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BIOJIOT'TYHA OYHUCTKA CTIYHUX BOJ NIAMMPUEMCTB
XAPYOBOI TIPOMUCJIOBOCTI
B. A. KoBanbuyk

HanionansHuii yHIBEpCUTET BOJHOTO FOCIIOAAPCTBA Ta IPUPOJAOKOPHUCTYBaHHS, PiBHe, YKpaina

XapuoBa MPOMHUCIIOBICTh XapaKTEPU3YETHCSI BUKOPUCTAHHSAM BEJIHMKOi KIIBKOCTI BOJM Ha
OJIMHUITIO TPOMAYKI(ii, YTBOPEHHSM BHCOKOKOHIICHTPOBAHUX CTiuHWUX BojA. OIHAK, CTiYyHI BOJU
NESKUX IANMPUEMCTB MarOTh 3Ha4yeHHS pH, 1m0 BUXOIATH 3a Mexi Jiama3ony 6,5-8,5, 3HauHi
KOHIICHTpaIii )KHPIB 1 BAMAraroTh KOPETryBaHHsI BMICTY O10r€HHUX €JIEMEHTIB. 3 OISy Ha 3/1aTHICTh
70 610JIOTIYHOTO OKHCIICHHS OPraHIYHHMX 3a0pYAHEHb CTIYHUX BOJ 1 TEXHOJOTiYHi, EKOHOMIYHI Ta
€KOJIOT1UHI TIepeBaru BUPIMAIBHY POJIb y 3aro0iraHHi 3a0pyJHEHHIO BOJONM CTIYHUMHU BOJIaMHU
XapyoBOi IMPOMUCIIOBOCTI BIIIrParOTh aepoOHI MeToau O10JO0TIYHOI OYHMCTKH. I[HTeHcuikaris
010JIOT1YHOI OYMCTKM CTIYHHUX BOJ IIJIPHEMCTB XapyoOBOI MPOMHMCIIOBOCTI MOXKE JOCATATHCS SK
MOKpAIICHHSM iX TMONepeaHbOi MiATOTOBKH, TaK 1 MUIAXOM pPO3POOKH HOBOTO €(EKTUBHOTO
00JalHaHHA Ta TEXHOJIOTH BilacHe O10JOrIYHOI OYMCTKH CTIYHMX BOJ. BUKOHAHI IOCIIHKEHHS
MIATBEPIANWIN AOUUIBHICTh 3aCTOCYBAaHHS JJISl MONEPETHBOI OUMCTKU CTIYHUX BOJ BIICTIMHHKIB-
¢draoratopis, po3podbnenux B HYBI'TIL, siki 3a06e3neuyioTh eheKTUBHE BUAATICHHS 3aBUCIUX PEYOBUH
1 )KMp1B, 3MEHIICHHS KOHLIEHTpPAIliil OpraHi4YHUX 3a0pyIHEHb.

Jlyis 610710T14HOT OYMCTKHM CTIYHMX BOJI XapuoOBOi MPOMHUCIOBOCTI PO3po0JieHa MPUHIUIIOBO
HOBa CHOpYJa — aepOTEHK-BIACTIHHUK MiBUIIEHOI riApaBiiuyHoi BUcoTu (6-10 M) i3 CTPyMUHHOIO
aepartito. BoHa sBisie co0010 Kpyriuii y IiaHi MeTaJeBHi pe3epByap, y LEHTpP1 SKOro po3MilleHa
30Ha aepailii, BijJiyieHa B nepudepiifHoro BTOPUHHOTO BIICTIMHUKA 32 JOMTOMOTOI0 BEPTUKATHHOT
LHMTIHAPUYHOT NEPEeropoJIKM, 10 HE NOXOAWUTh 10 JHA. Aepalis MyJIOBOI CyMIIl 3/1MCHIOETbCA
MOBEPXHEBUMH CTPYMHUHHUMH aepaTopaMi, MOXWIEHMMH mig Kyrom 60° 1no ropusoHTy. 3a
JIOTIOMOTOI0 CTPYMUHHUX a€paTopiB 3/11HCHIOEThCA Oe3MepepBHA LUPKYJIALIS MYJIOBOT CyMilll 3 HU3Y
y BEpXHIO YaCTUHY 30HH aepallii, 1110, pa3oM 13 po3KpydyBaHHSIM MYJIOBOI CyMillll y IJIaHi aepOTEHKa
3a paxyHOK IIBHUJKICHOTO HAamopy CTPYMHH MOXWIMX CTPYMHUHHHUX aepaTopiB, CTBOPHOE ii
cripanenoiOHui HU3X1THUHI pyX.

AepOoTeHK-BIACTIMHUK MiJBUIIEHOI TipaBIiYHOT BHUCOTH. - € 0OaraTo(yHKI1OHAJIBHOO
CHOPY/I0t0 /17151 610J10TTYHOT OYUCTKY, HITpUdIKaLii, AeHITpudIKamii 1 po3AUIeHHs MYJI0BOI CyMillli; -
TIPAITIOE 3 TTiABMIEHNMH 03aMH aKTHBHOTO MYy (5-7 T/AM°) 32 paXyHOK ITiJBUIIEHOI TiipaBIigHOl
BUCOTH NMPOTOYHOI YACTHHU BTOPHUHHOTO BiJICTIHHUKA; - MA€ BUCOKY OKUCIIIOBAJILHY MOTYXXHICTH (710
6,8 KT BIIK osu/(M>.1100Y)) 32 paxyHOK 3aCTOCYBaHHS e(peKTHBHOI CTPYMMHHOI aepallii; - 3a paXyHoK

dbopmyBaHHsT aepoOHOI (y BepxHIW 4yacTWHI) 1 aHOKCUAHOI (Y HIJKHIM YacTWHI) 30H 3a0e3neuye
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OKHCITIOBAIBHY MOTYKHICTh 3a aMOHIHHMM a3oToM 10 100 r/(M3.106y) 3a paxyHOK CHMYIbTaHHOI

HiTpudikauii-genitpudikarii.

Pucynok 1 — AepoTeHKH-BIICTIHHUKH TiABUILEHOI T1ipaBiIiuHoi BUCOTH AiameTpoM 14,0 m

Ha OYUCHHUX CHOpYJaX MacIopoOHOro KOMOIHATY

Po3rnsimyBaHi aepoTeHKH BUTOTOBIISIIOTHCS 13 METaly B 3aBOJICBKAX yMoBax. BoHu y Burmsiai
PYJIOHIB IMOCTABJISIFOTHCS HA OYMCHI CIIOPYIH 1 MOHTYIOThCS O€3M0CEepPEeIHbO Ha MalJaHUNKY BUIIEC
piBHA 3emuti. [HIIUM CIOCOOOM BHWTOTOBJICHHS AaCpPOTCHKIB € 1X 3BapIOBaHHS 3a JIOTIOMOTOIO
3BapIOBAIIbHUX HAIIBAaBTOMATIB 13 METaJIeBUX IONEPEIHbO BaJbIIbOBAHUX JIUCTIB. Y 3UMOBHH Hac
OXOJIOJDKEHHS aepOTEHKIB, PO3MILIIEHUX Ha BIAKPUTOMY IMOBITPI, HE BiZIOYBA€ThCS Yepe3 BUALICHHS
Teruia mpu OIOJIOTIYHIA OYMCTIII BHUCOKOKOHIIEHTPOBAHMX CTIYHUX BOJ IIIMPHUEMCTB XapuOBOi
MIPOMHCIIOBOCTI. Te€OpeTHYHNMH pO3paxyHKaMH Ha OCHOBI BEJTMUMHU AHMCUTAIN] €HEprii, a TaKoxX
eKCIIEpUMEHTAIbHUM BUMIPIOBAHHSAM 32 JONOMOIOI0 TiAPOMETPUYHOI BEPTYLIKHM BCTAHOBJIEHA
HEMOXJIUBICTh OCA/KEHHS aKTUBHOT'O MYy Ha IUIacKe JHO aepOTeHKa-BiJICTIHUKA.

AepOTeHKHU-BIICTIMHUKN PO3TJIAIYBaHOT KOHCTPYKIi Oymm 30ymoBaHi 1 TpUBaIMil dac
eKCIUTYaTyIOThCS Ha OYMCHHUX CIopydax M’ sicokomOiHaTiB y M. Yepniri, bima llepksa, Hixun,
Hosropon-Cisepcpkuii, MakiiBka, ¢.M.T. AHTOHIBIl, Ha OYHCHHUX CIIOpYyJaxX M sCONepepoOHHX
nianpueMcTB B ¢. MapxaniBka i [lepesicnaBcbke KuiBebkoi obnacti, «Konoc» UepHiBenbkoi 06acTi,
«Pocana» IBano-®pankiBcekoi o0nacTi, y ¢. [lumuai YepHiBenpkoi oomacTi, B ¢.M.T. bpycumis, y
c. Bemuka [Iumepka KwuiBcbkoi oGmacti, mraxodadbpuk TOB ,,Py6i Po3 Arpikon KO JIT/” B
KuiBcbkiit obmacti, nraxodadbpuku «Opinb-Jlizep» y M. [HinpomsepxuHchbk, «TapacoBenbkoi
ntaxodabpukn» YepHiBenpkoi obmacti, nraxodadbpuku y c. Ilpocsne XapkiBcbkoi o00JacTi.
AepOTeHKHU-BIICTIMHUKYA ~ 30yAoBaHi  TakoX Ha  ouncHHMX  crnopynax  IllocTkiHcbKOTO
MICBKMOJIKOMO1HATY, 30J10TOHICEKOTO MaciaopobHoro koMOiHaty, 3AT «baxmMauKOHCEPBMOIJIOKOY,

3aBOJy 3 BUPOOHHUIITBA SI0JIYHEBOTO COKY B ¢. MamaiBili UepHiBeI[bKOi 001aCTi Ta ASIKUX 1HIITHX.
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BITPOBA/I’KEHHS CUCTEMMU PO3AIJIEHHA «<YOPHUX BO»
Y CLIbCBHKIA MICUEBOCTI YKPAITHU
H. C. Peme3, A. I'. Boiiko
HamionaneHuii TexHIYHUE yHIBepcHTeT YKpaiHu « KMIBCHKUN MO TEXHIYHUN

iHcTuTyT iMeHi Iropst Cikopebkoroy, Kuis, Ykpaina

Ha crorognimHiii g1ens B Ykpaini icHye npoGiieMa NOBOKEHHS 3 TYyaJIeTHUMH BiJIXOJaMH,
OCKIJTbKM HE BCl HAcelIeHI MYHKTH MAaloTh IIEHTPai30BaHI CHCTEMU BOJOBIJBEACHHS, TOMY IIi
poOJeMH JOBOJUTHCS PO3B’A3yBaTH 1HAMBIyanbHO. barato XTo BHpillye AaHy 3ajqady, Oyayrouu
BUTPIOHY sIMY, AHO U cTiHM siKO1 3rigHo 3 JIBH B.2.5-75:2013 nmoBuHHI O0yTH riApoi30ib0BaHUMH. Y
[IbOMY BUIMAJKy JOBOJUTHCS YACTO KOPUCTYBATHCS IIOCIyraMH AaceHi3aTopiB 1 IUIATUTH IM 3a
BHUBE3CHHS Ta YTHIII3AIIIO CTOKIB, sIKi HA 95 % CKIamaroThes 3 BOH, M0 MOTJIa OYyTH BUKOPHUCTAHA Y
noOyTi Ha 1HIII TOTpedu.

Takuii crnoci0 TMOBO/KEHHS 3 TYyaJeTHUMH BIIXOJaMU HE TUIBKH JI€MOHCTPYE
HEEKOHOMIUHICTb, a 1 HepalioHaJIbHE BUKOPUCTAHHS BOAHOTO PECypCy, Ae(IIHUT SKOTO CIPUIHHIOE
SIK MICII€BI, TaK 1 rI100aJIbHI TPOOJIEMHU: TIEPETBOPIOIOYH BOY Ha JHKEPENO 3a0pyAHCHHS JOBKILIS Ta
CIPUYMHIOE MOTIPIIEHHS ii IKOCTI BHACIIOK HEJIOCTaTHHOI OYMCTKU CTOKIB 32 paXyHOK 3aCTapiioro
o0J1aJITHaHHS Y1 HEKOPEKTHOT'O MOBOJKEHHS 31 CTIYHUMHM BOJIaMHU.

Tak, nanpuknan, y cemi Mana OnekcanapiBka, IO 3HAXOAUTHCS MOPsiA 3 bopuchiabChkoro
Tpacoro, sika Bee 0 HalOUIBIIOTO MAaCaKUPCHKOTO aeporopTy YKpaiHHU, CTOKHU 3JIMBAIOTHCS 0€3
KOJHOT OYMCTKHU y BEIMYE3H1 BUTPIOH1 SIMH, 3 IKUX HJI€ TPOCOYCHHS TyaleTHUX BIXO/IB Y JICOBUH
Ap 13-3a HEAOTPUMAaHHs OyAiBENbHUX HOPM, IO CIPUYMHIOE CMOPiA Ta 3a0pyIHEHHS MiCLEBOTO
JOBKIJUTSI, 30KpeMa IPYHTOBHX BOJI, SIKi € JDKEPETaMu ITUTHOT BOJIH.

Mertoro podoTH € 3HIKEHHS PIBHS €KOJIOTIYHOI HEOE3MEeKH Y MaJuX Ta CEPE/IHIX HACEIEHUX
NYHKTaX 3a PaxXyHOK TEXHOJIOTil CTIMKOi caHiTapii, 10 BpaxoBy€ BTOPHHHE 3aCTOCYBAaHHS
010IPOYKTIB TPaBJIEHHS JIFOJJMHU Ta pallioHaIbHE BUKOPUCTAHHS MIPUPOTHUX PECYPCIB.

Jlnst BupimieHHsT TpoOJieMH TIOBOKEHHS 3 TYaJISTHUMH BIJIXOJaMH Y CUIBCHKIM MiCIIEBOCTI
VYkpaiHu 3aIpOrIOHOBAHO BIIPOBADKEHHS CHCTEMH PO3MIJICHHS «YOPHHX BOI», IO € CKJIAIO0BOIO
CTIMKOi caHiTapii Ta BUpIlllye MUTAHHS MOBOKEHHS 3 TYaJETHUMH BiAX0JIaMH, iX OKpeMHii 301p BiJ
«cipux» (moOyTOBUX) CTOKIB. BiZIMpaBHOIO TOYKOIO CUCTEMH PO3IUIEHHS «IOPHUX BOIY SIBISETHCS
3HAYHa PI3HUI y KOHLEHTPALisIX BMICTY PEUYOBUH MK TyaJIeTHHUMHU Ta MOOYTOBUMHU CTOKaMu. 3i
CBOr0 OOKY, TyaJIeTHI CTOKH, SIKIIO 1X 30MpaTH 3 HEBETUKUM pO30aBICHHSM, MalOTh, OKPIM BMICTY
NaTOTEHIB, MOKUBHI PEYOBHHH, Ta 1X 00’€M € MaJUM MOPIBHSHO 3 «CIPUMHU BOJAMH», SIKI MAIOTh
HEBEJIMKUN BMICT MATOTCHIB 1 MOKUBHUX PEUOBHH, ajie BOHU YTBOPIOIOTHCS y BEIMKHUX 00’€Max.
SAxio He 3MimTyBaTH 11l AB1 (Ppakiiii, TO iX MOJaJbIIE 3aCTOCYBaHHS MOKE OYTH €(EKTHUBHIIITUM.
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Cepen cyyacHHUX METOJIIB 3aCTOCYBaHHS OIOMPOAYKTIB TPABJICHHS JIOACH Y CUIBCHKIN
MICIIEBOCTI BH[IJICHO TEXHOJIOTIIO CemapaiifHoro TyajeTy, SKWUH pO3IUIS€ TOTOKH BiIXOJIB
010IpOAYKTIB TpaBJICHHsS JIOAMHU HAa TBEpAY Ta piaky ¢pakumii (ceuy Ta ¢dekambHi Macu) 6e3
J0/1aBaHHs BoAM a00 MiHIMAJIBbHOI i1 KinbkocTi. Jlaimi mi ¢pakiiii micis 00poOKu (BiCTOIOBaHHS cedl
Ta KOMITOCTYBaHHS (peKalito), sika oJipa3y BiIOyBa€ThbCs 3aBASKH KOHCTPYKIli 0OIaHAHHS, MOXKHA
BUKOPHCTOBYBATH SIK OpraHiyHe A00puBo. TakuM 4YMHOM, JaHa TEXHOJIOTIS T03BOJISIE IEPETBOPUTH
BiJIXO/IM Ha PECYpPCH 1 BIPOBAKYE 3aMKHEHU I LIUKJI.

byB mpoBeneHuit aHaii3 3acTOCYBaHHS TEXHOJIOTII JAHOTO 3aMKHEHOTO IIHMKITY, SIKHM
MPOJICMOHCTPYBAB 3HAYHI 3MIHU BHKOPHUCTaHHS BOJIM. [IOKa3HWKOM OIIHIOBaHHS BUKOPHUCTAHHS
BOJIHOTO pECypCy CTalld BUTPAaTH BOJH, SKI HEOOXigHI sl 3MHBY OI1OIpPOAYKTIB TpaBIICHHS
HaceneHHs. [Ipu oMy Opanmcs HaWHMKYI 3HAYCHHS MMOKA3HWKIB OI[IHIOBAHHS, IO 3HIDKYBAJIO
MOXUOKY HENOCTOBIPHOCTI. A TakoXX 3a AaHuMu JlepaBHOI CIyKOM CTAaTUCTHKU YKpaiHU
BpPaxoOBYBaJIaCh KUIBKICTh CUIBCHKOIO HacelleHHsA. Pe3ynbratu po3paxyHKiB Oymu odopmieHi y
BurIsiAl rpadiky (puc. 1), Ha SKOMy pUBEICHA MiHIMaJIbHA KUTBKICTh BOJH 3a 00y, siIKa HEOOXiaHa
JUISE 3MUBY O10MIPOJYKTIB TpaBJICHHS HAcEJICHHS YKpaiHu Mo oOmactsM, 0e3 BIPOBAKCHHS 1 3

BUKOPHUCTAHHSM TE€XHOJIOTI] cemapaliifHoro TyaneTy, sSika € CKJIa/I0Bal0 eKocaHiTapii.

¥ Be3 BOpoBaUKeHHS eKOCaHITapil 3 BOpOBaIKeHHAM eKOCaHITapil
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Pucynok 1 — Burparu Bou 1715 3MHUBY O10IPOJIyKTiB TpaBJIeHHs 3a 100y 1o 001acTsaxX

Taxkum YNHOM, BUKOPUCTAHHA CHCTCMU pO3)1iJ'ICHH}I «HOPHUX BOI» CHpHAE BTOPHUHHOMY
BUKOPHUCTAHHIO ITOKMBHUX PECUYOBWH, a BIIPOBAPKCHHA TEXHOJIOT11 cenapauiﬁHoro TyaJICTy, IK BUIAHO

3 rpadiky, 3MEHIITYE aHTPOIIOT€HHE HaBaHTAXEHHS Ha JOBKULISA, 30KpeMa Ha BOJAHHUI 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 aqueous 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 DWL2), 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 dazy do stania si¢ integralng czgsciag Unii Europejskiej. Wiaze si¢ to $cisle z
koniecznos$cig prowadzenia odpowiedniej polityki Srodowiskowej, majacej na celu ochrone
srodowiska. Pelne zycie obywateli bezposrednio zalezy od zdrowia, na ktore bezposrednio wptywa
stan srodowiska. Panstwo stara si¢ chroni¢ obywateli przed zagrozeniami dla zdrowia, zwigzanymi
ze srodowiskiem. Waznym obszarem takiej dziatalnos$ci jest poprawa jakosci oczyszczania Sciekow,
ktoére naptywaja do oczyszczalni z obiektéw przemystowych oraz z osiedli mieszkaniowych.

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

Po analizie uktadu ,,zbiornik napowietrzajacy-wypieracz — osadnik wtorny” stwierdzono, Ze na
dziatalno$¢ systemu mozna wplywac poprzez regulacj¢ stosunku «$cieki — osad czynny». Umozliwia
to zapewnienie zgodno$ci z wymogami regulacyjnymi dotyczacymi maksymalnych dopuszczalnych
stezen w oczyszczone] wodzie. Jednocze$nie Srodowisko bedzie chronione przed uderzeniem
niedostatecznie oczyszczonych lub nieoczyszczonych §ciekdw.

Otrzymano rownanie regresji (1), ktore opisuje zalezno$¢ dawki wysuszonego osadu czynnego
(Vosaau) 0d natezenia przeplywu osadu zwrotnego (X1), podawanego do regeneratora zbiornika

napowietrzajacego, od dawki osadu podawanego do regeneracji (X2).

Vosady = 3.61333 + 0.08833 - x; + 1.05167 - x, — 0.065 - xZ —
—0.025 - x2 — 0.225 - x; - x, (1)

Rysunek 1 przedstawia numeryczne rozwigzanie rownania (1). Analizujac uzyskane wyniki,

widzimy, ze najwickszy wptyw na zmiang st¢zenia osadu na wylocie z regeneratora ma stezenie

osadu wchodzacego do regeneratora.
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Rysunek 1 — Zalezno$¢ dawki wysuszonego osadu czynnego (Vysqaqy) 0d natezenia przeptywu
osadu zwrotnego (X1), podawanego do regeneratora zbiornika napowietrzajacego, od dawki osadu

podawanego do regeneracji (X2).

W celu okreslenia st¢zenia zanieczyszczen w wodzie uzdatnionej na wylocie z oczyszczalni
biologicznych uzyskano kolejne roéwnanie regresji, ktore pozwala wyznaczy¢ zaleznos¢ stgzenia
zanieczyszczen w wodzie uzdatnionej od zuzycia $ciekOw 1 stgzenia zanieczyszczen w Sciekach
wprowadzanych do oczyszczalni. Analiza wynikéw numerycznego rozwigzania zaproponowanego
réwnania wykazala, ze wzrost przeptywu $ciekdw wprowadzanych do oczyszczalni prowadzi do
wzrostu st¢zenia zanieczyszczen na wylocie z oczyszczalni. Nalezy zauwazy¢, ze wzrost st¢zenia
zanieczyszczen w $ciekach prowadzi do spadku ich ilosci na wylocie z oczyszczalni. Fakt ten mozna
wytlumaczy¢ wystarczajaca iloScia zanieczyszczen, ktore zapewniaja wzrost osadu czynnego.
Wiadomo, ze osad czynny jest konsumentem zanieczyszczen.

Zaproponowane rownania regresji pozwalajg na uzyskanie wartosci liczbowych parametrow
procesu. Pomagajg rowniez analizowa¢ przebieg oczyszczania biologicznego w réznych czesciach

systemu ,,zbiornik napowietrzajacy-wypieracz — osadnik wtorny” bez dodatkowych eksperymentow.

13



WATER SUPPLY AND WASTEWATER DISPOSAL

PROGNOSIS MODELS OF SURFACE WATER STATUS
O. Mitryasova?, V. Pohrebennyk?, A. Nosyk?!
petro Mohyla Black Sea national University, Mykolaiv, Ukraine

2Lviv 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 O>
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

15



WATER SUPPLY AND WASTEWATER DISPOSAL

OCOBJIMBOCTI NEPEBRIT'Y EBTPO®IKAIIMHUX ITPOIIECIB
Y BOJAX PIYKH YK
I. I'. Komro6al, T. O. €abnikosal, O. JI. Fepacumuyk?’, B. B. Jlyk’snosa?, €. C. Aunijosa’
! Nepsxaruit yriBepcuteT «KnuToMupcehka nonitexHikay, JKutomup, Yipainu
?HanionansHuil TpaHCIIOPTHHMI yHiBepcuTeT, Kui, Yipaina
3 [HCTHTYT TenekoMyHiKalil i r106anbHOro iH(OpMAaLiiHOTO

npoctopy HAH Vkpainu, Kuis, Ykpaina

[IpoBeneHHST KOMIUICKCHOI OIIHKKH  BOJIOTOCIOAAPCHKUX  MIISHOK (OacelHiB  pivoK),
OOTpYHTYBaHHS JOMYCTUMOI MEXi AHTPONMOTEHHOTO BIUIMBY Ha BOJOPECYPCHHU IOTEHINANl €
HEOOXITHOIO TIEPEeIyMOBOIO JIJIi BHPIIMICHHS €KOJOro-eKOHOMIYHHX mpobiem. Piuka Vix
KopocteHchkoro paifoHy € MpUTOKOO piuku TeTepiB 1 OCHOBHUM JIXKEPEIOM BOIONOCTaYaHHs MiCTa.
3 mpuIeriuX TEPUTOpPiId y pIYKYy HAAXOASATh CTIYHI BOAM MPOMUCIOBUX MIANPUEMCTB Ta
CUTBCHKOTOCTIONAPCHKUX YTib. 3a0pyAHEHHS i1 BOJ TaKOXK BiIOYBAETHCS BHACIIOK 3aXapanieHOCTI
npUOEPeKHUK CMYT 3BAIMIIAMH MOOYTOBHX Ta OyAiBETbHHX BIAXOJIB Ta HE3aJ0BUIBHOTO CTaHY
OUIBIIOCTI OUUCHUX CIOPY/I.

Metorw fociipkeHHS Oyno BCTaHOBJIEHHS OCOOIMBOCTEH mepediry eBTpodikariiiHux
IpoLeciB y BoJoiMax OaceliHy piuku Yk B Mexkax KopocreHcbkoro paiiony ta M. KopocreHs,
BIJIUBY AHTPOIOI€HHUX HaBaHTA)KE€Hb HA IpoLEcH eBTpodikaiii piuyku, oOIPYHTYBAHHS 3aXOiB
11010 BUPILIEHHS BCTAHOBJIEHUX MPOOIIEM.

B poGoti Oyno BcTaHOBIEHO, 110 (ITOMIAHKTOH Yy IIOBEPXHEBUX BOJAX pIUKH YK
npencrasicanid Bigaitamu: Cyanophyta (93,6 %), Bacillariophyta (3,4 %) ta Chlorophyta (2,8 %)
Bonopocti Euglenophyta, Dinophyta Ta Crysophyta 3ycTpidatoThcsi y HEBEIHKHX KiJTBKOCTSIX TOMY
BUPIIIAIBHOTO 3HAYEHHS L10JI0 BIUIMBY Ha MOKAa3HUKH, K1 XapaKTepU3yIOTh TOKCUYHICTh BOAHOTO
Cepe/IoBUINA, BOHU HE MatoTh. [IpOTATroM TpboX POKIB MPOCIIIKOBYBAIUCH XapaKTEPHI BiAMIHHOCTI
y IHTEHCUBHOCTI PO3MHOKEHHSI OKpEMHUX (PITOIUIAHKTOHHUX (POpPM, HANPUKIIaA, JTUHAMIKA PO3BUTKY

OCHOBHHX BIJIJIIIB BOJIOPOCTEH y p. YK HaBe/eHa Ha pucC. 1.
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Jlist ycix BiIUTIB BOJIOPOCTEH BUSIBIICHO TEPIOIM X IHTEHCHBHOTO PO3MHOKEHHSI Ta CE30HHI
KOJIUBaHHS BMICTY OI0r€HHUX €JeMEHTIB (ocdopy Ta HITPOreHy, pO3UMHEHOTO y BOZI KHCHIO, 1X
BIUIMB Ha PO3BUTOK OKPEMUX BiJIUIIB BOJOPOCTEH.

[IpoBeneHO cTaTUCTHUHE MOJEIIOBAHHS MPOILECIB PO3BUTKY (iTOMIAHKTOHY. [ moOynoBu
MojieJIeld BUKOPUCTAHO JaHi, SKi XapaKTepH3yITh eBTPO(HI IMPOLECH, IO BiIOYyBAIOTHCS y PIvlli.
TakumMu TIOKa3HUKAMU € 3MIHH SKICHOTO Ta KUIBKICHOTO CKJIaTy BOJOPOCTEH MPOTSATOM POKY.
OTtpumaHi ekcriepuMEeHTaIbHI 1aHi Ta BUSBIICH] 1X OCOOIIMBOCTI y3araibHEH! y BUIIIAI JIIHIKHUX Ta
HEJIHIMHUX CTATUCTUYHUX MaTEeMaTHYHUX MoJeneil mporeciB eBTpodikamii. bymno Bu3HaueHO
3arajJbHUAN BUTIIA (PYHKITIN, IO OMKMCYIOTH 111 MPOIIECH; YUCENbHI 3HAYCHHS Koe(DiIlieHTiB (yHKIIIT;
nmoOymoBano rpadikd 1 BH3HAYCHO MMOXHOKH MOJENIOBaHHSA. [IpoBeneHO KopensiiiHui Ta
(dakTopHHii aHami3 mporeciB eBTpodikarii piuku Yx. DakTOpHUIN aHAII3 MOJSITaB Yy JOCITIHKESHHI
MapHoi perpecii, BUALIeHH] ()aKTOPiB BILTUBY HA PO3BUTOK BOJOPOCTEH Pi3HUX BIAALIIB Ta MOOYA0BI
MHOKHHHOT MOJIEN, SIKa BPaXOBY€E CYKYITHU BILTUB (haKTOPIB.

JlocitipkeHo, o OCHOBHUMH (DaKTOpaMH BIUIMBY JJIsi CHHBO-3€JICHUX BOJOPOCTEH € CyMicHA
mis koHmeHTpanii ¢ochatie Ta Temmeparypu (R=0,86; R?=0,74), koHIeHTpaiii HiTpUTIB Ta
temneparypu (R=0,72; R?=0,51), xonuenTpanuii Hitpatie Ta Temmneparypu (R=0,70; R?=0,48); nsa
iaTOMOBHX BOJIOPOCTE#i — CyMiCHa JIisl KOHIIeHTpaIii HiTpuTiB i Temneparypu (R=0,77; R?=0,59), Ta
KOHIeHTpamii (ocdarip 3 amiakom (R=0,77; R?=0,59); 11 3eneHMX BOAOpOCTEH — aHAIOTidHi
IOKA3HUKH, K JUIA CHHBO3eNeHnX Bojopocted ((R=0,62; R?=0,39), (R=0,61; R?=0,38), (R=0,62;
R?=0,3 8) BiJIMTOBITHO).

BucnoBku. JlocnimkeHHss moKa3and, M0 €KOJOTIYHUN CTaH Piuku YK € 3a10BiTbHMM. Ha
OCHOBI TIPOBEACHHUX JIOCIIDKCHh Ta OTPUMAaHUX JTaHUX MOYKHA 3pOOWTH BHUCHOBOK IMPO TE, IIO
MPOTSITOM POKY BiIOYBaIOTHCS 3MIHU B 1IHTEHCHUBHOCTI PO3MHOXKEHHSI OKPeMHX (hITOTUTAHKTOHHHUX
¢opm. OcobauBO 3arpo3JIMBUMH y BIJHOIIEHHI IO €KOJOTIYHOI Oe3MeKH piuku YK € Inepioau
MiBUIIEHOT eBTpO(iKaIlii 3a paXyHOK CHHBO-3€JIEHUX, J1aTOMOBHUX Ta 3€JICHUX BOJIOPOCTEH.

OTpumaHi €KCIIepUMEHTaIbHI JaHl Ta BUSBICHI iX OCOOJMBOCTI y3arajbHEHI y BHUTJISI
JHIMHUX Ta HETIHIHHUX CTATUCTUYHUX MAaTEMaTHIHUX MOJIeNIel TiporieciB eBTpodikarii. Buznaueno
3araibHUIA BUTISA QYHKIIIH, 1110 OMHUCYIOTH I1i MPOLIECH; YUCENIbHI 3HAaYeHHs Koe(DilieHTiB QYHKIIIT;
noOynoBaHo rpadiky i po3paxoBaHO MOXUOKHU MOJICTIOBAHHS.

3anpornoHOBaHi CTaTUCTHYHI MOJENI CJiJi BUKOPHCTOBYBAaTH K 0a3zy Il MPOTHO3YBaHHS
nporieciB eBTpodikaiii Ta po3poOKH MPAKTUYHUX 3acO0IB IO MOKPAIIAHHIO CTaHY €KOJIOTTYHOI

0O€e3IeKu BOIOUMH.
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JOCHIIKEHHSA ECEKTUBHOCTI MOAUPIKOBAHUX ®OTOKATAJII3ZATOPIB
JIJIS 3HE3APAKEHHSA TA PYHUHYBAHHS ®APMAIIEBTUYHUX PEUOBUH
(JIIKAPCBKHUX ITPEITAPATIB) ¥ BOJHUX CEPEJJOBHUIIIAX
M. Ckubal, I. Kopanenxo', B. Bopo6iiosa, I. Tpyc?, H. Makap4enxko'!

1[[ep>I<aBHI/H7I BUIIMI HABYAJIbHUH 3aKiaj «YKpaiHChbKHM ep:KaBHUN
XIMIKO-TEeXHOJIOTIYHUH yHiBepcuTeT», [lHinpo, Ykpaina
’HarionanpHuii TexHiunuii yaisepcurer Ykpainu "KuiBchkuil momirexniqnmii

iHcTuTyT iMeHi Iropst Cikopebkoro", Kuis, Ykpaina

AHani3 pe3ynabTaTiB MapKEeTMHIOBHX JOCHIKeHb CBITOBUX KOMHAaHIM «» LIOJ0 KPU30BUX
MTUTAHb SKOCTI Ta OE3MEeKH MUTHOTO BOJOIIOCTAYaHHs CBIIYHTD, Iy’KE TOCTPO Hapa3i CTOITh MUTAHHS
IOI0 PO3POOKH 3aX0/IiB Ta KOHTPOJIO HAIXO/KEHHS y BOJHI 00’ €KTH (hapMaleBTHUYHUX PEUOBUH
(®P), nikapcpkux mpemnapariB (JIIT) ta ix 3amumkiB. B ymoBax cBitoBoi mangemii Covid Tta, sik
HACJIJOK, IMiJIBUIIEHOT0 BUKOPUCTAHHA (DapMaleBTUYHOI MPOAYKLIi Yy JIKapHIX Ta, OJHOYACHO
HEKOHTPOJIbOBAHOTO, 1 BKpail HAaIAMIPHOTO iX CaMOCTIHHOTO CIIOKHBAHHS HACEJICHHSIM
CTIOCTEPITaeThCsl HAA3BUYAWHE IMIJBUIICHHS IX 3aJMIIKIB y CTIYHHX BOJAX HAa MICBKHX OYMCHHUX
CIOpPY/ax Jie BOHU Ba)KKO IMiJIat0ThCs 010J0T14HIN ecTpyKuii. SIk HaciIoK Hapasi CHOCTepiraeThest
iX HagMipHa MPHUCYTHICTH 1y MUTHIN BOJI, IO € 3arp03010 JUIs 3/I0POB sl JIt0JIe OCKIIBKH 301IIbIIy€E
PE3UCTEHTHICTH 0 (papMalleBTUYHHUX PEUOBUH Ta JiKIB (TOPMOHIB, aHTUO10THKIB TOI0) Y HACEJIEHHS
Ta 3arajoM Hapa3l CTaHOBHUTb BA&XKJIUBY COLIAJIbHO-€KOJOIIYHY mpobieMy. 3a THUMH XK
MapKETUHTOBUMH  JIOCHI/PKEHHSIMM  CIIOKMBaHHS  (apMalleBTUYHOI NPOAYKLii Oyzae Juiue
301IbIIYBAaTUCh B HAHOIMKY1 POKH.

Oco0nuBy nonyJsipHICTh Hapasi AJIs OUMIICHHS BOJHUX CEPEJOBHIL (IUTHOI Ta CTIYHUX BOJ)
€ mepenoBi okucHi mporecu (Advanced oxidation process). OmHiero 3 CKJIAA0BUX OCTaHHIX €
(doToKaTamITUYHI TPOLECH 13 BUKOPUCTAHHIM TPATUIIMHUX (OTOKATaNi3aTOpiB OKCHJ TUTaHY.
ITpote daxiBusgM ramysi 100pe Biomi He1oJIiKu 00MexeHOo1 PyHKIIIOHATBHOCTI (hOTOKATai3aToOPiB
Ta HEOOXITHICTh Yy iX MoAuGiKyBaHHI [Js TMOKpalleHHs iX ()OTOKATATITHYHOI aKTUBHOCTI Ta
NoJi(pyHKIIOHAIBHOCTI. ABTOpaMHM pO3pOOJIEHO HOBITHI Ta €KOJOrIYHO Oe3MedHi crnocoOu
MonudikyBaHHA (hOTOKaTalizaropa HaHOMarepiajJoM (HaHOCPIOIOM) M MiABUIICHHS HOro
(dboToKaTamITHYHOI AKTUBHOCTI Ta OJTHOYACHOT aHTUOAKTEpiaIbHOI Aii.

Meroto pobotu Oyno JochikeHHsT e(QEeKTUBHOCTI MOAM(BIKOBAaHUX HaHOMATEpialioM
(manocpibioM) (oTokaTanmizaTopiB AJs MOKpAllleHHs pyHHYBaHHS (apMalleBTUUHUX PEYOBHH Ta
JKapChKHUX MpenapaTiB y BOJI Ta OJHOYACHOTO iX 3He3apaxkeHHs. s JocATHEeHHS 1€l MmeTu Oyio

BUPILIECHO PSAJ HACTYITHUX OCHOBHMX 3aB/aHb!
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1. Jocmimkenns GporokaramiThaaoi akTUBHOCTI (DKA) MoaudikoBaHOT0 OKCHI TUTAHY
npu pyHHYBaHHI JIIKAPCHKUX MpEnapariB, IO HaJEeXaTh 10 MEPENiKy MPIOPUTETHUX BiJMNOBITHO
HopmatusiB €C (quknodenak, munpodaokcanut, Gpypocemis, nedypokcum).

2. JlocmimkeHHssT aHTHOAKTEpiaibHOI Aii MOAU(IKOBAHOTO OKCHJ THTaHy JO Tpa
MO3UTUBHUX Ta I'paM HETaTUBHUX ILITaMiB.

V3aranpHeni nanHi @KA onepaHMX KOMIIO3UTIB y TMOpPIBHSAHHI 3 HE MOAM(IKOBAHUM
doTokaramizaTopoM HaBelAeHO Ha puc. 1. 3arajoMm BCi JOCHiKyBaHi MOIU(IKOBAaHI CHUCTEMH
OKa3aJid BUCOKHIA cTymiHb pyiHyBaHHs JIIT (~96-98%). [TopiBHsHHS (HOTOKATATITHYHOT aKTHBHOCTI
MoauGIKOBAaHUX 3pa3KiB 3 KOMEpIIWHMM QoTokaranizatopoM (P25) cBimuuTe mpo 3HAYHY iX
niepesary ( ~ B 2 pasu). Pesynpratu pyiinyBanuas @11 gociimkeHo GOTOMETPUIHUMHI METOJIaMHU Ta

13 BUKOPUCTAHHSM PiMHHOI Xpomartorpadii.
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Pucynok 1 — Ctymninp pyliHyBaHHS (POTOKaTalITUYHA AKTUBHICTH) JIIKAPCHKUX MpENapariB

3aJIe’KHO BiJ] cTabislizaropa HaHOCPiOa P OCAPKEHH] Ha OKCHUJI TUTAHY

PesynabTatu gociiakeHHsS aHTUMIKPOOHOI Aii MOAM(IKOBAHOTO Ta KOMEPIIIHOro 3pa3ka
MIATBEPIKYIOTh, BIICYTHICTh aHTUMIKPOOHO] /11i OCTAHHBOT'O Ta HAsIBHICTH Takoi (uepe3 24-48 rox.)
st cucteM T102/AQerag B pI3HOMY CTYIEHI Ui INTaMiB 3aJ€KHO BiJ] BUAY BUKOPHCTOBAHOTO

crabinizaropa HaHOCPiOJIa IiJ] Yac CUHTE3Y.

Tabnuysa 1
Pe3yabraTn aHTUMiKpOOHOT akTHBHOCTI T102/AJ c1a6
Bun Gakrepii 3oHa iHrioyBanHs (MM)
TiO2 TiO2/Ag TiO2/Ag
6e3 Mo QiKyBaHH 24 roguHN 48 roguH
E. coli - 2,1+0,1 24+0,1
B. subtilis - 39401 46+0,1
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INFLUENCE OF RISK FACTOR IN CHOOSING THE BEST OPTION OF
IMPLEMENTATION OF RESOURCE-SAVING TECHNOLOGIES
|. 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= min; 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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OIIITHKA E®GEKTUBHOCTI PEATEHTIB 1151 CTABLJIIBAIIIMHOI OBPOBKH BOIM
L. Tpyc!, M. I'omens', B. Bopooiiosal, M. Cku6a?, O. I'mymko!, JI. Benaron?
'Hanionanpnuii Texuiunmii yaisepcuter Ykpainu «KuiBchkuii MOMiTeXHIYHUIA iHCTUTYT iMeHi
Iropst Cikopcbkoro", KuiB, Ykpaina

2JIBH3 «YKpalHChKHii epskaBHHI XiMiKO-TEeXHOJIOTiUHMI yHiBepcuTeT», JHinpo, Ykpaina

OcTtaHHIM 9acoM B MMPOMUCIOBHUX I'yCTO3aCEJIEHUX perioHax mpooieMu 3a0pyIHEHHs BOJTHUX
00’€KTIB Ta PI3KOr0 IMMIBHIICHHS MiHEpaji3alii BOJM B IOBEPXHEBUX BOJOWMAX CTalOTh BCE
rocTpime. lle BHKIMKaHO CKHJOM MIAaXTHUX 1 HPOMHUCIOBUX CTIYHHX BOJ, a TaKOX CTOKIB
TEIUIOCHEPTreTUYHUX MianpueMcTB. Ha choromni g0 HaWOUIBII BHUCOKOS(HEKTUBHUX TEXHOJIOTIH
OTIPICHEHHSI BOAM MOXKHA BimHecTH OapomMeMOpaHHI NMPOLECH. YCTAaHOBKH 3BOPOTHBOTO OCMOCY
3a0e3neuyoTh BUCOKY 1 TapaHTOBAaHO CTAaOUIbHY SAKICTh OYHMINEHHS IPOTSATOM BCHOTO 4Yacy
eKCIUTyaTallii, MpoTe TMPHU3BOJAATH 1O YTBOPEHHS PO3YMHIB 3 BHCOKOI MiHEpami3ali€ro.
BuxopucTtanHs BHCOKOMiHEpalli30BAHUX BOJ MPHU3BOAUTH O IHTEHCHUBHOTO BiAKJIAJEHHS OCAa[IiB,
0COOJIMBO 3a TIJABUIICHUX TEMIIEpaTyp, BHACTIJIOK YOTO BiJIOYBa€TbCcS BUBCIACHHS 3 Jaay
TpyOompoBoaiB 1 oOnamHaHHa. OCHOBHOI 3a/ladel0 HA CHOTOMAHINIHIA 4Yac € JIOCATHCHHS
MaKCHUMaJIbHOTO 4acy eKCIulyaTalii MeMOpaHHUX eneMeHTiB. TepMmiH ciayxOu meMmOpaH
BHU3HAYAETHCS, TOJIOBHUM UYMHOM, 10 TaIHHIO 1X MPOJYKTUBHOCTI, a eKCIITyaTalliiiHa e()eKTUBHICTh
MeMOpaHHUX CHCTEM BOJIOMIATOTOBKH JIIMITYEThCS B OCHOBHOMY, 1X 3a0pynHeHHSAM. Bukopucranus
e(eKTUBHUX CcTab1113aTOPIB HAKUIIOYTBOPEHHS 103BOJISIE BIIMOBUTHCH BiJl TOPOTOBAPTICHUX CUCTEM
MOM SKIICHHS Ta Jeaepanii BOJAM, a TaKOX 3a0e3MeYUTH TpUBATYy pPOOOTY TEMI00O0MIHHOTO
obOnanHanHs. He3Bakaroun Ha BeNHKY KIJBKICTh JOCHIIKEHb, CTaOumi3alis TakuX BOA JO
OCa/IKOBIJIKJIa/IEHb € HE OCTATHHO BUBUEHOIO Ta CKIIQJHOIO TPOOIEMOIO.

Or1iHKy e(peKTHBHOCTI IHTI0ITOPIB OCAJAKOBIIKIAACHHS 3IMCHIOBAIM TIO 3MiHI JKOPCTKOCTI
MiHepani3oBaHoi Bojau Mpu 11 HarpiBaHHi g0 Temmeparypu 60 °C B mpuCyTHOCTI 1HTIOITOpIB.
Crabinizaniitnuii edexr rinmany ta [TAA 6e3 06poOKu y BUCOKOMiHEpaTi30BaHUX BOJAX MpPU 1031
115 mr/mm® craHOBHTH 39 — 43 %. O6po6Ka YABTPa3sByKOM UM O30HYBAHHAM JAHHMX DPEarcHTiB
JT03BOJISIE TIABUIIUTH CTAOLTI3AIIfHUN Ta MPOTUHAKUIHUN edektn. MamoeeKTUBHUM BUSBUBCS
rinan B koHIeHTpamisx 0,5-5,0 mr/mmS, MPOTE TIPH MMiABHUIIECHHI 031 10 5—15 MI/mIM° MaB TOCHTb
BHUCOKY CTaOUIBHICTh BOJM MO BIHOIICHHIO 10 HakumoyTBopeHHs. Craluri3amiiHuil epexT mpu
Bukopuctani [TIAA csras 16,7 % npu 1031 1 mr/mme ta 45,8 % pu 1031 2 Mr/ave. [Tpu migBUIICHH]

8 namwmit iHribiTop 3abesmeuyBaB 100 % crabinpHicTs Boau. [iman B

mo3u ITAA nmo 5,0 mr/mMm
KOHIIEHTpaIlii 5 mr/am® st BHCOKOMIHEPAJII30BaHUX BOJI 3a0e3reuye crabimizamiiHuil edhekT Ha
piBHI 99,8 %, a mpotuHakunHuil epext — 99,2 %. Orxe, oTpuMaHi pe3yiabTaTH CBiIYaTh IPO

NEPCIEKTUBHICTh BUOPAHUX PEareHTIB SIK CTa011i3aTOPiB HAKUIIOYTBOPEHHS.
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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
aqueous 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 107
) and non-radical species (ozone Os, 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.:

H2Oa/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/dm?®) 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, 0, 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,/104).
23



WATER SUPPLY AND WASTEWATER DISPOSAL

The figure shows the effect of different molar ratio MB:H20.:KI104 on the kinetics of oxidative
decolorization of aqueous MB solution (concentration 62.6 uM, equivalent to 20 mg MB/L) using
the process H202/K104 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/KI104 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:KIOs. 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:H20,: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/KIO4 (“Sonoperoxate” process),
calculated on the basis of the values of the rate constants of the processes US/H202, H2O02/KIQOa4,
US/KI1QO4, at a molar ratio of MB:H202:K104=1:100:25 was equal to 3.25, and at a molar ratio of
MB:H20,:K104=1:200:50 — 1.62.
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MPOBJIEMU ITEHTU®IKALII JUHAMIKHU 3ABPYJJHEHb BOJJHUX EKOCUCTEM
IF'EKCAMETHWJIEHAIAMIHOM
I. C. €pemeces!, A. O. Jlnuxo?, B. A. JInTBHHEHKO?
'Tappiiiceknii HatioHanbHMI yHiBepenTeT iM. B. 1. Beprancekoro, Kui, Yipaina

?HanionansHuii TexHiunnii yHiBepcuter Yipainu KITI im. Irops Cikopebkoro, Kui, Ykpaina

[TianmpueMcTBa O BUPOOHHUITBY XIMIYHMX BOJIOKOH € CTAJIMMU JDKEperaaMu 3a0pyaHEeHHS
BOJIHUX €KOCHUCTEM Yy BUIVISII OKPEMHX IUISIM, Y TOMY YMCIl M IJISIM TOKCHUYHMX 3a0pynHeHb 13
(ITT3), nanpukian rekcameTuiieHiaMiHoM. OCTaHH1 XapaKTEePU3YIOThCSI JOCUTh HU3bKUMU PIBHIMH,
AKI y HE3HAuHId Mipi BIiAPI3HSAIOTHCS BiJ (POHOBUX, IO YCKIAAHIOE TPOOIEMY ITOCIIKEHHS
nuHamiky [1T3. 3amaua inentudikarnii quaamiku [1T3 Moxe OyTH 3Be/IeHa 10 aHAITI3Y CIIOCTEPEIKCHD
W CIHIBCTAaBIEHHIO IXHIX pE3yNbTaTiB OAMH 3 OJHUM IUIAXOM OLIHIOBaHHS METPUKH, TOOTO
HEHETraTUBHOI (PYHKIIII, IKa XapaKTepU3ye CTYIIHb OJIM3bKOCTI YIIOPSIKOBAHOI MMapU TOYOK (KPUBUX,
MOBEPXOHb) B METPUYHOMY IPOCTOpi. SIK KpUTEpil CTYNEHIO HEBIIMOBIIHOCTI NpH iAeHTU(IKAIIT
[1T3 moxe OyTH BUKOpPHCTaHa €BKIIIJIOBA METPHKA.

Jna peanuzanii migxomy, LI0 MPOMOHYETHCS, HEOOXiAHO, Yy Mepiry uepry, chopMyBaTH
MHOXHHY €TaJIOHIB - aJIbTepHATUBHUX MoOJelell, KoxkHa 3 sSKux Mojemoe Mirpamito I1T3 3a mexi
KOHKpPETHOT'O PET10HY CTOCOBHO /10 OJIHIET 3 MOXKIIMBUX CUTYallli, K1 MOXXYTh BUHUKHYTH y PET10H1
abo B Horo oxomuisx. KpiM Toro, sik eTajoH MOXHa BHUKOPUCTAaTH 1H(POpMAIIO MPO pealbHUN
posmoain IIT3 Ha MicueBOCcTI Ha Meax perioHy, OTpUMaHy B pe3yibTaTi OOpOOKH JaHHMX
NPEJCTaBHUIIBKUX BUOIpOK B TepioJ, IIO MepeayBaB IOYaTKy AociaikeHb. Llg iHpopmaris
XapaKTepu3yBaTUME «IONMYyCTUMMI» piBeHb. HapemrTi, Sk eranoH Mo)ke OyTM BUKOPUCTAHUHU 1
posnoain I1T3 B Oynp-skuil BiAPi30K Yacy Micis HOYaTKy AOCHTIIKEHb, y TOMY 4Hcii i po3noain [1T3
micisg (pakTUYHOTO «IHIMIEHTY», SKHH MaB Miclie, TOOTO 1HIIMJIEHTY, OB’ 3aHOTr0 3 BuxoaoM T3 (B
HACJiJ0K Hee()eKTUBHOTO OUHUIIEHHS CTIYHOT BOJAM UM aBapiifHOI CUTYallii) B 0OTOUYIOUe CepeOBUIIIEe
3 HacTynHoto Mmirpaunieto I1T3 B perioHi, 110 KOHTPOITIOETHCS.

Ve nporienypa B MIOMY peali3ye€Tbesl Y TaKii MOCTiAOBHOCTI:

- popmyeTbes MHOKMHA SM = {smk} anpTepHaTHBHUX MOJEJEH, MpPO AKY BiAOMO, IO IS
KO>KHOTO KOHKPETHOT'O BUIAJAKY MOXIIMBO BUOPATH ONTHUMAJIbHY MOJEIH SMopt € SM ;

- OJIHOYACHO YM TIOCIIJOBHO E€KCTPAIOJIIOIOThCA (3a JOTMOMOrow Kk Mopenel) maHi, 1o
XapaKTepU3yI0Th CTaH 00'€KTY YM MpPOLECY, SIKUN KOHTPOJIOETHCS, Y TUX Toukax 1 € [, e moxe
OyTH MOTiM (TiCHs 3aKiHYEHHS 1HTEepBaJly eKCTPAIoJIALil) BU3HAUEHO (BUMIpSAHO) (aKTHUHUI cTaH
00'exTy (TIporiecy); OTpUMaHi PO3IMOALTH 3TIAKYIOTHCS 32 IOTIOMOTOIO OJTHOTO ¥ TOTO 5K allTOPUTMY
3TIa)KyBaHHS 1 OPMYIOTHCS €TAIOHHI MHOKHHHI

Xsmk = {Xsmki}, K€ K;
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- BUKOHYETHCSI BUMIPIOBAHHSI peajbHOTO CTaHy 00'eKTy (Tmpoliecy) y Toukax i € I; orpumanuii
PO3MO/IL 3TIAJKYETHCS 32 IOTIOMOT OO alITOPUTMY, III0 BHKOPUCTABCS PaHiiie Mpu GOpMyBaHHI Xsmk,
it hopMyeTbes HewiTKa MHOXKUHA X(1) = {X(r1)};

- 3a BimHOmeHHs Ha X(r) Ta X(smkK) BHUKOPUCTOBYETbCSA OJHE W T€ X BIJHOIICHHS
ynopsiakyBaHHsl S[x(i)], M0 BUXOAUTH 3 OJHAKOBOI JJIT 000X MHOXHH TIpoLeaypd TO0OYyaOBH
3ri1apKeHUX (TUIACKUX YM MPOCTOPOBHX ) KPUBUX IO TOYSUHUM 3HaUCHHIM X(smki) Ta x(ri);

- 3a BigHomeHHs Ha S[X(r)] y S[x(smk)] npuiiMaeTbcst HewiTKa CyKYNHICTh K ynopsiiKoBaHUX
nap IUIaCKMX YU HPOCTOPOBUX KpPUBHX EKCTpPamojbOBaHOro (3a jpomomororwo k moxenei) i
(haKTUYHOTO PO3MOMUIIB CTaHIB (IMapaMeTpiB), 0 BUKJIMKAIOTH I1HTEPEC, sKa XapaKTepU3YEThCS
(byHKIII€I0 HATIEKHOCTI

d(k) = d[x(ri); x(smki)], k € K,
Y1 3BOPOTHOIO J0 HEl BEIMYUHOIO - METPUKOIO
d®= {[(n-2)"] {Ix(ri) - x(smki)’}*;

- BU3HAYAETHCS METPUKA, IO BIAMOBIJAE ONTHMAIBHIA MOJENI  SMopt, HAPUKIAD 32

JOTIOMOT OO TIPOLIEAYPH
dope = min{d®, ..., d®}
- orpumana Metpuka dop CHiBBiTHOCHTBCA 3 BepXHBOI (MAKCHMATBHO MPUITYCTHMOIO)
MEXO0I0 (MIpOI0) HEBIJOBIIHOCTI €TaJOHY dmax, HAIPUKIAJ 3a JOIMIOMOTOI0 HEPIBHOCTI
dopt ) <dmax (1)
y BUMAJKy HEBHUKOHAaHHS HEpPIBHOCTI (1) BU3HAUAEThCA HANICKHICTh OKPEMHUX €JIEMEHTIB HEUITKOI
MHOXHUHHM K /10 JesIKOro YHOpPSAKOBAaHOTO aHCAMOIIIO TOYOK, IO XapaKTEPU3YEThCA 3HAUCHHAMU
sup [x(ri) - x(smki)| < pdopt®, (2)
ne p>1 - koedilieHT, MPONOPLINHNI 3HAYEHHIO JOBIPYOTO IHTEPBAIY;

- MoOy/AyBaHHS Ha OCHOBI aHali3y pe3yibTaTiB crHiBcTaBieHb (1) Ta (2) eBpUCTHKH, fKa
OJTHO3HAYHO XapaKTEepPHU3ye CTaH JTOBKIIJIA.

[Tigxin, mo npomnoHyeTbes, Oys0 MEpeBipeHo Mij Yac OLiHIOBaHHS AuHaMiku Mirpauii 11T3
(3a0pyIHEHHS reKcaMeTHIIEHJIaMiHOM) HU3bKOTO(OIM3BKOTO 0 TyIYCTUMOTO PiBHS) 3a0pyIHEHHS
BOJIHOTO CEpEeIOBUIA HAa MEXl1 CaHITapHO-3aXUCHOI 30HM mianpuemcTtBa [IAT “UepHiriBcbke
XiMBOJIOKHO”. OTpHMaHi pe3yibTaTH 3a0e3MeUMyid OJHO3HAYHY ileHTH]iKaIio ¢akTiB Mirpamii
[1T3, mo no3BoJise BBaXKATH 3a3HAYEHUI BHUIE METOJ 11eHTU(IKalii JOCUTh YHIBEpCATIbHUM
THCTPYMEHTOM JJIsl BUSIBJIEHHS JAMHaMIKM OyJb-SKMX BUAIB 3a0pyIHEHb, OJIM3bKHUX 3a PIBHEM 0

JOMYCTUMOT'O B IPUPO/L PIBHSL.
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3ABPYJHEHHSA BOAHUX PECYPCIB B IIPOLHECI ®YHKIIIOHYBAHHS
CTABKIB-HAKOIINYYBAYIB IIAXTHUX BO/J]
BYTI'UIbHUX NIAINPUEMCTB 3AXITHOT'O JOHBACY
O. Yaunbkuii, H. /I’s1tuenko

JlepkaBHa eKOJIOTIYHA aKaeMis MiCIISIUILIIOMHOI OCBITH Ta ynpasiinasa, Kuie, Ykpaina

3a0pyaHEeHHST BOJIHUX PECYpCiB BHUCOKOMiHEpami3oBaHMMH maxTHUMU Boxamu (I1IB) 3
MiJBUIIICHUM BMICTOM MaKpOKOMIIOHEHTIB, a TaKOXX HUIaMaMHu 1 JPiOHUMHU BiIXOJaMHU TipCHKHX
MOPIJ] 4aCTO YCKJIAJHIOE a00 YHEMOKIIMBIIIOE MTOAAIBIIE BUKOPUCTAHHS MiI3eMHUX BOA. OUuIeHHS
[IIB Bix 3aBUCIMX PEUOBMH Ha OLIBIIOCTI maxt 3axigHoro JloHOacy, 3/iMCHIOETCA y CTaBKax-
HakormuyBavax (CH). OcranHi He 30BCiM €(DEeKTHBHO, SIKICHO Ta BYaCHO BUKOHYIOTH CBOi (PYHKIIII,
tomy ckup [1IB mpoioBxye HEraTUBHO BIUIMBATH Ha SKICHUH CTaH MaJIHUX PiYOK.

CraBok-HaKONM4YyBay IMaxTHUX BOJ B 0. TapaHoBa po3ramoBanuii B 1 KM Ha MiBISHHHM CXi]
Bix c. bornaniBka Ha none maxtu «/{xinpoBcbkay (3axiguuii Jlon6ac) (puc. 1, a). O6’eKT BBeIeHO B
excruryatariito 1972 pori. [Ipu 6ynisaunTei CH rupio npupoaHoro sipy 0yino nepekpuTo 1amMm00ro 3
BiJBAIbHUX HIaXTHHUX mopif. B Ge3nmocepenHiii O1M3pKOCTI A0 CTaBKa-HAKOMUYyBada 3HAXOISTHCS
Ceitnoropcbkuii Ta CamapchbKuid Bog03a00pu. 30Ha aeparlii JHUIIA Ta CXUIIIB OANKU MpeCTaBlIeHa,

NEepEeBaXXHO, JIECONOAIOHUMU CYTIIMHKaMHU i 4epBOHO-OYPUMU TIIMHAMU, MTOTY>KHICTIO 10 37 M.

AkicHuiA cknag Ta MiHepaniaauis
anmu % ;;gj: (ii:sﬁé;azi;%aa Mpumimka: BianosiaHo A0 Knacudikawii
0T w2683 |Topwkoa B.A. LUB no Bu3HauanbHux

poboTH .\ [ .
. |nokaskmkax noainawTbca Ha 3
\ |xapaktepHux Buan: 1) HeWTpanbHi NpicHi
¢ |(pH - 6,5-8,5, miHepanisayia< 1 r/n); 2)
COMNOHYBATI i COMOHI 3 NiABULLEHOI0
Jminepanisauiew (pH - 6,5-8,8,
N ) , m Ca |minepanizauis > 1r/n); 3) kucni (pH<6,5) 3
® = SO;m HCO3= Na+K*= Cl'|nigsuwenoro mivepanisauieto

@ wW. “OHinpoBCbka’ @) . |
'n )

: ® 2
~. CsiTnoropcbkui

~.

- Mg+\'*“~\— g

8) Ne BopoHocHuit Pisedb [ nubuHa [ pH [MiHepanisauia,| Boav 3a
Q. ® , CBEpANo-|  ropU3oHT nigsemHnx| sinbopy rlam3 CKIafiom no
7 6amapcbkiui- =~ BUHY Bo4, M_| npob, m NOTOY./H.M BARaX
- 133 Bepercekni 33,98 46,5 84 | 254/9,0 [conoHysar

®134

. @ - — -
ceepanosung -Ceitnoropcstuii [ @ 80a03a6ip]([ 134 | meuripcokni | 3405 | 68,0 | 62 | 2.77/83 | e
® . ‘TepHiscbka’ @& L. “Camapcbka’ 135 | Oyuaxosio- | 412 | 895 (>84| 30/584 | OATeHO

06y XiBCbKMi COMOHyBaTI

Pucynok 1 — [Tran-cxema TepuTOpii JOCTIIKEHD (@) 3 IETATI3AII€I0 aHATITHYHUX TOCITIHKEHD (0, 6)

Crin 3ayBaxuty, mo CH I1IB y 6. Tapasosa emHicTiO 6,27 MIH.M, HifxpoGiIeHuil ripHUYUMU
poboTamu maxTH «J{HIMpOBChKay, sKi mpoiaeHi Ha HeBenukux rmoOuHax (200-300 meTpiB Bif
3eMHOi moBepxHi). Came TipHUY1 BUPOOKH CTBOPHJIN JOJIATKOB1 YMOBHU MTPOCOYYBAHHS IIIAXTHUX BOJT
B CHCTEMY IITYYHUX TPILIIUH Yy BEPXHIil YaCTUHI 0CaIOBUX HAAKapOOHOBHX BIIKIIAIiB (HaHOCIB). B

CH ckupaerscs maxTHa BoAa 3 maxT. «/lHimpoBcbka», «Camapcbkay, Ta iM. CtamkoBa. O0’eMu
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CKMHYTOI BOJIM 3HAYHO TMEPEBUIIYIOTh HOTO €MHICTh. 3a MaTepiajaMu TEXHOJIOTTYHHUX CIIYKO IaxT
31 CKUHYTHX IAXTHUX BOZ B 06’ eMi 14,6 Min.M® y 3B'3Ky 3 HenocTaTHbOI0 eMHicTio CH 6. Tapanosa,
7,01 ma.m® maxTtHOT Bou nmepekauyethes B CH 6. CBinoBok, a 1,32 MitH.M® CKHIA€ThCS HA penbed
B 3amnaBy p. Camapa. To6to, 3 ycix ckunytux B go craBky 6. TapanoBa moctrymae 43%
3a0pyanenoi Boau. [IpoBeneHi HaMu AOCHIIKEHHS Ta po3paxyHKu KoediuienTta iHGiabTpanii Kiug
(HM3X1AHUE PyX IIAXTHOI BOJIM MiJ €0 CHJIM TSDKIHHS) TIOKa3yIOTh, 110 B 30HI aepallii BiH J0CsATae
I3epKana Mig3eMHUX BoOjJ 1 JopiBHOE mnpubmuzno 0,279. ToOTo, NPaKTHYHO TPETHHA
MIHEpaJI30BaHUX INAXTHUX BOJA IOBEPTAIOTHCS 10 MIA3€MHUX BOJOHOCHHUX TOPHU3OHTIB.
[lincymMoByrouM HaBele€HE BHUIIE, MAEMO HACTYIHI MOKa3HUKH PO3MONLTY 3a0pyAHEHHX BOM: Y
MPUPOJIHE cepeoBuIle cKuaaeTbest monaa 64 % LB, a y CH 3anumaerses Tinbku 36 %. Sk mo Ha

3 maxTHOT Bo/M, TP MiHepamizamii 6,8 r/am°, 3a pik

noBkiis 3 6. TapanoBa ckugaerbes 3,07 MITH.M
B HC moctynuiio 20876 T po34nHEHUX Y BOJIi PEUOBHH (COJICH, MiHEpAIbHIX PEUYOBHH Ta iHIIE).

