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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AKTyaJIbHICTh TeMu. ONHIE0 3 HAI3BUYAWHO BAKIIMBUX TPOOJIEM B KOMILIEKC]
NUTaHb 3aXUCTy AOBKULIA € mpoOiieMa 3a0pyAHCHHS OPUPOJHUX BOJ BAKKAMHU
METANIAMH, SIKI € HEOE3MEYHUMH, TOKCUYHUMH 3a0pyJHIOBAYaMHU 3 KYMYJISTHUBHOIO
niero. OHIEr0 3 MPUYXAH 3a0pyIHEHHS MPUPOAHUX BOJ BAKKUMU METAIAMH € CKUJ Y
BOJIHI O0’€KTH HEIOCTATHHO OYMIICHHUX MPOMHUCIOBUX 1 KOMYHAJIbHO-MOOYTOBUX
cTiuHMX BoJ. [lomagaroum 13 CTIYHMMHU BOJAMH KOMYHAJIBHUX MIJNPHEMCTB Y BOJHI
00’€KTH, BOHH BCTYIAKOTh Yy B3aEMOJIII0 3 KOMIIOHEHTAMH BOJHOIO CEPEAOBHIIA 1
CTaHOBJIAThH 3arpo3y Uisl MATHOTO Ta PHOOrocnogapCchKoro BoaonocradaHHs. Kpim
TOr0, B&KKI METAJIN 13 HEAOCTATHBO OUMIICHHUX CTIYHUX BOJ MEPEXOIATH B OCAH, IO
YTBOPIOKOTHCS HA KaHATI3alIHHUX OYMCHUX CIIOPYAaX, KIIbKICTh 1 HAKOMWUYEHHS iX 3
POKY B Pik 3poctae. Ytumizanis ocaiiB ctiyHux Boa (OCB) ctae HEeMOKIIMBOKO Yepes
BHCOKHI BMICT Y HUX B&KKHX METAJIIB.

JUIs  OYMIICHHS NPUPOJHUX 1 CTIYHMX BOJ LIMPOKO BUKOPUCTOBYIOTHCS
aacopOEHTH PI3HOI XIMIYHOI CTPYyKTypu. OnHak, 6arato ancopOEHTIB MatOTh BUCOKY
BAPTICTh, TOMY aKTYaJIbHUM € MOIIYK aJCOPOEHTIB, Kl € JOCTYMHUMH, HEAOPOTUMHU
Ta 3a0€3Ne4y0Th BUCOKUI CTYMiHb OYMIIEHHS BOAW. OIHUM 13 HUX € MPUPOAHHN
COPOCHT — LICONIT, KWW 3aBASKM MOPHUCTIA CTPYKTYpl Ma€ BHUCOKY aacopOLiiHy
3ATHICTh. AHAJI3 JITEPATYPHUX JOKEPES MOKA3yeE, MO JOCTIIKCHHS B OCHOBHOMY
CTOCYIOTBCSl  3arajlbHUX 3aKOHOMIPHOCTEH mpouecy anxcopOumii. KommnekcHe
BUPILICHHSI MUTAHHS OYMCTKM CTIYHMX BOJ Ta YTWJIi3alii OCaaiB Majo BUCBITICHE.
ToMy, akTyanpHUM € AOCHIKEHHS CTaTHKW Ta JWHAMIKM TOTJIMHAHHS OKPEMMX
KOMITOHECHTIB TPHPOJHUAM LEOMITOM CTPYKTYPH KIMHONTWIIONITY Ha NPUKIAIl
CHOJIYK KYIIPYMY Ta MaHraHy Ta po3poOKa CXEMU YTUJII3allli 0Ca/liB CTIYHUX BOJI.

38’5130k po0OTH 3 HAYKOBHMH MNporpaMamMu, IUIAHAMH, TEMaMM.
JucepraiiitHa poOoTa BIAMOBIIAE HAYKOBUM HanpsMkam kapenp I[HcTHTYTY
OPUPOJHUYMX HAyK 1 TypusMy IBaHO-DpPaHKIBCHKOrO HALIOHAIBHOTO TEXHIYHOTO
YHIBEPCUTETY HA(PTH 1 razy 1 BAKOHYBajach BIAMNOBIAHO A0 HAYKOBO-AOCTIAHUIIbKAX
TEMaTHK Ta KaJieHaapHux iadiB Tem: PK 01200102284, 2020 pik «OwiHKa BIUTUBY
Ha aoBkuLis OyaiBHuuTBa Mikpo ['EC Ha p. binmit Tlotik B mMexax c. [{unoe
PaxiBchkoro paitoHy 3akapnarchkoi oOjacTiy, [BaHO-DpaHKIBCHKUN HaIlOHATBHUIMA
TEXHIYHUH YHIBEpPCUTET HA(TH 1 ra3y, M. IBaHO-DpaHKIBCHK.

NCN 2014/15/B/ST10/03862, 2015-2020 poxm «Rekonstrukcja 1 prognoza
reakcji systemu rzecznego zmienionego przez gornictwo rud Zn-Pb na zakonczenie
eksploatacji», [HctutyT 0xXoponu npupoau [lonecekoi akagemii Hayk, M. Kpakis.

Mera i 3aBaaHHsl AOCHiIKeHHs. MeToro poOOTH € MiJBULICHHS PiBHS
€KOJIOTTYHOT  OE€3MEKH  TIAPOCKOCHCTEM  IIJISXOM  3MCHUIEHHS TEXHOTEHHOIO
HABAHTAKCHHS ITPU OYMILEHH] CTIYHMX BOJ Ta YTHI13aLlii OCaIiB.

JUTs NOCATHEHHSI MOCTABJICHOT METH TJIAHYBAJIOCS BUPIIIEHHS TAKWX 3aB/IAHb.

- MPOBECTH aHAJII3 CyYaCHOTO CTaHy OYMUICHHS CTIYHMX BOJ Ta OOTPYHTYBaTH
HEOOX1/IHICTh BUOOPY NMPUPOAHUX COPOCHTIB,

- IPOBECTU EKCIECPUMEHTAJIbHI  JIOCIKEHHST  afCOPOLIAHMX BJIACTUBOCTEH
NPUPOJHUX COPOCHTIB Ta BU3HAYMTH ONTHUMAJIbHI PEKUMHI apaMETPH MPOBEACHHS
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npouecy aiacopOLIMHOrO OYMIICHHS B yMOBaX pPoOOOTM OYMCHUX CHOPY.H
KOMYHQJTbHUX M1 ITPHEMCTB;

- 11eHTU(IKYBATH E€KCIEPUMEHTAIbHI J1aHl TEOPETHYHUM MOJIENSIM TPOLIECIB
aacopoIi;

- IOCIIIUTH  MOXJIMBICTH  OfepkaHHs  OiocopOGenty  mipomizom  OCB
KOMYHAJIbHUX MIAOPHEMCTB Ta TMPOBECTH TMOPIBHAJIBHUN  aHaml3 MUTOMOI
aacopOuiiHOi 31aTHOCTI 010COPOECHTY Ta LEONITY AJs 10HIB KYyNPYyMy 1 MaHraHy, a
TaKOX JOCIIIUTH MOAIIUBICTE BUKOpUCTaHHs OCB B sikocTi MOAR(IKYHO4Oi JOOABKH
JUTS KEpaM1YHUX BUPOOIB;

- MPOBECTH MATEMATUYHE MOJIEIIOBAHHS E€KOHOMIKO-€KOJIOTIYHOI CHCTEMU
KOMYHAJIbHUX MIANPUEMCTB 3 METOK) ONTHMI3ALli YNPaBIIHCBKAX PIIMICHb M0
3MCHIICHHIO CKOJIOTIYHUX PH3MKIB TPA OJHOYACHOMY pOCTI EKOHOMIYHHUX
MOKa3HUKIB.

OO0’€KT OOCHIIKEHHS] — OYMUICHHS CTIYHMX BOJ BIJ BOKKUX METANIB Ta
YTHJII3a1lis OCaAIB CTIYHUX BOJI.

IIpeamer pocaigmeHHsi — NPOLECH aACOPOIlT BAXKKMX METATIB 13 CTIYHUX BOJ
NPUPOJHUMHU COPOCHTAMH Ta YTUII3ali 0CaIB CTIYHUX BOJI.

Metoaun aociimKkeHHst. TeopeTUUHI aceKTH PoOOTH 0a3yrOThCS HAa PO3POOKaAX
Ta BHUCHOBKAaX BIJOMHX BYEHHMX B rainy3l aacopOuii — MansoBanoro M.C,,
I'ymuauipkoro .M., Cakanooi I'.B., Bacuneuko B.O., Bacuninuu T. M., [letpyc P.,
Opnopir 3.C. Ta 1HmMX BYeHHMX. [lim 4Yac MNPOBEAECHHS EKCNEPUMEHTAIBHUX
JOOCHIDKEHb UIS BU3HAYCHHS IMOKA3HHWKIB SKICHOTO CTaHy BOJ Ta BMICTY B HHX
BOKKMX METAJIIB, CKJIaay Ta BIACTUBOCTEH OCAIB CTIYHMX BOJ OyJid BHKOPHUCTaHI
METOMN  (POTOMETPUYHOTO, PEHTIEHPIYOPECUEHTHOIO, aTOMHO-a0COpOLIHHOrO,
rpaBiIMETPUYHOTO aHamiziB Ta pH-merpii. OOpoOKa EKCIEPUMEHTAIBHUX JaHUX
BHKOHAHA 13 3aCTOCYBAHHSIM KOMIT IOTEpHOI mporpamu MS Excel, maremarnune
MOJICTIIOBAHHSI E€KOHOMIKO-EKOJIOTTYHOT CHCTEMHU JOBEICHE 10 YMCEITBHOI peasmi3amii
y BUTTISLA1 MPOTPAMHKMX KOMIUIEKCIB 3a MeToamu Pynre-Kyrra.

