT,?‘*’

®24 - ZMP-01 ] Fl

©26 - ZMP-4 §

Rysunek 1. Stopien separacji czastek statych lekkich w wodzie w zalezno$ci od obcigzenia

hydraulicznego dla zmodyfikowanych osadnikow wirowych z przegroda wzdhuzna.

W trakcie wykonywania badan zaobserwowano, ze czastki polietylenu wykazuja tendencje to
agregacji w wigksze skupiska, ktére w wyniku zastosowania wigkszych warto$ci obcigzen
hydraulicznych byly porywane przez wir, a nastgpnie wymywane z osadnika. Analiza uzyskanych
wynikow wykazata, Ze osadniki wyposazone w przegrode umieszczong w osi aparatu 0siagaja nizsze
wartos$ci stopnia separacji niz osadniki z przesuniety przegroda w kierunku wylotu z aparatu.
Uzyskane warto$ci stopnia separacji czastek lekkich w przeprowadzonym badaniu oscylowaty w
zakresie od 70 do 34% w zaleznosci od konstrukcji (przyktadowo: 70% dla ZMP-4, natomiast
najnizsza — 34% dla ZMP-012). Dowiedziono, ze przesuni¢cie przegrody przyczynia si¢ do
dwukrotnego wzrostu sprawnosci, co ttumaczy zwigkszenie pierwszej komory osadnika, w ktorej
nastepuje zatrzymanie czgstek lekkich i zmniejszenie komory wylotowej z osadnika.
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RADON JEGO WYSTEPOWANIA I WPLYW
NA ROZNE ASPEKTY ZYCIA LUDZKIEGO
M. Metryka-Telka, J. Gawdzik
Politechnika Swietokrzyska, mtelka@tu.kielce.pl

Radon jest pierwiastkiem chemicznym nalezacym do grupy gazoéw szlachetnych w uktadzie
okresowym. Jest gazem bezbarwnym i ma wiasciwosci radioaktywne. W czasie rozpadu emituje
promieniowanie alfa, a takze beta tylko w znacznie mniejszym stopniu. Jest pierwiastkiem o
niewielkiej przenikliwosci, ale za to wysokiej zdolnosci jonizujacej. Posiada wysoka mase atomowa
Wynoszaca 222u co czyni go trwatym izotopem [1]. Radon do wdd dostaje si¢ gtownie z gleby,
materiatéw budowlanych, a takze z gazu ziemnego i powietrza. Dobrze rozpuszcza si¢ w wodzie, ale
tez w innych cieczach. Jego okres poétrozpadu wynosi 3,8 dnia tworzac przy tym szereg
krétkozyciowych pochodnych takich jak izotopy polonu, bizmutu oraz otowiu, ktére rowniez majq
wlasciwosci promieniotworcze[2] Sam radon nie wplywa bezposrednio na nasz organizm, ale jego
pochodne moga wnika¢ jako pyty do naszego uktadu oddechowego co niesie ryzyko nowotworéw
ptuc. Posiadajac bardzo duza rozpuszczalno$é moze pojawié si¢ w wodzie pitnej [3]. W Polsce sa
jasno okreslone normy dotyczace jakosci wody przeznaczonej do spozycia przez ludzi.
Rozporzadzenie Ministra Zdrowia z dnia 7 grudnia 2017r. (Dz. U. 2017 poz. 2294) zaktada dla radonu
w wodzie pitnej jako poziom referencyjny 100Bq/l [4]. Wedlug Amerykanskiej Agencji Ochrony
Srodowiska (EPA) limit zawartosci radonu w wodzie wynosi jedynie 11 Bq/l [5]. Do tej pory radon
i jego whasciwosci badali m.in. Tadeusz Przylibski w pracy zatytutowanej ,,Radon sktadnik swoisty
wod leczniczych Sudetow”. Autor w swojej pracy scharakteryzowat radon jako pierwiastek; jego
genezg, migracje 1 akumulacje w litosferze badajac przy tym zarys budowy geologicznej Sudetéw
dazac do przedstawienie potencjalnie leczniczych wod radonowych [6]; Jadwiga Mazur — ,,Dynamika
procesu ekshalacji radonu z gruntu, a parametry meteorologia i wtasnos$ci gleby”. Autorka poruszyta
takie zagadnienia radon w aspekcie zdrowotnym; radon w glebie w tym transport, emanacja i
ekshalacja [7]; Mirostaw Janik za§ w swojej pracy doktorskiej pt.: ,,Przenikanie radonu z gruntu do
budynku. Modelowanie komputerowe 1 weryfikacja w budynkach mieszkalnych” przedstawit w niej
radon w odniesieniu do promieniowania jonizujgcego i skutkow jego dziatania, a takze zrodta radonu
w gruncie, model przenikania radonu z gruntu do budynku oraz scharakteryzowat przepuszczalno$¢
gruntu dla radonu [8]; Jakub Nowak opracowal temat: ,,Promieniotworczos¢ naturalna wod
termalnych Karpat polskich” uwzgledniajac przy tym zalezno$¢ promieniotworczos$¢ naturalng wod
termalnych wybranych krajéow $wiata, w tym rowniez Polski z uwzglednieniem stezenia radonu
222Rn, ktory pojawia sie w sieciach wod wodociagowych [9]. Przygladajac si¢ doktadnie wyzej
wymienionym pracg, a takze korzystajac z innych zZrodet zostanie w pierwszej czgdci
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scharakteryzowany radon pod wzgledem wyst¢gpowania, a nastepnie po przeprowadzeniu wstepnych
badan w réznych miejscach wojewoddztwa Swigtokrzyskiego zostanie oceniony jego wplyw na
zdrowie 1 zycie czlowieka, a takze okreslone stezenie radonu w sieci wodociagowej przy zatozeniu,
ze jest w niej istotnie nizsze niz w wodzie bezposrednio wyptywajacej z warstwy wodonosnej i nie
przekraczajg limitow EPA.
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CONCEPT OF ADAPTATION MEASURES TO CLIMATE CHANGE
IN THE UKRAINIAN-POLISH BASIN OF THE WESTERN BUG
V. Mokryil, 1. Petrushka!, O. Bobush?,

R. Grechanyk?, S. Korolko?, V. Bratkovskyi'

! Lviv Polytechnic National University, Lviv, Ukraine
2Department of Environment and Natural Resources of
Lviv Regional State Administration,Lviv, Ukraine

SHetman Petro Sahaydachnyi National Army Academy, Lviv, Ukraine

Climate changes make significant adjustments to the spatial and temporal distribution of water
resources in Ukraine and Poland, which leads to large-scale changes in the hydrological state of the
transboundary basin of the Western Bug.

The relevance of the research is determined by the environmental safety of surface waters of
the Ukrainian-Polish hydrological network and is determined by the quality of surface waters of
border rivers. Transboundary surface water pollution is caused by interrelated factors: inefficient
operation of sewage treatment plants, soil and atmospheric pollution, changes in the landscape
structure and man-caused overload of the territory, lack of water protection zones and coastal
protective strips. These pollutants are manifestations of the environmental interdependence of states,
thus they make it necessary to develop global cooperation on environmental protection in the context
of modern climate changes.

The research methodology makes it possible to determine the ecological, economic and
technological causes and consequences of border water pollution, which increases the effectiveness
of preparing strategic directions for climate change adaptation in the Western Bug basin and makes
the research constructive. The synthesis of hydro-ecological and cartographic models is implemented
by the technologies of the geographical information system MaplInfo Professional.

The research results relate to the analysis of the current state of water resources management in
the Ukrainian-Polish basin of the Western Bug and substantiation of the need to develop a concept of
adaptation measures to climate change in order to reduce negative trends in the formation of the
ecological situation in the basin of transboundary rivers.

The concept of adaptation measures to climate change summarizes current up-to-date data on
current and possible future trends in climate change in the Western bug basin, which are generally
characterized by an increase in air temperature in the basin, an increase in the aridity of its southern
part and an increase in the intensity and unevenness of precipitation. With a sufficient degree of
probability, it can be assumed that these shifts will exacerbate all existing problems related to the

water environment: periodic floods caused by catastrophic floods, which are becoming more frequent;
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a decrease in the available water runoff of various parts of the basin; deterioration of water quality
and negative impact on the ecosystems of the basin.

Natural, technical and organizational measures of adaptation to climate change, if used wisely
and fully, will partially neutralize dangerous trends. A special role belongs to the complex of existing
and projected reservoirs: often having a contradictory impact on the state of the environment of the
basin, they can, nevertheless, become an important tool for its adaptation to climate change. It is
advisable to prepare appropriate engineering, design, environmental and economic solutions for the
construction of a large reservoir on the Ukrainian territory of the Western Bug (small ones already
exist), capable of regulating the hydro-ecological balance of the Western Bug if necessary.

Conceptual measures to adapt to climate change in the Western Bug basin provide for setting
out the current vision of the basin countries, maintaining and directing their joint actions:

e understanding the basin as a single ecological system in the context of climate change and
other impacts on water resources;

e implementation of international obligations under the UN Framework Convention on climate
change, the UNECE Convention on the protection and use of transboundary watercourses and
international lakes and other international agreements;

eunification of national adaptation plans, integrated management of basin areas and other
management tools with the needs of cross-border adaptation to climate change, while avoiding
"unilateral™ adaptation that would harm other countries and parts of the basin;

e justification and establishment of a hierarchy of investment needs for managing the Western
Bug cross-border basin in a changing climate, using state and other resources, as well as mechanisms
for international cooperation;

e promotion of better governance and cross-border cooperation in the basin as a whole.

The natural potential of the basin ecosystems, especially in the upper and middle reaches of the
Western Bug, can also be used for effective adaptation. This requires constant attention, which should
be strengthened, to the protection and restoration of vulnerable natural complexes, through the
creation of forest-ecological and hydro-ecological corridors.

Based on research and numerous consultations, the proposed concept provides for a set of
measures, the joint and coordinated implementation of which will allow timely and proactive
response to future climate change. Some of the proposed measures can be effectively implemented
only in cooperation with other existing and planned processes and programs — industrial, national,

interstate and international.
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INFLUENCE OF GREEN ARCHITECTURE AND PERMEABLE
PAVEMENTS APPLICATION ON WATER BALANCE OF PUBLIC
UTILITY FACILITY CATCHMENT — MODELING STUDY
A. Musz-Pomorska, M. K. Widomski
Politechnika Lubelska, Wydziat Inzynierii Srodowiska, Lublin, Poland,

a.musz-pomorska@pollub.pl

This paper presents the comparative numerical analysis of changes in stormwater outflow
volumes and patterns for the urbanized catchment of a public facility i.e. school complex of total
area 4.66 ha. This study was based on assumed variable partial replacement of sealed surfaces by
green roofs and permeable pavements allowing to delay and reduce surface runoff. The numerical
studies were performed in SWMM, EPA, USA software for the three selected rainfall events of
various intensity. Variable permeable concretes, of different permeability and infiltration ratio were
selected to replace the traditional sealing materials i.e. asphalt and concrete bricks. The required
input data concerning infiltration and retention characteristics of green roofs and studied permeable
pavements were accepted after literature. The obtained results allowed assessment of possible
influence of green architecture and permeable pavements application on time-related reduction in

surface runoff volume.
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OBJETOSC ZASOBNIKA O PELNEJ AKUMULACYJNOSCI W ZALEZNOSCI OD
POBORU DOBOWEGO CIEPLEJ WODY NA PODSTAWIE POMIAROW
J. Nejranowski, W. Szaflik
Zachodniopomorski Uniwersytet Technologiczny w Szczecinie, Katedra Ogrzewnictwa,

Wentylacji i Cieptownictwa; jerzynej@zut.edu.plszaflik@zut.edu.pl

Na podstawie badah wtasnych poborow pigciosekundowych cieplej wody uzytkowej (wyniki z
minimum 30 dob w o$miu budynkach mieszkalnych, tacznie z 1060 punktami poboru) okreslono
pojemnos$¢ zasobnika o petnej akumulacyjnosci (ZOPA) dla uktadéw przygotowania c.w.u.

Na poczatku dla kazdej doby okreslono srednig pojemno$¢ zasobnika 1 sredni dobowy pobor cieplej
wody przypadajacy na jednego mieszkanca. Otrzymane wyniki, w zalezno$ci od liczby mieszkancoéw

w budynku, przedstawiono na rysunku 1.
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Rysunek 1 — Obliczona $rednia pojemnos$¢ zasobnika o pelne akumulacyjnosci (ZOPA) i $redni
dobowy pobor cieptej wody przypadajacy na jednego mieszkanca w zaleznosci od liczby

mieszkancow w budynku wraz z liniami trendu

Z rysunku 1 wynika, ze linie trendu wartos$ci sredniej jednostkowej objetosci zasobnika o petne;j
akumulacyjnos$ci oraz dobowego poboru wody, sg do siebie niemal rownolegle 1 w niewielkim
stopniu zalezg od liczby mieszkancow — wraz ze wzrostem liczby mieszkancow maleja.

W zwiazku z powyzszym na rysunku 2 przedstawiono otrzymane objetosci zasobnika
w zalezno$ci od liczby mieszkancow w budynku i pobranej ilosci wody w czasie doby dla wszystkich
dni pomiarowych w poszczegolnych budynkach. Na rysunku mozna zauwazy¢, ze obje¢tos¢ zasobnika

rosnie proporcjonalnie do ilosci pobieranej wody w budynku.
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Rysunek 2 — Obliczona pojemno$¢ zasobnika o pelnej akumulacyjnosci (ZOPA) w zalezno$ci od
liczby mieszkancow oraz pobranej ilosci wody w budynku, na podstawie przeprowadzonych

pomiaréw

W celu ustalenia zaleznosci pojemnosci jednostkowej zasobnika w zaleznosci od liczby
mieszkancOow w budynku okreslono pojemnos$¢ zasobnika i1 odpowiadajgce mu zuzycie wody

przypadajace na jednego mieszkanca. Wyniki przedstawiono na rysunku 3.
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Rysunek 3 — Obliczona pojemnos¢ jednostkowa ZOPA w zaleznosci od jednostkowego poboru

cieptej wody we wszystkich budynkach dla wszystkich dni pomiarowych

Na rysunku przedstawiono funkcje aproksymujaca zalezno$¢ pojemnosci jednostkowej
zasobnika od jednostkowego poboru gj. Zaproponowano funkcje liniowg przechodzacg przez
poczatek uktadu o réwnaniu:

Vj=0,258 - gj [dm*/M]

Zaproponowana zalezno$¢ niemal pokrywa si¢ z wyznaczong linig trendu.
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JAKOSC WODY W PUNKTACH CZERPALNYCH PO PONOWNYM ROZRUCHU
INSTALACJI WODOCIAGOWYCH WYLACZONYCH Z EKSPLOATACJI
W OKRESIE PANDEMII
K. Niewitecka, J. Chudzicki
Zaktad Zaopatrzenia w Wode i Odprowadzania Sciekéw, Wydziat Instalacji Budowlanych,
Hydrotechniki i Inzynierii Srodowiska, Politechnika Warszawska,
kaja.niewitecka@pw.edu.pl., jaroslaw.chudzicki@pw.edu.pl

Streszczenie

Ponowne wlaczenie do uzytkowania instalacji wodociggowych w budynkach uzytecznosci
publicznej moze by¢ ryzykowne bez odpowiedniego przygotowania.