Hamu npoanainizoBaHo sikicHuit Ta kinbkicuuii ckian IIIB y CH y 6. Tapanosa (puc. 1, 6).
Busnaueno, mo myxuicts (Na+K*) mpu nopmi menmte 6,5 mr/am® (s nitaoi Bogu) nepesumtye I'JIK
y 320 pasiB, xopctkicts (Ca*+ Mg*) npu HOpMi He Ginbure 10 Mr/am® (1714 MITHOT BOAM) HEPEBHUIILYe
I'JIK y 36,6 pasis, xnopuau (C1) ipu Hopmi 350 mr/am® (HomycTHMi KOHIEHTpaIii 3a6pyTHIOIUNX
peuosuH (JIK3P) y criuanx Bogax) nepesumrye I'JIK y 10 pasis. Marniit (Mg) npu Hopmi 40 mr/am®
(IK3P y criunux Bogax) mepesumye I'JIK y 3,6 pasi. Cyasdaru (SO4) mpu HOpMi 400 Mmr/mm°
(AK3P y criuaux Bonax) nepesuirye I'JIK y 1,1 pasiB. Bona BigHocuThCs 10 3 Kiacy HeOe3NmeKH.
Bwmict Na, Mg, xmopuais, cynbdaris 3Hauno nepesuiye I'JIK. Tomy, i Bogu He MOXYyTh OyTH
pEKOMEHI0BaHi Al BojonoctayanHs 1 He BianoBigaroTs ['JIK Ta OBYB mnsa puborocnonapcbkux
BOJIOIM, a TaK0>K BUMOTaM JI0 CTIYHUX BOJI JJIS1 3POIICHHSI.

VY poGoTi Takox iHTeprnperoBaHo BuaM migzeMHux Box (I1B) naBkomo CH 6. TapanoBa 3a
MOKa3HUKaMM MiHepasizauii 3a JaHMMHU 3 HarisggoBux cBepiioBuHa (133-135) Bimomuoi mepexi
«[TaBnorpaaByrimnsy (puc. 1, a), mo obnamHaHi Ha Oy4aKCbKO-OOYXiBCHKHH, MEXKHUTIPDCHKHUN Ta
OepekchKuil BOJOHOCHI ropu30oHTH (puc. 1, 6). 3a kinacudikariero [opurkosa B.A. (puc. 1, npumimka)
1B BigHOCATBCS A0 CONOHYBATHX, KUCIUX Ta CUIIbHO cosloHyBaTux. Kucnux 1B B paiioni ByripHUX
POJIOBHIII HE ICHYE, B TOH yac sk kucii IIIB yTBopiotoTecs B cTapux BUPOOKax, TOOTO MEXKHT1PChbKHUNA
BI' npuiimae 11IB, mo yTBOproroThcs B cTapux BUpoOkax. Y Boaax Oepercbkoro BI' maBkono CH
MiHepai3alisi 3MiHWIACs BITHOCHO ITOYATKOBOi, OubIn HiXX B 3 pasu (puc. 1, 6). Ilpu 1mpomy,
PO3paxoBaHoO, IO PiBEHb MIJ3EMHUX BOJI MITHSABCA: B HAOIMKUOMYy 10 MoBepxHi Oepekcbkomy BI'
Ha 4.2 M; MeXHTipcbMy - Ha 4,9 M; y 0y4akChbK0-00yXOBCHKOMY - pIBEHb PAKTUYHO HE 3MIHUBCS.

OTtpumani pe3ynpTaTd JOCTIKEHHS He00X1IHO BUKOPUCTOBYBATH NPU MPUUHATTI TEXHIYHUX
pilIeHb MO0 CTBOPEHHs 0ap’e€piB Ha NULIXY npoHukHeHHs [1IB Ta mporno3ysanHi 3a0pyanenss [1B

CKMHYTUMH BOJIAMH T1ITPHUEMCTB.
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CTAJIE YIIPABJIHHS BOJHUMU PECYPCAMM Y KOHTEKCTI AITPOKCUMAIIII
MOJIOXKEHD YT'OIHM «YKPAITHA-€C»
K. Jepiii, H. JIucenko

HamionansHuii yHiBepcuTeT «UepHIiriBchbka mnoiiTexHika», M. YepHiris, Ykpaina

VYrona Ykpaina-€C Hagana HOBI MOXKJIMBOCTI IOJ0 1HCTUTYLIHHOI TpaHCcopMallii OKpeMux
cdep CycrniabHOTO XHUTTA, y TOMY 4ucii i cepu oxoponu noBkimis. Ilinnmucanns Yroau mokiano
Ha JiepKaBy psAl 3000B’s3aHb 100 aPOKCUMAIII] €BPONEHCHKUX AUPEKTUB 30KpeMa 3 BOAM, Cepe
Hux:. upextuBa 2000/60/€C €ponelicbkkoro mapiameHnty i Pamu «IIpo 3aTBepmkeHHS paMoOkK
JiSUTBHOCTI criBTOBapUCTBa y cepi BomHoi momituku»; Jdupexktusa 2007/60/€C €Bpomnelicbkoro
napiamenTy i Pagu «[Ipo ominku i1 ynmpaBniHHS pu3ukamu 3atoruieHHs»,; JupexktuBa 2008/56/€C
€Bporneiicekoro napiaamenty i Pagu «I1po 3aTBepmxenns pamMok AisuibHocTi CriiBTOBapuCTBa B cepi
€KOJIOT14HOI MOJITHKH, 1110 CTOCYETHCS MOPChKOTo cepenoBuiia»; Jupextua Pagu 98/83/€C «IIpo
SIKICTh BOJIM, MPU3HAYCHOT /TSI CIIOKUBaHHS 0 1uHOI0Y»; JupektuBa Pagu 91/676/€C «IIpo 3axuct
BOJA Bij 3a0pyIQHEHHS HITpaTaMd 13 CUIBCBKOTOCIIONAPCHKUX JUKepen»; JwupektuBa Pamn
91/271/€EC «Ipo ouMIIeHHS MICBKMX CTIYHHX BOJ». BHUKOHaHHS YTOAM Yy YacCTHHI CTajoro
BOJIOKOPUCTYBaHHS OPI€HTYETbCs Ha AocsirHeHHs 1moctoi LICP — Yucta Boga Ta HaslexkHi caHITapH1
YMOBH.

Jlst BuUKOHAHHS 3000B’s13aHb YTO/M y YaCTUHI BOJHUX PECYPCiB, OYII0 pO3p0OICHO «IOPOKHIO
kapty» 10 2024 poky sikoro nepeadadeHo psij i 11010 peopmu BoAHOTO rocmnoaapcTa. Pedopmu
SK1 3all0YaTKOBAaHO, OPIEHTYIOThCS 30KpeMa Ha 3a0e3MeueHHs HEOOXIIHOi KUIBKOCTI BOIHHX
pecypciB Ui pO3BUTKY BOJAHMX Ta HABKOJOBOJHUX E€KOCHUCTEM; NOCATHEHHS OE€3MEYHOro CTaHy
BOJHUX OO’€KTIB; 3allPOBA/KCHHSI 1HTETPOBAHOTO YIPABIIHHS BOAHUMH pPECypcaMd 3 METOIO
CTaJIOTO PO3BUTKY BOJHO-PECYPCHOTO TOTEHIIANy KpaiHW Ta BOJHUX €KOCHCTeM. BiamoimHO
OCHOBHMMH HarpsiMKamM# pe(opMyBaHHS BU3HAYEHO:

e pedopmyBaHHs y cdepi ASpKaBHOTO YIIPABIIHHS BOJHUMHU PECYypCaMU;
e po3pobOka Ctparerii BOAHOI MOMITHKU YKpaiHu,

e po3pobka HarioHaabHOT MOPCHKOI CTpaTertii;

e (opMyBaHHS MPABOBOi 0a3M JepKABHOTO MOHITOPUHTY BOJ;

® po3po0OKa MJIaHIB YHPaBIiHHA PIUKOBUMH OaceHaMH.

[lepexin Ha HOBY CHCTEMY IHTETPOBAHOI'O YNPABJIiHHS BOJHUMHU pecypcaMu 3a 0aceiiHOBUM
MIPUHITAIIOM TIepeadadae, Mo CTajie yrnpaBiiHHSI BOJHUMHU PECYpCaMH PO3TISIAETHCS K ISUIbHICTD
IIOJ0 YCYHEHHS HAasABHUX BOJHO-EKOJIOTIYHMX 3arpo3, CTBOPEHHS YMOB JUIsI O€3MeYHOro

BOJIOKOPUCTYBAHHS, BIATBOPEHHS Ta OXOpOHA BOJHUX pecypciB Ta exocucteM. HoBuil mMexaHizm
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YIpaBIiHHS BOJHUMH PECypCaMH J03BOJISIE BHKOPUCTOBYBATH KOMIUIEKCHHUH IMIIX1] 3T1IHO 3 SIKUM
00’€JHaHO BCIX KOPUCTYBaUiB BOJHUX PECYPCIB BiJ MiCIlsl 3200py IO TOUKU CKHUJLY.

[Tpotsirom 2014-2019pp. Oyno npoBeneHo TigporpadivHe Ta BOJOroCIoAapChKe pailOHyBaHHS;
BU3HAYEHO MEpeNiK 3a0pyIHIOI0YMX PEUYOBHH AJISl BCTAHOBJIEHHS XIMIYHOTO CTaHY BOJI; IPOBEJCHO
IHCTUTYLIHHY TpaHC(hOpMallil0 CTPYKTYpU BOJHOIO CEKTOpY; BU3HaueHo I[lopsnok po3poOieHHs
BOJIOTOCTIOIAPCHKHX OanaHciB; 3aTBepkeHo [lopsnok po3poOieHHs MiIaHy YHIpaBiiHHS PiYKOBUM
0aceiiHOM; CTBOPEHO ENEKTPOHHHWI BOTHHMI KaaacTp — reomopran «Boani pecypcu Ykpainwu,
PO3po0IEHO METOJMKY BU3HAUEHHS BOAHUX MAcCHBIB Ta iX BIIHECEHHS 10 KJIACIB.

Ha nepion 2022-2024 pp. y cdepi cTanmoro yrnpasaiHHS BOJOKOPHUCTYBAHHSM IepeadaueHo psij
3ax0[iB SIKi BUKOHYIOTbCSA y paMkax BoaHoi PamkoBoi J{upeKkTuBH, 1 y TOMY YHCI 3aTBEPKEHHS
[TnaniB ynpaBiiHHS piuKOBUMH OaceiiHamu 1jsi  paiioHiB piukoBux OaceiiHiB: Jlony, dnictpa,
Hynato, Bicnu, J{ninpa, IliBgennoro byry, Kpumy, Ilpuaszor’s, [Ipuuopnomop’s. 3 mux OaceitHiB
BiCIM € MPUKOPJIOHHUMH, aKTyali3ye MUTAaHHS CIIBIpAIll Ta B3a€MOJII 3 Jep>KaBaMU-CyCilaMU Ta
CIUJIBHOTO YIPABIIiHHS [IMMHU BOJHUMH OaceiHaAMH.

Bci paifonn piukoBuX OaceliHiB OpI€HTYIOTHCS HA E€KOJIOTIYHY IUIb MO0 JTOCATHEHHS Ta
HIATPUMKH HAJIEKHOTO €KOJIOTIYHOI'O CTaHy MAacHBIB MOBEPXHEBUX Ta MIJA3€MHUX BOJ, a TaKOX
PO3BHUTOK €KOJIOTIYHOTO MOTEHIialy ITYYHUX Ta ICTOTHO 3MIHEHUX MAacHBIB IOBEPXHEBHUX BO/I.

OaHMM 3 BaXJIMBUX AaCIEKTIB IHTETPOBAHOTO YIPABIIIHHS BOJHHMH PECYpCaMH y MeEKax
OaceliHIB € CTBOpEHHS NYyONIYHUX KOHCYJIbTaTUBHHUX OpraHiB — OacelHOBUX paj. 3aBIsSKu
CTBOPEHHIO TaKoi MiaaTGopMu KOMYHIKalii BiAOyBaeThCs CHIBOpAI LEHTPAIbHUX Ta MICIEBHUX
OpraHiB BJIaJH, Cy0’€KTiB FOCIOJapIOBAHHS, IPOMaJICHKOCTI.

CrajoMy yIpaB/IiHHIO BOJHUMH pPECypcaMH CHPHUSAIOTH €BPONMEWCHKI MiIXOIU 3A1HCHEHHS
MOHITOPUHTY BOJ, SKHIl HPOBOAMTHCA Y BIAMOBIJHOCTI 3 HAI[IOHAJBHUM 3aKOHOJABCTBOM —
[TopsiakoM 371iCHEHHS JepKABHOTO MOHITOPUHTY BOJ, 3T1AHO 3 SIKUM BiIOYBA€ThCs IIECTUPIYHUN
IIUKJI MOHITOPUHTY # Kiacu@ikallilo CTaHy BOJH 3a I’ ATH KJacaMH €KOJIOTIYHOT0 CTaHy Ta IBOMa —
XIMIYHOTO.

TakuM YMHOM TMTOCTYIIOBA alIPOKCUMAIIIS TIOJIOXKEHb YTOH CIPHATHME CTAIOMY YIIPaBIIiHHIO

BOOAHUMHU peCypCaMU Ta 3a0€3MEYEHHIO YHCTOTO ,Z[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'II TA METO/IU AJ51 OYUCTKHU CTIYHUX BOJ
MAINIUWHOBY JAIBHUX HNIAIIPUEMCTB
A. C. Bocwok

HTY «XapkiBchbKHii MOMITEXHIYHUNA IHCTUTYT», XapKiB, YKpaiHa

Ha choropani, O4MCTKa CTIYHUX BOJ] € OJIHIEIO 3 TOJOBHHX MPOOJIEM SKOJIIOTIYHOTO XapaKTepy.
binpma uyacTMHa MaIMHOOYAIBHHUX IIJIIPUEMCTB YKpaiHW CTHUKAETHCS 3 MPOOJIEMOI0 BUOOpPY
MPABHWJIBHOT'O METO/1Y OUMCTKH CTIYHHUX BOJ] Ta MO>KIJIUBICTIO 3aCTOCYBAHHS €(DEKTUBHUX TEXHOJIOT1i,
cropy/ 1 o0aiHaHHS IJ1s1 OYUCTKHU CTOKIB Ta 00pOOKH ocany.

3a0pynHeHHS, 10 MICTATBCA B CTIYHHX BOJAaX, MOXYTh OyTH Kiacu(]ikoBaHI 3a pi3HHUMHU
O3HAaKaMH1, HAWBAXIIMBIIIMMU 3 SIKUX € 1X TIOXOKEHHS 1 ()a30BO-TUCIIEPCHUN CTaH.

3a moXO/KEeHHSM 3a0pyIHEHHS MOXKHA MOJUIMTH Ha MiHEpalbHi, OpraHiuHi, 010JOTi4HI Ta
OakTepianbHi. Takok, yci JOMIIIKK CTIYHUX BOJI, HE3aJIEXKHO BiJ iX MPHUPOAU, MOXKHA MOIITUTH Ha
YOTHPH TPYIH BiIMOBIIHO 0 PO3MIipiB IX YaCTHHOK.

B cBoto gepry, cTiuHi BOJU MaIMHOOYIIBHUX MiAPHEMCTB MOKHA PO3ITIMTH HAa TPU OCHOBHI
Kareropii: BUpOOHUY1 CTI4HI BOJH, SIKI YTBOPIOIOTHCS B TEXHOJOTTYHOMY IpoIieci; MoOyTOBI CTIYHI
BOJIM (BiJl CaHITAPHUX BY3J1iB BUPOOHMUYUX 1 HEBUPOOHUUUX MPUMIIIECHB); IOBEPXHEB1 CTIYHI BOJIH.

J1J1st TOro 100 BU3HAYMTH METO]T OYMUCTKHU CTIYHUX BOJ Ta MOJATBINOI MOKIIUBOCTI BHITYCKY X
y BOJIOMMHU, HEOOX1THO MMPOBOAUTH aHalll3 BOJM, Jie Oyae MpUcyTHs 1H(popMallis 111010 HasBHOCTI B
HUX [IHHUX YU TOKCUYHHX JOMIIIOK. Pi3HOMaHITHICTh CKJIaay CTIYHHX BOJ Ta HEMOKJIHMBICTh
BU3HAUEHHS KOXHOI 3a0pYyIHIOIOYOi PEYOBUHU POOUTH HEOOXITHUM BUKOPHCTAHHS T'PYMOBHUX
MTOKA3HUKIB, Kl XapaKTepU3yIOTh MEBHI BJIACTUBOCTI BOAM 0e3 ineHTu(IKalll OKPEeMHUX PEUYOBHH.
Hanpukman, BH3HAUEHHS OPraHOJENTHYHUX TOKA3HUKIB JI03BOJIIE YHUKHYTH KIJTBKiCHOTO
BHU3HAUEHHS Y BOJII KOXHOI PEUOBUHHU, [II0 MA€ 3arax 4u Hajae BoAi 3abapBienHs. OgHak, y mepesik
00O0B’SI3KOBUX aHAJII3IB BKIIIOYAETHCS BU3HAUEHHS KOHIIEHTpalild crenudiyHuX IOMIIIOK, SKi
HAJXOJIATh Y MICBKY KaHATI3aIlIiHY MEPEXKY BiJl MIMPUEMCTB.

[IpoGnema miHIMI3aLii €KOJOTTYHOTO 30UTKY B YMOBaX MPOMHCIOBOTO BHUPOOHHUIITBA MOXKE
BUPIIIYBATUCS B JBOX HANpPsMKaxX 3a paxyHOK IMiJBUIIEHHS €(PEeKTHBHOCTI ICHYIOUMX METOJIIB
OUHUIIICHHS TPOMUCIOBUX BHUKHJIB B HABKOJHIIHE CEPEIOBUINE Ta BIPOBAKEHHS HOBHX
IbTEPHATUBHUX €KOJIOITYHO YUCTHX TEXHOJIOTIH.

BupoOHudi cTidHI BOAW MIAAAIOTHCS OYHUIIECHHIO O10XIMIYHUMH, XIMIYHUMH, COPOMIHHUMU
METOJIaMH, a TaK0X METOJaMH eJEeKTpOo/iali3, 10HHOTO OOMiHy, 3BOPOTHOTO OCMOCY, fKi €
TPYAOMICTKMMH Ta JoporuMu. OTxe, JOIUIBHO BHUKOPUCTOBYBAaTH PpO3IUIBHI CHCTEMH
BOJIOBIIBEJICHHS, TOOTO BUPOOHMYI 1 TOBEPXHEB1 CTIYHI BOJM MOBHHHI ITIITABaTUCS OYMINCHHIO Ha

PI3HUX OYMCHUX CIIOPY/IaxX 3 PI3HOI0 TEXHOJIOTTYHOIO JIIHIEI0 OYUCTKH.
33



WATER SUPPLY AND WASTEWATER DISPOSAL

BUBIP PAIIIOHAJIBHOI TEXHOJIOT'TYHOI CXEMHU
BIOJIOI'TYHOI'O OYMIIIEHHSA CTIYHUX BO/ TPU
PEKOHCTPYKIII MICBKUX OYUCHHUX CIIOPY]] KAHAJII3AIIIT
C. b. IIpouenko, M. JI. Kizees, O. C. HoBunbka

HarionansHuii yHIBEpCUTET BOJHOTO FOCIIOAAPCTBA Ta MPUPOAOKOPUCTYBaHHs, M. PiBHe, YkpaiHa

OnHi€ro 3 HaBaXIIMBIIKX MPOOIEeM BOJOIIPOBITHO-KaHATI3alIHHOTO TOCIIOIapcTBa B YKpaiHi
€ HU3bKa €PEKTUBHICTh poOOTH MichkuX ounucHuX cropya (OC) kanamizalii, mo Oynu 30y10BaHi y
60...80-Ti pOKM MHUHYJIOTO CTOJITTS, aje MPOAOBXKYIOTH IpaIfoBaTH 1 HHUHI. BUIBIIICT 13 HHUX
3aBaHTa)KEH1 CHOTOJHI JIMIIIE YAaCTKOBO BiJl CBOE1 MPOEKTHOI MOTYKHOCTI, a OTXKE ICHY€ 3HAYHHN
MOTEHINIA JIJIsl TIOKpAMaHHSA IXHBOI POOOTH IIISTXOM 3MIHHM TEXHOJOTII O10JIOT1YHOTO OYHUIICHHS
CTIYHUX BOJI 32 MiHIMaJIbHHUX BUJATKIB HA PEKOHCTPYKIIIIO.

Posrnsnemo, sk npukinaz, airoui OC ogHOro 3 00JacHUX HEHTPIB YKpaiHu, 110 OYyJIu BBEIEHI
B eKCIUTyaTallito B cepeauHi 70-X poKiB MHUHYJIOTO CTOPIYYS i MaJId MPOEKTHY MPOAYKTUBHICTH 70
tuc. M*/n06y. CHOro/HiI Ha Ii CIOPYAH HAIXOAUTH CYMIIll FOCTIOAAPCHKO-MOOYTOBUX, BHPOOHIYHX
Ta YaCTKOBO JIOIIOBHX 1 TAJIMX CTIYHUX BOJ (i3 3arajJbHOCIUIABHOI CHCTEMH KaHai3allii HeHTPaIbHOT
YaCTUHHM MiCTa), a TaKoXX (UIBTPAT 3 MICBKOIO MOJITOHY TBEpAMX MOOYTOBMX BIIXOMAIB 1 PiaKi
BIJIXOJY 3 BUTPIOHUX SIM Ta CENTUKIB HEKaHAII30BaHUX paiioHiB. CepeqHboMICSUHI J0OOBI BUTpATH
cTokiB y 2017-2019 pokax CTaHOBHJIHM B cepenHboMy — 39,2 (Bim 33,9 mo 48,9) tuc. m*/noby, a
3HAYEHHS OCHOBHHUX MOKA3HMKiB 3a0pymHeHHs (MI/AM°) JIOpiBHIOBAIM: 3aBMCII pedOBUHM — 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).

Cnopynu 610JI0T1YHOTO OYHUIIEHHS CTIYHUX BoJ Ha Aitounx OC Ha ChOTO/HI MpECTaBIIeHI
YOTHpMa CEKI[iIMH YOTUPUKOPUIOPHUX a€pOTEHKIB-BUTICHIOBAYIB 13 3aralbHUM 00’ eMoM 46 THC. M?,
10 MPALIOIOTh 3 PEreHepalli€lo aKTUBHOTO MYy, IPU LbOMY IIiJi pereHepaTopu BiJIBEACHI JBa 3
YOTUPHOX KOPUOPIB KOKHOTO aepoTeHka, To0To 50% 00’emy cnopynu. HagmuimkoBuii akTUBHUI
MyJl 3 BTOPUHHUX BIJCTIHHUKIB CHPSMOBYEThCSA y IMpeaepaTopu AJIs MOMEpPEeAHbOi Ol0Koaryssimii
3a0pyIHEHb CTIYHUX BOJ MEpe]] X MPOSCHEHHSIM y MEPBUHHUX BiJICTIMHUKAX.

Ha croroani icayroua Ha OC TeXHOJNOTIYHAa CXeMa MOpPaIbHO 3acTapija i He BiAMOBiTae
Cy4acHOMY PIBHIO PO3BUTKY HAYKH 1 TEXHIKH Ta HOPMAaTUBHUM BUMOTaM I10]10 HEOOX1THOTO CTYIICHS
OUMINEHHS CTIYHHUX BOJ BIJ CIOJNYK a30Ty 1 gocdopy. Ax Hachaigokx, OC mpairorTh HETOCTaTHRO
e(pEeKTHUBHO, PO 1110 CBIAYUTH EPEBUILIEHHS 3HAUEHb JOMYCTUMOI0 BMICTY 3a0py/JTHIOIOYHX PEYOBUH
B OYMILEHUX CTIYHUX BOJAX MPAKTUYHO 32 BCIMa OCHOBHUMH TOKa3HHUKaMu, kpiM XIIK.

Ha mymky aBTOpiB, e€EeKTUBHICTH O10JIOTIYHOTO OYHUINEHHS CTIYHUX Boj Ha aitounx OC

MOXHa CYTTEBO IMJIBUIIUTH IUIIXOM TEpPEBEICHHS pPOOOTH aepOTEHKIB HA TEXHOJIOTIIO HITPHU-
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neHITpudiKaIli 3a JBOCTYIIHYACTOIO CXEMOIO (AMB. PUCYHOK), KOKHHM CTYMiHb SKOI aHAJIOTTYHHUMA

okpemomy MoaudikoBanomy mporecy Jlromzaka-Erriarepa (MJIE).

HeounwieHi cTiyHi BOan

v 85% y 15%
OuvnleHi
Mepwa Mepwa Opyra Apyra BTOpUHHI  cTiuHi BOOM
aHokcupgHa -» aepobHa -» aHokcugHa -» aepobHa —¥» gincrTiii- ——Eﬁ
30Ha 30Ha 30Ha 30Ha HUKU
L HitpaTtHuin peunkn (60%) J L HitpatHuin peunkn (40%) J
3BOPOTHUI aKTUBHUIA My HaaMLIKOBMIA

aKTUBHUI Myn

Pucynok 1 - PexoMen1oBaHa TEXHOJIOTIYHA CXeMa JIBOCTYIiHYacToro npoiecy MJIE

[TopiBHsHO 3 TpaauLiiiHOO cxeMoro npouecy MJIE, 3anpornoHoBaHa ABOCTYIiHYACTa cXema
JI03BOJISIE JIEII0 3MEHIIWTH BEJIMYMHY BHYTPIIIHBOTO HITPATHOIO PELHMKIY, MiJABULIUTH Macy
aKTUBHOTO MYIIy B CUCTE€MI Ta HOTO BiK, 320€3MEYUTH OLIBIITY CTANICTh, HAMAIWHICTD Ta €(DEKTUBHICTD
OYMILEHHS CTIYHUX BOJ.

3 MeTor0 MiHIMi3allii 3aJMIIKOBOrO BMICTY a30Ty 3arajlbHOIO B OYMILIEHHMX CTIUHUX BOAAX
aBTOpaMu 0yJ10 BUKOHAHO ONTUMI3alliI0 PO3MOALTY MOTOKIB CTIYHUX BOJI Ta HITPATHOTO PELIUKITY MIXkK
OKPEMHMH CTYTICHSIMH PEKOMEHIOBAHO1 IBOCTYIIHYACTOI CXeMH. byio 3’sicoBaHo, 110 32 YMOB, IO
PO3MIISIIAIOTHCSA, B TIEPIIMI CTYMiHL 010peaKTopa NOIIIBLHO MoAaBaTH 85% BUTPATU HEOUMIIEHUX
cTiyHUX BoJ Ta 60% BHYTPIIIHBOTO HITPATHOTO PELIUKITY, & PELITY IMOTOKIB CIIPSMOBYBATH y APYTUi
HOro CTYHiHb.

Jlist o1iHKM €(eKTUBHOCTI 3alpONOHOBAHOrO PIllIEHHs 3ac00aMU KOMII IOTEPHOI NMporpamMu
Hydromantis GPS-X 0Oyii0 BUKOHAaHO JMHAMiYHE MOJCIIOBaHHS POOOTH aepPOTEHKIB 3a Pi3HUMH
TEXHOJIOTITYHUMHU CXeMaMHU O10JIOTIYHOTO OYMILEHHS CTIYHUX BOJ| IIPU BHUTpATax, TeMIleparypax i
MOKa3HUKaX SIKOCTI CTOKIB 3Ti/IHO 3 iX (paKTUYHMMU CepeTHbOMICIYHUMHU 3HaueHHsAMH 3a 2017-2019
poku. Sk ToKa3amM pe3yNbTaTH MPOBENEHHUX OCHIKEHb, 3alpPOITOHOBAHA TEXHOJIOTiYHA cXema
nBocTymiH4actoro mpoimecy MJIE, mopiBHSHO 3 IHIIMMH cXeMaMH, 3a0e3reuye OiTbI BHCOKHUH 1
CTamuii e(eKT OYMIIEeHHS CTIYHMX BOJ, OCOOJMBO BiA cHONyK as3ory. Ilpu 1pboMy 3HadeHHs
TIOKA3HUKIB 3a0pyJIHEHHS OYMIIEHHX CTiYHMX BOJI (MI/AM°) 3a pe3ynbTaTaMH MOJETIOBAHHS 3a
PEKOMEHTIOBAHOIO CXEMOI0 CTaHOBWIIM: 3aBucii pewoBuau — 11,1 (9,9...13,6), BIIKs - 4,6 (2,8...9,2),
XIIK-35,7(31,0...42,6), a3ot amoniiinuii — 0,48 (0,13...3,35), azot HiTpuTHMI — 0,40 (0,14...1,65),
a30T HiTpaTHHi — 5,62 (2,75...9,18), dochop docdaris — 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. Kharebava?l, V. Pohrebennyk?,
N. Davitadze®, N. Didmanidze !, N. Nakashidze!
! Batumi Shota Rustaveli State University, Georgia,
2 Lviv Polytechnic National University, Ukraine,
8 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.

16 -  "Golden" M "Kekhura" i Cellulose and hemicelluloses
M "Saffron" M "Demir Alma" H protopektin
M pectin
R
Xl
Xl
X
IX
VIII
Vi
VI p
VI VIL vIE X X X Xl | 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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BJIOCKOHAJIEHHSA TEXHOJIOT'TI OUUIIEHHS INAXTHUX BOJI HA ITPUKJAJI
INAXTHU «ITABJIOTPAICBKA» 3AXITHOI'O TIOHBACY
B. I. IToarasens, /1. B. Kyaikosa

HamionaneHuii TeXHIYHUE yHIBEepcHUTET «JIHITPOBCHhKA MmomTexHikay, JlHinpo, Ykpaina

P03BUTOK Cy4acHOTo CyCHiJIbCTBAa XapaKTEPU3YEThCS BCE OUTBII BiMUYTHUMH HETaTHBHUMU
HACJIIKAaMH aHTPOTIOT€HHOTO BIIMBY HAa HABKOJIMIIHE MPUPOIHE CEPEIOBUINE Ta HA CTaH BOJHHUX
00'€KTIB.

IHTeHCHBHA eKcIuTyaTallisl MiHEpaJIbHUX 1 CUPOBMHHHUX PECypCiB IpH3BeJia 10 TOro, L0 Ha
TEpUTOPii po3TalTyBaHHs T1IPHUYONO0YBHHX MiANMPUEMCTB 3a3HAIU iICTOTHUX 3MiH 1 TpaHchopmarii
MIPUPO/IHI JIaHAma( TH, IPYHTH, TOBEPXHEBI BOAOWMHU, ITi[3€MHI BOJIH, BHACTIIOK YOTO HEPIJIKO B ITUX
KOMIIOHEHTaX HaBKOJIMIIHBOTO CEPEIOBUILA CIIOCTEPIralOThCsl HE3BOPOTHI MIPOLECH.

Po3pobka pooBHII] KOPUCHUX KOIAJIMH MOB’s13aHa 3 Oe3MepepBHUM BiJIKa4yBaHHIM IAXTHUX
1 Kap’epHUX BOJ 3 iX MOJAIBLINM CKHAOM Y BiJICTIHHHMKH, CTaBKH-HaKONWYYyBadi, OajKu, SIpH,
MIPUPOJIHI TIOHMKEHHS Ta IPUJIETIIi BOJAOTOKH 1 BooiiMu. be3nocepeaHii CKu/l MIaXTHUX 1 Kap €pHUX
BOJl Y IPUPOJAHI MOHM)KEHHS Ta MOBEPXHEBI BOJOMMHU 3aBJa€ 3HAYHOI IIKOAM HABKOJIMIIHBOMY
CEpEeIOBHIILY, IO CYTTEBO 3HWKYE PIBEHb HOTO €KOJIOTTYHOT O€3MeKH.

BinHocHO BucOka 3a0pyJHEHICTh LIAXTHUX BOJ MOSICHIOEThCS OaratbMa mnpuyuHamu. [lo-
nepie, 6arato maxT MalTh HEAOCTAaTHI 00CITH TOPU3OHTAIBHUX BIJICTIMHHKIB 1 30BCIM HE MAIOTh
perymorounx eMHocTeld. Tomy mpu poOOTi FOJOBHUX BOAOBIJIMBIB B aBTOMAaTH30BAHOMY PEXHUMI
Hacoca JOBOAMTHCS BiAKa4yBaTH BOJY, O€3MOCepeHbO 3 BIICTIHHUKIB, KYIH MOTPAILISE MyNbIIa BiJl
OYMIIEHHS BOJO30IpHUKIB, 10 MPU3BOJAUTH JI0 HAJIMIPHOTO 3a0pyJHEHHS BOJ, fKI B HbOMY
CKymuuiucs. B pesynpTaTi, HaCOCH BIIKaYyIOTh Y BOJOWMH 3arajibHOr0 KOPUCTYBAaHHA AyXke OpyIH1
Boau. [To-npyre, BenMKy KUIbKICTh HIAXTHUX OYMCHUX CIIOPY]T TOOYI0BAHO 3 MOPYLIEHHSIM OCHOBHUX
BUMOT CaHITapHUX HOPM 1 mpaBuil. Yepes 11e BOHU He 3a0€3MeuyroTh HAIEKHOI SKOCTI OUMIICHHS
maxTHOI Boau. [lo-TpeTe, cTaBKU-HAKOMMYYBadi MIAXTHUX BOJ HE 3aBXKIM €(PEKTHBHO OYHUIIYIOTH
BOAY BiJ 3a0pyIHIOIOYMX PEYOBHH Ta MATOTE€HHOI MIKpOQuIopH, 1 cami MOXYTb OyTH (akTopoMm
PU3UKY BTOPUMHHOTO 3a0pyHEHHS 1 momupeHHs 30ynHuKiB iHdekii. HakonmuueHHs TOKCHKAHTIB B
JOHHUX BIAKJIQJCHHSAX MOKE CTATH MIPUYUHOIO BTOPHHHOI TOKCHYHOCTI BOAM (Halalli CTa€ MOKJIMBA
3BOPOTHA MIrpallis BaXXKUX METaJiB 3 JOHHUX BIAKIAJEHb Y BOJY). TOKCHUKAHTH MEpPEMIIIYyIOThCS,
MITPYIOTh 1 HAKOTIMYYIOThCSI, a, KPIM TOTO, IEPETBOPIOIOTHCS B OUIBII CTIHKI POpMHU.

B yMoBax HeZOCTaTHOCTI NPUPOAHUX BOJHUX OO0'€KTIB B TIPHUYOJOOYBHUX pETiOHAX,
HACEJICHHS MPUJICTIIMX JI0 IIaXT pailoHIB HalYacTillle BUKOPUCTOBYIOTh Ili CTaBKH, SIK JJISi TIOJHUBY

CLTBCHKOTOCTIONIAPCHKHUX YTiJb, TaK 1 B pEeKpeariiHuX muax (BIAMOYMHKY, KyNMaHHS, PUOOJIOBII).
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Tomy 3HIKEHHS piBHS 3a0pyJHEHHS BOAM B HUX JO HOPMATHMBHUX 3HAa4eHb HaOyBae 0COOIMBOI
aKTyaJIbHOCTI.

V 3B’A3Ky 3 BUILEBUKIAICHUM NOTpeOye BUPIIIEHHS aKTyallbHA HAyKOBO-TIPAKTHYHA 3ajaya,
110 TOJISITAa€ B YIOCKOHAJICHHI TEXHOJIOT1i OYMCTKHU MIAXTHUX BOJ K B YMOBaX OKPEMOi BYTiIBHOT
IaXTH, TaK 1 ByrJIe00yBHOT Tajry3i B LILJIOMY.

st 3a0e31meyeHHs yMOB €KOJIOTiYHO1 Oe3MeKd B MiICLAX CKHIY HEJIOCTaTHBO OYMIIECHUX
IIAXTHUX BOJ Yy IOBEPXHEBI BOJOMMHM 3allpONOHOBAHO HA MPUKJIAJI JAIF0YOTO BYIJIEJOO0YBHOTO
nianpueMcTBa 3axigHoro JJoHOacy BIIOCKOHAIMTH TEXHOJIOTIYHY CXEMY BOJIOBIIBEICHHS 32 paXYHOK
BITPOBA/KEHHSI TOPU30HTAIBLHOTO BiJICTIHHMKA MOJEPHI30BAaHOI KOHCTPYKIIT Ta BCTAaHOBJICHHS Ha
3aBEpIIATBHOMY €Tall OYMIICHHS IIBUAKHX BIIKPUTHX 3€pHUCTUX (UIBTPIB 3 HU3XIAHUM PyXOM

MOTOKY PiJTMHU, CXeMa sIKOT HaBe/ieHa Ha puc. 1.
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Pucynok 1 — VYnockonanena 6arancoBa cxeMa BOJOBIBeieHHs maxTh «[laBiorpaacekay

BCII «Illaxtoynpasninus [TaBrorpajackkey (BeTHUYMHE BUTPAT HABEAEHO B M/ 106Y)

BrnipoBamkeHHST 3alIpONIOHOBAHOI TEXHOJOTIT 3HI)KYE BMICT 3aBHCIUX PEUOBUH Y BOJI [0
HOPMATHBHUX ITOKa3HUKIB SKOCTI MOBEPXHEBUX BOAOWM. Lle M03BONMTH BUKOPWCTOBYBATH ii Ha
BUPOOHMYI MOTpeOH Byrieqo0yBHOTO MiJNPUEMCTBA Ta BIACHI MOTpeOU ouyMCcHUX cropyd. Kpim
TOr0, HAJUIMIIOK JTOOYMIIEHOI BOJM MOXKE CKHUIATHUCSA O TPHIETIIUX MOBEPXHEBHX BOJOIM, HE

MEPEBUIITYIOYH BiJIOBITHUX HOPMATUBIB IXHBOI SIKOCTI.

39



WATER SUPPLY AND WASTEWATER DISPOSAL

3ACTOCYBAHHSA BEPMUKYJITY IPU MEXAHIYHOMY 3HEBO/IHEHHI
HAJIVIMIIKOBOTI'O AKTUBHOI'O MYJY
A. O. leBuenko!, T. O. IllleBuenko?
LPP S.A., I'naucebk, [onbmia
2X apKiBCHKHMIA HAIIOHATBHHUI YHIBEPCUTET

Mickkoro rocnoapctsa imeHi O. M. beketoa, XapkiB, Ykpaina

Cupuii ocai, HAJUTMIIIKOBUH aKTUBHUE MyJI 200 1X CyMIllll € HAUCKIIQIHIIITMMU 3 TOUKH 30pY 1X
OuUMIeHHs Ta yrwiizamii. OCHOBHI TPYJIHOINI MPU TEpepoOIli OcajiB BHIIE3a3HAUYCHUX THIIIB
OB’ sI3aH1 3 BEJIMKOIO KUIBKICTIO OCa/ly Ta BUCOKMM BMICTOM BOJIOTH. 3/IaTHICTh MOOYTOBOTO OCaIy
CTIYHHUX BOJ[ JI0 THUTTS, OaKkTepiabHe 3a0pyIHEHHS Ta HOTO BIACTUBICTH YTPUMYBATH BOJIOTY Mij
Yac 3piKeHHs TAKOXK YCKIIAIHIOIOTH 00pOOKY ocamy.

YTumizaiisi CTIYHMX BOJ y CUIBCBKOMY TOCHOJApCTBI HaOWpae MOMYISPHOCTI SIK JHKEPENo
nepepoOku Ta yruiizamii BigxoaiB. Ocaj CTIYHHX BOJ, SK MPAaBHIO, MICTHTb KOPHCHI CHOJIYKH
MOTEHIIIHOT €KOJIOT19HO IIIHHOCTI.

3rigHo 31 3BiTOM €Bporeiicskoi Komicii, omyomikoBanum y 2010 porri, 39% ocany cTiyHUX BO/,
BUpoOseHoro B €BporneiickkoMy Coro3i, mepepoOnseThcsi y CUIbChbKe rocnojapcTBo. Bapiantu
MOBOJDKEHHSI BUMAraroTh JETaJbHOI XapaKTEpPUCTUKHU BIAXOJIB, OCKUIBKM 0arato 3 HUX MOXYTh
MICTUTH CIIOJIYKH, SIKI MOXYTb 3aBJIaTH ILIKOJM €KOCHUCTEMI, TaKl SK Ba)KKI METalM, OpraHiuHi
3a0pyIHIOBayil TOLIO.

B nanuii yac 3pocTaHHS IIiH HA KOMYHaJbHI MOCIYT'M Ta PO3BUTOK INIOOAIBHMUX 3aXOJiB 3
OXOpPOHH HABKOJIMIIHBOTO CEPEIOBUIIA 3MYCATh OYHCHI CIIOPYAH IIYKAaTH HAlOUIbII €KOHOMIYHI Ta
BHCOKOABTOMATHU30BaHI TEXHOJOTIi, $KI 3MOXYTh JOCATTH BHUCOKOi €(EKTHBHOCTI MPOIIECY.
3HEBOIHEHHS 0Caly € KpUTUYHUM MPOLIECOM JJIsl KOXKHOI KOMYHAJIbHOI OYMCHOT CIIOPY/IH, 1 11€ 1yKe
IUHAMIYHUHA Tpolec, SKUH MOXKHAa 3MIHIOBAaTH Ta HAIAMITOBYBATH 3a IIMPOKUM CIIEKTPOM
TEXHOJIOTIYHMX MapameTpiB. EKOHOMIs eKcIlTyaTalliiHUX BUTpPAT, JOCSATHYTA 3aBJASKU TEXHOJIOTII
3HEBOJHECHHS OCaay Ta MOJEpHi3alii o0JaJHaHHsI, MOXE BKIIOYATH 3MEHIIEHHA 00 eMy
3HEBOJIHEHOT'0 0CaJly, a TAKOK 3MEHIIIECHHS CIIOKUBAHHA €JIEKTPOCHEPrii, BOJIU Ta PEAareHTIiB, TAKHX
AK (pIIOKYIISHT.

[Mopsix i3 3arabHONPUIHATAMHU METOJaMHU KOHIWIIIOHYBAaHHS, 3aCHOBAaHWMH Ha J0JaBaHHI
GIOKYISHTIB Ta 3HEBOJAHEHHI Ha CTPIYKOBUX (UIBTp-TIpecax, JEKaHTEPHUX LEHTpUPyrax Ta
IIIHEKOBUX IIpecax, ICHye MEeXaHIYHMA MeTOJ] KOHIUIIOHYBaHHS, 110 Oa3yeTbCs Ha J10/1aBaHHI
MiHEpaJIbHUX KOMIIOHEHTIB Il TOAAJBIIOTO 3HEBOJHEHHS HAa KaMepHO-MeMOpaHHUX (uIbTp-
npecax. TpaauuiiHO Ui TaKMX I[UIe BUKOPUCTOBYETHCSI BAITHO y BUIVISJI BAIHSIHOIO MOJIOKA;

OJIHAK 3 €KOHOMIYHOI TOYKH 30pY MICIIEB1 BIIXO/H, TaKi sIK 30J1a, JOJIOMITOBHI T, BEpPMUKYJIIT,
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TaKOXX MOXYTbh OyTH edekTuBHUMH. Ocaj, 3HEBOJAHCHHUH Yy MOEIHAHHI 3 TAKUMH B1IXOJaMH, MOXKE
HaOyBaTH JOAATKOBUX MOKJIIMBOCTEH BUKOPUCTAHHS 3aJIEKHO BiJl TUIY PEarcHTy.

Panime My BHBUQIM BIUIMB JOJAaBaHHS 30JIM Ha MapaMETpU 3HEBOJHEHHS MICHKOTO MYIY.
OxkpiMm 11i€i poOOTH, AOCTIIHKYETHCS BIUIMB JIOJaBaHHS TOPOINKY BEPMHUKYIITY Ha TOJi0HI
napameTpH.

PoGotu mpoBomuimcs Ha JabOpaTOpHIA MoJen KamMepHO-MeMOpaHHOTO (iIbTp-TIpecy 3
BEPTUKAJIBHO PO3TAIIOBAHOIO (UIBTPYBAIBHOIO Kameporo. Jloganu po3mapoBaHUil BEPMHUKYIIT 3
TphOX pi3Hux (pakmiii: 0,1, 0,51 1 MM 3 pisHuMEU 103aMu 10—80 /71 Ta BUBYMIIM KIHETUKY Ta CEPEITHIO
edekTuBHICTh ¢QiapTparlii. byjgo BcTaHOBJIEHO, 110 3 30UIBIIEHHSM J03H BEPMHUKYJITY TPUBATICTh
¢binpTpamii 10 Ti€i K TOBIIMHU HIapy 3HEBOAHEHOTO OCANy 3MEHIIYETHCS 3 E€KCIIOHEHIIaIIbHOIO
3aJIeKHICTIO. Bynu mpejcrapieHi JaHi PO BOJOTICTh KeKy 1 OyJI0 BCTAHOBIICHO, IO 301IbIICHHS
BITHOCHOI'O BMICTY TBEpJIUX PEUYOBUH BIJJOYBA€ThCSA 3a PAXYHOK BBEJECHHS TBEPAMX PEUOBHUH 3
BepMUKYIiTOM. OHaK 301IbIIEHHS BMICTY CyX0i pedoBUHHU 110 35—40% mpu3BOAUTH 10 YTBOPEHHS
IIUTFHOTO, CYXOTO Ha JIOTHUK KEKY, KM MOXHA TPAHCIIOPTYBAaTH HABAJIOM 0€3 PH3HKY BiIIICHHS
BOJIN.

JUis  XapakTepUCTUKM HNPAKTUYHOI MPUAATHOCTI LbOrO pIiLIEHHA OyJlo poO3paxoBaHO
MOKJIMBOCTI  (inbTpamii s 1a00opaTOpPHOTO Ta peaJbHOro KaMepHoro GQiapTp-mpecy (3
ypaxyBaHHSIM J0JaTKOBUX IIUKJIIB poOOTH, 3arajibHa TPUBAIICTh SIKUX NepedayaeTbes Ha piBHI 20
XBWIMH). Y MeXax JOCIKyBaHUX (pakiii 1 103yBaHb NPOAYKTUBHICTD (DIIBTpaLlii 3HAXOAUTHCS B
miamazoni 25-250 1/mM® Ha ToiaMHy, i UMM BOHA BMINA, TMM ApiOHiIIA (pakuis i BuIIA 103a
BEPMUKYIITY.

B pesynbrari, npu 30imbmeHHi qo3u Big 10 mo 20 1/m (Tobto 2 pasu) ans ¢paxiii, mo
nepeBUIyoTh 0,5 MM, CIIOCTEpPIraeThCsl 3pOCTaHHS MPOAYKTUBHOCTI MEHIIE HIXK y 2 pa3u. OJHak,
KoJu 7103y 30111y oTh 3 10 10 40 1/71 (ToOTO B 4 pa3u), NPOIYyKTUBHICTH (UIbTpalii 301bIIY€ETHCS
OB HIXK Y 4 pa3u Ut THX caMuXx (pakuiit. s pisHux ¢paxiiii ontumanbHa 103a Oysia BU3HaUeHa
31 30UTBLIEHHSIM JI03H, 1110 HE MIPU3BOAUTH J0 MPOMOPLIHHOT0 301JIbIIEHHS TPOYKTUBHOCTI.

JlaHi, oTpuMaHi B pe3ynbTaTi MOCTIPKCHHS, BKa3ylOTh Ha MOJJIMBICTb BUKOPHCTAHHS
PO3MIAPOBAHOTO BEPMHUKYIITY JUId KOHAMIIOHYBaHHS OCaay MICbKMX OYHCHHUX CIOpPYI st
3HEBOJIHEHHsI 0€3 3aCTOCYBaHHS JI0JJATKOBHUX (DIIOKYJISHTIB.

byna po3pobnena meroawka BHOOPY ONTUMAIBHHX IMapaMeTpiB J03yBaHHS. Bu3HaueHO
HaMPSIMKHU MOJANIBIINX JOCITIKEHb MOXKJIMBOCTI BUKOPUCTAaHHS B1AXO0/11B BEPMUKYIIITY 31 3MIIIIAHUM

IpaHyJIOMETPUYHUM CKJIQJIOM Ta/ab0 1HIIMX MiHEpaJIbHUX HAlIOBHIOBAYIB.
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HIAIOTOBKA MATHOI BOJU 3 BUKOPUCTAHHAM MOJU®IKAILIT
OLIIBTPYBAJIBHOI'O 3ABAHTAKEHHSA
C. C. Aymkin, T. O. llleBuenko
XapKiBChKUI HAI[IOHAIBHUI YHIBEPCUTET

Micbkoro Tocrogapersa imeHi O. M. bekerosa, XapkiB, Ykpaina

®inpTpyBaHHA BOJIU 4Ye€pe3 MOPHUCTI CEpepOBUINA € OCHOBHHUM BHUPOOHHYMM IIPOLECOM, IO
3a0e3nedyye BHMOTM MPOSCHEHHS BOAU. 3aTpUMaHHSA B IIOPUCTOMY CEpEIOBHUIIl CyCHEeH31H
B1IOYBA€THCS B OCHOBHOMY B PE3YJIbTATI a/ire3ii, ToMy epeKTUBHICTh (QITbTPYBaHHS IPH OJHIHN 1 TiK
K€ MIBHAKOCTI (iIbTpamii 3aJeXUTh BiJ] YChOTO KOMIUIEKCY (Di3MKO-XIMIYHUX YHMHHUKIB, IO
BU3HAYAIOTh JOCUTH CKIIAIHUI MEXaHi3M aare3ii.

Haiibinpimoro mommpeHHss HaOyB MeTOX 3MiHU (Pi3UKO-XIMIYHUX BJIACTUBOCTEH IMOBEpPXHI
YaCTUHOK CYCIEH3iH, B pe3yIbTaTi 40ro OCTaHHI OUIBII IHTEHCUBHO MPWJIMIIAIOTH J0 MMOBEPXHi 3€pEeH
GUIBTPYIOYOro 3aBaHTaKEHHs. TexHonoria Takoi Monauikamii IIUPOKO 3aCTOCOBYETHCS B
pPEareHTHUX CXeMax OUYMILEHHS BOJHU.

Crnoci6 wmoaudikaiii KBapIOBOIO 3aBaHTAXKEHHA (UIBTPYIOUOTO Marepially mojsirae B
Moau(piKamii MOJIEKYJISIPHUX TPYIl Ha MOBepXHI 3epeH (GuibTpy. [lpyu npomMy 3MiHIOIOTHCS (i3UKO-
XIMI4HI BJaCTUBOCTI MIOBEPXHI 3€pEH 3aBaHTaxKeHHs. DUIbTpYyroUunii Marepiai nepes GuIbTpyBaHHAM
0o0po0uisieTbes PI3HUMHU peareHTaMHM Tak, 100 Ha MOBEpXHI HOro 3epeH yTBopuiacs IUTIBKa 3
peuoBHH, (I3MKO-XIMIYHI BJIACTUBOCTI SKHMX 30UIBLIYIOTH cuiau anresii. Tak, mpu oOpoOii
KBapIIOBOTO IMICKY PO3UMHAMM KOAryJsHTY 1 (pJIOKYJISIHTA Ha TIOBEPXHI MIlIaHUX 3€PEH YTBOPIOETHCS
aJIfOMOOpraHiuHa 1iiBka. HeraTuBHuil 3HaK €IeKTPUYHOTO 3apsiAy MOBEPXHI KBapIly 3MIHIOETHCS Ha
MO3UTUBHUM, XapakTepHUH M TiIpOKCUAy amoMiHito. Ll oOcraBuHa 3HA4YHO MiJICHITIOE
MPUJIMITAHHS IO 3€PEeH MICKY 3a3BHYail HEraTUBHO 3apsIDKCHWX YaCTWHOK cycrieH3id. Braciimox
301bIIEHHS KOHCTaHTH BaH-nep-Baanbca, mo xapakrtepusye 10 MDKMOJEKYISPHUX CHJI,
M1JBUIIYETHCS] IHTEHCUBHICTD 1 pajiyc il MIXMOJIEKYJISIPHOTO TSHKIHHS, @ pa3oM 3 IIUM 1 KUIbKICTh
3a0pyIHEHb, IKY MOKE 3aTpUMaTH KO)KHA MIIIMHKA 1 Bce PUIbTpYyroUe 3aBaHTaKEHHs. PerymoBanHs
CHJI MPWJIUIAHHA MOXXe OyTH JOCATHYTO MOAM(IKalli€lo MOBEPXHEBHX BIIACTMBOCTEH, SK 3€peH
¢inbTpa, TaK 1 YaCTOK CYCHEH3iH.

MeToro poOoTH OyJ10 MiABULICHHS SIKOCTI OUUILIEHHS MUTHOT BOJU 1 MPOJAYKTUBHOCTI OYMCHUX
CTIOPY/ BOJIOMIATOTOBKH IUISIXOM PO3POOKH TEXHOJOTIYHMX KapT OYMIICHHS NHTHOI BOAHM 3
BUKOPHUCTAaHHAM MOJM(IKOBAHOTO KBAapIIOBOTO 3aBAaHTAXCHHS PO3UYMHAMH KOATYISHTY CyIb(aTy
AIIOMIHII0 1 QIIOKYJISHTIB nosiakpuinaminy i Magnaflok LT-25.

Moaudikariiss KBapLOBOrO 3aBaHTAXEHHS (UIBTPYIOUOro Marepiaiy MoJsrae B 30UIbLICHHI
anre3ifHOi 34aTHOCTI: TMpOLEC MPUIHMIIAHHS YaCTUHOK CyCHEeH3li 3 HEraTUBHUM 3apsaaoM

BiOyBa€eThCsl HA0AraTo MIBHUIIIIE, 1110 JO3BOJISE IHTCHCU(IKYBATH MIPOLECH OUHUIIEHHS MUTHOI BOJIH.
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Ominka ycmimHocTi Moaudikaimii (iabTpyOYOro 3aBaHTAXEHHS MO)Ke OyTH BHKOHaHA Ha
OCHOBI TOKa3HHKa — OpYIOEMHICTH (UIBTPYIOUOTO CEPEIOBHINA: YUM OUIbIIEe OpPYAOEMHICTH
¢binpTpa, THUM Kpamie pe3yiabTaT MoaudikyBaHHA. bpyaoemHicTh (QiIbTpa 3aJIeKHUTH  Bif
BIIACTHBOCTEH, K (PUTLTPYIOYOro 3aBAaHTAXKEHHS, TaK 1 3BAXKEHUX PEUOBHH, 110 3HAXOAATHCS Y BO/II,
10 TPOSICHIOETHCA. TOMY y BCIX JOCIiIax OpyJ0EMHICTh MOAU(IKOBaHUX (IIBTPIB OIIHIOBAIACS B
MOPIBHSAHHI 3 OPYJOEMHICTIO B IMX K€ YMOBaX (DUIbTPIB, 3aBaHTAXKCHUX TUMHU K ITICKamH, aje 0e3
Moaudikalii OCTAHHBOTO.

[Tpu BUKOHAHHI JOCIIPKEHb BUKOPUCTOBYBAIUCS KOAryasHT cyibdary amoMinito Al(SO4)s,
a Takox (okynsaaTH: nomiakpuiamia (ITAA) i Magnaflok LT-25.

3aBaHTa)XEHHS 3 MO3UTHUBHUM 3apsS0M OTPHUMAJM METOJIOM HAaHECEHHS Ha TOBEPXHIO 3€peH
nicky 10% po3uMHy KOAarylnsHTy cyib(haTy alioMiHil0 3 KoHLeHTpauicro 50 mr/am®. OcHOBHUM
MOKa3HUKOM, W0 XapaKTepu3ye EJEKTPUYHI BJIACTHBOCTI 3aBaHTa)K€Hb, 30JIi1B, CyCHEH3id, OyB
NPUMHIATUIA ~ €NEeKTPOKIHETHUHUN  MOoTeHmian. BusHaueHHs &-moTeHmiany  GUIBTPYIOYOTO
3aBaHTa)KEHHS BH3HA4YaJld METOJOM IpPOTiKaHHS MoTeHuiany. KoHLeHTpalis KoaryJasHTy MiJ 4yac
moaudikarii cranoBmwia 10%, dmokynsatiB [TAA 1 Magnaflok LT-25 — 0,5%. Yac moaudikarii
MPUKAHATO Ha MiJCTaBi JOCHIHKEHb.

BuBueno 3minu &-noreHmiany ¢GiTbTPYOYOro 3aBaHTaKEHHs, KOHCTaHTH Ban-nep-Baansca i
OpyJO€EMHICTh KBapIIOBOTO 3aBaHTaKEHHS IpPHM 3aCTOCYBaHHI MoAM(Dikalii 3aBaHTa)KEHHS
¢binbTpyBanbHUX cropyld. OTpUMaHO 3alIe)KHOCTI BIUIMBY 4Yacy Mojau(ikaiii 3aBaHTaXEHHS Ha
KaJaMyTHICTb 1 3a0apBIEHICTb BOJM, IO MPOSCHIOETHCSA, 1 3aJICKHICTh KAIaMyTHOCTI MPOSCHEHOT
BOJIM B1Jl KpPaTHOCTI BUKOPUCTAHHS MOJAU(PIKOBAHOTO 3aBAHTAKEHHSI.

EdexTuBHICT BHKOPUCTaHHS MOAM(PIKOBAHOTO KBaplOBOTO 3aBaHTaXEHHS IpH PpoOOTI
CHOPYJ BOJOIIATOTOBKM 3a TEXHOJIOTIYHUMHU KapTamMH 3 IIBUJIKUMU (QUIBTpaMH 1 KOHTAaKTHUMH
IIPOSICHIOBAYaMH T0JIATA€ B HACTYITHOMY:

— 7Sl WBHUIAKKUX (iIBTPIB: BIAOYBAIOCS MiABHUILEHHS MIBUAKOCTI OCAJKEHHS KOAryJIhOBaHHUX
noMimok Ha 35-45% Ta miaBuIeHHs mBUAKOCTI GinbTpaltii Ha 25-30%;

— Q7S KOHTAKTHHX TNPOSICHIOBAYiB: BigOyBajocs MiABUINCHHS MIBUAKOCTI (imbTpamii Ha
20-25% Ta 30inpImeHHs TpUBaIOCTi GinbTpormkry Ha 32—-37%;

B 060x Bunaakax BinOyBanocs 3HWKEHHs BUTpaT peareHTiB Ha 20—30% Ta mosinieHHs SKOCT1
Gb1IBTpaTy 3a 3aBUCIMMHU PEYOBHHAMHU Ta 3a0apBIIEHICTIO.

BcranoBieno, mo Moaudikaiis KBapIOBOr0 (UIBTPYOUOrO 3aBaHTaXKEHHS J03BOJISIE
MOJIIIIUTH apaMeTpu poOOTH KOHTAKTHUX MPOSICHIOBAYiB 1 MBUIAKUX (PUIBTPIB, 3HU3UTU BUTPATH
pearenTiB Ha 35-40%, NOMINIIUTH SKICTH (QUIBTPATy SK 3a 3aBUCIMMH PEYOBHHAMH, TaK 1 3a

3a0apBIIEHICTIO, 301IBIINUTH MIBUAKICTH (PUIBTPYBAaHHA B cepeIHbOMY 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 jumper 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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JKUBYYICTh MIKPO®JIOPHU BOJ| PIYKU TYHAMN
MONPU AIEBICTH HA HEI i CE30OHHICTD
H. b. Tipou-Bopo6iioBa, A. I'. lanunsu, B. C. Manuii
Hynaiicekuii iHCTHTYT HartionansHOTO yHIBepcuTeTy «Onechbka MOpChKa akaaeMis», YKpaina,

Onecwka obmacts (Il HY «OMAY), m. [3main

Haykosisamu [T HY «OMA» Oyno oTpruMaHO 2 MATEHTH Ha CIOCIO 3HE3apaKeHHS i OUNIIICHHS
OanacTHOI BOAM M YCTAaHOBKY Ul HOTro 3/11HCHEHHS. 3 ypaxXyBaHHAM O0()OpPMIIEHOT0, HUMH 3p00JIEHO
aKIICHT Ha CTIHKICTh KMBYYOCTI OKPEMHUX JKUBUX OPraHi3MiB y BOJI pubOepexHuX 30H O1eChKOro
periony. 3a0ip Boau (BoxHui kanan p. Jynaii, M. [3main, Onecpka obnactb, YKpaina) 31idCHIOBAIN
9-ro cepmast 2021 poky (09:14 panky). Y mei ke OeHb BUKOHYBAJIM 00€33apa)KyBaHHS BOJIU
O30HYBaHHSM (Ha MpOTA31 miBroguHu). Jlani po3auBISUIMNCH PYXOMICTh MPUCYTHHOI MiKpO(hIOpH B
BOJIi (HAHOCAYM HA TpeAMETHE CKIO 0araTopasoBO O30HOBY BOAY — KpamiuHamu: 1 cm®) — mpu
MaKCHUMalbHIi KpaTHOCTi 30inbiieHHs OKymsipy — 1600x. Mikpockon Oionoriunmii XS-4120
Micromed GinokynsipHuit. PyxomicTh BisyamnizyBasnacs Ha qpyry n100y. 20-ro ceprus 2021 poky (11-
Ta paHKy) — 10 030HOBaHOi Boau BHecnu npubmuzno 400-500 r xuBoi pyxomoi OGiomacu: 3a0ip
6iomacu 311HCHIOBANIN Y «TiH ke TuIomuHI» (BogHUM kaHan p. AyHaii, M. [3main, Onecbka o06nacts,
VYkpaina). PyxoMmicTe y «0Iu3bK0-BOJ1» KUBOT OioMacH, sIKy 310pajiu, Bizyali3yBajacsl JOCTaTHbO
no6pe (cuibHO). Ipu Ti ke MakcuManbHIN KpaTHOCTI 301U1bIIeHHS OKYysipy — 1600x. PyxomicTs y
3i0paHiit xuBii Giomaci ayxke noOpe mpocrexyBanacs (pi3HOMaHITHI XHBI BKIOueHHs1, Rotifera,
Amoeba i1 iH.): Bxke y neprii KparinHi «0au3bKo-Boauy. [1icis mpoBeieHHs Bizyaizallil pyxoMocTi
y KuBiii Giomaci, Bce cKymueHHs ii 6y70 BHeceHO 10 6aKy i3 030HOBaHOI Bojowo (40 cvd), y
BIJIMOBIAHOMY KalpOHOBOMY MaTepiaii (MIIIKy), adM Hajaji BaXKKl 4acTKM OioMacu He 3a0uBaiu
GuIbTpH ¥ 1HII BY3JIOBI €JIEMEHTH J1€BOTO EKCIIEPUMEHTAIbHOIO ycTaTKyBaHHA. ToOTo Oyino
PO3M0YaTO MPOLEC IITYYHOrO 3polryBaHHsS (010JIOTIYHOTO) KMBUX OpPraHi3MiB y BChOMY 00’ eMi
o30HOBaHOi Boju. Hapnami, uepe3 Tpu m06m (23 cepmua 2021 p.) Bi3yamizyBajlocsi JTOCTaTHE
3a0pyIHEHHS BOJM («ITO3EJICHIHH»), 3 XapakTepHUM HEMPHEMHHUX 3amaxoM. Tomy, BCsS JKHBa
6iomaca y KampoHOBOMY MiIIKy Oyia BuitydeHa 3 6aky. [Ipubnuzno o 12:37 (23. 08. 2021 p.) Oyno
PO3M0YAaTO MPOLIEC 3HE3apaKyBaHHS i OUMIIEHHS BOJM (3 HAKOMMUYEHOI0 MACOI0 )KMBUX ICTOT) — 3a
HaJIaro/KEHOI0 CXEMOIO JIIEBOTO €KCIIEpUMEHTaIbHOTO ycTarkyBaHHs Ha 6asi JII HY «OMAy, ne
BHUKJTIOYAIOYH JKOJHY 3 ICHYrOUMX cTafii. [Ticis mpoBeneHHs IUX MPOIeCiB, 6araTopa3zoBo HAHOCHIIH
Ha TpeJMETHE CKIIO BXe «00poOJeHY» BOAY, «BUCIKAIOYM» HEOOXIJHY allikBOTY BOJIM 3 PI3HUX
«rmOuH» Bei€ei MicTKocTi Oaky. PyxomicTs He BisyanizyBanacs. Y *OIHIHM Kparui.

BucHoOBOK €nuHuii: TOMITHA Bizyami3allis pyxomMoi MIKpoquiopu TOnpH ii OJHI€T 31 CTamii
MpoIIeCy 3He3apakeHH/OUMIICHHI BOI piuky JlyHaii, BpaXxOBYIHOUH CE30HHICTb.
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HIJIBUIIEHHSA EHEPTOE®EKTUBHOCTI TA HAJJIMHOCTI CUCTEM
TEIVIOIIOCTAYAHHSA HIVIAXOM BUKOPUCTAHHS HOBITHIX METO/IIB
BOAOIIAIOTOBKHA
H. Poroxun®, M. Kapmiok?!, B. Bitkoscbkniil, I1. Cnamasain®, K. I'a6a?

