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(57) Pedpepar:

Llen BMHaxig cToCyeTbCs, B3arani, ranysi perynioBaHHA BUKMAIB Ta, 30KpeMa, HOBOroO Ta KOPUCHOIo
crnocoby Ta/abo cuctemu, 3a OOMOMOTOI SKMX 3AINCHIOETLCS KOHTPOMb PisHMX TUMiB npobnem,
NoB'A3aHUX 3 KOpo3iew Ta/abo ocamKeHHSAM, y NPUHANMHI YaCTUHI CUCTEMU ra300vYUCHUKA BONOroi
aecynbdypusauii Tonkosux rasis (WFGD). B ogHomMy BapiaHTi 3gincHeHHa cnocid Ta/abo cuctema
LbOro BMHaxoay rPYHTYIOTbCS Ha nojadi NpuMHanMHI OAHOrO BIAHOBIOBASILHOMO areHTa A0 Lnamy
ra3oouUcHUKa BONOroi aecynbdypusadii TONKOBUX rasie, o6 3HU3UTM OKUCHO-BIAHOBHWUI MOTEHUjian
B WNami abcopOUinHOT KONOHU, AKMIN MICTUTLCS YCEPEaMHI raso0uncHUKa BOMOrol aecynbdypusadii
TOMKOBMX rasiB. B iwe iHwomy BapiaHTi 3aiicHeHHA cnoci® Ta/abo cuctema UbOro BMHaXoay
perynoTb OKUCHO-BIAHOBHMI MNOTEHUian y nNPWHaWMHI OAHOMY BWMYCKHOMY MOTOUi Lunamy,
dinbTpaty Ta/abo po3unmHy abCcopOUIHOT KONMOHM 3 rasoouyucHuKa BOMOroi aecynbdypusauii
TOMKOBUX rasis.
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[aHi Wwoao poAnHHOT 3a8BKK

Ona uiel 3as8Bkn 3a8BRAETbCA MNPIOPUTET 3a MNONEPEdHbLOK naTeHTHow 3asBkoi CLUA
Ne 61/671,007, aka nogaHa 12 nunHa 2012 poky Ta Aka mae HasBy " Cnocib perynioBaHHsA Cnonyk Ta
YMOB Yy npuctpoi Bonoroi gecynbdypusadii Tonkosux rasie (WFGD)". ToBHUIA TEKCT BKa3aHOI
NaTEHTHOT 3a8BKU BKJIIOYEHO Y LIER ONUC BUHAX0AY Y NOBHOMY 00CA3i LUMAXOM NOCUMAHHS.

any3b Ta NonepeaHii piBeHb TEXHIKK

1. Many3b, 40 AKOT BiAHOCUTBLCA BUHAXI

Llen BuHaxig CTOCYeTbCH, B3arani, ranysi perynioBaHHA BWKWAIB Ta, 30Kpema, HOBOro Ta
KopucHoro cnocoby Ta/abo cucremu, 3a AOMNOMOIOK SAKMX 3OIACHIOETBCA KOHTPONb Pi3HUX TUNIB
npobnem, NOB’sI3aHUX 3 KOposielo Ta/abo ocamkeHHSIM, Yy NPUHANMHI YaCTUHI CUCTEMU ra300uYNCHUKA
Bonoroi aecynbdypusauii Tonkoeux rasie (WFGD). B ogHoMy BapiaHTi 3aiiCHEHHA cnocibé Ta/abo
cucTeMa LbOoro BUHaxoay IPyHTYETbCA Ha nojadi NpMHanMHi 0QHOro BiAHOBMNIOBASNILHOIO areHta go
LnaMy razoovMCcHMUKa BOoroi aecynbdypusadii TONKOBUX rasie, W06 3HU3UTM NOTEHLiAN OKUCHEHHS-
BiJHOBMNEHHA B wWnami abcopOUiNHOT KOMOHU, AKMIN MICTUTBLCA YCEpeauHi rasoovyMCHUKA BOMOroi
aecynbdypusadii TONKoBuMX rasie. B iwe iHWoOMy BapiaHTi 34iNCHEHHSA LbOr0 BUHaxo4y NPONOHYETLCSA
crnoci6 Ta/abo cuctema perynioBaHHA OKUCHO-BIAHOBHOIO MOTeHUiany y npuHaWMHi OAHOMY
BUMYCKHOMY MOTOUi lWnamy, ginbTpaTty Ta/abo po3vnHy abcopbuinHOT KONOHM 3 ra3004YMCHMKA BOMNOrOi
aecynbdypusadii TONKOBUX rasis.

2. Onuc BigNoBIAHOIO PiBHSA TEXHIKK

BuKopUCTOBYIOTLCA Pi3HOMAHITHI Npouecy Ta TexHonorii perynoBaHHsa SO2, a iHWI 3HaxXoaATbCA
Ha pisHUX cTagiax po3pobku. KomepuiiHi npouecu BKMOYMAKTb BOMOTI, HaniBCyxi (PO3NMITIOBAHHS
wnamMmy 3 BMWCYLUYBaHHAM) Ta MOBHICTIO Cyxi npouecu. a3004UCHUK BONOroi aecynbdypusadii
TonkoBux rasis (WFGD) € AOMiHYI040I0 B YCbOMY CBITi TEXHOMOrIE perynioBaHHA SO2, WO NOX0aUTb
Bif CTaHUi eHepronocrayaHHsi, Ha nNpubnusHo 85% BCTAHOBMNEHMX MOTYXHOCTEN, NPOTE CUCTEMU
cyxoi aecynbdypusauii Tonkosux rasie (DFGD) Takox 3aCTOCOBYIOTbCA AN BUOPaHUX BapiaHTiB, SKi
BUKOPUCTOBYIOTLCH AN 3HWKEHHS CiPKU.

Buan npouecie BOMOrOro rasoouMULLEHHA 4acTO 3YMOBJIIOIOTLCSA peareHToM Ta  iHWUMK
napameTpamMmu npouecy. NepBUHHMIA peareHT, WO 3aCTOCOBYETLCHA Yy BOMOIMMX rasoOYMCHUKAX, - LE
BanHsk. poTe, MOXHAa 3acTocoBYBaTW Byab-AKMIA NYXHUI peareHT, ocobnuBo Tam, ae cneuundidHi
Ana Micusa 3acTOCyBaHHA €KOHOMIYHI YMHHUKKW JaloTb nepesary. |HWi 3Bu4yariHi peareHTu - ue BanHo
(Ca0), BanHo 3 goaaeaHHAM MarHito (MgO Ta CaO), amiak (NHs) Ta kapboHat HaTpito (Na2COs).

Paa Bonornx npouecis Takox Knacudikyrotbca abo sk CUCTEMM, B SKMX HE MOXHAa 3A4iNCHIOBATU
pereHepadio, abo sK CMCTEMM, B AKMX MOXKHA 3iMCHIOBATU pereHepadito. Y cuctemax, B SIKUX He
MOXHA 30iMCHIOBATU pEreHepauilo, peareHT y ra3004YMCHUKY BUTpadvaeTbCa Ans Toro, wob
6e3nocepeaHbO reHepyBaTy NOGIMHUA NPOAYKT, SAKUA MICTUTb CIPKY, TAKUR SK Tinc. Y cuctemax, B AKMx
MOXHa 34iCHIOBATW pereHepauilo, peareHTt, WO BUTPAYaETbCsH, PEreHepyloTb Ha OKpemMoMy eTani,
wo® BigHOBUTKM MaTepian peareHTy AN NoAanbLUOro 3aCTOCYBAHHS Ta OTPUMATU OKPEMUIA NoBivHMIA
NPOAYKT, TaKU K eneMeHTapHa cipka. [OOMiHyloui cuctemMum 3 peareHTOM y Burnagi BanHa abo
BamnHsKY, AKi 3aCTOCOBYIOTLCA CbOrOAHI, - e CUCTEMU, B AKUX HE MOXHA 34iACHIOBATU pereHepadito. Y
GaraTtbOX BMNagkax CUCTEMU, B SIKMX MOXHA 3A4IMCHIOBATM pereHepadiio, MoaudikyBanu sk
CUCTEMAMU 3 peareHToM y BUrnsdi BanHa abo BarnHsaKy, B SIKMX HE MOXKHA 3[INCHIOBATU pereHepaLdito,
W06 3HU3UTKU BUTPATU Ta NOKPALLMTU KOPUCHICTE MPUCTPOIO.

Ak BigoOMO haxiBUaM y Uil rany3si, HanbinbL 3BM4anHui mMogdyne abcopbujnHoi konoun WFGD -
Le KOHCTPYKLIS KONIOHW 3 pOo3nunioBanbHUM 3pOLLEHHAM (AUBUCL, Hanpuknag, Steam/its generation
and use, 41st Edition, Kitto and Stultz, Eds., Copyright 2005, The Babcock & Wilcox Company,
Barberton, Ohio, U.S.A., ocobnueo 'maBa 35 - PerynioBaHHa AioOKCUAy CipkW, TEKCT SIKOT BKIIOYEHO
LUMNSIXOM MOCUITAHHS A0 UbOro Onucy BuMHaxoay y ii noBHomy o6c¢asi). Y Hanbinbll 3BUYaNHOMY
npuctpoi WFGD TonkoBuiA raz HaaxoauTb 360Ky KOMOHMW 3 PO3MUIMOBANbHUM 3POLUEHHAM NMPUOGNN3HO
6ina i cepeaAnHHOT TOYKM Ta BUXOAUTb Yepe3 nepexiaHy AinsHKy yropi. Y BepxHiii YacTuHi Moayns
(30Ha abcopbuii) BinOyBaETLCA OUULLEHHA TOMKOBOrO rasy Ans BuganeHHs SOz, y TOM 4ac K HUXKHS
YacTUHA MOAYNA CIYXXWTb HEBiA’€MHUM peakuinHumM Gakom AnsA wnamy (TakoXK 4acTo Ha3MBAaETbCSA
B6akom cuctemu peuupkynadii (abo 6akom cuctemmn peumpkynsuii adcopbuiitHOT KONMOHKM) Ta 30HOM
OKMCHEHHS) ANS BUKOHAHHA XiIMIYHMX peakuin ans oTpumaHHs rincy. AGcopbuiiiHi KONoHU, siKi BiNbHO
CTOATb, 3a3BMYan MaloTb diaMeTp y aianasoHi Big 20 ¢yTie 4o 80 dyTis (Big 6 meTpiB 40 24 meTpiB),
Ta ix Bucota Moxe carath 150 ¢ytiB (46 MeTpiB). Y A€AKMX KOHCTPYKLISIX HUXKHIN peakuiiHun 6ak
PO3LLMPIOETLCA YHU3, BHACNIAOK Y0r0 36inblUuyeTbCA AiameTp 6aka anga 36inblueHHA 3anacy maTepiany
wnamMmy Ta MOAOBXEHHA TepMiHYy YTPUMAaHHSA. [HLWI KMOYOBI KOMMOHEHTW BKMKYAlOTb Hacocu
peuMpKynauii wiamy, MbKnpoCTOpPOBi KONEKTOPU PO3NUIIOBAHHA Ta CONMa AfA BNOPCKYBaHHA LWAamy,
BigoKkpeMnioBayi BONOrM Ana MiHimizauii BUKMAY BOMOrK, CUCTEMY BMOPCKYBAHHA OKWUCHIOBANbHOIMO
NOBITPs, Millankn peakuinHoro 6aka anga wnamy Ans 3anobiraHHA ocagpkeHH Ta nepcopoBaHuit
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notok AnA nigguweHHn suaanedHs SOq. Intoctpadite npuknagy WFGD nokasaHo Ha ®irypi 1.

Byno BM3HadeHO, WO Konmn Binbll BUCOKI KOHUEHTpauii (3a3suyan Binbw HiK npubnusHo 150
Y./mMIH. (ppm)) ogHoro abo GinbLie aAy>Xe CUNbHUX OKMCHIOBAYIB, TAKMX K Nepcynbdar, nepMaHraHar,
MaHraHar, rinoxnopuT, Xrnopat, a3oTHa kucnota, noa, 6pom, xnop, dprop abo kombiHauii Oyab-skux ix
ABox abo Oinbwe, sKi iCHyloTb abo yTBOPKWTLCA, Yy wWnami Ta/abo posunHi Baky cuctemu
peuunpkynauii (abo Gaky cuctemmn peunpkynauii abcopOuinHoi konoHu - ART), noegHyoTbea 3, SiK
MiHIMYM, TEPMOAWHAMIYHO CNpUATIMBUM pPH Ta OKWCHIOBANbHO-BIAHOBMOBANbLHUM MNOTEHUianom
(ORP) y BONOroMy rasoO4WMCHUKY, TOAi pO34YMHHWMIA mapraHeub (Mn2+) ytBopioe ocag MnxO, Ta
LWKiANMBO BMMMBAE HA Mpupoay, KinbKicTb Ta/abo ymMOBM NOBTOPHOT eMiICii pTyTi Ta eMicii ceneHy y
cuctemi WFGD. o®irypa 2A - ue aiarpama lypbe ana mapraHuto. Y Oyab-akin Touui aiarpamu
HaJaeTbCA TEPMOAMHAMIYHO HANCTINKILIA (Ta TEOPETUYHO HaWBinNbLl NOBHA) hopma UbOro eneMeHTa
npy 3agaHomy noteHuiani Ta ymoBi pH. Ocobnueun iHTepec Buknukae ginadka ana MnO:. Oiarpama
OEMOHCTPYE, WO yTBOpeHHA MnO2 € nepeBaxHuM npu 36inbeHHi E(V) (to6to ORP) y gianasoni pH
Big 5 A0 6, ssknin € 3BuHanHum pobovnm gianasoHom pH Ans BONOroro razoouncHuka. 3BepHiTb yBary,
wo npubnusHo 200 mB (mV) cnig BigHaTK Big Bici "y", Wo6 nopiBHATU E(V) 3 BUMIpSHUMU JdaHUMU
ORP, ae 3actocoByeTbCA HacuyeHuin Ag/AgCl enekTpoa NOPIBHAHHA. IHTEpec TakoX NPeacTaBnsloTb
adiarpamu Myp6e ana pTyTi Ta ceneHy (ameucb dirypu 2B Ta 2C, BiANOBIAHO), OCKINbKK Ui €NEeMEHTU
Ta ixHi pisHi cnonykn Ta/abo ioHHi popmu TakoxK NOTPEBYIOTL perynoBaHHs, Wob 3BepPHYTU yBary Ha
pi3Hi npobnemu, NOB’A3aHi 3 NOBTOPHOLO EMICIEID PTYTi TA EMICIEI0 CENEHY.

Takoxx Oyno BM3HAYEHO, LLO YacTuHa ocagkeHoro MnxOy Ma€e TeHAEHLio 30MpaTnucs Ha CTiHKax
BOMOrOro rasoouMCHUKA HUXKYE TiHIT PiAUHM Yy HUXKHI NONOBUHI Baka cuctemmn peumpkynsdii. Tam, ae
Ta konm MnxOy 36upaeTbca Ha CTiHKax BOMOroro rasoodncHUKa, BUrOTOBNEHUX 3i cnnaey Alloy 2205
(UNS S32205, cnnaBy gynnekcHOi HepxKaBilouol cTani), cnocrepiranu, Wo nig ocagom yTBOPHETLCA
TOuKOBa koposisa. He OGaxatoum npus’asyBatucs Ao Oyab-sikoT OAHIET Teopii, MOXMMBE MOSACHEHHS
MexaHi3My Uiei koposii nondrae y tomy, wo MnxOy yTBOPIOE ranbBaHiYHWUIA €NEeMEHT 3i ChnraBoM
CTIHKM, CNPUYMHAIOYM KOpPO3ilo. B OKkpeMux CTEHAOBMX €KCNepumeHTax 3 Koposiew 06yno
NPOAEMOHCTPOBAHO, WO NPUCYTHICTL Adiokeuay wmapraduio (MnOz) 36inblye KOposilo, npoTe
YTBOPEHHS ranbBaHiYHOTO enemMeHTa Hacnpagai He 6yno NiaTBEPaXKEHO.

Kpim TOro, y aesakmx sunagkax 0akaHo Takox perynioBaTu yTBOPEHHS Pi3HUX KUCMOTHUX iOHIB, SiKi
YTBOPIOKOTBCS Y MPUCYTHOCTI iOHIB mepcynbdary, OCKiNbkM BOHW OyayTb BCTynaTtu B peakuilo y
NMPUCYTHOCTI KaTiOHIB KamnbLjilo, YTBOPIOWOYM cynbdaTt KanbLilo Ta BiaNOBiAHWI ra3onoAibHUn ranorex.
Llern rasonoaibHuin ranoreH 6yae noTiM Tako BCTynaTtu B peakuilo y wrnami abo posumnHi ART,
YTBOPIOKOYM, BIANOBIAHO, iOHM FNOXIIOPUTY, iOHK rino®pomiTy Ta/abo ioHM rinoWoAUTY, AK MOKA3aHO Ha
NpuKNagax piBHAHb HUKYE.

S208242C14+2Ca?*—2CaS0+2+Cl>

S208242Br+2Ca2*—2CaS042+Br2

S2082421+2Ca2*—2CaS042 +1

Clo4H20—-2H*+CI+CIO

Bro+H20—2H*+Br+BrO-

lo+H20—2H*+I+10-

He 6Gaxarwum npus’asyBatucs A0 Oyab-sIkoi OAHiel Teopii, BBaXalOTb, L0 YTBOPEHHS iOHIB
rinoxnopury, ioHiB rino6bpoMity Ta/abo ioHiB rinooanTy HeratuBHo BnnuBae Ha pH Ta ORP y wnami
abo po3umnHi ART.

BpaxoByloun BuLle3asHaveHe, y Uin ranysi icHye notpeba y cnocobi ta /abo cucrtemi, 3a
OONOMOIOI0 SKMX PErymniolTbCsa 0CaguM Ha OCHOBI MapraHuio, a TakOoX iHLWi MoB’sA3aHi 3 KOpO3i€lo
Ta/abo HebaxkaHi ocaaum y Oaky cuctemi peumpkynadii (@abo y OGaky cuctemu peunpkynsauii
abcopbuiriHoi konoHu - ART) cucteMmu Bonoroi gecynbypusauii Tonkosux rasie (WFGD). Kpim Toro,
y uin ranysi icHye notpeba y cnocobi ta/abo cucremi, ki, 403BONSAOUN abO CNPUAIOYM OOCSATHEHHIO
oaHiel abo Ginblue BULLIE3ragaHux Uinew, He BnnvMBanu © HeratMBHO Ha KinbkicTb abo Tun BuKMAy
ceneHy Ta/abo pTyTi B HABKONULLHE cepeaosulle, 3sndanHe ana WFGD. Kpim Toro, icHye notpeba y
crnocobi Ta/abo cucremi, Aki 6 AO3BONSANMU PErynoBaTU OKUCHO-BIAHOBHMI MOTEHUian y BUMNYCKHOMY
notoui wnamy, inbTpary Ta/abo po3unHy abcopOUiiHOT KOMOHM 3 Tras300uMCHUKA BONOroi
aecynbdypusadii TONKOBUX rasis.

CyTb BUHaxoay

Llen BuHaxig CTOCYeTbCH, B3arani, ranysi perynioBaHHA BWKWAIB Ta, 30Kpema, HOBOro Ta
KopucHoro cnocoby Ta/abo cucremu, 3a OOMNOMOIOK SAKUX 34IMCHIOETbCS KOHTPOMb PisHMX TUMIB
npobnem, NOB’sI3aHUX 3 KOpo3iclo Ta/abo 0CamKEHHSIM, Y MPUHANMHI YaCTUHI CUCTEMM Fa3004MCHMKA
Bonoroi aecynbdypusauii Tonkoeux rasie (WFGD). B ogHoMy BapiaHTi 3aiiCHEHHA cnocibé Ta/abo
cucTeMa LUbOro BUHaxXoay I'PYHTYIOTLCA Ha nodadi NPpMHanMHi OAHOro BiAHOBMIOBANIBLHOIO areHTa 4o
wnaMy rasoouucHuka Bomnoroi gecynbypusadii TonkoBMX rasie, wo6 3HU3UTU OKUCHO-BIAHOBHMIA
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noTeHuian B LwWnaMmi abcopOUiMHOT KOMOHKM, SAKUA MICTUTbCA YCEpPeaWHi ra3o0uMCHMKA BOMOroi
Aecynbdypusadii TonkoBux rasis. B ille iHWOMY BapiaHTi 3aiiCHeHHs cnocib Ta/abo cuctema Uboro
BUHaxoAy peryniolTb OKUCHO-BIAHOBHUI NOTEHUian y npUHanMHi 0AHOMY BUMYCKHOMY NOTOUi wnamy,
dinbTpaty Ta/abo posunHy 3 abcopbLUiiHOT KONOHN ra300uUCHUKA BONOToT Aecynbdypusadil TONKOBUX
rasis.

OTxe, OQMH acnekT LbOro BMHAxo4y CTOCYETbCA Cnocoby pEerynoBaHHA OKUCHO-BiAHOBHOTO
noteHuiany y 6aky cuctemu peumpkynadii abo y 6aky cuctemmn peumpkynsuii abcopbuiinHoi KONoHu
cUCcTeMM BOMOroi aecynbypusadii TONKOBUX rasie, Npu UbOMY cnocid Bknovae etanu: (i) nogavy
MPUHaWMHI OAHOTO BIZHOBMIOBANbLHOIO areHTa A0 YacTuHU wnaMmy abo po3uuHy Oaka cuctemu
peunpkynadii abo 6aka cuctemu peumnpkynsuii abcopbuiiHoi konoHu, abo NpPUHaANMHI OAHOrO
BUMYCKHOTO MOTOKY 3 HuX; Ta (i) CNpMsiHHA TOMYy, LIOG NpPUHAaNMHI OAWH BiAHOBMIOBANbHWUIA areHT
BCTYNMB B peakuilo 3 oaHielo abo Oinblue OKWCHIOBANbHUMKM CroniykaMmu Ta/abo ioHamu, ski €
NPUCYTHIMKM Yy 4YacTuHi wrnamy abo po3unHy ©Gaka cuctemm peuupkynauii abo 6aka cuctemu
peunpkynauii abcopbuitHoi konoHu, abo NpuHaMMHI OQHOrO0 BUMYCKHOrO MOTOKY 3 HUX, Tak LoG
JOCAIMU 3MEHLLEHHS OKUCHO-BIZHOBHOIO NOTEHUjiany 6aka cuctemun peunpkynauii abo 6aka cucremu
peunpkynsauii abcopOUinHOT KONOHW Y MPUHANMHI OAHOMY BUMYCKHOMY NOTOLUI 3 HUX, abo y komOBiHauii
BGaka cuctemu peumpkynsuii abo 6aka cuctemu peuupkynsauii abCcopOUIMHOT KOMOHM Ta NPUHANMHI
OOHOTO BUMYCKHOTO MOTOKY 3 HUX.

B iwe iHWoMy acnekTi ubOro BMHaAxXoa4y MPONOHYETbCA CMNOCIO perynioBaHHA OKUCHO-BiAHOBHOIO
noteHuiany y 6aky cucremmu peuupkynsuii abo 6aky cucrtemmn peuupkynauii abcopOUinHOT KONOHM
cUCTeEMM BOJOTOT Aecynbdypusadii TONKOBUX rasie, Npu LUbOMY Crocid Bknwouae etanu: (a) nogavy
MPUHaMMHi OAHOTO BIAHOBMIOBANbLHOIO areHTa A0 4acTuHu wramy abo posunHy Gaka cuctemu
peunpkynauii abo 6aka cuctemun peuunpkynaudii abcopbuinHoi konowu; (b) cnpuaHHa ToMmy, LWWOOG
NPUHAaRMHI OAWH BiAHOBMNIOBANbLHUIM areHT BCTYMUB B peakLito 3 0AHieo abo Ginblue OKUCHIOBANbHUMU
cnonykamm Tta/abo ioHamu, SIKi € NPUCYTHIMM Yy 4YacTUHi wnamy abo po3unmHy 0Gaka cucTemu
peunpkynsauii abo 6aka cuctemu peumpkynsuii abcopbuiiHoT KONOHK, Tak WOO A0CAITU 3MEHLUEHHS
OKMCHO-BIAHOBHOIO MoTeHUiany 6Gaka cuctemMu peumpkynsuii abo 6Gaka cuctemu peumpkynsuit
abcopbuiiHoT KonoHu; Ta (C) CNpUsIHHA TOMYy, WO® NPUHANMHI OAWMH BiAHOBMNIOBANbLHWI areHT aani
perynioBas, nonepemkas ado yCyBaB OCa[KEHHA MapPraHuio 3 PO3YUMHHOTO MapraHuio, NPUCYTHLOTO Y
wnami abo po3uuHi Gaka cuctemmn peumpkynauii abo 6aka cuctemmn peumpkynsuii abcopOuiiHoT
KONOHU cucTemMum BOMOroi aecynbdypusauii TONKOBUX rasiB, LUMAAXOM pPErynoBaHHS OKUCHO-
BiJHOBHOTO noTeHuiany y wnami abo po3uuHi Gaka cuctemm peumpkynsudii abo 6aka cuctemu
peunpkynsuii abcopbuiiHOT KONOHU CUCTEMM BONOIoi AeCynbdypusadii TONKOBUX rasis.

B iwe iHWoMy acnekTi ubOro BMHaxXoa4y MPONOHYETLCS CMOCI® perynioBaHHA OKMCHO-BiAHOBHOIO
noteHuiany y 6aky cucremmu peuupkynsuii abo 6aky cucrtemmn peuupkynauii abcopOUinHOT KONOHM
cUCTEMM BOMOTOT Aecynbypusadil TONKOBUX rasie, npu Ubomy crnocié Bknovae etanu: () nogauy
MPUHaWMHIi OAHOTO BIAHOBMIOBANbLHOIO areHTa A0 4YacTuHu wnamy abo posduHy Oaka cuctemu
peunpkynauii abo 6aka cuctemun peuupkynaudii abcopbuinHoi kononu; (Il) cnpuaHHa Tomy, LWOOG
NPUHAaRMHI OAWH BiAHOBMNIOBANbLHUIM areHT BCTYMUB B peakLito 3 0AHieo abo Ginblue OKUCHIOBANbHUMU
cnonykamu Tta/abo ioHamu, SIKi € MPUCYTHIMM Yy YacTuHi wnamy abo po3uuHy 6aka cuctemu
peunpkynsauii abo 6aka cuctemu peumpkynsuii abcopbuiiHoT KONOHK, Tak WOO A0CAITU 3MEHLUEHHS
OKMCHO-BIAHOBHOIO MoTeHUiany 6Gaka cuctemMu peumpkynsuii abo 6Gaka cuctemu peumpkynsuit
abcopbuiriHoi kononwu; (Ill) cnpuaHHa Tomy, W6 NpMHaANMHI OAWH BIAHOBMIOBANbHWUIA areHT aani
perynioBas, nonepemkas ado yCyBaB OCa[KEHHA MapPraHuio 3 PO3YUMHHOTO MapraHuio, NPUCYTHLOTO Y
wnami abo po3uuHi Gaka cuctemmn peumpkynauii abo 6aka cuctemmn peumpkynsuii abcopOuiiHoT
KONOHU CUCTEMM BOSOroi Aecynbcpypusauii TONKOBUX rasiB, LWIMAXOM PErynioBaHHA OKUCHO-
BiJHOBHOTO noTeHuiany y wnami abo po3uuHi Gaka cuctemm peumpkynsudii abo 6aka cuctemu
peunpkynauii abcopbuiiHOT KONMOHM cuUCTeMM BOMOroi aecynbdypusadii Tonkosux rasie 1a (IV)
CMPUSAHHS TOMY, WO6 NpUHANMHI OAWH BiAHOBMIOBANbHWIA areHT PErynoBaB NOBTOPHY EMICil0 PTYTi y
cucteMmi Bonoroi  gecynbdypusauii TOMNKOBUMX rasiB LINSAXOM PerynioBaHHs OKUCHO-BiAHOBHOIO
noteHuiany y wnami abo posumHi 6aka cuctemu peuupkynsuii abo 6aka cucteMmu peuupkynsauii
abcopObUiiHOT KONOHU cMcTEMU BONOTOT Aecynbdyypu3alii TONKOBMX rasis.

Ha pi3Hi 03HaKu HOBM3HU, AKI XapakTepusyloTb LEN BUHAaxia, 0COONMBO BKAa3yeThCs y popmyni
BMHAxody, sKka A04AaETbCA Ta SKa YTBOPIE YaCcTUHY PO3KPUTTS UbOTO BMHaxody. Ons kpaiwioro
PO3yMiHHA BMHaxoA4y, nepeBar Moro OyHKUIOHYBAHHA Ta cneumdivHUX nepesar, Ski HabyBalOTbCA
3aBASIKM WOr0 3aCTOCYBAHHIO, MNOCUMAHHA poOUTLCA HA CynpOBOAXKYBAaNbHUIA  iNMIOCTPATUBHUIA
MaTepian Ta onuc, y SKMX NpoiniocTpoBaHo NpUKNaan BapiaHTiB 34iNCHEHHS BUHaxo4y.

CTucnuin onuc iNCTpaTMBHOIO Matepiany

dirypa 1 - ue 300pakeHHs 3BMYAMHOrO MPUCTPOLD BOMOroi Aecynbdypusauii TONKOBUX rasiB
(WFGD).
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dirypa 2A - giarpama MNyp6e ans mapraxuo.

dirypa 2B - giarpama MNyp6e ana pryTi.

dirypa 2C - giarpama NMypbe ansa ceneny.

dirypa 3 - aHani3a 3a A4OMNOMOroK PacTPOBOrO €feKTPoHHOro Mmikpockona (SEM) npu 1500X Ta
aHania 3a JonoMorow eHeprogucnepcinHoro cnektpometrpa (EDS) ocagy, yrBopeHoro i3
3aCTOCYBaHHAM PO34vnHY CcynbgiTy HATPIlO.

dirypa 4 - aHanis 3a gONOMOrol pacTpoBOro enekTpoHHoro Mmikpockona (SEM) npu 4500X ta 3a
AONOMOro0 eHeprogucnepcinHoro cnektpometpa (EDS) ocagy, yTBOpeHOro i3 3acTtocyBaHHAM
PO34MHY cynbdiTy HaTPIlO.

dirypa 5 - aHanis 3a goONOMOrol pacTpoBOro enekTpoHHoro Mikpockona (SEM) npu 1900X ta 3a
AONOMOrol0 eHeprogucnepcinHoro cnektpometpa (EDS) ocagy, yTBOpeHOro i3 3acTocyBaHHSIM
PO34MHY cynbdiTy HaTPIlO.

dirypa 6 - aHani3 3a 4ONOMOro pacTpoBOro enekTpoHHoro Mmikpockona (SEM) npu 150X Ta 3a
AONOMOIo0 eHeprogucnepcinHoro cnektpometpa (EDS) ocagy, YTBOPEHOro i3 3acTOCyBaHHAM
po3unHy cynbdarty 3anisa(ll).

dirypa 7 - aHani3 3a 4ONOMOIO0 pacTpPoOBOro enekTpoHHoro mikpockona (SEM) npu 750X Ta 3a
AONOMOIo0 eHeprogucnepcinHoro cnektpometpa (EDS) ocagy, YTBOPEHOro i3 3acTOCyBaHHAM
po3unHy cynbdarty 3anisa(ll).

dirypa 8 - aHani3 3a 4ONOMOrO pacTPoBOro enekTpoHHoro Mikpockona (SEM) npu 250X Ta 3a
AONOMOIo0 eHeprogucnepcinHoro cnektpometpa (EDS) ocagy, YTBOPEHOro i3 3acTOCyBaHHAM
po34vnHy depocynbdarty amoHito (I1).

dirypa 9 - aHanis 3a gONOMOrol pacTpoBOro enekTpoHHoro Mikpockona (SEM) npu 1500X ta 3a
AONOMOro0 eHeprogucnepcinHoro cnektpomeTtpa (EDS) ocagy, YTBOPEHOro i3 3acToCyBaHHSM
po34vnHy depocynbdarty amoHito (I1).

dirypa 10 - aHani3 3a 4JONOMOrOK PacTPOBOro eNeKTPOHHOro Mikpockona (SEM) npu 1500X Ta 3a
AONOMOIo0 eHeprogucnepcinHoro cnektpometpa (EDS) ocagy, YTBOPEHOro i3 3acTOCyBaHHAM
PO34MHY rigpocynbdigy HaTpilo.

dirypa 11 - aHanis 3a 4ONOMOrol pacTpoBOro enekrpoHHoro Mmikpockona (SEM) npu 750X ta 3a
AONOMOro eHeprogucnepciiHoro cnekrpometrpa (EDS), Ha nnami 1, ocagy, YTBOpPeHoro i3
3aCTOCYBaHHAM PO3YMHY rigpocynbdigy HaTpito.

dirypa 12 - aHanis 3a 4ONOMOrol pacTpoBOro enekTpoHHoro Mmikpockona (SEM) npu 750X Ta 3a
AONoOMOro eHeprogucnepciiHoro cnekrpomerpa (EDS), Ha nnami 2, ocagy, YTBOPEHoro i3
3aCTOCYBaHHAM PO3YMHY rigpocynbdigy HaTpito.

dirypa 13 - rpacpik, 9kui inNCTpye B3aEMO3B’A30K MiXK KinbKIiCTIO gogaHoro rigpocynbdigy tTa ORP
i pH, dinbTpar 2010 - 6e3 HarpiBaHHS.

dirypa 14 - rpadik, SKMin iNOCTPye B3aeMO3B’A30K MK KiNIbKICTIO godaHoro rigpocynsdigy Ta
KOHLeHTpauieo nepcynbdarty, wo 3anuwmecs, ®instpart 2010 - 6e3 HarpiBaHHs.

dirypa 15 - rpacpik, akni iNOCTpye B3aEMO3B’A30K MiXK KiNbKICTIO AoAaHoro rigpocynbgigy Ta ORP
i pH, ®inbTpart 2010 - nicna HarpiBaHHA.

dirypa 16 - rpadik, SKMi iNOCTPye B3aeMO3B’A30K MK KiNIbKICTIO godaHoro rigpocynbsdigy ta
KOHUeHTpauieto nepcynbdaty, Wwo 3anuwuecd, ®instpat 2010 - nicns HarpiBaHHS.

dirypa 17 - rpadik, Akuin iNOCTpye B3aeMO3B’A30K MixK KinbkicTio gogaHoro HAH ta ORP i pH,
CUHTETUYHUIA, 6€e3 HarpiBaHHs.

dirypa 18 - rpadik, SKWA INOCTPyEe B3aeMO3B’A30K MDK KinbKicTio agogaHoro HAH Ta
nepcynbdarTomM, Lo 3anuLUMBCS, CUHTETUYHUIA, B€3 HarpiBaHHs.

dirypa 19 - rpadik, Akuin iNOCTpye B3aeMO3B’A30K MixK KinbkicTio gogaHoro HAH ta ORP i pH,
CUHTETUYHWI, NiCNS HarpiBaHHS.

dirypa 20 - rpadik, SKWA iNOCTPYEe B3aeMO3B’A30K MDK KinbKicTio agogaHoro HAH Ta
nepcynbdarom, Wo 3anunBCA, CUHTETUYHWUA, NICAA HarpiBaHHS.

dirypa 21 - rpadik, AKMiA iNOCTpye B3aeMO3B’A30K MixK KinbkicTio gogaHoro HAH ta ORP i pH,
dinbTpaTt 2010, 6e3 HarpiBaHHSA.

dirypa 22 - rpadik, AKMI iNOCTpye B3aEMO3B’A30K MixK KinbkicTio gogaHoro HAH Tta nepcynbdarty,
wo sanuwmeca, dinbtpaTt 2010, 6€3 HarpiBaHHsS.

dirypa 23 - rpadik, Akuin iNOCTpye B3aeMO3B’A30K MixK KinbkicTio gogaHoro HAH ta ORP i pH,
dinbtpat 2010, nicna HarpiBaHHS.

dirypa 24 - rpadik, AKMI iNOCTPye B3aEMO3B’A30K MiXK KinbkicTio gogaHoro HAH Tta nepcynbdarty,
wo sanuwmecs, Pinbtpat 2010, nicna HarpiBaHHS.

dirypa 25 - rpadik, Wwo inocTpye pisHi rpacikn 3anexdocti ORP Big gogaHoro NaHS.

dirypa 26 - rpadik, wo inocTpye pisHi rpadiku 3anexHocti ORP Big goaaHoro NazS203 Ha OCHOBI
Y./MIH. (ppm) S2032.
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dirypa 27 - rpaik, Wwo inocTpye pisHi rpadikn 3anexHocti ORP Big aogaHoro Na:SOs Ha OCHOBI
Y./MnH. SOz2,

dirypa 28 - rpadik, Wwo inctpye pisHi rpadikn 3anexHocti ORP Big gogaHoro FeSO4+7H20 Ha
OCHOBI 4./MIH. Fe.

dirypa 29 - rpacik, wo inocTpye pisHi rpadikn 3anexHocti ORP Big gogaHoro HsPOs.

®irypa 30 - rpadvik, LWwo inocTpye pisHi rpadikm 3anexHocTi ORP Big gogaHoro NH20H.

dirypa 31 - chotorpadis, Ha sKili NOPIBHIOETLCS HArpPITUIn Ta HeHarpiTuii TecToBui 3pasok 1.

dirypa 32 - Ue aHani3 3a AONOMOrOK PacTPOBOro E€NeKTPOHHOro Mikpockona (SEM) 3paska
HeHarpiToro ocagy TecTtoBoro 3paska 1.

dirypa 33 - dhoTtorpadis, Ha sKili NOPIBHICETLCS HArpPITUIn Ta HeHarpiTuii TeCToBUIA 3pasok 2.

dirypa 34 - uUe aHani3 3a AONOMOrOK PacTPOBOro E€NeKTPOHHOro Mikpockona (SEM) 3paska
HeHarpiToro ocagy TeCToBOro 3paska 2.

dirypa 35 - dhotorpadis, Ha sKili NOPIBHICETLCS HArpiTUn Ta HeHarpiTuii TeCcToBUin 3pasok 3.

dirypa 36 - Ue aHani3 3a AONOMOrOK PacTPOBOro E€NeKTPOHHOro Mikpockona (SEM) 3paska
HeHarpiToro ocagy TeCcToBoro spaska 3.

dirypa 37 - dhotorpadis, Ha SKi NOPIBHIOETLCSA HArpPITU Ta HeHarpiTui TecToBU 3pasok 4.

dirypa 38 - dhotorpadis, Ha sKili NOPIBHICETLCS HArpPITUIn Ta HeHarpiTuii TeCToBUIiA 3pasok 5.

dirypa 39 - dhotorpadis, Ha sKili NOPIBHICETLCS HArpPITUIN Ta HeHarpiTuii TeCcToBUi 3pasok 6.

dirypa 40 - uUe aHani3 3a OONOMOrOK PacTPOBOro €feKTPOHHOro Mikpockona (SEM) 3paska
HeHarpiToro ocagy TecToBoro spaska 6.

dirypa 41 - chotorpadis, Ha sKili NOPIBHIOETLCS HArpPITUIN Ta HeHarpiTuii TeCToBUIA 3pasok 7.

dirypa 42 - chotorpadis, Ha sKili NOPIBHIOETLCS HArpPITUIn Ta HeHarpiTuii TeCToBUiA 3pasok 8.

dirypa 43 - chotorpadis, Ha sKili NOPIBHICETLCH HArpiTUn Ta HeHarpiTuii TeCcToBUin 3pasok 9.

dirypa 44 - dotorpadis, Ha sKili NOPIBHICETLCS HArpiTUIn Ta HeHarpiTui TectoBui 3pasok 10.

dirypa 45 - ue aHani3 3a AONOMOrOK PacTPOBOro E€NeKTPOHHOro Mikpockona (SEM) 3paska
HeHarpiToro ocagy TectoBoro 3paska 10.

dirypa 46 - chotorpadis, Ha sKili NOPIBHIOETLCSA HArpiTUIn Ta HeHarpiTuii TectoBui 3pasok 11.

dirypa 47 - uUe aHanisa 3a AONOMOrOK PacTPOBOro E€NeKTPOHHOro Mikpockona (SEM) 3paska
HeHarpiToro ocagy TectoBoro 3paska 11.

dirypa 48 - chotorpadis, Ha sKili NOPIBHIOETLCA HArpiTUIn Ta HeHarpiTuii TecTtoBuin 3pasok 12.

dirypa 49 - dotorpadis, Ha sKili NOPIBHICETLCA HArpiTUIN Ta HeHarpiTuii TectoBui 3pasok 13.

dirypa 50 - ue aHani3 3a AONOMOrOK PacTPOBOro ENeKTPOHHOro Mikpockona (SEM) 3paska
HarpiToro ocagy TecTtoBoro spaska 1.

dirypa 51 - ue aHani3 3a AONOMOrOK PacTPOBOro E€NeKTPOHHOro Mikpockona (SEM) 3paska
HarpiToro ocagy TeCToBOro 3paska 2.

dirypa 52 - ue aHani3 3a AONOMOrOK PacTPOBOro E€NeKTPOHHOro Mikpockona (SEM) 3paska
HarpiToro ocagy TecToBOro 3paska 3.

dirypa 53 - uUe aHani3 3a AONOMOrOK PacTPOBOro E€NeKTPOHHOro Mikpockona (SEM) 3paska
HarpiToro ocagy TeCcToBOro 3paska 6.

dirypa 54 - ue aHani3 3a AONOMOrOK PacTPOBOro ENeKTPOHHOro Mikpockona (SEM) 3paska
HarpiToro ocagy TectoBoro 3paska 10.

dirypa 55 - ue aHani3 3a AONOMOrOK pPacTPOBOro E€NEKTPOHHOro Mikpockona (SEM) 3paska
HarpiToro ocagy TecToBoro 3paska 11.

dirypa 56 - ye rpadik, Ha AKOMy MOPIBHIOIOTLCA BiAHOBMIOBAnNbHI areHTn 6e3 nepcynbdarty, 742
4y./Mnpg. (ppb) ceneHity (OUiKyeTbCA) Y CUHTETUMHOMY PO3UNHI.

dirypa 57 - ue rpadik, Ha AKOMY NOPIBHIOIOTLCA BiAHOBMNIOBANbLHI areHTW 3 nepcynbdaTom,
36arauyeHumM ceneHitom 955 v./mMnpa. (OuIKYETbCS) Y CUHTETUMHOMY PO3UMHI.

dirypa 58 - ue rpadik, Ha AkOMy MOPIBHIOKTHLCA BiAHOBMNIOBANbHI areHTn, 3daraqeHi ceneHitom
955 u./mnpa. y ®inbtpati 2010 (ceneHit 782 u./mnpa.).

dirypa 59 - dhotorpadis, Ha sKili NOPIBHICETLCS HArpPITUn Ta HeHarpiTuii TecToBui 3pasok 1.

dirypa 60 - choTorpadis, Ha sKili NOPIBHICETLCS HArpPITUIN Ta HeHarpiTuii TeCToBUIA 3pasok 2.

dirypa 61 - chotorpadis, Ha SKil NOPIBHIOETLCA HArpPITU Ta HeHarpiTuin TeCToBUIA 3pasok 3.

dirypa 62 - chotorpadis, Ha sKili NOPIBHICETLCS HArpPITUIn Ta HeHarpiTuii TeCToBUiA 3pasok 4.

dirypa 63 - chotorpadis, Ha SKili NOPIBHICETLCS HArpPITUIN Ta HeHarpiTuii TeCToBUiA 3pasok 5.

dirypa 64 - chotorpadis, Ha SKil NOPIBHIOETLCA HArPITUI Ta HeHarpiTuin TeCToBUIA 3pa3ok 6.

dirypa 65 - chotorpadis, Ha sKili NOPIBHIOETLCS HArpPITUIn Ta HeHarpiTuii TeCToBUIA 3pasok 7.

dirypa 66 - chotorpadis, Ha sKili NOPIBHICETLCS HArpPITUIN Ta HeHarpiTuii TeCToBUi 3pasok 8.

dirypa 67 - dhotorpadis, Ha SKil NOPIBHIOETLCA HArpiTU Ta HeHarpitTuii TeCcToBUI 3pa3ok 9.

dirypa 68 - chotorpadis, Ha sKili NOPIBHICETLCA HArpiTUIn Ta HeHarpiTui TectoBui 3pasok 10.

dirypa 69 - dhotorpadis, Ha sKili NOPIBHICETLCS HArpiTUIn Ta HeHarpiTui TectoBui 3pasok 11.
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dirypa 70 - dhoTtorpadis, Ha sKili NOPIBHIOETLCA HArpiTUIn Ta HeHarpiTuii TecTtoBuin 3pasok 12.

dirypa 71 - chotorpadis, Ha sKili MOPIBHIOETLCS HArpiTUIn Ta HeHarpiTuii TectoBui 3pasok 13.

dirypa 72 - chotorpadis, Ha sKili NOPIBHIOETLCS HArpiTUIN Ta HeHarpiTuii TecToBui 3pasok 14.

dirypa 73 - dhoTtorpadis, Ha sKili NOPIBHIOETLCA HArpiTUIn Ta HeHarpiTuii TecTtoBuin 3pasok 15.

dirypa 74 - ue rpadik, Ha AKOMYy MOPIBHIOKOTLCA BiAHOBMIOBANbHI areHTM 6e3 nepcynbdary,
aoaano 100 4./Mnpa. PTyTi, Y CHHTETUYHOMY PO34UHI.

dirypa 75 - ue rpadik, Ha AKOMY MNOPIBHIOKOTLCA BIiAHOBMIOBANbLHI areHTU 3 nepcynbdartom,
36araueHum 100 4./mMnpa. pTyTi, y CUHTETUMHOMY PO3YUHI; Ta

dirypa 76 - ue rpadik, Ha AKOMY NOPIBHIOIOTLCA BiAHOBMNIOBANbLHI areHTW 3 nepcynbdaToM,
36araueHum 100 yu./mnpa. pTyTi, y @inbtparti 2010 (28 u./mMnpa.).

LoknagHuii onuc BuHaxoay

Hespaxkaioum Ha Te, WO B UbOMY BuHaxodi Oyae onucaHa cuctema rasoovyMcHMKa BOMOrol
aecynbdypusadii TOMKOBUX rasiB, LeN BMHaxia He oOMexyeTbCa Heto. Haenaku, cnoci® Ta/abo
CUCTEMY LbOr0 BMHAX04y MOXHA 3aCTOCOBYBATM y Oyab-sIKii cuTyaujii, e pisHi npobnemu, noe’a3aHi 3
Koposieto Ta/abo ocagkKeHHAM, € NPUCYTHIMKU cami no cobi y cepeaoBulli 6aka CUCTEMU peuupKynauii
abcopOUIiHOT KONTOHM.

Ak 3a3HaveHo BULLE, LEN BUHAXig CTOCYETLCH, B3arani, ranysi perynioBaHHs BUKAAIB Ta, 30KpeMa,
HOBOTO Ta KOpucHoro crnoco®y ta/abo cuctemu, 3a JONOMOTOI0 SKUX 3INCHIOETbCS KOHTPOMb Pi3HMX
TUNiB npobrnem, noe’dA3aHUxX 3 KOpPO3ieww Ta/abo OCamKeHHAM, Yy MNPUHANMHI YaCTUHI CUCTEMM
rasoovucHuka Bonoroi gecynodypusadii Tonkosux rasie (WFGD). B ogHomy BapiaHTi 34iWCHEHHSA
cnoci6 Ta/abo cuctema UbOr0 BMHAxXo4y [PYHTYETbCA Ha Mojadi  NPUHaWMHI  0QHOrO
BiJHOBMIOBANbHOIO areHTa Ao LnamMy ra3oouncHUKa Bomnoroi gecynbypusadii TONKOBMX rasie, Lod
3HWU3UTU OKUCHO-BIAHOBHUIM MOTEeHUian B LnamMi abCopOUiNHOT KONMOHWU, SIKMIA MICTUTbCHA yCepeauHi
ra3zoouncHUKa BOMNOroi aecynbdypusadii TonkoBKx rasie. B ille iHWOMY BapiaHTi 34iNCHEHHA cnocib
Ta/abo cucTeMa UbOro BUHAXOAY PErymniolTb OKUCHO-BIAHOBHUI MNOTEHUian y nNpuHaWMHi ogHOMY
BUMYCKHOMY MOTOUi lWnamy, ginbTpaTty Ta/abo po3vnHy abcopbuinHOT KONOHM 3 ra3004YMCHMKA BOMNOrOi
aecynbdypusadii TONKOBUX rasis.

Ak obroeopoeTbCa Bulle, 6yno BU3HAYEHO, O BUCOKMIN OKUCHO-BiAHOBHUIA noTeHuian (ORP) Ta
KOHLIeHTpauis ogaHoro abo Ginblue ay»ke CUNbHUX OKUCHIOBAYIB, TaKUX SK nepcynbdart, nepMaHraHar,
MaHraHar, rinoxnopuT, Xrnopat, a3oTHa kucnora, noa, 6pom, xnop, dprop abo komoGiHaUil 6yab-AKkMX X
ABox abo BinbLue, 6yayum BOHM cnonykamu abo ioHamu, y 6aky cuctemn peuupkynsauii abcopObuiiHoi
kKonoHn (ART) BONOroro rasoo4yMCHUKA CNPUUUHAIOTL OCAMPKEHHS PO3YMHHOrO MapraHuw. He
Gaxkatoun npue’asyBatucs Ao 6yab-akoi OAHIET Teopil, BBAXKAKOTb, WO BigKNaaeHHs1 ocagy 3 aiokcuay
mapraHuo (MnO2) Ha cTiHkax ART MOxe YyTBOPUTU ranbBaHiYHUN €NEeMEHT, SKUA CNPUYMHAE KOPO3ito
abo TakoX NiACUMIOE YMOBM, SKi CNPUYMHAIOTE KOpo3ito. He Gaxkatoun npus’asyBatucs Ao 6yab-akoro
OOHOrO pilUEHHS, OAUH MOXIMUBUIA CNOCi® perynioBaHHs, 3HMKEHHs1 Ta/abo ocnabneHHa ORP y ART
nonsira€ y 3HmwkeHHi ORP LUMAXOM pPEeryrnioBaHHsS, YCYHEHHA Ta/abo 3HMMKEHHS KOHUeHTpauii abo
KiNnbkOCTi oaHiei abo Oinblue OKMCHIOBANbHUX Cnonyk Ta/abo ioHiB, ki icHyloTb B ART. Taki
OKMCHIOBAmnbHI Cnonyku Ta/abo iOHM BKMIOYAlOTb, NPOTE He O0OMEXyITbCA HUMM, nepcynbdart,
nepMaHraHaT, MaHraHart, T[inoxXropwuT, Xnopart, as3oTHy KucnoTty, noa, Opom, xnop, d¢Top abo
kKoMOiHaUii Oyab-Akux ix ABox abo OGinblwie. B iHWOMY BapiaHTi 34iNCHEHHS UMM BUHaxoaoM
NMPONOHYETLCA PErynioBaTtu, 3HMXKyBaTu Ta/abo ocnabnioeatn ORP y ART wnsaxom 3Hm»keHHss ORP
PErynioBaHHAM, YCYHEHHSIM Ta/abo 3HMXKEHHAM KOHUEeHTpauii abo kinbkocTi nepcynbdaty (y cdopmi
iOHIB TOLLO), AKMI iCHye abo ytBoproeTbess Yy ART WFGD. Hespaxawoun Ha Te, WO UEW BUHAaXig
OonucaHo CTOCOBHO KOpo3ii, ska BuHuKae B ART, surotosneHoro 3i Alloy 2205 (UNS S32205, cnnas
OYNNEKCHOT Hep»kaBilovoi cTani), Uel BuHaxia He oOmexxyeTbca uuMMm. HaBnaku, Koposiss moxe
BUHWKATM Ta BUHWUKAE y BENUKOMY pAfi cnnasiB Ha OCHOBI 3ani3a, Ta y 3B’A3KY 3 UMM LEN BUHaxig
CTOoCyeTbCA Oyab-AKoi cuTyauii, Ae HeoOxigHo perymosatn ORP ansi 3MEHLLEHHSsI, PErynioBaHHs
Ta/abo ocnabneHHs KOpO3uMBHOT npupoau cepeaosuwla B ART. Y ubOMy po3gini, Tak camo K i
noecioan B onuci Ta hopMyni BMHaxody, TePMiH "nepcynbdat” BU3HAYEHO AK TakWi, WO BKMAKOYaE
oaunH 3 abo obuaea ioHM nepokcogucynbdaty (S20s2) abo ioHM nepokcoMoHocynbdaty (SOs27).
OTxke, SIK 3aCTOCOBYETHLCA NOBCOAN Y onuci Ta opMyni BUHaxXoay, TEPMiH "nepcynbat” BKMoYae sk
ioHn nepcynbdarty, TakK i iHWi hopMU 3a3HAYEHUX BULLE IOHHMX CNOMyK, HE3BaXal4yW Ha Te, 4Yu
3B’A3aHi Taki iOHW y XiMiYHY KOMNO3ULito, YX B iIOHHUI CTaH, OCKINIbKW BOHU 3HAXOAATLCA Y PO3UNHI.