Ograniczenie dziatania lub catkowite wylgczenie z eksploatacji instalacji wodociggowych
wody zimnej 1 cieplej sprzyja stagnacji wody wewnatrz rurociggdw. Zastoje, a co za tym idzie
rébwniez obnizenie ochronnego dziatania substancji dezynfekcyjnych dodawanych do wody
wodociggowej moga prowadzi¢ do pogorszenia jej jako$ci. Procz zmian fizykochemicznych takich
jak zmiana barwy, me¢tnosci, utlenialnos$ci czy przewodnictwa, wzrasta rowniez ryzyko zwigzane z
tworzeniem si¢ srodowiska sprzyjajacego bytowaniu patogenow.

Przy ponownym rozruchu systemow wodnych, na skutek zmiany warunkow
hydrodynamicznych w instalacji wodociggowej dochodzi do czg$ciowego zerwania blony
biologicznej pokrywajacej wewnetrzne S$cianki rur, czego efektem jest wzrost liczby
mikroorganizméw obecnych w wodzie. W przypadku obecnosci w biofilmie mikroorganizmow
chorobotworczych tj. Escherichia coli, Pseudomonas aeruginosa, Legionella pneumophila czy
Clostridium perfringens taka sytuacja moze stanowi¢ zagrozenie dla zdrowia odbiorcow, szczegolnie
dla os6b z obnizong odpornoscig.

W pracy podjeto probe scharakteryzowania zmian wskaznikow mikrobiologicznych i
fizykochemicznych wody wynikajacych z ponownego uruchomienia punktow czerpalnych
zréznicowanych pod wzgledem rozbioru i czasu stagnacji wody w jednym z gmachéw Politechniki
Warszawskiej po okresie tymczasowego wylaczenia z uzytkowania (Zgodnie z Zarzqdzeniem Rektora
nr 16/2020 z dnia 11 marca 2020 r. w sprawie podjecia w Politechnice Warszawskiej dziatan
zapobiegajqgcych rozprzestrzenianiu si¢ koronawirusa (COVID-19) od dnia 12 marca 2020 do dnia
31 wrzesnia 2021 w Politechnice Warszawskiej zawieszone byly tradycyjne zajecia dydaktyczne oraz
dziatalnos¢ naukowa, a cata aktywnosé¢ pracownikow i studentow zostata przestawiona na tryb
zdalny).

Autorzy zwracaja roOwniez uwage na konieczno$¢ prawidtowego przeprowadzenia ponownego
rozruchu instalacji wodociggowych w budynkach uzytecznosci publicznej po okresie pandemii z
uwzglednieniem odcinkéw, ktore nieobjete procesem dezynfekcji czy plukania sg miejscem bardziej
narazonym na kolonizacj¢ przez patogenng florg¢ bakteryjna.

Podjeto rowniez probe sprecyzowania podstawowych zasad dotyczacych m.in. ich ptukania i
dezynfekcji. Zaproponowano takze dziatania profilaktyczne, mogace w przyszio$ci ograniczy¢

ryzyko zwigzane z pogorszeniem jakosci wody wodociggowej dostarczanej do odbiorcow.
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EMPIRICAL MODELS FOR DETERMINING THE EFFICIENCY OF VORTEX
SETTLING TANKS
M. Ochowiak, M. Markowska, A. Krupinska, M. Matuszak, S. Wlodarczak, M. Hyrycz
Instytut Technologii i Inzynierii Chemicznej, Politechnika Poznanska, Poznan, Polska

marek.ochowiak@put.poznan.pl

Osadniki wirowe sg oparte na zjawisku ruchu wirowego, ktory pozwala na wydtuzenie drogi
przeptywu i rownocze$nie czasu trwania procesu sedymentacji, przy jednoczesnym zachowaniu
niewielkich gabarytéw urzadzenia 1 zastosowaniu kotowego przekroju urzadzenia [1,4,5,6,7].
Efektywnos¢ separacji statych zanieczyszczen jest zwigkszona za pomocg ruchu wirowego, poniewaz
opadajace czastki zostaja przechwycone przez wtérne prady cieczy w dolnej czgéci osadnika,
natomiast sita od$rodkowa przemieszcza unoszace si¢ w cieczy zanieczyszczenia do strefy
przysciennej [4,6,7 8]. Prowadzone badania na przestrzeni ostatnich lat, pokazujg uzyskane korelacje
sprawnos$ci od okreslonych parametrow osadnikow wirowych [9]. Roznorodnos¢ jest wynikiem
autorskich koncepcji badan i geometrii urzadzen. Niektore badania koncentrowaty si¢ szczegodlnie na
wydajno$ci wylapywania zanieczyszczen w komorze wirowej [1,4,5]. Opis wybranych analiz
przedstawiono w tabeli 1 zawierajacej rozpatrywang wielkoScig czastek zanieczyszczenia i
Wyznaczong zaleznos$cig. Celem analizy bylo odnalezienie odpowiedniego zwigzku pozwalajacego

oszacowac wydajnos¢ oczyszczania cieczy w komorze wirowe;.

Tabela 11
Przyklady korelacji sprawnosci osadnikéw wirowych [5].
Artykul Rozmiar czastek [mm] Korelacja
401t . 0,88
Curi i in. [3] 212 e = 1,74 + an éﬁss/gp c) l

)

2 D
1o = 0,835 — +171-1072

Mashauri [10]  0,375-1,8 ; 0,1875-0,75 !

—593.10~%
593107 7

0,04
no = 73,4 + 8log (%), Mo = 2,16 (%)
Paul i in. [11] 0,175;0,05-1,0 ; 7,64 . ‘
=98 + 0,92log (—
Mo 09 ( W )

0,35
=k (1) (%)
0 0 h v,

02 0,11
) (g . R O hz)

0,15

Athar i in. [2] 0,055-0,931
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Wspotczesnie prowadzone badania nad osadnikami wirowymi potwierdzaja, ze efektywnos¢

oczyszczania cieczy jest funkcjg zmiennych [6,7,9]:
n=f@Q.,q,wsD,d, hv.) 1)

Przy czym, jednostkowe obcigzenie q liczone jest jako stosunek nat¢zenia przeptywu zadanego
do aparatu do jego powierzchni przekroju poprzecznego (powierzchni zabudowy w planie).
Zalozono, ze intensywno$¢ wtornych pradow jest zwigzana z lepkoscig cieczy. Jedna z
proponowanych funkcji, ktéora wyraza odpowiednie stosunki parametréw jako grupy bezwymiarowe
przedstawiona jest w postaci rOwnania [7]:

w, h D q) @

T] f (WC ) D ) d ) Q
Luyckx i Berlamont [8] nawigzali rowniez do zaleznosci sprawnosci oczyszczania osadnikow

wirowych od liczby Reynoldsa i przestawili swojg propozycje obliczenia stopnia separacji:

=1-(1-g) ew 304 () 1 ) 5 (3) e 3
"= 5) e |30 £ (52) £ (5) £ (G) fatke ©)
Funkcje, ktore sg obecne w powyzszym réwnaniu majg postac:
(o) = max iz [1-25 e (-250-22)]
fi w) = max W 5 exp w)l’ 4)
h h
—1=1- 14— 5
fo(3)=1-ew(-14-3) ©)
D 1 (Dy?
~\= — (= 6
f3(d> max ll'zo (d) l ©)
dla liczby Re <200 000:
fa(Re) =1 (7)
dla liczby Re > 200 000:
(Re) = 1 < 220000 ) ®)
Ja(Re) =1 = exp\ = 200000

Badania Ansariego i Khana [ 1] obejmowaty analiz¢ zmienno$ci stopnia zatrzymywania osadow
I zanieczyszczen w komorach wirowych w zaleznosci od umiejscowienia kro¢cow wlotowych i

wylotowych, a ich celem bylo sprawdzenie dokladnos$ci analizowanych relacji parametrow i w

0,212 -0,025

rezultacie opracowanie nowego modelu pozwalajacego na oszacowanie wydajnosci komor wirowych
na etapie projektowania o nastepujacej postaci:

227 107 -

D h 0, 0,116 0,10 7 0,257

T R M I R

Analiza danych wykazata, ze umiejscowienie i ksztalt kanatéw wlotowych i wylotowych ma

istotne znaczenie na efektywno$¢ oczyszczania cieczy w komorze wirowej. Poréwnanie modeli

matematycznych opisujgcych sprawnosci komory wirowej uzyskane przez réznych autorow [2,5,11]
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dowiodlo, ze zaden z wybranych wzoréw wstepnych nie oddaje poprawnej wartosci wydajnosci

usuwania zanieczyszczen, co powoduje, ze dla kazdej nowej konstrukcji osadnika wirowego nalezy

wyznaczy¢ nowe rownania pozwalajace na oszacowanie uzyskiwanej wydajnosci oczyszczania

cieczy.

PODZIEKOWANIA: Praca zostala sfinansowana przez Ministerstwo Nauki i Szkolnictwa

Wyzszego
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[2]

[3]

[4]

[5]
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THE MUTUAL INTERACTION BETWEEN DIFFERENT OPERATIONAL FACTORS
WITHIN NITRIFICATION PROCESS IN TERMS OF SUSTAINABLE DEVELOPMENT
STRATEGIES IN WWTPS
M. S. Shourjeh?, P. Kowal!, B. Szelag?, J. Drewnowski!
1Gdansk University of Technology, Faculty of Civil and Environmental Engineering,
Narutowicza, Gdansk, Poland, mehdi.shourjeh@gmail.com ; jdrewnow@pg.edu.pl
2Kielce University of Technology, Faculty of Environmental,

Geomatic and Energy Engineering, Kielce, Poland

Abstract: Recently, the influence of operating parameters and their interaction on energy
consumption issues have gained increasing attention in wastewater treatment plants (\WWTPs). This
study demonstrates the mechanisms and operating conditions (e.g., dissolved oxygen concentration
(DO), temperature) within nitrification process, which lead to complete domination of ammonium
oxidizing bacteria (AOB) over nitrite oxidizing bacteria (NOB) in terms of sustainable development
strategies in WWTPs.

INTRODUCTION

Emerging technologies in WWTPs are expected to decrease the high costs of energy
consumption within nitrite pathways. Several factors such as DO, temperature and pH could be
incorporated into the efficiency of innovative technologies along with the application of
mathematical modelling. Thus, the importance of interaction between different operational
conditions and their recovery effects for each other could achieve nitrogen removal process and
maintain the process stability. Conventional methods require remarkable energy to apply oxygen for
nitrification and organic matters for denitrification which makes such process expensive (Dosta et
al., 2015; Fux and Siegrist, 2004). Nowadays, novel technologies have gained increasing attention
in order to alleviate energy input used for nitrogen removal process and carbon needs for
denitrification using operational factors specially dissolved oxygen, while low DO concentrations
can successfully inhibit NOB activity as well as making the process more cost-effective due to the
reduction of oxygen demand. Huang et al. (2016) investigated the use of partial nitrification in a
membrane bioreactor (MBR) under DO between 0.8-0.9 mg/L, elevated temperature and FA-FNA
control for restricting NOB (Huang et al., 2016). In this research, a relationship between different
operational factors has been developed under lab-scale environment to better understand the concept
of sustainable development strategies within nitrification process in WWTPs.

MATERIALS AND METHODS

Experimental set-up and measurements of N2O production were based on series of laboratory

experiments carried out in a batch reactor with a working volume of 4 dm3. The reactor was
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equipped with the systems for continuous monitoring and control of pH, temperature and DO
concentration. On-line measurements of N2O were conducted using a clark-type N20 - R
microsensor (Unisense, Aarhus, Denmark). Activated sludge originated from the local large
biological nutrient removal (BNR) facility located in the city of Swarzewo. The biomass ranged
from 2.0 to 2.5 gMLVSS/m?. The nitrification tests were run at different DO set points: 0.5; 0.7; 1.0
and 1.5 g O2/m3. Ammonium constituted sole nitrogen source. At the beginning of the tests its
concentration was increased to around 20 g N/m?. During each experiment, the process temperature
set point was kept at 16°C, pH remained in the range of 7.5 to 8.0, and the mixing intensity was set
to approximately 200 rev/min. The adequate amount of alkalinity was ensured by addition of 3 moles
NaHCO:2 per each gram of nitrogen. In order to control the process performance, mixed liquor
samples were withdrawn from the batch reactor with a set frequency, and then filtered under vacuum
pressure on the Whatman GF/C. Concentrations of NH4-N, NOs-N, NO2-N were determined using
Xion 500 spectrophotometer (Dr Lange GmbH, Germany). The total nitrogen concentration was
determined in Total Nitrogen Measuring Unit TNM-1 (Shimadzu, Japan). Mixed liquor suspended
solids (MLSS) and mixed liquor volatile suspended solids (MLVSS) in the reactor were determined
by the gravimetric method according to the Polish Standards (PN-72/C-04559).