HaykoBa HOBH3HA OTPUMAaHUX pe3yJbTaTiB:

- BOEPILIE EKCICPUMEHTATLHO BCTAHOBJIECHO ONTUMAJIbHI PEXUMHI NapaMeTpH
COpOLIIHOrO OUMIICHHS LIEONITOM CTIYHHMX BOJ KOMYHAJIBHUX MIANPUEMCTB B1J 10HIB
KyopyMy Ta MaHTaHy, BU3HAQUEHO 4Yac copOuli, OTPUMAHO 3aJECKHOCTI MO BIUJIMBY
pH cepenoBuia Ta TeMneparypu Ha €(peKTUBHICTh COPOIIIT;

- BOEPIIE OTPUMAHO O10COPOECHT HA OCHOB1 OCA/IB CTIYHUX BOJ Ta MPOBEACHO
MOPIBHSJIbHUI aHaJI13 TUTOMOI aacoOpOLIHOT 37aTHOCTI O10COPOCHTY Ta LEONITY IS
10HIB KYIIPYMY 1 MaHTaHy,

- BIEpIIC BCTAHOBJIEHO B3a€MO3B’SI30K [WHAMIKA BKJIQJCHHS KOLITIB HA
NPOBEIECHHS 3aXOMIB MO KOHTPOJIKO €KOJIOTIYHOI CUTYyalli pEerioHy Ta pe3yJbTaTiB
bOT0 BKJIAJICHHS HA OCHOBI MAaTeMaTHYHOTO MOJIETIOBAHHS €KOHOMIKO-EKOJIOTTUHUX
CUCTEM 3 BUKOPHUCTaHHSIM amapary JIHIHHUX Ta HETIHIAHUX CHCTEM 3BHYANHHMX
auQepeHtianbHUX PiBHSHB MeTOA0M PyHre-KyTTa;

- OTpUMaB MOJANBIIANA PO3BUTOK aHAII3 aACOPOLIMHUX BJIACTUBOCTEH
NPUPOJHOTO IIEOJITY CTOCOBHO BaKKMX METAJIB HA OCHOBI 1AeHTU(IKAIT
EKCIIEPUMEHTAIBHUX JAHUX TEOPETUYHUM MOJENSIM MPOUECIB  aacopOuii, mo



J03BOJIMJIO PO3paxyBaTH PIBHSHHS 130TEPM aAcopOLii LEOTITOM 10HIB KynpyMy Ta
MaHraHy JUisl BH3HAQYECHHsS MNHMTOMOI aACOpOWIMHOI 3MAaTHOCTI B JAiama3oHl
KOHIIeHTpauii nux ioHie 0,05-10 M/ M.

IIpakTHyHe 3HAYEHHSI OTPUMAHMX Pe3yJIbTATIB.

AHa3 eKCIEPUMEHTAIBHHUX TA JAOCHIIHUX BANMPOOYBaHb JaB 3MOTY PO3POOUTH
ONTUMAIBHUA PEKUM  COPOLIHHOTO OYMIICHHS CTIYHAX BOJA KOMYHAIBHHMX
NIJIPAEMCTB BlJl 10HIB KyIPyMY Ta MaHTaHy.

TepMiuHUM MIPOJII30M  OCAAIB CTIYHMX BOJA OTPUMAHO O10COPOECHT Ta
BCTAHOBJICHO HOro €(QEKTUBHICTh JIi OYMUICHHS CTIYHMX BOJ KOMYHAJbHUX
NIJIPAEMCTB BlJl 10HIB KyIPyMY Ta MaHTaHy.

Po3pobneno Ta 3ampomoHOBAaHO Ui BIPOBADKCHHS PELENTYPY KEPaMivyHOI
kommo3uilii, B cknag skoi Bxojaarb OCB, mis BUTCOTOBJICHHS IE€TJIM MOBHOTLION
psapoBoi (mareHT UA 117022). Pe3ynbTaTii MpOBENCHUX BHUIPOOYBAHb IOCIITHUX
3pa3KiB OTpUMaHOi neriim Ha IBaHo-®pankiBcbkomy [IAT «BbyniBensH1 Marepianmy
(axt Big 14.07.2016) miaTBEpaAMIIA TEOPETHYHI Ta €KCIIEPUMEHTAIIbHI TOKA3HUKH.

HaykoBi Ta mpakTHuHI pe3yiabTard AMCEPTALIifiHOI POOOTH BHPOBAIHKEHO Y
HaBYAJIbHUH MPOIIEC MIATOTOBKH (haxiBIiB 3a cremianibHocTssMu 101 — «Ekonorisy ta
183 — «TexHomor1i 3aXUCTy HABKOJHUIIHBOIO CEPEIOBHUILA» P BUBYEHH] AUCLMATIIITH
«Ekonoriyna 6e3neka», « MOHITOpUHT AOBKULI», «HOpMyBaHHS aHTPOMOrEHHOIO
HABAHTAKCHHS HA MPUPOJIHE CEPENOBULIC», IO BUKIAAAKOTHCS Kadeapor eKoorii
[BaHO-DPaHKIBCHKOIO HALIOHAIBHOIO TEXHIYHOTO YHIBEPCHTETY HA(TH 1 Tazy
(akt Bix 23.11.2020).

Oco0ucruii BHeCOK 3100yBaya.

[Tpn BUKOHAHHI AMCEPTaLiifHOI POOOTH aBTOPOM CaMOCTIHHO MPOAHAI30BAHO
3HAQYHUI OOCSAT JIITEPATYPH 32 TEMOKO JOCHIKEHD, a caMe:. TPoOiieMu 3a0pyHEHHS
CTIYHUX BOJ BAKKMMH METaJaMH, BIJJOMI TE€XHOJIOTIi OUYMIICHHS CTIYHHUX BOJ BIJ
BAKKMX METaliB, MPOOJIEMHA YTBOPCHHS, HAKOTMYEHHS 1 YTHII3anli 0CaaiB CTIYHUX
BOJ KOMYHAQJIbHHUX MIANPUEMCTB. AJANTOBAHO BIAOMI METOAUKM A0 YMOB
NpOBEACHHS 1a00PAaTOPHUX AOCHIKEHD 1 JOCHIIHUMX BUOPOOYBaHb. 3100yBadem
JOCHIDKEHO COPOLIAHE OYMINEHHS CTIYHMX BOJ KOMYHAJIbHUX MIAIPHEMCTB
LEOJITOM Ta AHTPALMTOM BiJ 10HIB KYNIPYMYy 1 MaHraHy. BcTaHOBIEHO onTHMasbH1
PEKHMHI MapamMeTpu COpPOLIHHOTO OYMINEHHS, a4 CaM€ BIUIMB TEMIEpaTypu Ta
pH cepenoBuma. 3n100yBayemM oTpuMaHo O10COPOCHT HA OCHOBI OCAJIB CTIYHUX BOJ
Ta MPOBEACHO NOPIBHSUIBHY XapakTEPUCTUKY MNUTOMOI aacopOIidHOT 31aTHOCTI
O0locopOeHTY Ta [EoITy. ABTOPOM MPOBEACHO MATEMATUYHE MOJCIIOBAHHS
€KOHOMIKO-€KOJIOTITYHMX CHCTEM JUIss BCTAHOBJICHHS B3a€MO3B’SI3KY JIMHAMIKK
BKJIQJICHHS KOILITIB HA MPOBEIACHHS 3aXOJIB MO KOHTPOJIKO €KOJIOTIYHOI CHTyauii
PETIOHY Ta PE3yJIbTATIB OTO BKIIAJCHHSI.

OOroBopeHHs, aHal3 Ta y3arajJbHEHHS PE3YJIbTATIB JOCIHIHKEHb MPOBEICHI 3
HAayKOBUM KEPIBHUKOM J.T.H., Tpod. M.C. [TonyTpeHko.

Anpodaniss pe3yabtatiB aucepraunii. OCHOBHI HAyKOBI Ta MPaKTUYHI
pe3ysibTaTh poOOTH JOMOBIAAIUCS 1 OOrOBOPIOBAJIMCS HA MIKHAPOJHIA HAyKOBO-
npaktuyHii  koH(pepenuii «EKOI'EO®OPYM-2017», AktyanbHi mnpoOjeMu Ta
1HHOBaNii», M. [BaHO-DpankiBebk, 2017 p.; Ha Il MixkHapoaHiii HayKOBO-TEXHIUHIH
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KOH(EpeHIi BOJOMOCTAYaHHSA 1 BOJOBIIBEICHHS. MPOEKTYBaHHS, OyAiBHUIITBO,
eKcrutyaranis, MOHITOpuHr, M. JIbBiB, 23-25.10.2019 p.; Ha IV BceykpaiHcbkii
HAyKOBO-IMPAKTHYHIA KOH(EPEHIi CTYACHTIB, aCMIPAaHTIB Ta MOJOAUX HAYKOBIIIB
«AKTyaJlbH1 IpoOJieMH cydacHoi Ximii» M. Mukonais, 2020; na VI MixHapogHomy
KoHrpeci  «Crammii  pO3BMTOK:  3aXMCT  HABKOJMIIHBOTO  CEPEAOBHUIIA.
EneproomanHicTs. 30anaHCcOBaHE  MPUPOJOKOPUCTYBAHHSY, M. JIbBIB,
23-25.09.2020 p.

IyOaixanii. 3a matepianamu aucepTanii omyOaikoBaHO 13 HaykOBUX Mpalb:
3 HAX 5 cTareli — y HayKOBUX (paXOBUX BHJAHHSAX, | CTAaTTS — y BUAAHHI, 110 BXOAUTh
y HayKOBO-MeTpuuHy 0Oa3zy Scopus, 1 crartd B chemianaizoBaHOMY 3apyOiKHOMY
BHJIAHH1, 5 Te3 AonoBiAcH y 30ipHMKax mpaub KOH(pepeHuid, 1 nareHT YKpaiHu Ha
KOPHCHY MOJIEIb.

Crpykrypa Ta oOcar auceprauii. /ucepraiiis CKIanaeTbes 31 BCTYMy, M STH
PO3AUTIB, COUCKY BUKOPUCTaHWX JpKepen, 9 monarkiB. 3arajabHuii oOcsr poOoTH
cTaHOBHTH 187 cropiHok. [lucepraniiina podota MicTuth 44 pucyHku Ta 35 Tabiuub
no TekcTy. CHHMCOK BHKOPUCTAHUX JKEPEN y KimbkocTi 203 HailMeHyBaHb Ha
21 cropinui. JoaaTku po3MilEH! HA 9 CTOPIHKAX.

OCHOBHMUI1 3MICT POGOTH

Y BeTyni OOTPYHTOBAHO aKTyallbHICTh IUCEPTALIHHOT poOOTH, CPOPMYITBOBAHO
METY Ta 3aBJaHHs JIOCIHIKCHb, MPEACTABICHO HAYKOBY HOBH3HY Ta MPAKTUYHE
3HAQUYCHHS OTPUMAHUX PE3YJIbTATIB, BIOMOCTI PO 1X ampodaiito, 0COOMCTHI BHECOK
3100yBaya, HaBEICHO JaH1 Mpo 00CAT Ta CTPYKTYPY AUCEpTAaLLli.

Y nepmioMy po3auii 0XapaKTEpU30BAHO CYYaCHUW CTaH NPUPOAHUX BOZ,
MPOAHAII30BAHO PIBEHB iX 3a0pYyAHEHHS BAXKKUMU METAJlaMU B PE3YJbTaTl CKUIY
N1 PAEMCTBAMU-BOIOKOPUCTYBAaYaMi  HEIOCTAaTHbO OYMILECHUX CTIYHUX BOJ,
OMUCAHO MPOOJEMU HAKOMMYCHHS HA KaHATI3alIMHUX OYMCHMX CIOPyJax OCajliB
CTIYHMX BOJ Ta iX yTHJII3aIlli.