B oagHoMy BapiaHTiB 34iMCHEHHA Uen BUHaxia4 CTOCYETbCH 3aCTOCYBaHHA NPUHAWMHI OQHOrO
BiJHOBMIOBANbHOro areHta ans perynoaHHss ORP B ART ta/abo B ogHoMy ab6o 6inbLue BUNYCKHUX
NoTOKIB 3 HLOTr0. B ogHOMY BapiaHTi 34iNCHEHHA oAMH abo Ginblue BiAHOBMIOBANbHUX AreHTIiB, SKi
3aCTOCOBYIOTbCS Y 3B’'AA3KYy 3 cUCTEMO Ta/abo cnocobom LbOro BMHaxoay, po3pobneHo Tak, wob
sHmkyeatTu ORP B ART Ta/abo B ogHOMy aGo Oinblue BMMNYCKHUX MOTOKAX 3 HbOro, Ttak wob
perynioBaTtu, ycyBatu Ta/abo 3HMKyBaTKU KOHLUEHTpaUito abo KinbkicTb nepcynbdary, skuii icHye abo
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yreoptoeTbes B ART WFGD. Kpim Toro, Takox npegcraensie iHTepec Toi ¢akT, wo ORP ART mae
BiJOMWIA BNMMB Ha CKNag CeneHy, PO34YMHHICTb MapraHuo Ta NOBTOPHY eMicito pTyTi. OTxXe, B 04HOMY
BUMAAKY LEen BUHaXig CcnpsiMOBaHUIA Ha Cnocib Ta/abo cuctemy, aki 4O3BOMSIOTb PErYNOBATH, yCyBaTh
Ta/abo 3HMXKYBATW KOHUEHTpauilo abo kinbkicTb nepcynbdary, sakui icHye abo ytopioeTbcs B ART
WFGD. Y peskux BapiaHTax 3A4iiCHEHHs cnoci® Ta/abo cuctema UbOr0 BUHAXoAy HEe BNNMBAE
HEraTMBHO Ha KinbKiCTb ceneHy ta/abo pTyTi, Ski BUNYCKAOTLCS Ta/abo NMOBTOPHO BMMYCKAOTLCA 3
WEFGD.

B ogHomy BapiaHTi 34iiCHEHHA NPUHANMHI OAMH BiAHOBMIOBANbHUIN areHT LUbOro BUHaxoay Moxe
nogaeatuca y Oyab-akii npuaatHin dopmi ao Oyab-sikoi npuaatHoi Toukn ART, uepes Ky
30iNCHIOETLCA AoaaBaHHsA, Ta/abo oaHoro abo Ginblle BMMYCKHMX MOTOKIB 3 HbOro. Hanpuknaa, B
OQHOMY BapiaHTi 3A4IMCHEHHA nNpuHaWMHI OAMH BIQHOBMIOBANbHUI areHT UbOro BUHAXOAY MOXKe
nogaesaTucsa y hopmi NOpoLLKY, BOAHOIO po34vnHy, cycrneHsii abo y 6yab-akii iHWIin npuaaTHin dopmi,
sKa 403BONSI€ NojaBaTu MPUHANWMHI OAUH BiAHOBNIOBANbHUIA areHT UbOro BMHaxoay Ao wwnamy abo
po3umHy ART, ta/abo agossonsde nogasaTu A0 MPUHANMHI OAHOTO BUMYCKHOTO MoToky 3 ART. Sk
3p03yMiloTh (haxiBUi y Wil ranysi, npuaartHi cnocobu Ta obnagHaHHA Ans nogadi NPUHaWMHI 0AHOTo
BiJHOBMIOBANbHOIO areHTa Uboro BuHaxoay 4o ART abo A0 NpUHANMHI OQHOTO BUMYCKHOTO MOTOKY 3
HbLOrO BigOMI Yy Uil ranysi. Hanpuknag, BOAHMWA PO3YMH, WO MICTUTb oaAMH abo 6GinbLie
BiJHOBMIOBANbHUX areHTiB LbOro BUHaxoay, Mo)xHa nogasatu Ao ART abo go ogHoro abo GinbLue
BUMYCKHUX NOTOKIB 3 HbOTO, 3aCTOCOBYIOMMN Byab-AKMIA NPUAATHUIA CMOCIO, BiAOMUIA y LR ranysi.

B oagHoMy BapiaHTi 34iMCHEHHS UMM BUHaxoAOM MNPOMOHYETbLCA 3MEHLIYBAaTWU KiNbKiCTb abo
KOHLUEeHTpauito nepcynbdaty B ART Ta/abo y BUNyCKHOMY MOTOLi 3 HbOro A0 PiBHA Hukde NpubnuaHo
150 4./MnH., HMMEe Npubnu3Ho 125 4Y./MIH., Hwkde npubnusHo 100 Y./MnH., HWK4e npubnusHo 75
Y./MIH., HW¥Me npubnusHo 50 4./MnH., HWk4e nNpubnusHo 25 4./MnH., abo Hwikde npubnusHo 10
Y./MIH., a0 HWk4e NpubnM3HO 5 4./MnH., abo HaBiTb HMXMEe NPUBNU3HO 1 Y./MIH. Y UBOMY po3aini,
Tak camo siK i MoBClOAM y onuci Ta hopMyrni BUHAX0Ay, OKPEMi YMCNOBI 3Ha4YeHHA Ta/abo rpaHuui
JianasoHiB MOXKHa noeaHatu, wobd yTBOpUTU HOBI Ta/abo HeonucaHi gianaszoHu. B iHWOMY BapiaHTi
30iINCHEHHS UMM BMHAaXOAOM MPOMNOHYETbCA 3MEHLUYBATU KiMbKiCTb ab0 KOHUeHTpauilo Oyab-akoi
oaHiel abo Ginblue OKMCHIOBaNbHUX cnonyk ta/abo ioHiB (Hanpuknag, nepcynbdary, nepMaHraHary,
MaHraHary, rinoxnopuTy, xropary, a3oTHOi kucnotu, nogy, 6pomy, xnopy, htopy abo komOGiHauin
Oyab-akux ix aBox abo Ginbwe) B ART Ta/abo BUNYCKHOMY NOTOL 3 HBOTO A0 PiBHA Hik4e NpubnusHo
150 4./MnH., HMMEe Npubnu3Ho 125 4Y./MIH., Hwkde npubnusHo 100 Y./MnH., HWK4e npubnusHo 75
Y./MIH., HW¥Me npubnusHo 50 4./MnH., HWx4e nNpubnusHo 25 4./mMnH., abo Hwxde npudnmaHo 10
Y./MITH., ab0 HWKYE NPUBMIM3HO 5 4./MNH., abo HaBITb HWKYE NPUBNM3HO 1 Y./MNH. Y LUbOMY PO3aini, K
i noBcoan y onuci Ta popmyni BuHaxody, OKPEMi YMCNOBIi 3HAYEHHs Ta/abo rpaHuui agianasoHis
MO>KHA noeaHaTu, Wob yTBOpuTH HOBI Ta/abo HeoNMUCaHi Aiana3oHu.

Y CBIiTNi BULLEONNCAHOrO, B OAHOMY BapiaHTi 34iNCHEHHA LUel BUHaXig CTOCyeTbCA cnocoby Ta/abo
CUCTEMMU, 3a AOMOMOIOI AKMX MOAAETLCS NMPUHANMHI OAWH BiAHOBMOBaNbHUI areHT Ao ART Ta/abo
[0 NPpUHaNMHi 0QHOTO BUMYCKHOTO MOTOKY 3 HbOTO, ANs Toro wob gocartn sHmkeHHss ORP B ART abo
ORP y BunyckHomMy notoui. Ak 6yae nokaszaHo gani, 3HmkeHHss ORP B ART abo B npuHanMHi ogHOMY
BUMYCKHOMY NMOTOUi 3 HbOTO BiAOYBAETLCA NPUHAWMHI YACTKOBO 3@ paxyHOK Toro dhakTy, L0 BHACMiA0K
JojaBaHHA ogHoro abo Oinblue BiAHOBMOBaNbHUX areHTiB Ao ART Ta/abo A0 npuHamMHi OAHOro
BUMYCKHOTO MOTOKY 3 HbOFO 3HMXKYETHCS KinbKicTb abo KoHUeHTpauia ogHiei abo OGinbLie
OKMCHIOBaNbHUX cnonyk Ta/abo ioHiB (Hanpuknaa, nepcynbdaty, nepmaHraHaTty, MaHraHary,
rinoxnopuTty, xropary, asoTHOT KucnoTu, noay, 6pomy, xnopy, dropy abo kombGiHauin dyab-akux ix
ABOX abo OinbLie) y po34uHi, WO, y CBOLO 4epry, 3ymoBmnoe 3HmkeHHss ORP B ART Tta/a6o ORP B
NPUHANMHI OQHOMY BMMYCKHOMY MOTOLi 3 HbOro, Tak Wo® MiHIMi3yBaTU OCagXEHHA MapraHueBux
CMOnyK, CNpUATU YTBOPEHHIO iOHY ceneHy Ta/abo nigTpuMyBaTW BiAHOBMIOBANbHE CepeaoBuLle ANs
Ginbll HM3bKOTO OKUCHIOBANbLHOIO CTaHy ANS iOHY NepexigHoro mertany, ioHy iHworo metany abo
METanoigHOro ioHy Ta iHLMX CKNAAHWKIB LUNaMy, TakuxX §K, MPOTE He OOMEXYHUUCb HUMU, Pi3Hi
AHIOHHI cnonyku (Hanpuknag, apceHit Ta/abo ceneHir).

MNpoTe, y AeAKkMX BapiaHTax 34iNCHEHHA CTBOPEHHSA MEHLU OKMCHIOBanNbHOro cepegosuuia B ART
abo y NpUMHAMMHI OQHOMY BUMYCKHOMY MOTOLi 3 HbOrO LUMSIXOM [A0AABaHHA MPUHANMHI OAQHOTO
BiJHOBMIOBANbHOIO areHTa, MoOXe CTaTu NPUYMHOI0 36iNbLUEHHSI NOBTOPHOT eMicii pTyTi. OTxe, aeqki
BapiaHTU 3INCHEHHA LUbOr0 BMHAaxX0Ay OJHOYACHO 3BEPTAKTLCSA [0 PO3B’A3aHHA npobnemu
HeobxigHocTi 3HMWKkeHHss ORP B ART T1a/abo y npuHarmHi 0g4HOMY BUMYCKHOMY MOTOLi 3 HbOrO, 3
O0QHOYaCHUM PO3B’A3aHHAM NPOGNEMM PErynioBaHHA, 0OMEXEHHS, ocrnabneHHsa Ta/abo yCyHEHHSA Tiel
KiNbKOCTi pTYTi, IKa NOBTOPHO EMITYETbLCS.

Ona uporo BuHAxo4y TaKoX MPeACTaBnse iHTepec BUBIPKOBICTL NPUHAWMHI  OAHOTO 3
BiAHOBMIOBANbHUX areHTiB Ana perynmoBaHHss ORP B ART Ta/abo B NpUHANMHI OAHOMY BUMYCKHOMY
noToui 3 HbLOrMO, a He B CAPOMOXHOCTI BCTynaTu B peakudito 3 Oyab-9KMMW  HaASULLIKOBUMMU
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OKUCHIOBanbHUMK areHtamm B ART abo B npuHaiMHi OQHOMY BMMYCKHOMY MOTOLi 3 HbOrO, SKi
3ycTpivarTbca 34ebinblioro y noBiTPi NPUMYCOBOTO OKWUCHEHHS!, BHACMIAOK 40ro BigOyBaeTbCs
KOHKYPEHUisS 3 NpMHanMHi OAHUM BiQHOBMOBaNbHUM areHToM. Hacnigkom Takoi KOHKypeHUil Moxke
O6ytn Te, wo ORP B ART abo ORP y npuHaimHi 0AHOMY BUMYCKHOMY NOTOL 3 HbOrO 3anuLLIMTbLCA
HEe3MiHHUM ab0 He 3HU3UTbCA, AK OakaHOo, BHACMNIAOK YOro Ha 3aHaATO HU3bKOMY piBHI OyayTb
BiaOyBaTuca 3HWKEHHA, ocnabneHHss Ta/abo YCYHEHHS OCAMKEHHA MapraHulo Ta BiACYTHICTb
cepeaosuia B ART abo y npuHaiMHi 0QHOMY BUMYCKHOMY MOTOLi 3 HbOTO, WO cnpusie, A0 BaxkaHoro
PiBHSA, YTBOPEHHIO iOHIB CENEHITY.

Xoya i He Baxaroun obMexyBaTucs Oyab-sikuM oAHUM HaAbopom nepesar, Aeski 3 dakTopis, AKi
BPaxoBYOTbCA Npu BMOOPI BiAHOBMNIOBANbLHOIO areHta, - Le BapTicTb, 6€3MeYHIiCTb Ta 3PY4HICTb
po6oTK 3 HMM, a TaKOX BigAOMI peakuii ocagkeHHA abo nobivHOro ocamkeHHsl. Bpaxoytoun ue, B
OQHOMY BapiaHTi 34IMCHEHHA UEeW BWHaXig CAPsSIMOBAHWM Ha 3acCTOCYBaHHA MPUHAKMHI OQHOrO
BiHOBNIOBANLHOIO areHTa, BUGpaHoro 3 HaTtpito Tiocynbdaty (Na=8203), HaTpito cynbdity (Na=S0s),
cynbcarty 3aniza (ll) (Takox BiaomMun Ak cynbart agBoBaneHTHoro 3aniza - FeSQO.), docdopuctoi
kncnotu (HsPQOs), depocynedarty amodito (II) (Takoxk BiZAOMWIA SK 3ani30amOHIHWMA ranyH -
(NH4)2Fe(S0s4)2), rigpokcunaminy rigpoxnopugy (HAH, Takox Bigomuii sk rigpoKCUnamoHito xnopug -
HONH2z+HCI), rinodpocchopuctoi kucnotn (HPA - HsPO2), abo kombiHauii Oyab-akux ix aox abo
Ginbwe, 6yab-sknx X Tpbox abo Binbue, dyab-akux ix YoTUpbox abo BinbLue, Byab-sakux ix n’atn abo
Ginbwe, Oyab-akMx ix wectn abo Ginbwe, abo cymiwi npuHanmMHi oaHiel hopmu abo cnonyku 3 ix
cemu. Cnig 3asHauuTu, WO MPUHAKWMHI OAWH BiAHOBAIOBANbHWUIA areHT UbOro BUHAxXo4y MOXKHA
Bubpatu 3 6yab-Akoi opmmu cnonyk, nepeniveHnx suile. OCKINbKM AesiKi 3 nepenivyeHnx BULLIE CMOnyK
MaloTb YUCIEHHI CTaHu rigpatauii (Hanpuknag, FeS04), MoxnuBo, Wob npuHanMHi oguH abo BinbLue
BiQHOBMIOBANbHUX areHTiB 3 Nepeniky BuLle3ragaHuxX BiAHOBMOBANbHUX areHTiB Manu YUCHEHHI
XiMiYHI CONyKK, SKi 3HAXOASATbCA y Mexax 0b6cAry uboro BuHaxoay. OTXe, BULLE3ragaHun nepenik
BKIMOYAE K rigpoBaHi dopmu, Tak i 6e3BogHi popmu, OCKINbKM NPUCYTHICTb 3B’SI3aHOT BOAW HE €
WwKianueumM aktopom ansa cnocoby Ta/abo cMCTEMU LIbOTO BUHAXOAY.

3BEPHEMOCA A0 KOXHOIMO 3 MepesiveHMx BuLle BIAHOBMIOBANbHUX areHTiB. Y UbOMY OMNUCI
BUHaxoay 6yae obrosoproBaTUCA NpuKNaa enekTpoxiMivyHOT peakuii Ans KOXHOro BiAHOBMIOBANbHOIO
areHTa y NpuCyTHOCTI NpUKNaay OKMCHIOBANbHOT CNonyku Ta/abo ioHy, ioHy nepcynbdaty (Hanpuknag,
ioHiB nepokcogucynbdaty (S20s27)). Cnig posymiTh, WO Xxo4va peakuii, Ski obroBoproloTbcsa aani,
3acTOCOBYlOTh nepcynbdat Ta cneuudiyHo ioHM nepokcoaucynbdaty (S20827), Ue BUHaxia He
obmMmexyeTbCa HUM. HaBnaku, npuaatHi peakuii, ki 3acToCOBYHOTb OAMH abo OGinblie
BiJHOBMIOBANbHUX areHTiB, $Ki OOroBOPIOIOTLCS Aani, MOXyTb BiAByBaTUCA TaKoX 3 IHLLUMMM
OKUCHIOBaNbHUMKN areHTamu, Cronykamm ta/abo ioHamu (Hanpuknag, ioHamu NepoKkCOMOHOCYyNnbdary
(SOs%7), nepcynbdaTtoM, NEPMaHraHaToMm, MaHraHaTtoMm, TrinoXMopUTOM, XIOPaTtoM, asOoTHOI
KUCNOTOLO, 1oaom, 6pomomM, xnopom, dptopom abo kombGiHauigsmmu 6yab-akux ix aBox abo OinbLue).
AKWOo iHWe He CTBEepPMKYETbCH, peakuii, wo obroBoploloTbCs Aaani, BiabyBawTbCsa y BOAHOMY
cepenoBuLLi, postawioBaHoMmy B ART, ae npuHainMHi npudnusHo 65 macoBuUX BiACOTKIB cepeaoBuLa -
ue Boaa, npuHanmHi npuénumaHo 70 macoBux BiACOTKIB cepeoBuLLA - Lie BoAA, MPUHANMHI NTPUOINU3HO
75 MacoBux BIOCOTKIB CepeaoBulla - Ue BoAa, NpuHanMHi npubnuaHo 80 MacoBuX BiACOTKIB
cepeaoBuLla - Ue Boga, abo HaBiTb npuHaWMHi npubnusHo 85 MacoBMX BiACOTKIB cepeaoBuLLIA - LE
BOJAA, MpY LUbOMY peLlTa - Le Pi3HOMAaHITHI cycneHaoBaHi Ta/abo posumHeHi TBepai cnonyku. Y
BUNAAKy NPUHaKMHI OAHOro BUNYCKHOro notoky 3 ART cepefoBulle, ke yTBOPKOE BUNYCKHWUA MNOTIK,
CKNagaeTbCs 3 NPUHANMHI NpubnuM3Ho 65 MacoBMX BIACOTKIB BOAM, 3 NpuHaWMHi npubnusHo 70
MacOBMX BIACOTKIB BOAW, 3 MNPUHANMHI NpuONM3HO 75 MaACOBUX BIiACOTKIB BOAWU, 3 MPUHAWMHI
npnbnusHo 80 mMacoBMX BiACOTKIB BOAM ab0 HaBiTb 3 NpuHaWMHi NpubnusHo 85 mMacoBUX BiACOTKIB
BOAW, NPU LUbOMY pELUTa - L€ Pi3HOMAHITHI cycrneHaoBaHi Ta/abo po3yYMHEHI TBepai cnonyku. B iwe
iHLLOMY BapiaHTi 34iNCHEHHA NPUHANMHI OAUH BIOHOBJIOBANbHUI areHT LbOro BUHaxXoA4y 4o4alwTb 40
BUMYCKHOTO NOTOKY nicnsi oAHiei abo 6Ginbwe o6pobok AnA BMAANEHHS MPUHANMHI OAHOrO TUMy
CyCneHA0BaHOT TBEPAOT peyoBMHM Ta/abo po3vMHEHOT TBEpAOi pedoBuHU. Bepyun uUe Ao yearm,
nepenivyeHi Buwe AianasoHW CTOCOBHO KifbKOCTI BOAM Yy CepPedoBULLI BUMYCKHOrO MNOTOKY TaKOX
3aCTOCOBYIOTLCS Y LbOMY BapiaHTi 34IMCHEHHA. Y UbOMY pPO3Aini, AK i noBciogn y onuci Ta popmyni
BMHAX0Ay, OKPEMi YUCNOBI 3HA4YeHHs1 Ta/abo rpaHuuli Adianas3oHiB MO)Ha noeaHartu, wob oTpumaTtu
HoBi Ta/abo HeonucaHi giana3oHu.

MpuHaNMHI  OAMH BIAHOBNIOBANbHUIA areHT LbOr0 BUHAaxo4y BMOPCKYOTb Yy Oyab-AKOMy
npugaTtHoMy Micldi Yy npucTpin Bonoroi  aecynbypusadii  Tonkoeux rasie (WFGD). OgHa
HeoOMeXXyBarnbHa TOYKa BMOPCKYBaHHA ANS MPUHAWMHI OQHOMO BigHOBMIOBANBLHOTO areHTa uUboro
BUHaxo4y 3HaxoaAuTbCA Yy npucTpoi Bonoroi  gecynbdypusadii TonkoBux rasie (WFGD) Ha
BCMOKTYBanbHOMYy OOLi peuMpKynsaLUiiHOro Hacoca, nNpu LUbOMY 3acTOCOBYETbCA Oyab-skui cnocib
BMOPCKYBAHHS, BigoMui haxiBusam y uin ranysi. MpuaatHi cnocobu BNOPCKYBaHHA BKMOYaTbh 6yab-
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SKUIA BIAOMMUIA CNOCIO BNOPCKYBAHHA ANS BNOPCKYBAHHA PO3YMHY HA OCHOBI BOAM, A€ Yy BUNAAKY LIbOro
BUHaxo4y PO34YMH Ha OCHOBI BOAM MICTUTb NPUHANMHI OA4WH BigHOBMOBanNbHWI areHT. Kpim Toro, uen
BUHaxig He 0OMexXyeTbca Oyab-aKMM OAHUM CNocobOM BMOPCKYBAHHS Ta/abo TOYKOIO BMOPCKYBAHHA.
Ak 6yae 3po3ymino daxisusam y Uil ranysi, Touka BNOPCKyBaHHA Ta/abo cnocié BnopckyBaHHA OyayTb
3MIHIOBATMCS 3anexHo Big npupoau abo tuny npucrtpoo WFGD, yCcTaHOBKM, Ha SKill BCTAHOBMEHO
npuctpin WFGD, Towo.

B ogHomy BapiaHTi 34iMCHEHHA NPUHAWMHI OAMH BiAHOBMIOBANbHWUWA areHT UbOro BMHaxoay - ue
posunH Hatpito Tiocynbdaty (Na:28203), Akuin BCTynae B peakuildo 3 ioHamu nepcynbdaty 3rigHo 3
HACTYMHOI XiMIYHOIO peakuielo y BOAHOMY PO3UUHI:

S2082+252032—28042+5406% E = 2,09 B.

Na25203 TakoxX BIZHOBMIOE aHiOH riNOXNOpUTY (aHIOH Yy XMOpUi) Ta, BUKOHYIOWM LE, CTae
OKUCHEHUM A0 cynbdaty. He Gaxatoun npue’asyBatucs A0 Oyab-AKOT ogHIET Teopil, BBaXatoTb, LIO
iOHM TINOXNOPUTY YTBOPIOKOTLCH, KONU BUCOKI KOHUeHTpauii nepcynbdarty npucytHi B ART, ocCkKinbku
nepcynbdar MOXe OKWUCHIOBATW Xxnopua Ao xnopy. B ogHoOMy BapiaHTi 34iNCHEHHS BiOHOLUEHHSA
BIAHOBNIOBANbLHOIO areHta Tiocynbdaty HaTpitlo (Na25203), SKui 3aCTOCOBYETLCA ANA PETYNOBaHHA
ORP B ART Ta/abo ORP y npuHaimHi 0AHOMY BUMYCKHOMY MOTOLi 3 HbOFO, CTAHOBUTL NpubnusHo 0,5
mMons Tiocynbdaty Hatpito (Na25S203) Ha monb ioHiB mepcynbdaty, abo npubnusHo 0,75 mons
Tiocynedaty Hatpito (Na=2S203) Ha monb ioHiB nepcynbdarty, abo npubnusHo oguH (1) monb
Tiocynedaty Hatpito (Na28203) Ha monb ioHiB nepcynbdary, npubnusHo 1,25 mona Tiocynbdary
HaTpito (Na:S203) Ha monb ioHiB nepcynbdaty, abo npubmmsHo 1,5 monda TiocynbdaTy HaTpilo
(Na2S203) Ha Monb ioHiB nepcynbdaTy, abo npubnusHo 1,75 monga Tiocynbdaty Hatpito (Na2820s3) Ha
MOIb iOHiB nepcynbdaTty, abo npudnusHo asa (2) moni Tiocynbdaty HaTtpito (Na2S203) Ha MOnNb iOHIB
nepcynbary, abo npubnusHo 2,25 mona Tiocynbdaty Hatpito (Na:zS:0s) Ha MOnb iOHIB
nepcynbdary, abo HapiTb npubnuaHo 2,5 mona Tiocynbdarty Hatpito (Na:S203) Ha MOMb iOHIB
nepcynbary. ¥ ubomy po3gini, Sk i noecwogn y onuci tTa opMyni BMHaxoAy, OKpemi YUCROoBI
3HaveHHa Ta/abo rpaHuli Aaianas3oHiB MOxHa noeaHatu, wobd oTpumartu HoBi Ta/abo HeonucaHi
AianasoHun. B iHWoOMY BapiaHTi 34iWCHEHHA KiNbKICTb BIAHOBMNIOBANbLHOIO areHTa Tiocynbdary HaTtpilo
(Na2S203), akui 3actocoByeTbea ana perynioBaHHa ORP B ART T1a/abo ORP y npuHaiMHi ogHOMY
BUMYCKHOMY nNOTOUi 3 HbLOrO, CTaHOBUTbL AdianasoH Big NOMOBUHW CTEXIOMETPUYHOI KiNbKOCTI A0
TPUKPATHOT CTEXIOMETPUYHOT KiNbKOCTi, MPU LIbOMY 38 OCHOBY 6epeTbCsl CTEXIOMETPUYHA KiMNbKIiCTb,
HeobxigHa Ansi 34iNCHEHHS BULLE3ragaHoi peakuii 3 nepcynbgaTom.

B iwe iHwWoMy BapiaHTi 34iNCHEHHA NPUHAKMMHI OAUH BiAHOBMNIOBANbHUA areHT UbOro BMHaxoay -
ue po3vuH Hatpito cynbdity (Na=280s3), Akuin BCTynae B peakuilo 3 ioHaMu nepcynbdary 3rigHo 3
HaCTYMHOIO XiMIYHOIO peakuieto;

S032+H20+S5208% 426 —S042+2H*+2e+2504% E=2,94 B.

Ak MoxkHa 6aunTu 3 eneKTPUYHMX MOTEeHUianiB peakuil, AOKNagHO OMUCaHOoi y LUbOMY OMUCI
BMHaxo4y, BULLEBKasaHa XiMiMHa peakuida Mae Apyrui HaWBULLMWA E€NeKTPOXiMiYHWMIA noTeHuian
BiQHOBMIOBANbHUX areHTiB UbOro BWHaxody. B ogHomy BapiaHTi 34iNCHEHHS BigHOLUEHHSA
BiAHOBMNIOBaNbLHOrO areHta cynbity HaTpito (Na2S0s), ki 3acToCoBYETLCA ANA peryniosaHHa ORP
B ART Ta/abo ORP y npuHarmHi 04HOMY BMMYCKHOMY MOTOLi 3 HbOro, CTaHOBWUTb nNpubnusHo 0,5
mMonsa cynbdity HaTpito (Na2S0s) Ha monb ioHIB nepcynbdaTty, abo npudnusHo 0,75 mona cynbgity
HaTpito (Na2803) Ha Momb ioHiB nepcynbdarty, abo npubnusHo oauH (1) Monb CynbiTy HaTpIO
(Na2S0s3) Ha monb ioHiB nepcynbdaty, abo npubnusHo 1,25 mona cynbity Hatpito (Na=SOs) Ha
MoOnb ioHiB nepcynbdaty, abo npubnusHo 1,5 mons cynbgity Hatpito (Na2SQOs) Ha Monb ioOHiB
nepcynbdary, npubnuaHo 1,75 mons cynbdity HaTpito (Na:SOs) Ha monb ioHiB nepcynbdary, abo
npudnu3Ho asa (2) moni cynbdity Hatpito (Na2S0Os) Ha monb ioHIB nepcynbdaty, npubnmusHo 2,25
mMons cynbdity Hatpito (Na280s3) Ha monb ioHiB nepcynbdaty abo HasiTb npubnusHo 2,5 mons
cynbpity Hatpito (Na2S0s3) Ha Monb iOHIB nepcynbdarty. Y uboMy po3gini, K i noBcoagn y onuci Ta
dopmyni BUHaxody, OKPEMi YMCHNOBI 3HAJYeHHs1 Ta/abo rpaHuui JdianasoHiB MOXXHa noeaHaTtu, wob
oTpumatun HoOBi Ta/abo HeonucaHi AianasoHn. B iHWOMY BapiaHTi 34INCHEHHA  KiNbKICTb
BiAHOBMNIOBaNbLHOrO areHta cynbity HaTpito (Na2S0s), ki 3acToCoBYETLCA ANA peryniosaHHa ORP
B ART Ta/abo ORP y npuHaimMHi 0QHOMY BWMYCKHOMY MOTOLj 3 HbOro, CTAHOBUTbL AianasoH Bia
NONOBUHU CTEXIOMETPUYHOT KifTbKOCTI A0 TPUKPATHOT CTEXIOMETPUYHOT KiNbKOCTI, NPK LIbOMY 38 OCHOBY
OepeTbCsl CTEXIOMETPUYHA KiNbKiCTb, HeoOxiaHa Aans 34iMCHEHHs BULIE3ragaHoi peakuii 3
nepcynbgarom.

B iwe iHwWoMy BapiaHTi 34iNCHEHHA NPUHAKWMHI OAUH BiAHOBMNIOBANbHUI areHT UbOro BUHaxoAay -
ue posunH cynbpaty 3anisa (ll) (abo cynbaTty aBoBaneHTHoro 3anisa - FeSQO4) npu kKoHUEHTpauii 5
MacoBMX BIiACOTKIB, A€ po34uMH Mae pH, sike CTaHOBUTb NpuHaWMHI NpudnusHo 2,0, NpUHANMHI
npnbnusHo 3,0 abo npuHaliMHi npudnusHo 4,0 abo npuHarmHi npubnuaHo 5,0, a6o HaBITb NPUHANMHI
npubnusHo 6,0, Ta, SKWOo HeobXxiaHo, BIH Mae O6ydep Ana AocArHeHHs BaxkaHoro piBHa pH. Y ubomy
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posaini, Ak i nosciogn y onuci Ta OpMyni BMHAxXoA4y, OKPeMi YMCNOBI 3HAYeHHs Ta/abo rpaHudi
JianasoHiB MOXKHa noegHaTtu, Wwod oTpumatun HoBi Ta/abo HeonucaHi gianasonun. Ha gopartok o 6yab-
AKOT TOYKM BMOPCKYBaHHA, fka nepeabayaerbCs BULE, PO3YUH cynbdaTy ABOBANEHTHOro 3anisa
MOXHA OoAath A0 OXONOMKyBanbHOT BOAM, WO MpPOTikae 4vepe3 Tpybu koHaeHcaTopa TypOiHu. Y
LbOMY BapiaHTi 34iINCHEHHA PO34YMH cynbd)aTy ABOBAaNEHTHOrO 3anisa YTBOPKE CTiMKe OO0 KOposii
3axUCHE MOKPUTTA ycepeaunHi ogHiei abo Oinbwe Tpybd KoHaeHcaTtopa TypbiHM. He OGaxaroun
npue’sisyBatnuca Ao Oyab-AKOT OAHi€T Teopii, BBaXKalOTb, LU0 iOH [ABOBANEHTHOrO 3anisa 3asHae
NepeTBOPEHHA Ha iOH TpuBaneHTHoro 3aniza. OKMCHeHHs po3yuHiB 3anisa (Il) sanexuTb Big pH, Ta
BOHO BMHMKae Habarato nepeBakHie npu Bucokmx pH. TobTo, npu pH npuHanMHi npubnusHo 4,0,
npuHaiMHi npubnusHo 5,0 abo HaBiTh NpuHarimHi npubnuaHo 6,0. XimiuHa peakuia 3 nepcynbcaTom
BiAOYBAETLCA HACTYNHUM YUHOM:;

$208%+2Fe?*—2804%+2Fe3+E=2,78 B.

B ogHOMY BapiaHTi 34iNCHEHHS BiAHOLUEHHS BIOHOBNIOBaNbLHOro areHTa cynsdaty 3anisa (), akui
3acTocoByeThCa ans perynioBaHHa ORP B ART Ta/abo ORP y npuHanmHi 04HOMY BUMYCKHOMY MOTOL
3 HbOTO, CTaHOBUTbL NpubnusHo 0,5 mona cynbdaty 3anisa (I) Ha monb ioHiIB nNepcynbdary, abo
npubnusHo 0,75 mona cynbdaty 3anisa (ll) Ha monb ioHiB nepcynbdaty, abo npudnusHo oauH (1)
Monb cynbaty 3anisa (Il) Ha Mmonb ioHIB nepcynbdary, abo npubnusHo 1,25 mona cynbdaTy 3anisa
(I Ha monb ioHiB nepcynbdaty, abo npudbnuaHo 1,5 Mmons cynbcaty 3aniza (II) Ha monb ioHiB
nepcynbdary, abo npubnusHo 1,75 mons cynbdary 3anisa (Il) Ha Monb ioHiB nepcynbdaTty, abo
npnbnusHo aea (2) moni cynbdary 3anisa (Il) Ha monb ioHiB nepcynbdary, abo npubnusHo 2,25 mong
cynbarty 3anisza (ll) Ha Monb ioHiB Nnepcynbdary, abo HaiTb NpubnusHo 2,5 Monga cynbdary 3anisa
(Il) Ha moneb ioHiB NnepcynbdaTy. Y ubOMy po3aini, K i noBcoan y onuci Ta opMyni BUHaxoay, okpemi
UYMCMOBI 3HA4YeHHA Ta/abo rpaHuui AianasoHiB MO)Ha noeaHatu, wWo6 oTpumartu HOBI Ta/abo
HeonucaHi giana3oHun. B iHWOMY BapiaHTi 34iNCHEHHS KiNbKICTb BiAHOBNIOBANbLHOIO areHta cynbdaty
3anisa (ll), akui 3actocoByeTbca ana perynoBaHHa ORP B ART ta/abo ORP y npuHaiimHi 04HOMY
BUMYCKHOMY NOTOUi 3 HbLOrO, CTAaHOBWTb Aianas3oH Big MONOBUHU CTEXIOMETPUYHOI KiNbKOCTI A0
TPUKPATHOT CTEXIOMETPUYHOT KiNbKOCTi, MPU LIbOMY 38 OCHOBY 6epeTbCsl CTEXIOMETPUYHA KiMNbKIiCTb,
HeobxigHa Ansi 34iNCHEHHS BULLE3ragaHoi peakuii 3 nepcynbgaTom.

B iwe iHwWoMy BapiaHTi 34iNCHEHHA NPUHANWMHI OAWH BIOHOBNIOBANbHUI areHT LbOro BUHaxoay -
ue posyumH docopuctoi kucnotu (HaPOs). Hanbinsw Baxknuee 3actocyBaHHs OCdOPUCTOT KUCTIOTH
- ue BUpobHMUTBO hochoHaTie, ki 3acTocoBYOTbCA Npu 06pobui Boau. doccopucra kucnorta - Ue
CUMbHWUI BiAHOBNIOBAaNbHUIA areHT. Konu 3aincHioeTbCsl 00pobka XOMOAHUM PO3YMHOM XIOopuay
[BOBANEHTHOT PTYTIi, TOAi yTBOPOETLCA Binuin ocaa xnopuay pryTi (I):

H3PO3+2HgCl2@oany+H20—HQ2Clareps y+HaPO4+2HCI.

Xnopua pTyTi BigHOBNOETLCA Aani OChOpPUCTOIO KUCAOTOK A0 €efneMeHTapHOi PTyTi nicns
HarpiBaHHSA abo BiACTOIOBAHHSA 3riHO 3 HACTYMHOIO PEakKLieto:

H3POs3+Hg2Clzrepa)+H20—2Hg+H3PO4+2HCI.

docdopucta KACNoTa BCTYNae B peakuild Ta 3MIHIETLCA Ha opTodhochopHy KUCNOTY nicnd
peakuii 3 ioHoMm nepcynbdaTy, SK NoKasaHo HUXYE:

H3sPO3+S208% +H20—H3PO4+2 SO4#+2 H* E=2,29 B.

B oaHomy BapiaHTi 34iCHEHHA BigHOLLUEHHS BiAHOBNIOBANbLHOIMO areHta (pocdopucToi KUCNIOTH
(HsPOs3), akuii 3actocoByetbes anA perymoaHHa ORP B ART ta/abo ORP y npuHarMHi ogHOMY
BUMYCKHOMY MOTOLi 3 HbOro, CTAHOBUTbL NpubnusHo 0,5 monsa docdopuctoi kucnotu (HzPOs) Ha monb
ioHiB nepcynbdaty, abo npubnusHo 0,75 monsa docdopuctoi kucnotm (HsPOs) Ha MoOnb ioHIB
nepcynbdary, abo npubnusHo oauH (1) momnb occopucroi kucrnotn (HsPOs) Ha monb ioHiB
nepcynbcaty, abo npudbnusHo 1,25 wmons docdopuctoi kucnotn (HzPOs3) Ha wmonb ioHiB
nepcynbdary, abo npubnusHo 1,5 mona docdopuctoi kncnotu (HsPOs) Ha MOnb iOHIB nepcynbdary,
abo npubnusHo 1,75 monda ocdopuctoi kucnotun (HsPOs) Ha momnb ioHiB nepcynbdaty, abo
npudnusHo aea (2) moni pocdopuctoi kucnotu (HsPOs) Ha monb ioHiB nepcynbdaTy, abo npubnusHo
2,25 monsa docdopuctoi kucnotu (HsPOs) Ha monb ioHiB nepcynbdaty, abo HagiTb Npubnmn3Ho 2,5
mons docopuctoi kncnotu (HsPOs) Ha monb ioHIB nepcynbdaty. Y uboMy po3gdini, Ak i nosciogn y
onuci Ta hopmyni BUHAX0AyY, OKPEMI YMNCNOBI 3HAaYeHHs Ta/abo rpaHuli giana3oHiB MOXKHa NOeEQHATH,
wo® otpumatu HOBi Ta/abo HeonucaHi AianasoHu. B iHWOMY BapiaHTi 34iINCHEHHS1 KiMbKICTb
BiAHOBNOBanNbHOro areHta docdopuctoi kucnotn (HsPOs), SkMin 3aCTOCOBYETLCA AN PErynioBaHHSA
ORP B ART Ta/a6o ORP y npuHaiiMHi 0AHOMY BUMYCKHOMY NOTOLi 3 HbOr0, CTAHOBUTL AianasoH Bia
NONOBUHU CTEXIOMETPUYHOT KifTbKOCTI A0 TPUKPATHOT CTEXIOMETPUYHOT KiNbKOCTI, NPK LIbOMY 38 OCHOBY
OepeTbCsl CTEXIOMETPUYHA KiNbKiCTb, HeoOxiaHa Aans 34iMCHEHHs BULIE3ragaHoi peakuii 3
nepcynbgarom.

B iwe iHwWoMy BapiaHTi 34iNCHEHHS NPUHAKMHI OOWH BiAHOBNIOBANbHUI areHT UbOro BMHaxoay -
ue posunH chepocynbdaty amoHito (1) (Takoxk BigoMui sk 3anisoamoHiHuiA ranyH - (NH4)2Fe(S0a)2
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abo Fe(NHa4)2(SO4)2). Cynbdat amoHito 3amisza (II) moxHa 3acTOCOBYBaTU SK PeareHT y OKUCHO-

BigHOBHIN peakuii TuTpyBaHHs BWRC ana BuM3HauyeHHA KiNbKOCTI iOHIB mepcynbgary, NpUCyTHIX y

wnami abo posunHi ART. Ha cynbdat amonito 3anisa (Il) Habarato MeHLIe BNNUBAE KUCEHb NOBITPS,

HiXk Ha cynbpaT 3anisa (). loHM aMOHil0 YTBOPIOIOTb PO3YUHK 3aMi30aMOHIMHOrO ranyHa, siki € anerka

KMUCNUMMK, WO 3anobirae BUHUKHEHHIO OKUCHEHHSI. BianoBiaHe piBHAHHA W€l peakuii € HAaCTYMHUM:
4Fe?*+024(4+2X)H20 > 2Fe203:xH20+8H*.

MPUCYTHICTbL NPOTOHIB YTPUMYE L€ PIBHAHHSA niBopyd, ToO6TO 360Ky 3anisa (II) peakuii. B oaHomy
BapiaHTi 34iMCHEHHA BigHOBMIOBaNbHWMI areHT cepocynbdaTty amoHito (II) moxHa 3acrocoByBatu y
3B’A13KY 3 UMM BUHaxoaom. B ogHOMy BapiaHTi 34iIMCHEHHA BiOHOWEHHA BiAHOBMIOBANLHOMO areHTa
depocynbdaty amoHito (Il), akuii 3actocoByeTbca ans peryniopaHHa ORP B ART Tta/abo ORP y
NPUHaRMHI OQHOMY BUMYCKHOMY MOTOLi 3 HbOrO, CTaHOBUTL npubnuaHo 0,5 mons depocynbdaty
amoHito (Il) Ha Monb ioHIB nepcynbdaty, abo npudnusHo 0,75 mona depocynbdary amoHito (Il) Ha
MOIb iOHIB nepcynbdaty, abo npubnusHo oauH (1) monb depocynbdarty amoHito (Il) Ha Monb ioHIB
nepcynbdary, abo npubnusHo 1,25 mons ¢epocynbaty amoHnito (Il) Ha Monb ioOHIB nepcynbdary,
abo npubnusHo 1,5 mons depocynbarty amoHito (Il) Ha monb ioHIB Nnepcynbdary, abo npubnumaHo
1,75 mons depocynbdaty amoHito (II) Ha monb ioHiB nepcynbdarty, abo npubnusHo aea (2) moni
depocynbdaty amoHito (II) Ha Monb ioHiB nepcynbdaty, abo npubnusHo 2,25 monsa depocynbdary
amoHito (I) Ha monb ioHiB nepcynbdaty, abo HaeiTb NpMbnKU3HO 2,5 mona depocynbdarty amorito (1)
Ha MOnb iOHIB nepcynbdaTty. Y UbOMY po3aini, AK i NoBcogM y onuci Ta popmyni BUHaxXoay, OKpeMi
UYMCMOBI 3HA4YeHHA Ta/abo rpanuui AianasoHiB MoO)Ha noegHatu, wo6 oTpumatu HOBI Ta/abo
HeonucaHi pianasoHn. B iHWOMY BapiaHTi 34IMCHEHHA KiNbKiCTb BiAHOBMIOBANLHOrO areHTa
depocynbdary amoHito (Il), akuin 3actocoByeTbca ana perynioBaHHs ORP B ART Tta/abo ORP y
npUHaNMHi OAHOMY BMUMYCKHOMY MOTOLj 3 HBOrO, CTAHOBUTb Jiana3soH Big MNONOBUHU CTEXIOMETPUYHOT
KiNbKOCTi 4O TPUKPATHOT CTEXIOMETPUYHOT KiNbKOCTI, MPK LIbOMY 3a OCHOBY BEpeTbCs CTEXIOMETPUYHA
KiNbKiCTb, HeoOXiAHa ANA 34INCHEHHA BULLE3ragaHol peakuii 3 nepcynbdarom.

B iwe iHwWoMy BapiaHTi 34iNCHEHHA NPUHAKMMHI OAUH BiAHOBMNIOBANbHUA areHT UbOro BMHaxoay -
Lle PO3YMH rigpoKkcunamiHy rigpoxnopuay (Takox BiaoMui sk rigpokcunamoHito xnopug - NH2OH+<HCI),
CONi XMOPUCTOBOAHEBOT KUCNOTKU rigpokcunamidy. Cnig 3asHauuTu, Lo rigpokcunamiH BBaXKaeTbCs
MyTareHHOIO PEYOBUHOIO, MOMIPHO TOKCMYHOIO Ta WKIANMBOK ANS Nogen, TBapuH Ta pocnuH. He
Gaxkatoun npue’sisyBatucsa Ao 6yab-akoi 0AHIET Teopii, BBaXalOTb, WO peakuia 3 ioHamu nepcynbdary
BiAOYBaETLCA 32 HACTYMHOI CXEMOIO;

2NH30H*+S208%+26—N2+2H20+4H++2e 425042 E=3,88 B.

B ogHoMmy BapiaHTi 34iMCHEHHA BIAHOWIEHHS BiAHOBMIOBANbLHOIO areHTa rigpokcunamiHy
rigpoxnopuay, sikMi 3actocoByeTbca AnA perymioBaHHss ORP B ART Ta/abo ORP y npuHanMHi
OQHOMY BUMYCKHOMY MOTOLi 3 HbOTO, CTAHOBUTbL NpubnusHo 0,5 Mona rigpokcunaminy rigpoxnopuay
Ha MOnb iIOHIB nepcynbgdary, abo npubnusHo 0,75 mons rigpokcunamiHy riapoxnopuay Ha Morb iOHIiB
nepcynbary, abo npubnusHo oauH (1) MONb TrigpoKCMNaMiHy rigpoxnopuay Ha MOMNb iOHIB
nepcynbdary, abo npubnusHo 1,25 Mong rigpokcunamiHy rigpoxnopuay Ha Mofb iOHIB nepcynbdary,
abo npubnusHo 1,5 mona rigpokcunaminy rigpoxnopuay Ha Morb ioHiB nepcynbdary, abo npudnuaHo
1,75 Mons rigpokcunaminy rigpoxnopuay Ha Mornb ioHiB nepcynbdaty, abo npubnuaHo aea (2) moni
rigpokcunaMiHy rigpoxnopuay Ha MOfb iOHiB nepcynbdary, ato npubnusHo 2,25 mons
rigpokcunamiHy rigpoxnopuay Ha Monb iOHiB nepcynbarty, abo Hasitb npubnusHo 2,5 mons
rigpoKCUnaminy rigpoxnopuay Ha Mosb ioHiB nepcynbaTy. Y uboMy po3aini, aK i noBCioan y onuci Ta
dopmyni BMHaxody, OKPEMi YMCNOBi 3Ha4yeHHs Ta/abo rpaHuui dianas3oHiB MOXHa noeaHaTtu, wobd
oTpumatun HoOBi Ta/abo HeonucaHi AianasoHn. B iHWOMY BapiaHTi 34INCHEHHA  KiNbKICTb
BiQHOBMIOBANbLHOIO areHTa rigpokcunamiHy rigpoxnopuay, SKuMin 3acTOCOBYETbLCA ANA PErynioBaHHA
ORP B ART Ta/a6o ORP y npuHaiiMHi 0AHOMY BUMYCKHOMY MOTOLi 3 HbOr0, CTAHOBWUTbL Aiana3oH Bia
NONOBUHU CTEXIOMETPUYHOT KifTbKOCTI A0 TPUKPATHOT CTEXIOMETPUYHOT KiNbKOCTI, NPK LIbOMY 38 OCHOBY
OepeTbCsl CTEXIOMETPUYHA KiNbKiCTb, HeobxiaHa Ana  34iMCHEHHs BuULWE3ragaHoi peakuii 3
nepcynbgarom.

B iwe iHwWoMy BapiaHTi 34iNCHEHHA NPUHAKMMHI OAUH BiAHOBMNIOBANbHUA areHT UbOro BMHaxoay -
ue posuduH rinogocdopuctoi kucrnotn (HPA - HsPO.). Tinodocdopnucta kucnota - Ue CUNbHUK
BiJHOBMIOBAmNbHUI areHT, Oinbll cunbHUR, HibK doccopucta kucnota (HzPOs). Finodocdopucta
Kucnota 3asBuyanm nocravaetrbes sk 50%-Bui po3umH. He Gaxkaroun npup’asyBatuca ao 6yab-sikoi
OOHiel Teopii, BBaXalTb, WO peakuia 3 ioHamu nepcynbarty 6yae BiabysaTtuca 3a HACTYMHOM
CXEMOIO:

S2087+2€ +H3PO2+H20—2804>+H3POs+2H*+2e- E=2,51 B.

B opgHoMy BapiaHTi 34iNCHEHHS BIAHOLUEHHS BiOHOBNIOBANbLHOIO areHta rinogocdopucToi
KMUCNOTU, KM 3acCTOCOBYETbCA Ans perynmoBaHHss ORP B ART Ta/a6o ORP y npuHaiMHi ogHOMY
BUMYCKHOMY MOTOUi 3 HbOro, CTaHoBUTb NpubnuaHo 0,5 mona rinodocdopucToi KUCNOTU HA MONb
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ioHiB nepcynbdaty, abo npubnusHo 0,75 wmonda rinodocdopucToi KACNOTU HA MOMb iOHIB
nepcynbary, abo npubnusHo oamH (1) ™Monb rinococopucToi KUCNOTM Ha MONb IOHIB
nepcynbdary, abo npudnusHo 1,25 mona rinogpocdopucToi KMCNoTM Ha MOMb iOHIB Nepcynbdary,
abo npubnusHo 1,5 mons rinodocdopucToi KUCNOTU Ha MOMb iOHIB nepcynbdaTty, abo npubnmsHo
1,75 monga rinoocopucToi KNCNOTM Ha MONb iOHIB nepcynbdarty, abo npubnuaHo aea (2) moni
rinodocopuCTOT KNCNOTU HA MONb iOHIB Nepcynbdaty, abo npudnusHo 2,25 monga rinogocdopuctoi
KMCNOTKU Ha MOMb iOHIB nepcynbdaty, abo HaBiTb NpUdnu3Ho 2,5 Monsa rinoocopuUCToi KUCNOTU Ha
MOSb iOHIB nepcynbdaTy. Y uboMy po3aini, AK i noBcogn y onuci Ta opmyni BUHaxody, OKpemi
UMCNOBI 3HA4YeHHA Ta/abo rpaHuui AianasoHiB MoXHa noegHaTtu, wWo® oTpumartu HoBi Ta/abo
HeonucaHi pianasoHn. B iHWOMY BapiaHTi 34IMCHEHHA KiNbKiCTb BiAHOBMIOBANLHOrO areHTa
rinodbochopucToi KMUCNOTKU, AKMIA 3aCTOCOBYETbCA Ans perynioBaHHs ORP B ART Tta/a6o ORP y
NpUHaNMHi OAHOMY BMNYCKHOMY MOTOLj 3 HbOr0, CTAHOBUTb Aiana3oH Big NOMOBUHU CTEXIOMETPUYHOT
KiNbKOCTi 4O TPUKPATHOT CTEXIOMETPUYHOT KiNbKOCTI, MPK LIbOMY 3a OCHOBY BEpeTbCs CTEXIOMETPUYHA
KiNbKiCTb, He0OXiAHa ANA 34INCHEHHA BULLE3ragaHoi peakuii 3 nepcynbdarom.