RESULTS AND DISCUSSION

The ammonium utilization and nitrate production rates (AUR-NPR) had upward trend even
under low temperature conditions which confirmed the mutual influence of increasing DO
concentration on process efficiency while ammonium successfully converted around 65% even
under low temperature (table 1). However, increasing temperature from 10 to 30 °C played an
essential role even under low DO concentration 0.5 mg/L to maintain AOB activity and the process
stability by applying high temperature 30 °C. In figure 1 under DO=0.5 mg/L, when temperature
changed to 30 °C, ammonium conversion rate had faster slope and at the end of test the ammonium
concentration decreased down to around 3.6 mgN/L and efficiency close to 81%, demonstrating the
strong relationship between operating environment which could remain the process stable.

Table 1.1

The influence of DO variations and low temperature 16 °C on nitrification rates

Dissolved oxygen (mg/L)

Parameters 0.5 0.7 1 1.5
AUR - 0.87 0.97 1.13 1.57
NPR - 0.71 0.5 1.13 1.57

Maximum NO;  (mg N/L) 0.16 0.81 2.58 1.91

Ammonium

conversion (%) 47 53 47 65

efficiency
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Figure 1.1 — The influence of increasing temperature on ammonium
conversion rates at DO=0.5 mg/L
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THE INFLUENCE OF SELF-CLEANING PROCESSES ON THE QUALITY OF
DRINKING WATER OF STRYI WATER INTAKE WELLS
V. Snitynskyi?, P. Khirivskyi!, V. Cherniuk?? , I. Hnativ?, R. Hnativ?, 1. Bihun?
! Lviv National Agrarian University
2 Lviv Polytechnic National University, Lviv, Ukraine
3 Katolicky Uniwersytet Lubelsky Jana Pawta II, Lublin, Polska

According to the conditions of groundwater accumulation in the pores and fissure space of
rocks and patterns of their movement, the Stryi River basin is located within two large
hydrogeological areas, namely the hydrogeological section of the Eastern Carpathians and the
Precarpathian Artesian Basin, which have minimal man-made changes in groundwater quality.

Along the river Stryi, in the area from the village Rozgirche to the village Duliby, the aquifer
of the Stryi groundwater deposit with reserves of 270 thousand m? / day was formed. Currently, the
field is operated by three coastal water intakes: Zhulynsky, Bratkivsky and Lyubynetsky. Water
intake wells are located along the Stryi River, which under such conditions is a conditionally
unlimited supply circuit. Lyubynetsky water intake provides water to the cities of Drohobych,
Truskavets, Stebnyk, Boryslav, Zhulynsky - Lviv, and Bratkivsky - Stryi and Morshyn.

The main indicators of drinking water of centralized water supply networks depend on the
quality of water in the sources of drinking water supply of available water resources, technical level
and compliance of water purification and distribution systems, the state of water mains, as well as the
effectiveness of water protection measures.

The aim of the work is to study the influence of anthropogenic factors on the quality of drinking
water in the wells of the Stryi water intake. The novelty of the work is the main indicators of drinking
water quality of the water supply network of Stryi for 2016-2020 years.

Quality control of tap drinking water in Ukraine is mainly carried out before it enters the
distribution network. To study the main indicators of drinking water quality of the Stryi water supply
network, sampling for analysis was performed at all wells of the Stryi water intake for the period
2016-2019y., and the generalized indicators were taken in clean water tanks (CWT) at the pumping
station of the 2nd rise (v. Bratkivtsi). The results of these studies are shown in Fig. 1-2.

Laboratory studies of the main indicators of artesian water in the wells of the Stryi water
intake for 2016-2020 years allowed to draw the following conclusions:

1. At the artesian well Ne 24 in 2016y. there was a slight increase in the pH of drinking water
relative to other wells, but in 2017-2020y. its value decreased and became commensurate with other
wells (Fig. 1).
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Figure 1 — Indicators pH of drinking water from the wells of the Stryi
water intake for 2016-2020y. (MPC 6.5-8.5)
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Figure 2 — The content of nitrates (nitrate nitrogen) of drinking water from the wells of the Stryi
water intake for 2016-2020y. (mg / dm®) (MPC <50)

2. The pH values of all water intake wells during the study period did not exceed the MPC for
drinking water according to DSanPin 2.2.4-171-10.

3. Nitrate content of artesian water in wells for 2019-2020y. significantly decreased, which is
explained by the improvement of compliance with the requirements of the water protection zone of
the Stryi water intake (Fig. 2).

4. Analysis of drinking water of artesian wells of the water supply system of Stryi shows its
high quality and lack of negative impact of river water on the groundwater deposit of Bratkivsky
water intake.

5. The quality of river water is satisfactory for its use in domestic and drinking water supply

and for recreational purposes.

184



WATER SUPPLY AND WASTEWATER DISPOSAL

EFFICIENCY OF RAINWATER REUSE BY DUAL INSTALLATION
IN THE TERMS OF A REAL PRECIPITATION
P. Suchorab, M. Iwanek
Lublin University of Technology, Lublin, Poland, p.suchorab@pollub.pl

The climate changing conditions occurring over the past decades result in many environmental
consequences, such us long term droughts and short intense rainfalls. More often, there are also
regions of a water resources scarcity — the phenomenon which did not happen in these locations
previously. It can impact the process of water delivery to consumers through water distribution
network. Therefore, new methods of water reuse and recycling are being searched. One of them is a
dual installation system, which recycle rainwater from roofs or grey wastewater form bathtubs,
showers and skinks. Due to the fact that only some water demands (drinking, cooking, dish washing
and hygiene purposes) require the potable water quality, others like: toilet flushing, clothes washing,
irrigation can be satisfied by non-drinking quality water. The dual installation system each time
should be individually evaluated, considering technical, environmental and economical profitability.
During designing the dual installation for rainwater harvesting, not only the annual precipitation, but
also the frequency of rainfalls should be taken into account.

The paper presents the exemplary efficiency analysis for rainwater reuse by a dual installation
system in the terms of a real precipitation. The dual installation system was designed for a hotel
building and its aim is to collect water from roof, storage it in the external tank unit and further reuse
it for toilet flushing. The efficiency of the dual installation was tested by a numerical simulation,
considering the real precipitation, which covers one hydrological year (01.11-31.10) and is
characterised by the annual precipitation equal to 1036.83 mm. The model analysis was performed in
SWMM 5.1 software. The aim of the paper was to answer the question whether the rain wastewater
collected from the hotel roof during the rainfalls is enough to cover the water demand for toilet
flushing. Additionally, the water level in storage tank and the frequency of additional storage supply
was analysed. The obtained results enabled the required improvements in the dual installation system

in order to recycle water more efficiently, especially in the terms of a very irregular precipitation.
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ELECTRICAL TECHNIQUES OF DETECTION OF MOISTURE CAUSED BY
SANITARY SYSTEM FAILURES
Z. Suchorab?, H. Sobczuk?, T. Bartoszek?
! Lublin University of Technology, Faculty of Environmental Engineering, Lublin
2 IKEA Centres — Lublin

Moisture contained inside the building partitions is a normal phenomenon that occurs in
moderate climate. It is a consequence of the structure of the building materials which are porous and
prone to water vapour infiltration. Phenomenon of water migration is natural and relies on water
condensation, sorption and desorption depending on the indoor and outdoor air condition. The
problem starts when water content increases unnaturally and starts to exceed values that are treated
as normal conditions. This may run to deterioration of thermal insulating parameters, mechanical
properties of the building partitions and decrease of indoor air quality. Main source of the excess
water is capillary rise phenomenon from the ground due to water proof insulation failures, flood
waters, condensation but also failures of sanitary installations.

Among failures of sanitary installations ought to be mentioned: water supply system failures,
leaks in water pipes, failures of valves and fittings, water heating systems of the buildings, failures of
building drainage systems and finally the failures of domestic sewage installations. Rapid techniques
of masonry moisture detection are very important for quick recognition of the problem, detection of
the failures and finding the solutions to solve the problem. These techniques of moisture detection
are the indirect methods that rely on determination of the physical parameters that are dependent on
water. Among this techniques the most dominant are the electric ones.

Electrical techniques of moisture detection can be divided into the resistance and dielectric
methods. In case of the resistance technique the measured parameter is electric conductivity or electric
resistance of the measured material. Conductivity or resistance value depends on masonry moisture
and after suitable calibration can be utilized to determine masonry moisture and thus indicate the
problem. This technique is cheap and popular but prone to the influence of other factors like salinity
that may disturb the measurement. More efficient for rapid moisture detection are the dielectric
methods where the measured parameter is apparent permittivity which is a measure of the behaviour
of matter particles when an external, alternating electric field is applied. Value of the apparent
permittivity depends on particle properties and for water, with polar particle geometry equals 80 [-]
and significantly differs from other phases like air 1 [-] or solid phase 1 — 15 [-]. This difference in
apparent permittivity is substantial for moisture detection. Among dielectric techniques of moisture
detection there can be distinguished: capacitance method, microwave method and reflectometric

method.
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One of the most prospective dielectric methods is a reflectometric technique — Time Domain
Reflectometry that utilizes reflections of the electromagnetic pulse to evaluate the velocity of signal
propagation and thus the apparent permittivity. This method was initially developed to measure
moisture of the soils, but currently is adopted to measure water content rigid structure of the building
partitions. This adaptation required to modify the measuring sensors construction from traditional
invasive probes into the surface, non-invasive; modify the way of signal interpretation and finally
individual calibration for building materials.

Time Domain Reflectometry signal analysers and modified non-invasive surface sensors enable
to detect and quantify the presence of water in building barriers and enable to detect water from

capillary uptake processes but also can be helpful in detection of the sanitary system failures.
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FERMENTATION OF SEWAGE SLUDGE CONTAINING GLYCERIN FRACTION
OBTAINED IN BIODIESEL PRODUCTION
M. Sulewski
University of Science and Technology in Bydgoszcz, Faculty of Chemical Technology and
Engineering, Bydgoszcz, Poland, msulewski@utp.edu.pl

Production of fuel based on fatty acid methyl esters (FAME), commonly called biodiesel, is
one of the ways to increase the share of renewable fuels.

Biodiesel can be obtained from vegetable oils, animal fats or even waste material containing
acylglycerols. The biodiesel production process is a chemical reaction called transesterification
between a fat and methyl alcohol in the presence of a specific catalyst.

In theory, the products of transesterification are FAME and free glycerol though, in fact, the
reaction is a three-stage equilibrium process. It results in the obtaining of two liquids after completing
the reaction: one containing mainly FAME (biodiesel), the other composed of free glycerol, soaps,
small amounts of FAME, methyl alcohol and many other compounds.

The crude glycerin phase may constitute a major threat to the environment because of its high
BOD, basicity and content of toxic methanol. Besides, it is highly hygroscopic, so adding water to
glycerol will decrease the mixture’s freezing temperature.

Development of the production of methyl esters results in the formation of large amounts of the
glycerol fraction. With such large-scale production, the problem of development of several thousand
tonnes of a glycerol fraction containing primarily glycerin, methanol, and soap is very important.

Further development of biodiesel production and increasing the production and use of fatty acid
methy| esters will also increase the total amount of the obtained glycerin phase to the point where we
have a surplus of glycerol in relation to demand.

One of the methods to utilize the crude glycerin phase may be to use crude glycerol as an
additive to sewage sludge and anaerobic fermentation of the obtained mixture. The method has two
important advantages: firstly, utilization of the waste byproduct and, secondly, possibility to use the
methane obtained during the fermentation process as an environmentally-friendly and renewable
energy source.

Methane fermentation is the anaerobic decomposition of organic matter into methane and
carbon dioxide with the use of bacteria. It occurs in four stages, with three groups of microorganisms,
each of which requires appropriate environmental conditions.

The anaerobic fermentation of sewage sludge with addition of raw glycerin fraction has been
studied, as well as kinetics of free glycerol and FAME decomposition during examined process. The

influence of pH of the initial mixture on the course of the fermentation process was investigated.
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The effect of the amount of added glycerin fraction on the decomposition rate of its main
components in the methane fermentation process was investigated. Gas chromatography with a FID
detector was used to determine the content of the mixture components.

Sewage sludge from the sewage treatment plant in Bydgoszcz was used as raw materials. The
used glycerin layers came from local agro-refineries.

Studies have shown that for the addition of a 3% [m/m] glycerol layer to the sewage sludge,
both glycerol and FAME are completely decomposed within approx. 5 days, while for glycerol this
time is faster.

Adding the glycerin fraction obtained during biodiesel production to the sewage sludge
fermentation process may be one of methods of utilization of the biofuel process byproduct, especially
when the demand for alternative uses of glycerol is insufficient in the region where biodiesel is
produced. This method of utilization of the glycerin fraction is environmentally friendly and is
potentially cost-effective because of the use of biogas energy.
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WASTEWATER AS A HEAT SOURCE AT WASTEWATER TREATMENT PLANTS
W. Szaflik
West Pomeranian University of Technology in Szczecin, Faculty of Civil and Environmental
Engineering, Szczecin, szaflik@zut.edu.pl

The heat discharged along the wastewater can be recovered within the buildings, sewers and at
wastewater treatment plants. The article presents methods of heat recovery from wastewater and
possibilities of their application at wastewater treatment plants. The heat contained in the wastewater
in residential buildings, is most often used for preliminary heating of hot water. The unused heat is
discharged with the wastewater into the sewage system and further into the wastewater treatment
plant. In most wastewater treatment plants in Poland, the heat is usually not utilized and flows with
the treated wastewater to the reception tank. The lack of utilization of this heat is due to the low
temperature of the wastewater, which is higher than the temperature of cold water supplied to
buildings by a few to several degrees Celsius. This limits the direct use of the heat contained in them
with heat exchangers. In wastewater treatment plants, the heat extracted from the higher temperature
medium is used for heating, hot water preparation and technological needs. ]. In theory, this heat can
be recovered through heat exchangers. Wastewater treatment plants are not interested in such a low
temperature heat source. It is possible to use the wastewater as a lower heat source for heat pumps.
Currently available heat pumps allow to heat the medium to 60°C or even 80°C without any trouble.
Industrial compressor heat pumps achieve the efficiency of ;=50 - 60% of perfect Carnot heat pump
Pec-

In heat exchangers the temperature of the heated medium is lower than the temperature of the
inflowing wastewater. For low temperatures of the wastewater their usability is limited.

For a given lower heat source temperature, the performance of the heat pump decreases as the
upper heat source temperature increases. It is assumed that the use of heat pump is efficient for values
of COP above four.