AHani3 JiTepaTypHUX JUKEPEN MOKa3ye, MO HaWOUIbl €(PEKTUBHEM METOAOM
OUMIIEHHS CTIYHWX BOJ BIJl 10HIB BaXXKMX METAIB € COpOMiAHUA MeTon 13
3aCTOCYBAHHSIM NPHUPOJHUX COPOCHTIB, 30KpemMa NpupoaHoro neomty. He
JVBJISIYMCH HA IIMPOKE BUKOPUCTAHHS MPUPOJHUX LEOJIITIB ISl MOTJIMHAHHS BAKKHX
METANIB 3 MPOMMCIOBUX CTIYHHX BOJ, Y JITEPATYPHUX JHKEpENax NPAKTHYHO
BIJICYTHI JaHI TPO MOCHIKEHHS CcOpOLii B peaJbHUMX YMOBaX POOOTH OUYMCHHMX
CHOPYJ KOMYHAJIBHHUX IMIJMPUEMCTB - MPU CE30HHUX TEMIIEpaTypax Ta B Aiara3oHl
KOHIICHTpAIIi BaXKUX METATIB B CTIYHUX BOJAAX, SIKI CIIOCTEPITAlOThCS MPU POoOOTI
OYMCHUX CIOPYJ KOMYHAJIbHUX MIANPUEMCTB. Takox, JITEPATYPHUM OIJISA0OM
BCTAHOBJICHO, 10 HAHOUTbII MOMIMPEHUM METOAOM YTHIII3alli OCadlB CTIYHUX BOJ €
iX BHKOPUCTAHHS B CUIBCBKOMY TOCHOJAPCTBI, MPOTE HASBHICTH B 0CAAAX BAKKHX
METaJIIB 0OMEXKYE X BUKOPUCTAHHS B IKOCT1 JOOPUB.

Bunukae cucreMHa €KojoriyHa mnpoOnema 3a0pyAHEHHS KOMITIOHEHTIB
rigpocepu, armocdepu 1 Jitochepu A BUPILICHHS SKOi HEOOXITHO PO3POOHUTH
KOMIUIEKC 3aXOJIB, 10 BKJIKYAKTh KOHTPOJIb 3a SIKICTIO CTIYHMX BOJ, B HAIIOMY



BUIMAJKY 32 BMICTOM BaKKMX METAIIB, Ta 3aNPONOHYBATH AKTyaJIbHE PIIICHHS
YTH13aLii 0CaaiB CTIYHUX BOJ.

B apyromy po3aini onucaHo 00’€KT, METOJUKH Ta CXEMY €KCIIEPUMEHTATbHUX
AOCHKEHb. HaBeeHO METOMMKM BH3HAUEHHS aaCOPOLIMHOI €MHOCTI COPOEHTIB
100 10HIB KYNPYyMy Ta MaHraHy B CTaTHYHUX YMOBAX — METOAMKY MPOBEACHHS
(pakuiitHoro aHamizy TPUPOJHOTO LEOJITY, METOAUKY MPUTOTYBaHHS CTaHIAPTHHUX
PO3UMHIB Ta BU3HAYEHHS pH M0CHII)KyBaHUX PO3YMHIB, BH3HAYCHHS 10HIB KyIIPyMy
1 MaHraHy y pO34MHI, METOJWKY BH3HAQUEHHS 130TEPMH aJACOpOLIi Ta OMUCAHO
aTOMHO-a0COPOIIiHNI MeTO IOCHiKeHHs cTiuHMX BoA Ta OCB, mo mpoBoauBCs
Ha crnekrpomeTpt AAC Contr AA 300 3 moayM SSHUM aTOMI3aTOPOM.

B po3aouni TakoK OMMCAHO METOMMKY OTPUMaHHS O10COPOCHTY TEPMIYHUM
miponizoM ocajiB cTiuAMX Boj TpH Temmeparypi 600°C. Jlnst #oro oTpuMaHHS
BiIOMpai CBIKI Ocaaud CTiYHUX BOJ Macoro 50 r. BimiOpaHi 3pa3ku MOMIMANIM y
(dappopoBy HalIKy Ta BUCYIIyBaJu y CYUIWIbHIN 1madi A0 BIAHOCHOI BOJIOTOCTI
30 %. [TiaroToBICHMIA BUCYIICHUHA Ocal MOMIIIAIN Yy PEaKTop miponidy. ['epMeTnyHo
3aKPUTHIA PEAKTOP MOMINIAJIA B CHELIaIbHO 00JaAHaHy My(enbHy M4 Ta HarpiBaiu
10 Temmeparypu 600°C. ITix yac HarpiBy 3/ifCHIOBABCS MOCTIiHMI KOHTPOIb THCKY
Ta TEMIEPATypH B peakTopl. Yac mipomi3y CkiiaaaB 2 roJMHH.

VY3araJlbHEHO CXEMY TEOPETUYHHUX 1 EKCHEPUMEHTAIBHHUX JOCHIIKEHb, sKa
noJisirae B aICOPOLIHHOMY OYMIIICHHI CTIYHUX BOJ Bl 10HIB BOKKHUX METAJIB Ta
yTuizanii ocamis (puc.1).

SHIKCHHA TEXHOTEHHOTO BILTHEY Ha JOBKITIS

f

Crigni BOH ||— » OCB Vrumizanigs OCB y
BHpOGHHIITEO IMErTH
,|  CopOCuiiiae J
OYHINECHHA OTI)H}I&HHH
CTi9HHX BOJ GiocopGeHTy
TIPHP OTHHMH
copOeHTaMH —'L
k4
BuzHaueHHA Bu3zHaueHHA
TIOKA3HHKIB AKICHOTO EMICTY BaKKHX
CKIaAy CTidHHX BOJ MeTaliB
Y h 4 l
V3aranpHEHHA eKCIIEPHMEHTANBHHX TaHHX
v
MoeToRaHHI eKOHOMIKO-eKOIOTTIHHX CHCTEM

Puc. 1. Cxema TeOpeTHYHMX 1 EKCIEPUMEHTATBHUX JOCTIIKEHD

B Tperbomy po3aiji omucaHi pe3ysbTaTH MPOBEACHUX EKCIEPUMEHTAIBHUX
JNOCHIPKEHb KIHETUKMA COpOLii LEONITOM 10HIB KynpymMy Ta wMadrany. s
JOOCHIPKEHb BUKOPHUCTOBYBAIM MPUPOAHUIA 1eomiT COKMPHHLIBKOTO POJOBHMINA 3
po3mipamu 3epeH 0,125-1 mm. IlpoBeneHo po3auIeHHs HeomiTy 3a (pakuisMud Ta
BCTAHOBJIEHO, 10 OCHOBOO LEOITY € (hpakilis 3 miameTpom 3epeH 0,125-0,5 mm.
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BuzHaueHo aacopOiiiiHy 3AaTHICTh IEOJIITY 3€pHAMU LEOIITY PI3HOTO IAMETPY
Ha MPUTOTOBNIEHNX i3 CTAHAAPTHHX 3pasKiB posumaax Cu’" Ta Mn®" koHmeHTpariit
0,05, 0,1, 1,0, 5,0 Ta 10,0 MF/I[M3, BUKOPUCTOBYIOUH JIJIsi KOKHOTO JOCHIKEHHS 1 T
copOeHTy (Tadm.1).

Tabmung 1 — AxcopOuist HEOTITOM 10HIB KyIPyMy Ta MaHTaHY B 3AJIEKHOCTI Bij
JUAMETPY 3€PEH HEONITY

3aJIMIIKOBA KOHIIEHTPALLisl iOHIB B PO3UMHI, MI/IM

KoHuenrpartis
ionis Cu", Cu™ | Mn™ | Cu™ | Mn™ | Cu™ [ Mn*" | Cu*" | Mn™
Ne Mn®*"y . miameTp miameTp miameTp
n/m BUX1HOMY BuXITa 3epeEH 3€peH 3epeH
po3unHi, (paxuis, LEOITY LEOITY OlIbIIIE
M/ 0,125-1 mm 0,125-0,5mMM | 0,5-1 mm 1 Mmm
1 0,05 0 0 0 0 0 0 0 0
2 0,1 0 0 0 0 0 0 0 0
3 1,0 0,093 | 0,56 | 0,025 | 0,41 | 0,22 | 0,71 | 0,36 | 0,79
4 5,0 2,69 | 3,70 | 2,54 | 3,58 | 2,73 | 3,79 | 2,91 | 3,88
5 10,0 737 | 854 | 724 | 838 | 742 | 863 | 7,59 | 8,75

ExcriepuMeHTaTbHUMU  TOCITIKCHHSIMA  BCTAHOBJICHO, MO0 Hake(eKTUBHILIE
a7CcopOYIOThCSl 10HM KYNMPYyMy Ta MaHraHy (hpakiicro eoiTy 3 pO3MIPOM 3€pEH Bijl
0,125 1o 0,5 MM, IKy BUKOPUCTOBYBAJIH TSl IO JAJIBIINX JOCTIIKEHb. 3’ ICOBAHO, 10
B obmacTi Manmx KoHueHTpauiii (0,05-0,1 mr/mM’) 3a 48 TOAMH LEOJIT IOBHICTIO
afcopOye 10HM KyNpyMy Ta MaHTaHy HE3ale€KHO Bij pO3MIpy 3epeH copOeHTy. 3i
30UTBIICHHSIM KOHUEHTpaLli 10HIB y PO34MHI, €()EKTUBHICTh COPOLIi 3HHXKYETHCS.
Jlnst ioHiB KynpyMy KoHIeHTpartiero 1,0 Mr/aM° cTymiHb copbuii ckimanae 97.5%; y
BUIAJIKy KOHIEHTparllii 5,0 Mr/am° - 49,2% 1 nns koHuenTpaiii 10,0 Mr/am° - 27.6%
BIIMOBIAHO. Jeo 1HIIa KAPTHHA CIIOCTEPITacThes IS 10HIB MaHTaHy. 30Kpema, AJist
10HIB MaHraHy KoHIeHTpamiewo 1,0 Mr/am’ cTymiHb copOmii - 59,0 %, s
5,0 Mr/om° - 284 %, anna 10,0 Mr/am° - 16,2 % BIAMOBITHO.

[IpoanamizopaHo auHamiky copbwii iomis Cu®* Ta Mn®" i3 po3unnis
KOHIeHTpaii 1,0 Mr/am’ (Tabn.2).