B iHwoMy BapiaHTi 3ailicHeHHs Oyab-akuin oguH abo Ginblue BiAHOBMIOBANbHUX areHTiB LbOro
BMHaxo4y MOXHa noedHyBaTu 3 ofHieww abo Oinble cnonykamu, ki 4O3BONAIOTH PErynoBaTu
NOBTOPHY €MICito pTyTi. B ogHOMY BapiaHTi 34iACHEHHA TakUM areHTOM, LLO PErymnioe NOBTOPHY eMICito
PTYTi, € po34nH rigpocynbcpigy Hatpito (NaHS), akuin MoxHa, Hanpuknag, BMOPCKyBaTW Yy NPUCTPIN
Bonoroi aecynbdypusadii Tonkosux rasie (WFGD) Ha BCMOKTYBanbHOMY OOUi peuupkynsilinHoro
Hacoca, 3aCTOCOBYHOUN NPU LbOMY Oyab-KUA NPUAATHUIA CNOCIO BNOPCKYBaHHSA, BiaOMUIA haxiBusam y
Ui ranysi. KinbkicTb areHTa perynioBaHHs MOBTOPHOT eMmicil pTyTi 3miHleTbCa Bia npubnusHo 0,5
Monsa rigpocynbdiay HaTpito (NaHS) Ha monb pTyTi, abo npubnusHo 0,75 mons riapocynbdiay HaTpilo
(NaHS) Ha monb ptyTi, a6o npubnusHo ogHoro (1) monga rigpocynbdiay Hatpito (NaHS) Ha monb
pTyTi, a6o npubnusHo 1,25 monga riapocynbdiay Hatpito (NaHS) Ha monb pTyTi, abo npubnusHo 1,5
Monsa rigpocynbdiay HaTpito (NaHS) Ha monb pTyTi, abo npubnusHo 1,75 mong riapocynbdiay HaTpilo
(NaHS) Ha monb pTyTi, abo npubnuaHo asox (2) Monie rigpocynbdiay HaTpito (NaHS) Ha monb pTyTi,
abo npubnusHo 2,25 mona riapocynbdigy Hatpito (NaHS) Ha monb pTyTi, a6o HaBiTb NpMbNM3HO 2,5
Mons rigpocynbdigy Hatpito (NaHS) Ha mMonb pTyTi. ¥ UbOMY po3aini, 9k i noBcoan y onuci Ta
dopmyni BUHaxody, OKPEMi YMCNOBI 3Ha4YeHHs Ta/abo rpaHuui dianas3oHiB MOXKHa noeaHaTtu, wobd
oTpuUmaTK HOBi Ta/abo HeonucaHi aianaszoHu. B iHWOMY BapiaHTi 34IMCHEHHSA KiNbKICTb riapocynbdiagy
HaTpito (NaHS), akuii 3acTOCOBYETLCA ANSA PErynioBaHHS MOBTOPHOT emicii pTyti B ART Ta/abo B
ogHoMy abo BinbLue BUNYCKHMX MOTOKAaxX 3 HLOr0, CTAHOBUTbL AianasoH Big MOMOBUHU CTEXIOMETPUYHOT
KiNbKOCTi 4O TPUKPATHOT CTEXIOMETPUYHOT KiNbKOCTI, MPK LIbOMY 3a OCHOBY BEpeTbCs CTEXIOMETPUYHA
KiNbKiCTb, He0OXiAHa ANA 34INCHEHHA BULLE3ragaHoi peakuii 3 nepcynbdarom.

Bepyyn 00 yBaru BULEBKasaHe, KOXEH BiAHOBMIOBAaNbHUA areHT OLHIOETLCA OKPEMO 3 METOIO
BU3HAYEHHA WOro e(PeKTUBHOCTI CTOCOBHO BCTYMY B peakuito 3 ioHammu (abo aHioHamu) nepcynbdary.
lNoyaTKkoBUI PO3YMH OAHOIO BiAHOBMIOBANBHOIO areHTa roTylTb CBKUM KOXKHOMO AHA, Ta BiH MICTUTb
KOHUeHTpauilo ioHiB nepcynbdaty 1000 yu./mnH. y xnopuai 10000 y./MnH. (3 CaCl2) Ta pO34YMHHOMY
kanbuii 5650 u./mnH. He Gaxawoun npus’sisyBatuca ao Oyab-aKkoi oaHiel Teopii, BBaXaloTb, LIO
rinocpopucta kucnota (HPA - HsPO2), dhocchopucta kucnota (HsPOs), rigpocynbdig HaTpito (NaHS)
Ta cynbdit HaTpito (Na2S03) BCTynawTb B peakuild y MONAPHOMY CRiBBIAHOWEHHI 1 : 1 3 ioHamMm
nepcynbary, NpoTe iHWi, nepeniyeHi BuLUEe BIAHOBMIOBANbHI areHTU BCTyNaloTb B peakuilo npu
cniBBigHOWEHHI 2 MONIi BiAHOBMIOBANbLHOIO areHta 40 OAHOro Mons ioHiB nepcynbdaty. B ogHomy
BapiaHTi 34IMCHEHHA TeCTyBaHHA BiOHOBMIOBANbHUX areHTiB UbOr0 BUHaxody 34IMCHIOETLCA Npu
noyaTkoBi KOHUeHTpauii abo 1000, abo 2000 4./MnH., Ta, 9K HaCniAOK, 3HaxoauTbca abo B
CTEXIOMETPUYHOMY Y3rO[>KEHHi, ab0 B CTEXIOMETPUYHOMY HAANMULLUKY KiNbKOCTi, HeobxiaHOi angd
XimivHOT peakdii 3 1000 y./MnH. ioHiB nepcynbdaTy. KoHUeHTpauia rigpokcunaminy rigpoxnopuay, sky
TectyBanu, 344 4./mnH. NH20H, - ue kinbkicTb, po3paxoBaHa, sk HeobxiaHo, ang Toro, wob aAga Moni
rigpokcunamiHy BCTYNUNM B peakuito 3 OAHMM MOSIEM (OHIB nepcynbcaTy. TecTyioTbca ABI
KoHUeHTpauii HPA, 344 T1a 688 4./MnH., Ta BOHWM NPeACTaBNAKTb OAMH Ta asa moni HsPOq,
BiANOBIAHO, AKi BCTYNAalOTb B peakLilo 3 0AHMM MOMNEM iOHIB nepcynbdarTy.

FOTyloOTb 3pasky y TpuauATb rpamiB, y ABOX €K3eMNnspax, 3BaKyluu BiANOBIAHY KiNbKIiCTb
NoYaTKOBOro PO3YMHY Ta BIAHOBMIOBANbHOIO areHTa B OKpemux cknsaHux npobdipkax VOA ob6’emom 40
mn. ORP, pH Ta koHUeHTpauilo ioHiB nepcynbdaty (nounHaroum sig npudnusHo 1000 yv./mnH. abo 5,2
MM) BM3HAYalOTb, 3aCTOCOBYHOUM KOHTPOSbHWUIA TECTOBMW PO3YMH (Y LUbOMY BMMAAKy MOYaTKOBWUWA
PO34KH), ANS KOXXHOro TeCTOBOro 3paska nicna gogaBaHHA BigHOBMOBanNbHOro areHta. KoHueHTpadii
ioHIB nepcynbdaty BU3HAYAKOTbH LUMISAXOM OKWUCHO-BIAHOBHOIMO TUTPYBAHHA MICNA TOro, SK 3pasku
3anUWMnu Ha TPUAUATbL XBWUMKWH MNpKU KiMHATHIK Temnepartypi. Ha niactasi eeKTUBHOCTI KOXHOro
BiJHOBINIOBAINbHOIO areHTa BCTYNaTu B XiMiYHY peakuito 3 ioHamu (abo aHioHaMun) nepcynbdarty Aesiki
BiQHOBMIOBAnNbLHI areHTU UbOro BUHaxXo4y nigaanu AoaatkoBOMYy TecTyBaHHIO. KpiMm Toro, 3a NneBHUMHK
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06CTaBUHAMU, MOXKYTb BUHUKATU A€AKI HebaxkaHi ebeKTH, Taki K BpaxyBaHHA MOXIMBOTO 0CaAXKEHHS
abo Koposii, KONMM MPUIAMAETLCS PILLEHHA HE 3aCTOCOBYBATW MEBHI BiAHOBMIOBANbHI areHTU LbOro
BUHAX0Ay AN PErynoBaHHA ioHIB nepcynbdaty y wnami ta/abo posuuHi ART. Kpim Toro, 6yno
BU3HAYEHO, WO Ans Toro, Wwo® HaneXHUm YMHOM OUIHUTKU €(EKTUBHICTb, AesKi BiAHOBMIOBATbHI
areHTn noTpibHo Harpith go 55 °C, wo® BOHM BCTYNUNKM B peakuilo 3 ioHamu nepcynbdarty. Lle
MMTaHHA HE MOBMHHO OyTWM MpOOMEeMO Mig 4ac 3aCTOCYBaHHSA LbOIO BUHAaXOAy, OCKINbKM LUMIaM
Ta/abo po3unH, NpucyTHi B ART, 3a3Buyan 3HaxogaTbCsl Npu Takin abo 6inbLu BUCOKiA TeMmnepaTtypi. Y
Tabnuui 1 nepeniyeHo pe3ynbTaTtu, OTPUMAHI BHACNAOK NEPBUHHOrO Biabopy BOCbMU
BiQHOBMIOBANbLHUX areHTiB, nepeniyeHnx suwe. KoxkeH NpoHYMepoBaHWU KOHTPOMNbHWUA MOYaTKOBUW
PO34MH NpeacTaBndae BigMiHHY NapTilo, AKa roTyeTbCHA CBIXKOIO KOXKHOIO AHA, Ta BOHWU 3aCTOCOBYIOTbCS
ANa NpUroTyBaHHA Ta OUiHIOBaHHS rPynu BiAHOBMIOBANbHUX areHTiB, SKi € HacTynHUMU 3a HUM. OaHe
NUTAHHA, WO BUHUKAE, NonArae y TOMy, O KOHUEHTpauis ioHiB nepcynbdaTy MOXe 3HWXKYBaTUCA 3
4YacoM, Ta BOHA TOYHO He Bigobpakae BHECOK BiAHOBMNIOBANBHOIO areHTa y 3HUXEHHSA KiNbKOCTi iOHiB
nepcynbary BHacnigoK BianoBigHOT XiMiYHOT peakuii. Lle € NpuunHOIo TOro, YoMy KOHUEHTpauilo ioHiB
nepcynbdaTy KOHTPOMbHOTO MOYaTKOBOrO PO3YKMHY BUMIPIOOTL A0 Ta MICns TECTyBaHHA ANS NEpLIMX
rpyn BigHOBMIOBanbHMUX areHTiB. Konu BCTaHOBMEHO, WO KOHUEHTpauisa ioHiB nepcynbdarty He
3MIHIOETLCA NPOTArOM Nepioay TeCTyBaHHA, TOAI KOHUEHTpauilo ioHiB nepcynbdarty BUMIPIOWOTL Ans
KOHTPOJSbHOTO MOYaTKOBOrO PO3YMHY TiNlbKU MiCNS NPUrOTYBaHHA.

MonsipHe BigHOLUEHHS BiAHOBMIOBANLHOIO areHta Ao nepcynbsdarty (4iRCHOro) paxyoTb, 6epyun
MIiNINITPM HaAMULIKOBOrO CTaHOAPTU30BAHOI0 PO3YMHY WOAY, BUMIPSAHOrO LIMASAXOM TUTPYBaHHSA, 3a
MEeXaMu TOro, Lo € HeoOXiaHMM Ans peakuii i3 3aaaHol0 KOHUEHTpaUie ioHiB nepcynbdaTty, Ta
KOPUTYIOUU MOSISIPHE BigHOLUEHHS, SiIKE 3aCTOCOBYETLCA AN OLHIOBAHHA KOXHOTO BigHOBMNIOBANLHOIO
areHTa.

Tabnuugs 1
MepBrHHUIA BiAGIp BiAHOBMIOBaNbHUX areHTiB-kaHauaatie y 1000 y./mMnH. S208%
Ta 10000 4./mnH. Cl (ak CaClz) npu 25 °C
I\_/IonﬂpHe MonsipHe
BiAHOLLEH-| .
Hsi BiAHOLLEH-
52082 | . HA
BiaHOBMIO-| .
. . Tutpy- BigHOBIIO- Pe3aynb-
BigHoBnoBanbHUN KoHuy. | ORP BanbHOro .
pH BaHHSA BanbHoro |KomeHTapi| TaTu
areHT (4./mMnH) | (MB) areHta ao
(4./MnH. areHta ao SEM/EDS,
S20s2) TEOPETUS-| - hilicHoro
HOro
nepcynb- nepcyrnb-
daty thaty
KoHTponbHUIA
MOYaTKOBUIA PO3UNH 1 i 4551528 | 1008 i i i i
CynbiT HaTpilo, BTpyyaHHs |YTBOPUBCS
NasSOs 1000 257 | 5,83 720 1 Ca 6inwii ocag CaS0s
Tiocynbdat HaTpilo, B R
NazS20s, A 2000 270 | 5,79 0 2 1,78
Tiocynbdat HaTpilo, i i
Na:S:0s. B 2000 255 | 5,79 0 2 1,78
. YTBOpPUBCA
Cynoparsanisa (), | 500 | 446 | 252 | 0 2 1,05 | Gexesnit | CaSOs
FeSO4, A
ocaj
. YTBOpPUBCA
Cynecpar anisa (I), | 5400 | 444 | 252 | 0 2 195 | Gewesuin | CaSOs
FeSO4, B
ocaj
KoHTponbHUIA
MOYaTKOBUIA PO3UNH 1 i i i 1008 i i i i
Hema
docdopucta KucnoTa, peakuii 3 i i
HsPOs, A 1000 510 | 2,08 1008 1 nepcyrb-
¢daTom
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Tabnuugs 1
MepBrHHUIA BiAGIp BiAHOBMIOBaNbHUX areHTiB-kaHauaatie y 1000 y./mMnH. S208%
Ta 10000 4./mnH. Cl (ak CaClz) npu 25 °C
I\_/IonﬂpHe MonsipHe
BIAHOLIEH-| .
Hsi BiZHOLLEH-
S208% | HA
Tutpy- BIAHOBIUO-| i 0B ri0- Pesynb-
BigHoBnoBanbHUN KoHuy. | ORP BanbHOro .
pH BaHHA BaneoHoro |KomeHTapi| Tatu
areHT (4./mMnH) | (MB) areHTa go
(4./MnH. areHta ao SEM/EDS]
S20s2) TEOPETUS-| - hilicHoro
HOro
nepcynb- nepcynb-
baty darty
Hema
docdopucTa KucnoTa, peakuii 3 i i
HsPOs, B 1000 504 | 2,04 | 1008 1 nepcyrb-
¢daTom
rigpocynbdia HaTpito, i YTBOpUBCA| S Ta
NaHS, A 1000 359 | 7,02 0 1 3,82 6inun ocan| CaSOa4
rigpocynbdia HaTpito, i YTBOpUBCA| S Ta
NaHS, B 1000 359 | 6,9 0 1 382 Ginun ocag| CaSO4
3anisoamoHiHni YTBOpPUBCA
ranyH, Fe(NH4)2(SO4)2,| 2000 | 433 | 2,60 0 2 1,96 Gexxesnn | CaSO4
A ocaj
3anisoamoHinHWi YTBOpPUBCA
ranyH, Fe(NH4)2(SO4)2,| 2000 | 432 | 2,60 0 2 1,96 Gexxesnn | CaSO4
B ocaj
KoHTponbHUIA
NnoYaTKOBWI PO3YMH 1, - - - 1008 - - - -
nicna
KoHTponbHUIA
NOYaTKOBUIA PO3UNH 2 i 464 1 517 1032 i i i i
Tiocynbdat HaTpilo, i i
NazS20s, A 2000 271 | 5,70 0 2 1,78
Tiocynbdat HaTpilo, i i
NaS:0s, B 2000 281 | 5,56 0 2 1,78
Cynbdat 3anisa (Il), i i
FeSOs, A 1000 484 | 247 0 2 2,00
Cynbdat 3anisa (Il), i i
FeSO., B 1000 483 | 2,46 0 2 2,00
3anisoamoHinHUiI
ranyH, Fe(NH4)2(SO4)2,| 1000 474 | 2,49 0 2 2,00 - -
A
3anisoamoHinHUiI
ranyH, Fe(NH4)2(SO4)2,| 1000 474 | 2,49 0 2 2,00 - -
B
rigpocynbdia HaTpito, i i i i i
NaHS, A 1000 373 | 6,86 0
rigpocynbdia HaTpito, i i i i i
NaHS, B 882 352 | 6,83 0
KoHTponbHUIA
NOYaTKOBWI PO3UMH 2, - - - 1032 - - - -
nicna
KoHTponbHUIA
NOYaTKOBUIA PO3UNH 3 i 547 | 487 | 1056 i i i i
rigpokcunaminy
rigpoxnopua, 724 337 | 3,57 7441 2 1,87 - -
NH20OH-HCI, A
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Tabnuugs 1
MepBrHHUIA BiAGIp BiAHOBMIOBaNbHUX areHTiB-kaHauaatie y 1000 y./mMnH. S208%
Ta 10000 4./mnH. Cl (ak CaClz) npu 25 °C
I\_/IonﬂpHe MonsipHe
BIAHOLIEH-| .
Hsi BiZHOLLEH-
208 | innosmio-| M7
BigHoBmoBaneHui KoHu. | ORP Turpy- BanbHoro | B/AHOBIIO- . Pesyne-
pH BaHHA BaneoHoro |KomeHTapi| Tatu
areHT (4./mMnH) | (MB) areHTa go
(4./MnH. TeopeTiy- areHTta fio SEM/EDS]
5. -
S208%) HOro AiNCHOro
nepcynb- nepcynb-
baty daTty
KoHTponbHUIA
MOYaTKOBUI PO3UNH 42 i i i 1032 i i i i
lnodocdopucra i i 3 BTpyyaHHs i i
knucnota, HsPO2, A 344 1008 1 Ca
lnodhocdopucra i i BTpyyaHHs i i
kucnota, HsPO»>, B 344 1008 1 Ca
lnodhocdopucra i i BTpyyaHHs i i
knucnota, HsPO2, A 688 1008 1 Ca
lnodhocdopucra i i BTpyyaHHs i i
kucnota, HsPO>, B 688 1008 1 Ca

1 - BusHayeHo, Lo XiMiYHa peakuis M rigpokcunamiHom Ta nepcynbdaTom 3anexuTb Big
Temnepatypu. MNMpu 55 °C, aka € poboyoto Temneparypoto ART, rigpokcunamii € ayxe ePeKTUBHUM
y peakuii 3 nepcynbdaTom.

2 - KOHTpOnbHWI NOYaTKOBUI PO3YNH ANS OUIHIOBAHHA rinohocdopUCTOi KUCNOTU FOTYIOTb,
3aCTOCOBYIOYM AEiOHI30BaHY BOAY BMCOKOT YNCTOTU 3amicTb xnopuay 10000 y./mnH. (5650 4./mnH.
Ca) 3 1000 4./mnH. nepcynbdary.

3 - BusHaueHo, WWo ximiyHa peakuis mibk HPA Ta nepcynbdaToM 3anexxuTb Big Temnepatypu. MNpu
55 °C, dka € poboyoto Temnepatypoto ART, HPA € gyxe edhekTuBHOIO y peakuii 3 nepcynbdarom.

CynbiT HaTpito

KoHueHTpauia cynbdiTy HaTpilo, SKY 3acTOCOBYIOTb ANSA OUiHIOBaHHSA, cTaHoBuTb 1000 4./mnH.
Ogapasy nicnga gogasaHHsa CynbgiTy HaTPIilO 40 NOYATKOBOrO Po34vMHY cnocTepiraeTbeca ocag. Yactuny
ocagy BMAINAKTb ANna aHanisy 3a gonomoroio SEM/EDS (gueBuck ®irypu 3 - 5). Kpucrtanu, wo
YTBOPIOIOTLCA, HE HAraaylTb KpUCTanu rincy (amsuck dirypy 5 y nopisHsaHHi 3 dirypamu 7 1a 9). Ix
Burnsaa Ginbwe Haragye rybky, Ta NMOBipHO ToMy CaSOs cknagHille 3HEBOAHIOBATM, HiXK Tinc.
EnemMeHTapHuii cknag, oTpuManuin BHacnigok EDS, nigTBepaxkye igeto npo Te, wo Ginblia YacTuHa
ocaay, WmMoBipHOo, € CaSOs;. HagiTb SAKLWIO KOHUEHTpauia JogaHoro cynbdiTy HaTpilo CyTTEBO
nepebinbLUye TEOPETUYHY KiNbKiCTb, HEOOXiAHY AnA peakuii 3 ioHaMmu nepcynbdarty y kinbkocti 1000
4Y./MIfH., y 3pasky Bce Le 3anuwaetbca 720 4./MnH. nepcynbdaTy, SKMW He BCTYNUB B peakLilo.
OueBnUAHO, WO CynbgiT HATpPilO HE MOXe OyTu rapHum BMOOPOM ANA BiAHOBMIOBANbLHOIO areHTta y
MeXKax LibOro BUHaxoay, OCKiNbKM KiNbKIiCTb Cynb(iTy HATPItlo, HeOOXiAHA ANS AOCATHEHHSA BU3HAYEHOT
METU 3HMKEHHS KOHUEHTpaUil ioHiB nepcynbdaTty B ART, Oyae BENUMKOW, TOMY WO SKAacCb KiMbKiCTb
PO3YMHHOIO KanbLilo, NPUCYTHLOIO y wWnami Tta/abo posunHi ART, MOXe BCTynaTtu B peakuil 3
Cynb®ITOM HATPILO.

TiocynbdaTt HaTpilo

KoHueHTpauia Tiocynbdarty HaTpilo, IKy 3aCTOCOBYIOTb AN OUiHIOBaHHSA, cTaHOBUTL 2000 Y./MIH.
Ocaay He cnoctepiranu nicng gogasaHHA TiocynbdaTy HaTpilo 40 NOYaTKOBOro po3yuHy. Kpim Toro,
MOPIBHAHO 3 KOHTPONbHUM no4vaTkoBUM po3dunHoM ORP 3HmxyeTbca (3 455 go 262 mB, B
cepedHboMY), a pH niasuwyetbesa (3 5,28 go 5,79, B cepegHbOMYy) Y PE3EPBHUX TECTOBUX PO3YMHAX.
TiocynbaTt HaTpilo BUKOHYE e(PeKTUBHY pOBOTY CTOCOBHO BCTYMY B peakUito 3 ioHaMu nepcynbdary
npu KiMHaTHIW Temnepartypi. [LincHe mMonapHe BigHOWEHHA Tiocynbd)aTty HaTpilo A0 ioHIB
nepcynbdary CTAaHOBUTb NPUOMM3HO 1,78, WO € MEHLUUM, HK TEOPETUYHE MOMSIPHE BiAHOLLUEHHS, SIKe
ctaHoBuTb 2,0. Y aedknx Bunagkax 3acToCyBaHHA TiocynbaTty HaTpilo SK BiQHOBMIOBANbLHOIO areHTa
LUbOro BMHAXOAy, MOXe OyTW OLUiHEHE Yy 3B'A3KY i3 CNPOMOMHICTIO TiocynbdaTy HaTpilo iHribyBatu
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OKACHEHHS Yy BONOIOMY Tra3oouyumcHuky. [poTe, y [Aeskux Bunagkax moxe 6ytu OaxaHum
3aCTOCOBYBaTK TiOCYNb(aT HaTpPIlo K NPUHANMHI OAWH BiAHOBNIOBANbHUI areHT LbOro BUHAXoA4y.
docdopucta kucnorta

KoHueHTpauia docdopucToi KUCNOTU, AKY 3aCTOCOBYIOTb AfS OUiHIOBaHHA, cTaHoBuTb 1000
4y./MnH. Ocagy He cnocTtepiranu nicna gogasaHHa dOCOPUCTOT KUCNOTU A0 NOYATKOBOrO PO3UMHY.
Kpim TOro, nopiBHAHO 3 KOHTPONbHUM noyaTkoBum posunHoM ORP nigsuwyetsca (3 455 o 507 mB, B
cepedHboMY), a pH sHmwkyeTbca (3 5,28 ao 2,04, B cepeqHbOMY) Y pe3epBHUX TECTOBUX PO3YMHAX.
docdopucTta KMCNOTa HE BCTyNae B peakuito 3 ioHaMu nepcynbdary npu KiMHaTHIA TemnepaTtypi Ta
noTpebye 3acTOCyBaHHA KaTanisaTopa, Takoro sk Woz. Y Aeskux Bunagkax Moxe 0yt MOXKIMBuUM, O
docpopucta kucnota BCTYNUTL B PEAKLi0 3 SKOKCH KifIbKICTIO PO3YMHHOIO KanbUilo, NPUCYTHLOTO Y
wnami Ta/abo posunHi ART. Omxke, ocdopuCTy KUCNOTY, §K BiAHOBMNIOBANbHUA areHT LUbOro
BUHaAxXoay, Moxe OyTu HeoOXxigHuM, y neBHUX oBCTaBMHax, 3aCTOCOBYBaTM npu Ginbll BUCOKIN
KOHLEHTpaUji, Wob npoTUAISTU NPUCYTHOCTI AKOICh KiNbKOCTI iOHIB KanbLilo y wnami ta/abo posyuHi
ART.

Cynbdat 3anisa (1)

Bi koHueHTpauii, 1000 Ta 2000 4./mMnH., cynbdaTty 3aniza (lI) 3aCTOCOBYIOTb ANA OLHIOBaHHS.
Ocaj He cnocTepiraloTb nicna gogasaHHa cynbdaty 3anisa (II) 4o noyaTkoBoro po3dunHy npu 1000
4y./MnH., npote npu 2000 4./mMnH. oapasy chnocTepiraeTbca ocad. YacTtuHy ocagy BMAINAIOTbL Ans
aHanisy 3a gonomoroo SEM/EDS (ansuck Pirypu 6 ta 7). Kpucrtanu, WO YyTBOPIOIOTLCS, HaraayloTb
Kpuctanu rincy (ameucb dirypy 7). EnemeHTapHuinm cknag, oTpumaHuin 3a gonomoroto EDS,
niagTBepaXKye igeto npo Te, Wwo ocaj - ue CaS0O42H20. Cynbdpat 3anisa (Il) BUKOHyE edekTUBHY
poboTy CTOCOBHO BCTYyMy B peakuilo 3 ioHaMu nepcynbdarty npu KiMHaTHIn Temnepartypi. HiAcHi
MONSPHI BigHOoWeHHA cynbdaty 3aniza (I) go ioHiB nepcynbdaTy npu 3actocyBaHHi 3anisa (I) y
KinbkocTi 1000 Ta 2000 4./mMnH. cTtaHoBnATk 2,00 Ta 1,95, BignosigHo. OOMaBaA Ui 3HAYEHHA OYyXe
HaAbNWXaTbCA A0 TEOPETUYHOrO MOMSIPHOTO BIAHOLUEHHS, Ske CTaHoBUTL 2,0. TlOpiBHSHO 3
KOHTPONbHUM NOYaTKOBMM po3vynHOM ORP 3anuuwaeTbes A40CTaTHLO NOCTiMHUM (3 455 ao 445 mB, B
cepegHbomy (npu 2000 4./mnH.) - 3 464 o 484 mB, B cepegHbomy (npu 1000 4./mnH.)), a pH
3HWXKyeTbCA (3 5,28 no 2,52, B cepegHbomy (npu 2000 u./mnH.) - 3 5,17 go 2,46, B cepeaHbomy (npu
1000 4./MnH.)) y pe3epBHUX TECTOBUX Ppo3dnHax. LOCRiaxeHHA Koposil NpogeMOHCTpyBano, Lo
BHacCMigok AoaaBaHHSA ioHY TpuBaneHTHoro 3anisa (Fe®*) oo TecToBMX po3uuHIB MoXe BinbyBaTtucs
NigBULLEHHA NOTEHUianis po3iMKHEHUX NaHLIOMNB Ta WMOBIPHICTb NPUCKOPEHHSA LUBUAKOCTI YTBOPEHHSA
koposii. Kpim Toro, ORP nigBuwyeTbCsa y TeCTOBUX poO34MHaxX, A0 HKMX [04aloTbCA  iOHM
TpuBaneHTHoro 3anisa (ioHu 3anisa (lll)). He 6axatoun obmerkyBatuca 6yab-akoto OAHIE0 TeOpIElo, Le
MOXe nodcHioBaTh, YoMy ORP He 3HMXYETbCS Yy TECTOBUX PO3UMHAX, - TOMY LLO YTBOPIOKTLCA iOHK
TpuBaneHTHOro 3anisa. Hagitb Te, Wo cynbdaT ABOBANEHTHOro 3anisa € ehekTUBHMM LWOAO0 BCTYNY B
peakuito 3 ioHamu nepcynbdaTy, TakMii BiAHOBMNIOBANbHUIA areHT mMoxe OyTu HebaKaHUM y MEBHUX
0o06CTaBMHAxX 4epe3 WMMOBIPHICTb NPUCKOPEHOT LLUBUAKOCTI KOPO3ii BHACMIAOK YTBOPEHHSA iOHIB
TpUBaneHTHoro 3anisa.

depocynbdat amoHito (1)

Pesynbtatn, oTpumaHi ans depocynbdaty amonito (II) (abo 3anisoamoHiiHOroO ranyHa -
(NH4)2Fe(SO4)2 abo Fe(NH4)2(SOa4)2) € nogiGHuMn o pesynbTatiB Ansd cynbdaTy ABOBANEHTHOro
3anisa, Ta y ubomy gaocnigkeHHi depocynbdar amoHito (II) 3acTOCOBYETBHCSA K KOHTPONbHWUNA
BiJHOBMIOBANbHUI areHT Ans cnocoby OKUCHO-BIAHOBHOIO TUTPYBAHHS.

i koHUeHTpauii, 1000 Ta 2000 4./mMnH., cdepocynbdaty amoHito (I) (FAS) 3actocoByoTb angd
ouiHoBaHHA. Ocaa He cnocTepiralTb Nicna gogasaHHsa depocynbdarty amoHito (I) 4o no4YaTKkoBOro
po3unHy npu 1000 4./mnH., npoTe npu 2000 4./mMnH. ogpasy cnocTepiraeTbca ocag. YactuHy ocagy
BUAINAOTb ANg 34iMcHeHHA aHanisy 3a gonomoroio SEM/EDS (ausuck ®irypu 8 ta 9). Kpuctanu, wo
YTBOPIOIOTLCA, HaragyloTb kpuctanu rincy (ameuck Pirypy 9). EnemeHTapHui cknaa, oTpumMaHui
wnsixom EDS, niaTBepaxkye igeto npo Te, Wwo HanbinbL BiporigHMM € Te, Wo ocag - ue CaS04+2H:0.
depocynbdar amoHito (I) BUKOHYye edekTuBHY pobOTYy CTOCOBHO BCTYNy B peakuilo 3 ioHamu
nepcynbdary npu KimHaTHin Temnepatypi. LicHi monapHi BigHoweHHA dhepocynbdaTty amoHito (1) ao
ioHiB nepcynbdarty npu 3actocyBaHHi dpepocynbdarty amoHito (II) y kinbkocti 1000 Ta 2000 y./MnH.
crtaHoBnAtb 2,00 Ta 1,96, BianoeigHo. OBuaBa Ui 3HAYEHHA Ay>Ke HAGMMXKAOTLCA A0 TEOPETUYHOIO
MOMNSIPHOIO BiAHOWEHHSA, sike cTaHoBUTL 2,0. MMOPIBHAHO 3 KOHTPOJIbHUM NO4YaTKOBUM po3dnHoMm ORP
3annuaeTbCca AOCTaTHLO NOCTIMHUM (3 455 0o 432 MB, B cepeaHbomy (Npu 2000 4./MnH.) - 3 464 no
474 mB, B cepegHboMy (npu 1000 4./mMnH.)), a pH 3HWkyeTbCA (3 5,28 go 2,60, B cepeaHboMy (nNpu
2000 4y./mMnH.) - 3 5,17 po 2,49, B cepeaHbomy (npu 1000 4./MnH.)) y pe3epBHUX TECTOBUX PO34MUHAX.

rnodocdopucrta kucnota (HPA)

[na ouiHlOBaHHA 3acTOCOBYIOTbLCA ABi KOHUeHTpaudii, 344 ta 688 u./mnH., HPA. KoHueHTpauii
npeactaBnAalTs oAuH Ta gsa Moni HPA, dki BcTynaloTb B peakuito 3 oAHUM MOSEM iOHIB
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nepcynbary. CnoyaTky KOHTPOSMbHUIA MNOYATKOBMW PO3YUH TOTYIOTb 3 KOHUEHTpaui€lo iOHiB
nepcynbary 1000 4./MnH. y Hag3BuMYanHO 4uCTiM Bodi. Ocag He CHOCTepiracTbCA NPU KOAHIN
KOHUeHTpauii nicna aogasaHHa HPA go uboro novatkosoro po3vunHy. ORP Tta pH He BUMIpIOIOTL B
TecToBUX po3vnHax. HPA He BCTynae B peakuito 3 ioHamMu nepcynbdaty npu KiMHaTHIA TeMnepaTypi.
MNpoTte, konu TecToBi 3pa3ku HarpiBaloTb A0 55 °C npotdarom 15 roguH, TOAi KOHUEHTpauia ioHiB
nepcynbdaTty 3HWKYETbCA A0 MamKe rpaHuub BUSABMEHHA Ans 000X KOHUEHTpaui posdnHie HPA.
Jani KOHTPONbHWUIA NOYATKOBUIA PO3YMH AOBOAATb A0 TOro crady, wob BiH Bknovas 10000 4./mnH.
xnopuay ta 5650 4./MnH. po34YMHHOro KanbuUito, a po3vynH HPA npu koHueHTpauil 344 4./MNH. roTyI0Tb
Ta HarpiBaloTb Ao 55 °C. PesynbTaTu TecCTy nicns HarpiBaHHsS AEeMOHCTPYIOTb, WO KOHUEHTpauid
nepcynbdary sHusunaca 3 912 4./MnH. (KOHTPOSIbHWI MOYaTKOBUM PO34YMH) A0 nuwe 540 y./MnH.
BeaxkatoTb, Wo gogaBaHHA CaCl: 40 KOHTPOMbHOMO MOYATKOBOrO PO34YMHY, 0COBGNMUBO PO3YMHHOIO
Kanbujto, Bnnueae Ha epekTuBHICTE HPA LWogo BCcTyny B peakuito 3 ioHamu nepcynbdaTty. [0NOBHUM
YMHOM YacTuHa docpaTy BCTynae B peakuito 3 po34MHHUM KanbuieM. Ocag He cnocTepiraeTbea nicns
aopasaHHa HPA go uyboro nodatkoBoro posduHy. lMopiBHaHHA pesynbTaTtie ORP Ta pH gemMoHcTpye
3HWKeHHS ORP y KOHTPONbLHOMY NOYaTKOBOMY po34nHi 3 1069 mB no 830 mB (TecTtoBuiA po3ymnH 3 344
4y./MnH.) Ta 3HWkeHHa pH 3 2,92 go 1,86. Baxnueo 3a3HauuTu, K BU3HAYAETLCA Y LBbOMY OMUCI
BMHaxoay, WO HarpiBaHHA po34duHiB nepcynbaty 4o 55 °C 3amictb 80 °C NOMITHO HE PYWUHYE iOHM
nepcynbdary, 9Kk BU3HAYEHO LINAXOM OKWCHO-BIAHOBHOIrO TUTPYBaHHA. 3 ornagy Ha ToW chakt, wo
34a€TbCA, WO PO3YMHHUIA KanbLii € 3paskoM, Lo BTPY4YaeTbCca Ta BCTynae B peakuito 3 HPA, HPA
MOXKe He BYTU Takolo e(PEKTUBHOLO, SKLLO KiNbKICTb PO3YMHHOIO KanbLito y wnami ta/abo posunHi ART
€ BUCOKOIO.

rigpocynbdia HaTpItO

KoHueHTpauia rigpocynbdiigy HaTpilo, 9Ky 3acTOCOBYIOTb ANA OUiHIOBaHHSA, cTtaHoBuTb 1000
4./MnH. MNicna gogaesaHHA rigpocynbdigy HaATPIlO 40 NOYATKOBOro PO3YMHY BUHUKAIOTb 3MIHWU KOSbOPY
Big ©e3konbOpPOBOro A0 »KOBTOro. lMoTiM, 3a napy XBWUMWH, YTBOPIOETbCHA XOBTMI ocad. 3 4acom
>KOBTUI 0caj 3MiHIO€ Konip Ha 6inuii. Kpim Toro, 3 TECTOBUX PO34MHIB BiguyBaeTbCA 3anax CipKOBOAHIO
(H28). YacTtuHy 6inoro ocagy BuainsaiotTe Ana aHanidy 3a gonomoroio SEM/EDS (gueuce ®irypu 10 -
12). Buasnaetbea, WO YTBOPEHI KpUCTanu - Ue Kpuctanu enemMeHTapHoi cipkn (ausuck Pirypy 10).
EnemMeHnTapHuii cknaa, oTpumanuii wnsxom EDS, niaTeepaxkye iaeto npo Te, Wo ocaa - ue, HanbinbLu
BiporinHo, enemeHTapHa cipka. Kpim TOro, nepegbavaerbcs, WO Yy XiMiYHIA peakuii Mk
rigpocynbigom HaTpito Ta ioHamu nepcynbdaTy enemMeHTapHa Cipka YTBOPKETLCA SK MPOAYKT.
MNapocynbdia HaTpito BUKOHYE ehekTuBHY poboTy, BCTynaro4unM B peakuio 3 ioHaMu nepcynbdaTy npu
KiMHaTHin TemnepaTypi. [lpoTe, AiicHe wMonapHe BigHOWeEHHA rigpocynbdigy HaTpilo A0 ioHIB
nepcynbary npu 3acrocysaHHi 1000 4./mnH. rigpocynbdigy HaTpito ctaHoBUTbL 3,82. Lle 3Ha4eHHA
Habarato nepebinblUuye TEOPETUYHE MONAPHE BigHOLWEHHS, Ake cTaHoBuTb 1,0. He Gakaroum
npue’sisyBatuca Ao Oyab-AKOi OAHIET Teopii, ogHa MOXMMBA NPUYMHA TOTO, YOMY AiNCHE MOMSIpHE
BIAHOLIEHHS € HabaraTo BMLUMM MOPIBHSAHO 3 TEOPETUYHUM MOSIIPHUM BiAHOLUEHHAM, MOXE NOnaratu
y B3aemoaii rigpocynbdigy HaTpilo 3 po34YMHHUM KanbuieM. MNOpPIBHAHO 3 KOHTPONbHUM MOYaTKOBUM
posumHom ORP 3HmxkyeTbecs 3 455 go -359 mB, B cepeaHboMy, a pH 36inbLuyeThea Big 5,28 a0 6,98, B
cepeaHbOMY, Y pe3epBHUX TECTOBUX po3yunHax. Napocynedig HaTpito Hagae HanHmkui gaHi ORP ans
Oyab-AKOro 3 NPOTECTOBAHMX BiAHOBMIOBANbHUX areHTiB, MPOTE BU3HAYEHO, L0 HEraTMBHI AaHi MB €
HacnigkoMm posyuHeHoro HqS, wo 3anuwmecs y TectoBux posduuHax. ORP abo gaHi y minisonbtax
CTalTb OiNbW NO3UTUBHUMK 3 YACOM, KONMK Po3vnHEHn HaS posciloeTbea 3i 3paska, ocobnmeo nicns
HarpiBaHHA npu 55 °C, wo € BinblU NPUAHATHUM CepeaoBULLEM AN TECTy. Pe3ynbTaTu HarpiBaHHs
ana rigpocynbdigy HaTpito 06roBopIOIOTLCA Aani.

PesynbTatu nepBuHHOro Bigbopy Ang rigpocynbdigy HaTpil0 AEMOHCTPYIOTb, WO BiH BCTyNae B
peakuito 3 ioHaMu nepcynbdarty Npu KiIMHaTHIA TeMNepaTypi, NPoTe ANA HbLOro NOTPIGHO NPUBNU3HO Y
yotupu (4) pasm Ginblue BiAHOBMIOBANbLHOrO areHTa, Hixk nepegbavaerbca TeopeTudHo. Kpim Toro,
YTBOPIOETLCA 0Caj, KM, 9K BU3HAYaAETbCA, € enemMeHTapHolo cipkoto. MNpoTe, rigpocynbdig HaTpito
AK BiAHOBMIOBANbHWUIA areHT Afs 3aCTOCYBAHHA Y 3B’SI3KY 3 UMM BUHAXOA0M € MEPEBAKHNUM, TOMY LLO
BiH BCTYNae B peakuito 3 OKUCHEHOIO PTYTTIO Ta ocaaxkye HgS.

rgpokcunaminy rigpoxnopug (HAH)

KoHueHTpauia HAH (abo rigapokcunamoHilo xnopua), ska 3aCTOCOBYETLCA AN OLHIOBAHHS,
CTaHOBWUTb 724 4./MnNH. abo 344 4./MNH. ANa rigpoKCunamiHy, SKui € XimivHolo opMOlto, sika BCTynae
B peakuito 3 ioHamn nepcynbdaty. Ocaj He cnocTepiraeTbes nicna gogaesaHHa HAH go novaTkoBoro
pPo34nHy. MMOpPIBHAHO 3 KOHTPOMbHUM No4vyaTtkoBuM po3dnHoM ORP 3HmkyeTbea (3 547 go 337 mB, B
cepedHboMy), a pH sHwkyeTbca (3 4,87 go 3,57, B cepeaHbOMY) Yy pe3epBHUX TECTOBUX PO3YMHAX.
Mpu kimHaTHIn TemnepaTypi HAH He BCcTynae B peakuito 3 ioHamu nepcynbdaty ayxe aobpe.
BumipsaHa koHUueHTpauis nepcynbdarty 3HumxyeTbes 3 1056 go 744 4./MnH. BusHayeHo, Wo XiMidHa
peakuin Mibx HAH Ta nepcynbdatom 3anexuTtb Big Temnepatypu. Mpu 55 °C, ska e pobouoro
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Temnepatypotlo ART, BM3Ha4eHO, WO TigpoKkcunamiH € ayxe eekTuBHUM, BCTynawovu B peakuilo 3
nepcynbarom. Ha OCHOBI pesynbTaTiB 3 HarpiBaHHAM AilcHe monspHe BigHoweHHAa HAH pgo
nepcynbdary craHoBuTb 1,87, LLUO € MEHLUMM HiDK TEOPETUYHE MONAPHE BiJHOLLEHHS, AKE CTAaHOBUTb
2,0. binbw goknagHe oGroBOpPeHHs pe3ynbTaTiB AOCNIAXKEHHA 3 HarpiBaHHAM ana HAH HaBoauTtbes
pani.

HAH yTBOploe coni 3 KucnoTamu, siKi MarOTb HasBy NO aHanrii 3 CONAMM MOYaTKOBOT CMOJSYKK
amiaky, "coni rigpokcunamoHito". HAH oTpumaloTb 3rigHo 3 HAcCTYMHO peakuieto:

NH20H+HCI—[NH3OH]J*CI-

Ockinbkn HAH € MeHLW Nny>XHUM NOPIiBHSHO 3 amiakoMm, TO COMi rigpoKCUNaMOHil0 MatoTb BinbLu
CUITbHY KUCINOTHY peakuito y BoAHOMY po3uuHi (pKa = 5,8) nopisHsaHO 3 consaAMu amoHito (pKa = 9,25).
HAH mae pKa 5,8 Ta Hux4e uboro pH moxe icHyBaTu y npoTtoHoBaHin dopmi (NHsOH+). HAH (cTaH
OKMCHEHHSI a30Ty CTaHOBUTb -1) MA€ CUNbHY TEHAEHUIIO AOXOAWTWM A0 CTaHy Oinbll BUCOKOTO
OKMCHEHHS, Ta BHACNIAOK LbOro BiH 4ie K CUMbHUIA BiAHOBMNIOBASIbHUI areHT:

2NH30H*—N2+2H20+4H++2e- E = -1,87 B.

PesynbTatun nepeuHHoro Bigbopy ana HAH € nepeBakHuMu, KONM TECTOBI PO3YMHM HarpisaloTb
4o 55 °C.

Biabip BigHOBNIOBANbLHOIO areHTa nNpu KiMHaTHIA TeMnepaTtypi Ta Npu HarpiBaHHi, 3aCTOCOBYOYM
K CUHTETUYMHWIA TECTOBUI PO34UH, Tak i PinbTpat 2010

Ha HactynHomy eTani Tecty Biabopy dinbTpatr ART, wo 36epiraetbca 3 2010, 3aCTOCOBYETLCA Ha
004aTOK A0 CUHTETUYHOrO Mo4vaTKoBOro po3ynHy. KoHueHTpauis nepcynbdaTy BUMIPIOETLCSA MNpu
6e3nocepeaHbo BULe Hixk 1000 v./MnH. y 3pasky ®inbTtpaty 2010 ART. BiaHOBMNIOBAnNbHi areHTu, Aki
BUOpaHo ans uiei 3agadi, - ue riapocynbdia HaTpito Ta HAH, ToMy WO BBa)atoThb, WO Li ABi CNONYKM €
Hanbinbll epekTUBHUMIU NpU BuAAnNeHHi 6a)kaHol KinbKoCTi nepcynbdaty npu K MOXIMUBO HUXKUNX
KOHLIEHTpAaUisX, BHAcnigok 4oro BigdyBaeTbca 3HMxeHHA ORP y ART 6e3 BMHUKHEHHSA Oyab-siKMX
WKianuBmx nobivHMx eekTiB, BHACNIAOK SKMX YTBOPIOOTLCA A0AAaTKOBI BigOMi pe4OBUHM (Hanpuknag,
Kanbujin) y 3paskax dinbtpaty ART. [doknagHiwmnin aHanis 34iMCHIOETLCA NPU AOCNIAXKEHHI BNAUBY
HarpiBaHHA Ta 3HWXEHHS KOHUeHTpauil BiaHoBnioBanbHOro areHta Ha ORP, pH Ta koHueHTpaudiio
nepcynbdaTy TECTOBOro po3vmHy. [logaTkoBa MeTa - BUSBUTU Oyab-ske MOMITHE YTBOPEHHS ocaay y
dinbTpaTi nicna goaaBaHHA KOXHOTO BIAHOBIIOBANbHOIO areHTa.

Mpoueaypa OTPUMAaHHA KOXHOT KOHUEHTpauii Aansa BiAHOBMIOBanbLHOro areHra abto vy
CUHTETUYHOMY MOYATKOBOMY PO34uHi, abo y ®inbTpati 2010 Ana TECTYBaHHA € HACTYMHOK. [OTYIOTb
npnbnusHo 100 rpamiB KOXHOro TECTOBOro po3vnHy. Po3paxoBaHy Macy BigHOBMNIOBANbHOIO areHTta
ANa gaHol KoOHUEHTpauii, Ta 3 ypaxyBaHHAM TOroO, WO 3aranbHa Maca 3paska ctaHosutb 100 rpamis,
[0JalTh CnoYvaTky A0 NOKPUTOT AborTemM nabopaTopHOi CknsHkn Pyrex o6’emom 150 Mn. AHanITUYHI
Barn 3 uUiHolo aineHHa 0,0001 rpama 3acTOCOBYHOTb ANA 3BaXKyBaHHS KOXXHOIMO KOMMOHeHTa. He €
MPaKkTUYHUM 3BaXKyBaTM TOYHY PO3paxOBaHy Macy BIAHOBMIOBANbLHOIO areHta. Ak Hacnigok, Komm
AiicHa mMaca 3HaxoauTbCa y Mexax + 5 BigCOTKIB BiAHOCHO po3paxoBaHOi Macu, i 3anucyloTb, Ta
KiNbKiCTb ab0 CMHTETMYHOIO NOYATKOBOrO po3ynHy, abo dinbtpaty 2010, aka 40AA€ETbCS, PETYNIOIOTb
nponopuiinHo A0 uUboro. JonycTume BIAXMNEHHA AN AogaBaHHS ab0 CUMHTETUYHOrO MO4YaTKkoOBOro
posuuHy, abo dinbTpary 2010 craHoBuTb * 0,02 rpama Big abCOMIOTHOT PO3paxoBaHOi KiNbKOCTI.
Micna Toro, 9k NPUroTOBaHO KOXHWUW TECTOBUIW PO3YMH, CKNSIHKY MOKPUBAIOTL NPeaMETHUM CKNOM Ta
pO3TALIOBYIOTb Ha MAarHiTHIM Miwanui Ha Tpuausats (30) xBunuH. licna nepemillyBaHHA KOXKHOT
CKNAHKM 3BaxkyloTb anikeotu no 30 rpamiB 3 ToyHicTio 4o 0,01 rpama y TpbOX OKPEMUX CKNSAHUX
npobipkax VOA o6’emom 40 mn. OBi npobipkn VOA 3aCTOCOBYIOTH Y AOCHIMKEHHI HArpiBaHHA Mpu
55 °C, a iHwy npobipky VOA 3anuiiatoTb B yMOBaxX OTOYYIOUOIro cepegoBuLLa.

3pasok Habopy A TecTyioTb Npu KiMHaTHiN Temnepatypi, a 3pasok HabGopy B, B aybGnikari,
TECTYIOTb nicns HarpiaHHA npu 55 °C. ORP, pH Ta KoHuUeHTpauilo nepcynbdaty BUMIPIOKTL AN
KOXKHOTO TECTOBOIO PO34MHY, a KOHLUEHTpAaLilo BiAHOBMIOBANbLHOIO areHta sik ans 3paska Habopy A,
Tak i ans 3paska Habopy B BumiptoloTh nicnsa HarpisaHHA 3paska Habopy B.

rigpocynbdia HATPIO - YMOBM OTOMUYIOHOIO cepeaoBuLla

3aranomM TECTYIOTbCA BiCiM KOHUEHTpauin rigpocynbdigy HaTpilo, HE BKNOYaO4M KOHTPONbHUN
3pasok. Tligpocynbdia HaTpilo TecTylTb, 3aCTOCOBYIOUM MpPOCTO 3pasok PinbTtpaty 2010.
KoHueHTpauia nepcynbdaty y MM npu 1000 u./mnH. gopiBHioe 5,2 mM. Tigpocynbdia (HSY) - ue
cnonyka, sika BCTynae B peakuito 3 nepcynbdgaTtom. XiMiyHa peakuis Mk rigpocynbdigoMm Ta
nepcynbaroM MyCUTb MaTu MonsipHe BigHoweHHs 1,0. B Tabmumuyi 2 5,2 MM HS- gopiBHioe
KOHLIEHTpaLi, ska CTaHOBUTb NpuBNIM3HO 170 Y./MnH. LA KOHUEHTpALiS € MEHLLIOO, HiXK KOHLEHTpaLig,
HeobxigHa, Wo® NOoBHICTIO NpopearyBaTu 3 NPUCYTHIM Nepcynb@daTom 3 NOYaTKOBOK KOHLEHTpAaUIEH,
aka crtaHoButb 1104 wu./mnH. KoHueHTpauia rigpocynbdigy Big 600 uy./mMnH. go 800 4./MnH. €
HeobxigHoto, Wo® NOBHICTIO MpopearyBatv 3 UMM nepcynbdartom Mpu KiMHATHIA TemnepaTypi, K
BMAHO Ha ®irypi 14. 3 UbOro BUAHO, LUC MONAPHE BiAHOLLEHHA rigpocynbdiay Ao nepcynbdaty
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Habnmwxaetbca 40 4,0, Ta BOHO € NOAIGHMM A0 MONSAPHOIO BIAHOLWIEHHS, HeoOXiAHOro npwu
3aCTOCYBaHHIi CUHTETUYHOIrO po3udnHy. dirypa 13 AeMOHCTpye 3aranbHy TeHAEHUio nigBuweHHA pH,
KOMNW KOHUEHTpauis rigpocynbdiagy Hatpito 3poctae. ORP pisko nagae npubnusHo npu 600 4./MnH.
HS . Ak Bxxe 06roBopOBanocs, BBaXKaloThb, LLO NPUYMHOK HEraTUBHUX AaHux cTtocoBHO ORP npu 800
Ta 1000 4y./mMmH. OyB posyuHeHur H2S, Akui Bce LWe 3anuwaeTbca y LKUX TECTOBUX PO3YMHAX.
3aranbHi pes3ynbTaTtu 4EMOHCTPYIOTb, LLO rigpocynbdia He BCTynae B peakuito 3 nepcynbdarom npu
KiMHaTHin TemnepaTypi.

Tabnuuga 2
MpoTarom Hodi - 6e3 HarpiBaHHA - ®inbTpat 2010
MNapocynbai ' . lapocynbdi Mepcynbdat
m|)-|aT);/)iro(p § Fapocynbia ﬂ?—laT);/)iro(p § pH ORP wo F::aj)'lwl|_u¢1j||3c;=|
(4./MnH.) (4./M7H.) (MM) (4./MnH.)