Untreated domestic wastewater contains a large amount of suspended solids which cover the
surfaces of channels increasing the hydraulic resistance and reducing the flow. Suspended solid cover
also the surface of heat exchangers, reducing their effective area. The precipitates on the surface also
create additional thermal resistance lowering the value of the heat transfer coefficient and the heat
flux extracted from the wastewater. Because of this, heat at wastewater treatment plants is most often
extracted from treated wastewater, which practically containing no solids. Heat exchangers should be
designed, constructed and located so their surfaces can be easily cleaned from the sewage.

Several facilities located at the wastewater treatment plants require heating. To those we include
processing buildings, such as digestion chambers and office buildings. The heat discharged in
wastewater can be used for processing, heating the facilities or preparing hot water. Heating
installations designed for use of wastewater heat should be designed for low-temperatures. For a
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medium with a design temperature of up to 50°C, the compressor heat pumps can be used to achieve
the thermal potential. The heat pump will operate at a relatively high coefficient of performance. The
heat pumps can also be used for the hot water preparation.

The low-temperature heat can also be used to heat sewage sludge directed to separate digesters
where mesophilic sludge digestion is conducted.

The temperature of the wastewater leaving the apartment building is higher than the temperature
of the cold water supplied. This is due to the fact that part of the water supplied to the residential
building and used by the tenants of the buildings is heated to a temperature of about 55°C. On
average35% of hot water used in residential buildings has this temperature. The temperature of
wastewater does not exceed 25°C during the summer and rarely drops below 10°C during the winter.
Figure 1 presents the average temperatures during a year of water at the Miedwie intake, treated
wastewater temperature at Zdroje WWTP, and air temperature at meteorological station in Szczecin
during 2020. The average annual temperature of water taken from the intake was 8.8°C, of wastewater
at the treatment plant 19.0°C, and of air 10.7°C. It can be seen that the wastewater has the highest
temperature (except for a few days where the air was higher). The 24-hour average air temperature is
characterized by largest daily amplitudes. In cold period it is basically lower than the cold water
temperature, while in the summer it is higher than it.

The article presents the results of comparison of heat pump performance at a wastewater
treatment plant when the lower heat source is the wastewater and outside air. The comparison was
made for Waste Water Treatment Plant Zdroje in Szczecin.

As the temperature of the upper heat source increases, the performance of heat pumps decreases.
In January, for a heat source temperature between 30°C and 60°C, the performance of a heat pump
with wastewater as the lower heat source is 88% to 30% higher than for air as the lower heat source.
In April, the efficiency is 53% to 18% percent higher for studied lower heat sources.

It can be concluded that at wastewater treatment plants, the most advantageous lower heat
source for the heat pump is the wastewater, as its temperature during the heating period is much
higher than the temperature of other possible lower heat sources such as air, ground or water drawn
from the ground, or water from watercourses or reservoirs.

The performance of heat pumps, for a heat source at a given temperature, depends on the
temperature of the upper heat source. As the temperature of the upper heat source increases, the
performance of the heat pump and economic efficiency decreases. Above a certain temperature of the
upper heat source a heat pump is not economically justifiable. Therefore, they are mainly used at low
heat pump temperatures. The problem of heat utilization in wastewater treatment plants lies in the
limited possibilities of heat utilization with heat pumps, due to their low thermal potential.

To utilize heat pump for heating purposes, the heating medium should have low temperature,
while the central heating should be designed to utilize systems with low heat such as floor heating.
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THE EFFICIENCY OF MESOPHILIC ANAEROBIC CO-DIGESTION OF SEWAGE
SLUDGE AND ORANGE PULP
A. Szaja, M. Lebiocka, A. Montusiewicz, 1. Wajs
Lublin University of Technology, Faculty of Environmental Engineering, Lublin, Poland,
a.szaja@pollub.pl

The disposal of various groups of wastes remains a challenge. Despite their beneficial and
valuable properties, their technological and energetic potential is still untapped. This group includes
the by-products from orange juice manufacturing. It should be noticed that during its production,
about 50-60% of fruit becomes a waste. Currently, such by-products are used as livestock feed, in
production of fertilizers, pectin, ethanol as well as essential oils. However, due to significant amounts
of this waste and its rapid deterioration, new applications are constantly being sought.

Among them, anaerobic digestion (AD) is known as a promising technology allowing for both
energy recovery and effective waste management. Nevertheless, the implementation of orange juice
by-products in AD is still a serious problem, because of limonene presence, its acidic pH as well as
high biodegradability. Limonene, a cyclic terpene, is recognized as a major AD inhibitor that affects
the hydrolytic-acidogenic and methanogenic activity. Moreover, its complex chemical structure
results in its resistance to hydrolysis. For this reason, various expensive and energy-consuming pre-
treatments, including steam explosion and distillation, solvent leaching as well as biological methods
(fungi, alkali application and ensiling) to remove limonene have been studied. In this context, the co-
digestion with other wastes might be a promising solution. The application of an adequate substrate
may reduce its negative impact through dilution the limonene load. One of the most widely used
substrates in AD is sewage sludge (SS). It should be pointed out that its mono-digestion results in a
low methane production. Moreover, implementation of this strategy at WWTPs does not require a
construction of new objects and may improve an energy balance of the facility.

In the present study, the mesophilic anaerobic co-digestion of municipal sewage sludge and
orange pulp was examined. The influence of application this co-substrate was evaluated on the basis
of the biogas/methane production, organics removal as well as process stability. The experiments
were performed in batch mode at temperature of 37+1°C. Two different doses of 2.5 and 5.0 g of
untreated pulp were added to SS. Moreover, one series (control reactor) was fed only sewage sludge.

The obtained results indicated that in co-substrate presence the improvement of both biogas and
methane potential was observed. As compared to SS mono-digestion, the enhancements of 6.1 and
15.3% were found in co-digestion series. The average values were 508 and 552 L kg™ VS, while in
the control reactor it was 479 L kg* VS. Regarding the methane potential, an analogous trend

occurred. This parameter was established at level of 309 and 326 L CHs kg VS in co-digestion
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reactors, whereas in the control series, it was 291 L CH4 kg™ VS. It should be noticed that the most
beneficial results corresponded to the highest orange pulp dose. The application of this substrate
influenced also a biogas and methane production rates. In the case of the first parameter, in co-
digestion series the values of 0.841 and 0.952 d! were found. In turn, for methane the obtained results
were 0.511 and 0.563 d*. The mono-digestion of SS reduced the rates by approx. 9 and 20% as
compared to the co-digestion series. Similarly to the biogas and methane potential, the highest values
were found in the presence of 5 g orange pulp. Importantly, in the orange pulp occurrence, an
improvement of organics removal was achieved. Regardless of co-substrate dose, the comparable VS
removal of 60% occurred. For TS, in the case of lower co-substrate dose, its removal was established
at level of 48.9%. In the presence of 5.0 g orange pulp, this parameter reached the value of 47.0%. In
the control reactor, these parameters were 56.6 and 44.7% for VS and TS removals, respectively.
Additionally, despite the introduction of a substrate with low pH and limonene occurrence, the AD
proceeded in a stable way in all co-digestion reactors. The pH values, alkalinity, VFA concentrations
were at a level favorable for methanogens. The observed improvements in co-digestion series were
related with introduction of a substrate reached in biodegradable organic matter and valuable micro-
and microelements that improved the feedstock composition. Because of enhanced biogas and
methane productions, the application of untreated orange pulp at doses of 2.5 and 5.0 g to SS may be

considered as a profitable solution for WWTPs.
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DISTRIBUTION OF CONTAMINANT BINDING PARTICLES IN
A DRINKING WATER RESERVOIR
E. Szalinska®, M. Szlapa?, P. S. Hachaj?, P. Orlinska-Wozniak®, E. Jakusik?, P. Wilk®
! AGH University of Science and Technology, Cracow, Poland
2 Cracow University of Technology, Cracow, Poland
% Institute of Meteorology and Water Management, National Research Institute, Warsaw, Poland

eszalinska@agh.edu.pl

Transport of sediment particles from the catchment to a dammed reservoir is of utmost
importance, especially when the reservoir serves as a drinking water source. In the current study we
have tracked the selected fractions of sediment particles (SMAG, SILT, and CLAY) from their source
of origin (Raba River catchment) to the deposition area being in a dammed reservoir (Dobczyce
Reservoir). This research was possible due to the combined performance of two models (SWAT and
AdH/PTM) under the umbrella of the Macromodel DNS digital platform. Moreover, a variant
scenario analysis including RCP 4.5 and 8.5, and land use change forecasts have been applied.

Although the studied river catchment is extremely prone to erosion, and under the forecasted
climate change will respond in increasing sediment loads, this response will eventually be attenuated
by the reservoir. Due to the very fortunate location and natural setup of the studied reservoir, the two
first zones will maintain their trapping role for the larger particles (SILT), even during periods of
highly increased sediment delivery periods under the adopted climate and land use scenarios. As for
the finer particles (CLAY), their increased mobility into the reservoir is clearly visible both under
short- and long-term scenarios which raises concerns due to their contaminant binding affinity, and
possible impact on drinking water quality. The altered high flow period, April-October, will increase
the mobility of these particles, pushing them to flow to the last reservoir zone, and even downstream
from the reservoir. Generally, the share of this fraction flowing to zone D will be increased even by
30% (December) when compared to the baseline scenario, but only an average of 10% of them will
settle there. Since this zone is used as a source of drinking water, the extended presence in this part
of the reservoir should be further investigated due to their role as a contaminant carrier, as previously

discussed.
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MODELE I WZORCE DESZCZOW DO WERYFIKACJI NIEZAWODNOSCI
DZIALANIA KANALIZACJI WE WROCLAWIU W PERSPEKTYWIE 2050 ROKU
K. Wartalskal, B. Kazmierczak®, M. Wdowikowski?, J. Piekarski?, A. Kotowski?
Politechnika Wroctawska, Wydziat Inzynierii Srodowiska, Wroctaw

2 Politechnika Koszalinska, Wydziat Inzynierii Ladowej, Srodowiska i Geodezji, Koszalin

W kontek$cie wymagan europejskiej normy PN-EN 752, wdrozonej do prawodawstwa
polskiego w latach 2000/2001, a takze zgodnie z postulatem Europejskiego Komitetu Normalizacji
(CEN) w panstwach cztonkowskich Unii Europejskiej nalezy ujednolici¢ poziom ochrony terenéw
zurbanizowanych przed wylewami z systemow kanalizacyjnych.

Bezpieczne projektowanie 1 eksploatacja systemow kanalizacyjnych ma na celu zapewnienie
wymaganego standardu odwodnienia terenow wg PN-EN 752, ktéry determinuje zdolnos$¢ systemu
do przyjecia maksymalnych (prognozowanych) strumieni wod deszczowych z czgsto$cig réwng
dopuszczalnej (akceptowalnej spotecznie) czestosci wystgpienia wylania na powierzchni¢ terenu.

Modelowanie niezawodnosci dziatania systemow kanalizacji deszczowej i ogdlnosptawnej na
terenach zurbanizowanych, zalecane normg PN-EN 752, jest w Polsce wcigz rzadko stosowane, m.in.
z braku wiarygodnych wzorcéw deszczéw modelowych, w tym zwlaszcza z uwzglednieniem
prognozowanych zmian intensywno$ci deszczéw w przysziosci. Dotychczas stosowano wzorce
deszczow opracowane w Niemczech — np. Eulera typu I i DVWK, w domniemaniu, ze sg one
réwniez odpowiednie dla polskich warunkow hydrologicznych. Wzorce te formutowano w oparciu o
lokalne krzywe wysokosci DDF (Depth-Duration-Frequency) — tworzone z aktualnych modeli
deszczow maksymalnych, tj. bez uwzglednienia wpltywu zmian klimatu. Modelowanie
hydrodynamiczne systeméw kanalizacyjnych jest najczg$ciej stosowane w celu sprawdzenia
poprawno$ci wymiarowania kanatow, w tym objetosci zbiornikow retencyjnych, ze wzgledu na
potencjalne zagrozenia srodowiskowe powodowane nadpigtrzeniami i wylewami z sieci.

W niniejsze] pracy przedstawiono metodyke estymacji parametréow rozkladu GED do
formutowania: dotychczasowych postaci modeli deszczow maksymalnych oraz modeli
prognostycznych, tj. z uwzglednieniem trendéw zmian intensywnosci deszczéw w przysztosci, a
takze metodyke tworzenia hietograméw wzorcowych na potrzeby modelowania niezawodnosci
dziatania systemow kanalizacji deszczowej 1 ogdlnosptawnej we Wroctawiu. Na tych podstawach
opracowano i poréwnano uogélnione wzorce deszczow krotkotrwatych - 0 charakterze
konwekcyjnym, utworzone z krzywych DDF z aktualnego modelu GED oraz z modelu
predykcyjnego GED — prognozowane na 2050 r.
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METHODS OF REDUCTION OF HEAVY METALS
CONTAMINATION IN WATER AND SOIL
K. Witt
Faculty of Chemical Technology and Engineering, UTP University of Science and Technology,
Bydgoszcz, Poland, Katarzyna.Witt@utp.edu.pl

It is well known that heavy metals naturally exist in the earth's crust. Decomposition of parent
rocks and volcanic eruptions also cause that metals get into the water and soil. Heavy metals released
in such ways represent a natural level of contamination, this is the so-called water/soil background,
which does not pose any threat to environment. Dangerous contamination occurs when the
concentration of heavy metals in water or soil is atypical, i.e. much higher than the background, The
increased amount of heavy metals in the environment is largely conducted with human activity,
especially progressive urbanization, rapid industrial development, smelting, and metal mining
processes.

In recent years, the removal of heavy metals contamination from aqueous solutions (e.g.
industrial wastewater) has become a key issue in the protection of the aquatic and the terrestrial
environment. A number of methods for their treatment can be distinguished. Water solutions
contained metal ions are treated using physical, chemical, and biological methods. Usually, heavy
metals are removed from water and wastewater using conventional techniques: chemical
precipitation, reverse osmosis, evaporation, and ion exchange.

In turn, removal of heavy metals from soil can be performed by in-situ or ex-situ remediation
methods. In-situ remediation is related to carrying out cleaning processes at the site of contamination.
Whereas ex-situ remediation consists of extracting contaminated soil, transporting it to the place, in
which it will be cleansed.