IKTI «KuTomupTemnokomMyHeHeproy, JKuromup, Ykpaina

’KuiBchKuil HallioHANbHUI yHiBepcuTeT OYAiBHUITBA Ta apXiTekTypu, Kuis, Ykpaina

VY tapudax Ha MOCIYrM CHCTEM TEIUIONOCTAYaHHS Ba)KJIMBY POJIb BiJirpae HaaidHICTh Ta
e(eKTUBHICTh CHCTEMH IIATOTOBKM BOAU. B miiCHMI 4Yac y cucTeMax TEIUIONOCTaYaHHS MICT
VYkpaiHu Maifke BCIOIM BHUKOPHUCTOBYIOTHCS TPAAMLIHHI METOIM IiJrOTOBKH BOJUW — TEpMIYHA
Jieaepallis SIK 3aXUCT BiJl KOPO3il Ta HOM’ SIKIIIEHHS BOJH JUIsI 3SMEHIIICHHSI HAKUIIOYTBOPEHHsI. AJie Ha
CBOTOJHINIHIA JIGHb BOHW HE BIJMOBIAIOTH BHUMOTaM 3 CHEProeeKTHBHOCTI Ta HaJIMHOCTI
ekcrutyaTariii. KpiM BUCOKOT BapTOCTI IIUX MPOILIECIB AJIs IX peanizalii HeoOX1AHUI YuCIeHHUN 100pe
iITOTOBJICHUH Ta AUCIUILTIHOBAHUIA NIEPCOHAI, 320€3MIEYUTH HASBHICTh SIKOTO CHOTOIHI HE TIPOCTO.
UYepes 1i MPUUMHH MMOCHIIOETHCS IHTEPEC 10 HOBITHIX OUIbIN HaAIWHUX, €PEKTHBHHUX Ta JCIIEBUX
3ac001B MIATOTOBKU BOJMU Ul CUCTEM TEIUIONOCTayaHHA. Taki METOAM €, ajleé BOHU BKpail OBIJIbHO
BIIPOBA/KYIOTHCS Ha TEIUIONOCTaval0yuX MignpueMcTBax. [IpyunH 1iboMy JeKiibKa, ajge ToJIOBHUMHU
MO>KHa BBaXKaTH B1JICYTHICTb HOPMaTHUBHUX JOKYMEHTIB Ha BUKOPUCTAHHS LIMX METOJIB Ta cliabka
1H(OPMOBaHICTh MPO AOCBI iX BUKOpUCTaHHSA. OJHUM 3 MPOBIIHUX MIANPUEMCTB Y BUKOPUCTAHH1
HOBITHIX METO/IB BOJOIIJATOTOBKU JUI CHUCTEM TEIUIONOCTaYaHHS € KOMYHAJbHE IiITPUEMCTBO
«KUTOMUPTEIIIOKOMYHEHEPT 0.

Ha noyaTtky 1BOXTHCAYHUX POKIB Ha MiAMPUEMCTBI CIIOCTEPITaJIUCh BEIUKI TOHAJHOPMATUBHI
BTpaTH BOJAM, 4aCTI PEMOHTH TPpYO Ta MPOMUBAHHS KOTIIB B/ BIIKJIaI€Hb, Uepe3 110 0YyJI0 IPUHHSITO
pilIeHHs pO3pOOUTH ITporpamy MoJIepHi3allii cucTeMu BoAoniAroToBky. Ha moyarky 1iei pobotu 6yB
npoBeJeHUi aHami3 iHdopmamii MOJ0 HOBUX METOMAIB MIATOTOBKM BOJU Ta pPeE3yJbTaTiB iX
BNpOBaKeHHSI. Ha OCHOBI pe3yabTaTiB IbOTO aHAJI3Yy Ta aHATI3y TEOPETUYHUX MOCTYIIATIB 100
nepediry (i3uKo-XiMIYHUX MPOIECIB KOpO3ii Ta HAKUIIOYTBOPEHHS B €JIE€MEHTaX CUCTeM OyIio
BUOpPAHO psAJ METOJIB MOJEpHi3alii abo PEeKOHCTPYKIii CHUCTEM MiJrOTOBKH BOAM JJSI KOXHOI
KOTEINbHI 3 ypaxyBaHHAM iX ocobmuBocteil. Peanizanis po3pobiieHoi mporpamu Oyna posmnouaTa y
2008 pomi 1 mpOTArOM BCIX POKIB 10 JIMNCHOTO 4Yacy BOHA HEBIIMHHO BIIPOBA/KYBajach 3
MOMpaBKaMH, 1110 BUHUKAJIU MPU PO3IJIAl pPe3ylbTaTiB MOCTINHOTO MOHITOPUHTY, B TOMY YHCII1 1O
IIBUAKOCTI KOpo3ii Ta 00’eMy BigkiaaeHb. [Iporpama ime mpoaoBXKye TisiTH, ajle BXKE TOCSATHYTI
Baromi pe3ysibTaTH Bij ii BOPOBAKEHHS: MMUTOMA BUTpATa BOJM HA IMiHKUBJICHHSA CUCTEMH BIaja y
10 pa3iB, mUTOMI BUTpATH COJIi Ha TIOM SIKIIIEHHS BOJM TakoX Bnayiu B 10 pa3iB, MUTOMI BUTpaTH

€JIEKTPOCHEPrii Ha TPAHCIIOPTYBaHHS BOAM B TEIUIOBIA Mepexi 3MeHumInch Ha 20% 3a paxyHOK
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3MEHIICHHS TiPaBJIIYHOTO OMOPY CHCTEM, TUTOMI BUTPATH Ta3y B JDKEpENaxX TETUIOTH (KOTEIhHSX )
sam3wmch Ha 4%. llIBuakicTs kopo3ii 6yno 3amkeHo 3 0,7-0,8 mM/pik 1o 0,01-0,02 mm/pik, ToOTO
KOpO3is MPaKTUYHO BifACYTHA. OCHOBHI TEXHIKO-€KOHOMIYHI TMOKa3HUKH poOoTH korteneHnb KII

«Kutomuprernnokomynerepro» y 2018-2019 pp. naBeaeno y tabmumi 1.

Tabnuys 1
TexHiko-ekoHOMiYHI MOKa3HUKH Po60TH KoTeleHb KII « ) KutoMupTenjiokoMmyHeHepro»
Ne | Anpeca korensHi | OG’emu | BupoOiieHo KK/ Bapricts | [lutoma | ITutoma
CHCTEMH, | TEIIOBOI pobotu TEIUIOBOi | BUTpaTa | BUTpara
M eHeprii, KOTEJIbHi | eHeprii, | BOAM, | €IEKTpPO-
I'kan (6pyTT0),% | rpu./T'kan | M®T'kan | eHeprii,
kBt1/['kan
1. | KorenbHs 3 547,172 | 19188,77 93,775 903,129 | 0,2136 35,24
HaTpiii-
KaTiOHYBaHHAM 1
XIMIYHOIO
neaepartiero PK-1
2. | Korenpus 3 224,472 13340,44 95,451 887,223 | 0,1348 29,9
KOMILIEKCHOIO
00poOKOI0 BOIH
(ximiuHa
Jeaepartis
+KOMILIEKCOHATHA
00pobka) PK-9
3. | KorenpHs 3 106,533 5777,47 86,249 981,942 | 0,1059 29,13
HaTpIl-
KaTIOHYBaHHSAM
np. Kapernuii, 9

Byio po3po6iieHo 1 BOpoBaKEHO PsiJi TEXHIYHKUX 3aC001B: TaTYNKK KOPO3ii, ycraHoBka Redox-
¢inbTpanii Ta iHII. Y CHIBIPYXKHOCTI 3 HayKoBLISAMHU 3 KHiBCHKOIO HAI[lOHAJILHOTO YHIBEPCUTETY
Oy/IIBHULITBA Ta apXiTeKTypu OyB OTpUMaHMU psij LIKaBUX TEOPETUYHHUX CIOCTEPEKEHb, HA OCHOBI
SKMX BHOCSTBCS IEPIIOUEProBl 3MiHU B peallizaliio nporpaMu. Tak, BJOCKOHaJIEHa KOHCTPYKIIs
[UIAMOBJIOBJIIOBAYIB 3 ~ MAarHiTHUMU  BCTaBKaMHu,  po3poOiieHa  HOBa  KOHCTPYKIiA
HU3BKOTEMITEPAaTypHOTO BAaKyyMHOTO Jeaeparopa, aBTOMAaTH30BaHO MO3YBaHHS pEareHTIB IS
Mojudikamii Boau. BenyTecs qociipkeHHS B HaNpsMKY HOUIYKY OUIBII JEUIEBHX pEareHTiB IS
MoTepeKEHHS KOpOo3ii Ta HAKUIIOYTBOPEHHS HAa OCHOBI TOBEPXHEBO-aKTUBHUX PEUOBHH, sIKi Oy1yTh
BI/IMOB1/1aTH 4 CTYIEHIO O€3MEeKH 3 BIUIMBY Ha HABKOJIMIITHE CEPETOBHIIIC.

Kpim mpoBapkeHHsI CyTO TEXHIYHUX 3aC001B MOJIEPHI3allii OTpPUMAaHUM JOCB1/I 3MYCHUB 3MIHUTH
CTPYKTYPY CIy>KOM MiAroTOBKH Bou. OOCIyroByIOUHiA TepcoHall BUBEJCHUH 31 IITATy KOTEJIECHb 1
BKJIIOYEHUH y INTAT MIATOTOBKM BOJM, IIO JIO3BOJIAE MOKPALIMTH TEXHOJOTIYHY AMCLUUILIIHY 1
MIIBUIIATHA HOTO KBaTi(IKAIlIIO 32 paXyHOK IMOCTIMHO J1I0Y01 CUCTEMHU HaBYaHb.

ToOT0, BIpOBaIKEHHS HOBITHIX METO/IIB TIATOTOBJICHHS BOJAM B CUCTEMAX TEIUIONOCTAYaHHS

Jla€ 3HAYHUN €KOHOMIYHHMH e(eKT 1 MiIBUIIYe HAAIHHICTh BCi€l CHCTEMHU.
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CKUIAJI HAJIMITAHb HA MEMBPAHAX BIOJIOI'TYHUX PEAKTOPIB
A. M. Xpucrenko, B. O. FOpuenko, O. I'. MeabnikoBa, O. B. CMmupHoB
XapKiBChbKUH HAIllIOHAJIBHUN YHIBEPCUTET OYIIBHHUIITBA Ta apXiTEKTYpH, M. XapKiB, YKpaina,

HaykoBo-Bupobunua ipma «Exononimepy», M. XapkiB, Ykpaina

MemOpannuii Oionmoriunuii peaktop (MBP) moennye O6ionoriuny oOpoOKy CTIYHHX BOJ
aKTUBHAM MYJIOM 3 MEXaHIYHOW MeMOpaHHOO ¢iibTpariero. MemOpaHHUI  MOIYyTh
BHKOPHUCTOBYETBCS JUIA TOAUTY MYJOBOI CyMimi 1 $BIs€ COO0OK albTEPHATHBY IIHPOKO
3aCTOCOBAHOMY METO/AY OCAJUKEHHsS AaKTHUBHOIO MyJy Yy BTOPMHHUX BIJCTIMHHKax, W10
BUKOPHCTOBYETHCS B TPAAULIHHUX CUCTEMaX 0i10JIOTIYHOTO OUHUIIEHHS B aepoTeHKax. KomOiHyBaHHs
MEMOpaHHUX TEXHOJIOTIH B OJHIH CcITOpy/i 3 010I0TTYHUM OYHUIIICHHSIM JI03BOJISIE ICTOTHO i BUIITUTH
KOHIIEHTPAIlIl0 aKTUBHOTO MYJIYy B CHOPYZi, 3MIHUTH KIHETUKY 1 1HIII TMOKAa3HUKU O10XIMIYHHUX
MPOIIECiB, MOMTMOUTH BUAICHHS OioreHHUX eieMeHTiB. Ha choromnimHii 1ea» MBP 3anpoBamkeni
B Oimbmr Hixk 200 KpaiHax i mopiYHO 1X KUTBKICTh 30utbmyeThes Aeck Ha 1 000, 3 Hux 40% B CLIA.

OpnHi€ro 3 HalaKTyaJ bHIIIUX MPOOJIEM CHOTOJCHHS € MpoOiieMa 3a0pyAHEHHS PIYKOBHX Ta
MOPCBHKUX E€KOCHUCTEM MIKPOIUIACTUKOM. TepMiH MIKPOIUIACTUK OYB 3alpoBaUKEHUH B OCTaHHE
AecATUpIuYs A XapaKTePUCTHKU HEBEJIMKUX IIMAaTOYKIB IUIACTUKY, 3HAWJEHUX B OKeaHi, 110 Mae
po3mipu Bix 1 HM 10 5 MM. MIKpOIJIaCTHK - 11€ HE OCOOMBUN BUJI TUIACTHKY. [0 HUX HanexaTh:
MIOJIIETUJIEH, MOJIIIPOIJIEH, MOJIBIHUIXJIOpU] Ta 1H. PO3pI3HAIOTH NEpBUHHE - 3a0pyAHEHHS
rpaHy/IaMu, HOPOLIKOM, IO JOJAI0Th IIPU BUPOOHUIITBI KOCMETHKH, 3aCO01B I'ri€HH, aBTOMOOUTBHUX
IIMH Ta iH., 1 BTOPUHHE — 3a0pyJHEHHs IJIaCTMAaCOBUMHU BHpOOaMM, L0 PO3MAJUCS Ha MaJIeHbKI
mmMarouky. [lmacTuk po3kiagaeTbcs MOBUIBHO, 1€ MIJBUIIYE BIPOTIIHICTh NOTPAIUIIHHA 1
HAaKONMYEHHS MIKpOIJIaCTUKY B TUIaX 1 TKaHMHAaX Oaratbox opradi3MmiB. [loBHUH HMKI pyXy
MIKPOIUIACTUKY B HABKOJIUIIIHBOMY CEpPEIOBHILI HEIOCTaTHHO BUBUEHUH.

["010BHOIO eKCIUTyaTalliifHOI0 Mepenko10 npu 3actocyBanHi MBP € mBuke 3MeHIIeHHs
MOTOKY NPOHUKHEHHS CTIYHHUX BOJl 4epe3 MeMOpaHy BHAcHiZoK ii 3a0pynHeHHs (dopMyBaHHS
KEKOBOI'O IlIapy Ha MOBEpXHI MeMmOpaHH). BigzHaueHo, 110 opraHiyHi 1 HEOpraHi4HI PEYOBHMHH,
BUSBIICHI B HEOUUIIICHUX CTIYHUX BOJIaX, 1 MIKpOOHI IPOYKTH € CKJIaJIOBUMHU HATUTIaHb HA MIOBEPXHI
MeMOpaH. PiBeHb HanumanHs Kopeintoe 3 KoHueHTpauissmu Ca, Mg i Na, npuuomy Mg, 3HHXKY€
CXMJIBHICTh J10 OOpOCTaHHS. 3HaHHS MPHUPOAM 1 MOXOPKEHHS 3a0pYAHIOIYHMX PEYOBHH B IHapi
HaJIMIaHb MOXE JOTIOMOTTH pO3po0Ii CTpaTerii ynpaBliHHS MiHIMI3alli€r0 3a0py/THEHHSI MEMOpaH.

Mertoto poOoTu Oyli0 BCTAHOBJICHHS HAKOTIMYEHHS B HaJIMMaHHs Ha MemOpanax MBP katioHiB
JTYKHO3EMEJIbHUX €JIEMEHTIB Ta 1HIIMX 3a0pyIHEHb CTIYHUX BOJ.

OO0'exT mOCHIIKEHHS CTIYHI BOAM, aKTHBHUW MYJ 1 HamuIaHHsS Ha MeMmOpaHax B MBP, mo

BHUKOPHUCTOBYETHCS I OYMINEHHS MPOMHCIOBUX CTIYHMX BOA. MeToaW JOCHIDKEHb —
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TIAPOXIMIYHUN aHaNli3 BOJHUX CEpPeAOBHIN (BU3HAYCHHS KOHIICHTpAIlll KaJbIliF0, MarHil) 3a
METOAMKAMH, PEKOMEHI0BAaHUMH HOPMATUBHUMH JOKYMEHTaMH YKpaiHu, aHaJli3 CKJIay aKTHBHOTO
MyJly Ta HaJHUIIaHb METOJO0M ONTHYHOI eMiCiiiHOI CIIEKTPOMETPIi 3 IHAYKTUBHO 3B’SI3aHOIO TIa3MOI0
(ACTY ENISO 11885:2019 ) na ICII-OEC cnextpometpi Analytikjena PlasmaQuant PQ 9000 Elite,
BU3HAYEHHS KOHIIEHTpAalli MIKpPOIUIACTUKA 332 METOJMKOI, IO PEKOMEHIOBaHAa HAayKOBOIO
JTEpaTyporo.

Pesynpratu BusHaueHHns Bmicty Ca Ta Mg B Bonuux cepenosuniax MbP, akTuBHOMY Myii Ta

HaJUIaHHI Ha MeMOpaHax MpejcTaBieHi B Taou. 1, 2.

Tabnuys 1
KonuenTpauis Ca ta Mg y Boanux cepegosumax MbP
Hocmimpkenuit cyocrpar Konnenrpartis CniseigHomenns Ca:Mg
Ca Mg (Mr-exs/nm°)
CriuHa BOza 6,49/129,8 0,71/8,52 9,11
IlepmiaT 5,56/111,2 2,24/26,9 2,5:1
B 4nCceNbHUKY MI-eKB/IM°, B 3HAMEHHUKY MI/IM°
Tabnuys 2
KonuenrTpanis Ca ta Mg TBepaux cepenopumax MbP
Hocaipxenuit KonnenTparis CnisBigHomenns Ca:Mg
cyOcTpar Ca Mg (Mr-3KB/KT)
AXTUBHUI My 4750/95000 917/11000 5,2:1
Hanunanusg 10500/210000 758/9100 13,8:1

B YUCCIIBHUKY MF'CKB/KF, B 3BHAMCHHUKY MI/KT

Sk BUZTHO, B aKTUBHOMY MYJIi IOPIBHSTHO 3 00OPOOIFOBAHOIO CTIYHOIO BOJIOIO MarHiil MOPiBHIHO
3 KaJIbI[IEM KOHIIEHTPYEThCA. B mepMiaTi TakoXk CIOCTepiraeTbcst HAKONMUEHHs MarHiro. OCHOBHUM
JDKEpEJIOM MarHito B epmiati Moke OyTH BHIIYTOBYBAHHS 1IbOTO €JI€MEHTY 3 HaJUIaHb. SIK BUJHO 3
JNaHuX TaOJ.2, B HAJMIAHHI NOPIBHSAHO 3 aKTUBHUM MYJIOM KOHIEHTpAllis KaJblilo 301IbIIYEThCS
MPAKTUYHO BIBIYi, @ KOHIICHTPAIIISl MarHiro — Jenio 3MeHIyeTbes. CriBBIIHOMIEHHS €KBIBAJICHTIB
IIUX €JIEMEHTIB CBITYUTH PO BUIYTOBYBAHHS MarHito 3 HaJUMaHb.

BisyanbHi AOCHIPKEHHS HaJMIaHb BHSBWIM B HUX BEJIMKY KUIBKICTh MAaKpOIUIACTHKY
(dacTHHOK po3MipoM > SMM): 29 1/kr (cyxo0i Baru Haymmanb). CrierianbHi TOCTIKCHHS BUSIBUIHA B
HAJIMIAHHAX YaCTUHKU MIKPOIUIaCTUKY (po3MipoMm <5mMm): 4,33 r/kr, abo 1940 mt/kr. B nepmiati
MIKpOIUTACTUK HE BHUSBJICHO, IO CBIMYMTH PO BHUCOKY €(QEKTHUBHICTH MeMOpaH B 3aXHCTI
MPUPOJHOTO BOJHOTO CEPEIOBHIINA BiJ 3a0pyAHEHHS MIKPOIUIACTUKOM — OJHI€l 3 HaMrocTpimmx

I00ATBHUX €KOJIOTTYHHUX MPOOJIEM Cy4acHOCTI.
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XIMIYHUM CKJIAJ CTIMHUX BOJI BIZIBAJTY ®OC®OTIICY Y 30HI BILJIUBY
JIIT PO3IIJIBCBKE T'XIT ”CIPKA” TA BAPIAHTH 3MEHIIEHHSA IXHBOT'O
HETATHUBHOT' O BILVIMBY HA BOJU TPAHCKOPJIOHHOI PITUYKH JTHICTEP
B. lsaxkis!, B. Ilorpe6ennnk?, M. Kopanbuyk?, P. KpaiikiBchbknii?

! JIpBiBCHKMIT HalliOHANBHMIA yHiBepcuTeT iMeHi IBana ®panka, JIbBiB, Ykpaina
2 HauionanbHuii ynisepcutet JIbBiBchka INosiTexnika”, JIbBiB, Yipaina

3T30B “Iacturyt "TTPXIMITPOM”, JIbBiB, YKpaina

Exomnoriuny curyartito B 30H1 BBy JI1 Po3znineceke I'XIT ”Cipka” Ta HoBOpo3aiIbChKOTO
3aBOJIy CKJIaJHUX MiHEpaJIbHUX H0OpuB y M. HoBuit Po3zin 3ymoBieHo cenudivHiM nepersieTeHnmM
KOMIUIEKCOM TPHPOJTHUX, I1HKEHEPHUX, COLIaTbHO-€KOHOMIYHMX YMHHUKIB. Ilicns mpunuHeHHs
BUJOOYTKY CIpKM, 3a YMOB BIJCYTHOCTI CHPOBHHH, 3HAUHOI €HEpPro3aTpaTHOCTI Ta
HEKOHKYPEHTHOCIPOMOXHOCTI y 1995 pomi npunuHUB poOOTYy 3aBOJ| CKJIAJHUX MIHEpPaJIbHHUX
I0OpWB, BHACHIIOK JISUTBHOCTI SIKOTO TIOOIYHO YTBOPIOBAJIKMCH 3HA4HI 00’eMH cnenmdigHux
MIPOMHUCIIOBHX BiJIX0/1iB — (OC(HOTIINCIB Ta KUCIUX BOJ: MPOAYKTIB XiMIUHOT peakiii M alraTuTOBUM
KOHIIEHTPAaTOM Ta CIpYaHOIO KMCJIOTO0. 3a JBa AECATKU POKIB HAKONMUYEHO 4,5 MIIH TOH (ocdorincy
Ta KUCJI1 MiHEepaJli30BaH1 BOJIM, HAKOIIMYEH1 Y BIACTIHHUKY, 00’ €M SIKUX ITOCTIHHO 3pOCTA€ 3a paXyHOK
HaJXO0JDKEHHs 1H(LIBTPATIB 3 03€epa.

Curyanist yCKJIQIHIOETHCSI THM, 1110, Yepe3 Hel0(p1HaHCYBaHHS MPUPOJOOXOPOHHUX 3aXOJIB,
BIIXO/M XIMIYHOTO BHPOOHMIITBAa MepeOyBaroTh IiJ] NMPSMHM BIUIMBOM aTMOC(HEpPHHUX ONaJiB.
@inpTPYIOUUCH KPi3b TOBLLY (poCGOrincy Ta CTiKalouu CXUIaMH, BiI0YBAa€TbCS aKTUBHE PO3YMHEHHS
TiJ1a BIABAIY Ta €po3is Horo cxuiiB. HoBoyTBopeHuil iHQIIbTpAT CTIKAE y ClieniaabHO 3alpOeKTOBaHI
OydepHi BOIOIMH, OJIHIEIO 3 SKUX € IIEHTPAIbHUI BIZICTIHHUK, SKUH 3a KUCI0K0 peakiieto (pH 2-3)
oTpumaio Ha3By Kucre.

[TpunuHeHHs BUKOpHCTaHHS BOj LleHTpaibHOro BiACTIHHMKA SK OOOPOTHUX BOJ 3aBOJIY
CKJIaIHUX MIHEpaJIbHUX BOJI Ta MOCTINHE aKyMYJIIOBaHHS 1HQ1IBTPATy 3yMOBUIIO HU3KY €KOJIOTTYHUX
npobneM. 30KpeMa HaCIIAKOM TepernmoBHEHHs o3epa lleHTpanpHe-Kucine € moBepxHEBHM CTIK
3a0pyJHEHUX BOJI Y PYCJIO TPAHCKOPAOHHOI piuku JIHICTep, sika 3HaXOIUTHCS Ha BiacTaHi 1 KM Bif
TEXHIYHOI BOJIOWMHU.

3a XiIMIYHMM CcKiaaoM, ctaHoM Ha juneHb 2021 p. me € cymasdarao-docdarHi-HATpPiEBO-
MarHieBO-KaNbIli€Bi i3 MifBUIIEHMM BMicTOM (TOpY, i3 BMICTOM y MI/AM° TaKMX KOMIIOHEHTIB:
HCO3 — 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; P,0s—721,4; POs* —482,6; NHs" — 1,8; F — 0,60; minepanizauis — 2931,6. Sk
BUJIHO 3 IPUBEICHUX JIaHUX TaKl BOAM € MOTY>KHUM JDKEPEIIOM 3a0pyIHEHHs TPAHCKOPJOHHOI PIUKU

JlHicTep, Tpo IO CBiTYaTh pe3yiabTaTH XIMIYHOTO aHATI3y 3 PYJHUYHOTO KaHaTy, 10 TYAH BIaJac
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(y mr/am3): HCO3 — 144,0; Ca®* — 454,9; Mg?* —54,7; CI"—99,9; SO,* - 1371,3; Na" - 162,0; K*
—17,0; NOs - 5,9; NO2 —0,044; P.Os — 6,2; POs* —9,2; NHs* — 2,2; F - 0,46; mineparnizanis —
2327,2.

[TpoBeneHi moCiKEHHS Ial0Th IMICTaBH CTBEPIKYBATH, 110 BiaBan (ocdorircy € mrepenom
dhopmyBaHHS KUCIUX IHPUIBTPATIB, K1, CTIKAIOYX B IIEHTPAIBHUH BIJICTIHHHUK, CYTTEBO MOTIPIIYIOThH
AKICTb BOJM Y HbOMY. BoJi1 € BUCOMiHEepani30BaHUMHU, 3 MMiBUIIEHUM BMICTOM cylb(haTiB, hocdaris
ta propy. [HpinbTparis aTMochepHUX ONaaiB 3 BiiBaITY (OCQOTINCY Y IPSHAKHY TPAHIIICIO Ta 038P0
IlentpasbHe, a 3BIATH y PYJHUYHHMM KaHal Ta TPAHCKOPJAOHHY piuky /[lHicTep € Haa3BU4YaiiHO
TOCTPOIO €KOJIOTIuHOI0 Tpobiemoro. [1[o6 MiHIMI3yBaTH HEraTUBHUN BIUIUB ISl TOBKLLISA BiJIBaITY
docdorincy — HeoOXiMHO B HAWKOPOTIIMK TEPMIH peayi3yBaTH Taki BapiaHTH 3MEHIICHHS
HETaTUBHOTO BILUIUBY:

— rigpoizonsmis BiaBanmy ¢ocdorincy Big atMochepHHX OMajiB 3a JOMOMOTOI MICIIEBUX
TJIMHUCTUX IPYHTIB Ta TEOCHHTETUYHUX MaTepiaiB;

— BIJIAIITYBaHHA (iIBTPYBAIBHOI JAMOH 3 KapOOHATHUX MaTepiajiB (CKEIbHUX PATHHUHCHKUX
Ta MEJIEHUX CIPKOBMICHHX BaIHSKIB), sika O CIyryBaja 3amoODKHHMM 3aXOJIOM ISl TIOTPAIUISTHHS
KHUCJIMX BOJ 3 LIGHTPAJIbHOI'O BIJCTIHHUKA y pyIHUYHUI KaHai Ta p. Juicrep. KapOonaTHuii ckinan
BIJIXO/IIB, SIKI MO’KHA BUKOPHMCTaTH JJISl BJIAIUTYBAaHHS (DUIBTpYBabHOI 1aMOM, XapaKTepHU3YyeTbCs
3MAaTHICTIO JI0 HEWTpami3alii KHUCIWX BOJ, BHCOKOI BOJONPOHUKHEHICTIO — JUIS BIiJICUIIKH
JIPEHYBAIbHUX IIapiB Ta BMICTOM CIpKH, SIKUH OOYMOBIIOE 3B'SI3yBaHHS BaXXKHUX METaNiB B
Hepo34MHHI crionykH. [1is yac B3aemoii kapOOHATIB 13 KUCAMMHU 1H(PIIBTpAaTaMU TEOPETHYHO MOXKHA
nepeadauuTH NMPOTIKAHHS TAKUX peaKIiii:

H2S04 + CaCO3 = CaSO4+ CO2 + H20
H»SiFg + CaCO3 = CaF; + SiF4 + H20
SiF4 + 2H20 =4 HF + SiO2
2HF + CaCOg3 = CaF; + CO2+ H20
H3PO4 + CaCO3z = Ca3(PO4)2 + 3CO2 + 3H20.

[IpoaykTu peakiiil — pocdaTu Kaibllito Ta PTOpHI KaJbLio ((IHOOPUT) MalIo PO3YMHHI B BOJII,
o o0yMOBIIIOE€ OYMIICHHS BOAM Bi ¢ropy 1 pocdopy. Kpim Toro, npoaykTu peaxiii 3B'I3yl0Th
BOJlY, IKa BXOJUTh B KpHCTaliuHy pemitky onany (SiO2*10H20), rincy (CaSO4*2H20), mudocdary
kaibiiio (CaoP207*5H20). CrtBopeHHs rifpaTiB OOYMOBIIIOE€ 3MEHIIEHHS BOJIOTOCTI CyMili
docdorincy 3 xBocramu (ioTalii B MOPIBHIHHI 3 TOYATKOBOIO.

[IponioHOBaHI HaMu BapiaHTH JO3BOJATH YCYHYTH IIOCTIHHE JKEpeno 3a0pyIHEHHS Ta

BiTHOBUTH MOPYIIEHY T'OCIIOAAPCHKOIO JiSUIbHICTIO €KOJIOT1YHY piBHOBArY.
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ITPO BIIVIUB I'l IPABJIITYHUX XAPAKTEPUCTHUK
BOJOIPOBIJJHOI MEPEKI HA SIKICTh BOJJO3ABE3IIEUEHHSI
O.TI. JoOpoBoanchka, €. P. Byka

3anopi3bKuil HAIIIOHAJILHUN YHIBEPCUTET, M. 3alOpihxoks, YKpaiHa

CyuacHmii cTaH BOJONPOBITHO-KAHAMI3AMIMHUX TOCIOAAPCTB OLIBIIOCTI MiCT YKpaiHu
XapakTepu3yeThes AedinuToM (iHAHCOBHX PECypCiB, HEOOXITHMX JUIA HAJEKHOI eKcITyaTamii Ta
00CIIyrOByBaHHS CUCTEM BOIOINOCTaYaHHsI Ta BOJOBIIBEICHHS, HE3aJOBUIbHUM TEXHIYHUM CTaHOM
cnopysa. BpaxoByrounm 3HOIIEHICTH OCHOBHOIO ()OHAY KOMYHAJIbHUX MIJIPUEMCTB, CTaH
BOJIOTIPOBITHUX MEPEX TMOTpedye iX PEKOHCTPYKIii. BimbHIiCTh KOMYHAJIBHUX MiANPHEMCTB B
VYkpaini MaioTh OOMEXKEHHS B KOLITaX, HEOOXIMHWUX ISl iX MOHOBJIEHHs. KpurepisimMu siKOCTi
(GyHKI1I0HYBaHHS BOJIONPOBIIHUX MEPEXK € JOTPUMAHHS HACTYIIHUX YMOB: Hamip B KO)KHOMY BY3Ii
IIOBMHEH OYTH HE MEHIIIE MiHIMAJILHOT'O Ta He O1JIbIlIe MAKCUMAJIbHOTO IPUITYCTUMOTO 3HAUEHHS, SIK1
ckmagaroth 10 M 1 45 M BianoBimHO, a Hamip y By3jax HE MOBUMHEH nepeBuiryBatu 45-50% Bin
MaKCHMaJIbHO TPUITYCTUMOTO 3HadeHHs. J[1s OyIiBHUIITBA BOJOMPOBIAHMX MEpPEeX B YKpaiHi, Ha
BIJIMiHY BiJ] IHIIIMX KpPaiH CBITY, HailuacTille 3aCTOCOBYBAJIUCh CTAJIEB] Ta YaBYHH1 TpyOH. CTaH Takux
Mepex XapakTepu3yeThes 1-2 aBapisiMu Ha 1 kM TpyOH, a O1IbIIICTh aBapiil TPAILIISIOTHCS IEPEBAYKHO
Ha TpyOax niamerpoM MeHie 200 MM Ta cTaneBux Tpybax 6€3 MOKPUTTS, 0 MPUBOAMTD, 10 3HAUHUX
BTpaT BoAu. HaliGinbl1 BaroMuMu 3MIHHUMHU YWHHHUKAaMM, SIK1 CJIiJi BpaXxOBYBaTH MPHU PO3LIMPEHH1
ICHYIOUHMX MEpEeX, € MPOIyCKHA 3/1aTHICTh AUISHOK Ta YXUJ MICHEBOCTI, TPH YMOBI, 1110 10 pO3TIIsAyY
OpURMAIOTBCSL  pi3HI  BapiaHTH  pO3TalllyBaHHSA OO0’€KTIB  BOAOCHOXHMBaHHA. [ipaBiiuHi
XapaKTePUCTUKU MEpPEeXki 3MIHIOIOTHCS MiJl BIUIMBOM CTPYKTYPHO-TEXHOJIOTIYHUX (DaKTOpPIB: OMmip
CTaJIEBUX Ta YaBYHHMX JUISHOK MEpEXi 30UIbLIYEThCS B IpPOLECI eKCIUTyaTallli, 110 3MEHIIye
MPOIYCKHY 3/IaTHICTh TPyOOIIPOBOIIB.

AHaniz AKOCTI B0/03a0€3NE4YeHHs CIOXMBAa4YiB OyJ0 TPOBEIEHO 3a pe3ysbTaTaMu
JOCIIUKEHHSI YTBOPEHHSI 30H HEJOCTAaTHHOTO HAIOPY TPHU 3MIHHM TiAPaBIIYHUX XapaKTEPUCTHK
JUJISTHOK BOJOMPOBIAHOT Mepexi. [[si moCSTHEHHS MOCTaBJICHOI Oy BHKOHAHI HACTYITHI 3a/adi:
BUOpaHi 00’€KTH JOCHIIPKEHHS — CXEMH BOJONPOBIIHUX MEpEeX, L0 BIANOBIAAIOTH OKPEMHUM
KHUTIOBUM pailoHaM M. 3amopi’oks 3 pi3HUMH CTPYKTypaMu Ta c(OpMOBaHI BUXIJHI AaHi: Mepexa
A1 39 xoHTYypiB, 18 By3miB. 26 AlngHOK; Mepexa A2 3 10 koHTypiB, 19 By3:miB. 28 NiISHOK Ta Mepeka
A3 3 16 xoutypiB, 28 By3miB Ta 43 MUISHOK; BUKOHAHI TiAPaBIiYHI PO3PaXyHKH MEpPEK 3
ypaxyBaHHSM 3MiHU NPOIYCKHOT 3/JaTHOCTI IUISHOK B Mexax Bix 5 mo 15%, mpoanamizoBaHi ix
pe3yabTaTH Ta BU3HAYEHI 30HU 3 HEIOCTATHIM HAIopoM, 3MiHH B 3arajlkHOMY BOJI0p0300pi B Mepexi,

NeIIHT SIKOCT1 BOJAOIIOCTAYaHHS.
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B taGauiti npuBeaeHi pe3yabTaTy JOCTIKEHHS YTBOPEHHSI 30H 3 HEAOCTATHIM HAIIOPOM, 3MiH

B 00’eMi 3arajipbHOr0 BOJOPO300pY, AEOIIUTY SIKOCTI BOJOMOCTAYaHHS IMPHU 3MiHI MPOIMYCKHOT
3IaTHOCTI JUTSTHOK.

Tabnuysa 1

IMoka3Huku poOOTH BOAONPOBITHOI MepexKi

[Tnoma 30H 3 HEAOCTATHIM HATOPOM IPHU 3MiHI MPOITYCKHOI 37JaTHOCTI 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 3aragpHOTO BOAOPO360pY B MEpeki, M>/100

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

3pocTanHs AedilUTy SKOCTI BOJONOCTAYaHHS M>/106

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

Mexi 30H 3 He,Z[OCTaTHiM HaIlopom BCTAHOBJIEHI IO PO3TalllyBAHHIO By3J'IiB B SAKHUX

BUKOHYETLCS YMOBa:

H <H

61 H

ne H,— snauenns insHoro Haropy B i-My BY31i, M;

HH— 3HAYeHHS HEOOX1THOTO HAIOpy, M.

SxicTh BOJIONOCTaYaHHS JOCIIIKEHA 13 BUKOPUCTAHHAM (DYHKIIIT 30MTKY 3a He3a0e3MeueHHs

CIIOKUBAYiB:
k
Co =20, -At,
1

ne Jy — kinbKicTh BOAH, JI/C, 10 HE OJIEPKAB CIOKMBAY 3a MPUIHSTHIA TPOMIKOK Yacy, BU3HAYEHO K

PI3HHULIIO BUTPAT IPU HOPMAJIbHOMY Ta 3MIHEHOMY BOJIOCIOKMBAHHI y BY3Jlax, 110 3HAXOISATHCS B
30H1 HEJIOCTATHLOTO HATIOPY;

Atk — TPUBAJIICTH 3HWKEHHS HAOPy BOAU y K -ro croxkuBaua, 30 mi6.

[Ipu 3MeHIIEHHI MPOIMYCKHOI 3JaTHOCTI AUISHOK IUIOIIA 30H 3 HEJOCTaTHIM HaropoM
301mbHIyeThes Big 0,5% 1o 60% Bia 3arajibHOT IO, IO 0OCTYTOBYETHCS MEPEKEI0, BOAOPO30ip B
MepexXi 3HIKYEThCA B Mexkax 5,5-19%, npu mpoMy nediiuT sSIKOCTI BOJOTIOCTaYaHHS BIMOBITHO
30UTbIIYEThCS. 3a3HauCH1 3MiHH CITiJl BpaXOBYBAaTH MIPU PO3TAIIyBaHHI BY3JiB KOHTPOJIO THCKY. Lle
BUKJIIOYA€ 3HAYHI MEPEBUIIICHHS TUCKIB Y MEpeXKi, 301IbIIICHHS] BUTPAT €JIEKTPOSHEPrii, BHHUKHEHHS

aBapiHUX CUTYyallli Ta 3MEHIITye 00’€M BHUTOKIB.
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MATEMATHUYHA MOJIEJIb KIHEMATUYHOI CTPYKTYPU
IHOTOKY B TPYBOITPOBOJAX
M. M. Xaanyk, O. B. Be3sycsik, JI. P. Boak

HarmionansHuii yHIBEpCUTET BOJHOTO FOCIIOAAPCTBA Ta MPUPOJIOKOPUCTYBaHHS, M. PiBHe

PesynpTaTom npuBeaeHUX B poOOTI TEOPETHUHHUX AOCHIIKEHb € OTPUMAaHHS MaTeMaTHYHUX
MoJIeNieH, sIKi Ha BiIMiHY BiJ] ICHYIOUMX, BiAMOBINAIOTh TPAHUYHUM YMOBAaM i BH3HAYarOTh BILTUB
OCHOBHHMX Jitounx (aKTOpiB Ha TiIPOJWHAMIYHI IMapaMeTpH, SKi PO3KPUBAIOTH CTPYKTYPY
TypOyJIEHTHOTO MOTOKY B TPYOOIIPOBOIAX.

[lepenbOavaeTscsi, MO MNPH 3HAYHUX TPATIEHTAX MIBHIKOCTI MDK CYMDKHHMH KpPYTJIO
WTIHAPUIHAME TTOBEPXHIMH MOTOKY KO’KHA YaCTOYKA PiAWHU NMPHUIMae HABKOJIO MUTTEBOI OCi, sIKa
IIPOXO/AUTh Yepe3 LEeHTp ii Baru, oOepTOBUH pyX 3 MEBHOK KYTOBOIO MIBUIKICTIO. CyKYIHICTbH
YaCTOYOK PiIUHH, SKi 00epPTAIOThCS HABKOJIO CIIUILHOI OCi, YTBOPIOIOTh OKPEMUI BUXPOBHUI IIHYD.
Bics fioro mae 3aMkHyTY (pOpMy y BUIIIAII KUTHLIS 3 PAJiycoM r, a O19HI IMOBEPXHI YaCTOUOK PiHHA
CTBOPIOIOTh BHUXPOBY TPYOKy 3 pamiycoM r. BiH po3MimlyeTbCsi MK CyMDKHHUMH KpPYTJIO
IWIIHAPUYHUME TIOBEPXHSAMU B IUIOLIMHI JXKMBOTO mepepidy moToky. lloctymanbHa IIBHAKICTH

nepeMillleHHs] BUXPOBOI JIiHIT B HANPSIMKY TPyOONpPOBOAY U, BU3HAYAETHCS JIOYMM MOTEHIIIAJIOM

IIBUAKOCTI, a KyTOBa HIBUAKICTH OOEpTaHHS MOro 4YacTOK @, BHU3HAYAETHCSA MIIOYMM Ha HeEi

rpagieHTOM MBUAKOCTL. POPMYy OKpPEMOT0 BUXPOBOIO IIHYpPY MOKa3aHO Ha puUcyHKY 1. CyKymHICTh
OKpeMHX BUXPOBHUX LIHYPIB KUBOTO MEpepi3y MOTOKY BU3HAYAIOTh HOTro TYypOYyJIeHTHY CTPYKTYPY.
TZ Ilonepeunuii nepepis

| u' —  4acmoyKu piouHu
(6uxpo6o20 wHypa)

Buxpoea ninis

Pucynok 1 — Cxema BUXpOBOIO IIHypa B TPYOOIIPOBOIi

[IIBMAKICTh TOYKH 3 KOOPJAWHATAMH ), z BIIHOCHO BHUXPOBOI JIiHII paglycoM r BHU3HAYUTHCS

MAaTEMAaTUYHOIO MOJCIIIIO

55



WATER SUPPLY AND WASTEWATER DISPOSAL

u, =uy +(z2w,, —yw, )- 1)

OTpuMaHO PiIBHSHHS PO3MOAUTY MIBHAKOCTI MOCTYNAIBLHOTO PYXY BUXPOBUX JIiHIH (pHC. 2)

m . m
_k rg (=r)" _k [gri (rp—r) )
Une = 77m_7X277m’
n\lpr 1, n\2z
2
ne k=21502" -1304+73, m=2,22+0,085. 3)
r/r 0

1,00 o :

0,80 I B — I
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Pucynoxk 2 — [Ipodini mBUAKOCTI MOCTYHNATBFHOTO PYXY BUXPOBUX JIiHIN 32 (GopMyInoro aBTopa (2)
Ut TpyOorpoBoay aiameTpoM 10 cM: O — MonoKeHHs] BUXPOBOI JiHi1, sIKa MePEeMIIIyEThCS 3

CepeIHBOIO MIBUIKICTIO

Brepiie orpuMaHo 3aliexHICTh pajilyca BUXpOBOi TPYOKH BiJl pajlyca BUXPOBOI JIiHI{
05
m Y
I r
r=————\_—1 . 4)
m-1
k(r —r)™" Ko

Brepiie Bu3HaueHa KyToBa MIBUAKICTh YACTOYOK PIIMHM HABKOJIO BUXPOBOI JIiHIT 3 pajilycoM r

. m-1
o = 1au_1 fari k(o —r)™ (5)
2dr 2\ 2« Iy

BpaxoBytoun HasBHICTH B TpyOONpPOBOJAlI TPAaHUYHOIO ILIApy, IPUUHATO JBOLIAPOBY MOJEIH

PYyXy BOAH B TPYOONPOBO/II — TYypOyIEHTHE SIIPO i TpaHUYHUHN TIap.

OTxe, Ha OCHOBI BUKOHAHMX TEOPETHYHUX JIOCHIIKCHb BHUSBICHO 1 MNPUHHATO HOBY
JIBOIIIAPOBY MOJIENb, sIKAa BKIFOYAE TYPOYJICHTHE PO 3 CTEMEHEBUM PO3MOJIIIOM MOCTYHAIBHOT
IIBUAKOCTI BUXPOBUX JIHIN Ta MPaHUYHMUM 1Iap 3 JIHIMHUM PO3MOJUIOM IIBUJIKOCTEH Y HANPSAMKY
oci Ox.

OtpumMaHi MaTeMaTH4HI MOJENI, SKi Ha BIAMIHY BiJ ICHYIOUMX, BIJNOBIal0OTh TPAHUYHUM
yMOBaM ¥ BHM3HAYarOTh BIUIMB OCHOBHUX [II0YMX (PaKTOPIB HA TiAPOJMHAMIYHI TapameTpH, sKi
PO3KpHUBAIOTh HA HOBOMY DiBHI CTPYKTYPY TypOYyJEHTHOrO TMOTOKY B TPyOONpoBOIax W MaroTh

HAYKOBUH Ta BUPOOHUYMI iHTEpecC.
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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 CaCOs3 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 Al>(SO4)s with flotation, similarly, chemical oxidation
with hydrogen peroxide H20», 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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3ABPYJIHEHHSA MIIBEMHUX BOJI YKPATHU TA PO3B’SI3AHHS LII€T MPOBJIEMHU
B. B. Apxunosa

YkpaiHCbKHii Aep>KaBHUHN XIMIKO-TEXHOJIOTIYHHIA yHIBEpCcUTET, M. [{Hinpo, Ykpaina

KinpkicTh mpicHMX BOJA Ha HaIIil IJIaHETI HE TaK BXKE W 3HAYHA: Xouya 1 CKIAJae BOHA
91 MyH. KM®, Y TIOPiBHSIHHI 3 3araibHOIO KiIBKICTIO BOIM Ha 3emi 1e aume 2,5 %.

Ha nomo mig3eMHUX BOJ MpUXOAUTHCA 6im3bko 1 % (14 mum M%), ane Ginpma ix yacThHa
Maike HeloCshKHA JIUTsl KOpUCTyBaHHs. [IprudoMy mpicHi mig3eMHi BOJM € IIHHUM PECypCOM MUTHOT
BOJIY, a TAKOXK JPKEPEJIOM JICIKUX IIIHHUX KOMIIOHEHTIB JIJIs TPOMMCIIOBOCTI (COJIOHI ITi/I3€MH1 BOJIH)
Ta Teruia (TepMaibHI BOJH).

B Vkpaini 3HauHa KiIbKicTh BOIM 3a0MpaeThes 3 TMigseMHHX pkepen — 1178 mmm. M® (3
noBepxHeBUX 7457 M. M°). 3 HUX HaiOiNbIIA KiTbKicTh 3a0upaeThes y JIbBiBCHKilt 06macTi (84,6%,
149 mnn. M%), a Haitmenma — y XepcoHchkiii (3,4 %; 59 mmn. M°) (puc. 1), i e cHiBBigHOITIEHHS Maiike

HE 3MIHIOETHCS 3 poKamH (puc.2).
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Pucynok 1 — KinbkicTs Bosu, 1110 3a0MpaeThes B YKpaiHi

3 MI3€MHUX Ta MOBEPXHEBUX JKEPET

BenenHst HApOIHOTO TOCIIOAAPCTBA BIUIMBAE HE TIIBKM HAa KUIBKICTH MiA3€MHUX BOJ, alie 1

3HAYHOIO MipOIO —Ha SKICTh.
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Cepen mxepen 3a0pyaHEHHS IMiI36MHUX BOJI MOKHA BUIUTUTH HACTYITHI:
- MONIYK Ta PO3BiJIKA Mi3EMHUX KOPUCHUX KOIAJIWH;

- OyIiBHHIITBO BO/I03a0ipHUX CIIOPY;

- 3a0pyTHEHHS 3 TTIOBEPXHEBUX BOJI, K1 MPOCOYYIOTHCS BIIHO;

- T0OpHBa, 10 3MUBAIOTHCSA 3 CLIILCHKOTOCIIOIAPCHKUX TTOJIIB;

- OyHKepH 3 TOKCHYHUMH BiJX0IaMU.

87,24 86,37
12,7713,63

8718 %'82 13,09486,94
13,26

86,74

m 2010 m 2014 m 2015
m 2016 = 2017

Pucynok 2 — CriBBiAHOIIEHHS BOJH, 1110 3a0UpaeThes B YKpaiHi

3 IOBCPXHCBUX Ta Hi)ISGMHI/IX JOKEpEII

Tak, HaBKOIUIIHE CEPENIOBHUIIE OTPUMAIIO B YKpaini 952 MitH M%/pik CTIUHEX BOJ HiAIPHEMCTB
(Oinplry YacTHHY SIKUX cKiainu [IHimporeTpoBchka obsacTb— 24 mignpueMctsa; JloHenpka - 19;
JIpBiBCBKa - 7, XapkiBcbKa - 7, Jlyrancbka— 6).

st Toro, MO0 3HU3WUTH 3a0pyAHEHHS MiI3€MHUX BOJ, SIK 1 HABKOJHUIITHHOTO CEPEIOBUINA B
IJIOMY, HEOOX1THO:

- IEPiOINYHO MTPOBOAUTH €KOJIOTTUHUN MOHITOPHHT;

- IPUTPUMYBATHUCS €KOJIOTIYHUX HOPM IIPH BeIEHHI HAPOAHOTO TOCIIOIaPCTBA;

- 3aCTOCOBYBATH 0€3BIIXO/IHI Ta MAJIOBIAXOH1 TEXHOJOTI].
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METO/I OIIHKY MOTEHIIMHOI'O PU3UKY IJI51 310POB’SI HACEJIEHHSI ITPHA
PEKPEALIIMHOMY BOJOKOPHUCTYBAHHI
O. B. Pudaiosal, B. /. IlorpeGennux?, O. A. IlpockypHin®,
K. B. Beaokonn’, I'. B. Kopookosa®
'HanionanbHuii yHiBepcHTET UBIIBHOTO 3aXKcTy YKpainu, Xapkis, Ykpaina
’HarionansHuii yaiBepcuteT «JIbBiBChbKa mosiTexHikay, JIbBi, Ykpaina
Y kpainchkuii HayKOBO-IOCTiAHHUI iHCTUTYT eKOJNOTiYHUX TIpobaeM, Xapki, Ykpaina
“3anopi3pKuii HAI[IOHABHMI YHiBepCHTeT, 3anopixoks, YKpaiHa

SJIyraHchKHil HalliOHANBHUIT arpapHuii yHiBepcuTeT, CTapobinbebk, YKpaina

[Ipobnema 3a0pynHEHHsS MOBEPXHEBHX BOJ € y)K€ aKTYaJbHOI B YCIX KpaiHax CBITY.
BukopucTtanHs HeIKICHUX BOJHUX 00’ €KTIB JUIsl KyHaHHs MPU3BOJUTH 10 BUHUKHEHHS 1H(EKIIIHIX
3aXBOPIOBaHb Y BIINMOYMBAIOYHX.

VY OiabIIOCTi KpaiH CBITY BBaXKA€ThCS, IO PU3HMK JUISL 3I0POB’S HACEJCHHS € TOJIOBHUM
MOKa3HUKOM HeOe3MeKu. ICHyI04i MeTOM OIIHKH PU3HKY JIJIs 310pOB'sl HACEJICHHSI B 3aJI€KHOCTI BiJl
SKOCTI TIOBEPXHEBUX BOJ| HE BPAXOBYIOTh OaKTEPiONOTIYHMX IMOKA3HUKIB, IO € HEIOIIKOM JUIs
3arajbHOrO BHCHOBKY IpO pIBEHb HEOE3MeKH peKpealiifHoro BOJAOKOpPHUCTYyBaHHSA. Meroau
BU3HAYECHHs HEOE3NEeKH pPEeKpealiifHOro BOJOKOPHCTYBaHHS BUMAraloThb YJOCKOHAJIEHHS, IO €
aKTyaJbHUM 3aBJaHHSM, OCOOJIMBO y Takii CKJIaaHIN emifieMioNoriyHii CUTYyallii, sSika CKiajach y
OaraTbox KpaiHax.

MeTor0 po60oTH € po3poOKa HOBOTO METOTY OIlIHIOBAHHS MOTEHIIIWHOTO PU3UKY JJIS 3I0POB’ S
HaCEJIEHHS IIPU peKpealiiiHoMy BOJOKOPUCTYBAHHI.

JU1st TOCSITHEHHSI TTOCTABJICHOT METH BUPIIIIEHO HACTYITHI 3aBIaHHS:

— pO3pOOUTH HOBUIM METOJl OIIHKHM IMOTEHLINHOTO PU3MKY JIs 3/I0pOB’S HACEJEHHS IpH
pekpearniiitHoMy BOJIOKOPUCTYBaHHI;

— OOTpYHTYBAaTH BUKOPUCTAHHS OLIHKM MOTEHIIIHOIO PU3MKY AJIS 30POB’Sl HACEJICHHS JUIs
€KOJIOT1TYHOTO HOPMYBaHHS CKUJAHHS 3a0pYyAHIOIOYMX PEYOBHH JI0 BOJHOTO 00 €KTY 31 CTIYHUMHU
BOJIaMU;

— OUIHUTU TOTEHIIMHMA PpU3UK JUIsL  3J0pOB’Sl HACEJIEHHA MpU  peKpeariiiHoMy
BOJIOKOPHUCTYBaHH1 MICBKUX IUISDKIB M. XapkiB (YKkpaiHa).

[IporioHyeMO HOBMI METOJ OIIIHKH TMOTEHILIHHOIO PU3MKY JUISL 3/I0pOB’S HACEJIeHHS MpU
pekpearniitHoMy BOJOKOPUCTYBaHHI, SKU MMO€JHYE BU3HAYEHHS MOTEHLIHOTO PU3UKY 32 XIMIYHUMHU
pEUOBHHAMH 1 32 OAKTEPIOIOTIYHUMU MTOKA3HUKAMHU.

st po3paxyHKy TOTEHIIIHHOTO PHU3UKY IJIsl 3/I0pPOB’S HACEJICHHS NPHHAMAIOTHCS TUTBKH

MOKa3HUKH SKICHOT'O CTaHy MOBEPXHEBUX BOJ 3 MEPEBUIIECHHAM HOPMAaTHUBIB, 00 B I[bOMY BUMAJKY
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iCHy€ WMOBIpHICTb 301JIbIIIEHHS 3aXBOPIOBAHOCTI HACEICHHS.

Moneni mpo0OiT-perpecii 4acTo BUKOPUCTOBYIOTh JUIsl BU3HAUCHHS 3aJICKHOCTI «/103a-e(heKT» 3
METOIO OLIIHKA HMOBIPHOCTI HEraTUBHHUX HacHiAKiB. [IponoHyeMo OLiHIOBATH MOTEHUIHHUN PU3UK
s 3n0poB’s HaceneHHs (Risk) 3a Bu3HaueHHSM mpoOiTy sl TIAPOXIMIYHMX MOKa3HHKIB 3a

dhopmynoro (1), 3a 6akTepioNOTriYHUMHU TTOKa3HUKAaMHU 3a popMyIioro (2):
Prob=—2-+332xlg(] ") (1)

ne I'" — KpaTHiCTP MEpEBUILEHHS CAHITAPHO-TIFi€HiYHUX HOPMATHUBIB TiAPOXiMiYHAMHM

MMOKa3HUKAMU SIKOCTI IMOBEPXHEBUX BOM, 663p03MipHa BCJIIMYHHA.
b
Prob=-3+2,32x1g(]°) 2)

ne I° — KpaTHiCTh HepEBMINEHHS CAHITAPHO-TIFi€HIYHMX HOPMATHBIB OAKTEPiONOTiYHMMHE
MMOKa3HUKAMH SIKOCTI TTIOBEPXHEBUX BOJ, O€3p0O3MipHa BEIMUHHA.

[ToreHuiitauid pU3UK Ui 3I0pPOB'S HACENEHHS MPH KOMIUIEKCHOMY BIUIMBI 3a0pyJHEHHS
HaBKOJIMITHBOTO CEPEIOBHIIA OLIHIOETHCS 32 MPABUIOM MHOKCHHSI HMOBIPHOCTEH, /1€ SIK MHOKHUK
BUCTYIAIOTh HE BEJIMYMHU PU3HUKY IS 3J0POB'Sl, @ 3HAUCHHS, SIKI XapaKTePHU3YIOTh HMOBIPHICTh HOTO

BiJICYTHOCTI:

Risk =1-(1- Risk,)* - Risk,)x - Risk.) 3)

ne Risk — moTeHwiitHUN pU3UK KOMIIEKCHOTO BIUIMBY 3a0pyIHIOIOUYHMX peuoBUH; Riska,..., Riskn
— TOTEHUIWHUN PU3UK BIUIMBY KOXKHOI OKpeMoi 3a0py/IHIOIYOi PEUYOBUHU; N — KUIBKICTb
3a0pyIHIOIOUUX PEUYOBUH

Po3po06rieno HOBY kiacu@ikallito piBHIB HeOe3MeKH BOJHUX 00 €KTIB 32 3HAUEHHSIMH PHU3UKY
JUIs1 37J0POB’S] HACEJIEHHS.

Po3paxyHOK MOTEHIINHHOrO pU3UKY Ui 370pOB’Sl HacelleHHS TIpH peKpealiifHomy
BUKOPUCTaHHI 6 IUIsDKiB MicTa XapkiB (YKpaiHa) mokaszaB, 10 OakTepiosoriyHe 3a0pyJaHEHHsT Mae
HMOBIPHICTb Jy’K€ BEJIMKOIO BIUIMBY Ha 3/10poB's HacenaeHHs (5 kiac HebGesneku). [t mopiBHAHHS
METOJIIB OLIHKM PHU3UKY MJI1 370pOB’S HAcelleHHs IpU peKpealiiiHoMy BOJOKOPHUCTYBaHHI
po3paxoBano iHjaekc HeOesneku (HI) 3a XiMIYHUMU MTOKa3HUKAMH SKICHOTO CTaHY BOJHUX 00’ €KTIB
Micta XapKiB, sIKi BUKOPUCTOBYIOTHCS JIJISl peKpeartii.

OOrpyHTOBaHO BHUKOPUCTAHHS OLIHKM MOTEHLIHHOTO PU3MKY JUIS 3JI0pOB’S HACEJICHHS s
€KOJIOTIYHOTO HOPMYBAaHHS CKHJIAHHS 3a0pYyIHIOIOYMX PEYOBUH J0 BOJHOTO 00’ €KTY 31 CTIUHUMH
BOJIaMH.

3acTocyBaHHSI 3allPONIOHOBAHOIO METOAY OIIIHKM MOTEHIIIMHOrO PHU3MKY JUIsl 30pOB'S
HaceJICHHSI TPH peKpeariitHoMy BOJOKOPHCTYBAaHHI JTaCTh 3MOTY TPHUHHATH HEOOXigHI HAYKOBO
OOTPYHTOBaH1 YHPaBIIHCHKI PIMIEHHS OO0 MEPIIOYEPTrOBOCTI BIPOBAKEHHS BOAOOXOPOHHHUX
3aXO0[iB, MO0 € BAXJIMBUM TMUTAaHHIM 3a0e3MeYeHHS KOM(OPTHUX YMOB BIANOYMHKY 1

KUTTENISUILHOCTI JIFOIEH.
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MONXJINBOCTI 3bIVIBHIEHHSA PECYPCIB IIIIBEMHUX BOJ Y TPILIMHYBATUX
BIIKJIAJIAX KPUCTAJTYHUX MOPIJ] YKPATHCHKOTI'O IIIUTA
JI. L. IleTpenko

IacTuTyT reonoriunux Hayk HAH Ykpaiau, Kui, Ykpaina

[ToTrpeba y mpuaaTHii NHUTHIA BOAI 3 KOXXHHM POKOM CTa€ BCe OUIBII HarajabHOIO. Y
MalOyTHBOMY 11T HEOOX1AHICTh 3pOCTE I11€ OLIBIIE — SIK Y 3B S3KY 13 pO3BUTKOM BHPOOHHIITBA, TaK 1
31 3MiHAMU KiIiMaTy B OlK 3MEHIICHHS BOJHOCTI ITOBEPXHEBUX 1 Mig3eMHHMX Boj. ['ocmomapchka
JiSTBHICTh 0araTbOX IOKOJIHB JIHOJIed HAKOMHWYMJIA JIOCBIZ, 3a SKUM IIPOJIOBOJIBYE 1 IHUTHE
3a0e3neyeHHs MOBUHHO MaTH JCKiIbKa JyKepell MOCTayaHHs, HaBiTh TOJIi, KOJIU 1 OJIHE 3 HUX JOBTUH
qac 3310BOJIbHsIE TOTpeOy. [IpuBOIOM I ILOTO € KUTTEBHMA TOCBIJ IIOAO PANTOBOTO 3MEHIIECHHS
MOKJIUBOCTEH a00 MOBHOI BTPATH €IMHOTO JKepena 3a0e3leYeHHs yepe3 HEeCIPHUATINBI TPUPOIHI
saBHIla a00 TeXHOreHHI kaTacTpodu. B VkpaiHi € yumano Takux HaceleHUX IYHKTIB, A€ BHIIE
3raflaHe TMpaBUJIO JEKIJIbKOX JKEeped TMOCTa4aHHS HE BHUTPUMYeEThCA. ChOroJHI OCHOBHUMU
JoKepellaMy MMHUTHOI BOAM 1 BOJW JUIsl TEXHIYHHMX IMOTPEeO € MiA3eMHI BOJM OCATOBUX BIJKIIAJIB,
MOBEPXHEBI BOJIM 3 PIYOK Ta BOJOCXOBUII. [3-3a 3pocTaHHs 3a0pyaHEHHS OCTaHHIX Ta Y KOHTEKCTI
3MiH KJIIMaTy y CTOPOHY IJ00ajJbHOIO MOTEIUIIHHS 1y 3B’SI3Ky 3 IIUM 3MEHIIEHHS BOJHOCTI pi4OK
MUTaHHS TOLIYKY JOJATKOBUX JKEpes MUTHOT BOJU — MII3EMHHUX BOJ TPIIMHYBATHX KPUCTATIYHUX
BIJIKNIAJIB — € BKpail cBoeuacHUM. [Ipo 11e HaromomyeTbes i B MOPiYHUKY Jep:kaBHOTO HAayKOBO-
BUPOOHMYOTO miAnpueMcTBa «Jlep>xaBHull iHpopmaniiHuil reonoriunuii pona Ykpainu» 3a 2019
pik: «[IpakTuyHe 3HaYeHHs AJSl BUPIMIEHHS MHUTaHb TOCHOJAPCHKO MUTHOTO BOAOMOCTAYaHHS Ha
TENepilIHii Yac 1 y NepcreKTUB1 MalOTh TPIIIMHHI BOJU KPUCTATIYHUX MOPIT, ... ».

TakuMm ymHOM, HacTana HEOOXITHICTh MEPerjisay ICHYIOUMX MiIXOJiB, METOJIB OIIHKH Ta
BUKOPUCTaHHS BOJHUX pecypciB. [lig3eMHi Boau TPIIMHYBATOl 30HU KPUCTAIIYHUX MTOPiA Maiike Ha
Bcili Teputopii YII[ BUKOPUCTOBYIOTH ISl BOJOTIOCTAYAaHHS 1€ 3 CEPEAMHH MHUHYJIOTO CTOJITTS,
HE3BaKAIOUU HA TE, 1110 OKPEMi KOMILIEKCH MOPiJT HE XapaKTePU3YIOTHCS BUCOKOIO BOJ030araueHiCTIo
(B.M. llecronanos, B.I. JIsnbko Ta iHmi). OTIs10BHHA aHali3 Cy4acHOTO CTaHy, YMOB MOITOBHEHHS
Ta BIJHOBJICHHS TOBEPXHEBUX PECYPCIB (30KpeMa CIiJi 3BEpPHYTH YBary Ha TEpPEeCHUXaHHsS Ta
3aperyiboBaHICTh pycen ApiOHUX PIYoK), iX 3B'I3KYy 3 MIA3€MHHUMHU BOJAMU OCAJIOBUX BiJKIIAJiB
pasoM i3 CKJIAQJHICTIO TIJPOTEOJIOTIYHHX YMOB y MacHBaxX TPIIIMHYBATHX MOPiX CBIAYUTH IPO
HEJOCTaTHIO BUBYCHICTh BOJIOHOCHUX KOMIUIEKCIB KPHUCTATIYHUX MOPI MPH PO3BIAII POJOBHIIL

Mi3eMHUX BOJI, @ TAKOX TPH OIIIHIII X EKCIUTyaTalllifHUX 3araciB i B pe3yibTaTi — HU3bKHA PiBCHb
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BUKOPUCTaHHS PECYpCiB MiJ3eMHUX BOJ JISi MIMUTHOTO BOJOIOCTAYaHHS B PallOHAX 3 PO3BUTKOM
KPUCTATIYHUX TOPiJI.