0 0 0,0 6,74 470 1104

42 25 0,8 6,72 310 1104

85 50 1,5 6,92 301 1080

170 100 3,0 7,05 326 840

340 200 6,1 6,93 311 816

680 400 12,1 7,05 303 480
1019 600 18,2 7,46 291 264
1359 800 242 7,12 -256 0
1699 1000 30,3 7,57 -340 0

Micna HarpisaHHA npu 55 °C

Lis HarpiBaHHA Ha TecToBi 3pa3ku AeMOHCTpye HacTynHe: (1) pH mae TeHAaeHUuio 3anuwaTucs
TakMM camuM, SK | Npu KiMHaTHIn Temnepatypi, pH nigBuwyeTbca 3 NiABUMLLEHHSAM KOHUEHTpauil
rigpocynbpigy, NnpoTte 3aranbHUin pH € HUXKIUM Y HarpiTux 3apaskax, 40KW He AOCArHYTO KOHLEHTpau,ilo
y 1000 yu./mnH. HS- (Tabnuus 3 Ta ®irypa 15); (2) noaibHo Ao pesynbTaTiB Npu KIMHATHIR TeMnepaTtypi
ORP pisko nagae npu npubnusHo 600 4./mMnH. HS-, sk nokasaHo Ha ®irypi 15. MNpoTte, 3aranbHi
3Ha4yeHHa ORP € Buwumu y Harpitux 3paskax; Tta (3) nogibHo A0 pesynbTaTiB NPy KiMHATHIN
TemnepaTypi KoHUeHTpauis rigpocynbdiay Bia 600 ao 800 4y./MnH. € HeobxiaHO, WOO MNOBHICTIO
npopearysatu 3 nepcynbdatoM, 49Kk nokasaHo Ha ®irypi 16. KoHueHTpauis nepcynbdary
KOHTPONbHOrO 3paska nagae 3 1104 go 840 4./mnH. nicna HarpiBaHHa npu 55 °C. Lle aeMoHCTpye, Wo
nepcynbar He MOBHICTIO BCTynae B peakuilo npu HarpiBaHHi 4o Temnepatypu 55 °C, ak ue
BiaOyBaeTbca npu 80 °C. Lle € Ba)KNUMBMM MYyHKTOM, OCKINbKM HarpiBaHHA Tinbku go 55 °C Bce we
MOXe inocTpyBatn edekT abo BHECOK KOHUEHTpauii BiAHOBIIOBANbLHOIO areHta Ha peakuilo 3
nepcynbgarom.

Tabnuua 3

Micna HarpiBaHHa - ®inbTpaT 2010

' . ' . ) . Mepcynbdart, Wwo
Fmpocynb(plp, Fapocynedia Fmpo_cynb(plp, oH ORP gaJYIVIIJJqI:/)IBCFIm
HaTpItlo (4./MIH.) (4./MnH.) HaTpito (MM) (4. /MIH.)
0 0 0,0 4,91 537 840
42 25 0,8 3,64 540 912
85 50 1,5 3,62 546 900
170 100 3,0 3,64 506 828
340 200 6,1 4,11 500 660
680 400 12,1 6,32 519 432
1019 600 18,2 6,7 494 228
1359 800 24,2 6,34 263 0
1699 1000 30,3 7,52 241 0

HAH a6o rigpokcunamoHito xnopua
3aranomMm TecCTyloTbCS CiM KoHUeHTpauii HAH (rigpokcunamoHilo xnopuay), He BKova4u
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KOHTPONbHUIA 3pa3ok. HAH TecTyloTb i3 3acTOCyBaHHAM K CUHTETUYHOIO PO34YnHy, Tak i PinbTparty
2010. KoHueHTpauis nepcynbdaty y MM npu 1000 u./mnH. gopiBHioe 52 MM. He OGaxatoum
npuB’sisyBatuca A0 Oyab-aKOi OAHIET Teopii BBaXalTb, LIO NPOTOHOBaHa dopMa riapoKCunamiuy,
NHsOH*, - ue cnonyka, WO BCTynae B peakuito 3 nepcynbdartom. XimiuHa peakuis Mk NHsOH*+ Ta
nepcynbdarom MycuTb Math MONSIPHE BIOHOLUEHHS, AKe CTaHOBUTDL 2,0.

CUHTETUYHWIA PO3YMH - YMOBMW OTOUYIOHOro cepeaoBuLla

Ak moxHa 6aumtn 3 Tabnuui 4, 10,4 mM NHsOH* Bignosigae kOHUeHTpauii, ska CTaHOBUTL
npubnusHo 344 4./mnH. L koOHUeHTpauia € npubnM3HO Takow, sika € HeobXigHow, Wob MNOBHICTIO
npopearysatu 3 TMpPUCYTHIM nepcynbdatoM 3 MNOYaTKOBOK KOHUeHTpadielo y 1032 4y./MnH.
KoHueHTpauia riapokcunaminy mick 344 1a 400 4./MnH. € HeobxigHoO WOG NOBHICTIO NpopearyBaTtu 3
UMM nepcynbdartom Npu KiMHaTHIA TemnepaTypi, Kk nokasaHo Ha Pirypi 18. dirypa 17 aeMoHCTpye
CyTTEBE 3HWXEHHA PH nicna gogaBaHHA rigpoKcunamiHy y HaWHWXYin KoHUeHTpauii, 50 4./MnH. 3
HacTYMHUM MNOCTYNOBUM 3HMXEHHAM pH, KOnNM nicnad UbOoro KOHUEHTpauis rigpokcunaminy
nigemwyetbca. ORP Mae TeHAeHUilo KONMBaTUCA Y TECTOBUX pPO3YMHAX, KOMM KOHUEHTpauida
rigpokcunamiHy 30inblUuyeTbCs Ta gocarae MiHimymy y 400 y./mnH. ORP, pH Ta KoHueHTpauio
nepcynbdary BUMIPIOIOTb HA CUHTETUMHOMY KOHTPOMBHOMY 3pa3ky Micns NpUroTyBaHHA Ta HanpuKiHLi
nepiogy TecTy, SIKMA CTAHOBWUTb MPuONM3HO 24 rogumHU. 3 yacoMm pH HECYTTEBO 3HMXKYETHCA Y
KOHTpONbHOMY 3pasky, a ORP Ta KoHuUeHTpauid nepcynbdaTty 3HMXKYETbCA. 3aranbHi pesynbtatu
OEMOHCTPYIOTb, Lo TrigpokcunamiH He BCTynae B peakuito 3 nepcynbdartoM MNpu  KiMHaTHINA
TemnepaTypi.

Tabnuuga 4
MpoTarom Houi - 63 HarpiBaHHS - CUHTETUYMHUNA
rigpokcunamiu Mepcynbdar,
HAH (4./mMnH.) (4./MIH.) HAH (mM) pH ORP (MB) Lo 3anuLumnBecs
' ) (4./MnH.)

S0 0 0,0 512 565 1032
0 0 0,0 4,99 410 960
105 50 1,5 3,02 424 840
211 100 3,0 2,43 490 600
362 172 52 2,94 450 504
421 200 6,1 2,46 396 552
632 300 9,1 2,49 438 192
724 344 10,4 2,71 399 216
842 400 12,1 2,35 337 <50

CUHTETUYHMIA PO3YUH - Nicns HarpiBaHHA npu 55 °C

Lis HarpisaHHA Ha TecToBi 3pasky 3 CUHTETUYHUM PO3YMHOM AEMOHCTpYye HacTtynHe: (1) pH mae
TEHOEHUil0 3anuuatuca Takum camMuMm, 9K i NpyU KiMHATHIA Temnepatypi, pH 3HWxXyeTbca 3
NigBULLEHHAM KOHUEHTpaUii riapokcunaminy, npoTte 3arasibHe 3Ha4YeHHA pH € HWKIMM Yy Harpitux
3paskax (Tabnuua 5 ta dirypa 19); (2) Ha BiAMiHY Big pe3ynbTaTtiB NpuU KiMHATHIA TemnepaTypi y
ubomy Bunagky ORP pisko nagae mixk 100 Ta 172 4./MNH., KONW KOHUEHTpAaUis rigpokcunamiHy (abo
HAH) 36inbwyeTbca, Sk nokasaHo Ha ®irypi 17. MpoTe, 3aranbHi 3Ha4YeHHa ORP mik 300 Tta 400
y./mMnH., komnu rigpokcunamiin (HAH) 3pocrae, € nogiGbHuMu [0 pes3ynbTartiB nNpu  KiMHATHIN
TemnepaTtypi. Cnocrepiraetbca OinbLu cyTTEBE 3HMKEHHS ORP npu NOpPIBHAHHI KOHTPONbLHOTO 3paska
(1070 mB) 3 TecToBMMHK 3pa3kamun 3 KoHUeHTpauiamMu rigpokcunaminy (HAH) suwe 300 4./MnH. (MeHLW
Hixk 470 mB) npu HarpiBaHHi; Ta (3) HarpiBaHHSA nNiaBULLYE €PEeKTUBHICTb rigpoKcMnamiHy CTOCOBHO
BCTYNy B peakuilto 3 nepcynbdatom. binblwl HM3bKa KOHUEHTpauig rigpokcunamiHy (HAH) €
HeobxigHoto, Wob NOBHICTIO NpopearyBatn 3 nepcynbdaToM y Takili camii NOYaTKOBIN KOHUEHTpauii
npu HarpiBaHHi. KoHueHTpauia rigpokcunamiHy (HAH) Bia 200 go 300 4u./mMnH. € HeobxigHOO npu
HarpiBaHHi, Kk nokasaHo Ha Pirypi 20, nopiBHAHO 3 KoHUeHTpauicto Big 344 o 400 4./mMnH. npu
KiMHaTHin Temnepatypi. INpoTe, TiNbkM Big HarpiBaHHA KOHUEHTpauis nepcynbdarty y KOHTPONbHOMY
3pasky 3HuxkyeTbca 3 1070 go 888 u./MNH., a Take 3HWKEHHA MOXE BpaxoByBaTUCA ANS AESKOl
Pi3HMLUI, WO CnocTepiraeTbeA.
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Tabnuua 5

MNicna HarpiBaHHA — CUHTETUYHUIA

Fapokcunamiu Mepcynedar, wo
HAH (4./mMnH.) (4. /MIH.) HAH (mM) pH ORP (MB) 3anuwmnBecA
) ' (4./MnH.)

0 0 0,0 2,96 1070 888
105 50 1,5 2,26 1096 696
211 100 3,0 2,03 1104 384
362 172 5,2 1,92 515 288
421 200 6,1 1,82 591 96
632 300 9,1 1,8 470 <50
724 344 10,4 1,78 444 <50
842 400 12,1 1,82 429 <50

dinbTpat 2010 - yMOBM OTOYYIOHOIO CepeaoBuLLa

3riaHo 3 Tabnuueto 6, 10,4 mM NH3sOH+* BianoBigae KoHUEHTpaUil, gka CTaHOBUTb NpuBNIM3HO 344
4y./MIH. La KOHUEeHTpauia € npubnM3HO Takow, AKka MycuTb OyTu HeoOXxigHow, Wo6 MNOBHICTIO
npopearyesaTtu 3 nepcynbdartom npu noyaTkoBin koHUeHTpauii, 1080 4./MnH., BUMIpAHIA y DinbTparTi
2010. lMpoTe, npu KiMHaTHIN Temnepatypi HAH He € edekTMBHMM WOAO BCTyny B peakuio 3
nepcynbaroM, Akui Mictutbes y @inbtpati 2010. [LificHo, 6inbll HiXK MOMOBMHA NO4YaTKOBOI
KOHUeHTpauii nepcynbdaty sanuwaerbes nicna peakudii 3 HAH y koHueHTpauii 400 4./MnH., SK
nokasaHo Ha ®irypi 22. be3ymoBHO, XxiMmia ®inbTpaty 2010 € Habarato CKNaAHIWOK HDK XiMmis
CUHTETUYHOIO PO34YMHY, Ta BOHA Mae BNMMUB Ha OKUCHO-BIAHOBHY peakuito HAH/nepcynbaty. dirypa
21 neMOHCTpYye cyTTeBe 3HWKeHHA pH nicna gogasaHHA HAH y HaHW»xHin KOHUeHTpauil, 50 4./MnH.,
3 HaCTYNHUM BUPIBHIOBaHHAM pH, Konu nicns uboro KOHUeHTpauisa rigpokcunamidy 3pocrtae. MNogibHa
TeHAeHUis crnocTepiraetbca y BumipsHomy ORP unx TectoBux 3paskis. ORP, pH Ta koHUeHTpauito
nepcynbdary BUMIPIOIOTb Y KOHTPOSNbHOMY 3pa3sky dinbTpaTty 2010 Ha noyaTKy Ta HanpukiHUi nepioay
TECTy, kM TpuBae npubnuaHo 24 roauHn. pH ta ORP 3 4yacom HEeCyTTEBO 3pOCTalOTb Yy
KOHTPONbHOMY 3pasKy, a KOHUeHTpauia nepcynbdaty 3HWXKYETbCA. 3aranbHi pesynbtatu
OEeMOHCTpYIOThb, Wwo HAH He € Takum edekTMBHMM Yy peakuii 3 nepcynbdatoM npu KiMHaTHIN
TemnepaTtypi npu 3actocyBaHHi ®inbTpaty 2010, Ak Npy 3acTOCyBaHHI CUHTETUYHOIO PO3YMHY.

Tabnuua 6
MpoTarom Hodi - 6e3 HarpiBaHHA - ®inbTpat 2010
rigpokcunamiu Mepcynbdar,
HAH (4./mMnH.) (4./MIH.) HAH (mM) pH ORP (MB) Lo 3anuLumnBecs
' ' (4./MnH.)

S0 0 0,0 6,7 517 1080
0 0 0,0 6,78 548 1032
105 50 1,5 3,62 375 912
211 100 3,0 3,18 382 816
362 172 52 3,41 340 792
421 200 6,1 3,33 387 768
632 300 9,1 3,37 360 672
724 344 10,4 3,34 371 648
842 400 12,1 3,17 352 624

dinbTpat 2010 - nicna HarpisaHHA npu 55 °C

Lis HarpiBaHHA Ha TecToBi 3pasku i3 3actocyBaHHaAM PinbTpaTty 2010 gemoHCTpye HacTynHe: (1)
TeHAeHUis pH € Takolo X camolo, WO npu KiMHaTHIN Temnepatypi, pH 3HWXYETBCA 3 NiABULLEHHAM
KoHUeHTpauii HAH, npoTe 3aranbHe pH € HUXYMM HixK y HarpiTux 3paskax (Tabnuus 7 1a dirypa 23);
(2) Ha BigMiHy Big pesynbTaTiB NpuW KiMHaTHIK TemnepaTypi y ubomy Bunagky ORP pi3ko nagae npu
koHueHTpauii HAH Big 100 0o 172 4./MnH., a NOTiM BUPIBHIOETLCS MPKW BinNbLL BUCOKUX KOHLIEHT pauisx,
K nokaszaHo Ha Pirypi 23. 3aranbHi 3Ha4yeHHa ORP € 6Ginbll BUCOKMMW ANS Harpitux 3paskie
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NOPIBHAHO 3 pe3ynbTaramu Npu KiMHaTHIK TemnepaTypi. CnocTepiraeTbcs Ginbll CYTTEBE 3HUXKEHHS
ORP npu nopiBHAHHI KOHTponbHOro 3paska (790 mMB) 3 TectoBMMK 3paskamMu, Y SAKUX KOHLEHTpauis
HAH nepesuwye 200 4./mMnH. (MeHw Hix 500 mB) npu HarpiBaHHi; (3) HarpiBaHHA nigBuulye
edrekTuBHICTb peakuii HAH 3 nepcynbdarom. binbLi HMU3bKa KoHUeHTpauia HAH € HeobxiaHowo, wob
NOBHICTIO npopearysath 3 nepcynbdaTtoM 3 TakOK X CaMOK MNOYaTKOBOKO KOHUEHTpauieo npu
HarpiBaHHi. KoHueHTpauis HAH Big 344 go 400 4./MnH. € HEOOXiAHOK NpPU HarpiBaHHi, K NoKa3aHo Ha
dirypi 24; Ta (4) Ginbw BUCOKa KoHueHTpauis HAH € HeoOxigHowo ansa peakuii 3 nepcynbdarTom y
noAibHii novaTkoBin KoHUeHTpauii (1080 npotn 1032 4./MnH.) npu 3actocoByBaHHi PinbTpaTy 2010, v
NOPIBHAHHI i3 3aCTOCYBAHHAM CUHTETUYHOIO PO3YMHY.

Tabnuua 7
Micna HarpiBaHHa - ®inbTpaT 2010
rigpokcunamiu Mepcynbdar,
HAH (4./mMnH.) (4./MIH.) HAH (mM) pH ORP (MB) Lo 3anuLumnBecs
' ) (4./MnH.)

0 0 0,0 4,48 790 912
105 50 1,5 2,78 800 636
211 100 3,0 2,41 798 444
362 172 52 2,27 534 360
421 200 6,1 2,22 498 288
632 300 9,1 2,12 484 156
724 344 10,4 2,09 482 108
842 400 12,1 2,08 470 <50

MogaenioBaHHA enekTponiTudHoi pisHoBaru (OLI) - TectroBa matpuusa anga nonepeaHbLoro Biadopy
BiQHOBMIOBANbHUX areHTIiB i3 3aCTOCYBAHHAM CUHTETUYHOIO PO3YUHY

[na nepeipkn pesynbTaTiB eKCNEPUMEHTIB Ta ANA TECTiB 3 CUHTETUYHUM PO3YUMHOM CTBOPUIIN
moaeni OLI Anga KOXHOro BUMAaAKy Ta 3anyCcTunuM iX Ans Toro, wod TeopeTndHo nepeadavnTu KiHUEBY
KOHUEHTpaLil0 KOXKHOI0 BiAHOBMIOBANbHOIO Po3udnHy. Byno ouiHeHo, Wo nicng niBroauHU pPo3dnH
pocsrae cBoei pisHoBarn. MogentoaHHa OLI 34iCHIONTL Npu 060X TeCTOBMX Temnepartypax (25 °C
Ta 55 °C). Cnig 3asHauMTH, WO OKPiM KiHUEBMX / piBHOBa)KHMX 3HadeHb ORP, pH, S:0s2, Takox
OTPUMYIOTb  YCi MOXINMBI 0cagu, IOHHI/MONEKYNAPHI CNONYKW Ta TepMOAMHAMIYHI BESIMYUHK
(eHTanbMito, EHTPONID, TENNONPOBIAHICTb, IOHHY CUAY TOLWLO) KIHLEBOIO0 PO3YNHY.

MopiBHAHHSA ORP Ta pH 3 ekcnepumeHTanbHMX pesynbTaTiB Npu koHueHTpauii HAH (Tabnuus 4
Ta ®irypa 17 - kKimHaTHa TemnepaTypa, Tabnuua 5 ta dirypa 19 - npu 55 °C) y CUHTETUUHOMY PO3YUHI
3 ORP Ta pH 3 nepeabavenux 3a OLI pesynbrarie (aueuck gani ta ®irypy 18): (1) TeHaeHuia pH Ta
3HAYEHHA NoKasHMKiB pH GnNn3bKo y3roakyloTbCsl Npu 060X TECTOBUX Temneparypax; (2) pesynbratu
ORP He y3romKkyloTbCsa Npu KiMHaTHIA Temnepatypi abo npu 25 °C. ExkcnepumeHTanbHi pesynbtaTtu
OEMOHCTPYIOTh, Wo ORP KONMMBAETLCA, TA HA HLOIO NULLUE HECYTTEBO BMNMBAE KoHUeHTpauia HAH,
3HWXKYOUN A0 MiHiMymy y 337 mB npu 400 y./mnH. HAH. Pesynbtatn OLI gaeMoHcTpytoTh, wo ORP
nigBuLLyeTbCa nicna aoaasaHHa HAH ao makcumymy, skuini nepebinbluye 1000 mB npu KoHUEHTpauii
HAH y 100 y./mnH. MigeuweHHa ORP BiabyBaeTbCca 3aBaskM akTuBauii nepcynbdarty (yTBOPIOIOTLCS
BiNlbHI pagukanu, To6To - S2082-+HarpiBaHHA—2SO4™) NpW HarpiBaHHi, a KOHUEHTpaUis nepcynbdary,
O He BCTYNMB B peakuilo, BCe Le 3anuwaetbca BUCOKOL. oTiM piBHi ORP BUPIBHIOIOTLCA MiXK
kKoHueHTpauismn HAH Big 100 go 400 4./MnH. neped TUM, AK 3Ha4YeHHS ORP 3HM3uTbCH Huxkde 200
MB npu koHueHTpauii HAH 500 4./mMnH. Pesynbtatun OLI ana ORP € noaibHumu gk npu 25 °C, TaK i
npu 55 °C; Ta (3) ekcnepumeHTaneHi pesynstati ORP npu 55 °C AeMOHCTPYIOTb, L0 AOCAraeTbcs
MakcumMym GinbLue 1000 mB npu koHueHTpauil HAH, sika ctaHoBuTb 100 4./MITH., a NOTIM 3HUXKYETHCS
ao 515 mB npu koHueHTpauii HAH 172 4./MnH. neped TuMm, AK BiH BUPIBHIOETLCA Ta AOCArHe
Makcumymy 429 mB npu koHueHTpadii HAH 400 u./mnH.

OuiHlOBaHHA BIAHOBMIOBAsNIbHUX areHTiB, SKi MOXHa 3aCTOCOBYBAaTW, LWIAXOM MOAENOBaHHA
enexkTponitHoi piBHoearu (OLI) BiAHOBMIOBANbHUX areHTiB y peuupkynsudinHoMmy 6aky abcopbuiiHoi
konoHu (ART) WFGD

Ak MeTog nNiATBEPIXKEHHS EKCMEPUMEHTANbHUX PEe3ynbTaTtiB ANA CUHTETUYHOTO  PO3YMHY
(KOHTpONbHUI po34vmH; 10000 y./mnH. Cl- Ta 1000 4./MnH. S20s%), cTBOpUnIM mogeni OLI Ta sanyctunu
X, Wob TeopeTnyHo nepeabdauntn KiHUEBY KOHUeHTpauitlo, pH Ta ORP KO)HOro BigHOBMNIOBANbHOIO
po3unHy. CaClz Ta K2S20¢ 3acTtocoByloThes sk mkepena Cl- ta S20s%, BiANoBiAHO (TepMoAMHAMIYHA
6asa pgaHumx OLI He micTutb Na2S20s). MogenioBaHHs OLI 34iiCHIOIOTE Npu ABOX Temneparypax
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(25°C Ta 55°C) Ta Ha fJianasoHi KOHUeHTpauii BiAHOBNIOBANbLHOrO areHta (BigHOLLEHHSA
BigHOBMNOBanbHoOro areHta/ S:0s% craHoeutb Biga 0 ao 1). Cnig 3asHa4uTH, WO OKPiM KiHUEBUX /
piBHOBaXHUX 3Ha4veHb ORP, pH, S20s%, Takox OTPUMYIOTb YCi MOXNMBI 0caaM, iOHHI/MONEKYNApHi
CMONyKU Ta TEPMOANHAMIMHI BENUYUHKU (EHTANbNIKD, EHTPONIl0, TENMNONPOBIAHICTL, IOHHY CUNY TOLLO)
KiIHLLEBOIO PO3YNHY.

Pesynbtatn mogenoaHHs OLI HaBegeHo y Tabnuui 8 (ocamkeHi cnonyku) 1a Ha ®irypax 25 - 30
(pH Ta ORP). Cnig 3asHauutu, Wwo aAns ycix Bunagkie S:0s> He cnocTepiraerbcst y KiHUEBOMY
BPIBHOBAXKEHOMY pO34uHi. Ha niacTtaei pesynbratie ctocoBHO ORP 3aaetbest, wo NaHS e Hanbinbuw
eEKTMBHUM BiAHOBMIOBANBbHUM areHTOM AN 3HWKEHHA Ta/abo perynioBaHHsa ORP. 3HauYeHHs1 Huxiue
Hik 1000 4y./mnH. NaHS (BigHoweHHa NaHS/S:0s? cTaHoBMUTH 1) MOXHaA 3acTOCOBYBaTW AnNA
3HWKeHHS ORP KOHTPOMbHOIMO PO34YnHY A0 HaBiTb HEraTMBHUX 3HAYEeHb Y MiNiBoMnbTax. 3a BUHATKOM
NaHS, Ttemnepartypa po3yuMHy He Mae cyTtTeBoro BnnuBy Ha ORP abo pH KiHUEBOro posyuHy.
BinbLWicTb oCamXeHUX CNOSYK BBAXKAIOTb MPUAHATHUMW Ta TUMWK, LLO NPUPOAHO 3yCcTpivaloTbes, nig
yac poboTtu 3 novatkoBum Matepianom WFGD (3a BuHatkom Fe2Os aAnsa BigHOBNIOBANbHOIO areHTta
Ha OocHOBI 3ani3a). HAH Takox moxke 6yt 6aykaHUM BiAHOBIIOBANbHUM areHToOM, OCKiNbKW BHACMIAOK
Moro aoaaBaHHs BiAOYBaETbLCS 0CAMKEHHS TiNbKK rincy. Ha niactasi Uux pesynbTaTtiB BBAXAlOTb, LU0
[oJaBaHHA, y MiHiManbHin kinbkocti, NaHS go 6aka aGcopObuinHoi konoHn abo ART 3gaTHe 6yTu
edekTuBHUM Ana sHmwkeHHa ORP. OgHa nepesara NaHS nondrae y Tomy, WO BiH 34aTeH CNPUATH
3HWXKEHHIO MOBTOPHOI eMicii Hg, Akwo noro aodalTb A0 PEeUMpKYynauUinHoro Hacoca. MNpobnema,
noe’sisaHa 3 agogaesaHHAM NaHS go ART, nondrae y Tomy, WO HeobXigHO AOCAITU OAHOPIAHOro
posnoBctoakeHHst NaHS y 6aky. HeobxiaHo, o6 NaHS fgocsiriys okucnioBanbHoro areHta (S:0s2) B
ART gakoMora LLUBUAKO Ta AKOMOra piBHOMIpPHO. Crig 3as3Ha4yuTh, Wo akTuBHUI areHT NaHS - ue HaS
(abo ioH HS-). 3posymino, wo H2S mMoxHa gogatu Jo okucnoBanbHoro nositps ART, wob
BiaOyBanocs ogHOPiaHE PO3NOBCIMKEHHS.

Tabnuua 8
OcagxkeHi cnonyku gk pesynbTaT A0AdaBaHHA BIQHOBIOBANIbHUX areHTiB
[0 KOHTPOMNbHOrO pO3vnHY
BigHoBnoOBanbHUN o5 °C 55 °C
areHT
NaHS rinc, Ss(100 - 800 4./mnH. NaHS) inc, Ss(400 - 800 y./mMnH. NaHS)
Na2S203 linc, Ss(300 - 1000 y./mnH. S203%) linc, Sg(600 - 1000 Y./MnH. S203%)
Na>S0s3 linc, Ss(600 - 1000 y./mnH. SO3%) inc
FeS047H20 inc, Fe20s3 rinc, FexO3
HsPOs linc, Ss(600 - 1000 4./mMnH. H3POs) rinc
NH2OH rinc Finc

OcagXeHHS MapraHuto

Ak o6roBoplOETbCS BULLE, OAWH Niaxia WOAO0 MiHiMi3auil yTBopeHHa MnOy y Bonoromy
ra3004YUCHUKY MOXKE NOMAratv B YCYHEHHiI abo MiHiMisauii koHueHTpauii nepcynbdary (MeHL HiK
npnbnusHo 150 4./MNH.) y BONOroMy rasooumcHuky. Kpim toro, yreopeHHa SN-cnonyk ta SO-KUCnoT -
ue napanenbHi peakuii ana goctynHux NOz2, Mn3+ Ta Fe3+ y BOnoromy rasooumcHuky. Lle moxe
[OMOMOITH MOACHWUTU, YOMY BOJIOT OUUCHUKK 3i CXOXKUMM KOHCTPYKLIAMU MOXKYTb MaTu 6€3MipHO pisHi
KOHLIeHTpauii nepcynb@arty 3anexHo Big koHueHTpauii NOx B TOMKOBOMY rasi, L0 HagxXoAwuTb A0
BOMOroro rasoovucHuka. Lle possonse npunyctutu, wo 6Oinbwl BUCOKa KOoHUeHTpauis NOyx, sikui
HaaAXoAMTb A0 BOMOrOro ra3oouMCHUKA, cripusie yTBOpeHHIo SN-crnonyk, a He SO-kucnot (T06TO,
nepcynbary).

Bulle oOUiHIOIOTBCA Aekinbka BiAHOBMIOBANbHUX areHTiB LWWOoAO0 X edEeKTUMBHOCTI BCTynatu B
peakuilo 3 nepcynbdaTtom Ta 3HUXKYBaTU OKUCHO-BigAHOBHUI noTeHuian (ORP). [HwWWiA nigxia, akui €
OQHMM 3 niaxoaiB, LIO 3aCTOCOBYETbCS Yy LbOMY ONUCI BUHaxoay, nondarae y BubOpi Tpbox
BiQHOBMIOBANbHUX areHTiB 3 AaHUX, OTPUMaHWX BULLE, Ta Y BU3HAYEHHI TX e(EeKTUBHOCTI LWoao
NepeLKoaKaHHA  OCa KeHHI0 MapraHulo. [Ba TecToBi po3yMHM, SKi MICTATb nepcynbdar,
3aCTOCOBYIKOTLCS Y TECTYBaAHHI: CUHTETUYHMIA po3ynH Ta ®inbTpaT 2010 ART.

ExkcnepumeHTu 3i 36arayeHHaM MapraHuem

Tpu BigHOBNIOBanbHi areHTu, rigpocynbdia Hatpito (NaHS), Tiocynbdat Hatpito (Na2S:03) Ta
HAH (NH20OH+HCI) 6yge ouiHeHO y LbOMY PO3Aini woao ix epekTMBHOCTI y 3anobiraHHi 0CagXeHHIo
MapraHuio y ABOX TECTOBUX PO3YMHAX, AKi MiCTATb nepcynbdar: (i) npurotoBaHuii B nabopartopHux
ymoBax, abo CUHTETUYHMI, po3uuH Ta (i) PinbTpat 2010 ART. O6uaBa TECTOBI PO3YMHU MICTSITb
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nepcynbdar y koHueHTpauii npudnuano 1000 u./MnH. [JBa CUHTETUYHI po3unHK roTytotb 3 CaClz npu
KOHUeHTpauii xnopugy 10000 4./mnH. (5650 4./mnH. Ca). OauMH 3 CUHTETUYHUX PO3YMHIB Mae
nepcynbpat (S20s%*) y koHueHTpadii 1000 4./MnH., a iHWWMA He MICTUTL nepcynbdaTy Ta
3aCTOCOBYETLCA $K KOHTPONbHWUW. [lOCNiAOBHICTL AoAaBaHHA: 36aravyeHuin MapraHuem pO3YmH,
BiQHOBMIOBANbHUMA areHT Ta TECTOBUMW PO3YKMH. [pMUYMHM Takoi MNOCRIAOBHOCTI AoaaBaHHA - Le
3anobirtn peakuii TECTOBOro po3umHy, crnoyatky abo 3i 3baradeHuMm MapraHuem pos3vmHom, abo 3
BiQHOBMIOBANbLHUM areHToM, Ta NOTiM BU3HAUMTU, YN TECTOBUI PO3YMH BCTYNAE B peakuilo NepeBaxHo
abo 3i 3barayeHum MapraHuem po3uMHOM, abo 3 BigHOBMNIOBANbHUM areHToMm. KOHUeHTpauito
MapraHulo y TecTi, akun gogatote y Burnagi MnClz, pospaxosytoTb npu 100 4./MnH., 60 npudnnsHo
Taka KOHUEeHTpauia 3a3Buyan 3ycTpidaeTbca y 3paskax inbtpaty ART, ae ocagKeHHA MapraHuyto He
BiaOyBaeTbLCA.

KoHUeHTpauia KOXHOrO A04aHOro BiAHOBMIOBASILHOIMO areHTa 3anexuTb Big KiNbKOCTI, SKy
BU3HAYUNM HEOOXiAHOKW 3 MNOMepeaHbOro TECTyBaHHS ANA 3aBEpLUEHHS XIMIYHOT peakuii npu
KOHLIEHTpAaUjii NpUCcyTHLOro nepcynbdaty y npubnmusHo 1000 Y./MNH. Yy KOXKHOMY TECTOBOMY PO3UMHI.
Ona NaHS popaHa kinbkicTb Mae koHueHTpadito 24,2 mM. KoHueHTpadisa nepcynbdaty y mM npu
1000 u./mnH. Bignosigae 5,2 MM. lgpocynedia (HS-) - ue cnonyka, wo BCTynae B peakuiio 3
nepcynbdarom. TeopeTU4Ho, XiMidHa peakuia Mk rigpocynbdigoMm Ta nepcynbdartoM MNOBWUHHA
BiabyBaTucsa npu MONsSipHOMY BigHoweHHi 1,0, npoTe 3aMiCTb LbOro HeoOXigHE MONSAPHE BiAHOLUEHHS
HS/S20s% cTtaHoBUTL BiA 4 A0 5. BBaxaloTb, WO npoToHoBaHa cdopma rigpokcunaminy, NHsOH+*, - ue
crnonyka, Wo BCTynae B peakuito 3 nepcynbatom. XimidHa peakuis mixk NHzOH* Ta nepcynbdaTtom
NoBMHHA Bia®yBaTMCs NpU MONAPHOMY BiAHOLLEHHI, sike cTaHoBuTL 2,0, Ta AnNA HEl HeobxigHa
koHueHTpauin HAH (NH2OH-HCI), aka ctaHosuTb 10,4 mM. BusHaudeHo, Lo koHUeHTpauin HAH, ska
cTaHoBUTb 9,1 MM, € HeoOXigHOW ANA CMHTETUYMHOIO PO34MHy, a BinblLU BMCOKA KOHUEHTpauia 12,1
MM e HeobxigHow ans ®inbTpaty 2010 ART. Ha BiamiHy Big NaHS ta NH20OH+HCI, ans Na:S:0s
AoknagHe AOCNiAXKeHHA HE BUKOHYETLCA Ta MOro peakuia 3 nepcynbdartoM He 34iNCHIoeTbCA. XiMivHa
peakuis MK TiocynbaToMm Ta nepcynbgaTtom NOBMHHA BUHUKATW NPU MONAPHOMY BiAHOLLEHHI, siKe
ctaHoBuUTb 2,0, ana Hel HeoOxigHa KoHueHTpauia Na2S:0s, aka gopisHioe 10,4 MM. Lle €
KoHueHTpauieto Na2S203, sika 3aCTOCOBYETLCA Y L YAaCTUHI OMKUCY.

Cnoyatky roTyloTb kKoxxeH TecTOBMWI 3pa3ok no 225 rpamiB y HACTYMHIM NOCAIAOBHOCTI: cnovaTtky
[OJalTbCsl  pO3paxoBaHi  Ta  3BaXKEHI  KinMbkoCTi  36arayeHoro  mapraHueMm  po3yuHy Ta
BiJHOBMIOBANbHOrO areHta B okpemMy nnsAwky Nalgene 3 wmpokum ropnom o6’emom 250 Mn, a NoTim
004aeTbCA BigNOBiAHA KiNbKICTb Ta TUN TECTOBOro po3vnmHy. ORP Ta pH BM3Ha4aloTb Ha KOXHOMY
KOHTPONbHOMY TECTOBOMY PO34YMHI Ta KOXHOMY 3pasky npu KiMHaTHin Temnepatypi. [licna
BUMIpIOBaHHA ABi posdineHi npodu no 100 rpamiB KOXHOr0 TECTOBOIO PO3YMHY MEPEHOCATLCA A0
NNALWoK i3 nposoporo ckna [-Chem o6’emom 125 mn. TectoBuin Habip B 3anuwaioTb npu KiMHaTHIN
TemnepaTypi, a TectoBuit Habip A HarpiBatoTb npu 55 °C. lMicna HarpiBaHHA npu 55 °C npotarom 15
roguH 3pasky 3anuLualoTb OXONoAXKyBaTUCH A0 KiMHaTHOI TemnepaTypu, a ORP Ta pH BUMIpIOOTE Ha
KOHTPOMNbHMX Ta TecToBux 3paskax ansa obox TecTtoBux HabopiB, Ta ix pe3ynbTath HaBeAEeHo Y
Tabnuui 9. KoHueHTpauii nepcynbdarty BUMIPIOIOTbL 32 CNOCOOOM TUTPYBAHHS Y CUHTETUUHOMY
posuunHi Ta PinbTparti 2010 ART, wWo® BU3HAYUTK iXHi MOYATKOBI KOHUEHTpAUIl, Ta B yCiXx TeCTOBUX
3paskax nicna HarpiBaHHsl, Ao sikux 6yno gogaHo nepcynbdar. KokeH 3 KOHTPONbHUX Ta TeCTOBUX
3paskiB 060x TecToBux HabopiB PiNbTPYOTb Kpisb okpemi inbTpu Millipore 3 posmipom oteopis 0,45
MKM, Ta dinbTpaTu nepegatotb A0 pynu perynoBaHHa (CTL) ana 34iiCHEHHA aHanisy po34YMHEHOro
MapraHuto i3 sactocyBaHHAM ICP-AES (aTOMHO-eMICiiHWMIA CNEKTPOMETP 3 HAYKTUBHO 3B’A3aHOI0
nnasmoto). KoxkeH 3i 3paskiB inbTpaty 30epiraetbcs 3aBAsSKM A0AABaHHIO 2 MAaCOBUX BiACOTKIB
HNQOs. Hapewri, ana TectoBux 3paskiB, siki yTBOpMnM ocajf, 34iMCHIOETbCA aHani3 3a g0nomMorow
SEM/EDS, wo6 cnpobyBaTu BU3HAYMTU €NEMEHTAPHUI CKNaa ocaay, 3i0paHoro Ha KOHOMY hinbTpi
Millipore.
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Tabnvusa 9
Pe3ynbTath TeCTy BU3HAYEHHA Ail pi3HMX BiHOBMIOBANbHMX areHTiB Ha OCaAKEHHSI MapraHLio
HeHarpitun Harpitun
BigHoBnoBanbHUi Po34ynH g Po3unH g
Tect| ORP 82082 ORP 82082
areHT pH [mapranuto Ocap pH [mapraHuio Ocag
(+MB) (4./MnH) (4./MNH.) (+mB) (4. /MIH) (4./MINH.)|
CHUHTETUYHUIA
PO34YMNH
KoHTponbHuii 6e3 €, 3nerka €, KOpUYHEBUI
Mn 1 600 |5,18 0,18 1008 3a6apBNeHMi 1029 ( 3,25 | < 0,0002 840 ocan
€, TEMHO
Kowrponbuits | 5 | 500 |5,11| 107 : g anena | g0 00| 3o | gss | remor
Mn ’ 3abapBnenuii ’ ’ _
KOPUYHEBMIA
Ta YOPHWUW ocaj
€, 3abapeneHuii
e CBITNUM
. ’ _ JKOBTYBaTO-
KOHTpOnbHU 3 3abapBnenuii KODUYHEBMIA
Mn 6 210 19,78 1,01 - SKOBTUR / 172 | 7,68 9,43 - pocaa
o .
6e3 S,05~, NaHS KOPWYHEBUNI 73 nnaBaoi
ocap .
KOPUYHEBI
YaCTUHKW
KOHTpONbHUIA 3
Mn
6e3 S.067, 7 222 16,62 108 - Hema 188 | 7,30 107 - Hema
Na28203
KOHTpONbHUIA 3
Mn
6e3 S,06%, 8 188 4,04 105 - Hema 129 [ 3,94 110 - Hema
NH>OH-HCI
. €, 3nerka .
KOHTpONbHUIA 3 3a6apBneHMil €, Npo3opun,
Mn 3 373 6,14 812 - - | 702 [ 3,91 91,9 <50 KOpPUYHEBUHI
2. KOPUYHEBMIA
3 S,05%, NaHS ocan ocaj

KOHTpONbHUIA 3
Mn 4 314 14,68 108 - Hema 305 | 2,98 110 < 50* | €, kanamyTHui
3 82082_, NaxS;03
KOHTpONbHUIA 3

Mn 5 | 405 |2.35] 108 - Heva | 503 |1.82| 110 | <50 Hema
3 8,057,
NH-OH+HCI
®inbTpar 2010
ART
m”m“"””” Ges| g | 335 |6,76| <0,0002| 936 Hema 359 | 5,39 | <0,0002| 840 Hema
€, 3nerka €, TEMHO
KOHTPORbHMIA 3 3a6apl§ne_Hm7|, 3abapBneHun,
Mn 10 328 16,63 108 - OPiOHi ) 458 | 3,58 79,7 816 TEMHO-
KOPUYHEBI KOPUYHEBUN
YaCTUHKU Ta YOPHUI 0can,
€,_np?3opmm, €, Npo3opun,
NaHS 11 | 242 |7,55| 104 - Ginnit ocan, | gg | 731 | 109 72 HE 30BCiM
Ta nna.aodi o
6ini YacTUHKK Ginmit ocan
Na,S,0; 12 256 16,79 105 - Hema 209 | 5,56 107 < 50* Hema
NH-OH+HCI 13 420 (2,94 - - Hema 451 | 2,13 111 <50 Hema

*Ha nigcTasi pesynbTatis TUTpyBaHHS nepcynbdaTtom kinbkicTb Na>S:0s3, o € HeobxigHotlo Ans peakuii 3 nepcynbarom,
npucyTHIM y 3pa3sky, 6yna HaaMipHoto Ha 30 - 40 %.

TectoBuit 3pasok 1 - KoHTponbHuin 6e3 Mn, 6e3 BiAHOBMIOBANbHOIO areHTa, CUHTETUYHUIA PO3YMNH
3 KOHUeHTpadietlo nepcynbdary y 1000 4./MnH.

TecToBuit 3pasok 1 - Ue KOHTPONbHMI 3pa3ok 6e3 AoaaBaHHS Mapraduo abo BigHOBMIOBANbLHOIO
areHTa. Hagitb He3Baxaioum Ha Te, wo CaCl2+2H20, ceptudpikosanun ACS Grade, 3acTOCOBY€ETLCA
ANa NPUroTyBaHHA CUHTETUYHUX PO3YMHIB, MapraHelb BUMIPHOETLCA NpU KOHUeHTpauii 0,88 4./mMnH. y
Nno4YaTKOBOMY PO34MHI Xnopuay 3 KoHueHTpauieto 10000 4./MnH., KW He MICTUTbL Nepcynbgary.

Y 3pasKky, WO He 3a3HaB HarpiBaHHs, o0WABI piauMHKM CTaloTb 3nerka 3abapBneHuMu Ta
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YTBOPIOETLCA 3Merka >0BTYyBaTO-KOPUYHEBUI 0cad. Y HarpitoMy 3pasky ocaj Mae TEMHO-KOPUYHEBUI
Konip Ta 34a€TbCs, WO B HbOMY € Oinblue ocagy, sk nokasaHo Ha Pirypi 31. Ha uin Pirypi ta Ha
HacTynHux cpotorpadisix apasok "A" - ue Harpituin 3pasok. MNepeadavaeTbcs, WO HEBENUKA KiMbKICTb
nepcynbary BCTynuna B peakuildo 3 AeAKOK KiNbKiCTIO PO3YMHHOIO KanbLjilo, BHAacRigoK 4o0ro
yrBopuBca CaSO4+2H20. AHaniz 3a gonomoroto SEM/EDS 34iMCHIOIOTE Ha 0cajax sk HeHarpitux
3paskiB, Tak i HarpiTux 3paskis, Ta BiH AEMOHCTPYE, LLO NPUCYTHIN HEBENWUKUIA MaCOBUI BiACOTOK CipKH
(1,63 mMacoBOro BiACOTKA y HeHarpitomy 3pasky nopiBHAHO 3 1,54 mMacoBOro BiACOTKa y Harpitomy
3pasky) 3 Haanuwkom Kanbuito (ameuchk Pirypy 32). KpiMm TOro, HeBenMKWA MacoBWW BigCOTOK
MapraHutlo BM3HaAuYMnM B oOcafi Harpitoro 3paska (2,97 macoBoro BigcoTka). Y 3B'S3Ky 3 UMM
PO3YMHHUI MapraHeub € HXYUM Yy Harpitomy 3pasky (MeHw Hik 0,0002 (IRL) nopiBHaHO 3 0,18
4./MnH.). Micna HarpiBaHHA, ORP TecTtoBoro 3paska 3poctae 3 600 go 1029 +mB, a pH 3HWxyeTbLCA 3
5,18 po 3,25. KoHueHTpauis nepcynbdaTy y KOHTPOnbHOMY TecTOBOMY 3pasky 3HWxKyeTbCca 3 1008 ao
840 4y./MnH. Li 3HayeHHs nepcynbcpaTy € CYTTEBUMM ANA UbOr0 AOCHIAKEHHS, OCKIMbKM BOHM
OEMOHCTPYIOTb, WO KONW nepcynbdar HarpiBaeTbcsl 40 55 °C, wWo € npubnusHow TeMnepaTyporo y
ART, Toai BiH MOBINbHO po3nagaeTbcsa. Y OinMblU paHHiIX TecTax BHACMIAOK HarpiBaHHA 3paskiB 3
noaibHoi koHueHTpauieo go 80 °C npotarom 15 roguH ysecb nepcynbdar posnaecd. LUnsaxom
HarpiBaHHA TECTOBUX PO3YMHIB TiNbkn A0 55 °C edeKTUBHICTb BiAHOBMIOBANbLHOIO areHTa pymHyBaTH
nepcynbdar MoxXHa TakoXK A40CiaxXyBaTu, TOMY WO npu 55 °C HarpiBaHHA Tak CUNbHO HE BNMMBAE Ha
po3nag nepcynbdary.

TecToBuit 3pasok 2 - KoHTponbHun, 3 Mn, 6€3 BigHOBMIOBANbHOIO areHta, CUHTETUYHUIA PO3YMH 3
KOHUeHTpauieto nepcynbdaty y 1000 u./mMnH.

TecToBUIN 3pas3oK 2 - L€ KOHTPONbHUIA 3pa3ok 3 A0JAaBaHHAM MapraHuto, npote 6e3 gogaBaHHS
BiJHOBMIOBANbHOrO areHTa. Y HeHarpitomy 3pasky piaMHa € 3nerka 3abapBneHo, Ta YTBOPIOETbCS
ocaj 3nerka CBIiTNO-KOPUYHEBOTO KOMbOpy. PianHa mae TemHille 3abapBneHHs, a HarpitTuim 3pasok
Ma€ CyTTEBY KifbKICTb TEMHO-KOPMYHEBOIO Ta YOPHOro ocagy, Sk nokasaHo Ha ®irypi 33.
MepenbavaeTbCa, WO HEBENUKA KiNbKICTb nepcynbdaTy BCTynuna B Peakuild 3 AeAKOH KiMnbKIiCTHo
PO3YMHHOIO KarnbLjilo B HEHArpiToMy 3pasky, BHacnigok voro yreopuscst CaSQO42H20. 3aiicHI0ETbCA
aHanis ocagy 3a gonomoroio SEM/EDS, akuii AeMOHCTpYeE, WO NPUCYTHI HEBENWKI MacoBi BigCOTKK
KanbLUito Ta cipku (amBuck Pirypy 34). MNMicna HarpieaHHa, ORP TecToBoOro 3paska 36inbyerbcsa 3 592
ao 900 +mB, a pH 3HwkyeTbca 3 5,11 go 2,90. Kpim TOro, B ocagi Harpitoro 3paska 3HaxogsaTb
BUCOKMI MaCOBUI BiaCOTOK mapraHuto (37,41 macoBoro BigcoTka). BignosigHo A0 UbOro, KinbKiCTb
PO3YMHHOIO MapPraHulo € HXKYOK y Harpitomy 3pasky (83,2 nopisHaHo 3 107 4./mMnH.). KoHueHTpauida
nepcynbdary y TeCTOBOMY 3pasky 3HmxKyeTbcs 3 1008 ao 888 u./MnH., WO € BaXKNMUMBUM ANS LbOro
JOCNIIKEHHS Ta NOACHIOETLCH BULLE.

TecTtoBui 3pa3ok 3 - 3 Mn, 3 NaHS, y CUHTETUYHOMY PO34MHI 3 KOHUEHTpauielo nepcynbdaTty y
1000 4./MnH.

TecTtoBUA 3pa3ok 3 cknagaeTbca 3 gogaBaHHA MapraHuto Ta NaHS 3 nepcynbchatom vy
CUHTETUYHOMY PO34MHI. Y HEHarpitoMmy 3pasky piguHa € 3nerka 3abapBneHolo, Ta YTBOPIOETLCA 0caj
CBITNO-KOpUYHEBOro Komnbopy (amBucb Pirypy 35). PiguHa nposopa, Ta Harpituin 3pasok mae
KopuyHeBMI ocag. Ha ocagax 3aincHIoeTbea aHanis 3a gonomoroto SEM/EDS (gusuce ®irypy 36), Ta
BiH AE€MOHCTPYE NOMIPHi MacoBi BiACOTKM MapraHulo B 0cagax sk HarpitMx, Tak i HeHarpitTux apaskis
(16,5 nopiBHsHO 3 8,02 macoBuMK BigcoTkamn). KOHUEHTpaUia MapraHuio BULLE B 0cadi HeHarpitoro
3pasKka NopiBHAHO 3 0CaA0M HarpiToro 3paska, Ta Taky camy TEHAEHUilo cnocTepiraloTb y TECTOBOMY
3pasky 6, ge NaHS TakoX 3acTOCOBYETbCH K BigHOBMOBanbHWW areHT. BignoeigHo A0 UbOTrO,
PO3YMHHUIA MapraHeub BUMIPIOIOTb Y HEHArpiToMy Ta HarpitoMmy 3paskax npu koHueHTpauii 8,12 Ta
91,9 u./MnH., BigNoOBIAHO. Y UbLOMY MpUKNadi AianasoH KOHUEHTpauil pO34YMHHOrO MapraHuto
ctaHoBuTb Big 107 ao 111 4y./mMnH. y TeCToBUX 3paskax, AKi He AEeMOHCTPYIOTb 0CaAKEHHA MapraHuio.
Kpim Toro, pesynstatn EDS aeMOHCTpYIOTb AYy>ke BMCOKI KOHLEHTpAaUii CipKM B 0cagax siKk HEHarpitoro,
Tak i HarpiToro 3paska (54,59 nopiBHaHO 3 71,49 macoBoro BiacoTka). Lle MoxHa NOACHUTU XiMIYHOIO
peakuicto, y sKii eneMeHTapHa cipka yTBOPIOETbCS SK NPOAYKT.

S$208%+SH+OH—2804>+S+H20 E=2,49 B.

Micna HarpisaHHA ORP TecTtoBoro 3paska 3poctae 3 373 go 702 +MB, Ta pH 3HmxkyeTbCa 3 6,14
Ao 3,91. KoHueHTpaudia nepcynbdarty y TecToBoMy 3pasky 3HuXyeTbcs 3 1008 00 MeHLW Hixk
npnbnusHo 50 4./MnH. Lle AeMOHCTpYE, Lo BiAHOBMIOBANbHUIA areHT ePEKTUBHO BCTYNUB B PeakLito 3
yCiM nepcynbaTom, NpoTe BiH HE 3MIr 3anobirTu ocagXeHHI0 AeAKOT KiNbKOCTI MapraHuio.

3pasok 4 - 3 Mn, 3 Na25203, y CUHTETUHHOMY PO34YMHI 3 KOHLEHTpauielo nepcynedaty 1000
Y./MSH.