At the conference, a review of methods of removing metal ions from water and soil will be

presented.
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THE ANALYSIS OF THE SEPARATION PROCESS FOR
THE GLYCEROL-HEAVY SOLIDS SYSTEM
S. Wlodarczak, A. Krupinska, M. Ochowiak, M. Markowska, M. Matuszak
Instytut Technologii i Inzynierii Chemicznej, Politechnika Poznanska, Poznan, Polska

sylwia.wlodarczak@put.poznan.pl

Dynamiczny rozwdj cywilizacyjny oraz zmiany klimatyczne wywieraja silny wpltyw na
srodowisko 1 wiele aspektéw zycia. Prowadzi to takze do deficytow zasobéw wodnych. W zwiagzku
z tym konieczne jest rozwijanie nowych technik 1 metod zar6wno magazynowania zasobow wodnych,
ich odprowadzania, jak i oczyszczania w celu dalszego wykorzystania. Wsrod zanieczyszczen wod
opadowych mozna wyrdzni¢ zawiesiny, metale cigzkie, zwiazki azotowe czy zwiazki biogenne. Z
tego wzgledu istotne sg procesy oczyszczania wod opadowych, tak aby mozna bylo ponownie
wykorzysta¢ nieliczne dostgpne zasoby wodne. Znaczaca role odgrywa w tym przypadku
projektowanie oraz dobor nowoczesnych technologii [1].

Osadniki wirowe sg urzadzeniami stuzacymi do wytapywania zanieczyszczen statych, osadow,
zawiesin ze $ciekow deszczowych i roztopowych, a takze ze $ciekow technologicznych ptynacych
grawitacyjnie kanalizacjg. Osadniki te s3 odpowiednim rozwigzaniem na terenie zurbanizowanym,
gdzie wymagane s3a urzadzenia o duzej efektywnosci i stosunkowo malych gabarytach. Osadniki
wirowe z zasady charakteryzuja si¢ wysoka skuteczno$cig oczyszczania, mniejszg od pozostalych
osadnikéw powierzchnig zabudowy w planie, mozliwosciag umieszczenia wlotu do osadnika pod
dowolnym katem, co usprawnia podigczenie go do sieci kanalizacyjnej, a takze tatwa eksploatacja
[2,3].

Analiza procesu separacji obejmowata wplyw lepkosci fazy ciagglej na sprawnos¢ osadnika
wirowego. W badaniu wykorzystano osadnik wirowy z przegroda wzdhuzng o $rednicy wewngtrznej
D =0,19 m, wysoko$ci H = 0,69 m, §rednicy wewng¢trznej kro¢ca wlotowego i wylotowego d = 0,028
m, wysokosci osi kro¢ca wlotowego na przecieciu ze $ciang zbiornika hi = 0,4 m, wysokosci osi
wylotu z kroéca wlotowego wewnatrz osadnika hiw = 0,2 m, wysokosci osi kroéca wylotowego na
przecigciu ze $ciang zbiornika h2 = 0,4 m, wysokosci osi wlotu do kro¢ca wylotowego wewnatrz
osadnika haw = 0,4 m oraz wysokos$ci zawieszenia przegrody w osadniku wirowym hp = 0,3 m.
Badanymi cieczami byly wodne roztwory gliceryny o stezeniu wagowym 24, 41, 50, 55 1 59%
wagowych, o gestoéci p, 1059, 1103, 1127, 1141 oraz 1152 kg/m3, ktérych lepko$é p, wynosita
odpowiednio 2-103, 4.10°%, 6-10°%, 8-10% i 10-10° Pa-s. Zastosowane czastki stale ciezkie stanowita

mieszanina ziaren kwarcu 1 skaleni o $redniej srednicy 125 um.
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Rysunek 1 — Zalezno$¢ sprawnosci separacji czastek stalych cigzkich o $redniej $rednicy 125 pm

od obcigzenia hydraulicznego i lepkosci fazy ciaglej

Na rysunku 1 przedstawiono zalezno$¢ sprawnosci separacji czastek statych ciezkich o srednie;j
Srednicy 125 um od obciazenia hydraulicznego 1 lepkosci fazy ciagtej. Badania wykazatly, Zze wraz ze
zwigkszajaca si¢ lepkoscia cieczy newtonowskiej stopien separacji czastek stalych cigzkich maleje.
Jest to zwigzane z przeptywem laminarnym w osadniku, co uwidacznia si¢ w wartosciach liczby
Reynoldsa, oraz coraz mniejszag predkosciag sedymentacji czastek stalych. Przy obcigzeniu
hydraulicznym o wartoéci 63 m3/m?h przy lepkosci cieczy na poziomie 10-107 Pa-s stopien separacji
czastek o $rednicy 125 um wynosi 55%, co w poréwnaniu do fazy wodnej jest wynikiem o 28%
nizszym.

PODZIEKOWANIE

Praca zostata sfinansowana przez Ministerstwo Nauki i Szkolnictwa Wyzszego.

LITERATURA
[1] Sawicka-Siarkiewicz H. (2011). Oczyszczanie wod opadowych w separatorach i osadnikach w
kontek$cie wymagan okre§lonych w przepisach prawnych, Przeglgd Naukowy. InzZynieria i
Ksztaltowanie Srodowiska, 52, 140-152.

[2] Ansari M.A., Khan M.A., (2014). Performance assessment of vortex settling chambers, Journal
of Hydraulic Engineering, 20 (3), 324-338.
[3] Keshavarzi A.R., Gheisi A.R. (2006). Trap efficiency of vortex settling chamber for exclusion

of fine suspended sediment particles in irrigation canals, Irigation and Drainage, 55, 419-434.

198



WATER SUPPLY AND WASTEWATER DISPOSAL

OBECNOSC POZOSTALOSCI LEKOW NIESTEROIDOWYCH I NONYFENOLI
W SRODOWISKU WODNYM POLUDNIOWEJ POLSKI
E. Wysowska'?, I. Wiewidrska?, A. Kicinska®
'AGH Akademia Gérniczo-Hutnicza im. Stanistawa Staszica - Krakow, Polska
Wydzial Geologii, Geofizyki i Ochrony Srodowiska
2 Sadeckie Wodociagi” Spétka z o.0. - Nowy Sacz, Polska

ewa.wysowska@swns.pl

Problem pozostatosci lekow w wodzie 1 wynikajacego z tego tytutu potencjalnego narazenia
zdrowotnego ludzi jest wcigz niedostatecznie zbadany. Wzrastajaca koncentracja w §rodowisku
wodnym niesteroidowych lekéw przeciwzapalnych (NLPZ) oraz nonyfenoli stanowi coraz wigksze
zagrozenie zdrowotne dla zwierzat i ludzi, na co juz zwracalo uwage WHO. Dyrektywa Parlamentu
Europejskiego i Rady (UE) 2020/2184 z dnia 16 grudnia 2020 r. w sprawie jakosci wody
przeznaczonej do spozycia przez ludzi zwraca uwage na obecno$¢ w wodzie nowych
mikrozanieczyszczen, w tym pozostatosci lekdw 1 hormonoéw. Komisja Europejska (KE) wprost
wskazuje na potrzeby uzupelnienia wiedzy o substancjach farmaceutycznych i ich stezeniach
w srodowisku. Farmaceutyki przedostaja si¢ przede wszystkim do $rodowiska ze Sciekami
komunalnymi, z zaktadow produkcyjnych, szpitali oraz z odchodami zwierzat hodowlanych.

Celem artykutu jest okreslenie stanu wiedzy naukowej oraz prezentacja pilotazowych wynikow
badan obecnosci wybranych farmaceutykow w wodach powierzchniowych rzeki Dunajec i studniach
infiltracyjnych zaopatrujacych w wode zaklady uzdatniania wody w potudniowej Polsce.
Przeprowadzone badania obejmowaty nastepujace grupy farmaceutykow, ktore sg najpowszechniej
stosowane: (1) niesteroidowe leki przeciwbdolowe i przeciwgoragczkowe: Ibuprofen, Fenazon,
Acetaminophen, Propyphenazon, Ketoprofen, Pentoxifylline, (2) farmaceutyki stosowane w celu
obnizenia poziomu lipidow we krwi: Bezafibrat, Fenofibrat, Gemfibrozil, (3) leki stosowane w
kardiologii, w szczeg6lnosci w celu obnizenia ci$nienia tetniczego krwi oraz w leczeniu arytmii:
Atenolol, Sotalol, Metoprolol, antybiotyki: Trimethoprim, Clarithromycin, Amoksycylina,
Sulfamethoxazol, Piperacillin, Erytromycyna, Sulfadimidyna, Dehydrate-Erythromycine, 4N-
Acetylsulfamethoxazol, (4) leki stosowane w leczeniu reumatoidalnego zapalenia stawow:
Naproksen, Fenoprofen, (5) leki przeciwdrgawkowe, stosowane w schorzeniach neuropatycznych

oraz uspokajajace: Carbamazepin, Primidon, Oxazepam, Temazepam oraz (6) nonyfenole.
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PROBLEMATYKA PROCESU MIESZANIA W
BIOREAKTORACH Z OSADEM CZYNNYM
J. Zaburko?, J. Szulzyk-Cieplak?, M. Widomski!, R. Babko?, G. Lagéd*
'Wydzial Inzynierii Srodowiska, Politechnika Lubelska, Lublin, Polska
2Wydziat Podstaw Techniki, Politechnika Lubelska, Lublin, Polska, j.szulzyk-cieplak@pollub.pl
3 Instytut Zoologii Narodowej Akademii Nauk Ukrainy im. Schmalhausena,

Departament Fauny i Systematyki Bezkregowcow, Kijow, Ukraina

Wiasciwy przebieg procesu oczyszczania Sciekow w bioreaktorach z osadem czynnym
determinowany jest odpowiednim stopniem wymieszania S$ciekow z klaczkowatg zawiesing
mikroorganizmow. Uklad mieszania powinien zapewni¢ poziom turbulencji, ktore z jednej strony
powoduja jednorodne rozproszenie biomasy w calej objetosci reaktora, tj. pelng homogenizacje i
utrzymanie jej w statym zawieszeniu, a z drugiej strony nie rozrywajg oraz nie rozdrabniajg ktaczkow
osadu czynnego. W zwigzku z tym, ze technologia osadu czynnego wykorzystywana bylta pierwotnie
do utlenienia zwigzkow organicznych wegla oraz nitryfikacji, stad tez do mieszania 1 homogenizacji
objetosci bioreaktoréw wykorzystywane byly systemy napowietrzania. Napowietrzanie w takich
bioreaktorach bylo jednym z najbardziej energochtonnych proceséw realizowanych w trakcie
oczyszczania $ciekow. W momencie wprowadzenia wymagan dotyczacych konieczno$ci
zapewnienia oczyszczania $ciekOw z podwyzszonym stopniem usuwania zwigzkow biogennych,
wydzielone zostaty strefy anaerobowe i anoksyczne (fazy cyklu w wypadku reaktorow porcjowych)
niezbedne do zespolonego usuwania zwigzkow wegla, azotu oraz fosforu. W takiej sytuacji pojawita
si¢ potrzeba zastosowania systemow mieszania niepowodujacych napowietrzania. Jako rozwigzania
konstrukcyjne zapewniajace tego typu mieszanie stosowane byty rdéznej konstrukeji pompy,
mieszadla topatkowe, mieszadla wstegowe, hydrosmigta, itp. Opracowujac nowe konstrukcje
mieszajace zaproponowano uktad mieszania osadu czynnego, oczyszczanych $ciekow i wod
nadosadowych w bioreaktorach SBR, ktory zapewnia odpowiednie warunki dla rozwoju ktaczkéw
osadu czynnego, przy maksymalnej homogenizacji obje¢tosci reaktora oraz jednoczesnej
minimalizacji naktadow energetycznych. Zaproponowane rozwigzanie zapewnia wysoki stopien
podnoszenia czynnika procesowego z dna reaktora oraz niskonaktadowa homogenizacje —
jednorodne rozproszenie ktaczkow osadu czynnego i1 $ciekow w calej objetosci bioreaktora.
Opisywana konstrukcja mieszajaca dziata poprzez wytworzenie odpowiednich warunkow do
transportu zgormadzonego przy dnie i zagg¢szczonego osadu, za pomocg zastosowanego uktadu
wolnoobrotowego 1 wykorzystania niewielkich réznic w gestosci stratyfikowanych warstw

bioreaktora z osadem czynnym.
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SKROCONA NITRYFIKACJA W REAKTORZE
HYBRYDOWYM ZE ZL.OZEM RUCHOMYM
0. Zajac, J. Walczak, K. Sytek-Szmeichel, M. Zubrowska-Sudol
Wydziat Instalacji Budowlanych, Hydrotechniki i Inzynierii Srodowiska, Politechnika Warszawska,

Warszawa, Polska, justyna.walczak@pw.edu.pl

Od kilkunastu lat prowadzone sg intensywne prace badawcze majace na celu zrozumienie
mechanizmow zwigzanych z hamowaniem procesu nitryfikacji na fazie utleniania azotu amonowego
do azotu azotynowego (tzw. fazie nitrytacji). Najczesciej dotycza one bocznego ciggu oczyszczania
sciekoOw z deamonifikacja.

W badaniach wtasnych, stanowigcych przedmiot posteru, sprawdzano mozliwos¢ uzyskania
skroconej nitryfikacji w uktadzie hybrydowym symulujacym cigg gtéwny oczyszczania $ciekow
z nitryfikacja/denitryfikacjg. Celem przeprowadzonego eksperymentu bylo okre$lenie wplywu
zastosowania strategii naprzemiennego napowietrzania na obnizenie w biomasie ilosci bakterii
prowadzacych druga faze nitryfikacji (NOB, ang. Nitrite Oxidizing Bacteria) lub/i zahamowanie
aktywnos$ci tej grupy mikroorganizméw, a w efekcie uzyskanie skroconej nitryfikacji. Badania
przeprowadzono w laboratoryjnym modelu reaktora MBSBBR-IFAS (Moving Bed Sequencing
Batch Biofilm Reactor — Integrated Fixed-Film Activated Sludge) o objetos$ci czynnej 281. Jako
no$niki biomasy wykorzystano ztoze ruchome EVU- Perl charakteryzujace si¢ czynng powierzchnia
wlasciwa wynoszaca 600 m?/me. Reaktor pracowat w systemie trzech o$miogodzinnych cykli na
dobe. W eksperymencie wyrdzniono dwa okresy badawcze: 1) z napowietrzaniem cigglym oraz 2)
Z napowietrzaniem naprzemiennym w uktadzie 40 min z napowietrzaniem i1 10 min bez
napowietrzania. W celu $ledzenia aktywno$ci mikroorganizméw nitryfikacyjnych, a posrednio
rowniez ich ilosci, wykorzystano testy porcjowe umozliwiajgce wyznaczenie szybkosci pierwszej
i drugiej fazy nitryfikacji. Testy prowadzono dla obu form biomasy wystepujacych w reaktorze
MBSBBR-IFAS, tj. dla osadu czynnego oraz dla btony biologicznej rozwini¢tej na ruchomych
no$nikach.