Tabmuus 2 — JluHamika aacopOiii HEOoNITOM 10HIB KyOpyMy Ta MaHraHy 3
034MHY KOHIeHTpari 1,0 Mr/om’

Yac aacopOitii i0HIB 3aMIIKOBa KOHIICHTPAIlsl 10HIB, Mr/am°

Cu*’, Mn*", ron Cu”" Mn*

1 0,310 0,990

2 0,290 0,990

4 0,275 0,980

6 0,260 0,802

24 0,200 0,650

48 0,025 0,410
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AHa3 OTpUMaHUX PE3yNbTATIB (PUC.2) MOKA3ye, MO HAWAKTHBHILIE COPOLIs
Cu®" mpoXoauTh B MEPIIy TOAMHY, KOIH LEOTITOM copOyetbest 69,0 % 10HIB Cu*.
Jlam mBuakicTe copOuii 3HmKyeThes. [IpoTe, 3a 48 roaMH O0CIAraeThCsl MPAKTHYHO
noBHa copbuist iowiB Cu®* (97,5 %). CopOuis iOHiB MaHraHy HPOXOIHUTb JEII0
noBinbHiIme. B mepui aBi roqmHn copGyerbest Bhoro 1 % Mn*', uepes 24 roauHu
copOyeThCs TUTbKH 35 % 10HIB MaHTany, a yepe3 48 roguH — Bcboro 59 %.

—

100

_.--/

———— ]

60 i U111

80

\

g

40 ——

/
0 .’l""
20 7

0 10 20 30 40 50

S, %

t, rog

Puc. 2. J/Ilunamika cTyneHst copOIlii 10HIB KynpyMy Ta MaHTaHy
3 po3unHy KoHLeHTpauii 1,0 Mr/am’

[TpoBeneHo MOpPIBHsAHHSA COPOLIMHOI 3MATHOCTI LEOMITY 1 aHTPALUTY
(Tabn.3). AHai3 OTpUMAHUX PE3YyJbTaTIB MOKA3aB, IO aHTPALMT BOJIOJIE HUYKYOK)
COpOLIIfHOO 3AATHICTIO MO BIAHOMICHHIO A0 10HIB KYIPYMY T4 MAaHTaHy MOPIBHSIHO 3
neoniToM. B o6nmacTi Manmx KoHNeHTpamiii Kynpymy Ta Manrany 0,05-0,1 mr/mm’
yepe3 48 roaMH CTyniHb COpOLii aHTPAUMTOM LUX 3a0pyJHEHb 3HAXOAWUTHCS B
mexax 64 — 53 %.

Tabmuns 3 — CrymiHe copOwii 10HIB KYNpyMy 1 MaHraHy LEOJITOM Ta
aHTPaLUTOM
KoHiieHTpartis 10H1B Crtyninb copOii, S,%
Ne C 2+ M 2+ : Cophm : Conb
w | ©F > MIy BEXIIHOMY 0p2+u1;1 ueon1T021\+/1 op 2151;1 aHTpauHTzo+M
PO3YMHI, MI/IM Cu Mn Cu Mn

1 0,05 100 100 64 56

2 0,1 100 100 60 53

3 1,0 97,5 59 63 50

4 5,0 49,2 28.4 40,4 26

5 10,0 27,6 16,2 233 13,4

[Tpn 30UTPIIEHH] MOYATKOBOi KOHLEHTpALli 10HIB KyOpyMy Ta MaHTaHy ¥y
pO3unH1 €(EKTUBHICTh iX COPOLli AHTPAUMTOM 3HIKYEThCS. Tak, 3a MOYATKOBOI
KOHIIEHTpaLlil 10HiB KynpyMy Ta Manrany 1,0 Mr/iM° depe3 48 rojmH KOHIEHTpALLi



10HIB 3MEHIIYIOTECA Ha 63 % Ta 50 %, a 3a MO4YarkoBOi KOHLEHTpaUii 10HIB
5,0 Mr/am° - 3MeHIyThes Ha 40,4 % 1a 26 % BIANOBIAHO.

AHai3 3a1eKHOCTI CTyMeHs copOLli 10HIB KYIpyMy Ta MaHrany (puc.3, puc.4)
LEOJIITOM 1 QHTPALUTOM MOKA3ye, II0 LEONIT € NEPCIEKTUBHIMIAM aACOPOCHTOM ISt
copOli BOKKUX METAIB, OCKUIBKM B OO0JIACTI MaJIUX MOYATKOBUX KOHIICHTPAIlIA
Bakknx MetaniB (0,05-0,1) mr/mm’ cryminb copbmii ionie Cu®* Ta Mn®* meonitom
craHoBUTH 100 %, aHTpaUTOM — TiNbKH (60-64) % nns ionis Cu®* 1a (53-56) % s
ionis Mn*". JIJisi mo4aTkoBO1 KOHIICHTpalii 10HIB Baxkkux Metaiais 1,0-10,0 M/
cTyminp copOuii ioHiB meomitom Bummi B 1,5-1,2 pasm mis iowie Cu’’ Tta B
1,2-1,1 pasu wis ionis Mn*".

120
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Puc. 3. 3anexHicTh cTyneHs copOuii 10HIB Kynmpymy
OPUPOJIHUMHU COPOCHTAMU
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Puc. 4. 3anexHIcTh CTyneHs copOIlii 10HIB MaHTaHy
NPUPOJTHUMHU COPOCHTAMHU

3a EKCIECPUMEHTAIbHUMHM JaHUMU NOOYyJ0BaHl 130TepMHM  aacopOuii, ski
BIJTHOCSITBCS JI0 130T€PM | TNy 1 ONMUCYIOThCA PIBHAHHAMU JIEHTMIOpa, pO3paxyHOK
AKUX Jla€ MOJKJIMBICTh 3HAUTH MUTOMY aACOPOIIMHY 3MaTHICTh M[EOITY JUIs
KOHIIEHTpALlil i0HiB KynpyMy Ta MaHTaHy B jianasoni 0,05-10 mr/aM’.
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PiBHsHHS i30TepMu aacopouii muis ionis Cu®":
a-0.60 x —2T ¢ (1)
1+0.5497 ¢
JIe C - KOHIIEHTpALlisl 326y IHIOK0U0i PEUOBHHHI, MI/IIM .
PiBHsHHS i30TepMu ancopOuii 1uis ioniB Mn”":
a= 0405 x P (2)
1+0.7935 ¢
JIe C - KOHIIEHTpALlisl 326y IHIOK0U0i PEUOBHHHM, MI/IIM .

Brume pH Ha copOuiiiny 3AaTHICTh LEOITY T aHTPALMTY A0 10HIB KYPyMY Ta
MaHTaHy TPOBOJWIM HA MOJACIBHUX PO3YMHAX 3 KOHLEHTPALIEH IUX 10HIB
1,0 mr/mom.

Jlis uporo 3amipsuii pH BUXIZHOTO PO34YMHY, IO MICTUTH 1 T cOpOEHTY i
250 cM’ posumHy 3 ioHamm Cu’’ Ta Mn®*, pH posumny micns ¢inerpauii uepes
48 TO/IMH KOHTAKTy 3 COPOEHTOM Ta 3Q/IMIIKOBY KOHIEHTparito ionie Cu*" ta Mn”".
Taki mocnimkenns nposoawn npu pH 3,05, pH 6,8, pH 7,0 1 pH 10,4 nns ioHiB
kynpymy ta npu pH 298, pH 6,8, pH 7,0 Ta pH 10,1 nns 10oHiB MaHrany,
BUKOPUCTOBYKOUM Ui 3MimieHHss pH B usysxHy oOnacte 1H po3umH NaOH.
PesynbraraMu €KCNEPUMEHTIB BCTAHOBJICHO, W0 MakKCUMajbHa CcoOpOIis 10HIB
KyIpyMy 1 MaHraHy AOCATAEThCS B KUCIOMY CEPEIOBUIII, aJlc 34 TUX CaMUX YMOB
LEOJTITOM aacOpOYy€eThes OLTbIIA KIJTbKICTh 10HIB.

JloCHKEHO BIUIMB TEMIIEPAaTypud Ha €(PEeKTHBHICTH cOpOLii 10HIB Kympymy i
MaHTaHy 3 MOJENBHHX pO3YMHIB KOHIEHTpaumii IuxX ioHiB 1,0 MI/aM® mnpw
temmeparypi 2° C, 10° C, 20° C, 30° C. BeraHOBIEHO, 0 a1copOiis EoTiToM ioHiB
Cu** Ta Mn*" maifeekTuBHie npoxommTh npu Temmeparypi 20° C 3 meomitoM Ta
nipu Temneparypi 10° C 3 aHTpaumuTOM.

[TpoBeneHO BH3HAUEHHS aACOPOLIMHOI 3AATHOCTI LEOJITY N0 BIAHOIICHHIO A0
3BOopoTHHX (cTiuHKX ) BoJ KIT «IBaHO-DpaHKiBCBKBOAOEKOTEXITPOM) (Ta0.4).

Tabmuust 4 — BriwB  KIMHONTWIONITY HA  CKJIaA — CTIYHUX  BOJ
KII «IBaHO-®PaHKIBCEKBOJOCKOTEXITPOMY

ITokaszHuku ckiamy :
. J10 KOHTaKTy 3 [Ticns KOHTaKTY
CTIYHUX BOJI, IO , 3 : 3
KJIIMHOMTHJIOMITOM, MI/AM” | 3 KIIMHONTHJIONITOM, MI/IM

KOHTPOJIKOKOTHCS
pH, on pH 6,81 7,75
AMOHI#t coneBmii, MI/aM” 0,23 <0,05 (0,03)
Kanbiit, Mr/am° 49 58
MarHii, Mr/ M’ 12 10
3anizo 3araneHe, MI/aM’ 0,19 <0,1(0,08)
Kynpym, Mr/am’ 0,034 <0,002 (0,0)
MasraH, Mr/am° 0,021 <0,05(0,0)

OtpumaHi pe3ysibTaTH JAOCHDKEHb  MOKAa3yloTh, MO0 I[EOJIT MPAKTUYHO
MOBHICTIO COPOy€E 10HW KYNPyMy Ta MaHraHy. 30UIbIICHHS BMICTY KaJbI[1}0 B PO3YWHI
NIATBEPKYE MEXAHI3M 10HOOOMIHHOI cOpOWii, 3rigHO SKOr0 10HW KaJIbLIKD 3
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KJIMHONTWJIONITY TEPEXOAATh B PO3YMH, iX MICIE B CTPYKTYpi COpPOEHTY 3aiiMaroTh
10HH KyIPyMy Ta MaHTaHy.