TectoBuit 3pa3ok 4 cknagaerbca 3 pgobaBku MapraHuw T1a Na:S:03 3 nepcynbdarom vy
CUHTETUYHOMY PO34YMHI. Y HeHarpiTomy 3pasky ocaa He cnoctepiraetbca (ausucb irypy 37). Y
HarpiToMy 3pasky piguHa kanamyTHa, npoTe Anga aHanisy EDS He moxHa 3ibpaTu A0CTaTHIO KiMbKiCTb
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ocagy. Micna HarpiBaHHa, ORP TecToBOro 3paska sHmkyetbca 3 314 go 305 +MB, a pH 3HuxyeTbCs 3
468 go 2,98. Po34yMHHUIA MapraHeub BUMIPIOETBCA Y HEHarpitomMy Ta Harpitomy 3pasky npu
KOHUeHTpauii 108 ta 110 u./mnH., BignosigHo. KoHueHTpauia nepcynbdaty y TecToBOMY 3pasky
3HWKyeTbCca 3 1008 g0 mMeHw Hik 50 u./mnH. Lle aemMoHCTpye Te, WO BiAHOBMIOBANbHWUIA areHT
edeKTMBHO BCTYNUB B peakuito 3 yciM nepcynbdarom Ta 3anobir ocagpkeHHo MapraHuio. Ha nigcrasi
BMU3HAYEHHA TUTPYBaHHAM nepcynbdaToM BU3HAYaAETbCHA, WO Yy Harpitomy 3pasky BCe LWe
sanuwaeTbea Haanuwok NaxS:03. Hagnuwok € ekBiBaneHTHUM KOHUeHTpauil nepcynbdarty y 432
y./mMnH. Lle ao3Bonse npunycTUTK, WO HeobxiaHa koHueHTpauis Na2S203, sika CTaHOBUTb MEHLU HixXK
10,4 MM, nMoBipHO Bnmxce o 7,3 mM.

TectoBun 3pasok 5 - 3 Mn, 3 NH20HsHCI, y cuHTETUYHOMY pO34MHI 3 KOHUEHTpaLielo
nepcynbdary y 1000 y./mnH.

TectoBui 3pasok 5 cknagaetrbcsl 3 gobaeku mapradHuww ta NH2OH<HCI 3 nepcynbcdatom y
CUHTETUYHOMY PO34UMHI. AK B HEHArpiTOMY, TakK i B HarpitToMy 3pasky ocaj He cnocrepiraetbcs (QUBUCH
®irypy 38). Micns HarpiBaHHs, ORP TectoBoro 3paska 36inbwyetbcsa 3 495 go 503 +mMB, a pH
3HWKyeTbea 3 2,35 go 1,82. KoHueHTpauis nepcynbdarty y TecToBOMY 3pasky 3HUxyeTbca 3 1008 ao
MEeHW Hixk npubnusHo 50 u./mnH. Lle aemoHCTpye Te, WO BiAHOBMIOBANbHUI areHT e(eKTUBHO
BCTYMNUB B peakLUito 3 yciMm nepcynbdaTomM Ta 3anobir 0CagpKeHHIO MapraHLo.

TecToBuii 3pa3ok 6 - KoHtponbHui, 3 Mn, 3 NaHS, 6e3 nepcynbdarty y CUHTETUMHOMY PO3YMHI

TecToBUi 3pa3ok 6 - Le KOHTPONbHUI 3pa3ok 3 AodaBaHHAM Mapraduio Ta NaHS, nporte Ges
nepcynbdarty y CUHTETUYHOMY pO34YMHi. Y HeHarpitomy 3pasky piguHa mae 3abapBneHHs, Ta
YTBOPIOETLCA 3MNerka »KoBTUW / KopuuHeBurW ocag (aumeuchk irypy 39). PiguHa mae cBiTniwe
3abapBneHHs, a HarpitTMi 3pasok Mae CBITNUIA >KOBTYBATO-KOPUYMHEBUI 0Caa 3 KOPWUYHEBUMM
yacTMHKaMK, SKi nnaBaloTb Ha nosepxHi. BukoHyeTbCA aHania ocagis 3a gonomoroio SEM/EDS
(ausucb Pirypy 40), Ta BiH AEMOHCTPYE BUCOKIi MacoBi BiACOTKW MapraHul B ocajgax sik Harpitoro, Tak
i HeHarpiToro 3paska (40,91 nopisHaHO 3 33,62 macoBoro BigcoTka). BignoBigHO A0 UbOro, HU3bKWWR
PO3YMHHUIA MapraHelb BUMIPIOETLCA B HEHArPITOMY Ta B HarpitTomy 3paskax npu koHueHTpadiax 1,01
Ta 9,43 4./MnH., BignosiaHo. binblla YacTMHa AoaaHoOro MapraHuto yreopuna ocag B 060x 3paskax. Y
LbOMY NpuKnagi AgianasoH KOHUEHTpauil po34YMHHOro MapraHulo, skui ctaHoBuTb Big 107 go 111
4Y./MNH. y TECTOBUX 3paskax, He [AEMOHCTpye ocamxkeHHA mapraHu. [licna HarpiBaHHa, ORP
TecToBOro 3paska 3Huxkyetbcs 3 210 go 172 +mB, a pH 3HuxyeTbca 3 9,78 go 7,68. OcagkeHHs
MapraHulo MoxkHa nosicHUTU 3a gonomorolo ORP Ta pH TecToBMX PO34YMHIB, NOCMNAOYUCL Ha
niarpamy MNypbe 3 dirypu 1 ana mapranuo. 3rigHo 3 aiarpamoto Mypbe npu pH Big 7,68 oo 9,78
yTBOpeHHs Mn3O4 Ta Mn203 BiabyBaeTbea nepesaxkHo npu ORP, ake craHoBWUTL NpubnusHo +200 mB.
Kpim Toro, pesynbtatn EDS eMOHCTPYIOTb MOXITMBE YTBOPEHHS MEHLLOT KinbkocTi CaS04+2H20 (Ca
- 10,11 macoBoro BigcoTKa) B Ocadi Harpitoro 3paska 3 Haganuuwkom cipku (S - 12,00 macosoro
BigcoTKa).

TecTtoBui 3pa3ok 7 - KoHtponeHui, 3 Mn, 3 Na2S203, 6e3 nepcynbdarty y CUHTETUMHOMY PO3YMHI

TecToBMIN 3pa30K 7 - e KOHTPONMbHUI 3pa3ok 3 godaBaHHAM MapraHuio Ta Na:S:0s, npote 6e3
nepcynb®ary y CUHTETUMHOMY PO34YUHi. K B HEHarpitomy, Tak i B Harpitomy 3pasky ocaj He
cnocrepiraetbea (ansuceb Pirypy 41). MNicng HarpiBaHHs, ORP TecToBoro apaska 3HUXYETbCS 3 222 A0
188 +MB, a pH 306inbLuyeTbes 3 6,62 g0 7,30. PO34MHHMIN MapraHelb, BUMIPSIHUIA y HEHArpiToOMy Ta B
HarpiToMy 3paskax, craHoButb 108 Ta 107 u4./mnH., BignosigHo. BumiptoBaHHS MapraHuio i3
3actocyBaHHAM [ICP-OES, gk Halikpauwloro cnocoby, Ma€ BiACOTKOBE BiAHOCHE CTaHgapTHe
BiaxuneHHsa (BiacotkoBe RSD) +3 Biacotkn abo npubnuaHo 3 4./MNH. NpM KOHUEHTpaUil AogaHoro
Mapraduto y 100 4./mnH. y TectoBoMy 3pasky. OTke, Npu UMX 3HAYEHHAX MapraHuto pisHuua B 1
Y./MSIH. HE € CYTTEBOIO.

TectoBui 3pasok 8 - KonTponbHui 3 Mn, 3 NH2OH<HCI, 6e3 nepcynbdaty y CUHTETUYHOMY
PO3YNHI

TecToBUI 3pa3ok 8 - Ue KOHTPONbHUI 3pa3ok 3 AogaBaHHAM MapraHuto ta NH2OH<HCI, npote
6e3 nepcynbdarty y CMHTETUYHOMY PO34UMHI. K B HEHArpiTomy, Tak i B Harpiromy spaskax ocajg He
cnocrepiraetbea (ansuck Pirypy 42). MNicnsa HarpiBaHHs, ORP TecToBoro 3paska 3HuxyeTbes 3 188 ao
129 +mB, a pH 3HmwkyeTbcsa 3 4,04 oo 3,94. PO34YMHHMIA MapraHeub, BUMIPSAHUIA Yy HEHarpitTomy Ta B
HarpiToMy 3paskax, ctaHoButb 105 Ta 110 4./MnH., BiANOBIAHO.

TecToBuit 3pasok 9 - KoHtponbHun, 6e3 Mn, 6e3 BigHOBNIOBanLHOro areHta, dinbtpat 2010

TecToBMIN 3pasok 9 - Le KOHTPONbHMIA 3pa3ok 6e3 aoaaBaHHS MapraHuto abo BigHOBMOBANbHOIO
areHTa. 7k B HeHarpitomy, Tak i B HarpitoMmy 3paskax ocaj He cnoctepiraetbca (auBuch dirypy 43).
Micna HarpisaHHA, ORP TectoBoro 3paska 3poctae 3 335 go 359 +wmB, a pH 3HmkyeTbCa 3 6,76 A0
5,39. KoHueHTpauia nepcynbdaty y TecToBoMy 3pasky 3HMKyeTbes 3 936 o 840 y./MnH., Ta BOHa €
TaKOIO XK CaMOK0 KOHLUEHTpauielo, BUMIPSAHOIO ANA CUHTETUYHOrO po3dnHy (TecToBuin 3pasok 1) nicns
HarpiBaHHs.
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TectoBuit 3pasok 10 - KoHTponbHui, 3 Mn, 6e3 BigHOBNIOBansHoOro areHTa, ®instpar 2010

TectoBuit 3pa3ok 10 - Ue KOHTPONMbHMA 3pasok 3 A0AABaHHAM MapraHuio, npote 06es
BiJHOBMIOBANbHOrO areHta. B HeHarpitoMy 3pasky piauHa € 3nerka 3abapBrneHol, Ta YyTBOPIETbCS
0caj 3Nnerka CBiTNO-KOpUYHEBOTO Komnbopy (auBuch Pirypy 44). PinuHa Mae TeMHilie 3abapBneHHs, a
HarpiTUin 3pasok Mae CYTTEBY KiNbKICTb TEMHO-KOPWUYHEBOrO Ta YOPHOro ocaay. MNpunyckalTb, WO
HEeBENUKa KiNbKICTb nepcynbaTy BCTynae B peakuild 3 AESKOK KINbKICTIO PO3YMHHOIO Kanbuilo y
HeHarpiTomy 3pasky, BHacniiok 4oro yreBoptoeTbcsd CaSO42H20. 3aiicHI0OETLCA aHania ocaay 3a
aonomoroo SEM/EDS (gusuchk irypy 45), AKMIU A€MOHCTPYE, WO NPUCYTHI HEBENUKI MacoBi BigCOTKN
kanbuijto (3,79 macoBoro Bigcotka) Ta cipku (4,96 macoBoro BiacoTka). Kpim Toro, B ocaji HeHarpitoro
3paska BUMIPIOETLCA BUCOKA KiNbKiCTb MapraHuto (47,98 macosoro Biacotka). lNicna HarpisaHHA, ORP
TecToBOro 3paska 3pocrae 3 328 no 458 +mB, a pH 3HmxyeTbca 3 6,63 go 3,58. B ocagi Harpitoro
3paska 3yCcTpiMaeTbCa HaBiTb 6inNbll BUCOKMIA MACOBUIA BIiACOTOK MapraHut (59,11 macosoro
BigcoTka). BianoBiaHO A0 UbOro, KiNbKiCTb PO3YMHHOIO MapraHuto € HUXYOLI0 Y Harpitomy 3pasky (79,7
nopisHAHO 3 108 4./MnH.). KoHUeHTpauia nepcynbgaty y TecToBOMY 3pa3ky 3HUXKYyeTbCA 3 936 Ao 816
Y./MJH., Ta LUE NOSICHIOBAaNOCs BULLE.

TectoBui 3pasok 11 - 3 Mn, 3 NaHS, y ®inbtpati 2010

TectoBuit 3pasok 11 cknagaetbcs 3 gobaskm MapraHuw T1a NaHS 3 dinbtpatrom 2010. Y
HeHarpiToMy 3pasky piauHa nposopa, npoTe yTBOproeTbea Oinmin ocag 3 6inMMKM YacTUHKaAMM, LLO
nnasalTb Ha NoBepxHi (ausuchk Pirypy 46). PiguHa € npo3opolo, a Harpitun 3pasok Mae He 30BCiM
6inuii ocaa. 3ailicHIOETLCA aHanis ocagiB 3a gonomoroww SEM/EDS (amBucek Pirypy 47), Akuin
OEeMOHCTPYE HM3bKi MacoBi BiACOTKM MapraHuto B ocagax gk HeHarpitoro, Tak i Harpitoro spaskis (4,13
nopieHaHo 3 1,05 macoBoro BiacoTka). KoHueHTpauiss mapraHuio € Oinbl BUCOKOK B ocagi
HeHarpiToro 3paska nopiBHAHO 3 0CaA0M HarpiToro 3paska, a Taka cama TeHAEHLUiS CnoCTepiraeTbes y
TecToBKX 3paskax 3 Ta 6, ae NaHS Tako) 3aCTOCOBYETLCA SIK BiAHOBMIOBANbHUIA areHT. PO34YMHHUWIA
MapraHeub BUMIPIOETLCA B HEHArpitoMy Ta Harpitomy 3paskax npu KoHueHtpauii y 104 T1a 109
4./MnH., BignoBigHo. Y nonepegHix TeCcToBUX 3paskax Adiana3oH KOHUeHTpauil pO3YMHHOIO MapraHyio
Bia 107 oo 111 u./mMnH. y TecCcToBMX 3paskax OEMOHCTPYE OCaMKEHHSA MapraHulw, npote B ocagi
HarpiToro 3paska BM3Ha4a€TbCA HU3bKWIA MacoBUW BiACOTOK MapraHuto. Kpim Toro, pesynstatn EDS
OEMOHCTPYIOTb AYXKe BMCOKI KOHUEHTpaUil Cipku B ocajax AK HeHarpitoro, Tak i Harpitoro 3paska
(61,54 nopisHAHO 3 81,58 macoBoOro BiACOTKA), a Taka cama TeHAEHLUIS cnocTepiraeTbca y TeCToBOMY
3pasky 3, npoTte y MEHLWOoMY CTyneHi y TectosoMy 3pasky 6, ae NaHS TakoX 3acTOCOBYETLCA SK
BiAHOBIIOBAlNbHUIA areHT.

Micna HarpisaHHA, ORP TecToBOro 3paska 3HuXyeTbes 3 242 0o 96 +MB, a pH 3HmkyeTbca 3 7,55
ao 7,31. KoHueHTpadisa nepcynbgaty y TecToBOMY 3pasky 3HWXKyeTbCcA 3 936 oo 72 u./mnH. Lle
JEMOHCTPYE, LLUO BiAHOBMIOBANbHUIA areHT egeKTMBHO BCTYMWB B peakuito 3 OinbLUo 4aCTUHO
nepcynbdary, NpoTe He 3anobir 0CamKEHHIO AESKOT KiNbKOCTI MapraHuto.

TecToBuit 3pasok 12 - 3 Mn, 3 Na:S203, y dinbTpaTi 2010

3pasok 12 cknagaetbes 3 gobaekn mapraHuto Ta Na25203 3 dinstpatom 2010. Ak B HEHarpitomy,
Tak i B HarpitTomy 3paskax ocag He cnocrepiraetbca (amsuce Pirypy 48). lMicna HarpisaHHa, ORP
TecToBOro 3paska s3HKyeTbCca 3 256 go 209 +mB, a pH 3HuxyeTbesa 3 6,79 go 5,56. KoHueHTpauiqa
nepcynbdaty y TeCTOBOMYy 3pasKy 3HWXKYETbCA 3 936 A0 MeHW Hibk npubnusaHo 50 4./mnH. Le
OEeMOHCTpYeE Te, WO BiAHOBNIOBANbHUIM areHT epeKTUBHO BCTYNUB B Peakuito 3 yciM nepcynbaTomMm Ta
3anobir ocagkeHHO MapraHu. 3rigHo 3 BUSHAYEHHAM TUTPYBAHHSIM NEpPCynbdaTtoM BU3HAYaETbCH,
wo Hagnuwok Na2S203 3anuwaeTbCs NPUCYTHIM y Harpitomy 3pasky. Hagnuwok € exeiBaneHTHUM
600 4./MnH. nepcynbdarty. Lle ao3Bonae npunycTutu, Wo HeobXiaHOW € KoHueHTpauia Na:2S20s, aka
CTaHOBWUTb MeHLW Hk 10,4 MM, liMoBipHO Onmxde ao 6,3 mMM. HaBiTb Hux4a KOHUEHTpaulid
TiocynbdaTty HaTpilo € HeoBXiaHOK ANa UbOro TeCTOBOro 3paska, Hixk Ansl 3paska, MPUroToBMNEHOTO 3
CUHTETUYHUM po3unHOM (TecTtoBuint 3pasok 4). Moxnuee nosACHEHHS Moxe OyTu noB’A3aHum 3
KOHLIEHTPALisIMWU PO3YMHHOIO KamnbLilo Yy NOYATKOBOMY TECTOBOMY PO34nHi (MpnbnmusHo 100 nopiBHSIHO
3 5650 4./MnH.), Ae MOXKE BUHUKHYTK Aesika B3aEemMoais 3 BigHOBMOBANbHUM areHToOM.

TecToBui 3pasok 13 - 3 Mn, 3 NH20H-HCI, y ®inbTpaTi 2010

3pasok 13 cknagaetbca 3 gobaskm mapraHuo Ta NH20H-HCI 3 ®inbtpatom 2010. Ak B
HeHarpiToMy, Tak i B HarpiTomy 3paskax ocag He cnocrtepiraetbcs (auBuch Pirypy 49). lMicna
HarpiBaHHsA, ORP TecTtoBoro 3paska 36inbwyetbca 3 420 ao 451 +MB, a pH 3HmwkyeTbca 3 2,94 o
2,13. KoHueHTpadia nepcynbdaty y TeCTOBOMY 3pasKy 3HUXKYETbCA 3 936 40 MeHW Hix 50 4./MnH. Lle
OEeMOHCTpYeE Te, WO BigHOBNOBaNbHUM areHT edheKTUBHO BCTYNUB B peakLito 3 yciMm nepcynbdarom ta
3anobir ocamkeHHI0O MapraHulo. Y uboMy 3pasky He3HadHo Oinblu BUCOKa KoHueHTpauis HAH (12,1
MM) € HeoBXxiaHOO NOPIBHSIHO 3 TeCToBMM 3paskom 5 (9,1 MM HAH).

YTBOPEHHA 0cCafiB CnocTepiracTbCa y Aekinbkox TecToBUX 3paskax. YCi 3pasku, Lo MICTATb
BigHoBMwOBanbHUiW areHT NaHS, yTBoploloTb ocaau. [Ona 3paskiB, WO YTBOPKWTbL 0caau,
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HarosIoLYeTbCA, WO OCaAKEHHA CNoCTepiraeTbCa Yy Harpitux TecToBMX 3paskax Ha BigMiHY Bia
TecTOBMX 3paskiB, WO 3anUWIAaOTLCA NpW KiMHATHIA TemnepaTypi. Burnsag ta enemeHTapHuin cknag
ocajis He 3aBxau € 04HaKoBUM AnNs pisHMX TecToBux 3paskie. BignosiaHo A0 pe3ynbTaTiB 4N Lboro
nabopaTopHoro aocnimkeHHs naptii: (1) BM3Ha4eHO, WO 4K Tiocynbdar HaTpio, Tak i HAH €
edekTMBHUMK Y 3anobiraHHi ocamKeHHI MapraHuo y TeCTOBMX 3paskax, Lo MICTSATb nepcynbdar,
npoTe rigpocynbdia HaTpito He 3anobirae oCaapKeHHIO MapraHuto; Ta (2) BiANOBiAHO A0 KOHUEHTpauii
y MM, sika € HeobxigHow, W06 npopearyBatu 3 nepcynbdarTtomM y KOHUeHTpauii npubnusHo 1000
Y./MITH., BU3HAYEHO, WO Ana TOoro, wwob 3anobirtn oCaapKeHHIO MapraHuo, Tiocynbdar HaTtpilo €
HanbinbLU e PEeKTUBHUM BiAHOBMIOBANbLHUM areHTOM, NOTiM 3a HUM crniaye HAH, a noTim rigpocynedia
HaTpito. 3BepHemoca o Piryp 3 50 go 55, Aki npeacTaBnAwTL pesynbTati aHani3is 3a 4OMNOMOroIo
SEM/EDS Harpitux YactuH TectoBux 3paskis 1, 2, 3, 6, 10 Ta 11, BianosigHo.

OuiHIOBaHHA BigHOBMIOBANBHUX areHTiB Ta TX MOXMUBOMO BMNMMBY Ha CTaH OKMCHEHHS CeneHy B
peunpkynsuinHomy 6aky abcopbuinHoi konoHn (ART) WFGD

CeneH - Ue 0AMH 3 HaWBINbLL NETKUX MIKPOENEMEHTIB Y BYTiNMi, Ta BiH BUNAPOBYETLCA Y KOTHI, Y
AKOMY cnanietbea Byrinna. Konu temnepaTypa TONKOBOrO rasy Big 3ropaHHA 3HWXKYETbCH, ToAi
BUNAPEHUI CENEH YaCTKOBO KOHAEHCYETLCA Ha NMOBEPXHI YACTMHOK METKOI 30M, AKi 3aXONSIOKTLCH B
enekTpocratuyHomy ocagkysadi (ESP). CeneH, Wo Nnpoxoautb Yepes enekTpocTaTUYHUn 0caaxKyBad,
icHye y TonkoBomy rasi sk Se(IV)O2 Ta noTpannse y npucTpin Bonoroi gecynbypusadii TONKOBUX
rasie (WFGD), ae BiH pO34YMHAETLCA Y PO3UUNHI peuupkynadinHoro 6aka abcopbuinHoi konoHu (ART).

3asBuyai NpPUIHATO, WO ceneH icHye sk ceneHit (Se(IV)Os?) Ta ceneHaT (Se(VI)04%) y posymHi
ART, age 3Ha4yHO GinblLua YacTuHa CeneHity 6yae, HaWbinbLL BipOriAHO, OKUCHIOBATUCA OO0 CerneHary.
CeneHiT 3as3Bnyan BUAANAETLCA 3a AOMNOMOro TpaguuiiHoro cnocoby o6pobkM CTiYHMX BOA, TaKOro
AK KOarymnioBaHHS AOMILIOK BOAM 3 HACTYNHWUM oOcapkeHHaAMm. [poTe, And Toro, wob BuaanvTu
ceneHar, Woro cnig BiAHOBMTU A0 ceneHity abo enemeHTapHoro ceneHy (Se o novartky o6pobku
CTiYHUX BOA.

HoBi HauioHanbHi cTaHaapTu, aki 6ynu npeacrasneHi y 2010 poui, npuinayTb Ha 3MiHY MILLAHMWHI
Aep>aBHUX npaBun, Aki odilinHi npeacTaBHUKM ATEeHTCTBA 3 OXOPOHU HaBKOSMULIHLOIO cepeaosuLla
BBa)KalOTb 3aHAATO HeZOCTaTHIMKM, Wob 3axucTuTu puby Ta XKMBY NPUPOAY Bid TOKCUYHMX MeTanis Ta
iHLIMX eneMeHTIB, 0COBNMMBO CENEHY, SAKi 3yCTPIYalOTLCS Y CTIUHUX BOAAX €NEKTPOCTaHUin. Y AesKkux
wratax CTaHUisM A03BONSAETbCA BUMYCKATW CEMNEH Yy PIBHSIX, SIKi B COTHi pasie nepebinbLuyloTh
cTaHJapTu SKOCTi BOAN AreHTCTBa 3 OXOPOHMW HABKONULIHLOIMO CEpeaoBuULla, Yy TOW Yac KoMK B iHLINX
wratax HagiTb He BuUMAaralTb WOro BiACTEXyBaTU. ArEHTCTBO 3 OXOPOHW HaBKOMULUHLOIO
CepefoBULLIA BU3HAYMIIO [JBa TONIOBHI Jpkepena 3abpygHIOYMX PEYvYOoBUMH, SKi BUKMAAKOTBCA 3
napoTypOiHHUX €NeKTPOCTAaHLIN: CXOBULLA BYriNbHOT 30MnMM Ta CUCTEMU Aecynbdypusauii TONKOBUX
ragie (FGD). CtiuHi Boan FGD 3a3Bu4aii MIiCTATb 3HA4YHI piBHI MeTanie, BKNo4yatoumn Taki GionoriuHo
Hakonu4yyBanbHi 3abpyaHOBaYi, 9K MULWI'SK, PTYTb Ta CEMNEH, Ta 3HadHi PiBHi XMnopuay, MOBHICTIO
PO3YMHEHNX TBEPAUX PEYOBUH, MOBHICTIO CYCMEHAOBAHWX TBEPAUX PeYoBUH (TSS) Ta NOXUBHUX
pevyoBuH. Ona o06pobku cTiyHMx Bog FGD oO4yMCHi yCTaHOBKM 3aCTOCOBYIOTb NPYAU-BIACTIMHUKK
(HanBGinbw 3Bu4arHMM cnocié o6pobkKu), CUCTEMU XIMIYHOTO OCAMKEHHS, CUCTEMU aHaepobHOT Ta
aepobHoi GionoriyHoT 00pobku, nobyaoBaHi 3ab0MoOYeEHi AINAHKWM, CUCTEMW BUMAPOBYBAHHA Mia
TUCKOM napu Ta iHLWWi TEXHONOTII.

Y nnaHax AreHTCTBa 3 OXOPOHM HABKOJIULLIHBLOIO CEPEAOBULIA € HaMIp NEPErnAHyTU CTaHaapTu
ANa BUKMAY CTiYHMX BOA ONA €NeKTPOCTaHUii, Wo cnanioloTb BYFiNAA, WO MOXe 03HayaTu CyBopilli
rpaHuui woao sukuais ceneHy. OTXe, B iHWOMY BapiaHTi 34iiCHEHHA Uel BMHaxigd cnpsaMoBaHWi Ha
pPO3B’sI3aHHA NpobneMyu BU3HAYEHHA NMPUHAWMHI OQHOTO BiAHOBMIOBANBHOIO areHTa, sikui mMoxxe 6ytu
edPeKTUBHUM ANA pPerynioBaHHS CTaHy OKUCHEHHA cenedy. [lpu 3acTocyBaHHI BiAHOBRIOBASbHOMO
areHTa GaxkaHa meTa - ue 3bepiratu Ha piBHi aG0 MakCMMI3yBaTu YTBOPEHHS CEMNEHITy abo MOXMUBO
eneMeHTapHoro ceneHy B ART Ans 3acTOCYBaHHS y HACTYNHIn 06pobui CTivHMX BOA.

AK 3a3HaYeHo BULLE, Y LbOMY ONUCI BUHAX0AY OLIHIOIOTL AeKinbka BiAHOBNIOBANbHUX areHTiB And
BU3HAYEHHA X €(PeKTUBHOCTI LWOAO BCTYNy B peakuito 3 nepcynbdartoM Ta 3HMXKEHHS OKUCHO-
BigHOBHOro noteHuiany (ORP). Tpu 3 uux BiAHOBMIOBANbHUX areHTiB 3aCTOCOBYIOTLCA BuLle, WOO
BU3HAYUUTM X edeKkTUBHICTb Woa0 3anobiraHHa OCaMKEHHIO Mapradul, y nabopaTtopHux
OOCRigXKEeHHAX NapTiin, y ABOX TECTOBUX PO3YMHaX, AKi MICTATb nepcynbdar, y CUHTETUYHOMY PO3YMHI
Ta dinbTpaTti 2010 ART. 3apas ui cami Tpu BigHOBMIOBaNbHI areHTU OUIHIOIOTLCA ANS BU3HAYEHHSA TX
BMAIMBY HA CTaH OKUCHEHHA CeneHy, y nabopatopHux AOCHIMKEHHAX MapTiin, y ABOX TECTOBUX
po34nHax, AKi MiCTATb nepcynbdat, y CHHTETUYHOMY po3yuHi Ta dinbTpaTti 2010 ART.

EkcnepuMeHTH 3 404aBaHHAM CENEHY

Tpu (3) BigHOBMIOBanbHi areHTw, rigpocynbdia Hatpito (NaHS), Tiocynbdat HaTpito (Na2S203) Ta
HAH (NH20H-HCI), ouiHolOTbCA ANA BU3HAYEHHS X BNMUBY Ha CTAH OKWUCHEHHSI CEeneHy y ABOX
TECTOBMX pPO3YMHAX, SAKi MICTATb nepcynbdart, - NpUroToBneHur B nadoparopHux ymoBax, abo
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CUHTETUYHMI po3uunH, Ta PinbTpatr ART 2010. ObuaBa TeCTOBi PO3YMHM MICTATb Nepcynbdar y
KoHUeHTpauii npubnmaHo 1000 4./MnH. [Ba CUHTETUYHI po3unHK roTyoTb 3 CaCle npu koHueHTpauii
xnopuay y 10000 4./mnH. (5650 4./mnH. Ca). 3actocoByeTbes CaCl2+2H20, cepTtucpikosanuin ACS
Grade, ans npuroTyBaHHS CUHTETUYHUX PO3YKHIB. OOUH 3 CUHTETUYHUX PO3YMHIB MA€E KOHUEHTpaLilo
nepcynbpaty (S20s%) y 1000 4./MAH., a iHWWIA, SIKWA He Mae Yy CBOeEMy cknaai nepcynbdarty,
3aCTOCOBYETLCA SK KOHTPOSIbHUI po3yuH. lMepcynbdaT gogaerbca y BUrnagi nepokcugucynsdarty
abo nepcynbarty HaTpilo 3 YnCcToTO 98 BiACOTKIB, KM KynyloTb y Alpha Aesar. NocnigoBHICTb
[OJAaBaHHA HAcTynHa: 30aradeHuin CENeHOM PO3YMH, BiAHOBMIOBANbHUIA areHT Ta TECTOBUM PO3YUH.
MpuunHa Takoi NOCNIAOBHOCTI A0AaBaHHA - 3anobirtu peakuii TECTOBOrO PO3ymnHy, cno4atky, abo 3i
30arayeHMM CENEHOM pO34YMHOM, abo 3 BIAHOBMIOBANIBHUM areHTOM, Ta MNOTIM BU3HAYUTH, UM
TECTOBMIM PO34YMH BCTYMAE B PEAKLilO NEPEBAXKHO 3i 30ara4eHuM CENEHOM PO3YUHOM, YN NEPEBAXKHO 3
BiJHOBMIOBANbHUM areHTOM. TE€CTOBY KOHLIEHTpALilo CeneHy po3paxoByloTb npu 1 4./MnH. abo npu
1000 u./mnipa., Ta BiH goaaetbest abo Ak ceneHit (100 y./mnH., Se(lV)O3%), abo gak ceneHat (100
y./MnH., Se(VI)O42), 3anexHo Big TecToBOro 3paska, Ta npubnu3HO Taky XK CaMe KOHUEHTpauito
3a3BMYan BU3HaAYaloTh y 3paskax dinbTpaty ART. 36araveHi ceneHoM PO3YMHU TOTYHOTb 3 XIMIMHUX
pevoBUH, SAKi KynytoTb y Alfa Aesar (ceneHit HaTpito, Na2SeQOs, 6e3BoaHuni, 99% YUCTOTU, MiHIMATNbHI
cnigosi kinbkocTi metanis, Ta NaxSeQq4, 6inbLu Hixk 99,8 % 4nCTOTK, CRIiAOBI KINbKOCTI MeTanis).

KoHUeHTpauis KOXKHOro BiAHOBNIOBANbLHOIO areHTa, Lo A0AAETbCA, 3aNeXuTb Bid KiNbKOCTI, SKy
BU3HAYUUNM HeoOXigHOK 3 nonepeaHbOro TEeCTyBaHHA, Wo6 XiMiMHO MOBHICTIO npopearyBatn 3
nepcynbdaroM, NPUCYTHIM y KOHUeHTpauii npuénuaHo 1000 4./MnH. y KOXXHOMY TECTOBOMY PO3YMHI.
Ina NaHS kinbkicTb, WO Ao4aeTbed, Bianosigae KoHueHTpauii 24,2 mM. KoHueHTpauia nepcynbdary
y MM npu 1000 y./mnH. gopisHioe 5,2 mM. Tigpocynedia (HS-) - ue cnonyka, Wwo BCTynae B peakLito 3
nepcynbdarom. TeopeTU4Ho, XiMidHa peakuia Mk rigpocynbdigom Ta nepcynbdaTtoM MOBWUHHA
BiabyBaTucsa npu MONsSipHOMY BigHoweHHi 1,0, npoTe 3aMiCTb LbOro HeoOXigHE MONSAPHE BiAHOLUEHHS
HS/S2082 HabnmxkaeTbca A0 Big 4 Ao 5. He Gaxxawoun npus’asyBatuca Ao Oyab-sKoi OgHIET Teopil,
BBaXkaloTb, L0 NPOTOHOBaHa hopma rigpokcunaminy, NHsOH*, - ue cnonyka, Wwo BCTynae B peakuito 3
nepcynbdatom. XiMmiyHa peakuia mik NHs3OH* Ta nepcynbdatom noBuHHa BigOyBatucs npu
MONAPHOMY BiIHOLLIEHHI, sike cTaHoBUTbL 2,0, Ta ANnAa Hel HeobxigHa koHueHTpauiga HAH (NH2OH+-HCI),
ska cTaHoBuTb 10,4 MM. BusHadeHo, wo koHueHTpauia HAH, sika gopisHioe 9,1 MM, € HeobxigHow
AN CMHTETUYMHOIO PO34YMHY, a KOHUeHTpauisa, ska nepebinbwye 12,1 MM, € HeobxiaHow Ans
dinbtpaty ART 2010. Ha BigamiHy Big NaHS Ta NH2OH<HCI, goknagHe A[oCRigXeHHA He
spincHioBanoca ana Na:S203 Ta noro peakuii 3 nepcynbdartom. XimidHa peakuia mik TiocynsdaTom
Ta nepcynbdaTomM NOBUHHA BiaAOYBATUCA NPYU MOMSAPHOMY BiAHOLLEHHI, iKe CTaHOBUTbL 2,0, Ta ANg HEl
HeoOxigHa koHueHTpauid Na28:03 craHoButs 10,4 MM. Le koHueHTpauia Na2S:203, 4dka
3aCTOCOBYETbLCA Y LIbOMY AOCHIIKEHHI.

Bbyno npoaeMOHCTPOBaHO, WO NPUCYTHICTL NepcynbdaTty, AYXKEe CUMbHOM0 OKUCHIOBa4a, Yy
KOHUEHTpauisx, ki nepebinbwyioTb npubnusHo 150 4./MIH., Mae NOMITHUIA edEeKT CTOCOBHO
okucHeHHsa Se(lV) go Se(VI). Kpim Toro, BusHayunu, wo y cuctemi WFGD KoHUeHTpauisd po34YMHEHOro
ceneHy 30inbLUyeTbCA, KONM 30iNbLUYETLCS OKUCHO-BiAHOBHMIA noTeHuian (ORP). Cno4vaTky rotyiloTb
KoxkeH TecCToBWW 3pa3oK no 225 rpamis, LU0 34INCHIOIOTL Y HACTYMHIA NOCAIAOBHOCTI: cnodarky
[00al0ThCSl PO3PaxoBaHi Ta 3BaXKEHi KiNbKOCTi 36ara4eHoro CENeHOM PO3YMHY Ta BiAHOBMIOBANbHOIO
areHTa B okpemy nnawky Nalgene 3 wwmpokum ropnom ob’emom 250 mn, a noTiM A04aETLCA
BignoBigAHa KiNbKICTb TECTOBOro po3uduHy BignosigHoro Tuny. ORP Tta pH BM3HaA4aloTb Y KOXXHOMY
KOHTPONbHOMY TECTOBOMY PO34YMHI Ta KOXHOMY 3pas3ky npu KiMHaTHin TemnepaTypi. [licns
BUMIpIOBaHHA ABi posdineHi npodu no 100 rpamiB KOXHOr0 TECTOBOIO PO3YMHY MEPEHOCATLCA A0
NNALWoK 3 npo3oporo ckna I-Chem o6’emoM y 125 mn. TecTtoBui Habip B 3anuwaroTb Npy KiMHATHIN
TeMnepaTypi, a TectoBui Habip A HarpiBaioTk npu 55 °C. lMicnA HarpiBaHHa npu 55 °C npotarom 15
roguH 3pasky 3anuLualoTb OXONoAXKyBaTUCH A0 KiMHaTHOI TemnepaTypu, a ORP Ta pH BUMIpIOOTE Ha
KOHTPONMbHOMY Ta TecToBux 3paskax And obox TecToBux HabopiB, Ta iX pe3ynbTaTu HaBedEeHOo Y
Tabnuui 10. KoHueHTpauii nepcynbdaTy BUMIPIOIOTbL 3a CMNOCOOOM TUTPYBAHHA HA CUHTETUYHOMY
posuunHi Ta PinbTparti ART 2010, Wo6 BU3HAYMTU TXHi MOYATKOBI KOHLUEHTpAUIil, Ta Ha ycix TeCTOBUX
3paskax nicna HarpiBaHHsl, Ao sikux 6yno gogaHo nepcynbdat. KoxeH 3 KOHTPONbHUX Ta TeCToBUX
3paskie Hagcunaetbca ao Southern Research Institute (SRI) ana peyoBUHHOro aHamisy ceneHy y
PO3YUHEHIN PiaWHI, TiNbKK, i3 3aCTOCYBAHHAM Mac-CNeKTPOMETPIl 3 IHOAYKTUBHO 3B'AA3aHOI0 NNasmolo
(ICP-MS) 3 i3oTONMHUM pO3BEAEHHAM. 3paskn TpaHCNopTyloTbes 40 SRI 3anakoBaHuMu y nbogi, wod
nigTpumysatu Temneparypy 4 °C 40 noyaTky aHaniay.
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Tabnuua 10

PesynbTaTu TECTIB BUSHAYEHHA BMNANUBY Pi3HUX BigHOBMIOBaNbHUX areHTiB Ha cknag ceneHy

HeHarpitun Harpitui
BinHoenio Se(lV) Se(VI) > Se(lV) 2
BanbHWiA arewt| | coT| ORE pH | PosumH- | Poaumn- S205 Ocap ORP pH| Po3sunn- Se(Vl) | S:0 Ocap
(+mB) _ _ (4./MNH.) (+MB) _ P O34MH-HUW| (4./MNH.)
HUI HUI HUI

MNoyaTkoBi KoHu,. KoHu. KoHu. KoHu.
PO34YUHU (4./Mmnpa.) | (4./mnpa.) (4./mMmnpa.) | (4./mnpa.)
CHUHTETUYHUIA
PO3YMH 3 < 1,00 <1,00 1008
82082_
CHUHTETUYHUIA
PO34MH Be3 < 1,00 1,53
82082_
dinbTpar
2010
MpucTpiti 2,35 782 888
Cayuga 2
36arauyiouni
Se (IV) abo
CeneHiToM 95500 .11
PO34MH
36arauyiouni
Se (V) aGo 230 | 74150
cerneHaToMm
PO34MH
CHUHTETUYHUIA
PO34MH
KoHTponbHUIA € 3
be3 Se(lV) o
260 Se(Vl), CBITNIMM €, 3 TEMHUM
Ge3 3abaps.- 3abaps.-
BIHOBNIO- 1 | 636 |4,88] 4,40 <1,00 neHHsaM, | 1029 3,06/ < 1,00 <1,00 840 NEHHAM,
BANBHOMO HesHauHe ) BinbLie
arewTa. 3 Bigkna- BifKnagaeHHs
S,0: ’ [ EeHHs
KoHTponbHUIA 6 8l
3 Se (IV), Ges CBITNIMM €, 3 TEMHUM
BiHOBIO: 3abaps.- 3abaps.-
BANBHOIO 2 | 618 |5,14 241 504 neHHsaM, | 1055 (3,07 2,74 785 936 NEHHAM,
arenTa. 3 HesHauHe ) BinbLie
S,0: ’ Bigkna- BifKnagaeHHs

[ EHHsA
KoHTponbHUIA 6 3l
3 Se (VI), Ges CBITNIMM €, 3 TEMHUM
BIIHOBIIO- 3abaps.- 3abaps.-
BANBHOO 3 | 541 14,73 5,69 761 neHHsM, | 1055 (3,08 2,57 769 936 NEHHAM,
arewTa. 3 HesHauHe ) BinbLie
S,0: ’ Bigkna- BifKnagaeHHs

[EHHs
KoHTponbHUIA €, € yacTUHI
3S8e (Vl),6e3| 4 [-398(8,60| 2,62 763 yactuHku| 260 (7,32 2,53 779 ’ -
S04, NaHS Ha AHi Ha Al
KoHTponbHUIA
gzsgsz(_Y')’ 83| 5 | 78 |724] 725 | <1,00 Hema | 245 [7,93| 746 <1,00 Hema
Na28203
KoHTponbHUIA
eézsc?sz('\,/ D.6es| ¢ | g5 403 6,20 753 Hema | 226 [3.86] 2,52 772 Hema
NH,OH-HCI

€,

&%ﬁzﬁ'v’Naﬁs 7 | 336 |3.81] 410 | <1,00 wactii| 414 3220 <100 | <100 | <50 |% i

Ha Hi
3Se (V). 3 €, citTna

2057, 8 | 258 |4,15( 2,98 749 Hema 285 [2,82] 2,46 934 < 50* o

Na:S,05 nnieka
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Tabnuua 10

PesynbTaTu TECTIB BUSHAYEHHA BMNANUBY Pi3HUX BigHOBMIOBaNbHUX areHTiB Ha cknag ceneHy

HeHarpitun Harpitui
BinHoenio Se(lV) Se(VI) > Se(lV) 2
BanbHWiA arewt| | coT| ORE pH | PosumH- | Poaumn- S205 Ocap ORP pH| Po3sunn- Se(Vl) | S:0 Ocap
(+mB) _ _ (4./MNH.) (+MB) _ P O34MH-HUW| (4./MNH.)
HUW HUW HUW
3Se (IV), 3
S04, 9 | 505 (2,10 638 6,14 Hema 520 [1,83 618 26,5 <50 Hema
NH-OH+HCI
dinbTpar
ART 2010
KoHTponbHUIA
6e3 Se (IV) 10 | 378 (6,68 3,32 775 Hema 436 (3,94 2,55 782 792 Hema
f"s”e"(’lc\’/’;"””” 11| 379 |6,68| 2,72 1540 Hema | 457 (3,93 244 1958 821 Hema
€,
3Se V)3 | 42| 264 [7,35| 3,35 774 wacTuhin| 299 (6,85 645 777 120 |EuacTMhu
S:05%, NaHS - Ha JHi
Ha Hi
3Se (IV), 3
S,04%, 13 | 253 16,77 461 771 Hema 321 (3,81 3,10 777 < 50* Hema
Na28203
3Se (IV), 3
S,04%, 14 | 476 12,19 682 790 Hema 453 (2,09 667 800 < 50* Hema
NH-OH+HCI

*Ha nigcraBi pe3ynbTaris TUTPYBaHHA nepcynbdaToM KinbkicTb Na2S203 a6o NH2OH<HCI, wo €
HeOoOXigHOIo ANA peakuii 3 nepcynbdatom, NPUCYTHIM y 3pa3ky, Oyna HagMipHoto Ha 40 - 60 %.

lNoyaTKoBI PO3YMHK

(a) CUHTETUYHUI PO3YUH 3 NEPCYNb(ATOM - BUMIPAHA KOHLEHTPALSI KOXKHOrO 3 pO34YMHeHUx abo
ceneHiTy, abo ceneHarty CTaHOBUTb MEHLU HiXK rpaHuua nokasy npunagy (MeHw Hix 1,00 u./mnpa.).
KoHueHTpauito nepcynbarty Bumiptowote npu 1008 u./mnH.; (b) CHHTETMYHMI po3unH ©Ge3
nepcynbdary - BUMIipsHa KOHLUEHTpAaLis PO3YMHEHOIO CENEHITY CTaHOBUTb MeHLW Hixk 1,00 u./mMnpa., a
cenenaty - 1,53 u./mnpa.; (¢) ®inbtpar 2010 - BUMIpAHA KOHUEHTpaUid PO3YUHEHOrO CEeneHiTy
ctaHoBuTb 2,35 u./Mnpa., a ceneHaty - 782 y./mnpa. KoHueHTpadilo nepcynbdaTty BUMIPIOIOTL NpK
888 u./MnH.; (d) 3barauytounii posunH Se(lV) abo ceneHiTy - BUMIpsIHA KOHLUEHTpaUis PO3YMHEHOTO
ceneHiTy ctaHoBuTb 95500 u./mnpa., a ceneHaty 3,11 4./mMnpa.; Ta (e) 3baradvyoumnin posumnH Se(VI)
abo ceneHarty - BUMIpsIHA KOHLEHTpAaLis pO3YMHEHOTO CENEHITY CTaHOBMTbL 230 u./Mnpa., a ceneHarty
- 74150 4y./mMnpa. OuiKyeTbCs, WO 3HAYeHHA ANnA ceneHaty 6yae Habnmkatucsa ao 100000 u./mnpa.
abo 100 4y./MnH., 3 ornaay Ha AiCHY Macy CeneHaTy HaTpilo Ta BOAM, LU0 3aCTOCOBYKOTLCS ANS
NPUroTyBaHHs 36araudyrodoro posunHy. MNMpubnusHo 84 rpamm Na>SeQ4 posunHaTbea y 100 mn Boau
npy KIMHATHIA TeMnepaTtypi, oTXe NpobremMun 3 PO3YMHHICTIO HE iCHYE.

TectoBui 3pasok 1 - KoHTponbHui, 6e3 Se(lV) abo Se(VI), 6e3 BigHOBMIOBANbHOIO areHTa,
CUHTETUYHUI PO3YMH 3 KOHUEHTpauielo nepcynbdary y 1000 y./MnH.

TecToBMin 3pa3ok 1 - Ue KOHTPONbHUIA 3pa3ok 6e3 aoaaBaHHA ceneHy abo BigHOBIOBANbLHOIO
areHTa. Y HeHarpitoMmy 3pasky BUMIpAHa KOHUEHTpauis pPO34YMHEHOrO CeneHity craHosuTb 4,40
y./Mnpg., a ceneHaty - MeHw Hix 1,00 uW/mnpa. Y HarpitoMy 3pasky BUMIpAHA KOHUEHTpauid
PO3YUHEHOIO CENEHITY CTAHOBUTb MeHL HiXkK 1,00 u./Mnpa., | ceneHaTy - MeHw Hixx 1,00 4./mnpa. He
OUiIKYETbCS NPUCYTHICTb BYAb-IKOr0 PO3YMHEHOrO CENneHy y abo HeHarpitomy, abo B Harpitomy 3pasky,
Ta pesynbTatv NOBMHHI OyTK Ta € NOZIOHUMU A0 Pe3ynbTaTiB 3 MOYaTKOBUM CUHTETUMHUM PO3YMHOM 3
nepcynbgarom.

HeHarpitun 3pasok € 3nerka 3abapBneHWM Ta Yy HbOMY YTBOPIOETbLCSA 0caj 3Merka >KOBTyBaTo-
KOPUYHEBOIO KONbOPY. Harpituii 3pasok € TeMHilwuMm, a ocag Mae TEMHO-KOPUYHEBUI KOMip, Ta, SK
BUSIBNAETLCA, Moro Ginbwe. MNMicna HarpiBaHHA, ORP TecTtoBoro 3paska 30inbLuyetbes 3 636 go 1029
+MB, a pH 3HwkyeTbca 3 4,88 go 3,06. KoHueHTpauisa nepcynbdaTty y KOHTPONbHOMY TeCcToBOMY
3pasky 3HmkyeTbca 3 1008 go 840 y./mMnH.

TectoBuit 3pasok 2 - KoHTponbHuii, 3 Se(lV), 6e3 BigHOBNIOBANbHOIO areHTa, CUHTETUYMHUNA
PO34MH 3 KoHUeHTpauieto nepcynbdaty y 1000 u./mnH.

3pasok 2 - Ue KOHTPONMbHUI 3pasok 3 AodaBaHHsAM ceneHity, ato Se(lV), npote 06es
BiJHOBMIOBANbHOro areHta. BignosigHo Ao aHanisy nouartkoBoro 36arauvyovoro pos3umHy Se(lV), abo
CENEeHiTy, OdiKkyBaHa KOHUEHTpauis ceneHiTy, AoaaHoro Ao TecToBOro 3paska 2, CTaHOBUTbL 955
y./Mnpg. Y HeHarpiToMy 3pasky BUMIpAHA KOHUEHTpauid PO3YNMHEHOrO CeneHiTy CTaHoBUTL 241
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y./Mnpg., a cenenaty - 504 y./mnpa. Lle Ao3sonde npunyctutu, WO nepcynbdar Mae CnpoMOXHICTb
OKMCHIOBaTW BUCOKY BiACOTKOBY KiNbKiCTb CENEHITY A0 CerneHaTy npu KiMHaTHIn Temnepartypi. Baxko
po3paxyBaTh TOYHY BIiJCOTKOBY KiNbKICTb CENEHITY, OKUCHEHOro A0 CefneHaTy, OCKiNbkKW BUMIpAHA
3aranbHa KOHUEHTpaUis PO34YMHEHOro CeNeHy CTaHOBUTb 745 npoTu ouikyBaHux 955 u./mnpa., T06T0
pisHuus craHoButb 210 u./mnpa. MoxnuBo, WO 4YacTMHA CeNeHy OCapKyeTbCcs, NpoTe Aand
NiaTBEPAXKEHHA LUbOro 0caj He aHani3yeTbCs Ha MPUCYTHICTb CENeEHy. Y HarpitoMy 3pasky BUMIpsHa
KOHUEHTpaLUisi pO34YMHEHOIO CeMeHiTy CTaHoBUTL 2,74 u./Mnpg., a ceneHarty - 785 4y./mnpa. binbu
BUCOKA KOHLEHTpaUis BUMIPIOETLCH Y HArpiToMy 3pasky NOpiBHAHO 3 HEHarpitTum 3paskom, 785 npotu
504 4./Mnpa. 3 nogibHMMM 3aranbHMUMKM KOHLEHTpAaUisiMu pO34YMHEHOro ceneHy. Lle possonse
NpUNycTUTK, WO, OKPIM MPUCYTHOCTI nepcynbdary, Temnepatypa abo kombiHauia nepcynbdarty Ta
TEMNepaTypu MatoTb HaBiTb GiMbLUMA BNNMB HA OKUCHEHHS CENEHITY A0 ceneHarty. | 3HOB icHye
Pi3HMUS MDK  BUMIPSIHOKO  3aranbHOK  KOHLUEHTPAaUIEld PO3YMHEHOr0 CeneHy Ta O4iKyBaHOIo
KOHLEHTpaui€eto, 788 npotu 955 u./mnpa., To6TO pisHUUA CTaHOBUTL 167 v./Mnpa.

MogibHo o TecroBoro 3paska 1 HeHarpiTuii 3pas3ok € 3nerka 3abapBneHuMM, Ta B HbOMY
YTBOPIOETLCA 3Merka >KOBTYBaTO-KOPUYHEBMI Ocajd. Harpituii 3pa3ok € TemHiwum, Ta ocaj Mae
TEMHO-KOPUMHEBUIA KONIp, Ta, AK BUABNSAETbCA, Moro Oinblue. [Micna HarpiBaHHa, ORP TectoBoro
3paska 30inbLiyetbea 3 618 go 1055 +MB, a pH 3HmwxkyeTbea 3 5,14 go 3,07. KoHueHTpauia ioHy
nepcynbdary y KOHTpoNbHOMY TecTOBOMY 3pa3ky 3HMXKyeTbcs 3 1008 o 936 4./MIH., WO € MEHLLUM,
HiXK 3HWXKEHHSA, 9Ke crnocTepiraeTbea y TecToBOMY 3pasky 1.

TectoBuit 3pasok 3 - KoHTponbHuii, 3 Se(VI), 6e3 BigHOBNIOBANbLHOIO areHTa, CUHTETUYHUNA
PO34KH 3 KoHUeHTpauieto nepcynbdaty y 1000 y./mMnH.