Y pamkax HaykoBo-gochigHOi pobdotu y 2016-2020 pp. «HoBi migxomu 10 po3B’si3aHHS
npoOJeM HELEHTPaIi30BaHOTO BOJOMOCTAYaHHSA 3a PAaxXyHOK IMiJ3€MHUX BOJ, NPHYPOUYEHUX [0
KpUCTAIIYHUX MOPija (Ha mpukiaai XKamkiBChbKOTro poIOBHINA MiI3eMHHUX BOA Y KpaiHchkoro [{uTa)»
B [HcTHTyTi Teonmoriunnx Hayk HAH VYkpainum BHBUanuCh Ha MOJENI MOIJIMBOCTI 301IbIICHHS
MPOYKTHBHOCTI BOJI03a00PY 32 paXyHOK IMiJI3€MHHUX BOJ, TPHYPOUCHHUX JI0 KPUCTATIYHUX MOPIJT Y
KOHTEKCTI IITYYHUX 3MiH rifgporenoriyaux napamerpis (JI.I. Ilerpenko ta inmi). Y 3rananiii po6orti
Oyll0 CTBOpPEHO TeOo(iIbTpaliiHy MOJAENb JOCHIIKYBAaHOTO palOHy, Ha SKid PO3MIISIHYTO
1HMBITyaTbHI MiAX0AU 30UIBIIEHHS MPOIYKTUBHOCTI BO03a00py Y TPIIIMHYBATHX KPHCTATIYHUX
mopojax (3 BpaxyBaHHSM pPeE3yJbTaTiB Te0(i3UUHUX JIOCIIHKCHB) Ta 3alpOTIOHOBAHO HACTYITHI
MOJKJIMBI BapianTH: 1) 301IbIICHHS TPOYKTUBHOCTI BO/103200py 32 paXyHOK IITYYHOTO 301JIbIIIEHHS
TPIIIMHYBATOCTI; 2) 30UIBIIEHHS MPOIYKTUBHOCTI BO/1032a00py 32 paXyHOK IITYYHOTO 301TbIICHHS
MEPEeTOKY 4Yepe3 pOo3AUIbHWE 1map; 3) 30UIbIIeHHS NPOIYKTHBHOCTI BOA03a00pYy 3a PaxyHOK
cTBOpeHHs rpedumi. OTpuMaHi pe3yabTaTH CBiAYaTh, MO IITyYHE 30UTBIICHHS TPIMIMHYBATOCTI 3a
paxyHOK 3/1iiCHEHHsS BUOYXOBHX POOIT MOXke 1CTOTHO O3HAUYNUTUCH Ha 30UIbLIEHH] MPOTYKTUBHOCTI
BO/I03a00py. Bapro 3a3HaumTH, MO HOBH3HA y JaHOMY KOHTEKCTI HE CTOCYETHCS IITYYHOTO
MIOTIOBHEHHS 3aIaciB MiJ3€MHUX BOJI SIK caMOro 1o co0l, a TIIBKHM Y 3aCTOCYBaHHI HOro B yMOBax
YKpaiHCBhKOTO IINTA.

JlocImipKeHHS Y TaHOMY KOHTEKCTI MPOIOBKYIOTHCS Y PAMKax IMPOTPaMHO LIJTHOBOT TEMATHKH
HAH Vxkpainn «AHani3 TiIporeojoriyHux yMOB B0/103a00piB LEHTPAJIbHOI Ta MIBJEHHOI YaCTUHU
VYKpailHCBKOrO IIMTa 3 METOI IITYYHOrO IIOMOBHEHHS 3amaciB Mig3eMHUX Boa». OuiKyBaHi
pe3yNbTaT BKIIOYATUMYTh B ce0e: THMI3aliio B0oJ03a00piB 3a yMoBaMU (OpMYBaHHS BOJHHUX
pecypciB, BUABICHHS TPYI BOJI03a00PIB 3 PI3HUMHU MOMJIMBOCTSIMHU IITYYHOTO TTOMTOBHEHHS 3aI1aciB
MiA3€MHAX BOJI — YH B OCAJIOBHX BiJIKJIa/IaX, UM Y BiJIKJIa1aX 30HU BUBITPIOBAHHSI, UM 3aBJISIKH 3B'SI3KY

3 pluKaMu, Y4 32 YMOB CTBOPEHHS BOJIOCXOBHIII.
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KATIOHHHI KPOXMAIb SIK ®JIOKYJISIHT JIJIs1 11 OYAIIEHHSA CTIYHAX BO/],
O.TI. bynimescobka, I. B. Opunens, /1. B. Cacun

Hamionanenuii yHiBepcutereT «JIbBiBChbKa moiTexHika», M. JIbBiB, Ykpaina

OuuiieHHS CTIYHUX BOJI Xap4yoBOi MPOMMCIIOBOCTI 1 MIANPUEMCTB 3 TepepOoOICHHS
CLIBCHKOTOCTIONAPCHKOI MPOAYKINi € BaXKJIUBOK EKOJOTIYHOK mpobiemor. Ha manwmii dac sk
(GIOKYISHTH ITUPOKO BHKOPHCTOBYIOTh CHHTETHYHI AaHIOHAKTUBHI TMOJIMEPH, Taki, SK IMOXIIHI
TiAPOII30BaHOTO TMOJTiaKpUiIaMiay, KOMOJIIMEPH aKpuiIaMiay 1 aKpHJIOBOI KMCJIOTH Ta iHIm. OmHak
CUHTETHUYHI TOMIMEpHI (IIOKYJISIHTH, 30KpeMa, KaTiOHHI HE SBISAIOThCA OloaerpamaadenbHUMH.
BimoMo Tako, 110 MOHOMEp aKpHJIaMiJ Mae HEHPOTOKCHYHI 1 KaHIEPOTreHHi BIacTuBOCTi. OTXe,
BUKOPUCTAHHS TAKMX CHHTETHYHUX KaTIOHHUX MOJIENEKTPOIIITIB y IPOIIEC OUMIIEHHS TUTHOI BOAN
€ CYMHIBHMM Ta HE JeNIeBHUM. ToMy OJIep)KaHHS 1 BHKOPHCTaHHsS EKOJIOTIYHO Oe3MeyHux
(GIOKYISIHTIB HAa OCHOBI MPUPOAHMUX OlomosiMepiB, sKi € OiogerpagabenbHUMU 1 HETOKCUYHHUMU
3aJIMIIAETHCS IEPCIIEKTUBHUM 1 aKTYaJIbHUM MU TAHHSM.

MeToto poOOTH € CHHTE3 KaTIOHHOT'O KPOXMAITIO Yepe3 B3aEMO/III0 aMiHyI04oTo peareHry (AP)
2-T1APOKCHU-3-XJIOPONPOMUITPUETUIAMOHINA XJIOPUAY 3 KYKYPYA3SHUM KPOXMAaJeM, JOCIIIKEHHS
HOro CTPYKTYpH Ta AOCIIKEHHS MPOLIECY OCAIKEHHSI KOMIIOHEHTIB CUPOBATKH Micisl BUPOOHMIITBA
KHCIIOMOJIOYHOTO CHPY JII€I0 OJIEP’KAHOTO KaTIOHHOTO KPOXMAJIIO SIK (PIIOKYJISTHTA.

Karionnuii kpoxmaiib 3 aMOHIMHUMH TpyllaMu OJIep>KyBalM B3aemogiero AP 3 kpoxmarnem y

npucytHocTi NaOH «HamiBcyxum» METO10M 3a HACTYITHUMH OCHOBHUMHM PEAKIIISIMU:

CsHs CzHg
.| .-
CICHz—?H—CHz—T—Csz Cl + MaOH —= |CH; CH-GH:-—I\ll-—C;,H;, Cl + NaCl
OH CzHg \\O CoHs
CoHs CoHs
, + - NaOH , + -
Kp-OH + |CH,——CH—CH;——N—C;Hs | CI —> Kp—O—CH,—CH—CH,——N—C,Hs; Cl
N | |
(o) CoHs OH CoHs

Ymeopenns kamionnozo kpoxmanio uepes 3aemo0ito 2-2i0poKcu-3-x10ponponiimpuemuilamonill

xnopuoy y npucymruocmi NaOH 3 kykypyossanum xpoxmanem

JlocmipKeHO 3aeXKHICTh CTyNeHs 3amilleHHs rigporeny rpyn OH y naHkax Kpoxmalio Ha
aMOHiITH1 ()parMeHTH BiJl CIIiBBIIHOILICHHS pEareHTiB.

CTykTypy KaTiOHHOTO KpOXMaiio MiaTBep/kyBaiu IY cnekTpockomiero, BMICT HITPOTEHY
Bm3Haya MetonoM K’empmans. CTymiHb 3aMillleHHS aTOMIB TiJIPOTEHY Yy JIaHI KPOXMAIIO
(dparMeHTaMH 3 aMOHIMHOIO TPYIOI0 BU3HAYAJIH 32 BMICTOM HITPOTEHY.

OneprxaHuii KaTIOHHUH KpOXMaulb 13 cTyneHeM 3amimenHs 0,21 gocmimpkeHo sk GIOKyIsSHT Y
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MPOIIeCi OCBITICHHS CHUPOBATKH IMICIS OJIEPKaHHS KHUCIOMOJIOYHOTO cupy Ha ¢ipmi «[ annunHay.
JloCImi/DKeHHST  OCBITJICHHSI IPOBOJWIM  TypOIMMMETPUYHHUM METOAOM 3  BUKOPUCTAHHSAM
ceiTiooromerpa UNICO 1201.

[TokazaHo, 1O MIBHIKICTH OCBITJIICHHsS 3aJICKUTh BiJ KOHIEHTpalii ¢iokymsara 1 pH
cupoBatku. Ocajl, SKUW YTBOPIOBABCS ITiJ JI€H0 KaTIOHHOTO KPOXMalt0 (hOPMYIOTh TaKi CKIIaJIOBI
CHpPOBATKH SIK MPOTEiHH, B OCHOBHOMY, O-JTaKTOTJIOOYJiH, [-JIaKTOTIOO0YNiH, CHUPOBAaTKOBHUU
aTpOyMiH Ta OpraHiuHi KUCJIOTH. HailbinbIma mBHUAKICTE OCBITICHHS CHOCTepiranach y mepir 10
XBUJIUH TIpu pH MeHImoMy, HIDK 130€JIEKTpUYHI TOYKM MpoTeiHiB cupoBatku - pH 3,8. Ilicis
J0ZJaBaHHs KaTIOHHOI'O KPOXMAJI0 y CHPOBATKY BiI0OYBA€ThbCs €JNEKTPOCTATUYHA 1 AMclepciiHa
B33a€MO/IisSl MAaKpOKaTIOHIB (DJIOKYIJISIHTA 3 IPOTETHAMHU 1 KUCIIOTAMU CHPOBATKH, B PE3YJIBTATI YOTO
YTBOPIOIOTHCS HEPO3YMHHI KOMILJIEKCH Ta HEPO3YMHHI COJi 3 KHCIOTAaMH CHPOBATKH, iX IIBHIKA
HYKJIeallisl Ta HaCTyIIHA IIBMJIKa BTOPMHHA arperaiis, yTBOPeHHs 0Ca/ly Ta OCBITJICHHs CEpeOBUILIA.

Typbinumerpuuni nociaimpkeHns Giaokymsmii npu pH Buiie 130e1eKTpUYHUX TOYOK MPOTETHIB
CHpOBATKH, a came nipu pH 7,4 cBigumiu, 1o OCBITICHHS CHPOBATKU HE BinOyBaeThcs. [losicHUTH 11e
MOJKHA TUM, IO MPOTETHN CUPOBATKH 1pu pH 7.4 mepeBaxHO 3HAXOAATHCS Y BUTIISAI MAKPOAHIOHIB,
AK1 eJEeKTPOCTaTUYHO MHUTTEBO B3a€EMOJIIOTH 3 MakpokarioHamu (iokynanTta. Ilpu npomy
YTBOPIOIOThCS CTiMKI MIXKMOJIEKYJISIPHI MOJIMEPHI KOMIUIEKCH, 110 MUTTEBO 30UIbIIYE MYTHICTD Y
CUPOBATIIi 1 OCBITJICHHS HE CIIOCTEPIraeThCs.

BceraHoBieHo, 10 ICHYIOTh ONTHMMAalbHI 3HAUYEHHS KOHLEHTpauild (IOKYNISHTa, NpPU SKHUX
IIBUJIKICTh OCBITJIEHHSI CHPOBAaTKM MakcuMalibHa. Hall01bIy MBUAKICT OCBITIICHHS CHIOCTEpIraau
npu KoHIeHTpauigx ¢uokynasHTa 43,7 - 58,0 mr/a. Lle Mo)kHa MOSCHUTH 3MiHOKO KOH(OpMarii
MaKpOMOJIEKYJ, a came, iX «pO3rOpTaHHSAM» TMpH TaKWX KOHIEHTPALiIX Ta MOCHICHHAM
MDKMOJIEKYJISIDHOI  B3a€MOJIii 3 MaKpOMOJIEKyJaMH TPOTEiHIB Ta KHCIOTAaMH CHPOBAaTKHA Ta
YTBOPEHHSIM HEPO3YMHHUX KOMIUIEKCIB MPOTEiH - (PIOKYISHT Ta HEPO3UYMHHUX COJIEH 3 KUCIOTaMU
cupoBatku. [Ipu OiNBIIMX KOHUEHTpamisx (IOKYIsSsHTa HOro eleKTpocTaTHYHA 1 JUclepciiiHa
B3a€MOJIS 3 MAaKPOMOJIEKYJIaMH MPOTETHY € MEHIIOI0 YHACIJOK IIIIbHINIOT KOH(pOopMaIlii.

VY mopanmbmux poOOTax MOKa3aHO, M0 CHHTE30BAaHWUN KATIOHHMM KpOXMailb 3a0e3neuye
nporecd  QIOKYIALil Yy pO3YMHAX  IOJIETHJICHIJKOMIB  PI3HOI  MOJIEKYJSIpHOI  MacH,
AJIKUTIOJIeTUIICHCYb(aTiB, 30KpeMa, 10ACHMITPHOKCUETHIICHCYIb(ATy HATPito (JlaypeTcynbgaTy)
Ta PO3YMHIB JESKUX O1IKIB.

OpnepkaHi  pe3ynbTaTH JIO3BOJISIIOTH  PO3TIISIATH KATIOHHHHA KPOXMallb, OJIEPyKaHHN
3alpONOHOBAHUM METOJIOM SIK NMEPCIEeKTUBHUHN OiojerpagabenbHui, HeTOKCUYHUH (QIOKYASHT 1Jist
OCa/DKEHHSI PEYOBMH CHPOBATKM TICNIs BUPOOHUITBA KHCIOMOJOYOTO CHPY 3 MOAAJIBIIUM
BUKOPUCTaHHSAM OCaJy, a TaKOX AK (UIOKYJSHT AJIS OYMILEHHS CTIYHUX BOJ SIK Y BUPOOHHMITBaX

XapyuoBOi MPOMHCIIOBOCTI, TaK 1 JAJII OYHUIICHHS MOOYTOBUX CTIYHUX BOJI.
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PO3BUTOK IHCTPYMEHTIB YIIPABJIIHHS
BUKOPUCTAHHAM BOJHUX PECYPCIB
B. Buroschka, C. Crenenko, A. Ilpucryna

HamionansHuii yHiBepcuTeT «UepHiriBchbka mnojiTexHika», M. YepHiri, YkpaiHa

[lepcneKTHBY €KOHOMIYHOTO 3POCTaHHS HALlIOHAJIHHOI €KOHOMIKM BH3HAYAIOTHCS TEMIIaMH ii
MojepHi3alii Ta iHHOBaTH3alii. BiTuM3HAHA TpakTUKa peami3amii BKa3aHUX MPOLECIB
CYIPOBOJUKYEThCS HU3KOIO ITPO0IIEM, cepel IKUX NepLIOYeproBOro BUPILIEHH BUMAratoTh TUTAHHS
partioHaii3aiii BUKOPUCTaHHS BOJHUX PECypCiB 3ay1 3a0€31eYeHHST YMOB X €KOHOMIi, 3HI)KCHHS
piBHS 3a0pyIHEHHS, JOTPUMAHHS IPUHIIHUITIB €KOJOTIYHOT Oe3MeKH Ta eKOHOMIYHOT €()eKTUBHOCTI.
Takox, BOIOKOPUCTYBaHHS B YKpaiHi XapaKTEPU3YEThCS 3POCTAHHIM aHTPOIIOTEHHOTO THCKY, IO
3BY)KY€E 37aTHICTh BOJHHX PECYPCIB O CaMOBIATBOPEHHS. 3alIpOBAPKEHHS Y BITUM3HSAHY IPAKTUKY
€KOJIOTOOPIEHTOBAHUX IMIJXOMAIB /10 BUKOPUCTAHHS TaKUX PECYpCiB, IO pEali3yloThCs dYepes
3aIMpOBaKEHHS BOJIOOXOPOHHUX MPOEKTIB, 1HIIIIOE HEOOXiAHICTh HAPOIIEHHS BUTPAT HA CTBOPECHHS
CHCTEM KOHTPOJII0O Ta pAaliOHAJFHOTO BHKOPHCTAHHS BOJHHMX 00’€KTiB. 3a BKa3aHHX YMOB,
BaYKJIMBOT'O 3HaYCHHsI HaOyBae po3poOKa Ta peani3allis Ai€BOi Iep:KaBHOI cTpaTerii BUKOPUCTAHHS Ta
3aXMCTy BOJHUX PECYPCIB.

Jlana ctparerisi Ma€ IpeACTaBISATA cOO0K0 OOIPYHTYBAaHHS CYKYITHOCTI 3aXO/1B, CIIPSIMOBAaHUX Ha
paiioHanbHe Ta €(EeKTUBHE BUKOPUCTAHHS BOJHMX DPECYpCIB KpaiHM, HEHTpami3alilo HeraTMBHUX
HACHIAKIB iX 3a0pyIHEHHs, 3HWKEHHS aHTPOIOTEHHOTO HABAHTA)KEHHS, peali3allilo eKOHOMIUHOTO
MOTEHIIIATY TAaKUX PECYPCIB, HAPOIIEHHS JOXO/IIB OFO/IKETY 33 PaxyHOK 30LIbIIEHHS OOCATIB IIaTeXiB
3a BOJIOKOPUCTYBaHHs. MacmTaOHICTh 3aBJaHh €KOHOMIYHO €(EeKTUBHOTO Ta E€KOJOTI4HO
30a71aHCOBAHOT0 KOPUCTYBAaHHS BOJHUMH pECypcaMH BUMarae po3poOKH MEXaH13MIB iX BIATBOPEHHS
IUIIXOM OOIPYHTYBaHHSI ONTHMAJbHUX CIIEHApiiB BOJOKOPUCTYBAaHHS K OOOB’A3KOBOi YMOBHU
PO3BHUTKY HAI[lOHAIBHOT EKOHOMIKM Ha MPUHIUIAX CTAJIOT0 PO3BUTKY. BaKIMBUM IHCTpYMEHTOM iX
pO3poOKH BU3HAHO (hopMyBaHHS €PEKTHBHOI CHCTEMH MOHITOPHUHTY CTaHy BHKOPWUCTAHHS BOJHHX
pecypciB, ska 0 J03BoJMIa T€HEpYBaTH MAacHB JIOCTOBIPHOI iH(oOpMalii moao (akropis, ski Horo
BU3HAYaIOTh (puc.1). MOHITOPUHT BOIHHX pecypciB nependayae BUMIpIOBaHHS CYKYITHOCTI TOKa3HUKIB,
10 XapakTepu3yloTh (i3nuHy, (piHAHCOBY, comianbHy, JeMorpadiyHy KOMIIOHEHTY BHUKOPHCTAHHS
BOJHUX 00’€KTiB. Takuii MOHITOPUHI MPOMOHYETHCS 3/1MCHIOBATH 13 BUKOPHUCTAHHSIM MOMIIMBOCTEH
HEHPOTEXHOJIOTIH, (DAKTOPHOTO aHaJi3y Ta MOJICIIIOBAHHS, BUMIPIOBAHHS YaCOBHUX PSIIB Ta MOJENEH
OaraToKpuTepiaIbHOT ONTHMI3allii.

BaxnBoro nepeBaror0 MOHITOPUHTY CTaHy BUKOPHUCTaHHS BOJHHUX PECYpPCIB € MOMKIJIHMBICTD
OTPUMAaHHS JeTalbHOI 1H(OpMallii mpo BOaHI 00’€KTH, a TaKOXX KOHTPOJIb 3MIH Ta BIJIXHWJICHb

BIJICTe)KYBaHUX TIpOIeCiB y peambHOMy uaci. lle mae 3Mory He Tinbku (GopmMyBaTH HEOOXITHY
67



WATER SUPPLY AND WASTEWATER DISPOSAL

iHopmariiiny 0a3y ™00 OCOOJMBOCTEH BOJOKOPHCTYBaHHS, a W Yy KOPOTKI TEpMiHH ii

JOIIOBHIOBATHU Ta OHOBJIKOBATH.

|

[ BusHaueHHs cTeHKX0AepiB CUCTEMH MOHITOPHUHTY
@DyHKIiOHAIBHA CKIIa0Ba CTaHy BUKOPUCTaHHS BOJHUX PECYpCiB

306ip, cucremaru3aris Ta aHaTITHYHA 00poOKa
iHpOpMaIIHHUX JaHUX I0J0 CTAaHy BUKOPUCTaHHS
BOJIHHX PECypciB

A 4

TexHoIOrIYHA CKIIag0Ba

OdopmiieHHs1 OTpHUMaHHS Pe3yNIbTaTiB TEXHOJIOTIYHOT
KOMIIOHCHTH MOHITOPHHTY BOJHHX PECypCiBTa
Bepudikamis OTpIMaHUX JaHUX

A 4

Bepudixkamiitaa ckiragosa

Hanauns indopmauii creiikxosnepam st po3pooku
PeauizariiifHa ckiiamoBa CYKYITHOCTI YIPaBIIHCHKUX PillIEHb 010
M ABUIEHAS e()EeKTUBHOCTI BHKOPHCTAHHS BOTHIX
pecypciB Ha IPUHIKATIAX EKOHOMIYHOT parlioHaIEHOCTI
Ta €KOJIOTIYHOT Oe3MeKH

MOHITOPUHT BUKOPHCTAHHS BOJAHUX PECYPCIB KpaiHU (TEpUTOPiii)

\

Pucynoxk 1 - Teopetnuna Mozienb GOpMyBaHHSI CUCTEMH MOHITOPUHTY BOJHUX PECYpPCiB

|

Lowcepeno.: aemopcvka po3pobka

[IpoBeieHHS MOHITOPUHTY BHUKOPHUCTaHHS BOJHHMX pECypCiB CTBOpIO€  iH(opMarliiiHe
HiATPYHTS JUIsl BUPIIIEHHS HU3KH MTUTaHb:

- 301p iH(OpMaIlii 11010 CTaHy BOJHUX PECYPCIB KpaiHU Ta OKPEMHX TEPUTOPIH;

- CHCTeMaTH3allis Ta aHaji3 310paHoro iIHPOPMaIIfHOTO MAaCHBY;

- igeHTudiKalis KOHCTPYKTUBHMX Ta JIECTPYKTHBHUX TEHJAEHII] BOJOKOPHCTYBAaHHS,
3’siCyBaHHS (aKTOPIB, 10 IX 3YMOBIIOIOTH;

- TIPOTHO3YBaHHS HACHIJIKIB BUSBIICHOI MIPAKTUKN BUKOPUCTAHHS BOJHHUX PECYPCIB;

- po3poOka Ta OOTPYHTYBAaHHS VIPABIIHCHKUX PINICHh WIOA0 3a0€3MEUYCHHS] yMOB

parrionanizailii BAKOPUCTaHHS 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
carrier

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 k\W.
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CUCTEMA IHTEJIEKTYAJIBHOI'O OITPAIIIOBAHHSA IHO®OPMAIIII IIOJIO
BOJIOOUYHIIIEHHSI I3 BPAXYBAHHSAM JAIi HAIBBUYAMHNUX CUTYAIIN 1
MIHIMIBAIIII TEXHOTEHHOTI'O HABAHTAKEHHS HA TOBKILJLIISA
H. 3aeus?, B. IllTena?

'Hanionanshuii yHiBepcuTeT Giopecypcis i npuponokopuctyBants Ykpainn, Kuis, Ykpaina

’[Tomicchkuii nepxaBHuii yHiBepcuTerT, Ilinchk, Pecry6ika Binopychb

OcTaHHIM YacoM BEJIMKa yBara MpUILISETHCA pO3po0Ill CUCTEM TUCTAHIIMHOTO MOHITOPUHTY
Ta IPOTHO3YBaHH: 3a0pyIHEHb JUIsl 3aXUCTY JOBKLUIA Ta IPUPOAHUX pecypciB. [IpoTe nisinbHICTD 3
MOHITOPHUHTY 1 IPOrHO3YBaHHS €HEPreTUYHMX, €KOJIOTTUHUX Ta PECYpPCHUX MapaMeTpiB MOTEHLIHHO
HeOe3neyHnX 00'€KTIB Ta MPOTIKAHHSIM TEXHOJIOTIYHUX MPOIECIB HA HUX B PEKUMI PEATHHOTO Yacy
HE BHKOHYyBajach. Llf 3amaya mocuTh CKiIagHa Ta OararoryiaHOBa, NMPH LBOMY HEOOXiTHO
BUKOPHUCTOBYBAaTH Pi3HI MeTOAM 1 3acoOu. Taka cuTyaliss OPU3BOAUTH 10 HEBUKOHAHHS BHUMOT
HOPMAaTUBHUX JOKYMEHTIB HIOJ0 €KOJIOTi4HOI Oe3leKH Ha PI3HUX PIBHIX: BiJ PErioHaIbHOIO J0
Jep>KaBHOTO.

Meta pociaigmeHb — OOTPYHTYBAaHHSI CXEMH IHTEJIEKTYAIbHOI CUCTEMHU MPUHHSATTS PillICHb
11010 €(h)eKTUBHOCTI BOJOOUMIIIEHHS Ha OCHOBI OIPALIOBAHHS TEXHIKO-€KOHOMIUHOI iH(popMarii i3
BUKOPUCTaHHAM 1H(pOpPMaLiIHHO-YIIPABIISIOYMX TEXHOJOT1H.

CTBOpEHHs SIKICHUX CHCTEM OYMILEHHS CTIYHUX BOJI, KaHaJ13yBaHHS Ta JOOUYMIICHHS MUTHOL
BOJM MOJKJIMBO JIMILIE MpHU peanizalii psay eTamiB 3 KOMOIHYBaHHSM PI3HUX METOJIB BHJIAJICHHS
3a0pyIHIOBAaYiB — HEMOXJINBO CTBOPUTH IIPOMHUCIIOBY CUCTEMY BOJOOUHIIEHHS TIIBKH 33 KaTaJIOTOM
obnagHaHHsA. OCKUIbKY He OyBa€ IBOX OJJHAKOBUX O0'€KTIB — KOXKEH Ma€ CBOIO CHEIHU]IKY: SKICTh
BX1JJHOI BOJIM; TapaMeTPH TEXHOJIOTIYHUX IMPOLIECIB, K1 BUKOPUCTOBYIOTh BOAY; JDKEpea TErI0BOi
e”eprii 1 TA. [Ipu poMy mig yac MPOEKTyBaHHS HE BPaXOBYETHCS MOKIIMUBICTh i1 HaJA3BUYAMHUX
CUTYyallli TEXHOT€HHOTI'O Ta NMPHPOJHOTO MOXO/HKEHHS, Xoua JJs e(PEeKTHBHOTO 1 paIlioOHaIbHOTO
IPUPOJOKOPUCTYBAHHS 11€ HEOOX1THO

Jlnst BHUpilIEeHHS Takoi 3a7adi JOIUIBHO BHUKOPUCTATH IHTENEKTYyalbHI CHCTEMH Ta 3aco0u
MOJIETIIOBAaHHS, IO JO3BOJINTH TOKPAIIUTH CHOCTEPEKYBaHICTh (IPOrHO30BaHICTh) HA OCHOBI
HEeNpsSMUX TIOKa3HUKIB Ta mapaMeTpiB. OOIpyHTyBaHHS (DYHKIIOHANIBHUX 337324 KOMILIEKCY
TEXHIYHHUX 3ac00iB BUMIPIOBAJIbHHS Ta cTallmi3alii yMOB JOBKULIS BUKOHYEThcs Ha ocHOBI ICTY
ISO 10012:2005 «Bumorn m0 mpoleciB BUMIPIOBaHHS Ta BHMIPIOBAIBLHOTO OOJIa HAHHSY.
BinnosigHo, Ha pealbHUX KOMYHAJIbHO-IPOMUCIOBUX 00’ €KTaX, Ha MPUKIAIl KaHATy «OYHILEHHS
CTIYHHUX BOJ», IPOTIOHYETHCS HACTYITHA CXeMa CTBOPEHHS 1H(popMaIiitHO-(pyHKIIOHATIBHIX MOIeIen

JUTSL TIOJIAJIBIIUX Jocikenb (Puc. 1).
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OrmiIc mpodreMn AKICHOTO OMHIIEHHA
3a0pyIHEHNX CTiYHIIX BOJT

O1liHKa OIICY MpodneMi I G OpMYTIOBAHHL

DOpMYTIOBAHHES TIPOOIEMI AKICHOTO
OWNINEHHs 3a0pyAHeHIIX CTITHIIX BOI

T
!
BiamoBiHiCTE CTPYKTYPH cHCTeMI i nineit I | JTocHlimkeHHS CHCTEMII

Omnnc clcTeMH i minell AkicHOro o4NIIeHHES
3a0pyIHEHNX CTiYHIIX BOJT

<
KBaJIiIl}iKaL‘[iE \ \\\\ DopMyIHOBAHHA 1 BHKOPHCTAHHA MOJET1
. El
KoHnenryatsHa MOIeTh ABTOMATH30BAHIIX
TeXHOIOI{4HI permaMeHTH Ta 3aco0iB OTPIMAHHA Ta ONPAIOBAHHA TeXHIKO-
3aco0u peamizamii eKoHOMIuHOI iEdopMarii BogoOTIIIeH s

BOJIOOYIIICHHA i3
BpaxyBaHHAM HC

CopMyTHOEAHHA 1 EHKOPHCTAHHA MOJETL
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IHTerpoBaHe cepeloBHIIe NPHIIHATTA pilleHb MO0 eHeproedeKTNBHOCTI BOJOOYIINECHHA Ha
OCHOBI e()eKTIBHOTO ONpPaIIOBAHHA TeXHiIKO-eKoHOMITHOI iHdopMamii

Pucynok 1 — CTpyKkTypa CHCTEMH IHTEJIEKTYaJIbHOTO OMPAIFOBAHHS

iH(popMallii 11010 BOJOOYUIIICHHS

BigmroBxyrouuchk Bil MOXJIMBOCTI HAOJIM3UTHUCH 10 PEKUMY pPEANbHOr0 4acy mpu 300pi
€KOJIOTO-pecypcHoi iH(dopmallii Ha KOHKPETHOMY OO0’€KTI, MPOIMOHYEThCS IHTETpOBaHa CxeMa
VIIPaBITIHHS €KOJIOTO-PECYPCHOI0 OE3MEKOI0 32 KaHaJIOM «BOJOKOPHCTYBAaHHS» Ha PETIOHATBHOMY
PiBHI 110 J]a€ 3MOTY BUPIIIYBAaTH HACTYIIHI MPUKIIAIHI 3a7a4i:

- (opMyBaHHS €KOJIOTO-PECYPCHOI CTparterii po3BUTKY PErioHy 13 HaOIMKEHHSM OIepaTUBHOCTI
peaxiiii Ha HaI3BUYAHI CUTYAIIll 10 PSKUMY PEaTbHOTO Yacy;

- TMPOTHO3YBaHHS TOTEHIIMHUX HEOEe3MeK MO0 HETraTUBHOI il aHTPONMOreHHux ¢GakTopiB 13
MIPEBEHTUBHOIO MPOTHUIIEI0 HAJ3BUYAWHUX CUTYaIlilf;

- HayKOBO-TEXHOJIOT1YHE MIATpPUMAHHS (YHKI[IOHYBaHHS OYHMCHHX CHOpPYJd KOMYHalbHO-
MIPOMHUCIIOBHUX 00’ €KTIB 13 BIIPOBAKEHHIM €KOJIOTIYHO O€3MEYHUX TEXHOJOTIH;

- 00EKTHO-OPIEHTOBAHE BIPOBA/KCHHS CYYaCHUX TEXHOJIOTIYHUX PillICHb;

- iHTeHCcH(IKaIisd HAyKO-TIPAKTUYHUX JOCIIKEHb IIIAXOM KooIepallii peaJbHOro CceKTopa
CeKOHOMIKM Ta HAayKOBHUX YCTAaHOB 13 IHTErpaliifHOl0 (YHKIII€0 perioHaJbHOTO HAayKOBO-

MPAKTUYHOTO LIEHTPY YIPABIIHHS €KOJIOTO-PECYPCHOIO e(PEKTUBHICTIO 00’ €KTIB BOJIOKOPHCTYBAHHSI.
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MMPOBJIEMHU OYUIIEHHSA CTIYHUX BO/J BIJI BIOTEHHUX CIIOJYK
HITPOTEHY I ®OC®OPY TA iX BUPIIIEHHSA
JI. Caoaiit
HamionaneHuii TexHidHUE yHIBepcuTeT YKpaiHu « KUIBCHKUN MOMITEXHIYHUN IHCTUTYT

imeHi Iropst Cikopcbkoroy», M. KuiB, Ykpaina

OpHi€r0 3 HATOMOBHIMIMX MPOOJIEM CHOTOJICHHS B YKpaiHi B rajry3i OYMIIEHHS CTIYHUX BOJ €
3acTapiii TEXHOJOTii OlOJIOTIYHOrO0 OYMIINCHHS, $Ki BHKOPHUCTOBYIOTBCS B MiCTax 1 ceJax.
[linBuieHnit BMICT y CTIYHUX BOJaX OIOT€HHHMX pEYOBHH (CHOJyK HiTporeHy 1 ¢ocdopy) He
JI03BOJISIE OTPUMATH HEOOX1IHY SKICTh OYMINEHHS BOJAW 1 MPU3BOAUTH 10 3pOCTaHHS 3a0pyaHEHHS
MIPUPOJHHUX BOJONM, iX eBTpo(iKarlii, MOTipIIeHHs! KHCHEBUX YMOB, BTOPUHHOTO 3a0pyIHEHHS BOAN
Ta iH.

MeTtoo poboTuH Oynao 3ampoIrOHYBAaTH TEXHOJOTI] OUYMIIEHHS CTIYHHUX BOJA BiJ CHOJYK
HiTporeHy i ¢pocdopy, mocaianT iX eHeKTUBHICTh Ta BUBHAYUTH PAIliOHAIBHI TapaMeTpu POOOTH 3
MiHIMaJbHUM BUKOPUCTAHHSIM MaTepialbHUX 1 CHEPTEeTUYHUX PECYPCIB.

JlocnikeHHsT BUKOHYBajiM B paMKax peanizaiii iHBecTHIiiiHOro mpoekTy «llokpaieHHs
exosyoriynoi cutyanii y Illanpkomy HallioOHaJBbHOMY MHapKy LUIAXOM KaHaJi3yBaHHS HAcelIeHUX
IIYHKTIB HaBKOJIO 03epa CBITA3b» CYMICHO 3 MPOEKTHOIO opraHizauiero ExoTexcepsic.

Ocob6nusicTio lanpkoro npupogHoro napky € moHaza 30 o3ep, po3TalIOBAHUX y MEXHUPIYUI
ITpumn’sti 1 3axigHoro byry mo6ausy c.m.1. [lansk. [Tapk rpannunts 3 [Tonsiero 1 binopyccro. byno
PO3IIISIHYTO CUCTEMH BOJOBIABEIEHHS TPhOX HaceleHuX MyHKTiB: c.M.T. Illanpk, c. CBiTs3b, C.
[TyneMo, 3 caHaropisMu 1 0a3aMu BIAIOYUHKY, JUISl SIKHX XapaKTepHa CE30HHA HEPIBHOMIPHICTh
BOJIOB1/IBe/IeHHS. J{7151 00’ €KTIB XapaKTepHa HEAOCTaTHS IPOAYKTUBHICTh ICHYIOUMX OYMCHUX CIIOPYL
(manpuxnaa, mus c.Mm.T. Hlanek 400 M3/z[06y, a motpibno 1000 M3/I[O6y), CTapi TEXHOJOTIl
(nampukiiag, 3 ycraHoBkamu KV, gki moraHo mpaifioloTh), BIJCYTHICTh HaJIe)KHOTO BHIAJICHHS
O10reHHUX PEYOBHMH, HE BPAXOBYETHCS CE30HHICTH POOOTH 00’€KTIB BIANOYMHKY, IO YCKIIAIHIOE
poboTy criopys 61070TIYHOTO OUHIIeHHs, Ta 1H. Hampukinaz, mis c.m.1. [Ilanbk BUTpaTa CTIYHUX BOJT
B CE30H OCiHb-BecHa cTaHOBUTH 300 M%/1100y, a BIiTKY - 1100 M%/1106y. 32 3a6pyaHEHHAMY 1ii CTiuHi
BOJIM XapaKTepPU3yIOThCS TAKMMH MOKa3HUKAMH: 3aBUCI pedoBHHH — 10 250 mr/mam® (pu TJIC - 17
mr/nm®), XCK — 1o 400 mr/mm® (mpu TJC - 80 mr/am®), BCKropn — 10 340 mr/nm® (mpu T'JIC - 15
MF/21M3), a30T 3aranpHuil — 10 110 mMr/am®, azor amowHiiiumi — 10 40 Mr/mm® (mpu T'JIC - 40 MF/JIMs),
docdaru 17 mr/am® (mpu TJIC - 2,5 mr/mvd).

Ce3oHHICTh poOOTH 00’€KTIB 3MYIITy€e BUKOPUCTOBYBATH TEXHOJIOTIT 010J0T1YHOTO OUUIIICHHS
y ABI JiHIi, OJJHA 3 HUX OYMIIYE CTIYHI BOAM HACEJICHOTO MYHKTY, a Jpyra IMpaIfoe Ha 00’ €KTH 13

CE30HHUM BOJIOBIJIBEACHHSAM. Y TEPIOJUYHUX yMOBaX CKJIAJHO BHUKOPHUCTOBYBATH TEXHOJIOTIIO
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O10JIOTIYHOTO OYMIICHHS CTIYHUX BOJ 3 AKTHBHUM MYJIOM, 3 HITpU(DIKYIOUYUM MYJIOM (IOBOJI
TpHBaja epepBa B poOOTI aepOTEHKIB, aAamnTallisi aKTUBHOTO MYILy, HApOIyBaHHS HOTO OioMacH i
T.1H.).

Jlis ouuiieHHs CTIYHUX BOJA OO €KTIB CE30HHOI POOOTH 3ampONOHOBAHO BUKOPUCTAHHS
TEXHOJIOTIT O10JIOTIYHOTO OYHUIIEHHS 3 IMMOOUTI30BaHMMH MIKPOOPTaHi3MaMH Ha CHEIiaJbHUX
HOCIfAIX, SKI y BUIJISAI OJIOUHUX MOJIYJIB MOXYTh OyTH BCTAHOBJICHI B pe3epByapax CIOpPYIH
010JI0T1YHOTO OYHUIIICHHS. BUKOPUCTAaHHS B IKOCTI HOCIiB KAalIPpOHOBHX BOJIOKOH JIO3BOJISIE OJIEPKATH
oy mosepxHi 10 5000 M2 Ha 1 M® Ta JOCATTH BUCOKUX KOHIICHTpaIlii 6iomacu B ciopyi — 10 40
/oM B aHaepoOHUX yMoBax 1 70 20 r/nm° — B aepoOHUX 1 aHOKCUTHUX.

JlociKeHHs TPOBOIWIIN Y JBOX HAIPSMKAX: BUSHAUCHHS €(DeKTHUBHOCTI OUUIICHHS CTIYHUX
BOJA BiJ OIOT€HHHMX CIIOJYK; BIJHOBJICHHS pPOOOTH IMMOOLUTI30BaHMX MIKPOOPTaHi3MiB, SKi
30epirajuch TPUBAIMM Yac y BUCYILIEHOMY CTaHI Ha MOBEPXHI BOJOKOH. CTyIIHb OYMIIEHHS CTIYHUX
BOJI 32 KOHIIEHTpALli€l0 aMOHiitHOTO a30Ty aocsrana 0,9 mr/am3, HitputiB — 0,15 mr/am, HITpaTiB —
21 mr/mm®, pocdatie — 2,5 mr/am®. TpusanicTs BiIHOBIEHHS POGOTH iIMMOGITI30BAHHX HA HOCIAX
MIiKpOOpraHi3MiB cTaHOBUIA — 110 8 1i0.

Ha mingcraBi npoBeaeHux pociimkenb st eMmt Larek, cin [aiBka, canatopito «JlicoBa micHs 1
30HM BiAMOYMHKY «I'psaga» Oyno 3alpONOHOBAHO TEXHOJIOTIIO Ta OUYMCHI CIOPYAH, pO3paxoBaHi Ha
po6OTY y IBOX pekuMax: 1 — ociHb-BeCHa, MPOAYKTHBHICTH 300 M>/n00y, ouncHi cropyau 1 gepru
(pEKOHCTPYKIIISI CTapuX OYUCHUX cropyn c.M.T. lllampk): cnopyam MeXaHIYHOTO OYHIIEHHS;
OiokoarymnsaTop-guoTatop  (3aMicTh TMEPBUHHOTO  BIACTIWHWKA); AHOKCHAHUKH  OlopeakTop
(neniTpudikaTop) 3 iIMMOOLII30BaHUMH MIKpOOpIraHi3MaMu; aepoOHU 6iopeakTop (HiTpudikaTop) 3
IMMOO11I30BaHUMHU  MIKpOOpraHi3MaMy; BTOPHUHHI BIJACTIHHUKH; MIHOIMOJICTUPOJIbHI (QUIBTPH;
010CTaBKH; CIIOPYAM JUIs 3HE3apaKEHHS OYHMIICHO! CTIYHOI BOJM; 2 — JIiTO, MPOayKTHBHICTE 1400
M%/106y, ouncHi ciopyan 1 uepru (300 M/106y) i apyroi (1100 M>/n06y): cropymu MeXaHiuHOTO
OYMILEHHsS; TEpPBUHHI  BIACTIMHUKM;  AHOKCUIAHMHA  OlopeakTop 3  iIMMOOLTI30BaHUMHU
MIKpOOpraHi3Mamu; aepoOHUN OlopeakTop 3 IMMOOUII30BaHMMH MIKpPOOpraHi3MaMH; BTOpPHHHI
BIJICTIHHUKY; TOOYMIIIEHHS 1 3HE3apaKCHHSI Ha CIIOPYAaX Pa3oM 13 CTIYHUMHU BOJIAMH, SIKI MPOUTILIH
OUHIICHHS Ha criopynax 1 gepru. OumineHi cTiuyHi BOJIU BIIBOASATHCS B 03epo [lnotuyue i gami — B
o3epo Kpumne.

OTxe, po3po0JICHO 1 OCIHIHKEHO TEXHOJOTIl O4YMIIeHHS CTiYHMX Boja 00’ekTiB Illarpkoro
HaI[lOHAJILHOTO MapKy 13 CE30HHOIO HEPIBHOMIPHICTIO BOJIOBIJABEICHHS, B OCHOBY SIKUX IOKJIa/JI€HO
BUKOPUCTaHHS IMMOO1Ti30BaHUX MIKpPOOPraHi3MiB B aHaepOOHUX, AaHOKCUIHUX 1 aepOOHUX yMOBaX.
BripoBamykeHHs TEXHOJIOT1H 103BOIUTH €(DEKTUBHO BUIAIATH 31 CTIYHUX BOJI O10T€HHI CIIOTYKH a30TY

1 hocdhopy 1 MONIMIIUTHA €KOJIOTIYHY CUTYaIlII0 IPUPOTHOTO MAPKY.
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CYYACHI TEHJIEHIII B OYMIIIEHHI BOJU TP BUPOFHUIITBI HAIIOIB
I. 5. Tlouanceka, FO. S. Xaioummn

Hamionanenuit yaiBepcutet «JIbBiBchbKa nomitexnika», M.JIbBiB, Ykpaina

[TinroroBka i 06poOka BOAM Yy BUPOOHHUIITBI HAMOIB € BaXJIMBOIO SK Y TITIEHIYHOMY, TakK i
OpTraHOJENTUYHOMY 3HAUYEHH1, OCKUIBKH € BaXIJINBOIO I (POPMYBaHHS NMPABHILHOTO (O4iKYyBaHOTO)
CMaKy TOTOBOTO HPOAYKTY. TeXHOIOTis OYMINEHHS 3aBXKIHM 3aJeKUTh BiJl OCOOJMBOCTEH CKIIATy
BOJIM, AOCTYIHOI JUIl KOHKPETHOIO MiJNPHUEMCTBA, Ta BUMOI BUPOOHUITBA Hanor. KoxeH Hamii
(HanpwuKiIaa, Ta30BaHI HaIoi, MiHEpaJbHAa BOJAA, (PPYKTOBI COKH, O€3aJIKOTOJIbHI HAIoi, MUBO Ta
ropijika, JDKAH TOIIO) MOTpeOye 1HIMBIMyabHOT OYMCTKH Boau. Hampukiazn, 6arato BUPOOHUKIB
0€3aJKOroJIbHUX HAIoiB HABOAATH AY)Ke TOUHI crenudikamii ckiamy BOIH, MO BUKOPUCTOBYETHCS
11 3a0€3Me4YeHHs] BIATBOPEHHs MPAaBUIBHOIO CMAaKy CBOIiX HAIOIB, IHKOJM TaKl BUMOTH, HaBiTb,
3a3Ha4yaroThCs B MAaTE€HTaX. TaKUM YMHOM, 1I€ 1 BUCYBa€ 3Ha4HI BUMOTH 10 HEOOXIJHOI TEXHOJIOTI1i
OYMILEHHS BOIH.

Metoau 1i€l OYMCTKU 3arajbHOBIIOMI, a TOMY BUPOOHHKH KOHIIEHTPYIOTH BJIACHE yBary Ha
TOMY KM MeTo//MeTo U 1 001aqHaHHA IKUX (ipM Kpallle 3acTOCOBYBaTU. be3 HanexHoro npouecy
¢inbTpanii HebaXkaHi MiHepan Ta 6akTepii MOXKYTh 3MIHUTH CMaK Ta BUTJISAJ HAIOIO, @ TOMY 4Yepes
crieriagbHI afcopOyroUi MaTepiaau BUAAISIOTh He0axaH1 peYOBUHU, TaKl K BaXKK1 METAJIH, MHUIII SIK,
3ai30, MapraHellb, a TaKO0X CIPKOBOJEHb 3 BoAU. KpiM 1bOro, J0CUTH MOUIMPEHOIO €
yabTpadIbTpalis Ha MemOpaHax 3 po3MipoM nop 0,02 MxM, npu skiit 6akTepii 1, HaBiThb, BipycH
YaCTKOBO BHUJANSAIOTHCS. TakUM YMHOM, Il TEXHOJIOTiS OYMIIEHHS BOJM JUIsl HAIOiB CTBOPIOE
e(heKTUBHUN MOYaTKOBUI Oap’ep. YnbTpaduibTpallisi TAKOXK € 1/1€aTbHOI0 MOTEePeaHBOI0 00POOKOI0
JUTSI TIOTAJTBIIIOTO 3BOPOTHOTO OCMOCY (YCTaHOBKH 3BOPOTHOTO OCMOCY JOCHTH €KOHOMIYHO BUTIIHI
i3 KKI no 95%), mo0 3MEHIIMTH TOTeHIHian 3a0pyAHCHHsS, BUKIMKAHUI OpraHivHUMH
BIKJIAJIEHHSIMU.

Jna nesindexuii Boau, 1o Oyne BHUKOPUCTaHA B MPUTOTYBaHHI HAmoiB, HalyacTimie
3aCTOCOBYIOTh JIOKCHA XJopy. OHaK BHKOPHCTAaHHS [EII0 JOPOXKYOTO O30HYBAHHSA YH
orpoMiHeHHs YD Moxe OyTH 10CUTh €(PEeKTUBHUM, HAIPUKJIIa 1, KOJIM MOBA HJie PO MPOJIOHTYBaHHS
BJIACTUBOCTEH OYMIEHOI NHMTHOI BOAM, TOKM BOHAa HE PO3JIUBAETHCA IO IUIAMIKAX 1 He
3aKyTIOPIOETHCSI.

CyvacHuil pUHOK HAaCHYCHHUH OOJIaJIHAHHIM ]ISl BOJOOYHUIIICHHS! HIMEI[LKOTO, KUTalCHKOTO,
KaHaJICbKOTO Ta iH. BUpoOHUUTB. Jlo mpukiany, Ha mianpueMctBax «Coca-Cola» BUKOPUCTOBYIOTh
obmnagHanHs kaHaackKkoi ¢pipmu SUEZ 3 cuctemoro HanoginbTpauii BEV. 3aznaueni cucremu SUEZ
BUKOPHUCTOBYIOTh I'€0JIaH1 PO3TALyBaHHS JPKEPEN BOAOIOCTaYaHHsS 3 METOK BpaxXyBaHHS CKIIAdy

BOJH, 110 IIJISIra€e BOJOOYHIIICHHIO.
74



WATER SUPPLY AND WASTEWATER DISPOSAL

Ha 3aBomax «Carlsberg Group» BHKOPHUCTOBYIOTHCS BOJOOYKMCHI CIIOPYIAH HIMEIBKOI (hipMu
«EnviroChemie» 3 anaepoOHHM 0i0-peakTOpPOM BEPTUKAIHHOTO KOHAMIIOHYBaHHS THUIy ASBX.
[I{oo TexHOJOTIYHUX IHHOBALIN, TO MMBOBapHa ycTaHoBKa B JlaHii, a, BnacHe, 3aBoj y @penepicii
moOyJOBaHUK Ha HOBOMY IMIAXOJI JO OYHUIIEHHS Ta YTWJII3allii TEXHOJOTTYHOI BOAM, €, Cepel
1HIIIOT0, BUKOPUCTOBYETE yIbTpadioseTOBe BUITPOMIHIOBAHHS JIJIs 3HUIICHHS OakTepiit. OqHOYaCHO
6iora3 BUpPOOJIETHCA SIK 3aJTMIIKOBUHA MPOAYKT, KM MOKHA BUKOPHCTOBYBATH Ul BUPOOHMIITBA
SHeprii.

Haromicth, 3HaHMiI BUpOOHHMK WIOTIaHACHKOTO Bicki Glen Moray BHUKOpPHCTOBYE (BILIBTPH
kommanii Fileder, mo mnepenbavaroTe pi3HI BuauM GIIBTPYBaHHS, a Ha 3aKIIOYHIA cTamii —
3aCTOCYBaHHS yabTpauIbTparii.

OpnHak, Ha XKaJib, BAPOOHHUKH HATIOTB HE 3aBXK/IU CXIISIOTHCS 0 BUOOPY SKICHOTO O0JIa THAHHSI.
[Tpuuun icHye 6arato, mpoTe iX MOKHA 3BECTH JI0 ABOX OCHOBHHX, a CAM€ €KOHOMIYHHUX (BapTICTh
o0namHaHHs Ta Horo KBaiidikoBaHe 0OCIYrOBYBaHHs) 1 TOBOJIi MKUPOKI MEKi BUMOT 0 SIKOCT1 BOJU
3TiAHO IIFOYMX CTaHIApTIB.

Ckaximo, 3amateHroBanumu gociimkennsmu (US  Patent Application 20190127239),
MOKAa3aHo, 110 XapaKTePUCTUKHM KaBiTallii MOPOKYIOTh 3MIHHM IIBHIKOCTI, THCKY, TEMIEpaTypH,
XIMIYHOTO CKJaay Ta (I3MUHUX BIACTUBOCTEH piavHU. XapaKTepUCTUKM KaBiTallll TaKOX
3arno6iraloTh OCIIAHHIO 3a0pyHIOBAYIB HA MOBEPXHI QUIBTPYIOUOr0 MOIYJS Ta MOro BUIAJIEHHIO,
3MEHIIYIOTh HABaHTa)XEHHS Ha (UIbTPYIOUl €JeMEHTH Ta 30UIbLIYIOTh TEPMIH CIyXKOU
GUIBTPYIOYOro MOJYJSI, TAKUM YHMHOM, 3HMXKYIOTHCSI €KOHOMIYHI BMJATKM Ha OOCIIyrOBYBaHHS
o0saiHaHHs A7 3a0€3MeUYeHHs IKICHOTO BOJIOOYMIIICHHS.

3rigHo ct.1 3akony Ykpainu «IIpo OCHOBHI IPUHIIUIN Ta BUMOTH JI0 O€3MEYHOCTI Ta SAKOCTI
Xap4YOBUX TMPOIYKTIB» XapUOBUI MPOJYKT BBAXKAETHCS HEMPUAATHUM JO CIIOKUBAHHS JFOJWHOIO,
SKIIO BiH, cepe] 1HIIOTO, HE BiJMOBiAa€ 00OB’SA3KOBUM MiHIMaIbHUM crenudikamism skocTi. [1o
CyTi, OCHOBHUMH CTaHJapTaMH IIIOJI0 SIKOCTI BOJH, SKMMU KEPYIOTHCS NMPH BUPOOHHIITBI HAIOIB €
JNACTY 7525:2014 «Boma mutHa. BuMorm Ta MeTOAM KOHTPOJIOBAHHSA SKOCTI» Ta
JCTY I'OCT 27384:2005 «Boma. Hopmu moXuOKM BHMIpIOBaHb TIOKa3HHKIB CKJamy 1
BiactuBoctei». IlpobGnema skocTi Ta O€3MEYHOCTI XapyOBUX MPOAYKTIB, 30KpeMa BOJH, €
0e3nepeyHo OHIEI0 13 HAMTOJMOBHINIUX JUIS CIIOKHMBAYiB, a TOMY caMe SIKICTb CUPOBHUHHU (opMye
SIKICTh KIHIIEBOTO TIPOJIYKTY.

SIKI10 po3risAaTH 3HaYeHHsI BOJOOUMILEHHS MPU BUPOOHUITBI HAIMOIB (SIK O€3aJIKOTOJIbHUX,
TaK 1 aJKOTOJIEBMICHHMX), TO SKICHI XapaKTEpPUCTHKH BOIU (OPMYIOTH CMAaKOBI BJIACTHUBOCTI
KIHLIEBOT'O MPOAYKTY, TOOTO HOTro SIKiCTh, a, OTXKe, MOMYJISPHICTh Cepe/l CII0KUBAYiB, MOKIMBICTD

MIBUJIKOI peai3alii 1 OTpuMaHHs BUPOOHHKOM OUYIKYyBaHUX MPUOYTKIB.
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PURIFICATION OF DRINKING WATER FROM Cu (1) 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 (1I1) on modified sorbents: x - zeolite adsorption of Cu (I1) on modified sorbents: x
modified HzPO4; ¢ - zeolite modified with - zeolite modified HsPO4; ¢ - 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 (Il) and Cr

(111) ions from wastewater was confirmed.
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HIJISIXW EKOHOMII BOJIU Y ) KUTJOBUX BYJIMHKAX
B. IIporyabuuii, I. I'payos

Opnecpka gepkaBHa akazneMis OyniBHUITBA Ta apXiTekrypu, Oneca, Ykpaina

Haii6inpin nomupeHi crnocoOu eKoHOMIi BOJIH:

1. O6aix Boam. [Ipu npomy 00JiK MOBUHEH OyTH MOKBAPTUPHUN, OCKUIBKH CaMeé B IIbOMY
BUMNAJIKy MOYMHAIOTH IMPALIOBATH TCUXOJIOTIYHI YMHHUKU. SIKIIO K Takoro OOJIKy HEMae, TO
BOJIOCTIO’KMBAHHS Pi3K0 3pocTae. He naroTh moTpiOHMA eeKT TUMIbHUKH BOJIH TUTBKH HAa BBOJAX Y
OyIUHKH.

B Oneci, micias MacoBOTro BCTAHOBJICHHSI KBAPTUPHUX JITYMIIBHUKIB BOJIU, TI0J]a4a BOJIA B MICTO
3a 10 pokiB 3MenmmIacs Ha 35-45%.

2. IMinBumenHs Tapugis Ha Boay. Lle HaiimMeHI nomynsipHa, ane ayxe Ji€eBa Mipa, CyIsS4d 3
JOCBily €BpOMNENHCHKUX KpaiH.

3. 3uM:KeHHsI HAMOPiB B Mepexi. Y 0araronoBepXxoBHX OYAMHKAx 1€ 0COOJIMBO Ba)KIIUBO.
Tak, B 1ecATUIIOBEPXOBOMY OyIUHKY PI3HHUIISA THUCKIB Y BEPXHIX 1 HWKHIX OBEPXaxX CTAHOBHUTH 35-
40M. Buxiz 31 cTaHOBHIIA — BCTAHOBJIEHHS IIOBEPXOBUX PEryiATOpiB Hanopy. [loTpiGHe npu npomy
Jesike 30UTBIIEHHS BapTOCTI KOMIIEHCYEThCS IIOMITHUM 3HMKEHHSIM BOJOCHOXMBaHHA. Tak,
3HIKEHHs Haropy Ha 10 M 3a0e3neuye ekoHOMirO Boau Ha 5-8%.

[TopiBHAHO HOBUM, aji¢ JOCUTh €()EKTUBHUM CIIOCOOOM €KOHOMIi BOJIM € TOBTOpHE il
BUKOPUCTAaHHSA B )KUTJIOBUX OyauHkax. CrpaBa B TOMY, 1110 3HA4YHA YaCTHHA BOJOCHOXKHBAaHHS — 11€
3MuBHI 6a4ku (10 40% 3arajbHOI BUTPATH), VISl IKUX HE MOTPiOHA Jopora nuTHa Boaa. TyT MOXYTh
OyTH BUKOpPHCTaHI, TaK 3BaHI, «CIp1» CTOKU — 1I€ HE AyKe 3a0py/HEeHa BoJa MICisl YMUBAIbHUKIB,
IyuriB (BaHH).

Cxema KOMyHIKalliif mpu 000pOTHOMY BOZOIIOCTauYaHH1 puBeieHa Ha puc. 1. [Ipu 3BopoTHOMY

BOJIOTNIOCTaYaHH1 3HAA00IATHCS JOJATKOBI Mepexki (ITyHKTUD Ha pHC. 1):

BO1

Pucynokl — Cxema Mepex B KBapTHUPi IPH 0O0OPOTHOMY
BOJIOTIOCTaYaHHI
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1. 36ip «cipux» cTOKiB Bif ymMuBaibHHKIB 1 BaHH (KO01).

2. Ilopava ounreHoi Boau B 3MuBHI 60auku (BO1).

Kpim Toro, motpiOHO momaTkoBe oOJanHAHHS — yCTaHOBKA ouumieHHs cTiyHuX Boj KOl
(puc.2). Croku 3 cucremun KOl morpeOyroTh OYMINEHHS BiJ] BEJIMKOi CycmHeH3ii, Bojoccs 1
CHHTETHUYHUX MOBEpXHEBO-akTUBHUX peuoBHH (CIIAP), ockiibku BOHM MOXYTh 3a0MBAaTH OTBOPHU
MaJIOTo JiamMeTpy B 3MHBHUX Oaukax, a CIIAP — naBatu BifkiaJgeHHS Ha MOBEPXHI yHiTa3iB abo B

TpyOax. Boxy B cuctemi BO1 motpibno moctiliHo ab60 mepioJuuHo 3He3apaKyBaTH.

7 [

Pucynok 2 — TexHOJIOTIYHA CXeMa YCTAHOBKU OUYMIICHHS
00opoTHOT Bou: 1 — cityacTuii GpineTp (yIoBIroBayi
BoJIOCCH), 2, 4 — 6aKU-HAKOMMUYYBayl CTIYHOT 1 OYUIIIEHOT
BOJHU, 3 — copOuiitHmiA GiabTp, a00 yapTpadiIbTpaiiHuii
MOJyJib, 5 — OJIOK 3HE3apaKEeHHH.

[Iparroe ycranoBka B Takuid croci6: criyHa Bojaa 13 cuctemu KO1, mpoitmoBmu cityacTuit
¢binpTp (ynmoBmroBaui Bosioccs) 1, HagXoauTh B Oak-HAKOMUYyBad CTIYHOT BOAM 2, TMOTIM
nepekadyeTbes B copOLiiHuil GpinbTp 3, a 3BiATH — B OaK-HAKONMMYYBay OUUIIEHOI BOAU 4.

[ToTimM Boa B Mipy HEOOX1IHOCTI IiepekauyeTbes B cuctemy BO1, 110 kMBUTH 3MUBHI OauyKy.
[lepioguuHo cuctema ouuiieHHs 1 Mmepexa BO1 3He3apakyroThcs. Y CcTaHOBKa aBTOMaTU30BaHa, 1110
JI03BOJISIE 11 MpalroBaTh 6€3 MOCTIHHOTO 00CIYrOBYIOYOI0 IIEPCOHAITY.

JUist OLIIHKM TE€XHIKO-€KOHOMIYHO JTOLIJILHOCTI MPOEKTY OyB BUKOHAHUHN PO3PaXyHOK A 4-X
ceKiiHOro 9-Tu moBepxoBoro O0yauHKy 3 144 kBapTupamu B M. HOpHOMOPCHKY, SIKHI MOKa3aB, 1110
IiaTa MENIKaHIB 3a Boay 3MeHIIyeThest Ha 30-40%, a TepMiH OKYIHOCTI HE MEPEBUILYE 2 POKIB.
ExonomiuHa edeKkTuBHICTH cucTeMu Oyne B MailOyTHbOMY 3pOCTaTH, yepe3 MOCTiiiHe 3pOCTaHHs
Tapu(iB Ha BOIY.

Takum uymHOM, OOOpPOTHE BOJOMOCTAYaHHS >KUTIOBUX OYIWHKIB €KOHOMIYHO JOIIUTHHE.
BnpoBamxenHss 000pOTHOTO BOJIONOCTaYaHHS Ja€ 1 1HINI TO3WTHUBHI PE3yJbTaTU: 3 TOYKH 30PYy
€KOJIOT1T — CKOPOUY€EThCs 3a01p BOAM 3 JKEpena 1 3SMEHUIYEThCS CKMIAHHS CTIYHUX BOJI Yy BOAONMY;
3HWXKYEThCS BapTICTh BOJ03a0ipHUX, OYMCHUX CIIOPY]l 1 CUCTEM TOJadi i po3MOoaiTy BOJIHU, @ TAKOXK

iX eKkcruryaTarlii, 3MEHIIYEThCSl HABAHTAKEHHS HAa KaHaTi3alliliHI Ta BOJOMPOBIIHI MEPEXKi.
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YABYHHI TPYBU BUIIT Y BE3TPAHIIEHHOMY BYJIIBHUIITBI
BOJOMPOBITHNUX TA KAHAJIIBAIIIMHUX MEPEX
O. CupoBarcbknii, B. Copokina, O. IcakieBa, O. I'aiiny4yok

XapKiBChKHUI HAIlIOHAIBHUI YHIBEpCUTET OYy/IIBHHUIITBA Ta apXiTEKTypH, XapKiB, YKpaiHa

He 3Bakaroun Ha Te, 10 BITYM3HSIHUNA PUHOK BCE OLIbIIE 3aMIOBHIOIOTH TPYOH 3 MOJIMEPHUX
MarepialiB, YaByHHI TpyOM 3aJIMIIAIOTBCA BEJIbMHU 3aTpeOyBaHMMU. YaByHHI TpyOM HOBOTO
MOKOJIiHHS BUTOTOBJIEH] 3 BUCOKOMIIIHOTO YaBYHY 3 Ky/scTiM rpaditom (BUILI) (puc.1). Ix Bucoki
MEXaHIYHI BJIACTUBOCTI OJIM3BKI JIO CTail, ajie JEHIeBINe, 1 MEPEeBHINYIOTh iX 3a JOBTOBIYHICTIO
(tepmin cimyx6u 80-100 pokiB). Tpyom 3 BUILII BHKOPHCTOBYIOTH SK MiJ THCKOM, TaK 1 y
6e3namnipaux Tpydomnposoaax. YaBynni Tpyou BUILII MaroTh BUCOKY MIIHICTh, BUCOKY KOPO3iiHY
CTiliKicTh. B TOM e yac 1i TpyOH MIacTH4HI, CTiiKI 4O yJapHUX HaBaHTa)KeHb. MIIHICTIO HA TUCK 1
BuriH Tpyou BUILI mepeBuiyroTh cTanei, He KaXy4H BxKe MO MOJIMEpHi TpyOu, ToMy TpyOu 3
BUILI" mMoxHa MpOKJIaiaTH il aBTOTpacaMH, B CEHCMO30HaX, B OOJOTHCTUX, TIOPUCTHX Ta 1HIINX
HecTabinpHUX TpyHTax. Tpyom BUILT crifiki 10 mepemasiB Temmepatyp Ta BOJOTOCTi. IX MoXHa
MPOKIIAZATH MPH BCIX KJIIMAaTUYHUX yMOBax. YaByHHI TpyOHM €KOJOTiYHO Oe3MeyHi, He BUIUISIOTh
HIKIJTUBUX peye, MOMIKOIKEHI TPyOH MOBHICTIO YTHIII3YIOThCS. UaByHHI TpyOH MOXKEKECTIMKI 1
IpU MOXEXK]I HE BUAUIAIOTH TOKCMYHMX peuoBHH. Lli TpyOm Oe3mrymHI B eKcIulyaraiii, Tomy ix

BUKOPHUCTOBYIOTh MpPH MPOKJIa/Ll YBOJIB Ta BHUIIYCKIB MpH OYAIBHHUITBI BY3bKOCHEI[IaNi30BaHUX

00’€KTiB, CY4aCHUX MHUTJIOBHUX KOMIUIEKCIB, 30BHIIIHIX Mepex. ['nuOuHa mpokianaHHs Tpyo 3

BYIII' 8 - 10 m.