B po3naini onucano epekTUBHICTH COPOIIii KympyMy Ta MaHrany 010COpOEHTOM.
BceranorneHo, 1mo 0610copOeHT 3 po3unHiB KoHIeHTpamiid 0,05 mr/mm’, 0,1 mr/am’,
1,0 mr/mv® nornmmaae 100 % iowiB kympymy. KoHueHTpauis ioniB MaHrany B
PO3UMHAX WX KOHIEHTpanii 3meHmmiacs Ha 42 %, 49 % ta 24,9 % BIANOBIIHO
3a1aHnX 3HaueHb. [[OpiBHSUIBHA XapakTEPUCTHKA MUTOMOI aacopOUIHHOT 3AaTHOCTI
neomrty 1 OlocopOeHTy (Tabn.5) MIATBEPMKYE, IO aAcopOliiiHa 3AaTHICTh
010copOEHTY s 10HIB KyIPyMy BHINA, HIXK B LEONITY. [OHM Kynmpymy 3 pO3UYUHIB
KoHUeHTpauii 0,05 Mr/am’ Ta 0,1 Mr/aM’ 01HAKOBO 100pPE TIOTTHHAIOTHCS, a OT MPH
KoHUeHTpauil 1,0 Mr/aM® TmMTOMa ajcopbuiiiHa 3aTHICTh BUINA B 6i0COPOEHTY Ha
2,8 %. Ilpore, s 10HIB MaHraHy aacopOuiiiHa 37aTHICTH O10COPOEHTY HMXKYa Y
2,3 pa3u, HIK B LIEOJIITY.

Tabmung 5 — [Iuroma ancopOuiitHa 3AaTHICTE HEOMITY Ta 010COPOEHTY

No Konuentpais ionis Cu’", [Tntoma ancopOuiiftHa 31aTHICTh, MI/Tyye
e Mn*"y B‘I/IXiI[HON;y Lleomit BiocopOeHT
PO3UKHIi, MI/ M cu Mn** Cu’’ Mn*"
1 0,05 0,0125 0,0125 0,0125 0,0053
2 0,1 0,0250 0,0250 0,0250 0,0123
3 1,0 0,2430 0,1475 0,2500 0,0623

B yerBepromy po3aijii npoBeacHO 1ACHTU(DIKALID MapameTpiB COPOLIHHOTO
OUMIICHHS LEOJNITOM CTiyHMX BoA. Jliarpamu (puc.5, puc.6) niATBEpIMIA
€(PEKTUBHICTh MPOLECY OUYMUCTKHA CTIYHUX BOJ KOMYHAJIBHUX MIANPHEMCTB Came MPU
BCTAHOBJICHUX ONTUMAJIBHUX PESKUMHUX NapaMeTrpax copOLii LeoaiToM 10HIB
BaKKMX MeTaniB — Temmeparypa 20°C; pH cepenopumna; s ioHiB Kynpymy 3,05 Ta
JUT 10H1B MaHrany 2.98; ¢paxuis neomty 0,125-0,5 M.

[Mxana
CTyIEHs copOwii
LICOJIITOM 10HIB KyIpyMy
B 10-0%
20-10%
30-20%
50-30%
B 80-50%
B 100-80%
Il 100%

JanMmkEoea
KOHIIEHTpaIlif, MT/IM3
=
w

t, TeMmeparypa

pH cepenopmma

Puc. 5. PexxumH1 mapameTpu COpOLIfHOTO OUMIIICHHS
CTIUHMX BOJ LeoiToM Bix ioHis Cu**
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IlIxana S
CTYIIeHs COpOIIIT
IIE0JTIITOM 10HIB MaHTaHy

0

1-0 %
10-1 %
30-10 %
50-30 % 0
80-50 % 30
100-80 %

100%

KOHIIEHTpAIlis, MI/IM3
/

SaHMIIKOoBa

| T

15
10

t, TeMIeparypa
pH cepenoruina

Puc. 6. Pexxuma1 mapaMeTpu COpOIIHHOTO OUUIIICHHS
CTIYHHX BOJ LIEOTITOM Bij ioHiB Mn®"

B po3mumt mpoBeneHO MOIENIOBAaHHS €KOHOMIKO-EKOJIOTIUHMX CHUCTEM 3
BUKOPUCTAHHSM  amapary JIHIAHUX Ta  HEJNIHIMHMX CHUCTEM  3BUYAMHUX
nudepeHIiaabHuX piBHSIHL. MoAenb PO3TiIfiae CUTYAIIII0, JJIs OMUCY SIKOi BBEICHO
dbynkii x(t); y(t); z(t), M0 MarOTh HACTYMHUA 3MICT: X(t) — KOIITH, 110 BUIISIOTHCS
Ha TIPOBEIEHHS 3aXOMAIB MO KOHTPOJIIO €KOJIOTIYHOI CUTyallli; y(t) — maTepiajibHi
30MTKM BiJl HETATUBHUX BIUIMBIB Ha €KOJIOTIKO PETIOHY BIJ BUPOOHWYOI JISITBHOCTI;
z(t) — TpoIlIOBUN EKBIBAJEHT, SKHH XapaKTepU3y€e pPIBEHb [POMHUCIOBOIO
BUPOOHUIITBA.

3HaueHHs (QYHKIIN TOBEACHI MO YUCENBbHOI peai3alii y BUTJISAII MPOrPaMHHX
KOMIUIEKCIB 3a Mmetogamu Pynre-Kyrra. Otpumano onTuManabHUM —BapiaHT
MaTteMatuyHoi Mozeni (puc.7). BcraHoBiaeHO, 1m0 NpU HEOOXITHOMY BKJIAJICHHI
komTiB X(t) y BUpOOHUITBO O10cOpOEHTY (iIKCyeTbess HalOUbmmi pict z(t) —
IPOIIOBOTO €KBIBaJIGHTY (MpuOyTOK Big #oro 30yTy) Ta TMOBHA JIKBIAIlsS
MaTeplaibHUX 30WUTKIB BlJ HETAaTUBHUX BIUIMBIB HAa HABKOJUIIHE CEPEIOBUIIE
pErioHy B BUPOOHUUOI NISUIBHOCTI (3a0pyIHEHHS CTIYHUX BOJ BAXKKUMHU METaJlaMU
ta HakonmueHHss OCB).

40

x(t)

y(t)

10 =
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2(t) 220 e e I 1 RS s ] &

—100
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Puc. 7. Po3paxynok ¢yHkiii x(t), y(t), z(t) mpu 3HaUSHHAX
koedimientiB K; pieaux 0,2; 0,1; 0,4; 0,2; 0,1; 0,3; 0,4; 0,3
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B n’satomy po3aisii J0CHIIKEHO MOXIIMBICTE YTHIII3ALIl OCaAiB CTIYHUX BOJ Y
BAPOOHUITBI LETNU. 3anmpornoHoBaHO BukopuctaHHs OCB y BHUpOOHMLTBI LErH
TIOBHOTINOT PAZIOBOI, MicHs iX CramoBaHHs npy Temneparypi 400°C. Okcrmm MeTaniB
BUKOPUCTOBYBAIM SIK MIHEPATbHHUI HAMOBHIOBAY B SIKOCTI MOJIM(IKYrOUOi JOOABKH B
CKJIaJl KEpaMI4HOi KOMIO3ULii. B SIKOCTI BUX1IHOT CHPOBUHHM JIJIs1 OTPUMAHHS 3Pa3KiB
LErW BUKOPUCTOBYBAJIM LIMXTY 3 MOMIPHO TUIACTUYHOI KOBTOi TTIMHH, CEPEIHBO
NJIaCTUYHOI CIpoi MIMHM Ta aprunty, B ckinan skoi Beogwm OCB B KUIBKOCTI
1-10 % Big macu 1ieriu (puc.8).

Bcranopneno, mo — HaHOUIBIN
epextuBHUM Oyno BBeacHHs 5 % OCB.
[TopiBHSUIBHI ~ AOCHIIKEHHS  (P13UKO-
MEXAHIYHUX BIIACTUBOCTEH OTPUMAHUX
3pa3KiB 13  BJIACTHBOCTSIMH  IICTJIH,
BATOTOBJICHOI 32  TEXHOJOTIYHUM
pErnamMeHToM  MiAnpueMcTBa  [BaHO-
®dpaHKiBCbKE [TAT «byniBenbH1
Marepiaiany M1 ITBEPIKYIOTh, (o)
NOPUCTICTh LEernu 30uibinmiacs Ha 4 %o,
ITBHICTE 3MeHImmiIacas Ha S5 %,
TEMJIOMPOBIHICTh 3HU3UIAacs Ha 3,2 %,
a MILHICTh LEMIM He 3MiHuacs (Tadbm.6). Puc. 8. 3pa3ku nerim noBHOTLNOI PSAOBOT

3 MOAU(IKYIOUOK T00aBKOKO

Tabnuus 6 — [opiBHsAIBbHMI aHa13 3pa3KiB LETIU

[Toka3nvikn CraHapTH1 3pa3Ku 3pazku 3 nodaskoro OCB
ITopucricts, % 8,00 8,30
[L{inbHiCTD, KT/M 1650 1570
TennonpoBiaHicTh, BT/M*K 0,62 0,60
Mapka MIIIHOCTI 125 125

Takoxx B posaimi pocimipkeHo Ha npuiaal EXPERT 3L ckman GiocopOeHTy
(Tabn.7), OTPpUMAHOrO TEPMIYHMM Mipoyi3oM ocaaiB criuaux Boa KII «IBano-
D paHKIBCHKBOJOCKOTEXITPOMY (pHC.9).

Tabmuus 7 — Cknag  OiocopOenty, otpumanoro mipomizom  OCB,
Temmeparypa — 600°C

Okcup Bwmict , % Okcup Bwmict , %
S10, 48,253 MnQO, 0,197

ALO; 8,430 K,O 3,857

FezO3 7,938 P205 7,302
CaO 15,270 T10, 1,252

MgO 1,087 SO; 5,766

CuO 0,064 ZnO 0,311

CI'203 0,204 - -
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BcTranoBieHo, 10 MPOAYKTH MIPOdI3y MNPEACTABICHI OKCHAAMM METAIB,
OCHOBHMMM 3 SKHX, SIK 1 B KJIMHONTWIONTY, € S10, — 48,253 %, Al,O5; — 8,430%,

Ca0O - 15,270 %, K,O — 3,857 %.