TecToBMIN 3pasoK 3 - Le KOHTPONbLHUIA 3pa3oK 3 AoJaBaHHAM ceneHary, abo Se(VI), npote Ges
BiJHOBMIOBANbHOro areHta. BignosigHo Ao aHanisy nouartkoBoro 36aradvywovoro pos3uvuHy Se(VIl), abo
ceneHarty, OJvikyBaHa KOHUEHTpauis ceneHaTy, gogaHoro Ao TecCTOBOro 3paska 3, cTaHOBUTL 742
4y./Mnpg. B HeHarpitTomMy 3pasky BUMIpAHa KOHUEHTpauia PO3YMHEHOrO CENEHITy CTaHoBUTbL 5,69
y./Mnpg., a ceneHary - 761 4./mnpa. BumipaHa KOHUEHTpaUia yCbOro po34YnHEHOrO CeneHy CTaHOBUTL
755 npotu odikyBaHux 742 u./mnpa., To6TO pisHMUS cTaHOoBUTbL 13 4./Mnpa. B Harpitomy 3pasky
BUMIpSiHA KOHLEHTpPAaUis pO34YMHEHOIO CENEHITY CTaHOBUTbL 2,57 4./MNpA., a ceneHaty - 769 4./mMnpa.
BuMipsaHa KoHUeHTpaUid yCbOro pO3YMHEHOrO CENEHY CTaHOBUTbL 772 NPOTU OYikyBaHUX 742 4./mnpa.,
TOOTO pisHMUs cTaHoBUTbL 30 u./mnipa. MoaibHi KOHUEHTpAaLUil CENEHITY Ta CeneHaTy BUMIPIOOTLCA Y
HarpiTux 3paskax, a He B HeHarpiTux spaskax, Ta obrpyHToBaHi BUBIPSIHHS OTPUMYKOTb MiXK BUMIPSHOIO
KOHUEHTpaLielo YyCbOro PO34YMHEHOIO CEMEHY Ta OYiKyBaHOI KOHLUEHTpaUi€lo.

MogibHo oo TecToBMX 3paskiB 1 Ta 2 HeHarpiTMn 3pas3ok € 3nerka 3abapBneHUM Ta B HbOMY
YTBOPIOETLCA 3Merka >KOBTYBaTO-KOPUYHEBMI Ocaj. Harpituii 3pa3ok € TemHiwum, Ta ocaj Mmae
TEMHO-KOPUMHEBUIA KONIp, Ta, AK BUABNSAETbCA, Moro Oinblue. [Micna HarpiBaHHa, ORP TectoBoro
3paska 30inbliyeTtbcss 3 541 pgo 1055 +mB, a pH sHmxkyetbcsa 3 4,73 po 3,08. KoHueHTpauis
nepcynbdary y KOHTponbHOMY TecTOBOMY 3pasky 3HUxyeTbca 3 1008 go 936 4u./mnH. Lle Take X came
3HWXKEHHS, SIK | B TeCTOBOMY 3pasKy, NPOoTe BOHO € MEHLLMM HixXK y TecToBOMY 3pasky 1.

Xou4a i icHye ocaa, BiANOBiAHO A0 OGIPYHTOBAHUX BUMIPIOBaHb AN BUMIPAHOT KOHUEHTpauii
YCbOr0 PO3YMHEHOrO CENEHY Ta O4iKyBaHOI KOHUEHTpauil y HeHarpitToMy Ta Harpitomy 3paskax,
noaanuii ceneHat, abo Se(VI), He € yacTuHow ocaay. Moxnueo, wo SeO4% BCTynae B peakuilo 3
PO3YMHHUM KanbLiem, yTBoptotoun CaSeOs. lNpoTe, posuunHicTe CaSeO4 y aBa pasun nepebinbLuye
3Ha4yeHHsa And rincy (CaS04+2H20), a Ksp AnA rincy ctaHoButb 1x10-46 npn 25 °C. Ky ana CaSeOs
ctaHoBUTb 1x10727 npu 25 °C, wo o3Havae, wo CaSeOs € Ha Tpu NOPAAKM MEHLU PO3YMHHUM
NOPIBHAHO 3 rincom, Ta GinbLU WMOBIPHO, LLIO 0CAMXKYETLCA came BiH, a He CaSeO4. Kpim ToOro, ioHu
Se042~ MOXHa 3aMmicTUTM cynbaTtom y CTPYKTypi Trincy, BHACMNigOK 4Oro YTBOPKETLCA
Ca(S04,Se04)+2H0.

TectoBuii 3pasok 4 - KontponbHun, 3 Se(VI), 3 NaHS, 6e3 nepcynbdarty y CUHTETUHHOMY PO3UUHI

TecToBUIN 3pasok 4 - Le KOHTPONbHMIA 3pasok 3 godaBaHHAM ceneHarty, abo Se(VI), Ta NaHS,
npote 6e3 nepcynbdaty y CUHTETMYHOMY PO3YMHI. BignoBigHO [0 aHanisy no4arkoBoro
3Barauytoyoro posumHy Se(VI), abo ceneHarty, OdvikyBaHa KOHLUEHTpauis ceneHaTy, A04aHOoro Ao
TectoBoro 3paska 4, craHoBuUTb 742 u./Mnpa. B HeHarpitomy 3pasky BUMIpsSHa KOHUEHTpauis
PO3YMHEHOIO CENEHITY CTaHOBUTL 2,62 4./Mnpd., a ceneHarty - 763 u./mnpa. BumipaHa KoHUeHTpauis
YCbOr0 PO3YMHEHOrO CeNeHy CTaHOBUTb 766 npoTu odikyBaHMx 742 4y./Mnpa., To6TO pisHMUS
CTaHOBUTb 24 4./MnNpa. B Harpitomy 3pasky BUMipAHA KOHUEHTpaLis pO34YMHEHOIO CENEHITY CTaHOBUTb
2,53 4/Mnpa., a ceneHaty - 779 4./mnpa. BuMmipaHa KoHUeHTpauid yCbOro PO3YMHEHOro CeneHy
CTaHOBWUTb 782 npoTWU OYiKyBaHuX 742 4./mnpAa., To6To pisHuuya ctaHoButb 40 u./mnpa. MoaibHi
KOHUEHTpaLil CENeHiTy Ta ceneHaTty BUMIPIOIOTLCS Yy HarpiTux 3paskax, a He B HeHarpiTux 3paskax, ta
OBI'PYHTOBAHI BUBIPSAHHA OTPUMYIOTb MK BUMIDSIHOIO KOHLIEHTPALIE YCbOro pO3YMHEHOrO CEneHy Ta
OuiKyBaHOIO KoHUeHTpadieto. INicns HarpisaHHs, ORP TecToBoro 3paska 30inbLiyerbes 3 -398 go +260
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MB, a pH 3HmxkyeTbca 3 8,60 go 7,32. [lopaBaHHs BigHOBNIOBanbHoro areHta NaHS He mae BnnuBy
Ha NEepPeTBOPEHHSA SIKOICb KINbKOCTI 40AAHOro ceneHaty Ha CeneHitT. K HeHarpiTui, Tak i Harpituim
3pasok MarTb CBITNO-3eMneHe 3a0apBreHHs, Ta B HUX YTBOPIOETLCA AesKa KiNbKiCTb YaCTUHOK.

TectoBui 3pasok 5 - KonTponbHhuii, 3 Se(VI), 3 Na23:0s3, 6e3 nepcynbdaTy y CUHTETUYHOMY
PO3YNHI

TecToBMIN 3pa3oK 5 - Lie KOHTPONMbHUI 3pa30oK 3 AoAaBaHHAM ceneHaty, abo Se(Vl), Ta Na:2S20s,
npote 6e3 nepcynbdaty y CUHTETMYHOMY PO3YMHI. BignoBigHO [0 aHanisy no4arkoBoro
3Barauytoyoro posumHy Se(VI), abo ceneHarty, OJviKyBaHa KOHLEHTpaLisa CeneHaTty, AOAaHOoro Ao
TectoBOoro 3paska 5, craHoBUTb 742 u./Mnpa. B HeHarpitoMmy 3pasky BUMIpsSHa KOHUeEHTpauis
PO3YUHEHOIO CENEHITY CTaHOBUTb 725 4./MNpA., a ceneHaty - meHw Hik 1,00 4y./mnpa. BumipaHa
KOHLIEHTpALis YCbOro PO3YMHEHOrO CENEHy CTaHOBUTb 725 NpOoTU OdikyBaHuMX 742 4./mnpa., To6TO
pisHMUS cTaHoBUTbL 17 4./Mnpa. B HarpitoMy 3pasky BUMiIpAHa KOHUEHTpaLUis PO3YMHEHOro CEeneHiTy
CTaHOBUTb 746 4./Mnpd., a ceneHaTy - MeHw Hik 1,00 y./mnpa. BumipsHa KOHUeEHTpauisa ycboro
PO3YMHEHOIO CEneHy CTaHOBUTb 746 MpoTu oYikyBaHuX 742 4./mnpa., To06TO pisHMUA CTaHOBUTL 4
y./mnpa. MNoaibHi KOHUEHTpAaUil CeneHiTy Ta cerneHaTty BUMIPIOIOTLCA Y HarpiTux 3paskax, a He B
HeHarpiTux 3paskax, Ta oO6rpyHTOBaAHI BUBIPAHHS OTPUMYKOTb Mi>K BUMIPSIHOIO KOHLEHTPALIE yCbOoro
PO3YMHEHOIO CeneHy Ta O4iKyBaHOIO KOHUeHTpauieto. Ona uyboro TecToBOro 3paska AodaBaHHA
BigHOBNOBanNbHOro areHta Na2S:03 Ma€e MUTTEBUI BMAMB HA MEPETBOPEHHSA YCbOIO CEneHaTty Ha
CENeHiT, nNpoTe cniga nigkpecnutu, wWo nepcynbdar He € NPUCYTHIM Yy uboMy 3pasky. [licns
HarpiBaHHsA, ORP TecrtoBoro 3paska 36inbwyetbca 3 78 ao 245 +mB, a pH 36inbwyeTtbea 3 7,24 oo
7,93. B HeHarpiToMy Ta Harpitomy 3paskax ocaj He cnocrtepiranu.

TectoBui 3pasok 6 - Koutponbhui, 3 Se(VI), 3 NH2OH+<HCI, 6e3 nepcynbdaty B CUHTETUYHOMY
PO3YNHI

TecToBM 3pasok 6 - LEe KOHTPONMbHUI 3pasok 3 aodaBaHHAM ceneHarty, abo Se(Vl), Ta
NH20H+HCI, npote 6e3 nepcynbdaTy y CUHTETUMHOMY PO34uHi. BignosigHo 4o aHanisy no4aTkoBoro
3Barauytoyoro posumHy Se(VI), abo ceneHarty, OJviKyBaHa KOHLEHTpaLisa CeneHaTty, AOAaHOoro Ao
TectoBoro 3paska 6, craHoBUTb 742 u./mMnpa. B HeHarpitoMmy 3pasky BUMIpsSHa KOHUEHTpauis
PO3YMHEHOIO CENEHITY CTaHOBUTL 6,29 4./Mnpd., a ceneHarty - 753 u./mnpa. BumipaHa koHUeHTpauis
YCbOr0 PO3YMHEHOr0 CENeHy CTaHOBUTb 759 npoTu odikyBaHux 742 4./mnpa., To6TO pisHMUA
cTaHoBUTb 17 4./Mnpa. B Harpitomy 3pasky BUMipAHA KOHUEHTpaLis pO34YMHEHOIO CENEHITY CTaHOBUTb
2,52 4./Mnpa., a ceneHaty - 772 4./mnpa. BumipsHa KOHUEHTpauid yCbOro pPO34YMHEHOro CeneHy
CTaHOBUTb 775 npoTu odikyBaHux 742 u4./mnpa., T06TO pisHMUA cTaHoBuTbL 33 4./mnpa. MogibHi
KOHUEHTpaLil CENeHiTy Ta ceneHaTty BUMIPIOIOTLCS Yy HarpiTux 3paskax, a He B HeHarpiTux 3paskax, ta
OGI'PYHTOBAHI BUBIPSAHHA OTPUMYIOTb MK BUMIPSIHOIO KOHLEHTPALE YCbOro PO3YMHEHOrO CeneHy Ta
OuiKyBaHOIO KOHUeHTpauieto. Micns HarpiBaHHA, ORP TectoBoro 3paska 30inbLuyeTbes 3 86 ao 226
+MB, a pH 3HmxyeTbes 3 4,03 go 3,86. JopasaHHa BigHoBntoBanbHoro areHta NH2OH*HCI He mae
BMMMBY HA NEPETBOPEHHS Oyab-AKOro CeneHaty Ha CeneHiT. B HeHarpitTomy Ta Harpitomy 3paskax
ocaj He crnocTepiratoThb.

TectoBui 3pa3ok 7 - 3 Se(lV), 3 NaHS, y CUHTETUYHOMY PO34KMHi 3 KOHUEHTpauictlo nepcynbdary
y 1000 y./mnH.

TecToBUIN 3pa3ok 7 ckragaetbca 3 aobaBku ceneHity, abo Se(lV), Ta NaHS 3 nepcynbdatom y
CUHTETUYHOMY pO34MHi. BianosiaHo oo aHanidy nouatkosoro 3baraudytouoro posumHy Se(lV), abo
CENEeHiTy, OdiKkyBaHa KOHUEHTpauis ceneHiTy, AoaaHoro Ao TecToBOro 3paska 7, CTaHOBUTbL 955
4y./Mnpg. B HeHarpitTomMy 3pasky BUMIpPAHa KOHUEHTpauis PO3YMHEHOrO CeNeHiTy ctaHoButb 4,10
4./Mnpd., a ceneHarty - MeHLw Hixk 1,00 u./mnpa. BumipsiHa KOHUEHTpaUis yCbOro po34YMHEHOTO CENEHY
CcTaHoBUTb 4,10 NpoTu ouikyBaHux 955 u./Mnpa., To6To pisHuUA ctaHoBUTL 951 u./mMnpd. B Harpitomy
3pasky BUMIpAHa KOHUEHTpauid pPO3YMHEHOr0 CENEHITy CTaHOBUTbL MeHw Hixk 1,00 y./mnpg., i
ceneHaTty - TakoX MeHW Hixk 1,00 4./mnpa. BumipsHa KOHUEHTpauid ycbOoro po34YMHEHOrO CeNeHy
CTaHOBUTb MeHL HiK 1,00 npoTtu ouikyBaHux 955 u./mnpa., T00TO pisHMUA CTaHOBUTL 955 4./Mnpa.
OueBnaHO, WO AodaHun Ansa 3baravyeHHs1 CENEHIT BTpaTUBCA y TECTOBOMY 3pa3Ky.

He 6axkaroun npue’asyesatucsa Ao 6yab-akoi ogHiel Teopii, Le MOXHa MOACHMTU XIMIMHOIO peakuieto,
[e eneMeHTapHa Cipka yTBOPIOETLCS AK NPOAYKT.

S$2087+SH+OH"—28042+S+H:0 E = 2,49 B.

Kpim TOro, ana enemeHTapHOi Cipku MOXIMBUM € 06’€AHAHHA 3 €eNeMEHTapHUM CENEHOM,
BHaCnigoK 4Yoro yTBOPIOETLCH Aucynbdia ceneHy SeS:. YacTuHKM cnocTepiraloTb Ha AHi CKIAHOT
TECTOBOT CKNAHKM, MPOTe iX He 30upaloTb ANs aHanidy Ha ceneH. ICHye iHWa MOXIMBICTb, KOJM
CENEHIT MOXE BCTYNaTu B pPeakuilo 3 PO3YMHHUM KarnbLiEM y BUCOKiA KOHUEHTpauil (npudnusHo 5650
y./Mnpg.) y TectroBOoMy 3pasky, BHacCnigOK 4Oro YTBOPKETbLCA MOHOrMAPAT CENeHiTy Kanbuitlo
(CaSe03*H20). CaSe03*H20 mae KOHCTaHTy pO3YMHHOCTI npoaykty (Ksp), fka CTaHOBWTbL nuLue
1107727 npu 25 °C, WO BKa3ye HA AYXEe HU3bKY PO3YMHHICTb. [Ona nOpiBHAHHA, bTOopua Kanbuito

34



10

15

20

25

30

35

40

45

50

55

60

UA 117120 C2

(CaF2) mae Ksp = 3,9%10°"1, TOGTO BiH Ma€ HaBiTb MEHLUY PO3YMHHICTb HiXk CaSeO3+H20. Xova i He o
Takoro camMoro CTyneHw, TecTOBUMIW 3pa3oKk 2 TakoX AEeMOHCTPYE, Lo YacTuHa AO0A4aHOro CeneHiTy
BTPa4aeThCs 3 po3unHy, npubnusHo 200 y./mnpa.

Micna HarpiBaHHA, ORP TectoBoro 3paska 36inbLiyerbca 3 336 ao 414 +mB, a pH 3HMXKyeTbCA 3
3,81 o 3,22. KoHueHTpauisa nepcynbdaty y TecToBoMy 3pasky 3HMWxyeTbca 3 1008 oo meHw Hix 50
4y./MnH. Lle gemoHCcTpye Te, WO BigHOBMOBanNbHU areHT edeKTUBHO BCTYNUB B peakuild 3 YyciMm
nepcynbdaroM. He 6axaroun npue’sisyBatucsa Ao 6yab-akoi ogHiel Teopii, MoxHa 3poduTU BUCHOBOK,
WO A0JaBaHHA BigHOBMNIOBanbHOro areHta NaHS moxe crtatM npuunHOO 36iMNbLUEHHSA KiNbKOCTI
ceneHity, abo Se(lV), WO A0AaETLCA, AKUIA BUNAaae 3 po3vnmHy abo ocamKyeTbes.

TecTtoBuit 3pasok 8 - 3 Se(lV), 3 NaxS203, y CUMHTETMYHOMY PO3YMHIi 3 KOHLEHTpauieto
nepcynbdary y 1000 y./mnH.

TecToBuit 3pa3ok 8 cknagaetbca 3 AobaBku ceneHity, ado Se(lV), Ta Na=S203 3 nepcynbdarom y
CUHTETUYHOMY pO34MHi. BianosiaHo oo aHanidy nouatkosoro 3baraudytouoro posumHy Se(lV), abo
CENEeHiTy, OdiKkyBaHa KOHUEHTpauis ceneHiTy, AoaaHoro Ao TecToBOro 3paska 8, ctaHoBUTbL 955
4y./Mnpg. B HeHarpitTomMy 3pasky BUMIPAHA KOHUEHTpauia PO3YMHEHOrO CENeHiTy CTaHOBUTL 2,98
y./Mnpgd., a ceneHary - 749 4./mnpa. BumipaHa KOHUEHTpaUia yCbOro po34YnHEHOro CeneHy CTaHOBUTL
752 npotu odikyBaHux 955 u./mnpAa., To6TO pisHMUs craHoBuTb 203 u./mMnpgd. B Harpitomy 3pasky
BUMIpSiHA KOHLUEHTpAaUis PO34YMHEHOIO CEMEHITY CTaHOBUTL 2,46 4./Mnpa., a ceneHaty -934 y./mnpa.
BuMipsaHa KoHUeHTpaUid yCbOro pO34YMHEHOrO CeneHy CTaHOBUTL 936 NpoTu odikyBaHux 955 u./mnpa.,
TOOTO pisHMUA cTaHOBMTL 19 u./mMnpa. Ons Harpitoro 3paska 0OrpyHTOBaHE BUBIPSHHS OTPUMYIOTb
MK yCiIM BUMIPSAHUM PO3YMHEHUM CENEHOM Ta OYiKyBaHOI KOHUeHTpauielo. PesynbTatn Ans
TecToBKX 3paskie 5 Ta 8, obuaea 3 AKX MiCTATb BigHOBMOBaNbHUI areHT Na2S203, € 40CUTb Pi3HUMMU
LWoAo CTaHy OKUCHEHHS posdyuHeHoro ceneHy. [lo TecrtoBoro 3paska 5 gogaetbca Se(VI) 3amicTb
Se(lV), Ta BiH He MicTMB nepcynbdaTt y CUHTETUMHOMY PO34UMHI. Y TeCTOBOMY 3pa3ky 5 po3unmHUBCSA
yBECb MPUCYTHIN ceneH y Burnagi Se(lV), npote y TectoBoMy 3pasky 8 ceneH pPO34YMHUBCS
nepesaxxHo gk Se(VI). Lle pgossonse npunycTUTW, WO TMPUCYTHICTL nepcynbdaTty Moxe
HenTpanisysatu cnpomMoxkHicTb Na2S203 sigHosnoeatn Se(VI) go Se(lV). IHWwe MOXNMBE MNOACHEHHSA
nonsira€ y Tomy, LLO, OCKiNbkn y TecToBOMY 3pasky 5 nepcynbdart He OyB NMPUCYTHIM Ta OgHaKoBa
KOHLIEHTpALis BiAHOBMIOBANbLHOIO areHTa 3acTOCOBYETbCA B 000x TecToBux 3paskax, To Na25:0s
NPUCYTHIN Yy HaBiTb GiNbLIOMY HAaANWULWIKY Yy TeCTOBOMY 3pasKy 5 nopiBHsHO 3 TeCTOBMM 3paskom 8,
ockinbku NazS203 He CnoXKMBAETLCA NpU peakuii 3 nepcynbdarom.

B oagHomy BapiaHTi 3ailicHeHHA Tiocynbdat Hatpito (Na25203) TakoxK A03BONSIE PEryroBaTtw,
ocnabnatu Ta/abo 3ameHLWyBaTW NOBTOPHY EMICIIO CeneHy. B ogHOMY BapiaHTi 34iNCHEHHSA, Tam, e
Ga)kaHOKO € MOBTOPHA €MiCisl ceneHy, HaanMWoK Tiocynbdaty HaTpito (Na:S:203) aopawtb Ao ART
abo y npuHaNMHI OAWH BUNYCKHUIA MNOTIK 3 HbOro. B ogHOMy BapiaHTi 3A4iNCHEHHSA 3aCTOCOBYETbLCH
HaANMULLIOK Yy NPMOBNU3HO TPU MO HA MOMb iOHIB Nepcynbdary. B iHWOMY BapiaHTi 3A4iliCHEHHS MOXKHA
3aCTOCOBYBATU BIAMNOBIAHY KinMbkicTb Tiocynbdaty Hatpito (Na:S20s), AK AOKNAAHO ONUCAHO BULLE.
Micns HarpisaHHs, ORP TecrtoBoro 3paska 8 30inbLuyeThes 3 258 go 285 +mMB, a pH 3HmkyeTbCcs 3
4,15 po 2.82. KoHueHTpauia nepcynbaTy y TecToBOMY 3pasky 3HMxkKyeTbcs 3 1008 4o MeHL Hixk 50
4y./MnH. Lle agemoHCTpye Te, WO BigHOBMOBaNbHUMA areHT edeKTUBHO BCTYNUB B pPeakuilo 3 yciMm
nepcynbgarom.

BianoBigHoO A0 BU3HA4YEHHSA TUTPYBaHHAM NepcynbdaroM BU3HAYAETLCA, L0 Y HArpitoMy 3pasky
BCe LUe NpucyTHiN Hagnuwok Na2S203. Hagnuwok € ekBiBaneHTHnuM 504 y./mMnH. nepcynbdaty. Lie
[O3BOMNSAE NPUNYCTUTH, IO HEOBXiAHOW € KoHUeHTpauia Na2S20s3, ska CTaHOBUTb MeHL Hixk 10,4 MM,
MMOBIpPHO Gnmxide ao 6,9 MM. B HeHnarpitomy 3pasky ocaj He CnocCTepiraeTbCsl, NPOTE y Harpiromy
3pasKy NpUCYTHSA CBiTNa nnieka. JoaaHui ceneHit He BUTpadaeTbcs 3 TecTOBOro 3paska 8, sk ue
BiaOyBaeTbCca y TecToBOMY 3pa3ky 7. INpakTU4HO yBECb A0AAHWUI CENEHIT OKUCHIETLCA 3 Se(lV) ao
Se(VI). Ockinbkn KOHLEHTpALis PO34YMHHOIO Kanblilo € ayxe noaidbHow B 06ox Habopax TecToBux
3paskiB, a BiAMIHHUM € NULLIE BiAHOBIIOBANbLHUIA areHT, ue A03Bonae npunyctutu, wo Na25:0s mae
MEHLLWIA BNAIMB HA OCadXXeHHS CENEHITy NopiBHAHO 3 NaHS.

TectoBuin 3pasok 9 - 3 Se(lV), 3 NH20H*HCI, y CUMHTETUYHOMY pPO3YMHIi 3 KOHUEHTpaLui€
nepcynbdary y 1000 y./mnH.

TectoBuit 3pasok 9 cknagawTb AoaaBaHHsaM cenedity, a6o Se(lV), ta NH2OH-HCI 3
nepcynbdaTtoM y CUHTETUMHOMY pO34MHi. BignoBigHO A0 aHani3y no4aTtkoBOro 3Garadyo4oro po3vmHy
Se(lV), abo ceneHiTy, OuvikyBaHa KOHLEHTpaUif CeneHiTy, aogaHoro ao TecToBoro 3paska 9,
CcTaHoBUTbL 955 u./Mnpd. B HeHarpitoMy 3pasky BUMIpPAHA KOHUEHTpauid PO3YMHEHOrO CeneHiTy
cTaHoBUTb 638 u./Mnpa., a ceneHaty - 6,14 4y./mnpa. BumipsHa KOHUEHTpauid ycboro po34YMHEHOro
ceneHy CTaHOBUTb 644 npoTu odikyBaHux 955 u./mnpa., To6To pisHuua craHoButh 311 4./mnpa. B
HarpiToMy 3pasky BUMIpSHA KOHUEHTpauis pPO3YMHEHOro CeneHiTy craHoBuTb 618 uJ./mnpa., a
cenexary - 26,5 u./mMnpa. BumipsiHa KOHUEHTpaLis yCbOro po34yMHEHOro CeneHy CTaHoBUTL 645 npotu
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ouikyBaHuX 955 u./mnpa., To6To pisHuua ctaHoBuUTb 310 u./Mnpa. MoaibHi KoHUEHTpaUil ceneHiTy Ta
ceneHaTty BUMIPIOIOTLCS B HArpitoMy, a He B HEHarpitoMmy 3pasky. Ak B HEHarpitoMy, Tak i B Harpitomy
3pasKy 0cajl He CNOCTEepiraeTbCcs, Npu UbOMY iCHYe PpisHMua y npubnusHo y 300 u./mnpa. mix
BUMIPAHUM YCIM PO3YUHEHUM CENEHOM Ta OYiKyBaHUMMW KOHLEHTpaUisMu.

Pesynbtatn ans TectoBux 3paskie 6 Tta 9, obugsa 3 AKMX MICTATb BiAHOBMNIOBANbHUIA areHT
NH20OH+HCI, € nocuTb pisHUMM LLOAC CTaHy OKUCHEHHS PO3YMHeHoro ceneHy. flo TectoBoro 3paska 6
popaetbca Se(VI) samicte Se(lV), Ta BiH He MICTUTL nepcynbdar y CUHTETUYHOMY PO34YMHI. Y
TecToBOMY 3pasky 6 pPO34YMHUBCA MO CYTi yBECb MPUCYTHIN ceneHd y surnagi Se(Vl), a y TectoBomy
3pa3ky 9 ceneH po3dnHuBca nepeBaxHo fK Se(lV). Ui pesynbTaTtu € 30BCIM MPOTUNEXHUMWU OO0
TectoBux 3paskiB 5 Ta 8, ae Na>S>03 3aCTOCOBYETLCA SAK BiAHOBMIOBANbHMII areHT. He Gakatoumn
npuB’sisyBaTuca Ao 6yab-akoi OaHIET Teopil, ue A03BONSE NPUNYCTUTHU, LLO NPUCYTHICTL nepcynbdaTty
Bnnueae MeHwe Ha NH20H+HCI, Hixk Ha Naz25:203, Ta wo NH20H+-HCI mae GinbLuy cnpoMOXHiCTb
3anobiratn okucHeHHo Se(IV) ao Se(VI). [HWnn MoxxnMBun cueHapin nonsarae y Tomy, wo NH-OH<HCI
MOXe MaTWh CNPOMOXHICTb nepewkomkatun okucHeHHio Se(lV) o Se(VI), npote BiH He Mae
crnpomoxkHocTi BigHoBnoBaTn Se(VI) ao Se(lV). KoHueHTpauia nepcynbdaty y TectoBomy 3pasky 9
3HWKyeTbCca 3 1008 o0 MeHWw HixX 50 4./mMnH. Lle geMoHCTpye Te, WO BiAHOBMNIOBASIbHUIA areHT
edeKTUBHO BCTYNMB B peakuito 3 yciMm nepcynbdaTom.

3HOB Taku, Ta noaibHo Ao Na:S203, noporosa koHueHTpauigd NH2OH+*HCI moxe 6yTu HeobxigHoto,
wob nepetBoputn Se(Vl) Ha Se(lV), abo wob 3anobirtm nepetBopeHHio Se(lV) Ha Se(VI), konu
nepcynbdar npucyTHin. MNicna HarpiBaHHa, ORP TectoBoro 3paska 9 3poctae 3 505 go 520 +MB, a
pH sHmxkyetbca 3 2,10 go 1,83. lMo cyti, AogaBaHHA BigHoBnoBanbHoro areHta NH2OH+HCI
NepPELLKOAKae OKUCHEHHIO OBinbLUOT YaCcTUHU CeneHiTy A0 ceneHaTty. YacTuHa O04aHOro CerneHiTy
BTPAYaeTbCsl 3 PO34vMHy, npubnuaHo 300 4./mnpa., NpoTe HE A0 TaKOro CTYNeEHH, SK y TeCTOBOMY
3pasky 7, ae 3actocoByeTbca NaHS.

TectoBuit 3pasok 10 - KoHTponbHuin, 6e3 Se(lV) abo Se(VI), 6e3 BigHOBMIOBANbLHOIO areHTa, y
dinbTpaTi 2010

TectoBuit 3pasok 10 - ue KOHTponbHMIA 3pa3ok 6e3 popasaHHa Se(lV), abo Se(VI), abo
BIAHOBIIOBANbLHOIO areHTa. HaBiTb HE3BaXkalouu Ha Te, WO A0 KOHTPONBbHOIO 3paska He JOJAETbCS
aHi Se(lV), ani Se(VIl), dinbTpaTr BXXE Mae NPUCYTHIW ceneH. BignosigHO A0 aHanisy no4aTtkoBOro
po3unHy ®inbTpaty 2010 ouvikyBaHa KOHUEHTpauia ceneHity y TectoBomy 3pasky 10 ctaHoBuTb 2,35
y./Mnpg., a ceneHaty - 782 4./Mnpg. B HeHarpiTomy 3pasky BUMIpAHA KOHUEHTpaUis pO3YMHEHOrO
CeneHity crtaHoBuTb 3,32 u./Mnpa., a ceneHaty - 775 4./mnpa. BumipsHa KoOHUeEHTpauia ycboro
PO3YMHEHOIO CEneHy CTaHOBUTb 778 MpOTU OYikyBaHuX 784 4./mnpa., To06TO pisHMUA CTaHOBUTL 6
y./Mnpg. B Harpitomy 3pasky BUMIpAHA KOHUEHTpauid pPO3YMHEHOrO CeneHiTy craHoButb 2,55
4./Mnpg., a cenexary - 782 4./mnpa. BumipaHa KOHUEHTpaUia yCbOro po34nMHEHOro CeneHy CTaHOBUTb
785 npotu ouikyBaHux 784 4./mnpa., T06TO pisHuua craHoButb 1 uJ./mnpa. MogibHi kKoHUeHTpauil
CENEHITy Ta CeneHaTy BUMIPIOIOTLCS B HArpitToMy, a He B HEHAarpitoMy 3pasky, Ta 0OrpyHTOBaHi
BUBIPAHHS OTPUMYIOTb MK BUMIPSHUM YCIM PO3YMHEHUM CEMNEHOM Ta OYiKyBaHUMMMW KOHLEHTpauisMu
Ang, no CcyTi, pe3epBHOro 3paska. £K B HeHarpitToMy, Tak i B HarpitTomMy 3pasky ocaj He
cnoctepiraetbes. Micns HarpiaHHa, ORP TectoBoro 3paska 36inbwyetbca 3 378 o 436 +MB, a pH
3HWXKyeTbCA 3 6,68 oo 3,94. KoHueHTpauia nepcynbdaty y TecTtoBoMy 3pasky 3HUKyeTbca 3 888 Ao
792 4./MNH. Ak B HEHarpiToMy, Tak i B HAarpirtoMy 3pasky ocaj He crnocTepiraeTbes.

TectoBui 3pasok 11 - KontponsHui, 3 Se(lV), 6e3 BigHOBMNOBaNLHOTO arexTa, y ®inbtpari 2010

TectoBuit 3pa3ok 11 - Ue KOHTpONbHWUWA 3pasok 06e3 gogaBaHHa Se(lV), npoTte 06es
BiJHOBMIOBANbHOro areHta. BignosigHo Ao aHanisy nouartkoBoro 36arauvyovoro pos3umHy Se(lV), abo
CENeHiTy, Ta novaTtkoBoro posymHy ®inbtpaty 2010 odikyBaHa KOHUEHTpauia ceneHity y TecToBomy
3pasky 11 ctaHoBUTb 957 4./Mnpd., a ceneHaty - 782 4./mnpa. B HeHarpiToMy 3pasky BUMipAHa
KOHUEHTpaLisi pO34YMHEHOrO CENEHITY CTAHOBUTL 2,72 4./MNpA., a ceneHarty - 1540 u./mnpa. Bumipana
KOHLIEHTpALis YCbOro PO34YMHEHOrO CENEHYy CTaHOBUTHL 1543 npoTu ovikyBaHux 1739 u./mnpa., To06T0
pisHMUS cTaHoBUTL 196 4./mMnpa. B Harpitomy 3pasky BUMipsiHA KOHUEHTpaUid PO3YMHEHOIO CENEHITY
CTaHOBUTb 2,44 u./Mnpa., a ceneHaty - 1958 u./mnpa. BumipsaHa KOHUEHTpauia ycbOoro poO34YMHEHOro
ceneHy crtaHoButb 1960 npoTu odvikyBaHux 1739 4./mnpa., To0TO pisHMUA CTaHOBUTL 221 4./mMnpa.
MoaibHi kOHUEHTpaUil CENeHiTy BUMIPIOIOTLCS B HArpitToMy, a He B HeHarpitomy 3pasky. BumipsHi
KOHUEHTpaLil ceneHaTy € pisHUMU y HarpiTomMy 3pasky NOpiBHAHO 3 HeHarpitum 3paskom, 1998 npotu
1540 u./mnpa. MoaibHy TeHAEHLUio y cknadi ceneHy oTPUMYIOTh AN TeCTOBOro 3paska 2, A0 Koro
Takoxx popaetbca Se(lV). [MpucyTHicTb nepcynbdaty 6e3 BiAHOBMIOBANbLHOIO areHTa crnpuse
yTBOpeHHo Se(VI), Ta, Ak BUABNAETLCA, BOHO NiACUNIOETLCA BHACMIAOK HarpisaHHa npu 55 °C. Ak B
HeHarpiToMy, Tak i B HarpiTomy 3pasky ocaj He CnoCTepiracTtbCs, NPWU LbOMY iCHYE pisHMUA Yy
npubnusHo 200 4./mMnpa. MK BUMIPSHUM  yCiM  PO3YMHEHUM CENEHOM Ta O4iKyBaHUMM
KOHUeHTpauisaMu. Mo cyTi, Taka cama pisHuya (npubnusHo y 200 4./mnpad.) cnocrepiraeTbCsl Ansi
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TecToBOr0 3paska 2, WO A03BOMSAE NPUNYCTUTKU, WO 4YaCTUHA AO0A4AHOr0 CefeHiTy BTpadaceTbes
LUNAXOM peakuil ocamKeHHA 3 PO3YMHHUM KanbuieMm. PO34uMHHMI Kanbuin y @inbtpati 2010 €
Habarato HMKYIUM HXK Y CUHTETUYHOMY PO34MHi, Ik HaBeaeHo y Tabnuui 11, a came - BUMIpsaHi 851
Y./MIH. NpoTu npubnusHo 5650 4./MNH., NpOTe BiH BCEe LUe € AY)Xe MNPUCYTHIM Y HaANULLKOBIN
KOHUEHTpauii BigHOCHO PO3YMHEHOIO CESIEHY.

Tabnuua 11
EnemeHTHUI ananis ®inbtpaty 2010 3a gonomoroto ICP-MS, 4./MnH
11B 23 Na 24 Mg 39K 40 Ca
341 64 1204 19 851

Micna HarpiBaHHA, ORP TectoBoro 3paska 30inbluyerbca 3 379 ao 457 +mB, a pH 3HMXKyeTbCA 3
6,68 no 3,93. KoHueHTpauis nepcynbdaty y TECTOBOMY 3pasKy 3HMXKYETbCA 3 888 00 821 y./MnH.

TectoBui 3pasok 12 - 3 Se(lV), 3 NaHS, y ®inbTpati 2010

TecToBuit 3pasok 12 cknagaetbca 3 gobasku ceneHitry, abo Se(lV), Ta NaHS y dinbTpari 2010.
BianosigHo A0 aHanidy nodatkoBoro 36arauytodoro pos3umHy Se(lV), abo cenenity, odikyBaHa
KOHUEHTpauis cenexity, gogaHoro go Tecrosoro 3paska 12, ctaHoBuTb 955 u./Mnpa. B HeHarpitomy
3pasKy BUMipAHA KOHLUEHTpauis pOo34YMHEHOrO CeneHiTy ctaHoButb 3,35 4./mMnpAd., a ceneHarty - 744
4y./Mnpg. BumipsHa KOHUEHTpauis YyCbOro PO3YMHEHOrO CeSieHYy CTaHOBUTbL 777 MPOTU OYiKyBaHUX
1739 u./mnpg., TO0TO pisHMUA CTaHOBWUTL 962 u./Mnpa. 777 4./MNpa. - Ue KOHUeHTpaudid, noaibHa oo
KOHUeHTpauii, BUMipsaHOi y novatkoBomy ®inbtparti 2010, a came 784 4u./mnpa., Ta pisHuua y 962
u./mMnpa. € ayxe 6nM3bKo A0 KOHUEHTpaUil 404aHOro ceneHity, a came 955 u./mnpa. B Harpitomy
3pasKy BUMIipsHa KOHLUEHTpaUis PO3YMHEHOro CeneHiTy ctaHoBuTb 6,65 4v./mnpg., a ceneHaty -777
4y./Mnpg. BumipsHa KOHUEHTpauis yCbOro pPO3YMHEHOrO CeSleHy CTaHOBUTL 784 MPOTU O4iKyBaHUX
1739 4u./Mmnpa., To6TO pisHuUA craHoBuTb 955 u./Mnpa. KoHueHTpauia y 955 u./mnpa. 36iraetbes 3
KOHUEHTpAU€ld A0JaHOro CeneHiTy, Ta ue € TakMM CaMuM pPes3ynbTatoM, SKWA OTPUMAaHO Ans
TectoBoro 3paska 7. | 3HOB, BUABNAETLCA, WO yBecb aogaHui Se(lV) BTpadaetbca y TecToBOMY
3pasky. He Gaaroun npus’sisyBatuca Ao Oyab-sIKOT OAHIET Teopil, ue MOoXHa MOACHUTU XiMIYHOK
peakuieto, Npu AKin enemMeHTapHa cipka yTBOPIOETLCA AK NPOAYKT.

S$2087+SH+OH"—28042+S+H:0 E = 2,49 B.

He Gaxaroun npue’aszysatuca oo 6yab-akoi ogHiel Teopil, ANA eneMeHTapHOT CipKM MOXITMBUM €
o6’eqHaHHS1 3 €NeMEHTapHUM CEMNEHOM, BHACNigOK 40ro YTBOPKETbCA Aucynbdia ceneHy SeSo.
YacTuHKM cnocTepiraloTb Ha AHi CKNAHOT TECTOBOI CKNSIHKW. |CHYE iHWA MOXJIIMBICTb, KOMNMW CENEHIT
MO>K€ BCTYMAaTu B PeakLito 3 pO3YMHHUM KanbLieM Y BUCOKI KOHUeHTpauii (npubnuaHo 100 4u./MnH.) y
TecToBOMY 3pasKy, BHACMiAOK 4Oro YTBOPKETLCA MOHOTIApaT ceneHity kanbuito (CaSeOs+H20).
CaSe03*H20 mae KoHCTaHTy po3uuHHOCTI npoaykTy (Ksp), ka cTaHoBuTb nuwe 1x107727 npn 25 °C,
WO BKA3ye Ha AYXXE HU3bKY PO3YMHHICTb. [ns nopiBHAHHSA, dTopua kanbuito (CaFz) Mae Ksp =
3,9%x10°1", T06TO BiH Ma€ HAaBITb MEHLLY PO3YNHHICTb Hibk CaSeOs+H20O. Xo4va i He 40 Takoro camoro
CTYNeHio, TECTOBUIN 3pa3ok 2 AEMOHCTPYE, WO YacTUHA A0AAaHOr0 CENEHITY BTpavyacTbCa 3 PO34nHY,
npnbnusHo 200 u./mnpa. Micna HarpisaHHA, ORP TectoBoro 3paska 36inbwyeTbcs 3 253 go 321 +mB,
a pH sHmwkyetbea 3 7,35 go 6,85. KoHueHTpauisa nepcynbdaty y TecToBOMY 3pasKy 3HUXKYETLCA 3
1008 go 120 u./MnH. Lle aeMOHCTpye Te, WO BigHOBIIOBANbHUIA areHT BCTYNUB B peakuito 3 6inbLioto
YacTUHOO, ane He 3 ycim nepcynbdarom. [JogasaHHs BigHOBNIOBanbHOro areHta NaHS moxe ctaTu
NPUYNHOLIO 36iNbLUEHHS KiNbKOCTI ceneHity, abo Se(lV), Wo aogaeTbed, AkMi BUNnagae 3 po3ymHy abo
0CaKyeTbCs, Ta BiH HE 3MIHIOE CTaH OKMCHEHHS iHLLIOM0 PO3YMHEHOro ceneHy. BiH 3anuwiaetbes
Se(Vl).

Tectosuii 3pasok 13 - 3 Se(lV), 3 Na=S20s3, y ®inbtpati 2010

TectoBuit 3pasok 13 cknagaetbca 3 aobaBku ceneHity, abo Se(lV), Ta Na:S:03 3 dinbTpaTtom
2010. BignosiaHo Ao aHanizy no4daTtkoBoro 36aradyto4oro pos3unHy Se(lV), abo ceneHity, odikyBaHa
KOHUEHTpauis cenexity, gogaHoro go Tecrosoro 3paska 13, ctaHoBuTb 955 u./Mnpa. B HeHarpitomy
3pasky BMMIipsiHA KOHUEHTpauia pO34YMHEHOro CENeHiTy cTaHoBuTb 461 4./mMnpd., a ceneHaty - 771
4y./Mnpg. BumipsHa KOHUEHTpauis yCbOro po34YMHEHOro ceneHy craHoBUTb 1232 npoTu odikyBaHUX
1739 u./mnpa., To06T0 pisHMUa cTtaHoBUTbL 507 u./Mnpa. B HeHarpitTomMy Ta HarpitTomy 3paskax ocaj He
cnocrepiraetbcd. Lle possonse npunyctutu, wWwo 4dactuHa Se(lV) morna pani BigHOBUTUCH 3a
aonomoro NazS203 40 eNeMEeHTapHOro CeneHy, Skui € Ayxe NeTKo (POpMOID Ta BTpadaeTbes 3i
3paska. B HarpiTomy 3pa3ky BUMIpsiHA KOHLIEHTPAaUiS PO34YMHEHOrO CeneHiTy ctaHoButb 3,10 u./Mnpa.,

37




10

15

20

25

30

35

40

45

50

55

60

UA 117120 C2

a ceneHaty - 777 Jd./mnpa. BumipaHa KOHUEHTpaUis yCbOro pPO3YMHEHOro CerieHy crtaHoButb 780
NpoTU ouikyBaHux 1739 wu./mnpa., ToOTO Ppi3HMUS CTaHOBUTL 959 u./mnpa. 780 u./mnpa. - ue
KOHLUEHTpauis, noaibHa A0 KOHUeHTpauii, BUMIpsIHOT y nodatkoBomy ®inbtpati 2010, a came 784
u./mMnpa., a pisHuUs y 959 u./mnpa. € ayxe 6rmM3bKolo 40 KOHUEHTpauil 404aHoro CeneHity, a came
955 u./mnpa. lMicna HarpiBaHHa Se(lV), Wwo 3anuwuBecs, 3Mir BIigHOBUTMCA dani 3a AOMNOMOrolo
Na25203 0 eneMeHTapHOro CeneHy, Skui € gye neTkol (popmoto Ta SKUiA BTpavacTbCca 3i 3paska.
AKWO Tak TpanmnseTbCs, MOBTOPHA €MICia €NneMEeHTapHOro ceneHy He € Oa)aHow Ana uinen
KOMEPUIRHOro 3acTOCyBaHHS.

HagiTb AKLLO 0Caa He CNOoCTepIraeTbCA y HeHarpitomy abo HarpitToMmy 3paskax, ue He 03Havae, Lo
ocaay He Oyno. KinbkicTb ocagy morna 6yTu ay»ke He3Ha4yHoto, Ta Ti BaXKKo Byno noMiTuTu. Y Takomy
BMNAKy Ta 3a TaKOIO X CaMOI0 MPUYMHOIO, WO i Ans TecToBMX 3paskiB 7 Ta 12, CENEHIT Mir BCTYNUTK B
peakuito 3 pO3YMHHUM KanbLieM Yy BUCOKIN KOHUeHTpauil (npubnusHo 100 y./MnH.) y TeCcToBOMY 3pasky
13, BHACMiAOK 4YOro yTBOPUBCS MOHOriapaTt cenerity kanbuito (CaSeOs+H20). BHacniaok HarpisaHHs
000aTKOBU AodaHuin ceneHit ocagxyerbed. [licna HarpiBaHHsa, ORP TectoBoro 3paska 13
30inbLIyeTbea 3 253 go 321 +mB, a pH 3HmwxkyeTbes 3 6,77 go 3,81. KoHueHTpauis nepcynbdary y
TecToBOMY 3pasky 3HWxyeTbca 3 888 Ao MeHw Hik 50 4./mnH. Lle geMoHCTpye Te, WO
BigHOBMIOBAaNbHWUI areHT eheKTUBHO BCTYNWUB B peakLilo 3 yCiM nepcynbgdartom.

BianoBigHoO A0 BU3HAYEHHA TUTPYBaHHAM Nepcynbdartom BU3HAYAETLCA, WO Y HarpitoMmy 3pasky
BCE LUe NpucyTHiN Hagnuwok Na2S203. Hagnuwok € ekBiBaneHTHUM 552 u./mMnH. nepcynbdaty. Lie
[O3BOMNSAE NPUNYCTUTH, IO HEOBXiAHOW € KoHUeHTpauia Na2S20s3, ska CTaHOBUTb MeHL Hixk 10,4 MM,
nMoBipHO 6nuxde go 6,4 mM. BHacnigok aoaaBaHHsa BigHOBNIOBanbHoro areHta Na>S>0s MOXMUMBO
BiAOyBa€eTbCA 30INMbLUEHHA KINbKOCTI AodaHoro cenedity, abo Se(lV), akuin Bunagae 3 posunHy abo
0CaKyeTbCs, Ta BiH HE 3MIHIOE CTAH OKMCHEHHS iHLIOMO PO3YMHEHOro cenieHy. BiH 3anuwaetbes sk
Se(VI). BHacnigok HarpiBaHHA 3paska 4o4aTKOBUI AO4AaHUIA CENEHIT 0CaaXyeTbCs.

TecToBui 3pasok 14 - 3 Se(lV), 3 NH2OH+HCI, y ®inbTparti 2010

TecToBuit 3pasok 13 cknagaeTbca 3 gobaBku ceneHity, abo Se(lV), Ta NH2OH+HCI 3 dinbTpaTtom
2010. BignosiaHo Ao aHanizy no4daTtkoBoro 36aradyto4oro pos3unHy Se(lV), abo ceneHity, odikyBaHa
KOHUEHTpauis cenexity, gogaHoro ao Tectosoro 3paska 14, ctaHoBuTb 955 4u./mMnpa. B HeHarpitomy
3pasky BMMipsiHA KOHLEHTpaLiss pO3YMHEHOro CEeneHiTy cTaHoBWUTb 682 u./mnpa., a ceneHaty - 790
4y./Mnpg. BumipsHa KOHUEHTpauis yCbOro po34YMHEHOro CeneHy craHoBUTb 1472 nNpoTW OYiKyBaHUX
1739 u./mnpa., To6TO pisHUUS CTAHOBUTHL 267 4./Mnpa. B Harpitomy 3pasky BUMIpsiHA KOHLEHTpauis
PO3YMHEHOIO CENEHITY CTaHOBUTL 667 4./mMnpAa., a ceneHaty -800 4./mnpa. BumipaHa koHueHTpauis
YCbOr0 PO3YMHEHOr0 CeneHy CTaHOBUTH 1467 npotu odikyBaHux 1739 u./mnpa., T06TO pisHMUA
CTaHOBUTb 272 4./mnpa. MNoaibHi KOHUEHTpaUii CENeHiTy Ta CENeHaTy BUMIPIOIOTBCSI B HArPiTOMy, a He
B HeHarpiromy 3pasky. BumipsiHi KOHUEHTpauil ceneHaty B HeHarpitToMy Ta B Harpitomy 3paskax €
ONM3bKMMKU A0 KOHUEHTpauUii ceneHarty, BuMipaHoi y dinbtpaTi 2010. Ak B HeHarpitomy, Tak i B
HarpiToMy 3paskax 0caj He CNocTepiraeTbCA, Npu LUbOMY iCHYE pisHMUA NpubnnaHo y 270 u./Mnpa. mixk
BUMIPAHUM YCiM PO3YMHEHUM CENEHOM Ta O4YiKyBaHUMK KOHUEHTpauismMu. Lli pesynbTatu € nogibHumMm
00 pesynbTaris, oTpuMaHnx ansa TecToBoro 3paska 9.

HagiTb AKLLO 0Caa He CNOoCTepIraeTbCA y HeHarpitomy abo HarpitToMmy 3paskax, ue He 03Havae, Lo
ocaay He Oyno. KinbkicTb ocagy morna 0yTu Ay>ke He3HauHow, Ta ii BaXkko 6yno nomitutu. Y takomy
BUNAAKy Ta 3a TaKOK X CaMOlo NPUYKUHOIO, WO i ana TectoBux 3paskie 7, 12 ta 13, ceneHit mir
BCTYNUTU B peakuilo 3 PO3YMHHMUM KamnbUieM Yy BMCOKIN KoHueHTpauii (npubnusHo 100 4./MnH.) y
TecToBOMy 3pa3sky 14, BHacnigok YOro yTBOPMBCS MOHOrIApaT cenexity kanbuito (CaSeOs+H:20).
BHacnigok HarpiBaHHA 0OA4AaTKOBMI AOA4AHWUIM CENEHIT HEe 0CamKyeTbes, K y TecToBoMy 3pasky 13.
Micna HarpieaHHA, ORP TecTtoBoro 3paska 14 He3HayHO 3HWXKyeTbCA 3 476 o 453 +mB, a pH
3HWKyeTbea 3 2,19 go 2,09. KoHueHTpauis nepcynbdarty y TecToBOMY 3pa3sky 3HUxyeTbca 3 1008 ao
MeHLU Hi>K 50 4./mMnH. Lle geMOHCTpye Te, WO BiAHOBMNIOBANbHUI areHT ePeKTUBHO BCTYNUB B peakLilo
3 ycim nepcynbdartom.

BianoBigHoO A0 BU3HAYEHHA TUTPYBaHHAM Nepcynbdartom BU3HAYAETLCA, WO Y HarpitoMmy 3pasky
BCce We npucyTHin Hagnuwok NH2OH+HCI. Hagnuwok € ekBiBaneHTHUM 480 4./MnH. nepcynbdary.
Lle aosgonse npunyCcTuTH, WO HeobXxigHoW € KoHueHTpauigd NH2OH+<HCI, aka cTaHOBUTb MEHLU HiXK
12,1 MM, nAmoBipHO Gride ao 7,9 mM. PisHMUA MK BUMIPSHMM YCiM PO3YMHEHMM CEMNEHOM Ta
OYiKYBaHOIO KOHUEHTpauieto ctaHoBUTbL 196 u./mnpa. ana TectoBoro 3paska 11, Sk € KOHTPONbHUM
3paskoMm. Onsi TecrtoBoro 3paska 14 pisHMUA € HecyTTeBO Oinbwwow npu 267 Ta 272 4./mnpa.,
BiANOBIAHO, ANA HeHarpiToro Ta Harpitoro 3paskie. BHacnigok HarpiBaHHS 3paska A04aTKOBWW
00JaHWi CeneHiT He ocaaxyeTbcs. BHacnigok aogasaHHA BigHosnioBanbHoro areHta NH2OH+HCI
MOXNMMUBO BiaOyBaeTbCsl 3BiNMbLUEHHA KiNbKOCTI aogaHoro ceneHity, abo Se(lV), sikun Bunagae 3
po3unHy abo ocamKyeTbCs, Ta BiH HE 3MIHIOE CTaH OKMCHEHHS iHLIOr0 PO3YMHEHOr0 ceneHy. BiH
3anmwaeTtbca gk Se(VI). Mo cyti, AoaaBaHHA BigHoBMoBanbHoro areHta NH2OH+HCI 3anobirae
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OKMCHEHHIO BinbLUOT YaCTUHU CENEHITY A0 CeneHary.