YUWILTbHIOIOUE KITbUe UCMEeHMHO-NIUAHE NOKPUMMSL

mpy6a 3 BYIIT" YuHKo8e nokpumms.  JlaKoee noxkpummsi

Pucynok 1 — YaBynui Tpyou BUILIT
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st 6e3TpanmieliHoi mpokiaaku 4aByHHHX TpyOo BUIIID pexomeHayeThbCsl 3aCTOCOBYBATH
METO/I TOpH30HTaIbHO-HanpaBneHoro Oypinus (I'HB).

Bukopucranns tpyo BULLI mpu 11iif TexHo0Tii MOXKke OyTH 3aCTOCOBaHE SIK 1715 OyIiBHUIITBA
HOBHUX TaK 1 JJIs 3aMiHH BXe iCHyrouux Tpyobompoomi. [Ipoxmanka tpy6 BUILIT metomom I'HB
BUKOHYEThCS ABOMA CIIOCOOAMMU:

- IOCIIIZIOBHOTO HApOIIYBAaHHS CEKLIA TpyOOmpoBOoay (SIKIIO CTHCII YMOBH OyJiBEIBHOTO
MalJaHYuKY);
- IOBHOT MOIEepPeHBOT 300pKH CEKIIIi TPyOOIIPOBOTY 3a BCIE€IO IOBKUHOIO.

st mpokaakyu BUKOPUCTOBYIOTh Tpyom BUIIID 3 Hu3bkOmpodiasHUMU po3Tpydamu abo
0e3po3TpyOHi Ha ranx. L{i TpyOu noBuHHI 3a0e31euyBaTi Mati 3yCHIUIS TPOTATYBAHHS, a TAKOXK
3aBISKM CIICLIAIBHUM 3aMKOBHM 3’€JJHAHHSM IIOBHHHI TapaHTyBaTH HEPO3 €EMHICTh CTHKIB
TpyOOIpPOBOY.

JlouinpHO 3acTOCOBYBaTHM TpyOW 3apyOKHOTO BHUPOOHUIITBA, J€ BHKOPUCTOBYETHCS
cremiabHui MeTo (ikcallii, TKui T03BOJIsIE 3a0€3MEYUTH HEPO3 EMHICTh CTUKIB i JIEF0 OCHOBOTO
HaBaHTAXXyBaHHS NPU MPOTIATYBaHHI KaHYyKa TpyOu. OJMH 3 peKOMEHIOBAHUX THIIIB 3 €HAHB IS
texHonorii 'Hb — e PJ- 3‘eqnanns ans tpy6 aiamerpom Big 80 1o 500 mMm. 3‘eqnanns PJ 3abe3neuye
HEpO3’€MHICTh TPYO NpHM MpPOKJIaIUi iX B CKJIAAHOMY penbedi, B MaropucTid MiCLEBOCTI, MpHU
yIapHUX HABAaHTAKEHHSX Ta Y BEPTUKAIbHOMY MojoXeHHI. TpyOu po3TpyOHi mix 3’enHaHHsM PJ
KOMIUIEKTYIOTBCSl  YIIUTBHIOBAIbHUMHA TYMOBHMH KUTBISIMH Ta CTOHOpaMH. PexkoMmeHJoBaHa
JIOBXKMHA KaHUYKY, SIKa IPOTATY€EThCS 3a OAUH Npoxij He Oibie 300 OroHHUX METpiB.

3‘ennanns PJS - ne ctukoBe po3TpyOHO-3aMKOBE Mij YIIUIbHIOBAJIBHI KUIBI TUITY «tytony» Ta
CTOIOpaMH, SIKI (IKCYIOTbCS METaleBOI0 CMYXKKoio. lle 3°€aHaHHS BHKOPUCTOBYIOTH IpPHU
yJamTyBaHHl TpyOompoBojiB Benukux niamerpiB Big 600 mo 1000 mm. [lpu 3‘eananni PJS
3a0e31euyeThCs KUIbLIEBUH 3aMOK 32 BCI€IO MIOBEPXHEIO PO3TPYOy.

3rigHo MikHapoAHoro crtangapty ISO 2531 Ta B 3aleXHOCTI BiJg 30BHIIIHIX YMOB
excrutyartariii, TpyoonpoBogu 3 BUIIIT MOXyTh BHKOPHUCTOBYBAaTHCh 3 3aXHCHUM 30BHIIIHIM
MOKPUTTSAM 3 METAJEeBOr0 ILHMHKY, IMOJIypeTaHy, HOJIMEpPHOi CTPIuKH, OITYMHHUM MOKPHUTTAM,
€MOKCUIHOIO CMOJIO0. 30BHIIITHE MIOKPUTTS PO3MOBCIOKY€ETHCS Ha (PaCOHHI YACTUHU, a Ha TP KiHIII
TpyO MOBUHHI OyTH MOKPUTI EMOKCHAHMMHU MartepiajamMu. BHyTpilIHE TOKPUTTS BHUKOHYIOThH
LIEMEHTHO-TIIIaHUM, TOJ1ypeTaHOBUM, eMainboBaHUM. Cy4yacHi TpyOM 3 BHUCOKOMIIIHOTO YaBYHY
BUIIT" BiamoBimaroTh cydacHUM BuMoraM. He 3Bakaroum Ha JIeKUIbKa BHCOKY IIHY 1 Bary, BOHH
BJIAJIO JOMOBHIOIOTH TPYOU 3 MOJIIMEPHUX MaTepiajiB B TEXHOJIOTIT Oe3TpaHIIeHOro Oy/1iBHULITBA, a
B JICIKUX BUNAJKax € Oe3aJbTepHATUBHUM DIMICHHSIM OyIiBHUITBA MEPEX BOJOMOCTAYaHHS Ta

BOJIOBIABEICHHS.
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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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PET'YJIIOBAHHS 1OIIOBOI'O CTOKY HA MICBKUX TEPUTOPIAX I3
3ACTOCYBAHHSIM IHOLIbTPAIIIMHUX BACEHHIB
O. A. Tkauyk, 4. B. fIpyra

HanionansHuii yHIBEpCUTET BOJHOTO FOCIIOAAPCTBA Ta IPUPOAOKOPHUCTYBaHHS, PiBHe, Ykpaina

B ocranHi ACCATHIITTS TOYACTIIIATM BUMAAKW IMITOIUICHHS Ta 3aTOIUICHHS MIiCHKHX
TEPUTOPiH, a TaKOXK 3a0pPYIHEHHS MMOBEPXHEBUMH CTOKAMHU TEPUTOPIM Ta BOAHUX 00’€KkTiB. Tomy
peryJroBaHHS JOIIOBUX CTOKIB HAa TEPUTOPii OYAb-SKOTO HACEJICHOI0 MYHKTY CTa€ BCE OLIBII
aKTyalbHUM. BpaxoByioun IHTEHCHMBHY 3a0yJ0BYy MICBKMX TEPHUTOpPiH, 3HOIIEHICTh Ta
HEIOCKOHAIICTh CUCTEM IIOBEPXHEBOTO BOAOBIABEICHHS, OLIBIIICTD 3 IKMX B YKPATHCHKUX MICTax —
3arajibHOCIUIaBHI, HAHOIIBII JOUTBHUM METOZIOM PETYJIIOBAaHHS TIOBEPXHEBOTO CTOKY € THMYAacoBa
3aTpUMKa JIOIIOBUX BOJ y MICHSAX iX BHUNAAiHHS 1HQUIbTpamiiiHuMu OaceiHaMu 3 MOCTYIOBUM
BiJIBEJICHHSM LIUX BOJ Yepe3 iICHYIYl KOJIEKTOPH MaIHX JllaMeTpiB a00 BUKOPUCTAHHS 3aTPHUMaHHUX
BOJI JIJIsI TOCTIOJAPCHKUX IT1ICH.

Takuii MeTOJ| peryitoBaHHS MOBEPXHEBOTO CTOKY HE TIJIbKM 3amo0irae miATOIUICHHIO Ta
3aTOIUICHHIO MICBKMX TEPHUTOPIN y MOHMKEHUX IUISHKAX IXHIX TEPUTOpPild, 3MEHIIYIOYH MiKOBI
HABAaHTA)XCHHS Ha BOJOBIABIAHI KOJEKTOpHW, ane il 3abe3meuye 3aTpuMaHHS 3a0pyAHEHb MpPH
G1IbTpyBaHHI JOIIOBUX BOJ Yepe3 BEPXHI POCIMHHI HIapu 1HQUIbTpalniiiHux OaceliHiB. Lle y cBoro
4yepry 3Ha4HO 3MEHIIye 3a0pyJHEHHs K MICBKMX TEpUTOpid, Tak 1 BOJHUX OO’€KTIB, y SKIi
MOCTYMAIOTh 111 BOAH.

[ndinprpamiiinuit  Oaceitn  (puc. 1) mpexacraBnse co0ow MiA3eMHUI pe3epByap 13
BOJIOHETIPOHUKHUMH CTIHKaMH, 3aTIOBHEHUI MOPUCTAM 3aBAaHTAXCHHSM JIJISI aKyMYJIFOBaHHS BOJIH.
VY BepxHI 4YacTuHI OaceliHy 3HaXOAMTHCS IPYHTOBHMM IIap 13 POCIMHHUM IOKPUTTAM, SIKUN
3a0e3neyye IMONEpeIHE OYMIIEHHS IOBEPXHEBOIO CTOKY. 3aBIsKH CaMOpEreHepaTMBHUM
BIIACTHBOCTSIM, IIPH BiIMOBIAHOMY MiA00P1 BUIB POCIWH, TAaKe TIOKPUTTS 3/1aTHE BiIHOBIIOBATH CBOi
BOJIOIIOTJIMHANIbHI BIACTUBOCTI Y MIKJIOIIOBU Mepiosl. Y HMKHIM yacTHHI OaceliHy BIAIITOBYIOTh
IpeHaXHy CUCTEeMY JUTst 300py 1 BiIBEICHHS 3aTpUMaHOi BOW. BoHa MOXe MOCTYIaTH y KOJIEKTOPH
ICHYI0YOi CCTEMH BOJIOBIIBEICHHS, Y KOJIO/A31 AJIst po300py Ha TOCHOAApChKi Ll a00 y ApeHakH1
TpaHIlei Mpu HU3bKUX PIBHSAX TPYHTOBUX BOJI.

[HdinbTpaniiini GaceiiHM MOXYTh MpALIOBATH SK y 3aTOIJIEHOMY, Tak 1 HE3aTOIMJICHOMY
pexumax. IIpoBeneHi MOCTIKEHHS TMOKa3ajiu, 110 3aTOIUICHHS IMOBEPXHI OaceilHiB 3 THUIIOBUM
POCIIMHHUM IIapOM [TOYUHAETHCS MIPU IHTEHCUBHOCTI JIOIIOBOTO CTOKY MOHA 9 MM/XB, III0 M€ MicIie
IpU TPUBATUX CUJIBHMUX JAOIIAX Ta MPU BEIMKHX IUIOIIAX BOM0300py mepen iHQIIbTpauiiHuMU
OaceitHamMu. Y 3aTOILUIEHOMY PEKHUMI ITPOCTIP HAJl POCIIMHHUM ITOKPUTTSIM CTa€ TOTATKOBOIO EMKICTIO

AJIL TAMYAaCOBOT'O aKyMYJIFOBAHHS BOOU.
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) 0)

Pucynok 1 — Cxema (@) Ta pocinuHHe NOKpUTTS (6) iH(LIbTpaLiifHOro 6aceiiny

1 — BOIOHETIPOHUKHI CTIHKH; 2 — ApeHaX; 3 — aKyMYJIIOIOUUH map 3aBaHTaKEHHS,

4 — gecyuwmii map; 5 — MiMIaHUK 1Iap; 6 — FT€OTEKCTHIIb; 7 — IPYHTOBO-POCIUHHUI mIap.

KinpkicTh Ta po3Mipu iHUIBTpaliiiHUX OaceiHiB 3aiexaTh BiJ 00’€MiIB JOIIOBUX BOJ, ILO
HiJIATal0Th 3aTPUMaHHIO, YMOB (JOPMYBaHHS CTOKY Ha TEPUTOpisSX 3a0yIOBH 3 NMEBHUM THUIIOM
MMOKPUTTIB, TIOPUCTICTIO aKyMYJIOBAJILHUX MIAPIiB 3aBaHTAKCHHS, a TaKOXX BEIHYUH JPCHAKHUX
BUTPAT BOJH, SKI MOB’sI3aH1 13 BOJONOIIMHAIBHUMH BJIACTUBOCTSAMHU HOKPUTTIB 1HQUIBTpaLIHHUX
OaceiiHIB Ta TEXHIYHMMM T[apaMeTpaMH IXHIX JpeHaXHUX cucteM. llpum MiAKIIOYEHH]
iHITBTpaiiHUX O0acelHIB 10 KOJIEKTOPIB JOMOBOTO BOJOBIIBEICHHS BKJIMBE 3HAYCHHS MAlOTh
TIIMOWHM X 3aKJIaJaHHS, K OOMEXYIOTh BUCOTH aKyMYJTIOBAJILHUX MIapiB OaceifHiB.

[Toka3HUKM TOTJIMHAHHSA BOAM TOKPUTTAMH (POCIMHHUMH IIapamMH) 1HQUIbTpaLiiHUX
OaceiiHiB 3MIHIOEThCS y TPOIECi eKcITyaTamii, 1m0 00yMOBJIEHO KOJbMATalll€l0 BEPXHIX LIapiB
3a0pyIHEHHIMH TIOBEPXHEBOTO CTOKY. OJIHAK, 3aBISIKU TPUPOTHUM ITPOIIECaM POCIUH BiTOYBaEThCS
pereHepariisi X mapisB 3 BiTHOBICHHAM TXHiX BOJOMOTIMHAIBHUX 1 QIIBTPYBAIBHUX BIACTUBOCTEH.
JloctipKeHHIMHU POOOTH MMOKPHUTTIB 3 TUIIOBUM POCIMHHUM IIIAPOM Ha MPOITYCK 3a0pyTHEHOTO CTOKY
MiJ] 9ac JOIIiB TpUBAICTIO 25-40 XB BCTAHOBIEHO, IO iXHI Koe]imieHTH (PiITbTpallii 3MEHITYIOThCS
y 1,5-3 pasm, ane uepe3 6-7 110 MIXKIOITIOBOTO MEPIOAY BiIOYBAETHCS MPAKTUYHO IMOBHE BiTHOBJICHHS
ix (iTbTpaIifHOl Ta BOAOMOTIMHAIBLHOI 3/TATHOCTI.

ExcniepuMeHTanbHO BCTaHOBIIEHO, 11O 32 OCHOBHUMH IOKa3HUKaMHU 3a0pyJHEHHs (3aBUCII
peuoBuHH, HadronponaykTtu, BCKs) BinOyBaeThcsi OUMIIEHHS MOBEPXHEBOI'O CTOKY 4Yepe3 ILapu
3aBaHTaXEHHs 1H(IIBTpaIiiHOTO OaceiiHy, a OCHOBHE 3a0pyTHEHHS 3aTPUMYETHCS y BEPXHbOMY
mapi. 3a KuTbKicTIO 3aBuciux pedoBuH, bCK, okucHioBaHicTiO, pH Ta pO3UMHEHHM KUCHEM SIKICTh
JIOIIOBOTO CTOKY IpH (DiIbTpyBaHHI BOJ 4epe3 POCIUHHI IIapu 3MEHIIYETHCS A0 HOPMATUBHUX
BenmunH. OHaK, XiMiuHe 3a0pyIHEHHS OIIOBOTO CTOKY (XIMIYHMMHU JOOPHBAaMH, IIPOMHUCIOBUMHU

BHKHJIAMH TOIIIO) MOTPEOY€E TOAATKOBOTO OUUIIEHHS, 5K 1 B TPAIUIIIHHAX METOIaX BOJIOBIIBEICHHS.
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DETERMINATION OF HEAVY METAL CONCENTRATIONS
IN SEWAGE SLUDGE-SEAWEED COMPOST
G. Dede?, C. Dede!, O.H. Dede?, H. Ozer!
1Sakarya 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 kgt) 145 216
Cu (mg kg) 82 127
Ni (mg kg) 32 87
Pb (mg kg?) 16 67
Zn (mg kgt) 439 694
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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 ko) 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

Ss1

s2 s3

sS4 S5

Figure 1 — Sewage sludge + seaweed combinations in laboratory studies
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Figure 2 — CO, amounts measured in Figure 4 — Heavy metal

Figure 3 — O, amounts measured in
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 S1 S2 S3 S4 S5
Cd (mg kg?) 0,52 0,60 0,56 0,86 0,66
Cr (mg kg™) 146,70 142,40 145,50 206,90 175,40
Cu (mg kg?) 84,78 82,14 84,43 117,60 96,22
Ni (mg kg™?) 34,38 37,86 40,73 56,69 51,91
Pb (mg kg™t) 17,64 17,90 19,37 25,85 39,98
Zn (mg kg™ 449,10 448,70 458,40 678,30 558,80
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TEXHOJIOI'TA IIOBTOPHOI'O 3ACTOCYBAHHS BOAU Y ) KUTJIOBUX BYJUHKAX
O. CupoBarcbknii, A. TiTtos, O. I'aiiny4ok, C. Beprunopox

XapKiBChKUH HALlIOHAJBHUN YHIBEPCUTET OyIIBHUIITBA Ta apXITEKTYpH, XapKiB, YKpaina

CporonHi B YKpaiHi nocrae npodiaema 3a00py BOAM 3 HOBEPXHEBUX JLKEPEN AJIs FOCIOJapChKO-
MUTHOTO BojonocTayanHs. [1oB’s13aHe 11e 3 HeHAJIS)KHUM, a 1HO/I IPyOUM MOPYIIEHHSIM HOPM IIOA0
BUKOPUCTaHHS BOJHHUX PECYPCIB K Ha MIANPUEMCTBAX (IESKI MiIPUEMCTBA CKUIAIOTh HEIOCTaTHBO
OUHIeHI a00 30BCIM HEOYMINIECHI CTiYHI BOJM y BOJAOWMHM), TaK 1 NMpUBATHOMY ceKTopi. Tomy
OUTBIIIICTh TIOBEPXHEBHX BOJ YKpaiHI BBaKAIOTHCA JOCTATHHO 3a0pyJHEHMMH 1 COOIBapTICTh
OYMILEHHS TaKoi BOJM JO MUTHOI SKOCTI KOXKHOTO POKY CYTT€BO 3pocTae. [y Toro mod KoKeH
MEMIKaHEeIb OKPEMO Mir OiTbIT JOalIMBIIIe BUKOPUCTOBYBATH BOJY, B CYJaCHIH JTiTepaTypi OMrcana
3Ha4YHa KUIbKICTh BapiaHTIB 3HUKEHHS BUTPAT rOCIOIapPChKO-TIMTHOI BOJIN.

Ha namy aymKy, O/HI€IO 3 MEPCHEKTUBHUX 17ied palioHaJbHOIO BUKOPUCTAHHS BOJAU B
KHUTIOBUX OyIMHKAX — € TOBTOPHE BUKOPHCTAHHS YMOBHO YHCTUX CTIYHUX BOJ MIiCIs 1X OYHMIIICHHS.
JliteparypHuii aHasi3 3aKOPIOHHMX JIKEPE TOKa3aB, M0 ChOTO/IHI TOOYTOBI CTiUHI BOIU MOAUISIOTH
Ha JBi rpymu: «4opHi Boam» («black water») — 1e CTidHi BOAM B SIKMX MICTATBHCS MEPEBAKHO
OprasiuHi 3a0py/HEHHS 1 BOHH HE MOXYTh OyTH BUKOPHCTAaHHI MOBTOPHO Ta «cCipi BoIu» («grey
water» abo yMOBHO YMCTI BOJH) — 1€ CTIYHI BOJAM, K1 BIIBOASTHCS Bl MPAJbHUX MAaIllMH, PAKOBUH
y BaHHIM KIMHaT1, AyIly, BAaHH Ta MOCYIOMHUHHUX MalllMH 1 MOXKYTh MICTUTH MUJIO, MUIOY1 PEYOBUHHU
Ta HEBEJIMKY KUJIbKICTh Olompernaparis.

Hocmimkenns Water Resources Research Center mokasanu, 1o Ha «Cipy BOIy» MPHITIA€e 10
65% crio>xuBaHHS BCi€i BOIU B OyIUHKY.

TexHo0risi TOBTOPHOTO BUKOPUCTAHHS «CipOi BOJINY MOJISITA€ B HACTYITHOMY: CTidHA BOJIA, SIKA
BIJIBOJIUTHCS BiJ/l CAaHITApHUX MpUIIaliB (y TOMY YHMCH1 BiJ MPAJIbHUX Ta MOCYIOMUHHUX MaIIUH, OKPIM
yHITa3y), 30upaeTbcs B pesepByap. PesepByap po3paxoByeTbcss Ha 24-TOAWHHE 30MpaHHS BOJH.
[Ticas uporo criyHa BOJAW MOTpAIUIs€ Ha JIOKAIbHI OYMCHI cOpyAH. B sIKOCTI o4uMCHUX cHOpYZ
BUKOPHUCTOBYIOTh BIACTIHHUKHN a00 QiabTpu rpy6oi ounctku. OTpuMaHy OUYHIIEHY BOJY HacocaMu
noJatoTh abo Ge3nocepeIHbO B 3MUBHI Oauku yHiTa3iB, a00 B pe3epByap 1 MOTIM BUKOPUCTOBYIOTh
JUIs TIOJIMBY 3€JIEHUX HACaPKEHb.

TakuM YWHOM, TTOBTOPHE BHKOPHCTAHHS «Cipoi BOAM» B JKUTIOBHX OyTWHKAX TOCTATHHO
CYTTEBO 3MEHIINTH 3arajlbHe BOJOCIIOKWBAHHS, IO OUTBIN IMO3WTHBHO BIUIMHE HAa HaBKOJIMIITHE

CCPCAOBUIIIC 1 JAO3BOJINTH 3MCHIIWUTU BUTPATHU HA CIUIATY KOMYHAJIbHUX TTOCIIYT.
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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, Charkow, Ukraina

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

Uwalnianie znaczacych chemikaliow do srodowiska jest spowodowane przemystowa, rolnicza
dziatalnos$cia cztowieka, wptywem sektora mieszkaniowego i uslug komunalnych. Negatywny
wplyw maja réwniez sytuacje awaryjne, takie jak pozary. Negatywny wplyw na s$rodowisko
wywiera zardwno bezposrednie oddziatywanie ognia, jak 1 przedostawanie si¢ do biosfery
produktéw spalania i Srodkéw gasniczych. Dotyczy to zwigzkow takich jak piana gasnicza, proszki
gasnicze i tym podobne. W zwigzku z tym lista obcych sktadnikéw dostajacych si¢ do srodowiska
zwigksza si¢ podczas gaszenia pozardw, a zanieczyszczenie sSrodowiska, zwlaszcza wody 1 gleby,
wzrasta.

Waznym czynnikiem zmniejszajacym zanieczyszczenie wody jest zapobieganie ich wnikaniu.
Zawieraja one niebezpieczne substancje. Rozwazajac pozary, stosowanie srodkow zmniejszajacych
palnos¢ jest czynnikiem, ktoéry zmniejsza mozliwos¢ ich wystgpienia, a w konsekwencji uwolnienia
dodatkowych zanieczyszczen do zbiornikow wodnych. Mianowicie, tlumienie spalania
przedmiotow specjalng powloka zmniejsza ilo$¢ zanieczyszczen, ktore mogg dosta¢ si¢ do
zbiornikow wodnych podczas pozaru. W rezultacie sSwiadome stosowanie gasnic 1 uniepalniaczy,
uwzgledniajace ich zrozumienie ich natury i zachowania w plomieniach, jest waznym elementem
zarzadzania jakoscig poszczegolnych zbiornikow wodnych 1 sSrodowiska jako catosci. Celem pracy
jest zbadanie ekologicznych wlasciwosci uniepalniaczy i srodkdw gasniczych (pianek do gaszenia)
jako czynnikéw wplywajacych na stan wod powierzchniowych i gruntowych. Srodki zmniejszajace
palno$¢ obejmuja tylko $rodki impregnujace, ale nie powtoki ognioodporne — lakiery, farby, glinki,
kompozycje peczniejace. Srodki zmniejszajace palno$é sa rowniez stosowane do obrobki drewna
jako materialu budowlanego. Srodki zmniejszajace palno$é w niektérych przypadkach pehnia
rowniez funkcje $rodkéw antyseptycznych. Srodki gasnicze, jakimi sa piany, znajduja szerokie
zastosowanie w gaszeniach réznego rodzaju zwiazkow organicznych (olej, drewno itp.). Srodki
zmniejszajace palnos¢ hamuja spalanie lub thumig ten proces poprzez chemiczne, fizyczne dziatanie
w fazie gazowej 1 skondensowanej. Tradycyjne $rodki zmniejszajace palnosé, takie jak zwigzki
halogenoorganiczne, zwigzki fosforoorganiczne lub dodatki zawierajace metale cigzkie maja szereg
negatywnych wlasciwosci: temperatura deformacji po podgrzaniu itp. Za bardziej przyjazne dla
srodowiska $rodki zmniejszajace palno$¢ mozna uzna¢ nanokompozyty polimerowe na bazie

nanorurek weglowych, niskotopliwe organiczne formacje koksu 1 §rodki zmniejszajgce palnosé
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oparte na naturalnych surowcach. Podobne podejscie stosuje si¢ w badaniach pian do gaszenia
pozardw: grozniejsze sa srodki spieniajgce zawierajace fluorki, grozniejsze za$ piany na bazie
naturalnej, niekorzystny wptyw na organizmy zywe i ekosystemy naturalne, cho¢ wymagaja one
dalszych badan. W przypadku roslinnosci pozytywnym czynnikiem jest obecno$¢ w glebach
zwigzkow zawierajacych fosfor i amon, ktére sg czesScig $rodkow zmniejszajacych palnosé.
Jednoczes$nie zwraca si¢ uwage, ze nawet «przyjazne dla $rodowiskay» uniepalniacze majg
negatywny wptyw na srodowisko ze wzgledu na dziatanie ich produktow rozpadu, co wymusza
bardziej uwazne dobieranie samych uniepalniaczy.

W artykule zaproponowano badanie wlasciwosci ekologicznych $srodkow zmniejszajacych
palno$¢ 1 pianek do gaszenia pozaréw za pomoca metod zintegrowanych: zastosowanie badan
eksperymentalnych (analiza chromatograficzna, konduktometryczna, spektrometria masowa itp.)
zachowania ich poszczeg6lnych sktadnikéw w wodzie organy z udzialem podejs$¢ obliczeniowych
(metody statystyczne, metody QSAR itp.). Naszym zdaniem takie podejscie pozwoli na §wiadomy
ekologicznie wybor uniepalniaczy lub $rodkow gasniczych, co jest waznym elementem
gospodarowania zasobami wodnymi i elementem poprawy bezpieczenstwa ekologicznego terenu.

Srodki gasnicze, w szczegdlnosci piany gasnicze, mozna réwniez uznaé za mieszaning
chemikaliow, ktére moga mie¢ negatywny wplyw na $rodowisko i1 ludzi. Tak wigc organiczny
sktadnik $rodkoéw spieniajacych czesto sktada si¢ z tancuchow weglowodorowych C4-Cl4, w
srodkach spieniajacych zawierajacych fluor atomy wodoru sg catkowicie lub czeSciowo zastgpione
atomami fluoru. Te zwigzki weglowodorowe mogg rowniez zawiera¢ siarke, azot, tlen. Moga to by¢
estry, betainy, amidy, alkohole wielowodorotlenowe 1 tym podobne. Nalezy zauwazy¢, ze srodki
spieniajace moga rowniez zawiera¢ skladniki nieorganiczne, w szczegdlnosci sole r6znych metali.
Zwiazki te, uwalniane do srodowiska, jak rowniez produkty ich rozktadu lub przemian termicznych
W procesie gaszenia pozarow, wywierajg negatywny wptyw na organizmy zywe 1 sktadniki biosfery.
Najbardziej zbadano dziatanie PFOA 1 PFOS, a ten ostatni jest klasyfikowany jako trwate
zanieczyszczenia organiczne, ktorych nalezy unika¢ podczas stosowania. Dziatanie innych zwigzkow
wymaga starannych krétko- 1 dlugoterminowych badan. Biorgc pod uwagg, ze liczba tych substancji
moze wahac¢ si¢ od 200 do 400 z ré6znych zrodel, oczywiste jest, ze nalezy je zbadac jak najszybciej.
Komplikacja jest to, ze producenci srodkow zmniejszajacych palnos¢ i1 pianek przeciwpozarowych
czgsto podaja jedynie nazwe handlowa produktu lub uogoélniong list¢ zawartych w nim zwigzkow
chemicznych, a same metody badan nie s3 jednolite we wszystkich krajach.

W pracy zaproponowano badanie wtasciwosci ekologicznych $rodkéw zmniejszajacych
palno$¢ 1 pianek do gaszenia pozardw za pomoca podej$¢ zintegrowanych: wykorzystanie badan
eksperymentalnych (chromatograficznych, konduktometrycznych, analizy spektrometrii masowej
itp.) zachowania ich poszczegolnych sktadnikow w zbiornikach wodnych przy uzyciu podejsé
obliczeniowych ( metody statystyczne, metody QSAR itp.). Naszym zdaniem takie podej$cie pozwoli
na $wiadomy ekologicznie wybor uniepalniaczy lub srodkow gasniczych, co jest waznym elementem

gospodarowania zasobami wodnymi i elementem poprawy bezpieczefnstwa ekologicznego terenu.
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THHOBAIIIMHA TEXHOJIOI'IA SIK 3ACIB YIIPABJITHHSI
PU3UKAMU Y BOJOINNOCTAYAHHI
I'. I. bapanoga, T. B. MaraboBana, T. B. Ctpikasenko, T. 0. Huxunk
HTTY «KwuiBchkuii momiTexHigauid iHCTUTYT iM. I. Cikopcekoro», Kuis, Ykpaina

Uepkachkuil IHCTUTYT NOKekHOI 0e3nexu imeHi ['epoiB Yopunoouns HYII3Y, Uepkacu, Ykpaina

[lepenik 3ax0/iB, COPIMOBAHUX HA MOKPAIICHHS SIKOCTI BOJH, SIKY MU CIIO)KHBAEMO SK IUTHY,
00MEXEHO, HalvacTile, MPOMO3HITIAMHU 30UTbIIIEHHS KIIBKOCTI KOHTPOJIOBAaHUX IMOKA3HUKIB SIKOCTI
Takoi Bou abo Oap'epiB (TEXHOJIOTIH, peareHTIB) Ha IIJIAXY BOJM 13 JKEpesia 0 CIIoKUBaJa, 3a IUX
YMOB JIOCHUTBH YaCTO ITHOPYIOTHCS CKOJIOTIYHI PU3WKH 1HHOBAI, TTOTEHI[IHHO HETaTUBHUI BIUIHB
«HOBHX» METO/IiB 4 3aC00iB 00pOOICHHS BOIU HAa BUPIIIICHHS 33/1a4 €HEpro30epeeHHs Ta EKOHOMIT
BOJM, HAa TEXHIUYHUUN CTaH oOyiagHaHHS, O€3MeYHICTh HOro eKcrutyaralii, Ha 30epesKeHHs 3J0POB's
0i0TH TOILIO. AKTYalbHICTh 3a/lad YIpPABIIHHS PU3UKAMH TPU BUKOPHUCTAHHI 1HHOBAIIHUX
TEXHOJIOTi 0OYMOBJICHA 1 TUM, IO KUJIBKICTh HAI3BUYAWHUX CUTYaIlli TEXHOTEHHOTO XapaKTepy
OUThII HIK y 3 pa3u TEPeBHINYE YHCIO HAI3BUYAWHUX CHTYAIlll MPUPOIHOTO, COMIAIBLHOTO 1
BOEHHOT'O XapakTepy. TomMy po3B's3aHHs 3aBJaHb MiABUIICHHS PIBHA XIMIYHOI/MIKpOO10JI0TiUHOT Ta
€KOJIOT1YHOT 0€3MeYHOCTI PeareHTiB, 1110 X BUKOPUCTOBYIOTh il 0OpOOJIeHHS BO/H, siKa HE0OXi1Ha
115 320€3MEeUeHHS] HOPMAITbHOT KHUTTEISTBHOCTI JIFOIMHU, € TIEPIIOYEPTOBHM.

MeTtoro poboTu OyB aHAMITHYHUN OIJA] JKepen 1H(opmaiii Ta pe3ynbTaTiB BIACHUX
JOCTIKEHB 1711 OOTPYHTYBaHHS po0O0UO] TMOTE3H MO0 MOXKIUBOCTI BAKOPUCTAHHS I'yaH1THHOBHX
noJiiMepiB (30kpemMa — MoJlireKcaMeTHieHryaniquny rigpoxiopuny /[IIT'MI-rx/) sk edekTuBHOrO
3ac0o0y ynpaBJiHHS PU3UKAMHU Y BOAOIIOCTaYaHH1 Ta BUKOPUCTAHHI BOJU Y HAPOJIHOMY I'OCIIOAAPCTBI.

Pesynprati mpoBeneHOi pOOOTH MONATAIOTH Y HACTYITHOMY:

(1) [IpoBeaeHo MapkeTUHIOBUI aHaNi3 BUpOOHUITBA 1 BUKOopucTaHHS [II'MI'-rx (monimMepHuit
NOXIAHUN TyaHIIWHY), SKAH CBIJUUTH NP0 3aI[IKAaBJICHICTh HUM Yy OaraThbox KpaiHax CBITY.
PesynbraramMu HayKOBHX JOCIIPKEHb OOIPYHTOBAaHO BUKOPUCTaHHS peareHTiB Ha ocHoBl [II'MI y
XapyoBiil mpoMuciaoBocTi, MenuuuHi, kocmeronorii (Kananga, 2011), y ximiuniii, OyaiBenbHid Ta
MEIWYHIN ranyssx, Juist BoJo3ade3nedeHHs IPOMHUCIOBUX MiANPHEMCTB 1 HaceneHHs (YkpaiHa, 1998;
Pocis, 2012), nns ge3indexiii 1 qexoHTaMmiHalii 00’€KTIB BETEPHHAPHO-CAHITAPHOTO HATIIATY,
BOTHHUII 1H(DEKIN OakTepiaqbHOI, TPUOKOBOI Ta BIpYCHOI eTiojorii, s NpoiIakTU4YHOI abo
BUMYILIEHOT Ae3iH(eKii MiANPUEMCTB arponepepoOKH, TBApUHHHULIBKUX (epM, NTAIIHUKIB TOIIO
(Vkpaina, 2021).

(2) 3 1998 p. B YkpaiHi po3po0ieHO Ta BHITYCKAETHCS peareHT “AKBaToOH” (JIit04a pedoBUHA -
I[II'MI'-rX 3 HHU3BKMM BMICTOM 3aJMIIKOBHX MOHOMEpIB), IO MPOWIIOB CAHITAPHO-TITIE€HIYHY i

TOKCUKOJIOTIYHY €KCIIEPTH3y Ta MPU3HAYCHUI, 30KpeMa, /ISl BUKOPUCTAHHS B MEIUIMHI, Xap4OBiii
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MIPOMHUCIIOBOCTI, TEXHOJIOTIAX O0OpOOJEHHS BOAM Ta BOAOOYHCHOTO OOJIaJHAHHS, JJIsi O€3MEeYHOTrOo
BOJIOCTIO)KMBAaHHSI B EKCTPEMAJIbHUX CHUTYyalisiX, JUII OOpOOJEHHS OcCajiB, IO YTBOPIOIOTHCS B
Mpolecax OYMCTKH MPHUPOJIHUX 1 CTIYHHUX BOJ TOIIO (HAYKOBI MOCIIHPKCHHS, BUKOHAHI 3a y4acTi
aBTOpIB 11i€i pobotn, y 1997-2020pp). Pearent, mo € kaTioHHUM (IOKYJISHTOM, Ma€ BUPAKEHI
ne3iHGiKyro4dl BIACTHUBOCTI (IMMPOKHA CHEKTp OaKTEpHIMAHOI, BIpymiuaHoi 1 QyHTiuIHOT
aKTHUBHOCTI) 1 BHpaX€HY aHTHMMYTAareHHY Jil0 BiJIHOCHO I1HJIYKTOpPIB MyTareHe3y, HPUCYTHIX Yy
MPUPOJHHX 1 CTIYHUX BOJAX, EKOJIOTIYHO Oe3MeUHUI 1 MAIIOTOKCUYHMI [T TETUIOKPOBHUX (4 Kiac
Oe3IeKH MpY MOTPAIUITHHI Ha MIOBEPXHIO Tija 1 3 Ki1ac O€3MeKHu Mpy MOTPAIISTHHI BecepearHy (3rigHo
I'OCT 12.1.007)). IlepeBaramu Bukopuctanus III'MI'-rx mias oOpoOiaeHHS BOAM 1 caHiTi3amii
MOBEPXOHb HA XapYOBUX MIAMPHEMCTBAX € TAKOX BIJCYTHICTh KOPO3iHHOI aKTUBHOCTI y peareHry,
TOOTO MiHIMI3allis MTOIMIKOKCHHS 00JIaIHAHHS Ta 00POOIFOBAaHUX TTOBEPXOHB

(3) Sx cBiguaTh pe3ynbTaTH MPOBEACHUX HAMHU JOCHPKEHb Ha  MiJIMPUEMCTBAX
BOAOMIAroTOBKM YkKpainu Ta Pecmy6Oniku [Mana (3axigHa Adpuka) BUKOPHCTaHHS peareHTy
“AxBaToH” HE MOTpeOye CYTTEBOI MOJEpHi3amii iCHYyIOUOro OO0JaJHaHHS — TEXHOJIOTIYHA CXeMa
BOJIOIIITOTOBKK Ma€ JI0JIATKOBO BKJIFOYATH JIUIIC 2 HACOCH-II03aTOPU Ta 2 €MKOCTI (€MHICTIO IO
1 M%) mns mpurOTYBaHHS Ta MoAadi POOOYMX PO3UMHIB peareHTy. IIpm IBOMY JOCATAIOTHCA
MiABUILEHHS SKOCTI OYMILEHOI BOJU 4epe3 CYTTE€BE 3MEHIIEHHS BMICTY Y BOJI HU3KHM Ba)XKHX
MeTaJliB, CKOPOUYEHHS Y 2-4 pa3yu BUKOPUCTAHHS TPaJULIHHUX aJTIOMIHIMBMICHUX KOAryJsHTIB TOIO

(4) Maxkpomonekymsipaa mpupoga [II'MI-rx Ta HasBHICTP y WOTrO CKJIaJi TMO3UTHBHO
3apsKEHUX OlOLUAHUX T'yaHITUHOBUX TPyl OOYMOBIIOIOTH 3/1aTHICTH IOJIIMEPY YTBOPIOBAaTH Ha
METaJIeBUX MOBEPXHAX MIIHI OIOLUIHI TUTIBKH, SKI HE BHAAISIOTHCA MOTOKOM BOAM 1 3aXUIIAIOTh
MMOBEPXHIO METaly Bij 610k0po3ii Ta 6i000pocTanHs. Y TBepid Bol, a Takox mpu pH<7 III'MI'-rx
MO>K€ OyTH 1HT1OITOPOM €NIEKTPOXIMIYHOI KOpOo3ii cTalli. 3aMiHa Y TEXHOJIOTIi MiATOTOBJIEHHS BOAU
peareHTiB-OKMCHIOBAaUiB Ha 3HE3apakKylounil peareHT KOMIUIEKCHOT HeokucmtoBanbHOi nii (III'MI'-
I'X) CIIPHUSIE OYUIICHHIO CTapUX TPYOOIIPOBO/IIB B/l HAKOMMYEHb KOMIIOHEHTIB 01011€H03y 00pOCTaHHSA
Ta coJjeil 3anisa.

(5) PesynpTatil OCTaHHIX HAIIWX JTOCHIKEHb CBIIYATh MPO 3/1aTHICTh PEareHTIB Ha OCHOBI
[MII'MI'-rX 3MeHIIyBaTH TiAPOIMHAMIYHHUH OMip TepTd y Mepexkax BOJOIOCTAYaHHs, MT0KEXKOTaCIHHS
TOII[O, 1110 CTBOPIOE YMOBH JIsl 3MEHIIIEHHS] €eHEPrOBUTPAT Ta €KOHOMIi BOJIU TOILIO.

TaxuMm 4MHOM, Ha OCHOBI PE3yJIbTATIB €KCIIEPUMEHTAIBHUX JOCIII)KEHb, BUKOHAHUX Y PI3HUX
yCTaHOBAX Ta MMPUEMCTBAX HAIIOI KpaiHi 1 32 KOPJIOHOM, MOKa3aHO €(PEKTUBHICTh, HAMIMHICTS 1
NEePCHEKTUBHICTh IHHOBAIIMHOT TeXHOJIOT1i 00pOOIEHHS BOAM 3 BAKOPUCTAHHIM PEareHTy Ha OCHOBI
[MII'MI'-TX, a TaKOX MOKJIMBICTh HOT0 3aCTOCYBaHHS SIK €(PEKTUBHOTO 3ac00y yIpaBIiHHS PU3UKAMU

y BOJIONIOCTa4aHHI Ta BUKOPUCTaHHI BOAM Y HAPOJTHOMY T'OCTIOIAPCTRI.
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OYUMIIEHHA BOJAU AJIS1 TIPUT'OTYBAHHS HEKTAPY VYV 3AKJIAJIAX
I'POMAJICBKOI'O I CAHATOPHO-KYPOPTHOI'O XAPYYBAHHSA
T. B. Ctpikanenko, 5. B. CaBunbka

Onecpkuil HaIlIOHAIBHUMA TEXHOJIOTTYHHK yHIBepcuteT, M. Ojeca, YkpaiHa

BupoOGHMLITBO HAMOTB HA COKOBIN OCHOBI Y 3aKJIa/laXx TPOMa/ICBKOI0 XapuyBaHHsI BIPI3HA€THCS
HEOOXIHICTIO BUTOTOBJICHHS BHCOKOSIKICHOTO Ta O€3MEYHOr0 MPOAYKTY 3 OOMEKEHHUM CTPOKOM
30epiraHHs NMpU MAKCUMaJIbHOMY 30€pEeKECHHI KOPHUCHUX PEUYOBHMH CUPOBUHU. [Ipu BUPOOHHUIITBI
HEKTapiB BaXJIUBY POJIb Ul SKOCTI FOTOBOIO MPOJYKTY Ma€ BOJA 1 CIIOCOOM ii MiArOTOBKH, aJike
BOHA cKJIanae Oym3bko 75 % MPOJYKTY 1 BIUIMBAE Ha OPraHOJICNITHYHI/CMAKOBi, (Di3UKO-XIMIUHI Ta
MIKpOOIOJIOTIYHI TIOKa3HMKH HOTro SKOCTi. Mepeka cherialbHuX CaHaToOpPiiB, BaKJIUBUM
JIKyBaJIbHUM 3aC000M y SIKHX € caMeé COKOBa Ji€Ta (IIOJEHHE CIOKUBAHHS JHIe 4-X COKiB Ta
BEJIMKOi KUIBKOCTI CTOJIOBOI MiHEpaJbHOI BOAM MPOTSATOM | THIKHS), IMOIIUPIOETHCS Yy CBITI
(ITopryranis, Icnanis, Typeuuumna). Mera poboTu — ampoOailisi BUKOPHUCTaHHS 1HHOBAILIMHOTO
MeTOAy OOpOOJEeHHS BOIM Yy 3aKjanax I'pPOMAJChKOTO i CAaHATOPHO-KYPOPTHOTO Xap4yBaHHS IS
BUTOTOBJICHHSI ailBOBOT0 HEKTApy, LII0 MOXKE TO3BOJUTH BiAMOBY BiJl TEIIOBOI OOPOOKH KIHIIEBOI'O
OPOAYKTY. AJpKe mpobiieMa 3HEUIKO/DKEHHS MIKpOOPraHi3MiB, IO BHUKJIMKAIOTh IIBUJAKY IMOpUY
MPOJYKIIIT Ta 1H(EKI1IHI 3aXBOPIOBAaHHS y JIOACH, 3aJIUIIAE€THCSA aKTYaJIbHOIO.

[TopiBHSIBHI JOCHIKEHHS BIUIMBY 3HE3apaKyIOUMX BOJY PEAreHTIB — XJIOpY Ta peareHTy
«AxBaroH-10» (mitoua pedoBuHa — III'MI-rx; mami - peareHT) - Ha (i3UKO-XIMIUHI Ta
MIKpOO10JI0T14HI TOKA3HUKHU SIKOCTI 3pa3KiB HEKTapy 3 aiiBU 3aCBIYMUIIN HACTYNHE (KOHTPOJIb — BOAA
3 CHCTEMH LIEHTPali30BaHOIO TMTHOTO BOJONOCTa4aHHA MicTa). He BHSABIEHO CyTTEBUX
BIIMIHHOCTEH BMICTY CYXUX PEUOBUH 1 TUTPOBAHOI KHCIOTHOCTI B YCIX JOCHIKEHUX 3pa3Kax
npoaykry. IlokazHuku emineMiyHOi O€3MEYHOCTI MPOAYKIIi, BUTOTOBJIEHOI 3 BUKOPHUCTAaHHSIM
J0JIaTKOBO 3HE3apa)KeHOi BOJM, BIANOBIAAIM BHMOTraM A0 HEKTapiB, TOAl K y KoHTpomi 3UM

nepesnnryBano 400 KYO/cm®

. HaiiGinpury 6i050TiyHY aKTHUBHICTH BHSIBUB HEKTap 3 aiiBH,
MPUTOTOBAaHWN 3 BUKOPUCTAHHSM BOIU, 00pobneHoi pearentom, - 203 y. o. (mpu 96 y. 0. y
KOHTPOJIbHHX 3pa3kax i 79.9 y. 0. Ipu BUKOPUCTAHHI BOJIU, 1OAATKOBO 3HE3apakeHoi Xjaopom). Bmict
BiTaMiHy C y HeKTapax, BUTOTOBJIEHHUX 3 BUKOPUCTAHHSIM JOCIII)KYBaHUX BOJI, TAKOXK MaB CYTTEBI
BIIMIHHOCTI 1 cTaHOBHB, BiamoBigHo, 3.2384 wmr/100 r HekTapy, 2464 wmr/100r 1
1.5048 mr/100 T mpoaykTy.

BucnoBoxk. [IpoBeneHi 1ociiKeHHS CB1AYaTh MPO MEPCIeKTUBHICTh IHHOBAIIITHOT TEXHOJIOT 11
00poONeHHS BOAM Ui OJEp>KaHHS alBOBOIO HEKTapy O3 3aCTOCYBaHHSA TEIUIOBOI OOpOOKH
KIHLIEBOr0 MpoAyKTy. HacTynHuMu etanamu poOOTH IUIaHYIOTHCS JOCHIIKEHHS BIUIUBY pEareHTy Ha
MOKAa3HHUKH SIKOCTI HEKTapiB 3 1HIINX MJIOAIB 1 pO3pO0OKa aITOPUTMY BIPOBAKEHHS Li€] TEXHOJOT1]
JUIS 3aKJ1a/1iB TPOMAJICHKOTO 1 CAHATOPHO KYPOPTHOTO JIIKYBaHHS.
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BUKOPUCTAHHSA CYBCTPATY HA OCHOBI OCAJIB CTIYHUX BOJ IS
IMPOBEJIEHHSA BIOJIOTI'TYHOI PEKYJbTUBAIII — IIJISIX JIO 3ABE3NNEYEHHS
CTAJIOI'O PO3BUTKY
O. M. lIkBipko, I. C. Tumuyk, M. C. MaaboBauuii, Y. 3. Cropoumyk

HamionansHuii yHiBepcuteT «JIbBiBChKa mosiTexHika», JIbBiB, Ykpaina

3a ocTaHHI AECATUIITTS MUTAHHS E€KOJIOTIYHOTO CTAaHy JOBKULIS, MOCTIHHOTO TEXHOTEHHOTO
BILJIUBY Ta IMOCWJICHHS BUMOT I[0JI0 OXOPOHH HABKOJMIIHHOTO CEPEIOBHUIIA CTAIOTh AKTYaTIbHUMH Y
BCiX c¢epax eKOHOMIKH. 3HAYHOK MIpOI0 1€ MUTAHHS CTOCYEThCS MPOOJIEMH HAKOMHYCHHS
OpraHiuyHUX BIAXOMIB (BIAXOOM BUAOOYTKY Byriyuig, ocamu cTiunux Boj (OCB), opraniuynuit
KOMITOHCHT TBEPAMX MOOYTOBHX BIJIXOJIB, BIIXOAW BiJ BUPOOHHITBA Oioraly (BiampambOBaHa
6ioMaca) TOI0) Ta MPOrHO3YBAHHS iX BIUIMBY HAa HAaBKOJHIIIHE CEPEOBHILIE.

[TpoGiemMa HaKOTIMYCHHS OPTAHIYHUX BIJIXOJIIB, a CaMe OCAJliB CTIYHUX BOJI — I1€ TIPOIECH, SKi
CIPUYHUHSIOTh BUJUICHHS MapHUKOBHUX Ta3iB, 3a0pyAHEHHS IPYHTIB Ta MiA3€MHUX BOJ BAXKUMHU
METaJlaMH Ta IHITUMH HeOe3[IeYHNMHU PEYOBHHAMH, BUHUKHEHHS MOXKeX. TOMY BaXKJIMBUM aCIIEKTOM
y cepi 30epekeHHs Ta BiTHOBIICHHS CTaHY HABKOJIHUIITHHOT'O CEPEIOBUIIA € MOXJIUBICTH TIOBTOPHOTO
BUKOPUCTAHHS OCAJiB CTIYHHUX BOJI.

[lepcnekTUBHUM B I[bOMY HaIpPSIMKy MOXKE CTaTH MOXJIUBICTh IX BHMKOPHCTaHHS SIK
KOMITOHEHTY CYOCTpary Jis TPOBEACHHS O10JI0TIYHOT PEKYyIbTHUBAIll TEXHOTEHHO IMOPYIIEHUX
3eMenb (Kap’€piB, CMITTE3BATUIIL TOIIIO).

Hapasi npo6iema HaKONMYEHHSI OCaJiB CTIYHUX BOJ| € aKTYaJIbHOIO ISl KOXXHOTO BEJIUKOTO
HACeJICHOT 0 IMyHKTY YKpaiHu, 30Kkpema 1 s micta JIbBoBa.

Mertoro po6oTH € BU3HaUEHHS BIJIMBY CyOCTpaTy Ha OCHOBI OCaJlIB CTIYHUX BOJ HA PO3BUTOK
JOCIIKYBAaHUX POCIUH SYMEHIO 3BHUAfHOTo Ta paifirpacy.

Jlist mpoBenieHHs 10ciiny Oyio BUKOPUCTAHO JIBa BUJIU CyOCTpaTy:

e Yy IepIIOMYy BUKOPHUCTOBYBAJIM TEMHO-CIPHI1 OI1iI30JIEHU IPYHT, CBIXKi OCa/li CTIYHUX BOJ Ta
1eoniT y criBBinHomeHHi (%): 50:40:10;

® Yy JIPYyroMy — TEMHO-CIpUHA OMIA30JICHUI TPYHT, CBIXKI OCaaW CTIYHMX BOJ Ta TIAYKOHIT Y
criBBigHOImEHH] (%): 50:40:10, siKi MOPIBHIOBAIUCS 13 KOHTPOJIBHUM 3pa3KOM (TPYHTOM).

B emuocTti 060’emom 500 mu1 Ha cTBOpeHM cyOcTpaT BUcaKyBaiu mo 10 HaclHUH SYMEHIO
3BHYAHOTO (CX0XicTh 95-97%) Ta no 30 HaciHuH paiirpacy (cxoxicts 90-93%). lns 3abe3nedeHns
JOCTOBIPHOCTI IaHUX, TOCIIAN MPOBOIWINA B TPHOXKPATHIM MOBTOPHOCTI.

[To 3aBepiIeHHIO 1OCIIKEHb OyJI0 BUMIPSHO BUCOTY Ha3€MHOI YaCTHHH POCIIMH Ta JOBXKUHY

KopeHiB (puc. 1, 2).
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40
21,97 21,75
30 amw 16,39 aume
20 —
20 | ]
0 -
Cepenns Bucora creben, CepenHs T0BXKHHA
cM KOPEHIB, CM
® Kontpons ®lleomit ™ ['maykoHIT

Pucynok 1 - 3mina BucoTu crebdiia Ta TOBKHUHHU KOPEHIB SIUMEHIO

3BHYAIHOTO 3aJIE)KHO BiJI BUAY CyOCTpaTy

Ha puc. 1 BuaHO, 0 cepenHiii MOKa3HUK HA3€MHOT YaCTUHU SIYMEHIO 3BUYAHHOTO Y cyOcTparti
3 BMICTOM II€OJIITY Ta y cyOCTpaTi 3 BMICTOM IJIAyKOHITY € MEHIIUM BiJl KOHTPOJIBHOI'O 3pa3Ka Ha
17,3 Ta 13,2% BianmoBigHo. 1o cTocyeTbcs NOBKUHH KOPEHIB, TO TYT CHOCTEPIrarOThCs OLIBIT
NOMITHI 3MiHH. Tak, y 3pa3Ky 3 LIEOJIITOM Cepe/iHIi MOKa3HUK JIOBXUHU € MeHIIUM Ha 25,3% Bif
KOHTPOJIBHOTO 3pa3ka, a y cyOcTpari 3 r1ayKOHITOM el TOKa3HUK IMPAKTUYHO HE BIIPI3HAETHCS BiJ

KOHTPOJILHOT'O 1 € MEHIIMM Juie Ha 1%.

23,45 22,41 %Y 20,72 22,04

0 T T
Cepenns Bucora creden, cM  CepenHs T0BXKHHA KOPEHiB,
cM

B Konrpons ®Ileomit ™I nmaykoHit

PucyHok 2 - 3MiHa BUCOTH cTe0J1a Ta IOBKHHHI KOPSHIB paiTpacy 3aJIe)HO BiJl BUAY CyOCTpaTy

3 puc. 2 MOXHa MOOAYUTH, IO CEPeHST BHCOTa CTEOEN palrpacy y cybcTpaTi 3 BMICTOM
TJIAYKOHITY € OUIBIIOIO BiJl KOHTPOJIHOTO 3pa3ka Ha 3,2%. Y cyOcTparti 3 1Ie0s1iTOM CepeHs BUCOTa
cTe0er € MEHIIOKO BiJl KOHTPOJIBHOTO 3pa3ka Ha 4,4%.

CepenHs MOBXHHA KOPEHIB palrpacy, K BHAHO 3 PUCYHKA, y cyOcTpaTax 3 MPUPOTHUMH
copbeHtamu € Outbmo Ha 5,6% (3 BMicToM meomity) Ta 12,3% (3 BMICTOM TIJIayKOHITY) BiJ
KOHTPOJILHOT'O 3pa3Ka.

Orxe, 3a pe3yiabTaTaMd TMPOBEJACHUX JOCTIIHKCHh MOXXHA 3pOOUTH BHUCHOBOK, IO
BUKOPHUCTAHHS CyOCTpaTy Ha OCHOBI OCaJiB CTIYHMX BOJ Ma€ TO3UTHBHHI €(EeKT Ha PO3BUTOK

POCIIMH 1 MOX€e OYTH BUKOPHUCTAHUM JUTsl IPOBEICHHS 010JI0T1YHOT peKyIbTHUBAIII].
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BIOKOHBEE€P I AHAEPOBHE BI1O®PIVIbTPYBAHHS
B. JI. IToasixoB

[acrutyt rigpomexaniku HAH Ykpainu, Kuis, Ykpaina

VYenimHo 00poOIISITH CTIYHI BOJIM 3 BUCOKUM BMICTOM OPTaHIYHHMX CIOJIYK BIAETHCS 3aBISKH
MOETAITHOMY 3aCTOCYBAaHHIO O10JIOTIYHHMX MeTOAiB ouuineHHs. [lpu mpomy moctymoBe 3HauHE
3HMKCHHSI KOHLEHTpAIlil PO3YMHEHOI OpraHikk 3a0e3MeuyeThCsl B OYMCHHUX CHOpYAax CKIIAIHOT
KOHCTPYKIi. SIckpaBUM HPHUKIazoM MOJIGHUX CKIIAIHHUX CIIOpY € GiokoHBeep. Moro opuriHaapHa
KOHCTPYKIIIS 1 aJanToBaHa JI0 HOTO TEXHOJIOTIs OyJId 3alpOTIOHOBAaHI 1 MOTIM BUKOPHCTOBYBAJIMCH
Ha npaktui npod. I1.L.I'Bo3asikoM. KoHCTpYKTHBHO Oi0KOHBEEpPHA CITOpY/a CKIAAAETHCS 3 KITBKOX
MOCTIIOBHO 3’ €THAaHUX poOOYMX Kamep (cekuii). JismpHa 6ionoriuHa (asza TyT GopMyeThCs 1 MIITHO
3aKpIILTIOETHCS HA TBEPAiN (asi, sika yrBopeHa 13 6araTb0X CHHTETHUHUX MPOQiIbOBAHUX BOJIOKOH
(Biif). [Tpu poMy iX BeslMKa I'yCTHHA Ja€ MPaBO PO3IIISLIATH CEKIIII0 3 BISIMU SIK IOPHCTE CEPEOBUILIE,
a TEXHOJIOTIYHUH TPOIIEC OTOTOXHIOBATH 3 OiodinbTpyBaHHAM. PakTHyHO poOOTa OiOKOHBEEpa
MOJISITa€ B TIOCTYIIOBOMY BUAJICHHI OPTaHIYHOTO 3a0pyIHEHHS CIIOYAaTKy B aHAEPOOHHMX, a MOTIM i
aepoOHMX yMOBaX. B mepmiux cekiisix MarTh MiClleé CIPUSTIMBI AT PO3BUTKY aHACPOOHMX
MIKpPOOPIaHi3MiB YMOBH, 3aBISIKH SIKUM BJIA€ThCS 3HIMATH IMIKOBI HABAHTA)KEHHS HA BCIO CIOPYAY
IIpU CYTTEBIN €KOHOMII eHeprii 1 BUAUIeHH1 Oiorazy. TUM caMuM CTBOPIOIOTHCS MEPEIyMOBU IS
YCHIIIHOT poOOTH HACTYMHUX a€pOOHUX CEKLIH.

HaniliHO KOHTpoJOBaTH POOOTY OKpeMHX CeKLii 1 B 1IoMy OlOKOHBeepa 1 THM CaMHUM
JloMaraTucs BiJi HbOT0 MaKCHUMaJbHOI BiJiIayl MPU HasIBHOMY MajlOMy JOCBIJ HOro ekcruryaTarii i
PI3HOMAaHITT1 TEXHOJIOTTYHUX YMOB MOKJIMBO TUIBKH 3aJTy4atoyl METOIU HOT0 PO3paxyHKY Ha OCHOBI
aJIeKBaTHUX MaTeMaTHYHUX Mojened OiodinbTpyBaHHs. Takuii MeTon po3poOiieHUil aBTOPOM
CTOCOBHO JI0 aepOOHHMX YMOB B 3€pHHCTOMY IlIapi Ha OCHOBI JIBOPIBHEBOI CTallilOHaApHOi Mojeni
(Onoxn OiomtiBKM 1 00’eMy ImIapy 3aBaHTaXeHHs). [IpM 1bOMYy aKypaTHO BpPaxOBYBAJIUCh
JMIMITYBaHHs 1 1HTIOyBaHHS IIBHAKOCTI Olojerpasaiiii OpraHiqyHOro CcyOCTpaTy BHACIHiJIOK HOTO
MaJjioro BMICTY, IPUHITAIIOBI BIAMIHHOCTI B pO3MOALT 6iomMacH B 1mapi GUIBTPYHOYOro MaTepiaiy.
OnHak, U1 po3paxyHKiB 010(iTbTpyBaHHS B MeXax aepoOHMX CEKIlid, a TOJOBHE KOHLEHTpallii
cyOcTpaTy Ha BUXOI 13 CIIOpYAU HEOOX1THO MONEPETHBO 33JaBATUCS MOT0 KOHIICHTPAIIIEI0 Ha BXO/I1
B IIEPIITY aepOOHY CEKIIif0. 3HAUTH 11 peaabHO TUTHKH TEOPETUYHUM IUISIXOM, BHKOHABIITH aHAJIOT14HI
PO3paxyHKH JUIsl OTIepeIHIX aHaepoOHuX cekiiid. Po3paxoByBaTu aHaepoOHUI po3KiIaa pO3UYMHEHOT
opraniku Habarato Bakde, HDX aepoOHoro. TuM He MeHI, BiAMOBIIHUI METOJ B JaHUW Yac B¥Ke
icHye 1 ampoOoBaHUil HA TECTOBUX MPHUKIAAX.

AHaepoOHHI pO3KJIaJl OpTraHIYHUX PEUYOBUH MOXKE PO3TIISIATUCS SIK JBOXCTAIIMHHIA MPOIIEC.