Puc. 9. biocopOeHT, oTpuMaHmii
MIPOJII30M OCAJIB CTIYHUX BOJI

BH3HAYEHO TTATOMY TUIONLY TIOBEPXHi (S, MY/T) 6GiocopOeHTa 3a J10TMOMOTOk0
anamzaropa  Quantachrome  Autosorb  NOVA  2200e 3a  meToAOM
HU3BKOTEMIIEPATYPHOI aacopOuii. i1 npOro BU3HAYEHO €MHICTH MOHOLIAPY rasy,
110 acopOyBaBCs HA MOBEPXHI JAHOTO MaTepialy TOBIIMHOKO B OJHY MOJICKYJTy. J1Jis
OTPUMAaHHs BEJMYMHU €MHOCTI NMOOyJOBaHA Ta BUKOPUCTaHA 130TepMma aacopouii
azoTy Ha OiocopOenTi (puc.10). Yac aerazaimii 3pas3kiB Ha aHaiizaropl Quantachrome
Autosorb NOVA 2200e ckmamae 20 roqme npu Temmneparypi 180°C. Maca
JociHOro 3paska cranopuia 0.051 r.
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Puc. 10. I3oTrepma ancopOuii a3oTy Ha 610copOEHTI
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B pesyabrati pociaimkeHs Oysio BCTAHOBJICHO, 0 MUTOMA IUIONIA MOBEPXHI
6iocopbenta cknanae 90,4 M/t (puc.11).

10

=]
1

Pore surface area, mzlg

1I0 I 15
Pore width, nm
Puc. 11. 3B'130K M1 po3MipoM TOp
Ta TUIOLICHO 1X OBEPXHI

BceranoBneno 3anexHicte 00’emy mop OiocopOeHTy Bix iX  po3mipy.
Croocrepiraerbed, Mo OUTbLIICTE MOP y OIOCOPOEHTI, PO3MIP SKAX MEHINE
5 HaHOMeTpiB MarTh 06’eM 0,006 — 0,016 cm’/r. ITpn BOMY CepejiHe 3HAYEHHs
po3mipy nop cknaaae 3.169 um.

HaBeneHO KOHCTPYKTHMBHY CXEMY YCTAHOBKHM JUIsl OACpKaHHS O10COPOEHTY 3
0CaJIIB CTIYHHUX BOJ Ta OMUCAHO MPUHLMII ii poOoTu (puc.12).

YcraHoBka BKIOYaE My(QenbHy Mi4 13  HArpiBaIbHOK KaMEpor, IO
BCTAHOBJICHA Y KOPMYCl Tedl, HarpiBad 3 TEPMOCIEKTPUYHAM TNEPETBOPIOBAYEM Ta
CUCTEMOK KEPYBaHHS, T'€PMETHYHUI KOHTEHHEP 13 KPUUIKOK, BCTAHOBICHUH B
CepearHl KaMepu Meyl Ha LEHTPATopl. Y KPUILl KOHTCHHEpPAa BUKOHAHWH OTBIP, B
SKOMY BCTAaHOBJICHO MaTpyOoK, IO MPOXOIUTh YEPE3 OTBIP y ABepUsATaxX My(PenbHO1
nevl Ha30BHI Ta 3’ €HAHUH 13 OJIOKOM YIPaBIIHHS MPOLIECOM MIPOi3y Yepe3 BXiTHUH
OTBIp MAaHIMyJATOpa, 1 Jaji CHOJYYEHWH Yepe3 BUXIAHUN OTBIP MAHIMYJIATOPA,
TpyOONpPoOBiA 1 BEHTWIb 13 BAKYyMHUM HAacoCOM. TpyOOMpoBiJ OCHAIICHHWHA JBOMA
HITYIEPaMU 13 BEHTWISIMU JUIsl BIAOOPY ra3omnoaiOHMX MPOAYKTIB MPOLECy MipoJii3y
Ta CHOJYYEHHS 3 aTMOC(EPOIo, MPHU LIbOMY MAHIMYJIATOP BUKOHAHWN Y BUJII TPIHHUAKA
13 HACKPI3HMM KaHAJIOM Ta Hapi3aMM Ha KIHIAX, a 3 MpaBoi Ta JIBOi CTOPIH
MaHIMyJATOP OCHAIIEHWH KIanaHaMH, MPU 4YOMY B TPIHHUKY JUIsl TPUEIHAHHS
MAaHOBAKyyMETpa JOAATKOBO BHKOHAHWH PI3bOOBMI OTBIp, NEPNECHAUKYJIAPHUI 10
HACKPI3ZHOTO KaHamy.

[Tipom3 OCB npoBoauv micis iX nonepeaHboi 00pOOKH NUISIXOM 3HEBOJIHECHHS
ta noApiOHeHHs. OCB nomimand B 130JIbOBaHW Bl aTtMoc(epud TrepMETHUHMIA
KOHTEHHED, SKWUH CIOJYYCHHWHA TIAPaBIiuHO 3 OJIOKOM YIPABIIHHS MPOLIECOM
n1poi3y.

B Onomi ynpapiiHHS 31HCHIOIOTHCS TEXHOJIOTTYHI oneparii mpouecy mipoJisy,
00 BKJIOYAKOTh BaKyyMyBaHHs BCIEl T1ApPaBIIYHOI CHUCTEMH — KOHTEHHepa 3i
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3pa3kaMK, MaHINyJasaTopa 1 TpyOOnmpoBOAY, MMCTAHIIMHO 3B’S3aHOT0 3 BAKYYMHHM
HAcoCoM, MPOOOBIAOIPHUKAMY ra30BO1 CyMilll 1 3aM001’KHUM BEHTHJIEM CIIOTYYCHHS
3 arMoc(eporo, a TAKOXK MPOBEACHHS BUMIPY THCKY 1 MPOAYKTUBHOCTI Ta30BOi
CyMIIlll, sIKA TMPOAYKYETbCS B PE3ydbTarl peaknii miposidy 3pa3kiB ocaay B

KOHTEHHEPI.
20

U H/ 1 - xopmyc;

2 - TEIIO130JIAIIMHAN

marepiai; 3 - BHYTPILIHS

EiA gl [_27 /’,,25_ P:1 ‘ 9 IOPOIKHUHA KOPIIYCY,

= | \ /2 4 - HarpiBau 3

,ﬁlm_i T TEPMOEIEKTPHYHIM

21 : IIEPETBOPIOBAYEM;, 5 - TIPUIIAL

_ | BHMIpY TEMIICPATYPH;

7 6 - TymOIEp; 7 - CBITIIONION,

J&J'(JZ"‘}A 77;‘5 "27,0“06300 \‘Uz | 8 - ueHTparop; 9 - KoHTekHep;
2 A | 10 - 3pa3ku ocaay CTIYHUX BOJ;

11 - kpuka; 12 - Topoinansne

MigHe KUtblie, 13 - TBUHTH,

6 14 - matpy0ok; 15 - ngBepusra;

16 - Tepmoizonsnis My(pToBoi

neyi; 17 - MmaHInyISTop;

18 - po3’eMHUMIT KOHTAKT 3

VIIUTbHEHHSM; 19 - nBepHi

3aBicH; 20 - pyKOSTKH;

21 - xanar,

22 - MpaBOCTOPOHHIN KaHa,

23 - 1IBOCTOPOHHIN KaHa,

24 - UTIHAPUYHUN OTBIp;

25 - Iepex1HUK;

26 - MAaHOBAKyyMETD;

27 - kn1anaHoMm; 28 - raika;

29 - MiIHIpYKOSITKA,;

30 - ymineHeHHSs;, 31 - BTYJIKa,

32 - WTIHIAPUYHHANA OTBIP;

33 - nepexiaHuK; 34 - Kamna-;

35 - raiika; 36 - MiHIpYKOSITKA,

37 - yUIIIbHEHHS,

38 - BryJiKa; 39 - TpyOONpOBiz;

40 - BakyyMHU# HacCoC;

41 - BeHTHIb, 42 - BEHTHIIb,

43 - BeHTWIIB, 44 - MeTajiuHa

OCHOBa

g

SR e e

Puc. 12. YcranoBka st oTpumManHs 610COpOEHTY
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BUCHOBKHA

B muceprauiiiniii poOOTI BUPILICHO aKTyalbHYy HAYKOBO-NPUKIAIHY MPoOiIeMy
MIJIBULIEHHS PIBHS €KOJIOTTYHOT OE€3MEKM — OYMINECHHS CTIYHMX BOJ Ta CIOCOOH
yTWIi3amii ocaay HUISIXOM peanisailii IHTErPOBAaHOI CXEMU OYMILECHHS CTIYHUX BOJ
KOMYHAJIbHUX MIANPUEMCTB Bl 10HIB BOKKHUX METAJIIB, SIKa BKJIIOYAE OYMIIECHHS
CTIYHMX BOJI Ta YTHIII3ALII0 OCay.

1 JlocnpKeHHSIMU  JITEPATYPHUX JOKEPEN Ta JOCHIIKCHHSIMH — aBTOpa
BCTAHOBJICHO 3HAYHE MEPEBUIICHHS TPAHWYHO-AOMYCTHMHUX KOHLCHTpALlil BMICTY
BLKKMX METAJIB y TMOBEPXHEBUX BOJAX Ta B CTIYHUX BOAAX KOMYHAIBHHMX
MIITPUEMCTB PETrIOHY, MAKCUMAJIbHY 3aBAaHTAKEHICTh 0CaAaMM CTIYHUX BOJ MYJIOBUX
MalJJaHYMKIB Ta HU3bKUU PIBEHb yTWI3amii ocamaiB. JlJis MOCTIIKEHb OYHINEHHS
CTIYHMX BOJ Bl BOKKUX METANB 00paHO cOpOUidHUI METO, & B IKOCTI COPOEHTY —
1eomT COKHPHULBKOTO POJOBHINA, OCKUIBKM LEH COPOCHT Mae BUCOKY aaCOPOLIHHY
3MaTHICTh, HU3bKY BapTICTh, 3amack KHoro B VYKpaiHli € Beauki. HaeneHo
XAPAKTEPUCTUKU TPUPOHOTO [IEOJIITY Ta BCTAHOBJIEHO HOTo (ppakiiitHuii ckia.

2 BubpaHo Ta ONMHCAHO METOJMKH Ta METOJN €KCIEPUMEHTATBHUAX TOCIIKCHb
npouecy copOmii. JlocnipkeHo AMHAMIKY cOpOLii 10HIB KYNpPyMy 1 MaHraHy Ta
BA3HAQUYECHO ONTHUMAJIbHI PEKMMHI MapaMeTpu MpoLecy copomii mias HeomTy 1
anTpaumrty. [IOpIBHSUIBHUMU AOCTIIPKCHHIMU COPOIIAHUX BJIACTHBOCTEH LEOMITY 1
AQHTPALIMTY BCTAHOBJICHO BHINY aACOPOIIiiHY 37aTHICTH 1eomiTy. [liATBEpIKEHO
BHCOKY aJCOPOLIiHY 31aTHICTh LIEOJIITY MO BIJHOIIEHHIO JO 3BOPOTHUX (CTIYHUX)
BoA KII «IBaHO-®PaHKIBCHKBOIOECKOTEXIIPOMY.