Na podstawie uzyskanych wynikéw stwierdzono, ze wprowadzenie strategii naprzemiennego
napowietrzania sprzyjalo hamowaniu II fazy nitryfikacji. W tescie porcjowym przeprowadzonym
w drugim etapie badawczym odnotowano kumulacj¢ azotynow na poziomie 7,25 mg N-NO2/I,
podczas gdy w pierwszym etapie badawczym wyniosta ona jedynie 2,28 mg N-NO2/I. W przypadku
btony biologicznej rozwinigtej na ruchomych nos$nikach w obu okresach badawczych nie
odnotowano kumulacji azotynéw. W tym przypadku caty dostepny tadunek azotu amonowego
utleniany byt do azotanow.

Zagadnienie realizowano w ramach projektu badawczego pt. ,, Identyfikacja, charakterystyka
i modelowanie procesu COMAMMOX - nowego ogniwa w obiegu azotu w uktadach oczyszczania
sciekow”, (OPUS14) Umowa nr UMO-2017/27/B/NZ9/01039, finansowanego ze Srodkow
Narodowego Centrum Nauki
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ANAEROBIC TREATMENT OF SUGAR-INDUSTRY WASTEWATER
IN A FLUIDIZED ACTIVE FILLING REACTOR
M. Zielinski, M. Debowski
University of Warmia and Mazury in Olsztyn, Olsztyn, Poland, marcin.zielinski@uwm.edu.pl

Introduction

Sugar-industry effluent is characterized by a high load of suspended solids and nutrients and by
a high COD (Chemical Oxygen Demand) mainly due to the presences of carbohydrates. Discharge
of such effluent into the environment has a negative impact on aquatic ecosystems. As of recent years,
fermentation reactors have been the preferred method for treating sugar-industry effluent. Advantages
of fermentation reactors include low operating costs, small size of the bioreactors not requiring large
investment plots, low excess sludge, which can usually be used as a nitrogen- and phosphorus-rich
fertilizer provided high soil enzymes activity and greater stability in crop production, their capacity
to treat highly-polluted wastewater and operating at high organic load rates (OLRS).

The fluidized active filling (FAF) method presented in this paper is an innovative solution not
previously used to treat sugar-industry effluent. The use of a microcellular extrusion process to create
microspheres can increase the active surface area available for anaerobic sludge microorganisms,
which limits the wash-out of biomass from reactors and increases the microflora-effluent contact
surface. Sewage treatment processes may be further supported by enriching filling components with
metal additives and magnetic fluid activators, which has been shown, for example, to reduce the
surface tension of effluent, promote biogas removal and facilitate the hydrogen sulphide fixation by
iron ions.

The aim of the present study was to determine the impact of fluidized active filling (FAF) on
the effectiveness of anaerobic treatment of sugar-industry effluent, the production efficiency and the
qualitative composition of the biogas produced.

Methodology

The study was conducted on a semi-industrial scale and in three stages. The stages were
differentiated by the organic load rate (OLR) in the anaerobic chamber. The experiment was
concluded upon the successful achievement of the target process results related to effluent treatment
efficiency and biogas and methane production efficiency. The OLR range for the study was from 4.0
kg COD/m3-d to 8.0 kg COD/m3-d. Prior to the start of the exact study, the anaerobic sludge was
adapted to the process conditions by running a fluidized active filling reactor (FAF-R) at an OLR of
1.0 kg COD/m®-d for 40 days. The FAF used in the research was produced using the technology of
microcell extrusion of transparent, granulated plasticized poly(vinyl chloride) (Alfavinyl GFM/4-31-

TR, Alfa sp. z 0.0., Warsaw, Poland). The material was chosen due to its common use. The reactor
202



WATER SUPPLY AND WASTEWATER DISPOSAL

was fitted with a vertical agitator rotating at 30 rpm. Raw sugar wastewater was delivered every 24 h
and stored in a retention tank. The effluent from the retention tank was fed to the FAF-R in 24 doses
per day, for 10 min per dose, through a rotary lobe pump with a capacity of 150 dm®h. The FAF-R
was constructed upon a pallet container with a total volume of 1000 dm? and an active volume of 600
dmd. As with the hydrolysis tank, the reactor was fitted with a vertical agitator rotating at 60 rpm and
working on a 30 min on/30 min off operating scheme. Due to the density of the tested FAF, which
was lower than the reactor contents (an anaerobic sludge and effluent mixture), the tank acted as a
contact reactor with a fluidized filling during the mixing-on periods. The volume of FAF fed into the
reactor was 200 dm?®. During the mixing intervals, FAF flotation occurred and a filtration layer formed
at the top of the tank.

Results and conclusions

Effluent treatment technologies based on methane fermentation have been gaining great
recognition among operators in recent years. Unfortunately, their wide take-up is hampered by their
many limitations. One disadvantage of the fermentation methods is that the anaerobic process is
characterized by low nitrogen and phosphorus removal rates and difficulties with separating treated
effluent from the fermentation microflora. This precludes anaerobic reactors from being used to
produce final discharge-ready water. As such, it is necessary to identify solutions that would
counteract these limitations of fermentation reactors. One of the potential solutions is offered by the
active filling.

Within the studied OLR range of 4.0-6.0 kg COD/m?-d, the COD removal rate was higher than
74%, leading to a concentration of 879 + 235 to 1141 + 206 mg O2/dm? in the outflow. At these
experimental stages, the methane content in the biogas was around 70%. Increasing OLR to 6.0 kg
COD/m?3-d led to a significant reduction in the observed results of methane digestion of the sugar-
industry effluent. The COD at the outflow increased and averaged 2113 £ 255 mg O2/dm? at a removal
rate of 68.9 £ 4%. A lower by 10% methane content in the biogas were also observed, reaching 61.9
+ 3.1%. Decreased effluent treatment and methane fermentation efficiencies were correlated with an
observed pH decrease to 6.75 + 0.18 and the FOS/TAC ratio increase to 0.44 &= (.2.

It was shown that the use of FAF-R could improve phosphorus removal rates. The process
efficiency ranged from 64.4 £ 2.4 to 81.2 &+ 8.2% at different stages. The regime of operation and
filtering the treated effluent through a magnetically-active filling layer also led to low levels of total

suspended solids in the treated effluent.
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DYWERSYFIKACJA UJEC JAKO ELEMENT ZARZADZANIA RYZYKIEM W
SYSTEMIE ZAOPATRZENIA W WODE
I. Zimoch!, M. Grabunczyk?
Politechnika Slaska, Katera Inzynierii Wody i Sciekow, Gliwice, izabela.zimoch@polsl.pl

2 Ghubczyckie Wodociagi i Kanalizacja Sp. z 0.0., Glubczyce

Abstrakt

Zaopatrzenie ludno$ci w wod¢ przeznaczong do spozycia przez ludzi odbywa si¢ z
wykorzystaniem systemu zaopatrzenia w wod¢ (SZW), ktéry jest systemem rozleglym 1
funkcjonujagcym w zréznicowanych warunkach eksploatacyjnych. Zmiennos¢ warunkéw oraz duza
liczba elementow, z ktorych sktada si¢ infrastruktura wodociaggowa, powoduje losowe niesprawnosci
fragmentu systemu, a w skrajnych przypadkach awarii doprowadza do catkowitego zaprzestania
dostawy wody do ludnos$ci. Niezb¢dnym warunkiem dla utrzymania dostaw wody do odbiorcoéw jest
utrzymanie sprawnosci i prawidlowe dziatanie infrastruktury wodociggowi, co przektada si¢ na
wysoki poziom niezawodnosci oraz bezpieczenstwa eksploatacji systemow zaopatrzenia w wode.

Zalecane od ponad 20 lat przez Swiatowa Organizacje Zdrowia podejécie do bezpieczenstwa
wody, oparte na zarzadzaniu ryzykiem w catlym lancuchu dostaw wody od ujecia do kranu
konsumenta skutkowato najpierw rewizjg Dyrektywy 98/83/WE (Drinking Water Directive DWD)
przeprowadzong w 2015 roku, a nastepnie zatwierdzeniem w grudniu 2020 r. przez Parlament
Europejski 1 Rade Europy nowej dyrektywy dotyczacej jako$ci wody przeznaczonej do spozycia
przez ludzi (DWD 2020/2184). W Polsce przetozyto sie to na zmiany wprowadzone ustawg z dnia
20 lipca 2017 r. Prawo Wodne, zobowigzujace przedsiebiorstwa wodociggowe do przeprowadzania
analizy ryzyka (z art.133) na potrzeby ustanowienia strefy ochronnej ujecia wody. Konsekwentnie,
w wyniku implementacji do prawodawstwa polskiego rewizji DWD, Rozporzadzenie Ministra
Zdrowia w sprawie jakos$ci wody przeznaczonej do spozycia z 2017 r., zaleca nowe podejscie do
zarzadzania bezpieczenstwem wody oparte na ocenie ryzyka przeprowadzonej zgodnie z normg PN-
EN 15975. Od dnia 12 stycznia 2021 r. obowigzuje w Unii Europejskiej (UE) Dyrektywa Parlamentu
Europejskiego i Rady 2020/2184 z dnia 16 grudnia 2020 r. w sprawie jakosci wody przeznaczonej
do spozycia przez ludzi. Panstwa czlonkowskie majg 2 lata na jej implementowanie do prawa
krajowego i 5-6 lat na wdrozenie poszczegolnych artykutow.

Jednym z elementow podnoszenia bezpieczenstwa eksploatacji systemow zaopatrzenia w wode
jest dywersyfikacja uktadow zasilania w wode. Ponadto, dywersyfikacja systemu uje¢ wod dla
zaopatrzenia jednostki osadniczej w wode nabiera coraz wigkszego znaczenia w obliczu istniejacych

1 poglebiajacych si¢ zmian klimatycznych. Skutkiem zmian klimatycznych jest obserwowana
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dynamika zmian w zasobach wod powierzchniowych i podziemnych; przektadajaca si¢ na znaczne
ograniczania w zasobach dyspozycyjnych przeznaczonych na cele zaopatrzenia ludnos$ci w wode.

Celem artykutu jest analiza okre$lania stopnia dywersyfikacji zasobéw wody w systemach
zbiorowego zaopatrzenia w wode mieszkancow gminy Ghubczyce. W analizach wykorzystano
metod¢ oparta na bezwymiarowym wskazniku Hurlberta. W SZW Glubczyce wydzielono dwa
podsystemy produkcji wody Koltataja oraz Powstancow, ktore ttoczg wode do sieci wodociggowe;,
budujacej podsystem dystrybucji wody. Eksploatacja podsystemu produkeji wody w miescie opiera
si¢ na pracy 4 niezaleznych ujeciach wody. System SZW miasta Glubczyce charakteryzuje si¢ §rednio
rocznym dobowym rozbiorem wody na poziomie 3610 m?/d. Najwiekszy rozbior wody przypada na
miesigce wiosenne i letnie, w ktoérych obserwowane sg lokalnie niedobory wody.

W artykule przedstawiono budowe infrastruktury wodociggowej w miescie Glubczyce, jej
strukture oraz mozliwosci dywersyfikacji i zabezpieczenia dostaw wody w aspekcie bezpieczenstwa
funkcjonowania infrastruktury krytycznej. Zaprezentowano wyniki analizy mozliwo$ci wystgpienia
sytuacji kryzysowej uwzgledniajgc przy tym zabezpieczenie funkcjonowania infrastruktury
krytycznej, tak aby zapewni¢ dostawe wody w sposob ciagly w wymaganej ilosci i pod odpowiednim

cis$nieniem do mieszkancow.
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ANALIZA MOZLIWOSCI UZYSKANIA DODATNIEGO BILANSU ENERGETYCZNEGO
W SYSTEMACH FERMENTACJI METANOWEJ Z HYDRODYNAMICZNA
DEZINTEGRACJA
M. Zubrowska-Sudol, J. Walczak, A. Garlicka, K. Umiejewska, K. Sytek-Szmeichel
Wydziat Instalacji Budowlanych, Hydrotechniki i Inzynierii Srodowiska, Politechnika Warszawska,

Warszawa, Polska, monika.sudol@is.pw.edu.pl

Jedng z metod intensyfikacji procesu fermentacji metanowej jest wstepna obrobka wsadu
kierowanego do komoér fermentacyjnych metodami dezintegracji. W badaniach wlasnych
prowadzonych w instalacjach technicznych odnotowano, iz nadwyzka biogazu uzyskana po
wprowadzeniu dezintegracji strumienia osadu nadmiernego kierowanego do komor fermentacyjnych
pozwolitaby na wyprodukowanie wigkszej ilosci energii elektrycznej od wielko$ci zuzytej na
wstepng obrobke, co wskazywato na zasadno$¢ wykorzystania analizowanego procesu w technice
(Zubrowska-Sudot et al. 2018). Biorac pod uwage te pozytywne wyniki uzyskane w przypadku
monofermentacji, wysuni¢to hipoteze, iz proces dezintegracji moze by¢ rowniez wykorzystany do
wspomagania kofermentacji. W referacie zaprezentowane zostang wyniki badan nad mozliwoscia
zwigkszenia potencjalu metanowego wybranych kosubstratow i uzyskania dodatniego bilansu
energetycznego, przy wykorzystaniu do wstepnej obrobki procesu hydrodynamicznej dezintegracji.