Ha mepmriéi  cramii BHACHIZOK JKUATTEMISIIBHOCTI  KHUCIOTONMPOAYKYIOUHMX  MIKPOOPTaHi3MiB
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YTBOPIOIOTHCS JIETIOU1 KUCIOTH 1 ByTJIEKUCIUH ra3. Ha npyriit cranii Bka3aHi KHCIIOTH TETep 3aBIsIKH
METAHONPOIYKYIOUMM MIKpOOpraHizMaM TpaHC(hOpMYyIOTbCS B METaH 1 TAaKOXK y BYTJICKUCIUH Ta3.
BinmoBigHa MareMaTudHa MOJEIb, SK 1 1 aepoOHOro O10OKHCIIECHHS, BKIIOYAE B3a€MOIIOB’ 3aHi
BHYTpilIHIO (Olo1UTiBKa Y (hOopMI IIMITIHAPUYHOTO Iapy) 1 30BHIIIHIO (00°eM cekirii) 3amadi. bazose
piBHSHHS OajaHCy PO3YMHEHOI OPraHiKd B CeperHI OIOIUIIBKM CyMICHO omucye (IIOBEPXHEBY 1
MOJIEKYJISIpHY) nudy3iro cyOCcTpary i KUCIOT, SIKi BUAUIAIOTHCS TPU MOTO Jerpajallii, a Takox ix
CTOXKMBAHHS BiAMOBITHUMY IpylaMu MikpoopraHi3mis. [Ipu po3B’s3Ky nepioi 3aaadi npuitmManocs,
110 BUXiJHA KOHIICHTpAIlis BEJIMKA, 110 BIAMOBIZAE CTIYHUM BOJaM, 1 TOMY (DaKTHYHO HE JIMITYy€
NEepBUHHUI po3kial cyocTpaTy. OiHaK, B OJAIBIIOMY PO3KIa] HPOMIKHUX IPOIYKTIB BKE CYTTEBO
00MeXy€eThCs uepes ix HeocTaTHid BMICT. OTpuMaHO HaOIMKEHH PO3B 30K BHYTPILIHBOI 3a71a4i,
HOT0 CIIBCTaBJICHO 3 YACTUHHUM TOYHHUM 1 CIIMPAIOYHCh HAa HHOTO BUBEJICHO BUPA3 IS y3aralbHEHUX
bynkuii yrumizanii o6ox cyberparis. i ¢yHKIIIT 3aCTOCOBYIOTHCSI B PIBHSHHSAX KOHBEKTHBHOTO
MEPEHOCY BKa3aHMUX CyOCTpaTiB B Mekax ofHiel cekuii (audy3idiHul MexaHi3M rpae IpyropsaHy
ponb). Ha BXoni B pemnpe3eHTaTHBHY CEKIII0 MPUAMAIOTHCS KOHKPETHI 3HAYCHHS KOHIICHTpAIliil
BUXI1THOTO 1 HOBOYTBOpEHOTO cyOcTpaTiB. HactpaBai Taki 3HaueHHs a00 BijoMi 3a31aneriap (mepia
Cekilist), abo pO3paxOBYIOThCs (HACTYIHI CEKIlii) sSK BiAMOBiJHA KOHICHTpAIiSl HAa BHXOMIi 3
nonepeaHboi.  Ockinbku BMicT Oiomacu cTabumbHUM (ii IpUPICT BPIBHOBAXYEThCS BTPATOIO
BHACJI/IOK BIIpUBY, NIWXaHHsS, BUIAAHHS), TO JJIs BHU3HAUEHHS HEBIAOMOI (yHKLIT-pO3MOALTY
TOBIIMHU O10TUTIBKH J10 BKA3aHOTO PIBHSIHHS NPUENHYETHCS OalaHCOBE PIBHSHHS JUIsl O10MacH.
[Momanpmuii aHaii3 TPOCTOPOBUX 3MiH 000X KOHLIEHTpALiil B HANpsSMKY pyXy 3a0pyaHeHOi
BOJM BHMKOHYBABCS CTOCOBHO PI3HMX MOXJIMBHUX CHUTYyallill y BIJHOIIEHHI HACHYEHHs 0ioMacoro
nmopoBoro npoctopy. [lepira cutyarttist CKagaeThCs 3aBASKHA 3HAYHIN KUTBKOCT1 PO3YHMHEHOT OpraHiKu
3 XapakTepHUMU I HEel TPAaHWYHUMHU KOHIEHTpaIliero 6iomMacH 1 TOBHIMHOIO OioruiiBku. [pyra
CHUTYyallisl Ma€ MiClie PX MEHIIIH KUTBKOCTI TOYaTKOBOTO 3a0pyAHEHHs. TakuM 4nHOM 011 BXOAY B
CEKII[iI0 YTBOPIOETHCS 30HA TPAHUYHOI'O HACHUEHHS, a JIaJi 3a TEUi€l0 30Ha YaCTKOBOI'O HACHYEHHS.
TyT HOBOIWTHCS JONATKOBO BH3HAYATH TIOJIOKEHHS TPAaHUII MDK BKa3aHUMH 30HaMH. Sk
BUKJIIOUEHHS KOHIIEHTpallisi 6ioMacu B yciil ceklii Moke OyTH MeHIle Hik rpaHnyHa. [lepepaxoBani
CUTyalii OKpeMO aHaJli3yBaJIUCh aHATITUYHUMHU MeToJlaMH. BUBeZeHI TaKUM YMHOM pPO3paxyHKOBI
3aJIeKHOCTI 1 PIBHSAHHA Yy CYKYHHOCTI YTBOPIOIOTH PO3PaXyHKOBUH METOA, SKUH pazoM 3
BUIIE3raIaHUM METOJIOM PO3PaxyHKY aepoOHOro 610(pibTpyBaHHS Ja€ MOXKIUBICTH MOCIIIOBHO
MIPOTHO3YBATH PO3MOLUT KOHLIEHTpPaLld 000X cyOCTpaTiB y KOKHIN CEKIIii, a 3pelITol0 1 Ha BUXO/1 3

010KOHBEEPHOI CIIOPY/IH.
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MPOBJEMA OYUCTKHU BOJAU Y MICTI KUIB TA ATJIOMEPAIIII
B. P. I'mymyk, JI. O. MiTiok
HamionanbHuil TeXHIYHUIA yHIBEPCUTET Y KpaiHU

«KuiBChbKHiA MOMITEXHIYHUNA IHCTUTYT iMeH1 [ropst CikopchbKOTO»

[IponykTHBHICTE € BUpIMATLHUM (HAKTOPOM Yy BHOOpI MPaBUIBHOI KaHATi3allIHHOI
cuctemMu. BupimenHns mnpoOigeM 31 CTIYHMMH BOJIaMH Ta 3JIMBOBUMH BOJaMH — II€
TpanchopMaIliiHUNA aKT, TOKIMKAHUNA MOKPAIIUTH YMOBH XKHUTTS JIIOJIEH Ta CIIPUATH CTIHKOCTI
MicCT. B KOHTEKCTI HAKOMUYEHO1 CTAJIOCTI, MPO30POCTi, OXOPOHU HABKOJIMIITHBOTO CEpEAOBUIIA
Ta BIAMOBITHUX MIPABUJI KaHAIIi3all1i{H1 Ta BOJOBIIBIIHI MEPEK1 CII1J] PO3TIISAATH SIK HEBL €MHY
YaCTHUHY MOBHOTO IIUKJIY BOJH.

Crporoani 1eHTpamizoBaHa KaHami3allis BIACYTHS Y OUIBIIOCTI HACEIEHUX IYHKTIB
KuiBuuau. BurpiOHi sMu CTOJMYHUX 0araTornoBEPXiBOK BXKE CTAIM CEPHO3HOIO0 €KOJIOTTYHOIO
3arpo3oro A JoBKiIA. YacTo oprasizaiii, ki iX oOCIyroByIOTh, 3IMBaIOTh CTI4HI BOJIU Y
MpUJIETNll HAaca[PKeHHs Ta TOJs, MOPYIIYIOYH EKOJIOTIYHE 3aKOHOJABCTBO YKpaiHH Ta
CTBOPIOIOUM 3HA4YHI PU3MKHU IS 3J0POB’S Ta >KUTTSA Jojaed. | Bce 1e Ha A0JaToK [0
HEBIZIBOJHMX TEPUTOpil MpPHUBATHOIO CEKTOpPY, J€ BHMMOTM MIOJ0 OpraHizamii Ta
00CITyroBYBaHHS BUTPIOHUX SIM CUCTEMaTHYHO ITHOPYIOTHCS Yepe3 BiJICYTHICTh TepMeTH3allil.
VY HaceneHMX MyHKTaX CTOJIMYHOI arjoMeparii B)kKe BIJUYyBA€ThCS 3HAYHMN JEIUT SKICHOT
MUTHOI BOJM BHACTIZOK MacoBOTO OYIIBHUIITBA Ta, BiAMOBIAHO, 30UIBIICHHS HACEIEHHS.
Micuesi Bogo3a0opu Oisbllle HE MOXYTh 3a0€3MEUUTH peasibHi OOCATH CIIOKMBAaHHS BOJU
MICTaMHU-CYITyTHUKaMH Ta TpUJIETIUMH HOBOOynoBamu. bopTHuibka craniis aepamii TTAT
"AK KwuiBBogokaHan" — €IMHI OYHMCHI CIIOPYAM CTiUHUX BoJA M. KueBa Ta mpuierimx MicT i
cenuny KuiBcekoi oOmacti (Bumropon, Ipmins, Bumnese, boptamui, ['nigun, [lacnuse,
Yabanu, Komroouncske, ITyxiBka, HoBocinku, CodiiBebka Ta IlerponasniBebka bopiariska,
I'atne). Ha cTanuii npoxoasTh 0O4MCTKY BCi TOOYTOBI CTIUHI BOJM, @ TAKOK CTOKH IIPOMHUCIIOBUX
niAnpueMcTB. BopTHHIBKA cTaHIs aepauii — CKJIaJHUM KOMIUIEKC 1H)KEHEpHUX CIOpPY.,
o0JiaJiHaHHS Ta KOMYHIKallii, TPU3HAuYEHHH 11 TOBHOI 010JI0T1YHOT OUMCTKHU CTIYHUX BOJL.

Ha BCA BUKOpUCTOBYE KIIACHUHY CXEMYy OYMIIEHHS CTIYHHMX BOJ, fKa Iependayae
MeXaHIYHy (MeXaHIuHI pEeIliTKH, MiCKOYJIOBIIOBaYi, MEPBUHHI BIJCTIHHUKU) Ta O10JOTIYHY
OYHMCTKY (ACpOTEHKM Ta BTOPHHHI BiACTIHHHMKH). LI TEXHOIOTisI BUKOPUCTOBYETHCS HA BCIX
yCTaHOBKaX OYMCHUX cropyd. CTiuHI BOAM HAa MOYATKY HAaIXOAATh y MpUUMANIbHUN KaHal
rpabenbHOro BiICIKY HACOCHOI CTaHIii, Jaji Ha pemiTKy, SKa MiCTUTh MeXaHiuHi rpadiui. bpyn
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1 CMITTS1, SIKE BJIOBJIIOETHCSI HA PEIIITKAX, 30MPaeThCsl TPAHCIIOPTEPOM Y CIIeLianbHUN OyHKEp
st 30epiranss. CTiyHI BOIM NEpeKavdylOThCs 0 TpabiiB BiACIKIB i rpadeinb, a MOTIiM A0
nickoynoBmoBadiB.IlounHaOuu 3 PenIiToK, CTIYHI BOAU MEPEMIIIYIOTHCS Yepe3 yCi Cropyau
T NIEI0 CUJIA TSOKIHHSA.

OuncTKa CTIYHUX BOJ] BUKOHYETHCS Y HACTYITHIHN MOCIIIJOBHOCTI:

e Ha pemiTkax BenukorabapuTHe Ta IUIaBal0Ye CMITTS BUJANISETHCS;

® Y MICKOJIOBKaX BHJAISAIOTHCS BaKKI MiHEpaibHI 3a0pyAHEHHS (TOJIOBHUM YHHOM —
MICKY);

e ['py6o-miciepcHi MiHEpalIbHI 3aBUCII PEUYOBUHH, HEPOZUMHEH] OpPraHiyHi JOMIIIKH,
IUTaBAI0Yil PEUOBUHH, )KUPH 3aTPUMYIOTHCS Y IEPBHHHUX BiJICTIHHUKAX;

®  OCBITJIICHA BOJIA, SIKA MICTUTh JIPIOHO-TICTIEPCHY CYCIICH31I0, PO3UYMHHY Ta KOJIOIIHY
OpraHiky, MOCTYIIA€ JI0 a8POTEHKIB, € MPOXOIUTH O10JI0TIYHE OKUCIICHHS OPTaHIYHUX PEYOBHH
aKTUBHUM MYJIOM IIPH IHTEHCUBHOMY HAaCHY€HHI PIAMHU MOBITPSIM;

e MyJOBa CyYMIII ICAS aepoTEHKIB HAAXOAWTh HAa BTOPUHHI BIACTINHUKH, €
MPOXOJUTh MEXaHIYHE BIJICTOIOBAHHS AKTUBHOTO MYJy, SKHH MYJIOCOCaMU Oe3lepepBHO
BUJIATISIETHCA 3 BIJICTIMHUKIB, a TMOTIM HAacoCaMH, IO PO3TallOBaHI y HACOCHUX CTaHIIISX
aepOTEHKIB, TIOBEPTAETHCS 3HOBY JI0 A€POTEHKIB;

e  0I0JIOTIYHO-OYMIIIEHA BOJIa 3 BTOPHUHHUX BIJICTIMHHUKIB HAJIXOJIUThH JI0 BIJBIIHOTO
KaHaly, a 3 HbOr0 — JI0 MariCTpajJbHOTO KaHAaIy.

I'onoBHoto npobGiemoro BCA € Te, 110 cxemMa O4YHUCTKU CTOKIB, 1[0 BUKOPHCTOBYETHCH,
Oyna po3poOieHa Ta 3ampoekroBaHa e y 50-60-x 20 cTomiTTs, 1 3HAYHOIO MIpOK He
oHOBIIOBajacs. Takoxk BiIOYyIHCS Pi3Ki 3MiHU B AKICHOMY CKJIaJli CTIYHUX BOJI, 110 HATXOSATh
Ha OYMCTKY Ta, BIAMOBIIHO, B SIKOCTI OCaiy, SIKUIl YTBOPIOETbCS B mpolieci ouncTku. Hopmu
O4YMCTKH 1 mpoekTHa opranizanis BCA 60-x pokiB, He Oy/u po3paxoBaHi HA OYUCTKY CTIYHHUX
BOJ 3a OKpeMuMH cronykamu. Crnopyau O010J0riuHOi OYMCTKM OynuM po3paxoBaHi Ha
JOCATHEHHS JIUIIIE TPhOX TTOKA3HUKIB B OUHIIIEH1H BoA1. Ha ChOT0/HI K SKICTh OUUIIIEHUX CTOKIB

KOHTPOJIFOETHCH 3a 16-Ma MOKa3HUKAMU.
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HIJISAXW YTHIIBALI OCAJIIB CTIYMHUX BOJL
Y. 3. Cropomyk, M. C. ManvoBanuii, B. M. XKyk, I. C. Tumuyk, O. M. llIkBipko

Hamionansnuii yaiBepcutet «JIbBiBChbKa nosiTexHikay, JIbBiB, Ykpaina

Ocap criuaux Boj (OCB) - ne HeOaXkaHi 3aJIMIIKOBI TBEP/Il BiJIXOMH, SKI YTBOPIOIOTHCS TPH
OYMILEHHI CTIYHUX BOJ Ta HAaKONHMYYIOTHCS Ha MYJOBHX MalJaHUMKaX, HETAaTMBHO BIUIMBAIOYM Ha
HABKOJIMIIIHE CEPEIOBHILE TA KUTTS JIOACH.

Ilepepobka ta yrunizauis OCB 3 MeTor0 HeONYIEeHH IX HEraTUBHOI'O BIUIMBY Ha JJOBKULIISA €
OJIHIEI0 3 BAXJIMBUX eKoJIOoTYHUX mpoosieM. [lokpamenns B chepi ynpasiinas OCB € ocHOBHOIO
METOI0 Ui pO3pOOKH iHTErpoBaHOI CTparterii, sika BUpIIIyBaTUME HE TUIBKH MPUPOIOOXOPOHHI
3aBJIaHHS, aJIe 1 EKOHOMIYHI 32 PaXyHOK OTPUMaHHS BTOPUHHHUX CUPOBUHHHX PECYpCiB.

OcHoBauMHu criocobamu yrunizanii OCB € 3axopoHeHHs, criamtoBaHHs, ra3udikariis, mipois,
aepoOHe Ta aHaepoOHe epeTpaBICHHs, a TAKOXK HOro BUKOPUCTOBYIOTH JAJISl PEKYJIbTUBALIT 3aKPUTHX
3BAJIMII Ta JUIsi BUPOOHUIITBA Oy iBEIIbHUX MaTepialiB.

CrnanoBaHHS - 11€ €K30TepMiYHE OKHCICHHS TBEPAUX BiIXO/IB, IPH IKOMY BHILISETHCS TEILIO,
auMoBI Tas3u, Taki sk NOx, CO2, CO, H20 i SO», nerroui pedoBuHu Ta 307a. OCHOBHa MeTa -
3MEHIIUTH OOCSAT BiIXOJIB. 30J1a € IIIHHUM MPOJAYKTOM JJIs1 BUPOOHUIITBA OyiBEIbHUX MaTepialib.
[Ipote Meroxa cmamioBaHHS Ma€ Psijl HEIOMIKIB: CIATIOBATH CAMOCTIMHO MOYKHA OCaJH, B SIKHX
CIIBBIJIHOILIEHHS BOJIOTH Ta OpraHiYHOl peYOBUHHU He mepeBunye 3,5 - 4 1o 1, B IHIIKMX BUMaIKax
HeoOXiJHa JOAAaTKOBA BUTpaTa najiusa; KpiM Toro, OCB MOXXyTb MICTUTH COJII BaXKKUX MeTauiB. [1ix
Yyac CHAJIOBaHHS BOHM MOTPAIUISIOTH y MPOAYKTH 3TOPSHHA 1, Y Pa3l BIACYTHOCTI OYMIIEHHS
BIJIXIJTHUX Ta31B, BUKUIAIOTHCA Y aTMochepy.

lasudikamis - 1e TepMOXIMIYHHMN NpOIEC, IO BKIKOYA€E CYIIKY, MIpOJi3, OKHCIEHHS,
BITHOBJICHHA IIpH BHCOKIM Temmeparypi Ta TMEpeTBOPEHHS MaKpPOMOJEKYJISIPHOI OpraHiqHOl
peuoBuHu B OCB 10 cuHTe3 rasy. B mopiBHsHHI 31 cnamoBanHAM rasudikamnis OCB mae psn
nepeBar: BUCOKa €()eKTUBHICTh BUKOPUCTAHHS €Heprii, HU3bKUI piBeHb BUKU/IB IIKIAJUBUX Ta3iB,
takux Kk SO2 Ta NO, cTabinizaiisi Ba)KKMX METaJIIB y 30J11 Ta HU3bKE BUIYTOBYBaHHS.

[Tiponis OCB — 1me tepmiune neperBopeHHs (350-900 °C) opraHiuHUX pEYOBHUH, IO
3IACHIOETBCS 33 BIJCYTHOCTI KHCHIO 1 BHUpOOJsie Toprouuil ras, OioonmuBH, Ta OloByrimis. Y
MOPIBHSHHI 31 CHAIFOBAHHSIM, MIPOJIi3 TPOBOAUTHCS MPHU O1IBIT HU3BKIHM Temmepatypi 1 Oubiie 80 %
BAXKHUX METaJiB PO3NOAUIAIOTECS B O10Byruuii. ToMy HHM3BKHH BMICT BaXKUX METaliB Y
HipOJITUYHOMY Ta3i 3MEHIIye OOpoOKy, MOB'A3aHy 3 BAXXKUMH METalaMH, SKOi HEOOXiTHO
JTOTPUMYBATHUCS JUIsl CTAHIAPTY MPH BUKHJIAX Ta3y.

3 iHmoro 6oky, xiMiuanid ckiaag OCB Big3HAYa€ThCSI BUCOKMM BMICTOM OPTaHIYHHUX PEYOBUH

(mopsiaky 70% BiJ Macu CyXOi peYOBHHH OCajly), 3HAUHHUMH KOHIICHTPALISIMU MMOXUBHUX MakKpo- 1
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MiKpoeneMeHTIB (30kpema, azoty — 0,8—6,0%; dochop — 0,6—1,2%; xamiit — 0,1-0,6%), mo nae
MIJICTaBU PO3TISIATH el MaTepiall sSK CKIAJHUK OpPraHO-MiHEPAIBHHUX JTOOPUB Pi3HOTO CKIaay Ta
MPU3HAYCHHSI.

VY kpainax €BpOIeHCchKOTO COI03Yy 3HAUHY IMepeBary HagaloTh aepoOHOMY Ta aHAEpPOOHOMY
neperBoperHio OCB. JloBeneHo, 1o mia yac aepoOHoro neperBopeHHs B OCB y Benukiii KiIbKOCTI
YTBOPIOIOTHCSI TYMIHOBI KHCJIOTH, & IMiJ] 9ac aHaepoOHOTr0 — OCHOBHUMHU KOMIIOHCHTaMH OCAaJliB
CTIYHHUX BOJ| € OUIKM Ta apOMaTH4HI aMiHOKUCIIOTH, IO CBITYUTH PO MOMIIMBICTH BUKOPHUCTAHHS
OCB sk opraHo-MiHepaabHUX JTOOPHUB Y CIIIbCHKOMY TOCIIOJAPCTBI.

AepoOHe TpaBiieHHS (KOMIIOCTYBAaHHS ) XapaKTePU3y€EThCS MIKpPOO10JIOTIYHOIO aKTUBHICTIO, KA
BiIOYBa€THCS 3aBISIKM AKTUBHOCTI MIKPOOPIaHi3MiB PI3HUX TPy OaKTepii, aKTHHOMIIIETiB, TPHOIB,
JPDKIDKIB Ta iH. MiKpoOHA aKTUBHICTH BXKJIMBA JUIS €EKTUBHOTO YIPaBIiHHS mporiecoM. [Iporec
KOMITOCTYBaHHS, MiJl 4ac SKOTro BiOyBaeTbCsA PO3KIAJaHHS Ta cTaduIi3allisl OpraHiyHUX PEYOBUH,
MOJKHA PO3JLIUTH Ha JAeKiIbKa da3: Me30(iIbHy, TepMOIIbHY, 3aTyXaHHS Ta JO3PIBaHHS.

MesodinpHa (aza XapakTepU3yeThCS aKTUBHICTIO Ta 3pOCTaHHSM Me30(DUILHUX OpraHi3MiB,
SKi TIPHU3BOMATH JO IIBUAKOTO 3POCTaHHS TemIeparypu. TepModiabHI yMOBH 3a0e3IeUyIOTh
MOJKJTUBICTh TOBHOI Tiri€Hi3amii KOMIIOCTY IUISXOM 3HUIICHHS S€llb TeIbMIHTIB Ta MaTOTCHHHUX
oprasi3mis, npucytHix y OCB.

JlocuTh MI€BOIO € TEXHOJOTIs aHAaepOOHOTO MEPEeTBOPEHHs ocady cTiuHux Boj. OpjHak, Ha
BIJIMIHY BiJl a¢€pOOHOT0 KOMITOCTYBaHHS, MPOLEC PO3KJIaaAy OpPraHIgYHOI PEUOBUHU MIKPOOpPraHi3Mu
BiI0yBaeThCsl 0€3 JOCTYMy KHCHIO 13 OTPUMaHHSIM KIiHIIEBOIO MPOAYKTY — Oiorazy. AHaepoOHe
TPaBJICHHS 3aBEPIIYETHCS MICIS YOTUPHOX MOCHITOBHUX (a3: T1IPOi3, alluI0TeHes3, alleToreHes Ta
METaHOTEHE3.

biora3 (metan) - razonofnione OionanmBo, sike Mictuth 50 -70 % CH4, 30 % - 45 % CO2 i
HEBEJHKY KUTbKICTh CIPKOBOJHIO, BOJIU Ta a30TY, 1110 POOUTH MOTO MPUIATHUM JJIs1 BUKOPUCTAHHS B
SKOCTI JKepeJia eHeprii JUis JBUTYHIB 3TOpsSHHS, TypOiH a00 KOTJIIB K CAaMOCTIHHO, TaK 1 3MIiIIaHUX
3 IHIIMMHU BHJIaMU TNaNMBa. Y MPOCTOMY 3aCTOCYBaHHI 0i0ra3 Mo’Ke UBUTH Ta30Bl minTu. Lg
TEXHOJIOTIS BBAXAETHCS OJHICIO 3 HaledEKTHBHIIIMX CIOCO0IB 3HE3apaKeHHS Ta IepepoOKH
OpraHiuYHUX BIJIXOJIIB PI3HOTO MOXO)KCHHS.

B VkpaiHi 3 KO)KHUM POKOM 3pOCTa€ HAKOMUYECHHS 0Cajy CTIYHHUX BOJ] HAa MYJIOBUX KapTax. Lle
BHUMarae po3LIMPEeHHs IUionl Juis iX 30epiraHHs. BukopucTaHHs ocajiB CTIYHUX BOJ BBa)KAETHCS
BHUTITHAM HE TUIBKHM 3 €KOJOTIYHOI TOYKH 30py, aje W 3 €KOHOMIYHOi, a/Ke JOBEICHO, M0 OCal
CTIYHUX BOJ € I[IHHUM MaTepiabHUM Ta €HEPTeTUYHUM PECYpCOM, KU MOYKHA BUKOPUCTOBYBATH

SIK BTOPUHHY CUPOBUHY.
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CYYACHUM CTAH PIYKU TUCA TA OCOBJIMBOCTI PYCJIOBOI'O ITPOIIECY
JI. A. Illunkapyk, JI. P. Boak, B. B. Beuep

HarionanbHuit yHIBEpCUTET BOJHOTO TOCHIOJAPCTBA Ta MPUPOJIOKOPUCTYBaHHS, M. PiBHe, Ykpaina

VY mpakTuili TiAPOTEXHIYHOTO OY/IIBHHUIITBA, B TOMY YHCII PIYKOBIH TiAPOTEXHIMi, KpiM
TIPOTEXHIYHUX CIOPYA Ha piukax moOYyAOBaHO il EKCIUTyaTyIOTh OaraTo iHIINX 1HKEHEPHHUX CIIOPYT
1 KOMyHIKali{ 3 BIIHOCHO HEBEITMKUMH IUIAHOBUMH Ta BUCOTHHUMH PO3MipaMu, sIKi B Til YW 1HIIIH
Mipi BINTUBAIOTh Ha XiJ pycyioBoro mporecy. Croy CiIij BIIHECTH TaKi CIIOPY/IU: MOCTOBI IIEPEXOAH
yepe3 BOAOTOKM, PEryisliiHI CHOpPYAM, PIYKOBI BO103a00pH, BOAOBUIIYCKH KOMYHAJIBHOI'O Ta
MIPOMHCIIOBOTO TIPU3HAYCHHS, IEPEXO/IA YePe3 PiuKH T'a30- Ta HA(QTOMPOBOIIB, OEPETOBI Ta 3aIUIaBHI
OTIOpH JIIHIN eNeKTpoIepead, a TAKOXK Kap’ €pHi po3p0oOKH rpaBifHO-TaICYHUX 1 IpaBifHO-TIIIAHNX
BIJIKJIJIIB B pycliax 1 Ha 3arjiaBax pidoK TOIIIO.

Po6oTu, sKi BHUKOHYIOTH 3 METOI0 pEryllOBaHHS pycel pPiuoK MNOTPiOHO 000B’SI3KOBO
PO3TISIIATH CyMICHO 3 POOOTOO BHIIE3a3HAUCHHX TiAPOTEXHIYHUX CIOPYA, TOOYAOBAaHMX Ha HUX,
BPaxOBYIOUH iX BIUTMB HA TiIPaBIiYHUN PEXKUM PIYOK.

CreuianicTd KOHCTAaTyIOTh, IO PYCIOBHH NPOIEC MOPYIIYETbCA Micas OyAiBHUIITBA
TIPOTEXHIYHUX 1 1H)KEHEPHUX CIOpY[, MPUUOMY 1€ TMOPYIIEHHS MOXE OXOIUTH 3HAuHy JUISHKY
pluKy 1o A0BXKUHI (TOOTO BiOyBarOThCS, TaK 3BaHi, 3arajibHi fedopmaiiii). KpiM 11boro Moxxiusi i
JIOKaJIbHI TOPYIIEHHS PYCIOBOTO MPOLECY Ha AUISHKAX PO3TAllyBaHHS CHOPYH, SKIIO OCTaHHI
CHJIBHO CTHUCKYIOTh IMOTIK a00 OOMEXYIOTh PO3BUTOK DPIYKOBHMX 3BUBHUH, a00 He 3a0e3neduyroTh
0e3BiipBHE OOTIKAHHS MOTOKOM €JIeMEHTIB crnopya. Tomy mpoGieMa NporHo3yBaHHsS PYCIOBOTO
MPOIIeCy Ha piuKax 3 MOPYIICHUM (HE MPUPOIHUM) BOJHUM PEKHUMOM 3ATHIIAETHCS HA CHOTOAHI
HalaKTyaJbHINIOK 1 HE JOCTaTHHO BUBYEHOIO B TEOPIi PYCIOBUX MPOIIECIB.

Sk mokazye 0CBiJ poOOTH BUILE3a3HAYEHUX CIIOPY/I, 3 OIHOT0 OOKY BOHU MOXYTh 3a3HaBaTH
3HaYHUX Jedopmalliil 1 pyiiHyBaHb B MiCLSX (CTBOpax) iX po3TalllyBaHHS IiJ] Yac MPOXOJKEHHS
MaBO/IKiB a00 MOBEHEH, 3 IHILIOr0 — caMi CIIOPYAU MOXKYTh CIPUYUHSATH Aeopmarlii pycia ta Oeperis
Ha CYCIIHIX AUISHKAX PIYKH, PO3TAIIOBAaHKUX BHILE a00 HUXKYE 3a TeUi€ro a00 HABIIPOTH 1€l CIOPYIU
Ha MPOTUIIEKHOMY Oepe3i piuku.

Ha ocHoBi rizpomopdomnoriunoro MoHitTopunry p. Tuca B 3akapnarcekiii o0xacti, YkpaiHa,
MIpOaHaIi30BaHO poOOTY MOCTOBUX IepexoAiB Ha auisHLi ¢. KoponeBo — cmT Bunok. JlocmimkeHo
BIUIMB MOCTOBHX TEPEXOJiB Ha pYCIOBUH mporiec. BcraHoBieHO mpuYMHU (HOPMYyBaHHS
aKyMYJIITUBHUX (DOPM 1 PO3BUTKY PYCIOBUX Jeopmalliii B 30HI BIUIUBY MOCTIB. 3allpOIIOHOBAHO
3aXO0JM IIOJ0 TOJIMIIEHHS POOOTH MOCTOBUX IE€PEXOJiB BHACIIJOK BIIAIITYBAaHHA HOBHX a00

MOJICpHi3allii ICHYIOUHX PETYJAMIHHUX CIOpy T 01715 MOCTIB.
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Ha mocmimkyBaniid ainsHI p. Trca pyciio 3BUBUCTE, CHIIBHO PO3TATYyKEHE, 3a3HA€ 3HAYHUX
nedopmartiii mig yac mpoxoHKeHHs MaBoKiB. Piuka siBiste cob6oro Oe3nepepBHE YepryBaHHS IUIECIB
1 mepekaTiB. Y pycii piuyKd MOCTIHHO 3yCTpIiYarOThCs OCEpPEeNKH, OCTPOBH, O0koBHKH. Ha HuX 1 Ha
3aruIaBax CIOCTEPIraEMO CKYITUYCHHSI MAaCHBIB POCIMHHOCTI (JepeBa, YarapHUKH, BUCOKA TpaBa), sKi
CYTTEBO BIUIMBAIOTh HA NPOITYCKHY CIIPOMOKHICTh PIYKH 1 B IIOMY Ha PYCJIOBUIH IpoLec.

Harmi gocmikeHHs JO3BOJIWIN 3pOOHUTH y3arajlbHEHHS PO OCOOIMBOCTI PYCIOBOTO MPOIIECY
Ha JIOCIDKYBAHIN ISHIT PIYKU:

- Mo-mepiue, Il Yac IPOXOJKEHHs IaBOJKA IOTIK PYXaeThCs IO MOBEPXHIX 3aIljaB MDK
MacHBaMU POCIMHHOCTI Ta IHIIUMHU IEPEIIKOAAMHU, KOHIIEHTPYIOUH BUTPATy BOJIU Y BY3bKHX,
00OMEKEHUX POCIMHHICTIO, BOJOMPOIYCKHHX KOPHAOpPAX, 1 aTakye OAMH i3 OeperiB Iif
nesikuM KytoM (Binx 30° 1o 90°), yrBOpIor0YM HaBaJIbHI TEYii;

- MO-Ipyre, 3aBJIsSKM IONEPEYHOMY IOXWIY HOBEPXOHb 3aIUIaB B HAMNpsAMKY J0 pycia
IIBUJIKOCTI ITOTOKY I/l 4Yac MPOXOXKEHHS IaBOJKa MOXKYTb Jocsaratu 5...6 M/c;

- TO-TpeTe, BHACIIOK MEPHIOYEPTOBOIO BUMHUBY IPYHTY Oinsi Oepera (3a MpUUMHHM HaBaia
MOTOKY Ha Oeper) MOKyThb yTBOPIOBATUCS (DOPMYBaHHS 3 IOHHUX HAHOCIB Y BHIJIA[I 11acM,
K1 CIIPUSIOTH OJANIBIIOMY PO3BUTKY 3HAYHMX Jie(hopMartiii.

JU1s1 3aXUCTY MOCTIB 1 OTOPOJDKYBaJIbHUX 1aM0 Ha JTOCiIKyBaHii s p. Tuca HeoOXiHO:

- BUJQIUTH HAHOCHI BIAKJIAJEHHS 3 pyclia PIUKHU MEpel MOCTOM, SIKI MOKpPHUTI, TEPEBaXHO,
POCIIMHHICTIO;

- PO3YUCTUTH MIJMOCTOBE PYCJIO Bl HAHOCIB 1 POCIMHHOCTI B THX OTBOpax, jAe€ BiaOyiocs
HAKONHWYEHHS HAHOCIB 1 Ha HUX COpPMYyBaIach POCIUHHICT;

- mependayuTH IJIAaHOBY PEKOHCTPYKIIIIO OTOPOKYBATBHUX JaM0 Ha JUISTHKAX 0e3MmocepeIHbO
O1Is1 MOCTIB 3 IOCTYIOBOIO 3MIHOIO TIJITAHOBOTO PO3TAIIYBAaHHSI ITUX AUISHOK 1aMOU 3 METOIO
Ha/JaHHSA iM (QYHKIIH MOCTOBHMX pPEryJsLIMHUX CTpyMEHEHANpsIMHUX JaM0; 00OB’SI3KOBO
nepeadauuTy perymiauiiHi 3aX0Au 1 CIOPYAM Ha BCIX MOCTOBUX IEpeXojax, SIKIIO BOHU
nonepeaHbo Oy BiACYTHI;

- 3IIACHIOBAaTH MOJIEPHI3AINI0 OTOPO/KYBAIBHUX JaMO, PO3TAIIOBAHUX BHIIE MOCTOBHX
nepexoiB: 3abe3neynTu HajiiHe YKPIIJIEHHS X pPYCIOBHUX YKOCIB 1 MiJOIIBH IUISXOM
OyIIBHUIITBA TIONIEPEUHUX CIIOPY/I — HAITIB3arar;

- 3BECTH POCIMHHICTH (KYIIl Ta JiepeBa) Ha aKyMYJISTHUBHUX (opMax, Ha SIKHX YTBOPHJIACh
POCIUHHICTh, 1 THM CaMHUM T[IOJETHIMTH eKCIUlyaTaliiiHi yYMOBU JJi MOCTIB 1

OTOPOIKYBAIBHUX 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 a result 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 OCAAIB IOBYTOBUX CTIYHUX BO/J 3
HAJIVIMIIKOBOKO KOHHEHTPALIE€IO IOHIB BA’KKUX METAJIIB
A. B. lllunkapuyk, H. b. I'oay6, M. B. Ko3ziosensp, O. A. Ko3jioBenb
HamionansHuii TeXHIYHUI YHIBEpCUTET Y KpaiHU

"KuiBcbkuii momTexHIYHUN 1HCTUTYT iMeHi Iropst Cikopcbkoro"

3 30% kaHami3amiifHUX OYMCHUX CHOPYA YKpaiHH, TEXHOJOTI] SIKUX BKIIOYAIOTh aHACPOOHY
cTabimi3allio ocaay B METaHTEHKaX, MpaioTh TUTbku 181 (y Kuesi Ta Xapkoni). Taka TexXHOIOTIA
00po6ku ocazniB ctiuanx Boja (CB) BBaxkasacs ManoeeKTUBHOIO uyepe3: HU3BKUU BUXid Oiorasy,
TpUBAIMIA TepMiH OpOAIHHS, €KOHOMIYHO HEBMIIpaBIaH1 eKCIUTyaTalliiiHi 3aTpaTh Ha poOOTy
METAHTEHKIB, OJIEp)KaHHS OpraHiyHuX [n00puB HHM3BKOI skocTi. HasBHICTE Tepuropii s
CKJIQIyBaHHS OCaJIiB IpH KaHam3amiianx ouncHux cnopynaax (KOC) no3Bossiia ASCATUITITTIMYA HE
BUPINIYBAaTH MUTAHHS YIOCKOHAJIEHHS CTaii iX aHaepoOHO1 cTabimizarii.

OpHak, yIOCKOHAJIEHHS €KOJOTIYHOTO 3aKOHOJABCTBA, MOCHJICHHS BHUMOT /IO TMEPEpOOKU
BIIXOJIIB Ta 3011bIIEHHST O0CATiB yTBOpeHHX ocafiB CB crnpustoTh pPO3BUTKY Ta IOCIIIKEHHEIO
CKOJIOTIYHO TOJIEPAHTHUX TEXHOJIOTIH (aHaepoOHa cTabii3allis), 110 € aKTyaJbHUM 3aBJaHHSIM Ha
ChOTOJIHI, OCKIIbKM TaKa TEXHOJIOTisl O3BOJISE HE TIIbKM OTPUMYBAaTH EKOJIOTIYHO Oe3revHe
opraHiuHe J00pHUBO, a i ra30noJiOHe NaTuBO y BUIIIAI Oiorasy.

HasBHicTh Baskkux Metanis (ioru Cu?*, Cr¥* ta Zn?") y no6yrosux CB mop’s3ana 3 BHYTpilIHIM
MOKPUTTAM TpPYyO Ta 3amipHOi apMaTypy BHACHIIOK KOHTaKTy 3 HUMHU BOJONPOBIIHOI BOJU. 3
BOJIONPOBiIHOIO BoA0I0 B CB B HE3HAYHNX KOHIIEHTPAIIisX MOKYTh HaaxoauTH ionu Fe3*, A" romo.
Takox 10HM BaXkux MeTaniB (BM) MOXyTh MOTpanuTH 10 CTOKIB 3 MEANYHUX 3aKJIAJIB, XIMUUCTOK,
aBTOMalCTEpEeHb, MOBEPXHEBUX CTIYHMX BOJ 3 aBTOTPAHCIOPTHUX MaricTpajieil abo TepuTopiit
BUPOOHMYMX MIJIPUEMCTB TOIIO. [OHM BaKKUX MeTasliB COpPOYIOTbCS HAa aKTUBHOMY Myl (TIpU
BUKOPUCTaHHI aepoOHOi TexHojorii ouwmieHHs CB), BHACHIOK 4YOro 10HM Ba)XXKUX METAlliB
NEePeXosATh y 0caj] Ha CTajlii BTOPMHHOT'O B1JICTOIOBAHHS.

[Tponiec anaepoOHOi crabimizamii ocanie CB HacTymHMiT: ocaj MoMaeTbecs B METAaHTEHKH, /€
BiJ10yBaeThCs 4-X cTajiiiHe aHaepoOHE PO3KIaJaHHs OpraHiyHuX croiayk 3 BuaieHHsIM CHa ta COz.
3a yMOBHU NPOBEJCHHS Npolecy npu temnepatypi 53 °C He TUIbKM MiJBUILY€ETHCS BUXix Olorasy ta
IIBUJIKICTh TPOBEACHHS Tpoliecy, a # 3a0e3nedyeTbcs IIOBHE 3HE3apakyBaHHS OCadiB 1
JETeIbMIHTH3AIlIsI OCaiB, MO J03BOJISIE 3aCTOCYBAaHHSA TMEPEOPOIKEHOr0 OcCaay SIK OpraHIqYHOTO
no0OpuBa.

Metow pobGoTu Oyli0 OCHI/KEHHS BIUIMBY BaXKKMX METalliB Ha IMpOIEC aHaepoOHOIo
30poKyBaHHS Ta MPOIleC yI0OCKOHAIIEHHS aHaepoOHoi cTabimizarii ocany.

3aBaaHHs Ul TOCATHEHHS METH OyJIM HACTYITHI:
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- JIOCTIIUTH BIUIUB 10HIB Bakkux MmetaniB (Pepym, Kynpym, Xpowm, [{uHk) Ha aHaepoOHMIA
mporec 30poKyBaHHS;

- IHTepIIpeTallisl pe3yabTaTiB Ha MOXKIIUBICTh YIOCKOHAJIIEHHS aHaepoOHOT cTabimizalii ocaty.

Jlociti IpOBOIMIIM 32 BUKOPUCTAHHS PI3HUX J[ialma30HiB KOHIICHTPAIliH COJIel BUIIIEBKAa3aHUX
B)KKMX METalliB y aHaepoOHuX MetanTeHkax (V=1 qM°) 3 rasronbaepaMu MOKpPOTO TUITY ISl 360Dy
YTBOpEHOT0 Oiorasy, TemrepaTypHuii pexxum 37 °C, cyxa opraniuyna peuoBuHu (COP) y MeTaHTEHKY
8%, mepiox 30poxyBanHs 13-22 1ib.

AnaepoOHe 30pO/KYBaHHS OCaJiB CTIYHHUX BOJ, IO MICTSTh 10HI BaXKKUX METAliB,
00MEKY€ETHCSI BACOKOIO KOHIIEHTPALII€I0 MOMIOTAHTIB, 1110 MPU3BOIUTH 10 3arudeli MiKpoopraHizmiB
— YYaCHHKIB Tpoliecy 30poKyBaHHS, a TaKOX KUIBKICTIO HEOOXiTHOI OpraHi4HOi YacTHUHH, SKa
3a0e3neuye BUCOKHIA BUXiJ 0iora3y mpu 30po/pKyBaHHI CHPOBHHH, IO POOHUTH MPOIIEC CTA0LIBHIM
Ta eKOHOMiuHO JouinbEuM. Tak, nogaBarns 10 mr/am® Zn?* npu anaepoOGHOMY 30pOKyBaHHI THOIO
BPX (nepion 36pomxyBanus 13 n1i0) 3HMKye Buxin 6iorasy Ha 8%, a mpu 3011bIIEHHI KOHIIEHTpAII1i
Zn%* 10 50 mr/am® Buxi 6iora3y nagae Ha 12 % MopiBHSIHO 3 KOHTPOJILHUM 3pa3koM (0e3 101aBaHHs
ionis BM). Bukopucranns ocaznis CB, mo MicTaTh ioHM Baxkknux MeTanis (taki sk Fe*', Cr¥*, Cu?),
y SIKOCT1 CHPOBUHHU JJIs1 30pOJKYBAaHHS € MIEPEBaroro sl aHaepoOHO1 cTadimizallii ocaiB, OCKUTLKH
Taka CHPOBHMHA IOKpAIllye BUXiJ1 O6iorasy mOpiBHSHO 3 CUPOBUHOIO Oe3 noMimok. Tak, Hamu Oyio
BCTaHOBJIEHO, IO TIPH aHAaepoOHOMy 36pokyBanHi rHoro BPX npu xoumentpanii Fe3* 80 mr/am?
BUX17 Oiora3y BuIuii Ha 19% nopiBHSHO 3 KOHTpoJieM (6e3 JoaaBaHHs 10HIB BM), npu koHueHTparii
Cu?* 80 mr/nm® Buxin Giorasy Bummii Ha 31% (20 1i6 36pomKyBaHHs), a 3a fofaBadHs 50 mr/mm Cr*
—Ha 36% (16 ai6 30poKyBaHHs).

ITpu Bucokiil KOHIIEHTpallii 10HIB Ba)KKUX METaNliB y nepeOpokeHiit ppakiii 3acTocyBaHHs 11
K 00pHUBa MOKe OyTH HEMOXKJIMBUM, TOMY BapTO PO3IISIHYTH BapiaHT 3MILIyBaHHS TaKOTro JoOpHBa
3 mepeOpoKeHoro ¢pakirieto 6iorazoBux ycraHoBok (BI'Y) (puc. 1, a), sikio Taki HasiBHI MOOIH3Y,
a0o MOXIMBICTH Ko(epMmeHTalii ocaay 3 BHUCOKMM BMicToM BM 3 kocyOcTtparamu y sIKOCTI

po3BenenHs (puc.l. 0).

Temto HA onaneHHA

Ocangz

2 METAHTEHKY
Bioras Ha
CTIATIOBAHHA -—~> EileKTpoeHepriz Ha Ten1o Ha onmATeHHA
/ motpebu KOC MeTaHTEHKY
vimimsHiozasa | AHaepoOHa Bioras ma /
cTabiTI3AmLA JlirecTar Ha TiHilo Kocyberpar ] CIIATIOBAHHA \ EnexTpoeHeprid Ha
% BHPOGHHITEA TO6PHE JlodpuBa Ocazz Amaepobua notpeon KOC
IoBeaeH1 IiToHIOBaEA cTabLTI3AmA _
TV R o Jlobpusa ms
JHobpusa 3 BI'Y Ha - -"} BHECEHHA HA
PO3BeIcHHA CT yrizaa
a 0

Pucynok 1 — Bapiantu Bukopuctanss nepedpoxeHoi ¢ppaxiii ocanis CB sk opraniyHux 100puB
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BIIVIMB HIMPUHU MTPOMI’KKY TA BOJHUX PO3YHNHIB METAYIIOHY
1 JUTAJIAHY HA TIIPABJIITYHAN ONIP HAJTHAPUYHOI' O POTOPA
I. 1O. ITonanyok, B. I. Opea, b. C. Hinnmun

HamionansHuii yHiBepcuTeT «JIbBiBChKA MOJIITEXHIKAY

NpapoauHamMiyHO aKTHUBHI JOAATKM BHKOPHUCTOBYIOTH JJsi MiJBHINEHHS €(QEKTUBHOCTI
poboTH TiApaBIIYHUX CcUCTeM. MIilenoTBipHI TOBEpXHEBO-akTUBHI pedoBunu (MIIAP) B
OJIHOPIIHUX PO3YHMHAX MAIOTh 3BOPOTHY MEXAHIUHY J€CTPYKI110, IO € OCOOIMBO BaXJIMBUM IS
3aMKHeHUX cucTeM. IIpore, nutanus BBy MIIAP Ha TypOysneHTHY CTPYKTypy HOTOKIB IIe
JaJeKe BiJl MIJTKOBUTOTO BUPILICHHS.

Posrnsayro BmimB BomHux po3unHiB MIIAP Ha rigpaBmiuHuil omip poTopa aiaMeTpoMm
73,5 MM Ta BUCOTOIO 153 MM, KMl perynioBaiyd HMEpeMIlIeHHsIM cTaTopa JaiamMeTpoM 142 mw.
IIpy 1poMy MiXK HHMH YTBOPIOBABCS 3aMKHEHMH KUIbLIEBHH KOH(Y30pHO-AM(Yy30pHUN
MIPOMIXKOK.

HocmipkyBanu BogHI po3unHu Takux MIIAP, sk MeTaymoH MacOBHUMHU KOHIICHTpAIisMU
C=0,3% Ta 0,5 % Ta auranan Ditalan OTS-45 3 C=1% T1a 8§ %. Y po3uuHu MeTaynoHy,
3aJIeKHO BiJ] Macu po3uuHy, gonaBanu 7 % NaCl gns 3arymenHs ta 0,2 % NaHCOs nmns
crabimizanii; Te xk, quranany — 3 % ta 0,2 % BiamOBIIHO.

Jlns po3unHIB METaymoHY Ta JuTallaHy KoeQIiIIeHT TepTs Ha MOBEpPXHI poTopa
3MEHINYETHCS MpU 301IbIIEHH] KpuTepito PeliHonbca Ta 301IbIIYETHCS TPU 3MEHIIEHH] ITUPUHU
npoMixKky. J{is pikcoBaHUX 3HaueHb KpuTepito PeiiHonbica KoediieHT TepTs 301IbLIy€eThCS TPU
3MEHUIEHHI IIUPUHU MPOMIKKY.

[linTBepakeHO 3anexHICTh KoedilieHTa TepTs Bia KpuTepito PeilHonbaca mpu pi3HHUX
3HAUEHHAX IIUPUHU MPOMDKKY MiX POTOPOM 1 CTaTOPOM Ta KOHIIEHTpaliil BOJHUX PO3UYUHIB
METayNoHY Ta AUTAJAHy MOPIBHAHO 3 OUIBIIMM J11aMEeTPOM POTOpa.

Jns  gociipKeHWX KOHIEHTpalllil MEeTaylnmoHy MOJYJdb 3HA4YeHHS BIIHOCHOT 3MIHHU
KoedilieHTa TepTs Ha noBepxHi poTopa DR 3pocTaroTs 10 3HaYeHb BIAHOCHOI HIMPUHU MPOMIKKY
IpH EKCHEHTPUYHOMY Ta KOHIICHTPUYHOMY pO3TallyBaHHI poropa Ta craropa be/bx =0,7. 3
noaanbuM 3MeHIeHHsAM be/bx st C = 0,3 % cnoctepiraerbes 30ubmenHs DR 1o be/bx = 0,03,
st C = 0,5 % — 3smenmenns DR 3 minimymom tipu be/bx = 0,4, a masi 30iabIICHHS.

Jlnst jocniiKeHnX KOHUEHTpaliil po3urHy nutanany 3HaueHHs DR 3pocTaioTs 10 3HaueHb

be/bi = 0,7, yrBOprotoun MmakcumyM, aaii 10 be/bx = 0,03 cragaroTh.
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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, Ivano-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 BOD2 (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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BIIJIUB BOJO3ABOPY I3 BOAOCXOBUIIl HA HABKOJIMIIIHE CEPEJOBUIIE
O. A. Pabenko, B. C. Tumomyk, O. O. I'agny, O. O. Kioxa

HarionanbHuit yHIBEpCUTET BOJHOTO TOCHIOAPCTBA Ta MPUPOJAOKOPUCTYBaHHs, M. PiBHe, YKpaina

OCHOBHHM J[)KEpPEeIoM ITPOMHUCIOBOT0, KOMYHaIbHO- MOOYTOBOI'O Ta CUIbCHKOIOCIIOAAPCHKOTO
BOJONIOCTaYaHHS YKpaiHu € piukoBi BojocxoBuima. L[i BOJOCXOBHUINA MarOTh KOMILIEKCHE
MPU3HAYCHHS | BUKOPUCTOBYIOTHCS B TAKHUX IIUISX:

- peryiroBaHHsI IOBEPXHEBOTO CTOKY 3 HOT0 Mepepo3IoIiIoM Y Yaci;

- 00poTb0a 3 MOBEHSIMH Ta aBOJIKAMH;

- KOMYHaJIbHE, TPOMHCIIOBE Ta CLIIbCHKOIOCIIOAPChKE BOIOTIOCTAYaHHS;

- 3pOIICHHS 3aCYILJIMBHUX 3€MEIb;

- BHUPOOHUIITBO €JIEKTPUYHOI EHEeprii;

- perynroBaHHs HEPIBHOMIPHOCTI €EKTPOCIIOKUBAHHSI T4 YACTOTH 1 MOTYKHOCTI €HEPrOCUCTEMU;
- BOJHHUHU TPaHCIOPT;

- pubHEe TOCroIapCTBO;

- pekpealiliHe BUKOPUCTAHHS, BOJHO- CIIOPTUBHUN TYPU3M TOIIIO.

3aBJKM HasBHOCTI BOJOCXOBHII 3a0€3MeUyeThCSl BOJOINOCTAYaHHS TakuX MicT, sk Kwuis,
KaniB, Yepkacu, Kpemenuyk, CsitnoBojcek, JHinpo, 3anopixoks, JIbBiB, BiHHuIg Ta 1HIII.
Baxxnusum mxepesiom 3a0e3neueHHsl TOOyTOBUX 1 BUPOOHUYMX MOTpeO HAceIeHHsl YKpaiHu y BOJI
€ piuka J[Hinpo, Bog03adip 3 sIK01 CTAaHOBUTH O6JU3bko 60% BiJ 3aralbHOTO B KpaiHi.

Jlns mepekuJaHHsS BOJM Ha BEJMKI BiAJalli BUKOPUCTOBYIOTh Taki KaHanu: KaXxoBCbKHii
(Butpata B romnoBi) (Qrox=365 M%/c), IiBHiuno-Kpumchkuit (Qro=300 M%/c, poboTa mpu3ynuHeHa),
Jainpo — Jlor6ac (Qrox=120 M%/c), quinpo — Iurynens (Qro=45 M°/c), CiBepcrknii Jloners — Jlon6ac
(Qron=24 M°/C) Ta iHmIi.

OCHOBHi €KOJIOTi4YHI MpOoOJIeMH NpPU BUKOPHUCTaHHI BOJ03a00py, MOB’s3aHI 13 CTBOPEHHSIM
BOJIOCXOBHIIT;:

- po3MHBH O€periB BOJAOCXOBHIIL;

- 3aXUCT MUTKOBOJHUX JUISHOK 1 HACEJICHUX MYHKTIB BiJ 3aTOIJICHHS,
- IBITIHHSA» BOIH;

- -3apOCTaHHS BOJOCXOBHII BOJHOIO POCIUHHICTIO.

[utaHHIO 3aXWCTy MUTKOBOJHHX IIJISHOK, MTOHM)KEHBb MICIIEBOCTI Ta HACEJIECHUX MYHKTIB BiJ
3aTOIJICHHS BOJOI0 MPU CTBOPEHHI BOJOCXOBHII MPUAUIAETbCA Ay’Ke BelHKa yBara. lle muranHs
BUPILIYETHCS 3a JOMOMOTOI0 3axMCHUX aaM0. Ilin 3axucToM Takux JamO 3HAXOIAThCA MicTa
[TepesicnaB-XMensHunpkuii, Hikomons, Kam’suka-JlHinpoBchka Ta iH. LlikaBo 3a3HauuMTH, 10

JOBKMHA 3aXMCHUX JaM0O Ha JHIIPOBCHKUX BOMOCXOBHINAX cTaHOBUTH 300,6 kM. CTIK BOAM TaKUX
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piyoK, sk Ipmine, TpyOixk, Tsacmun, bazaBnyk, pycio siKux BIATOpOKEHE TaMOaMu Bl BOJOCXOBHIII,
JOBOJIUTHCS TIOBHICTIO MEPEeKavyyBaTH y BOJOCX0oBHIIE. [1JIs IIbOr0 Ha THIMPOBCHKUX BOJIOCXOBHIIIAX
BIIAIITOBAHO 28 HACOCHUX 1 3 KOMIIPECOPHI CTaHIIi1.

[Iporec «uBITIHHSI» BOJM y BOJOCXOBHIIAX 3aJCKHTh BiJl 0aratboX (hakTopiB — IMoOmajgaHHs
HEOYMILEHUX CKUIHUX BOJ IMPOMMCIOBHUX, KOMYHAJIBHHUX 1 CIIBCHKOIOCHOJAPCHKUX IMiIPUEMCTB,
HAKOMUYCHHS Y BOJOCXOBHINAX XIMIYHUX PEUOBHUH (CHOIYK a30Ty i pocdopy), BMICT pO3UHHEHOTO
KHCHIO Y BOJIi, 3MEHIIIEHHS BOJHOCTI PiKH, HAMpsM Aii BITPY TOIIO. Y HAMOUIBLIIN Mipi «IBITIHHD»
BOJM criocTepiraerbest Ha Kpemenuynpkomy 1 KaM’sHCbKOMY BOJOCXOBHIIAX, @ B HAWMEHIIIH — Ha
KuiBcbkomy. s mpobGiiema € Haa3BMUYAiHO BaXKJIMBOIO, 3aJI€KUTh BiJ 0araTbOX YMHHHKIB, a
BUpiMIEHHS ii HOTpedye KOMITJIEKCHOTO ITiIXO/Y.

IcroTHe mMOmMMpPEHHS BOMHOI POCIMHHOCTI 3YMOBJICHO 3HAYHMM MOJINIIEHHSIM YMOB iX
KUTTETISIIBHOCT], TOOTO 3MEHILEHHSIM MIBUAKOCTI Te4ii Y BOAOCXOBHUIIAX Ta aKyMYJISIIEI0 TBEPAUX
PELITOK OPraHivHOr0 1 HEOPraHiuHOTro MOXoKeHHs. [Ipy IboMy OKpeMi BUJIM POCIUH MOXYTh POCTH
HaBiTh npH rmbuHax 10 2.0 — 2.3 m.

[TuTanns 3axucty O6eperiB BOAOCXOBHII BiJl PO3MHUBIB, CIPHUYNHEHHUX JI€10 BITPOBUX XBHIIb, €
Ha/I3BUYAiHO BaXXJIMBMM, aJPKE ILIOPOKY IUIOLIA BTPAYeHHUX 3€MeNb BiJ Jii LUX XBWJIb Ha
JHIMPOBCHKUX BOJOCXOBMIAX TOXOTUTH 10 25 ra. /lokuHa KpimjeHHs OeperiB BOJOCXOBHIL Ta
BEPXOBOT'0 YKOCY 3€MJIIHUX I'pebestb 1 1aM0 Ha AHIMPOBCHKUX TPOBY3/Iax cTaHOBUTH 810 kM, mpote
niporiec nedopmaiiii i po3MUBIB OEperiB MPOJTOBKYETHCS.

Jl1st ONITUMANIBHOTO MPOEKTYBAaHHS Oepero3axiucHUX Cropyl HEOOX1HO MaTh HaliiHI METOAN
BU3HAYEHHs MMapaMeTpiB BITPOBUX XBUJIb, 110 YTBOPIOIOTHCS Y BOJOCXOBUIIAX. BUKoprucTOoBYBaH1 Ha
MPAaKTHUI[l METOAM Bi3yaJlbHUX JOCIIDKEHb LUX MapaMeTpiB AaroTh JAedky noxubky. Ha xadenpi
TIPOCHEPTeTUKH, TEIJIOeHepreTuky Ta rigpasaiyaux Mamnd HYBI'TI HakonrueHno neBHUI AOCBIT
BukopuctanHa pJatuukiB tunmy WEGA WELL 72 ta 4500s-350 xPa s BumiproBaHHA
XapaKTepUCTHK XBHJILOBHX IpoIEeciB y BepxHiil Bopoiimi JHicTpoBehkoi 'TAEC. Tpusanuii nepion
eKCIUTyaTarlii Takux JaTYUKIB IMOKa3aB ix HaAlHYy poOoTYy.

BucHoBku.

1. HasiBHiCTh pIYKOBHX TiPOBY3IIB 3a0e3meuye 3a0ip BOJM 3 BOJAOCXOBHIIL IJIs TOTPEO Pi3HUX
rajgysei rocrogapcTBa JepKaBH.

2. B mporieci ekcruryaTariii piYkOBHUX TiPOBY3IiB 3 3a00pOM BOAHM 13 BOJOCXOBHII HEOOXITHO
BpPaxOBYBaTH BEIUKWN KOMIUIEKC EKOJOTIYHUX MpOOJIeM, IOB’S3aHUX 3 BUKOPUCTAHHSIM IIHX
BOJIOCXOBHILI.

3.1lpu BHU3HAYEHHI MapaMeTpiB BITPOBUX XBWIb Yy BOJOCXOBHUIIAX  HEOOXITHO

BUKOPHCTOBYBATH CY4acHI METOJIM BUMIPIOBAHHS TAPAMETPIB TAKUX XBUJIb.
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SPATIAL ANALYSIS OF RADIONUCLIDE DISTRIBUTION IN THE BOTTOM
SEDIMENTS OF THE TISZA RIVER
O. 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 = 232Th / X 2%U 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 MITPAILIIL 3ABPY/JIHIOIOYMX PEYOBUH I3 IINIACTUKOBOI TAPU
Y BOJY B IPOLIECI ii 3BEPITAHHSI
O. KoBaJsienko, B. Ckpunnudenko, T. I'purop’esa

Onecpka HalliOHAJIbHA aKaIeMis XapuoBUX TexHouorii, Oneca, Ykpaina

dacoBaHa B IJIACTUKOBY Tapy MUTHA BOJA € AIbTEPHATHBOIO BOJOIPOBIIHIN BOJI TSI 3HAYHOT
KUTBKOCTI HacelleHHs TUIaHeTH. Ta Hakaab, pa3oM i3 3pOCTaHHSAM MOMUTY Ha TaKy MPOAYKIIO BCE
OUIBLI aKTyaldbHOIO cTa€ npobiema 3a0pyIHEHHS MIACTHKOM HaBKOJUIIHBOTO cepeloBuIla. Takoxk
HE MEHIII aKTyaJIbHUM € MMUTaHHS MOTIPIIECHHS SKOCT1 XapuOBUX MPOAYKTIB 1 BOJIH, IO (PacyrOThCS 1
30epiraroTbcs B IJIACTUKOBIM Tapi. Hebesnexky st 310pOB’S JIOAEH CTAaHOBISATh YaCTUHKU
MIKpPOTUIACTUKY, a TaKOX TOKCHYHI JOMIIIKH, MO AUPYHIAYIOTH i3 MaTepialy IUTACTUKY B piake
CEPEIOBHUILIE B IIPOIIEC] HOro 30epiraHHs.

Binmomo, 1m0 Ha IHTEHCHBHICTH Mirparii JOMIIIOK 13 IJIACTHKOBOI Tapu y BOAY MOXYTh
BIUTMBATH yuMayio QakrtopiB. lle i XiMiUHMN CKiIax Marepiady Tapd, 30KpeMa BMICT JIOMIIIOK,
BUKOPHCTAHMX B SIKOCTI KaTalli3aTopiB i cTabiLmi3yrounx 100aBokK. Lle 1 TeXHOJIOTI4HI PeKUMH JTUTTS
npedopM Ta BUAYBAaHHS IUISAIIOK, 1 TOBIIMHA CTIHOK IUISIIIOK, 1 yMOBHU 30€piraHHsi TOTOBO1 MPOIYKITIT
TOLIO.

B VkpaiHi nocTiiiHO 3pocTae BUpOOHUITBO (pacoBaHUX MUTHUX 1 MiHEpalbHUX BoA. ['oToBa
MPOYKIIISI PEATI3yETHCS Yepe3 TOPTiBEIbHI MEPEXi 1 HEBEJIMKI 3aKJIaay TOPTiBii. AJie HE BCl BOHH
3a0e3neuyroTh JOTpUMaHHS YMOB 30epiraHHs (pacoBaHOl BOJM, PErJIaMEHTOBAHUX HOPMaTHUBHUMHU
JTOKYMEHTaMH.

Metoro nocnikeHHs: Oyn0 BU3HA4YEHHs BIUIMBY YMOB 30epiranHs (acoBaHOi BOJU Ha
MIrpaLio 3a0pyIHIOIOYHUX PEYOBHH 13 IJIACTUKOBOI TapH y BOAY B mpotieci ii 30epiranHs. B po6ori,
1110 IPE3EHTYETHCS, 00’ €KTOM JIOCIIJKEHHs Oyiia MiHepajbHa MPUPOIHA HeTa30BaHa CTOJIO0BA BOJA,
dacosana B I[IET(P)-tapy 06 emom 1,5 am3. 3aransHa minepaniszanis Boau He nepesumnrysana 1,0
r/nm>. 3rigHO pexkoMeHmamiii BUpPOOHHMKA, TaKy MiHEpaJdbHY BOLY MOJKHA BKMBATH IIOJEHHO i
BUKOPHCTOBYBATH ISl IPUTOTYBAHHS 1Ki, SIK 3BUYaifHY TUTHY BOAY.

B excnepumenTi 3pa3ku (acoBaHoi BoAM 30epirajivi BOPOAOBXK TPbOX MICSIIB 3 MOMEHTY iX
BUTOTOBJICHHS IIPU PI3HUX YMOBaX B HaBKOJHUIIIHbOMY CEpPEIOBHILI. 30KpeMa, Iepiia napris 3pa3KiB
BOJIM 3HAXoJuiacs B MpUMINIeH] jabopaTtopii Ha MIABIKOHHI 1 TOCTIMHO MijmaBaiacs BIUIUBY
COHSYHUX MpOMeHIB. J[pyra nmapris 3pa3KiB BoJu 30epirangacst B 0X0JIOIKYyeEMi kKaMepi TOOyTOBOTO
xonoauibHHUKA. TeMmeparypa B kamepi miaTpumyBanacs Ha piBHiI +4...+6 °C. Tpers maprist 3pa3KiB
Boau 30epiramacs B madi 13 CBITIOHENIPOHHMKHUMM CTiHKamMd. B mpumimeni nabopartopii
TeMIIepaTypa MoBITPs BIPOJOBXK TPHOX MICSIIIB 3MiHIOBaacs Big 15 go 20 °C.

[{omicss 3 KOKHOT MapTii BiIOMpaIH TISIIIKA 3 BOJOFO JIJISL TOCIIIPKEHHS OPTaHOJICTITHYHUX,
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($13UKO-XIMIYHUX 1 CaHITAPHO-TOKCUKOJIOTIYHUX IMOKA3HUKIB ii AKOCTi. 30Kpema, y 3pa3Kax BOIH
BU3HAYaJIM 3arax, 3a0apBJIeHICTh, CMaK 1 MprcMak. Takok BU3HAYa M BOJAHEBUH MOKAa3HUK, OKUCHO-
BiJTHOBJIFOBAIBHHUI TOTEHITIAN, CYXWUW 3aJIMIIOK, EIEKTPOMPOBIAHICTh, 3arajabHy MiHEpaTi3alliio,
3arajbHy *OPCTKICTh Ta JYXKHICTh BOJAM, MIEpMaHTaHATHY OKHCHIOBaHICTh. llle BU3Hauanmu BMICT
KaJIbIi10, MarHito, 3ajl3a 3arajbHOro, alFOMiHII0, XpPOMY 3arajibHOTO, MOJIIOJIEHY, Mi/i, MapraHIlio
3arajibHOTO, ITUHKY, aMOHII0, HITPAaTiB, HITPUTIB, Cynb(]ariB, XJI0puAiB, nomidocdaris, KpeMHitO i
¢dTopunis. s BUKOHAHHA JOCITI/DKEHHS 3aCTOCOBYBAJM Cy4yacHE OOJaJHAHHS 1 CTaHIApTHI
METOJIUKH.

AHaJi3 OTpUMaHUX PE3YNbTATIB JOCHIIKEHHS JI03BOJMB BCTAHOBUTH 3aKOHOMIPHOCTI 3MiHU
skocTi (acoBanoi B IIET(®)-tapy mpupomnoi miHepanbHOI HerazoBaHoi crojioBoi Boau. Lllomo
3amaxy BOJH, TO MOTIPIIEHHs HOTO HE BUSBICHO B )KOAHOMY 13 3pa3kiB Bonu. He cyTTeBo, ane Bce x
MOTIPIIMBCS OKa3HUK 3a0apBICHOCTI BO/IU, KA 30epiranacs B INIACTUKOBHX IJISIIKAX 1 3HAXOIUIHCS
IiJT BILIMBOM COHSYHHMX MPOMEHIB. JIJIs X ke 3pa3KiB BoaU 3adikCOBaHE HE3HAYHE ITiABUILICHHS
3HAUYEHHSI BOIHEBOTO MIOKA3HUKA.