3 TlpoBencHo 1ACHTU(IKALKD EKCIEPUMEHTAIBHUX JaHUX TEOPETUYHUM
MOJICJISIM MPOIIECiB aacopOiii. J[ocmipKeHo, mo mpouec COpOLIHHOrO BUITYUYEHHS
KyOpyMy Ta MaHTaHy OMNHCYETbCS MOACHAMU JIEHrMIOpa Ha OCHOBI TeOpii
MOHOMOJIEKYJISIpHOT  agcopOmii. Po3paxoBaHO PpIBHSHHS 130TE€pM  aacopOiii B
JianazoHi KoHneHtpariii 0,05-10 M/ M.

4 Po3p0o0JI€HO METOIMKY OJICpKaHHS O10COPOCHTY TEPMIYHUM MIPOJII30M OCa/lIB
CTIYHMX BOJl HA EKCINEPUMEHTAJbHIN YCTAHOBI, MPOBEACHO MOCIIKCHHS WHOro
OKCUJHOTO CKJIaly, TUTOMOI IJIOLII MOBEPXHI, PO3MIPY NOP Ta BCTAHOBJICHO BHCOKY
anacopOuiiiHy 30aTHICTH OPHA OYMINEHH1 3BOPOTHMX (cTiuHmx) Boa KII «IBaHo-
®paHKiBCbKBOAOEKOTEXITPOMY. P0O3po0neHo penentypy KepamivHOi KOMIIO3HWINI, B
CKJIaJ SIKOi BXOJWTh MOau(pikyroua n00aBKa Ha OCHOBI OCAMIB CTIYHWUX BOJ, HJis
BHATOTOBJICHHS LETTIM MOBHOTLIOI PSIOBOI Ta MPOBEACHO BHUMPOOYBAHHS JOCIIAHUX
3pa3kiB oTpuMaHoi neru Ha IBano-®pankiBcbkomy [TAT «byaiBenbHiI Marepiaim.
BceranoBneHo, mo BBeACHHS MOAM(IKYHOUOi AOOABKM NPUBOIUTH 10 30UTbLICHHS
MOPUCTOCTI IETJIN, 3MEHIIICHHS [IJILHOCTI Ta 3HWKEHHS TETIONPOBIAHOCTI.

5 Po3paxoBaHO TEOPETUYHY MOJACIb E€KOHOMIKO-€KOJIOTIYHOT  CHCTEMH
KOMYHQJIbHUX MIJIMPHEMCTB HA OCHOBI 3BHYAHHUX IU(EPECHLIATBHUX PIBHSHB, KA
JIOBEJIEHA IO YMCENBHOI peanizanii y BUTTIAAl MPOrPAMHUAX KOMILIEKCIB 32 METOAAMH
Pynre-Kytra. Mogenb €KOHOMIKO-€KOJIOTTYHOI CHUCTEMH  JO3BOJIAE  OACPXKAaTH
KApTUHY po3noautly BennunH (pyHKUiA x(t); y(t); z(t): npu BKiIaaeHH1 kowTiB X(t) y
BAPOOHUITBO 010cOpOEHTY — (IKCYeThCS HAMOLIBIIMK picT z(f) — TPOMIOBOTO
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€KBIBAJICHTY (MPUOYTOK BiA ioro 30yTy) Ta NOBHA JIKBIJALls MATEplabHAX 30UTKIB
y(t) Big HEraTMBHUX BIUIMBIB HA HABKOJIMIOHE CEPEIOBHILE PEriOHY B PE3yNbTaTI
BAPOOHWYOI JISUIBHOCTI KOMYHAJbHUX MIANPUEMCTB (3a0pYJHEHHS CTIYHHX BOJ
BOKKMMU MeTanamu Ta HakonudeHHst OCB).

CHHUCOK ONYBJIKOBAHUX ITPAILb 3A TEMOIO JUCEPTAILIIT

IHaTrenTn

1 TTarent Ha kopucHy monens UA 117022; MITK C04B 33/04 (2006.01), C04B
33/16 (2006.01. KepamiuHa KOMITIO3MINS JJisi BUTOTOBJCHHS LEMIM MOBHOTLION
psapoBoi/ Manapuk O.M., ITonytpenko M.C., 3acinko LBb. — No 117022; 3asBa.
03.01.2017; ony6n. 12.06.2017, bron. Ne 11. Ocobucmuii énecox — pospobienis
CKAAOY KepamidHOol KOMNO3uyii OJisl 6UCOMOG/IeHHs ye2lu NOBHOMINOI ps0o8oi ma
OMpUMANHSL OOCILIOHUX 3PA3KIG.

CrarTi y HayKOBO-MeTPHYHHUX BHAAHHAX YKpaiHU

2 Zasidko 1. Complex technology of sewage purification from heavy-metal 1ons
by natural adsorbents and utilization of sewage sludge / M.Polutrenko, O.Mandryk,
Y.Stakhmych, N.Petroshchuk // JEE Journal of Ecological Engineering. — 2019. —
Vol. 20, No. 5, pp. 209-216 (imaekcyerscs B 0a3zi Scopus). Ocobucmuti 6necox —
Q0CTIOJCeHHs.  pO3NOOITY  Yeorimy 3d  (pakyisimy, GUSHAYEHHS  3ATUULKOBOT
KOHYeHmpayii ioHig Kynpymy ma Mauveany nicis ix aocopoyii yeonimom.

CrarTi B HayKOBHX 3apyOi’KHUX BHIAHHSX

3 Zasidko 1. Study of adsorption capacity of zeolite for natural and waste water
purification from heavy-metal 1ons / M.Polutrenko, O.Mandryk // «Jntes» Journal of
new technologies in environmental science. — 2017. — No. 3, pp. 131-139.
Ocobucmuii 8Hecox — O0CHIONCEH NS ONMUMATLHUX PENCUMHUX NAPAMempPI8 npoyecy
copbyii sasickux memaiie yeorimom (pH cepeoosuwya, memnepamypa ma 4ac).

CrarTi B HaykoBHX (paxXOBHX BHAAHHSIX YKpaiHU

4 Zacigko L b. PiBHsiHHs JIeHrMIOpa B JOCTIIKEHHSX aAcOPOLIi EOIITOM 10HIB
kynpymy Tta manrany / Lb. 3acigko, M.C. Ilonyrpenko, O.M. Mannapuk //
MixBy31BCbKMii 30ipHUK «HaykoBi HOTaTKW» JIyIIBKOTO HALIOHAIBHOIO TEXHIYHOTO
yHiBepeutetry, Jlynek, 2017. — Ne 60. — C.117-121. Ocobucmuii enecox —
BU3HAYEHHSI NUMOMOI  aocopbyitinoi  30amHocmi  yeonimy, nobyoosa izomepm
aocopoyii ma po3paxyHox ix pieHsiHb.

5 3aciako I.b. Bukopucranus ocajiB CTIYHUX BOJ K CTPYKTYPOYTBOPIOKYOIO
KOMIOHEeHTY y BupoOHuurBl uermu / LB, 3aciako, M.C. Tlomytpenko,
O.M. Mangpuk // Mixsy3iBcbkuii 30ipHuK «HaykoBi HoTatkm» JIynbkoro
HAI[IOHAJILHOTO TEXHIYHOTO yHiBepcurtery, Jlynpk, 2018, — No 61. — C.48-51.
Ocobucmuii enecox — ecmanogienns moxciugocmi  euxkopucmannsi OCB sk
CMPYKMYPOYMEOPIOI04020 KOMNOHEHMY NpU GUPOOHUYMSI Yeil.

6 3aciako Lb. /locnimkeHHs HEONITy A OUMILEHHS MPUPOJHUX 1 CTIYHUX BOA
koMyHaibHUX mianpueMmctB / I.b. 3acingko, M.C. Ilonytpenko, O.M. Manapuk //
«HaykoBuii BicHMK» HalloHATbHOTO JICOTEXHIYHOTO YHIBEPCUTETY YKpainu, JIbBIB,
2017. — Ne 27(5), C.63-66. Ocobucmuii 8necox — OOCHIONCEHHS GNIUGY POIMIPY 3epeH
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copbeHmy ma KOHYeHmpayii ioHig Kynpymy ma MaHeaHy Ha a0copOyiiiHy 30amHicme
yeonimy.

7 3acigko LB. Ocamy cTiYHMX BOJA SIK BTOPMHHA CUPOBHHA Y BUPOOHMIITBI
uernu / 1.b. 3acinko, M.C. [Tonytpenko, O.M. Manapuk // «BicHuk» TexH14H1 HAyKu
HamioHaibHOTO yHIBEPCUTETY BOAHOIO TOCHOJAPCTBA Ta MPHUPOIOKOPUCTYBAHHS,
PiBue, 2017. — No 3(79) , C.104-113. Ocobucmuii 6necox — OOCHiON#CEHHS
Xapakmepucmux ye2iu NOBHOMINOT p0o8oi Niciis 66e0eH st MOOUPDIKYIOU0T 00OABKU.

8 3aciako I.b. BukopucranHs LEOMITY 1 aHTPALMTY JUISl OUMIICHHS TPUPOIHUX
Ta CTIYHUX BOJ Bija 10HIB Bakkux metaniB / [.b. 3acinko, M.C. Tlonyrpenko, O.M.
Manapuk // MixBy3iBcbknid 30ipHHK «HaykoBl HOTaTKW» JIyIIBKOrO HAI[lOHATBHOTO
TEXHIYHOro yHiBepcutety, Jlympk, 2019. — No65, C.80-86. Ocobucmuii enecox —
npogedents NOPIBHAIbHO2O AHANIZY NUMOMOT a0copOyitiHOl 30amuocmi Kynpymy i
Mameany yeoaimom ma aHmpayumom.

Te3u Ta MmaTepiain HAYKOBUX KOH(epeHiii

9 3aciagko 1.b. BukopucTtaHHs EOITY JJIs OUYMIICHHS MPUPOJHUX Ta CTIYHUX
Boj / M.C. Ilonyrpenko, O.M. Manapuk, I.b. 3acigko // MikHapojHa HayKOBO-
npaktiyHa KoH(epeHiss «EKOIEO®OPYM-2017. AkTyajabHi mpoOjieMH Ta
1HHOBaIl1i», [BaHO-DpaHKIBCbKHIA HAIIOHAJLHUNA TEXHIYHWM yHIBEpCUTET HaTH Ta

ra3zy, IBaHo-®pankiBcbk, 2017. — C.27-28. Ocobucmuii 6Hecok — OOCHIONICEHHS
MONCIUBOCMI BUKOPUCMANHSL YeOImY Ol OYUUeHHsl CIIYHUX 800 810 10HI6 KYNpYyMY
ma Maneamy.