Eksperyment obejmowat okreslenie potencjalu metanowego (Ycha) dla nastgpujacych
substratow: kiszonka kukurydzy (KK), wystodki buraczane (WB), wystodki buraczane w formie
pelletu (WB_Pellet). Badania przeprowadzono w urzadzeniu AMPTS II (Automatic Methane
Potential Test System), sktadajacym si¢ z 15 reaktoréw testowych, kazdy o pojemnosci uzytecznej
400 ml. Proces fermentacji prowadzono w temperaturze 37°C przy statym obcigzeniu inokulum
tadunkiem zwigzkéw organicznych wynoszacym 5 g s.m.o./l. Wszystkie testy prowadzono dopoki
dzienna produkcja gazu w ciggu trzech kolejnych dni nie osiggneta jednego procenta catkowitej
produkcji gazu. Kazdg probg wykonywano w trzech powtoérzeniach.

Z danych przedstawionych na rysunku wynika, Ze proces hydrodynamicznej dezintegracji
przyczynit si¢ do wzrostu potencjatu metanowego kiszonki kukurydzy oraz wystodkéw buraczanych
w formie pelletu. Daje si¢ rowniez zauwazy¢ iz maksymalny wzrost Ycha (48,2%) wystapit dla
WB_Pellet poddanych procesowi dezintegracji prowadzonemu przy gestosci energii wynoszacej 35
kJ/1. Nie byt on jednak rd6wnoznaczny z najwyzszym zyskiem energii netto. Taki rezultat osiggnigto
bowiem dla KK zdezintegrowanej przy gestosci energii na poziomie 10 kJ/1 (Tabela). Wzrost Y cHa
dla wskazanej préby wyniost 34,4%.

Podsumowujac hydrodynamiczna dezintegracja jako wstepna obrobka substratow

poddawanych procesowi fermentacji pozwala na zwigkszenia ilo§ci produkowanego metanu przy
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uzyskaniu dodatniego bilansu energetycznego. Prace wdrozeniowe nalezy poprzedzi¢ testami
majacymi na celu dobor: 1) substratu/6w poddawanych wstepnej obrobce oraz ii) parametrow procesu
dezintegracji (w tym ilo$ci energii wtozonej w proces).
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Rysunek 1 — Wplyw hydrodynamicznej dezintegracji na potencjal metanowy analizowanych

kosubstratow (wyniki odnoszace sie do KK na podstawie pracy Zubrowska-Sudot et al. 2020)
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Tabela 1
Bilans energii (wyniki odnoszace si¢ do KK na podstawie pracy Zubrowska-Sudotl et al. 2020)
Kiszonka kukurydzy Wystodki buraczane -
SERIA 1 SERIA 2 pellet
P kal
arametr - Jednost o | 3570140 ;[10[20 35 | ,[10[20] 35
KI/L | KI/L | KIIL KJI/L | KI/L | KIIL KJ/L | KI/L | KI/L
Energia [Wh] |3.13]3.46|3.12(3.02|7.32|9.84 | 9.30 [8.90 | 9.54(12.7|9.75 | 8.64
chemiczna
Energia [Wh] |1.25|1.38(1.25|1.20|2.93|3.94|3.72|3.56 |3.82|5.06|3.90 | 3.45
elektryczna
Przyrost
energii [Wh] | - |0.13/0.00/0,00| - |1.01]/0.79|063| - |1.25/0.08|-0.36
elektrycznej
Energia
zuzytana | [Wh] | - [0.23/0.42|091| - |0.17/0.31|058| - |1.23|2.47|4.94
proces HD
Produkcja - - -
energiinetto | ™ | |010|042|001| - |0-84]048/005| - |001-238/-5.30
Wzgledny
2ysk % | - | - | - | - | - |599|253|108| - |100] - | -
energetyczny
(WZE)

Zagadnienie realizowano w ramach projektu badawczego nt. ,,Opracowanie technologii
przygotowania substratow wykorzystywanych w kofermentacji metanowej metodami dezintegracji”
(DEZMETAN) (Nr: POIR.04.01.02-00-0022/17), finansowanego w ramach Dziatania 4.1 Programu
Operacyjnego Inteligentny Rozwoj 2014-2020 wspolfinansowanego ze srodkow Europejskiego

Funduszu Rozwoju Regionalnego.
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CTATUCTUYHI JOCIIKEHHA METOJIUK OBYUUCJIEHHSA KOEDILHIEHTA
I'TAPABJITYHOT'O OITOPY IO JOB’KUHI TPYB CUCTEM BOAOIIOCTAYAHHA
M. Hirol?, D. Kowalski!, A. Girol?, A. Tipoan®
! Politechnika Lubelska, Lublin, Polska
2 ACI - Aquaproject Consult Ingenieurgesellschaft mbH, Dresden, Deutschland
$ TOB "TOII I'lIT", PiBHe, Ykpaina

BapricTe BOIONPOBITHMX MEpEX B 3arajbHiil BapTOCTI CHCTEM BOJOMOCTAYaHHS MOCiAae
3HAYHY YacTKy, sKa Hepiako nepeBuinye 50%, ToMy HaBiTh HE3HAYHI OXUOKM B iX IIPOEKTYBaHHI
CYTTEBO MO3HAYAIOTHCA HA EKOHOMIYHUX MOKAa3HUKAX 00’€KTa B IJIOMY. 32 TAKUX YMOB BUMOTH JI0
SIKOCTI T'IpaBIIYHUX PO3pPaxXyHKIB TPYOOIIPOBIIHUX CUCTEM CYTTEBO 3POCTAIOTh.

B cBiTOBIf mpakTHI TiAPaBIIYHUX PO3PAXyHKIB BOJOIPOBITHUX MEPEX 00 €KTIB
BOJIOIIPOBIIHO-KaHAII3AIIHOTO TOCMoAapcTBa Halysa MOIIMPEHHS METOAMKA, sika 0a3yeThbcs Ha

Bukopuctanti ¢popmyiau Colebrook-White, 3anpononosanoi B 1938 p.

1 21 ( k 4 2,51)
—_— 0
Vi 9\371d " Revz

ne A — KoeillieHT TigpaBIigYHOrO Omopy mo JoBxuHI TpyOu (koediuient apci — Darcy H.); d —

(1)

miamerp Tpyou, M; Re — kpurepiii Peiinonsaca (Reynolds O.); k — abcomorHa MIOPCTKICTH
BHYTPIIIHBOI MOBEPXHI TpyOM (cepelHss BUCOTAa BUCTYIIB Ha BHYTPIIIHINA MOBEPXHI TpyOH, sKi
3YMOBJIIOIOTH 11 IOPCTKICTH), M.

Bupa3s (1) onucye 3anexnicts A=f(k/d, Re) B o6iacti TypOyIeHTHOTO pyXy, TOOTO B YCHOMY
Jiarma3oHi 3MiHHM JOCIIKyBaHuX napametpis 3,6-10°<Re<10° 1 30<d/k <103.

B ducieHHMX HayKOBUX TpalsiXx 3alpolOHOBAHO BEJIMKY KUIBKICTh PIlIeHb 3ralaHol
npo6iemu. [IpoTe HasgBHICTh YUCICHHUX MPOIMO3ULIN, MOKIUKAHUX BUPIIIUTH IPOOIEMY CBITYUTb,
SIK TPO 3HAYHUI HAYKOBHIA IHTEpPEC 10 HEl, TaK 1 PO HEMOBHOTY 3alpPOIIOHOBAHKX PIillICHb.

B ocHOBY Hammx JOCHIKEHb MOKJIAaJeHO METOJMKU OOYMCIIEHHsS mapameTpa A, ki MaroTh
3HaYHE TOIMIMPEHHS B 1HXKEHEPHIN MPaKTHII, ajie He CTaIM 00’ €KTOM aHAJITUYHUX JOCIIHKCHb B
IHIIMX HAYKOBHX MpalsiX, Ta METOJUKH, PEKOMEHI0BaHI, sIK HalOUIbII TOCKOHAJII, B PSA1 HAYKOBUX
Mpaib Ta B HOpMATUBHIH JIiTepaTypi.

JUis  TigpaBIiuHUX PO3PAaxyHKIB TEXHIYHUX TPYyOONpPOBOJIB, BHUIOTOBIEHHX 3 PI3HOTO
Marepianay, B IH)KGHEpHINW MpakTuill YKpaiHu, Pocii Ta iHmMX KpaiH cXigHOI €BpONM MOIIMpPEHE
3aCTOCYBaHHsI KiIJIbKOX METOJUK, 3allPONOHOBAaHUX PisHUMH aBTopaMu (A.AnbTiryis, @.1lleenes,
JACTY-HBB.2.5-40:2009 Ta in.).

VY CBITOBIi#l MPaKTHUII TiApaBIIYHUX PO3PAaXyHKIB TPYOOIPOBIIHUX CUCTEM JJIsl HAOIMKEHOTO

po3B’si3ky piBHsiHHsI Colebrook—White naOynu nomupenns metonuku, (Goudar C.T., Sonnad J.R.,
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Haaland S.E., Zigrang D.J., Sylvester N.D., D. Brki¢, Zanke U., Offor U.H., Alabi S.B. Ta in.), ski
HaOyJIM BU3HAHHS B MPAKTHULIl IHKEHEPHUX PO3PAXYHKIB.

B pe3ynbTarti HayKOBHUX MOIIYKiB HAMH OYJI0 3aIIpOIIOHOBAHO MAaTeMAaTUYHUH BHpa3, SKUH Mae
BUCOKY 301KHICTb pe3yJbTaTiB OOUUCIICHD 3 pe3ylibTaTaMu 004HCIIeHb 3a BUpa3oM (1) i moxe OyTu

MPUJATHUM JIJII YMOB OOYHMCJICHb IapameTrpa /A B YChOMY JIiala30Hi 3aCTOCYBaHHS BHpPa3y
Colebrook—White:

S

1 — _2l0 k —5'0210 k —5’0210 k —5’0210 k
- 9 3,71d  Re 9 3,71d  Re 3,71d  Re 9

(2)

5,02 k 12,8
S log (37 T))))

UucnoBi JOCHiIPKeHHS BUPa3iB 3 BU3HAYCHHS A MPOBEIEHO JJIsl HAMIPHUX TPYO KPYyTIOro
MOTIEPEYHOr0 MEePETHHY 32 Jlialla30Hy 1 KPOKY 3MIHM HEe3aJeKHUX MapaMeTpiB, sIKi BXOAATh Y BUpa3
(1) 3,6:-10°<Re<10°, 4Re=20000 i 30<d/k <10°, A4d/k =100.

3aBaaHHSAM JOCIIKEHb 0YyJI0 BU3HAYCHHS] MATEMATUYHOI 3aJIEKHOCTI, 3/1aTHOT 3 HAWO1IBIIIOI0
TOYHICTIO OTIMCATU AOCITIKYBaHHUH IMapameTp.

CraTHCTUYHY OLIIHKY OOYMCICHOTO 3HAUEeHHs KoedillieHTa A 3a pO3paxyHKOBUMH BUpPA3aMHU 1
piBasiHHAM Colebrook—White mpoBeIeHO 3a KiTbKOMa OIIIHOYHUMH KPUTEPISIMH, OCHOBHUMH 3 SIKUX

o0paHo: cepenHe kBaapatuuHe BigxwieHHs (SD); cepenne miniiiHe Biaxunenns (MD).

JICTY-H b B.2.5-40:2009

Zanke U. (1993)

Haaland S.E. (1983)

Goudar C.T. i Sonnad J.R. (2006)

Eg%f’ R

Asmopu yici pooomu m=5 (2021) i

0,00001 0,001 0,1 10

3nauenns oyinounoeo kpumepis gioxuneHs, %

Cepeone keaopamuune sioxunenns, %, B Cepeone ninitine gioxunenns, %

Pucynok 1 — PeliTunrona omiHka JOCTIKyBaHUX BUPa3iB 3a OLIHOYHUMU kpuTepismu SD 1 MD

3 yCiX pO3TJISTHY THX MaTeMaTUYHUX BUPA31B HAHOUIBII TOYHI PE3yIbTaTH 00UNCIICHB i MOKYTh
OyTH OTpUMaHi 3a BUPa3oM (2), OCKUIbKHM HaliMEHIIIe 3HAYCHHsI yCiX OLIHOYHHUX KpHuTepiiB (SD, MD)
B YChOMY Jiama3oHi 3MiHM He3ajexHux mnapamerpiB (3,6:10°<Re<10° i 30<d/k <10°), ToOTO
BIAXUIIEHHS Ai BIJ ACol-W, MOXYTb OyTH JOCSATHYTHMH CaMe 3a 3aCTOCYBaHHS 11bOTO BUpa3y.
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YUCJIOBI JOCIIITKEHHA METOJUK ®.LHEBEJIEBA 1 COLEBROOK-WHITE 3
OBUYUCJIEHHSA KOE®INIEHTA I'IPABJIIYHUX BTPAT HAIIOPY
M. Hirol!, D. Kowalski!, A. Tipoan?, A. Girol®
! Politechnika Lubelska, Lublin, Polska
2 TOB "TOII I'lIT", PiBHe, Ykpaina
3 ACI - Aquaproject Consult Ingenieurgesellschaft mbH, Dresden, Deutschland

BapTticTe BOIONPOBITHUX MepeX B 3arajbHill BapTOCTI CUCTEM BOAOIOCTaYaHHS IOCIA€E
3HA4YHy YacTKYy, sika Hepinko nepeBuirye 50%, ToMy HaBiTh He3HAYHI MOXMOKU B 1X MPOEKTyBaHHI
CYTTEBO MO3HAYAIOTHCSI HA €EKOHOMIYHMX MOKa3HUKaX 00’€KTa B IJIOMY. 32 TAaKUX YMOB BUMOTHU JI0
SIKOCTI T1IPaBIIIYHUX PO3pPaxXyHKIB TPyOOIPOBITHUX CUCTEM, OAHUM 3 IAPAMETPIB SKUX € TApaBIIIvHI
BTPATH HAIIOPY.

Posnounnatoun 3 1952 poky, B CBITOBIH NMPaKTHIII TSI OOYMCIICHHS BEJIMYMHHU MapaMeTpa A B
yciii o6aacTi TypOyJIeHTHOTO pyXy Bou HaOyB mouiMpeHHs MateMaTndauii Bupas Colebrook-White.