VY Bcix 3pa3kax (hacoBaHOI BOJIM BIIPOJIOBXK TPHOX MICAIIIB 30epiraHHs MPH 3a3HAYCHUX yMOBaX
CriocTepiraiocs MiABHUILEHHS BMICTY Kalbllil0, Marfito, cyibdariB, XJIOpuIiB, momidocdarip i
HITPOT€HBMICHHX CTIOJIyK. Pa3om 3 TUM ciijf 3a3Ha4nTH, 110 11l 3MiHK HE MTPU3BEIH J10 IEPEBUIIICHHS
nonyctumoi koHieHTpauii mirpamii (JJKM) nomimox. BeranoBieHo, 110 OUIbII IHTEHCUBHOIO €
Mirpartisi JOMIIIOK BIPOAOBXK MEPIIUX ABOX MicsAiiB 30epiranns Boau y [IET(®D) - tapi. [Ipuckoproe
npouecu AuQy3ii TOMIMIOK i3 MIACTHUKOBOI TUIALIKA y BOAY MOCTIMHMI BIJIMB HA HEl COHSYHHX
MIPOMEHIB.

Bnponosxk Tpbox MicsliB 30epiraHHs (acoBaHOI BOAM 3a 3a3HAYEHMX YMOB B1a0yBajocs
3MEHIIIEHHS BMICTY y BCIX 3pa3Kax BOJM 3alli3a 3arajbHOro Ta Maprasimro. [l{omo iHmux meranis,
30KpeMa MiJii 1 TUHKY, To iX Mmirpauis 3 [IET(®)-tapu y Bony He3HauHa. [HIIO0 € cUTyallis 3 TAKUMHU
JoMillaMH, SK amoMiHii, MomioneH i xpoM. B mpoueci 36epiranns Boau B IIET(®)-tapi ix
KOHIIEHTpAIIisl OCTIHHO 3pocTaia 1 BXKe yepe3 TPU MICALl B OKPEMHX 3pa3Kax BOJAM HAOIM3MIIaCs J10
3HaueHb JIKM.

Bukonane mocmipkeHHs MoKasajo, mo skKicTh (acoanoi B [IET(®) — tapy miHepaibHOi
MIPUPOJIHOT HEra30BaHOi CTOJIOBOi BOJM BIIPOJOBXK TPHbOX MICSIIB 30€piraHHs 3a pi3HUX YMOB B
HaBKOJIMIITHBOMY CEPEJIOBHINI 3a3HA€ 3MiH. 3a OJHHMH TMOKa3HUKAMH SKOCTI BOJM IIi 3MIHH HE
CYTTEBI, 3a IHIIMMHM — BIJYYTHI 1 MOXYTh 3a NEBHUX YMOB HEraTHBHO BIUIMHYTH Ha 3JI0pOB’S
cniokuBaya. Pa3zomM 3 TUM CIlij 3ayBaXXKUTH, IO JOCITIJDKEHHS OYJIO BUKOHAHO JJIi OJHOTO BHUIY
OPOAYKIIT 1 3MIHCHIOBANIOCS MPOTATOM TPboX MicAliB. [IpakTHyHMI iHTEpec NpencTaBiIAIOTh
JOCITIJDKEHHST 3MIHM SIKOCTI BOJM B IUIACTUKOBIM Tapl BIPOJOBX OUIBII TPUBAJIOTO TEPMIHY

30epiranHs 1 Ju1sl iHIIKMX BUIIB (pacoBaHux BoJ. Ha 11e 1 cipsiMoBaHi moiasbI HaIll JOCTIKSHHS.
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BUKOPUCTAHHS XJIOPO®IJICUHTE3YIOUNX MIKPOBOJOPOCTEM JIJIS
OYUIIEHHA CTIYHUX BO/J],
B. B. Istuok, C. L. I'yrauu

Hamionansnuii yHiBepcuteT «JIbBiBChbKa mojiTexHika», M. JIbBIB, YKpaiHna

3rifHO KOHIIEMIii CTaloro PO3BHTKY 3aBJaHHSAM CYYacHOT'O CYCIUIbCTBA € palliOHaJbHE
BUKOPUCTAHHS MPHUPOJHUX PECYPCiB i3 MIHIMAIBHUM EKOJIOTIYHMM HAaBaHTAXKEHHSIM Ta MOOYI0Ba
paIioHaIbHOI, €KOJOTIYHO CTIWKOI Ta €KOHOMIYHO OOIpYHTOBAHOI COIliabHOI crucTeMu. HaliOimbImn
MPAKTUYHY 3HAUYMMICTh JJISl JIOCSTHEHHS MOCTaBJICHOTO 3aBJaHHA € METOAM yTWiIi3auii BiJIXO/iB,
3aJy4eHHS BiTHOBIIOBATBHUX PECYpPCIB Ta «3€JICHOI» EHEepreTuku. ToMy OCOOJHMBOI yBaru
3aCIIyTOBYIOTH came 010JI0T14HI METOIN 3HEIIKOKEHHS 3a0pyIHEHb U JOCATHEHHIO TaHOT METH.

bionoriune ouMieHHs J03BOJIsA€ 3a0pYAHIOIOYI PEUYOBHMHHU TpaHCHOPMYBATH B HEUIKIIIHBI
MPOJIYKTH KUTTEIATLHOCTI MIKpOOPTaHi3MiB Ta B Giomacy.

Ha choropHiHii 1eHb 0OCOOIMBOI yBaru 3aciyroByroTh MikpoBogopocti poay Chlorella, sixi e
e(eKTUBHIMHU TIEPETBOPIOBAYAMH COHSYHOI €Heprii 3 JoOpe opraHi3oBaHi CTajil aKyMyJIIOBAaHHS
CO2 B kommiekcu 6i0MoIeKy (ByTriieBoOiB, OLIKIB, JTIMIAIB. ..), IKi B HOJAIbIIYi IEPETBOPIOIOTHCS B
iHo  uineoBi mpoayktu. IlepeBaroro MmikpoBomopocreit kymeTypu Chlorella vulgaris e ix
MIPUCTOCOBAHICTH /IO 3MIH HaBKOJIMIIIHBOT'O CEPEIOBHUIIA, & CaMe 0 KOPOTKOYACHUX BIUIMBIB KpailHIX
3HaueHb pH cepenoBuina, 10 pi3KUX 3MIH KOHIIEHTpallii 3a0pyIHIOBayiB Ta KOJIMBAHb TEMIIEPATYPH.
[Topsia 3 BUCOKOKO TPOAYKTHBHICTIO, MikpoBogopocti Chlorella vulgaris maroTs 1110 0c006IHBOCTB,
sKa JJ03BOJISIE 3aCTOCOBYBATH 1X B 010TEXHOJIOTTYHHX Mpoliecax B IKOCTI CyOCTpary.

3 TOYKHU 30py acHeKTy 3aCTOCYBaHHSI MIKPOBOJOPOCTEH, SIK 010JI0TIYHOTO METOY OYMIIECHHS
CTIYHHUX BOJl — € HalOUIbIl e(pEeKTHBHUMU Ta €KOHOMIYHO JoLIbHUMU. [IpoBeneHi po3paxyHKu
MOKa3yloTh, 110 OYMILIEHHS CTIYHMX BOJ 32 y4acTi MIKpOBOAOPOCTEW, B CTO pa3iB JeELIEBIIE B
MOPIBHSAHHA 3 (PI3UKO-XIMIYHUMHM METOJAaMH OYMILIEHHs, a CTYMiHb OYHILEHHS € HaWBHIIOIO.
MikpoBOJIOpOCTI 3/1aTHI HE JIUIIE IO 3aCBOEHHS OpPraHIYHUX PEYOBHH Ta O10T€HHUX €JIEMEHTIB, BOHU
TaKOXX BHJIUISAIOTh KUCEHBb, 30aradyyiodd HHM BOJIHE CEPEIOBHUINE, IO IHTEHCU(IKYE MPOIECH
OKHCHEHHS ITUM CaMHM CIIpHsI€ OYMIIEHHIO CTIYHMX BOJ BiJ Pi3HOMaHITHUX 3a0pyIHEHb B TOMY
YHCI1 1 HEOPTaHIYHOTO MOXOIKEHHSI.

B pesynbTati mpoBeeHNX HaMH JOCIIKEHb TI0BEACHO 3AaTHICTh MIKPOBOAOPOCTEHN KYIbTYPH
Chlorella vulgaris 1o gectpykiiii aHTpONOreHHUX 3a0pYAHEHbB, 32 OJIHOYACHOI TPUCYTHOCTI aHIOHIB

HSO3, NO3. H,P0O,, HS ~ Ta HOpMmaUti3aiii JIy>)kHO-KHJIOTHOTO OajlaHCy CTIYHHX BOJaX.
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PO3POBJIEHHSI CUCTEM 3HEKUCHEHHS BOAU J1JI1s1 PECYPCOE®EKTUBHOI'O
MPOMHUCJIIOBOTI'O BOJOKOPUCTYBAHHSA
T. O. lla6aiii’, M. JI. Tomens’, B. 1. Morpedennux?, O. 1. Ianenxo’, ¥0. B. Hocauosa®
'Hanionanbhuii TexHiunmii yHiBepeuter Ykpainn «KuiBChKuii MONITEXHIYHMIA IHCTHTYT iMeHi
Irops Cikopcebkoroy, Kuis, Ykpaina

’HarionansHuii yaiBepcuteT «JIbBiBChbKa mosiTexHikay, JIbBi, Ykpaina

VY 3aMKHYTUX NHPKYJISIMIHHAX CHUCTEMaxX OXOJIOJDKEHHS, JIe SK OXOJOKYBAaTbHUN areHT
BHKOPHUCTOBYIOTH BOJy, 3aBXKIU € HEOOXIAHICTh MIATPUMYBATH MEBHUN BOJAHO-XIMIYHHHA PEXKUM.
OOYMOBJICHO 1Ie THM, IIIO anmaparty i TPYOOIIPOBOIM 32 HEHAJICKHOI SIKOCTI OXOJIOKYBATLHOT BOJIU
M1IaI0THCS PI3HOTO POy BIUIMBAM, 30KpeMa: KOpo3ii MeTary, YTBOPEHHIO HAKUITHUX BIAKJIaIeHb Ha
MOBEPXHAX HArpiBaHHA, 010JIOTTYHOMY OOPOCTaHHIO, 3aIIIAMIICHHIO OKCHJIaMH 3aTi3a 1 3aBHCIUMHU
pedoBuHamu. [IpuunHOI0, 110 BUKIMKAE KOPO31I0 METaIly, € HAsIBHICTh y BOJII PO3YMHEHOTO KHUCHIO,
BUTLHOT BYTJIEKHCIIOTH, XJIOPUJIIB, HITPATIB Ta CyJIb(arTiB.

Huni Bce OU1b1101 MOMYJISIPHOCTI HA BUPOOHUIITBAX HaOyBae crocid 3MEHIICHHS KOPO31HHOT
arpecMBHOCTI BOAM ISl 3aMKHYTHUX BOJOLUMPKYJSAIIMHUX CHCTEM MOIMEPEIHIM 3HEKHCHEHHSM 13
3aCTOCYBAHHSAM PEIOKCUTIB — 10HOOOMIHHHUX CMOJ, MOAM(IKOBAHUX BimHOBHUKaMHU. OcoOIHMBO
BOXJIUBUM € 3HEKHCHEHHS CHEPTreTHYHOI BOIM, SIKYy BUKOPHUCTOBYIOTH JIJIsi BUPOOHHWIITBA Mapu Ta
BOJIM, L0 TOJA€EThCS B TeruioMepexki. EQeKTUBHICTh BUKOPUCTAHHS TAKOI'O METONY 3aleXKHUTh, B
nepiy yepry, BiJl GopMu 1 TUILY MOJIN(IKOBAHOTO PETOKCUTY Ta CKJIaly BUX1JIHOI BOJH.

CynbdiT HaTpit0 JOCUTH YAaCTO BUKOPUCTOBYIOTH JUI 3HEKUCHEHHs Boju. IlepeBaroto gaHoro
BIJIHOBHUKA € WOTO JOCTYITHICTh, HM3bKa I[iIHA Ta TOKCHYHICTh. Hemomkom Horo € Te, mio mpu
3B’SI3yBaHHI KHCHIO YTBOPIOIOThCA Cyab(artu. MeTadicynb(diT HATpil0 € JeleBUM 1 JOCTYHHHUM
peareHToM y MOpiBHSAHHI 3 Cyab(hiToM HaTpito. ToMy Oysi0 BUKOHAHO CEpIt0 JOCTIAIB 3 BUSHAYCHHS
copOiiiHoi eMHOCTI aHiOHITY AB-17-8 no cynbgiT-anioHax npu copOuii i3 po3unHiB MeTadicyIbiTy
HaTpito. PesynbraTu copOuii cynbdiT-aHioHIB Ha aHioHITI AB-17-8 nokaszano nHa puc. 1.

Sk BUIHO 3 PHCYHKIB la, AN aHIOHITY B JJaHOMY BHIIaJKy XapaKTe€pHAa HaJeKBiBaJICHTHA
copO1ist cynb(iT-aHIOHIB He3aJeXHO Bi Gpopmu aHioHiTy. [Ipu niboMy copOiiiiiHa éMHICTb 3pocTae
MIpY TABUIICHHI KOHIIEHTpaIlii MeTtadicynbdity HaTpito 3 2 10 10 %. 3a HaltHMK4YO01 KOHIIEHTpaIIii
MeTabicynsdiTy HaTpio (2 %) eMHiCTh aHiOHITY carae 3500-3600 mr-exs-am . Taky eMHicTb imTe
MOXKHa TOSICHUTH HaJeKBIBaJIeHTHOIO copOiieto anioHiB [SOsNa]™. IIpore mnpu miaBHIIEHHI
KOHIIeHTpallii MetabicynbdiTy HaTpito 10 5 % Ta 10 % oOMiHHa eMHICTh aHIOHITY csarae 4000 mr-
exB M (5 % po3unH) Ta 5800 i 6700 Mr-eks M (10 % po3umMH) 3 GiTBIINM 3HAYEHHSIM 0OMiHHOT
€MHOCTI JIJIs1 aHIOHITY B OCHOBHIM (opMi.

Taky BHCOKY €EMHICTb aHIOHITY IO CyJb(iTax mpocto copouiero aniona [SOsNa]™ mosicHuTu He

MokHa. OYEeBUAHO, IO B KOHIICHTPOBAHMX PO3YMHAX IIJIKOM MOXKJIMBA COPOIliS 1 aHIOHIB THITY

118



WATER SUPPLY AND WASTEWATER DISPOSAL

[NaS20s ]. Oco6muBo i3 ocTanHIX mPoG pereHepaliiiHOro Po3unMHy, KOHLEHTPALs AKHX OJIH3bKa
10 %, a pH cranoButs 4,70—4,80. 3BHuaiiHo 1eBHa YacTHHA CYIb(}IT-aHIOHIB MOXeE 30UpPaATHUCh 1 B
nopax aHioHiTy 6e3 10HOOOMiIHHMX TporieciB. /|11 BU3HAUEHHS IIbOTO BILIMBY aHIOHITH MiCIst COPOIT
POMHUBAIIN TUCTUIIHOBAHOIO BOJIOIO.

2400 [SDSZ-L 2400 ~ [5032']:
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Pucynoxk 1 — 3anexuicts KoHIeHTpaii cyiabdiTiB (1; 2; 3) Bia npomymeHoro o6’ eMy po34uHy

MeTabicynb(iTy HATpito KOoHIeHTpallieto, %: 2 (1); 5 (2); 10 (3), uepe3 anionit AB-17-8 B Cl™-

dopwmi (a) Ta ocHoBHIl popmi (6) (Vi=20 cm®) (TTOJE1=3515 mr-exs-mm 3; TIO1E€2,=4167 mr-
exB- 1M >; TI0J1€3=5870 mr-exs- M)

Konnentpartis cynb}iTiB y NpOMUBHUX BoJax Oyja TUM BHILOIO, YUM BHIIOIO BOHA Oyna y
perenepaniiiHux po3zurHax. Ckopile 3a Bce, I0HH BUMUBAJIMCH Pa30M 13 pereHepaliitHuM po3unHOM,
1110 3HaXO/IUBCSA y TIOpaXx.

PeanibHy €eMHICTh COPOEHTY BU3HAYaIM 32 3MIHOIO KOHIEHTpalii cyib(}iTiB Y pO3UMHAX, 1110
PO Yepes ioHit. TOMy, B LiTOMY, Lle He BUKIIOYA€ MOKIHUBICTh copbuii anionitis [NaS,0s ]
IIPU BUKOPHCTaHH1 MeTabicynb(iTy HaTpito. [1Jis OL[iHIOBaHHS peanbHOT BITHOBIIOBAIBHOI 3/JaTHOCTI

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

, 3aJMBaJM PO3YMHOM Hoay (¢ikcoBaHOI
KOHIIeHTpallii. Po3unH nepemilryBaiu BOpoaoBxk 24-X TOJIUH, a HOTIM TUTPYBAJIN HAJJIUILIKOM HOTY.
B Ta61. 1 nomaHo pe3ynbTaTtu TUTPYBaHHS Ta PO3PaXyHKIB.
Tabauys 1
3anexnicTs B3 anionity AB-17-8 Bix iioro ¢gopmu npu mogudikyBaHHi

MeTalicyab(iTOM HATPiI0, BU3HAYECHOI'0 HOJOMETPUYHO

Konnenrpartis BiqHOBMIOBANBHA 3aTHICTD 00 l2, MM-EKB M
MeTabicynbdiTy ®opwma anioHiTy AB-17-8
HaTpito, % CI” OH”
2 3274 3524
5 3898 3918
10 4902 4920

B ycix Bumaakax BiJ3Ha4YeHO BUCOKI 3HAUEHHS BiAHOBIIOBAIBHOI 3/1aTHOCTI MOIU()IKOBAHUX
aHIOHITIB, sKi OJIM3BKI 10 OTPUMAHUX 3HAYEHb MTOBHOT OOMIHHOI €EMHOCTI IO CYNb(iT-aHIOHAX.
OTtxe, copOuilfHa €MHICTh HE 3aJIEXKHUTH BiJA (OPMH aHIOHITY, @ BH3HAYAETHCSH BHXITHOIO
KOHI[GHTpaILi€l0 MeTadicyapdiry Harpito. MogoMeTpudHO OLIHEHO BiIHOBIIOBATBHY 3IATHICTH
a"ioHiTy AB-17-8 B 3anexxHocTi Bif iioro ¢popmu npu MoaudikyBaHHI MeTadicynbhiTOM 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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MOHITOPHUHI TEXHOJIOT'T OYMIIEHHSA CTIYHUX BOJI IIIIIPUEMCTB
XAPYOBOI MIPOMHUCJIOBOCTI Y CHIBBITHOIIIEHHI 10 EKOJIOTTYHUX TA
EKOHOMIYHHUX YMOB YKPATHMN.

M. L. I'apuuko, O. P. Ilonosuy, H. 0. Bpouchka, 5S1. M. 3axapko

HamionansHuii yHiBepcuTeT «JIpBiBChbKa moJiTexHikay, JIbBiB, YKpaiHa

B 3aranbHOMY 00C5131 MpoMUCIOBOT MPOAYKIIii YKpaiHu Xap4yoBa rnepepoOHa iHyCcTpis 3aiimae
noHax 20 BigcotkiB. Jlo Hei BXOAATh M’ACHa, MOJIOYHA, PUOHA, a TaKOX XapyoCMaKoBa
MIPOMUCIIOBICTh, IO 00’ €HYE TPYIY CIEIiaTi30BaHUX Mirany3eil 3 BUPOOHHUIITBA MPOIOBOIBYHX
TOBAapiB MEPEeBAXHO 13 CHPOBHHM POCIMHHOTO TMOXO/DKEHHS (IIyKpOBa, ONIHHO-KHUPOBA,
xymibornekapcbka, BUHOPOOHA, CIIUPTOBA, JIIKEPO-TOpLIYaHa, MUBO O€3aJIKOTOJIbHA, KOHAWTEPChKA,
MakapoHHa, IUIOJOOBOYEBA, JAPIKIKOBA, KpoXmalle NaTOKOBa, TIOTIOHOBA Ta JesAKl 1HIII
BUPOOHUIITBA).

P03BUTOK MigNpPUEMCTB Xap4oBOi MPOMHUCIOBOCTI Ta TEXHOJIOTIH, SIKI 3aCTOCOBYIOTh Ha iX
BUPOOHUITBAX, OOYMOBIIOIOTh T€, L0 Tady3b € OJHI€I0 3 HANOUIBIIMX CIOKKWBAaYiB BOAM, Ta
BOJHOYAC OJHIEI0 3 HaWOUIBIIMX 3a0pyAHIOBadiB BOJHUX 00'ekTiB. Tak, HampukiIaa, Ha
MIJIPUEMCTBAX M’SICHOT, MOJIOYHOT, I[yKpOBOi rajly3eil MpOMHCIOBOCTI, @ TAK0XX MPU BUPOOHUITBI
MMBa Ta AJKOTOJIBHUX HANOIB JJII OTPUMAHHS TOTOBOI MPOJYKIII BUTPAYAETHCS B KUIbKa pPasiB

OinbIIe BOU, Hi>K 00po0seThess CupoBUHU (puc.l).

W JHmni

[1nomoBOOBOYEBE BUPOOHHUIITBO
B M'sicoriepepoOHe BUPOOHHUIITBO

B MonoyHa rauysb

B BupoOHHIITBO aJKOTOIIIO

v B BupoOHHUIITBO 0€3aIKOTOJIBHUX HAIOIB
BupoOHHUIITBO IYKPY
TTuBoBapiHHS

Pucynoxk 1 — HaiiGu1b1111 crio’kuBayi BOJHUX PECYPCIB y XapyoBiil MPOMHCIOBOCTI

Haii0inpiie croXuBaHHS BOJHUX PECYPCIB Y XapyoBiil MPOMMCIOBOCTI CIOCTEPIraeThCs B
M’SICHIM, MOJIOYHIH, ITyKpOBI IPOMHCIOBOCTSAX , a TaKOX IIIJl Yac BUPOOHMIITBA IMHBA Ta

AJIKOTOJILHUX HAIOIB.

121



WATER SUPPLY AND WASTEWATER DISPOSAL

XapakTepHOIO OCOOJIMBICTIO OUTBIIOCTI MIANPUEMCTB € HECTAOUIBHHMM CKJIaa CTIYHUX BOJ 1
3HAYHE KOJUWBAHHS KUIBKOCTI 3a0pYyAHIOIOYMX pPEYOBHH (HAcamrepea, OpraHiyHUX, 1o
XapaKTepU3yIOThCs BUCOKMMHU I1HTETpOBaHMMHU TNoKasHukamu 3a0pyanenHs — XCK i BCK rta
3aBHUCIUX PEYOBUH) MPOTITOM JTO0U.

AHani3 JiTepaTypHUX NaHHUX 1 BJIACHI JOCTIDKCHHS TOKa3ajiu, IO PI3HOMAHITHUN CKJIaJ
BHCOKOKOHIICHTPOBAHUX CTIYHMX BOJ| MIAMPUEMCTB Xap4oBOI MPOMHUCIOBOCTI OOYMOBIIO€E
HEOOXIHICTh 3aCTOCYBaHHS PI3HUX TEXHOJOTIYHMX CXEM OYMIIEHHS, SKi BKIIOYAIOTh MEXaHIdHI,
(hi3uKo-XiMi4H1, XIMI4HI 1 610JI0T1UHI METOU. AJIe TPaIUIliifHI METOIM HE 3a0€3MeUyI0Th JOCTATHIN
piBEHb OUMIIICHHS, 1[0 BUMArae BIIPOBAKEHHSI HOBUX BUCOKOE()EKTUBHHUX TEXHOJIOT1M.

Takox aHai3 CydyaCHHUX METOJIB OYHINCHHS CTIYHUX BOJ, MPUWHSATHUX I BUPOOHHIITB
Xap4yoBOi MMPOMHUCIIOBOCTI, MIOKa3aB, 110 y CBITOBIM MPAKTHUIII 3aCTOCOBYIOTh KOMOIHOBaHI METOH,
3aCHOBaHI Ha I1HHOBAI[IMHUX TEXHOJOTISX Ta MaTepianax. Jlo Takux BIIHOCATBCS METOJH, SIKi
3aCHOBaH1 Ha MPUPOJHUX MpoLecax, HAMPUKIAA, ToeqHaHHs mpoueciB Ximiunux AOPs (Advanced
Oxidation Processes) i ¢otoximiunux (photoFenton system) 3 Oionoriunumu. [lpu npomy
BiJIOYBA€THCS JECTPYKIlisA 3a0pyIHIOIYNX PEUOBHH, IO BaXKKO PO3KIATAIOTHCS, 3 IOCIIIOBHUM
OKHCHEHHSIM B 010XiMiuHUX cucTeMax. EdekT 3HmkeHHsa BMicTy 3a0pynHiorounx pedoBuH 3a bCK,
XCK i aMmoHiitHUM a30ToM gocsrae 99%, cTyniHb 3He3apa)KeHHS BOJIU BiJMOBIAa€ HOPMATHUBAM JIIsI
CKH]ly B BOJHHI 00’ €KT.

AHaJi3 BITYM3HSHOI Ta CBITOBOI HAYKOBO-TEXHIYHOI JTITEPATYPH 1 JJOCBIJ BIACHUX JOCIIIKEHB
y cdepl OUMIIeHHs CTIYHUX BOJ MOKAa3aB, 110 HEMA€ €MHOTO YHIBEPCAJIBHOI'O CIIOCOOY OUMIIEHHS
CKJIQJIHO-KOMIIOHEHTHUX CTIYHHUX BOJl, M0 VYTBOPIOIOTbCA Ha MIANPUEMCTBAX XapuyoOBOl
MMPOMHCIIOBOCTI. AJle 3a OCTaHHI POKH Yy CBITI po3poOieHo ©Oarato HOBUX, IHHOBAIIHUX
BHCOKOE€(DEKTUBHUX METOJIIB 0OPOOJICHHS CKJIAMHUX CTIYHUX BOA. L1 MeTomu 1 po3poOieHi Ha ix
MiJICTaBl, TEXHOJOTIi O3BOJIATh OYMCTUTH Ta 3HE3apPa3UTH CTIYHI BOJU JO SKOCTI, 11O BiAMOBiAa€e
HOpMAaTHBaM CKUJAHHS B MOBEPXHEBI BOAHI 00’€kTH. [IpakTMYHO BCI METOAM 1 TEXHOJOTIi, IO
3aCTOCOBYIOTh, BUMAratoTh IMEBHUX JIOCUTh BEJIMKUX MaTepiadbHUX 1 (1IHAHCOBUX BUTpAT.

Ha cvoropni, y cpopmoBanux B YkpaiHi €eKOHOMIYHHX YMOBaX, Ty>K€ CKJIaJIHO 3aCTOCOBYBATH
BapTICHI TEXHOJIOTIl, TOMY JAJs1 OOpaHHS HaWKpaIluX JOCTYIMHUX METOJIB OYHUIIEHHS CTIYHUX BOJ
Xap4yoBOi MPOMUCIOBOCTI, MM BUKOPHCTOBYBAJIM HACTYIHI KpUTEpii: MakcUMalibHa €(EeKTUBHICTh
croco0y OYHWIIEHHS B yMOBaxX cHenudikd BUPOOHUIITBA, HAMIWHICTh POOOTH JIOKAIBHUX OYHCHUX
CIOpyA y pa3l 3aIMOBHX CKHU[IIB, OE3MEYHICTh TEXHOJOTII BITHOCHO OO’€KTIB HABKOJHIIHHOTO
MPUPOJTHOTO CEePEIOBUIIA, KOMIAKTHICTh OUMCHUX CIOPY[, EKOHOMISI PECypCiB Ta €Heprii, pa3oM 3

MiHIMaJIbHUM YTBOPEHHSM BiJIXO/IiB.
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MNEPCIIEKTUBU OYUILIIEHHSA ®IJIBTPATIB AEPOBHO-PEA'EHTHUM
CITIOCOBOM HA IMPUKJIAI JIbBIBIIIUHU
P. M. I'peuanuk?, M. C. MaasoBanuii’, B. M. )Kyk?,
I. C. Tumuyx?, H. 1O. Bponcnka?, b. B. 3aBoiiko?
! lenaprament exomnorii Ta npupoannx pecypeis JJOJIA

’Harionanshuii yaiBepcuteT «JIbBiBChbKa mostiTexHikay, JIbBiB, Ykpaina

Cranom nHa 2021 pik curyariis 3i 30MpaHHSAM, NEPEPOOKOI0 Ta YTUNI3ALIEI0 BIAXOMAIB B IIJIOMY,
30kpeMa TBepaux modOyroBux BimxomiB (TIIB), 3amumaerscs B YKpaiHi MPoOJEMHOIO Ta TaKoOIO, IO
notpedye TepmiHoBoro BupimeHss. Y 2019 pomi B Ykpaini Oyno yrBopeHo 441,5 MitH. T BiIX0/IiB, 10 Ha
20,2% Oinpiue nopiBHsiHO 3 2018 p., mpu oMy 98,7% (435,6 MIIH. T) CKJIANTK BIIXO/IH, 110 YTBOPUIIUCH
YVHACITIJIOK €KOHOMIUHOI JisuTbHOCTI, Y T.4. 390,6 MiH. T (88,5% Bix 3arainbHOI KUJTBKOCTI) — y JTOOYBHIM
MIPOMUCIIOBOCTI Ta MU po3po0iIeHH] Kap ' epiB, a Takoxk 1,3% (5,9 MiH. T) — y ToMOrocmnoiapcTBax.

3aranpHa KinbKicTh TIIB, sxi Oymu 3i0pani B Ykpaini B 2019 p., cranoBmia 3rigHo 3
odiniiHUMH TaHUMH 52,9 MitH.M° 260 6ii3bK0 10,4 MITH. T., 110 BiAMOBigae MUTOMOMY YTBOPEHHIO
TIIB 140 xr/(monxpik). [Ipu mpomy B YKpaiHi 3aiMIIaeThCsi XapakTEpHOIO TyXKe Majla dacTKa
nepepo6nenns Ta yruizanii TTIB: y 2019 p. Ha monirosax i 3anumax 6yio 3axoporeHo 49,7 MitH.M>
a60 9,8 min. T TIIB, mo ctanoBUTH 6;M3BKO 94,2% Bin KiIbKOCTI 310panux TIIB.

3a odimiiiHoro craTHcTUKOIO cTaHoM Ha 2020 p. B Ykpaini HanmiuyBasiocst 6073 moniroHis ta
3panuu] TIIB, 3 saxux nepeBaHTakeHUMHU Oynu 258 oJl., a TaKUMHU, 1110 HE BIANOBIAAIOTH HOpMaM
6e3nexu — 905 on. V 1inomy Ha TepuTOpii YKpainu rutoma nosiroHis i 3sanuuy TTIB cranosuna 8838
ra, 3 HUX IUTOIIA MOJITOHIB Ta 3BAJHII, K1 HE BI/IMOBIIal0Th HOpMaM Oe3neku — Maibke 1,7 Tuc.ra.

OpnauM 3 HaliHeOe3MeYHINUX HACIIIKIB BiJl HEHOpMATHUBHOTO 3axopoHeHHs TIIB ans noBkismis
€ 3a0pyJHEHHs IPYHTIB, a TaKOX MOBEPXHEBUX 1 MIA3€MHUX BOJ (QUIbTpaIiiHUMH cToKamH (abo
¢inbTpaTamu).

Haii6inbmi 06’emu  dinbrpariB (mopsaky 100 tuc. M3 1 Ounbmie) 3i0paHi B cTaBKax-
HaKONMHMYYyBayax Ha HallOUIbIIKX B YKpaiHi MoJiroHax, 3okpema, Ha KuiBcbkomy mnomironi Ne5 ta Ha
JIsBiBcbKOMY mogironi TIIB B c. B. ['pu6oBuui JIbBiBCbKOT 0071

Ha mepeBaxwuiii Oinbmiocti momironiB Ta 3Banmumy TIIB B VYkpaiHi cucTtemMu oOYMIEHHS
¢b1IbTpaTiB BIACYTHI, Ha 6araThoX TakuX 00’€KTaX HEMAae HaBITh CHCTEM Tipoi3ofislii Ta 300py
¢inbTpary, mo poOUTh NpodiieMy 300py Ta OUUIIEHHS QUIBTPATIB 0COOIMBO aKTYaIbHOIO.

MeTtoro pociikeHb OyJa0 pO3pOOMTH TEXHOJIOTIi MONEPEeTHBOTO OUYMIICHHS (UIbTPaATIB
noJiiro”iB Ta 3Banuuy TIIB, 110 J03BONWTH HAMPABIATH IOMNEPEIHBO OYMIIECHI (inbTpaTh Ha
JOOYUIIICHHS Ha KOMYHaJIbHI KaHaJIi3aI[iiiHi OYHCHI CTIOPY/IH.

B pesynbTati pobotu Oyno mpoBeeHo J1abopaTOpHi JOCIIHPKEHHS 3 BA3HAYCHHS ONITUMAaThHIX
YMOB peaJizailii eTariB aepoOHOTO 010XIMIYHOTO OYMIIICHHS Ta PEareHTHOT'O OYUIIIEHHST; PO3PO0JICHO

TEXHOJIOT1I0 MOMIEePEIHHOr0 OuMIeHHs (iabTpariB nosiroHiB TIIB i cmiTTe3Bammm.
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TREATMENT OF SOLID WASTE LANDFILL LEACHATES
L. Chelyadyn?, D. Krika?!, 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

3Lviv 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?3 Leachate LR
Smell, points 3 2-3
Clearness, cm 5 10-20
pH 6,7 6,5-9
BOC, mgO2/dm?3 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?3 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;, Voltage in the | Outlay, Suspended coc degree
particles, | mgO2/dm® | electrical dm3/h particles, MaO,/ dzmg o, %
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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BILVIUB CTOKIB ABTOJOPII" HA IOBEPXHEBI I TPYHTOBI BOJIX B 30HAX
BILIMBY JIAJBHOCTI HIAIMMPUEMCTB I'NPHIYO10BYBHOI TIPOMUCJIOBOCTI
0. Kodanos’, B. [Torpedennux?, O. Kopanosa'

! HarionaneHuii TexHiunmii yHiBepcuTeT Yipainu "KuiBchbKuii MOMiTEXHIUHMI iHCTUTYT iMeHi
Irops Cikopcebkoro", M. KuiB, YkpaiHna;

2 HauionanbHuii ynisepcutet "JIbBiBchKa nonitexnika", m. JIbBiB, Ykpaina

Ilinx vac ekcruryartarii aBTOMOOUIPHOTO TPAHCIOPTY YTBOPIOETHCS BEJIWKA KiIBKICTh
IIK1IJTMBUX PEYOBHH, SIK1 3TyOHO J1F0Th Ha POCIIMHHU 1 TBAPUHHHM CBIT, HA 3/TOPOB’ s JIFOIMHH TOIIIO.
OpHak, OKpiM KOMITIOHEHTIB BiAMpPalbOBAaHUX 1 KAPTEPHUX Ta3iB JBUTYHIB BHYTPIIIHHOTO 3rOPSHHS,
BUTIAPOBYBaHb MAIWBHO-MACTHJIFHUX MaTepiaiiB, MUJIOBOTO 3a0pyIHEHHS MPU 3HOCI IKH i/a0o
JIOPOKHBOTO TOKPHUTTS, NOTPAIUIIHHA HAQTONPOAYKTIB y MOBKUUISA JOCUTh BEIUKY IIKOAY
HaBKOJIMIIHBOMY CEpEeOBUIILY 1, 30KpeMa, TIOBEPXHEBUM 1 IPYHTOBUM BOJ/IaM 3aBJIal0Th ITOBEPXHEBI
CTOKHM 3 aBTOJOPII, fAKI YTBOPIOIOTHCSA Yepe3 BHUIMAJaHHA aTMOC(epHHX OmaJaiB 1 3MHUBaHHSI
3a0pyIHIOBAYIB 3 JOPOKHBOTO IMOJIOTHA.

He 3Bakaroum Ha Te, 0 B KpaiHi iCHYIOTh >KOPCTKI periIaMeHTOBaHI MpaBuia 3 MPOEKTYBAHHS
aBTOMOOLUIBHUX JOPIT 1 OOMEXEHHSI 00CATIB JOPOXKHIX CTOKIB IIJISIXOM OPraHi30BaHOTO BiJBECHHS
CTIYHUX BOJI Uepe3 creliaibHi CIopyAu — AOIIONpHUiiMayl, po3TaIloBaHi B3I0BK OOPAIOPHOTO KaMEHIO,
Ha Cy4acCHHX MPHUIOPOKHIX TEPUTOPISX CIOCTEPITAETHCS 3HAYHUN €KOJIOTTYHUI THUCK 3 OOKY IIKIJTUBUX
JOMIIIOK CTIYHUX BoA. [IpoOiema cTokoBHX 3a0pyAHEHb 3HAYHO 3aroCTPIOETHCS B 30HAX BIUIUBY
BUPOOHMYOT JIISUTBHOCTI MIIPHUEMCTB TPHUYO0I00YBHOT IPOMHCIIOBOCTI Yepe3 OCOOIMBOCTI XIMIYHOTO
cKJIanty 1 (pi3UKO-XIMIYHUX BIIACTUBOCTEH CTOKIB 3 TOBEPXHI aBTOAOPIT HAa TAKUX TEPUTOPISIX.

Exonoriynuii THCK Ha MOBEPXHEB1 1 MJ3€MHI BOAM, IPYHTH TOIIO 3 OOKY CTOKIB 3 MOBEpPXHI
aBTOJIOPIT BIIOYBA€ThCA BiJl OYATKy OY/IBHUIITBA 1 TPUBATHUME YIIPOAOBK YChOTO TEPMIHY €KCIUTyaTallii
JOporu. 3MUBaHHS aTMOC(EPHUX OMafiB (CTOKIB) 3 aBTOMOOUIBLHOI JOPOTH MPHU3BOAUTH 10 3HAYHOTO
HAKOMWYEHHS IIKIUTMBUX PEYOBHH Ha MPUAOPOXKHIX TEPUTOPISLX, HAXOPKEHHS iX O3 mornepeIHboro
OYHIIIEHHS JI0 BOJIOMM 1 Mmi3eMHUX BOj. He MEeHII Ba)KTMBUMH YMHHUKAMH, SIKi TAKOX BIUIMBAIOTH HA
CTYMiHb 3a0pYyJAHEHHsS TIOBEPXHEBOIO CTOKY € OlaroycTpiii NpHIOPOXKHBOI TEpUTOPIi, SKICTh
JIOPOXKHBOTO MOKPHTTS, IHTEHCUBHICTh PYXY aBTOTPAHCIIOPTHHUX 3aC00iB, HAsIBHICTB 1 IIUIBHICTh PYXY
nimoxoiB. CyTTeBO Ha XIMIUHMN CKIaA 1 (PI3UKO-XIMIYHI XapaKTEPHUCTHKH CTOKIB 3 TIOBEPXHI aBTOI0OPIT
BILUTBAE TIOPA POKY, a caMe 3aCTOCYBAHHS MPOTHOXKENIEIHUX 3aC00IB Y3UMKY Ta IX HEKOHTPOJIbOBAaHE
MOTPAIUISIHHS y IOBEPXHEBI 1 IPYHTOB1 BOJIU 3 O1alaMH HABECHI.

OTxe, MeTOI0 POOOTH € KUTbKICHA Ta SIKICHA OIlIHKA CKJIaay 1 00CATIB MIKIJUIMBUX TOMIIIOK Y
CTOKax 3 aBTOJOPOXKHIX MLUIAXIB Yy 30HAaX BIUIUBY BHUPOOHMYOI IiSUIBHOCTI TipHHYOJ00YBHHX
HIANPUEMCTB, BCTAHOBJIEHHS €KOJIOIIYHOIO PHU3MKY BiA 1X TMOTPAIUISAHHA Yy KOMIIOHEHTHU
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HABKOJIMIIIHBOTO CEpEeOBHUIIA.

Bigomo, mo Hai0inbIly eKoJoriyHy HeOesneKy B CKIaJi CTIYHHX (CTOKOBHMX) BOJA HECYTh
Ha(TOMPOAYKTH, 10 CKIAAYy SKUX HANEKaTh apOMaTH4YHI 1 TOJiapOMaTH4YHI BYTJICBOJHI, KETOHH,
aJbJICTIIN, a TAKOXK APIOHOIUCIIEPCHI 3BaXKEH1 YaCTUHKH P13HOT OYJTOBH 1 TPUPOIH, CITOTYKH BaKKHX
MeTtaniB Tomo. OTKe, OJHUM 3 TOJIOBHMX 3aBJaHb ITIBUIICHHS PIBHSA €KOJOTIYHOI Oe3mexu
NPUJIETIIMX 0 aBTOJOPIT TEPUTOPiH, y TOMY YHCIi IOBEPXHEBUX 1 MII3EMHUX BOJ, € 3a0€3MECUCHHS
300py 1 BiIBEIEHHS CTOKOBHX BOJI 3 TOBEPXHI aBTOMOOUIBHUX IIIJISIXIB 1 MOAAJIBIINE iX OYUIICHHS BiJl
LIKIJUIMBUX JOMIIIOK.

[TunoyTBOpeHHsI € OIHI€I0 3 TOJOBHUX MpoOJeM eKCIUTyaTalii BaHTaXHOI TEXHIKU
TipHUYO00YBHUX MianpueMcTB. Pesynmbratn nmocmimkenHs B. I'. Hamupaiika ta K. B. JlocbeBa
MOKa3yI0Th, IO Maca MY, SIKHA BHHOCHUTHCS 3 TIOBEPXHI aBTOJOPOTU BIITKY IPH TPaHCIIOPTYBaHHI
CyXOl TipHUYOi MOPOJM MOXKE CSraTh A0 ACKIIbKOX JIECATKIB TOHH Ha MICSIlb, IO JOBOJi CHJIBHO
YCKJIAJTHIOE JIOPOKHIO CUTYAIlil0, 0OCOOMMBO B TeMHMH mepioa. Omke, po3podka METOIIB 1 CHOCO0iB
TIOIABIISTHHS MMJIOYTBOPEHHS € HAI3BMYAHO aKTyaJIbHIM 3aBIaHHSM 1 TOTPEOYeE TOCTiIKeHb, 30KpeMa,
B 00JIaCTi BIUTMBY ITOBEPXHEBO-aKTUBHUX PEYOBHH HA MIHIMI3AI[IFO TAKUX BUKHUIIB.

Ha oOcsirn mumoyTBOpeHHs Ha aBTOLUISIXaX 3HAYHOI MIpOK0 BIUIMBAIOTH (PI3UKO-XIMIUHI
BJIACTUBOCTI TipChKOT MOPOAH, (Pi3MKO-MEXaHI4HI MOKa3HUKHU JOPOXKHBOTO IOJIOTHA, THI 1 Maca
aBTOTPAHCIOPTHOIO 3aco0y, HOro TEXHIYHUU CTaH, MIBUJKICTb PyXY, METEOPOJIOTIUHI M MOroiH1
YMOBH 1 HaBITh JOPOXKHsI cUTyallisi. i JOCATHEHHS] METH TTUJIOTIOIaBIISIHHS Y 0araThoX MOMEPETHIX
JOCTI/DKEHHSX  3aCTOCOBYBAJIMCh TaKi METOAM 1 peareHTd, SK 3BOJOKEHHs, 0oOpoOka
JirHocynbdoHaTaMu 1 BixoaaMu HadTo00yBHOI MpoMHUCIOoBOCTI. Ha chorojnHi BITUM3HAHUMH 1
3apyOKHUMHU YYEHUMHU PO3POOIISIIOTHECS HOBI CTIHKI MpemnapaTH, SKi, o-Tepiie, € HeJIETKUMHU, a, To-
Apyre, HATaloTh 3MOTY IOCATTH MIIIHOTO W TPHWBAJIOrO 3B’S3yBaHHS NHIIOBHX YacTOK. Takoro
MOBEPXHEBO-aKTUBHOIO pedyoBHHOIO € mpemnapar "Jlekcon" ("Jlekcon-5"), a TakoXX KOMILIEKC
HEIOHOTEHHHMX ITOBEPXHEBO-aKTUBHUX PEYOBHH, 3alpOIIOHOBAHHNA aBTOPCHKHM KOJIEKTHBOM.
Pearentu € rirpoCKONUYHUMH 1 JIETKO 3B’S3yIOTh NMUJIOBI YAaCTKU y MillHI KoMIiekcu. [lpu npomy
P13KO 3MEHIITY€ETHCS MUJIOYTBOPEHHS, BUKUIU T1PCHKOT MOPOIH 1] 4aC pyXy CaMOCKUTY 200 1HIIOTO
BaHTa)XHOT'O aBTOMOO1ISL.

Takum yuHOM, y poOOTI BCTAHOBJIEHO MPIOPUTETHI TOKCUKAHTH 3JMBOBUX BOJ (CTOKIB) 3
JIOPO’KHBOTO TIOJIOTHA; JOCIIKEHO 3aJIEXKHICTh IX CKiIaay 1 (I3MKO-XIMIYHUX BIIACTUBOCTEH Bij
po3TallyBaHHs 1 OCOOJMBOCTEH BIUIMBY BHUPOOHHYOI MISIIBHOCTI MIAMPHEMCTB TIPHUYOAOOYBHOI
MIPOMHCIIOBOCTI, 3alpOIIOHOBAHO METOJIOJIOTII0 OILIIHKH €KOJOTIYHOTO0 THUCKY 3 OOKY OCHOBHHX
€KOTOKMCKAHTIB CTIYHUX (CTOKOBHMX) BOJI aBTOJIOPIT 3a PI3HHX Mip POKY, METEOPOJIOTIYHUX YMOB, a

TaKOX 32 HasIBHOCTI 1 BIICYTHOCTI iX OYMIIIEHHS.
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AND TREATMENT, SLUDGE PROCESSING
A. V. Davydova, L. O. Mitiuk
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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 B-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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METAL IONS CONTAINED IN WASTWATER
D. Bozejewicz
Faculty of Chemical Technology and Engineering, UTP University of Science and Technology,
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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 galeziach przemystlu 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 ukladow. Najwazniejszymi parametrami okre$lajacymi przepltyw dwufazowy s3: opory
przeptywu, udziat objetosciowy jednej z faz oraz struktury przeptywajacej mieszaniny.

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

Wyznaczenie strat ciSnienia 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 autorow prowadzi badania dotyczace okreslenia
oporow przeptywu mieszanin dwufazowych, jak rowniez przedstawia modele matematyczne
umozliwiajace wyznaczenie wartosci strat cisnienia podczas przeptywu.

Okreslenie oporéw przeptywu jest zawilym zagadnieniem dlatego w literaturze wystepuja
modele opisujace straty ci$nienia oparte na modelu homogenicznym, gdzie mieszanina traktowana
jest jako ptyn jednofazowy o zastgpczych parametrach fizykochemicznych. Druga grupg stanowia
metody oparte na modelu rozdzielonym gdzie opory przeptywu mieszaniny wyznaczane sa poprzez
obliczenie oporow tarcia jednej z faz. Najbardziej znang metoda opierajaca si¢ na modelu
rozdzielonym jest metoda Lockharta—Martinnelliego, gdzie op6r przeptywu mieszaniny dwufazowe;j
wyznaczany jest za pomoca straty ci$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, ktore powstaly na podstawie
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dokonanych badan i ktore sg stuszne w zakresie, w ktérym te badania przeprowadzono.
Zrbdznicowanie tych metod uniemozliwia ich bezposrednie poréwnanie i weryfikacje stosowalnosci.

Wykorzystano wiasny zbidr danych do§wiadczalnych, ktéore umozliwilty poréwnanie i oceng
stosowalno$ci metod wyznaczania oporow przeplywu mieszaniny proponowanych przez
poszczegolnych autorow. Analiza literaturowa pozwolita na wyodrgbnienie 6 metod obliczania strat
ci$nienia podczas przeptywu mieszaniny dwufazowej, m.in. Kima i Mudawary, Chisholma,
Kaminaga, Mishima i Hibiki, Lee i Lee oraz Sun i Mishima. Cz¢$¢ z nich opiera si¢ na
matematycznym modelu zaproponowanym przez Lockharta—Martinnelliego, a inne stanowig grupg
modeli zaproponowanych przez badaczy w oparciu o wyniki badan wilasnych. Doktadnos¢
poszczegolnych metod oraz ich przydatno$¢ podczas wyznaczania oporéw przeptywu charakteryzuja
wartos$ci statystyczne obejmujgce wyznaczenie Sredniej wartosci bledu wzglednego dRg oraz jego
$redniej warto$ci bezwzglednej | ORg | .

W pracy dokonano oceny wplywu wybranych parametrow na ksztaltowanie si¢ wynikow
obliczen (rozktadu punktow) w uktadzie (APa/AL)ov - (AP/AL);m. Zauwazono, ze metoda Kima i
Mudawary charakteryzuje si¢ najwicksza doktadnoscig. Obliczenia strat ci$nienia przy przeptywie
dwufazowym gaz-ciecz, wykonane z wykorzystaniem tej metody pokazuja, ze ponad 60% punktow
miesci si¢ w przedziale +30% btedu bezwzglednego. Metoda ta odznacza si¢ wysoka doktadnoscia z
uwagi na uwzglednienie w modelu matematycznym jg opisujagcym, wiasciwosci fizykochemicznych
przeptywajacej mieszaniny, jak 1 charakteru przeptywu poszczegdlnych faz.

Otrzymane wyniki badaf postuzyly rowniez do opracowania klasyfikacji wystepujacych form
przeplywu oraz zaleznosci korelacyjnych charakteryzujacych dynamike pierScieniowego
dwufazowego przeptywu 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 zroznicowana. Wielko$¢ i charakter powstajacych fal o r6znej amplitudzie i czgstotliwosci
uzalezniona jest gléwnie od strumienia 1 lepkosci cieczy, ale tez od predkosci fazy gazowe;.
Stwierdzono wyrazny wplyw lepkos$ci na lokalng i §rednig grubos$¢ warstewki cieczy.

Zastosowana metodyka pomiaru i identyfikacji parametrow filmu cieczy w przeptywie
dwufazowym gaz-ciecz lepka moze by¢ z powodzeniem wykorzystana takze do oceny powierzchni
migdzyfazowej, co ma istotne znaczenie dla realizacji wielu operacji jednostkowych zwigzanych z

wykorzystaniem rurowych aparatéw 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?, I. Bartkowskal, 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,
e 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 —Wweighted average of absolute roughness k of pipelines along the route between the supply
node and a selected system node,

e Xxg— pressure head at a selected system node.

134


https://poczta.onet.pl/NowaWiadomosc/Do/QlIkBFQ6QUFhIVRZX192dnQBeCtCchE5HQAoOVZPCkAkBgMHHEZfF1JUFRENEgcQDxgXSgZaEQcBF1QwQUoDCQYLREZKVlZgBRwKBFI9IDReLgBJI1k5AwcgNlgAEBM4BRoQB0BWRwJKAx9BVFRGWilWUTI%3D

WATER SUPPLY AND WASTEWATER DISPOSAL

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 CHs-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/dm?3-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 dm3cnHa/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 nVS 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 CHs yields, nEMSS 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.
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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,

Wydziat Geologii, Geofizyki i Ochrony Srodowiska, Polska, dobyrn@agh.edu.pl

Wraz z likwidacja kopalni rud cynku i otowiu ,,Olkusz-Pomorzany” na skutek wyczerpania
zloza przewidywana jest likwidacja istniejacych uktadow odwadniania kopalni, przy jednoczesnym
zabezpieczeniu dostawy wody do istniejacych zaktadow przerobki rud cynku i otowiu. W zwigzku z
tym niezbgdne jest wykonanie ujecia wody, ktorego lokalizacja w stosunku do istniejace
infrastruktury uktadu dostawy wody do huty i zaktadu przerébki mechanicznej ZGH ,,Bolestaw” S.A.
oraz wydajno$¢ zapewnia utrzymanie cigglosci proceséw produkcyjnych.

W trakcie eksploatacji zloza rud cynku i otowiu konieczne bylo odwadnianie wyrobisk z
powodu doptywu wody w iloéci okoto 200 m®/min. Wody z odwadniania kopalni byty zrzucane do
dwdch rzek, a cze$é wod w iloéci okoto 20 m3/min byta wykorzystywana w procesach wzbogacana
rudy 1 w hucie cynku i otowiu. Po zaprzestaniu odwadniania i wylaczeniu pompowni nastapi zalanie
wyrobisk 1 gorotworu oraz systematyczne wypelnianie leja depresji. Tempo odbudowy zwierciadta
wod podziemnych uzaleznione jest przede wszystkim od zasilania z opadow atmosferycznych. Huta
oraz zaklad flotacji przerabiajacy stare haldy na rud¢ beda funkcjonowaty jeszcze co najmniej
kilkanascie lat. Zaopatrzenie w wod¢ ma im zapewni¢ budowa trzech studni do zalanych wyrobisk
kopalni. Wydajno$¢ nowego ujecia okreslono na maksimum 60 m®min, ale zapotrzebowanie na wode
bedzie zdecydowanie mniejsze z uwagi na zamykanie obiegow wody w zakladach 1 zmiany
technologiczne. Po zalaniu wyrobisk kopalni spodziewane jest pogorszenie jakosci wod
podziemnych z uwagi na rozpuszczanie produktow utleniania siarczkow metali w ztozu (Acid Mine
Drenage) ale nie stanowi to przeszkody w wykorzystaniu tych wod do celéw przemystowych.
Wykorzystanie wod z zalewanych wyrobisk kopalni przyczyni si¢ réwniez 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 najczgsciej spotykanym izotopem radonu jest radon-222. Jego krotkozyciowe
produkty rozpadu odpowiadajg za niemal polowe dawki promieniowania jonizujacego otrzymywang
przez mieszkancow Polski od zrodet naturalnych.

W 2019 r. w Polsce narazenie od zrodel naturalnych stanowito 63,5% catkowitej dawki
skutecznej i wyniosto ok. 2,45 mSv/rok, przy czym statystyczny mieszkaniec Polski otrzymat dawke
od radonu i produktow jego rozpadu wynoszaca ok. 1,20 mSv/rok (Raport PAA, 2020).

Rn-222 jest bezbarwnym i bezwonnym gazem szlachetnym wystgpujacym naturalnie
W przyrodzie jako produkt rozpadu dlugozyciowego Ra-226. Charakteryzuje si¢ okresem
polowicznego 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 bezpoérednio na nasz organizm. Natomiast
krotkozyciowe pochodne rozpadu radonu tacza si¢ z aerozolami w powietrzu 1 podczas oddychania
dostaja si¢ do uktadu oddechowego gdzie mogg stac si¢ przyczyng zmian nowotworowych (Denton
et. al, 2013).

Radon w powietrzu atmosferycznym pochodzi gtéwnie ze skorupy ziemskiej. Jako gaz
szlachetny tatwo migruje, np. przez $rodowisko gleby, dostajac sie do atmosfery. Srednie stezenie
radonu w przyziemnej warstwie powietrza na terenie Polski zalezy od warunkow atmosferycznych
i pory roku i waha si¢ od 5 do 20 Bqm™ (Podstawczynska, 2010). Znajdujacy sie w powietrzu
glebowym podtoza budynku Rn-222 przenika do wnetrza budynku wzglednie szybko, w zaleznosci
od konstrukcji budynku i moze osiggna¢ wysokie aktywnoéci > 100 Bqm™. Radon dostaje sie wraz
z powietrzem zasysanym z gruntu przez szczeliny w fundamentach, mury budynku, studzienki
kanalizacyjne, nieszczelno$ci wokoét rur kanalizacyjnych, z materialoéw 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
okreslajacg wymogi dotyczace ochrony zdrowia ludnosci w odniesieniu do substancji
promieniotworczych wystepujacych w wodzie przeznaczonej do spozycia przez ludzi, w ktorej
okre$lono, tzw. wartoséci parametryczne dla stezen aktywnosci radonu i trytu na poziomie 10Bgdm3,
Zgodnie z zaleceniami tej dyrektywy, dawka orientacyjna spowodowana obecnoscig 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 wojewodztwa 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 wielkosci wyzsze od tych wynikajacych ze spozycia wody.
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MIESZANIE NIEUSTALONE UKEADOW DWUFAZOWYCH GAZ-CIECZ
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szymon.woziwodzki@put.poznan.pl

W obecnych czasach zagadnienia ochrony §rodowiska stajg si¢ coraz istotniejsze. Polityka Unii
Europejskiej i w tym polskiego rzadu zaktad odejscie od wytwarzania energii elektrycznej z wegla i
wickszym skoncentrowaniu si¢ na odnawialnych zrodtach energii oraz technologiach nisko lub zero
emisyjnych. Rowniez rozwo6j technologii sprzyja zminimalizowaniu odpadow oraz stosowaniu
obiegéw zamknigtych.

Przetwarzanie i unieszkodliwianie ciektych produktow przeprowadzane jest min. poprzez ich
natlenianie lub napowietrzanie. Proces przeprowadza si¢ zazwyczaj w duzych zbiornikach
zaopatrzonych w specjalne uktady dysz napowietrzajacych zamontowanych na dnie lub aeratorow
znajdujacych si¢ przy powierzchni swobodnej cieczy [1]. Napowietrzanie prowadzi¢ mozna roéwniez
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 pgcherza gazu (im mniejsza Srednica pgcherza gazowego tym wigksza
powierzchnia wymiany masy). Mieszanie zwykle prowadzone jest w mieszalnikach zaopatrzonych
w pojedyncze mieszadto oraz przegrody. Wybdr odpowiedniego mieszadta jest szczegolnie istotne
poniewaz moze ograniczy¢ tworzenie si¢ kawern za topatkami mieszadla [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 efektywnos$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 uktadéow 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 topatkami 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 Q. wynoszacego od 0.5m*/h do 2.5 m3/h.
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Rysunek 1 — Zalezno$¢ objgtosciowego wspotczynnika wnikania masy kia
od jednostkowej mocy mieszania Pg/V

Na rysunku 1 przedstawiono przyktadowe wyniki zalezno$ci objetosciowego wspodtczynnika
wnikania masy od jednostkowej mocy mieszania. Przeprowadzona analiza wykazata, ze dla
mieszadla SCABA 6SRGT uzyskuje si¢ najwigksze wartosci ki a w poréwnaniu do mieszadet BT-6
oraz CD-6. Badania wykazaly, ze dla mieszania nieustalonego otrzymuje si¢ wyzsze wartosci ki a w
poréwnaniu do mieszania ustalonego przy wartosciach mocy jednostkowej ponizej 700W/m®. Przy
wyzszych wartosciach mocy jednostkowej wyzsze warto$ci kia otrzymuje si¢ dla mieszania
ustalonego. Wykazano rowniez, ze wplyw czegstotliwosci (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. lwanek
Lublin University of Technology, Lublin, Poland, m.iwanek@pollub.pl

Po awarii podziemnego wodociagu polegajacej na wystgpieniu nieszczelnosci woda czgsto
wyptywa na powierzchnig¢ terenu wyphukujac grunt w r6znych miejscach, tworzac tzw. otwory sufozyjne.
Jest to zjawisko niebezpieczne zwlaszcza na terenach zurbanizowanych, gdzie stanowi zagrozenie dla
bezpieczenstwa ludzi, zwlaszcza uzytkownikow drog, jak i1 stabilnosci obiektow infrastruktury.
Dodatkowym zagrozeniem jest fakt, ze niekontrolowane wyptywy wody z przewodéw wodociggowych,
nalezace do gldwnych przyczyn sufozji w miastach, wystepuja we wszystkich sieciach wodociggowych
na $wiecie i sg trudne do przewidzenia.

Zbiér zbudowany z otwordw sufozyjnych tworzy pewng figure geometryczna, ktorg trudno jest
opisa¢ wykorzystujac klasyczne pojecia geometrii euklidesowej, co jest charakterystyczne dla wigkszo$ci
struktur wystepujacych w naturze. Celem niniejszego artykulu byla analiza budowy i cech zbioru
otwordw sufozyjnych powstajacych po awarii podziemnego wodociagu, w aspekcie geometrii fraktalnej.

Do prawidlowej oceny fraktalnego charakteru zbioru otworéw sufozyjnych konieczne byto:

1. przeanalizowanie literatury pod katem rodzajow 1 wlasciwosci fraktali,

2. przeprowadzenie badan eksperymentalnych polegajacych na fizycznej symulacji awarii wodociggu
w warunkach laboratoryjnych w skali 1:10 oraz w warunkach terenowych (rzeczywistych) w skali 1:1
— tworzenie zbioréw otwordéw sufozyjnych,

3. sprawdzenie, czy zbiory otwordéw sufozyjnych powstate podczas badan eksperymentalnych posiadaja
wilasciwosci charakterystyczne dla fraktali.

Przeprowadzenie analizy procesu powstawania zbioru otwordéw syfozyjnych, okreslenie
znaczenia losowego rozktadu punktéw odpowiadajacych otworom oraz sprawdzenie, czy zbior mozna
uzna¢ za samopodobny, doprowadzity do wniosku, ze struktura geometryczna utworzona przez zbior
otworow sufozyjnych powstatych po fizycznej symulacji awarii wodociggu spetnia warunki stawiane
fraktalom. Przede wszystkim cechuje si¢ charakterystycznym dla fraktali samopodobienstwem. Poza
tym ma nietrywialng strukture, powstaje w oparciu o rekursywna procedur¢ budowy, nie daje si¢
opisa¢ za pomocg poje¢ klasycznej geometrii oraz wymaga wykorzystania zalezno$ci rekurencyjnych
w opisie analitycznym. Poniewaz dobudowywanie kolejnych elementow 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. Krélikowska
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 przysztosc¢, 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 ilos¢ w atmosferze z niecate 0,03% wzrosto do 0,04% 1 rosnie coraz szybciej.
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 CO., regulujacy jego poziom.

Najbardziej oczywistym efektem sa rekordowe temperatury. Im wyzsze temperatura powietrza
tym wyzsza temperatura wody, silniejsze huragany, wigksze parowanie z oceanéw, a tym samym
wigce] wody w atmosferze, co oznacza gwaltowne opady, opady powodziowe, burze, sztormy,
osuni¢cia wzgorz.

Obecnie zapoczatkowane  przez ludzi procesy zmiany klimatu mogg drastycznie
zapoczatkowac zmian¢ klimatu catej planety. Juz teraz pogarszaja one jakos$¢ zycia mieszkancoéw
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$rdd klesk, jakie wystapily w Polsce na przetomie 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. 0osob. Pod wodg znalazto si¢ ponad 550

tys. ha uzytkow, a straty oszacowano na prawie 12 mld zlotych.

Fot. 1. — D¢bica 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 S-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 wystepuja dwa, trzy razy w

miesigcu.