10 3acigko I.b. YTumizamis ocanmis micekkux cTiuamx Boj / I.b. 3acigko, M.C.
[Tonytpenko, O.M. Manapuk // III MixkHapogHa HAyKOBO-TEXHIYHA KOH()EPEHLIis
BOJOIMOCTAYaHHS 1 BOJOBIABEICHHS. NPOECKTYBaHHs, OYIIBHHULTBO, €KCILTyaTawis,
moHiTopuHr, M. JIeBiB, 2019. — C.148-149. Ocobucmuii enecox — npogeoens
NOPIGHAILHOT XAPAKMEPUCMUKY OOCTIOHUX 3PA3KIE Ye2liu md 3pasKie NpucomoeieHux
30 MEXHON02IYHUX pecllaMeHMOoM RIONPUEMCMEA.

11 3Bacinko Lb. Texnonoris mnepeTBOpeHHss Hadrouwlamy 1 UIUIaMIB
BojoouniiieHns/; M.borocnosenp, Jl.YUensaun, [.3acinko // III  MixHapoaHa
HayKOBO-TEXHIYHA KOH(EPEHIIS BOJONOCTAYaHHS 1 BOJIOBIABEICHHS. MPOEKTYBaHHSI,
Oy IIBHUIITBO, €KCILIyarailisi, MOHITOpUHT, M. JIbBIB, 2019. — C.233-234. Ocobucmuti
BHECOK — CIMBOPEHHSI CUPOBUHHOT CYyMiULl HA OCHOBI HaAdmouLiamy.

12 3aciako Lb. 3MEHIICHHS TEXHOICHHOTO HABAHTAKCHHS MPHU OYHINECHHI
ctiyanx Boa / I.b. 3aciako, M.C. Tlonytpenko, O.M. Mauapuk // IV Beceykpaincbka
HayKOBO-MPAKTUYHA KOH(EPEHIlIsl CTYACHTIB, aCHIPaHTIB Ta MOJIOJUX HAYKOBIIIB
«AKTyanbH1 npodiaemMu cydacHoi ximiiy M. Mukomnais, 2020. — C.33-34. Ocobucmuii
BHECOK — OOCNIOICEHHS AOCOPOYIHHUX BAACMUBOCMET AHMPAYUNTY.

13 3acinko Lb. Maremarnyna MOJETb E€KOHOMIKO-EKOJOTIYHMX CHUCTEM
nianpueMctB / 1B, 3aciako, M.C. [TonyTrpenko, O.M. Manapuk // VI MixkHapoHuii
KoHrpec  «Cranmmii  pO3BHTOK.  3aXMCT  HABKOJMIIHBOTO  CEPEIOBHIIA.
Eneproomannicts. 30anaHcoBaHE NPUPOJOKOPUCTYBaHH», M. JIbBiB, 2020. — C.40.
Ocobucmuii 8HeCOK — OOCHIONCEH NS G3AEMO38 SA3KY OUHAMIKU BKIAAOCHHS. KOULMIG Hd
npogeoenHs 3ax00i68 N0 KOHMPOJIO eKolociYnol cumyayil pe2iony ma pes3yi1oemamis
Yb0o2o 8rIIA0e s 3a Mmemooom Pynee-Kymma.
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AHOTAIIIS

3acigko 1.b. 3MEHINEHHS TEXHOTC€HHOTO HABAHTAKCHHS MPU OYMLIEHH] CTIYHUAX
BOJ Ta yTwiizamii ocany. — KpamidikailiiiHa HayKoBa mpaisli Ha mpaBaxX PyKOIUCY.
Jucepraiiss Ha 3100yTTS HAYKOBOTO CTYINEHS KAaHAMAATa TEXHIYHMX HAYK 3a
cnemianbHicTio  21.06.01 — ExomoriyHa Oe3meka. —  [BaHO-®OpaHKIBCHKHMN
HAI[IOHAJIbHUI TEXHIYHUH YHIBEPCUTET HaQTH 1 razy MiHICTEPCTBA OCBITH 1 HAyKH
VYkpainu, IBano-®pankisebk, 2021.

B nuceprarttiiiniii poOOTI Uisl 3MEHIICHHS TEXHOTEHHOIO HABAHTAKEHHS Ha
JOBKULIS HABEACHA THTETPOBAHA TEXHOJIOTISI OYMIICHHS CTIYHHUX BOJ KOMYHATbHUX
NIANPAEMCTB BIJl BOXKAX METAIB, [0 BKIOYAE OYMINEHHS CTIYHHX BOJA Ta
YTHIII3ALII0 Ocay.

OOrpyHTOBaHO, 110 HAOIMbM €(PEKTUBHUM 3 TOYKH 30py CTYNEHS OYHCTKH
CTIYHMX BOJ| BiJl I0HIB B&KKHUX METAJIIB € COPOLIMHMIA METOJT OUMCTKH CTIYHMX BOJI 13
3aCTOCYBaHHSM MPUPOIHOTO 1eoNITy COKMPHHUIIBKOrO pojaoBuina. [Ipu nocmimkeH1
copOrii 10HIB KyNpyMy Ta MaHraHy BCTAHOBJICHO BHMCOKY aicCOpPOIiiiHy 3/1aTHICTh
IEONiTy B jiamasoHi ix koHueHTpamiii 0,05-10 mr/mm’. TIpoBeaeHO HOpiBHSHHS
aacopOUiiHOI 3MaTHOCTI JBOX COPOEHTIB — LEOMITY 1 QHTPAUTY Ta BCTAHOBJIEHO
BULY COPOLIiiHY 3JaTHICTh LEOMITY. BHU3HAUEHO ONTHUMAJIbHI PEKUMHI MapameTpu
npoiiecy copOIii.

[TpoBeneHO 1ACHTH(IKALIID EKCIEPUMEHTAIBHUX MAHUX JUIS TEOPETUYHUX
MOJECTEH, 10 BHUKOPUCTOBYIOTBCA JUIsl CUCTEMHM BOJA-TBEPAWMNA  COPOCHT.
BceranoBneno, mo mnpouec COpOLIMHOrO BWIYYEHHS KyopymMy Ta MaHraHy
OMUCYETHCS MOAEISIMUA JICHTMIOpa HA OCHOBI T€OP1i MOHOMOJICKYJIIPHOI aAcopOIii.

OnucaHo METOAUKY OJEPKaHHs O10COPOCHTY MIPOJII30M OCaJliB CTIYHUX BOJ Ta
EKCIIEPUMEHTAIIBHO JOBEICHO HOTO BUCOKY aACOPOLIiHY 3AaTHICTb.

Po3pobieHo  MareMaruuHy — MOJENb ~ €KOHOMIKO-EKOJOTIYHOI  CHUCTEMH
KOMYHQJIbHUX MIANPUEMCTB 3 BHUKOPHCTAHHSIM amapary JIHIHHUX Ta HETHIHHMX
CUCTEM 3BHYANHMX IU(PEPEHLIATIPHUX PIBHSAHL HA OCHOBI MeToniB PyHre-KyTra, mo
J03BOJIUTH BUBYATH B3a€MO3B 130K AVMHAMIKM BKJIQJCHHS KOIUTIB HA MPOBEACHHS
3aXOMIB 1O KOHTPOJIKO €KOJIOTIYHOI CUTyalli perioHy Ta Pe3yabTariB IbOro
BKJIaJIaHHs. BCTaHOBIEHO, 10 MOTCHIIHHO MOKIMBUAM € ONTHUMI3ALIMHUI Mporec
MIHIMI3a1lii KOIITIB TPH MAKCUMAJIbHOMY €()EKTI BiJI iX BKJIAJaHHSI.

B poGoti po3pobiicHO Ta 3ampormOHOBAHO MJIs BIPOBALKCHHS PELENTYPY
KEpaMI14HOi KOMMIO3UIIIT JUIsi BUTOTOBJICHHS LEMIM MOBHOTLIO! PSIOBOI, B CKJIa SKO{
BXOJATh Ocagu CTiYHMX BoA. [IpoBeneHi BuUOpPOOYBaHHA AOCHIAHMX 3Pa3KiB
oTpuMmaHoi uernu Ha IBaHo-®pankiBcbkoMy [IAT «byaiBenbHi Mmarepiaan»
NIATBEPIWIA TEOPETUYHI T €EKCIEPUMEHTAIBHI MMOKA3HUKH.

Kuaro4oBi cjoBa: Bakkl MeTajav, OCaad CTIYHMX BOJ, aacopOIis, IEOJIT,
010copOeHT, muToMa aacopOlliiiHa 3AaTHICTh, YTUII3aLlis
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ABSTRACT

Zasidko 1.B. Reduction of Anthropogenic Load During Wastewater Treatment
and Sludge Disposal. - Qualifying scientific work. Manuscript. Thesis for the
scientific degree of Candidate of Technical Sciences specializing in 21.06.01 -
Ecological Safety. - Ivano-Frankivsk National Technical University of Oil and Gas of
Ministry of Education and Science of Ukraine, Ivano-Frankivsk, 2021,

The thesis 1s aimed at reduction of anthropogenic load on the environment and
we present the integrated technology of municipal wastewater treatment from heavy
metals, which includes wastewater treatment and sludge disposal.

We have substantiated that the most effective from the point of view of the
degree of wastewater treatment from heavy metal ions is the sorption method of
wastewater treatment using natural zeolite of the Sokyrnytsia deposit. When studying
the sorption of copper and manganese ions, a high adsorption capacity of zeolite was
found in the range of their concentrations (0.05 mg/dm’ - 10 mg/dm’). We have
compared the adsorption capacity of two sorbents - zeolite and anthracite, and
established that zeolite had higher sorption capacity. We also determined the optimal
mode parameters of the sorption process.

There was carried out the identification of experimental data for theoretical
models used for the system water-solid sorbent. It has been established that the
process of sorption extraction of copper and manganese was described by Langmuir
models based on the theory of monomolecular adsorption.

We have described the method of obtaining the biosorbent by pyrolysis of
wastewater sediments and experimentally proved its high adsorption capacity.

We have elaborated a mathematical model of the economic-ecological system
of public utility companies using linear and nonlinear systems of ordinary differential
equations based on Runge-Kutta methods, which will make it possible to study the
correlation between the dynamics of investment into the environmental situation
controling measures in the region and the results of this investment. Our work
established that the optimization process of minimizing funds with the maximum
investment effect is potentially possible.

In the thesis, we develop and present for implementation the recipe of a
ceramic composition for production of solid bricks which includes wastewater
sediments. Testing of prototypes of the obtained bricks at Ivano-Frankivsk PJSC
“Construction Materials™ confirmed the theoretical and experimental parameters.

Key words: heavy metals, wastewater sediments, adsorption, zeolite,
biosorbent, specific adsorption capacity, disposal