PesynbTaTy NOPIBHAHHA AN BiAHOBNIOBANbHUX areHTIiB Ta iX BASIMBY Ha CKnag CeneHy

CneuundiyHi cnoctepexeHHa ana TecToBUX 3paskiB, AKi MalOTb BigHOBMIOBANbHUA areHT TiNbKu
Npy OJHIN KOHUEHTpauji, € HacTynHUMK: (1) TpK BiAHOBNIOBANbHI areHTU OLIHIOTLCA 6€3 NPUCYTHOCTI
nepcynbdaty, 3 gogasaHHsaM ceneHaty (Se(VI)O427), Ta y CUHTETUYHOMY po34uHi, TecToBi 3pa3ku Bia
4 no 6. Tinbkn NazS:0: Mae cnpomoxHicTb nepeTBoptoBatu ceneHaT (Se(VI)Os2") Ha ceneHit
(Se(lV)Os3?7), Ta Ha HbOrO He BNNMBae HarpiBaHHA. Lleil pesynbTar Moxe 3anexaTtu Bif KOHUeHTpauil,
OCKiNbKM nepcynbdar He € NpUCYTHIM, wo6 crnoxuBatu SAKyCb KinbkicTb Na=5203; (2) Ui Tpu
BiQHOBMIOBANbHI areHTW OUIHIOITLCA Y NPUCYTHOCTI nepcynbdaTy, 3 A04aBaHHAM CeNeHITy
(Se(IV)Os27), Ta y CUHTETUYHOMY PO34MHi, TECTOBI 3pa3ku Big 7 40 9. YBECH CENEHIT BTPAYaeTbea npu
3actocyBaHHi NaHS. Mo cyTi, yBeCb CENeHIT NepeTBOPIOETLCSA Ha CeneHar npu 3acTOCYBaHHI
Na25203. YacTuHa ceneHiTy BTpayaeTbes, NpOTe pewTa PO34YMHEHOro CeneHy iCHye y He3MiHHOMY
BurnAgi gk ceneHit (Se(1V)Os%7) npu 3actocyBaHHi NH2OH+HCI, Ta Ha HbOro He BNNMBAE HarpiBaHHs;
Ta (3) ui TpyM BIAHOBNIOBANbLHI areHTU OUIHIOTLCA Y MNPUCYTHOCTI nepcynbdaTty 3 AoJaBaHHAM
cenenity (Se(IV)Os?7), Ta y dinbTpati 2010, Tecroi 3pasku Big 12 go 14. Mo cyTi, yBecb CeneHiT
BTpa4vaeTbCca npu 3actocyBaHHi NaHS. Jluwe yactuHa ceneHiTy BTpadaeTbCsl B HEHArpPITOMy 3pasky,
npoTe, NO CyTi, YBECb CENEHIT BTPAYa€TbCA B HArpiTomMy 3pasky npu 3acrocyBaHHi Na2S>0s. HactuHa
CENEHITY BTPaYaeTbCs, NPOTE peLlTa PO3YMHEHOro CeneHy iCHYe y HE3MIHHOMY BUrNSAi 9K CEneHit
(Se(lV)O3?") npu 3actocyBaHHi NH:OH<HCI, Ta Ha HbOro He BRnMBae HarpiBaHHsA. KpiM TOrO,
abCconTHA KOHUEHTpAaUid PO34YMHEHOro CeneHity, a came 667 4./mMnpg., O6nu3bko Bianosigae
pesynbTaTy Npu 3acTocyBaHHi CUHTETUYHOIO PO34YMHY 3 nepcynbdarom, a came 618 4./mMnpa., Ta
NH20OH-HCI.

BianoBigHO A0 pe3ynbTaTiB ANs Ui€l YaCTUHW ONUCY BUHAxXody POONSTbLCA AeKinbka 3aranbHMX
BUCHOBKIB: (1) mpucyTHicTb nepcynbdaty (S20s27) abo nepokcmaucynbdaTy y po34vnHi BNAUBaE Ha
CTaH OKUCHEHHS CENeHy, WO Cnpusie YTBOpPeHHIo ceneHaty (Se(V)O4%7). Lle o3Hauvae, WO CeneHit
(Se(lV)Y0O3?") nepetBoputbes Ha ceneHat (Se(VI)O427), Tomi sik ceneHat (Se(VI)O42) sanuwmtbes
He3MiHHUM; (2) HarpiBaHHA TeCcTOBOro 3paska 3 KiMHaTHOT Temnepatypu 4o 55 °C npotarom 15 roguH
y npucyTtHocTi nepcynbdaty 36inbliye Kinbkictb ceneHity (Se(IV)Os?7), OKMCHEHOro A0 ceneHaty
(Se(V1)04?7); Ta (3) BUMipsiHa KOHLIEHTpaUis yCbOro pO34YMHEHOro CeneHy Ta OdikyBaHa KOHLEHTpauis
€ o0r'pyHTOBaHUMK Ang ycix TecToBux 3paskiB, 40 Skux 6yno goaaHo ceneHat (Se(VI)0O42), TecToBi
3paskn 3 - 6. Lboro He BigOyBaeTbCs Ans TeCTOBMX 3paskiB, A0 Akux Oyno goaaHO CeneHit
(Se(lV)0327), Ta BBaxalTb, WO UEe MNOB'SA3aHO 3 HU3bKOK po34uHHicTIO CaSeOs*H:0. BinbL
cneyndivyHo, BIiAMNOBIAHO A0 pesynbTaTiB, oTpUMaHuxX Ana TecToBUX 3paskiB, SKi MICTATb OKpemi
BiJHOBMIOBAIbHI areHTu, pobnaTbCs HACTYNHI BUCHOBKK: (1) TPU BiAHOBMIOBANbHI areHTU OLiHIOIOTLCS
6e3 NpUCyTHOCTI nepcynbdary, 3 AogaBaHHAM ceneHaty (Se(VI)O427), Ta Yy CUMHTETUMHOMY PO3YMHI,
TectoBi 3pasku 4 - 6. Tinbku Na25203 Mae cnpomokHiCTb nepeTeoptoBatu ceneHat (Se(VI)O427) Ha
ceneHit (Se(lV)O3?), Ta Ha uUe He BNNUBAaE HarpiBaHHA. Ller pesynbTar MOXe 3anexartu Big
KOHUEHTpauii, OCKiNbkM nepcynbdaT He € NPUCYTHIM, Wob cnoxuBaTu SKycb 4acTuHy Na2S:20s; (2)
TpU BIAHOBNIOBASIbHI areHTW OUIHIOITLCA Yy MPUCYTHOCTI nepcynbdaty, 3 A04aBaHHAM CENEHITy
(Se(lV)03?7), Ta y CUHTETUYHOMY pO34unHi, TecToBi 3paskn 7 - 9. YBeCb CeneHiT BTpa4yaeTbCcsa npu
3actocyBaHHi NaHS, wWo, 9K BBa)alTb, € HacCiAKOM ocamkeHHA. 1o CcyTi, yBeCb CeneHit
NepeTBOPIOETLCA HA cemneHaTt npu 3actocyBaHHi Na2S20s3. YacTuHa ceneHiTy BTpayaeTbes, npoTe
peLuTa po34YMHEHOro CerneHy iCHye y He3MiHHoMY Burnagi gk ceneHit (Se(1V)Os2™) npu 3aCTOCyBaHHi
NH20OH+HCI, Ta Ha ue He BnnuBae HarpiBaHHs, Ta (3) TpU BiAHOBMIOBArbLHI areHTU OLIHIOIOTLCA Y
NPUCYTHOCTI nepcynbdaTy, 3 aAogaBaHHaAM ceneHity (Se(IV)0Os32), Ta y dinbTparti 2010, Tecrosi
3paskn 12 - 14. o cyTi, yBeCb CENEHIT BTpayaeTbCca npu 3actocyBaHHi NaHS, wo, sk BBaxkaloTb, €
HacnigkoMm ocamxeHHs. TiNbKW YacTuHA CENeHITYy BTpa4vacTbCa B HEHArpitoMmy 3pasky, ane, no cyri,
YBECb CENEHIT BTPA4Ya€TbCS y HArpitomy 3pasky npu 3actocyBaHHi Na:S:0s. YacTuHa ceneHity
BTPaYaETbCs, NPOTE PELUTA PO3YUHEHOTO CENEHY iCHYE Yy HE3MIHHOMY BUrMAZi Sk ceneHiT (Se(1V)0s?)
npu 3acrocyBaHHi NH2OH<HCI, Ta Ha ue He BnnuBae HarpiBanHa. Kpim Toro, abconioTHa
KOHLIEHTpALisl PO34YMHEHOrO CENeEHiTy, a came 667 u./mnpa., 6nu3bko BianoBigae pe3ynbTaty npu
3aCTOCyBaHHI CUHTETUYHOrO pO34YMHYy 3 nepcynbdartom, a came 618 u./mnpg., Ta NH20H-HCI.
PesynbTaTtu Uiel YaCcTUHM ONUCY BUHAaX0AY iNOCTPYIOTh, WO MOXHA 3MIHUTK CTaH OKUCHEHHA CENEHY B
ART 3aBAsiku 3aCTOCYBaHHIO 0gHOro abo Ginblue BigHOBMNIOBANbHUX areHTiB, OMUCAHUX Y LIbOMY OMUCI
BUHAXoAy, TUM CamMUM OTpuUMYyo4mn BinbLu BaxkaHy popmy, ceneHit (Se(IV)O3%7), ana o6pobkn CTiMHUX
Boa. Kpim Toro, cnocrepiranu, wo NaHS moxe ocamkyBaTtu ceneHit (Se(IV)Os2-). 3sepHemocsa Ao
diryp 56 - 58. Li ®irypu € rpacpikamu, Aki iNOCTPYIOTb pi3Hi pe3ynbTaTh 3 Uil YaCTUHU onucy
BMHaxoay.

OuiHIOBaHHA BIAHOBIOBANBHUX areHTiB Ta X MOXIMBOrO BMMMBY HA MOBTOPHY EMICil0 pTyTi B
peuunpkynsuinHomy 6aky abcopbuinHoi konoHwn (ART) WFGD
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Byno BM3HAYeHO, LWO KiMbKICTb PO3YMHEHOT PTYTI MNiABULLYETLCA 3 NiABWULLEHHAM OKUCHO-
BigHOBHOro noteHuiany (ORP) wnamy abo posunHy peumpkynsaudinHoro 6aka abcopbuiiHoT KONOHM
(ART). lonisoBaHa pTyTb abo Hg?* € cTilikoto B Winami abo po3umnHi ART, W0 03Hayae, o MOXKMNUBICTb
netodocTi abo MOBTOPHOT eMicii pTyTi € Ayxe HU3bKow. 3po3ymino, wo 6inbll OKUCHIOBamNbHe
cepeposuLle, Ginbw Bucoknit ORP y winami a6o po3unHi ART Mae TEHAEHUIO CNPUATH iCHYBAHHIO
pTyTi y i NOBHICTIO OKUCHEHOMY Ta CTillkoMy cTaHi Hg2*. Y ubOMYy oOnuCi BUHaxoay OL|iHIOKOTLCS
JeKinbka BiAHOBMIOBANbHUX areHTiB, WOOG BU3HAYUTK TX eEKTUBHICTb LOAO0 BCTYMy B peakuio 3
nepcynbarom Ta WOAO0 3HUXEHHS OKUCHO-BiAHOBHOro notTeHuiany (ORP). Tpu BuwesasHadeHi
BiJHOBMIOBANbHI areHTn AOCMIMKYETbCA ANA BM3HAYEHHA X e(EeKTUBHOCTI LWoa0 3anobiraHHA
OCaPKEHHIO MapraHulo Ta iX BNAMBY Ha CTaH OKUCHEHHS CENeHy y nabopaTopHMX AOCHIZXKEHHAX
naprii.

Ons nabopaTopHOro AOCHIMKEHHSA LWOAO0 OCaMKEHHS MapraHulo pesynbTatu 4EMOHCTPYIOTh, WO
K Tiocynbdar Hatpito, Tak | HAH € edektmBHMMM woao 3anobiraHHa OCagKEHHKO MapraHulo y
TecToBUX 3paskax, Sk MICTATb nepcynbdat, Toai sk rigpocynbdiag HATPIO He 3anobirae 0CamKeHHIo
MapraHuto. Kpim Toro, BiaANOBiAHO A0 KOHUeHTpauii y MM, sika € HeoOXigHO ANA NOBHOI peakuil 3
nepcynbdartoM y KOHUeHTpauii npubnusHo 1000 4y./MnH., BU3Ha4aloTh, WO Tiocynbdar HaTpilo €
Hanbinbll edeKTUBHUM BigHOBMIOBANbHMM areHTom, noTtiM cnigye HAH, a notim - rigpocynbdia
HaTpilo.

BuwlesragaHe gocnigXeHHA CTOCOBHO pe3ynbTartiB ckragy ceneHy AEMOHCTPYE, Lo NPUCYTHICTb
nepcynbdpaty (S20s2") abo nepokcuancynbdaty BNAMBAE Ha CTAH OKUCHEHHSI CeNlieHy, WO cnpusie
yTBOpeHHIO ceneHaty (Se(VI)O427). Kpim Toro, BHacnigok HarpisaHHA TeCTOBOro 3paska 3 KiMHaTHOI
Temnepatypu Ao 55 °C npotdarom 15 roauH y npucyTHOCTI nepcynbdaty 36inbLIyeTbCa KiNbKiCTb
cenerity (Se(lV)0Os%"), okucHeHoro o ceneHaty (Se(VI)O42-). Konu 3acToCOBYOTLCA BiAHOBMIOBANbHI
areHTH, Na25203 mae cnpomoxHicTb nepetBopioBath ceneHat (Se(V)O42) Ha ceneHiT (Se(IV)0s?7)
6e3 NpUCYTHOCTI nepcynbdary, Ta Ha Le He BNNMBAE HarpiBaHHs. Llen pes3ynbTaT MOXe 3anexartu Bia
KOHLIEHTpAaLi, OCKINbKM MepcynbdaTr He € NPUCYTHIM, Wo® CnoxuBaTu AKyCb KinbkicTb NaS:0s. Y
NPUCYTHOCTI Nnepcynbdarty YBECh CENEHIT BTpa4vaeTbCa npu 3actocyBaHHi NaHS, wo, Ak BBaXatoTb, €
HacnigkoMm ocamxkeHHs. o cyTi, yBeCb CENEHIT NepPeTBOPIOETLCA Ha CeneHaTt npu 3acToCyBaHHI
Na25203. YacTuHa ceneHiTy BTpayaeTbes, NpOTe pewTa PO34YMHEHOro CeneHy iCHye y He3MiHHOMY
Burnsagi sk cenenit (Se(IV)0s2”) npu 3actocyBaHHi NH2OH+HCI, Ta Ha Ue He BNnuMBae HarpiBaHHs.
Pesynbratn uiel 4YacTUHM OMUCY BUHAaxXOA4y AEMOHCTPYIOTb, LLUO MOXHa 3MiHWTW CTaH OKUCHEHHS
ceneHy B ART 3aBAsikm 3aCTOCYBaHHIO BiIHOBMIOBANbHUX areHTiB, TUM CaMUM OTPUMYLOUKM GinbLu
OaxkaHy opmy ceneHy, cenenit (Se(IV)0O327), ana o6pobku cTivHmx Bog. Kpim Toro, cnocrepirators,
wo NaHS moxe ocagkyBatu ceneHit (Se(IV)0s2).

3apas Ti X cami Tpu BiAHOBNIOBAbHI areHTW OLIHIOITLCA ANA BU3HAYEHHS IX BINNUMBY HA NOBTOPHY
eMicilo pPTyTi, NpU LbOMY 3aCTOCOBYIOTbLCA ABa Pi3HI TECTOBI PO34YMHM, SAKI MICTATL nepcynbdar,
CUHTETUYHMIA po3unH Ta dinbTpat ART 2010. BwusHaueHo, WO BHaAcNigoOK AoAaBaHHS
BiQHOBMIOBANLHOIO areHTa crnocrepiraeTbCca TeHaeHuisa Ao sHmkeHHsa ORP TectoBoro 3paska. Omxke,
AoaaBaHHA BigHoBMOBanbHOro areHta Ao ART mMoxe matu edekT 3MiHM CTaHy OKMCHEHHS PTyTi Ta
NigBULLEHHA MOXITMBOCTI YTBOPEHHSA €NeMEHTapPHOT PTYTI Ta HACTYNHOT NOBTOPHOT EMICIT PTYTI.

ExkcnepumMmeHTn 3 AoAaBaHHAM PTYTI

Tpu BigHOBNIOBanbHi areHTu, rigpocynbdia Hatpito (NaHS), Tiocynbdat Hatpito (Na2S:03) Ta
HAH (NH20H-+HCI), ouiHI0l0Tb CTOCOBHO TX BMNNWBY Ha MOBTOPHY €MICil0 PTYTi Yy [ABOX TECTOBUX
posumMHax, ki MicTaTb nepcynbdar: (i) NpurotoBaHuin B nabopaTopHux ymoBax, abo CUHTETUYHUMN,
po3uuH Ta (ii) dinbTpat ART 2010. OBuaBa TECTOBI PO3UNHU MICTATb NepCynbdaT y KOHUEHTpauii
npnbnusHo 1000 y./mnH. [0Ba CUHTETUYHI po34nHm roTytoTb 3 CaClz npu KoHUEHTpauii xnopuay 10000
y./mMrH. (5650 u./mnH. Ca). CaCl2*2H20, ceptudikosaHun ACS Grade, 3acTOCOBYETbCA AnA
NPUrOTYBAHHSI CUHTETUYMHUX PO3UMHIB. OQWH 3 CUHTETUYHUX PO34YMHIB Mae nepcynbdar (S20s2) y
KOHUeHTpauii 1000 4./MrH., a iHWWA He MICTUTb Nepcynbdary Ta 3acTOCOBYETLCA SK KOHTPOJIbHUNA.
MepcynbdaTt gogaerbeca Ak nepokcuaucynbdar HaTpito, abo nepcynbdar, Yncrora craHoButb 98 %
(kynytoTb y Alpha Aesar). lNocnigoBHICTb A0A4aBaHHA HACTYMNHA: BiAHOBMOBANbHUIA areHT 4o4atoTb 40
TECTOBOMO PO34YMHY, a PO34YMH 3 A0J4aBaAHHAM PTYTi 404al0Tb OCTaHHIM. NMpuynHa Takoi NOCNi40BHOCTI
AoJaBaHHA nonsirae y 3anobiraHHi peakuii po3ynHy 3 A0AaBaHHAM PTYTi TiNbKU 3 BiAHOBMIOBANbHUM
areHToM. TectoBa KOHUeHTpauia pTyTi, aky agopatTtb y surnagi HgCle, pospaxosytiotb npu 100
u./mnpa., npubnu3aHo Taka KOHUEHTpauis 3a3Bu4ai 3ycTpivyaetbcsa y 3paskax ¢inbtpaty ART, ae
MOBTOPHA eMicis pTyTi He BiabyBaeTLCA, NPOTE 3aneXuTb Big BYriNns.

KoHUeHTpauia KOXHOrO A04aHOro BiAHOBMIOBASILHOIMO areHTa 3anexuTb Big KiNbKOCTI, SKy
BU3HAYUNM HEOOXiAHOK 3 NOoMepeaHbOro TECTYBaHHS ANSA MOBHOT XiMIYHOT peakuii 3 KOHUEHTpauieto
NPUCYTHLOTO nepcynbdarty, npubénusHo 1000 4./MNH., Y KOXXHOMY TECTOBOMY po3umHi. OAna NaHS
AoJaHa Kinbkictb Mae KoHueHTpauito 24,2 mM. KoHueHTpadia nepcynbgdarty y MM npu 1000 y./mMnH.
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gignosigae 5,2 mM. lgpocynbdia (HS") - ue cnonyka, Wo BCTynae B peakuilo 3 nepcynbdarom.
TeopeTUyHO, XiMiYHA peakuig MK rigpocynbdigoM Ta nepcynbdaroM MOBUHHA BiadyBaTuca npu
MONSIpPHOMY BigHoLUeHHi 1,0, npoTe 3amicTb LbOr0 BUMHWKAE MOMSAPHE BigHoLleHHs HS/S»20s%, ske
CTaHOBWTb Big 4 Ao 5. BeaxaloTb, L0 NpoToHOBaHa dopmMa rigpokcunaminy, NHsOH+*, - ue cnonyka,
O BCTyMae B peakuito 3 nepcynbdartom. XimiyHa peakuia mik NH3OH* Ta nepcynbdarom noBuMHHA
BiaOyBaTuca npu MONSIPHOMY BiAHOLUEHHI, Sike CTaHOBUTb 2,0, Ta ANA Hel HeobXxigHa KOHUEHTpaLis
HAH (NH20OH-HCI), aka ctaHosuTb 10,4 mM. BusHaueHo, o koHueHTpauis HAH, ska ctaHoButhb 9,1
MM, € HeoBXiaHOIO ANS CUHTETUYHOIO PO34YUHY, a BinbLU BUCOKA KOHUEHTpauis 12,1 MM € HeobxigHow
ana einetpaty ART 2010. XiMmiyHa peakuia mix TiocynbdaToMm Ta nepcynbgaTom NOBMHHA BUHUKATH
npyu MOMNAPHOMY BIAHOLLEHHI, sike cTaHoBUTHL 2,0, Ana Hel HeoOXxiaHa KoHueHTpauis Na:S:0s, qka
ctraHoButb 10,4 MM. Lle € koHueHTpauielo Na2S:03, fika 3aCTOCOBYETbCA Y Ui YaCTWHI onucy
BMHaxoay.

Cnoyatky roTyloTb KkoxeH TectoBui 3pa3ok no 190 rpamiB, WO 3AINCHIOIOTL Y HaCTYNHIN
NocnigoBHOCTI: CNOYaTKy A404AETbCH po3paxoBaHa Ta 3BaXKeHa KifbKiCTb BIAHOBIOBANbHOIO areHTa B
okpemy nnawky Nalgene 3 wwupokum ropnom o6’emom y 250 mn, noTiM AodaerbCA BignoBigHa
KiNbKICTb TECTOBOIrO PO34MHY BiANOBIAHOIO TUMY, Ta 3PELUTO, PO3YKMH 3 godaHoto pTyTTo. ORP Ta pH
BU3HAYalOTb Ha KOXHOMY KOHTPOSIbHOMY TECTOBOMY PO3YMHI Ta KOXHOMY 3pasky npu KiMHaTHIR
TemnepaTtypi. [icna BumiptoBaHHA ABi po3aineHi npodu no 90 rpamiB KOXKHOTO TECTOBOIO PO3YUHY
NepeHOCATLCA A0 NNALWOK 3 npo3oporo ckna I-Chem o6’emom 125 mMn. TecTtoBuin HAbIp A 3anuLLatoTb
npy KiMHaTHIA TemnepaTtypi, Toai gk TecTtoBui Habip B HarpiBatoTb Ao 55 °C. lMicns HarpiBaHHA npu
55 °C npoTtarom 15 roaunH 3pasku 3anuLLaloTb OXONOAXKYBaTUCA A0 KiMHATHOT TemnepaTypu, a ORP Ta
pH BuMMIpIOIOTL Ha KOHTpONMbHOMY Ta TecToBuxX 3paskax ans obox TecrtoBux Habopie, Ta ix
pesynbTaTu HaBeaeHo y Tabnuui 12 HmxMe. KoHueHTpauil nepcynbdarty BUMIPIOIOTL 3@ cnocobom
TUTPYBAHHA Yy CUHTETMYHOMY po3uuHi Ta dinbtpati ART 2010, wo6 BU3HAYUTK iXHi MOYATKOBI
KOHLIEHTpaUji, Ta B yciXx TeCTOBMX 3paskax Micnsl HarpiBaHHs, A0 skmx Oyno goaaHo nepcynbdar.
KoxkeH 3 KOHTpOmnbHMX Ta TecToBMX 3paskiB 060x TecrtoBux Habopie Hagcunaetbca Ao Southern
Research Institute (SRI) ana aHanisy po34YMHEHOT PTyTi i3 3actocyBaHHAM cnocoby EPA Method
1631e, pTyTb Yy BOAi, OKUCHEHHS, MNpPoAyBKa Ta YIOBMIOBAHHA Ta aTroOMHO-(bNyopecuUeHTHa
CMEKTPOMETPIst XonoAHOI napu. 3axoam woao 36epiraHHsa 3paskie He noTpibHi. Kpim Toro, anga
TecTOBUX 3paskiB, 4e CnocTepiraeTbCa ocaa, 34iIMCHIOETLCA aHani3 3aranbHol pTyTi.

Tabnuua 12
Pe3ynbTaTu TECTY BU3HAYEHHS BNAUBY Pi3HUX BiAHOBNIOBANbHUX
areHTiB Ha MOBTOPHY eMICilo pTyTi
HeHarpitun Harpitui
i " Hg, | Hg 2 Hg, | Hg
BIHHOB;F':E_?HBHMM Tect| ORP H |PO34MH.3arane- S?S)*} Oca ORP W [PO34MH |sarans- S:0e% Oca
(+mB)| P @/ fwa | A @mB) | PP @/ | na (s | @mnm) A
Mmnpa.) |MnpAa.) i mnpa.) [Mnpa.)
CHUHTETUYHUIA
PO3YMH 1008
KoHTponbHuii 6e3
Hg, 6e3
nepcynbcary, 6e3 1 466 |(5,89| 0,001 Hema 461 (8,00( 0,002 Hema
BifIHOBNIOBAMbLHOIO
areHTa
KoHTponbHui 3 Hy,
6e3 nepcynbary,
bes 2 462 (4,39| 43,6 Hema 454 (4,75 94,7 Hema
BifIHOBNIOBAMNbLHOIO
areHTa
€, cBiTno- €, cBiTno-
3eneHe 3eneHe
3abaps.- 3abaps.-
NaHS 3 Hg Ges 3 | -413 |10,21] 0,793 | 53,7 newms, | -376 |7,71] 0,211 | 49,2 newHs,
nepcynbegary
ayxe ayxe
He3HaYHUW He3HaYHUW
ocag ocag
Na,S.0; 3 Hg, 6e3
nepcynbmary 4 45 15,90] 0,791 Hema 81 16,25] 0,467 Hema
NHOHHCIS Hg, | 5 | 450 | 399 36,2 Hema | 132 |3.86| 71,6 Hema
6e3 nepcynbhaty
KoHTponbHuii 6e3 €, cBiTno-
Hg, 3 nepeynbaa- 6 326 | 6,19 0,039 Hema 1005 [3,26| 2,92 | 2,97 888 KOPUUHEBE

41



10

UA 117120 C2

Tabnuua 12
Pe3ynbTaTu TECTY BU3HAYEHHS BNAUBY Pi3HUX BiAHOBNIOBANbHUX
areHTiB Ha MOBTOPHY eMICilo pTyTi
HeHarpitun Harpitui
i " Hg, Hg 2 Hg, | Hg
BIHHOB;:::_?HBHMM Tect| ORP oH PO34MH. [3aranb-| 8?87 Ocan ORP oH po3umH |3aranb-| S;0s% Ocan
(+MB) M./ |Ha 4/ MJ1I.-I) (+mB) M./ |Ha (4./ ]| (4./MnH.)
Mmnpa.) |MnpAa.) : mnpa.) [MnpAa.)
TOM, 6e3 3abaps.-
BiZIHOBNIOBAMLHOIO NEeHHS,
areHTa HeBenuka
KiNbKICTb
ocagy
. €, cBiTno-
KoHTponbHui 3 Hy,
KOpU4HEBE
3 nepcynbdaTom,
Ge3 3abaps.-
) 7 374 1432 104 Hema 1033 [3,18| 112 | 98,0 888 NEeHHS,
BiZIHOBNIOBAMNbLHOIO
areHTa HeBEINKa
KiNbKIiCTb
ocagy
€, Benuka
. . KiNbKIiCTb
Eaa_:-‘l)islo()r?pocynbwlﬂ €, Benuka ocaay,
NepcynbMaToM Ta 8 308 (566 3,47 | 34,2 Kinbkictb | 621 (3,11 5,75 127 <50 | HeBenuki
Hg ocagy YaCTUHKM,
o
nnasaiwoTb
Na28203 6,
(tiocynbdhat HaTpilo) . |HeBenuka
3 NEPCYNLEAATOM Ta 9 124 (5,57 91,8 Hema 318 [3,02( 81,4 | 93,3 <50 KnbKICTS
Hg ocaay
NH.OH-HCI
(rigpokcunaminy
rigpoxnopua) 3 10 | 428 | 2,73 94,2 Hema 486 1,94 1,12 48 Hema
nepcynsgarom Ta
Hg
dinbTpar ART 2010 888
KoHTponbHuii 6e3
H, Ges 11 | 344 |666| 27,7 Hema | 399 (4,99 284 792 Hema
BiZIHOBNIOBAMNbLHOIO
areHTa
KoHTponbHui 3 Hy,
bes
BifHOBNIOBANEHOTD 12 | 334 |6,57| 133 Hema 397 |4,40( 125 792 Hema
areHTa
NaHS (rizpocynbaiz] €, Benuka €, Benuka
- 13 | 263 (7,43 124 115 Kinbkictb | 263 (7,27 31,5 | 212 <50 KiNbKICTb
HaTpi) 3 Hg
ocagy ocagy
Na28203
(tiocynbdat HaTpito)] 14 | 121 (6,63 120 Hema 259 14,83 93,3 < 50* Hema
3 Hg
NH.OH-HCI
(rigpokcunaminy 15 ] 393 (3,00 115 Hema 461 2,07 119 <50 Hema
rigpoxnopua) 3 Hg

*Ha nigctaBi pe3ynbTraris TUTPYBaHHA nepcynbdaToM KinbkicTb Na>S20s, Lo € HeobXigHoW aAns
peakuii 3 NPUCyTHIM nepcynbdatom y 3pasky, 6yna HagmipHoto Ha 40 - 60 %.

TectoBuit 3pasok 1 - KoHtponbHuin, 6e3 Hg, 6e3 BigHOBMNIOBansHOro areHTa, 6e3 nepcynbdary y

CUHTETUYHOMY PO3UNHI

TecToBuit 3pasok 1 - Ue KOHTPONbHUI 3pasok 6e3 aogaBaHHA pTyTi, abo BigHOBMIOBANBLHOIO
3aCTOCOBYETbCA  ANS
NPUrOTYBaHHA CUHTETUYHOIO PO3YUHY, Ta PTYTb BUMIPIOIOTb NPU AYXKe HU3bKIN KoHUeHTpauii 0,002
4y./MnNp4. y No4YaTKoOBOMY pPO34YMHI xnopuay 3 KoHueHTpauieto 10000 4./MRH., SKMIA HE MICTUTb
nepcynbary. Ak nokasaHo Ha Pirypi 59, B TeCToBOMY 3pa3Ky He CNOCTEPIraeTbCs aHi 3MiHa Konbopy,
aHi ocag. Ha uin ®irypi Ta Ha HacTynHux dhotorpadpiax 3pasok "B" - ue Harpitui 3pasok. [licna
HarpiBaHHA, ORP TecTOBOro 3paska s3anuulaetbcsl Mo CyTi HE3MiHHUM, 466 npotn 461 +MB, a pH

areHta, abo nepcynbdaty. CaClx*2H20, cepTtudikoBaHmin ACS Grade,
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3nerka 30inbLuyeTbes 3 5,89 o 6,00.

TecToBuit 3pasok 2 - KoHTponbHui, 3 Hg, 6€3 BiAHOBNIOBANbLHOIO areHTa y CUHTETUYHOMY PO3YMHI

TecToBMIN 3pas30K 2 - Le KOHTPONMbHUI 3pa3oK 3 A0AAaBaHHAM PTYTi, npoTe 6e3 BigHOBMIOBANbLHOIO
areHTa abo nepcynbdary. KoHueHTpauisa po3vyMHHOT PTYTi, BUMIpSHA Yy HEHarpitomy Ta Harpitomy
TecToBUX 3paskax, ctTaHOBUTb 43,6 Ta 94,7 4./mnpa., BignoBigHo. Benuky pisHUUIO Yy KOHUEeHTpau,ii
PO3YMHHOT PTYTI ANA 3paskiB HE MOXHa NOACHWUTW. BHacnigoK HarpiBaHHA 3pa3ka NOBMHHA 3'ABUTUCA
MOXKIUBICTb BTPATU AESIKOT KINbKOCTI PTYTi, NpYU LbOMY HarpitTuin 3pasok mae Ginbluy KOHUEHTpaLio
PO34YMHHOT PTYTi. Po3paxoBaHa KOHUEHTpauia pPO34YMHHOT PTyTi, AodaHol Ao TecToBux 3paskis,
craHoBuTb 100 4./MnpA., Ta KOHUEHTpauisa Harpitoro 3paska € fue HE3HAYHO HWKYOK Liel
OYiKyBaHOT KOHLEHTpauii.

Ak nokasaHo Ha Pirypi 60, B TecToBOMY 3pa3Ky HE CNOCTEpPIracTbCs aHi 3MiHa KONbOpPY, aHi ocaa.
Micna HarpisaHHA, ORP TecCTOBOro 3paska 3anuiacTbCca No CyTi He3MiHHUM, 462 npoTu 454 +MB, a
pH 3nerka 36inbwyetbea 3 4,39 go 4,75.

TecToBuit 3pasok 3 - KoHtponbHui, 3 Hg, 3 NaHS, 6e3 nepcynbdarty y CUHTETUYMHOMY PO3YMHI

TecToBMI 3pa3ok 3 - LE KOHTPOMbHUIA 3pas3ok 3 aodaBaHHAM pTyTi Ta NaHS, npote 6es
nepcynbdary. KoHueHTpauia pO34YMHHOT PTYTi, BUMIpSAHa Yy HeHarpitoMy Ta Harpitomy TecToBUX
3paskax, craHosutb 0,79 Tta 0,21 4y./mnpa., BignosigHo. Lli 3Ha4yeHHA BKasyloTb Ha CYTTEBY BTpaTy
PO3YMHHOT PTYTi 3 OYiKyBaHOT KOHUEHTpauii, aka craHoBuTb npubnusHo 100 4./mnpa. Kpim Toro,
OCKiNbkM B 060X TeCTOBMX 3pasKkax CMNOCTEPIraloTbCsl AYXKE HEe3HadHi ocagu, OomkKe, 3AINCHIOETLCA
aHani3 3aranbHoi pTyTi. KOHUeHTpauia 3aranbHOi pTyTi, BUMipAHA B HEHArpitoMy Ta B Harpitomy
TecToBUX 3paskax, cTaHOBUTb 53,7 Ta 49,2 u./Mnpa., BignosigHo. BignoBigHO A0 3HAYEHb 3aranbHOl
pTyTi Ginblia YyacTMHa pPTyTi, WO 3anuwunacs, yreopuna ocag. lNMpote, B 060x 3paskax Bce LI €
npucyTHiMKU 50 % BTpadeHOl pTyTi, AKi He BpaxoBylOTbcA. He Gaxkatoumn npus'azyBatuca Ao 6yab-sKoi
OAHIET Teopil, Usa BTpaTa MOXe 3yMOBJIIOBATUCA BIAHOBIIEHHAM iOHI30BaHOI PTYTiI A0 €fEMEHTaPHOro
CTaHy Ta HaACTYNHOI BTPaTOO BHACMIAOK NETIOYOCTI. Ak nokasaHo Ha Pirypi 61, Ak B HeHarpitomy, Tak
i B HarpiTomy 3paskax CnocrepiraeTbCs CBIiTNo-3eneHe 3abapBneHHs1 Ta YTBOPEHHA OYXKE HE3HAYHOro
ocaay. Micna HarpiBaHHa, ORP TecroBoro 3paska 36inbwyetbea 3 -413 go -376 MB, a pH 3HMKyeTbCA
3 10,21 pgo 7,71. Pesynbtatn ana ORP y HeratMBHMX MiNiBofbTax BKa3ylTb Ha cepeaoBULLE
BiJHOBMIOBANbLHOIO pPO3YMHY, Ta Ue nuuwe eauHuii TecToBui 3pasok 3 HeratuBHum ORP. Cnia
3as3HauuTH, Wo Aansa TecToBUX 3paskiB, y 4ki AodaHW BiOHOBMIOBaNbHWUWA  areHT, KOXeH
BiQHOBMIOBANbHWUIA areHT A04A€TbCA Yy OAHAKOBIM KOHUEHTpaUii, He 3BaXKaloun Ha Te, YM NPUCYTHIN
nepcynbgar, 4un Hi. Lle o3Havae ana TecToBuUX 3paskis, SKi HE MICTATb nepcynbdaT, Wo KOHUEeHTpauida
BiJHOBMIOBAINbHOIO areHTa, KM He BCTYNae B peakuito, € 6inbLuoto.

TecTtoBui 3pa3ok 4 - KoHtponbHum, 3 Hg, 3 Na2S20s, 6e3 nepcynbdary y CUHTETUYHOMY PO3YMHI

TecToBMIN 3pa3ok 4 - LEe KOHTPONbHWUI 3pas3ok 3 AoaaBaHHsaM pTyTi Ta Na:S:03, npote 6e3
nepcynb®ary y CUHTETUYHOMY PO34MHI. KOHUEHTpaUid po34YMHHOT PTYTi, BUMIpAHA Y HEHarpiToMy Ta
HarpiToMmy TecToBuX 3paskax, ctaHoBuTb 0,79 Tta 0,47 4./mnpa., BignosigHo. Ui 3Ha4yeHHs BKa3yloTb
Ha CYTTEBY BTpaTy PO3YMHHOT PTYTi 3 OuiKyBaAHOT KOHUEHTpauii, sika ctaHoBuTb npubnusHo 100
y./mnpa. He 6axatoun npus'asysatuca Ao Oyab-aKkoi OAHIET Teopil, Ua BTparta Mo)e 3yMOBMIOBATUCS
BiJHOBMEHHAM IOHI30BaHOT PTYTi OO0 €NeMEeHTapHOro CTaHy Ta HacCTYMHOK BTPaTO BHAacCNigoK
neT4oCTI. Ak nokasaHo Ha Pirypi 62, B TecToBOMY 3pa3sKy He CMOCTEPIraeTbCsa aHi 3MiHa Konbopy,
aHi ocaa. lMNicna HarpiBaHHs, ORP TectoBoro 3paska 30inbluyetbea 3 45 go 81 +mB, 1a pH 3nerka
36inbLIyeTbea 3 5,90 go 6,25.

TectoBun 3pasok 5 - KoutponobHun, 3 Hg, 3 NH20H+-HCI, 6e3 nepcynbdarty y CUHTETUYHOMY
PO3YNHI

TecToBMIN 3pa30K 5 - UEe KOHTPONbHUI 3pa3ok 3 goaaBaHHsM pTyTi Ta NH2OH<HCI, npote 6e3
nepcynb®ary y CUHTETUMHOMY PO34UHI. KOHUEHTpaUia po34YnHHOT PTYTi, BUMIpAHA Y HEHarpitomy Ta
HarpiToMy TecToBMUX 3paskax, cTaHoBuTb 36,2 Ta 71,6 u./mMnpa., BignosiaHo. Benuky pisHuuio y
KOHUEHTpaUil pO34YMHHOT PTYTi ANS 3paskiB He MOXHa NoACHUTW. BHacnigok HarpiBaHHA 3paska
NOBMHHA 3'ABUTUCA MOXIMBICTb BTPaTWU AEAKOI KiNbKOCTI PTYTi, NpM UbOMY HarpiTMi 3pasok mae
GinbLUy KOHLUEHTpALil0 po34MHHOT PTYTi. Taka cama TEHAEHLUISA CNOCTepIraeTbCca Ana TeCTOBOro 3paska
2. Lli 3HayeHHs BKa3ylOTb Ha CyYTTEBY BTpaTy PO3YMHHOI PTYTi 3 OYiKyBaHOT KOHUEHTpauil, dka
CcTaHoBUTb NpubnuaHo 100 u./mnpa. He Gaxaroumn npus'asyBatuca Ao 6yab-AKkoi oAHIET Teopii, BTpaTa
MOXe 3yMOBIOBATUCA BiAHOBMNEHHAM iOHI30BAHOT PTYTi 4O €NEMEHTApPHOr0 CTaHy Ta HacCTYMHOI
BTPaTO BHACMIAOK NETIOYOCTI.

Ak nokasaHo Ha ®irypi 63, aHi B HeHarpiTomy, aHi B Harpitomy 3paskax ocaj He crnocrepiraetbca.
Micns HarpisaHHa, ORP TecTtoBoro 3paska 36inbliyerbca 3 120 go 132 +mB, a pH 3nerka sHmkyeTbest
33,99 no 3,86. ORP € 6inblumM y TeCTOBOMY 3pasky 5 NOpiBHAHO 3 TeCToBMMM 3paskamu 3 Ta 4, Ta
BiH Ma€ HaMbiNbLly KOHLUEHTPALi0 YTPUMAHOT PO3YUHHOT PTYTI.

TectoBuit 3pa3ok 6 - KoHTponbHuii, 6e3 Hg, 6e3 BigHOBMIOBANLHOIO areHta, y CUHTETUYHOMY
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PO34MHI 3 KOHUEeHTpauieto nepcynbaty y 1000 y./mMnH.

TecToBMI 3pa3ok 6 - Ue KOHTPOMbHUIA 3pa3ok 6e3 godaBaHHA PTYTi abo BigHOBIOBANBLHOIO
areHTa, NpoTe 3 NepcynbdaToM y CUHTETUYHOMY PO34vnHi. KOHUEHTpauisa po34YUHHOT PTYTI, BUMIpAHA Y
HeHarpitTomy Ta Harpitomy TecToBux 3paskax, ctaHoBuTb 0,04 Ta 2,92 4./mMnpa., BignoBigHo.
OuiKyeTbCS, LLIO KOHLEHTpAaUis pO34MHHOT pTYTi Oyae AyKe HU3bKOI y MOYaTKOBOMY PO3UMHI Xropuay
3 KOHUeHTpauieto 10000 u./mnH., kM MICTUTL nepcynbdat. MpoTe, Ginbll BUCOKA KOHLUEHTpauis
BUMIPIOETbLCA AN UbOro TecToBOro 3pasky NopiBHAHO 3 TecTtoBMM 3paskom 1. KpiM TOro, ockinbku
ocaj CnocTepiracTbCA B Harpitomy TeCTOBOMY 3pasKy, TO 3AIMCHIOETLCA aHani3 3aranbHOoi PTYyTi.
KoHueHTpauis 3aranbHOT pTyTi, BUMIpAHa y Harpitomy TecTOoBOMY 3pasKy, CTaHOBUTb 2,97 u./mnpa.
BianoBigHO A0 3HAYEHHA 3aranbHOT PTYTI BGiNbLUICTb PTYTI NPUCYTHA K PO3YUHHA PTYTb.

Ak nokaszaHo Ha Pirypi 64, B HeHarpitToMy TecTOBOMY 3pa3Ky He CNOCTepiraeTbCs aHi 3MiHa
KOMbOPY, aHi ocad, NpoTe B HarpitToMy 3pasky crnocrepiranu CBIiTNo-kopuyHeBe 3abapBneHHA Ta
YTBOPEHUI KOpudHeBMI ocaa. [Micna HarpiaHHs, ORP TectoBoro 3paska 36inbwyetbca 3 326 o
1005 +MmB, a pH 3HmwxkyeTbCA 3 6,19 go 3,26.

KoHueHTpauisa nepcynbdarty B KOHTPONbHOMY TecTOBOMY 3pasky 3HuXyeTbcs 3 1008 go 888
4./MnH. i 3HaueHHsA nepcynbdaTty € CyTTEBUMU, OCKINIbKUM BOHW AEMOHCTPYIOTb, WO KON nepcynbdar
HarpiBaeTbcs Ao 55 °C, npubnusHoi Temnepatypu ART, Toai BiH MOBiNbHO po3nagaeTbcd. B 6inbLu
PaHHIX eKCnepumMeHTax BHACNIAOK HArpiBaHHA 3paskiB 3 NOAIGHMMM KOHLUEHTpaUismu nepcynbdarTy ao
80 °C npotsarom 15 roguH Beckb nepcynbdaT po3nascs. BHacnigok HarpiBaHHA TECTOBUX PO3UMHIB
nuwe po 55 °C MoxHa TakoX BU3HAYMTU e€dEKTUBHICTb BiAHOBMIOBASIbHOIMO areHTa pynHyBaTu
nepcynbar, ockinbku npu 55 °C Ha posnag nepcynbdarty HarpiBaHHA Tak CUNbHO HE BNNUBAE.

TectoBuit 3pasok 7 - KoHTponbHui, 3 Hg, 6e3 BigHOBNIOBANbHOIO areHTa, y CUHTETUYHOMY
PO34MHI 3 KOHUEeHTpauieto nepcynbaty y 1000 y./mMnH.

TecToBUit 3pa3ok 7 OyB KOHTPOMbHUM 3Pa3KOM 3 4O0AAaBAHHAM pPTyTi 6€3 BigHOBNIOBANbHOro
areHTa Ta 3 nepcynbdartoM y CUHTETUYHOMY pPO34uHi. KOHUEeHTpauisa po34YMHHOT PTYTi, BUMipsHa Y
HeHarpiTomy Ta Harpitomy TecToBuUX 3paskax, ctaHosuna 104 ta 112 4y./mnpa., BignosiaHo, Ta BOHa
HabnNxaeTbCa 40 OYiKyBaHOI KOHUeHTpauii y 100 4y./mnpa. Harpituid 3pasok mae Ginbll BUCOKY
KOHUEHTpaLilo pO34YMHHOT PTYTI, Ta US TeHAeHUia cnocTepiranaca ana TectoBux 3paskis 2 t1a 5. Kpim
TOro, OCKINbKW 0caj chnocTepiraBcs B HarpitTomy TeCTOBOMY 3pasky, TO 34IMCHANKM aHani3 3aranbHol
pTyTi. KOHUEeHTpauia 3aranpHOi PTyTi, BUMiIpsAHA y Harpitomy TecToBOMYy 3pasky, cTaHoBuna 98
4y./Mnpg. BignoBiaHo 40 3HAYEHHSA 3arasnbHOT PTYTI yCs pPTYTb NPUCYTHA SK PO3YUHHA PTYTb.

Ak nokaszaHo Ha Pirypi 65, B HeHarpiTomMy TecTOBOMY 3pa3ky He CNOCTepiracTbCs aHi 3MiHa
KOMbOPY, aHi ocajd, NpoTe B HarpitroMy 3pasky ChnocTepiranu CBITNO-KOpUYHEBe 3abapBneHHA Ta
YTBOPEHUI KOpuYHEeBMI ocaa. [Micna HarpiaHHs, ORP TectoBoro 3paska 36inbwyetbca 3 374 o
1033 +mB, a pH sHmwkyetbca 3 4,32 go 3,18. KoHueHTpauia nepcynbdaty y KOHTPOSIbHOMY
TecToBOMYy 3pasky 3HmKkyeTbCs 3 1008 o 888 u./MnH., Ta Uel pe3ynbTar € nodibHum ao TeCcToBOoro
3paska 6.

TectoBuit 3pasok 8 - 3 Hg, 3 NaHS, y CMHTETMYHOMY PO34MHI 3 KOHUEHTpauieto nepcynbdaTty y
1000 4./MnH.

TecTtoBuit 3pasok 8 cknagaetbca 3 Aobaeku pTyTi Ta NaHS 3 nepcynbdaTtoM y CUHTETUYHOMY
po3unHi. KoHueHTpauia po34mMHHOT PTYTi, BUMIpAHa Yy HeHarpitoMy Ta Harpitomy TecToBUX 3paskax,
ctaHoBuUTb 3,47 Ta 5,75 4./mMnpa., BignoBigHo. Lli 3Ha4YeHHs BKa3yloTb Ha CYTTEBY BTpaTy PO3YUHHOI
PTYTi MOPIBHAHO 3 OYiKyBaHOIO KOHLEHTpAaUi€lo, Aka CTaHOBUTb npubnusHo 100 4./mnpa. Kpim Toro,
ocagu CrocTepiralTbCA K B HEHArpiToMy, Tak i B HarpitoMy TecToBux 3paskax, Ta 34iINCHIOETLCSA
aHani3 saranbHol pTyTi. KOHUEeHTpauis 3aranbHOi PTYTi, BUMIpAHA B HeHarpitToMy Ta B Harpitomy
TecToBUX 3paskax, cTaHoBUTb 34,2 Ta 127 4./Mnp4., BianosigHo. BianosigHo A0 3HAYeHHA 3aranbHOT
pTyTi GinMblia YacTMHa yTpumaHol pTyTi Bunana B ocag. [poTe, B HEHarpitoMy 3pasky BCE LUE €
NPUCYTHIMKU NPUBNM3HO 66 % BTpa4yeHol PTYTI, AKi HE BPaxoBYWOTLCA. BTpata moxe 3yMOBMOBATUCSA
BiJHOBNEHHAM IOHI30BaHOI PTYTi OO0 €NeMeHTapHOro CTaHy Ta HaCTYMHOK BTPaToK BHACMIgoK
NeToYOCTI. HarpiTuii 3pasok Mae KOHUEHTpauitlo 3aranbHoOi pTyTi, Aka € Habarato Onmk4ow go
O4iKYyBaHOIO 3Ha4YeHHsA, ake ctaHoBuTb 100 yv./mMnpAa.

Ak nokaszaHo Ha Qirypi 66, Ak B HeHarpitoMy, Tak i B Harpitomy 3paskax piguHa He mae
3abapBneHHs, MPOTe B HUX YTBOPIOKOTLCA BENUKI nnacTiByacTi 6exxeBi YacTuHku. icna HarpiBaHHs,
ORP TectoBoro 3paska 30inbluyetbcst 3 308 go 621 +mB, a pH 3Huxyetbca 3 566 go 3,11.
KoHueHTpauia nepcynbdaty y TECTOBOMY 3pasKy 3HUXKYETLCA 3 888 A0 MeHW HiXK 50 W./MnH.

TectoBui 3pasok 9 - 3 Hg, 3 Na2S203, y CUHTETUYHOMY PO3YMHI 3 KOHLEHTpaUieo nepcynbdaTty y
1000 4./MnH.

TecToBuit 3pasok 9 cknagaetbcsa 3 godaeku pTyTi Ta Na:2S:03 3 nepcynbdaTtoM y CUHTETUUHOMY
po3ynHi. KoHueHTpauia po34YMHHOT PTYTi, BUMIpSIHA Y HEHarpiToMy Ta Harpitomy TecToBUX 3paskax,
craHoBuTb 91,8 Ta 81,4 u./mMnpa., BianosigHo. Lli 3Ha4eHHA BKasyloTb Ha AesKy BTpaTy PO3YMHHOT
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PTYTi MOPIBHAHO 3 OYiKyBaHOIO KOHLEHTpALUi€, fka CTaHOBUTL npubnuaHo 100 4u./mMnpa. Kpim Toro,
ocaj CnocTepiraeTbCA B Harpitomy TeCTOBOMY 3pasky, Ta 3A4IMCHIOETLCA aHanis 3aranbHOoi PTyTi.
KoHueHTpauia 3aranbHOl pTyTi, BUMipsiHa B Harpitomy TecTtoBOMY 3pasky, cTaHoBuTb 93,3 4./mnpa.
BianoBigHo A0 3HAYeHHA 3aranbHOT PTYTi Aeska KinbKiCTb YTpUMaHoi pTyTi Bunana B ocaa. BrpaTta Big
7 0o 8 % MOXe 3yMOBMIOBATUCA BIAHOBMNEHHAM IOHI30BaHOI PTYTI A0 €MeMEHTapHOro craHy Ta
HaCTYMHOIO BTPATO BHACMIAOK NETIOYOCTI.