Fot. 2. — Witowice Dolne, droga krajowa 75 Nowy Sacz - Krakow
(Fot. Marek Podmokty) (08.2021)

= . e e - \‘ “
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 odbiorcéw - poinformowat wiceszef Rzagdowego Centrum Bezpieczenstwa

Grzegorz Swiszcz.
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Fot. 5 — Lapanow pod woda / PAP / Darek Delmanowicz (06.2020)

Fot. 6 — Powodz 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 odnosza si¢ do
oddziatywania powodzi na:

e ludzi, ich zdrowie i mienie,

infrastrukture komunalng (systemy zaopatrzenia w wode, usuwania
Sciekdw, systemy komunikacyjne, systemy energetycznego itp.),
e dziedzictwo kulturowe,
e systemy ekologiczne,
e produkcje przemystowa,
e konkurencyjnos¢ dotknietych powodzig podmiotéw 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 $ciekami
Wielkos$¢ szkdd powodziowych spowodowanych powodzig zalezy od wrazliwosci dotknigtych
nig systemow. W artykule szczegdtowej charakterystyce poddane zostang, 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-NH4* concentration to increase from 155.2 £ 10.2 to 1859 + 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 0.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-NH.*, 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 Swigtokrzyska, Kielce, Polska

Streszczenie: Osady $cickowe z oczyszczalni Sciekdw majg istotne wiasciwosci glebotworcze
1 nawozowe. Nie zawsze jednak moga by¢ one wykorzystywane do tego celu. Jedng z gldéwnych
przyczyn dla ktorych nie mozna wykorzysta¢ osadow na cele przyrodnicze, jest zawartos¢ w nich
metali cigzkich. Analizie zostaty poddane osady pochodzace z trzech réznych oczyszczalni sciekow
znajdujacych si¢ na terenie wojewodztwa Swietokrzyskiego. Badania specjacji metali ciezkich w
osadach przeprowadzono metoda ekstrakcji sekwencyjnej BCR. Obliczono wskaznik geoakumulacji
(Igeo), wskaznik potencjalnego ryzyka ekologicznego (PERI), kod oceny ryzyka (RAC). Nastepnie
warto$ci wskaznikow poréwnano z mobilno$cig metali ciezkich, ktora stanowita najwigksze ryzyko
skazenia gleby. Wykazano, ze wysoki poziom wskaznikow potencjalnego zagrozenia i
geoakumulacji nie musi dyskwalifikowa¢ 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 postepujagcymi zmianami klimatycznymi stres wodny powoduje konieczno$¢ ograniczania strat
wody w tych systemach. Istnieje szereg metod ograniczania tych strat, jednak zawsze poczatkiem
dziatan jest ocena ich wielko$ci. Prawidlowe okreslenie strat wody nie jest jednak zadaniem tatwym.
Najczesciej porownywana jest w tym celu i1los¢ wody sprzedanej w stosunku do wttoczonej do calej
sieci lub danej strefy. W praktyce funkcjonowania przedsigbiorstw wodociagowych wykorzystywane
sa w tym celu réznego typu metody wskaznikowe, w tym metoda Lamberta, zalecana przez
International Water Association. Doktadno$¢ oceny jest jednak uzalezniona od istniejacego w danym
systemie wodociggowym monitoringu. Wazna jest tutaj zarowno liczba urzadzen pomiarowych, jak
réwniez czestotliwo$¢ 1 jednoczesno$¢ ich odczytywania. Odczyty wodomierzy realizowane z
czestotliwoscei raz na kilka miesiecy, w dodatku z przesunigciem czasowym w poszczegolnych
rejonach miast, nie pozwalaja na wykorzystanie uzyskiwanych danych do biezacego zarzadzania
pracg sieci wodociggowych. Do osiggnigcia tego celu konieczne jest wykorzystanie odpowiedniej
infrastruktury oraz wdrozenie niezbednych procedur. Celem artykutu jest prezentacja tego typu
dziataf, wdroZzonych w rzeczywistym przedsigbiorstwie wodociggowym.

Prezentowany w artykule system monitoringu strat wody wdrozono w 30-tysigcznym miescie
potozonym w rejonie gorzystym. Przewody sieci dystrybucyjnej majg dlugos¢ ok. 260 km (bez
przylaczy) 1 wykonane sg z roznych materiatow. OK. 33% stanowia przewody zeliwne, o czasie
eksploatacji ponad 40 lat. Ze wzgledu na znaczne réznice wysokos$ciowe poszczegdlnych rejonow
miasta, przekraczajace 150 m, sie¢ wodociggowa podzielono na 24 strefy ci$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 zwigkszenia tej czgstotliwosci do 5 minut. Zainstalowane przeptywomierze
odczytywane sa z czgstotliwoscia co 3 sekundy. Wszystkie zebrane dane trafiajg za pomoca systemu

SCADA do bazy danych typu GIS. Dzieki 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 i pobranej przez odbiorcow.

Bilansowanie, fatwe 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= Qin — Q1 — QTraN-QwMm (2)

gdzie: QL- objetos¢ wody traconej, Qv — objetos¢ wody wttoczonej, Qr —objetos¢ wody
zuzywane] na cele technologiczne, Qwm — objetos¢ wody zarejestrowana przez wodomierze
odbiorcéw, QTran - objetos¢ wody przesytanej do innych stref.

Powstate narzedzie moze dokonywac¢ oceny wielkos$ci strat wody z czestotliwoscia zalezng od
czgstotliwosci odezytu wodomierzy. Na rysunku 1 przedstawiono wykres ilosci wody tloczonej do

sieci oraz oszacowanej ilosci wody traconej, dla kazdego dnia 2020 roku.

7000 7000

™

o S
E £
'O Q
@ ‘S
2 S
S =
; o
= =
g ] L 2
A 1000 \j 1000 ©
i - )

0 rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnsa O
12|34/ 5 6|78 9]10/1112
MIESIAC

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 poszczegdlnych strefach. Na rysunku 2 przedstawiono wykres strat wody dla stref
o najwiekszych udziatach w stratach calego systemu. Strefa Centrum, obejmujaca ok. 19% dtugosci

przewodow odpowiada za 70 — 80% cato$ci 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) udzial wody traconej w strefie w stosunku

do strat wody w calym systemie

Wdrozone w analizowanym systemie wodociggowym narzedzie umozliwitlo dokonywanie
oceny strat wody w calym systemie, jak rowniez w jego poszczegdlnych strefach. Osiagni¢to
niedostepny wczesniej prog dobowych szacunkéw wielkosci strat, przez co udalo si¢ powigzac 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 remontow. Zwigkszenie czestotliwosci odczytoéw do poziomu raz na 5-10 minut umozliwi
generowanie przez system informatyczny alarméw, w sytuacjach, kiedy wielko$¢ strat wody w dane;j
strefie przekroczy zalozony prog bezpieczenstwa. Wymaga to jednak przeprowadzenia prac
analitycznych, na bazie ktorych prog ten zostanie oszacowany. Dodatkowym problemem do
rozwigzania jest czas pracy baterii zainstalowanych w wodomierzach — im cze$ciej realizowane sg

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 1 Inzynierii Chemicznej, Politechnika Poznanska, Poznan, Polska

andzelika.krupinska@put.poznan.pl

Substancje ropopochodne to zwigzki organiczne, ktoére pochodzg z obszaru wykorzystania
1 przerobu ropy naftowej. Nalezg do nich paliwa, rozpuszczalniki, zywice, wazeliny, parafiny, czy
tez mieszaniny naftenowych weglowodoréw aromatycznych. Zanieczyszczenia substancjami
ropopochodnymi uwazane sg za jedno z najpowazniejszych zrodet zagrozen $rodowiskowych [1]. Z
uwagi na wilasciwosci tych zwigzkéw (lipofilowosé, staba rozpuszczalno$¢ w wodzie, brak
polarnosci) wykazuja one zdolno$¢ do tworzenia cienkiego filmu na powierzchni zbiornikow
wodnych. Sa substancjami silnie toksycznymi i 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 réwniez zwiagzki
te mozna znalez¢, sg problemem niezwykle trudnym i weigz aktualnym.

Jedng z metod mechanicznego oczyszczania wod opadowych jest separacja w aparatach
zwanych osadnikami. Pod wzgledem konstrukcyjnym wyr6zni¢ 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 wzdluzna (rys. 1).
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Rysunek 1 — Testowana konstrukcja.

Badania rozpoczynano od napetniania aparatu woda 1 zmierzenia poziomu wody
w separatorze w danych warunkach przeplywowych. Nastepnie doprowadzano frakcje olejowa

(stezenie 4250mg/1; doktadnos¢ £5%). Woda 1 lekka ciecz byly 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 zbierajgcego. Badaniom poddano olej
napedowy (ON) o gestosci p, = 820 kg/m? i lepkosci u, = 4,9-10 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?,
U, =301,1-10° Pa-s).

Analiza wykazata, ze lepko$¢ fazy olejowej wptywa na sprawnosc¢ separacji. Wraz ze wzrostem
lepkos$ci fazy rozproszonej rosnie stopien separacji faz cieklych. Na rysunku 2 przedstawiono

zalezno$¢ uzyskanej sprawnosci w funkcji obcigzenia hydraulicznego.
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Rysunek 2 — Zalezno$¢ sprawnosci od obciazenia hydraulicznego - testowane 3 substancije.

Przebieg procesu separacji oleju przektadniowego SEA 3 CAT TDTO o najwyzszej

z badanych olejoéw lepkosci, skutkuje uzyskaniem najwyzszych wsrod badanych sprawnosci separacji

1 charakteryzowal si¢ najwigkszg 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(S04)3-18H20) and iron salts (e.g. FeClz-6H20, FeClz, FeSO4 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 m3-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™, 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 (0
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 Ndm3dm3d), a slightly lower value (0.172 Ndm3*dm3d1) was observed in the case of using
a 10% dose of cavitated cellulose waste, and the lowest (0.155 Ndm3dm=3d?) 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?
1 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 CO> 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, 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, YOLOv4 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
Obiject 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 Wodociagéw i Kanalizacji w Grodzisku Mazowieckim, 2Zaktad Zaopatrzenia w Wode
i Odprowadzania Sciekoéw, Wydziat Instalacji Budowlanych, Hydrotechniki i Inzynierii

Srodowiska, Politechnika Warszawska, katarzyna.umiejewska@pw.edu.pl

Celem oczyszczania Sciekow jest ochrona $rodowiska przyrodniczego przed
zanieczyszczeniami powstajagcymi  w  wyniku ludzkiego metabolizmu oraz gospodarczej
i przemyslowej dzialalnosci. W $ciekach bytowych oraz przemyslowych znajduje si¢ wiele
sktadnikow, wsréd ktoérych mozna wyrdzni¢: zwigzki organiczne, biogenne, mineralne,
mikroorganizmy patogenne, pasozyty i substancje toksyczne. Oczyszczanie §ciekow jest konieczne
ze wzgledu na ochrong wdd oraz potrzebe wiaczenia zwigzkdéw biogennych, przede wszystkich azotu,
do naturalnego obiegu pierwiastkow w przyrodzie.

W  Polsce w =zakresie oczyszczania $ciekow obowigzuja wymagania okreslone
w europejskiej dyrektywie 91/271/EWG z dnia 21 maja 1991 roku. Polska przystepujac
do Unii Europejskiej zobowigzata si¢ do wypelnienia tych wymogéw 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 realizacj¢ w taki sposob, by wywigzac si¢ ze zobowigzan traktatowych, stworzono
Krajowy Program Oczyszczania Sciekéw Komunalnych (KPOSK), przyjety przez Rade Ministrow
w dniu 16 grudnia 2003 r. KPOSK stanowi wykaz aglomeracji, ktére musza zosta¢ wyposazone w
systemy kanalizacji zbiorczej 1 oczyszczalnie §ciekéw w terminach okreslonych w programie.

Zgodnie z aktualizacja KPOSK z 2017r. oczyszczalnia $cickow w Grodzisku Mazowieckim
zostala zaklasyfikowana do priorytetu P3. Oznacza to, Ze aglomeracja Grodzisk Mazowiecki przez
realizacje¢ planowanych dzialan inwestycyjnych do dnia 31 grudnia 2021 r., spelni warunki
dyrektywy 91/271/EWG dotyczace jakosci 1 wydajnosci oczyszczalnia.

Oczyszczalnia Sciekow przed modernizacja zostata zaprojektowana, wybudowana i przekazana
do eksploatacji przy zatozeniu nastgpujacej ilosci i jakosci Sciekdw:

— Przeplyw $redni dobowy : 10 500 m®/d

— Przeptyw maksymalny godzinowy : 840 m¥h
Jako$¢ $ciekow surowych

e Stezenia zanieczyszczen (P = 85%):
- BZTs : 840 mg Oz/dm3

—  ChzT : 1 840 mg Oz/dm®
165



mailto:katarzyna.umiejewska@pw.edu.pl

WATER SUPPLY AND WASTEWATER DISPOSAL

— Zawiesina og6lna
—  Azot og6lny
— Fosfor ogolny

e Ladunki zanieczyszczen (P = 85%):

- BZTs

- ChzT

— Zawiesina ogolna
—  Azot og6lny

— Fosfor ogolny

: 870 mg/dm?
: 107 mg N/dm?®
: 10,8 mg P/dm?3

: 8 820 kg O2/d

: 19 320 kg O2/d
: 9135 kg/d
:1123,5 kg N/d
:123,5 kg P/d

Z uwagi na zwigkszone obciazenie hydrauliczne oczyszczalni a co za tym idzie wzrost tadunku

zanieczyszczen w Sciekach surowych zdecydowano si¢ na modernizacj¢ istniejacego reaktora

biologicznego 1 budowe drugiego ciaggu przyjmujac nastepujace dane do projektowania:

Zatozenia do projektu modernizacji i rozbudowy:

— Przeptyw $redni dobowy

— Przeptyw maksymalny godzinowy

Jako$¢ $ciekow surowych

e Stezenia zanieczyszczen (P = 85%):

- BZTs

-  ChzT

— Zawiesina og6lna
— Azot og6lny

— Fosfor ogdlny
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: 1700 m3/h

: 544 mg Oz/dm3
: 919 mg Oz/dm3
: 519 mg/dm?®

: 96 mg N/dm?3
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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 rozwoj cywilizacyjny, jak rowniez zmiany klimatyczne przyczyniaja si¢
do wystepowania deficytu zasobow wodnych na catym §wiecie. W zwigzku z powyzszym, obserwuje
si¢ rosngce zainteresowanie zagadnieniem dotyczacym wstepnego oczyszczania wod. W procesach
tych wykorzystywane sg najczgsciej standardowe techniki zageszczania zawiesin oraz separacji
substancji oleistych (np. cedzenie, sedymentacj¢ czy filtracje) [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 stalych (frakcja lekka 1 ciezka),
osadoéw oraz zawiesin. Osadniki wirowe cechuje wysoka skuteczno$¢ oczyszczania, stosunkowo
mata powierzchnia zabudowy w planie, sposobno$¢ umieszczenia wlotu do osadnika pod dowolnie
dobranym katem oraz latwa eksploatacja. Praca osadnikéw 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 zwigkszenia sprawnosci oczyszczania wody, poprzez poddanie
standardowego osadnika wirowego modyfikacji konstrukcji polegajacej na wyposazaniu go w

przegrod¢ wzdtuzna.

Tabela 1
Parametry geometryczne badanych osadnikow wirowych.
Osadnik hy[m] hy,[Mm] hy[Mm] hy,[Mm] hy[m] [, [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

Analize separacji czastek statych lekkich przeprowadzono dla dwoch konstrukeji typu ZMP-0
(przegroda umiejscowiona w osi aparatu) i dwoch ZMP (przegroda zostata przesunig¢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 wysokosci potozenia
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przegrody od dna osadnika oraz ulozenia wzglgdem osi zbiornika osadnika. Na rysunku 1 pokazano
stopien separacji czastek stalych lekkich o $redniej $rednicy 550 um w wodzie dla badanych

konstrukcji osadnikéw wirowych.
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Rysunek 1. Stopien separacji czastek statych lekkich w wodzie w zalezno$ci od obcigzenia

hydraulicznego dla zmodyfikowanych osadnikéw wirowych z przegroda wzdtuzna.

W trakcie wykonywania badan zaobserwowano, ze czgstki polietylenu wykazujg tendencje to
agregacji w wigksze skupiska, ktére w wyniku zastosowania wigkszych wartosci obcigzen
hydraulicznych byly porywane przez wir, a nastepnie wymywane z osadnika. Analiza uzyskanych
wynikow wykazala, Ze osadniki wyposazone w przegrode umieszczong w osi aparatu 0siagaja nizsze
warto$ci stopnia separacji niz osadniki z przesunieta przegroda w kierunku wylotu z aparatu.
Uzyskane warto$ci stopnia separacji czastek lekkich w przeprowadzonym badaniu oscylowaly w
zakresie od 70 do 34% w zaleznos$ci od konstrukeji (przyktadowo: 70% dla ZMP-4, natomiast
najnizsza — 34% dla ZMP-012). Dowiedziono, Ze przesunigcie przegrody przyczynia si¢ do
dwukrotnego wzrostu sprawnosci, co ttumaczy zwigkszenie pierwszej komory osadnika, w ktorej
nastgpuje zatrzymanie czgstek lekkich i zmniejszenie komory wylotowej z osadnika.
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Praca zostata sfinansowana przez Ministerstwo Nauki i Szkolnictwa Wyzszego.
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RADON JEGO WYSTEPOWANIA I WPLYW
NA ROZNE ASPEKTY ZYCIA LUDZKIEGO
M. Metryka-Telka, J. Gawdzik
Politechnika Swigtokrzyska, 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 zdolnos$ci jonizujacej. Posiada wysoka mase atomowa
wynoszaca 222u co czyni go trwatym izotopem [1]. Radon do wod dostaje si¢ gtownie z gleby,
materialdow budowlanych, a takze z gazu ziemnego i powietrza. Dobrze rozpuszcza si¢ w wodzie, ale
tez w innych cieczach. Jego okres potrozpadu wynosi 3,8 dnia tworzac przy tym szereg
krotkozyciowych pochodnych takich jak izotopy polonu, bizmutu oraz otowiu, ktére rowniez maja
wlasciwosci promieniotworcze[2] Sam radon nie wptywa bezposrednio na nasz organizm, ale jego
pochodne moga wnikaé jako pyly do naszego uktadu oddechowego co niesie ryzyko nowotworéw
ptuc. Posiadajac bardzo duza rozpuszczalno$¢ moze pojawi¢ si¢ w wodzie pitnej [3]. W Polsce sa
jasno okreslone normy dotyczace jako$ci wody przeznaczonej do spozycia przez ludzi.
Rozporzadzenie Ministra Zdrowia z dnia 7 grudnia 2017r. (Dz. U. 2017 poz. 2294) zaktada dla radonu
w wodzie pitnej jako poziom referencyjny 100Bq/l [4]. Wedlug Amerykanskiej Agencji Ochrony
Srodowiska (EPA) limit zawartosci radonu w wodzie wynosi jedynie 11 Bg/I [5]. Do tej pory radon
1 jego wlasciwosci badali m.in. Tadeusz Przylibski w pracy zatytulowanej ,,Radon sktadnik swoisty
waod leczniczych Sudetow”. Autor w swojej pracy scharakteryzowat radon jako pierwiastek; jego
geneze, migracje 1 akumulacje w litosferze badajac przy tym zarys budowy geologicznej Sudetow
dazac do przedstawienie potencjalnie leczniczych wod radonowych [6]; Jadwiga Mazur —,,Dynamika
procesu ekshalacji radonu z gruntu, a parametry meteorologia i wlasnos$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 i weryfikacja w budynkach mieszkalnych” przedstawit w niej
radon w odniesieniu do promieniowania jonizujacego i skutkow jego dzialania, a takze zrodta radonu
w gruncie, model przenikania radonu z gruntu do budynku oraz scharakteryzowat przepuszczalnos¢
gruntu dla radonu [8]; Jakub Nowak opracowat temat: ,,Promieniotwdrczos$¢ naturalna wod
termalnych Karpat polskich” uwzgledniajac przy tym zalezno$¢ promieniotworczo$¢ naturalng wod
termalnych wybranych krajow §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 zrodet zostanie w pierwszej czesci
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scharakteryzowany radon pod wzgledem wystgpowania, a nastgpnie po przeprowadzeniu wstepnych
badan w réznych miejscach wojewddztwa $wigtokrzyskiego zostanie oceniony jego wplyw na
zdrowie i zycie czlowieka, a takze okre§lone stezenie radonu w sieci wodociggowej przy zalozeniu,
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, I. 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

3Hetman 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;

e unification 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 1 Cieptownictwa; jerzynej@zut.edu.plszaflik@zut.edu.pl

Na podstawie badan wtasnych poborow pigciosekundowych cieptej wody uzytkowej (wyniki z
minimum 30 dob w o$miu budynkach mieszkalnych, tacznie z 1060 punktami poboru) okreslono
pojemnos¢ zasobnika o pelnej akumulacyjnosci (ZOPA) dla uktadoéw przygotowania c.w.u.

Na poczatku dla kazdej doby okreslono $rednig pojemnos$¢ zasobnika i §redni dobowy pobdr cieptej
wody przypadajacy na jednego mieszkanca. Otrzymane wyniki, w zalezno$ci od liczby mieszkancow

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 warto$ci $redniej jednostkowej objetosci zasobnika o pelnej
akumulacyjnos$ci oraz dobowego poboru wody, sg do siebie niemal rownolegle 1 w niewielkim
stopniu zalezg od liczby mieszkancoéw — wraz ze wzrostem liczby mieszkancow maleja.

W zwiagzku z powyzszym na rysunku 2 przedstawiono otrzymane objetosci zasobnika
w zalezno$ci od liczby mieszkancow w budynku i pobranej ilosci wody w czasie doby dla wszystkich
dni pomiarowych w poszczegdlnych budynkach. Na rysunku mozna zauwazy¢, ze objeto$¢ zasobnika

ro$nie proporcjonalnie do ilosci pobieranej wody w budynku.
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Rysunek 2 — Obliczona pojemnos$¢ zasobnika o petnej akumulacyjnosci (ZOPA) w zaleznosci od
liczby mieszkancow oraz pobranej ilosci wody w budynku, na podstawie przeprowadzonych

pomiaréw

W celu ustalenia zaleznos$ci pojemnosci jednostkowej zasobnika w zaleznosci od liczby
mieszkancow w budynku okreslono pojemnos$¢ zasobnika 1 odpowiadajace 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 ;. Zaproponowano funkcje liniowg przechodzaca przez
poczatek uktadu o rownaniu:

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 Sciekow, Wydziat Instalacji Budowlanych,
Hydrotechniki i Inzynierii Srodowiska, Politechnika Warszawska,
kaja.niewitecka@pw.edu.pl., jaroslaw.chudzicki@pw.edu.pl

Streszczenie

Ponowne wiaczenie do uzytkowania instalacji wodociggowych w budynkach uzytecznosci
publicznej moze by¢ ryzykowne bez odpowiedniego przygotowania.

Ograniczenie dziatania lub catkowite wylaczenie z eksploatacji instalacji wodociaggowych
wody zimnej 1 cieptej sprzyja stagnacji wody wewnatrz rurociggdw. Zastoje, a co za tym idzie
rOwniez obnizenie ochronnego dziatania substancji dezynfekcyjnych dodawanych do wody
wodociggowej moga prowadzi¢ do pogorszenia jej jakosci. Procz zmian fizykochemicznych takich
jak zmiana barwy, metno$ci, utlenialno$ci czy przewodnictwa, wzrasta réwniez ryzyko zwigzane z
tworzeniem si¢ srodowiska sprzyjajacego bytowaniu patogenow.

Przy ponownym rozruchu systemow wodnych, na skutek zmiany warunkow
hydrodynamicznych w instalacji wodociggowej dochodzi do czgsciowego zerwania blony
biologicznej pokrywajacej wewnetrzne Scianki 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 oséb z obnizong odpornoscia.

W pracy podjeto probe scharakteryzowania zmian wskaznikéw mikrobiologicznych 1
fizykochemicznych wody wynikajacych z ponownego uruchomienia punktéw czerpalnych
zroznicowanych pod wzgledem rozbioru 1 czasu stagnacji wody w jednym z gmachéw Politechniki
Warszawskiej po okresie tymczasowego wytaczenia z uzytkowania (Zgodnie z Zarzqdzeniem Rektora
nr 16/2020 z dnia 11 marca 2020 r. w sprawie podjecia w Politechnice Warszawskiej dziatan
zapobiegajqcych 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 aktywnos¢ pracownikow i studentow zostata przestawiona na tryb
zdalny).

Autorzy zwracajg rowniez uwage na konieczno$¢ prawidtowego przeprowadzenia ponownego
rozruchu instalacji wodociggowych w budynkach uzytecznos$ci publicznej po okresie pandemii z
uwzglednieniem odcinkéw, ktore nieobjete procesem dezynfekcji czy ptukania sg miejscem bardziej
narazonym na kolonizacj¢ przez patogenna flor¢ bakteryjna.

Podjeto rowniez probe sprecyzowania podstawowych zasad dotyczacych m.in. ich ptukania i
dezynfekcji. Zaproponowano takze dzialania profilaktyczne, mogace w przysztosci 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, ktoéry pozwala na wydtuzenie drogi
przeplywu 1 rownoczes$nie czasu trwania procesu sedymentacji, przy jednoczesnym zachowaniu
niewielkich gabarytéw urzadzenia i1 zastosowaniu kotowego przekroju urzadzenia [1,4,5,6,7].
Efektywnosc¢ separacji statych zanieczyszczen jest zwickszona za pomocg ruchu wirowego, poniewaz
opadajace czagstki zostaja przechwycone przez wtorne prady cieczy w dolnej czesci osadnika,
natomiast sita od$rodkowa przemieszcza unoszace si¢ w cieczy zanieczyszczenia do strefy
przysciennej [4,6,7 8]. Prowadzone badania na przestrzeni ostatnich lat, pokazujg uzyskane korelacje
sprawnosci od okreslonych parametréw osadnikow wirowych [9]. Roznorodnos$¢ jest wynikiem
autorskich koncepcji badan i geometrii urzadzen. Niektore badania koncentrowaty si¢ szczegolnie na
wydajnosci wylapywania zanieczyszczen w komorze wirowej [1,4,5]. Opis wybranych analiz
przedstawiono w tabeli 1 zawierajacej rozpatrywana wielko$cia czastek zanieczyszczenia i
wyznaczong zaleznoscig. Celem analizy byto odnalezienie odpowiedniego zwigzku pozwalajacego

oszacowac wydajnos¢ oczyszczania cieczy w komorze wirowe;.

Tabela 11
Przyklady korelacji sprawnosci osadnikow wirowych [5].
Artykul Rozmiar czastek [mm] Korelacja
do11 . 0,88
Curi i in. [3] 2,12 o = 1,74 + lnl é’f)ssép c) l
0,0292

D
no = 0,835 — +1,71-1072 "

1

Mashauri [10] ~ 0,375-1,8 ; 0,1875-0,75

—5,93-107*
d ) k1

no = 73,4 + 8log (%)’ 1o = 2,16 (:,/_:)0,04

Paul i in. [11] 0,175:0,05-1,0: 7,64
I (“’o)
]’O 98 0'52 Og

0,35 )
1o =k .Qo.zs.(A_h> .(WO dS)
0 0 h v

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 funkcja 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).
Zatozono, ze intensywnos¢ wtornych pradéw jest zwigzana z lepkoscig cieczy. Jedng z
proponowanych funkcji, ktéra wyraza odpowiednie stosunki parametrow jako grupy bezwymiarowe
przedstawiona jest w postaci rownania [7]:

w, h D q) @

n=7f (wc 'D’d’Q
Luyckx 1 Berlamont [8] nawigzali rdwniez do zaleznosci sprawnosci oczyszczania osadnikow

wirowych od liczby Reynoldsa i przestawili swoja propozycj¢ obliczenia stopnia separacji:

_ q w, h D
n=1-(1-7) ew|-30-£ (52) £ (5) £ (3) Ake)] ©
Funkcje, ktore sg obecne w powyzszym réwnaniu majg postac:
() = max g 1= 25 exo (-250- 7)) of :
fi " = max " ,5exp w)l’ 4
h h
—l=1- 14— 5
f.(3) = 1-exp(-14-2) ©)
(@)= mos|55 () ©
fs\g)=max| L5 \g
dla liczby Re <200 000:
fa(Re) =1 ()
dla liczby Re > 200 000:
220000
=1- —_— 8
fe(Re) =1 ex”( Re—ZOOOOO) ®)

Badania Ansariego i Khana [1] obejmowaty analize zmienno$ci stopnia zatrzymywania osadow
I zanieczyszczen w komorach wirowych w zaleznosci od umiejscowienia kroécow wlotowych i
wylotowych, a ich celem bylo sprawdzenie doktadnos$ci analizowanych relacji parametrow 1 w

rezultacie opracowanie nowego modelu pozwalajacego na oszacowanie wydajnosci komor wirowych

0,212

na etapie projektowania o nastepujacej postaci:
D -0025 p 0227 . (0116 0107 5 | 0257

moso(5) @) @ Q) G G e

Analiza danych wykazata, Ze umiejscowienie i ksztatt kanatéw wlotowych i wylotowych ma

istotne znaczenie na efektywnos$¢ oczyszczania cieczy w komorze wirowej. Pordwnanie modeli

matematycznych opisujgcych sprawnosci komory wirowej uzyskane przez réznych autorow [2,5,11]
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dowiodto, 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 pozwalajagce na oszacowanie uzyskiwanej wydajnosci oczyszczania

cieczy.

PODZIEKOWANIA: Praca zostala sfinansowana przez Ministerstwo Nauki i Szkolnictwa

Wyzszego

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]
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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 N.O 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 N>.O were conducted using a clark-type N2O - 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: 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 15
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?, I. 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.

Quiality 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.
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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
methyl 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 n,;=50 - 60% of perfect Carnot heat pump
@e.

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 CH4 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 dX. 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. Jakusik3, 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. Piekarski2, A. Kotowskit!
!Politechnika Wroctawska, Wydziat Inzynierii Srodowiska, Wroctaw

2 Politechnika Koszalifiska, Wydzial 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 terendéw
zurbanizowanych przed wylewami z systemow kanalizacyjnych.

Bezpieczne projektowanie i eksploatacja systemoéw kanalizacyjnych ma na celu zapewnienie
wymaganego standardu odwodnienia terenéw wg PN-EN 752, ktéry determinuje zdolnos$¢ systemu
do przyjecia maksymalnych (prognozowanych) strumieni wod deszczowych z czgstoscig réwnag
dopuszczalnej (akceptowalnej spotecznie) czestosci wystgpienia wylania na powierzchni¢ terenu.

Modelowanie niezawodnosci dziatania systemow kanalizacji deszczowej i ogdlnosptawnej na
terenach zurbanizowanych, zalecane norma PN-EN 752, jest w Polsce wciaz rzadko stosowane, m.in.
z braku wiarygodnych wzorcow deszczow modelowych, w tym zwlaszcza z uwzglednieniem
prognozowanych zmian intensywnosci deszczOw w przysztosci. Dotychczas stosowano wzorce
deszczow opracowane w Niemczech — np. Eulera typu I i DVWK, w domniemaniu, ze sg one
réwniez odpowiednie dla polskich warunkéw hydrologicznych. Wzorce te formutowano w oparciu o
lokalne krzywe wysokosci DDF (Depth-Duration-Frequency) — tworzone z aktualnych modeli
deszczoOw maksymalnych, tj. bez uwzglednienia wptywu zmian klimatu. Modelowanie
hydrodynamiczne systemow kanalizacyjnych jest najczesciej stosowane w celu sprawdzenia
poprawnosci wymiarowania kanatow, w tym objetosci zbiornikow retencyjnych, ze wzgledu na
potencjalne zagrozenia Srodowiskowe powodowane nadpigtrzeniami i1 wylewami z sieci.

W niniejsze] pracy przedstawiono metodyke estymacji parametréw rozkladu GED do
formutowania: dotychczasowych postaci modeli deszczow maksymalnych oraz modeli
prognostycznych, tj. z uwzglednieniem trendéw zmian intensywno$ci deszczéw w przysztosci, a
takze metodyke tworzenia hietograméw wzorcowych na potrzeby modelowania niezawodno$ci
dziatania systemow kanalizacji deszczowej 1 ogdlnosptawnej we Wroclawiu. Na tych podstawach
opracowano 1 porownano uogodlnione wzorce deszczow krotkotrwatych - o0 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 wplyw na
srodowisko 1 wiele aspektow zycia. Prowadzi to takze do deficytow zasobow wodnych. W zwigzku
z tym konieczne jest rozwijanie nowych technik 1 metod zaréwno magazynowania zasobow wodnych,
ich odprowadzania, jak i oczyszczania w celu dalszego wykorzystania. Wsrod zanieczyszczen wod
opadowych mozna wyr6zni¢ zawiesiny, metale ci¢zkie, zwigzki azotowe czy zwiazki biogenne. Z
tego wzgledu istotne sg procesy oczyszczania wod opadowych, tak aby mozna bylo ponownie
wykorzysta¢ nieliczne dostepne 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 $ciekéw deszczowych i roztopowych, a takze ze §ciekow technologicznych ptynacych
grawitacyjnie kanalizacjg. Osadniki te s3 odpowiednim rozwigzaniem na terenie zurbanizowanym,
gdzie wymagane sg urzadzenia o duzej efektywnos$ci i stosunkowo matych gabarytach. Osadniki
wirowe z zasady charakteryzuja si¢ wysoka skuteczno$cig oczyszczania, mniejszg od pozostatych
osadnikéw powierzchnia zabudowy w planie, mozliwos$cia umieszczenia wlotu do osadnika pod
dowolnym katem, co usprawnia podiaczenie go do sieci kanalizacyjnej, a takze tatwa eksploatacja
[2,3].

Analiza procesu separacji obejmowata wptyw lepkosci fazy ciaglej na sprawnos¢ osadnika
wirowego. W badaniu wykorzystano osadnik wirowy z przegroda wzdtuzng o $rednicy wewnetrznej
D =0,19 m, wysokosci H = 0,69 m, §rednicy wewngetrznej kro¢ca wlotowego i wylotowego d = 0,028
m, wysokosci osi kro¢ca wlotowego na przecieciu ze $ciang zbiornika hy = 0,4 m, wysokosci osi
wylotu z kro¢ca wlotowego wewnatrz osadnika hiw = 0,2 m, wysokosci osi kro¢ca wylotowego na
przecigciu ze $ciang zbiornika hy = 0,4 m, wysokosci osi wlotu do krocca wylotowego wewnatrz
osadnika haw = 0,4 m oraz wysokos$ci zawieszenia przegrody w osadniku wirowym hp = 0,3 m.
Badanymi cieczami byly wodne roztwory gliceryny o st¢zeniu wagowym 24, 41, 50, 55 1 59%
wagowych, o gestoéci p. 1059, 1103, 1127, 1141 oraz 1152 kg/m3, ktorych lepko$é u. wynosita
odpowiednio 2-1073, 4-1073, 6-103, 8-10 i 10-10° Pa-s. Zastosowane czastki state ciezkie stanowila

mieszanina ziaren kwarcu 1 skaleni o $redniej §rednicy 125 pm.
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Rysunek 1 — Zalezno$¢ sprawnos$ci separacji czastek statych ciezkich o $redniej srednicy 125 pm

od obcigzenia hydraulicznego i lepkosci fazy ciaglej

Na rysunku 1 przedstawiono zalezno$¢ sprawnosci separacji czastek stalych cigzkich o §redniej
$rednicy 125 pm od obcigzenia hydraulicznego i lepkosci fazy ciaglej. Badania wykazaty, ze wraz ze
zwigkszajaca sie lepkos$cia cieczy newtonowskiej stopien separacji czastek statych ciezkich maleje.
Jest to zwigzane z przeptywem laminarnym w osadniku, co uwidacznia si¢ w warto$ciach liczby
Reynoldsa, oraz coraz mniejszg predkoscia sedymentacji czastek statych. Przy obciazeniu
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.
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Praca zostala sfinansowana przez Ministerstwo Nauki i Szkolnictwa Wyzszego.
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[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
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OBECNOSC POZOSTALOSCI LEKOW NIESTEROIDOWYCH I NONYFENOLI
W SRODOWISKU WODNYM POLUDNIOWEJ POLSKI
E. Wysowska'?, |. Wiewiérska?, A. Kicinska!
'AGH Akademia Gorniczo-Hutnicza im. Stanistawa Staszica - Krakow, Polska
Wydziat Geologii, Geofizyki i Ochrony Srodowiska
2 Sadeckie Wodociagi” Spotka z 0.0. - Nowy Sacz, Polska
ewa.wysowska@swns.pl

Problem pozostatosci lekow w wodzie 1 wynikajacego z tego tytulu potencjalnego narazenia
zdrowotnego ludzi jest wcigz niedostatecznie zbadany. Wzrastajaca koncentracja w $rodowisku
wodnym niesteroidowych lekéw przeciwzapalnych (NLPZ) oraz nonyfenoli stanowi coraz wigksze
zagrozenie zdrowotne dla zwierzat 1 ludzi, na co juz zwracato uwage WHO. Dyrektywa Parlamentu
Europejskiego i Rady (UE) 2020/2184 z dnia 16 grudnia 2020 r. w sprawie jako$ci wody
przeznaczonej do spozycia przez ludzi zwraca uwage na obecnos¢ w wodzie nowych
mikrozanieczyszczen, w tym pozostatosci lekow i hormonoéw. Komisja Europejska (KE) wprost
wskazuje na potrzeby uzupehlienia wiedzy o substancjach farmaceutycznych 1 ich stezeniach
w $rodowisku. Farmaceutyki przedostaja si¢ przede wszystkim do $rodowiska ze $ciekami
komunalnymi, z zakltadow produkcyjnych, szpitali oraz z odchodami zwierzat hodowlanych.

Celem artykutu jest okreslenie stanu wiedzy naukowej oraz prezentacja pilotazowych wynikdéw
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 przeciwbolowe 1 przeciwgoraczkowe: 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 szczegdlnosci 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 stawoOw:
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
2Wydzial Podstaw Techniki, Politechnika Lubelska, Lublin, Polska, j.szulzyk-cieplak@pollub.pl
% Instytut Zoologii Narodowej Akademii Nauk Ukrainy im. Schmalhausena,

Departament Fauny i Systematyki Bezkregowcow, Kijow, Ukraina

Wiasciwy przebieg procesu oczyszczania $ciekow w bioreaktorach z osadem czynnym
determinowany jest odpowiednim stopniem wymieszania $ciekow z klaczkowatg zawiesing
mikroorganizméw. Uklad mieszania powinien zapewni¢ poziom turbulencji, ktére z jednej strony
powoduja jednorodne rozproszenie biomasy w calej objetosci reaktora, tj. pelng homogenizacje i
utrzymanie jej w stalym zawieszeniu, a z drugiej strony nie rozrywaja oraz nie rozdrabniajg ktaczkéw
osadu czynnego. W zwigzku z tym, ze technologia osadu czynnego wykorzystywana byta pierwotnie
do utlenienia zwigzkow organicznych wegla oraz nitryfikacji, stad tez do mieszania i homogenizacji
objetosci bioreaktorow wykorzystywane byly systemy napowietrzania. Napowietrzanie w takich
bioreaktorach bylo jednym z najbardziej energochtonnych proceséw realizowanych w trakcie
oczyszczania $ciekow. W momencie wprowadzenia wymagan dotyczacych koniecznosci
zapewnienia oczyszczania $ciekow z podwyzszonym stopniem usuwania zwigzkow biogennych,
wydzielone zostaty strefy anaerobowe i anoksyczne (fazy cyklu w wypadku reaktorow porcjowych)
niezbe¢dne do zespolonego usuwania zwigzkow wegla, azotu oraz fosforu. W takiej sytuacji pojawita
si¢ potrzeba zastosowania systemow mieszania niepowodujgcych napowietrzania. Jako rozwigzania
konstrukcyjne zapewniajace tego typu mieszanie stosowane byly réznej konstrukcji pompy,
mieszadla topatkowe, mieszadla wstegowe, hydro$migta, itp. Opracowujac nowe konstrukcje
mieszajace zaproponowano uklad mieszania osadu czynnego, oczyszczanych S$ciekéw 1 wod
nadosadowych w bioreaktorach SBR, ktory zapewnia odpowiednie warunki dla rozwoju ktaczkow
osadu czynnego, przy maksymalnej homogenizacji objetosci reaktora oraz jednoczesnej
minimalizacji naktadow energetycznych. Zaproponowane rozwigzanie zapewnia wysoki stopien
podnoszenia czynnika procesowego z dna reaktora oraz niskonakltadowa homogenizacje —
jednorodne rozproszenie ktaczkow osadu czynnego i1 $cieckow w calej objetosci bioreaktora.
Opisywana konstrukcja mieszajgca dziata poprzez wytworzenie odpowiednich warunkow do
transportu zgormadzonego przy dnie 1 zaggszczonego 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 ZLOZEM RUCHOMYM
0. Zajac, J. Walczak, K. Sytek-Szmeichel, M. Zubrowska-Sudot
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 dotyczg one bocznego ciggu oczyszczania
$ciekdéw z deamonifikacja.

W badaniach wlasnych, stanowigcych przedmiot posteru, sprawdzano mozliwo$¢ uzyskania
skroconej nitryfikacji w uktadzie hybrydowym symulujacym cigg gléwny oczyszczania $ciekow
z nitryfikacja/denitryfikacjg. Celem przeprowadzonego eksperymentu bylo okre§lenie wplywu
zastosowania strategii naprzemiennego napowietrzania na obnizenie w biomasie ilo$ci bakterii
prowadzacych drugg faze nitryfikacji (NOB, ang. Nitrite Oxidizing Bacteria) lub/i zahamowanie
aktywnosci 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 objetosci czynnej 281. Jako
no$niki biomasy wykorzystano ztoze ruchome EVU- Perl charakteryzujace si¢ czynng powierzchnia
wiasciwa wynoszaca 600 m?/m?®. Reaktor pracowal w systemie trzech o$émiogodzinnych cykli na
dobe. W eksperymencie wyrozniono 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 ilo$ci, wykorzystano testy porcjowe umozliwiajagce wyznaczenie szybkosci pierwsze]
i drugiej fazy nitryfikacji. Testy prowadzono dla obu form biomasy wystepujacych w reaktorze
MBSBBR-IFAS, tj. dla osadu czynnego oraz dla blony biologicznej rozwinigtej na ruchomych
no$nikach.

Na podstawie uzyskanych wynikow stwierdzono, ze wprowadzenie strategii naprzemiennego
napowietrzania sprzyjalo hamowaniu II fazy nitryfikacji. W tedcie porcjowym przeprowadzonym
w drugim etapie badawczym odnotowano kumulacj¢ azotynéw na poziomie 7,25 mg N-NO2/I,
podczas gdy w pierwszym etapie badawczym wyniosta ona jedynie 2,28 mg N-NO2/l. W przypadku
btony biologicznej rozwinigtej na ruchomych nos$nikach w obu okresach badawczych nie
odnotowano kumulacji azotynéw. W tym przypadku caty dostgpny ladunek azotu amonowego
utleniany byl 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 AFLUIDIZED 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/m3-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
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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/dm3 in the outflow. At these
experimental stages, the methane content in the biogas was around 70%. Increasing OLR to 6.0 kg
COD/m3-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 ludnosci w wode przeznaczong do spozycia przez ludzi odbywa si¢ z
wykorzystaniem systemu zaopatrzenia w wode (SZW), ktory jest systemem rozleglym i
funkcjonujacym w zroéznicowanych warunkach eksploatacyjnych. Zmienno$¢ warunkow oraz duza
liczba elementow, z ktérych sktada si¢ infrastruktura wodociggowa, powoduje losowe niesprawnosci
fragmentu systemu, a w skrajnych przypadkach awarii doprowadza do catkowitego zaprzestania
dostawy wody do ludnos$ci. Niezb¢dnym warunkiem dla utrzymania dostaw wody do odbiorcow jest
utrzymanie sprawnosci i prawidtowe dzialanie 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 calym tancuchu dostaw wody od ujecia do kranu
konsumenta skutkowato najpierw rewizjg Dyrektywy 98/83/WE (Drinking Water Directive DWD)
przeprowadzong w 2015 roku, a nastgpnie zatwierdzeniem w grudniu 2020 r. przez Parlament
Europejski 1 Rad¢ Europy nowej dyrektywy dotyczacej jakosci wody przeznaczonej do spozycia
przez ludzi (DWD 2020/2184). W Polsce przetozylo si¢ to na zmiany wprowadzone ustawa 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 jako$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 1 Rady 2020/2184 z dnia 16 grudnia 2020 r. w sprawie jakosci wody przeznaczonej
do spozycia przez ludzi. Panstwa cztonkowskie majg 2 lata na jej implementowanie do prawa
krajowego i 5-6 lat na wdrozenie poszczegolnych artykutow.

Jednym z elementéw podnoszenia bezpieczenstwa eksploatacji systemoOw zaopatrzenia w wodg
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 wdd powierzchniowych i podziemnych; przektadajgca si¢ na znaczne
ograniczania w zasobach dyspozycyjnych przeznaczonych na cele zaopatrzenia ludnosci w wode.

Celem artykutu jest analiza okres$lania stopnia dywersyfikacji zasobéw wody w systemach
zbiorowego zaopatrzenia w wode mieszkancéw gminy Glubczyce. W analizach wykorzystano
metode oparta na bezwymiarowym wskazniku Hurlberta. W SZW Glubczyce wydzielono dwa
podsystemy produkcji wody Koltataja oraz Powstancow, ktore ttoczg wode do sieci wodociggowej,
budujacej podsystem dystrybucji wody. Eksploatacja podsystemu produkcji wody w miescie opiera
si¢ na pracy 4 niezaleznych ujeciach wody. System SZW miasta Gtubczyce charakteryzuje si¢ $rednio
rocznym dobowym rozbiorem wody na poziomie 3610 m?/d. Najwiekszy rozbior wody przypada na
miesigce wiosenne i letnie, w ktorych obserwowane sg lokalnie niedobory wody.

W artykule przedstawiono budowe infrastruktury wodociggowej w miescie Glubczyce, jej
strukture oraz mozliwos$ci dywersyfikacji i zabezpieczenia dostaw wody w aspekcie bezpieczenstwa
funkcjonowania infrastruktury krytycznej. Zaprezentowano wyniki analizy mozliwo$ci wystgpienia
sytuacji kryzysowej uwzgledniajagc przy tym zabezpieczenie funkcjonowania infrastruktury
krytycznej, tak aby zapewni¢ dostawe wody w sposob ciagly w wymagane;j ilosci 1 pod odpowiednim

cisSnieniem 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 wilasnych
prowadzonych w instalacjach technicznych odnotowano, iz nadwyzka biogazu uzyskana po
wprowadzeniu dezintegracji strumienia osadu nadmiernego kierowanego do komor fermentacyjnych
pozwolitaby na wyprodukowanie wigkszej ilo$ci energii elektrycznej od wielkosci zuzytej na
wstepng obrobke, co wskazywato na zasadno§¢ wykorzystania analizowanego procesu w technice
(Zubrowska-Sudot et al. 2018). Biorac pod uwage te pozytywne wyniki uzyskane w przypadku
monofermentacji, wysunieto hipoteze, iz proces dezintegracji moze by¢ rowniez wykorzystany do
wspomagania kofermentacji. W referacie zaprezentowane zostang wyniki badan nad mozliwos$cia
zwigkszenia potencjatlu metanowego wybranych kosubstratow i uzyskania dodatniego bilansu
energetycznego, przy wykorzystaniu do wstepnej obrobki procesu hydrodynamicznej dezintegracji.

Eksperyment obejmowal okreslenie potencjalu metanowego (Ycha) dla nastepujacych
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 stalym obcigzeniu inokulum
tadunkiem zwigzkéw organicznych wynoszacym 5 g s.m.o./l. Wszystkie testy prowadzono dopoki
dzienna produkcja gazu w ciagu trzech kolejnych dni nie osiagneta jednego procenta catkowitej
produkcji gazu. Kazdg probe wykonywano w trzech powtorzeniach.

Z danych przedstawionych na rysunku wynika, Zze proces hydrodynamicznej dezintegracji
przyczynit si¢ do wzrostu potencjatu metanowego kiszonki kukurydzy oraz wystodkow buraczanych
w formie pelletu. Daje si¢ rowniez zauwazy¢ iz maksymalny wzrost Ychs (48,2%) wystapil dla
WB_Pellet poddanych procesowi dezintegracji prowadzonemu przy gestosci energii wynoszacej 35
kJ/1. Nie byt on jednak r6wnoznaczny z najwyzszym zyskiem energii netto. Taki rezultat osiggni¢to
bowiem dla KK zdezintegrowanej przy gestosci energii na poziomie 10 kJ/1 (Tabela). Wzrost Y cHa
dla wskazanej proby wyniost 34,4%.

Podsumowujac  hydrodynamiczna dezintegracja jako wstepna obrobka substratow

poddawanych procesowi fermentacji pozwala na zwiekszenia ilosci produkowanego metanu przy
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uzyskaniu dodatniego bilansu energetycznego. Prace wdrozeniowe nalezy poprzedzi¢ testami
majacymi na celu dobor: 1) substratu/ow poddawanych wstepnej obrobce oraz ii) parametréw procesu
dezintegracji (w tym ilo$ci energii wtozonej w proces).
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Rysunek 1 — Wptyw hydrodynamicznej dezintegracji na potencjal metanowy analizowanych

kosubstratow (wyniki odnoszace si¢ 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-Sudot et al. 2020)

Kiszonka kukurydzy Wyslodki buraczane -
) SERIA 1 SERIA 2 pellet
Parametr - Jednostka o |35 [ 70140 ;[10[2 35| [10]20]35
KI/L | KI/L | KIIL KJ/L | KIIL | 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|031|058| - |1.23]2.47|4.94
proces HD
Produkcja - - -
energiinetto | ™M | © [010|042|001| - |084]048]005| - |001-238/-530
Wzgledny
zysk 0 i i i i i i i i
energetyczny | L0 599 | 253 | 108 101
(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 wspétfinansowanego ze srodkéw Europejskiego

Funduszu Rozwoju Regionalnego.
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CTATUCTUYHI JOCIIIKEHHA METOJAUK OBYUCJ/IEHHSA KOE®DIIHIEHTA
I'IAPABJITYHOT'O OITIOPY IO JOBXKHWHI TPYb CUCTEM BOAOINOCTAYAHHA
M. Hirol?, D. Kowalski!, A. Girol?, A. Tiposn®
! Politechnika Lubelska, Lublin, Polska
2 ACI - Aguaproject Consult Ingenieurgesellschaft mbH, Dresden, Deutschland
8 TOB "TOII I'lIT", PiBHe, Ykpaina

BapricTh BOJONPOBIAHMX MEPEK B 3arajibHiii BapTOCTI CHCTEM BOJONOCTAYaHHs ITOCiIae
3HAYHY YacTKy, sAKa Hepiako nepeBuinye 50%, ToMy HaBITh He3HAYHI MOXUOKH B iX IPOEKTYBaHHI
CYTTEBO TIO3HAYAIOTHCS HA CKOHOMIYHHX IMOKa3HUKAaX 00’€KTa B IIOMY. 3a TAKUX YMOB BHMOTH JIO
SKOCTI T1APaBIIYHUX PO3PAXYHKIB TPYOOIPOBITHUX CUCTEM CYTTEBO 3POCTAOTh.

B cBiTOBIif MpakTUIll TiAPaBIIYHUX PO3PAXyHKIB BOIOIPOBIIHUX Mepex 00’ €KTIB
BOJIOTIPOBITHO-KaHAI3AIIMHOT0 ToCIoapcTBa Halyia MOMIMPSHHS METOJMKA, sKa 0a3yeThCs Ha
Bukopucranni popmynu Colebrook-White, 3anpononosanoi B 1938 p.

1_ 21 ( k +2,51)
Vi “9\371d T Reva

ne A — koeillieHT rixpaBIivHOrO OMopy Mo JoBxkuHI Tpyou (koedimient Japci — Darcy H.); d —

(1)

miametp Tpybom, m; Re — kpurepiii Peiinonbaca (Reynolds O.); k — abconroTHa MmMOPCTKIiCTH
BHYTPILIHBOI MOBEpPXHI TPyOM (CepeqHsi BHCOTAa BHUCTYIIB Ha BHYTPILIHINA MOBEpXHI TpyOH, fKi
3YMOBIIIOIOTH 11 IIOPCTKICTH), M.

Bupas (1) omucye 3anexuicts A=f(k/d, Re) B o6macti TypOyIeHTHOTO pyXy, TOOTO B YChOMY
Jiana3oHi 3MiHK JOCITiKyBaHUX mapametpiB 3,6:10°<Re<10° i 30<d/k <10°.

B uucneHHMX HAyKOBUX TMIpaIsiX 3alpONOHOBAHO BEJIWKY KUIBKICTh PIIIEHb 3ragaHoi
npob6nemu. [IpoTe HasgBHICTh YHCICHHUX MPOIMO3ULIN, MOKIMKAHUX BUPILIUTH IPOOJIEMY CBIIYUTH,
SIK IPO 3HAYHUI HAYKOBUH 1HTEpeC 10 Hel, TaK 1 PO HEMOBHOTY 3alPOIIOHOBAHUX PIIIEHb.

B ocHOBY Hammx AOCHIKEHb MOKJIAJeHO METOJUKM OOYHMCICHHS Mapamerpa A, sSKi MaioTb
3HAYHE TONIMPEHHS B 1HXKEHEPHIN MPaKTHIll, ajie HE CTAIH 00’ €KTOM aHAJIITUYHUX JOCIITKEHb B
IHIIMX HAYKOBHX Ipalsix, Ta METOANKH, PEKOMEHI0BaH1, SIK HallOUIbII JOCKOHAJI, B Pl HAYKOBUX
Ipalk Ta B HOPMAaTHUBHIHN JIiTEpaTypi.

Jis  TiApaBIiuYHUX PO3PaxyHKIB TEXHIYHHUX TpPYyOONpPOBOIIB, BUTOTOBJICHHX 3 PI3HOTO
Mmartepially, B iH)KeHEepHil mpakTuui Ykpainu, Pocii Ta iHmuMX kpaiH cxigHoi €Bpornu momupeHe
3aCTOCYBAaHHS KUJIBKOX METOJIMK, 3allPOIIOHOBAHUX pI3HUMH aBTOpaMu (A.AnbTiryns, @.1llesenes,
JACTY-HBB.2.5-40:2009 Ta in.).

VY CBITOBI# MPaKTHUII TiAPaBIIYHUX PO3PAXYHKIB TPYOOIPOBIIHUX CUCTEM JJIsl HAOIMKEHOTO

po3B’si3ky piBHsiHHS Colebrook— White nabynu nomupenns meroauku, (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 BU3HAHHA B MIPAKTHUII 1H)KEHEPHUX PO3PAXYHKIB.

B pe3ynbraTi HAayKOBHX MOIIYKiB HAMHU OYIIO 3alIpOIIOHOBAHO MaTeMaTHYHUI BUpa3, IKUW Ma€e
BHCOKY 301KHICTh pe3y/IbTaTiB OOYKCIICHD 3 pe3ybTaTaMu 00YMCIIeHb 3a BUpa3oM (1) 1 Moxe OyTH

NpUJATHUM I YMOB OOYHMCIIEHb MapaMerpa A B YChOMY Jlialla30HI 3aCTOCYBaHHS BHUpa3y

Colebrook— White:

Sil-

— 210 k 5,02 lo k 5,02 lo k 5,02 lo k
- 9 3,71d Re 9 3,71d Re 9 3,71d Re 9 3,71d
)

5,02 kK 128
e 09 (3,71d + R_e))>

UwrcnoBi JOCTIDKEHHST BHpa3iB 3 BU3HAYCHHS A MPOBEICHO JUIS HAMIPHUX TPYO KPYIJIOTO
MOTIEPEYHOr0 NePEeTHHY 3a Aiana3oHy i KPOKY 3MiHHM HE3aJIS)KHUX MapaMeTpiB, sIKi BXOAATh Y BUpa3
(1) 3,6:10°<Re<10¢, 4Re=20000 i 30<d/k <10°, Ad/k =100.

3aBIaHHIM JOCITIHKEHb OYJI0 BU3HAUYEHHS MaTEMAaTUYHO1 3AJIEXKHOCTI, 3[aTHOT 3 HAWO1IBIIO0
TOYHICTIO ONUCATH JOCIDKYBAaHUH TapameTp.

CraTHCTHYHY OLIIHKY OOYMCIEHOr0 3HAYeHHS KoedillieHTa A 3a po3paxyHKOBUMHM BUpa3aMH 1
piBHsHHAM Colebrook—White mpoBeieHO 3a KiJIbKOMa OLIHOYHUMH KPUTEPISIMH, OCHOBHUMH 3 SIKUX

o0paHo: cepeHe KBaapatuuHe BigxwieHHs (SD); cepenne nminiiine Bigxuienns (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 TR

Aemopu yiei pooomu m=5 (2021) o

0,00001 0,001 0,1 10

3Hnauenns oyinouno2o kpumepis gioxunens, %

Cepeone keadpamuune gioxunenns, %, B Cepeone ninitine gioxunenns, %

Pucynok 1 — PeliTuHroBa ominka JOCTIKYBaHMX BUPa3iB 3a OLIHOYHUMH kpuTepismu SD 1 MD

3 ycixX pO3rsSHYTUX MaTeMAaTUYHUX BUPa3iB HaOUTbII TOYHI pe3yIbTaTH O0UHUCIEHb A; MOXKYTh
OyTH OTpHMaHi 3a BUPa3oM (2), OCKIIbKH HalMEHIIIE 3HAYCHHS yCiX OIiHOYHUX KpuTepiiB (SD, MD)
B YChOMY Jiama3oHi 3MiHM He3ajdexHux mnapamerpiB (3,6-10°<Re<10° i 30<d/k <10°), ToOTO
BIIXUJICHHS A; BII ACoi-w, MOXKYTBH OYTH JOCATHYTHMH CaMe 3a 3aCTOCYBAaHHS I[bOTO BUPA3Yy.
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YUCJIOBI JOCIIITKEHHA METOAUK ®.INEBEJIEBA 1 COLEBROOK-WHITE 3
OBUYUCJIEHHS KOE®INIEHTA I'lIPABJITYHUX BTPAT HAIIOPY
M. Hirol?, D. Kowalski!, A. Tipoan?, A. Girol®
! Politechnika Lubelska, Lublin, Polska
2 TOB "TOII I'lIT", Piue, Ykpaina
3 ACI - Aquaproject Consult Ingenieurgesellschaft mbH, Dresden, Deutschland

BapricTh BOJOMPOBIAHMX MEPEK B 3arajibHiii BapTOCTI CHCTEM BOJOIOCTAYaHHs IIOCiIae
3HA4YHY 4YacTKy, sKa Hepiako nepeBuirye 50%, Tomy HaBiTh HE3HAUHI MOXUOKU B iX MPOEKTYBaHHI
CYTTE€BO MTO3HAYAIOTHCSI HA EKOHOMIYHUX TTOKa3HUKAX 00’ €KTa B LIOMY. 3a TAKUX YMOB BUMOTH JI0
SIKOCTI T1IpaBIIYHUX PO3PAXyHKIB TPYOOIIPOBITHUX CUCTEM, OJHUM 3 TAPAMETPIB SAKHX € TiIpaBIIivyHi
BTpaTH Haropy.

Po3nounnaroun 3 1952 poky, B CBITOBIii MPaKTHIIi 1151 OOYMCIICHHS BETMYMHM ITapaMeTpa A B
yciit 06macTi TypOyJIeHTHOTrO pyXy Boau HaOyB MouMpeHHs MaTeMatuyauii Bupas Colebrook-White.

1 2l ( k N 2,51 ) 1
Vi %9\371d " Reva 0

ne: A — KoedillieHT TiapaBIiyHOro OMopy Mo JAOBKUHI Tpyou; d — BHYTpilnHii tiametp Tpyowu, m; k/d

— BiJTHOCHA IIOPCTKICTh BHYTPILIHBOT MOBEPXHi TPyO; K — KoedimieHT mopcrkocti, M; Re — kputepiit
O.Reynolds, sikuii Moxe OyTH 3aITUCaHUM SIK:

R _v-d
¢=

Bupas Colebrook-White mmpoko 3acTOCOBYETHCSI B MPAKTHII TiAPABIIYHAX PO3PAXYHKIB SIK

)

TpyOOIPOBO/IIB CUCTEM MUTHOTO BOJIOMOCTAYaHHS, TaK 1 B MPAKTHUIIl PO3pPaXxyHKIB TPyOOIPOBO/IIB
CHCTEM BOJIOBIJIBE/ICHHS.

B npaktuii rigpaBiiyHUX po3paxyHKiB TPyOONIPOBIAHUX CUCTEM B KpaiHax konuiHsoro CPCP
HaOyJa MOIIMPEHHsI METOUKA OOYMCICHHS KOoe]illieHTa T1JIpaBIiqHOr0 TepTs MO AOBXKHHI TPYO 4,
3anponoHoBaHa @.IlleBeneBuM. Lls MeTonuka 1 10 Tenep € MPIOPUTETHOIO MPU MPOEKTYBaHHI, B
HaBYaJIbHOMY MpOIleCci Ta B HAYKOBHX JOCHIUKEHHSAX. B MUHYNI NECATUIITTS BOHA Maja IE€BHE
MOIIMPEHHS 1 B IHKEHEPHIN MPAKTHII KpaiH cXi1HOT €BpOIH.

B ocnHoBi MeTonuku, 3anpononoBanoi @.11leBeneBrM, BUKOPUCTOBYETHCS, SIKHI Ma€ BUTIISA;

h 1 v?
i=—=)-—+— (3)
l d 2g
ne: A — koe(dillieHT TiApaBIiYHOrO ONOPY IO JOBXKHUHI TpyOH; | — noBxkuHa TpyOH, M; V — cepeaHs

MIBUJKICTH PyXy BOAM B TpyOi, M/c; d — BHYTpilIHi# aiameTp TpyOu, M; § — IPHUCKOPEHHS BUTBHOTO
MagiHHsg, M/C2.
Jlnis HeHOBUX CTaJIeBUX 1 YaBYHHHX TPYO 3a BEJIMYMHU KIHEMAaTHYHOTO Koe]ilieHTa B’ A3KOCTI

Boau 9 =1,3-107° m?/c, 1m0 BiAMOBigAE TeMIiepaTypi BoAW B BoAonpoBiaHiid mepexi 10°C 3a ymoBH
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v/9>9,2-107™°, 1/M aBTOpPOM METOJUKH PEKOMEHIYEThCS BEIMYMHY IMapameTpa A OOUMCIIIOBATH 3a

BHPA30M:

0,021
e “

a 1 yMoB V/9<9,2-107°, 1/M peKoMeHIyeThCs NPOBOAUTH OOUMCIIEHHs BEIMYMHHU MapaMeTpa A 3a

BHPA30M:

(5)

0,0179 0,867\%3
PTE ( )

[Ipu npomy emmipuuHi KoedirieHTH BupasziB (4 1 5) BpaxoBYIOTh HMIOPCTKICTh BHYTPINIHBOI

v

MOBEPXHi TPYO.

MeTtor nocnigxkenb Oyno BHOIp Ta OOIPYHTYBaHHS METOJIMKHM OOUYHMCIEHb KoedilieHTa
TiIpaBIiYHMAX BTPAT HATIOPY B TPYOax CHCTEM BOJOIMOCTAYaHHSI.

B ocHOBYy mociimkenb o0pano meraneBi Tpyou miamerpom 50<d<1600 mwm 3 koedimieHTOM
IIOPCTKOCTI BHYTPIlIHBOI 1X moBepxHi k=0,001 M Ta rigpaBiidHuil pexuM iX poOOTH 3a YHcel
O.Reynolds 3,5x10°<Re<1x108 (puc.1).

0'09 wrrnsane b —
“ 3a dopmynow k/d=0,01563
\ Colebrook-TWhite e Jefd= 0,01563
007 T T e o ~weee- K/~ 0,00877

a hopannow g
@ Ilesencea -=== k/d= 0,00877
~ 0,05 = - = kd— 0,00478
- = k/d= 0,00478
— —k/d= 0,00194

0,03 ,

— - -k/d= 0,00194
== k/d= 0,00100
0.01 - = - k/d— 0,00100
} 4 3 6 7 8 — .. ld- 0,00063
logRe — - k/d~ 0,00063

Pucynok 1 — 3akoHOMIpHOCTI 3MiHU MapaMeTpa A;, 00YMCICHOI0 32 METOJUKAMHU
@.I11eBenena i Colebrook-White B 3anexxnocTi Bin mapamerpa Re jyis pisHUX 3HaYCHD

BIJIHOCHOT IOPCTKOCTI BHYTPIIIHBOT OBepxHi TpyO k/d

Hageneni pe3ynbTaTi 10OCHiKEHb 3 00UHUCICHHS Koe]ilieHTa ripaBIiyHUX BTpAT HAMoOpPY 3a
meronukamu ®.1lleBenesa i Colebrook-White ciguate, 1m0 B ychoMy iama3oHi 3MiHH 3HAYEHHSI
kpurepito O.Reynolds ta mapamerpy BiIHOCHOI IIOPCTKOCTI BHYTPIIIHBOI MOBEPXHI TPYyOH HOTO
3HayeHHs1 3a Meromukoro @.llleBeneBa TEpEeBUINYIOTh 3HAYCHHS AHAIOTIYHOTO IapaMeTpa,
obuucnenoro 3a meroaukoro Colebrook-White — Asp>Acol-w. B unciioBoMy Bupasi criiBBiJHOIICHHS
Ash/Acol-w B 00J1aCTi TOKBAAPATHYHOTO PYyXy MOKe 3MiHIOBaTHcsa B Mexkax 1,03<Asn/Acow<2,15, a B
obnacti kBagpatnyHoro pyxy — 1,03<Asw/Acol.w<1,12. Take cmiBBiJHOIIEHHS TapaMeTPiB Ash/Acol-w
BiAMOBiHO 10 BHpady (3) 3a He3MiHHUX 3HaveHb |, V, d, § 3yMOBIIOE MPOMOPLIHHY 3MiHY
CIIIBBITHOIICHHsST BTpar Hamopy mo jgoxkuHi Tpyom (hsp/hcolw), mpusBoasym 10 HaaMIpHUX
CHEePreTHYHUX BHUTPAT TiAPABIIYHUX CHCTEM, 3alIPOCKTOBAHMX 3 3aCTOCYBAaHHSAM METOJUKH

®.1lleBeneBa, mo 3acBiquye nepesary meroauku Colebrook-White.
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