1 2l ( k +2,51)
Vi %9\371d T Revi

1e: A — KOeQilieHT T1iIpaBIiyHOTO OMOpy M0 AOBXKUHI TpyOu; d — BHyTpilHiil qiameTtp TpyowH, m; k/d

1)

— BiJTHOCHA IIOPCTKICTh BHYTPIIIHBOT MOBEepXHi TpyO; K — koedimieHT mopcTkocti, M; Re — kputepiit
O.Reynolds, sixuit Moxe OyTH 3alTCaHUM SIK:
v-d
Re = T (2)

Bupas Colebrook-White mmpoko 3acTocoByeThCS B MPAKTHUII TiJpaBIidYHAX PO3PAXYHKIB 5K
TpyOOINPOBO/IIB CUCTEM MUTHOT'O BOJONOCTaYaHHs, TaK 1 B MPAKTUIl PO3PAXYHKIB TPyOONpPOBOIiB
CHCTEM BOJIOBI/IBEICHHSI.

B npakTuili rijpaBaiyHUX po3paxyHKiB TPyOONPOBIAHUX CUCTEM B KpaiHax konuiHsoro CPCP
HaOyJ1a MOIMMPEHHST METOIMKA 0O0YNCIEHHs Koe]ilieHTa T1IpaBIiqHOTO TePTs MO AOBXKHHI TPYO 4,
3anponoHoBaHa @.llleBeneBum. Ll Meroauka 1 10 Temep € NMPIOPUTETHOIO MPU NPOEKTYyBaHHI, B
HaBYAJBHOMY IPOIECi Ta B HAYKOBUX JOCITI/DKEHHSAX. B MUHYJ JECATHIITTS BOHA Maja TEBHE
MOIIMPEHHS 1 B IHKEHEPHIN MPaKTHI KpaiH cX11HO1 €Bpornu.

B ocHoBi MmeToauku, 3anporonoBaHoi @.11leBeneBrM, BUKOPUCTOBYETHCS, IKHI Ma€ BUTIISA;

h 1 v?
f=e == — (3)
l d 2g
ne: A — koeillieHT TiApaBIiqHOrO ONOpPY MO JOBXKHHI TpyOu; | — noBxkuHa TpyOH, M; V — cepemHs

MIBHJKICTh PYXy BOAM B TPyOi, M/C; d — BHYTpIilIHI# giamMmeTp TpyOH, M; § — IPUCKOPEHHS BiILHOTO
MmagiHHas, M/C2.
JI1s1 HEHOBUX CTAJICBUX 1 YaBYHHHX TPYO 32 BEJIMYMHHM KIHEMAaTHYHOTO KoeilieHTa B’ I3KOCTI

Boau 3 =1,3-107¢ mM?/c, 110 BiAMOBiAaE TeMIepaTypi BOIU B BogonpoBiaHii Mepexi 10°C 3a ymoBu
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v/9>9,2-107, 1/M aBTOpOM METOIMKH PEKOMEHIYEThCS BEIMUMHY MapaMeTpa A OOUMCIIOBATH 32
BUPA30M:

0,021
= (4)

a 1 yMoB V/9<9,2-107°, 1/M peKOMEeHyeThCsl HPOBOAUTH OOUMCIICHHS BEIMYMHH HapamMeTpa A 3a

BUPa30M:

(5)

0,0179 0,867\%3
NPT ( )

[Tpu npomy emmipuyHi KoegilieHTH BUpa3iB (4 1 5) BpaXxoBYIOTh LMIOPCTKICTh BHYTPIIIHBOT

v

MOBEPXHi TPYO.

Metoro nocnipkeHb Oynio BHOIp Ta OOIpYHTYBaHHS METOJUKHM OOYHMCIIEHb KoeQilieHTa
TiIpaBJIiYHUX BTPAT HAMOPY B TpyOax CHCTEM BOJOIOCTAYaHHS.

B ocHoBy mocinimkens o0pano metaneBi Tpyou mgiamerpom 50<d<1600 mm 3 koedimieHTOM
HIOPCTKOCTI BHYTPimHBO1 iX moBepxHi k=0,001 M Ta rigpaBnidyHuil pexuM iX poOOTH 3a YHcel
O.Reynolds 3,5%10°<Re<1x108 (puc.1).

0,09 \ Porv— o Je/d= 0,01563
\\ Colebrook-White e /= 0,01 563

0.07 — Y po— - k/d~ 0,00877
. N I @,Iﬂcf)e)e;ma ==== k/d= 0,00877

~& 0,05 N ]~ Kd=0,00478
S - = kd— 0,00478

——k/d- 0,00194

0.03 T — - -k/d=0,00194
k=0,001 m = - k/d— 0,00100

0,01 - = ~kld= 0,00100
3 4 5 6 7 8 . kd= 000063
logRe — - k/d= 0,00063

Pucynok 1 — 3akoHOMipHOCTI 3MiHH NapaMeTpa Ai, 00UHCICHOTO 38 METOJUKAMHU
@.I1IeBenea i Colebrook-White B 3anesxxnocTi Bin mapamerpa Re st pisHUX 3HaYCHD

BiZTHOCHOI IOPCTKOCTI BHYTPilIHBO1 oBepxHi TpyO k/d

Hagezeni pe3yabTaTtu JOCHIPKEHB 3 00YHCICHHS KoeQillieHTa T1IpaBIiyHUX BTpAT HAIOpy 3a
metonukamu ®.1llesenesa i Colebrook-White cimuate, 1110 B ychOoMy [iama3oHi 3MiHH 3HAYEHHSI
kpurepito O.Reynolds ta mapamerpy BiIHOCHOI IIOPCTKOCTI BHYTPIIIHBOI MOBEPXHI TpyOW HOTO
3HayeHHs 3a Meronukoro @.llleBemeBa mMepeBHINYIOTh 3HAYEHHS AHAIOTIYHOTO IIapamerpa,
obuncienoro 3a metoaukor Colebrook-White — Ash>Acol-w. B 4rcioBomMy Bupasi CITiBBiTHOIIEHHS
Ash/Acol-w B 00J1aCT1 JOKBAPATUUHOTO PyXy MOKE 3MiHIOBaTHCS B Mexax 1,03<Ash/Acow<2,15, a B
obsacti kBaapaTuaHOro pyxy — 1,03</sw/Acol-w<1,12. Take cmiBBiTHOIIECHHS MapamMeTpiB Ash/Acol-w
BiAMoBimHO 10 BHpady (3) 3a He3MiHHUX 3Ha4eHb |, v, d, § 3yMOBIIOE MPOMOPLIHHY 3MiHY
CHIBBIJHOUICHHS BTpar Hamopy mno moBxkuHi Tpyou (hsw/hcol-w), mpu3BoasuM H0 HaAMIpHHX
€HePreTUYHUX BUTPAT TiNPAaBIIYHUX CHUCTEM, 3alpPOCKTOBAHUX 3 3aCTOCYBAHHSM METOIUKHU

@.I1leBeneBa, mo 3acBiguye nepesary meroauku Colebrook-White.
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PO3POBKA MOJEJII MIOIIWPEHHA 3ABPYTHIOIOUUX PEYOBUH B ATMOC®EPI
I. C. Koziii, JI. . llasuyk, JI. JI. C'ypeunb

Cymcbkuii aep>xaBHui yHiBepcutet, Cymu, YKpaina

B 3aranbHiif cuctemMi MOHITOPUHTY 3a0pyAHEHHS HaBKOJIMILIHBOTO CEPEIOBUIIIA BAKIUBY POJIb
BiJIiIrpae JOCIIDKEHHS aTtMoc(hepHUx 3a0pyIHEHb, OCKILIBKH uepe3 aTtMocdepy BinOyBaeTbes
3a0pyIHEHHS YCiX KOMIIOHEHT IPUPOIHOTO cepenopuiia. CkiIagHa eKoJIoTidHa CUTYaIlisl O1IbIIOCTI
MICT CBITy BUMarae peaiizaiii HU3KH MPUPOJOOXOPOHHUX 3ax0[iB. JlOUIBbHICTh 1 €(EKTUBHICTD
TaKHUX 3aX0JlIB 3aJ€KUTh B1J SKOCTI 1H(OpMaLlli PO CTaH HABKOJIMIIHLOTO CEPEIOBUINA, KA MOXKE
OyTH MiATOTOBJICHA i Yac MOJIEIIIOBAHHS 1 TPOTHO3YyBaHHS MPOIECIB MOIUPEHHS 3a0PYIHIOFOYHX
PEYOBHUH BiJ MOTEHIIIHHO-HEOE3MEYHUX 00’ €KTIB.

VY 3B’s3Ky 3 0ararorpaHHICTIO, HECTAI[IOHAPHOK 33/1a4ei0 1 HEBU3HAYCHICTIO y BHXITHUX
JaHUX, Jy’K€ CKJIaJHO CTBOPUTH MOJENb, sKka O BiAMNOBiJana peasbHuM mporecam. Lle no3Bosse
CTBEP/IKYBATH, 1110 JTOLIBHUM € IPOBEJICHHS TOCIIKEHHS, TPUCBIUYEHOTO pO3pOO0I MAaTEMaTUYHO1
MOJIeJi IEPEHECEHHs 3a0py IHIOI0YNX PEYOBUH B aTMOC(epi Ha OCHOBI YMCEIbHOIO MOAETIOBAHHS.

TpuBuMipHE piBHSHHS MOMIKMPEHHS AOMIIIOK Y TypOYyJCHTHOMY CEpPEIOBHILI MOXHA 3allUCaTH

HAaCTYIIHUM YUHOM:

an(al\:l’t)+77(t)n(M,t)+((UX(M,t)n(P,t))+at(uy(M,t)n(P,t))Jr
+§t(uZ(M,t)n(P,t))J— 2.0 20 2 Ty(M,t).a”(ayM’t) .o
2 rz(M,t)-an(al\:’t) _o(M.1),

ne N(M, t) — KoHIeHTpaIlist 3a0pyAHIOI0YO0] PEUYOBMHH B 3a1aHiil Touli M y meBHHIT MOMEHT Yacy t,
0 — BEKTOP MIBUIKOCTI,
7 — TypOYJICHTHICTD,

@ — JOKEPEIIO 3a0pyTHIOI0YMX PEYOBHH.

BukopucToByt0urn METOA MOKOOPAUHATHOTO PO3IICIUICHHS, PO3POOUMO aITrOPUTM YUCETHHOT
Mozerni. Ines MeToza mossArae y po3meIuIeHH] PiBHSHD Ha AEKUIbKA OUTBII MPOCTUX — 32 PIBHSIHHAM
B3/I0BXX KOKHOI KOOpAMHATHOI Bici. L5 mporierypa BUKOHY€ETHCSI TAKUM YHHOM, 1110 TIOX1JTHI B3JIOBX

BiI[l'IOBiI[HOFO HallpAMy BU3HAYANOTHCA HCABHO, a PCIITA KOOPAWHAT BBAKAKOTHCA MOCTIHHUMHU. I[JIH
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po3B’si3aHHs piBHAHHSA (1) IOMyCTUMO psii MOYATKOBUX T TPAHUYHUX YMOB Ta BUKOHA€EMO YMOBH
rapamMeTpH3allii: HOpMyBaHHS IMapaMeTpiB 1 PyHKIIIH, TOYATKOBHUX 1 TPAHUYHUX YMOB, KO€(IIlI€HTIB
napaMeTpu30BaHOl CUCTEMH.

VY mifcyMKy NpoBeIEHUX MPOLEAYP OTPUMAEMO PiBHSIHHS:
n(x,t)=/,1(x,t)—jttoc?)(x,t,t') f(x.t)dt, )

gKe € (PYHKLIEI0 PO3MOALTY TOMIIIOK B IPU3EMHOMY I1api aTMochepu Ha OCHOBI piBHsAHHSA (1)
MIOIIMPEHHS IOMIIIOK y TYpOYyJICHTHOMY CEpEIOBHIIII.

3HaxomkeHHs. (yHKUiT (2) 3BOAMTBCS 10 YHCEIBHOTO MOZENOBaHHS. i KOXKHOTO
(iKCOBaHOTO 3HAYCHHS X IHTErpajibHE PIBHAHHSA BigHOCHO N(X|t) € iHTErpaJbHUM pIBHSHHIM
Bonbrepa nmpyroro mopsiaKy, YMCENbHHA PO3B’SI30K SKOTO 3IIHCHIOETBCS METOJIOM IOCTYITOBHX
HaOmkeHb. /{1 MpoBeAEeHHS YMCENbHUX PO3paxyHKIB MaTeMaTHYHOI MOJeNl BUKOPHUCTOBYBAIU
nporpamy Maple 2021.

B xoni BHKOHAaHHS YHCENBHOTO MOJENIOBAHHS BIEpIIE OTPHUMAHO CIIPOIICHY MOJENIb
MOIIMPEHHS APIOHOAMCIEPCHUX 3a0pYyJHIOIOUMX PEYOBHMH B TOBITPI Ha OCHOBI TPUBUMIPHOIO
PIBHSHHSI TOIIUPEHHS TOMILIOK Yy TypOYJIEHTHOMY CEPEIOBHILI 3 YpaxXyBaHHAM IapaMeTpiB JKepell
BUKH/IIB, CWJIH 1 HANIPSAMY BITPY, TypOYJI€HTHOCTI MOBITPSIHUX Mac.

AHaui3 Bi3yasizaiii po3paxyHKiB MOJIENI BKa3y€e Ha JI€BICTh OTPUMAHOI MOJIENI Ha BiJICTAHIX
nomvpeHHst 3a0pyaHeHb noHaj 10 kM, 3 ypaxyBaHHSM PI3HHUX BHUXIJHUX MapaMeTpiB DKepel
BUKH/IIB Ta YMOB MHOLIMPEHHs AoMimokK. OTpuMaH1 pe3yJbTaTH MOJENIOBaHHS € aJeKBAaTHUMU 1
MO’KYTb OyTH BUKOPHUCTaHI JUIs ONIEPATUBHOTO BUPIIIEHHS MPUPOIOOXOPOHHUX 3aBAaHb. OnepixkaHa

MOJIeJIb Ma€ HIMPOKI JI1ala30HU BXIJHHUX JaHUX 32 MIBUIKICTIO BITPY 1 TypOyJIEHTHICTIO aTMOC(EpH.
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