Ak nokasaHo Ha @irypi 67, piguHa He 3MIHIOE KOJMip, NPOTEe HarpiTUiA 3pasok Mae HEBESNUKY
KinbkicTb 6inoro ocaay. Micna HarpieaHHs, ORP TectoBoro 3paska 36inbLuyeTbca 3i 124 o 318 +MB,
a pH sHmxkyeTbCa 3 5,57 go 3,03. KoHueHTpauis nepcynbgaty y TeCToBOMY 3pasKy 3HUXKYETbCA 3 888
00 MeHL Hixk 50 4./mMnH. BignoBigHO A0 BU3HAYEHHA TUTPYBaHHAM nepcynbdaToM, BUSHAYAETLCA, LU0
B HarpiTomy 3pasky Bce Lie iCHye Haammwok Na:2S203. Haanuwiok € ekBiBaneHTHUM A0 432 4./MiH.
nepcynbdary. Lle gossonsie npunyctutu wWwo koHueHTpauia Na2S:03, aka € HeoOXigHOW, CTAHOBUTb
MeHW Hixk 10,4 MM, rimoBipHO Grmkye o 7,0 mM.

TectoBun 3pasok 10 - 3 Hg, 3 NH20H<HCI, y cuUHTETMYHOMY pO3YMHi 3 KOHUEHTpaui€e
nepcynbdary y 1000 y./mnH.

TectoBuit 3pasok 10 cknagaetbca 3 aobaekm pTyTi Ta NH20H-HCI 3 nepcynbdatom y
CUHTETUYHOMY pPO34MHi. KOHUEHTpauis PO3YMHHOT PTYTi, BUMIpAHA Yy HeHarpitomy Ta Harpiromy
TecToBUX 3paskax, ctaHoBuTb 94,2 Ta 1,12 4./mMnpa., BignoBiaHo. Harpituin 3pa3ok Mae cyTTeBy
BTPaTy PO3YMHHOI PTYTi 3 O4iKyBaHOI KOHUEHTpaUil, sika cTaHoBUTL nNpubnusHo 100 y./Mnpa. AHanis
3aranbHOi PTYTi HE BUMKOHYETbLCA HaA Harpitomy 3pasky, TOMy WO ocaj He chnocrepiraetbca. He
OGaxkatoun npuB'sdyBatuca a0 Oyab-akoi oAaHiel Teopii, ua BTpata MOXe 3yMOBMIOBATUCH
BiQHOBNEHHAM IOHI30BAHOT PTYTIi A0 €MeMEHTapHOro CTaHy 3 HacCTYNHOW BTPaTol BHACMIOK
NETHOYOCTI, 0cOBNMMBO ANA UbOro BIAHOBMIOBANbBHOIO areHTa, Ta MOXE MiABULLYBATUCA BHAaCMigok
HarpiBaHHA, CIPUYUHAIOMN BUCHAXKEHHA YCbOro AOCTYMHOrO nepcynbdarty BHACMIA0K XiMIMHOT OKUCHO-
BiAHOBHOT peakuii, HacnigkoM sIKoT € 3HMxeHHA ORP.

Ak nokasaHo Ha Pirypi 68, Ak B HEHArpiToMy, Tak i B HarpiToMmy 3paskax ocaj He CnocTepiracTbea.
Micns HarpiBaHHA, ORP TectoBoro 3paska 36inbwyetbca 3 428 go 486 +mB, a pH HesHauHo
3HWXKyeTbCA 3 2,73 oo 1,94. KoHueHTpauia nepcynbdaty y TecToBoMy 3pasky 3HUKyeTbca 3 888 ao
MEHLL HiXK 50 Y./MH.

TecToBuit 3pasok 11 - KoHTponbHui, 6e3 Hyg, 6e3 BigHoBNIOBanbHoro areHTa y dinbtpati 2010

TectoBuit 3pasok 11 - Ue KOHTPOMbHMI 3pa3ok 6e3 goaaBaHHA PTyTi abo BiAHOBMIOBANbLHOIO
areHTa Ta y dinbtpaTti 2010. KoHUEHTpauia po34YMHHOT PTYTi, BUMIpAHA Yy HEHarpiTomMy Ta Harpitomy
TecToBUX 3paskax, cTaHoBUTL 27,7 Ta 28,4 4./mnpa., sianosigHo. Ockinbkn A0 TeCTOBUX 3paskiB He
Oyno AoAaHo PTYTI, TO BUMIpSHA PO3YMHHA PTYTh Ma€e KOHLUEHTpaLito, NpucyTHo y dinbTpaTi 2010. Ak
nokasaHo Ha ®irypi 69, B »xoaHOMy TeCTOBOMY 3pa3Ky He CnocTepiraeTbCca 3MiHa Konbopy abo ocag.
Micns HarpiBaHHA, ORP TectoBoro 3paska 36inbwyetbca 3 344 o 399 +MB, a pH HesHaudHo
3HWKyeTbCA 3 6,66 00 4,99. KoHueHTpauis nepcynbdaty y KOHTPONbHOMY TeCcTOBOMY 3pasky
3HWXKyETbCA 3 888 40 792 y./MNH.

TecToBuit 3pasok 12 - KoHTponbHui, 3 Hg, 6e3 BigHOBNIOBanbHOro arenta y dinbtpari 2010

TectoBuit 3pa3ok 12 - Ue KOHTPOMbHWUIA 3pas3ok 3 JAodaBaHHAM  PTyTi, npoTe ©6es
BigHOBMOBanbHoro arenta, y ®inbtpati 2010. KoHueHTpauid pPO3YMHHOT PTYTi, BUMIpSHA Yy
HeHarpiToMy Ta Harpitomy TecToBux 3paskax, crtaHoButb 133 Ta 125 4./mnpa., signosigHo. Lli
3HAYEHHA HabnMKaTbCSA A0 O4iKyBaHOT KOHUEHTpaUii, Konu BHecoK pTyTi 3 ®inbTtparty 2010, Akuit
CTaHOBUTb NpMONU3HO 28 4./Mnpa., A0AAETLCA A0 PO3Pax0OBaHOT KOHUEHTpAaLUil 4oAaBaHOT PTYyTi, ska
craHoBuTb 100 u4./mnpa. Ak nokasaHo Ha @irypi 70, B xogHoMy TecTOBOMY 3pasky He
CrnocTepiraeTbCcsa 3MiHa konbopy abo ocag. MNicna HarpisaHHs, ORP TectoBoro 3paska 36inbLyeTbes 3
344 po 397 +mB, a pH HesHauyHO 3HWXKyeTbCA 3 6,57 a0 4,40. KoHueHTpauis nepcynbdary y
KOHTPONbHOMY TeCTOBOMY 3pa3sky 3HWKyeTbCcA 3 888 Ao 792 4y./MfH., Ta Ue € Takum camum
pesynbTaToM, WO i Ana TectoBoro 3paska 11.

TectoBui 3pa3ok 13 - 3 Hg, 3 NaHS, y dinbTpaTi 2010

TecToBuit 3pasok 13 cknagaetbca 3 gobasku ptyTi Ta NaHS 3 ®dinbTpatom 2010. KoHueHTpauia
PO3YUHHOT PTYTI, BUMIpAHA Yy HEHarpitoMy Ta Harpitomy TeCTOBUX 3paskax, cTaHoButb 12,4 Ta 31,5
4y./Mnpg., signosigHo. Lli 3HayeHHA BKa3ylTb Ha 3HA4YHy BTpATy PO3YMHHOT PTYTi 3 OdYiKyBaHOT
KOHLIEHTpaUji, sika CTaHOBUTbL npubnusHo 128 u./mnpa. Kpim TOro, ocaamM CnocrepiralTbCs SK B
HeHarpitomMy, Tak i B Harpitomy TecCcTOBMX 3paskax, Ta 34IMCHIOETbCA aHania 3aranbHol PTyTi.
KoHueHTpauia 3aranbHOT pTyTi, BUMIpAHA B HEHArpiToMy Ta Harpitomy TeCToBUX 3pa3kax, CTaHOBUTb
115 1a 212 u/mMnpa., BianoBiaHo. BianoBigHO A0 3HadeHHs 3aranbHOi pTyTi Ginblua 4acTuHa
YyTPUMaHOi pTyTi BUNnana B ocag B 060x 3paskax. [1poTe, B HEHArpitTomy 3pasky BCe LUe € NPUCYTHIMU
npnbnusHo 10 % BTpaqeHol PTyTi, SIKi HE BPaxoBylOTbCA. He Gaxkatoun npus'asysatuca Ao 6yab-skoi
OAHIET Teopil, BTpaTa MOXe 3YMOBIOBATUCH BiAHOBJIEHHAM iOHI30BAHOT PTYTi OO0 €neMeHTapHOro
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CTaHy Ta HacCTYMNHOI BTPATO BHACNIAOK NETIOYOCTI. Harpituid 3pa3ok mae KoHUeHTpauitlo 3aranbHol
PTYTi, ka HabnmwkaeTbCA A0 NOABOEHOrO OYiKyBAHOrO 3Ha4YeHHs y 128 u./Mnpa. 3aiNcHIOETbCS
OOCMIMKEHHS 3 METOK BU3HAYUUTKU, 4M Oynu dhakTop po3BeaeHHA abo noMunka y posmipi 3paska
3pobneHi Npu po3paxyHKy pe3ynbTaTy aHanidy. 3pasok nigaanu Takii xke camin maHinynauii sgpyre,
BHACNIgOK 4Y0ro OTpUMAanu Takuim ke caMuini pesynbrar. HeHarpituii 3pasok mae 6inbw Benuki Gini
YACTUHKMW, HiXK HArpiTUi 3pasok, Ta B HbOMY ixX Takox Ginbwe. MOXUBO iCHye AOesiKe KOHKpPEeTHe
BiAXUNEHHSA, SKe BNAMBaE Ha pesynbTaT. KpiMm Toro, Harpituit 3pas3ok TecToBoro 3paska 8 4eMOHCTpye
noaiéHy TEeHAEHUi0 NOPIBHAHO 3 HEHAarpiTMM 3paskoMm, MPOTe HE A0 TaKoro CTyMneHw, sk TecTOoBUN
3pa3ok 13. Ak nokaszaHo Ha Pirypi 71, Ak B HeHarpiToMy, Tak i B Harpitomy 3paskax piauHa He mae
3abapBneHHs, NPOTE B HUX YTBOPIOIOTLCS BEMUKI NNAacTiBYaCTi YacTUHKM BexeBoro konbopy. llicns
HarpiBaHHA, ORP TecToBOro 3paska 3anuacTbCa HE3MIHHMM Ha piBHi 263 +MB, a pH He3Ha4yHO
3HWXKyeTbCA 3 7,43 go 7,27. KoHueHTpauia nepcynbdaty y TecToBoMy 3pasky 3HUKyeTbCca 3 888 Ao
MEHLL HixXK 50 Y./mMnH.

TecToBuit 3pasok 14 - 3 Hg, 3 Na:S:03, y dinbTpari 2010

TecToBuit 3pasok 14 cknagaetbca 3 Aobaesku pTyTi Ta Na=5203 y dinbtpari 2010. KoHueHTpauis
PO3YUHHOT PTYTI, BUMIpSHA Y HeHarpitoMy Ta Harpitomy TecToBux 3paskax, ctaHoBuTb 120 Ta 93,3
4y./Mnpg., signosigHo. Li 3HayeHHs BKasyloTb Ha AesKYy BTpaTy PO3YMHHOT PTYTi 3 OYiKyBaHOI
KOHLEHTpauji, gka cTaHOBUTb npubnusHo 128 u./mnpa. B Harpitomy TecToBOMy 3pasky ocag He
CMOCTEPIraeTbCs, Tak caMo Ak i B TECTOBOMY 3pasky 9, Ae Takoxk 3actocoByeTbcs Na2S:0s, ane y
CUHTETUYHOMY PO34MHI nepcynbdarty 3 koHueHTpauieio 1000 4./mnH. He Gaxkatoumn npue'a3yBaTtucs Ao
Oyab-AKOT OAHIET Teopii, MOXMWUBE MNOACHEHHSl, YOMY 0Caj HE YTBOPKETbCS NPU 3aCTOCYBaHHI
dinbTpaty 2010, nNpoTe YTBOPKETLCSA MNPU 3aCTOCYBAHHI CUHTETMYHOTO PO3YMHY, MOe OyTu
MOB'A3aHNM 3 KOHLEHTPALE0 PO3UMHHOTO KanbLilo, MPUCYTHLOIO Y LMX TecToBUX 3paskax, To6to 850
npoTu npubnuaHo 5650 u./mnH. KoHuUeHTpauia 3aranbHOT pPTyTi, BUMipsAHa B HarpitroMy TeCTOBOMY
3pasky, ana Tectosoro 3paska 9 craHoBuTb 93,3 4./Mnpa., Ta Uue € TakuM camuM pes3ynbTaToM, SK i
ANS KOHUEHTpaUil po34MHHOI PTYTI, BUMIPSHOT B Harpitomy 3pasky anda TectoBoro 3paska 14. pore,
OuiKyBaHa KOHUEHTpauia po3ynHHOT pTyTi cTaHoBuTb 100 4./mMnpa. ana TectoBoro 3paska 9, ta 128 -
ana TecroBoro 3paska 14. BignoBigHO A0 3Ha4Ye€Hb PO3YMHHOT PTYTi ANA TecToBOro 3paska 14 geska
KiNbKICTb PTYTi BTpaTunacsa B HeHarpitomy 3pasky (npubnumsHo 6 %), Ta ud BTpara € HaBiTb BinbLLUOIO B
HarpiTomy 3pasky (npubnusHo 27 %). He Gaxatoun npus'asyBatuca A0 Oyab-sKOi OAHIET Teopii, Ui
BTpaTu MOXYTb 3YMOBMIOBATUCH BIAHOBFIEHHAM iOHI30BAHOT PTYTi A0 €NeMeHTapHOro cTaHy Ta
HaCTYMHOIO BTPATO BHACMIAOK NETIOYOCTI.

Ak nokaszaHo Ha Pirypi 72, B xxoaHOMy TeCTOBOMY 3pasky Hema 3abapBneHHs abo ocaay. Micna
HarpiBaHHsA, ORP TecTtoBoro 3paska 36inbwyerbca 3 121 go 259 +MB, a pH sHuxkyeTbecs 3 6,63 go
4,83. KoHueHTpauia nepcynbcpaty y TecToBOMy 3pasky 3HUXKYeETbCA 3 888 40 MeHLW HixK 50 Y./MnH.
BianoBigHoO 40 BM3HaYeHHA TUTPYBaHHAM nepcynbdaToM, BUSHAYAETLCSA, LLIO B HArpiToMy 3pasky Bce
we icHye Haanuwok Na2S203. Hagnuwok € ekBiBaneHTHUM Ao 624 uy./mnpa. nepcynbdaty. Le
JO3BONAE NPUNYCTUTK, WO KOHUEeHTpauis Na2S203, aka € HeoOXiAHO0, CTAHOBUTb MEHL Hixk 10,4 MM,
MMOBIpHO Bnmxue ao 6,1 mM.

TecToBui 3pasok 15 - 3 Hg, 3 NH20H-HCI, y ®inbTpati 2010

TectoBuit 3pasok 15 cknagaetbca 3 poGaskum pTyTi Ta NH20H-HCI 3 o®inbrpatom 2010.
KoHuUeHTpauis po34YMHHOI PTYTI, BUMIpSHaA Y HEHarpitTomy Ta Harpitomy TeCToBUX 3paskax, CTaHOBUTb
115 1ta 119 u./mMnpg., signosiaHo. Lli 3Ha4YeHHA BKa3ylOTb Ha AedKY BTpaTy PO3YMHHOT PTYTi 3
OuiKyBaHOT KOHLEHTpaLUji, ska CTaHOBUTb NpubnusHo 128 u./mnpa. Brparta pTyTi Ans HeHarpitoro
3paska craHoBuna npubnusHo 10 %, a anga Harpitoro 3paska 7 %. AHani3 s3aranbHOi PTyTi He
BMKOHYBABCH aHi Ha HeHarpiTomy 3pasky, aHi Ha HarpitTomy 3pasky, OCKiINbKM 0caj He crocTepiranu.
He Oaxaroun npus'asyBatuca a0 Oyab-sikOi OAHiel Teopii, BTpatra MO)e 3yMOBIIOBATUCA
BiJHOBMNEHHAM iOHI30BAHOT PTYTi A0 €NEMEHTAPHOIO CTaHy, 0COGNMMBO ANA UbOro BiAHOBIMOBANbHOIO
areHTa, Ta MOXe NiABULLYBATUCA BHACMIAOK HarpiBaHHs, 3 HACTYNHOIO BTPaTO BHACNIAOK NETIOYOCTI.

Ak nokasaHo Ha Pirypi 73, Ak B HEHArpiToMy, Tak i B HarpitTomy 3paskax ocaj He crnocTepiracTbeca.
Micns HarpiBaHHA, ORP TecrtoBoro 3paska 36inbwyerbca 3 393 go 461 +MB, a pH HesHaudHo
3HKyeTbea 3 3,00 go 2,07. KoHueHTpauia nepcynbdaty y TecToBoMy 3pasky 3HUKyeTbca 3 888 Ao
MEHLL HiXK 50 Y./MH.

PesynbTaTy NOPIBHAHHSA AN BiAHOBNIOBaNbHUX areHTiB Ta iX BANUBY HA NOBTOPHY EMICItO PTYTI

CneuundiyHi cnoctepexeHHa ana TecToBUX 3paskiB, AKi MalOTb BigHOBMIOBANbHUA areHT TiNbKu
Npy OJHIN KOHUEHTpauji, € HacTynHUMK: (1) TpK BIAHOBMIOBANbHI areHTU OLHIOITLCA 6€3 NPUCYTHOCTI
nepcynbary, 3 AodaBaHHAM PTYTi Ta Y CMHTETMYHOMY pPO34uHi, TecTosi 3pasku Big 3 go 5. Ho
KoHTponbHOro 3paska A04aEeTbCs PTYTb, NPOTE BiH HE Ma€ BiAHOBNIOBASIbLHOIO areHta. Pesynbtatu
NOPIBHAHHA PisHMX 3paskiB 300paxkeHO Ha rpadviky dirypu 74. AHani3 3aranbHOT PTYTi BUKOHYETbLCS
TiNMbKW Ha 3pasky, y SKOMy CMNOCTEpiraeTbCa YTBOPEHHA ocaay. PosdumHeHa abo po3unmHHa pTyTb
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BTpa4vaeTbCa B YCix 3paskax. [na KoHTponbHOro 3paska ta TectoBoro 3paska (TecToBui 3pasok 5),
AKi MicTsITb HAH, BUMipsiHA KOHUEHTpAaLis PO3UYMHHOT PTYTI € BinNbLIOID Y HArpitomy 3pasky NopiBHAHO
3 HeHarpiTum 3paskom. TecTtoBuin 3pas3ok 3, akun Mictute NaHS, mae nuwe cnigosi piBHI PO3YMHHOT
PTYTi, SKi 3anNULLIMIMCA SIK B HEHarpitTomy, Tak i B Harpitomy 3paskax, Ta npubnusHo 50 MacoBux
BiCOTKIB A0AAHOT PTYTi BUMano B ocaj, WMoBipHO sk HgS. MoaibHo a0 uboro, TeCToBUiA 3pasok 4, Lo
MICTUTb TiocynbdaT HaTpilo, Mae nuwe Ccnigaosi PiBHI PO3YMHHOT PTYTI, IO 3anuwKMnMca 9K B
HeHarpiTomMy, Tak i B HarpitoMy 3paskax, NnpoTe BUMIPSHI KOHUEHTpauii 3aranbHOl pTyTi Takox
3HaxXOAATLCA Ha CnigoBux piBHAX. Lle go3sonsde npunycTutu, WO JodaHa pPTyTb BTpayaetbes
BHacCMigoK BiAHOBMEHHS iOHI30BaHOT PTYTi A0 €NeMEHTaPHOro CTaHy Ta HaCTYMNHOT BTpaTyW BHACMIgoK
NeTIYOCTI; (2) Tpy BigHOBIIOBANbHI areHTU OLIHIOITLCA Y NPUCYTHOCTI nepcynbdaTty 3 gogdaBaHHAM
PTYTi Ta Y CUHTETUYHOMY pPO34MHi, TecToBi 3paskn 8 - 10. PesdynbTaTv NOPIBHAHHA HaBEAEHO Ha
rpadpiky ®@irypu 75. AHanis 3aranbHOI PTYTi BUKOHYETBLCA TiMbKW Ha 3pasky, Y SKOMY CMOCTEpIiracTbca
yTBOpeHHs ocagy. [Ona KouTtponbHoro 3paska (TecToBui 3pasok 7) BUMIpsSHa KOHUEHTpauid
PO3YMHHOT PTYTi HabnmkaeTbCd A0 O4iKyBaHOI KOHUEHTpauii 3 aogaBaHHaAM (npubnusHo 100
y./mnpa.). BumipsiHa KOHUEHTpaLUis PO3YMHHOT PTYTi € OiNbLUOK y HarpitoMy 3pasky MOPIBHSIHO 3
HeHarpiTUm 3paskoM, Ta Ua TEHAEHUIS Takox cnoctepiraetbes ana KoHTponbHoro 3paska (TectoBoro
3paska 2), akui obroBopioBanu paHiwe. BumipsHa KOHUEHTpauiss pO3YMHHOT pTyTi € Ginbwoto B
HarpiToMy 3pasky, Wo MiCTUTb nepcynbdar, a came 112 nopiBHAHO 3 94,7 u./mnpa. MoXnIuBo, Wo
NPUCYTHICTb nepcynbdaTy Ta Ginbw Bucokoro ORP maloTb TeHAeHUilo kpauwe 30epiraTtu po3unHHy
abo po34vMHeHy pTyTb. TecToBuUi 3pas3ok 8, wo Mictutb NaHS, aemoHcTpye, wo Ginbwa yacTuHa
004aHOoT PO3YMHHOT PTYTI BUNana B ocaj AK B HEHArpitomy, Tak i B Harpitomy 3paskax. Lle sianosigae
BUMIPSIHIN 3aranbHii pTyTi y NOPIBHAHHI 3 PO34YMHEHOIO PTYTTIO. KpiM TOro, BUMIpAHa KOHUEHTpauis
3aranbHOi pTyTi € Habarato BULLOK B HarpitoMy 3pasky. Npu nopiBHAHHI 3 TECTOBMM 3pa3Kom
(TectoBui 3pasok 3), AKM He MICTUTb Nepcynbgart, BUMIpAHA KOHUEHTpauia 3aranbHOi PTyTi €
Habarato Buwow y TectoBoMy 3pasky 8. OCKINbKM KOHUEHTpauia rigpocynbdiay Hatpio
3anuaeTbCca MocTiHOK B 060x TecToBux 3paskax (TecTtoBux 3paskax 3 Ta 8), TO BBaXaloTb, LIO
npuynHa GinbLU BUCOKOT BUMIPSIHOT KOHUEHTpaUii 3aranbHoi pTyTi y TecTtoBoMy 3pasky 8 nonsirae y
TOMY, LLIO 3aBASKM TOMY, WO BinblUa YacTMHA BiAHOBMIOBANbHOIO areHTa CNoXKMBAETbCA NPU XiMiYHiN
OKMCHO-BIAHOBHIM peakuii 3 nepcynbdartom, WO A03BONAE MEHLIA KiNbKOCTI riapocynbdigy Hatpilo
3MIHIOBaTW CTaH OKUCHEHHA PTYTi. TeCTOBUIA 3pa3ok 9, WO MICTUTb TiocynbaTt HaTpilo, AEMOHCTPYE
AesAKy BTpaTy BUMIPSIHOT pO3YMHHOT PTYTi B HEHArpiTomy 3pasky, Ta Ug BTpaTta € 6inbLioo B Harpitomy
3pasky. lNpoTe, BUMIpAHA KOHLEHTpaUisi PO34YMHHOI PTYTIi B HeHarpitomy 3pasky € noaibHow Ao
BUMIPSAHOT KOHUEHTpaUil 3aransHOT pTyTi B HarpitoMy 3pasky, ae crnocrepiraetbca ocag, 91,8 npotu
93,3 u./mnpa. Mpu nopiBHAHHI 3 TectoBMM 3paskom (TecToBUM 3paskom 4), SKMA He MICTUTb
nepcynbdar, Ua BUMIpAHA KOHLUEHTpaLlisi pO34YMHEHOT Ta 3aranbHOi pTyTi € Habarato BULLOK Y
TecToBoMy 3pa3sky 9. OCKiNbKM KOHUEHTpaLUia TiocynbdaTy HaTpilo 3anuLIaeThCs MOCTINHOK B 000X
TecTtoBux 3paskax (TecTtoBux 3paskax 4 Ta 9), TO BBaXKatOTb, LLIO Npu4MHA GinbLU BUCOKOT BUMIPAHOT
KOHLEHTpaujii 3aranbHOi PTyTi nondrae y ToMmy, wWo Oinblia 4YacTMHa BIAHOBMIOBANbHOIO areHTta
CMOXKMBAETLCA NPU XiMIYHIA OKUCHO-BIOHOBHIW peakuii 3 nepcynbcatom, WO A03BONAE MEHLLUIN
KiNbKOCTi Tiocynbarty HaTpilo 3MiHIOBaTU CTaH OKUCHEHHS PTyTi. TectoBuin 3pasok 10, WO MICTUTb
HAH, geMoHCTpye gesky BTpaTy BUMIPAHOT PO3YMHHOI PTYTIi B HEHarpitoMmy 3pasky, npote nuwle
CnigoBa KiNbKIiCTb PTYTI 3anuwaeTbCsa B Harpitomy 3pasky, 94,2 npotu 1,12 u./mnpa. MNpu nopiBHAHHI 3
TectoBuM 3paskom (TeCTOBUM 3pas3koM 5), AkUi He MICTUTbL nepcynbdaT, BUMIpAHA KOHUEHTpauis
PO34YMHEHOIT PTYTi € HabaraTo BMLIOK B HeHarpitomy 3pasky TectoBoro 3paska 10, 94,2 npotu 36,2
y./mMnpa., Npote Habarato HWXHOK B Harpitomy 3pasky, 1,12 npotu 71,6 u./mnpa. Lie possonsie
NPUNYCTUTU, LLO Ha KOHUEHTpauilo Ao4aHoi PTyTi BANuBae HarpiBaHHA. TengeHuia ana HAH e
NPOTUNEXKHOIO A0 TEHAEHUIT, AKy cnocTepiraloTb ANA rigpocynbdigy HaTpito Ta TiocynbdaTy Hatpilo,
Ta BOHA MOMArae y Tomy, Wo Ginblu HU3bKY BUMIPAHY KOHLEHTPAaUilo po3vnHEHOT abo 3aranbHOT pTyTi
OTPUMYIOTb AN HarpiToro 3paska, Lo MICTUTb nepcynbdar, Ha BigMiHY Big 3paska, KM He MICTUTb
nepcynbar; Ta (3) Tpu BIigHOBMIOBAmNbHI areHTU OUIHIOITLCA Y MPUCYTHOCTI nepcynbdaty 3
AogasaHHAM pTyTi Ta y ®inbTpati 2010, TecToBi 3paskn 13 - 15. Pe3ynbtat NOPIBHAHHA HABEAEHO
Ha rpacdhiky dirypu 76. AHania 3aranbHOl PTYTIi BMKOHYETBLCH TiflbKW HA 3pasky, y SKOMY
cnocrepiraeTbCa yTBOpeHHs ocaay. Ona KouTponbHoro 3paska (TectoBoro 3paska 12) sumipsiHa
KOHLIEHTpALisi PO34YMHHOT PTYTi € BiNbLUOD Yy HEHArpiTOMY Ta Harpitomy 3paskax, 133 ta 125 u./mnpa.,
HDK OJiKyBaHa KOHUeEHTpauia 3 aoaaBaHHAM (npubnusHo 100 u./mnpa.). lNpote, BianoeigHO A0
BUMIPAHOT KOHUEHTpaUil pO34YMHHOT PTYTi B KOHTPONbHOMY 3pa3ky 6e3 gogaBaHHs Hg (TectoBomy
3pasky 11), saka CTaHOBUTbL nNpubnusHo 28 4./MNpa., BigperynboBaHa O4ikyBaHa KOHLIEHTpauis
CTaHOBUTb NPUONU3HO 128 4./MMpA., Ta L€ 3HAYEHHA AYXKE Y3rOMKYETbCsl 3 TUM, SIKE BUMIPUIN Y
TectoBoMy 3pa3ky 12. TectoBun 3pasok 13, wo Mictutb NaHS, aemoHcTpye, Wwo Ginblia 4YacTuHa
004aHOoT PO3YMHHOT PTYTI BUNana B ocaj AK B HEHArpitomy, Tak i B Harpitomy 3paskax. Lle sianosigae
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BUMIPSHUM KOHUEHTpauiaM 3aranbHoOl pTyTi NpoTM po3vmHeHol pTyTi. Kpim TOro, BuMipsaHa
KOHLIEHTpAaUis 3aranbHOi pTyTi € HabaraTto BMLLIOKO B HArpitoMy 3pasky, NpoTe BBaXatoTb, WO Pi3HULS
noB'si3aHa 3 NEBHUM BiAXUNEHHAM, SKE MOXe BMNMBATKU Ha pe3ynbTatu. [Npu nopiBHAHHI 3 TecToBUM
3pa3koM 8, SKMI TakoX MICTUB nepcynbdaT, NPOTe Y CUHTETUYHOMY PO34YUHI, BUMIpSHA KOHLEHTpaLUis
3aranbHOi pPTYTi € HabaraTo BMLIOK B HeHarpitomy 3pasky anst TecroBoro 3paska 13, a came 115
npotn 34,2 J./mnpa. AGCONIOTHA pisHUUS € Habarato 6Ginbwoto, Hibk 28 4./Mnpa. BUMIpAHOT
po3vnHeHol pTyTi y PinbTpati 2010 (TectoBuii 3pasok 11). MNpoTte, HarpiTuin 3pa3ok TecToBOro 3paska
13 Ma€e BUMIPAHY KOHUEHTpauito 3aranbHOT po3ynHeHoi pTyTi 31,5 u./mMnpa. nopisHsaHO 3 5,8 y./mMnpa.
ana TecroBoro 3paska 8. Y ubOMy Bunaaky abCoMOTHa pPisHUUS CTAHOBUTbL 25,7 4./mnpd., Wwo
HabnuxaeTbca Ao 28 Y./Mnpa. 40AATKOBOT PTYTi, AKy BusHauunu y ®inbtpari 2010. TeCToBMIA 3pasok
14, Wo MICTUTL TiocynbcpaT HaTpilo, AEMOHCTPYE AeAKy BTpaTy BUMIPAHOI PO3YMHHOT PTYTi B
HeHarpiToMy 3pasky, Ta BTparta € GinbLuoto B Harpitomy 3pasky. INpu NOpiBHAHHI 3 TECTOBUM 3paskom
9, AKMI TakoX MICTUB nepcynbdart, NpoTe y CUHTETUHMHOMY PO34MHI, TEHAEHLA Taka XK cama. NpoTe,
BTpaTra MacoBUX BigCOTKIB BUMIPAHOT KOHUEHTpaUii PO34YUHHOT PTYTi B HEHArPITOMY 3pasky € MEHLUOIo
ana TectoBoro 3paska 14, 6,1 npotu 8,2 MacoBOro BigcoTka, Ta GinbLUOK ANA HarpiToro 3paska, 27,1
npotu 19,6 MmacoBoro BiacoTka. He 6axkatoun npus'sisysatucsa Ao 6yab-aKoi oaHiel Teopii, BBaXatoTb,
WO npuynHa BinbLu BUCOKOT BTPATWM MacoOBUX BiACOTKIB BUMIPSIHOT PO3YMHHOT PTYTI B HArpiToMy 3pasky
TecToBoro 3paska 14 nonarae B GinbLU BUCOKiA KOHUEHTpaUii TiocynbdaTy HaTpito, Lo He BCTYMNUB B
peakuito. OCKINbKM KOHUEHTpaUia Tiocynbdarty HaTpilo 3anuLIaeTbCsl NOCTINHOKW B 060X TeCTOBMX
3paskax (TectoBux 3paskax 14 1a 9), a y ®inbtpari 2010 6inbl HM3bKA KOHUEHTpaUia nepcynbdary,
792 npotn 888 4./MAH., TO KiNbKICTb BiQHOBMIOBANbLHOIO areHTa, WO CNOXMBAETLCA MPU XiMIYHIA
OKMCHO-BIAHOBHIN peakuii 3 nepcynbdaToM, € MeHWOoWw aAnsa TecroBoro 3paska 14, wWo A03BoONdAe
GiNbLUIN KiNbKOCTI TiOCYNbMarty HaTpitlo MaTU MOXIMUBICTb 3MIHIOBATWU CTAH OKUCHEHHS PTYTi. TeCcToBUIA
3pas3ok 15, wo mictute HAH, aeMOHCTpye AesKy BTpaTy BUMIPAHOT PO3YUHHOT PTYTi B HEHArpIiTOMy Ta
HarpiToMmy 3paskax, 115 npotn 119 4./mMnpa., BiANOBIAHO, NOPIBHAHO 3 OYiKyBaHOK KOHLEHTpaUi€lo,
sIKa CTAHOBUTb NpMBnu3Ho 128 u./mnpa. Mpu nopiBHAHHI 3 TeCTOBMM 3pa3kom 10, KM TAKOX MICTUTb
nepcynb@ar, NpoTe y CUHTETUYHOMY PO34MHI, TEHAEHLIA Taka X cama ANA HeHarpiTux 3paskis, NpoTe
HarpiTui 3pasok ana TectoBoro 3paska 10 mae Habarato GinbLUy BTpATy PTYTIi, HDK HArpiTuin 3pasok
ana TectoBoro 3paska 15. MNpuymMHa 3HAYHOT pi3HWLUi Y BTpaTi PTYyTi He 3po3ymina. KoHueHTpauis
KanbLito € HabaraTto BULLIOK B CUHTETUMHOMY PO34MHI, HixK y dinbTpaTi 2010, 5650 npotn 851 Y./MnH.,
ski BuMipsnu. ORP Ta pH € noaibHumn ans Harpitux 3paskiB. Kpim Toro, 6inbLu BUCOKa KOHLUEHTpaLis
HAH popaetbca go Tectosoro 3paska 15 (12,1 mM) nopiBHaHO 3 TectoBum 3paskom 10 (9,1 mM).
KoHueHTpauia pgogaHoro HAH 3anexxuTb BiA KiNbKOCTI, WO € HeoOXigHOW Ans NOBHOI peakuii 3
nepcynbarom y Harpitomy 3pasky. KoHueHTpaudii HAH Bu3HavaloTbCA BMLUE NPU OLHIOBaHHI
BiAHOBIIOBANbHUX areHTIB.

BianoBigHO A0 pe3ynbTaTiB UbOro nabopaTopHOro AOCNIAXKEHHA NapTii 3paskiB MpU TECTYBAaHHI
KOXKHOTO BiAHOBMIOBANbHOrO areHTa nuile NMpu OAHIN KOHUeHTpauii pobnaTbCs HACTYNHI Aekinbka
BUCHOBKIB: (1) TecTtoBi 3paskn 6e3 nepcynbdary, 3 A40AABAHHAM PTYTi T Y CUHTETUMHOMY PO3YMHI
(TectoBi 3pasku 3 - 5) matoTb GinbLU HU3bKI 3HAa4eHHs1 ORP Ta 6inbLu BUCOKY BTpaTy pTyTi. Kpim TOrO,
nepeabavaeTbCs, L0 KOHUEHTpAUilo BiAHOBMIOBANbHOIO areHta cnig BigperynioBatu A0 MEHLUOro
3HaYEHHA, Konu nepcynbdarty MeHwe abo BiH HE MPUCYTHIR, ang Toro wob 3anobirtu HagnULLKY
BiQHOBMIOBANbLHOrO areHTa, SAKMA MOXe 3MIHUTU CTaH OKUCHEHHs pTyTi. BTpata pryTi MOXe
3YMOBIOBATUCA BIAHOBMEHHSM iOHI30BaHOT PTYTI A0 €fIEMEHTAPHOrO CTaHy, NigCUNEHUM HarpiBaHHAM
Ta HaCTYNHOK BTPAaTO BHAcNigok neTiodocTi; (2) ana Tectoux 3paskis, wo mictate NaHS (TecTosi
3pasku 3, 8 Ta 13) Ginblua YacTMHa A40AAHOT PO3YUMHHOT Hg 3HaxoauTbes B 0cafi, WO YTBOPHETLCS.
Lle BM3HauyaeTbCA BHACNIAOK MOPIBHAHHA BUMIPAHUX 3HAYeHb 3aranbHOT PTYTi ANs 3paskiB Ta
BUMIPAHUX 3HA4Y€Hb PO3YMHHOT pTyTi; Ta (3) 3anobiraHHA BTpaTti abo NOBTOPHIN emicii pTyTi MOoxe
BiaOyBaTnuca NpPOTUNEXHO A0 KOHUEHTpauii BiAHOBMIOBANLHOrO areHta, sika € HeobxigHow Aans
3ano6iraHHA OCaMXKEHHIO MapraHuo, abo Ans CNpUAHHSA CTaHy OKUCHEHHS CeneHy y hopM CEneHiTy,
Se(IV)Os?. Onsa uboro moxke OyTM HeoOXxigHum o6epexxHuin GanaHc, Wo® BU3HAYMTKU OaxkaHy
KOHLIEHTpALiO BiAHOBMIOBANbLHOIO areHta Ans AOCArHeHHs1 6akaHoro edekty (edekTiB) B AJaHOMY
ART WFGD. Ons uboro moxe 06yTn HeobXxigHo kOMOiHaLis BiAHOBNIOBANbHUX areHTiB, Hanpuknag,
NaHS ta Na:S:20s. Ockinbkn ko)kHa kombGiHauis ART WFGD moxe ©yTu 3nerka BigMiHHOW, TO Ang
KOXXHOTO OKPEMOrO NPUCTPOIO ra3004MUCHUKA MOXKE 3anuLLIaTUCA HEOOXIAHICTL B onNTUMI3aLi.

BpaxoByloun BHULLE3A3HAYEHE, LEW BUHaxig Aa€e MOXNMBICTb perynioBathn ogHy abo 6GinbLie
OKMCHIOBaNbHUX CMONYyK, areHTiB Ta/abo ioHie B ART WFGD, Tum caMum perymoumn, 3HUXKYOYM
Ta/abo ocnabnsioun ORP B ART. B ogHOMY BapiaHTi 34iNCHEHHA Taki OKMCHIOBANbHI CNOMNYKK, areHTu
Ta/abo iOHM BKNIOYAKOTb, MPOTE HE OOMEXYITbCA HUMMU, Nepcynbdar, nepmaHraHaT, MaHraHar,
rinOXnopuT, XNnopar, asoTHY KUCNOTY, inoa, 6pom, xnop, dptop abo kombBiHauilo Byab-AkuX X ABOX abo
Ginbwe, 6yab BOHM cnonykaMu abo ioHaMu.
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Hespaxaioum Ha Te, WO cneuucpivHi  BapiaHTM 34IMCHEHHA UbOro BUHaxoay Oyno
NPOAEMOHCTPOBAHO Ta OMMCAHO AOKNagHo, o6 npoiniocTpyBaTu 3acTOCyBaHHA Ta NPUHLMAK
BUHaxoay, Oyae 3po3ymino, wo He nepeabadvaerbes, WOO Lel BUHAXiQ oOMexXyBaBCsl HAMU, Ta WO
BUHaxid MOXHa 34INCHWUTW iHakKwe, NpU LUbOMY He BiAXWNAIYUCL Bi4 Takux NpuUHUMNIB. Y AesAKMX
BapiaHTax 34iiCHEHHA BUMHaxo4y MEBHi O3HAKW BUMHAXOAy MOXHa iHOAI 3aCTOCOBYBATU 3 NEpeBaroio,
npyu UbOMY HE 3aCTOCOBYIOUM BiAMOBIAHI iHWI 03HakW. OTXe, yCi Taki 3MiHM Ta BapiaHTK 34iWCHEHHSA
Hane>xHUM YMHOM NianaaaroTb Nig 06CAr HAaCTYNHOT hOpPMynM BUHAxXoay.

POPMYJIA BUHAXOLOY

1. Cnoci6 perynioBaHHsi OKMCHO-BiAHOBHOIO MNOTEHUiany B peuupkynsuinHomy 6aky abo
peunpkynsuinHomy 6aky aGcopOuiiHOT KOMOHM CUCTEMU BOMOroi Aecynbdypusauii TONKOBUX rasis,
npy LbOMY CMOCIO BKMIOYAE HACTYMHI eTanu:

(i) noga4vy npuHaMMHI 0AHOrO BiIAHOBMNIOBAMNBLHOIO areHta Ao wnaMmy abo po3dunHy peunpkynsidiiHoro
Gaka, abo peuupkynauiiHoro 6aka abcopbuiiHOT konoHu, abo npuHalMMHI A0  O4HOTO
peunpKynauiinHoro Hacoca ta

(i) 3pifcHeHHA peakuii NpUHaWMHI OAHOrO BIAHOBMNIOBANBLHOIO areHta 3 oaHiew abo 6Ginbwe
OKMCHIOBaNbHUMKM cnornykamu Ta/abo ioHamu, NpUCYTHIMK y wwinaMi abo posumMHI peuupkynsuinHoro
Baka, abo peumpkynauiiHoro 6aka abcopOuiinHOT KONOHM, abo NPUHANMHI OAHOTO PeUUPKYNALIRHOIO
Hacoca, Ans Toro, Wob AOCAITM 3HWXKEHHS OKWCHO-BiQHOBHOrO MoOTeHUiany wnamy abo po34vvHy B
peunpkynaudinHomy 6aky, abo peuupkynsuinHomy 6aky abcopOuiiiHoi KONMoHu, abo y NpUHaNMHI
OQHOMY peuupKynsauitHoMy Hacoci, abo y komBiHauii peunpkynsudinHoro 6aka abo peuupKynsauiinHoro
Gaka abCOpPOUIMHOT KOMNMOHM Ta NPUHAaWMHI OAHOrO PEUMPKYNSILUIMHOrO Hacoca, MPUYOMY LLFMSIXOM
AoJaBaHHA ogHoro abo Oinblue BigHOBNIOBANbHMX areHTiB abo perynoloTb KiNbKiCTb NPUHARMHI
OOHIieT HEPO3UMHHOT OCadXKEHOT CMOMyku B peuupkynauiiHomy 6aky abo peuupkynsuiiHoMmy 6aky
abcopbuiriHoi konoHu, abo 3anobiratoTb i1 0camkeHH0, abo yCyBaloTh 1i 0CaAXKEHHS,

Je nNpuWHanMHi OAWH BIAHOBMNIOBanbHWMA areHt Bubupatote 3 cynbdarty 3anisa(ll) (FeSOs),
docopuctoi  kucnotu (HaPOs), depo(ll)cynedhaty amonito ((NHi)2Fe(SO4)2), riapokcunaminy
rigpoxnopuay (HONH2-HCI), rinodocdopuctoi kucnotu (HaPO2) abo kombiHauii Oyab-akmux iX ABOX
abo binbLue.

2. Cnoci6 3a n. 1, Aknil BigPI3HAETLCA TUM, LU0 TAKOX BKMOYMAe HacTynHui etan (iii) noganbLioro
30iMCHEHHST peakuii npuHaWMHi OAHOr0 BiAHOBMIOBANbLHOIO areHta 3i wnamom abo pPO3YMHOM
peunpkynaudinHoro 6aka abo peuupkynsuinHoro 6aka abcopOuiiiHOT KonoHu, Tak LWob aani
perynioBatu, 3anobiratu abo ycyBaTu 0Ca>KEHHA MapraHuto 3 PO34YMHHOTO MapraHuto, NPUCYTHLOTO Y
wnami abo po3unHi peuupkynsudinHoro Gaka abo peuupkynsdinHoro 6aka abcopOUiiHOT KOMOHM
cucteMmn Bonoroi gecynbsdypusadii TONKOBKUX rasis, 3a A4OMNOMOIOK PErynioBaHHA OKMCHO-BIAHOBHOIMO
noTeHuiany y wnami abo po3uuHi peunpkynsadinHoro 6aka abo peuunpkynsuinHoro 6aka aécopbuinHoi
KONOHKU cucteMu BONoroi gecynsdypusadii TONKOBUX rasis.

3. Cnocib 3a n. 1, Aknii BigPIi3HAETLCA TUM, LLO TAKOXK BKIIOYAE eTarnu:

(i) noganbLOro 34INCHEHHA peakuil NPUHANMHI OAHOrO BiAHOBMNIOBANbLHOIO areHTta 3i wnamom abo
PO34YMHOM peunpKynsuinHoro 6aka abo peunpkynsuinHoro 6aka abcopOuinHOT KONOHK, Tak Wob6 aani
perynioBatu, 3anobiratn abo ycyBaTu 0Caf>KEHHA MapPraHuo 3 PO34YMHHOIO MapraHuto, NPUCYTHLOIO Yy
wnami abo po3unHi peuupkynsudinHoro Gaka abo peuupkynsdinHoro 6aka abcopOUiiHOT KOMOHM
cucteMn Bonoroi gecynbsdypusadii TONKOBKUX rasis, 3a AONOMOIOK PErynioBaHHS OKUCHO-BIOHOBHOIO
noTeHuiany y wnami abo po3uuHi peunpkynsuinHoro 6aka abo peuupkynsuinHoro 6aka abcopOUiiHOT
KONOHKU cucteMu BONoroi gecynsdypusadii TONKOBKUX rasie; Ta

(iv) noganbLioro 34iNCHEHHA peakuil MpMHaiMHi 04HOTO BIAHOBMIOBANbLHOIO areHTa, Wwob perynosatu
NOBTOPHY €eMICilo pTyTi y cucTtemi Bonoroi gecynbdypusadii TONKOBMX rasiB 3a AONOMOroOl0
pEerynioBaHHa OKWCHO-BIAHOBHOrO MoTeHuiany y wnami abo posyuHi peuupkynauiiHoro 6aka abo
peunpkynsuinHoro 6aka abcopOUIHOT KONOHU CUCTEMU BOJIOrOT AeCynbdypusaLii TONKOBUX rasis.

4. Cnocib 3a 6yab-gkuM 3 nin. 1-3, SKUA BiOPISHAETBCA TUM, LLO NPUHANMMHI OAUH BiAHOBIIOBANbLHUIA
areHT Asnse coboto rigpokcunaminy rigpoxnopug (HONH2-HCI).

5. Cnoci6 3a 6yab-skum 3 nn. 1-3, AKMiA BiAPISHAETLCA TUM, LLO 3a AOMNOMOIOK OKUCHO-BiAHOBHOT
peakuii npuHanMHi OAHOro BiAHOBIOBANLHOMO areHTa 34iMCHIOIOTb PErymioBaHHA TUMY CEneHOBUX
CMonyK, NPUCYTHIX y wnami abo po3uuHi peumpkynsuinHoro 6aka abo peuupkynauiiHoro 6Gaka
abcopObUiiHOT KONOHU CUCTEMU BOMOTOT Aecynbdypu3adil TONKOBMX rasis.

6. Crnoci6 3a n. 5, skMA BIAPISHAETBECA TUM, WO MNPUHAWMHI OAWH BiAHOBMIOBANbHWUA areHT
BubupawTb 3 cynbdarty 3anisa(ll) (FeSO.), docdopuctoi kucnotn (HsPOs), depo(ll)cynbdarty
amoHito ((NH4)2Fe(S0a)2), rippokcunaminy rigpoxnopuagy (HONH2-HCI), rinocdocdopuctoi kucnotu
(HsPO2) abo kombiHauil Oyab-akux ix ABox abo binbLue.
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7. Cnoci6 3a n. 6, AKMA BIOPI3HAETBCA TUM, O NPUHANMHI OAWMH BiOQHOBNIOBANbLHUIA areHT ABNSE
c06010 rigpokcunaminy rigpoxnopug (HONH2-HCI).

8. Cnoci6 3a 6yab-akum 3 nn. 1-3, AkMi BiQPI3HAETBCA TUM, LLIO 32 AONOMOIOK NPUHANWMHI OQHOTO
BiJHOBMIOBANbHOIO areHta [AocaralTb OKWCHO-BIAHOBHOIO nOTeHuiany y wnami abo po3yuHi
peunpkynsudinHoro 6aka abo peumpkynsdinHoro 6aka abcopOuUifiHOT KONMOHW CUCTEMU BOMOroOi
Aecynbdypusallii TONKOBMX rasie, Tak o6 yresoputu cnonyku Se(IV)Os?-.

9. Cnoci® 3a n. 3, aAkui BIAPISHAETBCA TUM, WO NPUHAWMHI OAWH BIOQHOBNIOBANbHUA AareHT
BubupawTb 3 cynbdarty 3anisa(ll) (FeSO.), docdopuctoi kucnotn (HsPOs), depo(ll)cynbdarty
amoHito ((NH4)2Fe(S0Oa)2), rippokcunaminy rigpoxnopugy (HONH2-HCI), rinodocdopuctoi kucnotu
(HsPO2) abo kombiHauil Oyab-akux ix ABox abo binbLue.

10. Cnoci6 3a n. 9, akuin BIAPISHAETBLCA TUM, O NPUHAWMHI OAWH BiAHOBMIOBANbHUIA areHT SBMSE
c06010 rigpokcunaminy rigpoxnopug (HONH2-HCI).

11. Cnoci6 3a n. 3, 9kMin BiAPISHAETLCA TUM, LLIO MOBTOPHY EMICIO PTYTi PerynoTb koMOiHaUiE
nNpUHaNMHi 0QHOIO BiAHOBNIOBAMBHOMO areHTa 3 rigpocynbgigom Hatpito (NaHS).

12. Cnoci6 3a 6yab-AkuM 3 nn. 1-3, Akuii BigPi3HAETBCA TUM, LLIO OKMCHIOBANbHAa cnonyka 1a/abo ioH
- ue nepcynbdart, a npuHanMHi OAWH BIAHOBMIOBaNIbHWUIA areHT BUKOPWUCTOBYIOTb Y AianasoHi
KOHUEHTpauin Bia npuénusHo 0,5 mMons NpuMHaMMHI OAQHOrO BiAHOBMIOBANbHOIO areHTa Ha KOXHUN
OAWH MONb iOHIB nepcynbdaty A0 3 MOnNiB NPUHaANMHI OAHOrO BIAHOBIOBASNILHOMO areHTa Ha KOXKHWUi
OAWH MOJb iOHIB Nepcynbgary.

13. Cnoci6 3a 6yab-AkumM 3 nn. 1-3, AkMii BigPi3HAETBCA TUM, LLIO OKMCHIOBANbHAa cnonyka 1a/abo ioH
- ue nepcynbdart, a nNpuUHaMMHi OAWH BIAHOBMIOBAaNbHWIA areHT BUKOPUCTOBYIOTb Yy AianasoHi
KOHUEHTpauin Big npudnusHo 0,75 monsa NpMHanMMHI OQHOTO BiAHOBMIOBANBHOIO areHTa Ha KOXHWUNA
OAMH MO iOHIB nepcynbdaTy 4o 2,5 Mons NpUHaMHI 0AHOTo BiAHOBIOBASILHOIO areHTa Ha KOXKHWUM
OAWH MOJb iOHIB Nepcynbgary.

14. Cnoci6 3a 6yab-AkumM 3 nn. 1-3, Akuii BigPi3HAETBCA TUM, LLIO OKMCHIOBANbHAa cnonyka 1a/abo ioH
- ue nepcynbdart, a nNpuHanMHi OAWH BIAHOBMIIOBAaNbHWUIA areHT BWUKOPUCTOBYIOTL Yy AianasoHi
KOHLIEHTpaUiin Big npubnm3Ho 1 Mons NpMHaNMHI OAHOTO BiAHOBMIOBANBbHOIO areHTa Ha KOXHWUIA OAuWH
MOfb iOHIB nepcynbdaty A0 2,25 mMons npuHarWMHi 0gHOro BiAHOBMNIOBANbLHOIO areHTa Ha KOXKHWUWM
OAWH MOJb iOHIB Nepcynbgary.
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